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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the 
Project Site. Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural 
features, landscape treatment, signage, lighting, sound attenuation and 
sustainability. 

b. Establish a level of design quality and consistency for the entire 
development and insure design continuity will be carried through to the 
full implementation of the Project. 

c. Establish basic site-wide development standards and criteria which serve 
to maintain the integrity of an overall master plan concept and protect 
the visual and environmental quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide 
the development for the Project site. 

e. Ensure compliance with the Development Objectives. 

1.2 Development Objectives 

1.2.1 The development objectives are intended to transform the Project Site consistent 
with the priorities and unique vision for the site shared by various Hollywood 
stakeholders. The Development Regulations will in turn ensure new 
development on the Project 
Site is consistent with these 
objectives. 

1.2.2 The objectives for new 
development on the Project 
Site are to: 

a. Preserve Capitol 
Records Tower and 
Gogerty Building. 

b. Preserve public views 
to the Capitol Records Tower by creating grade level open space, civic 
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h. 

i. 

j. 

k. 
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SCOP[ Of D[V[LOPM[NT PURPOS[ AND OBJ~CTIV~S 

plazas, on the east site adjacent to the Jazz Mural and Capitol Records 
Tower and west site across from the Capitol Records Tower. 

Create civic plazas that are activated by retail, landscaped and enhance 
the Hollywood Walk of Fame by providing it as an urban node; creating 
The Hollywood Walk of Fame Plaza. Reinforce the urban and historical 
importance of the intersection of Hollywood and Vine by the creation of 
an active street life focused on Vine Street. 

Preserve existing view corridors to the Hollywood hills. 

Encourage street life by the creation of a new exclusive pedestrian 
connection between Ivar Avenue, Vine Street, and Argyle Avenue. 

Create vibrant urban spaces which permit active and passive recreational 
facilities for both the on-site and off-site population. 

Create a 24 hr community by the creation of a Thriving Mixed-Use 
Development. 

Eliminate the visual impact of the current on site parking. 
/? ~ """-* . 'fJU~UL-

Establish here feasib pedestrian linkages to existing public 
fkt~~~H'I the area. 

Establish of a standard intended to promote architectural excellence. 

Provide designs that take into account the context and make an effort to 
respect it and fit in visually. 

Create architecture that seeks to be a leader in minimizing the negative 
environmental impact of buildings by enhancing efficiency and 
moderation in the use of materials, energy and development space. 

Create buildings that emphasize the vertical architecture and become 
visible icons. 

n. Develop a visual gateway to Hollywood Boulevard from the Hollywood • f\::) 
Freeway. /~ J0 

.o4(}fl; I 
dU) -J"" 
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1.3 Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards 
impose strict compliance or measures for new development. For example, the 
Regulations include specific setback requirements along Vine Street. There are also 
mandatory requirements or standards for minimum open space on the ground floor as 
well as maximum building heights. By comparison, the guidelines are measures that 
may include a range of choices and require a degree of interpretation by the architect 
and design team to achieve compliance with the Regulations. The purpose of these 
guidelines is to create a principal design theni or objective without comprising high 
quality design. The purpose is to provide a ra~ge of flexibility to permit the selection of 
the most appropriate design feature based on the final development scenario. For 
instance, fac;ade treatments for new development may take different form depending 
on the final design plans. The Regulations will guide the ultimate fa~ade treatment by '"\. V 
providing a limited range of choices in the use of material and color for the fa~ades . ~'-, ."J '6:) 

1.4 Relationship to the Los Angeles Munic;ipal Code \() __ 

1.4.1 They are approved by the City of Los Angeles City Council and are incorpo 
in the Development Agreement between the City of Los Angeles and 
_________ (II Millennium Development Agreement ll ). 

1.4.2 Wherever the Regulations contain provisions which establish regulations that are 
different from or more or less restrictive than the zoning or land use regulations 
in the Los Angeles Municipal Code ("LAMC") the Regulations that apply to the 
Project Site, the Regulations shall prevail pursuant to the Millennium 
Development Agreement approved by the City Council. 

-3-
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2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject 
property occupies two distinct sites, both bounded by Yucca Street to the 
north and separated by Vine Street. The area bounded by Ivar Avenue, Vine 
Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Street is the East 
Site. 

The East Site and the West Site make up the Project Site. 

2.1.2 The Project Site currently contains a mix of commercial and on grade open 
parking. The topography has a natural incline of approximately 13 feet from 
Vine Street to Argyle Avenue and 11 feet from Vine Street to Ivar Avenue. 
The existing sidewalk elevations will not be altered as part the Project. 

-
-4-
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 Project Site is zoned Commercial (0). City General Plan land use 
designation: Regional Center commercial. 

2.2.2 Project Site is within the Special Sign District and within the Hollywood 
Community Redevelopment Project Area of the Community Redevelopment 

Agency (eRA) of ~ of Los Angeles. \ ' k 
Floor Area Ratio:W CI V 
Height District: No.2 ) ~.\ ~ 

-5-
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3. DENSITY 

3.1 Transfer of Floor Area 

j [
Owner may transfer floor area from one site to the other, as long as the minimum and 

'5 maximum building heights are maintained. Either site can exceed the 6;1 FAR, as long 
\) as the FAR of the combined sites averaged together is no more than 6:1. 

3.Z Maximum OESF Density Per Area 

[To be completed as part of the EIR.] 

3.3 Use Coordination I Use Compatibility 

[To be completed.] 
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SCOPE OF DEVELOPMENT HEIGHT 

4.1 

4.2 

4. H~IGHT 

Building Height Standards \ {'VJ. 
The maximum permitted height for any building on the Project Site l/ . Refer 
to Figure _. Bulk Control Plan for specific permitted maximum building heights on each 
parcel. 

Projections 

Q
he following are obstructions that can exceed the maximum building height: roof 

structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building, skylights, towers, steeples, 
flagpoles, wireless masts, water tanks, silos, solar energy devices, or similar structures. 

t,~ ,;rrJ 
~~o~ ~~ 
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STREET EXPERIENCE 

5. BUILDING AND STREET EXPERIENCE 

5.1 Tower Massing Standards 

5.2 

5.1.1 The Tower Standards apply to the portion of a building located 150 feet above 
curb level. 

5.1.2 Maximum lot coverage oftower floor plate: 

il. 150 - 220 feet: 48% 

b. 221 - 400 feet: 28% 

c. 221 - 550 feet: 15% 

d. 221 - 595 feet: 11.5% 

5.1.3 At least 50% of total floor area must be located below 220 feet. 

5.1.4 Setback and articulation of tower walls and crown: / 

a. Towers a~e notrequired to step back. . \~. ~ . £.J'"~ ~ 1 

b. Minimum 10% of tower -hJ ~'\~ ~~ ~,f l' 
Street Walls \)J" ~ -~ 
A street wall is a wall or portion of a wall of a building facing a street or a grade level 
open space. Street walls determine the scale and character of the pedestrian 
environment. Articulation of the required street wall within the permitted ranges is 
required in order to create a sense of different uses, visual interest and orientation. 

5.3 Street Wall Standards 

5.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be 
located minimum 5 feet from the property line. (S) 

b. Parcels or portions of parcels without a grade level open space: the 
required street wall shall be located on the property line. (S) 

AR0067450 
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STREET EXPERIENCE 

5.3.2 Height of required street wall and dimension of initial setback: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum 
height of 150 feet above curb level except as noted in item (b) below. 

b. 40% of aggregate width of required street wall frontage on each street 
can exceed maximum street wall height up to the maximum tower 
height. 

5.3.3 Amount of articulation of required street wall: 

The aggregate width of required street wall articulation at the level of any story 
above the level of the second story ceiling or 2S' -0" above curb level, whichever 
is less, shall not exceed 50% of the required street wall. 

5.3.4 Types of permitted articulation of a required street wall: 

a. Recess: recesses shall be permitted to a maximum depth of15 1-O". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required 
street wall over a grade level open space. 

c. Bay window: a bay window may project from a required street wall over 
a grade level open space. 

d. Expression band: an identifiable break should be provided between a 
building's retail floors and upper floors. This break may consist of a 
change in material, change in fenestration, or similar means. 

5.3.5 Other permitted projections: elements which project beyond the property line 
from a required street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices; eaves, 
gutters, and downspouts may project from a required street wall over a 
grade level open space. 

b. Steps and ramps may project from a required street wall over a grade 
level open space. 

c. Marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade 
level open space by a maximum depth of 5'-0'. The maximum height of 

-9-
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SCOPE OF DEVELOPMENT BUILDING AND 

STREET EXPERIENCE 

these projections for each parcel shall not exceed two stories or 2R'-0" 
above curb level, whichever is less. 

5.4 Street Wall Guidelines 

5.5 

5.6 

5.4.1 Pedestrian pass-through, public plazas, entry forecourts, permitted vehicular 
access driveways, hotel drop-offs and loading entries and exits are permitted; 
steps, ramps, marquees, canopies, awnings and retail storefronts are permitted . 

5.4.2 [Insert new guidelines.] 

Yard Standards 

./ 
.tJ 

lx 5.5.1 [Insert definition of yard.] 

5.5.2 Commercial Use; no front, side or rear yard set backs are required 

5.5.3 Residential Use: 

a. Front Yard: none 

b. 

additional story above the second story, but in no event shall a side yard .... \l, 
of more than 16 feet in width be required . -l~ ~ 

9,," , 
c. Rear Yard: Minimum 15 feet, for a building more than three stories in ~ 

height, one foot shall be added to the depth of such rear yard for each Y ~ 
additional story above the third story, but such rear yard need not exceed 
20 feet. 

Building Materials and Color Guidelines 

5.6.1 Building materials and color will be subject to the following guidelines. These 
guidelines also address the fac;:ade treatment for both residential and 
commercial portions of buildings. 

5.6.2 Building shall Feature long-lived and sustainable materials. The material palette 
should provide variety, reinforce massing and changes in the horizontal or 
vertical plane. 

5.6.3 Ground floors shall have a different architectural expression than upper floors 
and feature high quality durable materials that add scale, texture and variety. 

-10-
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STREET EXPERIENCE 

5.6.4 Podium levels up to 150 feet will be predominantly light in color. Colors will be 
achieved through the inherent color of the material, rather than the application 
of color to the surface. Darker accent colors may be used to delineate building 
entrances and accents. There will be clear contrast between the buildings 
surface material and the building's glazed areas. 

5.6.5 The building's skin, especially for towers, should be primarily transparent; the 
use of darkly colored or highly reflective glass will be avoided. Glazing will have 
the minimum amount of reflectivity or tinting required achieving energy 
efficiency standards. 

5.6.6 In buildings other than curtain wall buildings, windows will be recessed, except 
where inappropriate to a building's architectural style. 

5.6.7 To provide visual variety and depth, layer the building skin and provide a variety 
of textures that bear a direct relationship to the building's massing and structural 
elements. The skin should reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

5.6.9 Rooftop mechanical equipment: shall be screened with materials and design 
consistent with the building architecture. 

5.6.9 Design the color palette for a building to reinforce building identity and 
complement changes in the horizontal or vertical plane. 

5.7 Grade Level Standards 

5.7.1 The purpose of the grade level standards is to promote pedestrian-scaled 
architecture by regulating street wall massing, articulation and detail, street level 
entrances and storefront windows and doors, as well as the use of quality 
materials and decorative details. Architectural features that reinforce the retail 
character of the ground street wall and/or help define the pedestrian 
environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and should be integral to the architecture of the building. 

5.7.2 Ground floor height 

a. Minimum 12'-0" height floor to ceiling. 

5.7.3 Building entrances: 

a. The primary entrance to a street level tenant that has frontage along a 
public street shall be provided from that street. The primary entrance to 
a tenant that does not have its frontage along a public street shall be 

-11-
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SCOPE OF DEVELOPMENT BUILDING AND 

.----

STREET EXPERIENCE 

provided from a courtyard, grade level open space, or PAP. Entries <lS 
inches from the property line shall not be higher tban 12 inches above 
the elevation of the sidewalk; entries >is" from property line shall be 
within 30 inches of the adjacent grade level along the street frontages. 
Where possible entries shall be marked through the use of architectural . 
elements such as porches, gateways, entry alcoves, awnings, canopies, or 
portals. 

b. Main building entrances should read differently from retail storefronts, 
restaurants and commercial entrances. 

5.7.4 Ground floor glazing 

a. Use of clear, colorless and transparent glazing is required within the first 
30 feet of grade. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 
18 inches from the property line, glazing should constitute a minimum of 
30% of the area of a building face and should not exceed SO% ofthe area 
of a building face. 

5.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will 
be lit with a minimum of 1.0 foot candles. 

5.7.6 Service and refuse 

5.7.7 

a. Storage areas within the building of a size sufficient for that dev~lopment 
to ensure that refuse is stored and loaded off-street. Refuse stdrage 
areas shall be directly and conveniently accessible to a curb cut: (\ . --} 

Retail storefronts 0i { 
a. Storefronts shall comprise a minimum of 70% of the building's street ~ ~ ~ 

level fa~ade and be recessed where necessary. L-j tv) j 
Storefront glazing should comprise ~um G ercent of the ~ ~ 
storefront area along Vine Street an~laZi~g all other streets. ' ..:, 

I 
/l s-lJ' 

c~~)J 

b. 
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SCOPE OF DEVELOPMENT BUILDING AND 

STREET EXPERIENCE 

~ 

Ground flo r tail space will be a minimum o7;1feet deep along Vine 1 
7 Street an 25 f et deep along all other streets; all retail shall have a 

~ minimu 2 et C~~eight. /' . 

c. 

I - . A/ f\ I J ~I d. ,..stQrefront open~s shall be no wider tha.r;;;;;f."cl and no smaller than 

c}Y ~ c.:Yeet
. - C ~A i~~ L/ c 

~~~ e. Storefront sills shall be a minimum of 181~d a~m ~ 30 ~ 
F'\) inches above the adjoining grade. 

f. Security grills will be located behind glass and be at minimum 70% open. 

g. At-grade storefront glazing at, or adjacent to, and/or facing any public 
right-of-way shall incorporate transparent} clear} colorless glazing with no 
reflectivity. 

5.8 Podium Standards 

5.B.1 The purpose of the Podium Standards it to provide a modern interpretation of 
the historical context of Hollywood by establishing different treatment from the 
building's base, middle and top; through the vertical articulation of the street 
wall facade by the use of balconies, projections, recesses, fenestration and 
changes in massing} color} material or other elements. 

5.8.2 Podium height 

Minimum 30'-0" to a maximum of 150 feet. 

5.9 Podium Guidelines 

5.9.1 Provide an identifiable break between the building's ground floors and upper 
floors. This break may include a change in material, change in fenestration 
pattern or similar means. 

5.9.2 Podium level windows shall be vertically oriented. 

5.9.3 Podium levels shall be predominantly light in color. 

5.9.4 Expression band shall be provided at the highest story within the podium. 

5.9.5 While blank street wall facades shall be avoided, an exception may be made for 
integration of public art or an articulated facade if it adds scale and interest to an 
otherwise bland frontage. In these cases, the facade should be a maximum of 
four floors high, and should have variation in its surface plane (using cut outs, 
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insets or pop-outs). It should employ different scales of elements as viewed 
when seeing the entire building massing. 

5.9.6 Louvers and wall openings shall be designed to integrate with building 
architecture. 

5.10 Street and Sidewalk Standards 

5.10.1 The cohesiveness and variety of public open spaces and streets are key features 

of the Project. The combination of landscaped plazas, PAP and landscaped 
streets creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as 
lighting, paving, rhythmic tree plantings and continuous open spaces in a 
consistent palette of materials and furnishings. 

5.10.2 Hotel and Commercial/Office / Retail that abut an alley (Oc -e.. \ ~ 
a. Every required loading space shall be located and arranged that delivery 

- - - vehicles may be driven upon or into said space from the alley. Such 
loading space shall have a minimum height of 14 feet and directly 
accessible through a usable door not less than three feet in Width and not 
less than six feet six inches in height opening from the building it is to 
serve. 

b. Every required loading space shall have a minimum area of 400 square 
feet, a minimum width of 20 feet measured along the alley line, and a 
minimum depth of ten feet measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the 
gross floor area of all buildings on the lot exceeds 50,000 square feet, but 
not more than 100,000 square feet, a minimum area of 800 square feet 
where the gross floor area of all buildings is between 100,000 and 
200,000 square feet, and shall be increased by an additional 200 square 
feet for each additional 200,000 square feet or fraction thereof of gross 
floor area in the building. 

5.10.3 Condominiums 

a. None 

5.10.4 Rental 

a. None 
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5.11 Screening Standards 

a. Except for the minimum ground level frontage required for access, 

loading shall be screened from the view of adjacent public sidewalks and 
streets. 

b. Trash enclosures shall be provided and screened from the view of 
adjacent public sidewalks and streets. Rehabilitated trash enclosures 
shall be screened from the view of adjacent public sidewalks and streets. 
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6.1 

6. TOWERS 

Purpose 

6.1.1 Towers should have their massing designed to reduce overall bulk and to appear 
slender. 

6.1.2 Towers should be designed to achieve a simple faceted geometry and exhibit big, 
simple moves. They should not appear overwrought or to have over
manipulated elements. 

6.1.3 Towers that emulate a more streamline modern style should provide variety 
through subtle details in the curtain wall, and the articulation of a human-scaled 
base at the street level. 

6.1.4 If a project has more than one tower, the towers should be complementary to 
each other and employ the same architectural design approach. 

6.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) should 
not be historicized. They are contemporary interventions in the skyline and 
should appear as such. 

6.2 General Tower Standards 

6.2.1 A tower 220 feet or greater in height above curb level shall be located with its 
equal or longer dimension parallel to the north-south streets. 

6.2.2 Distinctive tower crown and lighting permitted but not required at the highest 
one (1) story and rooftop mechanical equipment enclosure. 

6.3 Wall Standards 

6.3.1 wall required to be articulated. 

6.3.2 Types of permitted articulation of a tower wall: 

a. Recess 

b. Balcony: a balcony shall be integral to the fas;ade and shall not create a 
relentless horizontal and vertical stacking pattern. They are encouraged 
to create a complex and varied pattern along the fa~ade using various 
balcony sizes and architectural configurations. 
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c. Standard balconies may be projecting or recessed or a combination of 
both. 

d. Bay windows 

6.4 Spacing Standards 

6.4.1 Towers should be spaced to provide privacy, natural light and air 
contribute to an attractive skyline. 

6.4.2 Generally, the portion of a tower shall be spaced at leastfSo)eet from all other 
towers on the same parcel, except the following which w~eet code : 1) the 
towers are offset (staggered), 2) the largest windows in primary rooms are not 
facing one another, or 3) the towers are curved or angled. 

6.S Rooftops Guidelines 

6.5.1 Rooftops and setbacks are highly visible and provide a significant amenity. They 
shall be landscaped with consideration for use and to be visually attractive when 
viewed from locations adjacent and above. 

6.5.2 For rooftops to be developed as usable outdoor area, refer to requirements 
specified under common open space, [Insert Section No._l. 

6.5.3 All other roof surfaces and setbacks shall provide surface materials which are not 
reflective or high contrast colors. 

6.5.4 All obtrusive features such as vents, bulkheads and cooling units shall be 
screened from lateral and pedestrian views. 

6.6 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

6.6.1 Parapets and handrails shall be finished in a distinctive manner if part of an 
expression band or expression line. 

6.6.2 Materials and design for roof mechanical equipment to be consistent with the 
building architecture and will utilize similar colors and materials as in other 
portions of the building. 

6.6.3 Roof mechanical equipment shall be screened. 

6.6.4 Enclosures for bulkheads shall not count against building height. 
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7.1 

7. OPEN SPAC~ u-~ 
Grade Level Open Space Standards ~~i:t · 
7.1.1 Grade level open space is a continuous open space fronting the street and open 

to the sky. The purpose of a grade level open space is to provide a landscaped 
open space to preserve views of the Jazz Mural and Capitol Records and 
accentuate the low scale character . 

. . ~ 7.1.2 

J~ f" Jl . 7.1.3 

Minimum grade level open space will bQ of total lot area of the development 
site for buildings up to a height of 220 feet. 

An add itio ~aI3%~pf open space (total 8%) required for buildings between 221 

feet a~d 400J~~'j. 

I:~ 
~ 

7.1.4 

1.1.5 

7.1.6 

An addi~i-o- - --- 5% (.t~%) of open space to be required for buildings between 
401 feet nd 550 feet 

\ ...---:? 
An add itiOllaU%-{(ota I 12%) of open space required for buildings taller than 550 

/ 

- feet . / 
/// 

Location 

a. East site: adjacent to the Jazz Mural and Capitol Records Tower; West 
site: across from the Capitol Records Tower along Vine Street. 

Minimum depth: no horizontal dimension less than 5 feet when 
measured perpendicular from any point on each of the boundaries of the 
open space area. 

Residential Open Space Standards ~r'v~ 
7.2.1 Common open space is intended to be a "rear yard" providing light and air to 

apartments on the interior of a parcel; secure, primarily passive recreational 
open space for resident adults and play space for children; and to be visually 
attractive when viewed from apart~ents adjacent and above. 

a. Requirements: 

(i) Provide at a minimum the following usable open space per 
dwelling unit: 100 square feet for each unit having less 
than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for ~,~ 

each unit having more than three habitable rooms. t" cr r.i 

~ J -18- '~~ J 
c( ;t~, 
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(ii) Usable open space shall mean an area which is designed 
and intended to be used for active or passive recreation. 
Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

7.3 Common Open Space Standards \~ 
7.3.1 [Insert definition.) 

7.3.2 Be open to the sky and have no structures that project into the common open 
space area, except as permitted in the zoning code. 

7.3.3 Be readily accessible to all the residents of the site. 

7.3.4 Have a minimum area of 400 sq. ft. with no horizontal dimension less than 15 
feet when measured perpendicular from any point on each of the boundaries of 
the open space area, 

7.3.5 Constitute at least 50% of the total required usable open space in developments 
__ ,J built. 

I~ 7.3.6 Common open space areas shall incorporate recreational amenities including but 

~ ~ not limited to, swimming pools, spas, picnic tables, benches, children's play 
(0. )- I eftt,. areas, ball courts, barbecue areas, sitting areas, gym and fitness center. 

~ f J' 7.3.7 Common open space shall be located at any story above curb level. The roof of 
~I'\ any portion of a building used for accessory parking or for any permitted non-

"'5 residential use shall be considered as common open space. 

7.4 Private Open Space Standards 

7.4.1 A private open space area is an area contiguous to and immediately accessible 
from a single dwelling unit. [Is it open to the sky?) 

7.4.2 Contain a minimum of 50 square feet of which no more than 50 square feet per 
dwelling unit shall be attributable to the total required usable open space. 

7.4.3 

~ ') 

~i'4.4 

Have no horizontal dimension less than six feet when measured perpendicular 
from any point on each of the boundaries of the open space area. 

Provide a minimum eight foot vertical clearance under any projection, except as 
provided in zoning code. 

-19-

AR0067461 



CO-0001-447 

HOLLYWOOD MILLENNIUM 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT OPEN SPACE 

7.4.5 That portion of a balcony which extends or projects into a required front yard in 
compliance with zoning code may qualify as usable open space provided it meets 
each of the above specified requirements noted in items i-iii. 

l.5 Passageway 5tanda,ds l1li-0 1. ~ 
7.5 .1 A publicly accessible passaaYway (PAP)[rename PAP] is a continuous through 

block public connection between two parallel streets, located on privately 

7.5.2 

7.5.3 

owned land. The passageway may either be enclosed or open to the sky or a 
combination of both. 

Design Intent: to encourage public pedestrian circu;y 0 other appropriate 

public uses on both sides along Vine Street. (~ ~ 

Location and Size standards: l '\' ( &Jv - .... ~ -J 
. I/" \ yV'Q-'~rA. 

a. The major portion of a PAP is the largest are of the PAP and the area of (' 
primary use. Major portions shall be generally regular in shape, 
contiguous to each other, ~ily and directly accessible from adjoinint.\ 
buildings and public spaces. Major portions shall occupy no less tha~ 
percent of the total PAP area and shall not be less than 20'-0" wide. 

Minor portions of PAP are secondary areas that allow for additional 
flexibility in the shape and configuration of a PAP. Minor portions shall 
not occupy more than 25 percent of the total area of the PAP. The minor 
portion shall have a minimum width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 

7.5.4 Permitted Obstructions: 

a. PAP open air minimum requirements shall be as follows: 

/'v 
;~ 
x!~ ytJ ~ 
(~/ 

Q{ 

~ 

(i) 

(ii) 

(iii) 

(iv) 

Development with maximum building height of 150 feet: 
0% 

Development with maximum building height of 220 feet: 
20% 

Development with maximum building height of 400 feet: 
30% 

9 10pment with maximum building height of 550 feet: 
40% ...., 

~. 

v'" -20-
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) . '~ 
~ ~ ~ 50% 

(v) Development with ma){imum building height of 585 feet: 

~ b.-i? Permitted obstructions within major portion of an open air PAP: any 

1
~ J features, equipment, and appurtenances normally found in public parks 

f 
and playgrounds, such as fountains and reflecting pools, waterfalls, 
sculptures and other works of art, arbors, trellises, benches, seats, trees, 
planting beds, litter receptacles, drinking fountains, and bicycle racks; 
open air cafes; kiosks, outdoor furniture; lights and lighting stanchions; 
flag polesj public telephonesj temporary exhibitionsj balconies, bay 
windows; awnings, canopies and marquees; stairs, ramps and bollards. 

7.5.5 Kiosk 

7.5.6 

a. 

a. 

Where a kiosk is provided, it shall be a one-story structure, 
predominantly of light materials, such as metal, glass, plastic, or fabric as 
approved by the Department of Buildings in conformance wit~e 

Building Code. Kiosks, including roofed areas, shall not excee~ of the 
total area of the PAP and no one kiosk shall occupy an area of more than 

250 s uare feet. ~.......... \n.;vJ ~ _ , 
A kiosk may be free an'din~ or may be attached on only one side to a )..fi ~~ . 
w lI 'of the building. \ 

Any~?, ~CCUPied by a iosk ~all be excluded from the definiooR-Of 
f.l£or are, and may be 0 cupild by news or magazine stands, candy 

. , and food prepar tion r open air cafes, flower stands or public '---> 
service/information bo ths. 

;we-(Hflr cafe is provided it shall be an unenclosed restaurant 
eatin drinking place, which may have waiter or table service and is 

open to the sky except for permitted obstructions such as trees, arbors, 
awnings or canopies. 

b. An open air cafe shall be accessible from a minim um of two sides where 
there is a boundary with the remainder of the PAP. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may 
be reserved for customers. 

c. An open air cafe may occupy an aggregate area not more tha@ fthe 
total area of the PAP. No cooking equipment shall be installed within an 

-21-

AR0067463 



CO-0001-449 

HOLLYWOOD MILLENNIUM 
DEVELOPMENT REGULATIONS 

SCOP~ 01= D~V~LOPM~NT OP~N SPAC~ 

open air cafe. Cooking equipment may be contained in a kiosk adjoining 
the open air cafe. An open air cafe qualifying as a permitted obstruction 

shall be excluded from the definition of floor area. 1"-------/ 
7.5.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on 
PAP through open windows . 

. ~ 7.S.S Prohibition of parking spaces, loading berths, exhaust vents and building refuse 

~ storage areas: 

~g a. 

1~ ~ 
No buildings refuse storage areas or refuse storage from a kiosk or open 
air cafe are permitted on any PAP. 

7.5.9 

No exhaust vents are permitted on any PAP or on any building wall of the 

than 0'-6" bove the level ofthe PA . r}. _ r Cl. J 

elo nt fronting upon the PAP e~UCh ven

7
ts are more "-

~' ~ ~ ; 
Frontages 

a. Mandatory allocation of frontages for permitted use: at least 40% of the 

total frontage of building walls of the development fronting on a PAP 
shall be allocated for occupancy by permitted retail, restaurants and 
cultural uses. 

b. Such building frontage use requirement shall apply to both the 
mezzanine, if provided, and the street level. All such uses shall be 
directly accessible from the PAP with an entrance required every 50' at a 
minimum. The remaining frontage may be occupied by other uses, 
vertical circulation elements and building lobbies. 

7.5.10 Maintenance: 

a. Responsibility: the building owner shall be responsible for the 
maintenance of the PAP including, but not limited to, the confinement of 
permitted obstructions, litter control, and the care and replacement of 
vegetation within the parcel and in the street sidewalk: area adjacent to 
the parcel. 

b. Litter receptacles: shall be provided with a minimum capacity of one 
cubic foot for each 2,000 square feet of PAP area. An additional capacity 
of one cubic foot of litter receptacle shall be provided for each 2,000 

-22-

AR0067464 



HOLLYWOOD MILLENNIUM 
DEVELOPMENT REGULATIONS 

CO-0001-4S0 

SCOP~ 01= D~VHOPM~NT OP~N SPAC~ 

square feet of PAP in connection with outdoor eating services or other 
uses permitted on PAP which generate litter. 

7.6 Observation Deck Standards 

7.6.1 Buildings above 550 feet to include an observation deck. 

7.6.2 Observation to include roof-top open space and viewing deck accessible to the 
public. 
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'} )r'~,lf'~-~~~ ,y , 
~(I>-"~ "\-~ y~'\ LANDS~~7' 1. ,:,~~ 
~~.1 Grade Level Open Space Standards / ~ ~ v>y~ 

~ 8.1.1 Planting requirements: Minimu~""o/S Of grade level open space shall be .rJ( 
landscaped with softscape or w~~R.tures. 1\\ N~r"..// 

8.1.2 landscaped area(s) shall be planted with seasonally diverse plant material. ~ft?i 

8.1.3 The landscaped portion may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

8.1.4 The minimum soil depths for planting are: 

,--
I 

I 
I 
\ 

\ \ 
\ ' " ..... -' ..... --

Trees: 42" 

Shrubs; 30" 

Lawns, ground cover: 
18" 

8.1.5 Each planted area shall have 
provision for proper drainage, 
and shall be equipped with 
automatic drip irrigation and 
waterproof electrical outlets. 

8.1.6 Permitted obstructions: the 
following are permitted 
obstructions which may occur 
in the grade level open space: 

a. Building entries, steps, 
ramps, balconies, bay windows, architectural facade details, marquees, 
canopies, awnings, outdoor dining; and 

b. retail storefronts. 

8.1. 7 Open air publicly accessible passageways (PAP) are not to be included in the 
grade level open space requirements. 

-24-

AR0067466 



CO-0001-4S2 

HOLLYWOOD MILLENNIUM 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT LANDSCAPE 

8.2 Common Open Space Standards 

8.3 

8.2.1 A minimum of 25 percent of the common open space area shall be planted with 
ground cover, shrubs or trees. 

8.2.2 At least one 24-inch box tree for every four dwelling units shall be provided on 

site and may include street trees in the 

8.2.3 

parkway. 

For a surface area not located directly on 
finished grade that is used for common 
open space, and located at ground level 
or the first habitable room level, shrubs 

and/or trees shall be contained within 
permanent planters at least 30-inches in 
depth, and lawn or ground cover shall be 
at least 12-inches in depth. 

All required landscaped areas shall be 
equipped with an automatic irrigation 
system and be properly drained. 

Standards FOe ir Portions of PAP 

__ .......II) 

Yucca Street 

l_"'-_ 

G~e 
COUI 

----f /- , 
; ,---

8.3.1 The landscaped portion may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

8.3.2 The minimum soil depths for planting are: 

Trees: 42" 

/. 

V; b Shrubs: 30" 

P'\' c' Lawns, ground cover: 18" 

tj ,; I 8.3.3 ~ach planted area shall have provision for proper drainage, and shall be 
~.o\ ~ equipped with automatic drip irrigation and waterproof electrical outlets. 

a. 

()~ IJ~ 

~r 
~ 

8.3.4 Planting requirements: 

a. 

b. 

Minimum of 10% of open air PAP shall be landscaped. 

For each 400 square feet of landscaped area there shall be at least one (I) 

major shade tree or two (2) minor ornamenta~trees. J 
, ,"-" 
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9. PARKING 

9.1 Automobile Standards 

~ 
~ 
~ 
~ 
~ 

C ...I 

9.1.1 Commercial/Office / Retail/Sports Club: 

At leas~ parking spaces for every o,ne thousand squa ee~ o(combined 
gross floor area of commercial office, Dusmess, retail taur ~'t@and related 
uses, trade schools, or research and development b . . . s-c>n any lot . 

~a 
. 1.2 Condominiums ~ 

At least two parking spaces per each dwelling unit ~ .! 
~ b. 

One quarter parking spaces per each dwelling unit for guest parking i.~l) 
One quarter parking spaces per each dwelling unit for guest parking t£ :S
Development ;s located9 park;ng congested area 

l~, 

~'1.3 
d. 

Rental 

At least one parking space for each dwelling unit of less than three habitable 
rooms, one and one-half parking space for each dwelling unit of three habitable 
rooms, and two parking spaces for each dwelling unit of more than three 
habitable rooms, 

9.1.4 Combination of uses 

Where there is a combination of uses of a lot, the number of parking spaces 
required shall be the sum of the requirements of the various uses. 

9.1.5 Shared parking 

a. Shared parking may be applied on the site when the uses have different 
parking requirements and different demand patterns in a 24-hour cycle. 
The intent is to maximize efficient use of the site by matching parking 
demand with complimentary uses. 

b. Calculating Shared Parking: 

(i) Step I: Determine the aggregate minimum number of 
spaces required pursuant to the Code requirements for all 
land uses. 
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(ij) Step II: Based on the hourly variation in parking demand, 
determine the peak parking demand for the combined 
demand of all the land uses in the development. 

(iii) Step III : Compare the calculations in Steps I and II, and the 
lesser of the two parking demands shall be used as the 
minimum number of parking spaces to be provided. 

w~a~ports club is located in an office building with 50,000 square 
feet of office space, the general commercial use parking requirements 
apply and one parking space is required for 500 square feet of floor area 
for the building. 

9.1.6 Additional regulations: 

a. Location of accessory commercial/office / retail off-street spaces: may 
be located on the same parcel as the use to which they are accessory, or 
on the opposing development. 

b. The automobile parking spaces required by Paragraphs (b), (c), (d) and (e) 
hereof, shall be provided either on the same lot as the use for which they 
are intended to serve or on another lot not more than 750 feet distant 
there from; said distance to be measured horizontally along the streets 
between the two lots, except that where the parking area is located 
adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to 
serve, the 750-foot distance may be measured along said alley, walk or 
easement. 

c. Curb cuts shall be located no closer than 50 feet to the intersection of 
two streets. 

d. Access driveways to parking facilities will not exceed 28 feet in width. 
The minimum separation between drives located along the same 
frontage shall be 50 feet. 

e. Parking and loading access will be shared where feasible. 

9.1. 7 screening ! 

a. Above grade parking shall be lined with habitable floor area having a 
minimum depth of 20 feet along street frontages where feasible or shall 
be designed to blend in with the form and massing and designed to look 
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like an integral part of the building. The interior of a parking structure 
will be designed to be screened from the view of streets and sidewalks. 

9.2 Bicycle Standards 

9.2.1 Requirements for each use: 

a. 

6~ 
b. 

(pf 
/ 
I 
I 

Commercial/Office / Retail : 

Any portion of a building used for non-residential purposes which 
contains a floor area in excess of 10,000 square feet, bicycle parking 
spaces shall be provided at the rate of two percent of the number of 
automobile parking spaces required by this section for such non
residential uses; provided, however, that at least one bicycle parking 
space shall be provided for any such building having a floor area in excess 
of 10,000 square feet of non-residential use. If the calculation of the 
number of required spaces results in a number including a fraction, the 

next highest 't'hole number shall be tr~.number o~afe,.s required. 
("~~ G~ \ ~ ~ .--. Om l(L <L/ {/\)' 1 J-etL " . v 
e ondomln,ums 

At least one secure bicycle parking space shall be provided for every two 
residential units. 

Rental 
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C 10.1 

~ 

10. SIGNAGE 

Hollywood Signage Supplemental Use Distritt 

Signage shall be subject to Ordinance No. 176172: Hollywood Signage Supplemental Use 
District pursuant to Section 13.11 of the Los Angeles Municipal Code. 

Modification to Guidelines 

Notwithstanding Section 10.1, high-rise signs located within 24 feet from the top of the 

building and meeting the requirements of the Building Code shall be permitted. 

~~ 
'-,-~. ~ - ~. -:;:..-=-

.........--._-

~/?' 
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11. SUSTAINABILITY 

11.1 Nonresidential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at 
or above 50,000 square feet of floor area, high-rise residential (above six stories) 
projects at or above 50,000 square feet of floor area, ~~ low-rise residential '{six stories 
or less) of 50 o,r more dwelling units within buildings of at least 50,000 square feet of 
floor area t ,eet the intent of the Leadership in Energy and Environmental Design® 
(LEED®) rtifi 0 eveCTne-Sfandard also applies to existing buildings that meet the 
mlnlmu " olds described above when redevelopment construction costs exceed a 
valuation ot ~O~ o! the existing building's re~!acement cost. 

5 11 \~,r ~ . 
11.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED® AP) on the project 
team, and demonstrate that the project has met the intent of the US Green Building 
Council's (USGBC) l EED ® Certified level. Formal certification by the USGBC i's not 
required. 
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1. INTRODUCTION 

1.1. Purpose of Guidelines 

CO-0001-471 

1.1.1. The Design Guidelines ("Guidelines") have been prepared to regulate new 
development on the site with design guidelines and controls for development. 

a. Establish a level of design quality and consistency for the entire development 
and insure design continuity will be carried through to the full implementation of 
the Project. The Design Guidelines establish basic site-wide design standards 
and criteria which serve to maintain the integrity of an overall master plan 
concept and protect the visual and environmental quality of the Project as a 
whole. 

b. Permit design flexibility while establishing a vocabulary which wiltguide the 
development for the Project site. 

c. Consolidate and illustrate the implications of the established practices which will 
govern the physical development of the~ two sites, defining the standards for 
use, bulk, parking and loading, architectural features, landscape treatment, 
signage, lighting, sound attenuation and sustainability. 

1.2. Goals and Objectives 

1.2.1. The Design Guidelines serve, to reinf()~c~ the. design principles which will 
contribute to the shape of a successful project. 

1.2.2. These principlesare as follo~: 

a. Preservation of the Capitol Rec()rds Tower and Gogerty Building. 
b. Preserve public views to the Capitol Records Tower by creating grade level 

setbackS,dvicprazas, on the east site adjacent to the Jazz Mural and Capitol 
Records Tower and west site across from the Capitol Records Tower. 

c. Create civic plazas that are activated by retail, landscaped and enhance the 
Hollywood Walk of Fame by providing it as an urban node; creating The 
Holl~d Walk of Fame Plaza. 

d. The rel~forcement of the urban and historical importance of the intersection of 
Hollywood and Vine by the creation of an active street life focused on Vine 
Street. 

e. Th~ preservation of existing view corridor to the Hollywood hills. 
f. The encouragement of street life by the creation of a new exclusive pedestrian 

connection between Ivar Avenue, Vine Street, and Argyle Avenue. 
g. The creation of vibrant urban spaces which permit active and passive 

recreational facilities for both the on-site and off-site population. 
h. The creation of a 24 hr community by the creation of a Thriving Mixed-Use 

Development. 
i. Eliminate the visual impact of the current on site parking. 
j. [TRANSPORTATION - awaiting comments from CPD] 
k. The establishment of a standard intended to promote architectural excellence. 
I. Provide designs that take into account the context and make an effort to respect 

it and fit in visually. 
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m. Create architecture that seeks to be a leader in minimizing the negative 
environmental impact of buildings by enhancing efficiency and moderation in 
the use of materials, energy and development space. 

n. The creation of two buildings that emphasize the vertical architecture and 
become a visible icon and gateway to Hollywood Boulevard from the Hollywood 
Freeway. 

1.3. Relationship to the Los Angeles Municipal Code 

1.3.1. The Guidelines were prepared in coordination with the Los Angeles City 
Planning Department and approved by the City Council. 

1.3.2. Wherever the Guidelines contain provisions which establish regulations that are 
different from or more or less restrictive than allowed in the Los Angeles 
Municipal Code (LAMe) the Guidelines shall prevail pursuant to til? 
Development Agreement approved by the City Council for the Project. 

2. PROJECT BACKGROUND 

2.1. Existing Site 

2.1.1. The Project site consists of eight parcels on 4.47acres of land. The subject 
property occupies two distinct sites, both bounded by Yucca Street to the north 
and separated by Vine Street. The area bounded by Ivar Avenue, Vine Street 
and Yucca Street is the West; Site. The area bounded by Yucca Street, Vine 
Street and Argyle Street is the East Site. The East Site and the West Site make 
up the Project Site. The Project site currently contains a mix of commercial and 
on grade open parking. The topography has a natural incline of approximately 
13 feet from Vine Street to Argyle Avenue and 11 feet from Vine Street to Ivar 
Avenue. The existing sidewalk elevations will not be altered as part the Project. 

2.2. Zoning Classification 

2.2.1. Classification: C2-2-SN (Proposed) within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) 
of the City of Los Angeles. 
• Currently zoned as a C4-2D-SN 

2.2.2. The City General Plan land use designation: Regional Center commercial. 

2.2.3. FAR: 6: 1 (proposed) 
• FAR 3:1 under "D" development limitation 
• 4.5: 1 under eRA Redevelopment Plan 

2.3. Transfer of Floor Area 

2.3.1. Owner may transfer floor area from one site to the other, as long as the 
minimum and maximum building heights are maintained. Either parcel can 
exceed the 6: 1 FAR, as long as the FAR of the combined sites averaged 
together is no more than 6:1 
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2.4. Maximum OESF Density Per Area 

2.5. Use Coordination I Use Compatibility 

3. BUILDING HEIGHT AND MASSING 

3.1. Street Wall 

3.1.1. Definition of street wall: a wall or portion of a wall of a building facing a street or 
a grade level setback. 

3.1.2. Design intent: required street walls determine the scal~and character of the 
pedestrian environment. Articulation of the required street waf/within the 
permitted ranges is required in order to create a .sense of different uses, visual 
interest and orientation. 

3.1.3. Location of a required street waIf. 

a. Parcels with a grade level setback the required street wall shall be located 
minimum 5 feet from the property line. 

b. Parcels or portions of parcels without a grade level setback the required street 
wall shall be located on thepropeJtyline. 

3.1.2. Height of required street wall and dimension of initial setback: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height 
of 150 feet above curb level except as noted in item (b) and (c) below. 

b. 40% of aggregate width of required street wallfrontage on each street can 
exceed maximum street waflheight up to the maximum tower height. 

c. 40% of aggregate widthohequired street wall frontage on a publicly accessible 
private space can exceed maximum street wall height up to the maximum tower 
height. 

3.'1:.,3. A~~bnt.of arti~i1ration of required street waif. 

a. The aggregate width of required street wall articulation at the level of any story 
shall not exceed 50% of the required street wall above the level of the second 
story,ceiling or 28'-0" above curb level, whichever is less, to the floor level of the 
penultimate floor within the required street wall height. Within the lesser of 2 
stories or 28'-0" above curb level, recesses, balconies and bay windows shall not 
be permitted. Pedestrian pass-through, public plazas, entry forecourts, 
permitted vehicular access driveways, hotel drop-offs and loading entries and 
exits are permitted; steps, ramps, marquees, canopies, awnings and retail 
storefronts are permitted. 

3.1.4. Types of permitted articulation of a required street wall: 

it:' Recess: recesses shall be permitted to a maximum depth of 15'-0" with a 1:2 
maximum depth to width ratio. 

Millennium Towers Development Agreement Page 5 

AR0067488 



Design Guidelines 
March 1, 2010 
Revised April 8, 2010 

co-ooo 1-474 

&: Balcony: a balcony may project a minimum of 3'_0" from a required street wall 
over a grade level setback 

e.- Bay window: a bay window may project from a required street wall over a grade 
level setback. 

d. Expression band: an identifiable break should be provided between a building's 
retail floors and upper floors. This break may consist of a change in material, 
change in fenestration, or similar means. 

3.1.5. Other permitted projections: elements which project beyond the property line 
from a required street wallshall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices; eaves, 
gutters, and downspouts may project from a required street wall over a grade 
level setback~ 

b. Steps and ramps may project from a required street wall over a grade level 
setback~ 

c. Marquees, canopies and awnings 
d. Retail storefronts: may project from a required stree,t wall over a grade level 

setback by a maximum depth of 5'-0'. The maximum height of these projections 
for each parcel shall not exceed two stories or 28'-0" above curb level, 
whichever is less. 

3.2. Yards 

3.2.1. Commercial Use: no front, side or rear yard set backs are required 

3.2.2. Residential Use: 
a. Front Yard - none (proposed) 

• Code requires: There shall be a front yard of not less than 15 feet; provided, 
however, that on key lots the minimum front yard shall be 10 feet. 

b. Side Yard: Minimum 5 feet, for a building more than two stories in height, one 
foot shall'be added to the width of such side yard for each additional story 
above the second story, but in no event shall a side yard of more than 16 feet in 
width be required. 

c. Rear Yard: Minimum 15 feet, for a building more than three stories in height, 
one foot shall be added to the depth of such rear yard for each additional story 
above t,h'e third story, but such rear yard need not exceed 20 feet. 

3.3. Maximum Buifding Height 

3.3.1. Height District: No.2 

3.3.2. The total floor area contained in all the buildings on a lot in Height District No.2 
shall not exceed six times the buildable area of said lot. 
• FAR 3:1 under "0" development limitation 
• 4.5: 1 under CRA Redevelopment Plan 

3.3.3. Refer to Figure xx Bulk Control Plan for permitted maximum building height on 
each parcel. 
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3.3.4. The following are permitted obstructions which may penetrate the maximum 
building height: roof structures for the housing of elevators, stairways, tanks, 
ventilating fans or similar equipment required to operate and maintain the 
building, skylights, towers, steeples, flagpoles, wireless masts, water tanks, silos, 
solar energy devices, or similar structures. 
• [discuss] LAMC SEC. 12.21.B.2: "for each foot such structure exceeds the 

height limit, an equal setback from the roof perimeter is provided, except 
that stairways, chimneys and ventilation shafts shall not be required to be 
set back from the roof perimeter. No portion of any roof structure as 
provided for above shall exceed the specified height limit by more than five 
feet." 

[Insert] Figures for Tower Zone and Massing Diagrams 

3.4. Tower Controls 

3.4.1. Definition of tower. the portion of a building located 150 feet above curb level. 

3.4.2. Maximum lot coverage of tower. 
a. 150 - 220 feet 48% 
b. 221 - 400 feet: 28% 
c. 221 - 550 feet 15% 
d. 221 - 585 feet 11.5% 

3.4.3. Refer to 4.1.3 open space ~equirementMorcorresponding ground level open 
space that is determined by tower height. 

3.4.4. 50% of total floor area must be'located below 220 feet. 

3.4.5. Tower location: a tower 220 feet or greater in height above curb level shall be 
located with its equal or longer dimension parallel to the north-south streets. 

3.4.6. Setback arid. articulation of tower walls and crown: 

a. Towers are not required to setback. 
b. Minimum 10% of towerwall required to be articulated. 
c. Distinctive tower crown and lighting permitted but not required at the highest 

one (1) story and rooftop mechanical equipment enclosure. 

3.4.7. Types of permitted articulation of a tower wall: 

a.c,Recess 
b~' Balcony: a balcony shall be integral to the fa<;ade and shall not create a 

relentless horizontal and vertical stacking pattem. They are encouraged to 
create a complex and varied pattern along the fa<;ade using various balcony 
sizes and architectural configurations. 
(i) Standard balconies may be projecting or recessed or a combination of 

both. 
c. Bay windows 

3.4.8. Tower spacing 
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a. Towers should be spaced to provide privacy, natural light and air, as well as to 
contribute to an attractive skyline. 

b. Generally, the portion of a towershall be spaced at least 80 feet from all other 
towers on the same parcel, except the following which will meet code: 1) the 
towers are offset (staggered), 2) the largest windows in primary rooms are not 
facing one another, or 3) the towers are curved or angled. 

4. OPEN SPACE 

4.1. Grade Level Setback 

4.1.1. Definition of grade level setback: a continuous open space fronting the street. 

4.1.2. Design intent: the purpose of a grade level setback is to provide a landscaped 
open space to preserve views of the Jazz Mural and Capitol Records and 
accentuate the low scale character. 

4.1.3. Open space requirements: 

a. Minimum ground floor open space will be 5% of total lot area of the 
development site for buildings up to a height of 220 feet. 

b. An additional 3% of open space (total 8%) required for buildings between 221 
feet and 400 feet. 

c. An additional 5% (total 1 O%} of open space to be required for buildings 
between 401 feet and 550 feet 

d. An additional 7% (total 12%) of open space required for buildings taller than 550 
feet. 

4.1.4. Location 

a. East site: adjacent to the Jazz Mural and Capitol Records Tower; West site: 
across from the Capitol Records Tower along Vine Street. 

b. Minimum depth: no horizontal dimension less than 5 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 

4.1.5. Landscape requirements: 

a. Planting requirements: Minimum 10% of grade level setback shall be 
landscaped. 

b. Landscaped area(s) shall be planted with seasonally diverse plant material. 
c. The landscaped portion may be designed as a single area or multiple planted 

areas. The minimum size of a single planted area shall be 100 square feet. 
d. The minimum soil depths for planting are: 

(i) Shrubs: 30" 
(ii) Lawns, ground cover: 18" 

e. Each planted area shall have provision for proper drainage, and shall be 
equipped with automatic drip irrigation and waterproof electrical outlets. 

4.1.6. Permitted obstructions: the following are permitted obstructions which may 
occur in the grade level setback: 
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a. Building entries, steps, ramps, balconies, bay windows, architectural facade 
details, marquees, canopies, awnings, outdoor dining, and retail storefronts. 

4.2. Residential Open Space 

4.2.1. Design intent: a common open space is intended to be a "rear yard" providing 
light and air to apartments on the interior of a parcel; secure, primarily passive 
recreational open space for resident adults and play space for children; and to 
be visually attractive when viewed from apartments adjacent and above. 

a. Requirements: 
(i) Provide at a minimum the following usable open space per dwelling 

unit: 100 square feet for each unii: having less than three habitable 
rooms; 125 square feet for each unit having three habitClble rooms; and 
175 square feet for each unit having more than three habitable rooms. 

(ii) Usable open space shall mean an area which is designed and intended 
to be used for active or passive recreation. Usable open space may 
consist of private and/or common area as further defined and regulated 
herein. 

4.2.2. Common Open Space 

a. Requirements: 
(i) Be open to the sky andhave",no str~ctures that project into the common 

open space area, except as 'permitted in the zoning code. 
(ii) Be readily accessible.to all the residents of the site. 
(iii) Have a minimum are.t ot400 sq. ft. with no horizontal dimension less 

than 15 feet when m~asured perpendicular from any point on each of 
the boundaries of the open space area, 

(iv) Constitute at least 50% of the total required usable open space in 
developments built. . 

(v) c:;ommon open space areas shall incorporate recreational amenities 
inCluding but not limited to, swimming pools, spas, picnic tables, 
benches, children's play areas, ball courts, barbecue areas, sitting areas, 
gym and fitness center. 

(vi) A minimum of 25 percent of the common open space area shall be 
planted with ground cover, shrubs or trees. 

(i) . ·.t At least one 24-inch box tree for every four dwelling units shall be 
provided on site and may include street trees in the parkway. 

{ii) For a surface area not located directly on finished grade that is used 
for common open space, and located at ground level or the first 
habitable room level, shrubs and/or trees shall be contained within 
permanent planters at least 3D-inches in depth, and lawn or ground 
cover shall be at least 12-inches in depth. 

(iii) All required landscaped areas shall be equipped with an automatic 
irrigation system and be properly drained. 

b. Location of common open space: 

(i) Common open space shall be located at any story above curb level. The 
roof of any portion of a building used for accessory parking or for any 
permitted non-residential use shall be considered as common open 
space. 
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4.2.3. Private Open Space 

a. Definition: a private open space area contiguous to and immediately accessible 
from a single dwelling unit. 

b. Requirements: 
(i) Contain a minimum of 50 square feet of which no more than 50 square 

feet per dwelling unit shall be attributable to the total required usable 
open space. 

(ii) Have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open 
space area. 

(iii) Provide a minimum eight foot vertical clearance under any projection, 
except as provided in zoning code. 

(iv) That portion of a balcony which extends or projects into a required front 
yard in compliance with zoning code may qualify as usable open space 
provided it meets each of the above specified requirements noted in 
items 1-3. 

4.3. Publicly Accessible Private Space (PAPS) 

4.3.1. Definition of publicly accessible private space (PAPS): a continuous through 
block connection, located on privat~ly owned land. 

4.3.2. Design Intent: to encourage public pedestrian circulation and other appropriate 
public uses on both sides along Vine Street. 

4.3.3. Location and size requirements: 

a. The major portion of a PAPS is the largest area of the PAPS and the area of 
primary Use. Major portions shall be generally regular in shape, contiguous to 
each other, easily and directly accessible from adjoining buildings and public 
spaces. Major portions shall occupy no less than 75 percent of the total PAPS 
area and shall not be less than 20'-0" wide. 

b. Minor portions of PAPS are secondary areas that allow for additional flexibility in 
the shape and configuration of a PAPS. Minor portions shall not occupy more 
than 25 percent of the total area of the PAPS. The minor portion shall have a 
minimum average width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 

4.3.4. Permitted obstructions: 

a. PAPS open air minimum requirements shall be as follows: 
(i) Development with maximum building height of 150 feet: 0% 
(ii) Development with maximum building height of 220 feet: 20% 
(iii) Development with maximum building height of 400 feet: 30% 
(iv) Development with maximum building height of 550 feet: 40% 
(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within open air PAPS: any features, equipment, and 
appurtenances normally found in public parks and playgrounds, such as 
fountains and reflecting pools, waterfalls, sculptures and other works of art, 
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arbors, trellises, benches, seats, trees, planting beds, litter receptacles, drinking 
fountains, and bicycle racks; open air cafes; kiosks, outdoor furniture; lights and 
lighting stanchions; flag poles; public telephones; temporary exhibitions; 
balconies, bay windows; awnings, canopies and marquees; stairs, ramps and 
bollards. Metro station access? 

4.3.5. Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of 
light materials, such as metal, glass, plastic, or fabric as approved by the 
Department of Buildings in conformance with the Building Code. Kiosks, 
including roofed areas, shall not exceed 3%of the total areaof the PAPS and no 
one kiosk shall occupy an area of more than 250 square feet. A kiosk may be 
freestanding or may be attached on only one side to await of the building. Any 
area occupied by a kiosk shall be excluded from the"definitionof floor area 
[needs to be confirmed with CPD], and may be occupied by news or magazine 
stands, candy stands, food preparation for op~n air cafes, flower stands or 
public service/information booths. 

4.3.6. Open air cafe: 

a. Where an open air cafe is provided it shan~ an unenclosed restaurant or eating 
or drinking place, which may have waiter or table service and is open to the sky 
except for permitted obstructions such as trees, arbors, awnings or canopies. An 
open air cafe shall be acceS$ibl~froma.minimum of two sides where there is a 
boundary with the remainder of the PJ\PS. The boundary shall be defined by 
planters or temporary decorative barricades. Seating may be reserved for 
customers. An open air cafe may occupy an aggregate area not more than 
20%of the total area of the P~~S. No cooking equipment shall be installed 
within an open air cafe. Cooking equipment may be contained in a kiosk 
adjoining t~e open air cafe. An open air cafe qualifying as a permitted 
obstruction shall be excluded from the definition of floor area. 

4.3.7. Service thr,oygh windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on PAPS 
througn:open windows. 

4.3.8. Prohibition of parking spaces, loading berths, exhaust vents and building refuse 
storage areas: 

a. No buildings refuse storage areas or refuse storage from a kiosk or open air cafe 
are permitted on any PAPS. 

b; No exhaust vents are permitted on any PAPS or on any building wall of the 
development fronting upon the PAPS except where such vents are more than 
10'·6" above the level ofthe PAPS. 

4.3.9. Landscape requirements: 

a. The landscaped portion may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

b. The minimum soil depths for planting are: 
(i) Trees: 36" 
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(ii) Shrubs: 30" 
(iii) Lawns, ground cover: 18" 

c. Each planted area shall have provision for proper drainage, and shall be 
equipped with automatic drip irrigation and waterproof electrical outlets. 

d. Planting requirements: 
(i) Minimum of 10% of open air PAPS shall be landscaped. 
(ii) For each 400 square feet of landscaped area there shall be at least one 

(I) major shade tree or two (2) minor trees. 
(iii) The remaining landscaped area(s) shall be planted with seasonally 

diverse plant material. 
e. Seating: 

1. There shall be a minimum of one linear foot of seating for each 500 
square feet of PAPS excluding the area of an open air cafe. 

(j) One seat shall equal two linear feet 
2. Not more than 50% of the linear seating capacity maybe in moveable 

seats which may be stored between the hours of 7 p.m. and? a.m. 
Seating shall meet the following standards: 

4.3.10. lighting: 

(i) Seating without backs shall have a minimum depth of 16". 
For the benefit of handicapped persons a minimum of 20% 
ofthe required seating shalf have backs at least 12" high 
and a minimum depth of 14". Seating 30" or more in depth 
shall count double provided there is access to both sides. 

(ij) Seating higher than 36" and lower than 12" above the level 
of the adjacent walking surface shall not count toward 
meeting the seating requirements. 

(iii) The tops of walls including but not limited to those which 
bound planting beds, fountains and pools may be counted 
as seating when they conform to the dimensional standards 
in subparagraphs (i) and (ii) above. 

(iv) Moveable seating or chairs, excluding seating of open air 
cafes, may be credited as 30 inches of linear seating per 
chair. Steps and seating in open air cafes do not count 
toward meeting the seating requirements. 

a. A PAPS shall be illuminated throughout with an overall minimum average level 
of illumination of not less than one maintained foot candle (lumens per square 
foot) on the horizontal plane at grade. Such level of illumination shall be 
maintained throughout the hours of darkness. Light sources shall be white light. 

4.3.11. Mandatory allocation of frontages for permitted use: at least 40% of the total 
frontage of building walls of the development fronting on a PAPS shall be 
allocated for occupancy by permitted retail, restaurants and cultural uses. Such 
building frontage use requirement shall apply to both the mezzanine, if 
provided, and the street level. All such uses shall be directly accessible from the 
PAPS with an entrance required every 50' at a minimum. The remaining frontage 
may be occupied by other uses. vertical circulation elements and building 
lobbies. 

4.3.12. Maintenance: 
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a. Responsibility: the building owner shall be responsible for the maintenance of 
the PAPS including, but not limited to, the confinement of permitted 
obstructions, litter control, and the care and replacement of vegetation within 
the parcel and in the street sidewalk: area adjacent to the parcel. 

b. Litter receptacles: shall be provided with a minimum capacity of one cubic foot 
for each 2,000 square feet of PAPS area. An additional capacity of one cubic 
foot of litter receptacle shall be provided for each 2,000 square feet of PAPS in 
connection with outdoor eating services or other uses permitted on PAPS which 
generate litter. 

4.4. Rooftop Observation Deck 

4.4.1. Buildings above 550 feet to include a public roof-top open space and viewing 
deck. 

5. ARCHITECTURAL ELEMENTS 

5.1. Building Materials and Color 

5.1.1. Design intent: define the general design objectives for the material and color of 
distinct portions of the buildings and prescribe the treatment required for both 
residential and commercial portions of the building. 

5.1.2. Guidelines: 

a. Feature long-lived and sustainable materials. The material palette should 
provide variety, reinforce massing and changes in the horizontal or vertical 
plane. .. ' 

b. Ground floors shall have a different architectural expression than upper floors 
and feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet tRSt il"leltHole sl:fFfaees 6f I'l9SS61"1F) will be 
predomirantlylight in color. Colors will be achieved through the inherent color 
of the material, rather than the application of color to the surface. Darker accent 
colors may be used to delineate building entrances and accents. There will be 
clear contrast between the buildings surface material and the building'S glazed 
areas. 

d. The buil9ing's skin, especially for towers, should be primarily transparent; the 
use of darkly colored or highly reflective glass will be avoided. Glazing will have 
the minimum amount of reflectivity or tinting required to achieve energy 
efficiency standards. 

e. Inbuildings other than curtain wall buildings, windows will be recessed, except 
where inappropriate to a building's architectural style. 

f. To provide visual variety and depth, layer the building skin and provide a variety 
of textures that bear a direct relationship to the building's massing and structural 
elements. The skin should reinforce the integrity of the design concept and the 
building'S structural elements, and not appear as surface pastiche. 

g. Rooftop mechanical equipment: shall be screened with materials and design 
consistent with the building architecture; see Seeti61"1 }et Teher er6iil"l. 

h. Design the color palette for a building to reinforce building identity and 
complement changes in the horizontal or vertical plane. 

5.2. Grade Leve! Controls 
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5~2.1. Design intent: street wall massing, articulation and detail, street level building 
entrances and storefront windows and doors, as well as the use of quality materials 
and decorative details, shall be used to promote pedestrian-scaled architecture 
along the street. Architectural features that reinforce the retail character of the 
ground street wall and/or help define the pedestrian environment along the 
sidewalk, such as canopies, awnings, and overhangs, are encouraged and should 
be integral to the architecture of the building. 

5.2.2. Ground floor height: 

a. Minimum 12'-0" height floor to ceiling. 

5.2.3. Building entrances: 

a. The primary entrance to a street level tenant that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant that 
does not have its frontage along a public street shall be provided from a 
courtyard, grade level setback, or PAPS. Entries shall not be higher than 4 feet 
above the elevation of the sidewalk at its 'nearest point to the entry. Where 
possible entries shall be marked through the use of architectural elements such 
as porches, gateways, entry alcoves, awnings, Canopies, or portals. 

b. Main building entrances should read differently from retail storefronts, 
restaurants and commercial entrances. 

c~ See SeetieR Jet m8rql:lSeS, ea-Fl6f9ies, au"RiFlgs, SeetisR Jet fer 5igf1a~e eSFltrsis, 
BFla Seeti!:lFI )(){ fer li§l9tiFl§ eeFltrels. 

5.2.4. Ground floor glazing: (CPD sending text from CRA) 

5.2.5. Arcades: 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit 
with a minimum of 1.0 foot candles. 

5.2.6. Service and refuse: 

a. Storage areas within the building of a size sufficient for that development to 
ensure that refuse is stored and loaded off-street. Refuse storage areas shall be 
directly and conveniently accessible to a curb cut; refer to Section xx Loading. 

5.2.7. Retail storefronts: 

a. Openings for storefronts, windows and doors shall comprise a minimum of 40% 
of the building's street level fac;;ade and be recessed where necessary. 

b. Ground floor retail space will be a minimum of 20 feet deep and 12 feet 
clearance in height and have storefronts openings a minimum of 10 feet in 
height. Storefront openings shall be no wider than 100 feet and no smaller than 
15 feet. 

c. Security grills will be located behind glass and be at minimum 80% open. 
d. Storefront glazing will be transparent. 

5.3. Podium Controls 
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5.3.1. Design intent: provide a modern interpretation of the historical context of 
Hollywood by establishing different treatment from the building's base, middle 
and top; through the vertical articulation of the street wall fa~ade by the use of 
balconies, projections, recesses, fenestration and changes in massing, color, 
material or other elements. 

5.3.2. Podium height: 

ir. Minimum 30'-0" to a maximum of 150 feet, eJ(eil::lsi.e ehh6 §rel::lRei fleer le.el. 

5.3.3. Guidelines: 

a. Provide an identifiable break between the building's ground floors and upper 
floors. This break may include a change in material, change in fenestration 
pattern or similar means. 

b. Podium level windows shall be vertically oriented. 
c. Podium levels shall be predominantly light:incolor. 
d. Expression band shall be .provided at the. highest story within the podium. 
e. While blank street wall fa~ades are prohibited, an exception may be made for 

integration of public art or a graphic-based fa!,;ade if it adds scale and interest to 
an otherwise bland frontage. In these cases, the fa~ade should be a maximum of 
four floors high, and should have variation in its surface plane (using cut outs, 
insets or pop-outs). It should empl'ilY,9.Werent scales of elements as viewed 
when seeing the entire building massing. . 

5.4. Fenestration 

5.4. t. Louvers, wall openings: shall be designed to integrate with building architecture. 

5.5. Tower 

5.5.1. Design rntent: 

Ct. Towers should have their massing designed to reduce overall bulk and to 
appear,~lender. 

b. T owers'should be designed to achieve a simple faceted geometry and exhibit 
big, simple moves. They should not appear overwrought or to have over
manipulated elements. 

Co Towers that emulate a more streamline modern style should provide variety 
through subtle details in the curtain wall, and the articulation of a human-scaled 
base at the street level. 

d. If a project has more than one tower, they should be complementary to each 
other and employ the same architectural design approach. 

e. Generally, buildings over 150 feet tall (the historic datum for Hollywood) should 
not be historicized. They are contemporary interventions in the skyline and 
should appear as such. 

5.6. Rooftcps and Setbacks 

5.6.t. General requirements: 
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a. Rooftops and setbacks are highly visible and provide a significant amenity. They 
shall be landscaped with consideration for use and to be visually attractive when 
viewed from locations adjacent and above. 

b. For rooftops to be developed as usable outdoor area, refer to requirements 
specified under common open space, Section xxx. 

c. All other roof surfaces and setbacks shall provide surface materials which are not 
reflective or high contrast colors. All obtrusive features such as vents, bulkheads 
and cooling units shall be screened from lateral and pedestrian views. 

5.7. Parapets, Handrails, Roof Mechanical Equipment Screening 

5.7 .1. Parapets and handrails: if part of an expression band or expression line, shall be 
finished in a distinctive manner. 

5.7.2. Roof mechanical equipment: shall be screened; materials and design to be 
consistent with the building architecture and will utilize similar colors and materials 
as in other portions of the building. Enclosures for bulkheads shall not count 
against building height. 

6. STREETSCAPE 

6.1. Streets and Sidewalks 

6.1.1. Design intent: the cohesiveness and variety of public open spaces and streets 
are key features of the Project. The combination of landscaped plazas and PAPS 
and landscaped streets creates diversity, and at the same time forms a single 
unified system. Cohesiveness shall be achieved by providing certain uniform 
elements such as lighting, paving, rhythmic tree plantings and continuous open 
spaces in a consistent palette of materials and furnishings. 

(i) Street trees playa very important role in the Project. To create a strong 
visual order, trees shall be planted in continuous, uniformly spaced rows 
along the streets. To acknowledge microclimatic variations and to 
avoid monoculture demise, different tree species shall be required on 
the designated hierarchy of street types. In all cases, the trees shall be 
planted in a single row on sidewalks leading to or abutting the 
development. 

(ii) Spacing of the street trees is critical to the overall image of the 
development, so their regular spacing becomes the module for locating 
all of the other elements on the sidewalks such as light standards, 
pavement scoring patterns and curb cut zones. It is important that 
building elements affecting tree spacing, such as entrances, canopies, 
and utility connections, be coordinated at the outset to avoid conflict 
with the established tree planting pattern. 

6.1.2. Tree planting guidelines: 

a. It is the intent to comply with the Urban Forestry Division standard guidelines 
regarding street tree locations and planting procedures. Regular spacing of the 
street trees is critical to the overall image of the Project, establishing the module 
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7. PARKING 

for locating all of the other elements of the streetscape and certain building 
elements such as entrances, canopies, and utility connections. 

7.1. Automobile Parking 

7.1.1. Requirements for each use: 

a. Commercial! Office! Retail: 
(i) At least two parking spaces for every one thousand square feet of 

combined gross floor area of commercial office, bU$iness, retail, 
restaurant, bar and related uses, trade schools, or research and 
development buildings on any lot. 

b. Condominiums 

c. 

(i) At least two parking spaces per each dw~lling unit 
(ii) One quarter parking spaces per each dwelling unit for guest parking 
(iii) One quarter parking spaces per ea:c:::h dwelliiJ9 unit for guest parking 

• Development is located wit);Jy1 in a par,king congested area 
Rental 
(i) At least one parking space for each dwelling unit of less than three 

habitable rooms, one and one-half parking spaces for each dwelling unit 
of three habitable rooms, and two parking:spaces for each dwelling unit 
of more than three habitable rooms. 

d. Combination of uses: 
(i) Where there is a combination of uses of a lot, the number of parking 

spaces required shall be the sum of the requirements of the various 
uses. 

7.1.2. Additional regulations: 

a. Location of accessory commercial! office! retail off-street spaces: may be 
located on the same parcel as the use to which they are accessory, or on the 
opposing development. 
(0 (g) Location of Parking Area. The automobile parking spaces 

, required by Paragraphs (b), (c), (d) and (e) hereof, shall be provided 
either on the same lot as the use for which they are intended to serve or 
on another lot not more than 750 feet distant there from; said distance 
to be measured horizontally along the streets between the two lots, 
except that where the parking area is located adjacent to an alley, 
public walk or private easement which is easily usable for pedestrian 
travel between the parking area and the use it is to serve, the 7S0-foot 
distance may be measured along said alley, walk or easement. 

b. Curb cuts shall be located no closer than 50 feet to the intersection of two 
streets. 

c. Access driveways to parking facilities will not exceed 28 feet in width. The 
minimum separation between drives located along the same frontage shall be 
50 feet. 

d. Parking and loading access will be shared where feasible. 

7.1.3. Screening 
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a. Above grade parking shall be lined with habitable floor area having a minimum 
depth of 20 feet along street frontages where feasible or shall be designed to 
blend in with the form and massing and designed to look like an integral part of 
the building. The interior of a parking structure will be designed to be screened 
from the view of streets and sidewalks. 

7.2. Employee Bicycle Parking 

7.2.1. Requirements for each use: 

a. Commercial! Office! Retail: 
(il Any portion of a building used for non-residential purposes which 

contains a floor area in excess of 10,000 square feet, bicycle parking 
spaces shall be provided at the rate of two percent of the number of 
automobile parking spaces required by this section for such non
residential uses; provided, however, that at least one bicycle parking 
space shall be provided for any such building having a floor area in 
excess of 10,000 square feet of non-residential use. If the calculation of 
the number of required spaces results in a number including a fraction, 
the next highest whole number shall be the number of spaces required. 

b. Condominiums 
(i) At least one secure bicycle parking space shall be provided for every 

two residential units. 
c. Rental 

(il None 

7.3. Circulation 

8. SERVICE AND LOADING 

8.1. Requirements 

a. Hoteland Commercial! Office! Retail that abut an alley 
(i) Every required loading space shall be located and arranged that 

delivery vehicles may be driven upon or into said space from the alley. 
Such loading space shall have a minimum height of 14 feet and directly 
accessible through a usable door not less than three feet in width and 
not less than six feet six inches in height opening from the building it is 
to serve. 

(iil Every required loading space shall have a minimum area of 400 square 
feet, a minimum width of 20 feet measured along the alley line, and a 
minimum depth of ten feet measured perpendicularly to the alley line. 

(iii) Loading space shall have a minimum area of 600 square feet where the 
gross floor area of all buildings on the lot exceeds 50,000 square feet, 
but not more than 100,000 square feet, a minimum area of 800 square 
feet where the gross floor area of all buildings is between 100,000 and 
200,000 square feet, and shall be increased by an additional 200 square 
feet for each additional 200,000 square feet or fraction thereof of gross 
floor area in the building. 

b. Condominiums 
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(i) None 
c. Rental 

(i) None 

8.2. Screening 

CO-0001-487 

a. Except for the minimum ground level frontage required for access, loading shall 
be screened from the view of adjacent public sidewalks and streets. 

b. Trash enclosures shall be provided and screened from the view of adjacent 
public sidewalks and streets. Rehabilitated trash enclosures shall be screened 
from the view of adjacent public sidewalks and streets. 

8.3. Circulation 

9. SIGNAGE 

9.1. Guidelines 

a. Refer to Ordinance No. 176172: HolIYVl(()od SignClge' Supplemental Use District 
pursuant to Section 13.11 of the Los Angeles Municipal Code. 

9.2. Modification to Guidelines 

a. High-rise signs located within 44Jee~.fro~ the top of the building and meeting 
the requirements of the Building Code',shall be permitted. 

10. SUSTAINABIUTY 

10.1. lEED Certification 

10.1.1. Standard of Sustainability (Mandatory for large projects) 

a. Threshold;, The Standard of Sustainability establishes a requirement for non
residential P~oJ~cts at or above 50,000 square feet of floor area, high-rise 
residential (above six stories) projects at or above 50,000 square feet of floor 
area, or low-rise residential (six stories or less) of 50 or more dwelling units 
within bl#ildings of at least 50,000 square feet of floor area to meet the intent of 
the leadership in Energy and Environmental Design® (lEED®) Certified level. 
The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a 
valoation of 50% of the existing building's replacement cost. 

b. Requirement: The project must include a LEED® Accredited Professional 
(LEED® AP) on the project team, and demonstrate that the project has met the 
intent of the US Green Building Council's (USGBC) LEED® Certified level. 
Formal certification by the USGBC is not required. 

10.1.2. Standard of Sustainable Excellence (Voluntary for projects of any size - large and 
small) 

a. Threshold: The Standard of Sustainable Excellence establishes an incentive 
program for projects that register with the USGBC's LEED® program, contract 
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with a LEED® AP, and can demonstrate how the project will achieve LEED® 
certification at a Silver or higher level. 

b. Incentives: The ordinance will establish expedited service within the Department 
of City Planning and the Bureau of Engineering. Other incentives already in 
place, including those from the Department of Water and Power and the 
Department of Building and Safety, remain unchanged. 

11. LIGHTING 

11.1. Design intent: lighting located at the perimeter of each parcel is required to 
supplement the street lighting. Its purpose is to improve color rendering, fill in 
shadows, light pedestrians' faces, articulate the building base-level facades. reinforce 
the residential and pedestrian character of the development and adjoining 
neighborhoods, increase security, and visually activate the nighttimestreetscape. 
Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

11.2. Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shalt be provided on all sides of 
the parcel and designed in conjunction with the grade level setback and open 
PAPS. 

b. Lighting will be operated from dusk to dawn. 
c. Lighting will utilize a "white" light source with a cQlor rendering index (CRI) of 65 

or greater, i.e. metal halide, fluoresceqt, compactfluorescent, white cold 
cathode, white neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0 foot candles on a 
horizontal plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet 
between elements. 

11.3. Responsibility for maintenance: building owner is responSible for maintenance of 
all lighting associated with the property and for the maintenance of tenant lighting used 
to meet these requirements. No luminaire or lighted element which is to meet these 
requirements shall be out of commission for more than 10 consecutive days. 

11.4. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. 
will be used. The operation of additional lighting will be at the discretion of the building 
owner. 

11.5. Lighting for areas located inside the lot line and visible from the street: such as 
service yards, loading docks, service or garage entrances, shall be lighted with "white" 
light sources in attractive and/or concealed luminaires. 

11.6. Lighting for above-grade parking garage facilities: shall utilize "white" light 
sources and the luminaires' brightness shall be shielded from view of the street or any 
residential living space. This may be accomplished through architectural screening, 
luminaire placement, or integralluminaire shielding. Parking garages which are entirely 
concealed from exterior view are exempt from this requirement. 

12. NOISE 

13. OPERATIONAL STANDARDS 

Millennium Towers Development Agreement Page 20 

AR0067503 



Design Guidelines 
March 1, 2010 
Revised April 8, 2010 

13.1. Pet Controls 

13.2. Antennas 
a. Transmission facilities 
b. Cable antennas 

13.3. Wireless Facilities 

CO-0001-489 

Millennium Towers Development Agreement Page 21 

AR0067504 



CO-0001-490 

MILLENNIUM TOWERS DEVELOPMENT AGREEMENT 
February 18, 2010 

Millennium Partners 
Argent Ventures 
Handel Architects 

Roschen Van Cleve Architects 

Millennium Towers Development Agreement 

AR0067505 



CO-0001-491 

MILLENNIUM TOWERS DEVELOPMENT AGREEMENT 
February 18, 2010 

TABLE OF CONTENTS 

1. Introduction 
a. Purpose of Guidelines 
b. Goals and Objectives 

2. Location 

3. Building Height and Massing 
a. Street wall 
b. Yards and Setbacks 
c. Tower width controls and Orientation 
d. Tower Height 

4. Open Space 
a. Public open space 

i. Across from Capitol Records 
ii. Jazz Mural 

b. Residential open space 
i. Balconies 
ii. Roof decks I viewing deck 

5. View Corridor 
a. Capitol Records 

6. Articulation and Fenestration 
a. Grade Level 
b. Podium 
c. Tower 

7. Landscape 
a. Street Elements 
b. Public Areas 

8. Pedestrian Linkage 
a. Through block connections 
b. Circulation 

i. Ingress into buildings 
ii. Connection between city and site 

9. Parking 
a. Requirements 
b. Location and Size 
c. Screening 
d. Circulation 

i. Ingress into parking facility 
ii. Connection between city and site 

10. Service and Loading 
a. Requirements 
b. Location and Size 
c. Screening 

Millennium Towers Development Agreement 
1 

AR0067506 



CO-0001-492 

MILLENNIUM TOWERS DEVELOPMENT AGREEMENT 
February 18, 2010 

TABLE OF CONTENTS CONT'O 

11. Bicycle Parking 
a. Requirements 
b. Location and Size 

12. Signage 
a. Types 
b. Location 
c. Heights/Sizes 
d. Illumination 

13. Green I LEED 

14. Lighting 

15. Noise Controls 

16. Land Use 
a. FAR 
b. Equivalency I Transfer of floor area 
c. Maximum OESF Density Per Area 
d. Maximum Height 
e. Use Coordination I Use Compatibility 

17. Operational Standards 
a. Pets 
b. Antennas 
c. Wireless Facilities (facades and parapets) 

Millennium Towers Development Agreement 
2 

AR0067507 



CO-0001-493 

Millennium Towers Development Agreement 
3 

AR0067508 



CO-0001-494 

Vine Street & Yucca Street. Design Guideline Outline 

1. Introduction 
a. Purpose of Guidelines 

The Design Guidelines have been prepared to provide information 
describing the Project's deSign intent and specific controls affecting the two 
sites as a whole as well as its individual development. The Design Guidelines 
serve two functions: 
i. They establish a level of design quality and consistency for the entire 

development and insure design continuity will be carried through to 
the full implementation of the Project; The Design Guidelines 
establish basic site-wide design standards and criteria which serve 
to maintain the integrity of an overall master plan concept and protect 
the visual and environmental quality of the Project as a whole. These 
Design Guidelines are intended to permit design flexibility while 
establishing a vocabulary which will guide the development team for 
each of the two sites. 

They consolidate and illustrate the implications of the established 
practices which will govern the physical development of the two sites, 
defining the standards for use, bulk, parking and loading, 
architectural features, landscape treatment, signage and lighting. The 
Design Guidelines are to be approved by the Los Angeles City 
Planning Department. Once accepted the Design Guidelines will 
apply in lieu of the City of Los Angeles Municipal Code & the City of 
Los Arge/es Planning and Zoning Code. Compliance with the Design 
Guidelines will replace the usual zoning review by the Los Angeles 
City Planning Department. Compliance with the current City of Los 
Angeles Building 'Code will continue to be reviewed by the City of Los 
Angeles Department of Buildings and Safety. 

b. Goals and Objectives 
The Design Guidelines serve to reinforce the design principles which will 
contribute to the shape of a successful project. These principles are 
as follows: 

\ . 
1". ,. 

Preservation of the Capitol Records Tower and Gogerty Building. , .c.: .... r 
Preserve public views to the Capitol Records Tower. ~ 'Q . I 

~. 

~. 

" . 

Civic plazas located on the east site adjacent to Vine Street to <...fJA-/ 1 .~ ~ 
preserve views of the Jazz Mural and Capitol Records Tower and cr"" 10 
west site across from the Capitol Records Tower. 
The establishment of a standard intended to promote architectural 
excellence. 
The creation of two iconic towers as the entrance to Hollywood 
Boulevard from the Hollywood Freeway. 
The reinforcement of the urban and historical importance of the 
intersection of Hollywood and Vine by the creation of an active street life 
focused on Vine Street. 
The enhancement of the Hollywood Walk of Fame by providing it an 
urban node with the creation of The Hollywood Walk of Fame Plaza. 
The encouragement of street life by the creation of a new exclusive 
pedestrian connection between Ivar Avenue, Vine Street, and Argyle 
Avenue. 
The creation of vibrant urban spaces which permit active and passive 
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(N~ ~ ~·Id,..~ e.rr~ 
1f, ~~ 

~~'~f 0) ~ ~~ - ~oct 
recreational facilities for both the on-site and off-site~~. [.)1/;a-v~ 
The creation of a 24 hour community by the creation of a thriving ~ 
Mixed-Use Development. ~ 

The preservation of existing view corridor to the Hollywood Hills. lt2.( 
Eliminate the visual impact of the current parking on site <"-l.. 
parking. ~. 

Insure sustainability by the creation of two development sites '-... 
that offer flexibility to respond to market conditions and 
development phasing . 

.5\l~S~~ p~ .... ,vJ 
~'0"'1!~::r-~ 

Millennium Towers Development Agreement 
5 

Figure 2.1 

Figure 2.2 

AR0067510 



CO-0001-496 

3. Building Height and Massing 
a. Street wall 

b. 

c. 

d. 

(a) Design intent: required street walls determine the scale and character of the 
pedestrian environment. Articulation of the required ~treet wall within the 
permitted ranges is required in order to create a sense of different uses, visual 
interest and orientation. 

(b) Location of a required street wall: 
The required :$treet wall :$hall be located within 3-'0" from the 
street line, except as noted in Item 4. Open Space and 
or through block passages. 

(c) Height of required street wall and dimension of initial setback: 
Street walls shall be built to a height of at least 90 feet. 

Yards and Setbacks 
Notwithstanding the requirements set forth in the LA Municipal Code, no building shall be 
required to provide front, side or rear yards or building setbaCKS, 

Tower location: a towe 400 eet or greater in height above curb level shall be located 
Tower width controlS@ . 

with its ·eq.ual or longer ' ension parallel to the north-south streets. (j..lV\ '" '-t ao ../...R ,;{- 7 
Tower height U U --- . -
Designated Tower Zones, see Figure 3. 1. 

I ZONES I 
MAXHT"585' 

Hollywood Blvd 

L....I.-"-----'-' _ _ ----'-_--L._ '----L. __ ...I..l.._ ----'---L. _ _ ---1.1..--"---__ ..I....-_L...1._Ll...J . Figure 3.1 
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(a) Building Heights up to 150 feet: 
Massing established by protected view corridors and fire access 
Street wall and facade modulation up to 150 feet 

West Site: 

AXONOMETRIC OF PERMITTED BUILDING ENVELOPE 

Figure 3.2 
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East Site 

AXONOMETRIC OF PERMITTED BUILDING ENVELOPE 

Figure 3.3 
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(b) Building Heights up to 220 feet: 
Building floor plate not to exceed 48% of lot coverage in designated 
zones 

West Site 

TOWER MAX 
HEIGHT 220' 

ON 48% OF SITE 

TOWER MAY BE LOCATED 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE if 
ANYWHERE WITHIN THIS 
ENVELOPE 

"r-" 

/'/"/ ii"" " 
, ," 

1;0 
b 
N 
N 

AXONOMETRIC OF PERMITTED BUILDING ENVELOPE 

Figure 3.4 

, I 
I 

5% PUBLIC OPEN SPACE 
3.931 SF 
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East Site: 

MAlI TOWER 
HEIGHT Z20' 

ON 48% O F SITE 

CO-0001-500 

AXONOMETRIC OF PERMITTED BUIlDING ENVELOPE 

Figure 3.5 
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(c) Building Heights up to 400 feet: 

-rc 
50% of floor area must be located below 220 feet. 
Building floor plate not to exceed 28% of lot coverage in designated 
zones between 220 feet and 400 feet. 

West Site: 

BETWEEN 220' AND 400' 
TOWER CAN OCCUPY ---,.-----, 

28% OF SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE --, 

LOCATED BELOW 220' 

AXONOMETRIC OF PERMlnED BUILDING ENVELOPE 

Figure 3.6 

TOWER MAY BE LOCATED 
,------ ANYll'lHERE WITHIN THIS 

ENVELOPE 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 
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East Site: 

BElWEEN 220' ANO 400' 
TOWER CAN OCCUpy ----, 

28% OF SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE 

LOCATED BELOW 220' 

CO-0001-502 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

TOTAL 8% PUBLIC OPEN SPACE 
'----- 6,290 SF 

AXONOMETRIC OF PERMITTED BUILDING ENVELOPE 

Figure 3.7 
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,II) 

~Ll 
" '-~ j d) Building Heights up to 550 feet, 
~ (j "\ . Building floor plate not to exceed 15% of lot coverage in designated 

] 

j zones between 220 feet and 550 feet" e ~ W"", Si",: 

J~ 
. ~ 

BI::TWEI::N 220' AND 5SO' 
TOWER CAN OCCUPY -----, 

15% OF SITI:: 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE -f------, 
~OCATED BE~OW 220' 

AXONOMETRIC OF PERMITTED BUILDING ENVELOPE 

Figure 3,8 

TOWER MAY ee ~OCATeo 
,------ ANYWHeRe WITHIN THIS 

ENve~OPE 

EXAMP~I:: OF TOWER 
THAT OCCUPIES sITe 
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East Site' 

BETWEEN 2201 AND 550' ____ .., 
T~R CAN OCCUpy 

1S%OI'SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE -I-----t 

LOCATED BELOW 220' 

TOWER MAY liE LOCATED 
,....----- ANYWHERE WITHIN THIS 

ENVELOPE 

EXAMPlE OF TOWER 
,....---- THAT OCCUPIES SITE 

TOTAL 10% PUBUC OPEN SPACE 
'----- 11,587 Sf 

AXONOMETRIC OF PERMITIEO BUILDING ENVELOPE 

Figure 3.9 
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(e) Building Heights up to 585 feet: 
Building floor plate not to exceed 11.5% of lot coverage in designated 
zones between 220 feet and 585 feet. 

West Site: 

6ETWEEN 220' AND 585' 
TOWER CAN OCCUPY -----. 

11 .5% OF SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE -+-----. 

LOCATED BELOW 220' 

AXONOMETRIC OF PERMmED BUILDING ENVELOPE 

Figure 3.10 

TOWER MAY BE LOCATED 
r------ ANVlMiERE IMTHIN THIS 

ENVELOPE 

EXAMPLE OF TOWER 
~--- THAT OCCUPIES SITE 

ROOFTOP OPEN SPACE AND 
VIEW DECK REQUIRED FOR 
BUILDINGS ABOVE 550' 

12% PUBLIC OPEN SPACE 
9,435 SF 
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East Site: 

BElWEEN 220' AND 585' 
TOWER CAN OCCUpy -------, 

11.5% OF SITE 

MINIMUM OF 50% OF 
FLOOR AReA MUST BE -1-----, 

LOCATED BELOW22O' 

TOIIIIER MAV BE LOCATED 
,..------ ANVIM-lERE WTHIN THIS 

ENVELOPE 

EXAMPLE OF TOWER 
,...----- THAT OCCUPIES SITE 

~OOFTOP OPf;N $P..,Cf; AND 
VlI;W DI;CK. RI;QUI~I;D FOR 
BUILDINGS ABove ~~O' 

TOTAL 12% PUBLIC OPI;N SPACI; 
L-___ 13._' SF 

AXONOMETRIC OF PERMIITEO BUILDING ENVELOPE 

Figure 3.11 
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4. 

CO-0001-507 

Open Space 
a. Public open space 

Minimum ground floor open space will be 5% of total lot area of the Development Site for 
buildings up to a height of 220 feet. An additional 3% of open space (total 8%) required 
for buildings between 221 feet and 400 feet. An additional 5% (total 10%) of open 
space to be required for buildings between 401 feet and 550 feet and an additional 7% 
(total 12%) of open space required for buildings taller than 550 feet. 
i. Across from Capitol Records 

ii. Jazz Mural 
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CO-0001-508 

Residential open spaee 
i. Balconies ./ 

Balconies shall be integral to the buildings form, mass, and or 
articulation. 

Figure 4.3 

ii. Roof deCks I viewing deck 
Roof of parking structures will be landscaped to provide 
outdoor space were possible with consideration for use as 
public or privately accessible open space. 
Buildings above 550 feet to include roof-top open space and 
viewing deck. 
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View Corridor 
a. Capitol Records 

Preserve public views to the Capitol Records Tower. 
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Figure 4.5 

Figure 4.6 
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6. Articulation and Fenestration 
a. Grade Level 

i. Building Entries: The primary entrance to a street level tenant that has 
J.. frontage along a public street shall be provided from that street. The primary 

~ < f entrance to a tenant that does not have its frontage along a public street shall 
~ f{ be provided from ~urtyard, plaza, or through block passage. Entries shall 
. not be higher tha'Weet above the elevation of the sidewalk at its nearest 

3
~JL . point to the entry. Where possible entries shall be marked through the use of 
~ architectural elements such as porches, gateways, entry alcoves, awnings, 

canopies, or portals. 

b. 

ii. Canopies and Awnings: Canopies will be provided for primary residential 
entrances. 10 feet minimum and 20 feet maximum clearance will be 
maintained above sidewalks, plazas, or walkways. A minimum of 2 feet will 
be provided from the face of canopy to the face of curb. The maximum width 
of a single canopy will be 30 feet. 

iii. Arcades: Arcades at grade will maintain a minimum of 10 feet clear height 
and will be lit with a minimum of 1.0 foot candles. 

iv. Drop-offs: Drop-offs shall be located along the curb or entirely within the site 
to maintain sidewalk continuity. 

v. !Exhaust: Building exhaust will be located at least 10 feel above a public side 
walk, plaza, or through block passages where possible. 

vi. PubliC Walkways: Public walkways will be a minimum of 15 feet wide and be 
at least 50% open to the sky. Walkways wiJ/ be lined with public open 
space or commercial spaces used for retail, restaurants, cultural uses, and 
lobbies along at least 40% of its frontage. 

vii. Storefront: Openings such as storefronts, windows and doors shall comprise 
a minimum of 40% of the building's street level fac;ade and be recessed where 
necessary. Ground floor retail space will be a minimum of 10 feet clearance in 
height and have storefronts openings a minimum of 10' feet in height. Security 
grills will be located behind glass and be at minimum 80% open. Storefront 
glazing will be transparent. 

Podium - Up to 150 feet 
i. Modulation: New building facades, located directly on a property line and 

facing a street, will predominantly incorporate the use of regular modulation 
hOrizontally along a street wall. Modulation might be incorporated by the use 
of recesses, projecting bays, changes in massing, color, material or 
fenestration. Extensive blank walls will be avoided. Ground floors shall have 
a different architectural expression than upper floors and feature durable 
materials that add scale, texture and variety. 

Materials and Colors: Materials, color, and fenestration of building frontages, 
located on or within 3' of a lot line facing a street, shall be similar to those 
found elsewhere in Hollywood. The buildings masonry surfaces will be 
predominantly light in color. Colors will be achieved through the inherent 
color of the material, rather that the application of color to the surface. 
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Darker accent colors may be used to delineate building entrances and accents. 
There will be clear contrast between the buildings surface material and the 
building's glazed areas. 

iii. Windows and Glazing: Window proportion, grouping and arrangement will be an 
integral aspect of the design of the buildings. Above the ground floor the 
use of darkly colored or highly reflective glass will be avoided. Glazing will have 
the minimum amount of reflectivity or tinting required to achieve energy efficiency 
standards. fJ,.A.N •. -*-· ~ .~ ~ r 

c. TowQr - OVQr 150 fQQt 

ii. 

iii. 

7. LandscapQ 

Design intent: Bui/dings over 150' will not be istoricized. hey will be treated as 
contemporary interventions in the skyline and wil apear simple yet elegant. 
Towers will be complementary to one another and may employ the same 
architectural design approach. Tower's primary entrances shall be scaled 
appropriately to the overall size of the tower and mediate the transition to the 
pedestrian scale. Buildings tops will be articulated with a change in maSSing 
or detail. 

Windows and Glazing: In buildings other than curtain wall buildings windows will 
be recessed, except where inappropriate to a building'S architectural style. 

Roofs and Bulkheads: Roofs used for mechanical purposes will be deSigned to 
minimize attention by incorporating non reflective and low contrasting colors. 
Mechanical equipment shall be screened from lateral and pedestrian views. 
Mechanical penthouses will be designed to be consistent with the buildings 
architecture and will utilize similar colors and materials as in other portions of the 
building. Enclosures for bulkheads shall not count against building height. 

a. Street Elements 
i. New trees, planting beds, and grates will be provided along Vine Street, Ivar 

Avenue, Yucca Street, and Argyle Avenue. Jacaranda Mimosifiolias will be 
interspaced with Washingtonia Robusta palms along Vine Street. Palms will be 
spaced on 40 foot centers. Jacaranda Mimosifiolias will also be planted 
along Yucca Street frontages. Evergreen trees will be planted along Ivar 
and Argyle Avenues. 

ii. Sizable and healthy existing trees not conforming to the above will be removed 
and relocated on site if possible. 

Public Areas 
i. Plant material will be selected for diversity, neat appearance, suitability to solar 

orientation, and relationship to fenestration. The mature size of any plants shall 
not project more than 12 feet beyond the face of planters below the height of 10 
feet relative to the adjacent sidewalk. 

ii. Kiosks, carts and temporary structures may be permitted within public open 
spaces. No roofs of such structure shall extend more than 4' in anyone direction. 
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8. Pedestrian Linkage 
a. Through block connections 

i. Provide through block connections on both sites along Vine Street. 

1,...-1 
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-----_____ .1 L ~ , -'-0 I uttt 
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b. Circulation 
i. Ingress into buildings 
ii. Connection between city and site 

9.. Parking 
il. · Requirements 

b. 

c. 

i. Required commercial parking may be transferred to. an adjacent site located 
within 1000 feet. 

ii. Shared parking strategies may be employed. 

Location and Size 
i. Curb cuts shall be located no closer than 50 feet to the intersection of two 

streets. 

ii. Access driveways to parking facilities will not exceed 28 feet in width. The 
minimum separation between drives located along the same frontage shall be 
50 feet. 

iii. Parking and loading access will be shared where feasible. 

iv. The maximum floor to floor height of above grade parking shall not be greater 
than 9 ~eet except where parking is screened with dwelling units. 

Screening 
i. Above grade parking shall be lined with habitable floor area having a 

minimum depth of 20 feet along street frontages where feasible or shall be 
deSigned to blend in with the form and massing and designed to look like an 
integral part of the building. The interior of a parking structure will be 
designed to be screened from the view of streets and sidewalks. 
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d. Circulation 
i. Ingress into parking facility 
ii. Connection between city and site 

10. Service and Loading 
a. Requirements 

b. Location and Size 

c. Screening 
i. Except for the minimum ground level frontage required for access, loading shall 

be screened from the view of adjacent public sidewalks and streets. 

ii. Trash enclosures shall be provided and screened from the view of adjacent 
public sidewalks and streets. Rehabilitated trash enclosures shall be 
screened from the view of adjacent public sidewalks and streets. 

11. Bicycle Parking 
a. Requirements 

i. At least one secure bicycle parking space shall be provided for every two 
residential units. 

b. Location and Size 

12. Signage 
a. Types 

i. Retail tenants shall be allowed to install one exterior sign limited to name and 
~~ p 

ii. 
~ .. ~ 

No pole type signage shall be used. • ~~ _I 

No more /tJan one rooftop/skyline sign shall be used per building. Y I 
Opaque message surfaces shall be avoided. 

iii. 

iv. 

b. Location 
i. Retail Sign: shall be located within a permitted sign age band and limited to 

area of 20 square feet. The total length of the sign shall not exceed 3/4 of the 
width of the tenant exterior wall surface and shall be equally spaced. One 
logo or emblem will be allowed. Interior signs shall permit an unobstructed 
view into tenant space. 

ii. Projecting Sign: shall align with major building elements. The width of 
projecting signs shall not exceed 4 feet. The spacing of such signs shall be 
no less than 20 feet with the exception that each individual retail tenant may 
be allowed one projecting sign not to exceed 2 feet in width. 

iii. Rooftop Signs: shall be setback at least 10 feet frfJm property lines or 
building lines. Spacing between rooftop signs shall be at least 50 feet. Signs 
shall be oriented towards and parallel to Hollywood Boulevard or at comers 
at 45 degree angels to the Boulevard district grid. 

c. Heights/Sizes 
d. Illumination 
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13. Green IlEED 
LEED Certification 

Standard of Sustainabilitv (Mandatorv for large projects) 

Threshold: 
The Standard of Sustain ability establishes a requirement for non-residential projects at or above 50,000 

square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of 50 or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 
Requirement: The project must include a LEED® Accredited Professional (LEED® AP) on the project 
team, and demonstrate that the project has met the intent of the US Green Building Council's (USGBC) 
LEED® Certified level. Formal certification by the USGBC is not required. 

Standard of Sustainable Excellence {Voluntarv for projects of any size - large and smalll 

Threshold: 
The Standard of Sustainable Excellence establishes an incentive program for projects that register with 
the USGBC's LEED® program, contract with a LEED® Ap, and can demonstrate how the project will 
achieve LEED® certification at a Silver or higher level. 
Incentives: 
The ordinance will establish expedited service within the Department of City Planning and the Bureau of 
Engineering. Other incentives already in place, including those from the Department of Water and Power 
and the Department of Building and Safety, remain unchanged. 

14. lighting 
a. Exterior building lighting will be provided on all sides of the development to supplement 

street lighting. 
b. Lighting will be operated from dusk to dawn. 
c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 

greater. 
d. Steps and ramps will be lighted with a minimum of 1.0 foot candles on a horizontal plane. 
e. Lighting approach will be consistent on each parcel with not more than 30 feet between 

elements. 
f. Building owner will be responsible for maintaining all lighting used to meet these 

requirements. No luminaries used to meet these requirements shall be out of commission 
for more than 10 days. 

g. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building owner. 

15. Noise Controls 

16. land Use 
a. FAR 
b. Equivalency I Transfer of floor area 

Owner may transfer floor area from one site to the other, as long as the minimum and 
maximum building heights are maintained. 

c. Maximum OESF Density Per Area 
d. Maximum Height 
e. Use Coordination I Use Compatibility 
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11. Operational Standards 
a. Pets 
b. Antennas 
c. Wireless Facilities (facades and parapets) 
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PROPOSED SIGNAGE AREA: 
748 SF NON-ANIMATED 

.... 
I 

, 
I 
I 

\ I 
......... _ ......................... i 

ELEVATION B : 

_10~ 

NORTH OF OFFICE LOBBY 
ENTRANCE 

__ SURFACE MOUNTED SIGNAGE 
_ 3M WINDOW FILM OVER CURTAIN WAll 
_ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
__ TENANT SIGN 
IIIIIIIIiIIIII PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 
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DISTRICT II 1 ,LEVEL 2 
TOTAL FACADE AREA: 155 SF 
SIGNAGE ALLOWED: 23 SF ( 15%) 
PROPOSED SIGNAGE AREA: 

100' OSF 
.. '-' OOTrucTAi ,LEVEL1 ..... -

TOTAL FACADE AREA: 3,381 SF 
SIGNAGE ALLOWED: 1,352 SF ( 40%) 
PROPOSED SIGNAGE AREA: 
271 SF ANIMATED 

Ifl'I"-I ... LA LIVE! BUILDING B ALLOWABLE SIGNAGE STUDY 10.09.2006 

, .-,..".. •. ~:~,~~-""":'~,':l,.;;:'~ •. t>~<-C'-'>\"..,~." 

DISTRICT B ,LEVEL 3 
TOTAL FACADE AREA: 1,690 SF 
SIGNAGE ALLOWED: 85 SF (5%) 
PROPOSED SIGN AGE AREA: 
146 SF NON-ANIMATED 

Dlsnlm,LEvEL2 - .. 
TOTAL FACADE AREA: 18,102 SF 
SIGNAGEALLOWED:5,431 (30%) 
PROPOSED SIGNAGE AREA: 
3,487 SF NON-ANIMATED 
1,296 Sf ANIMATED 

DISTRICT B, LEVEL 1 
TOTAL FACAD.EAREA: 9,628 SF 
SIGNAGE ALLOWED: 1,926 SF (20%) 
PROPOSED SIGNAGE AREA: 

120' • 

_35;'" 

1--___ 140SF NON·ANIMATED 

11 TH ST. & FIGUROA ST. ELEVATION 

_ SURFACE MOUNTED SIGNAGE 
IIiIIIlIIIIII! 3M WINDOW FILM OVER CURTAIN WALL 
_ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
__ TENANT SIGN 
_ PROJEQED IMAGE 
~ FREEWAYEDGE SIGN 

10 
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100' 

l'IXIII10~ 

35' 

--------_l!li!IlIftG 

DISTRICT B, lEVEL 3 
TOTAL FACADE AREA: 700 SF 
SIGNAGE ALLOWED: 35 SF ( 5%) 
PROPOSED SIGNAGE AREA: 
OSF 

DiSTRiCTS, lEVEU - - R\!a 

TOTAL FACADE AREA: 6,235 SF 
SIGNAGEALLOWED: 1,371 SF (30%) 
PROPOSED SIGNAGE AREA: 
508 SF NON· ANIMATED 

DISTRICT B ,LEVEL 1 
TOTAL FACADE AREA: 3,111 SF 
SIGNAGE ALLOWED: 622SF ( 20%) 
PROPOSED SIGNAGE AREA: 
406 SF NON-ANIMATED 

Ifl'I'IJ LA LIVE! BUILDING B ALLOWABLE SIGNAGE STUDY 10.09.2006 

PLAZA ELEVATION 

PASEO ELEVATION 

" 

DISTRICT A 1 ,LEVEL 2 
TOTAL FACADE AREA: 876 SF 
SIGNAGE ALLOWED: 131 SF ( 15%) 
PROPOSED SIGNAGE AREA: 
OSF 

DISTRICT A 1 ,LEVEll 
TOTAL FACADE AREA: 14,771 SF 
SIGNAGE ALLOWED: 5,908 SF (40%) 
PROPOSED SIGNAGE AREA: 
1,476 SF NON-ANIMATED 
484 SF ANIMATED 

DISTRICT A 1 ,LEVEL 2 
TOTAL FACADE AREA: 767 SF 
SIGNAGEALLOWED: 115 SF( 15%) 
PROPOSED SIGNAGE AREA: 
OSF 

.. DISTRiCT A1, LEVELl .. ... ... 
TOTAL FACADE AREA: 12,790 SF 
SIGNAGE ALLOWED: 5,116 SF (40%) 
PROPOSED SIGNAGE AREA: 
492 SF NON-ANIMATED 
6B7 SF ANIMATED 

100' 

..!OO~ 

_ SURFACE MOUNTED SIGNAGE 
I.IIIIIlIIiIIII 3M WINDOW FILM OVER CURTAIN WALL 
_ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
IIIIIIiIIIIIII TENANT SIGN 
_ PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 
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DISTRICT AI, LEVEL 2 

TOTAL FACADE AREA: 141,440 SF 
SIGNAGE ALLOWED: 21,216 SF (15 %) 
PROPOSED SIGNAGE AREA: 
2,000 SF NON-ANIMATED 
5,900 SF ANIMATED 

_ .. IlMIlI IIIIIIIf I11III .... 

DISTRICT Al , LEVEL 1 

TOTAL FACADE AREA: 26,122 SF 
SIGNAGEALLOWED: 10A49SF(40%) 
PROPOSED SIGNAGE AREA: 
700 SF NON-ANIMATED 
3,103 SF ANIMATED 

20'Xl0' 
-200 SF 

25'X20' 
=SOOSF 

EAST ELEVATION 

Gensler LA LIVE! HOTEL AND RESIDENCES 09.27.2006 

16'X12'·6" 16'X12'·6" 
'200 SF .200 SF 

20'Xl0' 
=200 SF 

WEST ELEVATION @GEORGIAST. 

DISTRICT A 1 ,lEVEL 2 

TOfAl FACADE AREA: 141,440 SF 
SIGNAGE ALLOWED: 21.216 SF (15 %) 
PROPOSED SIGNAGE AREA: 
7,900 SF NON-ANIMATED 100' 
1II&II .. __ Ci:lA$l!l!RmB IIJ!!!iI 

DISTRICT AI, LEVEL 1 

TOfAL FACADE AREA: 26,068 SF 
SIGNAGE ALLOWED: 10,427 SF (40 %) 
PROPOSED SIGN AGE AREA: 
3,700 SF NON-ANIMATED 

IIIIIIIlIl1IIIl SURFACE MOUNlED SIGNAGE 
_ 3M WINDOW FILM OVER CURTAIN WALL 
_ BRAND MARQUEE SIGN (SLAD/:5IGN) 

LED DISPLAY SCREEN --.. 
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DISTRICT B ,lEVEL 3 (BALLROOM) 

TOTAL FACADE AREA: 4.460 SF 
SIGNAGE ALLOWED: 223 SF (5 %) 
PROPOSED SIGNAGE AREA: 
o SF NON-ANIMATED ---- .. _---
DISTRICT B ,LEVEL 2 (BALLROOM) 

TOTAL FACADE AREA: 28,640 SF 
SIGN AGE AllOWED: 8,592 SF ( 30 %) 

_ P~P~E~G~GIi.&lRF,/l; 
s.oOO SF NON-ANIMATED 

DISTRICT B, LEVEL 1 (BALLROOM) ,..,.,,-

TOTAL FACADE AREA: 14,960 SF 
SIGNAGE ALLOWED: 2,992 SF (20 %) 
PROPOSED SIGNAGE AREA: 
600 SF NON-ANIMATED 

SOUTH ELEVATION 

Gensler LA LIVE! HOTEL AND RESIDENCES 10.05.2006 

DISTRICT B DISTRICT A 1 

DISTRICT A1 ,lEVEL 2 (BAlLR~ 

50'X4' 
=:lOOSE 

• 

DISTRICT AI, LEVEll (BALLROOM) 

TOTAL FACADE AREA: 4,750 SF 
SIGNAGE ALLOWED: 1,900 SF (40 %) 
PROPOSED SIGNAGF AREA: 
500 SF NON-ANIMATED 

aO'Xl0' 
=500 SF 

25'Xl0' 
<250 SF 

2S'X10' 
=250 SF 

100')(20' 
=2.000 SF 

50'X160' 
~8,ooo SF DISTRICT A 1 ,LEVEL 2 (HOTEL) 

TOTAL FACADE AREA: 85,277 SF 
SIGNAGE AllOWED: 12,79Z SF (15 %) 
PROPOSED SIGNAGE AREA: 
2,000 SF NON-ANIMATED 
5,900 SF ANIMATED 1!.0' 
DISTRICT 111 ,LEVEL 1 (HOTEL) 
TOTAL FACADE AREA: 28,059 SF 
SIGNAGEAlLOWED: 11,224SF [40%) 
PROPOSED SIGNAGE AREA: 
500 SF NON-ANIMATED 
4,050 SF ANIMATED 

_ SURFACE MOUNTED SIGNAGE 
_ >M WINDOW FILM OVER CURTAIN WALL 
_ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
_ TENANT SIGN 
IIIIII!i!IIIIII PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 

16 

o o 
I o 
o 
o 
.do 
I c.n 

W 
~ 



I 

• 
I 

I 

III 

I 

II 

!II 

II 

I 

IS 

I 

I 

\I 

II 

I 

iIIl 

iii » IIIl :::0 
III 0 

0 
Q') 
"""'-I 
01 
01 
0 

J2ot
_ 

DISTRICT AI, lEVEL 2 (HOTEL) 

TOTAL FACADE AREA: 85,277 SF 
SIGNAGE ALLOWED: 12,792 SF (IS %) 

PROPOSED SIGNAGE AREA: 
7.900 SF NON·ANIMATED 
!aaD IliSII GiB _ iBM I\\\Q IIlIIil\I 

DISTRICT Al, lEVEL 1 (HOTEL) 

TOTAL FACADE AREA: 28,143 SF 
SIGNAGEALLOWED: 11,257 SF (40%) 
PROPOSED SIGNAGE AREA: 
3,770 SF NON·ANIMATED 

-1070 SF 

NORTH ELEVATION 

Gensler LA LIVE! HOTEL AND RESIDENCES 10.05.2006 

DISTRICT A I DISTRICT B 

DISTRICT AI, lEVEL 2 (CINEMA) 

TOTAL FACADE AREA: 1,550 SF 
SIGNAGE ALLOWED: 232 SF (15 %) 
PROPOSED SIGN AGE 
232 SF NON·ANIMAT 

TOTAL FACAOE AREA: 10,370 SF 
SIGNAGE ALLOWED: 4, 148 SF (40 %) 
PROPOSED SIGNAGE AREA: 
687 SF NON·ANIMATED 
580 SF ANIMATED 

........ 
DISTRICT B ,lEVEL. (CINEMA) 

TOTAL FACADE AREA: 620 SF 
SIGNAGE ALLOWED: 31 SF (5 %) 
PROPOSED SIGNAGE AREA: 
o SF NON-ANIMATED 

... OffrRrct U"-EVn 2(cU,JEMN 
TOTAL FACADE AREA: 10,900 SF 
SIGNAGE ALLOWED: 3,270 SF (30 %) 

_ 3~ ~,~~~~~~O~~:~~~~:~A: 
460 SF ANIMATED 
1,570 SF FREEWAY EDGE SIGNAGE 
DISTRICT B, lEVEll (CINEMA) 

TOTAL FACADE AREA: 11,330 SF 
50'X32'.5" SIGNAGE ALLOWED: 2,266 SF (20 %) 

=1570 SF PROPOSED SIGNAGE AREA: 
o SF ANIMATED 

_ SURFACE MOUNTED SIGNAGE 
_ 3M WINDOW FILM OveR CURTAIN WALL 
!llmIiiIIii! BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
IiIIIIIiIIiIIII TENANT SIGN 
IIlliI!IIll'Ii PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 

12.0' 
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Gensler LA LIVE! HOTEL AND RESIDENCES 10.12.2006 

NORTH ELEVATION 
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DISTRICT A 1 ,lEVEL 2 
TOTAL FACADE AREA: 1,820 SF 
SIGNAGE ALLOWED: 273 SF (1 S %) 
PROPOSED SIGNAGE AREA: 
o SF NON-ANIMATED 

DISTRICT A 1 ,LEVEL 1 

TOTAL FACADE AREA: 20,150 SF 
SIGNAGE ALLOWED: 8,060 SF (40 %) 
PROPOSED SIGNAGE AREA: 
1,320 SF NON-ANIMATED 
970 SF ANIMAT.ED. ___ 

I111111 
______ _ 

10'-8")(22'·4" 194'XS' 10'XS' 
'240 SF -970 SF -50 SF 

EAST ELEVATION @GEORGIA ST. 

Gensler LA LIVE! BALLROOM AND CINEMA 09.27.2006 

.. ~-·,..,"~...,..,·::~~2::rP;;';:70:7_trp~;~·;,;--...,.-~....-···~- .. · 

51')(20' 
'1,020 SF 

WEST ELEVATION 

DISTRICT B ,LEVEL 3 

TOTAL FACADE AREA: 2,700 SF 
SIGNAGE ALLOWED: 135 SF (5 %) 
PROPOSED SIGNAGE AREA: 

J!O·!!.SF!ON:NI~T~ G1fil II1II em 

DISTRICT B ,LEVEL 2 

TOTAL FACADE AREA: 15,352 SF 
SIGNAGE ALLOWED: 4,606 SF (30 %) 

... 354,~~~~~~O~~~~~~~A; 
460 SF ANIMATED 
3,000 SF FREEWAY EDGE SIGNAGE 

DISTRICT B ,lEVEL 1 

TOTAl FACADE AREA; 8,900 SF 
SIGNAGE ALLOWED: 1,780 SF (20 %) 
PROPOSED SIGNAGE AREA: 
OSF 

_ SURFACEMOUNTEDSIGNAGE 
~ 3M WINDOW FILM OVER CURTAIN WAll 
_ BRAND MARQUEE SIGN (BlADE SIGN) 

LED DISPLAY SCREEN 
_ TENANT SIGN 
IIII!lIIIIIIiII PROJECTED IMAGE 
~ FREEWAYEDGESIGN 
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EAST ELEVATION @ GEORGIA ST. WEST ELEVATION 

Gensler LA lIVEl BALLROOM AND CINEMA 10.12.2006 
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SOUTH ELEVATION 

NORTH ELEVATION 

I!IC!ftllllllR!l!li/!il!l'eII\II!$liEl!lil:'l11a9QWe= 

WEST ELEVATION 

EAST ELEVATION 

Gensler LA LIVE! OLYMPIC WEST PARKING GARAGE 10.02.2.006 

DISTRICTS, lEVEL 2 

TOTAL FACADE AREA: 2,830 SF 
SIGNAGE ALLOWED: 849 SF (30 %) 
1,784 SF fREEWAY EDGE SIGNAGE - .. _---- .. DISTRICT 8 ,LEVEL 1 

TOTAL FACADE AREA: 4,000 SF 
SIGNAGE ALLOWED: 800 SF (20 %) 
PROPOSED SIGNAGE AREA: 
1,016 SF FREEWAY EDGE SIGNAGE 

DISTRICT B • LEVEL 2 

TOTAL FACADE AREA: 0 SF 
SIGNAGE ALLOWED: 0 SF (3~ %) 
PROPOSED SIGNAGE AREA: 
o SF NON-ANIMATED -----,.. .... 
DISTRICT B ,lEVEL 1 

T01AL FACADE AREA: 3.679 SF 
SIGNAGEALLOWW: 736SF (20%) 
PROPOSED SIGNAGEAREA: 
472 SF NON-ANIMATED 

35' 

_ 3! 

DISTRICT B ,lEVEL 2 

TOTAL FACADE AREA: 1,34Q SF 
SIGNAGE ALLOWED: 402 SF (30 %) 
848 SF FREEWAY EDGE SIGNAGE 

1!IIII'I __ II.'II)Ii!itI:I~IIIItI_'IEI!!!I 

OISTRICT B ,LEVEll 
TOTAL FACADE AREA: 7,310 SF 
SIGNAGE ALLOWED: 1,462 SF (20%) 
PROPOSED SIGNAGE AREA: 
740 SF NON-ANIMATED 
752 SF FREEWAY EDGE SIGNAGE 

DISTRICT B ,LEVEl2 

35' 

TOTAL FACADE AREA: 1,817 SF 
SIGNAGE ALLOWED: 545 SF (30 %) 
848 SF FREEWAY EDGE SIGNAGE - ____ ne __ 

a;s3~ 
DISTRICTS ,LEVEll 

TOTALFACADEAREA: 8,410 SF 
SIGNAGE ALLOWED: 1,682 SF (20 %) 

PROPOSED SIGNAGE AREA: 
290 SF NON-ANIMATED 
880 SF ANIMATED 
752 SF FREEWAY EDGE SIGNAGE 

_ SURFACE MOUNTED SIGNAGE 
_ 3M W)NDOW FILM OVER CURTAIN WAll 
~ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
IIIIIIIIlIIII TENANT SIGN 
_ PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 
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100' 
.., -

35' 

Ifll{fJ 

DISTRICT B • lEVEL 3 
TOTAL FACADE AREA, 20,299 SF 
SIGNAGE ALLOWED: 1,015 SF (5%) 
PROPOSED SIGNAGE AREA: 
OSF 

DISTRICT B • LEVEll 
TOTAL FACADE AREA: 9,710 SF 
SIGNAGE ALLOWED: 1,942 SF (20%) 
PROPOSED SIGNAGE AREA: 
OSF 

OLYMPIC BLVD. ELEVATION 

LA LlVEl OLYMPIC! NORTH ALLOWABLE SIGNAGE STUDY 10.09.2006 

100' 

35' 

DISTRICTS 

DISTRICT II. LEVEL 3 
TOTAL FACADE AREA: 7,255 SF 
SIGNAGE ALLOWED: 363 SF (5%) 
PROPOSED SIGNAGE AREA: 
OSF 

mSTRrCTB, LEVEll am .. .. 

TOTAL FACADE AREA: 6,255 SF 
SIGNAGE ALLOWED: 1 ,877 (30%) 
PROPOSED SIGNAGE AREA: 
960 SF NON-ANIMATED 

DISTRICT B, LEVEL 1 
TOTAL FACADE AREA: 5,951 SF 
SIGNAGE ALLOWED: 1,190 SF (20%) 
PROPOSED SIGNAGE AREA: 
OSF 

100' 

FRANCISCO STREET ELEVATION 

_ SURFACE MOUNTED SIGNAGE 
_ 3M WINDOW FILM OVER CURTAIN WALL 
~ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
_ TENANT SIGN 
IIIIIIIIIIIIIII PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 
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100' 

35' 

DISTRICT 8. LEVEL 1 
TOTAL FACADE AREA: 9,439 SF 
SIGNAGE ALLOWED; 1.888 SF (20%) 
PROPOSED SIGNAGE AREA: 
OSF 

NORTH ELEVATION 

Ifl'I{I.J LA LIVE! OLYMPIC I NORTH ALLOWABLE SIGNAGE STUDY 10.09.2006 

100' 

35' 

DISTRICTB 

DISTRICTB. LEVEL 1 
TOTAL FACADE AREA: 6,726 SF 
SIGNAGE ALLOWED: 1,345 SF (20%) 
PROPOSED SIGNAGE AREA: 
OSF 

=1,400sF 

)!ISTRICT 8 .I.ML 3 
TarAL FACADE AREA: 7,255 SF 
SIGNAGEALlOWED:363 SF (5%) 
PROPOSED SIGN AGE AREA: 
OSF 

100' 
-DISTitlcTS,ThVR2"" ... .

TarAlfACADEAREA: 7,080 SF 
SIGNAGE ALLOWED: 2, 124 (30%) 
PROPOSED SIGNAGE AREA; 
1,400 SF NON·ANIMATED 

GEORGIA STREET ELEVATION 

_ SURFACE MOUNTED SIGNAGE 
I!IlllIli!IJI 3M WINDOW FILM OVER CURTAIN WALL 
_ BRAND MARQUEE SIGN (BLADE SIGN) 

LED DISPLAY SCREEN 
_ TENANT SIGN 
_ PROJECTED IMAGE 
~ FREEWAY EDGE SIGN 
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LA LlVEI PLAZA TOWERS TOTAL POTENTIAL SIGN AGE AREA 
PERMITTED AND REQUESTED 09.26.2006 

[~;Q;&15£i 

C:::::J 

TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
(BASSO ON 2001 SPECIFIC PLAN) 

PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

N01Il: This exhia.lt depicts total squarefootagll of slgn area p~rmittt!d 
ror pUrpOU!5 ofcomparl$On only. It i$ not Intended lo repruent adueJ 
s19n dfmenslons orplaument. 
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NORTH ELEVATION 

EAST ELEVATION 

SOUTH ELEVATION 

NOKIA THEATRE TOTAL POTENTIAL SIGNAGE AREA 
PERMITTED AND REQUESTED 

WEST ELEVATION 

9.26.2006 

TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
(BASED ON ZOOI SPECIFIC PLAN) 

C:::: j PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOll!: Thl, exhibit depicts total ,quare footage of sign area permitted 
foJ' P'"'PDseS of ~mpatlsoh only. It II not Intended to Npresent actual 
sign dimensIons or placement. 
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TOTAL POTENTIAL SIGNAGE AREA 
PERMITTED AND REQUESTED 10.09.2006 

ToTACMCA EA:2un1 

WEST ELEVATION 

"AL FACADE AREA :15.633$1' 

EAST ELEVATION 

~:Jr:IZ:J 
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TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
(!lASED ON 2001 SPECIFIC PLAN) 

PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOTEt This exhibit depl~110"1 squlIIre footage of .Ig" area pel'mlttCl'd 
for purposes of cOmParlso-n only.ttls not Intended to repre.nmt aclual 
dgn dlmEnsiGns or phtcetncurt. 
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SOUTH ELEVATION 

NORTH ELEVATION 

LA lIVEI BUILDING B TOTAL POTENTIAL SIGNAGE AREA 
PERMITTED AND REQUESTED 

5,069 SF 

EAST ELEVATION 

WEST ELEVATION 

10.09.2006 

GiSij;:;;?;'i TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
------ (BASED ON 2001 SPECIFIC PLAN) 

c::: : :: J PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOTE! This; exhibit depict!' tota. square footage of sign area. permttted 
foI' pUrpOll!:,!S of comparison onJ)'.1t II nat Intended to represent adual 
sign dImensions or placement. 
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Gensler LA lIVEI HOTEL AND RESIDENCES TOTAL POTENTIAL SIGNAGE AREA 
PERMITTED AND REQUESTED 

SOUTH ELEVATION 

09.27.2006 
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EAST ELEVATION 

TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
(BASED ON 2001 SPECIFIC PLAN) 

l: ::::: PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOTE: ThIs exhlblt depict:!: total square footage of dyn area permitted 
fDr purposes of (omp.rlson oof,.lt Is not Intended to fepteS!Hlt actual 
sSgn dimensIons or p'acement. 
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6,100 SF 
PROPOSED 

SOUTH ELEVATION -BALLROOM 

6,309 SF 
PROPOSED 

NORTH ELEVATION -CINEMA 

Gensler 
LA LlVEI BALLROOM AND CINEMA TOTAL POTENTIAL SIGNAGE AREA 

PERMITTED AND REQUESTED 10.05.2006 

I 
EAST ELEVATION I 
-BALLROOM I 

WEST ELEVATION 
-CINEMA 

EAST ELEVATION 
-CINEMA 

WEST ELEVATION 
-BALLROOM 

TOTAL POTENTIAL SIGNAGE AREA PERMlmD 
(BASED ON 2001 SPECIFIC PLAN) 

l ::: ::: :::::::::: PROPOSED TOTAL POTENTIAL SKlNAGE AREA 

NOTEt !hit exhibit depltb total square footage of sign //Ires pe,mltted 
for purpoRt of camp. risen only, It 1$ not IntEnded to mpr&t.ent adual 
sign dlmenslcms or place~ent. 
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NORTH ELEVATION 

EAST ELEVATION 
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SOUTH ELEVATION 

Gensler LA LIVE! OLYMPIC WEST PARKING TOTAL POTENTIAl. SIGNAGE AREA 
PERMITTED AND REQUESTED 10.02.2006 

3.298 SF 
PERMITIED 

TOTALMWlOJ;AREAj-$,8$OSF 

2,800 SF PROPOSED 
-lIZ'.:"I;..-""""'!1l.'=- ~--' 

WEST ELEVATION 

~: c §,.~.[:.~ 
1-----' ' _____ 1 

TOTAL POTENTIAL SIGNAGE AREA PERMITTED 
(BASED ON 2001 SPECIFIC PLAN) 

PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOTE: This exhibit depkts total square footage of ~Ign area permitted 
for ~urposes of c:o~tlson only.lt Is not intended to represent .dual 
sIgn dimenslom Of placement. 
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! 

10.09.2006 

1,400 SF 

WEST ELEVATION 

TOTAL FACADEAREA:19:i18 

'J-

EAST ELEVATION 
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II 960 SF :':1---\-1,361 SF 
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C.t;·)ZfZ~E1 TOTAL POTENTIAL SIGN AGE AREA PERMITTED 

(BASED ON 2001 SPECIFIC PLAN) 

C:::: J PROPOSED TOTAL POTENTIAL SIGNAGE AREA 

NOTEs ThIS txhlblt depl~s tot-llli square footage or sign area permitted 
for pUrpOles of comparb,on only. it 1$ not Intended ta reprellf.nt Qctual 
Illig" dlmenldonl!: or placement~ 
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From: 
To: 
CC: 
Date: 
Subject: 

Kevin Keller 
Alan Bell; Tanner Blackman 
Blake Lamb 
8/21/2009 4:47 PM 
PUD tool 

Hi Alan, Hi Tanner-

CO-0001-558 

Following up on our meeting a few weeks ago on the "flexible entitlements" issue, I had a call with the 
Millenium folks. We advised them to draft a DA which basically tracks the same entitlements they are 
requesting, and leave the only "new" aspects in the DA as potentially some design review process 
language and an equivalency table. This leaves the bigger "flexibility" question for the future, and lets 
the project proceed using the standard entitlements. 

How exactly the DA handles the design review process and the equivalency process (possibly 2-3 different 
variations of the same square footages) remains to be seen. Part of this language may drift over from 
the actual DA to become part of the enabling ordinance. This minimizes the "newness" factor of the 
proposal and tracks normal entitlements to the best of our ability. 

I recommended that Millenium may want to meet with you folks at some point to discuss the option of 
the new PUD tool to keep that option moving forward as well. Alfred Freijo says they abbolutely would 
like to do that when you are ready. We are meeting with them in about 3 weeks to go over a draft of the 
DA and that might be a good time to check in again on this. 

Just wanted to keep everyone in the loop. Please let me know if you have any thoughts or ideas as we 
vigorously coordinate on all things planning! 

Thanks, 
Kevin 

AR0067573 



Design Guidelines 
March 1, 201 0 
Revised April 8, 2010 
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From: 
To: 
CC: 
Date: 
SUbject: 
Attachments: 

Alan, 

Rogelio Flores 
Bell, Alan 
Roble, Faisal 
6/21/2010 5:44 PM 

CO-0001-560 

Transfer of DIR-2010-1131-RAO (3455 Percy St) to ZA's Office 
3455 E Percy St. pdf 

Thank you for meeting with me earlier today. Following on our chat, I have transferred the subject file on PCTS to 
your office, and have initiated a hold on PCTS pending the determination of the appropriate regulatory pathway 
for the requested actions. 

The two prior variances for the property will be requested from Piper Tech (I'll bring them by you as soon as they 
are delivered to Auto Records). In case they may be useful to you, below is some draft background information for 
the subject property and attached are some aerial photographs (note: the Zoning Investigator will need to verify 
this information against primary records, as necessary). 

Please let me know if I can provide further information / input from my end. Thanks. 

-Rogelio 
=========================================== 
Background Information 
3455 Percy St, LA CA 90023 

2007 to present 
Facility operates as a 68-room state-licensed residential care facility providing a residential treatment program for 
up to 136 individuals with mental disabilities. 

May 5,2010 
Applicant's representative files request for Reasonable Accommodation (pursuant to LAMC 12.22.A.27) in order to 
conform the Variance on the property (ZA-1992-707-ZV) to the existing use. 

March 17th, 2010 
LADBS inspector John Stephens (213-252-3051) begins investigation re: "Building or Property Converted to Another 
Use." 

2007 
Owner modifies State License to adult residential care facility. 

2005 
Owner obtains State License for residential care facility for the elderly. 

1995 
Certificate of Occupancy issued, allowing for a 68-room rest home. 

May 5th, 1993 (ZA-1992-707-ZV): 
"a variance to permit the construction, use and maintenance of a 20,000 square-foot addition containing 20 
rooms, plus .17 additional parking spaces, in conjunction with an existing 48 room retirement hotel for senior 
citizens, as not permitted in the R3 Zone under Sections 12.10-A and 12.21-A,4{b) and (u) of the Municipal Code. 
{This facility was previously approved as a retirement hotel under Case No. ZA 21469)." 

Feb 27th, 1991 

AR0067575 



CO-0001-561 

Zone change (pursuant to AB283) from R3-1 to RD1.5-1 becomes effective (this zone change may not have been 
implemented until after ZA-1992-707-ZV was issued, since that variance is dated 1993 and references R3 rather 
than RD1.S as the subject zone). 

1982-1988 
Owner obtains State license to provide residential care for 96 elderly persons. 

Nov 18, 1976: 
Building Permit No. 76LA3SS56 - for a one and two-story apartment home for the aged. 
Building permit No. 76LA3SSS7 - issued November 18, 1976 for an application for a grading permit. 
Building Permit No. 76LA35S8 issued November 18, 1976 for a retaining wall. 

Nov. 9, 1976: 
Affidavit No. 42753 - recorded for covenant and agreement to hold property as one parcel that includes Lots 20-23 
of the Schmitt Tract. 

October 29, 1974: (ZA-21469): 
"conditionally approved on October 29, 1974, for the construction, use and maintenance of a two-story, 48 
bedroom hotel for senior citizens including central dining faCilities, lounge, reading room, beauty shop and with 
provisions for only 15 parking spaces instead 0 f the approximate 48 spaces required." 

AR0067576 
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CO-0001-563 

PROPRIETARY & CONFIDENTIAL 

MILLENNIUM PARTNERS/ARGENT VENTURES 

The following Sections take the general concepts described above and propose a basic 
template for application to the Project proposed by Millennium/Argent. We recognize that the 
development of a plan for this approach requires greater discussion among the stakeholders 
and greater definition to the elements that will enable the proposed flexibility. The intent is to 
encourage a meaningful dialogue regarding how these general concepts may apply to a 
specific development. Further, we acknowledge that both the development agreement and the 
Design Guidelines for the Project would be developed and finalized by the City after 
significant community input. 

I. The Contract 

Taking the general concepts discussed above, a development agreement for the Project 
would consist of the following major components setting forth the terms of development for the 
Site: 

1. Enabling Statute and Definition of Terms 

2. Property Description 

3. Project Description 

a. Major Project Components 

b. Permitted Uses and Equivalency Program (See Section V) 

c. Mandatory Infrastructure Improvements 

d. Permitted Density to 6.0 F.A.R. 

e. Maximum Height to 585 feet in Specified Zones 

4. Time of Performance 

a. Development Schedule 

b. Minimum Performance by Developer based on Time Certain 

5. CEQA Review 

a. Environmental Impact Report 

b. Equivalency Thresholds 

6. Community Redevelopment Agency Approval/Owner Participation Agreement 

7. Public Objectives 

a. Comprehensive Planning 

AR0067578 



CO-0001-564 

PROPRIETARY & CONFIDENTIAL 

MILLENNIUM P ARTNERS/ARGENT VENTURES 
DEVELOPMENT AGREEMENT MANUAL 

b. Public Benefits 

c. Mitigation Measures 

8. Agreement and Assurances on the part of Applicant 

a. Inclusionary Housing 

b. Prevailing Wage 

c. Public Art 

d. Public Street Improvements 

e. No Off-site Advertisement 

f. Publicly-accessible Open Space 

g. Conditions on Development 

h. Minimum LEED Certification 

i. Public Parking 

9. Agreement and Assurances on the part of the City 

a. Cooperation and Implementation 

b. Entitlements to Develop 

c. Consistency with Existing Rules 

d. Subsequent Development Review 

10. General Provisions 

a. Effective Date 

b. Term of 30 years 

11. Exhibits 

a. Legal Description 

b. Location Map 

c. Authorized Uses 

Page 2 of 1 
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CO-0001-565 

PROPRIETARY & CONFIDENTIAL 

MILLENNIUM P ARTNERS/ARGENT VENTURES 
DEVELOPMENT AGREEMENT MANUAL 

d. Equivalency Program (from EIR) 

e. Scope of Development 

f. Design Guidelines (see Section IV) 

II. The Guidelines 

A comprehensive list of design guidelines and standards in the development agreement 
will serve as the overarching plan that controls development on the Site, from permitted density, 
massing and zoning standards to design and architecture. They are intended to maximize 
flexibility while preserving and promoting urban planning goals for the City. Rigorous design 
principles underlie the Design Guidelines, including historic preservation, public open space and 
civic space, pedestrian circulation, preservation of view corridors, maintenance of setbacks from 
Vine Street and establishment of zones where height is appropriate. 

The Design Guidelines will include minimum design and development standards 
applicable to all new development, no matter the density, height or type of use (the 
"Development Guarantees"). Additionally, the Guidelines will include standards that are 
triggered depending, on the height and density of the new structures. Below is an overview of 
the Guidelines: 

1. Development Guarantees 

a. Preservation of Capitol Records Tower and Gogerty Building 

b. Preserve public views to Capitol Records 

c. Create unique retail at ground level to enliven all sidewalks and open 
space 

d. Minimum set backs from Vine Street to preserve views of Capitol Records 
and create public open space 

e. Civic plazas located on the east site adjacent to Vine Street and west site 
across from Capitol Records Tower 

f. Open space preserved along Vine Street frontage of east site to preserve 
views of the Jazz Mural and Capitol Records Tower 

g. Through-block connections on both sites 

h. Create a genuine Hollywood environment with lush landscaping for locals 
and visitors 

1. Minimum ground floor open space will be 5% of lot area 

Page 3 of 1 
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CO-0001-566 

PROPRIETARY & CONFIDENTIAL 

MILLENNIUM PARTNERS/ARGENT VENTURES 
DEVELOPMENT AGREEMENT MANUAL 

2. General Open Space Strategy 

a. Emphasize green space networks 

b. Open space connections to existing open space 

3. Based on Height Datum's 

a. Building Heights Up to 150 Feet 

i. Massing established by protected view corridors and fire access 

ii. Subject to Zoning Standards (Section 4) and Building Design 
Parameters (Section 5) 

b. Building Heights Up to 220 Feet 

i. Permitted for buildings with a maximum floor plate of 42% to 48% 
of lot coverage in designated zones up to 220 feet 

ii. Subject to Zoning Standards (Section 4) and Architectural 
Guidelines (Section 5) 

c. Building Heights Up to 400 Feet 

1. An additional 3 % of open space must be provided 

ii. At least 50% of the floor area must be located below 220 feet 

iii. Permitted for buildings with a maximum floor plate of 
approximately 22% to 28% oflot coverage between 220 feet and 
400 feet 

IV. Subject to Zoning Standards (Section 4) and Building Design 
Parameters (Section 5) 

d. Building Heights Up to 510 Feet 

i. An additional 2% of open space must be provided 

11. Permitted for buildings with a maximum floor plate of 
approximately 10% to 15% of lot coverage between 220 feet and 
550 feet 

Ill. Building above 550 feet to include roof-top open space and 
viewing deck 

Page 4 of 1 
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PROPRIETARY & CONFIDENTIAL 

MILLENNIUM PARTNERS/ARGENT VENTURES 
DEVELOPMENT AGREEMENT MANUAL 

iv. Subject to Zoning Standards (Section 4) and Building Design 
Parameters (Section 5) 

e. Building Heights Up to 585 Feet 

i. An additional 2% of open space must be provided 

ii. Permitted for buildings with a maximum floor plate of 
approximately 6.5% to 11.5% of lot coverage between 220 feet and 
585 feet 

iii. Buildings above 550 feet to include roof-top open space and 
viewing deck 

iv. Subject to Zoning Standards (Section 4) and Building Design 
Parameters (Section 5) 

4. Zoning Standards 

a. Parking 

i. Spaces Per Use 

ii. Combination of Uses 

iii. Design 

IV. Bicycle Parking 

b. Setbacks 

i. Side yard 

n. Rear yard 

iii. Front yard 

IV. Alleys 

v. Lot Area 

c. Open Space 

1. Public Open Space - minimum 5% open space on ground floor 

n. Private Open Space 

Page 5 of1 
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CO-0001-568 

PROPRIETARY & CONFIDENTIAL 

MILLENNIUM P ARTNERS/ARGENT VENTURES 
DEVELOPMENT AGREEMENT MANUAL 

111. Balcony Configuration 

d. Loading 

e. Access Driveways 

Building Design Parameters 

a. Materials 

b. Rooftop and Parapets 

c. Balconies 

d. Storefronts 

e. Lighting 

f. Arcades 

g. Roof Treatments 

h. Relief of Scale 

i. Canopies and Awnings 

j. Landscape 

k. Maintenance 

6. Signage 

a. Wayfinding 

b. No Off-site Advertising 

Page 6 of 1 
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EXAMPLE A 

1.1 Purpose 
1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. Specifically, 

the Regulations; 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape treatment, signage, 
lighting, sound attenuation and sustainability. 

b. Establish a level of design Quality and consistency for the entire development and insure design continuity 
will be carried through to the full implementation of the Project. 

c. !;stablish basic site-wide development standards and criteria which serve to maintain the integrity of an 
overall master plan (;on(;ept and prote(;t the visual and environmental quality of the Projea as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide the development for the Project 
site. 

e. Ensure compliance with the Development Objectives, below. 
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1.Z Objettlves, 
L2.1 The development' 

objectives ar:e 
intf:nded to transf~rm 
th~ Project Site 
can5istent. with the 
p'riorlties and u:nique 
vision for the site 
shared by variol.is 
Hollywood 

stakeholcfers. The 
Development 
Regulations will in 
turn ensure new 
development 01'1 the 
Project Site is 
consi'stent with these 
objectives. 
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EXAMPLE B 

1.2.2. The objectives for new development on the Project Site 
are to: 

a. Preserve Capitol Records Tower and Gogerty 
Building. 

b. Preserve public views to the Capitol Records 
Tower by creating grade level open space, civic 
plazas, on the east site adjacent to the Jazz 
Mural and Capitol Records Tower and west site 
across from the Capitol Records Tower. 

C" Create dvic plazas that are activated by retail, 
landscaped and enhance the Hollywood Walk 
of Fame by providing it as an urban npde; 
creatIng The Hollywood Walk of Fame Plaza. 

d. ReinforGe the urban and historical importance 
of the intersecticm of Hollywood and Vine by 
the creation of an active street life focused on 
Vine Street. 

e, Preserve e"Xisting view corridors to the 
HollyWood hills. 

f. Encourage street life by the creation of a new 
exclusive pedestrian connection between Ivar 
AVenue, Vin:e Street, ,ana Argyle Avenue. 

g. Create Vibrant urban spaces which permit 
active and passive recreational facilities for 
both the on-site and off-site population. 

h. Create a 24 hr community by the creation of a 
Thriving Mixed-Use Development. 
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j. Eliminate the visual impact of the current on site parking. 

k. Establish of a standard intended to promote architectural excellence. 

Mention transportation priority with linkages to public transportation. 

m. Provide designs that take into account the context and make an effort to respect it and fit in visually. 

n. . Create architecture that seeks to be a leader in minimizing the negative environmental impact of 

buildings by enhancing efficiency and moderation in the use of materials, energy and development 
space. 

o. Create buildings that emphasize the vertical architecture and become visible icons. 

p. Develop a visual gateway to Hollywood Boulevard from the Hollywood Freeway. 
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1. PROJECT SITE 

1.1.1 The Project Site 
consists of eight parcels 
on 4.47 acres of land. 
The suoject property 
occupies two disti nct 
sites, both bounded by 
Yucca Street to the 
north and separated by 
Vine Street. The area 
bounded by Ivar 
Avenue, Vine Street and 
Yucca Street is the West 
Site. 
The a rea bou nded by 
Yucca Street, Vine 
Street a nd Argyle Street 
is the East Site. 
The East Site and the 
West Site make upthe 
Project Site. 
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1.2.1 Project Site is zoned Commercial (C2). City General Plan land use designation: Regional Center commercia l. 

1.2.2 Project Site is w ithin the Special Sign District and within the Hollywood Community Redevelopment Project 

Area of the Community Redevelopment Agency (CRA) of the City of Los Angeles. 

1.2.3 Floor Area Ratio: 6:1 
1.2.4 Height District: No.2 

EXAMPLE C 

1.1.3 The Project site 
currently contains a 
mix of commercial 
a nd on grade open 
parking. The 
topography has a 
natural incline of 
a pp roxirnately 13 
feet frorn Vine Street 
to Argyle Avenue and 
11 feet from Vine 
Street to Ivar 
Avenue. The existing 
sidewalk elevations 
will not be altered as 
part the Project. 
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Ju 1. 15. 20 13 3:58PM 

Ii .. faITQL O""IC; 

No. 9043 P. 1 

COI4MITTIt'S; 
P'PP'FtOPRIATION.!i 5TATE CP.",TOl.. ROOM 5108 

SACRAMENTO'. CA 9~e14 
TIL "16i 6SI-40aa 
"""1910,32701.$1'7 

ELECTIONS er CONSTITU"I'IO"lAL 
AM~NCMENTS 

"'STI>J~ O,,~ 
TEL lalli' 612-1115611 
~Al< 1;a1~1 612-91591 

SENATOfll 
EN£:RCOY. UTILITIES A 
COM.,.UNICATIONo 

KEVIN DE LEON 
I;)EMOCRATIC CAUCUS CHAIR 

TWENTY·SECOND SENAiE OISTFIrCT 

GOVERNMI!NTAL 
ORGA.Nlt.ATION 
HEAL.TH 
I'IUI..ES 

JOINT COM",mi:E8 
LEGISI.ATIV! AUDIT 
RULES 

July 11 I 2013 

Michael LoGrande 
Director of Planning 
Cttyof Los Angeles Planning Department 
200 N. Spring Street, Executive Office 
Los Angeles, CA 80012 

Dear Mr. LoG~nde: 

RE: MHiennium Hollywood Project 
Vic;. LA-101, PM 7.37 
SCH#21oo041094 

My offICe has been in communications with the CalifOrnia Department of Transportation 
regardingoOncems the agency has expressed about the Impact of the proposed Millennium 
HoNywood ProjeCt ,to the 101 Freeway_ 

'I utiderstand that Caltrans has made several attempts to communicate their concems to the City 
in an ,effort to erisure an appropriate foeus of environmental study and to identity adequate 
mitigations. They have Indicated no response has been received. ' 

It is paramount that consistent and claar communications occur amongst government entitles. I 
would liJte to set up a meeting as soon as possible for all relevant parties of the Millennium 
'HQIJywood Project to resolve concerns. ' 

Please contact my Deputy, Baydsar Thomaslan, to arrange the meeting. She can be reached at 
(213) 483-9300 . , 

~
i rely, _ ./ ...---, 

. . ~~~ 
evin de Leon 

Senator, Twenty Second District 

Cc:Eric Garcetti. Mayor, Cily of Los Angeles 
City Council member, Mitch O'farrell 
City Councilmember, Tom LaBonge 
Michael Gargano, MillennIum HOllywood 

31 eo Nth:)! };tOl YN3S 
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Millennium Hollywood Project 

rJ'<:5~~~(;.J-J C<.+ 

fizz/Is ~-tJ 

Traffic Study Summary 

• LADOT guided the preparation of the traffic study for the Millennium Hollywood project 
the study was prepared by a transportation engineering and planning firm hired by the 
developer 

• The study was prepared consistent with LADOT's traffic study policies and procedures 
• The study evaluated to potential impacts of the project's traffic on City streets and 

intersections, on the transit system, on freeway ramp and on the 101 freeway 

• To off-set the traffic impacts resulting from the project's anticipated traffic, LADOT 
developed a comprehensive and multi-modal transportation mitigation program 
(summarized below) 

Transportation Mitigation Program Summary 
As conditions of project approval, the applicant will implement the following transportation 
mitigation measures: 

• Implement a Transportation Demand Management Plan (i.e., Trip Reduction Program) 
which includes the following key measures: 

1. Internal Transportation Management Coordination Program with on-site 
transportation coord inator 

2. On-site car share services 
3. Parking as an option only for all leases and sales (unbundled parking) 
4. On-site bike repair area with shared tools for residents/employees 
5. Coordinate with DOT to provide space for a future Integrated Mobility Hub (car

share, bike-share and secure bike parking services) 
6. Contribute $250,000 to City Bike Plan Trust Fund 
7. On-demand van or shuttle services connecting project residents, employees and 

visitors to major transit stops 
8. To expand the reach of this plan beyond the project site, the applicant will also join 

or help create a Transportation Management Organization for the Hollywood area 

• Improve sidewalk conditions (pavement reconstruction and added amenities) along Ivar 
Street and Argyle Avenue linking the project to the HollywoodNine Red Line Station. 

• Improve the operations and safety of the intersection of Franklin Avenue and Argyle 
Avenue. 

• Upgrade the traffic signal equipment at 33 intersections surrounding the project 
including along Highland Avenue, Hollywood Boulevard, Sunset Boulevard and Vine 
Street. 

AR0067599 
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CURRENT HOLLYWOOD FAULT ZONE PROJECTS 

1. Reports reviewed but not approved: 

1800 Argyle Ave (correction letter issued requiring fault investigation) 

1805 Highland Ave (correction letter issued for fault investigation report) 

1720 Vine St. Millenium project; subdivision reviewed; however waiting for additional fault 

investigation for building. 

1769 Sycamore Ave; (correction letter issued requiring fault investigation) 

2. Reports approved, but project not submitted for pian check: 

6200 Hollywood Blvd (soil report approved; fault investigation will be required before issuance 

of permit) 

7930 Hollywood Blvd (soil report approved; fault investigation will be required before issuance 

of permit) 

1840 Highland Ave (has approved fault investigation) 

3. Reports approved and in plan check: No projects 

4. Permits issued, but construction not started: No projects 

5. Permits issued and under construction(no fault investigation and no action recommended): 

4454 Avocado St (3-story on-grade; soil engineer site inspection only, without geologist, so no 

opinion of fault activity possible) (has approved inspections for framing (12/17/13), drywall and 

insulation{both 1/9/14)) 

2131 Hillhurst Ave (2-story + basement) (OK for TeO; 7/30/13)(soil engineer inspection only, 

without geologist, so no opinion of fault activity possible) 

6201 Hollywood BI (6-story + several basement levels) (Letter from on-site geologist states no 

evidence of Hollywood fault) 

1751 Las Palmas Ave (all of the site except for the northern 24 feet is located outside of the A-P 

study zone, so no fault evaluation required) (foundation is partially completed) 

6. Permits issued and under construction with approved fault investigation: 

1811 Orchid Ave 

AR0067601 
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CURRENT HOLLYWOOD FAULT ZONE PROJECTS 

1. Reports reviewed but not approved: 

1800 Argyle Ave (correction letter issued requiring fault investigation) 

1805 Highland Ave (correction letter issued for fault investigation report) 

1720 Vine St. Millenium project; subdivision reviewed; however waiting for additional fault 

investigation for building. 

1769 Sycamore Ave; (correction letter issued requiring fault investigation) 

2. Reports approved, but project not submitted for plan check: 

6200 Hollywood Blvd (soil report approved; fault investigation will be required before issuance 

of permit) 

7930 Hollywood Blvd (soil report approved; fault investigation will be required before issuance 

of permit) 

1840 Highland Ave (has approved fault investigation) 

3. Reports approved and in plan check: 

No projects 

4. Permits issued. but construction not started: 

No projects 

5. Permits issued and under construction(no fault investigation): 

4454 Avocado St (3-story on-grade) (has approved inspections for framing (12/17/13), drywall 

and insulation(both 1/9/14)) 

2131 Hillhurst Ave (2-story + basement) (OK for TeO; 7/30/13) 

6201 Hollywood BI (6-story + several basement levels) (Letter from on-site geologist states no 

evidence of Hollywood fault) 

6. Permits issued and under construction with approved fault investigation: 

1811 Orchid Ave 

AR0067602 
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In April 2012, Langan submitted a soil report (dated 11/22/12) for LADBS review. The 
report was prepared for the purpose of the tentative tract process. 

In May 2012, LADBS issued a correction letter requesting detail geotechnical study and 
geologic investigation for potential surface displacement on the Hollywood Fault. 

In October 2012, Langan proposed to use the boring method to do the fault 
investigation. The boring method is one of the few most commonly used methods for 
this type of investigation. LADBS agreed with using the boring method. 

in Dec 2012, Langan submitted two reports addressing the fauit investigation (dated 
11/30/12) and soil report (dated 12/0112). 

In Jan 2013, LADBS issued approval letter for both reports with a condition requiring a 
detailed geotechnical study to be provided prior to the building permits andlor 
recordation of the final tract map. 

In June 2013, Dr. James Dolan requested for a copy of the fault investigation report for 
his review. Subsequently, Dr. Dolan expressed his concern to LADBS that based on his 
interpretation of the data, there is a lack of correlation between bore holes. Please note 
that Dr. Dolan concerns are related to interpretation of the data and not any new 
evidence that there is an active Hollywood Fault crossing the property which would 
otherwise invalidate our approva. 

As is often the case, technical concerns can arise from other interested parties after the 
issuance of an approval (building permit, grading reports, etc.). It has always been 
LADBS' practice to investigate the concerns, refer the concerns to the project 
consultant, and meet with the consultant to evaluate the validity of the concerns. If it 
appears that the concerns may be valid, then LADBS will request additional information 
from the project consultant. If concerns are not addressed, then the approval will be 
rescinded. 

In this case, the Chief of LADBS Grading Division, Dana Prevost reviewed the concerns 
and left a message for Langan about the concerns and request for a discussion on 
6/13/13. 

During Mr. Prevost's vacation (from 6/14/13 to 6/23/13), Langan called and spoke to the 
LADBS geologist who reviewed and approved the report. Langan did not agree with the 
concerns raised by Dr. Dolan and LADBS. 

Mr. Prevost came back from his vacation on 6/24/13 and left a message with Langan 
explaining that if no additional information or explanation is provided to address the 

. concern. then we would rescind our approval, which is our common practice. 

AR0067603 
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The traffic analysis in the EIR for the project studied 37 intersections. Under existing traffic 
conditions, (2011), all 37 intersections during the AM Peak Hour operate at acceptable 
levels of service (LOS) of A through D, as determined by DOT. During the PM Peak Hour, 
one intersection operates at a LOS E, defined as "Severe congestion with some 
long-standing lines on critical approaches. Blockage of intersection may occur if traffic 
signal does not provide for protected turning movements." Levels of Service of E or Fare 
considered unacceptable. The addition of the project will increase the value of the Critical 
Movement Analysis (CMA) in the future at all study intersections during one or both peak 
hours. Per DOT policy, a significant impact is defined as an increase in the CMA value due 
to project-related traffic as 0.010 or more when the final LOS is E or F. 

With and without the project (2020), levels of service at 22 of the 37 studied intersections 
would continue to operate at acceptable levels of A through D. The remaining 15 
intersections are anticipated to operate at Levels of E or F during one or both peak hours 
with or without the project. With the addition of project and the project-related traffic 
mitigation measures, however, the intersections operating at LOS E or F would decrease 
from 15 to 13. Of these, five study intersections would remain significant project impacts at 
a sigAifieoAt -Ie¥el even with the implementation of mitigation measures, meaning there was 
minimal improvement to the CMA (less than 0.010). 

In the Horizon Year 2035 Development Agreement analysis, 16 intersections would have 
significant project traffic impacts during one or both peak hours. In addition to the 13 
intersections that would be impacted by the project (with mitigation) in 2020, three 
additional intersections, including Cahuenga BoulevardlYucca Street, Vine StreeUSelma 
Avenue, and Vine StreeUDe Longpre Avenue. 

Although the study intersections are anticipated to operate with diminished levels of 
service Qf6 oAtieipoted te diFRiAish with and without the project, the traffic analysis has 
concluded that the implementation of traffic mitigation would reduce the affected 
intersections that operate with a level of service of E or F from 15 to 13 in the year 2020, 
and would only increase the number of affected intersections from 15 intersections (without 
the project) to 16 intersections with the project and project-related traffic and mitigation. 
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"Fraijo, Alfred" <afraijo@allenmatkins.com> - Millennium Hollywood Development: Ba... Page 1 of3 

From: "Fraijo, Alfred" <afraijo@allenmatkins.com> 

To: Charmie Huynh 
CC: Jerold Neuman; Kevin Keller; Jon Tanury; alfredo.perez@lacity.org 

Date: 11119/20083:42:08 PM 

Subject: Millennium Hollywood Development: Balcony Discussion 

Hi Charmie, 

I'm following up with you and Planning regarding the balcony enclosures based 
on our brief discussion at the Pre-development meeting. Attached are copies of 
the materials we shared with you and Planning during the meeting. 

On the subject of whether the screens create an enclosure, we would like to 
submit the following information. In summary, the wooden louvers and glass 
wind breaks should not be considered building walls creating enclosures based 
on their design, construction and use. 

The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre
development meeting states that a balcony will not be included in FAR if it 
"remains unenclosed except for the guardrails required by the Building Code. II 
The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building 
Codes. In considering when guards or guardrails are required, however, the 
2007 California Building Code ("Building Code") uses the term enclosed to mean 
completely closed in or surrounded. Section 1013.4 of the Building Code 
requires guardrails for certain "[p]orches or decks which are enclosed with insect 
screening." Since insect screening must completely surround a porch or deck to 
be effective, it is clear that the Building Code is using the term enclosed to mean 
closed in on all sides or surrounded. 

Additionally, in the definition of habitable room, the LAMC also uses the term 
enclosed to mean closed in on all sides or surrounded on all sides. The LAMC 
defines a habitable room as "an enclosed subdivision in a residential building," 
and specifies that a recess from a room or an alcove, which is enclosed only on 
three sides, is considered a habitable room only if it exceeds certain square 
footage and can be partitioned off along the fourth side to form a habitable 
room. (LAMC Section 12.03) Here, none of the proposed balconies are closed in 
on all sides or surrounded by the glass curtain wind breaks or the fixed wood 
louvers as contemplated by the Building Code and the LAMe. Indeed, all 
balcony designs leave one or more wall areas open except for the required 
guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the 
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natural elements and adjoining balconies consistent with privacy screens defined 
in the Chief Zoning Administrator's memo ("ZA!"). The ZAI defines a privacy 
screen as "a decorative feature fastened to a building but that does not provide 
structural support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to 
increase visual interest and improve aesthetics to the buildings in line with 
similar concepts for other world-class buildings (see attached photos). They also 
do not provide structural support for the buildings and do not extend to the 
ground floor or occupy the total vertical length of the buildings. As the attached 
renderings show, the wooden louvers are attached or fastened to the building. 
They are constructed of widely spaced wooden panels (to be built to Building 
Code specifications) that provide solar screening but leave the majority of the 
balcony open to the elements. The views from the units and balconies are one 
of the project's biggest attractions and the louvers are specifically designed to 
create consistency or uniformity in the towers while leaving the balconies open 
to preserve view from the units. Accordingly, the fixed wooden louvers are 
privacy screens that are not considered exterior walls under the terms of the ZAI 
regardless of height and do not function to enclose the balconies for FAR 
purposes. 

In addition, the glass curtain walls provided for a wind break cannot be 
considered to enclose the balconies. They would be separated from the balcony 
structures by a distance of approximately one foot (1'-0"). As can be seen from 
the attached section drawings, the glass curtain walls are outside and in addition 
to the required guardrails. The glass wind break cannot be considered to 
enclose the balconies. 

Based on our research we also found that other local municipalities like City of 
Ventura use the term enclosed balconies to denote balconies that have been 
completely sealed off from the outdoors for the purpose of affording the 
occupant the use and enjoyment of the balcony in all weather and to buffer 
outside noise. The City of Ventura's 2008 Design Guidelines for Balconies 
provide that "standard balconies should not be completely enclosed to the 
natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from 
FAR. Accordingly, balconies, like those proposed for the project, that are 
primarily open to the elements on at least one side or screened are not enclosed 
balconies and should be excluded from FAR. 

Please let me know how we should proceed on this issue. And thanks again for 
your attention to the project. 
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Alfred Fraijo Jr., Esq. 
Allen Matkins Leek Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afraijo@allenmatkins.eom 

allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 11 19 08).pdf» «Screens.doc» 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
IRS, please be advised that any U.S. federal tax advice contained in this communication 
(including any attachments) is not intended or written to be used or relied upon, and 
cannot be used or relied upon, for the purpose of (i) avoiding penalties under the Internal 
Revenue Code, or (ii) promoting, marketing or recommending to another party any 
transaction or matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient and 
may be confidential and/or privileged. If any reader of this communication is not the 
intended recipient, unauthorized use, disclosure or copying is strictly prohibited, and may 
be unlawful. If you have received this communication in error, please immediately notify 
the sender by return e-mail, and delete the original message and all copies from your 
system. Thank you. 

Attachments: BALCONYS SKETCHES 2 (AP 11 19 08).pdf, Screens.doc 
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"Tachibana, Ed" <etachibana@handelarchitects.com> - Capitol Records Page 1 of 1 

From: "Tachibana, Ed" <etachibana@handelarchitects.com> 

To: Charmie Huynh 
Date: ] 112412008 ] 1 :37:43 AM 

Subject: Capitol Records 

Hi Charmie, 

See if this helps. I have made a quick indication on "sketch 3" how the unit type distributions 
may work. Generally we are locating a living room at the end of each of the projecting 
"miradors." Other function may ultimately end up within that area. One possibility is an open loft 
style kitchen that would flow out to the primary living space. 

Let me know if this helps or if you need further clarification. 

Thanks. 

Best regards, 

EDW ARD H TACHIBANA 

HANDEL ARCHITECTS LLP 

150 Variek Street, 8th Floor 

New York, NY 10013 

p. 212.595.4112 f. 212.595.9032 

«DS Balconies 2.pdf» 

Attachments: DS Balconies 2.pdf 
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Hi Ed, 

Thanks for the pdf. Can you also email me the full level floor plan for the projecting living room and a full 
level floor plan for the balcony beneath it? 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.orq 

> > > "Tachibana, Ed" <etachibana@handelarchitects.com> 11/24/2008 11 :40 AM > > > 

Hi Charmie, 

See if this helps. I have made a quick indication on "sketch 3" how the unit type distributions may work. 
Generally we are locating a living room at the end of each of the projecting "miradors." Other function may 
ultimately end up within that area. One possibility is an open loft style kitchen that would flow out to the primary 
living space. 

Let me know if this helps or if you need further clarification. 

Thanks. 

Best regards, 

EDWARD H TACHIBANA 

HANDEL ARCHITECTS LLP 

150 Varick Street, 8th Floor 

New York, NY 10013 

p. 212.595.4112 f. 212.595.9032 

«DS Balconies 2.pdf» 
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Millennium Hollywood Development: Balcony Discussion Page 1 of3 

Hi Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS 
would still consider these elements as enclosing the balconies and making them count towards the project's 
FAR. I would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for your project. Basically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.orq 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, 

I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the 
Pre-development meeting. Attached are copies of the materials we shared with you and Planning during the 
meeting. 

On the subject of whether the screens create an enclosure, we would like to submit the following information. 
In summary, the wooden louvers and glass wind breaks should not be considered building walls creating 
enclosures based on their design, construction and use. 

The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a 
balcony will not be included in FAR if it "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering 
when guards or guardrails are required, however, the 2007 California Building Code ("Building Code") uses the 
term enclosed to mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[p]orches or decks which are enclosed with insect screening." Since insect screening 
must completely surround a porch or deck to be effective, it is clear that the Building Code is using the term 
enclosed to mean closed in on all sides or surrounded. 

Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all 
sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a residential 
building," and specifies that a recess from a room or an alcove, which is enclosed only on three sides, is 
considered a habitable room only if it exceeds certain square footage and can be partitioned off along the fourth 
side to form a habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are closed in on all 
sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated by the Building 
Code and the LAMe. Indeed, all balcony designs leave one or more wall areas open except for the required 
guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining 
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balconies consistent with privacy screens defined in the Chief Zoning Administrator's memo ("ZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts for other world-class buildings (see attached photos). They also do not provide structural 
support for the buildings and do not extend to the ground floor or occupy the total vertical length of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specifications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the units and balconies 
are one of the project's biggest attractions and the louvers are specifically designed to create consistency or 
uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, the fixed 
wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI regardless 
of height and do not function to enclose the balconies for FAR purposes. 

In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
guardrails. The glass wind break cannot be considered to enclose the balconies. 

Based on our research we also found that other local municipalities like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to buffer outside noise. The 
City of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened are not 
enclosed balconies and should be excluded from FAR. 

Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afra ijo@allenmatkins.com 

allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 11 19 08).pdf» «Screens.doc» 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, please be advised 
that any U.S. federal tax advice contained in this communication (including any attachments) is not intended or 
written to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties 
under the Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any 
transaction or matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any accompanying attachment 
(s) is intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader 
of this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
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return e-mail, and delete the original message and all copies from your system. Thank you. 
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Page 1 of3 

»> Alan Bell 11/25/2008 11:37 AM »> 
possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I 
still think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is 
responsible for interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, 
and of course I'd be happy to give you my 2 cents. 

»> Charmie Huynh 11/25/200811:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and 
Balconies. The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a 
voicemail message from Alfredo that you feel that LADBS should make the call on this one. I've already spoken 
with Jameson and we've made the decision to consider these "screens" as enclosures for the balconies and thus 
creating FAR for the project. We feel that the ZAI does not specifically address these types of wood louvers and 
glass wind break screens. The lawyers want LADBS to consider their interpretation on the ZAI (ZA2007-3430), 
however, LADBS cannot make an interpretation on a ZA's interpretation. That's why we have referred them to 
Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. 
Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.org 

»> Charmie Huynh 11/24/20084:13 PM »> 
Hi Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS 
would still consider these elements as enclosing the balconies and making them count towards the project's 
FAR. I would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for your project. Basically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
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»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, 

Page 2 of3 

I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the 
Pre-development meeting. Attached are copies of the materials we shared with you and Planning during the 
meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. 
In summary, the wooden louvers and glass wind breaks should not be considered building walls creating 
enclosures based on their design, construction and use. 
The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a 
balcony will not be included in FAR if it "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering 
when guards or guardrails are required, however, the 2007 California Building Code ("Building Code") uses the 
term enclosed to mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[p]orches or decks which are enclosed with insect screening." Since insect screening 
must completely surround a porch or deck to be effective, it is clear that the Building Code is using the term 
enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all 
sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a residential 
building," and specifies that a recess from a room or an alcove, which is enclosed only on three sides, is 
considered a habitable room only if it exceeds certain square footage and can be partitioned off along the fourth 
side to form a habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are closed in on all 
sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated by the Building 
Code and the LAMe. Indeed, all balcony designs leave one or more wall areas open except for the required 
guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining 
balconies consistent with privacy screens defined in the Chief Zoning Administrator's memo ("ZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts for other world-class buildings (see attached photos). They also do not provide structural 
support for the buildings and do not extend to the ground floor or occupy the total vertical length of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specifications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the units and balconies 
are one of the project's biggest attractions and the louvers are specifically designed to create consistency or 
uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, the fixed 
wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI regardless 
of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
guardrails. The glass wind break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to buffer outside noise. The 
City of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened are not 
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enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afra ijo@allenmatkins.com 
allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 1119 08).pdf> > «Screens.doc» 

IRS Circular 230 To ensure compliance with requirements imposed by the IRS, please be advised that any 
U.S. federal tax advice contained in this communication (including any attachments) is not intended or written 
to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under the 
Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality The information contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader of 
this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 
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Charmie, 

On the issue of space under a projection (i.e., ground floor or balcony space under a habitable room) that would 
be counted as FAR, can you refer us to the related Building or Zoning Code section for reference? 

Thanks in advance. 

From: Charmie Huynh [mailto:Charmie.Huynh@lacity.org] 
Sent: Monday, December 01,20083:49 PM 
To: Fraijo, Alfred 
Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

»> Alan Bell 12/1/2008 10:49 AM »> 
Hi Charmie - I've reviewed the material you sent me concerning the Millennium Hollywood Development. The 
Department of Building & Safety's interpretation and application of ZA 2007-3430 (ZAI) concerning FAR and 
private open space is correct. As the ZAI clearly states, balconies and decks shall not be considered "floor area" 
for purposes of calculating FAR, only so long as three conditions are met, including condition #2, which is that 
the balcony or deck remains "unenclosed except for the guard rails required by the Building Code." 

The proposed additional screening above the guard rail encloses space that would otherwise be open. The 
proposed screens, which are parallel to the building wall, do not serve the same purpose as the perpendicular 
wing walls and privacy screens discussed on p. 4 of the ZAI, which are intended to divide large balconies or 
decks shared by two or more residential dwelling units. 

If you have any questions, please let me know. 

Alan 

Alan Bell, AICP 
Senior City Planner 
Office of Zoning Administration 
Department of City Planning 
(213) 978-1322 
(213) 978-1334 fax 
alan .bell@lacity.org 

»> Charmie Huynh 12/1/200810:27 AM »> 

»> Alan Bell 11/25/2008 11:37 AM »> 
possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I 
still think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is 
responsible for interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, 
and of course I'd be happy to give you my 2 cents. 

»> Charmie Huynh 11/25/200811:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and 
Balconies. The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a 
voicemail message from Alfredo that you feel that LADBS should make the call on this one. I've already spoken 
with Jameson and we've made the decision to consider these "screens" as enclosures for the balconies and thus 
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creating FAR for the project. We feel that the ZAI does not specifically address these types of wood louvers and 
glass wind break screens. The lawyers want LADBS to consider their interpretation on the ZAI (ZA2007-3430), 
however, LADBS cannot make an interpretation on a ZA's interpretation. That's why we have referred them to 
Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. 
Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacitv.orq 

»> Charmie Huynh 11/24/20084:13 PM »> 
Hi Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS 
would still consider these elements as enclosing the balconies and making them count towards the project's 
FAR. I would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for your project. Basically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.orq 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the 
Pre-development meeting. Attached are copies of the materials we shared with you and Planning during the 
meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. 
In summary, the wooden louvers and glass wind breaks should not be considered building walls creating 
enclosures based on their design, construction and use. 
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The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a 
balcony will not be included in FAR if it "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering 
when guards or guardrails are required, however, the 2007 California Building Code ("Building Code") uses the 
term enclosed to mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[p]orches or decks which are enclosed with insect screening." Since insect screening 
must completely surround a porch or deck to be effective, it is clear that the Building Code is using the term 
enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all 
sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a residential 
building," and specifies that a recess from a room or an alcove, which is enclosed only on three sides, is 
considered a habitable room only if it exceeds certain square footage and can be partitioned off along the fourth 
side to form a habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are closed in on all 
sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated by the Building 
Code and the LAMe. Indeed, all balcony designs leave one or more wall areas open except for the required 
guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining 
balconies consistent with privacy screens defined in the Chief Zoning Administrator's memo ("ZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts for other world-class buildings (see attached photos). They also do not provide structural 
support for the buildings and do not extend to the ground floor or occupy the total vertical length of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specifications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the units and balconies 
are one of the project's biggest attractions and the louvers are specifically designed to create consistency or 
uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, the fixed 
wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI regardless 
of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
guardrails. The glass wind break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to buffer outside noise. The 
City of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened are not 
enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afra ijo@allenmatkins.com 
allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 1119 08).pdf> > «Screens.doc» 
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IRS Circular 230 To ensure compliance with requirements imposed by the IRS, please be advised that any 
U.s. federal tax advice contained in this communication (including any attachments) is not intended or written 
to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under the 
Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality The information contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader of 
this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, please be advised 
that any U.s. federal tax advice contained in this communication (including any attachments) is not intended or 
written to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties 
under the Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any 
transaction or matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any accompanying attachment 
(s) is intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader 
of this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 
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Alan Bell - Fwd: Re: Millennium Hollywood Development Balcony Discussion Page 1 of3 

From: 

To: 

Alan Bell 

Charmie Huynh 

cc: Michael LoGrande; Maya Zaitzevsky; Alfredo Perez; Jameson Lee 

Date: 12/1/200810:49:42 AM 

Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

Hi Charmie - I've reviewed the material you sent me concerning the Millennium Hollywood Development. The 
Department of Building & Safety's interpretation and application of ZA 2007-3430 CZAr) concerning FAR and private open 
space is correct. As the ZAI clearly states, balconies and decks shall not be considered "floor area" for purposes of 
calculating FAR, only so long as three conditions are met, including condition #2, which is that the balcony or deck 
remains "unenclosed except for the guard rails required by the Building Code." 

The proposed additional screening above the guard rail encloses space that would otherwise be open. The proposed 
screens, which are parallel to the building wall, do not serve the same purpose as the perpendicular wing walls and 
privacy screens discussed on p. 4 of the ZAI, which are intended to divide large balconies or decks shared by two or 
more residential dwelling units. 

If you have any questions, please let me know. 

Alan 

Alan Bell, AICP 
Senior City Planner 
Office of Zoning Administration 
Department of City Planning 
(213) 978-1322 
(213) 978-1334 fax 
alan.bell@lacity.org 

»> Charmie Huynh 12/1/2008 10:27 AM »> 

»> Alan Bell 11/25/200811:37 AM »> 
possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I still 
think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is responsible for 
interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, and of course I'd be 
happy to give you my 2 cents. 

»> Charmie Huynh 11/25/2008 11:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and Balconies. 
The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a voicemail message from 
Alfredo that you feel that LADBS should make the calion this one. I've already spoken with Jameson and we've made 
the decision to consider these "screens" as enclosures for the balconies and thus creating FAR for the project. We feel 
that the ZAI does not specifically address these types of wood louvers and glass wind break screens. The lawyers want 
LADBS to consider their interpretation on the ZAI CZA2007-3430), however, LADBS cannot make an interpretation on a 
ZA's interpretation. That's why we have referred them to Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. Jameson 
and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
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Alan Bell - Fwd: Re: Millennium Hollywood Development Balcony Discussion Page 2 of3 

T. (213) 482-6875 
F. (213) 482-6874 

Charmie.Huynh@lacity.org 

> > > Charmie Huynh 11/24/2008 4: 13 PM > > > 
Hi Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-3430 (ZAI)) 
does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS would still consider 
these elements as enclosing the balconies and making them count towards the project's FAR. I would suggest that you 
ask the Chief Zoning Administrator to provide an interpretation/clarification on these screens for your project. Basically, 
LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 

Charmie.Huynh@lacity.org 

»> "Fraijo, Alfred" < afraijo@allenmatkins.com > 11/19/20083:38 PM »> 

Hi Charmie, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the Pre
development meeting. Attached are copies of the materials we shared with you and Planning during the meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. In 
summary, the wooden louvers and glass wind breaks should not be considered building walls creating enclosures based 
on their design, construction and use. 
The Chief Zoning Administrator's memo CZAI") we reviewed at the pre-development meeting states that a balcony will 
not be included in FAR if it "remains unenclosed except for the guardrails required by the Building Code." The term 
"enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering when guards or guardrails 
are required, however, the 2007 California Building Code ("Building Code") uses the term enclosed to mean completely 
closed in or surrounded. Section 1013.4 of the Building Code requires guardrails for certain "[p]orches or decks which 
are enclosed with insect screening." Since insect screening must completely surround a porch or deck to be effective, it 
is clear that the Building Code is using the term enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all sides or 
surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a residential building," and 
specifies that a recess from a room or an alcove, which is enclosed only on three sides, is considered a habitable room 
only if it exceeds certain square footage and can be partitioned off along the fourth side to form a habitable room. 
(LAMC Section 12.03) Here, none of the proposed balconies are closed in on all sides or surrounded by the glass curtain 
wind breaks or the fixed wood louvers as contemplated by the Building Code and the LAMe. Indeed, all balcony designs 
leave one or more wall areas open except for the required guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining balconies 
consistent with privacy screens defined in the Chief Zoning Administrator's memo CZAI"). The ZAI defines a privacy 
screen as "a decorative feature fastened to a building but that does not provide structural support." (ZAI, p. 4) Here, 
the fixed wooden louvers fully meet this definition: the louvers are decorative features that were added to the design to 
increase visual interest and improve aesthetics to the buildings in line with similar concepts for other world-class buildings 
(see attached photos). They also do not provide structural support for the buildings and do not extend to the ground 
floor or occupy the total vertical length of the buildings. As the attached renderings show, the wooden louvers are 
attached or fastened to the building. They are constructed of widely spaced wooden panels (to be built to Building Code 
specifications) that provide solar screening but leave the majority of the balcony open to the elements. The views from 
the units and balconies are one of the project's biggest attractions and the louvers are specifically designed to create 
consistency or uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, 
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the fixed wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI regardless 
of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. They would 
be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can be seen from the 
attached section drawings, the glass curtain walls are outside and in addition to the required guardrails. The glass wind 
break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed balconies 
to denote balconies that have been completely sealed off from the outdoors for the purpose of affording the occupant 
the use and enjoyment of the balcony in all weather and to buffer outside noise. The City of Ventura's 2008 Design 
Guidelines for Balconies provide that "standard balconies should not be completely enclosed to the natural elements." 
As discussed below, the intent of the ZAI was to prevent fully enclosed balconies, similar to atriums or sun rooms, from 
being excluded from FAR. Accordingly, balconies, like those proposed for the project, that are primarily open to the 
elements on at least one side or screened are not enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 

afraijo@allenmatkins.com 
allenmatkins.com 

«BALCONYS SKETCHES 2 (AF 1119 08).pdf» «Screens.doc» 

IRS Circular 230 To ensure compliance with requirements imposed by the IRS, please be advised that any U.s. federal 
tax advice contained in this communication (including any attachments) is not intended or written to be used or relied 
upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under the Internal Revenue Code, or 
(ii) promoting, marketing or recommending to another party any transaction or matter addressed herein. 

Confidentiality The information contained in this electronic e-mail and any accompanying attachment(s) is intended 
only for the use of the intended recipient and may be confidential and/or privileged. If any reader of this communication 
is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, and may be unlawful. If you 
have received this communication in error, please immediately notify the sender by return e-mail, and delete the original 
message and all copies from your system. Thank you. 
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From: Charmie Huynh 

To: afraijo@allenmatkins.com 

Date: 12/1/20083:49:19 PM 

Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

»> Alan Bell 12/1/2008 10:49 AM »> 
Hi Charmie - I've reviewed the material you sent me concerning the Millennium Hollywood Development. The 
Department of Building & Safety's interpretation and application of ZA 2007-3430 (ZAI) concerning FAR and 
private open space is correct. As the ZAI clearly states, balconies and decks shall not be considered "floor area" 
for purposes of calculating FAR, only so long as three conditions are met, including condition #2, which is that 
the balcony or deck remains "unenclosed except for the guard rails required by the Building Code." 

The proposed additional screening above the guard rail encloses space that would otherwise be open. The 
proposed screens, which are parallel to the building wall, do not serve the same purpose as the perpendicular 
wing walls and privacy screens discussed on p. 4 of the ZAI, which are intended to divide large balconies or 
decks shared by two or more residential dwelling units. 

If you have any questions, please let me know. 

Alan 

Alan Bell, AICP 
Senior City Planner 
Office of Zoning Administration 
Department of City Planning 
(213) 978-1322 
(213) 978-1334 fax 
alan .bell@lacity.org 

»> Charmie Huynh 12/1/200810:27 AM »> 

»> Alan Bell 11/25/2008 11:37 AM »> 
possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I 
still think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is 
responsible for interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, 
and of course I'd be happy to give you my 2 cents. 

»> Charmie Huynh 11/25/200811:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and 
Balconies. The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a 
voicemail message from Alfredo that you feel that LADBS should make the call on this one. I've already spoken 
with Jameson and we've made the decision to consider these "screens" as enclosures for the balconies and thus 
creating FAR for the project. We feel that the ZAI does not specifically address these types of wood louvers 
and glass wind break screens. The lawyers want LADBS to consider their interpretation on the ZAI (ZA2007-
3430), however, LADBS cannot make an interpretation on a ZA's interpretation. That's why we have referred 
them to Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. 
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Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Cha rmie. H uyn h@lacitv.orq 

»> Charmie Huynh 11/24/20084:13 PM »> 
Hi Alfred, 

Page 2 of 4 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS 
would still consider these elements as enclosing the balconies and making them count towards the project's 
FAR. I would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for your project. Basically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Cha rmie. H uyn h@lacitv.orq 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the 
Pre-development meeting. Attached are copies of the materials we shared with you and Planning during the 
meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. 
In summary, the wooden louvers and glass wind breaks should not be considered building walls creating 
enclosures based on their design, construction and use. 
The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a 
balcony will not be included in FAR if it "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering 
when guards or guardrails are required, however, the 2007 California Building Code ("Building Code") uses the 
term enclosed to mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[p]orches or decks which are enclosed with insect screening." Since insect screening 

file:! IC:\temp\_ agv001 O\text.htm 7122/2014 

AR0067653 



CO-0001-639 

Charmie Huynh - Fwd: Re: Millennium Hollywood Development: Balcony Discussion Page 3 of 4 

must completely surround a porch or deck to be effective, it is clear that the Building Code is using the term 
enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all 
sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a 
residential building," and specifies that a recess from a room or an alcove, which is enclosed only on three 
sides, is considered a habitable room only if it exceeds certain square footage and can be partitioned off along 
the fourth side to form a habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are 
closed in on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated 
by the Building Code and the LAMe. Indeed, all balcony designs leave one or more wall areas open except for 
the required guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining 
balconies consistent with privacy screens defined in the Chief Zoning Administrator's memo ("ZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts for other world-class buildings (see attached photos). They also do not provide structural 
support for the buildings and do not extend to the ground floor or occupy the total vertical length of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specifications) that provide solar 
screening but leave the majority ofthe balcony open to the elements. The views from the units and balconies 
are one of the project's biggest attractions and the louvers are specifically designed to create consistency or 
uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, the 
fixed wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI 
regardless of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
guardrails. The glass wind break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to buffer outside noise. The 
City of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened are not 
enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afraijo@allenmatkins.com 
allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 1119 08).pdf» «Screens.doc» 

IRS Circular 230 To ensure compliance with requirements imposed by the IRS, please be advised that any 
U.S. federal tax advice contained in this communication (including any attachments) is not intended or written 
to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under 
the Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality The information contained in this electronic e-mail and any accompanying attachment(s) is 
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intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader of 
this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 

file:! IC:\temp\_ agv001 O\text.htm 7/22/2014 

AR0067655 



CO-0001-641 

New York Times Building, Renzo Piano 

New York Times Building, Renzo Piano 

AR0067656 



CO-0001-642 

New York Times Building, Renzo Piano 

AR0067657 



CO-0001-643 

Agbar Tower, Jean Nouvel 

AR0067658 



CO-0001-644 

Wooden louvers 

AR0067659 



CO-0001-645 

Charmie Huynh - balcony screens 

From: Charmie Huynh 

To: Alan Bell 

Date: 12/1/200810:22:38 AM 

Subject: balcony screens 

Attachments: BALCONYS SKETCHES 2 (AF 11 19 08).pdf, Screens.doc, DS Balconies 2.pdf 
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From: "Ord, Eleanor" <eord@aUenmatkins.com> 

To: Charmie Huynh 
Date: 9129/2008 3:43 :05 PM 

Subject: Capitol Records: F ARlBalcony 

Hi Charmie, 

We wanted to give you some information in advance of our meeting on Thursday to jumpstart our 
discussions. Attached below are renderings of the balcony configurations contemplated for the 
project and depictions of balconies in the finished structures. We're looking forward to seeing 
you on Thursday at 9:30 am. 

Thanks, 

Eleanor 

Eleanor M. Ord 
Attorney at Law 
Allen Matkins 
515 South Figueroa Street, 9th Floor 
Los Angeles, CA 90071 
Direct: 213-955-5653 
Fax: 213-620-8816 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, please be 
advised that any U.S. federal tax advice contained in this communication (including any attachments) is 
not intended or written to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) 
avoiding penalties under the Internal Revenue Code, or (ii) promoting, marketing or recommending to 
another party any transaction or matter addressed herein. 

NOTICE: The infonnation contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader 
of this communication is not the intended recipient unauthorized use, disclosure or copying is strictly 
prohibited, and may be unlawful. If yon have received this communication in error, please inunediately 
notify the sender by return e-mail, and delete the original message and all copies from your system. Thanl( 
you. 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
IRS, please be advised that any U.S. federal tax advice contained in this communication 
(including any attachments) is not intended or written to be used or relied upon, and 
cannot be used or relied upon, for the purpose of (i) avoiding penalties under the Internal 
Revenue Code, or (ii) promoting, marketing or recommending to another party any 
transaction or matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient and 
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may be confidential and/or privileged. If any reader of this communication is not the 
intended recipient, unauthorized use, disclosure or copying is strictly prohibited, and may 
be unlawful. If you have received this communication in error, please immediately notify 
the sender by return e-mail, and delete the original message and all copies from your 
system. Thank you. 

Attachments: Private Open Space_Types. pdf, crop ofcOl.jpg, crop ofc05.jpg 
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Wes Pringle - Millennium Project Meeting Page 1 of 1 

From: Wes Pringle 
To: Charmie Huynh 
Date: 10/15/20082:36:27 PM 
Subject: Millennium Project Meeting 

Charmie, 

I will not be attending the meeting for this project. We have been working with the traffic 
consultant on the traffic study for this project and will comment on it when it comes out. If 
there are any other questions for DOT, please forward my contact information (below). 

Thanks, 

Weston Pringle 
Department of Transportation 
Metro Programs Division 
100 S. Main St, 9th Floor 
Los Angeles CA 90012 
Phone: (213) 972-8482 
Fax: (213) 972-8418 
Stop 725 
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From: "Baluyot, Rene" <Rene.Baluyot@ladwp.com> 

To: W.C. Byrd 

CC: Charmie Huynh 

Date: 1012012008 1:53:21 PM 

Subject: RE: Request for Pre-Development Meeting for Millennium Hollywood -1750 
N Vine St (East Site) and 1751 N Vine St (West Site )(Email 1) 

WC, 

Would it be possible for you or your staff to attend this predevelopment meeting this Wednesday 
from 1 PM to 3PM. Our group has a scheduled meeting with Councilmember Alarcon at the same 
time and I won 't be able to attend the predev meeting . Please let me or Charmie know. 

Charmie, I will forward the water info as soon as I get it from the water engineer. 

Thanks! 

Rene 

From: Baluyot, Rene 
Sent: Friday, October 17, 2008 12:52 PM 
To: Byrd, W.e.; Spacht, Julie 
Cc: Linard, Andrew; Moon, Marvin 
Subject: RE: Request for Pre-Development Meeting for Millennium Hollywood -1750 N Vine St 
(East Site) and 1751 N Vine St (West Site)(EmaiI1) 

Julie/WC, « File: GROUND FLOOR PLAN 1.pdf» «File: 1750 Zimas.pdf 
» «File: LA-808560-v4-Pre-Development Meeting Project 
Description.pdf» «File: Vicinity Map.pdf» «File: A105 East 
Site Survey.pdf» «File: LA-808370-v1-PDM Questions and Issues for 
City Departments.doc » 

The city case manager, Ms. Charmie Huynh, is requesting DWP to provide 
predevelopment assistance for the proposed Millenium Hollywood High
Rise project. Attached are the project files. 

Will you please have your staff review the attached plans and requested 
DWP information and let me know the person in your group assigned to 
this project? 

Thanks and have a great day! 

Rene Baluyot 

Economic Development Group 

Los Angeles Department of Water and Power 
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213.367.1284 

r e n e . b a 1 u yo t @l a dwp . c om 

-----Original Appointment-----
From: Charmie Huynh [mailto:Charmie.Huynh@lacity.org] 
Sent: Wednesday, October OS, 200S 4:47 PM 
To: eord@allenmatikins.com; afraijo@allenmatkins.com; jneuman@allenmatkins.com; 
etachibana@handelarchitects.com; ghandel@handelarchitects.com; Ammar Eltawil; Carl Mills; 
Charmie Huynh; Frank Comfort; Kevin Keller; LADBS CMServiceRequest; 
LADBSJig221_1S0_ConCA.poOl.dom1@lacity.org; Lambert Giessinger; Michael Taylor; Richard 
Ferguson; Ron Lorenzen; Tomas Carranza; Win Pham; Baluyot, Rene; 
ttrynin@millenniumptrs.com 
Cc: Jay Kim; Lemuel Paco 
Subject: Request for Pre-Development Meeting for Millennium Hollywood -1750 N Vine St (East 
Site) and 1751 N Vine St (West Site)(EmaiI1) 
When: Wednesday, October 22, 200S 1:00 PM-3:00 PM (GMT-OS:OO) Pacific Time (US & 
Canada). 
Where: 221 N Figueroa St., Suite lS0, LA, CA 90012 

Hello, 

You are invited to a case management pre-development meeting for the proposed Millennium 
Hollywood High Rise projects at 1750 N Vine St (East Site) and 1751 N Vine St (\Nest Site). The 
Project Narrative is attached to this email. 

Date: Wednesday, October 22, 2008 

Time: 1 :OOpm - 3:00pm 

Location: 221 N Figueroa St., Suite 180, Los Angeles, CA 90012 

Applicant: Alfredo Fraijo, Attorney at Law, Allen Matkins, 213-955-5607 

Questionand Issues for the City Departments: 

1.) Planning/Building & Safety:Confirmation of required entitlements with respect to the proposed 
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project (are any other entitlements required?) Confirmation of setbacks provided Are there 
minimum distance requirements between the two towers? Are there minimum distance 
requirements regarding light and air for windows facing windows, alleys or lot lines? Confirm 
loading spaces required for the project and their required dimensions Discuss balcony enclosure 
and screening issues (ZA 2007-3430(ZAI) Memo) 

2.) Public Works:Are any offsite improvements required, such as street widening, other than 
what a traffic study might suggest? Confirm sidewalk and street dedication requirements Sewer 
facility charge and credit Adequacy of storm drain system near project Confirmation of sewer 
capacity availability Are there any requirements for onsite storm water retention, treatment, 
discharge during construction and/or operation? What are the required public improvements 
regarding street trees etc? What are the required public improvements regarding street lights? 
How will the Walk of Fame be handled during construction? Task force to determine viability of 
underground tunnel and obtaining a franchise 

3.) LAFD & Fire Hydrants and Access:What are the type and location of desired Fire Dept. 
turnarounds? Where should on-site hydrants be located? What fire lane access is required to the 
buildings? How do hydrant and fire equipment access requirements impact the layout of units? 
General review of and input related to the proposed site plan regarding Fire Department 
requirements. Observation deck fire access issues, including capacity, fire escape and elevator. 

4.) DWP:WiII we be required to provide public or private utilities? Requirements for under 
grounding utilities, if any. How will project be metered relative to the air lot subdivision? Potential 
relocation of traffic island and right-hand turn lane at corner of Yucca and Argyle to create a park 
General review and input regarding the proposed site plan and DWP requirements, including 
water and power service availability, water and power connections and clear distance from 
existing or future power lines. 

Your attendance is greatly appreciated. If you cannot attend, please reply to me via email with 
your comments and any information you can pass along to the Applicant to address their 
concerns/issues. 

Attached are some of the project files. I will be sending an additional 4 other emails containing 
the project files. 

Thank you 
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Charmie Huynh, P.E. 

Structural Engineering Associate Case Manager 

City of Los Angeles/Department of Building and Safety 

221 N. Figueroa St, Suite 180 

Los Angeles, CA 90012 

T. (213) 482-6875 

F. (213) 482-6874 

Charmie.Huynh@lacity.org « File: GROUND FLOOR PLAN 1.pdf» «File: 1750 Zimas.pdf 
» «File: LA-808560-v4-Pre-Development Meeting Project Description.pdf» 

-------------------------Confidentiality N otice--------------------------
This electronic message transmission contains information from the Los Angeles 
Department of Water and Power, which may be confidential. If you are not the intended 
recipient, be aware that any disclosure, copying, distribution or use of the content of this 
information is prohibited. If you have received this communication in error, please notify 
us immediately bye-mail and delete the original message and any attachment without 
reading or saving in any manner. 
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Charmie Huynh - Re: FW: Millennium Hollywood Development: Balcony Discussion 

From: Charmie Huynh 

To: Alfred Fraijo 

Date: 11/19/2008 3:48:23 PM 

Subject: Re: FW: Millennium Hollywood Development: Balcony Discussion 

it's AV.Perez@lacity.org 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.org 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:43 PM »> 

Hi Charmie, 

Do you happen to have Alfredo's correct email address? Thanks! 

From: System Administrator 

Sent: Wednesday, November 19, 20083:42 PM 

To: Fraijo, Alfred 

Subject: Undeliverable: Millennium Hollywood Development: Balcony Discussion 

Your message did not reach some or all of the intended recipients. 

Subject: Millennium Hollywood Development: Balcony Discussion 

Sent: 11/19/20083:38 PM 

The following recipient(s) could not be reached: 

alfredo.perez@lacity.org on 11/19/20083:41 PM 

Page 1 of2 

The e-mail account does not exist at the organization this message was sent to. Check the e-mail address, or contact the recipient directly 
to find out the correct address. 

< cwmsmtpx.ci.la.ca.us #5.1.1 SMTP; 550 No such recipient> 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
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IRS, please be advised that any U.S. federal tax advice contained in this communication 
(including any attachments) is not intended or written to be used or relied upon, and cannot 
be used or relied upon, for the purpose of (i) avoiding penalties under the Internal Revenue 
Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient and may 
be confidential and/or privileged. If any reader of this communication is not the intended 
recipient, unauthorized use, disclosure or copying is strictly prohibited, and may be unlawful. 
If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 
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Charmie Huynh - RE: Millennium Hollywood Development: Balcony Discussion 

From: 
To: 

Date: 

Charmie Huynh 

Alfred Fraijo 

11/19/20084:16:06 PM 

Subject: RE: Millennium Hollywood Development: Balcony Discussion 

Alfred ... you may want to include the attachments. 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20084:14 PM »> 

Alfredo, 

I misspelled your email address - sorry. Please see original email below. Thanks! 

Best regards, 
Alfred Fraijo Jr., Esq. 
Allen Matkins Leek Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afraijo@allenmatkins.eom 

allenmatkins.com 

From: Fraijo, Alfred 

Sent: Wednesday, November 19, 20083:38 PM 

To: 'Charmie Huynh' 

Cc: 'alfredo.perez@lacity.org'; 'jon.tanury@lacity.org'; 'Kevin Keller'; Neuman, Jerold 

Subject: Millennium Hollywood Development: Balcony Discussion 

Hi Charmie, 

Page 1 of3 

I'm following up with you and Planning regarding the balcony enclosures based on our brief 
discussion at the Pre-development meeting. Attached are copies of the materials we shared 
with you and Planning during the meeting. 

On the subject of whether the screens create an enclosure, we would like to submit the 
following information. In summary, the wooden louvers and glass wind breaks should not be 
considered building walls creating enclosures based on their design, construction and use. 

The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting 
states that a balcony will not be included in FAR if it "remains unenclosed except for the 
guardrails required by the Building Code." The term "enclosed" or "enclosure" is not defined 
in the LA Zoning or Building Codes. In considering when guards or guardrails are required, 
however, the 2007 California Building Code ("Building Code") uses the term enclosed to 
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mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[pJorches or decks which are enclosed with insect screening." Since 
insect screening must completely surround a porch or deck to be effective, it is clear that the 
Building Code is using the term enclosed to mean closed in on all sides or surrounded. 

Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to 
mean closed in on all sides or surrounded on all sides. The LAMC defines a habitable room 
as "an enclosed subdivision in a residential building," and specifies that a recess from a room 
or an alcove, which is enclosed only on three sides, is considered a habitable room only if it 
exceeds certain square footage and can be partitioned off along the fourth side to form a 
habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are closed in 
on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as 
contemplated by the Building Code and the LAMe. Indeed, all balcony designs leave one or 
more wall areas open except for the required guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the natural 
elements and adjoining balconies consistent with privacy screens defined in the Chief Zoning 
Administrator's memo ("ZAI"). The ZAI defines a privacy screen as "a decorative feature 
fastened to a building but that does not provide structural support." (ZAI, p. 4) Here, the 
fixed wooden louvers fully meet this definition: the louvers are decorative features that were 
added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts for other world-class buildings (see attached photos). They also do not 
provide structural support for the buildings and do not extend to the ground floor or occupy 
the total vertical length of the buildings. As the attached renderings show, the wooden 
louvers are attached or fastened to the building. They are constructed of widely spaced 
wooden panels (to be built to Building Code specifications) that provide solar screening but 
leave the majority of the balcony open to the elements. The views from the units and 
balconies are one of the project's biggest attractions and the louvers are specifically designed 
to create consistency or uniformity in the towers while leaving the balconies open to preserve 
view from the units. Accordingly, the fixed wooden louvers are privacy screens that are not 
considered exterior walls under the terms of the ZAI regardless of height and do not function 
to enclose the balconies for FAR purposes. 

In addition, the glass curtain walls provided for a wind break cannot be considered to enclose 
the balconies. They would be separated from the balcony structures by a distance of 
approximately one foot (1'-0"). As can be seen from the attached section drawings, the 
glass curtain walls are outside and in addition to the required guardrails. The glass wind 
break cannot be considered to enclose the balconies. 

Based on our research we also found that other local municipalities like City of Ventura use 
the term enclosed balconies to denote balconies that have been completely sealed off from 
the outdoors for the purpose of affording the occupant the use and enjoyment of the balcony 
in all weather and to buffer outside noise. The City of Ventura's 2008 Design Guidelines for 
Balconies provide that "standard balconies should not be completely enclosed to the natural 
elements." As discussed below, the intent of the ZAI was to prevent fully enclosed balconies, 
similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
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those proposed for the project, that are primarily open to the elements on at least one side 
or screened are not enclosed balconies and should be excluded from FAR. 

Please let me know how we should proceed on this issue. And thanks again for your 
attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 

515 S. Figueroa Street, 9th Floor 

Los Angeles, California 90071 

213.955.5607 D 

415.225.6373 C 

213.620.8816 F 

afraijo@allenmatkins.com 

allenmatkins.com 
« File: BALCONYS SKETCHES 2 (AF 1119 08).pdf» «File: Screens.doc » 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
IRS, please be advised that any U.S. federal tax advice contained in this communication 
(including any attachments) is not intended or written to be used or relied upon, and cannot 
be used or relied upon, for the purpose of (i) avoiding penalties under the Internal Revenue 
Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality Notice: The information contained in this electronic e-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient and may 
be confidential and/or privileged. If any reader of this communication is not the intended 
recipient, unauthorized use, disclosure or copying is strictly prohibited, and may be unlawful. 
If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 
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From: 

To: 

Alan Bell 

Charmie Huynh 

cc: Alfredo Perez; Jameson Lee 

Date: 11/25/2008 11:37:57 AM 

Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I still 
think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is responsible for 
interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, and of course I'd be 
happy to give you my 2 cents. 

»> Charmie Huynh 11/25/2008 11:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and Balconies. 
The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a voicemail message from 
Alfredo that you feel that LADBS should make the calion this one. I've already spoken with Jameson and we've made 
the decision to consider these "screens" as enclosures for the balconies and thus creating FAR for the project. We feel 
that the ZAI does not specifically address these types of wood louvers and glass wind break screens. The lawyers want 
LADBS to consider their interpretation on the ZAI (ZA2007-3430), however, LADBS cannot make an interpretation on a 
ZA's interpretation. That's why we have referred them to Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. Jameson 
and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving I 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 

Charmie.Huynh@lacity.org 

> > > Charmie Huynh 11/24/2008 4: 13 PM > > > 
Hi Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-3430 (ZAI)) 
does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS would still consider 
these elements as enclosing the balconies and making them count towards the project's FAR. I would suggest that you 
ask the Chief Zoning Administrator to provide an interpretation/clarification on these screens for your project. Basically, 
LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 

Charmie.Huynh@lacity.org 
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»> "Fraijo, Alfred" < afraijo@allenmatkins.com > 11/19/20083:38 PM »> 

Hi Charmie, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the Pre
development meeting. Attached are copies of the materials we shared with you and Planning during the meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. In 
summary, the wooden louvers and glass wind breaks should not be considered building walls creating enclosures based 
on their design, construction and use. 
The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a balcony will 
not be included in FAR if it "remains unenclosed except for the guardrails required by the Building Code." The term 
"enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering when guards or guardrails 
are required, however, the 2007 California Building Code ("Building Code") uses the term enclosed to mean completely 
closed in or surrounded. Section 1013.4 of the Building Code requires guardrails for certain "[p]orches or decks which 
are enclosed with insect screening." Since insect screening must completely surround a porch or deck to be effective, it 
is clear that the Building Code is using the term enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all sides or 
surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a residential building," and 
specifies that a recess from a room or an alcove, which is enclosed only on three sides, is considered a habitable room 
only if it exceeds certain square footage and can be partitioned off along the fourth side to form a habitable room. 
(LAMC Section 12.03) Here, none of the proposed balconies are closed in on all sides or surrounded by the glass curtain 
wind breaks or the fixed wood louvers as contemplated by the Building Code and the LAMe. Indeed, all balcony designs 
leave one or more wall areas open except for the required guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining balconies 
consistent with privacy screens defined in the Chief Zoning Administrator's memo CZAI"). The ZAI defines a privacy 
screen as "a decorative feature fastened to a building but that does not provide structural support." (ZAI, p. 4) Here, 
the fixed wooden louvers fully meet this definition: the louvers are decorative features that were added to the design to 
increase visual interest and improve aesthetics to the buildings in line with similar concepts for other world-class buildings 
(see attached photos). They also do not provide structural support for the buildings and do not extend to the ground 
floor or occupy the total vertical length of the buildings. As the attached renderings show, the wooden louvers are 
attached or fastened to the building. They are constructed of widely spaced wooden panels (to be built to Building Code 
specifications) that provide solar screening but leave the majority of the balcony open to the elements. The views from 
the units and balconies are one of the project's biggest attractions and the louvers are specifically designed to create 
consistency or uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, 
the fixed wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI regardless 
of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. They would 
be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can be seen from the 
attached section drawings, the glass curtain walls are outside and in addition to the required guardrails. The glass wind 
break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed balconies 
to denote balconies that have been completely sealed off from the outdoors for the purpose of affording the occupant 
the use and enjoyment of the balcony in all weather and to buffer outside noise. The City of Ventura's 2008 Design 
Guidelines for Balconies provide that "standard balconies should not be completely enclosed to the natural elements." 
As discussed below, the intent of the ZAI was to prevent fully enclosed balconies, similar to atriums or sun rooms, from 
being excluded from FAR. Accordingly, balconies, like those proposed for the project, that are primarily open to the 
elements on at least one side or screened are not enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 

afraijo@allenmatkins.com 
allenmatkins.com 

«BALCONYS SKETCHES 2 (AF 1119 08).pdf» «Screens.doc» 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, please be advised that any 
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u.s. federal tax advice contained in this communication (including any attachments) is not intended or written to be used 
or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under the Internal Revenue 
Code, or (ii) promoting, marketing or recommending to another party any transaction or matter addressed herein. 

Confidentiality Notice: The information contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader of this 
communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, and may be 
unlawful. If you have received this communication in error, please immediately notify the sender by return e-mail, and 
delete the original message and all copies from your system. Thank you. 
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From: Charmie Huynh 

To: Alfred Fraijo 

CC: Ja meson Lee 

Date: 12/3/2008 9:42: 13 AM 

Subject: RE: Re: Millennium Hollywood Development: Balcony Discussion 

Hi Alfred, 

I don't believe there is a code section for this particular interpretation. Jameson said you can 
contact him if you need further clarification on this issue. Jameson's phone # is 213-482-
6866. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.org 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 12/1/20084:15 PM »> 
Charmie, 

On the issue of space under a projection (i.e., ground floor or balcony space under a 
habitable room) that would be counted as FAR, can you refer us to the related Building or 
Zoning Code section for reference? 

Thanks in advance. 

From: Charmie Huynh [mailto:Charmie.Huynh@lacity.org] 
Sent: Monday, December 01, 20083:49 PM 
To: Fraijo, Alfred 
Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

»> Alan Bell 12/1/2008 10:49 AM »> 
Hi Charmie - I've reviewed the material you sent me concerning the Millennium Hollywood Development. The 
Department of Building & Safety's interpretation and application of ZA 2007-3430 (ZAI) concerning FAR and 
private open space is correct. As the ZAI clearly states, balconies and decks shall not be considered "floor area" 
for purposes of calculating FAR, only so long as three conditions are met, including condition #2, which is that 
the balcony or deck remains "unenclosed except for the guard rails required by the Building Code." 
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The proposed additional screening above the guard rail encloses space that would otherwise be open. The 
proposed screens, which are parallel to the building wall, do not serve the same purpose as the perpendicular 
wing walls and privacy screens discussed on p. 4 of the ZAI, which are intended to divide large balconies or 
decks shared by two or more residential dwelling units. 

If you have any questions, please let me know. 

Alan 

Alan Bell, AICP 
Senior City Planner 
Office of Zoning Administration 
Department of City Planning 
(213) 978-1322 
(213) 978-1334 fax 
alan .bell@lacity.org 

»> Charmie Huynh 12/1/200810:27 AM »> 

»> Alan Bell 11/25/2008 11:37 AM »> 
possibly tomorrow or next week - really busy today dealing with signs. I can provide you with my opinion, but I 
still think that technically it has to be DBS's "call" as to how to apply the ZAI to a specific project, since DBS is 
responsible for interpreting and enforcing the city's zoning ordinances under 12.26. that said, we should talk, 
and of course I'd be happy to give you my 2 cents. 

»> Charmie Huynh 11/25/200811:31 AM »> 
Hi Alan, 

I sent this email out yesterday regarding the Millenium Hollywood high rise project and the issue of FAR and 
Balconies. The topic at hand is regarding the wood louvers and glass wind breaks. I understand from a 
voicemail message from Alfredo that you feel that LADBS should make the call on this one. I've already spoken 
with Jameson and we've made the decision to consider these "screens" as enclosures for the balconies and thus 
creating FAR for the project. We feel that the ZAI does not specifically address these types of wood louvers 
and glass wind break screens. The lawyers want LADBS to consider their interpretation on the ZAI (ZA2007-
3430), however, LADBS cannot make an interpretation on a ZA's interpretation. That's why we have referred 
them to Planning for an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back in on Monday. I'd love to get your feedback on this. 
Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.orq 
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»> Charmie Huynh 11/24/20084:13 PM »> 
Hi Alfred, 

Page 3 of 5 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAI (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus, LADBS 
would still consider these elements as enclosing the balconies and making them count towards the project's 
FAR. I would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for your project. Basically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity.orq 

»> "Fraijo, Alfred" <afraijo@allenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief discussion at the 
Pre-development meeting. Attached are copies of the materials we shared with you and Planning during the 
meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following information. 
In summary, the wooden louvers and glass wind breaks should not be considered building walls creating 
enclosures based on their design, construction and use. 
The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states that a 
balcony will not be included in FAR if it "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building Codes. In considering 
when guards or guardrails are required, however, the 2007 California Building Code ("Building Code") uses the 
term enclosed to mean completely closed in or surrounded. Section 1013.4 of the Building Code requires 
guardrails for certain "[p]orches or decks which are enclosed with insect screening." Since insect screening 
must completely surround a porch or deck to be effective, it is clear that the Building Code is using the term 
enclosed to mean closed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to mean closed in on all 
sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed subdivision in a 
residential building," and specifies that a recess from a room or an alcove, which is enclosed only on three 
sides, is considered a habitable room only if it exceeds certain square footage and can be partitioned off along 
the fourth side to form a habitable room. (LAMC Section 12.03) Here, none of the proposed balconies are 
closed in on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated 
by the Building Code and the LAMe. Indeed, all balcony designs leave one or more wall areas open except for 
the required guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natural elements and adjoining 
balconies consistent with privacy screens defined in the Chief Zoning Administrator's memo ("ZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual interest and improve aesthetics to the buildings in line 
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with similar concepts for other world-class buildings (see attached photos). They also do not provide structural 
support for the buildings and do not extend to the ground floor or occupy the total vertical length of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specifications) that provide solar 
screening but leave the majority ofthe balcony open to the elements. The views from the units and balconies 
are one of the project's biggest attractions and the louvers are specifically designed to create consistency or 
uniformity in the towers while leaving the balconies open to preserve view from the units. Accordingly, the 
fixed wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI 
regardless of height and do not function to enclose the balconies for FAR purposes. 
In addition, the glass curtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
guardrails. The glass wind break cannot be considered to enclose the balconies. 
Based on our research we also found that other local municipalities like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to buffer outside noise. The 
City of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements." As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened are not 
enclosed balconies and should be excluded from FAR. 
Please let me know how we should proceed on this issue. And thanks again for your attention to the project. 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leck Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, California 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afraijo@allenmatkins.com 
allenmatkins.com 
«BALCONYS SKETCHES 2 (AF 1119 08).pdf» «Screens.doc» 

IRS Circular 230 To ensure compliance with requirements imposed by the IRS, please be advised that any 
U.S. federal tax advice contained in this communication (including any attachments) is not intended or written 
to be used or relied upon, and cannot be used or relied upon, for the purpose of (i) avoiding penalties under 
the Internal Revenue Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
Confidentiality The information contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recipient and may be confidential and/or privileged. If any reader of 
this communication is not the intended recipient, unauthorized use, disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
IRS, please be advised that any U.S. federal tax advice contained in this communication 
(including any attachments) is not intended or written to be used or relied upon, and cannot 
be used or relied upon, for the purpose of (i) avoiding penalties under the Internal Revenue 
Code, or (ii) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
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Charmie Huynh - RE: Re: Millennium Hollywood Development: Balcony Discussion Page 5 of 5 

Confidentiality Notice: The information contained in this electronic e-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient and may 
be confidential and/or privileged. If any reader of this communication is not the intended 
recipient, unauthorized use, disclosure or copying is strictly prohibited, and may be unlawful. 
If you have received this communication in error, please immediately notify the sender by 
return e-mail, and delete the original message and all copies from your system. Thank you. 
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Hi Charmie, 

I hope you are well. 

The project is not on hold. We are taking additional time to review our design and planning approach 

with our consultant team but we are still moving forward. We anticipate being able to visit with you and 

consider a submittal with LADBS in the new two months or so. I will keep you posted. Thank you for your 

follow-up. 

Best regards (and happy Cinco de Mayo!), 

Alfred Fraijo Jr. 

Associate 

Allen Matkins Leck Gamble Mallory & Natsis LLP 

515 South Figueroa Street, 9th Floor, Los Angeles, CA 90071-3301 

(213) 622-5555 (main) 

(213) 955-5607 (direct) 

(415) 225-6373 (mobile) 

(213) 620-8816 (fax) 

www.allenmatkins.com 

Allen Matkins 

From: Charmie Huynh [mailto:Charmie.Huynh@lacity.orgj 

Sent: Tuesday, May 05,20092:05 PM 
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To: Fraijo, Alfred 

Subject: 1750 N Vine St - Millenium Hollywood 

Hi Alfred, 

Hope you're doing well. It's been a while. 

Just wanted to check in with you on the status of this project. Is it moving forward? And if so, do you 

know if they have an approximate plan check submittal date to LADBS? 

Thanks 

Charmie Huynh, P.E. 

Case Manager/Structural Engineering Associate 

City of Los Angeles 

Department of Building and Safety - Case Management Unit 

221 N. Figueroa St, Suite 180 

Los Angeles, CA 90012 

T. (213) 482-6875 

F. (213) 482-6874 

Charmie.Huynh@lacity.org 
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FW: Millennium Hollywood Development - revise WSA request letter 
7 g~~ 

From: Hwang, Jin 
Sent: Monday, December 22, 2008 9:30 AM 
To: 'wujor@cra.lacity.org' 
Subject: Millennium Hollywood Development - revise WSA request letter 

Ono, 

Thank you for the Water Supply Assessment (WSA) request letter for the Millennium Hollywood Development 
Project. I have reviewed the letter and I would need some more information in order to be able to work on the 
WSA. Since some of the critical information are missing in the letter, I recommend sending a revised WSA 
request letter to DWP rather than providing the missing information in a separate letter or bye-mail. Please 
include the following information in the new revised letter: 

1. Explain whether the project complies with the General Plan. You can provide a table similar to the one 
shown below. The purpose of comparing the General Plan to the proposed development is to see if the 
developer is proposing to build more than what is allowed. If the development will result in building more 
than what is allowed, that can translate into proposing more water demand than what is allowed. DWP is 
working on a fee structure for such "new unplanned water". 

Existing Proposed Development 

General Plan Land Use 

General Plan Land Use Max SF or FAR 

Zoning 

Zoning Max SF or FAR 
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2. Please state what community plan this project is within. 

3. Do the numbers in Tables 1 and 2 (Existing On-Site Water Consumption for West and East Sites) already 
include 18% and 28% of indoor water usage to calculate outdoor water usage? DWP has recently 
decided to stop using the 18 and 28 % method to calculate outdoor water usage. We're now using the 
actual square footage of landscaping to calculate outdoor water usage. Please revise Tables 1 and 2 (and 
also Table 3) to reflect this new method and include the square footage of landscaping for both existing 
and proposed. 

4. Please provide the project location map and the address. The letter states that a vicinity map is attached, 
but there was no map attached to the letter. 

Please call me if you have any questions. Thank you. 

Jin Hwang 

Civil Engineering Associate 

Los Angeles Department of Water and Power 

Water Resources Development Group 

213-367-4845 

-------------------------Co n fi den t i a I i ty Not i ce --------------------------

This electronic message transmission contains information from the Los Angeles Department of Water and Power, which may be 

confidential. If you are not the intended recipient, be aware that any dis::losure, copying, dis:ribution or us:! of the content of this 

information is prohibited. If you have received thiscommunication in error, pleas:! notify us immediately bye-mail and delete the original 

message and any attachment without reading or saving in any manner. 

From: Hwang, Jin 
Sent: Thursday, February 05,2009 11:20 AM 
To: 'wujor@cra.lacity.org' 
Subject: FW: Millennium Hollywood Development - revise WSA request letter 

Ono, 
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Please be reminded that I'm still waiting for the revised WSA request letter. The previously submitted WSA 
request letter is deemed incomplete, and I cannot start working on the WSA without the requested information . 
The date of the new submittal of the WSA request letter will be considered the official date the request letter was 
received by DWP. Thank you. 

Jin Hwang 

Civil Engineering Associate 

Los Angeles Department of Water and Power 

Water Resources Development Group 

213-367-4845 

[Quoted text hidden] 

[Quoted text hidden] 

[Quoted text hidden] 

From: Ujor, W. Ono [mailto: oujor@cra.lacity.org] 
Sent: Thursday, February OS, 2009 1: 58 PM 
To: Hwang, Jin 
Subject: RE: Millennium Hollywood Development - revise WSA request letter 

Hi Jin, 

This is to acknowledge the receipt of your letter calling for revisions to the WSA request letter for the above 
referenced project. I was told by the consultant that the project is currently on hold because of the economic 
condition . Consequently , we hope to revise the WSA request letter whenever the developer is ready to proceed. 

Thanks, 

Ono 

From: Hwang, Jin [ mailto:Jin.Hwang@ladwp.com] 
Sent: Thursday, February 05,2009 11:20 AM 
To: Ujor, W. Ono 

[Quoted text hidden] 
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[Quoted text hidden] 

From: Hwang, Jin 
Sent: Thursday, February 05,20092:26 PM 
To: 'Ujor, W. Ono' 

CO-0001-674 

Subject: RE: Millennium Hollywood Development - revise WSA request letter 

Ok. Thank you for the update! 

[Quoted text hidden] 

[Quoted text hidden] 

From: Ujor, W. Ono [mailto: oujor@cra.lacity.org] 
Sent: Thursday, February 05,20093:34 PM 
To: Hwang, Jin 
Subject: FW: Millennium Hollywood Development - revise WSA request letter 

Hi Jin, 

Here is the copy of the letter from the consultant for you to keep in your file. 

Thanks , 

Ono 

From: Michael Brown [mailto: michael.brown@cajaeir.com] 
Sent: Thursday, February 05,2009 1:24 PM 
To: Ujor, W. Ono 
Subject: Re: Millennium Hollywood Development - revise WSA request letter 
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Hello Ono, 

I am sorry that I have not returned your call, but I am in a jury this week. 

I have been directed by the applicant to place my work on hold while they evaluate the current economic 
conditions. Please ask DWP to hold off on any additional analysis for the present time. I will let you know when I 
have been directed to proceed. 

Michael Brown 

Principal, Executive Director of Air Quality and Environmental Noise Programs 

Christopher A. Joseph & Associates 

Sent from my iPhone 

On Feb 5, 2009, at 12:08 PM, "Ujor, W. Ono" <oujor@cra.lacity.org> wrote: 

Hi Michael , 

Here is a letter from Jim Hwang of DWP asking for the incorporation of additional information into 
the WSA request letter. Also, what is the status of the Draft Initial Study for the Millennium 
Hollywood Development? 

[Quoted text hidden] 

<Water Supply Assessment Request (Millennium Hollywood).doc> 

----------------Co n fi d e nti a I i ty Noti ce ---------------

This electronic message transmission contains information from the Los Angeles Department of Water and Power, which may be 

confidential. If you are not the intended recipient, be aware that any dis::losure, copying, dis:ribution or us:! of the content of this 

information is prohibited . If you have received thiscommunication in error, pleas:! notify us immediately bye-mail and delete the original 

message and any attachment without reading or saving in any manner. 

From: Hwang, Jin 
Sent: Thursday, February 05, 2009 3:40 PM 
To: 'Ujor, W. Ono' 
Subject: RE: Millennium Hollywood Development - revise WSA request letter 

[Quoted text hidden] 

[Quoted text hidden] 
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From: Hwang, Jin 
Sent: Tuesday, March 17, 2009 8:42 AM 
To: 'Ujor, W. Ono' 

CO-0001-676 

Subject: RE: Millennium Hollywood Development - revise WSA request letter 

Ono, 

Please let me know if the applicant would like DWP to refund the WSA fee ($10,000) , or keep it till a decision is 
made whether to proceed with the WSA. Thank you. 

[Quoted text hidden] 

[Quoted text hidden] 
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Jon Tanury - Re: Millenium - go over recent stuff Page 1 of 1 

From: Jon Tanury 

To: Lamb, Blake 
Date: 4/12/2010 9:04:05 AM 

Subject: Re: Millenium - go over recent stuff 

Is this the "recent stuff" they've emailed us? The documents got corrupted in my email and I can't open them, so if you 
have them, please forward away. 

about: blank 7/2112014 
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CO-0001-678 

Kevin Keller - Re: Fwd: APN 5546-004-006, 5546-004-020, 5546-004-021 Page 1 of 1 

From: Kevin Keller 

To: Lamb, Blake; Tanury, Jon 

Date: 3/25/20101:13:02 PM 

Subject: Re: Fwd: APN 5546-004-006, 5546-004-020, 5546-004-021 

I didn't realize this was millenium. Jon- if you can call this person and go over the FARs on the site and basic zones
that may help. He can do the rest. This may be related to millenium for financing purposes? If so, important- if not, 
normal importance only... . 
-----Original Message-----
From: Blake Lamb 
To: Kevin Keller <Kevin.Keller@lacity.org> 
To: Jon Tanury <Jon.Tanury@lacity.org> 

Sent: 3/25/2010 1:07:05 PM 
Subject: Re: Fwd: APN 5546-004-006, 5546-004-020, 5546-004-021 

Yes they are some of the Millennium properties! Some finandng, bank thing? Even though they are asking for 
discretionary actions this person must want to know what they can build by right. Which, as Kevin said, he can research 
himself with our help pointing him to the correct documents. 

Blake 

»> Jon Tanury 3/25/2010 10:46 AM »> 
I'm a little lost, these are the Millenium properties, aren'tthey .... ? 

»> Kevin Keller 3/24/2010 6:34 PM »> 
Am forwarding your way. Jon, would this be something you could research BRIEFLY and then let him do his job 
researching all the entitlements? Thanks! 

about:blank 7/2112014 
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Kevin Keller - Re: fee recovery issue Page 1 of 1 

From: Kevin Keller 

To: Yuan-McDaniel, Eva; Zatorski, Jan 
CC: Bertoni, Vince; Zaitzevsky, Maya; Yeh, Uvea 

Date: 12/7/2009 5:01:16 PM 

Subject: Re: fee recovery issue 

Thanks Eva. 

Jan, Eva's email sparked a lead- the DA was recently filed as part of an existing CPC case: CPC-2008-3440. Hopefully 
the new fee cost recovery number can be based on the case? 

Many thanks, 

Kevin 

»> Eva Yuan-McDaniel 12/4/09 8:53 AM »> 
Kevin, 

We need a separate work order number for the M. project. I assume you do not yet have a case number. Let me 
check with Jan next week and get back to you. 

You are correct; we definitely need to tighten up fee recovery for large projects. Much staff time is spent before we 
have a case, and sometimes that cost is not charged to the developer. We will include this in our discussion. 

Thanks. 

»> Kevin Keller 12/3/2009 6:07 PM »> 
Hi Eva, Hi Vince-

There are a couple of issues on the horizon I wanted to flag re: fee recovery. For information only. i can assist on the 
Millenium issue. 

Wilshire Grand Project 
DOT would like to work in a fee recovery mode to expedite Wilshire Grand, but cannot. My understanding is that they 
only can recover costs through our supplemental fee agreement and through our expedited section. The project is not 
in expedited. Planning is full cost recovery using the EIR process. 

I agree with Maya that it would be problematic to use expediting for only fee recovery on this project. She and I are in 
conversations on this. DOT is looking for help. It may be that DOT will need to solve this using their own resources. 

Millenium Hollywood Project 
This is a major Development Agreement project for Hollywood that community planning staff will begin spending time 
on. Currently the CRA is preparing the EIR, but as a development agreement project I believe we can still use full cost 
recovery. 

Eva- can we issue a E###### number for this type of situation for FMIS, or should we work to establish a stand alone 
new number? Please point me in the right direction and I will take care of the rest. 

Next Steps 
I'm eager to look for ways to help us better implement better fee recovery for community planning's work on these large 
projects- especially after the recent budget talks. I would be happy to work to streamline the establishment and transfer 
of EIR fee numbers generated at the counter at time of case filing to community planning staff- currently I think we miss 
many opportunities to charge our time on these larger cases. 

-Kevin 

about: blank 7/21/2014 
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Blake Lamb - Re: April 13 

From: Blake Lamb 

To: Keller, Kevin 

Date: 4/1/2010 8:37:45 AM 

Subject: Re: April 13 

Oh of course! I totally forgot about the conference.:( Wish I could go, boo. 
Blake 

»> Kevin Keller 3/31/2010 6:09 PM »> 
thanks but no, I'll be at APA, returning Wednesday. 

I also got a note from Alfred saying Phil Aarons is in town- I'll let him know that if they are interested in stopping by he 
can inquire with you. Thanks for all your work on this project! 

-Kevin 

»> Blake Lamb 3/31/10 8:46 AM »> 
Hi kevin, 
The Millenium architects are interested in coming to pay us a visit April 13. I notice you have APA all day on your 
calender - are you free at all that day? 
Blake 

Page 1 of 1 

about:blank 7/21/2014 
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Kevin Keller - millenium city attorney meeting 

From: Kevin Keller 

To: Lamb, Blake 
Date: 11/30/20094:53:58 PM 

Subject: millenium city attorney meeting 

Hi Blake-

I wanted to invite you to the development agreement meeting with the city attorneys office on millenium- it got moved 
to 3pm on Wednesday. I talked to Courtney and she seemed excited about the Country Club Park tour- so I leave it in 
your hands. Jon and Mariana will join (we will also be talking Wilshire Grand) so we can cover .. . but I wanted to see if 
you could make it. 

-Kevin 

about:blank 

Page 1 of 1 

7/2112014 
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Kevin Keller - handle handel Page 1 of 1 

From: Kevin Keller 

To: Lamb, Blake 

Date: 12/21/20093:34:41 PM 

Subject: handle handel 

I talked to Gary Handel today re: millenium architecture. I told him we'd contact him to set up a canf call the first week 
in January. In the meantime we will send him (email or mail) a copy of related design examples. I'm thinking LASED 
guidelines, and LASED conceptual sign program. (hard copy only, craig has a copy). can you prepare a packet and 
mail to him while I'm out. You have his email and work address is online. Thanks - can explain more over email if you 
have questions. 

about:blank 7/2112014 
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Kevin Keller - Fwd: Re: fee recovery issue Page 1 of 1 

From: Kevin Keller 

To: Lamb, Blake; Tanury, Jon 
Date: 12/7/20095:01:48 PM 

Subject: Fwd: Re: fee recovery issue 

I am working on getting us a fee cost recovery number for Millenium and the DA. 

Attachments: Re: fee recovery issue 

about:blank 7/2112014 
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SCOPE OF DEVELOPMENT TABLE OF CONTENTS 
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MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. 
Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, signage, lighting, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and insure 
design continuity will be carried through to the full implementation of the Project. 

c. Establish basic site-wide development standards and criteria that serve to maintain the 
integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide the 
development for the Project Site. 

e. Ensure compliance with the Development Objectives. 

-1-
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MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

1.2 Development Objectives 

1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve the Capitol Records Building and the Gogerty Building according to established 
preservation guidelines (the Secretary of the Interior's Standards for Rehabilitation and 
guidance provided by Office of Historic Resources). 

b. Preserve public views from certain key vantage points to the Capitol Records Tower by 
creating grade level open space / civic plazas on the East Site adjacent to the Jazz Mural 
and Capitol Records Building and West Site across from the Capitol Records Building. 

c. Preserve existing view corridors from certain key vantage points to the Hollywood Hills. 

fig. 1.2.2.b-c: Capitol Records View Corridors 

d. Create civic plazas that are activated by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing it as an urban node. Reinforce the urban and historical 

-2-
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MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

importance of the intersection of Hollywood and Vine by the creation of an active street 
life focused on Vine Street. 

e. Encourage street life by the creation of a new pedestrian connection between Ivar 
Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit open and green spaces for both the on-site and 
off-site population. 

g. Create a 24 hr community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of current on-site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 

j. Establish standards to address architectural excellence. 

-3-
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MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

k. Provide designs that address, respect and complement the existing context, including 
standards for ground-level open space, podium heights and massing setbacks that 
minimize impacts to the historic setting. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation in the use of materials, 
energy and development space. 

m. Create buildings that emphasize the vertical architecture and become visible icons. 

n. Develop a visual gateway to Hollywood from the Hollywood Freeway. 

fig. 1.2.2.n: Hollywood: A major urban center and gateway to the Los Angeles basin. 

-4-
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MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

1.3 Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards impose strict 
requirements for new development. For example, the Regulations include specific setback requirements 
along Vine Street. There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principal design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
For instance, fa~ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate fa~ade treatment by providing a limited range of 
choices in the use of material and color for the fa~ades. 

1.4 Relationship to the los Angeles Municipal Code 

1.4.1 The Development Regulations are approved by the City of los Angeles City Council and are 
incorporated in the Development Agreement, authorized pursuant to California Government 
Code 65864, et seq., entered into by the City of Los Angeles and ________ _ 
("Millennium Development Agreement") on ______ _ 

1.4.2 The following sections in the Regulations differ from corresponding provisions (as written at the 
time of approval) in the LAMC: 2.2.1, 2.2.3, 5.5.3.a, 7.3.4.b, 9.1.6.a and 10.2. 

1.4.3 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the Los Angeles Municipal 
Code ("LAMC") that apply to the Project Site, the Regulations shall prevail pursuant to the 
Millennium Development Agreement approved by the City Council. 
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2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 
occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercial and on-grade open parking. The topography 
has a natural incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to SE) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 
as part the Project. 

D 

Guaranty 
Building 

The Redbury 

Hollywood Blvd 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is zoned Commercial (C2). The City General Plan land use designation is 
Regional Center commercial. 

2.2.2 The Project Site is within the Special Sign District and within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of 
Los Angeles. 

2.2.3 Floor Area Ratio: 6:1 

2.2.4 Height District: No.2 
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3. HISTORIC RESOURCES AND SETTING 

3.1 Overview 

The Project Site is located in a historically rich area of Hollywood that contains a number of recognized historic 
resources. This Project is a preservation project in that its ambition is to respect, respond to, and preserve the 
Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project is 
designed to be observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 
Records Building and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 
parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 
building at 6316-6324 Yucca Street. Several of these historic resources are located within the Hollywood Boulevard 
Commercial and Entertainment District, a National Register listed historic district located just south of the Project 
Site. 

Composed of commercial properties from the first half of the 20th Century, contributing properties to the 
Hollywood Boulevard Commercial and Entertainment District include a wide variety of property types including 
single-story storefronts, two-story commercial blocks, department stores, theaters, high-rise office buildings and 
hotels. 

The Capitol Records Building is a unique building whose cylindrical form has always been visible from portions of 
Hollywood, Vine Street from the south, and the freeway from the north. The Capitol Records Building and the 
iconic buildings in the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, 
Pantages Theater, Equitable Building) will maintain their prominence after implementation of the Project. 
Portions of the Hollywood Walk of Fame (L.A. Historic Cultural Monument #194) are located along Vine Street 
between Yucca Street and Sunset Boulevard and will be protected. 
The protection of Hollywood's historic resources and unique character is an important objective of the Project. The 
guidelines and standards contained in this document were created in part to ensure the protection of historic 
resources within the Project Site and minimize potential adverse affects to historic resources from new 
development. Key Project objectives regarding historic resources include: 

1) Preservation, maintenance, and rehabilitation of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) Protection and preservation of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194) will need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined in the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect of the Project. 

3) Incorporation of ground-floor open space and building setback requirements to moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywood Boulevard Commercial and Entertainment District, and important view corridors 

to the Hollywood Hills. See sections 1.2.2 c, 6.1, 6.9, 7.1, 7.S, 8.1 and 8.2 of this document. 

4) Incorporation of ground-floor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7.S, 
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5) 8.1 and 8.2 of this document. 

6) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristics, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 
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4. DENSITY 

4.1 Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel within the Project Site, as long as the minimum and maximum building heights in the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

4.2 Maximum OEGSF Density Per Area 

A land use equivalency program ("Equivalency Program") to provide flexibility for a thoughtful range of 
modifications to the land use and square footages within the West Site and East Site and across the Sites 
will be developed in connection with the environmental review for the Project and is authorized by the 
Regulations. The Equivalency Program would permit a transfer of floor area among parcels in the West 
Site and East Site whereby square footage increases in one land use category can be exchanged for 
corresponding decreases in other permitted land use categories as long as the environmental 
considerations of land uses in the ultimate development scenario was analyzed in the Environmental 
Impact Report for the Project. Rate of conversation between land uses will be based on a maximum 
office-equivalent gross square feet ("OEGSF") to maintain vehicular trip totals equivalent to and not 
exceeding those studied in the Environmental Impact Report for the Project. The total density permitted 
in the West Site and East Site is further limited by the development zones A, B, C and D (see Fig. 5.1). 

4.3 Use Coordination / Use Compatibility 

[To be completed.] 
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5. HEIGHT 

5.1 Building Height Standards 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 
in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Building. 

--~) ~--------'J 

JIJ 

D 
D 

Fig. 5.1 Height Zones 
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6. BUILDING AND STREET EXPERIENCE 

6.1 Tower Massing Standards 

6.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 SO 
13,325 East Site 10 

12 
6.1.2.d.l 

9,042 West Site 151 6.1.2.d.2 

15 SO 
17,380 East Site 10 

10 
6.1.2.c.l 

11,794 West Site 151 6.1.2.c.2 

28 SO 
22,745 East Site 10 

8 
6.1.2.b.l 

22,016 West Site 151 6.1.2.b.2 

48 nfa 
55,616 East Site 10 

5 
6.1.2.a.l 

37,742 West Site 151 6.1.2.a.2 

Table 6.1.1 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2. 

6.1.2 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Figs. 6.1.2.a.l- 2.) 

6.1.3 At least 50% of total floor area must be located below 220 feet. 

6.1.4 Tower wall articulation: 

a. Minimum 10% of tower aggregate area shall be articulated . 

6.1.5 Types of permitted articulations for tower walls: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 
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The following developments are for illustrative purposes only. 
Maximum Lot Coverage and Tower Floor Plate - Figs. 6.l.2.a - d. 

D 

EAST SITE -SITE PLAN 

CD MIN IMUM 10' SETBACK ALONG VINE STREET 

o MIN IMUM 20' SETBACK ABOVE 150 ' 

CD MINI MUM 10' SETBACK ABOVE 150 ' 

YUcca Street 

CD 10' EASEMENT FROM CAPITOL RECORDS TOWER 

MAX TOWER -----, 
HEIGHT 220' 

ON 48% OF SITE 

MAXIMUM BASE HEIGHT 

fil!. 6.1.2.a.l: East Site - 220 Feet Maximum Tower Heil!ht 

CENTER LINE OF VI NE STREET 

TOWER MAY BE LOCATED I ANYWHERE WITHIN THIS I ENVELOPE 

./)';11'----- MINIMUM 10' SETBACK 
ALONG STREET 

MINIMUM 10' SETBACK 
ALONG STREET / OPEN SPACE 

MINIMUM 10' SETBACK ALONG VINE STREET 

'------ 5% PUBLIC OPEN SPACE 
5,793 SF 
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WEST SITE - SITE PLAN 

G) MINIMUM 80' SEPARATION BETWEEN "TOWERS" ON SAME SITE 

(;) MINIMUM 15' SETBACK ALONG VINE STREET 

® MINIMUM 15' SETBACK ABOVE 40' 

@) MINIMUM 10' SETBACK ALONG YUCCA STREET 

® MINIMUM 10' SETBACK ABOVE 150' 

TOWER MAX 
HEIGHT 220' 

ON 48% OF SITE 

MAXIMUM BASE HEIGHT 

MINIMUM 10' SETBACK 
ALONG STREET 

MINIMUM 15' TOWER SETBACK 
ABOVE 40' 

fig. 6.1.2.a.2: West Site - 220 Feet Maximum Tower Height. 
-lS-

STREET EXRIENCE 

TOWER MAY BE LOCATED 
,--- ANYWHERE WITHIN THIS 

ENVELOPE 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

r MINIMUM 15' SETBACK 
ALONG VINE STREET 

A;,.L--- 5% PUBLIC OPEN SPACE 
3,931 SF 

..---- MAXIMUM BASE HEIGHT 
FRONTING VINE STREET 

"" I 
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EAST SITE - SITE PLAN 

<D MI NIMUM 80' SEPARATION BETWEEN 'TOWERS" ON SAME SITE 

® MINIMUM 20' SETBACK ABOVE 150' 

® MAXIMUM 40% OF STREElWALL CAN EXCEED MAXIMUM STREETWALL HEIGHT 

o MINIMUM 10' SETBACK ABOVE 150' 

® 10' EASEMENT FROM CAPITOL RECORDS TOWER 

BETWEEN 220' AND 400' 
TOWER CAN OCCUPY 

28% OF SITE 

MINIMUM 10' SETBACK 
ALONG STREET I OPEN SPACE 

MAXIMUM BASE HEIGHT 

fig. 6.1.2.b.l: East Site - 400 Feet Maximum Tower Height 

STREET EXRIENCE 

CENTER LINE OF VINE STREET 

,------------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

r---------- EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

r---- MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220 ' 

MINIMUM 10' SETBACK 
ALONG STREET 

MINIMUM 10' SETBACK ALONG 
VINE STREET 

'---------- TOTAL 8% PUBLIC OPEN SPACE 
6,290 SF 
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WEST SITE - SITE PLAN 

G) MINIMUM 80' SEPARATION BETWEEN 'TOWERS" ON SAME SITE 

(;l MIN IMUM 15' SETBACK ALONG VINE STREET 

® MINIMU M 15' SETBACK ABOVE 40' 

® MINIMU M 10' SETBACK ALONG YUCCA STREET 

® MAXIMU M 40% OF STREET WALL CAN EXCEED MAXIMUM SREET WALL HEIGHT 

® MINIMU M 10' SET BACK ABOVE 150' 

BETWEEN 220' AND 400' -------, 
TOWER CAN OCCUPY 

28% OF SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

MAXIMUM BASE HEIGHT 

MINIMUM 10' SETBACK -----' 
ALONG STREET 

MINIMUM 15' TOWER SETBACK -----------""'~: 
ABOVE 40' 

fig. 6.1.2.b.2: West Site - 400 Feet Maximum Tower Height -17-

STREET EXRIENCE 

,------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

.------- EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

MINIMUM 15' SETBACK 
ALONG VINE STREET 

8% PUBLIC OPEN SPACE 
6,290 SF 

14U' 0---- MAXIMUM BASE HEIGHT 
FRONTING VINE STREET 

'j 
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D 

EAST SITE - SITE PLAN 

<D MINIMUM 80' SEPARATION BETWEEN "TOWERS" ON SAM E SITE 

o MINIMUM 20' SETBACK ABOVE 150' 

@ MAXIMUM 40% OF STREETWALL CAN EXCEED MAXI MUM STREETWALL HEIGHT 

@) MINIMUM 10' SETBACK ABOVE 150' 

® 10' EASEMENT FROM CAPITOL RECORDS TOWER 

BETWEEN 220 ' AND 550 ' ----------, 
TOWER CAN OCCUPY 

15% OF SITE 

MINIMUM 10' SETBACK 
ALONG STREET I OPEN SPACE 

MAXIMUM BASE HEIGHT 

fig. 6.1.2.c.1: East Site - 550 Feet Maximum Tower Height 

STREET EXRIENCE 

Q) 
::::J 
C 
Q) 

~ 

CENTER LIN E OF VINE STREET 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

r-------- TOWER MAY BE LOCATED 

1 ANYWHERE WITHIN THIS 
" ENVELOPE 

r---- MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220 ' 

MINIMUM 10' SETBACK 
ALONG STREET 

~----- MINIMUM 10' SETBACK ALONG 
VINE STREET 

L-____ TOTAL 10% PUBLIC OPEN SPACE 

11 ,587 SF 
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WEST SITE -SITE PLAN 
CD MINIMUM 80' SEPARATION BETWEEN "TOWERS" ON SAME SITE 

® MINIMUM 15' SETBACK ALONG VINE STREET 

® MIN IMUM 15' SETBACK ABOVE 40' 

@ MINIMUM 10' SETBACK ALONG YUCCA STREET 
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® MI NIMUM 10' SETBACK ABOVE 150' 
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TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

BETWEEN 220' AND 550' ~ 
TOWER CAN OCCUPY EXAMPLE OF TOWER 

15% OF SITE THAT OCCUPIES SITE 

--"-.., - , - ' 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

"~ .. ... . . 

'" ... ~: .. '" 

MINIMUM 15' TOWER SETBACK ---------"q,...-l: 
ABOVE 40 ' 

fig. 6.1.2.c.2: West Site - 550 Feet Maximum Tower Height 
-19-

MINIMUM 15' SETBACK 
ALONG VINE STREET 

.".."----- 10% PUBLIC OPEN SPACE 
7,863 SF 

---- MAXIMUM BASE HEIGHT 
FRONTING VI NE STREET 

It 
- ,----

~ 
I I e 

L 

r-
/' 

<Il 
::l 
c 
<Il 
> 

<C 
<Il 
;;, 
OJ 

~ 

a 40' 160' 
I.a .... I 

AR0067720 



CO-0001-706 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT BUILDING AND 
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CD 
:::> 
c 
CD 

~ 

EAST SITE - SITE PLAN 
<D MIN IMUM 80 ' SEPARATION BETWEEN 'TOWERS" ON SAME SITE 

® MINIMUM 20' SETBACK ABOVE 150' 

Q) MAXIMU M 40% OF STREETWALL CAN EXCEED MAXIMUM STREETWALL HEIGHT 

<D MIN IMUM 10' SETBACK ABOVE 150' 

® 10' EASEMENT FROM CAPITOL RECORDS TOWER 

BETWEEN 220' AND 585' --------, 
TOWER CAN OCCUPY 

11,5% OF SITE 

MINIMUM 10' SETBACK 
ALONG STREET I OPEN SPACE 

MAXIMUM BASE HEIGHT 

fig. 6.1.2.d.l: East Site - 585 Feet Maximum Tower Height 

STREET EXRIENCE 

CD 
:::> 
c 
CD 

~ 

CENTER LINE OF VINE STREET 

,---------------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

,---------- EXAMPLE OF TOWER 
THAT OCCU PIES SITE 

,-------- ROOFTOP OPEN SPACE AND 
VIEW DECK REQUIRED FOR 
BUILDINGS ABOVE 550' 

,---- MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

'NI'--4--- MINIMUM 10' SETBACK 
ALONG STREET 

~----- MINIMUM 10' SETBACK ALONG 
VINE STREET 

'----- TOTAL 12% PUBLIC OPEN SPACE 
13,904 SF 
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WEST SITE -SITE PLAN 
G) MINIMUM 80' SEPARATION BETWEEN "TOWERS' ON SAME SITE 

® MINIMUM 15' SETBACK ALONG VINE STREET 

® MINIMUM 15' SETBACK ABOVE 40 

o MINIMUM 10' SETBACK ALONG YUCCA STREET 

® MAXIMUM 40% OF STREET WALL CAN EXCEED MAXIMUM SREET WALL HEIGHT 

® MINIMUM 10' SETBACK ABOVE 150' 

BETWEEN 220' AND 585 ' -----, 
TOWER CAN OCCU PY 

11.5% OF SITE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

MAXIMUM BAS E HEIGHT 

MIN IMUM 10' SETBACK -----' 
ALONG STREET 

MINIMUM 15' TOWER SETBACK 
ABOVE 40 ' 

fig. 6.1.2.d.2: West Site - 585 Feet Maximum Tower Height 
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9,435 SF 
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FRONTING VINE STREET 
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6.2 Street Walls 

6.2.1 A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 
required street wall within the permitted ranges is required in order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and architectural 
building details which emphasize and reflect the presence and importance of the pedestrian 
environment; massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un-articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Street Wall Standards 

6.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located a 
minimum 10 feet from the property line along Vine Street on the East Site and 15 feet 
along Vine Street on the West Site. 

b. A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

6.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b) and (c) below. 

b. Street walls fronting Vine Street on the East Site shall be built to a maximum height of 
40 feet above curb level except as noted in item (c) below. 

c. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 

-22-

AR0067723 



CO-0001-709 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT BUILDING AND 

__ I I 

CAPITOL RECORDS aUILDING 
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fig 6.3.2: Street Wall 

,--________ --,-____ .MM.§8[J:!J._ -------' 

LOT LINE 

6.3.3 

(f..) 

n 
.... LOT LINE 

---.- - MIN. 10% ARTICULATED 
, TOINER WALL 

- f-- AREA OF PERMITED STREET 
WALL ARTICULATION 

STREET WALL 
MIN. 30' HT 

TOWER 

STREET 
WALL 

I 

LOT LINE ----.j 

I 

1-- -- - -1- = 

I

, r--- 60% ----1- 40% -:-
MAX. 150' MAX. 585 

C~) 
fig. 6.3.3: Street Wall Articulation 

Types of permitted articulation of a required street wall: 
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STREET EXRIENCE 

@ 40% OF AGGREGATE 
WIDTH OF STREET WALL 
CAN EXC EED 150' 
UP TO TOWER HEIGHT 

:El) 40% OF AGGREGATE 
WIDTH OF STREET WALL 
CAN EXCEED 40' 
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a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 

grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Commercial marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5'-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

6.4 Street Wall Guidelines 

6.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

6.5 Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5.2 Commercial Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. Front Yard: none. 

b. Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in width be required. 
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c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

6.6 Building Materials and Color Guidelines 

6.6.1 The goal of the building materials and colors is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will address the fa~ade treatment for both residential and 
commercial portions of buildings. 

a. Buildings shall feature long-lived and sustainable materials. The material palette shall 

provide variety, reinforce massing and changes in the horizontal or vertical plane. 

b. Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

d. The architecture of the building shall clearly delineate an architectural style, and shall 
not appear as a simplified version thereof, with appropriate fenestration patterns, 
architectural features, proportions and materials. 

e. The building's skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective glass will be avoided. Glazing will have the minimum 
amount of reflectivity or tinting required to achieve energy efficiency standards. 

f. In buildings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. There will be clear contrast between the 
building's surface material and the building's glazed areas. 

g. In general, the overall massing, roof forms, materials, and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shall include a variation in wall planes and height as well as 
roof forms to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

h. To provide visual variety and depth, the building skin shall be layered and designed with 
a variety of textures that bear a direct relationship to the building's massing and 

structural elements. The skin shall reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

i. Rooftop mechanical equipment shall be screened with materials and the design shall be 
consistent with the building's architecture. 

j. Design the color palette for a building to reinforce building identity and complement 
changes in the horizontal or vertical plane. 
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6.7 Grade level Standards 

6.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 

regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 12'-0" height floor to ceiling. 

6.7.3 Building entrances: 

a. The primary entrance to a street level tenant space that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public street shall be provided from a courtyard, 
grade level open space, or publicly accessible passageway. Entries less than 18 inches 
from the property line shall not be higher than 12 inches above the elevation of the 
sidewalk; entries greater than 18 inches from the property line shall be within 30 inches 
of the adjacent grade level along street frontages. Where possible entries shall be 
marked using architectural elements such as porches, gateways, entry alcoves, awnings, 
canopies, or portals. 

b. All retail spaces shall be accessed primarily from a ground floor, single-tenant entry 
along a street, plaza or passageway. Where reasonably practicable given architecture 
and tenant requirements, access to different tenant spaces sha ll occur at a maximum 
interval of 60 feet. 

c. Main building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances. 

d. In addition to the building's required primary entrance(s), there may be ancillary 
entrances to the building from parking garages. 

6.7.4 Ground Floor Glazing 

a. Use of clear, colorless and transparent glazing is required within the first 30 feet above 
curb level. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing shall constitute a minimum of 30% of the area of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercial/Office / Retail that abuts an alley 

a. Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley. Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches in height opening from the building it is 
to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

a. Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

b. Service, utility, and mechanical functions, including retail loading, shall be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

c. Service, utility, and mechanical equipment that is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipes, along 
with utility box transformers, shall be screened. 

d. All screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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e. Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the enclosure(s) to screen them and deter 
graffiti. 

f. Trash enclosures and retail loading areas shall be sited to minimize nuisance to adjacent 
properties. 

g. The location of trash enclosures shall be easily accessible for trash collection and should 
not impede general site circulation patterns during loading operations. 

h. Mechanical equipment shall vent to an alley wherever possible. 

i. Roof-vent penetrations and mechanical equipment shall be located at least 10 feet from 
any exterior Building Face. 

j. Gutters and downspouts shall be made of galvanized steel, copper (not copper coated), 
or aluminum. 

6.7.8 Retail Storefronts 

a. Storefronts shall comprise a minimum of 70% of the building's street level fa~ade and be 
recessed where necessary. 

b. Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along all other streets. 

c. All retail space shall have a minimum 12 feet finished ceiling clearance. 

d. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

e. Storefront openings shall be no shorter than 12 feet above the adjoining grade for 90% 
of the required storefront frontage. 

f. Security grilles will be located behind glass and be at minimum 70% open. 

g. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectivity. 

h. Awnings shall not obscure storefront signage. Vinyl awnings are not permitted. 

6.8 Podium Standards 

6.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment of the building's base, middle and top 
through the vertical articulation of the street wall fa~ade by the use of balconies, projections, 
recesses, fenestration and changes in massing, color, material or other elements. 
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6.9 Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes a clear pattern on the fa~ade (with special 
attention paid to facades that are visible from a public street) and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the building's ground floors and upper floors shall be provided. 
This break may include a change in material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.S An expression band shall be provided at the highest story within the podium. 

6.9.6 While blank street wall fa~ades shall be avoided, an exception may be made for integration of 
public art or an articulated fa~ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fa~ade shall be a maximum of four floors high, and shall have variation in its 
surface plane (using cutouts, insets or pop-outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

6.10 Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is an integral element that fronts open spaces on both 
East and West Sites. Its adjacency to the public plazas requires a compatibility and cohesiveness. 

6.10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as lighting, paving, 
rhythmic tree plantings and continuous open spaces in a consistent palette of materials and 
furnishings. 

6.11 Screening Standards 

6.11.1 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 

6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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7. TOWERS 

7.1 Purpose 

7.1.1 Towers shall have their massing designed to reduce overall bulk and to appear slender. 

7.1.2 Towers shall be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They shall not appear overwrought or to have over-manipulated elements. 

7.1.3 Towers that emulate a more streamlined modern style shall provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

7.1.4 If a project has more than one tower, the towers shall be complementary to each other and 
employ the same architectural design approach. 

7.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historicized. 
They are contemporary forms in the skyline and shall appear as such. 

7.2 Projections 

7.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wireless masts; and 

d. Solar energy devices and similar structures. 

7.2.2 Permitted building elements or equipment in Section 7.2.1 shall be screened as practical and 
based on building design except if such projections - e.g., flagpoles or steeples - are part of the 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

7.3 General Standards 

7.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 
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7.4 Wall Standards 

7.4.1 All walls are required to be articulated. 

7.4.2 The following types of articulation of a tower wall are permitted: 

a. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

c. Bay windows. 

fig. 7.4.2.a: Balcony/Recess fig. 7.4.2.b: Bay Window 
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7.4.3 Balcony: a balcony shall be integral to the fa~ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern. Balconies are encouraged to create a complex 
and varied pattern along the fa~ade using various balcony sizes and architectural configurations 
and shall be a minimum 75% t ransparent.. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces. Long balconies resembling corridors 
are prohibited . 

fig. 7.4.3.a: Recess/Balcony: Integral Balcony 
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7.5.1 Towers shall be spaced to provide privacy, natural light and air, as well as to contribute to an 
attractive skyline. 

7.5.2 Generally, any portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
(staggered), 2) the largest windows in primary rooms are not facing one another, or 3) the 
towers are curved or angled. See fig. 7.5.2. 

MINIMUM BO' SEPARATION BEWlEEN "TOWERS" ON SAME SITE 

III BUILDING HEIGHT GREATER THAN 150' 

fig. 7.5.2: Tower Spacing 
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7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 8.S. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materials and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions of the building. 

7.7.3 Roof mechanical equipment shall be screened. 
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8. OPEN SPACE 

8.1 Overview 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

8.2 Grade Level Open Space Standards 

8.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be S% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Fig. 6.1.2.a.1- 2) 

8.2.3 An additional 3% of open space (total 8%) shall be required for buildings between 221 feet and 
400 feet. (See Fig. 6.1.2.b.1- 2) 

8.2.4 An additional S% (total 10%) of open space shall be required for buildings between 401 feet and 
SSO feet (See Fig. 6.1.2.c.1- 2) 

8.2.S An additional 7% (total 12%) of open space shall be required for buildings taller than SSO feet. 
(See Fig. 6.1.2.d.1- 2) 

8.2.6 Location 

a. East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any point on each of the boundaries of the open space area, except 
when contiguous with larger open space a portion can be less than 10 feet but for a 
distance no longer than 7 feet. 
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Figs 8.1.1- 8.1.4: Grade Level Open Space 

figs 8.1.1 Open Space Requirements for Maximum Building Height at 220 Feet 
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figs 8.1.3 Open Space Requirements for Maximum Building Height at SSO Feet 
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8.3 Passageway Standards 

8.3.1 A publicly accessible passageway is a continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 Location and Size standards: 
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a. The major portion of a publicly accessible passageway is the largest area of the 
passageway and the area of primary use. Major portions shall be generally regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shall occupy no less than 75 percent of the total 
passageway area and shall not be less than 20'-0" wide. 

b. Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
shall not occupy more than 25 percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 
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8.3.4 Permitted Obstructions: 

a. The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be as follows: 

(i) Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equipment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains, and bicycle racks; open-air cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag poles; public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 

fig. 8.3.4: View from Argyle Avenue Along PAP Towards Capitol Records 

-39-

AR0067740 



CO-0001-726 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT OPEN SPACE 

and bollards. 

8.3.5 Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Building in conformance with the Building Code. Kiosks, including roofed areas, shall not 
count as floor area, exceed 3% of the total area of the publicly accessible passageway, 
or occupy an area of more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will count as floor area. 

8.3.6 Open-Air Cafe: 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have waiter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the publicly accessible passageway. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may be reserved for 
customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be installed within an 
open-air cafe. Cooking equipment may be contained in a kiosk adjoining the open-air 
cafe. An open-air cafe qualifying as a permitted obstruction shall be excluded from the 
definition of floor area. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

b. No exhaust vents are permitted on any publicly accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 10'-6" above the level of the passageway. 
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8.3.9 Frontages: 

a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a publicly accessible passageway shall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the publicly 
accessible passageway with an entrance required every SO' at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

a. The building owner shall be responsible for the maintenance of the publicly accessible 
passageway including, but not limited to, the confinement of permitted obstructions, 
litter control, and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. Litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubic foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway in connection with outdoor eating services or other uses permitted on 
passageway which generate litter. 

8.4 Roof-top Open Space 

8.4.1 Buildings above 550 feet shall include roof-top open space. 

8.4.2 Roof-top open space shall include an observation area (i.e., viewing deck) accessible to the 
public. 

8.4.3 Roof-top open space may include a cafe. 

8.5 Residential Common Open Space 

8.5.1 Common open space is intended to be: a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 

8.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 
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b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

c. Open space shall be open to the sky and have no structures that project into the 
common open space area, except as permitted in the Zoning Code. 

d. Common open space shall be readily accessible to all the residents of the Site. 

e. Common open space shall have a minimum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

f. Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
may be considered as common open space. 

i. Refer to LAMC 12.21.G for additional open space requirements. 

8.6 Residential Private Open Space 

8.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a. Private open space shall contain a minimum area of SO square feet, of which no more 
than SO square feet per dwelling unit shall be attributable to the total required usable 
open space. 

b. Private open space shall have no horizontal dimension less than six feet when 
measured perpendicular from any point on each of the boundaries of the open space 
area. 

c. Private open space shall provide a minimum eight-foot vertical clearance under any 
projection, except as permitted in the Zoning Code. 

d. That portion of a balcony which extends or projects into a required front yard in 
compliance with Zoning Code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items a-c. 
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9. LANDSCAPE 

9.1 Grade Level Open Space Standards 

9.1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 Landscaped area(s) shall be planted with seasonally diverse plant material. [LACP to provide 
language 30% California native] 

9.1.3 The landscaped portion of open space may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

9.1. 7 Open-air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

9.2 Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36-inch box tree for every four dwelling units shall be provided on-site and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 
accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 3~-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 
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fig. 9.3.a: Movable Seating fig. 9.3.b: Open Air Cafe 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or multiple 
planted areas. The minimum size of a single planted area shall be 100 square feet. 

9.3.2 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

a. A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area(s) shall be planted with seasonally diverse plant 
material. 

,,~BACK 

"I : : 12"MIN. 

12"M I N. -T~ 
36" MAX'l ACCESS \J 

30" MIN. 

ACCE~ ~CESS 
PLAN SECTION - SINGLE SEAT SECTION - DOUBLE SEAT 

fig. 9.3.5: Seating Standards 

9.3.5 Seating 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicly accessible passageway excluding the area of an open-air cafe. 

b. One seat shall equal 2 linear feet. 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(ii) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs (i) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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9.4 Tree Planting Guidelines 

9.4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regular spacing of the street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microclimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks leading to or abutting the development. 

9.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

9.5 lighting Standards 

9.5.1 Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
building base-level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

9.5.2 Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open publicly 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, i.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0-foot candles on a horizontal 
plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

f. All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off-site uses. 

g. Light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 
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9.5.3 Responsibility for maintenance: 

a. The Building Owner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No luminaire or lighted element which is to meet these requirements 
shall be out of commission for more than 10 consecutive days. 

b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building 
Owner. 

9.5.4 Lighting for areas located inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighting for above-grade parking garage facilities shall utilize "white" light sources and the 
luminaires' brightness shall be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire placement, or integral 
lumina ire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

9.6 Publicly Accessible Passageway lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. Light sources 
shall be white light. 

9.7 Continuity of Design 

9.7.1 Design elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Project's way-finding features. 

9.7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade level. 
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10. PARKING 

10.1 Automobile Standards 

10.1.1 Base Standards 

The following standards shall apply for the base level of parking to be provided as the minimum 
for each use in the project area. The Regulations set forth below incorporate the parking 
requirements in the LAMC, where applicable, and supersede the LAMC requirements for 
development in the Development Agreement area . 

a. Commercial/Office / Retail: 

Two parking spaces for everyone thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
research and development buildings on any lot. The Regulation incorporate applicable 
parking requirements in the LAMC as set forth below. 

b. Sports Club: 

When a sports club is located in a building with 50,000 office equivalent square feet of 
non-sports club space, the general commercial use parking requirements apply and two 
parking spaces are required for everyone thousand square feet of floor area for the 
building. If the sports club is not in such a building, one space is required for one 
hundred square feet of floor area for the sports club portion of the building. 

c. Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

d. Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; one-and
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

e. Combination of Uses: 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 

a. Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns in a 24-hour 
cycle or between weekends and weekdays. The intent is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to its construction. 
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b. Calculating Shared Parking: 

10.2 Additional Regulations 

(i) The individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand." 

(ii) The Base Demand will be adjusted by the number of bicycle spaces 
required per section 10.4. The following internal use reduction factors 
shall also be applied when 10,000 office equivalent square feet each of 
office, residential and other commercial uses will all be active on the 
Site: 

Internal Use Reduction Factors 
Residential 
Hotel 
Office 
Other Commercial 

5% 

5% 

15% 
15% 

The resulting minimum automobile parking rates shall be applied to 
the proposed building(s) to be constructed in each phase of 
development. 

(iii) For parking spaces that are to be shared between uses, the calculated 
minimum parking requirement for the Site, including that new phase 
of construction, is to be adjusted based on the procedures in Shared 
Parking, Urban Land Institute, 2nd Edition (2005) . 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to serve or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to serve, the 750-foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than 50 feet to the intersection of two streets 
unless approved by The Department of Transportation to be a leg of the intersection. 

10.2.3 Access driveways to parking facilities not at signalized intersections shall not exceed 28 feet in 
width. The minimum separation between drives located along the same frontage shall be 50 
feet. 

10.2.4 Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking structures shall be given to bike parking, car-share parking, and 
other alternative ride vehicles. 
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10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking shall be lined with habitable floor area having a minimum depth of 20 feet 
along street frontages where feasible, or shall be designed to blend in with the form and massing 
and to look like an integral part of the building, or by landscaping, or a combination thereof. The 
interior of a parking structure shall be designed to be screened from the view of streets and 
sidewalks. 

10.4 Bicycle Standards 

10.4.1 Requirements for each use: 

a. Commercial/Office / Retail: 

For uses listed below a minimum of 2 short-term and 2 long-term bicycle parking spaces 
shall be provided. 

Land Use Short Term Bicycle Parking Long Term Bicycle Parking 

Office 1 per 10,000 sq. ft. 1 per 5,000 sq. ft. 

Health Clubs 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Restaurant and Bars 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Restaurant (less than 2 per restaurant 2 per restaurant 
1,000 square feet) 

Retail (General) 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Retail (Furniture) 1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 

Hotel 1 per 20 guestrms 1 per 20 guestrms 

All other commercial 1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 
uses 

COMBINATION OF USES. Where there is a combination of uses on a lot, the number of 
bicycle parking spaces required shall be the sum of the requirements of the various 
uses. 

b. Residential: 

For all residential buildings containing more than three dwelling units, or more than five 
guest rooms, long- and short-term bicycle parking shall be provided. Long-term bicycle 
parking shall be provided at a rate of one space per dwelling unit or guest room. In 
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addition, short-term bicycle parking shall be provided at one space per ten dwelling 
units or guest rooms. A minimum of two short-term bicycle parking spaces shall be 
provided in such cases. 

(i) In instances where a building may contain both dwelling units and 
guest rooms, the sum of dwelling units and guest rooms shall be used 
to determine the amount of long and short-term parking. Any 
combination that results in more than five combined dwelling units 
and guest rooms will require bicycle parking. 

10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan. 

10.5.2 The transportation demand management plan shall set forth best practices that relate to the 
Project Site and the Project's building design features in order to: 

a. Promote bicycle and pedestrian circulation within the Project Site. 

b. Promote alternative modes of transportation. 

c. Create pedestrian linkages to public and private amenities outside the Project Site. 

d. Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

e. Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an only optional part of all lease and 
sale agreements. 
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11. SIGNAGE 

11.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 176172: Hollywood Signage Supplemental Use District pursuant 
to Section 13.11 of the Los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig. 11.2. 
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fig. 11.2: High Rise Sign 
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12. SUSTAINABILITY 

12.1 Non-Residential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 
square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of SO or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED® AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USGBC) LEED® 
Certified level. Formal certification by the USG BC is not required. 
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13. DEFINITIONS 

Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

Base: the lower portion of a building located at or within 150' above curb level. 

Canopy: glazing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

Expression band: a distinctive linear architectural element occurring on the building base facade at the 
highest floor. The band shall be contrasting in color, texture, material and/or fenestration from the 
adjacent building base facade. Projections may occur within an expression band. 

Grade level open space: a continuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, measured from the adjacent street curb 
level. 

Maintenance: the ongoing repair, care and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general public, and as noted 
herein . Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space, which are defined herein . 

Preservation: the act or process of applying measures necessary to sustain the existing form, integrity, 
and materials of an historic property. 

Publicly accessible passageway: a continuous through-block public connection between two parallel 
streets, located on privately owned land and designated for and designed to encourage public 
pedestrian circulation and other appropriate public uses. 

Rehabilitation: the process of returning a property to a state of utility, through repair or alteration, which 
makes possible an efficient contemporary use while preserving those portions and features of the 
property which are significant to its historic, architectural, and cultural values. 

Required street wall: a wall or portion of a wall of a building facing a street or grade level open space 
which must be built to a minimum height above curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on a street at the level of any story. The width of a required street wall 
articulation is measured in plan as the width of the street line from which perpendicular lines may be 
drawn to such required street wall articulation . 

Residential common open space: a Ifrear yard" providing light and air to apartments on the interior of a 
parcel located at any story above curb level, and accessible only to residents. 

Residential private open space: open space that is contiguous to and immediately accessible only from a 
single dwelling unit. 
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Notes: 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape in which a building has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views, sidewalks, and street trees. 

Storefront: the architectural facade, including doorways, of any tenant-leased premise perimeter 
adjacent to public circulation areas. Storefronts refers to all permitted retail uses including retail, service, 
restaurants and cultural establishments. 

Tower: the portion of a building located above 150' above curb level. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Hollywood 
LLC unless otherwise noted. 
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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. 
Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, signage, lighting, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and insure 
design continuity will be carried through to the full implementation of the Project. 

c. Establish basic site-wide development standards and criteria that serve to maintain the 
integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide the 
development for the Project Site. 

e. Ensure compliance with the Development Objectives. 
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1.2 Development Objectives 

1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve the Capitol Records Building and the Gogerty Building according to established 
preservation guidelines (the Secretary of the Interior's Standards for Rehabilitation and 
guidance provided by Office of Historic Resources). 

b. Preserve public views from certain key vantage points to the Capitol Records Tower by 
creating grade level open space / civic plazas on the East Site adjacent to the Jazz Mural 
and Capitol Records Building and West Site across from the Capitol Records. 

c. Preserve existing view corridors from certain key vantage points to the Hollywood Hills. 

fig. 1.2.2.b-c: Capitol Records View Corridors 
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d. Create civic plazas that are activated by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing it as an urban node. Reinforce the urban and historical 
importance of the intersection of Hollywood and Vine by the creation of an active street 
life focused on Vine Street. 

e. Encourage street life by the creation of a new pedestrian connection between Ivar 
Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit open and green spaces for both the on-site and 
off-site population. 

fig 1.2.2.d: View North Along Vine Street 

g. Create a 24 hr community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of current on-site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 
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j. Establish standards to address architectural excellence. 

k. Provide designs that address, respect and complement the existing context, including 
standards for ground-level open space, podium heights and massing setbacks that 

minimize impacts to the historic setting. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation in the use of materials, 
energy and development space. 

m. Create buildings that emphasize the vertical architecture and become visible icons. 

n. Develop a visual gateway to Hollywood from the Hollywood Freeway. 

fig. 1.2.2.n: Hollywood: A major urban center and gateway to the Los Angeles basin. 
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1.3 Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards impose strict 
requirements for new development. For example, the Regulations include specific setback requirements 
along Vine Street. There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principal design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
For instance, fa~ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate fa~ade treatment by providing a limited range of 
choices in the use of material and color for the fa~ades. 

1.4 Relationship to the los Angeles Municipal Code 

1.4.1 The Development Regulations are approved by the City of los Angeles City Council and are 
incorporated in the Development Agreement, authorized pursuant to California Government 
Code 65864, et seq., entered into by the City of Los Angeles and ________ _ 
("Millennium Development Agreement") on ______ _ 

1.4.2 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the Los Angeles Municipal 
Code ("LAMC") that apply to the Project Site, the Regulations shall prevail pursuant to the 
Millennium Development Agreement approved by the City Council. 

-5-

AR0067807 



CO-0001-793 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT BACKGROUND 

2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 
occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercial and on grade open parking. The topography 
has a natural incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to SE) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 
as part the Project. 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is zoned Commercial (C2). The City General Plan land use designation is 
Regional Center commercial. 

2.2.2 The Project Site is within the Special Sign District and within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of 
Los Angeles. 

2.2.3 Notwithstanding any provision in these Regulations, residential floor area is not permitted 
within 500 feet of any freeway. 

2.2.4 Floor Area Ratio: 6:1 

2.2.5 Height District: No.2 
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3. HISTORIC RESOURCES AND SETTING 

3.1 Overview 

The Project Site is located in a historically rich area of Hollywood that contains a number of recognized historic 
resources. This Project is a preservation project in that its ambition is to respect, respond to, and preserve the 
Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project is 
designed to be observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 
Records Tower and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 
parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 
building at 6316-6324 Yucca Street. Several of these historic resources are located within the Hollywood Boulevard 
Commercial and Entertainment District, a National Register listed historic district located just south of the Project 
Site. 

Composed of commercial properties from the first half of the 20th Century, contributing properties to the 
Hollywood Boulevard Commercial and Entertainment District include a wide variety of property types including 
single-story storefronts, two-story commercial blocks, department stores, theaters, high-rise office buildings and 
hotels. 

The Capitol Records Building is a unique building whose cylindrical form has always been visible from portions of 
Hollywood and Vine from the south and the freeway from the north. The Capitol Records Tower and the iconic 
buildings in the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, Pantages 
Theater, Equitable Building) will maintain their prominence after implementation of the Project. 
Portions of the Hollywood Walk of Fame (L.A. Historic Cultural Monument #194) are located along Vine Street 
between Yucca Street and Sunset Boulevard and will be protected. 
The protection of Hollywood's historic resources and unique character is an important objective of the Project. The 
guidelines and standards contained in this document were created in part to ensure the protection of historic 
resources within the Project Site and minimize potential adverse affects to historic resources from new 
development. Key Project objectives regarding historic resources include: 

1) Preservation, maintenance, and rehabilitation of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) Protection and preservation of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194) will need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined in the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect of the Project. 

3) Incorporation of ground-floor open space and building setback requirements to moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywood Boulevard Commercial and Entertainment District, and important view corridors 

to the Hollywood Hills. See sections 1.2.2 c, 6.1, 6.9, 7.1, 7.S, 8.1 and 8.2 of this document. 

4) Incorporation of ground-floor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7.S, 
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8.1 and 8.2 of this document. 

5) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristics, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 
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4. DENSITY 

4.1 Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel within the Project Site, as long as the minimum and maximum building heights in the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

4.2 Maximum OEGSF Density Per Area 

A land use equivalency program ("Equivalency Program") to provide flexibility for a thoughtful range of 
modifications to the land use and square footages within the West Site and East Site and across the Sites 
will be developed in connection with the environmental review for the Project and is authorized by the 
Regulations. The Equivalency Program would permit a transfer of floor area among parcels in the West 
Site and East Site whereby square footage increases in one land use category can be exchanged for 
corresponding decreases in other permitted land use categories as long as the environmental 
considerations of land uses in the ultimate development scenario was analyzed in the Environmental 
Impact Report for the Project. Rate of conversation between land uses will be based on a maximum 
office-equivalent gross square feet ("OEGSF") to maintain vehicular trip totals equivalent to and not 
exceeding those studied in the Environmental Impact Report for the Project. The total density permitted 
in the West Site and East Site is further limited by the development zones A, B, C and D (see Fig. 5.1). 
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5. HEIGHT 

5.1 Building Height Standards 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 
in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 
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6. BUILDING AND STREET EXPERIENCE 

6.1 Tower Massing Standards 

6.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 SO 
13,325 East Site 10 

12 
6.1.2.d.l 

9,042 West Site 151 6.1.2.d.2 

15 SO 
17,380 East Site 10 

10 
6.1.2.c.l 

11,794 West Site 151 6.1.2.c.2 

28 SO 
22,745 East Site 10 

8 
6.1.2.b.l 

22,016 West Site 151 6.1.2.b.2 

48 nfa 
55,616 East Site 10 

5 
6.1.2.a.l 

37,742 West Site 151 6.1.2.a.2 

Table 6.1.1 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2. 

6.1.2 For the purpose of calculating the maximum lot coverage the total lot area is equal to the total 
lot area for each of the sites, the West Site and the East Site. If there is more than one tower on 
a site, the maximum lot coverage requirement in Table 6.1.1 is calculated based on the combined 
area of all towers on each site. The total lot coverage applies to the aggregate floor plate(s) of 
the tower or towers on each site. 

6.1.3 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Figs. 6.1.2.a.l- 2.) 

6.1.4 At least 50% of total floor area must be located below 220 feet. 

6.1.5 Tower wall articulation: 

a. Minimum 10% of tower aggregate area shall be articulated. 

6.1.6 Types of permitted articulations for tower walls: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 
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c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 
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The following developments are for illustrative purposes only. 
Maximum Lot Coverage and Tower Floor Plate - Figs. 6.l.2.a - d. 
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6.2 Street Walls 

6.2.1 A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 
required street wall within the permitted ranges is required in order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and architectural 
building details which emphasize and reflect the presence and importance of the pedestrian 
environment. Massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un-articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Street Wall Standards 

6.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located a 
minimum 10 feet from the property line along Vine Street on the East Site and 15 feet 
along Vine Street on the West Site. 

b. A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

6.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b), (c) and (d) below. 

b. Street walls fronting Vine Street on the West Site shall be built to a maximum height of 
40 feet above curb level except as noted in item (d) below. 

c. Street walls fronting Yucca Street shall be built to a maximum height of 30 feet. Building 
can extend to a maximum height of 150 feet with a 10 foot setback above 30 feet except 
as noted in item (d) below. 

d. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 
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6.3.3 Types of permitted articulation of a required street wall: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Commercial marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5'-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

6.4 Street Wall Guidelines 

6.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

6.5 Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5.2 Commercial Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. Front Yard: none. 

b. Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in width be required. 
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c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

6.6 Building Materials and Color Guidelines 

6.6.1 The goal of the building materials and colors is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will address the fa~ade treatment for both residential and 
commercial portions of buildings. 

a. Buildings shall feature long-lived and sustainable materials. The material palette shall 

provide variety, reinforce massing and changes in the horizontal or vertical plane. 

b. Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

d. The architecture of the building shall clearly delineate an architectural style, and shall 
not appear as a simplified version thereof, with appropriate fenestration patterns, 
architectural features, proportions and materials. 

e. The building's skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective glass will be avoided. Glazing will have the minimum 
amount of reflectivity or tinting required to achieve energy efficiency standards. 

f. In buildings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. There will be clear contrast between the 
building's surface material and the building's glazed areas. 

g. In general, the overall massing, roof forms, materials, and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shall include a variation in wall planes and height as well as 
roof forms to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

h. To provide visual variety and depth, the building skin shall be layered and designed with 
a variety of textures that bear a direct relationship to the building's massing and 

structural elements. The skin shall reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

i. Rooftop mechanical equipment screening shall be designed to be integral with the 
building architecture and the visual impact shall be minimized by using materials that 
are complimentary or consistent with the building. 

j. Design the color palette for a building to reinforce building identity and complement 
changes in the horizontal or vertical plane. 
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6.7 Grade level Standards 

6.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 

regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 12'-0" height measured from floor to ceiling. 

6.7.3 Building entrances: 

a. The primary entrance to a street level tenant space that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public street shall be provided from a courtyard, 
grade level open space, or publicly accessible passageway. Entries less than 18 inches 
from the property line shall not be higher than 12 inches above the elevation of the 
sidewalk; entries greater than 18 inches from the property line shall be within 30 inches 
of the adjacent grade level along street frontages. Where possible entries shall be 
marked using architectural elements such as porches, gateways, entry alcoves, awnings, 
canopies, or portals. 

b. All retail spaces shall be accessed primarily from a ground floor, single-tenant entry 
along a street, plaza or passageway. Where reasonably practical given architecture and 
tenant requirements, access to different tenant spaces shall occur at a maximum 
interval of 60 feet. 

c. Main building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances which could include but are not limited to material change, 
architectural elements or elevation change. 

d. In addition to the building's required primary entrance(s), there may be ancillary 
entrances to the building from parking garages. 

6.7.4 Ground Floor Glazing 

a. Use of clear, colorless and transparent glazing is required within the first 30 feet above 
curb level. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing shall constitute a minimum of 30% of the area of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercial/Office / Retail that abuts an alley 

a. Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley. Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches in height opening from the building it is 
to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

a. Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

b. Service, utility, and mechanical functions, including retail loading, shall be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

c. Service, utility, and mechanical equipment that is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipes, along 
with utility box transformers, shall be screened. 

d. All screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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e. Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the enclosure(s) to screen them and deter 
graffiti. 

f. Trash enclosures and retail loading areas shall be sited to minimize nuisance to adjacent 
properties. 

g. The location of trash enclosures shall be easily accessible for trash collection and should 
not impede general site circulation patterns during loading operations. 

h. Mechanical equipment shall vent to an alley wherever possible. 

i. Roof-vent penetrations and mechanical equipment shall be located at least 10 feet from 
any exterior Building Face. 

j. Gutters and downspouts shall be made of galvanized steel, copper (not copper coated), 
or aluminum. 

6.7.8 Storefronts 

a. Storefront (residential, retail, restaurant and commercial) requirements shall include 
frontage along streets and grade level open spaces. 

b. Storefronts shall comprise a minimum of 70% of the building's street level fa~ade along 
Vine Street and 40% along all other streets and be recessed where necessary. 

c. Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along all other streets. 

d. All retail space shall have a minimum 12 feet finished ceiling clearance. 

e. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

f. Storefront openings shall be no shorter than 12 feet above the adjoining grade for 90% 
of the required storefront frontage. 

g. Security grilles will be located behind glass and be at minimum 70% open. 

h. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectivity. 

i. Awnings shall not obscure storefront signage. Vinyl awnings are not permitted. 

6.8 Podium Standards 

6.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment of the building's base, middle and top 
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through the vertical articulation of the street wall fa~ade by the use of balconies, projections, 
recesses, fenestration and changes in massing, color, material or other elements. 

6.9 Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes a clear pattern on the fa~ade (with special 
attention paid to facades that are visible from a public street) and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the building's ground floors and upper floors shall be provided. 
This break may include a change in material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.S An expression band shall be provided at the highest story within the podium. 

6.9.6 While blank street wall fa~ades shall be avoided, an exception may be made for integration of 
public art or an articulated fa~ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fa~ade shall be a maximum of four floors high, and shall have variation in its 
surface plane (using cutouts, insets or pop-outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

6.10 Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is an integral element that fronts open spaces on both 
East and West Sites. Its adjacency to the public plazas requires compatibility and cohesiveness. 

6.10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as lighting, paving, 
rhythmic tree plantings and continuous open spaces in a consistent palette of materials and 
furnishings. 

6.11 Screening Standards 

6.11.1 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 

6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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7. TOWERS 

7.1 Purpose 

7.1.1 Towers shall have their massing designed to reduce overall bulk and to appear slender. 

7.1.2 Towers shall be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They shall not appear overwrought or to have over-manipulated elements. 

7.1.3 Towers that emulate a more streamlined modern style shall provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

7.1.4 If a project has more than one tower, the towers shall be complementary to each other and 
employ a similar architectural design approach. 

7.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historicized. 
They are contemporary forms in the skyline and shall appear as such. 

7.2 Projections 

7.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wireless masts; and 

d. Solar energy devices and similar structures. 

7.2.2 Permitted building elements or equipment in Section 7.2.1 shall be screened as practical and 
based on building design except if such projections - e.g., flagpoles or steeples - are part of the 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

7.3 General Standards 

7.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 

7.3.3 Towers shall be set back from maximum street wall height a minimum of 10 feet except for 
towers fronting Vine Street on the West site, these towers shall be setback 15 feet from the 
maximum street wall height. 
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7.3.4 Towers shall be setback on West Site from shared property line with Hollywood Playhouse a 
minimum of 10 feet above 150 feet. 

7.4 Wall Standards 

7.4.1 All walls are required to be articulated. 

7.4.2 The following types of articulation of a tower wall are permitted: 

a. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

c. Bay windows. 

fig. 7.4.2.a: Balcony/Recess fig. 7.4.2.b: Bay Window 
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7.4.3 Balcony: a balcony shall be integral to the fa~ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern. Balconies are encouraged to create a complex 
and varied pattern along the fa~ade using various balcony sizes and architectural configurations 
and shall be a minimum 75% transparent. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces. Long balconies resembling corridors 
are prohibited . 

fig. 7.4.3.a: Recess/Balcony: Integral Balcony 
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7.5.1 If two towers are located on a single site the towers shall be spaced to provide privacy, natural 
light and air, as well as to contribute to an attractive skyline. 

7.5.2 Generally, any portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
(staggered), 2) the largest windows in primary rooms are not facing one another, or 3) the 
towers are curved or angled. See fig. 7.5.2. 

1) OFFSET TOWERS 

1--..L...-...L..I....----'-'---1 2) ADJACENT liOWERS 

F LA."K-€8T I,',I INDO\ .. '.s FnM"IR:Y ROOW 
An.C NOTF." G.ONE ..... "'OliH~ 

3) CURVED OR ANGLED TOWERS 

, 

fig. 7.5.2: Tower Spacing 

-34-

AR0067836 



CO-0001-822 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT TOWERS 

7.5.3 Since a tower is defined as any building above 150 feet, all buildings above 150 feet shall be 
spaced at least 80 feet from any portion of any adjacent or separate building on the site, 
exceeding 150 feet, excluding a project within the height range of 150 to 220 feet, as shown in 
figures 6.1.2.a.1 and 6.1.2.a.2. 

7.5.4 Spires, signage, parapets, and mechanical enclosures are excluded from the tower spacing 
regulations. 

7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 8.5. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materials and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions of the building. 

7.7.3 Roof mechanical equipment shall be screened. 
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8. OPEN SPACE 

8.1 Overview 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

8.2 Grade Level Open Space Standards 

8.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be S% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Fig. 6.1.2.a.1- 2) 

8.2.3 An additional 3% of open space (total 8%) shall be required for buildings between 221 feet and 
400 feet. (See Fig. 6.1.2.b.1- 2) 

8.2.4 An additional S% (total 10%) of open space shall be required for buildings between 401 feet and 
SSO feet (See Fig. 6.1.2.c.1- 2) 

8.2.S An additional 7% (total 12%) of open space shall be required for buildings taller than SSO feet. 
(See Fig. 6.1.2.d.1- 2) 

8.2.6 Location 

a. East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street and along Yucca Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. Open 
space on West Site fronting Vine Street shall have a horizontal dimension no less than 
1S feet when measured perpendicular from any point. 
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Figs 8.1.1- 8.1.4: Grade Level Open Space 

figs 8.1.1 Open Space Requirements for Maximum Building Height at 220 Feet 
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figs 8.1.3 Open Space Requirements for Maximum Building Height at SSO Feet 
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8.3 Passageway Standards 

8.3.1 A publicly accessible passageway is a continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 Location and Size standards: 
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a. The major portion of a publicly accessible passageway is the largest area of the 
passageway and the area of primary use. Major portions shall be generally regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shall occupy no less than 75 percent of the total 
passageway area and shall not be less than 20'-0" wide. 

b. Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
shall not occupy more than 25 percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 
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fig. 8.3.3: Publicly Accessible Passageway 
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8.3.4 Permitted Obstructions: 

a. The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be as follows: 

(i) Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equipment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains, and bicycle racks; open-air cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag poles; public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 

fig. 8.3.4: View from Argyle Avenue Along PAP Towards Capitol Records 
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and bollards. 

8.3.5 Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Building and Safety in conformance with the Building Code. Kiosks, including roofed 
areas, shall not count as floor area, exceed 3% of the total area of the publicly accessible 
passageway, or occupy an area of more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will count as floor area. 

8.3.6 Open-Air Cafe: 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have waiter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the publicly accessible passageway. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may be reserved for 
customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be installed within an 
open-air cafe. Cooking equipment may be contained in a kiosk adjoining the open-air 
cafe. An open-air cafe qualifying as a permitted obstruction shall be excluded from the 
definition of floor area. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

b. No exhaust vents are permitted on any publicly accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 10'-6" above the level of the passageway. 
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8.3.9 Frontages: 

a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a publicly accessible passageway shall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the publicly 
accessible passageway with an entrance required every SO' at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

a. The building owner shall be responsible for the maintenance of the publicly accessible 
passageway including, but not limited to, the confinement of permitted obstructions, 
litter control, and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. Litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubic foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway in connection with outdoor eating services or other uses permitted on 
passageway which generate litter. 

8.4 Roof-top Open Space 

8.4.1 Buildings above 550 feet shall include roof-top open space. 

8.4.2 Roof-top open space shall include an observation area (i.e., viewing deck) accessible to the 
public. 

8.4.3 Roof-top open space may include a cafe. 

8.5 Residential Common Open Space 

8.5.1 Common open space is intended to be a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 

8.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 
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b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

c. Open space shall be open to the sky and have no structures that project into the 
common open space area, except as permitted in the Zoning Code. 

d. Common open space shall be readily accessible to all the residents of the Site. 

e. Common open space shall have a minimum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

f. Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
may be considered as common open space. 

i. Refer to LAMC 12.21.G for additional open space requirements. 

8.6 Residential Private Open Space 

8.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a. Private open space shall contain a minimum area of SO square feet, of which no more 
than SO square feet per dwelling unit shall be attributable to the total required usable 
open space. 

b. Private open space shall have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 

c. Private open space shall provide a minimum eight-foot vertical clearance under any 
projection, except as permitted in the Zoning Code. 

d. That portion of a balcony which extends or projects into a required front yard in 
compliance with Zoning Code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items a-c. 

-43-

AR0067845 



CO-0001-831 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT LANDSCAPE 

9. LANDSCAPE 

9.1 Grade Level Open Space Standards 

9.1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 Landscaped area(s) shall be planted with seasonally diverse plant material and 30% of all 
landscaping shall be California Natives or drought tolerant. 

9.1.3 The landscaped portion of open space may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 30" 

c. Lawns, ground cover: 18" 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

9.1.7 Open-air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

9.2 Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36-inch box tree for every four dwelling units shall be provided on-site and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 
accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 3~-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 
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fig. 9.3.a: Movable Seating fig. 9.3.b: Open Air Cafe 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or multiple 
planted areas. The minimum size of a single planted area shall be 100 square feet. 

9.3.2 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

a. A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area(s) shall be planted with seasonally diverse plant 
material. 

,,~BACK 

"I : : 12"MIN. 

12"M I N. -T~ 
36" MAX'l ACCESS \J 

30" MIN. 

ACCE~ ~CESS 
PLAN SECTION - SINGLE SEAT SECTION - DOUBLE SEAT 

fig. 9.3.5: Seating Standards 

9.3.5 Seating 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicly accessible passageway excluding the area of an open-air cafe. 

b. One seat shall equal two linear feet. 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(ii) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs (i) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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9.4 Tree Planting Guidelines 

9.4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regular spacing of the street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microclimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks leading to or abutting the development. 

9.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

9.5 lighting Standards 

9.5.1 Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
building base-level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

9.5.2 Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open publicly 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, i.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0-foot candles on a horizontal 
plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

f. All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off-site uses. 

g. Light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 
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9.5.3 Responsibility for maintenance: 

a. The Building Owner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No luminaire or lighted element which is to meet these requirements 
shall be out of commission for more than 10 consecutive days. 

b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building 
Owner. 

9.5.4 Lighting for areas located inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighting for above-grade parking garage facilities shall utilize "white" light sources and the 
luminaires' brightness shall be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire placement, or integral 
lumina ire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

9.6 Publicly Accessible Passageway lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. Light sources 
shall be white light. 

9.7 Continuity of Design 

9.7.1 Design elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Project's way-finding features. 

9.7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade level. 
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10. PARKING 

10.1 Automobile Standards 

10.1.1 Base Standards 

The following standards shall apply for the base level of parking to be provided as the minimum 
for each use in the project area. The Regulations set forth below incorporate the parking 
requirements in the LAMC, where applicable, and supersede the LAMC requirements for 
development in the Development Agreement area. 

a. Commercial/Office / Retail: 

Two parking spaces for everyone thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
research and development buildings on any lot. The Regulations incorporate applicable 
parking requirements in the LAMC as set forth below. 

b. Sports Club: 

Two parking spaces for everyone thousand square feet of combined gross floor area. 

c. Hotel 

One parking space for each individual guest room or suite of rooms for the first 30; 

One additional parking space for each two guest rooms or suites of rooms in excess of 
30 but not exceeding 60; and 

One additional parking space for each three guest rooms or suites of rooms in excess of 
60. 

d. Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

e. Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; one-and
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

f. Combination of Uses: 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 
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a. Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns in a 24-hour 
cycle or between weekends and weekdays. The intent is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to its construction. 

b. Calculating Shared Parking: 

10.2 Additional Regulations 

(i) The individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand." 

(ii) The Base Demand will be adjusted by the number of bicycle spaces 
required per section 10.4. The following internal use reduction factors 
shall also be applied when 10,000 office equivalent square feet each of 
office, residential and other commercial uses will all be active on the 
Site: 

Internal Use Reduction Factors 
Residential 
Hotel 
Office 
Other Commercial 

5% 

5% 

15% 
15% 

The resulting minimum automobile parking rates shall be applied to 
the proposed building(s) to be constructed in each phase of 
development. 

(iii) For parking spaces that are to be shared between uses, the calculated 
minimum parking requirement for the Site, including that new phase 
of construction, is to be adjusted based on the procedures in Shared 
Parking, Urban Land Institute, 2nd Edition (2005) or another source as 
determined by the Director of Planning. 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to serve or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to serve, the 750-foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than SO feet to the intersection of two streets 
unless approved by The Department of Transportation to be a leg of the intersection. 
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10.2.3 Access driveways to parking facilities not at signalized intersections shall not exceed 28 feet in 
width. The minimum separation between drives located along the same frontage shall be SO 

feet. 

10.2.4 Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking structures shall be given to bike parking, car-share parking, and 
other alternative ride vehicles. 

10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking for the first 20 feet shall be lined with habitable floor area having a 
minimum depth of 20 feet along street frontages where feasible and shall be designed to blend 
in with the form and massing and to look like an integral part of the building, with the use of 
windows and/or cladding, or by landscaping, or green screens, or a combination thereof. The 
interior of a parking structure shall be designed to be screened from the view of streets and 
sidewalks. 

10.4 Bicycle Standards 

10.4.1 Requirements for each use: 

a. Commercial/Office / Retail: 

For uses listed below a minimum of 2 short-term and 2 long-term bicycle parking spaces 
shall be provided. 

Land Use Short Term Bicycle Parking Long Term Bicycle Parking 

Office 1 per 10,000 sq. ft. 1 per 5,000 sq. ft. 

Health Clubs 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Restaurant and Bars 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Restaurant (less than 2 per restaurant 2 per restaurant 
1,000 square feet) 

Retail (General) 1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

Retail (Furniture) 1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 

Hotel 1 per 20 guestrooms 1 per 20 guestrooms 

All other commercial 1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 
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uses 

COMBINATION OF USES. Where there is a combination of uses on a lot, the number of 
bicycle parking spaces required shall be the sum of the requirements of the various 
uses. 

b. Residential: 

For all residential buildings containing more than three dwelling units, or more than five 
guest rooms, long- and short-term bicycle parking shall be provided. Long-term bicycle 
parking shall be provided at a rate of one space per dwelling unit or guest room. In 
addition, short-term bicycle parking shall be provided at one space per ten dwelling 
units or guest rooms. A minimum of two short-term bicycle parking spaces shall be 
provided in such cases. 

(i) In instances where a building may contain both dwelling units and 
guest rooms, the sum of dwelling units and guest rooms shall be used 
to determine the amount of long and short-term parking. Any 
combination that results in more than five combined dwelling units 
and guest rooms will require bicycle parking. 

10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan. 

10.5.2 The transportation demand management plan shall set forth best practices that relate to the 
Project Site and the Project's building design features in order to: 

a. Promote bicycle and pedestrian circulation within the Project Site. 

b. Promote alternative modes of transportation. 

c. Create pedestrian linkages to public and private amenities outside the Project Site. 

d. Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

e. Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an only optional part of all lease and 
sale agreements. 
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11. SIGNAGE 

11.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 176172: Hollywood Signage Supplemental Use District pursuant 
to Section 13.11 of the Los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig. 11.2. 
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fig. 11.2: High Rise Sign 
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12. SUSTAINABILITY 

12.1 Non-Residential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 
square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of SO or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED® AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USGBC) LEED® 
Certified level. Formal certification by the USG BC is not required. 
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13. DEFINITIONS 

Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

Base: the lower portion of a building located at or within 150' above curb level. 

Canopy: glazing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

Expression band: a distinctive linear architectural element occurring on the building base facade at the 
highest floor. The band shall be contrasting in color, texture, material and/or fenestration from the 
adjacent building base facade. Projections may occur within an expression band. 

Grade level open space: a continuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, measured from the adjacent street curb 
level. 

Maintenance: the ongoing repair, care and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general public, except as noted 
herein. Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space which are defined herein. 

Preservation: in conformance with standards and guidelines of the Secretary of the Interior, the act or 
process of applying measures necessary to sustain the existing form, integrity, and materials of an historic 
property. 

Publicly accessible passageway: a continuous through-block public connection between two parallel 

streets, located on privately owned land and designated for and designed to encourage public pedestrian 
circulation and other appropriate public uses. 

Rehabilitation: in conformance with standards and guidelines of the Secretary of the Interior, the process 
of returning a property to a state of utility, through repair or alteration, which makes possible an efficient 
contemporary use while preserving those portions and features of the property which are significant to its 
historic, architectural, and cultural values. 

Required street wall: a wall or portion of a wall of a building facing a street or grade level open space 
which must be built to a maximum height above curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on a street at the level of any story. The width of a required street wall 
articulation is measured in plan as the width of the street line from which perpendicular lines may be 
drawn to such required street wall articulation. 

Residential common open space: a "rear yard" providing light and air to apartments on the interior of a 
parcel located at any story above curb level. 

Residential private open space: open space that is contiguous to and immediately accessible only from a 
single dwelling unit. 
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Notes: 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape in which a building has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views, sidewalks, and street trees. 

Storefront: the architectural facade, including doorways, of any tenant-leased premise perimeter 
adjacent to public circulation areas. Storefronts refers to all permitted residential, retail uses including 
retail, service, restaurants and cultural establishments and commercial uses, including but not limited to 
hotels and sports clubs. 

Tower: the portion of a building located above 150' above curb level. 

Transparent: architectural elements that can be seen through or allows light to emit through, including 
but not exclusively glass, trellis and wire mesh. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Hollywood 
LLC unless otherwise noted. 
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We are with you all the way -to 
build safe, build well, and buildfast! 

o o 
I o 
o 
o 
~ 
I o 
o 
~ 



» 
:::0 
o 
o 
0> 
"""-J 
ex> 
0> 
o 

Every year LADBS issues a:pproximately 130,000 permits: 

• 85,000 permits are Expres~ Permits 
- No plan review required 
- Minor alterations (reroof, replace AC, kitchen remodel, etc.) 

:.. Issu-ed at Express CO,onter or through e-Permit 

• 45,000 permits require plans to be drawn and reviewed -
o o 
I o 
o 
o 
~ 
I o 
o 
I\) 



» 
:::0 
o 
o 
0> 
"""-J 
ex> 
0> 
~ 

These 45,000 'projects can be 'categorized into five project types: 

- Maj or (high rise building, shopping center, hotel, etc.) 

:~ . Midsize (3S-unit apartment, low rise office building, etc.) 

- Sm~Jl Bu~iness (tenant improvement, retail shop, etc.) -

- Small~Residential (single family'add~tion and alterat.ion) 

- SpecIal (restaurant, high tech facilities, etc.) 

All five types of projects have to go t:hrough three phases of the 
development.process: 

- Design "Phase 
-, Permitting Phase 

Construction Phase 
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Missio'n Statement~ Prio'r to 2009 

"The mission of the Department of Building and Safety is to 
protect the ljves and safety of the residents and visitors of Los 
Ang'eles, preserve the City's quality of life, and contribute to the 
Ci'ty's economic developin,ent. This is ,accomplished through 
implemerztation of the Zoning, Building, Plumbing, Mechanical, 
and Electrical Codes, as well as Engineering, Energy, and Disabled 
Access regulations, and local and State lawsfor construction and 
maintenance of commercial, industrial, and residential buildings." 

Then, the culture of LADBS focused around safety more than 
quality customer assistance. " , 
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In 200'9, LADBS modified oUT;mission statement to foster a 
change in culture and place emphasis on customer assistance: 

Missiol1 Stat~~ent Since 2009 ";, 

"The mission of the Department of Building and Safety is to 
protect the lives .qn'd'safetyofthe residents and visitors of the 
City of Los Angeles and enhance the quality of life, housing, ' 
economic prosperity, and.job creation. This is accomplished 
through advising, guiding, and assisting customers to , 
achieve compliance with the. Building, Zoning, Plumbing, " 
Mechanical, Electrical, Disabled Access, ,Energy, and Green Codes; 
and local and State laws, through a timely, cooperative, and 
transparent process for the facilitation of construction and 
maintenance of commercial, industrial, and residential buildings 
throughout the City" 
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. ()ur commitment to this mission is evident in our three added 
programs: .,. /" :, .', ,:", !. 

'- ',' . 

T.:- :: Developmeilt Services €ase Management (PS.eM) 
" We plan your proj~ct with you! 

'2., Parallel:De~igri;~Petmitting Rrocess (PBIlP) . 
We issue your permit when you complete the design! 

3. Restaurant & Hospit~lity Express Program (RI:I'EP) 
Open on Schedule! 
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Prior to the establishment of the Developme.nt S.ervices ·Case 
Management (DSCM), case management functions were housed 
in different-d~epartments and not formally cooTdinated. 
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On July 2011; the citywide DSCM was formed and comprised of 
staff fro-m: -

-0/ Building & Safety 
- 3 Planning 
- 1 Bu·reau of Engineering (part-time) 
- ,! Water & Powet{part-time) 
- ',1 Transportation (part-time) 
- 1 Bureau of Street Lighting (part-time) 
~ ' I Urban Forestry Division (part-time) 
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IiI collaboration with the Construction Liaison Netwark 
(representatives from ,Fire, Bureau of Street Services, Bureau af 
Street Lighting, Housing, and 'Recreation and Parl<), DSCM act as 
advisors itnd .pathfinde'rs to. provide cOJlsultation facilitation, and 
11,foblem s'ol"i~Tg services to·majar projects: 

~ Performing project fe~sib'ility studi~s. 

~ Conducting pre-development meetings with ather agencies. 

• Conducting preliminary plan reviews to. identify potential 
building' site and code issues. 

• Resolving code issues fram design considerations. 

• Assisting applicants with plan check carrections and the 
citywide clearance processes pracess. 
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Feasibility ~t~'dy Report ' 

Development Services Case Management 

""} ¥[;o 
Information from ZIMAS: Iinforma 
Zoning (ttl C. 't ~/f]J • ClJO CRA: C 1'17 r 2ft U«€'sle.leJ (",hW?11T: 
Lot area : Enterprise Zolie: L. c:! ~t.z.. £,(.1 a; Pt!<,'$E 
Alley: ~ 
Building.line: ______ _ 

I:l CZCA 
I:l HPOZ 
~ . 

Easement: ~ 
legal (Lot cut):= 4- ;eor<;5' 
ZA,CPC: 

By Right 
CUP Required per section ____ _ 
Public benefit projects per section 1400 
(Discontinued) non conformihg use 

QHeight District : 
QTransitional height (12.21.1A10): 
(JProject is subject to the Commercial 
Corner/Mini Mall max 45' for height district 
1 and 1VL 

4 
Note: Buildable area = lot area for residential or 
mixed use if project on C2,C4 and CS zone 

OK 

117;".1 
/ 
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Feasibility Study Form (Zoning) 

Cl Methane 
Cl 011 and Gas 
tr'" Fire District 1 
Cl URM 
Cl LlQjLAN 
Cl 

~/,~ .. ~ 

Cl Hillside Area (ZONING) 
Q Special Grading Area (BDE) 
Q Flood: 
Q EnllirOnmEfntally Sensitive Area 
Q Very High Fire Hazard Severity Zone 
Q Seismic Fault Zone 
Q Alquist Priolo Fault Zone 
Q Airport Hazard Height limit 

Q 
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Feasil1ility Study Repo,rt 
·t~ '. 'FI," ,,' 

:: . Item to.be Per~nlnl C~e Requirements, 
~, ~)~ ..... ::Ji _~~, .:.. ' ~ ._ -~ :~ .'" .;>~.~.~ '.~'{>:" ~' . ," "'.-r ,.~ 

;vo (;#'1-1.'7-

S'landscape Required for street (tontage and 
parking area next to residential zone per 
Commercial Corner/Mini MaIl12.22A23(a)(lO) 

Floor Area, # of 
Units/Guestrooms, Etc. 

Density Factor # of Units Allowed: 

Base Density 

Density Bonus 
(Affordable 

Housing) 
(12.22A25(c)) 

I 

I 0 

Front 

ide I 
(') 
0 

1_ . """""""I' c,[) '" ~ hi I 

0 
0 

~',('f~~~{lt~ 
0 
....lro. 

t'V1e.!<Ji: 
I 

0 
....lro. 
....lro. 
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Per sect;O'h 12.21A19 

Cqastal Zone (CZCA) 
Alley, Street vacation action required 
Commercial Corner/Mini Mall (12.22A23)(a mixed use project 
as defIned in 13.0983 or residential project conforms to 
Downtown Design Guide are exempted) 

Cl Ch 34, all (E) CMU bldg is treated as ordinary shear wall 
Cl Landscape 
Cl Yards for Churches, Institutions, Schools etc in RA or R zones 

Additional Comments: 

CJ 

CJ 

CJ 

Others-
Iit···~ Plan review (16.05)(>=50,OOOsf; >=50 units; and increase "trips" and any 
Vr~~dentlal project In Greater downtown hO\lsing incentive area (unless compliu 

with downtown design guide 12.22JUO per 16.050 (7) 
Cl Major d,eveldplllent (12.24U14)(>=2S0,OOOsf warehQuse; >=250 guest rooms; 

>=loo,Ooosf for other non residential, non warehouse area in C2,C4,CS,CM,Ml,M2,M3 

" ..,and Home improvement store, 
IS;V Subdivision Action Required 
Cl ANY Grading on a Site> 60,ooosf requires Planning [)epartment Signoff 

Design Guidelines" developed b--y Planning Department. RefertG 

j).tJ.jR.d ~~ 4 c~l'y ~vv7J t?/OG4~ CVf.) 

-tdcx..P 0 4re 
\ 

...-! 

'7 2..cSo 62 - ~>f 3JcP. 54 Y) I d. 7<;c. 
& a.s/tUy $+ya-f:5 (~;fLR C~rtl"l) <!< ..... c..~ . 

A~;c 1; CVt4 PM '7 -:5'.~ I , £-/-r(!!.t. f V ~ C /1?7-o-J ,~ rtfVl.- K.-. O:-t'" .... ,.?t 

~ I' -/ &r~~wcy ~u-e t.. .~ -siv<-L-"f U/',' -Lf/ )fa~d~ v",lj , ' $ I e8,5 
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lone (CZCA) 

PlanR!!View 
Major Development 
Commercial Corner 
, or D or T Conditions 

(EQA for proposed grading 
Certificllte for compliance for illegal lot cut 

~~val _') / 
POD~NOD/TOD lJ >-q,cA.oFw~] 

CJ private street 
CJ >9 dwelling units in ClCA (Mello Bill) 
CJ Grading on site in BOE Special Grading Area 

having an area in excess,of 60,000 sq ft per 
91.7006,8,2 

CJ Downtown Design Guide Project Area 

DEPARTMENT OF WATER AND POWER 
I ,._ .. _ . .,- --- -__ A __ A I Q Construction w ithin 10' of power line or easement 

Q Construction w ithin a OWP util ity easement 

BUIL91NG AND SAFElY 
'1SVDisabled Access Division 
CJ PriVate Sewage 
CJ GPI 

CJ DPI 
CJ SPI 
CJ Grading bond 
CJ Green Building 
CJ Haul Route 

Q 

Fees: for building permit fee, art's development fee and 
school district fees, see: 

PUBUCW01lKS 
tBu94'u of Engineering) 
eY' New Address 
o Street Use 

,0 ~cable Permit 
~treet/A"ey Vacation 
o 

;3 

'tSV11ighway Dedication 
'n.A(~nv"'l of Lateral Support for Street 

¥li:l/br!Veway!Cur!). Cut/Sidewalk 

http://netinfo.ladbs.otg!feecalc.nsf ~ite Drainage to a storm drain easement 

J'IR~PARTMENT • CJ ,Ytcroachment in publi c way 
t(' Title 19 building '9/"Engineering c learahce processing fee 
CJ Div 5 permit CJ ,n,struction wittl in natural watercourse 
,CJ J,ire lane, Roof/site drainage to street 

'O"Fite Hydrant Access 
CJ 150' driveway 

CJ VHFHSZ 
CJ Distance to fire station 
CJ Urrderground Fuel Tank 
CJ High Storage Rack >12' 
CJ Methane Oetection/Ventilation /Alarms 

CJ Motion picture studio 
CJ Asbestos Removal 

REDEVELOPMENT AGENCY (CRA) 
Project locilted in CRA area 

V istorical monument 

o Industrial Waste 

o 

uee 

LA COUMTY HEALTH DEPARTMENT 
CJ Food establishment 
o Public swimming pool 

CJ Water we" 
construction/monitoring/destruction 

o Approval for portable chem ica l toilet prior 

to installation 

STATE DEPT OF OIL &. GAS 
Q Abandoned Oil Well 
Q 

AQMD 
restaurant with char-broiler, use or store 
acids, body shop, CFC recycling machi ne. 
use any chemical process, use solvent or 
clean -up, combustion equipment ra,teet > 
2,OOO,OOOeTU/Hr, on sit .e dry cleaner, 
generating dust or smoke, gasoline station, 
use internal combustion engine> SOHP, for 
organic, liqoids/gases/ oven drying or curing, 
part coater, plating/coating, printer, 
refining/reclaiming, 
solvents/adheSives/paints, solvents/fuels 
and sDrav- paint booth 

Construction within Metro Rail Project Area 

FIRE 
H.azardous Waste Control Ucense Required 

.7~ "" ,,~ or > 35' 

o o 
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Pre-devel~p.~e~t Meeting 

All relevan~· agencies meet with project representatives to: 
. .~- , ~, .......... ", ..... \., " .. -: :. -; 

it Establish di~partment contacts for the project. , 

• Provide.. acJear,transJ)'arent road m"p' of the"permitting process. 
", --', " 'Y' "'. , c,_, .:~'.... ;" /0 ," , " ,'--

•. Identify.~~~ ~~sQl~e Jorese¢ibJe i~su~~ witl~ e~ch agency. 
•. v \~A. t:, ... 
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Since .its ince,ption;~in July :2011~ DSCM has assisted more than 
2,400 projects including many significant job creation projects: 

:... LAXModernization 
- ~'me~son College ;.:-., .. ~. . 
-J~lf~1iY:Jlrpl1a .Jeall~ ':~West Coas{'.Headqu'arter 
Fo~r~-v~r'21 He~dqu~rter . . . ,~" 
'Conversion ofOUl 'Post Office on Jefferson Blvd 
Hercules Campus .at Playa Vista 
USC ;H;ealthS~ieIlce Building 

- Gensler 's Office '~ . 
Caruso's NordstroPl at Grove 

- Mini Cooper of Universal City and more dealerships 
.~ . Many High-Rises 

>.. \-

Due to the cons.u~tation, facilitation, and problem solving 
services that DSCM provided, these projects were completed 
with sign.!ficant-:time and cost savings. 
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Testim<ifiials 

Brad Box, SenI~r ManagiIig .. oi:>irector, Trammell Crow 
"The case ma~~gement apJiroach 'has transformed our experience of 

: working' with>the, City. "You 9'9-1:0 one place, 'haye qne point person, and , . 
. . get 'an~~~rs".1:qiGl<IY. We're ·'!8,g,:-z.~~forward ill~ter thanks io ; ~His change." 

" ~,;.'Wllli~ni;l\1~G~¢got,,'· Pr;ojec(Dl~~ctor,McGreg9r 'Company" 
"It is-no dverstatemeryt to sqy that,had it notbeenfor Case Management, 
One Santa F~ would not be a reality today" , 

Ronald I<aleta, Project Djrec.tor, Brookfield !'roperties 
"The cclse)ndhugemen-t'§ stJ.gges'tibrfs and sc,he(;tulihg help in resolving 
signag·e issues :has allbwed~ theproject to main ta"in its momentum with 
leasing; which is the life-blood of the project." 

Jonathan,Lonner, Project Director, Burns & Bouchard 
t(Both the deve,loper and I felt that saving this enormous investment of 
public ~ubsidy was impossible. Hdwever, in large P9rt due to the work 
and coot4ination of case mdnagement, we were p'roved wrong and the 
City was able to maintain $2QM in subsidy and gain 63 new affordable 
units in South Los Angeles." 
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Jpi\DBS Assistarice'ProN::id,eg"to Projects 

Majo'r-::Project 

> 50::u n it,~ 
,:,>-.: 5Q:,qOO sq {'ft 

~ids1ze' Project 

Small Business 

Design Pha~e 

bey. Servi?es G~s~Jv1gmt. 
We plan yourpfojeot.w/you. 

'v'. 

'~: F~a~.i.l?iJity : $.~uqy ". ;,: .' 
• . Preliminary P.l;qn: geYI~w 
. ' Rre-d~veIQpm~f1t ,M~etlng 

'", ,. 

. assistance not available 

assistance not ~vailaJ)le 

:Small .Single Dwelling, I assistance :,hpt availabl~ 

Special Project assistance not available 

Permit1ing Phase 

Dev. Servic'es Case, Mgmt. 

• Project Navigation 

assistance not available 

assistance not available 

assistance n.ot available 

assistance not available 

Construction Phase 

assistance' not available 

assistance not.avaih:tble 

assistance not available · 

assistance not available 
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I o 
o 
o 
~ 
I o 
~ 

...... 



CO-0001-018 

AR0067876 



» 
:::0 
o 
o 
0> 
"""-J 
ex> 
"""-J 
"""-J 

tra,ditio:fta.l~y.; the plarrd~sign process'an,d the plan checl< process 
,are sequeQ.tlal; that is, J?'roJects are submitted to LADBS for 
pIal) check only aftertheproj.ect designis entirely complete. 

,PI'-a:ri Cesi'§fn' ,P'Fi:~es:s , PJ~lic :CI1«!~¢K ~r:Q~e~s 

1a[t (jf 
1S,,"r - ~ 

.p,rart€hed<' 
S:t~~r'tgf; 

Qe~ijf~' Is$'u~ 

PD~:~,; allowsthe .'des:igii ~p'ro:cess to run concurrently with the plan 
checl<.process. We issue fhe permit when the design in complete. 

'-' - 1 
I 
I 

Para'ilel Design-Permitting Process 

start 'of 

Design' 

Plan. Check 

Start of 
Plan '~ChecK 

o o 
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1st ,Step "~ Z'&I)~ng Plan~ ~:h~ck & Clear~nces , 
• Only re;qtilre plot plan, elevations,floor plans a,nd parking. 
• The Plari Checl< Engineer reviews conceptual p!ans: 

- gen,erates corr¢(tiQ,n Sheet identifying maj:or issues 
,- ~~tletate~ clea~~~3,~e ~sheet f()~ :~QtI,ler agen~i~s' signoffs ' 

;. , ResQIVe :;!l1ajor issi.I~~~;l1d process (qearances"'a:~ e.arly ,stage. , 
•• ~.' v'," ' • ... ···r 

2 nd Step - Ai~hitectur~l & Eire Life~~afety Plan Checl{ 
• "Same" PI,an Check Engineer reviews archite~tural plans: 

-:. ' i4~;1}~ifY ,all detail;:violations. 
~. isstl'e modification for code deviations 

,~ Building code issues,'are resolved 'at Design Phase. 

3rd Step~ ~ E'ngineering '?lan Cheel, 
• ttsame" Plan 'Checl< Engineer reviews engine,~ring plans . 
• : Building code issues ,~re resolved at Design ~hase. , " ' 

NO MORE LATE HIT! 
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et' ";;,:,... . "5'-:" S'hc
;" ..... 

~:":,'~~~~;nc~:'".',~l!)m~ry '" ,'": .~. :.~;~:t 
~~AG~~"J\i)p~mJ,l~" 

~CitE: i\,~G9j1e '3'R.4! iq ~ ,~!UlisJiinc • C:ont.1K;i y.9.t!r' pl~ d)~dC:m8inc;er: fOr in~l1JCI;iOlJSJ 

~~-----.---------~----~------------~~--~ ~ __ , ~l\cy'NJl!lle .. _ Ae.e0cy. ~c;ss· _ (~n Fb;st) ~i!!Ie '1fBe~~cy~~e _ '~licy ~ess«::a!1 rk~tl 

l ' ~lIre'l! cl.r;~·gli(e~rl_~g ~A:<ttcsS>App.roV8J . ~~13f4S2.7030 ~! l\!1cel!;i 'Q![nJrI!!!Jtb 3530'WihfiiiIi.,BI:\Id.9"EIOOt; LA900-JO. '(213p5L.7352, 
(WifhiriCentriibDistntt) . ,Hi~y',DCdcationJHiIIside O£d (~1:lPIl2·7:0:IO ~p!i'~~ 68'Sl:Lmni:)XAVc',! -9'" EIOOf,Yali ~ {SIS) 902.;.ut7(), 

I(see.~at:bottomri@tt) 

It~:N01Eat I,!Ott9l1lriltlO 

1 ~1144~;I~;74.J~1~t?,2 = Wt.i\ 
3,S1 ='npT @~attrJ!!1~:Il\liI~g 
q,Yta:s. =.l'ig. Plazaj 

.;Eitro3'Dtllihil#':' .1149·S: Broa~y' (21'3)'i"S~.JJ820 Aclnii:: RQ'i. 5030£onnicfceD!: roS:liBri~OIPkwx, ~ FI;x,r.;-cuv.er'ci\:y, PlO) 66S:,8483 

1\f~ii\rmenhiqlirCd . l:aI1.fu;!t' BilOWlBiif<.-t62:6),43().55~()" 122W, 8":S ,~IfiW~A"Siui'Ped'() PIO) 519,w81 

131Il>-m,83~ 

(~13);48~.654'3 

(~13).3:'f44.§92 
{2:13J -4J!5'.:t'Q!;i 
{~io)324:8l53 

~ui!lfy.~~l!I'f~!~i)~~jJi:y! RllleriillPlIDa':c2(),1 N ,FpioaS. (213\.482-659S 
(eRA) ~see~8t b'5tl'otnriM!t) '.' }, 

9 l~kDt:~ cW~mjl~on;;rs~~ r20W~4·S", Siit~1I5(jL-bA. .<1H) 376:7451 
~~:!.¥~il!. 16131),-Van l'Iuys Blvd, ~40S: VuINuys- '(~fS) 901'·5403 
'~irittJjcnl teqjircd. cillTtist 

I~ l§.oYJ'i! ~.!j1.~r~~JY' 
I • . MI .. n ' mitnFfii:Sltlct '" ...... QM> . -.e" ,. _ __ , ,\~....." .. ~ 

11 lile~.--""'ft 'M-C" . iJ " _ 'P~.&"!<~~:s.tf~,~. 

,jji,M~,)m 9i~.I, ... a ~~. 
1~ Ip.J.\I!rllt.Kfr.!l~ !)jepJli~ .. f 

'20J,:N;'Fi~·~. ,l'~~Flooi'. 'LA 

13 l~pg:1me~ir!tW!'t!!r. ~!1 ~",el:. 
Real &ule Jjj\C·!$.L~ 

tii 1D»t!s'J~g'~~jJQ~nt 
355.o-Wil'!liifc·1l1v!i,. #1500, ICorea.lC!1Wl 

17 I~(r,!)~ 'It.mJ.}.qtitO(llf~~) 
J>,~ @ntasi: Thill w~ 
Fm~wijl1~tr9'lIet 

l~llm'toH.osAngeie, 

'1~ 11line,u ot'SanitaU'on. 

Z() IIA 'Cc!UlllY 'Flre ~pu'tment 

21 l:Ips >\.ncel!:j World Airport 
ilmail: LAtp!~llJlin~!I"B,org 

zz Iml~_cifFln .• n~ 

~ 11l1lJ:eiu .or.Sll:eet S.er~ce.s, 

U(l!an 8H:esit)', n~)too 

71865 E/ <;tijiliiyDr.; Diumri~B~ 
Holij, t:~~. 'FridaY: 7 :1()om5:00-pm 

5g:16'Cjirporate Avc" RoOm::tO()J;~CsS 

qt!Y:P;~y~lP~fG"\I{~yYAits 
Dfil'cliJIifiilf.EcCs, anil MDL Si!jls 

111)'t.1iI~ Sf, ,~I.tOOiii)~~1 
L~ ~_~JtiA,}OOf2 
~sitJ'~Jj~!!g incen.&ve 
~~[0r1 ofJ~ii~oOri1S 
!!;!)ari[ Hl!!iti!'lity.l'lan 

1
~~'yipje¥l!gin«ti)lg;F"'cilitiCs 
Q!:I,c Qat~Y.:P I !Iilf- !~Flo<or 
LOs~kf~,~K:9(0)l 
471.5. P. 8!qs¥r:ras-!i~ .)!"in .p.ed'o 

In.&triiil Wast:c:~ .. D.i:v.(FatsiOilS/G:casc) 

2714¥eaa.,CCitterDt .• <JasscllPIUt., 
~tllllit.'la J1roj~ct;Divisiop ($h~.ngwatei-) 
ll.ecy,£liJtg))ivi~Q}l ~~ 1i!l1!l~r) 

201 N. ~eroaSt"'~'f1oor 
5~5'Ri~~~t.lcKd~d,. Contn:ice 
I:!j?\i!;:.~-iliy, .. thin9ly~~:3Qc am.3'::30ptll 
J W~I":"Lay: 
i\c:!JiIt~~iQit 5ai, 1!:.POril i~ 

,.RgJ''l~I: ~ODqig,fit.· (Sc:eJ'-lOTE.} 
y~:I\IJlY}~ 6~~2 V!n~UYS .Bko" ~~iI9 
I~itl~:. i~~g ,~j~~· Blyd. R"om)02 

a·fJ~l : .2oo;N,·~ipgSt-., ll.pomlOI 

H,,!9.s.:ItrQ.~~Y, 4"'·F,lo.or 
11os~8F-I~, (:;A.-90015 

(9()9) 396.2QOO 

I '~· C'~l t1r~/~ 

:ur4Y 8f6~7 

(2[3) 202·5SOiJ 

I ~2(3l ~6'7,.o5ft2 

~~r~)I!~~ 
I 'i:~lJ) K~-833_7 

G1?l'.t52·l464.-

~0Ji.~!l' 
(V.~)'922 .1405 

mIl) 732~3850 

FIII:ro.: ~Jl!IOIR 
(3~3) ~~'(;111~; 

(21j) 482·7066 

(3it3) 89!l-4 J 06 

... ~ diJ f ijr!l't";' 
(42'4) ~~'7«i9Q 

orEIriai.1, 
(2UH$~·7J5~~ 
(81J!) ~74~O 
(319) ~:S_~ 
(~q)-47l-5901, 

(21~) 1\47 .~077 

~ Forc' loa:rinei'liJ. ijiJi;!difOm agiD, •• ~ciit'-d u·2011I:FjUiro. stie:.r(be t\Ie eli'funplO'lIBIildo WitoWliU.s' 
Ana" ~ sl,s In,;, auli'" ··· 'hb 0 fRo ,e jJtiODiit C oubt.r'fo,,' wll·Niiic"'hCe'it81to the. appropi'illeB4"fI<ior..,iuIDur. 
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I Code 

1 

I 

:e~rflnce S!lmmary ; :S~@et 
.,.', •. \.' "---

Within,ceol Nol 

r'lgU~ioa Pi a""ed 

201N,Fi@C 

(SccN(niar: 

i~r-;;ti""oC: Nol 
a ... ed 

~CEftG~(JV"A.l)J}~ finis" 
(N"OT"" ... ..LL ___ ~_..1.. .. __ .. f ":' .~.:. _-;" ... :1::: : ,. ,"_.1 01 ' .n. 1,.._ 

Aa",,: o. ... u or y .. .."eerI •• De:scrlptto.: [af..t;ecttO ..... ~_:N01E:nn. ..... I • .otto 

Add .... Code: "'ida.,. ..... ~~Tlr.iI_ariCllr .... • .......... 

Phone: Electronic Cl_ [JIy (uSer 10): 

kW:1 I ,At Comnents: 
o.te: 

Dacriptl .. : CPC·20040413.9oC:lJa.ZC.z.Al) 

[)Jutag. -l'rint N.me/li1i.al: _____ -I 

-- - - _.-

'Clearance Summary Sheet' generated 
at 30% submittal 

(head start to obtained clearances) 
Q:>wge- PrinlNi I , , ; , o.le: ___ _ Phooc: _ __ _ eclrOiII~-..&;~.-!!,~ __ 

./' 

0.,. 

a~ed I 
AaOio'C] 

"Add ... 

E1 .. 1ro r, 

Add." I Aaeoq 

acated Ele<1rQ 

C<lITiD! 

1I'T,..-.... I--.=a.cy: a.m. 01 f. .... terl ... 

Add .... Code: I 

, El~tr""'c Cl"""""" [Jly,(lJS<rID): Not 
aeared 

Not 
aeared 

... VII.II 

Ail"": 
Address 

Eleclrori 
Con ..... 

Aaeocy: 

U5\V 

Blds:N .... 
Aportment 

Regulai' Plan_O>e<:k 

. .. •• rv 
"ene.tot • 

Descrip ..... : LOI~Jo~.~ ........ N01"6: t1' ..... O«i.~IoW(oa-.4l •• Rp.."OI-rn.&ia~.~ ... ilfed 
" ..... ~~ICtioI,-nia.lfri(fty "".off...,litlbltlqLA,NC l131ooly. 

Dale: Phlote~ D>uiage . Prinl Natrellnitiali I 
Pemil Appllcatim ~: 13011) ·1000Cl - 0012Ci 

City 

prior 10 p~11 ,.'.,Cf. _ .. 
GI 

.h 

PlanChe<:k#: 

Plans Filed in; 

BI3LAOO770FO 

METRO 

PljmedOn: O.7/ISt.13 10:12: 16 

l..l.Jo.A... Y~l.,;y-" 

~otic~; 
IHP'pZ, 

Aaency: B"re 

Add .... Code: 

Add .... 1'_1 ~ ' ...... 
A!!dm aeared 

C01m1o:I1 
Not Elec® 

aeared Comm 

INSTRUCTIONS 

APrl Jr, ANT I B, ISPBfJUSN,TUIVP;' YOII aN .clvil" to lIIllbIk '., •• 'pprcwal P'~I fOf Ie followl., per_It .ppllcaUoa d,'" r.',ce(l) • .,.ked IS "Nol.Ck-ared" •• MMllt1IIl 
possible. TIN liMe to obtai. approval IrMa SOlI. depert •• ats (SIId.s 'lie (:lIy- 11111 Dtp.rt.e.t) •• y be-IIMKoI ... "", 1be address and.Pmle nlll1ber oftlte specirlC 
agency C<IrI<SpOI1i:iing 10 the .. Add ..... Cod.," shown for ,,"ch c"'_ is indij;Ol' tJbe.rid of,lhi. form,and il is roc.orrvnended that'yoo cal1'btfor,; appearing in perso.n ~ 
brinR a conY of'lhe.nennit"amication 10 the clearance M:eRV for their reftrelJCe. A leared" cOndilim rtqtires no fla1her action on youtpert. 

IMetJ] Nei3i 

Nol 
Cleared 

Cleared 

Electronic Clean: 
Comments: 

At .. .,: Clly 

Address Code: 

Elec:tronio Clean 

E Not 
Add ... 

Oeared 
Oeared EledrO 

Comm .--
COJ11m1:tlIS: QI_I=I ===t=== 

-~I 

At .. .,: City 

(See!:!QD~1 I Add .... Cod., 

H.:c:' Dep~rl a"',d El<;ctronic Clc"" 

CoI1U1k."Ots: Not 
~ -y;;; 

1201 ,~. FiFOll ~rect 
(Sce,NO~B1 OO,ttpm rii4it) 

Not 
Addft! 

aeared 
Not I Ele<iro 

aeared C""'"" 

I Aa""q 
Add", aeared 

Not £1ecll:9 
aclu:ed COgml 

r 

-Atao.,: 
Add .... 

F.leclroni 
eon..... 

-Aa",,: 

I Add .... , 
Electron 
Co.,....., 

Aaeocy: 
Add .... 

El",,\l'OI1 
Commetl 

CLEARANCE,AGENCIES: , 1I5U1l PClS II1II cOI1g>leli: tIJj~ 'form. for ri~·cily "gencies or PClS pulagcs. COIl'!'tele tlis fonn, 

D<scripCiOIl orWork IlROPOSED lIIlXED USE PROJECT. RETAIL, AP. S. AND PARKING, Mi'.d, ..... S ,tories 
over 4 LEVELS o'foublemnean boSe ' I t 1Ilils, retail. and plaza _led 10 
the ~ Chil1ltown Goldlinc SIB PDPP 30% submittal r. wR", (no Green, Disabled Access, Lif. 
SOrely, nor Structunl), 

Statal 

A&eIICY: 'Bttreauoff:"III.eerlD, DKCrlpUooa: N~OI'"~ized~ 

Add_Cud.: I 

Cleared I Electronic Cl"""""" I!/Ily (User 10): AREYGADA Dale: Oli24113 Phon.:, _____ _ 

Comments: A.dchqfor.i.ud .. pmjtct il !HlONN~BnIIh\,,· ·AJR 

Aaen~: Burttu or Eaalnetrl •• 

A4drmCud.: 1 

DewrlptkNa: Ea.C'f'Ct.a.t.etU ill Putilit Wwy 

aulldill. '" S"etyC .. tI<l 

Plan Chetk Office: M~TRO 

PC EJ1Bin...: JOOn I'asqocl 

EleclronioCl_. [Jly(UscrlD): ___ _ Date: ___ ~ Phonc:, _____ _ [J)wg •. l'rinINal1leJlni.al:, __________ _ 
Atft.,: 

I 6 ~a~sp?~_I!I~I,o:n I>!lpartment I'Ig. Ml~Z!F! Add .... 

~Il7_29. 11179=Wcst Vjliley (Only d'-e~ aeared Electron 

Not 
C1eareii Conunents: 

ZI 1448;r~i4.1~7.2192 = WLA w~st Vall~y: COI11IlIOI1 

Zq~51 = DOT @CalTnllsBtildng West L.~: tlL-_---I'--_-I 
(All, oY!ers = Fig P !~) . ~cfltiona1 pltC!D~ # for WLA 

CaiThans: iO<ts. Mainst, !l"Flc 

a ,eared 

Aaea'CY: '"&urdU or Enailflrf_. 

Add .... CC!de: I 

Electron. Cl"""""" I!/Ily (Uscr lJ)): YrENEl." 

COf11men~ SI23PAID 

DtscrlpdMl: TkfM ..... cwiadbyOrd.176.100f. PWJI4 loproc".("'~t{t)foru.D8Si_edptnlita 

Date! 01122113 Phone: ____ _ 

rev, 061713 
A " '" .y Vt~ ~,/\ v·,'"'',' '" 

o o 
I o 
o 
o 
~ 
I o 

N 
N 



~:Permitting t;!~~: ~~t~~pb~p" Projects 
~-' ~ .. "'" -.'" ",-~, ... 

Project Project Conceptual Plans Plan Approval Total Time 
Description Valuation Submittal Date Date Conceptual to Permit 

60-unit Affordable Housing $11 mil 11116/2011 312912012 5 months 

. Broadway Charter School $12 mil 8/19/2011 1/1212012 5 months 
0 

USC Office Building $17 mil 2/22/2010 7/14/2010 5 months 0 
I 

0 
0 
0 

Sherman Oaks Ralphs Market $22 mil 4/18/2011 5/2512012 13 months 
~ 
I 

0 
N 
W 

Facy Medical Group $14 mil 6/29/2010 5/1212011 10 months 

7a-unit Affordable Housing $12 mil 8/3/2011 6/1312012 10 months 

2-story Charter School $10 mil 8/17/2011 1/3112012 6 months 

1 02-unit apt. / Mixed Use $12 mil 516/2011 11128/2011 7 months 

Rocketdyne - Test Facility & Office $12 mil 4/20/2012 10/412012 6 months 
.. '/" 'l,. • 

... '~'... ',- '.' ".-\. '\' \- , » 
:::0 
0 
0 
0> 
-..",J 
ex> 
ex> 
~ 
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ex> 
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'B'enefits 'fo,t~ PDep-" .. Pro;.e:cts 

• No more "late hits:" 
Code i~sues ar~ identified aJ;ld tesolved during Design 

",', Phqse to avoid, late ,revi~ions. 

~a!ly st~ttOl'l :?~~~~~~"Cl~S and avoid unexpe:tt~d "Got YOJi." 

. "":LADBS PI~g Check e~glneer acts as ·o"Projecf Consultant" 
throughout Design-Permitting Phase. 

.. Reduce perm('t:tingtim~ by 6:to 12 months. 
..:.. .... '0:. ,_ .. ::' ~~ .... v ' .. 

• Start and complete construction ahead of schedule. 

• Reduce significant proj-ect cost due to time savings. 
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, PDP~ Projects si~,ce 201b~ "~~ 
.'... .. ~, '.~ 

." Permits-issued: 55 projects with $3.6 billion v:al~~tion 

.: Permits ~()on be issueq; , 34 projects"with 2.1 bH1ton , v'. 

• H~lfwa.y d~signed' an~' c;'hecl(ed: }:'7"projects with ;·2:.0 billion 
'. ' Just: ,~t~r~ed:, 29 w~t~'1.4 billion : i":·~~, .. ~.' , 

GO 

t~ 
, 40 

'& .B I 
..... 
ell .s; 
e~ 
::I :z 

116 

o 

Parai lle-I lIle!;,llgln-P@rmlttlng Procl!!:!;~ 
'~i.lIJiE.~ Fe b I UI;iI I Y 2010 

_"\~ TO¥. 1JGJ .~ PUl n lJi Uvd 
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:::0 
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"""'-I 
ex> 
ex> 
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. . . 
,., .,'\-, "'/'" T ' ,. ~v . ,::>. ":'~: , :.;;::::;; "I"';';' , 

<.Lestlm,(jnla, S 
'~ ~,.~ .. \. \" '. ,<' ,, '" 

" 
1'1 ... \."\ • 'V", .',' \ 

,Tiita,i¥;,~~fi~;~?N ~ls6hr,,,Btrn:~~pal, \1'~:libi>& ' Ass'()~i'ai:t:!s '" 
((The,Yp~pijJt~tJ1;~rmittin.9,Jlrogl:am:: :is: i1 :sig1:z lfipailt imprbVe1Tl~n.t o\{er t:he ,stClnduT;d 

, .. Rlqri'£be,~1S~pr~c~ss (lnd:'~~,pifiiateii:time s:uving :2.P-~5%, estihlC!lteddolla:rs saviilg 
't' 5-15'%~'" ,'.,j":i'zv L'" w,'" ,,,:~\ "" .'~ , ": ",,,:,.;; ,'" :',} ., , ' 

, C,liristi~~.:~*ie:napfel{'Archit~ct,~~LEEp, DiPi.~-Ing. Architekt;Ger~any 
. "$efis~~:Qlpq~rtnCtshiiFW~tl1t.6eplq1J : ph-~:e~er. Sen~e()f('first cla$s.!'as$istan~e. it 

sclve§'if,:gre§lt de,qt9ftime ~;y~F tq'e ,standard, ~6h.-~~p'edited" plein c1;zetk proc;ess. 
'9fz,;$ctLte :ofiit()10~ '/thY"e~p,et!e1JF~with "tHeprograTJi , has been:,aJd 1" 
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':vt~tJ~:S,;'As~i~:~'~nce ~~:f,ovittled ~Q~:Pr9j,ects 
~. • ' L" ' •• 

-> 50,units 

">'. ~;Q, O'OQ: sq, ft 
'J:»§'1,niih.illion 
, .':>,50·jPbs 

Design Pha~e . 

" De",. ~e,rvices ~ase Mgmt. 
W~,:p7?i1yourproiect WI you. 

':I/:~ ~~~,ij~$iQili,ty 'Study '. ". . 
. ·' . :~,pr~!rrnln~ry :,pl?m' J~e,!l~w 
. '. ' ~Je;d:evelopment :ry1eetlng 

~srii:alflfusines:s ~.r assistance not ava~ilabl~' 

Small Dwelling I assistance not available 

Spe,cial Project I assistance not available 

Permitting Phase 

Dev. Services Case Mg mt. 

• Proje9t ~avigati6n 
. Parallel 'Design-Permitting 

" 

We 1sstle:the~Re{m . .it '~hen 
you compfete}Lhe,: deSIgn;" 

• Design and Plan Check 
simunane.ou~ly , . 

• Early re~olutlon of Issues 
• Earlv stan oh clearance . 

assistance not available 

ass'istance not available 

assistance not available 

assistance not available 

Construction Phase 

assistance not av~j1able 

assistance not available 

assistance not-available 

assistance not available 
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RQ:nn:i~g:~a re$1:C111ra,n.t is.·~:filft2·utt/·~ttt openin:g ·a restC1Ur9:ll~ is worse. 
,Ptibr :.:t(lth~ R~s'ta\1rqtit: &r :Fl(jsptt~ijty Exp~e.$.sPfograI1l (R~EP}; , 

'.~ ", ,~.; • - '-'." .••• _. .'\.- ,.-., . ~. '" \< - .. -" , , .... ., 

". ".,;'. """"'£"":;;::~:"" '. ,.::.:'. ,.,,; .. ;". , .......... / .. ··";/·' cl··· .. ··>::i" , '.);'11':' d "' }' 'd'''' ".~. / t" '11"':::··' ... ···'···:y:··~···~t:t·; · " ." 'd ' 
': 1' ·e·r·y·, ;~~.A'{,.·~~s' t~'!lI';l ':l ·,ra1;\:t··s·;:;,op'· ·~ ·en:Q ':; "0" n:· ". Cr'). ::e ··u·' ·e· · ;1.::;1 e· o· t · e· ""19': ·o.··...,;t;Y;" ·I · .. , -In''g'· a· .,n.' '.: <:!~> :,.: .. ' :~'.'.,~_:,~'~ ~~~:~'-.,~~~~''' < q~_u. ,/.'.",~~i.f _, .. :. :;:'.:, ':~.,>' <1. "'",. ::.v ~,.~, -,.;,'\. '., _' .. :._::" .Jt\.: .~ : ,. . ~ ,'.--.:·2 . ; ", ,~~~:L- l{.l·:J. . '~" .. ~' ::,' _.">, '~. '.' ' 

,'~@i!$~r~i!oni doij;"f~!~~~; )' . ::' ,'(: ~;,:, ar', i : >.; (:': . T'i . 

AmtiI~h~g~n¢y,;~nV~rk]ed\ByiADBS(4 LAf)BS illspect()rs arid 1 

w~th~:~{~e: {91~0wi~g· ~:g~Acie.~vwotks colla borativ.elywith··th~ · .. , 
designi¢o:l)structi.ori>t·ea.in·~: . , . . 

- County :Iiealih ' 
~. Sanitation 
- ~ Fire :: 
t ,' Pl~n,nirlg . 

. ", ., ........, ... , ,',' " , - "\ '" -, ., , \ ' . , , , ~. ' . . 'B" . .. ····' f ·'E· ·· . . . :: .. 
. :: t " :' '1J.,~e~lJ :9~ . "; ;ng~,JIe~r~Ag 
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, 'RH~E'P " has iiljp;rpve:~ 'tne p,rocedure ': 
, ," '/' ',- . ',. ",' '," ".' 

, " -]j~v¢~~'11~~:~,9ve!':tbe",<;h~1W~~pl~n cl;ieck r~¥le~. " ' " 
~", ~ ,~ :~G' : '" :'~.,).:".: "d,;,:' ,,;,:':"'l' ,~;'~ ,;,·(i~.,';n,' '" ' l" ~ '" ,;,~, . , ?"","': , . ',/,c:.::? :'. ,," ",~ ~'<':, ' . '. ,:;:: -- 'v·/ ,.',' '(: .~ .:' : .. " ,': "', . . '< " • 

.. ,.-\........ .,; .. -, .-\, ' ' ", " ' - -. ", '.. "."' . ' ,\. /" -. '," . ' . " .' . • '. -'. . , , . . - ~. 

'::::2;;j:·,,~,,>:~e,qt~ :;:,)J~;~~tJ8l~~~:~Q,;:e~ ~n.:!1~~~,e lns]§l:ecflO~, -rn~2RSl$.tefl<;J~?; " 
,v',v vv::-:::' '. - '~~~ :>'t"; -, ,,:v·<'::':>::; a< ':~~;;' '-:fl:·:i\;~;';':':i'<:H;~:"·r;:::?;: ', ,~~,.': ";::' /:.: ,/ '1'" .,:~'~" :' <>(1': :>';': ... ,::>.,:,: ,:'; ,,:;: " ,~< ... ; .";'''' ' , 

'" ("';;t,,,·~;:;. \~*: "~'f1': ." .. ; a' ':r"',~ l ' r:7',e ' ~: "';;:r 'e'--?Q'rr'a '.p', l1():' a ·e'· " 'Uf·e's a;m', 0·: "fl' g' '-'a' . 'g. ' e· nOle· :S" ,,,~·,··-"'·;·~:t} g.~~., .':-'~""'_:/')'\ _ : " > "'~'> '~'~~_>':~.~: :'\~.: :,-:? ,t/ ,.::,:~ ;~< ,~. . .' -, ",:1.:- ::"\ \'~ ,:.. ," ,"'. ,\ ;, .. ",, : ,, : , '. " ,.' ~ F~ :-- : • ..;.~ •• , ~'. .<.' '.< , 

V '\.' ...... \ .... ~ ..... V,"",,;·\, , ..... '~ ,,', ··v'··'.·· '\,'. '/'.'" '" \~ ~ . ",,', '._ "'-" ,~, , .. \- " 

, .. '. \~, .. ,v,.: .. ·:,~~.· ", 

.~~':D' \ ', ",":- '~:': -;:' ::'::"P/v':h: ~, ,,' ,' ' ::: ,- , 
~,' ",' ~~s~g~"'",a§e~ ,::~n',':~;" ;';~7," 

--." , "'''~, .. ,<i "'9t:itt!fY,,'~fu:~~; ~~q~lr~m'~nts and solve for';se€~~Dl~. is~qes 
'....... "." .. \ ._. .., ... ".... ",1 ···\ .. 'v,.... ..... . \.' ..... .. ' . - .. 
, ... "'D', " ~" " , ~",:"::>~; ;;', ":''':'''':~ ·t'''' " t' - "', ,;; ,- " ~:,:'ermlIJttR,:~fp11 " cos. 

'p"; ;'" ";:;:;A>'e ':f;+~~. " ",:f.j'li'·' ' \ ,)'?,-,{ , ::" . " erml~l:,t:lng r > / ase ' 
., '- 'A~~igi1 o~e,pi~~&eckstaffto perform: counter plan check. 

':,~~' Als:sist p,rgjeqtio' o'btain sig,noffs from bthe:r: agene, :·ie~. ' 
" j .. ' '. ,. .'~ ,. .".' ,I 

• 'C:' '0" n: 's' , t'r:" "u" , "c"·tt-on~''- ·~r:;ni; a' be'· 
,~'.\',.. . .'\ .. :v-~ .. -:~:::~~ ...•. ,,' .', ", ' ~ " <I£..~.~~~. :',,/0/::::' • 

, ~~~:S~Qlve';'coQ§!ftIcti():n issli~sand 'conf1icts; . 
:7 :~~hedu~g ~!H,§.P:~qti9n t~, rhe,et , cotripl'etlol}. :,tiwe~in~' . ,' 
" \.. , .. ,.... -',' ',<, . , ,< ' ;.;.' :~-<:.. " ' . \' . ,.. ..... . -'.' . ".... 
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: RHEP'ltesitt1uants 
" ,' OReh~dMirtti~\j~; 

. ...' .~~ 

~, I 'c 

ftlles'e:: [{REP' .restaliraIlt:s 
. '" -V"'~·· '1/"-'. , ... ,'".,_ ... '" ' , ..... '.'" ,,",_ "'.~\ "',., . .-",'./0., '"'." 

,," "\ .. '. "-\' , ... / ", -,. -'. 
v," . "d' ,\ .. ;.'", " . ".v\" ,',. . .:",\ .. }. '. . 6 ':"'~;" 
'. ' .... 0' ., v.. ",',",. r'h , .. '.' '1m' p'. "' t ' .. , , " t "" '. sav'e' ' a11~ ' ov' , a 'e ''Y' "0 ' r ,. ,"', ,.", • ~.". ~~ ," .< • ,_' ,.',., c' • , , 

:' 8<~"\';'" ,''':~ :~: ;"/d' :: '~/ " '. ,:,."",':::t'h': ":3, ,:"i ,/ 
1 '" 'mQujli$ , ~ tlr1I1g t ,,:~' 

,:,]).:. " '.' ,.':, ,':;." ;:p:: :' <'; ....,~ , :,: . •. '" ", > "<., '0::" 
:':' es~gn,,: : ,:,; e:rrol~tll}:g~ran ;,',' 
q'(J~strti€ti~~ [phas;es,. ,'r; 

WithC?:uf :!~eh'lp of , 
,RestchfrantiuiCl . 

HospiiciiitY,Eipress. 
. ~i~gra~ , 

WJth' th~, b,~1 p;of 
Restaura'rit arid 

''HospitalrtyEj[pr~ss 
,'~ Prd~~~fu : 

25 
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Due to its success, RHEP has been featured in many publicatidhS including the" 
L.A. Times, L . .A~, Business Journal, and Coritra Costa Times. " 

Keith Glass·mall Starbucks · . 
• "" • •• •. '.' " ....... '. ' .• ' . A " , .. '.' ...... ." ..' ,. 

,.,'~t ~"" . 'tl warz.tto·,:th·g'rj'l(~' YJJ14for·'iin:t!!i~/fJl·eqt WD ri( dna· tremendo us,:C~$JQ me r 
'~.'" ass:is~taJzc:e.::e~:pl~tience you, pnp5/i&.ev,all year Jo~g.;: . the LADhs :Hbspitality, , 

program hci~, lieen instrumental in expediting the plans revzew proc;ess and 
resolv~ng ·iss.ues ... " 

Frank 'Le.~1!, (:h~f/Qwner 
"I wanted tQ ~~press :my persCJ:d~l gratitud~ as your hospitdtityprogr-am has ' 
helped smaltby'siness owners}ike ,myself. .. YojJr guidance has truly been 
instrumental in keeping us on par throughout this entire process" 

Matt Karatz, Former Deputy Mayor 
'.flwesome wQ'nk Restaurant Express. The Mayor uses your group as a modelfof 
b .. . h .' " . ,ettercustQmer aS$lstanc¢ In,?!lany speec . es across town. ' 
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"·'L·'>1t:"·tD: : ~ vB::: ':S'::"1\:" ··"'s· :s':';I'· 's''.t: <a·:~n'" "e· "'e::: >'p' .. r:~0·':·V·:·:I;~a,,:::v";,:e··~;;~a';::~:~Vt:· 0, <p'. "r' o·'J·e'··· c' t: .:8' , 
',. ' •••• ~ _,' •• ./> .. ~',~ : ." '.v' '.' ,,-, r"" ' : .. ( •. ;,.'.~ ~ · ~ ... c, .... ,.C " '" \_,' , ... : .. ,;;: " ~. , ''":" •.. ' . ~,\, ~;:. , :.:'.'~..v .. ,> ... ::>, ' ...... ," <' . • ,t .. ,- - ~ ' ",~ • 

,,::< " "," <0 ':. '~., .~. • ....... - .~~. V,Y ~-:,:~.... ._', I'\.~'-\-~'~')'\' '-', __ J'.~. ";, .. :-:.- ',-~ 

;~,es~auran!~ Exgrep~ ' 
~·. lnspectiGn: 'schad uling ""'" 
'. Resblve'Cbnstruction issues 

, : ," Meefc9mpIEitiQn'~.~aQline:' 

assistance hot avaJlabl~ 
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Although'LADBS has made great strides at' instilling a 
'" customer frie'n'dly culture, more needs to be done. ,::; 

',- '\.' 

IN~w ProPJ)se,d'~ Mis'sion Statem~nt 

, ' 

'(Th:e, ::m;i5~:fo~J!Jfi;ti1:e" fJ~pqrfmen.t of Bui-/diTlY cind:Safety is:,to 
prote.G:~Jf{e" lZ:ves }ftri:4 sCife'ty ~6flhe neside1)ts and visitors Of the 
City of Los Angeles and"enhance the qualitj of life, housing, 
economic, prosp,erity" and job creation. through a ti.melY" ' 
cooperative, and ttanspqrent process, the d~partment ,advises, 
gui4cs; ,: {)jjrdasS:Z$ts,,,cust(rrrrer~ t~ a,chieve (:oinp]iance ~ 
witli :'Building, Zbhing"Plumbing, Meehan iea'!, Electri'cal, 
Disabled Access, Energy, 'and Green Codes; and local and State 
laws. The colla'borationfosters the goal to build safe, 
bu,i'd,wel'"and build fast." " , c.:: 

" h _".' ' " 

LAD,B'S wil1 "~,stablish an all :inclusive program to provide 
systematic and comprehensive assistance to all project types 
at all develo,pment phases." 
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,;tAtl)lS,As~tstance ' ~rov!~e(fto .~roj~cts 
.'., .. ~ ... ",,' ,.v"" . - .\. .., y, • , .. i. , --", 

... PerlJlittingJ?hase 

assist~nc,e. not available " assi~tance not avail~ble 

smalFBusin'ess I ass.i~tance not availabfe assistanee not:available as.sistance.: n ot avai laDle 

· .'$:~~)t;pWellin~·, t assJ~.i~~·~~ nbt' av'ailable": ~:: . l ,,:a$sj~tanc~ not;a~!itlable .. ' ~ssi$t,nce nQ(avail~ble 

Sp~:c;ial project I Resta,urant Express Restaurant Express Restaurant Ex.press 

(Restaurants) 

Other as~istance not available assistance not available assistal)ce n~t av.ail~ble 
Speci~1 Project 

..... -v· ".- • . "'-

There 'are many 'boxes' with 'a'ssistance not available.' 
DSCP will filr~th6se 'boxes' wfth services to assist all of our customers. 
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Th~ proposed Dev~lo,pment Services "Conc~erge" Program 
will provide ~onsul~atibn, facilitation, ana problem ,solving 
services to all rviajoT, Midsize, Small"-and Speciat:projects . 
throughout the Design, Permitting, and' Construction p'hases. 

r r',... • /0 ~'O; ',. ... '., \. • 

DSCP wilhioGlude: '. v'''."':, 
\.v" •.•. " ." .'y r, 
""1 v· ..... - 'lo.'~''i ..... . ....... ~<' <', 

'three exisllug pr()gram~: 
- Development Services Case Management (DSCM) 
- Parallel Design-Perm,~tting Process (PDPP) 
~ Restaurant ,&,Hospitality Express Pro,gram (RHEP) 

Two EXPANDEB existing programs: 
-:. Expanded DSCM (to cover Midsize and Small proje<;ts) 

-:. Expanded PDPP (to cover Midsize projects) 

Three NEWprogra..ins: 
-,' Inspection Case Management (ICM) 
- Weekend Inspection for Single Family Dwellings 
-·",High Tech Fast Track (HTFT) 
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Expaiide:d-,D;evelo:pm~:rit 'S.f:rvi~es Case MaD:ageinen~ 
. '. ,",.-

, ,D'evelQl?;mentServi~~,~:" ~~s~ Ma-n,ggement Si~~r:yic~s.~illbe 
-", '", ""d:"'}';'d/ :::' t'" ". '" ,'1';, :::" cl'''': '~>M"":~ ;'d':"; : .:2:;, :'H':': ', ~v>,::" t',- 'S'"" '1-1 "B""" ,,~:,', • .:,:. ":-' d": 

" e~pa:Q',')::~~",;,:;d ~9' l.:I)S: U:c" :'~ ::;: ,, : :, <'~<,:~~;~:e~: '~:~~1,e,cs, " ma: :",:, ,: ' 1:l~llle,SS~~,, " C1n~ , 
Srriall ::S:fngl:e :::BwellIItgs '" / ' ',- '", ' . ; " <' "-, :: ,;",~::,::,, . ',':" v;: ,' ' '' ',' :~:::'' : ~:', , 

" ~~~:~':;p1a~~g~,r:§ wfl~i'1?~~ :aYa.:il~p;t~" t:~ /i~e~fo,tih: ,p!bletf'f¢a.~i~~ili ty , 
S'·"'·'t' -'u 'd':' : '~l~:e', ~·'·,,::\ho: ::>~r~·'Ad"," 1'·' ll'", a' t: :e:)"~';:,',m'r:' ,~'~ ,J :h~~;'e': : '~ l' 0': N:m'!,::'" ;e""'n\ 't m":>e'" ,d; l-n:';';g":' s:': w, ~:t} h: ' -;' o' ~h-' b'r';' , 

\~ ~ ... 9.,"t :.;~ _ :.~~_ '." ' .". _ "'_ ~ '. <~Y.: .>\.;;. 'r.~ u.·~.-\v,:: :- ~v,;: .. _:,Y ·v ':" : .. _\,' .'.. L~I:'.~.' ~ . ' , .\: '~ .. , -' -'. ~ .. '\ .~\ ,.:>. ~, 

de,partiti¢tfits, .,~bP~~li!~i'::pre]i~iii9rYplaI) "tevi~~s;-'to ~,identify 0 , 

p'ot~'9tl~;f::bliildi~g $i:t~: :a[h,~ CQ,~~ ,/~§,~t1es, re~dive J§,$ues arfSJ~hg frtHn 
design' :¢~:Q:~id~~Fattpil's ·,~-~d""··~o(f~h"teciuirem en ts, cind assist 
applic~~~s with J)la~ ~he.t~l~> dor~~p~i()ns and,the .cityWideclearance 
proces&,e~~ 

111 ad(i:i~iQ:n a ,1Ielp',:C.~nter wiJl p:e"created to prJJvige Ad Hoc 
assista~rlc.e 't0proper,tx 'o~l1ers ,with ~thei~ ho.me improveIU~ntso'and 
addititj'ns,. Th,e :H~lp 'Genter will provide thesa,me s,ervice to'small 
busine.ss owners·. 

o o 
I o 
o 
o 
....lro. 
I o 

W 
00 



» 
:::0 
o 
o 
Q') 
"""'-I 
ex> 
<0 
"""'-I 

Exp'ande:d Parallel 'D-esign-Permittirig ,Process 
';'. 

PD:P-P s't~rvices~ill be,;exp~'1tdedto inclpde lYlid~i~~ pf:gj:e,cts. 
,', .~. . v·· .. " . . ' '"", >.: .~. . . • '.<, , ,", ., 

Wltl\~: .thl~,:'exp~i1si~n,,: tlje'~cor.i~,tr:uct:io~,vdl~~~ti()~tl .", 6.f ,~11 ,pb~1? 
pr9Jetts;:w;tl~',~b::eapp~,~*iniately '7s>%:ofthe t9ta1 valuation of ~11 " 
d~:;' " :1' , ,;' , ',; ,',,: ' ; "",;::~ " '; ,; ; 'v,, ' ',' ' , 

,:: eY-~', ~lql~e~t p~oJect~. ~~,'", 
" 

These 'PJ?PP p'ro'j'ects ,. ,"th'e O'il,estnat would contribute the mostto 
jui~R start ,th~:, eco:nomy and create the most jqbs, will ;b~, built at 
l~ast.lj' to 9 months faster! 
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' LAI)~S ~ssis't~n~,~ ' ~rovid,ed to::Pr~jects 
Permitti~gJ':h~se 

-./>. ,;,,::" ,:" 

Small BU$in~$$ ' 

SmaU 'SJngl,e', Dwellin 

' S~ect~1 Pf~j~ct 

'Other 'a$sist~,rice , nQt a"ana~I~, 
~p,eciaIPr9ject 

",:Construction Pha~e 

'ii$$isfance not ~v~Uable 

~ssJstan~e not avaUat;lle, 

Restaurant E,xpress 
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Tllfe :]J);eNel()~p h.1:'ertt::::Servi ce 'Case Mana:ge'ment ,assis~sproj eels 'a"! 
~heir:~~igrl and .~e~~tt;i~ phases. . 
l, /'.' . /1, .', • '-' ~' , ,_<" -', d. ,_" • 

IT7"-'h'''''}':;I'':e·''·' ~W1P,;;;?,:,,:;-,.,> .. : ,~':;~ '";,, ~,' <h ,,'" , .. ;.,',. ,", .. , ,',.,,': :'" "".,"'" . . :" " 
'" '\ • " , ',.',,' • ,/\"' . ~~ "/" '" ." ' , . .! • ',.n " 'i.' , . " - . . ". ' . . . " . r . , • : ,~/ ::~. ::,( >t,::::;: ,,,::p.rO:~FC!.l!!;~~:q~y~l~~t , e~~se: m~~~g~:~en.~ 'CO!l~~,pt :lnto , , 
h"·'·"·"'(j'·':·:','/::'·'·'·'··"':""··'·':""'·''v",\.A·p" " n~·v':",;:: ";'£' ", MA' ~ ', : M' -d""" v',,·:~ '·'·d ·'·~S' """"" ll " ~B " ,',. 

t-':~ , : ':~9:g~~~:u;c;trQ,q ~' ;~,,\ ~~~(! :: 'ior ': :;~J9r, ": ~: >Slz-e.;a(l "'m~ ' ; ;', :~s,~n:e:S~ 
p:#Qle~~t~~~",~~~"::~::"'r;; ;,":"i':" '::~,,' 'c ~," "","'" -, 

, -, ""-'/'. 'v·v·· .. · .. ' . ..... V\ 
.'." . "~ J" 

'I~M :~r;,aE~::a: Ra;tti:i~f~hjp '. With de\ceIQpers ~na m;ritract(;)l's . 
tbf~:d'i:litat,~ ,:,pr()Je.iCf;~g:nstrlictid,rl arr,d utili~es a. sei~ies 'Qf" aLt~., ' 

'4a,hds~'~:~' irl'eetiqgs';;tQ:~~c:pllabQrat~ ou sollitiohsJo issues,stah:dlhg' 
ill th'e,way @f pfej:ect cbinpleEidl1~ . 

, , 
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ICM 'Pre-cOfls:t:ruction Meeting 
Before constr;iiction s~arts, the construction team meets with 
LADBS inspectio'n team to discuss issues such as construction 
,tim,elines, ov~rlapping inspection 'disciplines, trade specific 
cquestion~,, ' of'f~~hour inspectioQ.sj etc. 

JCMConsttu~iiorir;F~cilitati(jn Meeting v;' 

During con'sttuction, tI1e;two teams meet regularly to discuss 
arid resolve issu,es such as tec~nical details, plan inconsistencies, 
co:de inte;rpret~tiQns, correction notices, etc. 

ICM Certificate :of O'ccupancy (C/O) Meeting 
When a project nears completion and either a Temporary cia or 
C/O is on a tight timeline, the two teams meet to discuss final 
inspections &cheduling, fire and life safety systems testillg and 
ap;provals; equipmen~:listing,s, ' etc. 
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--~~st~lJt~'tfgn CQprdJirt~to'r '(fu~d,ed by th~c!~ve!tl:p~e~~ p;~oj~~t) 

Tn" cohstt:llFt~on, time I:$. mRl"!~Y. : WHile the~etlr~.: many' r~~~OT!S for 
. c····o'.· .. ·· 'ii's'·.~ ... t·.r~u'·c·'::tt,i~.· ... ri).·d:·· hl.:.,.:~V: ·.'.~n.··.e·· ·c<:Q: .. · .. · I.H',~ :illo· :tl.:ha'· i .·:1·.·'·~e ·i .·s· rio' ,t····~{n"o·" w·:; ·"i.·n· 'g 7(A.'.'~.]'::11~~a .. · ~r.·, . . . :':: " .~ "' ~: . ~> ;,:: :.\.:.. , ~J ', ... \J :.:::;;: ~ ' .. ' :< :v' ; . ',,'" " ~ .~~ . . ,/. 1 .,; .. ' : :. ;~ .'V,L : ,,", J:;;~ V. . 

'~ ·'oW' ·:·h:·:o· ···::·~t: : ·o··' ·,(1,·o:·.'·:n .. ·· ,t:':'a"<G:>~t' '::';'t'::'o', F"'e" " s';' €l' : :"l:v~:' : :e~:; "::a·::n;c; '(J',: :rJ." ';;;S·''.:l··t\e:'· ... ;p' '~r: "ob
o

: 'le'ffi' .' ·w··· "fl' '::"e' '/u ' ·l·;t:·· .. ·a'·· r:·'l··s"e:.:····s··: :;~::v:E· OV. ·>r·'.· , 
"t. \~.' ,.-", ,-"" ,_ ,~_,,, ,"- '. ." • ,~_.' " "., _ <. v. ,. F • ., "_.- .1 .• - , • '., '/'. '. , ' • '- .• ' '- - ...' ~ 

, ~ '."" _ \ ..., ~.. .', . 'v. "._ '" _." , J,.. I"" , \ ,_ '~ V'. • ."<.. 
• • ,',. -.• " ,'" ...• , ... \ .. \. to .. '._,/, "'~.' .I.... _'. . ~ _' .. ' ".' _,.\." ...... _ .. _.\_ ••... .1''/',' '\. _.\.' .','. '. '/' ' • .-"",' .,A ",' .", '.' " ... ',- .. · ..• ·v' ..... _ '\,.,...., • .,"" .. ' ..... .,..... ."~". "' .. ,_. """,_,~, .' 
j ,"'. ' " (, ",", .'_., v·'" _" 'v', ""\-'. _. '. "\.-, '. . ',',', ...•• ',/' ,,,,, ',,-. 

~; .. ',;.~'. ..;/ .~, .. /' .. '1',·· .·S ::;) }~:h' ". ':,.' .;(', .""'" ':·::,l'~ ··:~ :f' v ·:ltii':>::· "'. ':":.;";-':, ' .. ,'. ~:'f"" " ':'~'::: ''';:,,~::, .' "'::..:: .. "d' ."' . .. . .. ' i: ·":·~"···· ("'·;l;:; .. " 
,· exa]~~rlll 'e~i.);t- ~.'~~~PPFQ¥~~,. :~{Q~v<:l:t } ;~~.~.~~g~ 'Q . : ¥:n,~:ml?rpve :., ma~e::r'l,~k.:S" 

'.' .10'" ,/'0,' 1'." "v" " -/." ,--' , . '.' ..,..,.,." • , ., ,;" .• \', ", ,\ ,,E. ,.", ....... ' '.' .' ~\ , \', .. " • \ ," • • , ,., ,;, -" .' ',', .... " ./. ,:·"'·:·d·" .. ···h ' .. : ·'·'t ·' ·'·v::" .. ,,vi" ........ 0 .. ·. ·'·· ....... ""~h"" d' l: ~ "'" .,.: . ,... "'." ... A·,:" .... '." 

;x;,,~:',::;~:Q~~P:eC:t~ ;,/:··~: . :,~p·g~.,:.(1;)·;;:~1:1'~:p;·~:~:tlQQ}~e:, e ' li' ~·~g~ '~~F. ':·· 
~: '\",,,," ,',' ",,"~e '_"_'-/', ~r<~,v, .... :'qt ,~. -'.~ ·V' . "'."~,~,:: :.,' ''\-',:' • w_.,,' '.~'" _~. ,-,,--' " -.~" A·" ,;.: 

.· :t,1h~f~~zr~¢1~4¢"s f~~. ~~i~~meht:Qra :C:on~tqtqtriin Cqq~iiI~tQr 
(~t!i ' ~)\t}~5:' s~~~~o~ ins~,~~~'t,;~·I) t<?/ ~:J?rbj:ett w~,o .. ~ilJ :P tbV!fie vfult 
tlm.e ·' ,oii~site' $erviGe 'icftlie';'C0nstr'Yction tearris . 

.... , •. ; .. ,'. , . .... . ,,' '.. ..,,'. , " ~. • .k . •. • 

. ',; ,/ .\ 

., The JCM;:' Cq'o,rdi~~tor ~!il ·b:ea fa~~litator, pathfi~ger, and "' 
R:rob'l'el!l~soly~:r;>wh'o s~rve~, tp-e .p'r~j:'eqt by acbes:sing and 
c0'Qr(tinatin'g,:~a variety ·ot .. aepartInental resources:to resolve any 
co,ri.st~~tti~p· ai1.d iI'l~p~cJio~: rela~ed is.sues wit~ln a m!l1im~1 / " 
am.Qllnt·ofiirile. ' ' . 

n A 

The COIistr:ucti@:n Cootdi:n~tor ~ill 'be fun'de'd' by t4e project .. 
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LAt)':SAssist~:nce :rrovided to Projects 
, ',' ~'. - , . -.... ,.. ,.,-, \ 

~peclal.. Project , 

Other . 
$p~cial Project 

Desi;~j'nPfiase · ~ermitt.~'ilg . PI1~se ConstnJ'ctien :PH.as:e . . .~ ..... \ . . ' . " 

!;Y·n~nfioi1 DSCM 

!=vribhrto'rl DSqM, 

l +';)(n;::mrlArI DSCM Expanded 'DSGM . assistance not available 

"'Resta'urant Express :;:.·~ z: I'RestaurantExpress I Restaurant Express , 

assh~tance not avail~ble ' I assistance notavailaille I assistance not available 
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Currently,: lrispecti6tls f6rsiI},gle~family gwellings areavaila'ble 
Q,ulY .,;tlurio,"g: :nortnat liusi:t;less ' hours" fro:IiI ·Monday' through 

'.'" Friclay~':: ,; ~;3;,~ ,~:",,' .' " " "'" '. , / ' ,'., , 
,"" .'~; /~ ,.,'l~_V .:~ {.'" :~:""'~ 

dwri~,r~;;o~ . tk'n.Gl,~~S~:':!¥ay ,,~a~v.~ to ta~e ,iIine; ~'ff wort< · or ,:as~igri 
~:9p-te6,~~:,:t9~ :w~rf ~tJJ6m:e ,fox?the:iIispecto~s': toshOWJ1P:.,,::· i~ 
"" ... . '" ~. ',' ", 

With W~~~1~et:rd , In,~p:~:ctiQll,; inspec;tio n set\J:ic~s 'wi]!fnj~ "¢tvailab Ie 
on weel<ends. fe>r.lnlrr'of construction wo.rl<:: 

-b~~tding, ph!~bin!i me~hanical ,';m(leJectrical repairs 
- i~pl~~ertletit of fvtt~res a:n~ mech~hical equipment 

, ' 

This prqgramwill :g~v~' sin,gle family dwelling oWl).ers OJ; tenants 
the flexibtlt1¥ of r¢c~ivin:g ihspection service during weel,ends 
in~teqdQrtal{ing time off w.orl<. 
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tAfi~~ Ais§lst~ri,(:~ ,~tovided 'f() '~roje(:ts .' 

I\;JJIJ~r 

SJie~ial :'P~~je~t 
'assistance "'nota~la'ilable ' 

'pi rmitfingPhase C'onstructlQn Phase 
. ~.. . 

Expaffqe,g :~ -o SCM 

assi~tance not availaBle I assistanc'e· Qot ayaila~le 
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. High Tech,f.ast~.:Tracl{ (HTFT) . 

Wttl\~'tli.·.e ·<:p;est ''Y¢~tt!'~t :aJid. a ,la'rge ,talehtpodl equcated ,by . 
. . 'n° "/:" .. ' ',; ' ,,:' , .... ', ,.::~'" '~"'d'" ,' • . '~ ·i·:' , ,",,;~:.; •• ''''..'. io 'e./ .' . • ;;' , '. ' h" ",. " .,. " ' .. ; ... '."" .'.':.. ,: o· .• ~ .. ,; :.:. ,; ' , . 

t;'~, ~:)ll1allY·;;Q9~:sta;11 ,;,.·~p;gt,Jlt!1¥f?rSl~l/~s .1:n;··t . e r@glq,n ';, 4- :,4-. lS ·: ~CQmL~lg 
:~.::\" iii{;·spo··~ ·t,:·:.:~f~:it)41~;·:gn.:~rf(1~~~:' b~m" pa' ,n~l"e"~' ' s':'; (~:le" a' nO' 'e' beir' ,av· ' l"fl~ : ' C()':"rm' "a: ' tl'~O'· '··n···· . 
a. ;~b:.,,~. , > .. ::10-1:~.:TU-;."1~ y.I:~.,",,~1'~ •. ~u: . . . . .1: .1: ' •. '. ' ~ .:.' . .1:1..' t:;))' ., It .. ' '.',,, ., 

:: ." ";1' .~' .. ·v/;·'··:· .",.,·:;::,t. '~~ . ;~.:;; .>;/, . )" .. , '.":. . .,.' "" . ." .' ",.. .... 
, ',~ ,. " , " '",".~' " ' .'~ . ,,' te .. ,~G~?Ip~~1]-~9,~!t9~1§~~ ' .. ::. , :;,;~.,;, ~: 

11
" "''f:'~ E"'rr .. ~.': ·Ii'··· ::~' 'l'-:~ ~:":.. .. ~'".. .... .:. " h' " }: ...... h' 'h :'. 'h' h" 

"." ,.~ , , '. '. ,,''Y'' ,,' ··h.·. ·V·, ,.V • . t ,·· .'. ;t" "t ··,·"'··· .. ··· t··" t ' """. "'H'" ,., .. D'" .... ',. ,. . . ... t " ...... ' ·t· ", .,V"'ca'n "'e"'p' C)"a" ·ra·c· ··· eS'e ' 'lg' 'ec cO'mp'anle'S roug "1 s ' :. ,.:,_.,_ ; ... ,:.~::' '."'~' : ........ '. '~~,: .' : ~_,: ~< .. : ;::~.~ ~.":"'".\"., ' ' __ ,,_' _""~:"", ":,,:':, '" ~ > ~" .. '.r>,, ' '. \ ,; " ~ : _ > ..... '"'. ~ < ~ ~ ' ._~_, ,'_,\' ."' ~ 
\', A ,,' '. '. ", ,-\-' './," .' . ,. , . " '. 

, '. ",. .' .. , .... :. , '(':~ '~~>/l' . . '. .. . .,: . 'fi":':'::R: : ~ · ru···· 2'·E· 'p"". , ) .. ,.. .. 
serV1C~S ," ~.p;~:~.~ .;a~· t(~rt· ~ C:~ :~; :: .. ::,, :: .:: . ". s .: 

.• D:' ~ .. ' s .. ·.· I·,g:;. :.n···'/· .. ·.n .. ·' .. :, ;t.;;. :~s .. ,.p.·.'.·.·:· ' .... ;,., 
, '. ~ ,~ ' ~ " \~ ... ~< .' ~. l'1Q ~;~.,~~ ,~, 

~.. dlari~£Y c~d~ i€qt1.ir~mel1~s and solve foreseeable Jssues . 
: .~ : IJeterl11iJ.1e p~r!lli:t ·:cost. · 

P '. ' •... p' It" ,". • "-'. ' , ,; -v :, . ~ \" ' - ; \·,.t.". ,:I."" ' . ~ 'J", " . ·.ermJft;lng ' ...... " ~s~· . . ,:' .~. .. '. 
- ~ssign l ·plql1~1).eck staff to perform counte~ pl~n cheSlc. 
:- A:ssist,pr~.j'eCttO·:.ol~tain 'sighoffs from other agenties .. 

~ · C(Jnstt;(I,~tiQ:n~~4:a~.¢: .:· 
-·.R~s.@lYe con$t~il~tion issu,esan'd conflicts. 
~ ·Sch.~tlllle ·ins·pJ~ef!,6.n to ~~etconipl~tio.ntinielit;le·. ' 

'~, I~ '.,\,-" ". ~_ • "'."'" l' '" ".' ",' 
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LA.fi»'$ Assistance Provi~ed to ~ro.j~cts 
Design Phase Permitting Ph~se Construction Phase 

Major Project Dev. Seriices Case Mgmt. , I Dev. Services C,~se ~ Mgmt. ,I Inspection Case Management 

,:Exp~h~ed~[jSCM 
,.... , 

, MidS~~~~P'r.~j~cts 
A, 

Small Single Dwellingl ExpaneJed DSCM 

, Speci~J :p'roJe.~t 
Restaurants~ 

Special :Project 

(High Ie~h) 

Re:~t~:urant Express , 

.Parallel Desigtl~Permitting 

·::Expanded :DSCM ' 
'J ~Ex~anded" PQ)?P>" , 

Expanded 'OS'eM ' 

Expanded DSCM . 

Restau rant E~pr$ss 

Inspe¢tion Case fV1ariag~ment: 

inspection Case Man~g~nient 

Weekend Inspection 

Restaurqrit Express 
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Developm~nt::Se'rvices "(~c:,~,n(2i~rg~:'P'rogram 
We are with you all the way to ,bua~' saf~, bulld\v~ll~ and :bil'ildfa'st! 

. - _.-

.. '.. . ", ",,,. " 

" vheD~velbpJri¢nt S~rvices ".toQcfer.g~" :~,ro,grqin, ~ri~~gs '~~ry.i(~_~sto 
p~ole~tsof all'sizesan~t thtougn,outa;lt plias~8. :df 'th,e :'developti1~nt 

'v'''' " \,',,', , ....... - ... . 
\.~. ~ -

p.roc~~s:. , 
, ; v.'" . 

'WToviges a ve,hicle for (llFi~l\DBS em:pJ~ye,~~~ to, gpb.'~yond;' s,!:m:ply 
processing applicati~hs tQ' ,par~i1e~ln.;g with ," gUt development 
customeJ;s to "build safe,,,, build . weIl" 'ann builcl ,; ,fast. 
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Table of Public Benefits 

§3.l.3.1 

Pg. 11 

§3.l.3.2 

Pg. 11 

§3.1.3.3 

Pg. 12 

§3.l.3.S(a) 

Pg. 12 

SMRH:407964641.2 

l. Project labor Agreement - Developer shall enter 
into a "Project Labor Agreement" that will 
identify the construction trade union(s) as the 
primary source of all craft labor employed on the 
Project. 

2. local Hiring - For each Phase of the Project 
Developer shall implement an apprenticeship and 
zip code identification program to prioritize local 
source hiring for Project construction from the 
13th Council District. 

3. Construction Trades Prevailing Wage -
Construction workers employed in the 
construction of each Phase of the Project shall be 
paid no less than the prevailing wage as 
determined by the provisions of Sections 1770 et 

of the California Labor Code. 

4. Circulation Shuttle - Developer shall operate a 
shuttle service, providing "on call" service 
between the Project and residential areas within 
a two mile radius. Developer shall not be 
obligated to spend more than $50,000 per year 
for the operation of service. 

-1-

Developer must enter 
into agreement prior to 
issuance of a building 
permit for each Phase of 

the Proi' 
A report detailing 
demographic information 
on the Project's workers 
shall be included as a 
part of the Annual 
Review. 

Proof of compliance shall 
be submitted prior to the 
issuance of any 
certificate of occupancy 
for the Project. 

The Developer shall 
demonstrate how it has 
implemented the 
program in the Annual 
Review. 

Program shall be 
prepared no later 
than six months 
before start of 
construction of First 
Phase. 

Prior to issuance of 
final certificate of 
completion for the 
First Phase, 
Developer shall 
procure the shuttle 
service. Service shall 
operate during the 
Term of the 
Development 
Agreement {the 

0 
0 

I 

0 
0 
0 
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I 

0 
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Table of Public Benefits 

§3.1.3.5(b) 

Pg. 13 

§3.1.3.5(c) 

Pg. 13 

SMRH:407964641.2 

5. Bicycle Amenities Plan - Developer shall 
maintain a kiosk or tenant space of at least 200 
square feet for bicycle repair services. This space 
is in addition to bicycle parking facilities required 
by the Development Regulations. 

6. linkages to future public transit services -
Developer shall: 

a. Install directional signage showing 
pedestrian routes to all public 
transportation access points within a four 
block radius of the Project. 

b. Provide $10,000 to the Department of 
Transportation for the installation of 
directional signage at the DASH access 
point nearest the Project, and 

c. Provide $25,000 to Metro for directional 
sign age for pedestrian routes between 
public transportation access points and 
the Project. 

-2-

Developer shall 
demonstrate to the 
Planning Director how it 
has implemented the 
program in the Annual 
Review. 

Provision of bicycle 
amenities shall 
commence upon 
issuance of a final 
certificate of 
occupancy for First 
Phase and thereafter 
for the Term of the 
DA 

Proof of payment of 
the Transit Linkage 
Payments shall be 
submitted to the 
Planning Director 
prior to the issuance 
of a final certificate 
of occupancy for the 
First Phase of the 
Project. 

The East and 
West Portion 
Phase shall 
include 
dedicated 
bicycle ways 
and wayfinding 
signage 
between public 
streets and the 
facilities. 
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Millennium Hollywood Project 
Table of Public Benefits 

§3.1.3.5(d) 7. Parking Tracking Services - Developer shall 
contribute $50,000 to the Department of 

Pg. 13 Transportation's Express Park program for new 
parking meter technology, vehicle sensors, a 
central management system and real-time 
parking guidance for motorists in the vicinity of 
the Project. 

§3.1.3.5(e) 8. Vine Street Metro Connection - Developer shall 
engage an urban planning and architectural firm 

Pg. 14 to study of a portal north of Hollywood Boulevard 
into the Hollywood Boulevard/Vine Street Metro 
Station. 

§3.1.3.5(f) 9. Metro Passes - Developer shall provide for the 
sale of Metro passes to Project residents, tenants 

Pg. 14 and their employees and shall purchase at least 
25 Metro passes for residents and tenants of the 
Project. 

§3.1.3.5(g) 10. Monthly Parking Leases for Metro Commuters -
Developer shall provide 10 "park and ride" spaces 

Pg. 14 for monthly lease to persons who are not tenants 
or occupants of the Project and establish a 
monitoring program of the park and ride spaces. 

SMRH:40796464 1.2 -3-

Contribution shall be 
paid to the City 
Department of 
Transportation prior 
to issuance of the 
final certificate of 
occupancy for the 
First Phase. 
Study shall be 
completed before 
the issuance of the 
first building permit 0 
for the first Phase. 0 

I 

Developer shall Provision of Metro 0 
0 

demonstrate to the passes will begin 0 
.do 

Planning director how it upon issuance of I 

0 
has implemented such final certificate of c.n ...., 
program as part of the occupancy for the 
Annual Review. First Phase and 

thereafter during the 
Term of DA. 

The results of the Beginning upon 
monitoring program shall issuance of a final 
be submitted as part of certificate of 
the Annual Review. occupancy for the 

First Phase, and 
thereafter during the 
Term of the DA. 
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Millennium Hollywood Project 

Table of Public Benefits 

Pg. 14 

§3.1.3.4 

Pg. 12 

§3.1.3.6 

Pg. 14 

SMRH:407964641.2 

11. Shared Vehicle Parking - Developer shall 
maintain 10 parking spaces within non-residential 
parking areas of the Project for shared vehicle 
services. 

12. Community Organization Meeting Space -
Developer shall provide not less than 1,200 
square feet of meeting space at the Project for 
use by Hollywood and community non-profit 
groups. 

13. Protection of Capitol Records Building, 
Recording Studios and Echo Chambers -
Developer shall prepare a written adjacent 
structure monitoring plan to ensure that 
construction will not damage the Capitol Records 
Building, including the recording studios and 
underground echo chambers therein. 

-4-

As part of the Annual 
Review, Developer shall 
demonstrate to the 
Planning Director how it 
has implemented such 
program. 

As part of the Annual 
Review, Developer shall 
demonstrate to the 
Planning Director how it 
has implemented such 
monitoring program. 

Commencing upon 
issuance of a final 
certificate of 
occupancy for the 
First Phase and 
thereafter during the 
Term of the DA. 

Developer shall 
establish and operate 
a reservation system 
commencing upon 
issuance of a 
certificate of 
occupancy for the 
First Phase. 

Issuance of a 
building permit 
for the Initial 
East Parcel 
Phase is 
conditioned on 
submission of 
written 
adjacent 
structure 
monitoring 
plan to the 
Department of 
Building and 
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Millennium Hollywood Project 

Table of Public Benefits 

§3.1.3.7 14. Public Performances, Music, and Arts 
Programming - Developer shall conduct at least 

Pg. 15 four public events per year in the Art Plaza and 
costs associated with events. 

§3.1.3.8 15. Parking Access Management System - Developer 
shall provide a parking access management 

15 system. 
§3.1.3.9 16. Pedestrian Improvements Contribution -

Developer shall provide funding in the amount of 
Pg.15 $50,000 to the Hollywood Chamber of Commerce 

Walk of Fame Committee, or as otherwise 
directed by the City, for renovation and upkeep 
of the Walk of Fame stars and terrazzo, sidewalks 
and other public streetscape improvements. 

§3.1.3.10 17. Music Appreciation Exhibit - Developer shall 
install publicly accessible artwork and/or 

Pg. 15 changeable exhibition cabinets and/or platforms. 
The Music Appreciation Exhibit shall be 
maintained at Developers sole cost. 

§3.1.3.11 18. Hollywood Central Park - Developer shall make 
contribution to the Friends of Hollywood Central 

Pg. 16 Park in the amount of $50,000. Thereafter, 
Developer shall make an annual contribution in 
the amount of $50,000 for the operation and 
maintenance of the Hollywood Central Park. 

SMRH:407964641.2 -5-

Developer shall provide a 
schedule and conduct 
public events for Term of 
DA. 

First half of payment 
is a condition of 
issuance of a building 
permit for the First 
Phase. Proof of 0 
payment of the 0 

I 

balance shall be a 0 
0 

condition to issuance 0 
.do 

of the final certificate I 

0 
of occupancy for the c.n 
First Phase. 

~ 

Developer shall The Music 
demonstrate how it has Appreciation exhibit 
programmed the Music shall be installed 
Appreciation Exhibit as within the First Phase 
part of the Annual of the Project. 
Review. 
Annual contribution shall Proof of payment 
be made on April 1 shall be a condition 
following the issuance of to the issuance of the 
a final certificate of building permit for 
occupancy and on April 1 the First Phase. 
of each year during 
remaining Term of the 

IDA. 
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Millennium Hollywood Project 

Table of Public Benefits 

§3.1.3.12 

Pg. 16 

SMRH:407964641.2 

19. Affordable Housing Payment - Developer shall 
pay $4,800,000 for the development of 100 new 
affordable housing units. The affordable housing 
Projects are (a) the Westlake Theater Project, and 
(b) the Coronel Project (the "HCHC Projects"). 

a. Developer HCHC Project Contributions -
Within 90 days of its receipt of written 
notice from LAHD that the HCHC Project 
Commitment Date has occurred for each 
HCHC Project, Developer shall pay 
$2,400,000 to lAHD for the development 
HCHC Project. 

b. Developer LAHD Contribution - If the 
HCHC Project Commitment Date has not 
occurred for HCHC Project, by the date 
Developer submits an application for a 
building permit for a building that 
includes residential units, Developer shall 
pay an equal amount to lAHD as a 
condition to the issuance of the building 
permit. 

c. lAHD Use of Developer LAHD 
Contribution - lAHD is authorized to pay 
all or part of the Developers contribution 
to HCHC for costs associated with the 
remaining unfunded HCHC Project, other 
HCHC affordable housing projects, 
expenses, and costs associated with 

roduction of affordable hous 

-6-

Developer HCHC Project 
Contributions shall be 
paid within 90 days of 
receipt of written notice 
from LAHD that HCHC 
Project commitment 
Date has occurred. 

o o 
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o 
o 
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I o 
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I. Additional Benefits Proposed to be Included in the Conditions of Approval 

1. Pedestrian Improvements 
Contribution - Developer shall 
provide funding in the amount of 
$50,000 to the Bureau of Street 
Services, or as otherwise directed by 
the City, for renovation and upkeep 
of the Walk of Fame stars and 
terrazzo, sidewalks and other public 
streetscape improvements. 

2. Skate Park - Developer contribute 
lesser of estimated cost or $50,000 
toward improvement of a 
community skate park, subject to 
City's acquisition of a site. 

Planning, CD 13 Council Office 

CHNC 

3. Central Hollywood Design Overlay - CHNC 
If requested by City, Developer will 
contribute $125,000 toward 
completion of Central Hollywood 
Design Overlay pursuant to 
Hollywood Community Plan Policy 
LU 2.5.1 or other Planning 
undertaking 

AR0067914 
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4. Hollywood Sign Protection Fund - CHNC, CD 4 Council Office, CD 13 
Following installation of 410+ foot Council Office, Planning 
building, Developer shall make 
contributions to the Hollywood Sign 
Trust, a California non-profit 
corporation, in the amount of $500 
per residential dwelling unit in in 
such Phase and subsequent Phases, 
which contribution shall be payable 
with respect to each unit within thirty 
(30) days after the earlier of the 
initial sale or lease thereof. 

5. Music and Arts Programming -
For a fifteen (15) year term starting 
upon issuance of the certificate of 
occupancy for the final phase of 
construction for the Project, 
Developer shall work with the 13th 
Coucil District to develop a plan for 
publicly accessible music and arts 
programming within the Project 
which may include such elements as 
art installations, whether temporary 
or permanent, changeable 
exhibition cabinets, or other artistic 
and musical performances at the 
Project Site. Programming will be 
developed in consultation with the 
City's Cultural Affairs Department, 
the Hollywood Arts Council, and the 
Hollywood Business Improvement 
District. Developer will pay for all 
costs associated with such 
programming. 

CD 13 Council Office, Planning 

AR0067915 



CO-0001-058 

1. Project Information -
Upon issuance of building permits 
but no less than sixty (60) days prior 
to the commencement of 
construction of new improvements, 
Developer will notify the 13th 
Council District of the development 
activity for which permits have been 
issued including proposed uses for 
such improvements and anticipated 
duration of construction. To the 
extent requested by the 13th Coucil 
District, Developer shall hold a public 
meeting for interested members of 
the public regarding the 
construction schedule for and 
ultimate uses of such improvements 
for which permits have been issued. 

CD 13 Council Office 

AR0067916 



RECORDING REQUESTED BY AND 
WHEN RECORDED MAIL TO: 

CO-0001-059 

Sheppard Mullin Richter & Hampton LLP 
333 South Flower Street 
43rd Floor 
Los Angeles, CA 90071 
Attn: Alfred Fraijo, Jr., Esq. 

NO RECORDING FEE - PUBLIC AGENCY - GOVERNMENT CODE §6103 

407722898.7 
010913 
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THE CITY OF LOS ANGELES, 

1720 NORTH VINE LLC, 

1749 NORTH VINE STREET LLC, 

1750 NORTH VINE LLC, 

1733 NORTH ARGYLE LLC, 

and 

MILLENNIUM HOLLYWOOD LLC 
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DEVELOPMENT AGREEMENT 

This DEVELOPMENT AGREEMENT ("Agreement") is executed this 
____ day of ,2013, by and among the CITY OF LOS ANGELES, a 
municipal corporation (the "City"), 1720 NORTH VINE, LLC, a Delaware limited liability 
company ("1720 Owner"), 1749 NORTH VINE STREET LLC, a Delaware limited liability 
company ("1749 Owner"), 1750 NORTH VINE LLC, a Delaware limited liability company 
("Capitol Records Building Owner"), 1733 NORTH ARGYLE LLC, a Delaware limited 
liability company ("Argyle Owner", and collectively with the 1720 Owner, the 1749 Owner, 
and the Capitol Records Building Owner, the "Property Owners"), and MILLENNIUM 
HOLL YWOOD LLC, a Delaware liability company (collectively with the Property Owners, 
"Developer"), pursuant to California Government Code Section 65864 et seq., and the 
implementing procedures of the City, with respect to the following: 

RECITALS 

WHEREAS, the City and Developer recognize that the further development of the 
Property will create significant opportunities for economic growth in the City of Los Angeles, 
the Southern California region and California generally; 

WHEREAS, Developer wishes to obtain reasonable assurances that the Project, as 
defined below, may be developed in accordance with the Project Approvals, as defined below, 
and the terms of this Agreement; 

WHEREAS, Developer will implement public benefits above and beyond the 
necessary mitigation for the Project, including benefits and other consideration as noted in 
Section 2.3.1; 

WHEREAS, this Agreement is necessary to assure Developer that the Project will 
not be reduced in density, height, or use, or be subjected to new rules, regulations, ordinances, or 
policies unless otherwise allowed by this Agreement; 

WHEREAS, by entering into this Agreement, the City is encouraging the 
development of the Project as set forth in this Agreement in accordance with the goals and 
objectives of the City, while reserving to the City the legislative powers necessary to remain 
responsible and accountable to its residents; and 

WHEREAS, Developer intends to redevelop the 4.46-acre site (the "Property"), 
as set forth in Exhibits A-I and A-2 attached hereto, located at 1720, 1722, 1724, 1730, 1740, 
1745, 1749, 1750, 1751, 1753, 1760, 1762, 1764, 1766, 1768, and 1770 N. Vine Street; 6236, 
6270, and 6334 W. Yucca Street; 1733 and 1741 N. Argyle Avenue; and 1746, 1748, 1754, 
1760, and 1764 N. Ivar Avenue, Los Angeles, California 90028; 

WHEREAS, Developer anticipates that the Project will be completely built-out 
and operational by the year 2020, but is requesting a longer term in this Agreement to allow 
sufficient time for development in the unlikely event of delays caused by unforeseen economic 
conditions and other unforeseen factors such as, but not limited to, unanticipated site conditions 
and the unavailability of materials or labor shortages; 

407722898.7 
010913 
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WHEREAS, for the foregoing reasons, the Parties desire to enter into a 
development agreement for the Project pursuant to the Development Agreement Act, as defined 
below, and the City's charter powers upon the terms and conditions set forth herein. 

AGREEMENT 

NOW, THEREFORE, pursuant to the authority contained in the Development 
Agreement Act, as it applies to the City, and in consideration of the premises and mutual 
promises and covenants herein contained and other valuable consideration the receipt and 
adequacy of which the Parties hereby acknowledge, the Parties agree as follows: 

1. DEFINITIONS. 

For all purposes of this Agreement, except as otherwise expressly provided or 
unless the context requires: 

1.1 "Agreement" means this Development Agreement, including all exhibits attached 
hereto and all amendments and modifications hereto. 

1.2 "Applicable Rules" means all of the rules, regulations, ordinances and officially 
adopted policies of the City in force as of the Effective Date, including, but not limited to, the 
Municipal Code, this Agreement (including the Development Regulations and all other 
attachments hereto) and Project Approvals. Additionally, notwithstanding the language of this 
Section or any other language in this Agreement, all specifications, standards and policies 
regarding the design and construction of public works facilities, if any, shall be those that are in 
effect at the time the applicable Project plans are being processed for approval and/or under 
construction but only to the extent not inconsistent with the Development Regulations or this 
Agreement 

1.3 "Argyle Owner" means 1733 North Argyle LLC, a Delaware limited liability 
company. 

1.4 "Assignment Agreement" means a written agreement between Developer (or any 
of them) and a Transferee of Developer (or any of them), consistent with the terms of this 
Agreement, in which the parties agree to specific obligations of this Agreement being transferred 
from such Developer to such Transferee. An Assignment Agreement may, but shall not be 
required to, allocate to the Transferee for its portion of the Property a defined portion of the 
Maximum Floor Area. 

1.5 "Capitol Records Building Owner" means 1750 North Vine LLC, a Delaware 
limited liability company. 

1.6 "CEQA" means the California Environmental Quality Act (Cal. Public Resources 
Code Sections 21000 et seq.) and the State CEQA Guidelines (Cal. Code of Regs., Title 14, 
Sections 15000 et seq.). 

1.7 "City" means the City of Los Angeles, a charter City and municipal corporation. 

407722898.7 
010913 
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1.8 "City Agency" means each and every agency, department, board, commission, 
authority, employee, and/or official acting under the authority of the City, including without 
limitation, the City Council and the Planning Commission. 

1.9 "City Council" means the City Council of the City and the legislative body of the 
City pursuant to Section 65867 of the California Government Code. 

1.10 "Conditions of Approval" means the conditions of approval issued in connection 
with the Project Approvals. 

1.11 "Development Parameters" means, collectively, the Development Regulations 
and the Equivalency Program. 

1.12 "Development Regulations" means the Millennium Hollywood, Development 
Regulations: Design Guidelines and Standards attached as Exhibit B. 

1.13 "Developer" means, collectively or individually, as applicable, 1720 Owner, 
1749 Owner, Capitol Records Building Owner, and Millennium Hollywood LLC, a Delaware 
liability company, and all of their respective Transferees. 

1.14 "Development Agreement Act" means Article 2.5 of Chapter 4 of Division 1 of 
Title 7 (Sections 65864 et seq.) of the California Government Code. 

1.15 "Discretionary Action" means an action which requires the exercise of 
judgment, deliberation, or a decision on the part ofthe City and/or any City Agency, including 
any board, commission, or department or any officer or employee thereof, in the process of 
approving or disapproving a particular activity, as distinguished from an activity which merely 
requires the City and/or any City Agency, including any board, commission or department or any 
officer or employee thereof, to determine whether there has been compliance with statutes, 
ordinances, or regulations. 

1.16 "EIR" means the Environmental Impact Report for the Project, State 
Clearinghouse No. ENV-2012-__ -EIR-_, certified by the City in accordance with the 
requirements of CEQ A. 

1.17 "Effective Date" is the date on which this Agreement is attested by the City Clerk 
of the City of Los Angeles after execution by Developer and the Mayor of the City of Los 
Angeles. 

1.18 "Equivalency Program" means the land use equivalency program, as more fully 
described in Section 3.2.5 of this Agreement and the Project Approvals, which allows land uses 
to be developed on the Property to be exchanged among the permitted land uses so long as the 
limitations of such equivalency program are satisfied and do not exceed the analyzed upper 
levels of environmental impacts that are identified in the EIR or exceed the Maximum Floor 
Area. All permitted land use increases can be exchanged for corresponding decreases of other 
permitted land uses on the Property under the Equivalency Program once the maximum FAR is 
reached. 
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1.19 "Existing Improvements" means the existing buildings, structures and 
improvements located within the Property, consisting only ofthe Capitol Records Building, the 
Gogerty Building, and parking facilities as of the Effective Date or replaced pursuant to this 
Agreement. 

1.20 "Fees" means Impact Fees, Processing Fees and Charges and any other fees or 
charges imposed or collected by the City. 

1.21 "Floor Area" means the floor area of the improvements, as measured by the City 
pursuant to Section 12.03 of the Los Angeles Municipal Code. 

1.22 "General Plan" means the General Plan of the City. 

1.23 "Impact Fees" means impact fees, linkage fees, exactions, assessments or fair 
share charges or other similar impact fees or charges imposed on and in connection with new 
development by the City pursuant to rules, regulations, ordinances and policies of the City set 
forth in the Applicable Rules. Impact Fees do not include (i) Processing Fees and Charges or 
(ii) other City-wide fees or charges of general applicability, provided that such City-wide fees or 
charges are not imposed on impacts of new development. 

1.24 "include","including", "includes" in each instance will be deemed to be 
followed by the phrase "without limitation". 

1.25 "Litigation" means any lawsuit (including any cross-action) filed against the City 
andlor Developer to the extent such lawsuit challenges the validity, implementation or 
enforcement of or seeks any other remedy directly relating to, all or any part of this Agreement, 
the EIR andlor the Project Approvals. 

1.26 "Ministerial Permits and Approvals" means the permits, approvals, plans, 
inspections, certificates, documents, licenses, and all other actions required to be taken by the 
City in order for Developer to implement and construct the Project. Ministerial Permits and 
Approvals shall not include any Discretionary Actions. 

1.27 "Mitigation Measures" means the mitigation measures set forth in the EIR for 
each potential environmental impact of the Project and set forth in the mitigation monitoring 
program adopted as a condition of approval of the EIR andlor Project Approvals. 

1.28 "Mortgage" means any mortgage, deed of trust, pledge, encumbrance, sale 
leaseback, or other security interest granted to a person, made in good faith and for fair value, 
encumbering all or any part of the Developer Property or Developer's interest in this Agreement, 
given by Developer for the purpose of obtaining financing for the acquisition of land within the 
Property or any portion thereof, the construction of any improvements thereon, or any other 
purpose. 

1.29 "Mortgagee" means any (i) the holder of any Mortgage (including, as applicable, 
any administrative agent), (ii) beneficiary under any Mortgage, andlor (iii) with respect to any 
parcel in the Project which is the subject of a sale-leaseback transaction, the person acquiring fee 
title under a Mortgage who has delivered a Mortgagee Notice to the City as provided in Section 
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6.1.4 of this Agreement, including the successors and assigns of any such holder, beneficiary or 
lessor. 

1.30 "Mortgagee Successor" is defined in Section 6.1.4 of this Agreement. 

1.31 "Municipal Code" means, as applicable, the Los Angeles Municipal Code as the 
same may exist from time to time during the term of this Agreement, or, when used in the 
context and within the meaning of the Applicable Rules, the Los Angeles Municipal Code as of 
the Effective Date of this Agreement. 

1.32 "Parties" means collectively Developer and the City. 

1.33 "Party" means anyone of Developer or the City. 

1.34 "Phase" shall have the meaning described in Section 3.2.1 of this Agreement. 

1.35 "Planning Commission" means the City Planning Commission and the planning 
agency of the City pursuant to Section 65867 of the California Government Code (Development 
Agreement Act). 

1.36 "Planning Director" means the Director of Planning for the City or his or her 
designee. 

1.37 "Proceeding" is defined in Section 7.9.1. 

1.38 "Processing Fees and Charges" means all processing fees and charges required 
by the City or any City Agency including, but not limited to, fees for land use applications, 
project permits, building application, building permits, grading permits, encroachment permits, 
tract or parcel maps, lot line adjustments, air right lots, street vacations and certificates of 
occupancy which are necessary to accomplish the intent and purpose of this Agreement. 
Expressly exempted from Processing Fees and Charges are all Impact Fees which may be 
imposed by the City on development projects pursuant to laws enacted after the Effective Date, 
except as specifically provided for in this Agreement. Processing Fees and Charges include 
those linkage fees, impact fees, and exactions which are in effect as of the Effective Date, the 
amounts of which are subject to ongoing annual increases which shall be calculated at time of 
payment. The amount ofthe Processing Fees and Charges to be applied in connection with the 
development of the Project shall be the amount which is in effect on a City-wide basis at the time 
an application for the City action is made unless an alternative amount is established by the City 
in a subsequent agreement. 

1.39 "Project" means a mixed-use development described in greater detail in the 
Project Approvals and the Development Regulations. 

1.40 "Project Approvals" those Discretionary Actions authorizing the Project which 
have been requested by Developer and approved by the City and which are comprised of 
(1) Vesting Zone Change and Height District removal of the "D" Limitation from C4-2D-SN to 
C2-2-SN per Municipal Code Section 12.32 F and 12.32Q and Ordinance 165,659-SA 180; 
(2) Vesting Conditional Use Permit to allow a hotel use within five hundred feet of a R Zone per 
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Municipal Code Section 12.24.W.24 and 12.24.T; (3) Conditional Use Permit for floor area ratio 
averaging in a unified development per Municipal Code Section 12.24.W.19; (4) the Conditional 
Use Permit for beverage with full alcohol, live entertainment and dancing per Municipal Code 
Sections 12.24.W.l and 12.24.W.18.a; (5) Variance from Municipal Code Section 
12.14.A.1(a)(10) for restaurants with outdoor eating areas above the ground floor per Municipal 
Code § 12.27; (6) Variance from Municipal Code Section 12.21.A.4(c)(2) to reduce parking 
required for sports club facility per Municipal Code § 12.27; (7) Authority for Reduced On-Site 
Parking with Remote Off-site Parking or Transportation Alternatives; (8) Site Plan Review for a 
project that creates a maximum of 1,116,000 square feet of development on a 4.4 acre site; and 
(9) the subdivision of the Property pursuant to the Vesting Tentative Tract Map dividing the 
Property into 2 grounds lots and 39 "air space" lots, and providing for further subdivision of up 
to 4 such air space lots into a maximum 897 condominium units. 

1.41 "Property" shall have the meaning in the sixth Recital, is depicted on the 
Development Site Map attached hereto as Exhibit A-I, and is legally described in Exhibit A-2 
attached hereto. Notwithstanding the foregoing, prior to acquisition of the Third Party Property 
by Developer, the Property shall not include the Third Party Property. 

1.42 "Reserved Powers" means the rights and authority excepted from this 
Agreement's restrictions on the City's police powers and which are instead reserved to the City. 
The Reserved Powers include the powers to enact regulations or take future Discretionary 
Actions after the Effective Date of this Agreement that may be in conflict with the Applicable 
Rules and Project Approvals, but: (1) are necessary to protect the public health and safety, and 
are generally applicable on a City-wide basis (except in the event of natural disasters as found by 
the City Council such as floods, earthquakes and similar acts of God); (2) are amendments to 
Chapter IX of the Los Angeles Municipal Code Section 91.0101 et seq. (Building Code) or 
Chapter V of the Los Angeles Municipal Code Section 57.01.01 et(Fire Code) regarding the 
construction, engineering and design standards for private and public improvements and which 
are (a) necessary to the health and safety of the residents of the City, and (b) are generally 
applicable on a Citywide basis (except in the event of natural disasters as found by the Mayor or 
The City Council such as floods, earthquakes, and similar acts of God); (3) are necessary to 
comply with state or federal laws and regulations (whether enacted previous or subsequent to the 
Effective Date of this Agreement) as provided in Section 3.2.3.3 or; (4) constitute Processing 
Fees and Charges imposed or required by the City to cover its actual costs in processing 
applications, permit requests and approvals of the Project or in monitoring compliance with 
permits issued or approvals granted for the performance of any conditions imposed on the 
Project, unless otherwise waived by the City. 

1.43 "Term" means the period of time for which this Agreement shall be effective in 
accordance with Section 7.2 hereof. 

1.44 "Third Party Property" means the portion of the Property that is not owned by 
Developer as of the Effective Date, which property is depicted on the Development Site Map 
attached hereto as Exhibit A 1 and is legally described on Exhibit A 3 attached hereto. 
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1.45 "Transferee" means individually or collectively, Developer's successors in 
interest, assignees, or transferees of all or any portion of the Property, which may include 
Mortgagees and/or Mortgagee Successors. 

1.46 "Vesting Tentative Tract Map" means Vesting Tentative Tract Map No. 17834 
approved by the City on ,2013, dividing the Property into 2 
grounds lots and 39 "air space" lots, and providing for further subdivision of up to 4 such air 
space lots into a maximum 897 condominium units. 

1.47 "1720 Owner" means 1720 North Vine LLC, a Delaware limited liability 
company. 

1.48 "1749 Owner" means 1749 North Vine LLC, a Delaware limited liability 
company. 

2. RECITALS OF PREMISES, PURPOSE, AND INTENT. 

2.1 State Enabling Statute. To strengthen the public planning process, encourage 
private participation in comprehensive planning and reduce the economic risk of development, 
the Legislature of the State of California adopted the Development Agreement Act which 
authorizes any the City to enter into binding development agreements establishing certain 
development rights in real property with persons having legal or equitable interests in this 
property. Section 65864 of the Development Agreement Act expressly provides as follows: 

"The Legislature finds and declares that: 

"(a) The lack of certainty in the approval of 
development projects can result in a waste of resources, escalate 
the cost of housing and other development to the consumer, and 
discourage investment in and a commitment to comprehensive 
planning which would make maximum efficient utilization of 
resources at the least economic cost to the public. 

(a) (b) Assurance to the applicant for a development project that 
upon approval of the project, the applicant may proceed with the project in 
accordance with existing policies, rules and regulations, and subject to conditions 
of approval will strengthen the public planning process, encourage private 
participation in comprehensive planning, and reduce the economic cost of 
development. 

(b) (c) The lack of public facilities, including, but not limited to, 
streets, sewerage, transportation, drinking water, school, and utility facilities, is a 
serious impediment to the development of new housing. Whenever possible, 
applicants and local governments may include provisions in agreements whereby 
applicants are reimbursed overtime for financing of public facilities." 

Notwithstanding the foregoing, to ensure that the City remains responsive and accountable to its 
residents while pursuing the benefits of development agreements contemplated by the 
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Legislature, the City: (1) accepts restraints on its police powers contained in development 
agreements only to the extent and for the duration required to achieve the mutual objectives of 
the Parties; and (2) to offset these restraints, seeks public benefits which go beyond those 
obtained by traditional City controls and conditions imposed on development project 
applications. 

2.2 City Procedures and Actions.The City Planning Commission Action. The 
City Planning Commission held a duly noticed public hearing, and recommended approval of 
this Agreement on , 2013. 

2.2.2 The City Council Action. The City Council on 
, 2013, after conducting a duly-noticed public 

hearing, adopted Ordinance No. __ , to become effective on the thirty-first day after 
publication, or on the forty-first day after posting, approving this Agreement, found that its 
provisions are consistent with the City's General Plan, the Hollywood Community Plan, and the 
Municipal Code, and authorized the execution of this Agreement. 

2.3 Purpose of This Agreement. 

2.3.1 Public Benefits. This Agreement provides assurances that the public 
benefits identified below, which are additional consideration for this Agreement, will be 
achieved and developed in accordance with the Applicable Rules and Project Approvals and with 
the terms of this Agreement and subject to the City's Reserved Powers. The Project will provide 
local and regional public benefits to the City, including without limitation (i) promote 
Hollywood and its commercial corridor; (ii) increased sales tax, property tax, and future transient 
occupancy tax revenues; (ii) promote tourism and business expansion and relocation in 
Hollywood, the City and the region; (iii) provide temporary and permanent jobs to improve the 
local and regional economy; (iv) provide the density necessary to support a new mix of uses in 
close proximity to mass transit; and other benefits as contained in Section 3.1.4. The Project will 
contribute positively to the City by providing a vibrant project with a variety of land uses, which 
will serve to increase the level of activity necessary to sustain Hollywood as a regional center 
and create new jobs and increase City tax revenues. 

2.3.2 Developer Objectives. In accordance with the legislative findings set 
forth in the Development Agreement Act, and with full recognition of the City's policy of 
judicious restraints on its police powers, Developer wishes to obtain reasonable assurances that 
the Project may be developed in accordance with the Applicable Rules and Project Approvals 
and with the terms of this Agreement and subject to the City'S Reserved Powers. In the absence 
of this Agreement, Developer would have no assurance that it can complete the Project for the 
uses and to the density and intensity of development set forth in this Agreement and the Project 
Approvals. This Agreement, therefore, is necessary to assure Developer that the Project will not 
be (1) reduced or otherwise modified in density, intensity or use from what is set forth in the 
Project Approvals, (2) subjected to new rules, regulations, ordinances, or official policies or 
plans which are not adopted or approved pursuant to the City's Reserved Powers, or 
(3) subjected to delays for reasons other than Citywide health and safety enactments related to 
critical situations such as, but not limited to, the lack of water availability or sewer or landfill 
capacity. 
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2.3.3 Mutual Objectives. Development of the Project in accordance with this 
Development Agreement will provide for the orderly development of the Property in accordance 
with the objectives set forth in the General Plan. Moreover, a development agreement for the 
Project will eliminate uncertainty in planning for and securing orderly development of the 
Property, assure installation of necessary improvements, assure attainment of maxim urn efficient 
resource utilization within the City at the least economic cost to its citizens and otherwise 
achieve the goals and purposes for which the Development Agreement Act was enacted. The 
Parties believe that such orderly development of the Project will provide public benefits, as 
described in Section 2.3.1, to the City through the imposition of development standards and 
requirements under the provisions and conditions of this Agreement, including without 
limitation: increased tax revenues, installation of on-site and off-site improvements, 
redevelopment of an underutilized site, preservation of the historic Capitol Records building, a 
grade level pedestrian plaza, a mix ofland uses including some or all of the following uses: 
residential, commercial and office within an existing activity center offering direct proximity to 
existing public transit and transportation infrastructure, the addition of retail and restaurant uses, 
approximately 2,900 construction-related jobs, and creation and retention of 1,257 to 1,635 direct 
and indirect jobs for the City of Los Angeles. Additionally, although development of the Project 
in accordance with this Agreement will restrain the City'S land use or other relevant police 
powers, this Agreement provides the City with sufficient Reserved Powers during the term 
hereof to remain responsible and accountable to its citizens. In exchange for these and other 
benefits to the City, Developer will receive assurance that the Project may be developed during 
the term of this Agreement in accordance with the Applicable Rules, Project Approvals and 
Reserved Powers, subject to the terms and conditions of this Agreement. 

2.4 Applicability of the Agreement. This Agreement does not: (1) grant height, 
density, or intensity in excess ofthat otherwise established in the Applicable Rules and Project 
Approvals; (2) eliminate future Discretionary Actions relating to the Project if applications 
requiring such Discretionary Action are initiated and submitted by the owner of the Property 
after the Effective Date of this Agreement; (3) guarantee that Developer will receive any profits 
from the Project; (4) prohibit the Project's participation (with the consent of Developer, to the 
extent required under Applicable Rules) in any benefit assessment district that is generally 
applicable to surrounding properties; or (5) amend the City's General Plan. This Agreement has 
a fixed Term. Furthermore, in any subsequent Discretionary Actions applicable to the Property 
or any portion thereof, the City may apply the new rules, regulations and official policies as are 
contained in its Reserved Powers. 

3. AGREEMENT AND ASSURANCES. 

3.1 Agreement and Assurance on the Part of Developer. In consideration for the 
City entering into this Agreement, and as an inducement for the City to obligate itself to carry 
out the covenants and conditions set forth in this Agreement, and in order to effectuate the 
premises, purposes, and intentions set forth in Section 2.3 of this Agreement, Developer hereby 
agrees as follows: 

3.1.1 Project Development. Developer agrees that it will use its commercially 
reasonable efforts, in accordance with its own business judgment and taking into account market 
conditions and economic considerations, to undertake development of the Project in accordance 
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with the terms and conditions of this Agreement, including the Applicable Rules and the Project 
Approvals. Nothing in this Agreement shall be construed to require Developer to proceed with 
the construction of or any other implementation of the Project or any portion thereof. In 
addition, Developer agrees to the following: 

(1) Dedication of Land for Public Street Purooses. Provisions for the 
dedication of land for public purposes are set forth in the conditions of approval of the 
Project Approvals. 

(2) Description of Transportation Improvements. The transportation 
improvements to be included within the scope of the Project are set forth in the Project 
Approvals. 

(3) Maximum Height of the Project. The maximum height of the Project shall 
not exceed 585 feet and the Project shall comply with and be limited as set forth in the 
Project Approvals. 

(4) Maximum Floor Area of the Project. The maximum Floor Area 
("Maximum Floor Area") of the Project shall not exceed 1,166,970 net square feet 
(inclusive of Existing Improvements that are retained) and the Project shall comply with 
and be limited as set forth in the Project Approvals. 

3.1.2 Timing of Development. Developer may construct the Project in any 
number of phases (each a "Phase") as Developer determines on the Property, consistent with the 
Applicable Rules and the Project Approvals. The parties acknowledge that Developer cannot at 
this time predict when or at what rate the Property would be developed. These decisions depend 
upon numerous factors that are not all within the control of Developer, such as market 
orientation and demand, availability of financing, and competition. Because the California 
Supreme Court held in Pardee Construction Co. v. The City of Camarillo, 37 Cal. 3d 465 (1984), 
that the failure of the parties therein to provide for the timing of development permitted a later 
adopted initiative restricting the timing of development and controlling the Parties' agreement, 
Developer and the City do hereby acknowledge and provide for the right of Developer to 
develop the Project in an order and at a rate and times as Developer deems appropriate within the 
exercise of its sole and subjective business judgment, subject to any restrictions that may exist in 
the Project Approvals. The City acknowledges that this right is consistent with the intent, 
purpose, and understanding of the Parties to this Agreement. 

3.1.3 Additional Obligations of Developer as Consideration for this 
Agreement. In addition to the obligations identified in Sections 2.3.1 and 3.1.1 of this 
Agreement, in consideration for the City entering into this Agreement, and as an inducement for 
the City to obligate itself to carry out the covenants and conditions set forth in this Agreement, 
and in order to effectuate the premises, purposes and intentions set forth in Section 2 of this 
Agreement, Developer hereby agrees as follows: 

3.1.3.1 Project Labor Agreement. Developer shall, or shall cause its 
Contractor to, enter into a "Project Labor Agreement" (herein so called) with the Building and 
Construction Trades Council for each Phase of the Project prior to the issuance ofa building 
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permit for such Phase. The purpose of each Project Labor Agreement will be to promote 
efficiency of construction operation during the construction of such Phase and provide for the 
orderly settlement of labor disputes and grievances without strikes or lockouts, thereby assuring 
timely and economical completion of such Phase and the balance of the Phase. Additionally, the 
Project Labor Agreement will reflect a commitment by all parties to diversity in the workforce 
hiring that reflects levels of minority, women and other worker utilization at levels which are 
representative of the relevant workforce of these groups in the Greater Los Angeles Area. The 
Project Labor Agreement will serve to identify the construction trade union(s) as the primary 
source of all craft labor employed on the Phase of the Project. The union(s) will use their best 
efforts to recruit and identify individuals, particularly residents of the City of Los Angeles, for 
entrance into joining labor/management apprenticeship programs and to assist individuals in 
qualifying and becoming eligible for such programs. 

3.1.3.2 Local Hiring. Developer shall work with the local construction 
trades and implement an apprenticeship and zip code identification program to prioritize local 
source hiring for Project construction from the 13th Council District of the City of Los Angeles, 
with priority given to construction workers from such area. This program shall be prepared in 
consultation with the Planning Department, no later than six months prior to the commencement 
of construction ofthe first Phase of the Project. Thereafter, on an annual basis as part of the 
required Annual Review for any year during which construction activity occurred, a report 
detailing the demographic and geographic information of the Project's construction workers shall 
be included. 

3.1.3.3 Construction Trades Prevailing Wage. Construction workers 
employed in connection with the construction of the Project including core and shell construction 
shall be paid no less than the prevailing rate of wages as determined pursuant to the provisions of 
Sections 1770 et seq. of the California Labor Code. Developer shall submit proof of compliance 
with this obligation prior to the issuance of any certificate of occupancy for the Project. 

3.1.3.4 Community Organization Space. Developer shall provide up to 
1,200 square feet of meeting space at the Project for use by Hollywood and community non
profit groups including, but not limited to, the local Neighborhood Council and other civic 
organizations, during reasonable business hours, as available. Subject to availability, meeting 
space shall be provided to accommodate small gatherings, such as regularly scheduled 
community meetings, for a maximum of 30 occurrences per year. Subject to availability, groups 
shall be provided with access to such space ifthey schedule at least 30 days in advance, pay a 
refundable $500 deposit to hold the space, and provide a nominal flat clean up fee of $300. 
Developer shall establish and operate a reservation system whereby community groups can 
reserve the meeting space as available. This requirement shall include only the use of space and 
shall not include Developer's provision of security, food, beverage, equipment or other materials. 
The meeting space will be included in one of the Project buildings and, subject to availability, 
may also be used by residents, tenants, or others in the Project. The foregoing requirement is not 
intended to create a property right for any group or the City with respect to any particular space 
within the Project, and the location of any meeting space in the Project may be changed at 
Developer's discretion from time to time. 
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3.1.3.5 Transportation Improvements. Developer shall provide the 
following transportation-related benefits: 

407722898.7 
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(a) Circulator Payment. Developer shall provide funding in the 
amount of One Hundred Thousand Dollars ($100,000) (the "Circulator 
Payment") to the City or its designee toward development of local small bus 
shuttle service to promote multi-modal transportation alternatives and facilitate 
pedestrian traffic among the Project and designated areas within the Hollywood 
area including publicly accessible parking lots and structures in Hollywood and 
the hillside community north of the Project Site. Proof of payment of the 
Circulator Payment shall be submitted to the Planning Director prior to issuance 
of a final certificate of occupancy for the first Phase of the Project. 

(b) Bicycle Amenities Plan. Commencing upon issuance of a final 
certificate of occupancy for the second Phase of the Project, thereafter during the 
Term ofthis Agreement, Developer shall provide or cause to be provided bicycle 
amenities within the second Phase of Project, including short term bicycle storage 
racks, long term bicycle storage, a kiosk or tenant space of not less than 100 
square feet for the provision by a tenant of bicycle repair services, dedicated 
bicycle ways between the public streets and such facilities, and wayfinding 
signage directing bicycle users to such facilities. The final location of such 
bicycle facilities shall be mutually agreeable to Developer and the Director of 
Planning, in their reasonable discretion. 

(c) Linkages to Future Public Transit Services. Developer shall 
provide funding in the amount of Fifty Thousand Dollars ($50,000) (the "Transit 
Linkage Payment") to the City or its designee toward development of connection 
mechanisms from the Project to public transit services constructed or 
implemented after the Effective Date, including wayfinding signage, within 1,000 
yards of the Property. Such payment will be a condition to the next Phase of the 
Project constructed by Developer following the earlier to occur of 
(i) commencement of construction by City, Metro or otherwise of any such 
connection mechanisms that are improvements or (ii) commencement of service 
City, Metro or otherwise of any such connection mechanisms that are services, 
such as bus routes. Proof of payment of the Transit Linkage Payment shall be 
submitted to the Planning Director prior to issuance of a final certificate of 
occupancy for such Phase of the Project. 

(d) Parking Tracking Services. Developer shall provide a fixed-fee 
contribution to supplement the City Department of Transportation's Express Park 
program that will provide new parking meter technology, vehicle sensors, a 
central management system, and real-time parking guidance for motorists in the 
vicinity of the Project. The contribution shall be in the amount of Fifty Thousand 
Dollars ($50,000) to be paid to the City Department of Transportation and made 
prior to issuance of the final certificate of occupancy for the second Phase of the 
Project. 
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(e) Vine Street and Metro Connections. Developer shall engage an 
urban planning and architectural firm reasonably acceptable to the Director of 
Planning and the 13th Council District Councilmember to prepare a study of the 
design, efficacy, potential cost, feasibility and impact on vehicular and pedestrian 
circulation of a portal north of Hollywood Boulevard into the Hollywood 
BoulevardNine Street Metro Station. Such study shall be completed and 
delivered to the Department of Planning not later than, and as a condition to, the 
issuance ofthe first building permit for the first Phase of the Project. 

(1) Metro Passes. Commencing upon issuance of a final certificate of 
occupancy for the first Phase of the Project, thereafter during the Term of this 
Agreement, Developer shall provide within the Project, either by machine or 
through its management office, for the sale of Los Angeles County Metropolitan 
Transportation Authority ("Metro") passes to Project residents, tenants and their 
employees. Developer will use its commercially reasonable efforts to obtain a 
discount from Metro for such passes. 

(g) Monthly Parking Leases for Metro Commuters. Commencing 
upon issuance of a final certificate of occupancy for the first Phase of the Project, 
thereafter during the Term of this Agreement, Developer shall provide, within 
each publicly accessible parking area in the Project, not less than ten (10) "Park 
and Ride" spaces for monthly lease to persons who are not tenants or occupants of 
the Project who use the spaces and then transfer to Metro commuter train or bus 
for transportation to their place of employment. Developer shall establish and 
maintain a monitoring and reporting program to reasonably assure that such 
parking continue to meet such condition. 

3.1.3.6 Protection of Capitol Records Building, Recording Studios and 
Echo Chambers. As a condition to issuance of a building permit for the first Phase of the 
Project on the East Parcel (which area is depicted on Exhibit A-1 attached hereto), Developer 
shall prepare and submit to the Department of Building and Safety for its approval a written 
adjacent structure monitoring plan to ensure that construction will not damage the Capitol 
Records Building, including the recording studios and underground echo chambers therein. 
Approval of such plan may be issued by the Director of Building and Safety, in his or her 
reasonable discretion. The Director shall not withhold its approval of the proposed plan if an 
officer of EMI Music Ltd. dba Capitol Records, or the then tenant of the portions of the Capitol 
Records Building containing such recording studios and echo chambers ("Capitol Records") 
submits written confirmation that Capitol Records has approved such plan. Following its 
approval, such plan shall be implemented during construction of all improvements on the East 
Parcel. 

3.1.3.7 Public Performances, Music and Arts Programming. After 
issuance of a final certificate of completion for the Phase of the Project which includes the open 
public space to be constructed adjacent to the existing Jazz Mural (the "Art Plaza"), for a period 
equal to the lesser of ten (10) years or the remaining term of this Agreement, Developer shall 
conduct within the Art Plaza at least four (4) public events per year, which may include musical, 
dramatic, comedic and/or dance performances, and art exhibitions. Developer will pay for all 
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costs associated with such public events, including planning, promotion, security, cleanup and 
insurance. Developer will obtain all permits required pursuant to applicable law, including 
assembly permits as may be required by the Municipal Code, in connection with each such 
public event. Developer will reasonably consider, but will not be bound to conduct, public 
events suggested by City and/or City Agencies. An annual schedule of such public events will 
be provided by Developer to the City Agency designated by the City to oversee such events. The 
foregoing will all be conducted at Developer's sole cost and expense. 

3.1.3.8 Parking Access Management System. Developer shall provide a 
parking access management system containing, among other things, overhead illuminated signs 
for each exit/entry driveway from public streets into non-residential parking areas ofthe Project. 
The final size and design of such parking access management system shall be mutually agreeable 
to Developer and the Director of Planning, in their reasonable discretion. 

3.1.3.9 Pedestrian Improvements Contribution. Developer shall 
provide funding in the amount of Fifty Thousand Dollars ($50,000) to the Hollywood Chamber 
of Commerce Walk of Fame Committee or otherwise as directed by the City (the "Pedestrian 
Payment") toward the renovation and upkeep of the Walk of Fame stars and terrazzo, sidewalks 
and other public streetscape improvements along Vine Street between the Project and Hollywood 
Boulevard. Such renovation and upkeep is intended to enhance the pedestrian experience for 
people in the vicinity of the Property. Proof of payment of the Pedestrian Payment shall be 
submitted to the Planning Director prior to issuance of a final certificate of occupancy for the 
first Phase of the Project. 

3.1.3.10 Music Appreciation Exhibit. Developer shall install 
publicly accessible artwork and/or changeable exhibition cabinets and/or platforms within the 
first Phase of the Project (collectively, the "Music Appreciation Exhibit"). The Music 
Appreciation Exhibit shall be designed, decorated and programmed in a manner so as to 
celebrate music and entertainment. The Music Appreciation Exhibit plans shall be reviewed by 
the Director of Planning, in consultation with the Council Office, and approved by the Director 
of Planning, in his or her reasonable discretion. Developer's shall be entitled to credit to the Art 
Developments Fee otherwise payable by Developer under the Applicable Rules in connection 
with the Project for Developer's cost of installing such Music Appreciation Exhibit. The Music 
Appreciation Exhibit shall be maintained by Developer, at its sole cost, to a standard at least as 
high as the balance ofthe Project. 

3.1.3.11 Hollywood Central Park. Commencing upon the April 15 
following the later of (a) issuance of a final certificate of occupancy for the first Phase of the 
Project or (b) the completion and commencement of operation of the proposed Hollywood 
Central Park, and thereafter on Aprill of each year during the remaining Term of this 
Agreement, Developer shall make an annual contribution, in the amount of $50,000 to the City 
Department of Recreation and Parks or otherwise as directed by the City for the operation and 
maintenance of the Hollywood Central Park. 

3.1.3.12 RetaillRestaurant Discount Program. During the Term 
of this Agreement, Developer will use its commercially reasonable efforts to establish, with 
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tenants of the Project, a discount program offered by retail andlor restaurant tenants for the 
benefit of employees and residents of the Project. 

3.1.3.13 Electrical Car Recharging Station. Developer shall 
construct, maintain and operate within the parking facilities of the Project, ten (10) 208/240 V 40 
amp, grounded AC outlets, in addition to the outlets required by applicable provisions of the 
Municipal Code. 

3.1.3.14 Affordable Housing. Prior to the issuance of any final 
certificate of occupancy for any residential dwelling units in any Phase of the Project, Developer 
shall provide evidence to the Director of Planning that it has either: 

(a) Affordable Housing Payment. Contributed a fixed-fee payment 
to the City Housing Authority to support affordable housing (each and 
collectively, the "Affordable Housing Payment") in an amount equal to Seventy 
Five Thousand Dollars ($75,000) multiplied by fifteen percent (15%) of the total 
number of market rate residential dwelling units in such Phase as shown on the 
final approved building plans for such Phase, or 

(b) Affordable Project Contribution. Contributed an amount equal 
to the Affordable Housing Payment for such Phase to a developer of a Transit 
Affordable Housing Project. As used herein, the term "Transit Affordable 
Housing Project" means a multifamily development project located within 1,000 
yards of a commuter rail station or bus route containing "Affordable Units" (as 
defined below) in the amount of no less than fifteen percent (15%) of the total 
number of market rate residential dwelling units in such Project Phase. As used 
herein, the term "Affordable Units" means multifamily units subject to a 
regulatory agreement with the City andlor other governmental agency limiting 
rental thereto to low andlor very low income families, as defined in Section 8 of 
the United States Housing Act of 1937, as amended from time to time. 

3.2 Agreement and Assurances on the Part of the City. In consideration for 
Developer entering into this Agreement, and as an inducement for Developer to obligate itself to 
carry out the covenants and conditions set forth in this Agreement, and in order to effectuate the 
premises, purpose, and intentions set forth in Section 2.3 of this Agreement, the City hereby 
agrees as follows: 

3.2.1 Entitlement to Develop. Developer has the vested right to develop the 
Project containing up to Maximum Floor Area in, on, under andlor above the Property as 
contemplated by the EIR subject to the terms and conditions of this Agreement, the Applicable 
Rules, Project Approvals, the Equivalency Program and the Reserved Powers. The 114,303 
square feet of existing Floor Area in the Existing Improvements shall be included as part of such 
maximum permitted density of the Project. The density of certain portions of the Property may 
exceed the pro-rata or average per acre density for the Property as a whole provided that (a) such 
density shall be subject to maximum height limitations applicable to each portion of the Property 
as set forth in the Project Approvals and Development Regulations, and (b) the total density for 
the Property shall not exceed Maximum Floor Area. Developer's vested rights under this 
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Agreement shall include, without limitation, the right to remodel, renovate, rehabilitate, rebuild, 
or replace the Project or any portion thereof throughout the applicable Term for any reason, 
including, without limitation, in the event of damage, destruction, or obsolescence of the Project 
or any portion thereof, subject to the Applicable Rules, Project Approvals, and Reserved Powers. 
Any andlor all Existing Improvements which comply with the Applicable Rules on the Property 
as of the Effective Date which are damaged or destroyed during the Term may be remodeled, 
renovated, rehabilitated, repaired, rebuilt or replaced subject to the Applicable Rules (other than 
the Project Description set forth on Exhibit B) and the Reserved Powers. To the extent that all 
or any portion ofthe Project is remodeled, renovated, rehabilitated, rebuilt, or replaced, 
Developer may locate that portion of the Project at any other location of the Property, subject to 
the requirements of the Project Approvals, the Applicable Rules, and the Reserved Powers. 

3.2.2 Consistency in Applicable Rules. Based upon all information made 
available to the City up to or concurrently with the execution of this Agreement, the City finds 
and certifies that no Applicable Rules prohibit or prevent or encumber the full completion and 
occupancy of the Project in accordance with the uses, densities, designs, heights, signage 
regulations, permitted demolition, and other development entitlements incorporated and agreed 
to herein and in the Project Approvals. 

3.2.3 Changes in Applicable Rules. 

3.2.3.1 Non-Application of Changes in Applicable Rules. Any change 
in, or addition to, the Applicable Rules, including, without limitation, any change in any 
applicable General Plan, zoning or building regulation, adopted, or becoming effective after the 
Effective Date of this Agreement, including, without limitation, any such change by means of 
ordinance including but not limited to adoption of a specific plan or overlay zone, The City 
Charter amendment, initiative, referendum, resolution, motion, policy, order or moratorium, 
initiated, or instituted for any reason whatsoever and adopted by the City, the Mayor, City 
Council, Planning Commission or any other Board, Commission, Department or Agency of the 
City, or any officer or employee thereof, or by the electorate, as the case may be, which would, 
absent this Agreement, otherwise be applicable to the Project and which would conflict in any 
way with the Applicable Rules, Project Approvals, or this Agreement, shan not be applied to the 
Project unless these changes represent an exercise of the City'S Reserved Powers, or are 
otherwise agreed to in this Agreement. Notwithstanding the foregoing, Developer may, in its 
sole discretion, give the City written notice of its election to have any subsequent change in the 
Applicable Rules applied to some portion or an of the Property as it may own, in which case 
such subsequent change in the Applicable Rules shall be deemed to be contained within the 
Applicable Rules insofar as that portion of the Property is concerned. In the event of any conflict 
or inconsistency between this Agreement and the Applicable Rules, the provisions of this 
Agreement shall control. 

3.2.3.2 Changes in Building and Fire Codes. Notwithstanding any 
provision of this Agreement to the contrary, development of the Project shall be subject to 
changes occurring from time to time in the California Building Code and other uniform 
construction codes. In addition, development of the Project shall be subject to changes occurring 
from time to time in Chapters V and IX of the Municipal Code regarding the construction, 
engineering, and design standards for both public and private improvements provided that these 
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changes are (1) necessary to the health and safety of the residents of the City, and (2) are 
generally applicable on a Citywide basis (except in the event of natural disasters as found by the 
Mayor or City Council, such as floods, earthquakes and similar disasters). 

3.2.3.3 Changes Mandated by Federal or State Law. This Agreement 
shall not preclude the application to the Project of changes in, or additions to, the Applicable 
Rules, including rules, regulations, ordinances, and official policies, to the extent that these 
changes or additions are mandated to be applied to developments such as this Project by state or 
federal regulations, pursuant to the Reserved Powers. In the event state or federal laws or 
regulations prevent or preclude compliance with one or more provisions of this Agreement, these 
provisions shall be modified or suspended as may be necessary to comply with state or federal 
laws or regulations. 

3.2.4 Subsequent Development Review. The City shall not require Developer 
to obtain any approvals or permits for the development of the Project in accordance with this 
Agreement other than those permits or approvals that are required by the Applicable Rules, the 
Reserved Powers, andlor the Project Approvals. Except as permitted by the Equivalency 
Program and by those changes and modifications as described in Section 3.2.5, any subsequent 
Discretionary Action initiated by Developer that is not permitted by the Project Approvals or 
Applicable Rules, which changes the uses, intensity, density, building height, or timing of the 
Project, or decreases the lot area, setbacks, yards, parking, or which increases entitlements 
allowed under the Project Approvals, shall be subject to rules, regulations, ordinances, and 
official policies of the City then in effect. The Parties agree that this Agreement does not 
modifY, alter or change the City's obligations pursuant to CEQA and acknowledge that future 
Discretionary Actions may require additional environmental review pursuant to CEQA. In the 
event that additional environmental review is required by CEQA, the City agrees to utilize tiered 
environmental documents to the fullest extent permitted by law, as determined by the City, and 
as provided in California Public Resources Code Sections 21093 and 21094. 

3.2.5 Development Parameters. 

3.2.5.1 Development Flexibility. The City acknowledges that the 
Development Parameters provide flexibility regarding modifications to Project's final 
development layout so that the Project can be built with a mix of uses and layout that responds to 
market demand and changing needs of the Southern California economy while maintaining 
design quality and consistency. Developer shall have the right to modify the Project within the 
limits set forth in the Development Parameters. Implementation of the Development Parameters 
will not require any new or additional Discretionary Approvals from the City. 

3.2.5.2 Development Regulations. The Development Regulations permit 
design flexibility within a set of site-wide guidelines and standards that ensure the integrity of an 
overall master plan concept for the Site and protect the visual and environmental quality of the 
Project as a whole. The Development Regulations establish standards for use, bulk, parking and 
loading, architectural features, landscape treatment, signage, lighting and sustainability. 

3.2.5.3 Equivalency Program. The Equivalency Program is intended to 
provide flexibility in land uses for the Project while ensuring that a change in land uses would 
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not result in new significant environmental impacts or a substantial increase in the severity of 
significant environmental impacts identified in the EIR. 

3.2.5.4 EIR Analysis. Implementation of the Development Parameters 
will not result in any new significant environmental impacts or a substantial increase in the 
severity of previously identified significant environmental impacts as analyzed in the EIR. The 
Project including the development flexibility set forth in the Development Parameters were fully 
analyzed in the EIR. 

3.2.6 Special Taxes and Assessments. Developer shall have the right, to the 
extent permitted by law, to protest, oppose, and vote against any and all special taxes, 
assessments, levies, charges, and/or fees imposed with respect to any assessment districts, 
infrastructure financing, Mello-Roos or community facilities districts, community taxing 
districts, maintenance districts, or other similar districts. If Developer requests the formation of 
any such districts in connection with the Project, the City agrees to cooperate fully in their 
formation. 

3.2.7 Effective Development Standards. The City agrees that it is bound to 
permit the uses, intensity of use and density on this Property which are permitted by this 
Agreement and the Project Approvals, insofar as this Agreement and the Project Approvals so 
provide or as otherwise set forth in the Applicable Rules or the Reserved Powers. The City 
hereby agrees that it will not unreasonably withhold or unreasonably condition any Discretionary 
Action which must be issued by the City in order for the Project to proceed, provided that 
Developer reasonably and satisfactorily complies with all City-wide standard procedures, 
actions, payments of Processing Fees and Charges, and criteria generally required of developers 
by the City for processing Requests for development consistent with this Agreement. 

3.2.8 Interim Use. The City agrees that Developer may use the Property during 
the Term ofthis Agreement for any use which is otherwise permitted by the applicable zoning 
regulations and the General Plan in effect at the time of the interim use, except as expressly 
provided in this Development Agreement, or pursuant to any approvals, permits, other 
agreements between the City and Developer, or other entitlements previously granted and in 
effect as of the Effective Date. 

3.2.9 Moratoria or Interim Control Ordinances. In the event an ordinance, 
resolution, policy, or other measure is enacted, whether by action of the City, by initiative, or 
otherwise, which relates directly or indirectly to the Project or to the rate, amount, timing, 
sequencing, or phasing of the development or construction of the Project on all or any part ofthe 
Property, the City agrees that such ordinance, resolution, or other measure shall not apply to the 
Property or this Agreement, unless such changes: (1) are found by the City to be necessary to the 
public health and safety ofthe residents of the City, and (2) are generally applicable on a 
Citywide basis (except in the event of natural disasters as found by the Mayor or the City 
Council, such as floods, earthquakes and similar disasters). 

3.2.10 Time Period of Tentative Tract Map and Project Approvals. The City 
acknowledges that the construction of the Project may be subject to unavoidable delays due to 
factors outside Developer's control. Pursuant to California Government Code Section 
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664S2.6(a), the City agrees that the duration ofthe Vesting Tentative Tract Map and any new 
tract or parcel map which are consistent with the Project Approvals, shall automatically be 
extended for the Term ofthis Agreement. The City further agrees that the duration of aU of the 
Project Approvals shall automatically be extended for the Term of this Agreement. 

3.2.11 Processing Fees and Charges. Developer shall pay all Processing Fees 
and Charges for Ministerial Permits and Approvals. 

3.2.12 Timeframes and Staffing for Processing and Review. The City agrees 
that expeditious processing of Ministerial Permits and Approvals and Discretionary Actions, if 
any, and any other approvals or actions required for the Project are critical to the implementation 
of the Project. In recognition of the importance of timely processing and review of Ministerial 
Permits and Approvals, the City agrees to work with Developer to establish time frames for 
processing and reviewing such Ministerial Permits and Approvals and to comply with 
timeframes established in the Project Approvals. The City agrees to expedite all Ministerial 
Permits and Approvals and Discretionary Actions requested by Developer, if any. 

3.2.13 Other Governmental Approvals. Developer may apply for such other 
permits and approvals as may be required for development ofthe Project in accordance with the 
provisions of this Agreement from other governmental or quasi-governmental agencies having 
jurisdiction over the Property. The City shall cooperate with Developer in its endeavors to 
obtain such permits and approvals. Each Party shall take all actions and do all things, and 
execute, with acknowledgment or affidavit, if required, any and all documents and writings that 
may be necessary or proper to achieve the purposes and objectives of this Agreement. 

3.2.14 Administrative Changes and Modifications. The Parties may determine 
as the development of the Project proceeds that refinements and changes are appropriate with 
respect to certain details of the Project and the performance of the Parties under this Agreement. 
The Parties desire to retain a certain degree of flexibility with respect to the details of the Project 
development and with respect to those items covered in general terms under this Agreement and 
under the Project Approvals. If and when the Parties find that "Substantially Conforming 
Changes," as herein defined, are necessary or appropriate, they shall, unless otherwise required 
by law, effectuate such changes or adjustments through administrative modifications approved 
by the Parties. As used herein, "Substantially Conforming Changes" are changes, 
modifications or adjustments that are substantially consistent with the Project Approvals, and 
that do not materially alter the overall nature, scope or design of the Project including, without 
limitation, minor changes to the Vesting Tentative Tract Map, minor changes in building 
footprint configurations, locations, size or heights of buildings, architectural features or other 
Development Parameters (subject in all cases to the maximum intensity and height restriction set 
forth in the Applicable Rules), signage or configuration and size of parcels or lots (including lot 
line adjustments). Such Substantially Conforming Changes would not be considered 
Discretionary Actions, and would therefore not require a public hearing. 

3.3 Third Party Property. The Third Party Property, which may be acquired by 
Developer after the Effective Date, shall be subject to this Agreement upon acquisition thereof 
by Developer (or any of them or any entity controlled by, controlling or under common control 
with any of them), including without limitation the Development Parameters. Developer shall 
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provide to the City (a) notice pursuant to Section 6.2 and Section 7.12 of this Agreement of the 
acquisition of the Third Party Property by Developer, and (ii) evidence of Developer's ownership 
or leasehold interest in the Third Party Property. Developer is in no way obligated to acquire or 
attempt to acquire the Third Party Property, and in the event that Developer does not acquire the 
Third Party Property, neither Developer nor the owner of the Third Party Property shall have any 
rights or obligations under the terms of this Agreement with respect to the Third Party Property. 

4. ANNUAL REVIEW. 

4.1 Annual Review. During the Term of this Agreement, the City shall review 
annually Developer's compliance with this Agreement by Developer, and/or any Transferee. 
This periodic review shall be limited in scope to good faith compliance with the provisions of 
this Agreement as provided in the Development Agreement Act and Developer, and/or any 
Transferee, shall have the burden of demonstrating such good faith compliance relating solely to 
such parties' portion of the Property and any development located thereon. The Annual Review 
shall be in the form of an Annual Report prepared and submitted by the Planning Director. The 
Report shall include: the number, type and square footage of and the status of Project; any 
transfers of floor area; the total number of parking spaces developed; provisions for open space; 
any equivalency transfers; status of activities relating to streetscape improvements; summary of 
performance of Developer's obligations. 

4.2 Pre-Determination Procedure. Submission by Developer, and/or Transferee, of 
evidence of compliance with this Agreement with respect to each such Party's portion of the 
Property, in a form which the Planning Director may reasonably establish, shall be made in 
writing and transmitted to the Planning Director not later than sixty (60) days prior to the yearly 
anniversary of the Effective Date. The public shall be afforded an opportunity to submit written 
comments regarding compliance to the Planning Director at least sixty (60) days prior to the 
yearly anniversary of the Effective Date. All such public comments and final staff reports shall, 
upon receipt by the City, be made available as soon as possible to Developer, and/or any 
Transferees. 

4.2.1 Special Review. The City may order a special review of compliance with 
this Agreement, at any time. 

4.3 Planning Director's Determination. On or before the yearly anniversary of the 
Effective Date of the Agreement, the Planning Director shall make a determination regarding 
whether or not Developer, and/or any Transferee, has complied in good faith with the provisions 
and conditions of this Agreement. This determination shall be made in writing with reasonable 
specificity, and a copy of the determination shall be provided to Developer, and/or any 
Transferee, in the manner prescribed in Section 7.120. 

4.4 Appeal by Developer. In the event the Planning Director makes a finding and 
determination of non-compliance, Developer, and/or any Transferee as the case may be, shall be 
entitled to appeal that determination to the Planning Commission. After a public hearing on the 
appeal, the Planning Commission shall make written findings and determinations, on the basis of 
substantial evidence, whether or not Developer, and/or any Transferee as the case may be, has 
complied in good faith with the provisions and conditions of this Agreement. Nothing in this 
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Section or this Agreement shall be construed as modifying or abrogating Los Angeles City 
Charter Section 245 (City Council review of Commission and Board actions). 

4.5 Period to Cure Non-Compliance. If, as a result of this Annual Review 
procedure, it is found and determined by the Planning Director or the Planning Commission or 
The City Council, on appeal, that Developer, and/or any Transferee, as the case may be, has not 
complied in good faith with the provisions and conditions of this Agreement, the City, after 
denial of any appeal or, where no appeal is taken, after the expiration of the appeal period 
described in Section 7.3, shall submit to Developer, and/or any Transferee, as the case may be, 
by registered or certified mail, return receipt requested, a written notice of default in the manner 
prescribed in Section 7.11, stating with specificity those obligations of Developer and/or any 
Transferee, as the case may be, which have not been performed. Upon receipt ofthe notice of 
non-compliance, Developer, and/or any Transferee, as the case may be, shall promptly 
commence to cure the identified default(s) at the earliest reasonable time after receipt of the 
notice of default and shall complete the cure of the default(s) not later than sixty (60) days after 
receipt of the notice of default, or any longer period as is reasonably necessary to remedy such 
items of the default(s), by mutual consent of the City and Developer provided that Developer 
shall continuously and diligently pursue the remedy at all times until the item of default(s) is 
cured. 

4.6 Failure to Cure Non-Compliance Procedure. If the Planning Director finds and 
determines that Developer (or anyone of them) or a Transferee (or anyone of them) has not 
cured a default pursuant to this Section, and that the City intends to terminate or modify this 
Agreement or those transferred or assigned rights and obligations, as the case may be, the 
Planning Director shall make a report to the Planning Commission. The Planning Director shall 
then set a date for a public hearing before the Planning Commission in accordance with the 
notice and hearing requirements of Government Code Sections 65867 and 65868. If after the 
public hearing, the Planning Commission finds and determines, on the basis of substantial 
evidence, that (i) such Developer, or such Transferee has not cured a default pursuant to this 
Section, and (ii) subject to Sections 5.1.1 and 5.1.4, the City may terminate or modify this 
Agreement, or those transferred or assigned rights and obligations, as the case may be, the 
finding and determination shall be appealable to the City Council in accordance with Section 7.3 
hereof. In the event of a finding and determination of compliance, there shall be no appeal by 
any person or entity. Nothing in this Section or this Agreement shall be construed as modifying 
or abrogating Los Angeles City Charter Section 245 (City Council's review of Commission and 
Council actions). 

4.7 Termination or Modification of Agreement. Subject to Sections 5.1.1 and 
5.1.4, the City may terminate or modify this Agreement, or those transferred or assigned rights 
and obligations, as the case may be, after the final determination of noncompliance by the City 
Councilor, where no appeal is taken, after the expiration of the appeal periods described in 
Section 7.3. There shall be no modifications of this Agreement unless the City Council acts 
pursuant to Government Code Sections 65867.5 and 65868, irrespective of whether an appeal is 
taken as provided in Section 7.3. 

4.8 Reimbursement of Costs. Developer shall reimburse the City for its actual costs, 
reasonably and necessarily incurred, to accomplish the required annual review. 
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4.9 Evidence of Compliance Applicable to a Particular Portion of the Property. 
Notwithstanding anything to the contrary in this Section 4 or any other provision of this 
Agreement, a Transferee of all or any portion of the Property shall only be responsible for 
submitting evidence of compliance with this Agreement as it relates solely to that portion ofthe 
Property transferred, assigned, or conveyed to such Transferee in an Assignment Agreement 
authorized by Section 6.2 of this Agreement. 

4.10 The City's Rights and Remedies Against a Developer. The City's rights in 
Section 4 of this Agreement relating to compliance with this Agreement by Developer shall be 
limited to only those rights and obligations assumed by Developer under this Agreement and as 
expressly set forth in the applicable Assignment Agreement authorized by Section 6.2 of this 
Agreement. 

4.11 Developer Written Request for Confirmation. From time to time, Developer 
of any portion of the Property may, separate from the annual review process, submit a written 
request for confirmation from the Planning Director that certain obligations of this Agreement 
have been satisfied. Subject to the time limits and process requirements of Section 4.3, the 
Planning Director shall issue a written confirmation stating either that such obligations have been 
satisfied or setting forth the reasons why subject obligation have not been satisfied. 

5. DEFAULT PROVISIONS. 

5.1 Default by Developer. 

5.1.1 Default. In the event Developer (or anyone of them) or a Transferee of 
any portion of the Property fails to perform its obligations under this Agreement applicable to its 
portion of the Property as specified in the applicable Assignment Agreement, in a timely manner 
and in compliance pursuant to Section 4 of this Agreement, the City shall have all rights and 
remedies provided for in this Agreement, including, without limitation, modifying or terminating 
this Agreement, provided that (a) such modification or termination shall relate solely and 
exclusively to the property of the defaulting Developer or Transferee, and (b) the City has first 
complied with all applicable notice and opportunity to cure provisions in Sections 5.1.2 and 6.1.5 
and given notice as provided in Sections 4.3, 4.6, 6.1.4 andlor 7.11 hereof, and (c) Developer 
may appeal such declaration in the manner provided in, and subject to all terms and provisions 
of, Sections 4.4 and 4.5. In no event shall a default by a Developer or a Transferee of any 
portion of the Property constitute a default by any non-defaulting Developer or Transferee with 
respect to such non-defaulting parties' obligations hereunder nor affect such non-defaulting 
parties' rights hereunder, or respective portion of the Property. 

5.1.2 Notice of Default. The City through the Planning Director shall submit to 
Developer (or anyone of them) or a Transferee, as applicable, by registered or certified mail, 
return receipt requested, a written notice of default in the manner prescribed in Section 7.11, 
identifying with specificity those obligations of such Developer or Transferee, as applicable, 
which have not been performed. Upon receipt of the notice of default, Developer or Transferee, 
shall promptly commence to cure the identified default(s) at the earliest reasonable time after 
receipt of the notice of default and shall complete the cure of the default(s) not later than sixty 
(60) days after receipt of the notice of default, or a longer period as is reasonably necessary to 
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remedy the default(s), provided that Developer or Transferee, as applicable, shan continuously 
and diligently pursue the remedy at all times until the default(s) is cured. 

5.1.3 Failure to Cure Default Procedures. If after the cure period has elapsed 
(Section 4.6), the Planning Director finds and determines that Developer (or any of them), or a 
Transferee, as the case may be, remains in default and that the City intends, subject to Section 
5.1.1 and 5.1.4 of this Agreement, to terminate or modify this Agreement, or those transferred or 
assigned rights and obligations, as the case may be, the Planning Director shan make a report to 
the Planning Commission and then set a public hearing before the Commission in accordance 
with the notice and hearing requirements of Government Code Sections 65867 and 65868. If 
after public hearing, the Planning Commission finds and determines, on the basis of substantial 
evidence, that such Developer or Transferee, as applicable, remain(s) in default and that the City 
intends to terminate or modify this Agreement, or those transferred or assigned rights and 
obligations, as the case may be, such Developer and such Transferee shall be entitled to appeal 
that finding and determination to the City Council in accordance with Section 7.3. In the event 
of a finding and determination that all defaults are cured, there shall be no appeal by any person 
or entity. Nothing in this Section or this Agreement shall be construed as modifying of 
abrogating Los Angeles City Charter Section 245 (City Council review of Commission and 
Board actions). 

5.1.4 Termination or Modification of Agreement. Upon default by 
Developer (or any of them) or a Transferee and the delivery of notice and expiration of all 
applicable cure periods, the City may terminate or modify this Agreement, or those transferred or 
assigned rights and obligations hereunder, as the case may be, relating solely to the defaulting 
Developer or Transferee and such defaulting party's portion of the Property, after such final 
determination of the City Councilor, where no appeal is taken, after the expiration of the appeal 
periods described in Section 7.3 relating to the defaulting parties rights and obligations. There 
shall be no termination or modification of this Agreement unless the City Council acts pursuant 
to Section 7.3. 

5.2 Default by the City. 

5.2.1 Default. In the event the City does not accept, process, or render a 
decision on necessary development permits, entitlements, or other land use or building approvals 
for use as provided in this Agreement upon compliance with the requirements thereof, or as 
otherwise agreed to by the Parties, or the City otherwise defaults under the provisions of this 
Agreement, Developer, and any Transferee, shall have all rights and remedies provided herein or 
by applicable law, which shall include compelling the specific performance of the City's 
obligations under this Agreement provided that Developer or Transferee, as the case may be, has 
first complied with the procedures in Section 5.2.2. No part of this Agreement shall be deemed 
to abrogate or limit any immunities or defenses the City may otherwise have with respect to 
claims for monetary damages. 

5.2.2 Notice of Default. Developer or Transferee, as the case may be, shall first 
submit to the City a written notice of default stating with specificity those obligations that have 
not been performed. Upon receipt of the notice of default, the City shall promptly commence to 
cure the identified default(s) at the earliest reasonable time after receipt of the notice of default 
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and shall complete the cure of the default(s) not later than one hundred and twenty (120) days 
after receipt of the notice of default, or a longer period as is reasonably necessary to remedy such 
default(s), provided that the City shall continuously and diligently pursue the remedy at all times 
until the default( s) is cured. In the case of a dispute as to whether the City has cured the default, 
the Parties shall submit the matter to arbitration pursuant to Section 7.5 of this Agreement. 

5.3 No Monetary Damages. It is acknowledged by the Parties that the City would 
not have entered into this Agreement if it were liable in monetary damages under or with respect 
to this Agreement or the application thereof. The Parties agree and recognize that, as a practical 
matter, it may not be possible to determine an amount of monetary damages which would 
adequately compensate Developer for its investment of time and financial resources in planning 
to arrive at the kind, location, intensity of use, and improvements for the Project, nor to calculate 
the consideration the City would require to enter into this Agreement to justify the exposure. 
Therefore, the Parties agree that each of the Parties may pursue any remedy at law or equity 
available for any breach of any provision of this Agreement, except that the Parties shall not be 
liable in monetary damages and the Parties covenant not to sue for or claim any monetary 
damages for the breach of any provision of this Agreement. 

6. MORTGAGEE RIGHTS. 

6.1.1 Encumbrances on the Property. The Parties hereto agree that this 
Agreement shall not prevent or limit Developer (or any of them), or any Transferee, from 
encumbering the Property or any estate or interest therein, portion thereof, or any improvement 
thereon, together with the rights of Developer hereunder, in any manner whatsoever by one or 
more Mortgages with respect to the construction, development, use or operation of the Project 
and parts thereof. The City acknowledges that the Mortgagees may require certain Agreement 
interpretations and modifications and agrees, upon request, from time to time, to meet with 
Developer and representatives of such lender(s) to negotiate in good faith any such request for 
interpretation or modification. The City will not unreasonably withhold its consent to any such 
requested interpretation or modification, provided such interpretation or modification is 
consistent with the intent and purposes of this Agreement. 

6.1.2 Mortgagee Protection. To the extent legally permissible, this Agreement 
shall be superior and senior to any lien placed upon the Property, or any portion thereof, 
including the lien of any Mortgage. Notwithstanding the foregoing, no breach of this Agreement 
shall defeat, render invalid, diminish, or impair the lien of any Mortgage made in good faith and 
for value. Any acquisition or acceptance of title or any right or interest in or with respect to the 
Property or any portion thereof by a Mortgagee, pursuant to foreclosure, trustee's sale, deed in 
lieu of foreclosure, lease or sublease termination or otherwise, shall be subject to all of the terms 
and conditions of this Agreement applicable to the Property or such portion, as applicable, except 
that any such Mortgagee, including its affiliate, or any other entity (a "Mortgagee Successor") 
which acquires the Property or any portion thereof a result of the foreclosure of such Mortgage, 
by power of sale granted thereunder, by acceptance of a deed in lieu of foreclosure, pursuant to a 
bankruptcy proceeding or other such similar proceedings or otherwise as a result of the exercise 
of remedies under any Mortgage, shall be entitled to the benefits arising under this Agreement 
provided Mortgagee complies with Section 6.1.3 below. 
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6.1.3 Mortgagee Not Obligated. Notwithstanding the provisions of this 
Section 6, Mortgagee will not have any obligation or duty pursuant to the terms set forth in this 
Agreement to perform the obligations of Developer or other affirmative covenants of Developer 
hereunder, or to guarantee such performance, except that the Mortgagee or its Mortgagee 
Successor shall have no vested right to develop the Project without fully complying with the 
terms ofthis Agreement and executing and delivering to the City, in a form and with terms 
reasonably acceptable to the City, an assumption agreement of Developer's obligations 
hereunder relating to the portion of the Property acquired by such Mortgagee or Mortgagee 
Successor. 

6.1.4 Request for Notice to Mortgage. The Mortgagee of any Mortgage or 
deed oftrust encumbering the Property, or any part or interest thereof, who has submitted a 
request in writing to the City in the manner specified herein for giving notices shall be entitled to 
receive written notification from the City of any notice of non-compliance by Developer in the 
performance of Developer's obligations under this Agreement. As of the date hereof, HSBC 
Bank USA, National Association, as administrative agent for itself and certain other lenders 
("Existing Mortgagagee") is the Mortgagee of the entire Property and there are no other 
Mortgagees. The City acknowledges that Existing Mortgagee has requested notices pursuant to 
this Section 6.1.4 and that Existing Mortgagee's addresses for notices are as follows: 

HSBC Bank USA, National Association 
545 Washington Boulevard, 10th Floor 
Jersey City, New Jersey 07310 
Attention: Commercial Mortgage Servicing 

Department 

with a copy to: 

HSBC Bank USA, National Association 
601 Montgomery Street, 10th Floor 
San Francisco, California 94111 
Attention: Ms. Mee Mee Kiong 

6.1.5 Mortgagee's Time to Cure. If the City timely receives a request from a 
Mortgagee requesting a copy of any notice of non-compliance given to Developer under the 
terms of this Agreement, the City shall provide a copy of that notice to the Mortgagee within ten 
(10) days of sending the notice of non-compliance to Developer. The Mortgagee shall have the 
right, but not the obligation, to cure the non-compliance for a period of one hundred twenty (120) 
days after the Mortgagee receives written notice, or a longer period as is reasonably necessary to 
acquire possession of the Property or portion thereof (to the extent necessary to cure the default) 
and remedy the default(s), provided that Mortgagee shall continuously and diligently pursue the 
remedy at all times until the default(s) is cured .. 

6.1.6 Disaffirmation. Ifthis Agreement is terminated as to any portion of the 
Property by reason of (i) any default or (ii) as a result of a bankruptcy proceeding, or if this 
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Agreement is disaffirmed by a receiver, liquidator, or trustee for Developer or its property, the 
City, if requested by any Mortgagee, shall negotiate in good faith with such Mortgagee (or if 
more than one Mortgage encumbers such portion of the Property, the Mortgagee holding the 
highest, or most senior priority Mortgage) for a new development agreement in substantially the 
same form as this Agreement for the Project or such portion of the Property acquired by such 
Mortgagee or its Successor Mortgagee. This Agreement does not require any Mortgagee to enter 
into a new development agreement pursuant to this Section. 

6.2 Assignment. The Property, as well as the rights and obligations of Developer 
under this Agreement, may be transferred or assigned in whole or in part by Developer to a 
Transferee without the consent of the City, subject to the conditions set forth below in 
Sections 6.2.1 and 6.2.2. 

6.2.1 Conditions of Assignment. No such assignment shall be valid until and 
unless the following occur: 

(a) Written Notice of Assignment Required. Developer, or any 
successor transferor, gives prior written notice to the City of its intention to assign 
or transfer any of its interests, rights or obligations under this Agreement and a 
complete disclosure of the identity of the assignee or Transferee, including copies 
of the Articles of Incorporation in the case of corporations, the trust declaration in 
the case of non-public trusts, the names of individual members in the case of a 
limited liability company, and the names of individual partners in the case of 
partnerships. Any failure by Developer or any successor transferor to provide the 
notice shall be curable in accordance with the provisions in Section 5.1. 

(b) Automatic Assumption of Obligations. Unless otherwise stated 
elsewhere in this Agreement to the contrary, a Transferee of Property or any 
portion thereof expressly and unconditionally assumes all of the rights and 
obligations of this Agreement (including an allocation of the Transferee's share of 
the Maximum Floor Area) transferred or assigned by Developer and which are 
expressly set forth in the applicable Assignment Agreement. 

6.2.2 Liability Upon Assignment. Each Developer of any portion of the 
Property shall be solely and only liable for performance of such Developer's obligations 
applicable to its portion of the Property under this Agreement as specified in the applicable 
Assignment Agreement. Upon the assignment or transfer of any portion of the Property together 
with any obligations assignable under this Agreement, the Transferee shall become solely and 
only liable for the performance of those assigned or transferred obligations so assumed and shall 
have the rights of a "Developer" under this Agreement; which such rights and obligations shall 
be set forth specifically in the Assignment Agreement, executed by the transferring Developer, 
and the Transferee, as of the date of such transfer, assignment or conveyance of the applicable 
portion of the Property. The failure of a Developer of any portion of the Property to perform 
such Developer's obligation set forth in the applicable Assignment Agreement may result, at the 
City's option, in a declaration that this Agreement has been breached and the City may, but shall 
not be obligated to, exercise its rights and remedies under this Agreement solely as it relates to 
the defaulting Developer's portion of the Property as provided for in Section 5.1 hereof, subject 
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to such defaulting Developer's right to notice and opportunity to cure the default in accordance 
with provisions of Section 5.1 hereof. 

6.2.3 Release of Developer. With respect to a transfer and assignment of all or 
a portion of a Developer's interest in the Property and the related rights and obligations 
hereunder, upon the effective date of any such transfer and assignment, as evidenced by the 
execution of an Assignment Agreement pursuant to this Section 6.2 between such Developer and 
the Transferee and delivery of such Assignment Agreement to the City, such Developer shall 
automatically be released from any further obligations to the City under this Agreement with 
respect to the portion of the Property so transferred. 

6.2.4 Release of Property Transferee. A Transferee shall not be liable for any 
obligations to the City under this Agreement relating to any portion of the Property other than 
that portion transferred to such Transferee, and no default by a Developer under this Agreement 
with respect to such other portions of the Property shall be deemed a default by such Transferee 
with respect to the portion of the Property transferred to such Transferee. 

7. GENERAL PROVISIONS. 

7.1 Effective Date. The Effective Date of this Agreement shall be the date on which 
this Agreement is attested by the City Clerk of the City of Los Angeles after execution by 
Developer and Mayor of the City of Los Angeles. 

7.2 Term. The Term ofthis Agreement shall commence on the Effective Date and 
shall extend to December 31, 2035, unless said Term is otherwise terminated or modified by 
circumstances set forth in this Agreement or by mutual consent of the Parties hereto. Following 
the expiration of this Term, this Agreement shall terminate and be of no further force and effect; 
provided, however, that this termination shall not affect any right or duty arising from 
entitlements or approvals, including the Project Approvals on the Property, approved 
concurrently with, or subsequent to, the Effective Date ofthis Agreement. The Term of this 
Agreement shall automatically be extended for the period of time of any actual delay resulting 
from any enactments pursuant to the Reserved Powers or moratoria, or from legal actions or 
appeals which enjoin performance under this Agreement or act to stay performance under this 
Agreement (other than bankruptcy or similar procedures), or from any actions taken pursuant to 
Section 7.5 (Dispute Resolution), or from any litigation related to the Project Approvals, this 
Agreement or the Property. 

7.3 Appeals to City Council. Where an appeal by Developer, or its Transferees, as 
the case may be, to the City Council from a finding and/or determination of the Planning 
Commission is created by this Agreement, such appeal shall be taken, if at all, within twenty (20) 
days after the mailing of such finding and/or determination to Developer, or its successors, 
Transferees, and/or assignees, as the case may be. The City Council shall act upon the finding 
and/or determination of the Planning Commission within eighty (80) days after such mailing, or 
within such additional period as may be agreed upon by Developer, or its Transferees, as the case 
may be, and the City Council. The failure of the City Council to act shall not be deemed to be a 
denial or approval of the appeal, which shall remain pending until final the City Council action. 
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7.4 Enforced Delay; Extension of Time of Performance. In addition to specific 
provisions of this Agreement, whenever a period of time, including a reasonable period of time, 
is designated within which either Party hereto is required to do or complete any act, matter or 
thing, the time for the doing or completion thereof shall be extended by a period of time equal to 
the number of days during which such Party is actually prevented from, or is unreasonably 
interfered with, the doing or completion of such act, matter or thing because of causes beyond 
the reasonable control of the Party to be excused, including: war; insurrection; riots; floods; 
earthquakes; fires; casualties; acts of God; litigation and administrative proceedings against the 
Project (not including any administrative proceedings contemplated by this Agreement in the 
normal course of affairs (such as the Annual Review»; any approval required by the City (not 
including any period of time normally expected for the processing of such approvals in the 
ordinary course of affairs); restrictions imposed or mandated by other governmental entities; 
enactment of conflicting state or federal laws or regulations; judicial decisions; the exercise of 
the City's Reserved Powers; or similar bases for excused performance which are not within the 
reasonable control of the Party to be excused (financial inability excepted). This Section shall 
not be applicable to any proceedings with respect to bankruptcy or receivership initiated by or on 
behalf of Developer or, if not dismissed within ninety (90) days, by any third parties against 
Developer. If written notice of such delay is given to either Party within thirty (30) days of the 
commencement of such delay, an extension of time for such cause will be granted in writing for 
the period of the enforced delay, or longer as may be mutually agreed upon. 

7.5 Dispute Resolution. 

7.5.1 Dispute Resolution Proceedings. The Parties may agree to dispute 
resolution proceedings to fairly and expeditiously resolve disputes or questions of interpretation 
under this Agreement. These dispute resolution proceedings may include: (a) procedures 
developed by the City for expeditious interpretation of questions arising under development 
agreements; or (b) any other manner of dispute resolution which is mutually agreed upon by the 
Parties. 

7.5.2 Arbitration. Any dispute between the Parties that is to be resolved by 
arbitration shall be settled and decided by arbitration conducted by an arbitrator who must be a 
former judge of the Los Angeles County Superior Court or Appellate Justice of the Second 
District Court of Appeals or the California Supreme Court. This arbitrator shall be selected by 
mutual agreement of the parties. 

7.5.2.1 Arbitration Procedures. Upon appointment ofthe arbitrator, the 
matter shall be set for arbitration at a time not less than thirty (30) nor more than ninety (90) days 
from the effective date of the appointment of the arbitrator. The arbitration shall be conducted 
under the procedures set forth in Code of Civil Procedure Section 638, et seq., or under such 
other procedures as are agreeable to both Parties, except that provisions of the California Code of 
Civil Procedure pertaining to discovery and the provisions of the California Evidence Code shall 
be applicable to such proceeding. 

7.5.3 Extension of Term. The Term of this Agreement as set forth in 
Section 7.2 shall automatically be extended for the period of time in which the Parties are 
engaged in dispute resolution to the degree that such extension ofthe Term is reasonably 
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required because activities which would have been completed prior to the expiration of the Term 
are delayed beyond the scheduled expiration of the Term as the result of such dispute resolution. 

7.5.4 Legal Action. Either Party may, in addition to any other rights or 
remedies, institute legal action to cure, correct, or remedy any default, enforce any covenant or 
agreement herein, enjoin any threatened or attempted violation, or enforce by specific 
performance the obligations and rights of the Parties hereto. Notwithstanding the above, the 
City's right to seek specific performance shall be specifically limited to compelling Developer to 
complete, demolish or make safe any particular improvement(s) on public lands which is 
required as a Mitigation Measure or Condition of Approval. Developer shall have no liability 
(other than the potential termination of this Agreement) if the contemplated development fails to 
occur. 

7.5.5 Applicable Law. This Agreement shall be construed and enforced in 
accordance with the laws of the State of California, and the venue for any legal actions brought 
by any Party with respect to this Agreement shall be the County of Los Angeles, State of 
California for state actions and the Central District of California for any federal actions. 

7.6 Amendments. This Agreement may be amended from time to time by mutual 
consent in writing of the Parties to this Agreement and each Mortgagee in accordance with 
Government Code Section 65868, and any Transferee of the Property or any portion thereof, in 
the event such amendment affects the rights and obligations of the Transferee under this 
Agreement in connection with the development, use and occupancy of its portion of the Property 
and/or any improvements located thereon. Any amendment to this Agreement which relates to 
the Term, permitted uses, substantial density or intensity of use, height, or size of buildings 
provisions (not otherwise permitted by the Development Parameters or changes and 
modifications pursuant to Section 3.2.5 or otherwise permitted by the Agreement) obligations for 
reservation and dedication of land, conditions, restrictions, and requirements relating to 
subsequent Discretionary Action or any conditions or covenants relating to the use of the 
Property, which are not provided for under the Applicable Rules or Project Approvals, shall 
require notice and public hearing before the Parties may execute an amendment thereto. 
Developer, or a Transferee as applicable, shall reimburse the City for its actual costs, reasonably 
and necessarily incurred, to review any amendments requested by Developer or a Transferee, 
including the cost of any public hearings. 

7.7 Covenants. The provisions of this Agreement shall constitute covenants which 
shall run with the land comprising the Property for the benefit thereof, subject to the provisions 
of any Assignment Agreement (if applicable), and the burdens and benefits hereof shall bind and 
inure to the benefit of the Parties hereto and all successors and assigns of the Parties, including 
any Transferee of Developer. 

7.8 Cooperation and Implementation.Cooperation in the Event of Legal 
Challenge. In the event of any legal action instituted by a third party or other governmental 
entity or official challenging the validity of any provision of this Agreement, the Parties hereby 
agree to affirmatively cooperate in defending said action. Developer and the City agree to 
cooperate in any legal action seeking specific performance, declaratory relief or injunctive relief, 
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to set court dates at the earliest practicable date(s) and not cause delay in the prosecution/defense 
of the action, provided such cooperation shall not require any Party to waive any rights. 

7.8.2 Relationship of the Parties. It is understood and agreed by the Parties 
hereto that the contractual relationship created between the Parties hereunder is that Developer is 
an independent contractor and not an agent of the City. Further, the City and Developer hereby 
renounce the existence of any form of joint venture or partnership between them and agree that 
nothing herein or in any document executed in connection herewith shall be construed as making 
the City and Developer joint-venturers or partners. 

7.9 Indemnification. 

7.9.1 Obligation to Defend, Indemnify and Hold Harmless: Developer 
hereby agrees to defend, indemnify, and hold harmless the City and its agents, officers, and 
employees, from any claim, action, or proceeding ("Proceeding") against the City or its agents, 
officers, or employees (i) to set aside, void, or annul, all or any part of any Project Approval, or 
Oi) for any damages, personal injury or death which may arise, directly or indirectly, from such 
Developer or such Developer's contractors, subcontractors', agents', or employees' operations in 
connection with the construction of the Project, whether operations be by such Developer or any 
of such Developer's contractors, subcontractors, by anyone or more persons directly or indirectly 
employed by, or acting as agent for such Developer or any of such Developer's contractors or 
subcontractors. In the event that the City, upon being served with a lawsuit or other legal 
process to set aside, void or annul all or part of any Project Approval, fails to promptly notify 
Developer of the Proceeding, or fails to cooperate fully in the defense of the Proceeding, 
Developer shall thereafter be relieved of the obligations imposed in this Section 7.9. However, if 
Developer has actual notice of the Proceeding, it shall not be relieved of the obligations imposed 
hereunder, notwithstanding the failure of the City to provide prompt notice of the Proceeding. 
The City shall be considered to have failed to give prompt notification of a Proceeding if the 
City, after being served with a lawsuit or other legal process challenging the Approvals, 
unreasonably delays in providing notice thereof to the Applicant. As used herein, "unreasonably 
delays" shall mean any delay that materially adversely impacts Applicant's ability to defend the 
Proceeding. The obligations imposed in this Section 7.9 shall apply notwithstanding any 
allegation or determination in the Proceedings that the City acted contrary to applicable laws. 
Nothing in this Section shall be construed to mean that Developer shall hold the City harmless 
and/or defend it from any claims arising from, or alleged to arise from, intentional misconduct or 
gross negligence in the performance of this Agreement. 

7.9.2 Defending the Project Approvals. Developer shall have the obligation 
to timely retain legal counsel to defend against any Proceeding to set aside, void, or annul, all or 
any part of any Project Approval. The City shall have the right if it so chooses, to defend the 
Proceeding utilizing in-house legal staff, in which case Developer shall be liable for all legal 
costs and fees reasonably incurred by the City, including charges for staff time charged. In the 
event of a conflict of interest which prevents Developer's legal counsel from representing the 
City, and in the event the City does not have the in-house legal resources to defend against the 
Proceeding, the City shall also have the right to retain outside legal counsel, in which case 
Developer shall be liable for all legal costs and fees reasonably incurred by the City. Provided 
that Developer is not in breach of the terms of this Section 7.9, the City shall not enter into any 
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settlement of the Proceeding which involves modification to any Project Approval or otherwise 
results in Developer incurring liabilities or other obligations, without the consent of Developer. 

7.9.3 Breach of Obligations. Actions constituting a breach of the obligations 
imposed in this Section 7.9 shall include, but not be limited to: (i) the failure to timely retain 
qualified legal counsel to defend against the Proceedings; (ii) the failure to promptly pay the City 
for any attorneys' fees or other legal costs for which the City is liable pursuant to a judgment or 
settlement agreement in the Proceeding seeking to set aside, void or annul all or part of any 
Project Approval; or (iii) the breach of any other obligation imposed in this Section 7.9, in each 
case after written notice from the City and a reasonable period of time in which to cure the 
breach, not to exceed thirty-days. For purposes of this Section 7.9, Developer shall be 
considered to have failed to timely retain qualified legal counsel if such counsel is not retained 
within fourteen (14) days following the City's provision of the notice of Proceedings to 
Developer required hereunder. As used herein, qualified legal counsel shall mean competent 
counsel retained by Developer that does not have a conflict of interest with the City as a result of 
representing Developer in the Proceeding. In the event that Developer breaches the obligations 
imposed in this Section 7.9, the City shall have no obligation to defend against the Proceedings, 
and by not defending against the Proceedings, the City shall not be considered to have waived 
any rights in this Section 7.9. 

7.9.4 Cooperation: The City shall cooperate with Developer in the defense of 
the Proceeding; provided however, that such obligation of the City to cooperate in its defense 
shall not require the City to (i) assert a position in its defense of the Proceeding which it has 
determined, in its sole discretion, has no substantial merit; (ii) advocate in its defense of the 
Proceeding legal theories which it has determined, in its sole discretion, lack substantial merit; or 
(iii) advocate in its defense of the Proceeding legal theories which it has determined, in its sole 
discretion,. are contrary to its best interests, or to public policy. Nothing contained in this section 
shall require Developer to refrain from asserting in its defense of the Proceeding positions or 
legal theories that do not satisfy the foregoing requirements. 

7.9.5 Contractual Obligation: Developer acknowledges and agrees that the 
obligations imposed in this Section 7.9 are contractual in nature, and that the breach of any such 
obligation may subject Developer to a breach of contract claim by the City. 

7.9.6 Waiver of Right to Challenge: Developer hereby waives the right to 
challenge the validity of the obligations imposed in this Section 7.9. 

7.9.7 Survival: The obligations imposed in this Section 7.9 shall survive any 
judicial decision invalidating the Project Approvals. 

7.9.8 Preparation of Administrative Record: Developer and the City 
acknowledge that upon the commencement of legal Proceedings, the administrative record of 
proceedings relating to the Project Approvals must be prepared. Those documents must also be 
certified as complete and accurate by the City. Developer, as part of its defense obligation 
imposed in this Section 7.9, shall prepare at its sole cost and expense the record of proceedings 
in a manner which complies with all applicable laws; in accordance with reasonable procedures 
established by the City; and subject to the City's obligation to certify the administrative record of 
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proceedings and the City's right to oversee the preparation of such administrative record. 
Developer agrees that its failure to prepare the administrative record as set forth herein, and in 
compliance with all time deadlines imposed by law, shall constitute a breach of its obligation to 
defend the City. In the event that Developer fails to prepare the administrative record, the City 
may do so, in which event the City shall be entitled to be reimbursed by Developer for all 
reasonable costs associated with preparation of the administrative record, including reasonable 
charges for staff time. 

7.9.9 Termination. Developer shall have the right, without City's prior 
approval but only with the prior written consent of all Mortgagees, in the event of and during the 
continuation of any Litigation, to terminate this Agreement or renounce the Project Approvals, 
provided, however, that the provisions of this Section 7.9 shall survive any such termination. 

7.10 Deposit. Following the filing of a lawsuit, or other legal process seeking to set 
aside, void or annul all or part of any Project Approval, Developer shall be required, following 
written demand by the City, to place funds on deposit with the City, which funds shall be used to 
reimburse the City for expenses incurred in connection with defending the Project Approvals. 
For Project Approvals which included the certification of an environmental impact report by the 
City, the amount of said deposit shall be ten thousand ($10,000) dollars. For all other Project 
Approvals, the amount of the deposit shall be five thousand ($5,000) dollars. The City, at its 
sole discretion, may require a larger deposit upon a detailed showing to Developer of the basis 
for its determination that the above stated amounts are insufficient. Any unused portions of the 
deposit shall be refunded to Developer within thirty (30) days following the resolution ofthe 
challenge to the Project Approvals. All Deposits must be paid to the City within thirty (30) days 
of Developer's receipt of the City'S written demand for the Deposit. 

7.11 Notices. Any notice or communication required hereunder between the City or 
Developer must be in writing, and shall be given either personally or by registered or certified 
mail, return receipt requested. If given by registered or certified mail, the same shall be deemed 
to have been given and received on the first to occur of (i) actual receipt by any of the addressees 
designated below as the Party to whom notices are to be sent, or (ii) five (5) days after a 
registered or certified letter containing such notice, properly addressed, with postage prepaid, is 
deposited in the United States mail. If personally delivered, a notice shall be deemed to have 
been given when delivered to the Party to whom it is addressed. Any Party hereto may at any 
time, by giving ten (10) days' written notice to the other Party hereto, designate any other 
address in substitution of the address, or any additional address, to which such notice or 
communication shall be given. Such notices or communications shall be given to the Parties at 
their addresses set forth below: 
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Director of City Planning 
The City of Los Angeles 
200 N. Spring Street, 5th Floor 
Los Angeles, CA 90012 
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City Attorney 
City of Los Angeles 
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If to Developer: 

1720 North Vine LLC 
1749 North Vine LLC 
1750 North Vine LLC 
1733 North Argyle LLC 
Millennium Hollywood LLC 
Suite 1000 
1680 North Vine Street 
Los Angeles, CA 90028 
Attn: Mario Palumbo 
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with copies to 

Millennium Partners 
1195 Broadway, 3rd Floor 
New York, NY 10023 
Attn: Chief Financial Officer 

And with copies to 

Sheppard Mullin Richter & Hampton LLP 
333 South Flower Street 
43rd Floor 
Los Angeles, CA 90071 
Attn: Alfred Fraijo, Jr., Esq. 

And with copies to 

Paul Hastings Janofosky & Walker LLP 
Real Property! Environment Division 
75 East 55th Street 
New York, NY 10022 
Attn: Eric R. Landau, Esq. 

7.12 Recordation. As provided in Government Code Section 65868.5, this Agreement 
shall be recorded with the Registrar-Recorder of the County of Los Angeles within ten (10) days 
following its execution by all Parties. Developer shall provide the City Clerk with the fees for 
such recording prior to or at the time of such recording, should the City Clerk effectuate the 
recordation. 

7.13 Constructive Notice and Acceptance. Every person who now or hereafter owns 
or acquires any right, title, interest in or to any portion of the Property, is and shall be 
conclusively deemed to have consented and agreed to every provision contained herein, whether 
or not any reference to this Agreement is contained in the instrument by which such person 
acquired an interest in the Property. 

7.14 Successors and Assignees. The provisions of this Agreement shall be binding 
upon and shall inure to the benefit of the Parties any subsequent owner of all or any portion of 
the Property and their respective Transferees, successors, and assignees, subject to applicable 
Assignment Agreements. 

7.15 Severability. If any provisions, conditions, or covenants of this Agreement, or 
the application thereof to any circumstances of either Party, shall be held invalid or 
unenforceable, the remainder of this Agreement or the application of such provision, condition, 
or covenant to persons or circumstances other than those as to whom or which it is held invalid 
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or unenforceable shall not be affected thereby and shall be valid and enforceable to the fullest 
extent pennitted by law. 

7.16 Time of the Essence. Time is of the essence for each provision of this 
Agreement of which time is an element. 

7.17 Waiver. No waiver of any provision of this Agreement shall be effective unless 
in writing and signed by a duly authorized representative of the Party against whom enforcement 
of a waiver is sought and refers expressly to this Section. No waiver of any right or remedy with 
respect to any occurrence or event shall be deemed a waiver of any right or remedy with respect 
to any other occurrence or event. 

7.18 No Third Party Beneficiaries. The only Parties to this Agreement are the City 
and Developer and their successors-in-interest. There are no third party beneficiaries (other than 
Mortgagees) and this Agreement is not intended, and shall not be construed to benefit or be 
enforceable by any other person whatsoever. 

7.19 Entire Agreement. This Agreement sets forth and contains the entire 
understanding and agreement of the Parties and there are no oral or written representations, 
understandings or ancillary covenants, undertakings or agreements which are not contained or 
expressly referred to herein and no testimony or evidence of any such representations, 
understandings, or covenants shall be admissible in any proceedings of any kind or nature to 
interpret or detennine the provisions or conditions of this Agreement. 

7.20 Legal Advice; Neutral Interpretation; Headings, Table of Contents. Each 
Party acknowledges that it has received independent legal advice from its attorneys with respect 
to the advisability of executing this Agreement and the meaning of the provisions hereof. The 
provisions of this Agreement shall be construed as to their fair meaning, and not for or against 
any Party based upon any attribution to such Party as the source of the language in question. The 
headings and table of contents used in this Agreement are for the convenience of reference only 
and shall not be used in construing this Agreement. 

7.21 Estoppel Certificate. At any time, and from time to time, Developer may deliver 
written notice to the City and the City may deliver written notice to Developer requesting that 
such Party certify in writing that, to the knowledge of the certifying Party (i) this Agreement is in 
full force and effect and a binding obligation of the Parties, (ii) this Agreement has not been 
amended, or if amended, the identity of each amendment, and (iii) the requesting Party is not in 
breach of this Agreement, or if in breach, a description of each such breach (an "Estoppel 
Certificate"). The Planning Director shall be authorized to execute, on behalf of the City, any 
Estoppel Certificate requested by Developer which complies with this Section 7.21. The City 
acknowledges that an Estoppel Certificate may be relied upon by Transferees or successors in 
interest to Developer who requested the certificate and by Mortgagees holding an interest in the 
portion of the Property in which that Developer has a legal interest. 

7.22 Counterparts. This Agreement is executed in duplicate originals, each of which 
is deemed to be an original. This Agreement, not counting the Cover Page and Table of 

407722898.7 
010913 

-34-

AR0067956 



CO-0001-099 

Contents, consists of_ pages and 6 Attachments which constitute the entire understanding and 
agreement of the Parties. 
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IN WITNESS WHEREOF, the Parties hereto have executed this Agreement as 
of the date first written above. 

THE CITY OF LOS ANGELES, a municipal 
corporation of the State of California 

By: __________ _ 
Antonio Villaraigosa, Mayor 

DATE: 

407722898.7 
010913 

APPROVED AS TO FORM: 

CARMEN A. TRUTANICH, City Attorney 

By: __________ _ 
Deputy City Attorney 

DATE: 

ATTEST: 
JUNELAGMAY 

By: __________ _ 
Deputy 

DATE 
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1720 Owner 

1720 NORTH VINE LLC, 
a Delaware limited liability company 

By: 
Name: 
Title: 

DATE: 

1749 Owner 

1749 NORTH VINE STREET LLC, 
a Delaware limited liability company 

By: 
Name: 
Title: 

DATE: 

Capital Records Building Owner 

1750 NORTH VINE LLC, 
a Delaware limited liability company 

By: 

DATE: 

407722898.7 
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Name: 
Title: 
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APPROVED AS TO FORM: 

Attorney 
By: 
Alfred Fraijo, Jr., Esq., 
Sheppard Mullin Richter & Hampton LLP 
Counsel to Developer 

DATE: 

APPROVED AS TO FORM: 

Attorney 

By: 
Alfred Fraijo, Jr., Esq., 
Sheppard Mullin Richter & Hampton LLP 
Counsel to Developer 

DATE: 

APPROVED AS TO FORM: 

Attorney 

By: 
Alfred Fraijo, Jr., Esq., 
Sheppard Mullin Richter & Hampton LLP 
Counsel to Developer 

DATE: 
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Argyle Owner 

1733 NORTH ARGYLE LLC, 
a Delaware limited liability company 

By: 
Name: 
Title: 

DATE: 

MILLENNIUM HOLLYWOOD LLC, a 
Delaware limited liability company 

By: 
Name: 
Title: 

DATE 
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APPROVED AS TO FORM: 

Attorney 

By: 
Alfred Fraijo, Jr., Esq., 
Sheppard Mullin Richter & Hampton LLP 
Counsel to Developer 

DATE: 

APPROVED AS TO FORM: 

Attorney 

By: 
Alfred Fraijo, Jr., Esq., 
Sheppard Mullin Richter 
& Hampton LLP 
Counsel to Developer 

DATE 
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MORTGAGEE CONSENT AND SUBORDINATION 

The undersigned, HSBC BANK USA, NATIONAL ASSOCIATION ("Mortgagee"), is 
the current beneficiary of record under the following deeds of trust (collectively, the 
"Mortgages"): (a) Deed of Trust, Assignment of Rents and Security Agreement dated as of 
December _,2012, made by CPH 1750 North Vine LLC, a Delaware limited liability company 
("Capitol Records Building Ground Lessee"), as trustor, in favor of Title 
Company, as trustee ("Trustee"), for the benefit of Mortgagee, as beneficiary, and recorded on 

,2012 as Instrument No. 2012- in the Official Records -------------------
of Los Angeles County, California ("Official Records"), (b) Deed of Trust, Assignment of Rents 
and Security Agreement dated as of December _,2012, made by 1749 North Vine Street LLC, 
a Delaware limited liability company ("1749 Owner"), as trustor, in favor of Trustee, for the 
benefit of Mortgagee, as beneficiary, and recorded on ,2012 as 
Instrument No. 2012_- in the Official Records; and (c) Deed of Trust, Assignment 
of Rents and Security Agreement dated as of December _,2012, ,made by 1733 North Argyle 
LLC, a Delaware limited liability company ("Argyle Owner"), 1720 North Vine LLC, a 
Delaware limited liability company ("1720 Owner"), 1750 North Vine LLC, a Delaware limited 
liability company ("Capitol Records Building Owner"), as trustors, in favor of Trustee, for the 
benefit of Mortgagee, as beneficiary, and recorded on ,2012 as 
Instrument No. 2012 - in the Official Records. 

The Mortgages encumber the "Property" other than the "Third Party Property", as such 
terms are defined in the attached Development Agreement dated as of ,2013 
(the "Development Agreement"), executed by and among the City of Los Angeles, a municipal 
corporation, 1749 Owner, Argyle Owner, 1720 Owner, Capitol Records Building Owner. and 
Millennium Hollywood LLC, a Delaware liability company. 

Mortgagee has reviewed and approved the Development Agreement, and hereby consents 
to the recordation of the Development Agreement. Mortgagee further hereby subordinates the 
liens of the Mortgages to all of the terms, conditions, covenants, and easements contained in the 
Development Agreement. 

Executed as of 

407722898.7 
010913 

------------------ ,2013: 

MORTGAGEE: 

HSBC BANK USA, NATIONAL 
ASSOCIATION 

By: ___________ _ 
Name: _______________ _ 
Title: ______________ _ 
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GROUND LESSEE CONSENT AND SUBORDINATION 

The undersigned, CPH 1750 NORTH VINE LLC, a Delaware limited liability company 
("Capitol Records Building Ground Lessee"), is the tenant of record under that certain Ground 
Lease dated December _,2012 (the "Ground Lease"), between 1750 North Vine LLC, a 
Delaware limited liability company, as ground lessor ("Capitol Records Building Owner"), and 
Capitol Records Building Ground Lessee, as ground lessee, a memorandum of which was 
recorded on ,2012 as Instrument No. 2012- in the 
Official Records of Los Angeles County, California. 

The Ground Lease encumbers a portion (the "Leased Premises") ofthe "Property", as 
defined in the attached Development Agreement dated as of ,2013 (the 
"Development Agreement"), executed by among the City of Los Angeles, a municipal 
corporation (the "City"), 1720 North Vine, LLC, a Delaware limited liability company, 1749 
North Vine, LLC, a Delaware limited liability company, Capitol Records Building Owner, 1733 
North Argyle, LLC, a Delaware limited liability company, and Millennium Hollywood LLC, a 
Delaware liability company. 

Capitol Records Building Ground Lessee has reviewed and approved the Development 
Agreement, and hereby consents to the recordation of the Development Agreement. Capitol 
Records Building Ground Lessee further hereby subordinates its leasehold interest in the Leased 
Premises to an of the terms, conditions, covenants, and easements contained in the Development 
Agreement. 

Executed as of 

407722898. 7 
010913 

------------- ,2013: 

CAPITOL RECORDS BUILDING GROUND 
LESSEE: 

CPH 1750 NORTH VINE LLC 
a Delaware limited liability company 

By: ___________ _ 
Name: _______________ _ 
Title: ______________ _ 
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EXHIBIT A-l 

DIAGRAM OF THE PROPERTY 

A-I 
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EXHIBIT A-2 

LEGAL DESCRIPTION OF THE PROPERTY 

A-2 
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EXHIBIT A-3 

LEGAL DESCRIPTION OF THE THIRD PARTY PROPERTY 

A-3 
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EXHIBITB 

DEVELOPMENT REGULATIONS 
[Attached] 

c 
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I. Community Benefits Approved by City Planning Commission 

Included in entitlement approvals by the City Planning Commission and 
. modified by the City Council PLUM Committee. 

1. Observation Deck - Developer to construct an CD 4 Council Office 
open space observation area. (Required per the 
Development Regulations) i.e.- J'I{J~f., 

2. Circulation Shuttle - For 15 years, Developer shall City Planning 
operate a shuttle service, providing "on call" 
service between the Project and residential areas 
within a two mile radius. Developer shall not be 
obligated to spend more than $250,000 per year for 
the operation of service. . 

3. Bicycle Amenities Plan - For 15 years, Developer CHNC; City Planning 
shall maintain a kiosk or tenant space of at least 
200 square feet for bicycle repair services. This 

. space is in addition to bicycle parking facilities 
required by the Development Regulations. 

4. Parking Tracking Services - Developer shall City Planning 
contribute $50,000 to the Department of 
Transportation's Express Park program for new 
parking meter technology, vehicle sensors, a 
central management system and real-time parking 
guidance for motorists in the vicinity of the Project. 

5: Metro Passes - Developer shaH provide a fund of City 
$500,000 over ten (10) years ($50,000 per year for C' A _11. £,,<::-
ten ( 1 0) years) and work with Metro to create a vvyr-- .. 
program whereby the developer funds shall ,.---
supplement 50% of the cost of 400 Metro passes per 
year over the ten (10) year period. 

-/ 

~ 
~~. -> s(~nt-' 

.....--.-----
19'/( ~ ~ 
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6. Monthly Parking Leases for Metro Commuters
Developer shall provide fifty (50) "park and ride" 
spaces for monthly lease to persons who are not 
tenants or occupants of the Project and establish a 
monitoring program of the park and ride spaces. 
Monthly fees will not exceed $50 in first year 
(thereafter subject to increase by 3% per year) 

J.J #" 
,:)(1/ 

~ "'" II rv7 
',' 

7. Daily Discount Parking for Metro Commuters -
Developer will provide 10% parking rate discount to 
holders of Metro pass 

8. Shared Vehicle Parking - Developer shall maintain 
10 parking spaces within non-residential parking 
areas of the Project for shared vehicle services and 
lease same to Zipcar or other operator. 

9. Medians on Vine - Developer will fund a study of 
the feasibility of installing landscaped medians on 
Vine Street between Franklin Avenue and 
Hollywood Boulevard 

City, CHNC 

Although an 
agreement with the 
Hollywood Dell Civic 
Association was not 
reached, these 
measures were 
included with input 
from the Dell Civic 
Association 

HSDNC, CHNC 

. City 

CHNC 

10. No Off·Site Signage - Project shall not include any Various stakeholder 
off-site revenue generating signage. (Required per groups, CD 13 

. the Development Regulations) Council Office 

2 
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II. Additional Benefits Proposed to be Included in the Development 
Agreement 

1. Project labor Agreement
Developer shall enter into a "Project 
Labor Agreement" that will identify 
the construction trade union(s) as 
the primary source of all craft labor 
em d on the ct. 

2. local Hiring - For each Phase of the 
Project Developer shall implement 
an apprenticeship and zip code 
identification· progra m to prioritize 
local source hiring for Projecf 
construction from the 13th Council 
District. Thereafter, Developer shall 
implement an apprenticeship and 
zip code identification program to 
prioritize local source hiring for 
Project operation by Developer's 
em 

3. Operation - Hotel labor Agreement. 
- Developer shall enter into a labor 
agreement for the operation and 
maintance of the hotel. 

4. Construction Trades Prevailing Wage 
- Construction workers employed in 
the construction of each Phase of 
the Project shall be paid no less than 
the prevailing wage as determined 
by the provisions of Sections 1770 et 
seq. of the California Labor Code. 

3 

)pment Agreement. 
~ompleted prior to 

_ ... oor groups, CD 13 Council Office 

Completed through separate 
private agreement. Would be 
enforceable pursuant to the DA. 

City, CHNC 

Labor groups, CD 13 Council Office 

Completed through separate 
private agreement. Would be 
enforceable uant to the DA. 
City; Labor groups 
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5. Community Organization Meeting CHNC; HUNC; City Planning 
Space - Developer shall provide not 
less than 1,200 square feet of 
meeting space at the Project for use 
by Hollywood and community non-
profit groups. 

6. Discount Parking for Local Area CHNC 
Residents - Developer will provide 
10% parking rate discount to car 
with occupant holding a driver's 
license showing address in 
Hollywood Central or Hollywood Hills 
zip code) 

7. Public Performances, Music, and Arts CD 13 Council Office, Planning 
Programming - Developer shall 
conduct at least 12 days of public 
events per year in the Art Plaza and 
pay costs associated with events, ~ 
until 15th anniversary of Entitlement (f~ Date. 

8. Parking Access Management DOT, CD 13 Council Office, Plannin, p System - Developer shall provide a ,.-
parking access management ~( 

tem. ~ 
9. Pedestrian Improvements Planning, CD 13 Council Office 

Contribution - Developer shall 
provide funding in the amount of 
$50,000 to the Hollywood Chamber 
of Commerce Walk of Fame 
Committee, or as otherwise directed 
by the City, for renovation and 
upkeep of the Walk of Fame stars 
and terrazzo, sidewalks and other 

ublic streetsca ents. 
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10.Music Appreciation Exhibit - For 15 
years, Developer shall install publicly 
accessible artwork and/or 
changeable exhibition cabinets 
and/or platforms. The Music 
Appreciation Exhibit shall be 
maintained at Develo ers sole cost. 

l1.Hollywood Central Park -shall make 
contribution to the Friends of 
Hollywood Central Park in the 
amount of $50,000. Thereafter, for 
15 years, Developer Developer shall 
make an annual contribution in the 
amount of $50,000 for the operation 
and maintenance of the Hollywood 
Central Park, 
Additional Community Benefits 

12.00g Park -- Developer contribute 
lesser of estimated cost or $25,000 
toward improvement of a 
community dog park, subject to 
Cit's ac uisition of a site. 

13.franklin/lvar Park - Developer 
contribute lesser of estimated cost or 
$25,000 toward improvement of 
Franklin/lvar Park. 
Central Hollywood Design Overlay
If requested by City, Developer will 
contribute $250,000 toward 
completion of Central Hollywood 
Design Overlay pursuant to 
Hollywood Community Plan Policy 
LU 2.5.1 or other Planning 
undertakin 

5 

CD 13 Council Office 

Planning, CHNC, CD 13 Council 

Office 

CHNC 

CHNC 
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15, LAPD Hollywood Division Building -
Developer will lesser of estimated 
cost or $50,000 for the following 
improvements to 6501 Fountain 
A venue: replacement of windows, 
refinishing fa<;ade facing Fountain 
Avenue, fabrication and installation 
of signage, and installation of a Wi-Fi 
system useable throughout the 

ublic ortions of such buildin . 
16. Grocer - Developer will use its 

commercially reasonable efforts to 
procure a grocery store tenant in 
any available, suitable retail area 
within the Project, subject to market 
conditions and demand, rent levels 
and competitive grocery facilities in 
the area. 

17.Hollywood Sign Protection Fund
Following installation of 400+ foot 
building, Developer shall make 
contributions to the Hollywood Sign 
Trust, a California non-profit 
corporation, in the amount of $2,000 
per residential dwelling unit in in 
such Phase and subsequent Phases, 
which contribution shall be payable 
withrespect to each unit within thirty 
(30) days after the earlier of the 
initial sale or lease thereof. 

l8.Affordable Housing Payment
Developer shall pay $4,800,000 for 
the development of 100 new 
affordable housing units. The 
affordable housing Projects are (a) 
the Westlake Theater Project, and 
(b) the Coronel Project (the "HCHC 
Projects"). If funds cannot be used 
or are not needed for HCHC 
Projects, LAHD can use for other 
affordable housin ro'ects, 

6 

CHNC 

CHNC 

CHNC, CD 4 Council Office, CD 13 
Council Office, Planning 

To be completed by separate 
agreement. City/LAHD, CD 13 
Council Office, Affordable housing 

advocates 
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III. Mitigation Measures in Millennium Hollywood Project Environmental 
Impact Report (ErR) to Address Traffic and Circulation 

Section IV.K.l ofthe EIR: 

Transportation - Traffic 

K.l-l To mitigate potential temporary traffic impacts of Planning, DOT 
any necessary lane and/or sidewalk closures during the 
construction period, the Project Applicant shall, prior to 
construction, develop a Construction Management 
Plan/Worksite Traffic Control Plan (·WTCP) to be approved 
by LADOT. The WTCP shall be designed to minimize the 
effects of construction on vehicular and pedestrian 
circulation and assist in the orderly flow of vehicular and 
pedestrian circulation on the public streets in the area of 
the Project. The WTCP shall include temporary roadway 
striping and signage for traffic flow as necessary, 
elements compliant with conditions xv through xvii in 
Measure K.1-3, and the identification and signage of 
alternative pedestrian routes in the immediate vicinity of 
the Project. The Plan shall show the location of any 
roadway or sidewalk closures, traffic detours, haul routes, 
hours of operation, protective devices, warning signs and 
access to abutting properties. Any construction related 
hauling traffic shall be restricted to off-peak hours. 

K.1-2 In order to minimize peak period construction trips, Planning, DOT 
construction related traffic shall be restricted to off-peak 
hours. The following language is to be incorporated into 
the WTCP: 

i On weekdays, work shifts shall not begin between 
7:01 AM and 9:29 AM. 

ii Work shifts shall not end between 3:31 PM and 
prior to 6:29 PM. 

The WTCP shall also include Mitigation Measure K.l-
3, Condition ii, time restrictions for hauling. 
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K.1-3 Prior to the issuance of a grading permit, the Planning, DOT 
Project Applicant shall record and execute a Covenant 
and Agreement (Planning Department General Form CP-
6770), binding the Project Applicant to the following haul 
route conditions: 

i All Project construction haul truck traffic shall be 
restricted to truck routes approved by the City of Los 
Angeles Department of Building and Safety, which shall 
avoid residential areas and other sensitive receptors to 
the extent feasible. 

ii Except under a permitted exceptiC?n, all hauling 
(both delivery and export) shall be during the hours of 
9:00 AM to 4:00 PM or 6:30 PM to 9:00 PM. Any exceptions 
to the above time limits shall be permitted by the 
Department of Building ahd Safety in consultation with 
the Department of Transportation. Exceptions to the haul 
activity time limits are to be permitted only when 
necessary, such as for the continuation of concrete pours 
that can not reasonably be completed otherwise. 

iii Permitted Days of the week shall be Monday 
through Saturday. No hauling activities are permitted on 
Sundays or Holidays. 

iv Project haul trucks shall be restricted to l8-wheel 
trucks or smaller. 

v The Traffic Bureau of the Los Angeles Police 
Department shall be notified prior to the start of hauling 
(213.485.3106) . 

vi Streets shall be cleaned of spilled materials at the 
termination of each work day. 

vii The final approved haul routes and all the 
conditions of approval shall be available on the job site 
at all times. 

viii The Contractor shall keep the construction area 
sufficiently dampened to control dust caused by grading 
and haulin I and at all times vide reasonable control 
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of dust caused by wind. 

ix Hauling and grading equipment shall be kept in 
good operating .condition and muffled as required by 
law. 

x All loads shall be secured by trimming, watering or 
other appropriate means to prevent spillage and dust. 

xi All trucks are to be watered only when necessary 
at the job site to prevent excessive blowing dirt. 

xii All trucks are to be cleaned of loose earth at the 
job site to prevent spilling. Any material spilled on the 
public street shall be removed by the contractor. 

xiii The Project Applicant shall be in conformance 
with the state of California, Department of Transportation 
policy regarding movements of reducible loads. 

xiv All regulations set forth in the State of California 
Department of Motor Vehicles pertaining to the hauling 
of earth shall be complied with. 

xv "Truck Crossing" warning signs shall be placed 
300 feet in advance of the exit in each direction. 

xvi One flag person{s) shall be required at the job 
site to assist the trucks in and out of the Project area. Flag 
person (s) and warning signs shall be in compliance with 
Part II of the 1985 Edition of "Work Area Traffic Control 
Handbook." 

xvii The City of Los Angeles, Department of 
Transportation, telephone 213.485.2298, shall be notified 
72 hours prior to beginning operations in order to have 
temporary "No Parking" signs posted along the route. 

xviii Any desire to change the prescribed routes 
shall be approved by the concerned governmental 
agencies by contacting the Street Use Inspection Division 
at 213.485.3711 before the change takes place. 

xix The ermittee shall noti the Street Use 
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Inspection Division, 213.485.3711, at least 72 hours prior to 
the beginning of hauling operations and shall also notify 
the Division immediately upon completion of hauling 
operations. 

xx A surety bond by Contractor shaH be posted in 
an amount satisfactory to the City Engineer for 
maintenance of haul route streets. The forms for the 
bond shall be issued by the Central District Engineering 
Office, 201 N. Figueroa Street, Room 770, Los Angeles, CA 
90012. Further information regarding the bond may be 
obtained by calling 213.977.6039 

K.1-4 The Project Applicant shall contact the Metro Bus· 
Operations Control Special Events Coordinator at 213-
922-4632 regarding construction activities that may 
impact Metro bus lines. 

K.l-S Transportation Demand Management (TDM) - The 
Project is a mixed-use development, located within a 
quarter mile radius of the Hollywood/Vine Metro Red Line 
Transit Station and allows immediate access to the Metro 
Red Line rail system. Additionally, a number of Metro and 
LADOT bus routes are less than one-quarter mile 
(considered to be within reasonable walking distance) 
from the Project Site, providing access for Project 
employees, visitors, residents and guests. The Project Site 
is surrounded by numerous supporting and 
complementary uses, such as additional housing for 
employees and additional shopping for residents within 
walking distance. The Project shall take advantage of 
these opportunities through a pedestrian/bicycle friendly 
design and implementation of a TDM program. A 
preliminary TDM program shall be prepared and provided 
for LADOT review prior to the issuance of the first building 
permit for the Project and a final TDM program approved 
by LADOT is required prior to the issuance of the first 
certificate of occupancy for the Project. The TOM 
Program applies to the new land uses to be developed 
as part of the final development program for the Project. 
To the extent a TDM Program element is specific to a use, 
such element shall be im lemented at such time that 

10 

Planning, DOT, 
Metro 

Planning, CD 13 
Council Office, DOT, 
Metro, Caltrans, 
CHNC, and other 
stakeholder groups 

Although an 
agreement with the 
Hollywood Dell Civic 
Association was not 
reached, these 
measures were 
included with input 
from the Dell Civic 
Association 
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new land use is constructed. Both the pedestrian/bicycle 
friendly design and TDM program shall be acceptable to 
the Departments of Planning and Transportation. The 
TDM program shall include, but not be limited to, the 
following strategies: 

• Provide an internal Transportation Management 
Coordination Program with an on-site 
transportation coordinator; 

• A bicycle, transit, and pedestrian friendly 
environment; 

• Administrative support for the formation of 
carpools/van pools; 

• Inclusion of business services to facilitate work
at-home arrangements for the proposed 
residential uses, if constructed; 

• Flexible/alternative work schedules and 
telecommuting programs; 

• Provide car share amenities (including a 
minimum of 5 parking spaces for shared car 
program); 

• Parking provided as an option only for all leases 
and sales; 

• A provision requiring compliance with the State 
Parking Cash-out Law in ail leases; 

• Provision of a self-service bicycle repair area 
and shared tools for residents and employees; 

• Distribution of information to all residents and 
employees of the onsite pedestrian, bicycle and 
transit rider services, including shared car and 
shared bicycle services; 

• Coordinate with LADOT to provide space for a 
future Integrated Mobility Hub; 
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It Guaranteed ride home program potentially via 
the shared car program; 

It Transit routing and schedule information; 

It Transit pass sales; 

It Rideshare matching services; 

It Bike and walk to work promotions; 

It Visibility of the alternative commute options 
through a location on the central court of the 
Project Site; 

It Preferential rideshare loading/unloading or 
parking location;. 

It Financial contribution to the City's Bicycle Plan 
Trust Fund that is currently being established (CF 
1 0-2385-S5) . 

In addition to these TDM measures, LADOT also 
recommends that the Project Applicant explore the 
implementation of an on-demand van, shuttle or tram 
service that connects the Project to off-site transit stops 
based on the transportation needs of the Project's 
employees, residents and visitors. Such a service shall be 
included as an additional measure in the TDM program if 
it is deemed feasible and effective by the Project 
Applicant. 

K.1-6 Hollywood Community Transportation 
Management Organization ITMO) - The Project shall join 
or help create a TMO serving the Hollywood Area by 
providing a meeting area and initial staffing for one year 
(free of charge). The Project owner shall participate in 
the TMO as a member. The TMO shall offer services to 
member organizations, which include: 

• Matching services for multi-employer carpools, 

• Multi-em ...... ,r"\\/or to serve areas that are 
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identified as under served by transit, but contain 
the residences of the Hollywood area 
employees), 

• Help coordinating the Bicycle Share and Car 
Shar~ programs, 

• Promotion and implementation of pedestrian, 
bicycle and transit stop enhancements (such as 
transit/bicycle lanes), and 

• Other efforts to encourage and increase the use 
of alternative transportation modes in the 
Hollywood area. 

K.1-7 Intearated Mobility Hubs - To support the goals of 
the Project's TOM plan and to expand the City's program, 
the Project Applicant shall coordinate with LAOOT to 
provide space for a Mobility Hub in a convenient location 
within or near the Project Site. The Project Applicant has 
offered to provide on-site parking spaces for shared cars 
that could be a project-specific amenity or be linked with 
the larger Mobility Hubs program. The Project Applicant 
shall also provide space that shall accommodate bicycle 
parking, bicycle lockers, and shared bicycles. LAOOT is 
currently working on an operating plan and assessment 
study for the Mobility Hubs project that shall include 
specific sites, designs, and blueprints for Mobility Hub 
stations. The results of this study shall assist in determining 
the appropriate location and space needed to 
accommodate a Mobility Hub at the Project Site. 

K.1-8 Transit Enhancements -The Project shall provide a 
pedestrian friendly environment through sidewalk 
pavement reconstruction/improvements, and improved 
amenities such as landscaping and shading particularly 
along the sidewalks on Ivar Avenue and Argyle Avenue 
linking the project to the Hollywood/Vine Metro Red Line 
Station. Enhancements shall include reconstructing 
damaged or missing pavement in the sidewalks along 
Ivar Avenue and Argyle Avenue between the Project Site 
and the Hoi ad ne Metro Red Line Transit Station 
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and installing up to four transit shelters with benches at 
stops within a block of the Project Site, as deemed 
appropriate by LADOT. The LADOT designation of 
locations shall be made in consultation with Los Angeles 
County Metropolitan Transportation Authority (Metro). 

K.1-9 Bike Plan Trust Fund - The Project Applicant shall 
contribute a one-time fixed-fee of $250,000 to be 
deposited into the City's Bicycle Plan Trust Fund that is 
currently being established (CF 1 0-2385-S5). These funds 
shall be used by LADOT, in coordination with the 
Department of City Planning and Council District 13, to 
implement bicycle improvements within the Hollywood 
area. However, improvements within Hollywood that are 
consistent with the City's complete streets and smart 
growth policies shall also be eligible expenses utilizing 
these funds. Any measures implemented by using the 
fund shall be consistent with the General Plan 
Transportation Element. Items beyond signing and 
striping, such as curb realignment and signal system 
modifications, may be included in the funded projects, to 
the degree necessary for safe and efficient operation. 
Should shuttle riders on the DASH system warrant an 
increase in capacity, the Project funding may instead be 
used for the purchase of a shuttle vehicle for the DASH 
system. 

K.l-10 Traffic Signal System Upgrades - The Project 
Applicant shall be required to implement the traffic signal 
upgrades identified in Attachment 3 to the LADOT's 
Correspondence to the Department of City Planning, 
dated August 16,2012 (See Appendix K.2 to this Draft EIR). 
Should the project be approved, then a final 
determination on how to implement these traffic signal 
upgrades shall be made by LADOT prior to the issuance 
of the first building permit. These signal upgrades shall be 
implemented either by the Project Applicant through the 
B-permit process of the Bureau of Engineering (BOE), or 
through payment of a one-time fixed fee to LADOT to 
fund the cost of the upgrades. If LADOT selects the 
payment option, then the Project Applicant shall be 

uired to LADOT the estimated cost to im lement 
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the upgrades, and LADOT shall design and construct the 
upgrades. If the upgrades are implemented by the 
Project Applicant through the B-Permit process, then 
these traffic signal improvements shall be guaranteed 
prior to the issuance of any building permit and 
completed prior to the issuance of any certificate of 
occupancy. 

K.l-ll Intersection Specific Improvements - Argyle 
Avenue/Franklin Avenue - US 101 Freeway Northbound 
On-Ramp - To mitigate the significant traffic impact at 
this intersection under both existing (2011) and future 
(2020) conditions, the Project Applicant shall restripe this 
intersection to provide a left-turn lane, two through lanes, 
and a right-turn lane for the southbound approach and 
two left-turn lanes and a shared through/right lane for the 
northbound approach. The final design of this 
improvement shall require the joint approval of Caltrans 
and LADOT. 

K.1-12 Highway Dedication and Street Widening 
Requirements - The City Council recently adopted the 
updated Hollywood Community Plan. The new plan 
includes revised street standards that provide an 
enhanced balance between traffic flow and other 
important street functions including transit routes and 
stops, pedestrian environments, bicycle routes, building 
design and site access, etc. Vine Street has been 
designated as a Modified Major Highway Class II requiring 
a 35-foot half-width roadway within a SO-foot half-width 
right-of-way. Yucca Street between Ivar Avenue and 
Vine Street is classified as a Secondary Highway, which 
requires a 35-foot half-width roadway within a 45-foot 
half-width right-of-way. Yucca Street between Vine 
Street and Argyle Avenue is classified as a Local Street. 
Ivar Avenue and Argyle Avenue are also classified as 
Local Streets. A Local Street requires a 20-foot half width 
roadway within a 30-foot half-width right-of-way. The 
Project Applicant shall check with BOE's Land 
Development Group to determine if there are any 
highway dedication, street widening and/or sidewalk 
requirements for this project. 
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K.1-13 Implementation of Improvements and 
Mitigation Measures. The Project Applicant shall be 
responsible for the cost and implementation of any 
necessary traffic signal equipment modifications and bus 
stop relocations associated with the proposed 
transportation improvements described above. Unless 
otherwise noted, all transportation improvements and 
associated traffic signal work within the City of Los 
Angeles shall be guaranteed through the B-Permit 
process of the Bureau of Engineering, prior to the 
issuance of any building permits and completed prior to 
the issuance of any certificates of occupancy. 
Temporary certificates of occupancy may be granted in. 
the event of any delay through no fault of the Project 
Applicant, provided that, in each case, the Project 
Applicant has demonstrated reasonable efforts and due 
diligence to the satisfaction of LADOT. Prior to setting the 
bond amount, BOE shall require that the developer's 
engineer or contractor contact LADOT's B-Permit 
Coordinator, at (213) 928-9663, to arrange a pre-design 
meeting to finalize the proposed design needed for the 
project. 

K.1-14 East Site Residential Unit and Reserved 
Residential Parking Cap. On the East Site, residential 
development shall be limited to 450 residential units and 
675 reserved residential parking spaces. 

Section IV.K.2 of the EIR: 

Transportation - Parking 

K.2-1 No sidewalk in the pedestrian route along a public 
right-of-way shall be closed for construction unless an 
alternative pedestrian route is provided that is no more 
than 500 feet greater in length than the closed route. 

K.2-2 Construction Related Parking. Off-street parking 
shall be provided for all construction-related employees 
generated by the Project. No employees or 
subcontractors shall be allowed to park on surrounding 
residential streets for the duration of all construction 
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activities. There shall be no staging or parking of heavy 
construction vehicles on the surrounding street for the 
duration of all construction activities. There shall be no 
staging or parking of construction vehicles, including 
vehicles that transport workers, on any residential street in 
the immediate area. All construction vehicles shall be 
stored on-site unless returned to the base of operations. 
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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. 
Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, signage, lighting, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and 
ensure design continuity will be carried through to the full implementation of the 
Project. 

c. Establish basic site-wide development standards and criteria that serve to maintain the 
integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide the 
development for the Project Site. 

e. Ensure compliance with the Development Objectives. 

f. Ensure preservation of the Capitol Records Building and the Gogerty Building according 
to the Secretary of the Interior's Standards for Rehabilitation. 
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1.2 Development Objectives 

1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve the Capitol Records Building and the Gogerty Building according to established 
preservation guidelines (the Secretary of the Interior's Standards for Rehabilitation and 
guidance provided by Office of Historic Resources). 

b. Preserve public views from certain key vantage points to the Capitol Records Tower by 
creating grade level open space / civic plazas on the East Site adjacent to the Jazz Mural 
and Capitol Records Building and West Site across from the Capitol Records. 

c. Preserve existing view corridors from certain key vantage points to the Hollywood Hills. 

fig. 1.2.2.b-c: Capitol Records View Corridors 

d. Create civic plazas that are activated by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing it as an urban node. Reinforce the urban and historical 
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importance of the intersection of Hollywood and Vine by the creation of an active street 
life focused on Vine Street. 

e. Encourage street life by the creation of a new pedestrian connection between Ivar 
Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit open and green spaces for both the on-site and 
off-site population. 

fig 1.2.2.d: View North Along Vine Street 

g. Create a 24 hr. community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of current on-site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 

j. Establish standards to address architectural excellence. 
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k. Provide designs that address, respect and complement the existing context, including 
standards for ground-level open space, podium heights and massing setbacks that 
minimize impacts to the historic setting. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation in the use of materials, 
energy and development space. 

m. Create buildings that emphasize the vertical architecture and become visible icons. 

n. Develop a visual gateway to Hollywood from the Hollywood Freeway. 

fig. 1.2.2.n: Hollywood: A major urban center and gateway to the Los Angeles basin. 
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1.3 Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards impose strict 
requirements for new development. For example, the Regulations include specific setback requirements 
along Vine Street. There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principal design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
For instance, fa~ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate fa~ade treatment by providing a limited range of 
choices in the use of material and color for the fa~ades. 

1.4 Relationship to the los Angeles Municipal Code 

1.4.1 The Development Regulations are approved by the City of los Angeles City Council and are 
incorporated in the Development Agreement, authorized pursuant to California Government 
Code 65864, et seq., entered into by the City of Los Angeles and ________ _ 
("Millennium Development Agreement") on ______ _ 

1.4.2 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the Los Angeles Municipal 
Code ("LAMC") that apply to the Project Site, the Regulations shall prevail pursuant to the 
Millennium Development Agreement approved by the City Council. 
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2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 
occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercial and on grade open parking. The topography 
has a natural incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to SE) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 
as part the Project. 

D 

fig. 2.1. Site Plan 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is zoned Commercial (C2). The City General Plan land use designation is 
Regional Center commercial. 

2.2.2 The Project Site is within the Special Sign District and within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of 
Los Angeles. 

2.2.3 Notwithstanding any provision in these Regulations, residential floor area is not permitted 
within 500 feet of any freeway. 

2.2.4 Floor Area Ratio: 6:1 

2.2.5 Height District: No.2 
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3. HISTORIC RESOURCES AND SETIING 

3.1 Overview 

The Project Site is located in a historically rich area of Hollywood that contains a number of recognized historic 
resources. This Project is a preservation project in that its ambition is to respect, respond to, and preserve the 
Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project is 
designed to be observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 
Records Tower and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 
parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 
building at 6316-6324 Yucca Street. Several of these historic resources are located within the Hollywood Boulevard 
Commercial and Entertainment District, a National Register listed historic district located just south of the Project 
Site. 

Composed of commercial properties from the first half of the 20th Century, contributing properties to the 
Hollywood Boulevard Commercial and Entertainment District include a wide variety of property types including 
single-story storefronts, two-story commercial blocks, department stores, theaters, high-rise office buildings and 
hotels. 

The Capitol Records Building is a unique building whose cylindrical form has always been visible from portions of 
Hollywood and Vine from the south and the freeway from the north. The Capitol Records Tower and the iconic 
buildings in the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, Pantages 
Theater, Equitable Building) will maintain their prominence after implementation of the Project. 
Portions of the Hollywood Walk of Fame (L.A. Historic Cultural Monument #194) are located along Vine Street 
between Yucca Street and Sunset Boulevard and will be protected. 

The protection of Hollywood's historic resources and unique character is an important objective of the Project. The 
guidelines and standards contained in this document were created in part to ensure the protection of historic 
resources within the Project Site and minimize potential adverse effects to historic resources from new 
development. Key Project objectives regarding historic resources include: 

1) Preservation, maintenance, and rehabilitation of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) Protection and preservation of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194) will need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined in the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect of the Project. 

3) Incorporation of ground-floor open space and building setback requirements to moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywood Boulevard Commercial and Entertainment District, and important view corridors 

to the Hollywood Hills. See sections 1.2.2 c, 6.1, 6.9, 7.1, 7.S, 8.1 and 8.2 of this document. 

4) Incorporation of ground-floor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7.5, 
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8.1 and 8.2 of this document. 

5) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristics, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 
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4. DENSITY 

4.1 Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel within the Project Site, as long as the minimum and maximum building heights in the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

4.2 land Use Equivalency Program 

The land Use Equivalency Program is intended to provide flexibility in land uses for the Project while 
ensuring that a change in land uses would not result in new significant environmental impacts or a 
substantial increase in the severity of significant environmental impacts identified in the EIR, ENV-2011-
067S-EI R (SCH No. 2011041094). With respect to any proposed Phase of the Project (an IIExchange 
Phase") that would result in a build out of the Project that is not consistent with at least one of the Project 
scenarios studied under the EIR, under the land Use Equivalency Program, the developer may request a 
transfer or exchange of land uses, as well as modifications to the siting, massing or other development 
standard in so far as they are consistent with the provisions herein, for such Exchange Phase by a 
delivering written request therefore to the Planning Department of the City, which request shall be 
accompanied by (a) detailed information identifying the land use transfer/exchange that is being 
proposed for such Exchange Phase; (b) information documenting how the proposed land uses and 
densities in the Exchange Phase, together with the existing improvements and the other phases 
previously developed, are consistent with the overall AM and PM peak hour trip cap identified in Table 11-
3, Project Trip Cap from the EI R; and (c) supporting documentation to demonstrate that the Project 
including the proposed Exchange Phase would not exceed the maximum environmental impacts identified 
in the EIR (collectively, an IIEquivalency Program Exchange Submission"). The Planning Director shall 
approve such request if the Equivalency Program Exchange Submission reasonably demonstrates that the 
Project including the proposed Exchange Phase is consistent with the overall AM and PM peak hour trip 
cap identified in such Table 11-3, Project Trip Cap, does not conflict with the impacts analysis for the maxim 
Commercial and Residential Scenarios, and would not otherwise exceed the maximum environmental 
impacts identified in the EIR. 
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5. HEIGHT 

5.1 Building Height Standards 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 
in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 

II 

Fig. 5.1 Height Zones 
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6. BUILDING AND STREET EXPERIENCE 

6.1 Tower Massing Standards 

6.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 SO 
13,325 East Site 10 

12 
6.1.2.d.l 

9,042 West Site 151 6.1.2.d.2 

15 SO 
17,380 East Site 10 

10 
6.1.2.c.l 

11,794 West Site 151 6.1.2.c.2 

28 SO 
22,745 East Site 10 

8 
6.1.2.b.l 

22,016 West Site 151 6.1.2.b.2 

48 nfa 
55,616 East Site 10 

5 
6.1.2.a.l 

37,742 West Site 151 6.1.2.a.2 

Table 6.1.1 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2. 

6.1.2 For the purpose of calculating the maximum lot coverage the total lot area is equal to the total 
lot area for each of the sites, the West Site and the East Site. If there is more than one tower on 
a site, the maximum lot coverage requirement in Table 6.1.1 is calculated based on the combined 
area of all towers on each site. The total lot coverage applies to the aggregate floor plate(s) of 
the tower or towers on each site. 

6.1.3 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Figs. 6.1.2.a.l- 2.) 

6.1.4 At least 50% of total floor area must be located below 220 feet. 

6.1.5 Tower wall articulation: 

a. Minimum 10% of tower aggregate area shall be articulated. 

6.1.6 Types of permitted articulations for tower walls: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 
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c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 
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The following developments are for illustrative purposes only. 
Maximum Lot Coverage and Tower Floor Plate - Figs. 6.l.2.a - d. 
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6.2 Street Walls 

6.2.1 A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 
required street wall within the permitted ranges is required in order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and architectural 
building details which emphasize and reflect the presence and importance of the pedestrian 
environment. Massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un-articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Street Wall Standards 

6.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located a 
minimum 10 feet from the property line along Vine Street on the East Site and 15 feet 
along Vine Street on the West Site. 

b. A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

6.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b), (c) and (d) below. 

b. Street walls fronting Vine Street on the West Site shall be built to a maximum height of 
40 feet above curb level except as noted in item (d) below. 

c. Street walls fronting Yucca Street shall be built to a maximum height of 30 feet. Building 
can extend to a maximum height of 150 feet with a 10 foot setback above 30 feet except 
as noted in item (d) below. 

d. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 
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6.3.3 Types of permitted articulation of a required street wall: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Commercial marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5'-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

6.4 Street Wall Guidelines 

6.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

6.5 Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5.2 Commercial Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. Front Yard: none. 

b. Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in width be required. 
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c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

6.6 Building Materials and Color Guidelines 

6.6.1 The goal of the building materials and colors is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will address the fa~ade treatment for both residential and 
commercial portions of buildings. 

a. Buildings shall feature long-lived and sustainable materials. The material palette shall 

provide variety, reinforce massing and changes in the horizontal or vertical plane. 

b. Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

d. The architecture of the building shall clearly delineate an architectural style, and shall 
not appear as a simplified version thereof, with appropriate fenestration patterns, 
architectural features, proportions and materials. 

e. The building's skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective glass will be avoided. Glazing will have the minimum 
amount of reflectivity or tinting required to achieve energy efficiency standards. 

f. In buildings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. There will be clear contrast between the 
building's surface material and the building's glazed areas. 

g. In general, the overall massing, roof forms, materials, and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shall include a variation in wall planes and height as well as 
roof forms to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

h. To provide visual variety and depth, the building skin shall be layered and designed with 
a variety of textures that bear a direct relationship to the building's massing and 
structural elements. The skin shall reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

i. Rooftop mechanical equipment screening shall be designed to be integral with the 
building architecture and the visual impact shall be minimized by using materials that 
are complimentary or consistent with the building. 

j. Design the color palette for a building to reinforce building identity and complement 
changes in the horizontal or vertical plane. 
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k. Examples of acceptable materials are illustrated in Figures 6.6.1- 2 

-27-

AR0068014 



CO-0001-874 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT BUILDING AND 
STREET EXPERIENCE 

6.7 Grade level Standards 

6.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 
regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 12'-0" height measured from floor to ceiling. 

6.7.3 Building entrances: 

a. The primary entrance to a street level tenant space that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public street shall be provided from a courtyard, 
grade level open space, or publicly accessible passageway. Entries less than 18 inches 
from the property line shall not be higher than 12 inches above the elevation of the 
sidewalk; entries greater than 18 inches from the property line shall be within 30 inches 
of the adjacent grade level along street frontages. Where possible entries shall be 
marked using architectural elements such as porches, gateways, entry alcoves, awnings, 
canopies, or portals. 

b. All retail spaces shall be accessed primarily from a ground floor, single-tenant entry 
along a street, plaza or passageway. Where reasonably practical given architecture and 
tenant requirements, access to different tenant spaces shall occur at a maximum 
interval of 60 feet. 

c. Main building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances which could include but are not limited to material change, 
architectural elements or elevation change. 

d. In addition to the building's required primary entrance(s), there may be ancillary 
entrances to the building from parking garages. 

6.7.4 Ground Floor Glazing 

a. Use of clear, colorless and transparent glazing is required within the first 30 feet above 
curb level. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing shall constitute a minimum of 30% of the area of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercial/Office / Retail that abuts an alley 

a. Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley. Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches in height opening from the building it is 
to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

a. Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

b. Service, utility, and mechanical functions, including retail loading, shall be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

c. Service, utility, and mechanical equipment that is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipes, along 
with utility box transformers, shall be screened. 

d. All screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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e. Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the enclosure(s) to screen them and deter 
graffiti. 

f. Trash enclosures and retail loading areas shall be sited to minimize nuisance to adjacent 
properties. 

g. The location of trash enclosures shall be easily accessible for trash collection and should 
not impede general site circulation patterns during loading operations. 

h. Mechanical equipment shall vent to an alley wherever possible. 

i. Roof-vent penetrations and mechanical equipment shall be located at least 10 feet from 
any exterior Building Face. 

j. Gutters and downspouts shall be made of galvanized steel, copper (not copper coated), 
or aluminum. 

6.7.8 Storefronts 

a. Storefront (residential, retail, restaurant and commercial) requirements shall include 
frontage along streets and grade level open spaces. 

b. Storefronts shall comprise a minimum of 70% of the building's street level fa~ade along 
Vine Street and 40% along all other streets and be recessed where necessary. 

c. Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along all other streets. 

d. All retail space shall have a minimum 12 feet finished ceiling clearance. 

e. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

f. Storefront openings shall be no shorter than 12 feet above the adjoining grade for 90% 
of the required storefront frontage. 

g. Security grilles will be located behind glass and be at minimum 70% open. 

h. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectivity. 

i. Awnings shall not obscure storefront sign age. Vinyl awnings are not permitted. 

6.8 Podium Standards 

6.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment of the building's base, middle and top 
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through the vertical articulation of the street wall fa~ade by the use of balconies, projections, 
recesses, fenestration and changes in massing, color, material or other elements. 

6.8.2 Podiums shall comply as applicable with the minimum setback requirements set forth in Figures 
6.1.2a - d. 

6.9 Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes a clear pattern on the fa~ade (with special 
attention paid to facades that are visible from a public street) and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the building's ground floors and upper floors shall be provided. 
This break may include a change in material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.5 An expression band shall be provided at the highest story within the podium. 

6.9.6 While blank street wall fa~ades shall be avoided, an exception may be made for integration of 
public art or an articulated fa~ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fa~ade shall be a maximum of four floors high, and shall have variation in its 
surface plane (using cutouts, insets or pop-outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

6.9.8 Podiums are encouraged as feasible to be set back from Pantages to preserve sightlines and 
promote groundfloor open space. 

6.10 Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is an integral element that fronts open spaces on both 
East and West Sites. Its adjacency to the public plazas requires compatibility and cohesiveness. 

6.10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as lighting, paving, 
rhythmic tree plantings and continuous open spaces in a consistent palette of materials and 
fu rn ish i ngs. 

6.11 Screening Standards 

6.11.1 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 
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6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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7. TOWERS 

7.1 Purpose 

7.1.1 Towers shall have their massing designed to reduce overall bulk and to appear slender. 

7.1.2 Towers shall be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They shall not appear overwrought or to have over-manipulated elements. 

7.1.3 Towers that emulate a more streamlined modern style shall provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

7.1.4 If a project has more than one tower, the towers shall be complementary to each other and 
employ a similar yet varied architectural design approach. 

7.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historicized. 
They are contemporary forms in the skyline and shall appear as such. 

7.2 Projections 

7.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wireless masts; and 

d. Solar energy devices and similar structures. 

7.2.2 Permitted building elements or equipment in Section 7.2.1 shall be screened as practical and 
based on building design except if such projections - e.g., flagpoles or steeples - are part of the 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

7.3 General Standards 

7.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 

7.3.3 Towers shall be set back from maximum street wall height a minimum of 10 feet except for 
towers fronting Vine Street on the West site, these towers shall be setback a minimum of 15 feet 
from the maximum street wall height. 
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7.3.4 Towers shall be setback on West Site from shared property line with Hollywood Playhouse a 
minimum of 10 feet above 150 feet. 

7.3.5 Adherence to minimum setbacks and other separation standards for towers is required as may 
be applicable to a specific tower and its location with the Project area. Please refer to standards 
for towers set forth in Figures 6.1.2.a - d. 

7.3.6 Tower orientation and placement that enhances important sightlines is encouraged. 

7.3.7 In no instance should the tower fronting Vine Street on the East site development have more 
than a 15% height differential from the tower on the West ste development. 

7.4 Wall Standards 

7.4.1 All walls are required to be articulated. 

7.4.2 The following types of articulation of a tower wall are permitted: 

a. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

c. Bay windows. 

fig. 7.4.2.a: Balcony/Recess fig. 7.4.2.b: Bay Window 
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7.4.3 Balcony: a balcony shall be integral to the fa~ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern . Balconies are encouraged to create a complex 
and varied pattern along the fa~ade using various balcony sizes and architectural configurations 
and shall be a minimum 75% transparent. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces. Long balconies resembling corridors 
are prohibited. 

fig. 7.4.3.a: Recess/Balcony: Integral Balcony fig. 7.4.3.b: Bay Window: Integral Balcony 
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7.5.1 If two towers are located on a single site the towers shall be spaced to provide privacy, natural 
light and air, as well as to contribute to an attractive skyline. 

7.5.2 Generally, any portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
(staggered), 2) the largest windows in primary rooms are not facing one another, or 3) the 
towers are curved or angled. See fig. 7.5.2. 

fig. 7.5.2: Tower Spacing 

1) OFFSET TOWERS 

r--C=:=il::f 2) ADJACENT TOWERS 
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3) CURVEO OR ANGLED TOWERS 
""=< 

7.5.3 Since a tower is defined as any building above 150 feet, all buildings above 150 feet shall be 
spaced at least 80 feet from any portion of any adjacent or separate building on the site, 
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exceeding 150 feet, excluding a project within the height range of 150 to 220 feet, as shown in 
figures 6.1.2.a.1 and 6.1.2.a.2. 

7.5.4 Spires, signage, parapets, and mechanical enclosures are excluded from the tower spacing 
regulations. 

7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 8.5. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materials and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions of the building. 

7.7.3 Roof mechanical equipment shall be screened. 
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8. OPEN SPACE 

8.1 Overview 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

8.2 Grade Level Open Space Standards 

8.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be S% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Fig. 6.1.2.a.l- 2 and 8.1.1) 

8.2.3 An additional 3% of open space (total 8%) shall be required for buildings between 221 feet and 
400 feet. (See Fig. 6.1.2.b.l- 2 and 8.1.2) 

8.2.4 An additional S% (total 10%) of open space shall be required for buildings between 401 feet and 
SSO feet (See Fig. 6.1.2.c.l- 2 and 8.1.3) 

8.2.5 An additional 7% (total 12%) of open space shall be required for buildings taller than SSO feet. 
(See Fig. 6.1.2.d.l- 2 and 8.1.4) 

8.2.6 Location 

a. East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street and along Yucca Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. Open 
space on West Site fronting Vine Street shall have a horizontal dimension no less than 
lS feet when measured perpendicular from any point. 

c. On West Site, open space must occupy the area to the west of a line struck at 40 
degrees from center line of Vine Street ROW at alignment with the southern most 
property line and a minimum 10' setback from the southeast corner of the Capitol 
Records Building. (See Figs. 8.1.1- 4) 
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Figs 8.1.1- 8.1.4: Grade Level Open Space 

figs 8.1.1 Open Space Requirements for Maximum Building Height at 220 Feet 
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figs 8.1.2 Open Space Requirements for Maximum Building Height at 400 Feet 
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figs 8.1.3 Open Space Requirements for Maximum Building Height at SSO Feet 
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figs 8.1.4 Open Space Requirements for Maximum Building Height at S8S Feet 
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8.3 Passageway Standards 

8.3.1 A publicly accessible passageway is a continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 Location and Size standards: 

a. The major portion of a publicly accessible passageway is the largest area of the 
passageway and the area of primary use. Major portions shall be generally regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shall occupy no less than 75 percent of the total 
passageway area and shall not be less than 20'-0" wide. 

b. Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
shall not occupy more than 25 percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 
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fig. 8.3.3: Publicly Accessible Passageway 
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8.3.4 Permitted Obstructions: 

a. The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be as follows: 

(i) Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equipment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains, and bicycle racks; open-air cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag poles; public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 

fig. 8.3.4: View from Argyle Avenue Along PAP Towards Capitol Records 
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and bollards. 

8.3.5 Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Building and Safety in conformance with the Building Code. Kiosks, including roofed 
areas, shall not count as floor area, exceed 3% of the total area of the publicly accessible 
passageway, or occupy an area of more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will count as floor area. 

8.3.6 Open-Air Cafe: 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have waiter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the publicly accessible passageway. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may be reserved for 
customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be installed within an 
open-air cafe. Cooking equipment may be contained in a kiosk adjoining the open-air 
cafe. An open-air cafe qualifying as a permitted obstruction shall be excluded from the 
definition of floor area. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

b. No exhaust vents are permitted on any publicly accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 10'-6" above the level of the passageway. 
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8.3.9 Frontages: 

a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a publicly accessible passageway shall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the publicly 
accessible passageway with an entrance required every SO' at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

a. The building owner shall be responsible for the maintenance of the publicly accessible 
passageway including, but not limited to, the confinement of permitted obstructions, 
litter control, and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. Litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubic foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway in connection with outdoor eating services or other uses permitted on 
passageway which generate litter. 

8.4 Roof-top Open Space 

8.4.1 The Project shall include roof-top open space. 

8.4.2 Roof-top open space shall include an observation area (i.e., viewing deck) accessible to the 
public. 

8.4.3 The hotel, if developed, shall include an observation area (i.e., open space viewing area) 
accessible to the public. 

8.4.4 The hotel observation area (i.e., viewing area), if developed, shall satisfy the requirement in 
section 8.4.1 above. 

8.4.5 Roof-top open space may include a cafe. 

8.5 Residential Common Open Space 

8.5.1 Common open space is intended to be a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 
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8.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 

b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

c. Open space shall be open to the sky and have no structures that project into the 
common open space area, except as permitted in the Zoning Code. 

d. Common open space shall be readily accessible to all the residents of the Site. 

e. Common open space shall have a minimum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

f. Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
may be considered as common open space. 

i. Refer to LAMC 12.21.G for additional open space requirements. 

8.6 Residential Private Open Space 

8.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a. Private open space shall contain a minimum area of 50 square feet, of which no more 
than 50 square feet per dwelling unit shall be attributable to the total required usable 
open space. 

b. Private open space shall have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 

c. Private open space shall provide a minimum eight-foot vertical clearance under any 
projection, except as permitted in the Zoning Code. 
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d. That portion of a balcony which extends or projects into a required front yard in 
compliance with Zoning Code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items a-c. 
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9. LANDSCAPE 

9.1 Grade Level Open Space Standards 

9.1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 Landscaped area(s) shall be planted with seasonally diverse plant material and 30% of all 
landscaping shall be California Natives or drought tolerant. 

9.1.3 The landscaped portion of open space may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 30" 

c. Lawns, ground cover: 18" 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

9.1.7 Open-air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

9.2 Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36-inch box tree for every four dwelling units shall be provided on-site and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 
accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 3~-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 
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fig. 9.3.a: Movable Seating fig. 9.3.b: Open Air Cafe 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or multiple 
planted areas. The minimum size of a single planted area shall be 100 square feet. 

9.3.2 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

a. A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area(s) shall be planted with seasonally diverse plant 
material. 

,/:BACK 

"1 : : 12"MIN. 

12"M I N . -T~ 
36" MAX·1 ACCESS \J 

30" MIN. 

ACCE~ ~CESS 
PLAN SECTION - SINGLE SEAT SECTION - DOUBLE SEAT 

fig. 9.3.5: Seating Standards 

9.3.5 Seating 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicly accessible passageway excluding the area of an open-air cafe. 

b. One seat shall equal two linear feet. 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(ii) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs (i) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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9.4 Tree Planting Guidelines 

9.4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regular spacing of the street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microclimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks leading to or abutting the development. 

9.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

9.5 lighting Standards 

9.5.1 Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
building base-level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

9.5.2 Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open publicly 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, i.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0-foot candles on a horizontal 
plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

f. All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off-site uses. 

g. Light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 
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9.5.3 Responsibility for maintenance: 

a. The Building Owner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No luminaire or lighted element which is to meet these requirements 
shall be out of commission for more than 10 consecutive days. 

b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building 
Owner. 

9.5.4 Lighting for areas located inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighting for above-grade parking garage facilities shall utilize "white" light sources and the 
luminaires' brightness shall be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire placement, or integral 
lumina ire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

9.6 Publicly Accessible Passageway lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. Light sources 
shall be white light. 

9.7 Continuity of Design 

9.7.1 Design elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Project's way-finding features. 

9.7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade level. 
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10. PARKING 

10.1 Automobile Standards 

10.1.1 Base Standards 

The following standards shall apply for the base level of parking to be provided as the minimum 
for each use in the project area. The Regulations set forth below incorporate the parking 
requirements in the LAMC, where applicable, and supersede the LAMC requirements for 
development in the Development Agreement area. 

a. Commercial/Office / Retail: 

Two parking spaces for everyone thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
research and development buildings on any lot. The Regulations incorporate applicable 
parking requirements in the LAMC as set forth below. 

b. Sports Club: 

Two parking spaces for everyone thousand square feet of combined gross floor area. 

c. Hotel 

One parking space for each individual guest room or suite of rooms for the first 30; 

One additional parking space for each two guest rooms or suites of rooms in excess of 
30 but not exceeding 60; and 

One additional parking space for each three guest rooms or suites of rooms in excess of 
60. 

d. Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

e. Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; one-and
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

f. Combination of Uses: 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 
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a. Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns in a 24-hour 
cycle or between weekends and weekdays. The intent is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to its construction. 

b. Calculating Shared Parking: 

10.2 Additional Regulations 

(i) The individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand." 

(ii) For parking spaces that are to be shared between uses, the calculated 
minimum parking requirement for the Site, including that new phase 
of construction, is to be adjusted from the Base Demand based on the 
procedures in Shared Parking, Urban Land Institute, 2nd Edition (2005) 
or another source as determined by the Director of Planning. 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to serve or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to serve, the 750-foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than SO feet to the intersection of two streets 
unless approved by The Department of Transportation. 
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10.2.3 Access driveways to parking facilities not at signalized intersections shall not exceed 28 feet in 
width. The minimum separation between drives located along the same frontage shall be 50 
feet. 

10.2.4 Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking structures shall be given to bike parking, car-share parking, and 
other alternative ride vehicles. 

10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking for the first 20 feet shall be lined with habitable floor area having a 
minimum depth of 20 feet along street frontages where feasible and shall be designed to blend 
in with the form and massing and to look like an integral part of the building, with the use of 
windows and/or cladding, or by landscaping, or green screens, or a combination thereof. The 
interior of a parking structure shall be designed to be screened from the view of streets and 
sidewalks. 

10.4 Bicycle Standards 

10.4.1 Bicycle parking shall be provided per Ordinance No.182386. 
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10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan. 

10.5.2 The transportation demand management plan shall set forth best practices that relate to the 
Project Site and the Project's building design features in order to: 

a. Promote bicycle and pedestrian circulation within the Project Site. 

b. Promote alternative modes of transportation. 

c. Create pedestrian linkages to public and private amenities outside the Project Site. 

d. Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

e. Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an only optional part of all lease and 
sale agreements. 
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11. SIGNAGE 

11.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 181340: Hollywood Signage Supplemental Use District 
(Amended) pursuant to Section 13.11 of the Los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig. 11.2. 

I 
TOP OF BUILDING 
---

I 

I 

I 

I 
24' MAX 

I 

I 
HIGH-RISE SIGN 

I 
- --

I 

LOT LINE ----I -LOTLINE 

TOW ER 

-------~ 

STREET 
WALL 

I ELEVATION 

fig. 11.2: High Rise Sign 
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12. SUSTAINABILITY 

12.1 Non-Residential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 
square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of SO or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED® AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USG Be) LEED® 
Certified level. Formal certification by the USGBC is not required. 
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Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

Base: the lower portion of a building located at or within lSD' above curb level. 

Canopy: glazing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

Expression band: a distinctive linear architectural element occurring on the building base facade at the 
highest floor. The band shall be contrasting in color, texture, material and/or fenestration from the adjacent 
building base facade. Projections may occur within an expression band. 

Grade level open space: a continuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, measured from the adjacent street curb level. 

Maintenance: the ongoing repair, care and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general public, except as noted 
herein. Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space which are defined herein. 

Preservation: in conformance with standards and guidelines of the Secretary of the Interior, the act or 
process of applying measures necessary to sustain the existing form, integrity, and materials of an historic 
property. 

Publicly accessible passageway: a continuous through-block public connection between two parallel streets, 
located on privately owned land and designated for and designed to encourage public pedestrian circulation 
and other appropriate public uses. 

Rehabilitation: in conformance with standards and guidelines of the Secretary of the Interior, the process of 
returning a property to a state of utility, through repair or alteration, which makes possible an efficient 
contemporary use while preserving those portions and features of the property which are significant to its 
historic, architectural, and cultural values. 

Required street wall: a wall or portion of a wall of a building facing a street or grade level open space which 
must be built to a maximum height above curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on a street at the level of any story. The width of a required street wall 
articulation is measured in plan as the width of the street line from which perpendicular lines may be drawn 
to such required street wall articulation. 

Residential common open space: a lirear yard" providing light and air to apartments on the interior of a 
parcel located at any story above curb level. 

Residential private open space: open space that is contiguous to and immediately accessible only from a 
single dwelling unit. 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape in which a building has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views, sidewalks, and street trees. 
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Storefront: the architectural facade, including doorways, of any tenant-leased premise perimeter adjacent to 
public circulation areas. Storefronts refers to all permitted residential, retail uses including retail, service, 
restaurants and cultural establishments and commercial uses, including but not limited to hotels and sports 
clubs. 

Tower: the portion of a building located above 150' above curb level. 

Transparency: architectural elements that can be seen through or allows light to emit through, including but 
not mited to glass, trellis and wire mesh. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Hollywood LLC 
unless otherwise noted. 
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il1ennium 
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Millennium Hollywood Project 
Meeting with Planning/Environmental 

July 20, 2012 
AGENDA 

1. Status of Review 

2. CEQA Outstanding: 

a. DOT - Determination letter expected August 25, 2012 

b. Police - Will Serve letter r:;,/j~fRk'\pl) 
3. Design Guidelines l" 

I 

~-7 
a. Finalize Revisions 

b. Tower Placement 

c. Code Overrides 

4. Schedule (see below) 

5. Design Presentation and Draft Development Agreement - Next Meeting(s) 

6. Next Steps 

MILESTONE! ACTION 

Master Land Application (MLUA) and Supplemental 
Submitted to 

1. 

Circulation of NOP and IS (30-day public review period**) 

flo O~-t ( 

C/,c' 

SMRH:406225475.1 -1-

DATE 
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How does the Hollywood Community Plan 
Improve Hollywood? 

II
I. s Angala . 
Department 

I ~ of Glty Planning 

The Plan directs growth around transit, away from hillsides and 
low density neighborhoods. 

maintains residential neighborhood zoning, directing future growth into the 
center of Hollywood adjacent to transportation choices 

maintains all parking requirements per the City code, encourages parking 
options 

downzones many residential areas with historic resources within the for
mer Redevelopment Plan boundary 

implements stronger subdivision controls in the hills, promoting open space. 
maintains commercial development restrictions in hillside districts, such as 
Barham Avenue and Franklin Avenue 

The Plan reinforces Hollywood's role as a media and entertainment 

jobs center - preserves industrial media lands. 

reserves M-zoned lands south of Santa Monica Boulevard in the Media 
District for industrial uses 
promotes tourism, entertainment, and media jobs 

promotes the expansion and modernization of Hollywood's studios 

The Plan provides mob ility choices, less dependence on automobiles. 

promotes transit-oriented development, design, and mixed-use amenities in 
the center of Hollywood 

raises standards for new building design, with an emphasis on pedestrian 
amenities 

implements city's Bike Plan, provides for expanded bike lanes on Fairfax and 
Fountain Avenues 

The Plan establishes new lower height limits around historic 

districts, and integrates development into existing scale, 

lowers development heights north and south of Hollywood Boulevard along 
. the National R.egister Historic District 

establishes lower height limits around the Melrose Hill Historic District and 
Spaulding Square Historic District 

maintains all existing height limits (a total of two parcels are proposed for 
a higher height limit. 60 feet, to make them consistent with neighborhood 
properties) 

The Plan supports the Hollywood Central Park over the 101 
Freeway, and expands park acreage. 

places the creation of such a park into the Community Plan poliCies, 
providing support for implementation funding 

rezones recent parkland acquisitions in the Hollywood Hills as permanent 
open space and expands number of neighborhood parks 

The Plan protects hillsides from over development - strengthens 
development regulations for hillside subdivisions. 

expands the implementation of the "slope density" ordinance in the 
Community Plan 

applies restrictions to future parcel maps and tract maps in hillside areas 
promotes ridgeline protection and expanding retaining wall controls 

HOLLYWOOD COMMUNITY PLAN INf O RMAT IONAL f LY ER, PAGE I 

PREPARED 6Y THE Los ANGELES DEPARTMENT Of C ITY PLANNING, MAY 2012 
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Hollywood Community Plan, Continued 

The Plan promotes streetscape plans and implements new street standards, wider 
sidewalks, pedestrian enhancements. 

develops sidewalk, landscaped parking, street tree, and lighting standards for major Hollywood 
thoroughfares (Santa Monica Boulevard. Melrose Avenue. La Brea Avenue. Western Avenue) 
expands sidewalks along major boulevards, including preservation of the Hollywood Walk of Fame 
preserves existing landscaped parkways and trees on significant thoroughfares. such as Los Feliz Boule
vard 
balances pedestrian needs while maintaining roadway capacity 

The Plan expands Historic Preservation Districts and preservation tools, including linking 
all incentives to historic preservation goals. 

expands historic resources in Hollywood 
SUpports the establishment and expansion of historic districts. including expansion of the Melrose Hill 
Historic District 
links the use of any incentive to historic preservation. and requires conformance with the Secretary of the 
Interior's standards 

The Plan promotes the regulation of scale and design in the heart of Hollywood through 
a Hollywood Specific Plan or Community Plan Implementation Overlay. 

adds the development of specific scale, height, maSSing, and design requirements for the center of 
Hollywood to the Planning Department's work program 

The Plan promotes mixed use along transit boulevards, limits density of mixed use 
development in Studio District and I:ast Hollywood. 

emphasizes pedestrian friendly mixed-use development along commercial boulevards to maintain existing 
scale and character in residential neighborhoods 
proposals would limit mixed-use development density along Santa Monica Boulevard and Western Avenue 
maintains existing development limitations on Franklin Avenue. establishes more restrictive height limit on 
HillhurstAvenue 

The Plan establishes urban design guidelines for new development in Hollywood. reinforcing 
pedestrian friendly character of commercial districts. 

continues the ban on new supergraphics in Hollywood 
establishes expectations and gUidelines for higher quality deSign, pedestrian orientation, active 
storefronts. and neighborhood cohesiveness for future development 

The Plan funds a nexus study to establish trip fees on new development to finance regional 
mobility improvements. 

funds a study to establish a fee for new development based on how many car trips each project will 
generate. in addition to all currently required environmental analysis. Development fees would be used 
to finance regional transportation improvements in Hollywood 

The Plan promotes pedestrian oriented design overlays for Historic Route 66, Hillhurst 
Avenue, and Melrose Avenues. 

calls for the establishment of pedestrian oriented development standards for Santa Monica Boulevard's 
Historic Route 66. the Melrose shopping district, and Hillhurst Avenue 

II
L03 Angeles 
Deparlimenli 

I L ofGlliY Planning 

for More Information Visit us online @ cityplanning.lacity.org 
Email us @ Mary.Richardson@lacity.org 

Phone us @ (21) 979-1479 

HOLLYWOOD COMMUNITY PLAN INFORMATIONAL FLnR. PAGE 2 
PREPARED BY THE Los ANGELES DEPARTMENT OF CITY PLANN'NG. M AY 2012 
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d. Create civic plazas that are actlvat~d by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing It as an urban node. Reinforce the urban and historical 
importance of the intersection of Hollywood and Vine by the creation of an active street 
life focused on Vine Str.et. 

Encourage street life by the creation of a new pedestrian connection between Ivar 
Avenue, Vine Street, and Argyle Avenue. 

Create vibrant urban spaces that permit open and green spaces for both the on~site and 
off~slte population. 

g, Create a 24 hr community by the creation of a Thriving Mixed-Use Development. 

h. Elim!nate the visual impact of current on~site parking. 

Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 
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k. 

m. 

n. 

.~~~t 
Establish standards to~a~ .. qi:'e5~;archltectural excellence. 

Provide designs that address, respect and complement the existing context, including 
standards for ground~level open space, podium heights and massing setbacks that 
minimize impacts to the historic setting. 

Create architecture that seeks to be a leader In minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation In the use of materials, 
energy and development space. 

Create buildings that emphasize the vertical architecture and become visible icons. 

Develop a visual gateway to Hollywood from the Hollywood Freeway. 
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1.3 

1.4 

Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards impose strict 
requirements for new development. For example, the Regulations Include specific setback requirements 
along Vine Street, There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of Interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principal design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
For instance, fa~ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate fa\=ade treatment by providing a limited range of 
choices in the use of material and color for the fa~ades. 

Relationship to the Los Angeles Municipal Code 

1.4.1 The Development RegulatIons are approved by the City of Los Angeles City Council and are 
incorporated in the Development Agreement, authorized pursuant to California Government 

1.4.2 

1.4.3 

Code 65864, et seq., entered into by the City of Los Angeles and _______ _ 
('!Millennium Development Agreement!l) on ______ . 

The following sections In the Regulations differ from corresponding provisions {as written at th:J 
time of approval) in the LAMe: 2.2.1, 2.2.3, 5.5.3.a, 7.3.4.b, 9.1.6., and 10.2. 

Wherever the Regulations contain provisions which establish regulatIons that are different f:Jom 
or more or less restrictive than the zoning or land use regulations in the Los Angeles Municipal 
Code ("LAMe') that apply to the Project Site, the Regulations shall prevail pursuant to the 
MHlennlum Deve!opment Agreement approved by the City Council. 
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2.1 

2. BACKGROUND 

Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 
occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue Is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercial and on grade open parking. The topography 
has a natural Incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to 5E) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 
as part the Project 

Hollywood Blvd 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is toned Commercial (e2l. The City General Plan land use designation is 
Regional Center commercial. 

2.2.2 The Project Site is within th.:sp~~I"ISjgH::O'iltdchnd within the Hollywood Community 
Redevelopment Project Area of the tij!i\/jiJ1JltY,R"iJ~\j~ic:lpm~!i!Ag.dWtCilAf~Ij~~';c[w:'~I; 
LeisMgeje,. 

2.2.3 Notwithstanding any provision in these Regulations, residential floor area is not permitted 
within 500 feet of any freeway. 

2.2.4 Floor Area Ratio: 6:1 

2.2.5 Height District: No.2 

-7-
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3. HISTORIC RESOURCES AND SmlNG 

3.1 Overview 

The Project Site is located in • historically rich are. of Hollywood that contains a number of recognized historic 
resources, This Project Is a preservation project In that Its ambition is to respect, respond to, and preserve the 
Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project Is 
designed to b. observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 
Records Tower and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 
parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 
building at 6316~6324 Yucca Street. Several of these historic resources are located within the Hollywood Boulevard 
Commercial and Entertainment District, a National Register listed historic district located just south of the Project 
Site. 

Composed of commercial properties from the first half of the 20 th Century, contributing properties to the 
Hollywood Boulevard Commercial and Entertainment Dlstrlctlnciude a wide variety 01 property types Including 
slngle~story storefronts, two~story commerCial blocks, department stores, theaters, high~rlse office buildings and 
hotels. 

The Capitol Records Building Is. unique building who.e cYlindrical form has always been visible from portions of 
Hollywood and Vine from the south and the freeway from the north. The Capitol Records Tower and the Iconic 
buildings In the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, Pantages 
Theater, Equitable Building) will maintain their prominence after Implementation 01 the Project. 
Portions of the Hollywood Walk of Fame (L.A. Historic Cultural Monument #194) are located along Vine Street 
between Yucca Street and Sunset Boulevard and will be protected. 
The protection of Hollywood's historic resources and unique character Is an important objective of the Project. The 
gUidelines and standards contained In thIs document were created In part to ensure the protection of historic 
resources within the Project Site and minimize potential adverse affects to historic resources from new 
development. Key Project objectfves regarding historic resources Include: 

1) Preservation, maintenance, and rehabllitatlon of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) Protection and preservatIon of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194} wi!! need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined In the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect of the Project. 

3) Incorporation of ground~floor open space and building setback requIrements to moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywdod Boulevard Commercial and Entertainment District, and Important view corridors 

to the Hollywood Hills. See sections 1.2.2c, 6.1, 6.9, 7.1, 7.5, 8.1 and 8.20fthis document. 

4) Incorporation of ground~f!oor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7,5, 

-8-
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8.1 and 8.2 of this document. 

5) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristlcs, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's Intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 

4.1 

4.2 

4.3 

4. DENSITY 

Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel withIn the Project Site, as long as the minimum and maximum building heights In the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To aHow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parkingl open space and related development 
requirements for any component of the Project may be developed in any location withIn the Project Site. 

Maximum OEG5F Density Per Are. 

A land use equivalency program ("Equivalency Program") to provide flexibility for a thoughtful range of 
modifications to the land use and square footages within the West Site and East Site and across the Sites 
will be developed in connection with the environmental review for the Project and is authorized by the 
Regulations. The Equivalency Program would permit a transfer of floor area among parcels in the West 
Site and East Site whereby square footage increases in one land use category can be exchanged for 
corresponding decreases In other permItted land use categories as long as the environmental 
considerations of land uses In the ultimate development scenario was analyzed in the Environmental 
Impact Report for the Project. Rate of conversation between land uses will be based on a maximum 
office~equlvalent gross square feet ("OEGSF") to maintain vehicular trip totals equivalent to and not 
exceeding those studied in the Environmental Impact Report for the Project. The total density permitted 
in the West Site and East Site is further limited by the development tones A, B, C and 0 (see Fig. 5.1). 

Use Coordination I Use Compatibility --
[To be comp1eted.} 

-g. 
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5.1 Building Height Standards 

5. HEIGHT 

The Regulations establish heights lanes (A, S, C and D) to limit maximum building heights and control bulk 
In response to the Development Objectives Including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 

) \. 
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Fig. 5.1 Height Zones 
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6.1 Tower Massing Standards 

6. BUILDING AND STREET EXPERIENCE 

5.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 50 ""-1"'''''- "'_~b .... ~_ 

lS' 12 
9,042 West Site 

15 50 
17,380 East Site 10 

10 
6.1.2.c.1 

11,794 West Site 15' 6.1.2.c.2 

28 50 
22,745 East Site 10 

8 
G.l.2.b.1 

22,016 West Site 15' 6.1.2.h.2 

48 nla 
5S,61G East Site 10 

5 
6.1.2 .•. 1 

37,742 West Site 15' 6.1.2 .•. 2 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2.. 

6.1.2 Minimum grade level open space wi!! be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (s.e Figs. 6.1.2.a.1- 2.) 

6.1.3 At least 50% of total floor area must be located below 220 feet, 

6.1.4 Tower wall articulation: 

a. Minimum 10% of tower aggregate area shall be articulated. 

6.1.5 Types of permitted articulations for tower walls: 

Recess: recesses shall be permitted to a maximum depth of ls1·0n
• 

b, Balcony; a balcony may project a minimum of 31.0 11 from a required street wall over a 
grade level open space. 

C, Bay window: a bay window may project from a required street wall over a grade !evel 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change In material, change in 
fenestration, or similar means. 

-11-
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The following developments are for illustrative purposes only. 
Maximum lot Coverage and Tower Floor Plate - Figs. 6.1.2.a - d. 
"-,~-'----rl~'~~--r~--71--~~!---~--,,'~ 
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TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 

ENVELOPE 

5% PUBLIC OPEN SPACE [.. 
5.793 SF 

fig. 6.1.2.1'1.1: Ea!t Site - 220 Feet Maximum Tower Height -12-
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(!) "~"U"""""r.' ~1iP.l\.)l;,f.'!'J:')!i lIl'!'lVlrtt< "lfM1.M' Cf! $IHtt::;.'{]! 
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Tf)W€RMAX J HEIGHTn~ 
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( .. ,~", ...... ~ 

MAXIMUM BASE. HEiGHT 

MINIMUM 10' SETBACK 
ALONG STREET 

MINIMUM IS' 'tOWER SETBACK ------...:: 
ABOVE 40' 

fig. 6.1,1,a.2: We$t Site ~ 220 Feet MaxImum Tower Height. -13-
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(i)M!ttW;lM$O'$E~'OOti!lt1.W£~'1fM1>II$.'"OIi$$o.~'$q'£ 

ttl M!It!1MIMg $~ttW.'kAWt1l1ur 
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fig. a,l.l.b.l: East 51te - 400 Feet Mulmum Tower Height 
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fig. 6.1.2,b.2: West Site -400 Feet Maximum Tower H~!ght 
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\\I:ST SITE· SITE PlAN 
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fig. 6.1.2.t.2: West Sfb!. - 550 Feet M~Jldmum Tower Height 
-17-

MINIMUM IS' SETBACK 
ALONG VJNS; !lTR[ET 

~ !~~_P~~LICOPEN SPACE 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 
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fig. 6.1.2.d.l: East SIte - 585 Feet Maximum Tower Height 
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fig. 6.1.2.d.2: West Site - 585 Feet Maximum Tower Height 
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6.2 Street Walls 

6.2.1 A street wall Is a wall Qr portion of a wall of a building faCing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 
required street wall within the permitted ranges is required In order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and archltectura! 
building details which emphasiZE and reflect the presence and importance of the pedestrian 
environment. Massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un·articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Str •• t Wall Standards 

6,3.1 Location of a required street walHf 

6.3.2 

a, Parcels with a grade level open space: the required street wall shall be located a 
m!nlmum 10 feet from the property line along Vine Street on the East Site and 15 feet 
along Vine Street on the West Site. 

b, A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

Height of required street wall: 

a. Street wall' shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b), (c) and (d) below. 

b. 

c. 

Street walls fronting Vine Street on the West SIte shall be built to a maximum height of 
40 feet above curb level except as noted in Item (d) below. 

Street walls fronting Yucca Street shall bo built to. maximum height of 30 loet. Building 
can extend to a maximum height of 150 feet with a 10 foot setback above 30 f •• t except 
as notod In item (d) below. 

d. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 

-20-
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6.4 

6.5 

6.3.3 Types of permitted articulation of. required street wall: 

a. 

b. 

d. 

Recess: recesses shaH be permitted to a maximum depth of 151~OIC, 

Balcony: ill balcony may project a minimum of 31~O" from a required street wall over a 
grade level open space. 

Bay window: a bay window may project from a required street wall over a grade leve! 
open space. 

Expression band: an Identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted proJections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

b. 

d. 

Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

Steps and ramps may project from a required street waH over a grade level open space, 

Commercial marquees, canopies and awnings. 

Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 51~OI. The maximum height of these projections for each 
parcel shall not exceed two stories or 281~O" above curb level, whichever Is less. 

Street Wall Guidelines 

6.4.1 Pedestrian pa5s~through areas, public plazas, marquees; canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop~offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5,2 Commercia! Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. 

b. 

Front Yard: none. 

Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in wIdth be requIred. 
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6.6 

c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
,haJJ be added to the depth of such r •• ryard for .ach additional story above the third 
story, but such rear yard need not exceed 20 feet. 

Building Material, and Color Guidelines 

6.6.1 The goa! of the building materials and colors Is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will address the fa~ade treatment for both residential and 
commercial portions of buildings. 

b. 

d. 

e. 

8-

h. 

Buildings shall feature long-lived and sustainable materials. The material palette shall 
provide variety, reinforce massing and changes in the horizontal or vertical plane. 

Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

Podium levels up to 150 f.et will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

Th'e architecture of the building .hall ciearly delineate an architectur.1 style, and 'hall 
not appear as a simplified Version thereof, with appropriate fenestration patterns, 
architectura! features, proportions'and materials. 

The building's skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective gla .. will be avoided. Glazing will have the minimum 
amount of reflectivity or tinting required to achieve energy efficiency standards. 

In buHdings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. There wi!! be clear contrast between the 
building's surface mater!al and the building's glazed areas. 

In general, the overal! massing, roof forms, materials. and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shallindude a variation in wall planes and height as well as 
roof forms to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

To provide visual variety and depth, the building skin 'hall be layered and designed with 
a variety of textures that bear a direct relationship to the buildingls massing and 
structural elements. The skin shall reinforce the Integrity of the design concept and the 
building'S structural elements, and not appear as surface pastIche. 

Rooftop mechanical equipment screening shall be designed to be integral with the 
buHdlng <.lIrcnirecture and the visual Impact s:hall be minimized by using materlal5 that 
are complimentary or consistent with the building. 

Design the color palette for a building to refnforce building identity and complement 
changes in the horizontal or vertical plane. 
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6.7 Grade Level Standards 

6.7.1 The purpose of the grade level standards Is to promote pedestrian-scaled archltectur. by 
regulating street wall maSSing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail characterofthe ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, afe 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 121-0" height measured from floor to ceiling. 

6.7.3 Building entrances: 

6.7.4 

b. 

The primary entrance to a street level tenant space that has frontage aiong a pubHc 
street shall be prOVided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public .treet .hall be provided from a courtyard, 
grade level open space, or publicly accessibl" passageway. Entrle.le •• than 18 Inches 
from the property line 'hall not be higher than 12lnche. above the elevation of the 
Sidewalk; entries greater than 18 Inches from the property line shall be within 30 inches 
of the adjacent grade level along ,tr •• t frontage •. Where possible entrie' shall be 
marked using architectural elements such as porches, gateways, entry alcoves/ awnings/ 
canopies/ or portals. 

All retail spaces shall be accessed primarily from a ground floor, slngle~tenant entry 
along a street,. plaza or passageway. Where reasonably practical given architecture and 
tenant reqUirements, access to different tenant spaces shaH occur at a maximum 
interval of 60 feet. 

Main building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances which could Include but are not limited to materia! change, 
architectural elements or elevation change. 

d. In addition to the building" required primary entrance!s), there may be ancillary 
entrances to the building from parking garages. 

Ground Floor Glazing 

a. 

b. 

c. 

Use of clear, colorless and transparent glazing is required withIn the first 30 feet above 
curb level. 

Use of reflective glass Is prohibited. 

Along street frontages with a reqUired build~to line less than or equal to 18 inches from 
the property line, glazing shali constitute a minimum of 30% of the ar •• of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercial! Office I Retail that a buts an alley 

a. 

b. 

Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley, Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches In height opening from the building It Is 
to selVe. 

Every required loading space shall have a minimum area of 400 square feet, a minimum 
wIdth of 20 feet measured aiong the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be Increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building, 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

b. 

c. 

Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse ~5 stored and loaded offMstreet. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

Service, utility, and mechanical functions, includIng retailioadlns, shaH be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

Service, utility, and mechanical equipment that Is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipesl along 
with utility box transformers, shall be screened, 

d. AI! screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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6.8 

g. 

h. 

Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the endosure{s) to screen them and deter 
graffiti. 

Trash enclosur.s and retalllaading areas shan be sited to mlnlmlz. nuisance to adjacent 
properties. 

The location of trash enclosures shall be easily accessible for trash collection and should 
not Impede general site circulation patterns during loading operations. 

Mechanical equipment shall vent to an alley wherever possible. 

Roofavent penetrations and mechanical equipment shall be located at least 10 feet from 

any exterior Building Face. 

Gutters and downspouts shall be made of galvanized steel, copper {not copper coated), 
or aluminum. 

6.7.8 RetailSterefronts 

.. 
b. 

c. 

d. 

e. 

Storefronts shall comprise ill minimum of 70% of the building's street level fa~ade and be 
recessed where necessary, 

Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along ali other streets. 

All retail space shall have a minimum 12 feet finished ceiling clearance. 

Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 Inches above the 
adjoining grade. 

Storefront openings shall be no shorter than 12 feet above the adjOinIng grade for 90% 
of the required storefront frontage. 

f. Security gri11es will be located behind glass and be at minimum 70% open. 

g. AtMgrade storefront glazing at, or adjacent to, and/or facing any public rlght~of~way shall 
Incorporate transparent, clear, colorless glazing with no reflectivity. 

h. Awnings shaU not obscure storefront signage. Vinyl awnings are not permitted. 

Podium Standards 

6.S.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing dlff.rent treatment of the building's base, middle and top 
through the vertical articulation 01 the street wall facade by the "se of balconies, projections, 
recesses, fenestration and changes In massing, COIOf, material or other elements. 

-26-

o o 
I o 
o 
o 
.do 
I 

.do 

~ 
.do 



» 
:::0 
o 
o 
Q') 
CO 
o 
Q') 
I\.) 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGUlATIONS 

6.9 

6.10 

Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes. clear pattern on the fa,ade {with special 
attention paid to facades that are visible from a public street} and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the bulldlng's ground floors and upp.r floors ,hall be provided. 
This break may include a change In material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.5 An expr."ion band 'hall be provided at the hlghe,t story within the podium. 

6.9.6 While blank street wall fa,ade, shall be avoided, an exception may be made for integration of 
public art or an articulated fa~ade if it adds scale and Interest to an otherwise bland frontage. In 
these cases, the fa~ade shall be a maximum of four floors high, and shall have variation In lts 
surface plane (using cutouts, insets or pop~outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is a integral element that fronts open spaces on both 
East and West Sites. its adjacency to the public plazas requlres'a-'c:ompatlbiUty and cohesiveness. 

6,10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
CoheSiveness shall be achieved by providing certain uniform elements such as lighting, paving1 

rhythmic tree plantings and continuous open spaces In a consistent palette of materials and 
furnishings. 

6.11 Screening Standards 

6,11,1 Except for the minimum ground level frontage required for access, loading shaH be screened 
from the view of adjacent public sidewalks and streets. 

6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets, 

MILLENNIUM HOLLYWOOD 
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7.1 

7.2 

7.3 

Purpose 

7.1.1 

7.1.2 

7.1.3 

7.1.4 

7.1.5 

7. TOWERS 

Towers shall have thel' ", ••• Ing designed to reduee overall bulk and to appear slender. 

Towers shali be designed to achieve a simple faceted geometry and exhibit big, sImple moves, 
They shall not appear overwrought or to have over~manjpulated elements. 

Towers that emulate a more streamlined modern style shall provide variety through subtle 
details In the curtain wall, and the articulation of a humannscaled base at the street level. 

If a project has more than one tower, the towers shall be complementary to each other and 
emplo~ simliar architectural design approach. 

Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historlcized. 
They are contemporary forms In the skyline and shallapp.ar as such. 

Projections 

7.2.1 

7.2.2 

The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wire!ess masts; and 

d. Solar energy devices and similar structures. 

Permitted building elements or equipment in Section 7.2.1 shail be screened as practical and 
based on building design except If such projections -e.g., flagpoles or steeples - are part ofthe 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

General Standards 

7.3.1 A tower 220 feet or greater In height above curb level shall be located with its equal or longer 
dimension parallel to the north~south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 

7.3.3 Towers shall be set back from maximum street wall height a minimum of 10 feet except for 
towers fronting Vine Street on the West site, these towers shall be setback 15 feet from the 
maximum street wall height. 
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7.4 

7.3.4 Towers shall be setback on West Site from shared property line with Hollywood Playhouse a 
minimum of 10 feet above 150 feet. 

Wall Stand.rds 

7.4.1 All walls are required to be articulated. 

7.4,2 The following type. of articulation of a tower wallar. permitted: 

tI. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

Bay windows. 

fig. 7.4.2.11: Balcony/Ruess fig. 7.4.2,b: 8ayWIndow 
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7.4.3 Balcony: a balcony shall be Integral to the fa~ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern. Balconies are encouraged to create a complex 
and varied pattern along the fa,ad. using various balcony sizes and architectural configurations 
and shall be a minimum 75% transparent .. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces, Long balconies resembling corridors 
are prohibited. 
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7.5 Spacing Standards 

7.5.1 If two towers are located on a single site the towers shall be spaced to provide privacy, natural 
light and air, as well as to contribute to an attractive skyline. 

7.5.2 Generaily, any portion of. tower shall be spaced at least 80 feet from ail other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
{staggered}, 2) the largest windows in primary rooms are not facing one another, or 3} the 
towers are curved or angled. See fig. 7.5.2. 

1tOfF$El'TOWERS 

j!._n: .. ! ... t:._!Z}~C.lAcemt~!l 

'7'VJt;'I~~":_;S~'1--'-1U'W 
Al!IUWf .... <.4'l<~1lf<!I'''''!>l'1f!!I 

3} .cURl/EO 01\: ~"Wu;n TOWER:; .... 
.,w [ 

• ,,"~IIMJ11:f1'tUIWMl!""11If .... 
fig. 7.5.2: Tower Spating 
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7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shail be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common op~n space, Section 8.5. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.1 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handraHs shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materi.ls and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions ofthe building. 

7.7.3 Roof mechanlca! equipment shall be screened, 
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8.1 

8. OPEN SPACE 

Overview 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience ofthe visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz. Mural and will include deSign features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed torthe residential Uses (Common Open Space and PrIvate Open Space). 

8.2 Grade Level Open Space Standards 

8,2,1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be 5% oftotallot area ofthe development site for buildings 
up to. height of 220 feet. (See Fig. 6.1.2,'.1- 2) 

8.2.3 An additional 3% of open 'p.ce {tot. I 8%) 'hail be required for building, between 221 fe.t and 
400 feet. (See Fig. 6.1.2.h.1- 2) 

8.2.4 An additional 5% (tot.110%) of open ,pace shall be required for building, between 401 feet and 
550 feet (See Fig. 6.1.2.c.1- 2) 

8.2.5 An additional 7% (total 12%} of open space shall be required for buildings taUer than 550 feet. 
(See Fig. 6.1.2.d.1- 2) 

8.2.6 Location 

a, East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street and along Yucca Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any poInt on each of the boundaries of the open space area. Open 
space on West Site fronting Vine Street shall have a horizontal dimension no less than 
15 feet when measured perpendicular from any point. 
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Fig, 8.1.1- 8.1.4: Grad. Level Open Space 

figs 8.1.1 Open Space Requirement, for Maximum Building Height at 220 Feet 

fig, 8.1.2 Open Space Requirement, for Maximum Building Height at 400 Feet 
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frgs 8.1.3 Open Space Requirements for Maximum Building Height at 550 Feet 

figs 8.1.4 Open Space Requirements for Maximum Building Height at 585 Feet 
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8.3 Passageway Standards 

8.3.1 A publicly accessible passageway Is. continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be eIther enelosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 location and SIZe standards: 

b. 

The major portion of a publicly accesslbl. passageway Is the largest area of the 
passageway and the are. 01 primary use. Major portions shall be generany regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shan occupy no less than 75 percent of the total 
passageway area and shall not be less than ZOlgOr! wide. 

Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
'hall not occupy more than 2S percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 

The minor portion must be directly adjacent to the major portion. 

) 

.,. 
fls:. 8.3.3: Publicly Accessible Passageway 
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8.3.4 Permitted Obstructions: 

a. 

b. 

The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be as follows: 

(i) Development with maximum butlding height of 150 feet: 0% 

(ii) Development with maximum building height 01220 feet: 20% 

(iii) Development with maximum building helght'01400 feet: 30% 

(Iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equipment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains,~and bicycle racks; open~alr cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag polesi public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 
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and bollards." 

8.3.S Kiosk: 

8.3.6 

b. 

Where a kiosk Is provided, It shall be a one-story struclure, predominantly 01 light 
materials~ such as metal/ glass, plastiC, or fabric as approved by the Department of 
Building and Safety In conformance with the Building Code. Kiosks, including roofed 
areas, shall not count as floor area, exceed 3% of the total area of the publicly accessible 
passageway, or occupy an area of more than 250 square feet. 

A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk 'hall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-alr cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will countas floor are •. 

Open-Air cafe: 

Where an open~a!r cafe Is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have wa.iter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there Is a 
boundary with the remainder of the publicly accessible passagewoy. The boundary shall 
be defined by planters Of temporary decorative barrlcades, Seating may be reserved for 
customers. 

An open~alr cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be Installed within an 
open~air cafe. Cooking equipment may be contained In a kiosk adjOining the open~air 
cafe. An open~alr cafe qualifying as a permitted obstruction snail be excluded from the 
definition of floor area.. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. 

b. 

No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

No exhaust vents are permitted on any publicly accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 101'61l above the leve! of the passageway. 
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8.4 

8.5 

8.3.9 Frontages: 

b. 

Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a publicly accessible passageway ,hall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall b. directly accessible from the publicly 
accessible passageway with an entrance required every SO! at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

The bullding owner shall be responsible for the maintenance of the publfcly accessible 
passageway includin,g, but not limited tOI the confinemen~ of permitted obstructions, 
litter controll and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. Litter receptacles; shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubiC foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway In connection with outdoor eating servIces or other UseS permitted on 
passageway which generate litter. 

Roof-top Open Space 

8.4.1 Bundings above 550 feet shaH Include roof-top open space. 

8.4.2 Roof~top open space shall include an observation area (i.e., viewing deck) access!ble to the 
pubHc. 

8.4.3 Roof-top open space may include a cate. 

Residential Common Open Space 

8.5.1 Common open space is intended to be a !Orear yard ll providing light and air to apartments on the 
interior of a parcel; securej prImarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 

8.5.2 Common Open Space Standards 

a. Provide at a minimum the foHowing usable open space per dweBing unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 
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8.6 

b. 

c. 

d. 

g. 

Us.ble open space shall me.n an area which is designed and Intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

Open space shall be open to the sky and have no structures that project Into the 
common open space area, except as permitted in the Zoning Code. 

Common open space shall be readily accessible to .11 the residents of the Site. 

Common open space shaH have a mlnlmum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spasl picnic tables, benches, chHdren1s play areas, ban 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a bullding used for accessory parking or for any permitted non~residential use 
may be considered as common open space. 

Refer to LAMe 12.21.G for additional open space requirements. 

Residential Private Open Space 

8.6.1 A prlvate open space area Is an area contiguous to and Immediately accessible from a s!ngle 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a-

b. 

c. 

d. 

Private open space shall contain a minimum area of SO square feet, of which no more 
than 50 square feet per dwelling unit shall be attributable to the total required usable 
open space. 

Private open space shall have no horizontal dimension less than six feet when 
measured perpendicular from any point on each of the boundaries of the open space 
area. 

Private open space shall provide a minimum eight~foot vertical clearance under any 
projection, except as permitted In the Zoning Code. 

That portion of a balcony which extends or projects into a required front yard in 
compliance with ZonIng Code may quaUfy as usable open space provided it meets each 
of the above specified requirement, noted In Item, a-c. 
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9. LANDSCAPE 

9.1 Gr.de level Open Space Standards 

9.2 

9,1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 L~1nd5<:i!lped ~rei'l(s} shall be planted with seasonaHy diverse pt~lnt material and 30% of all 
!';!:l",dscaping shall be Californ!a Natives or drought lolerant. 

9.1.3 The landscaped portion of open space may be designed as a single area or mUltiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 4211. 

b. Shrubs: 30". 

c, lawns, ground cover: 18!1, 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

9.1.7 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

Open~air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36~!nch box tree for every four dwelling units shall be provided on~slte and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 
accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 30~lnches in depth, and !awn Of ground cover shall 
be at least 12~inches [n depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic Irrigation system and be 
properly drained. 

·41· 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or mUltiple 
planted areas. The minimum size of a single planted area shall be 100 square feet, 

9.3.2 The minimum soli depths for planting are: 

Trees: 42'*, 

b. Shrubs: 30", 

c. lawns, ground cover: 18'\" 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. 

c. 

For each 400 square f.et of landscaped ar.a there shall be at least one (I) major shade 
tree or two {2) minor ornamental trees. 

The remaining landscaped area{s) shall be planted with seasonally diverse plant 
materiaL 
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fig. 9.3.5: Seating Standards 

9.3.5 Seating 

a. 

b. 

d. 

;----------1 
24" J&" MAX. J.ilCCES5 

PIAN SECTION - SINGLE SEAT SECTION- DOUBLE SEAT 

There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicfy accessible passageway excluding the area of an open~alr cafe. 

One seat shall equal 2 IInearfeet. 

Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the follOWing standards: 

(i) Seating without backs shall have a minimum depth of is*', For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(II) 

(iii) 

Seating higher than 361( and lower than 12" above the level of the 
adjacent walking surface shall not count toward meetfng the seating 
requirements. 

The tops of walls Including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standard, in subparagraphs (I) and 
(iI) above. 

Moveable seaUng or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of lin •• r seating per chair. Steps and seating in open-.lr cafes do not count 
toward meeting the seating requirements. 
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9.4 

9.5 

Tree Planting Guidelines 

9.4.1 it Is the intent to comply with the Urban Forestry Division standard gUidelines regarding str.et 
tree locations and planting procedures. Regular spacing of the street trees Is critical to the 
overall Image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 

9.4.3 

Street trees play ill very Important role in the Project. To create a strong \(!sual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
mlcroclimatlc variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single rowan sidewalks leading to or abutting the development. 

Spacing of the street trees Is critical to the overall Image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is Important that building elements 
affecting tree spa~ing, such as entrances, canopies, and utility connectlonsf be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

lighting Standards 

9.5.1 

9.5.2 

Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose Is to Improve color rendering, fill In shadows, light pedestrians' faces, articulate the 
building basemlevel facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, Increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractiv~, and easy to maintain. 

Supplement,llIghtlng shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on.1I ,Id.s of the 
parcel and designed in conjunction with the grade level open space and open pubJicfy 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

d. 

g. 

Lighting will utilize a "white!! light source with a color rendering Index (CRj) of 65 or 
greater, I.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white Hi'S. 

Steps and ramps will be lighted with a minimum of 1.0-foot c.ndles on a horizontal 
plane. 

Ughting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off~s!te uses. 

Light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 
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9.6 

9.7 

9.5.3 ResponsibiHty for maintenance; 

b. 

The Building OWner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No lumina ire or lighted element which Is to meet these requirements 
shall be out of commissIon for more than 10 consecutive days. 

Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will b. 
used. The operation ofaddltlonallighting will be at the discretion olthe building 
OWner. 

9.5.4 lighting for areas located Inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with 1!whlte" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighttng for above-grade parking garage facilities shall utilize "whiten light sources and the 
luminaires' brightness shall be shIelded from view of the street or any residential Hving space. 
This may be accomplished through architectural screening, luminaire placement, or Integral 
luminaire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

Publicly Accessible Passageway lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. light sources 
shall be white light. 

Continuity of Design 

9.7.1 DeSign elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level Is encouraged. Continuity of desIgn may reinforce 
pedestrian circulation and support the Projeces way~f!ndlng features. 

9,7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade leve!. 
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10. PARKING 

10.1 Automobile Standards 

10.1.1 Base Standards 

The following standards shall apply for the base level of parking to be provided as the minimum 
for each use in the project area. The Regulations set forth below Incorporate the parking 
requirements in the LAMe, where applicable, and supersede the LAMe requirements for 
development in the Development Agreement area. 

b. 

d. 

Commercial! Office / Retail: 

Two parking spaces for every one thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
resea"h and development buildings on any lot. The Regulation incorporate applicable 
parking requirements in the lAMe as set forth below. 

Sports Club: 

When a sports club is located In a building with 50,000 office equivalent square f •• t of 
non-sports club space, the genera! commercIal use parking requirements apply and two 
parking spaces are required for every one thousand square feet of floor area for the 
building. If the sports club Is not In such a building, one space Is required for on. 
hundred square feet of floor area for the sports club portion of the building. 

Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; onewand~ 
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

Combination of Uses; 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 

Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns In a 24~hour 
cycle or between weekends and weekdays. The intent Is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to Its construction. 
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b. Calculating Shared Parking: 

Ii) 

Iii) 

liii) 

10.2 Addltlon.1 Regulations 

The Individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand," 

The Base Demand will be adjusted by the number of bicycle spaces 
required per section lOA. The foliowlng internal use reduction factors 
shall also be applied when 10,000 offIce equivalent square feet each of 
office, residential and other commercial uses will all be active on the 
Site: 

Internal Use Reduction Factors 
Residential 
Hotel 
Office 
Other Commercial 

5% 
5% 

15% 
15% 

The resulting minimum automobile parking rates shall be applied to 
the proposed buildlng{s} to be constructed in each phase of 
development. 

For parking spaces that are to be shared between uses, the calcu!ated 
minimum parking requirement for the Site, including that new phase 
of construction; is to be adjusted based on. the procedures in Shared 
Parking; Urban Land Institute, 2nd Edition (200S) or another source as 
determined by the Director of Planning .. 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to seNe or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement whIch is easily 
usable for pedestrian travel between the parking area and the use it Is to serve, the 750~foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than 50 feet to the Intersection of two streets 
unless approved by The Department of Transportation to be a leg of the intersection. 

10,2.3 Access driveways to parking facilities not at signaliIed intersections shall not exceed 28 feet In 
width. The minimum separation between drives located along the same frontage shaH be SO 
feet. 

10.2A Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking strlJctures shall be given to bike parking, car·share parking, and 
other alternative rfde vehicles. 
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10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking shall be lined with habitable floor area having a minimum depth of 20 feet 
along street frontages where feasible and shall be designed to blend In with the form and 
massing and to look like an integral part of the building, with the use of windows and/or 
cladding, or by landscaping, or green screens, or a combination thereof. The Interior of a parking 
structure shall be designed to be screened from the vIew of streets and sidewalks. 

10.4 Bicycle Standards 

10.4,1 Requirements for each use: 

Commercial! Officej Retail: 

For uses listed below a minimum of:2 short~term and 2 long-term bicycle parking spaces 
shall be provided. 

Land Use 

Office 

Health Clubs 

Restaurant and Bars 

Restaurant (less than 
1,000 square feet) 

Retail (General) 

Retail (Furniture) 

Hotel 

All other commercial 
uses 

Short Term Bicycle Parking long Term Bicycle Parking 

1 per 10,000 sq. ft. 1 per 5,000 sq. ft. 

1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

2 per restaurant 2 per restaurant 

1 per 2,000 sq. ft. 1 per 2,000 sq. ft. 

1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 

1 per 20 guestrms 1 per 20 guestrms 

1 per 10,000 sq. ft. 1 per 10,000 sq. ft. 

COMBINATION OF USES. Where there Is a combination of uses on a lot, the number of 
bicycle parking spaces required shall be the sum of the requirements of the various 
uses. 

b. Residential: 

For all residential buildings containing mOre than three dwemng units, or more than five 
guest rooms, long- and short-term bicycle parking shall b. provided. long-term bicycle 
parking shall be prOVided at a rate of one space per dwel!ing unit or guest room. !n 
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addition, shortaterm bicycle parking shan be provided at one space perten dwelling 
units or guest rooms. A minimum of two short-term bicycle parking spaces shall be 
provided in such cases. 

(I) In Instances where a building may contain both dwelling units and 
guest rooms, the sum of dwelling units and guest rooms shall be used 
to determine the amount of long and short»term parking. Any 
combination that results in more than five combined dwelling units 
and guest rooms wi!! require bicycle parking. 

10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan, 

10,5.2 The transportation demand management plan shall set forth best practices that relate to the 
Project Site and the Project's building design features In order to: 

a, Promote bicycle and pedestrian circulation within the Project Site. 

b. 

c. 

d. 

e. 

Promote alternative modes of transportation. 

Create pedestrian linkages to public and private amenities outside the Project Site. 

Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The Incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an on!y optional part of all lease and 
sale agreements. 
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11. SfGNAGE 

11.1 Hollywood Slgn.ge Supplemental Us. District 

Signage shall be subject to Ordinance No. 176172: Hollywood Signago Supplemental Use District pursuant 
to Section 13.11 of the los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code ,hall be permitted. See fig. 11.2. 

r------------~-___+_- rOLQf ~U!.I::~i~ll;L __ ·+<' 

I 

LOTUNE --.~ 

fig. 11.2: HIgh Rise Sign 

24' MAX 
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12.1 Non·Resldentlal Projects 

12. SUSTAINABILITY 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 501000 
square feet of floor area, high~rlse residential (above six stories) projects at or above 50,000 square feet 
of floor area, or lowArise residential (six stories or less) of SO or more dwelling units within buildings of at 
least 501000 square feet of floor area to meet the intent of the leadership in Energy and Environmental 
Design' (LEED") Certified level. The Standard also applies to existing buildings that me.t the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a lEEDi& Accredited Professional (LEEOI& AP) on the project team, and 
demonstrate that the project has met the Intent of the US Green Building Council's (USGBC) tEED" 
Certified level. Formal certlfic.tion by the USGBC Is not required. 
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13. DEFINITIONS 

Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

B •• e: the lower portion of. building located at or within 150' above curb level. 

Canopy: glaZing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

expression band: a distinctive linear architectural element OCCUrring on the building base facade at the 
highest floor. The band shall be contrasting In color, texture, material and/or fenestration from the 
adjacent building base facad.. Projections may occur within an expre.slon band. 

Grade level open space: a continuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, me.sured from the adjacent street curb 
level. 

Maintenance: the ongOing repair! carE! and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general publicI except as noted 
herein. Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space which are defined herein. 

Preservation: in conformance with standards anCi guidelines of the Secretary of the Interior, the act or 
process of applying measures necessary to sustain the existing form. integrity, and materials of an historic 
property. 

Publicly accessible passageway: a continuous through~block public connection between two parallel 
streets, located on privately owned land and designated for and designed to encourage public 
pedestrian circulation and other appropriate public Uses. 

Rehabilitation: In conformance with standards and guidelines of the Secretary of the Interior1 the process 
of returning a property to a state of ut!l!ty, through repair or alteration, which makes possible an efficient 
contemporary use wh!!e p~eservlng those portions and features of the property which are Significant to its 
historic, architectural, and cultural values. 

Required street wall: a wall or portion of. wall of a building facing a street or grade level open space 
which must be built to a m.xlmum height .bove curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on. street at the level of any story. The width of. required street w.1I 
articulation Is measured in plan as the width of the street line from which perpendicular lines may be 
drawn to such required street wall articulation. 

Residential common open space: a "rear yard ll providing light and air to apartments on the Interior of a 
parcel located at any story above curb level. 

Residential private open space: open space that Is contiguous to and Immediately accessible only from a 
single dwelling unit. 
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Notes: 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape In which a buifdlng has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views, sidewalks, and street trees. 

Storefront: the architectural facade .. including doorways, of any tenant-leased premise perimeter 
adj.cent to public circulation ar.as. Stor.fronts refers to all permitted retail us.s including retail, service, 
rer:au!~~ts. and cultura~e tablishments. 

~5 U1 .. 
Tower: the ffrfon of a widing located above 150' above curb level. 

All images and fjgures used In the Regulations were prepared for exclusive use by Millennium Hollywood 
LlC unless otherwise noted. 
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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site . 

Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, sign age, lighting, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and 

ensure design continuity will be carried through to the full implementation of the 
Project. 

c. Establish basic s ite-wide development standards and criteria that serve to mainta in the 

integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d . Permit design flexibility while esta blishing a set of controls that will guide the 

development for the Project Site. 

e. Ensure compliance with the Development Objectives. 

f. Ensure preservation of the Capitol Records Building and the Gogerty Building according 
to the Secretary of the Interiors Standards for Rehabilitation . 

-1-
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1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve the Capitol Records Building and the Gogerty Building according to established 
preservation guidelines (the Secretary of the In terior'sStaridards for. Rehabilitation and 
guidance provided by Office of Historic Resources). 

b. Preserve public views from certain key vantage points to the Capitol Records Tower by 
creating grade level open space I civic plazas on the East Site adjacent to the Jazz Mural 
and Capitol Records Building and West Site across from the Capitol Records. 

c. Preserve existing view corridors from certain key vantage points to the Holly\¥ood Hills. 

fig. 1.2.2.b-c: Capitol Records View Corridors 

d. Create civic plazas that are activated by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing it as an urban node. Reinforce the urban and historical 
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importance of the intersection of Hollywood and Vine by the creation of an active street 

life focused on Vine Street. 

e. Encourage street life by the creation of a new pedestrian connection between Ivar 

Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit open and green spaces for both the on-site and 

off-site population. 

fig 1.2.2.d: View North Along Vine Street 

g. Create a 24 hr. community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of current on-site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 

j. Establish standards to address architectural excellence. 
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k. Provide designs that address, respect and complement the existing context, including 
standards for ground-level open space, podium heights and massing setbacks that 

minimize impacts to the historic setting. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of bUildings by e nhancing efficiency and moderation in the use of materials, 

energy and development space. 

m. Create buildings that emphasize the vertical architecture and bewme visible icons. 

n. Develop a visual gateway to Hollywood from the Hollywood Freeway. 
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1.3 

1.4 

Development Standards and Guidelines 

The Development Regulations consist of standards and gUide{nes. The standards impose strict 
requirements for new development. I=or example, the Regulations include specific setback requirements 

along Vine Street. There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principa l design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
for instance, fal;ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate facade treatment by providing a limited range of 

choices in the use of material and color for the fal;ades. -! "/ 
v.. ~ 

~ ....... .,j . _, 'Y 
Relationship to the Los Angeles Municipal Code " 'C" \) .... 

1.4.1 The Development Regulations are appr/ed by the City of los Angeles City Council ems are 
intOi pOfatod in.!beDevelopment Agreement, authorized pursuant to Ca lifornia Government 
Code 65864, et seq., entered into by the City of los Angeles and ________ _ 
'("Millennium Development Agreement") on ______ _ 

1.4.2 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the los Angeles Municipa~ 
Code ("LAMC") that apply to the Project Site, the Regu lations shall prevail pursuant to the 
Millennium Development Agreement approved by the City Council. 

-5-

, ~~ 

G~ 

AR0068083 



CO-0001-1S4 

MILLENNIUM HOLLYWOOD 
.. DEVElOPMENT REGULATIONS 

SCOPE OF DEVELOPMENT BACKGROUND 

2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4 .47 acres of land. The subject property 

occupies two distinct Sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine ~treet and Yucca ~treet is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercia l and on grade open parking. The topography 

has a natural incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to SE) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 

as part the Project. ~ l" 
\.. 'l{l, 

D 

fig. 2 .1. Site Plan 

Guaranty 
Building· 

~..! "-

The Redbw)/ 

Hollywood Blvd 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is zoned Commercial (C2). The City General Plan land use designation is 
Regional Center commercial. 

2.2 .2 The Project Site is within the Special Sign District and within the Hollywood Community 

Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of 
Los Angeles. 

2.2.3 Notwithstanding any provision in these Regulations, residential floor area is not permitted 

within 500 feet of any freeway. 

2.2.4 Floor Area Ratio: 6:1 

2.2.5 Height District: No.2 
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3. HISTORIC RESOURCES AND SETTING 

3.1 Overview 

The Project Site is located in a historically rich area of Hollywood that contains a number of recognized historic 

resources. This Project is a preservation project in that its ambition is to respect, respond to, and preserve the 

Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project is 

designed to be observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 

Records Tower and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 

parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 

building at 6316-6324 Yucca Street. Several ofthese historic resources are located within the Hollywood Boulevard 

Commercial and Entertainment District, a National Register listed historic district located just south of the Project 

Site. 

Composed of commercial properties from the first half of the 20
th 

Century, contributing properties to the 

Hollywood Boulevard Commercial and Entertainment District include a wide variety of property types including 

single-story storefronts, two-story commercial blocks, department stores, theaters, high-rise office buildings and 

hotels. 

The Capitol Records Building is a unique building whose cylindrical form has always been visible from portions of 

Hollywood and Vine from the south and the freeway from the north. The Capitol Records Tower and the iconic 

buildings in the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, Pantages 

Theater, Equitable Building) will maintain their prominence after implementation of the Project. 

Portions of the Hollywood Walk of Fame (l.A. Historic Cultural Monument #194) are located along Vine Street 

between Yucca Street and Sunset Boulevard and will be protected. 

The protection of Hollywood's historic resources and unique character is an important objective of the Project. The 

guidelines and standards contained in this document were created in part to ensure the protection of historic 

resources within the Project Site and minimize potential adverse effects to historic resources from new 

development. Key Project objectives regarding historic resources include: 

1) Preservation, maintenance, and rehabilitation of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) 

3) 

Protection and preservation of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194) will need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined in the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect ofthe Project. v -..rI' 
r ir\!'-~ w.. ... ~ ... ~ 

Incorporation of ground-floor open space and building setback fequirements{o moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywood Boulevard Commercial and Entertainment District, and important view corridors 

to the Hollywood Hills. See sections 1.2.2 c, 6.1, 6.9, 7.1, 7.5, 8.1 and 8.2 of this document. (, 
fi\t (,..L, (,.. \tjJu 

~ 'Sv-. 
4) Incorporation of ground-floor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7.5, 
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8.1 and 8.2 of this document. 

5) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristics, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 
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4. DENSITY 

4.1 Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel within the Project Site, as long as the minimum and maximum building heights in the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

4.2 land Use Equivalency Program 

The land Use Equivalency Program is intended to provide flexibility in land uses for the Project while 
ensuring that a cryangeinland uses would not result in new significant environmental impacts or a 
substantial increCise in the severity of significant environme.ntaJ impacts identified in the EIR, ENV-2011-
067S-EIR (SCH No. 2011Q41094). With respect to any proposed Phase of the Project (an "Exchange 
Phase") that would result in a build out of the Project that is not consistent with at least one of the Project 
scenarios studied under the EIR, under the land Use Equivalency Program, the developer may request a 
transfer or exchange of land uses, aswell as modifications to the siting, massing or other development 
standard in so far as they are consistent with the provisions herein, for such Exchange Phase by a 
delivering written request therefore to the Planning Department of the City, which request shall be 
accompanied by (a) detailed information identifying the land use transfer/exchange that is being 
proposed for such Exchange Phase; (b) information documenting how the proposed land uses and 
densities in the Exchange Phase, together with the existing improvements and the other phases 
previously developed, are consistent with the overall AM and PM peak hour trip cap identified in Table 11-
3, Project Trip Cap from the EIR; and (c) supporting documentation to demonstrate that the Project 
including the proposed Exchange Phase would not exceed the maximum environmental impacts identified 
in the EIR (collectively, an "Equivalency Program Exchange Submission"). The Planning Director shall 
approve such request if the Equivalency Program Exchange Submission reasonably demonstrates that the 
Project including the proposed Exchange Phase is consistent with the overall AM and PM peak hour trip 
cCiP identified in such Table 11-3, Project Trip Cap, does not conflict with the impacts analysis for the maxim 
Commercial and Residential Scenarios, and would not otherwise exceed the maximum environmental 
impacts identified in the EIR. 
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5. HEIGHT 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 

in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 

Fig. 5.1 Height Zones 
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6. BUILDING AND STREET EXPERIENCE 

6.1 Tower Massing Standards 

6.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 50 12 
6.1.2.d.1 

9,042 West Site 6.1.2.d.2 

SO 
17,380 East Site 10 

10 
6.1.2.c.1 

11,794 West Site 151 6.1.2.c.2 

28 
10 

8 
6.1.2.b.1 

151 6.1.2.b.2 

48 nfa 
55,616 East Site 10 

S 
6.1.2.a.1 

37,742 West Site 151 6.1.2.a.2 

Table 6.1.1 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2. 

6.1.2 For the purpose of calculating the maximum lot coverage the total lot area is equal to the total 
lot area for each of the sites, the West Site and the East Site. If there is more than one tower on 
a site, the maximum lot coverage requirement in Table 6.1.1 is calculated based on the combined 
area of all towers on each site. The total lot coverage applies to the aggregate floor plate(s) of 
the tower or towers on each site. 

6.1.3 

6.1.4 

Minimum grade level open space will be S% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Figs. 6.1.2.a.1 - 2.) 

At least 50% of total floor area must be located below 220 feet. II-

6.1.5 Tower wall articulation : 
t • ~ l 
~ ~ "-

O~ ~ 
~ (. L , ~"t, \} t l 

~'- I- ~ 
(r... . ::::-, . ~L ~.z \,~ 

~-.l ,'to- ~~ 
Recess: recesses shall be permitted to a maximum depth of 1S' -0~ t:I) t,. r- ~ 

/. d'- . ~ 
Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a . ,')'- \ 
grade level open space. ~.)'- ('''' 

11'" 

Minimum 10% of tower aggregate area shall be articulated. a. 

6.1.6 Types of permitted articulations for tower walls: 

a. 

b. 
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c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 
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The following developments are for illustrative purposes only. 
Maximum lot Coverage and Tower Floor Plate - Figs. 6.1.2.a - d. 

I 

EAST SITE· SITE PlAN CENTER UNE OF ¥lNE ;>mliET 

(j) Mt,;MUM W SETBACK ALOI":, ViNE STREET 

(2;) MlNiMU,,"~' $!ITM<,iK A~Q\I1!: 100' 

TOWER MAY BE LOCATED 
l~ANYWHERE \MTHIN THIS 
'- ~ ENVELOPE 

\r 
\J"'" 
~ 
~ 

5% PUBLIC OPEN SPACE --------, 
5,793 SF 

fig. 6.1.2.a.1: East Site - 220 Feet Maximum Tower Height -15-

,--____ MAX TOWER 
HEIGHT 220' 
ON 48% OF SITE 

r--i----- MINIMUM 10' SETBAC~ 
ALONG STREET 

'--- MAXIMUM 
BASE HEIGHT 

.r---- MINIMUM 10' SETBACK ALONG VINE STREE 
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WEST SITE" SITE PlAN 
G) NtpTbSe:P 

o ~!MJ.JM~~SEroACKALCf.i<~Vl!i'e$T!l'£E1 

o m~MllUi$·$E'fM.C;.I{A~.w· 
® WJ,l~I)~ 1t'r~Cj(Al.Cf'j$'t~srREf1' 

@ ~!MUM Hf" SE!BACK/tSOVE 1$ 

0t,;W\lj;ltli~~1:Y.I' 

® ~m!~ V-~PRce.~{~ \) V' 

\.1. £,,,,l, ~ 
<;t.'Z. 

TOWER MAX 
HEIGHT 220' 

ON 48% OF SITE 

MAXIMUM BASE HEIGHT 
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fig. 6.1.2.a.2: West Site - 220 Feet Maximum Tower Height. 
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fig. G.1.2.b.l: East Site - 400 Feet Maximum Tower Height 
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fig, 6.1.2.b.2: West Site - 400 Feet Maximum Tower Height 
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fig. 6.1.2.c.2: West Site - 550 Feet Maximum Tower Height 
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fig, 6,1,2,d,1: East Site - 585 Feet Maximum Tower Height 
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fig. 6.1.2.d.2: West Site - 585 Feet Maximum Tower Height 
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6.2 Street Walls 

6.2.1 A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 

required street wall within the permitted ranges is required in order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and architectural 
building details which emphasize and reflect the presence and importance of the pedestrian 
environment. Massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un-articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Street Wall Standards 

6.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located a 
minimum 10 feet from the property line along Vine Street on the East Site and 15 feet 

along Vine Street on the West Site. 

b. A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

6.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b), (c) and (d) below. 

b. Street walls fronting Vine Street on the West Site shall be built to a maximum height of 

40 feet above curb level except as noted in item (d) below. 

c. Street walls fronting Yucca Street shall be built to a maximum height of 30 feet. Building 
can extend to a maximum height of 150 feet with a 10 foot setback above 30 feet except 

as noted in item (d) below. 

d. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 
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fig. 6.3.3: Street Wall Articulation 
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6.3.3 Types of permitted articulation of a required street wall: l '-

~\, • '>f' -1 
a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 'e \J"-. '\. y;. !-~ 

/ ~ 
Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 

grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 

floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Commercial marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5 '-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

6.4 Street Wall Guidelines 

6.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

6.5 Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5.2 Commercial Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. Front Yard: none. 

b. Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no evel'lt shall a side yard of more than 16 feet in width be required. 

-25-

AR0068102 



CO-0001-183 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

S(l!()PE ()F DEXlEt,()PMENT'i BUII..DING ~ND 
S'J"REET'i EXPERIENCE 

c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

6.6 Building Materials and Color Guidelines 

6.6.1 The goal of the building materials and colors is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will.address the far;ade treatment for both residential and 
commercial portions of buildings. 

a. Buildings shall feature long-lived an.d sustainable materials. The material palette shall 
provide variety, reinforce massing and changes in the horizontal or vertical plane. 

b. Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

d. The architecture of the building shall dearly delineate an architectural style, and shall 
not appear as a simplified version thereof, with appropriate fenestration patterns, 
architectural features, proportions and materials. 

e. The building'S skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective glass will be avoided. Glazing will have the minimum 
amount of refl.ec:tivity or tinting required to achieve energy efficiency standards. 

f. In buildings other than curtain wall buildings, windows will be recessed, except where 
. inappropriate to a building's architectural style. There will be dear contrast between the 
building's surface material and the building's glazed areas. 

g. In general, the overall massing; roof forms, materials, and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shall include a variation in wall planes and height as well as 
roofforms.to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

h. To provide visual variety and depth, the building skin shall be layered and designed with 
a variety of textures that bear a direct relationship to the building's massing and 
structural e.lements. The skin shall reinforce the integrity of the design concept and the 
building'S structural elements, and not appear as surface pastiche. 

i. Rooftop mechanical equipment screening shall be designed to be integral with the 
building architecture and the visual impact shall be minimized by using materials that 
are complimentary or consistent with the building. 

j. Design the color palette for a building to reinforce building identity and complement 
changes in the horizontal or vertical plane. 
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k. Examples of acceptable materials are illustrated in Figures 6.6.1- 2 
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6.7 Grade Level Standards 

6.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 
regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 12'-0" height measured from floor to ceiling. 

6.7.3 Building entrances: 

a. The primary entrance to a street level tenant space that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public street shall be provided from a courtyard, 
grade level open space, or publicly accessible passageway. Entries less than 18 inches 
from the property line shall not be higher than 12 inches above the elevation of the 
sidewalk; entries greater than 18 inches from the property line shall be within 30 inches 
of the adjacent grade level along street frontages. Where possible entries shall be 
marked using architectural elements such as porches, gateways, entry alcoves, awnings, 
canopies, or portals. 

b. All retail spaces shall be accessed primarily from a ground floor, single-tenant entry 
along a street, plaza or passageway. Where reasonably practical given architecture and 
tenant requirements, access to different tenant spaces shall occur at a maximum 
interval of 60 feet. 

c. Ma(n building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances which could include but are not limited to material change, 
architectural elements or elevation change. 

d. In addition to the building's required primary entrance(s), there may be ancillary 
entrances to the building from parking garages. 

6.7.4 Ground Floor Glazing 

a. Use of clear, colorless and transparent glazing is required within the first 30 feet above 
curb level. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing shall constitute a minimum of 30% of the area of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercialj Office j Retail that abuts an alley 

a. Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley. Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches in height opening from the building it is 
to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

a. Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

b. Service, utility, and mechanical functions, including retail loading, shall be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

c. Service, utility, and mechanical equipment that is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipes, along 
with utility box transformers, shall be screened. 

d. All screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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e. Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the enclosure(s) to screen them and deter 
graffiti. 

f. Trash enclosures and retail loading areas shall be sited to minimize nuisance to adjacent 
properties. 

g. The location of trash enclosures shall be easily accessible for trash collection and should 
not impede general site circulation patterns during loading operations. 

h. Mechanical equipment shall vent to an alley wherever possible. 

i. Roof-vent penetrations and mechanical equipment shall be located at least 10 feet from 
any exterior Building Face. 

j. Gutters and downspouts shall be made of galvanized steel, copper (not copper coated), 
or aluminum. 

6.7.8 Storefronts 

a. Storefront (residential, retail, restaurant and commercial) requirements shall include 
frontage along streets and grade level open spaces. 

b. Storefronts shall comprise a minimum of 70% of the building's street level fa~ade along 
Vine Street and 40% along all other streets and be recessed where necessary. 

c. Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along all other streets. 

d. All retail space shall have a minimum 12 feet finished ceiling clearance. 

e. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

f. Storefront openings shall be no shorter than 12 feet above the adjoining grade for 90% 
of the required storefront frontage. 

g. Security grilles will be located behind glass and be at minimum 70% open. 

h. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectivity. 

i. Awnings shall not obscure storefront signage. Vinyl awnings are not permitted. 

6.8 Podium Standards 

6.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment of the building's base, middle and top 
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through the vertical articulation of the street wall fa~ade by the use of balconies, projections, 
recesses, fenestration and changes in massing, color, material or other elements. 

6.8.2 Podiums shall comply as applicable with the minimum setback requirements set forth in Figures 
6.1.2a -d. 

6.9 Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes a clear pattern on the fac;:ade (with special 
attention paid to facades that are visible from a public street) and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the building's ground floors and upper floors shall be provided. 
This break may include a change in material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.5 An expression band shall be provided at the highest story within the podium. 

6.9.6 While blank street wall fac;:ades shall be avoided, an exception may be made for integration of 
public art or an articulated fac;:ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fac;:ade shall be a maximum of four floors high, and shall have variation in its 
surface plane (using cutouts, insets or pop-outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

6.9.8 Podiums are encouraged as feasible to be set back from Pantages to preserve sightlines and 
promote groundfloor open space. 

6.10 Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is an integral element that fronts open spaces on both 
East and West Sites. Its adjacency to the public plazas requires compatibility and cohesiveness. 

6.10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as lighting, paving, 
rhythmic tree plantings and continuous open spaces in a consistent palette of materials and 
furnishings. 

6.11 Screening Standards 

6.11.1 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 
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SCOPE OF DEV'EI..OPMENSF Bt.JII..DING ANa 
SSFREE'F EXPERIENCE 

6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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7. TOWERS 

7.1.1 Towers shall have their massing designed to reduce overall bulk and to appear slender. 

7.1.2 Towers shall be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They shall not appear overwrought or to have over-manipulated elements. 

7.1.3 Towers that emulate a more streamlined modern style shall provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

7.1.4 If a project has more than one tower, the towers shall be complementary to each other and 
employ a similar yet varied architectural design approach. 

7.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historicized. 
They are contemporary forms in the skyline and shall appear as such. 

7.2 Projections 

7.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wireless masts; and 

d. Solar energy devices and similar structures. 

7.2.2 Permitted building elements or equipment in Section 7.2.1 shall be screened as practical and 
based on building design except if such projections - e.g., flagpoles or steeples - are part of the 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

7.3 General Standards 

7.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 

7.3.3 Towers shall be set back from maximum street wall height a minimum of 10 feet except for 
towers fronting Vine Street on the West site, these towers shall be setback a minimum of 15 feet 
from the maximum street wall height. 
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7.4 

7.3.4 

7.3.5 

7.3.6 

~ (j '<'-.t ( c (; lJ\ L, A-\l l.J"'-v\C'.1. 

Towers Sha!J....be..'" tback on West Site from shared property line with Hollywood Playhouse a 

minimum ~above 150 feet. 

Adherence to minimum setbacks and other separation standards for towers is required as may 
be applicable to a specifictower and its location with the Project area. Please refer to standards 
for towers set forth in Figures 6.1.2.a - d. 

Tower orientation and placement that enhances important sightlines is encouraged. 

7.3.7 In n. 0 in~ce should the t.owe.rfro.nting Vine Street on th~st site development have more 
than a ~eight differ~~\.fro~he tower on the Wes~ development. 

Wall Standards \....., & \·l· \""1-ull 
\ 

6 .. :'l..~ 
7.4.1 All walls are required to be articulated. 

7.4.2 The following types of articulation of a tower wall are permitted: 

a. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

c. Bay windows. 

fig. 7 .4.2.a: Balcony/Recess 
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7.4.3 Balcony: a balcony shall be integral to the fa<;:ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern. Balconies are encouraged to create a complex 
and varied pattern along the fa<;:ade using various balcony sizes and architectural configurations 
and shall be a minimum 75% transparent. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces. long balconies resembling corridors 
are prohibited. 

fig. 7.4.3.a: Recess/Balcony: Integral Balcony fig. 7.4.3.b: Bay Window: Integral Balcony 
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7.5.1 If two towers are located on a single site the towers shall be spaced to provide privacy, natural 
light and air, as well as to contribute to an attractive skyline. 

7.5.2 Generally, any portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
(staggered), 2} the largest windows in primary rooms are not facing one another, or 3) the 
towers are curved or angled. See fig. 7.5.2. 

fig. 7.5.2: Tower Spacing 

1) OFFSET TiO'lI'rd'lS ----"'"In 

i#~WJ.Ht~W1~"~ 
~~F~~~ 

=[ 

7.5.3 Since a tower is defined as any building above 150 feet, all buildings above 150 feet shall be 
spaced at least 80 feet from any portion of any adjacent or separate building on the site, 
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exceeding 150 feet, excluding a project within the height range of 150 to 220 feet, as shown in 
figures 6.1.2.a.l and 6.1.2.a.2. 

7.5.4 Spires, signage, parapets, and mechanical enclosures are excluded from the tower spacing 
regulations. 

7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visuaUy attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 8.5. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materials and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions of the building. 

7.7.3 Roof mechanical equipment shall be screened. 
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8. OPEN SPACE 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

8.2 Grade level Open Space Standards 

8.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Fig. 6.1.2.a.1- 2 and 8.1.1) 

8.2.3 An additional 3% of open space (total 8%) shall be required for buildings between 221 feet and 
400 feet. (See Fig. 6.1.2.b.l- 2 and 8.1.2) 

8.2.4 An additional 5% (total 10%) of open space shall be required for buildings between 401 feet and 
550 feet (See Fig. 6.1.2.c.1- 2 and 8.1.3) 

8.2.5 An additional 7% (total 12%) of open space shall be required for buildings taller than 550 feet. 
(See Fig. 6.1.2.d.1- 2 and 8.1.4) 

8.2.6 Location 

a. East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street and along Yucca Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. Open 
space on West Site fronting. Vine Street shall have a horizontal dimension no less than 
15 feet when measured perpendicular from any point. 

c. On West Site, open space must occupy the area to the west of a line struck at 40 
degrees from center line of Vine Street ROW at alignment with the southern most 
property line and a minimum 10' setback from the southeast corner of the Capitol 
Records Building. (See Figs. 8.1.1- 4) 

~ (,..«1IU \ L. ~, S. 
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Figs 8.1.1- 8.1.4: Grade level Open Space 
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figs 8.1.1 Open Space Requirements for Maximum Building Height at 220 Feet 

CENreR UNE OF VINE STREET 

figs 8.1.2 Open Space Requir.ements for Maximum Building Height at 400 Feet 

c) YucCa Street 

CENTER UNE Of V!NE STREET 
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figs 8.1.3 Open Space Requirements for Maximum Building Height at 550 Feet 

CENTER l~E OF VINE STREET 

figs 8.1.4 Open Space Requirements for Maximum Building Height at 585 Feet 
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8.3.1 A publicly accessible passageway is a continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 Location and Size standards: 

a. The major portion of a publicly accessible passageway is the largest area of the 
passageway and the area of primary use. Major portions shall be generally regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shall occupy no less than 75 percent of the total 
passageway area and shall not be less than 20'-0" wide. 

b. Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
shall not occupy more than 25 percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 

c 

............ PAP 
fig. 8.3.3: Publicly Accessible Passageway 
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a. The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be .as follows: 

(i) Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equlpment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains, and bicycle racks; open-air cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag poles; public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 
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and bollards. 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Building and Safety in conformance with the Building Code. Kiosks, including roofed 
areas, shall not count as floor area, exceed 3% of the total area of the publicly accessible 

passageway, or occupy an area of more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will count as floor area. 

8.3.6 Open-Air Cafe: 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have waiter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the publicly accessible passageway. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may be reserved for 
customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be installed within an 
open-air cafe. Cooking equipment may be contained in a kiosk adjoining the open-air 
cafe. An open-air cafe qualifying as a permitted obstruction shall be excluded from the 
definition of floor area. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

b. No exhaust vents are permitted on anY,publiciy accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 10'-6" above the level of the passageway. 
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a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on apub/icly accessible passageway shall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the publicly 
accessible passageway with an entrance required every 50' at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

a. The building owner shall be responsible for the maintenance of the publicly accessible 
passageway including, but not limited to, the confinement of permitted obstructions, 
litter control, and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubic foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway in connection with outdoor eating services or other uses permitted on 
passageway which generate litter. 

8.4 Roof-top Open Space 

8.4.1 -- The Project shall include roof-top open space. 

8.4.2 Roof-top open space shall include an observation area (i.e., viewing deck) accessible to the 

public. tr.. '" 
/\f'l\ \ 

8.4.3 The hotel, if developed, ~nclude an observation area (i.e., open space viewing area) 
accessible to the public. 

8.4.4 The hotel observation area (Le., viewing area), if developed, shall satisfy the requirement in 
section 8.4.1 above. 

S"~ Z. C-<-

8.4.5 Roof-top open space may include a cafe. 

8.5 Residential Common Open Space 

8.5.1 Common open space is intended to be a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 
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8.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 

b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

c. Open space shall be open to the sky and have no structures that project into the 
common open space area, except as permitted in the Zoning Code. 

d. Common open space shall be readily accessible to all the residents ofthe Site. 

e. Common open space shall have a minimum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

f. Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
may be considered as common open space. 

i. Refer to LAMC 12.21.G for additional open space requirements. 

8.6 Residential Private Open Space 

8.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a. Private open space shall contain a minimum area of 50 square feet, of which no more 
than 50 square feet per dwelling unit shall be attributable to the total required usable 
open space. 

b. Private open space shall have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 

c. Private open space shall provide a minimum eight-foot vertical clearance under any 
projection, except as permitted in the Zoning Code. 
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d. That portion of a balcony which extends or projects into a required front yard in 
compliance with Zoning Code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items a-c. 
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9. LANDSCAPE 

9.1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 Landscaped area(s) shall be planted with seasonally diverse plant material and 30% of all 
landscaping shall be California Natives or drought tolerant. 

9.1.3 The landscaped portion of open space may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 30" 

c. Lawns, ground cover: 18" 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

9.1.7 Open-air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

9.2 Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36-inch box tree for every four dwelling units shall be provided on-site and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 

accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 3D-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 

-47-

AR0068124 



CO-0001-205 

MilLENNIUM HOLLYWOOD 
DEVELOPMENT. REGUlATIONS 

fig. 9.3.a: Movable Seating fig. 9.3.b: Open Air Cafe 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or multiple 
planted areas. The minimum size of a single planted area shall be 100 square feet. 

9.3.2 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

a. A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area(s) shall be planted with seasonally diverse plant 
material. 

;-BACK 

I[J-----/---14"MIN. WITH BACK I 

lb"MIN. WITHOUT BACK 1 L _______ _ .rBACK 

"I ;: 12"MIN. 
: ' 

t-- f 
24" 

PLAN 
fig. 9.3.5: Seating Standards 

9.3.5 Seating 

12"M!N. -
36" MAX. 

SECTION - SINGLE SEAT SECTION - DOUBLE SEAT 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicly accessible passageway excluding the area of an open-air cafe. 

b. One seat shall equal two linear feet. 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(ii) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs Ii) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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9:4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regularspacingofthe street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape.and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microclimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks!eading to or abutting the development. 

9.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
. affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

9.5 Lighting Standards 

9.5.1 Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
buildingbase"level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

9.5.2 Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open publicly 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

c. lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, i.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0-foot candles on a horizontal 
plane. 

e. lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

f. All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off-site uses. 

g. light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 

-50-

AR0068127 



MILLENNIUM HOllYWOOD 
DEVElOIl.MENT REGULATION~ 

CO-0001-208 

9.5.3 Responsibility for maintenance: 

a. The Building Owner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No luminaire or lighted element which is to meet these requirements 
shall be out of commission for more than 10 consecutive days. 

b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building 
Owner. 

9.5.4 Lighting for areas located inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighting for above-grade parking garage facilities shall utilize "white" light sources and the 
luminaires' brightness shall be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire placement, or integral 
luminaire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

9.6 Publicly Accessible Passageway lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. Light sources 
shall be white light. 

9.7 Continuity of Design 

9.7.1 Design elements and architectural dues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Project's way-finding features. 

9.7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade level. 
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10. PARKING 

The following standards shall apply for the base level of parking to be provided as the minimum 
~ for each use in the project are. a. The Regulations set forth below incorporate the pa~ 

\)v requirements in the LAMe, where appr , d supersede the LAMC reqUiremen~ 

\ ~ __ --"e .... v .... e_lo_p_m_e_n_t_in_th_e_D_ev_e_lo_p_m_e_nt_A_g_r_e_e_m_e_n_t_a_re...,a 

a. Commercial! Office! Retail: 

Two parking spaces for every one thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
research and development buildings on any lot. The Regulations incorporate applicable 
parking requirements in the LAMC as set forth below. 

b. Sports Club: 

Two parking spaces for everyone thousand square feet of combined gross floor area. 

c. Hotel 

One parking space for each individual guest room or suite of rooms for the first 30; 

One additional parking space for each two guest rooms or suites of rooms in excess of 
30 but not exceeding 60; and 

One additional parking space for each three guest rooms or suites of rooms in excess of 
60. 

d. Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

e. Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; one-and
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

f. Combination of Uses: 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 
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a. Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns in a 24-hour 
cycle or between weekends and weekdays. The intent is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to its construction. 

b. Calculating Shared Parking: 

10.2 Additional Regulations 

(i) The individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand." 

(ii) For parking spaces that are to be shared between uses, the calculated 
minimum parking requirement for the Site, including that new phase 
of construction, is to be adjusted from. the Base Demand based on the 
procedures in Shared Parking, Urban land Institute, 2nd Edition (2005) 
or another source as determined by the Director of Planning. 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to serve or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to serve, the 7SD-foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than SO feet to the intersection of two streets 
unless approved by The Department of Transportation. 
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10.2.3 Access driveways to parking facilities not at signalized intersections shall not exceed 28 feet in 
width. The minimum separation between drives located along the same frontage shall be SO 

feet. 

10.2.4 Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking structures shall be given to bike parking, car-share parking, and 
other alternative ride vehicles. 

10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking for the first 20 feet shall be lined with habitable floor area having a 
minimum depth of 20 feet along street frontages where feasible and shall be designed to blend 
in with the form and massing and to look like an integral part of the building, with the use of 
windows and/or cladding, or by landscaping, or green screens, or a combination thereof. The 
interior of a parking structure shall be designed to be screened from the view of streets and 
sidewalks. 

10.4 Bicycle Standards 

10.4.1 Bicycle parking shall be provided per Ordinance No.182386. 
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10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan. 

10.5.2 The transportation demand management plan shall set forth best practices that relate to the 

Project Site and the Project's building design features in order to: 

a. Promote bicycle and pedestrian circulation within the Project Site. 

b. Promote alternative modes of transportation. 

c. Create pedestrian linkages to public and private amenities outside the Project Site. 

d. Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

e. Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an only optional part of all lease and 
sale agreements. 
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11.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 181340: Hollywood Signage Supplemental Use District 
(Amended) pursuant to Section 13.11 of the Los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig. 11.2. 

24'MAX 

-------1---+--- HIGH-RISE SIGN 

LOT LINE --...J LOT LINE 

r------+- - - - - - --

fig. 11.2: High Rise Sign 
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12. SUSTAINABILITY 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 

square feet offloor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of 50 or more dwelling units withih buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to eXisting buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED@ AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USGBC) LEED® 
Certified level. Formal certification by the USGBC is not required. 
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Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

Base: the lower portion of a building located at or within 150' above curb level. 

Canopy: glazing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

Expression band: a distinctive linear architectural element occurring on the building base facade at the 
highest floor. The band shall be contrasting in color, texture, material and/or fenestration from the adjacent 
building base facade. Projections mayoccurwithin an expression band. 

Grade level open space: a con~inuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, measured from the adjacent street curb level. 

Maintenance: the ongOing repair, care and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general public, except as noted 
herein. Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space which are defined herein. 

Preservation: in conformance with standards and guidelines of the Secretary of the Interior, the act or 
process of applying measures necessary to sustain the existing form, integrity, and materials of an historic 
property. 

PubHcly accessible passageway: a continuous through-blocl< public connection between two parallel streets, 
located on privately owned land and designated for and designed to encourage public pedestrian circulation 
and other appropriate public uses. 

Rehabilitation: if) conformance with standards and guidelines of the Secretary of the Interior, the process of 
returning a property to a state of utility, through repair or alteration, which makes possible an efficient 
contemporary use while preserving those portions and features of the property which are significant to its 
historic, architectural, and cultural values. 

Required street wall: a wall or portion of a wall of a building facing a street or grade level open space which 
must be built to a maximum height above curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on a street at the level of any story. The width of a required street wall 
articulation is measured in plan as the width of the street line from which perpendicular lines may be drawn 
to such required street wall articulation. 

Residential common open space: a "rear yard" providing light and air to apartments on the interior of a 
parcel located at any story above curb level. 

Residential private open space: open space that is contiguous to and immediately accessible only from a 
single dwelling unit. 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape in which a building has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views,sidewalks, and street trees. 
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Storefront: the architectural facade, including doorways, of any tenant-leased premise perimeter adjacent to 
public circulation areas. Storefronts refers to all permitted residential, retail uses including retail, service, 
restaurants and cultural establishments and commercial uses, including but not limited to hotels and sports 
clubs. 

Tower: the portion of a building located above 150' above curb level. 

Transparency: architectural elements that can be seen through or allows light to emit through, including but 
not mited to glass, trellis and wire mesh. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Hollywood LLC 
unless otherwise noted. 
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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. 
Specifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, signage, lighting, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and 
ensure design continuity will be carried through to the full implementation of the 
Project. 

c. Establish basic site-wide development standards and criteria that serve to maintain the 
integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that will guide the 
development for the Project Site. 

e. Ensure compliance with the Development Objectives. 

L Ensure preservation of the Capitol Records Building and the Gogerty Building according 
to the Secretary of the Interior's Standards for Rehabilitation. 
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1.2 Development Objectives 

1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve the Capitol Records Building and the Gogerty Building according to established 
preservation guidelines (the Secretary of the Interior's Standards for Rehabilitation and 
guidance provided by Office of Historic Resources). 

b. Preserve public views from certain key vantage points to the Capitol Records Tower by 
creating grade level open space / civic plazas on the East Site adjacent to the Jazz Mural 
and Capitol Records Building and West Site across from the Capitol Records. 

c. Preserve existing view corridors from certain key vantage points to the Hollywood Hills. 

fig. 1.2.2.b-c: Capitol Records View Corridors 

d. Create civic plazas that are activated by retail, landscaped, and enhance the Hollywood 
Walk of Fame by providing it as an urban node. Reinforce the urban and historical 
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importance of the intersection of Hollywood and Vine by the creation of an active street 
life focused on Vine Street. 

e. Encourage street life by the creation of a new pedestrian connection between Ivar 
Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit open and green spaces for both the on-site and 
off-site population. 

fig 1.2.2.d: View North Along Vine Street 

g. Create a 24 hr. community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of current on-site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity to the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street, and existing bus routes. 

j. Establish standards to address architectural excellence. 

-3-

AR0068147 



CO-0001-912 

MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS SCOPE OF DEVELOPMENT PURPOSE AND OBJECTIVES 

k. Provide designs that address, respect and complement the existing context, including 
standards for ground-level open space, podium heights and massing setbacks that 
minimize impacts to the historic setting. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation in the use of materials, 
energy and development space. 

m. Create buildings that emphasize the vertical architecture and become visible icons. 

n. Develop a visual gateway to Hollywood from the Hollywood Freeway. 

fig. 1.2.2.n: Hollywood: A major urban center and gateway to the Los Angeles basin. 
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1.3 Development Standards and Guidelines 

The Development Regulations consist of standards and guidelines. The standards impose strict 
requirements for new development. For example, the Regulations include specific setback requirements 
along Vine Street. There are also mandatory requirements or standards for minimum open space on the 
ground floor as well as maximum building heights. By comparison, the guidelines are measures that may 
include a range of choices and require a degree of interpretation by the architect and design team to 
achieve compliance with the Regulations. The purpose of these guidelines is to create a principal design 
theme or objective without comprising high quality design. The purpose is to provide a range of flexibility 
to permit the selection of the most appropriate design feature based on the final development scenario. 
For instance, fa~ade treatments for new development may take different form depending on the final 
design plans. The Regulations will guide the ultimate fa~ade treatment by providing a limited range of 
choices in the use of material and color for the fa~ades. 

1.4 Relationship to the los Angeles Municipal Code 

1.4.1 The Development Regulations are approved by the City of los Angeles City Council and are 
incorporated in the Development Agreement, authorized pursuant to California Government 
Code 65864, et seq., entered into by the City of Los Angeles and ________ _ 
("Millennium Development Agreement") on ______ _ 

1.4.2 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the Los Angeles Municipal 
Code ("LAMC") that apply to the Project Site, the Regulations shall prevail pursuant to the 
Millennium Development Agreement approved by the City Council. 
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2. BACKGROUND 

2.1 Project Site 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 
occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. 

The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West Site. 

The area bounded by Yucca Street, Vine Street and Argyle Avenue is the East Site. 

The East Site and the West Site make up the Project Site. 

The Project Site currently contains a mix of commercial and on grade open parking. The topography 
has a natural incline of approximately 21 feet (NE to SW) from Vine Street to Argyle Avenue and 21 
feet (NW to SE) from Ivar Avenue to Vine Street. The existing sidewalk elevations will not be altered 
as part the Project. 

D 

fig. 2.1. Site Plan 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 The Project Site is zoned Commercial (C2). The City General Plan land use designation is 
Regional Center commercial. 

2.2.2 The Project Site is within the Special Sign District and within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of 
Los Angeles. 

2.2.3 Notwithstanding any provision in these Regulations, residential floor area is not permitted 
within 500 feet of any freeway. 

2.2.4 Floor Area Ratio: 6:1 

2.2.5 Height District: No.2 
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3. HISTORIC RESOURCES AND SETTING 

3.1 Overview 

The Project Site is located in a historically rich area of Hollywood that contains a number of recognized historic 
resources. This Project is a preservation project in that its ambition is to respect, respond to, and preserve the 
Capitol Records Building and to continue the urban character of Vine Street on the Project Site. The Project is 
designed to be observant of historic settings and buildings. Two buildings located on the Project Site, the Capitol 
Records Tower and the Gogerty Building, are historically significant. Other historic buildings, located on adjacent 
parcels, are the Pantages Theater, the Equitable Building, the Hollywood Palace, and the Art Deco commercial 
building at 6316-6324 Yucca Street. Several of these historic resources are located within the Hollywood Boulevard 
Commercial and Entertainment District, a National Register listed historic district located just south of the Project 
Site. 

Composed of commercial properties from the first half of the 20th Century, contributing properties to the 
Hollywood Boulevard Commercial and Entertainment District include a wide variety of property types including 
single-story storefronts, two-story commercial blocks, department stores, theaters, high-rise office buildings and 
hotels. 

The Capitol Records Building is a unique building whose cylindrical form has always been visible from portions of 
Hollywood and Vine from the south and the freeway from the north. The Capitol Records Tower and the iconic 
buildings in the Hollywood Boulevard Commercial and Entertainment District (the Hollywood Palace, Pantages 
Theater, Equitable Building) will maintain their prominence after implementation of the Project. 
Portions of the Hollywood Walk of Fame (L.A. Historic Cultural Monument #194) are located along Vine Street 
between Yucca Street and Sunset Boulevard and will be protected. 

The protection of Hollywood's historic resources and unique character is an important objective of the Project. The 
guidelines and standards contained in this document were created in part to ensure the protection of historic 
resources within the Project Site and minimize potential adverse effects to historic resources from new 
development. Key Project objectives regarding historic resources include: 

1) Preservation, maintenance, and rehabilitation of the Capitol Records Building and the Gogerty Building in 

accordance with the Secretary of the Interior's Standards. See sections 1.2.2a and 1.2.2b of this 

document. 

2) Protection and preservation of the portions of the Hollywood Walk of Fame (LA Historic Cultural 

Monument #194) will need to be temporarily removed during construction and replaced after 

construction is completed. A preservation plan, outlined in the Hollywood Walk of Fame Terrazzo 

Pavement and Repair Guidelines (March, 2011) will be prepared for this aspect of the Project. 

3) Incorporation of ground-floor open space and building setback requirements to moderate the overall 

massing of new development in a manner that preserves important views to and from the Capitol Records 

Building, the Hollywood Boulevard Commercial and Entertainment District, and important view corridors 

to the Hollywood Hills. See sections 1.2.2 c, 6.1, 6.9, 7.1, 7.S, 8.1 and 8.2 of this document. 

4) Incorporation of ground-floor open space and building setback requirements to reduce massing at the 

street level and limit the visual crowding of adjacent historic resources. See sections 1.2.2c, 6.1, 7.1, 7.S, 
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8.1 and 8.2 of this document. 

5) Requirement that design of new buildings be in a manner that is differentiated from but compatible with 

adjacent historic resources. See sections 6.6, 6.8, 7.1.5, and 7.4 of this document. 

One means of creating compatible new buildings in an urbanized setting is to incorporate qualities of vertical and 
horizontal visual complexity in world class design. The general characteristics, proportions, and details of older 
buildings may serve as a reference for the Project. The Project's intent is to allow old and new to mix, recognizing 
that Hollywood sustains its image through both the rehabilitation of existing historic structures and the design of 
creative and contemporary architecture. 
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4. DENSITY 

4.1 Floor Area Ratio Averaging and Density Transfer 

The Owner may transfer density and buildable floor area from one parcel within the Project Site to 
another parcel within the Project Site, as long as the minimum and maximum building heights in the 
Regulations are maintained and the entire Project does not exceed the cumulative, allowable density and 
floor area of the zoning for the sum of the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

4.2 land Use Equivalency Program 

The land Use Equivalency Program is intended to provide flexibility in land uses for the Project while 
ensuring that a change in land uses would not result in new significant environmental impacts or a 
substantial increase in the severity of significant environmental impacts identified in the EIR, ENV-2011-
067S-EIR (SCH No. 2011041094). With respect to any proposed Phase of the Project (an "Exchange 
Phase") that would result in a build out of the Project that is not consistent with at least one of the Project 
scenarios studied under the EI R, under the land Use Equivalency Program, the developer may request a 
transfer or exchange of land uses, as well as modifications to the siting, massing or other development 
standard in so far as they are consistent with the provisions herein, for such Exchange Phase by a 
delivering written request therefore to the Planning Department of the City, which request shall be 
accompanied by (a) detailed information identifying the land use transfer/exchange that is being 
proposed for such Exchange Phase; (b) information documenting how the proposed land uses and 
densities in the Exchange Phase, together with the existing improvements and the other phases 
previously developed, are consistent with the overall AM and PM peak hour trip cap identified in Table 11-
3, Project Trip Cap from the EIR; and (c) supporting documentation to demonstrate that the Project 
including the proposed Exchange Phase would not exceed the maximum environmental impacts identified 
in the EIR (collectively, an "Equivalency Program Exchange Submission"). The Planning Director shall 
approve such request if the Equivalency Program Exchange Submission reasonably demonstrates that the 
Project including the proposed Exchange Phase is consistent with the overall AM and PM peak hour trip 
cap identified in such Table 11-3, Project Trip Cap, and would not otherwise exceed the maximum 
environmental impacts identified in the EIR. 
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5. HEIGHT 

5.1 Building Height Standards 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 
in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 

lLJ 

1 

Fig. 5.1 Height Zones 
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6. BUILDING AND STREET EXPERIENCE 

6.1 Tower Massing Standards 

6.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 6.1.1. 

11.5 SO 
13,325 East Site 10 

12 
6.1.2.d.l 

9,042 West Site 151 6.1.2.d.2 

15 SO 
17,380 East Site 10 

10 
6.1.2.c.l 

11,794 West Site 151 6.1.2.c.2 

28 SO 
22,745 East Site 10 

8 
6.1.2.b.l 

22,016 West Site 151 6.1.2.b.2 

48 nfa 
55,616 East Site 10 

5 
6.1.2.a.l 

37,742 West Site 151 6.1.2.a.2 

Table 6.1.1 

Note 1: 15' tower setback required for any tower fronting Vine Street on West parcel. See Figure 6.3.2. 

6.1.2 For the purpose of calculating the maximum lot coverage the total lot area is equal to the total 
lot area for each of the sites, the West Site and the East Site. If there is more than one tower on 
a site, the maximum lot coverage requirement in Table 6.1.1 is calculated based on the combined 
area of all towers on each site. The total lot coverage applies to the aggregate floor plate(s) of 
the tower or towers on each site. 

6.1.3 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Figs. 6.1.2.a.l- 2.) 

6.1.4 At least 50% of total floor area must be located below 220 feet. 

6.1.5 Tower wall articulation: 

a. Minimum 10% of tower aggregate area shall be articulated. 

6.1.6 Types of permitted articulations for tower walls: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 
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c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 
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The following developments are for illustrative purposes only. 
Maximum Lot Coverage and Tower Floor Plate - Figs. 6.l.2.a - d. 
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fig. 6.1.2.a.l: East Site - 220 Feet Maximum Tower Height 
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fig. 6.1.2.a.2: West Site - 220 Feet Maximum Tower Height. 
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fig. 6.1.2.b.l: East Site - 400 Feet Maximum Tower Height 
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fig. 6.1.2.c.1: East Site - 550 Feet Maximum Tower Height 
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6.2 Street Walls 

6.2.1 A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. 
Street walls determine the scale and character of the pedestrian environment. Articulation of the 
required street wall within the permitted ranges is required in order to create a sense of different 
uses, visual interest and orientation. The street wall shall have proportions and architectural 
building details which emphasize and reflect the presence and importance of the pedestrian 
environment. Massing offsets, fenestration, varied textures, openings, recesses, and design 
accents are strongly encouraged to ensure there are no un-articulated walls and monolithic roof 
forms, and architectural elements such as balconies, verandas, and porches that add architectural 
character are encouraged. 

6.3 Street Wall Standards 

6.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located a 
minimum 10 feet from the property line along Vine Street on the East Site and 15 feet 
along Vine Street on the West Site. 

b. A grade level open space is required for any building fronting Yucca Street with a 
minimum 10 feet setback from the property line. 

c. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

6.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b), (c) and (d) below. 

b. Street walls fronting Vine Street on the West Site shall be built to a maximum height of 
40 feet above curb level except as noted in item (d) below. 

c. Street walls fronting Yucca Street shall be built to a maximum height of 30 feet. Building 
can extend to a maximum height of 150 feet with a 10 foot setback above 30 feet except 
as noted in item (d) below. 

d. 40% of the aggregate width of the required street wall frontage on each street can 
exceed the maximum street wall height up to the maximum tower height. 
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6.3.3 Types of permitted articulation of a required street wall: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b. Balcony: a balcony may project a minimum of 3'-0" from a required street wall over a 
grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break shall be provided between a building's retail 
floors and upper floors. This break may consist of a change in material, change in 
fenestration, or similar means. 

6.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices, eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Commercial marquees, canopies and awnings. 

d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5'-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

6.4 Street Wall Guidelines 

6.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

6.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area on the Project Site. 

6.5 Yard Standards 

6.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

6.5.2 Commercial Use: no front, side or rear yard setbacks are required. 

6.5.3 Residential Use: 

a. Front Yard: none. 

b. Side Yard: Minimum 5 feet; for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in width be required. 
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c. Rear Yard: Minimum 15 feet; for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

6.6 Building Materials and Color Guidelines 

6.6.1 The goal of the building materials and colors is to reinforce the character of the Hollywood area 
and provide a design that is compatible yet avoids any appearance that the building is being 
historicized. These guidelines will address the fa~ade treatment for both residential and 
commercial portions of buildings. 

a. Buildings shall feature long-lived and sustainable materials. The material palette shall 

provide variety, reinforce massing and changes in the horizontal or vertical plane. 

b. Ground floors shall have a different architectural expression than upper floors and 
feature high quality durable materials that add scale, texture and variety. 

c. Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved 
through the inherent color of the material, rather than the application of color to the 
surface. Darker accent colors may be used to delineate building entrances and accents. 

d. The architecture of the building shall clearly delineate an architectural style, and shall 
not appear as a simplified version thereof, with appropriate fenestration patterns, 
architectural features, proportions and materials. 

e. The building's skin, especially for towers, shall be primarily transparent; the use of 
darkly colored or highly reflective glass will be avoided. Glazing will have the minimum 
amount of reflectivity or tinting required to achieve energy efficiency standards. 

f. In buildings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. There will be clear contrast between the 
building's surface material and the building's glazed areas. 

g. In general, the overall massing, roof forms, materials, and architectural style of new 
structures shall provide a variety of forms, depth and texture, and encourage a cohesive 
character. Building massing shall include a variation in wall planes and height as well as 
roof forms to promote architectural excellence, a pedestrian friendly environment and 
take into account the context. 

h. To provide visual variety and depth, the building skin shall be layered and designed with 
a variety of textures that bear a direct relationship to the building's massing and 

structural elements. The skin shall reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

i. Rooftop mechanical equipment screening shall be designed to be integral with the 
building architecture and the visual impact shall be minimized by using materials that 
are complimentary or consistent with the building. 

j. Design the color palette for a building to reinforce building identity and complement 
changes in the horizontal or vertical plane. 
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Vision Glass 
Clear glass with High 
Performance Low-E Coating 

Vision Glass 
Clear glass with High 
Pe rformance Low-E Coating 

Tower Illustration 

Fig. 6.6.1 

Tower Illustration 

Fig. 6.6.2 

Sustainable Ha rdwood 
Trespa 
Copper 
Bronzed Color Metal 
TerraCotta 

Sustainable Hardwood 
Trespa 
Copper 
Bronzed Color Metal 
TerraCotta 

k. Examples of acceptable materials are illustrated in Figures 6.6.1- 2 
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6.7 Grade level Standards 

6.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 

regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground floor street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and shall be integral to the architecture of the building. 

6.7.2 Ground floor height: 

a. Minimum 12'-0" height measured from floor to ceiling. 

6.7.3 Building entrances: 

a. The primary entrance to a street level tenant space that has frontage along a public 
street shall be provided from that street. The primary entrance to a tenant space that 
does not have its frontage along a public street shall be provided from a courtyard, 
grade level open space, or publicly accessible passageway. Entries less than 18 inches 
from the property line shall not be higher than 12 inches above the elevation of the 
sidewalk; entries greater than 18 inches from the property line shall be within 30 inches 
of the adjacent grade level along street frontages. Where possible entries shall be 
marked using architectural elements such as porches, gateways, entry alcoves, awnings, 
canopies, or portals. 

b. All retail spaces shall be accessed primarily from a ground floor, single-tenant entry 
along a street, plaza or passageway. Where reasonably practical given architecture and 
tenant requirements, access to different tenant spaces shall occur at a maximum 
interval of 60 feet. 

c. Main building entrances shall read differently from retail storefronts, restaurants and 
commercial entrances which could include but are not limited to material change, 
architectural elements or elevation change. 

d. In addition to the building's required primary entrance(s), there may be ancillary 
entrances to the building from parking garages. 

6.7.4 Ground Floor Glazing 

a. Use of clear, colorless and transparent glazing is required within the first 30 feet above 
curb level. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing shall constitute a minimum of 30% of the area of a building 
face and shall not exceed 80% of the area of a building face. 
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6.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

6.7.6 Service and Refuse Requirements 

Hotel and Commercial/Office / Retail that abuts an alley 

a. Every required loading space shall be located and arranged such that delivery vehicles 
may be driven upon or into said space from an alley. Such loading space shall have a 
minimum height of 14 feet and be accessible through a usable door not less than three 
feet in width and not less than six feet six inches in height opening from the building it is 
to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of all buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet; a minimum area of 800 square feet where the gross floor area of all buildings is 
between 100,000 and 200,000 square feet; and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

Condominiums (Residential) 

d. None 

Rental (Residential) 

e. None 

6.7.7 Service and Refuse Guidelines 

a. Storage areas shall be provided within the building of a size sufficient for the 
development to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible from a curb cut. 

b. Service, utility, and mechanical functions, including retail loading, shall be located in 
alleys whenever present. When alleys are not present, service functions shall be placed 
within buildings. 

c. Service, utility, and mechanical equipment that is visible from the street shall be 
screened from view with landscaping or enclosures. Back flow and fire standpipes, along 
with utility box transformers, shall be screened. 

d. All screening devices shall be compatible with the architecture, materials and colors of 
adjacent buildings. 
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e. Trash and storage enclosures shall be architecturally compatible with the project design 
and landscaping shall be provided adjacent to the enclosure(s) to screen them and deter 
graffiti. 

f. Trash enclosures and retail loading areas shall be sited to minimize nuisance to adjacent 
properties. 

g. The location of trash enclosures shall be easily accessible for trash collection and should 
not impede general site circulation patterns during loading operations. 

h. Mechanical equipment shall vent to an alley wherever possible. 

i. Roof-vent penetrations and mechanical equipment shall be located at least 10 feet from 
any exterior Building Face. 

j. Gutters and downspouts shall be made of galvanized steel, copper (not copper coated), 
or aluminum. 

6.7.8 Storefronts 

a. Storefront (residential, retail, restaurant and commercial) requirements shall include 
frontage along streets and grade level open spaces. 

b. Storefronts shall comprise a minimum of 70% of the building's street level fa~ade along 
Vine Street and 40% along all other streets and be recessed where necessary. 

c. Storefront glazing shall comprise a minimum of 60% of the storefront area along Vine 
Street and 40% glazing along all other streets. 

d. All retail space shall have a minimum 12 feet finished ceiling clearance. 

e. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 
Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

f. Storefront openings shall be no shorter than 12 feet above the adjoining grade for 90% 
of the required storefront frontage. 

g. Security grilles will be located behind glass and be at minimum 70% open. 

h. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectivity. 

i. Awnings shall not obscure storefront signage. Vinyl awnings are not permitted. 

6.8 Podium Standards 

6.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment of the building's base, middle and top 
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through the vertical articulation of the street wall fa~ade by the use of balconies, projections, 
recesses, fenestration and changes in massing, color, material or other elements. 

6.8.2 Podiums shall comply as applicable with the minimum setback requirements set forth in Figures 
6.1.2a - d. 

6.9 Podium Guidelines 

6.9.1 Podiums shall have fenestration that establishes a clear pattern on the fa~ade (with special 
attention paid to facades that are visible from a public street) and that provides depth and 
additional articulation. 

6.9.2 An identifiable break between the building's ground floors and upper floors shall be provided. 
This break may include a change in material, change in fenestration pattern or similar means. 

6.9.3 Podium level windows shall be vertically oriented. 

6.9.4 Podium levels shall be predominantly light in color. 

6.9.S An expression band shall be provided at the highest story within the podium. 

6.9.6 While blank street wall fa~ades shall be avoided, an exception may be made for integration of 
public art or an articulated fa~ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fa~ade shall be a maximum of four floors high, and shall have variation in its 
surface plane (using cutouts, insets or pop-outs). It shall employ different scales of elements as 
viewed when seeing the entire building massing. 

6.9.7 Louvers and wall openings shall be designed to integrate with building architecture. 

6.9.8 Podiums are encouraged as feasible to be set back from Pantages to preserve sightlines and 
promote groundfloor open space. 

6.10 Street and Sidewalk Standards 

6.10.1 The Site is comprised of a variety of public elements that include open spaces, streets and 
sidewalks. The Hollywood Walk of Fame is an integral element that fronts open spaces on both 
East and West Sites. Its adjacency to the public plazas requires compatibility and cohesiveness. 

6.10.2 The combination of landscaped plazas, publicly accessible passageways and landscaped streets 
and sidewalks creates diversity, and at the same time forms a single unified system. 
Cohesiveness shall be achieved by providing certain uniform elements such as lighting, paving, 
rhythmic tree plantings and continuous open spaces in a consistent palette of materials and 
furnishings. 

6.11 Screening Standards 

6.11.1 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 

-31-

AR0068175 



MILLENNIUM HOLLYWOOD 
DEVELOPMENT REGULATIONS 

CO-0001-940 

SCOPE OF DEVELOPMENT BUILDING AND 
STREET EXPERIENCE 

6.11.2 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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7. TOWERS 

7.1 Purpose 

7.1.1 Towers shall have their massing designed to reduce overall bulk and to appear slender. 

7.1.2 Towers shall be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They shall not appear overwrought or to have over-manipulated elements. 

7.1.3 Towers that emulate a more streamlined modern style shall provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

7.1.4 If a project has more than one tower, the towers shall be complementary to each other and 
employ a similar yet varied architectural design approach. 

7.1.5 Generally, buildings over 150 feet tall (the historic datum for Hollywood) shall not be historicized. 
They are contemporary forms in the skyline and shall appear as such. 

7.2 Projections 

7.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. Roof structures for the housing of elevators, stairways, tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. Skylights, towers, steeples, flagpoles, water tanks, silos; 

c. Wireless masts; and 

d. Solar energy devices and similar structures. 

7.2.2 Permitted building elements or equipment in Section 7.2.1 shall be screened as practical and 
based on building design except if such projections - e.g., flagpoles or steeples - are part of the 
architecture or design. The use of creative materials and forms for screening is encouraged. 

7.2.3 Enclosures for bulkheads shall not count against building height. 

7.3 General Standards 

7.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

7.3.2 Distinctive tower crown and lighting permitted but not required at the highest one (1) story and 
rooftop mechanical equipment enclosure. 

7.3.3 Towers shall be set back from maximum street wall height a minimum of 10 feet except for 
towers fronting Vine Street on the West site, these towers shall be setback a minimum of 15 feet 
from the maximum street wall height. 
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7.3.4 Towers shall be setback on West Site from shared property line with Hollywood Playhouse a 
minimum of 10 feet above 150 feet. 

7.3.5 Adherence to minimum setbacks and other separation standards for towers is required as may 
be applicable to a specific tower and its location with the Project area. Please refer to standards 
for towers set forth in Figures 6.1.2.a - d. 

7.3.6 Tower orientation and placement that enhances important sightlines is encouraged. 

7.3.7 In no instance should the tower fronting Vine Street on the East site development have more 
than a 15% height differential from the tower on the West ste development. 

7.4 Wall Standards 

7.4.1 All walls are required to be articulated. 

7.4.2 The following types of articulation of a tower wall are permitted: 

a. Recess; 

b. Standard balconies may be projecting or recessed or a combination of both; and 

c. Bay windows. 
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7.4.3 Balcony: a balcony shall be integral to the fa~ade (see figs. 7.4.3.a and b) and shall not create a 
relentless horizontal and vertical stacking pattern. Balconies are encouraged to create a complex 
and varied pattern along the fa~ade using various balcony sizes and architectural configurations 
and shall be a minimum 75% transparent. Balconies are encouraged on buildings facing major 
public spaces such as plazas, passageways and open spaces. Long balconies resembling corridors 
are prohibited. 

fig. 7.4.3.a: Recess/Bal~ony: Integral Balcony fig. 7.4.3.b: Bay Window: Integral Balcony 
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7.5.1 If two towers are located on a single site the towers shall be spaced to provide privacy, natural 
light and air, as well as to contribute to an attractive skyline. 

7.5.2 Generally, any portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except for the following which will meet Planning Code: 1) the towers are offset 
(staggered), 2) the largest windows in primary rooms are not facing one another, or 3) the 
towers are curved or angled. See fig. 7.5.2. 

fig. 7.5.2: Tower Spacing 

1) OFFSET TOWERS 

Ic=:::]1::1 2) ADJACENT TOWERS 

lAAGEST WlNOO\\'S FiU.&ARY ROOM 
ARE I«)T FACaIIG ONe "''''IOTHER 

3) CURVED OR ANGLED TOWERS 

7.5.3 Since a tower is defined as any building above 150 feet, all buildings above 150 feet shall be 
spaced at least 80 feet from any portion of any adjacent or separate building on the site, 
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exceeding 150 feet, excluding a project within the height range of 150 to 220 feet, as shown in 
figures 6.1.2.a.1 and 6.1.2.a.2. 

7.5.4 Spires, signage, parapets, and mechanical enclosures are excluded from the tower spacing 
regulations. 

7.6 Rooftops Guidelines 

7.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

7.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 8.5. 

7.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

7.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

7.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

7.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

7.7.2 Materials and design for roof mechanical equipment shall be consistent with the building 
architecture and shall utilize similar colors and materials as in other portions of the building. 

7.7.3 Roof mechanical equipment shall be screened. 
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8. OPEN SPACE 

8.1 Overview 

The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Building and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

8.2 Grade Level Open Space Standards 

8.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records Building and accentuate the low scale character. 

8.2.2 Minimum grade level open space will be S% of total lot area of the development site for buildings 
up to a height of 220 feet. (See Fig. 6.1.2.a.l- 2 and 8.1.1) 

8.2.3 An additional 3% of open space (total 8%) shall be required for buildings between 221 feet and 
400 feet. (See Fig. 6.1.2.b.l- 2 and 8.1.2) 

8.2.4 An additional S% (total 10%) of open space shall be required for buildings between 401 feet and 
SSO feet (See Fig. 6.1.2.c.l- 2 and 8.1.3) 

8.2.S An additional 7% (total 12%) of open space shall be required for buildings taller than SSO feet. 
(See Fig. 6.1.2.d.l- 2 and 8.1.4) 

8.2.6 Location 

a. East Site: adjacent to the Jazz Mural and Capitol Records Building; West Site: across 
from the Capitol Records Building along Vine Street and along Yucca Street. 

b. Minimum depth: no horizontal dimension less than 10 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. Open 
space on West Site fronting Vine Street shall have a horizontal dimension no less than 
lS feet when measured perpendicular from any point. 

c. On West Site, open space must occupy the area to the west of a line struck at 40 
degrees from center line of Vine Street ROW at alignment with the southern most 
property line and a minimum 10' setback from the southeast corner of the Capitol 
Records Building. (See Figs. 8.1.1- 4) 
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Figs 8.1.1- 8.1.4: Grade Level Open Space 

figs 8.1.1 Open Space Requirements for Maximum Building Height at 220 Feet 
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figs 8.1.3 Open Space Requirements for Maximum Building Height at SSO Feet 
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figs 8.1.4 Open Space Requirements for Maximum Building Height at S8S Feet 
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8.3 Passageway Standards 

8.3.1 A publicly accessible passageway is a continuous through-block public connection between two 
parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

8.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

8.3.3 Location and Size standards: 
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Q) 
> 
<l: 
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a. The major portion of a publicly accessible passageway is the largest area of the 
passageway and the area of primary use. Major portions shall be generally regular in 
shape, contiguous to each other, easily and directly accessible from adjoining buildings 
and public spaces. Major portions shall occupy no less than 75 percent of the total 
passageway area and shall not be less than 20'-0" wide. 

b. Minor portions of publicly accessible passageway are secondary areas that allow for 
additional flexibility in the shape and configuration of a passageway. Minor portions 
shall not occupy more than 25 percent of the total area of the passageway. The minor 
portion shall have a minimum width of 10 feet. 

c. The minor portion must be directly adjacent to the major portion. 
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fig. 8.3.3: Publicly Accessible Passageway 
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8.3.4 Permitted Obstructions: 

a. The minimum percentage of publicly accessible passageway area to be open to the sky 
(East and West Sites combined) shall be as follows: 

(i) Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% 

(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within the major portion of an open air publicly accessible 
passageway are any features, equipment, and appurtenances normally found in public 
parks and playgrounds, such as fountains and reflecting pools, waterfalls, sculptures and 
other works of art, arbors, trellises, benches, seats, trees, planting beds, litter 
receptacles, drinking fountains, and bicycle racks; open-air cafes; kiosks, outdoor 
furniture; lights and lighting stanchions; flag poles; public telephones; temporary 
exhibitions; balconies and bay windows; awnings, canopies and marquees; stairs, ramps 

fig. 8.3.4: View from Argyle Avenue Along PAP Towards Capitol Records 
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and bollards. 

8.3.5 Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Building and Safety in conformance with the Building Code. Kiosks, including roofed 
areas, shall not count as floor area, exceed 3% of the total area of the publicly accessible 
passageway, or occupy an area of more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks greater than 250 square feet are permitted but will count as floor area. 

8.3.6 Open-Air Cafe: 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant or open-air 
seating for an enclosed restaurant, eating, or drinking place, which may have waiter or 
table service and is open to the sky except for permitted obstructions such as trees, 
arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the publicly accessible passageway. The boundary shall 
be defined by planters or temporary decorative barricades. Seating may be reserved for 
customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the publicly accessible passageway. No cooking equipment shall be installed within an 
open-air cafe. Cooking equipment may be contained in a kiosk adjoining the open-air 
cafe. An open-air cafe qualifying as a permitted obstruction shall be excluded from the 
definition of floor area. 

8.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on the publicly 
accessible passageway through open windows. 

8.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No building refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any publicly accessible passageway. 

b. No exhaust vents are permitted on any publicly accessible passageway or on any 
building wall of the development fronting upon the passageway except where such 
vents are more than 10'-6" above the level of the passageway. 
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8.3.9 Frontages: 

a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a publicly accessible passageway shall 
be allocated for occupancy by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the publicly 
accessible passageway with an entrance required every SO' at a minimum. The 
remaining frontage may be occupied by other uses, vertical circulation elements and 
building lobbies. 

8.3.10 Maintenance: 

a. The building owner shall be responsible for the maintenance of the publicly accessible 
passageway including, but not limited to, the confinement of permitted obstructions, 
litter control, and the care and replacement of vegetation within the passageway and in 
the street sidewalk area adjacent to the passageway. 

b. Litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of publicly accessible passageway area. An additional capacity of one 
cubic foot of litter receptacle shall be provided for each 2,000 square feet of 
passageway in connection with outdoor eating services or other uses permitted on 
passageway which generate litter. 

8.4 Roof-top Open Space 

8.4.1 The Project shall include roof-top open space. 

8.4.2 Roof-top open space shall include an observation area (i.e., viewing deck) accessible to the 
public. 

8.4.3 The hotel, if developed, shall include an observation area (i.e., open space viewing area) 
accessible to the public. 

8.4.4 The hotel observation area (i.e., viewing area), if developed, shall satisfy the requirement in 
section 8.4.1 above. 

8.4.5 Roof-top open space may include a cafe. 

8.5 Residential Common Open Space 

8.5.1 Common open space is intended to be a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential common 
open space requirements. 
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8.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 

b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 

c. Open space shall be open to the sky and have no structures that project into the 
common open space area, except as permitted in the Zoning Code. 

d. Common open space shall be readily accessible to all the residents of the Site. 

e. Common open space shall have a minimum area of 400 square feet with no horizontal 
dimension less than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area. 

f. Common open space shall constitute at least 50% of the total required usable open 
space in the built development. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
may be considered as common open space. 

i. Refer to LAMC 12.21.G for additional open space requirements. 

8.6 Residential Private Open Space 

8.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

8.6.2 Residential Open Space Standards: 

a. Private open space shall contain a minimum area of 50 square feet, of which no more 
than 50 square feet per dwelling unit shall be attributable to the total required usable 
open space. 

b. Private open space shall have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 

c. Private open space shall provide a minimum eight-foot vertical clearance under any 
projection, except as permitted in the Zoning Code. 
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d. That portion of a balcony which extends or projects into a required front yard in 
compliance with Zoning Code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items a-c. 
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9. LANDSCAPE 

9.1 Grade Level Open Space Standards 

9.1.1 Planting requirements: a minimum of 10% of grade level open space shall be landscaped with 
softscape or water features. 

9.1.2 Landscaped area(s) shall be planted with seasonally diverse plant material and 30% of all 
landscaping shall be California Natives or drought tolerant. 

9.1.3 The landscaped portion of open space may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

9.1.4 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 30" 

c. Lawns, ground cover: 18" 

9.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.1.6 Permitted obstructions: the following are permitted obstructions which may occur in the grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining, and retail storefronts. 

9.1.7 Open-air publicly accessible passageways are not to be included in the grade level open space 
requirements. 

9.2 Common Open Space Standards 

9.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

9.2.2 At least one 36-inch box tree for every four dwelling units shall be provided on-site and may 
include street trees in the parkway, sidewalks adjoining the property, open space, publicly 
accessible passageway and common roof decks. 

9.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 3~-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

9.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 
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fig. 9.3.a: Movable Seating fig. 9.3.b: Open Air Cafe 

9.3 Standards For Open Air Portions of Publicly Accessible Passageway 

9.3.1 The landscaped portion of open air passageways may be designed as a single area or multiple 
planted areas. The minimum size of a single planted area shall be 100 square feet. 

9.3.2 The minimum soil depths for planting are: 

a. Trees: 42". 

b. Shrubs: 30". 

c. Lawns, ground cover: 18". 

9.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with an 
automatic irrigation system and waterproof electrical outlets. 

9.3.4 Planting requirements: 

a. A minimum of 10% of open air publicly accessible passageway shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area(s) shall be planted with seasonally diverse plant 
material. 

PLAN 
fig. 9.3.5: Seating Standards 

9.3.5 Seating 

,(;BACK 

i: I 12"MIN. 
: ' 

12" M IN . -I .-----'--1 
36" MAX. ACCESS 

SECTION - SINGLE SEAT 

30" MIN. 

ACCE~ ~CESS 
SECTION - DOUBLE SEAT 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of 
publicly accessible passageway excluding the area of an open-air cafe. 

b. One seat shall equal two linear feet. 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count as double seating provided 
there is access to both sides. 

(ii) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs (i) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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9.4 Tree Planting Guidelines 

9.4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regular spacing of the street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

9.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microclimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks leading to or abutting the development. 

9.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

9.5 lighting Standards 

9.5.1 Lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
building base-level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

9.5.2 Supplemental lighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open publicly 
accessible passageway. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, i.e. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0-foot candles on a horizontal 
plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

f. All exterior lighting shall be shielded or directed toward the areas to be lit to limit spill
over onto off-site uses. 

g. Light quality shall not be harsh, glaring, blinking or shed beyond property boundaries. 
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9.5.3 Responsibility for maintenance: 

a. The Building Owner shall be responsible for maintenance of all lighting associated with 
the property and for the maintenance of tenant lighting used to meet these 
requirements. No luminaire or lighted element which is to meet these requirements 
shall be out of commission for more than 10 consecutive days. 

b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building 
Owner. 

9.5.4 Lighting for areas located inside the lot line and visible from the street, such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

9.5.5 Lighting for above-grade parking garage facilities shall utilize "white" light sources and the 
luminaires' brightness shall be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire placement, or integral 
lumina ire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

9.6 Publicly Accessible Passageway Lighting Standards 

9.6.1 A publicly accessible passageway shall be illuminated throughout with an overall minimum 
average level of illumination of not less than 1.0 maintained foot candle (lumens per square foot) 
on the horizontal plane at grade. 

9.6.2 Such level of illumination shall be maintained throughout the hours of darkness. Light sources 
shall be white light. 

9.7 Continuity of Design 

9.7.1 Design elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Project's way-finding features. 

9.7.2 Where possible, materials, lighting, site elements and landscape shall be similar between 
different open and enclosed public spaces at the grade level. 
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10. PARKING 

10.1 Automobile Standards 

10.1.1 Base Standards 

The following standards shall apply for the base level of parking to be provided as the minimum 
for each use in the project area. The Regulations set forth below incorporate the parking 
requirements in the LAMC, where applicable, and supersede the LAMC requirements for 
development in the Development Agreement area. 

a. Commercial/Office / Retail: 

Two parking spaces for everyone thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or 
research and development buildings on any lot. The Regulations incorporate applicable 
parking requirements in the LAMC as set forth below. 

b. Sports Club: 

Two parking spaces for everyone thousand square feet of combined gross floor area. 

c. Hotel 

One parking space for each individual guest room or suite of rooms for the first 30; 

One additional parking space for each two guest rooms or suites of rooms in excess of 
30 but not exceeding 60; and 

One additional parking space for each three guest rooms or suites of rooms in excess of 
60. 

d. Condominiums (Residential): 

Two parking spaces per dwelling unit. 

One-quarter parking space per dwelling unit for guest parking. 

e. Rental (Residential): 

One parking space for each dwelling unit of less than three habitable rooms; one-and
one-half parking spaces for each dwelling unit of three habitable rooms; and two 
parking spaces for each dwelling unit of more than three habitable rooms. 

f. Combination of Uses: 

Where there is a combination of uses on a lot, the base number of parking spaces 
required shall be the sum of the requirements of the various uses. 

10.1.2 Shared Parking: 
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a. Shared parking may be applied to the Section 10.1.1 base rates for the Site when the 
uses have different parking requirements and different demand patterns in a 24-hour 
cycle or between weekends and weekdays. The intent is to maximize efficient use of 
the site by matching parking demand with complimentary uses. The calculation of the 
parking requirements shall be based on a detailed assessment prior to its construction. 

b. Calculating Shared Parking: 

10.2 Additional Regulations 

(i) The individual land use parking requirements for each component of a 
phase of development shall be calculated from Section 10.1.1. above 
to establish the "Base Demand." 

(ii) For parking spaces that are to be shared between uses, the calculated 
minimum parking requirement for the Site, including that new phase 
of construction, is to be adjusted from the Base Demand based on the 
procedures in Shared Parking, Urban Land Institute, 2nd Edition (2005) 
or another source as determined by the Director of Planning. 

10.2.1 The automobile parking spaces required shall be provided either on the same lot as the use for 
which they are intended to serve or on another lot located within 750 feet of the lot; said 
distance to be measured horizontally along the streets between the two lots, except that where 
the parking area is located adjacent to an alley, public walk or private easement which is easily 
usable for pedestrian travel between the parking area and the use it is to serve, the 750-foot 
distance may be measured along said alley, walk or easement. 

10.2.2 Curb cuts for driveways shall be located no closer than 50 feet to the intersection of two streets 
unless approved by The Department of Transportation. 
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10.2.3 Access driveways to parking facilities not at signalized intersections shall not exceed 28 feet in 
width. The minimum separation between drives located along the same frontage shall be 50 
feet. 

10.2.4 Parking and loading access shall be shared where feasible. 

10.2.5 Priority placement within parking structures shall be given to bike parking, car-share parking, and 
other alternative ride vehicles. 

10.2.6 Pedestrian entrances to all parking shall be directly from the street, except that underground 
parking garages may be entered directly from a building. 

10.3 Screening 

10.3.1 Above grade parking for the first 20 feet shall be lined with habitable floor area having a 
minimum depth of 20 feet along street frontages where feasible and shall be designed to blend 
in with the form and massing and to look like an integral part of the building, with the use of 
windows and/or cladding, or by landscaping, or green screens, or a combination thereof. The 
interior of a parking structure shall be designed to be screened from the view of streets and 
sidewalks. 

10.4 Bicycle Standards 

10.4.1 Bicycle parking shall be provided per Ordinance No.182386. 
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10.5 Transportation Demand Management Plan 

10.5.1 The Project shall incorporate a comprehensive transportation demand management plan. 

10.5.2 The transportation demand management plan shall set forth best practices that relate to the 
Project Site and the Project's building design features in order to: 

a. Promote bicycle and pedestrian circulation within the Project Site. 

b. Promote alternative modes of transportation. 

c. Create pedestrian linkages to public and private amenities outside the Project Site. 

d. Provide convenient and attractive onsite pedestrian linkages for routes to the Metro 
Red Line Station at Hollywood Boulevard and Vine Street. 

e. Provide adequate parking, but provide incentives to tenants and residents to utilize 
alternative modes of travel. The incentives shall include bicycle facilities, car sharing, 
discounted subway passes, and parking spaces as an only optional part of all lease and 
sale agreements. 
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11. SIGNAGE 

11.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 181340: Hollywood Signage Supplemental Use District 
(Amended) pursuant to Section 13.11 of the Los Angeles Municipal Code. 

11.2 Modification to Guidelines 

Notwithstanding Section 11.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig. 11.2. 
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12. SUSTAINABILITY 

12.1 Non-Residential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 
square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of SO or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the Leadership in Energy and Environmental 
Design® (LEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

12.2 Other Projects 

The project must include a LEED® Accredited Professional (LEED® AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USGBC) LEED® 
Certified level. Formal certification by the USG BC is not required. 
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Awning: glazing or fabric on metal frame structure supported entirely by the building to provide 
weather protection at doors, windows and/or storefronts; may be retractable. 

Base: the lower portion of a building located at or within 150' above curb level. 

Canopy: glazing, fabric and/or metal structure with vertical supports located on the sidewalk to provide 
weather protection at a building's primary entrance. 

Expression band: a distinctive linear architectural element occurring on the building base facade at the 
highest floor. The band shall be contrasting in color, texture, material and/or fenestration from the adjacent 
building base facade. Projections may occur within an expression band. 

Grade level open space: a continuous open space fronting the street and open to the sky. 

Maximum building height: the maximum height permitted, measured from the adjacent street curb level. 

Maintenance: the ongoing repair, care and upkeep of a property. 

Open space use: active and passive recreational areas accessible to the general public, except as noted 
herein. Open spaces can occur in publicly accessible passageways, grade level open space, residential 
common open space and residential private open space which are defined herein. 

Preservation: in conformance with standards and guidelines of the Secretary of the Interior, the act or 
process of applying measures necessary to sustain the existing form, integrity, and materials of an historic 
property. 

Publicly accessible passageway: a continuous through-block public connection between two parallel streets, 
located on privately owned land and designated for and designed to encourage public pedestrian circulation 
and other appropriate public uses. 

Rehabilitation: in conformance with standards and guidelines of the Secretary of the Interior, the process of 
returning a property to a state of utility, through repair or alteration, which makes possible an efficient 
contemporary use while preserving those portions and features of the property which are significant to its 
historic, architectural, and cultural values. 

Required street wall: a wall or portion of a wall of a building facing a street or grade level open space which 
must be built to a maximum height above curb level. 

Required street wall articulation, aggregate width of: the sum of the maximum widths of all segments of 
required street wall articulation on a street at the level of any story. The width of a required street wall 
articulation is measured in plan as the width of the street line from which perpendicular lines may be drawn 
to such required street wall articulation. 

Residential common open space: a "rear yard" providing light and air to apartments on the interior of a 
parcel located at any story above curb level. 

Residential private open space: open space that is contiguous to and immediately accessible only from a 
single dwelling unit. 

Setting: the area or environment in which a historic property is found. It may be an urban or suburban 
neighborhood or a natural landscape in which a building has been constructed. Elements of setting can 
include the relationship of buildings to each other, setbacks, views, sidewalks, and street trees. 
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Storefront: the architectural facade, including doorways, of any tenant-leased premise perimeter adjacent to 
public circulation areas. Storefronts refers to all permitted residential, retail uses including retail, service, 
restaurants and cultural establishments and commercial uses, including but not limited to hotels and sports 
clubs. 

Tower: the portion of a building located above 150' above curb level. 

Transparency: architectural elements that can be seen through or allows light to emit through, including but 
not mited to glass, trellis and wire mesh. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Hollywood LLC 
unless otherwise noted. 
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CO-0001-230 

Blake Lamb - Millennium Hollywood Design Guidelines 

From: 
To: 
Date: 
Subject: 
CC: 

"Kearns, Rick" <rkearns@handelarchitects.com> 
"Blake Lamb" <Blake.Lamb@lacity.org> 
717/20107:23 AM 
Millennium Hollywood Design Guidelines 
"Kevin Keller" <Kevin.Keller@lacity.org>, "Handel, Gary" 
<ghandel@handelarchitects.com> 

Page 1 of 1 

Attachments: Capital Records_Millennium Design Guidelines.pdf; Capital Records Design 
Guidelines Exemplar.pdf 

Blake - as promised, attached are the revised guidelines. We revised the text to distinguish the standards and the 
guidelines per our previous discussions and eliminated, to the extent possible (without compromising clarity), 
variant terminology. We organized the text under six major headings: density, height, massing (redefined to be 
community-oriented as "building and street experience"), tower, open space and landscape. We defined 
landscape to include all environmental aspects of the project to be experienced at eye level not including tower 
and massing provisions. Thus, rather than include a separate, general section for lighting, we thought that it was 
better organized under a subheading in landscape. 

We have also included examples of how we can use graphics to help better illustrate the rules through renderings 
and photographs. Images in the examples are used as placeholders only. 

We are confirmed for Friday, 9AM at Capitol Records, I will send out an email with room location later today. 

See you on Friday. 

Best, 

Rick 

Rick Kearns 
Senior Associate 

HANDEL ARCHITECTS LLP 
150 Variek Street 
New York, NY 10013 
t 2125954112 
f212 595 9032 
www.handelarehitects.com 

file:IIC:\Documents and Settings\bkendric\Local Settings\ Temp\XPgrpwise\4C342B82dom... 717/2010 
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From: 
To: 
Date: 
Subject: 
Attachments: 

CO-0001-231 

"Kearns, Rick" <rkearns@handelarchitects.com> 
"Blake Lamb" <Blake.Lamb@lacity.org> 
7/6/201012:04 PM 
RE: Millennium/Argent Hollywood Meeting 
20100615_SK.PDF; 20100615_SK.PDF 

Hi Blake, We are confirming the meeting at Capitol- we should have a 
response by tomorrow. 

We overlaid the proposed guidelines on the Entitlement Scheme and the 
attached documents show what is impacted on both sites. The grade level 
open space needs to increase on both sites and the pedestrian through 
block connection (PAP) needs to be added to the west site. We increased 
the amount of retail/restaurant area along the PAPs to meet the minimum 
retail frontage requirement. The hand sketch plans show the revised 
layout. We can discuss further at our meeting on Friday. 

Regards, 

Rick Kearns 

Senior Associate 

HANDEL ARCHITECTS LLP 

<http://www.handelarchitects.com> 

From: Blake Lamb [mailto:Blake.Lamb@lacity.org] 
Sent: Friday, July 02, 2010 5:55 PM 
To: Kearns, Rick 
Subject: Re: Millennium/Argent Hollywood Meeting 

Dear Rick, 

That is a great idea. Either location is fine in Hollywood. Just let us 
know what you decide and see you then. 

Have a great holiday weekend, 

Blake 

AR0068214 
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DBS Case No: CM2008-0287 

Address: 1750 N VINE ST 

Comrn@nts: 39 
Use FI~r 

CO-0001-970 

.12191'2013 

Case Summary 

St.llb~ Left volcerna!! message for Alfred Fraijo on 8/21 

~ MQdmoo by~ Cnarmie Huynh 

'Created: e!2U200a.4~35 PM 
Modmoo:.Bj21!1O?S 4:35 PM 

I"mml DepartInent of Bulldlng and Saf-ety 

iFl:l~CMNGS 

SI.i~ Project Walk through meeting 

II...smIrt; Mooifissd by: Charm!e Huynh 

If''''I:I,,m: Department of Building and Safety 

iF@id.m CMNGS 

Met with AlfredQ Fraijo and Jerry Neuman from Allen Matkins 

-Walked through project' 

,': V_' 

There are :2 sites":': .' ".' ,',. :>:;:.~::~ . n 

- . . ""', ;: ' :". """ , '0'" '.'," , .... " ,. ' . ', ... ,.,,' ' .. .-

-East: Site (where the ~xlsltlng Capitol Records building will remain) wi!! indudea new 48~5t6rY"":,,, 
(554') residential rondo and office . .' . ' '. . :, 
-West Site (across the .street) will include a new 38-story (482') res!dential'condp" gro'u"i1d.f!oor.retaH .,':. 
and restaurnnt,sp,ar and 16 story 200 room hoteL " . '. ,: ,.' , :,' , , 
-Stm In design phase, . ',' 
-possible subsurface cOnnection through vine street 
-plannlng to make plan amendment in dec 08 
-they have qUe$tions abOut b~h::onjesjvlewdecks and FAR .... 
-one parklng valianc~ for health dub .. ' .. ', 
-some offsite parkin9l'iilready onslte for 40 spaces for a retal! shop down the. str.eet· " 
-enterprise lot,(sep ownership for now, but they want to obtain It),:,.':,-:,· ';':'.',' .. ' ,,, 
-hlstonc. elements are,not touched " '/. : : "':,; ., 
-haul route hearing required " . :,", 
-kevin keller Is the contact from city planning '. , 

'-;, . 
-charlie fausrn too from d larmln.;;t...._. _______________ --;-:-~___::_:_-·:.....----'-......,....,.... 

.:. v',' • 

e" ". 
.. ', ;, 

,:, 

<, '. 

s.ub~ email to.telest~to Update high rise ilst '::; ~te;F9151200Bg;Q3,AM 1,< \ 
,·,~OO!fie?::.¥151?-()~~;Q,3 AM i" '. 

Uiss:'!: fliDd!fil!ld by: Charmie Huynh 
,", .; ..... '. 

From: Departmellt of Bulioing and Safety 
Folder. CMNGS . " .:' ':'," .' !~ 

Tower 1 (East Site) '-48 story residential conoo, office, ground floor,retail ari(tp~'~~j~g:..;' "', :.£",-' < " .. 
Tower 2 (Wes~Slte ) - 38 Story residential condo, ground floor restaurant and retaiJ,parki~g:: 
Tower 3 . West Site - 16 St~,!:y Hotel ." ~ 

Slj,!bj~ Feas!btlitY Study Meeting - WIll ADD DETAILS TO THIS ACTIVITY 
LATER.' . ' 

I.lIIlSSt MDdffied by: Cha.rmie Huynh 
" '. ' • ~,~", <. '.,,::, 

From: Department of Building and Safety . '. ~ 

AR0068218 



CO-0001-971 

~bject: Spent time discussing project with Nick Trotta. (WiH ADD DETAILS 
, TO THIS ACTIVrrY LATER) 

LIm MiMOOoo byt Charm!e Huynh 

Frorn~ Department of Building and Safety 

Cre@t~d; 9/16/200 
Motllfled: 9/17/2008 5:13 PM 

I~CM.~N_"G_S~ __ ~,~,~, ____ ,~ __ ~ __________________________________________ ~ 
5h.l~ My ema!! to Alfred and Eleanor/Allen Matkins RE follow Up Items to 
our Feas!bmty Study 

tmt:M~11"k!!d by: Charm!e Huynh 

Fmnl~ Department of Building and Safety 

Ftlldftr. CMNGS ,. 

Hi Alfred and Elean~rf '" 

Created: 9l17!200n 5:14 PM 
Modified: 9/17/20085: 14;>1'1 

I wanted to fOJlow up with you on our meeting yesterday regarding the Capitol Records sites. 

1. Regarding the yard designatIons: we can consider all of the frontages on the streets as "Front 
Yards8! ( and the rest of the lot lines as "SIde Yards", However, we would also request that these 
8!yard designations" be called out in your planning entitlement. 

2. ,Regarding the resldent!al and commerda! parkIng combined on an above grade parking level: any 
floor !evel containIng reSidential parkIng wi!! have to observe residential yard setbacks (front yard 
not: requIred in C zone~) even If the residential parking is located In the interior of the floor and away 
from the lot lines. You wi!! need a yard variance if you are proposing to have the above-grade 
parking levels containing residential parking at 0' to the property line. 

3. Jameson suggests that you speak to Greg Shoop at the City Planning Counter (4th floor of 201 N 
Agueroa st), There may be creative ways to exceed the 6:1 FAR without the genera! plan 
amendment. ' 

Thanks, .. :. ::: :', :.': ;. 

Charrnie Huynht PoE 
Structure! Engineering Associate case Manager 
City of Los Angeles/Department of Bull ding and Safety 
221 N. Figueroa Stf Suite 180 
Los Angeles: CA 90012 
T. (213) 482-6875 " • 
F.(213) 482-6874·: . J' 
Cnatmie,Hu'tnh@!adty,ofQ, ... :......... ___ ~ ______ ~ _____ ~ _____ -'--______ .. 

Sl.lbj~Ejeanj)r Ord/AHel1 Matkins acknowledged my follow up email sent on 
9/17 
~'Moomed. by: Ch~!Tl11e Huynh 

Fm~: Department of Building and Safety 
. .'. - . 

!"oMer. CMNGS ::, 

c::re.!St1%j: 9/29/2008 9:;31'$ AM 
Modified: 9jZ9!200S 9;38 AM 

121912013 
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Case :summary CO-0001-972 

Thanks fur getting back to us before your trip, I hope you an have a great time/~l1dwE;!·llbe in touch 
on your return. :. ' .. c," 

Eleanor 
-----Orl910a! Message-----
From: Cnarmie Huynh [mai!to:Charmle.Huynh@lacity.org] 
Sent: Wednesday, September 17,20085:16 PM 
To: fraljof Alfred; Ord, Eleanor 
Cc: Jameson Lee 
Subject: 1750 N Vine St - Gapitol Records Site - CM2008-0287 

Hi· Alfred and Eleanor, 

I wanted to follow up with you on our meeting yesterday regarding the Capitol Re~rds s!te...:; .. 

1. Regarding the yard designations: we can conSider all of the frontages on the streets as ~front 
Yards" f and the rest of the lot Hnes as ~5ide Yards". However, we would also .. request that these 
"yard designatfon¥~ Oe·called out In your planning entitlement. . '." , ",,,: ;,:,'.<: 

,'.- -: 

20 Regarding the residential and commerda! parking combined on an above g~a'e:par:ki~g.le~e!::anY . 
floor level containing ~sidentia! parking will have to observe residentlalyard setbacks (fiunt yard.".· .. , 
not requfred in.C zon.es) even if the residential parking is loc.ated in the !ntef!or..Qf·th~fi..OQr"~n(faway .. ;: :" .. 
from the jot lines .. You will need sa yard variance if you are proposing to have the' aQbve-gra~e ;" ...... ~:: . 
parking levels containing residential parking at 0' to the property line, .- '., ':',.' ;.' 

3, Jameson suggests that you speak to Greg Shoop at the City Planning Counter Hth.f!oqr:of:201N 
Figueroa St). There may be creative ways to exceed the 6:1 FAR without thegcryEen:d:plaA<::"; :.,.::::.'. 
amendment,··., . '. ',:' '" . .:.- .' .... . 

Thanks 

Charmie Huynh, P.E, 
Structural Engineering Associate case Manager 
City of Los Angeles/Department of Building and Safety 
221 I'll. fJgueroa .St, Suite 180 
Los Angel$Sj c:A 90012 
To (213) '482-6&75 . 
F. (213) 482-6874 . 
Charm/e. Huynh@lacitYoorg 

" . 

.. ', 
. :,r. , . 

..... : ..... . 

", >'.,." 

,-:1 ... 

...... j',: 

c· {o, 

" : 

;,.-" < 

. , . . ~ 

. ", "", . 

o '.' .! .. :, ,'0.: c 

~ .... ""''''''''''~'''''''''''''''''''_"'''''''''''''_'''''~.~~'''''''''' ............ ~.~ .... ~ .... ~ ••••••••••••••••• ~_~~""'~~"""""''''''_'''''n_~_~''''''''''''''''''''''''''''''''''''_''''.n''''''''' __ ono"",_",,''''''''''_~_~~'''''''''' ••• :, 

IRS Circular 230 Disclosure: To ensure compliance with requirements impose'd' by;,th~ :I~~ please ,be '. 
advised that any U.S. feqeraltax advice contained In this communication (lr'!f;:!ud~Og any.:::>~>:.· .. 
attacilmentsfjs;not 'intended or written to be used or relied upon, and·cannot b,E!used :6t-r.eUed <:,;,'; " " 
upon/ for the purpose of (I) avoiding penalties under the Intemal Revenue ·Code~Qr{iirp(6"nl0ting/ .. · 
marketing or recommendIng' to another party any transaction or matter addr.esseQ herein; ..:. ; _ ',' 
Confidentiality Notice: The information contained in this electronic e-mail'and ;;ifiy ;:u:companyirig , .... 
attachment(sJ is intended only for the use of the intended redplent and may be. ccinfide·nti~l,.arid/or ' 
privHeged. If ;mlY reader of this communication is not the intended redpient, ! .. H1au~hor!z~d·use": . 
disclosure or copying is strictly prohibited, and may be unlawful. If you have received this' '.' 
communication In ermr, please immediately notify the sender by return e .. mai!', and.de!et~·the· 

,'. 

" . 
orl Inal messa e.and ·all to )les from OLiI:: .. ~y'g~:f.!J.. . ............................ ,:,~,:: .. , ..... " .. .'::' " '.,." 

• 0 ' •• ~" '.. • 

http://boemaps.eng"cihLca.U1;/edits""""demo/reports!cas~ummmary.c:fin?proj_Jd=1076S' 
.' • • 0 
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Case Summary CO-0001-973 

:SubjeOO Meeting with Project Team to discuss balconies and FAR 

lJiilrt Mooi1%d by: Charm!e Huynh 

From: Department of Building and Safety 

RlI~.r:: CMNGS· 

Spe~t time reviewin~ ZA2007-03430 (ZM) prior to meeting, 

rage 4 or 40 

Cre!lted: 10121200, 
Modlfied: 10/612008 10:01 AM 

In attendance: Peggy Paman (executive an:h); Jerry Neuman/Allen Matkins, Alfred Fraljo/Allen 
Matkins, Gary Handel/design arch; Ed Tacy!banajdesign arch, and Tom Tryninjdeveloper 

Main issues: 

-do the leftover spaces that are less than 6' in dimension count as FAR (ZAI 2007-3430 states that 
one of the conditions to benefit from this interpretation is that the balcony must qualify as Open 
Space as per 12.21-G,2(b)(2) 

-how do we measure the 6' measurement that qualifies a balcony as private open space 

-wUi LADBS consider the wood lattice and the glass curtain wall as balcony enclosures? 

We discussed the projecting living moms. the area above the living moms (open and unenclosed 
except for guardrails, and the measurements do qua!!fy fur private open space) are not FAR 
(confirmed this also with Jl) 

We discuss HOTEL Setbacks - hotel is defined as a residential building and must observe required 
setbacks. They wHi apply fur a variance for the screen wan at the pJ. if it is attached to the building. 
I did not see a d~~.!Lof th!? "screen ~.~il:.~. __ . _____________________ --I 

Sl.ibj.m::t:t Worked on coordinating the pre-development meeting, reviewed 
project files, phone conversations with the attomeysjapplicants. 

UISt MoolfuW by: Charmie Huynh 

From: Department of Building and Safety 

hidliSt':! Pre-Development 

····c:;.;;,~d; 10/6/200 
Mootfu!.d: 10/912008 7:27 AM 

Thanksl Charrnle. Attached below is the Project Description. Please let me know if you need anything 
else. 

Eleanor 
----'-Ortginal Message-----
From: Charm!e Huynh [mailto:Charmle .• Huynh@ladty.org] 
Sent: WedneSday/October 08, 20089:36 AM 
To: Om, Eleanor .... \, 
Cc: Frnijot Alfred; Neuman! Jemld 
Subject: RE:, MiHennium Hollywood PDM Materials (Email 1) 

Ok, I'll invite Lambert Glessinger to attend. Also, I'll need the project narrative before I send out the 
meeting ,i!j\f.itatlcm" . 

Thanks 
Channie .. 

.'; . 

http://boe.maps,eng.dJa.ca.us!edit:s .. ~demo/reportsJcaseummmary.cfm?proiJd=10765 
: ,.' ", 

12/9!2-O13 
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Case 1Summary CO-0001-974 

»> "Ora! Eleanor" 1017/2008 7:19 PM »> 

Yes! we'd like the Office of Historic Resoun:::es to attend, 

Eleanor 
-----Orlgina! Message-----
From: Charm!e Huynh [mailto:CharmleoHuynh@lacityoorg] 
Sent: Tuesday, October 0'1 2008 2: 18 PM 
To: Grdl Eleanor 
Cc: Fraljo, Alfred; Neuman, Jerold 
Subject:: Re: Millennium Hollywood POM Matena!s (Emai! 1) 

Thanks 
Charmie 

»> "oral Ele;;lf1or" 10/7/2008 12:08 PM »> 

HI Cnarmie, 

.: _ .- c : ~. •• ."" 

.•..• 0.·.·, 

.:.', . 

'.' . 
~ '> '. ' .. , 

Becallseofthe qty i!ml~son email file size, I'm going to send YOLI the PDM~r:n~t~~:~]'~:~~r\~'~,~~iioi, ,~.: 
Records project in a 5erie~ of emafls. Attached here are (1) our ilst of Issues anc(questiops'futtrle" "',', 
City Departments and (2) a roof plan showing the project setbacks and s!dewal~:w!dths; ,: ',: :, ' " ",'" 

WIth regard to PDM ~ttendeesl we'd like Kev!n Keller to attend from p!annin~ian'd,To~~~' t~~~z~:~''::; 
from DOT. We've been working with Kevin and Tomas and both are famHiar with the j>rojett.: It'snot 
necessary to lnv.ite anyone from eRA to the POM, We've been working with ,Kip RUQdand will ::::,: < 

- ,'~ 

schedule a separate CRA meeting with him. , ,', ' " 

,Fim~HYiwe'd!ik~ to,' torinril1 October 22nd at 1:00 pm for the PDM. Thai1~ f~t~~~i:~g:<fre:ii~i~.wi~h'~t'he"',:',;:,:: " 
time - 1 :00 pm works well for everyone on our team. ' ,,' ' , ,', ' :,'" . ' 

.,' ." " '. 

Thanks, 

Eleanor 

Eleanor M. Ord ' 
Attorney at Law' , 
Allen Matkins ' 
515 South Figueroa Street, 9th Floor 
Los Angeles, ,CA 90071 
DIrect: 213-955-5653 

,'", 

, , 
" ' 

Fax: 213,,620-8816"; , ;' -=-;;:;;.:,;:.....;;:c:.:.:;,::c,-"'o=-=~_~ ___ """"""""""""""""""""""""" __ ""''''' __ '''''''' ____ -,--_~~-,---~~~~ '.'" ' 

SUIbj~ My fomoW up email to project team and JL RE balconies and FAR 

, l..Jssd: M'iJ>d!tmd by: C~armje~uynh 

IFlI"mIt'8l Department of Building and Safety 

1I"o1Wa!!1": CMNGS 

Hello Afl, 

. ';, ~, 

Ol!il9t~d: 10/6/ZooiE'Eii'" AM,,' , 
, ~oO~f.tI;, W!6/20Q8 ,11: 1$,,4'%11 ',,': 

" '" "', ,~,.,. " "',' eO< '.' 

,:' 
, ..,. 

,. ,'. 

. ," , 
," ~ ~;. <:. . n 

,.' ... ,,"; 
'u '",". "':, f 
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Here's a summary of my discussion with our director Jameson l.ee regarding the questions you 
posed during our meeting last Thursday, Oct 2: 

1. Leftover areas that are less than 6' In dimension, but are a part of the balconies that do qualify as 
private opell space as per 12.21G2(b)(2); Are these counted as Zoning Code Floor Area as per 
ZA2007-3430(ZAI)? 

No~ we will not count these as Zoning Code Floor Area as long as these areas are a part of the 
balconies that do qualify as private open space per 12.21G2(b)(2). 

'(.-' . . ". ,'.' .;.:1 ; 

2 . .Interpretation of the measurement of the 6' dimension; 

You wiH need to measure the 6' dimension perpendicular to the boundaries of the open space area. 
However, y!lU may stili have the cmiftguration of your ba!conles the way you have designed them so 
far if you have at least SOsf of qualified private open space (Le., 6' measurement perpendicu[ar, 
etc.) anywhere em the balcony, If SUr then you can have ttle entire bafcony benefit from ZA2007-
3430(ZAI). This foliows with our interpretation from #1. above. 

3. Fixed Wood Lattice with Meta' Frame that provide Sun Shade - Does this count as an endosure 
for the balconies? 

Yes, we will consider this an enclosure for the balconies. You may request to the Department of City 
Planning that they make the determination to not consider these screened balconies (be specific with 
the description of the screens) as "enclosed balconIes" and thus not counting towards the FAR, You 
would need to have th!s request as part of your entitlement package. 

4. G!ass Curtain Wall as another ~5un shade screen" for balcony areas 

See #3 above. 

5. REGARDING the wood lattice with meta' frame (This issue was not discussed during our meeting): 

I would like to mentkm that for Building Code purposes, Type I construction typically does not allow 
combustible material. Please look into this issue, 

6. Another issue that was not discussed at our meeting: 

Please contact Greg Shoop from City PlannIng regarding possible alternative ways to increase the 
allowab!e FAR w/o having to do a GPA, Greg can be reached at 213-482-7074. If there is another 
way around this maX FAR Issuet then most of your balcony issues would be soived. 

Please let me know If you have any questions. 

Thank yaLl 

chaiTnie Huynh, P.E. 
Structural Engineering A.,,>soclate C~5e Manager 
City of Los Angeles/Department of Bulldlng and Safety 
221 N, Figueroa Stf Suite 180 
los AngeleslCA 9001.2 
T. (213) 482-6875 
f, (213) 482-6874 . 
Cha~!.~.~.t!~ynh@j~:::.:ci:;::.ty!...::,..:::o:..:irg:l;... ___________________________ _ 

12/912013 

AR0068223 



CO-0001-976 rage f or if!} 

Subj¢ Worked on coordinating the pre-development meeting. reviewed 
project files, phone conversations with the attorneys/applicants, PART II 

~ Mlod!l'les:i by:: Charm!e Huynh 

From: Department of Building and Safety 

Created: 1017/200e 
Moomed: 10/9120081:27 AM 

F!:Oki.ar. Pre-Development! 

Thanks, Charm!e. Attached below is the Project Description. Please let me know if you need anything! 
~~, . 

Eleanor 
-----Orlginal Message-----
From: Charmie Huynh [mailto:Charmie,Huynh@ladty,org] 
Sent: Wednesday, October em, 2008 9:36 AM 
To: Ord, Eleanor 
Cc:: Fraijo{ Alfred; Neuman, Jerold 
Subject: RE; MHiermium Hollywood PDM Materia!s (Emali 1) 

Hi Eleanor, 
;c. 

Ok? I'll invite La!T1bert Giess!nger to attend. A!so, I'll need the project narraUv!?befpreI~e:rdoqtthe 
meeting Invitation." .. , '.' ., ,.~ . 

Thanks 
Charmie 

»> "Ord! Eleanor" :10/7/20087:19 PM »> 

Charmle, 

Yes, we'd'li~etheOffk;e of Histqric: Resoun::es to attend. 

ThanKs1 

EleanDr 
--~--OrI9!na! Ne$sage--~--

From: Charm!e Huynh [malito:Cham1ie.Huynh@!acfty.org] 
Sent: TuesdaYt'OctQber07f 200B 2: 18 PM 
To: Oro, Eleanor c. ,',". 

Cc: Praljo; A!fred;Neumao, Jeroid 
Subject:Re: MilIenr!ium Hollywood rDM Materia!s (Em<;iit 1) 

• -'> •• 

.. ,_. 

' .... '! 

••• > ' 

. , . 
"',,' .. "., . 

• _.' '0''.' ' ; ';." 

Also, would yoti need someone from the Office of Historic Resources (Planning) :to'atte~d fhls pdri1~. " 

Thanks 
Charm!e . '.~' 

»> "Ord, Eleanor"·10/.7/:?008 12:08 PM »> 

'. <0' 

'. ' . . ' ...... 

Because of ~he City limits on email file size, I'm gOing to send you the PDM 'material?fot:tfie:c~pito'j: ',: .. 
Records project" in a series of emaHs. Attached here are (1) our list of Issues 'and questions'· for· the ' .. " 

City Departments and (2) a roof plan showing the project setbacks and sidewalk widths:, . 

. , .... "':"':'," :, -., .. < • 

http://boemaps,eng,ciJa:ca. usledits .... d~mo/repo:rtslcase .... sllinmary . din ?proL io':'" 1 07p$ "' '. 
~ . ' .. o· .~.', ~ . ",.1".: 
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from POT, WaVe been working with Kevin and Tomas and both are famifiar with the project. It's not 
necessary to invite anyone from CRA to the PDM. We've been working with Kip Rudd and wiH 
schedule a separate CRA meeting With him, 

Finally, we'd ilke to confirm October 22nd at 1;00 pm for the POM. Thanks for beIng flexible with the 
time, 1:00 1?m works well for everyone on our team, 

Thanks, 

Eleanor 

Eleanor M. Ord 
Attorney at law 
Allen Matklns. 
515 South Rgueroa Street, 9th Floor 
Los Angeles, CA 90071 
Direct; 213-955-5653 
Fax: 213-620-8816 

Sllil:i~ Worked on POM. Sent out Mtg Invite and Project flies, Mtg 
scheduled for Wed" oct 22 from 1-3pm 

Cro<sted: HI/9/2(lOS 7:26 AM 
MOOIfied: 10/9/2008 7:26 AM 

Wi!IIS&t M8:id~ by: Charmie Huynh 

From: Department of Building and Safety 

lFotd9!!lr.' Pre-Development 

Helio, 

You are invited to a case management pre-development meeting for the proposed Millennium 
Ho![ywood Hlgh Rise projects at 1750 N Vine St (East Site) and 1751 N Vine St (West Site). The 
Project Narrative is attached to this ema!1. 

Date: Wednesday, October 22, 2008 
Time: 1:00pm - 3:00pm 
Location: 221 N Figueroa St,t Suite 180, Los Angeies, CA 90012 

Applicant: Alfredo Fraljo, Attorney at Law, Allen Matkins, 213-955-5607 

Questions and Issues for the City Departments: 
. " 

i.} Pianl1ltig/Building &, Safety: 
, ,." ~'.~ ~', . , "';' ''.: ' 

Confirmation of reqLlired entitlements with respect to the proposed project (are any other 
entitlements required?) 
O::mfirmatlon of setbacks provided 
Are there minimum distance requirements between the two towers? 
Are there minimum distance requirements regarding light and air for windows facing windows, aHeys 
or iot!ines? 
Confirm loading spaces required for the project and their required dimensions 
Discussoa!cohy enclosure and screening issues (2A 2007-3430(ZAI) Memo) 

. -,' " " " . -
, .'. 

2:) Public Works: 

Are anyoffsite Improvements required, such as street widening, other than what a traffic study 
mlghU;uggest?· . :. 

12/912013 
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Ca.oe;e Smnmary CO-0001-978 rage>, 01 "to 

Confirm sldewa!k·and street dedication requirements 
Sewer facility charge and credIt 
Adequacy of storm drain system near project 
Confirmation of sewer capacity availabIHty 
Are there any reqUIrements for ensite storm water retention, treatment, discharge during 
c:onstnJctlon and/or operation? 
What are the required public improvements regarding street trees etc? 
What are the required public improvements regarding street ilghts? 
How will the Walk of fame be handled during mnstn.Jction? 
Task force to determine viability of underground tunnel and obtalning a franch!se·. 

30] LAFD &. Fire Hydrants and Access: 

What are the type and location of deslred fIre Dept. turnarounds? 
Where should on-site hydrants be located? 
What fire lane access is required to the bulldings? 
How do hydrant and fire equIpment access requirements impact the layout of uni!;$? 
General review of and input related to the proposed site plan regarding fire D?pattmeqt . 
requirementso .. :.;., . t.' . 

Observation deck fire aocess issues! including capacity, fim escape and e!ev?l~o'r;'~" ,: .'.:' ,. 
, :'. 1.-' 

. ,'". 
'.: .,' 

40] DW?:' 
- .,' 

..... 
'" - ".:, .. : 

Will we be required to provide public or private utilities? , '. 0'" 
Requirements for under grounding utilities, if any, '.. . 
How wi!! project be metered relative to the air lot subdivision? . , ....:",.::>...... . 
PotentiaL reloq.'ltlon of traffic island and right-hand tum lane at comer of Yl)cca ahdArgv!~ td:r~ate, 
a park . ..:":' ',: .. ; .... :. , .' . , 
General review and input regarding the proposed site plan and DWP requlrements,'lnduQing .·water ", ... ' . 
and power service availability, water and power connections and dear dlstancefrom existtnSl 0(' , .. 
'future power lines,.' . . .' ' 'L . '.. . : '.'. , 

Your attendance is greatly appreclated, If you cannot attend, please reply tome .via em~'!1 with' your:' 
comments and any Information you can pass along to the Applicant to ad~!ress th~lr.C:9rll:erns!Jss~,es.~ .. 

.... ' 

Attached are seine of the project files, I wi!! be sending an addltiona!46the;'eiTIan;·c.~ki:~\~;~·~:th~:·.':!':.::' .' 
project flies, . . . ,0 ',',. " ".' • , 

Thank you 

Charmie Huynh, P,E, 
Structural Engrneering Associate case Manager 
City of Los Aflgeles/.Department of Building and Safety 
221 N, Figuer:ua St, Suite 180 
Los Angelesl CA'90012' . 
T. (213) 482-6875 .. 
P, (213) 482-6874 
Cnarmie,Huyni1@iacity,org 

','. ':' 

f ~ '. , 

. , .. 

:~ ...... 

lA., :.,. 

.. " .... , ';. 

14 Arutmmellu: . '1'~ 'Ii ~ .. " ,.,,' .,.: I'· 
""'--................. -----~----'~..,........- '. " . " ', ....... '.', .... .. ... _ .............. :---.:,-..:. 

..... --.. ---:------~ 
" Su~ lambert Glesslnger'from Office of Historic Resources w1i! be out of '.' 
. town, He suggests I invite Ken Bernstein 

~MOOmM by; Charmh:e Huynh 

from: Department of Bulldlng and Safety 

... . , . ~~, ':'", 

" """"" ;", 0/""98 -j ,'" "" Ii : " 
. Mod!fled: 1()!9!200IJ 7:~a AM 

.' .. : .. :: .. "~' .:':':,":,:..'::' . 

, . , 
• 0 • . . 

:.', " 

; . 

http://boernapsocngoci,1a.ca,us/edits_demo/reportwcase .... $.l.ID:unary.c:frn?proj .... id=l076~, . . 1:219/20.13:. 
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!'Older. Pre-Developm~nt 
• " • '. ! . 

ThankS lambert. Can you forward the groupw!se email Invitation to Ken? And also all the project 
files? Please let me know. 

Thanks 
Charm!e 

»> lambert Giessinger 10/8/2008 5:11 PM »> 
Ch,a~le" ': ,~, '.: f\ .", ' 

I wfllb~: ~~ of tow~: yo~ may want to invite Ken Bernstein In my absence. Thank 'lOlL 

Lambert 

»> Charm!e Huynh lO/B/200B 4:46 PM »> 
Hello, 

You are Invited to a case management pre-development meeting for the proposed Millennium 
Hollywood High R!seproject:s at 1750 N Vine St (East Site) and 1751 N Vine St (West Site). The 
Project Narrative is attached to this email. 

Date: Wednesday, October 22, 2008 
11me: 1:00pm - 3:00pm 
Loc.ation: 221 N FJgueroa St., Suite 180, Los Angelesl CA 90012 

Applicant: Alfredo fraljo, Attorney at Law, Allen MatkJns, 213-955-5607 

Que~ti~ns and' Issues for the City Departments: 

1.) P!arm!ng/Bullding &. Safety; Confirmation of required entitlements with respect to the proposed 
project (are, any other entitlements reqUired?) Confirmation of setbacks provided Are there minimum 
distance requirements between the two towers? Are there minimum distance requirements regarding 
light and air for windows facing Windows, alleys or lot lines? Confirm loading spaces required for the 
project and their required dimensions Discuss balcony enclosure and screening issues (ZA 2007-
3430,CZAI) Memo) 

2,) Pubilc Works:Are any offsite improvements required, such as street widening, other than what a 
traffic study might suggest? Confirm sidewalk and street dedication requIrements Sewer faeillty 
charge and credit Adequacy of storm drain system near project Confirmation of sewer capacIty 
availabmty Are there any requirements for onsite storm water retention, treatment, discharge during 
construction and/or operatIon? What are the required public improvements regarding street trees 
etc? What are the required puotie improvements regarding street lights? How will the Walk of Fame 
be handk~chh..!iin!t 'construction? Task force to determine viability of underground tunnel and 
obtaining ;a' :f'r;:lnchise . 

3,) LArD &. fire Hydrants and Acc:ess:What are the type and location of desired fire Dept
ttu'm~rotJnds? Where should on-site hydrants be located? What fire lane access is required to the 
buildings? How do hydrant and fire equipment access requirements impact the layout of units? 
Genera! review of and input related to the proposed site plan regardfng Fire Department 
requlrements:Observation deck fire acce.ss issues, induding capacity, fire escape and elevator. 
. :. .. . ~.:.:~ .. ~~o.::i':": ' .. ' . .' ... ~: ~ 
. ~ : ' 

.. , ;:;:T' :' ':'~;' 

1219/2013 
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Case Summary CO-0001-980 

4.) DWp:Wm we be required to provide public or private utilities? Requirement~;-for under grownding 
utilitiesl if sny. How wi!! project be metered relative to the air lot subdivision? Potentia! relocation of 
traffic Island and right-hand tum lane at corner of Yucca and Argyle to create a park General review 
and input regarding the proposed site plan and DWP requirements! induding water and power. 
service availabmtyf water and power cormectlons and dear distance from existing or future power 
lines. . - - ' .... :, 

Your attendance is greatly appreciated. If you cannot attend, please reply to me via emal!with-your 
_comments and any informatIon you can pass along to the Applicant to address: their concerns/issues. 

Attar.hed are some of the project files. I wl!! be sending an additional 4 other ernai!s containing the 
project flies. 

Thank you 

Charmie Huynh, P.E. 
Structural Engineering Assodate case Manager 
City of Los Angeles/Department of Bu!!ding and Safety 
221 N. Figueroa St! Suite 180 
los Ange!esr CA 90012 
T. (213) 482-6875 
F, (213) 482-6874 

-.91arr.n~t!~_~!aclt'i&r.!L..........m_ 

-~--------------' ~----------.---~--------------------------' 
S!.IDjes::t: Hector Banuelos! Street Tree will attend the porn 

Lisl$t IMmlI~l: !:sf: Charmie Huynh 

From: Department of BuHding and Safety 

Folder: Pre-Development 

Hello Charm Ie! 
No problem with the vi~w!ng. See YOll there. 
TImnks . 

Hector M. Banuelos 
Acting Street Tree Superintendent r 
Bureau of Street Services 
Urban Forestry Division 

Ph# (2.13) 847-3077 
Fax (213) 847-3033 
hector.banuelos@lacity.org 

»> Charmle Huynh 10/9/20087:15 AM »> 

Thanks ROil. Hope you are weI! too, 

Hector, please let rne know [f you have trouble vieWing the project files. 

Thanks 
Charm!e 

»> Ron Lorenzen 10/9/2008 5:46 AM »> 

Hector 
Please attend 
Thanks 

.,', 

'.~, ," ,.' ',;. ,',' 
. '. ~:, 

crn!llt:ed: 1O{91200!!:7: 54-AM- . 
MOOlfjed: W!9["l.Olm 7:54 AM . 

. , " , 

'r, ' 

" ' -" 

12/9{2013 

AR0068228 



Charmie 
Hope you are we!!. 
R 

CO-0001-981 

Sooj{sd;:: DOT contact (email from Tomas carranza) 

L1Sart Modified br. Channie Huynh 

From: Department of Bulld!ng and Safety 

Fcld~ Pre-Development 

Hi Charrn!e, 

Page 12 of46 

Creal.tJed: W/1Of2.00e 10:0$ AM" 
I\Iiotlll'iS'!d: 10/10/2008 10:05 AM 

1 forwarded your Invite to Wes and Eileen and requested that they cover It, t gue .. ·:;s GroupWise 
automati~iiy deletes invitations after I delegate them. 

»> Charm Ie Huynh 10/9/2008 11:08 AM »> 
HI Tomasi 

[ saw that you deleted the groupwlse pdm invitation I sent out yesterday for this project. The 
applicant would like to request that you attend this pdm since they have been workJng with you on 
this project already, Please advise if you can attend or if you wi!! send someone else. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering ft..o;;sodate Case Manager 
City of los Angeles/Department of BuUding and Safety 
221 N, Rguema St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
~b"9.fl:i1ie.Huynh~Jadty.org 

s~bj~ DOT wii! not attend the" rDM - I forwarci~d Wes Pringle's Email to 
Eleanor/AHen Matkins 

I.Mt Moolfioo by: Charmie Huynh 

From: Department of Building and Safety 

!'t::I1d~ Pre-Development 

Created: wl1G/i~i:i8 AM 
Modified: 10/16{2000 6:18 AM 

fYl§ rorm~s ~rram:a from DOT delegated this project to Wes Pringle, who will not be able to attend, 
Please see attached;' 

Thanks· 

CharmieHuynh, PoE, 
StructuraLEnglneefing Assoclate case Manager 
City of los Angeles/Department of BuHding and Safety 
221 N,Aguema St, Suite 180 
los Angeles," CA 90012 
T. (213) 482-6875 " 
F. (213) 482-6874 
Charm!e.Huynh@iadty.org 
*********** 

Charmie, . 

.... -... -' . - . .:~ 

1?)9/2013 
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Case Summary CO-0001-982 Page 13 of46 

I wi!! not be attending the meeting for thts project. We have been working with the traffic cpnsultant 
on the traffic study for this project and wW cormnent on it when it comes out. It" there. are any other 
questions for DOTI please forward my contact Information (below), '. . 

Weston Pringle 
Department of Transportation 
Metro Programs Division 
100 S. Main St, 9th Floor 
Los Angeles eft. 90012 
Phone: (213) 972-8482 
Fax: (213) 972 b 8418 
Stop 725 

~ . -'. 

SI.Il!:ij<ocl;: Ke-n-::-B-en-lst-:-e-:i-n/-;-O=-f::::fi::-c-e-(-::)f:-:H~I:-s-:-to-n"'::""'c-' -::::R-es-o-u-rc-e-s-w'"7il:7"l-a7:tt-e-n-:d:--·····b.b ............. ·········---.-;C::-rea=te-:;d:-::l;-:;:()~/l":O"6{2.=OO::':::8~8-:::3=3-::"AM:c:-I 
ModI/led: 10/16/200813:33 AM 

llilwt Moo~ b~:Charmre Huynh 

I"l"om: Department of Buiiding and Safety 

I"oidl!lr:t Pre-Development 

Yes! I plan on attending, though It's possible I may be a few minutes late. 

»> Charmie Huynh 10/16/20088:18 AM »> 

Hi Ken, 

~., '-'.~ , . 
"-"t' ., ...• 

,.,. , 

.' . . 

Will you be able' to attend the Case Management Meeting I am setting up for:t:heMmeniu~" :. 
Hollywood Project at 1.750 N Vine St and 1751 N Vine St? I sent the ong!nal invitation to Lambert· 
who unfortunately cannot attend. The meeting Is scheduled for next Wednesday, October 22· from 
Ipm ... 3pm. prease letme know if you have any questions,' . .' .. 

Thanks 

Charmle Huynh! P.E, 
Structural Engineering Assodate Case Manager 
City of los AngeleS/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charm!e. Huynh@ladty,org 

............................................................ -----------.b,.b····:····treitii(:E·:l01i6!ioOB 9:48 AM 
. .: ~t;id!fted: Wf16f200~ 9:48 AM 

Subj~ rDM confirmations 

lM:t lMoornoo by: .Channle Huynh 

From: Department of Building and Safety 

I"oW~1': Pre-Development 

Ken Berste!n confirmed, but he may be a couple minutes late. 
Edmond Yew b Bureau of Engineering, Land Development Group, Public: Works confinned. He deals 
with street vacations. 

'1.21912013 
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Case Summary CO-0001-983 

»> "Oro, Eleanor" 10/16/2008 8:48 AM »> 

Thanks, Charmle . 

.. ---- Original Message ----
From: Charmie Huynh 
To: Ora, E!eanor 
Cc: Fraijo! Alfred 
Sent: Thu oct 1608:24:332008 
Subject: Re! Millennium Hollywood: PDM 

Hi Eleanor, 

The following people have confirmed: 

Page 14 of 46 

Ammar Eltawli or his designated staff - Bureau of SanItation, Stormwater Protection Division 
Carl MilIs.:- Bureau of Engineering, Public Works 
Frank Comfort, Captain - Fire Department, Hydn:lnts and Access Unit 
Kevin Keller - City Planning 
Richard ferguson or his deSignated staff - City Piannh19, Entitlements Division 
Hector Banuelos - Bureau of Street Trees, PubHc Worksf 

Rene Baluyot - DW? 
Chamlie Huynh .. LADaS 
(TentatIve) Ken Bem:o."i:ein - City Planning, Office of Historic Resources (Lambert wlll not be able to 
attend) 

Basically, the agenda is as follows: 

Self Introductions 
Brief Project Overview by your group 
Then! we wi!! go around by each department to address the questions you have prepared for them. 

Thanks 

Charmle Huynh, r,E 
Structural Engineering Assodate Case Manager 

. City of Los Angeles/Department of Building and Safety 
221 N. FIgueroa St, Suite IBO 
los Angeles, CA 90012 
T. (213) 4B2-6875 
F. (213) 482-6874 
Charm!e.Huyni1@iadty.org 

»> "Ora, E!eanor't :10/13/20081:22 PM »> 

HI Channie, 

I'm just checking in to make sure you have all the Information you need from us for the rDM next 
week. Also, can you provide us with a list of confirmed City attendeE'S and with any agendas or other 
sim!lar materials? 

Thanks! 
. ::;. 

E!eanor 

1219/2013 
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Eleanor M. Ord 
Attorney at law 
Allen Matkins 
515 South Flguema Street, 9th Floor 
los Angeles, CA 90071 
Direct: 213-955-5653 
Fax: 213-62(}-8816 _.. . ..... ------

CO-0001-984 

Si.llbj~ Sent Early Zoning Plan Review Servlce email to Alfred 

~ I"l~i!'iecl by: Charmie Huynh 

From: Department of Sullding and Safety 

fo!dm1 CM NGS 

Dear Alfred, 

Cre'-lted: 10/16/20062:55 PM 
MMlflecl: -10/16/2008 3:05 PM 

As your LADBS case Manager, 1 would like to introduce you to OUr new "Early Z6ning pian;Revi~W'" 
program exc!uslve!y developed for high-rise projects. Your project may benefit from this program, 

The normal building plan check submittal will usually take place after the end ·of.9-12,:montns of the' 
planning entitlement process and the completion of all the construction drawings~ If any v!olat!pn of 
a zonIng related issue is revealed after regular plan check, major cost in time' and money vyll( be· 
required to resolve the Issues by re-design and/or applications for additional planning entitlements. " 
approval. - ,,-

The "Early Zoning Pian' Review" service wi!! allow an earlier confirmation OfprOj~~:~6mplia'nC~Witi1" .' 
the zoning requirements which includes, but not limited to: building 5etbacksf:al!owabl~heightf . '- , 
maximum floor area ratiol open space, passageway, denSity, number of parkln9spaces required;_ 
parking !ayouL,etc,' - : ',_ 

Due to the fumlilar!ty of your project, I wll! conduct the early zoning review foryour-pmject, Simply -
provide sufficient architectural deSign and draft of entlt!ement action approved by the-Planning -: 
Department. ' ' -' . 

When this early zoning plan review Is completed, typically after 2-3 weeks 'after subm!ttai;,you will ' 
receive a complete correction sheet identifying any zoning related vlolations. [ wHlbe responsible to 
verify zonIng compliance after you make all necessary corrections. In addttionf you wiH also" receive --_ 
a "Clearance Sqmmary Sheet" listing all required sign-om from other agencies enabling you·.to- _ :-
proceed with requlred clearances ahead of time, - " ',-

The "'Early Zoning Plan Review" fee is based on 30% of the project's total permrtvaluatiork For,your 
project, please contact me for the estlrnated zon!ng plan checking fee,-This amolmt will be deducted 
from the plan check fee when you submit for the furl bulld!ng plan check. ' - "' 

-For more Information, please contact me at 213-482-6875. 

Thank you 

Charm[e Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 - -
T. (213) 482-6875 -
F. (213) 482-6874 
Charmie. Huynh@laclty,org. 
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SlJlbj~ Rene Baluyot from Dwr cannot attend, we Byrd from Power may 
attend, 

Cre~ted: 10/2:0/2008 1:55 PM 
Modified: mr2.IJ{200S 1:58 PM 

~ Modltkld &vI ~harrr.tje' Huynh 

.-rom: Departrnent of Building and Safety 

Foldi!>r: Pre-Development 

we! 

Would It be possible for you or your staff to attend this predevelopment meeting thIs Wednesday 
from 1PM to 3PM. Our group has a scheduled meeting with Coundlmember Alarcon at the same time 
and I won't be able to attend the predev meeting, Please let me or Charmie know, 

Charmie/ I wl!! forward the water Info as soon as I get it from the. water engineer. 

Thanks! 

Rene 

----------_ ............................ _----_. 
From; Baluyot, Rene 
Sent; Friday, Odober 17/ 200S 12:52 PM 
To: Byrd, W.C; Spachti Julie 
Cc:: Unard, Andrew; Moon, Marvin 
Subject: Rt:: Request for Pre-Development Meeting for Mi!!ermium HoHywood -1750 N Vine St (East 
Site) and 1751 N Vine St (West Site)(Emaii 1) 

Julle/WC, « FHe: GROUND FLOOR PLAN Lpdf» « File: 1750 Zimas,pdf» « File: LA-
808560-v4-Pre-Deve!opment Meeting Project Descrlption.pdf» « Rle: Vidnity Map.pdf» « 
File: A105 East Site Survey. pdf » « Fiie: LA-SClS370--vl-PDM Questions and Issues for Cfty 
Departments. doc >- >- . 

The city case manager, Ms. Charm!e Huynh, is requesting DWP to provide predevelopment 
assistance ror the proposed Millenium Hollywood High··Rise project, Attached are the project files, 

Will you please have your staff review the attached plans and requested DWP information and let me 
know the person !n your group assigned to this project? 

Thar'iksand h~ve a great day! 

Rene Baluyot 

Economic Development Group 

Los Angeles Department of Water and Power 

213.367.12S4 

-----Oli9Inal Appointment-----
From: Charm!e Huynh [mailto:Charmie,Huynh@ladty.orgj 
Sent: Wednesday, October 08, 2008 4:47 PM 
To: eord@aiienmatr~ins,com; afraijo@alienmatkins.com; jneuman@allenmatkins,c:om; 

http://bOemaps.ellg..£iJa.ca,us!edits~_demolreports!case .... sutm:nary,cfi:n?proj .. )d=10765 121912013 
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etachlbaI18@handelarchltec:t.<;;.oom; ghandel@handelarc:hltects.c:om; Ammar Eltawil; Carl Mills; 
Cnarmie Huynh; frank Comfort; Kevin Keller; LADBS CMServiceReque5t~ , 
LADBS_Rg221_180_ConLA,poOl,doml@ladty.org; Lambert Gilessinger; Michael Taylor; RIchard' 
Ferguson; Ron Lorenzen; Tomas Carranza; Win Pham; Baluyot, Rene; tlrynln@mlilennil.imptfs.com 
Cc:: Jay Kim; lemuel Paco ' , 
Subject:: Request for Pre-Development Meeting for Mi!lennium Hollywood -1750 N Vine St (East Slte) 
and 1751 N Vine St (West Site)(EmaU 1) 
When: Wednesday, October 22,20081:00 PM-3:00 PM (GMT-08:00) Pacific 11me (US & Clnada). 
Where: 221 N Agueroa SLK Suite lS0r LA, CA 90012 

Hello, 

You are Invited to a case management pre-development meeting for the proposed Millennium 
Hollywood High Rise projects at 1750 N Vine St (East Site) and 1751 N Vine St (West Site), The 
Project Narrative is attached to this emaiL 

11me: 1:00pm -3:00pm 

Location: 221 N Figueroa st., Suite 180! Los Angeles, CA 90012 

Applicant: Alfredo fraljD, Attorney at law, Allen Matkins, 213-955-5607 

Questlonand Issues for the City Departments: 

L) Piannlng/Building & Safety:Conflrmation of required entitlements with respect. to the, proposed " ". 
project (are any other entitlements required'?) Confirmation of setbacks provided Are there' minimum' 
distance requirements between the MO towers? Are there minimum distance retg.lirement:sregardlng 
light and air for windows fadng Windows, alleys or lot lines? Confirm loadif)g, spaces required for the 
project and their required dimensions Discuss bakony enclosure and screening issues:CZA2007- " 
3430(2:A1) Memo) .. ' 

2.) P~lblic Works:Are any offsite improvements required, such as street widening, other than what a 
traffic study might suggest? Confirm sidewalk aild street dedication requirements Sewer facUlty ,': ' 
charge and credit Adequacy of storm drain system near project Confinnation of sewer capacity 
availabmty Are there any reqUirements for onslte storm water retention, treatment, dlsd'1(:itge during 
construction and/or operation? What are the reqUired pubHc improvements regarding street trees, 
etc? What are the required public Improvement., regarding street lights? How wH! the Walk of Fame. 
be handled during construction? Task force to determine viabiHty of underground tunnel arid' 
obtaining a franchise 

AR0068234 
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3.) lAiD &. Are Hydrants and Access:What are the type and rocation of desired F!re Dept. 
turnarounds? Where should on-site hydrants be located? What fire lane access is required to the 
bufldings? How do hydrant and frre equipment access requirements impact the' layout of units? 
General review of and input related to the proposed site pian regarding Fire Department 
requirements. Observation deck fire access issues, including capacity, fire escape and elevator. 

4.) DWp:Wm we be required to provide public or private utlHties? Requirements for under grounding 
utiHties, if any. How will project be metered relative to the air lot subdivision? Potential relocation of 
traffic island and right-hand tum lane at comer of Yucca and Argyle to create a park Genera! review 
and input regarding the proposed site plan and DWP reqUirements, Induding water and power 
service ava!labitity, water and power connections and clear distance from existing or future power 
lines" 

Your attendance is greatly appreciated. If you cannot attend, please reply to me via emal! with your 
comments and any information you can pass along to the Applicant to address their concerns/issues. 

Attached are some of the project files. I will be sending an additional 4 other emails containing the 
project files. 

. !'.-

Thank you 

Charmie Huynh, P.E. 

Strm::hlrnl Engineering Associate Case Manager 

CIty of los Angeles/Department of Building and Safety 

221 N. FIgueroa St, Suite 180 

Los Angeles, CA 90012 

T, (213) 4B2~6~75 

F. (213) 482-6874 

Charrnle.Huynn@lacity.org « File: GROUND FLOOR PLAN l.pdf» « Fite: 1750 Zlmas.pdf» 
«File: LA-S08560-v4-Pre-Deve!opment Meeting Project Descriptlon,pdf » 

------.;-------~----------Confldent!a!ity Notice--------------------------
This electronk message transmission contains information from the Los Angeles Department of 
Water. and Power, which may be confidential. If you are not the intended redplent, be aware that 
any disdosLirel copyjng~' distribution or use of the content of this information Is prohibited. If you 
have received this communication in errort please notffy us Immediately bye-mali and delete the 
Original message and any attachment 

12/912013 
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i.illo1; MoolOOd by: Charmie Huynh 

Fw:lll'l% Department of Bu!lding and Safety 

1"1l(dli!r. Pre-Development 

CO-0001-988 Page 19 of46 

··BOSS - Hector Banuelos mentioned that they govern tress off-sIte. Onslte trees: by City PlannIng 
-BOS-WPD - Ammar Eltawll discussed the feasibility of the b!o-swaie option; possibilities for . 
comination desIgn. Gave requirements to Gary/arch. AE said they wfil need grading approvaf for OK 
to have ol1site infiltration. Duling oonstrw:::tion, they will need to prepare a. swrpp, . . 
-BOt: - Cad MiHs said 2' HlNY Dedicatino req'd on Vine St, both sides. There are widening . 
requirements that they could appeal during planning entitlements. ABey off of aq;l'yle, not sure if full 
improved. They may have to dedicate some In the alley. Need t!) do SfC study now. Need formal 
councf! directive for the tunnel, Gregg Vandergriff is a contact fur the Walk or Fame. 
-DWP - Power - Rodolfo Monroy gave vault size reci's. Vaults need to be on private property. 
-Plarming!LADBS - I confirmed that all street frontages am front yardsf the rest are side yardsrbut 
they need to get this confirrned from Planning. Richard ferguson said this can be done in the VIT, 
that they wlH deSignate the yards then. Kevin Keller advised them to get eM Involved in the design 
of their signs. entitlements lndude fAR and hotel near R zones. Alfredo Perez said initially, they do 
not see a problem with the wood lattice and glass screens, However, they would like to have a· 
djscu5..<;!on with Alan Bell on this. I asked that they include me in that mtg with Alan BelL· .. ,.. ..' 
-fire Department Hydrants and Access - afterwards, we went to the FD counter (hya amJ·ac~).to taik. 
to Insp lynn McClain. He gave them genera! requirements and a foliow up detailed m?etingwm be , , 
.needed at i!! . ..Jaber date. . ,. ., .'.. . 

.---~-------------~,--- ..... --..... ---..,..----
51.!bjed:: Sent emaii to Alfred/attorney RE additional CM contacts (those who 
did not attend porn) 

Uwt Mm§lfloo by; Charmie Huynh 

From: Departmerlt of Building and Safety 

I"oh:liliir: Pre-Developri1ent 

Additional Case Management Contacts for your project: 

L Win Pham - Bureau of Street Lighting, Public Works - 213-847-1348 

Created: 10/24[2002·9:50 AM . 
Modlf1ed: 10/24/2,008 9: 50 AM . 

2, Rene Baluyot - DWP - General CM contact within DWP who CEil put YOll.in to~d:1. wittithe DWP...,·: 
Water Section ~' 213-367-1284, Rene.Baluyot@ladwp.com . .. .; .... , . , ,. ,. 
3. M1chae! Taylor"' Bureau of SanltatJon, Industrial Waste Management Division:/Public ;Wo'r)(S,;-j23- .. 
342-612.1, MlchaeLTaylor@iadty.org :. .'... . .. :,... .. 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 

, City of Los Ange!es/Department of Building and Safety 
221 N. Figueroa St, Suite 180 
los Angeles" CA 90012 
T. (2J.3) 482-6875 
F. (213) 482-5874 

I Charmie.HuY!Jh~!adty.org 

SlJlb~ DW? Water Info· for Project~···EmaH fro·m Rene Baluy()t: .. (i.fo.rwarded ....... ----:::Ca--eIl-t~-.,.d-: i"oh:;j/:iQOS1:08 PM· .. 
this to Alfred Fraijo/Ailen Matkins today) Modttle:d: 1.O/24I2POSl:QS PM 

L:iIIm MOOiful.d br. Channie Huynh 

f'-N>m: Department of Buliding and Safety 

I"!:IIls:OOr: CMNGS 

AR0068236 



CO-0001-989 

Here's the water Info for the project. D!d we rnake the meeting? 

Have a greatdayl 

Rene: 

-------------_ ............................. _---
from:, Patterson, Mark -
Sent: Friday, October 24, 200a 11:18 AM 
To: Baluyot, Rene 
Cc: Downs, Michael; Daneshmand, Neda 

Page 20 of46 

Subject: fW: Request for Pre-Development Me-eting for Millennium Hollywood -1750 N Vine St (East 
Site) and 1751 N Vine St (West Slte)(Emali 1) 

Attached is the water information for the site. 

<> 

Mark Patterson 

Los Angeles Department of Water and Power 

Water Distribution 

Western District Associate Engineer 

Phone: (213) 367 .. 1219 

Fax: (213) 367-.1168 

e-mail: mark.patterson@ladwp.rom 

----------_ .................................... .. 
From: Downs, Michael 
Sent: Thursday, October 23, 20083:58 PM 
To: Patterson, Mark 
Subject: FW: Request fur Pre-Development Meeting for Millennium Hollywood -1750 N Vine St (East 
Site) and 1751 N Vine St (West Site)(Email 1) 

. ,', 

Mike -Downs".: 
.;., . ~", " 

:. ;. : 

los Angeles DepL Water &. Power 

Water DIstribution 

Westerri DIstrict Engineer 

(213) .j67.~1218 ":> . 
• 0 '., ',. t 

(iii) ':3~7':1168 (~AX) 

hti:p:/lboemaps.eng.cUa.ca. usledit~u_ieD16!reportslcase~ ... SU1mnary .cfm ?proijd= 10765 12/912013 
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.' -.. " 

Julle/WC, 

The city case manager, Ms. Charm!e Huynh, Is requesting DW? to provide predevelopment 
assistance for the proposed MlIIen!um Hollywood High-Rise project. Attached are the project files .. : 

Will you please have your staff review the attached plans and requested DW? Information and let me 
know the person In your group assigned to this project? 

Thanks and have a great dayf 

Rene Ba!uyot 

Economic Development Group 

Los Angeles Department of Water and Power 

213367,1284 

rene. ba!uyot@ladwp.com 

-----Origlnal Appolntment-----
From: Charm!e Huynh [mailto;Charmie.Huynh@!acity.orgj 
Sent: Wednesday! October 08/ 20084:47 PM. . . 
To: eon::l@allenmatikins.com; afraijo@a!!enmatkins.com; jneuman@aHenmatklns,com;·:·. '. 
etach!ban8@handeiarchlted;s,com; gnandel@handelarchiteds.com; Ammar EltawO; Cad MiHs;~ .. . 
Cnarmie Huynh; Frank Comfort; Kevin KeUer; LADBS CMServiceRequest;·.· . '. :. ' .. '. . .' ... ' 
LADBS_Flg221_180...:. .. ConCA,po01.doml@!adty.org; lambert G!essinger; Mich~e! Tay!or; RIChard' .. , 
Ferguson; Ronlorenzen; Tomas Carranza; Win Pham; Baluyot, Rene; ttrynln@miHenniumptrs.com .. 
Cc: Jay Kim; Lemuel Paco . '.,' .. : . 
Subject: Request for Pre-Development Meeting for Millennium Hollywood -1750 N Vlrie St (East Site) .,' 
and 1751 N Vine St (West S!te)(Emai! 1) . 
When: Wednesday, October 22,20081:00 PM-3:00 PM (GMT-08;OO) Pacific: TilTle (US &. Canada). 
Where: 221 N Rgueroa St" Suite 1130, LA, CA 90012 . 

Heilo, 

You are invited to a case management pre-development meeting for the proposed Mmenniu'm . 
Hollywood High Rise projects at 1750 N Vine St (East SIte) and 1751 N Vine St (West Site). The 
Project Narrative Is attached to this emaiL 

Date: Wednesday, October 22, 200B 

11me: 1 :OOpm - 3:00pm 

Location: 221 N Figueroa St., Suite 180, Los Ange!es, CA 90012 

. 12t9t2013 
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Applicant: Alfredo Fraljo, Attorney at Law, Alien Matkins, 213-955-5607 

.. ~. . .; . ~:. : . 

Questionand Issues for the City Departments: 

10) Planning/Bulldlng & Safety:Confirmation of required entitlements with respect to the proposed 
p!1)iject (are any other entitlements required?) Confirmation of setbacks provided Are there minimum 
distance requirements between the two towers'? Are them minimum distance requirements regarding 
fight and air for windows facing windows, alleys or lot lines? Confirm loading spaces requIred for the 
project and their required dimensions Discuss bakony endosure and screening issues (ZA 2007-
3430(ZAI) Memo} 

2.) Pubilc Works:Are any offsite improvements required, such as street widening, other than what a 
traffic study might suggest? Confirm sidewalk and street dedication requirements Sewer facllfty 
charge and credit Adequacy of storm drain system near project Confirmation of sewer capacity 
availabmty Are there any requirements for onsite storm water retention, treatment, discharge during 
construction and/or operation? What are the required public improvements regarding street trees 
etc? What are the required public improvements regarding street lights? How wHi the Walk of Fame 
be handled awing construction? Task force to determine viabi!lty of underground tunnel and 
obtaIning a franchise 

3.) LAFD &. Fire Hydrants and Access:What are the type and location of desired Fire Dept. 
turnarounds? Where should on·-site hydrants be located? What fire lane access is: required to the 
buildings? How do hydrant and fire equipment access requirements impact the layout of units? 
General review of and input re'ated to the proposed site plan regarding Are Department 
requirements. Observatfon deck fire access Issues, Induding capacity, fire escape and elevattlro 

4.) DWp:Wm we be required to provide public or private utilities? Requirements for under groundIng 
utliities~ if any; How will projed be metered relat.ive to the air lot subdivisIon? Potential relocation of 
traffic island and right-hand tum lane at comer of Yucca and Argyle to create a park General review 
and input regarding the proposed site plan and DWP requirements, includ!ng water and power 
service availability, water and power connections and dear distance from existing or future power 
lines. 

Your attendance iSi greatly appreciated. If you cannot attend, please reply to me via email with your 
comments and any information you can pass along to the Applicant to address their concerns/Issues. 

Attached are some of the project files. I will be sending an additional 4 other emaHs containing the 
project files. 

12/9/2013k>. i, 
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Thank you 

Structural Engineering Assodate Case Manager 

City of Los Angeles/Department of Building and Safety 

221 N. Figueroa St, Suite 180 

Los Angeles, CA 90012 

T, (213) 482-6875 

f. (213) 482-6874 . .; : ~ :, 

Charmle.Huynh@lac!ty 

lL.l_A_~_mi!!_i'S_t:_ • ....;.c........._,.;...' __________________ ~...w._ _ _'__ __ •• :.:.~_: _. _! 
s:~ Follow up - to do list: - post PPM 

I.m;t M~ by: Charmie Huynh 

Fmm: Department of Buriding and Safety 

Fokier. CMNGS '. 

Hi Alfred, 

You're welcome. I'm glad the meeting was productive for you aiL 

Created:.Hl/24!200!l1:11 PM . 
Moolfb:l: 10/24Pooa 1·:11 PM 

I will proceed with scheduling the fire safety meeting! but r need an agenda first before I set that 
one up. That meeting wli! be with LADBS (me) and the Fire Department Building Standards Group, '.' 
Please provide me with an agenda as soon as possible. .' 

You wi!! need to schedule your meeting with Inspector Lynn McC!ain of Hydnmts 'anci Adcess' 
separately. . 

I also will follow up with ruchard Ferguson regarding the ba[conles once he speaks to 'Alan B~H. : ,' .. 

Thanks 

Channie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of l.os Angeles/Department of Building and Safety 
221 N. Figueroa st, Suite 180 
los Angeles! CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmle,Huyni1@'adty.org 

»> l'Fraljo, Alfred" 10/24/2008 11:15 AM »> 

' .. 12/9/2013 
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r 

Thank you again for coordinating and facliltatlng such a productive meeting on Wednesday. We are 
grateful and look forward to more follow-up. Our immediate next step is to follow-up with additional 
information regarding the balconies with planning and schedule a follow-up meeting with fire safety. 

Best, 
Alfred Fraijo Jr., Esq. 
Alien Matkins Leek Gamb!e Mallory &, Natsis LLP 
515 S. Figueroa Street, 9th Roor 
los Angeles, california 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8815 F 
afraijo@alienmatkins.com 

From: Charrnle Huynh [mailto:Ctmrmie,Huynh@!adty,org] 
Sent: Friday, October 24,20089:50 AM 
To: Fraijo, Alfred; Ord, Eleanor; Neuman, Jerold 
Subject: Additional case Management Contacts - Millennium Ho!!ywoodProject - CM2008···0287 

Addltlona! case Management Contacts for your project: 

1. Win Pnam - Bureau of street LIghting, Public Works - 213-847-1348 
2, Rene Baluyot - DW? - Genera! eM contact within DWP who can put you in touch with the DWP
Water Section - 213-367-1284, Rene.Baluyot@ladwp.com 
,3, Michael Taytor - Bureau of Sanitation, Industrial Waste Management DIVision, Public Works - 323-
342-6121[ MichaeLTaylor@laclty,org 

Thanks 

Charmie Huynh, P,E, 
Structural EngIneering Associate Case Manager 
City of los Angeles/Department of BuHd!ng and Safety 
221 1\1, Figueroa Stt Sutte 180 
Los Angeles, CA 90012 
T, (213) 482-5875 
F. (213) 482-5874: , 
Cliarmie.Huynh@iaclty.org 

--------, •••..........................................• _-------------
'-S-u-bj-~-. l:-e-:.ft-m-e-ss-a-g-e-rC:--o-r:-A"":"'lfr""'-ed""",,'''-s-a-s-s''!stao·t"·"{a'p'p"i"ica'r;'ffto-;t')-t-a ·:-m-fj=-o-o-r-a-r-e-a----::c::-re-:at:-!!d-:-; 10/31/2008 9:27 AM 

If 
' Mmi!fledl: l!Jf3U1.008 9:30 AM 

information per a s request 

1..:!%!Ot Mmif~ I:¥y: Lily Teng 

From: Deri.artJ'nent cif .BuUding and Safety 

1Fo1d~ CMNGS.,. 

1219/2013 
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Ca.o:;e Summary 
CO-0001-994 

--_._ ................ _--

Subject: EmaH to Jameson for update of high rise list for Ifa 

i..art Modified by: Charm!e Huynh 

From: Depwtment of Building and Safety 

Fold~: CMNGS 

Jameson, 

rage L5 or 4tl 

--_ ......... __ ...... _-
Cre~ted: 11/4/20089:14 AM 
Modified: 11/4/20()8 9:l4 AM 

East Site Tower 1 - 4B Story Residential Tower; 317 dweHing units, 80!000 sf of residential lofts! ' 
365,000 sf of residential usesf lOO/OOOsf of office IJses1 17,000 sf of restaurant/cafe, retail and atile 
commercia! usesf 

West Site Tower 2 - 38 Story Residential Tower, 175 dwelling units, 40,000 sf sports dub: 10rODO sf 
of ground floor retaii/restaurant and cafe uses. . , 

West Sfte Tower 3 - 16 story,150,OOO sf Hotel with 200 guest rooms, 

:> >-:> Jameson lee 11/3/2008 7 :40 AM »> 
Charrnle: 

Please proVide detailed Information (no of story, floor area for each lise, no of un'itsf no of guest 
rooms ... etc) to m~ (as requested by Ifa) for: . '. : 

"'. n.:,. : ! .~ 0.' 

1750 Vine St (3 new hlgMrise t.owers) 

(I remember you already dId that, check your "sent" me first) 

Ricardo: 

Please providedetaiied li1fomlation (no of story, floor area for each use, noof~u~its, 'h"~:~fgti~st 
rooms ... etcj to me (as requested by Ita) for: . ' , 

1111~~ .. W ~,_ic_O_B_I _________ , ___ _ 

-----... .. ..-;------:::---:-::--=~;=~"':'."":C-::-:-:< 

S!.Ibj~ My emaH response to Alfred Fraljo! RE Balcony Discussion (also C.reated:l1!24/200a 4:26PM 
Indudes discussion with JL re balconies and cantilevered balconies) " Moo'tl~d; 11/24J2.()flS 4:27 PM ' 

Llstssrt Mooffioo by,: Chal1l1ie Huynh, .: .~: 

From: Department of Building and Safety 

f'e:dden CMNGS 

Hi Alfred, 
. . .' . 

I discussed this issue with Jameson lee, our Case Management Director.' We stlli feel th'at the ZAx". 
(ZA2007-3430 (2AJ)) does not specifically address the project's wooden louvers and glass wind 
breaks. Thus, LADBS would sUfi consider these elements as enclosing the balconles.,and making " 
them count towards the projec .. t's FAR. 1 would suggest that you ask the ChiefZcinlng Adrnlnisti:-ator 
to provide an interpretation/clarification on these screens for your project. Bas!caily'"l..ADSS 'cannot 
provide darification on an eXistIng ZA's interpretation. ' 

Please let me know if you have any questions. 

121912013 ' 
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Charmie Huynh, P. E. 
Structural Engineering Associate Case Manager 
CIty of Los Angeles/Department of Buifdlng and Safety 
221 N. Figueroa Stt Suite 180 
los Angeles, CA 90012 
T. (213) 482-6875 
F, (213) 4B2-6874 
Charmie. Huynh@ladty.org 

::>:> >~Fraijo, Alfred"; 11/1912008 3: 38 PM :>::>::> 

I'm following up with you and Planning regarding the balcony enclosures based on our brief 
discussion at the Pre-deveiopment meeting, Attached are copies of the materials we shared with you 
and Planning during the meeting. 

On the subject of whether the screens create an enclosure, we would like to submit the following 
information. In summary, the wooden louvers and glass wind breaks should not be considered 
building wails creating endosures based on their design, construction and use. 

The Chief Zoning Administrator's memo ("ZAX") we reviewed at the pre-development meeting states 
that a balcony wili not be Included in FAR if it "remains unenclosed except for the guardrails required 
by the Building Code!' The term "enclosed" or "enclosure" is not defined In the LA Zoning or Buliding 
Codes. In conSidering when guards or guardrails are required, however, the 2007 California Building 
Code ("Building Code") uses the term enclosed to mean completely dosed in or surrounded. Section 
1013.4 of the Buliding Code requires guardrails for certain "[p]orches or decks which are enclosed 
with Insect screening. ~ Since insect screening must completely surround a porch or deck to be 
effective! it Is clear that the Bulld!ng Code 15 using the term enclosed to mean dosed in on all sides 
or surrounded. 

Additionally, in the definition of habltab!e room, the LAMC also uses the term enclosed to mean 
dosed 1n on all sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed 
subdivision in a residential buIlding." and specifies that a receS5 from a room or an alcove, which is 
enclosed only on three sides, Is considered a habitable mom only if it exceeds certain square footage 
and am be partitioned off along the fourth side to form a habitable room, (LAMC Section 12.03) 
rlerefri6m.~ oftheproposed bakonles are dosed !n on al! sides or surrounded by the glass curtain 
wind breaks' or the fixed wood louvers as contemplated by the Building Code and the LAMe, Indeed, 
ali bakony designs leave one or more wall areas open except for the required guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the natura! elements and 
adjoining. balconies consistent with privacy screens defined in the Chief Zoning AdmInistrator's 
memo ("ZM"), The ZAl defines a privacy screen as "a decorative feature fastened to a building but 
that does not provide structural support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to Increase visual 
interest and improve aesthetics to the buildings in Une with similar concepts for other world-class 
buHdings(see'attached photos). They also do not provide structural support for the buHdlngs and do 

. not extend to the ground floor or occupy the total vertical length of the buildings. As the attached 
renderings show, the wooden louvers are attached or fastened to the bu1!ding, They are constructed 
of widely spared wooden panels (to be buiit to Building Code specifications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the units and 
balconles are one of the project's biggest attractions and the louvers are specifically designed to 
create consistency or uniformity !n the towers while leaving the balconies open to preserve view 
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from the units, Ao:cmjlnglYf the fixed wooden louvers are privacy screens that are not considered 
exterior walls under the terms of the ZAI regardless of height and do not function to enclose the ':. 
balconies for fAR purposes, 

In addItion, the glass curtain walls provided for a wind break cannot be considered to endose the .. 
balconies. They would be separated from the balcony structures by a distance of approximately one 
foot (1'-0"), As can be seen from the attached section draWings, tile glass curtain walls are outside 
and ~n addition to the required guardrails. The giass wino break cannot 00 considered to enclose the 
balconies. 

Based on our research we also found that other !ocal municipalities like City of Ventura use the term 
enclosed balconies to denote balconies that have been completely sealed off from the outdoors for 
the purpose of affording the occupant the use and enjoyment of the balcony In all weather and to 
buffer outside noise, The City of Ventura's 2008 Design Guidefines for Balconies provide that 
"standard balconies should not be completely enclosed to the natural e!ements." As discussed below, 
the intent of the ZM was to prevent fully enclosed baiconies, sim!lar to atriums or sunrooms, from 
being excluded from fAR. Accordingly, balconies, like those proposed forthe project, that are 
primarlly open to the elements on at least one side or screened are not enclosed balconies and 
should be excluded from FAR, 

- ' .. :. 

Please let me k~ow how we should proceed on thiS issue. And thanks agai~'fdr'y~~r att~ritlon'to the:': 
project:. . . 

Alfred Fraljo Jr. f Esq. 
Ailen Matkins Leek Gamble Maliory & Nats!s lLP 
515 S. Figueroa Street, 9th floor 
Los Angeles, California 90071 
213.955,5607 D 
415.225,6373 C 
213.62(1.13816 F 
afraijo@allenmatklns.com 

******* 
time spent discussing with JL. 

****Issue of the area above the cantHevered living rooms. Back in Oct, JL made the cali tilat the;' 
area above the living rooms was not FAR and we can consider these as balconies. How~ver~ during 
my review with him today on this issue sent by Alfred re the wood screens and glass wind breaKs,-
we reVisited thfs area above the cantilvered living room. . 

Per JL, If Chief ZA is willing to make the interpretation on these louver screens, then we would' 
accept the area above the cantilevered Hving rooms as bakonies and not fAR. See attached file, 
sections 5 and 7. Section 5 shows louvered wood screen. Only difference with Section'? is that the 
louvered screens are replaced with a glass wall. JL said jf the ZA is gOIng to let the louver sc~en go, 
then we would accept the sttuation in sadton 7 because they are almost identicaL: ' ... 

~ .Atblil:;hl'i1l~t: 11 _ . ' I ' 
$~~ My email to Alan Beli, Alfredo Perez and Jameson Lee RE'-safcon'j'es! 
FAR and Screens 

LlsulOt l'4oolfiOO 1tIy: Charmie Huynh 

From: Department of Building and Safety 

FDId~r. CMNGS 

Hi Alant 

CrelSted; 11125/200811:32 AM 
I"Iodlfled: 11./25/1006 11:32 AM 
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I sent this email out yesterday regarding the Mfllenlum Hollywood high rise project and the issue of 
FAR and Balconies. The topic at hand is regarding the wood louvers and glass wind breaks. I 
understand fi"o.m a volcema!l message from Alfredo that you feel that LADBS should make the call on 
this one. I've already spoken with Jameson and we've made the dedslon to consider these "screens" 
as enclosures fur the balconIes and thus creating FAR for the project, We feel that the ZAI does not 
specifically address these types of wood louvers and glass wind break screens. The lawyers want 
LADBS to c:onslder their interpretation on the ZAI (ZA2007-3430), hawever, LADBS cannot make an 
interpretation on a ZA's interpretation. That's why we have referred them to Planning far an 
interpretatIon on the ZA!. 

I'll be Ollt of the office starting this afternoon and back in on Monday. I'd love to get your feedback 
on this. Jameson and Alfredo are cc'd ta this emaH as weft 

Thanks and have a Happy Thanksgiving! 

Charrnie Huynh, P.Eo 
Structural Engineering Associate case Manager 
City of Los Angeles/Department of Building and Safety 
221 N. Figueroa Stl Suite 180 
Los Angeles, CA 90012 
T. (2.13) 482-6875 
F, (213) 482-6874 
Charmie.Huynh@iadty.org 

»> Charm!e Huynh 11/24/20084:13 PM »> 

HI Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We s.i:liI feel that the ZAI 
(ZA2007-3430 (lAID does not specifically address the project's wooden louvers and glass wind 
breaks. Thus1 LADBS would still consider these elements as enclosing the balconies and making 
them count towards the project's FAR. 1 would suggest that you ask the Chtef Zoning Administrator 
to provIde an interpretation/clarification on these screens for your project, BasicallYI LADBS cannot 
provide darification on an existIng LA's interpretation. 

Please let me know if you have any questions. 

Ch~~m<!e HuYnh, Pol:; 
Structural Engineering Associate Case Manager 
City of los Angeles/Department of Building and Safety 
221 N. flgueroa St, Suite 180 
Los Angeles, CA 90012 
T, (213) 482-6875 
F. (213) 482.-6874 
Charmie. Huynh@lacity.org 

»> "Fraijo, Alfred" 11/19/2.008 3:38 PM »> 
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Hi Charmfe, 

I'm following up with you and Planning regarding the balcony enclosures based on our brief 
discussion at the Pre-development meetIng, Attached are copies of the materials we shared with you 
and Planning during the meeting. 

On the subject of whether the screens create an enclosure" we would like to submit the foliowing .. 
information. In summaryt the wooden louvers and glass wind breaks should not be considered· 
building walls creating enclosures based on their deSign, construction and use. 

The Chief Zoning Administrator's memo ("ZAI") we reviewed at the pre-development meeting states 
that a balcony will not be included in FAR if it "remains unenciosed except for the guardrails required 
by the Building Code.~ The term "endosed M or "enclosure" is not defined in the LA Zoning or Building 
Codes. In considering when guards or guardrails are required, however! the 2007 California Building 
Code ("Building Code") uses the term enclosed to mean completely dosed in or surrounded, Section 
1013.4 of the Building Code requires guardrails for certain "[pJorches or decks which are. enclosed 
with insect screening," Since insect screening must comp!etely surround a porch or deck to be 
effective, it is dear that the Building Code is using the term enclosed to mean dosed in 011 all sides 
or surrounded. 

Additionaily f in the defil11tion of habitable room, the LAMC also uses the' term endo~ed t9m~a~: .. :. 
dosed in on all sides or surrounded on all sides. The LAMC defines a habitable mamas "an emdosecl .. · 
subdivision in a residential buildIng," and specifies that a recess from a room or .an akove, which· i~ .. .• . 
enclosed only Of! three~s!desJ Is conSidered a habitable room only If It exceeds ceftai.n.squareJoomge .. :~ 
and can be partltioned·off along the fourth side to form a habitable room. (LAMCSectJ.ori·12·,03)··~" .. ··•· .. :. 
Here, none of the proposed balconies are dosed in 011 all sides or surrounded. by the' glassxurtaifl'~' 
wind breaks or the fixed wood louvers as contemplated by the Building Code and the LAM~,lnde~d, '.: 
ail balcony designs leave one or more wall areas open except for the required .guardraiis, . 

Additiol1ally, the wooden Imlvers and giass breaks create a screen against the natural elements' and 
adjoining balconies consistent with prIvacy screens defined in the Chief Zoning Administrator's 
memo ("ZAY"), The ZAI defines a privacy screen as "'a decorative feature fastenecrto.a building but 
that does not provIde structural support .... (ZAI, p. 4) Here, the fixed woodenlbl,lVersfu!ly.··iTIeet this 
definition: the louvers are decorative features: that were added to thedesign~to!ncreasei:vlsual '. ,- " .. 
interest and Improve aesthetics to the bulldlngs In line with similar concepts for-other ·worid-dass~ .. 
bulidings (see attached photos). They also do not provide structural support fur the bulidings· andd\): .... 
not extend to the ground fioor or occupy the total vertical length of the buildings. As. the attached.,· .. 
renderings show, the wooden louvers are attached or fastened to the building. They are'construch~d~ 
of widely spaced wooden panels (to be buHt to Building Code specifications) that provide so!a·r.·· 
screening but leave the majority of the balcony open to the elements. The vlews from the units and 
balconies are one of the project's biggest attractions and the louvers are spedflcaUy de$ignedto 
create consistency or ul1ifonnity in the towers while leaving the balconies .open to preserve: view· 
from the units. AccordlnglYI the fixed wooden louvers are privacy screens that are'not cOnsidered"·' 
exterior walls under the terms of the ZAI regardless of height and do not functfon to eridose the 
balconies for FAR purposes. 

In addition, the glass curtaJn walls provided for a wind break cannot be considered to ~nclose th~: ,. 
balconies. They would be separated from the balcony structures by a distance of approxImately one:· 
foot (1'-0"). As can be seen from the attached section drawIngs, the glass clJl"tain walls .are outsIde" : 
and tn addition to the required gua.rdrails. The glass wind break cannot be considered to en dose the'· 
balconies. 

Based on our research we also found that other local munlcipalitJes like City of Ventw~-~sethe term 
endosed balconies to denote balconies that have been comp!etely sealed off from the outdoors for . 
the purpose of affording the occupant the use and enjoyment of the balcony In i?1! weathEwand to .... : 
buffer ollts!de noise. The City of Ventura's 2008 Design Guidelines for Balconies provide that . ." 
"standard balconies should not be completely enclosed to the natura! elements." As discussed below, 

http:! fboem~ps.eng.d.la.ca. a<;/ediuL demo!reportsicasl;ummmary ,c:fin?proj_id= 1 07 6~ 
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the intent of the ZAI was to prevent fully enclosed baiconlesl similar to atriums or sunroomsf from 
being excluded from FAR. Accordingly, balconies, like those proposed for the project? that are 
primarily open to the elements on at least one side or screened are not enclosed bak::onfes and 
should be excluded from FAR, 

'·"1 : ... : <. , 

Please let me know how we should proceed on this issue, And thanks again for your attention to the 
project, 

Alfred Fraljo Jr., Esq. 
Alien MatkIns Leek Gamble MaIloiY &, Natsis LLP 
515 S. Figueroa Streett 9th Floor 
los Angelest Ca!!fornla 90071 
213,955.5607 [) 
415.225.6373 C 
213.620,8816 F 
afraijo@allenmatkins.com 

allenmatklns,c;om 
<> <> 

$~bj~ Per phone conversation and email with Alan BeH, he concurs on 
LADBS interpretation on the wood louvers and glass screens as endoslng 
balconies and counting as FAR 

!..art MedMOO by: Ci1armle Huynh 

From: Department of Building and Safety 

Fl:IIIi8!!r. eM NGS 

Created: 12/112006 4:38 PM 
Modllied: 12/1[20084:41 PM 

Hi Charmie - I've reviewed the material you sent me concerning the MiI!ennium Hollywood 
Development. The Department of SuHdlng &. Safety's interpretation and application of LA 2.007-3430 
(ZAI) concerning FAR and private open space is correct, As the ZAI dearly states, balconies and 
decks shall not be considered "floor area" for purposes of calculating FAR, only so long as three 
condftions are met! Iru::::ludlng comlttlon #2., which !s that the balcony or deck remains "unenclosed 
except for the guard ralls required by the Suliding Code." 

The proposed additional screening above the guard rail encloses space that would otherwise be 
open. The proposed screens, which are parallel to the buildIng waH, do not serve the same purpose 
as'the perpendicular, wing walls and privacy screens discussed on p, 4 of the ZAI, which are Intended 
to d!vide large baiconles or decks shared by two or more residential dwelling units. ' 

If you have any questions, please let me know. 

A!an, 

Alan Bell" AIC? 
Senior City Planner 
Office 'of Zoni!)gAdministration 
Department of citY Ptanning 
(213) 978-1322 
(2.13) 978-1334 fax· 
alan. bei!@!ac!ty.org 

.. ~. .. ."-
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»> Alan Bell 11/25/2008 11:37 AM »> 
possibly tomorrow or next week - reaUy busy today dealing with signs, I can provide you with my 
opinion, but I stW think that technically it has to be DBS's "caW' as: to how to apply the ZA1 to a . 
specific projectr since DBS 1$ responsibie for interpreting and enforcing the dty's zoning ordinances 
under 12.26. that said, we should talk, and of course I'd be happy to give you my 2 cents. 

»> Charmie Huynh 11/25/2008 11:31 AM »> 
Hi Alan, 

I sent thIs email out yesterday regan::ling the Mmenlum Hollywood high lise project and the issue of 
FAR and Balconies, The topic at hand is: regarding the wood louvers and glass wind breaks. I 
understand from a volcemal! message from Alfredo that YOll feel that LADBS should make thecaH on 
this one. I've already spoken with Jameson and we've made the dedsion to consider these "screens" 
as enclosures for the balconies and thus creating FAR for the project. We feel that the ZAI does not 
specifically address these types of wood louvers and glass wind break screens:. The lawyers want 
LADBS to a:mslder their interpretation on the ZAY (2:11.2007-3430), however, LADaS cannot make an 
interpretation on a ZA's Interpretation. That's why We have referred them to Planning for an. ' 
Interpretation on the ZAX,· :',,' ' '::'.: ' . ,',." 

I'll be out of the office starting this afternoon and back in on Monday, I'd love.to get yourfeedbadc' . 
on this. Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Charmle Huynh, P,E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Bulldlng and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
To (213) 482-6875 
f. (213) 482··6874 
Charrllle.Huynn@!adty.org 

»> Cham11e Huynh 11/24/20084:13 PM »> 
HI Alfred, 

I discussed this issue with Jameson Lee, our Case Management Director. We still feel that the ZAl 
(ZA2007-3430 (ZAI» does not spedfically address the project's wooden louvers and gias:!;> whid. ; 
breaks, Thus! LADBS would stm consider these elements as enclosing the balconl!:;s and making 
them count towards the project's FAR. 1 would sugge&t that you ask the Chief Zoning Administrator 
to provide an Interpretation/clarification on these screens for your project. Basically,L-A,DBS cannot 
provide clarification on an eXisting ZA's interpretation, . . ." . 

Please let me know If you have any Questions. 
'. ' 

Thanks :-' , 

CharmieHuynhr P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Building and Safety 

httpjlboemaps.e:ng.ciJa.caousiedits_ ... demo/reports!case,~ur~nmrry.cfm?proIjd=10165· ·"12/912013' 
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221 N. Figueroa St, Suite 180 
los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@!adty.org 

CO-0001-1001 

»> ~Fn'lijo,Alfred".)1/1.9/2008 3:38 PM »> 

Hi Charmie; 
I'm follow!ng up with you and Planning regarding the balcony enclosures based on our brief 
discussion at the Pre-development meeting. Attached are copies of the materials we shared with you 
and Planning during the meeting. 
On the subject of whether the screens create an enclosurel we would like to submit the following 
information. In summary, the wooden louvers and glass wind breaks: should not be consldered 
building walls creating enclosures based on their deSign, construction and use . 

. The Chief Zoning Administrator's memo CZAr") we reviewed at the pre-development meeting states 
that a balcony wui not be Included in FAR If lt ~remains unenclosed except for the guardrails required 
by the Building Code." The term "endosed~ or "erl(:!osure~ is not defined in the LA Zoning or Building 
Codes. In considering when guards or guardrails are required, however, the 2007 Callfomia BuHding 
Code ("Building Code") uses the term endosed to mean compietely dosed in or surrounded. Section 
1013.4 of the BuHdlng Code requires guardrails for certain "[p]orches or decks which are enclosed 
with Insect screening," Since insect screening must completely surround a porch or deck to be 
effective, it is dear that the Building Code 1s using the term enciosed to mean dosed in on aJl sides 
or surrounded, 
Additionally, in the definition of habitable mom, the lAMC also uses the term enclosed to mean 
dosed in em all sides or surrounded on ali sides. The LAMC defines a habitable mom as "an enclosed 
subdivision in cia residential building,'" and spedfJes that a recess from a room or an akave, which is 
endosed only on three sides, Is considered a habitable room only If it exceeds certain square footage 
and can be partitioned off along the fourth side to form a habltab!e room. (LAMC Section 12.03) 
Here, none of the proposed balconies: are dosed In on all sides or surrounded by the glass curtain 
wind breaks or the fixed wood louvers as contemplated by the Building Code and the LAMC, Indeed, 
all balcony deSigns leave one or more wall areas open except for the required guardrails. 
Additionally, the wooden louvers and glass breaks create a screen against the natura! elements and 
adjoining balconies consistent with prIvacy screens defJned in the Chief Zoning Admln!strators 
memo CZAI"). The ZM defines a prIvacy screen as "a decorative feature fastened to a building but 
that does not provide structural support." (ZAI, p. 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to Increase visual 
Interest and improve aesthetics to the bulldings in line with similar concepts for other world-class 
buildings (see attached photos). They also do not provide structural support for the buildlngs and do 
not extend to the ground floor or occupy the total vertical length of the buildings. As the attached 
renderings snowj the wooden louvers are attached or fastened to the building. They are constructed 
of widely spaced wooden panels (to be built to Building Code speclfications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the units and 
bak:onre5 are one·ofthe project's biggest attractions and the louvers are spedficafiy designed to 
create consistency or uniformity in the towers while leaving the balconies open to preserve view 
from the units. Accord!ngly, the fixed wooden louvers are privacy screens that are 110t considered 
exterior walls under the terms of the ZAI regardless of height and do not function to endose the 
ba!c:onles for FAR purposes. 
In addition! the glass curtain walls provided for a wind break cannot be consIdered to enclose the 
balconies. They would be separated from the balcony structures by a distance of approximately one 
foot· (1'-0"). As can be seen from the attached section draWings, the glass curtain walls are outside 
and in additIon to the required guardrails. The glass wind break cannot be considered to enclose the 
balcOrHes~.~·H .~ ": '" ".~~ .. 
Based on mir resean:h we also found that other local municipalities like City of Ventura lise the term 
enclosed balconies to denote balconies that have been completely sealed off from the outdoors for 
the purpose of affording the occupant the use and enjoyment of the bakony In all weather and to 
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buffer outside noise, The Clty of Ventura"s 200S Design Guidelines for Balconies provide th~t, 
"standard balconies should not be complete!y enclosed to the natura! e!ements." As discussed below, 
the intent of the ZA[ was to prevent fully enclosed balconies! similar to atriums or sun rooms; ITUrrl 

being excluded from fAR. According!y, balconies! like those proposed for the project, that are 
primarily open to the elements on at least one side or screened are not enclosed I:mlconies and , ': ' 
should be excluded from FAR, , ",:::" ,,'" " 
Piease fet me know how we should proceed on this issue. And thanks again for your attention to the 
projet.t. 

Alfred Fraljo Jr., Esq. 
Allen Matkins Leek Gamble Mallory &. Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles! California 90071 
213.955,5507 D 
415.225.6373 C 
213.620.8616 F 
afraljo@alienmatkins.com 
aHenmatkins.com 
<> <> 

, :: 

-------------, '""--""""""""""""""""""""""""""""""""""""""""'""""""""'-----

SU~1I'dI:::i I forwarded Alan Bell's email to Alfred Fraijo/attomey - Also, 
discussed issue of cantilevering living rooms 

i.M<t Moo!fbd ~ Charmie Huynh 

From: Department of Buliding and Safety 

Foldow:: CMNGS 

Created: 1.2/1/20084:4£'""1'1<1 
Modlfled: 12/1/20084:41 PM ' 

I discussed with alfred that LADBS wll! count these enclosed balconies (wIth wood ~creens and glass,!', 
screens) as FAR. They need variance from Planning for this increased FAR. He wHi aiso ?xp!ore', ' 
option proposed by Greg Shoop that says it may be possible to go over the 6: 1 with varlimceJ :, 

I also discussed that per my last conversation with JL, he now considers the area beneath the .. 
projecting !lvirig moms ,as FAR blc the exterior wall fo the Ilving room defines the exterior waH for', 
the bu!!ding, and !t is 110t longer considered a projection. These areas beneath'the"'a!ter'iatlng".nving i' 
moms a~9.,~""~!.:?:""2Qg!:!""f!§'!,~~) shall be counted as FAR. " 'mmm:'":_ " .. :, . '.1 

Su.ct: My email to Alfred regarding exterior wall interpretation (this relates " ' CJ-e2!tW: 12/312008 ~;42 AM 
to the cantilevered living rooms) ',Mod!ftw: 12/3120{)B 9:42 AM 

1.aiI!$1: ModifiM by; Charm!e Huynh 

From: Department of Building and Safety 

i"aid@nCMNGS 

HI Alfred! 

I don't believe there is a code section for this particular interpretation. Jameson said you can i:;:ontact 
him if you need further clarification on this issue. Jameson's phone :It is 213-482-5866. ,. . 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of los Angeles/Department of BuHd!ng and Safety 
221 N, Figueroa St{ Suite 180 
Los Angeles, CA 90012 
T. (213) 482.-6875 
F. (213) 482-5874 
Charmle.Huynh@!acity.org 
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»> "Fra!jo~ Alfred" 12/1/20084:15 PM »> 

Charmie, 

On the Issue of space under a projection (I.e., ground floor or balcony space under a habitable 
room) that would be counted as FAR, can you refer us to the related Buiiding or Zoning Code section 
for reference? 

Thanks in advance, 

From: Charmie Huynh [mailto:Charmie.Huynh@ladty.org] 
Sent: Monday, December 01, 2008 3:49 PM 
To: Fraijo; Alfred 
Subject: Fwd: Re: Millennium Hollywood Development: Balcony Discussion 

»> Alan Bell 12j1/2008 10:49 AM »> 
Hi Charmle - I've reviewed the material you sent me concerning the Millennium Hollywood 
Development. The Department of Building & Safety's interpretation and application of ZA 2007-3430 
(ZAI) concerning FAR and private open space is correct. As the ZAI dearly states, balconies and 
decks shail not be considered "floor area" for purposes of calculating FAR, only so long as three 
conditions: are met, Induding condition :tt2, which is that the bakony or deck remaIns "unendosed 
except for the guard rails required by the Building Code. ~ 

The proposed'addith:in'a! screening above the guard rail encloses space that would otherwise be 
open. The proposed screens, which are parallel to the buBding waH, do not serve the same purpose 
as the perpendlcular wing walls and privacy screens discussed on p. 4 of the ZAIj which are intended 
to divide large balconies or decks shared by two or more residential dwelling units, 

If you have any questions, please let me know, 

Alan 

Ah::m- Bell t AlCP 
Senior City Planner 
Office of Zoning Admlnistration 
Department of City Planning 
(213) 978-1322 
(213) '978-1334 fax 
a!an.be!i@lacity.org 

»> Chaml!e Huynh 1211/2008 10;27 AM »> 

»> Alan Bell 11/25/200B 11:37 AM »> 
possibly tomorrow or n~xt week - really busy today dealing with signs. I can provide you with my 

-opinion, but I stli! think that technically it has to be DBS's "call" as to how to apply the ZAI to a 
speciftcproject, since DBS is responsible for interpreting and enforcing the city's zoning ordinances 
under ,:~.26: ~a~.~!~! ,we should talk, and of course I'd be happy to give you my 2. cents . 

. ;" .. :. ':.:;. 
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»> Charmle Huynh 11/25/200B 11:31 AM »> 
Hi Alan, 

.t'age j) 01: 40 

I sent this email out yesten:::iay regarding the Mllien!um Hollywood high rise project and the issue of 
FAR and Balcon!es. The topiC at hand is regarding the wood louvers and glass wind breaks. I .; 
understand from a YoicemaJi message from Alfredo that you feel that LADBS should make the call on 
this one. rve already spoken with Jameson and we've made the decision to consider these ~scr:eens" 
as enclosures for the balconies and thus creating FAR fOi the project. We feel that the LAI does not 
specifically address these types of wood louvers and glass wind break screens, The lawyers want:· 
LAOBS to consider their interpretation on the ZAX (ZA2007-3430), however, LADBS cannot make an 
Interpretation on a ZA's interpretation. That's why we have referred them to Planning for an 
interpretation on the ZAI-

I'll be out of the office starting this afternoon and back In on Monday. I'd loVe to get your feedback 
on this. Jameson and Alfredo are cc'd to this email as well. 

Thanks and have a Happy Thanksgiving! 

Cnarmie Huynh, P.E. 
Structural Engineering Associate case Manager 
City of Los Angeles/Department of BuUding and Safety 
2.21 N. Figueroa St1 Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F, (213) 482-6874 
Charmle.Huynt'i@iaciIy.org 

»> Charmie Huynh 11/24/20084:13 PM »> 
Hi Alfred, 

I discussed this issue with Jameson lee, our Case Management DIrector, We sUfi fee! that the ZAT· 
(ZA2007-3430 (ZAI» does not specifically address: the project's wooden louvers and giass wind." " 
breaks. TIm!>, LADBS would still consider these elements as enclOSing the balconies and making c' • c

i .: 
them count towards the project's FAR. I would suggest that you ask the Chief ZonIng A~lrriinlstratDr·.. . 
to provide an Interpretation/clarification on these screens for your project. . Basically, lADBS·r..annot", 
provide darlficatkm on an exIsting ZA's interpretation, . 

Please let me know if you have any questions. 

Thanks 

Charmle Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Bullding and Safety 
221 N, Figueroa St, Suite 180 
Los Angela'>, C'A 90012 
T, (213) 482-6875 
F. (213) 482-6874 
Charmle.Huynh@ladty.erg 

~:! /boemaps.eng.d .. la.ca. u.o;/edits .... demolreportslcase_ ... srn:nmary .din ?proj_Jd= 10765 .. >12/9/2013 
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'l 

»> "fraljo, Alfred" 11/19/20083:38 PM »> 

HI Chamiie, 
I'm following lip with you and Plarmlng regarding the balcony enclosures based on our brief 
discussion at the Pre-development meeting, Attached are copies of themateria!s we shared with you 
and Planning during the meeting. 
On the subject of whether the screens create an enclosure, we would like to submit the following 
infornmtlon. In summary, the wooden louvers and glass wind breaks should not be consIdered 
buildIng walls creating enclosures based on their design, construction and use. 
The Chief Zorling Admlnistrator's memo ("ZAI") we reviewed at the pre-development meeting states 
that a balcony wi!! not be Included in fAR if it "remains unenclosed e~cept for the guardral!s required 
by the Building Cooe." The term "enclosed" or "enclosure" is not defined in the LA Zoning or Building 
Codes. In considering when guards or guardrails are required, however, the 2007 California Bulldlng 
Cooe ("Building Code") uses the term enclosed to mean completely dosed in or surrounded. Sectfon 
1013.4 of the Bufldlng Code iequires guardrails for certain "[p]orches or decks which are enclosed 
with insect screening." Since insect screening must completely surround a porch or deck to be 
effective, it Is dear that the Building Code is using the term enclosed to mean dosed In on all sides 
or surrounded. 
Addit!onaHy, in the definition of habitable morn, the LAMC also uses the term enclosed to mean 
dosed in on all sides or surrounded on all sides. The LAMC defines a habitable room as "an enclosed 
subd!vislon 1n a residential building," and specifies that a recess from a room or an alcove, which Is 
enclosed only on three sides, is considered a habitable room only If it exceeds certain square footage 
and can be partitioned off along the fourth stde to form a habitable room. (lAMC Section 12.03) 
Here, none of the proposed balconies are dosed in on all Sides or surrounded by the glass curtain 
wind breaks or the fixed wood louvers as contemplated by the BuHdlng Code and theLAMC Indeed, 
all balcony designs leave one or more wall areas open except for the requIred guardrails. 
AdditIonally, the wooden louvers and glass breaks create a screen agaInst the natural elements and 
adjoining balconies consistent with privacy screens defined in the Chief Zoning AdmInistrator's 
memo eZAl"). The ZAI defines a privacy screen as "a decorative feature fastened to a building but 
that does not provide structural support:' (ZAI, p. 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to increase visual 
interest and Improve aeE.thetlcs to the buildings in Hne With similar concepts for other world-class 
buHdlngs (see attached photos). They also do not provide structurai support for the bulklings and do 
not extend to the ground fioor or occupy the total vertical length of the buildings, As the attached 
renderings show, the wooden louvers are attached or fastened to the building. They are constructed 
of widely spaced wooden panels (to be built to Building Code spedfications) that provide solar 
screening but leave the majority of the bak::ony open to the elements. The views from the units and 
balconies am one of the project's biggest attractions and the louvers are specifically designed to 
create consistency or uniformity in the towers while leaving the balconies open to preserve view 
from the units. Accordingly, the fixed wooden louvers are privacy screens that are not considered 
exterior wails under the terms of the ZM regardless of height and do not function to enclose the 
balconies for FAR purposes. 
In addltion, the glass curtain walls provided for a wind break cannot be considered to enclose the 
bakonies~They would be separated from the balcony structures by a distance of approximately one 
foot (1'-0"). As can be seen from the attached section drawlngsj the glass curtain waifs are outside 
and In addition to the required guardrails. The glass wind break cannot be considered to enclose the 
balconies. 
Based on our research we also found that other loca! munlc!pafltles like City of Ventura use the term 
endosed balconies to denote balconies that have been completely sealed off from the outdoors for 
the purpose of affording the occupant the use and enjoyment of the bakony In aU weather and to 
buffer outside noise. The City of Ventura's 2008 Design Guidelines for Balconies provide that 
"standard balconles: should not be completely enclosed to the natural elements." As discussed below, 
the intent of the ZAr was to prevent fully enclosed balconies, slmllar to atriums or sun rooms, from 
being excluded from FAR, Accordingly, balconies, like those proposed for the project, that are 
primarily open to the elements on at k~ast one side or screened are not enclosed balconies and 
should be exduded from FARo 
Please let me know how we should proceed on this issue. And thanks again for your attention to the 

http://boemaps.eng.ci.la.caus/edits.~deI1io/report'S!ca.<;e_summary.cfm?projjd=10765 12/9/2013 

AR0068253 



CO-0001-1006 

project, 

Alfred Fraijo Jr., Esq. 
Allen Matkins Leek Gamble Mallory & Natsis llP 
515 S. Rgueroa Street, 9th Floor 
Los Angeles, california 90071 
213.955.5607 D 
415.225,6373 C 
213.620.8B16 f 
afraijo@alienmatkins.com 
aHenmat!dns.com 

S~bj~ email string with Alfred on 10/24/2008 regarding fire prelim 
meeting request 

L<ili1t Hadlfloo by: Charrnle Huynh 

Fmm: Department of 8uilding and Safety 

Fo!der. CMNGS 

Hi Alfred J 

You're welcome. I'm glad the meeting was productive for yOll all. 

Created: 3/6{20(lS 2:25 PM 
Modified: 9/4{2009 10:34 AM 

.: . ," 

I will proceed with scheduling the fire safety meeting, but I need an agenda first before I 'set that 
one lip. That meeting wHi be with LADBS (me) and the Are Department Bull!::iing:Standards Grqup> 
Please provIde me with an agenda as soon as possIble. .' . 

You will need to schedule your meeting with Inspector Lynn McCLaIn of Hydrants and Access 
separately. 

I also wm follow up with Richard Ferguson regarding the balconies once he speaks to Alan ·Bell .. 

Thanks 

Charmfe Huynhl P.E. 
Structllral Engineering Associate Case Manager 
City of los Angeles/Department of Building and Safety 
221 N. Figueroa St, SuIte 180 
los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmle, Huynn@ladty.org 

»> "Fraljo, Alfred" 10/24/2008 11:15 AM »> 

. :.: 

Thank you again for coordinating and faciiitating such a productive meeting on Wednesday. We are .• 
grateful and look forward to more follow-up. Our immediate next step Is to fol!ow-:,up with add~t!mla! 
information regarding the balconIes with planning and schedule a foHow-up meeting wJt~ fire safety. 

Best, 
Alfred Fraljo Jr., Esq. 
Allen Matkins leek Gamble Mallory & Natsls llP 
515 S, Figueroa Street, 9th Floor 
los Angeles, California 90071 

. , . 1219/2013 
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213.955,5607 0 
415.225.6373 C 
213.520.8816 F 
afrnijo@a!!enmatkins,com 

ai!enmatklns. com 

From: Cnannie Huynh [mailto;Charmle.Huynh@ladty.org] 
Sent: Friday, October 24, 20089:50 AM 
To: Fraijol Alfred; Oro l Eleanor; Neuman, Jerold 
Subject: Additiona! case Management Contacts - MHienn!um Ho!!ywoodPmject .. CM2008-0287 

Additiona! Case Management Contacts for your project: 

1. Win Pnam - Bureau of Street lighting, Public Works .. 213-847-1348 
2. Rene Baluyot - DW? - General CM contact within DWP who can put you In touch with the DWP
Water Section - 213-367-12841 Rene.Baluyot@ladwp.com 
3, Michael Taylor - Bureau of Sanltation l Industrial Waste Management Div!slon, Public Works - 323-
342-6121, MIc:haeLTay!or@iadty.org 

Thanks 

Charmie Huynh, P,E. 
Structum! Eng!neering Associate Case Manager 
Cfty of Los Angeles/Department of Bulldlng and Safety 
221 N, Figueroa St, Suite 180 
Los Angeles, CA 90012 
T, (21.3) 482··6875 
F, {213} 482-6874 
Cham1ie.Huynh@lacity,org 

---------..... ~ ...... ------
,....---------------_._-_ ..... _-----
Sl§b}!s>c~ Project ~tatus -:- INACTIVE-ON HOLD 

.. 
l&!I~Mm:I~ by; Charmie Huynh 

From: Department of Building and Safety 

I't:sld~r: CMNGS 

Hi Charmlef 

I hope you are wei!.: 

····································'----::-cre-a...,-ted--:--: S""'t"",120-0.'1z=oO""'9-::-S:-""'30""'J\.-"M-' 

MOO!fIed: 5/12/7.009 9:30 AM 

:rhe~r6ject 'I~ ~not:o~ h~!d, We are taking additional time to review our design and planning approach 
with our consultant team but we are still moving forward. We anticipate being able to visit with you 
and consider a submittal with LADBS in the new two months or so. 1 will keep you posted. Thank 
you for your follow-up, 

Best'reg'ards (and happy Cinco de Mayo!), 
Alfred. fmijo Jr. . 
Associate. 

'";'.'-:" .,0" 

http://bOemaps:eng;ciJ.:a.ca.us/edit.<>_demo/reports/ease ... summruy,cfm?proi . ..id=l 0765 
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Ailen Matkins Leek Gamble MaHory &, Natsis LLP 
515 South Figueroa Streett 9th Floor, Los Al1geles~ CA 90071-3301 
(213) 622-5555 (main) 
(213) 955-5607 (direct) 
(415) 225-6373 (mobHe) 
(213) 620-8816 (fax) 

www.aflenmatkins.oom 
AHen Matkins 

From: Charmie Huynh [mailto:Charmie.Huynil@!adty.org] 
Sent: TuesdaYt May 05, 2009 2:05 PM 
To: Fra!jo, Alfred 
Subject: 1750 N Vine St - Mi!lenium Hollywood 

Hope you're doing well,' It's been a while. 

.. . . 

" . 

Just wanted to check in with you on the status of this project. Is it movIng forward? And 1('50" do 
you know if they have an approximate plan check submittal date to LADBS? 

Thanks 

Charmje Huynh, PoE. 
Case Manager/Structural Engineerlng Associate 
City of Los Angeles, 
Department of Building and Safety - Case Management Unit 
221 N. FIgueroa St, Suite 180 
Los Angeles, CA 90012 
T, (213) 482-6875 
F. (213) 482-6874 
Charmfe. Huynh@ladty.org 

.: . 
. :: ,', 

,........----~~--.. --.. --.. - ...... - -;---:----:-;--;:---:::;-:---;----:;--;:;:::::-------,-:::=~-:-:.;-;:=::::-::-:-::-::':::--.:-: 

Su:bjed:: Project may be coming back again - email from Blake lamb/City :C,!'e;:rl't.>d: 4f7/2011 H:~n AM' 
Planning' MocI!fied: 4f7r,;;0H,11:03 .11."1 . 

L=tMOOmoo by. Charm!e Huynh 

Prom: Departrmmt of Building and Safety 

R:!lder. CMNGS 

Yes of course. Please have them contact me. 

Thanks, 

Charmle Huynh! P,E. 
Case Manager/Structural Engineering Associate 
City of Los Angeie$-
Department of BuHding and Safety - Case Management Unit 
201 N Figueroa Stf Suite 1030 
Los Angeles! CA 90012 

.' " 

. " 
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To (213) 482-6875 
F. (213) 482-6874 
Charmle,Huynh@!ac:!ty.org 
- Hide quoted text-

CO-0001-1009 

On Wed, Apr 6, 2011 at 5:36 PM, Blake Lamb wrote; 
Hi Charmie, ' , 

Page 40 of 46 . 

I met yesterday with one of the applicant's for the Millennium project in Ho!!ywood. I know that they 
had scheduled a case management meeting with you a while ago. He told me he wanted to "restart" 
that proc.ess with you and wasn't sure his next steps, It's a big project, 1 mnlion SF at the Capita! 
Records site. can you help? 
Thanks! 
Blake 

Blake E, lamb, AICP 
City Planner 
Plan Implementation Division 
Neighborhood Projects, Central Section 
Los Angeles Department of City Planning 
200 N, Sprtng Streetl Room 621 
los Angeles, CA 90012 
(213) 978-1167 

"---.. ------------------------------::-:~__:_~c:_=~_::__::_~C'"! 
Subjoct: EQ Fault Line/Zone Crn!9ted: 3/16/2.01;18:25 AM 

Llcl: M~lfred by: Charmie Huynh 

I"rom: Department of Building and Safety 

foh:ller:r CMNGS 

Hi RaYI 

Moot!le;;l; 3/15/20l2. 8:25 AM 

I spoke to Dana Prevost regarding the Millenium project at 1750 N Vine St. He mentioned that he 
met with the project team to discuss the Hollywood Fault line that could potentially be crossing the 
property. Here are some bullet points on what we discussed: 

Currently, the Hollywood Fault line is not mapped and may be addressed by the State Geoiogist in 
the next 4-5 years: minimum. 
Per code section 1803.5,11 1 a geotechnical report shall be conduded for the site to address (among 
other thfngs) surface displacement due to faulting or fateral spreading. Dana advised the project 
team thatthey need to do their own investlgatfon to locate the fault per this code section 
Per the Alquist: Priolo Earthquake Fault Zoning Act, no structure for human occupancy shall be 
permitted to be piaced on or across an active fault trace. I've attached a copy of our info bulletin 
and highlighted this condition (#2). It also describes a min 50' no build lOne. However, Dana 
discussed with the project team that he has grunted one modification in the past on another project 
that allowed them to build rtght adjacent to the fault line. 
Please let me know if you have any questions. 

Thanks, . 
. \ .. " 

Chahni'e "klynh f r:E'. 
Structural Engineering Associate I Case Manager 
Development Services Case Management 
Clty 'of tos Angeles w Department of Building and Safety 

btto:! !boemaps.eng.ci.la.ca.usle.dits .. ,demo!reports!ca.se,~ s-rnnniary .cfin?proj_id= 10765 12/912013 
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201 N Figueroa St, Suite 1030 
Los Ange!es, CA 90012 
T: (213) 482-6875 
F: (213) 482-6874-
E: Cilarmle.Huynn@iacity,org 

On Thu, Mar 15, 2012 at 12:50 PM, Raymond Chan wrote: 
HI Alfred, 

We are working on this and will get back to you tomorrow, 

Ray 

On Thu, Mar 15,2012 at 11:04 AM, A!fred Fraijo Jr. wrote: 
HI Ray, 

Thank you for taking our call yesterday. The property address Is 1750 North Vif'!.e.StreeL:".>. " 
'. 

We are looking for information on tile building code regulations that apply to ·deve!opmeni::.~ithina 
fault zone or prohibitions on development related to fault areas. We were informed by Mr:' Dana" 
Prevost that a lim!ted fault Investigation would be required in the portion of tile ,subject site, There is 
a Hollywood Fault" trace mapped by the ca!lfomla Geological Survey that prQmpted the djscusSion. ':: 
with ML Prevost, . '. '<." ..... '. " . 

" "c. 

The property extends on two adjacent sites along Vine Street and Is gerH=:rally"bou'nded byYut~ 
StreetK Argy!e Avenue and Xvar. Below ls a general map of the site, -

Thank you in advance for your assistance, 

Soo~ Project Status: 

L:dsl$!!: lMoomoo by-: Charmle Huynh 

Prom: Department of Building and Safety 

Foftjl.aSlr: CMNGS 

Created: 4/1/2013 9:42 AIM 
Mod~fied:. 4/1j:1.013 9:12 Ai"1 

Thanks Alfred. I'm available to assist you with coordinating meetings with other departments/and" 
especially regarding :subm!ttai to LADBS pfan check, When wlll you submit to us for building permit? 

Thanks, 

Charmie Huynh, P.E, 
Structural Eng!neering Associate I Case Manager 
Deve!opment Services Case Management 
City of Los Angeles - Department of Building and Safety 
201 N Rgueroa S1:( Suite 1030' 
Los Ange!es, CA 90012 . 
T: (213) 482-6875 
F: (213) 482-6874 , 
E: Charmie,Huynh@lacity.~:wg 

On Monl Apr 1, 2013 at 9: 18 AM, Alfred Fraijo Jr. wrote: 

.'" '121912013 
,' .. 

:' . 

I 
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Good morning Charrnle, 

We received approval from the City Planning Commission on Thursday. I will be meeting wIth 
Planning this week to review next steps. I w!il follow-up shortly. 

Thank you. 

Frorn: Charmie Huynh [mailto;charmie.huynn@!adty.org] 
Sent: Monday, April Oit 2013 9:18 AM 
To: Alfred Fraljo .k 
Subject: MWenium 

How are you? Hope you're doing well. 

I just wanted to see how this project is progressing and any status updates you can give me would 
be much appreciated, 

Thanks, 

Charmie Huynh, P.E. 
Structural Engineering Associate I Case Manager 
Development Services case Management 
City of Los Angeles .. Department of Building and Safety 
201 N Figueroa St l Sulte 1030 
Los Angeles, CA 90012 
T: (213) 482-6875 
F: (213) 482-6874 
E: ChanTIle,Huynn@lacity.org 

Circ~!!.?!r 230 Notice: In accordance with .Treasury Re.9.~Jatlons we notify you th 

Sailljl!id:: LA Times News Article 

~t Modil'bd bV: Charm Ie Huynh 

F'fflm; Department of Building and Safety 

Ford~CMNGS 

...... ·C:reMed: 4/4/2013 9,26 AM 
Moori'l!!!d; 4/4/2013 9:26 AM 

The Millennium Hollywood project, which recently won the approval of the Los Ange!es City Planning 
Commission but sti!! needs the backing of the City Council, would be splayed across 4.47 acres of 
Hollywood, bordering two sides of Vine Street, weaving around the hlstonc capitol Records building. 
(Shimahara Wustration I April 3, 2013) 

By The Times editorial board 
AprlI4,2013 
For far too long, development in Los Angeles has been approved based not on communIty plans and 
zoning codes but on a somewhat chaotic form of negotiation in whlch developers cajole, strong-arm 
orF urn, finanCially Incentivize city poHtidans into making concessions and giving breaks. It's time for 
that to stop, There is a reason why carefully thought out and democratically adopted zoning codes 
and strategic growth plans should be adhered to - espedally in a city decried for Its mash~·up of 
buildings. ; L 

Last summer,after a bitter but long overdue debate, the city appmved a new and detailed 
Hollywood CommUnity Plan, That plan went through years of public hearings and community 
comment, and was ultimately approved by the City Coundl, 13 to O. Designed to guide Hollywood 
groWth through 2030 f it encouraged gmater density around transit hubs, among other things:; it was 

121912013 
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well understood that It would lead to taller buildings in the neighborhood. 

Now § just nine months later, an enormous and hlgh!y controversial project is wending its way· 
through the process. The Millennium Hollywood projectl which recently won theapprovai of the Los 
Angeles City Planning Commission but stm needs the backing of the City Councii, would be splayed 
across 4047 acres of Hollywood, oordering two sides of Vine Street, weaving around the historic 
Capitol Records building. The complex would replace a scruffy tract of parkjng lots and nondescript 
buildings with two slender towers that at their highest (they will be deliberately asymmetrical) couid 
rise four times the height of the iconic music building. The footprint of the projet1: flanks portions of 
Vine Street but stretches all the way to !var Avenue on the western edge and from VIne to Argyle 
Avenue on the east. 

Including the towers, the other new lower buildings and the existing space In the CapItol Records 
buildings, the developers say they wi!! have more than a m1ifion square feet of resIdential! office, 
retail, hote!§ dining and fitness center space, (And there wW be about 2,000 underground parking 
spaces.) 

Opponents, including numerous neighborhood groups, have extensive objections to the projet1:/ 
which they say would be out of scale wIth the neighborhood, Mayoral amdldate Eric Garcett! has 
argued that it would be too tall, But despite the many understandable concerns, the MlHermil,HTl ' " ... 
project appears to conform substantially to the Hoflywood Community P!arL: If !tdo~s,.lt·shouk:lb~·, . 
aHowed to proceed. . . . . '. . .. 

" ". 

That doesn't mean the opposition should stop monitoring the project (as.!f they wou.ld,·no matter: 
what we counseled them to do) or that the members of the City Council should not ask hard 
questions when the project and its developers come before that body seeking approv~l: f:CIf'
instance: Is the project's traffic study as extensive as It should be? The piamilng commission· . ..' 
thought it was, but Ca!trans did not. . ' 

There's no doubt that this is a startllngty expansive project, and Its towers will do just. that ~:-:- tower:·. 
- over the Capito! Records building. But height alone is not a deal breaker .. There .1S. no reason:why 
an artful design cannot Incorporate the historIc bul1ding much the same way the downtown, Central . 
Ubrnry is not so much dwarfed by its skyscraping neighbors as it nestles likE) .til jewel in the embrace' 
of those buiidings. From the projections on the developer's website, MfHennJum doesn~t:quite hover. 
around the Capitol Records building that same way, but developer Phllip Aarons speaks otthe' . 
expansIve ground-level public spaces of the project as offering vantage points from which to view. 
the building. 

It's also worth remembering that when the Capito! Records bulldlng itself was.erectedin.,the.·1950s,· 
it, too, towered over most of the buHdlngs that then existed in Hollywood. ..... . 

The height of the new towers fails within the density limits of the Hollywood p{a~l, whicri·~pec!tlcaiiy 
aHows the planning commission to approve an increase in the floor-to-area ratio for thlspart of ... 
Holiyvvood. The other, smaUer variancps and conditional-use permits the developers seek appear to 
be appropriate and reasonable. (For example, they've asked for a variance for above ground-floor: 
outdoor dining.) . 

The project has benefits for the dty, Induding many construction jobs. Developers have agreed .to .. . 
make this a union project and to offer local workers priOrity in consideration for jobs; The developers .. .. 
are also contributing $4.8 mUllon to the city hOUSIng department which will be put towarU'106 'units·· .. 
of affordable housing being built at two projects, one near Hollywood Boulevard and Western AVerw€ 
and the other in Westlake. The developers will give the city $2 million toward traffic mitigation,. . 

This project furthers the goals of the Hollywood community plan without exceeding its spedl'k:limits. . 
If the plan itself is unpopular or goes too far, it should be challenged (and, indeed, at least three .... .. 
lawsuits agaln::.'t it have already been filed), But: for the moment, it is the best guide that exists to .. 
how Hollywood should be developed in the years ahead, Barring a powerful arg4m.enUo.the.·. . 

121912013 
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contrary, a project that meets its requirements should be approved, and one that violates them 
should be rejected. 

Not that all discretion should (or ever will be) done away with. There will always be an element of 
negotiation between developers, planners, communities and politicians, as there should be. But the 
process in recent years has been a mess; aU the partIes need greater certainty, The dty has to stop 
treating land use approvals as individual transactions - a system that can be gamed - and instead 
should approach them in the context of smart, forward-looking planning law, 

.---- -~---------~--
.------- ~.:-----:'~---.~------------~-:-~==:::-:::--:=-~ 

Stllbj~ Email to Kyndra/Land Use Attorney regarding a!!owable Cre~ted: 5/20/2013 9:53 AM 
Modified: 5120/2013 9:53 AM 

projections/balconies 

~ri Moofi%d or: Charmie Huynh 

!From: Department of Building and Safety 

Fo~II":CMNGS 

HI Kyndraf 

1222C20(d) allows balconies not covered by cO roof or canopy to project into a required rear yard 
not more than 4' and Into a required front yard, passageway, other open space, or the Side yard 
adjoining the street lot line of a comer lot, not more than 30'\ 

Vertical projections are those architectural projections that exceed 4' in vertical height. Please see 
the attached LADBS info bulletin regarding allowab'e projections, I've highlighted the reference 
made to vertical projections on page 2. 

Please let me know If you have any further questions. 

Cham1'e Huynh, P.E, 
Structural Engineering Associate I case Manager 
Development Services Case Management 
City of Los Angeles - Department of Building and Safety 
201 N Figueroa St, Sulte 1030 
Los Angeles, CA. 90012 
T: (2.13) 482-6875 
F: (213) 482-6874 
E: Charmie,"Kuynh@lacity,org 

On Thu, May 16, 2013 at 2:29 PM, Kyndra Casper wrote: 
Cham1le, 

To follow-up on our brief discussion on Monday re balconies, here are the questions that the 
architects have regarding balconies/projections (below 1s an excerpt from the architect's email re 
ba Iccmles/projectlons: 

.. ". 
"We rl'e~d greater clarification from you on the applicable niles and if we can make the below 
assumptions or not. 

Rev!ewlng section 12.22.c.20 regarding projections into yards: 

12/912013 
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CO-0001-1014 t'age 4;) or 40 

Does not refer to "balconies" specifically as far as I can tell. Does speak to other projections (eaves, 
sills or other Sfm arch features - though explicitly excludes vertical projections which we would want 
in the sideyard). -

If I'm reading this correct, gives the following rules: 
2" for every l' of sideyard, So for a 16' sideyard (req for resi at this height) we could project max 
32'7. This is not enough for us. 

We would !ike to project architectural features, including balconies, up to 6'into. ~equlred slde'cl!ld 
rear yards, 

Please confirm If we can make this assumpt!on" 

He also wanted clarification as to what "vertical projections" are In regard to LAMC section 
12.22.c.20 

Thank you for your help with this! 

Best, 
Kyndra 

S8,!bj~ Ema!l to Kyndra/!and use attorney regarding balconies and FAR 

Utss:tHoolfled by: Charmle Huynh 

From: Department of BuHdlng and Safety 

I"ok:l~ CMNGS 

Hi Kynora, 

- O"eated: 6/4/2013 3:40 PM _ 
Moomed: 6/4/2013 3:40 PM -

I've attached ZA2007-3430 (ZAI) that clarifies balconies and FAR here aga[n for your-referenc~; This'· 
document would answer the architect's questions. .. -

Also, please see my responses below ... they are italidzed in blue. 

Charm!e Huynhr P.E, 
Structural Engineering Assodate / Case Manager 
Development Services case Management 
City of Los Angeles - Department of BuHding and Safety 
201 N Figueroa St, Suite 1030 
Los Angeles, CA 90012 
T: (213) 482-6875 
F: (213) 482-6874 
E: Chamlie.Huynh@iaC:ity.org 

On Wed, May 29, 2013 at 4:39 PM, Kyndm Casper wrote: 
Charmie-see attached and email below from archttect. Thanks! 

Kyndra-

Per our discussion last week, could you please run this diagrarn by yovr contact at SuHdlng 
department? 

_-12/9/2013. 
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Case Summary 
CO-0001-101S 

Page 46of46 

Our questlol1s/assurpptions: 

Sketch 1: 
1, No part of balcony counts towards FAR, - correct" since it fs projecting from the exterior waH of 
the building, 

2, So long as width does not exceed 5', length does not matter? - width can go beyond 5' as per ZA-
2007-3430{ZAI) as long as it projects beyond the perimeter of'the building. And yes, length does 
not matter, 

Sketch 2: 
L Does any area greater than 5' In width count as floor area and thus create an assumed building 
wall even if nat covered by a roof (only other balconies)? - See my answer above. 

2, If so, how is this different than a roof terrace (publle or private) or amenity terrace? Assume 
these do not count as floor area? FYI, roof terrace that are uncovered do not constitute floor area. 

Sketch 3: 
L If there Is an architectural feature beyond the bakony (such as a screen wall, horizontal or 
vertical expression hand) does !t affect what is considered floor area? If so, how? Yes, an 
architectural feature such as 1:1 screen covering stacking balconies would render the balconies as 
enclosed and count towards floor area, 

-------....... - ....• ~ .. ------------------------------

'; ; 
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From: 

To: 
Date: 

"Ord~ Eleanorl
! <-'eord@allenmatkins,corn> 

Charmie Huynh 

9/29/20083:43:05 PM 
Subject: Capitol Records: F ARlBalcony 

Hi Charmle, 

We wanted to give you some information in advance of our meeting on Thursday to jumpstart our 
diSClissions. Attached below are renderings of the balcony configurations contemplated fur the 
project and depictions of balconies in the finished structures, We're looking forward to seeing 
you on Thursday at 9:30 am, 

Thanks, 

Eleanor 

Eleanor M, Ora 
Attorney at Law 
AJlen Matkins 
515 South Figueroa Street, 9th Floor 
Los Angeles, CA 90071 
Direct 2'1.3-955-5653 
Fmc 213-62(}'8816 

IR~ Cir~ub!1: .. ;§~O Disdosu.re: To ensure complim:u::e with requirements imposed by the IRS, please be 
advised that any U.S. federal tax advice contained in this communication (including any attachments) is 
not intended or written to be used or relied upon, and carmot be used or relied upon, for the purpose of (i) 
avoiding penalties under the Internal Revetme Code, or (li) pnJID1".lting, marketing or recommending to 
w.mther party any transaction or matter addressed herein. . 

NOTICE: TIw informatkm contained in this electroni.c e-mail and any accompanying attachment(s)is 
intem.ded ocly for the use of the intended rt'dpient and may be confidential and/or privileged. If mryreader 
of this communication is not the intt.'Uded recipient, unauthorized use, disclosure Or copying is strictly. 
prohibited, and may be unJawful. If you tmve rer.eivoo tills comr.mmication in error, please:inlITlediately 
notifY the sender by return e-mai1.anddeletctheoriginalmessageandallcopiesfromyoursystem . .Th.mk 
you. 

IRS Circular 230 Disclosnn: To ensure compliance with requiremt~ni'" imposed by the 
IRS. please be advised that any U,S. federal tax advice contained in this communication 
(including any attachments) is not intended or \vritten to be m;t~d or relied upon, and, 
cannot be used or relied upon, for the purpose of (i) avoiding penalties tmder the Internal 
Revenue Code, or (li) promoting, :marketing or recommending to another party any 
transaction or matter addressed hert~in, 
Confiden:tiaufy Notice: The informati.on contained iIi this electronic e-mail and any .. 
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accompanying attachment(s) is intended only fer the use of the intended recipient and 
may be ccmfiden.tial andJor privileged. If any reader of this cornmllil1cation is not the 
intended recipient. unauthorized use, disclosure or copying is strictly prohibited, and may 
be uniavnb.L If you have received this communicati.on in error, please immediately notifY 
the sender by return e-mail. and delete the original message and all copies from your 
system. 11w.nk you. 

Attachments: Private Open Space .... Jypes.pdf, crop of cOl.jpg, crop of c05Jpg 
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From: 
To: 
Date: 

Wes Pringle 
Charmle Huynh 
10/15/20082:36:27 PM 

Subject: Millennium Project Meeting 

Charm!e, 

-CO-0001-1021 
....... $;) •..•• 'R_"", "" 

I will not be attending the meeting for this project. We have been working with the traffic 
consultant on the traffic study for this project and wlll comment on it when it comes out If 
there are any other questions for DOT, please forward my contact information (be!ow). 

Thanks, 

Weston Pringle 
Department of Transportation 
Metro Programs Division 
100 S. Main St, 9th Floor 
los Angeles CA 90012 
Phone: {213} 972-8482 
Fax: (213) 972-3418 
Stop 725 

file:lIC:\temp\_agvOOOO\text.htm 
~~,; " 
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From: 
To: 
CC: 
Date: 

"Baluyo'4 Rene" <ReneJ3aluyot@ladwp.tco:m> 

W.CByrd 
Charmie Huynh 
10/20/2008 1 :53 :21 PM 

Subject: RE: Request for Pre-Development Meeting for Millennium HoUywood -17050 
N Vine Sf (East Site) and 1751 N Vine. St (West Site)(Email 1) 

-... ~-.•... ,------.------
we, 

Would it be possible for you or your staff to attend this predevefopment meeting this Wednesday 
from 1 PM to 3PM, Om group has a scheduled meeting Wi.tll Cound!member Alarcon at the same 
time and I won't be able to attend the prede .... meeting. Please let me or Charmie know. 

Charm ie, I wiH fOiWard the water info as soon as I get it from the water engineer. 

Thanks! 

Rene 

_._ .......................................................................................... _----
From: Ba!uyot, Rene 
Sent: FridaYt October 17, 200B 12:52 PM 
To: Byrd, W.C.; Spacht, Julie 
Cc: Unard, Andrew; Moon, Marvin 
Subject! RE: Request for Pre-Development Meeting for Millennium HOii'f1N'ooci -1750 N Vine Sf: 
(East Site) and 1751 N Vine St (West Sltej{Emaill) . 

J'ulie!WC, « Pile: GROtJND Fr.,OOR PLAN Lpdf» «File: :1750 Zimas.pdf 
» «File: LA-808560··v4-Pre-Developrnent Meeting Project 
Descriptioll.pdf ~» <~ Fil.e: Vicinity Map.pdf» «File: A.10.5 .. East. 
Bit.e Su:.nrey.pdf» 0(0( File: LA-808370-vl-PDM Questions a..."1.d Issues for 
City Depart.ments.doc » 

The city case manager, Ms" Charmie Huynh, is requesting DWP to provic:k:; 
predevelopment assistance for the proposed Mil1enium Hollywood High
Rise project. Attached are the projec1t fih.lS. 

tiil} you please have your sta.ff review the attached plans and !:equeste.d 
DWP information and let me know the perSOll in your group assigu\'.~d to 
this project? 

'rhanks and have a £Treat day J 

Rene Baluyot 

Economic Developmellt Group 

fiJe:/IC;\remp\...agvOOOO\te:l-!.i.htm 12/9/20i3 
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!sos Angeles Department: of Water and Power 

21.3 .367 < 1284 

rene 0 ba.luyot@ladwp. corn 

--0riglrml AppoIntment--
from: Charmle Huynh [mailto:Charmie,Hwnh@Iac!N,orgJ 
Sent:: Wednesday, October 08, 2008 4:47 PM 
To: oon:i@allenmatikir'ls.rom; afraijo@aflenmatkins.oom; jneuman@a!ienmatkins,com; 
etachlbana@handelarcnltects,oom; ghande!@handelan:::hlted:s,c:om; Ammar Eitawll; Carl Mills; 
Charmie Huynh; Frank Comfort; Kevin Kener; LADSS CMServfceReque5t; 
LADBS~fig221_1B(LC:OnCA.po01.doml@!ac!ty,org; Lambert Giessingef; Michael Taylor; Richard 
Ferguson; Ron Lorenzen; Tomas <:arrnma; Win Pham; BaIuyot,. Rene; 
ttrynin@millenniumprrs.com 
Cc: Jay Kim; Lemue! Paoo 
Subject: Request: fur Pre-Development Meeting for Millennium Holiywood -1750 N Vine St (East 
Site) and 1751 N Vine St (West Site)(Emai! 1) 
Whem Wednesday~ October 22, 2008 1:00 PM-·3:00 PM (GMT -08:00) Pacific Time (US &. 
canada), 
Where: 221 N Figueroa St., Suire 1.BO, LA, CA 90012 

Heno, 

You are invited to a case management pre~development meeting for the proposed Millennium 
Hollywood High Rise projects at 1750 N Vine Sf (East S!te) and 1751 N Vine Sf (West Site), The 
Project Narrative is attached to this email, 

Date: Wednesday, October 22,2008 

Time: 1:00pm.., 3:00pm 

Location: 221 N Figueroa St, Suite 180, los Angeles, CA 90012. 

Applicant Alfredo Fraijc, Attorney at Law, Allen Matkins, 2'13~955-5607 

Questionand Issues fur the City Departments: 

. ',. 

12/9/2013 
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'.;uruwp.t:UITl? ~ KJ.::,; K~Uest ror rre-Ur 1pment MeetL.o Page 3 of 4 
CO-0001-1024 

1,) PiarmingfBuUding & Safety:Confirmatlol1 of required entitlements with respect to the proposed 
project (are any other entitlements required?) Confirmation of setbacks provided Are there 
minimum dismnce requirements between the two towers? Are them minimum distance 
requirements regarding light and air fur windows facing windows, alleys or lot lines? Confirm 
!oadlng spaces required for fueproject and their required dimensions Discuss balcony enclosure 
and screeninglssues {ZA 2007-3430(ZAlj Memo} 

2,) Public Works:Are any offstte improvements required, such as street widening, other than 
what a traffic study might suggest? Confirm sidewalk and street dedication requirements Sewer 
facility charge and credit Adequacy of storm drain system near project Confirmation of sewer . 
capacity availability Are there any requirements for onsrte storm ~ter retention, treatment, . 
discharge during construction andfor operation? Vllhat are the required public improvements 
regarding street trees etc? What are the required public improvements regarding street lights? 
How wii! the Walk of Fame be handled during construction? Task force to determine viabiJIty of 
underground tunnel and obtaining a franchise 

3.)LAFD 8. Are Hydrants and Access:1JVhat are the type and location ofdesiredFirn [)ept .:: .•.•....... 
turnarounds? Where shOUld on-site hydrants be iocated? What fire lane access is required to the·, .: 
buildings? How do hydrant and fire equipment access requirements impact the layout of units? 
General review of and input related to the proposed site plan regarding Fire Department . 
requirements. Observation deck fire access issues, induding capacity, fire escape and elevator.·· 

4.) DWP:WlIl we be required to provide publlc or private utilities? Requirements fon,mder . . 
grounding utilities, if any. How wi!! project be metered relative to fue air lot subdivIsion? Potentia" . 
relocation of traffIC island and right-hand tum lane at comer of Yucca and Argyle to ·create a park 
Genera! review and input regarding the proposed site plan and DW? reqUirements, induding 
water and power service availability, water and power connecticms and dear distance from • 
existing or future power lines, 

Your attendance is greatly appreciated. If you cannot attend, please reply to me via emaiJ with 
your comments and any information you can pass along to the Applicant to address their 
concemsfissues, . 

Attached are some of the project files. I will be sending an additional 4 other ema1is containing 
the project files, 

Thank you 

12/9/2013 
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CO-0001-102S 
"Baluyot. Rene j

, <Rene.Bah...@ladwp.com> ~ RE: Request for Pre~L Aopment MeetL. Page 4 of 4 

Charmla Huynh, P.E. 

Structural Engineering Associate Case Manager 

City of los Angeles/Department of Building and Safety 

221 N. Figueroa St, Sutte 180 

los Angeles, CA 9001:2 

1. (213) 482-6875 

F. (213) 482-6874 

Charmie.HuYI1i1@lacity.org « FHe: GROUND FLOOR PLAN i .pdf» «FliEr 1750 limas.pdf 
» «FHe: LA-B06560-v4-Pm-Deve!oprnent Meeting Project DescriptiorLpdf » 

,-~-Con:fideDtiality Notice-----------
l1lis electronic message tr..m.sm1ss10n contains information from the Los Angeles 
Department of Water and Power, which may be confidentiaL If you are not the intended 
recipient, be aware that any disclosure, copying, distribution or use of the content of this 
information is prohibited. If you have received this communication in error, please notify 
us immediately bye-mail and delete the original message and any attachment "vithout 
reading or saving in any manner . 

. -_e. 

·r,It .. ;IIr'·it ............ \ "' ...... ,{\i!fli!it""vf hh4n 
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From: 
To: 
CC: 
Date: 

UPrnijo, Alfred,q <afraijo@alle:t:l111atkins.com> 

Chrumie Huynh 

Jerold Neuman; Kevin Keller; Jon Tanury; alfredo.pereZ@lacity.org 

l1n 9/2008 3:42:08 PM 
Subject: MiUenmum Hollywood Development: Balcony DiscllssIon 

Hi Charmie, 

I'm following up with you and Planning regarding the balcony enclosures based 
on our brief discussion at the Pre-development meeting. Attached are copies of 
the materials we shared with you and Planning during the meeting. 

On the subject of whether the screens create an enclosure, we would !ike to 
submit the following information, In summaryl the wooden louvers and glass; " 
wind breaks should not be considered building wails creating enclosures based "". 
on their design/ construction and use. 

The Chief Zoning.Admlnistrators memo C'ZAr'} we reviewed at the pre
development meeting states that a balcony will not be included In FAR if It 
S'remains unenclosed except for the guardrails required by the Building Code. si 
The term 81enclosed l1 or "enclosure's is not defined in the LA Zoning or Building 
Codes. In considering when guards or guardrails are required, however, the" 
2007 California Building Code CiBullding Coden) uses the term enclosed to mean 
completely closed in or surrounded. Section 1013.4 of the Buliding Code 
requires guardrails for certain n[p]orches or decks which are enclosed w!th insect 
screening. Ii Since insect: screening must completely surround a porch or deck to ." " " 
be effective, it is dear that the Building Code is uSing the term enclosed to mean 
closed in on all sides or surrounded. 

Additionally, In the definition of habitable room, the LAMC also uses the term 
enclosed to mean dosed in on ali Sides or surrounded on ail sides. The LAMC" 
defines a habitable room as "an enclosed subdivIsion in a residential building, <8 

and specifies that a recess from a room or an alcovel which is enclosed only on 
three Sides, is considered a habitable room only if it exceeds certain Square" " 
footage and am be partitioned off along the fourth side to form a habitable 
room, (LAMC Sectlon 12.1J3) Herer none of the proposed balconies are dosed in "" 
on ali sides or surrounded by the glass curtain wind breaks or the fixed wood 
louvers as contemplated by the Building Cooe and the LAMe Indeed, all 
balcony designs leave one or more wall areas open except for the required 
guardrails. 

ille:!lC;\temp\J~gvOOOO\text.htm , J21912013 
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Additionally! the wooden louvers and glass breaks create a screen against the 
natural elements and adjoining balconies consistent with privacy screens defined 
in the Chief Zoning Adminlstratoris memo em"). The ZAI defines a privacy 
screen as !la decorative feature fastened to a building but that does not provide 
structural support. SI (ZAIr p. 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to 
increase visual interest and improve aesthetics to the bundlngs in line with 
similar concepts for other wor!d-dass buildings (see attached photos). They also 
do not provide structural support for the buildIngs and do not extend to the 
ground floor or occupy the total vertical length of the buHdings. As the attached 
renderings show, the wooden louvers are attached or fastened to the building. 
They are constructed of widely spaced wooden panels (to be built to Building 
Code specifications) that provide solar screening but leave the majority of the 
balcony open to the elements, The views from the units and balconies 'are one 
of the projeces biggest attractions and the louvers are specifically designed to 
create consistency or uniformlty In the towers while leaving the balconies open 
to preserve view from the unIts, Accordingly, the fixed wooden louvers are 
privacy screens that are not considered exterior walls under the terms of the ZAI 
regardless of height and do not function to enclose the balconies for FAR 
purposes. 

In addition, the glass curtain walls provided for a wind break cannot be 
considered to enclose the balconies. They would be separated from the balcony 
structures by a distance of approximately one foot (li~OU). As can be seen from 
the attached section drawings, the glass curtain walls are outside and in addition 
to the required guardrails. The glass wind break cannot be considered to 
endose the balconies. 

Based on our research we also found that other local municipalities !ike City of 
Ventura use the term enclosed balconies to denote balconies that have been 
comp!etely sealed off from the outdoors for the purpose of affording the 

. occupant the use and enjoyment of the balcony In all weather and to buffer 
outside noise,. The City of Ventura's 2008 Design Guidelines fur Balconies 
provide that "standard balconies should not be completely enclosed to the 
natural elements. Ii As discussed below, the intent of the ZAI was to prevent fully 
enclosed balconies, similar to atrlums or sunrooms, from being excluded from 
FAR. Accordingly! balconies, like those proposed for the project, that are 
primarily open to the elements on at least one side or screened are not enclosed 
balconies and should be excluded from FAR. 

Please fet me know how we should proceed on this issue. And thanks again for 
-. your attention to the project. 
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Alfred Fraijo Jr.~ Esq. 
Alien MatkIns leek Gamble Mallory & Natsis LIP 
515 S, fjgueroa Streett 9th floor 
Los Angeles, california 90071 
213,9555607 D 
415,225.6373 C 
21.3,620.8816 f 
afrnfjo@allenmatldns,com 

allenmatldns.mm 
«BAlCONYS SKETCHES 2 (AF i 1 19 (8).pdf» «Screens.doc» 

m...,., Circular 230 ·Disclosure: To ensure compliance V'llth requirements imposed. by the 
ms. please be advised that any U.S. federal tax advice contained in this communication 
(bcluding any atta.cJunents) is not intended or written to be tlSed or relied upon, and •.. 
cannot be used or relied. upon, for the purpose of (i) avoiding penalties under the Intel:nru 
Revenue Code~or (li) promoting, marketing or recomrnending to another party any . 
tran..'"4"'l.ction or matter addressed herein. 
Omfidentialitv Notice: l1H~ information contained ill this electronic e-mail and any ... 
acCt")mpanying attat~hment(s) is intended only for the use of the intended recipient and 
may be confidential and/or privileged. If any reader of this conID1urrication is not the· :0 .. 

intended recipient, 1.l.1:lauthorized use. d.isclosure or copying is strictly prohibited.~ and may 
be mllawful. If you have received this communication in error, please immediately notify 
the sellder by retm:n e-mail, and delete the original message and all copies from your 
system. 1111ll.k: you, 
- •.. - ...................... ~ .. ~ ... . .. ---. 
Attadnnents: BALCONYS SKETCHES 2 CAF 11 19 08).pdf. Screens.doc . 
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from: 
To: 
Date: 

Charmie Huynh 
Alfred Froljo 
11/19/20083:48:23 PM 

Subject: Re: FW: Millennium Hollywood Development: Balcony Discussion 

lfs AV,Perez@iaclty.org 

Thanks 

Charmie Huynh, P.E. 
Structural Engineering Associate case Manager 
Crty of Los Angeles/Department of Building and Safety 
221 N. Flgueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875 
F. (213) 482-6874 
Charmie. Huvnh@lacity.org 

»> lifroljo,Alfredn <afraijo@alienmatklns.com> 11/19/20083:43 PM »> 

Do you happen to have Alfredo's correct email address? Thanks! 

f'f1I:Im: Sysrem Admi~r 
Soot: W~y, NavemOOr 19, 2000 3:42 PM 

To: fraijo, Alfred 

Silbjed:: Uruiel1verutsle: Mutermrum HoI~ ~opment Balcooy Dl~oo 

Subject: I\'fl!!oonlum Hollywood Developrmmt: BiIIk:ony ~n 

Sem:; 11/19/2008 3:38 PM 

alfredo.perel@!adty,OfgOO 11/19/2.0083:41 PM 

rage 1 01 L 

'I"he e-ma~ accmJirt does not exist at the organaatioo this message was sent In, Check the e-mail address; Of ·oootlct the recipient dirud:J)' 
to tim:! out the rorrect addre$, ' ' 

file:!IC;\remp\. .. agvOOOO\te)."t.h1m 12i912013 
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IRS (:ircular 230 Disdosure: To ensure compUance with requirements imposed by the 
IRS( please be adVised that any U.S. federal tax advice coni:alned in this communication 
(induding any attachments) is not intended or written to be used or relied upon, and cannot 
be used or relied upon! for the purpose of CO avoiding penalties under the Internal Reverme 
Codel or (Ii) promoting, marketlng or recommending to another party any transaction or 
matter addressed herein, 
Confldenticdity ~ooce: The information contained in this electronic e-ma!! and any 
accompanying attachment(s) IS intended only for the use of the intended recipient and may 
be confidential and/or privileged. If any reader of thiS communication is not the intended 
recipient! unauthorized usel dlsciosure or copying IS strictly prohibited; and may be unlawful. 
If you have received this communication in error, please immedlate!y notify the sender by 
return e-mali, and delete the original message and aU copies from your system, Thank you, 

file:!IC:\temp\ ag\<'0000\texthtm ·12/912013 
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From: !IFraijo, Alfred!i <afraijo@aHemnatkins.com> 
To: Alfredo Perez 

CC: Jerold Neuman; Kevin Keller; Jon TaIlmy; Charmie Huynh 

Date: 11119/20084:14:26 PM 

Subject: RE: Millennium Hollywood Development: Balcony Discussion 

I misspelled your email address - sorry, Please see original email below, Thanks! 

Best regards, 
Alfred Fraijo Jr., Esq. 
Allen Matkins Led< Gamble Mallory & Natsis LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, california 90071 
21;:L955's607 D 
415225.6373 C 
213.620.8616 F 
afraijo@aUenmatkfns.mm 

Cc::: 'a!fredo,peruz@iadty,ory'; 'jon,t1loory@lildty,org'; 'Kevin Keller'; Nauman, JeroW 

SUbjrn±: MUkmnlOO1 Hollywood ~pi'rnmt: B;aiamy Dlscu5Sloo 

Pm foliowing up with you and Planning regarding the balcony enclosures based, 
on our brief discussion at the Pre-development meeting. Attached are copies of 
the materials we shared with you and P!annlng dUring the meeting. 

On the subject of whether the screens create an enclosure! we would like to ' 
submit the following information, In summary, the wooden louvers and glass' 
wind breaks should not be considered building walls creating enclosures based 
on their design, construction and use. 

The Chief Zoning Admlnistratots memo ("ZAY") we reviewed at the pre
development meeting states that a balcony will not be induded in FAR if H: 

12/9!20t1 
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UFraijol Alfred.l
! <afrmjo@.1:· :mtkins.cQ:O..ODD:1\1iOSliium Holly 1 Development.. Page 2 of 4 

lfremains unenclosed except for the guardrails required by the Building Code," 
The term i!enc/osed~ or lfendosure" is not defined in the LA Zoning or Building 
Codes, In considering when guards or guardrails are requlredJ however, the 
2007 California BuUdlng Code (ilBulldlng Code!!) uses the term enclosed to mean 
completely dosed in or surrounded. Section 1013.4 of the Building Code 
requires guardrails for certain i![p]orches Of decks which are enclosed with insect 
screening. i! Since insect: screening must completely surround a porch or deck to 
be effective, It is clear that the Building Code is using the term enclosed to mean 
dosed in on all sides or surrounded, 

Additionally, in the definition of habitable room, the LAMe also uses the term 
enciosed to mean closed !n on all sides or surrounded on all sides. The LAMC 
defines a habitable room as !!an enclosed subdivision In a residential building/ 
and specifies that a recess from a room or an alcove! whlch is enclosed only on 
three sides, is considered a habitable room only if it exceeds certain square 
footage and can be partitioned off along the fourth side to form a habitable 
room. (LAMC Section 12JJ3) Here, none of the proposed balconies are dosed in 
on ali sides or surrounded by the glass curtain wind breaks or the fixed wood 
louvers as contemplated by the Building Code and the LAMC. Indeed, ali 
balcony designs leave one or more wall areas open except for the required 
guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the 
natura! elements and adjOining balconies consistent with privacy screens defined 
in the ChIef Zoning Administrators memo C~ZAr'). The ZAI defines a privacy 
screen as Ita decorative feature fastened to a building but that does not provide 
structural support.!~ (ZAr, p, 4) Here, the fixed wooden louvers fully meet this 
definition: the louvers are decorative features that were added to the design to 
increase visual interest and improve aesthetics to the buildings in line with 
slmBal" concepts for other world-class bulldings (see attached photos). Theya[so 
do not provide structural support for the buildings and do not extend to the 
ground floor or occupy the total vertical length of the buildings, As the attached 
renderings show, the wooden louvers are attached or fastened to the building. 
They are constructed of widely spaced wooden panels (to be built to Building 
Code specifications) that provide solar screening but leave the majority of the 
balcony open to the elements, The views from the units and balconies are one 
of the proje~s' biggest attractions and the louvers are spedficaliy designed to 
create conSistency or uniformity In the towers while leaving the balconies open 
to preserve view from the units. Accordingly, the fixed wooden louvers are 
privacy screens that are not considered exterior walls under the terms of the ZA1 
regardless of height and do not function to enclose the balconies for FAR 
purposes. 

file:/lC:\temp\ agvOOOO\terthtm 12/912013 0>· 

AR0068280 



In addition! the glass curtain walls provided for a wind break cannot be 
considered to enclose the balconies. They would be separated from the balcony 
structures by a distance of approximately one foot (11_0n), As can be seen from 
the attached section drawings, the glass curtain walls are outside and in addition 
to the required guardrails. The glass wind break cannot be considered to 
enclose the balconies. 

Based on our research we also found that other loca! municipalities Ilke City of 
Ventura use the term enclosed balconies to denote baiccmles that have been 
completely sealed off from the outdoors for the purpose of affording the 
occupant the use and enjoyment of the balcony in aU weather and to buffer 
outside noise. The City of Ventura!s 2008 Design Guldellnes for Balconies 
provIde that S1standard balconies should not be completely enclosed to the 
natural elements.!i As discussed below! the intent of the ZAI was to prevent .fu!ly 
enclosed balconies! similar to atriums or sunrooms .. from being excluded from' : . 
FAR. Accordingly, balconiesl like those proposed for the projectl that are· . 
primarily open to the elements on at least one side or screened are not enclosed·· . 
balconies .and should be excluded from FAR. . 

Please let me know how we should proceed on this issue. And thanks again for 
your attention to the project, 

AJfred Frnijo Jr.s Esq. 
Allen Matk!ns leek Gamble Mallory &. Natsis UP 
515 S, Figueroa Street, 9th Floor 
Los Angeles, canfomia 90071 
213.955.5607 D 
415.225.6373 C 
213.620.8816 F 
afraijo@ailenmatkins.com 

aUenmatkins.mm 
« File: BAlCONYS SKETCHES 2 (AF 1119 (8).pdf» «File: Screens,doc» -

IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the 
IRS, please be advised that any U.S. federal tax advice contained in this communication. 
(including any attachments) is not intended or written to be used or relied upon, and. _. _ 
cannot be used or relied upon, for the purpose of (i) avoiding penalties under. the Intetri.a1. 
Revenue Code, or (li) promoting, marketing or recommending to another party-any 
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transaction or matter addressed herein. 
Conndenti:iilitv Notice: The information contained in this electronic e.-mail and any 
accompanying attachment(s) is intended only for the use of the intended recipient ~d 
may be confidential and/or privileged. If any reader of this communication is not the 
intended recipient, unauthorized use, disclosure or copying is strictly prohibited, and may 
be ucla\\fuL If you have received this communication in error, please immediately notify 
the sender by return e-mail, and delete the original message and all copies from your 
system. Thank you. 
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From: Charmle Huynh 
To: Alfred Fraijo 
Date: 11/19/20084:16:06 PM 
Subject: RE: Mlliennlum Hollywood Development: Balcony Discussion 

Alfred ••• you may want to include the attachments, 

»> 81Fraijoj Alfredll <afraijo@ailenmatkins,com> 11/19/20084:14 PM »> 

A!fredo, 

1 misspelled your email address - sorry. Pie.ase see original emali below. Thanks! 

Best regards, 
A~frad Froljo Jr., Esq. 
Allen Matkins leek Gamble MaUory & Natsis lLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, california 90071 
213.955.5607 D 
415.225.6373 C 
21.3.620,8816 F 

afraijo@aiienmatklns,rom 

From: fruljo, AIfrOO 

Smt: Wednesdill', November 19, 200S 3:38 P'M 

To: 'awrmle Huynh' 

Cc 'aifrOOo.j'.lereZ@!adty.org'; ~on.l.mury@tacity,org·; 'KeviI1IW!ler'; Nwman, Jerold 

Subject: : Miilermlum Hollywood !)e'll'€lopment: Balcony D~tln 

.rage! or j 

rm following up wrth you and Plann!ng regarding the balcony endosuresbased on our brief 
discussJon at the Pre-development meeting. Attached are copies of the'materials we shared' 
with you and Planning during the meeting. ' 

On the subject of whether the screens create an enclosure, we would like to submit the 
following Information, In summary, the wooden louvers and glass wind breaks should not be 
considered buUding walls creating enclosures based on their designj construction and use. 

The Chief Zoning Admiillstratorts memo C!ZAI!~) we reviewed at thepre-developrnent'meeting 
states that a balcony w!il not be induded in FAR if it "remains unenclosed exceptJor,the~, ' 
guardrails required by the Building Code,lI The term "endosedll or uendosurel! is not defined 
in the LA Zoning or Building Codes, In considering when guards or guardrails are required{ 
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however, the ZOO7, california Building COde ("Building Codet') uses the term enclosed to 
mean complete!y dosed in or surrounded, Section 1013.4 of the Buiidlng Code requires 
guardrails fur certain n[p lorches or decks which are enclosed with insect screening,lI Since 
Insect screening must completely surround a porch or deck to be effective, it is clear that the 
Building Code is using the term enclosed to mean dosed in on all sides or surrounded. 

Additionally, In the definItion of habltab!e room, the LAMe also uses the term enclosed to 
mean dosed in on all sides or surrounded on ali sides. The LAMC defines a habitable room 
as "an enclosed subdivision in a residentla! building, n and specifies that a recess from a room 
or an alcove,whicn is endosed only on three sides, is considered a habitable room onty if it 
exceeds certain square footage and can be partitioned off along the fourth side to form a 
habitable room. (LAMe Section 12.(3) Here, none of the proposed balconies are closed in 
on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as 
contemplated by the Building Code and the LAMe. Indeed, aH bafcony deSigns leave one or 
more wall areas open except for the required guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the natural 
elements and adjoining balconies consistent with privacy screens defined in the Chief Zoning 
Administrators memo eZAI"). The ZAI defines a privacy screen as ~a decorative feature 
fastened to a building but that does not provide structural support. It (lAI, .p. 4) Herel the 
fixed wooden louvers fully meet this definition: the louvers are decorative features that were 
added to the design to increase visual Interest and improve aesthetics to the buildings in Hne 
WIth similar concepts for other world-class buildings (see attached photos). They also do not 
provide structural support for the bulldlngs and do not extend to the ground floor or occupy 
the total vertical length of the buildings, As the attached renderings show, the wooden 
louvers are attached or fastened to the building. They are constructed of widely spaced 
wooden panels (to be buUt to Building Code specifications) that provlde solar screening but 
leave the majority of the balcony open to the elements. The views from the units and 
balconies are one of the projecrs biggest attractions and the louvers are specifically designed 
to create conSistency or uniformity in the towers while leavIng the balconies open to preserve 
view from the units, Accordingly, the fixed wooden louvers are privacy screens that are not 
considered exterior walls under the terms of the ZAI regardless of height and do not function 
to enclose the balconies for FAR purposes. 

In addition! the glass curtain walls provided for a wind break cannot be considered to enclose 
thebalcon!es~ . They would be separated from the balcony structures by a distance of 
approximately one foot (1 '_O'f). As can be seen from the attached section drawings! the 
glass curtainwalls are outside and in addition to the required guardraHs. The glass wind 
break cannot be considered to enclose the balconies. 

Based on our research we also found that other local municipalities like City of Ventura use 
the term enclosed balconies to denote balconies that have been completely sealed off from 
the outdoors forthe purpose of affording the occupant the use and elljoyment of the balcony 
in all weather and to buffer outside noise, The City of Ventura's 2008 Design Guidelines for 
Balconies pmvidethat "standard balconies should not be comp!etely enclosed to the natural 
elements:n.:.Asdis<:.ussed below r the intent of the ZAI was to prevent fu!1y enclosed balconies, 
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rage", or j 

similar to atriums or sunrooms, from being excluded from FAR. Accordingly, balconies, Uke 
those proposed for the project, that are primarily open to the elements on at least one side 
or screened are not enclosed balconies and should be excluded from FAR.,. 

Please let me know how we should proceed on this issue. And thanks again for your 
attention to the project. 

Alfred Fraijo Jr.~ Esq. 
Allen Matkins Leek Gamble Maliory &, Natsls LLP 
515 S. FIgueroa Street, 9th Floor 
Los Ange!es, California 90071 
213.955.5607 D 
415.225.1::i373 C 
213,620.8816 F 
afraljo@allenmatkins,rom 

alh:mmaWns.mm 
« Ale: BALCONYS SKETCHES 2 CAr 1119 (8),pdf» «File: Screens.doc » 

IRS Circu~ar no Disclosure: To ensure compliance with requirements Imposed by the 
IRS, please be advised that any U.s, federal tax advIce contained in thls communication.·, 
(including any attachments)ls not Intended or wrItten to be used or reHedupon, and cannot" : 
be used or relied upon, for the purpose of (I) avoiding penalties under the -Intern.al Revenue 
Code, or (Ii) promoting! marketing or recommending to another party any transaction. or 
matter addressed herein. . . 
Confidentiality Notice: The information contained In this electronic e--maH and any· 
accompanying attachment(s) Is intended only for the use of the intended recipient and may 
be confidential and/or privileged. If any reader of this communication is not the intendej .•. 
reCipient, unauthorized use! disclosure or copying 151 strlctly prohlbltoor·and ~may bevnlawfuf; 
If you have receiv~ this communication in error, please immediately notify the sender by , 
rerum e-malil and delete the original message and all copies from your system. Thank you, 
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from: 
To: 
Date: 

Charmie Huynh 
Ed Tachibana 
11/24/2008 1:25:07 PM 

CO-0001-103S 

Subject: Re: capito! Records 
----------------------------

Hi Ed, 

rage 1 01: 1 

'-----_ ...... _-

Thanks for the pdf, Can you a~so emall me the fuli !evel floor plan for the projecting iMng 
room and a full level floor plan for the balcony beneath it? 

Thanks 

Charmie Huynh, PoE. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department of Buifdlng and Safety 
221 N. Rgueroa St, Suite 180 
Los Angeles, CA 90012 
T, (21.3) 482-6875 
F. (213) 482-6874 
Charmie.Huynh@lacity,orq 

»> ''Tachibana, Ed" <etachibana@handelarchitectsocom> 11/24/2008 11:40 AM »> 

Hi Charmie, 

See if this helps. I have made a quick indication on "sketch 3" how the unIT type distributions may work .• 

Generally we are locating a living room at the and of each ofthe projecting ~miradors;~ Other fUnction lTl<lY 

ultimately end up within that area. One possibility is an open loft style Kitchen that would flow out to the 
prirrmry HV!11g space. . 

Let me know if this helps or if you need further clarification. 

Thanks. 

Best regards, 

HANDEL ARCHITECTS LLP 

150 Va lick Street, 8th Floor 

New York,. NY 10013 
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p. 212.595.4112 t 212.595,9032 

«DS Balconies 2. pdf» 
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From: !!Tachibana, Ed!! <etachibana@lHmdelarchitects.com> 

To: Channie Huynh 
Date: 11/241200811:37:43 Al\1 
Su.bject: Capitol Records 
-"'~-~"""-'-.-------------~--
Hi Charrnie, 

See if this helps, I have made a quick indication on "sketch 3" how the unit type distributions 
may work. Generally we are locating a riving room at the end of each of the projecting 
~mirudorn.~ Other function may ultimateiy end up within that are..'l, One possibility is an open loft 
style kitchen that would flow out to the primary living space. 

let me Know if this helps or if you need further clarification, 

Thanks. 

Best regards, 

EHWARn n TACm:BANA 

HANDEL ARCHlTECTS LLP 

150 V arh.~k Street, 8th Floor 

New York, NY 10013 

p. 212,595.4112 f. 212.595.9032 

«OS Balconies 2.pd¥» 
---------------------------

Attachments: DS Balconies 2.pdf 
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from: Charmie Huynh 
To: Alfred Praljo 
CC: Jerold Neuman; Alfredo Perez; Kevin Keller; Jon Tanury; Jameson Lee 
Date: 11/24/20084:13:34 PM 
Subject: Re: M!!Iennium Hollywood Development: Balcony Discussion 

Hi Alfred, 

I discussed this issue with Jameson Lee! our case Management Director. We stili feel that 
the ZAI (ZA2007-3430 CZAr» does not specifically address the projecrs wooden louvers and 
glass wind breaks. Thus! LADBS would still consider these elements as enclosing the .. 
balconies and making them count towards the proje~s PAA. I would suggest that you ask 
the Chief Zoning Administrator to provide an interpretation/clarification on these screens for 
your project, BaSically, LADBS cannot provide clarification on an existing ZA's interpretation. 

Please let me know if you have any questions, 

Thanks 

Charm!e Huynh, P.E. 
Structural Engineering Associate Case Manager 
aty of Los Angeles/Department of Bull ding and Safety 
221 N. Figueroa St, Suite 180 
Los Angeles, CA 90012 
T. (213) 482-6875· . 
F. (213) 482-{)874 
Charmle.Huynh@iac!ty.org 

»> ItFraijo, Alfred!! <afraijo@a!lenmatkins.com> 11/19/20083:38 PM »> 

Hi Charmie, ·1 

. rmfollowiog up with you and Planning regarding the balcony endosures based onou~ brief ..... 
discussion at the Pre-development meeting. Attached are copies ofthemateriaiswe:shared:,.: 
with you and Planning during the meeting. . .. . 

On the subject of whether the screens create an enclosure, we would like to· submit· the·· .... ' ; ,. 
following information. In summary, the wooden louvers and glass.windbre~ks should:f1otbe·.·. 
considered building walls creating enclosures based on their designr constructlonand use,'·: .. 

The Chief Zoning Administrator's memo C'ZA!'!) we reviewed at the pre"ilevelopment· meeti~g· 
states that a balcony will not be included in FAR if!t "remains unenclosed except forthe'.> 
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guardraifs required by the Building Code. 1l The term ilendosed l' or tlendosurel! IS not defined 
in the LA Zoning or Building Codes. In considering when guards or guardraUs are required; 
however} the 2007 california Bullding Code C'BuUdlng Codell) uses the term enclosed to 
mean completely dosed in or surrounded. Section 1013,4 of the Buildlng Cooe requires 
guardrails for certain "[p ]orches or decks which are enclosed with Insect screening. il Since 
insect screening must completely surround a porch or deck to be effective, it is clear that the 
BuHdlng .Code is using the term enclosed to mean closed in on all sIdes or surrounded. 

Additionally, in the definition of habitable room, the LAMC also uses the term enclosed to 
mean closed in on an sides or surrounded on ail sides. The LAMC defines a habitable room 
as nan enclosed subdivision in a residential building/ and specifies that a recess from a room 
onm alcove, whkh 15 enclosed only on three Sides, is considered a habitable room only if It 
exceeds certain square footage and can be partItioned off along the fourth side to form a 
habitable room. (LAMC Section 1.2.03) Here, none of the proposed balconies are closed in 
on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as 
contemplated by the Building Code and the LAMe. Indeedl ali balcony designs leave one or 
more wall areas open except for the required guardrails. 

Additionally, the wooden louvers and glass breaks create a screen against the natural 
elements and adjoining balconies consistent with privacy screens defined in the Chief Zoning 
Administrators memo e'ZAI"). The ZAI defines a privacy screen as na decorative feature 
fastened to a building but that does not provide structural support. if CZAr, p. 4) Here, the 
fixed wooden louvers fully meet thIs definition: the louvers are decorative features that were 
added to the design to increase visual interest and improve aesthetics to the buildings in line 
with similar concepts .fur other world-class buildings (see attached photos). They also do not 
provide structural support for the buildings and do not extend to the ground floor or occupy 
the total vertlcai length of the buildings. As the attached renderings showf the wooden 
louvers are attached or fastened to the buHding.They are constructed of wIdely spaced 
wooden panels (to be built to Bullding Code specIfications) that provide solar screening but 
leave the majority of the balcony open to the elements. The views from the units and 
balconies are one of the projeces biggest attractions and the lowers are specifically designed 
to create consistency or uniformity In the towers while leaving the balconies open to preserve 
view from the units, . AccordlnglYI the fixed wooden louvers are privacy screens that are not 

. considered exterior walls under the terms of the ZAI regardless of height and do not function 
to enclose the ba!conles for FAR purposes. 

In addition, the glass curtain walls provided for a wind break cannot be considered to enclose 
the balconies. They would be separated from the balcony structures by a distance of 
approximately one foot (11_01i). As can be seen from the attached section drawings, the 
glass· curtain walls are outside and in addition to the required guardrails. The glass wind 
breakcanhot be considered to enclose the balconies. 

Based on olJr research we also found that other local municipalities like City of Ventura use 
the term enclosed balconies to denote balconies that have been completely sealed off from 
the outdoors for the purpose of affording the occupant the use and enjoyment of the balcony 
in all weather and to buffer outside noise, The City of Ventura1s 2008 Design GUidelines for 
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Balconies provide that ilstandard balconies shou~d not be completely enclosed to the natural 
elements.1! As discussed below, the intent of the ZAI was to prevent fully enclosed balconies! 
similar to atriums or sunrooms, from belng excluded from FAR. AccordinglYt balconiest like 
those proposed for the project, that are prlmarUy open to the elements on at least one side 
or screened are not enclosed balconies and should be excluded from FAR. 

Please let me know how we should proceed on this issue. And thanks again for your 
attentIon to the project 

Alfred Fraijn Jr., Esq. 
AIien Matidl1S leek Gamble Mallory &. Natsis LLP 
515 S, Figueroa Street, 9th F!oor 
Los Angeles, callfomia 90071 
213.955.5607 0 
415225.6373 C 

213.620.8816 F 

afraljo@af!enmat!<ins,rom 

afienmatic:ins.com 
«BAlCONYS SKETCHES 2 {AF 11 19 08}.pof>:;. «Screens,doc» 

IRS Circular 230 Disdosure: To ensure compliance with requIrements Imposed by the' .' ' 
IRS, please be advised that any U.s. federal tax advice contained in thiscommunlcation.: '. ' 
(including any attachments) is not intended or written to be used or relied Lipon, 'ancJ"c3nnot": 
be used or relied upon! for the purpose of (i) avoiding penalties under the.lntemalRevenue ., .' 
Codel or (Ii) promoting, marketing or recommending to another party, any transaction or ,,' 
matter addressed herein, ' , , ' ." 
ConficientiaiityNotice: The information contained In this electronic ~maila!ldilnYc. ' .....• '. 
accompanying attacnment(s) is intended only for the use of the intended recipient arid 'may, . 
be confidential and/or privileged. If any reader of this communicatIon is not the Intended·.' , , 
recIpient! unauthorized use! disclosure or copying is strictly prohibited, and maybe unlaWfuL . 
If you have received this communication in error, please immediately notify the sender by' 
rerum e-mail" and delete the original message and ali caples from your system, Thank you. 
Attachments: Screens.docl BALCONYS SKETCHES 2 (AF 11 19 (8).pdf . . 
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from: 
To: 
Date: 

Charm Ie Huynh 
A!an Bell 
12/1/2008 10:27:40 AM 

,,- Subject: Fwd: Re: MIHennium Hollywood Development: Ba!cony Discussion 

»> Alan BeIIU/2S/200S 11:37 AM »> 

rage 10:1::5 

possibly tomorrow or next week - really busy today dealing with signs, I can provide you with my opinlont but I 
stifl think that technically it has to be DBS's ~cal!" as to how to apply the ZAI to a specIfIC project, since DES is 
responsible for interpreting and enforcing the city's loning on:iinances under 12.26, that said, we should talk, 
arn::J of course I'd be happy to give you my 2 cents. 

»> Charrnie Huynh 11/25/200811:31 AM »> 
Hi Alan, 

1 sent this email out yesterday regarding me Millenium Hollywood high rise project and the !ssueof FARam:(. 
Balconies. The topic at hand Is regarding the wood louvers and glass wind breaks', r .underStandftOma: . ,< . 

voicemal! I"rIeSSage from Affredo that you fee! that LADBS should make the cal! on thiS one;·. lve ?ilready spOken, , : 
wrth Jameson and we've made the dedsion to consider these "screens" as endosures. for·the baiconies and. thus 
creating FAR for the project" We feel that the ZAI does flot specifIcally address these.t:ypesof Wooctku"LVerS "" . 
and glass wind break screens, The lawyers want: LADBS to consider their interpretat:lon on· tl1e.ZAI (ZA2007~ ... 
3430), however, lADSS cannot make an interpretation on a ZA's interpretation. That's why we have referred 
them to Planning for an interpretation on the lA.I. 

. _. . 

I'll be out of the office starting this afternoon and back in 011 MOfll:::lay, I'd love to get your feedback on',:thls}:' 
Jameson and Alfredo are oc'd to this email as wefL ... ' . 

Thanks and have a Happy Thanksgivlng! 

Charmie Huynh, P.E. 
Structural Engineering Associate Case Manager 
City of Los Angeles/Department: of Building and Safety 
221 N, Figueroa'S4Suite 180 
Los Angeles, CA 90012 
T, (213) 482-6875 
F, (213) 482-6874 
Charmfe, Huvnh (wlacllY,Qrg 

»> Charmle HuynhH/24/2008 4:13 PM »> 
HI Alfredt ' 

...... 

",: ".:"-

I discussed this issue with Jameson lee, our case Management Director. We still f~1 that the ZAI (:zA.zO07,- .. 
3430 (ZAIn does not specifically address the project's wooden louvers and glass wind· breakS~ Thus, LADBS: 
would still"amslder these elements as enclosing the ba!ronies and making them count tOwards the project's .. 
FAR. 1 would suggest that you ask the Chief Zoning Admin!strator to provide an interpretation/ciarificationon . 
these screens for your project. Basically, LADSS cannot provide clarification on an existing ZA's ihterpret:ition • 

...... 

Please let me know if you. have any questions. 
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Cnt1I.mie Huynh - Fwd: Re: 11. 

Thanks 

Otarrnie Huynh! P.E. 
structural EngineerlngAssociate case Manager 
City of los Angeles/Department of Building and Safety 
221 N.' Figueroa S4 Suite 180 
Los Angeles! CA 90012 
T. (213) 482-6875 
E (213) 482-6874 
Charrnie. Huvn!l@l.qclty.om 

»> wFraijo, Alfred" <arraiio@allenmatklns.com> 11/19/20083:38 PM »> 

Hi Charmiet 

yiscussion Page 2 of3 

I'm following up with YOll and Planning regarding the balcony endosures based on our brief discussion at the 
pre-development meeting. Attached are copies of the materials we shared with you and Planning dwing the 
meeting; 
On the subject: of whether the screens create an endosure, we would like to submit the following inforrnation. 
In: summary, the wooden lcltwers and glass wind breaks should not be considered buikling walls creating 
endasures based on their deslgnt col'1Struction and use. 
The Chief Zoning Administrator's merna ("ZAI") we reviewed at the pre-development meeting states that a 
balcony w[/I not be included in FAR if It:: "remains unenclosed except for the guardrails required by the Building 
Code." The term "enclosed" or "enclosure" Is not defined in the LA Zoning or Building Codes, In considering 
when guards or guardrails are requiredr however, the 2007 California Building Code ("Building Code") uses the 
teITrl endosed to mean completely dosed in or surrounded. Section 1013,4 of the Building Code requires 
guardrails fur certain "[p]on::hes or decks which are endosed with insect screening." Since insect screening 
must completely surround a porch or deck to be effed:lve, it Is dear that the Bunding OXle is using the term 
enclosed to mean dosed in on all sides or surrounded. 
Additionally, In the definition of habitable room, the LAMe also uses the term enclosed to mean dosed in on all 
sides or surrounded on ali sides. The LAMC defines a habitable room as "an endosed subdivision In a 
residential bulldin9/" and specifies that a recess from a room or an alcove, which is enclosed only em three 
sides, Is considered a habitable room only if It exceeds certain square footage and can be partitioned off along 
the fmirth side to fo!'T11 a habItable room. (LAMe Section 12.(3) Here, none of the proposed balconies are 
closed In on all sides or surrounded by the glass curtain wind breaks or the fixed wood louvers as contemplated 
by the Building Code and the LAMe. Indeed, ail balcony designs leave one or more wall areas open except fur 
the required guardrails, 
Additiemally, the wooden !OlNers and glass breaks cream a screen against the natura! elements and adjoining 
balronies consistent with privacy screens defined In the Chief Zoning Administrator's memo eZAI"). The ZAI 
defines a privacy screen as "a decorative feature fastened to a buildlng but: ti1at does not provide structural 
support." (ZAI,i p. 4). Heret the fIXed wooden lowers fully meet this definition: the louvers are decorative 
features that were added to the design to increase visual Interest and improve aesthetics to the buildings in !ine 
with similar concepts for other world-da'is buildings (see attached photos). They also do not provide structura' 
support for the buHdings and do not extend to the ground floor or oa:upy the rotal vertical length of the 
buildings. As the attached renderings show, the wooden lowers are attached or fastened to the building. They 
are constructed of widely spaced wooden panels (to be built to Building Code specif1cations) that provide solar 
screening but !eave the majority of the balcony open to the elements. The views from the units and bak::onies 
are one .of the project's biggest att:ractions and the louvers are spedfic:ally designed to create consistency or 
unlrormlty' in the tuwers while leaving the balconies open to preserve view from the units, Accordingly, the 
• fixed wooden louverS are privacy screens that are not considered ex1:eflor waHs under the tenns of the ZAI 
regardless of height-and do not function to endose the balconies fur FAR purposes. 

. . In addltioil, the glass curtaIn wails provided for a wind break cannot be considered to endose the balconies. 
Tirey would be separated from the balcony structures by a dlstance of approximately one foot (1'-0"). As can 
be seen from the attached section drawings, the glass curtain walls are outside and in addition to the required 
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guard ralls. The glass wind break cannot be considered to enclose the balconies. 
Based on our research we also found that other loa!! munidpalitles like City of Ventura use the term enclosed 
balconies to denote balconies !:hat have been comp!etely sealed off from the outdoors for the purpose of 
affording the occupant the use and enjoyment of the balcony in all weather and to tu.Mer outside noise. The 
aw of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural clements." As discussed below! the intent of the ZAI was to prevent fully 
enclosed balconies, Similar to atriums or sunrooms, from being excluded from FAR, Accordingly! balconies, like 
those proposed for the project, that are primarily open to the elements on at least one side or screened'are not 
enclosed balconies and should be excluded from FAA. 
Please let me know how we should proceed on this issue, And thanks again 'for your attention to the project. 

Alfred Frnijo Jr" Esq. 
Alien Matkins leek Gamb!e Mallory & I\!atsis LlP 
515 S. Figueroa Street,. 9th Floor 
Los Angeles, California 90071 
213,955.5607 D 
4152.25.6373 C 
213.620,8816 F 
afrailo@)ailenmatkinsJ:-CPlTI 
allenmatkins.oom 
«BAlCONYS SKETCHES:2 CAF 1119 08).pdf» «Screens,doc» 

IRS Circular ~O To ensure compliance wlth requirements imposed by the IRS, please he, advISed that any :-, 
U.s. federal tax advlcec:ontained in this commun[cation (including any attachments) isncit intended orwlitten:, 
to be used orrelied upon; and cannot be used or relied upon! for the purpose of 0) avoloing penalties under.:' " 
'the Internal Revenue Code, or (Ii) promoting, marketing or recommendIng to another' rait'Yiimy transaction or,', ' 
matter addressed herein. , ,:" , ' , . " ' 
Confidentiality The information contained in this electrci'nic e--mal! and any accompanying:att.acnment(s) is : ' :, 
intended onlY for the use of the intended recipient and may be confidential and/or privileged. lfany reader of 
this communication Is not the lntended recipient. unauthorized u~, dl.sclosure or copying is strictly prohibited, ' 
and rrmy be unlawful. If you have received this communication in error, please immediately notify the senoor by , ' 
return e-mail, and delete the original message and af! copies from your system, Thank you, , ' ' 
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J:age 101 j 

From: Alan Belf 

To: Olarmle Huynh 

cc: Michael l.oGI"arn:Ie; Maya Zait1:evsky; Alfredo Pe:mz; Jameson Lee 

!:lam: 121112000 10:49:41 AM 
SU~ Fwd: Re: MHiennlum HoI!ywood Development: Balcony DiSCl.JSSlon 

. Hi O1armJe - I'lfe reviewed the rrlilteria! you sent me rorlC.'erfIing the Millennium Hoiiywoot! Develo~ The 
Department of IkIflding &. Safety's interpretation and application of ZA 2007-3430 (ZAI) Cf.\l1Ceffilng FAA and private open 
spare is rorrect As the .b\I dearly states, balconies and decks shail not be considered "!loor are,,· for purposes of 
cab.datlng FAR, only $0 long as furee cofld!tio11S are met., Including condition #2, whid! Is !:hat the balcony or dec$( 
remains ·unenclosed except fur the guard ralls requlrm by the Building Code. • 

The proposed additional screening above t:he guard rill! encloses space that would ofuerwlse be open" The ~ 
screens, \/\'hIm are parallel to the building wall, do not serve the same purpose 115 the perperu:llcu!ar 1Ning WilUS and 
privacy ~ disl:::i.lssed 00 p. 4 of the ZAI, which are intended to diVide large balconies or decks shared by two or 
more residential dwelling unlts, 

Alan 

Alan Bell, AICP 
Sen!or at:y Plan!"!!'!r 
Office of Zoning Mnirdstmtioo 
Department of Q!.y Planning 
(213) 978-1322 
(213) 978-1334 fax 
alan.be11@i1!ldty.org 

»> Charmie Huynh 12/1/2008 10:27 AM »> 

»> Alan Bell 11/25/2008 11:37 AM »> 
possibly rorrtOO"O'lM or ne.xt ~ - really busy today dealing \Ni'!h signs. I can provide yoo wtti1 my opJnkmt but I still 
think that techrOCa!ly it has to be DBS's "cal!" as to how to apply the ZA1 to a specific project,'. s:im::e DSS is respon.slble for 
!nterpreting and en!'ofdng the ctty's :zoning ordInances under 11,26, that saki, we mu!d talk, and of course I'd be 
happy to gW€! you my 2. W'lts. 

»> O1armJe Huynh 11/25/2008 11:31 AM »> 
Hl Alan, 

I sent this email out yesterday regarding the MiUOOiOO1 HoI!ywoQd hIgh lise project and the issue of FAA and Sa!mrnes. 
11'!e topic at hand Is regarding the wood louvers and glass wind breaks. ! understand from a voiremall l'!'ieSS<1gefi"om 
Alfredo that you fuel that l..A[)BS should make the cal! on !:his Orle. I've already spoken wfth Jame.son and we've made. 
the dedsion to COl'iSider these ~screet1S" as enclosures for the balconies and thus creating FAA fur the project We feel 
that the ZA.I does not spedfu:.ally address these types of wood kl~ and glass wind break screens, .. The lawyers want 
LADBS to COl'iSider thelr in~on on the ZAI (Z,A2007-3430), however, !..AOOS cannot make an interpret:1!tion 00 a 
LA's i~tioo, That's why we have referred them to Planning for an Interpretation 00 the ZA-I, .•. . . 

I'll be out of the office starting thJs: afternoon and back In 00 Monday < I'd love to get your feedbad< 00 this.. Jameson 
am::! Alfredo are cc'd to this email as we!t 

O1arm!e Huynh, P,E-
structural Engineering ~ Case Manager 
City of Ws AI1geies!~t of Building and Safety 

about:blruik 12/9/2013 
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Alan Bell - Fwd: Re: 11illem JSlon Page 2 of3 

:121 1\1, Rgueroa St. SUite 180 
Los Angeles, CA 90012 
T. (213) 482-6a75 
F, (213) 482-6a74 
Charmie..Huynh@!adty,org 

::> ::>:> Charm!e Huynh 11/24/2008 4 :13 PM ;.;. >
Hi Alfred, 

1 d~ tills iss:Ue wfth Jari"ieSl:l1'l Lee, our case Management Director. We still feel that the ZAI (ru007~3430 (lAI» 
does not ~fIy address the project's wooden louvers and glass wind breaks. Thus, LADBS wouid stilf oonslder 
these elements as endaslng ti1e balmnres and maklng them rotJnt towards the project's FAA. r \MOUld suggest that you 
ask: the Chief Zonlng Admlnist.raror to provide an !nterpretatJoo/dartftG:!tion on these screens for your project. Basically, 
LADBS cannot provide darffic.aool'l 00 an edsting ZA's Interpretation. 

Charm!e Huynh, PoE. 
Sl'.n.!dUn! Englrn.:erlng Asoodaf:e Case Manager 
aty of I.ns Angeies/Deparunent of BuUdlng and Safety 
221 /It FlgI.ll'!t'OO St, SU[e 180 
los Angeies,. CA 90012 
T. (213) 482-5875 
F. 013) 482-6874 

c:::rn;rmieoHlIYflh@iadly.org 

HIOmrrole, 
l'mful!owmg up wlth yelu and Planning regarding the balcony end~lres based 00 our brief d!so.l.S'5itm at the Pre·· 
development meeting. Attached are copies of the materIals we shared with you and PlannIng during the meeting. 
On the subject 01' whether the scree.ns create an em:lm-."1.!ffi, we would !Ike to :Sl.li::s!"11tt the fullowlng Ini'ormation, In 
summary, !:he ~ louvers and glass wmd txf'..aks should not be ronsldered bulldlng walls c:reating enclosures ba.">ed 
00 f.tw.lr design, rumtruction and use. 
The rue!' lDnlng Administrator's memo ("'ZAl") we reviewed at the pre--development meeting states It-rut a balcony wi!! 
oot be Included in FAR if It "remains unendored except for the gu<.m::fralls required by the Building Code.' 11ie term 
·enck.l$ed~ or "endasum" is not defined In the LA Zoolng or Building Codes. In wnsldering wnf.'.t1 guards or guardrails 
are required, hCI'WeVef', the 2007 california Building Code (""Building Code") !..JSeS ti1e term endooed to mean completely 
dosed in or rurrounded. Sect.ioo 1013.4 of !:he Building Code nequlres guardrailS for certain "[pJr:m::hes or decks which 
are endosed wlth insed: screening.' Since !n.'>ed: screenIng must wmpfeteiy surroond a porch or tleek to be el'fa"iille, It 
is dear that the BuHdlng C.ode Is using !".he term endosed t.o mean dosed in 00 al! sides or surn:wrnler.L 
Additionally, in the deftnil:loo of' habttab!e room, tJ'>l.e LAMe also uses the term endosed to mean dosed In on all sides or 
surrounded on al! sides. The LAMe defiru.'.s a habitable room as "an f'JldO:Sed subdi'lliskm in a residential bultdlng, W and 
spedf!es that a recess fium a room or ilI1 alcove, which Is enclosed only on three sides, Is rortsldered a habitable room 
only If it exceeds r.mi:ain SQUl:1II"e footage and can be partltlooed off along the fourth side to form a habltable mom, 
(lA.MC Secl.ioo 12.(3) , Here, oone of the ~ bak:.onles are dosed In 011 al! sides or surrot.lnOOd by the glass Ctwt-1111 
willd breaks or the fixed wood lowers as contemptated by the Bu!ldlng Code and the lAMe Irnleed, all balmny designs 
!eave one or more wall areas open exoept for the required guardrails. 
MdftioM1W,·the ~ lowers and glass i:lreaks create a screen against the natw"al clements and adjoining bair.:nnles 
crmslstefit. with privacy ~ defined in the Chief Zoning Mmlnistri.lt.or's memo ("ZAlj. The lAI OO1nes a privacy 
screen as "a ~tM.i fuat1..!re f.:!stened to a building but: !hat does not provide structural support." (ZAI, p. 4) Here, 
the Ib:e<t wocdeIllowers M!y meet this definition: tile louvers are deoorntive features that were added to the des.!gn to 
Increase \ilsual !rrtlerest and Improve aesthetics to the buildings in. line with Similar wncepts for other worId-dass buildings 
(see a~ photos). They also do not provide structural support for !he bt.llldings and do not exi:erld to the ground 
floor or OO":UW the total v-ertical length of the buildings. M the attached renderings mow, the ~~ lrn..rvers am 
att:!ched or fasi."ened to the bulkiing. "'!"hey are constructed of wfdeIy spi'!{l'!d wooden panels (to be builtro Bulldlng Code 
spedl'iartioos) that provlde solar screening but leave the majority of the bak:ony open to the efemf'J"'Its. The views fn::lm 
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the ~ and balCOflles are ooe of the project's biggest attrad:Jons and the lowers are spedftcally designed to create 
o::msistem::y or unifurnlfty in !:he towers whUe leaving the bala:Wlles open to preserve view from !he unIts, • Acr.ording!y, 
!:he fixed wooden louvers are ~cy screens that are nat considered exterior waUl' under the terms of the ZM regardless 
of height and do oot fimd:JOIl to endore the balronies for fAR purposes. 
In addition, the glass curt.Wl W<!!is provided fur a wind break cannot be COIlSidered to enclose the bak:oole& They would 
be separnted from the oofcrmy stnJctures by a distam::e of approximately one foot (1'-0") .. As can be seen from the 
attached soct!on draWlngs, the glass wrtain W<:Ills are outside and in addition to the required guardrails. The glass wind 
break c.alloot be wlSirlered to enclose the balcooies. 
Based onoor researdi we also found that other local munidpalffies !ike City of Ventura use the term eode:sed halconies 
to denote baJamies that have been oomplete!y sealed off from the outdoors for the purpose of ilffixding the OC(.l.lp,ant 
tI1e u.se and enjoyment of the balmny in all weather am:! tt) trulfer outside noise. The aty of Ventura's 2000 Design 
GuidelInes fO( ~er provide I'.tiat ~stam:lard balrnnies should not be completely endosed t:o the natural eiernents.. ~ 
As discussed beh:wlr, the Intent of !he W Wi!$ to prevent fully em::iosed balconies, Similar to atriums or sunrooms, from 
llcing excluded from fAA Accordingly, balconies, flke those proposed fur the r.roject, that are primarily open t.o \'.he 
elements Of! at least one side or scrooflt0 are not endoserl ookunles and should be exduded from FAA. 
Ple.ase let me know how we should pr~i on this 1.%00. And thanks again fur your att!.'.I'ltloll to the project 

Alfred mfjo Jr., Esq. 
Allen Matklns ledt Gamble MaBery Sa Natsls HP 
515 S. Figueroa Srrect, 9th Floor 
Los Angeles, C:ilffi:lmia 90071 
213.955.5607 !) 
41.5.2.25Jj373 C· 
213.620.!lS16 F 

afraijo@alloomatkln.,>.rom 
allenl1laWns,com . 

< <MLCONYS SKETOlES 2; (Af 1119 Oa).pdf» «ScreenSoooc» 
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IRS OrtUlar 230. 10 enstlre oompliarn::e willI requi~i:s irnpost:d by the IRS, please be advised that any US federal· 

I'.<.ix advice amtalned In this a::mm,untcatlol1 (induding any att:Jcttm.ents) is not intended or written ro be used t}r relied 
Upaf1, Dnd cannot be used or relied upon, for !:he purpose of (i) avoiding penalties under the Internal Revenue Code, or 
Oi) promoting, ~>tir19 PI' recommending to another p<IIly any transactioo or matter ark:iressed herein, . 

ConfJool1l1a1!l.y The inmrmatloo o::mt:ained in this eied:ronic e-maH and any accompanying att:ldunent(s) Is Intended . 
ooly fur the use of I:he intended recipient and may be rontldMtial aru:i!or prtvilegeO. If any reader of this oommun!~i:ion . 
1s not the Intended recipient, unauti1mtred use, disclosure or copying is strictly prohibited, and may. be ·unlawn.d~ If you ..•. ' '. 
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From: 
To: 
Date: 

Charmie Huynh 
afraijo@al!enmatldns.com 
12/1/20083:49:19 PM 

CO-0001-1061 

Subjed: Fwd: Re: Millennium Hollywood Development: Balcony DiscussIon 

»> Alan Bel! 12/1/2008 10:49 AM »> 
HI Charm!e - I've reviewed the materia! you sent me concerning the MWennlum Hollywood Development. The 
Department of Building &. Safety's interpretation and application of ZA 2007-3430 (ZAI) c:oncemlng FAA aoo , 
private open spare is correct. As the ZA! dearly states, baia::mtes and decks shan not 00 considered "floor area" 
fur purposes: of calculating FAR, only so long as three c:onditions are met, Including condition #2, which is that 
the balcony or deck remains "unenclosed except for the guard rails requtred by the BuUding Code. ~ 

The proposed additional screening above the guard rail encloses space that would otherwise be open, The 
proposed screens, which are parallel to the buflding waU, do not serve the same purpose.as th.e perpeendfcular. 
wing \'\/'ails aoo'privacy screens discussed on p, 4 of the ZAIr which are intended to.dMde :largebaloonici;of' 
decks shared by two·or.·more residential dwelling units. . 

Alan 

Alan Be!I, AICP' 
Senior City· Planner 
Office of Zoning Administratkm 
Depart:ffient of CIty Planning 
(213:) 97B-1322 
(213) 978-1334 fax 
a!an.be!!@iaclty.org 

»> Charmie Huynh 12/1/200810:27 A!I<l »> 

. " '" 

", . 

• l .. ',. ": ••.•• 

, . 

. .: ~ ~ '.: -: . : ~ . , 

»> AianBeII.11125/200S11:37 AM »> . .. :".' ,~' :" .. " .. : 
posslb!y tomorroW or next week - rea!!y busy today dealing with signs. I can provide you\vitl:l my.·op!nlon;buU 
still think that technlcaHyit: has to be DBS's "call" as to how ro apply the ZAI to a specific 'project, Since DBS is· 
responsible fur'lnterpreting and enforcing the dty's zoning ordinances under 12..26. tl')('It.said,:.we ShOlddtalk,· 
and of c:ourse I'd be happy wgwe you my 2. cents. . ,;. . . 

, .... 

»> Charmie Huynh 11/25/2008 11:31 AM »> 
HI Alan, . 

: ..... " 

I sent thisemai! out y~rday regarding the Millenium Hollywood high rise project.and:tIie:jssu~ of FAR..:a.ild •. 
Balconies. The topic at hand is regarding the wood louvers and glass wind breaks; . I lmderstandfWm'.a· . " .' ," 
voicemai! message from Alfredo that: you feel that LADas should make the cal! on thIs· one.:l'w,;yalready: ~pOkeff :: - .. . 
with Jameson and we've made the decIsion to consider these "screens" as enciosuresfor t:hebalconies and thus C:', 

creating FAR: fur· the project, We feel that the ZAI does not specifk::aily address t:liesft~.of WOOdiouver~"::' '. :., , 
and glass wl!ldbreakscreens" The lawyers wantLADBSto ronsfderthelr i!lterprerntiQn6nthe.ZAl(i:A.?OO7~.:: ..... 
3430), howevert lADBS "lrlnot make an interpretation on a ZA's interpretation. That'swny we' have referred-.:· 

'. them to Planning fur an Interpretation on the ZAI. .. 
, "" 
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Cmmnle Huynh w Fwd: Re: ; Discussion Page 2 of4 

I'll be out of the office starting this afierooon and back in on Monday, r d love to get your feedback on this, 
Jameson and Alfredo are cc'd to this emall as welt 

Thanks and have a Happy Thanksgiving! 

Charrnie Huynh, PoE. 
Structural Engineering Associate Case Manager 
CRy of los Angeles/Department of Building and Safety 
221 N. FIgueroa St( Suite 180 
Los An~es, CA 90012 
T, (213) 482-6875 
E (213) 482-6874 
£;.b.a rmie. HU¥l1t!@iadtv,org 

»> Charmie Huynh 11/24/20084;13 PM »> 
Hi Alfred, 

r discussed thIs issue with Jameson lee, our Case Management Dlrecmr, We still fee! that the 7.AI (lA20G7-
3430 (lAI)} does not SpedTlCa!!y address the project's wooden lowers and glass wind breaks. Thus, LADaS 
would stlll consider these elements as endosing the balconies and making them count towards the project's 
FAA. 'lwould suggest: that you ask the Chief Zoning Administratnr to provide an interpretation/clarification on 
these screens for your project. Basically, lADBS cannot provide clarification on an existing lA's interpretation. 

Please let me know If you have any questions, 

Thanks 

Charmfe Huynh, PE·· 
Structural Eng!neertngAssodate Case Manager 
City of Los Angeles/Department of Building and Safety 
221 N, Figueroa 54 Suite lao 
Los Angeles, CA :90012 
T, e213} 4B2~875 
F, (213) 482-6874 
Charmle,Hwnh@laclty,org 

HI Charm!€:, 
I'm following up with you and Planning regarding the balcony enclosures based on our brief diswsslon at the 
Pre-devdopment meeting. Attached are copies of the materials we shared wIth you and Planning during the 
meeting, 
On. the subject.or whether the screens create an enclosure/ we would like to submit the following information, 
In summ,uy/the wooden louvers and glass: wind breaks should not be considered building walls creating 
eru:::losiJresbaSedon their deSign, ronst:riJction and use, 
The Olief Zoning Administrator'S memo ("lAIn) we reviewed at the pre-deve!opment meeting states that a 
ba!a:my-wn! not 00 Induded In FAR 1f it "remains unenclosed except fur the guardrails reqUired by the Bu/kling 
Code. "The term "enclosed" or "enclosure" is not defined in the LA ZonIng or Building Codes, In considering 

. when ~glliirds or guardrails are reqUired, however, the 2007 California Building Code ("BuUding Code") uses the 
te~ eoclooed ro mean completely dosed in or surn:mnded. Sectlon 1013.4 of the Building Code requires 

" .. ,,: . 

. fi1e~ iC:\tetnp\" agVO002\text.htrll 121912013 

AR0068310 



CO-0001-1063 

guardrails fur certain "[pJorches or decks which are enclosed with insect screening. ~ Since insect screening 
must completely surround a porch or deck to be effective, it Is dear that the Building Code is using the term . 
enclosed to mean dosed in on all sides or surrounded. 
Additionally, in the definition of habitable room, the LAMe also uses the term enclosed to mean dosed in on all 
sides or surrounded on ali sides. The LAMC defines a habitable room as "an endosed subdivisiol1 in a 
residential building!" and specifies that a recess from a room or an alcovel whIch is enclosed only on three 
sides, is considered a habitable room only if it exceeds certain square footage and can be partftloned off along 
the fourth side to fOmJ a habitable room. (LAMC Section 12,(3) Heret none of the proposed balconies are 
dosed In on all sides or surrounded by the glass curtain wind breaks or the f!Xed wood louvers as contemplated 
by the Building Code and the LAMe. Indeed, ali balcony designs leave one or more wall areas open except for 
the required guardrails, 
AddltionallYI the wooden louvers and glass breaks create a screen against the natuml elements and adjoining 
balconies consistent with privacy screens defined in the Chief Zoning Administrators memo ("ZAI"), The ZA1 
defines a privacy screen as "a decorative feature fastened to a building but that does not provide structural 
support," (ZAl, p. 4) Here, the fixed wooden louvers fully meet this definition: the louvers are decorative 
features tlmt were added to the design to increase visual interest and improve aesthetics to the buildings in line 
with stmHar concepts for other world-dass buildings (see attached photos). They also 00 not provide structural 
support for the bulld!ngs and do not extend to the ground fioor or occupy the total vertfcallength of the 
buildings. As the attached renderings show! the wooden louvers are attached or fastened·tothe building. 'They 
are constructed of widely spaCed wooden panels (to be bUilt to Building Code spedftcations)thatprovide soiar . 
screening but leave the majority of the balcony open to the elements. The vIews from the units and balconies . 
are one of the project's biggest attractions and the louvers are specifICally designed to cre:ate ool1sistency.or . 
uniformfty [n the rowers while leaving the balconies open to preserve view from the units. ACcordingly, the 
f!Xed wooden lowers are privacy screens that are not considered exterior walls under the terms of the ZA! 
regardless of height and do not function to endose the balconies for FAR purposes. . 
In addition, the glass wrtain walls provided for a wind break cannot be considered to enclose the balconies. 
They would be separated from the balcony structures by a distance of approxil11ate!y one foot,(l';O'l)~ As can" 
be seen from the attached section drawings, the glass curtain waHs are outside and In.additlontothe"requirea 
guardrails. The glass wind break cannot 00 considered to endose the balconies. 
Based on our research we also round that other loca! munidpa!!ties like City of Ventura use the term enclosed 
balconies to denote balconies that have been completely sealed off from the outrloors for the purpose·of 
affording the occupant the use and enjoyment of the balcony in aU weather and to buffer otitsfdenofse; The 
aty of Vern:ura's 2.008 Design Guidelines for Baironies provide that "standard balconies shouk! not be· 
complete!y enclosed to !:he natural elements." As discussed below, the intent of the ZAlwas to prevent fully 
enclosed balconies, simHar to atriums or sunroomst from be1n9 excluded from FAR. Acmrdlngly, balconies, like 
those proposed for the project, that me primarily open to the elements on at least one side or screened are not. 
endosed balconies and should be excluded from FAR. . ... .. .... . . 
Please let me know how we should proceed on this Issue, And thanks again for your attention to the project • 

.ruffed Fraije Jr., Esq. 
Allen Matkins led< Gamble Mallory & Natsis LlP 
515 S. Figueroa Streett 9th F!oor 
Los Angeles, california 90071 
213.955.5607 D 
41S.225J5373 C 
213,620.8816 f 
afral]o@allenmatklns.com . 
amienmatidns.oom 
«BALCONYS SKETCHES 2 (AF 1119 08).pdf» «Screens.doc» 

IRS Ch"C!.dar no To ensure compHance with requirements imposed by the IRS, please be advised that any 
U,S. federal tax advice contained in this communication (induding any attachmentsy IS n6~ intended or written 
to be used or relied upon, Elnd cannot be used or relied upon! for the purpose of (I) avoidingpenaJties l.mder ...... . 
the Internal Revenue Codet or (Ii) promoting, marketing or recommending to another party any transaction or . 
matter addressed herein. . , .. 
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Charmie Huynh. 00 Fwd: Re: J Discussion Page 4 of4 

~rdiden~The information contained in this electronic: e-mail and any accompanying attachment(s) is 
!nl:alded only for the lise of the Intended recipient and may be confidential and/or privileged. If any reader of 
this rommunkatlon is not the Intended recipient, unauthorized 1Jse, dlsdosure or ropylng is strictly prohibited, 
and may be unlawful. If you have rece1ved this communication in error, please immediately notify the sender by 
retum e-maH, and delete the ongina! I't1e5sage and ail copIes from your system. Thank you. 
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from: 
To: 
CC: 
Date: 

Charmie Huynh 
Alfred Fraijo 
Jameson Lee 
12/3/2008 9:42~13 AM 

CO-0001-1065 

Subject: RE: Re: Millennium Hollywood Development: Balcony Discussion 

I don't believe there is a code section for this particular Interpretation. Jameson said you can 
contact him if you need further darification on this issue. Jameson!s phone # is 213-482-
6866. 

Thanks 

Charmfe Huynh, P.E 
Structural Engineering Assocrate case Manager 
aty of Los Angeles/Department of Building and Safety 
22.1 N. Figueroa St/Suite'180 
Los Angeles,CA: 90012 
T, (213)482-6875 . 
F, (213)482-6874 
Charmie.Huynh@lacity.org 

»> "Fraijo,Alfred" <afraijo@aHenmatkins.com> 12/1/20084:15 PM »> . 
Charmle, , ~'. ' 

, '. "0:' ,. ~. " . 

On the i$Sueor space under a projection (Le'l ground floor or ba!conyspac~:u~de~a': " 
habitable room) thatwould be counted as FAR, can you refer us to the related ~uIlding,Qr: 
Zoning Code sectionJor reference? ,.. .. -"; 

Thanks in advance. 

from: Charmie Huynh [maiito:Charmie.Huynh@lacity.org] 
Sent: MondaYI December 01,20083:49 PM 
To: Frafjof Alfred 

.. '" 
...... 

Subject: Fwd:· Re: M.mennJum Hollywood Development: Balcony Discussion 

. .." 

»> Alan Bell 12./1/2008 10:49 AM »> ..• : .'. . 
Hi Charm!e - rye reviewed the material you sent me concerning the MlI!ennium Hoilywood'Deveiopment-The . 
Departrl1el1t of Buiiding &. Safety's interpretation and application of ZA 200l-3430 CZAr) cpw::::emiflgfAR mld.: .. ' ... 
private open space.is oo!'T'ed:. As the 2M clearly stares! balconies and decks shali.ootbe u;!I1sidered;~oor-:area'I: .. 
fur purposes of calculating FAR.r only so long as three conditions are met. Including condition #2r which iSittmt.· . . 
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Charmie Huynh ~ RE: Re: Mi iscussion Page 2 ofS 

the balcony or deck remains "unem:::!osed except for the guard rails required by the Building Code." 

The proposed addlt:k:ma! screening above the guard rali encloses space that would otherwise be open. The 
proposed screens, which are paralle! to the building waH, do not serve the same purpose as the perpendicular 
wing walls and privacy screens discussed on p, 4 of the ZAI, which are intended to divide large balconies or 
decks shared by two or more residential dweH1ng units, 

If you have any questions! please let me know. 

Alan BeJl
i 

AICP i .:, ,\. 

SenIor City Planner ' 
Office of Zoning Administration 
Department of C"rt.y Planning 
(213) 97!H322 
(213) 978-1334 fax 
aian.bell@lacity.org 

»> Charmie Huynh 12/1/200810:27 AM »> 

»> Alan Bell 11/2S/2008 11:37 AM »> 
possibly tomorrow or next: week - really busy today dealing with signs. I can provide you wIth my opinion, but I 
still thInK that technically It has to be DBS's ~call" as to how to apply the ZAI to a specffic project since DBS is 
responsible fur interpreting and enrorong the diy's zoning ordinances under 12.26, that said, we should talk, 
and of course I'd be happy to give you my 2 cents, 

»> Channle Huynh 11/25/200811:31 AM »> 
H! Alan, 

! sent this emaIl out yesterday regarding the Millenium Hollywood high rise project and me issue of FAR and 
Balconies. The topic at hand Is regarding the wood louvers and glass wind breaks, I understand from a 
Yoicemai! message from Alfredo that you feei that LAPElS should make the cali on this one. I've already spoken 
with Jameson and we've made the decision to consider these "screens" as enclosures fur the balconies and thus 
creating FAR for the project. We fee! that the ZAI does not s~mca!1y address these types of wood louvers 
and glass wind break screens, The lawyers want LADBS to consider their interpretation on the ZAI (ZA2007-
3430j, however, LADBS cannot make an interpretation on a ZA's lnterpret:1tlon, That's why VIle have referred 
them to Planning fur an interpretation on the ZAI. 

I'll be out of the office starting this afternoon and back In on Monday. I'd love to get your feedback on this, 
Jameson and Alfredo are cc'd to this email as well, 

Thanks and have a Happy Thanksgivlng! 

Charmie Huynh, PoE. 
Structural Engineering Associate case Manager 
City of Los Angeles/Department of Building and Safety 
22U·,l. Figueroa Stt Suite 180 
Los Angeles, CA90012 . 
T. (llS) 482-6875 
F. (213) 482-6814 
Charm!e;H!.Nnh@!ocit:y;om . 

: :>".',,".C . , ~" . 
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»> Charmie Huynh 11/24/200S 4:13 PM »> 
Hi Alfred! 

I discussed this Issue with Jameson Lee! our Case Management Director, We stili feel that the ZAl (ZA2007-
3430 (ZAI)) does not specifically address the project's wooden louvers and glass wind breaks. Thus1 LADBS 
would still a:::msider these elements as endoslng the balconies and making them count towards the project's 
FAR. r would suggest that you ask the Chief Zoning Administrator to provide an interpretation/clarification on 
these screens for YOUF project. BasicallYI LADBS cannot provide clarification on an existing LA's interpretation, 

Please let me know if you have any questions. 

Charmie Huynhl P,E. 
Structural Engineering Associate Case Manager 
aty of Los Angeles/Department of Building and Safety 
221 N. FIgueroa S~ Sulte·1BO 
Los Angeles, CA 90012 . 
T. (213) 4S:NjS75 
F. (213) 482-6874 
Charm!e. HI,f{Di1@ladty,org 

»> "Fraijo, Alfred" <afrnijo@allenmatldns,com> 11/19/20083:38 PM »> 

' . . ::.: .. ' 
..... - c 

• '~ _,' ~ c ' • 

Hi Charmiel . . . ..:.. . . .... . . 

I'm fuliowing up wrth you and Planning regarding the balmny enclosures based on. our bilef· dIscuSsioo at the·· 
Pre-d,evelopment meeting, Attached are copies of the materials we shared with you and ·Planning durlrlgthe. 
meeting, .. ... ...• ... .. • 
On the subject of whether the screens create an enclosure, we would like to submit the following~illformat1on. 
In summaryfthe wooden louvers and glass wind breaks should not be considered building walls .creating . 
endosures based on their designl construction and use. , 
111e Chief Zoning Administrator's memo ("LAr} we reviewed at the pre-development meeting states that.a...: 
balcony will not be induded in FAA [fit "remains unenclosed except for the guardrails requireci.br;t;heSu!lding : 
Code. ~ The term "enclosed" or "enclosure" is not defined in the LA ZonIng or BuildIng ~;;Jn~riskieting· ... .,,:. 
when guards orguardrnils are requIred! howeverf the 2007 california BuUding COde.("Bulldillg·Code,ijusesthe: 
term enclosed to mean .completely dosed in or surroum::led. Sect:lon 1013.4 of the Bulldirig Cbderequ~~·::· 
guardrallsfor cert:lin "[p]orches or decks which are enclosed wtth Insect screening." Slnce:,nsectsereening ... . 
must completely surround a porch or deck to be effective, it is dear that the BuUding c6deis uSing·ttietem1 ' .. . 
enclosed to mean dosed In on all sides or surrounded. .. .... . ... ..,'.. . . 
Addttiormi!y, in the definition of habitable room! tire LAMe also uses the term enclosed to mean dosed in ·on aU 
sides or.surrounded on all sides. The LAMe defines a habitable room as "an enclosed sul:idMsioni!1. a :.. .. 
residential b!.!ilding/' andspedftes that a recess from a room or an alcove, whlchiserli::::lo5ed.onfy ·on three·· . 
sides, is considered a habitable room only If it exceeds certain square footage and am Departit!onecf'off alOng· 
the fuurth side to form a habitable room. (LAMC Section 12.03) Here, none of thepmposedba!conles are. 
dosed in on all skles or surrounded by the glass curtain wind breaks or the fIXed 0000 lowers as Col1templated 
by the Building Code and the LAMC, looeed! af! balcony designs leave one or morewall.areas o~n'exceptfur 
the required guardrails. . . . . . . . .... ,. . 
Additionally, the.wooden louvers and glass breaks create a screen against the narural elements and adjoining· 

. balconies consIstent wrth privacy screens defined in the Chief Zoning Administrator's memo (''ZAl'') , , The ZA.I 
defines a prtvacyscreen as "a decorative feature fastened to a building but that does I1qt·p!Uvide structural· 
support." (ZAI~ p. 4) Here, the fIXed wooden louvers fully meet this definItion: th.e'loUVeisaredOCorat:bre::~ ;'. 

, ., "0 _ " ••••••• • ' • 

. '". 

, .... '. 
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Cbannie Huynh tt RE: Re: M . . . iscusslon Page 4of5 

features that were added to the design to increase visual "interest and improve aesthet:lcs to the buildings in line 
with similar a:mcepts fur other wor!d~class Dulldings (see attached photos), They also do not provide structura! 
support for the buildings and do not extend to the ground floor or occupy the total vertical length 'of the 
buildings. As the attached renderings show, the wooden louvers are attached or fastened to the building. They 
are constructed of wideiy spaced wooden panels (to be built to BuUding Code specifications) that provide solar 
screening but leave the majority of the balcony open to the elements. The views from the Imits and balconies 
are one of the project's biggest at:i::rn<±lol"ls and the louvers are specifically designed to create consistency or 
uniformity In the towers while leaving the balconies open to preserve view from the units, According!y, the 
fixed wooden louvers are privacy screens that are not considered exterior walls under the terms of the ZAI 
regardfess of height and do not funct:ion to enclose the balconies for FAA purposes, 
In addition! the glass curtagn walls provided fur a wind break cannot be considered to endose the balconies. 
They would be separated from the balcony structures by a distance of approximately ooe foot (1'-o"). As can 
be seen from the at:tached section drawings, the glass curtain walls are outside and In addItion to the required 
guardraIls, The glass wind break cannot be considered to enclose the balconies. 
Based on our researdnve also found that other local muofdpalities like aty of Ventura use the term enclosed 
balconIes to denote bak::onies that have been completely sealed off from the outdoors for the purpose of 
affording the occup1lll'ltthe use and enjoyment of the balcony in 'all weather and to buffer outside noise. The 
City Of Ventura's 2008 Design Guidelines for Balconies provide that "standard balconies should not be 
completely enclosed to the natural elements," As dlscussed below f the intent of the ZAI was to prevent fully 
endosed balconIes, similar to atriums or sunrooms, fmm being exch..ujed f'mfrI fAR, Accordingly{ balconies, like 
those proposed for the project, that are primarlly open to the elements on at least one side or screened are not 
enclosed balconies and should be excluded from FAR. 
Please let me know how we should prt:lCeed on this issue. And thanks again for your attention to the project 

Alfred Frnijo Jr., Esq. 
Allen Matkins Leek Gamble Mallory &. Nats!s LLP 
515 S. Figueroa Street, 9th Floor 
Los Angeles, california 90071 
213.9555607 D 
415.225.6373 C 
213.620.8816 F 
afmHOlPlallenmatkins.com 
aUmmat!dns,c:om . , 
«BAlCONYS SKETCHES 2. (AF 1119 OB),pdf» «Screens.doc» 

.IRS Cirq.dOiu· no To ensure compliance wfth requirements imposed by the IRS, please be advised that any 
U.S. federal tax advice contained in this communication (iru::luding any attachments) is not Intended or written 
to be used or relied upon, and cannot be used or relied upon, for the purpose of (I) avoiding penalties under 
the-Interna! Revenue Code, or (lI) promoting, marketing or recommending to another party any transaction or 
matter addressed herein. 
~nfidentialb Theinforrnation contained in this electronic e-mail and any accompanying attachment(s) is 
intended only for the use of the intended recIpient and may be confidential and/or privileged. If any reader of 
this oommunk::ation is not t::he intended recipient, l.mau'thorized use! disclosure or copying is strictly prohibited, 
and may be unlawful. If you have received thrs communication in error, please Immediately notify the sender by 
retume-mall, and delete the original message and all copies from your system, Thank you. 

IRS Circuiar2li:U)lsdosure: To ensure compliance with requirements imposed by the 
IRSfPieasebeacMsed that any U.S. federal tax: advice contained in this communication 
. (lnduding" any attachments) 15 not intended or written to be used or relled upon, and cannot 
be "used or relied upon, for the purpose of CO avoiding penalties under the Internal Revenue 
Code, orO!) promoting! marketing or recommendIng to another party any transaction or 
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matter addressed herein, 
Confidentiality N@tice: The information contained in this electronic e-mail and any 
accompanYing attachment(s} IS intended only for the use of the intended recipient and may 
be confidentlai and/or privlleged, If any reader of this communication is not the intended 
reciplent, unauthorized use; disclosure or copying 15 strictiy prohibited, and may be unlawfuL 
If you tlave received thiS communIcation in error, please immediately notify the sender by 
return e-mail, and delete the anginal message and ali caples from your system. Thank you, 
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CO-0001-1070 

Charmie Huynh <charmie.huYl1h@lacity.org> 

Mmennium project rn HoUywood 
:3 messages 

Blake Lamb <blakaJamb@lacity.org> 
To: "Huynh, Charmie~ <charrnieJ'uJynh@laGit~rorg> 

Hi Charmie, 

Wed, Apr 6, 2011 at 5:36 PM 

I met yesterday with one of the appllcant's for the Mmennium project 111 Hollywood. ! know that they had 
scheduloo a case management meeting with you a while ago. He told me he wanted to "restart" that process 
with you and 'liltaSn't sure his next steps. It's a big project, 1 mWion SF at the Capital Records site. Can you 
hclp? 
Thanksl 
Blake 

Blake E. lamb, Alep 
City Planner 
Plan Implementation DMsion 
NeJghborhood Projects. Centra! Section 
los Angeles Department of City Planning 
200 N. Spring Street, Room 621 
los Angeles, CA 90012 
(213) 978-1167 

Gha fU1 Ie Huynh <charmie. huynh@lac:ity.org> 
To; Blake lamb <blakeJamb@laclty.org> 

Yes of course. Please have them contact me. 

Thanks, 

Channie Huynh! PoE. 
Case Manager/Structural Engineering Associate 
City of Los Angeles 
Department of Building and Safety - Case Management Unit 
201 '1\1 Figueroa St, Suite 1030 
Los Angeles! CA 90012 
T, (213) 482-6875 
F, (213) 482-6874 
Chamie. Huynh@laclty,org 
[Quoted text hidden] 

Blak® Lamb <biake.lamb@iacity.org> 
To: Charmie Huynh <charmla,huynh@iacity,org> 

Ok thanks ChaITl1ie. 
Blake 
[Quotad text hlddenj 

lhu, Apr 7, 2011 at 11:01 AM 

Fri, Apr 8, 2011 at 4:48 PM 
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From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Ray, 

CO-0001-1071 

Alfred FraUo Jr. <afraUo@sheppardmullin,com> 
Thursday, March 15, 2012 11:04 AM 
'Raymond,Chan@ladty,org' 
Jerry Neuman 
1750 North Vine Street 
Out!ookJp9 

Thank you for taking our cail yesterday, The property address is 1750 North Ville Street 

We are looking for information on the building code regulations that apply to development within a fault zone or 
prohibitions on development related to fault areas. We were informed by ML Dana Prevost that a limited fault 
investigation would be required in the pomon of the subject site, There IS a Hollywood Fault trace mapped by the 
California Geological Survey that prompted the discussion with Mr. Prevost 

The property extends on two adjacent sites along Vine Street and is generally bounded by Yucca street, Argyle Avenue 
and !var. Below is a genera! map of the site, 

Thank you in advance for your assistance, 

1 
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CO-0001-107l 

Circular 23Q Notice: In accordance with Trea.sury Regulations we notify you illat any tax advice given herein 
(or in any attachments) is not intended or1tvritten to be used, and cannot be used by any taxpayer, for the 
purpose of (1) avoiding taxpenaities or (ii) promoting, marketing or recommending to another party any 
transaction or matter addressed herein (or in any attachments). 

Attention: This message is sent by a law finn and may contain information that is privileged or confidentiaL If 
you received this transmission in error, please notifY the sender by reply e-mail aud delete the message and any 
attachments, 
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From: 
Sent: 
To: 
Cc 
Subject: 
A:tbchmmts: 

Hi Ray, 

CO-0001-1074 

Alfred FraUo Jr. <afraijo@sheppardmu!Hn.com> 
Thursday, March 15,2012 11:04 AM 
'Raymond.Chan@ladty.org' 

Jerry Neuman 
1750 North Vine Street 

OutlookJpg 

Thank you for taking our cal! yesterday. The property address is 1750 North Vine Street 

We are looking for information on the building code regulations that apply to development within a fault zone or 
prohibitions on development related to fault areas, We were informed by Me Dana Prevost that a limited fault 
investigation would be requiroo in the portion of the subject site, There is a Hollywood Fault trace mapped by the 
Cai!fornla Geologk:a! Survey that prompted the disclIssion with Mr. Prevost. 

The property extends on two adjacent sites along Vine Street and is generally bounded by Yucca Street, Argyle Avenue 
and Ivar. Below is a general map of the site. 

Thank you In advance for your assismnce< 
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Circular f30 Notice: In accordancevlrith Treasury Regulations we notify you that any tax. advice given herein 
(or in any attachments) is not intended or written to be use~ and cannot be u.~ed by any taxpayer, for the 
purpose of (i) avoiding t.1X penalties or (li) promoting, marketing or recommending to another party any 
transaction or ma.tter addressed herein (or in any attachments). 

Atte!1tion: This message is sent by a law fiml and may contain infornl1.ition that is privileged or confidential. If 
you received this transmission in error, please notify the sender by reply eHnait and delete the message and any 
attachments. 
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From: 
Sent::: 

To: 
Stlbject.: 
Attachments: 

Thank you Channie!!l 

CO-0001-1077 

Raymond Chan <raymomichan@!adty.org> 
Friday, March 16,20122:14 PM 
Charmle Huynh;jneuman@sheppardmu!liru:om; afravo@sheppardmuIHn,com 
Re: 1750 North Vine Street 
Outlookjpg 

On Fri. Mar 16,2012 at 8:19 AM. Chmmie Huynh <cnarrnje.1].uynhfa:l)acity,org> wrote: 
Hi Ray, 

i 1 spoke to Dana Prevost regarding the MiHemUID project at 1750 N Vine St. He mentioned that he met 'livith 
the project team to discuss the Hollywood Fault line that could potentially be crossing the property. Here are 
some bullet points OIl what we discussed: 

.. Currently, the Hollywood Fault line is not mapped and may be addressed by the State Geologist in the 
next 4-5 years minimum. 

.. Per c.ode section 1803.5.11. a geotechnical rCpDrt shall be conducted for the site to address (among other 
things) surface displacement due to faulting or lateral spreading. Dana advised the project team that 
they need to do their own investigation to locale the fault per this code section 

'" Per the Alquist Priolo Earthquake Fault Zoning Act, no structure for human occupancy shall be 
pem:dtted to be placed on or across an active fault trace, rve attached a copy of Ollr info bulletin and 
highlighted this condition (#2). It also describes a min 50' no build :zone. However, Dana discussed 
with the project team that he has granted one modification in the past on another project that allowed 
th~ID to·build right adjacent to the fault line. 

Please tet me know if you have any questions. 

Charmie Huynh~ P.E. 
Structural Engineering Associate I Case Manager 
Deveiopment Services Case Management 
City of Los Angeles - Department of Building and Safety 
201 N Figueroa St, SUITe 1030 
Los Angeles, CA 90012 
T; J£1~1. 482-6875 
F: 1?.1..~) 482-6874 
E; Charmie".Huynh@l§.Q.!~ 

On Thu, Mar 15,2012 at 12:50 PM, Raymond Chan <rf;tymond.chau(a1tm:;ity.org> v,'!ote: 
". Hi Alfred, 

We are working on this and win get back to yon tomorrow. 

1 
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CO-0001-1078 

Ray 

On TIm, Mar 15,2012 at 11:04 AM, Alfred fraijo Jr. ~iTaii.o(i4_gh~lmardmu1Hn~f:om> \wate: 
Hi Ray, 

Thank you for taking our call yesterday. The property address is 1750 North Vine Street 

We afe looking for information on the building code regulations that apply to development within a 
fault zone or prohibItions on development related to fault areas. We were informed by ML Dana 
Prevost that a limIted fault investigation would be required in the portion oUhe subject site, There IS 
a Hollywood Fault trace mapped by the Ca!rromia Geological Survey that prompted the diSCUSSion 
wIth Mr. Prevost. 

The property extends on two adjacent sites along Vine Street and is generally bounded by Yucca 
Street, Argyle Avenue and Ivar. Below is a genera! map of the site. 

Thank you In advance for your assistance. 
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CO-0001-1080 

Circular 230 N..Qti.ce; In accordance \'i;ith Treasury Regulations we notifY you that any tax advice given herein. 
(or in any attachments) is not intended or written to be used, and cannot be used by any taxpayer, for the 
purpose of (1) avoiding tax penalties or (ii) promoting. marketing or recommending to another party any 
trnnsacticm or matter addressed herein (or in any attachments). 

Attention: This message is sent by a law fum and may contain information that is privileged llr confidential, If 
you received this transmission in error, please notify the sender by reply e-mail and delete the message and any 
attachments. 
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From! 
Sent:: 
To: 
Subject: 
Attac:hmoots: 

Thank you Charmie1 !! 

CO-0001-1081 

Raymond Chan <raymond.c:han@!adty.org> 
Friday, March 16, 2012 2:14 PM 
Charmie Huynh; jneuman@sheppardmuiiin,com; afraijo@shepparcimullin.com 
Re: 1750 North Vine Street 
OuttookJp9 

On Fri, Mar 16,2012 at 8:19 AM, Cham:tie Huynh <gnml:1iQ,ll1lYKm.@lEl:~:i1Y.:Qtg> v,,'rote: 
Hi Ray, 

I spoke to Dana Prevost regarding tlK~ Millenhm1 project at 1750 N Vine 81. He mentioned that he met with 
the project team to discuss the Hollywood Fault line that could potentially b~~ crossing the prop~'1iy. Here are 
some bullet points on what we discussed: 

is> Currently, the Hollywood Fault line is not mapped and may be addressed by the State Geologist in the 
next 4-5 years mlnimum. 

.. Per code section 1803.5.11, a geotechnical report shaH be conducted for the site to address (among other 
things) surface displacement due to faulting or lateral spreading. Dana advised the project team that 
they need to do their own investigation to locate the fault per this code section 

is> Per the i\lquist Priolo Earthquake Fault Zoning Act, no strudure for hm:nan occupancy shall be 
perrnitted to be placed on or across an active fault trace. Pve attached a copy of our info buHetll1 and 
highlighted this condition (#2). It also describes a min 509 no build zone, However, Dana discussed 
with the project team that he has granted one m.odification in the 'p~1: on another project that allowed 
them to build. right adjacent to the fault line. 

Please let me know :if you have any questions. 

Charmie HtJynh. P.E. 
Structural Engineering Associate! Case Manager 
Development Services Case Management 
City of Los Ange!es - Department of Building and Safety 
201 N Figueroa St, Sulte1 030 
L.os Angeles, CA 900'12 
T: (2t~) 482-68J:§ 
J!: l~J 3} 4~.2-6874 
E; Cha.r.mie,Huynh@iactty.g.[9 

On Thu. hifar 15, 2012 at 12:50 PM. Raymond Chan <;n~.YITtond.chan(anacity.nrg> wrote: 

Hi Alfred, 

We are working on this mid will get back to you tomorrow. 
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CO-0001-1082 

Ray 

On Thu. Mar 15, 2012 at 11:04 AM, Alfred Fraijo Jr. <afraijo@sbeppardmulIhu::om> V'»Tote: 

Hi Ray, 

, Thank you for taking our call yesterday. The property address IS 1750 North Vine Street 

. We are iooklng for information on the building code regulations that apply to development within a 
: fault zone or prohibitions on development related to fault areas. We were informed by Mr. Dana 
: Prevost that a limited fault investigation would be required in the portion of the subject site. There is 
I a HoHyvvood Fault trace mapped by the California Geologica! Survey that prompted the discussion 
. with Mr. Prevost 

" The property extends on two adjacent sites along Vine Street and is generally bounded by Yucca 
I Street, Argyle Avenue and Ivar. Below is a genera! map oftha srte. 

i Thank you in advance for your assistance. 

:2 
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CO-0001-1084 

I ClrYu1ar 230 .Notice: In accordance with Treasury Regulations we notify you that any tax advice given herein 
i (or in any attachments) is not intended or written to be used, and cannot be used by any taxpayer. for the 
: purpose oJ (1) avoiding tax penalties or (ii) promoting, marketing or recorrunending to another party any 
: transaction or matter addressed herein (or in any attachments), 

Attention: Tilis message is sent by a law firm and may contain information that is privileged or confidential If 
y~~~··~ec.ei~ed this transmission in error, plea.<;e notify the sender by :reply e-mail and delete the message and any 
attaclrrnents. 
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from: 
Sent:: 
To: 
Cc: 
Subja«: 
Attachments: 

Hi Alfred, 

CO-0001-1085 

Raymond Chan <raymond.chan@!adty.org> 
Thursday, March 15,2012 12:50 PM 
Alfred Fraijo Jr. 
Charmie Huyhn 
Re: 1750 North Vine Street 

Outlook.jpg 

We are working on this and will get back to you tomorrow, 

Ray 

On TIm, Mar 15,2012 at 11:04 AM. Alfred Fraijo Jr, <afra:ijo(p.she~dmullin.com> ""TOte: 
Hi Ray, 

Thank you for taking our cal! yesterday. The property address is 1750 North Vine Street 

We are looking for information on the building code regulations that apply to development wIThin a 
fault zone or prohibitions on development related to fault areas. We were informed by Mr. Dana 
Prevost that a limned fault investigation would be required in the portion of the subject site. There is a 
Hollywood Fault trace mapped by the California Geological Survey that prompted the discussion with 
ML Prevost. 

The property extends on two adjacent sites along Vine Street and is generally bounded by Yucca 
Street, Argyle Avenue and Ivar. Below is a general map of the sfte. 

Thank you in advance for your assistance. 
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CO-0001-1087 

Circular 23;:Notice: In accordance v'iifh Treasury Regulations we notify you that any ta.x advice given herein 
(or in any attachments) is not intended or 'Written to beused, and cannot be used by any taxpayer, for the 
purpose of (i) avoiding tax penalties or Oi) promoting. marketing or recommending to another party any 
transaction or n:mtter addressed herein (or in any attachments). 

Attention: Ibis message is sent by a law .firm and may contain information that is privileged or confidential. If 
you received this transmission in error. please notify the sender by reply e-mail and delete the message and any 
attachrnents. 
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Fffil'1"C 

Sant: 
To: 
Cc: 

Dan 

CO-0001-1088 

Dana Prevost <dana.prevost@iacity,org> 
Tuesday, Ju!y 03, 2012 7:35 AM 

Dar'! Eberhart 
Jeffrey T. Wilson Geffrey.w1ison@iac:ity.org); snood@Millel1niumPtrs.com; 
JLudano@MiilenniumPtrs.c:om; kgol1sar@Mil!ermitlmPtrs.com; 
ptate@sheppan:imuiliru:om; Rudy Frizz!; Diane FioreW; John Magnavlta 
Re: MHlenniun1 Hollywood Development .. Tentative Tract 71837 .. South of Yucca Street 
& East of Ivar Avenue 

Looks good. I wouldjust like to note that fuB scope of the investigation wi11111tiInately depend, of course, on 
the quality of the data. from the borings. Also, me allowaMe building envelope will probably be some distance 
south of S.·1, as I indicated in the meeting. We look fmward to seeing the results. 

Dana 

On Tue, .lui. 3,2012 at 7:00 Alvi, Dan Eberhart <deberhart@J.~!1:gilll.com> wrote: 

Dana! Jeffrey 

Thanks for meeting us yesterday. The following will summarize our meeting of2 Jilly 2012 at your office. 

1. A famt investigation for the Hollywood fault will be required prior to <l:pproval of the tentative map. The 
investigation was agreed to be limited to the western parcel of the tentative map (that portion west of Vine 
Street). 

2. The subsurface investigation scope as indicated on the attached map at1d section has been agreed to by the 
city, 

3. Should the building envelope extend north ofBl, additional subsurface investigation will be required prior 
to the issuance of building permits. 

4. Should the investigation find evidence of recent fault activity, a restricted use area will be identified by 
Langan. 

5. Should datable mat.erials be found. carbon dating will be perfonned. 

6. Langan ,vi.L! have a meeting with the city to discuss our findings from the fault investigation prior to report 
submittal. 

7, The final geotechnical engineering study a<; recommended in me city review sheet dated May 23, 2012 is 
not required prior to approval of the vesting tentative map and win be deferred until the buildings have been 
designed. The report vvilI be prepared prior to building permit issuance. 

Regards, 
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Dan 

Dan R. Eberhart, PG, CEG, CPG 
Associate 
Direct 949.255.8651 
Mobile: Tt4:J?~~§.:..82()7 

CO-0001-1089 

Langan Engineering & Environmental Services 
Phone: 949,255J!640 Fax: 949255.8641 
18662 MacArthur Boulevard, Suite 456 
!rvin.e, CA 92612-1200 
wwwJangan.com 

Langan's goa! is to be SAFE {Stay Accident Free Everyday} 

CAUFOml!A New JERSEY NEW YORK CONNECTICUT PENNSYLVAN!A VlRGINtA FLORIDA 
ABU DHAm ATHENS OOHA DiJElAl ISTANBUL 

This electronic transm,J.,ssion may contain confidential, proprietary or pri'vileged infonnation. No confidentiality 
or privilege is intended to be waived or lost by erroneous transmission ofthls message. If you receive this 
message in error, please notifY the sender immediately by return email and delete this message from your 
system. Disclosure, lL'Se, distribution or copying ormis message, lilly attachments thereto or their contents is 
strictly prohibited. 

Dana Prevost 
Engineering Geologist HI 
Grading Division Chief 
Building and Safety 
City cfLos Angeles 
(213 )482-0488 

2 
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CO-0001-1090 
CllydLoohigelt'>1> Mall- Log #: 77007-1 (172!:!-U7O N. Vine St, !'Idl~) 

Stephanie Mordgomery <smontgomery@iangan.com> 
To; Jehy Wilson <jeffrey,'Wllson@lacity.arg> 

Wed, Jan 2, 2013 at 4:19 PM 

Jeff, 

Langan's client elected to have the subject log expedited, thus an additional payment was made to the 

City forthe fee difference between standard and expedited tum around. Please confirm you and Dana 

received such notice and advise where the report is In the queue of reports to be reviewed. 

Once reviewed and prIor to you and Dana issuing a review letter, Langan would like to meet with you and 

Dana to discuss your comments. Please advisE' when this meeting is feasible, 

Thank you very much for your tlme and efforts, 
Stephanie Montgomery 
Senior Staff Geologist 
Direct: 949.255.8662 

WE HAVE lVlOVED! PLEASE NOTE OUR NEW ADDRESS BELOW" 

Langan Engin*"aring & Environmental Services 
Phone: 949255J3640 Fax: 948,25508641 
32 Executive Park, Suite 130 

!liiine, CaIHomia 92614 
W\f\.I\N .langano com 

Langan's goal is to be SAFE {Stay Accident Free Everyday) 

CAUFORNIA NEW JERSEY NEW YORK C:ONNECl1CUT PENNSYlJfANIA VIRGINIA FlORIDA 

ABU DHAIBI ATHENS DOHA DUBN ISTA.NBUl 

(RRR} 

firom: Jeffrey Wilson [maiito:jef'frey.wHson@iacityoorg) 
Sent: Tuesday, November 06,2012 11:42 AM 
To! Stephanie Montgomery 
SUbject: Re: log #77007, F'ile-2., Various Tracts in Hollywood 

114 
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7117/13 

Stephanie, 

Thank you for the confirmation, 

Jeff 

CO-0001-1091 
C1tyct LOO .li,Jlgt~e$ Mali-tDg #: TlOO7~1 (172()..lTm N. Vine St, HoIl~) 

On Tue, Novo, 2012 at 11:05 AM, Stephanie Montgomery <smontgomery@iangan.com> 'JIffCIte: 

Jeff, 

Langan and Millennium Partners wi!! meet with you and Dana on Thursday, November 8,2012 at lOam to 
discuss MWermfum's Hollywood Deve!opment. 

Thank you, 
Stephanie Montgomery 
Senior Staff Geologist 
Direct: 949.255.8662 

Uingan Engineering & Environmental Services 
Phone; 949,255.8640 Fax: 949,255,864·1 
18662 MacArthur Boulevard, Suite 456 
Imne, CA 92612-1200 
wwwJangan.com 

Langan's goal is to be SAFE {Stay Accident Free Everyday) 

CAUFORMA NEW JERSEY NEW YORK CONNECTiCUT PENNSYLVANIA VIRGINIA FLORIOA 

ABU DWWJ ATHENS OOHA DOOM ISTANBUl.. 

from: Jeffrey Wilson [ma!!to:jeffrey,wHson@iacity.org] 

Sent: TuesdaYt November 06, 2012 8:08 AM 
To: Stephanie Montgomery 
Subject: Re: Logff.77007{ FUe-21 Various Tracts in HoHyv.lood 

Hi Stephanie, 

This Thursday at 10 AM would be okay to meet with Dana Prevost and myself re. the Ml!!ennium 
project on Vine Street 

Thank you, 

Jeff 
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CO-0001-1092 
7/17/13 Cityc. ...vsAngaas 10811- Log #: 77007-1 (172Q...1770 N, VlIW St, HtI!.~.~ 

On Mon, NovS, 2012 at 4:37 PM, Stephanie Montgomery <smontgomery@!angartGom> wrote: 

Jeff. 

Per the mooting with yourself, Mr, Prews!, and personnel from MlHennium Partners and Langan Engineering &. 
Em.ironmenffii SSNCes in May 2012, we would Ilke to discuss the findings of our fault inwstlgation within the site 
that is discussed in the City's 'Geology and Soils Report Correctfon letter' lbr Log #77007, dated May 23, 2012. 
Please acruse wnen you and Mr. Prewst are available thls week to meet and discuss theTIrlciings, 
Thank yOll, 

Stephanie Montgomery 
Senior Staff Geologist 
Direct: 949.255.8662 

Langan Engineering &. Environmental Servh:::es 
Phone: 949.255.8640 Fax: 949.255.8641 
18662 MacArthur Boulevard. Suite 456 
INne, CA 92612-1200 
wwwJangan.com 

langan's goal is to be SAFE (Stay Accident Free Everyday) 

CALIFORNIA WEWJERSEY NEW YORK. CONNECTICUT PENNSYLVANIA ViRGINIA FLORIDA 

ABU OH.ABI A1NENS DOHA DUSAJ iSTANBUl.. 

(RRR) 

This e!ectronlc transmission may contaIn confidential, proprietary or pri'lh!eged infurrnation, No confidentiality or 
prMege is intended to be waiwd or lost by errorll':~ous transmission of this message. If you recei'l.>e this me~5age 
in error, please notify the sender immediately by return email and delete this message from your system. 
Disclosure, use, distribution or copying of this message, any attachments thereto or their contents is strJctfy 
prohibited. 

Jeffrey T. Wilson 

Engineering Geologist! 

Gradfng Df'thsion 

Department or Building & Safety 

201 N. Figueroa St, 3m Floor 

Los Angeles, CA 90012 

213482-6968 

213482-0499 (FdK) 

This electronic transmission may contain confidential, proprietary or pri'IAleged infurmation. No confidentiality or 

hUps:flrmil.g oog!""c~!lulOl'?ui"'2&ik"'ZlJdBS4731&viaw::pt&$oorch"'ll100x&~ 13bftic 761fl36cacb 3/4 
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CO-0001-1093 
1117113 CIty at Los Arlgeloo Mail N Log #; 7f007-1 (lllO- fl70 N. \1'100 st Hcl!~lOd} 

pri'llilege is intended to be \wiWd or lost by emmeotls transmission ofthis message. tf you recei\e this message 
!n error, please notify the sender immediately by return emaH and delete this message from your system. 
Disclosure, use, distribution or copying of this message, any attachments thereto or their contents Is strictly 
prohibited. 

Jeffrey T. Wlfson 

Engineering Geologist I 

Grading Di~sioo 

Department of Building &. Safety 

201 N. Figueroa St, 3rd Floor 

Los Angeles, CA 00012 

213 482--6968 

213 482.{)499 (fax) 

Electronic communication pm\ided by "Lal'lganW encompasses "Langan Engineering, Eo\imnmental, Surwying 
and Landscape Archltecture, [).P.C.,~ "Langan Engineering 8. Emhronmenta! Sernces, !nc.,~ ~Langaf1 
International, ~ "Treadwel! 8. Rorio, a Langan Company, ~ and "'Langan Engineering 8. En\ironmenta! Ser.ices, Inc., 
PC: This electronic transmission may contain confidential, proprietary Of p!Meged inrom1ation. No confidentiality 
or priVilege is intended to be wai\ed or lost by erroneous transmission ofthis message, If you recei~ this 
message in error, please notifY the sender immediately by return email and delete this message from your 
system. Disclosure, use, distribution or copying of this message, any attachments thereto or their contents is 
strictly prohibited. 
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From: 

Sent: 
To: 
Subject: 
Attachments: 

Mui, 

CO-0001-1094 

Stephanie Montgomery <smontgomery@Langartcom> 
Monday, February 11, 2013 9:13 AM 
Mui Lay 
RE: 77007-01 
700019502 Response to Clty Comments 12-3-2012.pdf 

Please refer to the attached submittal you requested with the revised site addresses. let me know if you need anything 
else for your files. 
Thank you, 
Swphani® Montgomery 
Senior Staff G®ologlst 
Direct 94!l255.8662 
Mobile: 949.294,4178 

WE HAVE MOVEDl PLEASE NOTE OUR NEW ADDRESS BELOW. 

LANGA,N' 
CMJFORNIA NEW JERSEY NEWYORK CONNECTICU"f PENNSYLVANIA VlFtGiNIA FLORIDA 
ABU DHABI AntU>lS OOHA OOSA! ISTANBUL 

From: Mui Lay [mailto:muLlay(illladtyoorgl 
Sent: Thursday, February 07, 2013 4; 18 PM 
To: Stephanie Montgomery 
SUbject: Re: 77007-01 

Stephmne, 

Thank you, I received the package today. 

Mui 

On Tue, Feb 5, 2013 at 4:47 PM. Mui Lay <m.lliJav@llifity.org.> vllTOte: 
Stephanie, 

Please send it to my attention (Mill Lay) to the follo\",ring address: 

BuHding & Safety, Grading Division 
201 N, Figueroa St, 3rd Floor, Station #15 
Los Angeles, CA 90012 

Thank you very much for your prompt attention to this matter. 

Mui Lay 

On Tue, feb 5, 2013 at 4:36 PM, Stephanie Montgomery <""montgomerv@Iill1&~~.com> Vl-Tote: 
Mu!, 
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, CO-OOJ»1-1995 
,please refer to the attached page \fb,,~il meludes the aoci/tlona! sIte addresses for 1, n': subject log # 77007-01. Please 
provide the name and address to whom we send the 4 wet signed and stamped pages to your attention at the City. 

Thank you, 
Stephanie Montgomery 
Senior staff Geologist 
Direct: 949.255.~.962 
Mobile: 949.294,4178 

WE HAVE MOVED! PLEASE NOTE OUR NEW ADDRESS BELOW. 

LANGAN 
CAUFOru&IA NEW JERSEY NEW YORI( CONINECTlCUT PENNSYLVANiA VIRGiNiA FLORIDA 
ASU OHASI ATMENS DOHA OUSAJ ISTANBUL 

From: Mu! lay [mailto:rm,iUay@'agh,.Q[g] 
Sent: Tuesday, February 05, 2013 4: 14 PM 
To: Stephanie Montgomery 
SUbject: 77007-01 

Plse see attached. 

ThankyoR 

Mui 
Electronic communication provided by «Langan" encompasses "Langan Engineering, Environm.ental, 
Surveying and Landscape Architecture, DY.C," "Langan Engineering and Environmental Services, inc.," 
"Langan Intemationa.1 LLC," "Treadwell & Rollo, a Langan Company," and. "Langan Engineering and 
Environmental Serviees, Inc., pc." This eLectronic transmission may contain contidential, proprietary or 
privileged information. No confidentiaHty or privilege is intended to be waived or lost by erroneous 
transmission ofthis message. If you receive this message, in error, please noti.(y the sender immed.iately by 
return email and delete this message from your sy~iem. Disclosure, use, distribution or copying offuis message, 
any attachments thereto or their contents is strictly prohibited. 

Electronic communication provided by "Langan" encompasses "Langan Engineering, Environmental, 
Surveying and Landscape Architeetl.lre., D.P.C," "Langan Engineering and Environmental Services, Inc.," 
"'Langan International LLC," '"Treadwell & Rollo, a Langan Company," and "Langan Engineering and 
Environmental Services, Inc., Pc." Ims electronic transmission may contain confidential, proprietary or 
privileged inforrnation. No confidentiality or privilege is intended to be waived or lost by erroneous 
transmiss.ion ofthis message. If you receive this message 111 error, please notify the sender immediately by 
return. email and delete this message from your system. Disc1osure,use, distribution or copying orihis message, 
any attachments thereto or their contents is strictly prohibited. 
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CO-0001-1096 

TeClflical b:cellence 

Pwcticai Experience 

CliEnt Hespoflsiveness 

Me Dana Prevost 
Engineering Geologist II! 
Department of BuHding and Safety 
City of los Angeles 
201 N. Figueroa Street, 10th Floor 
los Angeles, CA 90012 

3 December 2012 

He: Response to City of los Angeles GeologV and Soils Report Correction letter 
log :# 71007, Soiis/Gaoiogy fUe ~ :2 
Vesting Tentative Trnd: 71837 
Hollywood Development 
1720 - 1710 N. Vine Street. 1745~1753 N. 'Vine Street, 6236-6334 W. Yucca Street, 
1133w1741 N. Argyle Avenue &. 1746-1764 ivar Street 
HoUywood, lo'S Angeies. CaUfornia 
Langan Project No.: 7000195012 

Dear Mr. Prevost: 

Langan Engineering & Envlronrnental Services {Langan) has prepared these comments as well 
as a Fault [nvestigation Fleport, dated 30 November 2m 2 in response to your Geology and Soils 
Report Correction Letter, dated 23 May 20'12 for the Hollywood Development, Vesting 
Tentative Tract 71837. 

City Comment 1: Provide a finaf geotechnical engineering study for the project development in 
accordance to Section 1803 of the Code and P/BC 2011-113, and as recommended by the 
cons~lItant on page 9 of their report The report shall include but not be limited to: 

a. A geologic map and cmss sections drawn to a suitable scale for archiving and 
reproduction purposes showing top and bottom of slopes, lithologic contacts, 
locations o'l' faults relative to the subject srte, existing and proposed topographic 
profiles, existing and proposed structures and required Code setbacks 
(7006.3.2); 

b. Additional borings, test pits, and laboratory testing; 
c. During and after construction groundwater control meaSUH:.'!s; 
d. Temporary ex(',.avation recommendations considering groundwater, and potential 

removal of lateral support of adjacent structures, property and/or public way; 
e, Allowable lateral shoring deflection 
f. Basement and retaining wall design recommendations considering hydrostatic 

conditions, sllf'charge loads and seisrnic~induced lateral pressures; 
g. Total and differential seismic and static settlements considering total dead and 

live loads; 
h, Proper calculations to substantiate design recommendations. 

18652 MacArthur !1oufev<lrd. Suite 456 INim~, CPt 92612 T; 949.255,8640 r:. 949255.8641 
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CO-0001-1097 
Response to City of Los Angeles Geology and Soils Report Correction Letter 
Log # 77007, Soils/Geology Fife - 2 
Vestjng Tentative Tract 71837 
Hoil)lWOOd Development 
Ho{fy.vood, Los Angeles, California 
Langan Project No,: 700019502 

3 December 2012 
Page 20f3 

Langan Response: The referenced geotechnical engineering report is a preliminary study that 
was prepared in support of EIR. Per our discussion during the meeting on 2 July 2012, 
additional fjeldwork wi!! be performed and the corresponding geotechnical evaluations and 
substantiating data will be provided in a final design geotechnical report when the final design 
plans (building footprint area, height, below grade depths, and column loads) are available. 

City Comment 2: Provide a geologica! investigation to evaluate surface displacement due to 
faulting, (1803,5,11) 

Langan Response: Langan performed a fault rupture investigation within the southern portion 
of Site as requested and discussed with representatives of the City of Los Angeles' 
Department of Building and Safety, The results of OUf investigation are presented in OUf report, 
"Fault Investigation Report for the Ho[lywood Deve!opment, Hollywood, California," dated 30 
November 2012, We concluded that active faulting was not present within the investigated 
portion of the Site. 

11119 northwest portion of the Site, north of our fault investigation boring B4 is currently 
unexplored since the area is occupied by an Enterprise Rent-A-Car facility, If a structure or 
portion thereof is proposed for this area of the Site, a fault investigation will be performed 
within the unexplored portion of the Site. Currently, the unexplored portion of the Site is 
recommended to be a restricted use area until the absence/presence of active faulting is 
determined in this area, 

City Comment 3: All testing is required to be conducted by a City of Los Angeles licensed 
testing agency, Provide evidence that af! laboratory testing is performed by a City of Los 
Angeles approved testing agency. If soil testing is performed by a different .Gonsu!tant that is a 
City of Los Ange!es approved testing agency a complete laboratory testing report shaH be 
prepared, signed and stamped by the engineer in responsible charge of the testing and shall 
include testing description and procedure, In addition, a Statement of Responsibi!ity by the 
GeotechnIcal Engineer of record concurring with the data stipulated in other consultant's 
reports and accepting the responsibility of using the data shall be provided, 

Langan Response: The requested jnformation will be included in the final geotechnical 
engineering design report after the building design has been fina!lzed, 

LANGAN 
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CO-0001-1098 
Response to City of Los Anysles Geology and Soils Report Correction Letter 
Log II 77007, Soils/Geology Fife ~ 2 
Vestillg Tentative Tmet 71837 
Hollywood Development 
I-ioffyvvood, LO$ Angeles, Cl3iifomiB 
LmeE£g{iIOCfNo,: 700019502 

:3 December 2m2 
Page30f3 

We are available to discuss any questfons you may have regarding this submittal. Please 
contact us [f you have any questions, 

DRE DMF:sam 

Sincerely. 
Langan Engineering and Envircmmenta! Services, Inc. 

~t'V\~ 
n8 M. Fiamtli, PE 
iar Project Manager 

E# C70591 

LANGAN 
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CO-0001-1099 
LR CITY hUlG & SAFW Fax:213-4S2-0497 

CITY OF LOS ANGELES 
!N1Jrn..DEPAAiMEm'AL OOItru'!:SPONDENCE 

Jim r@~Sn, Deputy Advisory Agency 
D&prmment ofCitr Pl~i 
:200 M. Sprl,ng Street. 7& Floor; Room 1-50 

Dm:m Prevost, Engl~ng ~losbt III 
Depmment ofBrulding Md Safety 

LOG #11007 
SOltS/GBOLOGY FILE M 2 

v ootmg Tmnathr'c Tract: nS37 
LOT(S): 
LOCATION: 

CURRENT :RBFBRh"NCE 
UPQRT!I£OlmlS} 
Soils Repmt 

141 Mb!:ed·ust' Subdiyi~lon 
1120·1710 N. Vine Street, 114S~ 1753 N. Vine 3tree~ 
6236·6334 W, ¥ru;:C$i St:ree~ ! 13 3~ 1141 N, Argyle Avenue. 
li46w I764 N, IVlr Street 

DATE(S)OF 
pgCUMENT 
1t12212011 

P,Ol 

Propo.red developmrurt iilC! ude& up to nO-foot high t~ an the nQrthWfiirt eom~ ofthf! West Site 
o.fthe development and up to 5g5~foot high towel'S an the enm side of the fAtst Site, Up to 4 levels 
nf f»f;cavation bruwmth the West Site and t!.p tD (1 levels of excltvatiotl below ttm FASt Site are 
rropo~. 

Tatnl depth ofprelimimu), cxp1~~QJ1S._1~tSkb~w:gmde"Grotmd~w$5 
MW(luntered itl57 ft:et bel@w ~~;·i1uumft\p~:t~·$~.'~~~!re~~mtf~rnI 

. • "'0. '. . 'ooM~*tfwe~ 

. pvel, Th¢·~ 
~'~~Q~~~ro_.-.d$_~ , .. ' '~oiHnat~ont 
~p~t1 .~~ :~~ low..n36m~s m recommended to be su~d Ott 

~'f~~ ~'~"@ Wl~~ soihl I. t1m ~t'lm:mendeij bearing mJrteriru. 

AccOO'ding to the Fault Aotivtiy Ml!:p {If(l~if{$!i·:eiw.. Mted 20 10. prepared by thc Cclifcm!;t Gool.o&!c.\I! 
Survey the Hollywood Ynrut liS considered attire IUld app@1U'iI to exist in the vicinity ofaw subject 

AR0068347 



CO-0001-1100 

Pagel 
112IJ..1710 'N. Vine Street, 1745·17$3 N. Vine Street, 6216~6314 W. YUCC$ Stroot, 
J 733- i 7411'<t Argyll:; Avem.le, f 746--! 754 N. IVAf Strel:l 

site. Therefore, Ii fault invmigat!on report should be performed as requin::d by Code Section 
! 803,5.11 of the Los Angdes Su'Hdlng Cooe. 

The review of the mibjeet report. can not be comple-red at this time and wm 00 continw::d upon 
submittal Ohll sddendmn tJ:I the report whleh shall include. but not be limited to. the following: 

(N(}~:~'fit~j.5 ()re:fm:toappt!cable sections of the 2011 Chy of LA Building Code, 
P!Bt~~,fhe~lleable lntbmil'itionBulletin. lnforn'lation Bulletins CM be accessed on 
thetnte_tm·tu~~te.) 

r. Pl:{)'\,~·Q;~~t+i~.~~'for,rm:ptGjeiNitwcl~t in Mcordallce to 
.~~ 1'f!OO·Gf~~~tn'C·20:1~'~Hl~:8nd!!~ re~Ml~~the consultant on 
~~!l~~:~_~1.i;~hrol.l:m1nctqoo'!imited1Q: 
,~ .8W.w$~·~' d~' -miJ ~ ~. ~ ~tiM~ ~e: 1br ~vi'nglWl' 

reproduction .~~imwir;lF~ ~bfl1t~m af ,~~~ n~I~~ ,~w. 
locations Qf~c~~1b·~;;~~sit~ ~ .~.;prn~'iQ~~b1e 
profile.s,.e~,mtti:'~~_'~f~~'~,~;$.2)i 

b, I1dditionli1~'~~._~~m~ 
c, dmina am:! after ~l'$~~w_~lmeasW'es; 
d, temporary exc~ •. ~ion$'ooMid.mfu.g. groundwater. and potential 

~mova! of , ~.pt:Clperty and/or public way; 
e, allowable t . .~~; 
f. 'biWtmenl and ~lf wan: .~ ~Q.:mmmf&tions com.iderlng hydrost~tic 

condith::ln£l! sW'Q~W~I:t~~'_i~~d"uttera! pre!lS~; 
g. tolal Mddiff~~e:~~ORettI=ml~considming total dead and Hve 

loa@; . 
no proper cal .. ulntions to gm::lI~tlWtiawdesign rocommendatioo!!t 

2. Provide ageoiogical invelltigatlon to evruuate sl.uface displacement due to faulting, 
(1803,5.11) 

3, All testing Is required:tob~'~dumroby1irrnW<0fLa~~g!l1~lic~'~irm ~nt!y, 
Provide evidence thataH i~~t~~.~Z:~tmw'by$"c~tlr~IJiIrro~~~ed 
~,~.'J! ~ll:tM~g";it~~hy&':diifm~m: ~~t_·i3.aClt~!QfwS' 
~~;apv~.temmg'a~:j>'~ ~U;tt1'liibb.~ 'te~& .:m~ ~r 00 .. ~. 
$~,~·~d'~1.M.~g~:m~~~le~~r;.Of,~~~'~;jMlooe 

~~ WUfitW'!l.3 :~~ M~t1n~ty·by fuJ;l' 
., ~<~~~!n·mtw·~~ 

reports and ~ceptinlrt~:m~,of'.,~~,_,~tb@~'rld«l. . 

~ gMGpt,_~Us'~t~,$~noonf3inJn~~~l\1Mimii~tw buhls 
~~. ~tI ~~. . . . . . .' . mp~n$e.J.ti$ W(:~e(11hm ~no(la%l 
~'~!MXq.~_~g;l·ln.a~§glW- mpOtt, taee~fue ~rtmiew,~m= 
~'~Sist'w~e~ a v&;rlfi~map~i~uo ~nl~trmi}'<''CO~1iMWwiruru] fue 
'1.'tI~!;~,t'!ot*~_~Wf~~'oi~Ut1tltiril'oo~1QM~va~'~ i~woo 
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P.3 
112c..1'110 N, Vmt:l Street, 174$*1753 N. Vm& ~ 62364334 W, YuccaStrem, 
r73:M 741 N. Argyle AVrulle., 114&< t764 N. r¥IMStmt 

capias of the response ropcrtj l.ru.il:uding on!! tmlwund wet*slpm m:igintl for mil::wfiiming in the 
ewnt tlm _ mport iii fOMd to be ~ble, 

J 
JTW/JM:jtwljlW 
Log No. 77007 
2134324HHJ 

00; Mille_urn HoUywoad, LLC, OWlWr 
P&iI O&l)'! Pl\l,l'O'Hi.Z! App!iclIU'li 
wgan BnSinamng &: Environmenw Services. Prqject Co~ 
LA Distt1ct Office < 
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From: 
Sent 
To: 
Subject.: 

Hi Alfred, 

CO-0001-1102 

Charmie Huynh <charrnie.huynh@!adty.org> 
Monday, April 01, 2013 9:18 AM 
A!fred FraUo Jr. 
Mii!enium 

How are you? Hope you!re doing welL 

I just wanted to see how this project is probTf.essing and any status updates you can give me would be much 
apprec:iated. . 

llwnks, 

Charmie Huynh, P.K 
Structural Engineering Associate I Case Manager 
Deve!.opment Services Case Management 
City of Los Angeles - Department of Building and Safety 
201 N Figueroa St, Suite 1030 
Los Angeles, CA 90012 
T: (213) 482-6875 
F; (213) 482-6874 
E: (~hlmnie.HuV11h(mladtv .org 

AR0068350 



Bcdconies 
7 messages 

"'''Y'''!..W<> "''I:Im~ !WaI! - t>aiaJf'~W 

CO-0001-110l 

-----.. -.. ---------------------~~---------

Kyndra Casper <KCasper@sheppardmullin.com> Thu, May 16, 2013 at 2:29 PM 
To: "Gharrnie Huynh (charmieonuynh@!acity,org)" <charrnie,huynh@laclty.org> 

Charrnie, 

To follow-up on our brief discussion on Monday re balconies, here are the questions that the architects haw 
regarding balconies/projections (below is an excerpt from the architect's email m balconies/projections: 

., 
~We Ilasd greater clarrncation trom you on the applicable rules and if we can make the be!pw assumptions or not. 

Re\<iewing s6Ction12022oc • .20 regarding projections into yards: 

Does not refer to "balconies" specmcaHy as far as I can tell. Does speak to other projections (ea~s, sills or other 
sim arch features - though explicitly excludes wrtical projections which we would want In the sideyard). 

If I'm reading this correct, gives the following rules: 

2" for awry l' ofsldayard, So for a 16' sldeyard (req for res! at this height) we could project max 32"?,Thisis not 
enough for us, . 

We would like to project architectural features, Including balconies, up to S' into requirndside and rear y.ards.·· 

Please corrlirrn if·we can make this assumption" 

He also wanted clarification as to what "vertical projections" are in regard to LAMe section 12.22,c.20 

Thank you for yoor nelpwith this! 

Best, 

Kyndra 

AR0068351 



12r'W13 

Kyndra JoyCasper 

213,617.41571 direct 

213-44327231 direct fax 

KCasper@sheppardrnumru~om I Bia 

SheppardMumn 
Sheppard MuUin Richter & Hampton llP 
333 South Hope Street, 43rd Floor 

Los ,Angeles, CA 90071-1422 

213.620-1780 j main 

lNWW.snepparomullin.com 

Circular 2;20 Notice: In accordance with Treasury Regulations we notify you that any tax ad1hce giwn herein (or in 
any attachments) is nat Intended or written to 00 used, and cannot be used by any taxpayer, rorthe purpose of 
(I) awlding tax penalties or 01) promoting, marketing or recommending to another party any transaction or matter 
addressed hemin (or in any attachments). 

Attention: This message is sent by a law firm and may contain information that is pri\iileged or confidential. If you 
mee/wd this transmission in error, please notify the sender by reply e-mail and delete the message and any 
attaehmootso 

Charmie Huynh <cnarrnje.huynn@lacity,org> Thu, May 16, 2013 at 3:44 PM 
To: Kyndru Casper <KCasper@sheppardmullirtcom> 

Hi Kyndrn.· 

I'm !e03.1hng the office soon and will not be back untl! thiS Monday, '11 take a look at your ema!! ther!- Have a good 
weekend. 

Thanks, 

Chame Huynh, PoE. 
Siudura! Engineering Associaie I Case Manager 
Developmmt Services Case ManagsDnt 
CitY of Los Angeles. Deparb:'oont of Building and Sa~!y 
:lOi N Figueroa S~ Suite 1030 
Los Angeles, CA 90012 
T: (liS) 482-6875 

AR0068352 



F: (2iS} 482..0874 
E: Chamie.HUYfln@ladty,erg 
[Quoted tex! hldden] 

CO-0001-110S 

Kyndra Casper <KCasper@sheppardmulHn.com> 
To: "charrrde.huYl1h@!acity.org" <charmie.huyni1@iacity.org> 

Thanks, Charmiel! 

From: Charm!e Huynh [maHto:charmle.huynh@iadty.org] 
Sent: ThursdaYi May 16[ 2013 03:44 PM 
To: Kyndra Casper 
Subject: Re: Balconies 

[Quoted tex! hidden] 

Charmie Huynh <charmie.huynh@lacity.org> 
To: Kyndra Casper <KGasper@Sheppardmuliin.com> 

Hi Kym:ira, 

Thu, May 16, 2013 at 3:45 PM 

Mon, May 20, 2013 at 9:50 AM 

. ", 

t2.22C20(d) allo\N$ balconies not cowrnd by a roof or canopy to project into a requirSd roar yard not-more than4' 
. and into a required rront yard, passagelNaY, other open space, or the skj§\ ~ard adiolnlng the ~troet lot line of a 
comer lot, not more than 30", . 

Vertical projections are thoseamhitecturnl projections that exceed 4' in wrticai height. Please see the:attached 
LADBS infO bulletin regarding allowable projections, !'\.-e highlighted the reference made to \'6rticaiproJectlons· on 
page 2, 

Please let me know if you have any further questions. 

Thanks, 

Charm!e Huynh, P.E. 
Slructurai Engineering Associat:ll Case Manager 
Dev eloprrent :services Case Management 
City of Los Angeles· Depart'ront of BUliding and Safuly 
201 N Figueroa St. Suire 1030 
Los Angeles, CA 90012 
T: (213) 482-6875 
F: (213) 4,62-6874 
E: Charrrie,Huynh@iacity.org 

On Thu, May 16, 2013 at 2:29 PM, Kyndra Casper <KCasper@shepparomuHin.com> wrote: 
[Quoted text hidden] 

:2 attachments . 

~ 12.22C20(d}.pdf 
21K . 

[B-PwZC20024J06AIiowa bieProjectiQrts-pdf 
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--------------~----~-~~------~-

Kyndro Caspar <KCaspar@sneppardmuliirLcom> 
To: Charm!e Huynh <charrn!a.tli)ynh@!aclty,of~p' 

Thanks, Ci1armiei A couple more questions from the architects: 

Mon, May 20,2013 at 11:03 AM 

"Based on the zoning interpretation documents that we have available, It !s unclear to us whetherthe 
portion of a bakony dosest to the building on balconies greater than 5' in width constitutes floor area, 
and also 'assumed building wall' 5' in from the edge of balcony," 

Thaf1ks~ 

Kyndra 

From: Charm!€: Huynh [mallto:cnarmie,huynh@!adty,org] 
Sent~ Monday, May 20, 2013 9:50 AM 
To! Kyndra casper 
Subject: Re: Balconies 

Hi Kyndm, 

(Quoted taXi hiddanl 

[Quoted text hidden) 

Charmie Huynh <chamlle.huynh@!adty.org> 
To: Kyndm Casper <KCasper@sheppardrrmlllrtcom> 

Hi Kyndm, 

TUB, May 21,2013 at 9:.20 AM 

!"m not ciearon the architect's question. I'w attached ZA-2007-3430-ZAI regarding lloor area ratio and private 
open-space .. Perhaps you can send me a 'floor plan showing the balconies in Question? 

ThanKs, 

Chame Huynh, P.E. 
Struwraf Engineering Associaw ! Case Manager 
Devefopnmnt Services Case Management 
City of los Anga!es.: Depart:nantofBtlikifng and $ami; 
201 III Figueroa st. Bulle 1030 
Los Angeies,'CA 90012 

AR0068354 



1219113 Cllyd Los Jmg<6lIOO Mail - FW: &i(Xl1l"l)I Diagrarr 

CO-0001-1107 

Charmie Huynh <charmie,huynh@!adty.org> 

FW: Balcony Diagram 
4 messages -----_ .....•.••.....•......... _ ..... .-.................................. . .................................... ---------~----~---~ 

Kyndra Casper <KCasper@sheppardmuiIln.com> Wed, May 2S, 2013 at 4:39 PM 
To: "Charmie Huynh (clmrmle,huynh@lacity.org)" <charmie.huynh@!acity.org> 

Charrnie-see attached and email below trom architect Thanks! 

Per our dlscussl00 last week, couid you please run this diagram by your contact at Bunding departme~t? 

OUf questions/assumptions: 

Sketch 1: 

1. No part of balcony counts to\lttards FAR: 

2. So long as width does not exceed 5'. length does not matter? 

Sketch 2: 

1. Does any area greater than 5' In width count as floor area and thus create an assumedbuUdlngw-a!!ewn·jf 
not covered by a ·rodf (on!y other balconies)? . 

2. tf so, how is this ameront than a roof terrace (public or private) or amenity terrace? Ass ume these do not 
count as iloor area? 

Sketch 3: 

1, ffthere is an architectural feature beyond the balcony (such as a screen wall, horizontal orwrtica! expression 
band) does it affect what is considered floor area? tf so, how? . 

We really appreciate your help witb these issues. 

AR0068355 



Kyndrn 

Clrc~ .. NQtlce; In accordance wlth Treasury Regu!ations we notify you that any tax advice given herein (or in 
any attachments) is not intended or written to he used, and cannot be used by any taxpayer, for the purpose of 
(1) awidlng tax penalties or QI) promoting, marketing or recommending to another party any transaction or matter 
addressed herein (or In any attachments). 

Attention; iNs message is sent by a law nrm and may contain infomlation that is privileged or confidential. If yOll 

received this transmission in error, please notify the sender by reply e..mail and delete the message and any 
attachments. 

ta 130528 Balcony Diagram.pdf 
45K 

Charmie Huynh <charmieJ'ltJynn@iacity.org> Thu, May 30, 2013 at 4:00 PM 
To: Kyndra Casper <KCaspar@l:;hepparomumn.com> 

Hi Kyndrn, 

rn ha\le to address your email next week. I'm out of the Office tomorrow. 

Thanks, 

Chal'1llie Huynh, P.E. 
Stnlcllrai Engineering AsoocisE j Case Manager 
Development Servires Case Management 
City of Los Angeles ~ Deparnmnt of Bulklmg and Safuly 
201 N Figueroa at SiJoo 1030 
Los Angeles, CA 9()012 
T: (2'\3} 482Aif375 
F: (213) 482·6874 
E: Chamie. Huynh@iacity.org 
fQuated text hidden] 

Kyndra Casper <KCaspar@sheppardmuliin.com> 
To: Charmie Huynh <charmie.huynh@!aclty.erg> 

R'oM Charmie Huynh [mal!to:d1armie.hllynh@ladty.org] 
SeM! Thursday, May 301 20134:00 PM 
T@~Kynrlra·casper· '.' 
Subjed::Re: fW: Balcony Diagram 

rCh,.!!:Itad text l1idden] 

Thu, May 30,2013 at 4:03 PM 

. !"s!:IrnI:lJmeiI,.googkl.~l.h.iI(W'M"'2&!k::;~ec&1Aew"~~U2B7~"'I'15O-iWim-l!!~c<t&!h<o13s!'2al1bCcb573Bi'3 214 
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CrmTml6 Huynh <cnarmie.huynn@iaciiy.org> Tue, JUri 4,2013 at 3:36 PM 
To: Kyndra Casper <KCasper@sheppardmullifl.com> 

Hi Kynora, 

I'\e attached ruOO7-3430 (ZAI) that clarifies balconies and FAR hero again for your reference. This document 
would answer the architect's questions. 

Also, please see my responses below ... they are italicized in blue. 

Thanks, 

Chame Huynh, P.E. 
Studilra! Engineering Associa~ I Case Manager 
Dev etopmsnt ServiceS Case Management 
City oRos Angeles ~ DepartneniofBu!Jdlng and Samly 
201 N Figueroa S~ Suoo 1030 
Los Angeles, CA goa; 2 
T: (213) 482-6875 
F: (213)48N58.74 
E: Charme.Huynh@/acify.6rg 

On Wed. May 29, 2013 at4:39 PM. Kym:!r:a Casper <KCasper@sheppardmu!!1n.com> iNfOte: 

Cham1ie-see attached and email below from architect Thanks! 

Kyndrn~ 

Our questlons/assumpUons: 

Sketch 1:. 

1,' No part of b~!c~ny c~urits towards FAR - cormel, since it Is projecting from··th&,e:it~riqf' .. ~if of ih~; ". 
building." .. . '. . . 

2. So long as Width .does not exceed 5', length does not matter? - !Mdth can go b~~nd5~as:perz~:.za()7:w 
3430(ZAf) as fong as it projects be}Und the perimeter of the building. And yes, lengff} does no(:mettei.'· 

. Sketch 2: 

1. Does any area greater than 5' in width count as floor area and thus create an~ssmneqbl.~i!dingw8il~e\en-jf.· 
not cowraa by ~.ipOf (only other balconies)? - See my ans\Wr above, '. '.: " " . 

. 314 
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20 If so, how is this different than 1:1 roof terrace (public or private) or amenity terrace? Assume these do not 
count as noor ama? FYI, roof tenace that are uncovered do not constitute floor area. ~'.. , 

Sketch 3: 

1. Itinere is an architectural feature beyond the balcony (such as a screen waU, horizontal or wrtica! 
expression band) does it affect what is considered floor area? If so, how? Yes, an architectural feature such 
as a semen covering stacking balconies iNJuld render the balconies as enclosed and count to~rds floor area. 

We really appreciate your help with these issuel:t 

Kyndra 

CirgMlar 230 Notice; In accordance with Treasury Regulations we notify you that any tax ad\rice gi\rBn herein (or 
in any attachments) is not Intended or written to be used, and cannot be used by any taxpayer, for the purpose 
of 0) awiding tax penalties or OJ) promoting, marketing or recommending to another party any transaction or 
matter addressed herein (or in any attachments), 

Attention; This message is sent by a law ilrm and may contain information that is pr1\Rleged or confidentiaL If 
you weeNed this transmission in error, please notify the sender by reply e-mail and delete the message and 
any attachments, 

~ ZA~2007-3430·ZACF.A.R. & Pvt. Open .space_09~21'()7.pdf 
7021< 

414 .. 
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mmerdum fault study 
1 message 

Dana Prevost <dal1a.pre~st@lacity,org> 
To: Jeffrey Wilson <jeffrey,wi!scm@iaclty.org> 

Jeff, 

CO-0001-1111 

Dana Prevost <danaoprevosu@Iacity.oI'"0> 

Thu, Jun 13, 2013 at 3:23 PM 

! trinG to reach Dan eberhart but he didn't answer his phone. ! left a long message explaining our concerns about 
the low core recowry and that we would need additional exploration, He may try to call you. I am on vdcation 
until June 24. 
Dana 

AR0068359 
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CO-0001-1112 

-..... , ..... --... ~--.. ------~--. --_ ............... __ .............. __ ....... _-_ ............... . 
Meeting reMinennium Hollywood Seismic Borings 
-; message 

... _ ........... _-_ .......... _-_ ........... __ ............ __ ........... -
Jerry Neuman <jneuman@sheppardmulJln.com> Wed, Jul3, 2013 at 4:21 PM 
To: ·"raymond.cnan@lacity.erg' (raymond .chan@laclty.org)" <: raymeflc!, chan@laclty.Drg>, ~ Dana Pre;,ost 
(Dana.Pre;,ost@!acfty .org}~ <DanELPre\USt@!acity,cwg>, James Pugh <JPugh@sheppardmulHn.cmn>, 
"deberhart@Langan.com" <deberhart@langan.com> 
Cc: "Catherine Nuezca Gaba (Catherine.NuezcaGatnl@laclty.orgt <Catherine.NuezcaGaba@!acity,org> 

Circular Z3.Q Notice: In accordance VtTith Treasury Regulations we notifY you that any ta..'( advice given herein 
(or in any attachments) is not intended or 'Written to be used, and cannot be used by any taxpayer, fur the 
purpose of (1) avoiding tax penalties or (n) promoting, marketing or recommending to another party any 
transaction or Imti:er addressed herein (or in any attachments). 

Attention: TI:ris :rressage Is sent by a Jaw fum and ID."iy contain mtomlation that is prlvt1eged or con.fidential If 
you received this transmission in elTOr, please IIDtifY the send.er by reply e-mail and delete the message and 

anyattac.!:r.r.rerrts. 

O invlte-ics 
. 3K 

AR0068360 
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~ __ ~~_~, ________________ ~'m.mm~m.mm __ .. ___________ _ 

Meeting re Mmennium HoUywood Seism ic Borings 
'1 message 
----------------------------................................. --------

Jerry Neuman <jneuman@sheppardmu!!!rtcom> Man, Ju! 15, 2013 at 12:05 PM 
To: '''rnymond,chan@!aclty.org' (raymond,chan@iaclty,orgt <raymonQ,chan@laclty,org>, "Dana Pre\Ost 
{Dana. Pre\OSt@lacity,orgt <Dana.Pre\lOst@lacity.org>. James Pugh <JPugh@sheppardmulHn.com>, 
"debemart@langan,Gom" <debemart@\angan.com> 
Cc: "Catherine Nuezca Gaba (Cathenne,NuezcaGaba@!acity.orgt <Catheline.Nu8zcaGaba@!aclty,org>, Diane 
Fiore!!! <diiore!!i@langan.com> 

Circular 230 Notice: In accordance with Treasury Regulations we notifY you that any tax. ad-vice given herein 
(or in any attach:ments) is not intended or written to be used, and cannot be used by any taxpayer, fur the 
pru:pose of(i) avoidIDg ta,<c penalties or (il) prormtIDg, marketing or recomr:nendilg to another party any 
transaction or matter addressed herein (or in any attachments). 

Attention: This m;.!ssage :is sent by a law :fum and may contain IDfu:rm.ation that is privileged or confidential If 
you received fuis 1:i::a:ns:mission :in error, please notifY the sender by reply e-mail and delete the message and 
anyattac~. 

o illviteJcs 
3K 
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Subject 
location: 

Start 
End: 
Show Time As: 

CO-0001-1114 

Meeting re Millennium Hollywood Seismic Borings 
Dept of Building &. Safety 201 North Figueroa Street, Suite 1000, Los Angeles, CA 

Tue 7/16/2013 1:00 PM 
Tue 7/16{2013 2:00 PM 
T elltatlve 

(none) 

Not yet responded 

Jerry Neuman 

Circular 230 Notice: In accordance willi Trea.'>ury Regulations we notify you that any t.1:.'.( advice given herein 
(or in any attachments) is not intended or written to be used, and cannot be used by any taxpayer, for the 
purpose of (1) avoiding tax penalties or (ii) promoting, marketing or recommending to anomer party any 
transa"tion or matter addressed herein (or in any attachments). 

At~~g1i.Q!1.;. TItis meS5<.'lge is sent by a law firm and may contain infonnation that is privileged or confidential. If 
you received this transmission in error, p]ea.::;e notify the sender by reply e-mail an.a delete the message rrnd any 
attachmentso 

1 
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Subject::: 
Location: 

Start 
End: 
Show Time As: 

CO-0001-111S 

Meeting re Millennium Hollywood Seismic Borings 

Dept of Bullding & Safety 201 North Figueroa Street, Suite 1000, Los Angeles, CA 

Tue 7/16/2013 1:00 PM 
rue 7/16/2013 2:00 PM 
TentatIve 

(none) 

Not yet responded 

Jerry Neuman 

Q.lfcuJEiI . .230 Not!f:r;. I.n accordance with Treasury Regulations we notify you that any tax advice given herein 
(or in any attachments) is not intended or '\.Vfitten to be nsed~ and l~[mnot be used by any taxpayer, for the 
purpose of (i) avoiding tax penalties or (li) promoting, marketing or recommending to anoth.er party any 
transaction or matter addressed herein (or in any attaci.lments), 

Attention: Ims message is sent by a law firm and may contain information that is privileged or confidentiaL If 
you reeeived this transmission in error, please notify the sender by reply e-mail. and delete the message and any 
attachments, 
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Subject:: 
Location: 

Start:: 
End: 
Show Time As:: 

Meeting Status: 

Organizer. 

CO-0001-1116 

Meeting fa Millennium Hollywood Seismic Borings 
Dept of Building & Safety 201 North Figueroa Street, Suite 1000, Los Angef€s, CA 

Iue 7/1612013 1:00 PM 
Tue 7/1612013 2:00 PM 
Tentative 

(none) 

Not yet responded 

Jerry Neuman 

Cgyular 230 Notice.;. In accordance v.ith Treasury Regulations we notify you that any tax advice given herein 
(or in any attachments) is not intended or \mtten to be Riled, and emmot be used by any taxpayer, for the 
purpose of (I) avoiding tax penalties or (U) pIOmoting~ ma:rketing or recommending to anomer party any 
trnI1..<:>ac:tion or ffu'ltter addressed herein (or in any attachments), 

-,~tttmtign: This message is sent by a lav,r firm and may contain in.tormation that is privileged or confidential If 
you received this transmission in error. please notify the sender by reply e-mail and delete the message and any 
attachments, 

1 
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Subject:: 
i.oc:atkm: 

Start: 
End: 
Show Time As: 

Organizer: 

CO-0001-1117 

Meeting re Millennium Hollywood Seismic Borings 
Dept of Building &. Safety 201 North Figueroa Street, Sulte 1000, Los Angeles, CA 

Tue 7/16/2013 1:00 PM 
Tue 7/16/2013 2:00 PM 
Tentative 

(none) 

Not yet responded 

Jerry Neuman 

r;'.iI£ylar 230 NotiQ.~.;. In accordance with Treasury Regulations we notify you that any tax advice given herein 
(or in any attachments) is not intended or written to be used, and cannot be used by any taxpayer, for the 
purpose of (i) avoiding tax pcn..llties or (li) promoting, marketing or recoIll1uending to another party .my 
transaction or matter addressed herein (or in any attachments). 

Atg:.n!ion: This message is sent by a law flin and may contain information that is privileged or confidential. If 
you received t.his transmission in error, please notify the sender by reply ewmail and delete the message and any 
attachments. 
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City of Los Angeles .Mail - LA 'limes Media Query: Millerml!ml HoL https:!lmaiLgoogle,com/mailJl.IltI'!ui=2&ik9:i8c135a11dc&vlew'"p!&:", 

1 of I 

Jonathan Ht!l <jonathan,hui@facfty,org> Mon, Jun17, 2013 at 10:29 AM 
To: Bruce Gillman <::bruoo.gillmal1@lacity,of~P" 
Gc: Marcel Porras <marcetporras@lacity,org>, Diego de la Garza <d!ego,datagarza@lacity.org>, laki Mustafa 
<zakj,mustafa@lacl1:y,org>, Jay Kim <jay,kim@!adty,org>, Tomas Garranza <tomas,carranza@!acity,org>, Usa 
Webber <!isa, webber@\aclty.org>, Ludmiia Ibarra <{ucimlia, fbarro@ladty,org> 

Hi Bruce, 

Just an FYI that Michael Hii1zlk interviewed Tomas Carranza today on Iha subject topic. He speclfically was 
interested In Caltrans' concerns that the project was not adequately aoorassing freeway impacts, Tomas 
emphasized the process which the department goes through to define and mitigate traffic impacts and how 
those become recommendations to the City Planning Department He listed the mitigations tim department 
recommended and referroo Michael to Caltrans and !he Planning department for information about Caltmns 
concerns. The planning and land use management committee moots 011 this particular project tomorrow, 

Hem is past editorial from the LA limes regarding this project which is generally neutral, but does mention 
Caltrans briefiy: 

http://arHc!es,lat!me$.com/2013/aprj04!opinion/!cH~d.()404-hollywood-20130404 

Michael said the column is scheduled to run on Wednesday. 

Please let me know if you have any questions, 

Jonathan 

Jonathan Hui 
Los Angeles Department of Transportation 
(2 '13 )91'2 -8461 
jonathan. 11 ul@iacity.org 

9/1912013 5:16PM 
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Fwd: Millennium/Caltrans 

Council Member GarcaW <cQullollmember,garcotU@jaclty,org> 
To; Mame! F'orros <marcel,porras@jacity,org> 

--Forwarded message -
From; 5111 Miller <:nyc,b1!1@aoI,com> 
Date: Wed, Jw119, 2013 at 1:43 PM 
Subject MlI!ennlum!Caltrans 

Wed, Jun 19, 20t3 at 6:00 PM 

To: councllmember,englanoer@lacl!y,ory, coum.:llmemberJabonge@ladty,org, councilmember.alarcon@!aci1y.org, 
councilmamber,buscaino@!sclty,org, councifmember.garcettl@laclty,org, councllmember,hwlzar©!aofty.org, coonci!memoor.krekorian@ 
lacity.org, ccotlflcilmember,karetz@lacity,org, <Xlunciimember,rosendahl@raclty,org, councflmember.parks@lactly,org, 
councllmembar,peny@iacity,org, councilmember,zine@lacity,org 
Cc: mitch@mltchfurcitycounc1Lorg 

One of the many unresolwd problems with Millennium Projects, 

Cal trans waves red flag on Millennium Hollywood project 

Cai.trans has made H. clear that without: significant changes in the giant 

toli nel1l1i u'" Holly"ood project, the effect on the 101 Freeway could be cii<la:e!troUll. 
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CO-0001-1120' 

Cattrans - MiUermium Hollywood Issues 
Department of City Pfanning Response 

Caltrans IsSUed a varlety of concerns over the course of the two year environmental 
process (2011-2013) for the MHiennium Hollywood Project with respect to the impacts 
the project wlll have on the US-101 Freeway, 

1} The primary issue is that Ca,ltnms and LAOOT use different methodologies in 
analyzing impacts. 

2) Another issue discussoo is Caitrnns~ belief that the project's adopted mitigation 
measures do not sufficIently address the anticipated impacts on the freeway 
system, 

The Department of City Planning (DCP) uses LADOT staff as the primary transportation 
engineering ana!ysts,for the environmental documents. 

Caltrans uses much more conservative rnetrics that result in more vehide trips and 
typically do not analyze alternative transportatk,m options. LADOT uses methodologies 
that focus on alternative mps for urban lnft!! projects, as prescribed and adopted in the 
recent Hollywood Community Pian, 

The following summarizes the different methodologies employed by the two agendes: 

CaHransDCP/LADOT Response 
Select Zone··-:A-n-a-:-ly-s.,....fs-----S""'e-cj;-e....,ct:-:Z::::"o·neAnalysl·s-doos noHai<e intercepted {'rips 

Trip Generation Tables 

Highway Capacity Manual 
85th Percentile Queuing 

Into account, which are a major factor for urban intili 
projects. Ttu-} project used a manual approach. 

Land use code and independent variables dictate 
which formulas were to be used for trip generation. 
Tabies were not used. 

This methodology would be dependent on the area 
signal timing remaining fixed through 2035, whereas 
the CUy varies the signa! timing on an instantaneous 
basis. LADDT also specifies the use of Critical 
MovementAnalysis (CMA) as opposed to Caltrans' 
recommendation. 

Ca!trnns also identified severa! onM or off-ramp intersectloms that were not analyzed. as 
weil as proposed mitigation measures that will not appropriately reduce traffic. 

Page 1 of2 
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CO-0001-1121 

Caftrans - Millennium HonY'W'ood Issues 
Department of City Planning Response 

DCP's response is that the iocatlons where traffic impacts will be significant are the 
criticai constraints that should be analyzedo The only locations identified in the study 
were local, signalized intersections of the area roadway system. The freeway ramps, 
including meters and weave sections, are not part of the roadway constraints in the 
Hollywood area, 

DCP's response regarding mitigation measures is that the project has commftted to 
significant upgrades to the regional transportation system by funding or implementing 
programs called for!n MTA's Long Range Transportatlon Plan and the Hollywood 
Community Transportation Improvement and Mitfgation Plan, This Includes: 

~ Signa! system upgrades 
" Upgrades to the transit system (bus stops, ped linkages, etc) 
• Transportation Demand Management program as part of the development 

Also, given the robust transit system in the Project's vicinity, a main focus of the 
mitigation program is to reduce automobHe trips by enhancing pedestrian and bicycie 
linkages to !:he transIt system and investing in multi-modal transportation improvements 
(consistent with the Hollywood Community Plan update), 

Discussion 

Caltrans brrngs up appropriate rssues regarding the existing conditions and future 
impacts of the Hollywood Project on the surrounding freeway system. 

However, as they note in their Comment NOo03-4, the freeway system is already 
currently operating at a Level of Service F. 

It should not be the responsibility of the project to reduce congestion on the freeway, It 
should be the responsibility of the project to encourage new and existing resIdents to 
use alternative transportation options to reduce future impacts on the system. 

The project accomplishes this with the variety of Improvements provided through their 
mitigation program. 

The project also appropriately analyzes and addresses the impacts to the surrounding 
residential streets using City of LA accepted methodologies and approaches, 

Page 2 of2 
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CO-0001-1122 

Re: CaJtral1s Comment letters m Millennium Hollywood Project 

Jonathan Hui <jormtoon.hui@h::x:lty,org> Fri, JUri 2'1, 2013 at 9:53 AM 
To: Dakota Smlth <da!<ota,smlth@dailyne.1Is,com> 
Cc: Sruce GHiman <bruce.gillman@!acity.org>, Tomas Carranza <tomas.cammza@laclty.org>, Clinton Quan 
<climoll.quan@!acity,org> 
Sec: marceLp<li"ffiS@facity.org 

Hi Dakota, 

See response below lnllne bold: 

Does LADOT agree with Caltmns' assessment that more traffic studies should haw been completed? 

The traffic impact study for th~ MiUermh.!m Hollywood project was prepared in accordance with 
LAOOrs traffic study policies and procedures. These procedures are consistently uood by an proposed 
development projects. LAOOT's: procedures were used to assess the project's potentlalimpacts on the 
area's streets and Intersections. 

The traffic Impact study aloo Included a Congestion Management Program (eMP) analysis.. Tha eMP is 
a state'<>fTumdamd program that was developed following the passage of Proposition 111 in 1990, One 
of the requirements of the CMP, whlch is administered by the los Angeles County Metropolitan 
Transportation Authority (Metro), is fur projects to analyze their potential impacts 011 the freeway 
sysWms. The wffic study fur the MlUermlum Hollywood project induded the required eMP analysis. 

Also, LADOT met with plarmlng and Caltrans in 201 t Did you expect then that a highway traffic project 
would be completed? 

Our staff dOO$ not recollect,at meeting with p'anning and Caltrans In 2011 and am i.,mwre what traffic 
project you are mferring to. You may have to contact the Daparbnent of City Pl,lulnlng to see what 
oooping meetings were held with Caib'ans prior in the BR proparntiol1. 

Hope that helps, 

Jonathan 

Thanks so mUCh, 
Dakota 

--- FOlWameo message -_ ...... _--
From: Raptis, Marla C@I)OT <maria,mptis@dotca.gov> 
Date: Thu, ~!un 20, 2013 at 2:47 PM 
Subject: cal trans (' ... omment Letters ~ M1iIermium Hollywood Pnwiect 
To: ~dakota.smHh@cfailynevl's,corn· <dakot;a,smith@daUynews,com> 
Cc: WWatson, DiAnna@OOT" <diannll,watson@dotcll,gov> 

1117 
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CO-0001-112l 

; Notice of Preparation (NOP) L.etter-datt:..'CI 5/18111 

.. Dr<11t EIR (DEiR) 

. FInal EIR (FEIR) 

L.etter-dated 12110112 

LaHer--dated 2119/13 

Letter to Councilmemoom-dated 517/13 

Maria Raptis 

; Publlc [nformatJol1 Officer 

ealtrans, District 7 

1 ()O 50. Main Street, Los Angeles 90D12 

213-897·9372 

maria.raptls@dotca.gov 

Jonathan Hui 
'Los Angeles Department of Transportation 
(213}972-846'1 
jonathan. hui@lacity .. mg 

._-----_ ........•...••..• --_ ................ __ .......... , .. __ ................ ~-..... ---........ -- ................... _ .................. __ ............. ". __ ..... .. 
Marcel POffi:lS <marwLporras@!acity.org,. .... 
To: Yusef Robb <yusefmbb@lacity.org> 

Fri, JUI1 21, 2013 at 9:55 AM 

---- rOlwarded message .... _--
From: "Joflathan Hui~ <jonathan.hui@lacHy,org> 
Date: Jun 21,20139:53 AM 
Subject: Re: Caltrans Comment letters - M1Ifennium Hollywood Project 
To: ~DaKota Smlthn <daKota,smith@dailynevws,com> 
Cc: "Bruce Gillman" <bruce.glllman@!acity.org>, "Tomas Carranza~ <tornasocaITat1za@!<~cfty,org>, "Clinton 
Qtlan~ <cilnton .quan@lacity,org> 

Hi Dakota, 

Soo response below inline bold: 

21'17 
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CO-0001-1124 

IJoes LADOT agree with Galtrans' assessment that mom traffic studies should have been completed? 

Tha traffic impact study fOlr the Millermium Hollywood pmject wu prepared in aCCQrdance with 
lADOT's traffic sWdy poncies and procedures. .These procedures am consisbmtiy used by all proposed 
development projects. lADOT's procedums were used to asmss the project's potential Impacts on the 
area's streets and intersections.. 

The traffic impact study also included a Congestion Management Program (CM?) <'Inalyms.. The CM? is 
a smw-mandaood program that was developed following the passage of Proposition 111 in 19!Mt One 
of the mquiremenw Olf the eMP, which is administered by the los Angeles County Metropolitan 
Transportation Authority (Metro), Is ror projects to ana !yze their potential impacts on the freeway 
systems.. Tha traffic study for the Milhmnium HOlllywOlOld project included the requimd CMP analysts.. 

Also, LADOT met wrth planning and Caltrans in 201 t Did you expect then that a highway truffle project 
would be completed? 

Our staff dOles not recollect a meeting with planning and Calnns in 2011 and are unsure what traffic 
project you are referring to. YOlU may have to contact the Department of City Planning to see what 
$Coping meetings were held wfth Caltnms pnor to the ElR preparation. 

Hope that helps, 

Jonathan 

11l<mks so much, 
Dakota 

--Forwarded message --
. From: Raptis, Maria C@OOT <maria.raptis@doLca,go\C> 

Date: Thu, JUfl 20, 2013 at 2:47 PM 
Subject: caltrans Comment letters - MWennium HoHywoW Project 
To: ~dakota.smlth@dallynews,com" <dakota.smith@daHynews.com> 
Cc: ·Watson, DiAnna@OOT" <;ofanna.watson@dotca,gov> 

Notice of Preparation (NOP) letterNdated 5/16111 

Draft E!R (DEIR) 

Fina! EJR (FEIR) 

LeUer-dated 12!10/12 

letter-dated 2f19/13 

Letter to Couw::i!members·datt',.'{i 511113 

Malia Raptis 

Public InformatIon OffIce!' 

Cattrans, District 7 

3117 
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CO-0001-1125 

CHyDfloo ~6ies Mail- Re: Caitr~ C~ ~!!ero - MlIIesmlum l·j<J!'~ Pr~ect 

100 So, Main Street, Los Angeles 90012 

213-397-9372 

marla,roptis@dotc.a.gov 

Jonathan Hul 
Los Ange!es Department of Transportation 
(213)972-B46i 
jonatnanJu,il@laclty.org 

Diego de fa Garza <diego.delagarza@!acity,org> Fri, Jun21, 2013 at 9:56 AM 
To: yusef robb <yusef.robb@!acity,org>, Marcel Porras <MarceLPorms@iaclty,org> 

--Forwarded message --
From: Jonathan Hu! <jonathan,hul@!aclty,org> 
Date: Fri, JUI1 21, 2013 at 9:53 AM 
Subject Re: Caltrans Comment Letters - Millennium Hollywood Project 
To; Dakota Smith <dakola,smith@dailynews.com> 
Cc: Bruce Gillman <bruce,gi!!man@!adtY,org>, Tomas Carranza <tomas.carranza@/acfty,org>, Cl!ntoo Quan 
<clinton, quan@iaclty,org> 

Hi Dakota, 

Soo response below bllne bold: 

Does LADOT agree with Caltrans' assessment that more traffic studies should haw been completed? 

The traffic impact study for the Mlilermiurn Hollywood project was prepared in accordaw::e with 
LAOOT's traffic sWdy policies and procedures.. Thesa prOCedtUl~$ are consistently uood by all proposad 
development projects. LADOT's procedures were used to assess the project's potential Impacts on the 
area's streets and Intersections.. 

The traffic impact study aJso fnchJded at Congestlon Management Program teMP} analysis.. The eM? Is 
a state-mandated program that was developed fullowlng the passage of Proposition 111 In 1900, One 
of the requirements of the eM?, which is adminfstElred by the los Angeles County Metropolitan 
Transportation Authority (Metro), is for projects to analyze tMIr potential impacts on the freeway 
systems. The traffic sWdy for the Millermium Hoiiywood project im::luded the required eM? analysis. 

A!so, LADOT met with planning and Caltrans in 2011. Did you expect then that a highway traffic project 
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CO-0001-1126 

would 1m completed? 

Our staff dOGS 110t recollect a meeting with planning and Caltraos in 2011 and ara unsure whaHraffic 
project you are referring to', You may have to contact hw Dapartn1ent of City PlanriJng to we what 
scoping meetings were held with (;a/trans prior to the sn preparation, 

Hope that nelps, 

Jonathan 

, Thanks so much, 
. Dakota 

-------- FO!Warded massage ---
From: Rapti~ Maria C@OOT <maria.raptls@dot.ca.gov> 
Date: lhu, Jun .20, .2013 at 2:47 PM 
Subject: Ca!(rans Comment Letters - MHlennlum Hollywood Project 
To: ~dakola.J"mith@daHyne.vs, com~ <dakota.smith@dailynews.com> 
Cc: ~Watsoo, lJiAnna@OOT" <dianI'l8.watson@dotc<:1.gov> 

: NoHce of Preparation (NOP) letter-dated 5/18/11 

, Draft ErR (DEIR) 

Final EIR (FEfR) 

Letter-dated 12/10/12 

Letter-dated 2119113 

letter to CouncHmembers..aaled 517/13 

Maria Raptis: 

Public Information Officer 

100 $0, Ma!n Street, Los Angeles 90012 

maria.ra ptiS"@dot.ca,go\' 

Jonathan Hui 
Los Angeles Department of Transportation 
(213)972-8461 

5117 
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CO-0001-1127 

9125'13 Cit yo! Loo Angeles Mal! .. Re; Gallrffjij Cmmm LattlSSt'o' MlI!mum Hdfjl'llt'OQ(.i Prefect 

jonathan, hui@lacity,org 

.. ~-----,-~--.... ,----------------,---.. --<------------------,,---------------------------------.---------_._------------------------.-----------------~---~--------- ---

Marcel Porras <marceLporros@lacltyoorg> Fri, Jun 21,2013 at 9:57 AM 
To; Diego de !a Garza <diego,delagarza@!aclty,rug> 
Cc: Marcel Porms <MarceLPorras@lacity,org>, Yusef Rebo <yuseforobb@laC!ty.org> 

Yes 

On JUri 21,20139:56 AM, "Diego de la Garza~ <dfego.delagarza@[aclty.org> wrote: 
! recei\l6ld this as a blind copy, Did you get it too? 

-- Forwarded message --
From: Jonathan Hul <jenathan.hui@lacitYoorg> 
Date: FrI, Jun 21! 2013 at 9:53 AM 
Subject: Re: Galtrans Comment Letters - Millennium Hollywood Project 
To: Dakota Smith <dakota.smlti1@dailynews,com> 
Co: Bruce GHlrnan <brucEl.giUman@laclty.org>, Tomas CawdHza <tomas,carranza@lacity,org>, Clinton Quan 
<clinton. qUaln@!acity,org> 

Hi Dakota, 

See response below infine bold: 

Does LADOT agree with Caitrans' assessment that more traffic studies should haw been Gornpieted? 

The traffic impact study for fue Millennium HoUywood project was prepared In accordance with 
LAOOf"s traffic study porlelas and procedures. Them,rprm:::adures are consistently uood by all 

, proposed development projects, LAOOT'$ procedures W!.He used to 8m;essthe project's potentia! 
impacts on the arsa's streem and fnteroocl"iofi$. 

The traffic Impact study afro Inc!uded a Congestion Management Program {CMP) armly!.is, The eMF' 
is a s;tata-fTiandafud program that was developed following the passage of Proposition 111 In 1990, 
One of the requ!remenw of the eM?, which is ~!li1::iminlsterod by the Los Angeles County Metropolitan 
Transportation Authority (Metro), Is fur projects to analyze their potenthd Impacts on the freeway 
systems, rlla traffic study for the Millennium Hollywood project frll::luded the required eM? analysis, 

Also, LADOT met with planning and Caltrans to 2011, Did you expect then that a highway-traffic project 
would be completed? 

OUf staff does not recoilect a meeting with planning and Caltrarts in 2011 and are unWfe what traffic 
project you are referring to, You may have to wlltaet the Oepartment of City Planning to sae what 
scopfng meetings were held with Caltnms prior to ttm EJR preparntkl'n. 

Hope that he! ps, 

Jonathan 

Thanks so much, 
Dakota 

h!tps:{f1ro1l,900g1a.rorinnillul11?>.i"'Z&l~·roooo.9&2B&>Jew"f'I&q"'rnt!lanni\,l8n e!r&qs"'U"u6&sooroo"'query&ti"F 13f67aB7lficcl~qt:::1 6117 
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-- Forwarded message --
From: Raptis, Maria C@DOT <mariEuaptis@dot.C8,gov> 
Date: 1111.1, Jun 20,2013 at 2;47 PM 
Subject Caltmns Comment letters ~ Millennium Hollywood Project 
To: "dakola,smith@dailynews.com" <dakota.smith@dailynews,wm> 
Cc: "Watson, DiAnna@DOT" <dianna.watson@dotca.go;,::> 

Notice of Preparation (NOP) Letter--dated 5/'HI/11 

Draft EJR (DEIR) 

Final EIR (FEiR) 

Letter-dated' 12110/12 

LettBf~dated ?J18/13 

Latter to Councilmembers-dated 517/13 

Maria Raptis 

Publlc Information OffIcer 

Caltrans, District " 

100 So. Main Street, Los Angeles 90012 

213-897-9372 

maria.raptis@dotca.gmr 

Jonathan Hui 
los Angeles Department of Transportation 
(213)972-8461 
jonathan.hui@!aclty.org 

Marce! Porras <marceLporras@Jacity.org> Frt, Jun 21, 2013 at 10:01 AM 
To: Jonathan Hui <jonathardlui@!acily.org> 
Cc; Clinton Quan <clinton.qu<lll@!acity.org>, Tomas Carranza <tomas.cawdru.a@!aclty.org>, Bruce Gillman 
<Bruce.Gnlman@isclty,org>, YusElf Robb <yusef.robb@!acity.org>, Diego de Is Garza 
<dlego.delagarza@lacity.org>, MichaelloGrande <m!chael.logmnde@lacity.org:>, Usa Webber 
</isa,webber@!acity,org> 

Did you coordinate with planning? I \"I<lf1t to make sure we ara all on the same page. We got inqullies from 
dak.ota as weiL 

htlm:llmsil.o.:.oo ;e,.~0i"rlme!!ful1njj"'2&iiF'1~B&\lBI'Fnt&a"'mmannium alrM!r'~oorc~auel·\<&1tF 13lm'aS22I1C~QF 1 7117 
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On Jun 21,20139:53 AM, "Jonathan Hui" <jonathan,hui@!ac!tY,{)fg> wrote; 
HI Dakota, 

See response befow InHne bold: 

Does LADOT agree with Caltrans' assessment that more traffic studies should Malle been completed? 

The traffic: impact study fOf the Millennium Hollywood project was prepared in accordance with 
l.ADOT's truffie study policies !lind procedures. Theoo procedures afE! consistently tllmd by all 
proposed development projects. LADOT's procedums waro used to a~5S the project's potential 
impacts on the area's $treats and intersections. 

The tmffic impact study also included a Congestion Management Program (CM?) analyms., The CMP 
is a state-rnandated program that was developed following the passage of ProposltlQn 111 in 1990. 
One of the reqUirements of the CMP, which is administered by the los Angeles County Metropolitan 
TrnnsportatJon Authority (Metro}, fs for pro1ects to analyze their potentia! impacts on the freeway 
systems. The traffic study for the Mlllannium Hollywood project Included tha raq!'dred CM? analysis. 

Also, LAOOT met with planning and Ca!trons in 2011, Did you expect then that a highway traffic project 
would he completed? 

OUf staff doas not recollect a meeting with planning and Ca!trans in 2011 and are unsure what traffic 
project you Sim referring to. You may have to contact the Departmant of City Planning to sea what 
scoping meetings were held with Caitnms prior to the Em preparation, 

Hope that helps, 

Jonathan 

Thanks so much, 
Dakota 

•...... - Forwarded message ~~ 
From: Raptis, Maria C@DOT <maria.roptls@doLGa.go'lP 
Date: Thu, Jun 20, 2013 at 2:47 PM 
Subject Caltmns Comment Letters - MiHmmlum Hollywood Project 
To: "dakota.smlth@datiynevvs.com" <dakot<,.Lsmlth@da!lynews.com> 
Cc; ·Watson, DjAnnacg:)DOT" <dianna,watson@doLcKgOV> 

• Notice of Preparation (NOP) Letter .. datoo 5/18111 

Draft EIR (DEiI~) 

Firml EiH {FEiR) 

Letter'Dated 12110/12 

Letter,dated .2/19/13 

Letter to Cmmcilmembers-dated 517113 

8117 
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Marla Raptis 

Public friformatioll Officer 

Caftrans. DIstrict 7 

HHI So. Main Street, Los Angeles 90012 

213·897·9372 

maria.raptis@ciotca.gov 

Jonathan Nul 
los Angeles Depaltment of TransportatIon 
(213)972-8461 
jonathan.hul@iaclty,org 

------------........ --........ --.... -...... --.. --.. -~--

CO-0001-11l0 

Tomas CamlUa <tomas.cawdr1za@iacity.org> Fri, Jun 21,2013 at 10:05 AM 
To: Marcel POfn~s <marcel,porras@facity.org> 
Dc: Jonathan HUI <JtmathanJllli@facity,org>, Clinton Ollan <c!!nton,quan@lacitY.Qrg>, Bruce Giilman 
<Bruce.Gfllman@!acity,org>, YusefHobb <yusef.robb@iac!ty.org>, Diego de la Garza 
<diego.delagarza@laclty,mg>, Michael LoGrande <michaeUogrande@!acity.org>, Usa Webber 
<IiS<L wabber@laclty ,erg> 

Yes N Lud Ibam:t from Planning and I haw coordinated our responses. 

On Fri, Jun 21,2013 at 10:0'1 AM, Marcel Porrns <marcel.pmras@iaci1y.org> wrote: 

Did you coordinaie with planning? I want to make sure we are all on the same page, Wfl got fnquirles from 
dakota as weil. 

Marcel 

On Jun 21,20139:53 AM. "Jonathan HUI" <jonathan.hui@lacity,org> wrote: 
Hl Dakota, 

See response oolow (nllne bold: 

Does LADOT agree with Ca!trons' assessment that more traffic studies should haw been completed? 

The 1:raffic impact srudy for the Millennium Hollywood project was prepared in accordam::;e with 
LADOT's traffic study policies ami procedures. These procedures are ccmsmstentfy uood by aU 
proposed development projacw. LADOT's procedures were used to assess the project's potential 
impacts on the area's streets and Intersections. 

9117 
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The traffic impact study also lncl!.ui@d a Congestion Management Program {eM?) analysis.. The 
CMP is a mte-rfmmiated program that was developed following fue passage of Proposition 111 in 
1990. One ofthe requirements of the eM?, which is administared by tha Los Angeles County 
Metropolitan Trnnsportatkm Authority (Metro), Is fur projects to armiyze their potantlallmpacts on 
fue freeway systems. The traffic study for the Mlilermlum Hollywood project induded the required 
CM? .u'11dysls.. 

Also, LADOT met w:lth planning and Calirdns in 201 i. Old you expect then that a highway traffic project 
wou!d be completed? 

Our staff does not recoUect a meetIng wlth planning and Caltrans in .2011 and am !moore what 
trnfflc project you are referring too You may have to contact the Department of City Planning to 
00£1 what $Coping meetings were hald with Caltrans prior to the 8R preparation, 

Hope that helps, 

Jonathan 

Thanks so mUCh, 
Dakota 

..••............• Forwarded message --_.-
From: Raptis, Mana C@DOT <maria,raptis@doLca,gov-> 
Date: Thu, Jun 20,20'13 at2:47 PM 
Subject Caltrans Comment Letters - Millennium HQllywood Project 
To: "dakota.smith@dallynews,com" <:dakota,smith@daifynews,com> 
Co: "Watson, DiAnna@DOT' <dianna,watson@doLca,gov> 

; Notice of Preparation (NOP) Letter,<:Iated 511811'1 

Ordl'! EIR (DE/R) 

Flna! EIR (FEiR) 

Letter-dated 12/10/12 

letter-dated 2119113 

Letter to CouncHmembars·-datsd 517/13 

Maria Raptis 

Public information Officer 

Caltrans. District 7 

100 So, Main Street, Los Angeles 90012 

21J.f397·9372 

marla.raptis@dotca,gov 
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Jonathan Hui 
Los Angeles Department of Transportation 
(213}9]2«8461 
jonathan.hul@!acity,org 

M .. m::al Porras <marce!.porras@lacity,org> Fri, Jun 21,2013 at 10:10 AM 
10: Tomas Carranza <toma~"carmnza@lacity.org> 
Cc: Bruce Gillman <Bruce.GWman@laclty.org>, MichaelloGrnnde <michooUogranda@!aclty.org>, Dfega de la 
Garza <diego.delagarza@lacity.rny>, Jonathan Hul <jonathan.hul@iacity.org>, '(usaf Robb <yusetrnbb@iacity,org>, 
Usa Webber <HsEI.webber@!adty.org>, Clinton Quan <ci!ntonquan@!adty,org>, Luclrnlla Ibarra 
<: iucirarla. ibarra@!ac:ity,org> 

Thanks Tom. Luci, has planning issued a statement yet? 

On Jun 21, 2013 10:05 AM, "Tomas Carranza~ <tomas.carram:a@laclty,org> \'\<wte: 
Yes - luci Ibarra from Planning and! have coordinated our responses, 

On FrI, Jun 21,2013 at 10;01 AM, Marcel Porras <marceLporras@!acity.org> wrote; 

Did YOli coordinate with planning? {wdnt to make sure we are all on the same page. We got inquiries from 
dakota as well. 

Marcel 

On Jun 21.20139:[13 AM, "Jonathan Hui" <jonalhan,hui@!acity.org> wrote: 
Hi Dakota, 

See response below inline bold: 

Does LAOOT agree with Cs!trans' assessment that more traffic studies should ha~ been completed? 

The traffic impact &tidy for the Millennium Hollywood project was prepared in accordance with 
lAOOT'$ traffic study policies and procedures, These procedures are consistently u~d by all 
propol!!led deva!opment projacta lAOOT's pmCedUn:l5 were used to assess the project's 
potential impacts on the area's streets and inoorooc:tlon$, 

The traffic impact 5I:tidy also Included a Congestkm Marmgement Program {CM?) armly$l$. The 
, eMP is £!II state-mandated program that was developed following the passage of Proposition 111 

In 19900 One oHha requ!remantsoftha CMP 1 which Isadministeraa by-the losAAgelesCoiJl1ty 
Metropolitan Transportation Authority (Metro), is for projects to analyze their potential impacts 
on the freeway systems.. The traffic study fur the Millermttim Hollywood project im::luaed the 
required eM? analysis.. 
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Also, LAOOT met wfth planning and Caltrans In 201 t Did you expect then that a highway traffic 
project would be completed? 

. OUf staff does not recollect a meeting with planning and CaJtrans In 2G11 and era unsure what 

. trafflc project you are referring to, You may hava to contact the Department of City Planning to 
see what seoping meetings were held with Caltrnns prior to the ER pr*,paratiol1. 

Hope that helps, 

Jonathan 

Thanks so much, 
Dakota 

-- Forwarded message ------
From: Raptis, Maria C@OOT <malia.raptls@dotca.gov> 
Date: ThY, Jun 20,2013 at 2:47 PM 

· Subject Caltrans Comment Letters - Millennium Ho!lywood Project 
To: ~dakota,smith@da!iynews,oom~ <dakota.srnllh@dallyneV\lS,com:> 
Cc: "Watson, DiAnna@DOr <d!arma .. watsofl@dot.ca.gov> 

· NotiGO of Preparation (NOP) Lf}tter-ciated 5f18111 

Dralt fiR (DE!R) 

Firnil E1R (FEIR) 

Letter--dated 17J10f12 

Lettt.'f-dated 2119/13 

· Letter to CmmGilmemb(im~dated 5f7113 

Maria Raptis 

Public !nfonnatlon Officer 

Caltrans. District 7 

100 So, Main Street, Los Angeles 90012 

213·897·9372 

marla.raptis@dotcll.gov 

Jonathan Hui 
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Cltyo1los AngeJoo Mal! - Ra: CaflrarlS Corrrnen( Letters .~ MHierril.m HD!I~ ProjiScl 

. Los Angeles Department of Transportation 
, (213)972-8461 
jonathan. hu!@!ac!ty . org 

._-_._._._ ... _ .........• _ ... __ •.............................. _----_ .. _ ........................... _--_ .. _. __ .. _-----_ ...................•.... _.- ----... ----
Luciralia Iharm <Iuciralia.ibarra@lacity.org> Fri, Jun 21,2013 at 10:i8 AM 
To: Marce! Porras <marceLporrns@lacitY.Qrg> 
Cc: Tomas Carranza <tomas,cam:mza@!aclty.ilig>, Bruce Gmmen <Bruce.GiHman@lacity,org>, Mk.:hae! LoGrande 
<mlchaeUogmnde@laclty.ory>, Diego de 1a Garza <diego,delagarza@la.cfty.org>, Jonathan Hul . 
<jol1sthan.hui@lacfty.erg>, YLlsaf Roob <yusef. robb@laclty.org>, Usa Webber < !is 8. weboor@!acity,org>, Clinton 
Ouan <clinton, quan@locfty.org> 

Hi awryone, 
Planning gal inquiries from Dakota yesterday, Tom and I worked on our response as he mentioned, and which 
was transmitted by Michael LaGrande. 
Thank you, 
Luci 

On Fri, JtJf1 21. 2013 at 10;10 AM, Marcel Porras <marceLpomas@lacity.org> wrote: 

Thanks Tom. Luci, has pianning issued a statement yet? 

On Jun 2'1, 2013 10:05 AM. "Tornas Carranza" <tomas.carranza@iaclty.org> wrote: 
Yes - Luci Ibarra from Planning and I haw coordinated our responses. 

On Fri, Jon 2'1,2013 al10:01 AM, Marcel Porras <marceLporrns@!ac.ity.org> Wrote: 

Did you Goon:finate with planning? ! want to make sure we are all on the same page, We got !nquides 
from dakola as we!1. 

Marce! 

On Jun 21, 2013 9:53 AM, ~ Jonathan Hui" <Jonalharthui@Jacity.org> wrote; 
Hf [Jakola, 

Soo response below inline bold: 

Does LADOT agree wiih Caltmns' assessment that more tmffic studies should ha'.B been 
completed? 

The traffic Impact study f.or th* Millennium Hollywood project was prap,ared in accordance 
with LADOT's traffic study pollcles and procedures. These procedure-s are consistently lIsed 
byal! propoood: development projacu LADOT's procedures were used to aooess the project's 
porontlal impacts on the ar*a's streets and Intal'$l\':l:cthms. 

The traffic impact study also Included a Congestion Management Program (eM?) analysis. 
The eMF' is a state-rnamiawd progmm that was developed foHowing the passage of 
Proposition 111 in 1990. One of the requirements of the eM?, which Is admll1lstemcl by the 
Los Angehim County Metropolitan Transportation Authority (Metro), Is fur projects to analyze 
their potentia! impacts on the freeway systems. The traffic study fur the Millennium Hollywood 
project im::luded fue required COOP analysis. 
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Also, LADOT met with ~annlng and GaHrans in 2011, Did you expect then that a hIghway traffic 
project would 00 completed? 

Our staff does not recollect a maeting with planning and Caltrans in 21311 and are unsure what 
; traffic project you are referring to, You may havEl to contact the Department of City Planning 
: to see what seoplng meetings were held with Caltrarm prior to tha BR preparation, 

Hope that helps, 

Jonathan 

Thanks so much, 
Dakota 

-- Forwarded message--
From: Raptis, Maria C@OOT <maria,raptis@dotca,gov> 
Date: Thu, JUri 20,2013 at 2:47 PM 
Subject Galtrans Comment Letters - Millennium Hollywood Project 
To: ~dakota,smlth@dallynews,com" <dakota.srnith@daHynews,com> 
Cc: "Watson, DiAnna@DOr <diarma,watson@dotca.gov> 

Notice of Preparation (NOP) l.etter-datoo 5/18/11 

Draft EiR (DEfR) 

Final E!R (FEIR) 

letter-aatoo 12110/12 

Letter-dated 2/19/13 

Letter tt) Councilmembers-dated 5f7!13 

Marla: Raptis 

Public information Officer 

Caltrans, District 7 

100 So. Main Street. Los Angeles 9{J012 

213·697·9372 

O1a ria,ra p tis@dot.ca,gav 

Jonathan Hui 
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Cltyct" LDs Angeloo Mall .. fk Callram COf~ Lmt~~ .. MflianriWll Hcll~ Fr~~€cl 

Los Angeles Department of Transportation 
(213)972-8461 
jonathan. hU!@lacrty.org 

Ludmila Ibarra 
City Planner 
Major Projects 
Department of City Planning 
200 N. Spring Stroot. Rm 750 
Los Angeles, CA 90012 
Ph: 2'l3JmL 1378 
Fx: 213,978, 1343 

Marcel POI!11llS <marcel.polffis@lacity.org> Fri, Jun 21,2013 at 10:27 AM 
To: Luc/mlla Ibarra <iuciraliaJbarro@ladty.org> 
Cc; Jonathan Hul <jooathan.hlli@jacity.org>. Usa Webber <Iisa.webber@!acity.org>, Tomas Carranza 
<iomas.carmnza@facity.org>, Bruce Giliman <Bruce.GHlrnan@lacity.org>, Michael LoGmnde 
<michaeUogranOO@lacity,org>, Diego de Ja Garza: <diego,delagar.:a@lacity.org>, YusefHobb 
<yusetrobb@lacJty.org>,Clinton QW;1Jl <ciinton.quan@!acity.org> 

T!lanks Luci. 

On Jun 21, 2013 10:18 AM, "Ludmila !balTd~ <lllciralia,fbarm@ladty,org> wrote: 
Hi Ell£ryone, 
Planning got Inqu!ries ii'om Dakota yesterday, Tom and I worked on our response ~~s he mentioned, and which 
\M:l:S transmItted by Michael LoGmnde. 
Thank you, 
Lucl 

On Fri, Jun 21,2013 tlt 10;'10 AM, Marcd Porras <marcel.porrds@facity.org> wrote; 

Thanks Tom, Luci, has planning Issued a statement yet? 

On Jun 21,201310:05 AM, "Tomas Cam.1JlZaH <~lomas.Garmnza@!acity.org> wrote: 
Yes - loci Ibarra from Planning and' ha\€ coordinated our responses, 

On Fri, Jun 21,2013 at 10;01 AM, Marcel Ponas <marceLporms@iacity.org> wrote: 

Did you coordinate with planning? I want to make sure we are all on the same page, We got fnquid€s 
ti'mn dakota as well. 

On Jun 21, 201~19:53 AM, "Jonathan H\.Il" '~JonathBn.hul@!acity,org> wrote: 
Hl Dakota, 

See rl;\SpOnSe below InU!1(:) bold: 

. Does LA DOT agroo with Caitrans' assessment that mora traffic studies should have boon 
; completed? 

r~lps:f!mail<Il00g!e<COfi¥nmiiMlt?ui"'2&Jk"~76aOOB6i;,:28&\&mFpt&q"'r.jl!wijl1urne!r&qs"'tr\.le&sOOfm"'quert'Jt1"'13167aB2mc~dsqt"1 15117 
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. Tha traffic impact study fur the Millennium Hollywood project was prepared In accomaru::e 
. with lAOOT's traffic $ludy palldes and procedure$, These procedures are consistently used 

by aU proposed development projects. LAOOTs procm::lums wern used to assess the 
'projm:fs potential lmpacts on the area's streets and !nterooctlons. 

The traffic impact study also im::ludecl a Congestion Management Program (eM?) analysis. 
The eM? is a stat@"inartdaied program that was developed following the passage of 

, Pmpomtion 111 in 1990. One of the requirements of the CMF', which Is administered by the 
: Los Angeles County Metropolitan Transportation Authority (Metro), 1$ for projects to analyze 

their powntlal impacts on the freeway :systems. The traffic: study for tile Millennium 
Hollywood proJect inchlrled the required CM? O'u'ialysls. 

AISQ, LADOT met with plann1ng and Ca!trans in 2011, Did you expect then thai a highway traffic 
project would be completed? 

Our staff doe'S not recollect a meeting with planning and Caltrarm in 2011 and are unsure 
what traffic project you ara referring to, '(au may have to contact the Department of City 
Planning to see what seeping meetings were heM with Caltrans prior to the OR 
pre pat'" ti on. 

, Hope thst helps, 

Jom3than 

Thanks so much, 
Dakota 

-_ .... _- Forwarded message --
From: Raptis, Marla C@OOT <malia.raptis@dot.ca.go',P 
Date: Thu, Jlln 20, 2013 at 2;47 PM 
Subject Caitrens Comment Letters· Millennium HollywOod Project 

, To: "dakot,losmith@dailynews.com" <dakot<.u;mitil@daflynews.com> 
. Cc: ~Walson. DiAnna@DOT' <dianna.watson@dotca.gov> 

Notice of Preparation (NOP) letter-dated 5/18/11 

Draft Elf{ (DEfR) 

FInal EIR (FEIR) 

Letter-dated 12110/12 

Letter-dated 2J19!13 

letter to Councilmembers-dated 5/7/13 

Maria Raptis 

Public Inform'ltlOIl Officer 

Caltrans, District 7 

1&'17 
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City of L.os Angeles Mall • R~: Cifllltrarl$ Corrmes'lt leoon3; • MJiI<Sl"Jl'1!ufl1 HoU~1.1:lOO ProjOOI 

loa So, Main Street, WS Angeles 90G12 

213-397·9372 

, m<.lrla.raptis@ciotca.gov 

Jonathan Nul 
.los Af1ge~6$ Department ofTransportation 

. (213)9"12-8461 
Jonathan, hul@!acity,org 

Luclralia Ibarra 
City Planner 
Major Projects 
Department of City Planning 
200 N. Spring Street, Rm 750 
Los Angeles, CA 90012 
Ph: 213.978,1378 
Fx: 213.978.1343 

17117 

AR0068386 



CO-0001-1139 

City afLoa Angeles Mail - Re: Cru1nma Comment Letter.:; - MiUennL 

I uf2 

Jonathan Hui <jooathan,hui@laCiiy,(wg> Fri, Jun 21, 2013 at 9:53 AM 
To: Dakota Smith <dakom,sm!th@dal!ynewz,com> 
Cc; Bruce Gillman <bmce,gli!man@!aciiy,org>, Tomas Carranza <tomas,carranza@lacity,ol'tP', Clinton Quan 
<cJinton,quan@!acity,ofg> 
Bee: dlego,delagarza@!acity,org 

Hi Dakota, 

See response below iniine bold: 

: 'Does LAnOT agree with Caitmns' assessment that more traffic studies should have ooen completed? 

The traffic impact study fur the MiUennium Hollywood pro1ect was prepared in accordance with 
LADOT's traffie study ponew~ and proeeduros, These procedurns am consistently trued by all 
propooed d~v®lopment projects, LAOOT'$ proe@duroa WElint trued to assess the project's potential 
impacte 011 the area's st.ro®m and Inture~tions. 

The traffic impact $tudy also Included a Congel!>Hon Nhilfll:lgem$nt Program (eMF') sllalYl[;f$, The eMF' hill 
a stata-!mIIndatoo program that was deyaloped following ili& palilaag@ of PropO$illon 111 in 199{}, Olla of 
th~ requirements of the eMF', which m admini$wmd by the 1..0$ AngelMi County M{!tropolitafl 
Tmnsportation Authority (M@tro), m fur projects to l:l11:alyw tntl'lr potij!ntl'iiil impticW 01"1 tile fra-eway 
sYliltanm. The tnlfflc study for the Millennium Hollywood project Im::lud&d ttI& required eMF' a.nalysls. 

A!so, LADDT met with planning and Call.rans in 2011, Did you expect then !:hat a highW'<lY truffic project 
would be completed? 

Our awff does not recolioot <II meatil'lg with phmn!n9 arid Cll!trnoo in 2011 and am Ui'!l>um what truffic 
project you am referring to. You mmy havEIi to contact tl'1& D~partm~mt of City Pisrmltlg to 1$" what 
s(:opln9 m(t(l!tiflt18 warn held with Cati:mlls prior to the EIR pmparntion. 

Hope that helps, 

Thanks so much, 
Dakota 

_ ............... Forwarded message ..... -.----
from: Raptis, Maria C@oor <maria,raptis@cioLcRgoV> 
Date: Thu, Jun 20, 2013 at 2:47 PM 
Subjact: Caltmns Comment Letter'S ~ Millennium Hollywood Projed 
To: "dakota,smlth@daliynew$,com" <dakota.smith@dailynews.com> 
Cc: ''\/'\latson, DiAflna@OOT" <ciierma,watson@dotc<':!,gov> 

91l9!2013 5:17PM 
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City afLas Angeles MMil w Re: CaitrUllS Comment Letters· MillennL 

. NODce of Preparation (NOP) letter-dated 5118111 

. Draft E!R (DEiR} 

Final EIR (rElR) 

lettar-dated 1211 GJ12 

letiar-dated 2119113 

, Letter to COUl'lcilmernbers-dated 517 n 3 

. Public Information Officer 

• Caitrans, District 7 

, 100 So. Maln St.nwt, Los Angeles 90012 

213·897·9372 

maria.raptis@dot.ca,gov 

Jonathan lill! 
los Angeles Department of Transportation 
(213)912--3461 
jOl1athan.hui@!acity.org 
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. ,,!' ... :, 

Fwd: Millennium Traffic CAL TRANS Respcrnse 

Mh:;;hae! LoGrande <mlchaa!.logrande@iacity,org> 
To: Marcel Porras <MarcetPo1'ifis@!acfty.org> 

Fri, Jun 21, 2013 at 10:45 AM 

--Forwarded message ~-
From: "Michae! LoGrande" <michaeUogranda@!acity,org> 
Date: JUri 20, 20137:17 PM 
Subject; Millennium Traffic CAL TRANS Response 
To: "Dakota Smlth~ <dakotaJ'.Hnith@daiiynew,u:;om> 
Cc: 

Hi Dakota, 
As the lead Agency, we are tasked with choosing the appropriate methodology to analyze impacts, With 
respect to traffic 00 too city's streets and intersections, the project's transportation analysis was prepared 
consistent with LADOT's Tmffic Study Policies and Procedures, The tmnsportation study also utilized Metro's 
Congestion Management Program (CMP) to analyze the project's potential impacts to the transit and freeway 
systems. MTA (Metro) developed the state-mandated CMPfoflowing the passage of Prop 111 in 199{1 The GMP 
directs ail projects in the County that required to prepare an EIR to conduct transit and ftueway impact analyses. 
While Cattmns argues that the GMP is insufficient, Caltralls' ~Gll!do for the Preparation of Traffic Impact Studies" 
dres not provide adequate clarity as to what constitutes an Impact, whlch the CMP does. In the interest of 
transparency and coosistency and to comply with the Metro's eMP requirements, the project's transportation 
study included too appropriate CMF analysis. The Planning Department is confioont In the !e\e! of analysis and 
mitigation required of this oovelopment 

MarcElli Porras <marceLporras@!acity,org> Fri, Jun 21,2013 at 10:48 AM 
To: Yusef Roob <yusef,robb@iacity,org>, YUSEF ROBEl <yusefrobb@gmaiLcom> 

--- Forwarded message --
From: wMichael LoGrande" <mlchaeUogmnde@!acity.org> 
Date: JUri 21, 2013 10:45 AM 
Subject: F1Nd: Milh.'.lnn!urn Traffic CALTRANS Response 
To: ~Marcel Porras~ <MaroeLPorras@!adty.org> 
Cc: 

--Forwarded message --
From: "MichaalloGrnnde" <mtchaeUogranda@lacity,org> 
Date; Jun 20, 20137:17 PM 
Subject: Mmermlum Traffic CAL TRANS Response 
To: »Dakota Smith~ <dakota.smfth@dailynews,com> 
Cc: 

·Hi Dakota, 
As the Lead Agency, we are tasked with choosing the appropriate mettlooology to analyze Impacts. With 
respect to traffic on the city's streets and intersections, the project's transportation analysis was prepared 
consistent with LADOTs Traffic Study Poticies and Procedures. The transportation study also utilized Metro's 
Congestion Management Program (eMP) to analyze the project's potentia! Impacts to the transit and freeway 

""1\. rl\.,1~tm) developed the state.-mandated eMP fo!iO'iNil1g the passage of Prop 111 in 1900. The eMP 
if 
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005113 Cityof Loa Angeloo Mall" F\'\d: Mmerralum Traffic CAl TRANS Rooponse 

directs all projects in the Courty that required to prepare an EIR to conduct transit and freeway [mpact analyses, 
While Csltrans argues that the eMP is insufficient, Ca!trans' "Guide for the Preparation of Traffic ifflpact Stl.ldles~ 
does not prolAde adequate clarity as to what constitutes an Impact, which the eMP doe!", In the interest of 
transparency and consistency and to comply with the Metro's eMP requirements, the project's tmnspoliation 
study included the appropriate eMP analysis, The Planning Department Is confident in the leve! of analysis and 
mitigation required of this de\l6!oprrlent, 
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THE SILVERSTEIN LAW FIRM 

A Professional Corporation 

VIA FACSIMILE (213) 482-6889 
AND U.S. MAIL 

Ms, Hazel Harris 
Oftke of the Custodian of Records 
Department of Building and Safety 
201 N, Figueroa Street, Suite 782 
Los Angeles, CA 90012 

215 Nmrrn :MARENGO AVlENUE, JRD FLooR 

PASADENA, CAtIFORNl.t. 91101-1504 

PHONE. (626} 4494200 FAX. 1(26)4494205 

R08f.RT@RoBlfRTSn,VllRSTElNLAw,t"OM 

W\.\I",V.ROBF:R'I~IL'\rEI\STIl!l'iILAW.WM 

Re: Californ.ia Public Records Act Request§. .. - Millennium Proiect 

Dear Ms. Harris: 

This request is made under the CaHfomia Pub1ic Records Act pursuant to 
Government Code Section 6250. ~t seq. Please provide copies of the following from the 
City (as "City" is defined below), 

For ease of reference in this document, please refer to the foHowing defined 
terms; 

The "City" shall refer to aU oflidals, employees. consultants, and agents ofthe 
Department of Building and Safety, City of Los Angeles, including the City 
Attorney's o.ft1ce and any and ail outside counsel retained by the City. 

"Millennium Hollywood" shall rder to Millennium Hollywood, LLC, aU related 
or affiliated companies, and all principals, including PhH Ahrens, officers, 
employees, attorneys, agents and/or consultants, Including but not limited to 
Langan Engineering and Environmental Sciences, Inc., and the law firm of 
Sheppard. Mullin. 

"Project" shaH refer to the proposed Millennium Hollywood Project at located at 
J720~)770 N, Vine Street, 1745-1753 N, Vine Street, 6236 .. ·6334 W, Yucca Street, 
1733-174 J N, Argyle Street, 1746··1764 N, Iva!" Street, Hollywood, California, 

"Document," as defined in Govt Code Section 6252(g), shall mean any 
handwriting, typewriting, printing, photostating, photographing. photocopying, 
transmitting by electronic mall or facsim.i1e, and every other means of recording 
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Ms. Hazel Harris 
Office of the Custodian of Records 
Department of Building and Safety 
June 25, 2013 
Page 2 

upon any tangible thing any form of communication or representation, including 
letters, words, pictures, sounds, or symbols, or combinations thereof, and any 
record thereby created, regardless ofthe manner in which the record has been 
storea, 

The public records requests include: 

(] ) All communications to or from any and aU email accounts (including a.lias 
accounts set up on the City'S email system) of Darm Prevost, John Weight, 
Pascal ChaHita, Hud Ovrum, Ray Chan or David Lam from May 1, 2012 
through the date of YOllr compliance with this request that relate in any way 
to the May 2012 Langan Engineering and Environmental Science's 
Preliminary Geotechnical Report for the Millennium HoHyv{Qod Project 

(2) AU communications to or from any and a]l email accounts (including aHas 
accounts set up on the City's email system) of Dana Prevost, John Weight. 
Pascal ChaIlita, Bud Ovrum, Ray Chan or David Lara from .May 1,2012 
through the date of your compliance with this request that relate in any way 
to the November 2012 Langan Engineering and Environmental Science's 
Fauh Investigation Report for the MiHermium Hollywood Prqject 

(3) All communications to or from any and all email accounts (including alias 
accounts set up on the City's email system) of Dana Prevost, John Weight, 
Pasca! ChalIita. Bud Ovrum, Ray Chan or David Lara from May 1, 2012 
through the date of your compliance with this request that relate in any way 
to the Millennium Holly\vood Project 

(4) All communications from May 1,2012 through the date of your compliance 
with this request between, on the one band, any and all email accounts 
(including alias accounts set up on the City's email system) of Dana 
Prevost, John Weight, Pascal ChaHita, Burl Ovrum, Ray Chan or David 
Lara, and on the other hand, any and all email accounts ofMiliennium 
Hollywood, s:md of its EIR Consultants, or its Geotechnical Consultant 
Langan Engineering and Environmental Sciences, or any of its attorneys 
from the law fiml ofSflCppard, Mullin, Richter &. Hampton, LLP, including 
but not limited to Phil Ahrens, CAJA Environrnenta! Services, Dan 
Eberhart, Rudolph Frizz!, Alfred Fraijo, and/or Jerry Neuman. 
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Ms. Haze! Harris 
Ofi1ce oftne Custodian ofRecoros 
Department of Bui1ding and Safety 
June 25. 2013 
Page 3 

I draw the City's attention to Government Code Section 6253.1, which requires a 
public agency to assist the public in making a focused and effective request by: 
(1) identH)ring records and information responsive to the request, (2) describing the 
infommtion technology and physical location of the records. and (3) providing 
suggestions for overcoming any practical basis fOT denying access to the records or 
information sought. 

!ftne City determines that any information is exempt from disdosure. r ask that 
the City reconsider that determination in view ofPropos1tlon 59 whkh amended the State 
Constitution to require that all exemptions be "narrowJy construed:' Proposition 59 may 
modify or overturn authorities: on which the City has reHed in the past 

If the City determines that any requested records are subject to a still-valid 
exemption, 1 request that the City exercise its discretion to disclose some or all orthe 
records notwithstanding the exemption and with respect to records containing both 
exempt and non-exempt content, the City redact the exempt content and disclose the rest. 
Should the City deny any part of this request, the City JS required to provide a written 
response describing the legal authority on which the City re!ieso 

Please be advised that Government Code Section 6253(0) stales in pertinent part 
that the agency $'shall prornpt]y notifY the person making the request of the determination 
aDd the reasons thereforco" (Emphasis addedo) Section 6253( d} further states that 
nothing in this chapter "shaH be construed to permit an agency to delay or obstruct the 
inspection or copying of public recordso The notification of denial of any request for 
records required by Section 6255 shaH set forth the names and titl.es or positions of each 
person responSIble for the deniaL" 

Additionally, Government Code Section 6255(a) states that the "'agency shaH 
justify withholding aI1J record by demo.n.~trating th~J the record in questiQl1 is exempt 
under expressed provisions of this chapter or that. on the facts of the particular case the 
pubHc interest served by not disclosing the record deady outweighs the pubHc interest 
served by disclosure of the record!' (Emphasis added.) This provision makes dear that 
the agency is required to justify withholding any record with I!anicuiarity as to "the 
record in question." (Emphasis added.) 

Please deady state in writing pursuant to Section 6255(b): (1) if the City is 
vvithhoJding any documents; (2) [fthe City is redacting any documents; (3) what 
documents the City )s so withholding and/or redacting; and (4) the alleged legal bases tor 
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June 25, 20] 3 
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CO-0001-1146 

withholding and/or redacting as to the particular documents. It should also be noted that 
to the extent documents are being withheld, should those documents aho contain material 
that is not subject to any applicable exemption to disclosure, then the disdosable portions 
ofthe documents must be'segregated and produced. 

We request that you preserve intact all documents and computer communications 
and attachments thereto, including but not limited to all emaHs and computer files, 
wherever originated, received or copied, regarding the subject matter of the above
referenced requests, including archives thereof preserved on tape, hard drive, disc, or any 
other archival medium, and including also any printouts, blowbacks, or other 
reproductlon of any such computer communications. 

Uthe copy costs for these requests do not exceed $200, please make the copies 
and bm this office. Iftbe copy costs exceed $200, please contact me in advance to 
arrange a time and place where I can inspect the records. As required by Government 
Code Section 6253, please respond to this request within ten days. Because I am faxing 
this request on June 25, 20 [3, please ensure that your response 15 provided to me by no 
later than July 5,2013. Thank you. 

RPS:jmr 

'ry tml you~/"l. 

,Ci1l1~~e 
?<;rt: VERSTEIN 
FOR 

THE SILVERSTEIN LAW FIRM 
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THE SILVERSTEIN LAW FIRM ----------_ .......... _ ........... __ .... .. 1.15 Nmrm M.A"~NGOAvENt1E, :JRn FUX.lR 
PASADENA, CAUfORlW\ 9UO!·l SQ4 

A Professiond Corporation PHONE, (626) 4494200 FAX, (626) 44942:05 

ROSER'r@RollEfrrSlLVEEml."lLAw.cOM 
WW'W', RoSmnSUNli.R5TfiNUW,COM 

June 25,2013 

VIA FACSIMILE (213) 978-3310 
AND U.S. MAlL 

Ms, Laura Ito 
Information Technology Agency 
City of Los Angeles 
200 N, Main Street, 14!h Floor 
Los Angeles, CA 90012 

Re: California Public Records Act Re9..l!~~ts -- Millennium Project 

Deal' Ms. Ito: 

This request is made under the California Public Records Act pursuant to 
Government Code Section 6250, et seq. Please provide copies of the following from the 
City (as "City" is defined belm,v). 

For ease ofreference in this document, please refer to the following deiined 
terms: 

"J11e "City" shaH refer to aH officials, employees, consultants, and agents ofthe 
Department of Building and Safety, City of Los Angeles, including the City 
Attorney's office and any and all outside counsel retained by the City. 

"Millennium Hollywood" shall refer to Millennium Hollyv\!ood, LLC, all related 
or affiliated companies, and aU prIncipais, induding Phi! Ahrens, officers, 
employees, attorneys, agents and/or consultants, including but not limited to 
Langan Engineering and Environmental Sciences, Inc., and the law firm of 
Sheppard, Mullin. 

"Project" shall refer to the proposed Millennium Hollywood Project at located at 
1720- 1770 N. Vine Street, 1745-1753 N. Vine Street, 6236-6334 W. Yucca Street, 
1733-174-1 N. Argyle Street, 1746-1764 N, Ivar Street, Hollywood, California. 

"Document," as defined in Govt. Code Section 6252(g), shall mean any 
handwriting, typewriting, printing, photostating, photographing, photocopying. 
transmitting by electronic mail or facsimile, and every other means of recording 
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upon any tangible thing any form of communication or representation, including 
letters, words) pictures, sounds, or symbols, or combinations thereof: and any 
record thereby created, regardless of the manner in which the record has been 
stored, 

The public records requests indude: 

(r) AI! communications to or from any and all email aCCOl.lnts (including alias 
accounts set up on the City~s email system) of Qana Prevost, John Welght, 
Pascal ChaJlita, Bud Ovrum, Ray Chan or David Lara from May 1,2012 
through the date of your compliance with this request that relate in any way 
to the May 20]2 Langan Engineering and Environmental Science's 
Preliminary Geotechn.ical Report for the Millennium Hollywood Project. 

(2) All communications to or from any and aB email accounts (including alias 
accounts set up on the City's email system) of Dana Prevost, John Weight, 
Pascal ChaBita, Bud Ovrurn, Ray Chan or David Lara from May 1,20]2 
through the date of your compliance \vith this request that relate in any way 
to the November 2012 Langan Engineering and Environmental Science's 
Fault investigation Report for the Millennium HtJ.ilyvvood Project 

(3) All communications to or from any and aU email accounts (inciuding alias 
accounts set up on the City's email systern) of Dana Prevost. John Weight, 
Pascal ChaHita. Bud Ovrum, Ray Chan or David Lam from May 1,2012 
through the date of your compliance with this request that relate in any way 
to the MiHennium Hollywood Project 

(4) AU communications from May 1,2012 through the date of your compliance 
with this request between, on the one hand, any and ail email accounts 
(including alias accounts set up on the City's crnail system) of Dana 
Prevost, John Weight. Pascal Chal]iw., Bud Ovrum, Ray Chan or David 
Lara, and on the other hand, any and all email accounts of Millennium 
Hollywood, and of Its EIR Consultants. or its Geotechnical Consultant 
Langan Engineering and Environmental Sdences, or any of its attomeys 
from the law Hrm of Sheppard, Mullin, Richter & Hampton, LLP, inc:.luding 
but not limited to Phil Ahrens, CAJA .Environmental Services, Dan 
Eherhart, Rudolph Friz.zi, Alfred Fraijo, and/or Jerry' Neuman. 
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I draw the City's attention to Government Code Section 6253.1, which requires a 
public agency to assist the public in making a focused and effective request by: 
(1) identifying records and information responsive to the request, (2) describing the 
information technology and physical location of the records. and (3) providing 
suggestions for overcoming any practical basis for denying access to the records or 
Information sought. 

rfthe City determines that any information is exempt from disclosure, I ask that 
the City reconsider that determination i.n view of Proposition :59 which amended the State 
Constitution to require that all exemptions be '<narrowly construed," Proposition 59 may 
modify or overturn authorities on which the City has relied in the past 

If the City determines that any requested records are subject to a still-valid 
exemption, J request that the City exercise its discretion to disclose some or an ofthe 
records notwithstanding the exem.ption and \vith respect to reeords containing both 
exempt and non~exempt content, the City redact the exempt content and disclose the rest 
Shou.ld the City deny any part of1hls request, the City is required to provide a written 
response describing the legal authority on which the City relies . 

. Please be advised that Government Code Section 6253(c) states in pertinent part 
that the agency "shall promptly notify the person making the request of the determination 
and time reasons therefore," (Emphasis added,) Section 6253(0) further states that 
nothing in this chapter "shall be construed to permit an agency to delay or obstmct the 
inspection or copying of public records. 11w notification of denial of any request for 
records required by Section 6255 shaH set forth the names and. titles or positions of each 
person responsible for the denial." 

Additionally, Government Code Section 6255(a) sh\t:..~s that the "agency shall 
justify withholding any record t?y .. g~m.Q!lstr.?.ting t1:wJ.1h.~ .. I~9..QId in question is exempt 
under expressed proVIsions oftltis chapter or that on the fact'!. of the particular case the 
public interest served by not disclosing the record clearly outweighs the public interest 
served by disclosure ofthe record." (Emphasis added,) This provision makes c.lear that 
the agency is required to justify withholding any record witb partiuiarHy as to "the 
n:.~!?rd in question." (Emphasis added,) 

Please clearly state in writing pursuant to Section 6255(b): (1) if the City is 
withholding any document.'i; (2) ifthe City is redacting any documents; (3) what 
documents the City is so withholding and/or redacting; and (4) the aHeged legal bases for 
withholding and/or redacting as to the particular documents. It should also be noted that 
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to the extent documents are being withheld, should those documents also contain material 
that is not subject to any applicabJe exemption to disclosure, then the disdosable portions 
of the documents must be segregated and produced, 

We request that you preserve intact all documents and computer communications 
and attachments thereto, including but not limited to all emaHs and computer files, 
wherever originated, received or copied, regarding the subject matter ofthe above
referenced requests, including archives thereof preserved on tape, hard drive, disc, or any 
other archival medium, and including also any printouts, blowbacks, or other 
reproduction of any such computer cornmunlcations. 

Ifthe copy costs for these requests do not exceed $200, please make the copies 
and bill this office, If the copy costs exceed $200, please contact me in advance to 
arrange a time and place where I can inspect the records, As required by Government 
Code Section 6253, please respond to this request within ten days, Because I am faxing 
this request on June 25, 2013, please ensure that your response IS provided to me by no 
later than July 5, 2013, Thank you, 

RPS:jmr 

truly~.~rs. '/7 .. >'h~ . /tmR 
ROBERT P. SI~RSTEIN 

FOR 
THE SILVERSTEIN LAW FIRM 
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•..............•..... _-_ .. -._ ..........•............................•.. -.................. . ........•................•....•.. -.-..... ~ ..............•..... ----

.............. ---~-.. --.•.... -----~~----~- ---_. 
Jonathan Hui <Jooathan.hui@la<:lty.org> Tue, Ju! 2, 2013 at 2:55 PM 
To: Vioki Curry <VickLCurry@iac:ity.org> 
Cc; Bruce Gillman <bruCII;Lgillman@laclty.org>, Jaime de la Vega <jalme.delavega@lacfty.org>, nat gale 
<m:u.gale@!ac!ty,org>, Borja Leon <borjaJoon@lacitY.0f9>, Marcel Porras <maroeLporras@laclty,org>, Michael 
LoGrande <michaeUogrande@iacity.org>, Tomas Carranza <tomas.carranza@!actty.org>, Jay Kim 
<jay .kim@!acity .org> 

Hi Vicki, 

! just wanted to koop you apprised of a media query we got regarding the Hollywood Millennium Project You 
may already be aware that the Caltrans has soot letters to the City contesting the findings of the FE!R. and 
LAOOT's recommendations from the de~!oper's traffic Impact study. 

In the past Ihe department has consistently COrlwyoo to both the LA Planning department as well as the media 
that the traffic Impact studies are ill compliance with the City's requirements. 

We haw met with the Ca!trans public relations office today am:! they have conwyed to the media that they haw 
sent letters to the City \'V\thout receMng any response, 

Th-e planning department's recommendations are scheduled to go to the full council July 24th, 

Does the mayor's office oo'WJ a preferred message to convey to the media about this project? 

You can soo her pro\ious story here: 

http://www ,dallynews < cornie! _ 23521930/p!anned .. hollywood-mlliennium·sk ys cmpers-project --caus es-concem 

Please let me know !fyou have any questions. 

Thanks, 

Jonathan 

>Hi Bruce and Jonathan: 
>Thanks for your help 00 this Millennium project 
>1 SpekH with Caltrans and they said they had a meeting with LADOT last week. 
>Would either of you haw 10 minutes to talk today or tomorrow? 
>Bast, 
> Dakota 

Jonathan Hui 
Los Angeles Department of Transpmtation 
(213)972-8461 
jonathan. hul@laclty.org 

113 
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Vlekl Curry <vrckLcurry@lacity,org> Tue, Jul2, 2013 at 4:32 PM 
To: Jonathan Hui <Jonatrum,hul@laclty,org> 
Co: Bruce Gillman <bruce,gWman@iaclty,org>, Jaime de la Vega <jalme,deia\ega@laclty,org>, nat gale 
<natga!e@!acity,Of~P', Borja leon <oofjaJeon@fadty,org>, Marcel Porras <marce!.porras@lacity.org>, Michael 
LeGrande <mh::haeUogrande@/acity.org>, Tomas Cam:uua <tomas.carranza@iacity,org>, .ray Kim 
<jay. kirn@b,city,org>, yusef robb -;::yusef. robb@!acity,org> 

Jonathan, 

Mayor GarceUi's office fs happy 'Nfth your current messaging. "Thanks fbrkeeping us posted. 

Vicki 

Vicki Curry 
Communications Office 
Mayor Eric Garcetti 
213-978-0741 
\!ickLcurry@laClty.org 

On Tue, ~Itli 2, 2()13 at 2:55 PM, Jonathan Nui <jonathan.hui@ladty,org> wrote: 
Hi Vicki, 

I just wanted to keep you appr'isad of a media query live got rugaI'd/fig the Hollywood Millennium Project You 
may already 00 aware that the Ca.!tmns has sent letters to the City contesting the findings of the FEiR, and 
LADOTs recommendations from the dew!opers traffic impact study, 

In the past the department has consistently conveyed to both the LA Planning department as weH as the 
mediattmt the traffic impact studies are In compliance with the aty's requirements. 

We ha~ met with the Caltrans public relations office today and they ha~ conveyed to the media that they 
have sent letters to the City without receiving any response. 

"TIle planning department's recommendations are scheduled to go to the full council July 24th. 

Does the mayor's office ha'1118 a profermd message to convey to the media about this project? 

You can see her pf.Hvious story hem; 

hHp:!!1I\tWW',dailynews,Gom/c;i_ .. 235219301pkmned-hollywood-mHiennlum-skyscrapers .. project-causes-concern 

Please let me know if you have any questions, 

Thanks, 

Jonathan 

>Hi Bruce and Jonathan: 
> Thanks for your help on this Ml!!ennlum project 
>1 spoke vvlth Caltrnrls and they said they had a meeting with LADOT last week, 
>Would. either of you haw 10 minutes to talk today or tomorroVi;'? 
>Boot, 
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>Dakota 

Jonathan Hui 
Los Angeles Department of Transportation 
(213)972-8461 
jonathan. hlli@laclty.org 

CO-0001-1153 
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~--,~-~.-.~~.~.-.-.-.--.-~.-...•... -.----......•. ----------------.---..... --.•..... -.------.. -.-.-----.~ ... -_. __ .. _ •......• -----_._._._ ... , 
MarJe Rums~y <mane,mmsey@lacity.org> \!\led, Ju124, 2013 at 8:05 AM 
To: yusef robb <yusefrobb@lacity.org>, Marce! Porras <marceLpoIT'ds@lacity.org> 

Good morning, 

Please, see attached letter and FAQ from eM O'Farrel1. 

Marie 

Marie RUIT!ooy, Planning Director 
Councihnember O'Farrell, District is 
213.473.2334 
marie. rumsey@ladty.org 

:2 atiacnmel'lID 

!j HoUywood Millennium Prnlect lettsr ~ Mayor Garcettl.pdf 
2941< 

'tB Miilermium Project FAQ's.pdf 
146K 

Marcel Porra$ <marool.porms@iacity.org> 
To: Malie Rumsey <marieJ1.1ffisey@lacity.org> 
Cc: YUSEf ROSS <yuscaf. robb@lacity,org> 

Thanks Marie. 

Wed, Jut 24,2013 at 8:20 AM 
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MITCH O'FARREll 
Ctmir . 

rl.lf~ond~ 

.w~ 

COL/net/member 
Thlrteonth Council District 

~~l~ogyond 

~~G$ 

\Ilc~nm 

Honorable Eric Garcettl 
Mayor 
City of Los Al"lge1eG 
200 N. Spring Stroot 
Los Angeloo, CA900t2 

REi: Items 21 8. 22, Hollywood Mfflefmluffi Project 

Dear Mayor Garcetti, 

~1 

~~Qrsly 

M~ 

Today, we will 00 voting on a series of items related to the Millennium projoot in Councll District 13: TIlls ts a mixoo-use 
deVelopment In tlw heart of Hollywood that win transform undmutiltled surface parking lots Into a canter for offlca, retan, 
hospltaRIy and realdootla! utro$, Thl$ project wilt act as tOO gaw'WOly to Hollywood and bring:s groat economk; development 
through the 'creation of 2,900 construction jotm and 1,257 MHlme permooant l°os, These are good jobs that will give 
preference to local, CIty of los Ange!ea residents Ihroogh the implementation of a Project labor Agreement alid a Hote! 
labor Agreement Acklltlonally, this project wm brlfl!) an ootlmated $4.3 million In new tax rovenIJe annually,to the City's 
C'~nern! Fund, which can support vita! public ~$, such as po!~ all(i fire. 

Hollywood !s a 'dynamlc ncighbornood and the fdeal place to 00'116101' hlgh..,l$e oon~truction, The Mi!lerm!um project will 
c()f'fsist of two high-rise towers; a 35 Md e S9-story tOV\llef adlacent to mk;He towe1'$ 00 opposite $!des of VIne Street 
11001' the CapItol Records bull!::llng. TIwse i:lI.dkllng heights wem Significantly reduced from !he!r origInal plans, 00 I 
requested, without saorificing the public space below, The project win rwpect the historic Capito! Reoonls building by 
maklng it !he central focus of the project. mairUalnlng view sheds through opal'! space iliind setback reqLJJrements and 
Imposing strict coooiHons throughout the corwtructlon process, so as to oot disrupt reconling ~M. Too MHlennium 
project recognIZes the slgniflcant histOry of Hollywood and win pay tribute through the pr~rvation arn;! mstorotloo of the 
Walk of Fame and too Jazz Mural, while embracing the Mure of Hollywood through mm community arts programming in 
the project's pubic plaz;aa. 

Thls project is consistent with the Ioog.-range vision fur HQnywoOO and wm buftd upon thlE! fact !hat Hollywood is ~ tourist 
destination, a business hub for entertainment related Vile$. and a. booming residential community served by an extensive 
ne!wQffi of public transit options, !npluding the Metro Red iJne. The Millennium project supporw the Idea of an all
induslve Hollywood through sustainable development princlples and the prov16lon of extensive community oonefits to 
address issues such as traffic, affordsi:OO ht'H.JSlng, park spaoo and the promotion of the arts. To that end, the Mlilennium 
project is providIng iii compmnensive sat of project features that support community goals and objocWas. 

CITY HAll :.1tXJ N. Spring Sf. ROOf'tl4W lQ$AIlgoo~ CA 90012 OFFICE: 213.473,7013 FAX: 2.13,473,7734 
mSn,'1CT OFFICE 5000 H~ a~"'old l~ Ar~e~ CA 90028 OFFICI:; S?J,957,4500 fAX: 323,957,6&41 

www.cd13.fQclty.ofg 
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Throughout the ent/tfement process, the development team has engaged community stakeholders and the City famn}, to 
determine naoassmy project mltiga,!!o!1$ and o::mditlofl$. Specffk;:ally rolatoo to trarn>portation enhanoamants, fue project 
win st!ppOft the Improvement of more than 3() signalized iotel'$ec!iona to enable them to respond to reel·tirr\e troffic 
demands and the creation of a Trnnsportation Maf'l~err!e'flt Organltatioo, which will em:::ourage transit ooIuoorm for the 
entira Hollywood area through partlmrohips with othef major mnpioymoot End housing centers, It wW also support OJ 

mooHity hub, pecrestrnm !mpnwements 011 ivar and Argyle Avenues, a, $200,000 contribution to fue Blka Plan Trust Fund, 
Ilnd impro....-emoow to ttw Ngyle & Frolnklirr-US 101 Northbound freeway On-mmp, Ttie proj~ wll! provide funding to 
launch Iile ParkIDg Expmoo program in Hoi!~. additional DASH routes with extended schedules, as \WII as a 
Neighborhood Circu!atkm Shuttle. Traffic Is alwa}'$ :a primary ooncarn WOOl'! new development is propOSed and I oollelle 
this project oodr~ !he hfftc !sswas through the utHlzsl.lon of public trarum and new propos.als i!!uch as tOO Parldn!1 
Ex.pres$ program, 

The M!loonnlum project Is utillzing thl'l Land Use Equtvalar!cy Program (WEP) {'gild has strong Daveioprrnmt Regulatkms in 
place to e!l$uro a we!l..aElS!gned project. The LUEP Is a planning too! that iililoW$ uoos to be exchanged within a pre
datei'fflirwci building Ull.Ve!Qpe while allowIng 'ffeJdbfIIty of ultimate uws: This program arrows muff:i-ph~d oovelopments 
to f'eSporu:! to market demands and oomrmmity needs, as king as the project m. oooolstent wlth tlw knpools analyzed In the 
Environmental Impact Report. 

Under tha WE? It can b~ chaHeng!n9 to a:!l$uro community stakehokleru of the final proJoot with certainty, and In order to 
addrel!\s that i have worked with the, devalopmarn team to add e C{)ooltlOI1 of approval toot rnqu!~$, upon Ine b:ruuarn::e of 
bulld!ng permlW,that the development team will work wtfu my office to notify tM public regarding the ultimata UStm and 
related oon!'.>t1Uction schedule, This prOVision, along wftt1 the Development Regulations, provldes the necessary 
guidelmas to tee' oonfiderrt that the MMlenniuffi project wm be a worid-dasa development The Development Ragufatkms 
are extmrooly prescriptive and dictate everything from how the tmlfdlng relates to the street to the width and height of 
each tower per ICffitabl!$hed standards, The Millennium project Is the first rmljar proj('JCt In the City to usa the WEI' il1 
conjunction with Development Regulations, 

There oove also 00$0 $gnU'looni concems raised regarding :seismic 'fssoos and Bundlng and Safety fepresimr",fives wi!! 00 
at today's Council mooting to addroos any questions related to this matter. I take all Issues rel<'jted to pUblic safety very 
ooriously and wm r.on"nue to work with Buikilng 8. Safety' on this matter and make sm-e allinrormation is available to the 
piJbilc, 

! support the revised MlIIermium project aM hope you agree that it Is <Ii game-changing prOject that wi!! furttwr emblish 
Ho!lywtlOd as a mgional dasl:lrnltioll It is a thOlightful project !haf embraces Hollywood and its futuro. It encourages mum .. 
mooal tr.Emslt options, lmpmv!!15 the ·area fnl1'1astructure and supports the development of nl'J'w affordable housing through a 
$4.8 minion conmbctlon to the Clty'i Affuroabla Housing Trust Ftl/ld, The rovttaftzation of Hollywood wWI wntrnue to 00 a 
priority of my admini:stration and I wUl support development that advat'lCas !hIs goal, 

V'III\h Kind Regards, 

/"r;~ Q«<!! ""'7A < ~,- ~~:;t 

MITCH O'FARREll -< 

Cooncllmemoor 
City of los Angelas, Thirteemh District 
LOll Angeles City Council 

Cc: Mayor Eric Garcetti 
Los Angeles City Councll 
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Mille.nnhm.l Projed 
FAQ's 

t 'Wlu~1I will tne project be bldlt ItRd completed? 

It is a multi~phased project iliat is expected to be completed by yell! 202!l 

1. How dut's the M111~Iulium P!'ojed I.dillu the IJuul Use EqldvaleEicy Program (LUEP)? 

The I~UF"p providt:s devdoprm:;ut flexibilily so that the pmjCl.i can respond to the growth ofHoUywoud 
mld market conditiollS over the build-out o1.ll'3tion ofthe development If is a tool memi to address future 
needs and demands while defining the parameters for the land use types and intensity on the project sife, 
all wi!h.in the scope of iU18.lySls iu the Environmemallmpact Report (ElR). 

The LUEP ellowsfor rnodifiOEtions to thenm development ~io but requires tm the Pfi~a:::f s peak 
hour trip generation remllin the sarne or decre!!Se, To that end, the int(;"Ilsity and type of land uses on the 
project site induding n:sidenti.!!l commercial, retail, office, n:staU:ffillt and fitness will be modified to .m.cet 
mru:kct demand while NOT being permitted to exceed the trip cap of 1,498 total peak hour trips, 

Tht: proposed Hlllilbcr of parking ~pa<l,;e5 indudt::d at tilt:: Prujt:'ct wiIi bt:: depc:wit;nt upan tht: l!ltim!ik 
configur!llkm ofland uses bUi wiil be in accordance with the number required by the Los Angeles 
Municipal Code, 

3. What is the purpose I.'IHlu.' Dweiopruellt Regul.''1th:ms? 

The DevelopmCllt Regulations include guidelines and standards that establish minimum and Ir1l.1Ximum 
n:quin::ments with res~t to hcigl;n. ma5smg. density, open space, landscaping, pm:king, setbacks and 
sigmlge that emiiures development is compatible with the district IIDd nearby historic buildings, 
Additionally, ili.e regu1!!tiollS include site~wide development criteria and a set of controls that CllSure a 
quality dt::vdopru.ell[ wcluding fa9ade wlm: palettes and matcrialli. 

FAA will enable the project to provide lID appropriate mix of uses across the two project sites.?u opposite 
sides of Vine Strect As a mrified development, ilie project will ma.."cimize open space. wa!lcability and 
uni.fy public improve.ments. m. addition, the project will provide mid-block cOl:mections with pedestrian 
walkways and plm:as. FAA supports if. unified development concept 

5. Is tbe lH'f}ject beigbt nod d.ensity apprnprbtte for Hollywood? 

The project proposes to utilize 6; 1 F!oor Area Ratio (FAR) to provide 11 mlxed~use dcvdoprm:nt that 
includes. residcntinI, hotel, retail and offices uses to OeiConsistent with the Regional Center designation. 
The pruvmion of residential aua C0lll111en;i!l1Ime~ t.:tmlributes to the jobs /.fila huusing balance mtcnded fur 
Regional CenlC!" armIs served by extensive public transit 

The HoHywuod Cmrw:m.nity amd Redevelopmenr Pl!m CpUli! Illid presrnr) dm::s not Innit height Imd ail om 
6: 1 FAR through discn::tionary approval. Additionally, the zoning of the project site alloW'S !l. miuiIm.ll1! 
area of200 sq, it per dweH!.ng unit. or (! maximum of 972 units for this 194,495 sq. ft, project site, The 
project is contemplating 492 residenti!ll un.its, which is well below the allowllbk density (lithe project 
site. 
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Traffic for this project was m:mlyzed in fue same manner as compatible projects throughout the City. The 
project is improving 30+ signalized intersectkms with update(} tec!mology to allow real~time response to 
trllffit: dwm.nds. ill addition, the pruject will be n::quirt:d ttl cn::atc: !ill exInwive T:rn.nspmtatioI! Demand 
Management Plan and initiate the development of a Tnmsportation Managemx,'nt Orgauizlitioo. Both of 
these progrnrns ru'e intended to ~'Upport the dtilization of public transit v~mpoo15, c!w sharing. bikes and 
ollier alternative meaus oftrn.nsportntinn. TIlt: project will also provide critical funding to slmtlle 
circulator:;, DASH bus!:::>, Express Parking !wmo!ogy and pedestrhm JinkagC5. 

The project will pn:.nride tor t\n~site security personnel aml a controlled access system ror residents to 
.minimize the demand em police and fire protection services. Furthermore, the Em Cm.rod no impact ttl 
public $~:rvices, Additionally. the pro] ect will ~e fleMI revenue for too City's Qenffai Fund that 
could be Ilpplkd towards the provbion of new police and fu-e rCW{!l)CCS, 

8. Wluit is the U080mk bnpact l'I5$ucl~ted wUb the Mmellnh~.o:! lK'vdupmalt'? 

The development wi![ t(."Su.lt in a lang term im.::rease of tax reV"1.1Ue for the City of Los Angeles by 
Increasing the property ta,x base of the project site, generating addiuooal sales tms; lind possible trausit 
occupllncy tao", if a !.uJ(cl is built Ali tal( revenue wiH be aI!~ed to too City's General Ftmd WId em be 
used to fund basic City service'S such as. police, fire. tree trimming, sidewalk repair mid graffiti removal. 

Further. rhe devdopment t:ruat~ new 2.900 construction job>:; tiDd 1.257 full·tirm: permam:nt jubs, ell)' of 
Lo:; Angeles residaw. wil! be givcn preference for !lU t~mploy.ment opporf'tmilies 

The corm:mmlty benefits Inchlde but are not limited to the provision of$4J~ miUion dedlcated to the 
creation of !lfibrdabIe hQusing within the uumedilite area I'IS well as funds to preserve the Boll yWQod 
Sign. restore the Walk ofFl:l!Il.e and the development o:fnewpark space, 

Ht. HQW wUl lile d.evelopment l'e3I)eCt thr historic Capitnl Reclwds bu.iJding? 

The Capitol Records buildiug wli1 be maintained and view sheds will be protected, Addltiomilly, the Echo 
Recordiug'Roolll.S associated with Capitol Records wil.l be PHltected &ld given $pedR.! cOllsidemtio[! 
throughout construction. Settmcks are more res.ttictive than code requirements I.md have been designed fo 
r!:'~\}Jt:Ct C!!pitol Records !.IS ill historic lUOllUmta"!t tiillt i:> rue centerpiece of the prujt:Ct 

The Department of Building & Safety will continue to review this projt,'(.:t tmd ooilitional studies ttl ensure 
public safety, All mate:dal.s will be made available to the public upou request 
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2. 

3. 

4. 

5. 

6. 

8. 

10. 

11. 

02123/2012 

04/18/2012 

05/23/2012 

07/02/2012 

11/08/2012 

1211712012 

01/3112013 

06/04/2013 

06/05/2013 

611 0/20 13 to 
6/13/2013 
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MlLLENNIUM CERONOLOGy" 
1720 - 1770 VINE STREET 

,.:,)"'" '>"< A r'2r B • .-v #5 r---
Fee paid., tract map (VIT71837) stamped and Langan report, dated 
11122/2011, taken in and placed ill holding are .... 1. pending receipt of tract 
map from City Planning. 

Soil report by Langan, dated 11/22/2012, was logged in for review. 

LADBS Correction letter issued. Revie\ved by Jeffrey Wilson and Jesus 
Acosta. Requested detailed geotechnical study and requested geologic 
investigation for potential surface displacement on the Hollywood Fault 

Meeting between Grading Division End Langan (Dan Eberhart) regarding 
the need for a famt investigation. 

Meeting between Grading Division and Langan (Dan Eberhart) regarding 
proposed exploration plan for fault investigation 

Reports by Langan" dated 11/30/2012 (fault investigation) and 12/03/2012 
(soil report) submitted. 

LADES issued approval letter for tentative tract and fault investigation 
report. Detailed geotechnical study to be provided prior to issuance of 
permits andior recordation of tract map, Also additional fault studies to be 
done if development is proposed on northern portion of site, now occupied 
by Enterprise Car Rental. 

Received first call from Dr. James Dolan (geology professor at lJSe and 
recognized as expert 011 Hollywood Faul(L Arranged for him to view 
fault report 

Received email from Dolan expressmg concerns about the lack of 
correlation 'bet\veen boreholes. In phone conversation he requested that I 
take a look at the report. 

LADES Grading Division reviewed report again and had concerns about 
lack of core recovery in addition to Dolan's concerns of lack of correlation 
between boreholes . 

. 06/11/2013 Received email from a Georg~~ Abrahams requesting atcess to Langan 
report. (Did not know George Abrahams) 

6/1312013 Left a message \-villi Langan geologist, Dan Eberhart about concerns and 
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12. 

13. 

15. 

16. 

17. 

18. 

] 9. 

20. 

21. 

6/14/2013 to 
6.12312013 

06/2512013 

06/26/2013 

06/28/2013 

07/0112013 

07/03/2013 

07111/2013 

07112/2013 

07115/2013 

07116/2013 

CO-0001-1160 

indicated that we would like to discuss the- investigation because based on 
a doser look at the report we may have to rescind our approval and require 
additional exploration, 

Dana Prevost on Vacation; Jeffrey '\Tilson spoke with Eberhart during 
this time and did not receive satisfactory answers to our concerns 

Left message \v1th Eberhart that due to concerns over the investigation and 
the lack of a satisfactory explanation it appemed that we would need to 
rescind our approval and require additional eJlc"ploration, 

received email from George Abrahams, expressing his concern about the 
fault investigation, Attached to the email was the Silverstein Report dated 
06118/2013 that VIES part of an appeal being heard by PLUM. . 

Received first phone call from George Abrahams, Director of Beachwood 
Canyon Neighborhood Assoc, expressing their concerns over the fault 
investigation, 

Phone message from Eberhart that he wanted to meeL 

Received email from SheppardMuUin that Jerry Neuman would like to 
meet with Dana Prevost, Ray Chan and Dan Eberhart, 

Silverstein Law Firm issues Public Records Act Request to Hazel Harris 
and Dana Prevost 

Received call from John Parrish, Calif. State Geologist over the Calif 
Geologic Survey, expressing concerns about the Millennium fault 
investigation. 

Silverstein Law Firm issues letter to LADBS regarding "Objections to 
Millennium Hollywood Project: Inadequate Review of 
Geology/Seismology" 

Meeting with Millennium geologists and attorneys, Ray Chan and Bob 
Steinbach also present at meeting, The result {lithe meeting is that 
Langan will do additional fault investigation. 
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Balcony: a balcony shall be integral to the faQade and shall not create a relentless horizontal and vertical 
stacking pattern. They are encouraged to create a complex and varied pattern alons the fayade usinS 
variou5 balcony 5iz:e5 and architectural configuration5.Standard balconie5 may be projecting or recessed 
or a combination of both. 

Acceptable Balcony Options 

HANDEL ARCHITETS LLP 
MARCH 24, 2010 

Unacceptable Balcony Options 

BALCONY 

AR0068416 



CO-0001-243 

'q&\~ f.~~ 

~V1v'~/,o. " .' 
. ...... I I" 0 

.f VL,c;'~ . ... !' .. .. 

. i'1NI~~ ~ 

.. . .~. uzill Uo( 1-bveW< (~11.r ~i~ 
,-Jiv;"k %~. 0~ 'f.~ .. ~ 'c~Js I vf0 ~ 

. w;;J.9't~ 1 d1~f'c)e~ ... ~. v.-.1-o 

.U~ .. ·..... ...... ... . 

.' ~'"", 1 ~'rv'- ~dJ;~, .k.-U; redo, ~Jb~ 
~.hJ.~ ~ CUI~~ 

.. /Y~. ~ ~~ 5~ ~ ~~~ i' b /;~ot -<bf~ ~,,' ~ 

.~~~ ~ 0 () , . 

. ' NHA 0 ~ - ~ ~~bV'ch,~~ . 
-~ '~~d' .. .. ... ~~. ~~ .~ / 

... ........ ....u ~ ...0 ("L-~ v~)~ . 
. ~ doc,;. .~oL. hcl ~ ~ ---J- cUR / 

~ ~ ~Qt.;v"v Car{', ot0~ ~ c/CA.€ rO---VL-

~ .. ~ .. -10.~ ~~~, 

.~( +u c~~. vrv~+~ f CZ&/lrt1~' 

.¥.~~ @eI? 
.4!Lca~ .3 I 0 . CV\rv'- . ,--k,d~;..A'~~ ~ ~ 

/v,-,j~-0( 

AR0068417 



~.'" 
,~ 

, . 

CO-0001-244 

. 12-[tl (G9 

, . 
"-~, ... ~---'-'-' .... 

. ~ ::::i~j~ 0/\ c=fJ~ ~~, --#7YMA1~ 
.. LI'6 ~t:.rv,u..s.( eRA- o~) -f,'\'"t- V1~ £.AF-.s~ ~ 

ft·~t hn" uN'-h'£.J~. cJc() ~~,1; f ojeck 

f"'\'Fc~~ ~ do W"-- ~ .<o-Y .. ~ .. ~ ~~ 
.. ,.~wz .,~...A~, J,,~ 

cL)~~ ~ eve ~ G0.o'(\?1'VO A»/ ~ 

AR0068418 



CO-0001-245 

AR0068419 



CO-0001-246 

~ 'st.~';f:-0 +.o·.r ~"'C<~ ~ ~4 ~ Pft, (~ 
.~ev-v\+. ~ fA ~ ~evuJ1; .J4v ~ 0u.t 

~oJ:-/Vf wo"Id.,2:[T- ~."'-. ~. ~ouJ.> ~ r 
k~ ... ... . 

~ -h, Jo ~''(rI;~ ~?{ ~'c~+~ ~ DJr~ 

h~~~~~J-~:::8~:: 
. . 

C'jv~{V4'~J i~1 (rv--L. ~ '-A4 . ~~ ~4-'~ 

AR0068420 



.'. 

q fL ~ ~ VtN'I~~ 

~'V) 

CO-0001-247 

··our ~ WIll oG'~ FPc.v>c? f-1rub.>-eA-r> . 
. ,~ w\'L/ Lu/VIK- ,~ .. ,1-. AJ'htM~.~. 

AR0068421 
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SHE"PARD MULLIN RICHTER &: HAMPTON LLP 

ATTORNEYS AT LAW 

July 30,2010 

VIA E-MAIL AND U.S. MAIL 

Leslie Lambert 
Regional Administrator 

CO-0001-248 

333 South Hope Street I 48th Floor I Los Angeles, CA 90071-1448 

213-620-1780 office I 213-620-1398 fax I www.sheppardmullin.com 

Jerry B. Neuman 
Writer's Direct Line: 213-617-5563 
jneuman@sheppardmullin.com 

Our File Number: 23L V -152282 

Community Redevelopment Agency of the 
City of Los Angeles 
HollywoodlEast Hollywood Office 
6255 Sunset Boulevard, Suite 2206 
Los Angeles, California 90028 

Re: Comments to the Hollywood Boulevard District and Franklin Avenue Design 
District Urban Design Standards and Guidelines 

Dear Ms. Lambert: 

As you know, we represent Millennium Partners and Argent Ventures 
("Millennium!Argent") in connection with their proposed redevelopment project on Vine Street 
that incorporates the Capitol Records Tower and Gogerty Building. The Millennium! Argent 
project extends on both east and west sides of Vine Street and proposes a transit oriented 
development with a mix of residential, commercial and office uses (the "Project"). The 
development objectives for the Project include realizing a new downtown Hollywood, supporting 
the expansion of entertainment businesses in Hollywood, and providing new day and evening 
amenities for current and future residents. A central priority also is to preserve the views and 
function of the Capitol Records Tower as a gateway to Hollywood through smart design that 
frames the iconic structure. 

The Project site is within the Hollywood Redevelopment Project Area. Accordingly, the 
Project must consider the policies set forth by the Community Redevelopment Agency of the 
City of Los Angeles ("Agency"), including the development objectives in the Hollywood 
Redevelopment Plan ("Redevelopment Plan" or "Plan") and the 5-Year Implementation Plan ("5-
Year Plan"). In this regard, we have reviewed the draft Hollywood Boulevard District and 
Franklin Avenue Design District Urban Design Standards and Guidelines ("Draft Guidelines" or 
"Guidelines") dated March 30, 2010. 

We respectfully submit the following comments to the Guidelines. Though our letter 
responds to the Agency's request for written comments on or prior to July 30th

, our intent is to 
open a dialogue with the community and the Agency about these important development issues. 
As a stakeholder and developer in Hollywood, Millennium! Argent wants to ensure that the final 
form of the Guidelines permit the kind of development that honors and continues Hollywood's 
legacy of innovation and its sense of place recognized worldwide. 
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SHEPPARD MULLIN RICHTER & HAMPTON LLP 

Community Redevelopment Agency 
of the City of Los Angeles 
July 30, 2010 
Page 2 

INTRODUCTION 

First and foremost, we are grateful for the Agency's efforts to prepare the Draft 
Guidelines and with their publication further a critical planning goal set forth in the 
Redevelopment Plan. Planning a vision for the future of Hollywood that incorporates its legacy 
and cultural and physical diversity is an extraordinary task. The Draft Guidelines attempt to 
marry complex design priorities in response to a range of development possibilities as broad as 
the points of view in Hollywood. We are very appreciative for the Agency's leadership in this 
endeavor. 

In its current form, however, the Draft Guidelines fail to integrate the flexibility needed 
to build from rather than imitate the historic forms in Hollywood. This flexibility is important to 
ensure that new development reflects the kind of creativity and departures from tradition that 
influenced the most iconic structures in Hollywood. Including development flexibility and a 
range of compliance options furthers the Agency's core redevelopment objectives in Hollywood. 

The Guidelines demand rigid adherence to traditional forms rather than enabling new 
design and ingenuity. Stated differently, the Guidelines reflect an emphasis on rules rather than 
opportunities. In so doing, they limit new construction that is forward thinking in terms of 
design and programming of uses. This approach also conflicts with the City's and Agency's 
plans and policies for Hollywood. 

Our concerns are summarized below and addressed in detail in the following sections: 

Comment 1. The Draft Guidelines do not embrace a vision of Hollywood as a regional 
center. 

Comment 2. The Draft Guidelines conflict with the Development Objectives in the 
Redevelopment Plan. 

Comment 3. The Draft Guidelines encourage imitation instead of innovation. 

Comment 4. The Draft Guidelines conflict with the Project and development trends in 
Hollywood. 

Comment 5. The Draft Guidelines' strict standards regarding height, massing, and 
ground floor retail are in conflict with the encouragement of open urban 
spaces. 

Comment 6. The Draft Guidelines should be a guide for development and not a 
platform for controversy. 
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Page 3 
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COMMENTS 

1. The Draft Guidelines Do Not Embrace a Vision of Hollywood as a Regional Center. 

Hollywood is one of seven regional centers in the Los Angeles metro area that includes 
Downtown, the Wilshire Corridor and Century City. The Hollywood Boulevard District 
anchored by Hollywood Boulevard, Sunset Boulevard and Vine Street is recognized by the City 
as well as the Agency as an important commercial district or center. Similarly, businesses and 
developers see the district as a gateway to the Los Angeles basin with important regional 
commercial destinations. 

Hollywood's extraordinary history with motion picture production and its status as the 
entertainment capital of the world fuels its regional importance but also supports a unique and 
diverse residential community. Yet, the Draft Guidelines do not clearly identify nor further the 
vision of Hollywood as a regional center with unique potential to attract and retain residents and 
world-class businesses. This approach overlooks the historical and current realities of 
Hollywood as wen as broader planning goals set forth by the Agency and the City. 

a. The Draft Guidelines are inconsistent with the Hollywood Community Plan and 
the Redevelopment Plan because it does not identify the District as a regional 
center. 

The Guidelines, as drafted, are inconsistent with the policies and objectives of promoting 
Hollywood as a commercial regional center in the Redevelopment Plan and the City's Hollywood 
Community Plan update ("Draft Community Plan"). State law mandates consistency between 
redevelopment plans and the applicable local general plan. California Health and Safety Code § 
33331. In this case, the Redevelopment Plan must be consistent with the planning priorities for 
Hollywood in the City of Los Angeles General Plan ("General Plan"). The Draft Community 
Plan furthers the General Plan priorities in the same way that the Draft Guidelines further the 
Agency's objectives for Hollywood in the Redevelopment Plan. It stands to bear, that these 
planning documents should reflect consistency in accordance with state law. 

The Draft Community Plan designates the areas east of La Brea Avenue, south of Yucca 
Street, west of Gower Street and north of De Longpre Avenue in Hollywood as a "downtown 
regional center". This region, according to the Community Plan, is the "most intensely 
developed commercial area" in Hollywood and consequently functions as the "heart of 
Hollywood". Draft Community Plan, pp. 13,38. The Draft Community Plan further describes 
the commercial regional center as a "highly urbanized area with considerable pedestrian activity" 
with resurging growth and a number of new mixed-use developments. Id. at 39. 

Similarly, the Redevelopment Plan identifies the region of Hollywood along Vine Street 
and Sunset and Hollywood Boulevard as part of the Regional Center Commercial core, which 
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includes uses such as theatres, restaurants, hotels, offices and retail or other businesses. 
Redevelopment Plan, Section 506.2. Importantly, one of the goals of the Redevelopment Plan is 
to "promote the development of Hollywood Boulevard within the Hollywood commercial core." 
Redevelopment Plan, Section 300. In this sense, the Redevelopment Plan recognizes the 
Hollywood district as an important regional commercial center and promotes the development of 
new commercial and entertainment uses to continue current redevelopment trends in Hollywood. 

The Draft Guidelines should identify and promote the District as a growing regional 
commercial center consistent with both the Redevelopment Plan and the Draft Community Plan. 
By contrast, as currently drafted, the Guidelines reflect a resistance to this vision and current 
trends with its demands for "conserving" existing settings and street scenes and "preserving" 
current street scenes. See, e.g., Draft Guidelines, pp. and 8 - 11, 20 - 22. None of the provisions 
of the Draft Guidelines promote the policies of the Draft Community Plan or the objectives of 
the Redevelopment Plan to incentivize growth of the District as a regional commercial center. 
As currently proposed, the Draft Guidelines provide no explicit recognition in the Introduction or 
Vision sections (Sections 1.0 and 2.0) regarding the District's role as a growing commercial 
center for the region. 

b. The Draft Guidelines do not promote new and innovative commercial growth in 
Hollywood as contemplated by the Draft Community Plan and the Redevelopment 
Plan. 

Section 1.2 states that the purposes of the Guidelines are to "define compatibility of new 
construction and additions in relationship to existing historic and natural settings." Draft 
Guidelines, p. 6. There are no specific references, however, to new standards of design or 
efficiencies of space on the ground floor to promote pedestrian activity, new patterns of 
circulation, greater open space and new iconic structures. The sole objective appears to measure 
new development against the old. In this regard, the result of the Draft Guidelines is to restrict 
rather than incentivize dynamic growth in Hollywood. 

We know adding new retail and commercial experiences to the eclectic tattoo parlors and 
t-shirt shops along the boulevard are important ingredients to bolstering Hollywood's evolving 
identity and support new and existing residents. Entertainment, media and other major 
businesses that would occupy new class-A office space in Hollywood must be supported with a 
new range of retail products and services. Attracting this broader range of ground floor retail 
experience requires innovative settings that may need to - indeed, should be permitted to -
depart from traditional or historic forms. This is consistent with Hollywood's spirit of 
experimentation and innovation of place and design. The Guidelines should aim to keep the 
Hollywood tradition not the traditional form. 

The Guidelines do not identify or promote, for example, ways in which developers can 
attract and retain new businesses with the built environment using dramatic variation in design. 
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Yet, attracting new businesses and office tenants is an important goal in the Redevelopment Plan 
and the 5-Year Plan. An emphasis on established forms as precedent rather than context does 
little to engage developers in designing and developing the next generation of iconic structures 
and new open space that respond to a growing range of community needs. Consider for 
example, that new pedestrian and open space connections to the Hollywood Freeway Central 
Park and the Walk of Fame will be important considerations for future development. The Draft 
Guidelines should encourage and allow implementation of non-traditional building plans, 
publicly accessible open space and groundfloor design to connect new development to these 
important resources. By mostly measuring new development against the existing environment, 
the Draft Guidelines fail to allow new construction to respond to Hollywood's growth and 
broader contemporary trends in urban design and planning. 

The Guidelines refer to the promotion of Hollywood as an "entertainment destination" 
and repeatedly refers to Hollywood's "golden era." Draft Guidelines, p. 8. However, the vision 
for Hollywood in 2030 appears to gravitate to a regular "tourists" haven rather than a gateway to 
the world. The Guidelines simply demand that new development "maintain" and "conserve the 
existing historic setting" (Draft Guidelines, pp. 10 and 20) and even limit extension of the 
skyline as discussed below. Instead of enabling novel concepts and providing guidance for new 
forms to expand Hollywood's regional commercial development with the built environment as 

Figure 1: View of major urban centers in the Los Angeles basin, including Hollywood, Downtown and Century 
City regional centers. (Source: prepared for Millennium Partners.) 

AR0068426 



SHEPPARD MULLIN RICHTER & HAMPTON LLP 

Community Redevelopment Agency 
of the City of Los Angeles 
July 30, 2010 
Page 6 

CO-0001-253 

context, the restrictions in the Guidelines drop an anchor in the creative soul of Hollywood. The 
Hollywood community deserves more invention and vision from the Guidelines to match its 
current and future growth. 

In Section 2.1, the Draft Guidelines envision Hollywood as a place to "live, work, walk 
and shop locally" but there are no planning references or suggestions for developing this mixed
use, regional center concept necessary to sustain a 24-hour lifestyle. Instead, the Draft 
Guidelines emphasize the need to protect the "quietude" in residential areas (a critical priority in 
itself) and increase "sidewalk activity." Should the vision for Hollywood in 2030 be mostly that 
the current "street scenes are conserved" as stated in Section 2.1? 

Many stakeholders in Hollywood want to see new retailers and greater variety of 
commercial services and amenities as discussed above. In response, we are seeing the 
emergence of a new commercial and shopping experience along the Walk of Fame and other 
parts of Hollywood. Consider, for example, the current culinary renaissance thanks to top-notch 
restaurants sprouting all along Hollywood Boulevard from Hillcrest to Vine. You may not need 
to sacrifice one type of retail for another but you need to acknowledge diversity and identify 
planning opportunities that encourage a broader range of retail experiences. 

Additionally, the Draft Guidelines seem out of step with the Agency's own objectives. 
The 5-Year Plan specifically acknowledges the change in retail needs of the Hollywood 
community and identifies new opportunities for development in Hollywood. It calls for the 
creation of new office and retail uses to address "economic stagnation due to the lack of first
class office space and shifting commercial uses." As set forth in Section 2 below, the Draft 
Guidelines should be designed with enough flexibility to accommodate a wide range of retail 
experiences and new ground floor urban spaces that reflect important changes in Hollywood. 
The build-to-property-line requirement along Hollywood Boulevard and the requirement that 
new buildings imitate or "maintain" current street walls, to name a few, will ensure that old 
forms will be duplicated without innovation. 

Ironically, even historic Hollywood does not conform to the requirements in the Draft 
Guidelines. The historic Egyptian Theatre would violate many of the floor plate requirements 
for Hollywood Boulevard in Section 3.0. Yet, its open courtyard is a marvel of urban space 
enjoyed daily by hundreds of residents and visitors. The new Hollywood W Hotel development 
with its courtyard and entrance to the Metro station along Hollywood Boulevard similarly would 
violate certain requirements in the Draft Guidelines. The Draft Guidelines must permit a range 
of design opportunities and suggest priorities without the need for rigid requirements or 
triggering discretionary approval processes. 
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2. The Draft Guidelines Conflict with the Development Objectives in the 
Redevelopment Plan. 

The Redevelopment Plan sets forth an array of goals that include encouraging economic 
development, promoting and retaining the entertainment industry, revitalizing the historic core, 
meeting social needs of area residents, providing urban design guidelines, and preserving 
historically significant structures. Regarding the Regional Commercial Center, new 
development must meet the following objectives: 

1. Encourage preservation, restoration and appropriate reuse of historically or 
architecturally significant structures; 

2. Assure that new development is sympathetic to and complements the existing 
scale of development; 

3. Provide pedestrian oriented retail uses along the street level; 

4. Encourage entertainment, theater and tourist related uses; 

5. Provide adequate parking for new and existing uses; and 

6. Reinforce and enhance the existing pedestrian environment. 

Redevelopment Plan, Section 
506.2.1. 

The Redevelopment 
Plan requires the adoption of 
urban design guidelines to 
"achieve these objectives". [d. 
It is our understanding that the 
Draft Guidelines were 
developed by the Agency in 
response to this requirement. 
Unfortunately, the Draft 
Guidelines, as written, appear 
inconsistent with and deviate 
from these objectives. 

As discussed above, 
development in the Regional 
Commercial Center must be 
"sympathetic to and 

Figure 2; Heritage of tall structures in Hollywood - Taft Building, 1921. 
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complement[] the existing scale of development." [d. at Section 506.2.1. The terms 
"sympathetic" and "complementary" have no precise legal meaning or legal significance. It is, 
however, a well-established canon of statutory construction that legislative actions are to be 
interpreted according to the ordinary meaning of the words adopted by the body taking the action 
unless the meaning of the statute or ordinance is ambiguous or the words are unclear. Kimmel v. 
Goland (1990) 51 Cal. 3d 202,208; Kizer v. Hanna (1989) 48 Cal. 3d 152, 155. 

There is no reason to conclude 
that the Redevelopment Plan lacks 
clarity and the terms "sympathetic" and 
"complementary" should therefore be 
interpreted according to their ordinary 
definitions. Since courts will interpret 
statutory words and phrases in 
accordance with their plain meanings, 
we assume that the Agency deliberately 
chose the terms "complementary" and 
"sympathetic" in lieu of other equally 
significant design or architecture terms 
such as "compatible" or "consistent," 
which carry different meanings. 

However, the Draft Guidelines 
introduce many terms that are 
inconsistent with the Redevelopment 
Plan. It shifts from "complementary" to 

Figure 3: Variation in design and maSSing create a dYIlamic 
backdrop for activity along Hollywood Boulevard. (Source: 
www.yesterdayla.comlhollywood.html) 

"compatibility" (Section 2.2.4) and "sympathetic" to adherence (Section 2.2.3) with historic 
Hollywood. For example, Section 2.2.4 states that the height of new buildings and additions 
should "generally relate" to and "respect" the heights of historic districts and buildings. Draft 
Guidelines, pp. 11 and 12. Similarly, new buildings should "be observant" of historic settings 
while the existing buildings provide the framework for "conserving" existing settings. Section 
2.2.4 states that new buildings should "respect" building heights in the Hollywood district. [d., at 
p.10. 

Rather than track the adopted language in the Redevelopment Plan or provide a clear 
roadmap for complying with the objectives of the Plan, these new provisions set the stage for 
conflicting interpretations and create controversy over the application of the Draft Guidelines in 
relation to the Redevelopment Plan. It thwarts the objectives of the Agency's Plan and chills 
development efforts in the process. Instead of furthering the objectives of the Redevelopment 
Plan, the Draft Guidelines create competing objectives and requirements . The Draft Guidelines 
must therefore be revised to reflect the operative language in the Redevelopment Plan and set 
clearer standards for compliance. 
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3. The Draft Guidelines Encourage Imitation Instead of Innovation. 

The Draft Guidelines attempt to honor Hollywood's rich history by requiring new 
construction to imitate the architectural styles and details of iconic Hollywood structures. While 
well intentioned, these requirements in fact make Hollywood's icons less iconic by encouraging 
imitation rather than contrast and distinction. Hollywood has been and should continue to be an 
environment for bold and experimental architecture. Building design pushed standard forms in 
the same way that tall buildings pushed standard conventions of verticality in Hollywood since 
the 1920s. For example, the Taft Building built in 1921 was a radical departure from the height 
datum that existed at the time in Hollywood (see Figure 2). 

From the Egyptian Theatre to the Magic Castle, to the Crossroads of the World (see 
Figure 6) to the Grauman's Chinese Theatre (see Figure 4), diversity of design and eclecticism in 
experience defined Hollywood in its golden years. These developments turned Hollywood into a 
diverse design mosaic and world-class attraction by bucking contemporary trends. Although 
these and other buildings in Hollywood may have been controversial at the time of their 
construction we see them now as beloved icons. They are considered symbols of the spirit of 
adventure that defines Hollywood. The most important function of the Draft Guidelines should 
be to embrace and encourage new building forms and experimentation with a respect for the past. 

New construction should not be forced to imitate or reproduce historic styles. It can 
compliment historic structures and datums with similarities as well as differences. The contrast 
between the modem, newer buildings and the historic structures allow the historic structures to 

Figures 4 and 5; View of Grauman's Chinese Theatre (left) and Capitol Records Tower. Both trailblazers of design and 
building form were destined to become international attractions. (Source: historic postcards. circa 1950s.) 
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stand out as a monument to Hollywood's history against the backdrop of a thriving, modern 
commercial center that is Hollywood's future. 

Section 4, below, addresses many of the provisions of the Draft Guidelines that require 
rigid imitation or adherence to historic design. The practical effect is a heavy handed document 
that discourages unique development forms and has the potential to permanently stall 
Hollywood's growth as an entertainment center. 

4. The Draft Guidelines Conflict with the Project and Development Trends in 
Hollywood. 

The following table describes specific provisions of the text that conflict with important 
design principles for new construction including the Millennium/Argent Project. 

Draft Guidelines Comments 

4.A The height of new buildings and Comment 4.A: Delete or revise this guideline. 
additions should be generally related Without additional guidance the requirement is 
to the heights of historic districts and confusing and unnecessarily ambiguous. It suggests 
buildings. imitation andlor strict adherence to current height 

datum's in Hollywood although other sections in the 
Section 2.2A.B. Draft Guidelines acknowledge and encourage new 

height parameters. Refer also to Section 2, above. 

4.B Build to less than or equal to 18 inches Comment 4.B: Delete this standard. This 
from the property line. requirement does not permit, much less encourage, 

the creation of publicly accessible open space on the 
Figure 3-2. ground floor. It would significant! y restrict the 

creation of active pedestrian corridors and other 
important open space programming for new retail, 
commercial, office and residential uses along 
Hollywood Boulevard, Vine Street, Cahuenga 
Boulevard and Highland A venue. The Draft 
Guidelines should encourage not restrict the creation 
of more open space for residents and visitors. 
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Draft Guidelines 

4.C A minimum twenty-four (24) foot 
high street wall shall be maintained 
along a minimum of 70 percent of the 
length of the property line adjoining 
the public right-of-way. 

Section 3.1.3.B. 

4.D Maintain the integrity of heights, 
massing and bulk observed in the 
district. 

Section 3.2.2. 

Comments 

Comment 4.B. continued: The requirement also does 
not address the importance of considering setbacks 
whenever appropriate to address proximity to historic 
structures and to comply with other Agency 
requirements. For instance, the requirement would 
prohibit setbacks integrated in the Project's design to 
protect public view corridors to Capitol Records and 
views to the Hollywood Hills. These and other view 
corridors identified by the Agency for preservation 
could be negatively impacted if a strict adherence to 
this standard is required. The standard therefore 
conflicts with existing Agency policy. 

Comment 4.C: Delete this standard. Generic and 
over-inclusive. Requirement constrains wide range 
of building types without exceptions. Overly restricts 
flexibility for buildings that are setback from the 
property line. See, also, Comment 6.B. 

Comment 4.D: Delete this guideline. Internally 
inconsistent and conflicts with other requirements in 
the Draft Guidelines, including the creation of new 
buildings "that imaginatively extend into the skyline 
and thereby strengthen the identity and spirit of 
Hollywood". Section 3.2.2. See, also, Comment 6.B 
above. 
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Draft Guidelines 

4.E New buildings and additions may be 
developed to a maximum height of 
220 provided that the gross lot 
coverage shall not exceed 70% of the 
lot area. 

Section 3.2.2.I.a. 

4.F New buildings and additions may be 
developed to a maximum height of 
220 provided that any floor area above 
a height of 150 feet shall have a 
maximum plan diagonal that does not 
exceed 155 feet in length. 

Section 3.2.2.I.b. 

4.G The footprint of all architectural 
extensions shaH not exceed 25% of the 
gross square footage of a building's 
top inhabited floor. 

Section 3.2.3.K.ii. 

Comments 

Comment 4.E: Delete this standard. Does not reflect 
the range of development and design in Hollywood. 
Unnecessarily restricts existing property rights 
without accommodation for land use programming 
on the groundfloor, larger floor plates for office uses, 
diverse lot and parcel configuration or context to 
surrounding environment. Combined with other lot-
line development standards it would result in lost 
groundfloor open space including potentially the 
formation of random alleyways without any 
connections to existing pedestrian corridors. 

Comment 4.F: Delete this standard. Restriction is 
highly damaging and prohibitive for all future 
development including future development 
acknowledged in the Draft Guidelines. 
Unnecessarily restricts existing development rights 
without any accommodation for land use 
programming on the groundfloor, diverse lot and 
parcel configuration or context to surrounding 
environment. 

Comment 4.G: Delete or revise standard to allow for 
greater range of variation. Practical effect is to limit 
extension to small spires or narrow poles in best-case 
scenario. Instead, building form and type should 
dictate architectural extension. Limits seems 
arbitrary and narrow in perspective. 
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Draft Guidelines 

4.H Variation or modulation in the design 
of architectural massing for street 
walls 

~ 18 in. from property line, facades 
facing these frontages shall express 
modulation or variation in the design 
of architectural massing and/or bulk at 
least once every 125 feet. 

> 18 in. from property line, every 75 
feet 

Section 3.3.3.A. 

4.1 Ground-Related Entries 

~ 18 in. from property line at least 
once every 75 feet. Entry cannot be 
higher than 12" above sidewalk. 

> 18 in. from property line at least 
once every 50 feet. Entry cannot be 
higher than 30" above sidewalk. 

Section 3.3.3.B. 

4.1 Maximum horizontal dimension of 
fa~ade bays from center of bay to 
center of bay and the maximum 
horizontal dimension of un-subdivided 
glass expanses shall be thirty (30) feet 
within thirty (30) feet of grade. 

Section 3.3.3.C.i. 

Comments 

Comment 4.H: Delete standard. Guidelines should 
emphasize variation of design. References to 
"architectural massing" are incompatible with 
standard interpretation of the terms "modulation" and 
"variation" in design for street wall and fa~ade 
treatments. Change in material and design treatments 
cannot achieve the type of bulk or "massing" changes 
required. 

Comment 4.1: Revise standard to allow for a variety 
of commercial uses and tenant operations. The Plan 
should differentiate commercial building types and 
allow for flexibility without discretionary review or 
approval pursuant to Section 5. For example, for 
studio, entertainment or other uses, the Draft 
Guidelines must accommodate unique ground-floor 
designs to address security or related programming 
needs. Entrances, pedestrian visibility along primary 
streets, may need to be limited to accommodate for 
special security needs. 

Comment 4.1: Delete or revise standard to allow for 
a variety of commercial uses and operations. For 
example, plan for use of glass and bays will vary 
based on commercial programming and tenant-type. 
See, also, Comment 4.1. 
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Draft Guidelines 

4.K Balconies cannot project more than 
one foot from a building's fa~ade 
surface. 

Section 3.3.3.G.i. 

4.L Minimum 40-foot deep storefront 
required along Vine Street 

Figure 3.4.3.C. 

4.M Storefront requirements: 

a. Shall not be more than 12" higher than 
adjacent sidewalk. 

Section 3.4.3. 

b. Shall not exceed 30 feet in length and 
shall be separated from other 
storefronts by columns, pilasters, 
vertical separations, and/or other 
vertical architectural elements. 

Section 3.4.3. 

Comments 

Comment 4.K: Delete. Standard is overly restrictive. 
Inconsistent with current building and zoning 
standards for the City of Los Angeles. Substantially 
limits design and programming for residential and 
mixed-used building types. Has the practical effect 
of requiring all balconies to be recessed and may 
cause residential units to be unmarketable in an 
already challenged economy. 

Comment 4.L: Delete or revise this standard 
consistent with the existing diversity of storefronts 
and building walls along Vine Street, Hollywood 
Boulevard, Cahuenga Boulevard. Many building 
operators and tenants (i.e., studio and entertainment 
uses) may have special programming and security 
needs for its operations. 

Comment 4.M.a: Revise this standard. Standard is 
overly restrictive. Storefront walls should be 
permitted to respond to site-specific elevations, 
adjoining building wall context and development 
intent. As with comments regarding other storefront 
requirements (see Comments 4.M.b - 4.M.e, below), 
the Draft Guidelines do not provide enough 
flexibility and are over inclusive. The standard 
constrains all buildings no matter the proposed 
building type or ground-floor use. 

Comment 4.M.b: Delete or revise this standard. 
Overly rigid and does not pennit changes to reflect 
context. Consider revising to require only that 
storefront opening be no wider than 100 feet and no 
smaller than 15 feet to permit flexibility as 
appropriate. 
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Draft Guidelines 

c. The overall proportion of storefront 
bays should be approximately square 
and have a maximum ratio of 1.5 feet 
of height for each foot of length. 

Section 3.4.3. 

d. Storefront sills shall be set a minimum 
of 18 inches and a maximum of 30 
inches above the adjoining grade. 

Section 3.4.3. 

e. Storefront glazing should comprise a 
minimum of 60 percent of the 
storefront area. 

Section 3.4.3. 

f. Ground-related storefronts shall be set 
back from the exterior facade plane 
andlor an adjacent exterior wall 
surface of a structure a minimum of 3 
inches. 

Section 3.4.3. 

Comments 

Comment 4.M.c: Delete this standard as it is overly 
restrictive. Building wall should be permitted to 
respond to existing diverse building contexts along 
Hollywood Boulevard, Vine Street and Cahuenga 
Boulevard. 

Comment 4.M.d: Revise this standard. It is overly 
restrictive and bears limited relationship to any 
community benefit compared to the design of a more 
flexible compliance matrix for street walls and 
storefronts design. For instance, as an alternative, 
limit standard to maximum and not minimum range 
to respond to historic and proposed context. Limit 
standard to maximum of 4 feet above adjoining grade 
to ensure proper flexibility. The current guidelines 
require only that storefront sills be set a maximum of 
4 feet above the adjoining grade. 

Comment 4.M.e: Revise this standard. It is overly 
restrictive. Building wall should be permitted to 
respond to existing building wall context. Minimum 
standard should be reduced to reflect currently 
proposed development projects. 

Comment 4.M.f: Revise or delete this standard. It is 
overly restrictive. Building wall should be permitted 
to respond to existing building wall context. 
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Draft Guidelines 

4.N Above-grade parking structures shall 
be set-back a minimum of sixty-five 
(65) feet from the property line and 
setback to be landscaped. 

Section 3.6.3.C. 

4.0 Above-grade parking structures shall 
not be "visible from" Vine Street. 
Section 3.6.3.C. 

4.P Any portion of parking structures 
adjacent to streets (other than Vine 
Street) shall be architecturally treated 
and incorporate storefronts and uses 
(3.6.3.D) 

Comments 

Comment 4.N: Revise this standard to allow for 
modification as necessary based on cost 
considerations, programming and lot configuration. 
Best and highest use of a site consistent with 
community objectives should not be constrained. 
The standard should be rewritten to anticipate a range 
of options and may not be appropriate in every 
instance. 

Range of modifications or alternatives should be 
permitted to reflect site-specific realities (lot size, 
building orientation, use of lot space, etc.) and should 
not require discretionary approval or exceptions 
subject to Section 5.0. Insert "where feasible" 
language to standard. 

Comments 4.R and 4.S are also incorporated by 
reference. 

Comment 4.0: Revise this standard to allow for 
modification as necessary based on cost, 
programming and lot configuration. Insert "where 
feasible" language to standard. May not be 
appropriate in every instance and range of 
modifications or alternations to reflect site-specific 
realities (lot size, building orientation, use of lot 
space, etc.) should not require discretionary approval 
or exceptions subject to Section 5.0 in the Guidelines. 

Comment 4.P: Revise this standard to allow for 
modification as necessary based on cost, 
programming and lot configuration. May not be 
appropriate in every instance and range of 
modification should not require discretionary 
approval or exceptions subject to Section 5.0. Insert 
"where feasible" language to standard. 
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Draft Guidelines 

4.Q Planting areas to be provided where 
front and rear yard setbacks are 
required. 

Section 3.7.3. 

4.R Any new or additional parking 
associated with new construction 
and/or additions within certain areas 
shall be located below or partially 
below grade. 

Figure 3-72. 

4.S A minimum of one 36-inch box tree 
with mature height of 30 feet and 
canopy of 20 feet should be planted 
for each 1,000 square feet of on-site 
ground related open space 

Figure 3-76. 

4.T Prior to approval, provide a materials 
and colors board and prepare a 
rendering or model illustrating the 
Project "in context". 

Sections S.2.2.A and B. 

Comments 

Comment 4.0: Delete standard. Standard is 
ambiguous and lacks specificity. Planting may not be 
appropriate in every instance and planting for rear 
yard setbacks may be inappropriate from an urban 
design standpoint. 

Comment 4.R: Delete this standard. This standard 
significantly restricts new development and in many 
certain instances may eliminate development rights 
altogether given the extraordinary cost associated 
with compliance. Below-grade parking construction 
is substantially more expensive than above-grade 
construction. The costs increase dramatically for 
construction of more than two levels below grade. 

Comment 4.S: Delete or revise this standard to 
permit a range of landscaping and planting scenarios 
to enhance the pedestrian experience. Standard is 
overly restrictive and does not permit a greater 
variety of open space and landscaping possibilities to 
reflect the needs of different land use programs and 
size of lots. The standard should be revised or 
deleted to reflect a range of possibilities. 

Comment 4.T: Delete standard. Draft Guidelines set 
no justification why every project no matter the size 
should incur the expense of preparing renderings or 
models. See, also, Comment 2. 
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s. The Drmt Guidelines' Standards Regarding Height, Massing, and Ground Floor 
Retail are in Conflict with the Encouragement of Open Urban Spaces. 

We are pleased that one of the goals of the Draft Guidelines is to "realize new public and 
private open spaces." Draft Guidelines, p. 11. As you may know, Los Angeles is far below the 
national average of open space per citizen. Hollywood is the most deficient of any area in Los 

Figure 6: Setbacks from property line create new urban open space in 
Crossroads of the World. (Source: www.yesterdayla.com/hollywood.html) 

Angeles with approximately 
.5 acres per 1,000 residents 
or 0.005 acres of open space 
per resident - the lowest 
number in the nation. We 
are concerned that the 
compliance with numerous 
setback and massing 
requirements in the Draft 
Guidelines will result in the 
creation of less, not more, 
publicly accessible and 
pedestrian friendly open 
space in Hollywood. 

For example, the 
setback standards, including 
building to less than or equal 
to 18 inches from the 

property line, are contrary to the creation of open space along appropriate pedestrian corridors. 
Draft Guidelines, p. 15. This setback requirement may be appropriate in some instances but a 
developer should be encouraged to explore opportunities for creating publicly accessible open 
space on the ground floor as appropriate. As a general standard rather than a guideline, this 
requirement would restrict the creation of active pedestrian corridors and other important open 
space programming for new retail, commercial, office and residential uses along - for example -
Hollywood Boulevard, Vine Street, Cahuenga Boulevard and Highland Avenue. It is another 
instance in the Guidelines that new opportunities for community benefits and smart design are 
sacrificed in favor of a rigid adherence to establish forms. 

Other massing requirements in the Draft Guidelines (see, e.g., Section 3.2.2) also do not 
permit, much less, encourage, the development of new public and private open spaces on the 
ground floor. For example, "[n]ew buildings and additions may be developed to a maximum 
height of 220 provided that the gross lot coverage shall not exceed 70% of the lot area." Draft 
Guidelines, p. 25. Further, Section 3.2.2.I.h. allows development to a maximum height of 220 
provided that any floor area above a height of 150 feet shall have a maximum plan diagonal that 
does not exceed 155 feet in length. [d. These requirements are unnecessarily restrictive and 
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combined with lot-line development standards would result in lost ground floor open space 
including the formation of alleys without any circulation or connections to pedestrian corridors. 

We applaud the Agency's efforts to promote the creation of open space in the Draft 
Guidelines. However, this intent conflicts with current setback and massing requirements. 
Revisions to the Draft Guidelines should resolve this internal inconsistency in favor of 
encouraging new public and private open spaces. 

6. The Draft Guidelines Should be a Guide for Development and Not a Platform for 
Controversy. 

The Draft Guidelines introduce a new review and approval process contrary to the intent 
of the Redevelopment Plan and in conflict with the City's mandate to streamline project 
approvals to promote economic development. Additionally, the Draft Guidelines set numerous 
strict standards for new projects rather than the flexibility to permit a range of options for new 
construction to comply with the guidelines. Revisions should be made to the Draft Guidelines to 
address the need for more flexibility. 

a. The Draft Guidelines create a new project approval framework that is 
inconsistent with the Redevelopment Plan, contrary to public policy and 
prohibitive. 

Imposing an additional project approval process is not the objective of the Draft 
Guidelines as set forth in the Redevelopment Plan. As discussed above, the Redevelopment Plan 
sets forth a number of objectives for the area and requires the CRA to adopt guidelines to ensure 
such objectives are met. Redevelopment Plan, Section 506.2.1. The creation of another 
discretionary review process in the Draft Guidelines are not mandated or contemplated by the 
Redevelopment Plan. 

Further, at a time when the City is trying to streamline development regulations and 
project review, the Draft Guidelines' imposition of another set of discretionary review 
procedures is counter-productive and creates another avenue for opposing a project. Sections 5.1 
and 5.2 of the Draft Guidelines mandate that only projects in compliance with the standards of 
the Draft Guidelines will be approved by the Agency. Draft Guidelines, p. 54. The Draft 
Guidelines further state that n[i]f a project is not in compliance with the standards of this Plan, 
the project will not be cleared. In these cases the applicant can revise the Project design to bring 
it into compliance with the standards and guidelines of this Plan, or seek an exception." Draft 
Guidelines, p. 55. This is problematic because not only does it formalizes the Draft Guideline's 
mandatory nature as discussed below, but it also slows down the approval process and empowers 
opposition groups, the public, or City departments to stop projects even when the public interest 
would not be better served. 
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Figures 7 and 8: Historic views of Hollywood's growing commercial corridor 
with ground floor open space and variations in vertical and horizontal 
massing. Views of Vine Street looking north from Hollywood Boulevard 
(top) and from Sunset Boulevard (bottom), (Source; historic Hollywood 
postcards, Western Publishing & Novelty Co., circa 1940s.) 

We understand that 
the Draft Guidelines allow 
"exceptions" for projects that 
may not comply. It provides 
that "[i]n certain 
extraordinary circumstances 
there may be situations where 
the intent of this Plan cannot 
he met through application of 
the design standards. In these 
cases the applicant may seek 
an exception to the Plan 
through an action of the 
CRAJLA." [d. We see at 
least two problems here. 
First, the Agency has set a 
very high and unrealistic bar 
(i.e ., "extraordinary 
circumstances ") to qualify for 
an exception. Second, the 
Agency has developed yet 
another discretionary process 
that developers must trudge 
through for project approvals . 
In addition, the current 
finding statements are too 
open-ended and could allow 
the Agency unfettered 
discretion to approve or deny 
projects. We believe that 
these requirements are 
inappropriate given the 
current economic conditions 

and the fact that the Draft Guidelines were intended to ensure the objectives of the 
Redevelopment Plan are met, not to provide for additional barriers to development. 

h. Subject to limited exceptions, the Draft Guidelines should be guidelines for 
development not mandatory requirements. 

Besides creating a new approval process, the Draft Guidelines seem to impose mandatory 
requirements rather than guidelines as intended by Section 506.2.1 of the Redevelopment Plan as 
discussed above. The Introduction section of the Draft Guidelines established compliance with 
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the Draft Guidelines as a mandatory requirement for every project within the District. For 
example, Section 1.4 states that the Draft Guidelines "shall be used for all new construction, 
addition and conservation projects within the Hollywood Boulevard and Franklin Avenue Design 
Districts." Draft Guidelines, p. 6. In addition, it states that the Agency " ... uses this Plan [the 
Draft Guidelines], as well as the Redevelopment Plan, and other CRAILA policies, to review and 
approve proposed projects in these districts." Draft Guidelines, p. 6. Further, it provides that "a 
final clearance from CRAILA will be required that ensures continued adherence to CRAILA 
policies and these design standards and guidelines." Draft Guidelines, p. 6. Theses provisions 
expressly require strict compliance with the Draft Guidelines. 

In contrast to the provisions above, we believe that the Draft Guidelines should guide 
development instead of control it. To be most effective in promoting innovation consistent with 
the historic and future growth of Hollywood, the Draft Guidelines cannot be primarily 
mandatory. We agree that as an implementation document the Draft Guidelines should establish 
requirements to ensure the objectives of the Redevelopment Plan are met. For example, 
requirements such as preserving historic icons and view corridors, maintaining historic 
storefronts, promoting new public and private open spaces and requiring ground floor 
development to engage the sidewalk should be created in the Draft Guidelines because those 
kinds of requirements ensure the objectives of the Redevelopment Plan are met. However, as 
drafted, the Draft Guidelines create mandatory provisions - a number of which conflict with the 
Redevelopment Plan - that do not allow for flexibility or a range of possible designs that would 
in fact fulfill the objectives of the Redevelopment Plan and further the public interest. 

CONCLUSION 

For the reasons set forth above, contrary to their fundamental objectives as a planning 
document for Hollywood, the Draft Guidelines do not succeed in encouraging bold development 
that honors Hollywood's rich architecture and historic environment. Instead, they appear 
anachronistic in their application rather than forward thinking. The Draft Guidelines cling to too 
many rigid and prescriptive measures that will stall rather than encourage development at a 
critical time in Hollywood. Sadly, the overall result of the Draft Guidelines is to under imagine 
and over prescribe. 
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Please do not hesitate to reach us with any questions. We look forward to your response. 
Thank you for considering these comments. 

W02-WEST:IALFl\402736117.l3 

SHEPPARD, MULLIN, RICHTER & 
HAMPTONLLP 

cc: Christopher Rudd and Alison Becker 
Phil Aarons and Mario Palumbo, Millennium Partners 
Michael Gargano, Argent Ventures 
City of Los Angeles Council President, Eric Garcetti, Council District 13 
Kevin Keller, City of Los Angeles Planning Department 
Blake Lamb, City of Los Angeles Planning Department 
Maureen B. Schultz, EMI Music North America 
Alfred Fraijo Jr., Sheppard Mullin Richter & Hampton LLP 
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1. PURPOSE AND OBJECTIVES 

1.1 Purpose 

1.1.1 The Development Regulations ("Regulations") govern new development on the Project Site. 
SpeCifically, the Regulations: 

a. Establish standards for use, bulk, parking and loading, architectural features, landscape 
treatment, signage, lightillg, sound attenuation and sustainability. 

b. Establish a level of design quality and consistency for the entire development and insure 
design continuity will be carried through to the fu n implementation of the Project. 

c. Establish basic site-wide development standards and criteria that serve to maintain the 
integrity of an overall master plan concept and protect the visual and environmental 
quality of the Project as a whole. 

d. Permit design flexibility while establishing a set of controls that. will guide the 
developmentforthe Project site. 

e. Ensure compliance withtheDevelopment Objectives. 

-1-
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1.2.1 The development objectives are intended to transform the Project Site consistent with the 
priorities and unique vision for the site shared by various Hollywood stakeholders. The 
Development Regulations will in turn ensure that new development on the Project Site is 
consistent with these objectives. 

1.2.2 The objectives for new development on the Project Site are to: 

a. Preserve Capitol Records Tower and Gogerty Building. 

b. Preserve public views to the Capitol Records Tower by creating grade level open space, 
civic plazas, on the east site adjacent to the Jazz Mural and Capitol Records Tower and 
west site across from the Capitol Records Tower. 

c. Preserve existing view corridors to the Hollywood hills. 

fig. 1.2.2.IH:: Capitol Records View Corridors 
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d. Create civic plazas that are activated by retail, landscaped and enhance the Hollywood 
Walk of Fame by providing it as an urban node; creating The Hollywood Walk of Fame 
Plaza. Reinforce the urban and historical importance of the intersection of Hollywood 
and Vine by the creation of an active street life focused on Vine Street. 

e. Encourage street life by the creation of a new exclusive pedestrian connection between 
Ivar Avenue, Vine Street, and Argyle Avenue. 

f. Create vibrant urban spaces that permit active and passive recreational facilities for 
both the on-site and off-site population. 

fig 1.2.2.d: View North Along Vine Street 

g. Create a 24 hr community by the creation of a Thriving Mixed-Use Development. 

h. Eliminate the visual impact of the current on site parking. 

i. Establish where feasible pedestrian linkages to existing public transportation routes in 
proximity of the Project Site, including the Metro Red Line Station at Hollywood 
Boulevard and Vine Street and existing bus routes. 

-3-
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j. Establish of a standard intended to promote architectural excellence. 

k. Provide designs that take into account the context and make an effort to respect it and 
fit in visually. 

I. Create architecture that seeks to be a leader in minimizing the negative environmental 
impact of buildings by enhancing efficiency and moderation in the use of materials, 
energy and development space. 

m. Create buildings that emphasize the vertical architecture and become visible icons. 

n. Develop a visual gateway to Hollywood Boulevard from the Hollywood Freeway. 

-4-
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The Development Regulations consist of standards and guidelines. The standards impose strict 
compliance or measures for new development. For example, the Regulations include specific setback 
requirements along Vine Street. There are also mandatory requirements or standards for minimum open 
space on the ground floor as well as maximum building heights, By comparison, the guidelines are 
measures that may include a range of choices ancl require a degree ofinterpretation by the architect and 
design team to achieve compliance with the Regulations. The purpose of these guidelines is to create a 
principal design theme or objective without comprising high quality design. The purpose is to provide a 
range of flexibility to permit the selection of the most appropriate design feature based on the final 
development scenario. For instance, fac;ade treatments for new development may take different form 
depending on the final design plans. The Regulations will guide the ultimate fac;ade treatment by 
providing a limited range of choices in the use of material and color for the fac;ades. . 

1.4 Relationship to the Los Angeles Municipal Code 

1.4.1 They are approved by the City of Los Angeles City Council and are incorporated in the 
Development Agreement, authorized pursuant to California Government Code 65864, et seq., 
entered into by the City of Los Angeles and ("Millennium Development 
Agreement") on ______ _ 

1.4.2 The following sections in the Regulations differ from corresponding provisions (as written at the 
time of approval) in the LAMC: 2.2.1, 2.2.3, 5.5.3.a, 7.3.4.b, 9.1.6.a and 10.2. 

1.4.3 Wherever the Regulations contain provisions which establish regulations that are different from 
or more or less restrictive than the zoning or land use regulations in the los Angeles Municipal 
Code ("LAMC") the Regulations that apply to the Project Site, the Regulations shall prevail 
pursuant to the Millennium Development Agreement approved by the City Council. 

-5-

AR0068452 



HOLL ¥WOOD MILLENNIUM 
DEVELOPMENT REGULATIONS 

2.1 Project Site 

CO-0001-279 

2. BACKGROUND 

2.1.1 The Project Site consists of eight parcels on 4.47 acres of land. The subject property 

occupies two distinct sites, both bounded by Yucca Street to the north and separated by 
Vine Street. The area bounded by Ivar Avenue, Vine Street and Yucca Street is the West 

Site. 

The area bounded by Yucca Street, Vine Street and Argyle Street is the East Site. 

The East Site and the West Site make up the Project Site. 

2.1.2 The Project Site currently contains a mix of commercial and on grade open parking. The 

topography has a natural incline of approximately 13 feet from Vine Street to Argyle Avenue 
and 11 feet from Vine Street to Ivar Avenue. The existing sidewalk elevations will not be 

altered as part the Project. 
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fig. 2.1.: Site Plan 
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2.2 Site Zoning and Permitted Floor Area 

2.2.1 Project Site is zoned Commercial (C2). City General Plan land use designation: Regional 
Center commercial. 

2.2.2 Project Site is within the Special Sign District and within the Hollywood Community 
Redevelopment Project Area of the Community Redevelopment Agency (CRA) of the City of . 
los Angeles. 

2.2.3 Floor Area Ratio: 6:1 

2.2.4 Height District: No.2 

-7-
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3. DENSITY 

3.1 Floor Area Ratio Averaging and Density Transfer 

Owner may transfer density and buildable floor area from one parcel within the Project Site to another 
parcel within the Project Site, as long as the minimum and maximum building heights in the Regulations 
are maintained and the entire Project does not exceed the cumulative, allowable density and floor area of 
the zoning for the individual parcels. 

To allow for the spatial distribution of the development on the Project Site and ensure relationship and 
sensitivity with the uses surrounding the Project Site, parking, open space and related development 
requirements for any component of the Project may be developed in any location within the Project Site. 

3.2 Maximum OESF Density Per Area 

[To be completed as part of the EIR.] 

3.3 Use Coordination I Use Compatibility 

[To be completed.] 

-8-
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4. HEIGHT 

The Regulations establish heights zones (A, B, C and D) to limit maximum building heights and control bulk 
in response to the Development Objectives including context with the built environment and to reinforce 
view corridors to the Capital Records Tower. 
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S€OPE OF DEVEt.OPMEN"')" BUILDING .AND 
S",)"REE",)" EXPERIEN€E 

5. BUILDING AND STREET EXPERIENCE 

5.1 Tower Massing Standards 

5.1.1 The Tower Massing Standards apply to the portion of a building located 150 feet above curb level 
- see Table 5.1.1. 

11.5 50 
13,325 East Site 

10 12 
5.l.2.e.l 

9,042 West Site S.1.2.e.2 

15 50 
17,380 East Site 

10 10 
5.1.2.d.1 

11,794 West Site 5.1.2.d.2 

28 50 
22,745 East Site 

10 8 
5.1.2.c.l 

22,016 West Site 5.1.2.c.2 

48 nfa 
55,616 East Site 

10 S 
S.1.2.b.1 

37,742 West Site 

Table 5.1.1. 

5.1.2 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. {See Figs. 5.1.2.a.l- 2.} 

5.1.3 At least 50% of total floor area must be located below 220 feet. 

5.1.4 Setback and articulation oftower walls and crown: 

a. Towers are not required to step back. 

b. Minimum 10% of tower 
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S"I"REE"l" EXPERIENCE 

Maximum lot Coverage and Tower Floor Plate - Figs. S.1.2.a - d. 

D 

fig. S.1.2.a.l: East Site 
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WEST SITE -SITE PlAN 

fig. S.1.1.a.2: West Site 
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sm:'>PE OF DEV'EL.OPMEN"f BLJlL.DING AND 

5% PUBLIC OPEN SPACE 
3,931 SF 
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SClOFH2 OF DEVELOPMEN]'" Bl...Ill..DING AND 

o 
EAST SITE -SITE RAN 

MAX TOWER -----., 
HEIGHT 220' 

ON 48% OF SITE 

fig. S.I.2.b.l: East Site 

S],"REE]," EXPERIENClE 

*---- MINIMUM 10' SETBACK 
ALONG STREET 

------ MINIMUM 10' SETBACK 
ALONG STREET I OPEN SPACE 

1.-------- 5% PUBUC OPEN SPACE 
5,193 SF 
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D 

VVEST SITE -SITE PlAN 

TOWER MAX --...., 
HEIGHT 220' 

ON 48% OF SITE 

MINIMUM 10' SETBACK ----I 
AlONG STREET 

fig. S.1.2.h.2: West Site 
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SCOPE OF DENlEl..OPMEN"I" Bl..Jll..DING AND 

TOWER MAY BE LOCATED 
,---- ANYWHERE WITHIN THIS 

ENVELOPE 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

5% PUBLIC OPEN SPACE 
3,931 SF 
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D 

BETWEEN 220' AND 40{)' -------. 
TOWER CAN OCCUpy 

28% OF SITE 

MINIMUM 10' SETBACK -----!:if, 
ALONG STREET I OPEN SPACE 

fig. S.1.2.c.l: East Site 

SmREET EXPERIENCE 

T 

.----------- EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

,...---- MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

~-+--- MINIMUM 10' SETBACK 
ALONG STREET 

L...-.--' ___ TOTAL 8% PUBLIC OPEN SPACE 
6.290 SF 
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D 

WEST SITE -SITE PlAN 
<D MINIMUM SO' SEPERAll0N SETWEEN lOWERS- ON SAME SITE... 

BETWEEN 220' AND 400' ----.., 
TOWER CAN OCCUPY 

28% OF SITE 

MINIMUM OF 50% OF +--..... 
flOOR AREA MUST BE 
LOCATED BELOW 220' 

MINIMUM 10' SETBACK ---i 
AlONG STREET 

fig. S.l.2..c.2.: West Site 

.------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVElOPE 

EXAMPLE OF TOWER 
THAT OCCUPiES SITE 

8% PUBLIC OPEN SPACE 
6,290 SF 
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SCOPE OF DEXlEI..OFHNlIEN1" BUII..DING A.ND 

D 

BETWEEN 220' AND 550' --------, 
TOWER CAN OCCUPY 

15% OF SITE 

MINIMUM 10' SETBACK ----"";"';0lil:: 
ALONG STREET I OPEN SPACE 

fig. S.1.2.d.l: East Site 

S1"REE1" E}{PERIENCE 

r-----------------~PLEOFTOWER 
THAT OCCUPIES SITE 

.----------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

,...---- MINIMUM OF 500/0 OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

~--j.-- MINIMUM 10' SETBACK 
ALONG STREET 

1...-____ TOTAL 10% PUBLIC OPEN SPACE 
11,587 SF 
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SC:OPE OF DEXlELOPMEN"I" BUILDING AlND 

D 

WEST SI1E -SITE PlAN 
<D MlN1WM JlQ' sePERAnON lIETWEEIII"TOWERS'" ON SAME SITE. 

BElWEEN 220' AND 550' ---, 
TOWER CAN OCCUPY 

15% OF SlTE 

MINIMUM OF 50% OF 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

MINIMUM 10' SETBACK ----I 
AlONG STREET 

fig. S.1.2.d.2: West Site 

EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

'---- 10% PUBLIC OPEN SPACE 
7,863 SF 
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fig. S.1.2.e.l: East Site 

_______ +---,.._r---, 

BETWEEN 220' AND 585' ----..... 
TOWER CAN OCCUPY 

11_5% OF SITE 

MINIMUM 10' SETBACK -----i1F
AlONG STREET,I OPEN SPACE 
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,---------TOWER MAYBE LOCATED 
ANYWHERE WITHIN THIS 
ENVElOPE 

,--------EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

,. 

.--------ROOFTOP OPEN SPACEAND 
VIEW DECK REQUIRED FOR 
BUILDINGS ABOVE 550' 

,----MINIMUM OF 50% OF 
FlOOR AREA MUST BE, 
LOCATED BElOW 220' 

~ 
:11'1'---1-- MINIMUM 10' SETBACK 

AlONG STREET 

1--__ TOTAl 12% PUBUC OPEN SPACE 
13,904 SF 
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WEST SITE -SITE PLAN 
<D MINlMUM so' SEPERA110N BETWEEN -roweRS" ON SAlliE SITE. 

BETWEEN 220' AND 585' ---..., 
TOWER CAN OCCUPY 

11.5% OF SITE 

MINIMUM OF 50% OF -+-..., 
FLOOR AREA MUST BE 
LOCATED BELOW 220' 

MINIMUM 10' SETBACK ----r ... "'3';!;;~;, 
ALONG STREET 

fig. S.1.2.e.2: West Site 

r------- TOWER MAY BE LOCATED 
ANYWHERE WITHIN THIS 
ENVELOPE 

.------ EXAMPLE OF TOWER 
THAT OCCUPIES SITE 

.......... 

':'1 --+-- ROOFTOP OPEN SPACE AND 
VIEW DECK REQUIRED FOR 
BUILDINGS ABOVE 550' 

12% PUBUC OPEN SPACE 
9,435 SF 
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5.1.5 Types of permitted articulations for tower walls: 

a. Recess: recesses shall be permitted to a maximum depth of 15'-0". 

b~ Balcony: a balcony may.project a minimum of 3'-0" from a required street wall over a 
grade level open space. 

c. Bay window: a bay window may project from a required street wall over a grade level 
open space. 

d. Expression band: an identifiable break should be provided between a building's retail 
floors and upper floors, This break may consist of a change in material, change in 
fenestration, or similar means. 
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5.2 Street Walls 

A street wall is a wall or portion of a wall of a building facing a street or a grade level open space. Street 
walls determine the scale and character of the pedestrian environment. Articulation of the required 
street wall within the permitted ranges is required in order to create a sense of different uses, visual 
interest and orientation. 

5.3 Street Wall Standards 

D 

5.3.1 Location of a required street wall: 

a. Parcels with a grade level open space: the required street wall shall be located minimum 
5 feet from the property line. 

b. Parcels or portions of parcels without a grade level open space: the required street wall 
shall be located on the property line. 

5.3.2 Height of required street wall: 

a. Street walls shall be built to a minimum height of 30 feet and a maximum height of 150 
feet above curb level except as noted in item (b) below. 

b. 40% of aggregate width of required street wall frontage on each street can exceed 
maximum street wall height up to the maximum tower height. 

® 4l:I'% OF AGGREGAlE 
WlOTH OF STREETWAll 
CAN EXCEED 150' 
UP TO rowER HEIGHT 

10' MIN. TOWER 
SETBACK ABOVE 150' 

-STREETWAll 

fig 5.3.2: Street Wall 
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fig. 5.3.3: Street Wall Articulation 

LINE. 

MIN. 10% ARTICULATED 
TOWERWAl..1.. 

___ ~Fl:WAlL _ 
, ... 1 ... 3b'·.!lT. 

5.3.3 Amount of articulation of required street wall: 

STR.EET E)(PERIENCE 

~ON 

The aggregate width of required street wall articulation at the level of any story above the level 
of the second story ceiling or 28'-0" above curb level, whichever is less, shall not exceed 50% of 
the required street wall. 

5.3.4 Other permitted projections: elements which project beyond the property line from a required 
street wall shall comply with the Building Code. 

a. Architectural facade elements such as expression bands, cornices; eaves, gutters, and 
downspouts may project from a required street wall over a grade level open space. 

b. Steps and ramps may project from a required street wall over a grade level open space. 

c. Marquees, canopies and awnings. 
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d. Retail storefronts: may project from a required street wall over a grade level open 
space by a maximum depth of 5'-0'. The maximum height of these projections for each 
parcel shall not exceed two stories or 28'-0" above curb level, whichever is less. 

5.4 Street Wall Guidelines 

5.4.1 Pedestrian pass-through areas, public plazas, marquees, canopies, awnings and retail storefronts 
are permitted within the street wall area. 

5.4.2 Pedestrian steps and ramps, entry forecourts, hotel drop-offs and loading entries and exits and 
vehicular access driveways are also permitted within the street wall area. 
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5.5 Yard Standards 

5.5.1 Yard is an open space other than a court that is unoccupied and unobstructed from the ground 
upward. 

5.5.2 Commercial Use: no front, side or rear yard set backs are required 

5.5.3 Residential Use: 

a. Front Yard: none 

b. Side Yard: Minimum 5 feet, for a building more than two stories in height, one foot shall 
be added to the width of such side yard for each additional story above the second 
story, but in no event shall a side yard of more than 16 feet in width be required. 

c. Rear Yard: Minimum 15 feet, for a building more than three stories in height, one foot 
shall be added to the depth of such rear yard for each additional story above the third 
story, but such rear yard need not exceed 20 feet. 

5.6 Building Materials and Color Guidelines 

5.6.1 Building materials and color will be subject to the following guidelines. These gUidelines also 
address the fa~ade treatment for both residential and commercial portions of buildings. 

5.6.2 Building shall Feature long-lived a.nd sustainable materials. The material palette should provide 
variety, reinforce massing and changes in the horizontal or vertical plane. 

5.6.3 Ground floors shall have a different architectural expression than upper floors and feature high 
quality durable materials that add scale, texture and variety. 

5.6.4 Podium levels up to 150 feet will be predominantly light in color. Colors will be achieved through 
the inherent color of the material, rather than the application of color to the surface. Darker 
accent colors may be used to delineate building entrances and accents. There will be dear 
contrast between the buildings surface material and the building's glazed areas. 

5.6.5 The building's skin, especially for towers, should be primarily transparent; the use of darkly 
colored or highly reflective glass will be avoided. Glazing will have the minimum amount of 
reflectivity or tinting required achieving energy efficiency standards. 

5.6.6 In buildings other than curtain wall buildings, windows will be recessed, except where 
inappropriate to a building's architectural style. 

5.6.7 To provide visual variety and depth, layer the building skin and provide a variety of textures that 
bear a direct relationship to the building's massing and structural elements. The skin should 
reinforce the integrity of the design concept and the building's structural elements, and not 
appear as surface pastiche. 

5.6.8 Rooftop mechanical equipment: shall be screened with materials and design consistent with the 
building architecture. 
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5.6.9 Design the color palette for a building to reinforce building identity and complement changes in 
the horizontal or vertical plane. 

5.1 Grade Level Standards 

5.7.1 The purpose of the grade level standards is to promote pedestrian-scaled architecture by 
regulating street wall massing, articulation and detail, street level entrances and storefront 
windows and doors, as well as the use of quality materials and decorative details. Architectural 
features that reinforce the retail character of the ground street wall and/or help define the 
pedestrian environment along the sidewalk, such as canopies, awnings, and overhangs, are 
encouraged and should be integral to the architecture of the building. 

5.7.2 Ground floor height 

a. Minimum 12'-0" height floor to ceiling. 

5.7.3 Building entrances: 

a. The primary entrance to a street level tenant that has frontage along a public street 
shall be provided from that street. The primary entrance to a tenant that does not have 
its frontage along a public street shall be provided from a courtyard, grade level open 
space, or PAP. Entries <18 inches from the property line shall not be higher than 12 
inches above the elevation of the sidewalk; entries >18" from property line shall be 
within 30 inches of the adjacent grade level along the street frontages. Where possible 
entries shall be marked using architectural elements such as porches, gateways, entry 
alcoves, awnings, canopies, or portals. 

b. Main building entrances should read differently from retail storefronts, restaurants and 
commercial entrances. 

5.7.4 Ground floor glazing 

a. Use of dear, colorless and transparent glazing is required within the first 30 feet of 
grade. 

b. Use of reflective glass is prohibited. 

c. Along street frontages with a required build-to line less than or equal to 18 inches from 
the property line, glazing should constitute a minimum of 30% of the area of a building 
face and should not exceed 80% of the area of a building face. 

5.7.5 Arcades 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit with a 
minimum of 1.0-foot candles. 

5.7.6 Service and refuse 

a. Storage areas within the building of a size sufficient for that development to ensure that 
refuse is stored and loaded off-street. Refuse storage areas shall be directly and 
conveniently accessible to a curb cut. 
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5.7.7 Retail storefronts 

a. Storefronts shall comprise a minimum of :]0% of the building's street level fac;ade and be 
recessed where necessary. 

b. Storefront glazing should comprise a minimum of 60% ofthe storefront area along Vine 
Street and 40% glazing along all other streets. Glazed seqion shall comprise a 
calculated average of a minimum of 3 feet and 8 feet band of glazing measured from the 
ground floor. 

c. All retail space shall have a minimum 12 feet finished ceiling clearance. 

d. Storefront openings shall be no wider than 100 feet and no smaller than 15 feet. 

e. Storefront sills shall be a minimum of 18 inches and a maximum of 30 inches above the 
adjoining grade. 

f. Security grills will be located behind glass and be at minimum 70% open. 

g. At-grade storefront glazing at, or adjacent to, and/or facing any public right-of-way shall 
incorporate transparent, clear, colorless glazing with no reflectiVity. 

5.8 Podium Standards 

5.8.1 The purpose of the Podium Standards is to provide a modern interpretation of the historical 
context of Hollywood by establishing different treatment from the building's base, middle and 
top; through the vertical articulation of the street wall fac;ade by the use of balconies, 
prOjections, recesses, fenestration and changes in massing, color, material or other elements. 

5.8.2 Podium height 

Minimum 30'-0" to a maximum of 150 feet. 

5.9 Podium Guidelines 

5.9.1 Provide an identifiable break between the building's ground floors and upper floors. This break 
may include a change in material, change in fenestration pattern or similar means. 

5.9.2 Podium level windows shall be vertically oriented. 

5.9.3 Podium levels shall be predominantly light in color. 

5.9.4 Expression band shall be provided at the highest story within the podium. 

5.9.5 While blank street wall fac;ades shall be aVOided, an exception may be made for integration of 
public art or an articulated fac;ade if it adds scale and interest to an otherwise bland frontage. In 
these cases, the fac;ade should be a maximum of four floors high, and should have variation in its 
surface plane (using cutouts, insets or pop-outs). It should employ different scales of elements 
as viewed when seeing the entire building massing. 

5.9.6 louvers and wall openings shall be designed to integrate with building architecture. 
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5.10 Street and Sidewalk Standards 

5.10.1 The cohesiveness and variety of public open spaces and streets are key features of the Project. 
The combination of landscaped plazas, PAP and landscaped streets creates diversity, and at the 
same time forms a single unified system. Cohesiveness shall be achieved by providing certain 
uniform elements such as lighting, paving, rhythmic tree plantings and continuous open spaces in 
a consistent palette of materials and furnishings. 

5.10.2 Hotel and Commercial! Office! Retail that abut an alley 

a. Every required loading space shall be located and arranged that delivery vehicles may be 
driven upon or into said space from the alley. Such loading space shall have a minimum 
height of 14 feet and accessible through a usable door not less than three feet in width 
and not less than six feet six inches in height opening from the building it is to serve. 

b. Every required loading space shall have a minimum area of 400 square feet, a minimum 
width of 20 feet measured along the alley line, and a minimum depth of ten feet 
measured perpendicularly to the alley line. 

c. Loading space shall have a minimum area of 600 square feet where the gross floor area 
of ail buildings on the lot exceeds 50,000 square feet, but not more than 100,000 square 
feet, a minimum area of 800 square feet where the gross floor area of ail buildings is 
between 100,000 and 200,000 square feet, and shall be increased by an additional 200 
square feet for each additional 200,000 square feet or fraction thereof of gross floor 
area in the building. 

5.10.3 Condominiums 

a. None 

5.10.4 Rental 

a. None 

5.11 Screening Standards 

5.11.1 Screen 

5.11.2 Except for the minimum ground level frontage required for access, loading shall be screened 
from the view of adjacent public sidewalks and streets. 

5.11.3 Trash enclosures shall be provided and screened from the view of adjacent public sidewalks and 
streets. Rehabilitated trash enclosures shall be screened from the view of adjacent public 
sidewalks and streets. 
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6. TOWERS 

6.1.1 Towers should have their massing designed to reduce overall bulk and to appear slender. 

6.1.2 Towers should be designed to achieve a simple faceted geometry and exhibit big, simple moves. 
They should not appear overwrought or to have over-manipulated elements. 

6.1.3 Towers that emulate a more streamline modern style should provide variety through subtle 
details in the curtain wall, and the articulation of a human-scaled base at the street level. 

6.1.4 If a project has more than one tower, the towers should be complementary to each other and 
employ the samearchitectufal design approach. 

6.1.5 Generally, bUildings over 150 feet tall (the historic datum for Hollywood) should not be 
historicized. They are contemporary interventions in.the skyline and should appear as such. 

6.2 Projections 

6.2.1 The following building elements and operations equipment can project beyond the maximum 
permitted building height: 

a. roof structures for the housing of elevators, stairways; tanks, ventilating fans or similar 
equipment required to operate and maintain the building; 

b. skylights~ towers,.steeples, flagpoles, water tanks, silos; 

c. wireless masts; 

d. solar energy devicesand similar structures. 

6.2.2 Permitted building elements or equipment in Section 6.2.1 shall be screel'led as practical and 
based on building design except ifsIJchproJections.,.. te., flagpoles or steeples.,.. are part of the 
architecture or design. The use.of creative materials and forms for.screening is encouraged. 

6.2.3 Enclosures for bulkheads shall not count against building. height. 

6.3 General Standards 

6.3.1 A tower 220 feet or greater in height above curb level shall be located with its equal or longer 
dimension parallel to the north-south streets. 

6.3.2 Distinctive tower crown and lighting permitted but not required at the highest one {1} story and 
rooftop mechanical equipment enclosure. 
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6.4.1 wall required to be articulated. 

6.4.2 Types of permitted articulation of a tower wall: 

a. Recess 

b. Standard balconies may be projecting or recessed or a combination of both. 

c. Bay windows 

fig. 6.4.2.a: Balcony/Recess 
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6.4.3 Balcony: a balcony shall be integral to the fa~ade (see figs. 6.4.3.a) and shall not create a 
relentless horizontal and vertical stacking pattern (see figs. 6.4.3.b). They are encouraged to 
create a complex and varied pattern along the fa~ade using various balcony sizes and 
architectural configurations. 
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6.5.1 Towers should be spaced to provide privacy, natural light and air, as well as to contribute to an 
attractive skyline. 

6.5.2 Generally, the portion of a tower shall be spaced at least 80 feet from all other towers on the 
same parcel, except the following which will meet code: 1) the towers are offset (staggered), 
2) the largest windows in primary rooms are not facing one another, or 3) the towers are curved 
or angled. See fig. 6.5.2. 

¥lNU.,iY 1IIF ~l'ION flllitI'WHN·TOl''QtI.''OH!&\M&~ 

IIIUtUJ'NOMmH'l GlWAlWl1'Wlll1511' 

fig. 6.5.2.: Tower Spacing 
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6.6.1 Rooftops and setbacks are highly visible and provide a significant amenity. They shall be 
landscaped with consideration for use and be visually attractive when viewed from locations 
adjacent and above. 

6.6.2 For rooftops to be developed as usable outdoor area, refer to requirements specified under 
common open space, Section 7.2. 

6.6.3 All other roof surfaces and setbacks shall provide surface materials which are not reflective or 
high contrast colors. 

6.6.4 All obtrusive features such as vents, bulkheads and cooling units shall be screened from lateral 
and pedestrian views. 

6.7 Parapets, Handrails, Roof Mechanical Equipment Screening Standards 

6.7.1 Parapets and handrails shall be finished in a distinctive manner if part of an expression band or 
expression line. 

6.7.2 Materials and design for roof mechanical equipment to be consistent with the building 
architecture!)nd will utilize similar colors and materials as in other portions ofthe building. 

6.7.3 Roof mechanical equipment shall be screened. 
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7. OPEN SPACE 

7.1 The development of open space is an important objective for the overall Project design. Open space will 
be used to enhance the experience of the visitor and resident. Open space also will enable important 
pedestrian linkages and through-block connections for the Project. Grade level open space also will be 
designed to showcase the Capital Records Tower and Jazz Mural and will include design features and 
outdoor furniture to activate the ground floor amenities. 

This section sets forth the standards and guidelines for all open space areas for the Project: areas to be 
accessible to the public (Grade Level Open Space, Publicly Accessible Passageways and Rooftop Open 
Space) and areas to be designed for the residential uses (Common Open Space and Private Open Space). 

7.2 Grade Level Open Space Standards 

7.2.1 Grade level open space is a continuous open space fronting the street and open to the sky. The 
purpose of a grade level open space is to provide a landscaped open space to preserve views of 
the Jazz Mural and Capitol Records and accentuate the low scale character. 

7.2.2 Minimum grade level open space will be 5% of total lot area of the development site for buildings 
up to a height of 220 feet. (See, Fig. 5.1.2.a.1- 2.) 

7.2.3 An additional 3% of open space (total 8%) required for buildings between 221 feet and 400 feet. 

7.2.4 An additional 5% (total 10%) of open space to be required for buildings between 401 feet and 
550 feet 

7.2.5 An additional 7% {total 12%) of open space required for buildings taller than 550 feet. 

7.2.6 Location 

a. East site: adjacent to the Jazz Mural and Capitol Records Tower; West site: across from 
the Capitol Records Tower along Vine Street. 

b. Minimum depth: no horizontal dimension less than 5 feet when measured 
perpendicular from any point on each of the boundaries of the open space area. 
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fig 7.1.5 

fig 7.1.4 

fig 7.1.3 

fig 7.1.2 
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7.3 Passageway Standards 

7.3.1 A publicly accessible passageway (PAP) is a continuous through block public connection between 
two parallel streets, located on privately owned land. The passageway may be either enclosed or 
open to the sky or a combination of both. 

7.3.2 Design Intent: to encourage public pedestrian circulation and other appropriate public uses on 
both sides along Vine Street. 

7.3.3 location and Size standards: 

II) 
:J 
c:: 

~ 
D 

.. 
III 
~ 

a. The major portion of a PAP is the largest area of the PAP and the area of primary use. 
Major portions shall be generally regular in shape, contiguous to each other, easily and 
directly accessible from adjoining buildings and public spaces. Major portions shall 
occupy no less than 75 percent of the total PAP area and shall not be less than 20'-0" 
wide. 

b. Minor portions of PAP are secondary areas that allow for additional flexibility in the 
shape and configuration of a PAP. Minor portions shall not occupy more than 25 
percent of the total area of the PAP. The minor portion shall have a minimum width of 
10 feet. 

c. The minor portion must be directly adjacent to the major portion. 

II) 
::J 

i 
c: 

~ e 
W Jl 

CD :>. 
c: fl 
5 « 

III l1li III III PAP 

fig. 7.3.3: Publicly Accessible Passageway (PAP) 
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7.3.4 Permitted Obstructions: 

a. Minimum percentage of PAP area to be open to the sky (East and West Sites combined) 
shall be as follows: 

(il Development with maximum building height of 150 feet: 0% 

(ii) Development with maximum building height of 220 feet: 20% 

(iii) Development with maximum building height of 400 feet: 30% 

(iv) Development with maximum building height of 550 feet: 40% (at least 
_% of open air area to be on the East Site) 

(v) Development with maximum building height of 585 feet: 50% (at least 
_% of open air area to be on the East Site) 

b. Permitted obstructions within major portion of an open air PAP: any features, 
equipment, and appurtenances normally found in public parks and playgrounds, such as 
fountains and reflecting pools, waterfalls, sculptures and other works of art, arbors, 
trellises, benches, seats, trees, planting beds, litter receptacles, drinking fountains, and 
bicycle racks; open air cafes; kiosks,outdoor furniture; lights and lighting stanchions; 
flag poles; public telephones; temporary exhibitions; balconies, bay windows; awnings, 
canopies and marquees; stairs, ramps and bollards. 
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a. Where a kiosk is provided, it shall be a one-story structure, predominantly of light 
materials, such as metal, glass, plastic, or fabric as approved by the Department of 
Buildings in conformance with the Building Code. Kiosks, including roofed areas, shall 
not: count as floor area, exceed 3% of the total area of the PAP, and occupy an area of 
more than 250 square feet. 

b. A kiosk may be freestanding or may be attached on only one side to a wall of the 
building. 

c. Any area occupied by a kiosk shall be excluded from the definition of floor area, and 
may be occupied by news or magazine stands, candy stands, and food preparation for 
open-air cafes, flower stands or public service/information booths. 

d. All kiosks exceeding 3% of total PAP area or greater than 250 square feet are permitted 
but will count as floor area. 

7.3.6 Open Air Cafe 

a. Where an open-air cafe is provided it shall be an unenclosed restaurant, eating, or 
drinking place, which may have waiter or table service and is open to the sky except for 
permitted obstructions such as trees, arbors, awnings or canopies. 

b. An open-air cafe shall be accessible from a minimum of two sides where there is a 
boundary with the remainder of the PAP. The boundary shall be defined by planters.or 
temporary decorative barricades. Seating may be reserved for customers. 

c. An open-air cafe may occupy an aggregate area not more than 20% of the total area of 
the PAP. No cooking equipment shall be installed within an open-air cafe. Cooking 
equipment may be contained in a kiosk adjoining the open-air cafe. An open-air cafe 
qualifying as a permitted obstruction shall be excluded from the definition of floor area. 

7.3.7 Service through windows: 

a. Outdoor eating services or uses occupying kiosks may serve customers on PAP through 
open windows. 

7.3.8 Prohibition of parking spaces, loading berths, exhaust vents and building refuse storage areas: 

a. No buildings refuse storage areas or refuse storage from a kiosk or open-air cafe are 
permitted on any PAP. 

b. No exhaust vents are permitted on any PAP or on any building wall of the development 
fronting upon the PAP except where such vents are more than 10'-6" above the level of 
the PAP. 

7.3.9 Frontages 
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a. Mandatory allocation of frontages for permitted use: at least 40% of the total frontage 
of building walls of the development fronting on a PAP shall be allocated for occupancy 
by permitted retail, restaurants and cultural uses. 

b. Such building frontage use requirement shall apply to both the mezzanine, if provided, 
and the street level. All such uses shall be directly accessible from the PAP with an 
entrance required every 50' at a minimum. The remaining frontage may be occupied by 
other uses, vertical circulation elements and building lobbies. 

7.3.10 Maintenance: 

a. Responsibility: the building owner shall be responsible for the maintenance of the PAP 
including, but not limited to, the confinement of permitted obstructions, litter control, 
and the care and replacement of vegetation within the parcel and in the street sidewalk: 
area adjacent to the parcel. 

b. litter receptacles: shall be provided with a minimum capacity of one cubic foot for each 
2,000 square feet of PAP area. An additional. capacity of one cubic foot of litter 
receptacle shall be provided for each 2,000 square feet of PAP in connection with 
outdoor eating services or other uses permitted on PAP which generate litter. 

1.4 Roof-top Open Space 

7.4.1 Buildings above 550 feet to include roof-top open space. 

7.4.2 Roof-top open space to include an observation area (Le., viewing deck) accessible to the public. 

7.4.3 Roof-top open space may include a cafe. 

RESIDENTIAL OPEN SPACE STANDARDS - COMMON AND PRIVATE OPEN SPACE 

1.5 Residential Common Open Space 

7.5.1 Common open space is intended to be a "rear yard" providing light and air to apartments on the 
interior of a parcel; secure, primarily passive recreational open space for resident adults and play 
space for children; and to be visually attractive when viewed from apartments adjacent and 
above. The publicly accessible passageway cannot be used to meet the residential open space 
requirements. 

7.5.2 Common Open Space Standards 

a. Provide at a minimum the following usable open space per dwelling unit: 100 square 
feet for each unit having less than three habitable rooms; 125 square feet for each unit 
having three habitable rooms; and 175 square feet for each unit having more than three 
habitable rooms. 

b. Usable open space shall mean an area which is designed and intended to be used for 
active or passive recreation. Usable open space may consist of private and/or common 
area as further defined and regulated herein. 
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c. Be open to the sky and have no structures that project into the common open space 
area, except as permitted in the zoning code. 

d. Be readily accessible to all the residents of the site. 

e. Have a minimum area of 400 sq. ft. with no horizontal dimension less than 15 feet when 
measured perpendicular from any point on each of the boundaries of the open space 
area, 

f. Constitute at least 50% of the total required usable open space in developments built. 

g. Common open space areas shall incorporate recreational amenities including but not 
limited to, swimming pools, spas, picnic tables, benches, children's play areas, ball 
courts, barbecue areas, sitting areas, gym and fitness center. 

h. Common open space shall be located at any story above curb level. The roof of any 
portion of a building used for accessory parking or for any permitted non-residential use 
shall be considered as common open space. 

7.6 Residential Private Open Space 

7.6.1 A private open space area is an area contiguous to and immediately accessible from a single 
dwelling unit. 

7.6.2 Residential Open Space Standards 

a. Contain a minimum of 50 square feet of which no more than 50 square feet per dwelling 
unit shall be attributable to the total required usable open space. 

b. Have no horizontal dimension less than six feet when measured perpendicular from any 
point on each of the boundaries of the open space area. 

c. Provide a minimum eight-foot vertical clearance under any projection, except as 
provided in zoning code. 

d. That portion of a balcony which extends or projects into a required front yard in 
compliance with zoning code may qualify as usable open space provided it meets each 
of the above specified requirements noted in items i-iii. 
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8. LANDSCAPE 

8.1 Grade level Open Space Standards 

8.1.1 Planting requirements: Minimum 10% of grade level open space shall be landscaped with 
softscape or water features. 

8.1.2 landscaped area(s) shall be planted with seasonally diverse plant material. 

8.1.3 The landscaped portion may be designed as a single area or multiple planted areas. The 
minimum size of a single planted area shall be 100 square feet. 

8.1.4 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 3Q" 

c. lawns, ground cover:.18" 

8.1.5 Each planted area shall have provision for proper drainage, and shall be equipped with automatic 
drip irrigation and waterproof electrical outlets. 

8.1.6 Permitted obstructions: the following are permitted obstructions which may occur in;he grade 
level open space: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade details, 
marquees, canopies, awnings, outdoor dining; and 

b. retail storefronts. 

8.1.7 Open-air publicly accessible passageways (PAP) are not to be included in the grade level open 
space .requirements. 

8.2 Common Open Space Standards 

8.2.1 A minimum of 25 percent of the common open space area shall be planted with ground cover, 
shrubs or trees. 

8.2.2 At least one 24-inch box tree for every four dwelling units shall be provided on site and may 
include street trees in the parkway. 

8.2.3 For a surface area not located directly on finished grade that is used for common open space, 
and. located at ground level or the first habitable room level, shrubs and/or trees shall be 
contained within permanent planters at least 30-inches in depth, and lawn or ground cover shall 
be at least 12-inches in depth. 

8.2.4 All required landscaped areas shall be equipped with an automatic irrigation system and be 
properly drained. 
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fig. S.3.b: Open Air Cafe 

8.3 Standards For Open Air Portions of PAP 

8.3.1 The landscaped portion may be designed as a single area or multiple planted areas. The 
minimum size of a single planted area shall be 100 square feet. 

8.3.2 The minimum soil depths for planting are: 

a. Trees: 42" 

b. Shrubs: 3D" 

c. lawns, ground cover: 18" 

8.3.3 Each planted area shall have provision for proper drainage, and shall be equipped with automatic 
drip irrigation and waterproof electrical outlets. 

8.3.4 Planting requirements: 

a. Minimum of 10% of open air PAP shall be landscaped. 
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b. For each 400 square feet of landscaped area there shall be at least one (I) major shade 
tree or two (2) minor ornamental trees. 

c. The remaining landscaped area{s) shall be planted with seasonally diverse plant 
material. 

.;;BACK 

"1 :: 12"MIN. 
: ' 

12uMIN.-T 
36" MAXJ~CCESS 

t 
30" MIN. 

t 

PLAN SECTION - SINGLE SEAT SECTlON- DOUBLE SEAT 
fig. 8.3.5: Seating Standards 

8.3.5 Seating 

a. There shall be a minimum of one linear foot of seating for each 500 square feet of PAP 
excluding the area of an open-air cafe. 

b. One seat shall equal 2 linear feet 

c. Not more than 50% of the linear seating capacity may be in moveable seats. Seating 
shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons, a minimum of 20% of the required 
seating shall have backs at least 12" high and a minimum depth of 14". 
Seating 30" or more in depth shall count double provided there is 
access to both sides. 

(ij) Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the seating 
requirements. 

(iii) The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating when 
they conform to the dimensional standards in subparagraphs 0) and 
(ii) above. 

d. Moveable seating or chairs, excluding seating of open-air cafes, may be credited as 30 
inches of linear seating per chair. Steps and seating in open-air cafes do not count 
toward meeting the seating requirements. 
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8.4.1 It is the intent to comply with the Urban Forestry Division standard guidelines regarding street 
tree locations and planting procedures. Regular spacing of the street trees is critical to the 
overall image of the Project, establishing the module for locating all of the other elements of the 
streetscape and certain building elements such as entrances, canopies, and utility connections. 

8.4.2 Street trees playa very important role in the Project. To create a strong visual order, trees shall 
be planted in continuous, uniformly spaced rows along the streets. To acknowledge 
microdimatic variations and to avoid monoculture demise, different tree species shall be 
required on the designated hierarchy of street types. In all cases, the trees shall be planted in a 
single row on sidewalks leading to or abutting the development. 

8.4.3 Spacing of the street trees is critical to the overall image of the development, so their regular 
spacing becomes the module for locating all of the other elements on the sidewalks such as light 
standards, pavement scoring patterns and curb cut zones. It is important that building elements 
affecting tree spacing, such as entrances, canopies, and utility connections, be coordinated at the 
outset to avoid conflict with the established tree-planting pattern. 

8.5 Lighting Standards 

8.5.1 lighting located at the perimeter of each parcel is required to supplement the street lighting. Its 
purpose is to improve color rendering, fill in shadows, light pedestrians' faces, articulate the 
building base-level facades, reinforce the residential and pedestrian character of the 
development and adjoining neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and easy to maintain. 

8.5.2 Supplemental lighting shall meet the following minimum requirements 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of the 
parcel and designed in conjunction with the grade level open space and open PAP. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index (CRI) of 65 or 
greater, Le. metal halide, fluorescent, compact fluorescent, white cold cathode, white 
neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.O-foot candles on a horizontal 
plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet between 
elements. 

8.5.3 Responsibility for maintenance 

a. Building owner is responsible for maintenance of all lighting associated with the 
property and for the maintenance of tenant lighting used to meet these requirements. 
No luminaire or lighted element which is to meet these requirements shall be out of 
commission for more than 10 consecutive days. 
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b. Additional lighting such as plant lighting, colored lighting, signage lighting, etc. will be 
used. The operation of additional lighting will be at the discretion of the building owner. 

8.5.4 lighting for areas located inside the lot line and visible from the street: such as service yards, 
loading docks, service or garage entrances, shall be lighted with "white" light sources in 
attractive and/or concealed luminaires. 

8.5.5 lighting for above-grade parking garage facilities: shall utilize "white" light sources and the 
luminaires' brightness shan be shielded from view of the street or any residential living space. 
This may be accomplished through architectural screening, luminaire plj!cement, or integral 
luminaire shielding. Parking garages which are entirely concealed from exterior view are exempt 
from this requirement. 

8.6 PAP Lighting Standards 

8.6.1 A PAP shall be illuminated throughout with an overall minimum average level of illumination of 
not less than one maintained foot candle (lumens per square foot) on the horizontal plane at 
grade. 

8.6.2 Such level of illumination shall be maintained throughout the hours of darkness. light sources 
shall be white light. 

8.7 Continuity of Design 

8.7.1 Design elements and architectural clues that reinforce where appropriate continuity between 
open and enclosed spaces at grade level is encouraged. Continuity of design may reinforce 
pedestrian circulation and support the Projeds way-finding features. 

8.7.2 Where possible, materials, lighting, site elements and landscape should be similar between 
different open and enclosed public spaces at the grade level. 
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9. PARKING 

9.1.1 Commercial I Office I Retail/Sports Club: 

At least two parking spaces for every one thousand square feet of combined gross floor area of 
commercial office, business, retail, restaurant, bar and related uses, trade schools, or research 
and development buildings on any lot. The Regulation incorporate applicable parking 
requirements in the LAMC as set forth below. 

9.1.2 Condominiums 

a. At least two parking spaces per each dwelling unit 

b. One quarter parking spaces per each dwelling unit for guest parking 

9.1.3 Rental 

At least one parking space for each dwelling unit of less than three habitable rooms, one and 
one-half parking space for each dwelling unit of three habitable rooms, and two parking spaces 
for each dwelling unit of more than three habitable rooms. 

9.1.4 Combination of uses 

Where there is a combination of uses of a lot, the number of parking spaces required shall be the 
sum of the requirements of the various uses. 

9.1.5 Shared parking 

a. Shared parking may be applied on the site when the uses have different parking 
requirements and different demand patterns in a 24-hour cycle. The intent is to 
maximize efficient use of the site by matching parking demand with complimentary 
uses. 

b. Calculating Shared Parking: 

(i) Step I: Determine the aggregate minimum number of spaces required 
pursuant to the Code requirements for all land uses. 

(ii) Step II: Based on the hourly variation in parking demand, determine 
the peak parking demand for the combined demand of all the land 
uses in the development. 

(iii) Step III: Compare the calculations in Steps I and II, and the lesser of 
the two parking demands shall be used as the minimum number of 
parking spaces to be provided. 
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c. When a sports club is located in an office building with 50,000 square feet of office 
space, the general commercial use parking requirements apply and one parking space is 
required for 500 square feet of floor area for the building. 

9.1.6 Additional regulations: 

a. Location of accessory commercial, office and retail off-street spaces may be located on 
the same parcel as the use to which they are accessory or on the opposing 
development. 

b. The automobile parking spaces required by Paragraphs (b), (c), (d) and (e) hereof, shall 
be provided either on the same lot as the use for which they are intended to serve or on 
another lot not more than 750 feet distant there from; said distance to be measured 
horizontally along the streets between the two lots, except that where the parking area 
is located adjacent to an alley, public walk or private easement which is easily usable for 
pedestrian travel between the parking area and the use it is.to serve, the 750-foot 
distance may be measured along said alley, walk or easement. 

c. Curb cuts shall be located no closer than 50 feet to the intersection of two streets. 

d. Access driveways to parking facilities will not exceed 28 feet in width. The minimum 
separation between drives located along the same frontage shall be 50 feet. 

e. Parking and loading access will be shared where feasible. 

9.1.7 Screening 

a. Above grade parking shall be lined with habitable floor area having a minimum depth of 
20 feet along street frontages where feasible or shall be designed to blend in with the 
form and massing and designed to look like an integral part of the building. The interior 
of a parking structure will be designed to be screened from the view of streets and 
sidewalks. 

9.2 Bicycle Standards 

9.2.1 Requirements for each use: 

a. Commercial! Office! Retail: 

Any portion of a building used for non-residential purposes which contains a floor area 
in excess of 10,000 square feet, bicycle parking spaces shall be provided at the rate of 
two percent of the number of automobile parking spaces required by this section for 
such non-residential uses; provided, however, that at least one bicycle parking space 
shall be provided for any such building having a floor area in excess of 10,000 square 
feet of non-residential use. If the calculation of the number of required spaces results in 
a number including a fraction, the next highest whole number shall be the number of 
spaces required. 
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At least one secure bicycle parking space shall be provided for every two residential 
units. 

C. Rental 

None 

9.3 Transportation Demand Management Plan 

9.3.1 Project approvals to incorporate a comprehensive plan to manage vehicular and pedestrian 
circulation within the Project Site. 

9.3.2 The transportation demand management plan will promote smart on site pedestrian and 
vehicular circulation and create linkages to public and private amenities outside the Project Site. 
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10. SIGNAGE 

10.1 Hollywood Signage Supplemental Use District 

Signage shall be subject to Ordinance No. 176112: Hollywood Sign age Supplemental Use District pursuant 
to Section 13.11 of the Los Angeles Municipal Code. 

10.2 Modification to Guidelines 

Notwithstanding Section 10.1, high-rise signs located within 24 feet from the top of the building and 
meeting the requirements of the Building Code shall be permitted. See fig . 

.-__________________ ~--~-lOPOF~~~~--~ 

I 

LOT UNE -----i 

fig. 10.2: High Rise Sign 

24'MAX 

f------I---+--- HIGH-RISE SIGN 

- - - -+---+-

LOTUNE 

...---------jf---------
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11. SUSTAINABlllTY 

11.1 Nonresidential Projects 

The Standard of Sustainability establishes a requirement for non-residential projects at or above 50,000 
square feet of floor area, high-rise residential (above six stories) projects at or above 50,000 square feet 
of floor area, or low-rise residential (six stories or less) of 50 or more dwelling units within buildings of at 
least 50,000 square feet of floor area to meet the intent of the leadership in Energy and Environmental 
Design® (lEED®) Certified level. The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a valuation of 50% of the 
existing building's replacement cost. 

11.2 Other Projects 

Notes: 

The project must include a lEED® Accredited Professional (lEED® AP) on the project team, and 
demonstrate that the project has met the intent of the US Green Building Council's (USGBC) lEED® 
Certified level. Forma! certification by the USGBC is not required. 

All images and figures used in the Regulations were prepared for exclusive use by Millennium Partners unless 
otherwise noted. 
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3. Entitlements Schedule 

a. CEQA Process 

=> Coordination with Community Outreach 

=> Q1 Milestones 
. . . 

1. Filing Fees and Initial Study - February 2011 . 
2. Notice of Preparation of EIR - mid-March 

3. Scoping Meeting :..- A~il 

b. Approvals (Hypothetical Outlook for 20,1t-20~~ 
=> EIR in circulation - March 2bi2~ 

J 

=> Responses to Comments - May une 

=> Planning Commission Hearing-Ju y/August 

=> PLUM!Council- September f' JJJ. 
=> CRA Commission - October ~-~.f}t 
=> City Council- November/December 

4. eRA 

a. Hollywood District Guidelines 

b. Joint Task Force 

c. State Reform - Update 

5. Market Update 

6. Next Steps/Other Business 
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DEVELOPER'PROPERl'Y LEGAL DESCRIPTION· 

EXHIBlT "A~2" 
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DEVELOPERPROPER:YYLEGAL DEScrurTloN 

APNS54'6'004006: 1746,~174S~ 1154, 1160md 11641v~r Street 
APN5546004-o2.3: 174~ 1149, ItMand 1753 Vine Street 

APN '554600402'1;' No. Addr~s 

PARCELl: 

LOTS 20, 21 AND THOSE PORTIONS OF LOTS 19 AND 22 tN BLOCK 21 OF 
HOLLYWOOD. IN THE CITY OF LOS ANGELES, COUNTY OF .LOS ANGELES, 
STATE OF CALIFORNIA, AS PER MAP RBCORDEDIN BOOK 28 PAGES 59 AND 
60 OF MISCELLANEOUS RECORDS, IN THE OFFICE, OF THECOtJNTY 
RECORDER OF SAID COUNTY, DESCRIBED AS FOLLOWS: 

BEGINNING AT A POINT IN THE EAST LINE OF SAID LOT 19. DISTANT 
NQRTHERLY THEREON, 400..23 FEET FROM THE NORTH LINE OF 
HOLLYWOOD. BOULEVARD, lOl);OO FEErWlDE. AS: ESTAJ3.LlSHED BY THE 
CITYENGmEER OF 'SAID CrrY?MEA~'UREDAWNGTHE EAST$J.U,Y LINES 
OF LOTS 13 TO 191NCWS:IVE INSAlOBLOCK,21;THENCE 
WESTERLY IN A DIRECT LINE, ADIS"rANCEOlt 181.50· FEET TO A POlNf IN 
THE WEST LINE OF SAID LOT 19, DISI ANT NORTHERLY, TIrEREON 400.39 
FEET, MEASUREDALONGlliE WESTBRLYLINES OF SAlD LOTS 13 TO 19 
INCLUSIVE OF SAID BLOCK FROM THE NORTHERLY LINE OF SAID 
HOLLYWOOD BOULEVARD; TfiENCE NORTE:£RLY ALONGTHE WESTERLY 
LINES OF SAID LOTS 19,20, 21 AND 22; TO nIE NORTHERLY LINE OF THE 
SOlJTHERL Y 17.00 FEET OF SAID LOT 22; THENCE EASTERLY ALONG BAID 
NORTHERLY LINE TO THE EASTERLY LINE OF SAID LOT 22; THENCE 
SOUTHERLY, ALONG THE EASTERLY LINES OF SAID LOTS 22, 21, 20 AND 19 
TO THE POINT OF BEGINNlNG. 

PARCEL 2; 

LOTS 3, 4 AND THOSE PORTIONS OF LOTS 2 AND 5 IN BLOCK 21 OF 
HOLLYWOOD, IN THE CITY OFLOS ANGELES. COUNTY OF LOS ANGELES, 
STATE OF CALIFORNIA, AS PER MAP RECORDED IN BOOK 28 PAGES 59' AND 
60 OF MISCELLANEOUS RECORDS, IN THE OFFICE OF THE COUNTY 
RECORDER OF SAID COUNTY, DESCRIBED AS A WHOLE 
AS FOLLOWS: 

BEGINNING AT THE lNTERSECTIONOF THE NORTHERLY LINE OFTIIE 
SOUTH 16.80 FEET OF SAID LOT 5 WITH THE EASTERLY LINE THEREOF; 
THENCE WESTERLY ALONG SAIDNORTHERLYUNETO mE WESTERLY 
LINE OF SAID LOT 5; THENCE NORTHERLY ALONG THE WESTBRLY Ll.NES 
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OF SAID LOTS 5, 4, 3, AND 2 OF SAID BLOC~ TO THE NORWERL Y LINE OF 
THE SOUTHERLY 9.80 FEET OF SAID LOT 2; THENCE EASTERLY ALONG SAID 
NORTIrERL Y LINE TO THE EASTERLY LINE OF SAID LOT 2; THENCE 
SOUTfiERLY ALONG THE EASTERLY LINES OF SAID LOTS 2,3,4 AND 5 TO 
THE POINT OF ,BEGINNING. 

APN 5546030028: 6236 W. Yucca Street; 1740,1750,1760-1168 Vine Street 
.A,PN5546t130031: No Address 

APN 5546030032: 1770 Vme Street 

PARCEL 1: APN 5546-030-028 (PORTION) 

THAT PORTION OF LOT I OF TRACT NO. 18237, IN THE CITY OF LOS 
ANGELES, COUNTY OF LOS ANGELES, STATE OF CALIFORNI~ AS PER MAP 
RECORDED IN BOOK 529 PAGES 1.0 AND 11 OF MAPS, IN THE OFFICE OF THE 
COUNTY RECOIIDER OF SAID COUNTY~ L YINGWESTERL Y OF A LINE 
WHICH IS PARALLEL WITH AND DISTANT 260.00 FEETEASTERL Y, 
MEASURED AT RIGHT ANGLES, FROM THE CEN1'ERLlNn OF VINE STREET, 
100 FEET WIDE, AS SHOWN ON mE MAP OF SAID TRACT. 

EXCEPT THAT PORTION OF SAID LAND L YINe SOUTHERLY OF A LINE 
wmCH IS PARALLEL WITH THE MOST SOUTHERLY LINE OF SAID LOT 1 
AND DISTANT 119.96 FEET NORTHERLY THEREFROM, MEASURED AT RIGHT 
ANGLES. 

PARCEL 2: APN: 5546~030-02g (REMAINDER) 

THE SOUTH 58 FEET OF LOT 12 OF CENTRAL HOLLYWOOD TRACT NO.2, IN 
THE CITY OF LOS ANGELES, COUNTY OF LOS ANGELES, STATE OF . 
CALIFO~~> AS PER MAP RECORDED IN BOOK 6 PAGE 144 OF MAPS, IN THE 
OFFICE OF THE COUNTY RECORDER OF SAID COUNTY. 

PARCEL 3: APN: 5546-030-031 

THE EAST 50 FEET OF THE NORTH 2 FEET OF LOT 12 OF CENTRAL 
HOLLYWOOD TRACT NO.2, AND mE EAST SO FEET OF LOT 13 OF SAID 
CENTRAL HOLLYWOOD TRACT NO. 2, WI'tHTHEEXCEPT OF THAT PORTION 
DEEDED TO THE CITY FOR8TREET PURPOSES OF LOS ANGELES. IN TIlE 
CITY OF LOS ANGELES, COUNTY OF LOS ANGELES. STATE OF CALIFORNIA, 
ASPER MAP RECORDED IN BOOK 6 PAGE 144 OF MAPS, IN THE OFFICE OF 
THE COUNTYRECQRDER OF SAID COUNTY. 
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PARCEL 4: APN: 5546-030-032 

THE WEST 100 FEET OF LOTS 12 AND 13 OF CENTRAL :HOLLYWOOD TRACT 
NO.2, IN THE CITY OF LOS ANGELES, COUNTY OF tos ANGELES; STATE OF 
CALIFORNIA. AS PER MAP RECORDED IN BOOK. 6 PAGE 144 OF MAPS, IN THE 
OFFICE OF THE COUNTY RECORDER OF SAlD COUNTY. 

. EXCEPT THE SOUTH 58 FEET OF SAID LOT 12. 

ALSO EXCEPT THEREFROM THAT PORTION OF $AIDLAND INCLUDED 
WITHIN nm LINES. OF YUCCA STREBTASDESCR.IaED IN .LOB ANGELES 
COUNTY SUPERIOR COURtCASE'NO"202'SSO,J-lOTICEOF PENDENCY OF 
SAID ACTION WAS RECORDED ON AU<JOST6, 1926 AS INSTRUMENT 
NO. 1775. IN BOOK. 6018 PAGE21Q OF OFFICiAL RECORDS IN SAID OFFICE OF 
THE COUNTY RECORDER. 

SAID PROPERTY IS ALSO KNOWN AS AND IS DESCRIBED AS A WHOLE AS 
FOLLOWS: 

SEGINNtNG AT THE MOST WESTERLY CORNER OF LOT 1; TRACT H~237.:AS 
PER MAP RECORDED IN BOOK 529, PAGES lOANO 11 OFMAPS, IN THE 
OFFICE OF mE COUNTY REcORDER OF LOS ANGELES COUNTY, 
CALlFORNIA, SAID POINT BEING ON THE EASTERLY RIGHT OF WAYOF 
VINE STREET 100' WIDE; THENCE NOO DEGREES lS'S2"W 119.9& TO THE TRUE 
POINT OF BEGINNING. THENCECONTINUINGNOODEGREES 15152"W 297.05'; 
THENCE N89 DEGREES 52'48"£ 150.002'; SOO DEGREES 15'52"E 24.0Q' TO THE 
SOUTHERLY RIGHT OF WAYOF YUCCA STREE'T94'WIJ:)E; THENCE N89 
DEGREES 52'48'8 59.95'; THENCE SOO DEGREES 15152"£ 272~ 1 0'; THENCES'89 
DEGREES 37'21" W27.30' TO A POINT WHICH IS 232.67l PARALLEL WITH AND 
EASTERLY OF THE CENTERLINE OF VINE STREET lOO'.WIDE; THENCES89 
PEGREES 37'21 ~w 182.67' TO THE 'POINT OF BEGINNING. 

PARCELS: 

A NON-EXCLUSIVE EASEMENT FOR PARKING SPACES AS SET FORTH IN 
THAT CERTAIN UNRECORDED PARKING .EASEMENT AGREEMENT DATED 
AS OF MARCH 27, ZOOl,SUBJECT TO THE TERMS THEREIN PROVIDED, AS 
DISCLOSED BY TRATCERTAIN INSTRUMENT ENTITLED "MEMORANDUM· 
OF PARKINGE.l\SEMENTAGREEMENT" RECORDED MARCH 30. 2001 AS 
INSTRUMENT NO. 01-528743, OFFICIALRECO+WS, AND SUBJECT TO THE 
TERMS AND PROVISION OF THAT CERTAIN "SUBORDINATiON, NON
DISTURBANCE AND ATTORNMENT AGREEMENT" RECORDED MARCH 30. 
2001 AS INSTRUMENT NO. 01-0528748 OF OFFICIALRECORDSj SAID PARKING 
SPACES ARE LOCATED ON THE PROPERTY DESCIUBED IN EXHIBIT B 
ATTACHED TO SAID MEMORANDUM OF PARK.INGEASEMENT AGREEMENT. 
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APN 5546030033: 1733.and 1141 Argyle Avenue 

P AReEL 1; APN: 5546-030,;()S3 

THAT PORTIo.N OF LOT 1 OFTRACTNO. 18237, IN THE CITY OF LOS 
ANGELES, COUNTY OF LOS ANGELES, STATE OF CALIFORNIA, AS PER MAP 
RECORDED IN BOOK 529 PAGES 10 AND 11 OF MAPS, IN'THE OFFICE OF THE 
COUNTY RECORDER OF SAID COUNTY. 

BEGINNING AT THE MOST WESTERLY SOtrI'HWEST CORNER OF SAID LOT; 
THENCE NORTHERLY ALONG THE WESTERLY LINE o.F SAID LOT TOA LINE 
WHICH IS PARALLEL WITH THE MOST SOU'TliERL Y LINE OF SAID LOT 1 
AND DISTANT 119.96 FEET NORTHERLY THEREFRo.M MEASURED AT roGHT 
ANGLES, TO. SAID So.UUIERL Y LlNE·~ THENCE EASTERLY AWNGSAID LAST 
MENTIONED PARALLEL LINE TO A LINE WHIctIIS PARALLEL WITH AND 
DISTANT 260.00 FEEl' EASnRLY MEASURED ARIGHT ANGLES FROM THE 
CENTER L.INE OF VINE STREET IOO.OO Fm wrotE. AS SHOWN ON THE MAP 
OF SAID "TRACT NO. 18237; THENCE NORTHERLY ALONG SAID LAST 
MENTIONED PARALLEL LINE TO A POINT IN THE NORTffERLY LINE OF 
SAID LOT 1; THENCE NORTH 89° 52'27" EAST ALONG SAID LAST MENTIONED 
NORTHERLY LINE TO THE EASTERLYTERMlNUS OFTHAJ' CERTAIN 
COURSE IN THE No.RTHERLY LINE OF SAID Lo.T SHOWN ON THE MAP OF 
SAID "fRACT AS HAVING A BEARING AND LENGTH OF SOUTH 89° 52'27" 
WEST 195.04 FEET; THENCE So.UTHERL Y ALONG A TANGENT CURVE IN THE 
BOUNDARY LINE OF SAID LOT CONCAVE TO THE So.UTHWEST HAVING A 
RADIUS OF 14,49 FEET AND AN ARC LENGTH OF 23.51 FEET TO THE END 
THEREOF; THENCE SOUTH 0° 16'00" EAST ALONG THE EASTERLY LINE OF 
SAID LOT, TO A POINT 17 ~.50 PEEr, NORTHERLY MEASURED ALONG SAID 
EASTERLY LINE FRo.MTHE&OUTHEASTERLY CORNER OF SAID LOT, SAID 
POINT BEING THE TRUE POINT OF aEQImfINCfOFTBIS DESCRIPTION; 
THENCE SOUTH 0° 16'00" EAST ALONG SAID EASTER4 YLINE 171.50 .FEET TO 
THE SOUTF:iEASTERLY CORNER o.F SAID LOT; THENCE SOUTH ggo 37*45" 
WEST 109.50 FEET ALONG THE SOUTIfERL Y LINE OF SAID LOT TO AN 
ANGLE POINT THEREIN; THENCE CONTINUING ALONG SAID SaUTHERL Y 
LlNENORTH 48° 55'41" WEST 30.21 FEET TO.AN ANGLE POINT THEREIN; 
THENCE SOUTH 896 37'45" WEST ALONG THE SOUTHERL YLINE OF SAID LOT 
AND ITS WESTERLY PRDLONGATlON SHOWN ON SAID MAP AS HAVING A 
BEARING OF So.UTH &9° 3T45u WEST AND A LENGTH OF 39.92 FEET TO A 
LINE WHICH IS PARALLEL WITH AND DISTANT 232.67 FEET EASTERLY 
:MEASURED AT RIGHT ANGLES FROM THE CENTERLINE OF VINE STREET 
ABOVE DESCRIBED; THENCE NORTHERLY ALONG SAID LAST MENTIONED 
PARALLEL LINE TO A POlNT ON THE LINE ABOVE DESCRIBED AS BEING 
PARALLEL WITH THE MOST SOUlliERLYLINB OF SAID Lo.T; THENCE 
EASTERLY ALONG SAID LINE TO THE LINE ABOVE DESCRIBED AS BEING 
PARALLEL WITH AND DISTANT 260.00 FEET EASTERLY OF THE CENTER 

AR0068508 



CO-0001-335 

LINE OF VINE STREET; THENCE NORTHERLY ALONG SAID PARALLEL LINE 
TO THE INTERSECTION WITH A LINE PERPENDICULAR TO THE LINE ABOVE 
DESCRIBED AS THEEASTBRLY LINE 'OF SAID LOT AT THE TRUE POINT OF 
BEGINNING; THENCE NORTH 89G.44' EAST' ALONG SAID PERPENDICULAR 
LINE TO THE TRDE POINT OF BEGINNING. . 

SAID LAND IS, ALSO KNOWN AS:' 

BEGINNING AT THE MOST WESTERLY CORNER OF LOT 1. TRACT NO. 18237, 
AS PER MAP RECORDED IN BOOK 529 PAGES 10 AND 110F MAPS~ IN THE 
OFFICE OF THE COUNTY RECORDER OF sAID COUNTY, CAUFORNIA, SAID 
POINT BEINOON THE EASTERLY RlGHT OF WAY OF VINE STREET 100' 
WIDE; THENCE NOO DEGREES 15'52"W 119.96'; JHENCE N89 DEGREES 31'21 "E 
182.67 TO THE TRUE POINT OF BEGINNING, THENCE; N89 DEGREES 37'21 liE 
27.30'; THENCE NOD DEGREES 15'52"W 101.80'; THENCENB9 DEGREES 44'08"E 
150.07' TO THE WESTERLY RIGHT OF WAY OF ARGYLE AVENUE 75' WIDE; 
THENCE SOUTHERLY ALONG SAID RIGHT OF WAY; SOD DEGREES 15'48"E, 
171.50' TO THE NORTHERLY RIGHT OF WAY OF A POBUCLY DEDICATED 
ALLEY WAY BEING 20' WIDe THENCE ALONG SAID 'RIDHTOF WAY; S<8g 
DEGREES 37'2J ... W 10950' TIffiNCE; N48 DEGREES 56'05"W3{t22T THENCE; S89 
DEGREES 37'21 "W 45.18' TO A POINT WHICH BEARS 800 DEGREES 15'52,"E 
FROM THE POINT OF BEGINNING OF THIS DESCRIPTION; THENCE NOO 
DEGREES 15'52"E 49.991 RETURNING TO THE POINT OF BEGINNING; 

PARCEL 2; 

A NON-EXCLUSIVE EASEMENT FOR PARKING SPACES AT SET FORTH IN' 
THAT CERTAIN UNRECORDED PARKING BASEMENT AGREEMENT DATED 
AS OF MARCH 27, 2001, SUB1ECT TO THE TERMS THEREIN PROVIDED, AS 
DISCLOSED BY THAT CERTAIN INSTRUMENT ENTITLBD'!MEMORANDUM 
OF PARKING EASEMENT AGREEMENT" RECORDED MARCH 30.2001 AS 
INSTRUMENT NO. 01-528743, OFFICiAL RECORDS, AND SUBJECT to THE 
TERMS AND PROVISIONS OF THAT CERTAIN 'SUBORDINA'IrON, NON
DISTURBANCE AND ATTORNMENT AGREEMENT" RECORDED M.AACH 30, 
2001 AS INSTRUMENT NO. 01-0528748 OF OFFICIAL RECORDS~ SAID PARKING 
SPACES ARE LOCATED ON THE PROPERTY DESCRIBED IN EXIDBrr B 
ATTACHED TO SAID MEMORANDUM OF PARKlNG<EASEMENT AGREEMENT. 

APN 5546030034:: 1722, 1724, and 1130 Vine Street 

Real property in the City of Los Angeles,County ofLo's Angeles, Sate ofCalifomia, 
described as follows: 
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THOSE PORTIONS OF LOT 1 OF TRACT NO. 18237, IN THE CITY OF 
LOS ANGELES,COUNTY OF LOS ANGELES, STATE OFCALIFORNrA, ASPER 
MAP RECORDED IN BOOK 529 PAGES 10 AND 1 i OF MAPS) IN THE OFFICE OF 
THE COUNTY RECORDER OF SAID COUNTY, AND LOT -6 OF CENTRAL 
HOLLYWOOD TRACT NO.2 IN THE CITY OF LOS ANGELES, COUNTY OF 
LOS ANGELES, STATE OF CALIFORNIA; AS PER MAP RECORDED IN BOOK <5 
PAGE 144 OF MAPS, IN THE OFFICE OF THE COUNTY RECORDER OF SAID 
COUNTY, DESCRIBBD AS FOLLOWS: 

BEGINNlNG AT THE SOUJ'ffWRST CORNER OF LOT 6 OF nIE CENTRAL 
HOLLYWOOD TRACT NO.2, PER MAP RECORDED IN BOOK. 6 PAGE 144 OF 
MAPS, IN THE OFFIOE OF THE COUNTY RECORDER OF SAIP COUNTY, 
THENCE ALONG THE SOUTHERLY BOUNDARY OF SAID LOT 6~ NORTII 89<> 
37'45" EAST 153.00 FEET, MORE OR LESS, TO THE WESTERLY LINE OF THE 
EASTERLY 87.00 FEET OF SAID LOT 6; THENCE NORTH 00 15'52" WEST 60.00 
FEET TO THE SOUTHERLY LINE OF LOT 1 OF TRACT NO. 18237, PER MAP 
RECORDED IN BOOK 529, PAGES 10 AND 11, OF MAPS, IN THE OFFICE OF 
THE COUNTY RECORDER OF SAID COUNTY; THENCE, ALONG THE 
BOUNDARY OF SAID LOT 1, NORTH 89° 37'45" EAST 57.00 FEET. NORTH 0° 
16'00" WEST 30.00 FEET, SOUTH 89° 37'45" WEST 22.03 FEET. AND NORTH 
0022'15" WEST 40.00 FEET; THENCE SOU'r.a 89° 31!45;' WEST 522FEET,MORE 
OR LESS, ALONG THE WESTERLY PROLONGATION OF A COURSE IN THE 
SOUTHERLY BOUNDARY OF SAID LOT I, TO A LINE'WHIGBISPARALLEL 
WITH AND DISTANT 232.67 FEET EASTERLY MEASURED AT RIGHT ANGLES 
FROM THE CENTERLINE OF VINE STREET (100 FEET WIDE); THENCE NORTH 
0" 15'52" WEST 49.97 FEET, MORE OR LESS, ALONG LASTSAID·PARALLEL 
LINE TO A LINE WHICH IS PARALLEL WITH AND 119.96 FEET NORTHERLY, 
MEASURED AT RIGHT ANGLES, FROM THE MOST SOUTHERLY BOUNDARY 
LINE OF SAID LOT 1; THENCE SOUTH 89° 37145" WEST 182.67 FEETTO THE 
EAST LINE OF VINE STREET; THENCE SOUTH 00lS'j2" EAST 179;96 FEET TO 
THE POlNT OF BEGINNING. 

SAID LAND IS SHOWN ON THAT CERTAIN CERTIFICATE OF COMPLIANCE 
RECORDlIDMARCH 307 2001 AS INSTRUMENT NO. 01 5Z8~40. 
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DRAFT - FOR DISCUSSION PURPOSES ONLY: 

EXHIBiT II A-3 It 

THIRD PARTY PROPERTY 

EXHIBIT "A-3" 
-1-

. , 

AR0068511 



CO-0001-338 

TruRD PARTY PROP..ERTY LEGAL DESCR.IYfION 

APN 5546004029::6334 Yucca Street 
APN 5546004032:: No Address 

SAID LAND IS SITUATED IN THE CITY OF LOS ANGELES, COUNlY OF 
LOS ANGELES, STATE OF CALIFORN1A, AND IS DESCRlBED AS FOLLOWS: 

THOSE PORTIONS OF LOTS 1 AND 2 IN BLOCK 21 OF OOLLYWQOD AS PER 
MAP RECORDED IN BOOK 18 PAGE(S) 59 AND 60 OF MISCELLANEOUS 
RECORDS, IN THE OFFICE OF THE COUNTY RECORDER OF SAID COUNTY, 
DESCRIBED AS A WHOLE AS FOLLOWS; 

BEGINNING AT THE NORTHWESTERLY CORNER OF SAroLOT 2, WHICH IS A 
POINT IN THE EAST LINE OF rv AR AVENUE, (70 FEET WlDE); THENCE 
ALONG THE WEST LINE OF SAID LOT 1 NORTH 0"'05* 30" EAST 5.31 FEET, 
MORE OR LESS •. TO TIm ${)UTHERL Y LINE OF YUCCA STREET, AS 
DESCRIBED IN PARCEL 117 OF DECREE OF CONDE1v!NATION ENTERED IN 
CASE NO. 202550 OF THE SUPERIOR COURT OF SAID COUNTY, A CERTIFIED 
COPY OF SAID DECREE BEING RECORDED 'ON OCTOBER 18. 1929 AS 
INSTRI.JMENT NO. 1085. IN BOOK 9421 PAGE 173 OF OFFICIAL RECORDS. IN 
THE OFFICE OF SAID RECORDER; THENCE ALONG SAID YUCCA STREET 
NORTH 48" 33' 16" BAST 13.26FBBT AND SOUTH. &2" 58t 58'J EAST 122.48 FEET; 
MORE OR LESS, TO THE WEST LINE OF THE EAST 50.00 FEET OF SAID LOTS.l 
AND 2; THENCE SOUTHERLY ALONG THE LAST MENTIONED WEST LINE 
54.50 FEET; MORE OR LESS, TO THENORTH LINE OF WE SOUTH 9.89 FEET 
OF SAID LOT 2; THENCE WESTERLY ALONG SAID'NORTH LINE 131.50 FEET 
TO THE WEST LINE OF SAID LOT 2; THBNCE ALONG SAID WEST LINE 55.20 
FEET. MORE OR LESS, TO TI:IE POINT OF BBGINNlNG. 

j I 
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DRAFT - FOR DISCUSSION PURPOSES ONLY 

EXHIBIT uBu 

EXHIBIT"B" 
-1-
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EXISTING DEVELOf'MENT APPROVALS 

.. Vesting Zocne Change and Beigb.:t District: rem.olTaJof the uD" Limitation 
from C4-ZD-SN to C2..2-8N per LAMe t 12;.32 F and 1232Q and Ordinance 
165.659-SA 180 

• Vesting ComiitionalUse Approval to allow a hotel use witlrinfive hundred 
feet of'S. R Zocne per LAMe § 12.24.W.24 and 12.24:T 

• Conditional Use • .<\pproval for floor area ratio averagmgm 11 unifie4 
developmentperLAMC § 12.24.W.19 

• Conditional Use Approval for beverage: with mIl alcohol, live -entertaimnent 
and dancing per LAMC~§ 12.24.W.l and 12.24.W.18.a 

.. Variance from LAl\1C § 12.14.A.l(a:){lO) for restau.rants withontdoor eating 
areas above the wound flour per LAMe § 12.27 

• Variance from LAMe § 12.21.A.4(c)(l) to reduce parking required for 
sports club facility per LAMe § 12.27 
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DRAFT - FOR DISCUSSION PURPOSES ONLIY > 

EXHIBIT "C" 

PUBLIC INFRASTRUCTURE 

EXBIBIT"C" 
-1-
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I. INTRODUCTION 

The following design guidelines and standards ("Design Guidelines") serve as 
the overarching plan controlling development of the Project. They are intended to 
enable the flexibility permitted in the Development Agreement while preserving and 
promoting comprehensive urban planning goals for the City and transportation-orient~d 
development. They ensure that the transformation of the Development Site is . 
compatible with the surrounding urban context by establishing parameters for all new 
physical improvements. 

The Design Guidelines guarantee that the development of the entire 
Development Site is cohesive and developed as a unified development notwithstanding 
build-out over the Term of the Agreement. 

The design principles underlying the Design Guidelines are: 

a. historic preservation; 

b. public open space and civic space; 

c. pedestrian circulation; 

d. preservation of view corridors to the Capital Records Building; and 

e. maintenance of appropriate setbacks from Vine Street. 

Further, the Design Guidelines establish standards specific to changes in the height $f 
buildings whenever consistent with the permitted density as shown in Exhibit "E". 

[The Development Guarantees and Development GUidelines) 
will be completed with City and CRA input1 ~>J! I 

U. OUTLINE OF DEVELOPMENT GUARANTEES ~ 
The Design Guarantees apply to any Phase of development permitted by the 

Agreement Each Phase shall be developed to ensure compliance with the following! 
Guarantees for the Project: 

a. Preservation of the Capitol Records Tower and Gogerty Building 

b. Preserve public views to the Capito! Records Tower 

c. Create unique retail at ground level to enliven all sidewalks and open space 

d. Minimum set backs from Vine Street to preserve views of Capitol Records 
and create public open space 

1 
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e. Civic plazas located on the east site adjacent to Vine Street and west site 
across from the Capitol Records Tower 

f. Open space preserved along Vine Street frontage of east site to preserve 
views of the Jazz Mural and Capitol Records Tower 

g. Through-block connections on both sites along Vine Street 

h. Create a genuine Hollywood environment with lush landscaping for locals and 
visitors 

i. Minimum ground floor open space will be 5% of total lot area of the 
Development Site 

m. OUTLINE Of DEVELOPMENT GUIDELINES 

1. Open Space 

a. Emphasize green space networks 

b. Open space connections to existing open space 

2. Guidelines Based on Height 

a. Building Heights Up to 150' 

i. Massing established by protected view corridors and fire access 

Ii. Street wall and fac;ade modulation up to 150' 

iii. Subject to Zoning Standards (Section 3) and ,Building Design 
Parameters (Section 4) 

b. Building Heights Up to 220' I 
i. Permitted for buildings with a maximum floor plate of 48% of lot \ 

\ 
coverage in designated zones up to 220' ~ 

ii. Subject to Zoning Standards (Section 3) and Architectural Guidelines -,~~ t' 
(Section 5) l..-J... 

c. Building Heights Up to 400' 

L An additional 3% of open space must be provided. Minimum total 
open space is 8%. 
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iL At least 50% Df the flDDr area must be IDcated be lew 220' 

iii. Permitted fer buildings with a maximum flDDr plate efapprDximately 
28% ef IDt coverage betweeo 220' and 400' . 

iv. Subject to. Zening Standards (SectiDn 3) and Building Design 
Parameters {SectiDn 4} 

d. Building Heights Up to. 510' 

i. An additiDnal 2% o.f Dpen space must be provided. Minimum tDtal 
open space is 1 0%. 

ii. Permitted for buildings with a maximum fleDr plate of approximately , 
15% ef lot coverage between 220' and 550' 

iii. Subject to Zening Standards (SectiDn 3) and Building Design 
Parameters (Sectien 4) 

e. Building Heights Up to. 585' 

L An additienal 2% of open space must be provided. Minimum to.tal 
open space is 12%. 

ii, Permitted fDr buildings with a maximum flo.er plate o.f appro.ximately 
11.5% o.f lot co.verage between 220' and 585' . 

iii. Bundings~ abDve 550' to. include rDo.f-top Dpen space and viewing deck 

iv. Subject to. Zo.ning Standards (Sectio.n 3) and Building Design 
Parameters (Sectio.n 4) 

3. Zoning Standards 

a. Parking 

i. Spaces Per Use 

ii. CDmbinatio.n o.f Uses 

m. Design 

iv. Bicycle Parking 

1) At least o.ne secure bicycle parking space shan be pro.vided fo.r 
every two. residential units. 
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Setbacks 

i. Side yard 

iL Rear yard 

Iii. Front yard 

iv. Alleys 

v. lot Area 

Open Space 

i. Public Open Space - minimum 5% open space on ground floor 

it Private Open Space 

iii. Balcony Configuration 

d. loading 

1. Except for the minimum ground level frontages required for all access, 
loading shall be screened from the view of adjacent public sidewalks 
and streets. 

e. Access Driveways 

4. Building Design Parameters 

a. Materials and Colors 

i. Materials, color, and fenestration of building frontages, located on or 
within 3' of a lot line facing a street, shall be similar to those found 
elsewhere in Hollywood. 

ii. The building's masonry surfaces will be predominately light in color. 
Darker accent colors may be used to delineate building entrances and 
accents. 

iii. There will be clear contrast between the buildings surface materials 
and the building's glazed areas. 

b. Rooftop and Parapets 

c. Balconies 
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i. Balconies shall be integral to the building's form, mass, and or 
articulation. 

d. Storefronts 

e. Lighting 

i. Exterior building lighting will be provided on all sides of the 
development to supplement street lighting. 

Ii. Lighting will be operated from dusk to dawn. 

m. Lighting will utilize a "white" light source with a color rendering index, 
(CRI) of 65 or greater. 

iv. Steps and ramps will be lighted with a minimum of 1.0 foot candles dn 
a horizontal plane. 

v. Lighting approach will be consistent on each parcel with not more th~n 
30' between elements. . 

vi. Building owner will be responsible for maintaining all lighting used to 
meet these requirements. No luminaries used to meet these 
requirements shall be out of commission for more than 10 days. 

vii. Additional lighting such as plant lighting. colored lighting, signage 
lighting, etc. will be used. The operation of additional lighting will be at 
the discretion of the building owner. 

f. Arcades 

i. Arcades at grade will maintain a minimum of 10' clear height. 

Ii. Arcades will be lit with a minimum of 1.0 foot candles. 

g. Roof Treatments 

i. Roof of parking structures will be landscaped to the extent possible to 
provide outdoor space. 

ii. Rooftops and setbacks will be designed to the extent possible with 
consideration for use as public or privately accessible open space. 

iii. Roofs used for mechanical purposes will be designed to minimize 
attention by incorporating non-reflective and low contrasting colors. 

5 
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iv. Mechanical equipment shall be completely screened from lateral and 
pedestrian views. Mechanical penthouses will be designed to be 
consistent with the building's architecture and willutiJize similar colors 
and materials as in other portions of the building. 

v. Enclosures for bulkheads shall not count against building height. 

h. Relief of Scale 

i. Canopies and Awnings 

i. Canopies will be provided for primary residential entrances. 10' 
minimum and 20' maximum clearance will be maintained above 
sidewalks, plazas, or walkways. A minimum of 2' will be provided from 
the face of canopy to the face of curb. The maximum width of a single 
canopy will be 30'; 

j. Landscape 

k. 

I. 

i. Plant material will be selected for c;fiversity. neat appearance, suitability 
to solar orientation, and relationship to fenestration. The mature size of 
any plants shall not project more than 12' beyond the face of planters 
below the height of 10' relative to the adjacent sidewalk. 

ii. Kiosks, carts and temporary structures may be permitted within public 
open spaces. No roofs of such structure shall extend more than 4' in 
anyone direction. 

Maintenance 

Exhausts 

m. Trash Enclosures 

Architectural Guidelines 

a. Building Entries 

b. Drop-offs 

c. Windows and Glazing 

d. Street Level Fa<;ade 

e. Parking Garage Walls 

6 
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f. Public Walkways 

g. Street and Sidewalk Planting 

6. Signage 

a. Wayfinding 

i. Projecting signs shaH align with major building elements. The width Of 
projecting signs shall not exceed 4'. The spacing of such signs shall be 
no less than 20' with the exception that each individual retail tenant 
may be allowed one projecting sign not to exceed 2' in width. 

b. No Off-Site Advertising 

i. No pole type signage shall be used. 

ii. No more than one rooftop/skyline sign shall be used per building. 
Spacing between rooftop signs shall be at least 50'. 

iii. Rooftop signs shall be setback at least 10' from property lines or 
building lines. 

iv. Rooftop signs shall be oriented towards and parallel to Hollywood 
Boulevard or at comers at 45 degree angles to the Boulevard district 
grid. 

v. Opaque message surfaces shall not be used. 

7 
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DRAFr ~.FOR DISCUSSION PURPOSES ONLY 

EXHIBIT nE't 

MAXIMUM OEGSF DENSITY PER AREA 

EXfliIRIT "E" 
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EX.HJnIl' "F" 

AUTHORIZED USES 

(To be provided.) 

EXHIBIT "F" 
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PROJECT'DESIGN FEATURES 

(To be provided.) 

EXHIBIT"G" 
-1-
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EXAMPLE FORM OF.AS8IGNMENT AND ASSIlMPTION 
APPLICABLE TO' ASSIGNMENTS OF LEss TluNEN'r:I1tEDE'VELOPMENT SITE 

Recording Requested By and 
\VJlen Recorded Mail To: 

Allen, Matkins, Leek, Gamble & Mallory LLP 
515 South Figueroa Street, 9th Fll>or 
Los Angeles. California 90071-3398 
Attn.: .J Neuman, Es . 

Assignment And Assump'tionAgreentent 

This ASSIGNMENT AND ASSUMPTION AGREEMENT ("Agreement") is made an<l 
entered into by and betWeen MILLENNIUM PARTNERS, a ~~ __ 
("Assignor"), and • a ("Assignee"), 

R:E~!IAL~: 

WHEREAS. the City of Los Angeles C'City") and Assignor entered into that certam 
Development Agreement dated as of , 2009 (the· j'Development Agreemelltl,), 
and recorded in the Official Records of Las Angeles County. California (the "OfficialRec<lrd~tI) 
on > 20:09 as Instrument No. 00- • with respectw that certain 
real property located in the City of Los Angeles, State ofCalifomia as more particularly 
described in Exhibit tI A If attached hereto and incorpora.ted herein by this reference which is 
referred to in the Development Agreement as the "Development Site.;" 

WHEREAS, pursuant to the Development Agreement, Assignor h(.l.S obtained from the . 
City certain development approvals and permits with respect to the development of . the 
Development Site; and 

WH:liREAS, Assignor is entitled under .section 6,8 of the Development Agreement to 
assign all of its rig1:its and obligations with respect to portions of the Development Site under the 
Development Agreement to Assignee; and 

WHEREAS. the Community Redev-elopment Agency of the City of Los Angeles 
('I Agency") and Assignor entered into that certain Owner Participation Agreement dated as of 
_____ ~, 2009 (the "OPA"). amemotandum of which was recorded in. the Official 
Records on • 2009 as Instrument No. 00- • with respect to ·tlile 
Develop.P1ent Site; 

WHEREAS, putsuantto tb:e Development Agreement.and OPA, Assignor has obtained, 
certain rights and benefits with respect to the development:of the Development Site; and 

SSS:44L011LA 
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WHEREAS, Assignor is entitled under Section of the OPA to assign.certaiA 
of its rights and obligations with respect to the Development Site or portion thereof under the 
OP A to Assignee; and 

WHEREAS, Assignor desires to assign to AS&lgneeali (except as provided below} of 
Assignorts right, title, and interest in and to the Dev-elopment Agreement.and the OPAwith 
respect to that portion of the Development Site more particularly described in Exhitrit.nB" 
attached hereto and incorporated herein bytllls reference (the nPropenyff); and 

WHEREAS, Assig,nee desires to accept such assignment from Assign9r and assume the 
obligations of Assignor under the Development Agreement witht'OSpect to the :Property; 

NOW, THEREFORE, in consideration. of the foregoing recitals and for good.and 
valuableconsideratiQn, the receipt of which is hereby acl..'Ilowledgcd, the parties hereto agree as 
follows: 

1. ASSIGNMENT BY ASSIGNOR TO ASSIGNEE. 

1.1 ASSIGNMENT. Assi8110rherebyassigns and transfers to Assignee Assignots 
right, title, and interestinand.'tO the Development Agreement with respect tome Property, and 
Assignee hereby :agrees to and does accept such assignment from. Assignor. Such assignment 
includes deleg-ation to Assignee of aU ofAssigIlor'sobligatiorts with respect to the Property and 
the allocation from Assignee to Assignor of the following development ri.ghts under the 
Development Agreement and the OP A: 

L 1.1 Density. Assigne~ its su()CCSsors and assi~ shall be entitled during the 
Term of the Development Agreement to develop and ~tructn.Qtmorethan 
_________ thousandL,---..J square feet 'Of Irp.provem.ents (as such term is 
defined in the Development Agreement) on .the Property in accordance with the Development 
Agreement (the "Entitled Density"). Nothing herein shall prohibit the Assignee from 
constructing less improvelllentscontaining less than the Entitled Density or from agreeing with 
the City to a reduction in the Entitled Density of the Property; 

1.1.2 OEGSF. Forpnrposes: ofcompliahcewith the EIR (as defin~ in the 
Development Agteetnent) -square feet of "office equivalent gross square 
footage" or "OEGSF" (as defined in the Project EIR) shall be allocated to the Property, 
notwithstanding that the actua1 uses of Improvements hereafter constructed on the Property in 
accordance with the Development Agreement may not. be office uses (the "Maximum 
OEGSF'). The Maximum OEGSF constitutes the1:naXimmnaliowable density which may be 
constructed on the Property in compliance With the Project ErR; h'Owever •. Assignee shall not be 
prohibited from consuming less or from releasing unused OEGSFon the Property to the City or 
\vith the City's consent to the owners ·of otherpropettles. Notwithstanding the fOl:ego~ng, 
Assignor agrees that it shall have no furthenight to use any portion of the Maximum OEOSI' in -
connection with the development on its retained property. if.any.even if the Assignee uses less 
than the Maximum OEGSF for development of the Property; 

1,1.3 Further Assurances regarding Allocations. Ea~h of As signor and Assignee 
hereby covenant that it will, at any time and tram time to time, upon written request therefore. 
R3844 LO liLA 
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execute and deliver to the other party" such other PartYs successors, nominees and assigns, any 
new .0'( con.firmatory instruments which such otherpiuty. such other party's successors, nominees' 
andassi~ may reasonably request in order to :fully assign and transfer to and vest in such other 
party. ot such other party's successors~ ncminees and assigns. and tc prctect such other party. or 
such other partY's successors. nominees and assignsrigbt,title and interest in and to the Entitled 
Density and theMax.inalll110BGSF and retained density and. OaGSP and otherwise realize upon 
or enjoy such rights in and to the EntitledDeIistty and the Maximum, OBOSF and retailled ' 
density and OEGSF. 

1.1.4 Specific Ri:gpts under the OP A. Tbis Assignment includes ,all of 
Assignor's rights as "Participant" ,under the OPA with respect to the Property except for the 
following rights of Assignor, Which are hereby reserved: 

------------------------------------------------------------~---, 

1.2 ASSUMPTION. Assignee expressly assumes and agrees to keep, perform, and 
fulfill aU of the terms, conditions, covenants. and obligaticns required to be kept, perfuIll1ed. and 
fulfilled by Assignor under the Deveiopment Agreement and the OP A with respect to the 
Property. Assignee agrees to indetnnify and hold harmless Assignor rr.om any cost, liability, 
damage or expense (including attorneys' fees) arising out of Qfreiating to Assignee's failure to 
perfonn any of the foregoing obligations assumed by AssIgIiee hereunder. 

2. EFFECTNE DATE OF ASSIGNMENT. 8aid assigrtmentand assumption shall be 
effective upon therecordatloncfthis Aweementin the Official Records. From and after such 
effective date, the Assignee shal1 be the Developer under DevelOpment Agreement with respect 
to the Property subject and the Participant Ullder the OP A with respect to the Property. subject to 
all of the terms ,and conditions i:n each suchagr~ent ttl the extent they relate to the Property. 

3. AGENCY AND CITY THIRD PARTY BENEPIClARlES. The Agency and the City 
shaH be third party beneficiaries ofthisA,greement. 

4. MISCELLANEOUS. In the event of the bringing of any action or suit by a party herdo 
against another party hereunder by reasoll,of any breach of any of 'the covenants, conditions, 
agreements or provisions on the part of the other party arising out of this Assigru;nent, then in 
that event the prevailing party shall be entitled to have and.recover from ,the other party aU costs 
and expenses of the action .or suit~ including reasonable attorneys' fees. This Assignment shall be 
binding upcn and inure to the benefit of the successors, assignees, personal representatives and 
heirs of all the respective parties heretc. TIlls Assigmnent shall be governed by, interpreted 
under, and construed and enforceable in accordancewi~ the laws oftlte State of Califcrnia 

IN WITNESS WHEREOF, the parties hereto have executed this Assignment and 
Assumption Agreementas of the dates set forth next tc their signatures below. 

[SIGNATURES CONTINUED ON NEXT PAGE] 
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Date: ______ .J' __ 

Dare: ________ ~.J 

Date: _______ .....1'. __ 

Date: ______ ...:>' __ 

858441,OllLA 
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"ASSIGNOR" 
MILLENNIUM PARTNERS 
________ a __________ _ 

By: 
Its:'--___________ _ 

By: 
Its:_------~ ____ _ 

II ASSIGNEE" 

By: 
Its: __________ _ 

By: 
Its: __________ _ 
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From: 
To: 
CC: 
Date: 
Subject: 
Attachments: 

CO-0001-361 

"Kearns, Rick" <rkearns@handelarchitects.com> 
"Blake Lamb" <Blake.Lamb@lacity.org> 
"Jon Tanury" <Jon.Tanury@lacity.org>, "Handel, Gary" <ghandel@handelarch ... 
3/24/20109:17 AM 
RE: Millennium Towers Hollywood 
FAR Axonometrics.pdf; FAR PLAN. pdf 

Blake - here are the FAR studies for each height. We did layouts for /If) ~ 
residential use and office use to show how the bulk will differ - "....,. ~ 
typically residential plates are only 70 feet wide and square footage \"1 ,"J~ 
between 9K - 12K Office plates are 110 -120 feet wide and square 
footage between 20K - 25K. We did not produce office schemes above 400 
feet because the lot coverage restrictions above 400 feet make an office 
tower impractical on either site. 

We will send street wall diagrams later today. 

We are working out the schedule with our trip to LA, ownership had a 
conflict and is planning to be out the following week, April 13, but I 
am out of town that week. I will let you know after I had a chance to 
confirm schedules with all parties. If it does move to the 13th, would 
that work for you? 

Thanks 

Rick Kearns 
Senior ASSOCiate 

HANDEL ARCHITECTS LLP 

-----Original Message-----
From: Blake Lamb [mailto:Blake.Lamb@lacity.org] 
Sent: Tuesday, March 23, 2010 6:37 PM 
To: Kearns, Rick 
Cc: Handel, Gary; Jon Tanury 
Subject: Re: Millennium Towers Hollywood 

Hi Rick, 
Actually I take back what I said about Weds - the best time would be 
April 6 around 1 pm. Thanks, 
Blake 

>>> "Kearns, Rick" <rkearns@handelarchitects.com> 3/23/2010 7:58 AM >>> 
Blake - we are finishing up the diagrams you had requested (FAR massing 
at each height, street wall, through block connections) and will forward 
them to you within the next couple of days. We are also revising text 
pursuant to our meetings and follow-up discussions with ownership and 
should have them to you next week. We were planning another trip out to 

, LA in early April and wanted to set up a meeting with you, John and 
Kevin. The purpose of the meeting would be to review any open items 
within the deSign guidelines and hopefully come to a mutual agreement on 
the text and diagrams. We would also use the meeting to outline our next 
steps. 
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Will April 6 or 7 work for you and your team? 

Thanks 

Rick Kearns 

Senior Associate 

HANDEL ARCHITECTS lLP 

150 Varick Street 

New York, NY 10013 

t 2125954112 

f 2125959032 

www.handelarchitects.com 
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From: 
To: 
CC: 
Date: 
Subject: 
Attachments: 

CO-0001-363 

"Kearns, Rick" <rkearns@handelarchitects.com> 
"Blake lamb" <Blake.lamb@lacity.org> 
"Jon Tanury" <Jon.Tanury@lacity.org>, "Handel, Gary" <ghandel@handelarch ... 
3/25/20108:23 AM 
RE: Millennium Towers Hollywood 
Balcony.pdf; PAPS. pdf; Street wall. pdf; Open Space. pdf 

Hi Blake - here are the diagrams for street wall, open space (grade 
level setbacks) and publically accessible private space (PAPS). The PAPS 
diagrams also include photo examples of an enclosed PAPS and an open air 
PAPS. We also included refined language for the balcony and photo 
examples to help clarify what integral means. let me know if you want to 
call and discuss the diagrams. 

Regards, 

Rick Kearns 
Senior Associate 

HANDEL ARCHITECTS llP 

-----Original Message-----
From: Blake lamb [mailto:Blake.lamb@lacity.org] 
Sent: Tuesday, March 23,20106:07 PM 
To: Kearns, Rick 
Cc: Handel, Gary; Jon Tanury 
Subject: Re: Millennium Towers Hollywood 

Dear Rick, 
That is great, we look forward to receiving them. April 6 looks a 
little better since Wednesdays here are often busy, but either one is 
ok. 
Blake 

>>> "Kearns, Rick" <rkearns@handelarchitects.com> 3/23/2010 7:58 AM »> 
Blake - we are finishing up the diagrams you had requested (FAR massing 
at each height, street wall, through block connections) and will forward 
them to you within the next couple of days. We are also revising text 
pursuant to our meetings and follow-up discussions with ownership and 
should have them to you next week. We were planning another trip out to 
LA in early April and wanted to set up a meeting with you, John and 
Kevin. The purpose of the meeting would be to review any open items 
within the design guidelines and hopefully come to a mutual agreement on 
the text and diagrams. We would also use the meeting to outline our next 
steps. 

Will April 6 or 7 work for you and your team? 

Thanks 

Page f) 
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Rick Kearns 

Senior Associate 

HANDEL ARCHITECTS LLP 

150 Varick Street 

New York, NY 10013 

t 2125954112 

f 2125959032 

www.handeiarchitects.com 
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HANDEL ARCH ITECTS lLP 

Millennium Towers 
Vine Street & Yucca Street 

Outline for the Development Agreement 

1. Building Height and Massing 
a. Street wall 
b. Setbacks 
c. Tower width controls and Orientation 
d. Transitional Heights 

2. Open Space 
a. Public open space 

i. Across from Capitol Records 
ii. Jazz Mural 

b. Residential open space 
i. Balconies 
ii. Roof decks I viewing deck 

3. View Corridor 
a. Capitol Records 

4. Articulation and Fenestration 
a. Storefront 
b. Podium 
c. Tower 

5. Landscape 
a. Street Elem 
b.Roofde 

c. 
d. Circu 

i. Ing into parking facility 
ii. Connection between city and site 

8. Service and Loading 
a. Requirements 
b. Location and Size 
c. Screening 

9. Signage 
a. Types 
b. Location 

NEW YORK 150 Varid< St, 8th FI New York, NY 10013 t 2125954112 f 2125959032 www.handelarchitects.com 
SAN FRANCISCO 
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Design Guidelines 
March 1, 2010 

'3/ ~ 
~U(~ 

~/ r,Jc.~ 
3: BUILDING HEIGHT AND MASSING 

A. 

b. 

c. 

Street Wall 

Design intent: required street walls determine the scale and character of the 
pedestrian environment. Articulation of the required street wall within the 
permitted ranges is required in order to create a sense of different uses, visual ,r 
interest and orientation. ,,l'vt.f· crr-n ~~ 0/ 

~~r ____ ~ ~:A.t ~ _Y1l 
1/ shall be ;;{'d{ v 

~-\ 

(ii) ack: the reqUired} '\ 

He;ght of 'equ;,ed ;treet wall and d;men,;on of ;n;tla' ,etback: t 
(0 Street walls shall bebuilt to a minim eight of 30 feet a ]~~~ '),. 

(ii) 

maximum height of 150 feet abo b Ie, with a minimu~~ 
tetback except as noted in ite elo 
40% of aggregate width of re 
can exceed maximum street waH 
height. 

t wall frontage on each street 
p to the maximum building 

d, Amount of articulation of re 
(0 The aggregate wi wall articulation at the level of 

(iii) 

any story shall no e required street wall above the 
level of the second Iling or 28'-0" above curb level, whichever is 
less, to the floor Ie . . the penultimate floor within the required street 

ithin tH~ lesser of 2 stories or 28'-0" above curb level. 
onies a~~. bay windows shall not be permitted. Pedestrian 
public :pl'azas, entry forecourts, permitted vehicular access 

i'~"p-offS and loading entries and exits are permitted; 
ps, marquees, canopies, awnings and retail storefronts are 

rmitte articulation of a required street wall: 
ecess: recesses shall be permitted to a maximum depth of 15'-0" with 
1:2 maximum depth to width ratio, 

. Balcony: a balcony may project a maximum of 4' -0" from a required 
street wall over a grade level setback and each balcony may have a 
maximum length of 12'-0', 
Bay window: a bay window may project a maximum of 4'-0' from a 
required street wall over a grade level setback; and each may have a 
maximum length of 12'-0'. 
Expression band: an identifiable break should be provided between a 
building's retail floors and upper floors. This break may consist of a 
change in material. change in fenestration, or similar means. 

Other permitted projections: elements which project beyond the street line from a 
required street wall shall comply with the Building Code. 

Millennium Towers Development Agreement Page 1 
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Design Guidelines 
March 1, 2010 

(i) Architectural facade elements such as expression bands, cornices; 
eaves, gutters, and downspouts may project from a required street wall 
over a grade level setback by a maximum depth of 3'-0'. 

(ii) Steps and ramps may project from a required street wall over a grade 
level setback by a maximum depth of 5'-0'. 

(iii) Marquees, canopies and awnings: see Section xx 
(iv) Retail storefronts: may project from a required street wall over a grade 

level setback by a maximum depth of 5'-0'. The maximum height of 
these projections for each parcel shall not exceed two stories or 28'-0" 
above curb level, whichever is less. W~\ 1 

B. Yards 

C. 

a. 

a. 

---~ 
Tower Controls 

",~}¢>' .; 
l' Design Intent: d~'" 

• Towers should have their ~i 
and to appear slender. "'\ 

• Towers should be designed to a simple faceted geometry 
uld not appear overwrought 

• 

and exhibit big, simple moves. The . 
or to have elements. 

itiJ!rgmllinle modern style should provide 
Is in the curtain wall, and the articulation 

at the street level. 
than one tower, they should be 

h other and employ the same architectural 

,', 
'~'::~'<tr~, 

~,..Jc6W'~A!~tion:~:'\Swer 220 feet or greater in height above curb level shall be 
J3f~?iiF 10catedWIih its equal or longer dimension parallel to the north-south streets. 

<lw) , 
;<'tr 

c. Setback,<JJd articulation of tower walls and crown: 
(i)4~ Towers may extend directly up from up from the property line at the 

.' 

street and are not required to setback. 
Minimum 10% of tower wall required to be articulated. ..,..tr 1~ 
Distinctive tower crown and lighting permitted but not required at theA' 
highest one (1) story and rooftop mechanical-equipment enclosure. 

¥v' (iii) 

d. Types of permitted articulation of a tower wall: 

(i) Balconies > (). y'Y\ ( ~ 
(i) Recess J .' ~~ 
(ii) Bay windows 

e. Tower spacing 

Millennium Towers Development Agreement Page 2 
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March 1, 2010 

(0 

CO-0001-368 

Towers should be spaced to provide privacy, natural light and air, as 

(ii) 
well as to contribute to an attractive skyline. ~ ...rJ' 
@:e!i:c:ally, the po'rtion of a tower above 150 feet shall be spaced at least ,rf'"~,,, ~ 
80 feet from all existing or possible future towers, both on the same ,.....V'" '\ r . 
block and across the street, except where 1) the towers are offset oJJ 

(iii) 

(staggered), 2) the largest windows in primary rooms are not facing one 
another, or 3) the towers are curved or angled. 
Where there is an existing adjacent tower, the distance should be 
measured from the wall of the existing adjacent tower to the proposed 
tower. Where there is no existing adjacent tower, but one could be 
constructed in the future, the proposed tower must feet from an 
interior property line and 40 feet from the alley ce line shared with 
the potential new tower. 

D. Maximum Building Height I; "; 

a. ~te~~ building height on ea~~st:'rcel as establi:~t;n Figure xx 

(
If D:s~~~';;d Tower Zones. The following are /+ mitte~ij?bstructions which may 

penetrate the maximum building height:. eys offlues; elevator or stair 

h
~ .; bulkheads, roof water tanks or cooling t' ' 'ding enclosures); flagpoles or 

~ 'W.~i aerials; ornamental church towers having Ie floor area; parapet walls not 
IJ ~ more than 4' -0"; spires or belfries; wire, chain r other transparent fences. 

[Insert] Figures for Tower Zone and 

4. OPEN SPACE 

A. 

a. Design inte, ose of clJade level setback is to provide a landscape 
amenity ~!f6ss fr "'. ,pitolRemrds Tower, preserve views of the Jazz Mural, 
accentua~~:the I ...;;j~iUlPc!lcter and punctuate the rhythm of entries with 
projecting' ~~planting ;reas. 

(i) 

ents: 
Inlmu ground floor open space will be 5% of total lot area of the 
evelopment Site for buildings up to a height of 220 feet. An additional 

of open space (total 8%) required for buildings between 221 feet 
400 feet. An additional 5% (total 10%) of open space to be required 

for buildings between 401 feet and 550 feet and an additional 7% 
(totaI12%) of open space required for buildings taller than 550 feet. 

Raised planters shall be faced on all exposed sides with stone or 
masonry compatible with the building facade materials. 
Plant material shall be selected for suitability to solar orientation, neat 

p ance, ~ationshiP to fenestration and seasonal diversity. The 
ma re . e of a plant shall not project more than 12" beyond the 
faces' ,tH plant below a height of 10 feet above the adjacent 
sidewat 

Millennium Towers Development Agreement Page 3 
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Design Guidelines 
March 1, 2010 

d. Permitted obstructions: the following are permitted obstructions which may occur 
in the grade level setback: 
(i) Building entries, steps, ramps, balconies, bay windows, architectural 

facade details, marquees, canopies, awnings, and retail storefronts. 

e. Other requirements: 
Jr.' ~ ~i) - Each planted area shall have provision for proper drainage and shall be 
CV"~' I equipped with waterproof electrical outlets and exterior water sources at a 

C~ ~.....-JI' maximum interval of 50 feet or a minimum of one in each setback area. 

L 
(}.() B. Common Open Space - Residential Use Only 

a. Design intent: a common open space is intended to be a .. 
light and air to apartments on the interior of a parcel; 
recreational open space for resident adults and play ce for 
visually attractive when viewed from apartments cent and abo 

b. Size of common open space: 
(i) To qualify as private open space, be primarily at one level, 

have no dimension less than 15 structurally designed to 
accommodate weight loads requir dscaping. 
The landscaped area shall comprise a . urn of 25% of the total private ~ 
open space square footage. The rem a ea shall have a durable, ?f (ii) 

attractive paved ::'UII ~~~~~:'i;;:i~;¥itl(.~"'%t/ • f r' 
c. Location of common open 'o.~ f ~ .AI. 

(i) Common open spac located at any story above curb level. The] J) ~ 
roof of anY.p0rtion a Iding used for accessory parking or for any w-: 
permittedlp.~;reside .x use shall be considered as private open space. ;p 

~ (ij) e 5, 50 f~tto include roof-top ~en space and viewing 

.:~t~,...)C 
d. n open space: 

Com~h open space shall be directly accessible to all residents on the 
rcel ~J,igh a lobby connecting to each elevator core. Such spaces 
" be ae:cessible to the handicapped. Ramps, elevators, corridors and 

.,;prs shall be designed to accommodate wheelchairs. 
~pmmon open space shall be accessible only from the residential portion 

l~f the building. 
~'At least 35% of each door to a common open space shall be transparent. 

,.;ifF 
,~rmitted obstructions: the following are permitted obstructions which may occur 

in a common open space: 
(i) Terraces, balconies, bay windows, architectural facade details, accessory 

noncommercial greenhouses, planting boxes, steps and ramps for access 
by the handicapped, vents, bulkheads or other mechanical equipment, 
projecting not more than 5'-0"; 

(ii) Eaves, gutters, or downspouts projecting not more than 16"; 
(iii) Arbors, trellises, fences, flag poles, awnings or canopies; 
(iv) Chimneys projecting not more than 3'-0"; and 
(v) Recreational equipment. 
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f. General requirements: 
(i) For every twenty (20) apartments on the parcel one fixed seat with a back 

shall be provided in private open space. 
(ii) Common open spaces shall be separated from all apartments, and 

outdoor areas serving individual apartments, by a 4 foot high opaque 
fence, wall or year round screen of densely planted shrubs located at least 
6 feet from a window or door of an apartment. 

(iii) Areas with play equipment for young children may be provided. Play areas 
shall not be located within 20 feet of a residential unit and shall be visually 
and acoustically buffered from residential units and other non-planted 
areas. ,., 

(iv) Vents, bulkheads or other mechanical equipment p 

(v) 

(vi) 

located so as not to obstruct access to and useful 
space. 
Surface finishes of projecting structures shall finishe materials 
compatible with vertical building materia!j> ~}!~. 

No exhaust vents are permitted unless ~ch intakes and vents are more 
than 10'-6" above the level of the p~tvlf.e opel1!'space . 

.. 4~ti~·Y 
g. Landscape requirements:,,·.> 

(i) The landscaped portion may be d" 
planted areas. The minimum size of a 

as a single area or multiple 
planted area shall be 100 

square feet. 

(ii) [The minimum soil d ... I A. An tl/I../ -: • Trees: 36" . 
(Y'-""'~L.r • Shrubs: 30" 

• Lawns, ground' 

(iii) 

(iv) 

(v) Furnishings: 

ve provision for proper drainage, and shall be 
drip irrigation and waterproof electrical outlets. 

ch 400 square feet of landscaped area there shall 
be at least one (I) major shade tree or two (2) minor trees. 
The remaining landscaped area(s) shall be planted with 
seasonally diverse plant material appropriate for rooftops. 
The landscaped area(s) shall be located such that they 
receive a minimum of 4 hours of direct sunlight as 
calculated on June 21. 

4. The landscaped areas shall be contained by durable 
planters to accommodate the requirements specified in (ii) 
above. Planters may be designed with a coping to provide 
additional seating if the coping is minimum 12" wide and 
does not exceed 18" in height. Planters may also be 
partially recessed into roof slab provided the overall 
requirements of (ii) above are met. 

1. Furnishings such as seating, tables, gazebos or other 
shade structures are encouraged. Furnishings may be 
movable or fixed. If fixed, they shall be oriented to 
provide maximum variety in relationship to planted areas, 
sun and shade. 
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2. Surfacing beneath play equipment for young children shall 
comply with Federal safety standards and equipment shall 
be anchored in accordance with manufacturer's 
guidelines. 

3. Provision for outdoor lighting: refer to Section xx. 

C. Publicly Accessible Private Space (PAPS) 

a. Design intent: a continuous through block connection, located on privately owned 
land, designated for and designed to encourage public pedestriag,circulation and 
other appropriate public uses on both sides along Vine Street.J;1;;W 

wi; 
b. Location and size requirements: ~\ 

0) 15'-0" minimum width and at least 50% open t", S 

\A~~~ . ,:' XV' ", along the entire southern side of western par~i and no, 
./\ v rt>!:,p ...,..., ,tY ,. eastern parcel. 

~ c. Permitted obstructions: 
(i) Any features, equipment, and ap normally found in public 

d reflecting pools, waterfalls, 

~
arkS and playgrounds, such as '. 

sculptures and other works of art, 
, ~H\ planting beds, litter receptacles, drin untains, and bicycle racks; 

'J~r \10 open air cafes; kiosks, outdoor furniture; and lighting stanchions; W flag poles; public te'.~·~ .• . orary e ibitions; balconies, bay 
windows; awnings, cjiJo:_.ees; stairs, ramps and bollards . 

• d. Kiosk: J 

(i) Where a ki sk is prov~>, , it shall be a one-story structure, predominantly 
of ligh ' ,Is, SUdl'~~ metal, glass, plastic, or fabric as approved by 
the r artl1'ieht of Buiicnngs in conformance with the Building Code. 

t?:·';'"'' "<r&~' 

s, ining roofed/areas, shall not exceed 3%of the total area of the 
;B.k~k shall occupy an area of more than 250 square feet. 

". ay be freestanding or may be attached on only one side to a wall 
of thhJding. Any area occupied by a kiosk shall be excluded from the 

"'ir~),:~~efiniti(}Q:~ffloor area, and may be occupied by news or magazine stands, 
. " . " 9I:dy stands, food preparation for open air cafes, flower stands or public 

s.qvice/information booths. Lighting and signage of kiosks shall conform 
j;Q'Section xx, Retail Guidelines. 
"k/ 

.,<~-:., 

,<{# 
Opert~lr cafe: 

h·"1' Where an open air cafe is provided it shall be an unenclosed restaurant or 
eating or drinking place, which may have waiter or table service and is 
open to the sky except for permitted obstructions such as trees, arbors, 
awnings or canopies. An open air cafe shall be accessible from a minimum 
of two sides where there is a boundary with the remainder of the PAPS. 
The boundary shall be defined by planters or temporary decorative 
barricades. Seating may be reserved for customers. An open air cafe may 
occupy an aggregate area not more than 20%of the total area of the 
PAPS. No cooking equipment shall be installed within an open air cafe. 
Cooking equipment may be contained in a kiosk adjoining the open air 
cafe. An open air cafe qualifying as a permitted obstruction shall be 
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excluded from the definition of floor area. lighting and signage of an 
open air cafe shall conform to Section xx, Retail Design Guidelines . 

• f. Service through windows: 
A~ ~~A~ Q) Outdoor eating services or uses occupying kiosks may serve customers on 
~ _ .,Q,SV'S(.PP? PAPS through open windows. 

JYV-\ vfJ ~ . 
g. Prohibition of parking spaces, loading berths, exhaust vents and building refuse 

storage areas: 
(i) No buildings refuse storage areas or refuse storage from 

air cafe are permitted on any PAPS. 
(ij) No exhaust vents are permitted on any PAPS or on 

the development fronting upon the PAPS except 
more than 10'-6" above the level of the PAPS. 

h. Landscape requirements: :> 

1 
(il The landscaped portion may be desig 

planted areas. The minimum size of 
sq uare feet. 

(ii) The minimum soil depths for pi 

as a single area or multiple 
gle ~t~nted area shall be 100 

~ l · Trees: 36" 
• Shrubs: 30" 

t r- . • Lawns, ground ,scwer: 18" 

(iii~ Each planted area 
equipped with auto 

(iv Planting requiremen , 

'r proper drainage, and shall be 
rigation and waterproof electrical outlets. 

[ '--7.1 
-'~' 3. 

f PAPS shall be landscaped. 
re feet of landscaped area there shall be at least 

major s~{je tree or two (2) minor trees. 
IY 

~ilfJ landscaped area(s) shall be planted with seasonally 

(vi) 
'- - material. 

re shall be a minimum of one linear foot of seating for each 
__ square feet of PAPS excluding the area of an open air cafe. 

Not more than 50% of the linear seating capacity may be in 
moveable seats which may be stored between the hours of 7 p.m. 
and 7 a.m. Seating shall meet the following standards: 

2. Seating without backs shall have a minimum depth of 16". For the 
benefit of handicapped persons a minimum of 20% of the 
required seating shall have backs at least 12" high and a minimum 
depth of 14". Seating 30" or more in depth shall count double 
provided there is access to both sides. 

3. Seating higher than 36" and lower than 12" above the level of the 
adjacent walking surface shall not count toward meeting the 
seating requirements. 

4. The tops of walls including but not limited to those which bound 
planting beds, fountains and pools may be counted as seating 
when they conform to the dimensional standards in 
subparagraphs (i) and (iil above. 
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h. 

i. 

o 

Lighting: 

5. Moveable seating or chairs, excluding seating of open air cafes, 
may be credited as 30 inches of linear seating per chair. Steps and 
seating in open air cafes do not count toward meeting the seating 
req uirements. 

(i) A PAPS shall be illuminated throughout with an overall minimum average 
level of illumination of not less than one maintained foot candle (lumens 
per square foot) on the horizontal plane at grade. Such level of 
illumination shall be maintained throughout the hours of qarkness. Light 

i,'~1:'" 
sources shall be white light.a:J;' 

Electrical power: 

.1#0> 
".WY' 

(i) Electrical power shall be supplied by one or m9 ... 
of at least 3,000 watts of power for every 4,0~'square . 
thereof, of a PAPS for maintenance equiR~nt, special ev 

furnishing a total 
or fraction 

nd retail 

~~j. 
uses (kiosks, open air cafes, carts)'i~}PP' 

d~;~ 

Signs: 
(0 A PAPS shall be treated as a stre 

regulations. Signs are permitted a 
urpose of the applicable sign 

. essory to uses permitted within 

k. 

I. 

and adjoining the PAPS. 

Mandatory allocation of fro rmitted at least 40% of the total 
frontage of building walls of ..... nting on a PAPS shall be 
allocated for occupancy by ~rnittec!1f~tail, restaurants and cultural uses. Such 
building frontage use require.nt~~11 apply to both the mezzanine, if provided, 
and the street level. All such uses:shall be directly accessible from the PAPS with 

. very 50 a minimum. The remaining frontage may be 
'reulation elements and building lobbies. 

Mainte 
(0 the building owner shall be responsible for the 

nce of the PAPS including, but not limited to, the confinement of 
bstructions, litter control. and the care and replacement of 

etatio within the parcel and in the street sidewalk: area adjacent to 
. ,/, parcel. 
•. ··er receptacles: shall be provided with a minimum capacity of one eubic 
~ot for each 2,000 square feet of PAPS area. An additional capacity of 

At?one cubic foot of litter receptacle shall be provided for each 2,000 square 
feet of PAPS in connection with outdoor eating services or other uses 
permitted on PAPS which generate litter. 

6. ARCHITECTURAL ElEMENTS 

A. Building Materials and Color 

a. Design intent: these DeSign Guidelines define the general design objectives for 
the material and color of distinct portions of the buildings and prescribe the 
treatment required for both residential and commercial portions of the building. 

b. Guidelines: 
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B. 

a. 

(i) Feature long-lived and sustainable materials. The material palette should 
provide variety, reinforce massing and changes in the horizontal or vertical 
plane. 

(ii) Ground floors shall have a different architectural expression than upper 
floors and feature high quality durable materials that add scale, texture 
and variety. 

(iii) Podium levels up to 150 feet that include surfaces of masonry will be 
predominantly light in color. Colors will be achieved through the inherent 
color of the material. rather than the application of color to the surface. 
Darker accent colors may be used to delineate building e!ltrances and 
accents. There will be dear contrast between the build~'£fS surface 
material and the building's glazed areas.::" 

(iv) Expression band shall be provided at the highest within the podium. 
(v) The building's skin, especially for towers, shou rily transparent; 

the use of darkly colored or highly reflective ided. 
Glazing will have the minimum amount 0f:1lflflectivity or ti ··required to 
achieve energy efficiency standards. d.' 

(Vi) In buildings other than curtain wall dows will be recessed, 
except where inappropriate to a itectural style. 

(vii) To provide visual variety and de' e building skin and provide a 
variety of textures that bear a dire ship to the building's massing 
and structural elements. The skin sho nforce the integrity of the 
design concept and the building's stru lements, and not appear as 
surface pastiche. 

(viii) Rooftop mechanical screened with materials and 
design consistent w 

(ix) a building to reinforce building identity and 
e horizontal or vertical plane. 

assing, articulation and detail, street level building entrances 
d stor t windows and doors, as well as the use of quality materials 

decor tive details, shall be used to promote pedestrian-scaled 
itecture along the street. Architectural features that reinforce the 
il character of the ground street wall and/or help define the pedestrian 

vironment along the sidewalk, such as canopies, awnings, and 
overhangs, are encouraged and should be integral to the architecture of 
the building. 

Ground floor height: 
(i) Minimum 12' -0" height floor to ceiling. 

c. Building entrances: 
(i) The primary entrance to a street level tenant that has frontage along a 

public street shall be provided from that street. The primary entrance to a 
tenant that does not have its frontage along a public street shall be 
provided from ~:~d, plaza, or through block passage. Entries shall 
not be higher t ~ above the elevation of the sidewalk at its nearest 
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point to the entry. Where possible entries shall be marked through the use 
of architectural elements such as porches, gateways, entry alcoves, 
awnings, canopies, or portals. 

(ii) Main building entrances should read differently from retail storefronts, 
restaurants and commercial entrances. 

(iii) See Section xx marquees, canopies, awnings; Section xx for signage 
controls, and Section xx for lighting controls. 

d. Ground floor glazing: 
(i) When any building wall adjoins a street line or grade leve etback, at least 

OJ) 

25% of the total surface area of such wall between curb. I and 12' 
above curb level or to the ceiling of the ground floor 
shall be transparent. Door or window openings 0 

within such walls shall be considered as trans 
have a minimum width of 2'-0". The lowest 
is provided to satisfy the requirements of 
than 4'-0" above the curb level. Retail 
requires at least 50% transparency . ., 
Any portion of such building wall 
transparent elements between c 

" ceiling of the ground floor, whiche 

/"W~ 

ichever is higher, 
ed openings 
openings shall 

parency that 
e higher 
lazing 

--, be covered with vines or similar rlant 

~ ~; \ \sQ as to provide visual reli~f. 00 \c: 
dAj v0~ . 

In length, which contains no 
d 12' above curb level or the 
her, or to its full height, shall 
contain art work or be treated 

l,e-Jr ovAIPr 
e. Arcades: 

f. 

(i) intal". minimum of 1 0 feet clear height and will 
1.~bot candles. 

,"'%:)-.,;>- /' , 

i\'V',iitiY' 
;;YAi>, -xx Ce~1 Garbage Collection & Recycling 

t matenals to be recycled, shall be mechanically 
ac~ '~ance with applicable law. The storage of refuse shall 

o'~fttirely within an enclosed area on the parcel and appropriate 
10caiJt(' "thin the parcel shall be delineated for this purpose: at least 

A~.+~ji~~ne fo~ entia I use and one for community facility and retail uses. 
'.evelop· nts shall store compacted refuse in an on-site container 
iV:eptable to the Department of Sanitation. Each parcel shall have a 
J}fnimum of one onsite loading berth; refer to Section xx loading. A 

fuse disposal room meeting ADA requirements for access shall be 
provided on each story that has a corridor with two (2) or more entrances 
to apartments. The refuse disposal room shall contain vertical chute and 
two containers and shelf space for the storage of recyclable materials. 
Each such refuse storage room and the central refuse storage and disposal 
room on each parcel shall be excluded from the definition of floor area. 

(iii) Storage areas within the building of a size sufficient for that development 
to ensure that refuse is stored and loaded off-street. Refuse storage areas 
shall be directly and conveniently accessible to a curb cut; refer to Section 
xx loading. 
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g. Retail storefronts: 
(i) Openings for storefronts, windows and doors shall comprise a minimum of 

40% of the building's street level fat;:ade and be recessed where 
necessary. 

(ii) Ground floor retail space will be a minimum of 20 feet deep and 12 feet 
clearance in height and have storefronts openings a minimum of 10 feet in 
height. Storefront openings shall be no wider than 100 feet and no smaller 
than 15 feet. 

(iii) Security grills will be located behind glass and be at minimum 80% open. 
(iv) Storefront glazing will be transparent. 

C. Podium Controls 

a. Podium height: dil' " 

(i) Minimum 30'-0" to a maximum of 150 feet, ~Iusive of' 
level. ' 

b. Guidelines: 
(i) Provide an identifiable break bet ing's ground floors and 

e in material, change in 

{ii} ing a street will be vertically 
for the building's base, 

s, projections, recesses, 

(iii) re prohibited, an exception may be made 
for integration of p e if it adds scale and 
interest to n otherwi d frontage. In these cases, the fac;ade should 
be a .... of four rs high, and should have variation in its surface 
pia uSing ~t outs, i. .' ts or pop-outs). It should employ different scales 

en .~"tr viewed ~nen seeing the entire building massing. 

D. Marquees, 

Y use::ffi,.,." 
" identiaf use: marquee or canopy shall be provided at the primary 

~i¥ilding entrance; canopy or awning is permitted at secondary entrances; 
6:0mmunity facility use and professional office: canopy or awning is 
?C,,'< 

,(permitted. 
·'/Commercial use: marquees or canopies are discouraged and shall only be 

permitted for office use; marquees or canopies shall be permitted for 
hotel use. Awnings shall be permitted for retail use. 

b. Marquees: 
(i) 10'-0" minimum clear height and a maximum height of 20 feet shall be 

provided above the sidewalk: 2'-0" minimum horizontal distance from face 
of curb. Maximum width permitted of a marquee is 30 feet. 

c. Canopies, awnings: 
(i) 8'-0" minimum clear height and a maximum height of 20 feet shall be 

provided above the sidewalk: 2'-0" minimum horizontal distance from face 
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of curb. Maximum continuous length permitted is 15', with a minimum of 
2'-0" spacing between awnings. 

(ii) Awnings and canopies shall be fabricated of woven fabric, glass, metal or 
other permanent material compatible with the building architecture. 
Internally illuminated, vinyl awnings are not permitted. 

E. Fenestration 

a. Louvers, wall openings: shall be designed to integrate with building architecture. 

F. Rooftops and setbacks 

a. General requirements: 
(i) 

(ij) 

{iii} 

(iv) 

Rooftops and setbacksare highly visible and 
They shall be landscaped with consideratiQ!1 r use and 
attractive when viewed from locations a ->""'ent and above. 
For rooftops to be developed as usa~y outd0,ir area, refer to 
requirements specified under priva~'bpen ~lIce, Section xxx. 
All other roof surfaces and setb" rovide surface materials which 
are not reflective or high contrast I obtrusive features such as 
vents, bulkheads and cooling units s screened from lateral and 
pedestrian views. 
Rooftops and setbac 
setbacks exceeding« 
for use and landsca . 
surface shall not exc 

. cent to reside units: (1) Rooftops and 
e finished with materials suitable 

erials shall be durable; slope of 
3%,{ Waterproof electrical outlets and exterior 

ed for each residential unit or at 50' intervals if 
a single10U;!l}A~puts a r. p or setback greater than 50' in length . 

• :;;0'" . f,J 
G. Parapets.*ndrai!~f~_.ft!t,APhanical Equipment Screening 

<ti4\j;~/) . . . . ." 
a. Parapets and'n~rails: if part of an expression band or expression line, shall be 

finisn~~: distj~"e manner. 
"'t'.?<~. 

Roof mec~ical equipment: shall be screened; materials and design to be 
consistent'th the building architecture and will utilize similar colors and materials 
as in othe~J>0rtions of the building. Enclosures for bulkheads shall not count against 
building~ight. 
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1. INTRODUCTION 

1.1. Purpose of Guidelines 

1.1.1. The Design Guidelines (" Guidelines ") have been prepared to regulate new 
development on the site with design guidelines and controls for development. 

a. Establish a level of design quality and consistency for the entire development 
and insure design continuity will be carried through to the full implementation of 
the Project. The Design Guidelines establish basic site-wide de~ign standards 
and criteria which serve to maintain the integrity of an overall.riI~ster plan 
concept and protect the visual and environmental quality?ftJhe Project as a 

whole. AI ;i:'~' 
b. Permit design flexibility while establishing a vocab~ whi~h 

development for the Project site. ~ 

c. Consolidate and illustrate the implicationsJ,?:fthe es lished practices which will 
govern the physical development of the410 site fining the standards for 
use, bulk, parking and loading, archite es, landscape treatment, 
signage, lighting, sound attenuation an ility. 

1.2. Goals and Objectives 

1.2.1. The Design Guidelines se 
contribute to the shape of 

1.2.2. These principles are as foil 

~~d'esign principles which will 
project. 

a. . apitol R~~rds Tower and Gogerty Building. 
b. Preser.. . blic \{ to the eii'pitol Records Tower by creating grade level 

setba~;Rivi5,~I' east site adjacent to the Jazz Mural and Capitol 
Records .. nd west site across from the Capitol Records Tower. 
Create ci s that are activated by retail, landscaped and enhance the 

od Fame by providing it as an urban node; creating The 
d Walk~of Fame Plaza. 
rcement of the urban and historical importance of the intersection of 

d and Vine by the creation of an active street life focused on Vine 

eservation of existing view corridor to the Hollywood hills. 
, encouragement of street life by the creation of a new exclusive pedestrian 

,,~!5lonnection between Ivar Avenue, Vine Street, and Argyle Avenue. 
g:' The creation of vibrant urban spaces which permit active and passive 

recreational facilities for both the on-site and off-site population. 
h. The creation of a 24 hr community by the creation of a Thriving Mixed-Use 

Development. 
i. Eliminate the visual impact of the current on site parking. 
j. [TRANSPORTATION - awaiting comments from CPO] 
k. The establishment of a standard intended to promote architectural excellence. 
I. Provide designs that take into account the context and make an effort to respect 

it and fit in visually. 
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m. Create architecture that seeks to be a leader in minimizing the negative 
environmental impact of buildings by enhancing efficiency and moderation in 
the use of materials, energy and development space. 

n. The creation of two buildings that emphasize the vertical architecture and 
become a visible icon and gateway to Hollywood Boulevard from the Hollywood 
Freeway. 

1.3. Relationship to the los Angeles Municipal Code 

1.3.1. The Guidelines were prepared in coordination with the Los AngE?les City 
-A'$" 

Planning Department and approved by the City Council. "~;;;;r:' 

1.3.2. Wherever the Guidelines contain provisions which esta '. ,'. :regulations that are 
different from or more or less restrictive than allowed [tt'1he.; 
Municipal Code (LAMe) the Guidelines shall prevaiipGrsuant' 
Development Agreement approved by the City,;,gouncil for the 

, :?1" 

2. PROJECT BACKGROUND 

2.1. Existing Site 

2.1.1. The Project site consists of eight parcels on 4: es of land. The subject 
property occupies two dis \;loth bound d by Yucca Street to the north 
and separated by Vine Str f~~."ed by Ivar Avenue, Vine Street 
and Yucca Street is the We ; 'e a~~a'*bounded by Yucca Street, Vine 
Street and Argyle Street is ite. The East Site and the West Site make 
up the Project Si . The Pr ite currently contains a mix of commercial and 
on grade op g. Th ography has a natural incline of approximately 
13 feet fr ine Sfeet to Ie Avenue and 11 feet from Vine Street to Ivar 
Aven elevations will not be altered as part the Project. 

-SN (Proposed) within the Hollywood Community 
pment roject Area of the Community Redevelopment Agency (CRA) 

, y of Los Angeles. 

ntly zoned as a C4-2D-SN 

y General Plan land use designation: Regional Center commercial. 
. 4r'" 

2~~~t;1¥'AR: 6:1 (proposed) 
". FAR 3:1 under "0" development limitation 

• 4.5:1 under eRA Redevelopment Plan 

2.3. Transfer of Floor Area 

2.3.1. Owner may transfer floor area from one site to the other, as long as the 
minimum and maximum building heights are maintained. Either parcel can 
exceed the 6: 1 FAR. as long as the FAR of the combined sites averaged 
together is no more than 6:1 
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2.4. Maximum OESF Density Per Area 

2.5. Use Coordination I Use Compatibility 

3. BUILDING HEIGHT AND MASSING 

3.1. Street Wall 

3.1.1. Definition of street wall: a wall or portion of a wall of a buildi , 
a grade level setback. 

3.1.2. Design intent: required street walls determine the sc 
pedestrian environment. Articulation of the requirefl': 
permitted ranges is required in order to create ::.cl:I,pn<:p 

interest and orientation. 

3.1.3. Location of a required street waIf. 

a. Parcels with a grade level setback. the 
minimum 5 feet from the property line. 

s, visual 

b. Parcels or portions of parcels without a gra setback. the required street 
wall shall be located on t . 

3.1.2. Height of required street 

a. Street walls shall be built to ,.'lhimum height of 30 feet and a maximum height 
of 150 feet rb level ept as noted in item (b) and (c) below. 

b. th of r ired street wall frontage on each street can 
et wall ight up to the maximum tower height. 

c. ~equired street wallfrontage on a publicly accessible 
n exceed maximum street wall height up to the maximum tower 

"'~~f~0> 
of articulation of required street waIf. 

egate width of required street wall articulation at the level of any story 
shall ),It exceed 50% of the required street wall above the level of the second 
st . eiling or 28'-0" above curb level, whichever is less, to the floor level of the 

ultimate floor within the required street wall height. Within the lesser of 2 
ories or 28'-0" above curb level, recesses, balconies and bay windows shall not 

permitted. Pedestrian pass-through, public plazas, entry forecourts, 
permitted vehicular access driveways, hotel drop-offs and loading entries and 
exits are permitted; steps, ramps, marquees, canopies, awnings and retail 
storefronts are permitted. 

3.1.4. Types of permitted articulation of a required street wall: 

fr; Recess: recesses shall be permitted to a maximum depth of 15'-0" with a 1:2 
maximum depth to width ratio. 
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&: Balcony: a balcony may project a minimum of 3'-0" from a required street wall 
over a grade level setback 

e;- Bay window: a bay window may project from a required street wall over a grade 
level setback. 

d. Expression band: an identifiable break should be provided between a building's 
retail floors and upper floors. This break may consist of a change in material, 
change in fenestration, or similar means. 

3.1.5. Other permitted projections: elements which project beyond the property line 
from a required street wall shall comply with the Building COde:) 

/~ 
a. Architectural facade elements such as expression bands, c ."'iCes; eaves, 

gutters, and downspouts may project from a required s II over a grade 
level setback,: " 

b. Steps and ramps may project from a required stre 
setback.,. 

c. Marquees, canopies and awnings .. ~. 
d. Retail storefronts: may project from a requi~ stree 

setback by a maximum depth of 5'-0'. T '''maxi 
for each parcel shall not exceed two s 
whichever is less. 

3.2. Yards 

all over a grade level 
height of these projections 

-0" above curb level, 

3.2.1. Commercial Use: no front, Wf!SE~t backs are required 

3.2.2. Residential Use: 
a. Front Yard - no ropos 

b. 

• here s a front yard of not less than 15 feet; provided, 
key lot ..... minimum front yard shall be 10 feet. 

feet. fct*a building more than two stories in height, one 
..,,'idth of such side yard for each additional story 

story, but in no event shall a side yard of more than 16 feet in 

. m 15 feet, for a building more than three stories in height, 
added to the depth of such rear yard for each additional story 

third story, but such rear yard need not exceed 20 feet. 

The total floor area contained in all the buildings on a lot in Height District No.2 
shall not exceed six times the buildable area of said lot. 
• FAR 3:1 under "0" development limitation 
• 4.5:1 under CRA Redevelopment Plan 

3.3.3. Refer to figure xx Bulk Control Plan for permitted maximum building height on 
each parcel. 
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3.3.4. The following are permitted obstructions which may penetrate the maximum 
building height: roof structures for the housing of elevators, stairways, tanks, 
ventilating fans or similar equipment required to operate and maintain the 
building, skylights, towers, steeples, flagpoles, wireless masts, water tanks, silos, 
solar energy devices, or similar structures. 
• [discuss] LAMC SEC. 12.21.B.2: "for each foot such structure exceeds the 

height limit, an equal setback from the roof perimeter is provided, except 
that stairways, chimneys and ventilation shafts shall not be required to be 
set back from the roof perimeter. No portion of any roof structure as 
provided for above shall exceed the specified height limit b more than five 
feet." 

[Insert] Figures for Tower Zone and MaSSing Diagrams 

3.4. Tower Controls 

3.4.1. Definition of tower. the portion of a building .Io~~~ed 150 feet above curb level. 

3.4.2. Maximum lot coverage of tower. 
a. 150 - 220 feet 48% 
b. 221 - 400 feet: 28% 
c. 221 - 550 feet 15% 

11.5% d. 221 - 585 feet 

3.4.3. Refer to 4.1.3 open space 
space that is determined b . 

responding ground level open 

3.4.4. 50% of total.~~ili~a mus 

Tower logttfbn: a ~"er 220 t!t or greater in height above curb level shall be 
10catechWith its , " or longer dimension parallel to the north-south streets. 

<:jlf. 'III 11,,:, 
~fticulation of towerwalls and crown: 

3.4.5. 

3.4.6. 

a,. "~{.r:Olif¢ll$,are n uired to setback. 
,;;;'61:" Mi~i '. 10% of tower wall required to be articulated. 

tower crown and lighting permitted but not required at the highest 
ory and rooftop mechanical equipment enclosure. 

of permitted articulation of a tower wall: 

ecess 
Balcony: a balcony shall be integral to the fac;ade and shall not create a 
relentless horizontal and vertical stacking pattern. They are encouraged to 
create a complex and varied pattern along the fac;ade using various balcony 
sizes and architectural configurations. 
(0 Standard balconies may be projecting or recessed or a combination of 

both. 
c. Bay windows 

3.4.8. Tower spacing 
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a. Towers should be spaced to provide privacy, natural light and air, as well as to 
contribute to an attractive skyline. 

b. Generally, the portion of a towershall be spaced at least 80 feet from all other 
towers on the same parcel, except the following which will meet code: 1) the 
towers are offset (staggered), 2) the largest windows in primary rooms are not 
facing one another, or 3) the towers are curved or angled. 

4. OPEN SPACE 

4.1. Grade level Setback 

4.1.1. Definition of grade level setback: a continuous open sp 

4.1.2. 

4.1.3. Open space requirements: 
1\. 

a. Minimum ground floor open space will 
development site for buildings up to a heig 

b. An additional 3% of open space (total 8%) req for buildings between 221 
feet and 400 feet. 

c. An additional 5% (total 1 'l;<;tfPbe required for buildings 
between 401 feet and 550 

d. An additional 7% (total 1 n space required for buildings taller than 550 
f.eet. 

4.1.4. 

a. East Mural and Capitol Records Tower; West site: 
Capitol Records Tower along Vine Street. 

b. Minimum 0 horizontal dimension less than 5 feet when measured 

"!(,,L~m~~:Cul any point on each of the boundaries of the open space area . 

. 5. lands e requirements: 

a. requirements: Minimum 10% of grade level setback shall be 
lan, aped. 

:::;;i; »ndscaped area(s) shall be planted with seasonally diverse plant material. 
',.'C:!r;'r:The landscaped portion may be designed as a single area or multiple planted 

>l'" areas. The minimum size of a single planted area shall be 100 square feet. 
d. The minimum soil depths for planting are: 

(0 Shrubs: 30" 
(ii) lawns, ground cover: 18" 

e. Each planted area shall have provision for proper drainage, and shall be 
equipped with automatic drip irrigation and waterproof electrical outlets. 

4.1.6. Permitted obstructions: the following are permitted obstructions which may 
occur in the grade level setback: 
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a. Building entries, steps, ramps, balconies, bay windows, architectural facade 
details, marquees, canopies, awnings, outdoor dining, and retail storefronts. 

4.2. Residential Open Space 

4.2.1. 

a. 

4.2.2. 

a. 

Design intent: a common open space is intended to be a "rear yard" providing 
light and air to apartments on the interior of a parcel; secure, primarily passive 
recreational open space for resident adults and play space for children; and to 
be visually attractive when viewed from apartments adjacent and above. 

Requirements: 
(i) Provide at a minimum the following usable open s 

unit: 100 square feet for each unit having less t 
rooms; 125 square feet for each unit having 
175 square feet for each unit having more n three ble rooms. 
Usable open space shall mean an ar~a " ich is design intended 
to be used for active or passive recre " ' n. Usable open space may 
consist of private and/or common.;~ ;ea as f4/1ler defined and regulated 
herein. f;;;~'{J ':1,j~1' 

(ii) 

Common Open Space 

Requirements: 
(i) Be open to the sk 

(ii) 
(iii) 

(iv) 

open space area, 
Be readily accessi 
Have a minimum a 
than 15 f et when 

sq. ft. with no horizontal dimension less 
ed perpendicular from any point on each of 

en space area, 

least 5.0f the total required usable open space in 
s built. , 

(v) e areas shall incorporate recreational amenities 
but not limited to, swimming pools, spas, picnic tables, 

b~" children's play areas, ball courts, barbecue areas, sitting areas, 
",,441~.\fIR( tness center. 

minim m of 25 percent of the common open space area shall be 
'}planted with ground cover, shrubs or trees. 

(i) ~:;: At least one 24-inch box tree for every four dwelling units shall be 
>;:l' provided on site and may include street trees in the parkway. 

@;{llf For a surface area not located directly on finished grade that is used 
,;;t for common open space, and located at ground level or the first 

habitable room level. shrubs and/or trees shall be contained within 
permanent planters at least 30-inches in depth, and lawn or ground 
cover shall be at least 12-inches in depth. 

(iii) All required landscaped areas shall be equipped with an automatic 
irrigation system and be properly drained. 

b. Location of common open space: 

(i) Common open space shall be located at any story above curb level. The 
roof of any portion of a building used for accessory parking or for any 
permitted non-residential use shall be considered as common open 
space. 
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4.2.3. Private Open Space 

a. Definition: a private open space area contiguous to and immediately accessible 
from a single dwelling unit. 

b. Requirements: 
(i) Contain a minimum of 50 square feet of which no more than 50 square 

feet per dwelling unit shall be attributable to the total required usable 

OJ) 

(iii) 

(iv) 

open space.. 
Have no horizontal dimension less than six feet when n'lasured 
perpendicular from any point on each of the bou s of the open 
space area. 
Provide a minimum eight foot vertical clear,~u 
except as provided in zoning code.': . 
That portion of a balcony which extend~;;or 'projects into" uired front 
yard in compliance with zoning coderl/J.y qualify as usable pen space 
provided it meets each of the ab pecifi requirements noted in 
items 1-3. 

4.3. Publicly Accessible Private Space (PAPS) 

4.3.1. Definition of publicly accessible private spaS): a continuous through 
block connection, located . ". ;ivately owned Ian 

+'~f$~ '~'t"~~;:!~f~'~~t(Wt1V 
4.3.2. Design Intent: to encoura destri~n circulation and other appropriate 

public uses on both sides Street . 

. ,;&l\{,~,., 

4.3.3. Location an,9:i6jiff~~~uirem 

a. a PAPS~'ihe largest area of the PAPS and the area of 
'shall be generally regular in shape, contiguous to 

and directly accessible from adjoining buildings and public 
tions shall occupy no less than 75 percent of the total PAPS 

e less than 20'-0" wide. 
ions PAPS are secondary areas that allow for additional flexibility in 
and configuration of a PAPS. Minor portions shall not occupy more 

ercent of the total area of the PAPS. The minor portion shall have a 
m average width of 10 feet. 
nor portion must be directly adjacent to the major portion. 

a. PAPS open air minimum requirements shall be as follows: 
(0 Development with maximum building height of 150 feet: 0% 
Oi) Development with maximum building height of 220 feet: 20% 
(iii) Development with maximum building height of 400 feet: 30% 
(iv) Development with maximum building height of 550 feet: 40% 
(v) Development with maximum building height of 585 feet: 50% 

b. Permitted obstructions within open air PAPS: any features, equipment. and 
appurtenances normally found in public parks and playgrounds, such as 
fountains and reflecting pools, waterfalls, sculptures and other works of art, 
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arbors, trellises, benches, seats, trees, planting beds, litter receptacles, drinking 
fountains, and bicycle racks; open air cafes; kiosks, outdoor furniture; lights and 
lighting stanchions; flag poles; public telephones; temporary exhibitions; 
balconies, bay windows; awnings, canopies and marquees; stairs, ramps and 
bollards. Metro station access? 

4.3.5. Kiosk: 

a. Where a kiosk is provided, it shall be a one-story structure, predominantly of 
light materials, such as metal, glass, plastic, or fabric as approved by the 
Department of Buildings in conformance with the Building C . Kiosks, 
including roofed areas, shall not exceed 3%of the total are the PAPS and no 
one kiosk shall occupy an area of more than 250 square 
freestanding or may be attached on only one side to 
area occupied by a kiosk shall be excluded from t 
[needs to be confirmed with CPD], and may be,Qi:lcupied by ne 
stands, candy stands, food preparation for opetiair cafes, flower st 
public service/information booths.ti/ffitff/ 

4.3.6. Open air cafe: 

a. Where an open air cafe is provided it sha unenclosed restaurant or eating 
or drinking place, which may have waiter or service and is open to the sky 
except for permitted obstructions such as tree .... ors, awnings or canopies. An 
open air cafe shall be acc 13 .rninimum··of two sides where there is a 
boundary with the remain . . . boundary shall be defined by 
planters or temporary de ~icades. Seating may be reserved for 
customers. An open air cat cupy an aggregate area not more than 
20%of the total Clr~a of the . No cooking equipment shall be installed 

il'iI::~,fe. Coo eqUipment may be contained in a kiosk 
ope~;~ir cafe. ,,,;,open air cafe qualifying as a permitted 

shaU\~~ excluded'flnm the definition of floor area. 
·\l~;;;i!l~:j'rt.'· 

4.3.1. windows: 

ices or uses occupying kiosks may serve customers on PAPS 
dows. 

n of parking spaces, loading berths, exhaust vents and building refuse 

'buildings refuse storage areas or refuse storage from a kiosk or open air cafe 
e permitted on any PAPS. 

No exhaust vents are permitted on any PAPS or on any building wall of the 
development fronting upon the PAPS except where such vents are more than 
10'·6" above the level of the PAPS. 

4.3.9. Landscape requirements: 

a. The landscaped portion may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

b. The minimum soil depths for planting are: 
(i) Trees: 36" 
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c. 

(ii) Shrubs: 30" 
(iii) Lawns, ground cover: 18" 

Each planted area shall have provision for proper drainage, and shall be 
equipped with automatic drip irrigation and waterproof electrical outlets. 

d. Planting requirements: 
(i) Minimum of 10% of open air PAPS shall be landscaped. 
(ii) For each 400 square feet of landscaped area there shall be at least one 

(iii) 
(I) major shade tree or two (2) minor trees. 
The remaining landscaped area(s) shall be planted with seasonally 
diverse plant material. 

e. Seating: 
1. There shall be a minimum of one linear foot of sea~ioY for each 500 

square feet of PAPS excluding the area of an 04!1%:· cafe. 
(0 One seat shall equal two linear f~ 

2. Not more than 50% of the linear seating c~~ity ma 
seats which may be stored between th urs of 7 p.m: a.m. 
Seating shall meet the following sta rds: 

(i) Seating without backs II ha minimum depth of16". 
persons a minimum of 20% 

ave backs at least 12" high 
Seating 30" or more in depth 

For the benefit of p 

(ii) 
here is access to both sides. 

er than 12" above the level 

meeti ements. 
(iii) The t nc u Ing but not limited to those which 

beds, fountains and pools may be counted 
n they conform to the dimensional standards 

aphs (i) and (ii) above. 
ting or chairs, excluding seating of open air 

;:r;:afes, ma be credited as 30 inches of linear seating per 
_;;;;_;c$1a;~teps and seating in open air cafes do not count 

toward meeting the seating requirements. 

hall be illuminated throughout with an overall minimum average level 
ation of not less than one maintained foot candle (lumens per square 

foot). the horizontal plane at grade. Such level of illumination shall be 
maig¥~ined throughout the hours of darkness. Light sources shall be white light. 

<SF' 
. :t),:'1andatory allocation of frontages for permitted use: at least 40% of the total 

4!1: frontage of building walls of the development fronting on a PAPS shall be 
allocated for occupancy by permitted retail, restaurants and cultural uses. Such 
building frontage use requirement shall apply to both the mezzanine, if 
provided, and the street level. All such uses shall be directly accessible from the 
PAPS with an entrance required every 50' at a minimum. The remaining frontage 
may be occupied by other uses, vertical circulation elements and building 
lobbies. 

4.3.12. Maintenance: 
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a. Responsibility: the building owner shall be responsible for the maintenance of 
the PAPS including, but not limited to, the confinement of permitted 
obstructions, litter control, and the care and replacement of vegetation within 
the parcel and in the street sidewalk: area adjacent to the parcel. 

b. litter receptacles: shall be provided with a minimum capacity of one cubic foot 
for each 2,000 square feet of PAPS area. An additional capacity of one cubic 
foot of litter receptacle shall be provided for each 2,000 square feet of PAPS in 
connection with outdoor eating services or other uses permitted on PAPS which 
generate litter. 

4.4. Rooftop Observation Deck 

4.4.1. Buildings above 550 feet to include a public roof-top 0 

deck. 

5. ARCHITECTURAL ELEMENTS 

5.1. Building Materials and Color 

5.1.1. Design intent: define the general desi 
distinct portions of the buildings and presc 
residential and commercial portions of the bu 

5.1.2. Guidelines: 

a. Feature long-lived and su 
provide variety, reinforce 
plane. 

material palette should 
nd changes in the horizontal or vertical 

b. Ground floof;", 
and featurethig 
Podiu Is u c. 

ave a different architectural expression than upper floors 
lity dura~~ materials that add scale, texture and variety. 
150 feet t19at iflellolse sloIffaees sf ffiassflFY will be 

pred 
of the 

. Colors will be achieved through the inherent color 
ther than the application of color to the surface. Darker accent 
d to delineate building entrances and accents. There will be 
een the buildings surface material and the building's glazed 

ing's skin, especially for towers, should be primarily transparent; the 
rkly colored or highly reflective glass will be avoided. Glazing will have 

mum amount of reflectivity or tinting required to achieve energy 
effi~~~hcy standards. 
IIfJ'uildings other than curtain wall buildings, windows will be recessed, except 
where inappropriate to a building's architectural style. 
To provide visual variety and depth, layer the building skin and provide a variety 
of textures that bear a direct relationship to the building's massing and structural 
elements. The skin should reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface pastiche. 

g. Rooftop mechanical equipment: shall be screened with ma,terials and design 
consistent with the building architecture; see SeetisA mE Tswer ereafl. 

h. Design the color palette for a building to reinforce building identity and 
complement changes in the horizontal or vertical plane. 

5.2. Grade Level Controls 
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5.2.1. Design intent: street wall massing, articulation and detail. street level building 
entrances and storefront windows and doors, as well as the use of quality materials 
and decorative details, shall be used to promote pedestrian-scaled architecture 
along the street. Architectural features that reinforce the retail character of the 
ground street wall and/or help define the pedestrian environment along the 
sidewalk, such as canopies, awnings, and overhangs, are encouraged and should 
be integral to the architecture of the building. 

5.2.2. Ground floor height: 

a. Minimum 12'-0" height floor to ceiling. 

5.2.3. BUilding entrances: 

a. The primary entrance to a street level tenant th public 
street shall be provided from that street. The, mary entrance to a nant that 
does not have its frontage along a publicSU#et sha 'e provided from a 
courtyard, grade level setback, or PAP tries not be higher than 4 feet 
above the elevation of the sidewalk at rest'point to the entry. Where 
possible entries shall be marked through of architectural elements such 
as porches, gateways, entry alcoves, awnings opies, or portals. 

b. Main building entrances should read different ~ retail storefronts, 
restaurants and commerci 

5.2.4. 

5.2.5. Arcades: 

a. Arcad' 
with a 

grggft.aJl)lIti:lin a minimum of 10 feet clear height and will be lit 
of 1.0 foot candles. 

5'~4~Jl1'~lnd r 

a. Stora .. reas within the building of a size sufficient for that development to 
ensur~'at refuse is stored and loaded off-street. Refuse storage areas shall be 
direct~y and conveniently accessible to a curb cut; refer to Section xx Loading. 

il storefronts: 

Openings for storefronts, windows and doors shall comprise a minimum of 40% 
of the building's street level fac;:ade and be recessed where necessary. 

b. Ground floor retail space will be a minimum of 20 feet deep and 12 feet 
clearance in height and have storefronts openings a minimum of 10 feet in 
height. Storefront openings shall be no wider than 100 feet and no smaller than 
15 feet. 

c. Security grills will be located behind glass and be at minimum 80% open. 
d. Storefront glazing will be transparent. 

5.3. Podium Controls 
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5.3.1. Design intent: provide a modern interpretation of the historical context of 
Hollywood by establishing different treatment from the building's base, middle 
and top; through the vertical articulation of the street wall far;ade by the use of 
balconies, projections, recesses, fenestration and changes in massing, color, 
material or other elements. 

5.3.2. Podium height: 

&.- Minimum 30'-0" to a maximum of 150 feet, eJ(elusi'o'e oftAe gFEl~\'IEI ROOF lebel. 

5.3.3. Guidelines: 

a. Provide an identifiable break between the bUilding'sfiJf' 
floors. This break may include a change in materia4S~hange i 
pattern or similar means. . .. 

b. Podium level windows shall be vertically orienti&l. 
c. Podium levels shall be predominantly lig i<i~olor.<'~j 
d. Expression band shall be provided at t hes~rPtory within the podium. 
e. While blank street wall far;ades are pr dC"'exception may be made for 

integration of public art or a graphic-bas de if it adds scale and interest to 
an otherwise bland frontage. In these cases ~ar;ade should be a maximum of 
four floors high, and should have variation in i su~face plane (using cut outs, 
insets or pop-outs). It ifferent sd1es of elements as viewed 
when seeing the entire '¥j~~~~/ 

5.4. Fenestration 

5.4.1. designed to integrate with building architecture. 

5.5. Tower 

5.5.1. 

"!,*0J;To!l~shou e their massing designed to reduce overall bulk and to 
;iF" ap ., nder. 

b. Tow ould be designed to achieve a simple faceted geometry and exhibit 
big, Ie moves. They should not appear overwrought or to have over-
mani ated elements. 
To~fs that emulate a more streamline modern style should provide varie~ 
tt:1fough subtle details in the curtain wall, and the articulation of a human-scaled 

··.· •• d1> .. /£ ",,'ase at the street level. 

. If a project has more than one tower, they should be complementary to each 
other and employ the same architectural design approach. 

e. Generally, buildings over 150 feet tall (the historic datum for Hollywood) should 
not be historicized. They are contemporary interventions in the skyline and 
should appear as such. 

5.S. Rooftops and Setbacks 

5.6.1. General requirements: 
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a. Rooftops and setbacks are highly visible and provide a significant amenity. They 
shall be landscaped with consideration for use and to be visually attractive when 
viewed from locations adjacent and above. 

b. For rooftops to be developed as usable outdoor area, refer to requirements 
specified under common open space, Section xxx. 

c. All other roof surfaces and setbacks shall provide surface materials which are not 
reflective or high contrast colors. All obtrusive features such as vents, bulkheads 
and cooling units shall be screened from lateral and pedestrian views. 

5.7. Parapets, Handrails, Roof Mechanical Equipment Screening 

5.7.1. Parapets and handrails: if part of an expression band or ex~sion line, shall be 
finished in a distinctive manner. 

,,:;fF'~ <&;'4$~,~ ':-"; 
5.7.2. Roof mechanical equipment: shall be screened; maJ1erials andrd~n to be 

consistent with the building architecture and will 4t4ize similar colo ,',>\\ materials 
as in other portions of the building. Endosures

4
}orbulkheads shall no 

against building height.' 
I' 

6. STREETSCAPEtJ ~" 
6.1. Streets and Sidewalks 

6.1.1. Design intent: the cohesiv 
are key features of the Proje 
and landscaped streets creat 
unified system. Cohesiveness 

riety of pL1>lic open spaces and streets 
of landscaped plazas and PAPS 

,an a the same time forms a single 
achieved by providing certain uniform 

ythmic tree plantings and continuous open 
aterials and furnishings. 

elements such as Ii hting, pa 
.~~ alene 

(i) lay a very important role in the Project. To create a strong 
Mlall be planted in continuous, uniformly spaced rows 

streets. To acknowledge microdimatic variations and to 
noculture demise, different tree species shall be required on 
ated hierarchy of street types. In all cases, the trees shall be 
a single rowan sidewalks leading to or abutting the 

evelopment . 

.1'bY ",n:>,..iinn of the street trees is critical to the overall image of the 
development, so their regular spacing becomes the module for locating 
all of the other elements on the sidewalks such as light standards, 
pavement scoring patterns and curb cut zones. It is important that 
building elements affecting tree spacing, such as entrances, canopies. 
and utility connections, be coordinated at the outset to avoid conflict 
with the established tree planting pattern. 

6.1.2. Tree planting guidelines: 

a. It is the intent to comply with the Urban Forestry Division standard guidelines 
regarding street tree locations and planting procedures. Regular spacing of the 
street trees is critical to the overall image of the Project, establishing the module 
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7. PARKING 

for locating all of the other elements of the streetscape and certain building 
elements such as entrances, canopies, and utility connections. 

7.1. Automobile Parking 

1.1.1. Requirements for each use: 

a. Commercial! Office! Retail: 
(i) At least two parking spaces for every one thousand 

combined gross floor area of commercial office, b 
restaurant, bar and related uses, trade schools, 

re feet of 

development buildings on any lot. ~,I!Ir' 
b. Condominiums 

c. 

(i) At least two parking spaces per each d 
(ii) One quarter parking spaces per eac 
(iii) One quarter parking spaces per e 

• Development is located wi 
Rental 
(i) At least one parking space for 

habitable rooms, one and one-half . 
ofthree habitable rooms, and two par 
of more than thr 

lling unit of less than three 
spaces for each dwelling unit 
paces for each dwelling unit 

d. Combination of uses: 
(0 Where there is a c 

1.1.2. 

of uses of a lot. the number of parking 
sum of the requirements of the various 

a. tMfiercial! office! retail off-street spaces: may be 
me parcel as the use to which they are accessory, or on the 
pment. 

tion of Parking Area. The automobile parking spaces 
equire y Paragraphs (b), (c), (d) and (e) hereof, shall be provided 
ither on the same lot as the use for which they are intended to serve or 

another lot not more than 150 feet distant there from; said distance 
be measured horizontally along the streets between the two lots, 

except that where the parking area is located adjacent to an alley, 
public walk or private easement which is easily usable for pedestrian 
travel between the parking area and the use it is to serve, the 150-foot 
distance may be measured along said alley, walk or easement. 

b. Curb cuts shall be located no closer than 50 feet to the intersection of two 
streets. 

c. Access driveways to parking facilities will not exceed 28 feet in width. The 
minimum separation between drives located along the same frontage shall be 
50 feet. 

d. Parking and loading access will be shared where feasible. 

1.1.3. Screening 
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a. Above grade parking shall be lined with habitable floor area having a minimum 
depth of 20 feet along street frontages where feasible or shall be designed to 
blend in with the form and massing and designed to look like an integral part of 
the building. The interior of a parking structure will be designed to be screened 
from the view of streets and sidewalks. 

7.2. Employee Bicycle Parking 

7.2.1. Requirements for each use: 

a. Commercial! Office! Retail: , 
(i) Any portion of a building used for non-residential pdf~oses which 

contains a floor area in excess of 10,000 square m bicycle parking 
spaces shall be provided at the rate of two P,., M;the number of 
automobile parking spaces required by thi~.;ection fori~h non-
residential uses; provided, however, th t'least one bi'*'" arking 
space shall be provided for any such ding having a floo rea in 
excess of 10,000 square feet of side' I use. If the calculation of 
the number of required spaces mber including a fraction, 
the next highest whole numbe' e number of spaces required. 

b. Condominiums 'i:1t\\": 

(0 At least one secure bicycle parking spi;~~'Shali be provided for every 
two residential un' 

c. Rental 
(i) None 

7.3. Circulation 

8. SERVICE AND lo.l\BIN 

ed that 

to serve. 
Every required loading space shall have a minimum area of 400 square 
feet, a minimum width of 20 feet measured along the alley line, and a 
minimum depth of ten feet measured perpendicularly to the alley line. 

(iii) Loading space shall have a minimum area of 600 square feet where the 
gross floor area of all buildings on the lot exceeds 50,000 square feet, 
but not more than 100,000 square feet, a minimum area of 800 square 
feet where the gross floor area of all buildings is between 100,000 and 
200,000 square feet, and shall be increased by an additional 200 square 
feet for each additional 200,000 square feet or fraction thereof of gross 
floor area in the building. 

b. Condominiums 
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(0 None 
c. Rental 

(i) None 

8.2. Screening 

a. Except for the minimum ground level frontage required for access, loading shall 
be screened from the view of adjacent public sidewalks and streets. 

b. Trash enclosures shall be provided and screened from the view of adjacent 
public sidewalks and streets. Rehabilitated trash enclosures shall be screened 
from the view of adjacent public sidewalks and streets. 

B.3. Circulation 

9. SIGNAGE 

9.1. Guidelines 

a. Refer to Ordinance No. 176172: HolI~ 
pursuant to Section 13.11 of the Los A 

9.2. Modification to Guidelines 

a. High-rise signs located wi 
the requirements of the B 

10. SUSTAINABILITY 

10.1. 

10.1.1. Stand atory for large projects) 

a. tandard of Sustainability establishes a requirement for non
ts at or above 50,000 square feet of floor area, high-rise 

tial (a ix stories) projects at or above 50,000 square feet of floor 
ow-rise residential (six stories or less) of 50 or more dwelling units 
ildings of at least 50,000 square feet of floor area to meet the intent of 
ership in Energy and Environmental Design® (LEED®) Certified level. 
dard also applies to existing buildings that meet the minimum 

olds described above when redevelopment construction costs exceed a 
ation of 50% of the existing building's replacement cost. 

equirement: The project must include a LEED® Accredited Professional 
(LEED® AP) on the project team, and demonstrate that the project has met the 
intent of the US Green Building Council's (USGBC) LEED® Certified level. 
Formal certification by the USGBC is not required. 

10.1.2. Standard of Sustainable Excellence (Voluntary for projects of any size - large and 
small) 

a. Threshold: The Standard of Sustainable Excellence establishes an incentive 
program for projects that register with the USGBC's LEED® program, contract 
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with a lEED® AP, and can demonstrate how the project will achieve lEED® 
certification at a Silver or higher level. 

b. Incentives: The ordinance will establish expedited service within the Department 
of City Planning and the Bureau of Engineering. Other incentives already in 
place, including those from the Department of Water and Power and the 
Department of Building and Safety, remain unchanged. 

11. LIGHTING 

11.1. Design intent: lighting located at the perimeter of each parcel is required to 
supplement the street lighting. Its purpose is to improve color rende~~, fill in 
shadows, light pedestrians' faces, articulate the building base-lev?;l}acades, reinforce 
the residential and pedestrian character of the development a ining 
neighborhoods. incr~ase security. and visually activate the n: eetscape. 
lighting for this purpose shall be energy efficient, attracti\(~';;and easY!~~;!:!1aintain. 

11.2. 

, , ..... 

Supplemental lighting shall meet the followil1.g~inimum requirem s: 

a. Supplemental sidewalk lighting for ped 
the parcel and designed in conjunctio 
PAPS. 

" 'be provided on all sides of 
rade level setback and open 

b. lighting will be operated from dusk to da . <\. 
c. Lighting will utilize a "white" light source witha~tfJpr rendering index (CRI) of 65 

or greater, i.e. metal halid,' compact'fluorescent, white cold 
cathode, white neon, or w 

d. Steps and ramps will be Ii 
horizontal plane. 

e. lighting approa<::.~will be c ent on each parcel with not more than 30 feet 
between ele. .., ~lf 

11.3. Respo 
\;~ 

intenance: building owner is responsible for maintenance of 
all lighting a 
to meet these r 

erty and for the maintenance of tenant lighting used 
ts. No luminaire or lighted element which is to meet these 
of commission for more than 10 consecutive days. 

11.4 ... ,\~al lightl such as plant lighting, colored lighting, signage lighting, etc. 
~,41lGill be used. \~~ operation of additional lighting will be at the discretion of the building 
• owner .;.';t 

f~~': 
lign!i'hg for areas located inside the lot line and visible from the street: such as 

ice y,tfCls, loading docks, service or garage entrances, shall be lighted with "white" 
6'e;:ces in attractive and/or concealed luminaires. 

'<::v 

11.6. Lighting for above-grade parking garage facilities: shall utilize "white" light 
sources and the luminaires' brightness shall be shielded from view of the street or any 
residential living space. This may be accomplished through architectural screening, 
luminaire placement, or integralluminaire shielding. Parking garages which are entirely 
concealed from exterior view are exempt from this requirement. 

12. NOISE 

13. OPERATIONAL STANDARDS 
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13.1. Pet Controls 

13.2. Antennas 
a. Transmission facilities 
b. Cable antennas 

13.3. Wireless Facilities 

CO-0001-397 
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Millennium Towers Development Agreement 

LEGEND 

Red Text: language City Planning would like to be added or modified 

Blue Text: Zoning language that would need to be changed 

tt/t.IJ10 

Green Text: Additional information that was added after the March 1 issuance to ownership and 
City Planning . 

StriltetAr9l:l§jA Text: Language City Planning does not view as necessary for the guidelines. 
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1. INTRODUCTION 

1.1. Purpose of Guidelines 

CO-0001-401 

1.1.1. The Design Guidelines (" Guidelines ") have been prepared to regulate new 
development on the site with design guidelines and controls for development. 

a. Establish a level of design quality and consistency for the entire development 
and insure design continuity will be carried through to the full implementation of 
the Project. The Design Guidelines establish basic site-wide design standards 
and criteria which serve to maintain the integrity of an overall master plan 
concept and protect the visual and environmental quality of the Project as a 
whole. 

b. Permit design flexibility while establishing a vocabulary which will guide the 
development for the Project site. 

c. Consolidate and illustrate the implications ot the established practices which will 
govern the physical development of the two sites, defining the standards for 
use, bulk, parking and loading, architel>tural features, landscape treatment, 
signage; lighting, sound attenuation and sustainability. 

1.2. Goals and Objectives 

1.2.1. The DeSign Guidelines serve to reinfe rce the design principles which will 
cont ribute to the shape of '~ successful project. 

1.2.2. These principles are as follows: 

a. Preservation of the Capitol Records Tower and Gogerty Building . 
b. Preserve pub lic views to the Gapitol Records Tower by creating grade level 

setbacks. civic p lazas, o,n tbe east site adjacent to the Jazz Mural and Cap ito l 
-Records Tower and west site across from the Capito l Records Tower. 

c. Create civic plazas that are activated by retail. landscaped and enhance the 
Hollywood Walk 0 Fame by providing it as an urban node; creating The 
Hoi ywood Wall< of Fame Plaza. 

d. The reinforcement of the urban and historical importance of the intersection of 
HOllywOod and Vine by the creation of an active street life focused on Vine 
Street. 

e. The preservation of existing view corridor to the Hollywood hills. 
f . The encouragement of street life by the creation of a new exclusive pedestrian 

connection between Ivar Avenue, Vine Street, and Argyle Avenue. 
g . The creation of vibrant urban spaces which permit active and passive 

recreat ional facilities for both the on-site and off-sit e population. 
h. The creation of a 24 hr community by the creation of a Thriving Mixed -Use 

Development. 
i. IFlsl:Ire Sl:IS~EliFlEll3ili~'9 13'9 ~l'Ie ereEl~iBFl Bf biB flevelBl9fFleFlt sites tl'lElt Bffer flexil3i1it'j 

te resJ3eA8 te A'larlEet eeA8itieAs al'l8 8e eleJ3A'leAt J3AasiA§I . 

j . Eliminate the visual impact of t he current on site parking. 
k. [TRANSPORTATION - awaiting comments from CPD] 
I. The establishment of a standard intended to promote architectural excellence. 
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m. Provide designs that take into account the context and make an effort to respect 
it and fit in visually. 

n. Create architecture that seeks to be a leader in minimizing the negative 
environmental impact of buildings by enhancing efficiency and moderation in 
the use of materials, energy and development space. 

o. The creation of two buildings that emphasize the vertical architecture and 
become a visible icon and gateway to Hollywood Boulevard from the Hollywood 
Freeway. 

~~L 
The Guidelines were prepared in coordination with the Los Angeles City ~ ~ ~ , 

1.3. Relationship to the Los Angeles Municipal Code 

1.3.1. 

1.3.2. 

Planning Department and approved by the City Council. ~ ~'~ . 

Wherever the Guidelines contain provisions which establish regulations that are ~ ~ 
different from or more or less restrictive than allowed in the Los Angeles ~ ~ , 
Municipal Code (LAMC) the Guidelines shall J?>revail pursuant to the _ J .. . .A _. _ J. A {,,~l ,./._ 
Development Agreement approved by the Oity Coun£il for the Project. ~ U-

2. PROJECT BACKGROUND 

~~.~ /\£.f~ 
~I~'~: 

,',J. "~~""-<..s ~ ~.~ 
c...ev-t..d. iv-v tIVV 

2.1. Existing Site 

2.1.1. The Project site consists of. eight parcels pn )t7acres of land. The subject I 
property occupies two distinet sites, both bounded by Yucca Street to the north 
and separated by Vine Street. T"'e area bounded by Ivar Avenue, Vine Street 
and Yucca Street is the West, S·te. The area bounded by Yucca Street, Vine 
Street and Argyle Street is t < e East Site. The East Site and the West Site make 
up the Pro)7ct Site. 1he Project site currently contains a mix of commercial and 
on grads-open parKing. The t0pography has a natural incline of approximately 
13 feet from Vi.ri~ ~t~~t to Argyle Avenue and 11 feet from Vine Street to Ivar 
Avenue. uhe existing sidewalk. elevations will not be altered as part the Project. 

2.2. Zoning Classi ication l' I 
, - ,I ~ 

2'.2.1. Classification: C2-2-SN (Proposed) within the Iiollyvvooa CUI I Ifllunity ~ ~ 
Redevelopm~t PF~act Area aftha bOi, .. '''::'Iit~ Dodelleh::Jpff:ent Ag~RA) 
of the City of Los Angeles. 
• 'Currently zoned as a C4-2D-SN 

2.2.2. :rhe City General Plan land use designation: Regional Center commercial. 

2.2.3. FAR: 6:1 (proposed) 
FAR 3:1 under "D" development limitation 

• 4.5:1 under CRA Redevelopment Plan 

2.3. Transfer of Floor Area 

2.3.1 . Owner may transfer floor area from one site to the other, as long as the 
minimum and maximum building heights are maintained. Either parcel can 
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exceed the 6: 1 FAR, as long as the FAR of the combined sites averaged 

touno more than 6:1 (I-

2.4. MaXimUn'lVensity Per Area 

2.5. Use Coordination / Use Compatibility 

3. BUILDING HEIGHT AND MASSING 

3.1. Street Wall 

3.1.1 . Definition of street wall: a wall or portion of a wall of a building facing a street or 
a grade level setback. 

3.1.2. Design intent: required street walls determine the scale and character of the 
pedestrian environment. Articulation of the reguired street wall within the 
perm itted ranges is required in order to create a sense of d ifferent uses, visual 
interest and orientation. 

3.1.3. Location of a required street walt. 

a, Parcels with a grade level setback: the required street wall shall be located 
minimum 5 feet from the pro~erty line. 

b. Parcels or portions of parcels witnoot a,flcaae level setback: the required street 
wall shall be located on the Rroperty ·Iine. 

3.1.2. Height of required street waif and dimension of initial setback: 

a. Street wall~shall be built to a minimum height of 30 feet and a maximum height 
of 150 f~et above e:urb level except as noted in item (b) and (c) below. 

b , 40% of aggregat~ w.iQ,t l1vQ required street wall frontage on each street can 
exceed maximum street wall height up to the maximum tower height. 

c. 40% of aggr~ate width of required street wall frontage on a publicly accessible 
nrivate space can exceed maximum street waif height up to the maximum tower 
height. 

Amount of articulation of required street waif. 

The aggregate width of required street wall articulation at the level of any story 
shall not exceed 50% of the required street Wall above the level of the second 
story ceiling or 29'-0" above curb level. whichever is less, to the floor level of the 
penultimate floor within the required street wall height, Within the lesser of 2 
stories or 28'-0" above curb level, recesses, balconies and bay windows shall not 
be permitted. Pedestrian pass-through, public plazas, entry forecourts, 
permitted vehicular access driveways, hotel drop-offs and loading entries and 
exits are permitted; steps, ramps, marquees, canopies, awnings and retail 
storefronts are permitted. 

3.1.4. Types of permitted articulation of a required street waIf. 

Millennium Towers Development Agreement Page 6 

AR0068577 



CO-0001-404 

Design Guidelines 
March 1, 2010 
Revised April 8, 2010 

f\ . 

1 
I~ 

a. 

&. 

e,. 

d. 

3.1.5. 

a. 

Recess: recesses shall be permitted to a maximum depth of 15'-0" with a 1:2 
maximum depth to width ratio. 
Balcony: a balcony may project a minimum of 3'-0" from a required street wall 
over a grade level setback aAs eaefl Balesl9Y A9ay fla v e a A9alEiA9t:iA9 leA§tfl sf 
~ 

Bay window: a bay window may project 8 A98!1iA9l:1A9 sf 4' Q' from a required 
street wall over a grade level setback; 81 Ie! e8efl 1118Y fiB v e B A9BIEiA9l:1A9 leA§tfl sf 
~. 

Expression band: an identifiable break should be provided between a building's 
retail floors and upper floors. This break may consist of a change in material. 
change in fenestration, or similar means. 

Other permitted projections: elements which project beyond the property line 
from a required street wall shall comply with the Building Code. 

Architectural facade elements such as expression bands, cornices; eaves, 
gutters, and downspouts may project from a feejuired street wall over a grade .. ~ IJ 
level setback By B I flaltil9 It:iI99 e!el3tfl sf 3' Q'. PG~ -:>0 (O~ CAw<) ~~ 

b. Steps and ramps may project from a r~uired streei~~all over a graMlevel .....:i4 ~ 
setback By 8 A98lEiA9t:iA9 sel3tfl sf 6' Q'. oOi ~ .:... ..-1 

c. 
d. 

Marquees, canopies and awnings ~lr 
Retail storefronts: may project from a required street wall over a grade level 
setback by a maximum depth of 5'-0', The maXim?, height of these projections 
for each parcel shall not exceed two stories or 28 -0" above curb level. 
whichever is less. 

Commercial Use: no' front, side or rear yard set backs are required 

Residential Use: 
Front<Yard - nooe (prOP05ed) 

Code requires: There shall be a front yard of not less than 15 feet; provided, 
however, that on key lots the minimum front yard shall be 10 feet. 

b . Side Yard : Min'mum 5 feet, for a building more than two stories in height, one 
foot shall be added to the width of such side yard for each additional story 
above <the second story, but in no event shall a side yard of more than 16 feet in 
width b¢ required. 

c. Rear Yard: Minimum 15 feet. for a building mom than three stories in height. 
one oat shall be added to the depth of such rear yard for each additional story 
above the third story, but such rear yard need not exceed 20 feet. 

3.3. Maximum Building Height 

3,3.1. Height District: No. Z 

3.3.2. The total floor area contained in all the buildings on a lot in Height District No. 2 
shall not exceed six times the buildable area of said lot. 

• FAR 3;1 under " D" development limitation 
• 4.5: 1 under eRA Redevelopment Plan 
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3.3.3. 

3.3.4 . 

Refer to Figure xx Bulk Control Plan for permitted maximum building height on 
each parcel. 

. 0 
The following are permitted obstructions which may penetrate the maximum 
building height: roof structures for the housing of elevators, stairways, tanks, 
ventilating fans or similar equipment required to operate and maintain the 
building, skylights, towers, steeples, flagpoles, wireless masts, water tanks, silos, 

f 
solar energy devices, or similar structures. 
• [discuss] LAMC SEC. 12.21 .B.2: "for each foot such structure yx~ed~e 

heigbt limit, an equal setback from the roof perimeter is provided, except 
that stairways, chimneys and ventilation shafts shall not be required to be 
set back from the roof perimeter00 portion of any roo' structure as 
provided for above shall exceed tile specified height limit by more than five 
feet." 

---[Insert] Figures for Tower Zone and Massing Diagrams 

3.4. Tower Controls 

A. 

0 
Q 

......... 

3.4.1. 

3.4.2. 
a. 
b. 
c. 
d . 

3.4.3. 

3.4.4. 

3.4.5. 

3.4 .. 6. 

a. 

b. 
c . 

Definition of tower. the portion of a building located 150 feet above curb level. 

Maximum lot coverage of tower. 
150 - 220 feet 48% 
221 - 400 feet: 28% 
221 - 550 feet 
221 - 585 feet 

15% 
11 .5% 

Refer to 4.1 .3 open space requirements for corresponding ground level open 
space that is d~t mined by<toY"er height. l' } 

50% of tetal floo' "ea mu't be I~ated below 220 feet.vY"'i • ~'It
Tower location: a tower 220 feet or greater in height above curb level shall be 
located witi'! its equal or longer dimension parallel to the north-south s~s. dV 
'Setback and articulation of towerwalls and crown : tj\~~, -tf'I CA 

Towers are not reguired to setback. " 
Minimum 10% of towerwall required to be articulated. 
Distinctive tower crown and lighting permitted but not reguired at the highest 
one (1) story and rooftop mechanical equipment enclosure. 

3.4. . Types of permitted articulation of a tower wall : 

(I . Recess 
b . Balcony: a balcony shall be integral to the facade and shall not create a 

relentless horizontal and vertical stacking pattern. They are encouraged to 
create a complex and varied pattern along the facade using various balcony 
sizes and architectural configurations. 
0) Standard balconies may be projecting or recessed or a combination of 

both. 
c. Bay windows 
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3.4.8. T ower spacing 

CO-0001-406 

a. Towers should be spaced to provide privacy, natural light and air, as well as to 
contribute to an attractive skyline. 

b. Generally, the portion of a towershall be spaced at least 80 feet from all other 
towers on the same parcel. except the following which will meet code: 1) the 
towers are offset (staggered), 2) the largest windows in primary rooms are not 
facing one another, or 3) the towers are curved or angled. 

c. Wl=lere tl=lere is aA ellistiA~ aeijaceAt telier, tl=le ElistaAce sl=lel::llEl Be 1~~e8Sl::lreEl 
frSIl~ tl=le .. all sf tl=le elEistiA~ aSjaeeAt ts .. er ts tFie J3rsJ3sseEl tSner. 'Nlgere tlgere 
is I~e el{istiA~ aeijaceAt teuver, Bl::It eAe cel::llEl Be cel9strl::lcteEl /iA tl=le fl::ltl::lre, tl=le 
J3rsJ3sseEl teneF FI'll::lst Be 4Q feet fFeFl'l aA iAteFisF J3FsJ3ert:) liAe aAEI 4Q "feet freFl'l 
tl=le aile) ce"ter lille sl=lareEl liitl~ tl=le J3etellti811~e .. tener. 

4. OPEN SPACE 

4.1. Grade Level Setback 

4.1.1. Definition 

4.1.2. Design intent: the purpose of a grade level setback is to provide a landscaped 
open space to preserve view of the Jaz~ Mural and Capitol Records and 
accentuate the low scale character . 

Open space reguirements : ~v ~ ~ 
Minimum ground floor open s8ace will be 5% of total lot area of the 
developmem site for buildin@s up to a height of 220 feet. "11 An additional 3% of open space (total 8%) required for buildings between 221 

,..... between 4'01 feet and 550 feet i 
feet alld 400 fe~t . 

• ~ 
~ c. An additional 5% (total 10%) of open space to be required for buildings 

d . .An additional J% (total 12%) of open space required for buildings taller than 550 

Location 

a. [ast site: adjacent to the Jazz Mural and Capitol Records Tower; West site: 
across from the Capitol Records Tower along Vine Street . 

b . Minimum depth: no horizontal dimension less than 5 feet when measured 
perpendicular from any point on each of the boundaries of the open space area . 

4.1.5. Landscape requirements; 

a. Plantins reguirements: Minimum 10% of grade le vel setback shall be 

landSCaped. 
b . Landscaped area{s} shall be planted with seasonally diverse plant material. 
c. The landscaped portion may be designed as a single area or multiple planted 

areas. The minimum size of a single planted area shall be 100 square feet, 
d. The minimum soil depths for planting are; 
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m) ~::::g~~~nd cove, ~ p " 
e. Each planted area shall have provision for proper drainage, and shall be 

equipped with automatic drip irrigation and waterproof electrical outlets. 

1.1.6. Materials: 

a. Raiseell='laAters sl'lall Be faeeel eA all elll='eseel sieles .. itl'l steAe er J99aSeA~ 
eeffiJ3atisle db itl'l tl'le Sl:lilEliA§ faeaEle ffiaterials. 

B. Pial It J99aterial sllall Be seleeteel fer sl:litasili~ te selar erieAtatieA, Aeat 
aJ3J3earaAee, relatieAsl'liJ3 te feAestratieA aAel seaseAal eli b ersi~. Tl'le ffiatl:lre size 
ef al'l) J3lallt sl'lall Ilet J3rejeet I""ere tl'lal'l 12" Be) el'lel tl'le faees ef tl'le J3lal'lter 
Belen a l'lei§I"t ef 18 feet aBebe tl'le aeljaeeAt sieledballc 

4.1.7. Permitted obstructions: the following are permitted obstructions which may 
occur in the grade level setback: 

a. Building entries, steps, ramps, balconies, bay windows, architectural facade 
details, marquees, canopies, awnings, olJtdoor dining, and retail storefronts. 

1.1 .8. Otlier reEjt:lireJ9gel'lts: 

a. 

4.2. Residential Open Space 

4.2.1. Design intent. a com,mon open, space is intended to be a "rear yard" providing 
light and air to apartments on the interior of a parcel; secure, primarily passive 
recreatiQl'lal open pace for resident adults and play space for children; and to 

4.2.2. 

a. 

be visually attractive w.h~n :viewed from apartments adjacent and above. 

RequiremeAts: 
m Provide at a minimum the following usable open space per dwelling 

unit: 100 square feet for each unit having less than three habitable 
rp oms; 125 square feet for each unit having three habitable rooms; and 
175 square feet for each unit having more than three habitable rooms. 

(ii) Usable open space shall mean an area which is designed and intended 
to be used for active or passive recreation. Usable open space may 
consist of private and/or common area as further defined and regulated 
herein . 

Common Open Space 

Requirements; 
0) Be open to the sky and have no structures that project into the common 

open space area, except as permitted in the zoning code. 
(ij) Be readily accessible to all the residents of the site. 
(iii) Have a minimum area of 400 sq. ft. with no horizontal dimension less 

than 15 feet when measured perpendicular from any point on each of 
the boundaries of the open space area, 
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(iv) Constitute at least 50% of the total required usable open space in 
developments built. 

(v) Common open space areas shall incorporate recreational amenities 
including but not limited to, swimming pools, spas, picnic tables, 
benches, children's play areas, ball courts, barbecue areas, sitting areas, 
gym and fitness center. 

(vi) A minimum of 25 percent of the common open space area shall be 
planted with ground cover, shrubs or trees. 

(i) At least one 24-inch box tree for every four dwelling units shall be 
provided on site and may include street trees in the1?arkway. 

(ii) For a surface area not located directly on finished grade that is used 
for common open space, and located at ground level or the first 
habitable room level, shrubs and/or trees sball be contained within 
permanent planters at least 30-inches in d pth, and lawn or ground 
cover shall be at least 12-inches in dep-!p. 

(iii) All required landscaped areas shall De equipped with an automatic 
irrigation system and be properl rained. 

b. Location of common open space: 

(i) Common open space shall be located at any story above curb level. The 
roof of any portion of a building usea for accessory parking or for any 
permitted nay-reSidential use shall be censidered as common open 

space. f1J~ ~ ~J~~ ~~ 
4.2.3. 

a. 

Private Open Space 

Definition : a private open space area contiguous to and immediately accessible 
from a single dwelling unit. 

Requiremems; 
(i) Contain a minimum of 50 square feet of which no more than 50 square 

feet pe~ dwelling unit shall be attributable to the total required usable 
0pen space. 

(ii) Have no horizontal dimension less than six feet when measured 
perpendicular from any point on each of the boundaries of the open 
space area. 

(iii) E'rovide a minimum eight foot vertical clearance under any projection, 
except as provided in zoning code. 
That portion of a balcony which extends or projects into a required front 
yard in compliance with zoning code may qualify as usable open space 
provided it meets each of the above specified reqUirements noted in 
items 1-3. 

4.2.4. A eeess t9 e9A'lA'l9R 913eR sl3aee: 

a. CSA'lA'lSA Sf3eA 5f3aee 51'1all Be Elireet:ly aeee55iBIe t8 811 resiEleAts 8A tl'1e f38reel 
1:Rrel:lgl I a leBB) eeFiFiee1:iFig 1:e eaeR ele.a1:er eere. £l:IeR sj9aees shall Be 

fleee:;:;i~le te tl'le I'IflflEJieflJ:jJ:jee! . RHfllJ:j:;, ele.flter:;, eeffie!er:; HI Ie! e!eer5 51'1a1l be 
sesi€lAee te aeeSA'lfTlsaate .... I=leelelqairs. 

b . G61:olJ II' I\~I' 6~el' :;~aee :;I.all be aeee:;:;i6Ie 61 II) ffeH'l' tl Ie re:;ider1tial portiol' of tl Ie 
98iletiR€1. 

e. At lea:;t 36% af eaei9 eaaf ta a eeffiR lei'! apeFi :;paee :;llall be 1:1 allspare Fit. 
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4.2.6. PerFl~iUes eBstrl:ietieFls: tlge felle .. iFl~ are 1gerl~~ittes eBstrl:ietieFls .. l9iel9 n~ay 
eee~r iR a eeRlffieR el=leR sl=laee: 

a. Terraees, BaleeFlies, Bay .. iFlseous, arel9iteetl:iral faease setails, aeeessery 
AeAeeffiffiereial §reeAlgel:iSeS, I9laAtiA~ Beltes, stel=ls aAs raffil=ls fer aeeess By tlge 
l~al~sieal9lges, veRts, Bl:illtlgeass eF etlgeFffieel9aRieal efjl:iil9l'1'1el~t, I9r~eetil99 lIet 
F1'l8Fe tl9Sfl § I Gil; 

B. Ea .es, 9l:itters, er se .. Flslgel:its I9r8jeetin9 Ilet I~~ere t19al9 16"; 
e. AFBers, 1:Fellises, FeAeeS, f'la§ I=leles, aVil'liA§S er eaAel=lies; 
S. C19iFl91geys I9rs.jeetiFl~ Flet ffiere tl9aA 3' G':; aAS 
e. ReereatieAal efj~il=lffieAt. 

4.2.6. Gelleral refjl:iirel'l'lellts: 

a. Fer e.eF) t .. el9ty (28) a19aFtRgelits en tlge 19aFeel elle fixes seat .. itl'\ a Baelt sl'\all 
Be I9re.ises iA I9ri.ate elgeA sl9aee. 

B. CeI9~1~gell el=lell sl=laees sl'\all Be sel=larates fFeffi all al=laFtffieFlts, aFle el:iteeer 
areas sePviA§ iAsi.iEl~al al=laFtffieAts, By a 4 feet 19~19 el=lafj~e FeAee, .. all er year 
rel:ills seFeel1 ef sel9sely I91al9tes sl9rl:il:ls leeates at least 6 feet freffi a .. iAse .. er 
eeer ef aA al=laFtI'l'leAt. 

e. Areas .. itA I9lay efjl:iil9l'1'1ellt fer yel:i19~ el9ilereFl ffiay Be I9re. ieee. Pia) areas sl9all 
Flet Be lecateel .. itl9iFl 28 feet ef a resieleFltial tJFlit aFlel sl9allBe .istJall~ BFlel 

el, 

e. StlFf6ee 1illi :;lle:; 61 pr~eetillg :;trtlettlre:; :;l'Ifl ll be 1il9i:; l'Ieel .. it l'l199fltel ifl l:; 
eeA'll3atiele witl:l lJeFtieal el::liIEliR~aterials. 

f . 0 e llts afe Ii jefe tl 181: 1 Q' 

1.2.7. 

a. 
1 QQ 5Ell:lare ~et. 

b. I='lal .til '9 afe; 

SllFtlbs: 30" 
La"JAS, f;Jrel::lAEI eever: 1 B" 

c. [acl9 !9laFlteel afea sl9alll9aoe !9feoisieFl fef !9fe!gef elfaiFla!;le, al~el :;MII Be 
eqtJi!9igeeJ nitl, 8l:Jtematie sFij3 irrigat isA BAa .. ateFf3Fsef eleetFieal st:Jtlets. 

el, PlaFltiFl!;l reEjtJifel'l'leFltS: 
(i) Fer eae'" 4QQ sEjl:iare feet ef laFlEIseaf3eel area t"'ere s"'all Be at I.east eFle 

til 1"tIjer sl9aEle tree er hie (2l ffiiller tl ee!i. 
Oil TAe reA'laiAiA§ IBI'IEl 5ea~eEl area{5l 5Aall ge ~laAteEl !!'itA seas9Rsily 

eli. el se plfl iit IlIflteriel fl ppfepl iete fef feekeps. 
(ii i) ll:le laAElseal3eEl area(s) sl:lall ee leeates sl::lel:l tl:lat tl:ley reeei .... e a 

1 l"Iil9il 19t:11"19 6f 4 i9 6 t:1F5 6f eliFeet 5t:1llli~llt as ealet:llateel 619 dt:llge 21 . 
Ovl Tlge laFlel:;ca!geel afea·:; sl9all Be ceFltaiFleEi B'Y eltJfaBle !9laFltefs te 

aeeSfRM9sste tI e reEtt:liFe r=a=teFlts sl3eeifiea iA (i i) Bee e. PlsFlteFs 11 B) Be 

Elesi~lleEl Viitl, a c6~il'~ t6 ~reviEle aElElitiellal !ieatil'~ ifthe e6~ifl~ i!i 
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fl'lil'lifllt'lfl'l 12" .. iae al'la aees I'let elteeea 18" il'l i'lei~i'lt. Plal'lters fl'la) 
alsEl Be J3artiall) reeesses il'ltEl rElsf slaB J3rs.ises tlge s.erall 
reejt'lirefl'lel'lts Elf Oi) abe.e are fl'let. 

e. Ft:lrl'lisl9il'l~s: 

{i) Ft'lrl'list;ill~S st'lei'l as seatill~, taBles, ~aZ'ebEls Elf Eltlgef sl9aae stft:letl:JfeS 
are el'lest:lra~es. Ft:lrl'lisl9il'l~S fl'la) Be fl'ls.aBle SF filtes . If fines, ti'le) si'lall 
ee Bfiel :tea te J9F8 0 iete 1"1 :B)(ifl;H:tfl'l '8fie~ ii, Felatisl9si9il9 te 13181 rl:eel 8ress, 
St:l1'l al'la si'laae. 

{ii) £I:JFfaeil'l~ Bel'leatl9 J3la) eejl:JiI3fl'leRt fElf )ElI:JI'l~ el9ilsrel'l sl9all eElfl'lJ3I) .. itA 
Feaeral safet;y stal'laaras al'la eEit'liI3l'llel'lt si'lall Be al'lei'leEea il'l 
aeeElrS8Ree .. itA fl'l8Rt:lfaett:lrer's §t:liseliRes. 

(iii) Pre.isiel'l fer et:ltaeer li~i'ltil'l~: refer te £eetiel'l It)t. 

4.3. Publicly Accessible Private Space (PAPS) 

4.3.1 . Definition of publicly accessible private space (R PS): a continuous through 
block connection, located on privately owned land. 

Design Intent: to encourage public pede.strian eirel! ation and other appropriate 
public uses on both sides along Vine Street. 

4.3.3. Location and size requirements: 

j 
a. 

~ sf easterA l3areel. 

t The major portion of a PAPS is tbe largest area of the PAPS and the area of 
primary use. Major portions sh II be generally regular in shape, contiguous to 

i! ~ each other, easily and direct.ly accessible from adjoining buildings and public 
-J 0 spaces. ~ajm portions shall bceupy no less than 75 percent of the total PAPS 
'.. area and shall not kle less than 20'-0" wide . 
.3 '\. .c. Minor pOftions 0 PfjeS~re secondary areas that allow for additional flexibility in 

oS ..) _ the shape ana configuration of a PAPS. Minor portions shall not occupy more 
~ than 25 pe~ the total area of the PAPS. The minor portion shall have a 
.c.. tninimum verag width of 10 feet. 

d . The min0r portl must be directly adjacent to the major portion. 

Permitted obstructions: 

a. PAP$ open air minimum requirements shall be as follows: 
(i) Development with maximum building height of 150 feet: 0% 
Oi) Development with ma)(imum building height of 220 feet: 20% 
(iii) Development with maximum building height of 400 feet: 30% 
(iv) Development with ma)(imum building height of 550 feet: 40% 
(v) Development with maximum building height of 595 feet: 50% 

b. Permitted obstructions within open air PAPS: any features, eqUipment, and 
appurtenances normally found in public parks and playgrounds, such as 
fountains and reflecting pools, waterfalls, sculptures and other works of art, 
arbors, trellises, benches, seats, trees, planting beds, litter receptacles, drinking 
fountains, and bicycle racks; open air cafes; kiosks, outdoor furniture; lights and 
lighting stanchions; flag poles; public telephones; temporary exhibitions; 
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balconies, bay windows; awnings, canopies and marquees; stairs, ramps and 
bollards. Metro station access? 

4.3.5. Kiosk: 

tr. Where a kiosk is provided, it shall be a one-story structure, predominantly of 
light materials, such as metal. glass, plastic, or fabric as approved by the 
Department of Buildings in conformance with the Building Code. Kiosks, 
including roofed areas, shall not exceed 3%of the total area of the PAPS and no 
one kiosk shall occupy an area of more than 250 square feet. A kiosk may be 
freestanding or may be attached on only one side to a wall of tl1e building. Any 
area occupied by a kiosk shall be excluded from the definition of floor area 
[needs to be confirmed with CPO). and may be occupied by news or magazine 
stands, candy stands, food preparation for open air cafes, flower stands or 
public service/information booths. Li§l9tiA§ aA8 si§Aa§e sf Itisslts sl9all eSAfsfl'l'l 
ts SeetisA ml, Retail Gl:IiEleliAes. 

4.3.6. Open air cafe: 

a. Where an open air cafe is provided it shall be anrunenclosed restaurant or eating 
or drinking place, which may have waiter or taole service and is open to the sky 
except for permitted obstructions such as trees, arbors, awnings or canopies. An 
open air cafe shall be accessible from a miniml:lm of two sides where there is a 
boundary with the remainde of the RAPS. The boundary shall be defined by 
planters or temporary decorative baFr·capes. S'eating may be reserved for 
customers. An open air cafe may ace py an aggregate area not more than 
20%of the total area of the PAPS. No cooking equipment shall be installed 
within an open air cafe. Cookmg eqUipment may be contained in a kiosk 
adjoining the..open air cafe. IAn open air cafe qualifying as a permitted 

4.3.7 . Servi ce through windows: 

a. Outdoor, eating services or uses occupying kiosks may serve customers on PAPS 
through open windows. 

4.3.8. Prohib ition of parking spaces, loading berths, exhaust vents and building refuse 
storage areas: 

a. No buildings refuse storage areas or refuse storage from a kiosk or open air cafe 
are permitted on any PAPS. 

b. No exhaust vents are permitted on any PAPS or on any building wall of the 
development fronting upon the PAPS except where such vents are more than 
10"6" above the level of the PAPS. 

4.3.9. Landscape requirements; 

a. The landscaped portion may be designed as a single area or multiple planted 
areas. The minimum size of a single planted area shall be 100 square feet. 

b. The minimum soil depths for planting are: 
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(i) Trees: 36" 
(ii) Shrubs: 30" 
(iii) Lawns. ground cover: 18" 

Each planted area shall have provision for proper drainage. and shall be 
equipped with automatic drip irrigation and waterproof electrical outlets. 

d . Planting requirements: 

e. 

(i) Minimum of 10% of open air PAPS shall be landscaped. 
(ii) For each 400 square feet of landscaped area there shall be at least one 

(iii) 
(I) major shade tree or two (2) minor trees. 
The remaining landscaped area(s) shall be planted with seasonally 
d iverse plant material. 

Seating : 
1. There shall be a minimum of one linear foot of seating for each 500 

square feet of PAPS excluding the area of an open air cafe. 
(i) One seat shall equal two linear;, feet 

2. Not more than 50% of the linear seating capacitrge in moveable 
seats which may be stored between the hours 0 p.m. and 7 a.m. 
Seating shall meet the following stanaards: 

(i) Seating without back,S shall have a minimum depth of 16". 

(ii) 

(iii) 

For the benefit of hantlicapped persons a minimum of 20% 
of the required seating shall have backs at least 12" high 
and a minimum depth of 14". Seating 30" or more in depth 
shall count double provided there is access to both sides. 
Seati~g higher tlolan 36" and lower than 12" above the level 
of the aojacent walking surface shall not count toward 
meeting the seating requirements. 
The tops of walls including but not limited to those which 
bound planting bed s. fountains and poo ls may be counted 
as seati flg when they conform to the dimensional standards 
fn subparagraphs (i) and (ii) above. 

(iv) Moveable ; eating or chairs, excluding seating of open air 
.cafes. may be credited as 30 inches of linear seating per 
chair. Steps and seating in open air cafes do not count 
toward meeting the seating requirements . 

4.3JO. Lighting: 

a. A PAPS shall be illuminated throughout with an overall minimum average level 
of illumination of not less than one maintained foot candle (lumens per square 
foot) on the horizontal plane at grade. SUCh level of illumination shall be 
maintained throughout the hours of darkness. Light sources shall be white light. 

1.3.11 . Eleetrieal J3suuer: 
B . Eleetfieal ps",ef sl=aallee stJPplies 13) sl=te SF I 1SFe st:Jtlets fl:Jfl9 i sl9ir~g a tetal s f at 

lea!ft: 3.888 uuatts sf J3suuer fSf ever) 1.888 SEjl:lBfe feet, Sf frBetiSfl ti'lefesf. sf B 
ph p~ feF 11 aiAtel aRea e€l'::IiJ3A=teAt, sJ3eeial e eAts BRS retail I::!ses (hiesles, 9J3eR air 

eafe5, eafl:5). 

1.3.12. Sigll:;; 
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a. A PAPS sRall Be Veatee as a stFeet feF tRe J3tlFJ3sse sf tRe aJ3J3lieaBle Si§19 
re§t:llatieliis. Si§flS are ):lerfflittee elfll~ aeeesself) tel t:lses ):lerfl9itteel Uiit19ifl aflel 
aEijsiAiA§ tRe PAPS. 

4.3.13. Mandatory allocation of frontages for permitted use: at least 40% of the total 
frontage of building walls of the development fronting on a PAPS shall be 
allocated for occupancy by permitted retail, restaurants and cultural uses. Such 
building frontage use requirement shall apply to both the mezzanine, if 
provided, and the street level. All such uses shall be directly accessible from the 
PAPS with an entrance required every 50' at a minimum. The re(t'laining frontage 
may be occupied by other uses, vertical circulation elements and building 
lobbies. 

4.3.14. Maintenance: 

a. Responsibility: the building owner shall be responsible for the maintenance of 
the PAPS including, but not limited to, the con mement of permitted 
obstructions, litter control, and the care and replacement of vegetation within 
the parcel and in the street sidewalk: are<;l adjaceRtvto the parcel. 

b. Litter receptacles : shall be provided wit ami ifl1um capacity of one cubic foot 
for each 2,000 square feet of PAPS area. An additional capacity of one cubic JZ 
foot of litter receptacle shall be provided for eaGh 2,000 square feet of PAPS in - J 
connection with outdoor eating services or other uses permitted on PAPS which ..f 

generate litter. 1 
4.4. Rooftop observation~k \ ~. --.,1 J 

4.4.1. Buildings abov 550 eet to include a public roof-top open space and viewing 
deck. 

9. VIEW GORRIQOR 

6. ARCHITECTURAL ELEMENTS 

0.1 . Building} Vlaterials and Galor 

9;1 .1 . Desig ir.ltent: define the general des,ign objectives for the material and color of 
distinct JDortions of the buildings and prescribe the treatment required for both 
residential and commercial portions of the building. 

Feature long-lived and sustainable materials. The material palette should 
provide variety, reinforce massing and changes in the horizontal or vertical 
plane. 

ound floors shall have a different architectural expression than upper f loors 
__ feature high quality durable materials that add scale. texture and variety. 
3 ~podium levels up to 150 feet I:l'Ial: ifleltlee stlfffiees sf ffla5SI'lf) will be 
~ predominantly light in color. Colors will be achieved through the inherent color 

J'-- -( of the material, rather than the application of color to the surface. Darker accent } i--- colors may be used to delineate building entrances and accents. There will be 
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clear contrast between the buildings surface material and the building's glazed 
areas. 

d. The building's skin, especially for towers, should be primarily transparent; the 
use of darkly colored or highly reflective glass will be avoided. Glazing will have 
the minimum amount of reflectivity or tinting required to achieve energy 
efficiency standards. 

e. In buildings other than curta in wall buildings, windows will be recessed, except 
where inappropriate to a building's architectural style. 

f . To provide visual variety and depth, layer the building skin and provide a variety 
of textures that bear a direct relationship to the building's massir:lg and structural 
elements. The skin should reinforce the integrity of the design concept and the 
building's structural elements, and not appear as surface Rastiche. 

g. Rooftop mechanical equipment: shall be screened with materials and design 
consistent with the building architecture; see SeetiBI'l lefTB'~F' eFB .. R. 

h. Design the color palette for a building to reinforce~t1ilding identity and 
complement changes in the horizontal or vertical ",lane. 

6.2. Grade Level Controls 

6.2.1. 
entrances and storefront windows and doors, as well as the use of quality 
materials and decorative details, shall be used to promote pedestrian-scaled 
architecture along the street. Architectural feat ures that reinforce the retail 
character of the ground street wall and/or help define the pedestrian 

6.2.2. Ground floor height; 

a. 

6.2.3. Buildi"'9 entrances: ................ "'"' 

a. The primary entrance to a street level tenant that has frontage along a public 
"street shall be provided from that street. The primarY entrance to a tenant that 
does not have its frontage along a public street shall be provided from a 
courtyard, grade level setback, or PAPS. Entries shall not be higher than 4 feet 
above t he elevation of the sidewalk at its nearest point to the entry. Where 
possible entries shall be marKed through the use of architectural elements such 
as porches, gateways, entry alcoves, awnings, canopies, or portals. 
Main build ing entrances should read d ifferently from retai l storefronts, 
restaurants and commercial entrances. 
See Seetier=a )ElE A=taf EI':JeeS, ear=S8f3ies, BaAil ISS; Seetieri )BE f.ef s i 91=ta~e eSAtFsls, 

BflEi Seetisfl lO{ fer 1i§l9iifl§ eSflirsls. 

6.2.4. Ground floor glazing; (CPO sending text from CRA) 

a. When any building wall adjoins a street line or grade level setback, at least 25% 
ofthe total surface area of such wall between curb level and 12' above curb 
level or to the ceiling of the ground floor, whichever is higher, shall be 
transparent. Door or window openings or unglazed openings within such walls 
shall be considered as transparent. Such openings shall have a minimum width 
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of 2'-0". The lowest point of any transparency that is provided to satisfy the 
requirements of this section shall not be higher than 4'-0" above the curb level. 
Retail storefront ground floor glazing requires at least 50% transparency. 

b. Any portion of such building wall, 50' or more in length, which contains no 
transparent elements between curb level and 12' above curb level or the ceiling 
of the ground floor, whichever is higher, or to its full height, shall be covered 
with vines or similar planting or contain art workor be treated so as to provide 
visual relief. 

6.2.5. Arcades: 

a. Arcades at grade will maintain a minimum of 10 feet clear height and will be lit 
with a minimum of 1.0 foot candles. 

6.2.6. Service and refuse: 

a. 

b . 

6.2.7 . Retail storefronts: 

Openi 9s for storefronts, windows and doors shall comprise a minimum of 40% 
of the building 's street level facade and be recessed where necessary. 
Ground floor retail space will be a minimum of 20 feet deep and 12 feet 
clearance in height and have storefronts openings a minimum of 10 feet in 
he~ht. Storefront openings shall be no wider than 100 feet and no smaller than 
15 eet, 
Security grills will be located behind glass and be at minimum 80% open. 
Storefront glazing will be transparent. 

6.3. Podium Controls 

6.3.1. Design intent: provide a modern interpretation of the historical context of 
Hollywood by establishing different treatment from the building's base, middle 
and top; through the vertical articulation of the street wall facade by the use of 
balconies, projections, recesses, fenestration and changes in maSSing, color, 
material or other elements. 
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6.3.2. Podium height: 

CO-0001-416 

t!-: Minimum 30'-0" to a maximum of 150 feet, e)(eh:J5i.e eftlge SlFet:l!lB fleeF le.el. 

6.3.3. Guidelines: 

a. Provide an identifiable break between the building's ground floors and upper 
\ ~~ floors. This break may include a change in material, change In fenestration 

~
\P pattern or Similar means. 

\. b. Podium level windows shall be vertically oriented . 
~. ~ J:- Podium levels shall be predominantly light in color. 0"" ~~JI' d. Expression band shall be proVided at the highest story within the podium. 

Q" e. While blank street wall fac;:ades are prohibited, an exceRtion may be made for 
00 integration of public art or a graphic-based fa<;;ade if i}-atJ s scale and Interest to 
\ an otherwise bland frontage. In these cases, the fa@de should be a maximum of 

four floors high, and should have variation in its s rface plane (using cut outs, 
insets or pop-outs). It should employ different scales of elements as viewed 
when seeing the entire building massing. 

G. 4. MaFEjl;lees, CaAepies, AnAiA§S 

6.4.1. Leeal:ieA By I;Jse: 

ieleel 

8' 8" fHiRif1'll:Jf1'l elear l'Iei§l'It aREI a f1'laltif1'll:Jf1'l l'Iei§l'It 5f 28 feet sl'Iall Be J3r5viEleEi 
aST tRe siele all,: 2' Gil A'!iAiA'!l;JA'! RSFizsAl:al elisl:allee frSA'! faee sf 6I;JFS. 

Maxiffil:Jffi eelfltil'll:Jell:JS lefl§tl'l l5eFffiitteet is 1 S', vuitl'l a ffiil'lil'lll:Jlll elf Z' 9" sl5aeifl§ 
eel: eeA a AiA§S. 
Amlill§J E1!1eJ eEl!l615ieJ JIIElII be fElbFieElteeJ 6f .. 6uell fElbl ie, §IElJJ, IIletElI 6F 6tlleF 
1gerffiaAeAt ffiaterial eSffil9atil3le ..,itl<l tl<le I3l;JileliA§ arel<liteetl;Jre. IAterAally 
ilh:Jlllillf1teeJ, u ill) I E1u; flill§5 Ell e !l6t l5ell IIitteeJ. 

6.5. Fenestration 

6.5.1. Louvers, wall openings: shall be designed to integrate with building architecture. 

6.6. Tower 
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6.6.1. Design Intent: 

CO-0001-417 

a. Towers should have their massing designed to reduce overall bulk and to 
appear slender. 

b . Towers should be designed to achieve a simple faceted geometry and exhibit 
big, simple moves. They should not appear overwrought or to have over
manipulated elements. 

c. Towers that emulate a more streamline modern style should provide variety 
through subtle details in the curtain wall, and the articulation of a human-scaled 
base at the street level. 

d. If a project has more than one tower, they should be complementary to each 
other and employ the same architectural design approach. 

e. Generally, buildings over 150 feet tall (the historic datum for Hollywood) should 
not be historicized. They are contemporary interventions in Hie skyline and 
should appear as such. 

6.7. Rooftops and Setbacks 

6.7.1. General requirements: 

a. Rooftops and setbacks are highly visible and«provide a significant amenity. They 
shall be landscaped with consideration for use and to be visually attractive when 

viewed from locations adjacent and above. 
b . ~or rooftops to be developed as usab e outdoor area, refer to requirements 

specified under common open space, Section xxx. 
c. All other roof surfaces and setbaeks shall provide surface materials which are not 

s. 

6.B. Parapets, Handrails, Roof Mechanical Equipment Screening 

6.8.1. Parapets and handrails : if part of an expression band or expression line, shall be 
finished in a distinctive manner. 

6.B.2. Roof mechanical equipment: shall be screened ; materials and design to be 

consistent with the building architecture and will utilize similar colors and 
materials as in other portions of the building. Enclosures for bulkheads shall not 
count against building height. 

7. STREETSCAPE 

7.1. Streets and Sidewalks 
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s. 

s. 

7.1.1. Design intent: the cohesiveness and variety of public open spaces and streets · 
are key features of the Project. The combination of landscaped plazas and PAPS 
and landscaped streets creates diversity, and at the same time forms a single 
unified system. Cohesiveness shall be achieved by providing certain uniform 
elements such as lighting, paving, rhythmic tree plantings and continuous open 
spaces in a consistent palette of materials and furnishings. 

Street trees playa very important role in the Project. To create a strong visual 
order, trees shall be planted in continuous, uniformly spaced rows along the 
streets. To acknowledge microclimatic variations and to avoid monoculture 
demise, different tree species shall be required on the deSignated hierarchy of 
street types. In all cases, the trees shall be planted in a single row on sidewalks 
leading to or abutting the development. 

Spacing of the street trees is critical to the overall image of the development, so 
their regular spacing becomes the module for locating all of the other elements 
on the sidewalks such as light standards, pave ent scoring patterns and curb 
cut zones. It is important that building elements affecting tree spacing, such as 
entrances, canopies, and utility connections, be c brdinated at the outset to 
avoid conflict with the established tree Qlallting pattern. 

7 .1.2. Tree planting guidelines: 

a_ It is the intent to comply with the Urban Forestry Division standard guidelines 
regarding street tree locat-o s anCl plantj n~ ocedures. RegUlar spacing of the 
street trees is critical to th overall i age of the Project. establishing the module 

7.1.3. 

" 

9.1. Automobile Parking 

9 .1.1 . Requirements for each use: 

J 1.. a . Commercial/Office / Retail : 

\S ~ (0 , At least two parking spaces for everyone thousand square feet of 1 ~ .j J limb;ned gco~ floo< a<ea of c~me,dal office, bu,;n"" , mta;!, 
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restaurant, bar and related uses, trade schools, or research and 
development buildings on any lot. 

b. Condominiums 

c . 

(i) At least two parking spaces per each dwelling unit 
(ij) One quarter parking spaces per each dwelling unit for guest parking 
(iii) One quarter parking spaces per each dwelling unit for guest parking 

• Development is located within in a parking congested area 
Rental 
(i) At least one parking space for each dwelling unit of less than three 

habitable rooms, one and one-half parking spaces for each dwelling unit 
of three habitable rooms, and two parking spaces for each dwelling unit 
of more than three habitable rooms. 

d. Combination of uses: 
(i) Where there is a combination of uses of a lot, the number of parking 

spaces required shall be the sum of the reqUirements of the various 
uses. 

9.1 .2. Additional regulations: 

a. Location of accessory commercial/office I retail/off-street spaces: may be 
located on the same parcel as the use to hich they are accessory, or on the 
opposing development. 

(g) Location of Parking Area . The automobile parking spaces required by 

Paragraphs (b), (c), (d) and (e) hereo f. shall be provided either on the same 
lot as the use for whicl;l they are intended to serve or on another lot not 
more than 750 feet distant there from; said distance to be measured 
horizontally along the streets etween the two lots. except that where the 
parking area is located adjacent to an alley, public walk or private easement 
which is easily uS,able for- pedestrian travel between the parking area and the 
use it is--to serve, the 750-foot distance may be measured along said alley, 
walk,.or easement. 

b. Curb cuts shall be located no closer than 50 feet to the intersection of two 

streets. 
c. Access driveways to parking facilities will not exceed 28 feet in width, The 

minimum separation between drives located along the same frontage shall be 
50 feet. 

d. Parking and loading access will be shared where feasible. 
C. Tl=lc I'l'lalfil'l'll:ll'l'l fleer 1'e fleer I=Ici§I=I1' ef aBe'Jc §FaaC J3aFlliA§ 51=1all Aet Be §FcateF 

t:R6A 9 feet: eJ(eept: hReFe p6Fltil99 is seFeeAeel .. itR el .. elliA9 I:JAits. 

9 1.3. Screening 

a. Above grade parking shall be lined wi~h habitable flOG area having a minimum 
depth of 20 feet along street frontag s where feasible 0 shall be designed to 
blend in with the form and massing an ook like an integral part of 
the building. The interior of a parking structure will be designed to be screened 
from the view of streets and sidewalks. 

9.2. Employee Bicycle Parking 

9.2.1. Requirements for each use: 
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a. Commercial/Office / Retail : 
0) Any portion of a building used for non-residential purposes which 

contains a floor area in excess of 10,000 square feet, bicycle parking 
spaces shall be provided at the rate of two percent of the number of 
automobile parking spaces required by this section for such non
residential uses; provided, however, that at least one bicycle parking 
space shall be provided for any such building having a floor area in 
excess of 10,000 square feet of non-residential use. If the calculation of 
the number of required spaces results in a number including a fraction, 
the next highest whole number shall be the number of spaces required . 

b. Condominiums 
0) At least one secure bicycle parking space shall be provided for every 

two residential units. 
c. Rental "-. 

(i) ~e 
~ 

9.3 C;~la~:f 
VICt AND LOADING 

. ~eqUirements 

f 
(ii) 

tI depth of ten feet measured perpendicularly to the alley line. 
Loadirl,Q space shall have a minimum area of 600 square feet where the 
~ross floor area of all buildings on the lot exceeds 50,000 square feet, 

t ut not more than 100,000 square feet. a minimum area of 800 square 
feet where the gross floor area of all buildings is between 100.000 and 
200,000 square feet, and shall be increased by an additional 200 square 
feet for each additional 200.000 square feet or fraction thereof of gross 
floor area in the building . 

C:ondominiums 
(i) None 

C. Rental 
(i) None 

10.2. beeatieA aAa Size 

10.3. Screening 

a. Except for the minimum ground level frontage required for access, loading shall 
be screened from the view of adjacent public sidewalks and streets. 
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b. Trash enclosures shall be provided and screened from the view of adjacent 
public sidewalks and streets. Rehabilitated trash enclosures shall be screened 
from the view of adjacent public sidewalks and streets. 

10.4. Circulation 

11. BICYCLE PARKI~JG 

12. SIGNAGE 

12.1. Guidelines 

Refer to Ordinance No. 176172: Hollywood Signage Supelemental Use District 
pursuant to Section 13.11 of the Los Angeles Municipa Code. 

Modification to Guidelines 

a. 

Tyj3es 
a. 

12.6. IIItlfflifleotiefl 

13. SUSTAINABILITY 

13.1. LEED Certification 

13.1.1. Standard of Sustainability (Mandatory for large projects) 
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a. Threshold : The Standard of Sustainability establishes a requirement for non
residential projects at or above 50,000 square feet of floor area, high-rise 
residential (above six stories) projects at or above 50,000 square feet of floor 
area, or low-rise residential (six stories or less) of 50 or more dwelling units 
within buildings of at least 50,000 square feet of floor area to meet the intent of 
the Leadership in Energy and Environmental Design® (LEED®) Certified level. 
The Standard also applies to existing buildings that meet the minimum 
thresholds described above when redevelopment construction costs exceed a 
valuation of 50% of the existing building's replacement cost. 

b. Requirement: The project must include a LEEO® Accredited Professional 
(LEED® AP) on the project team, and demonstrate that the project has met the 
intent of the US Green Building Council's (USGBC) LEED ® eertified level. 
Formal certification by the USGBC is not required. 

13.1.2. Standard of Sustainable Excellence (Voluntary for projects of a y size - large and 
small) 

a. Threshold : The Standard of Sustainable Excellence establishes an incentive 
program for projects that register with the SGBO's'lEED® program, contract 
with a LEED® AP, and can demonstrate how ttl "project will achieve LEED® 
certification at a Silver or higher level. 

b. Incentives: The ordinance will establish exp ited service within the Department 
of City Planning and the Bureau of Engineering Other incentives already in 
place, including those from ttie Separtment of Water and Power and the 
Department of Building and Safet , ·emain u changed. 

14. LIGHTING 

14.1. Design intent: lightir-lg located at the perimeter of each parcel is required to 
supplement the streeq isghting. Its p'urpose is to improve color rendering, fill in 
shadows, light pedestrians' faces articulate the building base·level facades, 
reinforce the reside ti.al-an.q eedestrian character of the development and adjoining 
neighborhoOdS, i crease security, and visually activate the nighttime streetscape. 
Lighting for this purpose shall be energy efficient. attractive, and easy to maintain. 

14.2. SupplemMtallighting shall meet the following minimum requirements: 

a. Supplemental sidewalk lighting for pedestrians shall be provided on all sides of 
the pa ;eel and designed in conjunction with the grade le vel setback and open 

PAPS. 
b. lighting will be operated from dusk to dawn. 
c. (ghting will utilize a "white" light source with a color rendering index (CRI) of 65 

or greater, i.e. metal halide, fluorescent, compact fluorescent, white cold 
cathode, white neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0 foot candles on a 
horizontal plane. 

e. Lighting approach will be consistent on each parcel with not more than 30 feet 
between elements. 

14.3. Responsibility for maintenance: building owner is responsible for maintenance of all 
lighting associated with the property and ·for the maintenance of tenant lighting 
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8.4 

c. The remaining landscaped area(s) shall be planted with seasonally diverse 
plant material. 

8.3.5 Seating 

a. 

b. 

c. 

There shall be a minimum of one linear foot of seating for each 500 
square feet of PAP ?&ding the area of an open air cafe. 

One seat shall equal 2 linea'?teet 

Not more than 50% of the linear seating capacity may be in moveable 
seats. Seating shall meet the following standards: 

(i) Seating without backs shall have a minimum depth of 16". 
For the benefit of handicapped persons a minimum of 20% 
of the required seating shall have backs at least 12" high 
and a minimum depth of 14". Seating 30" or more in 
depth shall count double provided there is access to both 
sides. 

(ij) Seating higher than 36" and lower than 12" above the 

level of the adjacent walking surface shall not count 
toward meeting the seating requirements. 

(iii) The tops of walls including but not limited to those which 
bound planting beds, fountains and pools may be counted 
as seating when they conform to the dimensional 
standards in subparagraphs (i) and (ii) abov~ . 

d. Moveable seating or chairs, excluding seating of open air cafes, may be 
credited as 30 inches of linear seating per chair. Steps and seating in 

open air cafes do not count tow~ad meeti g the seating requirements. 

b~~1J6n I-i-s - V 
Tree Planting Guidelines 

8.4.1 Purpose : [compl~t~l 

B.4.2 It is the intent to comply with the Urban Forestry Division standard guidelines 
regarding str~~t tr~~ locations and planting proc~dures . Regular spacing of the 
street trees is critical to the overall image of the Project, establishing the module 
for locating all of the other elements of the streetscape and certain building 
elements such as entrances, canopies, and utility connections. 
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8.4.3 Street trees playa very important role in the Project. To create a strong visual 
order, trees shall be planted in continuous, uniformly spaced rows along the 
streets. To acknowledge microclimatic variations and to avoid monoculture 
demise, different tree species shall be required on the designated hierarchy of 
street types. In all cases, the trees shall be planted in a single row on sidewalks 
leading to or abutting the development. 

8.4.4 Spacing of the street trees is critical to the overall image of the development, so 
their regular spacing becomes the module for locating all of the other elements 
on the sidewalks such as light standards, pavement scoring patterns and curb cut 
zones. It is important that building elements affecting tree spacing, such as 
entrances, canopies, and utility connections, be coordinated at the outset to 
avoid conflict with the established tree planting pattern. 

8.5 Lighting Standards 

8.5.1 Lighting located at the perimeter of each parcel is required to supplement the 
street lighting. Its purpose is to improve color rendering, fill in shadows, light 
pedestrians' faces, articulate the building base-level facades, reinforce the 
residential and pedestrian character of the development and adjoining 
neighborhoods, increase security, and visually activate the nighttime 
streetscape. Lighting for this purpose shall be energy efficient, attractive, and 
easy to maintain. 

8.5.2 Supplemental lighting shall meet the following minimum requirements 

a. Supplemental sidewalk light ing for pedestrians shall be provided on all 
sides of the parcel and designed in conjunction with the grade level open 
space and open PAP. 

b. Lighting will be operated from dusk to dawn. 

c. Lighting will utilize a "white" light source with a color rendering index 
(CRI) of 65 or greater, i.e. metal halide, fluorescent, compact fluorescent, 
white cold cathode, white neon, or white HPS. 

d. Steps and ramps will be lighted with a minimum of 1.0 foot candles on a 
horizontal plane. 

e. Lighting approach will be consistent on each parcel with not more than 
30 feet between elements. 
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8.5.3 Responsibility for maintenance 

a. building owner is responsible for maintenance of all lighting associated 
with the property and forthe ma intenance of tenant lighting used to ·--....~ 
meet these requirements. No lumina ire or lighted element WhiCh~' . ; 
meet the:e requirements shall be out of commission for more tha 10) 
consecutive days. 

8.5.4 

b. Additional lighting such as pla!1.tJiskl~Hg/-e15l'b·re~~.~ ,· e 
lighting, etc. will be us ,:-ftfe 'operation of additional ~ighfj~!j wil . e at 

the discretion olthe uilb!"g owner. , S.p_of- \ .. ~~ 

Lighting for areas located inside the lot line and visible from ~he street: such a/ 2. ~ 

8.5.5 

service yards, loading docks, service or garage entrances, shall be lighted with 
"white" light sources in attractive and/or concealed luminaires. 

Lighting for above-grade parking garage facilities: shall utilize "white " light 
sources and the luminaires' brightness shall be shielded from view of the street 
or any residential living space. This may be accomplished through architectural 

screening, luminaire placement, or integralluminaire shielding. Parking garages 
which are entirely concealed from exterior view are exempt from this 
requirement. 

8.6 PAP Lighting Standards 

8.6.1 A PAP shall be illuminated throughout with an overall minimum average level of 
illumination of not less than one maintained foot candle (lumens per square 
foot) on the horizontal plane at grade. 

8.6.2 Such level of illumination shall be maintained throughout the hours of darkness. 
Light sources shall be white light. 

U CDlA)1L·1E VI\ f 
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NOTICE 

Mention of trade names, products, or services does not convey, and should not be 

interpreted as conveying official EPA approval, endorsement, or recommendation. The 

following trademarks appear in this guide: 

Compaq Visual Fortran is a registered trademark of Compaq Computer Corp. 

IBM is a registered trademark ofIntemational Business Machines Corp. 

Lahey LF95 is a registered trademark of Lahey Computer Systems, Inc. 

80386, 80486, Pentium, and Pentium II are registered trademarks of Intel, Inc. 
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PREFACE 

This User's Guide for the AJVISIEPA Regulatory Model (AERMOD) provides user 

instructions for the AERMOD model. The technical description of the AERMOD algorithms 

is provided in a separate document (EPA, 2004a). The revised AERMOD model described in 

this user's guide includes the following modifications and enhancements: the PRIlVIE 

building downwash algorithms based on the ISC-PRIME model; use of allocatable arrays for 

data storage; incorporation of EVENT processing for analyzing short-term source culpability; 

post-1997 PMl 0 processing; a non-regulatory default TOXICS option that includes 

optimizations for area sources and the Sampled Chronological Input Model (SCIM) option; 

explicit treatment of multiple-year meteorological data files and the ANNUAL average; and 

options to specify emissions that vary by season, hour-of-day and day-of-week. 
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1.0 INTRODUCTION 

This section provides an overall introduction to the AERMOD model and to the 

AElUvIOD user's guide. Some suggestions are offered on how various users would best 

benefit from using the manuals. Also provided is an overview of the model's applicability, 

range of options, and basic input data and hardware requirements. The input file needed to 

run the AERMOD model is based on an approach that uses descriptive keywords and allows 

for a flexible structure and format. 

1.1 HOW TO USE THE AERI\l[OD MANUALS 

The AERMOD model user's guide has been designed in an attempt to meet the needs 

of various types of users, depending on their level of experience with the model. This section 

describes briefly how different types of users would benefit most from their use of the 

manual. 

1.1.1 Novice Users 

Novice users are those whose exposure to or experience with the AERMOD model 

has been limited. They may be new to dispersion modeling applications in general, or new to 

the AERMOD model and therefore unfamiliar with the keyword/parameter approach utilized 

for the input file. These users should review the remainder of this Introduction to gain an 

overall perspective of the use of AERMOD model, particularly for regulatory modeling 

applications. They should then concentrate their review on Section 2, which provides a brief 

tutorial on setting up an input file that illustrates the most commonly used options of the 

AERMOD model. Section 2 provides a basic description of the input file structure and 

explains some of the advantages of the keyword/parameter approach to specifying modeling 

options and inputs. As the user becomes more familiar with the operation of the model and 

encounters the need to use more advanced features of the model, he/she will want to review 

the contents of Section 3, which provides a more detailed and complete reference of the 
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various options for running the model. 

] .1.2 Experienced Modelers 

Experienced modelers will have had considerable experience in applying the 

AElUvIOD model in a variety of situations. They should have basic familiarity with the 

overall goals and purposes of regulatory modeling in general, and with the scope of options 

available in the AElUvIOD model in particular. Experienced modelers who are new to the 

AElUvIOD model will benefit from first reviewing the contents of Section 2 of this volume, 

which will give them a basic orientation to the structure, organization and philosophy of the 

keyword/parameter approach used for the input run stream file. Once they have a basic grasp 

of the input file structure and syntax rules, they will benefit most from using Section 3 of this 

volume as a reference to learn the overall capabilities of the model, or to understand the 

mechanics for implementing particular options. The information in Section 3 has a functional 

organization with detailed descriptions of each of the individual keyword options by 

functional pathway. Once they are familiar with most or all of the keywords, they may find 

the functional keyword reference provided in Appendix B useful to quickly review the proper 

syntax and available options/parameters for a particular keyword. They may also find the 

Quick Reference available at the end of the user's guide sufficient as a simple reminder of the 

available keywords for each pathway and to ensure the proper order of parameters for each 

input image. 

Experienced modelers may also need to refer to the description of model formulation 

for AERlVIOD (EPA, 2000) in order to gain a more complete understanding of the technical 

basis for the AERMOD model. 

] .1.3 ManagementlDecision Makers 

Those involved in a management or decision-making role for dispersion modeling 

applications will be especially interested in the remainder of this section, which provides an 
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overview of the model, including its role in various regulatory programs, a brief description 

of the range of available options, and basic input data and computer hardware requirements 

needed to run the model. From this information they should understand the basic capabilities 

of the AERMOD model well enough to judge the suitability of the model for particular 

applications. They may also want to review the brief tutorial provided in Section 2 to learn 

about the nature and structure of the input run stream file, in order to better be able to review 

the modeling results. 

1.lA Programmers/Systems Analysts 

Programmers and systems analysts, specifically those involved with installing the 

AERMOD code on other computer systems or charged with maintaining the code, should 

review the contents of Section 4 of this document. This will give specific details on 

compiling and linking the code for various situations, and explain in detail the memory 

storage requirements and control of input and output (I/O). They may also wish to review the 

remainder of this Introduction and the brief tutorial in Section 2 of this volume in order to 

have a basic understanding of the nature and overall capabilities of the model, and to 

understand the basic input run stream file structure and organization. 

1.2 OVERVIEW OF THE AEAAIOD MODEL 

This section provides an overview of the AERMOD model, including a discussion of 

the regulatory applicability of the model, a description of the basic options available for 

running the model, and an explanation of the basic input data and hardware requirements 

needed for executing the model. 

1.2.1 Regulatory Applicability 

The U. S. Environmental Protection Agency (EPA) maintains a Guideline on Air 

Quality lvfodels (hereafter, Guideline), which is published as Appendix W to 40 CFR Part 51 
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(as revised). The Guideline provides the agency's guidance on regulatory applicability of air 

quality dispersion models in general. In general, regulatory modeling applications should be 

carried out in accordance with a modeling protocol that is reviewed and approved by the 

appropriate agency prior to conducting the modeling. The modeling protocol should identify 

the specific model, modeling options and input data to be used for a particular application. 

1.2.2 Basic Input Data Requirements 

One of the basic inputs to AERMOD is the run stream setup tile which contains the 

selected modeling options, as well as source location and parameter data, receptor locations, 

meteorological data tile specifications, and output options. Another type of basic type of 

input data needed to run the model is the meteorological data. AERMOD requires two types 

of meteorological data tiles, that are provided by the AERMET meteorological preprocessor 

program (EPA, 2004b). One tile consi sts of surface scalar parameters, and the other tile 

consists of vertical protiles of meteorological data. These meteorological data tiles are 

described briefly later in this section, and in more detail in Sections 2 and 3. For applications 

involving elevated terrain effects, the receptor and terrain data will need to be processed by 

the AERMAP terrain preprocessing program (EPA, 2004c) before input to the AERMOD 

model. 

1.2.3 Computer Hardware Requirements 

The current version of the AERMOD model was developed on an IBM-compatible 

PC, and has been designed to run on PCs with an 80386 or higher central processing unit 

(CPU) chip, a minimum of 2 MB of RAM, a math coprocessor, and MS-DOS Version 3.2 or 

higher. In order to handle the input data tiles (run stream setup and meteorology) and the 

output tiles, it is required that the system have a hard disk drive. The amount of storage space 

required on the hard disk for a particular application will depend greatly on the output options 

selected. Some of the optional output tiles of concentration data can be rather large. More 

information on output tile products is provided in Sections 2 and 3. 
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].2.4 Overview of Available Modeling Options 

The AERMOD model includes a wide range of options for modeling air quality 

impacts of pollution sources, making it a popular choice among the modeling community for 

a variety of applications. The following sections provide a brief overview of the options 

available in the AElUvIOD model. 

1.2.4.1 Dispersion Options. 

Since the AERMOD model is especially designed to support the EPA's regulatory 

modeling programs, the regulatory modeling options will be the default mode of operation for 

the model. These options include the use of stack-tip downwash, and a routine for processing 

averages when calm winds or missing meteorological data occur. The model also includes 

non-default options for suppressing the use of stack-tip downwash, and to disable the date 

checking for non-sequential meteorological data files. The latter option is needed to facilitate 

evaluation of the model. The user can specify several short term averages to be calculated in 

a single run of the AERMOD model, as well as requesting the overall period (e.g. annual) 

averages. 

1.2.4.2 Source Options. 

The model is capable of handling multiple sources, including point, volume, and area 

source types. Line sources may also be modeled as a string of volume sources or as elongated 

area sources. Several source groups may be specified in a single run, with the source 

contributions combined for each group. This is particularly useful for PSD applications 

where combined impacts may be needed for a subset of the modeled background sources that 

consume increment, while the combined impacts from all background sources (and the 

permitted source) are needed to demonstrate compliance with the National Ambient Air 

Quality Standards (NAAQS). The model contain algorithms for modeling the effects of 
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aerodynamic downwash due to nearby buildings on point source emissions. AERMOD does 

include algorithms for modeling depositional effects on particulate emissions. 

Source emission rates can be treated as constant throughout the modeling period, or 

may be varied by month, season, hour-of-day, or other optional periods of variation. These 

variable emission rate factors may be specified for a single source or for a group of sources. 

The user may also specify a separate file of hourly emission rates for some or all of the 

sources included in a particular model run. 

1.2.4.3 Receptor Options. 

The AERMOD model has considerable flexibility in the specification of receptor 

locations. The user has the capability of specifying multiple receptor networks in a single 

run, and may also mix Cartesian grid receptor networks and polar grid receptor networks in 

the same run. This is useful for applications where the user may need a coarse grid over the 

whole modeling domain, but a denser grid in the area of maximum expected impacts. There 

is also flexibility in specifying the location of the origin for polar receptors, other than the 

default origin at (0,0) in x,y, coordinates. 

The user can input elevated receptor heights in order to model the effects of terrain 

above (or below) stack base, and may also specify receptor elevations above ground level to 

model flagpole receptors. There is no distinction in AERlVIOD between elevated terrain 

below release height and terrain above release height, as with earlier regulatory models that 

distinguished between simple terrain and complex terrain. For applications involving 

elevated terrain, the user must also input a hill height scale along with the receptor elevation. 

To facilitate the generation of hill height scales for AERMOD, a terrain preprocessor, called 

AERMAP, has been developed (EPA, 2004c). 
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] .2.4.4 Meteorology Options. 

The AERMOD model utilizes a file of surface boundary layer parameters and a file of 

profile variables including wind speed, wind direction, and turbulence parameters. These two 

types of meteorological inputs are generated by the meteorological preprocessor for 

AElUvIOD, which is called AERMET (EPA, 2004b). Both of these meteorological input files 

are sequential ASCII files, and the model automatically recognizes the format generated by 

AElUvIET as the default format. The model will process all available meteorological data in 

the specified input file by default, but the user can easily specify selected days or ranges of 

days to process. 

1.2.4.5 Output Options. 

The basic types of printed output available with AERMOD are: 

Summaries of high values (highest, second highest, etc.) by receptor for each 
averaging period and source group combination; 

Summaries of overall maximum values (e.g., the maximum 50) for each 
averaging period and source group combination; and 

Tables of concurrent values summarized by receptor for each averaging period 
and source group combination for each day of data processed. These "raw" 
concentration values may also be output to unformatted (binary) files, as 
described below. 

The tables by receptor and maximum value tables can be output for the source group 

values or for the individual source values, or both. In addition, when maximum values for 

individual sources are output, the user has the option of specifying whether the maximum 

source values are to be the maximum values for each source independently, or the 

contribution of each source to the maximum group values, or both. 

In addition to the tabular printed output products described above, the AERMOD 

model provides options for several types of file output products. One of these options for 
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AERMOD is to output an unformatted ("binary") tile of aU concentration values as they are 

calculated. These tiles are often used for special postprocessing of the data. In addition to the 

unformatted concentration tiles, AERMOD provides options for two additional types of tile 

outputs. One option is to generate a tile of (X,Y) coordinates and design values (e.g., the 

second highest values at each receptor for a particular averaging period and source group 

combination) that can be easily imported into many graphics plotting packages to generate 

contour plots of the concentration values. Separate tiles can be specified for all of the 

averaging period and source group combinations of interest to the user. 

Another output tile option of the AERMOD model is to generate a tile of all 

occurrences when a concentration value equals or exceeds a user-specified threshold. Again, 

separate tiles are generated for only those combinations of averaging period and source group 

that are of interest to the user. These tiles include the date on which the threshold violation 

occurred, the receptor location, and the concentration value. 

AERMOD includes options for two types of output tiles that are designed to facilitate 

model evaluation. One type of file lists concentrations by rank, where only one value per date 

is included. This file may be used to generate Q-Q (quantile) plots of results, where values 

from different models and/or observed data are paired by rank. The other type of output file 

provides arc maxima results along with detailed information about the plume characteristics 

associated with the arc maximum. 

1.2.4.6 Source Contribution Analyses. 

In air quality dispersion modeling applications, the user may have a need to know the 

contribution that a particular source makes to an overall concentration value for a group of 

sources. This section provides a brief introduction to how these types of source contribution 

(sometimes referred to as source culpability) analyses are performed using the AERMOD 

model. More detailed information about exercising these options is provided in Section 3. 
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The AERMOD model provides the option of specifying source groups for which the 

model calculates high values independently. However, users may often have to run the model 

a second time selecting only specific days where the high values occurred, and setting up each 

source in its own source group in order to obtain source contribution results. Rather than 

running a separate EVENT model, as was done with ISCST2 (the original precursor to the 

AElUvIOD model), the EVENT processing has been incorporated into the AERMOD model. 
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2.0 GETTING STARTED - A BRIEF TUTORIAL 

This section provides a brief tutorial for setting up a simple application problem with 

the AERMOD model, which serves as an introduction for novice users to the AERMOD 

model. The example illustrates the usage of the most commonly used options in the 

AERMOD model. A more complete description of the available options for setting up the 

AERMOD model is provided in Section 3. 

The example problem presented in this section is a simple application of the 

AERMOD model to a single point source. The source is a hypothetical stack at a small 

isolated facility in a rural setting. Since the stack is below the Good Engineering Practice 

(GEP) stack height, the emissions from the source are subject to the influence of aerodynamic 

down wash due to the presence of nearby buildings. The tutorial leads the user through 

selection and specification of modeling options, specification of source parameters, definition 

of receptor locations, specification of the input meteorological data, and selection of output 

options. Since this discussion is aimed at novice users of the AElUvIOD model, a general 

description of the input file keyword/parameter approach is provided first. 

2.1 DESCRIPTION OF KEYWORDIP ARAMETER APPROACH 

The input file for the AERMOD model makes use of a keyword/parameter approach to 

specifying the options and input data for running the model. The descriptive keywords and 

parameters that make up this input run stream file may be thought of as a command language 

through which the user communicates with the model what he/she wishes to accomplish for a 

particular model run. The keywords specify the type of option or input data being entered on 

each line of the input file, and the parameters following the keyword define the specific 

options selected or the actual input data. Some of the parameters are also input as descriptive 

secondary keywords. 
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The run stream tile is divided into five functional "pathways." These pathways are 

identified by a two-character pathway ID placed at the beginning of each run stream image. 

The pathways and the order in which they are input to the model are as follows: 

co -for specifying overall job COntrol options; 

SO - for specifying SOurce information; 

RE - for specifying REceptor information; 

ME - for specifying MEteorology information; 

EV - for specifiying EVent processing; 

OU - for specifying OUtput options. 

Each line of the input run stream tile consists of a pathway ID, an 8-character 

keyword, and a parameter list. An example of a line of input from a runstream tile, with its 

various parts identified, is shown below: 

Colurrm: 1:34567890123 5678901234567890123456789012345678901:3456789 

CO JvlODELOPT DFAULT CONC 

1,---__ 1:=======1 =====1 1===========~p_ar_8~C~:::::::t::~:::W."Y ID 

The following sections describe the rules for structuring the input run stream tile, and 

explain some of the advantages of the keyword/parameter approach. 

2.1.1 Basic Rules for Structuring Input Runstream Files 

While the input run stream file has been designed to provide the user with considerable 

flexibility in structuring the input tile, there are some basic syntax rules that need to be 

followed. These rules serve to maintain some consistency between input tiles generated by 
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different users, to simplify the job of error handling performed by the model on the input data, 

and to provide information to the model in the appropriate order wherever order is critical to 

the interpretation of the inputs. These basic rules and the various elements of the input 

runstream file are described in the paragraphs that follow. 

One of the most basic rules is that all inputs for a particular pathway must be 

contiguous, i.e., all inputs for the CO pathway must come first, followed by the inputs for the 

SO pathway, and so on. The beginning of each pathway is identified with a "STARTING" 

keyword, and the ending of the pathway with the "FINISHED" keyword. Thus the first 

functional record of each input file must be "CO STARTING" and the last record of each 

input file must be "OU FINISHED." The rest of the input images will define the options and 

input data for a particular run. 

Each record in the input run stream file is referred to as a run stream "image." These 

records are initially read into the model as 132-character images. The information on each 

input image consists of a "pathway," a "keyword," and one or more "parameters." Each of 

these "fields" on the run stream image must be separated from other fields by at least one 

blank space. To simplify the interpretation of the runstream image by the model, the 

runstream file must be structured with the two-character pathway in columns 1 and 2, the 

eight-character keyword in columns 4 through 11, followed by the parameters in columns 13 

through 132, as necessary. For most keywords, the order of parameters following the 

keyword lli important -- the exact spacing of the parameters is not important, as long as they 

are separated from each other by at least one blank space and do not extend beyond the 132 

character limit. The example of a run stream image from the CO pathway shown above is 

repeated here: 
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Column: 12345678901~J 67890123456789012345 8 234567890123456789 

CO HODELOPT DFAULT CONC 

1,---__ 1:=======1 =====1 1===========~p_ar_8ill:C::~:::::t:~:::::H'Y TO 

Alphabetical characters can be input as either lower case or upper case letters. The 

model convert all character input to upper case letters internally, with the exception of the 

title fields and file names to be discussed later. Throughout this document, the convention of 

using upper case letters is followed. For numeric input data, it should be noted that all data 

are assumed to be in metric units, i.e., length units of meters, speed units of meters per 

second, temperature units of degrees Kelvin, and emission units of grams per second. In a 

few instances, the user has the option of specifying units of feet for length and the model will 

perform the conversion to meters. These exceptions are the input of receptor heights for 

elevated terrain and the specification of anemometer height, since these values are often more 

readily available in feet than in meters. 

Certain keywords are mandatory and must be present in every run stream file, such as 

the MODELOPT keyword shown in the example above which identifies the modeling 

options. Other keywords are optional and are only needed to exercise particular options, such 

as the option to allow for the input of flagpole receptor heights. Some of the keywords are 

repeatable, such as the keywords to specify source parameters, while other keywords may 

only appear once. The keyword references in Section 3, Appendices A and B and the Quick 

Reference at the end of this volume identify each keyword as to its type, either mandatory or 

optional, and either repeatable or non-repeatable. 

With a few exceptions that are described below, the order of keywords within each 

pathway is not critical. For the SO pathway, the LOCATION keyword must be specified 

before other keywords for a particular source, and the SRCGROUP keyword must be the last 
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keyword before SO FINISHED. For keywords on the SO pathway that accept a range of 

source IDs, the source parameters specified by those keywords will only be applied to the 

sources already defined, and will exclude any sources that are specified latter in the input file. 

The P ARANIETER ILEN_FLD is used to specify the maximum length of individual 

fields on the input run stream image, and also to declare the length of all filename and format 

variables. This PARAMETER is initially assigned a value of 80, and is in MODULE MAINI 

in MODULES.FOR. 

2.1.2 Advantages of the Keyword Approach 

The keyword approach provides some advantages over the type of input file used by 

other models that require formatted input of several numeric switches. One advantage is that 

the keywords are descriptive of the options and inputs being used for a particular run, making 

it easier for a reviewer to ascertain what was accomplished in a particular run by reviewing 

the input file. Another advantage is that the user has considerable flexibility in structuring the 

inputs to improve their readability and understandability, as long as they adhere to the few 

basic rules described above. 

Some special provisions have been made to increase the flexibility to the user in 

structuring the input files. One provision is to allow for blank records in the input file. This 

allows the user to separate the pathways from each other, or to separate a group of images, 

such as source locations, from the other images. Another provision is for the use of 

"comment lines," identified by a "**" in the pathway field. Any input image that has "**" for 

the pathway ID will be ignored by the model. This is especially useful for labeling the 

columns in the source parameter input images, as illustrated in the example problem later in 

this section. It may also be used to "comment out" certain options for a particular run without 

deleting the options and associated data (e.g., elevated terrain heights) completely from the 

input file. Because of the descriptive nature of the keyword options and the flexibility of the 
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inputs it is generally much easier to make modifications to an existing input run stream file to 

obtain the desired result. 

Another reason for improved "user-friendliness" is that detailed error-handling has 

been built into the model. The model provides descriptions of the location and nature of all of 

the errors encountered for a particular run. Rather than stopping execution at each occurrence 

of an input error, the model will read through and attempt to process all input records and 

report all errors encountered. If a fatal error occurs, then the model will not attempt to 

execute the model calculations. 

2.2 REGULATORY MODELING OPTIONS 

The regulatory default option is controlled from the MODELOPT keyword on the CO 

pathway. As its name implies, this keyword controls the selection of modeling options. It is 

a mandatory, non-repeatable keyword, and it is an especially important keyword for 

understanding and controlling the operation of the AERMOD model. Unless specified 

otherwise through the available keyword options, the AERMOD model implements the 

following default options: 

Use the elevated terrain algorithms requiring input of terrain height data; 

Use stack-tip downwash (except for building downwash cases); 

Use the calms processing routines; 

Use the missing data processing routines; 

Use a 4-hour half life for exponential decay of S02 for urban sources. 

The parameters used to specify options on the MODELOPT keyword are character strings, 

called "secondary keywords," that are descriptive of the option being selected. For example, 

to ensure that the regulatory default options are used for a particular run, the user would 

include the secondary keyword "DFAULT" on the MODELOPT input. The presence of this 
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secondary keyword tells the model to override any attempt to use a non-regulatory default 

option. The model will warn the user if a non-regulatory option is selected along with the 

DFAULT option, but will not halt processing. For regulatory modeling applications, it is 

strongly suggested that the DF AUL T switch be set, even though the model defaults to the 

regulatory options without it. The MODELOPT keyword is described in more detail in the 

Section 3.2.2. 

For any application in which a non-regulatory option is to be selected, the DF AUL T 

switch must not be set, since it would otherwise override the non-regulatory option. The 

non-regulatory options are also specified by descriptive secondary keywords; for example, 

"NOSTD" invokes the option not to use stack-tip downwash. 

2.3 MODEL STORAGE LIMITS 

The AElUvIOD model has been designed using a dynamic storage allocation approach, 

where the model allocates data storage as needed based on the number of sources, receptors, 

source groups, and input requirements, up to the maximum amount of memory available on 

the computer being used. 

The AElUvIOD model uses dynamic arrays to allocate data storage at model runtime 

rather than at compile time, as done by the previous version of AElUvIOD. The AElUvIOD 

model preprocesses the model runstream input file to determine the data storage requirements 

for a particular model run, and then allocates the input data arrays before processing the setup 

data. Once the setup processing is completed, the model allocates storage for the result 

arrays. When allocating data storage, the AElUvIOD model traps for errors, e.g., not enough 

memory available to allocate. If the allocation is unsuccessful, then an error message is 

generated by the model and further processing is prevented. If the CO RUNORNOT NOT 

option is selected, the model will still go through all array allocations so that the user can 

determine if sufficient memory is available to complete the run. Also, an estimate of the total 
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amount of memory needed for a particular run is printed out as part of the first page of printed 

output. 

The parameters that are established at model runtime are as follows: 

NSRC 

NREC 

NGRP 

NAVE 

NVAL 

NTYP 

NMAX 

NQF 

NPDMAX 

IXM 

IYM 

NNET 

NARC 

NEVE 

= Number of Sources 

= Number of Receptors 

= Number of Source Groups 

= Number of Short Term Averaging Periods 

= Number of High Values by Receptor (RECT ABLE Keyword) 

= Number of Output Types (CONC currently is the only output type) 

= Number of Overall Maximum Values (MAXT ABLE Keyword) 

= Number of Variable Emission Rate Factors Per Source 

= Number of Particle Diameter Categories Per Source 

= Number of X-coord (Distance) Values Per Receptor Network 

= Number ofY-coord (Direction) Values Per Receptor Network 

= Number of Cartesian and/or Polar Receptor Networks 

= Number of Receptor Arcs Used with EV ALCART Keyword 

= Number of Events for EVENT processing 

In the case ofNPDMAX, if no particle information is present in the input runstream, then 

NPDMAX is set to 1, otherwise it is set to 20. Other parameters are set to the actual numbers 

required for a particular model run. 

There are several static array limits defined in AERMOD. These limits are controlled 

by PARAMETER statements in the Fortran source code. The variable name, description, and 

current value are defin ed in Secti on 4.2.2. If any of th ese stati c limits are changed, then 

AERMOD must be recompiled and linked. This process is described in Section 4.2.1. 
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2.4 SETTING UP A SIMPLE RUNSTREAM FILE 

This section goes through a step-by-step description of setting up a simple application 

problem, illustrating the most commonly used options of the AERMOD model. The example 

problem is based on a simple industrial source application. The input file for AERMOD for 

the example problem is shown in Figure 2-1. The remainder of this section explains the 

various parts of the input file for the AERlVIOD model, and also illustrates some of the 

flexibility in structuring the input file. 
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CO STAETING 
OJ TITLEONE 
CO MODELOPT 
CO JWEETIJvlE 
CO POLLUTID 
CO EUNOENOT 
cel FINISHED 

SO STARTING 
SO LOCATION 
so SEC P 1'\P,A]\1 

SO BUILDHGT 
so BUILDvJID 
so BTJILm\TID 
so BUILDvHD 
so BUILDvJID 
so BUILm~TID 
SO BUlLDillTlD 
so BUILDLEN 
SO BUILDLEN 
SO BTJILDLEN 
SO BUILDLEN 
SO BUILDLEN 
SO BTJILDLEN 
SO XB1',DJ 
SO XBAD,] 
SO XBAD,] 
SO XB1',DJ 
SO XBAD,! 
SO XBJ\DJ 
SO YBP.DJ 
SO YBAD,! 
SO YBAD,] 
SO YBAD,] 
SO YB1',DJ 
SO YBAD,] 
SO SRCGEOUP 
SO FINISHED 

RE STJ\RTlNG 
EE GEIDPOLE 
EE GEIDPOLE 
EE GEIDPOLE 
EE GEIDPOLE 
EE GEIDPOLR 
EE FINISHED 

IvIE STPJ1TING 
ViE SURE'FI LE 
lVIE PEOFFILE 
HE SUEFDATJ\ 
ViE WUEDJ\TJ\ 
ME PEOBATE 
}1E FINISHED 

OF STAETING 

A Simpll3 Example Problem for thl3 PEEJvle'D- PEIIvlE Hodel 
CONe FLAT 
3 24 PERIOD 
S02 
RUN 

STP,CK1 POINT O.ll 
STJ'\CKI 500.0 65.0 
STACK1 36*50. 
STJ\CK1 6::::.26 72.64 
STP,CK1 Q~ 

u! .58 82.54 
STACK1 89.59 86. 1 
STJ\CK1 6::::.26 72.64 
ST}\CK1 .58 82. 
STJ'\CKI 89.59 86.51 
STACK1 82.54 87 .58 
ST}\CK1 72.64 62.26 
STP,CK1 86.51 8 .59 
STACK1 82.54 87 
STJ\CK1 7::::.64 62.26 
STP,CK1 86.51 8 .59 
STJ'\CKI -47 .35 -55.76 
STACK1 -69.'::1 -65.60 
ST}\CK1 -7 .en .29 
STJ'\CKI -35.19 -31.82 
STACK1 -J.4J 3.34 
STJ\CK1 -16.44 -22.30 
STP,CK1 34 .47 32.89 
STACK1 11 .97 6.08 
STACK1 -22.50 -2 
ST}\CK1 -34 .47 -32.89 
STJ'\CKI -11.97 -6.08 
STACK1 22.50 2 
J\LL 

POLl STA 
POll ORIG STACK1 
pe'L1 DIST 175. 350. 5 
POLl GDlE 3Ci 10 ]C) 

POll END 

P£El'1ET2 SFC 
AEEtvIET2 PFL 
14735 1 988 
14735 1988 

}\LBANY, NY 
);LB1'\I'l Y , NY 

0 )\1ETEES 

eJ. r] 

425. 15. 5. 

80.80 86.51 89.59 89. 95 
75.00 82.54 87. 89. 
80.80 72.64 .2Ci SO. llO 
80.80 86.51 89.59 89. 95 
7S.00 82.54 87.58 89. 
80.80 72.64 62.::::6 50.00 
89.95 9.59 86.51 80.80 
5e) . 00 Ci2 .26 72. 64 8e).80 
89. Q~ 

u! .58 82.54 75.00 
89.95 89.S9 86. 1 80.80 
50.00 6::::.26 72. 64 80.80 
89. Q~ 

u! .58 82.54 75.00 
-62.48 -67 .29 -70.07 -70.71 
-60.00 -65.60 -69.21 -70.71 
-62.48 .76 -47.35 .50 
-27 .48 -::::2.30 -16.4 -10.09 

10. llO J.34 -3.43 -10. II 
-27 .48 -31.82 -35.19 -37.50 

30.31 26.81 22.50 17.50 
O.llO -Ci. e)8 -1} 97 -17.50 

-30.31 -32.89 -34.47 -35.00 
-3e).31 -26.81 -::2. -]7.50 

0.00 6.08 11. 97 17.50 
30.31 32.89 34.47 35.00 

1000. 

elF EECTABLE ALIVE FIEST-SECOND 
OF M./\XTABLE }\LIVE 
OF FINISHED 

FIGURE 2-1. EXAMPLE INPUT FILE FOR AERMOD FOR SAJVIPLE PROBLEM 
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2.4.1 A Simple Industrial Source Application 

For this simple tutorial, an application is selected involving a single point source of 

S02 that is subject to the influences of building downwash. The source consists of a 50-meter 

stack with a buoyant release that is adjacent to a building. We will assume that the stack is 

situated in flat terrain in a rural setting. A polar receptor network will be placed around the 

stack location to identify areas of maximum impact. 

2.4.2 Selecting Modeling Options - CO Pathway 

The modeling options are input to the model on the Control pathway. The mandatory 

keywords for the CO pathway are listed below. A complete listing of all keywords is 

provided in Appendix B. 

STARTING - Indicates the beginning of inputs for the pathway; this keyword is 
mandatory on each of the pathways. 

TITLEONE - A user-specified title line (up to 68 characters) that will appear on 
each page of the printed output file (an optional second title line is 
also available with the keyword TITLE TWO). 

MODELOPT - Controls the modeling options selected for a particular run through a 
series of secondary keywords. 

A VERTIME - Identifies the averaging periods to be calculated for a particular run. 

POLLUTID - Identifies the type of pollutant being modeled. At the present time, 
this option has no influence on the results. 

RUNORNOT - A special keyword that tells the model whether to run the full model 
executions or not. If the user selects not to run, then the run stream 
setup file will be processed and any input errors reported, but no 
dispersion calculations will be made. 

FINISHED - Indicates that the user is finished with the inputs for this pathway; 
this keyword is also mandatory on each of the other pathways. 
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The first two keywords are fairly self-explanatory. As discussed above in Section 2.2, 

the MODELOPT keyword on the CO pathway is pivotal to controlling the modeling options 

used for a particular run. For this example, we intend to use the regulatory default option, and 

have specified for the model to output concentration values. After the first three input records 

our input file will look something like this: 

OJ STARTING 
CO TITLEONE .1\ Simple Example Problem for the AERMOD-PRIME Hodel 
eCI lVIiJDELOPT eCNC FL}\.T 

Note that the title parameter field does not need to be in quotations, even though it represents 

a single parameter. The model simply reads whatever appears in columns 13 through 80 of 

the TITLEONE card as the title field, without changing the lower case to upper case letters. 

Leading blanks are therefore significant if the user wishes to center the title within the field. 

Note also that the spacing and order of the secondary keywords on the MODELOPT card are 

not significant. A MODELOPT card that looked like this: 

OJ JvICIDELClPT eCNC 

would have an identical result as the example above. It is suggested that the user adopt a 

style that is consistent and easy to read. A complete description of the available modeling 

options that can be specified on the MODELOPT keyword is provided in Section 3. 

Since the pollutant in this example is SOl, we will probably need to calculate average 

values for 3-hour and 24-hour time periods, and we also need to calculate averages for the full 
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annual time period. Our runstream file might therefore look something like this after adding 

two more keywords: 

CO STARTING 
CO TITLEONE J; Simple Example Problem for the AERHOD-PRIHE Hodel 
OJ HCIDELClPT CONC FLAT 
CO JWERTlHE 3 24 PEFlOD 
CCI POLLUT 1D SCI2 

Note again that the order of the parameters on the AVERTIME keyword is not critical, 

although the order of the short term averages given on the AVERTIlVIE keyword will also be 

the order in which the results are presented in the output file. The order of the keywords 

within each pathway is also not critical in most cases, although the intent of the input 

runstream file may be easier to decipher if a consistent and logical order is followed. It is 

suggested that users follow the order in which the keywords are presented in Section 3, in 

Appendix B, and in the Quick Reference, unless there is a clear advantage to doing otherwise. 

The only remaining mandatory keywords for the CO pathway are RUNORNOT and 

FINISHED. We will set the RUNORNOT switch to RUN for this example. If a user is 

unsure about the operation of certain options, or is setting up a complex runstream file to run 

for the first time, it may be desirable to set the model NOT to run, but simply to read and 

analyze the input file and report any errors or warning messages that are generated. Once the 

input file has been debugged using these descriptive error/warning messages, then the 

RUNORNOT switch can be set to RUN, avoiding a possible costly waste of resources 

generating erroneous results. Even if the model is set NOT to run, all of the inputs are 

summarized in the output file for the user to review. 

Our complete run stream file for the CO pathway may look something like this: 
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CO STAETING 
OJ TITLEONE A Simplf3 Example Problem for thf3 },EEJvICfD-PEIIvlE Hodel 
CO HODELOPT CONC FLAT 
CO }W EETIJvlE 3 2!j PERIOD 
CO POLLUTID S02 
CO EUNOENOT RUN 
eCf FINISHED 

The following set of runstream images has a more structured look, but it is equivalent to the 

example above: 

CO STJ\RTlNG 
TITLEONE ./\ Simple Example Problem for the AEEHOD-PEIIvIE Hodel 
JvIODELOP'I' CONC FLJ\'I' 
JWERTH1E 3 24 PEEIOD 
POLLUTID S02 
ETJNORNOT EUN 

CO FINISHED 

Since the pathway ID is required to begin in column] (see Section 2.4.8 for a discussion of 

this restriction), the model will assume that the previous pathway is in effect if the pathway 

field is left blank. The model will do the same for blank keyword fields, which will be 

illustrated in the next section. 

In addition to these mandatory keywords on the CO pathway, the user may select 

optional keywords to allow the use of receptor heights above ground-level for flagpole 

receptors, to specify a decay coefficient or a half-life for exponential decay, and to generate 

an input file containing events for EVENT processing. The user also has the option of having 

the model periodically save the results to a file for later re-starting in the event of a power 

failure or other interruption of the model's execution. These options are described in more 

detail in Section 3 of this volume. 
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2.4.3 Specifying Source Inputs - SO Pathway 

Besides the STARTING and FINISHED keywords that are mandatory for all 

pathways, the Source pathway has the following mandatory keywords: 

LOCATION - Identifies a particular source ID and specifies the source type and 
location of that source. 

SRCP ARAM - Specifies the source parameters for a particular source ID identified 
by a previous LOCATION card. 

SRCGROUP - Specifies how sources will be grouped for calculational purposes. 
There is always at least one group, even though it may be the group of 
ALL sources and even if there is only one source. 

Since the hypothetical source in our example problem is influenced by a nearby building, we 

also need to include the optional keywords BUILDHGT and BUILDWID in our input file. 
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The input file for the SO pathway for this example will look something like this: 

SO STARTING 
SO LOCATION STP,CK1 POINT 0.0 0.0 
SO SRCPARz\H STACK1 .0 .0 15. 5.0 
SO BUILDHGT ST}\CK1 50.00 50.00 50.00 
SO BTJILDHGT ST"Z\CK1 50.00 50.00 50.00 50.00 
SO BUlLDHGT STJ'\CK1 50.00 50.00 50.00 50.00 
SO BUILDHGT STACKl 50.00 50.00 50.00 50.00 
SO BUILDHGT ST.z\CKl • DC) 5C) • 00 .OC) 5C).OO 
SO BUlLDHGT STJ'\CK1 50.00 50.00 50.00 50.00 
SO BUILDvHD STACK1 62.26 7 ~_: . 64 80.80 8 Ci. S 1 89. 95 
SO BUILDvJID ST}\CK1 87 .58 82.54 75.00 8:.54 87.5S 89. 95 
so BTJILm\TID ST"Z\CK1 89.59 8 .51 80.80 72.64 62.26 50.00 
SO BUILDvHD STACK1 62.26 7 ~_: . 64 80.80 8 Ci. S 1 8 ') 89. 95 
SO BUILDvTID STACKl 87 .58 82.54 75.00 82.54 87.58 89. 95 
so BUILm~TID ST.z\CKl 89.59 8 BC) . 80 72.64 62.26 5C).OO 
SO BUlLDLEN STJ'\CK1 82.54 87 .58 89.95 89.59 86. 51 80.80 
SO BUILDLEN STACKl 72.64 62.26 50.00 62.=6 72. 64 80.80 
SO BUILDLEN ST}\CK1 86.51 89.59 89.95 87 .58 82.54 75.00 
SO BTJILDLEN ST"Z\CK1 82.54 87 89. 89.59 86.51 80.80 
SO BUILDLEN STACK1 72.64 .2Ci SO.lJO 62.26 7 ~_: . 64 80.80 
SO BUILDLEN ST}\CK1 86.51 89.59 89.95 87 .58 82.54 75.00 
SO XBAD,] ST.z\CKl .76 -62.48 -()7 .29 -70. -7 C). 71 
SO XBJ\DJ STJ'\CK1 -69.21 -65.60 -60.00 -65.60 -69. -70.71 
SO XBAD,] STACKl - 7 .07 -67 .29 -62.48 -55.76 -47.35 -37.50 
SO XBAD,] ST.z\CKl -35.19 -:n . 82 -27 .48 -22.3C) -Hi. 4 -H). D9 
SO XB}\"DJ ST"Z\CK1 -3.43 .3.34 10.00 3.34 -3.43 -10.0 
SO XBAD,! STACK1 -Hi.44 -2::.30 -27 .48 -31 .82 -J5.1,) -:n.50 
SO YBJ\DJ ST}\CK1 34 .47 32.89 30.31 26.81 22.50 17.50 
SO YB}\"DJ ST"Z\CK1 97 0.00 -6.08 -11. 97 -17.50 
SO YBJ\DJ STJ'\CK1 -=2.50 -26.S1 -30.31 -32.89 -34.47 -35.00 
SO YBAD,] STACKl -34 .47 -32. 9 -30.31 -26.81 -22.50 -17.50 
SO YBAD,] ST.z\CKl -11.97 .08 C) .00 6.08 11. 97 17.50 
SO YBJ\DJ STJ'\CK1 =2.50 26.S1 30.31 32.89 34.47 35.00 
SO SRCGROUP ALL 
SO FINISHED 

There are a few things to note about these inputs. Firstly, the source ID (STACK1 in 

this example) is an alphanumeric parameter (up to eight characters) that identifies the inputs 

for different keywords with a particular source. It is crucial that the source be identified with 

a LOCATION card before any other keyword makes reference to that source, since this 

identifies the source type (POINT in this case), and therefore which parameters the model will 

allow. Besides POINT sources, the current version of the AERMOD model also allows 

VOLUlVIE and AREA sources to be specified. Since the effects of elevated terrain are 

included in this analysis, it is important to specify the source base elevation above mean sea 

level (MSL) on the LOCA nON card. For this example, the source base elevation is 0.0 

meters MSL. 
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Another thing to note is that since the model uses direction-specific building 

dimensions for aU sources with downwash, there are 36 building heights and 36 building 

widths entered on the appropriate keywords, one value for each 10 degree sector beginning 

with the] 0 degree flow vector (direction toward which the wind is blowing), and continuing 

clockwise. Since the user could not fit all 36 values on a single record, the pathway, keyword 

and source ID were repeated as many times as were necessary. In this case there were 6 

values given on each of 6 lines for each of the building dimensions. There could have been 

fewer or more lines as long as exactly 36 values were entered before starting with a new 

keyword. Since all of the building heights were the same across the sectors (fairly realistic for 

the height but not for widths, unless the structure was circular), there is a short cut available 

for specifying numeric input in the runstream files for the model. The user can specify 

"repeat values" by entering a field such as "36*50.0" as a parameter for the BUILDHGT 

keyword. The model will interpret this as "36 separate entries, each with a value of 50.0," 

and store the values in the appropriate arrays within the model. Since the model must identify 

this as a single parameter field, there must not be any spaces between the repeat-value and the 

value to be repeated. 

The final keyword before finishing the SO pathway must be the SRCGROUP 

keyword. In this example, since there is only one source, we have taken advantage of a short 

cut provided by the model by specifying a source group ID (which may be up to eight 

characters) of ALL. Whenever this card appears in an input file, it will generate a source 

group with a source-group ID of ALL, consisting of all sources defined for that run. The 

sources do not have to be explicitly identified. In a run involving multiple sources, the user 

may specify multiple source groups by repeating the SRCGROUP keyword. The use of the 

SRCGROUP card is explained in more detail in Section 3. 
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Using some of the formatting options discussed above, the SO pathway for our 

example may look like this, with the same result as above: 

SO STP,RTING 
LOC}\TlON ST}\CK1 POINT 0.0 o. 0.0 

Point Source QS HS TS VS uS 
Parameters: 
SRCPARAM STACK1 500. 65. C) 4::5. 15.0 

BUILDHGT ST}\CK1 3 
so BUILDvJID ST}\CK1 6: .::'6 72 64 80 80 86. 51 89 9 89 95 

STACK1 87 .58 82 .54 75 00 82 .54 87 .58 9 95 
ST}\CK1 89. 9 86.51 80 8C) 72 64 62 ."- OC) 
STP,CK1 62 .26 72 64 80 80 86.51 89 .5 89 95 
STACK1 87 .58 82 .54 75 C)O 82 87 .58 89 95 
STACY:1 89.59 86.51 80 80 72 64 62 .26 50 00 

SC) BUILDLEN STP,CK1 82 .54 87 .58 89. 95 89.59 8 .51 80 80 
ST}\CK1 r,- 64 62 .26 50 00 6: .::::6 72 64 on 

uU 80 
STACK1 86.51 8 9 9. 95 87 .58 82 .54 75 00 
ST}\CK1 82 .54 87 .58 89. 95 89. 9 86 .51 80 8C) 
ST}\CK1 7:::: 64 62 .26 50 00 6: .::::6 72 64 on 

uU 80 
STACK1 86. 1 89. 89. 95 87 82 .54 7 C)O 

SO XB}\DJ STACY:1 -47 .35 -55 .76 -62 48 -67 .29 -70 07 - 7 .71 
STP,CK1 -69.21 -65 60 -60 00 -65 60 -69 .21 -7 .71 
STACK1 - 7 07 -67 .2 -62 48 • '7 () -47 .:15 -37 .50 
STACK1 -35 19 -31 82 -27 48 -22 .30 -16 44 09 
ST}\CK1 -J 43 3 .34 1[1 OC) J .34 -3 4J - 1 09 
ST}\CK1 -16. 4 -22 .30 -::::7 48 -31 82 -35 19 -37 .50 

SO YBADJ STACK1 3 47 32 89 30 .31 26. ::::2 .50 17 .50 
STACY:1 11 97 6. 08 0 00 -6. no 

UU -11 97 -17 .50 
STP,CK1 -22 .50 -2 81 -30 .J1 -32 89 -J4 47 -35 00 
STACK1 -]4 47 -32 8 -3C) .31 -26. -22 .50 -}) .50 
STACY:1 -11 97 -6. 08 0 00 6. no 

UU 11 97 17 .50 
ST}\CK1 :,2 26. 81 JO .31 32 89 34 47 35 OC) 

SRCGROUP J\LL 
SO FINISHED 

This version of the SO pathway inputs illustrates the use of the comment card to label the 

stack parameters on the SRCPARAM card, i.e., QS for emission rate (g/s), HS for stack 

height (m), TS for stack exit temperature (K), VS for exit velocity (m/s), and DS for stack 

diameter (m). A complete description of the source parameter card, with a list of parameters 

for each source type, is provided in Section 3.3 and in Appendix B. 

Other optional inputs that may be entered on the SO pathway include specifying 

variable emission rate factors for sources whose emissions vary as a function of month, 

season, hour-of-day, or season and hour-of-day (see Section 3.3.4 for more details). The 
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number of factors entered depends on the option selected, and factors may be input for single 

sources or for a range of sources. 

2.4.4 Specifying a Receptor Network - RE Pathway 

As mentioned above, this example will illustrate the use of a single polar receptor 

network centered on the stack location. Other options available on the REceptor pathway 

include specifying a Cartesian grid receptor network, and specifying discrete receptor 

locations in either a polar or a Cartesian system. These other options are described in more 

detail in Section 3.4. 

The RE pathway for this example will look like this: 

RE STARTING 
GRIDPOLR POLl STl\ 
GRIDPOLR POLl ORIG ST}\CKl 
GRIDPOLR POLl DIST 17 5. 350. 500. O. 
GRIDPOLR POLl GIIIR 3 10 
GRIDPOLR POLl END 

RE FINISHED 

Looking at the example for the RE pathway, the first thing to note about these inputs is 

that there is a new set of keywords, including something that looks like a STArting and 

ENDing. In fact the GRIDPOLR keyword can be thought of as a "sub-pathway," in that all of 

the information for a particular polar network must be in contiguous records, and that the 

starting and ending of the sub-pathway are identified. The order of secondary keywords 

within the sub-pathway is not critical, similar to the main pathways. Each card must be 

identified with a network ID (up to eight alphanumeric characters), in this case it is "POL 1." 

Multiple networks may be specified in a single model run. The model waits until the END 

secondary keyword is encountered to set the variables, which may include terrain heights for 

receptors on elevated terrain or flagpole receptor heights if those options are being exercised 
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by the user. The use of these optional secondary keywords is described in detail in Section 

3.4. 

For this example, the ORIG secondary keyword specifies the location of the origin for 

the polar network being defined as being the location of the source STACKl. The origin can 

also be specified as X and Y -coordinates. The ORIG keyword is optional, and the model will 

default to an origin of (0.0, 0.0) if it is omitted. The DIST keyword identifies the distances 

along each direction radial at which the receptors will be located. In this case there are four 

distances. More distances could be added by adding values to that input card or by including 

a continuation card with the DIST keyword, if needed. The GDIR keyword specifies that the 

model will Generate DIRection radials for the network, in this case there will be 36 directions, 

beginning with the 10 degree flow vector and incrementing every 10 degrees clockwise. The 

user may elect to define Discrete DIRection radials instead by using the DDIR keyword in 

place of the GDIR keyword. 

2.4.5 Specifying the Meteorological Input - ME Pathway 

The MEteorology pathway has the following four mandatory keywords (besides 

STARTING and FINISHED, of course): 

SURFFILE - Specifies the filename and format for the input surface meteorological 
data file. 

PROFFILE - Specifies the filename and format for the input profile meteorological 
data file. 

SURFDA T A - Specifies information about the surface meteorological data which 
will be used in the modeling. 

UAIRDATA - Specifies information about the upper air meteorological data which 
will be used in the modeling. 

PROFBASE - Specifies the base elevation above MSL for the potential temperature 
profile. 
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For the purposes of this example we will assume that the meteorological data files are for 

Albany, NY and that an on-site location called Hudson has also been used. We will also 

assume that the surface and profile data files were generated by the AERMET preprocessor, 

and are in the default format for AERMOD. The filename of the surface file is 

AERMET2.SFC and it consist of four days of data for AlbanylHudson from March 1988. The 

filename of the profile file is AElUvIET2.PFL. The data files used in this example correspond 

with the on-site example files used for the AElUvIET preprocessor program. The run stream 

images for the MEteorology pathway would look something like this: 

ME: STJ'\RTlNG 
SUEFFILE AEEMET2.SFC 
PEOFFILE AEEJ1ET2. PH 
SUEFD}\.T}\. 
U./UEDATA 
SITEIJATA 
PEOFBASE 

ME: FINISHED 

14735 1988 
735 1988 

99999 1988 
HE.TERS 

~u~L B~~\JY , NY 
ALBANY ,NY 
HUDSON 

The first parameters on the SURFFILE and PROFFILE keywords are the filenames for 

the surface and profile data file, respectively, which can be entered as a full DOS pathname, 

including the drive specification and subdirectories, up to a total of 80 characters (with the 

maximum number of characters controlled by the ILEN_FLD PARAMETER located in 

MODULE MAIN1 - see Section 2.1.1). Since there is no second parameter, the model will 

assume the default ASCII format for the data files. The format of the surface and profile data 

files is described in Appendix D. 

The next two mandatory inputs identify the location and data period of the input 

meteorological data. A separate keyword is used for the surface meteorological data and for 

the upper air (mixing height) data. The parameters on these cards are the station number (e.g. 

WBAN number for NWS stations), the data period (year), and a station name. In order to 

identify potential errors in the model inputs, the model compares the station number from the 

run stream input file with values provided in the first record of the surface meteorology file, 

and issues warning messages if there are any mismatches. The user may also optionally input 

2-21 

AR0068639 



the (X,Y) coordinates for the location of the station(s), although these values are not currently 

used by the model. In this case, we have also included the optional SITEDATA keyword to 

identify the location for the on-site meteorological data that were preprocessed by AERMET. 

The final mandatory keyword is PROFBASE, which is used to specify the base 

elevation (above MSL) for the potential temperature profile generated by AERMOD for use 

in the plume rise calculations. This should correspond to the base elevation for the main 

meteorological tower, which in this example is specified as 0.0 meters and is the same as the 

source base elevation. 

Other optional keywords available on the lVIE pathway provide the user with options 

to specify selected days to process from the meteorological data file, and a wind direction 

rotation correction term. These optional inputs are described in more detail in Section 3.5. 

2.4.6 Selecting Output Options - OU Pathway 

All of the keywords on the Output pathway are optional, although the model will warn 

the user if no printed outputs are requested and will halt processing if no outputs (printed 

results or file outputs) are selected. The user has considerable flexibility to select only the 

outputs that are needed for a particular application. The printed table keywords are: 

RECT ABLE - Specifies the selection of high value by receptor table output options. 

MAXTABLE - Specifies the selection of overall maximum value table output options. 

DA YT ABLE - Specifies the selection of printed results (by receptor) for each day of 
data processed (this option can produce very large files and such be 
used with care). 

The RECT ABLE keyword provides the highest, second-highest and third-highest 

values by receptor. The MAXTABLE keyword provides the overall maximum 50 table. For 

both of these keywords, the user has additional flexibility to specify for which short term 

averaging periods the outputs are selected. For the MAXTABLE keyword the user can also 
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specify the number of overall maximum values to summarize for each averaging period 

selected, up to a maximum number controlled by a parameter in the computer code. For this 

example problem we will select the highest and second-highest values by receptor, and the 

maximum 50 values for all averaging periods. These au pathway inputs will look something 

like this: 

OU STARTING 
RECT.I\BLE }\LLP,VE FIEST SECOND 
}1fu'Z TP,B LE P,LLP,VE 50 

OU FINISHED 

To simplify the input for users who request the same printed table output options for 

all averaging periods, these keywords recognize the secondary keyword "ALLAVE" as the 

first parameter for that purpose. In order to obtain the overall maximum 10 values for the 

24-hour averages only, then the au pathway images would look like this: 

OU STARTING 
RECT./\BLE ALL}WE FIRST SECOND 
}1fu'ZTABLE 24 10 

OU FINISHED 

It should also be noted that these output table options apply only to the short-term averaging 

periods, such as the 3-hour and 24-hour averages used in our example. If the user has selected 

that PERIOD averages be calculated (on the CO A VERTIME keyword), then the output file 

will automatically include a table of period averages summarized by receptor (the 

RECTABLE option does not apply since there is only one period value for each receptor). In 

addition, the printed output file will include tables summarizing the highest values for each 

averaging period and source group. 

Other options on the au pathway include several keywords to produce output files for 

specialized purposes, such as generating contour plots of high values, identifying occurrences 
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of violations of a particular threshold value (e.g. a NAAQS), and for postprocessing of the 

raw concentration data. These options are described in detail in Section 3.7. 

The complete input run stream file for this simple example is shown in Figure 2-2. 

Note that a consistent style has been used for formatting and structuring the file in order to 

improve its readability. This input file is comparable to the version shown earlier in Figure 

2-1, which used a somewhat different style. 
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CO STARTING 
TITLEONE p, Simple Example Problmn for the AERMOD Model 
HODELOPT DF}\ULT CONC 
AVERTH1E 3 24 PERIOD 
POLLUTID S02 
RUNORNOT RUN 

CO FINISHED 

SO STARTING 
LOCATION ST}\CKl POINT CJ. CJ 0. 0.0 
Point Source QS HS 'IS VS DS 
PararrLE3tE3rs: 
SRCP}\RFIl'1 STACY:l 500. 65.0 425. 15.0 
BUILDHGT STP,CKI 3 

so BUILm~TID STACK1 .2ri 72.64 8 CJ. 80 86. 89. 
STACY:l 87.5S 82.54 75.00 82.54 87 .58 
ST}\CKl 89. 9 86.51 80.8CJ 72. ri4 62. :: 
STi\CKl 6::::.::::6 72.64 SO.80 86.51 89. 9 
STACK1 87.58 82.54 75.00 82.54 87 .58 
ST}\CKl 89. 9 86.51 80.8CJ 72. ri4 62. :: 

SC) BUILDLEN STP,CKI 82.54 87.58 89.95 89.59 8 .51 
STACK1 72.64 62.26 CJ.CJO .2ri 72.64 
STACY:l 86.51 89.59 89.95 87.5S 82.54 
STP,CKI 82.54 87.58 89.95 89.59 8 .51 
STi\CKl 7::::.64 62.26 50.00 6::::.::::6 72.64 
STACK1 86.51 8 9 9.95 87.58 82.54 

SO XR/\DJ ST}\CKl -47.35 .7 -ri2. 48 -67.29 -7CJ .en 
STi\CKl -69. -65.60 -60.00 -65.60 -69.21 
STACK1 - 7 .07 -67 .2 -62.48 • '7 6 -47 .:15 
STACY:l -35.19 -31.82 -27.48 -22.30 -16.44 
STP,CKI -3.43 3.34 10.00 3.34 -3.4.3 
STACK1 -16.4 -22.:10 .48 -:H.82 -35.1 

SO YBADJ STACK1 3 .47 32.89 30.31 26. ::::2.50 
ST}\CKl 11.97 6.08 O.OCJ -6.08 -]1 

STi\CKl 2 n CJ' - _OJU -26.81 -30.31 -3:.89 -34 .4 
STACK1 -3 .47 -32.89 -30.31 -26. -::::2.5 
STACY:l -11.97 -6.08 0.00 6.0S 11.9 
STP,CKI 22.50 2 .81 30.31 32.89 34 .4 

SRCGROUP ALL 
SO FINISHED 

STJ'\RTlNG 
GRIDPOLR POLl STl\ 
GRIDPOLR POLl ORIG ST}\CK} 
GRIIIPOLR POLl III~;T 175. 350. 500. O. 
GRIDPOLR POL} GDIR 3 HJ 
GRIDPOLR POLl END 

RE FINISHED 

ME STARTING 
SURFFILE }\ERHET2 . SEC 
PROFFlLE iiliRV£T2. PFL 
SURFDATA 735 1988 ALBANY ,NY 
WURDi\Ti\ 14735 1988 ALBPu'lY ,NY 
SITEDP.TP. 99999 1988 HUIISCN 
PROFBASE METERS 

ME FINISHED 

OU STJ'\RTlNG 
RECTABLE ALLAVE FIRST SECCND 
Mi'LXT}\BLE ALL}WE 50 

OU FINISHED 

89.95 
89.95 

.OCJ 
89.95 

9.95 
.OCJ 

80.80 
80.80 
75.00 
80.80 
SO.80 
75.00 

-7 .71 
-7 .71 
-37 .SO 
-10.09 

.09 
- 7 .SO 

7 .50 
- 7 .5CJ 
- 5.00 
- 7 .50 

7 .50 
5.00 

FIGURE 2-2. EXAMPLE INPUT RUNSTREAM FILE FOR SAMPLE PROBLEM 
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2.4.7 Using the Error Message File to Debug the Input Runstream File 

The previous sections in this tutorial have lead through the step-by-step construction 

of a sample runstream input file for AERMOD. This simple example problem illustrated the 

usage of the most commonly used options of the AERMOD model. However, many real-time 

applications of the model will be much more complex than this example, perhaps involving 

multiple sources and source groups, multiple receptor networks, the addition of discrete 

receptor locations, and/or elevated terrain heights. Since humans are prone to make errors 

from time to time, an effort has been made to develop detailed error handling capabilities for 

the AERMOD model. 

The error handling capabilities of the AERMOD model are designed to accomplish 

two things for the user. First, the model should read through the complete input file and 

report all occurrences of errors or suspect entries before stopping, rather than stopping on the 

first instance (and every instance thereafter) of an error in the input file. Second, the model 

should provide error and warning messages that are detailed and descriptive enough that they 

will help the user in his/her effort to debug the input file. The remainder of this section 

provides of brief introduction to the use of the model's error handling capabilities. Appendix 

C of this volume provides more details about the error handling provided by the AElUvIOD 

model, including a listing and explanation of all error and other types of messages generated 

by the model. 

The AERMOD model generates messages during the processing of the input data and 

during the execution of model calculations. These messages inform the user about a range of 

possible conditions including: 

Errors that will halt any further processing, except to identify additional error 
conditions; 

Warnings that do not halt processing but indicate possible errors or suspect 
conditions; and 
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Informational messages that may be of interest to the user but have no direct 
bearing on the validity of the results. 

As the model encounters a condition for which a message is generated, the model 

writes the message to a temporary storage file. At the completion of the setup processing for 

a run, and at the completion of the model calculations, the model rereads the message file and 

generates a summary of the messages which is included in the main printed output file. If the 

processing of the model setup information indicates no errors or warnings, and the user has 

selected the option to RUN the model calculations on the CO RUNORNOT card, then the 

model will simply write a statement to the print file that the model setup was completed 

successfully. Otherwise, the model will report a summary of the messages encountered. The 

summary of model setup messages that would be generated for the example problem if the 

option NOT to run was chosen is shown in Figure 2-3. This summary table reports the total 

number of occurrences for each of the message types, and lists the detailed message for any 

fatal errors or warning messages that were generated. In this case, since there were no errors 

or suspicious conditions in the setup file, there are no error or warning messages listed. 

An example of the warning message that would have been generated had we left out 

the card on the RE pathway that specifies the origin of the polar receptor network is shown 

below: 

RE T'IT=20 3 REPOLR: lVIis.sing Origin (Use Default ~ , ) In GRIDPOLR POLl 

I 
Hints 

Detailed error/warning message 

Subroutine from which message is generated 

Line number of file 'v\There message (Jccurred 

J\lessage code - including message type (E, tN, I) and message number 

Pathway ID where message originated 
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Since this is a warning message, it would have appeared at the end of the message summary 

table in the output tile, but it would not have halted processing of the data. The last item on 

the message line, "Hints," may include such information as the keyword or parameter name 

causing the error, the source ID, group ID or (as in this case) the network ID involved, or 

perhaps the date variable identifying when the message occurred during the processing of the 

meteorological data, such as an informational message identifying the occurrence of a calm 

wind. 

For new users and for particularly complex applications, it is strongly recommended 

that the model first be run with the RUNORNOT keyword (on the CO pathway) set NOT to 

run. In this way, the user can determine if the model is being setup properly by the run stream 

tile before committing the resources to perform a complete run. The user should make a point 

of examining any warning messages carefully to be sure that the model is operating as 

expected for their application, since these messages will not halt processing by the model. In 

most cases, the detailed messages will provide enough information for the user to determine 

the location and nature of any errors in the run stream setup tile. If the intent of the message is 

not immediately clear, then the user should refer to the more detailed descriptions provided in 

Appendix C for the particular error code generated. 

In deciphering the error and warning messages, the line number provided as part of the 

message may be particularly helpful in locating the error within the input tile. However, if it 

is an error of omission that is caught by the error checking performed at the completion of 

inputs for a pathway, then the line number will correspond to the last record for that pathway. 

The user may need to examine all of the messages carefully before locating the error or errors, 

especially since a single occurrence of certain types of errors may lead to other error 

conditions being identified later in the input tile which do not really constitute errors in 

themselves. An example of this is provided in Figure 2-4, which shows some inputs for the 

SO pathway where the building dimension keywords have been typed incorrectly, and the 

associated list of error messages. Since continuation cards were being used for the building 

width inputs, and the keyword was entered incorrectly on the first line, the subsequent records 
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were also taken by the model to be invalid keyword inputs. While the error messages are the 

same for these records, the message originates from a different part of the model 

(SUBROUTINE SOCARD) for the records with the blank keyword. 

Since the detailed error and warning messages are listed in the output file as part of the 

message summary table, there will generally not be a need for the user to examine the 

contents of the detailed message file. For this reason, the default operation of the model is to 

write the messages that are generated by a particular run to a temporary file that is deleted 

when the run is completed. If the user wishes to examine the complete list of detailed 

messages (of all types), there is an optional keyword available on the CO pathway for that 

purpose. The ERRORFIL keyword, which is described in detail in Section 3.2.7, allows the 

user to save the complete list of detailed messages to a user-specified filename. 

+ tjIessage Summary For AERMOD }:\1odel Setup + 

A 0 a1 of 
p, c, al of 
A 0 a1 of 

Surmnary of Total lVIessages ---------

o Fatal Error Mes aQe( ) 
o Warning Message s) 
o Information Mes age(s) 

FATAL ERROR MESS}\GES 
++k NONE 

1tJARNING }vlESSAGES 
NONE 

FIGURE 2-3. EXAMPLE MESSAGE SUMMARY TABLE FOR RUNSTREAM SETUP 
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SO 

SO 

A 

A 

~u~ 

SO 

SO 

SO 

SO 

SC) 

STJ'\RTlNG 

LOCP,TION STACK1 POINT D.D l1. [J. [J 

Point Source QS HS 'IS VS DS 

Parameters: 

SRCPJ,\RPli"! STJ\CKI 500. 65.0 425. 15.0 5. 

BUI I, [Jl-I 'I S STACK1 .36*50. 

BUILDWTS STACK1 62.26 72.64 80.80 

STACK1 87.58 82.54 75.00 
STACK1 89.59 86.51 80.80 

STACK1 62.26 72.64 80.80 
STACK1 87.58 82.54 75.00 
STACK1 89.59 86.51 80.80 

XBADJ STACK1 -47.35 -55.76 -62.48 

STACK1 -69.21 -65.60 -60.00 

STACK1 -70.07 -67.29 -62.48 

STACK1 -35.19 -31.82 -27.48 

STACK1 -3.43 3.34 10.00 

STACK1 -16.44 -22.30 -27.48 

YBADJ STACK1 34.47 32.89 30.31 

STACK1 11. 97 6.08 0.00 
STACK1 -22.50 -26.81 -30.31 

STACK1 -34.47 -32.89 -30.31 

STACK1 -11.97 -6.08 0.00 
STACK1 22.50 26.81 30.31 

SRCGROUP ALL 

FINISHED 

tjIessage Summary For AERMOD }:\1odel Setup + 

Total 

Total 

Total 

E1DS 

EI05 

EI05 

EI05 

EI05 

of 

of 

of 

Surrunary of Total J\lessages --------

Fatal Error Message(s) 

o Warning Message( ) 

o Information Message(s) 

FATAL ERROR J'vlESSl\GES 

17 EXKEY : Invalid Keyv10rd Specified. 

18 EXKEY : Invalid r~ey\A7ord Specified. 

19 SOCARIJ: Invalid Ke'y~Nord Specified. 

20 SOCJ\RD: Invalid Keyword Specified. 

21 SCCl\RD: Invalid Keyword Specifi E3d. 

NONE 

SETUP Finishe,s UN-successfully 

The 

The 

The 

The 

The 

86.51 89.59 89.95 

82.54 87.58 89.95 
72.64 62.26 50.00 

86.51 89.59 89.95 
82.54 87.58 89.95 
72.64 62.26 50.00 

-67.29 -70.07 -70.71 

-65.60 -69.21 -70.71 
-55.76 -47.35 -37.50 
-22.30 -16.44 -10.09 

3.34 -3.43 -10.09 

-31.82 -35.19 -37.50 

26.81 22.50 17.50 
-6.08 -11.97 -17.50 

-32.89 -34.47 -35.00 

-26.81 -22.50 -17.50 

6.08 11. 97 17.50 
32.89 34.47 35.00 

Troubled Ke~{\;10rd is BUILDHTS 

Troubled Key\;\lord is BUILDhfTS 

TroublJ3d Ke'y~.Jord is BUI LD1i'IT S 

Troubled Keyword is BUILDl"iTS 

Troubled KE~'1"\dord is BlTILDv,TTS 

FIGURE 2-4. EXAMPLE OF KEYWORD ERROR AND ASSOCIATED MESSAGE 
SUMMARY TABLE 
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2.4.8 Running the Model and Reviewing the Results 

Now that we have a complete and error-free runstream input file, we are ready to run 

the model and then review the results. The PC-executable file available on the SCRAM 

website opens the run stream input and printed output files explicitly within the model using 

internally specified filenames of AElUvIOD.INP and AERMOD.OUT, respectively. The 

model can be executed from the command prompt by simply typing the name AERMOD, as 

follows: 

C:\>AERlVIOD 

The "c-prompt" of DOS has been represented by the characters "C:\>", but may appear 

different on different machines. The important points are that the AERMOD.EXE file either 

be in the directory from which you are attempting to run the model, or in a directory that is 

included on the DOS PATH command when the system is "booted-up." The run stream input 

tile (AERMOD.INP) must also be located in the directory from which the model is being 

executed. The model can also be executed by double clicking on the executable file from 

Windows Explorer. 

As mentioned above, the SCRAM PC-executable file for AERMOD opens the input 

and output files explicitly. One reason for this is to allow for the model to write an update on 

the status of processing to the PC terminal screen. For the AERMOD model, the model first 

indicates that setup information is being processed and then gives the Julian day currently 

being processed. If no status message is seen then the model did not load into memory 

properly. If the model stops after completing the setup processing, then either the 

RUNORNOT option was set NOT to run. If a fatal error is encountered during the setup 

processing, then a message to that effect will be written to the screen and model execution 

will be stopped. Another reason for not sending the printed output to the default output 

device (i.e., to the screen or redirected to a file), is so that any DOS error messages will be 

visible on the screen and not be written to the printed file. One such message might be that 
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there is insufficient memory available to run the program. Handling of DOS error messages 

may require some knowledge of DOS, unless the meaning of the message is obvious. 

The order of contents and organization of the main output file for the AERMOD 

model is presented in Figure 2-5. 

Echo of Input Runstream Images 

Summary of Runstream Setup Messages 

Summary of Inputs 
Summary of Modeling Options 
Summary of Source Data 
Summary of Receptor Data 
Summary of Meteorology Data 

Model Results 

Daily Results for Each Averaging Period Selected for Each Day Processed (If 
Applicable) 
- DA YT ABLE Keyword 

PERIOD Results for Each Source Group (If Applicable) 
- PERIOD Parameter on AVERTIME Keyword 

Short Term Average Results (High, Second High, etc.) by Receptor for Each Source 
Group (If Applicable) 
- RECT ABLE Keyword 

Overall Maximum Short Term Average Results for Each Source Group (If 
Applicable) 
- MAXTABLE Keyword 

Summary Tables of High Values for Each Averaging Period and Source Group (Always 
provided if PERIOD averages or the RECT ABLE keyword are used) 

Summary of Complete Model Execution Messages 

FIGURE 2-5. ORGANIZATION OF AERMOD MODEL OUTPUT FILE 
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Each page of the output file, except for the echo of the input file images, is labeled with the 

model name and version number, user-specified title(s), page number, and, for the PC version 

of the model, the date and time of the particular run. Also included as part of the header 

information for each page is a one-line summary of the modeling options used for that 

particular run. The modeling options are listed as the secondary keywords used to control the 

options, such as DF AUL T, CONC, etc. (Details about the date/time routines and other PC

specific features of the computer code are discussed in Section 4.0.) 

Since the complete input file is normally echoed back as part of the output file, and 

since processing of the inputs stops when the OU FINISHED card is reached, the run can be 

duplicated by simply specifying the output filename as the input run stream file. Alternatively, 

the input records could be "cut and pasted" from the output file to a separate file using a text 

editor. 

By default, the model will echo each line of the input run stream file to the printed 

output file. This provides a convenient record of the inputs as originally read into the model, 

without any rounding of numerical values that may appear in the input summary tables. As 

noted above, it also means that the output file can be used as an input file to the model to 

reproduce a particular application. However, for some applications, the length of the input 

run stream file may be too cumbersome to include the entire set of inputs at the beginning of 

each output file. This may happen, for example, if a large number of sources are being 

defined or if a large number of discrete receptor locations are used. For this reason, the user 

is provided with the option to "turn off" the echoing of the input file at any point within the 

run stream file. This is accomplished by entering the keywords "NO ECHO" in the first two 

fields anywhere within the run stream file. In other words, place NO in the pathway field, 

followed by a space and then ECHO. None of the input run stream images after the NO 

ECHO will be echoed to the output file. Thus, a user may choose to place NO ECHO after 

the Control pathway in order to keep the control options echoed, but suppress echoing the rest 

of the input file. 
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The details of the message summary tables were discussed in the previous section. A 

portion of the summary of modeling option inputs is shown in Figure 2-6 for the simple 

example described in this section. The summary of source parameter input data includes 

separate tables for each source type, rather than combining all sources onto a single table. In 

this way the column headings are specific to the source type. 

Figure 2-7 presents an example of the results output for the second highest values by 

receptor for our sample problem. These values are the second highest 3-hour averages at each 

receptor location. The number in parentheses following each concentration value is the date 

corresponding to each value. The date is given as an eight digit integer variable that includes 

the year (2-digits), month, day, and hour corresponding to the end of the averaging period. 

For each of the different types of model result tables, the controlling keyword is 

identified in Figure 2-5 at the end of the description. All of the outputs of the same type, e.g. 

high values by receptor, are printed together, and the order of tables loops through all source 

groups for a particular averaging period, and then loops through all averaging periods. The 

summary tables of high values at the end of the model results follow the same order ofloops. 

An example of the summary tables for our sample problem is shown in Figure 2-8. The 

summaries for all averaging periods have been combined onto a single figure, but would 

appear on separate pages of the actual output tile. 
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AEEHOD - VEESION 04209 A Simple Example Prublem for the AERNOD Hodel with PEIHE 

**HODELOPTs: 
CONe 

HODEL S[,TUP OPT IONS ~;UH[VIARY 

k*IvIodel Is Setup For Calculation of .P.~verage CONCentration Values. 

DEPOSITION LOGIC 
**Model Uses NO DRY DEPLETION. 
**MQdel Uses NO WET DEPLETION. 

DDPLETE 
hTDPLETE 

**NO GAS DEY DEPOSITION Data Pruvided. 

**Hodel Uses EUEAL Dispersion Only. 

**Model Uses User-Specified Options: 
1. Stack-tip Downwash. 
2. Model Assumes Receptors on FLAT Terrain. 

k*Ivlodel P',ssumes FLAGPOLE Receptor Heights. 

**MQdel Calculates 2 Short 3-HE 24-HE 
and Calculates PERIOD Averages 

**This Run Includes: S0urce ( ); S0urce Group ( ); and 

**The 1'100e1 Assumes 1~ Poll utant Type Clf: 802 

k*Model Set To Continue RUNning After the Setup Testing. 

k*Output Options Selected: 
Hodel Outputs Tables of PERIOD Averages by Receptor 
Model Outputs Tables 
]\10d21 Outf'uts Tables 

of 
of 

Highest Short Term Val UEeS by EecEeptor I EECTl,BLE Key1Nord) 
Overall t,1axirnum Short Term Values (l,1AXTABLE Keyvford) 

**NOTE: The Follm~ing Flags Hay Appear Follm~ing CONC Values: C fur Calm Huurs 

. Inputs: Base Elev. for Pot,. Temp. PLofi,le 
Emission Units 
Output Units 

GRl\lVI.5/ SEC 

~ HICROGR}I]V!S/H*' 3 

**}\pproximate Storage Requirements Hodel ~ 

1m NSL) ~ 

m for Hissing Hours 
b 80th Calm and 

0.00 ecay Coef. 0.000 
Emission Rate Unit 

1. 2 ME of EAH. 

FIGURE 2-6. SAMPLE OF MODEL OPTION SUMMARY TABLE FROM AN AERMOD MODEL OUTPUT FILE 

2-35 

09/13/04 
15: 40: 
PAGE 

Rot. Angle ~ 0.0 
O.lOOOOE+07 

AR0068653 



*** AERMOD - VERSION 04209 *** *** A Simple Example Problem for the AERMOD Model with PRIME 09/13/04 
15:40:59 

**MODELOPTs: PAGE 10 
CONC FLAT 

THE 2ND HIGHEST 3-HR AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL 
INCLUDING SOURCE(S): STACK1 

NETWORK ID: POLl NETWORK TYPE: GRIDPOLR 
CONC OF S02 IN MICROGRAMS/M**3 

DIRECTION DISTANCE (f"lETERS) 
(DEGREES) 175.00 350.00 500.00 1000.00 

- - - - - - - - - - - - - - - - - -

10.0 0.76158 (88030321) 1.92853 (88030115) 3.31346 (88030115) 5.22765 (88030218) 
20.0 0.63637 (88030212) 1.92844 (88030115) 5.85553 (88030218) 16.97758 (88030218) 
30.0 0.62623 (88030212) 1.92797 (88030115) .5.83875 (88030218) 16.92332 (88030218) 
40.0 0.62622 (88030212) 1.92.504 (88030115) 3.31345 (88030115) 4.79368 (88030218) 
50.0 0.62622 (88030212) 1.53776 (88030112) 2.70655 (88030112) 2.97378 (88030321) 
60.0 0.62622 (88030212) 1.60102 (88030321) 2.70653 (88030112) 3.29819 (88030321) 
70.0 0.62622 (88030212) 2.38433 (88030312 ) 3.14235 (88030312) 2.97029 (88030312) 
80.0 1.22236 (88030321) 5.70971 (88030312) 7.70416 (88030312) 7.52613 (88030312) 
90.0 5.42790 (88030112) 14.05461 (88030312 ) 19.21173 (88030312) 18.62586 (88030312) 

100.0 10.56986 (88030115) 68.04736 (88030112) 69.01392 (88030112) 48.93560 (88030112) 
110.0 13.40298 (88030115) 240.77687 (88030112) 261.00546 (88030112) 155.58842 (88030112) 
120.0 11.83663 (88030115) 199.43596 (88030115) 266.38513 (88030115) 154.97153 (88030115) 
130.0 7.82604 (88030115) 118.05672 (88030115) 151.17198 (88030115) 100.53476 (88030115) 
140.0 3.76063 (88030312) 55.34053 (88030115) 71.91618 (88030115) 36.71769 (88030115) 
150.0 1.38547 (88030209) 15.82063 (88030115) 18.09701 (88030115) 13.81106 (88030312) 
160.0 0.62622 (88030212) 2.88999 (88030115) 4.68343 (88030115) 4.83882 (88030115) 
170.0 0.62622 (88030212) 1.83427 (88030115) 3.66103 (88030112) 3.55293 (88030112) 
180.0 0.69932 (88030321) 1.89684 (88030115) 3.31302 (88030115) 3.21311 (88030115) 
190.0 0.62622 (88030212) 1.53751 (88030112) 2.97770 (88030415) 3.21308 (88030115) 
200.0 0.62622 (88030212) 1.53790 (88030112) 2.70655 (88030112) 3.21308 (88030115) 
210.0 0.62622 (88030212) 1.53802 (88030112) 2.70655 (88030112) 2.60891 (88030112) 
220.0 0.62622 (88030212) 1.53802 (88030112) 2.70655 (88030112) 2.60891 (88030112) 
230.0 0.62095 (88030321) 1.53802 (88030112) 2.70655 (88030112) 2.60891 (88030112) 
240.0 0.52274 (88030321) 1.53802 (88030112) 2.70655 (88030112) 2.60891 (88030112) 
250.0 0.42210 (88030321) 1.53802 (88030112) 2.70655 (88030112) 2.60891 (88030112) 
260.0 0.35358 (88030209) 1.92853 (88030115) 2.70655 (88030112) 2.95926 (88030212) 
270.0 0.32961 (88030209) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
280.0 0.30712 (88030209) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
290.0 0.30434 (88030321) 1.92853 (88030115) 3.31345 (88030115) 3.21308 (88030115) 
300.0 0.30434 (88030321) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
310.0 0.30434 (88030321) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
320.0 0.30434 (88030321) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
330.0 0.30434 (88030321) 1.92853 (88030115) 3.31345 (88030115) 3.21308 (88030115) 
340.0 0.30464 (88030306) 1.92853 (88030115) 3.31346 (88030115) 3.21308 (88030115) 
350.0 0.37996 (88030306) 1.92853 (88030115) 2.70655 (88030112) 2.70615 (88030215) 
360.0 0.52542 (88030321) 1.68995 (88030215 ) 3.04580 (88030215) 3.21308 (88030115) 

FIGURE 2-7. EXAMPLE OUTPUT TABLE OF HIGH VALUES BY RECEPTOR 
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*** AERMOD - VERSION 04209 *** A Simple Example Problem for the AERMOD Model with PRIME 

**l"lODELOPTs: 
CONC FLAT 

*** THE SUl"lMARY OF l"lAXHIJUM PERIOD ( 96 HRS) RESULTS *** 

** CONC OF S02 IN MICROGRAMS/M**3 

NETIIlORK 
GROUP ID AVERAGE CONC RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) OF TYPE GRID-ID 

ALL 1ST HIGHEST VALUE IS 
2ND HIGHEST VALUE IS 

*** AERMOD -

25.68469 AT 
24.36184 AT 

** CONC OF S02 

433.01, 
469.85, 

-250.00, 
-171.01, 

0.00, 
0.00, 

0.00, 
0.00, 

*** THE SUMIIJARY OF HIGHEST 3-HR RESULTS 

IN MICROGRAMS/M**3 

0.00) GP 
0.00) GP 

GROUP ID AVERAGE CONC 
DATE 

(YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) 

ALL HIGH 1ST HIGH VALUE IS 335.58878 ON 88030112: AT 433.01, -250.00, 0.00, 0.00, 

HIGH 2ND HIGH VALUE IS 266.38513 ON 88030115: AT 433.01, -250.00, 0.00, 0.00, 

*** THE SU~1MARY OF HIGHEST 24-HR RESULTS *** 

** CONC OF S02 IN MICROGRAMS/M**3 

GROUP ID AVERAGE CONC 
DATE 

(YYMMDDHH) RECEPTOR (XR, YR, ZELEV, ZHILL, ZFLAG) 

ALL HIGH 1ST HIGH VALUE IS 

HIGH 2ND HIGH VALUE IS 

RECEPTOR TYPES: GC GRIDCART 
GP GRIDPOLR 
DC DISCCART 
DP DISCPOLR 

91.45594 ON 88030124: AT 

11.35450 ON 88030324: AT 

FIGURE 2-8. EXAMPLE OF RESULT SUMMARY TABLES FOR THE AERMOD MODEL 
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433.01, -250.00, 0.00, 0.00, 

866.03, -500.00, 0.00, 0.00, 

POLl 
POLl 

09/13/04 
15:40:59 
PAGE 15 

NETWORK 
OF TYPE GRID-ID 

0.00) GP POLl 

0.00) GP POLl 

NETWORK 
OF TYPE GRID-ID 

0.00) GP POLl 

0.00) GP POLl 
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2.5 l\l[ODIFYING AN EXISTING RUNSTREAM FILE 

As noted earlier, one of the advantages of the keyword/parameter approach and the 

flexible format adopted for the input run stream file is that it will be easier for the user to make 

modifications to the runstream file and obtain the desired result. This section briefly illustrates 

some examples of how a run stream file can be modified. It is assumed that the reader is familiar 

with the operation of and basic editing commands for a text editor (i.e., a program that edits 

ASCII files), and is familiar with the previous sections of this tutorial. 

2.5.1 Modifying Modeling Options 

Depending on the type of analysis being performed, the user may need to modify the 

modeling options and run the model again. Because of the descriptive nature of the keywords and 

the secondary keywords used to control the modeling options, this can easily be done with the 

new run stream file, and usually without having to refer back to the user's guide each time a 

modification is attempted. 

2.5.2 Adding or Modifying a Source or Source Group 

Modifying the input file to add a source or a source group, or to add a source to a source 

group, is as simple as just adding it. There is no need to specify the total number of sources in the 

run, which would then have to be changed if more sources were added. The same applies to the 

number of groups, or the number of sources per group. If the user attempts to input more than the 

total number of sources or groups allowed for a particular run, an error message will be generated 

to that effect. Also, modifying a source group to delete a source is as easy as just deleting it from 

the input card, without having to change any other inputs. 

Another way of "deleting" a source or a group from an input file is to place a "**" in the 

pathway field of the card or cards which define the source or group to "comment out" those 

inputs. This approach, which was discussed above in Section 2.1.2, has the advantage of leaving 

the input data for the source or group in the input file for possible later use. It doesn't matter 
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whether the "**" is entered with the text editor in "insert" mode, in which case the other inputs of 

that line are moved over, or if it is in "overtype" mode, which would replace the pathway ID that 

was already there. 

2.5.3 Adding or Modifying a Receptor Network 

As with source data, adding to or modifying the receptor information in the AERMOD 

model is relatively straight forward. The problem of having to make several changes to 

accomplish one small modification, such as adding a distance to a polar receptor network, has 

been avoided in the new model. All that the user needs to do is to add the new distance on the 

appropriate input card, which is easily identifiable because of the use of descriptive keywords. 

The model checks to ensure that the user does not attempt to specify more than the maximum 

number of receptors for a particular run, and generates an appropriate message if too many are 

input. 

2.5.4 Modifying Output Options 

Modifying the output options involves many of the same principles that are described 

above. In addition, all of the output options are structured in a way that allows the user to select 

options for specific averaging periods, so that the user may find it useful to copy a record or 

group of records set up for one averaging period and simply change the averaging period 

parameter. The other important short cut that is available for the printed table output options is to 

use the secondary keyword ALLA VE to indicate that the option applies to all averaging periods 

that are calculated. In this way, there will be no need to change the output options if a new 

averaging period is added to a run or if one is deleted. 
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3.0 DETAILED KEYWORD REFERENCE 

This section of the AERMOD User's Guide provides a detailed reference for all of the 

input keyword options for the AERMOD model. The information provided in this section is more 

complete and detailed than the information provided in the Brief Tutorial in Section 2. Since this 

section is intended to meet the needs of experienced modelers who may need to understand 

completely how particular options are implemented in the model, the information for each 

keyword should stand on its own. This section assumes that the reader has a basic understanding 

of the keyword/parameter approach used by the model for specification of input options and data. 

Novice users should first review the contents of Section 2 in order to obtain that understanding. 

3.1 OVERVIEW 

The information in this section is organized by function, i.e., the keywords are grouped by 

pathway, and are in a logical order based on their function within the model. The order of 

keywords presented here is the same as the order used in the functional keyword reference in 

Appendix B, and the Quick Reference section at the end of the volume. The syntax for each 

keyword is provided, and the keyword type is specified - either mandatory or optional and either 

repeatable or non-repeatable. Unless noted otherwise, there are no special requirements for the 

order of keywords within each pathway, although the order in which the keywords are presented 

here and in Appendix B is recommended. Any keyword which has special requirements for its 

order within the pathway is so noted following the syntax and type description. 

The syntax descriptions in the following sections use certain conventions. Parameters that 

are in all capital letters and underlined in the syntax description are secondary keywords that are 

to be entered as indicated for that keyword. Other parameters are given descriptive names to 

convey the meaning of the parameter, and are listed with an initial capital letter. Many of the 

parameter names used correspond to variable names used in the computer code of the model. 

Parentheses around a parameter indicate that the parameter is optional for that keyword. The 

default that is taken when an optional parameter is left blank is explained in the discussion for 

that keyword. 
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3.2 CONTROL PATHWAY INPUTS AND OPTIONS 

The COntrol pathway contains the keywords that provide the overall control of the model 

run. These include the dispersion options, averaging time options, terrain height options, and 

others that are described below. The CO pathway must be the first pathway in the run stream 

input file. 

3.2.1 Title Information 

There are two keywords that allow the user to specify up to two lines of title information 

that will appear on each page of the main output file from the model. The first keyword, 

TITLEONE, is mandatory, while the second keyword, TITLETWO, is optional. The syntax and 

type for the keywords are summarized below: 

Syntax: 

Type: 

CO TITLEONE Title1 
CO TITLE'I'hTO Title2 

TITLEONE - Mandatory, Non-repeatable 
TITLFTvm - Optional, Non-repeatable 

The parameters Titlel and Title2 are character parameters oflength 68, which are read as a single 

field from columns 13 to 80 of the input record. The title information is taken as it appears in the 

runstream file without any conversion of lower case to upper case letters. If the TITLETWO 

keyword is not included in the run stream file, then the second line of the title in the output file 

will appear blank. 

3.2.2 Dispersion Options 

The dispersion options are controlled by the MODELOPT keyword on the CO pathway. 

The syntax, type, and order of the MODELOPT keyword are summarized below: 

Syntax: 

Type: Mandatory, Non-repeatable 
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where the secondary keyword parameters are described below (the order and spacing of these 

parameters is not critical): 

DF AUL T - Specifies that the regulatory default options will be used; 

CONC - Specifies that concentration values will be calculated (note that deposition 
algorithms have not been implemented in AERMOD yet); 

FLAT - Specifies that the non-default option of assuming flat terrain will be used; 

NOSTD - Specifies that the non-default option of no stack-tip downwash will be 
used; 

NOCHKD - Specifies that the non-default option of suspending date checking will be 
used for non-sequential meteorological data files; 

NOW ARN - Specifies that the option of suppressing the detailed listing of warning 
messages in the main output file will be used (the number of warning 
messages is still reported, and warning messages are still included in the 
error file controlled by the CO ERRORFIL card described in Section 
3.2.14); 

SCREEN - Specifies that the non-default option for running AERMOD in a screening 
mode will be used; 

TOXICS - Specifies use of air toxics option(s), including SCIM and area source 
optimizations; and 

SCIM - Sampled Chronological Input Model - used only with the ANNUAL 
average option to reduce runtime by sampling meteorology at a user
specified regular interval; SCIM sampling parameters must be specified on 
the ME pathway. 

The regulatory default option in AERMOD includes the use of stack-tip downwash, 

incorporates the effects of elevated terrain, and includes the calms and missing data processing 

routines. The regulatory default option in AERMOD also forces the use of a 4-hour half life 

when modeling SOz in an urban source, and does not allow for exponential decay for other 

applications. 

The missing data processing routines that are included in the AERMOD model allow the 

model to handle missing meteorological data in the processing of short term averages. The model 
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treats missing meteorological data in the same way as the calms processing routine, i.e., it sets the 

concentration values to zero for that hour, and calculates the short term averages according to 

EPA's calms policy, as set forth in the Guideline. Calms and missing values are tracked 

separately for the purpose of flagging the short term averages. An average that includes a calm 

hour is flagged with a 'c', an average that includes a missing hour is flagged with an 'm', and an 

average that includes both calm and missing hours is flagged with a 'b'. If the number of hours of 

missing meteorological data exceeds 10 percent of the total number of hours for a given model 

run, a cautionary message is written to the main output file, and the user is referred to Section 

5.3.2 of "Meteorological Monitoring Guidance for Regulatory Modeling Applications" (EPA, 

2004 ). 

The screening mode of AERMOD, which is controlled by the SCREEN keyword on the 

MODELOPT card, forces the model calculations to represent values for the plume centerline, 

regardless of the source-receptor-wind direction orientation. This option is included in 

AERMOD to facilitate the use of the model with a Windows-based AERMOD Screening Model 

interface (not yet developed) to estimate worst case impacts. Its use outside of that context is not 

recommended. Since the screening model is designed to be used with a non-sequential 

meteorological data file, representing a matrix of conditions, the SCREEN option also forces the 

use of the NOCHKD option described above, even ifNOCHKD is not included on the 

MODELOPT card. The SCREEN option also restricts the averaging period options to I-hour 

averages only on the AVERTIME card (see Section 3.2.3). 

The AERMOD model includes the Sampled Chronological Input Model (SCIM) option 

for air toxics applications. In order to utilize this option, the user must include the TOXICS and 

SCIlVI keywords together on the CO MODEL OPT card. Since the TOXICS option is a non

regulatory default option, the DFAULT keyword should not be included on the MODELOPT 

card. If the DFAULT keyword is present on the MODELOPT card, the DFAULT option will 

override the TOXICS option if it is present, and any other enhancements dependent on the 

TOXICS option. The SCIM approach associated with the TOXICS option is described below. 
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When the TOXICS option is specified, the area source integration routine is optimized to 

reduce model runtime. This is accomplished by incorporation of a three-tiered approach using the 

Romberg numerical integration, a 2-point Gaussian Quadrature routine for numerical integration, 

or a point source approximation based on the location of the receptor relative to the source. In the 

regulatory default mode the Romberg numerical integration is utilized for all receptors. 

If the non-default TOXICS option is specified, the user may also use the SCIM option to 

reduce model runtime. The SCIM option can only be used with the ANNUAL average option, 

and is primarily applicable to multi-year model simulations. The approach used by the SCIM 

option is to sample the meteorological data at a user-specified regular interval to approximate the 

long-term (i.e., ANNUAL) average impacts. Studies have shown that the uncertainty in modeled 

results introduced by use of the SCIM option is generally lower for area sources than for point 

sources. 

When only the regular sampling is selected, hourly concentrations are calculated in the 

normal fashion for each sampled hour. The annual average concentration is then simply 

calculated by dividing the cumulative concentration for the sampled hours by the number of hours 

sampled (arithmetic average), i.e., 

where: 
C = Calculated concentration 

I Cs = Cumulatibe impacts for the sampled hours 

Ns = Number of sampled hours 

To use the SCIM option, the user must include the SCIM and TOXICS keywords on the 

CO MODELOPT card, and also specify the SCIM sampling parameters on the ME SCIlVIBYHR 

card. The format and syntax of the ME SCIMBYHR keyword are described in Section 3.5.7. 

3.2.3 Averaging Time Options 

The averaging periods for AERMOD are selected using the A VERTIME keyword. The 

syntax and type of the AVERTIME keyword are summarized below: 
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Syntax: OJ }WERTH1E Timel Time2 Time.3 Time4 HONTE PERICID 

I Type: Mandatory, Non-repeatable 

where the parameters Time1 ... Time4 refer to the user-specified short term averaging periods of 

1,2,3,4,6, 8, 12, or 24 hours, the secondary keyword MONTH refers to monthly averages (for 

calendar months), and the secondary keyword PERIOD refers to the average for the entire data 

period. Any of the short term averaging periods listed above may be selected for a given run, as 

long as the total data storage needed by the model does not exceed the available computer 

memory. Since the monthly averages are treated as short term averages, the user can select 

appropriate output options, such as the second highest values by receptor, on the OUtput pathway. 

The location of the PERIOD keyword in the parameter list is not critical. The order of the 

short term averaging periods (including MONTH) is also not critical, although it does control the 

order of the averaging period result tables in the main output file. Generally, it is recommended 

that the short term averaging periods be input in increasing order, unless there is a clear advantage 

in doing otherwise. 

3.2.4 Urban Modeling Option 

The AElUvIOD model allows the user to incorporate the effects of increased surface 

heating from an urban area on pollutant dispersion under stable atmospheric conditions. The user 

defines the input parameters for the urban area with the URBANOPT keyword on the CO 

pathway, and then identifies which sources are to be modeled with urban effects using the 

URBANSRC keyword on the SO pathway (see Section 3.3.4). The syntax and type of the 

URBAN OPT keyword are summarized below: 

Syntax: co URErU'~OPT UrbPop (UrbName) (UrbRoughness) 

I Type: Optional, Non-repeatable 

where the UrbPop parameter specifies the population of the urban area, the optional UrbName 

parameter may be used to identify the name of the urban area, and the optional UrbRoughness 
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parameter may be used to specify the urban surface roughness length. Note the UrbName must be 

specified if the user wants to specify the urban roughness length. A default value of 1.0 meter 

will be used for the urban roughness length if the UrbRoughness parameter is omitted. 

3.2.5 SpecifYing the Pollutant Type 

The POLLUTID keyword is used to identify the type of pollutant being modeled for a 

particular run. The syntax, type, and order of the POLLUTID keyword are summarized below: 

Syntax: CO POLLUTID Pollut 

Type: Mandatory, Non-repeatable 

where the Pollut parameter may be name of up to eight characters. Examples include S02, NOX, 

CO, PMIO, TSP, and OTHER. The only choice that currently has any impact on the results is the 

selection of PM 1 0 (or PM-l 0) with the multi-year option for generating the high-sixth-high in 

five years. Otherwise, the pollutant ID currently has no effect on the calculations made in 

AERMOD. 

3.2.6 Modeling With Exponential Decay 

The model provides the option to use exponential decay of the pollutant being modeled. 

Two keywords are available for this purpose, the HALFLIFE and DCA YCOEF keywords. The 

syntax, type, and order of these keywords are summarized below: 

Syntax: 

Type: 

CO HJ'\LFLIFE Haflif 
co DC;;YCClEF Decay 

Optional, Non-repeatable 

where the Haflif parameter is used to specify the half life for exponential decay in seconds, and 

the parameter Decay is used to specify the decay coefficient in units of S-l. The relationship 

between these parameters is DECAY = 0.693/HAFLIF. 
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Only one of these keywords may be specified in a given run. If more than one is 

encountered, a non-fatal warning message is generated and the first specification is used in the 

modeling. 

3.2.7 Flagpole Receptor Height Option 

The FLAGPOLE keyword specifies that receptor heights above local ground level (i.e. 

flagpole receptors) are allowed on the REceptor pathway. The FLAGPOLE keyword may also be 

used to specify a default flagpole receptor height other than 0.0 meters. The syntax and type of 

the FLAGPOLE keyword are summarized below: 

Syntax: CO FU\GPOLE (Flaqdf) 

Type: Optional, Non-repeatable 

where Flagdf is an optional parameter to specify a default flagpole receptor height. If no 

parameter is provided, then a default flagpole receptor height of 0.0 meters is used. Any flagpole 

receptor heights that are entered on the Receptor pathway will override the default value, but are 

ignored if the FLAGPOLE keyword is not present on the Control pathway, and a non-fatal 

warning message is generated. 

3.2.8 To Run or Not to Run - That is the Ouestion 

Because of the improved error handling and the "defensive programming" that has been 

employed in the design of the AERMOD model, it is intended that the model will read through all 

of the inputs in the runstream file regardless of any errors or warnings that may be encountered. 

If a fatal error occurs in processing of the run stream information, then further model calculations 

will be aborted. Otherwise, the model will attempt to run. Because of the great many options 

available in the AERMOD model, and the potential for wasted resources if a large run is 

performed with some incorrect input data, the RUNORNOT keyword has been included on the 

Control pathway to allow the user to specify whether to RUN the model and perform all of the 
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calculations, or NOT to run and only process the input runstream data and summarize the setup 

information. The syntax and type of the RUNORNOT keyword are summarized below: 

Syntax: CO RUNORNOT RUN or NOT 

Type: Mandatory, Non-repeatable 

3.2.9 Generating an Input File for EVENT Processing 

The AERMOD model contains the EVENTFIL keyword on the CO pathway to control 

whether or not the AERMOD model will generate an input file for EVENT processing. The 

syntax and type of the EVENTFIL keyword are summarized below: 

Syntax: CO EVENTFIL (Evfile) (Evopt) 

Type: Optional, Non-repeatable 

where the optional Evfile parameter specifies the name of the EVENT input file to be generated 

(the maximum length of the file name is set by the ILEN_FLD parameter in MODULE MAINl), 

and the optional parameter, Evopt, specifies the level of detail to be used in the EVENT output 

file. Valid inputs for the Evopt parameter are the secondary keywords of SOCONT and DETAIL 

(see the EVENTOUT keyword on the OUtput pathway, Section 3.7.2). The default filename used 

if no parameters are specified is EVENTS.INP, and the default for the level of detail is DETAIL. 

If only one parameter is present, then it is taken to be the Evfile, and the default will be used for 

Evopt. 

The primary difference between routine AERMOD and EVENT processing is in the 

treatment of source group contributions. The AERMOD model treats the source groups 

independently. EVENT processing is designed to provide source contributions to particular 

events, such as the design concentrations detennined from AERMOD, or user specified events. 

The user may specify the "events" to process using the EVent pathway, which lists specific 

combinations of receptor location, source group, and averaging period. By specifying the 

EVENTFIL keyword, an input run stream file will be generated that can be used directly for 
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EVENT processing. The events included in the generated EVENT processing input tile are the 

design concentrations defined by the RECTABLE keyword and the threshold violations identified 

by the MAXIFILE keyword on the OU pathway. 

3.2.10 The Model Re-start Capability 

The AERMOD model has an optional capability to store intermediate results into an 

unformatted tile, so that the model run can be continued later in case of a power failure or a user 

interrupt. This re-start option is controlled by the SAVEFILE and INITFILE keywords on the CO 

pathway. The syntax and type of these keywords are summarized below: 

Syntax: CO S}WEFILE (Savfil) (Dayinc) (Savfl::) 
co INITFILE (Inifil) 

Type: Optional, Non-repeatable 

The SA VEFILE keyword instructs the model to save the intermediate results to a file, and 

controls the save options. All three parameters for this keyword are optional. If the user specifies 

only the Savfil parameter, then the intermediate results are saved to the same file (and 

overwritten) each time. If the user specifies both the Savtil and the Savfl2 parameters, then the 

model alternates between the two tiles for storing intermediate results. The latter approach 

requires additional disk space to handle two storage tiles. However, selecting two files avoids the 

potential problem that the power failure or interrupt might occur while the temporary file is open 

and the intermediate results are being copied to it. In such a case, the temporary results file 

would be lost. 

The optional Dayinc parameter allows the user to specify the number of days between 

successive dumps. The default is to dump values at the end of each day, i.e., Dayinc = 1. For 

larger modeling runs, where the SA VEFILE option is most useful, the additional execution time 

required to implement this option is very small compared to the total runtime. To be most 

effective, it is recommended that results be saved at least every 5 days. 
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If no parameters are specified for the SA YEFILE keyword, then the model will store 

intermediate results at the end of each day using a default filename of TMP.FIL. 

The INITFILE keyword works in conjunction with the SA VEFILE keyword, and instructs 

the model to initialize the results arrays from a previously saved file. The optional parameter, 

Inifil, identifies the unformatted file of intermediate results to use for initializing the model. If no 

Inifil parameter is specified, then the model assumes the default filename of TMP .FIL. If the file 

doesn't exist or if there are any errors encountered in opening the file, then a fatal error message is 

generated and processing is halted. 

Note: It is important to note that if both the SAVEFILE and INITFILE keywords are used 

in a the same model run, then different filenames must be specified for the Savfil and Inifil 

parameters. Otherwise, the model will encounter an error in opening the files, and further 

processing will be halted. 

3.2.11 Post-l 997 PM lO Processing 

A new NAAQS for modeling PMIO was promulgated in July 1997. This guidance utilizes 

the expected second high value of the 24-hourNAAQS replaced by a 3-year average of the 99th 

percentile value of the frequency distribution and a 3-year average of the annual mean. Since the 

Guideline on Air Quality Modeling precludes the use of a 3-year data set, a policy was 

established that uses unbiased estimates of the 3-year averages, utilizing all meteorological data 

(both single and multiple years of data) available. An unbiased estimate of the 99th percentile is 

the fourth highest concentration, if one year of meteorological data are input to the model, or the 

multi-year average of the fourth highest concentrations, if more than one year of meteorological 

data are input to the model. Similarly, an unbiased estimate of the 3-year average annual mean is 

simply the annual mean, if only one year of meteorological data are input to the model, or the 

multi-year average annual mean if multiple years of meteorological data are used. Analogously 

to the original NAAQS situation, the entire area is in compliance when the highest fourth high (or 

highest average fourth high) and the highest annual mean (or the highest average annual mean) 

are less than or equal to the NAAQS. 
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AERMOD will process the 24-hour and annual averages for PM lO according to the new 

NAAQS if the pollutant ID specified on the CO POLLUTID card is PMIO or PM-10, and the CO 

MULTYEAR card is not present. In this case, the model will compute an average of the fourth 

highest concentrations at each receptor across the number of years of meteorological data being 

processed. For a single year of data, the model will report the fourth highest concentration at 

each receptor. For a five year period of data, the model will report the average of the five fourth

highest values at each receptor. Also, for multiple year data tiles, the annual average will first be 

calculated for each individual year of data, and the average of these across the number of years 

will be calculated. This processing of the annual average across multiple years may give slightly 

different results than the PERIOD average across the same time period, due to differences in the 

number of calms from year to year. In order to accommodate this difference, the new PM lO 

NAAQS makes use of the ANNUAL average keyword for specifying the long-term average. 

Users should be aware of the following restrictions which are applied to the new PM lO 

NAAQS processing. 

1. The averaging periods are limited to the 24-hour and ANNUAL averages. Use of the 

PERIOD average or a short-term average other than 24-hour will result in a fatal error 

message being generated. 

2. Only the FOURTH (or 4TH) highest value may be requested on the RECTABLE card for 

24-hour averages. Specifying another high value on the RECT ABLE card will result in a 

fatal error message being generated. 

3. The model will only process complete years of meteorological data, although there is no 

restriction on the start date for the data. Ifless than one complete year of data is 

processed, a fatal error message will be generated. If additional meteorological data 

remains after the end of the last complete year of data, the remaining data will be ignored, 

and a non-fatal warning message will be generated specifying the number of hours 

ignored. 
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4. The MUL TYEAR card cannot be used with the new PM lO NAAQS. Multiple year 

analyses should be accomplished by including the multiple years of meteorology in a 

single data file. 

5. Since the 24-hour average design values for post-1997 PM lO analyses may consist of 

averages over a multi-year period, they are incompatible with the EVENT processor. If 

the MAXIFILE option is used to output 24-hour average threshold violations, these may 

be used with the EVENT processor. Therefore, if the EVENTFIL option is used without 

the MAXIFILE option for post-1997 PM lO analyses, a non-fatal warning message will be 

generated, and the EVENTFIL option will be ignored. 

3.2.12 Pre-1997 PM lO Processing 

AERMOD may still be used to perform PM lO analyses according to the pre-1997 N AAQS. 

This may be accomplished as before by use of the MULTYEAR card on the CO pathway, except 

that the syntax for this keyword has been changed slightly. The syntax and type are now as 

follows: 

Syntax: CO MULTYEAR H6H Savfil (Inifil) 

Type: Optional, Non-repeatable 

where H6H is a new secondary keyword that identifies this as a pre-1997 analysis, the Savfil 

parameter specifies the filename for saving the results arrays at the end of each year of 

processing, and the Inifil parameter specifies the filename to use for initializing the results arrays 

at the beginning of the current year. The Inifil parameter is optional, and should be left blank for 

the first year in the multi-year series of runs. A non-fatal warning message will be generated if 

the MUL TYEAR card is used for pre-1997 NAAQS analyses. 
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3.2.13 Debugging Output Option 

The DEBUGOPT keyword on the CO pathway allows the user to request detailed files of 

intermediate calculation results for debugging purposes. The syntax and type of the DEBUGOPT 

keyword are summarized below: 

Syntax: CO DEBTJGOPT MODEL (D1xjfil) and/or METECIE (Dbmfil) 

Type: Optional, Non-repeatable 

where the MODEL and METEOR secondary keywords specify the type of debug information to 

be provided, and the Dbgfil and Dbmfil parameters specify the names of the detailed message 

files. This option allows for two types of debug output files. The MODEL secondary keyword 

specifies that intermediate calculations related to the model results for each source and receptor, 

e.g., dispersion parameters, plume heights, etc., are to be output. The METEOR secondary 

keyword specifies that the gridded profiles of meteorological variables for each hour of data are 

to be output. Use the DEBUGOPT keyword with CAUTION: it can produce very large files! 

The METEOR profiles are printed to a separate file from the MODEL information. The 

filenames for each type of output are optional, and if provided must immediately follow the 

appropriate secondary keyword. The default filenames used if none are specified by the user are 

MODEL.DBG and METEOR.DBG. The model will overwrite these files, without warning, if 

they already exist. 

3.2.] 4 Detailed Error Listing File 

The ERRORFIL keyword on the CO pathway allows the user to request a detailed listing 

file of all the messages generated by the model. This includes the error and warning messages 

that are listed as part of the message summaries provided in the main output file, and also any 

informational messages (such as occurrences of calm winds) and quality assurance messages that 

are generated. The syntax and type of the ERRORFIL keyword are summarized below: 
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Syntax: CO ERRORFIL (Errfil) 

Type: Optional, Non-repeatable 

where the Errfil parameter is the name of the detailed message file. If the optional Errfil 

parameter is left blank, then the model will use a default filename ofERRORS.LST. A complete 

description of the error and other types of messages generated by the model is provided in 

Appendix C. 

3.3 SOURCE PATHWAY INPUTS AND OPTIONS 

The SOurce pathway contains the keywords that define the source information for a 

particular model run. The model currently handles three source types, identified as point, volume 

or area sources. The input parameters vary depending on the source type. For point sources, the 

user can also identify building dimensions for nearby structure that cause aerodynamic downwash 

influences on the source. The user can also identify groups of sources for which the model will 

combine the results. 

The LOCATION keyword, which identifies the source type and location, must be the first 

card entered for each source. The only other requirement for order of the keywords is that the 

SRCGROUP keyword must be the last keyword before the SO FINISHED card. The user may 

group all of the LOCATION cards together, then group the source parameter cards together, or 

they may want to group all input cards for a particular source together. All sources are given a 

source ID by the user, which is used to link the source parameter inputs to the correct source or 

sources. The source ID can be any alphanumeric string of up to eight characters. 

As noted in Section 2.3, the number of sources is allocated dynamically at the time 

AERMOD is run. This value, in concert with the other dynamically allocated arrays and input 

requirements, is limited only by the amount of available memory. 
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3.3.1 Identifying Source Types and Locations 

The LOCATION keyword is used to identify the source type and the location of each 

source to be modeled. The LOCATION card must be the first card entered for each source since 

it identifies the source type, and dictates which parameters are needed and/or accepted. The 

syntax, type and order of the LOCATION keyword are summarized below: 

Syntax: SC) LOCATION Srcid Srctyp XS Ys (Z3) 

Type: Mandatory. Repeatable 

Order: ]v[ust be irst card for each source input 

where the Srcid parameter is the alphanumeric source ID defined by the user (up to eight 

characters), Srctyp is the source type, which is identified by one of the secondary keywords

POINT, VOLUME, AREA, AREAPOL Y, or AREACIRC - and Xs, Ys, and Zs are the x, y, and z 

coordinates of the source location in meters. All three of the area source types use the same 

numerical integration algorithm for estimating impacts from area sources, and are merely 

different options for specifying the shape of the area source. The AREA source keyword may be 

used to specify a rectangular-shaped area source with arbitrary orientation; the AREAPOLY 

source keyword may be used to specify an area source as an irregularly-shaped polygon of up to 

20 sides; and the AREACIRC source keyword may be used to specify a circular-shaped area 

source (modeled as an equal-area polygon of20 sides). Note that the source elevation, Zs, is an 

optional parameter. If the default option to include elevated terrain effects is used and the source 

elevation is omitted, a warning message will be generated and the source elevation will be given a 

value of 0.0. The source elevation is not used by the model if the non-default FLAT terrain 

option is used. While the default units of Zs are meters, the user may also specify source 

elevations to be in feet by adding the SO ELEVUNIT FEET card immediately following the SO 

STARTING card. The x (east-west) and y (north-south) coordinates are for the center of the 

source for POINT, VOLUME, and AREACIRC sources, and are for one of the vertices of the 

source for AREA and AREAPOL Y sources. The source coordinates may be input as Universal 

Transverse Mercator (UTM) coordinates, or may be referenced to a user-defined origin. 
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Certain types of line sources can be handled in AERMOD using either a string of volume 

sources, or as an elongated area source. The volume source algorithms are most applicable to line 

sources with some initial plume depth, such as conveyor belts and rail lines. Section 1.2.2 of the 

ISC Model User's Guide - Volume II (EPA, 1995) provides technical information on how to 

model a line source with multiple volume sources. The use of the AERMOD area source 

algorithm for elongated rectangles would be most applicable to near ground level line sources, 

such as a viaduct. 

The source ID entered on the LOCATION card identifies that source for the remainder of 

the SO pathway inputs. Since the model accepts alphanumeric strings of up to eight characters 

for the source ID, the sources can be identified with descriptive names, such as STACK1, 

STACK2, BOILER3, SLAGPILE, etc. This may also be useful ifline sources are being modeled 

as multiple volume or areas, as discussed above. Since they are part of the same physical source, 

they can be given names that will identify them as being related, such as LINE 1 A, LINEIB, 

LINEIC, etc. 

3.3.2 Specifying Source Release Parameters 

The main source parameters are input on the SRCP ARAM card, which is a mandatory 

keyword for each source being modeled. Since the input parameters vary depending on the source 

type, the different source types handled by the AERMOD model are discussed separately. 

3.3.2.1 POINT Source Inputs. 

The AERMOD POINT source algorithms are used to model releases from stacks and 

isolated vents, as well as other kinds of sources. The syntax, type and order for the SRCPARAM 

card for POINT sources are summarized below: 
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Syntax: SO SRCPARAM Srcid ptemis Stkhgt Stktmp Stkvel Stl':dia 

Type: Mandatory, Repeatable 

Order: Must follo"'l the LOC}\TION card for each source input 

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source, and the other parameters are as follows: 

Ptemis - point emission rate in gis, 

Stkhgt - release height above ground in meters, 

Stktmp - stack gas exit temperature in degrees K, 

Stkvel - stack gas exit velocity in mis, and 

Stkdia - stack inside diameter in meters. 

An example of a valid SRCP ARAM input card for a point source is given below: 

SO SRCPAP},M STACKl 16.71 35.0 444.0 22.7 2.74 

where the source ID is STACKl, the emission rate is 16.71 gis, the release height is 35.0 m, the 

exit temperature is 444.0 K, the exit velocity is 22.7 mis, and the inside stack diameter is 2.74 m. 

All of the parameters must be present on the input card. 

If a value of 0.0 is input for the exit temperature, AERMOD will adjust the exit 

temperature for each hour to match the ambient temperature. This option allows the user to 

model a plume that is released at ambient temperature. The user may also model a plume with an 

exit temperature that exceeds the ambient temperature by a fixed amount by entering a negative 

value for exit temperature equal in magnitude to the temperature difference. The model will add 

the absolute value of a negative exit temperature to the ambient temperature for each hour to 

obtain the exit temperature used in computing the buoyancy flux of the plume. The AERMOD 

model does not include algorithms to model plumes that are released at temperatures below 

ambient temperature. Such releases should be modeled with a dense gas model. 
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Since the AERMOD model uses direction-specific building dimensions for all sources 

subject to building downwash, there are no building parameters entered on the SRCPARAM card. 

Building dimensions are entered on the BUILDHGT, BUILDWID, BUILDLEN, XBADJ, and 

YBADJ cards described below in Section 3.3.3. 

3.3.2.2 VOLUME Source Inputs. 

The AERMOD VOLUME source algorithms are used to model releases from a variety of 

industrial sources, such as building roof monitors, multiple vents, and conveyor belts. The 

syntax, type and order for the SRCP ARAM card for VOLUME sources are summarized below: 

Syntax: SO SRCPJ'\RJ'u"1 Srcid Vlemis Felhqt Syinit Szinit 

Type: Mandatory, Repeatable 

Order: Bust follow the LCICATION card for each sourOl3 input 

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source, and the other parameters are as follows: 

Vlemis - volume emission rate in gis, 

Relhgt - release height (center of volume) above ground, in meters, 

Syinit - initial lateral dimension of the volume in meters, and 

Szinit - initial vertical dimension of the volume in meters. 

The following table, which is explained in more detail in Section 1.2.2 of the ISC Model User's 

Guide - Volume II, summarizes the suggested procedures to be used for estimating the initial 

lateral and vertical dimensions for various types of volume and line sources. 
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TABLE 3-1. 

SUMMARY OF SUGGESTED PROCEDURES FOR ESTIMATING 

INITIAL LATERAL DIMENSIONS 0yo AND 

INITIAL VERTICAL DIMENSIONS 0zo FOR VOLUME AND LINE SOURCES 

Type of Source 
Procedure for Obtaining 

Initial Dimension 

(a) Initial Lateral Dimensions (OyJ 

Single Volume Source 0yo = 

Line Source Represented by Adjacent Volume 0yo = 

Sources (see Figure 1-8(a) in EPA, 1995) 

Line Source Represented by Separated Volume 0yo = 

Sources (see Figure 1-8(b) in EPA, 1995) 

length of side divided by 4.3 

length of side divided by 2.15 

center to center distance divided by 
2.15 

(b) Initial Vertical Dimensions (Ozo) 

Surface-Based Source (he ~ 0) 0zo = 

Elevated Source (he> 0) on or Adjacent to a 0zo = 

Building 

Elevated Source (he> 0) not on or Adjacent to 0zo = 

a Building 

3.3 .2.3 AREA Source Inputs 

vertical dimension of source divided 
by 2.15 

building height divided by 2.15 

vertical dimension of source divided 
by 4.3 

The AElUvIOD area source algorithm is used to model low level or ground level releases 

with no plume rise (e.g., storage piles, slag dumps, and lagoons). The AElUvIOD model uses a 

numerical integration approach for modeling impacts from area sources. When the TOXICS 

option is specified, the area source integration routine is optimized to reduce model runtime. This 

is accomplished by incorporation of a three-tiered approach using the Romberg numerical 

integration, a 2-point Gaussian Quadrature routine for numerical integration, or a point source 

approximation based on the location of the receptor relative to the source. In the regulatory 

default mode the Romberg numerical integration is utilized for all receptors. 
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The AERMOD model includes three options for specifying the shape of an area source: 

the AREA source type may be used to specify rectangular areas that may also have a rotation 

angle specified relative to a north-south orientation; the AREAPOL Y source type may be used to 

specify an area source as an irregularly-shaped polygon of up to 20 sides; and the AREACIRC 

source keyword may be used to specify a circular-shaped area source (modeled as an equal-area 

polygon of 20 sides). The source parameter inputs for each of the area source types is described 

below. 

AREA Source Type 

The rotation angle for rectangular AREA sources is specified relative to the vertex used to 

define the source location on the SO LOCATION card (e.g., the southwest corner). The syntax, 

type and order for the SRCPARAM card for AREA sources are summarized below: 

Syntax: SO SRCPARAM .Ilcremis Relhgt Xinit (Yinit) (Angle) (Scinit) 

Type: Mandatory, Repeatable 

Order: Must follo"'l the LOC}UION card for each source input 

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source, and the other parameters are as follows: 

Aremis -

Relhgt -

Xinit -

Yinit -

Angle -

Szinit -

area emission rate in g/(s_m2), 

release height above ground in meters, 

length of X side of the area (in the east-west direction if Angle is 0 degrees) 
in meters, 

length ofY side of the area (in the north-south direction if Angle is 0 
degrees) in meters (optional), 

orientation angle for the rectangular area in degrees from North, measured 
positive in the clockwise direction (optional), and 

initial vertical dimension of the area source plume in meters (optional). 
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It should be noted that the emission rate for the area source is an emission rate per unit area, 

which is different from the point and volume source emission rates, which are total emissions for 

the source. 

If the optional Yinit parameter is omitted, then the model assumes that the area is a square, 

i.e., Yinit = Xinit. If the optional Angle parameter is omitted, then the model assumes that the 

area is oriented in the north-south and east-west directions, i.e., Angle = 0.0. If the Angle 

parameter is input, and the value does not equal 0.0, then the model will rotate the area clockwise 

around the vertex defined on the SO LOCATION card for this source. Figure 3-1 illustrates the 

relationship between the Xi nit, Yinit, and Angle parameters and the source location, (Xs,Ys), for 

a rotated rectangle. The Xinit dimension is measured from the side of the area that is 

counterclockwise along the perimeter from the vertex defined by (Xs,Ys), while the Yinit 

dimension is measured from the side of the area that is clockwise from (Xs,Ys). The Angle 

parameter is measured as the orientation relative to North of the side that is clockwise from 

(Xs,Ys), i.e. the side with length Yinit. The Angle parameter may be positive (for clockwise 

rotation) or negative (for counterclockwise rotation), and a warning message is generated if the 

absolute value of Angle is greater than 180 degrees. The selection of the vertex to use for the 

source location is not critical, as long as the relationship described above for the Xi nit, Yinit, and 

Angle parameters is maintained. 
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FIGURE 3-]. RELATIONSHIP OF AREA SOURCE PARAMETERS FOR ROTATED 
RECTANGLE 
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By making the Yinit and Angle parameters optional, the area source input data for the 

previous versions of the ISC2 model can be used with the AERMOD model. The aspect ratio 

(i.e., length/width) for area sources should generally be less than about 10 to 1. If this is 

exceeded, then the model will generate a non-fatal warning message, and the user should consider 

subdividing the area to achieve a 10 to 1 aspect ratio (or less) for all subareas. 

The optional Szinit parameter may be used to specify an initial vertical dimension to the 

area source plume, similar to the use of the Szinit parameter for volume sources. This parameter 

may be important when the area source algorithm is used to model mechanically generated 

emission sources, such as mobile sources. In these cases, the emissions may be turbulently mixed 

near the source by the process that is generating the emissions, and therefore occupy some initial 

depth. For more passive area source emissions, such as evaporation or wind erosion, the Szinit 

parameter may be omitted, which is equivalent to using an initial sigma-z of zero. 

An example of a valid SRCPARAM input card for a rectangular area source is given 

below: 

SO SRCPAR},M SLAGPILE .0015 50.0 100. 30.0 

where the source ID is SLAGPILE, the emission rate is 0.0015 g/(s_m2), the release height is 5.0 

m, the X-dimension is 50.0 m, the Y-dimension is 100.0 m, and the orientation angle is 30.0 

degrees clockwise from North. 

Since the numerical integration algorithm can handle elongated areas with aspect ratios of 

up to 10 to 1, the AERMOD area source algorithm may be useful for modeling certain types of 

line sources. There are no restrictions on the placement of receptors relative to area sources for 

the AERMOD model. Receptors may be placed within the area and at the edge of an area. The 

AERMOD model will integrate over the portion of the area that is upwind of the receptor. 

However, since the numerical integration is not performed for portions of the area that are closer 

than 1.0 meter upwind of the receptor, caution should be used when placing receptors within or 
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adjacent to areas that are less than a few meters wide. More technical information about the 

application of the AERMOD area source algorithm is provided in Sections 1.2.3 and 2.2.3 of the 

ISC Model User's Guide - Volume II (EPA, ] 995). 

AREAPOL Y Source Type 

The AREAPOL Y source type may be used to specify an area source as an arbitrarily

shaped polygon of between 3 and 20 sides (the number of sides allowed may be increased by 

modifying the NVMAX parameter in MODULE MAINl). This source type option provides the 

user with considerable flexibility for specifying the shape of an area source. The syntax, type and 

order for the SRCP ARAM card for AREAPOL Y sources are summarized below: 

Syntax: SO SRCP.IlcRAl'1 Srcid Aremis Relhgt Nverts (Szinit) 

Type: Mandatory, Repeatable 

Order: t follow the LOU\TION card for each source input 

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source, and the other parameters are as follows: 

Aremis - area emission rate in g/(s-m2), 

Relhgt - release height above ground in meters, 

Nverts - number of vertices ( or sides) of the area source polygon, 

Szinit - initial vertical dimension of the area source plume in meters (optional). 

As with AREA sources, the emission rate for the source is an emission rate per unit area, which is 

different from the point and volume source emission rates, which are total emissions for the 

source. The number of vertices (or sides) used to define the area source polygon may vary 

between 3 and 20. The locations of the vertices are specified by use of the AREA VERT 

keyword, which applies only to AREAPOL Y sources. The syntax, type and order for the 

AREA VERT keyword used for AREAPOL Y sources are summarized below: 
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Syntax: SO AEEAVEET Srcid Xv(l) Yv(l) Xv(2) Yv(2) Xv(i) Yv(i) 

Type: ]\landatory for /\REP\POLY sources, Repeatable 

Order: Must follow the LOCATION card for each source input 

where the Xv(i) and Yv(i) are the x-coordinate and y-coordinate values of the vertices of the area 

source polygon. There must by Nverts pairs of coordinates for the area source, where Nverts in 

the number of vertices specified for that source on the SRCPARAM card. The first vertex, XV(l) 

and Yv(1), must also match the coordinates given for the source location on the LOCA nON 

card, Xs and Ys. The remaining vertices may be defined in either a clockwise or counter

clockwise order from the point used for defining the source location. 

Since the numerical integration algorithm can handle elongated areas with aspect ratios of 

up to 10 to 1, the AERMOD area source algorithm may be useful for modeling certain types of 

line sources. There are no restrictions on the placement of receptors relative to area sources for 

the AERlVIOD model. Receptors may be placed within the area and at the edge of an area. The 

AERMOD model will integrate over the portion of the area that is upwind of the receptor. 

However, since the numerical integration is not performed for portions of the area that are closer 

than 1.0 meter upwind of the receptor, caution should be used when placing receptors within or 

adjacent to areas that are less than a few meters wide. 

AREACIRC Source Type 

The AREACIRC source type may be used to specify an area source as a circular shape. 

The model will automatically generate a regular polygon of up to 20 sides to approximate the 

circular area source. The polygon will have the same area as that specified for the circle. The 

syntax, type and order for the SRCP ARAM card for AREACIRC sources are summarized below: 

Syntax: SO SRCPJ'\RJ'u"1 Srcid }\remis Eelhqt Eadius (Nverts) (Szinit) 

Type: Mandatory, Repeatable 

Order: Bust follow the LCICATION card for each sourOl3 input 
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where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source, and the other parameters are as follows: 

Aremis -

Relhgt -

Radius -

Nverts -

Szinit -

area emission rate in g/(s-m2), 

release height above ground in meters, 

radius of the circular area in meters, 

number of vertices ( or sides) of the area source polygon (optional, 20 sides 
will be used if omitted), 

initial vertical dimension of the area source plume in meters (optional). 

As with AREA sources, the emission rate for the source is an emission rate per unit area, which is 

different from the point and volume source emission rates, which are total emissions for the 

source. 

3.3.3 Specifying Building Downwash Information 

As noted above, the AERMOD model include algorithms to model the effects of buildings 

downwash on emissions from nearby or adjacent point sources. The building down wash 

algorithms do not apply to volume or area sources. For a technical description of the building 

downwash algorithms in AERMOD, the user is referred to Schulman, et. al. (2000). The 

AElUvIOD model uses direction-specific information for all building downwash cases. 

There are five keywords that are used to specify building downwash information: 

BUILDHGT, BUILDWID, BUILDLEN, XBADJ, YBADJ. The syntax, type and order for the 

BUILDHGT keyword, used to input direction specific building heights, are summarized below: 

Syntax: SO BUILDHGT Srcid (or Srcrnq) Dsbh(i),i~I,36 (16 for LT) 

Type: Optional, Repeatable 

Order: Bust follow the LCICATION card for each sourOl3 input 
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where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source. The user also has the option of specifying a range of sources (the Srcrng 

parameter) for which the building heights apply, instead of identifying a single source. This is 

accomplished by two source ID character strings separated by a dash, e.g., STACKl-STACKLO. 

Since the model reads the source range as a single input field there must not be any spaces 

between the source IDs. The model then places the building heights that follow (the Dsbh(i) 

parameter) into the appropriate arrays for all Srcid's that fall within that range, including 

STACKI and STACKIO. 

When comparing a source ID to the range limits for a Srcrng parameter, the model 

separates the source IDs into three parts: an initial alphabetical part, a numerical part, and then the 

remainder of the string. Each part is then compared to the corresponding parts of the source 

range, and all three parts must satisfy the respective ranges in order for the source ID to be 

included. If there is no numeric part, then the ID consists of only one alphabetical part. If the ID 

begins with a numeric character, then the initial alphabetical part defaults to a single blank. If 

there is no trailing alphabetical part, then the third part also defaults to a single blank part. If the 

trailing part consists of more than one alphabetical or numeric field, it is all lumped into one 

character field. For example, the source ID 'STACK2' consists of the parts 'STACK' plus '2' plus 

a single trailing blank, ' '. By comparing the separate parts of the source IDs, it can be seen that 

STACK2 falls between the range 'STACKl-STACKlO.' For a three-part example, it can also be 

seen that VENTIB falls within the range ofVENTlA-VENTlC. However, VENT2 does not fall 

within the range of VENTI A to VENT3B, since the third part ofVENT2 is a single blank, which 

does not fall within the range of A to C. This is because a blank character will precede a normal 

alphabetical character. Normally, the source ranges will work as one would intuitively expect for 

simple source names. Most importantly, for names that are made up entirely of numeric 

characters, the source ranges will be based simply on the relative numerical values. The user is 

strongly encouraged to check the summary of model inputs to ensure that the source ranges were 

interpreted as expected, and also to avoid using complex source names in ranges, such as 

AAIB2C-AB3A3C. Since the order of keywords within the SO pathway is quite flexible, it is 

also important to note that the building heights will only be applied to those sources that have 

been defined previously in the input file. 
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Following the Srcid or the Srcmg parameter, the user inputs 36 direction-specific building 

heights (Dsbh parameter) in meters, beginning with the 10 degree flow vector (wind blowing 

toward 10 degrees from north), and incrementing by 10 degrees in a clockwise direction. Some 

examples of building height inputs are presented below: 

SO BTJILDHGT STP,CKI 34. 34. 34. 34. 34. 34. 34. 34. 34. 34 34. 34. 
SO BUlLDHGT STJ'\CKI 34. 34. 34. 34. 34- 34. 34. 34. 34. 34 34- 34. 
SO BUILDHGT STACKl 34. 34. 34. 34. 34. 34. 34. 34. 34. 3 34. 34. 

SO BUILDHGT STJ'\CKI 36*34.0 

SO BUILDHGT ST}\CKI-ST}\CKI0 33*34. ]+0.0 

SO BUILDHGT STACK1 35 6 45 :36.37 35 18 32 92 29. 25 20 6 
SO BUILDHGT STACKl 15 0 20 .5 25 .50 =9 32 92 35 18 36 . 37 36 . 45 
SO BUILDHGT ST}\CKl 35 43 33 .33 35 6 45 [J 35 18 32 92 29. 
SO BUlLDHGT STJ'\CKI =5 .50 20 .56 15 0 20 6 =5 .50 29. 66 3: 92 35 18 
SO BUILDHGT STACKl 36.37 3 45 35 3 33 .33 

The first example illustrates the use of repeat cards if more than one card is needed to input all of 

the values. The values are processed in the order in which they appear in the input tile, and are 

identified as being repeat cards by repeating the Srcid parameter. The first and second examples 

produce identical results within the model. The second one illustrates the use of a repeat value 

that can simplify numerical input in some cases. The field "36*34.0" is interpreted by the model 

as "repeat the value 34.0 a total of 36 times." This is also used in the third example where the 

building height is constant for directions of 10 degrees through 330 degrees, and then is set to 0.0 

(e.g. the stack may be outside the region of downwash influence) for directions 340 through 360. 

The third example also uses a source range rather than a single source ID. The last example 

illustrates building heights which vary by direction, and shows that the number of values on each 

card need not be the same. For improved readability of the input tile, the user may want to put 

the numerical inputs into" columns," but there are no special rules regarding the spacing of the 

parameters on this keyword. 

The BUILDWID keyword is used to input direction-specific building widths for 

downwash analyses. The syntax for this keyword, which is very similar to the BUILDHGT 

keyword, is summarized below, along with the type and order information: 
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Syntax: so B1JILm~TID Srcid (or Srcrng) Dsbw(i) ,i~l, 6 (16 for LT) 

Type: Optional, Repeatable 

Order: Must follo"'l the LOC}\TION card for each source input 

For a description of the Srcid and Srcrng parameters, and for a discussion and examples of the 

numeric input options, refer to the BUILDHGT keyword above. The Dsbw(i) parameter contains 

the 36 direction-specific building widths. The directions proceed in a clockwise direction, 

beginning with the 10 degree flow vector. 

The BUILD LEN keyword is used to input direction-specific along-flow building lengths 

for downwash analyses. Figure 3-2 shows the relationship of the projected building to this 

dimension. The syntax for this keyword, which is very similar to the BUILDHGT keyword, is 

summarized below, along with the type and order information: 

Syntax: SO BUILDLEN Srcid (or SrcrnQ) Dsbl(i),i~1,36 

Type: Optional, Repeatable 

Order: Must follow the LCICATION card for each sourCl3 input 

For a description of the Srcid and Srcrng parameters, and for a discussion and examples of the 

numeric input options, refer to the BUILDHGT keyword above. The Dsbl(i) parameter contains 

the 36 direction-specific building lengths. The directions proceed in a clockwise direction, 

beginning with the 10 degree flow vector. 
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Figure 3-2 shows the relationship of the projected building to these distances. 

----L ~ 
><.croc---. >-..croo-. + ><.....m...cx:~ 

................................................ y ... 

FIGURE 3-2. SCHEMATIC DIAGRAM IDENTIFYING NEW BUILDING DATA FOR 

PRIME DOWNW ASH 

The XBADJ and YBADJ keywords are used to input direction-specific along-flow and 

across-flow distances from the stack to the center of the upwind face of the projected building, 

respectively. Figure 3-2 shows the relationship of the projected building to these distances. The 

syntax for these keywords, which is very similar to the BUILDHGT keyword, are summarized 

below, along with the type and order information: 
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Syntax: SO XR/\DJ Srcid (or Srcrng) Xbadj (i) ,i~l, 36 

Type: Optional, Repeatable 

Order: t follow the LOU\TION card for each source input 

Syntax: SO YBAD,} (or Srcrng) Ybadj (i) ,i~}, 6 

Type: Optional, Repeatable 

Order: Must follo"'l the LOC}\TION card for each source input 

For a description of the Srcid and Srcmg parameters, refer to the BUILDHGT keyword above. 

The Xbadj(i) parameter contains the 36 direction-specific along-flow distances from the stack to 

the center of the upwind face and the Ybadj(i) parameter contains the 36 direction-specific 

across-flow distances from the stack to the center of the upwind face. The directions proceed in a 

clockwise direction, beginning with the 10 degree flow vector. 

3.3.4 Specifying Urban Sources 

As discussed in Section 3.2.4, the AERMOD model allows the user to incorporate the 

effects of increased surface heating from an urban area on pollutant dispersion under stable 

atmospheric conditions. The user specifies the parameters for the urban area on the CO 

URBAN OPT card (see Section 3.2.4), and identifies which sources are to be modeled with urban 

effects using the SO URBANSRC card. If a source is not included on the URBANSRC card, it 

will be modeled without the urban effects. The syntax, type and order for the URBANSRC 

keyword are summarized below: 

Syntax: SO URB.f:Ju~SRC Srcid's and/or Srcrng's 

Type: Optional, Repeatable 

Order: Must follo"'l the LOC}\TION card for each source input 

where the Srcid's and Srcmg's are the individual source IDs and/or source ranges that are to be 

modeled with urban effects. Source ranges, which are described in more detail in the description 

of the BUILDHGT keyword (Section 3.3.3), are input as two source IDs separated by a dash, e.g., 
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STACKl-STACKlO. Individual source IDs and source ranges may be used on the same card. If 

more than one input card is needed to define the urban sources, then additional cards may be 

input. 

3.3.5 Using Variable Emission Rates 

The AERMOD model provide the option of specifying variable emission rate factors for 

individual sources or for groups of sources. The factors may vary on different time scales, such 

as by season, hour-of-day, etc. The EMISF ACT keyword provides the user the option of 

specifying variable emission rate factors for sources modeled by the AERlVIOD model. The 

syntax, type and order of this keyword are summarized below: 

Syntax: SO EMISFACT Srcid (or Qflag Qfact(i).i~l.n 

Type: Optional, Repeatable 

Order: t follow the LOU\TION card for each source input 

where the Srcid parameter is the same source ID that was entered on the LOCATION card for a 

particular source. The user also has the option of using the Srcrng parameter for specifying a 

range of sources for which the emission rate factors apply, instead of identifying a single source. 

This is accomplished by two source ID character strings separated by a dash, e.g., 

STACK l-STACKIO. The use of the Srcrng parameter is explained in more detail in Section 

3.3.3 above for the BUILDHGT keyword. 

The parameter Qflag is the variable emission rate flag, and is one of the following 

secondary keywords: 

SEASON -

MONTH

HROFDY -

WSPEED -

emission rates vary seasonally (n=4), 

emission rates vary monthly (n=12), 

emission rates vary by hour-of-day (n=24), 

emission rates vary by wind speed (n=6), 
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SEASHR- emission rates vary by season and hour-of-day (n=96), 

SHRDOW - emission rates vary by season, hour-of-day, and day-of-week [M-F, Sat., 
Sun.] (n=288), and 

SHRDOW7 - emission rates vary by season, hour-of-day, and the seven days of the 
week [M,Tu,W,Th,F,Sat.,Sun.] (n=672). 

The Qfact array is the array of factors, where the number of factors is shown above for each Qflag 

option. The seasons are defined in the following order: Winter (Dec., Jan., Feb.), Spring (Mar., 

Apr., May), Summer (Jun., Jul., Aug.), and Fall (Sep., Oct., Nov.). The wind speed categories 

used with the WSPEED option may be defined using the ME WINDCATS keyword. lfthe 

WlNDCATS keyword is not used, the default wind speed categories are defined by the upper 

bound of the first five categories as follows (the sixth category is assumed to have no upper 

bound): 1.54,3.09,5.14,8.23, and 10.8 m/s. The EMlSFACT card may be repeated as many 

times as necessary to input all of the factors, and repeat values may be used for the numerical 

inputs. An example of each of these options is presented below, with column headers to indicate 

the order in which values are to be to input: 
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vTINTER SPRING SU1'lMER FALL 

SO EJvlISFJ'\CT STJ\CK1 SEJ'\SON 1 00 .75 

JJ\j\j FEB 1/1FU;~ J\PR IVU\Y JUN JUL AUG SEP OCT NOV DEC 

SO EHISFACT ST}\~CKI lVIONTH 0 1 1 0 1 0 

11 12 

SO EHISFP,CT STACK} HROFDY (J (J 0 0 0 0 

13 14 15 16 17 

so EJvlISFJ'\CT STJ\CK1 HROFDY 1 0 1 0 1 0 

** or, equivalently: 

SO EHISFP,CT STACK} HROFDY 

vJind Speed Cat.: 

SO EJvlISFJ'\CT STJ\CK1 h{SPEED .5 0.6 

lJ 1 (J 

18 19 20 

0 .5 

18 

o.s 

19-24 

6*0.0 

0 

Co 

0.9 

1 

21 

0 

0 1 J 0 1 

22 ::::3 24 

0 0 0 0 

(i 

1. 

SO EJvlISFJ'\CT STJ\CK1 SEJ'\SHR enter 24 hourly scalars for each of the four 

seasons (wintE~rf spring, surnrner, fall), e.g., 

SO EHISFP,CT STACK} SEP,SHR 24*0.50 

Spring 

24 

Summer Fall 

24*l1.75 

SO EHISFACT ST}\~CKI SI-lRDO~\T enter 24 hourly scalars for each of the four 

seasons (~Tinter, spring, SlJmmer, fall) f first 

lJ 

0 

for vJeekdays (JvIonday-Friday) f then 

and finally for Sundays, e.g., 

Saturdays, 

T'\Teekdays: 

EHISFP,C:T STACK1 SERIiCJv! 

Saturdays: 

EHISFP,CT STACK} SI-lRDOVq 

Sundays: 

SO EHISF}\CT STP,CKI SHRDOillT 

T'\Tinter 

24*1.0 

24*0.5 

24*0.25 

Spring 

24 .8 

24 .4 

SurrrrnE~ r 

24 .6 

24 .3 

.15 

Fall 

::::4*0.8 

24 *l1. 

24*0.2 

SO EJvlISFJ'\CT STJ\CK1 SHRDOvJ! enter 24 hourly scalars for each of the four 

seasons ("",inter, spring, surruner, fall) f first 

* * tvJondays: 

SO EHISF}\CT STP,CKI SHRDOillT7 

Tuesdays: 

Saturdays: 

EJvlISFJ'\CT STJ\CK1 SHRDOvJ! 

Sundays: 

SO EHISFP,C:T STACK1 SERIiCJvJ7 

for 1\1onclays, then for Tuesdays, ... f then for Saturdays, 

and finally for Sundays, e.g., 

1f\Tinter 

24*1.0 

1t1inter 

24*0.25 

Spring 

.8 

Spring 

24 .4 

24 
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3.3.6 Adjusting the Emission Rate Units for Output 

The default emission rate units for the AERMOD model are grams per second for point 

and volume sources, and grams per second per square meter for area sources. By default, the 

model converts these input units to output units of micrograms per cubic meter for concentration 

calculations. This is accomplished by applying a default emission rate unit factor of 1.0E06 for 

concentration. 

The EMISUNIT keyword on the SO pathway allows the user to specify a different unit 

conversion factor, and to specify the appropriate label for the output units for either concentration 

calculations. The syntax and type of the EMISUNIT keyword are summarized below: 

Syntax: SO EMISUNIT Emifac Emilbl Conlbl 

Type: Optional, Non-repeatable 

where the parameter Emifac is the emission rate unit factor, Emilbl is the label for the emission 

units (up to 40 characters), and Conlbl is the output unit label (up to 40 characters) for 

concentration calculations. For example, to produce output concentrations in milligrams per 

cubic meter, assuming input units of grams per sec, the following card could be input: 

SCI EMISUNIT 1.0E.3 GRAl'1S/SEC IVIILLIGRIlJVIS/l'!I**.3 

since there are 1.0E3 milligrams per gram. The emission rate unit factor applies to all sources for 

a given run. Since the model uses one or more spaces to separate different fields on the input 

runstream images, it is important that there not be any spaces within the label fields on this card. 

Thus, instead of entering 'GRAMS PER SECOND' for the emission label, a label of 

'GRAMS/SECOND', or 'GRAMS-PER-SECOND' or an equivalent variation should be used. 
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3.3.7 Specifying Variables for Settling, Removal and Deposition Calculations 

The current version of the AERMOD model does not include algorithms to handle the 

gravitational settling and removal by dry deposition of particulates. 

3.3.8 Specifying Variables for Precipitation Scavenging and Wet Deposition Calculations 

The current version of the AERMOD model does not include algorithms to handle the 

scavenging and removal by wet deposition (i.e., precipitation scavenging) of gases and 

particulates. 

3.3.9 Specifying an Hourly Emission Rate File 

The source (SO) pathway includes an option for inputting hourly emission rates for the 

AERMOD model, controlled by the HOUREMIS keyword. AERMOD currently allows for a 

single hourly emission file to be used with each model run. The syntax, type and order for this 

keyword are summarized below: 

Syntax: SO HOUREMIS Emifil Srcid' (and/or Srcrng's) 

Type: Optional, Repeatable 

Order: ]v[ust follow the LOCATION card for each source input 

where the Emifil parameter specifies the filename (up to 40 characters) for the hourly emission 

file, and Srcid or Srcrng identify the source or sources for which hourly emission rates are 

included. Source ranges, which are described in more detail in the description of the BUILDHGT 

keyword (Section 3.3.3), are input as two source IDs separated by a dash, e.g., 

STACKI-STACKIO. The user may include more than one HOUREMIS card in a run stream file, 

if needed to specify additional sources, but there can be only one hourly emissions file, and 

therefore the filename must be the same on all HOUREMIS cards. 
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The format of each record of the hourly emissions file includes a pathway and keyword 

(SO HOUREMIS), followed by the Year, Month, Day, Hour, Source ID, and emission rate (in the 

appropriate units). For point sources, the stack gas exit temperature (K), and stack gas exit 

velocity (m/s) are also specified. The hourly emissions file is processed using the same routines 

used to process the run stream input file, therefore each of the parameters must be separated by at 

least one space, but otherwise the format is flexible. It is also not necessary to include the SO 

HOUREMIS on each line, as long as the parameters (Year, Month, etc.) do not begin before 

column 13. 

The data in the hourly emission file must include the exact same dates as are included in 

the meteorological input files, and the source IDs must correspond to the source IDs defined on 

the SO LOCATION cards and be in the same order. Multiple records are required to define the 

emissions for one hour if more than one source is referenced. The model will check for a date 

mismatch between the hourly emissions file and the meteorological data, and also for a source ID 

mismatch. However, it is not necessary to process the entire hourly emissions file on each model 

run, i.e., the correct emissions data will be read if the ME DA YRANGE or the ME STARTEND 

cards (see Section 3.5.4) are used, as long as all the dates (including those that are processed and 

those that are skipped) match the meteorological data files. An example of several lines from an 

hourly emissions file for two point sources is provided below: 

SO HOUREl'/IIS 88 8 1 STP,CK1 52.467 382.604 12.27 
SO HOUREMIS 88 8 1 STACK2 4 .327 4:12.326 2:, .17 
so HOUREMIS 88 8 16 2 ST}\CK1 2::::.321 377.882 9.27 
SO HOUREl'/IIS 88 8 1 2 STP,CK2 42.166 437.68:::: 1 .67 
SO HOUREMIS 88 8 16 3 STJ'\CK1 51.499 37.3.716 11.87 
SO HCUREHIS 88 8 1 .3 STACK2 1. 349 437.276 18.77 
SO HOUREMIS 88 8 16 ST}\CKl :36.020 37 9.63 
SO HOUREMIS 88 8 16 4 STJ'\CK2 43. 672 437.682 18.2.3 

The model will use the stack release height and stack inside diameter defined on the SO 

SRCPARAM card, but will use the emission rate, exit temperature and exit velocity from the 

hourly emission file. If the emission rate, exit temperature and exit velocity are not included for a 

particular hour, i.e, any or all of those fields are blank, the model will interpret emissions data for 

3-38 

AR0068695 



that hour as missing and will set the parameters to zero. Since the emission rate will be zero, 

there will be no calculations made for that hour and that source. 

3.3. ] 0 Including Source Data From an External File 

The user has the option of including source data from an external file by using the 

INCLUDED keyword on the source (SO) pathway. An SO INCLUDED card may be placed 

anywhere within the source pathway, after the STARTING card and before the FINISHED card 

(i.e., the SO STARTING and SO FINISHED cards cannot be included in the external file). The 

data in the included file will be processed as though it were part of the run stream file. The syntax 

and type of the INCLUDED keyword are summarized below: 

I Syntax: so INCLUDED Inc fi 1 

I Type: Optional, Repeatable 

where the Incfil parameter is a character field of up to 40 characters that identifies the filename 

for the included file. The contents of the included file must be valid run stream images for the 

source pathway. If an error is generated during processing of the included file, the error message 

will report the line number of the included file (see Appendix C). If more than one INCLUDED 

file is specified for the source pathway, the user will first need to determine which file the error 

occurred in. If the starting column of the main runstream input file is shifted from column 1 (see 

Section 2.4.8), then the runstream images in the included file must be offset by the same amount. 

3.3.11 Using Source Groups 

The AERMOD model allows the user to group contributions from particular sources 

together. Several source groups may be setup in a single run, and they may, for example, be used 

to model impacts from the source being permitted, the group of increment consuming PSD 

sources, and the group of all sources for comparison to a NAAQS in a single run. There is always 

at least one source group in a run, which may consist of all sources, so the SRCGROUP keyword 
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has been made mandatory in the AERMOD model. The syntax, type and order of the 

SRCGROUP keyword are summarized below: 

Syntax: SO SRCGROUP Grpid Srcid' and/or Srcrng's 

Type: Mandatory, Repeatable 

Order: t be the last keY"'10rd in the SO pathway before FINISHED 

where the Grpid parameter is an alphanumeric string of up to eight characters that identifies the 

group name. The Srcid's and Srcrng's are the individual source IDs and/or source ranges that 

make up the group of sources. Source ranges, which are described in more detail in the 

description of the BUILDHGT keyword (Section 3.3.3), are input as two source IDs separated by 

a dash, e.g., STACKl-STACKlO. Individual source IDs and source ranges may be used on the 

same card. If more than one input card is needed to define the sources for a particular group, then 

additional cards may be input, repeating the pathway, keyword and group ID. 

A special group ID has been reserved for use in specifying the group of all sources. When 

Grpid = ALL, the model will automatically setup a source group called ALL that includes all 

sources modeled for that particular run. If desired, the user can setup a group of all sources with a 

different group ID by explicitly specifying all sources on the input card(s). 

As noted in Section 2.3, the number of source groups is allocated dynamically at the time 

AERMOD is run. This value, in concert with the other dynamically allocated arrays and input 

requirements, is limited only by the amount of available memory. 

As discussed in Sections 1.2.4.6 and 3.2.9, it is sometimes important for a user to know 

the contribution of a particular source to the total result for a group. These source contribution 

analyses are facilitated for short term averages by the use the EVENT processing capabilities in 

the AERMOD model. EVENT processing uses the same source groups that are identified by 

AERMOD (when the input file is generated using the CO EVENTFIL option), but the model is 

structured in a way that it retains individual source results for particular events. Refer to the 

sections noted above for a more complete description of EVENT processing and its uses. 
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3.4 RECEPTOR PATHWAY INPUTS AND OPTIONS 

The REceptor pathway contains keywords that define the receptor information for a 

particular model run. The RE pathway contains keywords that allow the user to define Cartesian 

grid receptor networks and/or polar grid receptor networks, with either uniform or non-uniform 

grid spacing, as well as discrete receptor locations referenced to a Cartesian or a polar system. As 

noted in Section 2.3, the number of receptors and receptor networks are allocated dynamically at 

the time AERMOD is run. This value, in combination with the other dynamically allocated 

arrays and input requirements, is limited only by the amount of available memory. 

All of the receptor options in AERMOD allow the user to input terrain elevations and hill 

height scales for each receptor, both of which are needed when applying AERMOD in an elevated 

terrain situation. To facilitate the generation of hill height scales for AERlVIOD, a terrain 

preprocessor, called AERlVIAP, has been developed (EPA, 2004c). The AERMAP terrain 

preprocessor, which uses U. S. Geological Survey (USGS) Digital Elevation Model (DEM) data 

as an input, may also be used to generate the terrain elevations for the receptor locations. The 

AERMAP program generates an output file that contains the receptor pathway data for AERMOD 

in the format described below. This file may either be cut and pasted into the AERMOD 

run stream tile, or may be included as an external file using the RE INCLUDED card (see Section 

3.4.4). 

The default units for receptor elevations for the AERMOD model are in meters, however, 

the user may specify receptor elevations to be in units of feet by adding the RE ELEVUNIT 

FEET card immediately after the RE STARTING card. Since the AERlVIAP terrain preprocessor 

outputs elevations in meters and includes the RE ELEVUNIT METERS card as the first record, 

the AERlVIAP data must be placed at the beginning of the receptor pathway. 

3.4. 1 Deti nin g Networks of Gri dded Receptors 

Two types of receptor networks are allowed by the AERMOD model. A Cartesian grid 

network, defined through the GRIDCART keyword, includes an array of points identified by their 
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x (east-west) and y (north-south) coordinates. A polar network, defined by the GRIDPOLR 

keyword, is an array of points identified by direction and distance from a user-defined origin. 

Each of these keywords has a series of secondary keywords associated with it that are used to 

define the network, including any receptor elevations for elevated terrain and flagpole receptor 

heights. The GRIDCART and GRIDPOLR keywords can be thought of as "sub-pathways," since 

their secondary keywords include a STArt and an END card to define the start and end of inputs 

for a particular network. 

3 .4.1.1 Cartesian Grid Receptor Networks. 

Cartesian grid receptor networks are defined by use of the GRID CART keyword. The 

GRID CART keyword may be thought of as a "sub-pathway," in that there are a series of 

secondary keywords that are used to define the start and the end of the inputs for a particular 

network, and to select the options for defining the receptor locations that make up the network. 

The syntax and type of the GRIDCART keyword are summarized below: 

Syntax: 

Type: 

RE GRIU=}\.PT Netid ST}\. 

or XPNTS 
YPNTS 
ELEV 
HILL 

Xinit Xnum Xdelta Yinit 
Gridxl Gridz2 Gridx3 
Gridyl Gridy2 GridyJ 
Row Z levI Zelev2 Z ev3 
Ro'd Z il11 Zhil" Z '1, 

FLJ\G Rmv Z laC]l Zflag2 Z aC]J 

Optional, Repeatable 

3-42 

Ynum Ydelta 
GridzI1, and 
Gridyn 

Zelevn 

Z flaC]n 

AR0068699 



where the parameters are defined as follows: 

Netid Receptor network identification code (up to eight alphanumeric 
characters) 

ST}\~ Indicates the ST}\rt of GRIDU\RT inputs for a particular network, 

Xinit 
Xnum 
Xdf31ta 
Yinit 
Ynum 
Ydelta 

Gridxl 
Gridxn 

I ~r Jyn 

ELEV 
ROvl 

Zelev 

HILL 
Row 

Zelev 

FLAG 

Row 

Zflag 

repeated for each new Netid 

Keywo ~d identifying uniform grid network generated from c: and y 

Starting x-axis grid location in meters 
Number of x-axis receptors 
Spacing in mE~ters betvveE~n x-axis rE~CE~ptors 

Starting grid location in meters 
Number y-axis receptors 
Spacing in meters between y-azis receptors 

KeYv'lord identi fying grid neti,A]ork defined by a series 
of discrete x and y coordinates (used with 

Value of f x-coordinate for Cartesian 
Value of 'nth' x-coordinate for Cartesian grid (m) 

Keyvvord identifying grid network defined by a series 
of discrete x and y coordinates (used with 

Value of t y-coordinate for Cartesian 
Value of 'nth' y-coordinate for Cartesian grid (m) 

YceYv\Tord tc, 
Indicates 

input (Row~l 

that rc,cc,ph, E~ lE~v at ions 
fixed) is being row ~_ nri 

means , i.e., southmost rO'd) 

An array of receptor terrain elevations (m) for a 

(optional) 

particular Row (default units of meters may be changed to feet by 
use of RE ELEVTJNIT keyword), number of entries per 
rovV equals the number of x-coordinates for that network 

Key\0ord to 
Indicate.s 

that hill height scales follow (optional) 
row (y-coordinate fized) is being 

input (Ro'd=l means f ,i.e., southmost rO'd) 
lUi array of hill hf3iCjht scale.s (m) for a 

particular Row (default units of meters may be changed to feet by 
use of ELEVUNIT keyword), number of entries per 
rO"v\T equals the numbE~r of x-coordinates for that netTvJork 

Yceydord to speci fy that flagpole receptor heights 
follow (optional) 

Indicate.s which row (y-coordinatf3 fized) is being 
input (Ro'd=l means f ,i.e., southmost rO'd) 

lUi array of receptor heights (m) above local terrain 
elevation for a particular Row (flagpole receptors), number of 
entries per rovV equals the number of x-coordinates for that 
netiNork 

END Indicates the END of GRIDCART inputs for a particular network, 
repeated for each new Netid 

The ELEV, HILL, and FLAG keywords are optional inputs, and are only needed if 

elevated terrain or flagpole receptor heights are to be used. If elevated terrain is being used, then 

both the ELEV and HILL inputs are needed for each receptor. If the ELEV and HILL keywords 

are used and the model is being run with the flat terrain option (see Section 3.2.2), then the 

elevated terrain height inputs will be ignored by the model, and a non-fatal warning message will 

be generated. If the elevated terrain option is selected, and no elevated terrain heights are entered, 
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the elevations will default to 0.0 meters, and warning messages will also be generated. The 

model handles flagpole receptor height inputs in a similar manner. 

The order of cards within the GRIDCAR T subpathway is not important, as long as all 

inputs for a particular network are contiguous and start with the STA secondary keyword and end 

with the END secondary keyword. It is not even required that all ELEV cards be contiguous, 

although the input file will be more readable if a logical order is followed. The network ID is also 

not required to appear on each run stream image (except for the STA card). The model will 

assume the previous ID if none is entered, similar to the use of continuation cards for pathway 

and keywords. Thus, the following two examples produce the same 8 X 4 Cartesian grid 

network: 

RE GHIDCART CARl STA 
RE GRIDCAc::::'T CARl XPNTS -500. -4 -=00. O. 100. 200. 400. 500. 
RE GRIDC}\RT Cl\R1 YPNTS -soc) . -250. 25l] . 
RE GRIDC}'uQ.'I' U\Rl ELEV 10. 10. 10. 10. 10. 10. 
RE GHIDCART CARl ELEV 2 20. 2C) • ::0. 20. 2C) • 20. 2C) • 
RE GRIDCPuL<.T C}\Rl ELEV 3 30. 30. 30. 30. 30. 30. 30. 
RE GRIDC}"RT C:PJU ELEV 4 40. 40. 40. 40. 40. 40. 
RE GHIDCART CARl HILL so. 5C) • 50. 5C) • 50. c). 
RE GRIDCAc::::'T CARl HILL 2 60. 60. 60. 60. 60. 60. 60. 
RE GRIDC}\RT Cl\R1 HILL :3 7 c) • 70. 7(J. 70. ll] . 70. 
RE GRIDCJ'uQ.'I' U\Rl HILL 4 80. 80. 80. 80. 80. 80. SO. 
RE GRIDCAc::::'T CARl FL}'.G "- 10. 10. 10. 10. 10. 10. 
RE GRIDCPuL<.T C}\Rl FLJ\G 2 20. 20. 20. 20. 20. 20. 
RE GRIDC}"RT C:PJU FLAG :3 30. 30. 30. 30. 30. 30. 30. 
RE GHIDCART CARl FLAG 4 40. 4 C). 4l1. 4 c) • 40. 4 C). 
RE GRIDCPuL<.T C}\Rl END 

RE GRIDCAc::::'T CARl STF~ 

XPNTS -soc) . -4 -200. o. llHJ. 4 CJl] • 
YPNTS -500. -=50. 250. 500. 
ELEV "- 8*10. 
HILL 8*50. 
FLAG "- 8*10. 
ELEV 2 8* :_:0. 
HILL 2 8*60. 
FLAG 2 8'20. 
ELEV :3 8*30. 
HILL .3 8*70. 
FLAG :3 8'JO. 
ELEV 4 8*40. 
HILL 4 8*80. 
FLJ\G il 8*40. 

RE GRIDC}"RT C:PJU END 

The Row parameter on the ELEV, HILL, and FLAG inputs may be entered as either the 

row number, i.e., ], 2, etc., or as the actual y-coordinate value, e.g., -500., -250., etc. in the 

example above. The model sorts the inputs using Row as the index, so the result is the same. The 
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above example could therefore be entered as follows, with the same result: 

RE GR IDCAR T CAR 1 STA 
XPNTS -500. -4 -200. -100. 100. 400. 500. 
YPNTS -soc) . -250. 2S0. 
ELEV -500. 8*1 
FLF~G -500. 8*1 
ELEV -2S0. 8*2 
FLAG -250. 8*2 
ELEV 2 5C). 8*3 
FLJ\G :50. 8*3 
ELEV 500. 8*4 
FLJ\G 500. 8*4 

RE GRIDC}\BT CARl END 

Of course, one must use either the row number or y-coordinate value consistently within each 

network to have the desired result. 

The following simple example illustrates the use of the XYINC secondary keyword to 

generate a uniformly spaced Cartesian grid network. The resulting grid is 11 x 11, with a uniform 

spacing of] kilometer (LOOO. meters), and is centered on the origin (0.,0.). No elevated terrain 

heights or flagpole receptor heights are included in this example. 

RE GRIDCF~RT CG1 STA 
XYINC -5000. 11 00. -50 11 1000. 

RE GRIDCART CG1 END 
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3.4.1.2 Polar Grid Receptor Networks. 

Polar receptor networks are defined by use of the GRIDPOLR keyword. The GRIDPOLR 

keyword may also be thought of as a "sub-pathway," in that there are a series of secondary 

keywords that are used to define the start and the end of the inputs for a particular network, and to 

select the options for defining the receptor locations that make up the network. The syntax and 

type of the GRIDPOLR keyword are summarized below: 

Syntax: 

Type: 

GRlDPOLR Netid STf, 
ORIG Xinit Yinit, 

or OEIG Srcid 
DIST Ringl Ring2 Ring3 Ringn 
DDlR Dirl Dir2 Dir3. .. Dirn, 

or GDIR Dirnum Dirini Dirinc 
ELEV Zelevl Zelev2 Z lev3 
HILL Dir Zhilll Zhi1l2 Z il13 
FLAG Dir Zflagl Zflag= Z lag3 
END 

Optional, Repeatable 
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where the parameters are defined as follows: 

Netid 

Ringn 

Dirl 
[Jirn 

Dirnum 
Dirini 
Dirinc 

Zelev 

Dir 
Zelev 

Dir 
Zflag 

Receptor net'V'Jork identification code (lJp to eight alphanumeric 
characters) 

Indicates 
repeat 

of GRIDPOLR inputs for a particular network, 

Ke~{\;yord to speci fy the ar net~Tork (optional) 
x-coordinate for origin of polar network 
y-coordinate for origin of polar network 
Source ID of origin of polar network 

distances for the polar network 
ring of polar coordinates 

Distance to the 'nth' ring of polar coordinates 

Keyv,lord to specify discrete direction radials for the 
polar network 

direction radial in degrees (1 to 60) 
The 'nth' direction radial in degrees (1 to 360) 

KE~yldord to specify gE3nE3rated t::lirection radials for 
the polar network 

Number of directions used to define the polar 
Starting direction of the polar system 
Increment (in degrees) for defining directions 

tem 

Keyv,lord to that receptor elevations follO\;\7 (optional) 
Indicates is being input 
An array of receptor terrain elevations for a 

particular direction radial (default units of meters may be 
changed to feet by use of RE ELEVUNIT keyvJOrd), 
number of entries per radial equals the number of distances for 
that net\'10rk 

Ke~{\;10rd to height scales follow (optional) 
Indicates being input 
An array of receptor hill height scales for a 

particular direction radial (default units of meters may be 
changed to feet by u.se of RE ELEVUNIT keyword), 
number of entries per radial equals the number of distances for 

network 

Keyword to speoify that flagpole l'f3Ceptor heiCjhts 
follow (optional) 

Indicates which direction 
An array of reoeptor 

elevation for a 
receptors) 

being input 
above local terrain 
direction (flagpole 

of GRIDPOLR subpathway, repeat for each 

The ORIG secondary keyword is optional for the GRIDPOLR inputs. If omitted, the 

model assumes a default origin of (0., 0.,) in x,y coordinates. The ELEV, HILL, and FLAG 

keywords are also optional inputs, and are only needed if elevated terrain or flagpole receptor 

heights are to be used. If elevated terrain is being used, then both the ELEV and HILL inputs are 

needed for each receptor. If the ELEV and HILL keywords are used and the model is being run 

with the flat terrain option (see Section 3.2.2), then the elevated terrain height inputs will be 

ignored by the model, and a non-fatal warning message will be generated. If the elevated terrain 
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option is selected, and no elevated terrain heights are entered, the elevations will default to 0.0 

meters, and warning messages will also be generated. The model handles flagpole receptor height 

inputs in a similar manner. 

As with the GRIDCART keyword described above, the order of cards within the 

GRIDPOLR subpathway is not important, as long as all inputs for a particular network are 

contiguous and start with the STA secondary keyword and end with the END secondary keyword. 

It is not even required that all ELEV cards be contiguous, although the input file will be more 

readable if a logical order is followed. The network ID is also not required to appear on each 

runstream image (except for the STA card). The model will assume the previous ID if none is 

entered, similar to the use of continuation cards for pathway and keywords. 

The following example of the GRIDPOLR keyword generates a receptor network 

consisting of 180 receptor points on five concentric distance rings centered on an assumed default 

origin of (0.,0.). The receptor locations are placed along 36 direction radials, beginning with 10. 

degrees and incrementing by 10. degrees in a clockwise fashion. 

RE GRlLJPOLl< POLl STP\ 
DIST 1 eJ. 300. o. 1(JOO. 2eJoeJ. 
GDlR 36 10. 

RE GRIDPOLR pe'L1 END 

Another example is provided illustrating the use of a non-zero origin, discrete direction 

radials and the specification of elevated terrain and flagpole receptor heights: 

RE GRIDPOLR POLl STA 
ORIG O. 00. 
DlST O. 300. O. 1000. ::000. 
DDIE ') 1 B 0 . 2 O. J blJ. 
ELEV 9 1 c 

J. 20. 2 c 

ELEV O. 1 5. 20. 25. 
ELEV 2 eJ. 1 5. 2l1. " 

ELEV 3 O. 5. 1 c ::0. 25. J • 

HILL 9 SO. 60. S. BO. 95. 
HILL ~ O. 50. 60. 5. 80. 95. 
HILL 2 O. 50. c 80. 95. J • 

HILL 3 O. 50. 60. c 
J. 80. 95. 

FLF~G 9 1 5. 20. 25. 
FLAG " eJ. 1 5. 2l1. 
FLJ\G n O. 1 c 20. 2 c - J. 

FLAG 3 O. 1 20. 25. 
RE GRlDPOLR POLl END 

3-48 

AR0068705 



The user has the option of specifying the radial number (e.g. 1,2,3, etc.) on the ELEV, HILL, 

and FLAG inputs, or the actual direction associated with each radial. 

For purposes of model calculations, all receptor locations, including those specified as 

polar, are stored in the model arrays as x, y and z coordinates and flagpole heights. For the 

purposes of reporting the results by receptor in the main print file, the tables are labeled with the 

polar inputs, i.e., directions and distances. 

3.4.2 Using Multiple Receptor Networks 

For some modeling applications, the user may need a fairly coarsely spaced network 

covering a large area to identify the area of significant impacts for a plant, and a denser network 

covering a smaller area to identify the maximum impacts. To accommodate this modeling need, 

the AERMOD model allows the user to specify multiple receptor networks in a single model run. 

The user can define either Cartesian grid networks or polar networks, or both. With the use of the 

ORIG option in the GRIDPOLR keyword, the user can easily place a receptor network centered 

on the facility being permitted, and also place a network centered on another background source 

known to be a significant contributor to high concentrations. Alternatively, the polar network 

may be centered on a receptor location of special concern, such as a nearby Class I area. 

As noted in the introduction to this section (3.4), the model dynamically allocates array 

storage based on the number of receptors and receptor networks when the AERMOD model is 

run, up to the maximum amount of memory available on the computer. 

3.4.3 Specifving Discrete Receptor Locations 

In addition to the receptor networks defined by the GRIDCART and GRIDPOLR 

keywords described above, the user may also specify discrete receptor points for modeling 

impacts at specific locations of interest. This may be used to model critical receptors, such as the 

locations of schools or houses, nearby Class I areas, or locations identified as having high 

concentrations by previous modeling analyses. The discrete receptors may be input as either 
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Cartesian x,y points (DISCCART keyword) or as polar distance and direction coordinates 

(DISCPOLR keyword). Both types of receptors may be identified in a single run. In addition, for 

discrete polar receptor points the user specifies the source whose location is used as the origin for 

the receptor. 

3.4.3.1 Discrete Cartesian Receptors. 

Discrete Cartesian receptors are defined by use of the DISCCART keyword. The syntax 

and type of this keyword are summarized below: 

Syntax: DISCCJ\RT Xcoord 'leGora (Zelav Zhill) (Zflag) 

Type: Optional, Repeatable 

where the Xcoord and Y coord parameters are the x-coordinate and y-coordinate (m), respectively, 

for the receptor location. The Zelev parameter is an optional terrain elevation (m) and Zhill is a 

corresponding hill height scale for the receptor for use in elevated terrain modeling. Both the 

Zelev and Zhill parameters must be specified for use with the elevated terrain algorithms, and are 

referenced to the same reference elevation (e.g., mean sea level) used for source elevations. The 

Zflag parameter is the optional receptor height above ground (m) for modeling flagpole receptors. 

All of the parameters are in units of meters, except for Zelev and Zhill, which default to meters 

but may be specified in feet by use of the RE ELEVUNIT keyword. 

If neither the elevated terrain option (Section 3.2.2) nor the flagpole receptor height option 

(Section 3.2.7) are used, then the optional parameters are ignored if present. If only the elevated 

terrain height option is used (no flagpoles), then the third parameter (the field after the Y coord) is 

read as the Zelev parameter. If only the flagpole receptor height option is used (no elevated 

terrain), then the third parameter is read as the Zflag parameter. If both options are used, then the 

parameters are read in the order indicated for the syntax above. If the optional parameters are left 

blank, then default values will be used. The default value for Zelev is 0.0, and the default value 

for Zflag is defined by the CO FLAGPOLE card (see Section 3.2.7). Note: If both the elevated 

terrain and flagpole receptor height options are used, then the third parameter will always be used 
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as Zelev, and it is not possible to use a default value for Zelev while entering a specific value for 

the Zflag parameter. 

3.4.3.2 Discrete Polar Receptors. 

Discrete polar receptors are defined by use of the DISCPOLR keyword. The syntax and 

type of this keyword are summarized below: 

Syntax: DISCPOLE Srcid Gist Direct (Zelev Zhill) (Zflaq) 

Type: Optional, Repeatable 

where the Srcid is the alphanumeric source identification for one of the sources defined on the SO 

pathway which will be used to define the origin for the polar receptor location. The Dist and 

Direct parameters are the distance in meters and direction in degrees for the discrete receptor 

location. Degrees are measured clockwise from north. The Zelev parameter is an optional terrain 

elevation for the receptor and Zhill is the corresponding hill top elevation (m) for use in elevated 

terrain modeling. Both the Zelev and Zhill parameters must be specified for use with the elevated 

terrain algorithms, and are referenced to the same reference elevation (e.g., mean sea level) used 

for source elevations. The units of Zelev and Zhill are in meters, unless specified as feet by the 

RE ELEVUNIT keyword. The Zflag parameter is the optional receptor height above ground 

(meters) for modeling flagpole receptors. 

If neither the elevated terrain option (Section 3.2.2) nor the flagpole receptor height option 

(Section 3.2.7) are used, then the optional parameters are ignored if present. If only the elevated 

terrain height option is used (no flagpoles), then the third parameter (the field after the Y coord) is 

read as the Zelev parameter. If only the flagpole receptor height option is used (no elevated 

terrain), then the third parameter is read as the Zflag parameter. If both options are used, then the 

parameters are read in the order indicated for the syntax above. If the optional parameters are left 

blank, then default values will be used. The default value for Zelev is 0.0, and the default value 

for Zflag is defined by the CO FLAGPOLE card (see Section 3.2.7). Note: If both the elevated 

terrain and flagpole receptor height options are used, then fourth parameter will always be used as 
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Zelev, and it is not possible to use a default value for Zelev while entering a specific value for the 

Zflag parameter. 

3.4.3.3 Discrete Cartesian Receptors for EVALFILE Output. 

The EV ALCART keyword is used to define discrete Cartesian receptor locations, similar 

to the DISCCART keyword, but it also allows for grouping of receptors, e.g., along arcs. It is 

designed to be used with the EV ALFILE option, described later for the output pathway, which 

outputs arc maxima values to a separate file for evaluation purposes. The EV ALCART keyword 

can be used without the use of the EV ALFILE option, in which case the receptor groupings are 

ignored. The syntax and type for the modified EV ALCART keyword are summarized below: 

I Syntax: RE EVALCART Acoord Ycoord Zelev Zhill Zflag Arcid (Name) 

I Type: Optional, Repeatable 

where the Xcoord and Y coord parameters are the x-coordinate and y-coordinate (m), respectively, 

for the receptor location. The Zelev parameter is the terrain elevation (m) for the receptor and 

Zhill is the corresponding hill top elevation (m) for use in elevated terrain modeling. Both the 

Zelev and Zhill parameters must be specified for use with the elevated terrain algorithms, and are 

referenced to the same reference elevation (e.g., mean sea level) used for source elevations. The 

Zflag parameter is the receptor height above ground (m) for modeling flagpole receptors. All of 

the parameters are in units of meters, except for Zelev and ZhiU, which default to meters but may 

be specified in feet by use of the RE ELEVUNIT keyword. The Arcid parameter is the receptor 

grouping identification, which may be up to eight characters long, and may be used to group 

receptors by arc. The Name parameter is an optional name field that may be included to further 

identify a particular receptor location. The Name parameter is ignored by the model. Unlike the 

DISCCART keyword, all of the parameters (except for the Name) must be present on each card 

with the EV ALCART keyword. The terrain height and flagpole height inputs are ignored if the 

appropriate options are not specified on the CO TERRHGHT and CO FLAGPOLE cards. 
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3.4.4 Including Receptor Data From an External File 

The user has the option of including receptor data from an external file by using the 

INCLUDED keyword on the receptor pathway. An RE INCLUDED card may be placed 

anywhere within the source pathway, after the STARTING card and before the FINISHED card 

(i.e., the RE STARTING and RE FINISHED cards cannot be included in the external file). The 

data in the included file will be processed as though it were part of the run stream file. The syntax 

and type of the INCLUDED keyword are summarized below: 

Syntax: INCLUDED Incfil 

Type: Optional, Repeatable 

where the Incfil parameter is a character field of up to 40 characters that identifies the filename 

for the included tile. The contents of the included file must be valid run stream images for the 

receptor pathway. If an error is generated during processing of the included file, the error 

message will report the line number of the included tile (see Appendix C). If more than one 

INCLUDED file is specified for the receptor pathway, the user will first need to determine which 

file the error occurred in. If the starting column of the main runstream input tile is shifted from 

column 1 (see Section 2.4.8), then the run stream images in the included file must be offset by the 

same amount. The INCLUDED option allows the user to include receptor data that have been 

generated by the AERMOD Terrain Preprocessor, AERMAP, in the run stream file without having 

to cut and paste the AERMAP output tile. Since AERMAP generates terrain elevations in meters 

and includes the RE ELEVUNIT METERS card as the first record, an AERMAP tile must be 

INCLUDED at the beginning of the receptor pathway, immediately following the RE STARTING 

card. If more than one AERMAP output tile is INCLUDED on the receptor pathway, the RE 

ELEVUNIT METERS card must be deleted from all but the first one. 

3.5 METEOROLOGY PATHWAY INPUTS AND OPTIONS 

The MEteorology pathway contains keywords that define the input meteorological data 

for a particular model run. 
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3.5.] Specifying the Input Data Files and Formats 

The AERMOD model uses hourly meteorological data from separate surface and 

profile data files as one of the basic model inputs. These input meteorological data filenames for 

AElUvIOD are identified by the SURFFILE and PROFFILE keywords on the ME pathway. The 

syntax and type of these keywords are summarized below: 

Syntax: 

I Type: 

ME SURF'FILE Sfcfil (Format) 
]vIE PROFFILF Profil (Format) 

Mandatory, Non-repeatable 

where the Srcfil and Profil parameters are character fields of up to 40 characters that identify the 

filenames for the input meteorological data files. For running the model on an IBM-compatible 

PC, the filename parameters may include the complete DOS pathname for the file, or will assume 

the current directory if only the filename is given. The optional Format parameter specifies the 

format of the meteorological data files. The default formats for the surface and profile data files 

corresponds with the format of the files generated by the AERMET meteorological preprocessor 

program. The user also has the option of specifying the Fortran read format for each of these 

files. The contents of the meteorological data files are described below, and the file formats are 

documented in Appendix D. 

The surface meteorological data file consists of a header record containing information on 

the meteorological station locations, and one record for each hour of data. These data are 

delimited by at least one space between each element, i.e., the data may be read as free format. 

The contents of the surface file are as follows: 

Year 
Month (1 - 12) 
Day (1 -31) 
Julian day (1 - 366) 
Hour (1 - 24) 
Sensible heat flux (W m-2

) 

Surface friction velocity, u* (ms-I) 
Convective velocity scale, w* (ms-I) 
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Vertical potential temperature gradient in the 500 m layer above the planetary boundary 
layer 

Height of the convectively-generated boundary layer (m) 
Height of the mechanically-generated boundary layer (m) 
Monin-Obukhov length, L (m) 
Surface roughness length, Zo (m) 
Bowen ratio 
Albedo 
Wind speed (ms-I) used in the computations 
Wind direction (degrees) corresponding to the wind speed above 
Height at which the wind above was measured (m) 
Temperature (K) used in the computations 
Height at which the temperature above was measured (m) 

The sensible heat flux, Bowen ratio and albedo are not used by the AERMOD model, but are 

passed through by AERMET for information purposes only. 

The profile meteorological data file consists of one or more records for each hour of data. 

As with the surface data file, the data are delimited by at least one space between each element 

and may be read as Fortran free format. The contents of the profile meteorological data file are as 

follows: 

Year 
Month (1 - 12) 
Day (1 -31) 
Hour (1 - 24) 
Measurement height (m) 
Top flag = ], if this is the last (highest) level for this hour, 

0, otherwise 
Wind direction for the current level (degrees) 
Wind speed for the current level (ms-I) 
Temperature at the current level (K) 
Standard deviation of the wind direction, 0 0 (degrees) 
Standard deviation of the vertical wind speed, Ow (ms-I) 

The data in this file include the on-site meteorological data that are processed by 

AERMET. Since AERMET was designed to be able to perform dispersion parameter calculations 

with NWS data only, i.e., no on-site data, the profile data may consist of a one-level "profile" 

based on the NWS winds and temperature. 
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3.5.2 Specifying Station Information 

Three keywords are used to specify information about the meteorological stations, 

SURFDATA for the surface meteorological station, UAIRDATA for the upper air station, and the 

optional SITEDATA for anyon-site meteorological data that may be used. The syntax and type 

of these keywords are summarized below: 

Syntax: 

Syntax: 

Syntax: 

Type: 

HE SUEFD}\.T}\. Stanum YE3ar (Name) (Xcoord) (Ycoord) 

HE WUEIJATA Stanum Year (Name) (Xcoord) (Ycoord) 

]vIE SITEDATA Stanum Year (Name) (Xcoord) (Ycoord) 

Non-repeatable for SUEFDATA and UAIEDATA 
C1nti nn,"l, Non-repeatablJ3 for SITEDAT}\, 

where Stanum is the station number, e.g. the 5-digit WBAN number for NWS stations, Year is the 

year of data being processed (either 2 or 4 digits), Name is an optional character field (up to 40 

characters with no blanks) specifying the name of the station, and Xcoord and Y coord are 

optional parameters for specifying the x and y coordinates for the location of the stations. At the 

present time, the station locations are not utilized in the model. Therefore, no units are specified 

for Xcoord and Y coord at this time, although meters are suggested in order to be consistent with 

the source and receptor coordinates. The AERMOD model compares the station numbers input 

using these keywords with the numbers included in the header record of the surface 

meteorological data file, and issues non-fatal warning messages if there are any mismatches. 

3.5.3 Specifying the Base Elevation for Potential Temperature Profile 

The AElUvIOD model generates a gridded vertical profile of potential temperatures for use 

in the plume rise calculations. Since potential temperature is dependent on the elevation above 

mean sea level (MSL), the user must define the base elevation for the profile with the 

PROFBASE keyword. The syntax and type for the PROFBASE keyword are summarized below: 
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Syntax: HE PROFEASE EaseElev (Units) 

Type: Mandatory. Non-repeatable 

where the BaseElev parameter specifies the base elevation above MSL for the potential 

temperature profile, and the optional Units parameter specifies the units ofBaseElev. Valid 

inputs of Units are the secondary keywords METERS or FEET. The default units for BaseElev 

are in meters if Units is left blank. The base elevation should correspond with the base elevation 

of the primary meteorological tower. 

3.5.4 Specifving a Data Period to Process 

There are two keywords that allow the user to specify particular days or ranges of days to 

process from the sequential meteorological file input for the AERMOD model. The STARTEND 

keyword controls which period within the meteorological data file is read by the model, while the 

DA YRANGE keyword controls which days or ranges of days (of those that are read) for the 

model to process. The default for the model is to read the entire meteorological data file (up to a 

full year) and to process aU days within that period. 

The syntax and type for the STARTEND keyword are summarized below: 

Syntax: HE ST}"HTEND Strtyr Strtmn Strtdy (Strthr) Endyr Endmn Enddy (Endhr) 

Type: Optional, Non-repeatable 

where the Strtyr Strtmn Strtdy parameters specify the year, month and day of the first record to be 

read (e.g., 8701 31 for January 31, 1987), and the parameters Endyr Endmn Enddy specify the 

year, month and day of the last record to be read. The Strthr and Endhr are optional parameters 

that may be used to specify the start and end hours for the data period to be read. If either Strthr 

or Endhr is to be specified, then both must be specified. Any records in the data file that occur 

before the start date are ignored, as are any records in the data file that occur after the end date. 

In fact, once the end date has been reached, the model does not read any more data from the 

meteorological file. If Strthr and Endhr are not specified, then processing begins with hour 1 of 
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the start date, and ends with hour 24 of the end date, unless specific days are selected by the 

DA YRANGE card described below. 

Any PERIOD averages calculated by the model will apply only to the period of data 

actually processed. Therefore, if someone wanted to calculate a six-month average, they could 

select PERIOD averages on the CO A VERTIME card, and then specify the period as follows: 

IvIE ST}\.PTEND 87 01 01 87 06 30 

for the period January 1, 1987 through June 30, 1987. 

The syntax and type for the DA YRANGE keyword are summarized below: 

Syntax: ]vIE DAYR.IlcNGE Rangel Range2 Range3 ... Rangen 

Type: Optional, Repeatable 

where the Range parameters specify particular days or ranges of days to process. The days may 

be specified as individual days (e.g. 1 23 45) or as a range of days (e.g. 1-5). The user also has 

the option of specifying Julian day numbers, from 1 to 365 (366 for leap years), or specifying 

month and day (e.g., 1/31 for January 31). Any combination of these may also be used. For 

example the following card will tell the model to process the days from January 1 (Julian day 1) 

through January 31 (1131): 

}1E D}WRAI'IGE 1-1/31 

The DA YRANGE keyword is also repeatable, so that as many cards as needed may be included 

in the ME pathway. 
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As with the STARTEND keyword, any PERIOD averages calculated by the model will 

apply only to the period of data actually processed. If the STAR TEND keyword is also used, 

then only those days selected on the DA YRANGE cards that fall within the period from the start 

date to the end date will be processed. Thus, if the ME pathway included the following two 

cards: 

lVjE STARTEND 87 02 01 87 12 .31 
HE D./\YRANGE ]-ell 

then no data would be processed, since the days 1 through 31 fall outside the period 211 to 12/31. 

3.5.5 Correcting Wind Direction Alignment Problems 

The WDROTATE keyword allows the user to correct the input meteorological data for 

wind direction alignment problems. All input wind directions or flow vectors are rotated by a 

user-specified amount. Since the model results at particular receptor locations are often quite 

sensitive to the transport wind direction, this optional keyword should be used only with extreme 

caution and with clear justification. 

The syntax and type of this keyword are summarized below: 

Syntax: JvlE 1tJDROTJ\TE Rot arlq 

Type: Optional, Non-repeatable 

where the Rotang parameter specifies the angle in degrees to rotate the input wind direction 

measurements. The value of Rotang is subtracted from the wind direction measurements. It may 

be used to correct for known (and documented) calibration errors, or to adjust for the alignment of 

a valley if the meteorological station is located in a valley with a different alignment than the 

source location. 
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3.5.6 Specifying Wind Speed Categories 

Variable emission rate factors may be input to the model that vary by wind speed 

category. The model uses six wind speed categories, and these are defined by the upper bound 

wind speed for the first five categories (the sixth category is assumed to have no upper bound). 

The default values for the wind speed categories are as follows: 1.54,3.09,5.14,8.23, and 10.8 

m/s. The syntax and type of the WINDCATS keyword, which may be used to specify different 

category boundaries, are summarized below: 

Syntax: ME 1tJINDCJ\TS f'lisl 1'lis2 iNs 3 h{s4 "Js5 

Type: Optional, Non-repeatable 

where the W s 1 through W s5 parameters are the upper bound wind speeds of the first through fifth 

categories in meters per second. The upper bound values are inclusive, i.e., a wind speed equal to 

the value ofWsl will be placed in the first wind speed category. 

3.5.7 Specifying SCIM Parameters 

The SCIM parameters on the SCIMBYHR card specify the starting hour and sampling 

interval for the regular sample and an optional file name. The syntax and type of the 

SCIMBYHR keyword are summarized below: 

Syntax: IVjE SCIHBY]-m NReCjSt art NRegInt N~{8t Start Nwet In t (S fcFilnam Pt lFilnam) 

Type: 

where the NRegStart and NReglnt parameters specify the first hour to be sampled and the 

sampling interval, respectively, when performing the regular sampling. The NWetStart and 

NWetInt parameters are used to specify the first wet hour (i.e., with non-zero precipitation) and 

the wet sampling interval for wet sampling. However, since the AERMOD model currently does 

not include wet deposition algorithms, the wet sampling option is not operational, and the user 

should enter a value of zero (0) for bot NW etStart and NW etInt. Optionally, the user can create 
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output tiles containing the surface and profile meteorological data for the sampled hours by 

specifying the SfcFilnam and PflFilnam parameters. These output files are in the same format 

used in the summary of the first 24 hours of data included in the main output file. 

In order to use the SCIM option, the user must specify the non-DF AUL T TOXICS option 

on the CO MODELOPT card, and also specify SCIM on the MODELOPT card. Although the 

ME SCIMBYHR is an optional card, it is required when using the SCIM option. NRegStart is 

required to have a value from 1 through 24, i.e., the first sampled hour must be on the first day in 

the meteorological data file. There are no restrictions for NRegInt; however, NRegInt would 

generally be greater than 1. For example, NReglnt could be based on the formula (24n+ 1), where 

"n" is the number of days to skip between samples, in order to ensure a regular diurnal cycle to 

the sampled hours (e.g., 25 or 49). 

3.6 EVENT PA THW AY INPUTS AND OPTIONS 

EVENT processing is specifically designed to facilitate analysis of source contributions to 

specific events for short term averages (less than or equal to 24 hours). These events may be 

design concentrations generated by the AERMOD model, occurrences of violations of an air 

quality standard, or user-specified events. These events are input to the AElUvIOD model 

through the EVent pathway. Each event is defined by an averaging period and specific data 

period, a source group, and a receptor location. Since the locations are only of interest in 

combination with particular averaging and data periods, the REceptor pathway is not used with 

EVENT processing. 

There are two keywords that are used to define the events on the EV pathway. The 

EVENTPER keyword defines the averaging period, data period and source group, while the 

EVENTLOC keyword defines the receptor location for the event. Each event is also given an 

alphanumeric name that links the two input cards for that event. 
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The syntax and type of the EVENTPER and EVENTLOC keywords are summarized 

below: 

Syntax: EV EVENT PER Evname Aveper Grpid Date 

Syntax: EV EVENTLOC Evname XR~ Xr YR~ Yr (Zelev) (Zflag) 
or Evname HNG= Rng DIR= Dir (Zelav) (Zflag) 

Type: Mandatory, Repeatable 

where the parameters are as follows: 

Evname - event name (an alphanumeric string of up to 8 characters), 

Aveper - averaging period for the event (e.g. 1, 1, ~, 24 hr) 

Grpid - source group ID for the event (must be defined on SO pathway), 

Date - date for the event, input as an eight digit integer for the ending hour of the 
data period (YYMMDDHH), e.g. 84030324 defines a data period ending at 
hour 24 on March 3, 1984. The length of the period corresponds to Aveper. 

XR= - X-coordinate (m) for the event location, referenced to a Cartesian coordinate 
system 

YR= - Y-coordinate (m) for the event location, referenced to a Cartesian coordinate 
system 

RNG= - distance range (m) for the event location, referenced to a polar coordinate 
system with an origin of (0., 0.) 

DIR= - radial direction (deg.) for the event location, referenced to a polar coordinate 
system with an origin of (0., 0.) 

Zelev - optional terrain elevation for the event location (m) 

Zflag - optional receptor height above ground (flagpole receptor) for the event 
location (m) 

Each event is defined by the two input cards EVENTPER and EVENTLOC, and these inputs are 

linked by the event name, which must be unique among the events being processed in a given run. 

There is no particular requirement for the order of cards on the EV pathway. Note that the 
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location for the event may be specified by either Cartesian coordinates or by polar coordinates, 

however, the polar coordinates must be relative to an origin of (0,0). 

3.6.] Using Events Generated by the AERMOD Model 

The AElUvIOD model has an option (CO EVENTFIL described in Section 3.2.9) to 

generate an input file for the AERMOD EVENT processing. When this option is used, the 

AElUvIOD model copies relevant inputs from the AERMOD run stream input file to the Event 

processing input file, and generates the inputs for the EVent pathway from the results of the 

modeling run. These events are the design concentrations identified by the OU RECT ABLE 

keyword (see Section 3.8.1.1), such as the highest and high-second-high 24-hour averages, etc., 

and any threshold violations identified by the OU MAXIFILE keyword (see Section 3.8.1.2). The 

inputs generated by the AERMOD model correspond to the syntax described above for the 

EVENTPER and EVENTLOC keywords. The locations for events generated by the AERMOD 

model are always provided as Cartesian coordinates. 

To easily identify the events generated by the AERMOD model, and to provide a 

mechanism for the AERMOD model to manage the events generated from the model run, a 

naming convention is used for the EVNAME parameter. The following examples illustrate the 

event names used by the AElUvIOD model: 

HIHOIOOI -

H2H24003 -

TH030010 -

TH240019 -

High-first-high I-hour average for source group number 1 

High-second-high 24-hour average for source group number 3 

Threshold violation number 10 for 3-hour averages 

Threshold violation number 19 for 24-hour averages 

The high value design concentrations are listed first in the EVENT processing input file, followed 

by the threshold violations (grouped by averaging period). To make it easier for the user to 

review the EVENT processing input file generated by the AERMOD model, and determine which 

events are of most concern, the actual concentration value associated with the event is included as 
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the last field on the EVENTPER card. This field is ignored by the AERMOD model, and is 

included only for informational purposes. The user should be aware that the same event may 

appear in the AERMOD model input file as both a design value and as a threshold violation, 

depending on the options selected and the actual results. Since the model processes the events by 

date sequence and outputs the results for each event as it is processed, the order of events in the 

output file will generally not follow the order of events in the input file, unless all of the events 

were generated by the MAXIFILE option. 

3.6.2 Specifying Discrete Events 

The user can specify discrete events by entering the EVENTPER and EVENTLOC cards 

as described above. The averaging period and source group selected for the event must be among 

those specified on the CO A VERTIME and SO SRCGROUP cards. If the EVENT processing 

input file was generated by the AERMOD model, the user may include additional events for those 

averaging periods and source groups used in the original AERMOD model run. They may also 

add averaging periods or define new source groups in the Event processing input file in order to 

define additional events. 

3.6.3 Including Event Data From an External File 

The user has the option of including event data from an external file by using the 

INCLUDED keyword on the source (EV) pathway. An EV INCLUDED card may be placed 

anywhere within the event pathway, after the STARTING card and before the FINISHED card 

(i.e., the EV STARTING and EV FINISHED cards cannot be included in the external file). The 

data in the included file will be processed as though it were part of the run stream file. The syntax 

and type of the INCLUDED keyword are summarized below: 

Syntax: EV INCLUDED Incfil 

Type: Optional, Repeatable 
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where the Inctil parameter is a character field of up to 40 characters that identifies the filename 

for the included file. The contents of the included file must be valid run stream images for the 

event pathway. If an error is generated during processing of the included file, the error message 

will report the line number of the included file (see Appendix C). If more than one INCLUDED 

file is specified for the event pathway, the user will first need to determine which file the error 

occurred in. If the starting column of the main runstream input file is shifted from column 1 (see 

Section 2.4.8), then the runstream images in the included file must be offset by the same amount. 

3.7 OUTPUT PATHWAY INPUTS AND OPTIONS 

The OUtput pathway contains keywords that define the output options for the model 

runs. The AERMOD model has three keywords that control different types of tabular output for 

the main output file of the model, and seven keywords that control separate output file options for 

specialized purposes. The user may select any combination of output option for a particular 

application. 

3.7.1 Selecting Options for Tabular Printed Outputs. 

The three tabular printed output options are controlled by the following keywords: 

RECTABLE - Controls output option for high value summary tables by receptor; 

MAXTABLE - Controls output option for overall maximum value summary tables; and 

DA YTABLE - Controls output option for tables of concurrent values summarized by 
receptor for each day processed. 

The keywords are described in more detail in the order listed above. 

The syntax and type for the RECTABLE keyword are summarized below: 
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Syntax: OU RECTABLE Aveper FIRST SECOND 

Type: Optional, Repeatable 

where the Aveper parameter is the short term averaging period (e.g. I, l, ~ or 24 hr or MONTH) 

for which the receptor table is selected, and the secondary keywords, FIRST, SECOND, etc., 

indicate which high values are to be summarized by receptor for that averaging period. The 

RECTABLE card may be repeated for each averaging period. For cases where the user wants the 

same RECTABLE options for all short term averaging periods being modeled, the input may be 

simplified by entering the secondary keyword ALLA VE for the Aveper parameter. The 

following example will select summaries of the highest, second highest and third highest values 

by receptor for all averaging periods: 

OU RECTFIELE J'\LLJWE FIRST SECOND THIRD 

The model will also recognize a range of high values on the RECTABLE input card, and 

therefore the following card will have the effect: 

(iT] RECTABLE ALU\VE FIRST-THIRD 

The output file will include tables for only the high values selected. Tables for all source 

groups for a particular averaging period are grouped together, and the averaging periods are 

output in the order that they appear the CO AVERTIlVIE card. For each averaging period and 

source group combination, the tables of high values for the receptor networks (if any) are printed 

first, followed by any discrete Cartesian receptors, and any discrete polar receptors. 

If the CO EVENTFIL keyword has been used to generate an input file for EVENT 

processing, then the design values identified by the RECTABLE options, e.g., the 

high-second-high 24-hour average, are included in the events that are defined in the EVENT 

processing input file. 
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The syntax and type for the MAXTABLE keyword are summarized below: 

Syntax: OU HP0ZTABLE Avepe r Haznum 

Type: Optional, Repeatable 

where the Aveper parameter is the short term averaging period (e.g. I, l, ~ or 24 hr or MONTH) 

for which the receptor table is selected, and the Maxnum parameter specifies the number of 

overall maximum values to be summarized for each averaging period. The MAXT ABLE card 

may be repeated for each averaging period. As with the RECT ABLE keyword, for cases where 

the user wants the same MAXTABLE options for all short term averaging periods being modeled, 

the input may be simplified by entering the secondary keyword ALLAVE for the Aveper 

parameter. The following example will select the maximum 50 table for all averaging periods: 

OU Vll\XTPJ3LE J\LUWE 50 

A separate maximum overall value table is produced for each source group. The 

maximum value tables follow the RECT ABLE outputs in the main print file. All source group 

tables for a particular averaging period are grouped together, and the averaging periods are output 

in the order that they appear on the CO A VERTIME card. 

The syntax and type for the DA YT ABLE keyword are summarized below: 

Syntax: OU DJWTJ'\BLE J\vperl J\vjOer::: J'\vper3 

Type: Optional, Non-repeatable 

where the Avpem parameters are the short term averaging periods (e.g. 1, l, ~ or 24 hr or 

MONTH) for which the daily tables are selected. The DA YT ABLE card is non-repeatable, but as 

with the RECTABLE and MAXTABLE keywords, for cases where the user wants daily tables for 

all short term averaging periods being modeled, the input may be simplified by entering the 
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secondary keyword ALLA VE for the first parameter. The following example will select the daily 

tables for all averaging periods: 

ou m\YTABLE l\LLAVF 

For each averaging period for which the DAYTABLE option is selected, the model will 

print the concurrent averages for all receptors for each day of data processed. The receptor 

networks (if any) are printed first, followed by any discrete Cartesian receptors, and any discrete 

polar receptors. Results for each source group are output. For example, if 1, 3, and 24-hour 

averages are calculated, and the au DA YT ABLE ALLA VE option is used, then for the first day 

of data processed, there will be 24 sets of tables of hourly averages (one for each hour in the day), 

eight sets of3-hour averages (one for each 3-hour period in the day), and one set of 24-hour 

averages. The averages are printed as they are calculated by the model, but for hours where more 

than one averaging period is calculated (e.g., hour 24 is the end of an hourly average, a 3-hour 

average, and a 24-hour average), the order in which the averages are output will follow the order 

used on the CO A VERTIME card. Note: This option can produce very large output files, 

especially when used with a full year of data and very short period averages, such I-hour and 

3-hour. It should therefore be used with CAUTION. 

3.7.2 Selecting Options for Special Purpose Output Files. 

The AERMOD model provides options for seven types of output files for specialized 

purposes. These options are controlled by the following keywords: 

MAXIFILE - Produces file with occurrences of violations of user-specified threshold 
value; 

POSTFILE - Produces file of concurrent (raw) results at each receptor suitable for 
post-processing; 

PLOTFILE - Produces file of design values that can be imported into graphics software 
for plotting contours; 

3-68 

AR0068725 



TOXXFILE - Produces unformatted files of raw results above a threshold value with a 
special structure for use with the TOXX model component of TOXST; 

RANKFILE - Produces file of output values by rank for use in Q-Q (quantile) plots; 

EV ALFILE - Produces file of output values, including arc-maximum normalized 
concentrations, suitable for model evaluation studies; and 

SEASONHR - Produces file of output values by season and hour-of-day. 

The keywords are described in more detail in the order listed above. 

The syntax and type for the MAXIFILE keyword are summarized below: 

Syntax: OU ]V[P0ZIFILE Aveper Grpid Thresh Filnam (Funit) 

Type: Optional, Repeatable 

where the Aveper parameter is the short term averaging period (e.g.}., ~, 24 for 3, 8 and 24-hour 

averages, or MONTH for monthly averages) and Grpid is the source group ID for which the 

MAXIFILE option is selected. The Thresh parameter is the user-specified threshold value, and 

Filnam is the name of the file where the MAXIFILE results are to be written. The optional Funit 

parameter allows the user the option of specifying the Fortran logical file unit for the output file. 

The user-specified file unit must be in the range of 26-1 00, inclusive. By specifying the same 

filename and unit for more than one MAXIFILE card, results for different source groups and/or 

averaging periods may be combined into a single file. If the Funit parameter is omitted, then the 

model will dynamically allocate a unique file unit for this file (see Section 3.7.2). 

The MAXIFILE card may be repeated for each combination of averaging period and 

source group, and a different filename should be used for each file. The resulting maximum value 

file will include several header records identifying the averaging period, source group and the 

threshold value for that file, and a listing of every occurrence where the result for that averaging 

period/source group equals or exceeds the threshold value. Each of these records includes the 

averaging period, source group ID, date for the threshold violation (ending hour of the averaging 
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period), the x, y, z and flagpole receptor height for the receptor location where the violation 

occurred, and the concentration value. 

Each of the threshold violations, except for monthly averages, identify events that may be 

modeled for source contribution information with EVENT processing by selecting the CO 

EVENTFIL option (see Sections 3.2.9 and 3.8). Each of the threshold violations is included as an 

event on the EV pathway, and is given a name of the form THxxyyyy, where xx is the averaging 

period, and yyyy is the violation number for that averaging period. For example, an event name 

of TH2400 19 identifies the 19th threshold violation for 24-hour averages. Monthly average 

threshold violations are included in the file specified on the MAXIFILE card, but are not included 

in the EVENT processing input file since the AERMOD model currently handles only averaging 

periods of up to 24 hours. 

The following examples illustrate the use of the MAXIFILE option: 

OU t1AXIFILE 24 ALL 3(i4.0 MAX24}\LL.OUT 
OU Vll\XIFILE 24 PSD 91.0 JvlPv'CPSD. OUT 5 
OU JVI.;;XIFILE 3 PSD 365.0 IVIf\.xPSD.OUT 5 
OU Hi'\XIFILE 3 PLAI'IT' 25.0 : \OUTPUT\Hf\XI3HR. PH 
(iT] HAXIFILE HeNTII J\.LL 10.0 HAXHONTH.(iTJT 

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example 

illustrates the use of monthly averages. The FILNAM parameter may be up to 40 characters in 

length. It should also be noted that only one MAXIFILE card may be used for each averaging 

period/source group combination. Note: The MAXIFILE option may produce very large files for 

runs involving a large number of receptors if a significant percentage of the results exceed the 

threshold value. 

The syntax and type for the POSTFILE keyword are summarized below: 
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Syntax: OU POSTFILE Aveper Grpid Format Filnam (Funit) 

Type: Optional, Repeatable 

where the Aveper parameter is the averaging period (e.g. 1, ~, 24 for 3, 8 and 24-hour averages, 

MONTH for monthly averages, PERIOD for period averages, or ANNUAL for annual averages) 

and Grpid is the source group ID for which the POSTFILE option is selected. The Format 

parameter specifies the format of the POSTFILE output, and may either be the secondary 

keyword UNFORM for unformatted concentration files, or the secondary keyword PLOT to 

obtain formatted files of receptor locations (x- and y-coordinates) and concentrations suitable for 

plotting contours of concurrent values. The Filnam parameter is the name of the file where the 

POSTFILE results are to be written. The optional Funit parameter allows the user the option of 

specifying the Fortran logical file unit for the output file. The user-specified file unit must be in 

the range of26-100, inclusive. By specifying the same filename and unit for more than one 

POSTFILE card, results for different source groups and/or averaging periods may be combined 

into a single file. If the Funit parameter is omitted, then the model will dynamically allocate a 

unique file unit for this file (see Section 3.8.2). 

The POSTFILE card may be repeated for each combination of averaging period and 

source group, and a different filename should be used for each file. IfUNFORM is specified for 

the Format parameter, then the resulting unformatted file includes a constant-length record for 

each of the selected averaging periods calculated during the model run. The first variable of each 

record is an integer variable (4 bytes) containing the ending date (YYMMDDHH) for the 

averages on that record. The second variable for each record is an integer variable (4 bytes) for 

the number of hours in the averaging period. The third variable for each record is a character 

variable of length eight containing the source group ID. The remaining variables of each record 

contain the calculated average concentration values for all receptors, in the order in which they 

were defined in the input runstream. 
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The following examples illustrate the use of the POSTFILE option: 

OU POSTFILE 24 ALL UN FORM 
OU POSTElLE 24 PSD UN FORl'1 
OU POSTFlLE 3 PLANT T]NFORl'1 
OU POSTFILE MONTH j\LL PLOT 
OT] POSTFILE PERIOD ALL PLOT 

PST2 4.1\LL. BIN 
PS'I'24PSD.BIN 
C:\BlNOUT\PST3HR.FIL 
PSTMONTH.PLT 
PSTAL'IN. PLT 

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example 

illustrates the use of monthly averages. The Filnam parameter may be up to 40 characters in 

length. The use of separate files for each averaging period/source group combination allows the 

user flexibility to select only those results that are needed for post-processing for a particular run, 

and also makes the resulting unformatted files manageable. Note: The POSTFILE option can 

produce very large files, and should be used with some caution. For a file of hourly values for a 

full year (8760 records) and 400 receptors, the resulting file will use about 14 megabytes of disk 

space. To estimate the size of the file (in bytes), use the following equation: 

(# of Hrs/Yr) 
File Size (bytes) * (# of Rec + 4) * 4 

(# of Hrs/Ave) 

Divide the result by 1000 to estimate the number of kilobytes (KB) and divide by 1.0E6 to 

estimate the number of megabytes (MB). 

The syntax and type for the PLOTFILE keyword are summarized below: 

Syntax: OU PLOTFILE j\veper Grpid Hi valu Filnam (Euni t), or 
OU PLCITFILE PERIO[I Grpid Filnam (Funi t) 
OT] PLOTFILE j\NNUAL Grpid Filnam (Funit) 

Type: Optional, Repeatable 

where the Aveper parameter is the averaging period (e.g. 1, ~, 24 for 3, 8 and 24-hour averages, 

MONTH for monthly averages, PERIOD for period averages, or ANNUAL for annual averages), 

Grpid is the source group ID for which the PLOTFILE option is selected, and Hivalu specifies 

which short term high values are to be output (FIRST for the first highest at each receptor, 

SECOND for the second highest at each receptor, etc.) Note that the Hivalu parameter is not 
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specified for PERIOD or ANNUAL averages, since there is only one period or annual average for 

each receptor. The Filnam parameter is the name of the file where the PLOTFILE results are to 

be written. The optional Funit parameter allows the user the option of specifying the Fortran 

logical file unit for the output file. The user-specified tile unit must be in the range of 26-100, 

inclusive. By specifying the same filename and unit for more than one PLOTFILE card, results 

for different source groups and/or averaging periods may be combined into a single file. If the 

Funit parameter is omitted, then the model will dynamically allocate a unique file unit for this file 

(see Section 3.8.2). 

The PLOTFILE card may be repeated for each combination of averaging period, source 

group, and high value, and a different filename should be used for each tile. The resulting 

formatted file includes several records with header information identifying the averaging period, 

source group and high value number of the results, and then a record for each receptor which 

contains the x and y coordinates for the receptor location, the appropriate high value at that 

location, and the averaging period, source group and high value number. The data are written to 

the tile in the order of x-coord, y-coord, concentration so that the tile can easily be imported into 

a graphics package designed to generate contour plots. Many such programs will read the 

PLOTFILEs directly without any modification, ignoring the header records, and produce the 

desired plots. 

The following examples illustrate the use of the PLOTFILE option: 

OU PLOTFILE 24 j\LL 
(iT] PLOTFI LE = 4 J\.LL 
OU PLOTFILE 24 PSD 
OU PLOTFILE 3 PSD 
OU PLOTFILE PLANT 
OU PLOTFILE MONTH j\LL 
OU PLOTFILE PERIOD ALL 

FIRST PLT=4ALL.FST 
SECOND PLT24ALL.SEC 

2ND PLTPSD.OUT 75 
2ND PLTPSD.OUT 75 
1ST :\PLOTS\PLT3HR.FIL 

THIRD PL'I'jvjONTH. OUT 
PSTJ\NN. PLT 

where the 3-hour example illustrates the use of a DOS pathname for the PC, and the last example 

illustrates the use of monthly averages. As illustrated by the second and third examples, the high 
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value parameter may also be input as secondary keywords using the standard abbreviations of 

1ST, 2ND, 3RD, ... LOTH. The Filnam parameter may be up to 40 characters in length. The 

use of separate files for each averaging period, source group, high value combination allows the 

user flexibility to select only those results that are needed for plotting from a particular run. 

The syntax and type for the TOXXFll.,E keyword are summarized below: 

Syntax: Oll TCIXXFILE lweper Cutoff Filnam (Funit) 

Type: Optional, Repeatable 

where the Aveper parameter is the short term averaging period (e.g. I, 1, ~, 24 for 1, 3, 8 and 

24-hour averages, or MONTH for monthly averages) for which the TOXXFll.,E option has been 

selected. The Cutoff (threshold) parameter is the user-specified threshold cutoff value in g/m3, 

and Filnam is the name of the file where the TOXXFILE results are to be written. It is important 

to note that the units of the Cutoff parameter are g/m3, regardless of the input and output units 

selected with the SO EMISUNIT card. The optional Funit parameter allows the user the option of 

specifying the Fortran logical file unit for the output tile. The user-specified tile unit must be in 

the range of 26-1 00, inclusive. If the Funit parameter is omitted, then the model will dynamically 

allocate a unique tile unit for this file (see Section 3.8.2). While the TOXXFILE option may be 

specified for any of the short term averaging periods that are identified on the CO A VERTIME 

card for a particular run, a non-fatal warning message will be generated if other than I-hour 

averages are specified. This is because the TOXST model currently supports only I-hour 

averages. 

The TOXXFll.,E card may be repeated for each averaging period, but a different tilename 

should be used for each file since the structure of the output tile generated by the TOXXFILE 

option does not allow for a clear way to distinguish between results for different averaging 

periods. The resulting output tile for the AERMOD model is an unformatted tile with several 

header records identifying the title, averaging period, receptor information, and the threshold 

value for that tile, followed by records listing every occurrence where the result for any source 

group for that averaging period equals or exceeds the threshold value. When one of the source 
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groups exceeds the threshold value, the results for all source groups for that averaging period and 

receptor location are output. Each concentration that is output through the TOXXFILE option is 

paired with an integer ID variable that identifies the averaging period (hour number of the year), 

the source group number, and the receptor number corresponding to that value. The 

concentration values and corresponding ID variables are stored in buffer arrays, and the arrays are 

then written to the unformatted output file when full. The size of the arrays is controlled by the 

NPAIR PARAJ\tIETER defined in MODULE MAINl, and is initially set at 100. At the end of the 

modeling run, any values remaining in the buffer arrays are written to the file, padded to the right 

with zeroes. The structure of the output file generated by the TOXXFILE option is described in 

more detail in Section 3.8.2 and in Appendix D. When using the TOXXFILE option, the user will 

normally place a single source in each source group. The user should refer to the user's guide for 

TOXST for further instructions on the application of the TOXXFILE option of the AERlVIOD 

model. 

The following examples illustrate the use of the TOXXFILE option: 

OU TOXXFILE 1 1.0E-5 TCIXX1HF.BIN 
OU TOXXFILE 24 2.5E-3 TOXX24HR.BIN 50 

The Filnam parameter may be up to 40 characters in length. It should be noted that only one 

TOXXFILE card may be used for each averaging period. Note: The TOXXFILE option may 

produce very large files for runs involving a large number of receptors if a significant percentage 

of the results exceed the threshold value. 

The RANKFILE keyword outputs values by rank for use in Q-Q (quantile) plots. The 

MAXTABLE option must be specified first in order to use the RANKFILE option for a particular 

averaging period. However, the RANKFILE output differs from the results in the MAXTABLE 

output in that duplicate date/hour occurrences are removed. The syntax and type for the 

RANKFILE keyword are summarized below: 
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Syntax: OU RPu'lKFILE Aveper Hinum Filnam (Funit) 

Type: Optional, Repeatable 

where the Aveper parameter is the averaging period (e.g., 1, ~, 24 for 3, 8, and 24-hour averages, 

or MONTH for monthly averages), and Hinum is the number of high values to be ranked. The 

RANKFILE keyword cannot be used with PERIOD averages. As noted above, the MAXT ABLE 

option must be specified first for the particular Aveper, and the Hinum parameter on the 

RANKFILE card must be less than or equal to the Maxnum parameter on the corresponding 

MAXT ABLE card. Since duplicate dates are removed from the RANKFILE output, the output 

file may contain less than the number of requested high values. The NMAX parameter, which 

controls the maximum number of values that can be stored, has been set initially to 400. The 

Filnam parameter is the name of the file (up to 40 characters) where the RANKFILE results are to 

be written. The optional Funit parameter allows the user the option of specifying the Fortran 

logical file unit for the output file. The user-specified file unit must be in the range of 26-1 00, 

inclusive. By specifying the same filename and unit for more than one RANKFILE card, results 

for different averaging periods may be combined into a single file. If the Funit parameter is 

omitted, the model will dynamically allocate a unique file unit for this file according to the 

following formula: 

IRKUNT = 100 + lAVE 

where IRKUNT is the Fortran unit number and lAVE is the averaging period number (the order 

of the averaging period as specified on the CO AVER TIME card). 

The EV ALFILE option is specifically designed for use in generating residuals for model 

evaluation studies. The EV ALFILE output consists of the arc-maximum normalized 

concentration values for each hour of meteorology and for each source specified. The arc 

groupings of the receptors must be specified using the RE EV ALCART keyword described 

above. The syntax and type for the EV ALFILE keyword are summarized below: 
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Syntax: OU EVALFILE Srcid Filnam (Funit) 

Type: Optional, Repeatable 

where the Srcid parameter is the source ID for which EVALFILE results are requested, the 

Filnam parameter is the name of the file (up to 40 characters) where the EVALFILE results are to 

be written, and the optional Funit parameter allows the user the option of specifying the Fortran 

logical file unit for the output file. The user-specified file unit must be in the range of 26-1 00, 

inclusive. By specifying the same filename and unit for more than one EV ALFILE card, results 

for different sources may be combined into a single file. If the Funit parameter is omitted, the 

model will dynamically allocate a unique file unit for this file according to the following formula: 

IELUNT = 400 + ISRC*5 

where IELUNT is the Fortran unit number and ISRC is the source number (the order of the source 

as specified on the SO pathway). 

For each hour of meteorological data processed and for each receptor grouping (e.g., arc), 

the EVALFILE option outputs five records containing the source ID, date, arc ID, arc-maximum 

normalized concentration (XIQ), emission rate, and other plume dispersion and meteorological 

variables associated with the arc-maximum. Since the EV ALFILE option looks at receptor 

groupings, it must be used in conjunction with the EV ALCART keyword described above for the 

RE pathway, and a fatal error is generated if no receptor groups are identified. 

The SEASONHR option is used to output a file containing the average results by season 

and hour-of-day. To select this option, the user must include the SEASONHR keyword on the 

au pathway. The syntax, type, and order for the SEASONHR keyword are summarized below: 

Syntax: OU SEASONHR GroupID Filenam (FUnit) 

Type: Optional, Repeatable 
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where the GroupID parameter specifies the source group to be output, FileName specifies the 

name of the output file, and the optional FileUnit parameter specifies an optional file unit and 

must be in the range 26-100, inclusive. If FileUnit is left blank, then the model will dynamically 

assign a file unit based on the formula 302+IGRP*10, where IGRP is the group index number. A 

sample from a SEASONER output file is shown below: 

* AERHOD (02'::2'::) : E,: amp 1 ,C) 'Jf SEASONHR Output Fil(~ Option 
" HODELING OPTIONS USED: 

CONC vIJDEP RTJRI\L FLI\T TOXICS 
FILE SE1'\SON / HOUR V}\LUES FOR SOURCE GROUP: }\LL 
FOR A TOT.I\L OF 216 RECEPTORS. 
FORHAT: (4 (IX, F13 .5) , IX, F8 .2, 2X, A8, 2X, 14, 2X, 14, 2X, 14, 2X, A8 ) 

X .I\VERI\GE CONC ZELEV GRP NHRS SEAS HOUR NET ID 

8.68241 49.24039 0.00000 0.00 }\LL 87 1 1 POLl 
17.36482 98.48077 0.00000 0.00 .I\LL 87 1 1 POLl 
86.82409 492.40387 0.18098 0.00 1'\LL 87 1 1 POLl 

In.64818 984.80774 2.S2S20 0.00 ALL 87 1 1 POLl 
868.'::4091 4924.03857 '::.07470 0.00 ALL 87 1 1 POLl 

1736.48181 9848.07715 0.93252 0.00 }\LL 87 1 1 POLl 
17.10101 46.98463 0.00000 0.00 "I\LL 87 1 1 POLl 
34.20201 93.96926 0.00000 0.00 1'\LL 87 1 1 POLl 

171.01007 469.84631 0.15772 0.00 ALL 87 1 1 POLl 
34:.02014 939.69'::63 '::.48554 0.00 ALL 87 1 1 POLl 

1710.10071 4698.46289 6.09119 0.00 .I\LL 87 1 1 POLl 
34:0.20142 9396.9'::578 4.49830 0.00 "I\LL 87 1 1 POLl 

25.00000 43.30127 0.00000 0.00 1'\LL 87 1 1 POLl 
50.00000 86.60254 0.00000 0.00 ALL 87 1 1 POLl 

250.00000 433.01270 0.10114 0.00 }\LL 87 1 1 POLl 
500.00000 866.025:J9 2.12970 0.00 .I\LL 87 1 1 POLl 

'::500.00000 4330.1'::695 2.79993 0.00 "I\LL 87 1 1 POLl 
5000.00000 8660.25391 1.97200 0.00 1'\LL 87 1 1 POLl 

The NHRS column in the output file contains the number of non-calm and non-missing hours 

used to calculate the season-by-hour-of-day averages. The SEAS column is the season index, and 

is 1 for winter, 2 for spring, 3 for summer and 4 for fall. The records loop through hour-of-day 

first, and then through the seasons. 
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3.7.3 EVENT Processing Options 

EVENT processing in the AERMOD model is designed specifically to perfonn source 

contribution analyses for short term average (less than or equal to 24-hour) events. The events 

may either be generated by the AERMOD model, or they may be user-specified events, or both. 

Because of this rather narrow focus of applications, the output options are limited to a single 

keyword. The EVENTOUT keyword controls the level of detail in the source contribution output 

from the EVENT model. The syntax and type of the EVENTOUT keyword are summarized 

below: 

Syntax: OU EVENTOUT SOCONT DETAIL 

Type: Mandatory. Non-repeatable 

where the SOCONT secondary keyword specifies the option to produce only the source 

contribution information in the output file, and the DETAIL secondary keyword specifies the 

option to produce more detailed summaries in the output file. The SOCONT option provides the 

average concentration (or total deposition) value (i.e., the contribution) from each source for the 

period corresponding to the event for the source group. The basic source contribution 

information is also provided with the DETAIL option. In addition, the DETAIL option provides 

the hourly average concentration (or total deposition) values for each source for every hour in the 

averaging period, and a summary of the hourly meteorological data for the event period. In 

general, the DETAIL option produces a larger output file than the SOCONT file, especially if 

there are a large number of sources. There is no default setting for the EVENT OUT options. 

3.8 CONTROLLING INPUT AND OUTPUT FILES 

This section describes the various input and output files used by the AElUvIOD model, 

and discusses control of input and output (I/O) on the IBM-compatible PC environment. Much of 

this discussion also applies to operating the model in other environments. 
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3.8.1 Description of AERMOD Input Files 

The two basic types of input files needed to run aU of the AERMOD model are the input 

runstream file containing the modeling options, source data and receptor data, and the two input 

meteorological data files. Each of these is discussed below, as well as a special file that may be 

used to initialize the AERMOD model with intermediate results from a previous run. 

3.8.1.1 Input Runstream File. 

The input runstream file contains the user-specified options for running the various 

AERMOD model (called AERMOD.INP), includes the source parameter data and source group 

information, defines the receptor locations, specifies the location and parameters regarding the 

meteorological data, and specifies the output options. Details regarding the keywords and 

parameters used in the input run stream file are provided in Section 3, and Appendix B. 

For the PC-executable version of the model available on the SCRAM website, the 

runstream file is explicitly opened by the model using a Fortran OPEN statement, and the integer 

variable, INUNIT, specifies the unit number for the file. The variable INUNIT is initialized to a 

value of 7 in a DATA statement in MODULE MAIN 1 , and is therefore available to all of the 

necessary subroutines. 

3.8.1.2 Meteorological Data Files. 

The input meteorological data is read into the AERMOD model from two separate data 

files, one corresponding to surface (scalar) parameters, and the other corresponding to multi-level 

profiles of data. The meteorological data filenames and format are specified within the input 

run stream file using the ME SURFFILE and PROFFILE keywords. The AERMOD model 

accepts meteorological data that has been preprocessed by the AERMET meteorological 

preprocessor program (EPA, 2004b). The data are read from formatted ASCII files of hourly 

sequential records. 
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The meteorological data files are explicitly opened by the model using Fortran OPEN 

statements, and the integer variables MFUNIT for the surface/scalar file and MPUNIT for the 

profile file are used to specify the unit numbers for the files. The variable MFUNIT is initialized 

to a value of] 9 and MPUNIT is initialized to a value of 16 in aDA TA statement in MODULE 

MAIN1, and are therefore available to all of the necessary subroutines. 

3.8.1.3 Initialization File for Model Re-start. 

The AERMOD model has an optional capability to store intermediate results to an 

unformatted (sometimes called binary) file for later re-starting of the model in the event of a 

power failure or user interrupt. This unformatted file may therefore be used as an input file to 

initialize the model. This option is controlled by the SA VEFILE (saves intermediate results to a 

file) and the INITFILE (initialize result arrays from a previously saved file) keywords on the CO 

pathway. 

When initializing the model for the re-start option, the user specifies the name of the 

unformatted results file on the INITFILE keyword. The default filename used if no parameter is 

provided is TMP.FIL. The initialization file is explicitly opened by the AERMOD model, and the 

integer variable, IRSUNT, specifies the unit number for the file. The variable IRSUNT is 

initialized to a value of 15 in a DATA statement in MODULE MAIN 1 , and is therefore available 

to all of the necessary subroutines. 

3.8.2 Description of AERMOD Output Files 

The AERMOD model produce a variety of output files, including the main print file of 

model results, an unformatted file of intermediate results for later re-start of the model 

(AERMOD only), and several output data files for specialized purposes. These tiles are described 

in detail below. 
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3.8.2.1 Output Print File. 

The AERMOD model produces a main output print file of model results called 

AERMOD.OUT. The contents and organization of this file were shown in Figure 2-5. This file 

includes an echo of the input run stream images at the beginning of the file (up until a NO ECHO 

input is encountered). A summary of runstream setup messages and a summary of the inputs 

follow the echo of inputs. The input summary includes a summary of modeling options, source 

data, receptor data, and meteorological data, following the same order as the pathways in the 

runstream file. If model calculations are performed, then the model results are summarized next. 

The content and order of the model result summaries depend on the output options selected and 

on the particular model being run. Following the detailed model results are summary tables of the 

high values for each averaging period and source group. The final portion of the main output 

print tile is the summary of messages for the complete model run. 

For the PC-executable version of the model available on the SCRAM website, the main 

print output tile is explicitly opened by the model using a Fortran OPEN statement, and the 

integer variable, IOUNIT, specifies the unit number for the file. The variable IOUNIT is 

initialized to a value of 8 in a DATA statement in MODULE MAIN 1 , and is therefore available 

to all of the necessary subroutines. 

By opening the printed output file explicitly, the outputs are not automatically formatted 

for the printer. This formatting is accomplished using the CARRIAGECONTROL specifier in 

the OPEN statement for the output tile. 

3.8.2.2 Detailed Error Message File. 

The user may select an option for the model to save a separate file of detailed error and 

other messages, through use of the CO ERRORFIL keyword. The format and syntax of these 

messages is described in Appendix C. The order of messages within the tile is the order in which 

they were generated by the model. The file includes all types of messages that were generated. 
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The error message file is explicitly opened by the model using a Fortran OPEN statement, 

and the integer variable, IERUNT, specifies the unit number for the file. The variable IERUNT is 

initialized to a value of 10 in a DATA statement in MODULE MAIN], and is therefore available 

to all of the necessary subroutines. 

3.8.2.3 Intermediate Results File for Model Re-start. 

The AERMOD model has an optional capability to store intermediate results to an 

unformatted (sometimes called binary) file for later re-starting of the model in the event of a 

power failure or user interrupt. This unformatted file may therefore be used as an input file to 

initialize the model. This option is controlled by the SA VEFILE (saves intermediate results to a 

file) and the INITFILE (initialize result arrays from a previously saved file) keywords on the CO 

pathway. 

When saving the intermediate results for the re-start option, the user specifies the name of 

the unformatted results file on the SA VEFILE keyword. The user has the option of specifying a 

single filename, two filenames (for alternate saves), or specifying no filename. The default 

filename used if no parameter is provided is UvIP.FIL. If a single file is used, then the 

intermediate results file is overwritten on each successive dump, with the chance that the file will 

be lost if the interrupt occurs during the time that the file is opened. If two filenames are provided, 

then the model also saves to the second file on alternate dumps, so that the next most recent 

dump will always be available. The main save file is explicitly opened by the AERMOD model, 

and the integer variable, IDPUNT, specifies the unit number for the file. The variable IDPUNT is 

initialized to a value of]2 in a BLOCK DATA subprogram of the model. Ifa second save file is 

used, then it is also opened explicitly, and the integer variable IDPUN2, initialized to a value of 

14, specifies the unit number. 
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3.8.2.4 Maximum Value/Threshold File. 

The user may select an option for the AERMOD model to generate a file or files of concentration 

values exceeding a user-specified threshold. The OU MAXIFILE keyword controls this option. 

The user may select separate files for each averaging period and source group combination for 

which a list of threshold violations may be needed. Each file includes several records with header 

information identifying the averaging period, source group and threshold value, and then a record 

for every occurrence where the result for that averaging period/source group equals or exceeds 

the threshold value. Each of these records includes the averaging period, source group ID, date 

for the threshold violation (ending hour of the averaging period), the x, y, z and flagpole receptor 

height for the receptor location where the violation occurred, and the concentration value. 

The structure of the threshold violation file is described in more detail in Appendix D. 

Each of the files selected by the user is opened explicitly by the model as an formatted file. The 

filenames are provided on the input run stream image. The user may specify the file unit on the 

MAXIFILE card through the optional FUNIT parameter. User-specified units must be greater 

than or equal to 26, and are recommended to be less than or equal to 100. If no file unit is 

specified, then the file unit is determined internally according to the following formula: 

IMXUNT = 100 + IGRP*lO + lAVE 

where IMXUNT is the Fortran unit number, IGRP is the source group number (the order in which 

the group is defined in the run stream file), and lAVE is the averaging period number (the order of 

the averaging period as specified on the CO AVERTIME card). This formula will not cause any 

conflict with other file units used by the model for up to 9 source groups and up to 9 short term 

averaging periods. 

3.8.2.5 Sequential Results File for Postprocessing. 

The user may select an option for the AERMOD model to generate a file or files of 
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concentration values suitable for postprocessing. The OU POSTFILE keyword controls this 

option. The user may select separate files for each averaging period and source group 

combination for which postprocessing may be needed. For each file requested, the user has the 

option of specifying whether to use unformatted files suitable for postprocessing or to use a plot 

format which could allow for importing the x,y,conc files into a graphics package for plotting. 

For the unformatted file option, each file consists of sequential unformatted records of values at 

each receptor location for every averaging period calculated. For the plot file format option, each 

file consists of formatted records listing the x-coordinate, y-coordinate and concurrent 

concentration values for each receptor and for all averaging periods calculated. For certain 

applications, these files may become quite large, and should only be used when needed, 

especially when using the plot format. 

The structure of both types of postprocessing file is described in more detail in Appendix 

D. Each of the postprocessing files selected by the user is opened explicitly by the model as 

either an unformatted or a formatted file, depending on the option selected. The filenames are 

provided on the input run stream image. The user may specify the file unit on the POSTFILE card 

through the optional FUNIT parameter. User-specified units must be greater than or equal to 26, 

and are recommended to be less than or equal to 100. Ifno file unit is specified, then the file unit 

is determined internally according to the following formulas: 

IPSUNT = 200 + IGRP* 10 + lAVE for short term averages 

IAPUNT = 300 + IGRP*10 - 5 for PERIOD averages 

where IPSUNT and IAPUNT are the Fortran unit numbers, IGRP is the source group number (the 

order in which the group is defined in the run stream file), and lAVE is the averaging period 

number (the order of the averaging period as specified on the CO A VERTIlVIE card). This 

formula will not cause any conflict with other file units used by the model for up to 9 source 

groups and up to 9 short term averaging periods. 
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3.8.2.6 High Value Summary File for Plotting. 

The user may select an option for the AERMOD model to generate a file or files of the highest 

concentration values at each receptor suitable for importing into a graphics package in order to 

generate contour plots. The OU PLOTFILE keyword controls this option. The user may select 

separate files for each averaging period, source group and high value combination for which a 

plot file may be needed. Each file includes several records with header information identifying 

the averaging period, source group and high value number of the results, and then a record for 

each receptor which contains the x and y coordinates for the receptor location, the appropriate 

high value at that location, and the averaging period, source group and high value number. 

The structure of the plot file is described in more detail in Appendix D. Each of the plot 

files selected by the user is opened explicitly by the model as an formatted file. The filenames are 

provided on the input run stream image. The user may specify the file unit on the PLOTFILE card 

through the optional FUNIT parameter. User-specified units must be greater than or equal to 26, 

and are recommended to be less than or equal to 100. If no file unit is specified, then the file unit 

is determined internally according to the following formulas: 

IPLUNT = (IV AL+3)*100 + IGRP*lO + lAVE for short term averages 

IPPUNT = 300 + IGRP*10 for PERIOD averages 

where IPLUNT and IPPUNT are the Fortran unit numbers, IV AL is the high value number (1 for 

FIRST highest, 2 for SECOND highest, etc.), IGRP is the source group number (the order in 

which the group is defined in the run stream file), and lAVE is the averaging period number (the 

order of the averaging period as specified on the CO AVERTIME card). This formula will not 

cause any conflict with other file units used by the model for up to 9 source groups and up to 9 

short term averaging periods. 
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3.8.2.7 TOXX Model Input Files 

The user may select an option for the AERMOD model to generate an unformatted file or 

files of concentration values exceeding a user-specified threshold for use with the TOXX model 

component of TOXST. The OU TOXXFILE keyword controls this option. The user may select 

separate files for each averaging period for which a threshold violation file may be needed. Each 

file includes several records with header information identifying the title, averaging period, 

threshold value, and receptor network information, and then records including every occurrence 

where the result of any source group for that averaging period equals or exceeds the threshold 

value. Records are also output that identify the averaging period (hour number of the year), 

source group number and receptor number corresponding to the concentration values. 

The structure of the threshold exceedance file for use with the TOXX model component of 

TOXST is described in more detail in Appendix D. Each of the files selected by the user is 

opened explicitly by the model as an unformatted file. The filenames are provided on the input 

run stream image. The user may specify the file unit on the TOXXFILE card through the optional 

Funit parameter. User-specified units must be greater than or equal to 26, and are recommended 

to be less than or equal to 100. If no file unit is specified, then the file unit is determined 

internally according to the following formula: 

ITXUNT = 300 + lAVE 

where ITXUNT is the Fortran unit number, and lAVE is the averaging period number (the order 

of the averaging period as specified on the CO AVERTIME card). This formula will not cause 

any conflict with other file units used by the model for up to 4 short term averaging periods. 

The user may also select an option for the AERMOD model to generate an output for use 

with the RISK model component of TOXLT. The OU TOXXFILE keyword also controls this 

option. The user can specify a separate TOXXFILE for each long term averaging period and 

source group combination. The TOXXFILE option may also be used for PERIOD averages with 
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the AERMOD model. The structure of the TOXXFILE output for AERMOD is very similar to 

the long term PLOTFILE output, except that results are output for each individual source in the 

specified source group. The structure of the long term TOXXFILE is described in more detail in 

Appendix D. Each of the files selected by the user is opened explicitly by the model as a 

formatted file. The filenames are provided on the input run stream image. The user may specify 

the file unit on the TOXXFILE card through the optional Funit parameter. User-specified units 

must be greater than or equal to 26, and are recommended to be less than or equal to 100. If no 

file unit is specified, then the file unit is determined internally according to the following 

formulas: 

ITXUNT = 500 + lAVE * 10 + IGRP for long term averages 

IPXUNT = 700 + IGRP* 10 for PERIOD averages 

where ITXUNT and IPXUNT are the Fortran unit numbers, lAVE is the averaging period number 

(in the order of months, seasons or quarters, and annual), and IGRP is the source group number 

(in the order is which the groups are defined in the SO pathway). This formula will not cause any 

conflict with other file units used by the model for up to 9 source groups. 

3.8.3 Control of File Inputs and Outputs (I/O) 

3.8.3.1 Control oHIO on PCs. 

The main input run stream file and the main output print file are specified internally by 

AERMOD as AERMOD.INP and AERMOD.OUT, respectively. Therefore, a standard command 

line to execute the AERMOD model might look something like this: 

C:\>AERMOD 

where the "DOS prompt" has been given as "C:\>", but may look different on different systems, 

or may include a subdirectory specification. The output file generated by the DOS version 
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includes page feeds that are written directly to the file as part of the header for each page, rather 

than using the Fortran carriage control of '1'. This is accomplished by including a compiler

specific parameter to set CARRIAGECONTROL = 'Fortran' on the OPEN statement for the 

output file. 

3.8.3.2 Controlling I/O on Other Computer Systems. 

Since the main input run stream file and the main output print file are specified internally 

by AERMOD, control of I/O on other computer systems will be the same, with the possible 

exception of the compiler-specific option to set CARRIAGECONTROL = 'Fortran' on the OPEN 

statement for the output file. 
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APPENDIX A. ALPHABETICAL KEYWORD REFERENCE 

This appendix provides an alphabetical listing of all of the keywords used by the 

AElUvIOD model. Each keyword is identified as to the pathway for which it applies, the keyword 

type (either mandatory or optional, and either repeatable or non-repeatable), and with a brief 

description of the function of the keyword. For a more complete description of the keywords, 

including a list of associated parameters, refer to the Detailed Keyword Reference in Section 3 or 

the Functional KeywordlParameter Reference in Appendix B. 
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Keyword Path Type 

AREA VERT SO M-R 

AVERTIME CO M-N 

BUILDHGT SO O-R 

BUILDWID SO O-R 

DAYRANGE ME O-R 

DAYTABLE OU O-N 

DCAYCOEF CO O-N 

DEBUGOPT CO O-N 

DISCCART RE O-R 

DISCPOLR RE O-R 

ELEVUNIT SO O-N 
RE O-N 

EMISFACT SO O-R 

EMISUNIT SO O-N 

Type: M - Mandatory 
0- Optional 

Keyword Descri pti on 

Specifies location of vertices for an AREAPOL Y source 
type (mandatory if AREAPOL Y source is used) 

Averaging time(s) to process (up to NAVE short term plus 
PERIOD or ANNUAL averages) 

Building height values for each wind sector 

Building width values for each wind sector 

Specifies days or ranges of days to process (default is to 
process all data read in) 

Option to provide summaries for each averaging period for 
each day processed. 

Optional decay coefficient for exponential decay 

Option to generate detailed result and meteorology files for 
debugging purposes 

Defines the discretely placed receptor locations referenced 
to a Cartesian system 

Defines the discretely placed receptor locations referenced 
to a polar system 

Defines input units for receptor elevations (RE path), or 
source elevations (SO path) (defaults to meters) 

Optional input for variable emission rate factors 

Optional conversion factors for emission units and 
concentration units 

N - Non-repeatable 
R - Repeatable 
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Keyword Path Type Keyword Description 

ERRORFIL CO O-N Option to generate detailed error listing file (error file is 
mandatory for CO RUNORNOT NOT case) 

EVALCART RE O-R Defines discretely placed receptor locations referenced to 
a Cartesian system, grouped by arc for use with the 
EVALFILE output option 

EVALFILE OU O-R Option to output file of normalized arc maxima for model 
evaluation studies 

EVENTFIL CO O-N Specifies whether to generate an input file for EVENT 
model 

EVENTLOC EV M-R Describes receptor location for an event 

EVENTOUT OU M-N Specifies the level of output information provided by the 
EVENT model 

EVENTPER EV M-R Describes data and averaging period for an event 

FINISHED ALL M-N Identifies the end of inputs for a particular pathway 

FLAGPOLE CO O-N Specifies whether to accept receptor heights above local 
terrain (m) for use with flagpole receptors, and allows for 
a default flagpole height to be specified 

GRIDCART RE O-R Defines a Cartesian grid receptor network 

GRIDPOLR RE O-R Defines a polar receptor network 

HALFLIFE CO O-N Optional half life used for exponential decay 

HOUREMIS SO O-R Option for specifying hourly emission rates in a separate 
file 

INCLUDED SO,RE O-R Option to include input data from a separate file in the 
run stream for the SO and/or RE pathways 

INITFILE CO O-N Option to initialize model from file of intermediate 
results generated by SA VEFILE option 

II LOCATION I SO M-R Identifies coordinates for particular source location 
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Keyword Path Type Keyword Description 

MAXIFILE OU O-R Option to list events exceeding a threshold value to file 
(if CO EVENTFIL option is used, these events are 
included in the input file generated for the EVENT 
model) 

MAXTABLE OU O-R Option to summarize the overall maximum values 

MODELOPT CO M-N Job control and dispersion options 

MULTYEAR CO O-N Specifies that run is part of a multi-year run, e.g., for 
PM-IO H6H in five years 

PLOTFILE OU O-R Option to write certain results to a storage file suitable 
for input to plotting routines 

POLLUTID CO M-N Identifies pollutant being modeled 

POSTFILE ou O-R Option to write results to a mass storage file for 
postprocessing 

PROFBASE ME M-N Specifies the base elevation (above MSL) for the 
potential temperature profile 

PROFFILE ME M-N Describes input profile meteorological data file 

RANKFILE OU O-R Option to produce output file of ranked values for Q-Q 
plots 
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Keyword Path Type Keyword Description 

RECTABLE OU O-R Option to output value(s) by receptor 

RUNORNOT CO M-N Identifies whether to run model or process setup 
information only 

SAVEFILE CO O-N Option to store intermediate results for later restart of the 
model after user or system interrupt 

SCIMBYHR 1tIE O-N Specifies sampling parameters for the SCIM option 

SITEDATA ME O-N Describes on-site meteorological station 

SRCGROUP SO M-R Identification of source groups 

SRCPARAM SO M-R Identifies source parameters for a particular source 

STARTEND ME O-N Specifies start and end dates to be read from input 
meteorological data file (default is to read entire file) 

STARTING ALL M-N Identifies the start of inputs for a particular pathway 

SURFDATA ME M-N Surface meteorological station 

SURFFILE ME M-N Describes input surface meteorological data file 

TITLEONE CO M-N First line of title for output 

TITLE TWO CO O-N Optional second line of output title 

TOXXFILE OU O-R Creates output file formatted for use with TOXX model 
component of TOXST 

UAIRDATA ME M-N Upper air meteorological station 

WDROTATE ME O-N Wind direction rotation adjustment 

WINDCATS ME O-N Upper bound of wind speed categories 
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APPENDIX B. FUNCTIONAL KEYWORDIPARAMETER REFERENCE 

This appendix provides a functional reference for the keywords and parameters used by 

the input runstream files for the AERMOD model. The keywords are organized by functional 

pathway, and within each pathway the order of the keywords is based on the function of the 

keyword within the model. The pathways used by the model are as follows, in the order in which 

they appear in the runstream file and in the tables that follow: 

CO - for specifying overall job COntrol options; 
SO - for specifying SOurce information; 
RE - for specifying REceptor information; 
I\-IE - for specifying MEteorology information and options; 
EV - for specifying EVent information and options; 
OU - for specifying OUtput options. 

The pathways and keywords are presented in the same order as in the Detailed Keyword 

Reference in Section 3, and in the Quick Reference at the end of the manual. 

Two types of tables are provided for each pathway. The first table lists all of the 

keywords for that pathway, identifies each keyword as to its type (either mandatory or optional 

and either repeatable or non-repeatable), and provides a brief description of the function of the 

keyword. The second type of table, which takes up more than one page for most pathways, 

presents the parameters for each keyword, in the order in which they should appear in the 

runstream file where order is important, and describes each parameter in detail. 

The following convention is used for identifying the different types of input parameters. 

Parameters corresponding to secondary keywords which should be input "as is" are listed on the 

tables with all capital letters and are underlined. Other parameter names are given with an initial 

capital letter and are not input "as is." In all cases, the parameter names are intended to be 

descriptive of the input variable being represented, and they often correspond to the Fortran 

variable names used in the model code. Parentheses around a parameter indicate that the 

parameter is optional for that keyword. The default that is taken when an optional parameter is 

left blank is explained in the discussion for that parameter. 
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CO Ke y\00rds 

S TJ'uC(T ING 

'I'ITLEONE 

TITLE T1i'IO 

HODELOPT 

iWEPTH1E 

URBANOPT 

POLLUTID 

HALFLIFE 

DCz\YCOEF 

FLAGPOLE 

PUNOPNOT 

EVENTFIL 2 

TABLE B-1 
DESCRIPTION OF CONTROL PATHWAY KEYWORDS 

Type Keyv,lord Description 

H - N Identifies the tart of CONTROL pathway inputs 

H - N First line of title for output 

(I - N Optional second line of title for output 

1\1 - N Job control and dispersion options 

1\1 - N F~VE~rag-ing- tirnE~ ( ) to process 

0 - N Specifies parameters for urban dispersion option 

H - N Identifies type of pollutant being modeled 

o - NJ Optional hal life used for exponential decay 

o - N' Optional decay coefficient 

o - N Specifies whether 
for use with 
height to be sp 

to accept receptor heights above local terrain 
receptors, and allows for default flagpole 

fied 

til - N Identifies ~Thether to run model or process setup information only 

o - N Specifies whether to generate an input file for EVENT model 

(m) 

SAVEFILE 3 o - N Option to store intermediate results for later restart of the model 
after user or system interrupt 

INITFILE 3 o - N Option to initialize model from file of intermediate results 
generated by SAVE FILE option 

o - N Option to process multiple years of meteorological data (one year 
per run) and accumulate high short t'3rm value.s across year.s 

DEBlTGOPT (I - N Opt to Cjenerate detailed result and meteorology files for 
debllgninCj purposes 

ERPOPFIL o - N Option to generate detailed error listing file 

FINISHED H - N Identifies the end of CONTROL pathway inpu 

Type: l'vl - IVlanda tory 
o Optional 

N - Non-Pepeatable 
P - Pepeatable 

1 ) Either HALFLIFE or DCJWCOEF may be specified. If both cards appear a 
be issued and the irst value entered will be used in calculations. 

a half life of 4 hours for S02 modeled in urban mode. 
t assumes 

2) The EVE.NTFIL l':eY'ATord controls whether not to generate an input file for EVENT 
processinCj. The primary difference between "Z\ERNOD regular processing and EVENT 
processing by }\ERtJIOD is in the treatment of source group contriblJtions. The }\ERtJIOD model 
treats the source groups independently, vlhereas EVENT processing determines individual 
source contributions to particular events, such as the design concentrations determined 
from j'\EPJ'10D, or user-specified events. By specifying the EVENTFIL keyword, an input 
runstream filE~ vvill bE3 genE~rated that can be uSE3d for EVENT procE3ssing. The 
events included the generated EVENT processing are defined by the RECTABLE 
and I'1i'LXIFILE keywords on the OU pathvlay, and are placed in the EVent pathvlay. 

3) The S}WEF'ILE and INITFILE keyvvords vlork toqether to implement the model's re-start 
capabilitie.s. Since the l1lJLTYKZ\P option utilize.s the re-start feature.s in a special way 
to accumulate high short term values from year to year, it cannot be used together with 
thE! SAVEFILE or INITFILE kEI}nATord in thE! samE! modE!l run. 
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TABLE B-2 

DESCRIPTION OF CONTROL PA TRW A Y KEYWORDS AND PARAMETERS 

TITLEONE 

vvhE~ r8 : 

TIT LE Tl!~JO 

HODELOPT 

where: 

JWERTIJvIE 

vvhE~ r8 : 

Parameters 

itlel 

Titlel 

Ti tle2 

Title=: 

First line of title for output, oharaoter string of up 
to 68 characta 

Optional second line of title for output, oharacter 
st 19 of up to 68 characters 

Specifies use of default options (stack tip 
dCMTlwash, effect.s), overridf3s the 
presence of NOSTD, NOCHKD, and SCREEN keywords 

Specifies (,,,1,, llrll---inrl of concentration 'al, (deposition 
algorithm has not bef3n imnl yet) 

Option to assume flat 
Option to USf3 no stack-tip downwash 
Option to by-pass date checking for non-sequential 

meteorological file (for evaluation and screening 
plJrpOSes only) 

Option to suppress printing of warning in the 
main output file 

Option to run }\ERtvIOD in a screening mode (makes 
centerline calculations, sets option on, 

ts averaging period to 
Option to use air toxies option( ): SCIM 

Sampled Chronological Input Hodel; parameters must be 
specified on the lVjE pathway 

Timel Time2 Time3 Time4 lVIONTH PERIOD 

TimeN Nth optional averaging time (1, if £, QI g, 
r; number of periods NAVE parameter) 

IOp~ to calculate 1\10NTHly averagE3s (counts tOINard 

NAVE limit) 
Option to calculate averages for the entire data 

PERIOD 

B-3 

AR0068755 



TABLE B-2 (CONT.) 

DESCRIPTION OF CONTROL PA TRW A Y KEYWORDS AND PARAMETERS 

TJRB}\.NOPT 

where: 

POLLUTID 

'v\There: 

W\LFLIFS 

'Vlhere: 

DC;;YCOEF 

where: 

FLAGPOLE 

vvhere: 

Urbpop (TJrbname) (TJrbRouCjhnes s) 

UrbPop 
UrbName 

Speoifies the population of the urban area 
Specifies the name of the urban area ( 

UrbRoughness Specifies the urban surface roughness 
defaults to 1.0m) 

meters (optional, 

Pollut 

Pollut 

Haflif 

Haflif 

Decay 

Decay 

(Flaqdf) 

Flagdf 

IdentifiE3S of pollutant bf3inCj modeled. }\JlY name 
of up to characters may be used, 8 . . , S02, 

CO, TSP or OTHER. U.se of PH-10 fJr OTHER 
allow;;-for the use of the HULTYE}\R option. 

Half life used for exponential decay (s) 

Decay coefficient for exponential decay (8- 1 ) = O. 693/1-1"J\FLIF 

Default value for of ( 
above local ground f a 
is used if this optional parameter 
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TABLE B-2 (CONT.) 

DESCRIPTION OF CONTROL PA TRW A Y KEYWORDS AND PARAMETERS 

II FUNOFNOT I FUN or NOT 

vlhe re : 

SVSNTFIL 

vrr-le re : 

SAVEFILE 

IN1TFILE 

vrr-le re : 

lVIULTYEAE 

'V'Jne re : 

DEBTJGOPT 

'V'Jne re : 

EFRORFIL 

vrr-le re : 

FUN 
NCIT 

(Evfile) 

Svfile 

Evopt 

(Savtil) 

Savfil 

Dayinc 
Savf12 

( Inifil) 

1nifil 

Indicates to run full model calculations 
Indicates to process setup data and report errors, 

but to not run full model calculations 

(Evopt) 

Identities the filename to be used generate a file 
for input to EVENT model (Default~EVENTFIL.INP) 

Optional parameter to specify the level of output 
detail selected for the EVENT model: either 
SOCONT or DETAIL (default DET.lUL if this para-
meter is omitt"d) 

(Dayinc) (SavfL:') 

Specifies name of disk file to be used for s~oring 
intermediate results (default ~ Tt1P. FIL) file is 
overldritten after each dump) 

Number of days between dumps (optional: default is 1) 
Optional second disk filename to be used on alternate 

dumps - eliminates risk of system crash during the 
dumpe If blan}:-, file is over'V'Jritten each time. 

Specifies name of disk file of intermediate results 
to be used for initializing run (default ~ TMP.FIL) 

H6H Savfil (Inifil) 

Ini fi 1 

C; 'f' h n" ~' 'J n' , ;, _peclles t.e hlgn-~lxrl-hlgn ~, 

pre-1997 PMIO processing 
being calculated tor 11se in 

Specifies name of dis~ file to be used for storing 
results at end of the 

Optional naml3 of used for init-iri!i7inn thl3 
results arrays from preViOlJS year(s). The fi1 
parameter is not used for the first year in the 
multi-year run. 

HODEL (Dbgfil) and/or JvIETEOF (Dbmfil) 

~ 
(Dbmfl) 

(Errfil) 

Srrfil 

Specifies that MODEL debugging output wi be generated 
Optional filename for the model calculation debug file 
Specifies that profile data file will be 
Optional filename f, the meteorological profile data 

Specifies name of detailed error listing file 
(default ~ EFFOFS.LST) 
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TABLE B-3 

DESCRIPTION OF SOURCE PATHWAY KEYWORDS 

SO KeY1,"ords Type Keyword Description 

STARTING t1 - N Identi fies the start of SOURCE pathway inputs 

ELEVUNlT 

SRCPARPM 

BUILDHGT 

BUILD1!~JID 

YBADJ 

)'\REAVERT 

URBANSRC 

EMISFP,C:T 

EMISUNIT 

HOURENIS 

INCLUDED 

SRCGROUp 1 

FINISHED 

o - N Defines input units for source elevations (defaults to meters), 
be first kf3yword after SO STPJUING if used. 

M - R Identifies coordinates for particular source 

M - R Identifies source parameters for a parti_cular source 

o - R Building height values for each wind sector 

o - R Building width values tor each wind sector 

o - R A 
of 

distances from the stack to the center of the upl/1ind face 
projected building 

o - R Across-flow distancf3s from the stack to the Cf3nter of thf3 upwind face 
of the projected building 

M - R 

Cf - R 

Cf - R 

Cf - N 

0 - R 

0 - R 

M - R 

M - N 

fies location or vertices for an AREAPOLY source type (mandatory 
PREAPOLY source i.s used) 

Identifie.s which sourCf3S to modf31 with urban effects 

Optional input for variable emission rate factors 

Optional unit conversion factors for emissions, concentrations 

Option for speci fying hOlJrly emission rates in a separate file 

Option to include data from a separate file in the runstream 

Identification of source groups 

Identifies the end of SOURCE pathway inputs 

1) Source groups are treated independently for AERMOD. 
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TABLEB-4 

DESCRIPTION OF SOURCE PA THW A Y KEYWORDS AND PARAMETERS 

ELEVUNIT 

where: 

LOCATION 

vrr-le re : 

SRCPARIlJVI 

vvhE~ re : 

BTJILDHGT 

vrr-le re : 

where: 

Parameters 

METERS or FEET 

Specifies input units for source elevations of meters 
Specifies units for source elevations of feet 

Note: key'lV'Jord applies to source elevations only. 

Srcid Srctyp AS Ys (Zs) 

Srcid 

Srctyp 
Xs 
Ys 
Zs 

Source identification code (alphanumeric string 
of up to eight characters) 

Source type: POINT, VOLUME, }\REA, AREAPOLY, 
x-coord of source location, SW corner 
y-coord of source location, SW corner 
Optional z-coord of source location 

mean level, defaults to .0 if omitted) 

(in m) 
(in m) 
above 

Srcid ptmnis 
Vlemls 
Aremis 
Aremis 

Stkhgt 
RellK]t 
RelhCjt 
Relhgt 

Stktmp 

Nverts 

Stkvel 
Szinit 

(Yinit) 
(Sz 

Stkdia 

(Fmgle) 
) 

(Szinit) 

(pe'INT .source) 
(VOLUME source) 
(~Z'l~EEl\ sourcE~) 

(AREAPOLY source) 
(ARE}\CIRC source) 

Srcid 
Emis 

Hgt 

StY:tmp 
Stkvel 
Stkdla 
Syinit 
Szinit 
Xinit 
Yinit 

./\ng 1 e 

Nverts 

Radius 

Srcid 

Sroid 
Srcrng 

Dsbh 

Srcid 

Srcid 
SrOrT1CJ 

Dsbw 

RellK]t Radius (Nverts) (Szinit) 

Source identification code 
Source emission rate: in g/s for Ptemis or Vlemis, 

g/(s-m2
) for Aremis for concentration 

release height above Cjround (center 
of 

Stack gas e~it (K) 
Stack exit velocity (m/s) 
Stack diameter (m) 
InitiaJ lateral dimension of 
Initial vertical dimension ----
Length of sidl3 of AcL(EA source 

source (m) 
(m) 

of ion al 

relative to North (degrees), 
-'-UL',~"-'-Oc, rotated around the source location, 

(optional parameter, assumed to be 0.0 if omitted) 
Number of vertices used for PuI<.Ej\POLY or AREJ\CIRC source (bet\'1een J 

and 20, for AREACiRC SOUTCI3S) 
Radius of area tor ARE}\CIRC source (m) 

(or Srcrng) Dsbh(i), i=1,J6 

Source identification code 
of sourCE3S (inclusive) for 'v\Thich building 

ions apply, entered as two alphanumeric 
separated by a I_I 

direction-specific building heights (m) 
beginning with degree flow vector and increment-
ing by 10 dl3grees clockwise 

(or Srcrng) Dsbw(i), i~l, 36 

Source 

Array 
beginning 
ing by 10 degrees 

for which building 

fic building ~Tidths (m) 
flow vector and increment

clock~Tise 

B-7 

AR0068759 



TABLE B-4 (CONT.) 
DESCRIPTION OF SOURCE PATHWAY KEYWORDS AND PARAMETERS 

XBADJ 

vvhE~ re : 

YBADJ 

vrr-le re : 

vvhE~ re : 

UFBJ"NSFC 

vrr-le re : 

EJvlISH\CT 

vlhe re : 

EMISUNIT 

vrr-le re : 

Srcid (or Srcrng) Xbadj (1), i=1,36 

Srcid Source identification code 

Xbad'J (i) 
Range of SOlJrCeS (inclusive) for ~Thich XBAD,J distances apply 
Array of direction-specific along-wind distances beginning with 

10 degree flow vector and incrementing by 10 degrees clockwise 

Srcid (or Srcrng) Ybadj (i), i=1,36 

Srcid 

Ybadj i) 

Srcid Xv (1) 

Srcid 
Xv(l) 

Yv(l) 

Xv(i) 
Yv (i) 

Source identification code 

~~~~~ ~~ ~~~~~~~or~~~~!~~~~~) a~~~s~~,~~~/~i~~a~~:~a~~~~ rmi nn with 
10 degree flow vector and incrementing by 10 degrees clockwise 

Yv (1) x-v (2) Yv(2) Xv (i) Y-v (i) 

Source identification code 
X-coordinate of the first vertex of an J'\REJ\POLY source (must be 

the same as the value of Xs for that source defined on the SO 
LOCATION card) 

Y-coordinate of the first vertex of an J'\REJ\POLY source (must be 
the same as the value of Ys for that source defined on the SO 
LOC/\TION card) 

X-coordinate for the iili vertex of AFEAPOLY SOUTCr3 
Y-coordinate for the it" verte:-:: of an .I\FEAPOLY source 

Srcid ' and/or Srcrng's 

Srcid 
Srcrng 

Specifies vvhich source (s) \;)ill be modeled vvith urban effects 
Specifies a range of sources that will be modeled with urban 

effects 

Srcid (or Srcrng) Qflag Qfact(i), i~l,n 

Srcid Source identification code 
Srcrng Range cJf sources (inclusive) for which emis.sion rate factors 

Qflag Vi emission rate flag: 
SE.f:\SON seasona; for monthly; HROFDY for hour-of-day; 
f'ITSPEED for wind cateoorv; SEASHR for season-by-hour; 
:sHRiJOW for season by hour-~f-(jay by day-or-wr3e (M-F, Sat, Sun); 
and 0HKlJUV~' for season by hour-or-day by day-of-week (M, Tu, 11\1, 

Qfact Th, ,S.lt,Sun 
Array of scalar emission rate factors, for: 

SEASON, n~4; MONTH, n~12; HROFDY, n~24; 

v,SPEED, n~6; SEASHF, n~9Ci; SHRDOv'!, n~288; 

SHRDOvJ!, n~672 

Emifac Emilbl Conlbl 

Emifac 

Emilbl 
Conlbl 

Emission rate factor used to adjust units of output 
(default value is l.ll Ci for CONC f r to micrograms) 

Label use for emission units (defau t grams/sec) 
Label to USE~ for (=oncE3ntrations (dE3fau t is microqrams/m3 ) 
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TABLE B-4 (CONT.) 

DESCRIPTION OF SOURCE PA THW A Y KEYWORDS AND PARAMETERS 

HDUREJvIIS 

'V'Jne re : 

INCLUDED 

vrr-le re : 

SRCGRDUP 

vvhE~ re : 

Emifil Srcid's Srcrng's 

Emifil 
Srcid' 
Srcrng' 

Incfil 

Incfil 

Snpcifips name of the hourly emission rate file 
Di: source IDs that are included in the hourly emission 

file 
Source ID ranges that are included in the hourly emission file 

Specifies name of the file to be included in the runstream data 

Grpid Srcid's Srcrnql 

Grpid 

Srcid's 
Srcrng' 

Group ID (Grpid = specifies 
sources), number source groups 
parameter in the computer code 

including all 
by NGRP 

Discret source IDs to be included in group 
Source D ranges to be inc Iud d in group 

No e: Card may be repea ed with same Grpid if 
more space is nee ed to specify sources 
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TABLEB-5 

DESCRIPTION OF RECEPTOR PATHWAY KEYWORDS 

RE Keyword.s Type Ke'y'1Nord Description 

ST}"ETING 1'1 - N Idf3ntifies the .start of RECEPTOR pathway inputs 

ELEVUNIT o - N Defines input units for receptor elevations (defaults to meters), 
must be first keyword after RE STARTING if used. 

GRIDCJ'\RT 

GRIDPOLR 

DISCCPJU 

DISCPOtR 

EVALCAET 

INCLUDED 

FINISHED 

o - Rl Defines a Cartesian grid receptor networ~ 

o - Rl Defines a polar receptor netvvork 

o - Rl Defines the discretely f,laced rec8f,tor locations referenced to a 
Cartesian system 

o - Rl De ines the discretely placed receptor locations referenced to a 
polar system 

o - R" [fefiw3s discrete Cartesian receptor locations for u.se with 
EVALFILE output option 

o - R Option to include data from a separate file in the runstream 

f1 - N Identifies the end ot RECEPTOR path"vay inputs 

1) At least one of the fol GRIDCz\RT, GRIDPOLR, DISCCART, 
DISCPOLR, or EVALCJlliT. receptor netvvorks can be specified in a run, 
including both Cartesian and polar, up to an overall maximum controlled by NREC 
parameter. 
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TABLEB-6 

DESCRIPTION OF RECEPTOR PATHWAY KEYWORDS AND PARAMETERS 

ELEVUNIT 

where: 

GRIDCART 

where: 

Parameters 

JvlETERS or FEET 

Specifies input units for receptor elevations of 
rLlE3tE3rs 

Specifies 
Note: 

units for receptor elevations of feet 
keyv\7ord applies to receptor elevations 

only. 

Netid STA 
XYINC Xinit Xnum Xdelta Yinit Ynum Ydelta 

or XPNTS Gridxl Gridz2 Gridx.3 GridxN, and 

Netid 

Xinit 
Xnum 
Xdelta 
Yinit 
Ynum 
Ydelta 

ELEV 
Row 

Zelev 

HILL 
ROld 

Zhill 

FLAG 

Row 

Zflag 

END 

YPNTS Gridy1 Gridy2 Gridy3 
ELEV Row Zelevl Zelev2 Zf31ev.3 
HILL Row Zhi 111 Zhil12 Zhi1l3 ZhiEN 
F'Ll\G RO\A1 Z£1391 Zflag2 Zflag3 ZflagN 
END 

Receptor neti/lork identi fication code (up to eight 
alphanumeric characters) 

Indicates of GRIDC:PJU .subpathway, repeat for 
each Il8\;\1 

Ke'y~Nord identifying grid network generatf3d from 
x and y increment 

x-axis grid location in meters 
x-axis receptors 

Spacing in meters between x-axis receptors 
Starting y-axis grid looation in meters 
Number of y-axis receptors 
Spacing in maLers bE~tvveen y-axis rE~ceptors 

defined by a series 
y 

Value of first x-coordinate for Cartesian grid 
Value of 'nth' x-coordinate for Cartesian grid 
Keyv10rd identi grid net\'10rv: defined by a series 

of x and y 
Value of first y-coordinate ror Cartesian 
\lalue of 'nth' 
Ke'y~Nord to 
Indicates 

input 

Cartesian grid 
elevations follow 

fixed) is being 

An array of receptor 
a partioular Row 

terrain elevations for 

to· 

input 

that hill height scales follow 
row (y-coordinate fixed) is being 

.i;.n array of receptor hill height scales for 
particular Eovv 

Keyword to specify that flagpole receptor heights 
follow 

Indicates which row (y-coordinate fixed) is being 
input 

An array of receptor hei9ht.s above local tf3rrain 
elevation for a particular Row (flagpole receptors) 

of GRIDCART subpathway, repeat for each 
nE3W 
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TABLE B-6 (CONT.) 

DESCRIPTION OF RECEPTOR PATHWAY KEYWORDS AND PARAMETERS 

GRIDPCILR 

or 

or 

Netid 

Xinit 
Yinit 
Srcid 

RingN 

Dirl 
DirN 

Dirnum 
Dirini 
Dirinc 

Zelev 

HILL 
Dir 
Zhill 

FLAG 

Dir 
Zflag 

STA 
ORIG 
ORIG 
DIST 
DDlR 
GIIIR 
ELEV 
HILL 
FLP,G 
END 

Xinit 
Srcid 
Ring} 
Dirl 

Yinit, 

Ring2 
Dir2 

Ring3 
Dir3 

Dirnum Dirini Dirinc 
Dir Zelevl Zelev2 Zelev3 
Dir Zhilll Zhill2 Zhil13 
Dir Zflagl Zflag2 Zflag3 

RingN 
DirN, 

ZelevN 
ZhillN 
ZflagN 

Receptor network identification code (up to eight 
alphanumeric characters) 

Indicates STJ\rt of GRIDPOLR ubpath"'lay, repeat for 
each new Netid 

Optional keyv\7ord to specify the origin of the polar 
network (a,ssumed to bl3 at x~O, y~O if omittl3d) 

z-coordinate for origin of polar network 
y-coordinate for origin of polar network 
Source ID of source used as origin of polar net~Tork 
Keyword specify distances for the polar net"'10rk 
Distance to the first ring of polar coordinates 
Distance to the 'nth' ring of polar coordinates 

Ke~{\;yord to specify discrete direction radials ror the 
polar netvvork 

First direction radial in degrees (1 to 360) 
The 'nth' direction radial in degrees (1 to 360) 

Key'lV'Jord to specify generated direction radials 
the polar network 

Number of directions used to define the polar system 
Starting direction of the polar system 
IncrE~ment (in dE~grees) for dE~ fining dirE~ctions 

KE~)T'hTord to 
Indicates 

follovv 

PUi array of receptor terrain elevations for a 
particular direction radial 

Keyword that hill heioht scales follow 
Indicates is being input 
An array of receptor hill height scales for a 

particular direction radial 
Ke'y"Nord to specify that lagpole receptor heights 

follmv 

An array of receptor he 
E~IE~vation for a 
receptors) 

beinCj input 
above local terrain 
direction (flagpol13 

of GRIDPOLR subpathvvay, repeat for each 
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TABLE B-6 (CONT.) 

DESCRIPTION OF RECEPTOR PATHWAY KEYWORDS AND PARAMETERS 

DISCC/\RT Xcoord YeGord (Zelev Z11i11) (Zflag) 

vlhe re : Xcoord 
Ycoord 

x-coordinate for discre receptor location 
'I-coordinate for discrete receptor location 

Zelev Elevation above sea level for discrete receptor 
location (optional), used only for terrain 

Zhil1 Hill height scale T"",nnnriino with a 
receptor location nnt nrlCll), used only for ELEV terrain 

Zflag Receptor height ( ) above local terrain 
(optional), used _y \0ith FLAGPOLE key\{ord 

DISCPOLR Srcid Dist Direct (Zelev Z11i11) (Zflag) 

vlhe re : Srcid 

Dist 
Direct 

Zhill 

Zflag 

Specifies source identification for vvhich discrete 
polar receptor locations (used to define the 

for the discrete receptor) 
nnWn1ATi nei distance to receptor location 
Direction to receptor location, 

from North 
degrees clockwise 

Elevation above sea level for receptor location 
(optional), used only for ELEV ter 

Hill he ight scalf3 -p spnn ,-1 i n_g a discrete 
receptor location (optional), used only for ELEV terrain 

Receptor height (flagpole) above local terrain 
(optional), used only with FL}\GPOLE key\{ord 

EVALCART Xcoord Ycoord Zelev Zhill Zflag Arcid (Name) 

where: 

INCLUDED 

Xcoord 
Ycoord 

Zhill 

Zflag 

(Name) 

Incfil 

x-coordinate for discrete receptor location 
'I-coordinate for discrete receptor location 
Elevation above sea level for discrete receptor 

location (optional), used only for terrain 
Hill height scalf3 TPspnndi ng ~{ith a 

receptor location nnt~inrlCll), used only for ELEV terrain 
Receptor height (flagpole) above local terrain 

(optional), used onlY with FL}\GPOLE key\{ord 
Receptor arc ID used to receptors along 

an arc other grouping to eight characters) 
Optional name for receptor (up to eight characters) 

vlhe re : Incfil Specifies name of the file to be included in the runstream data 
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]V[E KeY1,"ords 

STARTING 

SUFFFILE 

PROFFILE 

SUFFDJ,\TJ'\ 

UAIEDP,TP, 

SITEDl\Tl\ 

PFOFRI\SE 

ST}'l~,TEND 

SeH1BYHF 

f'liDROT}UE 

~\TINDCI\TS 

FINISHED 

TABLE B-7 

DESCRIPTION OF METEOROLOGY PATHWAY KEYWORDS 

Type Ke~!vvord Description 

]v[ - N Identifies the start of METEOROLOGY pathway inputs 

]V! - N Describes input meteorolooical surface data file 

]V! - N Describes input meteorolooical profile data file 

]V! - N Describes surface meteorological tation 

1'1 - N Describes upper air meteorological station 

0 - N Describes on-site meteorological station 

1'1 - N Specifies the basE3 E31evation for thE~ potential tE~mperaturE~ profilE3 

0 - N '~r,pr f pc; start and end date,s to be read from input meteorological 
Id:- file (default to read entire file) 

o - R Specifies days or ranges of days to process (default is to process 
all data read in) 

o - N ,C~np(~ f pc; the 
IHo, ) option 

for thf3 seIH (Samplf3d ehronoloCjioal Input 
see CO HODELOPT) 

o - N May be used to correct for alignment problems of wind direction 
measurE3rnents, or to convert INind direc~tion from to flui/v VE~ctor 

o - N Input upper bound,s of ~{ind 
sixth category is assumed to 

categories, five values input -
no upper bound 

]V! - N Identifies the end of METEOROLOGY path"vay inputs 
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TABLEB-8 

DESCRIPTION OF METEOROLOGY PATHWAY KEYWORDS AND PARAMETERS 

SURFFlLE 

vvhE~ re : 

PROFFILE 

'V'Jne re : 

SlTRFDl\Tl\ 

T]}\IRDATA 

where: 

SITED.Z\T.Z\ 

vrr-le re : 

PROFBJ'\SE 

vlhe re : 

STARTEND 

where: 

Parameters 

Sfcfil (Format) 

SfcEl 
Format 

Specify filename for surface meteorological input file 
Specify format for lpU file 

Profi (Format) 

Profi 
Format 

Stanum Year 

Stanum 

YE3ar 

Name 
Xcoord 
Ycoord 

Stanum Year 

Stanum 

Year 
Name 
Xcoord 
Ycoord 

StanlJTn Year 

Stanum 

Year 
Name 
Xcoord 
Ycoord 

filename profile meteorological input 
format for input file 

(Name) (Xcoord Yeoord) 

Station number, e.g. 5-digit ",JEAN number for N1'ITS 
surface station 

Year of data processed (four digits) 
Station name (opt ) 
x-coordinate of station location (ill) 

y-coordinate of station location (m) 
(optional) 
(optional) 

(Name) (Xcoord Yecord) 

Station number, e. g. c)-digi t T~lRz\N number for NvJS 
upper air station 

Year of dat processed (four digits) 
Station name :onj-;o~l"') 
':-coordinate of .station location (m) (optional) 
y-coordinate of station location (m) (opt ional) 

(Name) (Xcoord Ycoord) 

Station number for on-site meteorological data 
station 

Year of data 
Station name 
x-coordinate 
y-coordinate 

processed ( 
, () r,r~ ; n n " 1 ) 
~·station location 

of station location 

digits) 

(m) (optional) 
(m) (optional) 

BaseElev (Units) 

file 

BaseElev 
UnitE 

Base elevation (above IvlSL) for the potential 
Units of BaseElev: HETERS or FEET (default 

temperature profile 
JvIETEFS) 

Strtyr Strtmn Strtdy (Strthr) Endyr Endmn Enddy (Endhr) 

Strtyr 
Strtmn 
Strtdv 
Strthr 
Endyr 
Endmn 
Enddy 
Endhr 

Year of first record to be read 
]\lonth of first record to be read 
Day of f record to be read 
Hour of first record to be read (optional) 
Year of last record to be read 
tJIonth of st record to be read 
Day of last record to be read 
Hour of record to be read (optional) 

Note: File read begins with hour 1 of the tart 
date and ends with hour 24 of the end date 
if Stahr and Endhr are omitted. 
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TABLE B-8 (CONT.) 

DESCRIPTION OF METEOROLOGY PATHWAY KEYWORDS AND PARAMETERS 

DAYRJ\l'lGE 

vlhe re : 

SCIMBYHR 

V'IDROTP,TE 

'V'Jne re : 

,"IINDC}\TS 

vvhE~ re : 

Rangel Range: Range3 RangeN 

Rangel 

RangeN 

Fi range ot days to 
day (XXX) or 
as Julian dates 

process, either 
(XXX-YYY) ; 
or as month 

The 'nth' range of days to process 

as individual 
may be input 

day (Xx/n) 

NRegStart NRegInt NV'lf3tStart NV-If3tInt (SfcFilnam PflFilnam) 

NRegStart SDecifif3s the first hour to be .sarnpled with thf3 SCIJvI fJption; 
~ rpnl,~i rpC1 to have a value from 1 to :4 

NregInt 
J\MetStart 

'~nc,ri~fi p,C; the samplinCj interval, in hours 
S~eci fies the first wet hour to be sampled with the scn1 option 

NvJetInt 

SfcFilnam 

PflFilnam 

Rotang 

Rotang 

(not currently used in AEP~'10Df should set to ) 
Specifies the wet sampling interval, hours (not currently 

used in }\EFlvlOD, should be set to 
Optional output file name to list the surface meteoroloCjical 

hOlJrS data for the 
Optional output name to list the profile meteoroloCjical 

data for the sampled hours 

Specifies angle (in degrees) to rotate -vvind direction 
measurements to correct for aliCjnment problems; 
value of Rotang is subtracted from If\T[J measurements, 
i.e., rotation is countercloc~wise 

\i'Jsl 11\182 INS 3 ~'\js4 11\185 

V'lsl 
V'Js2 
VIs 
l"Js 4 
,"Is 5 

Upper bound 
Upper bound 
Upper bound 
Upper bound 

of 
of 
of 
of 

first wind speed cateCjory (m/s) 
second wind speed category (m/s) 
third wind speed category (m/s) 
fou th wind speed category (m/s) 

Upper bound of fif h wind speed category (m/s) 
(sixth cateCjory s a.ssumed to have no upper bound) 
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TABLEB-9 

DESCRIPTION OF EVENT PATHWAY KEYWORDS 

EV Keyword~ Type Keyword Description 

STARTING M - N Identifies the start of EVENT pathway inputs 

EVENT PER M - R Describes data and averaging period for an event 

EVENTLOC M - R Describes receptor location for an event 

FINISHED M - N Identifies the end of EVENT pathway inputs 
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TABLEB-IO 

DESCRIPTION OF EVENT PA TRW A Y KEYWORDS AND PARAMETERS 

Keyword Parameters 

EVENT PER Evname Aveper Grpid Date 

where: Name Specify name of event to be processed (e.g. H2H24ALL) , 
(up to eight alphanumeric characters) 

Grpid Specify source group ID for event 
Aveper Specify averaging period for event 
Date Specify data period for event (ending YYMMDDHH for 

averaging period) 

EVENTLOC EvTIame XR= Xr YR= Yr (Zelev) (Zflag) 
or 

RNG= Rng DIR= Dir (Zelev) (Zflag) 

where: E"liname Specify name of event to be processed (e.g. H2H24ALL) , 

Note: 

(up to eight alphanumeric characters) 
XR= X-coordinate for event (discrete Cartesian receptor) 
YR= Y-coordinate for event (discrete Cartesian receptor) 
RNG= Distance range for event (discrete polar receptor) 
DIR= Radial direction for event (discrete polar receptor) 
Zelev Terrain elevation for event (optional) 
Zflag Receptor height above ground for event (optional) 

EVENT locations oan bf3 input as eithf3r disorete Cartesian 
or as discrete 
file generated 

ar receptors 
the AERMOD 

discrete Cartesian coordinates. 
relative to an origin of ( f ). 

card) are always given as 
Discrete polar receptors are assumed to be 
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OU KeYvvords 

STAcLiTING 

EECTABLE 

Ml'XTABLE 

mWTABLE 

jvJj0( I FILE 

POSTFILE" 

PLOTFILE" 

TOXXFILE 

RJ"NKFILE 

EVENTClUT 

FINISHEI' 

TABLEB-ll 

DESCRIPTION OF OUTPUT PATHWAY KEYWORDS 

Type 

M - N 

0 - R 

0 - R 

0 - N 

o -

r~eyv\7ord Description 

Identifies the start of OUTPUT path"vay inputs 

Option to specify value(s) by receptor for output 

('ption to, summarize the overall maximum values 

('ption to, print ,summaries for each averaCjinCj period for each day 
processed. 

Option to list events exceeding a threshold value file (if CO 
EVENTFIL option i,s used, the,se events are included in the inpm: 
file Cjenerated for the EVENT model) . 

o - R Option to write results to a mass storage file for postprocessing. 

o - R Option to write certain results to a storage file suitable for 
input to plottinCj routines 

o - E Option to write results to a storaCje file suitable for input to the 
TOXX model component of TOXST or the RISK 

o - to output file of ranked values for Q-Q plots 
the f1Ac'ZTPvBLE keyword) 

t be used 

Cl - E iJption to output file I)f normali=ed arc maxima from EVALCAcL(T 
receptors for model evaluation studies 

l'vl - N Specifies the level of output information provided for EVENT 
proce ,s s inCj 

Iv] - N Identifies the end of UJTPUT pathway input,s 

1) PClSTFILE is used to output concurrent concentration values for particular source 
grOlJpS and averaging times across the receptor networv:, suitable for postprocessing, 

as might be done for implementinCj the intermediate terrain PLClTFILE is 
used to output specific values, such second high concent , across 
the receptor network, for plotting concentration contours. 
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TABLEB-12 

DESCRIPTION OF OUTPUT PA THW A Y KEYWORDS AND PARAMETERS 

RECTABLE 

'V'Jne re : 

MAX T}\B LE 

'V'Jne re : 

DAYT}\BLE 

vlhe re : 

Parameters 

P\veper FIEST 
Aveper 1ST 

SIXTH 
6TH 

or 

Aveper 

FIEST 
SECOND 
SIXTH 
lQ", 

2ND 
6TH 

.f:\veraging period to slJmmarize ~Tith high vallJ8s 
specifies all averaging periods) 

Select values by rec8f,tor 
Select surrunaries 
Select surnInaries 
Select summaries 
Select surrunaries 
Select slJmmaries 

values by receptor 
values by receptor 

by receptor 
values by receptor 
values by receptor 

Note: If are input separated by a 
dash (e. Cj. FTEST-THIRD), then sumrnaries of 

values in that 
of hiCjh values 

trolled by the NV}\L parameter in the computer 
code (initially at 3) 0 /\130, if the 
CO EVENTFIL is ezercised, then the 
events by the EECTPJ3LE keyword are 
included in the input file for EVENT model. 

Aveper Maxnum 

Aveper 

)\1axnum 

}\veraCjinCj 
( 

to slJmmarize vlj_th maximum ~\lalues 
}\LLAVE specifies all averaCjinCj periods) 

Specifies number of overall maximum values to 
summarize (number of maximum values penni t ted is 
lirnited by thf3 Nl'L"X parameter in the computer ,=ode, 
initially at 50) 

J\vperl }\vper2 Avper3 

J\vperl /\vera9ing period to summarize v1ith values by receptor 
for each day of data (keYv\Tord ALLAVE for 
first parameter all averaging periods) 

I\vera9in9 period to summarizE3 INith maxirnurn values 
(ke~r\/10rd speci fies all a~\lera9in9 periods) 

Specifies of overall maximum values to 
sUDlTnarize (number of maximum values permitted is 
limited by the NJvIJ0<: parameter in the computer code, 
initially set at 50) 
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TABLE B-12 (CONT.) 

DESCRIPTION OF OUTPUT PA THW A Y KEYWORDS AND PARAMETERS 

HAXIFILE 

'V'Jne re : 

POSTFILE 

vlhe re : 

PLOTFILE 

TOXXFILE 

R},J.JKF I LE 

where: 

EVALFILE 

vvhE~ re : 

EVENT OUT 

'V'Jne re : 

Aveper Grpid Thresh Filnam (Funit) 

Aveper 

Grpid 
Thresh 
Filnam 
Funi t 

Specifies averaging period tor list of values equal to 
or exceedina a threshold value 

:C;np(,i fi p,e; sou~ce qrouD to br3 outDut to filr3 
T: value (~.go-'-NlV\QS) for-'- of exceedances 
Name of disk file to store maximum valw3s 
Optional parameter to specify the file unit 

Note: If the CO EVENTFIL is exercised, then the 
events by H}\XIFILE are l.nc 1 uded 
in the lp file for EVENT l~l .inn. 

j\veper Grpid Format Filnam (Funit) 

j\veper 

Grpid 
Format 

Filnam 
Funit 

Aveper 
j\veper 

Aveper 

Grpid 
Hivalu 

Specifies averaging period to be output to file, 
e .. , 24 for 24-hr d ',"idY"",,, PERICrD for avr3rages 

,Snp(- fi pc: source to ltpUt to 
Sf,ecifies format of , either for 

unformatted files or PLOT for .lUlmo,-,.CU for plotting 
Specifies filename for file 
Optional parameter to 'pe(fy the file unit 

Grpid Hivalu Filnam (Funit) (Short Term values) 
Grpid Filnam (Funit) (PERIOD or j\l'lNUJ\L averages) 

Specifies averaCjing period to be output to file, e.g., 24 for 
24-hr a~\leragesf 

PERIOD for period 
(~r,pr:i fi Cr,S sourCr3 

averages, 1fJINTER for \A7inter averages, e 
to be output ro file 

Specifies 
to be 

hiqh sUITunary (e.g. SECOND, 1ST, 2ND, etc.) 
Filnam 
Funit 

to file (must be on a RECTABLE card) 
Specifies for 
Optional parameter to C y the file unit 

Aveper Cutoff Filnam (Funit) 

Aveper 

Cutoff 

Filnam 
Funit 

SpecifiErs averaCjing period to bEr output to filEr, 
e .. , 1 for l-hr a~\lerages . 

. ~np(-'i fi p:;:- cutoff (threshold) value in Irr? for outputting 
results for AERHOD model 

Specifies filename for file 
Crptional paramErtl3r to 3pEr<fy thEr filEr unit 

F~vE~pE~r Hinurn Filnam (Funit) 

Aveper 

Hinum 
Filnam 
Funit 

Specifies averaging period to be Olltput to file, 
e .. , 24 for 2/J-hr averaQes 

Sr,pci fi cr:;:--the number of high valUErS to be rankErd 
Specifies filename for ile 
Crptional parametr3r to 3pe(fy thEr file unit 

Srcid Filnam (Funit) 

Srcid 
Filnam 
Funit 

Specifies the source ID to be output to file 
Specifies filename for 
Optional parameter te, the file unit 

SOCONT or DET}UL 

Provide source contrihnt-inn information only in the event output 
Include hourly concentrations for each source and hourly 

meteorological data in the event output 

B-21 

AR0068773 



APPENDIX C. EXPLANATION OF ERROR MESSAGE CODES 

C.I INTRODUCTION 

The AElUvIOD input runstream is checked to identify parameters that are missing or 

potentially in error, and the input source and meteorological data are checked and flagged for 

possible erroneous values. 

The AElUvIOD model uses a "defensive programming" approach to eliminate as much 

as possible of the user's work in debugging the input run stream file. Also, a great deal of effort 

has been made to eliminate the possibility of run time errors, such as "divide by zero," and to 

point out questionable input data. Error messages are reported to the user in two ways. A 

summary of messages is provided in the main output result file, and the user can also request a 

detailed message listing file. 

Message Summary: Whether the user selects a detailed error listing file or not, the 

AElUvIOD model output a summary of messages within the output result file. This message 

table gives the number of messages of each type, together with a detailed list of all the fatal 

errors and warning messages. During setup processing, if no errors or warnings are generated, 

then the model simply reports to the user that "SETUP Finishes Successfully." 

Detailed Message Listing File: The AElUvIOD model provide the option of saving a 

detailed list of all messages generated by the model in a separate output file. The user can 

select this option by specifying the keyword "ERRORFIL" followed by a filename inside the 

COntrol pathway. For example, the following statements will save all the error messages to an 

ASCII text tile named "errormsg.out": 

CO STARTING 

ERRORFIL errormsg.out 

CO FINISHED 
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C.2 THE OUTPUT MESSAGE SUMMARY 

There are two message summaries provided in the standard output file of the 

AElUvIOD model. The first one is located after the echo of input run stream file images and 

before the input data summary. This summary will take one of two forms, depending on 

whether any fatal error or non-fatal warning messages were generated, and also depending on 

whether the option to RUN or NOT to run was selected on the CO RUNORNOT card. If there 

are no errors or warnings generated during the setup processing, and the RUN option was 

selected, then the model simply reports that "SETUP Finishes Successfully." If any fatal 

errors or warning messages were generated during the setup processing, or if the option NOT 

to run was selected, then a more detailed summary is provided. This summary provides a 

message count for each type of message, and a detailed listing of each fatal error and warning 

message generated. The second message summary table is located at the very end of the 

standard output result file, and it sums up the messages generated by the complete model run -

both setup processing and run-time processing. 

An example ofa setup processing message summary is shown in Figure C-l. 
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k Message Summary For The AEEMOD Hodel Setup 

To a1 of 
To a1 of 
To a1 of 

SlJmmary of Total tjIessages ---------

Fatal Error Hessage (s) 
f'liarning Message ( ) 
Inf(=:Jrmation MessagE3 (s) 

F.I\T.I\L ERROR HESS.I\GES 
NONE 

hUmN ING JvIE S S}\GE S 
NONE 

FIGURE C-l. EXAJVIPLE OF AN AERMOD MESSAGE SUMMARY 

C.3 DESCRIPTION OF THE MESSAGE LAYOUT 

Three types of messages can be produced by the model during the processing of input 

runstream images and during model calculations. These are described briefly below: 

Errors that will halt any further processing, except to identify additional error 
conditions (type E); 

Warnings that do not halt processing but indicate possible errors or suspect 
conditions (type W); and 

Informational messages that may be of interest to the user but have no direct 
bearing on the validity of the results (type I). 

The messages have a consistent structure which contains the pathway ID, indicating 

which pathway the messages are generated from; the message type followed by a three-digit 

message number; the line number of the input run stream image file for setup messages (or the 

meteorology hour number for runtime messages); the name of the module (e.g. the subroutine 

name) from which the message is generated; a detailed message corresponding to the message 

code; and an 8-character simple hint to help the user spot the possible source of the problem. 
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The following is an example of a detailed message generated from the CO pathway: 

CO EIlJ(j B EXPATH: Invalid Pathway Specified. The Troubled Pathway is FF 

The message syntax is explained in more detail below (values in parentheses give the column 

numbers within the message line for each element): 

I PW Txxx LLLL mmmmmm: MESSAGE Hints 

I ~ the 

------.. I De t ail ed me s sage __ f ____ o ____ r _______ t ____ h ____ l_' ___ s _______ c ____ o ____ d ___ e ___ -______ ( ___ 2 ___ 2 _____ : ___ 7 ____ 1 ____ ) ___________________ ! 

l_______________________________________________________________ , 

Name of the code module from which the 
message is generated (14:19) 

The line number of the input runstream 
image file where the message occurs; If 

I----~~~ message occurs in runtime operation, the 
hour number of the meteorology file is 
gi ven ( 9 : 12 ) 

Numeric message code (a 3-digit number) (5:7) 

I Message type (E, W, I) (4:4) 

Pathway ID (CO, SO, RE, ME, EV, or OU) (1:2) or 
------------~~~ MX for meteorological data extraction, or CN 

for calculation messages 

If an error occurs during processing of an included file (either SO INCLUDED or RE 

INCLUDED), the line number will represent the line number of the included file. The line 

number of the runstream file is saved before processing the included data, and then restored 

when processing returns to the main run stream file. 
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The three message types are identified with the letters E (for errors), W (for warnings), 

and I (for informational messages). The 3-digit message codes are grouped into general 

categories corresponding to the different stages of the processing. Theses categories are: 

100 - 199 Input Runstream Image Structure Processing 

200 - 299 Parameter Setup Processing 

300 - 399 Data and Quality Assurance Processing 

400 - 499 Run Time Message Processing 

500 - 599 Input/Output Message Processing 

A detailed description of each of the message codes currently used in the model is provided in 

the next section. 

C.4 DETAILED DESCRIPTION OF THE ERRORll\l[ESSAGE CODES 

INPUT RUNSTREAM IMAGE STRUCTURE PROCESSING, 100-199 

This type of message indicates problems with the basic syntax and/or structure of the 

input run stream image. Typical messages include errors like "Missing mandatory keyword", 

"Illegal Keyword", ... , etc. If a fatal error of this kind is detected in a run stream image, a fatal 

error message is written to the message file and any attempt to process data is prohibited, 

although the remainder of the run stream file is examined for other possible errors. If a 

warning occurs, data may still be processed, although the inputs should be checked carefully to 

be sure that the condition causing the warning does not indicate an error. 

100 Invalid Pathway Specified. The pathway ID should be a 2 character string. It should 
be one of the following: CO for control pathway, SO for source pathway, RE for 
receptor pathway (or EV for event pathway for EVENT processing), ME for 
meteorology data setting pathway, and OU for output format pathway. Its position is 
normally confined to columns 1 and 2 (1 :2) of the input run stream file. However, the 
model does allow for a shift of the entire input run stream file of up to 3 columns. If the 
inputs are shifted, then all input records must be shifted by the same amount. The 
invalid pathway is repeated at the end of the message. 
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105 Invalid Keyword Specified. The keyword ID should be an 8-character string. Its 
position is normally confined to columns 4 to 11 (4:11) of the input run stream file. 
However, the model does allow for a shift of the entire input run stream file of up to 3 
columns. If the inputs are shifted, then all input records must be shifted by the same 
amount. There should be a space between keyword ID and any other data fields. For a 
list of valid keywords, refer to Appendix A or Appendix B. The invalid keyword is 
repeated at the end of the message. 

110 Keyword is Not Valid for This Pathway. The input keyword is a valid 8-character 
string, but it is not valid for the particular pathway. Refer to Appendix A, Appendix B 
or Section 3 for the correct usage of the keyword. The invalid keyword is repeated at 
the end of the message. 

115 Starting and Finishing Statements do not match. Only One STARTING and one 
FINISHED statement,respectively, is allowed at the very beginning and the very end of 
each pathway block. Check the position and frequency to make sure the input 
runstream file meets the format requirement. The pathway during which the error 
occurs is included at the end of the message. 

120 Pathway is Out of Sequence. The pathways are not input in the correct order. The 
correct order is CO, SO, RE, ME, and OU for the AERMOD and AERMOD model, 
and CO, SO, ME, EV, and OU for EVENT processing. The offending pathway is 
given as a hint. 

125 Missing FINISHED Statement - Runstream file is incomplete. One or more FINISHED 
statements are missing. A 5-digit status variable is given as a hint. Each digit 
corresponds to a pathway in the appropriate order, and is a '1' if the pathway is 
complete and a '0' if the FINISHED is missing. For example, a status of'10111' 
indicates that the SO pathway was missing a FINISHED statement. Normally such an 
error will generate additional messages as well. 

130 Missing Mandatory Keyword. To run the model, certain mandatory keywords must 
present in the input run stream file. For a list of mandatory keywords, see Appendix A 
or Appendix B. For more detailed information on keyword setup, see the description 
of message code 105. The missing keyword is included with the message. 

135 Duplicate Non-repeatable Keyword Encountered. More than one instance of a 
non-repeatable keyword is encountered. Fora list of non-repeatable keywords, see 
Appendix A or Appendix B. The repeated keyword is included with the message. 

140 Invalid Placement of Keyword. A keyword has been placed out of the acceptable 
order, or a STARTING or FINISHED keyword has been placed in an INCLUDED file. 
The order for most keywords is not critical, but the relative order of a few keywords is 
important for the proper interpretation of the input data. The keyword reference in 
Section 3 identifies any requirements for the order of keywords. The keyword that was 
improperly placed is included with the message. 
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145 Conflicting Options: MULTYEAR and Re-Start Option. The multiple year option for 
processing PM-10 values makes use of the re-start routines in the model with some 
slight changes to handle the period averages from year to year. As a result, the 
MUL TYEAR keyword cannot be specified with either the SA VEFILE or INITFILE 
keywords. 

150 Conflicting Options: MULTYEAR for Wrong Pollutant. The multiple year option is 
provided specifically for the processing of PM -10 values to obtain the "high-sixth-high 
in five years" design value. Its treatment of the high short term values for multiple year 
periods is not consistent with existing air quality standards for other pollutants. To use 
the MULTYEAR option, the user must specify a pollutant type (on the CO POLLUTID 
card) of PM-1 0, PM10, or OTHER. 

152 ELEVUNIT card must be first for this pathway. The ELEVUNIT card must be the first 
non-commented card after STARTING when used on the SO or RE pathway. This 
requirement is made in order to simplify reviewing run stream files to determine the 
elevation units used for sources and receptors. 

154 Conflicting Options: SCIM option cannot be used with the specified option, causing a 
fatal error. 

155 Conflicting Decay Keyword. The AERMOD model allows for the user to specify the 
rate of exponential decay either in terms of the half-life (HALFLIFE keyword) or the 
decay coefficient (DCA YCOEF keyword). If both keywords are specified, then only 
the first one will be used, and inputs for the second one will be ignored. 

156 Option ignored - not valid with SCIM. The specified option is not valid with the SCIM 
option and is ignored. This is not a fatal error. 

157 Wet SCIM option is not operational yet and the input is ignored. Since the model does 
not include wet deposition algorithms yet, the wet SCIM option is not operational. 

158 Wet SCIM option is not operational yet and the input is ignored. Since the model does 
not include wet deposition algorithms yet, the wet SCIM option is not operational. 

160 Duplicate ORIG Secondary Keyword for GRIDPOLR. Only one origin card may be 
specified for each grid of polar receptors. The network ID for the effected grid is 
included with the message. 

170 Invalid Secondary Key for Receptor GRID. The network ID for the effected grid is 
included with this message. Refer to Appendix B for the correct syntax of secondary 
keywords. 

175 Missing Secondary Keyword END for Receptor Grid. The END secondary keyword is 
required for each grid of receptors input by the user (keywords GRIDCART and 
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GRIDPOLR). It signals the end of inputs and triggers the processing of data for that 
particular network. 

180 Conflicting Secondary Keyword for Receptor Grid. Two incompatible secondary 
keywords have been input for the same grid of receptors, e.g. GDIR and DDIR for the 
keyword GRIDPOLR, where GDIR specifies to generate directions with uniform 
spacing, and DDIR specifies that discrete, non-uniform directions are being specified. 

185 Missing Receptor Keywords. No Receptors Specified. Since none of the RE pathway 
keywords are mandatory, a separate error check is made to determine if any of the RE 
keywords are specified. At least one of the following keywords must be present: 
GRIDCART, GRIDPOLR, DISCCART, DISCPOLR, or EV ALCART. 

190 No Keywords for OU Pathway and No PERIOD or ANNUAL Averages. All of the 
OU pathway keywords are optional, and in fact the model will run if no keywords are 
specified on the OU pathway as long as PERIOD or ANNUAL averages are being 
calculated. However, if there are no OU keywords and no PERIOD or ANNUAL 
averages, then there will be no output generated by the model, and this fatal error 
message will be generated. 

195 Incompatible Option Used With SA VEFILE or INITFILE. Either a non-fatal message 
to warn the user that DA YT ABLE results will be overwritten if the model run is 
re-started, or a fatal error message generated if the TOXXFILE option is selected with 
either the SA VEFILE or INITFILE options. 

197 Post-1997 PM lO processing option without the MAXIFILE option is incompatible with 
the EVENTFIL option. Threshold violations generated through the MAXIFILE option 
are the only events that are compatible with post-1997 PM lO processing for EVENT 
processmg. 

198 The non-default TOXICS option is required in order to use the specified option, such as 
the SCIM option. 

PARMvIETER SETUP PROCESSING, 200-299 

This type of message indicates problems with processing of the parameter fields for the 

runstream images. Some messages are specific to certain keywords, while others indicate 

general problems, such as an invalid numeric data field. If a fatal error of this kind is detected 

in a run stream image, a fatal error message is written to the message file and any attempt to 

process data is prohibited, although the remainder of the run stream file is examined for other 
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possible errors. If a warning occurs, data may still be processed, although the inputs should be 

checked carefully to be sure that the condition causing the warning does not indicate an error. 

200 Missing Parameter(s). No options were selected for the indicated keyword. Check 
Appendix B for the list of parameters for the keyword in question. 

201 Not Enough Parameters Specified For The Keyword. Check if there are any missing 
parameters following the indicated keyword. See Appendix B for the required 
keyword parameters. 

202 Too Many Parameters Specified For The Keyword. Refer to Appendix B or Section 3 
for the list of acceptable parameters. 

203 Invalid Parameter Specified. The inputs for a particular parameter are not valid for 
some reason. Refer to Appendix B or Section 3. The invalid parameter is included 
with the message. 

204 Option Parameters Conflict. Forced by Default to: Some parameters under the 
indicated keyword conflict with the other model parameters setting. Refer to Appendix 
B or Section 3 for the correct parameter usage. The default setting is specified with the 
message. 

205 No Option Parameter Setting. Forced by Default to: No setting was specified for a 
particular parameter. Refer to Appendix B or Section 3 for the correct parameter 
usage. The default setting is specified with the message. 

206 Regulatory DFAULT Specified With Non-default Option. The DFAULT option on the 
CO MODELOPT card always overrides the specified non-default option, and a 
warning message is generated. 

207 No Parameters Specified. Default Values Used For. The keyword for which no 
parameters are specified is included with the message. Refer to Appendix B or Section 
3 for a discussion of the default condition. 

208 Illegal Numerical Field Encountered. The model may have encountered a 
non-numerical character for a numerical input, or the numerical value may exceed the 
limit on the size of the exponent, which could potentially cause an underflow or an 
overflow error. 

209 Negative Value Appears For A Non-negative Variable. The effected variable name is 
provided with the message. 

210 Number of Short Term Averages Exceeds Maximum. The user has specified more 
short term averages on the CO AVERTIME card than the model array limits allow. 
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This array limit is dynamically allocated at model runtime based on model inputs, and 
is stored in the NAVE variable. While the model still performs this test, this message 
should never occur. 

211 Duplicate Parameter(s) Specified for Keyword. A duplicate parameter or set of 
parameters has been specified for the indicated keyword. For example, if more than 
one POSTFILE keyword is included for the same averaging period and source group, 
then this error message will be generated. 

212 END Encountered Without (X,Y) Points Properly Set. This error occurs during setting 
up the grid of receptors for a Cartesian Network. This message may occur for example 
if X-coordinate points have been specified without any Y-coordinate points for a 
particular network ID. 

213 ELEV Inputs Inconsistent With Option: Input Ignored. This happens when the user 
inputs elevated terrain heights for receptors when the FLAT option is specified. The 
input terrain heights are ignored and the model proceeds with FLAT terrain modeling. 

214 ELEV Inputs Inconsistent With Option: Defaults Used. This happens when the user 
does not input elevated terrain heights for receptors when the default option of 
incorporating elevated terrain effects is used. The model assumes that the missing 
terrain heights are at 0.0 meters for those receptors and proceeds with ELEV terrain 
modeling. 

215 FLAG Inputs Inconsistent With Option: Input Ignored. This happens when the user 
inputs receptor heights above ground for flagpole receptors when the FLAGPOLE 
keyword option has not been specified. The input flagpole heights are ignored in the 
model calculations. 

216 FLAG Inputs Inconsistent With Option: Defaults Used. This happens when the user 
does not input receptor heights above ground for flagpole receptors when the 
FLAGPOLE keyword option has been specified. The model assumes that the missing 
flagpole heights are equal to the default value specified on the CO FLAGPOLE card. 
If no default height is specified on the FLAGPOLE card, then a default of 0.0 meters is 
assumed. 

217 More Than One Delimiter In A Field. For example, 12//34 is an illegal input data item 
for the DA YRANGE card, and STACKI--STACK-20 is an illegal specification for a 
range of sources. 

218 Number of (X,Y) Points Not Match With Number OfELEV Or FLAG. Check the 
number of elevated terrain heights or flagpole receptor heights for the gridded network 
associated with the indicated line number in the runstream file. 

219 Number Of Receptors Specified Exceeds Maximum. The user has specified more 
receptors on the RE pathway than the model array limits allow. This array limit is 
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dynamically allocated at model runtime based on model inputs, and is stored in the 
NREC variable. While the model still performs this test, this message should never 
occur. 

220 Missing Origin (Use Default = 0,0) In GRIDPOLR. This is a non-fatal warning 
message to indicate that the ORIG secondary keyword has not been specified for a 
particular grid of polar receptors. The model will assume a default origin of (X=O, 
Y=O). 

221 Missing Distance Setting In Polar Network. No distances have been provided 
(secondary keyword DIST) for the specified grid of polar receptors. 

222 Missing Degree Or Distance Setting In Polar Network. Missing a secondary keyword 
for the specified grid of polar receptors. 

223 Missing Distance or Degree Field. No data fields have been specified for the indicated 
secondary keyword. 

224 Number of Receptor Networks Exceeds Maximum. The user has specified more 
receptor networks of gridded receptors on the RE pathway than the model array limits 
allow. This array limit is dynamically allocated at model runtime based on model 
inputs, and is stored in the NNET variable. While the model still performs this test, 
this message should never occur. 

225 Number ofX-Coords Specified Exceeds Maximum. The user has specified more 
X-coordinate values for a particular grid of receptors than the model array limits allow. 
This array limit is dynamically allocated at model runtime based on model inputs, and 
is stored in the IXM variable. While the model still performs this test, this message 
should never occur. 

226 Number ofY-Coords Specified Exceeds Maximum. The user has specified more 
Y -coordinate values for a particular grid of receptors than the model array limits allow. 
This array limit is dynamically allocated at model runtime based on model inputs, and 
is stored in the IYM variable. While the model still performs this test, this message 
should never occur. 

227 No Receptors Were Defined on the RE Pathway. Either through lack of inputs or 
through errors on the inputs, no receptors have been defined. 

228 Default(s) Used for Missing Parameters on Keyword. Either an elevated terrain height 
or a flagpole receptor height or both are missing for a discrete receptor location. 
Default value(s) will be used for the missing parameter(s). 

229 Too Many Parameters - Inputs Ignored on Keyword. Either an elevated terrain height 
or a flagpole receptor height or both are provided when the corresponding option has 
not been specified. The unneeded inputs are ignored. 
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231 Too Many Numerical Values Specified. Too many values have been specified for the 
type of input indicated. 

232 Number Of Specified Sources Exceeds Maximum. The user has specified more 
sources than the model array limits allow. This array limit is dynamically allocated at 
model runtime based on model inputs, and is stored in the NSRC variable. While the 
model still performs this test, this message should never occur. 

233 Building Dimensions Specified for a Non-POINT Source. Building dimensions can 
only be specified for a POINT source, since the VOLUME and AREA source 
algorithms do not include building downwash. 

234 Too Many Sectors Input. For example, the user may have input too many building 
heights or widths for a particular source. 

235 Number of Source Groups Specified Exceeds Maximum. The user has specified more 
source groups than the model array limits allow. This array limit is dynamically 
allocated at model runtime based on model inputs, and is stored in the NGRP variable. 
While the model still performs this test, this message should never occur. 

236 Not Enough BUILDHGTs Specified for a Source ID. There should be 36 building 
heights. 

237 Not Enough BUILDWIDs Specified for a Source ID. There should be 36 building 
widths. 

239 Not Enough QFACTs Specified for a Source ID. The number of variable emission rate 
factors specified for a particular source is less than the model expects based on the 
variable emission rate flag. Check the EMISF ACT keyword on the SO pathway in 
Appendix B of Section 3 for the appropriate number. 

241 Not Enough BUILDLENs Specified for a Source ID. There should be 36 building 
lengths specified. 

246 Not Enough XBADJs Specified for a Source ID. There should be 36 along-flow 
distances from the stack to the center of the upwind face of building specified. 

247 Not Enough YBADJs Specified for a Source ID. There should be 36 across-flow 
distances from the stack to the center of the upwind face of building specified. 

248 No Sources Were Defined on the SO Pathway. There must be at least one LOCATION 
card and one SRCPARAM card to define at least one source on the SO pathway. 
Either no cards were input or there were errors on the inputs. 

250 Duplicate XPNTIDIST or YPNTIDIR Specified for GRID. One of the grid inputs, 
either an X-coordinate, Y-coordinate, polar distance range or polar direction, has been 
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specified more than once for the same grid of receptors. This generates a non-fatal 
warnmg message. 

252 Duplicate Receptor Network ID Specified. A network ID for a grid of receptors 
(GRIDCART or GRIDPOLR keyword) has been used for more that one network. 

254 Number of Receptor Arcs Exceeds Maximum. This array limit is dynamically 
allocated at model runtime based on model inputs, and is stored in the NARC variable. 
While the model still performs this test, this message should never occur. 

256 EVALFILE Option Used Without EVALCART Receptors. The EVALFILE output 
option provides model results designed for model evaluation purposes based on 
receptors grouped by arc. Such receptors must be identified using the EV ALCART 
keyword. IfEV ALFILE is selected without any EV ALCART receptors, this fatal error 
message will be generated. 

260 Number of Emission Factors Exceeds Maximum. The user has selected an option for 
variable emission rate factors that exceeds the array storage limit for emission rate 
factors. This array limit is dynamically allocated at model runtime based on model 
inputs, and is stored in the NQF variable. While the model still performs this test, this 
message should never occur. 

262 First Vertex Does Not Match LOCATION for AREAPOLY Source. The coordinates 
of the first vertex defined for an AREAPOLY source must match the source location 
coordinates provided on the SO LOCATION card. 

264 Too Many Vertices Specified for an AREAPOL Y Source. The number of vertices 
specified on the AREA VER T cards must match the number given on the SRCPARAM 
card for that source. 

265 Not Enough Vertices Specified for an AREAPOLY Source. The number of vertices 
specified on the AREA VERT cards must match the number given on the SRCPARAM 
card for that source. 

270 Number of High Values Specified Exceeds Maximum. The user has selected a high 
short term value on the OU RECT ABLE card that exceeds the array storage limit for 
high values by receptor. This array limit is dynamically allocated at model runtime 
based on model inputs, and is stored in the NV AL variable. While the model still 
performs this test, this message should never occur. 

280 Number of Maximum Values Specified Exceeds Maximum. The user has selected a 
value for the number of overall maximum values on the OU MAXT ABLE card that 
exceeds the array storage limit for overall maximum values. This array limit is 
dynamically allocated at model runtime based on model inputs, and is stored in the 
NMAX variable. While the model still performs this test, this message should never 
occur. 
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294 PERIOD and ANNUAL averages are both selected on the A VERTIME card. The user 
can only specify one long-term averaging option, either PERIOD or ANNUAL 
average. 

295 Invalid Averaging Period Specified for the SCREEN Mode. The SCREEN mode of 
AERMOD can only be used with I-hour averages. 

298 Error Allocating Storage for Setup Arrays. An error occurred while allocating storage 
for the setup arrays, indicating that there is insufficient memory available on the 
computer for the model to run. Try closing other applications and/or reducing the size 
of the run. An estimate of memory requirements is provided on the first page of the 
output file. 

299 Error Allocating Storage for Result Arrays. An error occurred while allocating storage 
for the result arrays, indicating that there is insufficient memory available on the 
computer for the model to run. Try closing other applications and/or reducing the size 
of the run. An estimate of memory requirements is provided on the first page of the 
output file. 

SETUP DATA AND QUALITY ASSURANCE PROCESSING, 300-399 

This type of message indicates problems with the actual values of the parameter data 

on the input run stream image. The basic structure and syntax of the input card is correct, but 

one or more of the inputs is invalid or suspicious. These messages include quality assurance 

checks on various model inputs. Typical messages will tell the consistency of parameters and 

data for the setup and run of the model. If a fatal error of this kind is detected in a run stream 

image, a fatal error message is written to the message file and any attempt to process data is 

prohibited. If a warning occurs, data mayor may not be processed, depending on the 

processing requirements specified within the run stream input data. 

300 Specified Source ID Has Not Been Defined Yet. The message indicates that the user 
attempts to use a source ID on a keyword before defining this source ID on a SO 
LOCA TION card. It could indicate an error in specifying the source ID, an omission 
of a LOCATION card, or an error in the order of inputs. 

310 Attempt to Define Duplicate LOCATION Card for Source. There can be only one 
LOCATION card for each source ID specified. The source ID is included with the 
message. 
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313 Attempt to Define Duplicate EVENTPER Card for the specified EVENT. There can be 
only one EVENTPER card for each EVENT specified. The EVENT name is included 
with the message. 

315 Attempt to Define Duplicate SRCP ARAM Card for Source. There can be only one 
SRCPARAM card for each source ID specified. The source ID is included with the 
message. 

319 No Sources Included in the Specified Source Group. This is a non-fatal warning 
message indicating that a source group has been defined that does not include any 
sources. The source group ID is provided. 

320 Source Parameter May Be Out-of-Range for Parameter. The value of one of the source 
parameters may be either too large or too small. The name of the parameter is provided 
with the message. Use the line number provided to locate the card in question. 

325 Negative Exit Velocity (Set=1.OE-5) for Source ID. The exit velocity for the specified 
source ID was input as a negative value. Since the model currently cannot handle 
sources with downward momentum, the exit velocity is set to a very small value 
(1.OE-5 m/s) and modeling proceeds. This non-fatal message is generated to warn the 
user that the input may be in error. 

330 Mass Fraction Parameters Do Not Sum to ]. (within +/- 2 percent) for a particular 
source. 

332 Mass Fraction Parameter Out-of-Range for a particular source. Must be between 0.0 
and 1.0, inclusive. 

334 Particle Density Out-of-Range for a particular source. Must be greater than 0.0. 

340 Possible error in the PROFBASE input. The value input as the base elevation (above 
MSL) for the potential temperature file is less than zero. 

342 Source ID Mismatch in the Hourly Emissions File. The source ID read from the hourly 
emissions file does not match what is expected based on the SO HOUREMIS card. A 
source ID and/or date may be out of order or missing in the hourly emissions file. The 
source ID read from the file is provided with the error message. 

344 Hourly Emission Rate is Zero. The emission rate read from the hourly emission file is 
zero for the specified date. This is written as an informational message, and does not 
halt processing of the data. 

350 Julian Day Out Of Range. This error occurs if the Julian Day selected is less than zero 
or greater than 366. Check ME setup to ensure the Julian Day selection. 
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352 Missing Field on MUL TYEAR Card for Pre-1997 PM10. When using the 
MULTYEAR card for pre-1997 PMI0 processing, the keyword 'H6H' must be 
specified. 

353 MUL TYEAR Card for PM 1 0 Processing Applies Only for Pre-1997 Applications. Use 
High-Fourth-High for Post-1997 PMIO Processing. 

354 High-Fourth-High Only Required for Post-1997 PMlO Processing with the 
RECTABLE Card. 

360 2-digit Year Specified. Valid for the range 1950-2049. Four-digit years are valid for 
the entire range of Gregorian dates, but two digit years are accepted. 

363 24-Hr and ANNUAL Averages Only are Allowed for Post-1997 PMI0 Processing on 
the A VERTIME Card. 

365 Year Input is Greater than 2147. A four-digit year greater than 2147 has been input to 
the model, which will cause an integer overflow. 

370 Invalid Date: 2/29 In a Non-leap Year. The year has been identified as a non-leap year, 
and a date of 2129 (February 29) has been specified on the DA YRANGE card. Check 
the year and/or the date specification. 

380 This Input Variable is Out-of-Range. The indicated value may be too large or too 
small. Use the line number to locate the card in question, and check the variable for a 
possible error. 

381 Latitude in the Surface File is Not Valid. The latitude is read from the header record of 
the surface/scalar meteorological data file. If the value is not within the valid range of 
o to 90 degrees, then this error message is generated. 

382 Error Decoding Latitude in the Surface File. The latitude is read from the header 
record of the surface/scalar meteorological data tile. An error occurred trying to 
decode the latitude indicating a potential problem with the surface tile. 

385 Averaging period does not equal I-hour averages for the TOXXFILE option for the 
AERMOD model. The AERMOD model will generate TOXXFILE outputs for other 
averaging periods, but the TOXX model component of TOXST currently supports only 
the I-hour averages. This is a non-fatal warning message. 

390 Averaging period specified on the EVENTPER card for EVENT processing must be 
less than or equal to 24. 

391 Aspect ratio (length/width) of an area source is greater than 10. The area source 
algorithm in the AERMOD model allows for specifying area sources as elongated 
rectangles, however, if the aspect ratio exceeds lOa warning message will be printed 
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out. The user should subdivide the area so that each subarea has an aspect ratio ofless 
than 10. 

392 Error Decoding Latitude. The latitude is read from the header record of the 
surface/scalar meteorological data file. The value of the latitude should be followed by 
an 'N' or an'S' for the northern or southern hemispheres. If the value cannot be 
decoded properly, then this error message is generate. 

395 Met. Data Error; Incompatible Version of AElUvIET. Based on the version date given 
in the header record of the surface meteorological data file, the meteorological data 
were generated by an older, incompatible version of AERMET. 

396 Met. Data Generated by Older Version of AERMET. Based on the version date given 
in the header record of the surface meteorological data file, the meteorological data 
were generated by an older version of AERMET. The data may be compatible with the 
current version of AERMOD, but should be updated with the current version of 
AERMET. 

RUNTIJV!E MESSAGE PROCESSING, 400-499 

This type of message is generated during the model run. Setup processing has been 

completed successfully, and the message is generated during the performance of model 

calculations. Typical messages will tell the information and error during the model run. If a 

fatal error of this kind is detected during model execution, a fatal error message is written to 

the message file and any further processing of the data is prohibited. The rest of the 

meteorological data file will be read and quality assurance checked to identify additional 

errors. If a warning occurs, data mayor may not be processed, depending on the processing 

requirements specified within the run stream input data. 

405 The Value ofPHEE Exceeds 1.0. If the value ofPHEE, the fraction of the plume 
material below Rcrit, is greater than 1.0, then this informational message is generated. 
The value ofPHEE is then set to 1.0 for the specified date. 

406 Increase NVMAX for complex AREAPOLY source. The number of vertices for an 
AREAPOLY source exceeds the value of NVMAX, initially set to 20. 

410 Flow Vector Out-of-Range. The flow vector must be between 0 and 360 degrees, 
inclusive. The date of occurrence is provided with the message (in the form of year, 
month, day, hour as YYMMDDHH) 
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413 Number of Threshold Violation Events> 9999 for the Specified Averaging Period. 
This will result in duplicate event names being written to the EVENTFIL file. The 
duplicate events will have to be segregated before running the model in the EVENT 
processing mode. 

420 Wind Speed Out-of-Range. The wind speed value may be either too large or too small. 
An error is generated if the speed is less than 0.0, and a warning is generated if the 
speed is greater than 30.0 m/s. The date of occurrence is provided with the message (in 
the form of year, month, day, hour as YYMMDDHH). 

430 Ambient Temperature Data Out-of-Range. The ambient temperature value may be 
either too large or too small. A warning is generated if the temperature is less than 
220.0 K or greater than 330 K. The date of occurrence is provided with the message 
(in the form of year, month, day, hour as YYMMDDHH). 

432 Surface Friction Velocity Out-of-Range. The surface friction velocity may by too 
large. A warning is generated if the surface fri cti on vel oci ty is greater than 1.5 m/ s. 
The date of occurrence is provided with the message (in the form of year, month, day, 
hour as YYM1vIDDHH). 

435 Surface Roughness Length Out-of-Range. A warning is generated if the surface 
friction velocity is less than 0.001 meters, and the value is set to 0.001 meters to avoid 
a divide by zero. The date of occurrence is provided with the message (in the form of 
year, month, day, hour as YYMMDDHH). 

438 Convective Velocity Scale Out-of-Range. The convective velocity scale may by too 
large. A warning is generated if the convective velocity scale is greater than 3.0 m/s. 
The date of occurrence is provided with the message (in the form of year, month, day, 
hour as YYM1vIDDHH). 

440 Calm Hour Identified in Meteorology Data File. This message is generated if a calm 
hour is identified, and provides the date of occurrence (in the form of year, month, day, 
hour as YYMMDDHH). A calm hour is identified by a reference wind speed of 0.0 
m/s in the surface meteorological data file. 

450 Error in Meteorology File - Record Out of Sequence. There is an error in the sequence 
of the hourly meteorological data file. The message also provides the date of 
occurrence (in the form of year, month, day, hour as YYMMDDHH). 

455 Date/Time Mismatch on Hourly Emission File. There is mismatch in the date/time 
field between the meteorological data file and the hourly emission file. The message 
also provides the date of the occurrence from the surface/scalar file (in the form of 
year, month, day, hour as YYMMDDHH). 

456 Date/Time Mismatch on Scalar and Profile Data. There is mismatch in the date/time 
field between the surface/scalar and the profile meteorological data files. The message 
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also provides the date of the occurrence from the surface/scalar file (in the form of 
year, month, day, hour as YYMlVIDDHH). 

460 Missing Hour Identified in Meteorology Data File. At least one of the meteorological 
variables is missing or invalid for the hour specified (in the form of year, month, day, 
hour as YYMMDDHH). If the missing data processing option is not used, then this 
message will be generated and any further calculations with the data will be aborted. 
The model will continue to read through the meteorological data file and check the 
data. 

465 Number of Profile Levels Exceeds the Maximum. The profile meteorological data file 
includes more than the maximum number of levels, specified by the MXPL VL 
PARAMETER in MODULE MAIN1. The value ofMXPLVL is provided with the 
message. 

470 Mixing Height Value is Less Than or Equal to 0.0. This is an informational message 
that may indicate an error in the meteorological data file. The message includes the 
hour of occurrence (in the form of year, month, day, hour as YYlVIMDDHH). 

475 The Reference Height is Higher than 100 m. The reference height is read from the 
surface/scalar meteorological data file. This warning message is generated if the 
reference height is higher than 100 meters. Since data for the reference height are used 
in surface layer similarity profiles, the reference height should be within the surface 
layer (between about 7 and 100 times the surface roughness length). 

480 Less Than 1 Year Found for ANNUAL Averages. The input meteorological data file 
consists of less than a full year of data. The ANNUAL average requires that a full year 
of data or multiple years be available. 

485 Data Remaining After End of Year. The ANNUAL average requires full years of input 
data (not necessarily calendar years), and there are data remaining after the end of the 
year. The number of hours remaining is specified. 

487 User-specified Start Date on STARTEND card is Earlier Than Start Date of Data File 
with the ANNUAL average or post-1997 PM]O processing option. 

INPUT/OUTPUT MESSAGE PROCESSING, 500-599 

This type of message is generated during the model input and output. Typical messages 

will tell the type of I/O operation (e.g., opening, reading or writing to a file), and the type of 

file. If a fatal error of this kind is detected in a runstream image, a fatal error message is 

written to the message file and any attempt to process data is prohibited. If a warning occurs, 
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data mayor may not be processed, depending on the processing requirements specified within 

the run stream input data. 

500 Fatal Error Occurs During Opening of the Data File. The file specified can not be 
opened properly. This may be the run stream file itself, the meteorological data file, or 
one of the special purpose output files. This may happen when the file called is not in 
the specified path, or an illegal filename is specified. If no errors are found in the 
filename specification, then this message may also indicate that there is not enough 
memory available to run the program, since opening a file causes a buffer to be opened 
which takes up additional memory in RAM. For the special purpose output files, the 
hint field includes character string identifying the type of file and the file unit number, 
e.g., 'PLTFL312'. 

510 Fatal Error Occurs During Reading of the File. File is missing, incorrect file type, or 
illegal data field encountered. Check the indicated file for possible problems. As with 
error number 500, this message may also indicate that there is not enough memory 
available to run the program if no other source of the problem can be identified. 

520 Fatal Error Occurs During Writing to the File. Similar to message 510, except that it 
occurs during a write operation. 

530 CAUTION! Met. Station ID Mismatch with SURFFILE for SURFDATA, 
UAIRDATA or SITEDATA. The surface, upper air, or optional on-site station ID 
numbers specified on the ~IE pathway do not agree with the values on the first record 
of the surface meteorological data file. This is a non-fatal warning message, but the 
input data should be checked carefully to ensure that the correct data file has been used. 

540 No RECTABLEIMAXTABLEIDAYTABLE for Averaging Period. No printed output 
options selected for a particular averaging period. This is a non-fatal warning 
condition for the AERMOD model. 

550 File UnitlName Conflict for the Output Option. This error indicates that a problem 
exists with the filename and file unit specification for one of the special purpose output 
files. The associated keyword is provided as a hint. The same filename may have been 
used for more than one file unit, or vice versa. 

560 User Specified File Unit Less Than or Equal to 25 for OU Keyword. A file unit ofless 
than or equal to 25 has been specified for the indicated special purpose output files. 
This is a fatal error condition. File units of less than or equal to 25 are reserved for 
system files. Specify a unit number in the range of 26 to 100. 

565 Possible conflict With Dynamically Allocated FUNIT. A file unit specified for the 
indicated special purpose output files is in the range> 100, and may therefore conflict 
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with file units dynamically allocated for special purpose files by the model. This is 
typically a non-fatal warning condition. 

570 Problem Reading Temporary Event File for Event. The AERMOD model stores high 
value events in a temporary file that is used to create the input file for EVENT 
processing, if requested, and also to store the high values for the summary tables at the 
end of the printed output file. A problem has been encountered reading this file, 
possibly because the concentration value was too large and overflowed the fixed format 
field ofF14.5. 

580 End-of-File Reached Trying to Read a Data File. The AERMOD model has 
encountered an end-of-file trying the read the indicated file. This may appear when 
trying to "re-start" a model run with the CO INITFILE card if there is an error with the 
initialization file. Check the data file for the correct filename. 
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APPENDIX D. DESCRIPTION OF FILE FORMATS 

D.I AERMET :METEOROLOGICAL DATA 

Two files are produced for input to the AERMOD dispersion model by the AERMET 

meteorological preprocessor. The surface OUTPUT contains observed and calculated surface 

variables, one record per hour. The PROFILE file contains the observations made at each level of 

an on-site tower, or the one level observations taken from NWS data, one record per level per 

hour. The contents and format of each of these files is described below: 

SURF ACE OUTPUT 

Header record: 

READ( ) latitude, longitude, UA ident?fier, SF identifier, as identifier, Version 

FORMAT (2(2X,A8),8X,' UA_ID: ',A8,' SF _ID: ',A8,' OS_ID: ',A8, 
5X,'VERSION: ',IS) 

where latitude 

longitude 

latitude specified in Stage 3 of AERMET 

longitude specified in Stage 3 of AERMET 

UA identifier station identifier for upper air data; usually the WBAN 
number used to extract the data from an archive data set 

SF identifier 

as identifier 

Version 

Data records: 

station identifier for hourly surface observations; usually the 
WBAN number used in extracting the data 

on-site identifier 

version date of AERMET used to generate file 

READ() year, month, day,jday, hour, H, U*, W*, VPTG, Zie' Zim' L, ZO' Eo, 1', W" Web Zreft 

temp, Ztemp 

FORMAT (3(I2, IX), 13, IX, 12, IX, F6.1, IX, 2(F6.3,lX), F5.0, IX, F8.I,lX, F5.2,lX, 
2(F6.2,lX), F7.2,lX, F5.0, 3(1X,F6.1)) 

Julian date 
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H 

u* 

w* 

VPIG 

L 

r 

temp 

sensible heat flux (W/m2) 

surface friction velocity (m/s) 

convective velocity scale (m/s) 

vertical potential temperature gradient in the 500 m layer above 
PBL 

height of convectively-generated boundary layer (m) 

height of mechanically-generated boundary layer (m) 

Monin-Obukhov length (m) 

surface roughness length (m) 

Bowen ratio 

Albedo 

wind speed (m/s) 

wind direction (degrees) 

reference height for W, and Wd (m) 

temperature (K) 

reference height for temp (m) 

The sensible heat flux, Bowen ratio and albedo are not used by AERMOD, but are passed through 

by AERMET for information purposes only. 

PROFILE 

READ() year, month, day, hour, height, top, WDnn, WSnn, TTnn, SAnn, SWnn 

FORMAT (4(I2,lX), F6.1,lX, Il,lX, F5.0,lX, F7.2,lX, F7.1, lX,F6.1, lX,F7.2) 

where height 

top 

WDnn 

WSnn 

TTnn 

SAnn 

SWnn 

measurement height (m) 

1, if this is the last (highest) level for this hour, or 0 otherwise 

wind direction at the current level (degrees) 

wind speed at the current level (m/s) 

temperature at the current level (Oe) 

as (degrees) 

Ow (m/s) 
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D.2 THRESHOLD VIOLATION FILES (MAXIFILE OPTION) 

The OU MAXIFILE card for the AERMOD model allows the user the option to generate a 

file or files of threshold violations for specific source group and averaging period combinations. 

The file consists of several header records, each identified with an asterisk (*) in column one. 

The header information includes the model name and version number, the first line of the title 

information for the run, the list of modeling option keywords applicable to the results, the 

averaging period and source group included in the file, and the threshold value. Any value equal 

to or exceeding the threshold value will be included in the file. The header also includes the 

format used for writing the data records, and column headers for the variables included in the file. 

The variables provided on each data record include the averaging period, the source group ID, the 

date (YThIMDDHH) for the end of averaging period, the X and Y coordinates of the receptor 

location, receptor terrain elevation, hill height scale, flagpole receptor height, and the 

concentration value that violated the threshold. The following example from a threshold file 

identifies the contents of the MAXIFILE: 

+ }\ERMOD (0::::222): j\ Slmple Ezample Problem for the j'\ERMOD Hodel \0ith PRII'1S 
+ t10DELING OPTIONS USED: 
* CONC FL}\T 

Ml'XI-FILE FOR 3-HR VALUES >~ ]\ THRESEOLII (IF 50. 0 
FOR SOURCE GROUP: .I\L L 

* FORtvIAT: (1X,13,lX,"1\8,lX, .8,2(1X,F13.5),3(lX,F7.2),lX,F13.) 
GRP D.I\TE X Y ZELEV ZHILL ZFL"I\G AVERAGE CONC 

3 }\"LL ··············88030112 
3 ALL 8803011:::: 
3 ALL 88030112 

492.40387 
164.44621 

······5:50 ······0:015 
0.00 0.00 

-59.85352 0.00 0.00 

D.3 POSTPROCESSOR FILES (POSTFILE OPTION) 

68.9::::943 
114.30801 

The OU POSTFILE card for the AERlVIOD model allows the user the option of creating 

output files of concurrent concentration values suitable for postprocessing. The model offers two 

options for the type of file generated - one is an unformatted file, and the other is a formatted file 

of X, Y, CONC values suitable for inputting to plotting programs. 
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The unformatted POSTFILE option generates a separate unformatted data record of 

concurrent values for each averaging period and source group specified. The averaging period 

and source group combinations may be written to separate files, or combined into a single file. 

Each record begins with the date variable for the end of the averaging period (an integer variable 

of the form YYMMDDHH), the averaging period (e.g., an integer value of 3 for 3-hour averages), 

and the source group ID (eight characters). Following these three header variables, the record 

includes the concentration values for each receptor location, in the order in which the receptors 

are defined on the RE pathway. The results are output to the unformatted file or files as they are 

calculated by the model. 

The formatted plot file option for the POSTFILE keyword includes several lines of header 

information, each identified with an asterisk (*) in column one. The header information includes 

the model name and version number, the first line of the title information for the run, the list of 

modeling option keywords applicable to the results, the averaging period and source group 

included in the file, and the number of receptors included. The header also includes the format 

used for writing the data records, and column headers for the variables included in the file. The 

variables provided on each data record include the X and Y coordinates of the receptor location, 

the concentration value for that location, receptor terrain elevation, hill height scale, flagpole 

receptor height, the averaging period, the source group ID, and the either the date variable for the 

end of the averaging period (in the form of YYM~IDDHH) for short term averages or the number 

of hours in the period for PERIOD averages. The following example from a formatted 

postprocessor file for PERIOD averages identifies the contents of the POSTFILE: 

* AERr~OD (02222): A Simple Example Problem for the AERr~OD l~odel with PRIME 
* MODELING OPTIONS USED: 
* CONC FLAT 

POST/PLOT FILE OF PERIOD VALUES FOR SOURCE GROUP: ALL 
FOR A TOTAL OF 144 RECEPTORS. 
FORl'lAT: (3(lX,F13.5) ,3(lX,F8.2) ,2X,A6,2X,A8,2X,I8.8,2X,A8) 

X Y AVERAGE CONC ZELEV ZHILL ZFLAG 

------ ----- ------

30.38843 172.34135 0.12122 0.00 0.00 0.00 
60.77686 344.68271 0.40298 0.00 0.00 0.00 
86.82409 492.40387 0.72628 0.00 0.00 0.00 

173.64818 984.80774 1.19873 0.00 0.00 0.00 
59.85352 164.44621 0.12341 0.00 0.00 0.00 

119.70705 328.89243 0.54534 0.00 0.00 0.00 
171. 01007 469.84631 1.15766 0.00 0.00 0.00 
342.02014 939.69263 2.35508 0.00 0.00 0.00 

87.50000 151.55444 0.12574 0.00 0.00 0.00 
175.00000 303.10889 0.51807 0.00 0.00 0.00 
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PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 
PERIOD 

GRP NUM HRS NET ID 

---- ---- ----

ALL 00000096 POLl 
ALL 00000096 POLl 
ALL 00000096 POLl 
ALL 00000096 POLl 
.'ILL 00000096 POLl 
ALL 00000096 POLl 
ALL 00000096 POLl 
ALL 00000096 POLl 
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D.4 HIGH VALUE RESULTS FOR PLOTTING (PLOTFILE OPTION) 

The OU PLOTFILE card for the AERMOD model allows the user the option of creating 

output files of highest concentration values suitable for importing into graphics software to 

generate contour plots. The formatted plot files generated by the PLOTFILE include several lines 

of header information, each identified with an asterisk (*) in column one. The header information 

includes the model name and version number, the first line of the title information for the run, the 

list of modeling option keywords applicable to the results, the averaging period and source group 

included in the file, the high value (e.g. 2ND highest) included for plotting, and the number of 

receptors included. The header also includes the format used for writing the data records, and 

column headers for the variables included in the file. The variables provided on each data record 

include the X and Y coordinates of the receptor location, the concentration value for that location, 

receptor terrain elevation, hill height scale, flagpole receptor height, averaging period, the source 

group ID, and either the high value included for short term averages or the number of hours in the 

period for PERIOD averages. For short term averages, the PLOTFILE also includes the date 

variable for the end of the averaging period (in the form of YYMMDDHH). The PERIOD 

average PLOTFILE uses the same format for the data records as the PERIOD average formatted 

POSTFILE shown in the previous section. The following example from a plot file for high 

second highest 24-hour averages identifies the contents of the PLOTFILE: 

* AERMOD (02222) 1-\ Example Problem [or the AERMOD Model with PRIME 
* MODELING OPTIONS 

CONe FLAT 
PLOT FILE OF HIGH 24 -HR VALUES FOR SOURCE GROUP: ALL 
FOR A 

EX,AS) 
X ZFLAG AVE GRP HIVAL NET ID 

----- ----- ----
30.38843 172.34135 0.20960 0.00 0.00 0.00 24 -HR ALL 2ND POLl 
60.77686 344.6827J 0.53718 0.00 0.00 0.00 24 -HR ALL 2ND POLl 
86.82409 492.40387 0.92291 0.00 0.00 0.00 24 -HR 1-\LL 2ND POLl 

173.64818 984.80774 0.95650 0.00 0" 00 0.00 24 --HR ALL 2ND POL] 
59.85352 164.44621 0.19456 0.00 0.00 0.00 24 -HR l"l.LL 2ND POLl 

119.70705 328.89243 0.53717 0.00 0.00 0.00 24 -HR ALL 2ND POLl 
171.01007 469.8463J 0.92291 0.00 0.00 0.00 24 -HR ALL 2ND POLl 
342.02014 939.69263 0.95650 0.00 0.00 0.00 24 -HR ALL 2ND POLl 

87.50000 151.55444 0.19213 0.00 0.00 0.00 24 --HR ALL 2ND POLJ 
175.00000 303.10889 0.53711 0.00 0.00 0.00 24 -HR l"l.LL 2ND POLl 

The PLOTFILE output also includes a flag ('**') identifying the receptor with the highest 

concentration. For short term averages, the flag precedes the date field. For period averages, the 
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flag precedes the field with the number of hours in the period. 

D.5 TOXX MODEL INPUT FILES (TOXXFILE OPTION) 

The OU TOXXFILE card for the AERMOD model allows the user the option to generate 

an unformatted file or files of threshold violations for a specific averaging period for use with the 

TOXX model component of TOXST. The file consists of three header records, including the first 

line of the title information for the run, the number of source groups, receptors and averaging 

periods, information on the type of receptor network, and the threshold cutoff value. Following 

the header records are pairs of records identifying the specific averaging period, source group and 

receptor location and corresponding concentration value for the values exceeding the user

specified threshold. If any source group exceeds the threshold for a given averaging period and 

receptor location, then the concentrations for all source groups are output for that period and 

receptor. The structure of the unformatted file for the AERMOD model TOXXFILE option is 

described below: 

Record # Description 

1 Title (80 characters) 
2 IYEAR, NUMGRP, NUMREC, NUMPER, ITAB, NXTOX, NYTOX, IDUMl, 

IDUM2, IDUM3 
3 CUTOFF, RDUMl, ... , RDUM9 

where: TITLE = First line oftitle (80 characters) 
IYEAR = Year of simulation 
NUMGRP = No. of source groups 
NUMREC = Total no. of receptors 
N1Jl\!IPER = No. of averaging periods (e.g., number of hours in the year) 
IT AB = 1 for polar grid; 2 for Cartesian grid; 0 for discrete receptors or 

mixed grids 
NXTOX = No. of x-coordinates (or distances) in receptor network 
NYTOX = No. ofy-coordinates (or directions) in receptor network 
IDUMl, IDUM2, IDUM3 = dummy integer variables, arbitrarily set equal to zero 
CUTOFF = User-specified threshold for outputting results (g/m3) 
RDUMl, ... , RDUM9 = Dummy real variables (nine) arbitrarily set equal to zero 

Following the header records, the file consists of pairs of records including an ID variable 
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identifying the data period, source group number and receptor number, and the corresponding 

concentration values. The number of values included in each record is controlled by the NPAIR 

PARAMETER, which is initially set at LOO in MODULE MAINl. The identification variable is 

determined as follows: 

where: 

IDCONC = IPER *] 00000 + IGRP*] 000 + IREC 

IPER = the hour number for the year corresponding to the concentration value 
IGRP = the source group number (the order in which the group was defined on 

the SO pathway) 
IREC = the receptor number (the order in which the receptor was defined on the 

RE pathway) 

D.6 MAXIMUM VALUES BY RANK (RANKFILE OPTION) 

The OU RANKFILE card for the AERMOD model allows the user the option of creating 

output files of the maximum concentration values by rank, suitable for generating Q-Q or quantile 

plots. The data contained in the RANKFILE output is based on the MAXT ABLE arrays, except 

that only one occurrence per data period is included. The formatted data files generated by the 

RANKFILE include several lines of header information, each identified with an asterisk (*) in 

column one. The header information includes the model name and version number, the first line 

of the title information for the run, the list of modeling option keywords applicable to the results, 

the averaging period included in the file, and the number of ranked values included. The header 

also includes the format used for writing the data records, and column headers for the variables 

included in the file. The variables provided on each data record include the rank, concentration 

value, X and Y coordinates of the receptor location, receptor terrain elevation, hill height scale, 

flagpole receptor height, and the source group ID. Each RANKFILE includes results for all of the 

source groups for a particular averaging period. Since the RANKFILE only include one 

occurrence per data period, the file may not include the number of ranked values requested, 

especially for evaluation data bases of limited duration. The following example identifies the 

contents of the RANKFILE: 
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k AERHOD (02222): A Simple Example Problem 
* lVIOIJELING OPTICNS USED: 

th e P,ERMOD Hode 1 Hi t h PRIHE 

CONC FLAT 
RANr:-FILE OF UP TO 4 TOP 3-HR VALUES FOR 1 SOURCE GROUPS 
INCLUDES OVERALL t1AXIH(JH VALUES T~TITH DUPLICP,TE DATA PERIODS REHOVED 
FORHi'\T: (lX,I3,lX,F13. ,lX,18.8,2(lX,F13.5),3(lX,F7.2),2X,i\8) 

*RIlu"fK AVEPv"cGE CONC DATE X ZELEV ZHILL ZFLAG GRP 

-1- ------ ---- ------ ------- -----

335.81046 8803011':' 433.01270 -250.00000 0.00 0.00 0.00 ALL 
2 329.29599 88030115 469.84631 -In.lll0[n o. [J l1. II [J • [Jll ALL 
3 95577 88030118 433. 1270 -250.00000 0 0.0 0.00 ;:\LL 
4 71.34813 8803031':' 433. 1270 -250.00000 o. 0 0.0 0.00 ALL 
5 5.24860 88030:15 342.02014 939.69263 o. 0 0.0 0.00 i\LL 

D.7 ARC-~IAXIMUM VALUES FOR EVALUATION (EVALFILE OPTION) 

The OU EV ALFILE card for the AERMOD model allows the user the option of creating 

output files of the arc-maximum concentration values for individual sources suitable for use in 

model evaluation studies. The data contained in the EV ALFILE output is based on the maximum 

value along arcs of receptors, identified using the RE EV ALCART card. Receptors may be 

grouped on arcs based on their distance from the source, or other logical grouping. The formatted 

EV ALFILE output includes five records of information for each selected source and each hour of 

meteorological data. The information provided is as follows: 

Record 1: 

Record 2: 

Record 3: 

Source ID (eight characters) 
Date variable (YYlVIMDDHH) 
Arc ID (eight characters) 
Arc maximum xlQ 
Emission rate for arc maximum (including unit conversions) 
Crosswind integrated concentration based on true centerline concentration 
Normalized non-dimensional crosswind integrated concentration 

Downwind distance corresponding to arc maximum (m) 
Effective wind speed corresponding to arc maximum (m/s) 
Effective 0v corresponding to arc maximum (m/s) 
Effective Ow corresponding to arc maximum (m/s) 
0y corresponding to arc maximum (m) 
Effective plume height corresponding to arc maximum (m) 

Monin-Obukhov length for current hour (m) 
Mixing height for current hour (m) 
Surface friction velocity for current hour (m/s) 
Convective velocity scale for current hour if unstable (m/s), or 

0z for current hour if stable (m) 
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Record 4: 

Record 5: 

Buoyancy flux for current hour (m4/s3) 
Momentum flux for current hour (m4/s2) 

Bowen ratio for current hour 
Plume penetration factor for current hour 
Centerline X/Q for direct plume 
Centerline X/Q for indirect plume 
Centerline X/Q for penetrated plume 
Nondimensional downwind distance 

Plume height/mixing height ratio 
Non-dimensional buoyancy flux 
Source release height (m) 
Arc centerline X/Q 
Developmental option settings place holder (string of 10 zeroes) 
Flow vector for current hour (degrees) 
Effective height for stable plume reflections (m) 

The following Fortran WRITE and FORMAT statements are used to write the results to the 

EV ALFILE output: 

WRITE (IELUNT (ISRC) ,9000) SRCID(ISRC), KURDAT, ARCID(I) , 
& ARCMAX(I) , QMAX(I) , CWIC, CWICN, 
& DXMAX(I) , UOUT, SVMAX(I) , 
& SWMAX(I) , SYOUT, HEMAX(I) , 
& OBULEN, ZI, USTAR, PWSTAR, FB, FM, 
& BOWEN, PPF, CHIDML(I) , CHINML(I) , CHI3ML(I) , 
& XNDIM, HEOZI, FSTAR, AHS(ISRC), ARCCL(I) , 
& AFV, HSBLMX(I) 

9000 FORMAT(lX,A8,lX,I8,lX,A8 4(lX,G12.6), 
& /,9X,6(lX,G12.4), ,9X,6(lX,G12.4), 
& /,9X,6(lX,G12.4), ,9X,4(lX,G12.4),lX,'0000000000', 
& lX,G12.4,lX,G12.4 

D.S RESULTS BY SEASON AND HOUR-OF-DAY (SEASONHR OPTION) 

The SEASONHR option is used to output a file containing the average results by season 

and hour-of-day. The formatted data files generated by the SEASONHR option include several 

lines of header information, each identified with an asterisk (*) in column one. The header 

information includes the model name and version number, the first line of the title information for 

the run, the list of modeling option keywords applicable to the results, the source group included 

in the file, and the number of receptors. The header also includes the format used for writing the 
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data records, and column headers for the variables included in the file. The variables provided on 

each data record include the X and Y coordinates of the receptor location, the average 

concentration value, receptor terrain elevation, hill height scale, flagpole receptor height, source 

group ID, number of non-calm and non-missing hours used to calculate the season-by-hour-of

day averages (the NHRS column), season index (the SEAS column with 1 for winter, 2 for spring, 

3 for summer, and 4 for fall), and the hour-of-day for the concentration value. A sample from a 

SEASONHR output file is shown below: 

* AERHOD (02222): A Simple Example Pr0blem for the AERNOD Hodel with PRINE 
* HODELING OPTIONS USED: 

CONC 

x 

F'L.iIT 
FILE OF SEASON/HOUE V.iILUE:C3 FOR :C30U[{CE GEOUP: )'1LL 
FOR A TOTAL OF' 144 EECEPTO[{S. 
FORH}I.T: (2 (lX, F13. 5) ,1 (lX, F13. 8) , (lX,F7.2),2X,AB,2X,3(I4,2X),A8) 

Y .Zl.VERlI.GE CONC ZELEV ZHILL ZFLAG GRP NHRS SEAS HOUR NET 10 

30.38843 172.34135 0.01390196 0.00 0.00 0.00 ALL 4 2 1 POLl 
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APPENDIXE. 

QUICK REFERENCE FOR AERMOD 

CO Ke~::/v10rd,- Type Parameters 

TITLEONE 

TITLETVfO 

HODELOPT 

AVERTH1E 

URBAI'IOPT 

PCILLUTID 

W\LFLIFS 

DC,",YCClEF 

FLAGPOLE 

RUNORNOT 

EVENTFIL 

SAVE FILE 

INITFILE 

HULTYEJ\R 

DEBUGOPT 

ERRORE'IL 

ELEVUNIT 

LOCATION 

SRCPARAH 

BTJILDHGT 

BUILDvUD 

XBAD,J 

AREAVERT 

URBANSRC 

EHI SFJ\CT 

EHISUNIT 

HClUREJvII S 

INCLUDED 

I SRCGRClUP 

]vI-N T it Ie} 

O-N Tit le2 

jvj-]\J 

]vI-N Timel Time2 Time3 Time4 HONTH PERIOD }'u'l]\JUJ\L 

O-]\J UrbPop (UrbName) (UrbRouCJhnes s) 

H-]\J Pollut 

O-N Haflif 

O-N Decay 

O-N 

]vI-N 

O-N (EvEle) (Evopt) 

O-N (SavEl) (Dayinc) (Savfl2 ) 

O-N (Inifil) 

O-]\J HoH Savfil (Inifil) 

O-N MODEL (Dbqfil) and/or JvlETEOR (Dbmfil) 

O-]\J (EnEl) 

O-]\J IvlETERS or FEET 

H-R Srcid Srctyp XS Ys (Zs) (Srctyp ~ POINT, VClLUHE, or ",",REF") 

]vI-R I Srcid ptemis SU:hCJt 
Vlemis Re1lK]t 
Fxmnis RelhCjt 

:ktl Stkvel Stkdia (POINT Source) 
(VOLUHE Source) 

(Yinit) 
(Szinit) 
(Nverts) 

(l\n<;rlE3) (Szinit) (fu-qE}':l~ 

(F\RE}\POLY Aremis Relhgt Nverts 
Aremis RelhCJt Radius (Szin; t) (AREACIRC 

C)-E Srcicl (Dr Srcrng) [Isbh(i) ,i=l,Nsec 

O-R Srcid (or Srcrng) Dsbw(i) ,i~l,Nsec 

O-R Srcid (or Srcrng) Xbadj (i) f i=l,Nsec 

O-R I Srcid (or Srcrng) Ybadj (i) ,i=l,Nsec 

O-R Srcid Xv (1 ) Yv (1 ) Xv(2) Yv(2) Xv(i) Yv(i) 

O-R ISrcid's and/or SrcrnCj's 

O-R Srcid (Dr SrcrnCJ) Qflag Qfact(i).i~l,Nqf 

O-]\J Emifac Emilbl Conlbl 

O-R Emifil Srcid's Srcrng's 

O-R Inctil 

M-R IGrpid Srcid's Srcrng's 

SourCE3 
source 
source 

Type: l'vl - IVlanda tory 
o Optional 

]\J - ]\Jon-repeatable 
R - Repeatable 

E-l 

Section 

3.2.1 

3.2.1 

3.::::.2 

3.2.3 

3.::::.4 

3.2.5 

3.2.6 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

3.2. ]C) 

3.:: .lll 

.2.11 

3.2.13 

3.2.14 

Section 

3.3 

3.3.1 

3.3. :: 

3.3.3 

3.3.3 

3.:1.:1 

3.3.3 

3.3.2 

3.3.4 

3.3. 

3.3.6 

3.3.9 

3.3.10 

3.3.11 
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RE Ke~rv10rds Type Parameters 

ELEVUNIT 

GRIDCJ\RT 

GRILJPOLl< 

DISCCART 

EVJ\LCJ\RT 

DISCPOLR 

INCLUDED 

O-N HETERS or FEET 

O-R Netid STJ\ 
XYINC Xinit Xnum Xdel a Yinit Ynum Ydelta, 

or XPNTS Gridxl Gridx2 Gr dx:1 ... GridzN, and 
YPNTS Gridy1 Gridy:::: Gr dy3 ... GridyN 
ELEV Row Ze1evl Zelev2 Ze1ev3 Ze1evN 
HILL Rmv Zhil11 Zhil12 Zhil13 ZhillN 
FL]\D Row Zf1a91 Zf1ag2 Zf1a93 Zfla9N 
END 

O-R Netid STJ, 
CllUG 

or ORIG 
Xinit 
Srcid 

Yinit, 

O-R Xcoord 

O-R Xcoord 

O-R Srcid 

O-R Incfil 

DIST 
DDIR Di 

Dirnum Dirini Dirinc 

RinqN 
DirN, 

HILL 
FLF~G 

END 

Rad Zelevl Zelev: Zelev3 
Rad Zhi111 Zhil12 Zhi11:1 
Rad Zfla91 Zfla92 Zfla93 

Ycoord (Ze1ev Zhill ) (Zf lag) 

ZE31evN 
ZhillN 
Zfla9N 

Ycoord Zelev Zhill Zflag Arcid (Name) 

Range Direct (Zelev Zhill) (Zflag) 

Section 

3.4 

3.4.1 

3.4.1 

:1.4.:1 

3.4.3 

3.4.3 

3.4.4 

Note: ~\lhile all RE ke1ndords an3 optional, at least one recep1:or must be defined for each run. 

]\'[E KeY~7ords Type Parameters Section 

STJRFFILE }1-N Sfcfil (Format) 3. .1 

PROFFILE }1-N Protil (Format) 3.5.1 

STJRFDAT}" }1-N Stanum Yf3ar (Namf3) (Xcoord Ycoord) 3.5.2 

UAIRDATA M-N Stanum Year (Name) (Xcoord Ycoord) 3.5. :: 

SITEDAT}\ O-N Stanum Year (Name) (Xcoord Ycoord) :1. .2 

PROFBASE M-N BaseElev (Units) 3. .3 

STARTEND O-N Strtyr Strtmn Strtdy (Strthr) Endyr "_,ndmn Enddy ("_,ndhr) 3.5.4 

Dl\YPYU'~GE O-R Rangel Range: Range3 3.':1.4 

SCI}vlBYHR NReqStart NReqlnt NillTetStart NillTetlnt (SfcFilnam PflFilnam) 3. .7 
O-N 

C)-N Rotang 3.5.5 

IvHNDCATS :1. ':J. Ci 

EV Ke':Fv10rds 
Type Iparameters I s:~~~:n 
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OU Ke~r\/10rds Type Parameters 

RECTABLE O-R Fweper FIRST SECOND 

O-R }\veper )vIaxnum 

D}WTPJ3LE O-N Avper1 J\vper2 }\vper:1 Avper4 

l1!'LXIFILE O-R }\veper Grpid Thresh Filnam (Funit) 

PLOT FILE O-R Aveper Grpid Hivalu Filnam (Funit) 
Fweper Grpid Filnam (Funit) (PERIOD ANNLTAL ave) 

POSTFILE O-R A~\leper Grpid Format Filnam (Funit) 

RPu'lKFILE O-R Fweper Hinum Filnam (Funit) 

EV}\LFILE O-R Srcid Filnam (Funit) 

rOXXFILE O-R Aveper Cutoff Filnam (.Funit) 

SE}\SONHR O-R GroupID Filenam (Funit) 

EVENTOUT (/\pplies for EVENT processin9 only) 
)vI-N 

E-3 

Section 

:1.7.1 

:1.7.1 

3.7.1 

3.7.2 

3.7.2 
:1.7.2 

3.7. :: 

3.7.: 

3.7.2 

3.7.: 

3.7.3 
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GLOSSARY 

AERMAP -- AMSIEPA Regulatory Model (AERMOD) Terrain Preprocessor. 

AElUvIET -- AMSIEPA Regulatory Model (AERMOD) Meteorological Preprocessor. 

AERMOD -- AMSIEP A Regulatory Model. 

ASCII -- American Standard Code for Information Interchange, a standard set of codes used by 
computers and communication devices. Sometimes used to refer to files containing only 
such standard codes, without any application-specific codes such as might be present in a 
document tile from a word processor program. 

CD-144 Format -- Card Deck-144 data format available from NCDC for National Weather 
Service surface observations commonly used for dispersion models. Each record 
represents an 80-column "card image". 

CO -- COntrol, the 2-character pathway ID for input runstream images used to specify overall job 
control options. 

CO Pathway -- Collective term for the group of input run stream images used to specify the 
overall job control options, including titles, dispersion options, terrain options, etc. 

Directory -- A logical subdivision of a disk used to organize tiles stored on a disk. 

Dispersion Model -- A group of related mathematical algorithms used to estimate (model) the 
dispersion of pollutants in the atmosphere due to transport by the mean (average) wind 
and small scale turbulence. 

DOS -- Disk Operating System. Software that manages applications software and provides an 
interface between applications and the system hardware components, such as the disk 
drive, terminal, and keyboard. 

Echo of inputs -- By default, the AERMOD model will echo the input run stream images, 
character by character, into the main printed output tile. This serves as a record of the 
inputs as originally entered by the user, without any rounding of the numerical values. 
The echoing can be suppressed with the NO ECHO option. 

EOF -- End-of-File. 

EPA -- U. S. Environmental Protection Agency. 

Error message -- A message written by the model to the error/message tile whenever an error is 
encountered that will inhibit data processing. 
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Error/Message File -- A file used for storage of messages written by the model. 

EV -- EVent, the 2-character pathway ID for input runstream images used to specify event inputs 
for the Short Term EVENT model. 

EV Pathway -- Collective term for the group of input runstream images used to specify the event 
periods and location for the Short Term EVENT model. 

EVENT Processing -- An option in the AERMOD model specifically designed to provide source 
contribution (culpability) information for specific events of interest, e.g., design values or 
threshold violations. 

Extended Memory -- Additional memory on 80386 and 80486 PCs that allows programs to 
address memory beyond the 640 KB limit of DOS. Special software is required to utilize 
this extra memory. 

Fatal Error -- Any error which inhibits further processing of data by the model. Model continues 
to read input images to check for errors during setup, and will continue to read input 
meteorological data during calculation phase. 

Flow Vector -- The direction towards which the wind is blowing. 

GMT -- Greenwich Mean Time, the time at the 0° meridian. 

Informational Message -- Any message written to the error/message file that may be of interest to 
the user, but which have no direct bearing on the validity of the results, and do not affect 
processmg. 

Input Image -- User supplied input, read through the default input device, controlling the model 
options and data input. A single card or record from the input runstream file. Each input 
image consists of a pathway ID (may be blank indicating a continuation of the previous 
pathway), a keyword (may also be blank for continuation of a keyword), and possibly one 
or more parameter fields. 

Input Runstream File -- The basic input file to the AERMOD model controlling the modeling 
options, source data, receptor locations, meteorological data file specifications, and output 
options. Consists of a series of input images grouped into functional pathways. 

Julian Day -- The number of the day in the year, i.e., Julian Day = 1 for January 1 and 365 (or 366 
for leap years) for December 31. 

KB -- Kilobyte, 1000 bytes, a unit of storage on a disk 

Keyword -- The 8-character codes that follow immediately after the pathway ID in the input run 
stream data. 
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LST -- Local Standard Time. 

Math Co-processor -- A computer chip used to speed up floating point arithmetic in a personal 
computer. 

lVIB -- Megabyte, one million bytes, a unit of storage on a disk 

ME -- MEteorology, the 2-character pathway ID for input run stream images used to specify 
meteorological data options 

ME Pathway -- Collective term for the group of input run stream images used to specify the input 
meteorological data file and other meteorological variables, including the period to 
process from the meteorological file for the AERMOD model. 

Meteorological Data File -- Any file containing meteorological data, whether it be mixing 
heights, surface observations or on-site data. 

Missing Value -- Alphanumeric character(s) that represent breaks in the temporal or spatial record 
of an atmospheric variable. 

Mixing Height -- The depth through which atmospheric pollutants are typically mixed by 
dispersive processes. 

NCDC -- National Climatic Data Center, the federal agency responsible for distribution of the 
National Weather Service upper air, mixing height and surface observation data. 

NO ECHO -- Option to suppress echoing of the runstream input images to the main printed output 
file. 

NWS -- National Weather Service. 

On-site Data -- Data collected from a meteorological measurement program operated in the 
vicinity of the site to be modeled in the dispersion analysis. 

OU -- OUtput, the 2-character pathway ID for input run stream images used to specify output 
options. 

OU Pathway -- Collective term for the group of input run stream images used to specify the output 
options for a particular run. 

Overlay -- One or more subprograms that reside on disk and are loaded into memory only when 
needed. 

Pasquill Stability Categories -- A classification of the dispersive capacity of the atmosphere, 
originally defined using surface wind speed, solar insolation (daytime) and cloudiness 
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(nighttime). They have since been reinterpreted using various other meteorological 
variables. 

Pathway -- One of the six major functional divisions in the input run stream file for the AERMOD 
model. These are COntrol, SOurce, REceptor, lVIEteorology, EVent, and OUtput (see 
these entries in this section for a description). 

PC -- Personal Computer, a wide ranging class of computers designed for personal use, typically 
small enough to fit on a desktop. 

Quality Assessment -- Judgment of the quality of the data. 

Quality Assessment Check -- Determining if the reported value of a variable is reasonable (see 
also Range Check). 

Quality Assessment Message -- Message written to the error/message file when a data value is 
determined to be suspect. 

Quality Assessment Violation -- Occurrences when data values are determined to be suspect (see 
also Range Check Violation). 

RAM -- Random Access Memory on a personal computer. 

RAMMET -- Meteorological processor program used for regulatory applications capable of 
processing twice-daily mixing heights (TD-9689 format) and hourly surface weather 
observations (CD-144 format) for use in dispersion models such as AERMOD, CRSTER, 
lVIPTER and RAM. 

Range Check -- Determining if a variable falls within predefined upper and lower bounds. 

Range Check Violation -- Determination that the value of a variable is outside range defined by 
upper and lower bound values (see also Quality Assessment Violation). 

RE -- REceptor, the 2-character pathway ID for input run stream images used to specify receptor 
locations. 

RE Pathway -- Collective term for the group of input run stream images used to specify the 
receptor locations for a particular run. 

Regulatory Applications -- Dispersion modeling involving regulatory decision-making as 
described in the Guideline on Air Quality Models, which is published as Appendix W of 
40 CFR Part 51 (as revised). 

Regulatory Model -- A dispersion model that has been approved for use by the regulatory offices 
of the EPA, specifically one that is included in Appendix A of the Guideline on Air 
Quality Models, (as revised), such as the AERMOD model. 
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Runstream File -- Collectively, all input images required to process input options and input data 
for the AElUvIOD model. 

SCRAM -- Support Center for Regulatory Air Models - part of EPA's website on the internet, 
used by EPA for disseminating air quality dispersion models, modeling guidance, and 
related information. 

Secondary Keyword -- A descriptive alphabetical keyword used as a parameter for one of the 
main run stream keywords to specify a particular option. 

SO -- SOurce, the 2-character pathway ID for input run stream images used to specify input 
source parameters and source groups. 

SO Pathway -- Collective term for the group of input run stream images used to specify the source 
input parameters and source group information. 

Station Identification -- An integer or character string used to uniquely identify a station or site as 
provided in the upper air (TD-5600 and TD-6201), mixing height (TD-9689), and surface 
weather (CD-144 and TD-3280) data formats available from NCDC. There are no 
standard station numbers for on-site data or card image/screening data, and the user may 
include any integer string 

Subdirectory -- A directory below the root, or highest level, directory or another subdirectory, 
used for organization of files on a storage medium such as a PC hard disk. 

Surface Weather Observations -- A collection of atmospheric data on the state of the atmosphere 
as observed from the earth's surface. In the U.S. the National Weather Service collect 
these data on a regular basis at selected locations. 

Surface Roughness Length -- Height at which the wind speed extrapolated from a near-surface 
wind speed profile becomes zero. 

Syntax -- The order, structure and arrangement of the inputs that make of the input run stream file, 
specifically, the rules governing the placement of the various input elements including 
pathway IDs, keywords, and parameters. 

TD-1440 Format -- A format available from NCDC for summarizing NWS surface observations 
in an 80-column format; the CD-144 format is a subset of this format. This format has 
been superseded by the TD-3280 format. 

TD-3280 Format -- The current format available from NCDC for summarizing NWS surface 
weather observations in an elemental structure, i.e., observations of a single atmospheric 
variable are grouped together for a designated period of time. 

TD-5600 Format -- A format available from NCDC for reporting NWS upper air sounding data. 
This format has been superseded by the TD-6201 format. 
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TD-6201 Format -- The current format available from NCDC for reporting NWS upper air data. 
The file structure is essentially the same as the TD-5600 format except that there is more 
quality assurance information. 

TD-9689 Format -- The format available from NCDC for mixing heights estimated from morning 
upper air temperature and pressure data and hourly surface observations of temperature. 

Unformatted File -- A file written without the use of a FORTRAN FORMAT statement, 
sometimes referred to as a binary file. 

Upper Air Data (or soundings) -- Meteorological data obtained from balloon- borne 
instrumentation that provides information on pressure, temperature, humidity, and wind 
away from the surface of the earth. 

Vertical Potential Temperature Gradient -- The change of potential temperature with height, used 
in modeling the plume rise through a stable layer, and indicates the strength of the stable 
temperature inversion. A positive value means that potential temperature increases with 
height above ground and indicates a stable atmosphere. 

Warning Message -- A message written by the model to the error/message file whenever a 
problem arises that may reflect an erroneous condition, but does not inhibit further 
processmg. 
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APPENDIX "A" 

Trip Generath:m Table 

For purposes of this Table the.floor area shaH be the square footage confined by the 
outside surface of the exterior walls of a building, except for the square footage devoted to 

. vehicle parking, necessary interior driveways and ramps. 

LAND USE 

Automobile USfts: 

-Car Wash . 
"'Gas Station 
-Repair/Service . ' 
Car rental/Used car safes 
New car sales 

Banking USftS 

'Walk-in Bank 
*With Drive-through 

. ·Savings & Loan 
"'With DriveRthrough 

Shopping Center 
*less than 30,000 sq. ft. 

p.M. PEAK TRIPS PER HQUR 

110.0 per car wash 
. 3.6 per pump 

6.0 per service staH 
1.0 per 1,000 sq. ft. of lot size 
4.6 per 1,000 sq. ft. of floor area 

16.7 per 1,000 sq. ft. of floor area 
25.3 per 1,000 $q. ft. of floor area 

5.3 per 1,000 sq. ft. of floor area 
6.8 per 1,000 sq. ft. offloor a·rea 

14.6 per 1,000 sq. ft. of floor area 

30,000 sq. ft. or more The trips per p.m. peak hour shari 
be determined by. the following 
formula: 

(-O.001A + (323.5/A) + 3.9) per 1,000 sq. ft. of floor area; Where A == Floor Area/1,000 

HoSpitals: 
General 

Convalescent 

. lodging: 
Hotel, Motel, or Apartment Hotel 

*Multi-Story Apartments, 
Condominiums, Townhomes or 
Single-Family Housing 

''10-", 

·LOCAL SERVING USES 

·1.2 per bed 

0.2 per bed 

O. 7 per guest room 

0.7 per dwellfng unit 
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Retail Uses: 
·Supermarket 8.8 per. 1,000 sq. ft. 'of floor area 

·Convenience Market 46.7 per 1 ;000 sq. ft. of fioor area 

"'Specialty Retail 5.0 per 1,000 sq. ft. offloor area 
(Free standing retail not in 
a shopping center excluding 
high Trip generating fand uses) 

"'Furniture Store 0.4 per 1,000 sq. ft. of fioor area 
(More than 30,000 sq. ft.) 

"'Other Commercial . 9.6 per 1,000 sq. ft. of floor area 
(High Trip generating land uses 
such as video stores, bakeries, 
yogurt shops, etc.) 

"'Entertainment Theater O.1p per seat 

Discount Stores. 6.1 per 1,000 sq. ft. of floor area 
(More than 50,000 sq. ft.) 

Industrial: 
Industrial Park 1.0 per 1,000 sq. ft. of floor area 

Manufacturing 0.8 per 1,000 sq. ft. of floor area 

Warehousing 1.6 per 1,000 sq. ft. offloor area 
(50,000 sq. ft. or more) 

·Storage 0.3 per 1,000 sq. ft. of flo'or area 
(less than 50, 000 sq. ft.) 

Airport Facilities, other than 0.8 per 1 tOaD sq. ft. of floor area 
Passenger Terminals, 
such as maintenance or 
cargo facilities 

Mini-Warehouse· . 0.3 per 1,000 sq. ft. of floor ~rea 
(less than 30,000 sq. ft.) 

Science Research & Development 0.9 per 1,000 sq. ft. of floor area 

-LOCAL SERVING USES 27 
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Offices: 
Commercial Office under 
100,000 sq. ft. 

Commercial Office 
1001000 sq. ft. or more 

Government Office 

Medical Office 

Parking t.ot • Cgmmerclal; 

Restaurants; 
*low Turnover 

*High Turnover 

*Fast Food (A restaurant 
immediately adjacent to an 
automobile. parking area, where 
patrons are served at a counter· 
or a drive-through) 

"'Child Care/Nursery· 

H~alth Club 

... ~ 

"'LOCAL SERVING USES 28 

2.8 per 1300p sq. ft. of floor area 

.2. a per 1,000 sq. ft. of floor area 

2.9 per 1,000 sq. ft of floor area 

3.9 per 1,000 sq. ft. of froor area 

0.0 Trips 

6.1 per 13000 sq. ft. of floor area 

10.5 per 1,000 sq. ft. of floor area .;. 

31.6 per 1,000 sq. ft. of froor area 

12.3 per 1,000 sq. ft. of floor area 

3.6 per 1 tODD sq. ft. of floor area 
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BOARD Or 

PUBLIC WORKS 

COMMISSIONERS 

ANDREA A. AlARCON 
PRESIDENT 

JERILYN LOPEZ MENDOZA 
VICE PRESIDENT 

JOHN J. CHOI 
PRESIDENT PRO TEMPORE 

STEVEN T. NUTTER 
COMMISSIONER 

VALERIE LYNNE SHAW 
COMMISSIONER 

CITY OF Los ANGELES 
CALIFORNIA 

ANTONIO R. VILLARAIGOSA 
MAYOR 

September 27,2011 

Seth Wulkan, Assistant Environmental Planner 
CAJA ENVIRONMENTAL SERVICES, LLC 
11990 West San Vicente Blvd, 8uite 200 
Los Angeles, CA 90049 

Dear Mr. Wulkan: 

DEPARTMENT OF 

PUBLIC WORKS 

BUREAU OF SANITATION 

ENRIQUE G. ZALDIVAR 
DIRECTOR 

TRAGI J. MINAMIDE 
CHIEF OPERATING OFFICER 

VAROUJ S. ABKIAN 
ADEL H. HAGEKHALIL 
ALEXANDER E. HELOU 

ASSISTANT DIRECTORS 

WASTEWATER ENGINEERING SERVICES DIV. 
2714 MEDIA CENTER DRIVE 

LOS ANGELES, CA 90065 
FAX: (323) 342-6210 OR 342·6211 

File: SC.CE. 

Millennium Hollywood Project - Request for Wastewater Service Information 

This is in response to your September 8, 2011 letter requesting wastewater service 
information for the proposed project. The Bureau of Sanitation, Wastewater Engineering 
Services Division (WESD), has conducted a preliminary evaluation of the potential 
impacts to the wastewater system for the proposed project. 

Projected Wastewater Discharges for the Proposed Project: 

Type Description Average Daily Flow per Proposed No. Average Daily 
Type Description of Units Flow (GPD) 

(GPD/UNIT) 
Existing 

Capital Records Complex 150 GPD/1000 SQ.FT 114,303 SQ.FT (17,145) 
Proposed 
Office 150 GPD/1000 SQ.FT 115,542 SQ.FT 17,331 
Capital Records Complex 150 GPD/1000 8Q.FT 114,303 SQ.FT 17,145 
Commercial Retail 80 GPD/1000 8Q.FT 115,000 SQ.FT 9,200 
Food and Beverage 300 GPD/1000 8Q.FT 28,750 SQ.FT 8,625 ._--
Fitness/Sports Club 250 GPD/1000 8Q.FT 92,000 SQ.FT 23,000 
Residential: Hotel 130 GPD/DU 200 DU 26,000 
Residential: Studio/1-BR 120 GPD/DU 166 DU 19,920 -
Residential: 2-BR 160 GPD/DU 314 DU 50,240 
Residential: 3-BR 200 GPD/DU 12 DU 2,400 .-

Total 156,116 
__ 0 ___ • ___ ._ --

AN EQUAL EMPLOYMENT OPPORTUNITY - AFFIRMATIVE ACTION EMPLOYER R..""tablomdmadotomrecyd<>:l_ @ 

AR0068819 



Seth Wulkan, CAJA ENVIRONMENTAL SERVICES, LLC 
Millennium Hollywood Project - Request for Wastewater Service Information 
September 27,2011 
Page 2 of 2 

SEWER AVAILABILITY 

The sewer infrastructure in the vicinity of the proposed project includes an existing 8-
inch line on Argyle Ave, an 8-inch line on Vine St, and a 12-inch line on Yucca St. The 
sewage from the existing lines 8-inch lines on Argyle Ave and Vine St join at the 
intersection of Sunset Blvd and Vine St before discharging into a 33-inch line on Vine 
St. The sewage from the existing 12-inch line on Yucca St feeds into a 21-inch line on 
Cole Ave before splitting and discharging into a 27-inch line on Willoughby Ave and 20-
inch line on Melrose Ave. Figure 1 shows the details of the sewer system within the 
vicinity of the project. 

The current approximate flow level (dID) and the design capacities at dID of 50% in the 
sewer system are as follows: 

Pipe Diameter Pipe Location Current Gauging 50% Design 
(in) dID (%) Capacity 
8 Argyle Ave 30 931,513 GPD 
8 Vine St 48 725,182 GPD 
12 Yucca St 14 676,120 GPD 
33 Vine St 24 21.11 MGD 
21 Cole Ave 11 5.46 MGD 
27 Willoughby Ave 20 6.16 MGD 
20 Melrose Ave 32 1.56 MGD 

* No gauging available 

Based on the estimated flows, it appears the existing sewer system with the exception 
of the one on Argyle Ave might be able to accommodate the total flow for your proposed 
project. Further detailed gauging and evaluation will be needed as part of the permit 
process to identify a specific sewer connection point. If the public sewer has insufficient 
capacity then the developer will be required to build sewer lines to a point in the sewer 
system with sufficient capacity. A final approval for sewer capacity and connection 
permit will be made at that time. Ultimately, this sewage flow will be conveyed to the 
Hyperion Treatment Plant, which has sufficient capacity for the project. 

If you have any questions, please call Kwasi Berko of my 

Attachments: Figure 1 - Sewer Map 

Sinc" n 

Ali JJ.l:-Actin Division Manager 
Wastewater Engineering Services Division 
Bureau of Sanitation 

Div Files\SCAR\CEQA RevieW\Final CEOA Response Ltrs\Miliennium Hollywood Project - Request for WWSI 
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Service Sector: Estimated Solid Waste Generation Rates http://www.calrecycle.ca.gov/WasteChar/WasteGenRates/Service.htm 

1 of2 

Cal Recycle 
Waste Characterization 

~~~~~.~.~~.~~~~; .. ~.~~;~~~~.~ .. ~.~~~4.~.~~~~ .. g~~~~~~.~~ .. ~~4.P.~.~p~.~~~.~~~~.~ ............. . 
NOTE: More recent estimates for waste disposal, diversion, and generation rates are available for a limited number of 
business groups. These can be found in Table 2 of CalRecycle's 2006 Waste Disposal and Diversion Findings for 
fielected fnsil:l§.,tryJ2ioU/2{i. 

The data on this page is not official CalRecycle data; please read our disclaimer and background information. 

Also see listings for Commercial/industriai/institutionall Residential establishments. 
,..-._--_. __ .. __ .. _ .. _-----,---------- -

Waste 
Generation Gen. Units of Source 
Source Rate Measure Date Source Notes 

Golf course 0.5 Ib/golfer/day Apr. Stevenson Ranch Draft EIR cites source as Ultrasystems 
1992 Enviromentallmpact Report (EIR) 

(Phase IV) , LA County 
.. 

Hotel 2 Ib/room/day Apr. Stevenson Ranch Draft EIR EIR cites source as Ultrasystems 
1992 (Phase IV) , LA County 

-_._-- - --
Hotel/motel 4 Ib/room/day Dec. Draft EIR for North Hills EIR cites City of LA Bureau of Solid 

1991 Development (Santa Clarita) Waste, 1989, as source; assumes 
750 SF/room 

Hotel/motel 2 Ib/room/day May Guide to Solid Waste and Cites SWANA Tech. Bull. 85-6; 
1997 Recycling Plans for Development Recovery Sciences, 1987; and 

Projects (Santa Barbara County Matrix Mgmt Group, "Best 
Public Works Department) Management Practices Analysis for 

Solid Waste" 

Motel 3.6 Ib/unitlday Apr. Draft EIR for South Gate Cites City of LA Dept. of City 
1993 Commercial Corridors Planning document "EIR Manual for 

Redevelopment Project Private Projects" as source 

Other 3.12 Ib/100 sq ft May Guide to Solid Waste and Cites SWANA Tech. Bull. 85-6; 
services* /day 1997 Recycling Plans for Development Recovery Sciences, 1987; and 

Projects (Santa Barbara County Matrix Mgmt Group, "Best 
Public Works Department) Management Practices Analysis for 

Solid Waste 

Restaurant 1 Ib/seatlday Apr. Stevenson Ranch DEIR (Phase EI R cites source as Ultrasystems; 
1992 IV), LA County assumes 50% of restaurant is 

seating and 16 SF/seat 
---"-- - --
Restaurant 0.005 Ib/sq ft/day Dec. Draft EIR for North Hills EIR cites City of LA Bureau of Solid 

1991 Development (Santa Clarita) Waste, 1989, as source 
-

Restaurant 17 Ib/employee May Guide to Solid Waste and Cites SWANA Tech. Bull. 85-6; 
(fast food) Iday 1997 Recycling Plans for Development Recovery Sciences, 1987; and 

Projects (Santa Barbara County Matrix Mgmt Group, "Best 
Public Works Department) Management Practices Analysis for 

Solid Waste" 

'" Includes museums, art galleries, theaters, recreational services, health clubs, repair services. 
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Service Sector: Estimated Solid Waste Generation Rates http://www.calrecycle.ca.gov/WasteChar/WasteGenRates/Service.htm 

20f2 

CalRecycie does not officially endorse any of the waste generation rates in the preceding table, and cannot validate their 
accuracy. However, they may be useful in providing a general level of information for planning purposes. 

The table contains information extracted from various sources, which are cited. Please note that several of the 
documents listed were developed by city or county planning or environmental departments. Your city or county planning 
or environmental agency may be a source of information for a local project. 

Waste Generation Rates Home 

Last updated: January 16, 2013 
Solid Waste Characterization, .b.tt[l:f/www.calrecycle.ca.goviWasteChar! 
Nancy Carr: Nanc),.Carr@calrecycle.ca.gov (916) 341-6216 

Conditions of Us~ I Privacy Policy 
©1995, 2014 California Department of Resources Recycling and Recovery (CaIRecycle). All rights reserved. 
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. '.t l) rc..;cnt more than h ·.lf uf the va ter supply of the South Coastal 

«rea of Jouthcrn :;~ l ifornia i J furnL:.;hc cl by 'i-ra ter fro:n the groillld water 

basins of the ~ re~ . In gener~\l, the Jr~fts on the groillld'water basins exceed 

the supply the r eto , resulting in overdraft conditions that are expressed by 

the alan:1ing llecline of grounJ. Hater levels. The lowered groillld water levels 

result in higher CO Ci t C oi' lJUlllp ing, inc reused problems of maintaining proper 

salt balance, ~nQ in sorne ba;sinJ) s e a '.""ter or connate brine intrusion which 

threatens destruction of the utili ~aLion of the ground water basin. 

The seriou3 nature of thi:~ continuing and increas ing ove rdraft of 

the ground ,·{~,ter s upply led lJany local vr:.:.ter agencies and. I{uter u:;er s asso

ciations to reque :.; t thut detailed info~nation on geology, hydrology, and 

basin operation be provided to ass ist them in overcoming or at least alle

viating this dangerous condition. As u result of these requests, many by 

,·my of fOY'll1al resolutions, the 30uthern District of the Department of Water 

Resources forr:lUlated u comprehensive .o rogr .... m for an investigation of the 

p lanned utilization of the major ground Hi..ltcr basins of 30uthern California. 

The general objective of the ba~ic program is to formulate a 

coordinated plan of opention that '.:ill pe rIni t the maximum utilization of 

these groillld vater basins in conserving the loc~l v{<.;. te r supply and in storing 

a nd distributing imported water. To attain this objective the 'dork program 

for each basin investigation is divided into three phuses : geology, hydrol

ogy, and operation and management. The fir::;t, t,·/o pha::;es p rovide the bas ic 

infonnation required to develop £. plan for coorJ in:..ted g r ounJ w:J.ter b::tsin 

operation a nd ,·.rill be detailed in interill1 re.:.Jort.:; as the studie s are completed 

in each groillld. water basin. The final report on the pl ,;.nned utili zation of 

i 
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each ground water basin will summarize the information contained in the 

interim reports and present and compare the alternative plans for coordi

nated operation of the ground water basin. 

The Legislature provided funds during the 1959 General Session 

to initiate this program. The first ground water basins to be investigated 

underlie the Coastal Plain of Los Angeles County. The first phase of this 

investigation, the geologie stu~, has been completed and is presented in 

detail in this report. 

i1 
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CHAPTER I. INTRODUCTION 

Thi s report describes the geology of the water-bearing sediments 

and formations of the Coastal Plain of Los Angeles County, California. The 

information it contains will be used to support studies of the hydrology, 

water quality, and operational characteristics of the ground water basins in 

the area. The material presented includes a de scription of -the geologic 

history of the area, the composition and extent of the aquifers of the coastal 

plain, the areas where recharge to the aquifers from the ground surface could 

occur, the geologic structure affecting the occurrence and movement of ground 

water through the area, and finally, a description of the individual ground 

water basins which comprise the coastal plain. 

Description of Area 

The area covered in this report is shown on Plate 1, entitled 

I1General Geology and Location of Area of Investigation". In Los Angeles 

and Orange Counties there is a large coastal plain which extends inland 

from the Pacific Ocean. The ground water basins underlying this coastal 

plain are complex and the area is large; therefore, in order to adequately 

meet the objectives of this investigation within a reasonable period of time, 

the area was somewhat arbitrarily divided along the Los Angeles-Orange County 

line. This report considers only the northern portion of the coastal plain, 

that within Los Angeles County. The geology of the southern portion of the 

coastal pla in within Orange County will be developed and reported upon 

subsequently. 

The area of investigation is then the Coastal Plain of Los Angeles 

County. It is bounded by the Santa Monica Mountains on the north, the low

lying Elysian, Repetto, Merced, and Puente Hills on the northeast, the 
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Los Angeles-Orange County line on the southeast, and the Pacific Ocean on 

the south and west. This 480 square mile portion of the coastal plain 

slopes gently from the bordering highlands on the north and northeast 

toward the ocean. The locations of these features are shown on Plate 2, 

entitled "Physiographic Features and Ground Water Basins". 

Three main stream channels, the Los Angeles River, San Gabriel 

River, and Rio Hondo flow into the area from the interior valleys. The 

Los Angeles River drains the San Fernando Valley and flows southvrerd across 

the coastal plain to discharge into the Pacific Ocean at San Pedro Bay. 

The San Gabriel River and Rio Hondo drain the San Gabriel Valley. The Rio 

Hondo flows southwesterly across the coastal plain and joines the Los Angeles 

River about midway in its journey across the coastal plain. The San Gabriel 

River flows southerly across the coastal plain and discharges into the 

Pacific Ocean about six miles southeast of the mouth of the Los Angeles 

River. 

Authorization for Investigation 

The Legislature, by Chapter 832, Statutes of 1929, directed that 

exploration and investigation be conducted to further a coordinated plan 

for the conservation, development, and utilization of the water resources of 

California. As a result of this legislation and pursuant to authorization 

contained in Sections 225 and 226 of the Water Code, a continuing hydrologic 

investigation of the Southern California area has been carried on. The 

work generally included, among other specific objectives, compilation of 

hydrologic data for use in a full scale investigation "'hen needed and 

feasible. 

Limited work on the investigation of the geology of the Coastal 

Plain of Los Angeles County was initiated in 1955 and carried on to the 
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extent funds were available in the following years. During the 1959 session 

of the Legislature, responsible local agencies in Los Angeles County were 

instrumental in obtaining a $150,000 augmentation of the Department's 1959-

60 budget to finance an intensive investigation of the ground water basins 

of Southern California. With these funds, it has been possible to finish 

this study of the geology of the area and concurrently carry forward hydrol

ogic and operational studies which will lead to completion of plans for 

operation of the ground water complex underlying coastal Los Angeles County. 

Previous Investigations 

Because of the coordinated efforts of both oil company and academic 

geologists to unravel the complex structures involved in the oil fields 

within the Coastal Plain of Los Angeles County, the geologic history of 

the deeper and older consolidated sediments is better known than that of 

the shallower water-bearing materials. The younger shallower sediments 

have been studied where interest in ground Hater occurrence and movement 

has developed. Publications reporting those studies utilized in this in

vestigation are listed in the bibliography. 

W. C. Mendenhall of the United States Geological Survey first 

ma~e a broad survey of wells and geology in the Upper Santa Ana Valley and 

the coastal plain in 1905. As ground water problems became apparent, inter

est in the younger alluvial deposits gained impetus and further geologic 

investigations were conducted. 

In 1934, Bulletin No. 45, "South Coastal Basin Investigation, 

Geology and Ground Water Storage Capacity of Valley Fill", was published 

by the California Department of Public Works, Division of Hater Resources. 

The fragmentary geologic work, both published and unpublished, which existed 
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up to that time was reviewed, and original field and laboratory studies of 

the water-bearing sediments of the area were made. 

After publication of Bulletin No. 45, relatively little work was 

accomplished on the water-bearing materials until the United states Geological 

Survey began an investigation which culminated in a series of open-file 

reports in the 1945-48 period. Some of these reports have been published 

in recent years. Both the published and unpublished Geological Survey 

reports are listed in the bibliography. 

A report was prepared on an investigation of the West Coast Basin 

by the California Division of Water Resources, acting as Referee that was 

entitled "Report of Referee, California Water Service Company versus City 

of Compton, et al . • .", included considerable detailed geologic work in 

the West Coast Basin. This work was adopted, with minor modifications, 

for the purposes of this investigation. 

Bulletin No. 170, "Geology of Southern California", published in 

1954 by the California Department of Natural Resources, Division of Mines, 

contains many maps and articles on the geology of the coastal plain. One 

of the geologic contributions included in this bulletin is the "Geology 

of the Los Angeles Basin", by A. 0. Woodford, J. E. Schoellhamer, J. G. 

Vedder, and R. F. Yerkes. 

Scope of Report 

The studies leading to this report began in 1955. At that time, 

it was planned to investigate only the area in and near \~ittier Narrows. 

Field location of wells, both new and old, began in 1955 and continued 

sporadically in 1956. Interest in the geology of the coastal plain increased 

a s the formation of the Central and West Basin Water Replenishment District 
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was discussed and initiated. By 1957 it had become apparent that geologic 

studies would have to include a larger portion of the coastal plain than 

was originally planned, in order to make the geologic picture complete. 

Consequently, the geologic studies have included all of the Coastal Plain 

of Los Angeles County, with particular emphasis on the Central Basin. 

Previous detailed data accumulated for the West Coast Basin ref

erence study was utilized to the maximum extent. In addition, about 200 

drillers logs and electric logs of oil wells, 3,500 water well drillers 

logs, and 20 electric logs of water wells were used in this study. Addi

tional information was obtained from records of test holes and seismic 

work of various agencies and companies. The results of over 40 transmis

sibility tests made during this study and during the West Coast Basin 

reference study were used. (See Table C, Attachment 2). outcrops of impor

tant water-bearing formations were visited in the field and descriptions of 

temporary excavations visited by department personnel were carefully studied. 

Paleontological data were used where possible to aid in correlation of sub

surface strata. In all areas, ground water levels and water quality data 

were used to the extent available in checking the validity of these corre

lations. 

Approximately 50 geologic sections were compiled from the logs of 

water and oil wells. Fifteen of these are shown on plates included with 

this report. The cross sections are oriented in north-south and east-west 

directions, since this follows the prevailing highway net and more wells 

are found adjacent to major thoroughfares. This also made it convenient to 

form a grid in order to trace aquifers across the coastal plain. Wells were 

used wherever possible for matching the cross sections at the points of 

intersection. 
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This report contains six chapters in addition to this introduction . 

Chapter II, "Geologic History", relates the succession of geologic events 

f or which evidence is present in the area of investigation. The chapter 

begins with the oldest known events and ends with Recent and presently 

active events. The third chapter, "Physiography", describes the land forms 

of the area of investigation. These land forms, or physiographic features, 

a re the result of erosion combined with such transporting agents as water, 

gravity, and wind acting over a long period of time upon the sediments and 

r ocks comprising the surface of the area. The present drainage system and 

the water-bearing quality of the physiographic features are discussed in 

this chapter. 

Chapter IV, "Stratigraphy", describes the sediments and rocks now 

present in the coastal plain and the aquifers and aquicludes that have been 

identified in these sediments. The lithology of the more permeable Recent 

and Pleistocene sediments is discussed from the surface dmillward in some 

detail. The older underlying sediments and rocks, which are generally 

nonwater-bearing, are more briefly dealt with. 

The fifth chapter, "Geologic Structure", is concerned with the 

structural features in the coastal plain and their relation to ground water 

movement. The structural features include anticlines, synclines, domes, 

and faults. 

Chapter VI, "Description of Ground Water Basins", identifies the 

boundaries of the ground water basins contained within the coastal plain 

and takes up, basin by baSin, the extent, thickness, and lithology of the 

aquifers and aquicludes within each. The connections between the different 

aquifers, the areas where recharge to the aquifers is possible from the 
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ground surface, and the effects of structural features on the movement of 

ground water through the basins is also discussed. 

The last chapter, "Concluding Remarks", presents a brief statement 

on the value of the data contained in this report, and recommendations on 

possible eh~ansion of the data-collection activities. 
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CHAPTER II. GEOLOGIC HISTORY 

The geologic history of the coastal plain of Los Angeles County 

is exceedingly complex. Part of the area under study, the Santa r~nica 

Mountains, is included in the Transverse Range geomorphic province, while 

the rest of the area is in the Peninsular Range province. Each of these 

two major geomorphic provinces has its O\n1 history of development and only 

large scale earth movements has affected both provinces simultaneously. 

The physiography, structure, stratigraphy, and paleontology of 

an area must be carefully considered in any geologic history, and each 

subject is complex in its own way. The physiography or development of land 

forms and their relations to one another, are the product of periods of de

formation, deposition of sediments, sea level changes, and erosional patterns. 

As for structure, pre-Pleistocene geologic structures are not always oriented 

in the same direction as structures formed since the Pleistocene began. The 

complex strat~graphy of the area has been further complicated by authors 

who have assigned different names to the same formation found in separate 

localities. Finally, paleontological data, in many cases essential to the 

proper identification of formations, are often lacking in critical areas, 

especially in sediments of Pleistocene age. 

Succeeding sections of this chapter discuss the geologic history 

of the area of investigation and the broader scale regional geologic events 

which have played a role in that history. Some of the general features of 

the area of investigation and the surrounding region are shown on Plate 1, 

entitled "General Geology and Location of Area of Investigation". For the 

purposes of the discussion, four major periods are treated: pre-Miocene, 

Miocene-Pliocene, Pleistocene, and Recent. The geologic history as presented 

in this chapter is of a general nature, leaving much of the more detailed 
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historical relationships of the various formations to be discussed in 

succeeding chapters. The time divisions employed in discussing geologic 

events is that employed in most st·andard geologic publications and is 

illustrated on Plates 3A and 3B, entitled "Areal Geology". These plates 

also delineate the detailed areal geology compiled from various sources 

for this investigation. 

Pre-Miocene History 

Sediments deposited during the Triassic period are found in the 

Santa Monica Mountains and other areas of Southern California. Rocks similar 

in lithology to Jurassic rocks in other parts of California have been iden-

tified in the offshore islands, on the Palos Verdes Hills, on the San Pedro 

shelf in San Pedro Bay, and in Orange County, suggesting relatively wide-

spread deposition of materials in Jurassic time. These Triassic and possibly 

Jurassic sediments were metamorphosed as a result of rock deformation and 

intrusions of igneous rocks, perhaps in Jurassic time, and certainly in 

Cretaceous time. The early history of the region is summarized by E. S. 

Larsen, Jr. et al in United States Geological Survey Bulletin l070-B, "Lead

Alpha Ages of the Mesozic Batholiths of Western North America", (1958), a 

portion of which is as follows: 

"In southern California, the succession of events bearing 
on the age of the batholith is deposition of fossiliferous 
Triassic rocks, folding and mild metamorphism during the 
Triassic, deposition of volcanic rocks and associated sediments 
of possible Jurassic age, folding and metamorphism of all these 
rocks, intrusion of the batholith, erosion to a mature surface, 
deposition of gravels, followed by deposition of fossiliferous 
Upper Cretaceous sediments (Larsen, 1948). The batholithic 
rocks are thus certainly younger than the Triassic rocks and 
older than the Upper Cretaceous sediments. On the basis of 
regional evidence Larsen (1948) considered them to be early Late 
Cretaceous. II 
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The Southern California batholith was intruded over a period of 

about nine million years ranging from 105 to 114 million years ago. This 

batholithic intrusion emplaced the granite and granodiorite which now under

lie two l a rge areas within the coastal'plain. One of these is the "high", 

or up thrown block, underlying the Torrance Plain and the Palos Verdes Hills, 

a nd the other is the downdropped block beneath the Downey Plain; these 

features are shown on Plate 2 entitled "Physiographic Features and Ground 

water Basins". The position of the basement rock has been verified in some 

areas by deep oil wells. The boundary between these two blocks is a fault 

system which lies beneath the Newport-Inglewood belt of hills. 

Sediments of Early Cretaceous age have not been identified within 

the coastal plain. Lead-alpha dating of the granitiC rock underlying the 

coastal plain indicates that this rock was probably being emplaced at that 

time and therefore that period was probably one of uplift and erosion. 

Portions of the Downey Plain, however, are believed to be underlain by 

Cretaceous sediments that were laid down upon the irregular surface of the 

crystalline basement. In the Torrance Plain, Cretaceous sediments are missing. 

Upper Cretaceous continental sediments, although not identified in the deeper 

parts of the coastal plain within Los Angeles County, were deposited uncon

formably on older formations in the Santa Monica and Santa Ana Mountains. 

In the Santa Monica Mountains an unconformity at the top of these basal 

continental Upper Cretaceous rocks indicates that some tilting occurred 

prior to the deposition of the overlying marine Upper Cretaceous sediments. 

After minor structural deformation and erosion, marine sediments 

of Paleocene and Eocene age were deposited where the Santa Monica Mountains 

and the Santa Ana Mountains are now found, and probably on the coastal plain. 

During these two epochs, the area west of the Newport-Inglewood uplift was 
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probably a physiographic "high" (Corey, 1954). After another period of 

deformation and erosion, continental sediments of Oligocene age were de

posited in some areas. These continental beds indicate that at least part 

of the region was above sea level in Oligocene time. Geographic distri

bution of the highlands and the shorelines at that time are only vaguely 

known. 

Miocene and Pliocene History 

Deposition of marine sediments resumed in early Miocene time, 

accompanied by intrusion and extrusion of as much as 4,000 feet of basaltic 

material. An orogeny or series of orogenic movements during mid-Miocene 

time caused differential depression of the existing early Miocene features 

and further encroachment of the sea. The main embayment affecting the Los 

Angeles area, known as the Capistrano embayment (Reed, 1943), extended in 

a northwesterly direction across Orange County to the vicinity of Los Angeles . 

The landward end of this embayment has been referred to in geological liter

ature as the Los Angeles Basin. The embayment served as a catchment area 

for materials being eroded from surrounding highlands. It reached a maxi

mum size during middle and upper Miocene time. As sediments collected in 

the downwarped basin, areas around the margins were uplifted, exposing more 

material to weathering and erosional processes. Thus the elevation of the 

source areas controlled the rate of deposition. 

Emery (1960) states that the series of ocean basins now found 

off Coastal Southern C~lifornia also originated in the Miocene epoch. As 

the Los Angeles Basin filled with sediments, the excess material overflowed 

into adjacent, nearshore basins. As these nearshore basins filled, the 

sediments spilled into basins farther from shore. This process of filling 

and overtopping continues within the present offshore basins. 
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Repeated unconformities in the sediments around the margins of 

the basin are primarily the result of the tectonic activity which accom

panied the great downwarping of the basin and the rising of the adjacent 

highlands. By late Miocene or early Pliocene time the depth of the ocean 

embayment reached approximately 4,000 to 6,000 feet. Sediments approaching 

5,000 feet in thickness were deposited during early Pliocene time. The 

shoreline extended to the ea st at least as far as Pomona and north as far 

as the San Gabriel Mountains. All features now on the coastal plain, in

cluding the Newport-Inglewood uplift, were probably minor subsea features, 

if indeed they exi sted at all. During late Pliocene time the downwarped 

Los Angele s bas in became shallower and more limited in extent as it filled 

with another 3,500 feet of sediments. By the end of the Pliocene epoch 

the coastal plain had undergone repeated cJ'cles of erosion and deposition 

accompanied by folding and faulting of the pre-existing sediments. 

To summarize the geological events up to the end of Pliocene 

time: The Southern California batholith wa s emplaced during the Jurassic

Cretaceous epochs followed by further deposition and diffe l'enti~l earth 

movements. During mid-Miocene time continued earth movement formed the 

embayment which contains the present coastal plain and raised the adjacent 

highlands. From mid-Miocene time until the end of Pliocene time the basin 

became shallower as it filled ,d th sediments. 

Sediments deposited during these early periods are for the most 

part nonwater-bearing. However, in some areas, potable water is present 

in the Pliocene sediments and in the older rocks. 
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Pleistocene History 

The Pleistocene epoch is generally considered to have begun 

approximately 1,000,000 years ago. Major glaciation occurred at least four 

times during this epoch and caused fluctuations in sea l evel of at least 

400 feet~ The geologic events of Pleistocene time are illustrated on 

Plate 4, entitled "Generalized Pleistocene Chronology, Coastal Plain of 

Los Angeles County". The interpretation of events shown on Plate 4 were 

based on data collected during the course of this investigation, and time 

unit and sea level changes are modified from previous work by Hinds (1952), 

Fairbridge (1958), Hopkins (1959), Flint (1957), and others . 

The shoreline during early Pleistocene time extended along the 

south side of the Santa Monica Mountains, and probably across the San 

Gabriel Valley, north of the area now occupied by the Elysian, Repetto, 

Merced and Puente Hills. These hills were offshore features in the process 

of emerging from the sea. From here, the sea apparently extended in a 

southeasterly direction along the southwestern edge of the Santa Ana 

Mountains. 

Depth of the water in the Imi ttier Narrows area, according to 

microfossil data, exceeded 500 feet. Location of the old shoreline in the 

vicinity of the present Elysian, Repetto, ~rced, and Puente Hills is based 

on marine fossils found in lower Pleistocene deposits in the vicinities of 

Whittier and Los Angeles Narrows. The Palos Verdes Hills were also covered 

by the ocean during early Pleistocene time. As time progressed, all these 

areas were elevated above sea level. Such larger physiographic features 

as the Santa Monica Mountains, San Gabriel Mountains, and the Santa Ana 

Mountains in Orange County probably existed at least as subsea features 
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since early Miocene time. During Pliocene and Pleistocene time these 

mountains were being uplifted to their present elevations. 

Uplift, accompanied by erosion, was relatively rapid in some areas 

but slow in others. Meanwhile the downdropped areas continued to subside 

and the Coastal Plain of Los Angeles County was filled with more than 1,300 

feet of sediments in early Pleistocene time. These sediments constitute 

the San Pedro formation. The Newport-Inglewood uplift is the only geologic 

feature on the coastal plain which may have occasionally risen above the 

surrounding flat-lying areas. 

A very important unconformity separates lower and upper Pleistocene 

sediments throughout most of the California Coast Ranges. The orogeny sug

gested by this unconformity has been called the "Pasadena" or "Coast Range" 

disturbance (Reed, 1943b, p. 118). This hiatus, as shown on Plate 4, also 

referred to as the mid-Pleistocene orogeny, separates sediments which are 

of early and late Pleistocene age. The available evidence suggests, how

ever, that several disturbances took place during the Pleistocene epoch 

and that the time of the unconformity could vary from area to area as 

erosion took place with each new uplift. 

In spite of the relatively short span of geologic time involved, 

the rate of deformation in the coastal plain is adequate, if assumed con

tinuous, to have formed most of the present features since the beginning 

of Pleistocene time. The assumption that tectonic activity has been con

tinuous from the Pleistocene to the present time is supported by two pieces 

of geologic evidence. First, upper Pleistocene ~arine terraces are found on 

the Palos Verdes and Elysian Hills and on the Santa Monica Mountains at 

elevations varying from 200 feet to 1,000 feet above tIle present sea level. 

Equivalent terraces elsewhere are probably buried beneath the coastal plain 
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or have been removed by erosion. Secondly, differential tilting and de

formation of Pleistocene and Recent aquifers has occurred, and changes in 

drainage patterns, wind gaps, and other features may have been caused in 

part by tilting or by uplift. 

At the beginning of late Pleistocene time the Santa Monica 

Mountains, the Elysian Hills, Repetto Hills, Merced Hills, and the Puente 

Hills apparently were not as high above sea level nor as rugged as they are 

at the present time. They did, however, form the ocean shoreline of late 

Pleistocene time. 

Marine fossils in upper Pleistocene sediments near the cities of 

Santa Monica, Beverly Hills and Los Angeles indicate that at one time the 

ocean extended inland across the La Brea Plain. Physiographic features 

similar to those of the La Brea Plain are found in the Montebello Plain. 

Together, they suggest that an upper Pleistocene shoreline existed near 

the south edge of the Repetto and Merced Hills. No certain evidence has 

been found that upper Pleistocene marine sediments were deposited in the 

vicinity of the Coyote Hills, although one late Pleistocene marine fossil 

locality has been reported (Hoskins, 1954). The lack of upper Pleistocene 

marine terraces and the continental nature of the Pleistocene deposits 

within the inland valleys led Eckis (Calif. D.W.R., 1934) to infer that 

late Pleistocene seas never extended inland beyond the present margins of 

the coastal plain. 

Throughout late Pleistocene time sediments were being deposited 

primarily in the downfolded areas of the coastal plain and, probably simul

taneously, were being deformed to some extent along such uplifts as the 

Palos Verdes Hills, Repetto Hills, Puente Hills, and possibly the Santa 
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Monica Mountains. These late Pleistocene sediments are named the Lakewood 

formation in this report. The period during which they were being deposited 

is illustrated on Plate 4. The Nev~ort-Inglewood belt of hills may have 

existed as a line of very low hills in late Pleistocene time. These hills 

were undergoing continuous folding and faulting, but in general, deposition 

seems to have been the predominant process during this time. Outcrops 

clearly indicate that the basal portion of these upper Pleistocene deposits 

have been tilted as much as eleven degrees near areas of uplift, and have 

been dovmvlarped beneath the present surface of the Dmmey Plain. 

llithough the western portion of the coastal plain was below sea 

level during at least part of late Pleistocene time, the nature of the upper 

Pleistocene ueposits indicates that the shoreline apparently fluctuated and 

the resulting deposits are extremely complex. 

World-wide changes of sea level during Pleistocene time caused 

the oceans to vnthdraw several times from the coastal plain. This was com

bined with intermediate periods of advance of the ocean onto the land. 

These recessions and advances occurred inuependently of the land movements. 

Plate 4 shows diagrammatically the possible fluctuations of sea level in 

Pleistocene and Recent times with suggested dates for each fluctuation. 

Withdrawals of the ocean caused erosion, and a rise in sea level caused 

deposition. That both of these conditions occurred at least once in late 

Pleistocene time is clearly seen in the stratigraphic sequences in the 

coastal plain. At least one deposit of marine sand (which now comprises 

the Gage aquifer) was exposed as the sea level fell, probably during the 

Illinoian glacial stage. A channel was eroded into these deposits by a 

river, or rivers, entering the coastal plain through the Los Angeles or 

Whittier Narrows or both. The resultant channel formed by these streams 
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extended, not toward Domingue z Gap as does the present Lo s :\ngeles River, 

but westerly toward Gardena and Redondo Beach. This channe l was backfilled , 

with coarse river gravels that form the present Gardena aquifer,as sea 

level rose because of the melting of the Illinoian stage glaciers. 

As sea level continued to rise (probably during the beginning of 

the Sangamon interglacial period),portions of the Gardena aquifer inland 

from Lynwood were removed by wave action, and what remained was then covered 

by marine sands, silts, and clays. These new sand deposits cannot now be 

differentiated from the lower sands, and together they form the Gage aquifer. 

All evidence of the stream which flowed through the Gardena and 

Redondo Beach areas ) as well as the Gage aquifer, was eventually covered 

by deposition of shallow marine silts, clays and some sands . In the El 

Segundo Sand Hills these deposits (exposed in deep cuts in 1957 and 1958) 

consisted of beach sands. These beach sands extended across what is now 

Ballona Gap onto Ocean Park Plain where they were partly interfingered with 

later upper Pleistocene alluvial f ans depo s ited by streams emanating from 

the Santa Monica Mountains. Erosion has subsequently removed the dunes 

and underlying materials from Ballona Gap. Further inland, alluvial material 

was being deposited concurrently by the ma jor stream systems. Since deposi

tion of the Gage and Gardena aquifers and the overlying fine-grained sedi

ments, they have all been slightly folded and cut by minor faults along the 

Newport-Inglewood uplift. 

During the last lowering of sea level, at the beginning of the 

Wisconsin glacial stage, it appears that the beach sands along the El Segundo

Redondo Beach area were exposed to the winds and blown inland to form the 

present El Segundo Sand Hills and part of the Ocean Park Plain. As sea 

level fell and the sea retreated, the Los Angeles and San Gabriel River 
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systems eroded the upper Pleistocene sediments, fOrming Dominguez Gap. 

Streams draining the Santa Monica Mountains across the Sawtelle Plain and 

the Hollywood Piedmont Slope cut through the El Segundo Sand Hills and 

probably the Baldwin Hills to form Ballona Gap. At various times, the Los 

Angeles River and possibly the Rio Hondo-San Gabriel River system drained 

seaward through Ballona Gap. Since the last rise of sea level (post

Wisconsin or Recent time), the Los Angeles and San Gabriel River systems 

have reached the sea mainly through Dominguez and Alamitos Gaps, respectively. 

Fluctuations of sea level associated with the last glacial stage 

have been rather complex in other portions of the world and available evi

dence indicates that such fluctuations were complex in this region as well. 

Because of these complexities it is almost impossible to tell at which 

period any given sand or gravel was deposited or when any given gap in 

the coastal plain was cut or backfilled. 

Wind gaps in the Santa Monica Mountains, and the Elysian, Repetto, 

Merced, and Puente Hills indicate that streams other than those now existing 

have flowed from the San Fernando and San Gabriel Valleys across what are 

now the bordering highlands into the present coastal plain. Most of these 

streams probably were formed while the bordering highlands and mountains 

were being raised. 

Recent History 

Recent geologic time, as defined in this report, began with the 

melting of the last extensive world-wide glacial ice sheets. This event 

began about 15,000 years ago according to Shepard (1956) and Hopkins (1959), 

and evidently occurred rapidly, for the sea level rose at an accelerated 

rate. Coarse gravels were deposited or backfilled in the stream channels 
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throughout the coastal plain. In Ballona Gap such material is found up to 

60 feet below the present sea level. This stream aggradation was accom

panied by wave erosion of the marine terrace deposits on exposed beaches 

and by marine deposition offshore. About 9,000 years ago the rate of sea 

level rise began to decrease and, as stream gradients decreased, finer 

materi~s were deposited in Dominguez and Ballona Gaps. Baymouth bars cut 

off the mouths of streams at various times, fOrming lagoons and playa lakes. 

At the present time Dominguez, Ballona, and Alamitos Gaps all contain con

siderable lagoonal deposits at shallow depth. The sea level was stabilized 

near its present level about 4,000 years ago, though a slight sea level 

rise occurred about 1200 A. D. which may have led to deposition of the peat 

now found in some areas near the coast. 

Events that have occurred during the period of recorded history 

may help to reveal what has happened during the geologic past. Prior to 

1825 and again during the flood of 1867-68, the Los Angeles River flowed 

westerly from the Los Angeles Narrows through Ballona Gap instead of south 

through Dominguez Gap. It is reasonable to assume that if rapid changes 

in the drainage patterns can occur in such a short time they may have 

occurred many times in the geologic past. The Santa Ana River is shown on 

older United States Geological Survey topographic maps as flowing westerly 

from the mouth of Santa Ana Canyon across Orange County in the direction 

of the present Coyote Creek drainage. The sediments which fill the basin, 

creating the flat, tilted plain that now exists, probably were deposited 

by streams migrating back and forth across the coastal plain. 

Earthquakes occurring during historic times indicate that the 

coastal plain and surrounding highlands are still actively being folded 

and faulted. Deposition of active dune sands along the coast bordering 
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Santa Monica Bay and erosion and deposition of sediments by streams and 

by the ocean, is continuing where not controlled by man. 
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CHAPl'ER III. PHYS IOORAPHY 

This chapter describes the land forms or physiographic features 

in and surrounding the Coastal Plain of Los Angeles County. Within the area 

of investigation portions of two geomorphic provinces are present. The 

coastal plain is in the northwest corner of the Peninsular Range geomorphic 

province, which extends southward into San Diego County and Baja California. 

The Peninsular Range province consists of essentially northerly and north

westerly trending mountain ranges and associated valleys. This province is 

bordered on the north by the Transverse Range province, an east-west trending 

series of mountains which include the Santa Monica and San Gabriel Mountains. 

The northern portion of the coastal plain is a part of the transition area 

between these two major geomorphic provinces and the physiographic features 

reflect the complexity of the underlying structure caused by the abruptness 

of this transition. 

The major land forms of the coastal plain consist of bordering 

highlands and foothills, older plains and hills, and younger alluvial plains, 

the rivers which drain the area, and the offshore topography. Names of land 

forms utilized by Poland, et al., (1945, 1956) are used herein except where 

additional features have been named, and their locations· are shown on 

Plate 2. 

Bordering Highlands and Foothills 

Highland areas adjacent to the coastal plain include the Santa 

Monica Mountains, the Palos Verdes Hills, and the Puente Hills. All of 

these features are geologically young in origin, moderate to bold in relief, 

and generally mature in form. 
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The highest elevations on these highlands within the area of inves

tigation are: Santa Monica Mountains, 2,126 feet; Puente Hills, 1,387 feet; 

and the Palos Verdes Hills, 1,480 feet. The highland areas are more or less 

gullied and incised by streams, though extensive relatively smooth surfaces 

remain which have not been entirely removed. These smooth surfaces and their 

associated subdued hills and valleys are possibly remnants of an old erosion 

surface (Eldridge and Arnold, 1907), which has been deformed, uplifted, and 

removed in most areas by more recent erosion. 

Thirteen wave-cut terraces on the Palos Verdes Hills, extending 

up to 1,300 feet above sea level, have been identified by Woodring, et al., 

(1946). Similar wave-cut terraces have been described in the Santa Monica 

Mountains and offshore islands (i.e., San Miguel, Santa Rosa, and Santa 

Cruz Islands) to the northwest and west of this area, but within the coastal 

plain only the equivalent of the lower terraces have been identified. As 

mentioned in the chapter on geologic history, these terraces indicate con

tinued uplift of the highland areas in late Pleistocene time. 

The highland areas generally consist of relatively impermeable 

rocks which yield little water to wells. Minor springs and seeps add to 

direct runoff from precipitation and are probably a negligible source of 

supply to adjacent water-bearing areas. Springs and seeps contribute to 

slope stability problems in certain areas. 

The foothills are the Elysian, Repetto, and Merced Hills. These 

hills are mostly underlain by Tertiary rocks and may have been one continuous 

surface at some time in the past (Poland, et al., 1956). These features, 

like the highlands, are geologically young. The Elysian and Repetto Hills 

are now separated by the Los Angeles Narrows, and the Repetto and Merced 
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Hills are separated by an abandoned stream channel along Potrero Grande 

Drive. Whittier Narrows separates the Merced Hills from the Puente Hills. 

Maximum elevations in the foothills are: Elysian Hills, 757 feet; 

Repetto Hills, 735 feet; and the Merced Hills, 550 feet. These features 

have moderate relief and have been considerably eroded. Probable wind gaps 

are present in the Elysian Hills along Los Feliz and Silverlake Boulevards. 

Wind gaps are also present in the Repetto ftills north of Boyle Heights, 

east of City Terrace, and along Eastern Avenue, Monterey Pass Road, Atlantic 

Boulevard and Potrero Grande Drive. 

The Tertiary sediments in these foothills are essentially nonwater

bearing. Water-bearing materials are present only in small thin patches 

and supply little water to wells. 

Older Plains and Hills 

Many physiographic features in the coastal plain are characteris

tically covered with a reddish, or brown, deeply weathered soil formed prior 

to Recent time. In some areas this soil and the surface which it forms may 

be 1n its original poSition, but in many areas both it and the underlying 

sediments have been warped, folded, faulted and at least partially eroded 

away. In other areas this deeply weathered soil has been downwarped and 

covered with younger alluvial material. 

Land forms characterized by the red weathered soil include older 

dissected alluvial aprons, the Coyote Hills, older marine plains, the El 

Segundo Sand Hills, and the Newport-Inglewood belt of hills. Most of these 

land forms were formed at essentially the same time and have been deformed 

and eroded to about the same degree. The Coyote Hills, near the eastern 

boundary of the county, and the Baldwin and Signal Hills, which are part of 
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the Newport-Inglewood belt of hills, have been uplifted and eroded to a 

greater degree than most of the other features included in this group. 

Available evidence suggests, howev~r, that a deeply weathered soil was 

formed on these features before the latest erosional cycle began. 

Older Dissected Alluvial Aprons 

The older dissected alluvial aprons are located adjacent to 

the highlands and foothills previously described. In this category 

are the Santa Monica Plain, La Brea Plain, Montebello Plain, and the 

Santa Fe Springs Plain. Their locations are shown on Plate 2. Soils 

of deeply weathered, reddish material, 3 to 20 feet thick, have developed 

on the surface of these alluvial aprons. Within this soil profile, rock 

fragments, cobbles and boulders are commonly deeply weathered and soft. 

These soil features are easily recognized in most of the areas where they 

have been preserved from erosion. The older dissected alluvial aprons 

are generally underlain by water-bearing sediments of considerable 

thickness. Some parts of these areas are susceptible to recharge, and 

changes in ground water storage could occur in some underlying aquifers. 

Santa Monica Plain. The Santa Monica Plain lies along the 

south flank of the Santa Monica Mountains and extends from the ocean 

inland to the Newport-Inglewood belt of hills. The plain has been 

dissected by streams draining the Santa Monica Mountains. Streams 

draining Sepulveda, Dry, Stone, and Brown Canyons have eroded and back

filled an area near Sawtelle, leaving a surface which slopes to the 

southeast and lies at a lower elevation than the Santa Monica Plain. 

This area, referred to as the Sawtelle Plain in this report, is 
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discussed under a subsequent subheading - Alluvial Aprons. The Santa 

Monica Plain was originally deposited, however, in the form of several 

large alluvial fans which overlapped onto the Ocean Park Plain and 

Beverly Hills. Remnants of the surface of these fans are found 175 

feet to about 500 feet above sea level. Gradients from apexes to the 

lower end of the surfaces average about 150 feet per mile. 

La Brea Plain. The La Brea Plain is located east of the 

Newport-Inglewood belt of hills and west of the Elysian Hills. A 

surface was originally cut by the sea during Pleistocene time on lower 

Pleistocene and older formations. On this eroded surface 90 to 200 

feet of alluvial sediments have been deposited, the top of which now 

forms the La·Brea Plain. 

The La Brea Plain has apparently been warped into an east-

west anticlinal structure extending westerly from the Elysian Hills. 

Because of this warping and partial uplifting, the plain is being dis

sected and removed by erosion. A younger series of alluvial fans forming 

the Hollywood piedmont slope have buried the La Brea Plain from the 

north. Poland, et al., (1956) described the La Brea Plain and the Santa 

Monica Plain as being of similar origin, and additional exposures and 

close study of the land forms indicate that both of these forms are 

related in age to the Ocean Park Plain and the Torrance Plain. 

Montebello Plain. The Montebello Plain extends south of the 

Repetto and Merced Hills between the Los Angeles River and the Rio Hondo and 

has been folded by an east-west anticlinal flexure extending westerly from 

the Montebello oil field. South of this anticlinal area, the Montebello 
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Plain dips very gradually toward the Downey Plain and continues beneath 

a portion of it. In the area which has been affected or folded by the 

extension of the Montebello anticline, the Montebello Plain has been 

dissected by small streams draining southward from the Repetto Hills, 

forming deep gullies crossing the axis of the fold. Along the north 

side of the Montebello Plain near Boyle Heights, the physiographic 

relationships suggest that a marine-cut terrace was formed prior to 

deposition of the alluvial materials that now form the present surface 

of the Montebello Plain in that area. However, fossil evidence 

supporting this theory is absent. 

Santa Fe Springs Plain. The Santa Fe Springs Plain is located 

south of Whittier and east of the San Gabriel River, in the area of the 

City of Santa Fe Springs, and is apparently a continuation of the Coyo~e 

Hills uplift to the southeast. The Santa Fe Springs Plain is only a low, 

slightly rolling topographic feature unlike the somewhat rugged Coyote 

Hills to the southeast. The Santa Fe Springs Plain has probably been 

warped by the Santa Fe Springs-Coyote Hills anticlinal system and dips 

gently both to the northeast toward Whittier and to the southeast toward 

the Downey Plain. The difference in elevation ranges from 100 to 175 

feet above sea level. 

Coyote Hills 

The Coyote Hills, a youthfUl anticlinal feature, are most 

developed in Orange County. The feature continu~s northwesterly into 

Los Angeles County where it becomes a low hill dissected by streams and 

grades gradually into the Santa Fe Springs Plain. 
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Maximum elevation in t he Coyote Hills is 600 f eet above sea level 

and occurs in Orange County. The hills that lie to the west of La Habra 

Road and in the area of investigation have elevations of approximat ely 25 

feet to 325 feet above sea level. The north slope is steeper than the 

south, which grades gradually into the Downey Plain. 

Older Marine Plains 

The Older marine plains include the Torrance, Long Beach, and 

Ocean Park Plains, all of which have similar histories and are closely 

related to the Newport-Inglewood belt of hills. All of these plains are 

underlain by water-bearing sediments. 

During upper Pleistocene time, it is probable that the Ocean Park 

Plain continued undisturbed southward and was united with the El Segundo Sand 

Hills and Torrance Plain. The Torrance and Long Beach Plains, originally 

one, have been separated by downcutting of the Los Angeles-Rio Hondo-San 

Gabriel River systems. Landing Hill, part of the Newport-Inglewood belt 

of hills, and Long Beach Plain have been separated because of erosion by 

Coyote Creek and possibly the Rio Hondo and San Gabriel River. 

Much attention has been given to the fact that marine fossils are 

commonly found from 10 to 30 feet below the surface of the Long Beach, 

Torrance, and Ocean Park Plains. Fresh water fossils have also been ob

served in shallow deposi t s in the Torrance Plain near Dominguez Creek. 

Many remains of extinct land mammals have been found in this same thickness 

of sediments in the Long Beach and Torrance Plains. These fossils suggest 

that there were periods of complete or nearly ~omplete emergence of the 

land between periods of subsidence so that both land and sea animals could 

have access to the area. 
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Ocean Park Plain extends inland from the Pacific Ocean approx-

1mately three miles bordering on the north of Ballona Gap. Elevation on 

the plain ranges from sea level to 200 feet above sea level. Poland, 

et al., (1956) lists three physiographic areas within the plain: a bench --
on the eastern portion, a central unit with an undulating surface, and a 

ridge-and-trench area on the western portion. His ridge-and-trench area 

is equivalent to the El Segundo Sand Hills to the south. The Ocean Park 

Plain is slightly dissected by local streams. 

The Torrance Plain parallels the Newport-Inglewood belt of hills 

from Ballona Gap southwest to Dominguez Gap. It is a broad featureless 

area only slightly dissected by local streams north of Centinela Creek and 

cut in the south by Dominguez Creek. The plain is immediately underlain 

by fine-grained materials of marine and nonmarine origin, and in small low 

lying areas the fine-grained materials are overlain by Recent alluvium. 

The Long Beach Plain is located on the southwest side of the 

Newport-Inglewood belt of hills between Dominguez and Alamitos Gaps. This 

plain is underlain by the same kind of sediments as the Torrance Plain; 

however, no aquifers have been delineated in this area. 

El SegundO Sand Hills 

The EI Segundo Sand Hills extend from Ballona Gap south to 

Torrance and the Palos Verdes Hills, and approximately three to four miles 

inland from the ocean. Remnants of similar hills are found on the western 

edge of Ocean Park Plain. The sand hills consist of a narrow strip of 

active or recent dunes along the coast and older stabilized sand dunes 

inland. The active dunes are up to one-half mile Wide, with a maximum 

elevation of 185 feet above sea level. These active dunes have undergone 
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at least two stages of development, as shown by excavations for the 

Scattergood Steam Plant of the Los Angeles Department of Water and Power 

near El Segundo. A earlier phase of the recent unweathered sand dunes had 

a surface which was inhabited by man and subsequently covered with over 30 

feet of sand to form the present dunes. 

The active dunes are underlain by older sand dunes of probable 

late Pleistocene age. In several areas of the El Segundo Sand Hills, 

fossils and sedimentary features in excavations indicate that these older 

sand dunes were originally beach deposits which have been altered in form 

by wind action and deeply weathered. These beach deposits resemble in 

many respects the marine and underlying portions of the Torrance and Long 

Beach Plains and are probably contemporaneous with them. The form of the 

older beach sands was modified by the wind so that the surface now has 

closed depressions. The closed depressions have been formed by a combina

tion action of removing and piling up of sand. One to three miles inland, 

the older sand dunes overlie silts and clays which apparently were depos

ited on the landward side of the beach sands and which now form a portion 

of the Torrance Plain. Weathering and associated stabilizing processes 

have removed all but the gross features of dune topography in the older 

sand dune area. Thin remnants of similar dune sands have been observed in 

excavations for the Harbor Freeway on the Rosecrans Hills. 

Newport-Inglewood Belt of Hills 

The area of deformation that extends from the foot of the Santa 

Monica Mountains near Beverly Hills southeasterly as far as Newport Beach 

in Orange County is named the Newport-Inglewood belt of hills and plains. 

As originally defined by Poland, et al., (1956), this belt of hills and 
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plains included the Torrance and Ocean Park Plains; however, in this 

report the term Newport-Inglewood belt of hills is used to delineate the 

area of deformation exclusive of the Torrance and Ocean Park Plains which 

have been described separately. The area of deformation varies in width 

from one to four miles and is underlain by a series of folds and faults 

which have given rise to most of the surface hills, plains, and mesas. 

For this reason, in discussions of structural geology this belt of hills 

is referred to as the Newport-Inglewood uplift. Poland's findings indicate 

that the many features of the Newport-Inglewood belt of hills and plains 

are of the same age as the Torrance and Ocean Park Plains. Observations 

during this investigation support this conclusion. 

In the Newport-Inglewood belt of hills, the surface is frequently 

underlain by a highly weathered reddish colored soil which is itself under

lain by sand and silt containing marine fossils. This sand and silt was 

deposited in a shallow sea or lagoonal environment. The original surface, 

after withdrawal of the sea, extended into Ocean Park Plain, Beverly Hills, 

and possibly the La Brea Plain. The marine-formed surface may have extended 

to the Montebello Plain, although fossil evidence has not been found to 

substantiate this theory. In general, the upper Pleistocene sediments have 

been strongly deformed in some areas along the uplift and completely removed 

by erosion in others. 

The following paragraphs briefly describe the various features 

that comprise the Newport-Inglewood belt of hills, all of which are under

lain by water-bearing sediments. 

The Beverly Hills are the most northerly feature of the Newport

Inglewood belt of hills which have easily identifiable topographic charac

teristics. They range in elevation from 75 feet to 300 feet above sea level. 
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The area displays a rolling topography, as a result of warping and of 

erosion by local streams. The marine upper Pleistocene deposits capping 

Beverly Hills were probably continuous with the Ocean Park and Torrance 

Plains and with remnants of similar sediments which now cap Baldwin Hills. 

The Beverly Hills apparently have been warped and faulted. In a small 

area near Cheviot Hills, which is a portion of Beverly Hills, lower 

Pleistocene marine sediments are exposed (Rodda, 1957); elsewhere they are 

overlain by marine upper Pleistocene deposits. 

The Baldwin Hills, south of Ballona Gap, are a prominent feature 

extending some 513 feet above sea level and more than 400 feet above the 

central lowlands to the east and northeast. Sediments of the Baldwin Hills 

have been considerably warped and faulted. The north flank of the Baldwin 

Hills has been deeply incised by erosion, whereas the south flank slopes 

gently to the Torrance Plain and Rosecrans Hills. 

The Rosecrans Hills, beginning near Inglewood and extending 

southward to Dominguez Hill, comprise a low swell about three miles wide 

wi th its crest ranging from 100 to 240 feet above sea level. The surface 

of the Rosecrans Hills is underlain by upper Pleistocene sediments which 

dip southwesterly toward and merge with the Torrance Plain and northeasterly 

toward and probably beneath the Downey Plain. 

Dominguez Hill, an anticlinal dome with a northwest-southeast 

trending axis, is located just northwest of Dominguez Gap. On the west 

and north, Dominguez Hill grades into the Torrance Plain and the Rosecrans 

Hills. Elevations range from 20 feet to 195 feet above sea level. Little 

erosion has occurred on the hill to modify the surface topography, with the 

exception of the east flank where a local stream has cut a deep gully, and 

on the southeast where the Los Angeles River bas eroded into the hill. 
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Signal Hill, Bixby Ranch Hill and Bouton Plain were grouped by 

Poland, et al., (1956) as the Signal Hill uplift, but are considered to be 

separate though related features in this report. Signal Hill, southeast 

of Dominguez Gap, rises to an elevati'on of about 365 feet above sea level. 

Its southwesterly side is approximately bounded by a fault scarp. The 

north side of Signal Hill slopes gradually down to the Bouton Plain, which 

in turn slopes northerly toward the Downey Plain. On Signal Hill the 

upper Pleistocene sediments have been folded and eroded to such a degree 

that they have been removed, exposing the lower Pleistocene sediments in 

small areas. Southeast of Signal Hill is Bixby Ranch Hill, which is 

located to the northwest of Alamitos Gap. The south and north sides of 

Bixby Ranch Hill are apparently closely related to fault scarps. 

Landing Hill, although just across Alamitos Gap in Orange County, 

is another feature of the Newport-Inglewood belt of hills. The surface 

slopes to the northeast beneath the Downey Plain and is capped with the 

same type of sediments as those on Signal Hill and the remainder of the 

Newport-Inglewood belt of hills. 

Younger Alluvial Plains 

Younger alluvial plains include those areas where alluvium has 

been deposited in Recent time. The alluvial material has buried parts of 

the older weathered surface. The younger alluvial plains have been grouped 

into alluvial aprons and the Downey Plain. All of these areas are underlain 

by water-bearing material. 

Alluvial Aprons 

The younger alluvial aprons consist essentially of coalescing 

alluvial fans or alluvial piedmont slopes which have overlapped in Recent 
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time some of the older Pleistocene plains previously mentioned. These 

younger alluvial aprons include the Sawtelle Plain, Hollywood,piedmont 

slope and the La Habra piedmont slope. 

The Sawtelle Plain is essentially a thin sheet of alluvium 

deposited on an eroded surface in the area surrounded by the Santa Monica 

and Ocean Park Plains and Beverly Hills. Alluvium in the Sawtelle Plain 

appears to be relatively thin, possibly no more than 30 or 40 feet deep. 

The sur:face slope averages between 60 and 80 feet per mile. 

The Hollywood piedmont slope lies south of the Santa Monica 

Mountains, north of the La Brea Plain, and east of the Newport-Inglewood 

belt of hills. This area consists of several small alluvial fans deposited 

by streams draining from the Santa Monica Mountains. These fans form a 

relatively flat surface, with minor undulations, that slopes to the south 

and southwest with a gradient of about 90 feet per mile. The small 

coalescing fans are approximately 100 feet thick near the base of the 

Santa Monica Mountains, but to the south near Beverly Hills, excavations 

indicate that they decrease to a thickness of 10 to 30 feet. The Hollywood 

piedmont slope has been deposited partly on the La Brea Plain, Beverly 

Hills, and the Elysian Hills. Along the north side of Ballona Gap, sediments 

from the Hollywood piedmont slope and from Sawtelle Plain have been deposited 

as small alluvial fans. These small fans are moderately thick and have 

overlapped and become interbedded with sediments of Recent age deposited 

by the Los Angeles River which, as late as 1868, flowed through Ballona Gap 

into the ocean near Venice. 

The La Habra piedmont slope extends southeasterly along the 

southwest foot of the Puente Hills from Whittier Narrows into Orange County. 
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This area consists of several small alluvial fans deposited by streams 

draining the Puente Hills. These fans coalesce forming an undulating 

surface that slopes to the south and southwest with a gradient of about 

170 feet per mile. This area has been more extensively dissected than 

has the Hollywood piedmont slope. As a result of this dissection, the 

topographic expression of the La Habra piedmont slope is quite complex. 

Some of the exposed features are probably of the same age as the Santa Fe 

Springs Plain and the Montebello Plain, that is, of upper Pleistocene age. 

Many younger fans of shallow depth cover portions of the area. 

Downey Plain and Related Features 

The Downey Plain, the largest area of Recent alluvial deposition, 

is located south and southeast of the La Brea, Montebello, and Santa Fe 

Springs Plains, and of the Coyote Hills, and northeast of the Newport-

Inglewood belt of hills (Poland, et a1., 1956). It extends from Ballona 

Gap across the central lowland of the Coastal Plain of Los Angeles County 

into the Coastal Plain of Orange County nearly to Santa Ana. The Downey 

Plain ranges in elevation from 275 feet in the Los Angeles Narrows and 200 

feet in the Whittier Narrows to sea level at the ocean near Dominguez Gap. 

The slope of the Downey Plain varies from 7 to 23 feet per mile, but is 

generally less than 18 feet per mile. It is essentially a depositional 

feature, although minor erosion has occurred. Alluvial fans formed by the 

Los Angeles and Rio Hondo-San Gabriel River systems have coalesced to form 

a very gentle plain. During past flood times these large rivers have swung 

over most of the area depositing their debris. Near the ocean some of the 

stream deposited sediments are interbedded with marine and tidal sands, gravels, 

and clays. 
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Ballona Gap, located between the Baldwin Hills and Beverly Hills 

and extending to the ocean, was initially formed by headward erosion from 

the ocean, capturing drainage from the Sawtelle Plain and the Hollywood 

piedmont slope. Although the Los Angeles River has flowed through the Gap, 

available evidence indicates that it has caused less erosion than the 

smaller streams. 

Dominguez Gap includes the lower portion of the Los Angeles 

River area between Dominguez and Signal Rills. It is about two miles wide 

and slopes toward the ocean at a gradient of about four feet per mile. 

Alamitos Gap, separating Long Beach Plain and Bixby Ranch Hill 

from Landing Hill, has been eroded by Coyote Creek and presumably other 

streams. The surface slopes oceanward at the same gradient as Dominguez 

G~. 

The Los Angeles Narrows, located between the Elysian and Repetto 

Hills, is an erosional feature cut through a relatively weak portion of the 

Santa Monica Mountains by the Los Angeles River. Terraces and complex 

subsurface alluvial deposits indicate that erosion and deposition has been 

complex in the Narrows. 

The Whittier Narrows separates the Merced and Puente Hills and 

forms the avenue through which drainage from the San Gabriel Valley and 

surrounding highlands passes to the coastal plain. The two major streams 

passing through Whittier Narrows are the Rio Hondo and the San Gabriel 

River. The width of the Whittier Narrows varies from 1.6 miles to 2 miles. 

Although generally flat with steep sides, the surface configuration of the 

Narrows is fUrther complicated by terraces, alluvial fans from local small 

canyons, and abandoned stream courses and meanders. This physiographic 
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feature appears to have been formed in late Pleistocene time, although 

Slosson (1958) suggests that the area was a submarine canyon in lover 

Pliocene time. 

Drainage Systems 

The Coastal Plain of Los Angeles County is drained primarily by 

the Los Angeles and Rio Hondo-San Gabriel River systems. Within historical 

times the Los Angeles River has f'loved through BaHona Gap, and the Santa 

Ana River in Orange County has drained through Alamitos Gap. It is probable 

that all three river systems crossing the coastal plains of both counties 

have entered the ocean at various locations f'ram Dominguez Gap on the north 

to Santa Ana Gap near Huntington Beach on the south. 

Minor stream systems include Dominguez Creek on the Torrance 

Plain which drains to the ocean and Comptom Creek on the Downy Plain that 

enters the Los Angeles River northeast of' Dominguez Hills. Coyote Creek, 

f'lowing through the Coyote Hills, now occupies a wide valley much larger 

than ncessary for its present f'lov. Physiographic evidence in the area 

north of Coyote Hills indicates that Brea Creek flowed down the present 

Coyote Creek channel in late geologic time, but has been diverted to its 

present channel southeast of Coyote Hills leaving the old channel to drain 

only its present small watershed. 

Physiographic evidence is abundant that other streams have 

drained the San Gabriel Valley across the Repetto Hills to the coastal 

plain, and their courses have since been abandoned, forming wind gaps. 

What are probably wind gaps are also found in the Santa Monica Mountains; 

they may represent relatively old stream courses which drained the San 

Fernando Valley at the beginning of late Pleistocene time. 
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Offshore Physiography 

Physiography of the offshore area of Southern California 1s veIl 

described by Emery (1954), Shepard (1948), Terry, et al., (1956), Stevenson, 

et al., (1958), and Gorsline and Emery (1959). This large offshore area is 

described briefly in this report because of the close stratigraphic and 

physiographic relationship it has with the onshore area covered by this 

investigation. The offshore features are shown on Plate 2. 

The first submarine physiographic province encountered is the 

continental shelf. The western boundary of the continental shelf, roughly 

delineated by the 50 fathom contour (300 feet), parallels the coastline at 

distances from shore varying from a few hundred feet to 8 or 10 miles. The 

continental shelf slopes seaward at a gradient of about 25 feet per mile 

in Santa Monica and San Pedro Bays. The shelf is generally smooth, though 

such minor irregularities as longshore troughs, mounds, bars, and depressions 

occur in water less than 20 feet deep where they are constantly changing 

position. Such features are known as micro-relief. Along the break in 

slope at the outer margins of the continental shelf are terraces, steps, 

and notches. Submarine canyons interrupt the shelf and may represent 

lines of weakness or remnants of pre-existing drainage channels. A zone 

of bedrock mounds, more than 2,000 feet in diameter, many of which are 

connected by steep-sided ridges, occur approximately five to six miles 

offshore in Santa Monica Bay on the continental shelf. 

The second major offshore physiographic province is the basin 

slope. This slope extends from one to ten miles seaward from the rim of 

the continental shelf at about 300 feet to 2400 feet below sea level with 

an average 450 feet per mile gradient except where it steepens near 

submarine canyons. 
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Beyond the basin slope for a distance of approximately 140 miles 

seaward lies a broad area of fault block structures, referred to by Shepard 

(1948) as the continental borderland. The downfaulted blocks are mostly 

closed basins separated by sills or upfaulted submarine ridges which rise 

about 2,000 feet above the floor of the basins. Included in the uplifted 

blocks are San Clemente, Santa Catalina, San Nicholas, San Miguel, Santa 

Rosa, and Santa Cruz Islands. Emery (1954) explains that this series of 

uplifted and downdropped structures may be due to faulting and/or folding. 

The fourth of this series of physiographic prOvinces, the 

continental slope, begins at the edge of the continental borderland and 

plunges steeply to abyssal ocean depths of 12,000 feet or more. 

Three subprovinces of the continental shelf named by Terry, 

et al., (1956) are the Santa Monica Shelf (Point Dume to Palos Verdes 

Point), the Palos Verdes Shelf (Palos Verdes Point to Point Fermin), and 

the San Pedro Shelf (Point Fermin to Corona Del Mar) are shown on Plate 2. 

The Santa Monica and San Pedro Shelves are significant in respect to the 

occurrence and movement of ground vater. 

The Santa Monica Shelf extends seaward about eight miles and is 

subdivided into three segments by two submarine canyons that cut trans

versely across it offshore from Santa MOnica and Redondo Beaches. 

The Palos Verdes Shelf is narrow and extends seaward about one 

mile from the coast of the Palos Verdes Hills. Because of the lack of 

water-bearing sediments in the southwestern Palos Verdes Hills and in the 

offshore area, the Palos Verdes Shelf is not significant for this study. 

Located southeasterly from the Palos Verdes Hills is the San 

Pedro Shelf. This shelf extends seaward 2 miles from Point Fermin and 
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achieves a maximum extension of 12 miles at its central projection, before 

it diminishes again to 2 miles off Corona Del Mar. Moore (1951) gives an 

account of the physiography, structure, and sediments in this area; the 

formations were also described by Stevenson, Uchupi, and Gorsline (1958). 

This flat, featureless plain slopes southward and southeastward toward the 

basin slope, which has here been named the San Pedro Escarpment by Shepard 

and Emery (1941). Erosion followed by deposition of Recent sediments has 

reduced both positive and negative topographic features, obliterating the 

ancient stream channels of the Los Angeles and San Gabriel Rivers that 

once crossed it. 

The Santa Monica and Redondo Submarine Canyons occur along the 

basin slope extending westward off the Santa Monica Shelf. The Santa 

Monica Canyon begins about four miles offshore at a depth of 180 feet and 

assumes a curved and sinuous course into the Santa Monica Submarine Basin, 

the nearest closed basin of the continental borderland. The canyon is 

relatively smooth with only small tributaries entering from the south wall. 

The Redondo Canyon begins a few hundred feet offshore from the City of 

Redondo Beach, follows a straight course across the Santa Monica Shelf, 

and empties into the Santa Monica Submarine Basin. A steep gradient of 

about 400 feet per mile at the canyon head gradually decreases to about 

130 feet per mile at its fan-like terminal approximately 2,200 feet below 

sea level. Tributaries along the north side contribute to the variable 

topography of the canyon walls. Slumping occurs within the canyons and 

along the basin slope and carries recently deposited sediments to greater 

depths offshore. 

Subsurface evidence provides at least a partial history of the 

development of the Redondo Canyon. Thlring a part of late Pleistocene 
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time when the sea level was much lower, drainage from the San Gabriel 

River, and possibly the Los Angeles River, flowed across what is now the 

Downey Plain, Rosecrans Hills, Torrance Plain and El Segundo Sand Hills to 

the present head of Redondo Canyon and continued oceanward to the rim of 

the continental shelf. Downcutting probably occurred rapidly along the 

basin slope and further entrenched the stream channel landward. A rapid 

rise in sea level has since caused the backfilling of coarse debris in this 

entrenched channel. 

The San Pedro Sea Valley, an east-west trending submarine canyon, 

begins on the San Pedro Shelf south of Point Fermin. A branch or tributary 

leads off from the northern side of the main valley and trends northeasterly 

toward the mouth of the San Gabriel River. Both the main valley and its 

tributary lose their identity above a depth of about 150 feet. At the 

eastern extremity of the San Pedro Shelf, about 10 miles south of Sunset 

Beach, two smaller valleys trend in a southerly direction from a depth of 

150 feet. This valley system has been named the San Gabriel Canyon by 

Emery (1960). 
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CHAPTER IV STRATIGRAPHY 

This chapter describe s the stratigraphy, or the phys ical char

acteristics of the natura l groupings of the rocks and sediment s, in the 

Coastal Plain of Los Angeles County, including the age of rocks and sedi

ments, their order in relationship to each other, and their position in the 

a rea. In order to simplify the discussion of stratigraphy, the rocks and 

sediments in the coastal plain are divided into water-bearing deposits and 

nom-rater-bearing rocks. 

The water-bearing deposits include the unconsolidated and semi

consolidated marine and nonmarine alluvial sediments of Recent, Pleistocene, 

and Pliocene age I"hich form ground water basins. These materials absorb, 

transmit, and yield water readily to wells. Sizes of individual particles 

may grade from coarse gravel and boulders to clay. Coarse sands and gravels 

form the conduits for transmission of ground water and are called aquifers, 

while the finer sands, silts and clays, which also transmit ground water, 

but very slowly, are known as a quicludes. 

The types of materials encountered by surface ~nd subsurface 

geologic exploration and water well drilling, as reported by various indi

viduals and agencies, are summarized on Table 1, which is bound at the end 

in this report. Based upon this information, the areal extent, thickness, 

and depths of the various aquifers and aquicludes underlying the coastal plain 

were es timated. The aquifers were named and their stratigraphic positions are 

illustrated :3chematically on Plate 5, entitled "Generalized Stratigraphic 

Column, Coastal Plain of Los Angeles County". Since the aquicludes which 

separate aquifers are generally of secondary interest, and because of addi

tional complications of nomenclature, only the surface aquiclude i s named. 

An attempt has been made to bring together and clarify the nomenclature 
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used by many individuals and agencies. Therefore Plate 5 also relates the 

nomenclature system utilized in this report with that employed by others 

in the past. 

The term "nonwater-bearing rocks" used in this report should not 

be construed to mean rocks which contain no water, but rather materials 

from .Thich uells produce relatively limited quantities of w·ater. Nomlater

beu.ring rocks a re the parent rocks from .Thich ctlluvium is derived. These 

rocks flank, underlie, and sometimes form the limits of the grouni water 

basins and provide ~atersheds for runoff or drainage to valley-fill areas. 

Nonwater-bearing rocks include granitic, metamorphic, volcanic, and con

solidated sedimentary types. Locally, the sedimentary rocks may yield a 

small amount of brackish, saline, or other poor quality Haters. Water 

which drains from these rocks may also affect the quality of w~ter in the 

sediments of valley-fill areas. Even within the crystalline basement rocks, 

some extractable .Tater is contained within the joints, fractures, and solu

tion cavities. In the highland areas, wells in volcanic flows and breccias 

yield limi~ed quantities of water. The yield of wells in the volcanics, 

however, is usually restricted either because there is a lack of connected 

interstices or because they are so situated topographically or structurally 

that cementation, folding and faulting interferes with the vertical and 

lateral flow of ground water. 

The following sections describe the water-bearing deposits and 

nonwater-bearing rocks in detail beginning with the geologically most recent, 

and 1vorking backward in time to the oldest strata. The surface outcroppings 

of the various formations are delineated on Plate 3. The conclusions of 

this study relating to the depth and thickness of the various aquifers and 

aquicludes in the coastal plain are illustrated by a series of idealized 
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geologic sections cutting the area in east-west and north- south directions. 

These sections are shovm on Plate::> 6A through 6G, entitled "Idealized 

Geologic 3ections"; and the geographic locations of the sections are indi

cated on Plate 3, together with the locations of wells and test holes from 

which the geologic sections were derived. In addition to the wells and 

test holes shown on these plates, there were two to three times as many wells 

and test holes that 'fere studied. These data were used to assist in delin

eating the boundaries of the aquifers and aquicludes. 

In constructing the geologic sections, it was much easier to 

correlate aquifers from well log to well log in the marine sediments found 

southwest of the Newport-InglewooQ uplift than it was in the area to the 

northeast. Consequently, the correlations in the continental sediments, 

especially those aQjacent to the high lands are more definitive than are 

those in the marine sediments closer to the ocean. Also, the geologic 

sections in the West Coast Basin (this basin is described in Chapter 6) were 

mainly based on data taken from the Report of Referee (Calif. D.W.R. 1952a), 

modified slightly by unpublished data obtained from the Los Angeles County 

Flood Control District. 

Subsurface structure and positions of aquifers in the area down

stream from ~fuittier Narrows are illustrated by a series of cut-away dia

grams shmm on Plate 7, entitled "Cut-Away Diagrams of Aquifers in Vicinity 

of Whittier Narrows". These diagrams are of assistance in following the 

discussion of stratigraphic relationships but are discussed in detail in 

Chapter V. Detailed discussions of structural features referred to in the 

following sections are also contained in Chapter V. 
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Quaternary System 

Sediments of Quaternary and late Pliocene age comprise the water

bearing f ormations in the coastal p~ain. The Quaternary deposits are 

divided into the Recent and Pleistocene series. 

Alluvial materials and rocks of Recent and Pleistocene age usually 

are unconsolidated and have suffered deformation to a lesser degree than 

the older underlying rocks. These younger alluvial materials are generally 

more heterogeneous than the older sediments a lthough this may be more appar

ent than real, since more detailed information is usually available for 

younger sediments than for those older in age. In the detailed studies of 

oil fields , by contrast, the heterogeneity of older sediments is apparent. 

Ground 1-later extracted from wells is obtained primarily from 

aquifers of Recent and Pleistocene age, with the exception of a few wells 

in the Lakewood and North Long Beach areas which are perforated in sediments 

of late Pliocene age. 

Deposition of Quaternary sediments has been controlled by tectonic 

activity, geomorphic processes, changes in climate, and world-wide changes 

in sea level, as previously discussed. The physical characteristics of 

those water-bearing series that favor high production of ground water are: 

their unconsolidated and permeable nature, their relatively undeformed 

state, their low topographic position, which permits infiltration of drainage 

from higher surrounding areas, their freedom from obstructions to flow in 

most areas, the ease 1-lith which their materials may be dewatered, or drained, 

and the ease with which in certain areas they may be naturally or arti

ficially recharged. 
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Recent Series 

Reade (1872) first defined the Recent epoch as that time which 

has elapsed since the beginning of the l ast major rise in sen level, and 

this definition has been adopted for use in this report. An approximate 

age of 15,000 years has been ass igned to the Recent epoch by Shepard (1956) 

and Hopkins (1959). 

Recent materials were laid down upon the eros ional surface that 

existed toward the end of the last glacia l stage. In most of the Coastal 

Plain of Los Angeles County these sediments are stream deposits but near 

the ocean they include tidul, marine, and wind-deposited materials . 

Recent deposits are recognizable by:their generally coarse, un

consolidated or uncemented nature (however, on Recent flood plains, alluvial 

fans, and certain marine deposit s , fine-grained silts and clays are common), 

their unconformable relationship Hith the underlying late Pleistocene and 

older deposits, their relationship to the present drainage systeln including 

numerous gaps a long the coast and other physiographic features, and the 

youthful or poorly developed soil normally found on the surface. Little 

deformation of the Recent sediments has occurred except where they cross 

tectonically active areas, as in Dominguez and Ballona Gaps. Two major 

members of the Recent series are sho,VD in the areal geology presented on 

Plate 3 namely, alluvium, represented by the symbol Qal and active dune 

sand represented by Qsr. 

Alluvium. Recent Alluvium is primarily stream deposited gravel, 

sand, silt and clay with some interbedded littoral and estuary or bay 

deposits near the ocean. Geologic members found within the alluvial deposits 

include the Semiperched aquifer, Bellflower aquiclude, Gaspur aquifer, and 
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Ballona aquifer . Portions of the Semiperched aquifer and Bellflower aqui

clude are of late Plei stocene age, placing them in the Lakewood formation. 

They are described here, however, together Inth the deposits of Recent age. 

Semiperched Aquifer. Coarse sands and gravels,called the 

Semiperched aquifer, are found on or near the surface of much of the Coastal 

Plain of Los Angeles County. These materials vary in thickness from 0 to 

60 feet and may contain significant amounts of unconfined water where they 

are more than 20 feet thick. The most important areas where this aquifer 

appears are in the Los Angeles and ~bntebello Forebay Areas, and irregular 

patches occur throughout the rest of the coastal plain. 

vfuere the underlying aquifers are confined, the Semiperched aquifer 

is generally separated from them by silts and clays or other material of 

relatively low permeability, called the Bellflower aquiclude. These materials. 

inhibit t he free percolation of water from the Semiperched aquifer to the 

underlying aquifers. 

Permeable sediments of both Recent and late Pleistocene age are 

included within the Semiperched aquifer. Most of the sediments are probably 

remnants of abandoned stream channels, a lthough marine deposits previously 

known a s the Palos Verdes Sand are a part of the aquifer underlying portions 

of the Torrance Plain. 

Little beneficial use is made of water in the Semiperched aquifer 

s ince wells perforated in it yield very small quantities of water. Further

more, the poor quality of the water in some areas makes it undesirable for 

widespread use . 
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Bellflower Aquiclude. Lying directly beneath the Semiperched 

aquifer are sediments of lesser permeability which r estrict vertical move

ment of ground water. These relatively impermeable materials, referred to 

in numerous reports in generali zed terms, have been design~ted the Bellflower 

aquiclude. Physical features and dimensions of this aqui clude ure delineated 

on Plate 8, entitled "Lines of Equal Elevation on the Base of the Bellflmver 

Aquiclude", and on Plate 9, entitled "Lines of Equal Thickness of the Bell

flovTer Aquiclude". The Bellflower aquiclude comprises all of the fine grained 

sediments that extend from the ground surface, or from the base of the Semi

perched aquifer, down to the fir st aquifer below. Other names that have been 

used to refer to these materials are: "Upper Division of the Alluvial De

posits of Recent Age" (Poland, et al 1956); "Upper Fine Grained Phase" in 

California D.W.R. 1952b; and "clay cap" in California D.H.R., 1952c, 1957a, 

and 1958b. The flood plain deposits referred to by Pol~nd, (l959b) which 

are found in many portions of the Downey Plain may be equivalent, at least 

in part, to the Bellflower aquiclude as here defined. Although other reports 

refer to these sediments as Recent in geologic age, the Bellflower aquiclude, 

as defined in this report, is composed of both Recent sediments in some areas, 

and late Pleistocene deposits in others. 

The Bellflower aquiclude extends throughout most of the Coustal 

Plain of Los Angeles County, except for the Los Angeles and Montebello 

Forebay Areas . According to drillers logs and from visual observati on of 

exposed formations in excavations, this aquiclude is a heterogeneous mixture 

of fine gr~ined continental, marine, and wind-blown sediments. In about a 

third of the coastal plain, the aquiclude consists only of clays and silty 

clays, but e:,~tensive lenses and pockets of sandy or gravelly clays occur 

in the remainder of the area, as shmm on Plate 9 . These predominantly 
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sandy and gravelly clays may permit waters to percolate slowly to the 

underlying aquifer or aquifers, or ground water in these latter areas may 

move upward if pressure levels in the underlying aquifer are sufficiently 

high. Classification of materials f~om the descriptions usually found in 

well logs is difficult; however, in logs where descriptions of materials 

are more precise and presumably of greater reliability, the sand content 

is greater than has been generally assumed. Consequently, the aquiclude 

is believed to have a somewhat greater, though still restricted, permeability 

than has been supposed in the past. 

That portion of the aquiclude of Recent age has not been appre

ciably faulted or folded; however, the portion of late Pleistocene age 

has been affected to some extent by tectonic movements. 

The thickness of the Bellflower aquiclude, as shown on Plate 9, 

varies from zero to 200 feet. The areas of greatest thickness occur along 

the center and east flank of the Gardena Syncline in the West Coast Basin. 

Other areas of considerable thickness, ranging up to 140 feet, are generally 

aligned with the South Gate-Santa Ana Depression. 

Gaspur Aquifer. The basal coarse phase of the Recent series 

has been referred to in previous reports as the Gaspur water-bearing zone. 

These sediments were described by Poland, et al (1956) and in California 

D.W.R. 1952a and 1952b. The term "aquifer" is used in this report rather 

than "water-bearing zone", the expression previously employed, as being 

more descriptive of the function of the deposits. According to Poland, 

et al (1956) the name of the aquifer is derived from the identification of 

a typical section in the log of a well near Gaspur Station at the coastal 

end of Dominguez Gap. 
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The extent of the Gaspur aquifer is shown on Plate 10, entitled 

"Lines of Equal Elevation on the Base of the Gaspur, Ballona, Artesia, and 

Exposition Aquifers". Its westerly arm, extending southerly from the Los 

Angeles Narrows, joins the easterly arm extending southwesterly from the 

Whittier Narrows near Downey and continues southwesterly through Dominguez 

Gap to the ocean. Throughout the 23 mile length of the aquifer the width 

varies from one to five and a half miles. 

The type cobbles and pebbles in the Gaspur aquifer indicate that 

they are derived from the San Gabriel Mountains and other highland areas 

surrounding the San Gabriel and San Fernando Valleys. 

The continental stream deposits found in the Gaspur aquifer range 

in size from boulder gravel to silt and clay. In vertical section, the 

upper part is medium to coarse-textured sand while the lower part consists 

of sand, gravel, and cobbles as large as four or five inches in diameter. 

There is also a lateral variation in lithology. Well logs north of Rosecrans 

Boulevard generally show 80 to 90 percent coarse sands and gravels with 10 

to 20 percent finer-grained materials. South of Rosecrans Boulevard, about 

40 to 50 percent of the sediments comprising the Gaspur aquifer are fine

grained. The fine-grained patches are discontinuous within the Whittier 

Narrows, and occur as stringers, or elongated lenses. Variations in the 

thickness and width of the Gaspur aquifer seem to indicate that the stream 

or streams responsible for original deposition were meandering, braiding, 

eroding and aggrading. The absence of fine deposits in the lower portion 

suggests that they were removed by erosion during flood stages. Thickness 

of the Gaspur aquifer ranging up to about 120 feet, is delineated on Plate 

11 entitled, "Lines of Equal Thickness of the Gaspur, Ballona, Artesia, 

and E..'q)osi tion Aquifers". 
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The Ga spur aquifer is merged with surface deposits in the Montebello 

Forebay between the Rio Hondo and San Gabriel River, extending as far south 

as 01auson Avenue. It also crops out in the Los Angeles Narrows in an area 

bounded by the Los Angeles River and the Harbor Freeway, and extends from 

the Narro.rs as far south as Firestone Boulevard. These two outcrops areas 

are shown on Plate lOA. 

The gradient of the base of the westerly arm of the Gaspur aquifer 

is 44.5 feet per mile (a 300-foot drop in elevation in 6.75 miles). The 

gradient of the base of the Gaspur aquifer along the easterly arm is about 

19 feet per mile (a drop of 200 feet in 10.5 miles). Between San Pedro Bay 

a nd the point yhere the two arms of the Gaspur aquifer join, the gradient 

is 10 feet per mile (a 6o-foot drop in elevation in 6.0 miles). The steep

ness of the westerly arm may indicate uplift to the north and west, although 

greater rock hardness in Los Angeles Narrows and/or a difference in stream 

flow regimen caused by changing debris loads also may have caused this steep 

gradient. Minor warping of both the aquifer and overlying Recent deposits 

has probably occurred within the vlhittier Narrows and Dominguez Gap. The 

Gaspur aquifer has apparently not been affected by faulting. 

Water levels and well histories indicate that the Gaspur aquifer 

has been partially dewatered. The majority of new wells drilled in the area 

under which this aquifer lies do not depend solely on this aquifer but are 

usually drilled into and perforated in deeper aquifers as well. Many existing 

wells, however, depend only on this aquifer for their supply, and in these 

wells the yields are usually high. Permeabilities in this aquifer range 

up to 6000 gallons per day per square foot. (See Table D in Attachment 2 

for general values of permeabilities used in the coastal plain). 
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The Gaspur aquifer is merged "ith the deeper aquifers in the 

area immediately south of Los Angeles Narrows, which at one time served as 

a recharge area. However, this area is now completely covered by buildings 

and paved streets. Little, if any, direct percolatibn of water is possible; 

even the channel of the Los Angeles River is now lined where it passes 

through this area. 

In the vicinity of Hhittier Narrows, the deeper aquifers are also 

merged with the Ga~~ur aquifer and receive their natural recharge waters 

through it. Eecause percolation in the Los Angeles Narrows has been rendered 

infeasible, the (1hittier Narrows is the most suitable remaining location 

for artificial recharge of the underlying aquifers. Consequently, the prin

cipal recharge ba3ins and proje cts for recharging local surface flood waters 

and imported Haters are located in this area, from whence natural percolation 

processes carry this vater into the deeper aquifers. 

Eallona f',quifer. The other principal aquifer of Recent age 

is the Eallona aquifer, \fhich ha.30r eviouJly been termed the "50-foot gravel". 

Poland, et <.:1 (1959a) originally a:.; s iGned the name "50-foot gravel" to the 

lower divisions of the Recent series in Ballono Gap, because these occurred 

at an average depth of 50 feet belaYl the surface. Although this aquifer is 

included within the Recent series it i~ believed that ut le<.:st part of it 

may be of late Pleistocene age. 

The Ballona aquifer lies north of the Bullona escarpment and extends 

inland to a point east of the Overland Avenue fault. The extent of this 

aquifer is shown on Plate 10. It is cor@osed of coarse sand, rounded to 

subrounded gravel, and cobbles up to five inches in diameter that are of 

both granitic and metamorphic origin. Slate pebbles in thi s aquifer suggest 
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that the Santa Monica Mountains were a possible source of material; on 

the other hand, granitic rocks and pebbles appear to come from the San 

Gabriel Mountains. The Los Angeles River has flowed north of the Baldwin 

Hills and along Ballona Creek channel in historic time, but no attempt has 

been made to determine the relative contribution to the Ballona aquifer 

from the two drainage systems. 

The Ballona aquifer varies in thickness from less than 10 feet 

at the coast to 40 feet near Beverly Hills. Thickness of the Ballona aquifer 

is delineated on Plate 11. 

The base of the Ballona aquifer drops from more than 100 feet 

above sea level beneath the Sawtelle Plain to 60 feet below sea level near 

the Ballona Escarpment, a gradient of about 40 feet per mile. There is a 

southward tilt to the base, which corresponds to the southerly dip into 

west Coast Basin of the San Pedro formation, and may be due to either 

erosion and depositional processes or to tilting, or possibly both. 

Well yields from the Ballona aquifer are highly variable, ranging 

from 100 to 800 gpm (Poland, et al 1959a). This may be due to the irregu-

larity and discontinuity of its composition and thickness. 

Miscellaneous Alluvial Deposits. Other Recent alluvial de-

posits include beach deposits, playa lake deposits and lagoonal marshland 

deposits. These have been described more elaborately (Poland, et al 1959a), 

and are treated only briefly in this report. 

Narrow strips of beach deposits, with materials ranging in size 

from fine sand to cobbles, are found adjacent to wave-cut cliffs along the 

coastline. They also exist as barrier beaches across the various gaps 

along the coast. The beach deposits act as a source for wind-blown material 
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for the coastal-dune belt and may also serve as a permeable conduit for sea

water intrusion into aquifers near the surface along the coast. 

Playa lake deposits found near the intersection of the Coast High

way and Vermont Avenue, about one mile west of Wilmington, have been de

posited in shallow closed depressions. Standing water accumulates in these 

closed drainage areas after heavy rains. These deposits are usually fine

grained sands, silts, and clays. 

Lagoonal marshlands extend along the coastal reaches of the Los 

Angeles and San Gabriel Rivers and Ballona Creek for a distance of one-half 

to three miles inland. Deposits in these areas appear to be heterogeneous 

in nature, lenticular, and mostly fine-grained. These sediments may also 

include medium sand, silty sand, elay and peat deposits. 

Active Dune Sand. Wind-blown sands occur in a narrow strip 0.2 

to 0.5 miles inland and parallel to the coast and continue from Ballona 

Escarpment so~thward to Redondo Beach for a distance of about nine miles. 

These deposits are known as the Active Dune Sands. Plate 3B shows the extent 

of these deposits which are identified by the symbol Qsr. These eolian 

deposits are lenticular, and composed of fine to medium, white or grayish 

sand, usually well sorted. These sediments may also include medium sand, 

silty sand, clay and peat deposits. The Active Dune Sands range up to 70 

feet in thickness. Being above the zone of saturation, the sands do not 

yield water to wells. However, they are relatively permeable and water 

held in closed depressions after heavy rains does percolate vertically 

downward and laterally. The dune sands may therefore serve as recharge 

media to any water bodies that underlie this area. 
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Pleistocene Series 

The Pleistocene series is divided into upper Pleistocene and lower 

Pleistocene in most of coastal California, primarily because they are sep

arated by an angular unconformity in many uplift areas. Fossils are used 

as an additional index to separation of the Pleistocene series. The boundary 

bet.Teen deposits of Pliocene and Pleistocene age is dif'ficul t to determine 

and consequently is somewhat arbitrary in many areas. 

In the coastal plain the upper Pleistocene is represented by the 

Older ])une Sands and the Lakewood formation, while the lower Pleistocene 

consists of the San Pedro formation (Poland, et aI, 1956). Where they 

appear on the surface the Older Dune Sands, Lakewood formation, and the San 

Pedro formation are identified by the symbols Qso, Qlw, and Qsp, respectively. 

on Plate 3. A small zone of transitional material, cropping out between the 

San Pedro formation and the underlying Pico formation of Pliocene age is 

also shOlm on Plate 3 and identified by the symbol Qsp-pp. 

Older Dune Sand. Dune deposits occur in West Coast Basin which 

are older than those described under the Recent Series. These .dnd-blown 

materials are sufficiently significant in manner of deposition, lithology 

and topography, to be considered in this report as a separate unit. The 

term "Ol der ~3.nd Dunes" has been previously used to designate these .rind

blown depositsj however, in this report, the more descriptive term "Older 

Dune .:3and " is used to identify these deposits. 

The Ol der Dune Sand has been described by Poland, (1956, 1959b) 

and in Calif. D.W.R. 1952a and 1957c. Although these sediments have been 

previously classed as Recent materials, they are now considered to be of 

late Pleistocene age. 
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The Older Dune Sand covers an area three to four mile s wide and 

about 13 miles long extending along the Santa Monica Bny Coast line south 

of Ballona Escarpment. Surface exposures and well logs indicate that the 

dune sedimcnts cover the Ocean Park Plain as well as a portion of the West 

Coast Basin. In the Ballona Creek area the older dunes have been removed. 

In the West Coast Basin the Older Dune Snnd together with the Active Dune 

Sand form the El Segundo Sand Hills. 

The Older Dune Sand consists of fine to medium sand with minor 

sandy silt, clay, and gravel lenses. ~{ithin the weathered zone the materials 

are yellow to brown in color although the unweathered formation in place 

is white, gray and black in color. The Older Dune Sand generally cons ists 

of three divisions: a deeply weathered surface, an intermediate horizon 

of clean sands and basal beach sands and gravels, and a lowermost horizon 

which apparently includes a zone of transition to the underlying Bellflower 

aquiclude. 

Cross-bedding, and fossils in exposlrres near the Hyperion Sewage 

Treatment Plant at El Segundo and else,.here, indicate that the sands were 

originally beach deposits with associated coarse gravels. These beach de

posits were exposed to the wind by lowering of the sea level, resulting in 

formation of the present Older Dune Sand. Deep weathering has oxidized 

the iron minerals which, through cementation and leaching processes, have 

partially filled the interstices between individual grains, thus reducing 

the permeability of the weathered Older Dune Sand to some extent. UPlifting 

may have gently tilted these dunes toward the southwest. 

Deep percolation of surface water occurs in most of the Older 

Dune Sand area, especially where closed depressions occur. Directly beneath 

these older dunes in part of the El Segundo Sand Hills, t he fine sediments 
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of t h e Bellf lowe r aquic l ude r estrict downward movement of ground i{a ter. 

Hovlever, the aquicl ude i s mi ssing along the ocean and ground water can move 

later ally into an a r ea where dovffi\ola r d pe rco l ution ca n again occur. 

LakevlOoci formation . The L:.keHooci fo r mat i on includes all upper 

Pleistocene depo s i ts other than the Older lrune 3and . It includes what has 

p reviously been termed "terrace deposits" , "Falo s Ve r des sand" , and "unnamed 

upper Pl e i s tocene depo:.:> i ts". ether names which have b een u sed for upper 

Pl e i s tocene deposi ts or parts of these de.fJ03 i ts include t he Sunny Hill for

mation (Hoskins, 1954,), and :;an Di mas for~D.ation ( Eck i 3, 1920 ). The s e names, 

however, are aHJ;:ward for U.:5e i n the ent i re coastal plui n ;.;ince the name d 

formations hav e been described c:.s e;~i stlng only in the limited associated 

[:ret""!. . The p r e.:;ent cle_~ignation ,.;a..; :.:elected f rom a t yp i cal section indica ted 

i n the log of a ',.jell at Lahe'tlooo. ",here this fo rmation r eaches a maximum 

thi cknes3 of :J.J::roximc..:.tely y,O fect . 

In tile u iJ!)er ]Jart of the LUl-~cviood formation lithol ogic change s 

~!re rs..::; i 'l] v:i~L.J.;' J i:.;continuous permetlble zones and c ons ider~lble va riation 

in ",article ::;L.:c. Tio sh(~ll zone.; h~ve been found. i n the u.r)~)er part of thi s 

forlTlDtio!', . These fe.:::.tures represent typical str eam type alluvi ation .{ith 

flood f;l'..lin f i ne - grai ned sedi ments comp r ising from 40 t o 80 percent of the 

total {ieposi 1.~ . I n the 10\.,rcr hori ::on s the Gr a ve l s and coarse sands a re 

confined t.o a DarrOl-l belt extendi ng over t.he Nei.,rport-Ingl evood uj')lift. 

Gravel s range f r om pea-si ze to cobbles , three to four inche s in diame t er. 

Over t he b alance of t h e coastal plain, coarse basal depo s its of sand and 

g r avel a r e fairly continuous .dth di s continuous lens es of sandy silt and 

cl ay. The basa l p a rt of the Lakei-lood fonna tion in the Cheviot Hills a rea 

of Beverly Hills has been called the Medill sand by Rodda (1957) .. 
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The Lakewood formation extends beneath mos t of the coastal pla in. 

In portions of the Baldwin Hills, Signal Hill, Palos VerdeG Hills, and Coyote 

Hills, it has been eroded, exposing the underlying San Pedro and older form

ations. In the La Brea, Santa Monica, and M:mtebello Plains, and on the 

flanks of the Palos VerdeG Hills and Puente Hills, the Lakewood formation 

unconformably overlies the lower Pleistocene San Pedro formation, the 

Pliocene Pico and Repetto formations, and the Vuocene Puente forma~ion. 

The Lakewood formation is divided into the Artesia-K'<i103ition 

aquifers, the Gage-Gardena aquifers, and the unnamed aquicludes between the 

aquifers. In some areas, portions of the Semiperched aquifer and the Bell

flo"ler aquiclude, described under Recent alluvium, are included. The base 

of the Lakewood formation generally coincides with the base of the Gage 

and Gardena aquifers. The aquifers of the Lakewood formation are discussed 

in the follo"ring paragraphs. 

Artesia-Exposition Aquifers. The Artesia and. Exposi tion 

aquifers, although located in separate geographical are~s, ure similar in 

composition and mode of deposition; this leads to the conclusion that they 

are contemporaneous. They are, therefore, jOintly discussed in this sec tion. 

The Artesia aquifer appears to be related to the San Gabriel River, Coyote 

Creek, and Santa Ana River systems, and the Exposition aquifer is related 

to the Los Angeles River drainage system. As shown on geologic section 

C-C'-C", Plate 6B, these aquifers extend beneath the Gaspur aquifer at 

which point they merge with each other and \vith the overlying G<...lSPur aquifer. 

On Plates 10 and 11, the contours on the base of the Artesia-Exposition 

aquifers and l i nes of equal thickness are not extended beneath the Gaspur 

aquifer since it is difficult to distinguish the separate aquifers. 
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The Artesia aquifer extends from the middle of the Santa Fe Springs 

Plain southward, where it underlies the northern portions of the Bouton Plain, 

Signal Hill, and Bixby Ranch Hill. It follows the general trend of the 

present San Gabriel-Coyote Creek dra~nage as shown on Plate 10. The Artesia 

aquifer extends southeasterly from the Gaspur aquifer to and beyond the Los 

Angeles-Orange County line. However, since no study has been made of the 

extension of this or any other aquifer outside the area of investigation, it 

is terminated at the county line. 

The Artesia aquifer is composed of coarse gravel, coarse to fine 

sand and interbedded silts and clays. In some areas, individual gravel 

members within the aquifer can be identified in drillers logs for considerable 

distances. The Artesia aquifer has a general southwesterly dip, and varies 

in thickness (Plate 11) and bottom configuration (Plate 10). 

The ancestral San Gabriel and Santa Ana Rivers, and Coyote Creek, 

appear to have been the main source of the sediments comprising this aquifer. 

The Santa Ana River may have contributed sediments to the southern portion 

of the area since this river once flowed directly west and joined the San 

Gabriel River near its present confluence with Coyote Creek. 

The geographical extent of the Exposition aquifer is shown on 

Plate 10. This aquifer consists of one to four discontinuous coarse members. 

Materials range in size from coarse gravels to clay, with the fine deposits 

separating the lenticular sandy and gravelly beds. Changes in lithology are 

f requent as evidenced by the many lenses of silt and clay encountered in the 

drillers logs. 

Deposition of this material appears to have been controlled by the 

ancestral Los Angeles River, which may have flowed through the Silver Lake 
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area (Riveroll, 1957) in the geologic past, as yell as by tributary streams 

from the Santa Monica Mountains, Elysian Hills, and Repetto Hills. The 

configuration of the base of the Exposition aquifer, as yell as the Artesia 

aquifer, is highly irregular and it appears that both vere deposited on an 

erosional surface. A study of yell logs indicates that the upper coarse 

members of the Exposition aquifer vere either eroded and backfilled by 

Gaspur deposits or that some of the upper members vere deposited contempo

raneously with the formation of the Gaspur aquifer. Highv~ excavations in 

the vicinity of Boyle Heights and other areas along the south slope of the 

Repetto Hills and along the east bank of the Los Angeles River have exposed 

clean sands and gravels vhich are apparently an upper member of the Exposition 

aquifer. 

The maximum thickness of the Exposition aquifer is 100 feet. Lines 

of equal thickness of the aquifer, including interbedded fine materials as 

yell as the permeable zones, are shown on Plate 11. 

Stratigraphically, the Artesia and Exposition aquifers lie above 

the Gage aquifer, described subsequently, and are generally deeper than the 

Gaspur aquifer, although some of the upper coarse members abut directly 

into the Gaspur aquifer and ~ be of the same age. At Boyle Heights and 

other places, the l~esia and Exposition aquifer have been uplifted and are 

nov higher in elevation than the adjacent Gaspur aquifer. Lower members of 

the Exposition continue beneath the Gaspur aquifer and merge laterally with 

the Artesia aquifer. The Exposition aquifer merges with the underlying Gage 

aquifer approximately three miles northwest of downtown Los Angeles and also 

in the triangular area betveen the easterly and vesterly arms of the Gaspur 

aquifer on the Montebello Plain,as shown on Plate 12, "Lines of Equal Ele

vation on the Base of the Gage and Gardena Aquifers". 
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The Potrero fault is the only known structure that displaces the 

Exposition aquifer. However, both the Artesia and Exposition aquifers have 

been affected by folding and shO\v slight warping near the Newport-Inglewood 

uplift and in the downwarped area of the Central Basin. , 

Gage Aquifer. The basal or lowest member of the Lakewood 

formation is termed the Gage aquifer. The name "200-foot sand" was applied 

to this aquifer by Poland, et al (~948 and 1959a), later by Richter (1950) 

and in the "Report of Referee", (Calif. D.W.R. 1952a). Originally the 

designation of the "200-foot sand" was used because the aquifer occurred 

about 200 feet below land surface in the syncline extending from Inglewood 

southeasterly through Gardena. In the Central Basin the base of the aquifer 

varies from 100 to over 350 feet below the surface; consequently the term 

"200-foot sand" is inapplicable. The lowest elevation this aquifer attains 

is in the vicinity of Lynwood, where an elevation of 350 feet below sea 

level occurs. The Gage aquifer extends over most of the Coastal Plain of 

Los Angeles County, although insufficient data is available to verify its 

extension beneath the Santa Monica Plain. Contours on the base of the 

aquifer are shown on Plate 12. 

The composition of the Gage aquifer varies from a fine to medium 

sand with variable amounts of gravel, sandy silt, and clay in the West 

Coast Basin, to a coarse yellow sand and minor gravel (two to four inches 

in diameter) in the center of the Central Basin, and to a fine yellow sand 

and gravel toward the Whittier Narrows region. The thickness varies from 

10 feet to a maximum of 160 feet in the Torrance area. The thickness of 

the aquifer is shown on Plate 13, "Lines of Equal Thickness of the Gage 

and Gardena Aquifers". 
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Deposits that comprise this aquifer ure of both marine and con

tinental origin. Along the northerly boundary of the Central Basin, that 

is, along the base of the Santa r·pnica Mountains and the Elysian and Repetto 

Hills, the deposits appear to be continental in origin~ In the southeastern 

half of the coastal plain the aquifer consists mainly of mixed continental 

and marine, or in some areas, solely marine sediments. 

Subsurface structures which either cut the aquifer or against 

which the aquifer terminates are sho,Yn on Plate 12. Areas where the aquifer 

is merged with overlying aquifers are also shown on this plate. 

While this aquifer generally consists of sand, wells have been 

perforated in it only in areas where coarser materials exist. Approximately 

200 wells have been drilled into the Gage aquifer in the West Coast Basin 

in the vicinity of Gardena but it is unimportant as a producing aquifer in 

other areas. 

Gardena Aquifer. In 1950 Richter described the coarse de

posi ts comprising this aquifer Hi thin the \.Jest Coast Basin under the term 

"Gardena \vater-bearing Zone". In "Report of Referee" (Calif. D.W.R. 1952a) 

the description of the Gardena Water-bearing Zone was furthe,r elaborated. 

In the present investigation the extent of the Gardena water-bearing zone 

in the Central Basin was determined and these deposits have been designated 

the "Gardena aquifer". This term now applies to all of the coarse deposits 

that are contemporaneous with the Gage aquifer (fine grained deposits) in 

both the Central and West Coast Basins. 

The Gardena aquifer extends inland from Redondo Beach beneath the 

City of Gardena, across the Newport-Inglewood uplift and into the Central 

Basin, where it loses its identity near Lynwood. Further inland, identical 
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coarse deposits are again di scernible underlying the ~~ntebello Pl~in and 

wi thin the I'Jhi ttier Narrows. These tyro areas, hov/ever, "" re .separuted by 

the Gage aquifer which underlies that part of the Central Basin wher e the 

water-bearing deposits are deepest. In the western part of the coastal 

plain, the deposits form a strip one to four and one-half miles wide ex

tending from Lynwood to the coast. Other coarse deposits, believed to be 

at the same stratigraphic hori zon, extend southwesterly from the \~ittier 

Narrows and then form two southeasterly trending lobes. One lobe reaches 

the area south of downtmm Los l\ngeles and the Elysian Hills, and the other 

extends along the south side of the Santa Fe Springs Plain to the vicinity 

of Nonralk. The extent of these deposits is shown on Plate 12. 

The lithology of the Gardena aquifer in the I'lest Coast Basin is 

given by Richter (1950) as coarse sand and gravel with discontinuous lenses 

of sandy silt and yellow to blue clay, 1-nth the gravel 3izes ranging from 

pea-size to cobbles three to four inches in diameter and the sand runging 

from fine to coarse. Deposits in the Central Basin also contain coarse 

sands and gravels, with minor lenses of sand, silty clay, and clay. The 

deposits are similar in thickness and elevation to those of the Gage aquifer 

and are in direct continuity with the Gage materials. According to Richter 

(1950), the thickness within the Hest Coast Basin varies from 50 to 75 feet 

between the Avalon-Compton fault and the City of Gardena; from 75 to 100 

feet west of Gardena, and is over 100 feet where it overlaps the merged 

Lymvood and Silverado aquifers near the coast. The present study indicates 

that the Gardena aquifer varies in thickness from 40 feet near Lynwood to 

100 feet near Gardena and increases to 160 feet northwest of Torrance. 

Lines of equal thickness are shown on Plate 13. 
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As shown on Plate 12,the lowest elevation of the base of this 

aquifer is 350 feet below sea level in the Central Basin and 200 feet below 

sea level in the West Coast Basin. On the Newport-Inglewood uplift, as 

well as in the merged area nea r the coast, the elevation of the base is 

100 feet below sea level. 

Richter (1950) indicated that this aquifer was one of fluvial 

origin since the alignment over the Newport-Inglewood uplift was narrow and 

perpendicular to probable ancient shore lines; furthermore, these deposits 

are similar to other Recent alluvial deposits in Domingue z and other Gaps. 

However, Poland (1959a) suggested that this coarse deposit may have been 

laid down beyond a shore line fringing the Newport-Inglewood uplift. Work 

in conjunction with this investigation, however, leads to the same conclusion 

outlined by Richter. 

Some ancestral river flowing southwesterly incised a channel across 

the Newport-Inglewood uplift and eroded away most of the sediments comprising 

the Gage aquifer ("200-foot sand"). In this channel coarse fluvial deposits 

were laid down during a subsequent rise of sea level. Coastward from the 

uplift some shells have been found in wells drilled in this aquifer sug

gesting that fluvial action may have been affected by shallow l agoons or 

estuaries. From further study conducte~ during this investigation, it appears 

that the Rio Hondo-San Gabriel River systems have been the principal trans

porting agencies for sediments comprising the Gardena aquifer. However, 

because the two inland lobes of the Gardena aquifer extend parallel to the 

inland foothills there is a possibility that the Los Angeles River may 

have deposited portions of it. 

In the ~~ittier Narrows, the Gardena aquifer is cut by the Rio 

Hondo fault shown on Plate 7, and it has been folded up to 11 degrees along 
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the edge of the area near Boyle Heights. Recent uplift along the crest of 

the Rosecrans anticline has arched the Gardena aquifer, and this is shown 

on Plate 12 by contours plotted of the base of the aquifer. 

The Gardena aquifer ha s yie,lded large quanti ties of water to wells. 

Because of its coarse texture and continuity, it is an important aquifer in 

the coastal pla in. It is in hydraulic continuity with the Gage aquifer 

throughout most of its extent and for this reason the isopachs (lines of 

equal thickness) and elevation contours are plotted on the same maps as the 

Gage aquifer. 

San Pedro Formation. The San Pedro formation has previously been 

defined to Poland, et a l (1945, 1948, 1956, 1959a), as "that stratigraphic 

unit underlying the unnamed upper Pleistocene deposits and overlying the 

Pico formation of the l ate Pliocene age ..•.. Essentially, the San Pedro 

formation embraces all strata of lower Pleistocene age." Richter (1950) 

defined the San Pedro formation as "all of the deposits of lower Pleistocene 

age which underlie West Ba sin." The original type section of the San Pedro 

formation conta ined San Pedro sand, Timms Point silt, and Lomita marl; 

however, Poland has stated that the San Pedro formation "includes some 

strata that are younger and may include some that are older than any exposed 

in the type section cited." 

Eckis, (Calif. D.W.R., 1934) used the term "Fernando Group" for 

the lower Pleistocene and upper Pliocene strata that occurs along the inland 

foothills of the coastal plain. Since this term included the upper Pliocene 

deposits, not considered important fresh-water-bearing sediments, the desig

nation "San Pedro formation" is used in this report for the heterogeneous 

materials comprising the lower Pleistocene horizons. 
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The San Pedro formation underlies most, if not all, of the Coastal 

Plain of Los Angeles County as well as portions of the Santa Monica and San 

Pedro shelves offshore. In the type section along the north flank of the 

Palos Verdes Hills the San Pedro formation is composed of stratified sand 

with some beds of fine gravel, silty sand, and silt. Crossbedding occurs 

frequently in the outcrop. Some pebbles of limestone, siliceous Miocene 

shales and schist are also found. Away from the Palos Verdes Hills the per

centage of granitic fragments increase. In 1950, Richter described the 

lithology of the San Pedro formation as it occurs in West Coast Basin as 

"gray sand, which weathers brown or reddish brown on exposure, and interbeds 

of small gravel are characteristic. Sand and gravel fragments are mainly 

granitic, indicating a common source area, probably the San Gabriel Mountains". 

Fine-grained members are generally marine type, blue to black clays, sea 

muds, or quicksand with abundant shells. The Anchor silt found in the Cheviot 

Hills (Rodda, 1957) is one of these members. It is correlative with the 

Timms Point silt, of lower Pleistocene age, and to the lower part of the 

San Pedro formation. The Coyote silt found in the Coyote Hills (Hoskins, 

1954) is also of lower Pleistocene age and resembles the Anchor silt. 

The thickness of the San Pedro formation is about 1050 feet be

neath the Downey Plain along the South Gate-Santa Ana Depression, and in

creases to a maximum of 1350 feet in the area about two miles east and 

southeast of Norwalk along the Norwalk synclinal axis. Where section C-C'-C" 

(Plate 6b) crosses the ~osecrans anticline, the thickness is 570 feet. 

Within the West Coast Basin the thickness is greatest along the Gardena 

syncline, varying from 400 feet about 1 1/2 miles west of Inglewood to 

500 feet 1 mile north of Hawthorne, 700 feet at Gardena, and to as much as 

1050 feet near the intersection of Carson and Alameda Streets. 
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The San Pedro formation crops out along the south side of the 

Repetto, Merced, and Puente Hills; on the Coyote Hills, Baldwin Hills, and 

Beverly Hills; along the north side of the Palos Verdes Hills; and on Signal 

Hill. Around the margins of the coastal plain, the San Pedro formation is 

upturned, and in some local areas is beveled and capped by younger strata. 

Most of the structures encountered within the area of study affect 

at least part of the San Pedro formation. Elevation contour maps on the 

bases of the aquifers that comprise this formation indicate which fault or 

faults displace the aquifers. Much folding and warping, along with erosion, 

also has affected many of the aquifers. The structures affecting the San 

Pedro formation will be discussed in the descriptions of individual aquifers 

to follow. 

On Plate 3 the San Pedro formation, where it appears at the ground 

surface, is represented by the symbol "Qsp". Although the formation is 

shown as one unit for convenience, it has been divided into various strati

graphic units or members. Only those members capable of storing or con

veying ground water in suitable quantities have been named as aquifers, 

while the intervening finer-grained zones were not named. In downward suc

cession, excluding the fine-grained interbedded layers, the aquifers are: 

The Hollydale aquifer, the Jefferson aquifer, the Lynwood aquifer ("400-

foot gravel"), the Silverado aquifer, and the Sunnyside aquifer. Since 

most of the important aquifers used for production within the coastal plain 

are contained within the San Pedro formation, their complex water-bearing 

characteristics are discussed in Chapter VI rather than in the following 

description. 
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Hollydale Aquifer. The uppermost aquifer within the San 

Pedro formation is named the Hol~ydale aquifer. Although discontinuous in 

extent, it reaches from the Newport-Inglevood uplift north and northeast

ward to the south line of the Elysian, Repetto, Merced, and Puente Hills, 

and eastward and southeastward to and beyond the Los Angeles-Orange County 

line. Plate 14, entitled "Lin'es of Equal Elevation on the Base of the 

Hollydale Aquifer", shows the sinuous irregular courses of this aquifer. 

The lithology of this aquifer is variable and consists of yellow 

sands and gravels (pea-size to two inches) in the northeastern portion of 

the area, while grey, blue, and black sands, with muds, clays, and marine 

shells become more predominant toward the Newport-Inglewood uplift. Well 

log reports are the only means of determining the lithology for this aquifer 

because it does not crop out on the surface. The well logs indicate that 

some of the marine sands are mushy, while others are cemented and hard. 

The irregular, sinuous, and meander-like courses of the aquifer 

suggests a stream deposition, but the lithology of the aquifer over three

fourths of the area indicates shallow marine deposition. Because the two 

main lobes of the aquifer open tOvmrd the Los Angeles and Whittier Narrows, 

it is assumed that streams flowing through these two narrows have controlled 

the deposition of those parts, while a part of the sediments were laid down 

beneath shallow water in lagoons or estuaries. 

Lines of equal thickness of this aquifer are shown on Plate 15, 

"Lines of Equal Thickness of the Hollydale Aquifer". The thickness varies 

from less than 10 feet to a maximum of 100 feet near Lakewood. 

In stratigraphic position the Hollydal~ aquifer is the first 

important aquifer beneath the Gage-Gardena aquifers. The Hollydale aquifer 

is overlain and underlain, in most areas, by fine-grained members or aquicludes 
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of the San Pedro formation. Elevation contours on the base of the Hollydale 

a quifer and areas of mergence with overlying aquifers are shown on Plate 

14. The aquifer attains its greatest depth at an elevation of 500 feet 

below sea level about two miles east ,of Compton. In the area between the 

towns of Norwalk and Bellflower, the depth is about 450 feet below sea level. 

The slope of the base of the Hollydale aquifer is generally toward these two 

areas of greatest depth. 

Upfolding along the Newport-Inglewood uplift has apparently limited 

the depositional area of the Hollydale aquifer to the Central Basin. Within 

the Central Basin the aquifer does not exist in up folded areas. Downfolding 

along the axis of the Paramount and Norwalk synclines has, however, placed 

the base of the aquifer at an elevation of 500 feet below sea level. 

This aquifer apparently does not yield large quantities of water 

to wells, therefore few wells are perforated in this interval and even then 

only when producing horizons above and below are also perforated. Low pro

ductivity of the Hollydale aquifer may be due to the fineness of the mater

ials of which it is composed and the lack of continuity in its extent. 

Recharge of the Hollydale aquifer can be accomplished only where 

it merges with the overlying Gage or younger aquifers (Plate 14) because of 

the absence of outcrop areas. 

Jefferson aquifer. liithin the Central Basin, the second 

aqui1'er in downward succession within the San Pedro formation is designated 

the Jefferson aquifer. This aquifer extends over most of the Central Basin, 

although it is not known to reach the surface. Lobes of this aquifer extend 

into the Whittier Narro;:3, into the La Brea Plain, and south of the Coyote 

Hills through Buena Park into Orange County. Within the boundaries of 
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the aquifer, some irregular areas exist where the aquifer has not been 

identified, as indicated on Plate 16, "Lines of Equal Elevation on the Base 

of the Jefferson Aquifer". This aquifer has not been located in the West 

Coast Basin. The Jefferson aquifer occurs in sinous courses extending from 

both the Los Angeles and Whittier Narrows into Orange County. 

The lithology of the Jefferson aquifer is known only from drillers 

logs of water wells. The sediments comprising this aquifer are, for the 

greater part, fine-grained. Gravels are most extensive in the Whittier 

Narrows but also occur in scattered patches through the rest of the Central 

Basin. The remainder of the aquifer consists primarily of sand with some 

gravelly and clayey lenses. 

From the pattern of distribution of sediments comprising this 

aquifer, source areas are assumed to have been the San Fernando and San 

Gabriel Valleys and their surrounding highlands. The Los Angeles and San 

Gabriel Rivers appear to have transported the material through the Los 

Angeles and Whittier Narrows into or through three possible areas: the 

La Habra Piedmont slope, the Buena Park are3) and southward toward Seal 

Beach. Extensions of these areas into Orange County have not been deter

mined. 

The thickness of the Jefferson aquifer is shmffi on Plate 17, 

"Lines of Equal Thickness of the Jefferson Aquifer", and varies from a few 

feet to a maximum of 140 feet along the Los Alrunitos fault. At Norwalk 

the Jefferson aquifer is 120 feet thick. The Jefferson aquifer has been 

considerably folded and its base varies in elevation from 700 feet below 

sea level to 50 feet above sea level. 

Structures that affe:t the Jefferson aquifer are the Los Alamitos, 

Rio Hondo, Pico, and Cherry Hill faults, and possibly the Seal Beach fault. 
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It is believed t hat the genera l upwarped a r ea along the Nev~ort-Inglewood 

upl ift has controlled or confined t o the Central Ba sin t he deposition of 

sediment s comprising t hi s a quifer . 

Although it doe s not crop out on the surface, the Jefferson aquifer 

does merge with t he overlying Hollydale aquifer and also ,'lith the Gage 

a quifer along t he Elysian Hills, Repetto Hills, and within the \~ittier 

Narrows. These a reas of mergence are shown on Plate 16. 

Artificial recharge within the \Vhittier Narrows would have some 

effect on t his aquifer. Since less than 10 percent of the wells in the 

Central Basin are perforated in this hori zon, and then only in a reas where 

coa r s e sandy and gravelly zones are found, it is not considered an important 

,.,ater producing aquifer. 

Lynwood Aquifer. The Lynwood aquifer is the term used for 

the t hird aquifer in stratigraphic sequence within the San Pedro formation. 

The term "400-foot gravel" has been applied to this aquifer in the West 

Coast Basin. This latter term was first used by Poland (1948) and defined 

a s "a distinct water-bearing zone in the upper part of the San Pedro forma

tion ...• its base is about 400 feet below land surface along the axis of 

the syncline" (southwest of the Newport-Inglewood uplift). Plate 18, "Lines 

of Equal Elevation on the Base of the Lynwood Aquifer", and Plate 19, "Lines 

of Equal Thickness of the Lynwood Aquil"er" show the extent, elevation of 

the base, and thickness of this aquifer. 

The Lynwood aquifer extends throughout the Central and West Coast 

Basins and its existence has been verified in the Hollywood Basin. There 

is no evidence to show that it exists in the Santa Monica Basin, nor has 

it been identified in the Baldwin Hills. 
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Materials of which the ~nwood aquifer is composed appear to be 

both continental and marine in origin. Continental deposits, of yellow, 

brown, and red coarse gravels, sands, silts, and clays, are found in the 

vicinity of the Montebello Forebay Area. A line bounding this area extends 

from the Whittier Narrows to Bellflower, thence to Compton, South Gate, 

Huntington Park, and back to the Whittier Narrows. One arm of continental 

sediments extends from the area just described toward Hawthorne. Sediments 

of the ~nwood aquifer surrounding the Montebello Forebay Area are mostly 

marine deposits and are characterized by sand and gravel and blue, grey, 

and black silts and clays. Some of the sands and gravels have been cemented. 

The several areas where the marine deposits consist predominantly of fine

grained materials vary from less than 100 acres to about six or seven square 

miles in extent, and are shown on Plate 19. 

From the study of well logs and the materials from wells drilled 

into this aquifer, it appears that the Rio Hondo and San Gabriel River 

systems have been the major contributing source for the continental sediments. 

Marine-type deposits appear to have been laid down when the area was covered 

by shallow seas. 

The ~nwood aquifer ranges from less than 50 feet to about 200 

feet in thickness near Wilmington, as shown on Plate 19. Near Lakewood, 

Torrance, Inglewood, and Montebello it is about 150 teet in thickness. 

The base contours and lines of equal thickness are not shown west of the 

Gardena syncline because of mergence with the Silverado aquifer. 

In stratigraphic sequence the Lynwood aquifer is overlain and 

underlain in most of the area by fine-grained materials such as clays, silts, 

and sandy and silty clays. It is beneath the Jefferson aquifer and above 

the Silverado aquifer. Known areas of mergence with the overlying aquifers 
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are shown on Plate 18, while the areas of mergence with the Silverado aquifer 

are shown on Plate 20, "Lines of Equal Elevation on the Base of the Silverado 

Aquifer" • 

Folding has been the primar~ structural factor affecting the Lynwood 

aquifer. Upfolding or upwarping has occurr'2d along the coast in the West 

Coast Basin, over the Newport-Inglewood uplift, in the Artesia area over 

the Santa Fe Springs uplift, along the edge of the Elysian, Repetto, and 

Puente Hills, and within the Whittier Narrows. Downwarping has affected 

the aquifer in the Hawthorne-Long Beach depression extending to San Pedro, 

within the South Gate-Santa Ana depression (includes Paramount and Norwalk 

synclines), and within the La Habra syncline. Within the West Coast Basin 

the Charnock fault has offset the Lynwood aquifer. Along the Newport-

Inglewood uplift, the Inglewood, Potrero, Avalon-Compton, Cherry Hill, 

Northeast Flank, and other associated transverse faults cut the aquifer. 

Within the Central Basin the Los Alamitos fault offsets the Lynwood aquifer 

as does the Rio Hondo and Pico faults within and south of Whittier Narrows. 

The Lynwood aquifer is an important producer of ground water 

I 
and is discussed in more detail in the descriptions of the ground water 

basins in Chapter VI. MOst wells in the coastal plain drilled to or below 

this aquifer are perforated in it. Yields of wells perforated only in the 

Lynwood aquifer vary from 200 to 2100 gallons per minute. 

Surface and subsurface flow of water through the Whittier Narrows 

moves downward through the shallow aquifers into the Lynwood aquifer. Water 

is also artificially spread in shallow pits below the Whittier Narrows 

where the Lynwood aquifer is in contact with the permeable materials ex-

tending upward into the pits, thus permitting this water to reach the 

Lynwood aquifer. This artificial method of recharging is not generally 
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applicable in other areas where the Lynwood aquifer is merged with the 

overlying aquifers because of the greater depth of those aquifers as well 

as the Lynwood aquifer below the surface, the lack of continuous permeable 

materials to conduct water vertically downward, and the lack of available 

space for large surface pits. In these areas, therefore, other methods 

of recharge would be necessary, such as injection wells drilled into and 

perforated in this aquifer. 

Silverado Aquifer. The Silverado aquifer is the name applied 

in this report to those water-bearing materials which are stratigraphic 

equivalents of the "Silverado Water-Bearing Zone" in the West Coast Basin. 

Originally named by Poland, et al (1956), from its typical occurrence in a 

well in Silverado Park, Long Beach, the Silverado Water-Bearing Zone has 

been found throughout the rest of the Coastal Plain of Los Angeles County 

and extends across the Los Angeles County line into Orange County. For 

the purpose of this report the term, "Silverado aquifer", will apply to 

these materials throughout the Coastal Plain of Los Angeles County. Areas 

of Pleistocene deposits occurring in the Santa Monica and San Pedro shelves 

offshore may be continuations of the Silverado and underlying Sunnywide 

aquifers. Plate 20 shows the known extent and elevation contours of the 

base of the Silverado aquifer. 

Sediments comprising the Silverado aquifer are both continental 

and marine. \fuere continental deposits predominate, yello"", to brown, 

coarse to fine sands and gravels are interbedded with yellow to brown silts 

and clays. Marine deposits which comprise the Silverado aquifer over the 

remainder of the basin are primarily blue to grey sand, gravel, silt, and 

clay. Some black sands, quicksand, marine shells, peat, and wood fragments 
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are also shown on drillers logs of wells located in the area of marine sedi

ments. In the West Coast Basin, Richter (1950) describes the lithology as 

fine to coarse, blue-black arkosic sand with the larger grains composed of 

granite, granodiorite, and diorite. ,Along the flanks of the Palos Verdes 

Hills, limestone and schist pebbles are abundant, while in the Ballona Gap 

area slate, schist, and volcanic pebbles are commonly found. 

The ancestral Rio Hondo and San Gabriel River systems have been 

the major transporting agent for materials comprising the continental portion 

of the Silverado aquifer in Central Basin, although some contributions may 

have been added by the Santa Ana River flOwing in one of its earlier courses. 

The regional evidence indicates that the Los Angeles River did not flow into 

the coastal plain during much of the lower Pleistocene time and probably 

did not contribute sediment to the Silverado aquifer. However, streams 

flowing from the Santa Monica Mountains, Elysian Hills, and Palos Verdes 

Hills have added debris from these areas. Much of this material was deposited 

beneath the shallow ocean that covered the coastal plain at this time. The 

continental deposits appear to have been laid down when the sea was retreat

ing from the coastal plain. 

The varying thickness of the Silverado aquifer is depicted on 

Plate 21, "Lines of Equal Thickness of the Silverado Aquifer". This aquifer 

reaches a maximum thickness of 500 feet between the Wilmington anticline 

and the Cherry Hill fault. One mile west of Lakewood, along Carson Street, 

the Silverado aquifer is 450 feet thick. Along the south side of the Santa 

Fe Springs Plain and also two miles southeast of Huntington Park it is 300 

feet thick. 

The maximum depth reached by the base of the Silverado aquifer, 

1200 feet below sea level, is found southwest of the Cherry Hill fault 
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within Dominguez Gap, along the north side of the Los Alamitos fault, and 

about three miles southeast of Norwalk. A depth of 1100 feet below sea 

level occurs near Long Beach Harbor. 

The Silverado aquifer crops out along the northeast flank of the 

Palos Verdes Hills, possibly on the continental shelf beneath Santa Monica 

Bay, along the southern margin of the Baldwin Hills, in the Repetto and 

Merced Hills, along the south slope of the Puente Hills, and possibly in 

the Coyote Hills. Outcrops in the areas named are shown as the San Pedro 

formation, Qsp on Plate 3, because insufficient data are available to defin

itely identify the aquifer involved. 

Areas where the Silverado aquifer merges with overlying aquifers 

are shown on Plate 20. In the Montebello Forebay Area and Whittier Narrows 

the Silverado aquifer is directly overlain by and merges with aquifers 

younger than the ~wood aquifer. Merged areas are irregular in extent but 

are generally found along the Newport-Inglewood uplift, in the area from 

Huntington Park to Santa Fe Springs, and also within the Whittier Narrows. 

In the West Coast Basin the Silverado is merged with the overlying Lynwood 

aquifer everywhere except beneath the Gardena syncline and the Wilmington 

anticline. Near Santa M:>nica Bay the Silverado aquifer is in hydraulic 

continuity with the Gardena and Gage, as well as the Lynwood aquifers. In 

the Montebello Forebay Area the Silverado aquifer merges with the overlying 

Lynwood, Jefferson, Hollydale and Gardena aquifers, as delineated on Plate 

20A. 

The Silverado aquifer has suffered a greater degree of folding 

than the overlying Lynwood aquifer. It has been deformed by all of the 

major anticlinal and synclinal folds. All the major faults shown on Plate 

3 seem to have affected this aquifer. After faulting occurred, the aquifer 
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may be found at either different or the same elevation but separated by a 

region of altered permeability. SUfficient data is lacking to determine 

whether the geologic structure just south of Santa Fe Springs is a fault 

or downfold. On the basis of the ~ta available it is. believed that the 

postulation of a sharp downfold would explain the existing structure in a 

more adequate manner than the assumption of a fault. 

This aquifer is one of the most important ground water producers 

in the coastal plain. Specific capacities of wells perforated in it range 

up to a maximum of 159 gallons per minute per foot of drawdown and yields 

range up to 4700 gallons per minute. 

In the Whittier Narrows the Silverado aquifer is merged with many 

overlying aquifers and recharging the shallow aquifers in that area would 

cause additional water to reach the Silverado aquifer. Recharge from the 

surface in the Los Angeles Forebay ftxea may also reach the Silverado aquifer 

where it is truncated by the Gaspur. Other possible recharge areas for the 

Silverado aquifer are in the outcrop along the Coyote and Baldwin Hills, 

or in the Ballona Gap, where the Silverado aquifer is directly beneath the 

Ballona aquifer and close to the surface. Natural recharge takes place in 

those areas shown on Plate 3 where the San Pedro formation crops out on 

the surface. 

Sunnyside Aquifer. The water-bearing materials occurring 

within the Central Basin beneath the Silverado aquifer but above the Pico 

formation have been termed the "Sunnyside aquifer" after a typical occur

rence illustrated by the log of a well located i~ Sunnyside Cemetery in 

North Long Beach. 

The Sunnywide aquifer extends throughout the Central Basin. Its 

extent and elevation of its base are shown on Plate 22, IlLines of Equal 
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Elevation on the Base of the Sunnyside Aquifer". Recent drilling along 

the coastal region from Palos Verdes Hills to Ba llona Escarpment has revealed 

a zone of coarse deposits approximately 500 feet thick occurring beneath 

the Silverado aquifer, but separated from it by silts and clays. These 

coarse materials are similar to the Sunnyside aquifer in the Central Basin 

and may be the extension of the Sunnyside aquifer in the \-le st Coast Basin. 

The materials comprising this aquifer are coarse-grained sands 

and gravels separated by fine-grained interbeds of sandy clay and clay. 

The lithology shown on a typical well log near the intersection of Del Amo 

and Cherry Streets is compacted blue sand, coarse blue gravel (up to four 

inches in diameter), hard blue sandy clay, and clay. Toward the Los Angeles

Orange County line, mushy blue sands and coarse gravels with greater amounts 

of blue clay are found. At Spring Street and Bloomfield Avenue, well logs 

indicated that instead of clay, fine blue sand with minor clay streaks was 

present. Along the center of the coastal plain, about one mile north of 

Manchester and near Alameda Avenue, fine to medium gravel (one quarter to 

one inch in diameter), and partly cemented blue clay, and grey to brown 

shale are typical materials. In Whittier Narrows hard grey sands and gravels, 

boulders, and blue sandy shale are present. 

From drillers descriptions of materials, it is believed that the 

aquifer is of marine origin and has been affected very little by weathering. 

Many well logs show marine shells included with the sediments in addition 

to the interbedded marine-type clays and shales. 

The Sunnyside aquifer attains its maximum known thickness of about 

300 feet about one to one and a half miles southeast of Maywood in the 

vicinity of Slauson Avenue and the Long Beach Freeway. Plate 23, "Lines 

of Equal Thickness of the Sunnyside Aquifer", gives the thickness of the 
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Sunnyside aquifer. No data is available to determine thickness in the 

central downfolded area because none of the water wells have reached the 

aquifer in this area. 

It is not definitely knowr whether the Sunnyside aquifer crops 

out in any particular location within the Central Basin; hm.,ever, it is 

assumed that some of the outcrop areas shown as the San Pedro formation 

on Plate 3 include the Sunnyside aquifer also. The most likely areas for 

this to occur are along the south slope of the Repetto, Merced, and Puente 

Hills, and especially on the top of the Coyote Hills. 

In stratigraphic position the Sunnyside aquifer is overlain by 

the fine-grained Timms Point silt and Lomita marl and underlain by the 

Pico formation. It may be correlated in age with the unit mapped by Hoskins 

(1954) as the Coyote silt, the Anchor silt of Rodda (1957), and the La 

Habra conglomerate of Eckis (Calif. D.W.R., 1934). 

Stru~turally, the Sunnyside aquifer is offset by most, if not 

all, of the faults within the Central Basin. Some of the faults appear 

to act as boundaries for the aquifer. Northeast of the Los Alamitos fault 

the base of the Sunnyside aquifer occurs at a maximum depth of about 1500 

feet below sea level. 

The Sunnyside merges with the Silverado and other overlying 

aquifers in many areas delineated on Plate 22, "Lines of Equal Elevation 

on the Base of the Sunnyside Aquifer". In these merged areas hydraulic 

continuity is possible through a series of aquifers to the surface. The 

only known areas where this aquifer may be recharged are limited to out

crops of the San Pedro formation and merged areas where folds have lifted 

the Sunnyside aquifer near the surface of the ground. 
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Yields of wells perforated in t hi s aquifer range up to 1500 gallons 

per minute. Specific capacities of known wells using only t his aquifer for 

production are only fair, ranging from 6 to 25 gallons per minut e per foot 

of drawdown. 

Undifferentiated Plio-Pleistocene Sediments 

An area of sediments of either Pliocene or Pleistocene age, or 

possibly both, is shown on Plate 3 in the Repetto Hills southeasterly of 

Monterey Park. In the geologic literature these sediments have been classi

fied variously as both Pliocene and Pleistocene. Although various fossils 

are present, age designation based upon them is uncertain. While these 

sediments are somewhat permeable they have relatively little significance 

as far as ground water in the coastal plain is concerned; therefore, no 

attempt was made to determine their age. 

These undifferentiated sediments consist of thin bedded to massive 

silts, sands, and gravels that are locally well indurated and contain limited 

marine fossil remains. The sediments have been folded and many minor faults 

and fractures are seen in outcrops. 

Although these sediments are considered to be relatively unimport

ant as far as ground water is concerned, a drainage well constructed in 

1959 reportedly yields fair quantities of good quality water. Firm con

clusions, however, cannot be drawn from this limited experience. 

Tertiary System 

Aquifers have not been differentiated in sediments and rocks older 

than Pleistocene age because of limited well log data. Few wells extend 

into these materials and little ground water of suitable quality is extract

ed from them. Some fresh water is now being extracted from the upper member 
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of the Pico formation, discussed first in this section. For pre-Pleistocene 

materials in general, the sediments and rocks are described by formations 

or broad age classification. 

Pliocene Series 

The Pliocene series is divided into two formations, the Pico 

formation and the Repetto formation. In addition, the Pico formation is 

divided into upper, middle, and lower divisions. 

Pico Formation. The Pico formation is shown, where it outcrops at 

the surface, on Plate 3 by the symbol IIPp!'. The upper division or upper 

member of the Pico formation is a potential source of ground water. It has 

not been exploited to date, though wells along Carson Street near Lakewood 

do obtain water from upper Pico aquifers. This member is thickest in the 

synclinal areas, and it outcrops on the hills surrounding the coastal plain. 

The upper Pico formation is generally composed of sand, silt, and 

clay of marine origin interbedded with marine gravels. Beds of gravels and 

sands range in thickness from 20 to 100 feet and are separated by beds of 

micaceous siltstone and clays. 

Unconformably beneath this upper member are the middle and lower 

members of the Pico formation, or in some areas, the Repetto formation. 

The middle and lower divisions of the Pico formation are differentiated 

from upper Pico sediments by the contained foraminiferal faunas. Litho

logically, the middle and lower divisions are composed of greenish-grey 

micaceous siltstone and fine to coarse light grey feldspathic sandstone 

interbedded with claystone and shale. The thickness of these lower division 

materials ranges from 400 to more than 2,000 feet. Throughout most of the 

coastal plain these rocks < ,re far below the depths reached by the deepest 
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water wells. Oil well data indicate that, although portions of these sedi 

ments may be sufficiently permeable to transmit water in usable quantities, 

the water is of poor quality and unsuitable for general use . 

Repetto Formation. The Repetto formation, of early Pliocene age, 

is exposed in several areas adjacent to the coastal plain. The outcrops of 

this formation are identified by the symbol "Pr" on Plate 3. These deposits 

are composed mostly cf siltstone with layers of sandstone and conglomerate, 

containing fragmental marine shells locally. The Repetto formation is about 

5,000 feet in thickness. Wissler (1943) states that the maximum thickness 

occurs in the Montebello-Santa Fe Springs areti. Conrey (1958) and Slosson 

(1958) confirm this and discuss the distribution and thicknes s of the Repetto 

rocks in some detail. 

Miocene Series 

Rocks of Miocene age are shown on Plate 3 by the symbols "Ms" for 

sedimentary rocks and "Mv" for volcanic rocks. Nomenclature of the sediments 

of Miocene age is somewhat complicated; however, the relationship between 

the various names and brief descriptions of the various formations are 

presented in Table 1. 

Sedimentary Rocks. Sedimentary rocks of middle and late Miocene 

age have been called the Monterey formation in the Palos Verdes Hills, the 

Modelo formation in the Santa l~r.ica Mountains, and the Puente formation 

beneath the coastal plain and in the Repetto and Puente Hills. These forma

tions, up to 11,000 feet thick, consist predominantly cf clay shales but 

siliceous shales, sandstones, and conglomerates are common. 
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The Topanga formation is of middle and possibly early Miocene age. 

It is interbedded with and lies below the Miocene volcanic rocks. The forma

tion attains a thickness of 1,500 feet and consists of shale, sandstone, and 

conglomerate. 

No wells are knovm to produce fresh water from these formations in 

the immediate area of the coastal plain. However, water wells in other parts 

of Southern California do obtain limited supplies from hard fractured shales 

and poorly consolidated sandstones and conglomerates of these formations. 

Volcanic Rocks. Calcic andesite flows, tuffs, and breccias underlie 

at least parts of the coastal plain, and usually contain interbedded marine 

sand, conglomerate, and shale. Where these materials outcrop on the surface 

they are identified by the symbol "My-" on Plate 3. Available data indicate 

that the fractured sills, dikes, and flows, along with interbedded sand and 

gravels, yield water to wells, while the conglomerates and agglomerates are 

relatively nonwater-bearing. 

Older Tertiary Sedimentary Rocks 

Rocks of Eocene and Oligocene age are missing beneath West Coast 

Basin, though they may underlie the Central Basin. Hoots (1931) gives some 

evidence for the presence of the Sespe and Vaqueros formations of Oligocene(?) 

or early ~liocene age in the Santa Monica Mountains. Paleocene rocks crop 

out in the Santa Monica Mountains and may underlie a part of the coastal 

plain. Hoots (1931) termed these rocks the Martinez formation. other ex

posures of Martinez sandstone and conglomerate were found in the Santa Monica 

Mountains by Durrell (1954) and others. Outcrops of Eocene and Oligocene 

rocks are shown on Plate 3 by the symbols "E" and "¢", respectively, while 

outcrops of Paleocene rocks are marked by the symbol "E_K". 
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Cretaceous System 

A sequence of Upper Cretaceous sediments within the Santa Monica 

Mountains are differentiated and have been called the Chico formation by 

Hoots (1931). Durrell (1954) however, appears to have divided the same 

sequence into the Chico and Trabuco formations. The symbol "Ks" represents 

the areas of outcrops of these rocks on Plate 3· 

Quartz dioritic intrusive rocks, shown by the symbol "K " on g 

Plate 3 have previously been assumed to be Jurassic by comparison with 

similar rocks in the Sierra Nevada (Durrell, 1954). On the basis of dating 

by lead-alpha activity ratios of intrusive rocks in Southern California, 

Larsen, et al (1958) suggests that these rocks are of an early Late Cretaceous 

age rather than Jurassic. 

Jurassic System 

Rocks, called the Catalina schist, crop out on the Palos Verdes 

Hills and are identified on Plate 3 by the symbol "J". These have been 

also referred to as the Western bedrock complex because they underlie Miocene 

rocks of the West Coast Basin. The age of these schistose rocks is question-

able and, according to Woodford, et al (1954), may be either Mesozoic (When 

compared to the Jurassic Franciscan formation of the coast ranges) or 

Precambrian (when compared with the Pelona schist of the San Gabriel 

Mountains). In this report they are mapped as Jurassic. 

Triassic System 

Metamorphosed black shale and sandstone crops out in the Santa 

Monica Mountains and have been called the Santa Monica slate (Hoots, 1931) 

and the Santa Monica formation (Durrell, 1954). Intrusion of these rocks 
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by the quartz dioritic magma was responsible for changing these rocks into 

grey to black slates, mica schists, and spotted slates. These rocks are 

dated as Triassic by comparison with. similar rocks of Triassic age in the 

Santa Ana Mountains. In the coast~ plain, these are presumably the oldest 

rocks known, although the Cataline schist mentioned under the Jurassic 

System may possibly be older. These Triassic rocks are identified on 

Pl ate 3 by the symbol "TR". 
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CHAPl'ER V. GEOLOOIC STRUCTURE 

Geologic structural features within the Coastal Plai n of 

Los Angeles County have a pronounced effect upon ground water movement 

and storage. Faulting offsets aquifers, creates zones of cementation 

and low permeability, and generally disrupts the flow of subsurface 

waters. Folding and faulting raise aquifers either to or near the land 

surface, thereby enhancing the possibility of recharge. In some instances, 

uplifted fault blocks and folds are deterrents to ground water movement 

where structural highs of bedrock disrupt or change the course of ground 

water movement. Locally, aquifers are partially or entirely eroded away 

across these features, or are being dewatered because of the lowering of 

ground water levels. Elsewhere, ground water reservoirs are formed in 

structural lows created by faulting and synclinal folding of aquifers. 

The tectonic forces which produced the structural deformation 

within and adjacent to the coastal plain were continuous throughout 

Tertiary time and possibly Quaternary time. This deformation, however, 

was most severe during mid-Miocene, Pliocene, and Pleistocene time. 

Sediments of Recent age have not been seriously disturbed, even though 

earth movements have been recorded during historic time. 

Descriptions of individual geologic structures presented in 

this chapter are of necessity brief. Emphasis is given to those 

structures which influence ground water movement. Heretofore 

unrecognized or unpublished subsurface structural features have been 

noted during the course of this investigation. Most of these features 

are not evident from surface topography even though some of them affect 

relatively shallow sediments. 
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The structural characteristics of Pleistocene and Recent 

aquifers were determined by constructing geologic cross sections and maps 

showing lines of equal elevation on the bases of aquifers. Available 

geologic maps and subsurface maps qf oil field structures were used to 

help determine the structural patterns of the various aquifers and 

underlying Tertiary formations. The locations of faults and fold axes in 

these Tertiary formations, however, do not necessarily coincide with loca

tions of similar structures in the Pleistocene sediments. 

Those structures which have a surface expression or which 

affect water-bearing sediments are included in the areal geology shown 

on Plate 3. 

Regional Features 

Geologic structures within and bordering the coastal plain are 

generally aligned along regional uplifts and depressions. For descriptive 

purposes, these are herein grouped into t;lle "Mountain and Foothill structures", 

"Transitional structures", the "South Gate-Santa Ana depression", the 

"Newport-Inglewood uplift", the "Hawthorne-Long Beach depression", and 

"Offshore structures". These structural systems are reasonably distinct, 

but where systems join, local structural features may be common to each of the 

systems. 

The coastal plain is bordered to the north, northeast, and 

southwest by mountains and hills which have been uplifted by folding and 

faulting. The hills bordering the northeast margins of the coastal plain 

are flanked to the south by the Transitional st~ctures consisting of par

tially buried anticlines and synclines. The Transitional structures do not 

constitute one structural system but are grouped-together because of their 
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relative positions. The South Gate-Santa Ana depression, a general north

west trending synclinal depression, underlies the Downey Plain and extends 

from the La Brea Plain to beyond the investigational area into Orange 

County. The South Gate-Santa Ana depression is bordered on the northeast 

by transitional structures and on the southwest by the Newport-Inglewood 

uplift, a system of echelon faults and anticlinal folds. In Los Angeles 

County, the Newport-Inglewood uplift is bordered on the southwest by the 

Hawthorne-Long Beach depression, a synclinal depression, which underlies 

the Torrance Plain and extends northwest from the City of Long Beach toward 

the Santa Monica Mountains. On the west side of the Hawthorne-Long Beach 

depression, beneath the El Segundo Sand Hills, water-bearing sediments of 

Pleistocene age rise gently as a homocline toward Santa Monica Bay. The 

Offshore structures affect the water-bearing sediments extending beneath 

the Santa Monica and San Pedro Bays. 

Mountain and Foothill Structures 

The northern and eastern margins of the coastal plain are 

bordered by the Santa Monica Mountains and the Elysian,Repetto, Merced, 

and Puente Hills. The Palos Verdes Hills border the plain to the southwest. 

These highlands are almost entirely composed of rocks of pre-Tertiary and 

Tertiary age and are essentially nonwater-bearing. Therefore, only brief 

mention of the structural nature of each of these areas will be made. 

Detailed description of geologic structures within these highlands may be 

found in many of the references listed in the Bibliography. Between the 

Merced and Puente Hills is the Whittier Narrows, an erosional gap. Since 

it is closely associated with the highlands and is the location of the 
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maj or subsurface flow t o the ground water basins of the Coastal Plain of 

Los Angeles County, the structures within it are described in detail in 

t his section. 

Santa Monica Mountains 

The Santa Monica Mountains (Plate 2) are essentially a westerly 

plunging, asymetric anticline that has had a complex history of development . 

The anticline has been faulted, deformed by secondary folding, and further 

complicated by igneous intrusion. Important periods of deformation are 

recorded by several major unconformities between various formations of 

Cretaceous and Tertiary age. The Hollywood fault extends along the 

southern edge of the Santa Monica Mountains and at depth serves as the 

northerly edge of the Hollywood Basin, one of the ground water basins 

i ncluded in the coastal plain. The fault is buried by sediments of 

Pleistocene and Recent age. 

Elysian Hills 

Principal structures in the Elysian Hills include the Elysian 

Park anticline and secondary folding and faulting which deform its southern 

flank. The Elysian Park anticline extends southeast across the Los Angeles 

Narrows and through the Repetto Hills. In the Los Angeles Narrows, the 

structure has been cut by erosion and Miocene and Pliocene sediments are 

unconformably overlain by sediments of late Pleistocene and Recent age. 

Repetto and Merced Hills 

The Repetto and Merced Hills are essentially continuous but are 

structurally separated by a westerly trending syncline. In both uplift areas, 

angular unconformities locally exist between Tertiary sediments and the 

San Pedro formation, and between the San Pedro and Lakewood formations. 
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North of the San Bernardino Freeway, the Repetto Hills are formed 

into three nearly parallel fold systems which trend slightly north of west. 

These consist of a syncline which separates the Highland Park-South Pasadena 

anticlinal system on the north from the Elysian Park anticline on the 

south. The Elysian Park anticline is flanked on the south by another syncline 

and then the Boston Heights anticline. 

South of the San Bernardino Freeway, the Repetto Hills are a 

westerly trending, southerly dipping homocline that is cut by the Coyote 

Pass fault west of Atlantic Boulevard. The Coyote Pass fault extends 

westerly along the south flank of the hills, and brings sediments of 

Pliocene age into fault contact with those of Pleistocene age. 

The Merced Hills are a westerly trending, structural high developed 

by faulting and anticlinal folding. Major structures include the North 

Montebello thrust fault and the Montebello anticline. These structures are 

exposed at the surface and are developed in sediments of Pliocene and 

Pleistocene age. The anticlinal structures containing the East and West 

Montebello oil fields are developed at depth in sediments of Tertiary age, 

and are not reflected in water-bearing sediments of Pleistocene and Recent 

age. 

Whittier Narrows Area 

The Whittier Narrows area is not itself an uplift, but is a 

structurally controlled erosional gap located between and structurally 

related to the adjacent Merced and Puente Hills. Beneath the Whittier 

Narrows, the sediments of the San Pedro formation, and possibly the Pico 

formation, are folded into a northeast trending, synclinal depression. 

Southwest of the Whittier Narrows Dam, the subsurface structure is further 
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complicated by both block faulting and transverse folding. Sediments of 

the Lakewood formation unconformably overlie the syncline and are only 

slightly deformed (Section p-p 1
, Plate 6G). 

The synclinal structure un~erlying the Whittier Narrows separates 

the anticlinal form of the Merced Hills on the west from the essentially 

anticlinal structure of the Puente Hills on the east. These anticlinal 

structures have been cut through by erosion, and are locally interrupted 

by faulting. The Montebello anticline plunges east into the Whittier 

Narrows and is reflected in sediments of the San Pedro formation. The 

anticlinal structure of the Puente Hills, in its western extremity, is cut 

by the Cemetery fault, as hereafter presented. 

The strUcture of that portion of Whittier Narrows lying directly 

southwest of the Whittier Narrows Dam is exceedingly complex, and the availa

ble data may be interpreted to derive two differing patterns of subsurface 

structure. One explanation of a portion of the data would picture sharp fold

ing of the sediment parallel to the northeast-southwest trending synclinal 

axis, possibly coupled with the extension of the Whittier fault through 

Whittier Narrows perpendicular to the synclinal axis. After careful analysis, 

however, this theory was held to be inadequate in explaining all data. 

This report therefore presents the subsurface structure of 

Whittier Narrows as being governed by three faults generally parallel to the 

axis of the syncline. The following discussion of the structural system in 

the Whittier Narrows is based on the presence of these assumed faults. 

These faults have been named, from east to west, the Cemetery, Pico, and 

Rio Hondo faults, and they divide the area into two fault blocks that are 

tilted to the west. (Plates 3, 6A, and 6G). The available evidence also 
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indicates that within the Whittier Narrows, water-bearing sediments of 

Pleistocene and Recent ages are not offset by the Whittier fault. Vertical 

offsetting along the three parallel faults occurs primarily in the uppermost 

Pico and San Pedro formations; local displacement of the Lakewood formation 

occurs along the southern extent of the Rio Hondo fault (Section A-A'-A", 

Plate 6A). Sediments of Recent age are not disturbed by these faults. Con

siderable merging of aquifers occurs throughout the narrows and is related 

to displacement along faults and to unconformities among aquifers of 

Pleistocene and Recent ages. The pattern of the aquifers and their relation

ship to the fault system in this area are shown pictorially in the cut-away 

diagram on Plate 7. 

The Rio Hondo fault is about four miles long and generally follows 

the east side of the Rio Hondo. West of the fault, aquifers of the San Pedro 

formation are raised close to the surface and are unconformably overlain by 

the Gardena and Gaspur aquifers (Section A-A'-A", Plate 6A). 

The Pico fault, which can be traced for about three miles, is 

located about one mile east of, and essentially parallel to, the Rio Hondo 

fault. The fault block west of the Pico fault has been raised relative to 

that of the east side. The vertical displacement of the San Pedro formation 

brings different aquifers into hydraulic continuity with each other across 

the structure, as illustrated on Section A-A'-A", Plate 61\ . 

The Cemetery fault extends for about two miles along the east mar

gin of the Whittier Narrows, and apparently displaces the west extent of the 

Puente Hills. The fault block west of the fault is downtbrown relative to 

the east side. Available evidence suggests that the Cemetery fault terminates 

at the Whittier fault, and is possibly related to this major shear zone. 
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Two complexly folded and tilted fault blocks are developed between 

the Rio Hondo, Pico and Cemetery faults. The western block is downthrown on 

the Rio Hondo fault, and upthrown on the Pico fault. Within this fault block, 

sediments of the upper Pico and San Pedro formations are folded into an anti

cline, which trends northeast and crests adjacent to the Pico fault. This 

high disrupts the synclinal depression in its southwest extremity, as shown 

by contours drawn on the base of the Sunnyside aquifer (Plate 22). The 

Gardena aquifer unconformably overlies the anticline and the truncated 

aquifers of the San Pedro formation. (Section P-P', Plate 6G). 

The eastern fault block is downthrown between the Pico and Cemetery 

faults. Within this block, the San Pedro formation is gently folded as shmm 

on Section N-N'-N", Plate 6F, and by contours drawn on the base of the Sunny

side, Silverado and LYnwood aquifers (Plates 22, 20, and 18). Sediments of the 

Lakewood formation unconformably overlie these gentle folds, and the Gardena 

Aquifer merges with the Jefferson aquifer locally across these flexures. 

Puente Hills and Whittier Fault Zone 

The Puente Hills are essentially a west trending anticline that is 

complicated by secondary folding and faulting. The predominant structural 

feature of the Puente Hills is the Whittier fault or fault zone. This major 

structure trends southeast along the south flanks of the Puente Hills and ex

tends from the vicinity of the Whittier Narrows into Orange County. Northeast 

of the City of Whittier, the principal fault separates into a complex of 

smaller breaks and probably diminishes as it approaches the Whittier Narrows. 

Available oil well data indicate that it is a high angle reverse fault, with 

the north side rising over the south side at an angle of approximately 70 

degrees. Offset drainage of La Mirada Creek and Turnbull and Brea Canyons 
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in Orange County suggest that right lateral displacement has occurred along the 

fault in relatively late geologic time, the southwest side having moved 

several thousand feet northwest relative to the northeast side. 

The Puente Hills have been uplifted by vertical displacement along 

the Whittier fault and by normal faulting along the Workman Hill, Handorf and 

Rowland fault systems. The hills are further characterized structurally by 

minor faults, unconformities, and tight and overturned folds in sediments of 

Miocene, Pliocene and Pleistocene age. South of the Whittier fault ~one, an 

angular unconformity exists between Pico and overlying San Pedro sediments, but 

both formations have a general southerly homoclinal dip into the La. Habra syncline. 

Palos Verdes Hills 

The Palos Verdes Hills are an uplifted fault block composed of 

Catalina schist basement and marine sediments of Tertiary and Quaternary age 

that have been folded into a general anticlinal form. This general anticlinal 

high extends through the central portion of the hills and may extend beneath 

alluvial cover into the San Pedro area; it may also continue as a subsea 

structure beneath the San Pedro Shelf (Moore, 1951). 

A fault which extends in a northwest direction along the northern 

boundary of the hills has been termed the "Palos Verdes Fault Zone" by vloodford, 

et al (1954). This break, although only partially reflected at the surface by 

minor faults and steep northeast dipping sediments of l1iocene, Pliocene and 

Pleistocene age, offsets Catalina schist basement at depth. Test drilling by 

the Los Angeles County Flood Control District has verified the continuity of 

this fault zone out into the Pacific Ocean near Redondo Beach. 

The Gaffey anticline and the Gaffey syncline extend northwest along 

the nort heastern portion of the Palos Verdes Hills. These folds plunge 

-93-

AR0068941 



southeast and apparently extend beneath Recent aLluvium east of the hills 

and into San Pedro Harbor where they may affect ground water movement. 

Transitional Structures 

Transitional structures are those structural features that lie 

along the generally south-dipping homoclinal flanks of those mountain and 

foothill ,structures to the north and east of the coastal plain. They are 

also north and northeast of the South Gate-Santa Ana depression. A few of 

these structures have topographic expression; the remainder are buried 

beneath upper Pleistocene and Recent sediments. These structures, like 

most on the coastal plain, are generally best developed in Miocene and 

Pliocene formations, and for the most part have been determined from sub

surface oil exploration studies. 

From northwest to southeast, the Transitional structures include 

the Hollywood syncline, La Brea high, Boyle Heights anticline, Bandini anti

cline, East Los Angeles anticline, the Santa Fe springs-Coyote Hills uplift, 

and La Habra syncline. Since the Bandini and East Los Angeles anticlines 

are developed at depth and do not appear to affect the overlying water

bearing sediments, they are not included in the following discussions of the 

other Transitional structures. 

Hollywood Syncline 

The Hollywood syncline is a downwarped area between the Santa 

Monica Mountains to the north and the La Brea Plain to the south. The 

syncline plunges to the southwest where it may be displaced by the Inglewood 

fault. Northeast of Western Avenue the flexure be'comes ill defined and 

is apparently broken up by upfaulted blocks of Tertiary bedrock. The 
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location of the synclinal axis, as shown by the areal geology on Plate 3A 

is inferred from available subsurface data. 

Ground water moves south and west from the syncline. The Santa 

Monica Mountains and the Hollywood fault, which truncate the syncline's 

northern flank, are complete barriers to ground water movement to the north 

and east. To the south and southeast, ground water movement is impeded by 

the La Brea high. 

la Brea High 

The La Brea Plain is closely underlain by a structural high 

developed in sediments of Tertiary age and unconformably overlain by 100 

to 200 feet of the lakewood formation. The structural nature of the high 

is known in part. The northwestern portion of the high, which contains the 

Salt lake oil field, includes a northwest plunging anticline, a northwest 

plunging syncline, and a southwest plunging anticline, all in Miocene rocks. 

South of these folds the structural configuration of bedrock is largely 

unknown. The south dipping monocline of Tertiary sediments in the Los 

Angeles oil field may extend west beneath the southern portion of the la 

Brea Plain and could be the upper expression of the east-west trending Santa 

Monica fault system described by Barbat (1958). 

The crest of the La Brea high is located about one mile south of, 

and generally parallel to, Santa Monica Boulevard from Western Avenue to 

near the Inglewood fault. This feature plunges steeply in its western 

extremity, and the San Pedro formation is continuous from the south into 

the Hollywood syncline around the warped slope thus formed. Across the crest 

of the high, sediments of the San Pedro formation have been removed by 

erosion. Ground water movement from the Hollywood syncline south across 

-95-

AR0068943 



the La Brea high is therefore limited to aquifers of the Lakewood formation, 

and to the San Pedro formation around the western nose of the La Brea high. 

Boyle Heights Anticline 

The Boyle Heights anticline contains the Boyle Heights oil field. 

TIlis structure, developed in sediments of Miocene, Pliocene and Pleistocene 

~se, is essentially a minor anticlinal flexure on the south dipping homo

clinal flank of t.he western Repetto Hills. 'the anticlinal axis trends 

southeast: the crest approxjmately underlies the intersection of 4th and 

Soto Streets. The fold is asymptric with the north flank dipping more gently 

than the south flanK. Well lObS show that the San Pedro formation has been 

eroded from the crest of the anticline. The Lakewood formation, here approxi

mately 250 feet. thick, unconformably overlies the Repetto formation at the 

crest and the San Pedro formation along the ~outhern flanks of the anticline. 

Ground water movement.. across the structure is restricted due to anticlinal 

folding, thinning of water-bearing section over the crest and the nonwater

-nearing core of' the Repetto formation. 

Santa Fe Springs-Coyote Hills Upl ift 

1'he surfaee of the Santa Fe Springs Plain and the Coyote Hills 

reflects a structural high ""hich trends northwest from the Coyote Hills in 

Orange County a.nd is pr imarily developed in underlying formations of Miocene 

and Pliocene age. In these sediments, the uplift consists of anticlinal 

folds which contain the Santa Fe Springs, Leffingwell, and West Coyote oi l 

fields. The San Pedro and Lakewood formations are similarly folded across 

the uplift, and the folds developed in these sediments generally correspond 

to the underlying structures. 
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Santa Fe Spri nl~s Anticline. l'he Sant.a Fe Spr incs oi L field is 

contained in an e I onc;utcd ant:i eli nal do:ne which trends north,,,est and under

liee t-he Santa Fe Sprin~~s Plain. The fold is symmet.ri.cal and has gently 

dipping flanks. The San Pedro and La1<evTood formations are .folded over the 

structure nnd have a minimwn combined t.hi ckness of 700 feet ahove the dome. 

Contours dcpictinr, the base of Pleistocene aquifers show that in the San 

Pedro and LakcHood formations the fold crest is located slightly north of 

the axis as defined hy the Pliocene heds of t.he oil reservoir. Conto'J.rs 

depicting the base of fresh-1.Jatf'r materials correspond Lo the structural 

hie h and indicate that in this area the uppermost Pico sediments contain 

.fresh water. 

vlhile some of the shalloH aquifers thin out in the area of the 

Santa Fe Springs anticline, it does not. othen-lise ai'fect. movement of Ground 

v/ater. 

LeffinpJell Anticline. The Leffing'vell oil field is located 

approximately two miles east of t he Santa Fe Sprifl[;s oil field and is con

t ained in a faulted, eastward pJunging , anticlinal nose developed in 

sediments of Tertiary aGe . The anticline is offset in its central port i on 

by tHO nort hern trendinG faults which are not definable above sediments of 

Miocene ar;e. Contours of the base of the Silverado aqui fer (Plate 20) 

reflect the underlying high, but no effect on the movenent of Gro1lnd Hater 

is known. 

West Coyote Anticline. The Hest Coyote anticline, an elonc;ated 

dome) contains the West Coyote oil fie ld and is defined in the outcrolJping 

San Pedro formation within that portion of the Coyote Hills immediately east 
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of the Los Angeles-Orange County line. The anticline trends east-west and 

is complicated by faulting in the central and western portion and by secondary 

folding. Dips on the south flank are steeper than on the north flar ... 

Contours of the base of lower Pleistocene aquifers show that the anticline 

plunges west into Los Angeles County. The coarse gravels exposed at the 

surface and across the crest are believed to be the Sunnyside aquifer. The 

uplifted, relatively impermeable upper Pico formation acts as a barrier to 

the movement of ground water across the anticline. 

La Habra Syncline 

This syncline is located between the Puente Hills on the north 

and Santa Fe Springs-Coyote Hills uplift on the south. The axis of the 

syncline trends slightly north of west and its location (Plate 3) is 

inferred from available subsurface data. Water-bearing materials extend up 

both limbs of the syncline and outcrop in the Puente Hills and the Coyote 

Hills. The syncline is closed at the eastern end by the northeast trending 

East Coyote anticline. Available data suggests that a saddle exists at 

the western end of the structure where it disappears into the Whittier 

Narrows area. 

South Gate-Santa Ana Depression 

The South Gate-Santa Ana depression is the generally downwarped 

area which underlies the Downey Plain. The depression trends northwest 

between the Baldwin Hills and the La Brea Plain and extends beyond the 

investigational area into Orange County. The Newport-Inglewood uplift 

borders the depression on the southwest in Los Angeles County. The La 

Brea Plain, Elysian Hills, Montebello Plain, Santa Fe Springs, Coyote Hills, 

-98-

AR0068946 



and Santa Ana Mountains border the depression to the northeast . Minor 

anticlinal folds or warps lie a l ong the limbs of this synclinal depressi on. 

As shown on t he geologic cross sections, sediments of lower 

Pleistocene age have been folded to a greater extent than upper Pleistocene 

and Recent materials. The trough in older sediments lies in the central 

portion of the plain, about one mile southwest of Huntington Park. In upper 

Plei5tocene sediments it lies we5t of the central portion of the Downey 

Plain in the vicinity of Carson Street and Palo Verde Avenue. Recent allu

vium is generally flaL lyil~, al though slight local folding occurs in the 

Whittier Narrows. lbe major structural features in the South Gate-Santa Ana 

depression are the Paramount Syncline and Los Alamitos fault, and the Norwalk 

Syncline. 

Pa ramount Syncline and Los Alamitos Fault 

1~e principal axis of the depression, determined from aquifers of 

t he San Pedro formation, is named the Paramount syncline. This structure 

underlies the City of Paramount and extends northwesterly to the Inglewood 

fault. South of Huntington Park the trend of the synclinal axis changes 

from northwest to slightly north of west, as shown on Plate 3. 

Southeast of the City of Paramount an extension of the axis of the 

Paramount syncline coincides with the Los Alamitos fault. This fault trends 

southeasterly from one mile north of the City of Lakewood and extends about 

six and one-half miles to the southwest limits of the Los Alamitos Naval 

Reservation. Apparent movement along the fault appears to have been vertical 

with the aquifers to the east of the fault having moved down relative to 

those of the west. Aquifers of late Pleistocene and Recent age apparently 
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have not been displaced. Merging of differing aquifers occurs across the 

fault because of their vertical displacement. Water quality and water well 

logs on either side of the structure indicate that movement of ground water 

across the fault is only slightly affected. 

The manner in which the Los Alamitos fault continues on as an 

apparent extension of the Paramount syncline suggests that the displacement 

of aquifers in this area might be a result of folding of the sediments rather 

than the postulated faulting. However, the available data are primarily 

derived from water well drillers logs and water quality data, indicate the 

presence of a fault, possibly the same fault believed by some petroleum 

geologists to exist in this area in the older sediment underlying the San 

Pedro formation. Subsequent drilling may resolve the question as to whether 

this feature is actually a fold or a fault. 

Norwalk Syncline 

The Norwalk syncline is located south of the Coyote Hills and extends 

southeast from the City of Norwalk into Orange County. As shown by contours 

depicting the base of the Silverado aquifer (Plate 20A), the syncline plunges 

northwesterly toward the City of Norwalk. 

Newport-Inglewood Uplift 

The Newport-Inglewood uplift is an important regional structure 

extending from Newport Mesa in Orange County northwesterly approximately 40 

miles to its terminus in Beverly Hills. At depth, the uplift is considered 

a complex fault system that serves as the boundary between Catalina schist 

basement to the west and granitic basement to the east. At the surface it 

is characterized by a series of echelon faults and anticlinal folds and domes 

which underlie the Beverly, Baldwin, Rosecrans, Dominguez, Signal, Bixby 

Ranch and Landing Hills (Plate 2). Formations on both flanks of the uplift 

dip away from the axis. The anticlines are characteristically closed at 
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both ends and are separated by structural saddles. The structures forming 

the uplift are deformed by high-angle normal and reverse faults at the sur

face and, at depth, Tertiary sediments are offset by low angle reverse faults. 

The faults of the Newport-Inglewood uplift in some cases exert con

siderable barrier influence upon the movement of subSUrface water. In other 

places sediments offset by the faults have been scoured and backfilled by 

ancient rivers and streams so that in these areas the faults offer little or 

no restraint to the movement of ground water. Offsetting of sediments along 

these faults is usually greater in the deeper, older formations. Displacement 

is less in younger, stratigraphically higher formations. In the Pleistocene 

deposits and on the surface, actual displacement by faulting is minor and 

folding is predominant. 

The folds and faults of the Newport-Inglewood uplift, from north to 

south, include the Beverly Hills dome, Inglewood fault, the Baldwin Hills 

uplift, Potrero fault and dome, the Rosecrans anticline, Avalon-Compton fault, 

Dominguez and Long Beach anticlines, Cherry Hill, Northeast Flank, Pickler, 

and Reservoir Hill faults, and the Seal Beach structure. The structural fea

tures of the Newport-Inglewood uplift are described in the following sections. 

Beverly Hills Dome 

The Beverly Hills dome, a small fold developed at depth in sedi

ments of Tertiary age, is the northernmost anticlinal structure of the Newport

Inglewood uplift. The dome, which contains the Beverly Hills oil field, 

is apparently not reflected in overlying sediments of Pleistocene and 

Recent age. Pleistocene formations in the area have reportedly been pene

trated by only a few water wells on which data are not available. Available 

oil well information, however, indicates that Pleistocene sediments dip 

northwesterly away from the Baldwin Hills an~toward the Santa MOnica 

Mountains. 
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Inglewood Fault 

The Inglewood fault is approximately nine miles long, trends 

northwest-southeast, and extends from approximately one mile south of the 

City of Beverly Hills to nearly two miles southeast of the City of Inglewood. 

An eroded escarpment which is probably the surface expression of the Inglewood 

fault is present in the Cheviot Hills (Poland, et al 1949). 

Beneath Ballona Gap, the fault offsets aquifers of Pleistocene 

age as shown on section A-A'-A", Plate 6A. In this area, the sediments 

east of the fault have dropped down relative to those on the west side and 

the fault forms a barrier to ground water movement. Between the Cheviot 

Hills and the Santa Monica Mountain front, the presence of the Inglewood 

fault and its probable effect on ground water is largely conjectural. Water 

level data for the vicinity of Beverly Hills, however, suggest that the 

fault does not affect water-bearing sediments in that area. 

In the Baldwin Hills, the Inglewood fault is marked at the sur-

face by an escarpment along which over 200 feet of vertical displacement 

has been measured (Driver, 1943). Available evidence indicates that dis

placement along the fault is both normal and right lateral, the latter 

being the principal movement. The fault dips steeply west and is offset by 

several cross faults which trend northeast. In the Baldwin Hills, the west 

block is dropped; between the Baldwin Hills and Ballona Gap, therefore, 

pivotal movement must have occurred as the west block is uplifted in 

Ballona Gap. 

South of the Baldwin Hills, the Inglewood fault has also been 

called the Townsite fault (Willis and Ballantyne, 1943) and is offset by 

the Fairview Avenue and Centinela Creek faults which trend northeast. The 
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Inglewood fault offsets aquifers of the San Pedro formation as shown on 

section B-B'-B", Plate 6A, and forms a partial barrier to ground water 

movement in the vicinity of the City of Inglewood. 

Baldwin Hills Uplift 

The Baldwin Hills, containing the Inglewood oil field, are under

lain by a faulted, northwest-trending anticline which is developed in sedi

ments of Tertiary and Pleistocene age. Two principal northwesterly trending, 

nearly parallel faults offset the central portion of the hills, developing 

a downdropped block or graben across the crest of the anticline. The more 

easterly of the two structures is the Inglewood fault, described in preced

ing paragraphs; the other fault is unnamed. Both faults are offset by 

secondary cross faults which trend northeast. The block east of the Ingle

wood fault is composed of sediments of Pliocene age and older and is cut by 

several small unnamed faults. One such fault extends along the northeast 

border of the Baldwin Hills and may be related to the prominent excarpment 

in that area. The Slauson Avenue fault extends northeast beyond the Baldwin 

Hills and offsets aquifers of the San Pedro formation. 

The Baldwin Hills form a complete barrier to ground water movement 

where the essentially nonwater-bearing Pico formation crops out (Plate 3A). 

Potrero Structures 

This term is assigned to those structures of the Newport-Inglewood 

uplift which are located between the Baldwin Hills to the northwest and the 

Rosecrans anticline to the southeast. Principal structures include the 

Inglewood and Potrero faults and the Potrero dome. The faults are continuous 

from the Baldwin Hills to the Rosecrans anticline, but the dome is an independ

ent structural feature. 
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The Inglewood and Potrero faults extend southeast from the Baldwin 

Hills and border a linear, tilted block, approximately four miles long and 

several thousand feet wide, which is broken into smaller blocks by several 

nearly parallel, northeasterly trend~ng cross faults (Plate 3A). 

Potrero Fault. The Potrero fault is about four miles long and is 

expressed at the surface as an escarpment along the west flank of the 

Rosecrans Hills. It is essentially a fracture zone, 100 to 200 feet wide, 

that trends northwesterly and dips steeply to the west. Both normal and 

right lateral displacements have been observed, but the latter is more pro

nounced. In those areas where vertical displacement of aquifers exists, the 

fault acts as a barrier to subsurface flow, as was shown by a pumping test 

conducted in the Inglewood oil field. 

A series of transverse faults cut both the Inglewood and Potrero 

faults and enclose a number of tilted, uplifted or downdropped blocks. 

From north to south these faults are: The Slauson Avenue fault, Fairview 

Avenue fault, Centinela Creek fault, Inglewood Park Cemetery fault, Man

chester Avenue fault, and the Century Boulevard fault. These faults probably 

offset aquifers of Pleistocene age and are believed to act as partial bar

riers to ground water movement (Poland, et al 1959). 

Potrero Dome. The Potrero dome, primarily developed at depth in 

sediments of Tertiary age, is located immediately east of the City of 

Inglewood and contains the Potrero oil field. The dome trends northwest 

and is offset by the Inglewood and Potrero faults. Dips along the flanks 

are gentle, becoming steepest to the north and east. 
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Rosecrans Anticline 

Defined by aquifers of the San Pedro formation, the Rosecrans 

anticline trends northwest and extends for approximately five miles near the 

middle of the Newport-Inglewood uplift in Los Angeles County and lies beneath 

the Rosecrans Hills. The Howard Townsite, Rosecrans, and South Rosecrans 

oil fields underlie this Pleistocene structure, and are developed in sedi

ments of Tertiary age. These oil structures are offset and complicated by 

several nearly parallel, westerly trending thrust faults which do not affect 

sediments of Pleistocene age. Thinning and pinching out of the aquifers 

across the anticline may be a deterrent to ground water movement between 

the Central Basin and the West Coast Basin. 

Avalon-Compton Fault 

The Avalon-Compton fault is about two and one-half miles long 

and trends northwesterly from the north flank of Dominguez Hill to the 

south end of Rosecrans anticline. The normal displacement along the fault 

increases with depth, and the southwest block is dropped. The fault off

sets the SilveradO, Lynwood, and Gardena aquifers, as shown on Section 

D-D'-D", Plate 6B. Water level differences on either side of the fault 

indicate that this structure is an effective ground water barrier (Poland, 

et al 1959a). 

Dominguez Anticline 

The structure underlying Dominguez Hill and containing the Domin

guez oil field has been described by Grinsfelder (191~3) as an elliptical, 

northwesterly trending anticline. Similar to most structures on the 

Newport-Inglewood uplift, the anticline, fully developed in the deeper 
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Tertiary formations, is also reflected in Pleistocene sediments at the 

surface. Dominguez Hill, rising about 150 feet above the surrounding land 

surface, is typical of this relationship. The anticline is offset by high 

angle normal faults and lower angle ~everse faults at depth. This defor

mation does not appear to extend more than 4,000 feet below sea level. 

The base of Pleistocene sediments across the anticlinal crest is about 

400 feet below sea level and it is believed that the aquifers are not 

affected by faulting across the anticline. The southwest flank of the 

anticline dips more steeply than the northeast flank. The extreme north

west flank of the structure is cut by the Avalon-Compton fault, described 

above. 

Long Beach Anticline 

The Long Beach anticline is a narrow, elongated, asymmetrical 

structure which trends northwest and is offset by several prominent faults. 

The structure extends approximately five miles through Signal Hill and 

Reservoir Hill and contains the Long Beach oil field. The plunge of the 

axis is less to the northwest than to the southeast. Dips on the southwest 

flanks are generally steeper away from the crest than dips on the northeast 

flanks. Three prominent faults, the Cherry Hill, Northeast Flank, and the 

Reservoir Hill faults, trend northwest along the crest of the anticline. A 

short, transverse fault, the Pickler fault. extends across the crest of the 

anticline from the northern expression of the Northeast Flank fault to the 

Cherry Hill fault. A surface scarp along the north side of the Bixby Ranch 

Hill may be a surface expression of a fault, but subsurface evidence availa

ble at this time does not clearly confirm this. 
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Available data in the Signal Hill and Reservoir Hill areas and in 

that portion of the City of Long Beach adjacent to and west of the Resevoir 

Hill fault are insufficient for definition of aquifers in these areas and 

for correlation of aquifers across the Pickler, Northeast Flank, and Reser

voir Hill faults. According to Poland, the Signal Hill area is a complete 

barrier to movement of ground water between the Long Beach Plain and the 

Downey Plain. No new evidence was available to confirm or disprove this 

assertion. Even though data are sparse, however, it is apparent that the 

structural character of Signal Hill and Reservoir Hill is sufficient to 

restrict ground water movement. 

Cherry Hill Fault. Stolz (1943a) designated the fault that 

extends along the southwest flank of the Long Beach anticline as the 

Cherry Hill fault. Movement along the fault is up on the northeast side 

and down on the southwest side. Vertical displacement of water-bearing 

sediments is considerable for several miles along this fault. Along the 

southwest side, the Silverado aquifer, for example, has been displaced 

against older rocks of low permeability. Northeast of the structure at 

Signal Hill, these rocks of low permeability rise above the zone of 

saturation. 

The Cherry Hill fault extends across Dominguez Gap and disappears 

along the northeast flank of Dominguez Hill. Although the fault does not 

act as a barrier to movement of ground water in the Gaspur aquifer, it does 

have a barrier effect in the underlying formations in Dominguez Gap (Poland, 

et al 1946b). 
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Northeast Flank Fault. The Northeast Flank fault, also named by 

Stolz (1943), extends along the northeast flank of Signal Hill for about 

one mile. The northeast side of the fault is downdropped relative to Signal 

Hill, which is an uptilted block between this fault and the Cherry Hill 

fault. In this area, Pleistocene aquifers have apparently been entirely 

offset and ground water movement is impeded by the Northeast Flank fault. 

Pickler Fault. The Pickler fault is a transverse fault which 

strikes southwest along the northwest margin of Signal Hill. Its existence 

was inferred largely from a difference in the productivity of oil wells on 

either side of the fault. The area northwest of the fault is downdropped 

relative to Signal Hill. The vertical displacement at the base of the San 

Pedro formation is believed to be about 150 feet. This displacement brings 

sediments of relatively low permeability in the block to the southeast into 

contact with the water-bearing sediments to the northwest. 

Reservoir Hill Fault. The Reservoir Hill fault is ~ normal, steep, 

northeasterly dipping fault aligned with the northeast flank of Reservoir 

Hill. The fault trends southeast and is named the Seal Beach fault in 

Alamitos Gap and Landing Hill. It is in echelon with the Northeast Flank 

fault. The southwest side of the fault has moved up in relation to the 

northeast side. Vertical displacement along the fault, about opposite the 

crest of Reservoir Hill, is about 280 feet. Materials of the San Pedro 

and underlying Pico formation have been displaced by at least this amount; 

ho~ever, no displacement occurs within the uppermost alluvial deposits of 

Recent age. The fault is believed to restrict ground water movement in 

Alamitos Gap (Poland and Sinnott, 1959b). 
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Seal Beach Structure 

The Seal Beach structure, containing the Seal Beach oil field, 

consists of two elongated domes separated by a saddle. The domes are devel

oped in underlying sediments of Tertiary age, trend nortnwesterly, and are 

offset by the Seal Beach fault, the local name applied to the southern portion 

of the Reservoir Hill fault. The more northerly dome underlies Bixby Ranch 

Hill; the southerly dome has its apex in Alamitos Gap under the present 

channel of the San Gabriel River. Bowes (1943) stated that the San Gabriel 

River is antecedent to the later periods of folding and its position may 

have been controlled by the saddle that exists between these two domes. 

Hawthorne-Long Beach Depression 

The Hawthorne-Long Beach depression is the downfolded area that 

underlies the El Segundo Sand Hills, Torrance Plain, Dominguez Gap, Long 

Beach Plain, and most of the Santa Monica and Sawtelle Plains, but only 

portions of Beverly Hills and Ballona Gap. The depression trends north

westerly and extends from its northwestern terminus at the base of the Santa 

Monica Mountains to the City of Long Beach and continues offshore beneath 

San Pedro Bay. It is bounded on the west by the Pacific Ocean, on the 

southwest by the Palos Verdes Hills and on the northeast by the Newport

Inglewood uplift. 

The following structures lie within the depression and are briefly 

discussed in the succeeding paragraphs: Overland Avenue and Charnock faults, 

the Gardena syncline, the Torrance and Wilmington anticlines, the Lomita 

syncline, and unnamed structures beneath the Santa Monica Plain. 
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Overland Avenue Fault 

The Overland Avenue fault trends northwest and extends from Santa 

Monica Boulevard to the northwest flank of the Baldwin Hills. Displacement 

of the fault is believed to be vertical, with a magnitude of approximately 

thirty feet. The northeast side of the fault is raised relative to the 

southwest side. Over a l5-year period, water levels east of the fault have 

remained 60 to 100 feet higher than those west of the fault (Poland, et al 

1959a), indicating its relative effectiveness as a barrier to the movement 

of ground water. 

Charnock Fault 

The Charnock fault extends southeast from near Venice Boulevard 

to the City of Gardena and runs parallel to the axis of the Gardena syncline 

for most of its length. The northeast side of the fault is downthrown 

relative to the southwest side. Because of the displacement of lower Pleis

tocene aquifers as shown on Section C-C'-C", Plate 6B, the fault acts as a 

partial barrier to ground water movement. This barrier effect increases as 

the fault approaches the Ballona Escarpment, and then apparently diminishes 

as it continues northwest beyond Ballona Gap into the Sawtelle Plain. 

Gardena Syncline 

The principal structure of the Hawthorne-Long Beach depression is 

the Gardena syncline, an elongated, northwesterly trending flexure extending 

from Culver City to the City of Long Beach. It parallels the Newport

Inglewood uplift which borders it on the northeast. Along the southwest 

border, beneath the El Segundo Sand Hills, Pleistocene sediments gently dip 

northeasterly into the syncline from beneath the Pacific Ocean. The syncline 
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is best developed in Tertiary and 10\.,rer Pleistocene sediments and is moder

ately defined in upper Pleistocene sediments. Its deepest part, as shown 

on the contour map of the Silverado aquifer (Plate 20B), lies beneath the 

intersection of Alameda Street and Carson Street. From the northwest, the 

synclinal axis plunges gently into this low. The axial plunge from the 

southeast is relatively steeper. 

Northwest of the City of Gardena, lower Pleistocene aquifers along 

the southwest flank of the syncline are offset by the Charnock fault (Section 

C-C'-C", Plate 6B), though the Gardena aquifer of late Pleistocene age is 

not displaced. FUrther north, beginning at the south margin of the Ballona 

Gap, the northeast flank of the syncline is displaced by the Overland fault. 

Beneath Ballona Gap and continuing northwest to approximately the Santa 

Monica Plain, the syncline becomes a downfaulted block lying between the 

Charnock and Overland Avenue faults. 

Torrance Anticline 

The Torrance anticline, located in the southerly part of the 

Hawthorne-Long Beach depression, is a gentle fold which trends southeast 

from Redondo Beach and contains the Torrance oil field. In sediments of 

Tertiary age, several echelon faults trend diagonally across the prinCipal 

fold, dividing it into three elements. The water-bearing formations are 

affected by the broad, gentle folding, but available evidence indicates 

that they are not offset by faulting. 

Wilmington Anticline 

The Wilmington anticline is essentially continuous with the Tor

rance anticline but the two are separated by a structural saddle developed 
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in sediments of Tertiary age. 'The anticline plunges to the northwest and 

to t he southeast and, accordine to Winterburn (1943), consists of five 

blocks developed by several faults. The San Pedro and Lakewood formations 

are not affected by these faults, and only t he San Pedro formation is 

folded. 

Lomita Syncline 

The Lomita syncline is located between ~he Torrance-Wilmington 

anticlinal highs to the north, and the Palos Verdes fault zone and Gaffey 

anticline to the south. The syncline parallels the southeasterly trend of 

these bordering uplifts and extends southeast from the City of Redondo 

Beach. Similar to the Gardena syncline, it is best developed in San Pedro 

and older sediments. 

Unnamed Structures 

Hoots (1931) and Barbat (1958) indicate that there are structures 

under the alluvial cover of the Santa Monica Plain which trend east-west and 

parallel to the structural trend of the Santa Monica Mountains. Since 

there is little subsurface information available in this area, the geologic 

structure is inferred on Section G-G', Plate 6D. This section shows the 

San Pedro formation dipping gently to the south beneath Ballona Gap and the 

Torrance Plain. 

Offshore Structures 

Those structures that lie beneath Santa Monica and San Pedro Bays 

have a direct effect upon the water-bearing strata that extend into these 

areas. Much work remains to be done to determine the nature and extent of 

offshore folding and faulting and their effects on ground water. The 
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general structure of the offshore region is discussed by Emery (1954) aG 

follows: 

"In general, the region consists of many blocks of 
roughly equal size that bear a close resemblance 
to the fault blocks of the Basin Range province in 
Nevada and eastern California. . .The slopes that 
bound the blocks are fairly straight and steep (50 
to 100 average and more than 400 locally), and some 
terminate down1ffird in linear depressions similar to 
sag ponds. Earthquake epicenters are more frequent 
on the basin side of these slopes, suggesting that 
the slopes reflect the presence of normal faults 
that separate horsts and grabens, though later work 
may show that some of them are due to folding rather 
than to simple block faulting." 

The Santa Monica shelf as a .Thole is a sea./ard continuation of 

the coastal plain, and available information suggests that the San Pedro 

formation becomes thinner there. The pattern of sea-.mter intrusion indi-

cates that aquifers are exposed to the ocean all along the Santa Monica Bay. 

The San Pedro shelf is underlain by the seaward extension of the 

anticline that Gomprises the Palos Verdes Hills, by the Gaffey syncline and 

anticline, by the Lomita syncline, and the Wilmington anticline. Available 

subsea data suggest that the extension of the main Palos Verdes Hills anti-

cline beneath San Pedro Bay has resulted in uplift of the Lakewood and San 

Pedro formations, and possibly exposed them to the ocean floor south of 

the breakwater (Stevenson, et al 1958, Crouch, 1954, and Moore, 1954). Water 

levels in the Silverado aquifer, however, indicate little or no hydraulic 

continuity with the ocean beneath San Pedro Bay. The significance of this 

data is not clear, since no subsurface information is available seaward of 

the Hilmington oil field. It is not known, therefore, whether aquifers 

deeper than the Gaspur and above the Silverado are in hydraulic continuity 

with the ocean in San Pedro Bay. 

-113-

AR0068961 



CHAPTER VI. DESCRIPTION OF 
GROUND WATER BASINS 

This chapter describes tpe ground water basins in the Coastal 

Plain of Los Angeles County and discusses the occurrence and movement of 

ground water within each basin. Information regarding geologic features 

presented in earlier chapters is summarized here for each ground water 

basin to show what effect these features have on ground water flow into, 

through, and out of each basin. The relationships between the geologic 

features and the occurrence and movement of ground water as discussed in 

this chapter are intended to clarify the geologic setting of the area for 

future studies of hydrology, water quality, and problems involving the 

use of ground water. 

Basin Boundaries 

The ground water basin as herein used is defined as the area 

underlain by one or more permeable formations capable of furnishing a sub-

stantial water supply. It does not necessarily coincide with the surface 

drainage basins and is usually smaller in size because the essentially 

nonwater-bearing hills and mountains of the surface drainage basin 

(watershed) are excluded. Ground water basins are separated from adjacent 

basins by geologic features such as nonwater-bearing rock, faults, or 

other geologic structures which impede ground water movement, and by 

natural or artificial mounds or divides in the water table or piezometric 

surface. Geologic features generally establish well defined, fixed bounda-

ries while ground water mounds are subject to change in time, particularly 

with changes in the development and use of ground water. However, both 

of these types of boundaries do define limits of ground water movement. 
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Ground water basins also have been arbitrarily separated along 

political boundaries or surface features such as along topographic divides 

and across narrow gaps through a range of mountains or series of hills. 

Such arbitrary divisions may be usefUl but they do not really define the 

limit of ground water basins nor its movement as do geologic features. 

In many cases, the use of surface features to delimit a ground water basin 

has simplified hydrologic analysis, but this is seldom the case when 

political boundaries have been used. 

The Coastal Plain of Los Angeles County consists mainly of 

unconsolidated sediments or alluvium underlain by and bounded on the north 

and east by essentially bedrock. On the west and south it is bounded by 

the Pacific Ocean. Ground water is stored within the interstices of these 

unconsolidated sediments and in the cracks or fractures of the nonwater

bearing rocks which bound the area. 

The coastal plain has been divided into four ground water basins 

by geological and surface features. Two of these four ground water basins 

are southwest and two are northeast of the series of low hills formed by 

the folds and faults of the Newport-Inglewood uplift. The Santa Monica 

Basin ("West Coast Plain - North", Calif. D. \-1. R. 1934) and the \-lest 

Coast Basin occupy what Mendenhall (1905b) called the "Western Coastal 

Plain" west and southwest of the Newport-Inglewood uplift (Plate 2). East 

and northeast of the Ne~~ort-Inglewood uplift are the Hollywood and 

Central Basins (Plate 2), which Mendenhall (1905a) considered together 

as the "Central Coastal Plain of Southern California". 

The Santa t40nica Basin is the northernmost of the two basins 

southwest of ' the Newport-Inglevlood uplift; it extends south from the Santa 
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Monica Mountains to the Ballona Escarpment between the uplift and the 

Pacific Ocean. The West Coast Basin extends southeast to the Palos Verdes 

Hills, San Pedro Bay, and Orange County. Although the Santa Monica and 

West Coast Basins have been divided at the Ballona Escarpment, the es

carpment does not signify any geologic discontinuity in the water-bearing 

s ediments. Rather, the separation was based on the existence of a ground 

water mound developed at this location as a result of ground water ex

tractions. This ground water mound was carefully defined in the Report 

of Referee on the West Coast Basin (Calif. D. W. R. 1952a). The ~ewport

Inglewood uplift, which bounds these basins on the east, is a series of 

geologic features that exerts considerable influence on ground water move

ment along much of its length. 

The Hollywood Basin is located south of the Santa Monica 

Mountains and east of the Newport-Inglewood uplift. It extends eastward 

to the Elysian Hills and south to the La Brea high, a complex subsurface 

structural feature. The Central Basin borders the Hollywood Basin on the 

south and occupies the rest of the Coastal Plain of Los Angeles County 

east of the Newport-Inglewood uplift. Historically, ground water moved 

from the Hollywood Basin across the La Brea high into the Central Basin. 

However, under present conditions, ground water levels are lower than the 

dome of this high so that it currently represents a barrier to ground 

water movement along the eastern section of the southern boundary. This 

feature plunges steeply at its western extremity, and the San Pedro for

mation is continuous from the Central Basin into the Hollywood Basin around 

the warped slope formed ~y the plunging anticline. A pumping depression 

or trough, developed in the vicinity of Culver City as the result of 

-116-

AR0068964 



ground water extractions, now intercepts all flow from the Hollywood 

Basin, and has resulted in a ground water divide in the northern part of 

the Central Basin. 

The southeast boundary of the Central Basin coincides with the 

Los Angeles-Orange County line. This boundary was originally defined 

(Calif. D. W. R. 1934) on the basis of a ground water mound generally 

paralleling the county line. Four areas are identified for descriptive 

purposes wi thin the Central Basin: the Los Angele's and Montebello 

Forebay Areas, the Whittier Area, and the Central Basin Pressure Area 

(Plate 2). The boundaries of these areas are as described in Bulletin 

No. 45 (Calif. D. W. R. 1934). The forebay areas extend south from the 

Los Angeles and Whittier Narrows, two breaks in the hills which form the 

northern boundary of the basin. The Whittier area (formerly part of the 

La Habra Basin) is located in the northeastern part of the Central Basin, 

east of the Montebello Forebay Area. The Central Basin Pressure Area 

includes the rest of the Central Basin to the west and south of the other 

three areas. 

Another basin, the "Los Angeles Narrows Basin" (Calif. D. W. R. 

1934), was formerly recognized as part of the Coastal Plain of Los Angeles 

County. It extended from the Central Basin north to the San Fernando 

Basin, with an arm extending eastward along the Arroyo Seco into the San 

Gabriel Valley. Recent investigations have shown that the Los Angeles 

Narrows Basin should be divided; one part should be included with the San 

Fernando Basin and the remainder with the Central Basin. This change has 

been followed in this report and the boundary of the coastal plain in the 

vicinity of the Los Angeles Narrows was placed just north of and parallel 
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to Figueroa Street across the narrowest portion of the alluvial fill. The 

area south of this new line and eastward along the Arroyo Seco is now 

included within the Central Basin. 

Ground Water Occurrence 

Poland (1948 and 1959a) divided the ground water contained in 

the alluvial sediments of the Coastal Plain of Los Angeles County into 

three categories, each of which may appear in any single ground water basin. 

In downward succession these are: (1) a body of shallow, unconfined, 

semiperched water which occurs in the upper part of the alluvial deposits 

in the Downey Plain and the Torrance Plain, (2) the principal body of 

fresh ground water, which occurs chiefly in deposits of Recent and Pleis

tocene age, and possibly in underlying Pliocene rocks, and (3) saline 

water underlying the principal fresh water body throughout the area. 

The only use at the present time of the saline water underlying 

the coastal plai~ has been to repressurize areas where oil has been 

extracted. Since the primary interest is in the fresh ground water re

sources of the area, this chapter considers Poland's first and second cate

gories of ground water, and omits further consideration of the saline 

waters. 

Ground Water Movement 

In all ground water basins, water moves from the point or points 

of recharge through the basin to the point or points of discharge. Ground 

water flow occurs because of differentials in pressure between the points 

of recharge and discharge, which establish a hydraulic gradient in the 

water surface. This flow will continue in one or more directions unti~ 
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the flow path is blocked by some structural barrier (i.e., fault, fold, 

unconformity, or a physical characteristic of the aquifer) or until the 

gradient of the water surface is altered by withdrawals or artificial 

recharge. The basin will generally discharge into another basin, or into 

a river, lake, or the ocean. 

The ground water basins in the coastal plain are recharged by 

surface and subsurface inflow from the hills and mountains bordering the 

areas and from the adjacent San Gabriel and San Fernando Valleys, by 

downward percolation of the waters from the major streams crossing the 

area, by direct percolation of precipitation and other applied water, and 

by artificial recharge of either local or imported water through both 

spreading the water in specially prepared basins where it is impounded 

and allowed to percolate and injecting the water into wells. 

The extensive paving of streets and construction of urban 

communities has greatly reduced the areas open to direct percolation of 

precipitation and applied water. Extension of sewer systems discharging 

through ocean outfalls, improvement in surface drains, and the lining of 

river channels to facilitate the runoff of floodwaters have all resulted 

in less water percolating into the ground water basins. In recent years 

the expansion of artificial recharge programs has tended to offset these 

reductions in the natural recharge to the ground waters of the coastal 

plain. 

Discharge from the coastal plain under natural conditions has 

been to the Pacific Ocean. However, the increased withdrawals of ground 

water from the area, combined with the lower rate of replenishment 

during recent years, have reversed normal gradients as evidenced by sea 
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water moving inland in the coastal portions of the aquifers and by the 

presence of "troughs" or pumping depressions in the ground water surface. 

At the present time, there is little subsurface outflow to the ocean. 

Evapo-transpiration processes account for a minor amount of 

the ground water naturally discharged from the basins. The major dis

charge of ground water is presently by pumpage and eventual discharge 

to the ocean through sewers of the amount not consumptively used. 

Rates of flow of ground water within the basins depend not 

only on the hydraulic gradient, but also on the cross-sectional area and 

permeability of the sediments. A very useful term in determining rates 

of flow is the coefficient of transmissibility, which is defined as 

coefficient of permeability multiplied by the saturated thickness, 

usually in gallons per day per foot of width or in cubic feet per second 

per foot of width. About 40 well tests have been conducted in the Coastal 

Plain of Los Angeles County to determine coefficients of transmissibility 

and storage. Selected references used in these computations are in

cluded on Page 1-10 of Attachment 1. Results of the tests are summarized 

in Table C in Attachment 2. In a few cases, it was possible to compute 

vertical permeability of the overlying aquiclude as indicated in this 

table. 

Using results of the transmissibility tests, average values 

for permeability were computed and assigned to drillers logs. This pro

cedure is discussed in Attachment 2 of this report and the values are 

shown in Table D. Using all well tests and several hundred well logs, 

transmissibility was then estimated for the major aquifers. Lines of equal 

transmissibility of the aquifers were generalized and drawn on Plates 26A 
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throueh 26H. The values for all aquifers were later combined as shown 

on Plate 26r which is very generalized but is convenient to use in many 

hydrologic and operational studies. 

Ground Water Storage 

When discharge or outflow from a basin exceeds recharge or 

inflow, ground water is removed from storage in the basin. 'rhe amount of 

water in storage depends on the volume of sediments and their specific 

yield. Specific yield is defined as the ratio between the volume of stored 

water which a saturated sample of material will yield by gravity and the 

volume of that sample; it is customarily expressed in percent. 

Specific yield values for the sedimentary deposits of Los Angeles 

County are given in Attachment 2, Table A. These specific yield values 

were compiled from available data, including work done by the State Water 

Rights Board for the San Fernando Valley Reference, and from Bulletin ll5 

(Calif. D. If. R. 1934). They were also checked against figures obtained 

from well tests but no new determinations were made during this investiga 

tion. Specific yield values are multiplied by the thickness and areal 

extent of the water-bearing sediments to determine the total storage 

capacity of these sediments. The variation in specific yield value over 

the coastal plain by elevational increments that were used in computations 

of storage are tabulated in Table B, Attachment 2. 

Changes in the amount of ground '''ater in storage in the ground 

water basins in the Coastal Plain of Los Angeles County have occurred 

mainly in the forebay areas. However, changes in storage have also oc

curred in other free ground .Tater areas and in the pressure areas where 

Hater levels have been dravm below the base of -the upper confining 
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aquiclude. Additional limited changes of storage have occurred by 

dewatering of the confining aquicludes. The areas where changes in 

storage have occurred are discussed in the description of the individual 

basinsj however, because of the general widespread nature, changes of 

storage in the Bellflower aquiclude are not delineated. Within the area 

as a whole, total storage to the base of the Sunnyside aquifer, or to 

the Silverado aquifer where the Sunnyside is missing, is approximately 

22 million acre-feet. Ground water storage depletion since 1904 is 

about 1,200,000 acre-feet and the storage between historical high water 

levels which occurred in 1904 and sea level is about 1,600,000 acre-feet. 

The discussion which follows treats the geology of each basin 

and its relation to ground water, the means by which the aquifers present 

are replenished, the areas of confined water, the barriers to ground water 

movement within or between baSins, and the movement of water in each basin. 

Santa Monica Basin 

The Santa Monica Basin is bounded by the Santa Monica Mountains 

on the north and the Ballona Escarpment on the south. It extends east

ward from the Pacific Ocean to the Inglewood fault (see Plate 2). This 

area was originally considered a part of the West Coast Basin, which now 

is limited to the area immediately south of the Santa Monica Basin. The 

Santa Monica Basin has also been referred to in prior publications as 

"West Basin Northern Area" (Calif. D. W. R. 1934); "West Coastal Plain -

North" (Calif. D. W. R. 1947); and "West Coast Basin - North" (Calif. 

D. W. R. 1958a). 

The majority of the water wells in the Santa Monica Basin lie 

south of Santa Monica Boulevard in an area covered by Recent alluvium 
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(Plate 3B). North and northwest of Santa Monica Boulevard, where the 

Lakewood formation is exposed on the surface, and in the area covered by 

Older Dune Sand of late Pleistocene age, comparatively few wells have 

been drilled and little data are available. The area north of the Baldwin 

Hills, between the Overland Avenue and Inglewood faults (shown on Plate 

3B), is also deficient in water well log data; however, oil well and 

electric log data indicate that fresh water is present in the undiffer

entiated Lakewood, San Pedro, and Pliocene formations. While no aquifers 

or aquicludes have been defined in either the northwest or northeast parts 

of the Santa Monica BaSin, they do exist there. 

Geologic Features 

The Santa Monica Basin is overlain by six different physiographic 

features: Santa Monica Plain, Ocean Park Plain, Sawtelle Plain, part of 

the Beverly Hills, Ballona Gap, and the northern tip of the Baldwin Hills. 

These features are shown on Plate 2 and discussed in detail in Chapter III. 

Recent alluvium, the Lakewood and San Pedro formations, and 

some older sediments have been identified in the Santa Monica Basin 

(Plate 3B). The known aquicludes and aquifers, however, are restricted 

to the Recent alluvium and the San Pedro formation. The Recent alluvium 

covers the Sawtelle Plain and Ballona Gap where it attains a maximum 

thickness of about 90 feet. Included within these sediments is a portion 

of the Bellflower aquiclude and the Ballona aquifer. 

The Bellflower aquiclude (Plate 9B) within the Recent alluvium 

consists of 20 to 40 feet of clay and sandy clay extending to a maximum 

depth of about 50 feet (40 feet below sea level) below the surface (Plate 

8B). It is also quite probable that the Bellflower aquiclude is present 
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in the undifferentiated Lakewood formation in the Ocean Park Plain, the 

Santa Monica Plain, and the Beverly Hills area where it would partially 

restrict percolation of surface water. 

The Ballona aquifer, called the "50-foot gravel" in a prior 

report (Calif. D. W. R. 1952a), consists of 30 to 50 feet of gravel and 

coarse sand (Plate llB) and has a maximum depth of 70 feet (60 feet below 

sea level) below ground surface (Plate lOB). 

The Lakewood formation and the Older Dune Sand of late Pleistocene 

age cover most of the northern half of the Santa Monica Basin. The 

Lakewood formation includes the weathered, reddish-brown continental de

posits covering the Santa Monica Plain and the sands, clays and con

glomerates of marine origin that form the Beverly Hills. The Older Dune 

Sand consists of sand and silt washed free of clay, which, according to 

Hoots (1931), " ••• probably represents sand bars and shore-line bluffs 

that were developed when the ocean stood at a higher level with relation 

to the land." These Older Dune Sands were later modified by wind action. 

The thickness of the Lakewood formation and the dune sand is uncertain 

in this basin, but it is known that the Lakewood formation thins out in 

the northern part of the basin where it overlies the older rocks of the 

Santa Monica Mountains. 

The San Pedro formation is found beneath the Recent alluvium 

over the southern half of the Santa Monica Basin with no evidence of inter

vening Lakewood materials. In the northern part of the basin, the Lakewood 

formation is present and in the westerly portion appears to directly 

overlie Pliocene and older sediments with the San Pedro formation apparently 

missing. In the northeastern part of the basin, oil well and fossil 
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data indicate that the San Pedro formation is at least 500 feet thick. 

In the Ballona Gap area available data indicate that the San Pedro for

mation has a thickness of about 300 feet. 

The Silverado aquifer is the only member of the San Pedro 

formation identified in the Santa Monica Basin. It is mainly sand and 

gravel, with a small amount of clay. It ranges from 100 to 280 feet in 

thickness, and extends downward to elevation minus 420 feet, 450 feet 

below the ground surface (Plate 6D, Section G-G' ). 

The San Pedro formation is underlain by sediments of Pliocene 

age in the southern and northeastern parts of the Santa Monica Basin. Oil 

well electric logs indicate that fresh water extends down several hundred 

feet below the base of the San Pedro formation in the western part of the 

Ballona Gap Area. In the northeastern part of the basin available oil 

well electric logs indicate that the San Pedro formation is underlain by 

saline water-bearing Pliocene sediments. Current subsurface work by oil 

companies in the northwestern portion of the basin may reveal the nature 

of the fresh water-bearing sediments there. Available outcrops suggest 

that the geology of the San Pedro and older formations is complex in that 

area. Plate 24, IILines of Equal Elevation on the Base of Fresh Water

Bearing Sediroentsll, indicate the spotty nature of the data in this basin 

by the limited number of elevations shown for this basin. 

The major structural features of the Santa Monica Basin are 

the unconformity in the northern part, which brings the thin Lakewood 

formation into contact with the underlying Pliocene and Miocene deposits, 

and a number of faults in the area. Three of these faults, the Inglewood, 

Overland Avenue and Charnock faults, (Plate 3B) have been described pre

viously. Several other faults in the basin have been reported in previous 
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literature. Hoots (1931) shows a small fault extending into the basin 

near Potrero Canyon . In the "Guide to Geology and Oil Fields of the 

Los Angeles and Ventura Regions, Barbat (1958)", postulates an east-west 

fault system extending from north of Santa Monica to.a point about four 

miles southeasterly of the Los Angeles civic center. Poland (1959a) also 

shows a small east-west fault located east of Santa Monic~, which may 

possibly be related to Barbat's fault system. These faults described by 

Barbat and Poland are not shown on the geologic map in this report because 

there is no clear evidence that they affect water-bearing sediments. 

The Inglewood fault, which forms the eastern boundary of the 

Santa Monica Basin, appears to be a barrier to the movement of ground 

water in the area between the Baldwin Hills and a point about one-half 

mile south of Santa Monica Boulevard. North of this point the presence 

of t,he fault is largely conjectural; electric logs of oil wells show a 

deep zone of fresh water west of where the Inglewood fault would be if 

it continued northward. Water level records in these sediments suggest 

that in this area the fault is either not present or does not act as a 

barrier. 

The Overland Avenue fault in Ballona Gap also appears to act as 

a barrier to ground water movement since ground water levels on the east 

side of the fault are much higher than on the west side. 

The Charnock fault, the westernmost of the three principal 

faults mentioned, appears to affect only slightly ground water movement 

in the Santa Monica Basin. It cuts the Silverado aquifer, which shows a 

displacement of about 180 feet (Plate 6A, Section A-A'), but leaves the 

water-bearing sediments still in juxtaposition. Ground water movement 
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across the fault is still possible, though ground water levels are higher 

on the west side of the fault. 

Occurrence of Ground Water 

Ground water occurs in all sediments of the Santa Monica Basin 

from Recent alluvium to deposits of Miocene age. Water well information 

is available only where aquifers have been identified in the Sawtelle Plain 

and Ballona Gap areas. In these two areas ground water is found in deposits 

of Recent and lower Pleistocene age. In the area north of the Baldwin 

Hills between the Overland Avenue and Inglewood faults (Plate 3B), oil 

well data and electric logs indicate the presence of water in the undif

ferentiated Pleistocene and older formations as well. 

Water levels in the Recent alluvium in the Sawtelle Plain are 

much higher than water levels in wells that penetrate the older sediments, 

suggesting that a perched or semiperched aquifer exists in this area. 

Replenishment of ground water in the Santa Monica Basin is 

mainly by percolatlon of precipitation through sandy phases of the 

Bellflower aquiclude, the Lakewood formation and the Older Dune Sand, and 

by percolation of surface runoff into the basin from the mountains to the 

north. The Inglewood fault appears to inhibit replenishment from the 

Central Basin to the east. It is possible, however, that ground water 

does move between the Santa Monica and Hollywood Basins around the north 

end of the Inglewood fault. 

Ground water in the Santa Monica Basin moves mainly toward the 

south, in the direction of Ballona Gap (Los Angeles County Flood Control 

District, 1958). Partial degradation of the ground water underlying the 

western part of Ballona Gap has taken place over the years (Calif. D. W. R. 
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1958b) as evidenced by an increase in the chloride content. Part of the 

degradation may be due to sea-water intrusion into the aquifers because 

water levels have fallen below sea level. However, north of Ballona Creek 

in the City of Santa Monica, available data suggest that minor subsurface 

flow toward the ocean may occur. 

Aquifers in Santa Monica Basin generally have transmissibility 

rates less than about 100,000 gallons per day per foot. In this baSin, the 

Silverado aquifer has a maximum transmissibility rate of about 150,000 

(see Plate 26G "Lines of Equal Transmissibility of the Silverado Aquifer"), 

and the Ballona aquifer has a maximum transmissibility rate of abo~t 70,000 

(see Plate 26A, "Lines of Equal Transmissibility of the Gaspur and Ballona 

Aquifers"). Because thickness of aquifers is poorly known in the north por

tion of the basin, transmissibility rates are not shown there, but they ap

pear to be increasing in that direction. However, the rates would decrease 

as the Santa Monica Mountains are approached and the aquifers become thinner. 

Changes in storage and free ground water conditions could possibly 

occur along the north edge of the Baldwin Hills and the south edge of the 

Santa Monica Mountains where the Lakewood and San Pedro formations crop out 

at the surface. Free ground water conditions also may exist near the coast 

in the Ballona Gap area where the Bellflower aquiclude is missing. 

Total storage to the base of the Sunnyside aquifer, or Silverado 

aquifer where the Sunnyside is missing, amounts to about 1,100,000 acre-feet. 

Historically utilized storage is difficult to determine because of the paucity 

of information available. It probably has amounted to about 38,000 acre-feet 

since 1901!-, and occurs in both shallow and deep aqu.ifers. Storage between 

historical high water levels which occurred in 190L~ and sea level is about 

36,000 acre-feet. 
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West Coast Basin 

The West Coast Basin extends southwesterly from the Newport

Inglewood uplift to Santa Monica Bay, to the drainage divide on the Palos 

Verdes Hills, and to San Pedro Bay. It extends from the Ballona Escarpment 

and Baldwin Hills on the northwest to the Los Angeles-Orange County line 

on the southeast. The basin boundaries are defined in the Report of 

Referee (Calif. D.W.R. 1952a). 

Mendenhall (1905b) referred to this area as the "Western Coastal 

Plain Region". In Bulletin No. 45 (Calif. D.W.R. 1934) Eckis used the 

term "West Basin - Southern Area" for the West Coast Basin, which was slightly 

modified to "West Coastal Plain - South" in Bulletin No. 53 (Calif. D.W.R. 

1947). The term "West Coast Basin" was officially accepted in the Report of 

Referee (Calif. D.W.R. 1952a) and has remained in use from that time. 

Plates 6A and 6G and plates showing lines of equal elevation 

and lines of equal thickness of those aquifers in the West Coast Basin 

were based mainly on data taken from the Report of Referee (Calif. DWR, 

1952a). However, in some areas, particularly along the coast line, the 

subsurface geology was modified pursuant to unpublished information obtained 

from the Los Angeles County Flood Control District. This district has 

undertaken extensive subsurface geologic exploration in connection with 

their studies of sea water barrier construction along Santa Monica Bay that 

will provide valuable detailed information on the geology of these areas. 

In the Long Beach Plain data are seriously lacking because only a few 

wells have been drilled. 
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Geologic Features 

Physiographic features of the West Coast Basin are the Torrance 

and Long Beach Plains, the El Segundo Sand Hills, the Dominguez and Alamitos 

Gaps, and portions of the Baldwin Hills, the Rosecrans Hills, Dominguez 

Hill, Signal Hill, and the Palos Verdes Hills (Plate 2). The continuity 

of the Newport-Inglewood belt of hills, which flanks the West Coast Basin 

on the nOl~heast, is broken by Dominguez and Alamitos Gaps, which are 

stream-cut channels eroded and backfilled by ancestral rivers. Most of 

the basin consists of a gentle, poorly drained plain flanked by the partly 

eroded highland areas of the Newport-Inglewood belt of hills and the heavily 

eroded Palos Verdes Hills. Toward Santa Monica Bay, a wide belt of sand 

dunes, contaiping many closed depressions, form the El Segundo Sand Hills. 

Sediments of the Recent Series and the Lakewood and San Pedro 

formations of the Pleistocene Series have been identified within the West 

Coast Basin. The principal aquifers in these series are discussed below. 

The Recent Series has two main divisions - the Active Dune Sand 

and the Recent alluvium. The Active Dune Sand occurs along the coast 

bordering Santa Monica Bay and extends inland for a maximum distance of 

about one-half mile. Some of these dunes are 70 feet thick. The Recent 

alluvium occurs mainly in the Gardena area and within Dominguez Gap, with 

a lobe extending northwesterly fTom Dominguez Gap between Dominguez Channel 

and Dominguez Hill. Another small sinuous area of alluvium extends into 

Bixby Slough from San Pedro Harbor. Irregular patches also occur south of 

Torrance. Members of the Recent alluvium include the Semiperched aquifer, 

the Bellflower aquiclude, the Gaspur aquifer, and miscellaneous beach, 

playa lake, and lagoonal marshland deposits. 
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The Recent portion of the Semiperched aquifer occurs only in 

Domineuez and Alamitos Gaps. It cons ists of sand., silty sand) s ilt ana. 

clay. The Semiperched aquifer can be detected in well logs) but wate r 

level measurements have been obtained from only a few t est holes. Avail

able evidence indicates that water levels in the Semiperched aquifer are 

generally above water levels in the Gaspur aquifer. Water in the Semi

perched aquifer is generally of poor quality. 

The Recent part of the Bellflower aquiclude occurs in Dominguez 

Gap where it overlies the Gaspur aquifer, and ranges in thickness from 

40 to 80 feet (Plate 9B). The upper part of the aquiclude is sandy silt 

or sandy clay. 

The Gaspur aquifer, entirely of Recent age, occurs only in 

Dominguez Gap. It has been slightly deformed over the Cherry Hill fault 

in such a manner that its base rises to an elevation of 80 feet below sea 

level. It reaches a maximum known depth of about 140 feet below sea level 

near Terminal Island (Plate lOB). Through the gap it is 40 to 80 feet thick 

(see Plate llB). These coarse sands and gravels are confined and produce 

large quantities of water. Extensive sea-water intrusion into this aquii'er 

is evidence that it is exposed to the ocean. The connection with the ocean 

may occur some distance offshore or may be through permeable overlying 

materials closer to shore or possibly both. 

Upper Pleistocene deposits include the Older Dune Sand and the 

Lakewood formation. The Older Dune Sand occurs in a band from about three 

to four miles wide inland from Santa Monica Bay, extending from the Ballona 

Escarpment to the Torrance area. It forms the major part of the El Segundo 
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Sand Hills. Since deposition, the Older Dune Sand has been tilted, 

weathered, eroded, and fUrther altered by cementation and leaching processes. 

Surface water percolates into the dunes from closed depressions after neavy 

rains. Ground water is not, however, extracted from the Older Dune Sand 

although some perched water bodies may occur. 

Divisions of the Lakewood formation in the West Coast Basin include 

the Semiperched aquifer, the Bellflower aqUiclude, the Gardena aquifer, and 

the Gage aquifer. Those deposits previously known as Terrace Cover and the 

Palos Verdes sand constitute that part of the Semiperched aquifer that is 

of late Pleistocene age. These sediments may have been deposited at the 

same time as the Artesia-Exposition aquifers in the Central Basin. 

Underlying both the Older Dune Sand and the Semiperched aquifer 

is that part of the Bellflower aquiclude which is of late Pleistocene age; 

it has been previouSly called the fine-grained phase of the Unnamed Upper 

Pleistocene Deposits. In the West Coast Basin, the Bellflower aquiclude 

overlies most of the Newport-Ingleood uplift and Torrance Plain though it is 

missing over the Baldwin Hills. It reaches a maximum depth of 140 feet 

below sea leve~ (Plate BB) and ranges up to 200 feet in thickness (Plate 

98). This heterogeneous mixture of continental, marine, and wind-blown 

sediments is generally fine-graineQ, consisting of silty clays and clays. 

It also contains lenses of sandy or gravelly clays which may be permeable 

enough to permit water to move vertically downward from the overlying Semi

perched aquifer to the underlying aquifers. It is not significant as a source 

of ground water. The Gardens and Gage aquifers are constituted of part of 

those sediments previously referred to as Unnamed Upper Pleistocene Deposits. 
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The Gardena aquifer extends westward from Lynwood over the Newport

Inglewood uplift to Redondo Beach. It was deposited by an ancestral stream 

during a rise in sea level and has since been folded over the uplift. The 

aquifer is composed of sand and gravel with a few discontinuous lenses of 

sandy silt. It reaches a maximum depth of 200 feet below sea level (Plate 

12B) and is as much as 160 feet in thickness (Plate 138). Permeability is 

high in the Gardena aquifer, as evidenced by the many wells which tap this 

aquifer near the City of Gardena. Yields are high and range from 100 to 

1,300 gallons per minute. Recharge to the aquifer occurs primarily in the 

Downey Plain and water is transmitted through the aquifer into the West 

Coast Basin. Some additional recharge is received by the Gardena aquifer 

from the overlying Semiperched aquifer and Active Dune Sand, and from the Gage 

aquifer, with which it is in hydraulic continuity. 

The Gage aquifer (previously known as the "200-foot sandlt
) extends 

over most of the West Coast Basin except for the Long Beach Plain. It is 

merged with the underlying aquifers near Torrance and south of the Ballona 

Escarpment along Santa Monica Bay. Except for local areas the Gage aquifer 

is confined by the Bellflower aquiclude. In the vicinity of Torrance, the 

Gage aquifer reaches a depth of 250 feet below sea level (Plate l2B) and 

attains a thickness of 160 feet (Plate 138). It is composed chiefly of sand 

with minor amounts of gravel and thin beds of silt and clay. The aquifer 

exhibits moderate to low permeability and therefore is of secondary importance 

as a ground water producer in the West Coast Basin. The few wells extracting 

from this aquifer supply water for domestic and irrigation purposes. 

Lower Pleistocene deposits are represented in the West Coast Basin 

by the San Pedro formation, which is of marine origin. The San Pedro 
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formation includes two main aquifers, the Lynwood ~nd the Silverado. Out 

crops of the San Pedro formation occur on the Baldwin Hills, along the 

northeastern margin of the Palos Verdes Hills) and on Signal Hill. Portions 

of the Santa Monica and San Pedro shelves in the ocean are underlain by it. 

The San Pedro formation thickens along the Gardena syncline from 400 feet 

near Ballona Gap to more than a thousand feet in Dominguez Gap. It has 

been offset by the Charnock, Inglewood, Potrero, Avalon-Compton, Cherry Hill 

and Northeast Flank faults. 

The uppermost aquifer of the San Pedro formation in West Coast 

Basin, the Lynwood aquifer (previously known as the "400-foot gravel"), is 

composed, in the northern and central parts of the basin, of sand and gravel 

with lesser amounts of sandj silt) silt) and clay. South of Gardena the 

gravel is missing and the aquifer consists mainly of sand and sandy silt. 

The Lynwood aquifer attains its maximum thickness of 200 feet one mile west 

of the intersection of Alameda Street and Sepulveda Boulevard (Plate 19B). 

Just one mile northwest of Gardena it reaches its greatest depth, 550 feet 

below sea level (Plate 18B). The Lynwood aquifer is confined throughout 

the West Coast Basin except in those areas where it merges with the over

lying Gage aquifer (Plate 18B). It also merges with the underlying Silverado 

aquifer along Santa Monica Bay and along the Newport-Inglewood uplift. 

About ten percent of the wells in West Coast Basin are per

forated in the Lynwood aquifer. These wells are located primarily in the 

Torrance, Compton, and Inglewood areas. Few of them draw water solely from 

the Lynwood aquifer because they are usually perforated in other aquifers 

as well. Yields of 500 and 600 gallons per minute have been reported. 
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Deposit s of t he Silverado aquife r , the lower defined aquifer of 

the San Pedro Formation in the West Coast Basin, consist of fine to coarse

grained; blue-grey sands and gravels that are continuous over most of the 

a rea but are interbedded in some places with discontinuous layers of rela

tively impermeable sandy silt, silt, and clay. These highly permeable marine 

deposits reach a maximum thickness of 500 feet (Plate 2lB) ·between the 

Wilmington anticline and the Cherry Hill fault. The Silverado aquifer 

r eaches its maximum depth at elevation 1,200 feet below sea level (Plate 

20B), in Dominguez Gap. It also is most permeable in this area. The 

Silverado aquifer is merged with the overlying Lynwood aquifer along the 

coast from Ballona Gap to Redondo Beach, along the north flank of the Palos 

Verdes Hills, beneath the central and southern part of the Rosecrans Hills 

and the northern part of Dominguez Hill (Plate 20B). Near Redondo Beach 

and Hermosa Beach, the merged Lynwood-Silverado aquifers are in hydraulic 

continuity with the overlying Gardena aquiferj from Hermosa Beach to Ballona 

Gap, and along the nor th flank of the Palos Verdes Hills they are in con

tinuity with the Gage aquifer. 

Beneath the Silverado aquifer in some parts of the West Coast Basin 

are 500 to 700 feet of fresh water-bearing materials of the San Pedro and 

p r obabJe Pi co formations which have not been identified as an aquifer or 

aqui f ers. The approximate elevation of these fresh water-bearing materials 

is shown on Plate 24B. Along the coast from Redondo Beach to the Ballona 

Es carpment these deposit s are coarse sands and gravels which correspond in 

age and thickness to the Sunnyside aquifer in the Central Basin. Over the 

r est of the basin these deposits are fine-grained and act as an aquiclude. 

The uppe r division of the Pico formation consists of relatively impermeable 
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micaceous silt and clay members interbedded with fresh water sands and lenses 

of gravel. Water contained in deeper Pliocene sediments is mostly saline. 

As previously stated, the Newport-Inglewood uplift exerts a partial 

barr~er effect on ground water movement from the Central Basin into the West 

Coast Basin, especially in the Pleistocene aquifers, by offsetting, elevating, 

or thinning of the aquifers which pass over it. Lithologic changes and 

thinning across the uplift have been due primarily to movement during deposi

tion of aquifers and the faulting and elevation which followed. Because of 

its elevation this area apparently has acted as a boundary for the Artesia

Exposition, Hollydale, and Jefferson aquifers during their deposition by 

controlling alluviation and restricting the aquifers to the Central Basin. 

Pleistocene and older formations that continue across the Newport

Inglewood uplift into West Coast Basin are sharply downwarped into a complex 

regional basin structure, the Hawthorne-Long Beach depression immediately to 

the west of the uplift. Many secondary structures interrupt the regularity 

of this regional downwarp. One of these secondary structures is the Gardena 

syncline, which parallels the Newport-Inglewood uplift. It plunges toward 

the southeast and is faulted in the northern part of the West Coast Basin 

by the Charnock fault. West of the Charnock fault, the water-bearing deposits 

rise toward the ocean with a gentle slope, while in the southern portion of 

the West Coast Basin they are deformed over the Torrance, Wilmington, and 

Gaffey anticlines and downwarped by the Gaffey syncline. Farther to the 

southwest the water-bearing materials lap onto the northeast slope of the 

Palos Verdes Hills, a structural highland composed of Miocene and older rocks. 
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Occurrence of Ground Water 

Ground water occurs in Recent and Pleistocene aquifers throughout 

the West Coast Basin, and some fresh water occurs in the underlying Pliocene 

sediments. The Semiperched aquifer of both Recent and late Pleistocene age 

is unconfined. The water in underlying aquifers is confined throughout 

most of the basin, though the Gage and Gardena aquifers are unconfined where 

water levels have dropped below the Bellflower aquiclude on the Newport

Inglewood belt of hills and in the northwest corner of the basin. 

The major fresh water replenishment to the basin occurs by sub

surface flow across the Newport-Inglewood uplift, also subsurface flows 

which have become increasingly saline occur from the seaward extensions of 

the aquifers under the influence of a landward hydraulic gradient. The 

merged Silverado-Lynwood-Gardena-Gage aquifers are in hydraulic continuity 

with Santa Monica Bay, while only the Gaspur aquifer appears to be in 

hydraulic continuity with San Pedro Bay. Subsurface flow occurs between the 

Santa Monica and West Coast Basins, with the direction of flow depending 

on the direction of the hydraulic gradient. 

Subsurface flow across the Newport-Inglewood uplift is controlled 

by the difference in water levels between the Central Basin and West Coast 

Basin (which is itself influenced by the withdrawals, outflow, and replenish

ment measures taken in either basin), by the dewatering of the aquifers 

along the crest of the uplift, and by the degree to which the faults and 

folds act as barriers to ground water flow. The barrier effect may depend 

on cementation along fault zones, lithologic changes which in turn affect 

permeability, and the varying thicknesses of aquifers over the uplift. 
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Subsurface inflow across the Newport-Inglewood uplift occurs in the Gaspur 

aquifer of Recent age and through the Gage, Gardena, Lynwood, and Silverado 

aquifers of late and early Pleistocene age. 

The Baldwin Hills are an effective barrier to ground water move

ment. South of the Baldwin Hills, the Inglewood fault, in conjunction with 

the Potrero fault and other transverse faults associated with it, acts as a 

barrier, which, although relatively impervious, is not completely water 

tight. The Lynwood aquifer has not been delineated in this fault zone 

because of insufficient data. The Silverado aquifer continues through 

the most southerly block of this fault zone. 

From the physical characteristics of the aquifers extending across 

the Rosecrans anticline, a barrier effect would not be expected; however, a 

differential in water levels does exist across the anticline indicating at 

least a partial structural barrier effect. 

South of the Rosecrans anticline the Avalon-Compton fault acts as 

a barrier to ground water movement only in the deeper lower Pleistocene 

deposits. The younger, overlying Lynwood aquifer and aquifers of the 

Lakewood formation extend across this barrier without offset. 

Both the Lakewood and San Pedro formations continue without inter

ruption over the Dominguez anticline, though wells producing from the San 

Pedro formation show a discontinuity in water levels. Within Dominguez 

Gap, no barrier effects are found in the Gaspur and Semiperched aquifers. 

The Lakewood formation also appears to be continuous, although warped, 

across the Cherry Hill fault. The San Pedro formation is in partial con

tinuity across the fault but wells utilizing the Silverado aquifer show a 

barrier effect. 
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The Cherry Hill fault, along the west side of Signal Hill, has 

offset all aquifers. However, ground water movement across the fault is 

maintained and hydraulic continuity preserved by entirely different aquifers 

abutting against each other on opposite sides of the fault. Southeast of 

Signal Hill, the Cherry Hill and Reservoir Hill faults act as barriers to 

ground water movement in all aquifers. Poland (1959a), states that the 

barrier effect on Signal Hill may be interrupted by a gap 1,000 feet wide 

between the Northeast Flank and Reservoir Hill faults, an area in which sea

water intrusion may occur. 

Within Alamitos Gap, the Seal Beach fault does not sever hydraulic 

communication within the Recent deposits, which extend to a depth of about 

100 feet. Below this depth, the fault forms a substantial barrier to 

ground water movement through the aquifers of the Lakewood and San Pedro 

formations, which rise unconformably toward the fault on the inland side. 

Seaward from the Seal Beach fault, the Lakewood formation is absent, and 

aquifers of the San Pedro formation directly underlie Recent deposits. 

Minor replenishment to the West Coast Basin occurs in the form of 

surface inflow from both the Los Angeles and San Gabriel Rivers which cross 

the Newport-Inglewood uplift through Dominguez and Alamitos Gaps, respectively. 

However, lining of the Los Angeles River in the West Coast Basin north of 

Willow Street (Sepulveda Boulevard) was completed in 1956, thereby elimi

nating recharge to the Basin in this area. Between Willow Street and 

Terminal Island, the bed of Los Angeles River is not lined and has a sandy 

bottom with riprap sides. Because the channel section and the wetted peri

meter have been reduced, infiltration through the river sands has decreased. 
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The San Gabriel River has not been lined although a program of such lining 

has ~een proposed. In Alamitos Gap, therefore, some infiltration of stream 

floYi still may occur into the Recent alluvial deposits. However, because 

the reach between the Seal Beach fault and the Pacific Ocean is only one 

and one-quarter miles in length, the quantity of infiltration involved is 

probably minor. 

Changes in ground water levels in the West Coast Basin do not 

generally reflect seasonal variations of precipitation. Therefore it is 

believed that the annual quantity of recharge effected by percolation of 

precipitation is small. 

Other sources of recharge by infiltration from the surface ~nclude 

return irrigation water from fields and lawns, industrial waters, oil field 

brines, and other applied surface waters. Poor surface drainage in the 

past resulted in large expanses of swamp and slough, but these conditions 

have been improved by the channelization of Dominguez Creek and improved 

street drainage. At the present time, some surface drainage still collects 

in the low areas until it disappears by slow infiltration or evapo-transpi

ration processes. 

Near surface replenishment is from infiltration of cesspool 

effluent and leakage from water distribution systems. These surface and 

near surface waters are somewhat restricted from moving downward by the 

Bellflower aquiclude and therefore may remain within the Semiperched aquifer. 

Some of this water also moves downward through permeable sections of abandoned 

wells which may serve as conduits between aquifers. Improper abandonment 

of such wells needs to be restricted to prevent poor quality surface water 

from gaining access to the deeper horizons. 
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In the following discussion, the ground water movement throughout 

the West Coast Basin was derived from the most readily available ground 

water level contours which are reproduced in Appendix B, "Safe Yield 

Determinations", to Bulletin No. 10~. Although "troughs" or "lows", which 

develop in both piezometric and free ground water areas, may migrate slightly 

from spring to fall in a given year, or from year to year, historical data 

from 1932 to the present show that the general pattern has not particularly 

changed. 

In the spring of 1956, water levels of wells perforated in the 

Gaspur aquifer indicated ground water movement toward two pumping depressions 

in Dominguez Gap, one midway between the Cherry Hill fault and Long Beach 

Harbor and the other near Long Beach Harbor itself. 

In 1959 subsurface inflow in the deeper aquifers occurred across 

the Ballona Escarpment from the Santa Monica Basin and moved southeasterly 

between the Charnock fault and the structures of the Newport-Inglewood up

lift toward a pumping depression near Hawthorne. A general low or trough 

is aligned along the Gardena syncline and extends from Gardena southeastward 

toward Dominguez Gap. Piezometric levels reach a low elevation in the 

vicinity of Carson Street and Wilmington Avenue. Into this trough moves 

westerly flowing water which crosses the uplift between the Rosecrans anti

cline and the Avalon-Compton fault, and easterly flowing water from Redondo 

Beach and Hermosa Beach. A third major trough or pumping depression is 

centered just east of El Segundo. Water flows into it from that part of 

the coast between Manhattan Beach and the Bellona Escarpment. 

Discharge of ground water from the basin under present conditions 

occurs primarily by pumping extractions. Some subsurface outflow has 
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occurred historically to the north into the Santa Monica Basin and to the 

west and south to the ocean; however, with the prevailing below-sea-level 

water levels, the subsurface flow is into the basin and sea water has 

intruded along the coastline. Should the water levels be raised above sea 

level, subsurface outflow could once again occur. 

Aquifers in West Coast Basin have extremely variable rates of 

transmissibility. The Silverado aquifer (Plate 26G) has the highest trans

missibility rate, averaging about 150,000 gallons per day per foot of width 

with a maximum of about 400,000 gallons per day per foot near Torrance and 

near the 1ntersection of Alameda and Sepulveda Boulevards. The other aquifers 

generally have lower transmissibility rates since they are thinner and have 

smaller grain sizes. The Gaspur (Plate 26A),Gage, and Gardena aquifers 

(Plate 26c) "Lines of Equal Transmissibility of the Gage and Gardena Aquifers", 

Lynwood aquifer (Plate 26F), "Lines of Equal Transmissibility of the Lynwood 

Aquifer" have transmissibility rates of about 50,000 to 100,000 gallons per 

day per foot, in West Coast Basin. In general, transmissibility rates near 

the ocean are lower than they are in the center of the basin. Although the 

combined transmissibility rates of all aquifers are low along some parts 

of the Newport-Inglewood uplift, they are relatively high in other portions, 

particularly in the Dominguez Gap north of Long Beach. This is shown on 

Plate 261, "Generalized Lines of Equal Transmissibility of the Combined 

Aquifers. II 

Change in ground water storage occurs within the merged areas 

along the Newport-Inglewood uplift, near the Palos Verdes Hills, along the 

northwest corner of Torrance Plain, and to a minor extent within Alamitos 

and Dominguez Gaps. Change in ground water storage has also occurred in 
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parts of the Semiperched aquifer and also the Bellflower aquiclude where 

piezometric levels have been lowered below its surface. Total storage to 

the base of the Silverado aquifer, the deepest aquifer delineated in the 

West Coast Basin, is about 6,500,009 acre-feet. Historically utilized 

storage since 1904 amounts to about 300,000 acre-feet. Most of this change 

in storage occurred in the Gage-Gardena aquifer, which is classified as a 

shallow aquifer. Small additional changes in storage have occurred in the 

deeper aquifers where they crop out along the northeastern side of the 

Palos Verdes Hills and along the southern slope of the Baldwin Hills. The 

storage capacity between the historical high water levels which occurred 

in 1904 and sea level is about 120,000 acre-feet. 

Hollywood Basin 

The Hollywood Basin extends from the Santa Monica Hountains south

ward to an arbitrary line vThich roughly parallels the crest of the La Brea 

high, a subsurface structur al feature beneath the La Brea Plain. Its western 

and eastern b ounda r ies are the Inglewood fault and the Elysian Hills, respec

ti vely (Plate 2). In Bulletin No. 45 (Calif. D. W.R. 1934) the name "Hollywood 

Basin" was first used for the area just described, although in more recent 

hydrologic studies, such as the State Water Resources Board Bulletin No.8, 

"Central Basin Investigation", 1952, the basin was considered a part of the 

Central Basin. 

Many water wells were present in the Hollywood Basin around the 

turn of the century, and ground water was the chief source of supply for 

irrigation and domestic use (Mendenhall, 1905b). Most of these wells have 

been since destroyed as land use changed from agr icultural to urban. Most 

of the available water well data in the Hollywood Basin are restricted to 
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the deep portion of the Hollywood syncline near the southern edge of the 

Santa Monica Mountains next to the Inglewood fault. Comparatively few 

wells have been drilled in other parts of the basin. 

Geologic Features 

The Hollywood Basin is overlain by the Hollywood Piedmont Slope 

and part of the La Brea Plain (Plate 2). The sediments containing known 

aquifers extend to a maximum depth of 650 feet (410 feet below sea level) 

and include Recent alluvium and the Lakewood and San Pedro formations of 

Pleistocene age. 

The Recent alluvium covers about one-half of the basin; it ranges 

in thickness from about 5 to 35 feet .(Plate 6G, section H-H'). Near the 

Santa Monica Mountains and in the western end of the basin, available well 

logs and excavations indicate that the alluvium consists of relatively 

coarse sand and gravel. Some Semiperched water may be present although 

aquifers have not been differentiated. Since the alluvium is thin over 

much of the area, it is improbable that any appreciable quantity of water 

could be withdrawn from it. 

The Lakewood formation of late Pleistocene age extends over the 

whole of the Hollywood Basin and crops out at the surface in the southern 

half of the area. It includes the Bellflower aquiclude and the Exposition 

and Gage aquifers. The Bellflower aquiclude consists of silty clay and 

clay ranging from 5 to 35 feet in thickness (Plate 6G, Section H-H'). It 

extends upward from the top of the Exposition aquifer to the base of the 

Recent alluvium or to the surface in areas where no Recent sediments are 

present. 
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The Exposition aquife r consists of 20 to 60 feet (Plate llA) of 

sand and gravel with some interbedded clay, and attains a maximum depth of 

150 feet (elevation 20 feet , Plate lOA). 

The Gage aquifer is the ·major water-bearing member of the Lakewood 

f ormation in the Hollywood Basinj it consists of 20 to 80 feet (Plate 13A) 

of sand and gravel with interbedded clay, and attains a maximum depth of 

260 feet (100 feet below sea level) in some areas (Plate 12A). The Gage 

aquife r is merged with the overlying Exposition aquifer over a large area 

in the northern and eastern part of the basin (Plate l2A). 

The San Pedro formation of early Pleistocene age contains the 

Jefferson , Lynwood, Silverado, and Sunnyside aquifers in the Hollywood 

Basin. These aquifers have been identified only in the extreme western 

portion of the basin, south of the City of Beverly Hills. If additional 

well log information were available, some, if not all, of these aquifers 

probably could be defined in the northern portion of the basin along the 

axis of the Hollywood syncline. 

The Jefferson aquifer consists of 20 to 40 feet (Plate 17) 

of gravel with some clay and attains a maximum depth of 380 feet (150 feet 

below sea level, Plate 16). 

The Lynwood aquifer consists of about 50 feet (Plate 19A) of 

gravel with a small amount of interbedded clay, and reaches a depth of 

about 400 feet (200 feet below sea level, Plate 18A). It is merged with 

the overlying Jefferson aquifer in a small area in the southwestern part 

of the basin east of Beverly Hills (Plate 18A). 

The Silver ado aquifer consists of about 50 feet (Plate 2lA) of 

sand and gravel with a small amount of clay, and reaches a maximum depth 

of about 500 feet (300 feet below sea level, Plate 20A). 
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The Sunnyside aquifer consists of 40 to 50 feet (Plate 23) of 

sand and gravel with a small amount of clay, and attains a maximum depth 

of 660 feet (400 feet below sea level, Plate 22 and section H-H', Plate 6G). 

The aquifers of the Lakewood formation are underlain by deposits 

of Miocene age in the eastern and southern part of the Hollywood Basin. In 

the extreme southwestern portion of the basin, the San Pedro formation has 

been identified beneath the Lakewood fOrmation. Along the axis of the 

Hollywood syncline (Plate 3A), sediments of Pliocene age may underlie the 

San Pedro formation. These Pliocene and Miocene sediments also contain 

some fresh water, but no aquifers have been differentiated. They are 

relatively impervious and contain saline water at depth. 

The major structural features of the Hollywood Basin are the 

Hollywood and Inglewood faults, the Hollywood syncline, and the La Brea 

high (Plate 3A). The Hollywood fault along the northern boundary of tlv

basin brings Pleistocene deposits into contact with the Jurassic and 

younger rocks of the Santa Monica Mountains. The Inglewood fault, which 

forms the western boundary of the Hollywood Basin, appears to impede ground 

water movement between it and Santa Monica Basin. Available water level 

data suggest that the Hollywood Basin may be in hydraulic continuity with 

the Santa Monica Basin to the west along the northwestern part of the 

basin boundary where the presence of the Inglewood fault is largely con

jectural. 

The Hollywood syncline in the northern portion of the basin 

contains sediments of Recent, Pleistocene, and probably Pliocene age under

lain by Miocene deposits. The southern flank of the syncline forms the 
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La Brea high, a subsurface structural high extending from the Elysian 

Hills almost to the Inglewood fault where it plunges steeply westward and 

forms an anticlinal nose in the San,Pedro formation. It acts as a partial 

barrier to ground water movement southward into the Central Basin. The 

San Pedro formation was originally folded up over the La Brea high and 

eroded off, and the Lakewood formation has been deposited unconformably 

on sediments of Miocene age and on what remains of the San Pedro formation. 

Occurrence of Ground Water 

Ground water in the Hollywood Basin occurs mainly in sediments 

of Recent and Pleistocene age. Some fresh ground water is present in the 

Pliocene deposits which underlie the San Pedro formation near the Inglewood 

fault. Mendenhall (1905b) reported flowing wells in what are now known to 

be Miocene sediments in the eastern part of the Hollywood Basin. Recently 

drilled oil wells also encounter fresh water at shallow depth in these 

rocks in the Elysian Hills. 

Unconfined ground water conditions exist in the northern and 

eastern portions of the basin in the shallow aquifers. In the deeper 

aquifers and in the remainder of the basin ground water is confined, and 

clay members separate the aquifers over considerable areas. 

Ground water in the Hollywood Basin is replenished by percolation 

of precipitation and stream flow from the higher areas to the north into 

Recent alluvial sands and gravels. Paving of streets and lining of drainage 

channels have decreased greatly the surface area open to direct percolation. 

Subsurface inflow may take place to a limited extent from the Santa Monica 

Mountains where the older crystalline rocks are sufficiently fractured to 

allow storage and passage of water. 
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Ground water in the deeper aquifers of the Hollywood Basin can 

move to the s.outhwest around the La Brea high, provided the ground water 

gradient is in that direction. Some ground water in the Lakewood formation 

probably moves south across the La Brea high. However, a pumping depression 

in the area southeast of Beverly Hills just east of the Inglewood fault 

causes water in the Hollywood Basin and water from the Central Basin to 

flow toward its center. 

Aquifers in Hollywood Basin have relatively low transmissibility 

rates, generally being less than 40,000 gallons per day per foot of width. 

The Lynwood aquifer (Plate 26F) has the highest transmissibility rate 

(60,000 gallons per day per foot of width) in this basin. Because of the 

erosion of the aquifers in the San Pedro formation over the La Brea high, 

the overall transmissibility rate is quite low there. The area of highest 

combined transmissibility rate is near Beverly Hills because of the greater 

thickness of coarser materials (Plate 261). 

Changes in ground water storage occur in the areas of free ground 

water, which are primarily along the north and east portions of the basin. 

Total storage to the base of the Sunnyside aquifer is about 200,000 acre

feet. Historically utilized storage since 1904 amounts to about 30,000 

acre-feet. The storage capacity between the historical high water level 

which occurred in 1904 and sea level is about 80,000 acre-feet. 
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central Basin 

The Central Basin extends over most of the Coastal Plain of Los 

Angeles CO\Ulty east and northeast of the Newport- Inglewood uplift (Plate 2). 

It is bounded on the north by the Hollywood Basin and a series of low hills 

extending from the Elysian Hills on the northwest to the PUente Hills on 

the southeast. Where the Los Angeles and Whittier Narrows break the other

wise continuous line of hills, the Central Basin is separated from the 

ground vater basins to its north by arbitrary lines. '!he Central Basin is 

bounded on the west and south by the Newport-Inglewood uplift and on the 

southeast by the Los Angeles-Orange county line. All of these boundaries 

do not coincide with the ones defined in earlier reports. In Bulletin No.8 

(Calif. D.W.R. 1952c) the Central Basin included the area referred to in 

this report as the Hollywood Bas~n. The present Central Basin includes 

part of the area formerly known as the Los Angeles Narrows Basin, and the 

Whittier Area which was formerly the western part of the La Habra Basin. 

The Central Basin vas historically divided internally into three 

areas (Calif. D.W.R. 1934): the Los Angeles and Montebello Forebay Areas 

and the Centnil. Basin Pressure Area. This division is shown on Plate 2. 

'!be forebay areas have been described as intake areas (areas of free or un

confined ground vater) where substantial infiltration of surface water 

could occur. In the pressure area, the aquifers were pictured as being 

confined between relatively impervious layers of considerable lateral extent 

that restricted percolation of vater :trom the ground surface downward to 

the underlying aquifers. This investigation has shown that such a simplified 

division is not possible because aquicludes were found to extend into the 

So-called forebay areas and the pre 8 sure area aquicludes were found locally 
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to contain large amounts of sandy and gravelly clay and silts where con

siderable deep percolation could occur. The area of essentially unrestricted 

percolation of surface waters to the underlying ground water is limited to 

small areas in the vicinity of the Los Angeles and Whittier Narrows (Plate 

9A). These areas are considerably smaller in extent than the historically 

defined Los Angeles and Montebello FOrebay Areas. However, in large portions 

of the remainder of the basin, including the pressure area, the upper aqui

clude is only partly effective in restricting downward percolation. Because 

of the heterogeneous pattern of these relatively permeable areas in and 

around the more impermeable aquicludes and the general gradation from one 

to the other, an attempt to divide the basin into pressure and forebay 

areas along a definite line for purposes of hydrologic analysis would not 

only be difficult but would have to be completely arbitrary. Nevertheless, 

the old delineation of forebay and pressure areas are used in the dis

cussion of the geology of the Central Basin to follow because of their 

historical significance and descriptive usefulness. 

The Central Basin is divided into four parts for descriptive 

purposes: the Los Angeles Forebay Area, the Montebello Forebay Area, the 

Whittier Area, and the Central Basin Pressure Area. The Los Angeles and 

Montebello Forebay Areas are located in the northern part of the Central 

Basin immediately south of the two breaks in the line of low hills bordering 

the basin. Through these breaks the Los Angeles River and the Rio Hondo

San Gabriel River systems flow from the valleys to the north into the 

coastal plain (Plate 2). These forebayareas spread southward from the two 

narrows in irregular semicircles. The southern boundary of the two forebay 

areas roughly coincides with the northernmost limit of the line of flowing 
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arte sian wells delineated by Mendenhall in 1903. As explained above, theee 

forebay areas are not true forebays in the academic sense of the word but 

are used herein for descriptive purposes. 

The ~nlittier Area is located in the northeastern part of the 

Central Basin east of the Montebello Forcbay Area, south of the Puente Hille 

and west of the Orange County line. 'fhe vlhi ttier Area was described as part 

of the La Habra Basin in Bulletin 115 (Calif. D. ~l. R. 193~). HovTever, since 

the aquifers present in this area, especially the deeper ones, are inter

connected to varyine degrees with the aquifers in the Central Rasin, the 

area .~s renamed and treated as part of the Central Basin. 

The Central Basin Pressure Area is the larges t of the four di

visions of the Central Basin. It encompasses all of' the area east and north

east of the Ne\vport-Ingle>-rood uplift and north,lest of the Orange County 

line that is not included in the other three areas. It is called a "pres

sure area" because the aquifers within it are confined by aquicludes or 

relatively impermeable layers of clay and silt over most of the area. One 

of the most important aquicludes is at or near the surface. As noted pre

viously, this near surface aquiclude is missing in local areas and contains 

zones of relatively more permeable material in many places where .Tater cOllld 

move into or out of the underlying aquifer. Accordingly, completely con

fined conditions do not exist in the pressure area. 

It should also be noLed in this discussion of basin divisions 

that the pressure area could be further divided on the basis of a ground 

water mound which has existed in the northwestern portion of the basin since 

the early 1930's. This mound effectively divides the 8round water movement 

in that portion of the basin into two parts; that which moves north.,ani 
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toward the Hollywood Basin and that which moves southeasterly toward the 

center of the old pressure area and the Los Angeles Forebay Area. This 

ground water mound was used in the formulation of a portion of the northern 

boundary of the Central and west Basin Water Replenishment District 

organized in 1959 (calif. D.W.R. 1959). 

In the sections which follow, the geologic features of the Los 

Angeles Forebay Area, the Montebello Forebay Area, the Whittier Area and 

finally the Central Basin Pressure Area are summarized. For each area these 

summaries include information about the aquifers present, the areas where 

these aquifers merge, and barriers to ground water movement. The flow of 

water into and out of the Central Basin as a whole, replenishment of the 

aquifers, and areas of free ground water and storage change are described 

in a separate section under the heading of "Occurrence of Ground Water in 

the Central Basin". 

Geologic Features of the Los Angeles Forebay Area 

The Los Angeles Forebay Area, located in the northern part of the 

Central Basin, is shown on Plate 2. In general it is a free ground water 

area; however, in the course of this investigation it became evident that 

the Bellflower aquiclude extends into the southerly portion of the fore bay 

area. The aquiclude in this area contains a high percentage of sand, and 

vertical percolation of water is apparently more rapid here than in other 

portions of the basin covered by it. Where the Bellflower aquiclude is 

missing within the forebayarea (see Plate SA), the aquifers are in direct 

hydraulic continuity with the surface. 

The Los Angeles Forebay Area is overlain by parts of the La Brea, 

Downey, and Montebello Plains. '!be known water-bearing sediments extend to 
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a depth of 1600 feet (1440 feet below sea level) and include Recent 

alluvium, the Lakewood formation , and the San Pedro formation. Some fresh 

water also may be present in the Pliocene and Miocene rocks underlying 

these formations in this area. 

Recent alluvium in the Los Angeles Forebay Area is found on the 

Downey Plain and in the Los Angeles Narrows. It attains a maximum thick

ness of 160 feet, and includes the western arm of the Gaspur aquifer and 

the parts of the Semi perched aquifer and Bellflower aquiclude lying west 

and south of the Los Angeles River. 

The Semiperched aquifer is defined as the area where sand and 

gravel overlying the Bellflower aquiclude is more than 20 feet in thick

ness. This Semiperched aquifer is also present in the Lakewood formation 

just south of the Repetto Hills. Although the aquifer can be defined on 

well logs, water levels in wells indicate that it contains little or no 

water. 

The Bellflower aquiclude consists of clay and sandy clay, 

ranging from 0 to 90 feet in thickness (Plate 9A) and attains a maximum 

depth of 100 feet (elevation 40 feet) in the southern part of the forebay 

area (Plate SA). It is also present in the Lakewood formation in which it 

underlies the Semiperched aquifer east and north of the Los Angeles River 

and extends south into the Central Basin Pressure Area. In the Lakewood 

formation it varies from less than 40 feet to 50 feet or more in thickness, 

consists of clay and sandy clay, and attains a maximum depth of So feet 

(elevation 20 feet, Plate 9A). The lack of water in the Semiperched 

aquifer overlying the Bellflower aquiclude suggests that the Bellflower 

aquiclude is reasonably permeable in the forebay area. 
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The Gaspur aquifer consists mainly of sand and gravel with a very 

small percentage of clay. It ranges from 10 to more than 80 feet in thick

ness (Plate llA) and extends down to a depth of 160 feet (60 feet below sea 

level, Plate lOA). The Gaspur aquifer is overlain by the Bellflower aqui

clude over part of the forebay area. However, in the smaller area open to 

direct percolation shown on Plate lOA, the Gaspur aquifer is either exposed 

a~ the surface or overlain by a thin layer of fine sand or soil. 

The Lakewood formation is exposed on the surface of the La Brea 

and Montebello Plains and extends underneath the Recent alluvium on the 

Downey Plain. It is present in the Los Angeles Narrows, but aquifers have 

not been defined there. The Lakewood formation includes the portions of 

the Bellflower aquiclude and the overlying Semiperched aquifer east and 

north of the Los Angeles River and the Exposition, Gardena, and Gage aqui

fers. It ranges from 0 to more than 220 feet thick in the southern part of 

the area. 

The Exposition aquifer has been delineated in that portion of the 

Los Angeles Forebay Area that is beyond the boundaries or limits of the 

r~spur aquifer. The Expositon aquifer consists of as many as three sand 

and gravel members separated in some areas by discontinuous clay and silt 

lenses. It attains a maximum thickness of 80 feet (Plate 11) and varies in 

depth from 100 to 160 feet (elevation 200 to 20, Plate 10). Although the 

Exposition aquifer is known to extend beneath the Gaspur aquifer, it vas 

not differentiated from the Gaspur aquifer, because the contact between the 

two is indistinct. 

The Gardena aquifer is present over much of the Los Angeles Fore

bay Area. It consists mainly of sand and gravel with a little clay, and 
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ranges from 0 feet to 60 feet thick (Plate 13A). The maximum depth is 290 

feet (100 feet below sea level, Plate 12A). 

The Gage aquifer is also present in the forebay area, but over a 

l arge part of the area it has been eroded away and subsequently replaced by 

the Gardena aquifer. The Gage aquifer consists of sand and sandy clay with 

some gravel. It ranges from 5 feet to 100 feet in thickness (Plate 13A) and 

extends to a depth of 37) feet (250 feet below sea level, Plate 12A). The 

Gage aquifer is the basal member of the Lakewood formation. It rests uncon

formably on the underlying San Pedro formation, except in the extreme north

ern part of the area, where the San Pedro is missing (Plate 6E, section 

K-K'-K") • 

The San Pedro formation is the lowest, stratigraphically, of the 

formations in the Los Angeles Forebay Area that contain known aquifers. It 

crops out along the southern edge of the Repetto Hills and extends over the 

whole of the forebay area except in the Los Angeles Narrows. The San Pedro 

formation is about 1,050 feet thick in the Los Angeles Forebay Area and in

cludes the Hollydale, Jefferson, Lynwood, Silverado and Sunnyside aquifers. 

The Hollydale aquifer is missing in the west end of the forebay. 

In the rest of the area, it consists of sand and sandy clay with some gravel. 

It ranges from 0 feet to 60 feet in thickness (Plate 15) and extends 475 

feet (350 feet below sea level, Plate 14). 

The Jefferson aquifer is missing in the extreme southern part of 

the forebay area. In the central and northern portions of the area, it con

sists of sand with some gravel and clay. It ranges from 0 to 70 feet in 

thickness (Plate 17) and extends 640 feet down (450 feet below sea level, 

Plate 16). 
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The Lynwood aquifer is present over all of the Los Angeles Forebay 

Area where the San Pedro formation occurs. It consists maily of sand and 

gravel with a little clay, ranges from 20 feet to 130 feet in thickness, 

(Plate 19A) and extends down to 720 feet (600 feet below sea level, Plate 

18A). 

The Silverado aquifer is found throughout most of the Los Angeles 

Forebay Area and consists of gravelly sand with some interbedded clay. It 

ranges from 20 feet to 150 feet in thickness (Plate 2lA) and extends 1,070 

feet down (880 feet below sea level, Plate 20A). 

rrhe Sunnyside aquifer also is found over most of 'the fore bay area 

and consists mainly of sand with interbedded clays. It ranges from 50 to 

430 feet in thickness (Plate 23) and extends down to 1,600 feet (1,440 feet 

below sea level, Plate 22). 

The San Fedro formation is unconformably underlain by sediments of 

Pliocene age which probably contain fresh water in their upper portions. 

Within the Los Angeles Forebay Area, the Miocene and Pliocene 

rocks and the San Pedro formation in the north limb of the Paramount syn

cline dip to the south. There is a sharp angular unconformity between the 

steeply dipping, truncated San Pedro formation, and the overlying gently 

dipping Lakewood formation. This unconformity permits water moving through 

the Recent and Lakewood formations to percolate downward into the aquifers 

of the San Pedro formation. (See sections J-J' -J", Plate 6n and K-K' -K", 

Plate 6E). To the north, in the narrows itself, the Recent alluvium rests 

directly upon Miocene rocks. Erosion has removed all of the San Pedro for

mation here, as well as parts of the Lakewood formation which occurs only 

as terrace remnants along the sides of the narrows. 
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Movement and occurrence of ground water in the Los Angeles Forebay 

Area and the other areas in the Central Basin will be discussed later. 

Geologic Features of the Montebello Forebay Area 

The Montebello Forebay Area extends southward from the Whittier 

Narrows and presently is the most important area of recharge in the Central 

Basin. The boundary, shown on Plate 2, is the same as the Montebello Fore

bay Area boundary described in Bulletin No. 45 (calif. D.W.R. 1934). 

The Montebello Forebay Area is overlain by parts of the Montebello, 

Downey, and Santa Fe Springs Plains. The water-bearing sediments vary in 

age from Recent to early Pleistocene and extend to a maximum depth of about 

1,050 feet (900 feet below sea level). 

The Recent alluvium contains parts of the Semiperched aquifer and 

the Bellflower aquiclude, and the eastern arm of the Gaspur aquifer. The 

Semiperched aquifer consists of 20 to 60 feet of sand and gravel overlying 

the Bellflower aquiclude. The Semiperched aquifer is of Recent age over 

most of the area but in the northwest corner of the area it is part of the 

Lakewood formation of late Pleistocene age. The Bellflower aquiclude (Plates 

8A and 9A) also is found both in Recent alluvium and the Lakewood formation 

in the Montebello Forebay Area. It consists of clay and sandy clay ranging 

in thickness from a few feet at its edge to about 60 feet northeast of 

Downey. Well logs and other data collected for this report show that where 

the Bellflower aquiclude extends into the forebay area, it contains a high 

percentage of sand and gravel. These data suggest that the permeability is 

sufficiently high to allow percolation through the aquiclude in portions of 

this area, and therefore it is not an aquiclude in fact in those areas. The 

areas where the Bellflower aquiclude is not present are shown on Plates 8A 

and 9A. 
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The eastern arm of the Gaspur aquifer extends northeasterly 

through the Montebello Forebay Area and into the Whittier Narrows. It con

sists of coarse sand and gravel ranging from 40 to 100 feet in thickness 

(Plate llA). The maximum thickness is found in the vicinity of the Whittier 

Narrows Dam, and the maximum depth of 125 feet (20 feet below sea level) 

occurs in the vicinity of Downey (Plate lOA). The Gaspur aquifer is exposed 

at the ground surface from Whittier Narrows south to Imperial Highway 

(Plate lOA). South of this point it is overlain by the Bellflower aquiclude. 

The Lakewood formation in the Montebello Forebay Area contains 

parts of the Semiperched aquifer and the Bellflower aquiclude mentioned 

earlier, and the ArteSia, ExpOSition, Gage, and Gardena aquifers. 

The Artesia and EXposition aquifers, present over a limited area 

in the Montebello Forebay (Plates lOA and llA), appear to be contemporaneous 

in age and mode of deposition. The name "Artesia aquifer" has been given 

to water-bearing sediments immediately underlying the Bellflower aquiclude 

east and south of the Gaspur aquifer. The Exposition aquifer consists of 

similar deposits extending west and north of the eastern arm of the Gaspur 

aquifer. The Artesia and EXposition aquifers consist of from 10 to 90 feet 

of sand and gravel with some clay. The sediments comprising these aquifers 

underlying the Gaspur aquifer had been most~y eroded away prior to deposi

tion of the Gaspur aqUifer, and no effort has been made to identify those 

portions of the aquifers that may remain beneath the Gaspur. The composite 

name, Artesia-Exposition aquifer, is used for these water-bearing deposits 

which underlie and are in hydraulic continuity with the Gaspur aquifer. 

The Gage aquifer (Plates 12A and l3A) is composed mainly of sand 

ranging from 20 to 80 feet in thickness, and extends over approximately 
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one-third of the forebay. The maximum thickness is found in the vicinity 

of Montebello. The maximum depth of 260 feet (150 feet below sea level) 

is southeast of Downey. 

The Gardena aquifer (Plates 12A and 13A) is present over about 

two-thirds of the Montebello Forebay. This aquifer, deposited in channels 

incised into the Gage aquifer, is coarse sand and gravel and ranges from 

20 to 140 feet in thickness. The maximum thickness is found just north of 

the Whittier Narrows Dam. The sediments extend down to a maximum depth of 

265 feet (150 feet below sea level) north of Norwalk. 

The San Pedro formation bas been identified throughout the Monte

bello Forebay Area beneath the Lakewood formation. It also crops out on 

the south side of the Repetto Hills west of the Rio Hondo. All of the 

aquifers of the San Pedro formation are present in the Montebello Forebay 

Area. The Hollydale aquifer (Plates 14 and 15) is present over about one

half of the area and is compsed of about 20 to 60 feet of sand and gravel 

with a small amount of interbedded sandy clay and clay. The maximum depth 

of 260 feet (250 feet below sea level) occurs about one mile north of 

Norwalk. The Jefferson aquifer (Plates 16 and 17) has been identified over 

about three-quarters of the Montebello Forebay Area. It ranges in thickness 

from 20 to 60 feet and consists of sand and sandy clay. The maximum depth 

of 505 feet (300 feet below sea level) occurs about a mile north of Norwalk. 

The Lynwood aquifer (Plates 18A and 19A) is found throughout the 

Montebello Forebay Area. It is mainly coarse sand and gravel ranging from 

50 to 150 feet in thickness. The maximum depth of 705 feet (450 feet below 

sea level) occurs about one mile north of Norwalk.' This aquifer yields water 

to many wells in the Montebello Forebay Area. 'Ibe Silverado aquifer (Plates 
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20A and 2lA), identified throughout the Montebello Forebay Area, ranges from 

50 to 200 feet in thickness, and is about half sandy gravel and half inter

bedded clay. The maximum depth of about 1,000 feet (900 feet below sea 

level) is also just north of Norwalk. 

The Sunnyside aquifer (Plates 22 and 23) is the basal member of 

the San Pedro formation and is the deepest aquifer identified in the Monte

bello Forebay Area. It is generally sand with local areas of coarse gravel 

and ranges in thickness from 100 to 350 feet. The maximum depth of about 

1,400 feet (1,300 feet below sea level) occurs north of Norwalk. 

The San Pedro formation is underlain by Pliocene deposits which 

are water bearing in some areas. Electric logs of oil wells show that fresh 

water is present below the San Pedro formation in the Montebello Forebay 

Area but no aquifers have been delineated in these older sediments. 

The major structural features of the Montebello Forebay Area are 

the unconformity between the Lakewood and San Pedro formation and the fault

ing and folding in the Whittier Narrows. Geologic sections A-A'-A", Plate 

6A, M-M', and N-N', Plate 6F and P-P', Plate 6G, show the gently dipping 

formations in the Whittier Narrows, and Plate 7 shows cutaway views of the 

aquifers therein. The Rio Hondo, Pico, and cemetery faults, all trending 

approximately northeast, have been postulated in the Whittier Narrows where 

they evidently bound two distinct, folded blocks (see section on Whittier 

Narrows Area in Chapter V). 

The Rio Honao fault follows approximately along the southwest side 

of the Rio Hondo. It displaces the Gardena, Lynwood, and Sunnyside aquifers. 

The Recent alluvium continues unaffected across the fault. On the northwest 

side of the Rio Hondo fault, the Sunnyside aquifer has been downdropped as 
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much as 600 feet with respect to the aquifer on the southeast side. North

west of the Rio Hondo fault near Whittier Narrows Dam, erosion has removed 

all aquifers between the Sunnyside and Gardena aquifers (geologic section 

P-P', Plate 6G). 

The Pico fault extends parallel to the Rio Hondo fault and lies 

about one mile southeast of it. Only the aquifers of the San Pedro formation 

are cut by this fault, with the southeast side having been downdropped. '!he 

amount of offset varies along the fault and, for the Sunnyside aquifer, the 

maximum vertical offset is about 400 feet. This places the Sunnyside aquifer 

on the northwest side of the fault opposite the Lynwood and Jefferson 

aquifers on the southeast side, thus retaining some hydraulic continuity 

across the fault. 

The Cemetery fault is located along the east side of Whittier 

Narrows and trends slightly east of north. No cross sections in this report 

cross through this fault. Because the fault coincides with the contact be

tween the Recent alluvium of the Narrows and Pliocene formations of the 

Puente Hills and since data are not available to differentiate aquifers 

east of the fault in the Pliocene sediments, any qisplacement and the effect 

of the fault upon ground water movement cannot be ascertained. 

Some idea of the complexity of the folding in the Whittier Narrows 

can be seen on geologic sections A-A '-A", M-M', N-N' and P-P' of Plates 

6A, 6F, and 6G. cutaway diagrams of aquifers in the vicinity of Whittier 

Narrows are shown on Plate 7, with the Gaspur, Gardena, and Silverado 

aquifers stripped off in succession. The fault displacement and folding can 

be understood particularl~ well with the use of this plate. 

Ground water movement within the Whittier Narrows in a northwest

southeast direction would probably be impeded by these faults. Fortunately, 
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the faults trend is essentially parallel to the main subsurface inflow to 

the Central Basin through the Whittier Narrows and apparently do not affect 

this ground water movement. 

Geologic Features of the Whittier Area 

The Whittier Area of the central Basin extends from the Puente 

Hills south and southwest to the axis of the Santa Fe Springs-Coyote Hills 

uplift. The western boundary is an arbitrary line separating the Whittier 

Area from the Montebello Forebay Area; the eastern boundary is the Orange 

County line (see Plate 2). The name "Whittier Area" is used for the first 

time in this report. In prior publications this area was considered to be 

part of the La Habra Basin (calif. D.W.R. 1934 and 1947), the southern 

boundary of which coincided with the southern edge of the Coyote Hills. The 

southern boundary of the Whittier Area used in this report was chosen because 

it is a drainage divide and water applied on the south flank of the Coyote 

Hills 'Would drain into the Central Basin Pressure Area. 

Water well data are almost entirely lacking for the sediments found 

in the east end of the Whittier Area and around the City of Whittier. How-
I 

ever, it is reasonably certain that ground water is present in these areas. 

In the portion of the Whittier Area where aquifers have been defined, many 

of the old wells have been destroyed and water level data are no longer avail-

able. Consequently, the descriptions of the aquifers and aquicludes present 

in the Whittier Area are not complete. 

The Whittier Area is overlain by the La Habra Piedmont Slope and 

part of the Santa Fe Springs Plain and the Coyote Hills (Plate 2). The 

known water-bearing sediments, extending to a depth of about 1,000 feet 

(Boo feet below sea level), include Recent alluvium and the Lakewood and San 
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Pedro formations. A part of the underlying Pliocene and older deposits 

may also contain water of good quality. Electric logs of oil wells in the 

Whittier Area indicate fresh water at greater depths than have been pene

trated by water wells. 

Recent alluvium in the Whittier Area consists of a thin finger of 

sand, gravel, and clay, which extends into the western portion of the area 

from the Montebello Forebay Area (Plate 3A). '!he sediments are 80 feet 

thick near the western boundary of the area, and thin out to the east. 

The Recent alluvium contains a portion of the Bellflower aquiclude and the 

Gaspur aquifer. 

The Bellflower aquiclude in the Recent alluvium consists of clay 

and sandy clay ranging from 10 to over 40 feet in thickness (Plate 9A). 

It overlies the Gaspur aquifer in the extreme western part of the area. In 

much of the Whittier Area, the Bellflower aquiclude is part of the undiffer

entiated Lakewood formation. Lack of data in many parts of the area where 

the Lakewood formation is exposed at the surface makes it difficult to de

fine the thickness, extent, and composition of this aquiclude. Where data 

are available, the Bellflower aquiclude is clay and sandy clay averaging 

20 feet in thickness and extending down to a depth of about 70 feet below 

the ground surface (elevation 120 feet, Plate 8A). The degree to which the 

ground water can be transmitted through the Bellflower aquiclude depends on 

the thickness and composition of the aquiclude. While the aquiclude appears 

to be continuous over most of the Whittier Area, it may be either absent in 

some areas or so thin and discontinuous that ground water can be transmitted 

through it at an appreciable rate. 
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The Gaspur aquifer is mainly sand and gravel with a small amount 

of interbedded clay. It ranges from 30 to 60 feet in thickness (Pl ate llA) 

and attains a depth of 145 feet below the surface (elevation 60 feet, Plate 

lOA) • 

The Lakewood formation crops out over most of the Whittier Area 

(Plate 3A). It consists of continental deposits of late Pleistocene age 

and attains a maximum thickness of 70 feet. The Lakewood formation contains 

the Artesia and Gage aquifers and that part of the Bellflower aquiclude 

described above. 

The Artesia aquifer extends a short distance into the southwest 

corner of the Whittier Area in the vicinity of Santa Fe Springs. It is 

mostly sand with some interbedded clay and has an average thickness of about 

40 feet (Plate llA) and a maximum depth of about 50 feet (elevation 60 feet, 

Plate lOA). This aquifer is near the surface and has been exposed in ex

cavations on the Santa Fe Springs Plain. 

The Gage aquifer is the major water-bearing member of the Lakewood 

formation in the Whittier Area. It has been delineated only in the southern 

portion of the area and near the Los Angeles-Orange County line, where it 

consists of about 30 feet (Plate 13A) of sand with some interbedded clay, 

and has a maximum depth of about 150 feet (elevation 50 feet, Plates 12A 

and 6A, section B-B'-B"). 

The San Pedro formation underlies the entire Whittier Area, where 

it attains a maximum thickness of about 850 feet and extends down to a depth 

of about 920 feet (850 feet below sea level). The formation is composed of 

sand and gravel with interbedded clay, all probably of marine origin. Clay 

members separate the sands and gravels comprising the aquifers over most of 
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the basin. 'llie San Pedro formation conta.ins the Hollydale, Jefferson, Lyn

"lOod, Silverado, and Sunnyside aquifers. An extensive unconformity brings 

the aquifers of the San Pedro formation into cont.act with those of the Lake

wood formation along t.he northern b,oundat'y of the area and alo~ the edge 

of the Coyote Hills. Crose sections B-R'-B" and Q-Q' on Plates 6A and 6G 

shml this relationshi-p. 

The Hollydale aquifer has been identi fied only in the western 

part of the \olhittier Area. It may be present over the rest of the a.rea, 

but data are lackine. It ranges in Lhickness from 10 to 25 feet (Plate 15) 

and consists of sand and gravel with a small amount of interbedded clay. 

It appears to reach a maximUM depth of about 100 feet (elevation 50 feet, 

Plate 14). It is merGed with the overlying Gaee aquifer in the vicinity 

of South Whittier. 

The Jefferson aquifer ranges in thickness from 20 feet to 40 feet 

(Plate 17) and consists of sand and eravel with a little interbedded clay. 

It extends over most of the I'/hi ttier Area and reaches a maximum depth of 

about 350 feet (100 feet below sea level, Plate 16). In the western part 

of the area, near the boundary with the ~~ontebello Forcbay, the Jefferson 

aquifer merees with the overlying Hollydale aquifer. 

The Lymrood aquifer is present throughout the v/hi ttier Area. It 

ranges in thickness frol!]' 50 to 100 feet (Plate 19A) and consists of sand 

and gravel with some interbedded clay. It extends to a maximum depth of 

about 460 feet (300 feet belo .... r sea level, Plate l8A). 

The Silverado aquifer has been identified over all of the \-lhittier 

Area. It consists of 110 to 300 feet of sand and gravel with finer grained 

phases in some areas (Plate 21A). It extends to a depth of about 750 feet 

(600 feet below sea level, Plate 20A). 
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The Sunnyside aquifer also has been identified throughout the 

Whittier Area. It consists of 200 to 300 feet of sand and gravel with some 

interbedded clay (Plate 23). It is the lowest of the aquifers identified, 

reaching a maximum depth of about 1,000 feet (700 feet below sea level, 

Plate 22). The gravels exposed in the Coyote Hills and along the north side 

of the area are believed to be surface outcrops of the Sunnyside aquifer. 

The Pliocene and Miocene sediments below the San Pedro formation 

generally contain saline water in this area, but may locally contain fresh 

water. Plate 24A shows the approximate elevation of the base of fresh water

bearing sediments. 

The available data suggest that some of the water-bearing sediments 

in the Whittier Area may have been faulted. However, the location of such 

faulting and its effect on ground water bas not been determined. 

The water-bearing sediments of the Whittier Area comprise part of 

the generally east-west trending La Habra syncline. The Recent deposits 

are essentially undisturbed. The Lakewood formation underlying the Recent 

alluvium is also generally flat-lying, though in some areas it is slightly 

tilted. The San Pedro formation, however, which unconformably underlies the 

Lakewood formation, has been folded sharply and its flanks are exposed in 

the Coyote Hills and on the south side of the Puente Hills. The effects of 

this unconformity and the outcrops of the moderately dipping San Pedro 

formation upon the occurrence and movement of ground water will be discussed 

later. 

Geologic Features of the Central Basin Pressure Area 

The Central Basin Pressure Area, prpviously known as the Central 

Coastal Plain Pressure Area, is overlain by the Downey Plain and parts of 
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t he Santa Fe Springs, Monte bello, La Brea, and Bouton Plains. 'Ihe area is 

generally flat and slopes gently to the south. Water-bearing sediments in 

the central Basin Pressure Area range in age from Recent to Pliocene and 

extend to a probable maximum depth o~ 2,200 feet northeast of the City of 

Lakewood. Aquifers have been defined in the Recent alluvium and the Lake

wood and San .Pedro formations. 

In this pressure area the aquifers are confined by many aquicludes, 

only one of which has been named. This is the near surface Bellflower aqui

clude which restricts vertical percolation into the Gaspur and other under

lying aquifers. Water levels in the confined area form a piezometric or 

pressure surface rather than a free ground water surface. As pressures 

change from aquifer to aquifer, the corresponding piezometric water levels 

in wells tend to vary according to which aquifer or aquifers are used for 

production. Also, as the aquicludes vary in extent, configuration, permea

bility, and thickness, their effectiveness as confining members also changes 

from place to place and with this change an exchange of water between aqui

fers may take place, depending on the direction of the pressure gradient. 

The Recent alluvium covers most of the Central Basin Pressure 

Area, and attains a probable maximum depth of 200 feet near the City of 

Bellflo'Wer. It contains the Semiperched aquifer, the Bellflo'Wer aquiclude, 

and the Gaspur aquifer. The Semiperched aquifer consists of sands and 

gravels 20 to 60 feet thick overlying the Bellflo'Wer aquiclude. 

The Bellflo'Wer aquiclude is found throughout the pressure area 

and is composed mainly of clay and silt; hO'Wever, there are numerous areas 

where it consists mainly of clayey sands and gravels and where its effecti ve

ness as an aquiclude is limited. It ranges from a few feet to 160 feet in 
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thickness (Plate 9A). It extends downward to about 200 feet (140 feet below 

sea level) southwest of the City of Bellflower (Plate 8A). The Bellflower 

aquiclude is also present in the Lakewood formation but no effort has been 

made to define separately the areas where the aquiclude is identified with 

each age. The Gaspur aquifer extends south from the forebay areas in two 

separate arms which merge in the vicinity of the City of Lynwood and then 

extend south along the course of the Los Angeles River to the ocean. The 

Gaspur aquifer consists of coarse sand and gravel and ranges in thickness 

from 40 to 100 feet (Plate llA). The maximum depth of about 190 feet (170 

feet below sea level) occurs in the vicinity of Terminal Island in San Pedro 

Bay (Plate lOB). 

The Lakewood formation, of late Pleistocene age, extends over all 

of the Central Basin Pressure Area. It contains part of the Bellflower 

aquiclude and the Artesia, Exposition, Gage, and Gardena aquifers. The 

water-bearing materials immediately underlying the Bellflower aquiclude 

west of the easterly arm of the Gaspur aqUifer are called the Exposition 

aquifer. The water-bearing materials immediately underlying the Bellflower 

aquiclude east of this arm of the Gaspur aquifer are called the Artesia 

aquifer and are believed to be contemporary both in age and mode of depo

sition with the materials in the Exposition aquifer. The boundary between 

the Artesia and Exposition aquifers is somewhere in the center of the basin 

under the Gaspur aquifer. All three aquifers are in hydraulic continuity. 

Both the Artesia and Exposition aquifers consist of sand and gravel with 

local areas of interbedded clay. The Exposition aquifer ranges from 20 to 

over 100 feet in thickriess (Plate llA) and reaches a maximum depth of about 

230 feet (120 feet below sea level) southeast of Huntington Park (Plate lOA). 
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The Artesia aquifer consists of 10 to 140 feet of sand and gravel with some 

interbedded clays (Plate llA). It extends down to a maximum depth of 230 

feet (220 feet below sea level) southeast of the City of Lakewood (Plate lOA). 

The Gage and Gardena aquifers of the Lakewood formation are also 

considered to be the same age. Their relationship was discussed in this 

chapter in the section on the West Coast Basin. The Gage aquifer consists 

of fine-grained sand and silty sand ranging from 5 to 120 feet in thickness 

(Plate 13A). The maximum depth attained is 380 feet (350 feet below sea 

level) west of the City of Lakewood (Plate 12A). The Gardena aquifer con

sists of coarse-grained sand and gravel from 10 to 60 feet in thickness. 

It extends down to a depth of about 390 feet (350 feet below sea level) near 

the City of Lynwood. The Gage and Gardena aquifers mark the base of the 

Lakewood formation and along this base they abut the underlying San Pedro 

formation unconfonnably. 

The San Pedro formation, present throughout the Central Basin 

Pressure Area, contains some of the most important aquifers in the area. 

In ,all, five aquifers, the Hollydale, Jefferson, Lynwood, Silverado, and 

Sunnyside, have been delineated. 

Two relatively minor aquifers, the Hollydale and Jefferson aqui

fers, are present in the upper part of the San Pedro formation in the Central 

Basin Pressure Area. The Hollydale aquifer, uppermost of the two, (Plates 

14 and 15) extends over approximately 60 percent of the area. It is mostly 

sand and silty sand with interbedded clays, though some gravel is found 

locally. It ranges from approximately 10 to 100 feet in thickness, and the 

maximum depth of about 570 feet (500 feet below sea level) is reached a few 

miles east of the City of Compton. The Jefferson aquifer (Plates 16 and 17) 
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is present over only 40 to 50 percent of the pressure area . It is mostly 

fine-grained sand with scattered lenses of gravel, and ranges in thickness 

from about 10 feet to over 140 feet. The maximum depth of approximately 

720 feet (650 feet below sea level) is found near the Orange County line 

southeast of the City of Norwalk. Although these two aquifers are not 

continuous over the entire Central Basin Pressure Area, they are important 

sources of water in some localities. 

Both the Lynwood and Silverado aquifers yield considerable water 

to wells in the Central Basin Pressure Area. '!he Lynwood aquifer (Plates 

l8A and 19A) is composed mainly of coarse-grained sands and gravels, ranging 

in thickness from less than 50 feet to over 150 feet. The maximum depth of 

about 1,030 feet (950 feet below sea level) occurs southeast of the City of 

Norwalk. The Silverado aquifer (Plates 20A and 2lA) is composed largely of 

sands and gravels, ranging in thickness from about fifty feet to over 450 

feet. The greates.t depth is found north of the City of lAkewood, where its 

base is about 1,240 feet below the ground surface (1,200 feet below sea 

level). '!he base of the Silverado aquifer was thought to correspond to the 

base of the Pleistocene deposits and of fresh water in the West Coast BaSin, 

where it was first named. In the Central Basin, however, the SUnnyside 

aquifer has been differentiated below the Silverado aquifer. 

'!he Sunnyside aquifer (Plates 22 and 23) marks the base of the San 

~dro formation in most parts of the Centra] Basin Pressure Area. It varies 

from about 70 feet to over 500 feet in thickness and consists of sand, and 

sand and gravel. The maximum depth of about 1,700 feet (1,660 feet below 

sea level) occurs east of the City of Lakewood. 
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Below the SUnnyside aqui~er is a thick section of Pliocene deposits, 

the coarse zones of which contain fresh water, as indicated by electric logs 

o~ oil wells. Around the margins o~ the Central Basin Pressure Area, where 

many oil fields exist and more data are available, it is apparent that the 

fresh water was introduced into the Pliocene sediments by flushing the saline 

water toward the ocean. Much o~ the pressure area is in the South Gate-Santa 

Ana depression where only widely scattered exploratory type oil well data 

are available. No contours depicting the base of fresh water could be drawn 

through this area; however, the replacement of saline waters with fresh 

water appears to have occurred here as well. 

The structural features which control or influence the occurrence 

and movement of ground water in the Central Basin Pressure Area are the 

South Gate-Santa Ana depression and the Newport-Inglewood uplift. The 

South Gate-Santa Ana depression extends from south of Beverly Hills into 

Orange County. It is bounded by transitional structures adjacent to the 

Puente and Repetto Hills on the northeast and the Newport-Inglewood uplift 

on the southwest. The Recent sediments in this depression are generally 

flat-lying as are the underlying deposits of the lakewood formation. The 

San Pedro formation, however, is moderately folded and unconformably under

lies the younger formations in most of the Central Basin. 

The major structural features in the South Gate-Santa Ana de

pression are the Paramount syncline and Los Alamitos fault, and the Norwalk 

syncline. These structures appear to be developed only in the San Pedro 

formation, and they do not affect the overlying younger sediments. The 

Paramount syncline underlies the City of Paramount and extends northwesterly 

to the Inglewood fault north of the Baldwin Hills. The Los Alami tos fault 

-170-

AR0069020 



appears as an extension of the axis of the Paramount syncline southeast of 

the City of Paramount. The Norwalk syncline extends from the City of Nor

walk southeasterly to the Orange County line. It is separated from the 

Los Alamitos fault by an unnamed anticlinal fold which extends into Orange 

County. None of these structural features appear to materially affect 

ground water movement in the Central Basin Pressure Area. 

The faults and anticlinal folds of the Newport-Inglewood uplift 

mark the west and southwest boundary of the Central Basin Pressure Area and 

are partial barriers to movement of ground water from the Central Basin to 

the West Coast Basin, as has been previously discussed. 
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Occurrence of Ground Water in the Central Basin 

In all four areas of the Central Basin ground water is found in 

the Recent alluvium, the Lakewood and San Pedro formations, and sometimes 

in the older sediments. The aquifers in these formations have been dis

cussed above under separate headings for each area of the Central Basin. 

The paragraphs that follow will take up the movement of ground water into 

and through the Central Basin as a whole, rather than by separate areas. 

Ground water enters the Central Basin through surface and sub

surface flow and by direct percolation of precipitation, stream flow, and 

applied water. The main surface and subsurface flow into the basin is 

through the Los Angeles and Whittier Narrows from the ground water basins 

in the interior valleys. However, minor subsurface flow probably enters 

the area from the bordering relatively impermeable formations, and some 

subsurface flow can take place from the other surrounding ground water basins. 

Replenishment of the aquifers by percolation of preCipitation, 

stream flow, and applied water occurs in the forebay areas where permeable 

sediments are exposed at ground surface. In addition, some water also moves 

into the aquifers where they crop out on the surface against the surrounding 

highlands and in those portions of the pressure area where the Bellflower 

aquiclude is missing or contains considerable sand and gravel. 

In the Los Angeles and ~bntebello Forebay Areas the aquifers are 

in hydraulic continuity in varying degrees, with each other and with the 

ground surface. In some instances this hydraulic continuity results from 

the aquifers being superposed one on another with no intervening clay members. 

Areas where each aquifer is merged with the overlying one are shown on the 

plates depicting lines of equal elevation on the base of each aquifer 
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(Plates lOA, 12A, 14, 16, 18A, 20A, and 22). In other portions of the 

forebay areas aquicludes present between the aquifers restrict direct move

ment of ground water between aquifers. However, these aquicludes are not 

continuous over the entire area; consequently, the hydraulic gradient con

trols the lateral movement of ground water to points where the aquifers 

are merged. 

The areas of contact between aquifers and areas of contact with 

the ground surface are important because it is only through these areas 

that surface water can be introduced by spreading into the aquifers in 

major quantity. The most important area in this regard in the Coastal Plain 

of Los Angeles County is in the vicinity of the Whittier Narrows in the 

Montebello Forebay Area because of the interconnection of the deeper 

aquifers through the shallower o~es to the ground surface. This condition 

also exists in the vicinity of the Los Angeles Narrows in the Los Angeles 

Forebay Area, but the paving of this area has essentially eliminated sur

face recharge to the aquifers below. 

Plate 25, entitled "Areas Where Aquifers are Merged with Permeable 

Surface Deposits or Overlying Aquifers in Vicinity of Whittier Narrows" 

shows the generalized interconnections in and near the \{hittier Ntirrows 

in the Montebello Forebay Area and the areas of essentially direct con

nection between the aquifers and the ground surface. This plate was derived 

from the detailed delineation of the areas of mergence shown on the plates 

depicting lines of equal elevation on the base of each aquifer. 

Water applied on the surface can move directly into the Gaspur 

aquifer within the area shown on Plate 25. The Gage and Gardena aquifers 

immediately underlie the· Gaspur aquifer and they are in hydraulic contin

uity. Below the Gage and Gardena aquifers are the Hollydale and Jefferson 
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aquifers which are generally merged with the Gage and Gardena aquifers. 

This relationship i s shown on Plates 12A, 14, 16, and Plate 25. These 

interconnections provide essentially complete continuity with the surfa ce 

through the Gaspur aquifer. The ~reas of mergence of the deeper aqUifers 

with the overlying ones are much more restricted and these limited areas 

are shown on Plate 25 as well as on Plates 18A, 20A, and 22. It will be 

noted from Plate 25 tha t the area of direct vertical recharge from the 

ground surface to t he Lynwood aquifer is about one-third of the area of the 

Ga spur in contact with the ground surface. The area of direct vertical 

recharge to the Silverado and Sunnyside aquifers is even more restricted 

and is limited to a very small area in the immediate vicinity of Whittier 

Narrows Dam. Thesp limited areas of interconnection severely restrict 

the amount of recharge that can directly reach the deeper aquifers from 

the ground surfa ce. Fortunately, the areas of mergence through which water 

can rea ch the lower aquifers by devious paths is considerably larger than 

shown on Plate 25 (see Plates 12A, 14, 16, l8A, 20A, and 22). Therefore, 

even though the direct downward infiltration may be restricted or entirely 

impeded by an intervening aquiclude, water can move laterally in one aquifer 

to a point where the aquifer is merged with a lower one, permitting water 

applied at the surface to reach and replenish the deeper aquifers. 

The areas of mergence between aquifers in the Los Angeles Forebay 

also are shown on the plates depicting lines of equal elevation on the 

base of each aquifer. It is evident that considerable opportunity existed 

for infiltration of water from the ground surface into the Gaspur aquifer 

and on into the deeper aquifers of the basin. However, as noted before, 

this area now is essentially covered with impervious material and the 

opportunity for surface recharge of the aquifers is practically nonexistent. 
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This is unfortunate from the standpoint of ground water basin utilization 

since the available storage capacity in the Los Angeles Forebay is large. 

Under present conditions, ground water in the Montebello Forebay 

Area move s into the Los Angele s Forebay Area, the Whittier Area, and the 

Centr~l Basin Pressure Area. Ground wuter from the Los Angele 3 Forebay 

Area also moves into the Centra l Basin Pressure Area. In the northern 

portion of the pressure area a ground vffiter mound exists which separates 

ground 'vater movement into two parts. North of this mound ground water 

moves northward into the Hollywood Basin while south of this mound ground 

water moves southwesterly toward the West Coast Basin. 

Ground water movement in the Whittier Area in July 1958 was to 

the west and southwest in both t he deep and shallow aquifers. The Santa Fe 

Springs-Coyote Hills uplift, the axis of which serves as the southern bound-

ary of the Whittier Area, appears to restrict ground water movement to the 

south into the Central Basin Pressure Area in the aquifers of the Lakewood 

formation. The aquifers of the San Pedro formation are continuous across 

the uplift and it is reasonable to assume that ground water movement to 
) 

the south could take place if the hydraulic gradient sloped in that direction. 

Historically, subsurface flow took place from the Central Basin 

across the Newport-Inglewood uplift into the West Coast Basin. However, 

pumping has lowered the water level in the Central Basin and at present 

water levels in some aquifers are about equal on both sides of the Newport-

Inglewood uplift. Further lowering of water levels on either side of the 

uplift could result in a hydraulic gradient being established which would 

slope toward the point of the lower water level with a consequent flow of 

water in that direction. A relatively small amount of subsurface flow 

occurs out of the Central Basin Pressure Area because most of the ground 
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water moves to a serie s of pumping holes developed along the Newport

Inglewood uplift north of Dominguez Hill, along the Cherry Hill fault, north 

of Signal Hill and in the Lakewood area. From these areas the water is re

moved by pumping for industrial, i~rigation, and domestic uses. 

The movement of ground water across the Los Angeles-Orange County 

line, which forms the eastern boundary of the Central Basin, is entirely 

dependent on the hydraulic gradient in that area, as no physical barrier 

to ground water movement exists except for the Coyote Hills. 

Transmissibility rates of aquifers in Central Basin as shown on 

Plates 26A through 261 are extremely variable, ranging up to 400,000 gallons 

per day per foot of width, although most of the aquifers have transmissi

bility rate s of less than 100,000. 

The Gaspur aquifer (Plate 26A) generally has a transmissibility 

rate of less than 200,000 gallons per day per foot, but has a maximum of 

400,000 in a small area in Whittier Narrows. Transmissibility rates in 

the Artesia-Exposition aquifer average about 30,000 with a maximum trans

missibility rate of about 70,000 in several small areas (see Plate 26B, 

"Lines of Equal Transmissibility of the Artesia-Exposition Aquifers"). 

The Gage and Gardena aquifers (Plate 26c) also have average rates of about 

30,000 but reach a maximum value of about 100,000 near Long Beach and in 

the Whittier Narrows. The transmissibility rates of the Hollydale and 

Jefferson aquifers, shown on Plates 26D and 26E entitled, "Lines of Equal 

Transmissibility of the Hollydale Aquifer" and "Lines of Equal Transmis

sibility of the Jefferson Aquifer", respectively, have average values of 

about 20,000 gallons per day per foot of width. The ~wood aquifer 

rates (Plate 26F) average about 40,000 but attain a maximum transmissibility 

rate of about 100,000 gallons per day per foot of width in several areas. 
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The Silverado aquifer (Plate 26G) averages about 60,000 but reache s a 

maximum of 400,000 near the intersection of Carson and Atlantic Boulevards . 

Data on the Sunnyside aquifer in the middle, deeper portion of Central 

Basin is not very complete, but it appears to have an average transmis

sibility rate of about 100,000 vrith a maximum of 300,000 in several areas 

as shown on Plate 26H, "Lines of Equal Transmissibility of the Sunnyside 

Aquifer" . 

The overall transmissibility of all aquifers in the Central 

Basin is of considerable importance. It may be noted on Plate 261 that 

high transmissibility rates exist from Whittier Narrows toward Long Beach 

and Compton, but that an area of low transmissibility separates the 

Montebello and Los Angeles Forebays. This low transmissibility partly 

explains the existence of the large pumping depression around Huntington 

Park and Vernon, where pumping rates are generally not much higher than 

in the Downey area but there no pumping depression exists. 

While the Central Basin Pressure Area is, as its name signifies, 

essentially an area of confined aquifers, free ground water conditions 

exist in the Semiperched aquifer overlying the Bellflower aquiclude, and 

probably in the vicinity of Bald,vin Hills where the San Pedro formation 

is exposed at the surface. In addition, changes in ground water storage 

have occurred immediately south of the two forebay areas in the upper 

aquifers directly underlying the Bellflower aquiclude. 

In past ground water studies of the Central Basin, it was believed 

that the clay layer or cap covered all of the basin south of the forebay 

areas and effectively prevented any percolation of surface water into 

the aquifers below. Plate 9 shows places where this clay cap, the Bell

flower aquiclude, contains considerable amounts of sand and gravel. In 
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these areas, water applied on the surface could percolate down into the 

underlying aquifers and it is possible that free ground water conditions 

may exist from the surface down through one or more of the upper aquifers. 

These areas increase the total area of the Central Basin where changes in 

ground water storage can occur with changing water levels and where re-

plenishment by deep percolation can occur. In addition, changes in storage 

in the Bellflower aquiclude itself is believed to occur as water levels 

are lowered. These changes in storage are relatively small hovlever, be-

cause of the relatively low specific yield assigned to much of these 

sediments. 

Total capacity to store ground water in the Central Basin above 

the base of the Sunnyside aquifer, or the Silverado aquifer where the 

Sunnyside is missing, is about 13,800,000 acre-feet. Historically utilized 

storage since 1904 amounts to about 780,000 acre-feet. As noted before, 

this change in storage has occurred primarily in the Montebello and Los 

Angeles Forebay Areas; however, some of the change in storage occurred in 

the pressure area immediately south of these areas where 'vater levels were 

lowered below the base of the Bellflower aquiclude and near the Repetto 

and Whittier Hills where the San Pedro formation crops out at the surface. 

The storage capacity between high water levels, which occurred in 1904, 

and sea level amounts to about 1,340,000 acre-feet. 

The storage and storage change for the Central Basin listed above 

may be broken down between the generalized areas delineated on Plate 2 as 

follows: 

Los Angeles Forebay Area 
Montebello Forebay Area 
Whittier Area 
Central Basin Pressure 

Area 

Total 

Total. storage to 
base of 

deepest aquifer 

1,800,000 
1,800,000 

600,000 

9,600,000 

13,800,000 
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CHAPTER VII. CONCLUDING REMARKS 

This report has been con~iled primarily for use in studies 

of ground water hydrology, quality, and basin operation. While it is 

true t~~t considerable detail is shown on the plates and discussed in 

the text, the emphasis has been on general relationships between the 

aquifers, geologic structures, and ground water. Detailed investiga

tions of small areas may indicate that there are, in reality, many more 

aquifers, and that their relationships are more complex than outU.ned 

here. It is to be expected that many of the details presented in this 

report will eventually be revised. However, it is believed that this 

report provides a foundation for further refinement and revision of the 

geology of the fresh water-bearing sediments. 

Before additional refinements and revisions can be made it 

will be necessary to accumulate more basic data. Accordingly the fol

lowing observations and recommendations are proffered: 

1) This study has shown the value of the continuous collec

tion of geologic and hydrologic data in order to better understand the 

physical limits of ground water basins, their aquifers and structures, 

and the movement and occurrence of their contained ground water. Where 

detailed information was available, the geologic interpretation was 

easier and certain, but not necessarily final. Areas that were deficient 

in data required an extension of basic concepts from known areas into 

unknown areas. It was here that the experience gained from similar studies 

in Southern California proved of value. 

Development of highland areas is expanding and more wells are 

being drilled in volcanic rocks, older sediments, and the alluvium of 
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mountain valleys . Although these areas are not in the principal ground 

water basins, the increased requests by the public for information on 

the ground water resources in the highlands have shown a need for more 

study of these upland areas. 

It is therefore recommended that the data collection program 

be continued for areas both in the principal ground water basins as well 

as the lesser basins and highland areas. With more detailed information, 

the complex problems which will arise as ground water usage increases will 

be easier to analyze and ~erhaps solve. A continuous program of limited 

data collecting will also be neces~ary for a re-evaluation of areas already 

studied. 

2) Similar studies of adjacent areas should clarify marginal 

basin features in the Coastal Plain of Los Angeles County. The regional 

interpretation sometimes sheds light on the local conditions. Conversely, 

information gained in this investigation will facilitate studies in these 

adjacent areas. 

3) There is a need for more exploratory wells in areas where 

data is now deficient, in areas of sea-water intrusion, and in areas of 

complex geologic structures. These wells should be carefully logged by 

geologists, soil samples taken and examined for fossil or microfossil con

tent, and water samples analyzed for water quality changes both in the 

vertical sequence of aquifers and laterally. Upon completion of the wells 

they should be pumped for transmissibility tests and to verify barrier 

effects, if any, of geologic structures. 

4) There is a need for more control over the abandonment of 

water wells, such as the control that now exists in the oil well program, 
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to protect the aquifers containing good quality water from degradation 

or contamination from the surface or from other aquifers of poorer 

quality water. 

5) As more information becomes available for the deeper 

Pliocene water-bearing materials, aquifers should be delineated and 

identified. 

6) The present communication and cooperation between agen

cies conducting geologic and ground water investigations in Southern 

California should be continued and improved. This reduces the cost of 

future studies and eliminates duplication of effort. 
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ALLUVIUM AND ASSOCIATEO DEPOSITS 

OF RECENT DR PLEISTOCENE AGE 

SEDIMENTARY ROCKS OF MARINE ORIGIN, 

MAINLY TERTIARY WITH SOME CRETACEOUS 

~ CRYSTALLINE AND METAMORPHIC ROCKS, 

~ JURASSIC OR OLDER; SOME TERTIARY ROCKS 

~ BOUNDARY OF INVESTIGATIONAL AREA 

KNOWN FAULT S 

INFERRED FAULT 

•••• CONCEALED FAULTS 

STATE ~ CALIFO~NIA 

DEPARTMENT OF WATER RESOURCES 

SOUTHERN CALIFORNIA OIST~ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 
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PLATE 

GENERAL GEOLOGY AND LOCATION OF 

AREA OF INVESTIGATION 
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\\"""""""'" 1I0UNOAAY OF LNVEST IG"TIONAL ""EA 

-- KNOWN FAULTS 

--- INFERRED FAULT 

10 • ... CONCEAL-ED FAoULTS 

STATE OF CALlFQI'IIN'A 

DEPA.RTMENT OF WA.TER RESOURCES 

SOUTMERN CALlroI'llN,A OISTI"I;ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY --GENERAL GEOLOGY AND LOCATION OF 

AREA OF INVESTIGATION 
SCALE OF MILES o , 
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LEGEND 

BOUNOARY BE TWEEN PHYSIOGRAPHIC 
-_ • • • • • • FEATURES (DOTTED WHERE APPROXIMATE 

OR POORLY OEFINEO) 

PLATE 2 

BOUNDARY OF GROUND WATER BASIN 

BOUNDARY OF FORE BAY ANO WHITTIER AREA 

AXIS OF SUBh4ARIN[ CANYON 

BOUNCARY BETWEEN FOREBAY ANO PRESSURE AREA 
FRO"" BULLETIN 4S (CALIF. O. W R. 19341 

STATE Of" CALIf"O"HIA 

DEPARTMENT OF WATER RESOURCES 
SOl!TM["H CAL.I"OPtNIA OISTIltICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -PHYSIOGRAPHIC FEATURES AND 
GROUND WATER BASINS 

2 ....., 
SCALE OF h!llES 

o 2 

1961 
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LEGEND 

BOUNOARY BETWEEN PHYS IOGRAPHIC 
-_ •••• • • FEATURES (OOTTED WHERE APPROXIMATE 

OR POORLY DEFINED) 

PLATE 2 

BOUNOARY OF GROUND WATER BASIN 

B OUNDARY OF FORE BAY AND WHITTIER AREA 

AXIS OF SUBMARINE (ANYON 

BOUNDARY BETWEEN FOREBAY AND PRESSURE AREA 
FROM BULLETIN 45 (CALIF. C. W R. 1934) 

STATE 0,. CALI,.OJlHIA 

DEPARTMENT OF WATER RESOURCES 
SOL.:TH[IItN CAL.'''OIltNIA OISTllltrCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -PHYSIOGRAPHIC FEATURES AND 
GROUND WATER BASINS 

2 ......, 
SCALE OF NILES 

o 2 

1961 
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PLATE 2 
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LEGEND 

BOUNDARY BETWEEN PHYSIOGRAPHIC 
FEATURES (DOTTED WHERE APPROXIMATE 
OR POORLY DEF INEO) 

____ BOUNQARY OF GROUND WATER BASIN 

___ _ BOUNQARy OF FaRE BllY ANa WHITTIER AREA 

__ ___ AXIS OF SUBMARINE CA .... VON 

80UNO""V BETWEEN FOAEUY AN D PIUSSURE AREA 
FROM eULl.E TIN 4$ (CALIF O W R 19541 

DEPARTMENT OF WATER RESOURCES 
IOI.:THlEftN c ..... ',-O"NI... O'.TIIleT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -PHYSIOGRAPHIC FEATURES AND 
GROUND WATER BASINS 

se" "' E OF MILES 
o , 

19ril 
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L EGEND 

FAULT (OASHEO WHERE APPROXIMATLY LOCATED; 
U- UPTHROWN SlOE; O-OOWNTHROWN SIDE I 

CONCEALEO FAULT 

ANTICLI NE {OASHEO WHEFtE APPROXIMATLY 
LOCATED. 

SYNCLINE (OASHED WHERE APPROXIMATLY 
LOCATED. 

CONTACT (OASHEO WHERE APPROXI M ATLY 
LOCATEO. 

WELLS USEO IN PREPARATiON OF GEOLOGIC 
SECTIONS. 

LINE LOCATION OF GEOLOGIC SECTiONS SHOWN 
ON PLATES 6 A THROUGH 6G 

MIOCEN E { 

UPPER { 

UP PER 

PL ATE 3 A 

LEGEND 

1
~ 

DE] 

SEDI ME N TA Ry ROCKS 

AL.LUVIU .... 
GRAI/fl, 561110, SILT, a ND ClU 

ACTiVE OUf..IE SANa 
WHITE OR GR£'fISH, WELL SOIilHO 5""0 

OL DE R DUNE SANO 
FI~f TO 'dOIU'" SAND wtT ... SilT, 1."'0 GItAvEl LE NSES 

LAKEwOOD FORMATION (INCLUDES "TERRACE DEPOSITS:' 
"PALOS VERDES SAND,"' AND "UNNAMED uPPER 
PLEISTOCENE DEPOSITS") 

I,UIII"[ aND CONTINENTAL ' .... VEL. SAND, SANOY 51'-', SilT, 
1."'0 CL.I.'I' WITH SHALE P[IUll£S 

LO WER _ SAN PEDRO FCHH.4ATrON (INCLUDES "L.A HABRA 
CONGLOMERATE" AND PART OF "SAUGUS FOR .... ATION") 

IdRIIII[ AND CONTlN(P<HAl GRAvEL, SAND, SANOY SIlT, SILT, 

1.1\10 CL '" 

L]LJ 

l$Zl'"r" I 

-

UNDIFFERENTIATEO SAN PEDRO FORMATION AND/OR 
PICD FORMATtOf..l 

". .. RINE, PAIUtALLY CONSOLIDAtED ORAvEL, SAND, SlilT, 
AND CLU 

PICD FORMATION 
MARt~E 5""'0, SILT, "NO CLAY tNT[IIlaEDDED 'NITN GIt"IIH 

REPETTO FORMATION 
M .. RINE SILTSTONE 'NIT ... LAYERS OF SANDSTONE "NO 
CONGLOMERATE 

(SANTA MONICA MOUNTAINS) 

MOoELO FORMATION 
M .. RINE CONGLOMERATIC SAN~STONE, S""'OSTONE, ANO S ..... LE 

TOPANGA FORMATION 
M .. RINE CONGLOMERATE, S"NDSTONE, "NO SH"LE 

(PALOS VERDES HILLS I 

MONTEREY FORMATION 
MUDSTONE, DI .. TOMITE, "NO SH"LE 

(EL.YSIAN I'IILLS, REPETTO HILLS, AND PUENTE HILLS) 

PUENTE FORMATION 
I,uRINE SILTSTONE, SANDSTONE, S ... ALE, CONGLO MEIUTE, 
LllroIIESTONE, "NO TUFF 

\lAOUEROS AND SESPE FORMATIONS 
CONTINENTAL RED CONGLOMER"TE ANO S"NOSTONE 

MAFtTINEZ FOFtMATION 
M .. RINE CONGLOIrollERATE, S"NDSTONE, SANDY SH"LE, ""'0 
S ..... LE 

U~OIIlIOEO MARTINEZ AND CHICO FORMATIONS 

CHICO FORMATION 
UPPER MARINE MEMeEIil ~ H .. RO CONGLOMERATE, S"NOSTONE, 
"NO S ..... LE 
LO'NE" CONTINENT"L MEMaER~ RED CONGLOMER"TE ANO 
SANOSTONE 

IGNEOUS ANO METAMORPHIC ROCKS 

MIDDLE MIOCENE VOLCANIC ROCKS 
VOLC .. NIC FLO'NS, aR[CCI"S, TUFFS, "NO INTRUSivE 5 C ... IEFu 
BAS"LTIC ANa ANOESITIC 'NIT ... OCCASIONAL "CIO ROC!<.S 
(iENERALL' "SSOCI .. TEO 'NITk rOPANG", 1roII0DELO, OR PuENTE 
FORMATIONS 

(SANTA MONICA MOUNTAINS) 
INTRUSIV~S OF GR"NITE .. NO GR .. NOOIORITE 

(PALOS liE ROE SHILLS) 
CATALIN" SCHIST COMP .. RED 'N TH FIII .. NCISC"N FO RM .. TION 
OF' THE CO"ST R .. NGES V .. RIED TYPES 0' SCHISTOS E ROCkS 

SANTA MONICA SLATE 
GREy TO aL"CK SL"TE, S'OTT[D 5L " H, "' ICA SCHIST 
WITH OUAlilTl VEINS 

nATE OP c:.AU POIUIiA 

DEPARTMENT OF WATER RESOURCES 
eOUTHI"N CAL"O"NIA OIlT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 
~ 

AREAL GEOLOGY 
SCALE OF MI LE S 

o 3 

19 61 

AR0069043 
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LEGEND 

FAULT (OASHEO WHER E APPROXI MATLY LOCATED; 
U- UPTHROWN SlOE; O-OOWNTHROWN SlOE) 

CONCEAlEO FAULT 

ANTICLINE {OASHEO WHERE APPROXIMATLY 
LOCATEO. 

SYNCLINE (O ASHED WHERE APPROXIMATLY 
LOCAT(O. 

CONTACT {OASH EO WHERE APPROXIMATlY 
LOCATEO • 

WELLS USEO IN PREPARATION OF GEOLOGIC 
SECTIONS. 

LINE LOCATION OF GEOLOGIC SECTIONS SHOWN 
ON PLATES 6A THROUGH 6G 

",,,oj 

MIOCENE{ 

UPP[R { 

PLATE 3A 

LEGEND 

SEDIMENTARY ROCKS 

ALLUVIUM 
GR ...... EL. 5. "" 0, SILT, ANa CL io ' 

ACTIvE OUNE SANO 
"'MITE OR GIUTIS". WhL 50"'(0 5 ...... 0 

UPPER r~ 
l~ 

OL CER CUNE SANO 
F"lfoIE TO IoI[OIUIoI s ...... O WITN SILT ..... 0 OIU\I[L L ENSES 

LOWER 

LAI([WOOD FORMATION (INCLUDES "TERRACE DEPOSITS:' 
"PALOS VERDES SANO,~ AND "UNNAMED uPPER 
PLEISTDCENE DEPOSITS"I 

"'''''1'''[ ...... 0 CONTIN[I\jTA .. G"""""[L, '."'0, '''''''0' Sill, SILT, 
ANO CLAY WITN SMALE PEBBLES 

SAN PEDRO FO'lMATION (INCLUDES "LA HABRA 
CONGLOMERATE" AND PART OF "SAUGUS FORMATION") 

..... RINE A""O CONTINENTAL G"""EL, S"'''''O, SANOY SILT, SIL'. 
ANO C .. Io, 

UNDIFFERENTIATED SAN PEDRO FORMATION ANDIOR 
PieD FORMATION 

...... "INE. PAIit'I"LL'f CONSOLIOATEO G"&\I [L, 5""'0, SilT, 

..... 0 CL&'f 

PICD FORMATION 
MAR INE S ... NO, SILT, ... NO CL ... .,. INTEAIIEODEO WITM G'u,vu 

REPETTO FOR M ATION 
MAAINE SILTSTONE WITM LAYEIilS Of S"'NOSTONt: "'NO 
CO"'GLO"'E A ... TE 

(SANTA MONICA MOUNTAINS) 

MOOElO FORMA frON 
... AAIN[ CO"'GLO,,",[A"'T'C S"''''OSTO",[, S"""DSTON[, "'NO SM"'LE 

TOPANGA FORMATION 
...... AINE CONGLO MEAATE, 5ANOSTONE, ,1,10(0 SMALE 

(PALOS VERDES t1ILLS) 

MONTEREY FORMATION 
"' uOS TONE, 01,1, rOMITE, "'NO SMALE 

(ELYSIAN HILLS, REPETTO HILLS, AND PUENTE HilLS! 

PUENTE FORMATION 
MARINt: SILTSTONE, SANDSTONE, S"""LE, CONGLO MEAA T[, 
1..1"'[STOIo([. "''''0 Tuff 

IJAOuEROS AND SESPE FORMATIONS 
CONTINENTAL R[O CONGLO ,,",E AATE ...... 0 S"NOSTON[ 

MARTINEZ FORMATION 
,,",AAINE CONGLOMEA ... TE, SANOSTONE, SANOT SMALE, "''''0 
S""AL[ 

UtwOllJlOEO MAR TINEZ AND CHICO FOR MA TIONS 

CHICO FORMATION 
UPPER ...... RINE MEMeEA - MAAD CONGLO MERATE. SANOS-TO N[ , 
.11"'0 SMALE 
LOWEIII CONTiNENTAL "'EMIIEA·AEO CONGLOMERATE ANO 
SA"'OSTON[ 

IGNEOUS ANO METAMORPHIC ROCKS 

MIDDLE MIOCENE VOLCANIC ROCKS 
VOLC"'N'C FLOWS, eR[CCI"'S, rUFfS, ANO INTRUSIV[S C""IE"LT 
e"'SALTIC "'NO A",0[5ITIC WITM OCCASIONAL "'CIO AOCIlS 
GENEAALLT ASSOCIAT[O w'nl TOPANG .... MOOELO, OA PuE"'TE 
fOl"'''''TIONS 

(SANTA MONICA MOUNTAINS) 
INTAUSIVES OF GA"''''ITE ...... 0 (jlll ... NOOIOAITE 

(PALOS IJEROES HilLS) 
C"''''LIN'' SC""IST CO "''' AA EO ""'T",, flilANCISCAN "Oit MA TiO N 
or THE CO"'ST A"''''GES V ... RI[D TTPES Of SC""ISTOS [ AOCKS 

SANTA MONICA SLATE 
GAEY TO IILACK SLAT[, SI"OTT£O SL.AT(, "' 1( " SC""'ST 
WITM OU"ATZ VEINS 

nATIl 0" CAU"ORNIA 

DEPARTMENT OF WATER RESOURC'ES 
IOUTHI"H CAL'I'O"NIA OIIT"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 
~ 

AREAL GEOLOGY 

o 
;;;;1 

SCALE OF MILES 

1961 

2 3 

AR0069045 
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~ 
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LEGEND 

FAULT (OASHEO WHERE APPROXIMATlY LOCATED; 
U- UPTHROWN SlOE; O-OOWNTHROWN SlOE) 

CONCEALEO FAULT 

ANTICLINE IOASHEO WHERE APPROXIMATLY 
LOCATEO. 

SYNCLINE (OASHEO WHERE APPROXIMATLY 
LOCATEO. 

CONTACT (OASHEO WHERE APPROXIMATLY 
LOCATEO. 

WELLS USEO IN PREPARATION OF GEOLOGIC 
SECTIONS. 

-A' LINE LOCATION OF GEOLOGIC SECTIONS SHOWN 
ON PLATES 6A THROUGH 6G 
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PLEISTOCENE 

I 
I 
I 
I 
I 
I 

"''''"'1 
MIOCENE 

I 

OLIGOCENE I?)"\. 

EOCENE{ 

I 
I PALEOCENE!?) I 

~~l ""'1 
MIOCENE { 

UPPER { 

UPPER 

LOWER 

LEGEND 

l
~ 

OJ:!:] 

-

SEOIMENTARY ROCKS 

ALLUVIUM 

011110"(",. ' .... 0. """, ."'0 e .... 

ACTIVE OuNE SANO 
W""f: 0111 IlIInl'M. whl.. SOIllT(O '''''0 

OLOER OUNE SANO 
'1,,1: TO M(OIU" ,aND WI'N SILT, ""0 OIll ..... (L ",[HI[S 

LII(EWOOO FOR ..... TION (lNCLUCES "TERRACE CEPOSITS; 
"PALOS VERCES SANC," .lNO ·UNN ..... EO uPPER 
PLEISTOCENE OEPOSITS '" 

..... IIIIN[ A"'O CO",TI",[,,""" o IIIlov[L , ''''''0, '''''0' 'I\.T, SU,.T. 

..... 0 c",a, WI'H 'HIoL[ .[I'L[S 

SAN PECRO FORMATION (tNC\.UCES "LA HaBRa 
CONGI..O~E~AT'E" .lNO paRT OF' " SAUGUS FOR .... TlON .. ' 

WUIIH[ ""'0 CO,,'I,,["''''I.. O."'JEL, !'''",O, '.''0' SILT, 'II..T, 
&ND CLU 

UNOtFFEAENTtATEO S .. N PEORO FOR ..... TION ANO/OR 
PICO FOR ... ATION 

.... IIIIN!. P"''''TI'''LLT CONSOLID ... T[O OIll"'''[L. S"'ND. SILT, 
"'NO CL"" 

PICO FOR ... ATION 
.... IIIIH[ "''''D. SILT. "''''0 CLIoT lNT[.If:OO[O WITH O .... "!L 

REPETTO FOR ... ATION 
...... IIIIN( SlLTStO",! WIT" LU[IIIS 0' ''''NOStON[ "'.,,0 
COHOLO.[III"'Tf: 

(SANTA "'ONICA "'OUNTAINSI 
"'OOELO FOR ... ATION 

.... IIIIN[ CONOLO .. !III"'TIC S"''''OSTON[. "'NOSTON[. "'NO SH"'L! 

TOP .. NO" FOR ..... TION 
.... IIIIN! CONOLO,,['UT!. "'''DStON[, "'NO S""'L[ 

IP"lOS VEROES HllL.SI 
"'ONTEREY FOR ..... TION 

.UDSTO"'[, OI ... TOMIT!. "'NO '""'L! 

IELYSI"N HILLS, REPET TO HilLS, "NO PUENTE HtL.LSI 
PUENTE FOR ..... T ION 

' .... IIIIN! SlLTSTON!. ''''NO,TON!, '''''''L!, COHOLO .. !III"'U. 
LI.!STON[. "'NO TU" 

VAQUEROS ANO SESPE FO,. ... ATlONS 
CONTiN!NUL III!O COHOLO .. !IIIIoT! "'NO "'NDSTON! 

"'ARTINEZ FOR ... ATION 
..... IIIIN! CONfi,LOM[III ... T[, S"''''OSTON!. "'NOT S""'L[, "'ND 
'""'L[ 

UNOIVIOEO ..... RTINEZ "NO CMICO FOR ..... TIONS 

CHICO FOR ... ATION 
U ...... !III N ... IIIIN! .. !IIII,[I11-", ... IIIO CONDLOM[III ... Tf:. S"'NOStON[. 
"'ND S"''''L! 
LOW[III CONTIN[NUL .[.1[111-111[0 CONOLO.[III"'f[ "'NO 
''''NOStON! 

IGNEOUS ANO METAMORPHIC ROCKS 

... IOOLE ... IOCENE VOLCANIC ROCKS 
"OLC"''''IC 'LOWS. ,iII!CCI ... '. TU"'. "'NO INTIIIUSIVI[S C ... I!'L" 
.... S ... LTtC "'NO "''''O(SITIC WIT", OCC"'SION"'L "'CIO 1II0C"S 
G(N[III"'LL" "'SSOCI"'HO WITH TO ...... ",G ..... 0DhO. 0111 "V!NlE 
'O"IIIIUIO"S 

ISANTA MONICA "'OUNTAINSI 
INTIIIUSlV[S 0' OIll"'Nlf[ ... ND OIll ... NOOIOlllllE 

(P"LOS vEROES MILLS) 
C"''''LI'''''' IC"IST CO ........ !D WIT" ' .... NCISC ... N 'O ...... TiON 
0' TH! CO ... St III ... ",O[S \, ... 1111[0 "'11'[5 0' ""IS 'ton IIIOC .. , 

SANTA "'ONICA SLATE 
Dill!" TO 'L"'C" SL"'TE. S"'OTf[O SL"'T[. WIC'" 'C"IST 
WlfIol OU ... IIITZ \I'[INS 

~AJnllUNT OP' WATE" "ESOUI'ICU 
eOUTHe_ CALttrOftNIA OI.T"tCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -AREAL GEOLOGY 
SCALE OF loll LES 

012 

1961 

AR0069047 
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_~_J ...... .... r-

LEGEND 

FAULT (OASHEO WHERE APPROXIMATLY LOCAT ED; 
U- UPTHROWN SIDE; D-DOWNTHROWN SIDE 1 

CONCEAL EO FAULT 

ANTICLINE (DASHED WHERE APPROXIMATLY 
LOCATED. 

SYNCLINE (DASHED WHERE APPROXIMATLY 
LOCATED. 

CONTACT (DASHED WHERE APPRQXIMATLY 
LOCATEO. 

WELLS USED IN PREPARATION OF GEOLOGIC 
SECTIONS. 

·A' LINE LOCATION OF GEOLOGIC SECTIONS SHOWN 
ON PLATES 6A THROUGH 6G. 
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WIOCENE 
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OLIGOCENE(?lt 

EOCENE{ 

I 
I PALEOCENE!?I I 

~~l '''''1 
MIOCENE { 

UPPER { 

UPPER 

LOWER 

LEGEND 

!
~ 

~ 

-

SEDIWENTARY ROCKS 

ALLUVIUM 
OtUvu. , 511/1110, $ILT, AIIO CL'" 

ACTIVE DuNE SAND 
.NIT[ 0" '_[1'1514, "fll.. SO_HQ SAND 

OLDER ~UNE SANO 
'I/III! 1'0 .. tOIU" saNO WIT" SILT, A/illO 0. .... "'(1.. II.(NUS 

lAff(WOOO FORMaTION 'INCLUOES "TERRACE OEPOSITS; 
"PALOS vERDES SANO; aNO ·UNNU'fO UPPE R 
PLEISTOCENE OEPOSITS'" 

IIIAIIII II<I( AND CONTIN(HTAL atlll"V!l, SANO, SANDT SII..T, SILT, 
.&N O CLAY ",TH SHALE ~["L[S 

SUI PEORO FORMaTION (INCLUOES "LI Ha.". 
CONGLO MEFtAT[ " ANO PoORT OF "SAUGUS FORMATION'" 

",,"IN! AND CONTII't£NtAI,. Otlll"vf:L. ", IiIjO, S""OT SILT, SILT, 
... ~o CIt."" 

UJoIOIHERENTIATEO SIN PEORO FORMATION INOIOR 
PICO FOR MA TION 

l1li A lit 0 III ( , PAIltTtALll CONSOllOA 1(0 OtlU\I(l, SA NO, SILT, 
A "'I 0 CLAT 

PICO FORM&.TION 
IIIIAIIIIIN( SA/III O, SILT, AIIIO CLA' INT(IIIIUOO(O 'IIIIT" OIlllA\I(L 

REPETTO FORMaTION 
l1li A IIIIltfri1( SILTSTON( WI'M LAHtIIIS 0' SAfIIOSfOtfril( ANO 
CONOLOIIII(IU'( 

(SA N TA MONICA MOUNTAINS 1 

MOOElO FORMATION 
WAllllltfriI( CO"'OLOW(IIIIATIC SANOSTON(, SAN05TOtlll(, ANO S"AL( 

TopaNG&. FORMaTION 
WAllllltIII( CO"'OLOIIII(IIIIA1(, S&"'OSTON(, &NO SHAL( 

(P&'lOS VEROES HILLS I 

MONTEREY FORMATION 
IIIIYOS TOtlll(, OIA TOIIIIIT[, AtlilO SH&L[ 

(ELYSIAN HillS, REPETTO HIL LS, aNO PUENTE MILLS) 

PUENTE FORM&.TION 
WAllllltIII( SILTSTON(, SAtlilOSTOtlll( , SHAL(, COtlilOLOW(IIII&1(, 
llllll(STOtlH, AtlilO TU" 

VAOU[ROS ANO SESPE FO~M&.TIONS 

CO"'Tt"'(tIIIUL l1li(0 COtlllCk.OW!'IAT( ANO SANOSTONE 

MAR TINE Z FORMATION 
WAIIIIIN( CONOLOW(IIIIAT(, S."'OSTON( , SA"IO' SHAL(, A""tO 
'MAL( 

UNOIVIOEO MaRTINEZ aNO CHICO FORMaTIONS 

CMICO FORMATION 
U~"(" WA"I"'( W(W'(IIII-HAIIIIO CONOLOIIII(IIII .. T(, SANOSTOtlll(, 
AtlilO SHAL( 

LO'lll[1III COHTIN(/IIIT.l l1li(l1li1("-l1li(0 COHOI.OIIII(IIIIAT( ANO 
SAHOSTOtlll( 

IGNEOUS AND METAMORPHIC ROCKS 

MIOOlE MIOC ENE VOLCANIC ROCKS 
\lOI.C .. tIIIIC 'LO'lllS, '"(CCI&S, Tu"S, A"IO INTIIIIUSI\I(S CHI('l' 
,ASALTIC ANO A"'IO[S ITIC *ITH OCCA'IONAL ACIO 1III0CIIS 
O(N(IIIIALLT ASSOC I .... (O 'IIIIT'" TO.,ANOA, IIIIOOELO, 0l1li ~U[tIII1( 

'0 III lit A TlO'" 5 

(SANTA MONICA MOUNTA INS) 
ItIIITIIIIUSIY(S 0' OIlllA""tIT( ANO OIlllANOOIOIIIIIT( 

(PALOS I/EROES HillS) 
CATALINA SCHIST COW"AIIII(O WIT M 'IIIIANC I SCAN 'OIlllNATION 
0' TH( COAST IIIIANOES ",UI(O n~£s 0' SCMIS'tOS( 1III0CII' 

SANTA MONICA SLATE 
0l1li(' TO 'lACIl SLAT E, VOl1(O SLAt(, "'eA SCMISt 
WITH OUAIIIITI Y(."'S 

~AJnMKNT Of" WATEft ftESOUPlCU 
.OUT".'" CALltrO"HIA DI.T"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -AREAL GEOLOGY 
SCALE OF WILES 

o I 3 

1961 

AR0069049 



''''''''1 

~'~'''t 

'''',,{ 

ii{ .. "":::~.: I 
1{ ... ",,{ 
m -.{ 
l{ 
1{ 

~-:-,':-.'/.':::;!""""."""'"'''''''' :::.: .:"'.' .. ,._ ......... . ~.~. 
ow . ::.~~::;~. ... .. ... __ .. " •. ~ 
i!:EJ ";.-:-:...;:;,::.'::, " ..... _ ...... .. 

..... ,_ ....... , ................... ,--

................ , ...... ". .. , .... . 

"" ...... " ..... ". "'Ll ••• "" .... "'~" 
~.:.~ .• -.,...'~~ ...... ':' ....... -, ..... ..... .. 

" ............ ·.·0 .... ' ... ............ ., ..... _ .... ... .... " ... , -.:::;:;,';:.:~:,';,~ ....... -,-" ... 
D:!.J ,,, ........ " .. " ... "",'" .0 .... '0 •• = ";:::,::::~'.,~ .. ,- -,_ ............ , 

.::: i ·:..~·-· .. ·• .... ··· .. --· .. •· .. 

- • ifi.:&::::0:i.::~~:~£X"-'.;;\u"::~' 
- ,,~,~.:::'::.:.:.,:.::: ... - .. 

_~~O' ....... ~~...:a 
_~ ... _u..- ... .--T 

GROUNQ WATER GEOL.OGY OF THE 
COASTAL. PL.AIN OF 

L.OS ANGEL.ES COUNTY 

AREAL GEOLOGY 

AR0069050 



TIME _---l~ ...... ~~I-R EC E N T ~ 
TIME ~ 

\I-------------------SCALE ENLARGED FIVE TIMES ~I 

I 

WISCONSIN GLACIAL STAGE -tPOST GLACIAL~ 
45,000 YEARS· 

• MODIFIED FROM HINDS. 1952 

PRESENT SEA 

(f)1-

o:~ 
«(f) 
ww 
>-0: c.. 
Ow 
00: 
00 

-lL. 
LOW 
-Ill 

LEVEL 

15,000 YEARS· 

-... 

I
Z 
w 
(f) 

W 
0: 
c.. 

- +200 

- + 100 

-

7
~_0 

-100 ,..,.--
/" " I 

,/ ,,/ 
\ // ',-.// 

\ ,// 

- - 200 

,--..,..,., 

FORMATION 

UNE SAND 
to SAND HILLS) 
OSITED 

EXPOSITION - ARTESIA 
AOUIFER DEPOSITED 

DEPOSITION OF 
ACTIVE DUNE SAND 

INITIATED 

RTESIA 
UT, 

AND 
TS 

j) 

N A 

LOS ANGELES AND 
SAN GABRIEL RIVERS ERODED 

UPPER PLEISTOCENE SEDIMENTS 

GASPUR VALLEY 
CUT; STREAM 

EROSION OF UPPER 
PL EISTOCE N E 

TERRACES 
GAPS FORMED 

DEPRESSION SUBSIDING 

PLEISTOCENE SEDIMENTS 

SHORELINE FURTHER OFFSHORE 
THAN AT PRESENT 

RECENT 
DEPOSITION 

- - 300 

- - 400 

GASPUR 
AQUIFER 

DEPOSITED 

FINE - GRAINED 
ALLUVIUM 

EXPOSED OVER 
GASPUR 
AOUIFER 

RECENT 
DEFORMATION 

SHORELINE 
ADVANCING TO 

PRESENT POSITION 

PLATE 4 

AR0069051 



AR0069052 



TIM E 
I-------------------SCALE 

\ 

ENLARGED FIVE 

_--l~"""r~I-RECEN T ~ 
TIME ~ 

TIMES ~I 

WISCONSIN GLACIAL STAGE +, POST GLACIAL~ 
45,000 YEARS· 

• MODIFIED FROM HINDS. 1952 

PRESENT SEA 

FORMATION 

en I-
o::~ 
<ten ww 
>-0:: 

Q. 

Ow 
00:: 
00 

-IL. 
LOW 
-(I) 

LEVEL 

15,000 YEARS· 

_ A 

RECENT 
DEPOSITION 

I
Z 
w 
en 
w 
0:: 
Q. 

- + 200 

- + 100 

-

- - 200 

- - 300 

-

- - 400 

UNE SAND 
10 SAND HILLS) 
OSITED 

EXPOSITION - ART E SIA 
AQUIFER DEPOSITED 

DEPOSITION OF 
ACTIVE DUNE SAND 

INITIATED 

GASPUR 
AQUIFER 

DEPOSITED 

FINE - GRAINED 
ALLUVIUM 

EXPOSED OVER 
GASPUR 
AQUIFER 

RTES IA 
UT I 

AND 
.TS 

IJ 

N A 

LOS ANGELES AND 
SAN GABRIEL RIVERS ERODED 

UPPER PLEISTOCENE SEDIMENTS 

GASPUR VALLEY 
CUT\ STREAM 

EROSION OF UPPER 
PLEISTOCENE 

TERRACES 
GAPS FORMED 

DEPRESSION SUBSIDING 

PLEISTOCENE SEDIMENTS 

SHORELINE FURTHER OFFSHORE 
THAN AT PRESENT 

RECENT 
DEFORMATION 

SHORELINE 
ADVANCING TO 

PRESENT POSITION 

PLATE 4 

AR0069053 



WORLD- WIDE 

CHANGE OF 

SEA LEVEL 

DEPOSITION 

EROSION 

DEFORMATION 

POSIT ION 
OF 

SHORELIN E 

E A R L Y PLEISTOCENE TIM E 

J: KA NSAN J: GLA CI AL STAGE 

100,000 YE ARS · 

§~ n 
AF TO NIAN INTERG LACIAL 

ZOO,OO(] YEARS · 

0(1. 00.. 

n n 
LEVEL 

YA RM OUTH INTERGLACIAL 

2 75,000 YE ARS · 

L ATE PLEISTOCENE 

J: ILLI NOIAN +. 
GLA CIA L STAGE 

100,000 YE ARS · 

n ~~ 
Oil. 00.. 
o ii' 01.0..1 

E~ ~~ 

SAN G AM ON 
IN TER GL ACI A l 

125,000 YEARS · 

Sill/EIUOO 'OUlfEA : "'A~:~~ -;[A~,':i~H I 
I O[PO$IT[O 0'1[1'1 I 

JEFFERSON, ANO MOU,TOALE 

j 
GAROENA 
"OUIFEI'! o{pnSll[O 

SI'lOAELINE ,hONG SOUT .. 
SANTA ANA ,",OUIoUINS. 

I SILVERADO AQUlrERI 
AOU,F[AS DEPOSllEO 

0' S.'" 1"£ 'H~O FOIHIATION / 
IN UPLlrTI"'G ARE AS / 

VALLE'\' TO 
r[A1UR[S. 

GENERALIZED 
COASTAL PLAIN 

/ 
/ 

O[POSIT[O 

rLUCTU A TING f RO'" SOUTH 

A~~ EpLA\S~::T AC~P.~~~IO~E. 

CHRONOLOGY PLEISTOCENE 
o FLO S ANGELES COUNTY 

I ' 

1 

TI M E 

WISCONSI N GLAC IAL STA GE 

45,000 HARS · 

• r.400IFI[O rIIIO,," IIINOS, '9H 

_--I~~r4f-REC E N T_~ 
TI ME ----.0""] 

I 

I POST GLACIAL I 
T'~'OOO YEARS·, 

;~ ~ n ~ 

~
""-"""o GASPUI'i AlLUlIlU I,I 

AQUIFER OP'()S£DO\lEA 

OEPOSIT[ :~~~F~~ 

R£C£NT 
O['O" .... "ON 

ro.,lJlTHEA orrS H OA( 
SHORELINE. 

.t,OV.t,IICING TO 
I"RE$EIIT POSITIO N .T PAESE"'T 

AR0069054 



500 

-
PICO 

FORMATION 

IGRAPHIC COLUMN 
)S ANGELES COUNTY 

PLATE 5 

LEGEND OF LITHOLOGY 

SAND 

SILTY OR 
SANDY CLAY 

CLAY OR 
SHALE 

• DESIGNATIONS AND TERMS UTILIZED IN 
"REPORT OF REFEREE" DATED JUNE 1952 
PREPARED BY THE STATE ENGINEER 
COVERING THE WEST COAST BASIN 

tDESIGNATED AS "WATER BEARING ZONES" 
IN ABOVE NOTED REPORT OF REFEREE 

AR0069055 



AR0069056 



500 

PICO 

FORMATION 

IGRAPHIC COLUMN 
)S ANGELES COUNTY 

PLATE 5 

LEGEND OF LITHOLOGY 

SAND 

SILTY OR 
SANDY CLAY 

CLAY OR 
SHALE 

-DESIGNATIONS AND TERMS UTILIZED IN 
"REPORT OF REFEREE" DATED JUNE 1952 
PREPARED BY THE STATE ENGINEER 
COVERING THE WEST COAST BASIN 

tDESIGNATED AS "WATER BEARING ZONES" 
IN ABOVE NOTED REPORT OF REFEREE 

AR0069057 



SYSTEM SERIES FORMATION 

ACTIVE DUNE SAND 

RECENT ALLUVIUM 

OLDER DUNE SAND 

UPPER 

PLEISTOCENE LAKEWOOD 

FORMATION 

LITHOLOGY 

1- '- - . .. - ..... ...:.:..--:-

~~~K~~~ 
E~~i.~ 

AOUIFER AND 
AQUICLUDE 

SEMI PERCHED 

BELLFLOWER 
AQUICLUDE 

GASPUR 
BALLONA 

SEMIPERCHED 
BELLFLOWER 

AQUICLUDE 

EXPOSITI ON 
ARTESIA 

GARDENA 

MAX. THICKNESS 
(FEET) 

60 

140 

PREVIOUS 
FORMATION 

NAMES. 

ALLUVIUM 

PREVIOUS 
AQUIFER 
NAMES. 

t 
SEMIPERCHED 

120 
40 

GASPURt 
---++---------+---"50 FOOT-

200 

140 

160 

TERRACE COVER 

PALOS VERDES SAND 

UNNAMED 

UPPER 

PLEISTOCENE 

GRAVEL" 

SEMIPERCHEDt 

GARDENAt 
" 0 . o~oooooo~ t) 
. . .",,°0 0 GAGE 160 "200 FOOT SAND" >

a:: 
<{ 

z 
a:: 
w 
I
<{ 

~ 
(] 

~
~OOOOOOOOOOC;OO 0 ·0;-

~~~~~~'-UNCONFORMITY'-r~~.~~" ~~" ~':~' C;~'~'~' ~'--r~~~~-+~~,-~~~ ____ ~L~0~C~A~L~U~N~C10~IN~F~0~R~M~IT~Y~ ____ ~ 

SAN 

LOWER 

PEDRO 

PLEISTOCENE 

FORMATION 

~ -:-::-~~ ~ -:-:-...:....:....-: 
"- '-"-"-

- .. _._.- .. 
<!,.O ~ o ooo~ooOooo 

-- -- -- -- -=-
t----=---~ ---=
'() : ci '<:>' -~"'o''-() ,'' ",,'. o :.Q: 
C)O·()·~ -·.() ·. o·.aoQ()O (;)6 

~ .. -- _._ .. -:-:-....:..... 
--.- .. -- . __ . 
- - - -

~::;. ~:.·::r:~_t?t~~~} 
: .-.' 

~ --:-:- . --====' 
I-:=- - - -- . ~~--=-
00000°0°000000 r£- 0.....!LC? ..£..~~oP' 

g~oooggoooggggg 
.!fa oDo,?ooO~C?.....2.E 

HOLLYDALE 100 

JEFFERSON 140 

LYNWOOD 200 

SILVERADO 500 

SUNNYSIDE 500 

SAN 

PEDRO 

FORMATION 

t 
"400 FOOT GRAVEL" 

SILVERADO t 

:-~ ~ ---:7' .:....-~ _:_::.~ 
t-------~'-~~~-+~~LOCAL~~~~~~-~~~~_ ~~_ ~ _ -UNCONFORMITY~~~~~~-J~-------------4--------------~ 

>
a:: 
<{ 

I
a:: 
w 
I-

UPPER 

PLIOCENE 

It. PAJH'''EH 0 WATER RESOURCES 1961 

PICO 

FORMATION 

----- .-

PICO 

UNDIFFERENTIATED 
FORMATION 

GENERALIZED STRATIGRAPHIC COLUMN 
COASTAL PLAIN OF LOS ANGELES COUNTY 

PLATE 5 

LEGEND OF LITHOLOGY 

I:'· ..··1 SAND 

I--~"I _ ... _ . SILTY OR 
SANOY CLAY 

CLAY OR 
SHALE 

. DESIGNATIONS AND TERMS UTILIZED IN 
"REPORT OF REFEREE" DATED JUNE 1952 
PREPARED BY THE STATE ENGINEER 
COVERING THE WEST COAST BASIN 

t DESI GNAT ED AS "WATER BEARING ZONES" 
IN ABOVE NOTED REPORT OF REFEREE 

AR0069058 



,.j PLATE 6A 

FORE BAY 
AI 

EAST 
·z +600 

or 
'" '" Z 

0 :0 u .. 
> ... "' ... .., 
-' , .. ~ ... 
"' ! ! ;z ... ::: ;;; ;;; :> +400 

'" ... 
'" '" '" 

+200 

0 

-200 

-<00 

TION 
-800 

0/ y. 
PICO IFORMATION 

-100 

-1000 

+ -1200 

I , 
r1---------------------------------------------------------------------------J-I<OO 

LEGEND 

I AOUICLUDES AND DEEPER UNDIFFERENTIATED FORMATIONS 

~I.';:. ,:.::::: •• ::.::.~., AQUIFERS 'N RECENT ALLUVIUM (INCLUDES THE O/ISPUR 
•• ',', .,,,., .1 AND BALLONA AOUIFERS) 

I· ··· 1 AQUIFERS 'N LAKEWOOD FORMATION (INCLUDES THE 
ARTESIA. EXPOSITION. GAGE. AND GARDENA AOUIFERS) 

. AOUIFERS IN SAN PEDRO FORMATION "NCLUOES THE 
W;r;'~i:%\'!H HOLLYOALE. JEFFERSON, LYNWOOD. SILVERADO. ANO 

. • SUNNYSIDE AOUIFERS) 

I 
I 

* 

WATER WELLS 

OIL WELLS 

FAULTS 

'* BOUNDARY BETWEEN FOREBAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 3B 

.TAT!: opr e"L.I~()tItNI'" 

OEPARTMENT OF WATER RESOURC~II 
.OUTHf!:~ CALI"O~I'" DtST"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC SECTIONS 
AND 8-8' A - A' -A" 

HORIZONTAL SCALE OF FEET 

ZODD 0 ZODO .000 6ODO 
r-- I 

1961 

AR0069059 



AR0069060 



PLATE 

~REA ~ A 
EAST 

'z II. oJ oJ +600 .. , , oJ oJ 
N N Z Q. i % 

a lE u 0. 
Z 

~ ... !!! ... 
IX) 

. , i Q 
! ! ::: 5i 5i +400 
'" N N N 

+200 

0 

-200 

-tOO 

-100 

-1000 

-1200 

r}--------------------------------------------------------------------------~-,.oo 

LEGEND 

I AOUICLUOES AND DEEPER UNDIFFERENTIATEO FORMATIONS 

~[.'.;: •• ::;.:;:::; •• ;::.: •• ~;, AOUIFERS IN RECENT ALLUVIUM (INCLUDES THE OIlSPUR 
r· .: ....... 1 AND BALLONA AQUIFERS) 

,. ":: .... ,,:·::;·.:;::::·.1 AQUIFERS IN LAKE WOOD FORMATION (INCLUDES THE 
..... _.-.:.::"._ .. ' ",.' .J .• ARTESIA, EXPOSITION, GAGE, AND GARDENA AQUIFERS) 

... ... AQUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
tiVi';i!:::::0'?::d HDLLYDALE. JEFFERSON, LYNWOOD. SILVERADO. AND 

. . SUNNYSIDE AOUIFERS) 

I 
I 

lit 

WATER WELLS 

OIL WELLS 

FAULTS 

"* BOUNOARY BETWEEN FOREBAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 38 

eTATE 0 ... CAI-''''Of!'NIA. 

DEPARTMENT OF WATER RESOURCES 
aOUTHl!!!::ftN CAL .... O ........ OtIlT"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 
~ 

6A 

IDEALIZED GEOLOGIC 
A -A'-A" AND 

SECTIONS 
s- S' 

HORIZONTAL SCALE OF FEET 

2000 0 2000 4000 6000 

1961 

AR0069061 



... "+''',, .. ..,,+""""'" 
: 



ATE 68 

'" w ~-l 
II 

C EAST 

PICD FORMATION 

w 
0: 
U 

.. 
0: .. .. 
x 

COYOTE 

ANTICLINE 

.400 

+200 

o 

-200 

-400 

-600 

-800 

-1000 

-1200 

-1400 

~------------------------------------------------------------~-I.OO 

UNDI FfERENTIATED 

SAN PEDRO AND PICO 

FORMATIONS 

-1 D" 
EAST 
.400 

+200 

-800 

-1000 

-1200 

-1400 

-----------------------------------' -1600 

f.'· ." " .. . '1 •• ,.: 1° ••••• 'J 

I I 

LEGEND 

AQUICLUDES AND DEEPER UNDIFFERENTIATED FORMATIONS 

AOUIFERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
AND SALLONA AQUIFERS) 

AQUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 
ARTESIA, EXPOSITION, GAGE, AND GARDENA AQUIFERS) 

r.':':===:":1 AQUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
t;YY::::;~;~\:itH HOLLYDALE, JEFFERSON, LYNWOOD, SILVERADO. AND 

SUNNYSIDE AQUIFERS) 

I 
I 

HI 

WATER WELLS 

OIL WELLS 

FAULTS 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 38 

.TAT~ O~ CA"'I~OfItNIA 

O!:PARTM!:NT O~ WAT!:R RESOURC!:S 

.OUTH~"H CALI"O~IA OIST"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC SECTIONS 
C-C'-C II AND 0-0'-0" 

HORIZONTAL SCALE OF FEET 

2000 0 2000 4000 6000 

1961 

AR0069063 



AR0069064 



Z 
! 
1 

~ 
II> ., 

PICO FORMATION 

0 

" ~ 
'" '" '" .. '" u '" CD ... 

r 

COYOTE 

ANTICLINE 

PLATE 68 

-l ell 
EAST 
+<400 

+200 

-200 

-400 

-600 

-800 

-1000 

-1200 

-1400 

r--------------------------------------------------------------"-Ieoo 

UNDIFFERENTIATED 

SAN PEDRO AND PICO 

FORM ATIONS 

-l DII 
EAST 
+ 400 

+200 

o 

-200 

-400 

-600 

-800 

-1000 

-1200 

-1400 

_________________________________ -..l -1600 

I I 
f.'·:-·· " .. . ·1 .' e: 0',"",\ 

II 

I 
I 

Ht 

LEGEND 

AQUICLUOES AND DEEPER UNDIFFERENTIATEO FORMATIONS 

AOUIFERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
AND BALLONA AQUIFERS) 

AQUIFERS IN LAKEWOOD FORMATION (lNCLUOES THE 
ARTESIA, EXPOSITION, GAGE, ANO GARDENA AQUIFERS) 

AQUIFERS IN SAN PEORO FORMATION (INCLUDES THE 
HOLLYOALE, JEFFERSON, LYNWOOO. SILVERAOO, ANO 
SUNNYSIOE AQUIFERS) 

WATER WELLS 

OIL WELLS 

FAULTS 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A ANO 38 

.TAT!!. O~ CAL.I~ONNIA 

DEPARTMENT O~ WATI!:R RE90URCI!:9 

aOUTHi!"N CALI~OIlltNIA OI&T"'ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC 
C-Cl-C ll AND 

SECTIONS 
0-0 1-0" 

HORIZONTAL SCALE OF FEET 

2000 0 2000 4000 6000 

--- 1961 

AR0069065 



c r; WEST COAST 

~ 
BASIN -+ 1 rl CENTRAL 

~ ~ 
o~ 
N ~ 

Z T I 
I I 0 ~~ .. ... ~ 

~~ u ~ ~ ~ 

D DI CE NTRAL BASIN 

----?----,---'---,----------- /,/ 

> ----- -------
--__ 7_ 

AR0069066 



NORWALK SYNCLI NE 

--l 0" 
EAST 
· .00 

PLATE 68 

L EGEND 

C==:J AOUIClUOES ANO OEEPER UNDlfFERENTIATEO FORMATIONS 

f::~::"':~:""l :~~'FBE:~l~N:E~~~:F~~;~VIUM ilNCLUOES THE OASPUR 

I 
I 

III 

WATER WELLS 

Oil wELLS 

NOTE LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A ANO 38 

.TA Te 0" C"L,.'''OIilNI. 

OI!:PAFlTMII!!:NT 0' WATI!:R FlESOUFlCI!:S 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED GEOLOGIC SECTIONS 
C-C'-C" AND 0-0'-0" 

HORllONTAL SCALE OF F EET 

2000 0 2000 4 000 6000 

AR0069067 



AR0069068 



AREA -z '0 
EEAST I I 

i5 or '" N Z 0 
N ... "- OZ a: iii 

~ 
+400 

I > I >'" '" Z .... Z 
;J ii ~ 

.,,1 I 0 I 0 I 
N .J N CD! ! >= ~ >= ! :::: ... :::: or :::: :::: u :::: u :::: I/) a: I/) ... 1/) I/) ... I/) ... I/) 
¢ CD ¢ .... ¢ <J) ¢ <J) • .. Z +200 

C> 0 a: 

0 

-200 

AQU 

.. . 
-<400 

-800 ... 

-1100 

-1000 

-1200 

-1<400 

__________________________________________________________________________________________________ -J_1600 

LEGEND 

I AOUICLUDES AND DEEPER UNDIFFERENTIATED FORMATIONS 

~r.';: .. ,:.:;:::::;:"::,:,~., AOUIFERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
[.'.', , "",'.1 AND BALLONA AOUIFERS) 

I """" ... ' .. :.:, ... , AOUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 
0.... --'_.:....~: ••• '-' • • ARTESIA, EXPOSITION, GAGE, AND GARDENA AOUIFERS ) 

...,.,,,..,,.,.,.,,,,.,., AOUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
V?·~·:;:::.+iii:d HOLLYDALE, JEFFERSON, LYNWOOD, SILVERADO. AND 

• • • SUNNYSIDE AOUIFERS) 

I 
I 

m 

WATER WELLS 

OIL WELLS 

FAULTS 

NOTE: LOCAT IONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 38 

.TAT!: 0 ... CAL.''''OftN'A 

DEPARTMENT OF WATER RESOURCES 

aOlJTH!:ftN CALI"'O~I'" DtST",CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC SECTIONS 
E-E'-E" AND F-F'-F" 

1960 
HORIZONTAL SCALE OF FEET 

2000 0 2000 ~OOO 6000 

1961 

AR0069069 



COAST g + 

GAGE 

- .... --- ... -;-- .., .... -..-___ w 

~~r-~~~t-~~~~~o~"'~"~,~t-~~~--~i---~~~ 
,,- .. -"'-._----

----'-----
--~------- --'------

SECT ION 

~-',->~ 

~~/,/ 
REDOND O EACH EASTERLY INTO ORANGE NT E-E'-E" -

) 

E' 

I 
.. ~~ JUH~SO" .Ol"nFU 

l ~:::::::5iE::P;;~':::: 

SOUTHEAST OF ART SIA 

c::::=:J ~Q."" ~, ""'" ~.'''''''''''' -""" 
1.",·.';,: .... 1 :::"::~,~,:';~~:,:;~:.,'. """,,, '" ",.,. 

c::::=:J :::~:,:~ ;:~:,',:;,~'.".i~".",~'~.~g;:~':::,:::, 
c=:J ;:;;:'f:,r.t£~:.t~F~ :~~:',';:~ ~~~'~~::~. ::~ 

I 
I 
I 

III 

"Of[ lOC.UO"5 OF c;(OlOGI( UtTIO .. .s ,~( S .. O"''' ()h 
Pl."! H ..... O 3. 

O~P""T"'I!:""T 01'" W.T£III IItE.SC ...... C£~ 
.0000 .... It_ C ......... O-'O.~.T.OCT 

GROUNC WATER GEOLOGY OF THE 
COASTAL PLAIN of 

LOS ANGELES COUNTY 

IDEALIZED GEOLOGIC SECTIONS 
E-E'-E" AND F-F'-F" 

1960 
"O~IZO"UI. 5C_U OF 'ffT 

., looo 4000 1000 

AR0069070 



G' 
SOUTHEAST 

-0600 

-
>-., .. 
~ 0 
'" :! '" 

- .400 

a: 
~ ... -
'" r ;:;: u 
VI .. ., 

'" ., - .'00 

C> 
Z 
0 --' 

I 
o 

-
- - -'00 

-

- -400 

-
--600 

-
- - 000 

-

- - 1000 

-
- -1200 

-

r-------------------~-~OO 

-j 
J" 

SOUTH 
- • 600 

'" > .. 

0~ PALOS VERDE'S 

HILLS 

I 
I 

1/ 

-
-+400 

-
- •• 00 

-

r-----------------------~ 0 
-

- -'00 

-
ENE FORMATIONS 

--400 

-

--600 

-
- · 000 

-
-- -1000 

-
- -1200 

-
f-------------------------~ -1400 

PLATE 60 

LEGEND 

I AOUICLUDES AND DEEPER UNDIFFERENTIATED FORMATIONS 

~l.';: .. ,: .. ;::. ::"::': .. ~ .. I AOUIFERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
t· .: ........ J AND BALLONA AOUIFERS) 

1 
AOUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 

L-____ --l ARTESIA, EXPOSITION. GAGE. AND GARDENA AOUIFERS) 

' " .. ' . '.. AQUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
P';~';i~':\:;{'i::d HOLl YDALE. JEFFERSON. LYNWOO~ . SILVERADO , AND 

I 
I 

Jit 

• ~UNNYSIDE AOUIFERS) 

WATER WELLS 

OIL WELLS 

FAULTS 

* BOUNDARY BETWEEN FOREBAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 3B 

STAT!: 01" CALII"ORNIA 

DEPARTMENT OF WATER RESOURCES 

90UTH!:RN CALIFO.-NIA 0I5TRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED 
G-G' 

-GEOLOGIC SECTIONS 
AND J_J'_J" 

HORIZONTAL SCALE OF FEET 

2000 0 2000 4000 6000 
,.." , 

1961 

AR0069071 



AR0069072 



G' 
SOUTHEAST 

-.600 

-
> ., .. 
~ 0 w ! w 

- .'00 

a: 
~ ... -.... r <:: u 
II> .. ., w ., -.200 

'" z 
0 --' 

I 
o 

-
- - -200 

-

- -'00 

-
--600 

-
- - 800 

-

- -1000 

-

- -IZOO 

-

r-------------------~-~OO 

-1 J" 
SOUTH 

- • 600 

w 
> .. 

X-~ PALDS VERDE'S 

HILLS 

I 
I 

/ 

ENE FDRMATIONS 

-
-+400 

-
- + 200 

-

0 

-
- -200 

-
-- - 400 

-

-- - roo 

-
- - 000 

-
-- - 1000 

-
- -1200 

-
f-------------------------~ -1400 

PLATE 60 

LEGEND 

I AOUICLUDES AND DEEPER UNOIFFERENTIATEO FORMATIONS 

~r.';: ..• : .. ;::. :: .• ::::::~ .. I AQUIFERS IN RECENT ALLUVIUM IINCLUDES THE GASPUR 
t· • .' ••.•••• J AND BALLONA AQUIFERS) 

I AOUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 
'--____ ---.J ARTESIA. EXPOSITION. GAGE. AND GARDENA AQUIFERS) 

'" . '.. AQUifERS IN SAN PEDRO FORMATION (INCLUDES THE 
H;~\?~:;.%i)!"{d HOLLYOALE. JEFFERSON, LYNWOOO, SILVERAOO, AND 

I 
I 

JIt 

• ~UNNYSIQE AQUIFERS) 

WATER WELLS 

OIL WELLS 

FAULTS 

"* BOUNOARY BETWEEN FOREBAY ANO PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE ~A AND 38 

STAT!!!: 01" CALII"OANIA 

DEPARTMENT OF WATER RESOURCES 

SOUTH!:RN CALIFO,.NIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED 
G-G' 

-GEOLOGIC SECTIONS 
AND J-J'-J" 

HORI20NTAL SCALE OF FEET 

2000 0 2000 4000 6000 
H ;;;;;;j I 

1961 

AR0069073 



NORTH~~~~ G 

NORTH J .. '" 

~A MONICA 
MOUNTAIN S 

UNOIFFERENTIATEO TERT IARY FORMATIONS 

Las 

MEAN SEA LEVEL 

UNDIFFERENTIATED 

SANTA 

~"""" ..... , ..... . 
BALLONA AQUIFER 

11 

ANGELES FOREBAY 

MONICA BASIN + 

EL SEGUNDO SANO 

RECENT ALLUVIW 

----------
....... _~~~..:~ LEvEL 

-------- ------~------'-------

PICO FORMATION 

SECTION G-G'- SANTA MONICA MOUNTAIN SOUTHERLY 
AREA ---t- CENTRAL BASIN PRESSURE 

"* % 
z 
<::> 

0 

'" 

-...-,.-------
AOU IFE R 

PARAMOUNT SYNCLINE 

SECTION J-J'-J" - INTERSECTION OF H 

TO LONG 
AREA 

~ 
7 

~ 

WEST 

BEACH FREEWAY NORTH OF 

ROSECRANS HILLS 

z 
o 

~ 

AR0069074 

S 

TO 



COAST 

RECENT ALLUVIUM 

(200 FT, SAND") 

----- ........... 

...... ...... 
...... ...... 

"'- ...... 
JORTH OF S PR IN G ...... STREET 

y~ ---- TO 

z 
o 

~ 

PALOS VERD ES 

wEST 

HIL S 

COAST 

.' W 

BASI N 

,--L __ , __ 

BAS I N 

g 

~ 
8 ; 

~ ~ 

/" LA~EWDOO FORMAT ION 

w 
w 

z 
0 
;:: 

~ 

. 
• 
u 

'" 
'" 
z 
Q 

SYNCLINE 

LATE PL EISTOCENE 
TERRACE OEPOSITS 

GAFfEY 
S'rNCUNE 

G' 
~~THEAST 

J" 

PALOS vERDES 

SOUTH 
"00 

MIOCENE fORMATIONS 

PLATE 60 

LEGEND 

~ AQUICLUDES AND DEEPER UNDIFFERENTIATED F'ORMATIONS 

f:: :::,: :~:.:.'~ :~~'F::~L~N:E~~~~F~~~~\lIUM (INCLUDES THE GASPUR 

~ :~~~S~~~ ~~~~I~~;,,~OG~;~,RAlAN~T~ANR61~~;U~~~IFT:RES) 

rc--l . .'. .... . AOUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
~ HOLLYDALE, JEFFERSON . LYNWOOD, SILVERAOO, ANO 

~UNNYSIOE AQUIFERS) 

I 
I 

* 
OIL WELLS 

"* BOUNDARY BETWEEN FORE BAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE LOCATIONS OF' GEOLOGIC SECTIONS ARE SHOW '-I ON 
PLATE 3,11, A'-IO 3B 

DEPARTMENT OF WATER RES OURCES 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED GEOLOGIC SECTIONS 
G-G' AND J-J'-J" 

HDRIZO'-lTAL SCALE OF FEET 

2000 2000 4000 6000 
E= 

AR0069075 



AR0069076 



COAST BASIN 
.... '" i: I .... ... "- N 

N '"' z I I .J 

0 ~ ~ " ~ !:? '" § 
U , :::: 
'" If! 0 If! vi 
on ... > .. " .J 

ID >-
" .. ~ 

0 l: 
W co 
> X ... .... 
" "- If! 

" W 0 If! V 

'" '" .... 
'" I 
~ 

'" , 
If! .. .J 

W 
Zz 
Z-
"If! 
l:" 
V ID 

If! CO 
0 2 

!:~ 
0:" ::; .... 

-1 
;;: 
'" I 
~ 

'" ~O 
....Z .. 

... 0 
If! > - ... 
.JID 

"W 
~O 
"'iii 0:" Ww 
.... If! 

K" 
SOUTH 
.600 

+400 

+200 

V 

~======~======~~==~d:=========F=====---~--~:±~--~0 

WILMINGTON 

1---~ 
------

ANTICLINE __ 7----_ 

PICO FORMATION 

-200 

-400 

-600 

-eoo 

-1000 

-1200 

~------~~----------------------------------------------------------------------------J-I.OO 

0 z > 
...J .. 
ID W 

U 
Z 0 .. u W 
V i;: 
0 u .. 

"-

L" 
SOUTH 
+600 

+400 

+200 

0 

-200 

- 400 

- 800 

-1000 

-IZOO 

1---------------' -1400 

I I 
l.' •• •••• •••• , r. -t·:" .... , ." 

LEGEND 

AOII ICLUDES AND DEEPER UNDIFFERENTIATED fORMATIONS 

AOUIFERS IN RECENT ALLUVIUM (lNCLUOES THE GASPUR 
AND BALLONA AOUIFERS) 

[ 
.... c. . '1 AOUIFERS IN LAKEWOOO FORMATION (INCLUDES THE 

1... ____ ."" . • ARTESIA, EXPOSITION. GAGE. AND GARDENA AOUIFERS) 

m:===~ AOUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
k:~r;~?:&t:tH HOLLYDALE. JEffERSON. LYNWOOO. SILVERADO. AND 

. SUNNYSIDE AOUlfERS) 

I 
I 

m 

WATER WELLS 

OIL WELLS 

FAUL TS 

'* BOUNDARY BETWEEN fOREBAY AND PRESSURE AREA 
AS SHOWN ON PLArE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 3B 

.TAT~ O~ CA~I"()fItNIA 

DEPARTMENT O~ WATER RESOURCES 

aOUTHI!:"N CALI"O"'NIA OIlIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 
~ 

GEOLOGIC SECTIONS 
AND L-L'-L" 

IDEALIZED 
K-K'-K" 

HORIZONTAL SCALE Of fEET 

2000 0 2000 4000 

---
1961 

6000 
I 

AR0069077 



+ 

\ 
\ 

SECTION K - K'-K" - LOS AN GELES NA RR O WS SOU T H TO TER MINA L ISLAND 

L 
+ 

L' 

+ 

~~~¥::::;:::fI:~~cc_~#'~:,:""":-"'-~ .. ~LNFi§.~-· .. -:~~:::~:;-~.~--==~:::j:;;:::. ::"'_"'_:::~:=""'._"'_""~-+-_~_-:/-lJ ... '-,-.-I--~-+-t-1 
~I.LV.E 11 .. 00 • 

'--'-~7<~:~~ " / 
----.. ~ "" .... .... -..----......... --.... -.......... --~ ........ J,>':::~:~ .. U'O .. 

ECTION "- R HI LS OU T O A N A T 8 C 

.t. .. -.-~ ... ,-~~-",, ;,: ... --~.j 

/ "Y}' 

./'" ... / / ." ... ,,' -~';~-- '------

.------1-----

---1 
L" 

c=J ~~"''' ,won"' -"''''" .. " ~ ... " .. 
~ :::"::~,~,:'~\~:.:~~:' .. , .. ,,"''' ,~ ... ~ 
c=J :::::~. ;:~,;~~~':~":'.~,:::-:::.\":., 

c:J ;:;~;:~i:;i;:,t~P :~:~~;t :~~';~::, :~\ 

I , , 
ill 
~ IOIIoO.'T II:TIO[tfo'O'£ ... • ...,""O~U.l uu 
"S-~ """Lltt l 0" T"S ,(00" 

OIt"""fIITlM:"IrOI"WATI! • • aol.O'teRil ."""'"'"_c.&LaI'-.. ... .,. . CT 
GROUND WATE R GEO LOGY OF THE 

COASTAL PLAIN Of 
LOS ANGELES COUNTY 

IDEALIZED GEOLoGIC SECTIONS 
K-K'-K" AND L- L'-L" 

"Oft'lO!OU~ IC.~t 0 ' H O 
(/ :000 . 000 1 000 

AR0069078 



I ' 

il 

H 

I 

1 
. ;',:: 

BASIN 

, 
III 
on 

MEAN SEA LEVEL 

i ., 
"j 

! 
;;: 
III 
on 

~ 
.... 
J .. 
§ 
III 

::> .. .. 
~ 
:t 

" i 
.... 
III 

" 0 

'i' 

PLATE 6F 

N' 

SOUTH 

- .400 

% 
u -
'" W 
al - +200 ... 
W 

'" -Z 
::> 
III 

\ 
0 

AQUIFER :,., . -

AQUIFER - -200 

-
-
-
- -400 

--FORMATION AND AQUIFERS -NOT DIFFERENTIATED - -600 

-

- -1100 

-

- -Ioce 

-

-1200 

LEGEND 

I AQUICLUOES AND OEEP~R UNDIFFERENTIATED FQRMATIONS 

~l.'.: .. :.:::: .• :::,:,,~;J AQUIFERS IN RECENT ALLUViUM (INCLUDES THE GAS PUR 
[, '.'" " ,J AND BALLONA AQUIFERS I 

I AOUIFERS IN LAKEWOOO FORMATION (INCLUDES THE 
'--__ -.J ARTESIA, EXPOSITION, GAGE, AND GARDENA AOUIFERS) 

.. . AOUIFERS IN SAN PEDRO FORMATION (INCLUDES THE 
!:/;i.;;;o):~;~:td HOLLI'OALE, JEFFERSON. LYNWOOD, SILVERAOO, AND 

SUNNYSIDE AQUIFERS) 

I 
I 

* 
WATER WELLS 

OIL WELLS 

FAUL TS 

* BOUNOARY BETWEEN FOREBAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF THIS REPORT 

NOTE: LOCATIONS OF GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 3B 

STAT!!. 0'" CAL,"O"NI. 

DEPARTMENT OF WATER RESOURCES 

SOUTMI!RN CA/,....,.OlltNtA OIaT"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC SECTIONS 
M-M'_M" AND N-N ' 

HORIZONTAL SCALE OF FEE T 

2000 0 2000 4000 6000 
I 

196 1 

AR0069079 



AR0069080 



BASIN 

i ., .. 
! 
:;:: 
VI 
on 

1 
MEAN SEA LEVEL 

AQUIFER 

I 
::;: 'AO:~'jF'E R . :-,';.;::::::c:.\i".", tNb;,~; 

-1 
~ .. 
9 
VI 

=> .. :z: .. u 
~ .. 
x '" " <XI 
i .... 

~ '" III 
;;r: 
=> 
VI 

'\ 

FORMATION AND AOUIFERS 

NOT DIFFERENTIATEO 

PLATE 6F 

N' 

SOUTH 

- +.00 

-
- +200 

-

0 

-
- -200 

-
-

-
- -.00 

-
-
-

- -000 

-

- -800 

-
- -IOOC 

-
1-____________ -L __________________ ~L-__________________________ ~_1200 

I 

LEGEND 

~I ===~I AOUICLUDES AND DEEP~R UNDIFFERENTIATED FORMATIONS 

[.' •••• :: •• : •••• , AOUlFERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
[.':" .... 1 AND BALLONA AOUIFERS) 

I I AOUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 
L. __ ---l ARTESIA. EXPOSITION. GAGE. AND GARDENA AOUIFERS) 

", ,... AOUIFERS IN SAN PEDRO FORMATION (lNCLUOES THE 
W::i';{i\i,;';i:d HOLL,"DALE. JEFFERSON . LY NWOOD . SILVERADO, AND 

SUNNYSIOE AOUIFERSI 

I WATER WELLS 

I OIL WELLS 
I 

lit FAUL TS 

'* BOUNDARY BETWEEN FOREBAY AND PRESSURE AREA 
AS SHOWN ON PLATE 2 OF T HI S REPORT 

NOTE: LOCATIONS OF GEO LOG IC SEC TIONS ARE SHOWN ON 
PLATE 3A AND 3B 

aTAT!: O~ CALI"'O"NIA 

DEPARTMENT OF WATER RESOURCES 

SOUTH!:RN CALI~O~I" OIaT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -IDEALIZED GEOLOGIC SECTIONS 
M-M'-M" AND N-N' 

HORIZONTAL SCALE OF FEET 

2000 0 2000 4000 6000 
----=:d 

196 1 

AR0069081 



N ~.", 

) 

'''''-\- ..... OlfH BHLO 

i; 

~~ ... ~""'- -- .... -.... ----~ .. ---,,--

--:-....:.::::::: ... 

i i: .~ 

i ~ g~ 
' '"'' + iii~ 
.~.~ 

~i::~ 

I 

-..of~"poS,T·.~,,·-:"";·~~~S" ~-'-"' 
..- ... [..:>ro."" ....... '" 

----- -~---- ._---- . 

, 
I" 

M' 

/ " 
/ 

_________________ ---'>JSE'-'C'-'-T""O'-"NL-~~' - WJ::il.lIlE_R ... NARR_QW S DA M SOUT H E R! r T O THE PACi f iC OCEA.N W..E...S...I--'lF--'S'-'E.1!Ac1.I--'e""ERA\,jCH"--______ _ 

"1 M" 

N' 

c:::::::::J ~~ ~ on •• _U"'","". _."~. 

D2J :::.:~,;.~;:;:;.:~\~-. ",,,.K. '. ".~ 
c:::::::::J ~~:::' .~~;,;~-:.!:I':.:;~.~:::.~::.~ .. 
c=J ~~;!{:,,::Z~,:~~ ',~:~';'~: :~~,':1:; ~:, 

I 

I ~ ::~:: ... 
+iI('<}'Ia.aA. k''O'll_-''UI &,00) •• '''"$ ..... , ... (1 
u_.~ .......... '(! "" ........ "or 

M ....... ~~NT o. _T~" >t£$oo..ooa:~ 
" """ ... _ C ..... _ .. . ~~<OT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED GEOloGIC SECTIONS 
M-M'-M" AND N-N' 

~ a.'ZOJo .. ' ,,0,( c. rt .. 

c '000 0""" . 000 

~----------------.------~------------------~-------------------~----------AR0069082 



a: 
w 
2: 
a: 

ci. 
> CII 
..J '" CII' 
w J: 
>'" 0-
a:;i; 
.. on 

'" ., 
'" , J: 

'" <: 
'" on 

a: a: 
'" 

w 

i > a: 
'" <: 
'" on 

+WEST COAST BASIN-1 

a: 

~ 
:::; ;; '" _w 

2 2> 0 

I ;:~ i 
, T 
J: J: J:..J c:i 

'" N '" N !:!w > <: 
~ 5i <: ~ '" '" ;ncr 

on on on on'" .. .. 

1 I 

r 
u .. 
w 
CII 

I 

Q SOUTH 
+ 600 

+ 400 

+ 200 

0 

- 400 

- 600 

-000 

-1000 

-1200 

~--------------------------------------------------------------------------------~~~ 

LEGEND 

I AOUICLUDES AND DEEPER UNDiffERENTIATED fORMATIONS 

f~:.:.;:::·:::::,,:::.:,,~;1 AQUifERS IN RECENT ALLUVIUM (INCLUDES THE GASPUR 
" ',', .... ,1 AND BALLONA AQUifERS) 

1 AOUlfERS IN LAKEWOOD fORMATION (INCLUDES THE 
'--___ --.J ARTESIA, EXPOSITION, GAGE. AND GARDENA AOUlfERS) 

I 
I 

m 

AQUIfERS IN SAN PEDRO fORMATION (INCLUDES THE 
HOLLYOALE. JEffERSON, LYNWOOD. SILVERADO, AND 
SUNNYSIDE AOUlfERS) 

WATER WELLS 

OIL WELLS 

fAULTS 

NOTE: LOCATIONS Of GEOLOGIC SECTIONS ARE SHOWN ON 
PLATE 3A AND 3B 

STATe: 0" CA"-' ... OR .... A 

DEPARTMENT OF WATER RESOURCES 

90UTH~RN CALIFO"NIA OISTfltlCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED 
H-H ' , 

-GEOLOGIC 
p- pi, AN D 

SECTIONS 
0-0' 

HORIZONTAL SCALE Of fEET 

2000 0 2000 4000 6000 
"'"-- I 

196 ' 

AR0069083 



AR0069084 



CENT ALLUVIUM 

ARTESIA 

FORMATION 

ERSON 
CUIFER 

GAGE 

'" .... 
> a: 
-' .... 
a: 
CD .. 
'" z .. 
'" 

ci. 
> CD 
-' N 
CD, 

.... ~ 
>N 
0-
"';;; 
"'''' 
Z .... 
~ .. 
'" 

.., 
it' '" -, 

N N 
&oJ 

i i > 
a: 

N N 
-' <: <: 

'" '" 
w 

'" '" a: 
CD ... 
'" z .. 

LEVEL '" 

+WEST COAST 

~ 
:::; ;; 

0 

i 
, T 
~ ~ 

N N N 

~ <: 5i :a '" on 

-----

:r 
u ... ... 
CD 

-' .. .... 
'" 

BASIN-1 

'" N 
_ .... 

2 2> 

I TeE 
~ -' d N N .... > 

5i :;; i< ~ 
'" ",CD 

.. Z 

"'''' 
~g 
'" 

:r 
u .. .... 
CD 

PLATE 6G 
I 

Q SOUTH 
+ 600 

< <00 

• 200 

o 

- 200 

- <00 

- 600 

-000 

-1000 

-1200 

r---------------------------------------------------------------------------------~~~ 

LEGEND 

I AOUICLUoES AND DEEPER UNDIFFERENTIATED FORMATIONS 

l~:,:,;:,:;::::;:"::::.'::: .. , AOUIFERS IN RECENT ALLUVIUM IINCLUDES THE GASPUR 
[, '.'" .. ,,1 AND BALlONA AOUIFERS) 

1 
AoUIFERS IN LAKEWOOD FORMATION (INCLUDES THE 

'--__ -..J ARTESIA, EXPOSITION, GAGE, AND GARDENA AOUIFERS) 

'.. ' .. , ' AQUIFERS IN SAN PEDRO FORMATION IINCLUDES THE 
[<::-;~}/\:~:d HOLLYDALE, JEFFERSON, LYNWOOD, SILVERADO, AND 

SUNNYSIDE AOUIFERS) 

I 
I 

lit 

WATER WELLS 

OIL WELLS 

FAULTS 

NOTE: LOCATIONS OF GEOLOGIC SEC TIONS ARE SHOWN ON 
PLATE 3A AND 3B 

STATE. O~ CAl,. t~ORNIA 

DEPARTMENT OF WATER RESOURCES 

90UTH~AN CALI~O"NIA OtsT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED 
H-H ' , 

-GEOLOGIC 
p-p', AND 

SECTIONS 
a-a' 

HORIZON T AL SCALE OF FEE T 

2000 0 2000 40DO 6000 
h I 

196' 

AR0069085 



II 11 
SECTION 0 -0' - ALONG ORANGE COUNT Y LINE FROM PU E N T E HILLS TO 

t<l:ORTH WES T P t---H 
SASIN+CENTRAL 

~ , .... + 
~ g 
;; ; 

2 " 00 

II . 
i t 11 

SECTION H-H'-SANTA MONICA MOUNTAINS SOUTH TO BALDWIN HILLS SECTION p-p' - THROUGH WHITTIER NARROWS 

SEAL BEACH 

p' 

PLATE 6G 

Q'SOUTH 
+WEST COAST 5AS-N-1 

II 

LEG END 

~"'OUIcu!OE S""OOHP[RUI/Ol"EIIE"II.1ED'OFI fI,I.TIOIoS 

1.::;:,::::.::1 :~~"::~L~" ... :E~~:~F~;;r"ru ", l'IoCLUD[! nl[ G.SII'UR 

~ :~~~S£':~ ~~~:,;~: .. ~o~;r.~.:or~.NII~'~~~~~~,/tll[SI 

~ ;e~~~~~:Li:t£~:f~~~:~' FL~~:·;~~~ ~~;'C[L:~~~. ~~~ 

, , 
lit 

"T .. T. 0" c ..... ·. ooo .. , ... 
O~P .. "'TMI!:NT Oil' w.a.Tl!tIII tIIIl!::!iOUtlllCI!:!I 

.OUT"~"" c ....... o .... ' .. Oo"",e T 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

IDEALIZED GEOLOGIC SECTIONS 
H-H', p-p', AND Q-Q' 

HOII I ZONU L SC I.L EOF fHT 

tO~5oOiO£:3ii 0 2000 . 000 

AR0069086 



HATI 0' CAL."ONNIA 

DEPARTMENT OF WATER RESOURCES 
IOUTH!IIIIN CALU'O"NIA Q,aT.ucT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -CUT-AWAY DIAGRAMS OF 
AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 

1000 
! 

HORIZONTAL SCALE r:F FEET 

o 1000 

196 1 

2000 

PLATE 7 

AR0069087 



AR0069088 



STAT. 0' CAL.I'O.-NIA 

DEPARTMENT OF WATER RESOURCES 
IDUTHI!IIIiN CAL.I'OllliNIA DIIT'UCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -CUT-AWAY DIAGRAMS OF 
AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 

1000 
I 

HORIZONTAL SCALE cY FEET 

o 1000 

196 1 

2000 

PLATE 7 

AR0069089 



';--------------------A:;-l'-'~ 

SECTION A-A' 

.,. -:=-

MEAN 
SEALEVEL ~/~~~~~-.'~ •• ~.' ROA~O ~ 

GAROENA- GAGE AQUIFER 

SILVERADO 

SUNNYSIOE 

prco FORMATION 

VIEW I 

NOTE: VEATICAL SCALE IS TWICE THE 
HORIZONTAL SCALE 

AOUIFER 

AOUIFER 

FRESH WAT ER _____ _ 
Of _-- - -------

et'j.~ ..... ---
.................... 

PRESENT LAND SURFACE 

-1000 

SILVERADO 

SUNNYSIDE 

PI CO FORMA'TION 

VIEW TI 

AQUIFER 

~QUIFER 

~_-!~J~--!~~~-----
er;..'j.f...,. ... -

.................... ,.... 

BASE OF THE GASPUR AQUIFER 
(OVERLYING SEDIMENTS REMOVED) 

'LA MERCEO HILLS 

SILVERADO 

SUNNY SlOE 

PICO FORMATION 

VIEW III BA 
(OVI 

AR0069090 



TIER 

SILVER ADO 

SUNNYSIDE 

PICD FOR MA TlDN 

"..."... "... "" 

AQUI FER 

AOUI FE R 

O; __ !~E~~ __ ~~T!f!. --- - --

0fJ,~~-

VIEW lIT BASE OF THE GARDENA-GAGE AQUIFER 
(OVERLYING SEDIMENTS REMOVED) 

VIE W TIL BASE OF THE SILVERADO AQUIFER 
( OVERLYING SEDIMENTS REMOVED) 

nllo1" O~ CA.U ,O,,""" 

DEPARTMENT OF WATER RESOU,.CE9 
'OUTMlE"N CAL.I'OIllNI& OI"'IUCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -CUT-AWAY DIAGRAMS OF 
AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 
SCALE rY -

PLATE 7 

AR0069091 



AR0069092 



t e a .. , 0' " ' .. ,. 
, 0 r • • , 

LOCATION MAP 

LEGEND 

SURFACE FEATU RES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE OEPOSITS 

I 1 LOwER PLEISTOCENE DEPOSITS 

11111IIIII NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNOARY OF BELLFLOWER AOUICLUOE« OASHED 
WHE RE LOCATION IS APPROXIMATE I 

--60- LINES OF EOUAL E L EVATION ON THE BASE OF THE 
BE L L FLOwER AOUICLUDE (OASHEO WHERE CONTROL 
IS POORI 

FAULT (OAS HEO WHE RE APP ROXI MATELY LOCATEDI - KNOWN AREAS WHERE THE BELLFLOWER AOUICLUOE IS 
ABSENT ANO T HE AOU IF ERS PR ESENT ARE IN 
HYORA ULIC CO NTIN UITY WIT~ THE SURFACE 

___ - BOUNOARY OF T HE GASPUR AOUI FER 

nATE O~ C AUI'O ItNIA 

DEPARTMENT OF WATER RESOURCES 
SOUTH£IItN CAL.,FO" toIl ,A OilTlI'j l e T 

GROUND WATER GEOLO GY OF THE 
COASTAL PLA IN OF 

LOS ANGELES COUNTY -

PLATE SA 

LINES OF EQUAL ELEVAT ION ON THE BASE 

OF THE BELLFLOWER AQUICLUDE 
SCALE OF MilES 

o 2 

1961 

AR0069093 



\-

~."' .. .. c~""W 
~,.", .. ,,,,,,,,,,,,,,,,, 
c:=J'"'''''''''''''''''''' 
ITIIIIIl"·"·"·'"''''·''' 

DIE:~","",,£HT OF W ... n::~ ~DOUItC.£S 
10 .. ,," ••• C ... "~UI' "OUln 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE BELLFLOWER AOUICLUDE 

AR0069094 



/ 

rJ8 \ 
) 

"- \ 
VENTU •• ~. ~ J 

LOS ANGE 

/ 
/ , ,< 

, , 

1\ ' o , 
~() '~, 

" 

S(.~r 0' '''~U 
, 0 t • • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Q p U UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARy OF BELLFLOWER AOUICLUOE (OASHEO 
WHERE LOCATION IS APPROXIMATE) 

~-60- LINES OF EOUAL ELEVATION ON THE BASE OF THE 

-
BELLFLOWER AOUICLUDE (OASHEO WHERE CONTROL 
IS POOR I 

FAULT (OASHEO WHERE APPROXIMATELY LOCATEOI 

KNOWN AREAS WHERE THE BELLFLOWER AOUICLUOE IS 
ABSENT AND THE AOUIFERS PRESENT ARE IN 
HYDRAULIC CONTINUITY WITH THE SURFACE 

BOUNDARY OF THE GASPUR AOUIFER 

nATE 0" CAUPORHIA 

DEPARTMENT OF WATER RESOURCES 
'OUTH~"H CALll'OfllNIA DIITfII'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 88 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE BELLFLOWER AQUICLUDE 

SCALE OF MILES 
o 

1961 

AR0069095 



AR0069096 



",/ 

x.' , , 

, , 

1> ' o , 
""a '" 

-' 

'CI~( 0 ' .'Ul 
, o r • I I 

PLATE BB 

SAN 

~-r-..,.,..... J 
Q ...... I ~ L M TN S.r ~ 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Q a I I RECENT ALLUVIUM 

Q p u I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER - BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNOARY OF BELLFLOWER AQUICLUDE (DASHED 
WHERE LOCATION IS APPROX IMATE) 

---60- LINES OF EQUAL ELEVATION ON THE BASE OF THE 
BELLFLOwER AQUICLUOE (DASHEO WHERE CONTROL 
IS POOR) 

--- - FAULT (DASHED WHERE APPROXIMATELY LOCATED) - KNOWN AREAS WHERE THE BELLFLOWER AOUICLUDE IS 
ABSENT ANO THE AOUIFERS PRESENT ARE IN 
HYORAULIC CONTINUITy WITH THE SURFACE 

BOUNOARY OF THE GAS PUR AOUIFER 

"An 01' CAUI'O"HIA 

DEPARTMENT OF WATER RESOURCES 
'OUTH~"N e",-'''OftNIA OlaTftlCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 
OF THE BELLFLOWER AQUICLUDE 

SCALE OF MILES 

AR0069097 



5 ANT A 

" 0 '" 

pAC F I (' 

+ 
o 

-'1 

~"l<U""U",". 

~""." •. ",U",""'''' 
c::::::::J.""""",,,",W,,,,, 
rnrrm ", .•. " ........ ", .. 

-- ''''~O''' '" .ru.n""'EO oau'cwOI !~O 
•• (_, lO('''D~ " ..... 0.· ..... 

DE"AInloIE...,.O," WAnII JlUOtnICD 
............. ""' .. ,.<> .... ~ .... "'oT 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

lOS ANGELES COUNTY 

LINES OF EOUAL ELEVATION ON THE BASE 
OF THE BELLFLOWER AQUICLUDE 

AR0069098 



',all 0' _ lUI 
o I • • • 

LOCATION MAP 

LEGEND " ""'g prograf{l. 
UOO\torh • 

ater Q~t\:':/FmURES 
Gr~ RECENT ALLUVIUM 

I CPU UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111 11 11 11 NONWATER-BEARING ROCKS 

SUBSURfACE fEATURES 

- - BOUNOARY OF BELLFLOWER AOUICLUOE (OASHED 
WHERE LOCATION IS APPROXIMATE' 

--"""60- LINES OF EOUAL THICKNESS OF THE BELLFLOWER 
AOUICLUOE (OASHEO WHERE CONTROL IS POOR) 

-
FAULT (OASHEO WHERE APPROXIMATELY LOCATEOI 

KNOWN AREAS WHERE THE BELL FLOWER AOUICLUOE 
IS ABSENT ANO THE AOUIFERS PRESENT ARE 
IN HYORAULIC CONT INUITY WITH THE SURFACE 

KNOWN AREAS WHERE THE BELLFLOWER AOUICLUOE IS 
COMPOSEO LARGELY OF SANOY ANO GRAVELLY CLAY 

BOUNDARY OF THE GASPUR AOUIFER 

DEPARTM ENT OF WATER RESOURCES 
aOUTM[""'" CAL.I"O"NIA OIIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE BELLFLOWER AQUICLUDE 

I ......- o 
SCALE OF MILE S 

2 

1961 

PLATE 9A 

AR0069099 



AR0069100 



, " , , , , 
> , . 

v " 

'Cal! or _lUI 
f 0 , • • • 

LOCATION MAP 

LEGEND 0 01"\9 program, 
t..AOO\ton " 

ater Q~i\YFmURES 
Gr~ RECENT ALLUVIUM 

I Cpu UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

I1II111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARy OF BELLFLOWER AOUICLUOE (OASHED 
WHERE LOCATION IS APPROXIMATE) 

---"'60- LINES OF EOUAL THICKNESS OF THE BELLFLOWER 
AQUICLUDE (DASHED WHERE CONTROL IS POOR) 

-
FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE BELLFLOWER AOUICLUDE 
IS ABSENT AND THE AOUIFERS PRESENT ARE 
IN HYORAULIC CONTINUITY wiTH THE SURFACE 

KNOWN ARE AS WHERE THE BELLFLOWER AOUICLUOE IS 
COMPOSED LARGELy OF SANOY AND GRAVELLY CLAY 

BOUNDARY OF THE GASPUR AQUIFER 

nATE 0" eALIPO"HIA 

DEP .... RT ... ENT OF W .... TER RESOURCES 
aCJtUTH!:"~ CALIP'O"NIA DI'T"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE BELLFLOWER AQUICLUDE 
SCALE OF MILE S 

I o 
L _ 

1961 

PLATE 9A 

AR0069101 



~ >'· .. ~ .. :~t~ 
"'"i~, 

, t 

lVlI'~.~.C( ~(U<J"{~ 

- ·""':.'!:'.~·t ~~:.'~~.'."'.I~ .. ~~ ... ;t'l 
_60_ c'~t,.SQU~~~g~·L'O~;~tl·:(!~t.r:. Cf;.t •• ~~:'~"o',,". 

~ ::.;:~~~:·~i;!~~~~{~~~~~~,~. 
__ .""'O .... ""~.Oil.P\>·.o\,,'1 • 

...... . c.o...oo_ 

gr .. ~=~::~c~':~ ~=~~ 
GROUND WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUN Ty 

LINES OF EOUAL THICKNESS 
OF THE BELLFLOWER AOUICLUOE 

\~'U '" .. • .. u 

A R0706- 9-1-0-2-



" / 

" 

'" 

/ 
,/ 

x: , , 

, , 
1> ' o , 

"9'0 '., 

" 

, 
I 

o'g , 

r- j ~, 
!'-, .. ;r-1 

VENTURA ." 
LO i. 

PLATE 98 

) 
\ 

.J. 
..... 

~.~ -"" J.r·' QA."'EL.. WTNS \ 
""---

.- ~,.:~ti 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECE~T ALLUVIUM 

Qpu I UPPER PLE ISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEAR ING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF BELLFLOwER AQUICLUOE (CASHED 
WHERE LOCATION IS APPROXIMATE) 

- ___ FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE BELLFLOWER AOUICLUDE 
IS ABSENT ANO THE AQUIFERS PRESENT ARE 
IN HYDRAULIC CONTINUITY WITH THE SURFACE 

KNOWN AREAS WHERE THE BELLFLOWER AQUICLUDE IS 
COMPOSED LARGELY OF SANOY AND GRAVELLY CLAY 

- --- BOUNDARy OF THE GASPUR AQUIFER 

nATE 01" CAL.I,.O",..IA 

DEPARTMENT OF WATER RESOURCES 
SOUTHE .. " CALIf'OIltNIA D'.TlltICT 

,;so 
AZUSA 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN Of 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE BELLFLOWER AQUICLUDE 
SCALE OF MILES 

o 2 

1961 

AR0069103 



AR0069104 



/ 

,x.', 

, , 

/ 
/ 

'" 

/ ,-

oj> , 
o ' 
"'Va '~, 

--

) o'g . 

r- J ~. \ I'-... ;J ..J 
YENTURA . 

lO 'iN 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF BELLFLOWER AQUICLUOE (DASHED 
WHERE LOCATION IS APPROXIMATE) 

____ FAULT (OASHEO WHERE APPROXIMATELY LOCATED) 

oc;:;;;;:::;] 

KNOWN AREAS WHERE THE BELLFLOWER ADUICLUDE 
IS ABSE NT AND THE AOUIFERS PRESENT ARE 
IN HYDRAULIC CONTINUITY WITH THE SURFACE 

KNOWN AREAS WHERE THE BELLFLOWER ADUICLUDE IS 
COMPOSED LARGELY OF SANOY AND GRAVELLY CLAY 

---- BOUNDARY OF THE GASPUR AOUIFER 

aTATE 0 .. CALII'"O"NIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHlElitN CALI,.OlltNIA O'ITIIt'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE BELLFLOWER AQUICLUDE 
SCALE OF MILES 

o 

1961 

PLATE 98 

AR0069105 



5 ANT A 

" 0 '" 

c 
+ 

o 

4 

~.''1~, .. '".''~ 
~"" .. ".,,, ........ ,, 
c:::::J " ... " ....... "" .. 
ffiIIlIj., ... " •. " ..... " 

__ ."'~O'" '7 "H'~","l. oou.nuot ,o. ... tO 
•• u! ,oc.',o. ""_"W"l 

_ "r:~f.::.~:~:::iL~~~:if,i'~~:~;;~~· 

c=:l "';;,.'::::' J:::,' •• ':, ':"'~':::'.:~;\~~"';:. 

N .... IOTUV<T_w .. T'D' .. UOU~ 
.OuTa •• ~ "'''0_' • .. " .... y 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

lOS ANGELES COUNTY 

LINES OF EQUAL THICKNESS 

OF THE BELLFLOWER AQUICLUDE 

AR0069106 



, / 
' <, 
/ ' 

A ' 

/ / " . _--:o::::::;~" 

" / " / /~ 
/ " 

/ " 

' ", 
/ " 

" 

, 

, ' 

>< , , 
-' ' 

, 
",;r 

I( .. ~r 0' .lll' 
o , • • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

II 1 11 11111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNOARY OF AOUIFERS (OASHED WHERE LOCATION 
IS APPROXIMATE) 

--60- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
GASPUR, BALLONA. ARTESIA, AND EXPOSITION 
AQUIFERS IDASHED WHERE CONTRO L IS POOR) 

---- FAULT (DASHED WHERE APPROXIMATELY LOCATEO) 

_ GASPUR AOUIFER 

~ B~LLONA AOUIFER 

I I ARTESIA AOUIFER 

I I EXPOSITION AOUIFER 

KNOWN AREAS WHERE AOUIFERS ARE IN HYDRAULIC 
CONTINUITY WITH THE SURFACE 

.TATE 0" CALI,.O .. NIA 

DEPARTMENT OF WATER RESOURCES 
SOUTHEIIU.. CALIFOllitHIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE lOA 

LINES OF EQUAL ELEVATION ON THE BASE 

OF THE GAS PUR. BALLONA, ARTESIA, 
AND EXPOSITION AQUIFERS 

I ,........, o 
SCALE OF MILES 

1961 

2 3 

AR0069107 



AR0069108 



, /'''' 
'.( 
/ ' 

// ". ~--:~~~ 

_ _ A 

"Al( 0' ,IOUS 
or .. , • 

PLATE lOA 

.AN 

~ ...r--.""", J. 
OA8"1~ l.. MTN Sr··~ .. ·· 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Osl I RECENT ALLUV IUM 

OpU I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTO CENE DEPOSITS 

11 1 11 11 1 11 NONWATER - BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNOARY OF AOUIFERS 10ASHED WHERE LOCATION 
IS APPROXIMATE) 

--60- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
GASPUR, BALLONA, ARTESIA, AND EXPOSITION 
AOUIFERS (DASHED WHERE CONTROL IS POOR) 

-~ 
I I 
I I 
[:;;;=;~] 

FAULT IDASHED WHERE APPROXIMATELY LOCATED) 

GASPUR AOUIFER 

B~LLONA AOUIFER 

ARTESIA AOUIFER 

EXPOSITION AOUIFER 

KNOWN AREAS WHERE AOUIFERS ARE IN HYORAULIC 
CONTINUITY WITH THE SURFACE 

STATiE 0,. CALIFO,.NIA 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CALIFORNIA OIST"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 

OF THE GAS PUR, BALLONA, ARTE S lA, 
AND EXPOSITION AQUIFERS 

SCALE OF MILES 

1961 

AR0069109 



s,,~r.,:£ rEUU RE~ 

~ 'Hut .. ,,, .. 

Lfu:J .. ". '" "", ..... " ... 
c::::J , ..... "." ........ ,,". 
IlIlIIJ ............. , "''' 

--60- " ~~~~;:~~t~~:::~m.:~~~:t~:?r.~E. :~I 

..... ~:~."::~:: • • ,'" m ..... " '" ,~"' .. 

~ .. " .. , ~."," 

c::::J .. " •. , .... ". 

c:::l "';; .. ::::: :~':'.::'::~:: .. :" .. .,~."" 

GRO~::~:::;E~~C:;~~;~~:FU THE 

COASTAL PL.AIN OF 
L.OS ANGElES COUNTY 

LINES OF EQUAL EL~TION ON THE BASE 
OF THE GAS PUR. BALLONA ARTESIA 

AND EXPOSITION AOUIFERS ' 

AR0069110 



PLAT lOB 

SAN 

~ -/"' .""", J 
0"'. "Ir.: I.. MTNSY ~.". 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Q a I 1 RECENT ALLUVIUM 

a pu I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - eQUNOARY OF AQUIFERS (OASNEO WHERE LOCATION 
15 APPROKIMATE) 

.r--60- liNES OF EOUAL ELEVATION ON THE BASE OF THE 
GASPUR, 8ALLONA, ARTESIA. ANe EXPOSITION 
AOUIFERS 10ASHEO WHERE CONTROL IS POOR) 

---- FAULT 10ASHEO w"ERE APPROXIMATELY LOCATED) 

[':;:::::;;] 

GASPUR AQUIFER 

8ALLONA AQUIFER 

ARTES IA AQUIFER 

EXPOSITION AOUIFER 

KNOWN ARE AS WHERE AQUIFERS ARE IN HYORAULIC 
CONT INUITY W ITH THE SURFACE 

STATE 0" CAL'P'O"H'A 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CALIF'O"N'A OlaTIt'CT 

~ .. ) 
(I'.! ,;s. 

AZUSA 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 
OF THE GAS PUR. BALLONA, ARTE SIA, 

AND EXPOSITION AQUIFERS 
SCALE OF MILES 

o I 2 3 

1961 

AR0069111 



AR0069112 



,(:,,~, or .'I.t. 
tOr • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Q a I RECENT ALLUVIUM 

I Q pu UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

111 11I 1111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNOARY OF AQUIFERS (OASHEO WHERE LOCATION 
IS APPROXIMATE) 

...--60- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
GASfllIR, 8ALLONA , ARTESIA , ANC EXPOSITION 
AOUIFERS 10ASHEO WHERE CON TROL I S POOR I 

---- FAULT (OASHEO WHERE APPROXIMATELY LOCATEOI 

GASPUR AQUIFER 

BALLONA ACUIFER 

ARTES IA AOUIFER 

EXPOSITION AOUIFER 

KN OWN AREAS WHERE AOUIFERS ARE IN HYORAULIC 
CONT INUI TY WITH THE SURFACE 

STAT': 0'" CALI,.ONHIA 

DEPARTMENT OF WATER RESOURCES 
SlOUTHEltH CALIFOltNIA. OISTIt'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE lOB 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE GASPUR. BALLONA, ARTE SIA, 

AND EXPOSITION AQUIFERS 
SCALE OF MILES 

o I 2 3 
I 

1961 

AR0069113 



SAN T A 

., 0 .. 

pAC F I c 

o 

-4 
+ + 

~'ICI ." U~."~ 
~ ....... "" .. " ........ .. 
c::::::::J , ••• " ... ", ........ .. 
mrrm ..... "._" .... OO~. 

"'-- -60- l·.n Q' I",,'. hl"',o. o. hr '''1 00' '"I 
CU'U' U",. """4"0 l"Q""COO 
~OU"I'I'OolS>CO ."I~ .~'''o< .• 0'00" 

-~~ .. ~". 
~ u"~ •• ~.,,. 

c=:::::J '''U' .... .. _ .. "." ...... " .. 
r=:::I ''':;.;:: .. ~~ ;::.:',,~:~:~:" ....... . 

OI[ ......... ~o'w .. n .... £S()u ltCU ...... '" ... c.&,.~_ .... .... _, 
GROUND WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EOUAL ELEVATION ON THE BASE 
OF THE GASPUR. BALLONA. ARTESIA, 

AND EXPOSITION AOUIFERS 

AR0069114 



It.~l '" .'Llt 
Of" •• 

PLATE IIA 

SAN 

~ .../"' 'v"'-' J. 
o A • fit I E: L. ...... T,-, s) '"""-~ .. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Oal RECENT ALLUVIU'" 

I OPU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NDNWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNOARY OF AQUIFERS (DASHED WHERE LOCATiON 
IS APPROXI"'ATE I 

"'-80- LINES OF EQUAL THICKNESS OF THE GAS PUR 
BALLONA, ART ESIA, AND EXPOSITION AQUIFERS 
(DASHED WHERE CONTROL IS POOR) 

- - FAULT (DASHED WHERE APPROXI"'ATElY LOCATED) 

_ GASPUR AQUIFER 

~~ BALLONA ADUIFER 

I I ARTESIA AQUIFER 

I I EXPOSITION AOUIFER 

nAn OF CAUPOilDfl" 

DEPARTMENT OF WATER RESOURCES 
eOUTMIUIN CALI"OfilHIA D,.TIIUCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE GASPUR, BALLONA, ARTESIA, 
AND EXPOSITION AQUIFERS 

SCALf OF WIL[S 

D 2 

1961 

AR0069115 



AR0069116 



, 
, , 
>~ 

"v ....... , .... 

, 

, 

'><' , " 

/> 
/ 

' " , 

'C&\ ( 0' . , ~ •• 
for • • & 

PLATE IIA 

I 001 

I OpU 

I I 
I111111111 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

RECENT ALLUVIUM 

UPPER PLEISTOCENE OEPOSITS 

LOWER PLEISTOCENE DEPOSITS 

NONWATER-BEARING ROCKS 

SUBSURFACE FEATURE S 

__ BOUNDARY OF AOUIFERS (DASHED WHERE LOCATION 
IS APPROXIt.lATE) 

---eo- LINES OF EOUAL THICKNESS OF THE GAS PUR 
BALLONA, ARTESIA, AND EXPOSITION AOUIFERS 
(OASHEO WHERE CONTROL IS POOR) 

- - FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

_ GASPUR AOUIFER 

~ BALLONA AOUIFER 

I I ARTESIA AOUIFER 

I I EXPOSITION AOUIFER 

.".An 01' CAUI'OlVtlA 

DEPARTMENT OF WATER RESOURCES 
eOUntl"H CALI"O"HIA OleT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

OF THE GASPUR, BALLONA, ARTESIA, 
AND EXPOSITION AQUIFERS 

SCAL£ OF MILES 

o 2 

1961 

~ ... 

AR0069117 



QiIJ .H'~l OLL~"'u" 
~ ...... "" .. " ...... " .. 
C=:J".".""." ....... ,," 
ITI!I[[] .... " .......... "'. 

-~.~ .. "" .. 
~ .. "" .. ~, ... 
C=:J ....... ".,'" 

OIlI""'lInVCHTQ"W"'TDI"~UItCU 
._.~._ t;&..,.o~., • ...... ,u 

GROU ND WATER GEOLOGY OF THE 
COASTAL. PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE GASPUR, BALLONA. ARTESIA, 

AND EXPOSITION AOUIFERS 

AR0069118 



+ 

/ 
/ 

/ 

"" 
~ , , 

, , 
os> ' o , 

"""0 ", 

" 

SC'Hf 0' "'U~ 
f 0 , <I I • 

PLATE 118 

) 

\ 
...J 

SAN GA BR I E L 

LOCATION MAP 

LEGEND 

SURFACE FEATU RE S 

I Qal RECENT ALLUVIUM 

I Q p U UPPER PLEISTOCENE OEPOSITS 

I I LO WER PLEISTOCENE OEPOSITS 

I1111IIIII NON WATER - BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNOAAy OF AOUIFERS (OASHEO WHERE LOCATION 
IS APPROXIMATE) 

--80- LI NE S OF EOUAL THICKN ESS OF THE GASPUR, 
BALLONA, ARTESIA, ANO EXPOSITION AOUIFERS 
(OASHEO WHERE CONTROL IS POOR) 

---- FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

_ GASPUR AOUIFER 

~ BALLONA AQUIFER 

I I ART ESIA AOUIFER 

I I EXPOSITION AOUIFER 

STATIE 0,. CA L'''O ''N IA 

DEPARTMENT OF WATER RESOURCES 
SOUTHE"N CALIFORNIA OIST"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

r' , 
l, 

co ' 
00-. -" 

OF T HE GASPUR, BALLONA, ARTESIA, 

AND EXPOSITION AQUIFERS 
SCALE OF MIL ES 

o 3 
L 

1961 

AR0069119 



AR0069120 



+ 

... 
101 

". ~ ( 0 ' .. ~ , t 
o 2 • to • 

PLAT E liB 

~J 
MTN S) ---SAN G AB AIEL 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 0 a I RECENT ALLUVIUM 

I OPU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111 11 1111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNOARY OF ACUIF ERS (CASHED WHERE LOCATION 
IS APPROXIMATE) 

"--80- LINES OF EOUAL THICKNESS OF THE GASPUR. 
BALLONA. ARTESIA, ANO EXPOSITION AQUIFERS 
(OAS><EO WHERE CONTROL IS POOR) 

--- - FAULT (DASH EO WHERE APPROXIMATELY LOCATED ) 

_ GASPUR AOU IFER 

~ BALLONA AOUlfER 

I I ARTESIA AQUIFER 

I I EXPOSITION AOUIFER 

STATE: 0" CA LlrO"NIA 

OEP"RTMENT Of" W"TER RESOURC ES 
SOUTHERN CAl..'''ORN'A OIIT " ICT 

GROUND WATER GEO LOG Y OF THE 
COASTAL PLA IN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 

r' , 
l, 

co , 
<0-, -", 

OF THE GASPUR, BALLONA , ARTES IA, 

AND EXPOSITION AQUIFERS 
SCALE OF MILES 

o 3 

196 . 

AR0069121 



SAN T A 

'" 0 '" 

pAC F I c 

o 

..<} 

u~~ ,00," h'·"~(' .. ,,";,.,. 
c::::J .0.,"",."", ....... " 
c:rrm .... m.·" ...... " .• 

-" ....... " ~ .. " ........ . 
c:::=J .. " •... """ 

Clt .. " .. no~CI"W"'TT""tsOOlK;U 
.O .... ""h <..0,.00 .... O ..... CT 

GROUNO WATER GEOLOGY OF THE' 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE GASPUR, 8ALLONA, ARTESIA. 

AND EXPOSITION AQUIFERS 

AR0069122 



/v 

,c .. ~r or "'US 
for • .. • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Q a I RECENT ALLUVIUM 

I Qp u UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

11111 1 1111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNDARY OF AQUIFERS (DASHED WHERE 
LOCATION IS APPROXI MATE I 

_-50- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
GAGE AND GARDE NA AQUiF ER S (OASHED WHERE 
CONTROL IS POOR I 

---- FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

GAGE AOUIFER 

GARDENA AQUIFER 

KNOWN AREAS WHERE THE GAGE AND GARDENA AOUIFERS 
ARE MERGED WITH THE OVERLYING AOUIFER OR 
WITH THE SU RFACE 

n ATE 0" CAL.Ir'O l'lH IA 

DEPARTMENT OF WATER RESOURCES 
IOUTHEAN CAL1"O"NIA OISTNICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 12A 

LINES OF EQUAL ELEVAT ION ON THE BASE 
OF THE GAGE AND GARDENA AQUIFERS 

SCALE OF MILE S 

o 
1961 

AR0069123 



AR0069124 



A' 

, , 
, , 
>< 

~,,-"' "'-
, 

, " .. " 

>< , , , , 

, 
" .. " y. , 

",," '" , , 

.. ( 
) ~;: 
~ 

--~ 

SCA~f 0' ""llS 
f 0 t • • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

I111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNOARY OF AQUIFERS (OASHEO WHERE 
LOCATION IS APPROXIM ATE) 

_-50- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
GAGE ANO GARDENA AOUIFERS (OASHED WHERE 
CONTROL IS POOR) 

---- FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

GAGE AOUIFER 

GARDENA AOUIFER 

KNOWN AREAS WHERE THE GAGE AND GARDENA AOUIFERS 
ARE MERGED WITH THE OVERLYING AQUIFER OR 
WITH THE SURFACE 

n ATE 0,. CALI I"'O,.NI A 

DEPARTMENT OF WATER RESOURCES 
IOUTHE .. N CALIII'O .. NIA OIIl T III:ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 12A 

LINES OF EQUAL ELEVAT ION ON THE BASE 
OF THE GAGE AND GARDE NA AQUIFE RS 

SCALE OF MILES 

o 2 3 

1961 

AR0069125 



" 

) 

~.,h' ._.c' .. 
~ •• , •• ,. nu.·o'·" 

c:::::J ...... ,. .... ,. 
rnnm· .... ·,·· .. ·· .. · 

u ::::':::,:::· · .. ·, .. · ...... """ ...... 
c::J ........ ~, .. " 
[=:J ·"i,1:.i'ii,C};;;;::' '~:.~::,~::~,.~""::'" 

DI:I'."~",[loITOI'"W"'T'I:""I:$OUIICU 

..... M •• ~ ",,'0"" ...... C. 
GRQUNO WATER GEOL.OGY OF THE 

COASTAL. PLAIN OF 
L.OS ANGEL.ES COUNTY 

LINES OF EOUAL EL~TlON ON THE BASE 

OF THE GAGE AND GARDENA AOUIFERS 

AR0069126 



+ 

/ 
/ ) 

) 

-..L 
SA" 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

IIIII11111 NON WATER-8EARING ROCKS 

SUBSURFACE FEATURES 

- - BDUNOARy OF ADUIF ER S (OASHED WHER E 
LOCATION IS AP PR OXI M ATE ) 

_-50",,- LlNE~AGO: !~~A~A~~~~~TlO:aU~;E~;E (~~;~EgF :~~RE 
CONTROL IS POOR ) 

FAULT (DASHED WHERE APPR OXI MATELY LOCATED) 

GAGE AOUIFE R 

GARDENA AOUIFER 

KNOWN AREAS WHE RE TH E GAGE AND GARDENA AOUIFERS 
ARE MERGED WITH THE OVERLYING AOUIFER OR 
WI TH THE SURFACE 

nATE 0 .. CALI,.OIllHIA 

DEPARTMENT OF WATER RESOURCES 
lOUT HE litH CALIFOIltHI" DIITlltlCT 

PLATE 128 

""" J 
t.4 TNS} 

r' , 
l, 

£0_" _'.. .. 
co. '" 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 

OF THE GAGE AND GARDENA AQUIFERS 
SCALE OF MILES 

o I 

1961 

AR0069127 



AR0069128 



" ~~ 

, ,(, , , 
", \ 

+ 

, y: , , 
" , 

/ 
/ 

/ ,-

) 

\ 
SAN GA" AlII!: L. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qo l RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE CEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNDARY OF AQUIFERS (OASHEO WHERE 

LOCATiON IS APPROXIMATE) 

_-50-..... LlNE~AGO: !~~A~A~~~VN~TlO:aU~;E~~E (~~;~EgF :~~RE 
CONTROL IS POORI 

---- FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

GAGE AOUIFE R 

GAROENA AOUIFER 

KNOWN AREAS WHERE THE GAGE ANO GAROn"A AQUIFERS 
ARE MERGEO wiTH THE OvE RLYING AOUIFER OR 
WITI't THE SURFACE 

nATE 0 .. CALIf"OfitNIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHf"N CAL.IFO"N,A DlaTftlCT 

PLATE 128 

-"" J MTNSr 
.. y 

,J 
AZUS A 

r' , 
l, 

~O_. _' ..... 

GO. " 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 

OF THE GAGE AND GARDENA AQUIFERS 

I ..... 
SCALE OF MILES 

o 2 

1961 

AR0069129 



5 ANT A 

" 0 '" 

PAC I FiC 

o 

.</ 

+ + 

~"ttt~T'''''Y 
~'.U."I!<I~IO('OI'" 
c=:J , ........ , , .... " 
DIIL::J ." ........ ,,, ••.• 

- - .O~~O.'" ... , .quo'ro. "''''to ~"t.t 
LQUo'.,.." .... "'· ... '[, 

.------"" ... ". 
L_ .......... " .. 
~ ·"~i:::·:i.\:',:·;:;!. '~l.~~ •• :::.~: .. ~: ... 

O~"'"",IE..,.o"w ... n;""~u"e",,,, 
.Q"''I'~''~ .... "0 .. ' • ••• ",CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGElES COUNTY 

LINES OF EOUAL ELEVATION ON THE BASE 

OF THE GAGE AND GARDENA AOUIFERS 

------~~~------~----------------~----------~--------~~--~~~~--------------------~----~--------~~----------
AR0069130 



.. -rOo 
S/:lo ~"'NS • 

.co 
101 

PLATE 13A 

SAN 

~ ....r--.""'" J. r """"- .. 
o A .... I e: '- M TN S . 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Q 01 RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

I111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATU RES 

- - BOUNOARY OF AOUIFERS (OASHED WHERE 
LOCATION IS APPROXIMATE) 

-60- LINES OF EOUAL THICKNESS OF THE GAGE AND 
GARDENA AOUIFERS (DASHED WHERE CONTROL 
IS POOR i 

---- FAULT (CASHED WHERE APPROXIMATELY LOCATED) 

GAGE AOUIFER 

GARDENA AOUIFER 

nATIE 0'" CAU,"ORHIA 

DEPARTMENT OF WATER RESOURCES 
.OUTH~"N CA~If'O"NIA OI.T .. ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE GAGE AND GARDENA AQUIFERS 

SCALE OF MILES 
o 123 

19 61 

AR0069131 



AR0069132 



o~ 
" , 

, 
, 

, 

ICAll 0' IIIH' 
o I .. .. • 

PLATE 13A 

SAN 

~....r-""""" J. 
G A " R I ELM T N Sr ~ 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTO CE NE DEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NDNWATER - BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF AQUIFERS (DASHED WHERE 
LOCATION IS APPROXIMATE) 

-60_ LINES OF EOUAL THICKNESS OF THE GAGE AND 
GARDENA AOUIFERS (DASHED WHERE CONTROL 
IS POOR i 

---- FAULT ( OASHED WHERE APPROXIMATELY LOCATED) 

GAGE AQUIFER 

GARDENA ADUIFER 

nATa or CAUP'OfitNIA 

DEPARTMENT OF WATER RESOURCES 
aOUTHlEfIIH CAL..FOIIINIA OllTfIIlCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE GAGE AND GARDENA AQUIFERS 

SCALf OF MILES 
o I 2 3 

1961 

AR0069133 



,j 
• f 

if 

~ 'H«f ''''CU",'''' 

~ ..... " ... """ ..... " 
__ CO.U ... ClITOU"OrOQI'''' 

ITIlIIIJ""'"'-''''''''''' 

c-.::J" .. , .... ·" .. 

OI"" .. T'IIIIIPITOI'" ........ l'V'IIU~V~ 
.... hl •• C<l.C'."-' . .. .... CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PL.AIN Of 

LOS ANGELES COUNTY 

LINES QF EQUAL THICKNESS 

QF THE GAGE AND GARDENA AQUIFERS 

-' 

AR0069134 



tc .. ~( 0' . Pl.' 
o f ~ t , 

) 

\ 
J 

PLATE 138 

S.oN 

~../"'./'V J 
GABRIEL M TNS) 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

001 I RECE NT ALLUv,U" 

o p u I UPPER PLEISTOCENE OEPOSITS 

I I LOwER PLEISTOCENE OEPOSITS 

II11111111 NONWAm - BEARING ROCKS 

SUBSURFACE FE ATURES 

- - BOUNOARv OF AOU IFERS (OASHEO WHERE 
LOCATION IS APPROXIMATE) 

_60,,-- LINES OF EOUAL THICKNESS OF THE GAGE ANO 
GAROENA AQUI FE RS (OASHED WHERE CONTROL 
,S POOR' 

---- FAULT (OASHEO WHERE APPROXIMATELY LOCATEO I 

C ~ GAGE AOUIFE R 

GAROENA AOUIFER 

nAT .. 01" CAW,.O"NIA 

DEPARTMENT OF WATER R ESO U RCES 
IOUTM[IIItH CALUrO''''''' ' ' ' OUlT fltl C T 

GRO UND WATER GEO LOGY OF TH E 
COASTAL PLA IN OF 

LOS ANGELES COUNTY -LI NES OF EQUAL THICKN ESS 

OF THE GAGE AND GARDEN A AQUIFERS 
SCALE OF MILES 

o I 

1961 

AR0069135 



AR0069136 



SCAlI O~ OI.US 
o I • • • 

) 

\ 
-.J 

PLATE 138 

SAN GABA I EL 

.-'V J 
MTNSr""-

LOCAT ION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE OEPOSITS 

I 1 LOWER PLEISTOCENE OEPOSITS 

I111111111 NON WATER - BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF AOUIFERS (CASHEO WHERE 
LOCATION IS APPROXIMATE) 

_60,-- LINES OF EOUAL T~ICKNESS OF THE GAGE AND 
GAROENA AQUIFERS (CASHEO WHERE CONTROL 
IS POOR I 

---- FAULT (OASHEO WHERE AI='PRQXIMATELY LOCATEO) 

GAGE AOUIFE R 

GAROENA AOUIFER 

aTATIl. 01" CALll"OftHIA 

DEPARTMENT OF WATER RESOURCES 
IOUTH["N CAL,.'''O''NIA orIT.UCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TH ICKNESS 

r' , 
t, , 

%~-. -" 

OF THE GAGE AND GARDENA AQUIFERS 
SCALE OF MILES 

o I 

1961 

AR0069137 



5 ANT A 

PACIF I C 

o 

+ 

4 

~ 
#'"" 

, '.''':. f~ 

+ 

[I]JQ ,.",,, ............ , 

- - .....". ..... "'Qu"~1 .......... ~I •• 
0' .. ·0.·'· ... ·0" .... ' 

_60_ ""[0 " IC~ •• T",c;.~IU .. < '"' Ii'~' "0 
~C't~. 'O.'H" ~."t' _"I" .""'. 

L 
[-~ .. ., ...... "'. 

gD' ..... T.II~'HTO,.W"n: .. ,,~JtCU .au ...... "" ......... ... ,...~. 
GROUND WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 

OF THE GAGE AND GARDENA AQUIFERS 

AR0069138 



".lLr OJ' _II.U 
, 0 t .. .. .. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Q 01 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE DEPOSITS 

I 1 LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-8EARING ROCKS 

SUBSURFACE FEATURES 

__ 80UNDARY OF HDLLVOALE AOUIFER IDASH ED WHERE 
LOCATION IS APPROXIMATE) 

--50- LINES OF EQUAL ELEVATION ON THE 8ASE OF THE 
HOLLYDALE AOUIFER IDASHE D WHERE CONTROL 
I SPOOR) 

FAUL T IDASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE HOLLYOALE AOUIFER IS 
MERGED WITH THE OVERLYING AQUIFER 

aTATIl 0" CALI"O"NIA 

DEPARTMENT OF WATER RESOURCES 
aOUTH[IItH CAl,.'II'O"NIA OI.T"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 14 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE HOll YDAlE AQUIFER 

SCALE OF IoIILES 
o I 2 3 

-- 1961 

AR0069139 



AR0069140 



'CALf 0' IIILlS 
, 0 r " • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE OEPOS I TS 

I 1 LOWER PLEISTOCENE OEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNDARY OF HOL LYDALE AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

--50-- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
HOLLYDALE AOUIFER (DASH EO WHERE CONTROL 
IS POOR) 

FAULT (OASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS wHERE THE HOL LYDALE AOUIFER IS 
MERGED WITH THE OVERLYING AOUIFER 

aTATE 0" CALIPOftHIA 

DEPARTMENT OF WATER RESOURCES 
eOUT,..E"N CALI"O"HIA Ol8TfIt'CT 

GROUND WATER GEOLOGY OF THE 
COAST AL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 14 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE HOll YDAlE AQUIFER 

SCALE OF MILES 

o 2 3 

-- 1961 

AR0069141 



O!I:J .([I~· I<,~""~ 
~"""""""""""" c:::=J co.,· ." ... ",., " • .,,,. 
1lIIlIJ] ............. "." .. 

- - 1OOoJ~~::J(l~r ,:O.L.I.:.00".C,~:,f,"U 1."~IO •• ,., 

--~O ....... "'·~~\0oo:~~II..~,!~!n,oO~'~~o ':!,:,·'!o.O:oo'Z" 

__ "~I.' IOIl_U •• (.( .... O" .. "U' ,OCHIOI 

OEJI'''IITIoODO"OF .... "T£IIIOc.oU!K:D 

GROUN~o"~:~'E~u~~~'L;~';"~F THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAl ElrnTION ON TH E BASE 
OF THE HOll YDAlE AOUIFE R 

AR0069142 



, , 

F ,. 

'CAll 0" MILl' 
,or • • • 

P ATE 15 

~.~"""'" .J.'" .'\-."'\.....,. .... 
SAN Q A • " I £ L. M TN $,/ 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Q 01 I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF HOLLY DALE AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMAT E) 

-80-.. LINES OF EOUAL THICKNESS ON THE BASE OF THE 
HOLLYOALE AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

- _ FAULT (DASHED WHERE APPROXIMATELy LOCATED) 

_TATE Of" CAUPOIltHIA 

DEPARTMENT OF WATER RESOURCES 
tOUTHEftH CAL..,.OftHIA OIlTft'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE HOLL y'DALE AQUIFER 

I 
M 

SCALE OF MILES 
0 1 2 

1961 

3 
I 

AR0069143 



AR0069144 



, , 

" 

) ," 

.elLl 0" .11..(' 
,or .. • • 

PL ATE I~ 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I aal RECENT ALLUVIUM 

I apU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNOARY OF HOLLYOALE AOUIFER (DASHED WHERE 
LOCATiON IS APPROXIMATE) 

-80_ LINES OF EOUAL THICKNESS ON THE BASE OF THE 
HOLLYOALE AOUIFER (OASHEO WHERE CONTROL 
IS POOR) 

- - FAULT (OASHEO WHERE APPROXIMATELy LOCATEO) 

DEPARTMENT OF WATER RESOURCES 
aOUTHEIitH CALt,.OIltHIA OIlTIltICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE HOLL '(DALE AQUIFER 

I 
h 

SCALE OF MILES 
012 

lUI 

3 
I 

AR0069145 



S""O"CE '[ATI,j~U 

~.HI.'",U/.'~W 

~ ..... ",,,,,,, .. ,, .. ,,,. 
E:::J co ... "',"'"'' " .... " 

rnIlIII " ...... ·U .. • .... '" 

- - ~~~";"O:. ,~O~N~~·.L,~:,f'"~ ,~I.IO nln 

- '0_ L'M~~~y~~~~ILIJ:,'f:~~~~~.~~O ':~I=:l~:~Di.". 

DEP'A.'""'~CW .... "~IIK3OU,..;.u 

GROUNO· .... ::·;~: .. ~~;~F THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EOU'AL THICKNESS 
OF THE HOLLfDALE AOUIFER 

AR0069146 



, , 

<i'g ! 

r- J 
\ 

~I ... ) 
VENTURA ,.r 

LO AN 

LOCATION MAP 

LEGEND 

SURFA~E FEATURES 

Q a I I RECENT ALLUVIUM 

Q p u I UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCEN~ DEPOSITS 

11111111 ~ NONWATER-BEAR.NG ROCKS 

SUBSURFACE FEATURES 

__ BOUNOARY OF JEFFERSON AOUIFER (DASHEO WHERE 
LOCATION IS APPROXIMATEl 

LINES OF EOUAL ELEVATION ON THE BASE OF THE 
--50 - JE FFERSON AOUIFER (OASHEO WHERE CONTROL 

IS POORl 

FAULT (DASHED WHERE APPROXIMATELY LOCATEDl 

KNOWN AREAS WHERE THE JEFFERSON ADUIFER 16 
MERGED WITH THE OVERLYING AQUIFER 

eTAn 0,. CALrl"O"HIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHC"H CALI"O"NIA O'IT'UCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 16 

'0' 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE JEFFERSON AQUIFER 

SCALE OF MILES 

d f 
1961 

AR0069147 



AR0069148 



LOCATION MAP 

LEGEND 

SURFAr.E FEATURES 

I Q a I RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLE I STDCEN~ DEPOSITS 

11111111 ~ NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNDARY OF JEFFERSON AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE I 

LINES OF EOUAL ELEVATION ON THE BASE OF THE 
--50 - JE FFERSON AOUIFER (DASHED WHERE CONTROL 

IS POOR) 

FAULT (DASHED WHERE APPROXIMATELY LOCATED ) 

KNOWN AREAS WHERE THE JEFFERSON AQUIFER 16 
MERGED WITH THE OVERLYING AQUIFER 

DEPARTMENT OF WAn::R RESOURCES 
IOUTH!:ltH C"',-I"OfllNI" DIIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 16 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE JEFFERSON AQUIFER 

SCALE OF MILES 

b Q f 
116 1 

AR0069149 



0iCI "t'U' ILLUvlu" 

0llJ·" .. ",,,",,",,,,,,,,, 
[::::J ...... ,,"''''., " .. " .. 
mIIlIl ••..• ".-" .. , ••• " .. 

D1IJI'AItTIoIENTOI"WATVIIItDIOI,IllCD 
.""h ••• C-oL"'"'''''' ... ~-.eT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGEL.ES COUNTY 

LINES OF EOUAL ELEVATION ON THE BASE 
OF THE JEFFERSON AOUIFER 

AR0069150 



SCALf 0' IUU. 
, 0 I • • , 

.. oJ', 

PLATE 17 

LOCATION MAP 

LEGENu 

SURFACE FEATURES 

I Q a I RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOSITS 

I 1 LOWER PLEISTOCEN! DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEIITURES 

- _ BOUNDARY OF JEFFERSON AOUIFER (DASHED WHERE 
LOCATION IS APPROX IMAT E) 

- 40 - LINES OF EOUAL THICKNESS OF THE JEFFERSON 
AOUIFER (DASHED WHERE CONTROL IS POOR) 

FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

KNOWN AREAS WHERE THE JEFFERSON AOUIFER 
IS COMPOSEO OF COARSE GRAINEO SEOIMENTS 

nAn: Of' CAUrOftHlA 

DE~ARTMENT 01" WATER R~UftCES 
.OUTHI:"N CALI~""'IA DlITIII'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE JEFFERSON AQUIFER 

I 
M 

o 
;;;;I 

SCALE OF hilUS 

1961 

2 3 
: 

AR0069151 



AR0069152 



, , , 
>: 

- .y " .. 

" '~ , " , 

LOCATION MAP 

LEGENU 

SURFACE FEATURES 

I Qol RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE OEPOSITS 

I . d o 1 LOWER PLEISTOCENE OEPOSITS 

1111111111 NON WATER -BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNOARY OF JEFFERSON AOUIFER (OASHEO WHERE 
LOCATION IS APPROXIMATE) 

- 40 - LINES OF EOUAL THICKNESS OF THE JEFFERSON 
AOUIFER (OASHEO WHERE CONTROL IS POOR) 

FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

KNOWN AREAS WHERE THE JEFFERSON AOU I FER 
I S COMPOSEO OF COARSE GRAINEO SEOIMENTS 

PLATE 17 

nAn Of' CAU,.OItNIA 

DEPARTMENT 0 .. WATER RE80U~ 
IOUTHE"" CALII"O"NIA DtIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE JEFFERSON AQUIFER 

I 
M 

o 
;;;;;I 

SCALE OF MILES 
2 

1961 

AR0069153 



5U8su~r'u FCUU/!{J 

- - "U~;,O~' ,:l~~::~;~:~:H. 10,,-,_tO .~(. ( 

-40 - L'~t.~~;l~";"O •• ":t~'(::m g;U'.~:" ~~f~.I~~ 

c;::; :::;':;;;;;:::;,:;~~~:;;.:~~::;;;;;;.'" 

DVO=:.=:= _~rn;ea 
GROUND WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE JEFFERSON AOUIFER 

AR0069154 



elg : ) 
r-j \ ( 

" I /,-... ~ J 
VENTU"A .,-

lO IN /~--

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Q~u UPPER PLEISTOCENE DEPOSITS 

[,. '. ' '~ LOWER PLEISTOCENE DEPOSITS 

I111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

_ - BOUNDARr OF LYNWOOD ADUIFER (DASHED WHERE 
LOCATION IS APPROX IMATE) 

--50- LINES OF EDUAL ELEVATION ON THE BASE OF THE 
LYNWOOD AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

__ FAULT (DASHED WHERE APPROXIIoIATELY LOCATED) 

KNOWN AREAS WHERE THE LrNWOOO AOUIFER 'S 
MERGED WITH THE OVERLY'N" AOUIFER 

NOTE: IN WEST COAST BASIN THE LYNWODO AOUIFER 
WAS PREVIOUSLY CALLEO ".00 FOOT GRAVEL" 

eTAT& 01' CAU,.ORHIA 

DEPARTMENT OF' WATER RESOURCES 
IOUTHI"N CALI"O .. N.A OIIT"leT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 18 A 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE LYNWOOD AQUIFER 

I 
H 

SCALE OF MILES 

o I 

AR0069155 



AR0069156 



, 

"tIf" , , , , 
" 

, , 

, 
",'Y. 

, 

" " , , , , 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Q~u UPPER PLEISTOCENE OEPOSITS 

!,. '. ' "~ LOWER PLEISTOCENE OEPOSITS 

~ 11111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

_ - BOUNOARY OF LYNWOOO AOUIFER IOASHEO WHERE 
LOCATION IS APPROXIMATE I 

_ -50- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
LYNWOOO AOUIFER IOASHEO WHERE CONTROL 
IS POOR I 

__ FAULT IOASHEO WHERE APPROXIMATELY LOCATEOI 

f!i:,,:!m)j)m'Z! KNOWN AREAS WHERE THE LYNWOOO AOUIFER IS 
~{=."!!,N~~!!,~~ MERGEO wiTH THE OVERLYI"" AOUIFER 

NOTE: IN WEST COAST BASIN THE LYNWOOO AOUIFER 
WAS PREVIOUSLY CALLEO -.00 FOOT GRAVEL" 

.,. ... TK 01' CAU"O"HIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHIII .. CALI"O"HIA OllTlltlCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE ISA 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE LYNWOOD AQUIFER 

SCALE OF MILES 
o I 2 3 

1861 

AR0069157 



SUUURF.CEFEaTUIIU 

-- ~U=g::,"O~f,~':= .. ~'.~':t. IDISM(O .... O( 

--50_ L'~~H,,=~u"~U~~::"I'g:,~o:'D :: .. ([.~·~~.~OIG~"( 

a=::J :::~:"";;'.~;:;;;';:;:;:~::~;:;:"~'. 
" ':.~~'.~~~:.i,.~~\~,~~(O \:~;~~:~~:!~~. 

DD":=~:~;:=~ 
GROUNO WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

UNES OF EQUAL ELEVATIONAQOU~F~~E BASE 
OF THE LYNWOOD 

""-(01"" •. [1 

AR0069158 



) 
\ 

..J. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 I RECENT ALLUVIUM 

[-g;u=] UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

II11II1111 NONWATER - BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF LYNWOOD AOUIFER (OASHED WHERE 
LOCATION IS APPROXIMATE) 

--50- LINES OF EOUAL ELEVATION ON THE BASE OF THE 

NOTE: 

LYNWOO~ AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE LYNWOOD AOUIFER IS 
MERGED WITH THE OVERLYING AOUIFER 

IN WEST COAST BASIN THE LYNWOOO AOUIFER 
WAS PREVIOUSLY CALLED "400 FOOT GRAVEL· 

DEPARTMENT OF WATER RESOURCES 
'OuT"".'" CALI"OIllHIA D •• TIIIt'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 18 B 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE LYNWOOD AQUIFER 

SCALE OF MILES 

2 

1961 

1 
I 

AR0069159 



AR0069160 



.~( 0' fIII'UI 
o t • • • 

) 
\ 

J 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal 1 RECENT ALLUVIUM 

[~ UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

III1111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF LYNWOOO AOUIFER (DaSHEO WHERE 
LOCA nON IS APPR OXIM aTE' 

--50- liNES OF Eoual ELEVaTION ON THE BASE OF THE 

NOTE: 

lYNWOOO AQUIFER (OASHEO WHERE CONTROL 
IS POOR' 

FAULT (OASHEO WHERE APPROXIMATELY lOCATEO' 

KNOWN AREAS WHERE THE LYNWOOO AQUIFER IS 
MERGEO WITH THE OVERLYING AOUIFER 

IN wEST COAST BASIN THE LYNWOOO AQUIFER 
wAS PREVIOUSLY CALLEO -400 FOOT GRAVEL-

.TATIl 0,. CALI,.OIllHIA. 

DEPARTMENT OF WATER RESOURCES 
.OUTNEfII ... CALI"O ..... IA ClaT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 18 B 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE LYNWOOD AQUIFER 

I 
h 

o 
SCALE OF "'LES 

1961 

1 
I 

AR0069161 



SAN T A 

" 0 '" 

pACIF[ c 

o 

0iIJ ~IU~T IHU.'Y" 

O£!J ........... " ......... .. 
c=J ..... " ............... .. 
ITlIIIIl· .. •· .. ·· .... • .... .. 

__ '".,_DU.O·",UCOQ'Ov··,O(Gll><'O '.IO, 
.. oe " ,o" <S I .... ~ O .. ~ .. II 

, ~ ftl lT <ou' lOS." '"' '- .... 000 'O~"I • 
• 11 ·u'o(> .... ",,10 "DO '00""'''' 

OP'A,"",~O"WAnlt .. UOOI.t..c.u ..... 'M ••• C.~ , ..... , .. ...... n 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAL ELEVATION ON THE BASE 
OF THE LYNWOOD AOUIFER 

AR0069162 



'ALI 0' titUS 
o ••• 

PLATE 19 A 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I 0 pU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF LYNWOOD AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

-100- LINES OF EOUAL T~ICKNESS OF THE LYNWOOD 
AOUIFER (DASHED WHERE CONTROL IS POOR) 

FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE LYNWOOD AO UIFER 
IS COMPOSED OF FINE GRAINED SEDIMENTS 

HAn Of' CAUII'OttHfA 

DEPARTMENT 01'" WATE" RE8QUftCU 
eOUTHII"N CALIP'O"NIA OtaTlttCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE LYNWOOD AQUIFER 

o --
SCALE OF WILES 

196( 

3 
I 

AR0069163 



AR0069164 



... 

("L~ 0" IIIIUI 
o ••• 

) 
\ 

.....l 

PLATE 19A 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUViUM 

I OpU UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF LYNWOOD AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

-100- LINES OF EOUAL THICKNESS OF THE LYNWOOD 
AQUIFER (DASHED WHERE CONTROL IS POOR) 

FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE LYNWOOD AOUIFER 
IS COMPOSED OF FINE GRAINED SEDIMENTS 

_TAn Of' CAU.,OtUItIA 

DEPARTMENT OF WATEft RESQUftCU 
aOUTHI""N CALI"OPIINIA OllTllltCT 

~~ .. 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE LYNWOOD AQUIFER 

o --
SCALE OF MILES 

196( 

? , 
I 

AR0069165 



su~r"CE nnUIH! 

~.[Cf."UW"U" 

0£i:J ........ " .... " "."", 
[=::J " ..... ,"'''''' ..... ... 
1IIIIIIl .. ••• .. ··,,·· .... ,,· 

_ _ ".u .. ' 10U"(0 .~t.! .... o ..... H ..... OUUOI 

c::3 · .. ,:~ .. :: ... \:;~·~ .. ;·:.;,~::·:i,.~:~::· 

DI[I.!=.~~;=~~~ 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE LYNWOOD AOUIFER 

AR0069166 



.("~C 0' . 'UI 
o • • " 

j 
\ 

--.l 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

a a I I RECENT ALLUVIUM 

a p u I UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-8EARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNDARY OF LYNWOOD AOUIFER (DASHED WWERE 
LOCATION IS APPROXIMATE) 

-50- LINES OF EQUAL THICKNESS Of' THE LYNWOOD 
AOUIFER (DASHED WHERE CONTROL IS POOR) 

-- FAULT (DASHEO WHERE APPROXIMATELY LOCAfED) 

[:::::::1 KNOWN AREAS WHERE THE LYNWOOD AOUIFER IS 
COMPOSED OF FINE GRAINEO SEDIMENTS 

eTAn or CAU,.O..,.IA 

DEPARTMENT OF' WATER RESOURCES 
IOVTHEIll .. CALI"O .. NIA OI.T .. teT 

PLATE 19B 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE LYNWOOD AQUIFER 

I 
~ 

SCALE OF WILES 

1961 

2 ! 
I 

AR0069167 



AR0069168 



I ( AlC 0' .'ll) 
o • • • • 

) 
\ 

.J. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Q a I 1 RECENT ALLUVIUM 

Qpu 1 UPPER PLEISTOCENE DEPOSITS 

I 1 LOWER PLEISTOCENE DEPOSITS 

IIII111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNDAR V OF LYNWOOO AOUIFER 10ASHEO WHERE 
LOCATION IS APPROXIMATE) 

-5Q- LINES OF EQUAL THICKNESS Oi' THE LYNWOOD 
AOUIFER 10ASHEO WHERE CONTROL IS POOR) 

-- FAULT IOASHEO WHERE APPROXIMATELY LOCATE 0) 

:j KNOWN AREAS WHERE THE LYNWOOO AOUIFER IS 
COIolPOSEO OF FINE GRAINEO SEOIMENTS 

aTAn 0" CAU,.O"",IA 

DEPARTMENT OF WATER RESOURCES 
IO'UTHEIIIN C"I...'''OIllHI& el.Tllllte? 

PLATE 19B 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE LYNWOOD AQUIFER 

SCALE OF WILES 
2 

1961 

AR0069169 



5 ANT A 

., 0 '" 

pACIFI c 

.. ~ o 

O!!:J ·HI'" on"""· 

Qi!J ~ ... "'"'''''' ..... ". 

1IIIlIIl· .. • .... · .... · .. • .... 

__ I(""'Q ... TQ .... .. OOO..:a" .. I.,OAS~(o .. ~I.( 
~ .. ""'.,u .. O.' .. ·HI 

- 50- ~ _n 01 101 ..... ",""1'1 Of '.0( .... _ 
~ .... ".,_Q .. _,·ccOOO ••• ~"_ 

GROUNO WATER GEOLOGY OF THE 
COASTA L PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE LYNWOOD AQUIFER 

AR0069170 



C "~l o~ .'~I' 

PLAT OA 

~ . ...J-.""'" J. 
o A • III I I!' L M T N.r -""-. . AN 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111 1111 ~ NONWATER - BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF SILVERADO AOUIFER (DASHED WHERE 
LOCATION IS APPROXIM ATE I 

LINES OF EOUAL ELEVATION ON THE BASE ~ THE 
---200- SILVERAOO AOUIFER (OASHED WHERE CONT~OL 

IS POOR) 

-- FAULT (DASHEO WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE SILVERAOO AOUIFER IS 
MERGEO WITH THE OVE~LYINO AOUIFE~ 

.TATI: 0'" CALIP'OfiliNIA 

DEPARTMENT OF WATER RESOURCES 
eOUTHEIIIN CAL,P"OIllNIA OIlTIIIICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATIO N ON THE BASE 
OF THE SILVERADO AQUIFER 

SCAl.E Of M' LES 
o 3 

1961 

AR0069171 



AR0069172 



.. 

~ ..J"- .""" J. 
GA ... I E L.. M T N.r ""'-~ .. 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE DE~OSITS 

I111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOU~DA"Y OF SILVERADO AOUIFER (DASHEO WHERE 
LOCATION IS APPROXIMATE I 

LINES OF EOUAL ELEVATION ON THE BASE OF THE 
..... -200- SILVERADO AQUIFER (OASHED WHERE CO~TROL 

IS POOR, 

-- FAULT (DASHED WHERE APPROXIMATELY LOCATEO' 

KHOWN AREAS WHERE THE SILVERAOO AOUIFER IS 
MERGEO WITH THE OVERLYING AOUIFER 

nATe 0," CALIP'O"NIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHEII'lN CALIF'OIl'lNIA OIITII'lICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATIO N ON THE BASE 
OF THE SILVERADO AQUIFER 

SCALE Of MILES 
o 

196. 

AR0069173 



AR0069174 



.CIlLI 0' .'Ll' 
f 0 I • • • 

) 
\ 

j 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE DEPOSITS 

!, ".1 LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF THE SILVERADO AOUIFER (DASHEO WHERE 
LOCATION IS APPROXI MATE) 

--700- LINES OF EOUAL ELEVATION ON THE BASE OF THE 
SILVERAOO AOUIFER (OASHED WHERE CONTROL 
IS POOR) 

-- FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

C:~~ KNOWN AREAS WHERE THE SILVERAOu AQUIFER IS MERGED 
WITH THE OVERLYING AOUIFER 

aTAROPCAUPORHIA 

DEPARTMENT OF WATE" RESOURCES 
IOUTHI: .. N CALlfI'Q"NIA DIIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE _ 20B 

LINES OF EQUAL ELEVATION 
OF THE SILVERADO 

ON THE SASE 
AQUIFER 

o 
SCALE OF MILES 

! 
IB61 

2 j 

AR0069175 



AR0069176 



LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE DEPOSITS 

~ ',1 LOWER PLEISTOCENE DEPOSITS 

1111111111 NDNWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

-- BOUNDARY OF THE SILVERADO AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

--700_ LINES OF EQUAL ELEVATION ON THE BASE OF THE 
SILVERADO AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

-- FAULT (DASHED WHERE APPROXIMATELY LOCATED) 

t",;J\l 'NOWN AREAS WHERE THE SILVERADv AQUIFER IS MERGED 
WITH THE OVERLYING AQUIFER 

nAn 01' CAUI'OItHIA 

DEPARTMENT OF WAtt" RDSOURCES 
IOUTHElitN CALIP'OlitNIA OIITItICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION 
OF THE SILVERADO 

o 
SCALE OF MJLES 

! 
1961 

2 

ON THE 
AQUIFER 

PLATE 208 

SASE' 

AR0069177 



:I til, 
! I 

pACIF] c 

o 

O!O · HU' .,~" •. "~ 

~""'H""'"'''''''''' 
c:=! " ...... """ .. "., .... 
ITIIIIIl·" .... ·- .. • .. ,." .. 

__ _ ~g;.~::,:.~.~~-:,~~I.OoI'rt: . ,0&_0 ...... 1 

-~1oo- "·~;,.~if~~·,~~:·,'~ ;;:~.:-:'.!'o..'. 1 

DP~.!:~~= =..,...cu 
GR OUND WATER GEOLOGY OF THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EQUAL ELETATION ON THE SASE 
OF THo SILVERADO AQUIFER 

,.l, 

AR0069178 



o~ 
" I " 

" 

" 

, , 
>< ... ' , , 

(' "" 
, 

, 

, ' 
',(' , , , , 

/ 

, , 
,,~ " 

, 
,,:>: 

, 

, , , , 

SCALI O' . 'LU 
, 0 • .. • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qaf RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOSIT S 

I· I LOWER PLEISTOCENE OEPOSITS 

111111°1111 NON WATER -BEARING ROCKS 

SUBSURFACE FEATURES 

__ 80UNOARY OF SILVERADO AQUIFER (OA SHED WHERE 
LOCATION IS APPROXIMATE) 

-100- LINES OF EQUAL THICKNESS ON TNE 8ASE OF THE 
SILVERAOO AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

FAULT (OASHED WHERE APPROXIMATELY LOCATEO) 

KNOWN AREAS WHERE THE SILVERADO AQUIFER 
IS COMPOSED OF FINE GRAINED SEDIMENTS 

PLATE IA 

.-TAT'll: 0" CAL'''O.HIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHC"H CALIP'O"NIA OIIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE SILVERADO AQUIFER 

SCALE OF MILES 
o I 2 3 -- 1961 

AR0069179 



AR0069180 



, , , , 
>: .. ' , , 

( ' '-'- , 

PLATE IA 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qaf RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE CEPOSITS 

! .:.": I LOWER PLEISTOCENE OEPOSITS 

111111"1111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNOARY OF SILVERACO AQUIFER (OASHEO WHERE 
LOCATION IS APPROXIMATE I 

-100- LINES OF EQUAL THICKNESS ON THE BASE OF THE 
SILVERAOO AOUIFER (CASHED WHERE CONTROL 
IS POORI 

FAULT (CASHEC WHERE APPROXIMATELY LOCATEOI 

KNOWN AREAS WHERE THE SILVERAOO AQUIFER 
IS COMPOSEO OF FINE GRAINEO SEOIMENTS 

nATE 0" CALI,.O,.NIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHC"H CALI"O"HIA otIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE SILVERADO AQUIFER 

SCALE OF MILES 

o 2 3 

1981 

AR0069181 



'\. 
" 

';. .~~J/ 
~ ... 

,f 

.,) 
! 

./ 
, ...... "' ... 

o:iO .1I1~' . ""." .. .. 

[}fU ..... ,," ''', ........ , .. 
c::::::::J" ...... ,,,.,, ...... ,, .. 
rnmn .. ···"·· .... ,,, .. '" 

_ _ ,0"".00c":,',ot' ,,"~~~~~~~ ... ~~~'H. IO.U~U UI"I 

- 100 _ CI"Hc~::::4u·.~"~:t~·~~~~~~ ;:,'.,'~~'.f:oc'" 

__ _ .ueT IUINUI "",", .~~'O"u'll' Loc.nOI 

gPOWTllOIlHTO'W"n:Il!lI::lJQUJteal!l 

G R OUN;·;:·;~E;c~;;L~~~F THE 

COASTAL PLAIN OF 
L.OS ANGELES COUNTY 

LINES OF EOUAL THICKNESS 
OF THE SILVERADO AOUIFER 

-. 
AR0069182 



/. 

//tr=====~==r===~~~~~====~========================~====~ 
) 

) 

...J. 

~'" ",/ 
'y: I=!~.r=='-=",,/~ 

", " 

-1>0 " 

"0 '''', 

• 

"ilL' 0' tI.u , 
f 0 t • • • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOS ITS 

r I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF SILVERAOO AOUIFER IOASHED WHERE 
LOCATION IS APPROXIMATE) 

---50- LINES OF EOUAL THICKNESS OF THE SILVERADO 
AOUIFER I DASHED WHERE CONTROL IS POOR) 

FAULT IDASHED WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE SILVERADO AOUIFER 
IS COMPOSED OF FINE GRAINEO SEOIMENTS 

nATE 0,.- CA.LI,.-OftNIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHE"H CAL.'''O .. NIA DIIT"'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES 
OF THE 

OF EQUAL THICKNESS 
SILVERADO AOUIFER 

o 

"""' 
SCALE OF MILES 

1961 

z 

AR0069183 



AR0069184 



" /,.r.======r=T==~==T=~~====~======================~~==~ 
) 

) 

J 

"''', ",/ 
'x: ~~,y==,-=","/~ 

,,' " 

'1>0 " 

"Va "'-

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Q a I I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NON WATER -BEARING ROCKS 

SUBSURFACE FEATURES 

- - BOUNDARY OF SILVERAOO AOUIFER (OASHED WHERE 
LOCATION IS APPROXIMATE) 

""-50- LINES OF EOUAL THICKNESS OF THE SILVERADO 
AOUIFER (OASHED WHERE CONTROL IS POOR) 

FAULT (DASHEO WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE SILVERAOO AOUIFER 
IS COMPOSED OF FINE GRAINEO SEOIMENTS 

nATE 0,. CAU,.ORHIA 

CEPARTMENT OF WATER RESOURCES 
.OUTHEJltH CAL.If'Ollt",'A DlaTfltfCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES 
OF THE 

OF EQUAL THICKNESS 
SILVERADO AOUIFER 

SCALE OF MILES 
o 

1961 

AR0069185 



PACIFiC 



~ 
I 

, 

o~ 

" , 

, , 

, 

, 

-' 
'><' , , 

,~ " 

, , 
",,>'. 

, , 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I 001 RECENT ALLUVIUM 

I OpU UPPER PLEISTOCENE OEPOSITS 

I .. , LOWER PLEISTOCENE OEPOSITS 

1111II1111 NONWATER-eEARING ROCKS 

SUBSURFACE FEATURES 

- - eOUNDARY O~ THE SUNNYSIDE AOUI~ER (OASHED WHERE 
LOCATION IS APPROXIMATE) 

-- -100-- LINES O~ EOUAL ELEVATiON ON THE eASE OF THE 
SUNNYSIDE AOUI~ER (OASHEO WHERE CONTROL 
IS POOR) 

__ FAULT (OASHE~ WHERE APPROXIMATELY LOCATEO) 

=~~ KNOWN AREAS WHERE THE SUNNYSIDE AOUI~ER IS 
MERGEO WITH THE OVERLYING AOUI~ER 

.,. ... T. 01' CAU,OftNtA 

OEPARTM~NT OF WATER RESOURCES 
eOUTHE:"N CALIP'OfltNIA OIlT .. ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 22 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE SUNNYSIDE AQUIFER 

I 
M 

o 
;;;;j 

SCALE O~ MILE S 

1961 

2 
; 

3 
I 

AR0069187 



AR0069188 



, 
, , , 

',' 
..... ~ ~' , 

0'" ...... .. 
, 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qol RECENT ALLUVIUM 

I Q pU UPPER PLEISTOCENE DEPOSITS 

I 1 LOWER PLEISTOCENE DEPOSITS 

IIIIIIIII1 NONWATER-SEARING ROCKS 

SUBSURFACE FEATURES 

- - 80UNDARY OF THE SUNNYSIOE AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

---100-- LINES OF EOUAL ELEVATION ON THE SASE OF THE 
SUNNYSIOE AOUIFER (DASHED WHERE CONTROL 
IS POOR) 

__ FAULT (OASHE~ WHERE APPROXIMATELY LOCATEO) 

~~":'~1 KNOWN AREAS WHERE THE SUNNYSIOE AOUIFER IS 
MERGEO WITH THE OVERLYING AOUIFER 

IJTAn 01' CALI ... OItHIA 

DEPARTM5:NT OF WATER RESOURCES 
'OUTHIE,.H CAL.,IP'O,.HIA OIIT,.'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 22 

LINES OF EQUAL ELEVATION ON THE BASE 
OF THE SUNNYS I DE AQUIFER 

I 
H 

o 
;;;oj 

SCALE OF MILES 

1961 

2 
! 

3 
I 

AR0069189 



~ 
~ 

"~ -

~x:· ,. 
~' .. ~p~~~,~ 

/ 
/ 

" 
,/ 

~ , 
>-

AR0069190 



.ca~l Of' .1~U 
t 0 I •• 

PLATE 23 

~-r-''''''' J.. ·r· ......... 
SAN G A II (lit I £ L filii T N S..,/ .... 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

001 I RErENT ALLUVIUM 

OpU I UPPER PLEISTOCENE DEPOSITS 

I I LOWER i'LEISTOCENE DEPOSITS 

11111111 ~ NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNDARY OF SUNNYSIDE AOUIFER (DASHED WHERE 
LOCATION IS APPROXIMATE) 

---150 - LINES OF EDUAL THICKNESS OF THE SUNNYSIDE 
AOUIFER (DASHED WHERE CONTROL IS POOR) 

____ FAULT (DASHEO WHERE APPROXIMATELY LOCATED) 

KNOWN AREAS WHERE THE SUNNYSIDE AOUIFER 
IS COMPOSED OF FINE GRAINED SEDIMENTS 

flAY& or CAUP'OItNIA 

, 
I.~/ 

~;.r 

,.;s' 

DEPARTMENT OF WATER RESOURCES 
IOUTH£IItN CALIFORNIA OIIT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE SUNNYSIDE AQUIFER 

SCALE OF MILES 
I 0 I 2 3 

------~-=~--~~~~------~~~~ 1961 

AR0069191 



AR0069192 



IC<lLl 0' . .... 11 
, 0 ! , 

PLATE 23 

~ . ../"', . ..,.,.,.. . J~ h _____ 

SAN o A • lilt 1 E L. M T N S/ 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

o a I I RECENT ALLUVIUM 

OpU I UPPER PLEISTOCENE OEPOSITS 

I I LOWER -PLEISTOCENE OEPOSITS 

1111111111 NON WATER- BEARING ROCKS 

SUBSURFACE FEATURES 

__ BOUNOARY OF SUNNYSIOE AQUIFER (OASHEO WHERE 
LOCATION IS APPROXIMATE) 

-150 - LINES QF EQUAL THICKNESS OF THE SUNNYSleE 
AOUIFER (OASHED WHERE CONTROL IS POOR) 

____ FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

KNOWN AREAS WHERE THE SUNNYSIDE AQUIFER 
IS COMPOSEO OF FINE GRAINEO SEDIMeNTS 

fl ... TE or CAUPOIIIHI,. 

~~ ,;s' 

DEPARTMENT OF WATER RESOURCES 
aOUTHl!ftN CALI,.OftNIA o.eTftiCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL THICKNESS 
OF THE SUNNYSIDE AQUIFER 

I 
H 

SCALE Of MILES 
012 

1961 

3 
I 

AR0069193 



) 

$Uu",~r .. c( F(olTUAU 

- - IW~:t:;,O: II'~""~~:~"'~~~'U U)U~[O .~[. [ 

...... 1!iO - UIO~Ouo":U[WI~!~~":~UI"'cJ.~~:'''.:'='1 

c:::l :::~ .. ;~:;"~::,;;::;;;;;,:~':,;!~:\:"" 

G R o;i·;§:~~~:~~·; THE 

COASTAL PLAIN OF 
LOS ANGELES COUNTY 

LINES OF EO;:;;' THICKNESS 
OF THE SUNNYSIDE AOUIFER 

It.C 1 O: .. dl 

AR0069194 



, 

,,.> 
,-

, ' 

>< 
" " , , 

-~-

, , 

ICAI.I 0' WILlI 
o t .. • • 

PLATE 24A 

~....r- . .,rv J. 
G A e A I ELM T N S) ""'\...., .... 

SAN 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

Qal I RECENT ALLUVIUM 

Qpu I UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

--400- LINES OF EQUAL ELEVATION ON THE BASE OF 
PRINCIPLE FRESH WATER-BEARING SEOIMENTS 
(OASHEO WHERE CONTROL IS POOR) 

0-50 KNOWN ELEVATION OF BASE OF FRESH WATER 
AT A WELL 

0(-700) MINIMUM ELEVATION OF FRESH WATER AT A WELL 
(BASE IS AT A GREATER OEPTH) 

--- - FAULT (OASHEO WHERE APPROXIMATELY LOCATED) 

,----- ..... ) 

,-----'" OIL FIELDS (BOUNOARIES APPROXIMATE) 

"""'T'I: 01' CAUrOftHlA 

DEPARTMENT OF WATEI'II'IESOUI'ICES 
eoUTH~"N CALI,.OtllNIA DI.TtlItCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL ELEVATION ON THE BASE 
OF FRESH WATER-BEARING SEDIMENTS 

I 
e 

SCALE OF MILES 
0 1 2 

= 
1961 

AR0069195 



AR0069196 



, 
, 

--""----

teaLr 0' .ILlS 
, 0 I .. .. • 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qal RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE DEPOSITS 

1111111111 NONWATER-BEARING ROCKS 

SUBSURFACE FEATURES 

- - 400- LINES OF EQUAL ELEVATION ON THE BASE OF 
PRINCIPLE FRESH WATER-BEARING SEDIMENTS 
(DASHED WHERE CONTROL IS POOR) 

0-50 KNOWN ELEVATION OF BASE OF FRESH WATER 
AT A WELL 

0(-700) MINIMUM ELEVATION OF FRESH WATER AT A WELL 
(BASE IS AT A GREATER DEPTH) 

____ FAULT (OASHED WHERE APPROXIMATELY LOCATED) 

,-----', OIL FIELDS (BOUNDARIES APPROXIMATE) 

,-----"" 

.,y,n .. Of' CAUPORHtA 

DEPARTMENT OF WATE" "ESOURCES 
aoUTHE",.. CALI"O"NIA -OIIT"'CT 

GROUND WATER GEOLOGY OF TH~ 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 24A 

LINES OF EQUAL ELEVATION ON THE BASE 
OF FRESH WATER-BEARING SEDIMENTS 

I 
e 

SCALE OF MILES 
0 1 2 

;;;;J 
1961 

3 
I 

AR0069197 



... :,:,:-..::.r~ 

\" 

AR0069198 



1C.U G" ."',. 
, <I r • • I 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Qol RECENT ALLUV IUM 

I Qpu UPPER PLEISTOCENE DEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1111111111 NONwATER -BEARING RO<;KS 

SUBSURFACE FEATURE S 

--400- LINES OF EOUAL ELEVATION ON THE BASE OF 
PRINCIPLE FRESH WATER-BEAR ING SEDIMENTS 
(DASHED WHERE CDNT ROL IS POOR) 

0-740 KNOWN ELEVATION OF BASE OF FRESH WATER 
AT A WELL 

d-700
) MINIMUM ELEVATION OF FRESH WATER AT A WELL 

(BASE IS AT A GREATER DEPTH) 

----- ..... I , 

"-- -----" 

FAULT (DASHED WHERE APPROXIMATELY LOCATEO) 

OIL FIELDS (BOUNDARIES APPROXIMATE) 

nATI: O~ CAUf"OIUfIA 

DEPARTMENT OF WATER RESOURCES 
IOUTHElitN CALI'OlitHIA O'ITIit'CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 248 

LINES OF EQUAL ELEVATION ON THE BASE 
OF FRESH WATER-BEARING SEDIMENTS 

I - SCALE OF MILES 
012 

1961 

3 
I 

AR0069199 



AR0069200 



le .. \.( or ,IOUS 
tOt • • I 

PLATE 24 B 

~...r-- """ J 
o A • R I II!: L M T N s,r . ~~ .. SAN 

LOCATION MAP 

LEGEND 

SURFACE FEATURES 

I Q a I RECENT ALLUVIUM 

I Qpu UPPER PLEISTOCENE OEPOSITS 

I I LOWER PLEISTOCENE OEPOSITS 

1I11I11111 NONWATER-BEARING RO~KS 

SUBSURFACE FEATURE S 

--400- LINES OF EOUAL ELEVATION ON THE BASE OF 
PRINCIPLE FRESH WATER-BEARING SEOIMENTS 
(DASHED WHERE CONTROL IS POOR! 

0-740 KNOWN ELEVATION OF BASE OF FRESH WATER 
AT A WELL 

(-700) o MINIMUM ELEVATION OF FRESH WATER AT A WELL 

----- ..... I \ 

I...------~ 

(BASE IS AT A GREATER OEPTH! 

FAULT (DASHEO WHERE APPROXIMATELY LOCATEO! 

OIL FIELOS (BOUNDARIES APPROXIMATE) 

nATE 0" CAU,.ORH.A 

DEPARTMENT OF WATER RESOURCES 
.OUTME"N CAL.I'OfilNIA OI.TfltlCT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY - ON THE BASE 
SEDIMENTS 

LINES OF EQUAL ELEVATION 
OF FRESH WATER-BEARING 

I 
M 

SCALE OF MILES 
012 

;;;;,1 
1961 

3 
I 

AR0069201 



5 ANT A 

P A C 1 F I c 

o 

~.[([.,.L.U.," .. 

~ , •• ,_ oef I·~<.~< DUDI'" 

C:=J" .... "",.,, ...... ,," 
ITIIIill"·.., .. ·,, .... "' .. 

O·14() '"Q:,~ .I~~~':_ '" .010 0< 10" ••• fU 

d-700
) .. '::~:I ~~t::'.'G:.~:.~~t~~.~::u .. . _He 

OI:1"~D<'TO'W.1"EII1I:E.aUlKa 

•• y, .. u. ~.~ .. ". .... ... ......" 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

lOS ANGELES COUNTY 

LINES OF EQUAL ELEVATION ON THE BASE 
OF FRESH WATER-BEARING SEDIMENTS 

AR0069202 



PLATE 25 

AREA WHERE GASPUR AQUIFER IS MERGED WITH 
GROUND SURFACE . 

AREA WHERE THE GAGE-GARDENA AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE HOLLYDALE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE JEFFERSON AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE LYNWOOD AQUIFER IS MERGED WITH 
AN OVERLYING AQUIFER. 

AREAS WHERE THE SILVERADO AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE SUNNYSIDE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

STATE: 011' CAL.I~OI'lNIA 

DEPARTMENT OF WATER RESOURCES 

SOUTHI[I'IN CAL.I~OI'lNIA OISTI'IICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -AREAS WHERE AQUIFERS ARE MERGED WITH 
PERMEABLE SURFACE DEPOSITS OR 
OVERLYING AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 
SCALE OF MILES 

1/2 0 . 
1961 

AR0069203 



AR0069204 



PLATE 25 

AREA WHERE GASPUR AQUIFER IS MERGED WITH 
GROUND SURFACE . 

AREA WHERE THE GAGE-GARDENA AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE HOLLYDALE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE JEFFERSON AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE LYNWOOD AQUIFER IS MERGED WITH 
AN OVERLYING AQUIFER. 

AREAS WHERE THE SILVERADO AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

AREAS WHERE THE SUNNYSIDE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER . 

STATE: Of' CAL.I~O"'''''IA 

DEPARTMENT OF WATER RESOURCES 

SOUTH!:"' .... CAL.I~O"' .... IA OIST"'ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PL AIN OF 

LOS ANGELES COUNTY -AREAS WHERE AQUIFERS ARE MERGED WITH 
PERMEABLE SURFACE DEPOSITS OR 
OVERLYING AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 
SCALE OF MILES 

1/2 a . 
1961 

AR0069205 



MERCED HILLS 

"'---"''- ... ~ 

PUENTE HILLS 

BELL 

~ 

EJ 
~ 

PL 

~~~t~t~~~F~~~~UR AQUIFE R IS MERGED WITH 

AREA WHERE THE GAGE-GARDENA AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER. 

AREAS WHERE THE HOLLYDALE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER. 

AREAS WHERE THE JEFFERSON AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER 

AREAS WHERE LYNWOOD AQUIFER IS MERGED WITH 
AN OVERLYING AQUIFER. 

AREAS WHERE THE SILVERADO AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER 

AREAS WHERE THE SUNNYSIDE AQUIFER IS MERGED 
WITH AN OVERLYING AQUIFER 

STATE Of& CA~lfI'O"'NIA 

DEPARTMENT OF WATEI'l RESOURCES 

SOUT~~~N CALI~O"NIA OIST,.,CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

AREAS WHERE AQUIFERS ARE MERGED WITH 
PERMEABLE SURFACE DEPOSITS OR 
OVERLYING AQUIFERS IN VICINITY OF 

WHITTIER NARROWS 
SCALE OF MILES 

1/2 0 

1961 

AR0069206 



". 

i 
FREEWAY 

LEGEND 

~ BOUNOARY OF' WATER BEARING MATERIAL 

---- rAULT, NO BARRIER TO GROUNO WATER MOVEMENT 
(CASHEO WHERE APPROXIMATELY LOCATEO) 

--- -..... BOUNOARY OF GASPUR ANO BALLONA AQUIFERS 
(OASHEO WHERE APPROXIMATELY LOCATEO) 

--50--.. LINE or EOUAL TRANSMISSIBILITY IN THOUSANOS 
OF GALLONS PER OAY PER FOOT OF wl OTH 

I 
~I 

'" w 
-'w 
w", 

"'z Z<t 
<ta: 

o 
'" o 
-' 

DEPARTME"n vF ·tYA F.:R RESOURC~S 
SOUT .... ERN CALIFORNIA OISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE GASPUR AND BALLONA AQUIFERS 

SCALE OF MILES 

I 0 
c=== 

1961 

PLA TE 26A 

AR0069207 



AR0069208 



YO. 

'" 

FReE WAY 

LEGEND 

~ BOUNDARY Of' WATER BEARING MATER IAL 

-- - - FAULT, NO BARRIER TO GROUNO WATER MOVEMENT 
(DASHED WHERE APPROXIMATELY LOCATED) 

- -...... BOUNDARY OF GASPUR ANO BALLONA AOUIF'ERS 
(DASHED WHERE APPROXIMATELY LOCATED) 

--50___ LINE OF EQUAL TRANSMISSIBILITY IN THOUSANDS 
OF' GALLONS PER DAY PER rOOT OF' WIDTH 

I 
~I 

VI 

'" -'''' 
"'Cl 
Cl Z 
Z'" "'0: o 
VI 
o 
-' 

" ..... TE 01" C ALlrO"NI A 

DEPARTME'n vF °NA.' IO:R RESOURCES 
SOUT"'ERN CALIFORNIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE GASPUR AND BALLONA AQUIFERS 

SCALE OF MILES 

1 0 1 ==-= 
1961 

PLATE 26A 

AR0069209 



;I~ ~I: 

~---~---------~-----
I I 
I I 
I I 
I 
I 
I 
I 

o 

z 

- 50_ 

L E G E NO 

BOUNDAR Y OF WATER t(A RING MA TERIA L 

FAULT. NO BARRIER TO '''!OUND WATER 1A 0VE MENT 
(DASHED WHERE APPRoxI M ATE LY LOCATED J 

BOUNDAIIIY OF GASPUR AND BALLONA AOUIFE RS 
{OASMED WMERE APPROII;I ""ATE L Y LOCA TEO 1 

LI NE OF EOU AL TRANS I,I ISSI BILITY IN THOUSANOS 
OF GALLONS PER DAY PER FOOT OF' WIOTM 

I 
~I 

'" ... 
~ ... 
"''' "Z Z'" 
"'''' o 

~ 

O EPARTM E 'lT v F NA ~R R ESOURCES 
SOUT"I£RN CA LIFO" H I A OI S T RIC: T 

GR OUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY --LINES OF EQUAL TRANSMISSIBILIT Y 
OF THE GASPUR AND BALLONA AQUIFERS 

SCAL E OF I.I ILES 

1961 

PLA IE 26A 

AR0069210 



.. , 
fiS 

, 1 
FR! WAY ~ 

LEGEND 

~ BOUNOARY or 'NATER BEARING MATERIAL 

rAUL r, BARRIER OR PART.AL BARRIER TO GROUNO 
'NATER MOVEMENT 

---- FAULT, NO BARRIER TO GROUNO WAHR MOveMENT 
10ASHEO wHERE APPROXIMATELY LOCATEO) 

- -..... BOUNOARY OF' GAGE .ANO GAROENA AQUlrERS 
IOA51-1£0 ~HERE ,APPROX'WATELY LOCATEO) 

--50--... LINE OF' EOUAL TRANSMISSIBILITY IN THOUSANOS 
or GALLONS PER OAY PER rOOT or wlelM 

STATI: 0 .. C AL.'r'OJlHIA 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CAL, I FORNI A DISTJI'C T 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE GAGE AND GARDENA AQUIFERS 

SCALE or MILES 

1961 

PL ATE 26 C 

AR0069211 



AR0069212 



--.... 
---50---.... 

LEGEND 

BOUNDARY or wATER BEARING IoIATERIAL 

FAULT, BARj:U[R OR PARTIAL BARRIER TO GROUND 
WAT[~ MOVEMENT 

rAUL T, NO BARRIER TO GROUND Wn[R MOVEMENT 
(QASHED WHERE APPROx"~AT(L'I' LOCATED) 

BOUNDARY or GAGE AND GARDENli ADUIFERS 
(CASHED wHERE APPROXIMATELY LOCATED) 

LINE or EDUAL TRANSMISSIBILITY IN THOUSANDS 
DF' GALLONS PER DAY peR rOOT or WIDTH 

- - -7'~!~ ~~-
--_/ 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CALIFORNIA DIS T RI C T 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE GAGE AND GARDENA AQUIFERS 

I ......, o = 
SCALE Of MILES 

z 
1961 

PL ATE 26 C 

AR0069213 



o 

z 

\ \ 
\-, 
\// ...... "'y .... 

' ..... I \ , 
+-~---~ 
I " , , , , , , , , 

1 

1 

I ~ 
\... Ii 

1\ 
~:s __ _ ______ + 

o 
TORRANCE 

I 
I 
I 
I 
I 
1 

I 
I 
I 

L EGENO 

80UNOA'iY or WAHI'I 8[AI'I''''G U ATEI'IIA L 

FAULT , BARRIER OR PARTIAL BARRIER TO GI'IOUNO 
WAHR UQVEMEf<tT 

fAULT, NO BARRIEI'I TO GROUNO WATER MOvEMENT 
ICASHEO WHEl'l t APPROXIMATELY LOCATEO I 

-- ..... eOUNOARY or ARTESIA-EXPOSITION AOUIFERS 
(CASHEO WHEAE APPROXIMATElY LOCATEO) 

- !>O--.... LINE OF EOUAL TI'I ANS MISSI81LIlT IN THOUSANOS 
OF GALLONS PER OAY "ER rOOT OF WIOTH 

'" '" 
'" Z 
4 

STATI: 0' CA~"O"N'A 

DEPARTMENT OF WATER RESOURCES 
80UTHIEltN ""'L.'''O''NI. D I ~T"ICT 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 268 

LINES OF EQUAL TRANSMISSIBILITY 
OF THE ARTESIA - EXPOSITION AQUIFERS 

SCALE Of MILES 

'9til 

AR0069214 



". ", 

FR(CW4r 

ill 

LEGEND 

BOUNDARY OF WATER BEARING MATERIAL 

FAULT, BARRIER OR PARTIAL BARRIER TO GROUND 
wATER MOvEMENT 

-- - - rAUL T, NO BARRIER TO GROUND wATER MOVEMENT 
(DASHED wHERE APPRD,OMAltL'I' lDtA-HD) 

_- ..... BOUNOARY OF HOLlyOAL( AOUlrEA 
(DASHEO WHERE APPROXIMATELY LOCATED) 

---50 ___ LINE OF' EDuAL TRANSMISSIBILITY IN THOUSANOS 
OF' GALLONS PtR OAY PER fOOT OF' WIDTH 

TZS CO ------"'f5S Co:-

'" W 
...Jw 
w", 
"'Z z<t 
<t 0: 

o 

'" o 
...J 

STATI: 0" CAl,.,rOft HIA 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CAL,'FO"HIA OISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE HOLLYDALE AQUIFER 

SCALE OF MILES 

1 0 
L:=;: 

1961 

PLATE 260 

AR0069215 



AR0069216 



To. 

FRee WAY 

ill 

L EGEND 

BOUND AR Y 0" WATER BEARING MATERIAL 

r AULT, BARRIER OR PARTIAL BARRIER TO GIltDUNO 
WAfER MOV£MENT 

---- FAULT, NO BARRIER TO GROUNO wATER MOVEMENT 
(DASHED WHERE APPROX IMATELY LOCATED) 

_ -..... BOUNDARY Of HOLLVOALE ACUlfER 
(DASHED WHEAE ,IPPRO)(IMATEL Y lOCATED) 

---50 ___ LINE OF" [OUAL. TRANSMISSIBILITY IN THOUSANDS 
OF GAL.LONS PER DAy PER 'DDT or wrOTH 

I 
~I 

en .... ..... .... 
.... '" "' z z'" 
'" 0: o 
en 
o 
...J 

DEPARTMENT OF WATER RESOURCES 
SOUTH£"N CAL'FO"N'''' DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL T RANSMISSIBILITY 
OF THE HOLLYDALE AQUIFER 

SCALE or MILES 

1 0 
tt= 

1961 

PLATE 260 

AR0069217 



LEGEND 

o 

1> , 

ST"' '''C: 0" C"'L'''O::'~ESOURCES 
NT OF WAT ',TIIIICT 

OEPARTME AN CALIFOAN'A 0 0 F THE 
un_ GEOLOGY 

D WATER AIN OF 
GROUN COASTAL PL COUNTY 

GELES 

LOS AN - MISSIBILITY 
OF EQUAL TRADN~NA AQUIFERS LINES E AND GAR OF THE GAG 

AR0069218 



l~ 
f . TO. 

TOS 

F .,A!.-

LEGEND 

~ BOUNDARY Or WATER B( AR I NG 'wi a TE RIA !. 

FA UL T, Ba RRIER OR PARTIAL BARRIER TO GROU NO 
WATER 'wIOVE M [~f 

-- - - r AUL T, NO BARRIER TO GROUNO wATER ""OV['wI[NT 
(OASHEO wHERE APPRO)(, ,,,, ATEU' locaTED' 

___ -..... BOUNOARY OF JE f r(RSON AOUIrER 
(OASHEO WHER[ APPROXI MATHY LOCAT£OI 

---:>0___ LIN E Of' [OUAl TR ANS 'wI ISS' BILITY IN THOUSA NOS 

V> 
W 
--'w 
w,-" 
'-"z 
Z" 
"0: o 
V> 
o 
--' 

Of' GALLONS PER OAY PER FOO T or w lO fH 

ST A. TE 0 " CALI"OltN' A 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CAl. I "OFlN'A OI!iTFlICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 

OF THE JEFFERSON AQUIFER 
SC ALE OF l,I lLES 

o 

11361 

PLATE 6E 

AR0069219 



AR0069220 



~--~~~~~f.::ri LE G EN D 

~ 8 0UNO ARY Of 'NATER BEARI NG "" AHAIAl 

fAULT, BARRIER OR PARTIAL BARRIER TO GROUNO 
WATER MOV[M(NT 

-- - - rAUL T I NO BARRIER TO GROUNO WATER MOV[M(NT 
(OASHEO WHERE APPROXIMATELY LOCATEO I 

_ -..... 80UNOARY Of JErr[RSON AQUIFER 
(cASHEQ WHERE APPRQXIMAlEL Y LOCATEO 1 

--50__ LINE OF' EOUAL TRANSMISSIBILITY IN THOUSANOS 
OF' GALLONS PER OAY PEA fOOT OF wlQ TH 

'" W 
...Jw 
w ", 
"'z z" 

-----~" ~ 

STATI: 0" CAL.'PO ''''''' ''' 

DEPARTMENT OF WATER RESO U RCES 
SOU T HERN CAL '''-OR N 'A Ol S T RICT 

GRO UND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES CO UNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE JEFFERSON AQUIFER 

SCAl E OF MILES 

o 

1961 

3 
J 

PLATE 6 E 

AR0069221 



o 

--, 
- 50 __ 

lE G ENO 

eOUNDARY Of WATER 8EAR ING M4T (RI AL 

fAUL;~ T~~A::~~E~~N;"'RTIAL URR IER TO GROUND 

F ... ULT. NO eAtltRIEJI TO GII'OUND WATER MOVEMENT 
IDASHED WHERE APPRO:ICIMATELY LOCATEO) 

80UNDARY OF I'IOLLYDALE AQUifER 
IDASI'IEO WI'IEAE APPRO)(IMAT[LY LOC4TEO) 

LINE O~f G~~~~;S l:::S~~~SI:~~'T;O~~ ~~O~~::~S 

------;!: ~6-
V> 

~w w" "Z z" 
":5 
'3 

5' '''T~ 011' CA!o.I II'O ll:N I A 

DEPARTMENT OF W .... TER RESOURCE S 
S OV THE" N C.A. LIFOII:HI '" OIS T",C T 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE HOLLYDALE AQUIFER 

SCALE OF MILES 
1 

"" 

PLATE 260 

AR0069222 



HI 

TIN 
m 

FR ( WAr 

L EGE N O 

~ BOU NOA R Y OF' WAlER B EARING MATERIAL 

f A ULT. BARRIER OR PARTlA\. 8ARRIER TO GROUNO 
WATER MOV[frro!£.NT 

---- FAULT. NO BARRIER TO GROUND WATER MCV(J.I[NT 
(OASHEa WHERE APPROXIMATELY LOCATED' 

- - __ BOUNDARY OF' LYNWOOO AQUlrE" 
(CASHED WHERE APPROXIMATELY LOCATED) 

---50---.. LINE OF' [OUAL TRANSMISSIBILITY IN THOUSANDS 
OF' GALLONS PER DAY PER Foor or WIDTH 

NOTE. TRANSMISSIBILITY VALUES FOR THE MERGED 
SIl.VE RAOO AND LYN WOOO AQUIFERS ARE 
SHOWN ON PLATE 26G 

co Co.-

. TAT E 0,. CALIP'O"N IA 

DEPARTMENT OF WATER RESOURCES 
eOUTHEIIIN CALI"O"HIA OIS T '"CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE LYNWOOD AQUIFER 

SCAL E or MILES 

I 0 
p----, 

1961 

PLATE 26F 

AR0069223 



AR0069224 



~--~lk~~~~::t; LEG END 

~ BOUNDARY OF WAy£: __ SE.ARING MATERIAL 

fAULT. BARRIER OR PARTItL 8ARRIER TO GROUND 
WATER MOVEMENT 

-- - - rAUL T. NO BARRIER TO GROUND WATER MDVEMENT 
(DASHED WHERE APPROXIMATELY LOCATED' 

- -....... BOUNDARY OF' LYNwOOD AOUIF'ER 
(DASHED ~HERE APPROXIMATELY LOCATED' 

--50__ LINE OF EOUAL TRANSMISSIBILITY IN THOUSANDS 
OF' GALLONS PER DAY PER FDor OF wIDTH 

NOTt. TRANSMISSIBILITY VALUES FOR THE MERGEO 
SILVERADO AND LYN WOOD AQUIFERS ARt 
SHOWN ON PLATE 26G 

CQ Co.-

.TATE 0" CAL,,.OftNIA 

DEPARTMENT OF WATER RESOURCES 
eOUTHE"N CALI"O"NIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE LYNWOOD AQUIFER 

SCAlE or MILE S 

I 0 
p----., 

1961 

PLATE 26F 

AR0069225 



.1. ~I: 

ffi---~---------i-----
I I 

I I 
I n-~~==-=-=~~ 
I 
I 
I 

o 

1> 

z 

LEGENO 

~ BOUNDA RY OF WATEfI: BEARING o,IA TERIA L 

FAUL T, BAR RIER OR PARTIAL BARRIER TO GROUNQ 
WATER MOVEMENT 

FAULT, NO BARRIER TO GROUNO WATER MOvEMENT 
10ASHEO WHERE APPROXIMATELY LOCATEO) 

--...... BOUNDARY OF JEFFERSON AOUIFER 
(OASHEO WHERE APPRO)(I MATEL Y LOCATED) 

- 50__ LINE OF EOUAL TRANSMISSI BILITY IN THOUSANDS 
OF GALLONS PER DAY PER FOOT O. WIOT H 

O EPARTM E NT OF WATER RESOURCES 
SOUTHE RN CALIF OR NIA DIS T I't ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 

OF THE JEFFERSON AQUIFER 
SCALE OF MILES 

19 61 

PLAT 6 E 

AR0069226 



". 
'" 

,,, ... Ar 

~====III 

LEGENO 

BOUNOARY OF WATER BEARING MAT[RtAL 

F"AUL. T, BARRIER OR PARTIAL BARRIER TO GROlJNO 
WAHR MOVEMENT 

---- fAULT, NO BARRIER TO GROUNO WATER MOVEf.04[NT 
(OASHEO WHERE APPROXIMATELY lO(:ATEO) 

_ --..... BOUNDAR'!' Of SILVERADO AOUlfER 
(DASH[O WHERE APPRO)(IMATtL Y L.OCA TEO I 

-~O__ LINE or EOUAl TRANSMISSIBILITY IN THOUSANDS 
Of GALLONS PER DAY PER FOOT OF WIDTH 

NOTE TRANSMISSIBILITY VALUES REpRESENT HtE 
COMBINEO SILVERADO ANO lYNWOOC AOUIF(RS 
WHERE THEY ARE M£RGEO 

~I 
"I 

STATE OF CALI,..O,.,..IA 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CAI..IF'ORNIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE SILVERADO AQUIFER 

SCALE Of !AILES 

o 

1961 

3 
:J 

PLATE 26G 

AR0069227 



AR0069228 



,It wAY' 

~ BOUNeARY 0" WATER BEARING MATERIAL 

FAULT, BARRIER OR PARTIAL BARRIER TO GROUNO 
wATER MOVEMENT 

____ FAULT, NO BARRIER TO GROUNO wATER MOVEMENT 

{CASHEO WHERE APPROXIMATElY LOCATEO) 

____ -..... BOUNDARY Of SU •• V[RAOO AOUIFER 
(CASHEO ""HERE APPROXIMATELY LOCATED) 

--50--.. LINE or EOUAL TRANSMISSIBiliTY IN THOUSANDS 
or GALLONS PER DAY PER FOOT Or WIOlH 

NOTE TRANSMISSIBILITY VALUES R[PRESENT THE 
COMBINEO SII..VERAOO AND LYNWOOO AQUIFERS 
WH[RE TliEY ARE MERGED 

STATE 0,. C;:ALIP"OAHIA 

DEPARTMENT OF WATER RESOURCES 
SOUTHERN CALIFORNIA DISTRICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGE LES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE SILVERADO AQUIFER 

SCALE OF MILES 

o 
1961 

3 
oJ 

PLATE 26G 

AR0069229 



o 

1> 

z 

LEGENO 

~ BOU NDARY OF WAle " BEARING MAT ERIAL 

FAULT, aARR IER 01'1: PARTIAL BARRIER TO GROU"IO 
WA TE R MOVEMENT 

FAULT, NO BARRIER TO GROUND WA TER MO .... EMENT 
(CASHEO WHERE APPROXIMATELy lOCATED) 

e OUNDARY OF LYNWOOD AQUIFER 
(DASHEO WHERE APPROXIMATELY LOCATEO) 

-50 _ L INE OF EOUAl TRANS MISSIBILITY IN THOUS ANDS 
OF GALLONS PER DAY PER Foor OF WIDTH 

TRANSMISSIBILITY VALUES FOR THE MERGED 
SILVERAOO AND LYN WOOD AQUIFERS ARE 
SHOWN ON PLATE Z6G 

STATE 0" CAL.II"OJIINIA 

DEPARTMENT OF WATER RESOURCES 
eOUTHEfilN C A LIFOI'IINIA DISTI'IIICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE LYNWOOD AQUIFER 

SCAL E OF MI LES 

PLATE 26F 

AR0069230 



'" 

FREeWAY 

LEGEND 

~ BOUNOARY OF wATER BEARING MATERIAL 

fAUl.T, BARAIER OR PARTIAL BARRIER TO GROUNO 
WATER MOVEMENT 

---- FAULT, NO BARR IER TO GROUNO WAlER Mo v EMENT 
ICASHED WHERE APPROXIMATELY LOCATEO I 

-- ...... BOUNOARY OF SUNNYSIOE AOUIFER 
(OASI1( O WHERE APPROXIMATHY LOCATE O) 

--50__ LIN( OF EOUAL TRANSMISSIBILITY IN THOUSANOS 
OF' GALLONS PER OAY PER FOOT OF WIOTH 

"j 

STAT I 0" CALU'O"HIA 

DEPARTMENT OF WATER RESOURCES 
.OUT~r(llltN CALI'OflitNIA o'eTfIIIICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE SUNNYSIDE AQUIFER 

, 0 
~ 

SCALE or a.I'LES 

1961 

PLATE 26H 

AR0069231 



AR0069232 



TO. 

F R WAr 

1 
I 

'=O====-""=~ .... ;...-, __ \OO 

LEGEND 

~ BOUND ARY OF WATER B( ARIN G MATE RIA L 

rAUL T. BA RRIER OR PARTIAL BA RRIER TO GROUND 
wATER MOV[MENT 

---- f AULT, NO BARRIER TO GROUNO WATER MOv EMENT 
IOASHED WHERE APPROXt MAT(U' LOCAnO) 

- -..... BDUNOARY OF SUNNYSID E AOUlfER 
( DASHE D WHERE APPRO lWI4ATHY LOCATED I 

---50__ LINE. OF EOUAL TRANSMISSIBILITY IN THOUSANDS 
or GALLONS PER OAY PER rOOT Of' WIDTH 

STAT! 0" C .... LI,.O .. N ... 

DEPARTMENT OF WATER RESOURCES 
IOUTJroIrlitN CALI'OIltN.A O.IT".CT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -LINES OF EQUAL TRANSMISSIBILITY 
OF THE SUNNYSIDE AQUIFER 

1 0 
~ 

SC AL E OF MILES 

1961 

PLATE 26H 

AR0069233 



". !I~ m- ---t-----
I 
I 
I 
I 
I 
I 
I 

.1· 
----~

I 
I 
I 

OEPARTt.4 ;~;e;~; ;;OrtNIA 
S OUT"'EAN CALIFO TER RESOURCES 

GROUND WA ON" D'ST.,eT 

TER GEOL 
COASTAL PL OGY OF THE 

LOS ANGELE AIN OF 

LINES OF EQUAL-
S 

COUNTY 

OF THE SILVE:ARANSMISSIBILITY 
DO AQUIFER 

----
, 
co=;z 

SCAL E Of ~IL E S 
, 

AR0069234 



FRC WAY 

~ BOUNDAR Y or WATER BEARING MATERIAL 

-- - - fAULT (CASHEO WHERE APPROXIMATELY LOtATEO) 

__ 500 _ LINE OF EOUAL TRANSMISSIBILITY IN THOUSANDS 
OF GAl.LONS PEA OAY PER FOOT Of WIDTH 

S TAT E 0 " C A L.I,.O ltN. A 

DEPARTMENT OF WATER RESOURCES 

SOUTNE"N CALI"O"NIA OI IT"ICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 261 

GENERALIZED LINES OF EQUAL TRANSMISSIBILI T Y 
OF THE COMBINED AQUIFERS 

SCALE OF MILES 

o 
1961 

AR0069235 



AR0069236 



". 
'" 

N 

L EG EN D 

~ BOUNOARY OF" WATER BEARING MATERIAL 

_500_ 

FAULT (OASHEO WHERE APPROXIMATELY LOCATEO) 

UNE OF EOUAL TRAMSMISSlelLiTY IN THOUSANOS 
OF GALlOMS PER OAY PER FOOT OF WIDTH 

S TATE 0 " C A LIP'O "HI" 

DEPARTMENT OF WATER RESOURCES 
80UTMEfIIN CAL'F'OfllNIA OI.TfIIICT 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY -

PLATE 26 1 

GENERALIZED LINES OF EQUAL TRANSMISSIBILITY 
OF THE COMBINED AQUIFERS 

SCALE OF MILES 

1961 

AR0069237 



"'= 

\"'" 
0 

C"> 
~, 

"'. 

0 
TORRANCE 

-- ... 
- 50_ 

LEGEND 

SOUNDAR' Of" WATER S EARING MAT ERI AL 

F'AUL;~t~~R:~:E~~N;Alnl.L eARRIER TO GROUNO 

rAU\TOA~~E~A::'::E T~p;:OOUNO WATER ~OVEMENT 
1I1MATELY LOCATED) 

S OU~~~~~ or SUNNY SlOE AOUII'ER 
EO WHERE APPROXIMATELY LOCATED) 

LI~E O~' G~~~~~S T:::S~~;S'SILIT'f IN THOUSANOS 
PER 'OOT OF' WIDTH 

ST ... TIl 0 " c ...... '''OI'lN I ... 

DEPARTMENT OF WATER: RESOURCES 
aOUTHI[(lltN C:AL.I'OI'lN," O teT(IIt 'C: T 

GROUND WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

LINES OF EQUALTRANSMISSIBILITY 
OF THE SUNNYSIDE AQUIFER 

SCAlf 01' MILES 

I 

PLATE ~H 

AR0069238 



ATTACHNENT 1 

BIBLIOGRAPHY 

1-1 

AR0069239 



o 

_ 500 _ 

L E G E NO 

B OU ~OARY Of WUER BEARING MATERIAL 

FAU LT «DASHEO WHERE APPRCXIM ATELY LOCATED} 

LINE OF EOUAL TRANSMISSIBILITY IN THOUSANDS 
OF GALLONS PER OAV PER FOOT OF WIDTH 

STATI: 01' CAl..l l'OIllNrA 

DEPARTMENT OF WATER RESOURCES 
a OUTHE"N CA UFO"..,IA DIIIT" IC T 

GROUNO WATER GEOLOGY OF THE 
COASTAL PLAIN OF 

LOS ANGELES COUNTY 

PLATE 26 1 

GENERALIZED LINES OF EQUAL TRANSMISSIBILI TY 
OF THE COMBINED AQUIFERS 

SCALE OF MILES 

19 61 

AR0069240 



ATTACffi;lENT 1 

BIBLIOGRAPHY 

1-1 

AR0069241 



AR0069242 



A'ITACHMEN'f 1 

BIBLIOGRAPHY 

» A:::;terisk:::; indicate sources used in 
compilation of geologic map, Plate 3 

American Association of Petroleum Geologists, Pacific Section . "A Guide 
to the Geology and Oil Fields of the Los Angeles and Ventura Reeions". 
]958. 

The American Geological Instltute. "GloGsary of Geology and Related 
Sciences". The National Academy of Sciences - National ReGen.rch 
Board Council, Hashington, D. C. 1957. 

*Ba.iley, T. L. and Jahr.s, R. H. "Geology of the Transverse Range Province, 
Southern California", California St<iLe Department of Natural Resources, 
Division of Mines. Bulletin 170, Chapter II, pp . 83-106 . 1954 . 

Bandy, 0. L. and Emery, K. 0. "Geologic Guide for the Southwestern Part of 
the Los Angeles Basin, Southern California". California St ate Depart
ment of Natural Resources, Di.vision of Mines. Bulletin 1,(0, Geologic 
Guide No.4. 1954. 

Barbat, W. F. "The Los Angeles Basin Area, California, A Guide to the 
Geology and Oil Fields of the Los Angeles and Venture Regions". 
American Association of Petroleum Geologists, Pacific Section. 1958. 

Bowes, G. H. "Seal Beach Oil Field". California State Department of 
Natural Resources, DiviGion of Mines. Bulletin No. 1lB, Chapter VIII, 
pp. 325-32B. 1943. 

Calif. D.W.R. in the text refers to the following 20 publications by years. 

California State Department of Public Works, Division of Water Rights. 
"San Gabriel Investigation, Report for Period July 1, 1923, to 
September 30, 1926". Bulletin No.5. 1927 . 

California State Department of Public Works, Division of Water Rights. 
"San Gabriel Investigation, Report for the Period October 1, 1926, 
to September 30, 1928". Bulletin No . 6 . February, 1929a. 

California State Department of Public Works, Division of Water Rights. 
"San Gabriel Investigation, Analysis and Conclusions". Bulletin 
No.7. April, 1929b. 

California State Department of Public Works, Division of Water Resources. 
"South Coastal Basin, A Symposium". Bulletin No . 32. 1930. 

California State Department of Public Works, Division of Water Resources. 
"South Coastal Basin Investigation, Quality of Irrigation Waters". 
Bulletin No. 40. 1933a. 

1-2 

AR0069243 



California state Department of Public Works, Division of Water Resources. 
"South Coastal Basin Investigation, Detailed Analyses Showing 
Quality of Irrigation Waters". 'Bulletin No. 40A. 1933b. 

California State Department of Public Works, Division of Water Resources. 
"South Coastal Basin Investigation, Value and Cost of Water for 
Irrigation in Coastal Plain of Southern California". Bulletin 
No. 43. 1933c. 

*California State Department of Public Works, Division of Water 
Resources. "South Coastal Basin Investigation, Geology and Ground 
Water Storage Capacity of Valley Fill". Bulletin No. 45. 1934. 

California State Department of Public Works, Division of Water Resources. 
"South Coastal Basin Investigation, Overdraft on Ground Water 
Basins". Bulletin No. 53. 1947. 

California State Department of Public Works, Division of Water Resources. 
"Sea-Water Intrusion into Ground Water Basins Bordering the 
California Coast and Inland Bays". Report No. 1. December, 1950. 

*California State Department of Public Works, Division of Water 
Resources. "Report of Referee, California Water Service Company, 
a Corporation, et a1., v. City of Compton, et a1., Case No. 506806, 
Superior Court, "LosAngeles County". June, 1952a. 

California State Department of Public Works, Division of Water Resources. 
"Investigation of Los Angeles River". Code No. 52-4-2. September, 
1952b. -

California State Water Resources Board. "Central Basin Investigation, 
Lower Los Angeles and San Gabriel River Area, County of Los 
Angeles". Bulletin No.8. March, 1952c. 

California State Department of Public Works, Division of Water Resources. 
"South Coastal Basin Investigation, Records of Ground Water Levels 
at Wells". Bulletin No. 39 and annual supplements A through W. 
1932 through 1956a. 

California State Water Resources Board. "Los Angeles County Lsnd and 
Water Use Survey, 1955". Bulletin No. 24. June, 1956b. 

California State Department of Water Resources. "Water Supply Conditions 
in Southern California During 1955 and 1956". Bulletin No. 39-56. 
March, 1957a. 

California State Department of Water Resources. "The California Water 
Plan". Bulletin No.3. May, 1957b. 

California State Department of Water Resources. "Water Supply Conditions 
in Southern California During 1956-57". Bulletin No. 39-57. 
June, 1958a. 

1-3 

AR0069244 



California state Department of Water Resources. "Sea-Water Intrusion 
in California". Bulletin No. 63. November, 1958b. 

California State Department of Water Resources. "Report on Proposed 
Central and West Basin Water Replenishment District". July, 1959. 

Charlesworth, J. K. "The Quaternary Era with Special Reference to its 
Glaciation". Edward Arnold (Publishers) Ltd. London. 1957. 

Clark, A. "The Cool-Water Tinuns Point Pleistocene Horizon at San Pedro, 
California". San Diego Society of Natural History Transactions, 
Vol. 7, No.4, pp. 25-42. 1931. 

Conrey, B. L. "Depositional and Sedimentary Patterns of Lower Pliocene
Repetto Rocks in the Los Angeles Basin", in a Guide to the Geology 
and Oil Fields of the Los Angeles and Ventura Regions. American 
Association of Petroleum Geologists, Pacific Section. 1958. 

Corey, William H. "Tertiary Basin of Southern California". State of 
California, Department of Na.tural Resources, Division of Mines, 
Bulletin No. 170, Chapter III, pp. 73-83. 195h. 

Crouch, J. A. "Paleontology and Paleo-ecology of San Pedro Shelf". Jour. 
Sed. Petrology, Volume 24, pp. 162-181. 1954. 

*Daviess, S. N. and Woodford, A. 0. "Geology of the Northwestern Puente 
Hills, Los Angeles County, California". United States Department of 
the Interior, Geological Survey. Oil and Gas Investigations, 
Preliminary Map 83. 1949. 

Davis, E. L. "Torrance Oil Field". 
Resources, Division of Mines. 
298-300. 1943. 

California State Department of' Natural 
Bulletin No. 118, Chapter VIII, pp. 

Delong, J. H., Jr. "The Paleontology and Stratigraphy of the Pleistocene 
at Signal Hill, Long Beach, California". Transactions San Diego 
Society of Natural History, Vol. IX, No. 25, pp. 229-252. 1941. 

Dri ver, H. 1. "Inglewood Oil Field". California State Department of 
Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 306-309. 1943. 

*Dudley, P. H. "East Coyote Area of the Coyote Hills Oil Field". 
California State Department of Natural Resources, Division of Mines. 
Bulletin No. 118, Chapter VIII, pp. 349-351~. 1943. 

*Durrell, C. "Geology of the Santa 1-1onica Mountains, Los Angeles and 
Ventura Counties". California State Department of Natural Resources, 
Division of Mines. Bulletin 170, Map Sheet 8 . 1954. 

1-4 

AR0069245 



Eaton} J. E. "The Pleistocene in California". 
of Natural Resources t Division of Mines. 

California State Department 
Bulletin No. 118, Chanter 

VI, pp. 203-207. 1943. , 

Eckis, R. "Alluvi13,l Fans of the Cucamonga District, Southern California". 
Journal of Geology, Vol. 36} No.3, pp. 224-247. 1928. 

*Eldridge, G. H. and Arnold, R. "rlbe Santa Clara Valley, Puente Hills and 
Los Angeles Oil Districts, Southern California". United States 
Geological Survey. Bulletin 309. 1907. 

Emery, K. O. and Rittenberg, S. C. "Early Diagenesis of California Basin 
Sediments in Relation to Origin of Oil". Bulletin American Association 
of Petroleum Geologists, Vol. 36, No.5. 1952. 

Emery, K. o. "General Geology of the Offshore Area, Southern California". 
California State Department of Natural Resources, Division of Mines. 
Bulletin 170, Chapter II, pp. 107-111. 1954. 

Emery, K. O. "The Sea off Southern California". John Wiley and Sons} Inc. 
N. Y. 1960. 

)('English, W. A. "Geology and Oil Resources of the Puente Hills Region, 
Southern California". United States Geological Survey. Bulletin 768. 
1926. 

Fairbridge, R. W. "Dating the Latest of Movements of the Quaternary Sea 
Level". Trans. New York Academy of SCience, Section II, Volume 20, 
pp. 471-482. 1958. 

Fay, A. H. "Glossary of the Mining and Mineral Industry". United States 
Bureau of Mines. Bulletin 95. 1920. 

Flint, Richard Foster. "Glacial and Pleistocene Geology", John Wiley & 
Sons, Inc., New York. 1957. 

Gorsline, D. S. and Emery, K. O. "Turbidity Current Deposits in San Pedro 
and Santa Monica Basins Off Southern California". Bulletin Geological 
Society of America, Vol. 70, No.3, pp. 279-290. 1959. 

Grinsfelder, S. "Dominguez Oil Field". California State Department of 
Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 318-319. 1943. 

Hinds, Norman E. A. "Evolution of the California Landscape". 
state Department ,of Natural Resources, Division of Mines. 
158, p. 26, 1952. 

California 
Bulletin 

*Hoots, H. W. "Geology of the Eastern Part of the Santa Monica Mountains, 
Los Angeles County, California". United States Geological Survey 
Professional Paper 165-C. 1931. 

1-5 

AR0069246 



Hopkinc, Thwid M. "Cenozoic HiGtory of the Berine; L-md Bridge", Science, 
Vol. 129, No. 3362, pp. 1?19-l5 ~)I:L 19[j9 . 

*Hoskins, C. W. "Geology and PaleontoloGY of the Coyote HillG, Orange 
County". UnpubJ.lshed M. A. 'l'hesis, Claremont Graduate School. 19)4. 

*Jahns, R. H. "Geology of the Peninsular Range Province, Southern California 
and Baja California". California State Departmp.nt of Natural ResourccG, 
Division of Mines. Bulletin 170, Chapter II, pp. 29-52. 1954. 

Jamison, H. C. and Malloy, R. J. "Boyle Heights Oil Field", A Guide to the 
Geology and Oil Fields of the Los Angeles and Ventura Regions, Pac. 
Sec. of American Association of Petrol. Geologists. 1958. 

*Karubian, R. Y. "Surface and Subsurface Geology of Montebello Hills". 
Unpublished M. S. Thesis, California Institute of Technology. 1939. 

*Kundert, C. J. "Geology of the Whittier - La Habra Area, Los Angeles 
County, California". California State Department of Natural ReGources, 
Division of Mines. Special Report 18. 1952. 

Larsen, E. S., Jr., Everhart, D. L. and Merriam, R. "Crystalline Rocks of 
Southeastern California". California State Department of Natural 
Resources, Division of Mines. Bulletin 159. 1951. 

Larsen, E. S., Jr., Gottfried, David, Jaffe, Howard W., and Waring, Claude 
L. "Lead-Alpha Ages of the Mesozoic Batholiths of Western North 
America". United States Geological Survey Bulletin 1070-B. 1958. 

Leverett, F. "The Weathered Zone (Sangamon) between the Iowan Loess and 
the Illinoian Till Sheet". Journal of Geology. Vol. 6, pp. 171-81. 
1898. 

Los Angeles County Flood Control District, Biennial Report on Hydrologic 
Data Seasons of 1955-56 and 1956-57, July 1, 1958. 

Meinzer, O. "Hydrology". Dover Publications. New York. 1942. 

Mendenhall, W. C. "Development of Underground Waters in the Central Coastal 
Plain Region of Southern California". United States Geological Survey 
Water Supply and Irrigation Paper No. 138. 1905a. 

Mendenhall, W. C. "Development of Underground Waters in the Western Coastal 
Plain Region of Southern California". United States Geological Survey 
Water Supply and Irrigation Paper No. 139. 1905b. 

Metzner, L. H. "Playa Del Rey Oil Field". 
Natural Resources, Division of Mines. 
pp. 292-294. 1943. 

California State Department of 
Bulletin No. 118, Chapter VIII, 

Moore, David G. "The Marine Geology of San Pedro Shelf". Unpublished 
M. S. Thesis, University of California. 1951. 

1-6 

AR0069247 



Moore, D. G. "Submari ne Geol ogy of t he S8.n Pedro Shelf", J"our. Sed. 
Petrology, Vol. 24 No . 3, pp. 162-JB l. 1954. 

-lE-Neuerburg, G. J. "Geo l ogy of t he Griffith Park Area, Los Angeles County, 
California ". C8.lii'orn ia Sta t e Department of Natural Resources, 
Division of Mines . Special Report 33 . 19 '5 3. 

Piper, A. M., Garret t, A. A., and others. "Nati ve 8.nd Contaminated Ground 
Waters in the Long Beach - Santa Ana Area, California". United States 
Geological Survey Open File Report. August, 1946 . 

Piper, A. M., Garrett, A. A., and others. "Native and Contaminated Ground 
Waters in the Long Beach - Santa Ana Area, California". United States 
Geological Survey Water Supply Paper 1136. 1953. 

Poland, J. F., Piper, A. M., and others . 
Zone of Long Beach - Santa Ana Area., 
to Ground Water Condit ions". United 
File Report. May, 1945. 

"Geologic Features in the Coastal 
Cali.fornia with Particular Respect 
States Geological Survey Open 

Poland, J . F., Sollid, A. S., and ot hers. "Ground Water Investigation 
along the Rio Hondo and Lower Los Angeles Ri vers, Los Angeles County, 
California - Progress Report No.1". United states Geological Survey 
Open File Report. January, 1946a . 

Poland, J. F. and others. "Hydrology of the Long Beach - Santa Ana Area, 
California , with Special Reference to the Watertightness of the 
Newport-Inglewood Structural Zone". United States Geological Survey 
Open File Report. June, 1946b. 

Poland, J. F., Garrett, A. A., and Sinnott, A. "Geology, Hydrology and 
Chemical Character of Ground Waters in the Torrance - Santa Monica 
Area, Los Angeles County, California". United States Geological 
Survey Open File Report. May, 1948. 

*Poland, J. F., Piper, A. M., and others. "Ground Water Geology of the 
Coastal Zone Long Beach - Santa Ana Area, California". United 
States Geological Survey Water Supply Paper 1109. 1956. 

*Poland, J. F., Garrett, A. A., and Sinnott A. "Geology, Hydrology, and 
Chemical Character of the Ground Waters in the Torrance - Santa 
Monica Area, California". United States Geological Survey Water 
Supply Paper 1461. 1959a. 

Poland, tT. F. and Sinnott, A. "Hydrology of the Long Beach - Santa Ana 
Area with Special Reference to the Watertightness of the Newport
Inglewood Structural Zone". United States Geological Survey Water 
Supply Paper 1471. 1959b. 

* Quarles, M., Jr. "Geology of the Repetto and Montebello Hills". 
Unpublished M. S. 1~esis, California Institute of Technology. 1940. 

1-7 

AR0069248 



Reade, '1'. M. "The Post-Glacia l Geology and Physiography of West lAncnshlre 
and the Mersey Estuary". Geological Maga zi ne 9 :111- 119 . 1072 . 

Reed, R. D. "Position of the California Oil Fields as Related t o Geoloe;ic 
structure". California State Department of Natural Resourcec, Division 
of Mines. Bulletin No. 118, Chapter IV, pp. 9) - 97. 1943a . 

Reed, R. D. "California's Record in the Geologic History of the World". 
California State Department of Natural Resources, Division of Mines. 
Bulletin No. 118, Chapter V, pp. 99-118. 1943b. 

Reese, R. G. "El Segundo Field". 
Resources, Division of Mines. 
295-296. 1943a. 

Reese, R. G. "Lawndale Oil Field". 
Resources, Division of Mines. 
1943b. 

California State Department of Natural 
Bulletin No. 118, Chapter VIII, pp. 

California State Department of Natural 
Bulletin No. 118, Chapter VIII, p. 297 . 

Reese, R. G. "Montebello Area of the Montebello Oil Field". California 
state Department of Natural Resources, Division of Mines. Bulletin 
No. 118, Chapter VIII, pp. 340-342. 1943c. 

Reese, R. G. "West Coyote Area of the Coyote Hills Oil Field". 
State Department of Natural Resources, Division of Mines. 
No. 118, Chapter VIII, pp. 347-348. 1943d. 

California 
Bulletin 

Richter, R. C •. "Geology of the West Basin, Los Angeles County, California". 
California State Department of Public Works, Division of Water 
Resources. Preliminary Report unpublished. 1950. 

Riveroll, D. D. "The History of the Los Angeles Basin Drainage System Since 
Pliocene Time". Unpublished report, Uni versi ty of Southern California. 
1957. 

*Rodda, P. U. "Paleontology and Stratigraphy of Some Marine Pleistocene 
Deposits in Northwest Los Angeles Basin, California". Bulletin 
American Association of Petroleum Geologists, Vol. 41, No. 11, 
pp. 2475-2492. 1957. 

Russell, R. J. "Instability of Sea Level". American SCientist, Vol. 45, 
No.5, pp. 414-430. December, 1957. 

Shelton, J. S. "Miocene Volcanism in Coastal Southern California". 
California state Department of Natural Resources, Division of Mines. 
Bulletin 170, Chapter VII, pp. 31-36. 1954. 

Shepard, F. P. and Emery, K. O. "Submarine Topography off the Californi a 
Coast: Canyons and Tectonic Interpretations." Geologica l SOCiet y of 
America Special Paper 31, 171 pp. 1941. 

1-8 

AR0069249 



Shepard, F. P. "Submarine Geology" . 
1948. 

Harper & Brothers Publishers. 
New York. 

Shepard, F. P. and Suess, H. E. "Rate of Postglacial Rise of Sea Level". 
Science, Vol. 123, No. 3207, pp. 1082-1083. 1956. 

Slosson, J. E. "Lithofacies and Sedimentary - Paleogeographic Analysis of 
the Los Angeles Repetto Basin". Unpublished Ph.D. Thesis, University 
of Southern California. 1958. 

Soper, E. K. "Beverly Hills Oil Field". California State Department of 
Natu'ral Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, p. 287. 1943a. 

Soper, E. K. "Los Angeles City Oil Field". California State Department 
of Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 282-283. 1943b. 

Soper, E. K. "Salt Lake Oil Field". California State Department of 
Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 284-286. 1943c. 

*Stark, H. E. "Geology and Paleontology of the Northern Whittier Hills, 
California". Unpublished M. A. Thesis, Claremont Graduate School. 
1949. 

stevenson, R. E., Uchupi, E., and Gorsline, D. S. "Some Characteristics 
of Sediments on the Mainland Shelf of Southern California". 
Oceanographic Survey of the Continental Shelf Area of Southern 
California. Allan Hancock Foundation for Scientific Research, 
University of Southern California, pp. 65-109. October, 1958. 

Stolz, H. P. "Long Beach Oil Field". California State Department of 
Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 320-324. 1943a. 

stolz, H. P. and Woodward, A. W. "West Montebello Area of the Montebello 
Oil Field". California State Department of Natural Resources, 
Division of Mines. Bulletin No. 118, Chapter VIII, pp. 335-339. 
1943b. 

Terry, R. D., Keesling, S. A., and Uchupi, E. "Submarine Geology of 
Santa Monica Bay, California". A Final Report Submitted to Hyperion 
Engineers, Inc., by the Geology Department, University o~ Southern 
California. 1956. 

Tolman, C. F. "Ground Water". McGraw-Hill Co. New York. 1937. 

*Troxel, B. W. "Geologic Guide for the Los Angeles Basin, Southern 
California". California State Department of Natural Resources, 
Division of Mines. Bulletin 170, Geologic Guide No.3. 1954. 

1-9 

AR0069250 



Willis, R. and Ballantyne, R. S., Jr. "Potrero Oil Field". California 
state Department of Natural Resources, Division of Mines. Bulletin 
No. 118, Chapter VIII, pp. 310-317. 1943. 

Winter, H. E. "Santa Fe Springs Oil Field". 
of Natural Resources, Division of Mines. 
VIII, pp. 343-346. 1943. 

Californin State Department 
Bulletin No. 118, Chapter 

Winterburn, R. "Wilmington Oil Field". California State Department of 
Natural Resources, Division of Mines. Bulletin No. 118, Chapter 
VIII, pp. 301-305. 1943. 

Wissler, S. G. "Stratigraphic Formations of the ProduCing Zones of the 
Los Angeles Basin Oil Fields". California State Department of Natural 
Resources, Division of Mines. Bulletin No. 118, Chapter VII, pp. 209-
234. 1943. 

*Woodford, A. 0., Schoellhamer, J. E., Veddar, J. G., and Yerkes, R. F. 
"Geology of the Los Angeles Basin". California State Department of 
Natural Resources, Division of Mines. Bulletin 170, Chapter II, 
pp. 65-81. 1954. 

*Woodring, W. P., Bramlette, M. N., and Kew, W. S. W. 
Paleontology of Palos Verdes Hills, California". 
Geological Survey Professional Paper 207. 1946. 

"Geology and 
United States 

Selected References Used in 
Computation of Transmissibility and 
Storage Coefficients from Well Tests 

Cooper, H. H., Jr. and Jacob, C. E. "A Generalized Graphical Method for 
Evaluating Formation Constants and Summarizing Hell-Field History". 
Transactior. American Geophysical Union, Vol. 27, No.4, pp. 526-534. 
August 1946. 

Glover, R. E., McDonald, H. K., Tapp, W. N., and Moody, W. T. United 
States Bureau of Reclamation memorandum titled "Analysis of Pump 
Tests Nos. 1 to 9 - James Division - t·iissouri River Basin Project", 
Denver, Colorado, February 12, 1952. 

Hantush, Mahdi, S. "Analysis of Data from Pumping Tests in Leaky Aquifers". 
Transactions American Geophysical Union, Vol. 37, No.6, pp. 702-714. 
1956. 

Theis, C. V. "The Relation between the Lowering of the Piezometric Surface 
and the Rate and Duration of Dischnrge of a Well Using Ground Water 
storage". Tranf:;actions American Geophysical Union, pp. 519-524, 
August 1935. 

1-10 

AR0069251 



Halton, Hillirun C. "Leaky Artesian Aquifer Conditions in Illinois". 
Illinoic state l.Jater Survey Report of Investigation 39. 1960. 

vfen:~e l, T... K. "Methods for Detennining Penneabili ty of Water-Bearing 
IJ,aterla}[;". United states Geological Survey Water Supply Paper 887, 
lolL; . 

1-11 

AR0069252 



ATTACID..tENT 2 

SPECIFIC YIELD V A.LtlliS AND 

TRANSMISSIBILITY TES'rS 

2 -1 

AR0069253 



AR0069254 



ATTACHMENT 2 

TABLE OF CONTENTS 

Table A, Specific Yield Values • • • • • • • 

Table B, Estimated Average Specific Yield 
Values by Elevational Increments, Coastal 
Plain of Los Angeles County • • • • • • 

Transmissibility Test Procedures. 

Table C, Transmissibility Tests in t he 
Coastal Plain of Los Angeles County 

Assignment of Transmissibility Rates 
to Aquifers • • • . • • • • • • • • 

Table D, Permeability Values Assigned 
to Drillers' Logs ••••••••• 

. . . . . . . . . . . . . . . 

2-2 

Page 
2- 3 

2- 5 

2-24 

2-27 

2-30 

2-31 

AR0069255 



TABLE A 

SPECIFIC YIELD VALUES 
Used in Coastal Plain of Los Angeles County 

(After State Water Rights Board Revised Values of 
Specific Yield as used for San Fernando Valley Reference, 

7/9/59, which is based on values used in Bulletin 45, 
Geology and Ground Water Storage Capacity of Valley Fill) 

*specific yield values above base of Bellflower aquiclude = 00 

Adobe 
Boulders in clay 
Cemented clay 
Clay 
Clayey loam 
Decomposed shale 

Chalk rock 
Clay and gravel 
Clayey sand 
Clayey silt 
Conglomerate 
Decomposed granite 
Gravelly clay 
Loam 

Caliche 
Cemented boulders 
Cemented gravel 
Cemented sand 

*00 Percent - Bellflower Aquiclude 

03 Percent - Clay and Shale 

Granite clay 
Hard clay 
Hard pan 
Hard sandy shale 
Hard shell 
Muck 

05 Percent - Clayey Sand and Silt 

Rotten conglomerate 
Rotten granite 
Sand and clay 
Sand and silt 
Sand rock 
Sandstone 
Sandy clay 
Sandy silt 

Shale 
Shaley clay 
Shell rock 
Silty clay loam 
Soapstone 

Sediment 
Shaley gravel 
Silt 
Silty clay 
Silty loam 
Silty sand 
Soil 

10 Percent - Cemented or Tight Sand or Gravel 

Dead gravel Heavy rocks 
Dead sand Soft sandst!Jne 
Dirty pack sand Tight boulders 
Hard gravel Tight coarse gravel 

Cemented sand and gravel Hard sand 

Cobbles and gravel 
Coarse gravel 
Boulders 
Broken rocks 
Gravel and boulders 

14 Percent - Gravel and Boulders 

Heaving gravel 
Heavy gravel 
Large gravel 
Rocks 
Sand and gravel, silty 

2-3 

Silty sand 
Tight fine gravel 
Tight medium gravel 
Muddy sand 
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Fine sand 
Heaving sand 

Dry gravel 
Loose gravel 

Coarse sand 

SPECIFIC YIELD VALUES 
(continued) 

16 Percent - Fine Sand 

Quicksand 
Sand and boulders 

21 - 23 Percent - Sand and Gravel 

Gravelly sand 
Medium gravel 

Sand, gravel and 
boulders 

Tight sand 

Sand 
Water gravel 

26 Percent - Coarse Sand and Fine Gravel 

Fine gravel Medium sand 

Value of one added to given value where streaks of sand or 
gravel occur in clay or clayey material. 
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TABLE B 

ESTIMATED AVERAGE SPECIFIC YIELD VAl...UES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

SANTA MONICA BASIN 
(IN PERCENT) 

ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 
LOCATIOJ,i -:~~:-~~~-:~~:-::~~-:~~~~~~ __ ~ ____________________________________________ ___ 

320 300 280 260 240 220 200 
300 280 260 240 220 200 180 

180 160 
160 140 

14(} 120 100 
120 100 80 

80 
60 

60 
40 

40 
20. 

20 
o 

o -20 
-20 -40 

-40 -60 - 80 -100 -120 -140 -160 -180 

1114-30 
1114-31 
1/15-14 
1115-15 
1115-19 

1/15-20 
111~-21 

1/ 15-22 
1/15-23 
1115-24 

1115-25 
1/15-26 
1115-27 
1115-28 
1115-29 

1115-30 
1/ 15-31 
1115-32 
1115-33 
1115-34 

1115-35 
1/15-36 
1/16-25 
1116-26 
1/ 16-35 

1/16-36 
2/14-05 
2/14-06 
2114-07 
2114-08 

2114-17 
2114-18 
2114-19 
2/15-01 
2/15-02 

5 
5 

5 
3 
3 

5 
5 

5 
3 
3 

4 
5 

5 
3 
3 
2 

6 23 23 

9 

6 

5 
4 

6 

5 5 
5 
5 

6 
5 

8 
5 

555 
3 5 10 
3 20 19 
333 

4 6 

6 
5 

5 
15 

5 
3 
5 

12 19 14 
12 19 14 

17 23 23 13 
13 13 15 23 

2 564 

23 14 

4 5 
6 5 
5 5 

9 21 
686 
4 4 5 
555 

555 
15 12 12 
13 22 25 

3 26 13 
565 

14 14 
14 14 

5 23 
3 3 
4 4 

12 
12 
13 

3 
4 

5 5 
12 12 
19 23 

5 15 
4 2 

10 
10 

3 
3 
4 

12 
12 

3 
3 
4 

14 
19 

6 
5 
5 

14 
19 

5 
5 
5 

5 5 
12 12 
19 11 
25 25 

3 16 

12 
12 

3 
9 
4 

12 
12 

3 
10 

4 

14 
19 

4 
5 
5 

10 
16 

4 
10 

5 

5 5 
12 12 
12 12 
19 23 

8 5 

12 
12 

5 
18 

3 

12 
12 
10 

8 
3 

6 5 5 
4 

5 555 5 
5 544 4 
3 7 8 5 10 

5 5 5 5 
4 4 4 4 

12 12 10 9 
13 7 23 11 
10 23 8 3 

5 
4 
7 
3 
3 

5 
3 

14 

12 19 14 
555 
358 

20 23 21 
23 23 18 13 

17 23 
14 14 12 
555 
333 
433 

5 

23 
10 

5 
3 
5 

3 
2 

12 10 12 20 19 
2 

12 
3 

13 
6 

13 
14 

5 
3 
8 

4 
2 

15 
4 

5 23 
14 14 

5 5 
3 3 
3 3 

5 8 
3 12 

20 

3 

5 5 
12 12 

2 
1 12 
2 5 

13 
14 

5 
3 
3 

3 
14 

5 
3 
3 

3 10 
10 9 
17 9 
18 18 

5 5 

5 5 
10 17 

2 5 
9 7 
4 4 

9 9 
13 5 

5 5 
4 3 
5 5 

5 
12 
12 
15 
10 

12 
12 
15 

8 
3 

5 
3 
4 
3 
3 

3 
14 

5 
12 
12 
12 
15 

12 
12 
14 

8 
3 

5 
3 
3 
3 
3 

3 
14 

-60 -80 

9 9 
21 23 

5 5 
3 5 
5 5 

5 
12 
12 
12 
17 

12 
12 
11 

8 
3 

5 
12 
12 
12 
12 

12 
12 
11 

8 
3 

5 5 
3 3 
7 6 
3 6 
7 10 

3 
14 

5 
14 

8 8 9 8 
555 5 
9 5 5 5 
555 5 

545 5 
19 22 22 19 
15 18 10 12 
555 5 
444 7 

-100 -120 -140 -160 -180 -200 

999 
23 23 24 
10 4 3 

6 6 6 
5 

5 
12 
12 
12 
15 

12 
12 
11 

8 
3 

5 
12 
12 
12 
10 

12 
12 
11 

8 
4 

5 
12 
12 
12 

4 

12 
12 
11 

8 
3 

5 5 5 
3 3 ? 
7 4 4 

10 12 12 
18 13 13 

10 
14 

15 

11 11 
5 
5 5 
5 

15 11 
15 15 

9 9 
5 

15 

15 

13 

6 
13 
14 

9 9 9 
26 26 26 

3 5 6 
666 

5 
12 
12 
12 

5 

12 
12 
12 

5 

12 
12 
12 

5 

12 
12 
11 

12 12 
12 - 12 
11 11 

8 
3 

8 8 
8 5 

5 5 
4 2 
4 4 

12 12 
13 13 

12 

15 

3 
10 
14 

12 

12 

3 
7 

16 

5 
5 
4 

12 
13 

12 

9 

3 
8 

14 



(ConI inued ) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 
BY ELEVATIONAL INCREMENTS, 

COASTAL PLAIN OF LOS ANGELES COUNTY 
SANTA MONICA BASIN (CONTINUED) 

(I N P E RCE NT ) 

2' 
LO CATION 

ELEV AT I ONA L INC RE M EN TS IN FEET ABOVE SEA LEVEL 

----------- ---- ---- ----- ----

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 - 100 - 120 -140 -160 - 180 
300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -8~ -100 - 120 -140 -160 -180 -200 

2/1~-\.,j 2 14 If, 13 1 1 1 ;> 14 4 4 5 9 14 17 14 13 5 
i/l::i-()'+ 4 15 15 1 1 16 19 15 13 LI 3 3 4 10 12 18 12 12 
2/15-0 ') 5 8 ;>f) 17 12 13 14 23 14 14 14 
21l5-()6 1 12 12 2 0 19 21 13 14 
2/15-07 12 1 3 

2 115--0 8 5 17 17 17 17 I A 18 20 23 2 1 21 2 1 21 
2/1 5 - 0"l 13 23 22 17 16 16 18 18 18 
2 1 1?-1 () 7 12 10 16 15 12 12 10 13 
Ol?-ll 9 7 10 15 14 11 12 13 18 18 17 21 22 19 
1I15-12 2 1 1 12 8 5 4 4 8 8 12 15 

1I15-13 7 18 12 11 I 1 10 13 14 11 9 I I 
211.:,-1':' 9 9 15 18 18 17 17 19 17 17 14 

N I.II :'-J:> 6 13 11 1 1 17 21 15 12 11 10 16 12 I 
<TI Vl?-lb I 1 15 13 21 2 I 22 21 18 18 20 20 

Ul?- 17 5 15 16 16 18 21 18 16 15 5 11 14 

2/1?-IB 17 23 23 23 21 21 
2/1)-2" 14 12 15 18 22 20 16 16 
Ul ?-21 2 I 19 IS 19 19 20 16 14 14 11 
.!.Il ?- 22 2 1 1 14 18 20 17 17 14 16 11 5 
2 /l ') - 2 J 1 5 11 18 20 19 17 11 9 7 8 

il l S - 2'. 6 17 18 13 11 9 11 13 11 18 
01 J - 26 2 8 16 13 11 10 9 9 9 8 
21l? - 2 7 I 9 5 3 4 
1I1;' - 21:i 8 16 16 16 16 16 
21 1 ~-33 3 5 5 5 

2 / 16- 0 1 13 14 ?2 11 12 
2 /16 -0 2 20 17 15 14 14 14 14 

» 1 1I16-12 21 23 10 
::0 
0 
0 
(j) 
<0 
I\.) 
01 
<0 



(Con t j·n ued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY EL EVAT ION AL INCREMEN T S, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WEST COAST BASIN 
(IN PERCENT) 

LOCATION21 
E LE VATIONAL INCREMEN TS IN FEET ABOVE SEA LEVE L 

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -2 0 - 40 -60 - 80 -100 -1 20 -140 -160 -180 
300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 - 60 - 80 -100 -120 - 14 0 -160 -180 -200 

211 4-08 3 5 5 5 5 5 5 5 
2114 - 16 2 2 3 2 12 1 7 13 9 11 15 , 11 6 13 10 13 9 3 
2/14-17 6 14 12 10 12 20 19 12 13 15 5 ; 5 5 5 4 5 5 15 11 6 3 , , 
2/14 - 18 2 3 6 4 12 12 10 17 19 22 22 19 15 15 13 10 7 8 
2114-19 2 2 5 15 18 10 12 9 9 14 14 16 14 

2114 - 20 5 5 4 3 3 22 19 3 14 15 9 5 5 5 4 
2/14-21 5 4 OJ 6 ] 0 17 18 P 17 8 10 16 1, 5 5 3 10 10 
2114-22 1 4 1 1 I " 15 16 1 :- 1~ 11 12 , 6 13 10 6 4 5 
2114-27 1 3 6 8 13 14 11 12 12 10 11 1 1 1 1 10 11 11 9 8 7 
2114-28 5 10 Ie 11 11 12 13 14 ] 4 15 1 5 15 13 13 12 12 13 13 11 

2114-29 7 16 13 16 5 3 3 7 23 . 11 
2114-30 1 2 6 2 9 9 9 12 12 12 13 19 15 1 0 

N 2/14-31 3 13 1 1 9 23 13 3 3 I 

"" 2114-32 5 15 22 12 11 8 4 5 
"'/14-33 2 12 7 7 18 16 18 10 3 10 10 

2114-34 2 9 18 19 15 15 11 8 8 8 8 15 18 20 19 14 
2/15-24 6 1 7 18 1 3 1 1 9 11 13 1 1 18 
2115-25 1 7 23 15 23 23 18 ] 8 18 III 18 
2/15-26 2 8 16 13 11 10 9 9 9 8 
2/15 - 27 1 9 5 3 4 

2115 - 33 3 5 5 5 
2/15 - 34 1 4 4 8 8 6 9 9 18 18 14 14 
U 15 - 35 8 23 23 23 23 22 23 22 18 22 2 1 16 1 6 18 16 
2/15 - 36 3 8 8 8 12 15 1 4 9 13 20 13 14 14 11 10 3 
3/13 - 17 1 1 6 10 8 1 1 8 10 12 13 9 11 15 

3113-18 2 5 4 4 9 8 1 1 9 14 13 15 18 
3113- 1 9 4 7 6 9 11 10 11 11 12 17 14 
3/13-20 1 1 7 18 17 1 5 1 1 8 17 10 9 6 

~ I 3113-28 4 5 5 6 6 
3/13-29 1 5 8 7 10 11 1; 9 14 10 

0 
0 3/13 - 3U 2 2 2 2 2 4 6 9 13 13 8 9 
(j) 3113 - 31 6 8 6 13 9 10 
<0 3/13-32 1 1 1 1 1 1 2 6 5 3 3 4 I\.) 

3/13-33 9 15 J 6 16 14 16 15 16 ] 7 12 11 15 4 4 (j) 
0 3113 - 34 1 5 13 17 7 8 ]0 9 10 16 9 14 17 1 8 



(Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES
1 

BY ELEVAT IONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WEST COAST BASIN (CONTINUED) 
(IN PERCENT) 

LOCATION21 
ELEVATfONAL fNCREMEN TS IN FEE T ABOVE SEA LEVEL 

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 - 80 -100 -120 -140 -160 -180 
300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -1 40 -160 -1 80 -200 

j /14-02 1 7 6 8 9 12 9 12 8 9 12 9 9 11 8 8 
3/ 14-03 3 1 1 4 6 9 5 8 9 'j 9 8 8 
3/1'.-04 10 18 16 1 1 8 12 9 4 
3/14-05 2 16 20 22 20 20 20 20 
3/14-06 17 17 18 19 17 17 17 17 

3/ 14-0 7 5 11 13 15 14 14 10 10 9 10 12 
3/14-08 5 18 14 10 8 5 6 10 13 15 
3/ 14-09 3 7 12 12 17 1 2 10 1 1 14 10 9 
3114-10 4 4 4 4 4 4 4 4 8 16 12 15 14 
;1/14-11 2 3 3 3 2 6 10 15 10 7 8 12 2 1 20 22 

3/ 14-1 2 4 9 15 16 15 14 17 21 16 15 15 8 9 11 15 12 
311 4-13 2 7 4 4 6 1 0 12 10 7 8 14 13 12 

N 3114 -1 4 2 7 11 5 B 8 12 
I 

3/14-15 7 7 6 10 14 7 4 22 17 CD 
3/14-16 4 4 2 6 9 13 12 13 14 7 5 

3/ 14-17 3 11 10 10 10 6 4 4 4 9 
)/14-18 8 14 9 19 18 5 5 10 10 
3/14-19 3 5 5 5 5 5 7 12 10 15 18 21 17 
311 4-2U 23 14 5 5 
)/14-21 9 13 10 ? 8 9 7 

3/14-22 5 9 12 12 15 12 7 
3/14-23 2 6 11 14 8 6 
3/14-24 2 3 3 3 3 3 3 3 5 9 11' 15 16 
3/14 -2 5 4 16 19 16 13 10 
3114-26 4 14 18 18 16 15 

3114-27 4 1 1 17 21 18 16 8 
3/14-28 3 4 4 9 15 15 1 7 15 11 12 15 
3/14-29 3 10 7 14 19 20 18 17 16 
3/14-30 4 11 13 14 18 16 13 12 
3/ 14-31 1 9 18 14 22 21 2 ) 21 23 

» 3114-~2 6 21 23 2'1 9 19 23 2~ 23 
;0 3/14-33 3 13 14 18 13 14 13 13 13 
0 3/ 14-34 9 14 18 17 16 17 12 9 
0 3/14-35 4 1:) 16 13 12 7 5 6 
(j) 

3/14-36 1 4 7 6 5 5 6 <0 
I\.) 
(j) 
~ 



(Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WEST COAST BASIN (CONTINUED) 
(IN PERCENT) 

LOCATION21 
ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 

320 300 280 260 240 220 200 180 160 140 120 ·100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 
300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -1 60 -180 -200 

3/l~-01 10 12 12 12 10 16 20 13 7 7 11 13 13 13 13 14 
3115-02 4 16 16 16 16 16 11 20 17 18 15 19 20 16 
3/15-03 12 20 20 19 19 16 7 22 17 
3/15-10 8 16 8 8 20 24 q 

3115-11 19 16 18 15 13 15 17 15 21 14 5 

3115 --1 2 2 3 1:) 8 12 10 14 14 14 13 12 
3115-13 6 7 7 6 6 6 6 5 5 5 11 10 12 11 13 16 12 14 
3115-14 16 22 22 22 22 22 19 14 5 18 
3115-21 7 20 20 19 19 18 8 19 
3/1') - 24 8 8 8 11 10 3 5 13 14 23 19 14 12 11 

3115-2') 1 2 8 14 14 15 13 12 9 
3 11':>-36 14 14 14 14 14 14 14' 14 

N 4/1 3-02 1 3 5 13 19 20 17 9 9 10 4 9 12 
I 4/13-0 3 3 16 18 16 9 3 3 3 (!J 

4/13-04 6 3 3 10 4 

4/13 -05 8 
4/13-0b 12 12 12 12 12 12 12 12 
411 3-07 1 2 6 12 16 13 9 4 
4113-08 1 3 7 9 13 8 10 
4/13-09 2 7 8 2 2 2 6 

4/13-10 2 5 6 5 13 14 10 9 8 6 
1./13-11 2 13 14 17 8 10 9 9 ') 9 
4/13-14 1 1 5 14 17 23 23 15 21 18 23 
4113-15 2 6 11 19 17 14 7 7 8 8 
4113-16 1 5 5 5 5 5 5 5 6 15 13 13 

4/13-17 20 23 n 16 21 23 12 12 8 5 5 5 2 6 13 13 11 11 
4113-18 4 8 21 
4113-19 11 13 7 11 10 11 20 

~ I 4113-20 1 12 16 11 19 21 21 
4113-21 11 15 15 15 17 16 

0 
0 4113-22 2 3 4 6 5 15 16 12 13 
(j) 4113-23 3 8 17 18 17 22 10 14 10 
<0 4/13-24 5 14 15 8 18 8 9 6 
I\.) 4/13-25 2 3 2 4 6 12 16 21 19 17 16 
(j) 

4113-26 5 5 8 2 I 17 21 19 23 23 23 I\.) 



( Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WEST COAST BASIN (CONTINUED) 
(IN PERCENT) 

2' 
LOCA TlON 

ELEVATIONAL INCREMEN TS IN FEE T ABOVE SEA LEVEL 

,------- - -

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 - 80 - 100 -120 -140 -160 -180 

300 280 2 60 240 220 200 180 160 140 120 100 80 60 40 20· 0 -20 -40 -60 -80 -100 - 120 -140 -160 -180 -200 

4113-2 i 2 3 3 3 8 12 13 12 13 11 12 
4/13-28 5 8 17 17 23 23 
'+113-2') 4 6 13 20 16 15 17 23 23 
4/13-30 2 7 12 12 10 10 7 14 20 
4/13-31 4 6 14 1 3 10 9 10 8 12 12 

4/13-12 5 8 1 1 20 14 7 a 10 
4/13-3.3 1 4 9 6 5 4 
4/13-34 16 12 3 10 23 23 
4/13-35 5 18 18 14 13 12 12 12 
4/14-01 1 4 16 12 4 3 3 

4/14-02 3 6 1 1 19 22 13 13 11 9 
4/14-03 3 13 19 18 20 2? 23 22 22 

N 4/14-04 8 20 9 5 14 19 18 20 21 
I 

0 '+114-0' 13 23 23 22 18 23 23 9 2 1 19 19 20 20 20 20 20 
4/14-06 9 8 18 19 19 16 16 24 26 18 

I'; 14 - 07 2 3 3 4 8 12 12 10 10 18 19 21 21 21 21 
4/14-01:l 8 12 14 16 16 15 14 16 1 '} 20 19 2 1 19 20 22 20 19 18 
4/14 -09 7 2 1 13 8 26 24 2 1 21 21 
4/14-10 2 II 18 13 18 21 22 22 22 21 18 
4114-11 5 12 17 18 19 21 18 18 9 11 10 

4/14-12 2 3 3 4 3 3 
4/14-1.3 2 :3 12 18 21 15 20 15 13 12 3 8 
4/14-14 10 16 16 16 16 16 18 16 I7 26 
4/14-1? 1 5 5 6 5 10 6 12 16 16 
4/14-16 <; 10 14 I7 15 14 13 14 16 1 c 

_ J 21 20 21 

4/14-17 2 7 9 17 14 18 19 13 12 22 1':1 23 21 20 19 
4/14-18 1 16 16 n 22 22 21 15 
.. /14-19 4 5 5 8 13 10 12 21 
4/14-2J 7 21 q 1;> 10 11 17 17 18 18 5 4 7 21 23 16 
4114-21 '3 4 5 12 19 17 15 16 19 ?O 18 18 17 19 18 

» .. /14-22 b 9 13 15 16 lq 16 15 16 17 19 20 

:::0 4/14-23 12 17 16 18 1Q 18 18 19 18 16 15 10 
0 41 I', - 2 4 <; ? 5 10 16 22 23 19 16 13 13 11 9 20 
0 ·t 114-2':> 5 8 9 11 16 16 16 16 15 12 13 14 
(j) 4114-26 1 2 5 5 10 14 12 14 16 16 7 
<0 
I\.) 
(j) 
c..v 



( Continued ) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES
1 

BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WEST COAST BASIN (CONTINUED) 
(IN PERCENT) 

2' 
LOCATION 

ELEVATIONAL INCREMEN TS IN FE E T ABOVE SEA LEVE L 

320 300 280 260 240 220 200 18 0 160 140 12 0 100 80 6 0 4 0 20 0 -20 -40 - 60 -80 -100 -120 -140 -160 -180 
300 280 260 24 0 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 - 8 0 -100 -120 -140 -160 -180 -200 

4/14-27 8 7 6 5 4 3 3 6 9 13 15 16 16 16 10 15 19 19 18 
4/14-28 2 3 4 3 5 3 5 6 10 16 18 18 21 21 20 22 22 15 17 
4/14-2} 4 2 2 3 7 7 8 15 14 13 17 22 
4/14-34 3 5 5 5 5 23 23 23 23 IB 3 3 1 2 12 12 12 12 12 12 12 12 12 12 12 
4/14-3~ 5 ~ 5 5 6 13 11 15 15 15 17 17 17 18 20 21 19 18 lq 16 15 17 19 _ 18 

4/14-36 4 4 10 12 1 1 10 11 16 16 17 18 18 
4/D-Ol 2 1 1 7 16 17 23 12 21 
?/13-02 1 3 4 19 25 14 
?/13-i)3 6 16 18 17 14 16 11 
5113-04 12 19 14 12 12 3 

':J/13-t.;? 12 5 10 16 9 8 8 3 
':>113-0 6 5 4 3 18 8 7 9 4 4 4 4 

I\) 
5113-07 I 23 9 9 12 3 3 3 3 
5/13-08 12 5 10 16 9 8 8 3 
5/13-09 21 20 14 13 13 3 

5 11 3 - 10 12 10 8 9 7 10 
5/13 -11 1 3 3 4 18 
5113 - 17 4 13 10 10 9 7 
5/13 - 18 8 13 10 9 8 8 9 
511 4 -01 14 11 5 4 ' ~ 6 5 5 5 5 ~.J 

» 5/14 - 02 3 5 4 6 10 12 13 14 
5114-11 2 3 3 3 3 3 3 3 3 3 3 3 3 

:::0 5114 - 12 4 6 4 7 7 
0 5/14-13 2 3 10 7 6 6 10 10 
0 
(j) 
<0 
I\.) 
(j) 
+::>. 



» 
:::0 
o 
o 
(j) 
<0 
I\.) 
(j) 
01 

N 
I 

N 

LOCATION21 

320 
300 

11 jj - U , 
1113-18 
1/14-l;2 
1I1'+-U7 :. 
1114-00 

11 14-09 
11 1'+-10 
1114-11 
1114-12 
! /!'t-lj 

1/14-14 
1114-1'; 
1I!4-!b 
1114-17 
1I14-1b 

1114-19 
1/14-20 
1114-21 
1/14-22 
';'114-2j 

111:'-13 
111:>-14 
1/1:>-23 
111:>-24 

ESTIMATED 

300 280 260 
280 260 240 

5 4 5 

2 

2 j 

( Continued) 

AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

HOLLYWOOD BASIN 
(IN PERCENT) 

ELEVATIONAL INCREMEN TS IN FEE T ABOVE SEA LEVEL 

240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 - 80 -100 -1 20 -1 40 -160 - 180 
220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 

? 7 
2 7 7 

3 16 
6 0 6 6 5 4 .:. 5 5 ~ 5 lC t. "I , ~ 6 

11 1 1 1 i 11 11 11 1 1 1 1 1 1 

1 1 16 16 1 S 26 26 21, 26 
3 16 16 16 23 26 26 , 3 :' 3 3 

3 5 
3 

3 3 6 10 
8 7 7 4 3 3 3 3 5 

1 3 3 , 6 R 8 R 4 
8 9 3 2 , 4 7 t, e 6 > 

12 12 12 12 12 12 12 12 12 1(' 12 P 12 17 17 n ., e, 10 .,., 1 Q 

7 12 12 12 4 5 9 18 17 1 C 1 ? ., 7 6 '3 ." ., 
6 23 21 

12 23 21 
1 3 3 3 3 

2 5 4 5 6 5 9 6 6 ." f • ~ 'i " 'i 6 a ., ., 
5 5 4 5 6 8 6 6 5 !, 4 5 r; 5 5 Ie' 4 ., ., 0 6 

j j j 3 26 13 5 l5 25 25 19 23 15 12 12 12 12 12 J 2 12 12 I"' 
4 6 ') 5 6 5 4 2 3 l6 8 5 10 !5 ! 7 1 :> !5 Ie 4 <; 5 'i 



» 
:::0 
o 
o 
(j) 
<0 
I\.) 
(j) 
(j) 

N 
I 

()J 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

LOS ANGELES FOREBAY AREA 
(IN PERCENT) 

ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 

LOCATJOJil ~~-::-~~~-:~~:-~~~~~~~~~~---------------------------------------------------
320 
300 

300 
280 

280 
260 

260 240 
240 220 

220 
200 

180 160 
160 140 

140 120 
120 100 

100 
80 

80 
60 

60 
40 

40 
20-

20 
o 

o 
-20 

-20 -40 -60 -80 -100 -120 -140 -160 -180 200 
180 

1/ 12 -3 1 
1111-2J 
1113-/2 
1113-23 
1113-26 

U13-27 
1/13-2S 
1113-2) 
i113 - 3J 
1113 -- 31 

1/ !.1- j~ 

iI1.1-33 
11l'3-~ 4 

1 I 1.1-.1 :) 
11 1.1-36 

1114-13 
il14-14 
1114-20 
1/14-21 
1/14-2 2 

1114-2 3 
11 14-24 
1114-2:' 
1114-26 
1 / 14-3b 

U 12-()6 
U12 -0 1 
2/13-01 
2.1 U-02 
2/lj-u j 

2113-04 
U1.1 -O J 
2/1.1-Ub 
2/13-01 
,U 1.1-Od 

3 
3 

8 

1-1 

3 
6 .. 

13 13 
15 n 

8 
8 

1 8 
9 

1 1 
15 
13 

23 23 
e 8 

7 
5 5 

8 
9 

r; 

16 15 1: 
1 5 IJ 14 
17 23 l '3 
21') IJ 

4 

3 1 2 1 0 

9 IJ 1 0 

3 33 
10 21 16 
18 8 12 

4 3 

3 '3 
1" 21 
12 15 

.1 13 13 14 l ) 17 17 
,5 2 

7 

5 10 14 lL, 1 4 1 1, 
1 3 14 10 J, 10 '"l 

6 6 
8 5 3 

1 3 

£. 
6 
:3 

3 3 3 5 

1 9 21 18 :3 

19 1 4 10 13 
18 3 '3 3 

:. '3 '3 ~. 

6 6 6 6 
3 '3 u. 5 

7 12 12 12 
6 23 21 

4 5 

7 

2 3 

8 16 

14 21 
4 14 

12 2j 21 

1 '3 
2 3 3 

5 23 23 11 

12 12 

3 3 

16 16 

1(, 10 
19 13 

8 21 
9 

1 7 

12 20 
14 21 

3 4 
3 

16 18 

JO 9 
19 19 

7 14 
8 4 

11 20 

~() 

21 
:6 

9 
4 

6 
13 

3 
5 

IS 

'3 
3 
3 

3 

3 3 
3 3 
'1 "3 
1 3 
9 12 

?2 l4 14 
15 5 5 
16 16 16 
12 14 ;>0 

7 3 a 

12 1 0 14 
14 13 12 
J 4 21 ?l 

4 17 14 
14 16 11 

, 
:3 
4 

7 
10 
16 
21 
18 

17 
12 
17 
1 '< 
17 

5 

4 

1 2 
'3 
'3 
6 
5 

-40 

5 5 

11 4 

7 13 
3 

5 5 

-60 -80 

5 5 

13 8 

12 3 

5 

9 1 8 17 10 1 2 

, 
3 
'3 

7 
17 
16 
18 , 
12 

9 
~ 

6 
12 

3 
3 
3 

16 
21 
16 
15 

4 

10 
4 
6 
'3 

: 7 

3 
3 
3 

6 
21 
16 
20 
16 

1 5 
II 
18 

q 

5 

'3 
3 
~. 

3 
6 

4 4 
21 1 ':: 
1 0 16 
19 ;> , 

4 '3 

'3 ~ 

q 1 1 
7 ? 7 
f. 0 
<; <; 

-100 -120 -140 

5 

13 

1 1 

7 

'3 
7 

I, 

5 
1 ~ 
1 'i 

'< 

~ 

(, 

IIJ. 
1 ~ 

<; 

6 7 

7 6 

7 7 

I, 4 

5 5 
{, "::I 

1 0 g 
1 '1 

4 4 
1:' 1:-
('? .?-'l, 

c, , ") 

=' Q 

-160 -180 -200 

777 

:.< 3 '3 

7 

3 4 1;> 
<, 5 5 
(; .., 7 

l' Iii 17 
'3 9 '1 

(, f1 '1 

l2 17 l ::' 
1 Co 1 <; 1 <; 

~ -: ~ .., ., 
10 ;''1 71 



» ::u 
o 
o 
0> 
<0 
I\.) 
0> ........, 

N 
I 

.C> 

ESTIMATtD 

2' 
LOCATION ,--- -----

320 300 260 260 
300 260 260 240 

<: / I ., -U :I 
U13 -1 0 
2113 -11 
2113 -1 2 
2 /1 3 -1 '+ 

,UU-I? 
t.113-16 
UI3 - 17 
2./l3-1tl 
2.113-20 

2/13 - 21 
U U - 22. 
t.1l3-2 j 
2./13 - 24 
UU-2:, 

t.I1.1 - 26 
'-/1.1-,- ( 
LI!'+-ul 
2.114-12 
LI 14-1 j 

AVERAGE SPECIFIC YIELD VALUES
1 BY ELEVATIONAL INC REMEN TS, 

COASTAL PLAIN OF LOS ANGELES COUNTY 
LOS ,~NGELES FORE BAY AREA (CONTINUED) 

(IN PERCENT) 

ELEVATIONAL INCREMEN TS IN FEE T ABOV E SEA LEVEL 

-----

240 220 200 160 160 140 120 100 60 60 40 20 0 -20 -40 -60 - 60 -100 -120 
220 ~O 160 160 140 120 100 60 60 40 20 0 -20 -40 -60 -60 -100 -120 -1 40 

1 11 1 2 14 L3 1 6 Ll 2n 19 16 17 17 17 ~ 7 17 J' 17 J 7 
2 5 14 1 2 12 1 2 12 14 14 1 3 11 11 9 5 5 r, <; R " 1 6 5 5 (-, 7 9 10 9 7 1 1 9 q 0 7 <; <; 

1 I 1 3 9 10 7 4 5 ! 1 " t'J ':'J <; '-
4 10 9 3 5 1 2 9 6 6 7 8 11 8 10 I? 15 19 

7 1 9 1 7 1 6 16 11 14 1 3 10 9 'J 9 8 1 1 24 26 29 
6 16 1 8 15 9 3 ') 9 16 7 e 6 3 2J 2& 17 

5 8 6 7 5 q 6 9 II 5 4 4 6 4 6 <; 

13 10 1 :: 3 ., 'I 'I 1 " 
1 2 B II 1 2 14 1 2 7 5 4 4 6 l? ~ :, 

3 9 1 9 21 21 20 11 1 4 10 ~ 7 I. 4 L' 16 7:-
13 1 1 11 18 7 14 15 10 1 0 7 4 <; 4 20 1 :: 20 

1 1 4 7 8 8 6 8 f: 6 17 17 18 
3 1 1 11 7 3 8 3 <; 5 7 L? J 6 

6 8 <; 6 7 6 7 4 1 1 12 17 

4 4 4 4 4 6 4 4 ]i. 17 ?l 
1 2 3 6 8 8 7 e q 12 2" 12 

7 9 22 8 20 3 3 21 11 1 1 11 I ! 1 1 1 1 11 
1 3 14 12 17 J 1 , 12 17 9 ') I') I') I') 0 'J 

2 2 7 6 12 <; 4 6 3 3 4 4 ? 

-140 -1 60 - I 6 0 
-160 -160 -200 

17 l ' , ., 
)(' 8 

Il ' .") ') 

f. 
2C' 2C ;: ? 

lE' 11 1] 

J? , 
4 ? (-

" ~ ~. 
() 7 

1 c 12 1 ;' 
lI- 17 1 r 

1 0 10 L 
b 11 J ., 

! 7 1 f# :> C' 

')(' 21 ' , 

~ " 12 ? " 
1 i 1 ! 1 1 

') c C 

1 :: 3 



» 
:::0 
o 
o 
(j) 
<0 
I\.) 
(j) 
ex> 

N 
I 

U1 

2 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

MONTEBELLO FOREBAY AREA 
(IN PERCENT) 

ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 
LOCATIONII~~-::-~~~-:::~:-::~~~~~~~~~ ________________________________________________ ___ 

3 20 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 - 60 - 80 -100 - 12 0 - 140 -160 -1 8 0 
30 0 280 260 240 220 200 180 160 140 120 100 80 60 40 20 J -20 -4 0 -60 -ao -100 -120 -140 -160 - 180 -200 

1/12-32 5 8 7 2 13 6 9 12 12 7 5 5 11 11 8 10 13 11 14 8 3 II 
23 23 8 1 /12-33 7 21 13 21 21 21 9 5 10 

1/12-34 3 13 8 3 9 13 9 13 13 13 4 5 10 1 4 14 4 12 14 14 13 9 
1/12 - 35 14 13 10 13 9 9 13 n 11 11 ~ q 7 7 8 5 8 13 16 
~/I1 -06 9 23 23 14 10 12 26 26 26 26 11 15 16 16 16 14 11 16 16 16 16 

~/II-07 

2/11-08 
2/11-17 
2111-18 
2/11-19 

2111-30 
2111 - 31 
2112 - 01 
2112-02 
2112 - 03 

2/ 12-04 
21 12-05 
2112-09 
2/12- 1 0 
2/12 - 11 

2/12 - 12 
2 11 2-1 3 
2/ 1 2 -1 4 
2/ 1 2 -1 5 
21 12-1 6 

2112 - 2 1 
211 2 - 22 
2112 - 23 
21 12 - 24 
21 12 - 25 

2112 - 26 
2112 - 27 
2/12 - 28 
21 12-33 
t!.I12-34 

8 11 

7 

4 

7 
1 
2 

6 13 14 

3 
3 

5 14 18 18 15 
57623 
8 2 376 

1 0 15 15 14 
4 14 9 15 

4 8 13 
6 13 

1 6 10 10 6 

16 18 /.0 
735 

11 8 l, 

12 8 9 
19 16 9 

13 12 16 
19 4 4 
346 

12 1 1 13 
787 

13 
3 
6 

13 
8 

15 
3 
4 

12 
1 2 

16 
12 

9 
10 
1 3 

13 11 15 12 15 10 10 11 7 
16 16 14 12 11 4 4 3 3 
11 8 1 0 14 9 13 12 12 13 

e 7 
5 5 
8 8 
8 6 

15 ] 7 

4 1, 
3 7 

10 6 

!O 
5 
5 

10 
12 

10 6 7 
655 
444 

12 14 11 
5 7 15 

15 20 14 11) 
14 3 : ? 

12 R 12 e 
5 13 10 5 6 4 

13 26 9 5 5 
6 i O 13 15 15 
5 5 5 5 3 4 5 5 5 5 

3 5 ':- 4 ;\ '134 
2 

18 5 
5 7 16 7 
4 15 15 2 1 

9 
5 

599 
'i 5 16 

4 20 
1 7 

10 1 7 

2 0 20 
1 7 19 
17 19 

4 
1 

7 2 1 18 
1 1 5 15 

17 20 
7 12 

1 8 
2 

14 
19 
13 

5 
5 

8 
16 
13 

5 
5 

7 
1 7 
10 

5 
5 

17 
14 
10 

5 
5 

6 
9 

15 
5 
5 

36453 
18 1 7 9 6 e 
16 14 14 14 6 
17 1 8 17 13 11 
10 13 13 15 10 

20 21 1 7 13 
11 18 15 9 8 

1 8 10 10 8 
2 9 18 14 7 
2 8 14 17 16 

5 5 
7 16 
5 13 

5 
5 

13 

5 
5 
:3 

5 5 'i 
555 
3 15 17 

9 , 
5 11 

26 25 
9 4 

?l 16 
8 5 

10 8 
l. 

7 
12 

4 
14 12 17 
1 7 ? 1 5 

12 
1 1 
15 

5 
5 

1 5 
19 
10 

5 
5 

13 
14 

4 
5 
5 

19 
9 
8 
5 
5 

19 
I 1 
1 0 
1 5 

7 

21 
9 

1] 
16 
1 6 

10 7 6 6 4 R 
1 7 14 17 9 4 1 
13 16 16 7 3 3 

9 11 12 10 6 e 
9 5 4 6 10 14 

4 9 3 1 3 3 
6 16 13 15 1 7 14 

11 6 13 13 10 4 
11 9 5 5 4 5 
] 0 12 9 11 11 a 

21 
13 
19 
14 
16 

13 
18 
18 

'3 
I f) 

7 
14 
] 5 

5 , 

12 12 1;' 
6 11 1 1 
; 10 1 0 
7 16 1 ':-

19 8 14 

6 21 21 
13 10 9 

6 17 16 
579 
777 

, 
If! 

7 
I, 

:< 

14 
13 

5 
12 

<; 

12 
12 
10 
15 
11 

14 
7 

10 
4 

5 

1 

5 
5 
f1 
7 

14 
13 

4 
14 
1 ') 

14 
14 
] 0 
14 

9 

11 
9 

6 
4 

10 
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LOCATION 

2112-3':> 
2112-36 
3111-06 
.;112-01 
3/12-li2 

j/12-03 
.;112-11 
:'112-12 

ESTIMATED 

320 300 280 260 
300 280 260 240 

AVERAGE SPECIFIC YIELD VALUES1 
BY ELEVATIONAL INCREMENTS, 

COASTAL PLAIN OF LOS ANGELES COUNTY 
MONTEBELLO FORE BAY AREA (CONTINUED) 

(IN PERCENT) 

ELEVATIONAL INCREMEN TS IN FEE T ABOVE SEA LEVEL 

240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -1 20 - 140 -1 6 0 -1 8 0 
220 200 180 160 140 120 100 80 60 40 20 . 0 -20 -4 0 -60 -80 - 100 -1 20 - 140 -16 0 - 180 -200 

2 7 1 9 1 5 11 1 6 9 14 1 2 8 6 e 1 3 11 15 12 
5 2 3 22 5 '3 1 3 5 5 5 4 5 7 21 15 14 14 5 

2 7 11 16 16 14 9 7 7 8 7 4 5 5 4 5 
2 ') 15 15 16 13 1 3 12 13 1 'I I I 16 1 4 14 9 12 

5 13 18 20 12 12 12 1 1 q 8 7 8 10 8 

3 8 1 9 12 28 11 5 10 6 7 1 2 10 10 17 
1 1 1 16 14 1 6 10 5 3 5 15 12 9 7 12 

1 4 10 16 1 5 10 10 12 8 12 1 1 11 8 11 5 11 
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(Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES
1 

BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

WHITT IER AREA 
(IN PERCENT) 

21 ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 
LOCATION~. __________________________________________________________________________________________________ ___ 

.2lllJ - 31 
L/ll - 16 
L/ ll -.20 
.2111-21 
i/11-.2o 

011-21 
2./l1-2tl 
011-2'1 
2/11-32 
LIlI-33 

<'111-34 
Lll1 - 3~ 

L/ll-.;6 
::>/IJ-Oo 
::>IIU - GI 

::>Ill-ul 
';/II-U2 
';/11-03 
';/11-04 
::>Iil - u, 

jill-Iv 
311: - 11 
3/11 - 12 
';/11-13 

320 
300 

6 

3 

300 280 260 
2 80 260 240 

7 8 4 

2 2 3 

3 3 5 

2 

240 220 200 
220 200 180 

1 5 ? 

12 4 4 

4 6 10 
2 4 

180 160 
160 140 

5 4 
3 7 

3 3 
4 4 

2 
2 

2 2 2 8 
5 

2 

7 

1 

6 10 1 1 

6 

5 

7 

2 

4 

2 

8 

2 

4 
5 

6 

6 

2 

3 

4 
5 

3 

3 

140 120 100 
120 100 80 

3 
7 

4 
3 

3 
4 
4 
4 
3 

5 
4 
6 
6 
3 

5 4 4 
433 

15 17 
3 1<; 10 

12 6 

2 

4 
5 

2 

3 
3 

2 

4 

3 

80 
60 

5 
6 

11) 
8 
3 

60 
40 

3 
6 
3 
I, 

5 

40 
20 . 

3 
4 
3 
3 
7 

334 
5 12 7 

17 17 17 
13 9 5 
355 

Z 8 5 
5 4 

4 13 1 3 
454 
133 

20 
o 
5 
3 
4 
3 
3 

o 
-20 

2 1 

4 
9 
3 

4 5 
4 5 

17 17 
4 ? 
3 3 

4 4 
4 3 

13 
3 3 

18 2 1 

-20 
-40 

5 

6 
3 
4 

5 
4 

17 
10 

4 

3 
3 

8 
22 

3 355 7 5 4 4 5 
3 3 
6 2 
." 12 
6 6 3 

322 
7 15 , 
9 6 1 :l 

2 
8 
7 

2 
2 2 
9 11 
3 4 

-40 -60 
-60 -80 

4 17 

8 4 
3 3 
3 3 

- 80 - 100 - 120 
-100 - 120 -140 

10 8 5 

339 
3 6 3 
3 9 14 

-140 -160 - 180 
-160 -180 - 200 

9 9 5 

:3 3 ." 
3 3 4 

14 15 10 

4 443 3 399 
554 3 

17 17 17 ]7 
4 444 
5 335 

3 455 
17 17 17 17 

9 6 '. 4 
5 15 4 4 

3 
3 

18 
17 

5 
3 
4 
3 
6 

4 
3 

4 
4 

:3 
3 
4 

4 
6 

'. 5 <; 
:3 

4 
1 

4 
3 

4 
4 7 " 
7 15 

14 23 
9 

19 
7 

13 
<; 
6 

I? 
13 

3 
5 

= 5 
3 

4 20 11 10 18 
5 ." 4 ." 3 
6 11 6 10 5 
3 8 1 7 7 16 
3 6 13 7 )7 

2 4 " 4 4 4 3 3 
5 4 

6 23 18 24 
3 5 3 

." 4 3 4 3 434 'i 
4 1 1 10 q 
8 13 13 13 

5 10 q 11 6 
2 3 10 4 21 22 16 

11 23 8 5 
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(Continued) 

ESTIMATED~ AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

CENTRAL BASIN PRESSURE AREA 
(IN PERCENT) 

ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 
LOCATIONIr-______________________________________________________________________________________________ __ 

1/14-19 
1114-27 
1/14-2B 
1/14-29 
1/14-30 

1114-31 
1/14-32 
1/14-33 
1/14-34 
1/14-35 

11 15-24 
l!15-2~ 

2112-08 
1I 12-1 7 
L1l2-18 

2112-19 
2112-2U 
1I 12-2~ 
2112-30 
2/12-31 

1I 12-32 
1I13-13 
2113-19 
2113-28 
2/13-29 

2 I 13-3J 
2113-31 
2113-32 
2/13-33 
2 I 13-~4 

LI13-J~ 

i/ 13-36 
21 14-02 
.:./14-03 
2114-04 

3 20 
300 

300 280 260 240 220 
280 260 240 220 200 

200 
180 

12 

180 160 
160 140 

12 12 

140 120 
120 100 

12 12 
3 12 
6 1 I 

23 

9 

19 
8 21 
5 21 

21 
18 

100 
80 

12 
I I 
11 

14 

80 
60 

12 
13 

q 

14 

60 
40 

12 
3 
2 

14 

40 
20 

12 
3 
9 
4 

14 

21 19 ,q 19 
2 13 16 
9 12 16 

10 5 3 3 
7 21 2'3 22 

20 
o 

12 
3 
5 
6 

10 

16 
9 

20 
15 

5 

o 
-20 

12 
3 
3 
8 
9 

.~O 
-40 

12 
3 
9 

12 
9 

-40 
-60 

12 
3 
4 

18 
9 

-60 
-80 

12 

6 
6 
9 

13 5 21 23 
10 12 11 4 
1 5 22 12 8 
334 3 

16 16 18 13 

- 80 - 100 - 120 
-100 -120 -140 

12 22 25 

6 
12 15 10 
999 

23 23 24 
6 12 15 

21 22 19 
3 19 2i 
5 5 4 

4655654 2 '3 16 
12 12 

1 10 
12 19 
14 13 

8 5 10 15 17 12 
12 12 12 12 12 12 
544 4 7 4 

16 13 12 15 12 12 

15 10 4 
12 12 12 
655 
4 4 4 

12 19 14 14 14 12 10 12 
1 1 1 
3 1 1 11 
7 11 14 9 9 J5 18 19 15 19 14 9 

3 

13 

1 1 
5 

11 

10 
5 

2 
1 

I!) 

5 2 

10 5 

4 

4 

1 

6 11 
2 9 
5 7 

10 5 
4 

3 4 3 
6 16 11 
2 7 12 

14 5 17 
18 22 22 
10 10 9 

3 q 6 
9 12 18 
2 9 11 

10 
4 
3 

5 

23 
2 

9 7 9 6 11 
4 2 222 
6 2 224 
2 8 884 
5 10 16 16 14 

1 
4 21 

11 18 
7 16 

5 12 
9 2 

23 23 
13 4 
15 13 

10 
7 

10 
6 

12 

9 8 
3 5 
9 10 
7 15 
9 7 

13 
8 
9 
8 
5 

1:) 

6 
9 
3 
3 

5 
5 
6 
6 
7 

'j 

6 
9 
3 
3 

8 9 11 
888 
5 5 9 

12 12 16 
14 12 15 

s 
C; 
q 

12 
3 

5 
9 
9 
4 
6 

5 
11 

<; 

5 
3 

3 10 11 13 3 
5 12 10 <) 4 
25335 
5 4 3 3 10 

3 
4 
4 
4 

16 5 3 , 8 

10 
10 
13 

3 
12 

3 
4 

16 
5 

10 

3 
15 
18 

8 
4 

20 
14 
16 

5 
12 

12 
21 

5 
8 

11 

14 

12 
16 

5 
5 
8 

- 140 -160 -1 8 0 
- 160 -180 - 200 

19 23 1~ 

12 12 6 
99<) 

26 
15 
13 
21 

3 

26 
15 
14 
21 

8 

26 
17 
15 
21 

5 

555 
12 12 12 
667 

12 6 4 
955 

13 18 
12 19 
10 11 
15 10 
13 1 1 

10 
7 
9 
5 
3 

6 
7 
9 
9 
5 

19 
19 
11 
12 

6 

4 
9 
9 
9 

6 16 23 
4 8 10 
5 7 10 
456 
644 

12 
24 

5 
6 
3 

1 1 
22 

3 
15 

3 

7 
22 

5 
15 

3 
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(Con ti nued ) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INCREM ENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

CENTRAL BASIN PRESSURE AREA (CONTINUED) 
(IN PERCENT) 

ELEV A TIONAL INCREME N TS IN FEET AB O VE SEA LEV EL 
LOCATION rl --------______________________________________________________ __ 

320 
300 

300 280 2 6 0 
290 260 240 

240 220 
220 200 

200 
180 

180 160 
160 140 

140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 
120 100 80 60 40 20. 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 

-L-' ~/-1-4---u-J-L--------------------------------------------~2~~2~ 3 12 10 9 d B 9 8 11 11 13 15 12 9 
2/14 - 06 70 17 9 5 5 5 5 5 
2/14-08 3 5 5 5 5 5 5 5 
L/14-Q9 2 6 10 5 12 7 4 11 12 14 3 3 3 4 4 3 22 17 23 5 3 333 

6 4 10 2/14 -1 0 5 9 4 4 4 4 3 4 3 5 15 7 

U 14-11 
1.114-14 
U 14-1;' 
2.114-1& 
.!I14-21 

U 14-22 
~1l4-23 

2114-24 
2114-25 
2114-26 

2/1 .. -27 
~/14-34 

2114-3') 
2/14-36 
3/11-07 

3/11-08 
3/11-09 
3/11-14 
3111 - 15 
3/11 - 1& 

3/11-17 
3/11 - 1 8 
3/11-!9 
3111-20 
3111-21 

3111-22 
3/11-23 
3/11-24 
3/11-26 
3111-27 

2 2 3 2 12 

2 

3 7 6 10 5 8 10 10 6 5 
45454 
5 5 5 11 7 

11 8 
<; 4 

854 
663 

13 21 17 

4 
8 

17 
17 13 

5 896 
1 22 

9 11 15 3 11 
5 6 10 17 18 

6 13 10 13 9 
3 14 
3 

5 4 

8 

3 

1 

3 

4 

17 
7 

6 8 
2 

9 11 
10 6 

1 

3 
7 

q 

1 

11 15 D 
146 
2 12 9 

14 5 21 
63 4 

13 14 11 
9 18 19 

11 1° 16 
473 
4 14 70 

8 
'5 

4 

3 

2 
1 

11 10 
4 '5 

2 
4 5 
9 9 

') 

2 
2 

3 
:; 

2 
8 

13 17 8 10 16 

Ib 15 13 11 12 
7 77 9 7 

18 4 5 13 4 
12 12 12 12 12 

4 6 3 4 4 

3 
7 
4 

12 
5 

12 
15 
16 
a 

12 

12 10 
15 11 
15 12 

8 16 
12 13 

11 11 11 
888 

13 20 19 
15 16 12 
12 19 6 

13 5 5 3 10 10 

6 13 10 
446 
477 

12 12 12 
11 8 10 

6 4 5 
12 17 .12 
777 

12 12 12 
6 10 10 

10 11 
8 15 

20 21 
8 9 
6 8 

11 9 8 
18 20 19 
19 19 16 

9 13 13 
11 9 6 

7 
14 
1 2 
11 

6 

15 21 18 
4 :. 5 
4 9 10 
433 

11 6 10 

16 
4 

12 
3 
9 

7 
4 
9 
3 
8 

12 12 12 
334 

10 14 9 
3 3 3 
9 23 18 

12 
4 

14 
3 

12 

12 
4 

13 
3 

16 

12 
3 

10 
4 

18 

12 
3 

10 
3 

19 

5 
4 

1 

B 
4 

2 

8 12 
8 10 
2 <> 
2 6 
1 4 

S 9 
5 4 
1 4 
3 5 

8 
8 

12 
10 
11 

<; 
6 
4 
6 

7 6 
9 12 
9 7 
9 9 
7 11 

2 4 
A 8 
4 8 
4 4 
6 1 1 

13 14 13 13 
15 15 20 20 
11 12 9 9 
II 10 11 7 
11 12 11 10 

6 8 8 8 
11 11 9 10 

5 3 4 10 
643 3 

11, 10 7 7 

11 13 
1 3 13 

9 8 
9 9 

10 10 

8 10 
8 8 
8 4 
4 4 
7 11 



( Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 BY ELEVATIONAL INC REME N TS , 
COASTAL PLAIN OF LOS ANGELES COUNTY 

CENTRAL BASIN PRESSURE AREA (CONTINUED) 
(IN PERCENT) 

2' 
LOCATION 

ELEVATIONAL INCREMEN TS IN FEE T ABOVE SEA LEVEL 

320 300 260 260 240 220 200 160 160 140 120 100 60 60 40 20 0 -20 -40 -60 - 60 -100 - 120 -140 - 160 -1 80 
300 28 0 2 60 240 220 200 160 16 0 140 120 100 60 60 40 20 0 -20 - 40 -60 -60 -100 -120 -140 -16 0 -160 -20 0 

3/11-28 1 1 3 9 8 6 1 'I 19 3 1 16 8 10 
3/11-29 2 8 8 8 ) <:- 15 15 17 1 1 1'1 
3/11-38 7 <) 8 22 22 22 22 23 22 
3/11-3 1 2 4 4 17 20 19 11 1 1 10 
3/11-32 2 3 6 a 1 1 10 7 12 

3/11 - 33 6 5 6 10 4 5 8 6 
3/12-04 2 3 4 10 20 20 19 14 10 13 1 1 1 I 11 1 I 10 10 
3/12-05 1 4 12 28 15 11 14 6 10 14 9 4 I> 
3/12-06 1 4 10 11 9 10 16 15 12 12 1 1 12 
3/12-07 1 , 8 16 19 17 27 27 '2 " ,8 38 

3/12-08 8 19 20 20 15 8 10 7 I, I, 
N 3/ 12-09 9 15 19 ) 8 1, 6 , 4 8 10 10 7 , 3/12-1,) 7 18 21 19 13 12 4 5 4 3 3 3 3 N 
0 3/12-13 Il 14 15 n a ~ tl 2C '-I 6 7 10 8 

3/12 -1 I. 8 16 16 9 4 ;, 6 6 4 4 :.. :. 

jIl2-1~ 11 1 7 Itl Itl 12 10 12 12 12 12 12 12 
j112-16 1 5 12 15 1& 16 2'1 1 1 9 4 ... 5 
3112-17 4 1 ) 12 16 14 12 20 21 20 
3/12-18 3 7 15 15 16 21 20 19 18 24 2~ 
\/12-19 11 16 I 7 11 14 14 16 1(, . ~ 

L ' 

3112-2') 2 IP. l' 15 I? 1 ~ 1 1 1 ;, 
j/12-'1 1 6 1 1 22 12 12· 24 24 ?l 
3/12-22 5 '7 'I 22 II, 17 2 /• 18 15 
j/l<.-23 3 1 I II, 16 1 I 12 12 12 12 12 
311<'-24 2 3 6 17 19 17 19 24 18 17 17 1 ... 

)1:;'-2') 1 3 Ie 15 26 19 12 15 15 19 
,/12-26 2 2 2 4 8 11 IG 18 17 13 16 20 14 
jl 12-2 7 3 4 7 11 1 7 16 13 9 12 
?'/12 - 2:-l I> !9 11 8 11 8 a 

»' 3/12-2) 2 9 ?l 23 1 1 19 IS 2d 

:::0 3/12-3J 2 11 15 ; 3 16 It- 4 , 7 5 3 
0 3112-31 6 ; 1 !. J 2 3 '3 7 12 I, 23 23 
0 3/12-32 12 1<: 1<' 1 ~ 12 12 12 24 12 12 12 12 12 (j) ;/12-33 4 3 10 14 1 1 13 12 1& <0 
I\.) 3/12-34 3 5 17 15 12 14 1 , 10 
"""-I 
c..v 



(ConI inued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES1 
BY ELEVATIONAL INC REMEN TS, 

COASTAL PLAIN OF LOS ANGELES COUNTY 
CENTRAL BAS IN PRESS URE AREA (CONTINUED) 

(IN P ERC ENT) 

LOCATION21 
ELEVATIONAL I NCRE M EN TS IN FEE T ABOVE SEA LEVE L 

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 - 180 
300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 - 120 -140 -160 -180 -200 

)112 -3;' 2 2 5 11 12 8 12 14 It> 9 7 
3/12-36 3 6 8 10 8 20 16 25 10 1 1 
3113-01 8 6 9 14 14 14 I' .. 14 2'J 
3113-02 3 13 16 17 14 5 7 9 13 19 10 
3/13-03 11 8 5 5 <; 5 5 5 "I 3 3 4 

3/13-04 2 3 8 11 4 3 3 6 7 3 3 6 11 
3/13-05 7 4 3 -4 6 4 4 9 3 3 3 4 8 13 5 
3/13-06 4 8 8 8 15 17 13 10 23 17 19 17 19 19 23 23 9 
3/13-07 2 12 16 17 17 16 17 22 20 21 20 17 14 13 16 16 
3/13-08 4 7 7 fl 9 10 12 11 9 10 12 

3/13-09 5 2 5 4 3 3 3 3 7 14 8 13 
3113-10 7 10 9 3 4 4 4 4 4 10 12 9 -1 1 

N 3113-11 2 8 17 15 7 7 7 6 6 6 6 :-I 
N 3/13 -1 2 2 9 12 11 13 4 7 6 4 6 6 

3/13 -1 3 13 17 14 7 14 6 4 4 4 7 

j/13-14 9 22 17 17 17 17 17 17 17 17 
3113-1:) 1 4 6 4 5 4 7 7 4 12 16 12 
3113 -16 2 2 5 3 6 12 10 13 17 13 C; 5 5 
3113-17 1 1 6 10 8 11 8 10 12 13 9 11 15 
3/13-18 1 2 5 4 4 9 8 1 1 9 14 13 15 18 

3/13-20 1 1 7 18 17 15 11 8 17 10 9 6 
3/13-21 1 c; 8 4 5 13 20 19 13 1 1 18 14 5 7 12 
3/13-22 1 4 5 11 9 7 8 8 15 19 19 
3/13-23 1 3 3 4 7 13 14 10 9 10 14 16 19 15 
3/13-24 2 8 16 18 16 24 12 12 12 12 12 

3/13-25 3 11 19 16 14 10 4 4 3 3 3 
3/13-26 4 13 10 10 6 8 3 7 4 8 
3113-27 9 8 11 12 9 9 13 14 11 12 14 

» 1 
3/13-28 4 5 5 6 6 
3113-29 1 1 5 8 7 10 11 15 9 14 10 

:::0 
0 3/13-33 9 15 16 16 14 16 15 16 17 12 11 15 4 4 
0 3/13-34 1 5 13 17 7 8 10 9 10 16 9 11. 17 18 (j) 
<0 3/13-35 7 19 18 12 6 8 6 7 7 8 
I\.) 3/13-36 5 14 12 9 4 4 4 3 4 5 
"""'-I 3114-01 2 11 12 13 14 14 16 19 19 19 18 
+::>. 



(Cont i nued) 

ESTIMATED AVERAGE SPECIFIC YIE LD VALUES1 BY ELEVATIONAL INCREMENTS. 
COASTAL PLAIN OF LOS ANGELES COUNTY 

CENTRAL BASIN PRESSURE AREA (CONTINUED) 
(IN PERCENT) 

2' ELEVATIONAL INCREMEN TS IN FEE T ABOVE SEA LEVEL 
LOCATION .----

320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 ZO 0 -20 -40 -60 -80 -100 -120 -140 -160 - 180 
300 280 260 240 220 200 180 160 140 12C 100 80 60 40 20 0 -20 -40 -60 -80 - 100 -120 - 140 -160 -180 -200 

J/ 14-02 1 7 6 8 9 12 9 12 8 9 12 9 9 11 8 8 
3/14-12 4 9 15 1 6 1 5 14 17 21 16 15 15 8 9 11 1 = 12 
... 111-05 1 2 2 9 11 1 3 7 7 14 
411 1-06 5 4 4 10 13 16 16 9 9 
4/ 11 -07 1 2 8 8 8 9 11 17 

4/1 1-08 2 8 9 10 12 5 16 
4/11-18 2 16 18 29 37 36 30 
4/1 1-1'1 2 2 4 12 28 8 5 3 5 4 
4/12-01 1 6 7 1 3 17 17 17 17 11 
4/12-02 2 1 1 1 3 12 15 15 19 14 10 

4/12-03 6 9 5 12 12 17 13 13 12 
f\) 

4/12-04 8 5 4 10 3 3 3 12 12 20 12 12 26 
I 4/12-05 3 12 12 12 17 8 7 

f\) 4/12-06 3 17 8 4 9 12 16 f\) 

4/12-07 28 20 28 30 30 11 

4/12-08 3 5 14 16 20 11 14 19 
4/12-09 7 11 2 1 22 26 10 
4/12-10 5 9 3 3 10 12 11 1 1 11 11 
4/12-11 23 16 16 19 34 22 
4112-12 2 3 9 10 12 13 16 27 

4/12-13 1 3 3 7 12 10 16 19 19 21 16 20 
4/12-14 2 8 5 6 6 17 16 16 16 15 17 
4112-15 2 7 4 3 6 Itl 8 20 10 10 14 
4/12-16 1 2 2 6 3 12 16 19 15 19 14 
4/12-17 3 6 8 22 21 19 21 22 24 

4/12-18 1 23 23 23 16 27 16 16 17 10 4 
4/12-19 1 2 5 11 18 15 11 11 14 13 14 16 14 
4/12-2U 1 3 4 7 11 7 8 1 1 1 1 8 8 8 
4/12-21 2 3 5 6 9 13 9 11 10 12 12 12 

»" 4/12-22 8 8 8 8 8 16 16 16 16 8 8 

:::0 4/12-23 8 20 11 5 7 10 17 19 9 9 
0 4/12-24 1 8 9 6 19 18 16 17 16 20 
0 4/12-20; 1 2 10 17 13 13 13 13 14 
(j) 4/12-26 2 8 20 18 14 19 19 23 
<0 4/12-27 3 10 20 21 39 30 26 32 16 15 I\.) 
"""-J 
01 



» 
:::0 
o 
o 
(j) 
<0 
I\.) 
"""-J 
(j) 

N , 
N 
()J 

2' 
LOCATION 

320 
300 

4112 - 28 
4112-29 
4112 - :;3 
4/12 - 34 
4 112 - 35 

4/ 12 - 36 
4 /13 - 01 
411 3 - 02 
4/13 - 03 
4/13 - 11 

4/13 -1 2 
4 /1 3 - 13 
411 3-2 4 
5112 - 01 
5 / 12 - 02 

5/12 -1 1 

(Continued) 

ESTIMATED AVERAGE SPECIFIC YIELD VALUES
1 

BY EL EVAT ION AL INCREMENTS, 
COASTAL PLAIN OF LOS ANGELES COUNTY 

CENTRAL BASIN PRESSURE AREA (CONTINUED) 
(IN P~RCENT) 

ELEVATIONAL INCREMENTS IN FEET ABOVE SEA LEVEL 

300 2BO 260 240 220 200 IBO 160 140 120 100 BO 60 40 20 0 -20 -40 -60 -BO -100 -120 
2BO 260 

Footnotes: 

240 220 200 IBO 160 140 120 100 BO 60 40 20 0 -20 -40 -60 -BO -100 -1 20 -140 

2 9 14 16 20 
2 5 5 5 

7 
10 1 5 1 6 15 lu 12 

3 12 14 

5 1 3 9 8 
1 4 3 4 10 6 5 7 

3 5 1 3 1 9 20 1 7 9 9 10 
3 1 6 1 8 1 6 9 

2 13 14 17 8 10 9 

5 2 2 6 12 15 1 ? 16 7 -, , 
2 10 4 3 1 2 
5 1 4 1 5 8 18 

1 4 3 3 3 3 
5 16 15 1 1 10 7 

2 5 11 15 11 25 10 10 

1. ~~ere no value is shown specific yield was assumed to be zero or the elevat i onal increment 
was above the ground surface or below the base of the deepest aquifer. For this tabulation 
all the deposits above the base of the Bellflower Aquiclude were considered to have zero 
specific yield. Also the tabulation was limited to the elevations between + )20 and -200 
feet because it is within this range that change in ground water storage occurs. 

2. Location is referenced to the U. S. Public Land Survey as projected into the Coastal Plain 
of Los Angeles County. 1/14 - )0 refers to Township 1 South, nange 14W, Section )0, San 
Bernardino Base and Meridian. The estimated average specific yield values given refer to 
the section or portion of a section lying within the boundary of the specified ground water 
basin. 

- 140 -160 -I BO 
-160 - IBO -200 

19 20 17 
10 3 3 

9 10 12 
7 10 1 5 

14 1 3 1 7 

4 3 6 
1 3 10 10 

4 9 12 
3 3 3 
9 9 9 

7 7 14 
9 15 22 
8 9 6 
3 3 3 
6 6 7 

9 9 1 0 



TRANSMISSIBILTTY TEST PROCEDURES 

The transmissibility rates of aquifers penetrated by wells in 

the Coastal Plain of Los Angeles County were determined by the use of 

drawdown and recovery tests, in addition to other available data. A draw

down test is one in which measurements of the ground water levels are taken 

starting the moment the well is turned on and continued as long as possible 

or until the water level stabilizes or draws down very slowly. The meas

urements are usually taken in an observation well perforated in the same 

aquifer as the pumping well, but the measurements may be taken in the pump

ing well. The quantity of ground water pumped is also measured. 

A recovery test is essentially the reverse of a drawdown test. 

A well is pumped for a known amount of time and the discharge measured. 

Starting at the time the pump is shut off, ground water levels are meas

ured at frequent intervals. The measurements are continued until the static 

level is approximately reached (the static water level is where the water 

level in the well would stand if not affected by pumping in the well or in 

nearby wells). The water level measurements are made in the pumping well, 

or in a nearby observation well perforated in the same aquifer as the pump

ing well. 

In both tests, the change in water level can be plotted against 

the time required for the change. Using formulas previously determined, 

the transmissibility, horizontal permeability, storage coefficient, and 

vertical permeability can be computed when a pumping and observation well 

are used together. When a test is run in the pumping well, generally only 

transmissibility and horizontal permeability can be determined. 
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The transmissibility rate, or the coefficient of transmis

sibility, is the flow of water, in gallons per day at the prevailing 

water temperature, through a vertical strip of the aquifer one foot wide 

having a height equal to the thickness of the aquifer and under a unit 

hydraulic gradient. It has also been described at "the field coefficient of 

permeability" multiplied by the thickness, in feet, of the saturated part 

of the aquifer. 

The permeability of a material is its capacity for transmitting 

a fluid. The coefficient of permeability is the rate of flow of water 

in gallons a day through a cross section of one square foot under a unit 

hydraulic gradient. The standard coefficient is defined for water at a 

temperature of 60°F. The field coefficient requires no temperature 

adjustment and the units are stated in terms of the prevailing water tem

perature. 

The horizontal permeability refers to the flow of water into a 

pumping well from an aquifer penetrated by the well. 

Vertical permeability as used in this attachment refers to the 

movement of water through a confining bed into the underlying aquifer. 

The leakage coefficient is used to describe the numerical 

quantity derived by dividing the vertical permeability of a confining bed 

by the thickness in feet through which this leakage occurs. 

Storage coefficient, or the coefficient of storage, is the 

volume of water in cubic feet released from storage in each vertical 

column of water having a base one foot square when the water table or 

piezometric surface declines one foot. It is expressed as a decimal figure 

with no units. 
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An aquifer is a geologic formation, group of formations, or part 

of a formation that transmits water in sufficient quantity to supply pump

ing wells or springs. 
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'I'ABLE C 

'fHANSMISSIBILI TY '],ES'],S m mE 
COAS'rAL PLAIN 0]<' LOS ANGELES COUl'l 'I'Y 

Estiin,; tca F:stima t ed 
Observ,; tion l'um ping U" t e of :'I'ransmissibili ty: hori z::mtlll Storage LC'l.k,gge \'c rt lca] 

well( s ) well(s) t cst i'yp" of tcst Aquifer(s) gal./day/ft. : permeabili ty :cocffi cient :coeffic ient : oe rm"Ab i li ty 
: ~al. L ua:tb 'j • ft. : :ga ]. /dqYLt'~. : ",nl.ju;;.y/""l.' ft.. 

;>S/11',1- 7,T? 4- 5- 57 Hecovery Pleistocene and 130,000 575 
Recent 

25/11',1- ti Nl 4- 5-57 Recovery Plcistocene Rnd 53,000 246 
Recent 

?S/ll',1-laK? 2S/11 ',1- l1:lQ4 0-12- 59 Drawdmro Rccent and Lowe r 410,000 2,830 1.7XlO-3 
Pleistocene 

2S/11W-18p? 2!;/11',1-18Q? 2-~)4- 59 Drliwdown LOwer Plcistocene 690,000 3,300 2.3XlO- 3 

2,,/11',1-loQ4 2SjllW-lSQ2 2- 24- 59 Dr"lwdown Lower Pleistocene 190,000 1,195 2.9XlO- 4 

2S/14'w-19Cl 2S/14',1-19C2 6- 26-50 DmwdoWJl T~wer Pleistocene I\J 
I 

170,000 600 2.9XlO-3 1.2XIO-7 1.2XlO 
- 6 

I\J 
-..J 2S/14w-<"rJl 7- 7-50 Recovery Silver ado 92,500 1,050 

2S/1 5',1-34A3 2S/15',1-34A1 6- 2-49 Recovery Gardena Rnd 82,600 1,173 4.2XlO-5 1.9XlO-8 1.2XlO-6 

Lynwood 

3S/nW-23P2 12-10-59 Recovery Lynwood 2,410 160 

3S/llW-?6B5 12-11-59 Rccovery Silverado 21,000 420 

3s/11W-27Gl 12-21-59 Recovery Silverado 1l,000 212 

3s/nW-?7G3 12- 22-59 Recovery Lymmod 19,000 247 

3s/12W-23C3 10-20-60 Recovery 34,254 952 

35/13',1- 8Rl 1-26-50 Recovery Lynwood and 43,000 580 
Silverado 

» 3s/13',1 -17A.l 6-30-50 Recovery Gardena and 110,000 1,908 

:::0 Silverado 

0 
3S/13W-20Hl 3S/13',1 - 2OH7 12- -49 Drawdown Gardena 380,000 5,310 l.6XlO-2 2.3XlO-7 3.7XlO-6 

0 
(j) -?OH3 6- -50 Hecovery 
<0 
I\.) 
CO 
0 



» 
;0 
o 
o 
(j) 
<0 
I\.) 
ex> 
~ 

I\) 
I 
I\) 
ex> 

Oboervation 
weU(s) 

3S/13W-29C6 

1S/14W- ?Dl 

1S/14W- 4N1 
_ liN;:> 

3S/14W- 7Q2 
- K2 

1S/14w-llC1 

3S/14w-IOCl 

3S/1)W-13Hl 
-13R1 
-13R2 

Pumping 
well( s) 

3S/13W-27E2 

3S/13W-28E2 

3S/13W- ::>9C3 

3S/14w- leI 

3S/14W- 3A1 

3S/14w- 4N3 

3S/14W- 7Q3 

3S/14w-11C1 

3S/14W-10G2 

3S/14W-11J2 

3S/14w-::>5P4 

3S/15\~-13A4 

4S/llW- 4R3 

4S/11W- 8Jl 

4S/llW-17Hl 

4S/llW-17I2 

Date of 
test Type of test 

2- 2-50 Recovery 

6- 22-50 Recovery 

1-30-)8 Dra",down 
Recovery 

1-30-50 Recovery 

6-27-50 Drawdown 

3-17-50 Drawdown 

3-17-50 Dra",down 
Recovery 

1-20-58 Drawdmm 

4- 5-50 Dra",dmm 

1- 2-58 Recovery 
1- 3- 58 

12- 7-49 Recovery 

9-2::>-49 Dra",down 
Recovery 

12- 8- 59 Recovery 

12- 12-59 Recovery 

11-19-59 Recovery 

11- 6-59 Recovery 

'rRANSM f55 r RILI'J'Y TES'l'S IN 'rIiE 
COAS'l'AL PLA IN OF' LOS ANCBLES COITN'PY 

(continued) 

~:st i rna tcd r:st i IW' t"d 
:TrRnsmissiuility: horizontal Stor"l,(e f~eJ:lk~tge V(~rt if!».,! 

Aquifer(s) gal./d.ny/ft. penneRbiJity :cocfficient:co.,fficient : n.,nn,··,LJiJ i.!.y 
:gal·LdayLsg.ft.: :glll.Lda~Lrt. :.;':1 .L'hY/:;'l .n. 

Silverado 126,uoo 3,730 

Lynwood and }1,600 5) 
San Pedro 

Gardena 56,100 764 9 .0XlO-4 

Silverado 1)5,000 1,325 

Silverado 52,100 291 ] .OiXlO-4 

Lynwood and 2::>0,000 934 d -4 ). , X10 
Silverado 

Silverado 110,000 1,358 ?tiXlO- 11 

Lynwood, SRn Pedro 202,000 1,141 2. 0 )XIO-3 3XIO-8 1. 51 XlO-6 

Silverado 

Lynwood Rnd 153,000 '(35 6.7XlO- 4 

SilveI"l.do 

GaGe 157,000 1, "r43 

4::>:),000 4,350 

3.7:<10-4 5.3XlO-9 -8 
Lyn",ood Hnd 103,000 495 1.oXIO 

Silv .. rado 

Artesia 30, 000 1,500 

ArteoiR 16,000 1,100 

Cage 11,700 31)2 

Caee 31,000 1,008 



» 
:::0 
o 
o 
(j) 
<0 
I\.) 
ex> 
I\.) 

f\) 
I 
f\) 
\() 

Observation 
we11(s) 

4s/13w- 2Jl 

4s/13W-15Cl 

4S/13w-15CI 

4S/13W- 27Ml 

Pumping 
we11(s) 

4S/11W-20Ml 

4S/13W- 2R2 

4S/13W- 7Hl 

4S/13W- 12Al 

4s/13W-15BB 

4S/13W-15P3 

4S/13w- 27Nl 

4S/13w- 27N1 

4S/14W- 8Fl 

4S/14W-17Hl 

Date of 
test Type of test 

- ---~ --_ ._- ---- -~ 

11-24-60 Recovery 

7-19-49 Drawdown 

6-28-50 Recovery 

7- 6-50 Recovery 

2- -50 Dra\Jdown 

6-20-50 Dra\Jdmm 

10-19-49 Dra\Jdo\Jn 

10-20-49 Recovery 

8-24-49 Recovery 

3-28-50 Recovery 

TRANSMISSIBILITY TESTS IN THE 
COASTAL PLAIN OF' LOS ANGELES COUNTY 

(continued) 

Estimated Estimatea 
:Transmissibility: horizontal StoI"l.ge Leakage vertical 

Aquifer(s) gal./day/ft. permeability :coefficient:coefficient : permeability 

------
:gal·LdalLsq.ft.: :gal.LdalLft. :gal·Ldal!sq.ft. 

Lynwood 60,000 1,052 

Gaspur, Gardena 177,000 2,602 8.lXlO-4 -8 -7 
1.IXlO 3·3XIO 

Lyn\Jood 

Silverado 280,000 1,657 

PliO-Pleistocene 79,500 530 

Silverado 82l,000 3,258 5.47XlO-5 lX10-8 3.8XlO-7 

326,000 1,294 

Silverado 750,000 1,404 l.9XlO-3 3 . ?XlO-8 
4. 6xlO 

- 6 

Silverado 650,000 2,070 

775,000 2,250 

Gardena, Lyn\Jood, 680,000 2,464 
Silverado 



Assignment of Transmissibility Rates to Aquifer 

The transmissibility rates for each aquifer and overall trans-

missibility rates for the coastal plain that were presented in this report 

were computed in the following manner: 

1. All well logs used in the investigation were classified as to 
the aquifers intercepted and to the thickness of each aquifer 
at that well. 

2. Permeability values of sediments were obtained from the 
transmissibility tests previously discussed. The results of 
these tests, summarized on Table C, were used as a basis for 
assigning representative values to the various materials 
encountered in the sediments. This simplification was 
necessary to reduce the amount of tine that would otherwise 
have been necessary to evaluate each well log separately. 
The representative values of permeability used in the study 
are tabulated in Table D, following. 

3. Using the values in Table D, a tabulation for each well log 
was completed that listed the materials encountered, the 
thickness of the material, and the permeability values used. 
By multiplying the thickness of each material by its permea
bility value, and adding together these products for the 
various materials found in each aquifer, the transmissibility 
rates of individual aquifers were computed for each well 
location. 

4. The transmissibility values for each aquifer were plotted on 
maps of the coastal plain that also delineated lines of 
equal thickness of the particular aquifer in order to correlate 
the two. Contour lines of equal transmissibility rates were 
then drawn and interpolated and extrapolated into areas with 
only sparse data control. These contour lines are shown on 
Plates 26A to 26H for each aquifer. 

5. Transmissibility rates at the northeast corner of each section 
for each aquifer were taken off the maps and tabulated. The 
values for each aquifer at each section corner were totaled, 
obtaining an overall transmiSSibility rate for that location. 
These overall rates were also plotted on a map and contours 
drawn representing lines of equal total transmissibility rates. 
This map of generalized lines of total transmissibility is 
presented as Plate 26I. 
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TABLE D 

PERMEABILITY VALUES 

ASSIGNED TO DRILLERS LOGS 

Sandy Clay . . . . . . • . . . . . • • . . . • • • 

Sand 

(includes gravelly clay, clay and sand, 
clayey sand, etc.) 

Gravel (includes sand and gravel). 
Gaspur Aquifer • . . . . . . • . 
Ballona Aquifer . . • . . • • • 
Marine Gravels (Silverado, Sunnyside, and 

portion of Lynwood aquifers) .••.. 
Nonmarine Gravels (Gardena, Artesia, Exposition, 

Jefferson, Hollydale, and portion of 
Lynwood Aquifer). 

Gravel with Clay Streaks .•.•• 

Clay . . . . . . . . . . . . . . . . . . . . . . . . . . 

2-31 
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Well Numbering System 

The well numbering system employed herein is that utilized by 

the United States Geological Survey, according to the township, range, 

and section subdivision of the Federal Land Survey. It conforms to that 

used in all ground water investigations by the U. S. Geological Survey 

in California and has been adopted by the Department of Water Resources. 

Under the system, each section is divided into sixteen 4o-acre 

plots, which are lettered as follows: 

D : C : B A 
: : . : E F . 

G H 
: : : 
: M : L 

: K : 
J 

: 

N p Q R : 

Wells are numbered within each of these 4o-acre plots according 

to the order in which they are located. For example, a well having the 

number 2S/llW-26B8 would be in Township 2 South, Range 11 West, Sec-

tion 26, and would be further identified as the 8th well located in the 

40-acre plot lettered B. Each well must be referenced to a particular 

Base and Meridian line, such as S. B. B. & M. for San Bernardino Base 

and Meridian (Southern California) or M. D. B. & M. for Mount Diablo 

Base and Meridian (Central California) and H. B. & M. for Humbolt Base 

and Meridian (Northern California). 

Definitions 

Anticline - Term applied to strata which dip in opposite directions from 

a common ridge or axis, like the roof of a house, and from what is 
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termed an "anticline" or "saddleback" (Page D, Handbook of Geological 

Terms, London, 1859). 

Aquiclude - A formation which, although porous and capable of absorbing 

water slowly, will not transmit it fast enough to furnish an appreciable 

supply for a well or spring. (Tolman, 1937, p. 557). 

Aquifer - A geologic formation, group of formations, or part of a forma

tion that transmits water in sufficient quantity to supply pumping wells 

or springs. 

Confined Ground Water - A body of ground water overlain by material 

sufficiently impervious to sever free hydraulic connection with overlying 

ground water except at the intake. Confined water moves in conduits 

under pressure due to the difference in head between the intake and dis

charge areas of the confined water body. (Tolman, 1937, p. 558). 

Connate Water - Water entrapped in the interstices of a sedimentary rock 

at the time it was depoSited. (Tolman, 1937, p. 558). These waters may 

be fresh, brackish, or saline in character. Because of the dynamic 

geologic and hydrologic conditions in California this definition has 

been altered in practice to apply to water in older formations, even 

though in these the water may have been altered in quality since the rock 

was originally deposited. 

Free Ground Water - Water in interconnected interstices in the zone of 

saturation down to the first impervious barrier, moving under the 

control of the water-table slope. (Tolman, 1937, p. 559). 

Graben - Fault block bounded on both sides by gravity faults, generally 

long compared to its width, that has been lowered relative to the blocks 

on either side. (Billings, 1954, p. 203). 
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Horst - A block of the earth's crust, generally long compared to its width, 

bounded on both sides by gravity faults, that has been uplifted relative to 

the blocks on either side. (Billings, 1954, p. 203). 

Impermeable - Impervious. Having a texture that does not permit water to 

move through it perceptibly under the head differences ordinarily found 

in subsurface water. (Meinzer, 1923, p. 20). 

Isopach or Isopachous line - A line drawn on a map through points of 

equal thickness of a designated unit. (Glossary of Geology and Related 

Sciences, 1957). 

Orogeny - The process of mountain building (Fay, 1920). 

Perched Ground Water - Ground water occurring in a saturated zone 

separated from the main body of ground water by unsaturated rock (Tolman, 

1937, p. 562). 

Permeability - The permeability (or perviousness) of rock is its capacity 

for transmitting a fluid. Degree of permeability depends upon the size 

and shape of the pores, the size and shape of their interconnections, and 

the extent of the latter. (Glossary of Geology and Related Sciences, 1957, 

p. 217). 

Permeability, field coefficient of - The amount of water moving through 

a unit area of aquifer per unit time under unit hydraulic gradient at 

the natural temperature. Ordinarily in gallons per day per square foot. 

Permeability, coefficient of - Same as above, except that a reference 

temperature of 60 degrees Fahrenheit is defined. Other un1 ts are also 

used such as cubic feet per second per square foot, acre-feet per year 

per square foot, etc. 
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Permeable - Pervious. Having a texture that permits water to move 

through it perceptibly under the head differences ordinarily found in 

subsurface vater. (Meinzer, 1923, p. 29). 

Piedmont Slope - I~en tvo or more streams flov out from a highland 

and closely adjacent to one another they may build a sloping plain, 

vhich is relatively high near the highland and lover further out, and 

vhich is composed of a series of fans in vhose grovth there has been 

mutual interference. This process produces a piedmont slope or series 

of coalescing fans." (Bryan, Kirk, U.S.G.S.W.S.P., p. 28, 1923). 

Piezometric Surface - The piezometric surface of an aquifer is an 

imaginary surface that everywhere coincides vith the head of vater in 

the aquifer. (Meinzer, 1942). 

Specific Yield - The ratio of the vater a saturated sediment vill yield 

by gravity drainage to the total volume of the sediment and vater prior 

to draining, customarily expressed in percent. 

Storage Coefficient - Volume of vater released from storage ip each 

verticle column of aquifer having a base one foot square vhen the vater 

level declines one foot. In an unconfined aquifer it approximates 

specific yield. In a confined aquifer it is related to elasticity of 

the aquifer and is usually very small. 

Syncline - A fold in rocks in which the strata dip inward from both 

sides tovard the axis. (Glossary of Geology and Related SCiences, 1957) . 

Transmissibility, coefficient of - The rate of flow of water, in gallons 

a day, at the prevailing water temperature through each vertical strip, 

one foot vide, having a height equal to toe thicknesl:J of the aquifer 

and under a unit hydraulic gradient. (Glossary of Geology and Related 

SCiences, 1957). 
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Unconformity - A surface of erosion or nondeposition, usually the former, 

that separates younger strata from older rocks. (Glossary of Geology 

and Related SCiences, 1957). 
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-----Original Message-----
From: Steven M Malkson [mailto:steven m malkson@dot.ca.gov] 
Sent: Tuesday, November 08, 2011 5:02 PM 
To: Brett Pomeroy 
Subject: Re: 110/10 Fwy Ramp Data Request 

Brett, 

Volumes are as follows: 
1------------------------+------------------------+------------------------1 

1 LOCATION # 1 AM PEAK HOUR 1 PM PEAK HOUR 
1------------------------+------------------------+------------------------1 

1 1 1 1,600 1 1,200 1 
1------------------------+------------------------+------------------------1 

1 2 1 650 1 480 1 
1------------------------+------------------------+------------------------1 

1 3 1 180 1 200 1 
1------------------------+------------------------+------------------------1 

Steve Malkson 
Lead Transportation Engineer 
Caltrans District 7 Traffic Monitoring 
(323) 849-5028 

Brett Pomeroy 
<brett@parkerenvi 
ronmental.com> To 

Steven M Malkson 
11/08/201112:02 <steven m malkson@dot.ca.gov> 
PM cc 

Subject 
Re: 110/10 Fwy Ramp Data Request 
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Hi Steven. If you recall, you helped me gather some traffic data in July 
(see below.) I have a new (and smaller) request. I was able to find all 
the ADT volumes, but not the peak hours for the ramps. Do you think you 

could fill in the blanks below? I would greatly appreciate your help! 

101 Freeway; LA County 

1. 101 South Off-Ramp to Vine Street 
Postmile: 7.368 
AADT: 14,200 
Peak Hour: 

2. 101 South Off-Ramp to Gower Street 
Postmie: 7.059 
AADT: 6,700 
Peak Hour: 

3. 101 South On-Ramp From Argyle Ave 
Postmile: 6.949 
AADT: 3,100 
Peak Hour: 
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2011 Traffic Volumes on the California State Highway System http://www.dot.ca. gOY Ihq/traffopsl saferesr/trafdatal20 llall/Rou ... 

1 of 1 

Traffic and Vehicle Data Systems Unit 
2011 All Traffic Volumes on CSHS ['-_H_om_e _____ ~-11 ( View ) 

Dist Rte co Post 
Mile 

7101 LA S 0 
7101 LA S 0.624 
7101 LA S 0.907 
7101 LA S 1.329 
7 101 LA 0.387 

7101 LA 0.82 

7101 LA 
7101 LA 

7101 LA 

7101 LA 

7101 LA 

7101 LA 

7101 LA 

7101 LA 

'7 1(,1 T A 

1.007 
1.569 

2.483 

2.857 

3.342 

3.76 

4.397 

4.851 

Back Back Back Ahead Ahead Ahead 
Description Peak Peak AADT Peak Peak AADT 

Hour Month Hour Month 
LOS ANGELES, JCT. RTE. 5 9000 138000134000 
LOS ANGELES, FOURTH ST 9000 1380001340008000 125000122000 
LOS ANGELES, FIRST ST 8000 1250001220007700 124000120000 
LOS ANGELES, JCT. RTE. 10 7700 12400012000013700215000209000 
LOS ANGELES, VIGNES ST 1370021500020900013200212000206000 
LOS ANGELES, 
ALAMEDA/LOS ANGELES 1320021200020600012600205000200000 

LOS ANGELES, SPRING ST 1260020500020000013500222000217000 
LOS ANGELES, JCT. RTE. 110 1350022200021700015900272000265000 

LOS ANGELES, GLENDALE 15900272000265000 15400265000258000 
BLVD 
LOS ANGELES, JCT. RTE. 2 
NE 
LOS ANGELES, 
BENTON/RAMPART 

1540026500025800015900270000262000 

1590027000026200015700264000256000 

LOS ANGELES, SILVER LAKE 15700 264000256000 14200251000243000 

LOS ANGELES, VERMONT 1420025100024300013500237000229000 
AVE 
LOS ANGELES, MELROSE 
AVE 

1350023700022900012800223000215000 

T (lQ A ~Tnl:::T l:::Q Tr''T' D'T'l::: ') 1M 1 ')Q(\(\ ')')'1(\(\(\') 1 .:;:(\(\(\ 11 /1(\(\ 10':;:(\(\(\ 1 QO(\(\(\ 

Copyright © 2012, State of California, Department of Transportation, Traffic Operations Division 
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Federal-

u.s. EPA, Region 9 
Phone: (866)-EPA-WEST 
Website: www.epa.gov/region09 
Email: r9.info@epa.gov 

-State-

California Air Resources Board 
Phone: (916) 322-2990 (public info) 

(800) 363-7664 (public info) 
(800) 952-5588 (complaints) 

(866)-397-5462 (env. justice) 
Website: www.arb .ca .gov 
Email: helpline@arb.ca .gov 

-Local-

Amador County APCD 
Phone: (209) 257-0112 
Website: www.amadorapcd.org 
E-Mail: jharris@amadorapcd.org 

Antelope Valley AQMD 
Phone: (661) 723-8070 
Complaint Line: (888) 732-8070 
Website: www.avagmd.ca .gov 
E-Mail: bbanks@avagmd.ca.gov 

Bay Area AQMD 
Phone: (415) 749-5000 
Complaint Line: (800) 334-6367 
Website: www.baagmd.gov 
E-Mail: webmaster@baagmd.gov 

Butte County AQMD 
Phone: (530) 891-2882 
Website: www.bcagmd.org 
E-Mail: air@bcagmd.org 

Calaveras County APCD 
Phone: (209) 754-6504 
E-Mail: Igrewal@co .calaveras.ca.us 

Colusa County APCD 
Phone: (530) 458-0590 
Website: www.colusanet.com/apcd 
E-Mail: ccair@colusanet.com 

EI Dorado County AQMD 
Phone: (530) 621-6662 
Website: 
www.co.el-dorado.ca.us/emd/apcd 
E-Mail: mcctaggart@co.el-dorado.ca.us 

Feather River AQMD 
Phone: (530) 634-7659 
Website: www.fragmd.org 
E-Mail: fragmd@fragmd.org 

Glenn County APCD 
Phone: (530) 934-6500 
http://www.countyofglenn.net/air pollution 
control 
E-Mail: ktokunaga@countyofglenn.net 

Air Agency Contacts 

Great Basin Unified APCD 
Phone: (760) 872-8211 
Website: www.gbuapcd.org 
E-Mail: gb1@greatbasinapcd.org 

Imperial County APCD 
Phone: (760) 482-4606 
E-Mail: reyesromero@imperialcounty.net 

Kern County APCD 
Phone: (661) 862-5250 
Website: www.kernair.org 
E-Mail: kcapcd@co.kern .ca.us 

Lake County AQMD 
Phone: (707) 263-7000 
Website: www.lcagmd.net 
E-Mail: bobr@pacific.net 

Lassen County APCD 
Phone: (530) 251-8110 
E-Mail: lassenag@psln .com 

Mariposa County APCD 
Phone: (209) 966-2220 
E-Mail: air@mariposacounty.org 

Mendocino County AQMD 
Phone: (707) 463-4354 
Website: 
www.co.mendocino.ca.us/agmd 
E-Mail: 
mcagmd@co.mendocino.ca.us 

Modoc County APCD 
Phone: (530) 233-6419 
E-Mail: modapcd@hdo.net 

Mojave Desert AQMD 
Phone: (760) 245-1661 

(800) 635-4617 
Website: www.mdagmd.ca.gov 

Monterey Bay Unified APCD 
Phone: (831)647-9411 
(800) 253-6028 (Complaints) 
Website: www.mbuapcd.org 
E-Mail: dguetin@mbuapcd.org 

North Coast Unified AQMD 
Phone: (707) 443-3093 
Website: www.ncuagmd.org 
E-Mail: lawrence@ncuagmd.org 

Northern Sierra AQMD 
Phone: (530) 274-9360 
Website: www.myairdistrict.com 
E-Mail: office@myairdistrict.com 

Northern Sonoma County 
APCD 
Phone: (707) 433-5911 
E-Mail: nsc@sonic.net 

Placer County APCD 
Phone: (530) 889-7130 
Website: 
http://www.placer.ca.gov/airpolluti 
on/airpolut.htm 
E-Mail: pcapcd@placer.ca .gov 

Sacramento Metro AQMD 
Phone: (916) 874-4800 
Website: www.airguality.org 
E-Mail: kshearer@airguality.org 

San Diego County APCD 
Phone: (858) 650-4700 
Website: www.sdapcd.org 

San Joaquin Valley APCD 
Phone: (559) 230-6000 (General) 

(800) 281-7003 
(San Joaquin, Stanislaus, Merced) 

(800) 870-1037 
(Madera, Fresno, Kings) 

(800) 926-5550 
(Tulare and Valley portion of Kern) 

Website: www.valleyair.org 
E-Mail: sjvapcd@valleyair.org 

San Luis Obispo County 
APCD 
Phone: (805) 781-5912 
Website: www.slocleanair.org 
E-Mail: info@slocieanair.org 

Santa Barbara County APCD 
Phone (805) 961-8800 
Website: www.sbcapcd.org 
Email us: apcd@sbcapcd.org 

Shasta County AQMD 
Phone: (530) 225-5789 
Website: 
www.co .shasta.ca.us/Departments/R 
esourcemgmt/drm/agmain.htm 
E-Mail: scdrm@snowcrest .net 

Siskiyou County APCD 
Phone: (530) 841-4029 
E-Mail: ebeck@siskiyou.ca.us 

South Coast AQMD 
Phone: (909) 396-2000 
Complaint Line: 1-800-CUT-SMOG 
Website: www.agmd.gov 
Email: bwallerstein@agmd.gov 

Tehama County APCD 
Phone: (530) 527-3717 
Website: www.tehcoapcd .net 
Email: general@tehcoapcd.net 

Tuolumne County APCD 
Phone: (209) 533-5693 
E-Mail: 
bsandman@co.tuolumne.ca.us 

Ventura County APCD 
Phone: (805) 645-1400 
Complaint Line: (805) 654-2797 
Website: www.vcapcd.org 
E-Mail: info@vcapcd.org 

Yolo-Solano AQMD 
Phone: (530) 757-3650 
Website: www.ysagmd.org 
Email: administration@ysaqmd.org 
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To My .Local Government 'Colleagues~~ .. . 

. 1 am pleased to introduce this information al guide to air quality and land use 
issues focused on community health. As a former county supervIsor, I know 
f rom expeden ce the complexity of Jocail land use decisions. There are multiple 
factors to consider and balancE!. This document provides important public health 
information tha.t we hope w·,1 be considered along with housing needs, eoonomic 
development priorities, and other quality of II:ite issues. 

An 1mportant focus of th is document.fs prevention. We hope til e air quaHty 
information provided will he.lp inform decis·on-makers about the benefits of 
avoiding certain siting s[tuations. The overarching g.oal is to avo.id p'lacing people 
In harm's way. Re.cent studies have shoy,rn that public exposure to air pollution 
can be substantially elevated near freeways and certain oth,er facil'ij ies. What is 
encourag ing is that the health risk is greatly reduced with d istance. For that 
reason, we have provided some genefsl r·ecommendations aimed at keeping 
appropriate distances between sources of air pollution and land uses such as 
residences. 

Landi use decisions are a local go·vemmen responsibility. The Air Resouroes 
Board's role is advisory .and these recommendations do not establish egulatory 
s1andards of any kind. However, we hope that t.he jnformation in th is document 
will be s.eri'ously considered by local elec ed officials and rand use 8g'encies. We 
a'iso hope that t -is document will promote enhanced communication b-etween 
land use agencies and local air pollutlon control agencj.es. We developed this 
document in d ose eo,ordination with the California Afr Pollution Control Officers 
Association with t at goal in mind_ 

I hope you find this document both informative and useful. 

~~~ 
Interim Chairman 

California Air Res.ources Board 
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Executive Summary 

The Air Resources Board's (ARB) primary goal in developing this document is to 
provide information that will help keep California's children and other vulnerable 
populations out of harm's way with respect to nearby sources of air pollution. 
Recent air pollution studies have shown an association between respiratory and 
other non-cancer health effects and proximity to high traffic roadways. Other 
studies have shown that diesel exhaust and other cancer-causing chemicals 
emitted from cars and trucks are responsible for much of the overall cancer risk 
from airborne toxics in California. Also, ARB community health risk assessments 
and regulatory programs have produced important air quality information about 
certain types of facilities that should be considered when siting new residences, 
schools, day care centers, playgrounds, and medical facilities (i.e., sensitive land 
uses). Sensitive land uses deserve special attention because children, pregnant 
women, the elderly, and those with existing health problems are especially 
vulnerable to the non-cancer effects of air pollution. There is also substantial 
evidence that children are more sensitive to cancer-causing chemicals. 

Focusing attention on these siting situations is an important preventative action. 
ARB and local air districts have comprehensive efforts underway to address new 
and existing air pollution sources under their respective jurisdictions. The issue of 
siting is a local government function. As more data on the connection between 
proximity and health risk from air pollution become available, it is essential that air 
agencies share what we know with land use agencies. We hope this document 
will serve that purpose. 

The first section provides ARB recommendations regarding the siting of new 
sensitive land uses near freeways, distribution centers, rail yards, ports, refineries, 
chrome plating facilities, dry cleaners, and gasoline dispensing facilities. This list 
consists of the air pollution sources that we have evaluated from the standpoint of 
the proximity issue. It is based on available information and reflects ARB's 
primary areas of jurisdiction - mobile sources and toxic air contaminants. A key 
air pollutant common to many of these sources is particulate matter from diesel 
engines. Diesel particulate matter (diesel PM) is a carcinogen identified by ARB 
as a toxic air contaminant and contributes to particulate pollution statewide. 

Reducing diesel particulate emissions is one of ARB's highest public health 
priorities and the focus of a comprehensive statewide control program that is 
reducing diesel PM emissions each year. ARB's long-term goal is to reduce diesel 
PM emissions 85% by 2020. However, cleaning up diesel engines will take time 
as new engine standards phase in and programs to accelerate fleet turnover or 
retrofit existing engines are implemented. Also, these efforts are reducing diesel 
particulate emissions on a statewide basis, but do not yet capture every site where 
diesel vehicles and engines may congregate. Because living or going to school 
too close to such air pollution sources may increase both cancer and non-cancer 
health risks, we are recommending that proximity be considered in the siting of 
new sensitive land uses. 

ES - 1 
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There are also other key toxic air contaminants associated with specific types of 
facilities. Most of these are subject to stringent state and local air district 
regulations. However, what we know today indicates that keeping new homes and 
other sensitive land uses from siting too close to such facilities would provide 
additional health protection. Chrome platers are a prime example of facilities that 
should not be located near vulnerable communities because of the cancer health 
risks from exposure to the toxic material used during their operations. 

In addition to source specific recommendations, we also encourage land use 
agencies to use their planning processes to ensure the appropriate separation of 
industrial facilities and sensitive land uses. While we provide some suggestions, 
how to best achieve that goal is a local issue. In the development of these 
guidelines, we received valuable input from local government about the spectrum 
of issues that must be considered in the land use planning process. This includes 
addressing housing and transportation needs, the benefits of urban infill, 
community economic development priorities, and other quality of life issues. All of 
these factors are important considerations. The recommendations in the 
Handbook need to be balanced with other State and local policies. 

Our purpose with this document is to highlight the potential health impacts 
associated with proximity to air pollution sources so planners explicitly consider 
this issue in planning processes. We believe that with careful evaluation, infill 
development, mixed use, higher density, transit-oriented development, and other 
concepts that benefit regional air quality can be compatible with protecting the 
health of individuals at the neighborhood level. One suggestion for achieving this 
goal is more communication between air agencies and land use planners. Local 
air districts are an important resource that should be consulted regarding sources 
of air pollution in their jurisdictions. ARB staff will also continue to provide updated 
technical information as it becomes available. 

Our recommendations are as specific as possible given the nature of the available 
data. In some cases, like refineries, we suggest that the siting of new sensitive 
land uses should be avoided immediately downwind. However, we leave definition 
of the size of this area to local agencies based on facility specific considerations. 
Also, project design that would reduce air pollution exposure may be part of the 
picture and we encourage consultation with air agencies on this subject. 

In developing the recommendations, our first consideration was the adequacy of 
the data available for an air pollution source category. Using that data, we 
assessed whether we could reasonably characterize the relative exposure and 
health risk from a proximity standpoint. That screening provided the list of air 
pollution sources that we were able to address with specific recommendations. 
We also considered the practical implications of making hard and fast 
recommendations where the potential impact area is large, emissions will be 
reduced with time, and air agencies are in the process of looking at options for 
additional emission control. In the end, we tailored our recommendations to 
minimize the highest exposures for each source category independently. Due to 
the large variability in relative risk in the source categories, we chose not to apply 
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a uniform, quantified risk threshold as is typically done in air quality permitting 
programs. Instead, because these guidelines are not regulatory or binding on 
local agencies, we took a more qualitative approach in developing the distance
based recommendations. 

Where possible, we recommend a minimum separation between a new sensitive 
land use and known air pollution risks. In other cases, we acknowledge that the 
existing health risk is too high in a relatively large area, that air agencies are 
working to reduce that risk, and that in the meantime, we recommend keeping new 
sensitive land uses out of the highest exposure areas. However, it is critical to 
note that our implied identification of the high exposure areas for these sources 
does not mean that the risk in the remaining impact area is insignificant. Rather, 
we hope this document will bring further attention to the potential health risk 
throughout the impact area and help garner support for our ongoing efforts to 
reduce health risk associated with air pollution sources. Areas downwind of major 
ports, rail yards, and other inter-modal transportation facilities are prime examples. 

We developed these recommendations as a means to share important public 
health information. The underlying data are publicly available and referenced in 
this document. We also describe our rationale and the factors considered in 
developing each recommendation, including data limitations and uncertainties. 
These recommendations are advisory and should not be interpreted as defined 
"buffer zones." We recognize the opportunity for more detailed site-specific 
analyses always exists, and that there is no "one size fits all" solution to land use 
planning. 

As California continues to grow, we collectively have the opportunity to use all the 
information at hand to avoid siting scenarios that may pose a health risk. As part 
of ARB's focus on communities and children's health, we encourage land use 
agencies to apply these recommendations and work more closely with air 
agencies. We also hope that this document will help educate a wider audience 
about the value of preventative action to reduce environmental exposures to air 
pollution. 

ES - 3 
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1. ARB Recommendations on Siting New Sensitive Land Uses 

Protecting California's communities and our children from the health effects of air 
pollution is one of the most fundamental goals of state and local air pollution 
control programs. Our focus on children reflects their special vulnerability to the 
health impacts of air pollution. Other vulnerable populations include the elderly, 
pregnant women, and those with serious health problems affected by air 
pollution. With this document, we hope to more effectively engage local land use 
agencies as partners in our efforts to reduce health risk from air pollution in all 
California communities. 

Later sections emphasize the need to strengthen the connection between air 
quality and land use in both planning and permitting processes. Because the 
siting process for many, but not all air pollution sources involves permitting by 
local air districts, there is an opportunity for interagency coordination where the 
proposed location might pose a problem. To enhance the evaluation process 
from a land use perspective, section 4 includes recommended project related 
questions to help screen for potential proxim ity related issues. 

Unlike industrial and other stationary sources of air pollution, the siting of new 
homes or day care centers does not require an air quality permit. Because these 
situations fall outside the air quality permitting process, it is especially important 
that land use agencies be aware of potential air pollution impacts. 

The following recommendations address the issue of siting "sensitive land uses" 
near specific sources of air pollution; namely: 

• High traffic freeways and roads 
• Distribution centers 
• Rail yards 
• Ports 
• Refineries 
• Chrome plating facilities 
• Dry cleaners 
• Large gas dispensing facilities 

The recommendations for each category include a summary of key information 
and guidance on what to avoid from a public health perspective. 

Page 1 
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Sensitive individuals refer to those segments of the 
population most susceptible to poor air quality (i.e., 
children, the elderly, and those with pre-existing serious 
health problems affected by air quality). Land uses where 
sensitive individuals are most likely to spend time include 
schools and schoolyards, parks and playgrounds, daycare 
centers, nursing homes, hospitals, and residential 
communities (sensitive sites or sensitive land uses). 

We are characterizing sensitive land uses as simply as we can by using the 
example of residences, schools, day care centers, playgrounds, and medical 
facilities. However, a variety of facilities are encompassed. For example, 
residences can include houses, apartments, and senior living complexes. 
Medical facilities can include hospitals, convalescent homes, and health clinics. 
Playgrounds could be play areas associated with parks or community centers. 

In developing these recom mendations, ARB first considered the adequacy of the 
data available for each air pollution source category. We assessed whether we 
could generally characterize the relative exposure and health risk from a 
proximity standpoint. The documented non-cancer health risks include triggering 
of asthma attacks, heart attacks, and increases in daily mortality and 
hospitalization for heart and respiratory diseases. These health impacts are well 
documented in epidemiological studies, but less easy to quantify from a particular 
air pollution source. Therefore, the cancer health impacts are used in this 
document to provide a picture of relative risk. This screening process provided 
the list of source categories we were able to address with specific 
recommendations. In evaluating the available information, we also considered 
the practical implications of making hard and fast recommendations where the 
potential impact area is large, emissions will be reduced with time, and air 
agencies are in the process of looking at options for additional emission control. 
Due to the large variability in relative risk between the source categories, we 
chose not to apply a uniform, quantified risk threshold as is typically done in 
regulatory programs. Therefore, in the end, we tailored our recommendations to 
minimize the highest exposures for each source category independently. 
Additionally, because this guidance is not regulatory or binding on local agencies, 
we took a more qualitative approach to developing distance based 
recommendations. 

Where possible, we recommend a minimum separation between new sensitive 
land uses and existing sources. However, this is not always possible, particularly 
where there is an elevated health risk over large geographical areas. Areas 
downwind of ports and rail yards are prime examples. In such cases, we 
recommend doing everything possible to avoid locating sensitive receptors within 
the highest risk zones. Concurrently, air agencies and others will be working to 
reduce the overall risk through controls and measures within their scope of 
authority. 
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The recommendations were developed from the standpoint of siting new 
sensitive land uses. Project-specific data for new and existing air pollution 
sources are available as part of the air quality permitting process. Where such 
information is available, it should be used. Our recommendations are designed 
to fill a gap where information about existing facilities may not be readily 
available. These recommendations are only guidelines and are not designed to 
substitute for more specific information if it exists. 

A summary of our recommendations is shown in Table 1-1. The basis and 
references 1 supporting each of these recommendations, including health studies, 
air quality modeling and monitoring studies is discussed below beginning with 
freeways and summarized in Table 1-2. As new information becomes available, 
it will be included on ARB's community health web page. 

1Detailed information on these references are available on ARB's website at: 
http://www.ARB.ca.gov/ch/landuse.htm. 
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Table 1-1 

Recommendations on Siting New Sensitive Land Uses 
Such As Residences, Schools, Daycare Centers, Playgrounds, or Medical 

Facilities* 

Source 
Advisory Recommendations 

Category 

Freeways and • Avoid siting new sensitive land uses within 500 feet of a freeway, 
High-Traffic urban roads with 100,000 vehicles/day, or rural roads with 50,000 
Roads vehicles/day. 

• Avoid siting new sensitive land uses within 1,000 feet of a 
distribution center (that accommodates more than 100 trucks per 
day, more than 40 trucks with operating transport refrigeration 

Distribution units (TRUs) per day, or where TRU unit operations exceed 300 
Centers hours per week). 

• Take into account the configuration of existing distribution centers 
and avoid locating residences and other new sensitive land uses 
near entry and exit points. 

• Avoid siting new sensitive land uses within 1,000 feet of a major 

Rail Yards 
service and maintenance rail yard. 

• Within one mile of a rail yard, consider possible siting limitations 
and mitigation approaches. 

• Avoid siting of new sensitive land uses immediately downwind of 
Ports ports in the most heavily impacted zones. Consult local air districts 

or the ARB on the status of pending analyses of health risks. 
• Avoid siting new sensitive land uses immediately downwind of 

Refineries petroleum refineries. Consult with local air districts and other local 
agencies to determine an appropriate separation. 

Chrome Platers • Avoid siting new sensitive land uses within 1,000 feet of a chrome 
plater. 

• Avoid siting new sensitive land uses within 300 feet of any dry 
Dry Cleaners cleaning operation. For operations with two or more machines, 
Using provide 500 feet. For operations with 3 or more machines, consult 
Perchloro- with the local air district. 
ethylene • Do not site new sensitive land uses in the same building with perc 

dry cleaning operations. 

Gasoline • Avoid siting new sensitive land uses within 300 feet of a large gas 

Dispensing station (defined as a facility with a throughput of 3.6 million gallons 

Facilities per year or greater). A 50 foot separation is recommended for 
typical gas dispensing facilities. 

*Notes: 

• These recommendations are advisory. Land use agencies have to balance 
other considerations, including housing and transportation needs, economic 
development priorities, and other quality of life issues. 
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• Recommendations are based primarily on data showing that the air pollution 
exposures addressed here (i.e., localized) can be reduced as much as 80% 
with the recommended separation. 

• The relative risk for these categories varies greatly (see Table 1-2). To 
determine the actual risk near a particular facility, a site-specific analysis 
would be required. Risk from diesel PM will decrease over time as cleaner 
technology phases in. 

• These recommendations are designed to fill a gap where information about 
existing facilities may not be readily available and are not designed to 
substitute for more specific information if it exists. The recommended 
distances take into account other factors in addition to available health risk 
data (see individual category descriptions). 

• Site-specific project design improvements may help reduce air pollution 
exposures and should also be considered when siting new sensitive land 
uses. 

• This table does not imply that mixed residential and commercial development 
in general is incompatible. Rather it focuses on known problems like dry 
cleaners using perchloroethylene that can be addressed with reasonable 
preventative actions. 

• A summary of the basis for the distance recommendations can be found in 
Table 1-2. 
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Table 1-2 

Summary of Basis for Advisory Recommendations 

Range of 
Source Relative 

Summary of Basis for Advisory Recommendations 
Category Cancer 

Risk1,2 

Freeways • In traffic-related studies, the additional non-cancer health risk 
and High- 300 - attributable to proximity was seen within 1,000 feet and was 
Traffic 1,700 strongest within 300 feet. California freeway studies show about 
Roads a 70% drop off in particulate pollution levels at 500 feet. 

• Because ARB regulations will restrict truck idling at distribution 
centers, transport refrigeration unit (TRU) operations are the 
largest onsite diesel PM emission source followed by truck travel 

Distribution Up to in and out of distribution centers. 
Centers3 500 • Based on ARB and South Coast District emissions and modeling 

analyses, we estimate an 80 percent drop-off in pollutant 
concentrations at approximately 1,000 feet from a distribution 
center. 

• The air quality modeling conducted for the Roseville Rail Yard 

Up to Study predicted the highest impact is within 1,000 feet of the 
Rail Yards 

500 Yard, and is associated with service and maintenance activities. 
The next highest impact is between a half to one mile of the Yard, 
depending on wind direction and intensity. 

• ARB will evaluate the impacts of ports and develop a new 

Studies 
comprehensive plan that will describe the steps needed to reduce 

Ports underway public health impacts from port and rail activities in California. In 
the interim, a general advisory is appropriate based on the 
magnitude of diesel PM emissions associated with ports. 

• Risk assessments conducted at California refineries show risks 
from air toxics to be under 10 chances of cancer per million.4 

Refineries Under10 • Distance recommendations were based on the amount and 
potentially hazardous nature of many of the pollutants released 
as part of the refinery process, particularly during non-routine 
emissions releases. 

• ARB modeling and monitoring studies show localized risk of 
hexavalent chromium diminishing significantly at 300 feet. There 
are data limitations in both the modeling and monitoring studies. 

Chrome 10-100 These include variability of plating activities and uncertainty of 
Platers emissions such as fugitive dust. Hexavalent chromium is one of 

the most potent toxic air contaminants. Considering these 
factors, a distance of 1 ,000 feet was used as a precautionary 
measure. 

Dry • Local air district studies indicate that individual cancer risk can be 
Cleaners reduced by as much as 75 percent by establishing a 300 foot 
Using 15-150 

separation between a sensitive land use and a one-machine perc 
Perchloro- dry cleaning operation. For larger operations (2 machines or 
ethylene more), a separation of 500 feet can reduce risk by over 85 
(perc) percent. 
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Range of 
Source Relative 

Summary of Basis for Advisory Recommendations 
Category Cancer 

Risk1,2 

• Based on the CAPCOA Gasoline Service Station Industry-wide 
Typical Risk Assessment Guidelines, most typical GDFs (less than 
GDF: 3.6 million gallons per year) have a risk of less than 10 at 50 feet 
Less under urban air dispersion conditions. Over the last few years, 

than 10 there has been a growing number of extremely large GDFs with 
Gasoline sales over 3.6 and as high as 19 million gallons per year. Under 
Dispensing 

Large rural air dispersion conditions, these large GDFs can pose a 
Facilities 
(GDF)5 GDF: larger risk at a greater distance. 

Between 
Less 

than 10 
and 120 

1 For cancer health effects, risk is expressed as an estimate of the increased chances of getting 
cancer due to facility emissions over a 70-year lifetime. This increase in risk is expressed as 
chances in a million (e.g., 10 chances in a million). 

2The estimated cancer risks are a function of the proximity to the specific category and were 
calculated independent of the regional health risk from air pollution. For example, the estimated 
regional cancer risk from air toxics in the Los Angeles region (South Coast Air Basin) is 
approximately 1,000 in a million. 

3 Analysis based on refrigerator trucks. 

4Although risk assessments performed by refineries indicate they represent a low cancer risk, 
there is limited data on non-cancer effects of pollutants that are emitted from these facilities. 
Refineries are also a source of non-routine emissions and odors. 

5A typical GDF in California dispenses under 3.6 million gallons of gasoline per year. The cancer 
risk for this size facility is likely to be less than 10 in a million at the fence line under urban air 
dispersion conditions. 

A large GDF has fuel throughputs that can range from 3.6 to 19 million gallons of gasoline per 
year. The upper end of the risk range (i.e., 120 in a million) represents a hypothetical worst case 
scenario for an extremely large GDF under rural air dispersion conditions. 
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Freeways and High Traffic Roads 

Air pollution studies indicate that living close to high traffic and the associated 
em iss ions may lead to adverse health effects beyond those associated with 
regional air pollution in urban areas. Many of these epidemiological studies have 
focused on children. A number of studies identify an association between 
adverse non-cancer health effects and living or attending school near heavily 
traveled roadways (see findings below). These studies have reported 
associations between residential proximity to high traffic roadways and a variety 
of respiratory symptoms, asthma exacerbations, and decreases in lung function 
in children. 

One such study that found an association between traffic and respiratory 
symptoms in children was conducted in the San Francisco Bay Area. 
Measurements of traffic-related pollutants showed concentrations within 
300 meters (approximately 1,000 feet) downwind of freeways were higher than 
regional values. Most other studies have assessed exposure based on proximity 
factors such as distance to freeways or traffic density. 

These studies linking traffic emissions with health impacts build on a wealth of 
data on the adverse health effects of ambient air pollution. The data on the 
effects of proximity to traffic-related emissions provides additional information 
that can be used in land use siting and regulatory actions by air agencies. The 
key observation in these studies is that close proximity increases both exposure 
and the potential for adverse health effects. Other effects associated with traffic 
emissions include premature death in elderly individuals with heart disease. 

Key Health Findings 

• Reduced lung function in children was associated with traffic density, 
especially trucks, within 1,000 feet and the association was strongest within 
300 feet. (Brunekreef, 1997) 

• Increased asthma hospitalizations were associated with living within 650 feet 
of heavy traffic and heavy truck volume. (Lin, 2000) 

• Asthma symptoms increased with proximity to roadways and the risk was 
greatest within 300 feet. (Venn, 2001) 

• Asthma and bronchitis symptoms in children were associated with proximity 
to high traffic in a San Francisco Bay Area community with good overall 
regional air quality. (Kim, 2004) 

• A San Diego study found increased medical visits in children living within 
550 feet of heavy traffic. (English, 1999) 

In these and other proximity studies, the distance from the roadway and truck 
traffic densities were key factors affecting the strength of the association with 
adverse health effects. In the above health studies, the association of traffic
related emissions with adverse health effects was seen within 1,000 feet and was 
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strongest within 300 feet. This demonstrates that the adverse effects diminished 
with distance. 

In addition to the respiratory health effects in children, proximity to freeways 
increases potential cancer risk and contributes to total particulate matter 
exposure. There are three carcinogenic toxic air contam inants that constitute the 
majority of the known health risk from motor vehicle traffic - diesel particulate 
matter (diesel PM) from trucks, and benzene and 1 ,3-butadiene from passenger 
vehicles. On a typical urban freeway (truck traffic of 10,000-20,000/day), diesel 
PM represents about 70 percent of the potential cancer risk from the vehicle 
traffic. Diesel particulate emissions are also of special concern because health 
studies show an association between particulate matter and premature mortality 
in those with existing cardiovascular disease. 

Distance Related Findings 

A southern California study (Zhu, 2002) showed measured concentrations of 
vehicle-related pollutants, including ultra-fine particles, decreased dramatically 
within approximately 300 feet of the 710 and 405 freeways. Another study 
looked at the validity of using distance from a roadway as a measure of exposure 
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Figure 1-1 
Decrease In Concentration of Freeway Diesel PM Emissions 
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to traffic related air pollution (Knape, 1999). This study showed that 
concentrations of traffic related pollutants declined with distance from the road, 
primarily in the first 500 feet. 

These findings are consistent with air quality modeling and risk analyses done by 
ARB staff that show an estimated range of potential cancer risk that decreases 
with distance from freeways. The estimated risk varies with the local 
meteorology, including wind pattern. As an example, at 300 feet downwind from 
a freeway (Interstate 80) with truck traffic of 10,000 trucks per day, the potential 
cancer risk was as high as 100 in one million (ARB Roseville Rail Yard Study). 
The cancer health risk at 300 feet on the upwind side of the freeway was much 
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less. The risk at that distance for other freeways will vary based on local 
conditions - it may be higher or lower. However, in all these analyses the 
relative exposure and health risk dropped substantially within the first 300 feet. 
This phenomenon is illustrated in Figure 1-1. 

State law restricts the siting of new schools within 500 feet of a freeway, urban 
roadways with 100,000 vehicles/day, or rural roadways with 50,000 vehicles with 
some exceptions. 2 However, no such requirements apply to the siting of 
residences, day care centers, playgrounds, or medical facilities. The available 
data show that exposure is greatly reduced at approximately 300 feet. In the 
traffic-related studies the additional health risk attributable to the proximity effect 
was strongest within 1,000 feet. 

The combination of the children's health studies and the distance related findings 
suggests that it is important to avoid exposing children to elevated air pollution 
levels immediately downwind of freeways and high traffic roadways. These 
studies suggest a substantial benefit to a 500-foot separation. 

The impact of traffic emissions is on a gradient that at some point becomes 
indistinguishable from the regional air pollution problem. As air agencies work to 
reduce the underlying regional health risk from diesel PM and other pollutants, 
the impact of proximity will also be reduced. In the meantime, as a preventative 
measure, we hope to avoid exposing more children and other vulnerable 
individuals to the highest concentrations of traffic-related emissions. 

Recom mendation 

• Avoid siting new sensitive land uses within 500 feet of a freeway, urban roads 
with 100,000 vehicles/day, or rural roads with 50,000 vehicles/day. 
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2 Section 17213 of the California Education Code and section 21151.8 of the California Public 
Resources Code. See also Appendix E for a description of special processes that apply to 
school siting. 
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Distribution Centers 

Distribution centers or warehouses are facilities that serve as a distribution point 
for the transfer of goods. Such facilities include cold storage warehouses, goods 
transfer facilities, and inter-modal facilities such as ports. These operations 
involve trucks, trailers, shipping containers, and other equipment with diesel 
engines. A distribution center can be comprised of multiple centers or 
warehouses within an area. The size can range from several to hundreds of 
acres, involving a number of different transfer operations and long waiting 
periods. A distribution center can accommodate hundreds of diesel trucks a day 
that deliver, load, and/or unload goods up to seven days a week. To the extent 
that these trucks are transporting perishable goods, they are equipped with 
diesel-powered transport refrigeration units (TRUs) or TRU generator sets. 

The activities associated with delivering, storing, and loading freight produces 
diesel PM emissions. Although TRUs have relatively small diesel-powered 
engines, in the normal course of business, their emissions can pose a significant 
health risk to those nearby. In addition to onsite emissions, truck travel in and 
out of distribution centers contributes to the local pollution impact. 

ARB is working to reduce diesel PM emissions through regulations, financial 
incentives, and enforcement programs. In 2004, ARB adopted two airborne toxic 
control measures that will reduce diesel PM emissions associated with 
distribution centers. The first will limit nonessential (or unnecessary) idling of 
diesel-fueled commercial vehicles, including those entering from other states or 
countries. This statewide measure, effective in 2005, prohibits idling of a vehicle 
more than five minutes at anyone location. 3 The elimination of unnecessary 
idling will reduce the localized impacts caused by diesel PM and other air toxics 

3 For further information on the Anti-Idling ATCM, please click on: 
http://www.arb.ca.gov/toxics/idling/outreach/factsheet.pdf 
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in diesel vehicle exhaust. This should be a very effective new strategy for 
reducing diesel PM emissions at distribution centers as well as other locations. 

The second measure requires that TRUs operating in California become cleaner 
over time. The measure establishes in-use performance standards for existing 
TRU engines that operate in California, including out-of-state TRUs. The 
requirements are phased-in beginning in 2008, and extend to 2019. 4 

ARB also operates a smoke inspection program for heavy-duty diesel trucks that 
focuses on reducing truck emissions in California communities. Areas with large 
numbers of distribution centers are a high priority. 

Key Health Findings 

Diesel PM has been identified by ARB as a toxic air contaminant and represents 
70 percent of the known potential cancer risk from air toxics in California. Diesel 
PM is an important contributor to particulate matter air pollution. Particulate 
matter exposure is associated with premature mortality and health effects such 
as asthma exacerbation and hospitalization due to aggravating heart and lung 
disease. 

Distance Related Findings 

Although distribution centers are located throughout the state, they are usually 
clustered near transportation corridors, and are often located in or near 
population centers. Diesel PM emissions from associated delivery truck traffic 
and TRUs at these facilities may result in elevated diesel PM concentrations in 
neighborhoods surrounding those sites. Because ARB regulations will restrict 
truck idling at distribution centers, the largest continuing onsite diesel PM 
emission source is the operation of TRUs. Truck travel in and out of distribution 
centers also contributes to localized exposures, but specific travel patterns and 
truck volumes would be needed to identify the exact locations of the highest 
concentrations. 

As part of the development of ARB's regulation for TRUs, ARB staff performed 
air quality modeling to estimate exposure and the associated potential cancer 
risk of onsite TRUs for a typical distribution center. For an individual person, 
cancer risk estimates for air pollution are commonly expressed as a probability of 
developing cancer from a lifetime (i.e., 70 years) of exposure. These risks were 
calculated independent of regional risk. For example, the estimated regional 
cancer risk from air toxics in the Los Angeles region (South Coast Air Basin) is 
approximately 1,000 additional cancer cases per one million population. 

4 For further information on the Transport Refrigeration Unit ATCM, please click on: 
http://www.arb.ca.gov/diesel/documents/trufaq.pdf 
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The diesel PM emissions from a facility are dependent on the size (horsepower), 
age, and number of engines, emission rates, the number of hours the truck 
engines and/or TRUs operate, distance, and meteorological conditions at the 
site. This assessment assumes a total on-site operating time for all TRUs of 
300 hours per week. This would be the equivalent of 40 TRU-equipped trucks a 
day, each loading or unloading on-site for one hour, 12 hours a day and seven 
days a week. 

As shown in Figure 1-2 below, at this estimated level of activity and assuming a 
current fleet diesel PM em iss ion rate, the potential cancer risk would be over 100 
in a million at 800 feet from the center of the TRU activity. The estimated 
potential cancer risk would be in the 10 to 100 per million range between 800 to 
3,300 feet and falloff to less than 10 per million at approximately 3,600 feet. 
However with the implementation of ARB's regulation on TRUs, the risk will be 
significantly reduced. 5 We have not conducted a risk assessment for distribution 
centers based on truck traffic alone, but on an em iss ions basis, we would expect 
similar risks for a facility with truck volumes in the range of 100 per day. 

Figure 1-2 

Estimated Risk Ran versus Distance from Center of TRU Acti 
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The estimated potential cancer risk level in Figure 1-2 is based on a number of 
assumptions that may not reflect actual conditions for a specific site. For 
example, increasing or decreasing the hours of diesel engine operations would 
change the potential risk levels. Meteorological and other facility specific 
parameters can also impact the results. Therefore, the results presented here 
are not directly applicable to any particular facility or operation. Rather, this 
information is intended to provide an indication as to the potential relative levels 
of risk that may be observed from operations at distribution centers. As shown in 
Figure 1-2, the estimated risk levels will decrease over time as lower-emitting 
diesel engines are used. 

5 These risk values assume an exposure duration of 70 years for a nearby resident and uses the 
methodology specified in the 2003 OEHHA health risk assessment guidelines. 
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Another air modeling analysis, performed by the South Coast Air Quality 
Management District (South Coast AQMD), evaluated the impact of diesel PM 
emissions from distribution center operations in the community of Mira Loma in 
southern California. Based on dispersion of diesel PM emissions from a large 
distribution center, Figure 1-3 shows the relative pollution concentrations at 
varying distances downwind. As Figure 1-3 shows, there is about an 80 percent 
drop off in concentration at approximately 1,000 feet. 

0.8 
U 
!: 0.6 0 
u 
a> 0.4 
0:: 

0.2 

0 

Figure 1-3 
Decrease In Relative Concentration of Risk 
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Both the ARB and the South Coast AQMD analyses indicate that providing a 
separation of 1,000 feet would substantially reduce diesel PM concentrations and 
public exposure downwind of a distribution center. While these analyses do not 
provide specific risk estimates for distribution centers, they provide an indication 
of the range of risk and the benefits of providing a separation. ARB recommends 
a separation of 1,000 feet based on the combination of risk analysis done for 
TRUs and the decrease in exposure predicted with the South Coast AQMD 
modeling. However, ARB staff plans to provide further information on distribution 
centers as we collect more data and implement the TRU control measure. 

Taking into account the configuration of distribution centers can also reduce 
population exposure and risk. For example, locating new sensitive land uses 
away from the main entry and exit points helps to reduce cancer risk and other 
health impacts. 
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Recom mendations 

• Avoid siting new sensitive land uses within 1,000 feet of a distribution center 
(that accommodates more than 100 trucks per day, more than 40 trucks with 
operating TRUs per day, or where TRU unit operations exceed 300 hours per 
week). 

• Take into account the configuration of existing distribution centers and avoid 
locating residences and other new sensitive land uses near entry and exit 
points. 
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TRUs Operate. ARB (October 28, 2003). 
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Rail Yards 

Rail yards are a major source of diesel particulate air pollution. They are usually 
located near inter-modal facilities, which attract heavy truck traffic, and are often 
sited in mixed industrial and residential areas. ARB, working with the Placer 
County air district and Union Pacific Railroad, recently completed a studl of the 
Roseville Rail Yard (Yard) in northern California that focused on the health risk 
from diesel particulate. A comprehensive emissions analysis and air quality 
modeling were conducted to characterize the estimated potential cancer risk 
associated with the facility. 

6 To review the study, please click on: http://www.arb.ca .gov/diesel/documents/rrstudy.htm 
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The Yard encompasses about 950 acres on a one-quarter mile wide by four-mile 
long strip of land that parallels Interstate 80. It is surrounded by commercial, 
industrial, and residential properties. The Yard is one of the largest service and 
maintenance rail yards in the West with over 30,000 locomotives visiting 
annually. 

Using data provided by Union Pacific Railroad, the ARB determined the number 
and type of locomotives visiting the Yard annually and what those locomotives 
were doing - moving, idling, or undergoing maintenance testing. Union Pacific 
provided the annual, monthly, daily, and hourly locomotive activity in the yard 
including locomotive movements; routes for arrival, departure, and through trains; 
and locomotive service and testing. This information was used to estimate the 
emissions of particulate matter from the locomotives, which was then used to 
model the potential impacts on the surrounding community. 

The key findings of the study are: 

• Diesel PM emissions in 2000 from locomotive operations at the Roseville 
Yard were estimated at about 25 tons per year. 

• Of the total diesel PM in the Yard, moving locomotives accounted for about 
50 percent, idling locomotives about 45 percent, and locomotive testing about 
five percent. 

• Air quality modeling predicts potential cancer risks greater than 500 in a 
million (based on 70 years of exposure) in a 10-40 acre area immediately 
adjacent to the Yard's maintenance operations. 

• The risk assessment also showed elevated cancer risk impacting a larger 
area covering about a 10 by 10 mile area around the Yard. 

The elevated concentrations of diesel PM found in the study contribute to an 
increased risk of cancer and premature death due to cardiovascular disease, and 
non-cancer health effects such as asthma and other respiratory illnesses. The 
magnitude of the risk, the general location, and the size of the impacted area 
depended on the meteorological data used to characterize conditions at the 
Yard, the dispersion characteristics, and exposure assumptions. In addition to 
these variables, the nature of locomotive activity will influence a risk 
characterization at a particular rail yard. For these reasons, the quantified risk 
estimates in the Roseville Rail Yard Study cannot be directly applied to other rail 
yards. However, the study does indicate the health risk due to diesel PM from 
rail yards needs to be addressed. ARB, in conjunction with the 
U.S. Environmental Protection Agency (U.S. EPA), and local air districts, is 
working with the rail industry to identify and implement short term, mid-term and 
long-term mitigation strategies. ARB also intends to conduct a second rail study 
in southern California to increase its understanding of rail yard operations and 
the associated public health impacts. 
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Key Health Findings 

Diesel PM has been identified by ARB as a toxic air contaminant and represents 
70 percent of the known potential cancer risk from air toxics in California. Diesel 
PM is an important contributor to particulate matter air pollution. Particulate 
matter exposure is associated with premature mortality and health effects such 
as asthma exacerbation and hospitalization due to aggravating heart and lung 
disease. 

Distance Related Findings 

Two sets of meteorological data were used in the Roseville study because of 
technical limitations in the data. The size of the impact area was highly 
dependent on the meteorological data set used. The predicted highest impact 
area ranged from 10 - 40 acres with the two different meteorological data sets. 
This area, with risks estimated above 500 in a million, is adjacent to an area that 
includes a maintenance shop (see Figure 1-4). The high concentration of diesel 
PM emissions is due to the number of locomotives and nature of activities in this 
area, particularly idling locomotives. 

The area of highest impact is within 1,000 feet of the Yard. The next highest 
impact zone as defined in the report had a predicted risk between 500 and 100 in 
one million and extends out between a half to one mile in some spots, depending 
on which meteorological conditions were assumed. The impact areas are 
irregular in shape making it difficult to generalize about the impact of distance at 
a particular location. However, the Roseville Rail Yard Study clearly indicates 
that the localized health risk is high, the impact area is large, and mitigation of 
the locomotive diesel PM emissions is needed. 

For facilities like rail yards and ports, the potential impact area is so large that the 
real solution is to substantially reduce facility emissions. However, land use 
planners can avoid encroaching upon existing rail facilities and those scheduled 
for expansion. We also recommend that while air agencies tackle this problem, 
land use planners try not to add new sensitive individuals into the highest 
exposure areas. Finally, we recommend that land use agencies consider the 
potential health impacts of rail yards in their planning and permitting processes. 
Additional limitations and mitigation may be feasible to further reduce exposure 
on a site-specific basis. 
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Recom mendation 

• Avoid siting new sensitive land uses within 1,000 feet of a major service and 
maintenance rail yard7

. 

• Within one mile of a rail yard, consider possible siting limitations and 
mitigation approaches. 

References 

• Roseville Rail Yard Study. ARB (2004) 

7 The rail yard risk analysis was conducted for the Union Pacific rail yard in Roseville, California. 
This rail yard is one of the largest in the state. There are other rail yards in California with 
comparable levels of activity that should be considered "major" for purposes of this Handbook. 
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Ports 

Air pollution from maritime port activities is a growing concern for regional air 
quality as well as air quality in nearby communities. The primary air pollutant 
associated with port operations is directly emitted diesel particulate. Port-related 
activities also result in emissions that form ozone and secondary particulate in 
the atmosphere. The emission sources associated with ports include diesel 
engine-powered ocean-going ships, harbor craft, cargo handling equipment, 
trucks, and locomotives. The size and concentration of these diesel engines 
makes ports one of the biggest sources of diesel PM in the state. For that 
reason, ARB has made it a top priority to reduce diesel PM emissions at the 
ports, in surrounding communities, and throughout California. 

International, national, state, and local government collaboration is critical to 
reducing port emissions based on both legal and practical considerations. For 
example, the International Maritime Organization (IMO) and the U.S. EPA 
establish emission standards for ocean-going vessels and U.S.-flagged harbor 
craft, respectively. ARB is pursuing further federal actions to tighten these 
standards. In addition, ARB and local air districts are reducing emissions from 
ports through a variety of approaches. These include: incentive programs to 
fund cleaner engines, enhanced enforcement of smoke emissions from ships and 
trucks, use of dockside electricity instead of diesel engines, cleaner fuels for 
ships, harbor craft, locomotives, and reduced engine idling. The two ATCMs that 
limit truck idling and reduce emissions from TRUs (discussed under "Distribution 
Centers") also apply to ports. 

ARB is also developing several other regulations that will reduce port-related 
emissions. One rule would require ocean-going ships to use a cleaner marine 
diesel fuel to power auxiliary engines while in California coastal waters and at 
dock. Ships that frequently visit California ports would also be required to further 
reduce their emissions. ARB has adopted a rule that would require harbor craft 
to use the same cleaner diesel fuel used by on-road trucks in California. In 2005, 
ARB will consider a rule that would require additional controls for in-use harbor 
craft, such as the use of add-on em iss ion controls and accelerated turnover of 
older engines. 

Key Health Findings 

Port activities are a major source of diesel PM. Diesel PM has been identified by 
ARB as a toxic air contam inant and represents 70 percent of the known potential 
cancer risk from air toxics in California. Diesel PM is an important contributor to 
particulate matter air pollution. Particulate matter exposure is associated with 
premature mortality and health effects such as asthma exacerbation and 
hospitalization due to aggravating heart and lung disease. 
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Distance Related Findings 

The Ports of Los Angeles and Long Beach provide an example of the emissions 
impact of port operations. A comprehensive emissions inventory was completed 
in June 2004. These ports combined are one of the world's largest and busiest 
seaports. Located in San Pedro Bay, about 20 miles south of downtown Los 
Angeles, the port complex occupies approximately 16 square miles of land and 
water. Port activities include five source categories that produce diesel 
emissions. These are ocean-going vessels, harbor craft, cargo handling 
equipment, railroad locomotives, and heavy-duty trucks. 

The baseline emission inventory provides emission estimates for all major air 
pollutants. This analysis focuses on diesel PM from in-port activity because 
these emissions have the most potential health impact on the areas adjacent to 
the port. Ocean vessels are the largest overall source of diesel PM related to the 
ports, but these emissions occur primarily outside of the port in coastal waters, 
making the impact more regional in nature. 

The overall in-port emission inventory for diesel particulate for the ports of 
Los Angeles and Long Beach is estimated to be 550 tons per year. The 
em iss ions fall in the following major categories: ocean-going vessels (17%), 
harbor craft (25%), cargo handling (47%), railroad locomotive (3%), and heavy 
duty vehicles (8%). In addition to in-port emissions, ship, rail, and trucking 
activities also contribute to regional emissions and increase emissions in nearby 
neighborhoods. Off-port emissions associated with related ship, rail, and 
trucking activities contribute an additional 680 tons per year of diesel particulate 
at the Port of Los Angeles alone. 

To put this in perspective, the diesel PM emissions estimated for the Roseville 
Yard in ARB's 2004 study are 25 tons per year. The potential cancer risk 
associated with these emissions is 100 in one million at a distance of one mile, or 
one half mile, depending on the data set used. This rail yard covers one and a 
half square miles. The Los Angeles and Long Beach ports have combined diesel 
PM emissions of 550 tons per year emitted from a facility that covers a much 
larger area - 16 miles. The ports have about twice the emission density of the 
rail yard - 34 tons per year per square mile compared to 16 tons per year per 
square mile. However, while this general comparison is illustrative of the overall 
size of the complex, a detailed air quality modeling analysis would be needed to 
assess the potential health impact on specific downwind areas near the ports. 

ARB is in the process of evaluating the various port-related emission sources 
from the standpoint of existing em iss ions, growth forecasts, new control options, 
regional air quality impacts, and localized health risk. A number of public 
processes - both state and local - are underway to address various aspects of 
these issues. Until more of these analyses are complete, there is little basis for 
recommending a specific separation between new sensitive land uses and ports. 
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For example, the type of data we have showing the relationship between air 
pollutant concentrations and distance from freeways is not yet available. 

Also, the complexity of the port facilities makes a site-specific analysis critical. 
Ports are a concentration of multiple emission sources with differing dispersion 
and other characteristics. In the case of the Roseville rail yard, we found a high, 
very localized impact associated with a particular activity, service and 
maintenance. By contrast, the location, size, and nature of impact areas can be 
expected to vary substantially for different port activities. For instance, ground 
level emissions from dockside activities would behave differently from ship stack 
level em iss ions. 

Nonetheless, on an emissions basis alone, we expect locations downwind of 
ports to be substantially impacted. For that reason, we recommend that land use 
agencies track the current assessment efforts, and consider limitations on the 
siting of new sensitive land uses in areas immediately downwind of ports. 

Recom mendations 

Avoid siting new sensitive land uses immediately downwind of ports in the most 
heavily impacted zones. Consult local air districts or the ARB on the status of 
pending analyses of health risks. 

References 

• Roseville Rail Yard Study. ARB (2004) 
• Final Draft, "Port-Wide Baseline Air Emissions Inventory." Port of Los 

Angeles (June 2004) 
• Final Draft, "2002 Baseline Air Emissions Inventory." Port of Long Beach 

(February 2004) 

Petroleum Refineries 

A petroleum refinery is a complex facility where crude oil is converted into 
petroleum products (primarily gasoline, diesel fuel, and jet fuel), which are then 
transported through a system of pipelines and storage tanks for final distribution 
by delivery truck to fueling facilities throughout the state. In California, most 
crude oil is delivered either by ship from Alaska or foreign sources, or is delivered 
via pipeline from oil production fields within the state. The crude oil then 
undergoes many complex chemical and physical reactions, which include 
distillation, catalytic cracking, reforming, and finishing. These refining processes 
have the potential to emit air contaminants, and are subject to extensive 
emission controls by district regulations. 

As a result of these regulations covering the production, marketing, and use of 
gasoline and other oil by-products, California has seen significant regional air 
quality benefits both in terms of cleaner fuels and cleaner operating facilities. In 
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the 1990s, California refineries underwent significant modifications and 
modernization to produce cleaner fuels in response to changes in state law. 
Nevertheless, while residual emissions are small when compared to the total 
emissions controlled from these major sources, refineries are so large that even 
small amounts of fugitive, uncontrollable emissions and associated odors from 
the operations, can be significant. This is particularly the case for communities 
that may be directly downwind of the refinery. Odors can cause health 
symptoms such as nausea and headache. Also, because of the size, complexity, 
and vast numbers of refinery processes onsite, the occasional refinery upset or 
malfunction can potentially result in acute or short-term health effects to exposed 
individuals. 

Key Health Findings 

Petroleum refineries are large single sources of emissions. For volatile organic 
compounds (VOCs), eight of the ten largest stationary sources in California are 
petroleum refineries. For oxides of nitrogen (NOx), four of the ten largest 
stationary sources in California are petroleum refineries. Both of these 
compounds react in the presence of sunlight to form ozone. Ozone impacts lung 
function by irritating and damaging the respiratory system. Petroleum refineries 
are also large stationary sources of both particulate matter under 10 microns in 
size (PM 1O) and particulate matter under 2.5 microns in size (PM2.S). Exposure to 
particulate matter aggravates a number of respiratory illnesses, including 
asthma, and is associated with premature mortality in people with existing 
cardiac and respiratory disease. Both long-term and short-term exposure can 
have adverse health impacts. Finer particles pose an increased health risk 
because they can deposit deep in the lung and contain substances that are 
particularly harmful to human health. NOx are also significant contributors to the 
secondary formation of PM2.S. 

Petroleum refineries also em it a variety of toxic air pollutants. These air toxics 
vary by facility and process operation but may include: acetaldehyde, arsenic, 
antimony, benzene, beryllium, 1,3-butadiene, cadmium compounds, carbonyl 
sulfide, carbon disulfide, chlorine, dibenzofurans, diesel particulate matter, 
formaldehyde, hexane, hydrogen chloride, lead compounds, mercury 
compounds, nickel compounds, phenol, 2,3,7,8 tetrachlorodibenzo-p-dioxin, 
toluene, and xylenes (mixed) among others. The potential health effects 
associated with these air toxics can include cancer, respiratory irritation, and 
damage to the central nervous system, depending on exposure levels. 

Distance Related Findings 

Health risk assessments for petroleum refineries have shown risks from toxic air 
pollutants that have quantifiable health risk values to be around 10 potential 
cancer cases per million. Routine air monitoring and several air monitoring 
studies conducted in the San Francisco Bay Area (Crockett) and the South Coast 
Air Basin (Wilmington) have not identified significant health risks specifically 
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associated with refineries. However, these studies did not measure diesel PM as 
no accepted method currently exists, and there are many toxic air pollutants that 
do not have quantifiable health risk values. 

In 2002, ARB published a report on the results of the state and local air district air 
monitoring done near oil refineries. The purpose of this evaluation was to try to 
determine how refinery-related emissions might impact nearby communities. 
This inventory of air monitoring activities included 10 ambient air monitoring 
stations located near refineries in Crockett and four stations near refineries in 
Wilmington. These monitoring results did not identify significant increased health 
risks associated with the petroleum refineries. In 2002-2003, ARB conducted 
additional monitoring studies in communities downwind of refineries in Crockett 
and Wilmington. These monitoring results also did not indicate significant 
increased health risks from the petroleum refineries. 

Consequently, there are no air quality modeling or air monitoring data that 
provides a quantifiable basis for recommending a specific separation between 
refineries and new sensitive land uses. However, in view of the amount and 
potentially hazardous nature of many of the pollutants released as part of the 
refinery process, we believe the siting of new sensitive land uses immediately 
downwind should be avoided. Land use agencies should consult with the local 
air district when considering how to define an appropriate separation for 
refineries within their jurisdiction. 

Recom mendations 

• Avoid siting new sensitive land uses immediately downwind of petroleum 
refineries. Consult with local air districts and other local agencies to 
determine an appropriate separation. 

References 

• Review of Current Ambient Air Monitoring Activities Related to California Bay 
Area and South Coast Refineries. ARB (March 2002) 
http://www.arb.ca. gov/aagm/gmosgual/special/m Idrefinery. pdf 

• Community Air Quality Monitoring: Special Studies - Crockett. ARB 
(September 2004) 
http://www.arb.ca.gov/ch/communities/studies/crockett/crockett.htm 

• Wilmington Study - Air Monitoring Results. ARB (2003) 
http://www.arb.ca.gov/ch/communities/studies/wilmington/wilmington.htm 

Chrome Plating Operations 

Chrome plating operations rely on the use of the toxic metal hexavalent 
chromium, and have been subject to ARB and local air district control programs 
for many years. Regulation of chrome plating operations has reduced statewide 
emissions substantially. However, due to the nature of chrome plating 
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operations and the highly toxic nature of hexavalent chromium, the remaining 
health risk to nearby residents is a continuing concern. 

Chrome plating operations convert hexavalent chrom ium in solution to a 
chromium metal layer by electroplating, and are categorized based upon the 
thickness of the chromium metal layer applied. In "decorative plating", a layer of 
nickel is first plated over a metal substrate. Following this step, a thin layer of 
chromium is deposited over the nickel layer to provide a decorative and 
protective finish, for example, on faucets and automotive wheels. "Hard chrome 
plating" is a process in which a thicker layer of chromium metal is deposited 
directly on metal substrates such as engine parts, industrial machinery, and tools 
to provide greater protection against corrosion and wear. 

Hexavalent chromium is emitted into the air when an electric current is applied to 
the plating bath. Emissions are dependent upon the amount of electroplating 
done per year and the control requirements. A unit of production referred to as 
an ampere-hour represents the amount of electroplating produced. Small 
facilities have an annual production rate of 100,000 - 500,000 ampere-hours, 
while medium-size facilities may have a production rate of 500,000 to about 
3 million ampere-hours. The remaining larger facilities have a range of 
production rates that can be as high as 80 million ampere-hours. 

The control requirements, which reduce emissions from the plating tanks, vary 
according to the size and type of the operation. Facilities either install add-on 
pollution control equipment, such as filters and scrubbers, or in-tank controls, 
such as fume suppressants and polyballs. With this combination of controls, the 
overall hexavalent chromium emissions have been reduced by over 90 percent. 
Larger facilities typically have better controls that can achieve efficiencies greater 
than 99 percent. However, even with stringent controls, the lack of maintenance 
and good housekeeping practices can lead to problems. And, since the material 
itself is inherently dangerous, any lapse in compliance poses a significant risk to 
nearby residents. 

A 2002 ARB study in the San Diego community of Barrio Logan measured 
unexpectedly high concentrations of hexavalent chromium near chrome platers. 
The facilities were located in a mixed-use area with residences nearby. The 
study found that fugitive dust laden with hexavalent chromium was an important 
source of emissions that likely contributed to the elevated cancer risk. Largely as 
a result of this study, ARB is in the process of updating the current requirements 
to further reduce the emissions from these facilities. 

In December 2004, the ARB adopted an ATCM to reduce emissions of 
hexavalent chromium and nickel from thermal spraying operations through the 
installation of best available control technology. The ATCM requires all existing 
facilities to comply with its requirements by January 1, 2006. New and modified 
thermal spraying operations must comply upon initial startup. An existing thermal 
spraying facility may be exempt from the minimum control efficiency 
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requirements of the ATCM if it is located at least 1,640 feet from the nearest 
sensitive receptor and emits no more than 0.5 pound per year of hexavalent 
chromium.8 

Key Health Findings 

Hexavalent chromium is one of the most toxic air pollutants regulated by the 
State of California. Hexavalent chromium is a carcinogen and has been 
identified in worker health studies as causing lung cancer. Exposure to even 
very low levels of hexavalent chromium should be avoided. 

The California Office of Environmental Health Hazard Assessment has found 
that: 1) many epidemiological studies show a strong association between 
hexavalent chromium exposure in the work place and respiratory cancer; and 2) 
all short-term assays reported show that hexavalent chromium compounds can 
cause damage to human DNA. 

Hexavalent chromium when inhaled over a period of many years can cause a 
variety of non-cancer health effects. These health effects include damage to the 
nose, blood disorders, lung disease, and kidney damage. The non-cancer health 
impacts occur with exposures considerably higher than exposures causing 
significant cancer risks. It is less likely that the public would be exposed to 
hexavalent chrom ium at levels high enough to cause these non-cancer health 
effects. Non-cancer health effects, unlike cancer health effects, have a threshold 
or exposure level below which non-cancer health effects would not be expected. 

Distance Related Findings 

ARB's 2002 Barrio Logan Study measured concentrations of hexavalent 
chromium in the air near two chrome plating facilities. The study was conducted 
from December 2001 to May 2002. There were two chrome platers on the street 
- one decorative and one hard plater. The purpose of the study was to better 
understand the near source impact of hexavalent chromium emissions. Air 
monitors were placed at residences next to the platers and at varying distances 
down the street. The monitors were moved periodically to look at the spatial 
distribution of the impact. Source testing and facility inspections identified one of 
the facilities as the likely source. 

The first two weeks of monitoring results showed unexpectedly high levels of 
hexavalent chromium at a number of the monitoring sites. The high 
concentrations were intermittent. The concentrations ranged from 1 to 22 ng/m3 
compared to the statewide average of 0.1 ng/m3. If these levels were to 
continue for 70 years, the potential cancer risk would be 150 in one million. The 
highest value was found at an air monitor behind a house adjacent to one of the 

8 For further information on the ATCM, please refer to: 
http://www.arb.ca.gov/regact/thermspr/thermalspr.htm 
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plating facilities-approximately 30 feet from the back entrance. Lower, but 
significant concentrations were found at an ambient air monitor 250 feet away. 

The monitoring covered a period when the facility was not operating its plating 
tank. During this period, one of the highest concentrations was measured at an 
adjacent house. It appears that chromium-laden dust was responsible for high 
concentrations at this location since there was no plating activity at the time. 
Dust samples from the facility were tested and found to contain high levels of 
hexavalent chromium. On the day the highest concentration was measured at 
the house next door, a monitor 350 feet away from the plater's entrance showed 
very little impact. Similar proximity effects are shown in ARB modeling studies. 

Figure 1-5 shows how the relative health risk varies as a function of distance 
from a chrome plater. This analysis is based on a medium-sized chrome plater 
with an annual production rate of 3 million ampere-hours. As shown in 
Figure 1- 5, the potential health risk drops off rapidly, with over 90 percent 
reduction in risk within 300 feet. This modeling was done in 2003 as part of a 
review of ARB's current air toxic control measure for chrome platers and is based 
on data from a recent ARB survey of chrome platers in California. The emission 
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rates are only for plating operations. Because there are insufficient data 
available to directly quantify the impacts, the analysis does not include fugitive 
emissions, which the Barrio Logan analysis indicated could be significant. 

Both the ARB Barrio Logan monitoring results and ARB's 2003 modeling analysis 
suggests that the localized emissions impact of a chrome plater diminishes 
significantly at 300 feet. However, in developing our recommendation, we also 
considered the following factors: 
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• some chrome platers will have higher volumes of plating activity, 
• potential dust impacts were not modeled, 
• we have only one monitoring study looking at the impact of distance, and, 
• hexavalent chromium is one of the most potent toxic air contaminants ARB 

has identified. 

Given these limitations in the analysis, we recommend a separation of 1,000 feet 
as a precautionary measure. For large chrome platers, site specific information 
should be obtained from the local air district. 

Recom mendation 

• Avoid siting new sensitive land uses within 1,000 feet of a chrome plater. 
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Dry Cleaners Using Perchloroethylene (Perc Dry Cleaners) 

Perchloroethylene (perc) is the solvent most commonly used by the dry cleaning 
industry to clean clothes or other materials. The ARB and other public health 
agencies have identified perc as a potential cancer-causing compound. Perc 
persists in the atmosphere long enough to contribute to both regional air pollution 
and localized exposures. Perc dry cleaners are the major source of perc 
emissions in California. 

Since 1990, the statewide concentrations and health risk from exposure to perc 
has dropped over 70 percent. This is due to a number of regulatory 
requirements on perc dry cleaners and other sources, including degreasing 
operations, brake cleaners, and adhesives. ARB adopted an Airborne Toxic 
Control Measure (ATCM) for Perc Emissions from Dry Cleaning Operations in 
1993. ARB has also prohibited the use of perc in aerosol adhesives and 
automotive brake cleaners. 
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Perc dry cleaners statewide are required to comply with ARB and local air district 
regulations to reduce emissions. However, even with these controls, some 
emissions continue to occur. Air quality studies indicate that there is still the 
potential for significant risks even near well-controlled dry cleaners. The South 
Coast AQMD has adopted a rule requiring that all new dry cleaners use 
alternatives to perc and that existing dry cleaners phase out the use of perc by 
December 2020. Over time, transition to non-toxic alternatives should occur. 
However, while perc continues to be used, a preventative approach should be 
taken to siting of new sensitive land uses. 

Key Health Findings 

Inhalation of perc may result in both cancer and non-cancer health effects. An 
assessment by California's Office of Environmental Health Hazard Assessment 
(OEHHA) concluded that perc is a potential human carcinogen and can cause 
non-cancer health effects. In addition to the potential cancer risk, the effects of 
long-term exposure include dizziness, impaired judgment and perception, and 
damage to the liver and kidneys. Workers have shown signs of liver toxicity 
following chronic exposure to perc, as well as kidney dysfunction and 
neurological effects. Non-cancer health effects occur with higher exposure levels 
than those associated with significant cancer risks. The public is more likely to 
be exposed to perchloroethylene at levels causing significant cancer risks than to 
levels causing non-cancer health effects. Non-cancer health effects, unlike 
cancer health effects, have a threshold or exposure level below which non
cancer health effects would not be expected. The ARB formally identified perc 
as a toxic air contaminant in October 1991. 

One study has determined that inhalation of perc is the predominant route of 
exposure to infants living in apartments co-located in the same building with a 
business operating perc dry cleaning equipment. Results of air sampling within 
co-residential buildings indicate that dry cleaners can cause a wide range of 
exposures depending on the type and maintenance of the equipment. For 
example, a well-maintained state-of-the-art system may have risks in the range 
of 10 in one million, whereas a badly maintained machine with major leaks can 
have potential cancer risks of thousands in one million. 

The California Air Pollution Control Officers Association (CAPCOA) is developing 
Industry-wide Risk Assessment Guidelines for Perchloroethylene Dry Cleaners 
which, when published, will provide detailed information on public health risk from 
exposure to emissions from this source. 

Distance Related Findings 

Risk created by perc dry cleaning is dependent on the amount of perc emissions, 
the type of dry cleaning equipment, proximity to the source, and how the 
emissions are released and dispersed (e.g., type of ventilation system, stack 
parameters, and local meteorology). Dry cleaners are often located near 
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residential areas, and near shopping centers, schools, day-care centers, and 
restaurants. 

The vast majority of dry cleaners in California have one dry cleaning machine per 
facility. The South Coast AQMD estimates that an average well-controlled dry 
cleaner uses about 30 to 160 gallons of cleaning solvent per year, with an 
average of about 100 gallons. Based on these estimates, the South Coast 
AQMD estimates a potential cancer risk between 25 to 140 in one million at 
residential locations 75 feet or less from the dry cleaner, with an average of 
about 80 in one million. The estimate could be as high as 270 in one million for 
older machines. 

CAPCOA's draft industry-wide risk assessment of perc dry cleaning operations 
indicates that the potential cancer risk for many dry cleaners may be in excess of 
potential cancer risk levels adopted by the local air districts. The draft document 
also indicates that, in general, the public's exposure can be reduced by at least 
75 percent, by providing a separation distance of about 300 feet from the 
operation. This assessment is based on a single machine with perc use of about 
100 gallons per year. At these distances, the potential cancer risk would be less 
than 10 potential cases per million for most scenarios. 

The risk would be proportionately higher for large, industrial size, dry cleaners. 
These facilities typically have two or more machines and use 200 gallons or more 
per year of perc. Therefore, separation distances need to be greater for large dry 
cleaners. At a distance of 500 feet, the remaining risk for a large plant can be 
reduced by over 85 percent. 

In California, a small number of dry cleaners that are co-located (sharing a 
common wall, floor, or ceiling) with a residence have the potential to expose the 
inhabitants of the residence to high levels of perc. However, while special 
requirements have been imposed on these existing facilities, the potential for 
exposure still exists. Avoiding these siting situations in the future is an important 
preventative measure. 

Local air districts are a source of information regarding specific dry cleaning 
operations-particularly for large industrial operations with multiple machines. 
The 300 foot separation recommended below reflects the most common situation 
- a dry cleaner with only one machine. While we recommend 500 feet when 
there are two or more machines, site specific information should be obtained 
from the local air district for some very large industrial operations. Factors that 
can impact the risk include the number and type of machines, controls used, 
source configuration, building dimensions, terrain, and meteorological data. 
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Recom mendation 

• Avoid siting new sensitive land uses within 300 feet of any dry cleaning 
operation. For operations with two or more machines provide 500 feet. For 
operations with 3 or more machines, consult with the local air district. 

• Do not site new sensitive land uses in the same building with perc dry 
cleaning operations. 
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Gasoline Dispensing Facilities 

Refueling at gasoline dispensing facilities releases benzene into the air. 
Benzene is a potent carcinogen and is one of the highest risk air pollutants 
regulated by ARB. Motor vehicles and motor vehicle-related activity account for 
over 90 percent of benzene emissions in California. While gasoline-dispensing 
facilities account for a small part of total benzene emissions, near source 
exposures for large facilities can be significant. 

Since 1990, benzene in the air has been reduced by over 75 percent statewide, 
primarily due to the implementation of emissions controls on motor vehicle vapor 
recovery equipment at gas stations, and a reduction in benzene levels in 
gasoline. However, benzene levels are still significant. In urban areas, average 
benzene exposure is equivalent to about 50 in one million. 

Gasoline dispensing facilities tend to be located in areas close to residential and 
shopping areas. Benzene emissions from the largest gas stations may result in 
near source health risk beyond the regional background and district health risk 
thresholds. The emergence of very high gasoline throughput at large retail or 
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wholesale outlets makes this a concern as these types of outlets are projected to 
account for an increasing market share in the next few years. 

Key Health Findings 

Benzene is a human carcinogen identified by ARB as a toxic air contaminant. 
Benzene also can cause non-cancer health effects above a certain level of 
exposure. Brief inhalation exposure to high concentrations can cause central 
nervous system depression. Acute effects include central nervous system 
symptoms of nausea, tremors, drowsiness, dizziness, headache, intoxication, 
and unconsciousness. It is unlikely that the public would be exposed to levels of 
benzene from gasoline dispensing facilities high enough to cause these non
cancer health effects. 

Distance Related Findings 

A well-maintained vapor recovery system can decrease emissions of benzene by 
more than 90% compared with an uncontrolled facility. Almost all facilities have 
emission control systems. Air quality modeling of the health risks from gasoline 
dispensing facilities indicate that the impact from the facilities decreases rapidly 
as the distance from the facility increases. 

Statistics reported in the ARB's staff reports on Enhanced Vapor Recovery 
released in 2000 and 2002, indicated that almost 96 percent of the gasoline 
dispensing facilities had a throughput less than 2.4 million gallons per year. The 
remaining four percent, or approximately 450 facilities, had throughputs 
exceeding 2.4 million gallons per year. For these stations, the average gasoline 
throughput was 3.6 million gallons per year. 

Figure 1-6 
Gasoline Dispensing Facility Health Risk 

for 3,600,000 gal/yr throughput 
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As shown in Figure 1-6, the risk levels for a gasoline dispensing facility with a 
throughput of 3.6 million gallons per year is about 10 in one million at a distance 
of 50 feet from the fenceline. However, as the throughput increases, the 
potential risk increases. 
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As mentioned above, air pollution levels in the immediate vicinity of large 
gasoline dispensing facilities may be higher than the surrounding area (although 
tailpipe emissions from motor vehicles dominates the health impacts). Very large 
gasoline dispensing facilities located at large wholesale and discount centers 
may dispense nine million gallons of gasoline per year or more. At nine million 
gallons, the potential risk could be around 25 in one million at 50 feet, dropping to 
about five in one million at 300 feet. Some facilities have throughputs as high as 
19 million gallons. 

Recom mendation 

• Avoid siting new sensitive land uses within 300 feet of a large gasoline 
dispensing facility (defined as a facility with a throughput of 3.6 million gallons 
per year or greater). A 50 foot separation is recommended for typical gas 
dispensing facilities. 

References 

• Gasoline Service Station Industry-wide Risk Assessment Guidelines. 
California Air Pollution Control Officers Association (December 1997 and 
revised November 1, 2001) 

• Staff Report on Enhanced Vapor Recovery. ARB (February 4,2000) 
• The California Almanac of Emissions and Air Quality. ARB (2004) 
• Staff Report on Enhanced Vapor Recovery Technology Review. ARB 

(October 2002) 

Other Facility Types that Emit Air Pollutants of Concern 

In addition to source specific recommendations, Table 1-3 includes a list of other 
industrial sources that could pose a significant health risk to nearby sensitive 
individuals depending on a number of factors. These factors include the amount 
of pollutant emitted and its toxicity, the distance to nearby individuals, and the 
type of emission controls in place. Since these types of facilities are subject to 
air permits from local air districts, facility specific information should be obtained 
where there are questions about siting a sensitive land use close to an industrial 
facility. 

Potential Sources of Odor and Dust Complaints 

Odors and dust from commercial activities are the most common sources of air 
pollution complaints and concerns from the public. Land use planning and 
permitting processes should consider the potential impacts of odor and dust on 
surrounding land uses, and provide for adequate separation between odor and 
dust sources. As with other types of air pollution, a number of factors need to be 
considered when determining an adequate distance or mitigation to avoid odor or 
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Table 1-3 - Examples of Other Facility Types That Emit1 Air Pollutants of Concern 

Categories Facility Type Air Pollutants of Concern 
Commercial 

Autobody Shops Metals, Solvents 
Furniture Repair Solvents2

, Methylene Chloride 
Film Processing Services Solvents, Perchloroethylene 
Distribution Centers Diesel Particulate Matter 
Printing Shops Solvents 
Diesel Engines Diesel Particulate Matter 

Industrial 
Construction Particulate Matter, Asbestos 
Manufacturers Solvents, Metals 
Metal Platers, Welders, Metal Hexavalent Chromium, Nickel, 
Spray (flame spray) Operations Metals 
Chemical Producers Solvents, Metals 
Furniture Manufacturers Solvents 
Shipbuilding and Repair Hexavalent chromium and other 

metals, Solvents 
Rock Quarries and Cement Particulate Matter, Asbestos 
Manufacturers 
Hazardous Waste Incinerators Dioxin, Solvents, Metals 
Power Plants Benzene, Formaldehyde, 

Particulate Matter 
Research and Development Solvents, Metals, etc. 
Facilities 

Public 
Landfills Benzene, Vinyl Chloride, Diesel 

Particulate Matter 
Waste Water Treatment Plants Hydrogen Sulfide 
Medical Waste Incinerators Dioxin, Benzene, PAH, PCBs, 

1,3-Butadiene 
Recycling, Garbage Transfer Diesel Particulate Matter 
Stations 
Municipal Incinerators Dioxin, Benzene, PAH, PCBs, 

1,3-Butadiene 
Transportation 

Truck Stops Diesel Particulate Matter 
Agricultural 
Operations 

Farming Operations Diesel Particulate Matter, VOCs, 
NOx, PM10, CO, SOx, Pesticides 

Livestock and Dairy Operations Ammonia, VOCs, PM10 
1 Not all facilities will emit pollutants of concern due to process changes or chemical substitution. Consult 
the local air district regarding specific facilities. 
2Some solvents may emit toxic air pollutants, but not all solvents are toxic air contaminants. 
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dust complaints in a specific situation. Local air districts should be consulted for 
advice when these siting situations arise. 

Table 1-4 lists some of the most 
common sources of odor complaints 
received by local air districts. 
Complaints about odors are the 
responsibility of local air districts and 
are covered under state law. The 
types of facilities that can cause odor 
complaints are varied and can range 
from small commercial facilities to large 
industrial facilities, and may include 
waste disposal and recycling 
operations. Odors can cause health 
symptoms such as nausea and 
headache. Facilities with odors may 
also be sources of toxic air pollutants 
(See Table 1-3). Some common 
sources of odors emitted by facilities 

Table 1-4 
Sources of Odor Complaints 

.. Sewage Treatment Plants 

.. Landfills 

.. Recycling Facilities 

.. Waste Transfer Stations 

.. Petroleum Refineries 

.. Biomass Operations 

.. Autobody Shops 

.. Coating Operations 

.. Fiberglass Manufacturing 

.. Foundries 

.. Rendering Plants 

.. Livestock Operations 

are sulfur compounds, organic solvents, and the decomposition/digestion of 
biological materials. Because of the subjective nature of an individual's 
sensitivity to a particular type of odor, there is no specific rule for assigning 
appropriate separations from odor sources. Under the right meteorological 
conditions, some odors may still be offensive several miles from the source. 

Sources of dust are also common sources of air pollution-related complaints. 
Operations that can result in dust problems are rock crushing, gravel production, 
stone quarrying, and mining operations. A common source of complaints is the 
dust and noise associated with blasting that may be part of these operations. 
Besides the health impacts of dust as particulate matter, thick dust also impairs 
visibility, aesthetic values, and can soil homes and automobiles. Local air 
districts typically have rules for regulating dust sources in their jurisdictions, but 
dust sources can still be a concern. Therefore, separation of these facilities from 
residential and other new sensitive land uses should be considered. 

In some areas of California, asbestos occurs naturally in stone deposits. 
Asbestos is a potent carcinogenic substance when inhaled. Asbestos-containing 
dust may be a public health concern in areas where asbestos-containing rock is 
mined, crushed, processed, or used. Situations where asbestos-containing 
gravel has been used in road paving materials are also a source of asbestos 
exposure to the general public. Planners are advised to consult with local air 
pollution agencies in areas where asbestos-containing gravel or stone products 
are produced or used. 
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2. Handbook Development 

ARB and local air districts share responsibility for improving statewide air quality. 
As a result of California's air pollution control programs, air quality has improved 
and health risk has been reduced statewide. However, state and federal air 
quality standards are still exceeded in many areas of California and the statewide 
health risk posed by toxic air contaminants (air toxics) remains too high. Also, 
some communities experience higher pollution exposures than others - making 
localized impacts, as well regional or statewide impacts, an important 
consideration. It is for this reason that this Handbook has been produced - to 
promote better, more informed decision-making by local land use agencies that 
will improve air quality and public health in their communities. 

Land use policies and practices, including planning, zoning, and siting activities, 
can playa critical role in air quality and public health at the local level. For 
instance, even with the best available control technology, some projects that are 
sited very close to homes, schools, and other public places can result in elevated 
air pollution exposures. The reverse is also true - siting a new school or home 
too close to an existing source of air pollution can pose a public health risk. The 
ARB recommendations in section 1 address this issue. 

This Handbook is an informational document that we hope will 
strengthen the relationship between air quality and land use 
agencies. It highlights the need for land use agencies to 
address the potential for new projects to result in localized 
health risk or contribute to cumulative impacts where air 
pollution sources are concentrated. 

Avoiding these incompatible land uses is a key to reducing localized air pollution 
exposures that can result in adverse health impacts, especially to sensitive 
individuals. 

Individual siting decisions that result in incompatible land uses are often the 
result of locating "sensitive" land uses next to polluting sources. These decisions 
can be of even greater concern when existing air pollution exposures in a 
community are considered. In general terms, this is often referred to as the issue 
of "cumulative impacts." ARB is working with local air districts to better define 
these situations and to make information about existing air pollution levels (e.g., 
from local businesses, motor vehicles, and other areawide sources) more readily 
available to land use agencies. 

In December 2001, the ARB adopted "Policies and Actions for Environmental 
Justice" (Policies). These Policies were developed in coordination with a group 
of stakeholders, representing local government agencies, community interest 
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groups, environmental justice organizations, academia, and business 
(Environmental Justice Stakeholders Group). 

The Policies included a commitment to work with land use planners, 
transportation agencies, and local air districts to develop ways to identify, 
consider, and reduce cumulative air pollution emissions, exposure, and health 
risks associated with land use planning and decision-making. Developed under 
the auspices of the ARB's Environmental Justice Stakeholders Group, this 
Handbook is a first step in meeting that commitment. 

ARB has produced this Handbook to help achieve several objectives: 

• Provide recommendations on situations to avoid when siting new 
residences, schools, day care centers, playgrounds, and medical-related 
facilities (sensitive sites or sensitive land uses); 

• Identify approaches that land use agencies can use to prevent or reduce 
potential air pollution impacts associated with general plan policies, new 
land use development, siting, and permitting decisions; 

• Improve and facilitate access to air quality data and evaluation tools for 
use in the land use decision-making process; 

• Encourage stronger collaboration between land use agencies and local air 
districts to reduce community exposure to source-specific and cumulative 
air pollution impacts; and 

• Emphasize community outreach approaches that promote active public 
involvement in the air quality/land use decision-making process. 

This Handbook builds upon California's 2003 General Plan Guidelines. These 
Guidelines, developed by the Governor's Office of Planning and Research 
(aPR), explain the land use planning process and applicable legal requirements. 
This Handbook also builds uron a 1997 ARB report, "The Land Use-Air Quality 
Linkage" ("Linkage Report"). The Linkage Report was an outgrowth of the 
California Clean Air Act which, among other things, called upon local air districts 
to focus particular attention on reducing emissions from sources that indirectly 
cause air pollution by attracting vehicle trips. Such indirect sources include, but 
are not limited to, shopping centers, schools and universities, employment 
centers, warehousing, airport hubs, medical offices, and sports arenas. The 
Linkage Report summarizes data as of 1997 on the relationships between land 
use, transportation, and air quality, and highlights strategies that can help to 
reduce the use of single occupancy automobile use. Such strategies 

9 To access this report, please refer to ARB's website or click on: 
http://www.arb.ca.gov/ch/programs/link97.pdf 
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complement ARB regulatory programs that continue to reduce motor vehicle 
emissions. 

In this Handbook, we identify types of air quality-related information that we 
recommend land use agencies consider in the land use decision-making 
processes such as the development of regional, general, and community plans; 
zoning ordinances; environmental reviews; project siting; and permit issuance. 
The Handbook provides recommendations on the siting of new sensitive land 
uses based on current analyses. It also contains information on approaches and 
methodologies for evaluating new projects from an air pollution perspective. 

The Handbook looks at air quality issues associated with emissions from 
industrial, commercial, and mobile sources of air pollution. Mobile sources 
continue to be the largest overall contributors to the state's air pollution problems, 
representing the greatest air pollution health risk to most Californians. Based on 
current health risk information for air toxics, the most serious pollutants on a 
statewide basis are diesel PM, benzene, and 1 ,3-butadiene, all of which are 
primarily emitted by motor vehicles. From a state perspective, ARB continues to 
pursue new strategies to further reduce motor vehicle-related emissions in order 
to meet air quality standards and reduce air toxics risk. 

While mobile sources are the largest overall contributors to the state's air 
pollution problems, industrial and commercial sources can also pose a health 
risk, particularly to people near the source. For this reason, the issue of 
incompatible land uses is an important focus of this document. 

Handbook Audience 

Even though the primary users of the Handbook will likely be agencies 
responsible for air quality and land use planning, we hope the ideas and 
technical issues presented in this Handbook will also be useful for: 

.. public and community organizations and community residents; 

.. federal, state and regional agencies that fund, review, regulate, oversee, or 
otherwise influence environmental policies and programs affected by land use 
policies; and 

.. private developers. 
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3. Key Community Focused Issues Land Use Agencies Should Consider 

Two key air quality issues that land use agencies should consider in their 
planning, zoning, and permitting processes are: 

1) Incompatible Land Uses. Localized air pollution impacts from incompatible 
land use can occur when polluting sources, such as a heavily trafficked 
roadway, warehousing facilities, or industrial or commercial facilities, are 
located near a land use where sensitive individuals are found such as a 
school, hospital, or homes. 

2) Cumulative Impacts. Cumulative air pollution impacts can occur from a 
concentration of multiple sources that individually comply with air pollution 
control requirements or fall below risk thresholds, but in the aggregate may 
pose a public health risk to exposed individuals. These sources can be heavy 
or light-industrial operations, commercial facilities such as autobody shops, 
large gas dispensing facilities, dry cleaners, and chrome platers, and 
freeways or other nearby busy transportation corridors. 

Incompatible Land Uses 

Land use policies and practices can worsen air pollution exposure and adversely 
affect public health by mixing incompatible land uses. Examples include locating 
new sensitive land uses, such as housing or schools, next to small metal plating 
facilities that use a highly toxic form of chromium, or very near large industrial 
facilities or freeways. Based on recent monitoring and health-based studies, we 
now know that air quality impacts from incompatible land uses can contribute to 
increased risk of illness, missed work and school, a lower quality of life, and 
higher costs for public health and pollution control. 10 

Avoiding incompatible land uses can be a challenge in the context of mixed-use 
industrial and residential zoning. For a variety of reasons, government agencies 
and housing advocates have encouraged the proximity of affordable housing to 
employment centers, shopping areas, and transportation corridors, partially as a 
means to reduce vehicle trips and their associated emissions. Generally 
speaking, typical distances in mixed-use communities between businesses and 
industries and other land uses such as homes and schools, should be adequate 
to avoid health risks. However, generalizations do not always hold as we 
addressed in section 1 of this Handbook. 

In terms of siting air pollution sources, the proposed location of a project is a 
major factor in determining whether it will result in localized air quality impacts. 
Often, the problem can be avoided by providing an adequate distance or setback 

10 For more information, the reader should refer to ARB's website on community health: 
http://www.arb.ca.gov/ch/ch.htm 
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between a source of emissions and nearby sensitive land uses. Sometimes, 
suggesting project design changes or mitigation measures in the project review 
phase can also reduce or avoid potential impacts. This underscores the 
importance of addressing potential incompatible land uses as early as possible in 
the project review process, ideally in the general plan itself. 

Cumulative Air Pollution Impacts 

The broad concept of cumulative air pollution impacts reflects the combination of 
regional air pollution levels and any localized impacts. Many factors contribute to 
air pollution levels experienced in any location. These include urban background 
air pollution, historic land use patterns, the prevalence of freeways and other 
transportation corridors, the concentration of industrial and commercial 
businesses, and local meteorology and terrain. 

When considering the potential air quality impacts of polluting sources on 
individuals, project location and the concentration of emissions from air pollution 
sources need to be considered in the land use decision-making process. In 
section 4, the Handbook offers a series of questions that helps land use agencies 
determine if a project should undergo a more careful analysis. This holds true 
regardless of whether the project being sited is a polluting source or a sensitive 
land use project. 

Large industrial areas are not the only land uses that may result in public health 
concerns in mixed-use communities. Cumulative air pollution impacts can also 
occur if land uses do not adequately provide setbacks or otherwise protect 
sensitive individuals from potential air pollution impacts associated with nearby 
light industrial sources. This can occur with activities such as truck idling and 
traffic congestion, or from indirect sources such as warehousing facilities that are 
located in a community or neighborhood. 

In October 2004, Cal/EPA published its Environmental Justice Action Plan. In 
February 2005, the Cal/EPA Interagency Working Group approved a working 
definition of "cumulative impacts" for purposes of initially guiding the pilot projects 
that are being conducted pursuant to that plan. Cal/EPA is now in the process of 
developing a Cumulative Impacts Assessment Guidance document. Cal/EPA will 
revisit the working definition of "cumulative impacts" as the Agency develops that 
guidance. The following is the working definition: 

"Cumulative impacts means exposures, public health or environmental effects 
from the combined emissions and discharges, in a geographic area, including 
environmental pollution from all sources, whether single or multi-media, 
routinely, accidentally, or otherwise released. Impacts will take into account 
sensitive populations and socio-economic factors, where applicable, and to 
the extent data are available." 
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4. Mechanisms for Integrating Localized Air Quality Concerns Into Land 
Use Processes 

Land use agencies should use each of their existing planning, zoning, and 
permitting authorities to address the potential health risk associated with new 
projects. Land use-specific mechanisms can go a long way toward addressing 
both localized and cumulative impacts from new air pollution sources that are not 
otherwise addressed by environmental regulations. Likewise, close collaboration 
and communication between land use agencies and local air districts in both the 
planning and project approval stages can further reduce these impacts. Local 
agency partnerships can also result in early identification of potential impacts 
from proposed activities that might otherwise escape environmental review. 
When this happens, pollution problems can be prevented or reduced before 
projects are approved, when it is less complex and expensive to mitigate. 

The land use entitlement process requires a series of planning decisions. At the 
highest level, the General Plan sets the policies and direction for the jurisdiction, 
and includes a number of mandatory elements dealing with issues such as 
housing, circulation, and health hazards. Zoning is the primary tool for 
implementing land use policies. Specific or community plans created in 
conjunction with a specific project also perform many of the same functions as a 
zoning ordinance. Zoning can be modified by means of variances and 
conditional use permits. The latter are frequently used to insure compatibility 
between otherwise conflicting land uses. Finally, new development usually 
requires the approval of a parcel or tract map before grading and building permits 
can be issued. These parcel or tract maps must be consistent with the 
applicable General Plan, zoning and other standards. 

Land use agencies can use their planning authority to separate industrial and 
residential land uses, or to require mitigation where separation is not feasible. By 
separating incompatible land uses, land use agencies can prevent or reduce both 
localized and cumulative air pollution impacts without denying what might 
otherwise be a desirable project. 11 For instance: 

.. a dry cleaner could open a storefront operation in a community with actual 
cleaning operations performed at a remote location away from residential 
areas; 

.. gas dispensing facilities with lower fuel throughput could be sited in mixed
use areas; 

.. enhanced building ventilation or filtering systems in schools or senior care 
centers can reduce ambient air from nearby busy arterials; or 

.. landscaping and regular watering can be used to reduce fugitive dust at a 
building construction site near a school yard. 

11 It should be noted that such actions should also be considered as part of the General Plan or 
Plan element process. 
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The following general and specific land use approaches can help to reduce 
potential adverse air pollution impacts that projects may have on public health. 

General Plans 

The primary purpose of planning, and the source of government authority to 
engage in planning, is to protect public health, safety, and welfare. In its most 
basic sense, a local government General Plan expresses the community's 
development goals and embodies public policy relative to the distribution of 
future land uses, forming the basis for most land use decisions. Therefore, the 
most effective mechanism for dealing with the central land use concept of 
compatibility and its relationship to cumulative air pollution impacts is the General 
Plan. Well before projects are proposed within a jurisdiction, the General Plan 
sets the stage for where projects can be sited, and their compatibility with 
comprehensive community goals, objectives, and policies. 

In 2003, OPR revised its General Plan Guidelines, highlighting the importance of 
incorporating sustainable development and environmental justice policies in the 
planning process. The OPR General Plan Guidelines provides an effective and 
long-term approach to reduce cumulative air pollution impacts at the earliest 
planning stages. In light of these important additions to the Guidelines, land use 
agencies should consider updating their General Plans or Plan elements to 
address these revisions. 

The General Plan and related Plan elements can be used to avoid incompatible 
land uses by incorporating air quality considerations into these documents. For 
instance, a General Plan safety element with an air quality component could be 
used to incorporate policies or objectives that are intended to protect the public 
from the potential for facility breakdowns that may result in a dangerous release 
of air toxics. Likewise, an air quality component to the transportation circulation 
element of the General Plan could include policies or standards to prevent or 
reduce local exposure to diesel exhaust from trucks and other vehicles. For 
instance, the transportation circulation element could encourage the construction 
of alternative routes away from residential areas for heavy-duty diesel trucks. By 
considering the relationship between air quality and transportation, the circulation 
element could also include air quality policies to prevent or reduce trips and 
travel, and thus vehicle emissions. Policies in the land use element of the 
General Plan could identify areas appropriate for future industrial, commercial, 
and residential uses. Such policies could also introduce design and distance 
parameters that reduce emissions, exposure, and risk from industrial and some 
commercial land uses (e.g., dry cleaners) that are in close proximity to residential 
areas or schools. 

Land use agencies should also consider updating or creating an air quality 
element in the jurisdiction's General Plan. In the air quality element, local 
decision-makers could develop long-term, effective plans and policies to address 
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air quality issues, including cumulative impacts. The air quality element can also 
provide a general reference guide that informs local land use planners about 
regional and community level air quality, regulatory air pollution control 
requirements and guidelines, and references emissions and pollution source data 
bases and assessment and modeling tools. As is further described in 
Appendix C of the Handbook, new assessment tools that ARB is developing can 
be included into the air quality element by reference. For instance, ARB's 
statewide risk maps could be referenced in the air quality element as a resource 
that could be consulted by developers or land use agencies 

Zoning 

The purpose of "zoning" is to separate different land uses. Zoning ordinances 
establish development controls to ensure that private development takes place 
within a given area in a manner in which: 

.. All uses are compatible (e.g., an industrial plant is not permitted in a 
residential area); 

.. Common development standards are used (e.g., all homes in a given area 
are set back the same minimum distance from the street); and, 

.. Each development does not unreasonably impose a burden upon its 
neighbors (e.g., parking is required on site so as not to create neighborhood 
parking problems). 

To do this, use districts called "zones" are established and standards are 
developed for these zones. The four basic zones are residential, commercial, 
industrial and institutional. 

Land use agencies may wish to consider how zoning ordinances, particularly 
those for mixed-use areas, can be used to avoid exacerbating poor land use 
practices of the past or contributing to localized and cumulative air pollution 
impacts in the community. 

Sometimes, especially in mixed-use zones, there is a potential for certain 
categories of existing businesses or industrial operations to result in cumulative 
air pollution impacts to new development projects. For example: 

.. An assisted living project is proposed for a mixed-use zone adjacent to an 
existing chrome plating facility, or several dry cleaners; 

.. Multiple industrial sources regulated by a local air district are located directly 
upwind of a new apartment complex; 

.. A new housing development is sited in a mixed-use zone that is downwind or 
adjacent to a distribution center that attracts diesel-fueled delivery trucks and 
TRUs; or 

.. A new housing development or sensitive land use is sited without adequate 
setbacks from an existing major transportation corridor or rail yard. 
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As part of the public process for making zoning changes, local land use agencies 
could work with community planning groups, local businesses, and community 
residents to determine how best to address existing incompatible land uses. 

land Use Permitting Processes 

.. Questions to Consider When Reviewing New Projects 

Very often, just knowing what questions to ask can yield critical information about 
the potential air pollution impacts of proposed projects - both from the 
perspective of a specific project as well as in the nature of existing air pollution 
sources in the same impact area. Available land use information can reveal the 
proximity of air pollution sources to sensitive individuals, the potential for 
incompatible land uses, and the location and nature of nearby air pollution 
sources. Air quality data, available from the ARB and local air districts, can 
provide information about the types and amounts of air pollution emitted in an 
area, regional air quality concentrations, and health risk estimates for specific 
sources. 

General Plans and zoning maps are an excellent starting point in reviewing 
project proposals for their potential air pollution impacts. These documents 
contain information about existing or proposed land uses for a specific location 
as well as the surrounding area. Often, just looking at a map of the proposed 
location for a facility and its surrounding area will help to identify a potential 
adjacent incompatible land use. 

The following pages are a "pull-out" list of questions to consider along with cross
references to pertinent information in the Handbook. These questions are 
intended to assist land use agencies in evaluating potential air quality-related 
concerns associated with new project proposals. 

The first group of questions contains project-related queries designed to help 
identify the potential for localized project impacts, particularly associated with 
incompatible land uses. The second group of questions focuses on the issue of 
potential cumulative impacts by including questions about existing emissions and 
air quality in the community, and community feedback. Depending on the 
answers to these questions, a land use agency may decide a more detailed 
review of the proposal is warranted. 

The California Department of Education has already developed a detailed 
process for school siting which is outlined in Appendix E. However, school 
districts may also find this section helpful when evaluating the most appropriate 
site for new schools in their area. At a minimum, using these questions may 
encourage school districts to engage throughout their siting process with land 
use agencies and local air districts. The combined expertise of these entities can 
be useful in devising relevant design standards and mitigation measures that can 
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reduce exposure to cumulative emissions, exposure, and health risk to students 
and school workers. 

As indicated throughout the Handbook, we strongly encourage land use agencies 
to consult early and often with local air districts. Local air districts have the 
expertise, many of the analytical tools, and a working knowledge of the sources 
they regulate. It is also critical to fully involve the public and businesses that 
could be affected by the siting decision. The questions provided in the chart 
below do not imply any particular action should be taken by land use agencies. 
Rather the questions are intended to improve the assessment process and 
facilitate informed decision-making. 
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.. Project-Related Questions 

This section includes project-related questions that, in conjunction with the 
questions in the next section, can be used to tailor the project evaluation. These 
questions are designed to help identify the potential for incompatible land uses 
from localized project impacts. 

Questions to Consider When Reviewing New Projects 

Project-Related Questions Cross-Reference to Relevant 
Handbook Sections 

1. Is the proposed project: See Appendix A for typical land use 

.&. A business or commercial license renewal classifications and associated project 

.&. A new or modified commercial project categories that could emit air 

.&. A new or modified industrial project pollutants. 

.&. A new or modified public facility project 

.&. A new or modified transportation project 

.&. A housing or other development in which 
sensitive individuals may live or play 

2. Does the proposed project: See Appendix F for a general 

.&. Conform to the zoning designation? explanation of land use processes. 

.&. Require a variance to the zoning In addition, Section 3 contains a 
designation? discussion of how land use planning, 

.&. Include plans to expand operations over zoning, and permitting practices can 
the life of the business such that additional result in incompatible land uses or 
emissions may increase the pollution cumulative air pollution impacts. 
burden in the community (e.g., from 
additional truck operations, new industrial 
operations or process lines, increased 
hours of operation, build-out to the property 
line, etc.)? 

3. Has the local air district provided comments or See Section 5 and Appendix C for a 
information to assist in the analysis? description of air quality-related tools 

that the ARB and local air districts use 
to provide information on potential air 
pollution impacts. 

4. Have public meetings been scheduled with the See Section 7 for a discussion of 
affected community to solicit their involvement in public participation, information and 
the decision-making process for the proposed outreach tools. 
project? 

5. If the proposed project will be subject to local air See Appendix C for a description of 
district regulations: local air district programs. 

.&. Has the project received a permit from the 
local air district? 

.&. Would it comply with applicable local air 
district requirements? 

.&. Is the local air district contemplating new 
regulations that would reduce emissions 
from the source over time? 

.&. Will potential emissions from the project 
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Project-Related Questions Cross-Reference to Relevant 
Handbook Sections 

trigger the local air district's new source 
review for criteria pollutants or air toxics 
emissions? 

... Is the local air district expected to ask the 
proposed project to perform a risk 
assessment? 

... Is there sufficient new information or public 
concern to call for a more thorough 
environmental analysis of the proposed 
project? 

... Are there plans to expand operations over 
time? 

... Are there land-use based air quality 
significance thresholds or design standards 
that could be applied to this project in 
addition to applicable air district 
requirements? 

6. If the proposed project will release air pollution 
emissions, either directly or indirectly, but is not 
regulated by the local air district: 

... Is the local air district informed of the 
project? 

... Does the local air district believe that there 
could be potential air pollution impacts 
associated with this project category 
because of the proximity of the project to 
sensitive individuals? See Section 1 for recommendations ... If the project is one in which individuals live on situations to avoid when siting 
or play (e.g., a home, playground, projects where sensitive individuals 
convalescent home, etc.), does the local air would be located (sensitive sites). 
district believe that the project's proximity 
to nearby sources could pose potential air 
pollution impacts? 

... Are there indirect emissions that could be 
associated with the project (e.g., truck 
traffic or idling, transport refrigeration unit 
operations, stationary diesel engine 
operations, etc.) that will be in close 
proximity to sensitive individuals? 

... Will the proposed project increase or serve 
as a magnet for diesel traffic? 

... Are there land-use based air quality 
significance thresholds or design standards 
that could be applied to this 
project in addition to applicable air district 
requirements? 

... Is there sufficient new information or public 
concern to call for a more thorough 
environmental analysis of the proposed 
project? 

... Should the site approval process include 
identification and mitigation of potential 
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Project-Related Questions Cross-Reference to Relevant 
Handbook Sections 

direct or indirect emissions associated with 
the potential project? 

7. Does the local air district or land use agency have See Appendix C for a description of 
pertinent information on the source, such as: local air district programs. 

"- Available permit and enforcement data, See Appendix B for a listing of useful 
including for the owner or operator of the information that land use agencies 
proposed source that may have other should have on hand or have 
sources in the State. accessible when reviewing proposed 

"- Proximity of the proposed project to projects for potential air pollution 
sensitive individuals. impacts. 

"- Number of potentially exposed individuals 
from the proposed project. Also, do not hesitate to contact your 

"- Potential for the proposed project to local air district regarding answers to 
expose sensitive individuals to odor or any of these questions that might not 
other air pollution nuisances. be available at the land use agency. 

"- Meteorology or the prevailing wind pattems See Section 1 for recommendations 
between the proposed project and the on situations to avoid when siting 
nearest receptor, or between the proposed projects where sensitive individuals 
sensitive receptor project and sources that would be located (sensitive sites). 
could pose a localized or cumulative air 
pollution impact. 

8. Based upon the project application, its location, and See Section 3 for a discussion of 
the nature of the source, could the proposed what is an incompatible land use and 
project: the potential cumulative air pollution 

"- Be a polluting source that is located in impacts. 
proximity to, or otherwise upwind, of a See Section 1 for recommendations 
location where sensitive individuals live or on situations to avoid when siting 
play? projects where sensitive individuals 

"- Attract sensitive individuals and be located would be located (sensitive sites). 
in proximity to or otherwise downwind, of a 
source or multiple sources of pollution, 
including polluting facilities or 
transportation-related sources that 
contribute emissions either directly or 
indirectly? 

"- Result in health risk to the surrounding 
community? 

9. If a CEQA categorical exemption is proposed, were See CEQA Guidelines section 15300, 
the following questions considered: and Public Resources Code, section 

A Is the project site environmentally sensitive 21084. 
as defined by the project's location? (A See Section 1 for recommendations 
project that is ordinarily insignificant in its on situations to avoid when siting 
impact on the environment may in a projects where sensitive individuals 
particularly sensitive environment be would be located (sensitive sites). 
significant.) 

"- Would the project and successive future See also Section 5 and Appendix C 
projects of the same type in the for a description of air quality-related 
approximate location potentially result in tools that the ARB and local air 
cumulative impacts? districts use to provide information on 

"- Are there "unusual circumstances" creating potential air pollution impacts. 
the possibility of significant effects? 
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.. Questions Related to Cumulative Impact Assessment 

The following questions can be used to provide the decision-maker with a better 
understanding of the potential for cumulative air pollution impacts to an affected 
community. Answers to these questions will help to determine if new projects or 
activities warrant a more detailed review. It may also help to see potential 
environmental concerns from the perspective of the affected community. 
Additionally, responses can provide local decision-makers with information with 
which to assess the best policy options for addressing neighborhood-scale air 
pollution concerns. 

The questions below can be used to identify whether existing tools and 
procedures are adequate to address land use-related air pollution issues. This 
process can also be used to pinpoint project characteristics that may have the 
greatest impact on community-level emissions, exposure, and risk. Such 
elements can include: the compliance record of existing sources including those 
owned or operated by the project proponent; the concentration of emissions from 
polluting sources within the approximate area of sensitive sites; transportation 
circulation in proximity to the proposed project; compatibility with the General 
Plan and General Plan elements; etc. 

The local air district can provide useful assistance in the collection and evaluation 
of air quality-related information for some of the questions and should be 
consulted early in the process. 

Questions Related to Cumulative Impact Assessment 

Technical Questions Cross-Reference to Relevant 
Handbook Sections 

1. Is the community home to industrial facilities? See Appendix A for typical land use 
classifications and associated project 
categories that could emit air pollutants. 

2. Do one or more major freeways or high-traffic volume See transportation circulation element 
surface streets cut through the community? of your general plan. See also 

Appendix B for useful information that 
land use agencies should have on hand 
or have accessible when reviewing 
proposed projects for potential air 
pollution impacts. 

See Section 1 for recommendations on 
situations to avoid when siting projects 
where sensitive individuals would be 
located (sensitive sites). 

3. Is the area classified for mixed-use zoning? See your general plan and zoning 
ordinances. 

4. Is there an available list of air pollution sources in the Contact your local air district. 
community? 

5. Has a walk-through of the community been conducted See Appendix B for a listing of useful 
to gather the following information: information that land use agencies 
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Technical Questions Cross-Reference to Relevant 
Handbook Sections 

... Corroborate available information on land use should have on hand or have 
activities in the area (e.g., businesses, accessible when reviewing proposed 
housing developments, sensitive individuals, projects for potential air pollution 
etc.)? impacts. Also contact your local air 

... Determine the proximity of existing and district. 
anticipated future projects to residential areas 
or sensitive individuals? 

... Determine the concentration of emission 
sources (including anticipated future projects) 
to residential areas or sensitive individuals? 

6. Has the local air district been contacted to obtain See Section 7 for a discussion of 
information on sources in the community? public participation, information and 

outreach tools. 

7. What categories of commercial establishments are See Appendix A for typical land use 
currently located in the area and does the local air classifications and associated project 
district have these sources on file as being categories that could emit air 
regulated or permitted? pollutants. Also contact your local air 

district. 

8. What categories of indirect sources such as See Appendix A for typical land use 
distribution centers or warehouses are currently classifications and associated project 
located in the area? categories that emit air pollutants. 

9. What air quality monitoring data are available? Contact your local air district. 

10. Have any risk assessments been performed on Contact your local air district. 
emission sources in the area? 

11. Does the land use agency have the capability of See Appendix B for a listing of useful 
applying a GIS spatial mapping tool that can information that land use agencies 
overlay zoning, sub-development information, and should have on hand or have 
other neighborhood characteristics, with air accessible when reviewing proposed 
pollution and transportation data? projects for potential air pollution 

impacts. Also contact your local air 
district for tools that can be used to 
supplement available land use 
agency tools. 

12. Based on available information, is it possible to Contact your local air district. Also 
determine if the affected community or see Section 1 for recommendations 
neighborhood experiences elevated health risk due on situations to avoid when siting 
to a concentration of air pollution sources in close projects where sensitive individuals 
proximity, and if not, can the necessary information would be located (sensitive sites). 
be obtained? 

13. Does the community have a history of chronic See Section 7 for a discussion of public 
complaints about air quality? participation, information and outreach 

tools. Also contact your local air district. 

14. Is the affected community included in the public See Section 7 for a discussion of public 
participation process for the agency's decision? participation, information and outreach 

tools. 

15. Have community leaders or groups been contacted See Section 7 for a discussion of public 
about any pre-existing or chronic community air participation, information and outreach 
quality concerns? tools. Also contact your local air district. 
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.. Mitigation Approaches 

In addition to considering the suitability of the project location, opportunities for 
mitigation of air pollution impacts should be considered. Sometimes, a land use 
agency may find that selection of a different project location to avoid a health risk 
is not feasible. When that happens, land use agencies should consider design 
improvements or other strategies that would reduce the risk. Such strategies 
could include performance or design standards, consultation with local air 
districts and other agencies on appropriate actions that these agencies should, or 
plan to, undertake, and consultation and outreach in the affected community. 
Potential mitigation measures should be feasible, cost-effective solutions within 
the available resources and authority of implementing agencies to enforce. 12 

.. Conditional Use Permits and Performance Standards 

Some types of land uses are only allowed upon approval of a conditional use 
permit (also called a CUP or special use permit). A conditional use permit does 
not re-zone the land but specifies conditions under which a particular land use 
will be permitted. Such land uses could be those with potentially significant 
environmental impacts. Local zoning ordinances specify the uses for which a 
conditional use permit is required, the zones they may be allowed in, and public 
hearing procedures. The conditional use permit imposes special requirements to 
ensure that the use will not be detrimental to its surroundings. 

In the context of land use planning, performance standards are requirements 
imposed on projects or project categories through conditional use permits to 
ensure compliance with general plan policies and local ordinances. These 
standards could apply to such project categories as distribution centers, very 
large gas dispensing facilities, autobody shops, dry cleaners, and metal platers. 
Land use agencies may wish to consider adding land use-based performance 
standards to zoning ordinances in existing mixed-use communities for certain air 
pollution project categories. Such standards would provide certainty and 
equitable treatment to all projects of a similar nature, and reserve the more 
resource intensive conditional or special use permits to projects that require a 
more detailed analysis. In developing project design or performance standards, 
land use agencies should consult with the local air district. Early and regular 
consultation can avoid duplication or inconsistency with local air district control 
requirements when considering the site-specific design and operation of a 
project. 

12 A land use agency has the authority to condition or deny a project based upon information 
collected and evaluated through the land use decision-making process. However, any denial 
would need to be based upon identifiable, generally applicable, articulated standards set forth in 
the local government's General Plan and zoning codes. One way of averting this is to conduct 
early and regular outreach to the community and the local air district so that community and 
environmental concerns can be addressed and accommodated into the project proposal. 
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Examples of land use-based air quality-specific performance standards include 
the following: 

• Placing a process vent away from the direction of the local playground that 
is nearby or increasing the stack height so that emissions are dispersed to 
reduce the emissions impact on surrounding homes or schools. 

• Setbacks between the project fence line and the population center. 
• Limiting the hours of operation of a facility to avoid excess emissions 

exposure or foul odors to nearby individuals. 
• An ordinance that requires fleet operators to use cleaner vehicles before 

project approval (if a new business), or when expanding the fleet (if an 
existing business); and 

• Providing alternate routes for truck operations that discourage detours into 
residential neighborhoods. 

Outreach to Other Agencies 

When questions arise regarding the air quality impacts of projects, including 
potential cumulative impacts, land use agencies should consult the local air 
district. Land use agencies should also consider the following suggestions to 
avoid creating new incompatible land uses: 

• Consult with the local air district to help determine if emissions from a 
particular project will adversely impact sensitive individuals in the area, if 
existing or future effective regulations or permit requirements will affect the 
proposed project or other sources in the vicinity of the proposed project, or 
if additional inspections should be required. 

• Check with ARB for new information and modeling tools that can help 
evaluate projects seeking to site within your jurisdiction. 

• Become familiar with ARB's Land Use-Air Quality Linkage Report to 
determ ine whether approaches and evaluation tools contained in the 
Report can be used to reduce transportation-related impacts on 
communities. 

• Contact and collaborate with other state agencies that playa role in the 
land use decision-making process, e.g., the State Department of 
Education, the California Energy Commission, and Caltrans. These 
agencies have information on mitigation measures and mapping tools that 
could be useful in addressing local problems. 

• Information Clearinghouse 

• Land use agencies can refer to the ARB statewide electronic information 
clearinghouse for information on what measures other jurisdictions are 
using to address com parable issues or sources. 13 

13 This information can be accessed from ARB's website by going to: 
http://www.arb.ca.gov/ch/clearinghouse.htm 
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The next section addresses available air quality assessment tools that land use 
agencies can use to evaluate the potential for localized or cumulative impacts in 
their communities. 

Page 52 

AR0069366 



5. Available Tools to Evaluate Cumulative Air Pollution Emissions and 
Risk 

Until recently, California has traditionally approached air pollution control from the 
perspective of assessing whether the pollution was regional, category-specific, or 
from new or existing sources. This methodology has been generally effective in 
reducing statewide and regional air pollution impacts and risk levels. However, 
such an incremental, category-by-category, source-by-source approach may not 
always address community health impacts from multiple sources - including 
mobile, industrial, and commercial facilities. 

As a result of air toxics and children's health concerns over the past several 
years, ARB and local air districts have begun to develop new tools to evaluate 
and inform the public about cumulative air pollution impacts at the community 
level. One aspect of ARB's programs now underway is to consolidate and make 
accessible air toxics emissions and monitoring data by region, using modeling 
tools and other analytical techniques to take a preliminary look at emissions, 
exposure, and health risk in communities. 

ARB has developed multiple tools to assist local air districts perform 
assessments of cumulative emissions, exposure, and risk on a neighborhood 
scale. These tools include: 

• Regional risk maps that show trends in potential cancer risk from toxic air 
pollutants in southern and central California between 1990 and 2010. These 
maps are based on the U.S. EPA's ASPEN model. These maps provide an 
estimate of background levels of toxic air pollutant risk but are not detailed 
enough to assess individual neighborhoods or facilities. 14 

• The Community Health Air Pollution Information System (CHAPIS) is a user
friendly, Internet-based system for displaying information on emissions from 
sources of air pollution in an easy to use mapping format. CHAPIS contains 
information on air pollution emissions from selected large facilities and small 
businesses that emit criteria and toxic air pollutants. It also contains 
information on air pollution emissions from motor vehicles. When released in 
2004, CHAPIS did not contain information on every source of air pollution or 
every air pollutant. However, ARB continues to work with local air districts to 
include all of the largest air pollution sources and those with the highest 
documented air pollution risk. Additional facilities will be added to CHAPIS as 
more data become available. 15 

14 For further information on these maps, please visit ARB's website at: 
http://www.arb.ca.gov/toxics/cti/hlthrisklhlthrisk.htm 
15 For further information on CHAPIS, please click on: 
http://www.arb.ca.gov/ch/chapis1/chapis1.htm 
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.. The Hot Spots Analysis and Reporting Program (HARP) is a software 
database package that evaluates emissions from one or more facilities to 
determine the overall health risk posed by the facility(-ies) on the surrounding 
community. Proper use of HARP ensures that the risk assessment meets the 
latest risk assessment guidelines published by the State Office of 
Environmental Health Hazard Assessment (OEHHA). HARP is designed with 
air quality professionals in mind and is available from the ARB. 

.. The Urban Emissions Model (URBEMIS) is a computer program that can be 
used to estimate emissions associated with land development projects in 
California such as residential neighborhoods, shopping centers, office 
buildings, and construction projects. URBEMIS uses emission factors 
available from the ARB to estimate vehicle emissions associated with new 
land uses. 

Local air districts, and others can use these tools to assess a new project, or plan 
revision. For example, these tools can be used to: 

.. Identify if there are multiple sources of air pollution in the community; 

.. Identify the major sources of air pollution in the area under consideration; 

.. Identify the background potential cancer risk from toxic air pollution in the 
area under consideration; 

.. Estimate the risk from a new facility and how it adds to the overall risk from 
other nearby facilities; and 

.. Provide information to decision-makers and key stakeholders on whether 
there may be significant issues related to cumulative emissions, exposure, 
and health risk due to a permitting or land use decision. 

If an air agency wishes to perform a cumulative air pollution impact analysis 
using any of these tools, it should consult with the ARB and/or the local air district 
to obtain information or assistance on the data inputs and procedures necessary 
to operate the program. In addition, land use agencies could consult with local 
air districts to determine the availability of land use and air pollution data for entry 
into an electronic Geographical Information System (GIS) format. GIS is an 
easier mapping tool than the more sophisticated models described in 
Appendix C. GIS mapping makes it possible to superimpose land use with air 
pollution information so that the spatial relationship between air pollution sources, 
sensitive receptors, and air quality can be visually represented. Appendix C 
provides a general description of the impact assessment process and micro
scale, or community level modeling tools that are available to evaluate potential 
cumulative air pollution impacts. Modeling protocols will be accessible on ARB's 
website as they become available. The ARB will also provide land use agencies 
and local air districts with statewide regional modeling results and information 
regarding micro-scale modeling. 
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6. ARB Programs to Reduce Air Pollution in Communities 

ARB's regulatory programs reduce air pollutant emissions through statewide 
strategies that improve public health in all California communities. ARB's overall 
program addresses motor vehicles, consumer products, air toxics, air-quality 
planning, research, education, enforcement, and air monitoring. Community 
health and environmental justice concerns are a consideration in all these 
programs. ARB's programs are statewide but recognize that extra efforts may be 
needed in some communities due to historical mixed land-use patterns, limited 
participation in public processes in the past, and a greater concentration of air 
pollution sources in some communities. 

ARB's strategies are intended to result in better air quality and reduced health 
risk to residents throughout California. The ARB's priority is to prevent or reduce 
the public's exposure to air pollution, including from toxic air contaminants that 
pose the greatest risk, particularly to infants and children who are more 
vulnerable to air pollution. 

In October 2003, ARB updated its statewide control strategy to reduce em iss ions 
from source categories within its regulatory authority. A primary focus of the 
strategy is to achieve federal and state air quality standards for ozone and 
particulate matter throughout California, and to reduce health risk from diesel 
PM. Along with local air districts, ARB will continue to address air toxics 
emissions from regulated sources (see Table 6-1 for a summary of ARB 
activities). As indicated earlier, ARB will also provide analytical tools and 
information to land use agencies and local air districts to help assess and 
mitigate cumulative air pollution impacts. 

The ARB will continue to consider the adoption of or revisions to needed air 
toxics control measures as part of the state's ongoing air toxics assessment 
program. 16 

As part of its effort to reduce particulate matter and air toxics emissions from 
diesel PM, the ARB has developed a Diesel Risk Reduction Program 17 that lays 
out several strategies in a three-pronged approach to reduce emissions and their 
associated risk: 

• Stringent emission standards for all new diesel-fueled engines; 
• Aggressive reductions from in-use engines; and 
• Low sulfur fuel that will reduce PM and still provide the quality of diesel fuel 

needed to control diesel PM. 

16 For continuing information and updates on state measures, the reader can refer to ARB's 
website at http://www.arb.ca.gov/toxics/toxics.htm. 
17 For a comprehensive description of the program, please refer to ARB's website at 
http://www.arbB.ca.gov/diesel/dieselrrp.htm. 
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Table 6-1 
ARB ACTIONS TO ADDRESS 

CUMULATIVE AIR POLLUTION IMPACTS IN COMMUNITIES 

Information Collection 

• Improve emission inventories, air monitoring data, and analysis tools that can help 
to identify areas with high cumulative air pollution impacts 

• Conduct studies in coordination with OEHHA on the potential for cancer and non
cancer health effects from air pollutants emitted by specific source categories 

• Establish web-based clearinghouse for local land use strategies 

Emission Reduction Approaches (2004-2006)* 

• Through a public process, consider development and/or amendment of regulations 
and related guidance to reduce emissions, exposure, and health risk at a statewide 
and local level for the following sources: 

Diesel PM sources such as stationary diesel engines, transport refrigeration 
units, portable diesel engines, on-road public fleets, off-road public fleets, 
heavy-duty diesel truck idling, harbor craft vessels, waste haulers 
Other air toxics sources, such as formaldehyde in composite wood products, 
hexavalent chromium for chrome plating and chromic acid anodizing, thermal 
spraying, and perchloroethylene dry cleaning 

• Develop technical information for the following:* 
Distribution centers 
Modeling tools such as HARP and CHAPIS 

• Adopt rules and pollution prevention initiatives within legal authority to reduce 
emissions from mobile sources and fuels, and consumer products 

• Develop and maintain Air Quality Handbook as a tool for use by land use agencies 
and local air districts to address cumulative air pollution impacts 

Other Approaches 

• Establish guidelines for use of statewide incentive funding for high priority mobile 
source emission reduction projects 

*Because ARB will continue to review the need to adopt or revise statewide measures, 
the information contained in this chart will be updated on an ongoing basis. 

A number of ARB's diesel risk reduction strategies have been adopted. These 
include measures to reduce emissions from refuse haulers, urban buses, 
transport refrigeration units, stationary and portable diesel engines, and idling 
trucks and school buses. These sources are all important from a community 
perspective. 18 

18 The reader can refer to ARB's website for information on its mobile source-related programs at: 
http://www.arb.ca.gov/msprog/msprog.htm. as well as regulations adopted and under 
consideration as part of the Diesel Risk Reduction Program at: 
http://www.arb.ca.gov/diesel/dieselrrp.htm 
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The ARB will continue to evaluate the health effects of air pollutants while 
implementing programs with local air districts to reduce air pollution in all 
California communities. 

Local air districts also have ambitious programs to reduce criteria pollutants and 
air toxics from regulated sources in their region. Many of these programs also 
benefit air quality in local communities as well as in the broader region. For more 
information on what is being done in your area to reduce cumulative air pollution 
impacts through air pollution control programs, you should contact your local air 
district. 19 

19 Local air district contacts can be found on the inside cover to this Handbook. 
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7. Ways to Enhance Meaningful Public Participation 

Community involvement is an important part of the land use process. The public 
is entitled to the best possible information about the air they breathe and what is 
being done to prevent or reduce unhealthful air pollution in their communities. In 
particular, information on how land use decisions can affect air pollution and 
public health should be made accessible to all communities, including low
income and minority communities. 

Effective community participation consistently relies on a two-way flow of 
information - from public agencies to community members about opportunities, 
constraints, and impacts, and from community members back to public officials 
about needs, priorities, and preferences. The outreach process needed to build 
understanding and local neighborhood involvement requires data, 
methodologies, and formats tailored to the needs of the specific community. 
More importantly, it requires the strong collaboration of local government 
agencies that review and approve projects and land uses to improve the physical 
and environmental surroundings of the local community. 

Many land use agencies, especially those in major metropolitan areas, are 
familiar with, and have a long-established public review process. Nevertheless, 
public outreach can often be improved. Active public involvement requires 
engaging the public in ways that do not require their previous interest in or 
knowledge of the land use or air pollution control requirements, and a 
commitment to taking action where appropriate to address the concerns that are 
raised. 

.. Direct Community Outreach 

In conjunction with local air districts, land use agencies should consider 
designing an outreach program for community groups, other stakeholders, and 
local government agency staffs that address the problem of cumulative air 
pollution impacts, and the public and government role in reducing them. Such a 
program could consider analytical tools that assist in the preparation and 
presentation of information in a way that supports sensible decision-making and 
public involvement. Table 7-1 contains some general outreach approaches that 
might be considered. 
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Table 7-1 
Public Participation Approaches 

• Staff and community leadership awareness training on 
environmental justice programs and community-based issues 

• Surveys to identify the website information needs of interested 
community-based organizations and other stakeholders 

• Information materials on local land use and air district 
authorities 

• Community-based councils to facilitate and invite resident 
participation in the planning process 

• Neighborhood CEQA scoping sessions that allows for 
community input prior to technical analysis 

• Public information materials on siting issues are under review 
including materials written for the affected community, and in 
different media that widens accessibility 

• Public meetings 
• Identify other opportunities to include community-based 

organizations in the process 

To improve outreach, local land use agencies should consider the following 
activities: 

.. Hold meetings in communities affected by agency programs, policies, and 
projects at times and in places that encourage public participation, such as 
evenings and weekends at centrally located community meeting rooms, 
libraries, and schools. 

.. Assess the need for and provide translation services at public meetings. 

.. Hold community meetings to update residents on the results of any special 
air monitoring programs conducted in their neighborhood. 

.. Hold community meetings to discuss and evaluate the various options to 
address cumulative impacts in their community. 

.. In coordination with local air districts, make staff available to attend 
meetings of community organizations and neighborhood groups to listen 
to and, where appropriate, act upon community concerns. 

.. Establish a specific contact person for environmental justice issues. 

.. Increase student and community awareness of local government land use 
activities and policies through outreach opportunities. 

.. Make air quality and land use information available to communities in an 
easily understood and useful format, including fact sheets, mailings, 
brochures, public service announcements, and web pages, in English and 
other languages. 

.. On the local government web-site, dedicate a page or section to what the 
land use program is doing regarding environmental justice and cumulative 
environmental impacts, and, as applicable, activities conducted with local 
air districts such as neighborhood air monitoring studies, pollution 
prevention, air pollution sources in neighborhoods, and risk reduction. 
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.. Allow, encourage, and promote community access to land use activities, 
including public meetings, General Plan or Community Plan updates, 
zoning changes, special studies, CEQA reviews, variances, etc. 

.. Distribute information in multiple languages, as needed, on how to contact 
the land use agency or local air district to obtain information and 
assistance regarding environmental justice programs, including how to 
participate in public processes. 

.. Create and distribute a simple, easy-to-read, and understandable public 
participation handbook, which may be based on the "Public Participation 
Guidebook" developed by ARB. 

.. Other Opportunities for Meaningful Public Outreach 

.. Community-Based Planning Committees 

Neighborhood-based or community planning advisory councils could be 
established to invite and facilitate direct resident participation into the 
planning process. With the right training and technical assistance, such 
councils can provide valuable input and a forum for the review of proposed 
amendments to plans, zone changes, land use permits, and suggestions as 
to how best to prevent or reduce cumulative air pollution impacts in their 
community. 

.. Regional Partnerships 

Consider creating regional coalitions of key growth-related organizations from 
both the private and public sectors, with corporations, communities, other 
jurisdictions, and government agencies. Such partnerships could facilitate 
agreement on common goals and win-win solutions tailored specifically for 
the region. With this kind of dialogue, shared vision, and collaboration, 
barriers can be overcome and locally acceptable sustainable solutions 
implemented. Over the long term, such strategies will help to bring about 
clean air in communities as well as regionally. 
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LAND USE CLASSIFICATIONS AND ASSOCIATED FACILITY CATEGORIES 
THAT COULD EMIT AIR POLLUTANTS 

(1 ) 
(4) 

Land Use (2) (3) 
Classifications - Facility or Project Examples Key Pollutantsii,iii Air Pollution 

by Activityi 
PermitsiV 

COMMERCIAU LIGHT 
INDUSTRIAL: 
SHOPPING, BUSINESS, 
AND COMMERCIAL 

Dry cleaners; drive-through 
restaurants; gas dispensing facilities; 

A Primarily retail shops auto body shops; metal plating shops; 
and stores, office, photographic processing shops; 

Limited; Rules for 
commercial textiles; apparel and furniture VOCs, air toxics, including 
activities, and light upholstery; leather and leather diesel PM, NOx, CO, SOx 

applicable 

industrial or small products; appliance repair shops; equipment 

business mechanical assembly cleaning; 
printing shops 

A Goods storage or 
handling activities, 
characterized by 
loading and 
unloading goods at Warehousing; freight-forwarding 

VOCs, air toxics, including warehouses, large centers; drop-off and loading areas; Nov 
storage structures, distribution centers 

diesel PM, NOx, CO, SOx 

movement of goods, 
shipping, and 
trucking. 

LIGHT INDUSTRIAL: 
RESEARCH AND 
DEVELOPMENT 

A Medical waste at Incineration; surgical and medical 
research hospitals instrument manufacturers, 

Air toxics, NOx, CO, SOx Yes and labs pharmaceutical manufacturing, biotech 
research facilities 

A Electronics, electrical 
Computer manufacturer; integrated apparatus, 

components, and circuit board manufacturer; semi- Air toxics, VOCs Yes 

accessories conductor production 

A College or university Medical waste incinerators; lab 
Air toxics, NOx, CO, SOx, 

lab or research chemicals handling, storage and 
PM10 

Yes 
center disposal 

Satellite manufacturer; fiber-optics 

A Research and 
manufacturer; defense contractors; 

development labs 
space research and technology; new Air toxies, VOCs Yes 
vehicle and fuel testing labs 

A Commercial testing Consumer products; chemical 

labs handling, storage and disposal 
Air toxics, VOCs Yes 
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(1 ) 
(4) 

Land Use (2) (3) 
Classifications - Facility or Project Examples Key Pollutantsii,iii Air Pollution 

by Activityi 
PermitsiV 

INDUSTRIAL: NON-
ENERGY-RELATED 

Adhesives; chemical; textiles; apparel 
and furniture upholstery; clay, glass, 
and stone products production; asphalt 
materials; cement manufacturers, 
wood products; paperboard containers 
and boxes; metal plating; metal and 
canned food product fabrication; auto 
manufacturing; food processing; 
printing and publishing; drug, vitamins, 

... Assembly plants, 
and pharmaceuticals; dyes; paints; 
pesticides; photographic chemicals; VOCs, air toxics, including 

manufacturing polish and wax; consumer products; diesel PM, NOx, PM, CO, Yes 
facilities, industrial metal and mineral smelters and SOx 
machinery foundries; fiberboard; floor tile and 

cover; wood and metal furniture and 
fixtures; leather and leather products; 
general industrial and metalworking 
machinery; musical instruments; office 
supplies; rubber products and plastics 
production; saw mills; solvent 
recycling; shingle and siding; surface 
coatings 

INDUSTRIAL: ENERGY 
AND UTILITIES 
... Water and sewer 

Pumping stations; air vents; treatment 
VOCs, air toxics, NOx, 

Yes 
operations CO, SOx, PM10 

Power plant boilers and heaters; 
... Power generation portable diesel engines; gas turbine NOx, diesel PM, NOx, 

Yes 
and distribution engines CO, SOx, PM10, VOCs 

Refinery boilers and heaters; coke VOCs, air toxics, including ... Refinery operations cracking units; valves and flanges; diesel PM, NOx, CO, SOx, Yes 
flares PM10 

... Oil and gas 
Oil recovery systems; uncovered wells 

NOx, diesel PM, VOCs, 
Yes 

extraction CO, SOx, PM10 

... Gasoline storage, Above and below ground storage VOCs, air toxics, including 
transmission, and tanks; floating roof tanks; tank farms; diesel PM, NOx, CO, SOx, Yes 
marketing pipelines PM10 

... Solid and hazardous 
Landfills; methane digester systems; 

waste treatment, VOCs, air toxics, NOx, 
storage, and 

process recycling facility for concrete 
CO, SOx, PM10 

Yes 

disposal activities. 
and asphalt materials 

CONSTRUCTION (NON-
TRANSPORTATION) 

PM (re-entrained road 
Limited; state dust), asbestos, diesel 

Building construction; demolition sites PM, NOx, CO, SOx, and federal off-

PM10, VOCs road equipment 
standards 
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(1 ) 
(4) 

Land Use (2) (3) 
Classifications - Facility or Project Examples Key Pollutantsii,iii Air Pollution 

by Activityi 
PermitsiV 

DEFENSE 

Ordnance and explosives demolition; Limited; 
range and testing activities; chemical VOCs, air toxics, including prescribed 
production; degreasing; surface diesel PM, NOx, CO, SOx, burning; 
coatings; vehicle refueling; vehicle and PM10 equipment and 
engine operations and maintenance solvent rules 

TRANSPORTA nON 

VOCs, NOx, PM (re-
Residential area circulation systems; entrained road dust) air 
parking and idling at parking toxics e.g., benzene, 

A Vehicular movement structures; drive-through diesel PM, formaldehyde, No 
establishments; car washes; special acetaldehyde, 1,3 
events; schools; shopping malis, etc. butadiene, CO, SOx, 

PM10 

A Road construction Street paving and repair; new highway 
VOCs, air toxics, including 

and surfacing construction and expansion 
diesel PM, NOx, CO, SOx, No 
PM10 

A Trains Railroads; switch yards; maintenance 
yards 

Recreational sailing; commercial 

A Marine and port marine operations; hotelling 
Limited; 

activities operations; loading and un-loading; 
Applicable state servicing; shipping operations; port or VOCs, NOx, CO, SOx, 
and federal MV marina expansion; truck idling PM10, air toxics, including 
standards, and 

diesel PM 
possible 

A Aircraft Takeoff, landing, and taxiing; aircraft 
maintenance; ground support activities equipment rules 

A Mass transit and 
Bus repair and maintenance school buses 

NATURAL 
RESOURCES 

LimitedVl
; 

Agricultural 

Agricultural burning; diesel operated 
burning 

Diesel PM, VOCs, NOx, requirements, 
A Farming operations engines and heaters; small food 

PM10, CO, SOx, applicable state 
processors; pesticide application; 

pesticides and federal 
agricultural off-road equipment 

mobile source 
standards; 

pesticide rules 
A Livestock and dairy 

Dairies and feed lots Ammonia, VOCs, PM10 YesVl1 

operations 

Limited; 

Off-road equipment e.g., diesel fueled Diesel PM, NOx, CO, 
Applicable 

A Logging state/federal 
chippers, brush hackers, etc. SOx, PM 1 0, VOCs 

mobile source 
standards 

Quarrying or stone cutting; mining; 
PM10, CO, SOx, VOCs, Applicable 

A Mining operations NOx, and asbestos in equipment rules 
drilling or dredging 

some geographical areas and dust controls 
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(1 ) 
(4) 

Land Use (2) (3) 
Classifications - Facility or Project Examples Key Pollutantsii,iii Air Pollution 

by Activityi 
PermitsiV 

RESIDENTIAL 

Fireplace emissions 

Housing developments; retirement 
(PM10, NOx, VOCs, CO, 

Housing air toxics); Novil 
developments; affordable housing 

Water heater combustion 
(NOx, VOCs, CO) 

ACADEMIC AND 
INSTITUTIONAL .. Schools, including Schools; school yards; vocational 

school-related training labs/classrooms such as auto Air toxics Yes/NovII' 
recreational activities repair/painting and aviation mechanics 

.. Medical waste Incineration Air toxics, NOx, CO, Yes PM10 .. Clinics, hospitals, 
convalescent homes Air toxics Yes 

, These classifications were adapted from the American Planning Association's "Land Based Classification 
Standards." The Standards provide a consistent model for classifying land uses based on their characteristics. 
The model classifies land uses by refining traditional categories into multiple dimensions, such as activities, 
functions, building types, site development character, and ownership constraints. Each dimension has its own 
set of categories and subcategories. These multiple dimensions allow users to have precise control over land
use classifications. For more information, the reader should refer to the Association's website at 
http://www.planning.org/LBCS/Generallnfo/. 

II This column includes key criteria pollutants and air toxic contaminants that are most typically associated with 
the identified source categories. 

Additional information on specific air toxics that are attributed to facility categories can be found in ARB's 
Emission Inventory Criteria and Guidelines Report for the Air Toxics Hot Spots Program (May 15, 1997). This 
information can be viewed at ARB's web site at http://www.arb.ca.gov/ab2588/finaI96/guide96.pdf. 

Criteria air pollutants are those air pollutants for which acceptable levels of exposure can be determined and for 
which an ambient air quality standard has been set. Criteria pollutants include ozone (formed by the reaction of 
volatile organic compounds and nitrogen oxides in the presence of sunlight), particulate matter, nitrogen 
dioxide, sulfur dioxide, carbon monoxide, and lead. 

Volatile organic compounds (VOCs) combine with nitrogen oxides to form ozone, as well as particulate matter. 
VOC emissions result primarily from incomplete fuel combustion and the evaporation of chemical solvents and 
fuels. On-road mobile sources are the largest contributors to statewide VOC emissions. Stationary sources of 
VOC emissions include processes that use solvents (such as dry-cleaning, degreasing, and coating operations) 
and petroleum-related processes (such as petroleum refining, gasoline marketing and dispensing, and oil and 
gas extraction). Areawide VOC sources include consumer products, pesticides, aerosols and paints, asphalt 
paving and roofing, and other evaporative emissions. 

Nitrogen oxides (NOx) are a group of gaseous compounds of nitrogen and oxygen, many of which contribute to 
the formation of ozone and particulate matter. Most NOx emissions are produced by the combustion of fuels. 
Mobile sources make up about 80 percent of the total statewide NOx emissions. Mobile sources include on
road vehicles and trucks, aircraft, trains, ships, recreational boats, industrial and construction equipment, farm 
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equipment, off-road recreational vehicles, and other equipment. Stationary sources of NOx include both 
internal and external combustion processes in industries such as manufacturing, food processing, electric 
utilities, and petroleum refining. Areawide source, which include residential fuel combustion, waste burning, 
and fires, contribute only a small portion of the total statewide NOx emissions, but depending on the 
community, may contribute to a cumulative air pollution impact. 

Particulate matter (PM) refers to particles small enough to be breathed into the lungs (under 10 microns in 
size). It is not a single substance, but a mixture of a number of highly diverse types of particles and liquid 
droplets. It can be formed directly, primarily as dust from vehicle travel on paved and unpaved roads, 
agricultural operations, construction and demolition. 

Carbon monoxide (CO) is a colorless and odorless gas that is directly emitted as a by-product of combustion. 
The highest concentrations are generally associated with cold stagnant weather conditions that occur during 
winter. CO problems tend to be localized. 

An Air Toxic Contaminant (air toxic) is defined as an air pollutant that may cause or contribute to an increase in 
mortality or in serous illness, or which may pose a present or potential hazard to human health. Similar to 
criteria pollutants, air toxics are emitted from stationary, areawide, and mobile sources. They contribute to 
elevated regional and localized risks near industrial and commercial facilities and busy roadways. The ten 
compounds that pose the greatest statewide risk are: acetaldehyde; benzene; 1 ,3-butadiene; carbon 
tetrachloride; diesel particulate matter (diesel PM); formaldehyde; hexavalent chromium; methylene chloride; 
para-dichlorobenzene; and perchloroethylene. The risk from diesel PM is by far the largest, representing about 
70 percent of the known statewide cancer risk from outdoor air toxics. The exhaust from diesel-fueled engines 
is a complex mixture of gases, vapors, and particles, many of which are known human carcinogens. Diesel PM 
is emitted from both mobile and stationary sources. In California, on-road diesel-fueled vehicles contribute 
about 26 percent of statewide diesel PM emissions, with an additional 72 percent attributed to other mobile 
sources such as construction and mining equipment, agricultural equipment, and other equipment. Stationary 
engines in shipyards, warehouses, heavy equipment repair yards, and oil and gas production operations 
contribute about two percent of statewide emissions. However, when this number is disaggregated to a sub
regional scale such as neighborhoods, the risk factor can be far greater. 

III The level of pollution emitted is a major determinant of the significance of the impact. 

IV Indicates whether facility activities listed in column 4 are generally subject to local air district permits to 
operate. This does not include regulated products such as solvents and degreasers that may be used by 
sources that may not require an operating permit per se, e.g., a gas station or dry cleaner. 

v Generally speaking, warehousing or distribution centers are not subject to local air district permits. However, 
depending on the district, motor vehicle fleet rules may apply to trucks or off-road vehicles operated and 
maintained by the facility operator. Additionally, emergency generators or internal combustion engines 
operated on the site may require an operating permit. 

VI Authorized by recent legislation S8700. 

VII Local air districts do not require permits for woodburning fireplaces inside private homes. However, some 
local air districts and land use agencies do have rules or ordinances that require new housing developments or 
home re-sales to install U.S. EPA -certified stoves. Some local air districts also ban residential woodburning 
during weather inversions that concentrate smoke in residential areas. Likewise, home water heaters are not 
subject to permits; however, new heaters could be subject to emission limits that are imposed by federal or 
local agency regulations. 

VIII Technical training schools that conduct activities normally permitted by a local air district could be subject to 
an air permit. 
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LAND USE-BASED REFERENCE TOOLS TO EVALUATE 
NEW PROJECTS FOR POTENTIAL AIR POLLUTION IMPACTS 

Land use agencies generally have a variety of tools and approaches at hand, or 
accessible from local air districts that can be useful in performing an analysis of 
potential air pollution impacts associated with new projects. These tools and 
approaches include: 

• Base map of the city or county planning area and terrain elevations. 
• General Plan designations of land use (existing and proposed). 
• Zoning maps. 
• Land use maps that identify existing land uses, including the location of facilities that 

are permitted or otherwise regulated by the local air district. Land use agencies 
should consult with their local air district for information on regulated facilities. 

• Demographic data, e.g., population location and density, distribution of population by 
income, distribution of population by ethnicity, and distribution of population by age. 
The use of population data is a normal part of the planning process. However, from 
an air quality perspective, socioeconomic data is useful to identify potential 
community health and environmental justice issues. 

• Emissions, monitoring, and risk-based maps created by the ARB or local air districts 
that show air pollution-related health risk by community across the state. 

• Location of public facilities that enhance community quality of life, including parks, 
community centers, and open space. 

• Location of industrial and commercial facilities and other land uses that use 
hazardous materials, or emit air pollutants. These include chemical storage 
facilities, hazardous waste disposal sites, dry cleaners, large gas dispensing 
facilities, auto body shops, and metal plating and finishing shops. 

• Location of sources or facility types that result in diesel on-road and off-road 
emissions, e.g., stationary diesel power generators, forklifts, cranes, construction 
equipment, on-road vehicle idling, and operation of transportation refrigeration units. 
Distribution centers, marine terminals and ports, rail yards, large industrial facilities, 
and facilities that handle bulk goods are all examples of complex facilities where 
these types of emission sources are frequently concentrated. 1 Very large facilities, 
such as ports, marine terminals, and airports, could be analyzed regardless of 
proximity to a receptor if they are within the modeling area. 

• Location and zoning designations for existing and proposed schools, buildings, or 
outdoor areas where sensitive individuals may live or play. 

• Location and density of existing and proposed residential development. 
• Zoning requirements, property setbacks, traffic flow requirements, and idling 

restrictions for trucks, trains, yard hostlers2
, construction equipment, or school 

buses. 
• Traffic counts (including diesel truck traffic counts), within a community to validate or 

augment existing regional motor vehicle trip and speed dat~. 

1 The ARB is currently evaluating the types of facilities that may act as complex point sources and 
developing methods to identify them. 
2 Yard hostler means a tractor less than 300 horsepower that is used to transfer semi-truck or tractor
trailer containers in and around storage, transfer, or distribution yards or areas and is often equipped with 
a hydraulic lifting fifth wheel for connection to trailer containers. 
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ARB AND LOCAL AIR DISTRICT INFORMATION AND TOOLS 
CONCERNING CUMULATIVE AIR POLLUTION IMPACTS 

It is the ARB's policy to support research and data collection activities toward the goal of 
reducing cumulative air pollution impacts. These efforts include updating and improving 
the air toxics emissions inventory, performing special air monitoring studies in specific 
communities, and conducting a more complete assessment of non-cancer health effects 
associated with air toxics and criteria pollutants. 1 This information is important because 
it helps us better understand links between air pollution and the health of sensitive 
individuals -- children, the elderly, and those with pre-existing serious health problems 
affected by air quality. 

ARB is working with CAPCOA and OEHHA to improve air pollutant data and evaluation 
tools to determine when and where cumulative air pollution impacts may be a problem. 
The following provides additional information on this effort. 

How a.re emissions a.ssessed? 

Detailed information about the sources of air pollution in an area is collected and 
maintained by local air districts and the ARB in what is called an emission inventory. 
Emission inventories contain information about the nature of the business, the location, 
type and amount of air pollution emitted, the air pollution-producing processes, the type 
of air pollution control equipment, operating hours, and seasonal variations in activity. 
Local districts collect emission inventory data for most stationary source categories. 

Local air districts collect air pollution emission information directly from facilities and 
businesses that are required to obtain an air pollution operating permit. Local air 
districts use this information to compile an emission inventory for areas within their 
jurisdiction. The ARB compiles a statewide emission inventory based on the 
information collected by the ARB and local air districts. Local air districts provide most 
of the stationary source emission data, and ARB provides mobile source emissions as 
well as some areawide emission sources such as consumer products and paints. ARB 
is also developing map-based tools that will display information on air pollution sources. 

Criteria pollutant data have been collected since the early 1970's, and toxic pollutant 
inventories began to be developed in the mid-1980's. 

1 A criteria pollutant is any air pollutant for which EPA has established a National Ambient Air Quality 
Standard or for which California has established a State Ambient Air Quality Standard, including: carbon 
monoxide, lead, nitrogen oxides, ozone, particulates and sulfur oxides. Criteria pollutants are measured 
in each of California's air basins to determine whether the area meets or does not meet specific federal or 
state air quality standards. Air toxics or air toxic contaminants are listed pollutants recognized by 
California or EPA as posing a potential risk to health. 

Page C-1 

AR0069383 



APPENDIX C 

How is the toxic emission inventory developed? 

Emissions data for toxic air pollutants is a high priority for communities because of 
concerns about potential health effects. Most of ARB's air toxics data is collected 
through the toxic "Hot Spots" program. Local air districts collect emissions data from 
industrial and commercial facilities. Facilities that exceed health-based thresholds are 
required to report their air toxics emissions as part of the toxic "Hot Spots" program and 
update their emissions data every four years. Facilities are required to report their air 
toxics emissions data if there is an increase that would trigger the reporting threshold of 
the hotspots program. Air toxics emissions from motor vehicles and consumer products 
are estimated by the ARB. These estimates are generally regional in nature, reflecting 
traffic and population. 

The ARB also maintains chemical speciation profiles that can be used to estimate toxics 
emissions when no toxic emissions data is available. 

What additional toxic emissions information is needed? 

In order to assess cumulative air pollution impacts, updated information from individual 
facilities is needed. Even for sources where emissions data are available, additional 
information such as the location of em iss ions release points is often needed to better 
model cumulative impacts. In terms of motor vehicles, emissions data are currently 
based on traffic models that only contain major roads and freeways. Local traffic data 
are needed so that traffic emissions can be more accurately assigned to specific streets 
and roads. Local information is also needed for off-road emission sources, such as 
ships, trains, and construction equipment. In addition, hourly maximum emissions data 
are needed for assessing acute air pollution impacts. 

What work is underway? 

ARB is working with CAPCOA to improve toxic emissions data, developing a community 
health air pollution information system to improve access to emission information, 
conducting neighborhood assessment studies to better understand toxic emission 
sources, and conducting surveys of sources of toxic pollutants. 

How is air pollution monitored? 

While emissions data identify how much air pollution is going into the air, the state's air 
quality monitoring network measures air pollutant levels in outdoor air. The statewide 
air monitoring network is primarily designed to measure regional exposure to air 
pollutants, and consists of more than 250 air monitoring sites. 

The air toxics monitoring network consists of approximately 20 permanent sites. These 
sites are supplemented by special monitoring studies conducted by ARB and local air 
districts. These sites measure approximately sixty toxic air pollutants. Diesel PM, 
which is the major driver of urban air toxic risk, is not monitored directly. Ten of the 
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60 toxic pollutants, not including diesel, account for most of the remaining potential 
cancer risk in California urban areas. 

What additional monitoring has been done? 

Recently, additional monitoring has been done to look at air quality at the community 
level. ARB's community monitoring was conducted in six communities located 
throughout the state. Most sites were in low-income, minority communities located near 
major sources of air pollution, such as refineries or freeways. The monitoring took place 
for a year or more in each community, and included measurements of both criteria and 
toxic pollutants. 

What is being learned from community monitoring? 

In some cases, the ARB or local air districts have performed air quality monitoring or 
modeling studies covering a particular region of the state. When available, these 
studies can give information about regional air pollution exposures. 

The preliminary results of ARB's community monitoring are providing insights into air 
pollution at the community level. Urban background levels are a major contributor to the 
overall risk from air toxics in urban areas, and this urban background tends to mask the 
differences between communities. When localized elevated air pollutant levels were 
measured, they were usually associated with local ground-level sources of toxic 
pollutants. The most common source of this type was busy streets and freeways. The 
impact these ground-level sources had on local air quality decreased rapidly with 
distance from the source. Pollutant levels usually returned to urban background levels 
within a few hundred meters of the source. 

These results indicate that tools to assess cumulative impacts must be able to account 
for both localized, near-source impacts, as well as regional background air pollution. 
The tools that ARB is developing for this purpose are air quality models. 

How can air quality modeling be used? 

While air monitoring can directly measure cumulative exposure to air pollution, it is 
limited because all locations cannot be monitored. To address this, air quality modeling 
provides the capability to estimate exposure when air monitoring is not feasible. Air 
quality modeling can be refined to assess local exposure, identify locations of potential 
hot spots, and identify the relative contribution of em iss ion sources to exposure at 
specific locations. The ARB has used this type of information to develop regional 
cumulative risk maps that estimate the cumulative cancer air pollution risk for most of 
California. While these maps only show one air pollution-related health risk, it does 
provide a useful starting point. 
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What is needed for community modeling? 

Air quality models have been developed to assess near-source impacts, but they have 
very exacting data requirements. These near-source models estimate the impact of 
local sources, but do not routinely include the contribution from regional air pollution 
background. To estimate cumulative air pollution exposure at a neighborhood scale, a 
modeling approach needs to combine features of both micro-scale and regional models. 

In addition, improved methods are needed to assess near-source impacts under light 
and variable wind conditions, when high local concentrations are more likely to occur. A 
method for modeling long-term exposure to air pollutants near freeways and other high 
traffic areas is also needed. 

What modeling work has ARB developed? 

A key component of ARB's Community Health Program is the Neighborhood 
Assessment Program (NAP). As described later in this section, the NAP studies are 
being conducted to better understand pollution impacts at the community level. 
Through two such studies conducted in Barrio Logan (San Diego) and Wilmington 
(Los Angeles), ARB is refining community-level modeling methodologies. Regional air 
toxics modeling is also being performed to better understand regional air pollution 
background levels. 

In a parallel effort, ARB is developing modeling protocols for estimating cumulative 
emissions, exposure, and risk from air pollution. The protocols will cover modeling 
approaches and uncertainties, procedures for running the models, the development of 
statewide risk maps, and methods for estimating health risks. The protocols are subject 
to an extensive peer review process prior to release. 

How are air pollution impacts on community health assessed? 

On a statewide basis, ARB's toxic air contaminant program identifies and reduces public 
exposure to air toxics. The focus of the program has been on reducing potential cancer 
risk, because monitoring results show potential urban cancer risk levels are too high. 
ARB has also looked for potential non-cancer risks based on health reference levels 
provided by OEHHA. On a regional basis, the pollutants measured in ARB's toxic 
monitoring network are generally below the OEHHA non-cancer reference exposure 
levels. 

As part of its community health program, the ARB is looking at potential cancer and 
non-cancer risk. This could include chronic or acute health effects. If the assessment 
work shows elevated exposures on a localized basis, ARB will work with OEHHA to 
assess the health impacts. 
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What tools has ARB developed to assess cumulative air pollution impacts? 

ARB has developed the following tools and reports to assist land use agencies and local 
air districts assess and reduce cumulative emissions, exposure, and risk on a 
neighborhood scale. 

Statewide Risk Maps 

ARB has produced regional risk maps that show the statewide trends for Southern and 
Central California in estimated potential cancer risk from air toxics between 1990 and 
2010. 2 These maps will supplement U.S. EPA's ASPEN model and are available on the 
ARB's Internet site. These maps are best used to obtain an estimate of the regional 
background air pollution health risk and are not detailed enough to estimate the exact 
risk at a specific location. 

ARB also has maps that focus in more detail on smaller areas that fall within the 
Southern and Central California regions for these same modeled years. The finest 
visual resolution available in the maps on this web site is two by two kilometers. These 
maps are not detailed enough to assess individual neighborhoods or facilities. 

Community Health Air Pollution Information System (CHAPIS) 

CHAPIS is an Internet-based procedure for displaying information on emissions from 
sources of air pollution in an easy to use mapping format. CHAPIS uses Geographical 
Information System (GIS) software to deliver interactive maps over the Internet. 
CHAPIS relies on emission estimates reported to the ARB's emission inventory 
database - California Emissions Inventory Development and Reporting System, or 
CEIDARS. 

Through CHAPIS, air district staff can quickly and easily identify pollutant sources and 
emissions within a specified area. CHAPIS contains information on air pollution 
emissions from selected large facilities and small businesses that emit criteria and toxic 
air pollutants. It also contains information on air pollution emissions from motor vehicle 
and areawide emissions. CHAPIS does not contain information on every source of air 
pollution or every air pollutant. It is a major long-term objective of CHAPIS to include all 
of the largest air pollution sources and those with the highest documented air pollution 
risk. CHAPIS will be updated on a periodic basis and additional facilities will be added 
to CHAPIS as more data becomes available. 

CHAPIS is being developed in stages to assure data quality. The initial release of 
CHAPIS will include facilities emitting 10 or more tons per year of nitrogen oxides, sulfur 
dioxide, carbon monoxide, PM10, or reactive organic gases; air toxics from refineries 
and power plants of 50 megawatts or more; and facilities that conducted health risk 

2ARB maintains state trends and local potential cancer risk maps that show statewide trends in potential 
inhalable cancer risk from air toxics between 1990 and 2010. This information can be viewed at ARB's 
web site at hUp:llwww.arb.ca.gov/toxics/ctilhlthrisklhlthrisk.htm) 
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assessments under the California Air Toxics "Hot Spots" Information and Assessment 
Program. 3 

CHAPIS can be used to identify the emission contributions from mobile, area, and point 
sources on that community. 

"Hot Spots" Analysis and Reporting Program (HARP) 

HARP4 is a software package available from the ARB and is designed with air quality 
professionals in mind. It models emissions and release data from one or more facilities 
to estimate the potential health risk posed by the selected facilities on the neighboring 
community. HARP uses the latest risk assessment guidelines published by OEHHA. 

With HARP, a user can perform the following tasks: 

• Create and manage facility databases; 
• Perform air dispersion modeling; 
• Conduct health risk analyses; 
• Output data reports; and 
• Output results to GIS mapping software. 

HARP can model downwind concentrations of air toxics based on the calculated 
emissions dispersion at a single facility. HARP also has the capability of assessing the 
risk from multiple facilities, and for multiple locations of concern near those facilities. 
While HARP has the capability to assess multiple source impacts, there had been 
limited application of the multiple facility assessment function in the field at the time of 
HARP's debut in 2003. HARP can also evaluate multi-pathway, non-inhalation health 
risk resulting from air pollution exposure, including skin and soil exposure, and ingestion 
of meat and vegetables contaminated with air toxics, and other toxics that have 
accumulated in a mother's breast milk. 

Neighborhood Assessment Program (NAP) 

The NAp5 has been a key component of ARB's Community Health Program. It includes 
the development of tools that can be used to perform assessments of cumulative air 
pollution impacts on a neighborhood scale. The NAP studies have been done to better 
understand how air pollution affects individuals at the neighborhood level. Thus far, 
ARB has conducted neighborhood scale assessments in Barrio Logan and Wilmington. 

As part of these studies, ARB is collecting data and developing a modeling protocol that 
can be used to conduct cumulative air pollution impact assessments. Initially these 

3 California Health & Safety Code section 44300, et seq. 
4 More detailed information can be found on ARB's website at: 
http://www.arb.ca.gov/toxics/harp/harp.htm 
5 For more information on the Program, please refer to: http://www.arb.ca.gov/ch/programs/nap/nap.htm 
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assessments will focus on cumulative inhalation cancer health risk and chronic non
cancer impacts. The major challenge is developing modeling methods that can 
combine both regional and localized air pollution impacts, and identifying the critical 
data necessary to support these models. The objective is to develop methods and tools 
from these studies that can ultimately be applied to other areas of the state. In addition, 
the ARB plans to use these methods to replace the ASPEN regional risk maps currently 
posted on the ARB Internet site. 

Urban Emissions Model (URBEMIS) 

URBEMIS6 is a computer program that can be used to estimate emissions associated 
with land development projects in California such as residential neighborhoods, 
shopping centers, office buildings, and construction projects. URBEMIS uses emission 
factors available from the ARB to estimate vehicle emissions associated with new land 
uses. URBEMIS estimates sulfur dioxide emissions from motor vehicles in addition to 
reactive organic gases, nitrogen oxides, carbon monoxide, and PM1 O. 

Land-Use Air Quality Linkage Reporf 

This report summarizes data currently available on the relationships between land use, 
transportation and air quality. It also highlights strategies that can help to reduce the 
use of the private automobile. It also briefly summarizes two ARB-funded research 
projects. The first project analyzes the travel patterns of residents living in five higher 
density, mixed use neighborhoods in California, and compares them to travel in more 
auto-oriented areas. The second study correlates the relationship between travel 
behavior and community characteristics, such as density, mixed land uses, transit 
service, and accessibility for pedestrians. 

6 For more information on this model, please refer to ARB's website at 
hUp:llwww.arb.ca.gov/html/soft.htm. 
7To access this report, please refer to ARB's website or click on: 
hUp:llwww.arb.ca.gov/ch/programs/link97.pdf 
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APPENDIX D 

A wide variety of federal, state, and local government agencies are responsible for 
regulatory, planning, and siting decisions that can have an impact on air pollution. They 
include local land use agencies, regional councils of government, school districts, local 
air districts, ARB, the California Department of Transportation (Caltrans), and the 
Governor's Office of Planning and Research (OPR) to name a few. This Section will 
focus on the roles and responsibilities of local and state agencies. The role of school 
districts will be discussed in Appendix E. 

Local Land Use Agencies 

Under the State Constitution, land use agencies have the primary authority to plan and 
control land use. 1 Each of California's incorporated cities and counties are required to 
adopt a comprehensive, long-term General Plan. 2 

The General Plan's long-term goals are implemented through zoning ordinances. 
These are local laws adopted by counties and cities that describe for specific areas the 
kinds of development that will be allowed within their boundaries. 

Land use agencies are also the lead for doing environmental assessments under CEQA 
for new projects that may pose a significant environmental impact, or for new or revised 
General Plans. 

Local Agency Formation Commissions (LAFCOs) 

Operating in each of California's 58 counties, LAFCOs are composed of local elected 
officials and public members who are responsible for coordinating changes in local 
governmental boundaries, conducting special studies that review ways to reorganize, 
simplify, and streamline governmental structures, and preparing a sphere of influence 
for each city and special district within each county. Each Commission's efforts are 
directed toward seeing that local government services are provided efficiently and 
economically while agricultural and open-space lands are protected. LAFCO decisions 
strive to balance the competing needs in California for efficient services, affordable 
housing, economic opportunity, and conservation of natural resources. 

1 The legal basis for planning and land use regulation is the "police power" of the city or county to protect 
the public's health, safety and welfare. The California Constitution gives cities and counties the power to 
make and enforce all local police, sanitary and other ordinances and regulations not in conflict with 
~enerallaws. State law reference: California Constitution, Article XI §7. 
OPR General Plan Guidelines, 2003: 

http://www.opr.ca.gov/planning/PDFs/General Plan Guidelines 2003.pdf 
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Councils of Government (COG) 

COGs are organizations composed of local counties and cities that serve as a focus for 
the development of sound regional planning, including plans for transportation, growth 
management, hazardous waste management, and air quality. They can also function 
as the metropolitan planning organization for coordinating the region's transportation 
programs. COGs also prepare regional housing need allocations for updates of 
General Plan housing elements. 

Local Air Districts 

Under state law, air pollution control districts or air quality management districts (local 
air districts) are the local government agencies responsible for improving air quality and 
are generally the first point of contact for resolving local air pollution issues or 
complaints. There are 35 local air districts in California3 that have authority and primary 
responsibility for regional clean air planning. Local air districts regulate stationary 
sources of air pollutants within their jurisdiction including but not limited to industrial and 
commercial facilities, power plants, construction activities, outdoor burning, and other 
non-mobile sources of air pollution. Some local air districts also regulate public and 
private motor vehicle fleet operators such as public bus systems, private shuttle and taxi 
services, and commercial truck depots. 

.. Regional Clean Air Plans 

Local air districts are responsible for the development and adoption of clean air plans 
that protect the public from the harmful effects of air pollution. These plans incorporate 
strategies that are necessary to attain ambient air quality standards. Also included in 
these regional air plans are ARB and local district measures to reduce statewide 
emissions from mobile sources, consumer products, and industrial sources. 

.. Facility-Specific Considerations 

Permitting. In addition to the planning function, local air districts adopt and enforce 
regulations, issue permits, and evaluate the potential environmental impacts of projects. 

Pollution is regulated through permits and technology-based rules that limit emissions 
from operating units within a facility or set standards that vehicle fleet operators must 
meet. Permits to construct and permits to operate contain very specific requirements 
and conditions that tell each regulated source what it must do to limit its air pollution in 
compliance with local air district rules, regulations, and state law. Prior to receiving a 
permit, new facilities must go through a New Source Review (NSR) process that 
establishes air pollution control requirements for the facility. Permit conditions are 
typically contained in the permit to operate and specify requirements that businesses 
must follow; these may include limits on the amount of pollution that can be emitted, the 

3 Contact information for local air districts in California is listed in the front of this Handbook. 
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type of pollution control equipment that must be installed and maintained, and various 
record-keeping requirements. 

Local air districts also notify the public about new permit applications for major new 
facilities, or major modifications to existing facilities that seek to locate within 1,000 feet 
of a school. 

Local air districts can also regulate other types of sources to reduce emissions. These 
include regulations to reduce emissions from the following sources: 

• hazardous materials in products used by industry such as paints, solvents, and de-
greasers; 

• agricultural and residential burning; 
• leaking gasoline nozzles at service stations; 
• public fleet vehicles such as sanitation trucks and school buses; and 
• fugitive or uncontrolled dust at construction sites. 

However, while emissions from industrial and commercial sources are typically subject 
to the permit authority of the local air district, sensitive sites such as a day care center, 
convalescent home, or playground are not ordinarily subject to an air permit. Local air 
district permits address the air pollutant emissions of a project but not its location. 

Under the state's air toxics program, local air districts regulate air toxic emissions by 
adopting ARB air toxic control measures, or more stringent district-specific 
requirements, and by requiring individual facilities to perform a health risk assessment if 
emissions at the source exceed district-specific health risk thresholds4

, 5 (See the 
section on ARB programs for a more detailed summary of this program). 

One approach by which local air districts regulate air toxics emissions is through the 
"Hot Spots" program. 6 The risk assessments submitted by the facilities under this 

4 Cal/EPA's Office of Environmental Health Hazard Assessment has published "A Guide to Health Risk 
Assessment" for lay people involved in environmental health issues, including policymakers, 
businesspeople, members of community groups, and others with an interest in the potential health effects 
of toxic chemicals. To access this information, please refer to 
hUp://www.oehha.ca.gov/pdf/HRSguide2001.pdf 
5 Section 44306 of the California Health & Safety Code defines a health risk assessment as a detailed 
comprehensive analysis that a polluting facility uses to evaluate and predict the dispersion of hazardous 
substances in the environment and the potential for exposure of human populations, and to assess and 
quantify both the individual and population-wide health risks associated with those levels of exposure. 
6 AB-2588 (the Air Toxics "Hot Spots" Information and Assessment Act) requires local air districts to 
prioritize facilities by high, intermediate, and low priority categories to determine which must perform a 
health risk assessment. Each district is responsible for establishing the prioritization score threshold at 
which facilities are required to prepare a health risk assessment. In establishing priorities for each facility, 
local air districts must consider the potency, toxicity, quantity, and volume of hazardous materials 
released from the facility, the proximity of the facility to potential receptors, and any other factors that the 
district determines may indicate that the facility may pose a significant risk. All facilities within the highest 
category must prepare a health risk assessment. In addition, each district may require facilities in the 
intermediate and low priority categories to also submit a health risk assessment. 
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Table D-1 
Local Sources of Air Pollution, Responsible Agencies, 

and Associated Regulatory Programs 
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(e.g., unleaded gasoline, 
low-sulfur diesel) 
Inspection and repair 
programs (e.g., Smog 

Local air district rules 
RB urban bus fleet rule 

Local air district rules 

*ARB adopts ATCMs, but local air districts have the responsibility to implement and enforce these 
measures or more stringent ones. 

program are reviewed by OEHHA and approved by the local air district. Risk 
assessments are available by contacting the local air district. 

Enforcement. Local air districts also take enforcement action to ensure compliance with 
air quality requirements. They enforce air toxic control measures, agricultural and 
residential burning programs, gasoline vapor control regulations, laws that prohibit air 
pollution nuisances, visible emission limits, and many other requirements designed to 
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clean the air. Local districts use a variety of enforcement tools to ensure compliance. 
These include notices of violation, monetary penalties, and abatement orders. Under 
some circumstances, a permit may be revoked. 

• Environmental Review 

As required by the California Environmental Quality Act (CEQA), local air districts also 
review and comment on proposed land use plans and development projects that can 
have a significant effect on the environment or public health.7 

California Air Resources Board 

The ARB is the air pollution control agency at the state level that is responsible for the 
preparation of air plans required by state and federal law. In this regard, it coordinates 
the activities of all local air districts to ensure all statutory requirements are met and to 
reduce air pollution emissions for sources under its jurisdiction. 

Motor vehicles are the single largest emissions source category under ARB's jurisdiction 
as well as the largest overall emissions source statewide. ARB also regulates 
emissions from other mobile equipment and engines as well as emissions from 
consumer products such as hair sprays, perfumes, cleaners, and aerosol paints. 

Air Toxics Program 

Under state law, the ARB has a critical role to play in the identification, prioritization, and 
control of air toxic emissions. The ARB statewide comprehensive air toxics program 
was established in the early 1980's. The Toxic Air Contaminant Identification and 
Control Act of 1983 (AB 1807, Tanner 1983) created California's program to reduce 
exposure to air toxics. 8 The Air Toxics "Hot Spots" Information and Assessment Act 
(Hot Spots program) supplements the AB 1807 program, by requiring a statewide air 
toxics inventory, notification of people exposed to a significant health risk, and facility 
plans to reduce these risks. 

Under AB 1807, the ARB is required to use certain criteria to prioritize the identification 
and control of air toxics. In selecting substances for review, the ARB must consider 
criteria relating to emissions, exposure, and health risk, as well as persistence in the 
atmosphere, and ambient concentrations in the community. AB 1807 also requires the 
ARB to use available information gathered from the Hot Spots program when prioritizing 
compounds. 

The ARB identifies pollutants as toxic air contaminants and adopts statewide air toxic 
control measures (ATCMs). Once ARB adopts an ATCM, local air districts must 

7 Section 4 of this Handbook contains more information on the CEQA process. 
8 For a general background on California's air toxics program, the reader should refer to ARB's website at 
http://www.arb.ca.gov/toxics/tac/appendxb.htm. 
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implement the measure, or adopt and implement district-specific measures that are at 
least as stringent as the state standard. Taken in the aggregate, these ARB programs 
will continue to further reduce emissions, exposure, and health risk statewide. 

With regard to the land use decision-making process, ARB, in conjunction with local air 
districts, plays an advisory role by providing technical information on land use-related air 
issues. 

Other Agencies 

Governor's Office of Planning and Research (OPR) 

In addition to serving as the Governor's advisor on land use planning, research, and 
liaison with local government, OPR develops and implements the state's policy on land 
use planning and coordinates the state's environmental justice programs. OPR updated 
its General Plan Guidelines in 2003 to highlight the importance of sustainable 
development and environmental justice policies in the planning process. OPR also 
advises project proponents and government agencies on CEQA provisions and 
operates the State Clearinghouse for environmental and federal grant documents. 

California Department of Housing and Community Development 

The Department of Housing and Community Development (HCD) administers a variety 
of state laws, programs and policies to preserve and expand housing opportunities, 
including the development of affordable housing. All local jurisdictions must update 
their housing elements according to a staggered statutory schedule, and are subject to 
certification by HCD. In their housing elements, cities and counties are required to 
include a land inventory which identifies and zones sites for future residential 
development to accommodate a mix of housing types, and to remove barriers to the 
development of housing. 

An objective of state housing element law is to increase the overall supply and 
affordability of housing. Other fundamental goals include conserving existing affordable 
housing, improving the condition of the existing housing stock, removing regulatory 
barriers to housing production, expanding equal housing opportunities, and addressing 
the special housing needs of the state's most vulnerable residents (frail elderly, 
disabled, large families with children, farmworkers, and the homeless). 

Transportation Agencies 

Transportation agencies can also influence mobile source-related emissions in the land 
use decision-making process. Local transportation agencies work with land use 
agencies to develop a transportation (circulation) element for the General Plan. These 
local government agencies then work with other transportation-related agencies, such 
as the Congestion Management Agency (CMA), Metropolitan Planning Organization 
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(MPO), Regional Transportation Planning Agency (RTPA), and Caltrans to develop long 
and short range transportation plans and projects. 

Caltrans is the agency responsible for setting state transportation goals and for state 
transportation planning, design, construction, operations and maintenance activities. 
Caltrans is also responsible for delivering California's multibillion-dollar state 
Transportation Improvement Program, a list of transportation projects that are approved 
for funding by the California Transportation Commission in a 4-year cycle. 

When safety hazards or traffic circulation problems are identified in the existing road 
system, or when land use changes are proposed such as a new residential subdivision, 
shopping mall or manufacturing center, Caltrans and/or the local transportation agency 
ensure the projects meet applicable state, regional, and local goals and objectives. 

Caltrans also evaluates transportation-related projects for regional air quality impacts, 
from the perspective of travel-related em iss ions as well as road congestion and 
increases in road capacity (new lanes). 

California Energy Commission (CEC) 

The CEC is the state's CEQA lead agency for permitting large thermal power plants (50 
megawatts or greater). The CEC works closely with local air districts and other federal, 
state and local agencies to ensure compliance with applicable laws, ordinances, 
regulations and standards in the permitting, construction, operation and closure of such 
plants. The CEC uses an open and public review process that provides communities 
with outreach and multiple opportunities to participate and be heard. In addition to its 
comprehensive environmental impact and engineering design assessment process, the 
CEC also conducts an environmental justice evaluation. This evaluation involves an 
initial demographic screening to determine if a qualifying minority or low-income 
population exists in the vicinity of the proposed project. If such a population is present, 
staff considers possible environmental justice impacts including from associated project 
emissions in its technical assessments. 9 

Oepartment of Pesticides Regulation (OPR) 

Pesticides are industrial chem icals produced specifically for their toxicity to a target 
pest. They must be released into the environment to do their job. Therefore, regulation 
of pesticides focuses on using toxicity and other information to ensure that when 
pesticides are used according to their label directions, potential for harm to people and 
the environment is minimized. DPR imposes strict controls on use, beginning before 
pesticide products can be sold in California, with an extensive scientific program to 
ensure they can be used safely. DPR and county enforcement staff tracks the use of 
pesticides to ensure that pesticides are used properly. DPR collects periodic 

9 See California Energy Commission, "Environmental Performance Report," July 2001 at 
http://www.energy.ca.gov/reports/2001-11-20 700-01-001.PDF 
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measurements of any remaining amounts of pesticides in water, air, and on fresh 
produce. If unsafe levels are found, DPR requires changes in how pesticides are used, 
to reduce the possibility of harm. If this cannot be done - that is, if a pesticide cannot be 
used safely - use of the pesticide will be banned in California. 1o 

Federal Agencies 

Federal agencies have permit authority over activities on federal lands and certain 
resources, which have been the subject of congressional legislation, such as air, water 
quality, wildlife, and navigable waters. The U.S. Environmental Protection Agency 
generally oversees implementation of the federal Clean Air Act, and has broad authority 
for regulating certain activities such as mobile sources, air toxics sources, the disposal 
of toxic wastes, and the use of pesticides. The responsibility for implementing some 
federal regulatory programs such as those for air and water quality and toxics is 
delegated by management to specific state and local agencies. Although federal 
agencies are not subject to CEQA they must follow their own environmental process 
established under the National Environmental Policy Act (NEPA). 

10 For more information, the reader is encouraged to visit the Department of Pesticide Regulation web site 
at www.cdpr.ca.gov/docs/empm/pubs/tacmenu.htm. 
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SPECIAL PROCESSES THAT APPLY TO SCHOOL SITING 

The California Education Code and the California Public Resources Code place primary 
authority for siting public schools with the local school district, which is the 'lead agency' 
for purposes of CEQA. The California Education Code requires public school districts to 
notify the local planning agency about siting a new public school or expanding an 
existing school. The planning agency then reports back to the school district regarding 
a project's conformity with the adopted General Plan. However, school districts can 
overrule local zoning and land use designations for schools if they follow specified 
procedures. In addition, all school districts must evaluate new school sites using site 
selection standards established in Section 14010 of Title 5 of the California Code of 
Regulations. Districts seeking state funding for school site acquisition must also obtain 
site approval from the California Department of Education. 

Before making a final decision on a school site acquisition, a school district must comply 
with CEQA and evaluate the proposed site acquisition/new school project for air 
emissions and health risks by preparing and certifying an environmental impact report 
or negative declaration. Both the California Education Code section 17213 and the 
California Public Resources Code section 21151.8 require school districts to consult 
with administering agencies and local air districts when preparing the environmental 
assessment. Such consultation is required to identify both permitted and non-permitted 
"facilities" that might significantly affect health at the new site. These facilities include, 
but are not limited to, freeways and other busy traffic corridors, large agricultural 
operations, and rail yards that are within one-quarter mile of the proposed school site, 
and that might emit hazardous air emissions, or handle hazardous or acutely hazardous 
materials, substances, or waste. 

As part of the CEQA process and before approving a school site, the school district 
must make a finding that either it found none of the facilities or significant air pollution 
sources, or alternatively, if the school district finds that there are such facilities or 
sources, it must determine either that they pose no significant health risks, or that 
corrective actions by another governmental entity would be taken so that there would be 
no actual or potential endangerment to students or school workers. 

In addition, if the proposed school site boundary is within 500 feet of the edge of the 
closest traffic lane of a freeway or traffic corridor that has specified minimum average 
daily traffic counts, the school district is required to determine through specified risk 
assessment and air dispersion modeling that neither short-term nor long term exposure 
poses significant heath risks to pupils. 

State law changes effective January 1, 2004 (SB352, Escutia 2003, amending 
Education Code section 17213 and Public Resources Code section 21151.8) also 
provides for cases in which the school district cannot make either of those two findings 
and cannot find a suitable alternative site. When this occurs, the school district must 
adopt a statement of over-riding considerations, as part of an environmental impact 
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report, that the project should be approved based on the ultimate balancing of the 
merits. 

Some school districts use a standardized assessment process to determine the 
environmental impacts of a proposed school site. In the assessment process, school 
districts can use maps and other available information to evaluate risk, including a local 
air district's database of permitted source emissions. School districts can also perform 
field surveys and record searches to identify and calculate emissions from non
permitted sources within one-quarter mile radius of a proposed site. Traffic count data 
and vehicular emissions data can also be obtained from Caltrans for major roadways 
and freeways in proximity to the proposed site to model potential emissions impacts to 
students and school employees. This information is available from the local COG, 
Caltrans, or local cities and counties for non-state maintained roads. 
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GENERAL PROCESSES USED BY LAND USE AGENCIES 
TO ADDRESS AIR POLLUTION IMPACTS 

There are several separate but related processes for addressing the air pollution 
impacts of land use projects. One takes place as part of the planning and zoning 
function. This consists of preparing and implementing goals and policies contained in 
county or city General Plans, community or area plans, and specific plans governing 
land uses such as residential, educational, commercial, industrial, and recreational 
activities. It also includes recommending locations for thoroughfares, parks and other 
public improvements. 

Land use agencies also have a permitting function that includes performing 
environmental reviews and mitigation when projects may pose a significant 
environmental impact. They conduct inspections for zoning permits issued, enforce the 
zoning regulations and issue violations as necessary, issue zoning certificates of 
compliance, and check compliance when approving certificates of occupancy. 

Planning 

• General Plan 1 

The General Plan is a local government "blueprint" of existing and future anticipated 
land uses for long-term future development. It is composed of the goals, policies, and 
general elements upon which land use decisions are based. Because the General Plan 
is the foundation for all local planning and development, it is an important tool for 
implementing policies and programs beneficial to air quality. Local governments may 
choose to adopt a separate air quality element into their General Plan or to integrate air 
quality-beneficial objectives, policies, and strategies in other elements of the Plan, such 
as the land use, circulation, conservation, and community design elements. 

More information on General Plan elements is contained in Appendix D. 

• Community Plans 

Community or area plans are terms for plans that focus on a particular region or 
community within the overall general plan area. It refines the policies of the general 
plan as they apply to a smaller geographic area and is implemented by ordinances and 
other discretionary actions, such as zoning. 

1 In October 2003, OPR revised its General Plan Guidelines. An entire chapter is now devoted to a 
discussion of how sustainable development and environmental justice goals can be incorporated into the 
land use planning process. For further information, the reader is encouraged to obtain a copy of OPR's 
General Plan Guidelines, or refer to their website at: 
http://www.opr.ca.gov/planning/PDFs/General Plan Guidelines 2003.pdf 
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.. Specific Plan 

A specific plan is a hybrid that can combine policies with development regulations or 
zoning requirements. It is often used to address the development requirements for a 
single project such as urban infill or a planned community. As a result, its emphasis is 
on concrete standards and development criteria. 

.. Zoning 

Zoning is the public regulation of the use of land. It involves the adoption of ordinances 
that divide a community into various districts or zones. For instance, zoning ordinances 
designate what projects and activities can be sited in particular locations. Each zone 
designates allowable uses of land within that zone, such as residential, commercial, or 
industrial. Zoning ordinances can address building development standards, e.g., 
minimum lot size, maximum building height, minimum building setback, parking, 
signage, density, and other allowable uses. 

Land Use Permitting 

In addition to the planning and zoning function, land use agencies issue building and 
business permits, and evaluate the potential environmental impacts of projects. To be 
approved, projects must be located in a designated zone and comply with applicable 
ordinances and zoning requirements. 

Even if a project is sited properly in a designated zone, a land use agency may require 
a new source to mitigate potential localized environmental impacts to the surrounding 
community below what would be required by the local air district. In this case, the land 
use agency could condition the permit by limiting or prescribing allowable uses including 
operating hour restrictions, building standards and codes, property setbacks between 
the business property and the street or other structures, vehicle idling restrictions, or 
traffic diversion. 

Land use agencies also evaluate the environmental impacts of proposed land use 
projects or activities. If a project or activity falls under CEQA, the land use agency 
requires an environmental review before issuing a permit to determine if there is the 
potential for a significant impact, and if so, to mitigate the impact or possibly deny the 
project. 

.. Land Use Permitting Process 

In California, the authority to regulate land use is delegated to city and county 
governments. The local land use planning agency is the local government 
administrative body that typically provides information and coordinates the review of 
development project applications. Conditional Use Permits (CUP) typically fall within a 
land use agency's discretionary authority and therefore are subject to CEQA. CUPs are 
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intended to provide an opportunity to review the location, design, and manner of 
development of land uses prior to project approval. A traditional purpose of the CUP is 
to enable a municipality to control certain uses that could have detrimental 
environmental effects on the 
community. 

The process for perm itting new 
discretionary projects is quite 
elaborate, but can be broken down 
into five fundamental components: 

.. Project application 

.. Environmental assessment 

.. Consultation 

.. Public comment 

.. Public hearing and decision 

Project Application 

The permit process begins when the 
land use agency receives a project 
application, with a detailed project 
description, and support 
documentation. During this phase, 
the agency reviews the subm itted 
application for completeness. When 
the agency deems the application to 
be complete, the permit process 
moves into the environmental review 
phase. 

Environmental Assessment 

If the project is discretionary and the 
application is accepted as complete, 
the project proposal or activity must 
undergo an environmental clearance 
process under CEQA and the CEQA 
Guidelines adopted by the California 

What is a "lead Agency"? 

A lead agency is the public agency that has 
the principal responsibility for carrying out or 
approving a project that is subject to CEQA. 
In general, the land use agency is the 
preferred public agency serving as lead 
agency because it has jurisdiction over 
general land uses. The lead agency is 
responsible for determining the appropriate 
environmental document, as well as its 
preparation. 

What is a "Responsible Agency"? 

A responsible agency is a public agency with 
discretionary approval authority over a 
portion of a CEQA project (e.g., projects 
requiring a permit). As a responsible agency, 
the agency is available to the lead agency 
and project proponent for early consultation 
on a project to apprise them of applicable 
rules and regulations, potential adverse 
impacts, alternatives, and mitigation 
measures, and provide guidance as needed 
on applicable methodologies or other related 
issues. 

What is a "Commenting Agency"? 
A commenting agency is any public agency 
that comments on a CEQA document, but is 
neither a lead agency nor a responsible 
agency. For example, a local air district, as 
the agency with the responsibility for 
comprehensive air pollution control, could 
review and comment on an air quality 
analysis in a CEQA document for a proposed 
distribution center, even though the project 
was not subject to a permit or other pollution 
control requirements. 

Resources Agency.2 The purpose of the CEQA process is to inform decision-makers 
and the public of the potential significant environmental impacts of a project or activity, 
to identify measures to minimize or eliminate those impacts to the point they are no 
longer significant, and to discuss alternatives that will accomplish the project goals and 
objectives in a less environmentally harmful manner. 

2 Projects and activities that may have a significant adverse impact on the environment are evaluated 
under CEQA Guidelines set forth in title 14 of the California Code of Regulations, sections 15000 et seq. 
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To assist the lead agency in determining whether the project or activity may have a 
significant effect that would require the preparation of an EIR, the land use agency may 
consider criteria, or thresholds of significance, to assess the potential impacts of the 
project, including its air quality impacts. The land use agency must consider any 
credible evidence in addition to the thresholds, however, in determining whether the 
project or activity may have a significant effect that would trigger the preparation of an 
EIR. 

The screening criteria to determine significance is based on a variety of factors, 
including local, state, and federal regulations, administrative practices of other public 
agencies, and commonly accepted professional standards. However, the final 
determination of significance for individual projects is the responsibility of the lead 
agency. In the case of land use projects, the lead agency would be the City Councilor 
County Board of Supervisors. 

A new land use plan or project can also trigger an environmental assessment under 
CEQA if, among other things, it will expose sensitive sites such as schools, day care 
centers, hospitals, retirement homes, convalescence facilities, and residences to 
substantial pollutant concentrations. 3 

CEQA only applies to "discretionary projects." Discretionary means the public agency 
must exercise judgment and deliberation when deciding to approve or disapprove a 
particular project or activity, and may append specific conditions to its approval. 
Examples of discretionary projects include the issuance of a CUP, re-zoning a property, 
or widening of a public road. Projects that are not subject to the exercise of agency 
discretion, and can therefore be approved administratively through the application of set 
standards are referred to as ministerial projects. CEQA does not apply to ministerial 
projects. 4 Examples of typical ministerial projects include the issuance of most building 
permits or a business license. 

Once a potential environmental impact associated with a project is identified through an 
environmental assessment, mitigation must be considered. A land use agency should 
incorporate mitigation measures that are suggested by the local air district as part of the 
project review process. 

Consultation 

Application materials are provided to various departments and agencies that may have 
an interest in the project (e.g., air pollution, building, police, fire, water agency, Fish and 
Game, etc.) for consultation and input. 

3 Readers interested in learning more about CEQA should contact OPR or visit their website at 
http://www.opr.ca.govl. 
4 See California Public Resources Code section 21 080(b)(1). 
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Public Comment 

Following the environmental review process, the Planning Commission reviews 
application along with the staff's report on the project assessment and a public 
comment period is set and input is solicited. 

Public Hearing and Decision 

Permit rules vary depending on the particular permit authority in question, but the 
process generally involves comparing the proposed project with the land use agency 
standards or policies. The procedure usually leads to a public hearing, which is 
followed by a written decision by the agency or its designated officer. Typically, a 
project is approved, denied, or approved subject to specified conditions. 
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USE PERMIT (DISCRETIONARY ACTION) REVIEW PROCESS' 

Air District 
Consult with local air 
district on potential for 
air pollution impacts, 
and if project will 
require , or has 
obtained , an air 
permit. 

Application -+ __ ..... = information 

1 

I 
Additional 

incomplete I required 

~ 
Project Preliminary H .. 
application _~ review by _ Application 
submitted city or county complete 

staff 

Public Participation 

Notify affected 
community of 
proposed project, 
the process for 
public review, and 
staff determination 
of CEQA eligibility 

Obtain local air district 
comments on 
potential air pollution 
impacts 

Notification to local air district 

Negative J ND or EIR 

1 

Project 

···1························ 

Commission declaration 
or EIR l process denied decision 

required ~ 
appealed 

,h. .4~ 

" 
Planning 

Project Commission's Councilor Board 
of Supervisors 
Public Hearing +-'----~e_t~T:_W_by_/--' public hearing 

~r 
Staff finds project is 
exempt from CEQA 

Public outreach to 
affected community 
(i .e., workshops, 
evening meetings, 
fliers, etc.) 

Project approval 
recommendation 
forwarded to 
Councilor Board 
of Supervisors 

Notification to the affected public 

Final 
-+---1". decision 

.. with 
findings 
adopted 

The example given of air district participation in the land use decision-making process is for 
illustrative purposes only. In reality, the land use siting process involves the ongoing participation 
of multiple affected agencies and stakeholders throughout the process. 
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GLOSSARY OF KEY AIR POLLUTION TERMS 

Air Pollution Control Board or Air Quality Management Board: Serves as the 
governing board for local air districts. It consists of appointed or elected members from 
the public or private sector. It conducts public hearings to adopt local air pollution 
regulations. 

Air Pollution Control Districts or Air Quality Management Districts (local air 
district): A county or regional agency with authority to regulate stationary and area 
sources of air pollution within a given county or region. Governed by a district air 
pollution control board. 

Air Pollution Control Officer (APCO): Head of a local air pollution control or air 
quality management district. 

Air Toxic Control Measures (ATCM): A control measure adopted by the ARB (Health 
and Safety Code section 39666 et seq.), which reduces emissions of toxic air 
contaminants. 

Ambient Air Quality Standards: An air quality standard defines the maximum amount 
of a pollutant that can be present in the outdoor air during a specific time period without 
harming the public's health. Only U.S. EPA and the ARB may establish air quality 
standards. No other state has this authority. Air quality standards are a measure of 
clean air. More specifically, an air quality standard establishes the concentration at 
which a pollutant is known to cause adverse health effects to sensitive groups within the 
population, such as children and the elderly. Federal standards are referred to as 
National Ambient Air Quality Standards (NMQS); state standards are referred to as 
California ambient air quality standards (CAAQS). 

Area-wide Sources: Sources of air pollution that individually emit small amounts of 
pollution, but together add up to significant quantities of pollution. Examples include 
consumer products, fireplaces, road dust, and farming operations. 

Attainment vs. Nonattainment Area: An attainment area is a geographic area that 
meets the National Ambient Air Quality Standards for the criteria pollutants and a non
attainment area is a geographic area that doesn't meet the NMQS for criteria 
pollutants. 

Attainment Plan: Attainment plans layout measures and strategies to attain one or 
more air quality standards by a specified date. 

California Clean Air Act (CCAA): A California law passed in 1988, which provides the 
basis for air quality planning and regulation independent of federal regulations. A major 
element of the Act is the requirement that local air districts in violation of the CMQS 
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must prepare attainment plans which identify air quality problems, causes, trends, and 
actions to be taken to attain and maintain California's air quality standards by the 
earliest practicable date. 

California Environmental Quality Act (CEQA): A California law that sets forth a 
process for public agencies to make informed decisions on discretionary project 
approvals. The process helps decision-makers determine whether any potential, 
significant, adverse environmental impacts are associated with a proposed project and 
to identify alternatives and mitigation measures that will eliminate or reduce such 
adverse impacts. 1 

California Health and Safety Code: A compilation of California laws, including state 
air pollution laws, enacted by the Legislature to protect the health and safety of people 
in California. Government agencies adopt regulations to implement specific provisions 
of the California Health and Safety Code. 

Clean Air Act (CAA): The federal Clean Air Act was adopted by the United States 
Congress and sets forth standards, procedures, and requirements to be implemented 
by the U.S. Environmental Protection Agency (U.S. EPA) to protect air quality in the 
United States. 

Councils of Government (COGs): There are 25 COGs in California made up of city 
and county elected officials. COGs are regional agencies concerned primarily with 
transportation planning and housing; they do not directly regulate land use. 

Criteria Air Pollutant: An air pollutant for which acceptable levels of exposure can be 
determined and for which an ambient air quality standard has been set. Examples 
include ozone, carbon monoxide, nitrogen dioxide, sulfur dioxide, and PM1 0 and PM2.5. 
The term "criteria air pollutants" derives from the requirement that the U.S. EPA and 
ARB must describe the characteristics and potential health and welfare effects of these 
pollutants. The U.S. EPA and ARB periodically review new scientific data and may 
propose revisions to the standards as a result. 

District Hearing Board: Hears local air district permit appeals and issues variances 
and abatement orders. The local air district board appoints the members of the hearing 
board. 

Emission Inventory: An estimate of the amount of pollutants emitted into the 
atmosphere from mobile, stationary, area-wide, and natural source categories over a 
specific period of time such as a day or a year. 

Environmental Impact Report (EIR): The public document used by a governmental 
agency to analyze the significant environmental effects of a proposed project, to identify 

1 To track the submittal of CEQA documents to the State Clearinghouse within the Office of Planning and 
Research, the reader can refer to CEQAnet at http://www.ceqanet.ca.gov. 
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alternatives, and to disclose possible ways to reduce or avoid the possible negative 
environmental impacts. 

Environmental Justice: California law defines environmental justice as the fair 
treatment of people of people of all races, cultures, and incomes with respect to the 
development, adoption, implementation, and enforcement of environmental laws, 
regulations, and policies (California Government Code sec.65040.12(c)). 

General Plans: A statement of policies developed by local governments, including text 
and diagrams setting forth objectives, principles, standards, and plan proposals for the 
future physical development of the city or county. 

Hazardous Air Pollutants (HAPs): An air pollutant listed under section 112 (b) of the 
federal Clean Air Act as particularly hazardous to health. U.S. EPA identifies emission 
sources of hazardous air pollutants, and emission standards are set accordingly. In 
California, HAPs are referred to as toxic air contaminants. 

land Use Agency: Local government agency that performs functions associated with 
the review, approval, and enforcement of general plans and plan elements, zoning, and 
land use permitting. For purposes of this Handbook, a land use agency is typically a 
local planning department. 

Mobile Source: Sources of air pollution such as automobiles, motorcycles, trucks, off
road vehicles, boats, and airplanes. 

National Ambient Air Quality Standard (NAAQS): A limit on the level of an outdoor 
air pollutant established by the US EPA pursuant to the Clean Air Act. There are two 
types of NMOS. Primary standards set limits to protect public health and secondary 
standards set limits to protect public welfare. 

Negative Declaration (NO): When the lead agency (the agency responsible for 
preparing the EIR or ND) under CEOA, finds that there is no substantial evidence that a 
project may have a significant environmental effect, the agency will prepare a "negative 
declaration" instead of an EIR. 

New Source Review (NSR): A federal Clean Air Act requirement that state 
implementation plans must include a permit review process, which applies to the 
construction and operation of new or modified stationary sources in nonattainment 
areas. Two major elements of NSR to reduce emissions are best available control 
technology requirements and emission offsets. 

Office of Planning and Research (aPR): OPR is part of the Governor's office. OPR 
has a variety of functions related to local land-use planning and environmental 
programs. It provides General Plan Guidelines for city and county planners, and 
coordinates the state clearinghouse for Environmental Impact Reports. 
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Ordinance: A law adopted by a City Councilor County Board of Supervisors. 
Ordinances usually amend, repeal or supplement the municipal code; provide zoning 
specifications; or appropriate money for specific purposes. 

Overriding Considerations: A ruling made by the lead agency in the CEQA process 
when the lead agency finds the importance of the project to the community outweighs 
potential adverse environmental impacts. 

Public Comment: An opportunity for the general public to comment on regulations and 
other proposals made by government agencies. You can submit written or oral 
comments at the public meeting or send your written comments to the agency. 

Public Hearing: A public hearing is an opportunity to testify on a proposed action by a 
governing board at a public meeting. The public and the media are welcome to attend 
the hearing and listen to, or participate in, the proceedings. 

Public Notice: A public notice identifies the person, business, or local government 
seeking approval of a specific course of action (such as a regulation). It describes the 
activity for which approval is being sought, and describes the location where the 
proposed activity or public meeting will take place. 

Public Nuisance: A public nuisance, for the purposes of air pollution regulations, is 
defined as a discharge from any source whatsoever of such quantities of air 
contaminants or other material which cause injury, detriment, nuisance, or annoyance to 
any considerable number of persons or to the public, or which endanger the comfort, 
repose, health, or safety of any such persons or the public, or which cause, or have a 
natural tendency to cause, injury or damage to business or property. (Health and 
Safety Code section 41700). 

Property Setback: In zoning parlance, a setback is the minimum amount of space 
required between a lot line and a building line. 

Risk: For cancer health effects, risk is expressed as an estimate of the increased 
chances of getting cancer due to facility emissions over a 70-year lifetime. This increase 
in risk is expressed as chances in a million (e.g., 10 chances in a million). 

Sensitive Individuals: Refers to those segments of the population most susceptible to 
poor air quality (i.e., children, the elderly, and those with pre-existing serious health 
problems affected by air quality). 

Sensitive Sites or Sensitive Land Uses: Land uses where sensitive individuals are 
most likely to spend time, including schools and schoolyards, parks and playgrounds, 
day care centers, nursing homes, hospitals, and residential communities. 

Setback: An area of land separating one parcel of land from another that acts to soften 
or mitigate the effects of one land use on the other. 
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State Implementation Plan (SIP): A plan prepared by state and local agencies and 
submitted to U.S. EPA describing how each area will attain and maintain national 
ambient air quality standards. SIPs include the technical information about emission 
inventories, air quality monitoring, control measures and strategies, and enforcement 
mechanisms. A SIP is composed of local air quality management plans and state air 
quality regulations. 

Stationary Sources: Non-mobile sources such as power plants, refineries, and 
manufacturing facilities. 

Toxic Air Contaminant (TAC): An air pollutant, identified in regulation by the ARB, 
which may cause or contribute to an increase in deaths or in serious illness, or which 
may pose a present or potential hazard to human health. TACs are considered under a 
different regulatory process (California Health and Safety Code section 39650 et seq.) 
than pollutants subject to State Ambient Air Quality Standards. Health effects 
associated with TACs may occur at extremely low levels. It is often difficult to identify 
safe levels of exposure, which produce no adverse health effects. 

Urban Background: The term is used in this Handbook to represent the ubiquitous, 
elevated, regional air pollution levels observed in large urban areas in California. 

Zoning ordinances: City councils and county boards of supervisors adopts zoning 
ordinances that set forth land use classifications, divides the county or city into land use 
zones as delineated on the official zoning, maps, and set enforceable standards for 
future develop 
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Ambient Air Quality Standards 

Averaging California Standards 1 National Standards 2 

Pollutant 
Time Concentration 3 Method 4 Primary 3,5 Secondary 3,6 Method 7 

1 Hour 0.09 ppm (180 !-Ig/m3) -

Ozone (03) 
Ultraviolet Same as Ultraviolet 

8 Hour 0.070 ppm (137 !-Ig/m3) 
Photometry 

0.075 ppm (147 !-Ig/m3) 
Primary Standard Photometry 

Respirable 24 Hour 50 !-Ig/m3 150 !-Ig/m3 Inertial Separation 
Gravimetric or Same as Particulate 

Beta Attenuation Primary Standard 
and Gravimetric 

Matter (PM10)8 
Annual Analysis 

Arithmetic Mean 
20 !-Ig/m3 -

Fine 
24 Hour 35 !-Ig/m3 

Same as 
- -

Primary Standard Inertial Separation Particu late 
Matter 

and Gravimetric 
Annual 

12 !-Ig/m3 
Gravimetric or 

12.0 !-Ig/m3 15 !-Ig/m3 Analysis 
(PM2.5)8 Arithmetic Mean Beta Attenuation 

1 Hour 20 ppm (23 mg/m3) 35 ppm (40 mg/m3) -

Carbon Non-Dispersive Non-Dispersive 
Monoxide 8 Hour 9.0 ppm (10 mg/m3) Infrared Photometry 9 ppm (10 mg/m3) - Infrared Photometry 

(CO) (NDIR) (NDIR) 
8 Hour 

(Lake Tahoe) 6 ppm (7 mg/m3) - -

Nitrogen 
1 Hour 0.18 ppm (339 !-Ig/m3) 100 ppb (188 !-Ig/m3) -

Gas Phase Gas Phase 

Dioxide (N02)9 Annual Chemiluminescence Same as Chemiluminescence 

Arithmetic Mean 
0.030 ppm (57 !-Ig/m3) 0.053 ppm (100 !-Ig/m3) 

Primary Standard 

1 Hour 0.25 ppm (655 !-Ig/m3) 75 ppb (196 !-Ig/m3) -

0.5 ppm Ultraviolet 

Sulfur Dioxide 3 Hour - -
(1300 !-Ig/m3) Flourescence; 

Ultraviolet 
(S02)10 Fluorescence 0.14 ppm 

Spectrophotometry 

24 Hour 0.04 ppm (105 !-Ig/m3) - (Pararosaniline 
(for certain areas) 10 Method) 

Annual 0.030 ppm 
Arithmetic Mean 

-
(for certain areas) 10 

-

30 Day Average 1.5 !-Ig/m3 - -

1.5 !-Ig/m3 High Volume 
Lead 11 ,12 Calendar Quarter - Atomic Absorption (for certain areas)12 Sampler and Atomic 

Same as Absorption 

Rolling 3-Month 
Primary Standard 

Average 
- 0.15 !-Ig/m3 

Visibility Beta Attenuation and 
Reducing 8 Hour See footnote 13 Transmittance No 
Particles 13 through Filter Tape 

Sulfates 24 Hour 25 !-Ig/m3 
National 

Ion Chromatography 

Hydrogen 
1 Hour 0.03 ppm (42 !-Ig/m3) 

Ultraviolet 

Sulfide Fluorescence Standards 
Vinyl 

24 Hour 0.01 ppm (26 !-Ig/m3) 
Gas 

Chloride11 Chromatography 

See footnotes on next page ... 

For more information please call ARB-PIO at (916) 322-2990 California Air Resources Board (6/4/13) 
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1. California standards for ozone, carbon monoxide (except 8-hour Lake Tahoe), sulfur dioxide (I and 24 hour), nitrogen dioxide, and 
particulate matter (PMlO, PMl.5, and visibility reducing particles), are values that are not to be exceeded. All others are not to be 
equaled or exceeded. California ambient air quality standards are listed in the Table of Standards in Section 70200 of Title 17 of the 
California Code of Regulations. 

2. National standards (other than ozone, particulate matter, and those based on ammal arithmetic mean) are not to be exceeded more than 
once a year. The ozone standard is attained when the fourth highest 8-hour concentration measured at each site in a year, averaged over 
three years, is equal to or less than the standard. For PMlO, the 24 hour standard is attained when the expected number of days per 

calendar year with a 24-hour average concentration above 150 flgim3 is equal to or less than one. For PM2.5, the 24 hour standard is 
attained when 98 percent of the daily concentrations, averaged over three years, are equal to or less than the standard. Contact the US. 
EPA for further clarification and current national policies. 

3. Concentration expressed first in units in which it was promulgated. Equivalent units given in parentheses are based upon a reference 
temperature of 25°C and a reference pressure of 760 torr. !V1ost measurements of air quality are to be corrected to a reference 
temperature of 25°C and a reference pressure of 760 torr; ppm in this table refers to ppm by volume, or micromoles of pollutant per mole 
of gas. 

4. Any equivalent measurement method which can be shown to the satisfaction of the ARB to give equivalent results at or near the level of 
the air quality standard may be used. 

5. National Primary Standards: The levels of air quality necessary, with an adequate margin of safety to protect the public health. 

6. National Secondary Standards: The levels of air quality necessary to protect the public welfare from any known or anticipated adverse 
effects of a pollutant 

7. Reference method as described by the U S. EPA An "equivalent method" of measurement may be used but must have a "consistent 
relationship to the reference method" and must be approved by the US. EPA 

8. On December 14,2012, the national annual PMl.5 primary standard was lowered from 15 /-Lg/m3 to 12.0 ~Lg/m3 The existing national 24-

hour PM2.5 standards (primary and secondary) were retained at 35 /-Lg/m3, as was the atillual secondary standard of 15 flg/m3 The 

existing 24-hour PMlO standards (primary and secondary) of 150 [Lg/m3 also were retained. The form of the annual primary and 
secondary standards is the annual mean, averaged over 3 years. 

9. To attain the I-hour national standard, the 3 -year average of the atillual 98th percentile of the I-hour daily maximum concentrations at 
each site must not exceed 100 ppb. Note that the national I-hour standard is in units of parts per billion (ppb). California standards are in 
units of parts per million (ppm). To directly compare the national I-hour standard to the California standards the units can be converted 
from ppb to ppm In this case, the national standard of 100 ppb is identical to 0.100 ppm 

10. On June 2, 20 I 0, a new I-hour S02 standard was established and the existing 24-hour and annual primary standards were revoked. To 

attain the I-hour national standard, the 3 -year average of the annual 99th percentile of the I-hour daily maximum concentrations at each 
site must not exceed 75 ppb. The 1971 S02 national standards (24-hour and atillual) remain in elTect until one year after an area is 

designated for the 2010 standard, except that in areas designated nonattainment for the 1971 standards, the 1971 standards remain in 
effect until implementation plans to attain or maintain the 2010 standards are approved. 

Note that the I-hour national standard is in units of parts per billion (ppb). California standards are in units of parts per million (ppm). To 
directly compare the I-hour national standard to the California standard the units can be converted to ppm In this case, the national 
standard 01'75 ppb is identical to 0.075 ppm 

11. The ARB has identified lead and vinyl chloride as 'toxic air contaminants' with no threshold level of exposure for adverse health effects 
determined. These actions allow for the implementation of control measures at levels below the ambient concentrations specified for 
these pollutants. 

12. The national standard for lead was revised on October 15,2008 to a rolling 3-month average. The 1978 lead standard (1.5 /-Lg/m3 as a 
quarterly average) remains in effect until one year after an area is designated for the 2008 standard, except that in areas designated 
nonattainment for the 1978 standard, the 1978 standard remains in effect until implementation plans to attain or maintain the 2008 
standard are approved. 

13. In 1989, the ARB converted both the general statewide lO-mile visibility standard and the Lake Tahoe 30-mile visibility standard to 
instrumental equivalents, which are" extinction of 0 .23 per kilometer" and" extinction of 0.07 per kilometer" for the statewide and Lake 
Tahoe Air Basin standards, respectively. 

For more information please call ARB-PIO at (916) 322-2990 California Air Resources Board (6/4/13) 
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2010 
SourceiReceptor Area 

No Location 

LOS ANGELES COUNTY 
Central LA 
Northwest Coastal LA County 
Southwest Coastal LA County 

4 South Coastal LA County 1 
4 South Coastal LA County 2 

West San Fernando Valley 
7 East San Fernando Valley 

West San Gabriel Valley 
East San Gabriel Valley 1 

~~~t ?~r:g~?:l~}y~ll~y? 
10 PomonalWalnut Valley 
11 South San Gabriel Valley 
12 South Central LA County 
13 Santa Clarita Valley 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Saddleback Valley 

SAN BERNARDINO COUNTY 

Station 
No 

087 
091 
820 
072 
077 

074 
069 
088 
060 
591 

075 
085 
112 
090 

3177 

3176 
3195 
3812 

32 Northwest San Bernardino Valley 5175 
33 Southwest San Bernardino Valley 5817 

2010 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Carbon Monoxide a) 

Max Max 
No Conc 
Days m 
of ppm 
Data I-hour 

364 
364 
344 
358 

365 
364 
355 
355 
360 

365 
364 
353 
355 

356 
358 
364 
362 

364 
355 
360 

353 

Cone 
m 
ppm 
8-hour 

2.3 
14 
2.2 
2.1 

2.6 
24 
2.0 
1.3 
1.3 

1.8 

1.9 
3.6 
1.1 

1.8 

2.0 
2.1 
0.9 

1.8 

1.7 
1.9 

1.8 

No 
Days 
of 
Data 

357 
360 
319 
358 

295 
317 
325 
356 
350 

342 
358 
358 
331 

351 
331 
353 
353 

341 

349 

Max 
Cone 
m 
ppm 
I-hour 

0.098 
0.099 
0.089 
0.101 

0.122 
0.111 
0.101 
0.104 
0.124 
0.115 
0.112 
0.081 
0.126 

0.118 
0.104 
0.097 
0.117 

0.128 

0.131 

Max 
Cone 
m 
ppm 
8-hour 

0.080 
0078 
0.070 
0.084 

0.091 
0.084 
0.081 
0.081 
0.099 

0.082 
0.086 
0.062 
0105 

0.096 
0.088 
0.076 
0.082 

0.098 

0.097 

Fourth 
High 
Cone 
ppm 
8-hour 

0.064 
0.069 
0.059 
0.057 

0.086 
0.076 
0.075 
0.075 
0.090 

0.076 
0.059 
0.050 
0.087 

0.071 
0.060 
0.060 
0.069 

0.092 

0.090 

Ozone 

Health 
Advisory 

;> 0.15 
ppm 

I-hour 

No. Days Standard Exceeded 

Old Current Current Current 
> 0.12 > 0.075 > 0.09 > 0.070 
ppm ppm ppm ppm 

I-hour 8-hour I-hour 8-hour 

19 
4 

20 

4 

23 

47 

39 

2 
o 

11 
3 

5 
25 
9 

o 
18 

2 

2 

31 

31 

4 

40 
11 
6 

10 
48 
20 

o 
44 

4 

2 
2 

78 

59 

No 
Days 
of 
Data 

364 
365 
358 
360 

365 
359 
355 
364 
360 

365 
364 
364 
364 

333 
364 
364 

333 
361 
365 

365 

Nitrogen Dioxideb) 

Max 
Cone 
m 
ppb 
I-hour 

89.0 
70.8 
75.8 
92.8 

75.0 
82.0 
71.0 
77.2 
78.5 
97.0 
79.0 
76.8 
59.3 

82.5 
73.3 
70.0 

64.5 
60.8 
62.2 

78.9 

98 th 

Percentile 
Cone 
ppb 

I-hour 

70.5 
57.4 
60.9 
70.2 

56.0 
64.3 
63.0 
59.6 
55.5 
72.5 
65.4 
68.8 
54.2 

61.6 
61.1 
56.0 

57.0 
51.5 
50.3 

58.0 

Annual 
Average 

AAM 
Cone 
ppb 

25.0 
15.6 
12.1 
19.8 

16.7 
24.1 
19.6 
18.5 
154 
26.2 
22.9 
17.9 
14.3 

20.1 
17.5 
11.3 

16.8 
17.2 
15.1 

204 

Sulfur Dioxidec) 

No 
Days 
of 
Data 

355 

327 
329 

233* 

348 

349 

Max Max 
Cone Cone 
III III 

ppb ppb 
I-hour 24-hour 

9.8 

25.9 
40.0 

14.9 

9.5 

17.6 

1.5 

3.5 
6.0 

4.1 

2.1 

4.6 

34 Central San Bernardino Valley 1 5197 359 3 14 350 0.143 0.100 0.094 0 2 33 28 55 363 71.9 64.8 23.1 330* ..................... ............................ : ......................................... :.: ..................... :.: ..... c ...................... _. __ ._._._._. __ .--l ········c ... c ... -.......................... ; ................. _._._." .~;_._._._+ ..... c ... c ... ; ........ .. _·_-;:-c:·=·=·_·_···········;····;··;···;················· .. ; .... ; .. ; .... ; ......................... ; ................ ................. c ................... _._. __ .~;;..._._· __ ··············"·:,····· ... ··················:·c············i··············································· ............................................................................................ .. _._._._._. __ ... . 6.6 1.6 
34 Central S"n Rern"nlinn Valley 2 5203 326 1.7 354 0.129 0.105 0.095 40 27 63 365 69.2 56.6 18.8 
35 East San Bernardmo Valley 5204 363 0.128 0.112 0.097 61 43 86 
37 Central San Bernardino Mountains 5181 364 0.142 0.123 0.109 74 52 101 
38 East San Bernardino Mountains 5818 

DISTRICT MAXIMUM 3.6 0143 0.123 0.109 74 52 101 

SOUTH COAST AIR BASIN 3.6 0143 0.123 0.109 7 102 79 131 
ppm - Parts Per Million parts of air, by volume ppb - Parts Per Billion parts of air, by volume AAM ~ Annual Arithmetic Mean -- - Pollutant not monitored 

** Salton Sea Air Basin 

In 2010, the State and Federal Ambient Air Quality Standards were met for the gaseous pollutants CO, N02 and S02 at all District regular monitoring sites, listed above 
a) - The federal8-hour standard is 8-hour average CO > 9 ppm and state 8-hour standard is 8-hour average CO > 9.0 ppm The federal and state I-hour standards are 35 ppm and 20 ppm 
b) - The N02 federal I-hour standard is 100 ppb and the annual standard is annual arithmetic mean N02 > 0.0534 ppm The state I-hour and annual standards are 0.18 ppm and 0.030 ppm 
c) - The federal S02 I-hour standard is 75 ppb (0.075 ppm). The state standards are I-hour average S02 > 0.25 ppm and 24-hour average S02 > 0.04 ppm 
RevisedlNew Standards in 2010 
-- US. EPA established the new N02 I-hour federal standard of! 00 ppb (0.100 ppm), effective April 7, 2010 
-- US. EPA revised the S02 federal standard by establishing the new I-hour standard of75 ppb (0.075 ppm) and revoking the existing annual (0.03 ppm) and 24-hour (0.14 ppm) 

standards, effective August 2, 2010 

97.0 72.5 26.2 

97.0 72.5 26.2 

40.0 6.0 

40.0 6.0 

AR0069415 



2010 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Suspended Particulates PM1 0 d) Fine Particulates PM2.5 e) Particulates TSP!) Lead!) Sulfate!) 

2010 
No 
Days 
of 
Data 

Max 
Cone 

No. (%) Samples 
Exceeding Standards 

Federal 
> 150 

flg/m3 

24-hour 

State 
Annual 

Average 
Cone 

No 
Days 
of 
Data 

Max 
Cone 

98
th 

Percentile 
Cone. in 
flg/m3 

No.(%) 
Samples 

Exceeding 
Fzedera1 Std 
> 35 flg/m3 

Annual 
Average 

Cone 
(AAM) 
flg/m3 

Max 
No Cone 

Annual Max 
Average Monthly 

Max Max 

Quarterly Cone 

SourceiReceptor Area 
No Location 

LOS ANGELES COUNTY 
Central LA 

Station 
No 

087 
Northwest Coastal LA County 091 

56 

m 
flg/m3 

24-hour 

42 

Southwest Coastal LA County 820 55 37 
4 South Coastal LA County 1 072 58 44 

> 50 

flg/m3 

24-hour 

~~~~t~~?~s.~~~!:.:::~?~~y.~??!~~7? _._.?'(3c:'1::':::'?L __ 
West San Fernando Valley 074 

7 East San Fernando Valley 069 55 51 1(1.8%) 
West San Gabriel Valley 088 
East San Gabriel Valley 1 060 55 70 5(9.1%) 

(AAM) 
flg/m3 

27.1 

20.6 
220 
27.3 

29.6 

29.8 

335 

338 
351 
100 

322 

m 
flg/m3 

24-hour 

39.2 

35.0 
33.7 
40.7 

43.7 
97 35.2 
93 444 

24-hour 

27.1 

28.3 
26.5 
304 

31.8 
24.0 
354 

24-hour 

2(0.6%) 

o 
o 

1(1.0%) 

4(1.2%) 
o 

1(1.1%) 

11.9 

10.5 
104 
10.2 

12.5 
10.2 
10.9 

Days m Cone Average 
of flg/m3 

Data c) 24-hour 

53 
59 
55 
60 
57 

58 
53 

105 53.3 
82 40.8 
85 36.7 

129 45.5 
130 50.8 

58 364 
136 58.2 

0.02 

0.01 
0.01 
0.01 

Average 

Cone 

flg/m3 

0.01 

0.01 
0.01 
0.01 

~~~~?~,:,q~?E!~l y~ll~X2. ~ ?} ._._._._._._._._._.__ .__. _._._._._._._ ... _._._._._._._ _ 
10 PomonaIWa1nut Valley 
11 South San Gabriel Valley 
12 South Central LA County 
13 Santa Clarita Valley 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Sadd1eback Valley 

RIVERSIDE COUNTY 
22 Norco/Corona 
23 Metropolitan Riverside County 1 
23 Metropolitan Riverside County 2 
23 Mira Lorna 

24 ...... ~.~.r.r..l.s. .y.~.l.l.~X ... . 
25 Lake Elsinore 
29 Banning Airport 
30 Coachella Valley 1 ** 
30 Coachella Valley 2** 

SAN BERNARDINO COUNTY 

075 
085 
112 
090 

3177 
3176 
3195 
3812 

4155 
4144 
4146 
4165 
4149 

4158 
4164 
4137 
4157 

32 Northwest San Bernardino Valley 5175 
33 Southwest San Bernardino Valley 5817 
34 Central San Bernardino Valley 1 5197 

··········34 ··· c~;;i~~is~;;B~~;;~~d;;;~··v;ii~y2 ······················S20:3···· 
35 East San Bernardino Valley 5204 
37 Central San Bernardino Mountains 5181 
38 East San Bernardino Mountains 5818 

DISTRICT MAXIMUM 

57 

57 

58 

61 
122 

60 
61 

60 
61 
119 

60 
53 
59 
58 
57 

40 

43 

34 

50 
75 

89 
51 

55 
37 
107 

87 
62 
63 
57 
39 

107 

o 
o 
o 
o 

7(5.7%) 

25(41.7%) 

... .. .. .. .. ........... .1..U.:.?:':::'?2 

1(1.7%) 
o 

6(5%) 

9(17%) 

3(5~%) 

25 

210 

224 

18.1 

27.2 
32.8 

42.3 
28.0 

218 
18.7 
29.3 

31.8 
33.9 
324 
25.8 
18.9 

42.3 

117 34.9 
111 38.2 

331 31.7 

116 19.9 

351 46.5 
115 43.7 
340 

111 
112 

112 
112 
119 

53 

54.2 

12.8 
16.0 

46.1 
42.6 
39.3 

354 

54.2 

32.0 
31.8 

25.2 

17.3 

32.0 
27.3 
36.1 

12.6 
12.2 

31.2 
30.8 
29.7 

27.5 

36.1 

1(0.9%) 

4(1.1%) 
2(1.7%) 
8(24%) 

2(1.8%) 
2(1.7%) 

12.5 
12.5 

10.2 

8.0 

13.2 
11.0 
15.2 

6.0 
6.8 

130 
12.0 
11.1 

84 

15.2 

59 
58 

60 
59 

59 

265 86.1 
94 49.2 

131 
88 

86 

64.3 
45.0 

46.7 

61 142 73.3 

0.02 
0.01 

0.01 
0.01 

0.01 

0.01 
0.01 

0.01 
0.01 

0.01 

·········6'0······················1·06··········· ··········s"T'l ......... ··· 001 -·······0.·0·1···· 

265 86.1 0.02 0.01 

m 

flg/m3 

24-hour 

9.1 
7.5 
9.7 
11.8 
12.2 

7.7 
64 

8.5 
7.8 

6.7 
5.0 

10.1 

6.3 
114 

12.2 

SOUTH COAST AIR BASIN I 89 34 42.3 54.2 36.1 13 15.2 265 86.1 0.02 0.01 12.2 

** Salton Sea Air Basin )lg/m3 - Micrograms per cubic meter of air AAM = Annual Arithmetic Mean -- - Pollutant not monitored 

In 2010, Particulate Matter concentrations met the Ambient Air Quality Standard levels for the federal PMlO Standard, the State and Federal Lead Standards, and the State Sulfate standard at the regular monitoring sites, listed above 
d) - PMlO samples were collected every 6 days at all sites except for Station Numbers 4144 and 4157, where samples were collected every 3 days. The Federal annual PMlO standard (AAM> 50 flg/m3) was revoked in 2006 

State standard is annual average (AAM) > 20 flg/m3 

e) - PM2.5 samples were collected every 3 days at all sites except for station numbers 069, 072, 077, 087, 3176, 4144 and 4165, where samples were taken daily, and station number 5818 where samples were taken every 6 days 
Federal annual PM2.5 standard is annual average (AAM) > 15.0 flg/m3 State standard is annual average (AAM) > 12.0 flg/m3 

f) - TSP Particulate, Lead and Sulfate samples were taken every 6 days at all sites monitored 

Federal Equivalent Method (FEM) continuous monitoring instruments were operated at some ofthe above locations for PM1 0 and PM2.5 monitoring The Federal Reference Method (FRM) data is used for the above statistics 

For information on the current standard levels and most recent revisions please refer to the previous year "Air Quality" summary card or access the "Ambient Air Quality Standards" chart at http ://www.arb.ca.govlresearchlaags/aags2 .pdf. 

Maps showing the source/receptor area boundaries can be accessed via the Internet by entering your address in the AQMD Current Hourly Air Quality Map accessed from http ://www2.agmd.gov/webappl/gisag i2!vEMap3D. aspx or at 
http ://www.agmd. gov/map/MapAQMD2.pdf A map is also available free of charge from the AQMD Public Information Center at 1-800-CUT-SMOG 

No. Days 

Exceeding 
State Std 

;> 25 flg/m3 

24-hour 

o 
o 

~, 
~ . ., 

Printed on 
Recycled 

Paper 
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2009 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Carbon Monoxide a) Ozone Nitrogen Dioxide d) Sulfur Dioxide e) 

2009 No. Days Standard Exceeded 

Max Max Max Max Fourth Health 
Federal b) State c) 

Max 98'h Annual Max Max 
No Cone Cone No Cone Cone High Advisory Old Current Current Current No Cone Percentile Average No Cone Cone 

SourceiReceptor Area Days III III Days III III Cone ;> 0.15 > 0.12 > 0.075 > 0.09 > 0.070 Days III Cone AAM Days III III 

Station of ppm ppm of ppm ppm ppm ppm ppm ppm ppm ppm of ppm ppm Cone of ppm ppm 
No Location No Data I-hour 8-hour Data I-hour 8-hour 8-hour I-hour I-hour 8-hour I-hour 8-hour Data I-hour I-hour ppm Data I-hour 24-hour 

LOS ANGELES COUNTY 
I Central LA 087 357 3 2.2 365 0139 0.100 0.073 0 I 2 3 5 365 0.12 0.07 0.0281 365 0.01 0.002 
2 Northwest Coastal LA County 091 365 2 1.5 365 0.131 0.094 0.075 0 I 3 6 5 355 0.08 0.06 0.0170 -- -- --
3 Southwest Coastal LA County 820 349 2 1.9 352 0.077 0.070 0.061 0 0 0 0 0 362 0.08 0.07 0.0159 362 0.02 0.006 
4 South Coastal LA County I 072 362 3 2.2 363 0.089 0.068 0.064 0 0 0 0 0 362 0.11 0.07 0.0212 361 0.02 0.005 
4 .. ~.".~t.~ .. ~"..~s..t.~! .. I.:.!.: ... <::'''..':'.':'o/. ... ~ .... 077 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --._--
6 West San Fernando Valley 074 365 4 2.8 365 0135 0.100 0.093 0 I 19 15 31 365 0.07 0.06 0.0171 -- -- --

7 East San Fernando Valley 069 365 3 2.9 365 0145 0.096 0.086 I I 14 16 28 353 0.09 0.07 0.0274 362 0.01 0.003 
8 West San Gabriel Valley 088 365 4 2.1 365 0176 0.114 0.095 I 3 12 12 19 365 0.08 0.06 0.0221 -- -- --
9 East San Gabriel Valley I 060 357 3 1.7 365 0150 0.107 0.091 I 4 17 23 32 365 010 0.07 0.0194 -- -- --
9 591 351 3 2.1 352 0150 0.118 0.108 3 7 42 45 64 350 0.09 0.06 0.0170 -- -- --

------ ...... ~~s..t. .. ~.~~.g~?.:~~.l. y~l.l.~y. .. ~ .... . ............................... M ..................................................................................................... ............................... M ................................................................. ••••••••••••••••••••••••• ••• H •••• 

10 PomonalWalnut Valley 
II South San Gabriel Valley 
12 South Central LA County 
13 Santa Clarita Valley 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Saddleback Valley 

RIVERSIDE COUNTY 
22 Norco/Corona 
23 Metropolitan Riverside County I 
23 Metropolitan Riverside County 2 
23 Mira Loma 
24 Perris Valley 

25 
29 Banning Airport 
30 Coachella Valley 1** 
30 Coachella Valley 2** 

SAN BERNARDINO COUNTY 
32 Northwest San Bernardino Valley 
33 Southwest San Bernardino Valley 
34 ....... <::.~~t.r..~.! .. ~.~':' .. .'.:~.:':'.~.:~~':'.". . .Y.~.I.I.".x..! .. 
34 Central San Bernardino Valley 2 
35 East San Bernardino Valley 
37 Central San Bernardino Mountains 
38 East San Bernardino Mountains 

DISTRICT MAXIMUM 

SOUTH COAST AIR BASIN 

ppm - Parts Per Million parts of air, by volume 

** Salton Sea Air Basin 
+ Site was relocated 

075 365 
085 365 
112+ 354 
090 361 

3177 365 
3176 365 
3195 362 
3812 362 

4155 --
4144 364 
4146 365 
4165 364 
4149 --

4158 365 
4164 --
4137 365 
4157 --

5175 365 
5817 --
5197 365 

5203 363 
5204 --
5181 --
5818 --

3 1.8 365 0138 0.099 0.095 0 I 
3 2.1 365 0.131 0.101 0.072 0 I 
7 4.6 354 0.104 0.086 0.064 0 0 
2 14 357 0.140 0.122 0.103 0 5 

4 2.3 365 0.115 0.082 0.075 0 0 
3 2.7 365 0.093 0.077 0.068 0 0 
3 2.2 365 0.087 0.075 0.066 0 0 
2 1.0 362 0.121 0.095 0.084 0 0 

-- -- -- -- -- -- -- --
2 1.9 346 0.116 0.100 0.089 0 0 
3 1.8 -- -- -- -- -- --
3 24 364 0.118 0.090 0.086 0 0 
-- -- 354 0.125 0.108 0.101 0 I 

I 0.7 365 0128 0.105 0.096 0 I 
-- -- 359 0133 0.104 0.100 0 I 
2 0.7 365 0.120 0.098 0.096 0 0 
-- -- 365 0.097 0.090 0.085 0 0 

2 1.5 365 0.146 0.121 0.102 I 3 
-- -- -- -- -- -- -- --
2 1.5 365 0142 0.128 0.100 0 3 

................................ H ..................................................................................................... ............................... M 

3 1.9 363 0150 0.126 0.101 I 2 
-- -- 365 0145 0.122 0.100 I I 
-- -- 364 0.149 0.117 0.110 2 7 
-- -- -- -- -- -- -- --

7 4.6 0176 0.128 0.110 3 7 

7 4.6 0176 0.128 0.110 15 

AAM ~ Annual Arithmetic Mean -- - Pollutant not monitored 

a) - The federal 8-hour standard (8-hour average CO > 9 ppm) and state 8-hour standard (8-hour average CO > 9.0 ppm) were not exceeded 
The federal and state I-hour standards (35 ppm and 20 ppm) were not exceeded, either 

23 
3 
I 

64 

3 
I 
0 
10 

--
35 
--
22 
67 

37 
70 
53 
24 

49 
--
48 

62 
73 
92 
--

92 

113 

b) - The federal I-hour ozone standard was revoked and replaced by the 8-hour average ozone standard effective June 15, 2005 US. EPA has revised the federal 
8-hour ozone standard from 0.084 ppm to 0.075 ppm, effective May 27,2008 

c) - The 8-hour average California ozone standard of 0.070 ppm was established effective May 17, 2006 

25 37 
8 6 
2 I 

57 77 

4 9 
0 2 
0 3 
7 14 

-- --
25 57 
-- --
15 37 
53 88 

24 65 
55 93 
28 73 
6 41 

51 71 
-- --
45 65 

53 79 
62 91 
70 107 
-- --

70 107 

102 133 

d) - The federal standard is annual arithmetic mean N02 > 0.0534 ppm California Air Resources Board has revised the N02 I-hour state standard from 0.25 ppm to 0.18 ppm and has 
established a new annual standard of 0.030 ppm, effective March 20, 2008. US. EPA has established a new N02 I-hour standard of 100 ppb (0.100 ppm), effective April 7, 2010 

e) - The state standards are I-hour average S02 > 0.25 ppm and 24-hour average S02 > 0.04 ppm US. EPA has revised the federal standard by establishing a new S02 I-hour standard of 

365 
361 
354 
357 

365 
365 
365 
--

--
357 
365 
364 
--

365 
359 
349 
--

363 
--

365 

363 
--
--
--

75 ppb (0.075 ppm) and revoking the existing annual (0.03 ppm) and 24-hour (0.14 ppm) S02 standards, effective August 2,2010. The federal and state S02 standards were not exceeded 

010 
010 
0.09 
0.06 

010 
0.07 
0.07 

--

--
0.08 
0.08 
0.08 

--

0.06 
0.06 
0.05 

--

0.11 
--

0.11 

0.08 
--
--
--

0.12 

0.12 

0.08 0.0274 -- -- --
0.07 0.0259 -- -- --
0.07 0.0214 -- -- --
0.05 0.0151 -- -- --

0.06 0.0206 -- -- --
0.06 0.0179 -- -- --
0.06 0.0130 364 0.01 0.004 

-- -- -- -- --

-- -- -- -- --
0.06 0.0171 364 0.01 0.003 
0.06 0.0200 -- -- --
0.05 0.0158 -- -- --

-- -- -- -- --

0.04 0.0129 -- -- --
0.05 0.0109 -- -- --
0.04 0.0081 -- -- --

-- -- -- -- --

0.07 0.0239 -- -- --
-- -- -- -- --

0.07 0.0235 365 0.01 0.002 

0.06 0.0196 -- -- --
-- -- -- -- --
-- -- -- -- --
-- -- -- -- --

0.08 0.0281 0.02 0.006 

0.08 0.0281 0.02 0.006 

South Coast 
Air Quality Management District 
21865 Copley Drive 
Diamond Bar, CA 91765-4182 
www.aqmd.gov 

AR0069417 



2009 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Suspended Particulates PM10 f) Fine Particulates PM2.5 g) Particulates TSP Lead Sulfate 

2009 
SourceiReceptor Area 
No Location 

LOS ANGELES COUNTY 
Central LA 

Station 
No 

No 
Days 
of 
Data 

60 

Max 
Cone 
m 
flgim3 

24-hour 

72 

No. (%) Samples 
Exceeding Standards 

Federal 
> 150 

flgim3 

24-hour 

State 
> 50 

flgim3 

24-hour 

4(6.7) 

Annual 
Average 
Conc. h) 

(AAM) 
flgim3 

33.1 

No 
Days 
of 
Data 

359 

Max 
Cone 
m 
flgim3 

24-hour 

61.7 

98
th 

Percentile 
Cone. in 
flgim3 

24-hour 

34.0 

No.(%) 
Samples 

Exceeding 
Federal Std 

> 35 flgim3 

24-hour 

7(1.9) 

Annual 
Average 
Conc. i) 

(AAM) 
flgim3 

14.3 

No 
Days 
of 
Data 

61 

Max 
Cone 
m 
flgim3 

24-hour 

148 

Annual Max 
Average Monthly 

Cone Average 
(AAM) Conc. j) 
flgim3 flgim3 

66.8 0.02 
59 99 50.8 Northwest Coastal LA County 

Southwest Coastal LA County 

087 
091 
820 
072 
077 

074 

60 52 25A 48 87 42A 0.01 
4 South Coastal LA County 1 57 62 30.5 328 63.0 34.2 6(1.8) 130 60 128 55A 0.01 

4 ....... ~.~.~.t.~ .. ~.?~.s..~~~ .. !:.::: .. ~.?.~~Y.. .. ~ ... . 
West San Fernando Valley 

1 ..... ..... 5 .... 6 ... .. .. .. .. ................ 8 ... 3 ................... .. .. .. .. .. .. .. .. .. .. .. .. .. ..... _._._5 .. "(8._1. ... 9_: )_._ .. __ ......... 3 .... 3 ...... 2............ 1 ~?g . ?? ~ _ ~??~Q~) . I ? ? _._._5.?_._._ ! ?? ... _._~5c.~._._ gg! _ 
110 39.9 27.2 1 (0.9) 11 A 

7 East San Fernando Valley 069 60 80 11(18.3) 
West San Gabriel Valley 088 
East San Gabriel Valley 1 060 52 74 7(13.5) 

~~~~?~':'q~?E!~l y~II~X2.??! ._._._._._._._._. __ 
10 PomonalWalnut Valley 075 
11 South San Gabriel Valley 085 
12 South Central LA County+ 112+ 
13 Santa Clarita Valley 090 53 56 1(1.9) 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Saddleback Valley 

RIVERSIDE COUNTY 
22 NorcoiCorona 

3177 
3176 
3195 
3812 

56 

60 

59 
119 

63 

56 

79 
77 

1(1.8) 

1(1.7) 

7(11.9) 
35(29A) 

39.2 

32.0 

23A 

30.9 

23.5 

35.6 
42.5 23 Metropolitan Riverside County 1 

23 Metropolitan Riverside County 2 
23 Mira Lorna 59 108 53A 

243 67.5 34A 4(1.6) 14A 
109 52.0 35.7 3(2.8) 12.3 59 
153 72.1 42.9 6(3.9) 12.8 58 

118 71.1 
114 69.2 

334 64.6 

116 39.2 

347 54.5 
114 42.2 
229 49.2 

35A 
37.7 

32.1 

23.8 

39.6 
34.0 
40.6 

2(1.7) 
3(2.6) 

4(1.2) 

1(0.9) 

13(3.7) 
2(1.8) 
14(6.1) 

14.8 
14.7 

11.8 

9.5 

15.3 
13A 
16.9 

59 
57 

60 
61 

153 48.5 
208 74.9 

194 69.7 
118 59.6 

161 
162 

87.6 
66.0 

0.04 
0.03 

0.01 
0.01 

Max Max 

Quarterly Conc 
Average 
Conc j ) 

flgim3 

0.01 

0.01 
0.01 
0.01 

0.02 
0.02 

0.01 
0.01 

m 

flgim3 

24-hour 

9.8 
9.1 
8.6 
13.6 
12.1 

8.8 
7.9 

9.9 
9.9 

7.3 
6.8 

24 ...... ~.~.r.r..l.s. .y.~.I.I.~X ... . 
25 Lake Elsinore 
29 Banning Airport 

4155 
4144 
4146 
4165 
4149 

4158 
4164 
4137 
4157 

58 80 9(15.5) 34.8 I··· ·· ······ ······ ·· ·· ·· ·· ···························· .......... .. .. .. .. .. .. .. .. .. .. .. .. .. .. ......... --~ ............ , ........ _ .................... I····················································· .......... - ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .................................. .......................................................... ............................................................... _ ... . 

30 Coachella Valley 1 ** 
30 Coachella Valley 2** 

SAN BERNARDINO COUNTY 
32 Northwest San Bernardino Valley 5175 
33 Southwest San Bernardino Valley 5817 
34 Central San Bernardino Valley 1 5197 

··········34 ··· c~;;i~~is~;;B~~;;~~d;;;~··v;ii~y2 ······················520:3···· 
35 East San Bernardino Valley 5204 
37 Central San Bernardino Mountains 5181 
38 East San Bernardino Mountains 

DISTRICT MAXIMUM 

SOUTH COAST AIR BASIN 

~g/m3 - Micrograms per cubic meter of air 
** Salton Sea Air Basin 
+ Site was relocated 

5818 

59 
54 
120 

62 
60 
52 
60 
51 

99 
140 
132 

70 
75 
66 
52 
57 

140 

108 

o 
o 
o 
o 

1(1.7) 
1(1.9) 
9(7.5) 

13(21.7) 
11(21.2) 

35 

60 

AAM ~ Annual Arithmetic Mean 

25.9 
22.6 
32.5 

35.6 
40.2 
41.5 
30.2 
24.5 

53A 

53A 

112 
112 

21.8 
27.5 

14.6 
170 

35.9 
32.7 

········· lio············· 37 8-- -····· ·· ···:35 .·2···· 

114 46.9 
118 46A 

56 40.8 29A 

72.1 42.9 

72.1 42.9 

-- - Pollutant not monitored 

1) - PMIO samples were collected every 6 days at all sites except for Station Numbers 4144 and 4157 where samples were collected every 3 days 

6.7 
7.9 

3(2.6) 14.7 
59 123 58.5 

2(1.7) 14.3 58 185 84.3 

0.01 0.01 

2(18) · 13 0 ·········6'1··········· 125 ········-74..:3 ········ 001 - 001 

1(1.8) 9.9 

14 16.9 208 87.6 0.04 0.02 

27 16.9 208 87.6 0.04 0.02 

g) - PM2.5 samples were collected every 3 days at all sites except for the following sites: Station Numbers 069. 072. 077. 087. 3176. 4144 and 4165 where samples were taken every day. and Station Number 5818 where 
samples were taken every 6 days 

h) - Federal annual PMIO standard (AAM > 50 flgim3) was revoked effective December 17. 2006. State standard is annual average (AAM) > 20 flgim3 
i) - Federal PM2.5 standard is annual average (AAM) > 15.0 flgim3 State standard is annual average (AAM) > 12.0 flgim3 
j) - Federal lead standards are rolling 3-month average> 0.15 flgim3. and quarterly average> 1.5 flgim3 State standard is monthly average;> 1.5 flgim3 

6.8 

6.7 
7.1 

13.6 

13.6 

Maps showing the sourceireceptor area boundaries can be accessed via the Internet by entering your address in the AQMD Current Hourly Air Ouality Map accessed from http iiwww2 agmd goviwebaool/glsag12!VEMap3D aspx 

or at http ://www.agmd.govimap/MapAOMD2.pdf A map is also available free of charge from the AQMD Public Information Center at 1-800-CUT-SMOG 

No. Days 

Exceeding 
State Std 

;> 25 flgim3 

24-hour 

o 
o 

~"' ~.~ 
Printed on 
Recycled 

Paper 

AR0069418 
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2008 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Carbon Monoxide a) Ozone Nitrogen Dioxide d) Sulfur Dioxide e) 

No. Days Standard Exceeded 2008 Max. Max Max. Max. Fourth Health Federal b) State C) Max Annual Max. M~y"" Station No. No. Cone. Cone. No. Cone. Cone. High Advisory Old Old 

Source/Receptor Area Days in in Days in in Cone. ;> 0.150 > 0.12 > 0.08 
State District of ppm ppm of ppm ppm ppm ppm ppm ppm 

No. Location Code Code Data I-hour 8-hour Data I-hour 8-hour 8-hour I-hour I-hour 8-hour 

LOS ANGELES COUNTY 
1 Central LA 70087 087 366 3 2.1 356 0.109 0.090 0.073 0 0 1 
2 Northwest Coastal LA County 70091 091 366 3 2.0 366 0.11 0.097 0.073 0 0 1 
3 Southwest Coastal LA County 70111 820 358 4 2.5 360 0.086 0.075 0.065 0 0 0 
4 South Coastal LA County 1 700n on 366 3 2.6 366 0.093 0.074 0.064 0 0 0 
4 South Coastal LA County 2 70110 077 

I 0. ~-23 West San Femando Valley '70074 ' 0'74 ..... 366
m 

4 2.9 366 .... 0.103 0:095 0 - 0 
14 ...... 

7 East San Femando Valley 70069 069 366 3 2.6 366 0.133 0.109 0.092 0 1 8 
8 West San Gabriel Valley 70088 088 366 3 2.1 366 0.122 0.100 0.091 0 0 6 
9 East San Gabriel Valley 1 70060 060 366 2 1.6 366 0.135 0.111 0.101 0 7 14 
9 East San Gabriel Valley 2 70591 591 366 3 3.0 366 0.156 0.118 0.112 2 12 25 .................................. - .. .. .. .. .. .. .. .. .. .................................... .... r----

10 Pomona/Walnut Valley 70075 075 366 2.0 366 0.141 0.110 0.100 0 5 19 
11 South San Gabriel Valley 70185 085 357 2.1 366 0.107 0.093 0.077 0 0 1 
12 South Central LA County+ 70084+ 084+ 310* 6* 4.3* 310* 0.078* 0.060* 0.055* 0* 0* 0* 

13 Santa Clarita Valley 70090 090 363 1.1 363 0.160 0.131 0.108 35 

ORANGE COUNTY 
16 North Orange County 30177 3177 366 5 2.9 366 0.104 0.084 0.D78 0 0 0 
17 Central Orange County 30178 3176 366 4 3.6 366 0.105 0.086 0.076 0 0 1 
18 North Coastal Orange County 30195 3195 366 3 2.0 366 0.094 0.079 0.D75 0 0 0 
19 Sadd1eback Valley 30002 3812 365 2 1.1 365 0.118 0.104 0.092 0 0 6 

RNERSIDE COUNTY 
22 Norco/Corona 33155 4155 
23 Metropolitan Riverside County 1 33144 4144 366 2.0 366 0.146 0.116 0.111 0 38 
23 Metropolitan Riverside County 2 33146 4146 366 2.0 
23 Mira Loma 33165 5214 366 1.9 366 0.135 0.107 0.104 0 4 23 
24 Perris Valley 33149 4149 366 0.142 0.114 0.106 0 4 41 ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ...... .. .. .. .. .. .. .. .. .. .. .. .. .. .... _ ....................... 

~ 25 Lake Elsinore 33158 4158 365 1.0 365 0.118 0.108 0 6 32 
29 Banning Airport 33164 4164 365 0.149 0.120 0.108 0 10 45 
30 Coachella Valley 1 * * 33137 4137 366 0.6 366 0.11 0.101 0.098 0 0 20 
30 Coachella Valley 2 * * 33157 4157 355 0.12 0.092 0.090 0 0 11 

SAN BERNARDINO COUNTY 
32 Northwest San Bemardino Valley 36175 5175 365 1.6 365 0.155 0.122 0.111 30 
33 Southwest San Bemardino Valley 36025 5817 
34 Central San Bemardino Valley 1 36197 5197 363 1.9 364 ~ 0.124 0.111 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... - 35 

---:J4 c~ntr~IS~;;B~m;;;:d;;;~V~ii~y2 )62035203 ...... 366
m 

1.8 366 .... 0.157 0.122 o:li) 11 
43 ...... 

35 East San Bemardino Valley 36204 5204 366 0.154 0.120 0.112 12 50 
37 Central San Bemardino Mountains 36181 5181 362 0.176 0.126 0.120 16 67 
38 East San Bemardino Mountains 36001 5818 

DISTRICT MAXIMUM 366 4.3 366 0.176 0.131 0.120 16 67 

SOUTH COAST AIR BASIN 4.3 0.176 0.131 0.120 28 80 

ppm - Parts Per Million parts of air, by volume. AAM ~ Annual Arithmetic Mean -- - Pollutant not monitored. 
* Less than 12 full months of data; may not be representative. * * Salton Sea Air Basin. 

+ Site was relocated. 
a) - The federal 8-hour standard (8-hour average CO > 9 ppm) and state 8-hour standard (8-hour average CO > 9.0 ppm) were not exceeded. 

The federal and state I-hour standards (35 ppm and 20 ppm) were not exceeded, either. 
b) - The federa11-hour ozone standard was revoked and replaced by the 8-hour average ozone standard effective June 15,2005. U.S. EPA has revised the federal 

8-hour ozone standard from 0.084 ppm to 0.075 ppm, effective May 27,2008. 
c) - The 8-hour average California ozone standard of 0.070 ppm was established effective May 17,2006. 

Current Current 
> 0.075 > 0.09 

ppm ppm 
8-hour I-hour 

3 3 
2 3 
0 0 
0 0 

m25 ........ 23
m 

17 20 
16 16 
28 34 
45 48 

35 32 

0* 0* 

60 54 

5 7 
4 2 
3 0 
15 9 

64 54 

47 38 
77 65 

69 49 
74 57 
51 26 
27 11 

50 51 

58 55 62 ........ 62 
75 n 
97 78 

97 78 

120 102 

d) - The federal standard is annual arithmetic mean NO, > 0.0534 ppm. California Air Resources Board has revised the NO, I-hour state standard from 0.25 ppm to 0.18 ppm 
and has established a new annual standard of 0.030 ppm, effective March 20, 2008. 

e) - The state standards are I-hour average SO, > 0.25 ppm and 24-hour average SO, > 0.04 pprn. The federal standards are annual 
arithmetic mean SO, > 0.03 ppm, 24-hour average> 0.14 ppm, and 3-hour average> 0.50 ppm. The federal and state SO, standards were not exceeded. 

Current No. Cone. Average No. Cone. Cone. Average 
> 0.070 Days in AAM Days in in AAM 

ppm of ppm Cone. of ppm ppm Cone. 
8-hour Data I-hour ppm Data I-hour 24-ho ppm 

343 0.12 0.0275 366 0.01 0.002 0.0003 
364 0.09 0.0184 
359 0.09 0.0143 357 0.02 0.005 0.0014 
366 0.13 0.0208 366 0.09 0.012 0.0022 

40 366 0.09 0.0180 

35 364 0.11 0.0285 366 0.01 0.003 0.0008 
26 365 0.11 0.0235 
39 366 0.10 0.0230 
61 366 0.10 0.0182 

47 366 0.11 0.0302 
13 341 0.10 0.0263 
0* 305* 0.12* 0.0301* 

81 363 0.07 0.0165 

15 361 0.08 0.0206 
10 366 0.09 0.0203 
6 365 0.08 0.0132 366 0.01 0.003 0.0011 

25 

88 366 0.09 0.0192 366 0.01 0.003 0.0009 
70* 0.09* 0.0258* 

62 366 0.10 0.0174 
94 

92 362 0.06 0.0129 
95 366 0.08 0.0128 
70 366 0.05 0.0093 
44 

65 365 0.09 0.0235 

82 364 0.10 0.0207 364 0.01 0.003 0.0018 
90 366 0.09 0.0217 
100 
115 

115 0.13 0.0302 0.09 0.012 0.0022 

140 0.13 0.0302 0.09 0.012 0.0022 

I@ r o
uth 

Coast . Air Quality Management District 
21865 Copley Drive 

;;=====; Diamond Bar, CA 91765-4182 
I AOMD I www.aqmd.gov 

Maps showing the source/receptor area boundaries can be accessed via the Internet by entering your address in the AQMD Current Hourly Air Qua1itv Map accessed from http ://www2.agmd. gov/webappligisagi2NEMap3D.aspx orat 

http ://www.agmd. gov/maolMaoAOMD2.odf . A map is also available free of charge from the AQMD Public Information Center at 1-800-CUT -SMOG. 
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2008 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Suspended Particulates PM 10 f) Fine Particulates PM2.5 g) Particulates TSP h) Lead h) Sulfate h) 

2008 No. (%) Samples No. (%) Samples 
Exceeding Exceeding 

Max. Standards Annual Max. 98
th Federal Standsrd Annual Max. Annual Max. 

No. Conc. Federal State Average 
No. Conc. Percentile Current Old Average 

No. Conc. Average Monthly 
--

Conc. i) > 35 j ) > 65 j ) Conc. k) Station No. Days in > 150 > 50 Days in Conc. in Days in Conc. Average 
Source/Receptor Area State District of flglm3 

flglm3 flglm3 (AAM) of flglm3 flglm3 
flglm3 flglm3 (AAM) of flglm3 (AAM) Conc. l) 

No. Location Code Code Data 24-hour 24-hour 24-hour flglm3 
Data 24-hour 24-hour 24-hour 24-hour flglm3 

Data 24-hour flglm3 
flglm3 

LOS ANGELES COUNTY 
1 Central LA 70087 087 45* 66* 0* 2(4%)* 30.9* 337 78.3 40.4 10(3.0) 1(0.3) 15.7 63 112 65.6 0.02 
2 Northwest Coastal LA County 70091 091 -- -- -- -- -- -- -- -- -- -- -- 56 88 45.9 --

3 Southwest Coastal LA County 70111 820 60 50 0 0(0%) 25.6 -- -- -- -- -- -- 54 85 42.4 0.01 
4 South Coastal LA County 1 700n on 57 62 0 1(2%) 29.1 346 57.2 38.9 8(2.3) 0 14.2 61 117 55.7 0.01 

_ 4_ .. South Coastal LA County 2 ......................... __ ..... ...7.9..l}.9 ..... _~ 58 81 ........ -~ ?Q§:Y?L 35.8 349 60.9 36.4 7(2.0) 0 13.7 59 130 61.2 0.01 
6 West San Fernando Valley 70074 074 -- -- -- -- 113 50.5 26:2 2(1.8) 6·········· 11:9 ········ -- -- -- --

7 East San Fernando Valley 70069 069 54 66 0 7(13%) 35.6 116 57.5 34.6 2(1.7) 0 14.1 -- -- -- --

8 West San Gabriel Valley 70088 088 -- -- -- -- -- 118 66.0 32.1 2(1.7) 1(0.9) 12.9 55 108 46.7 --

9 East San Gabriel Valley 1 70060 060 49 98 0 13(27%) 35.3 321 53.1 34.8 5(1.6) 0 14.1 59 146 74.9 --

_ 9_ ~~~~?~~q~~~!~l y~II~X?...7.9.?? I ~ -- -- ----=--- ... -- -- -- -- -- -- -- -- -- -- -- --

10 Pomona/Walnut Valley 70075 075 -- -- -- -- -- -- -- -- -- -- -- --

11 South San Gabriel Valley 70185 085 -- -- -- -- -- 114. 47.3 38.0 4(3.5) 0 15.0 57 119 63.2 0.02 
12 South Central LA County+ 70084+ 084+ -- -- -- -- -- 118 44.2 36.5 3(2.5) 0 15.5 51 103 70.4 0.03 
13 Santa Clarita Valley 70090 090 57 91 0 2(4%) 258 

ORANGE COUNTY 
16 North Orange County 30177 3177 
17 Central Orange County 30178 3176 58 61 0 3(5%) 28.6 336 67.9 39.4 13(3.9) 1(0.3) 13.7 
18 North Coastal Orange County 30195 3195 
19 Saddleback Valley 30002 3812 55 42 0 0(0%) 22.6 120 32.6 27.1 0 0 10.4 

RIVERSIDE COUNTY 
22 Norco/Corona 33155 4155 61 86 0 9(15%) 34.4 
23 Metropolitan Riverside County 1 33144 4144 120 115 0 49(41%) 46.6 348 57.7 41.5 14(4.0) 0 16.4 59 222 100.6 0.01 
23 Metropolitan Riverside County 2 33146 4146 116 43.0 39.1 4(3.4) 0 13.4 63 130 69.4 0.01 
23 Mira Loma 33165 5214 61 135 0 35(57%) 57.4 III 50.9 47.1 10(9.0) 0 18.2 
24 Perris Valley }~ 1 ~? ~ 45* 85* 0* 

-'---- .... 1 .. ?(?7:Y?) .~ .... 38.3* 

25 Lake Elsinore 33158 4158 
29 Banning Airport 33164 4164 56 51 0 1(2%) 26.1 
30 Coachella Valley 1 * * 33137 4137 47* 75* 0* 4(9%)* 23.2* 110 18.1 17.1 0 0 7.2 
30 Coachella Valley 2 * * 33157 4157 112 128 0 25(22%) 39.9 113 21.6 18.8 0 0 8.4 

SAN BERNARDINO COUNTY 
32 Northwest San Bernardino Valley 36175 5175 54 87 52.2 0.01 
33 Southwest San Bernardino Valley 36025 5817 62 90 0 15(24%) 38.8 113 54.2 45.0 6(5.3) 0 15.8 
34 Central San Bernardino Valley 1 36197 5197 60 75 0 14(23%) 40.3 112 49.0 47.1 6(5.4) 0 15.4 57 139 80 
34 Central San Bernardino Valley 2 36263 ~ 66 ····· :76 --0- 19(320/;) 42.7 110 43.5 46:1 3(2.7) 6·········· 13:5········· 59 166 83:6 m.m 6:62 ······· 
35 East San Bernardino Valley 36204 5204 61 58 0 4(7%) 29.0 
37 Central San Bernardino Mountains 36181 5181 39* 41 * 0* 0(0%)* 23.9* 
38 East San Bernardino Mountains 36001 5818 58 36.8 33.3 1(1.7) 0 9.2 

DISTRICT MAXIMUM 135 0 49 57.4 78.3 47.1 14 18.2 222 100.6 0.03 

SOUTH COAST AIR BASIN 135 0 68 57.4 78.3 47.1 28 18.2 222 100.6 0.03 

J.lglmj 
- Micrograms per cubic meter of aIr. AAM ~ Annual Arithmetic Mean -- - Pollutant not monitored. 

* Less than 12 full months of data; may not be representative. * * Salton Sea Air Basin. 
+ Site was relocated. 
f) - PM 1 0 samples were collected every 6 days at all sites except for Station Numbers 4144 and 4157 where samples were collected every 3 dsys. 
g) - PM2.5 samples were collected every 3 days at all sites except for the following sites: Station Numbers 060, on, 077, 087, 3176, and 4144 where samples were taken every day, and Station Number 5818 where 

samples were taken every 6 days. 
h) - Total suspended particulates, lead, and sulfate were determined from samples collected every 6 days by the high volume sampler method, on glass fiber filter media. 
i) - Federal annual PM 10 standsrd (AAM > 50 flglm3) was revoked effective December 17, 2006. State standard is annual average (AAM) > 20 flglm3 

j) - U.S. EPA has revised the federal24-hour PM2.5 standard from 65 flglm3 to 35 flglm3; effective December 17, 2006. 
k) - Federal PM2.5 standard is annual average (AAM) > 15 flglm3 State standard is annual average (AAM) > 12 flglm3 

1) - Federallead standard is quarterly average > 1.5 flg/m3; and state standsrd is monthly average;> 1.5 flglm3 U.S. EPA has established the federal standard of 0.15 uglm3, rolling 3-month average, as of October 15, 2008. 

Max. 
Quarterly 
Average 
Conc. l) 

flglm3 

0.02 
--

0.01 
0.01 
0.01 

--

--
--
--
--

--

0.02 
0.02 

0.01 
0.01 

0.01 

6:62 

0.02 

0.02 

Max. 
Conc. 
in 

flglm3 

24-hour 

14.4 
11.1 
14.0 
11.0 
13.2 

--

--

14.1 
18.7 

--

--

10.1 
10.6 

9.1 
7.1 

8.4 

9.5 
8.6 

18.7 

18.7 

~, 
~ . ., 

Printed on 
Recycled 

Paper 

Maps showing the source/receptor area boundaries can be accessed via the Internet by entering your address in the AQMD Current Hourly Air Oualitv Map accessed from http ://www2.agmd. gov/webappligisagi2N EMap3D.aspx orat 

http ://www.agmd. gov/map/MapAOMD2.pdf . A map is also available free of charge from the AQMD Public Information Center at 1-800-CUT -SMOG. 

%Samples 
Exceeding 

State 
Standard 

;> 25 

flglm3 

24-hour 

0 
0 
0 
0 
0 
--

--

0 
0 
--

--

0 
0 

0 
0 

0 

0 
6

m 

0 

0 



2009 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Carbon Monoxide a) Ozone Nitrogen Dioxide d) Sulfur Dioxide e) 

2009 No. Days Standard Exceeded 

Max Max Max Max Fourth Health 
Federal b) State c) 

Max 98'h Annual Max Max 
No Cone Cone No Cone Cone High Advisory Old Current Current Current No Cone Percentile Average No Cone Cone 

SourceiReceptor Area Days III III Days III III Cone ;> 0.15 > 0.12 > 0.075 > 0.09 > 0.070 Days III Cone AAM Days III III 

Station of ppm ppm of ppm ppm ppm ppm ppm ppm ppm ppm of ppm ppm Cone of ppm ppm 
No Location No Data I-hour 8-hour Data I-hour 8-hour 8-hour I-hour I-hour 8-hour I-hour 8-hour Data I-hour I-hour ppm Data I-hour 24-hour 

LOS ANGELES COUNTY 
I Central LA 087 357 3 2.2 365 0139 0.100 0.073 0 I 2 3 5 365 0.12 0.07 0.0281 365 0.01 0.002 
2 Northwest Coastal LA County 091 365 2 1.5 365 0.131 0.094 0.075 0 I 3 6 5 355 0.08 0.06 0.0170 -- -- --
3 Southwest Coastal LA County 820 349 2 1.9 352 0.077 0.070 0.061 0 0 0 0 0 362 0.08 0.07 0.0159 362 0.02 0.006 
4 South Coastal LA County I 072 362 3 2.2 363 0.089 0.068 0.064 0 0 0 0 0 362 0.11 0.07 0.0212 361 0.02 0.005 
4 .. ~.".~t.~ .. ~"..~s..t.~! .. I.:.!.: ... <::'''..':'.':'o/. ... ~ .... 077 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --._--
6 West San Fernando Valley 074 365 4 2.8 365 0135 0.100 0.093 0 I 19 15 31 365 0.07 0.06 0.0171 -- -- --

7 East San Fernando Valley 069 365 3 2.9 365 0145 0.096 0.086 I I 14 16 28 353 0.09 0.07 0.0274 362 0.01 0.003 
8 West San Gabriel Valley 088 365 4 2.1 365 0176 0.114 0.095 I 3 12 12 19 365 0.08 0.06 0.0221 -- -- --
9 East San Gabriel Valley I 060 357 3 1.7 365 0150 0.107 0.091 I 4 17 23 32 365 010 0.07 0.0194 -- -- --
9 591 351 3 2.1 352 0150 0.118 0.108 3 7 42 45 64 350 0.09 0.06 0.0170 -- -- --

------ ...... ~~s..t. .. ~.~~.g~?.:~~.l. y~l.l.~y. .. ~ .... . ............................... M ..................................................................................................... ............................... M ................................................................. ••••••••••••••••••••••••• ••• H •••• 

10 PomonalWalnut Valley 
II South San Gabriel Valley 
12 South Central LA County 
13 Santa Clarita Valley 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Saddleback Valley 

RIVERSIDE COUNTY 
22 Norco/Corona 
23 Metropolitan Riverside County I 
23 Metropolitan Riverside County 2 
23 Mira Loma 
24 Perris Valley 

25 
29 Banning Airport 
30 Coachella Valley 1** 
30 Coachella Valley 2** 

SAN BERNARDINO COUNTY 
32 Northwest San Bernardino Valley 
33 Southwest San Bernardino Valley 
34 ....... <::.~~t.r..~.! .. ~.~':' .. .'.:~.:':'.~.:~~':'.". . .Y.~.I.I.".x..! .. 
34 Central San Bernardino Valley 2 
35 East San Bernardino Valley 
37 Central San Bernardino Mountains 
38 East San Bernardino Mountains 

DISTRICT MAXIMUM 

SOUTH COAST AIR BASIN 

ppm - Parts Per Million parts of air, by volume 

** Salton Sea Air Basin 
+ Site was relocated 

075 365 
085 365 
112+ 354 
090 361 

3177 365 
3176 365 
3195 362 
3812 362 

4155 --
4144 364 
4146 365 
4165 364 
4149 --

4158 365 
4164 --
4137 365 
4157 --

5175 365 
5817 --
5197 365 

5203 363 
5204 --
5181 --
5818 --

3 1.8 365 0138 0.099 0.095 0 I 
3 2.1 365 0.131 0.101 0.072 0 I 
7 4.6 354 0.104 0.086 0.064 0 0 
2 14 357 0.140 0.122 0.103 0 5 

4 2.3 365 0.115 0.082 0.075 0 0 
3 2.7 365 0.093 0.077 0.068 0 0 
3 2.2 365 0.087 0.075 0.066 0 0 
2 1.0 362 0.121 0.095 0.084 0 0 

-- -- -- -- -- -- -- --
2 1.9 346 0.116 0.100 0.089 0 0 
3 1.8 -- -- -- -- -- --
3 24 364 0.118 0.090 0.086 0 0 
-- -- 354 0.125 0.108 0.101 0 I 

I 0.7 365 0128 0.105 0.096 0 I 
-- -- 359 0133 0.104 0.100 0 I 
2 0.7 365 0.120 0.098 0.096 0 0 
-- -- 365 0.097 0.090 0.085 0 0 

2 1.5 365 0.146 0.121 0.102 I 3 
-- -- -- -- -- -- -- --
2 1.5 365 0142 0.128 0.100 0 3 

................................ H ..................................................................................................... ............................... M 

3 1.9 363 0150 0.126 0.101 I 2 
-- -- 365 0145 0.122 0.100 I I 
-- -- 364 0.149 0.117 0.110 2 7 
-- -- -- -- -- -- -- --

7 4.6 0176 0.128 0.110 3 7 

7 4.6 0176 0.128 0.110 15 

AAM ~ Annual Arithmetic Mean -- - Pollutant not monitored 

a) - The federal 8-hour standard (8-hour average CO > 9 ppm) and state 8-hour standard (8-hour average CO > 9.0 ppm) were not exceeded 
The federal and state I-hour standards (35 ppm and 20 ppm) were not exceeded, either 

23 
3 
I 

64 

3 
I 
0 
10 

--
35 
--
22 
67 

37 
70 
53 
24 

49 
--
48 

62 
73 
92 
--

92 

113 

b) - The federal I-hour ozone standard was revoked and replaced by the 8-hour average ozone standard effective June 15, 2005 US. EPA has revised the federal 
8-hour ozone standard from 0.084 ppm to 0.075 ppm, effective May 27,2008 

c) - The 8-hour average California ozone standard of 0.070 ppm was established effective May 17, 2006 

25 37 
8 6 
2 I 

57 77 

4 9 
0 2 
0 3 
7 14 

-- --
25 57 
-- --
15 37 
53 88 

24 65 
55 93 
28 73 
6 41 

51 71 
-- --
45 65 

53 79 
62 91 
70 107 
-- --

70 107 

102 133 

d) - The federal standard is annual arithmetic mean N02 > 0.0534 ppm California Air Resources Board has revised the N02 I-hour state standard from 0.25 ppm to 0.18 ppm and has 
established a new annual standard of 0.030 ppm, effective March 20, 2008. US. EPA has established a new N02 I-hour standard of 100 ppb (0.100 ppm), effective April 7, 2010 

e) - The state standards are I-hour average S02 > 0.25 ppm and 24-hour average S02 > 0.04 ppm US. EPA has revised the federal standard by establishing a new S02 I-hour standard of 

365 
361 
354 
357 

365 
365 
365 
--

--
357 
365 
364 
--

365 
359 
349 
--

363 
--

365 

363 
--
--
--

75 ppb (0.075 ppm) and revoking the existing annual (0.03 ppm) and 24-hour (0.14 ppm) S02 standards, effective August 2,2010. The federal and state S02 standards were not exceeded 

010 
010 
0.09 
0.06 

010 
0.07 
0.07 

--

--
0.08 
0.08 
0.08 

--

0.06 
0.06 
0.05 

--

0.11 
--

0.11 

0.08 
--
--
--

0.12 

0.12 

0.08 0.0274 -- -- --
0.07 0.0259 -- -- --
0.07 0.0214 -- -- --
0.05 0.0151 -- -- --

0.06 0.0206 -- -- --
0.06 0.0179 -- -- --
0.06 0.0130 364 0.01 0.004 

-- -- -- -- --

-- -- -- -- --
0.06 0.0171 364 0.01 0.003 
0.06 0.0200 -- -- --
0.05 0.0158 -- -- --

-- -- -- -- --

0.04 0.0129 -- -- --
0.05 0.0109 -- -- --
0.04 0.0081 -- -- --

-- -- -- -- --

0.07 0.0239 -- -- --
-- -- -- -- --

0.07 0.0235 365 0.01 0.002 

0.06 0.0196 -- -- --
-- -- -- -- --
-- -- -- -- --
-- -- -- -- --

0.08 0.0281 0.02 0.006 

0.08 0.0281 0.02 0.006 

South Coast 
Air Quality Management District 
21865 Copley Drive 
Diamond Bar, CA 91765-4182 
www.aqmd.gov 
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2009 AIR QUALITY 
SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Suspended Particulates PM10 f) Fine Particulates PM2.5 g) Particulates TSP Lead Sulfate 

2009 
SourceiReceptor Area 
No Location 

LOS ANGELES COUNTY 
Central LA 

Station 
No 

No 
Days 
of 
Data 

60 

Max 
Cone 
m 
flgim3 

24-hour 

72 

No. (%) Samples 
Exceeding Standards 

Federal 
> 150 

flgim3 

24-hour 

State 
> 50 

flgim3 

24-hour 

4(6.7) 

Annual 
Average 
Conc. h) 

(AAM) 
flgim3 

33.1 

No 
Days 
of 
Data 

359 

Max 
Cone 
m 
flgim3 

24-hour 

61.7 

98
th 

Percentile 
Cone. in 
flgim3 

24-hour 

34.0 

No.(%) 
Samples 

Exceeding 
Federal Std 

> 35 flgim3 

24-hour 

7(1.9) 

Annual 
Average 
Conc. i) 

(AAM) 
flgim3 

14.3 

No 
Days 
of 
Data 

61 

Max 
Cone 
m 
flgim3 

24-hour 

148 

Annual Max 
Average Monthly 

Cone Average 
(AAM) Conc. j) 
flgim3 flgim3 

66.8 0.02 
59 99 50.8 Northwest Coastal LA County 

Southwest Coastal LA County 

087 
091 
820 
072 
077 

074 

60 52 25A 48 87 42A 0.01 
4 South Coastal LA County 1 57 62 30.5 328 63.0 34.2 6(1.8) 130 60 128 55A 0.01 

4 ....... ~.~.~.t.~ .. ~.?~.s..~~~ .. !:.::: .. ~.?.~~Y.. .. ~ ... . 
West San Fernando Valley 

1 ..... ..... 5 .... 6 ... .. .. .. .. ................ 8 ... 3 ................... .. .. .. .. .. .. .. .. .. .. .. .. .. ..... _._._5 .. "(8._1. ... 9_: )_._ .. __ ......... 3 .... 3 ...... 2............ 1 ~?g . ?? ~ _ ~??~Q~) . I ? ? _._._5.?_._._ ! ?? ... _._~5c.~._._ gg! _ 
110 39.9 27.2 1 (0.9) 11 A 

7 East San Fernando Valley 069 60 80 11(18.3) 
West San Gabriel Valley 088 
East San Gabriel Valley 1 060 52 74 7(13.5) 

~~~~?~':'q~?E!~l y~II~X2.??! ._._._._._._._._. __ 
10 PomonalWalnut Valley 075 
11 South San Gabriel Valley 085 
12 South Central LA County+ 112+ 
13 Santa Clarita Valley 090 53 56 1(1.9) 

ORANGE COUNTY 
16 North Orange County 
17 Central Orange County 
18 North Coastal Orange County 
19 Saddleback Valley 

RIVERSIDE COUNTY 
22 NorcoiCorona 

3177 
3176 
3195 
3812 

56 

60 

59 
119 

63 

56 

79 
77 

1(1.8) 

1(1.7) 

7(11.9) 
35(29A) 

39.2 

32.0 

23A 

30.9 

23.5 

35.6 
42.5 23 Metropolitan Riverside County 1 

23 Metropolitan Riverside County 2 
23 Mira Lorna 59 108 53A 

243 67.5 34A 4(1.6) 14A 
109 52.0 35.7 3(2.8) 12.3 59 
153 72.1 42.9 6(3.9) 12.8 58 

118 71.1 
114 69.2 

334 64.6 

116 39.2 

347 54.5 
114 42.2 
229 49.2 

35A 
37.7 

32.1 

23.8 

39.6 
34.0 
40.6 

2(1.7) 
3(2.6) 

4(1.2) 

1(0.9) 

13(3.7) 
2(1.8) 
14(6.1) 

14.8 
14.7 

11.8 

9.5 

15.3 
13A 
16.9 

59 
57 

60 
61 

153 48.5 
208 74.9 

194 69.7 
118 59.6 

161 
162 

87.6 
66.0 

0.04 
0.03 

0.01 
0.01 

Max Max 

Quarterly Conc 
Average 
Conc j ) 

flgim3 

0.01 

0.01 
0.01 
0.01 

0.02 
0.02 

0.01 
0.01 

m 

flgim3 

24-hour 

9.8 
9.1 
8.6 
13.6 
12.1 

8.8 
7.9 

9.9 
9.9 

7.3 
6.8 

24 ...... ~.~.r.r..l.s. .y.~.I.I.~X ... . 
25 Lake Elsinore 
29 Banning Airport 

4155 
4144 
4146 
4165 
4149 

4158 
4164 
4137 
4157 

58 80 9(15.5) 34.8 I··· ·· ······ ······ ·· ·· ·· ·· ···························· .......... .. .. .. .. .. .. .. .. .. .. .. .. .. .. ......... --~ ............ , ........ _ .................... I····················································· .......... - ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .................................. .......................................................... ............................................................... _ ... . 

30 Coachella Valley 1 ** 
30 Coachella Valley 2** 

SAN BERNARDINO COUNTY 
32 Northwest San Bernardino Valley 5175 
33 Southwest San Bernardino Valley 5817 
34 Central San Bernardino Valley 1 5197 

··········34 ··· c~;;i~~is~;;B~~;;~~d;;;~··v;ii~y2 ······················520:3···· 
35 East San Bernardino Valley 5204 
37 Central San Bernardino Mountains 5181 
38 East San Bernardino Mountains 

DISTRICT MAXIMUM 

SOUTH COAST AIR BASIN 

~g/m3 - Micrograms per cubic meter of air 
** Salton Sea Air Basin 
+ Site was relocated 

5818 

59 
54 
120 

62 
60 
52 
60 
51 

99 
140 
132 

70 
75 
66 
52 
57 

140 

108 

o 
o 
o 
o 

1(1.7) 
1(1.9) 
9(7.5) 

13(21.7) 
11(21.2) 

35 

60 

AAM ~ Annual Arithmetic Mean 

25.9 
22.6 
32.5 

35.6 
40.2 
41.5 
30.2 
24.5 

53A 

53A 

112 
112 

21.8 
27.5 

14.6 
170 

35.9 
32.7 

········· lio············· 37 8-- -····· ·· ···:35 .·2···· 

114 46.9 
118 46A 

56 40.8 29A 

72.1 42.9 

72.1 42.9 

-- - Pollutant not monitored 

1) - PMIO samples were collected every 6 days at all sites except for Station Numbers 4144 and 4157 where samples were collected every 3 days 

6.7 
7.9 

3(2.6) 14.7 
59 123 58.5 

2(1.7) 14.3 58 185 84.3 

0.01 0.01 

2(18) · 13 0 ·········6'1··········· 125 ········-74..:3 ········ 001 - 001 

1(1.8) 9.9 

14 16.9 208 87.6 0.04 0.02 

27 16.9 208 87.6 0.04 0.02 

g) - PM2.5 samples were collected every 3 days at all sites except for the following sites: Station Numbers 069. 072. 077. 087. 3176. 4144 and 4165 where samples were taken every day. and Station Number 5818 where 
samples were taken every 6 days 

h) - Federal annual PMIO standard (AAM > 50 flgim3) was revoked effective December 17. 2006. State standard is annual average (AAM) > 20 flgim3 
i) - Federal PM2.5 standard is annual average (AAM) > 15.0 flgim3 State standard is annual average (AAM) > 12.0 flgim3 
j) - Federal lead standards are rolling 3-month average> 0.15 flgim3. and quarterly average> 1.5 flgim3 State standard is monthly average;> 1.5 flgim3 

6.8 

6.7 
7.1 

13.6 

13.6 

Maps showing the sourceireceptor area boundaries can be accessed via the Internet by entering your address in the AQMD Current Hourly Air Ouality Map accessed from http iiwww2 agmd goviwebaool/glsag12!VEMap3D aspx 

or at http ://www.agmd.govimap/MapAOMD2.pdf A map is also available free of charge from the AQMD Public Information Center at 1-800-CUT-SMOG 

No. Days 

Exceeding 
State Std 

;> 25 flgim3 

24-hour 

o 
o 

~"' ~.~ 
Printed on 
Recycled 

Paper 
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APPENDIX C 

MAPS AND TABLES OF AREA DESIGNATIONS FOR 
STATE AND NATIONAL AMBIENT AIR QUALITY STANDARDS 

This attachment fulfills the requirement of Health and Safety Code section 40718 for 
ARB to publish maps that identify areas where one or more violations of any State 
ambient air quality standard (State standard) or national ambient air quality standard 
(national standard) have been measured. The national standards are those 
promulgated under section 109 of the federal Clean Air Act (42 U.S.C. 7409). 

This attachment is divided into three parts. The first part comprises a table showing the 
levels, averaging times, and measurement methods for each of the State and national 
standards. This is followed by a section containing maps and tables showing the 
2012 area designations for each pollutant for which there is a State standard in the 
California Code of Regulations, title 17, section 70200. The last section contains maps 
and tables showing the most current area designations for the national standards. 
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Ambient Air Quality Standards 

Avemging [aTifomia Standards 1 NatiOniil, Stalildards 2 
Pollu:t.alilt 

Time COlllcentrlltii.olil 3 Melfilodl 4 Primary J,5 Secolldary 3,1ii MetlJilOd 7 

1 HoLJl'" 0 .. 00 pp m (Ul€l 1l1!im1 -
Ozone IOJ) l.lItm'o'iolet S~eas I.JJtr.J,viole~ 

hotcm~ Primary StandaJDd h.otomeUy 
III ur tlID[) ppm ~137 ~Qim~ (LOTti [ppm (147 l-llJ!'af:I 

Respirable 24 our 51] j.JgIm l 15[1 I-lgrn? enial So=paJiat ioo 

P.articulate 
Gra'oIimetric or Same-as 

and Gra ... ~me1Jiic, 
Aru1ll1~1 Be!l3JAttsmraOOn limal)' Standard 

Analy-si;s Matter fPM10~ AIi!hmetic Me 2(] IJiI fml -

Fine 24 Hour - - 35 1Jg/m~ -ef'b-a1 Sepafiat ion 

Parliiculaie 
Sameas-

and Gca~.,meR 

Matter (PM2.5) 
AnnLla! 

2 J-loQ fml 
Gr.a>oIimetric or 

.'i lJglml 
Primary .9toandBKl 

An. Eli!;: 
AIiIh tic Me Bela Atle<IlLfaUon 

1 l-lolJr 20 ppm {:23 rngIm l l 35 ppm (40 rngIm] -
CalDOn on-Dispersive Non -Oiispersive 

Monoxide 8J-i1:Jur QuO ppm ~ 1 0 m Qi'm3) InfIared Photometty Q ~( 1 0mglm]l - loo-ared Photome1l)' 

(CO) ( DI ) OIR} 
El l-lolJr 

6PPIll {7 m~m1 (Lake Tahoe) 
- -

Nitrogen ' l-lolJr . T8 F,',Pm (3'3Q Jlg/tn]} f !J ppb (1;88, ~]) -
Gas Phase- G asF'hase 

Dioxide (NO~tII ArullLIa! CfTtemU um - escenc:e Samleas- Chern! mihesce.nce 

AIifflm etic Me 
OJ)3{J P{m (57 1lg(m3) 5$ ppb (100 pglrn]} 

'Primal)' Standard 

1 I-lour (L25 pp m (8!i5 pgfm~ 75 I=IpD (1 00 pglm~ -

(U5IPpm Ultravio e:t 

Sulfur [)imCJicfe 
31-!c!ur- - -

( -1300 w /nl} FICW'!!5cence; 
avio ~ 

(soil Fluareso:nre 
Spectrophotometry 

24 HOOf .04 pp m (Ul§ Il~} 
D.14 ppm 

- (PararoslIDi line 
{fur cerbfu are.asl MethGd} 

Aruma! Ml (]30 ppm 

AIi lhmetic Mean 
-

(far cer'.mn a reas}3 -

3Ill ay A''erage 1 .. 5: 1l (Jlni~ - -

1.5 iJg!m
3 h. VoIllIITle 

LealIUl,11 Calendar Quarter - AlDmic Absorptian (for certain areas)t\ Sam;pIe;r and A tomic 
SameBiS-

AbScqItioo 

RoIIl:nIl M.~nlh 
rima!)' -Standard 

P.veI'ilJ:j!2 
- 11. 1 51J-l~ 

Visibility Beta ,A.it'200a.!iDn and 
Reducing 8, our See rootnDie :1 Tran.smililance No 
Pru1io1es1l2 ihrough FmetrTape 

Sulfates 25 iJGIm] ron Cf1lroQ\atogril~ 
INat ional 

24 Hom-

Hydrogen 
1 l-lolJr 3 p,pm (42 IJ-lgll1R~ 

Llit:ra,vio1e' 

Sulfi,de 
(]. 

Flooreso=nee Standards 
Vinyl 

24 Hoor OJ] 1 ~prn (216lJgIHfj 
Ga.si 

Chlorideu Chromatog~1ty 

See footnotes on Ilext page .•. 

I'o-J' m-llI:ei:nfOnnatiaa pIe:tse ~:.II ARB-P10at (916) 312-.2990 
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L CaWbmia standards for OZOIle, couOOu 1Jl(). xi.de (except &-!heur Lal:;e Tlilioe), :rolli.u dioKide (1 andI241 DOW"), mlrogeu dioKide, and 
prutic1.l.late IIIi."ltta-a'MlO, PM2.5 and vi.:libility reduciJJ.g p;uticles.) are ... ra.lUe'l lihat are not to beexeeeded. lUI 0 en; me 11 .t to be 
'eqt'laied or exceeded CMowa ambient a]r ~uility 'Stmd.1!ds. are listed:in the T~ble of Standards m. SectiOJl moo of Title 1 oflhe. 
Cabfomia Code ofReguhtiOJl.\i. 

1. Nation:3il standard;: (ather th<m owe', p:nticulate lllilttfi ::mdi thore liaiSed. on aIlllllill aritlnneiic me:m) are not to be ,eKceeded mOle Iban 
once a year. The ()Zone standard .is -attained'l .... hen the fmu1h highest S-hOM coocentrnti.on ~a51.lI'ed at each site in a }'ear, alleraged over 
tbr:eeyeaIS, 1;; equal to or le&.sth.1Iil. ihe st3!nd"lId. For PMI0, the 24 .1rour stmrlamis: atfainedlwhen the eAllectedmunber of days ~ 
{:rut"nJar year .!iidt 1I14-hom average ooneentralion~bove 150 f1glm~ is ex:p1al to or less than cme. For PM25, the ]4lJ.om standard .is 
ii.ttained .• men 9& percem of the daily ooncenlmtiOllS, averaged O\ref three years,. m:: ,eqmllo or le.;;s tbam the ,;:t.mdard COll'tactllie U.s. 
:EPA for ti!rthe;r clarification and cUlJem national policies. 

3. Gonrentr:ah.on expressed fu,~ in 1lDIits in which. it was ]lIGmulgmrl Eqni"'aient unils given in parentheses are b.lIred! upon a refereooe 
·temperature of])"'C and :Ii refere,nce p=rure of 760 tOlL M()st mea:mr:eme-.ms of air quality are to be cm:rected to a refereooe; 
tempeunue oL.J>C and areferellCe pres.5lll!Ce of 700 ton: ppm in thi;; ttlJle refers, to ppm by volwne, or wicWlllOJes QEpQ/ffimmt per mole 
of gas. 

4. _~}' equivalent IDeaSllJ[emen! melhodwhieh rail be shown to the satisfact:iOOl of lite J\RB to give equivalent re.rults at ill ne.n the le.'eI of 
Ihe air quality stmd.vd IWIY be I.l.&!ld. 

6. ation'3il Seoond.1I}' . tandards: 'I'he levels oE air qaalify necessary IQ protect the public weliare n-om any knl}v.ll or anticipated ad:.ren<;e 
,effect;; ofa polllltant. 

RefeIe,llCe method as desC'ribeil by the Us. EPA . .1m "equivalent DEtbod" ofmeas:urenEllt may be used but Il)1iJ;lt have a ' ooIW~tent 
l elatimmnp to the reli'Iem:e Iffithod" aD.d mllst be appIDved by the U.S. EPlL 

It To attain. the 1 Jb.Olll[ nati()lli]] ~l:andard, the .l-j"elll" -aVffage of fuEl 8nnual 98th pac.enl:i1€ of the i -bom daily Ill.1NimliIlll coneentraMn& at 
each !Site must not exceed 100 ppb. Note that the illl,tiOnal mmdard& Me in units of parts per Dillion (PPb)_ Cahlornia standa!rd'l are in units 
ofpart;: per million (ppm). To meetly aJ~e the Illlllolllil standards to the California stmcia:rds the Wlilts Cill be colTh-ertedfiomppb to 
ppm. In Ibis c:a5e, the national s-iandard's IOf )3 PIW' and 100 !ph me id.eniica!I to 0.063 ppm and 0.100 ppm, respec:ti.\rely. 

9. On 1une 2, 1010, a new l~hmu SO::: s11mdardi 'l;Va:S estlbfuhed md the existing 24-lriMll: a!!ld. annual pTImuy st.:mdru-CS we.rerer.roked. To 
~ttain the l-how" natiooa\ ~d, the 3-year 3'\."eIllge of the aJJllu.al99th pw.-:enlile of the I-bmu daily Im...Wnllm C~l)ns at each 
~te llJl..l:lt 110 ~eed! ) pph. The ]97 SOl national stmd.1Ids (l4-hQur and aJlJ11.l.al) reIWlin in eliect mLiil one }~.a:r after an CU'e-ll is 
designated. for the 1010 stmdirrd, e:xoep . that in arelllS designated IIDllilttaimne-lll: fur the 1971 standardS, the 191 n standllrd;;,I,emain in 
dfect lllltill i!mplemeutatiicm plans t() attain or illlIimain the 2010 standard& are appro~ed. 

Note that the 1-hum naticm:3il mndarJ! is .in mlits ofpms per lillioo (PPb) Clliifomia staruIDrn, are in units ofparu pe.nnillion (ppm). To 
directly compowe!:he J-hoor IIlItiomi standard.!() I:he ailifomia stand.1!d !:he uoir@s em be coovertedi to ppm. hi Ihis, case., the nati.cm-al 
stll!lldlnd On) ppb is identic"l ~o 0.075 ppm 

111. The ARB bas identiifierl lelld and ... 'inyl chloride as 'roxie air OO!lt;llnjna!]~' with no tmeiliold lel,'el of expoc:mre for ilID..'efie he-aJlfu effects 
detemrinedL 'Ib.ese Olcti!JIIS alJm.v fbI the implementatlOEI of cootrol !Ile35ures lilt le!\!els bellJ\v the Iilllblent oonc.entratl(llb'; !JIecified for 
·these pollutcanll;. 

I L Tire Il3Jti~nal ~d for le.ad "''as revised 001 October 15, 100& to a wiling l-~ average .. Th.e 19m h?.ad sW1daJrd (1. 5 ~lglm3 aB a 
'quarterly avenge) rellllrilli; in effect illlfil one }'e-3!l" :d'ter ilIl area i1: designated. for ·the 200& stmdaro, except that in are.;)!; desigwted 
nonatmilJ:Ine,nt fur the 1978 ,rtandard. the l~m: standard IeIllilins m. effecttmhl implementation plms to llttain or maint:Jiin. the _(I{IB 

standaIil !lIe!!ippnt.'ed. 

I2. In: 191N, the ,0Jffi oonJrerted both the general statewide lO-mile \lisiliilitJr stlml:J!anli ,an~ the Lake Tahoe 30c.mile !.'is!1rility ~t::mdard to 
instrtlIllenia!] eqID:waJe-ms, whim.:u-e ~e."d:inctiD'n ofOB pEJ"b1Gnle.tern mrlI ~&ti:nrticmofO.07per~rern fill the statewide andllke 
Tahoe _A.ir Basin s.t:mdiarJs, reSJlecti\'eij'. 

Califomia Air ReslHu~s Bo:ud {'1 7/ I::!: 
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Area Designations for the State Ambient Air Quality Standards 

The following maps and tables show the area designations for each pollutant with a 
State standard set forth in the California Code of Regulations, title 17, section 60200. 
Each area is identified as attainment, nonattainment, nonattainment-transitional, or 
unclassified for each pollutant, as shown below: 

Attainment 
Nonattainment 
Nonattainment-Transitional 
Unclassified 

A 
N 
NA-T 
U 

In general, ARB designates areas by air basin for pollutants with a regional impact and 
by county for pollutants with a more local impact. However, when there are areas within 
an air basin or county with distinctly different air quality deriving from sources and 
conditions not affecting the entire air basin or county, ARB may designate a smaller 
area. Generally, when boundaries of the designated area differ from the air basin or 
county boundaries, the description of the specific area is referenced at the bottom of the 
summary table. 
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SA;.i\J FRh.!\!C:aSGO 
BAY AREA M~nr. 

nORTH 
CENTRAL 
C(}.>.\ST 

r=I Uild~s~ined 
Attf.!lnmen'i 

SOUTH _ 
CENTRtL 
O-"lil;ST 

DJIIIl !)on'attain mente TfCln&lim''.la i 

Ry'Z?'l ~J po r:;altain rtlf.<ni. 

-AlrBasil) 
-------- COlln!1I 

S·[ftlrCi·[,}a;t:e, 
f~h·tu.~ry2ntL: 

.»::': (;h.m;iJt~· Ca11i ttf.la~ ~1::. PTSl?: 

FIGURE 1 

2012 
A.rea Des ig nations for State 

Ambient Air Quality Staru:Jards 
OZONE 

- MOUNTil.1 rJ CD UNT1 E8 
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TABLE 1 

California Ambient Air Quality Standards 
Area Designations for Ozone (1) 

N NA-T U A 

GREAT BASIN VALLEYS AIR BASIN NORTH COAST AIR BASIN 

Alpine County X NORTHEAST PLATEAU AIR BASIN 

Inyo County X SACRAMENTO VALLEY AIR BASIN 

Mono County X Colusa and Glenn Counties 

LAKE COUNTY AIR BASIN X Solano, Sutter, Yolo, and Yuba Counties 

LAKE TAHOE AIR BASIN X Remainder of Air Basin 

MOJAVE DESERT AIR BASIN X SAL TON SEA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN SAN DIEGO AIR BASIN 

Amador County X SAN FRANCISCO BAY AREA AIR BASIN 

Calaveras County X SAN JOAQUIN VALLEY AIR BASIN 

EI Dorado County (portion) X SOUTH CENTRAL COAST AIR BASIN 

Mariposa County X SOUTH COAST AIR BASIN 

Nevada County X 

Placer County (portion) X 

Plumas County X 

Sierra County X 

Tuolumne County X 

NORTH CENTRAL COAST AIR BASIN X 

N NA-T U 

X 

X 

X 

X 

X 

X 

X 

X 

X 

(1) AB 3048 (Olberg) and AB 2525 (Miller) signed into law in 1996, made changes to Health and Safety Code, section 40925.5. 
One of the changes allows nonaltainment districts to become nonatlainment-transitional for ozone by operation of law. 
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TABLE 2 

California Ambient Air Quality Standards 
Area Designation for Suspended Particulate Matter (PM10) 

N U A N U A 

GREAT BASIN VALLEYS AIR BASIN X NORTH CENTRAL COAST AIR BASIN X 

LAKE COUNTY AIR BASIN X NORTH COAST AIR BASIN 

LAKE TAHOE AIR BASIN X Sonoma County (portion) X 

MOJAVE DESERT AIR BASIN X Remainder of Air Basin X 

MOUNTAIN COUNTIES AIR BASIN NORTHEAST PLATEAU AIR BASIN 

Amador County X Siskiyou County X 

Calaveras County X Remainder of Air Basin X 

EI Dorado County (portion) X SACRAMENTO VALLEY AIR BASIN X 

Mariposa County SAL TON SEA AIR BASIN X 

- Yosemite National Park X SAN DIEGO AIR BASIN X 

- Remainder of County X SAN FRANCISCO BAY AREA AIR BASIN X 

Nevada County X SAN JOAQUIN VALLEY AIR BASIN X 

Placer County (portion) X SOUTH CENTRAL COAST AIR BASIN X 

Plumas County X SOUTH COAST AIR BASIN X 

Sierra County X 

Tuolumne County X 
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TABLE 3 

California Ambient Air Quality Standards 
Area Designations for Fine Particulate Matter (PM2.5) 

N U 

GREAT BASIN VALLEYS AIR BASIN 

LAKE COUNTY AIR BASIN 

LAKE TAHOE AIR BASIN 

MOJAVE DESERT AIR BASIN 

San Bernardino County 

- County portion of federal Southeast 
X 

Desert Modified AQMA for Ozone (1 ) 

Remainder of Air Basin X 

MOUNTAIN COUNTIES AIR BASIN 

Plumas County 

- Portola Valley (2) X 

Remainder of Air Basin X 

NORTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN 

SACRAMENTO VALLEY AIR BASIN 

Butte County X 

Colusa County 

Placer County (portion) 

Sacramento County X 

Shasta County 

Sutter and Yuba Counties 

Remainder of Air Basin X 

(1) California Code of Regulations, title 17, section 60200(b) 

(2) California Code of Regulations, title 17, section 60200(c) 

(3) California Code of Regulations, title 17, section 60200(a) 

A 

X SAL TON SEA AIR BASIN 

X Imperial County 

X - City of Calexico (3) 

Remainder of Air Basin 

SAN DIEGO AIR BASIN 

SAN FRANCISCO BAY AREA AIR BASIN 

SAN JOAQUIN VALLEY AIR BASIN 

SOUTH CENTRAL COAST AIR BASIN 

San Luis Obispo County 

Santa Barbara County 

Ventura County 

SOUTH COAST AIR BASIN 

X 

X 

X 

X 

X 

X 

X 
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TABLE 4 

California Ambient Air Quality Standards 
Area Designation for Carbon Monoxide* 

N NA-T U A 

GREAT BASIN VALLEYS AIR BASIN SACRAMENTO VALLEY AIR BASIN 

Alpine County X Butte County 

Inyo County X Colusa County 

Mono County X Glenn County 

LAKE COUNTY AIR BASIN X Placer County (portion) 

LAKE TAHOE AIR BASIN X Sacramento County 

MOJAVE DESERT AIR BASIN Shasta County 

Kern County (portion) X Solano County (portion) 

Los Angeles County (portion) X Sutter County 

Riverside County (portion) X Tehama County 

San Bernardino County (portion) X Yolo County 

MOUNTAIN COUNTIES AIR BASIN Yuba County 

Amador County X SAL TON SEA AIR BASIN 

Calaveras County X Imperial County 

EI Dorado County (portion) X Riverside County (portion) 

Mariposa County X SAN DIEGO AIR BASIN 

Nevada County X SAN FRANCISCO BAY AREA AIR BASIN 

Placer County (portion) X SAN JOAQUIN VALLEY AIR BASIN 

Plumas County X Fresno County 

Sierra County X Kern County (portion) 

Tuolumne County X Kings County 

NORTH CENTRAL COAST AIR BASIN Madera County 

Monterey County X Merced County 

San Benito County X San Joaquin County 

Santa Cruz County X Stanislaus County 

NORTH COAST AIR BASIN Tulare County 

Del Norte County X SOUTH CENTRAL COAST AIR BASIN 

Humboldt County X SOUTH COAST AIR BASIN 

Mendocino County X Los Angeles County (portion) 

Sonoma County (portion) X Orange County 

Trinity County X Riverside County (portion) 

NORTHEAST PLATEAU AIR BASIN X San Bernardino County (portion) 

* The area designated for carbon monoxide is a county or portion of a county 
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TABLE 5 

California Ambient Air Quality Standards 
Area Designation for Nitrogen Dioxide 

N U A 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAL TON SEA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN DIEGO AIR BASIN 

MOJAVE DESERT AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X 
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TABLE 6 

California Ambient Air Quality Standards 
Area Designation for Sulfur Dioxide* 

N U A 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAL TON SEA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN DIEGO AIR BASIN 

MOJAVE DESERT AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X 

* The area designated for sulfur dioxide is a county or portion of a county 
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TABLE 7 

California Ambient Air Quality Standards 
Area Designation for Sulfates 

N U A 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAL TON SEA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN DIEGO AIR BASIN 

MOJAVE DESERT AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X 
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TABLE 8 

California Ambient Air Quality Standards 
Area Designations for Lead (particulate)* 

N U A 

GREAT BASIN VALLEYS AIR BASIN X SAL TON SEA AIR BASIN 

LAKE COUNTY AIR BASIN X SAN DIEGO AIR BASIN 

LAKE TAHOE AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOJAVE DESERT AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTH COAST AIR BASIN X Los Angeles County 

NORTHEAST PLATEAU AIR BASIN X Remainder of Air Basin 

SACRAMENTO VALLEY AIR BASIN X 

* The area designated for lead is a county or portion of a county 
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TABLE 9 

California Ambient Air Quality Standards 
Area Designation for Hydrogen Sulfide* 

N NA-T U A 

GREAT BASIN VALLEYS AIR BASIN NORTH CENTRAL COAST AIR BASIN 

Alpine County X NORTH COAST AIR BASIN 

Inyo County X Del Norte County 

Mono County X Humboldt County 

LAKE COUNTY AIR BASIN X Mendocino County 

LAKE TAHOE AIR BASIN X Sonoma County (portion) 

MOJAVE DESERT AIR BASIN - Geyser Geothermal Area (2) 

Kern County (portion) X - Remainder of County 

Los Angeles County (portion) X Trinity County 

Riverside County (portion) X NORTHEAST PLATEAU AIR BASIN 

San Bernardino County (portion) SACRAMENTO VALLEY AIR BASIN 

- Searles Valley Planning Area (1) X SAL TON SEA AIR BASIN 

- Remainder of County X SAN DIEGO AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN SAN FRANCISCO BAY AREA AIR BASIN 

Amador County SAN JOAQUIN VALLEY AIR BASIN 

- City of Sutter Creek X SOUTH CENTRAL COAST AIR BASIN 

- Remainder of County X San Luis Obispo County 

Calaveras County X Santa Barbara County 

EI Dorado County (portion) X Ventura County 

Mariposa County X SOUTH COAST AIR BASIN 

Nevada County X 

Placer County (portion) X 

Plumas County X 

Sierra County X 

Tuolumne County X 

* The area designated for hydrogen sulfide is a county or portion of a county 

(1) 52 Federal Register 29384 (August 7, 1987) 

(2) California Code of Regulations, title 17, section 60200(d) 
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TABLE 10 

California Ambient Air Quality Standards 
Area Designation for Visibility Reducing Particles 

N NA-T U A 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAL TON SEA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN DIEGO AIR BASIN 

MOJAVE DESERT AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X 
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Area Designations for the National Ambient Air Quality Standards 

The following maps and tables show the area designations for each pollutant with 
a national ambient air quality standard. Additional information about the federal area 
designations is available on the U.S. EPA website: 

http://www.epa.gov/airprogm/oar/oaqps/greenbk 

Over the last several years, U.S. EPA has been reviewing the levels of the various 
national standards. The agency has already promulgated new standard levels for some 
pollutants and is considering revising the levels for others. Information about the status 
of these reviews is available on the U.S. EPA website: 

http://epa.gov/airqua/ity/urbanair/ 

Designation Categories 

Ozone and Suspended Particulate Matter (PM10). The U.S. EPA uses three categories 
to designate areas with respect to ozone and PM1Q: 

• Attainment 
• Nonattainment 
• Unclassifiable 

The national 1-hour ozone standard was revoked effective June 15, 2005, and the 
current area designations reflect the 2008 national 8-hour ozone standard of 
0.075 ppm. These designations were finalized on April 30,2012. 

Fine Suspended Particulate Matter (PM2.5), Carbon Monoxide (CO), and Nitrogen 
Dioxide (N02). The U.S. EPA uses two categories to designate areas with respect to 
these standards: 

• Nonattainment 
• Unclassifiable/Attainment 

New national area designations for PM2.5 became effective December 14, 2009. These 
designations reflect both the annual average standard of 15 !-Ig/m3 and the recently 
revised (December 2006) 24-hour standard of 35 !-Ig/m3. 

On January 22,2010, the U.S. EPA established a new national1-hour N02 standard of 
100 parts per billion (ppb) and retained the annual average standard of 53 ppb. New 
designations for the primary N02 standard became effective on February 29, 2012. All 
areas of California meet this standard. 
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Sulfur Dioxide (S02). The U.S. EPA uses four categories to designate areas with 
respect to the 24-hour and annual average sulfur dioxide standards. These 
designation categories are: 

• Does not meet the primary standards, 
• Does not meet the secondary standards, 
• Cannot be classified, and 
• Better than the national standards. 

In California, the first two designation categories listed above are not applicable 
because all areas of California either meet the primary and secondary standards or are 
unclassifiable. The map and summary table for sulfur dioxide show areas that cannot 
be classified as "u" for unclassifiable and areas that are better than the national 
standards as "A" for attainment. 

On June 2,2010, the U.S. EPA established a new primary i-hour S02standard of 
75 parts per billion (ppb). At the same time, U.S. EPA revoked the 24-hour and annual 
average standards. U.S. EPA is currently in the process of designating areas for the 
2010 national i-hour S02 standard of 75 ppb. However, these designations are not 
expected to be finalized until June 2012. 

Lead (particulate). The U.S. EPA promulgated a new lead standard in October 2008 of 
0.15 jJg/m3 for a 3-month average. This new standard is ten times lower than the 
former lead standard. Effective December 31, 2010, several areas in the nation 
became nonattainment for lead, based on data collected during 2007 through 2009. All 
other areas were designated as unclassified. These unclassified designations will be 
resolved over the next several years, as data from a new, source-oriented monitoring 
network become available. 

Designated Areas 

From time to time, the boundaries of the California air basins have been changed to 
facilitate the planning process. ARB generally initiates these changes, and they are not 
always reflected in the U.S. EPA's area designations. For purposes of consistency, the 
maps in this attachment reflect area designation boundaries and nomenclature as 
promulgated by the U.S. EPA. In some cases, these may not be the same as those 
adopted by ARB. For example, the national area designations reflect the former 
Southeast Desert Air Basin. In accordance with Health and Safety Code 
section 39606.1, ARB redefined this area in 1996 to be the Mojave Desert Air Basin and 
Salton Sea Air Basin. The definitions and boundaries for all areas designated for the 
national standards can be found in Title 40, Code of Federal Regulations (CFR), 
Chapter I, Part 81.305. They are available on the web at: 

http://www.access.gpo.gov/nara/cfr/waisidx_05/40cfrB1_05.html 

Once at this website, scroll down to Part 81.305 to view the California area 
designations. 
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TABLE 11 

National Ambient Air Quality Standards 
Area Designations for 8-Hour Ozone* 

N utA 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN (cont.) 

LAKE COUNTY AIR BASIN X Yolo County (2) 

LAKE TAHOE AIR BASIN X Yuba County 

MOUNTAIN COUNTIES AIR BASIN SAN DIEGO COUNTY 

Amador County X SAN FRANCISCO BAY AREA AIR BASIN 

Calaveras County X SAN JOAQUIN VALLEY AIR BASIN 

EI Dorado County (portion) (2) X SOUTH CENTRAL COAST AIR BASIN (1) 

Mariposa County X San Luis Obispo County 

Nevada County - Eastern San Luis Obispo County 

- Western Nevada County X - Remainder of County 

- Remainder of County X Santa Barbara County 

Placer County (portion) (2) X Ventura County 

Plumas County X - Area excluding Anacapa and San 
Nicolas Islands 

Sierra County X - Channel Islands (1) 

Tuolumne County X SOUTH COAST AIR BASIN (1) 

NORTH CENTRAL COAST AIR BASIN X SOUTHEAST DESERT AIR BASIN 

NORTH COAST AIR BASIN X Kern County (portion) 

NORTHEAST PLATEAU AIR BASIN X - Indian Wells Valley 

SACRAMENTO VALLEY AIR BASIN Imperial County 

Butte County X Los Angeles County (portion) 

Colusa County X Riverside County (portion) 

Glenn County X - Coachella Valley 

Sacramento Metro Area (2) X - Non-AQMA portion 

Shasta County X San Bernardino County 

Sutter County - Western portion (AQMA) 

- Southern portion of Sutter County X - Eastern portion (non-AQMA) 
(2) 

- Remainder of Sutter County X 

Tehama County 

- Tuscan Buttes X 

- Remainder of Tehama County X 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 
Areas may include Indian country of tribes listed in the tables located on the U.S. EPA website at: 
http://www.epa.gov/airguality/ozonepollution/designations/2008standards/final /tribalf.htm and 
http: //www.epa.gov/airguality/ozonepollution/designations/2008standards/documents/20120430desfr.pdf. 

(1) South Central Coast Air Basin Channel Islands: 
Santa Barbara County includes Santa Cruz, San Miguel, Santa Rosa, and Santa Barbara Islands. 
Ventura County includes Anacapa and San Nicolas Islands. 

South Coast Air Basin: 
Los Angeles County includes San Clemente and Santa Catalina Islands. 

N 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

(2) For this purpose, the Sacramento Metro Area comprises all of Sacramento and Yolo Counties, the Sacramento Valley Air Basin 
portion of Solano County, the southern portion of Sutter County, and the Sacramento Valley and Mountain Counties Air Basins 
portions of Placer and EI Dorado counties. 
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TABLE 12 

National Ambient Air Quality Standards 
Area Designations for Suspended Particulate Matter (PM10)* 

N U A 

GREAT BASIN VALLEYS AIR BASIN SAN DIEGO COUNTY 

Alpine County X SAN FRANCISCO BAY AREA AIR BASIN 

Inyo County SAN JOAQUIN VALLEY AIR BASIN 

- Owens Valley Planning Area X SOUTH CENTRAL COAST AIR BASIN 

- Coso Junction X SOUTH COAST AIR BASIN (1) 

- Remainder of County X SOUTHEAST DESERT AIR BASIN 

Mono County Eastern Kern County 

- Mammoth Lake Planning Area X - Indian Wells Valley 

- Mono Lake Basin X - Portion within San Joaquin Valley Planning Area 

- Remainder of County X - Remainder of County 

LAKE COUNTY AIR BASIN X Imperial County 

LAKE TAHOE AIR BASIN X - Imperial Valley Planning Area 

MOUNTAIN COUNTIES AIR BASIN - Remainder of County 

Placer County (portion) (2) X Los Angeles County (portion) 

Remainder of Air Basin X Riverside County (portion) 

NORTH CENTRAL COAST AIR BASIN X - Coachella Valley (1) 

NORTH COAST AIR BASIN X - Non-AQMA portion 

NORTHEAST PLATEAU AIR BASIN X San Bernardino County 

SACRAMENTO VALLEY AIR BASIN - Trona 

Butte County X - Remainder of County 

Colusa County X 

Glenn County X 

Placer County (portion) (2) X 

Sacramento County (1) X 

Shasta County X 

Solano County (portion) X 

Sutter County X 

Tehama County X 

Yolo County X 

Yuba County X 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 
(1) Air quality in Sacramento, South Coast, and Coachella Valley meets the national PM1 0 standards. Requests for 
redesignation 

to attainment have been submitted to U.S. EPA 
(2) U.S. EPA designation puts the Sacramento Valley Air Basin portion of Placer County in the Mountain Counties Air 
Basin. 
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TABLE 13 

National Ambient Air Quality Standards 
Area Designations for Fine Particulate Matter (PM2.5)* 

UI 
N A 

GREAT BASIN VALLEYS AIR BASIN X SAN DIEGO COUNTY 

LAKE COUNTY AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH COAST AIR BASIN (4) 

NORTH COAST AIR BASIN X SOUTHEAST DESERT AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X Imperial County (portion) (5) 

SACRAMENTO VALLEY AIR BASIN Remainder of Air Basin 

Butte County (portion) (1) X 

Sacramento Metro Area (2) X 

Sutter County (3) X 

Yuba County (portion) (3) X 

Remainder of Air Basin X 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 

(1) City of Chico and surrounding areas 

N 

X 

X 

X 

X 

(2) For this purpose, Sacramento Metro Area comprises all of Sacramento and portions of EI Dorado, Placer, Solano, and Yolo 
Counties. 
(3) Comprises all of Sutter and western portion of Yuba 
County. 

UI 
A 
X 

X 

X 

(4) Those lands of the Santa Rosa Band of Cahulla Mission Indians in Riverside County are designated Unciassifiable/Atlainmenl. 

(5) That portion of Imperial County encompassing the urban and surrounding areas of Brawley, Calexico, EI Centro, Heber, Holtville, 

Imperial, Seeley, and Westmorland. 
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TABLE 14 

National Ambient Air Quality Standards 
Area Designations for Carbon Monoxide* 

N utA 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAN DIEGO COUNTY 

LAKE TAHOE AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X SOUTHEAST DESERT AIR BASIN 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 
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TABLE 15 

National Ambient Air Quality Standards 
Area Designations for Nitrogen Dioxide* 

N utA 

GREAT BASIN VALLEYS AIR BASIN X SACRAMENTO VALLEY AIR BASIN 

LAKE COUNTY AIR BASIN X SAN DIEGO COUNTY 

LAKE TAHOE AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X SOUTHEAST DESERT AIR BASIN 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 
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Area Designations for National 
Ambient Air Quality Standards 
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TABLE 16 

National Ambient Air Quality Standards 
Area Designations for Sulfur Dioxide* 

A U 

GREAT BASIN VALLEYS AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

LAKE COUNTY AIR BASIN X San Luis Obispo County 

LAKE TAHOE AIR BASIN X Santa Barbara County 

MOUNTAIN COUNTIES AIR BASIN X Ventura County 

NORTH CENTRAL COAST AIR BASIN X Channel Islands (1) 

NORTH COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTHEAST PLATEAU AIR BASIN X SOUTHEAST DESERT AIR BASIN 

SACRAMENTO VALLEY AIR BASIN X Imperial County 

SAN DIEGO COUNTY X Remainder of Air Basin 

SAN FRANCISCO BAY AREA AIR BASIN X 

SAN JOAQUIN VALLEY AIR BASIN 

Fresno County X 

Kern County (portion) X 

Kings County X 

Madera County X 

Merced County X 

San Joaquin County X 

Stanislaus County X 

Tulare County X 

* Definitions and references for all areas can be found in 40 CFR, Chapter I, Part 81.305. 

A U 

X 

X 

X 

X 

X 

X 

X 

Although U.S.EPA established a new 1-hour standard of 75 ppb for S02, current area designations still reflect the revoked 24-hour 
and annual average standards as U.S. EPA has not finalized the designations for the revised standard. 

(1) South Central Coast Air Basin Channel Islands: 

Santa Barbara County includes Santa Cruz, San Miguel, Santa Rosa, and Santa Barbara Islands. 

Ventura County includes Anacapa and San Nicolas Islands. 

Note that the San Clemente and Santa Catalina Islands are considered part of Los Angeles County, and therefore, are included as 
part of the South Coast Air Basin. 
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TABLE 17 

National Ambient Air Quality Standards 
Area Designations for Lead (particulate) 

N U/A 
GREAT BASIN VALLEYS AIR BASIN X SAN DIEGO COUNTY 

LAKE COUNTY AIR BASIN X SAN FRANCISCO BAY AREA AIR BASIN 

LAKE TAHOE AIR BASIN X SAN JOAQUIN VALLEY AIR BASIN 

MOUNTAIN COUNTIES AIR BASIN X SOUTH CENTRAL COAST AIR BASIN 

NORTH CENTRAL COAST AIR BASIN X SOUTH COAST AIR BASIN 

NORTH COAST AIR BASIN X Los Angeles County (portion) (1) 

NORTHEAST PLATEAU AIR BASIN X Remainder of Air Basin 

SACRAMENTO VALLEY AIR BASIN X SOUTHEAST DESERT AIR BASIN 

(1) Portion of County in Air Basin, not including Channel Islands 
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01'129120(17 MON "10-1 J4-,FAX.,,8.l,&, au _.85.6,5 

lO$ ANGELEs ,PIflE DEPARTMENT 
UNDERGROUND TANKS 'REQUEST FOR FIRE PREVENTION REeOR(,)S' ' 

NEw ADDRESS,: 221 NORTH FIGUEROA: ST, 15TH FLIl." 
SUITE. 1500 ' 

NEW OFi=i:cE# - 2/3/482-7115 NEW FAX# ~ 213/482 ... ·6~lJ 

ONE ADDRESS ONLY..., ,PER sHEET 

'" ,COMPlETE THIS flox ONE FOR EACH PROPERTY CONCERNED ~ 
, . 

PHONE NO.: (818)' 841 ... 2575 fAX 'NO: 818),~8t:::14:....11..=,,~21::....l5J..J7L.6\.L...-__ _ 

NAME OF REqlJEST"ER {PlEASE PP-XNTj: .-..:...R..:.:;I..;::.C:...:.H-=-A:..-' :..:..R..:..;,D~O:::.-.:..' N...;:..E::::.:..:..;I L==---_______ -:-__ 

P-E:PRESENUN'G {CQMP~NY NAMe)~ _~B:.:::u:::!.i:.:::ld:.!.in:...:.g~A~n~a::::;I:..l.Y!]..::;i:..:::c:.:::s~~ _______ ~_ 
DATE; ~"I XX ;2006 

olUVER' UC NO; (;-2089759' EXP: 07 ~03,"",09_-::----
ACD~f6S FDRW:~~:'REOORbS A~ERE'qY~STE:D': 1753,1'755, 1757 North Vine st~eet 

REASON fOR. REQUEST: __ ::.-.P..;;..h....::a:.:...:s::....;;e..---:-I .:....E......:S;....A.....:........ ___ ~ __________ _ 

FOR OFFICE usE ONLY: 

o 
o 

. " 

REV!EW GNL)' {No. COPI6S) 

~EQUE5T COPIES 

NVMSElia OF 
cdpIES~._~_ 

x 

-:-l' ____ ~ 

+ $11..00 

IOTAt PEEl ~MOU"'rf', ---:' __ ~_ 

LO'd Sl:OL [DOl 9 qB 3 

Blll.ING & ACCOUNTs REC'S:VABLE 
4"h rLOOR, 201 N. figueroQ (REV' 601)E ,#~aB7) 

LLS9-l8~-8Ll:KB3 liNn SS3JJY W SlNVUOAH 

AR0069467 



t{lJUUJ. 

l.os ANGELES FIRE DEPARTMENT 
UNDERGROUND TANKSR€QVfST FOR FiRE P,,"EVENTION RECORDs 

NEW ADf!8E.SS.w 221 NORTH FIGUEROA ST"~ 15TH
' FLR~., 

SUITE. 1500 .. 
NEW OFFICE# - 213/482-7115 NEW FAX# ~ 213./482-6511 

ONE ADDRESS ONLY - PER SHEET 

.j, COll/PLETE THIS .sOX. ONE FOR EACH PROPER1YCONCERNED :'" 

PHONE NO:' (818) ." 841-2575 FAX No>B'18)-1i4:....L1 ...... -2o....!15..t..J7L..a6"---__ _ 

NAME OF REQUEsT~R (PLEASE; P~INT)~ --.-:..R-=-I:-=C:::...H~A..:::.::R.....::.::.:D:...-:::O:...'.:.....N::..;:E::::..:':.:::L=___ _______ ~ __ 

REPRESENT'!NG (COMP-ANY NAME): _-=B::...:u:=.::i:..:..::ld=-=i~n~gL..::A~n:.;:;:a:..:...'yl_.:.t::::.ic::...;s;;;;.....,....,~ _____ _:_:___----

l)ATE, ~~JLlj 2007. ! SIGNATURE: __ ~ _______ ~_~ __ _ 

DR:tVEF! LIe NO: C20B9759 
~: " 

EXP~_ 07 .,.03~09_.,---.-. 

ADDRESS, FOR WHICH RECOROS ARE REQUEST€b: _1_7..,...4_9_V_i_n_e ..... S_t_r_e_e_t ____ ~ __ _ 
Hollywood, CA' '. , . 

~~~~~~~~~~~~~~~~~. ~~)!iJ~~~~~~~~~~~ 

BILLING & ACCQ~~T5. RECEIVABLE 
4'1'11 fLO@, 201 N. Flgl1~r'Qn (RE:V cobE #~S87) 

fOR' OFfICE USE 'ONLY~ 
, " 

- ,. 

o 'REVIEW- ONLY !NO c'Of'~f:S) 

o Rf'QiJEST COPIES 

NU'MB~~ Of 
COPIES:, ___ , 

+$U,OO 

~:, ~ , 

. , 
" 

LO • d 
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:~~~:=!~~~:r._~~_~~~~=-~!~~~~~~_~:_:_=:;-- _I 

ON Ea$t Sid' iStr t b .'. ..~: d I~"" I 

~o .. ~._. __ .. __ ~1~16:.l· 
Code :3- - tL ~ ~-"';.' 

.. ---;"'-... -~.~..:.:.....::.~...:--~.~ .. - .... :..~-- I:: 

.... __ ... -...... e 0 ee - etwe,en._. __________ ....• --.. -,.-_:.-... _"'~,._:.. __ .. _.:;~.:_.--.- ..• ~-.an ....... ;_ .. __ . ' .. -----...... --",-.... -.~-.. -~---c~~---;~--.----. . . 

BOARD OF FIRE CO:M}.1ISSIONJmS, CITY, OF LOS.:ANGELES: 

In conformance with the Ordinance~ of the -city of Loslillgeles arid under the superVision of the Chief Engineer., of the. Fiie Depa.rttpent or' hi,s .. duly' 

authorized representative, application is hereby made for . 

AN ORIGINAL PERMlT 0 A REN:EWAL OF PER~lIT .~A 'l'RANSF~R OF PERMIT Ej' to ht5tiil.l or maintain 

D. AIRCRAFT FUELING POST .~': AUTO FILLJNQ STATION . DPUBL~C pARAGE 
o AIR VEmCLE FACTORY 0" AUTO PARKING STATIONO:::PUBLICOIL DEPOT 
o AIR VEHICLE HANGAR ':. ,0·.' PUBLIC FILLING STATION. . D:TENANl.'.GAR!\GE . 

. Applicant is a £ORPORA.i,IDNJ~SOCIATIO:rJ;.,PARTNERSHIP-:-INDIVIDUAL (:fudit:att~ by placing an i' above t~e of organization.).' " " 
Si~ature ---~ ____ ~:. __ LY..:~~ ___ .. _~_ .... ~ .. _:~_ ... __ ~. ___ . Title ____ ... :_ ... _ .. _. __ :~~~~_~ ... -.--. Applicant's Phone _ .. _;~MU~_Jl11t_ 

. . . .240 S~':ml1:lS"et .. ~ .. _~ 12 .. ~df~ '. :'. ..' MaIl Address ___ .. ___________ ... _____ ........ __ ._ .. __ ~----.. -.. ----._ .. _____ ~ __________ .. _. __ .... _ ... _ ...... ___ ...... _.J! ... _ ••••••• _.,: •• _ •• _ •••••• ___ •• _ .•• _ .• __ .•• _ ••. _ .. ____ ••.••• _~.-.---~-.-----------... _ .. -_._ •••.••••••• -_.-•• --_,-. •. ___ •• 
:". 

==============='SPACE BELOW THIS LINE FOR DEPARTMENTAL USE ONLY ==========~=== 

Perimeter of property in linear feet: . .:.'-. __ . __ .... __ ... _. _______ .. ___ ._ ... _._. _______ . __________ . _. __ .. __ .... __ ._. __ ...... _ .. _.~~_ .. _._._._ .. __ ._ ...... __ .. _ ... ____ .. ______ . ___ . __ ._ .. ____________ • __ .. _._._:.;._. __ .. ___ _ 

and to install or maintain in ~onnection therewith TANKS AND DISPENSING APPARATUS AS FOLLOWS: 

. No. of Tanks Capacity Contents Make & Symbol LAFC No. , . Location 

:==-~~-=-.~===~~===-~=-~:::=:=~==~=-==:~:=~:.~~~~~===--===:~~~==:=.::~~~:~~~-=--~:==~===--.~~:--.": 
.6 ____ .... ..,_ .. _~ ........... ~.n_~ ____ ~~ __ .... _.~~ ........ n~H_H .. ~ .. _______ nH_n~_ .. ~ .. _____ " ...... _en_B._n .... _ .... ., .... __ .. _ ............. _ .............. _._ ..... n ___ ............ WB .. _ .. "' .. _ ... __ ............... ~ ___ D_ .. __ .. _~ ___ ~_ ... M_ .... ___ ._ .... _ ........... __ ... ___ :-~ __ ... _ ..... w .. _ .......... __ .................................... "'_::" ............ --_:"""' ..... ____ .. __ ................... __ ......... __ ~ 

.. "'P .. _~~ ......... _~ ... ~ .. _ ... _e __ ~~ ..... ..,~H __ .. .., .. _ .. ~ __ ~..,W~~_ .. _~ .. ________ M~ .. _..,M ___ .. ti __ ~_ ... ~ .... _ .. .,~ ..... ~_ .. _ .... _._ ......... _ ...... _ ........ _ ......... _ ... _ .... _ .. ~_ ..... __ .... _ ...................... ____ ............... _ .. _ .. __ ...... _____ .. "' .......... _ .. _ .. __ ~ ____ ., ....... __ .. ____________ .... _ ..................... ..; •• _ ...... .,; ....... _ .... _ ... _ ........... _ ..... _ ........ .,'"'.~ ...... ' .. ...-

._. ____ . __ l_ ... __ ._TANKS ___ !i:S-:::.!2 _____ GALS. 6" UNDERGROUND. ST.O. RAGE-AND ________ . __ ,,_..PO~TABLE TANKS OF ---.----...c::::t .. ". :. _____ L.G.a al Jl.o. us ...... S!~p. city .. ' j 

.' ..... - So .. .' ,-- &;; -S-O . f ",.fu , kI'"%~~ . :/ First Inspection Date ...... ::_ .. _ .. _2_._... -----------------·----c·- Last,,~ectlOn Date ... ~ ..... -"-... --.... -.. -_: .. -.---.-.-.... -.. ---..... - Inspec~ .-... ~l.-.--r.:::-:~ .. ;.'::.:(.<-• .,.--.---.-' "-
Recommendation: APPR.0V AL-:-DISAPPROV ~ANCEL~~I?~iOlation of Ordinan.ce No. -.. --.---.--.-............ ---- ,;r'" Secti( . _______ ._ .. .:. .. ______ : .. _. _____ ~-
Previous Permit Granted " _____ B?_;c·,:~.J?::: .. ~.':C __ :.- .. --.--------.-.------ .... ----. ___ ___ .... m___ To ,Detai1 .. _L .. :::.2-:-___ ~ .. _:_.£1L--.. ---: __ By .: __ .. _Q._~_:~_ ... _._~: .... _. _______ m _______ .... __ 

:. .' ...... (date) • ~::f) e -,,'., . (date) ~ - (; .-" 

Former Permittee ~~~~~<~:-P.&;:;it·o~;F-@:j-!·-·~-- .. Inspector .Completed __________ . ___ n_m __ m~ __ : __ .;,?(~;.[Q----.-----. __ .-.. m----.. -... ,-.... __ n_ 

(j) . 

<0 

c5> F·123-10M Sets-l·49 

<0 



» 
;0 
o 
o 
(j) 
<0 
+::>. 
-..J 
o 

;.:.-.,~·'t"li:~"'::/'· ~~ A./ 
N~~--~-Mk3-LL-E:&-----j":.L,---~/?tf/--S---.---- DATE . ________ . __ Z= __ ~ __ :'::: __ ::::!:_Z __ 
DBA .--.-.bI/t_.~z..i _____ A.~:Lq _____ .=&1t.LC.~ .. ___ ._. ADDRESS.~, __ ._(_Z.£~~ __ ·~ ___ ;Z~~v.:d::_!'?:::_-. __ .... ~ .. 

No._ 3018'~ ._._-------:--_! .. _-
Code ... _ ...... 3L:.-:..d . ..... ~--~--.-- . 

E .... . , '/ 
ON __ .. __ ._':_._Side of Street-between ... __ ._· _____ j-:fE..~~!::::.x.w.!I2-..s?.n.--.-:---.--and ..:.., .. ____ ._. __ -y{U.L~_. ______ ..... ~_· ___ ._·· __ ._,..·I' ________ • 
EOARD OF FIRE COMMISSIONERS, CITY OF LOS ANGELES: / 

In conformance With the Ordinances of the City of Los Angeles and under the supervision of' the Chief Engineer of the Fire Department 01"', his duly 

authorized representative, application is hereby. made for 
AN ORIGINAL PERMIT. fB'"' A RENEWAL OF PERMIT 0 A TRANSFER qF PERMIT 0 to install Or maintain 

o AIRCRAFT FUELING POST [yAUTO FILLING STATION 0 PUBLIC GARAGE . 
o AIR VEHICLE FACTORY 0 AUTO P~.G STATION 0 'PlJB,L~C OIL DEPOT 

o AIRVE~~~~;~~~~~~~~~~~~~~=? 
==========='= SPACE BELOW THIS LINE FOR DEPARTMENTAL USE ONLY ====:;::;:::::i======== 

Perimeter of property in-linear feet: .. ~.t._b-.~._---U.-.~--... -.. ----...... -- .. _ .. ___ ._:..... __ ._ .. _. ____ .. _ ... _. __ ...... __ ........... __ ..... , ...... -... -.--.......... __ ...... _ .... ,,_ ..... __ .. . 
and to install or maintain in connection therewith TANKS AND DISPENSING APPARATUS AS FOLLOWS: 

No. of TankS . Capacity Contents Make & Symbol . . LAFC No. ( _Location . 1/ I . . 

.. -... .J. .. _ ... _ ... ___ . .L ~~ ............ ~~--.-.-..... -.-.... -.. -.-.. -~ .. ~ ... -.-·~·····~-:····-·-··-·-·---·-··-·~···-··~-~·T~···~-~·I.f?/~·'·'~~~ a--f-·1JJ!-i..L~-.. · 
..... _ .. l .. ____ ... ____ j;~;_~ ......... -.-... -.~~.: .. ~-:~ .. 2~.-._.--.. ~ .. ---.-~.-.----.--:;: .... -:?-.Tf·-!· -·W···f.f-a:-~-07#~-.. .. --;;·r..Lt. 
"--L---------1ZJ-------;;3.,.----a:-------'5;-~C"-------------T~r~r:-- -,;/~L·-;;;;----rf- ~_-lL /-
..... _.L_._ .. _. ___ ..... _._._._ .. 2_8::Q._ ..... -... --.~.-.. ---'-" .---...... _-_ ... _-_ .. -.. _, -.. -.--.-.~-.... -.--.---.. -.. -...... --.. ~.--.. ~---. ·····-·f~k..··--·-·_s.··-·---··: .... w.: .. f-Lb;/ 

-:~::Y~:::;":;;;-~I~I··'~~~~~~~-;;;~R~~-· ---;;';~G~~-=;.-:;.:wl---;;;~-;~-~;~~:::::=;:---;-~ ..¢;:.;~~,._ 

==rns:::.~~~o~~;;~cr;!.~l:::-~~~~:-~::~~~=--===~~ ~~~=~~ 
. Previous Permit Granted . '-- , 
, I Former' Permittee .: .... __ ...... ~::::.::::::::····-··· .. --········(d~t~·i· .......................................... -... -~ ..• To Detail ······--·-· .... '··i~t;i .. ···············-···-- By -.... """"""-7r"-"';::""-'-""'" ........ . 

(fu;"~~~-'~~';:~~;;;'~f"~t'~~;}''''''-'-''''''-'''''''''''' Inspector .completect-I::-r..~.~ ... ~ ... :J~~2~J -J -"-I. ~ . "'I". (date) .................. . 

<- . /' Prepared for Comm .\ i'n B 
Remarb: .... rt.A ~J---- . .~..:. I' .. _. • - ... ···-···(~)49-······· • y .... 

:--.=:~:=~~~~-~~~?-=-~=~~~~~~;~~-~~~~~=-~::~~=:;~: 
F-123-10M Sets-l-49 i 

.t :..' 
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FIRE DEPARTMENT - CITY OF LOS ANGELES 

APPLICATION FOR PERMIT 

Doing Business As Nome of Owner 

C~J d~ ~. 
Address of Owner 

v--- -----------, 

27'0 S. fW LA- I~ 
Address of Installation 

I 7 0- 7' Jlo/fl!~/ ]- j/ A r< S TIf! r:E 1-
Mai! Permit to 

~ri S L; t;;; ~ 
Reg. No. ____________________ _ 

Date 

Owner's Phone 

I-Phone at Installation 

I 

J·-J-t/--0S 

t! t: /l /( 1(/3- GJ I I 0 E IP t- t; 0 C) AIr M { 5' S' / 0 /"1 /2.0 A .0 l A J ..3 
Signature of Applicant Title.' I Contractor's Phone 

~/~~&.~p0-e~_;f e2ii:,t.4-e~>c 4~--c ~/f- S·/31( 
Do Not Write Below This Line' 

NO. ITEM FEE 

L ___ . __ 

~:;7~ 
24 AUG 1965 ~ / 

/6/ Approved ~ 
/1 ~ 0 

Disapproved'; 0 Total Fee qO Date 

I 1/;7~&J~ y/ 
< .... a~"-<../ 

4l~ 



, • ,> ...... 

(' r-...,......,....---...,...---. 
1.. G td "'24~~ ,_._ ran e ___ • __ ::5L....._ 

"., . Explr.es_ 

Fire Department 
City of Los Angele. 

PER. MI l' 

.",.,: ... -~--

Reg:"No. 

. ~ 

I;: I----------------------~~---------_r 
I' In .accordance with terms of the application an trle with the Fib'"Wiention Bureau, permission is 
j,.';" granl~d to: . 

Name 

Mail 

·to 

-I 
_I 

r;' ~ermit to:~_l,.~_ tat$ M .pe~1t'~~~ ~~ 
Fr-: tE>.. ~.~&~~ ~.lI; . 

. ,'. " 

/ 

AR0069472 
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H 

LOS ANGELES FIRE DEPARTMENT 
UNO€"RGROUND TANKS REQUEST FOR FIRE PREVENTION RECORDS 

NEW ADDRESS: 221·NORTH FIGVEROA S·T .. ~ 15TH FLR.I' 
SUITE: 1500 

NEW OFFICE# - 213/4.82-7115' NEW FAX# - 213/482-6511 

ONE A{)DRESS ONLY ~ PER SHEET 

. ~ COMPLETE THIS BOX. ONE FOR EACH PROPERTY CONCERNED .v 
PHONENO: (818)- 841-2575 FAXNO~8'18) 841-2576 
NAME O~ REQ\:JESTE;-R (PLEASE ptirN1j; G RE G HA._R_G_L_E_R_O_A_D ______ _ 

ics 

. bATE: 01"/02 ,2007 
E)(P!__ 09-29~07 

-.,.-----

ADDREss PQR wmCH RECORDS ARE REQUESTED: 1720 'Vine Street 

FOR OFfICE USE ONLY: 

,CJ 

o 

. . . 

R(Vrew ?NLY ,NO cortES) 

REQVe.>r!· caPlEs 

'~UM8ER'Of 
ooprE5;~ __ 

._10 ¢ 

+ $.11,00 

TOTAl:. FEE AMOUN"-: -----

Hollywood rClfy-o---"f ...... [~o-s-....A-n-ge-----cl~es-....J 

'BILLING & ACCOUNTS 'REcErVABLE 
4tl> FLOOR, 201 N. FigLJe.n:ra eRE-V CODE #3887) 

NO FilE FOUND 

llS9-Z8~-El~:xe~ liNn SS'~~u m - .. 
::100 'I 0 SHI~::JaAH 

AR0069473 



[I 
J 
I'· 

;', 

OliO !O'l-TUE· 09::·32 F~XU8 _ a4l 2516 BUiLDING I\.NALU 1\-,:, 

LOS ANGELES FIRE DEPARTMENT 

UNDERG!<OUND TANKS REQUEST FOR FIRE PREVENTION RECORDS 
_ NEW ADDRESS~' 221 NORTH FIGUEROA STp1 J5TU-FLR., 

SUITE. 1500 
-NEW OFFICE# - 213/482-7115 NEW FAX# - 213/482-651J 

ONE ADDRESS ONLY - PER SHEET 
" 

~ COMPLETE THIS BOX. ONE FOR EA-CH PROPERTY CONCERNED .v 
?HONE NO: (818) 841-2575 FAX NO: 818) 841~_2~57L..:6K--__ _ 

DATE, oL 02 ,2007 
CRJ:\.'ER No.- _ EXP~_ 09-29-07~-,--

ADDREss paR WHIe:H P.ECOROS ARE FtEQl1ESTED; 1722 -Vine street '- --
_ _ . Hollywood (City of Los Angeles) 

REASON FOR ~EQuEST; Phase I tSA 
~~------------------------------

.; " 

o 
.' " o -ReqUEST COPIEs 

~ NUMBE~ ·OF ; 
COPlE5:.--.,--__ 

,.10 ~ 

-
:; ~---,...---

< : 

-+!1IU.OO 

TOTA~ fEE AMOUNT; ____ _ 

80 "d 

BILLING & ACCOUNTS j:!'!:ECEIVABLE 
4'" FLOOR, 201 N~ Figueroa (REV CODE #138£7) 

. :.. 

NO FILE FOUND 
, 
~ 

. j 

LL59-l8P-SLl;X8j lINn SS3JJ~ w SlN~HaAH 

AR0069474 



01/02 07' TVS' 09:J.J ·FAX 818 8.41 2576 
~.".. ..... "'" .. - ~'" ., .. " -". -'-'" 

.LOS. AA/GEiES FIRE DEPARTMENT 
VNDERG/?OUND TANKS REQUEST fOR FIRE PREVENTION RECORDS 

NEW ADDRESS: 221 NORTH FIGUEROA ST., 15TH~FLR., 
SUITE. 1500 

NEW OFFIC€#- 213/482-7115 NEW FAX# - 213/482:-·6:511 

ONE ADDRESS ONLY -- PER SflEET 

.Jr COMPLETE THIS .80X~ ONE FOR EACH PROPERTY CONCERNED ~ 

IGS 

DRlVEP. EXP; 09-29~07 
-....,---

AI)ORESS FO~ WHJ;CJ..I RECORDS ARE ~QVESTED': 1724 'Vine street 
. , : '. .' Hol1yW-o-o--"a-"(""""""c""'-;;-lt-y -o---"-"f ....-[-os--..-A~n-g e---"r--e---.,s ) 

REASON fOR RE.qt1EST: __ P_h~a_s_e~1 ~E_S~A~ ____ .~ __ ~ ____ _ 

-
BIll.I:NG & ACCOUNTS RECaVABLE 

"lit FLOOR. 201 N. Figuerall (REV CODE #3:887) 
EQ,R' O~fICEUSE ONLY: 

o REVIEW ONLY (NO COPIES) 

o REQUEST OOPIEs 

NU·MBER OF 
OOPIES:, __ ~, 

+ 511.00 
, " 

, , 

TO'At.SEE AMOI.JNT1 ____ _ 

PO "d PZ:Zl [DOl LL U8r i ••• 

AR0069475 



LOS ANGElES FIRE'DEPARTMENT 
UNDERGROUND TANKS REQUEST FOR FIRE PREVENTION RECORDS 

NEW ADDRESS: 221 NOR-Tfl FIGUEROA ST., 15m F'-fl_~ 
SUITE. 1500 

NEW OFFIC€'# - 213/482-7115 NEW FAX#.- 21"3/482-,6511 

, ONE ADDRESS ONLY_~ PER SHEET 

t/JI COMPLETE THIS :BOX. ONE FOR EACH PROPERTY CONCERNED tV 

PHONE No: (818)' 841-2575 

NAME OF' REQVESTE~ (PI-EASE PRINT); GREG HARGLEROAD 
ildi n An§~.-:...A.IY-,-,-ti_cs=----. __ _ 

........ --

EXP~~ 09-29-07_.,.--
1730 'Vine Street 

-,'. -

01 ./ 02 /2007 

Hollywood (City of Los Angeles) 

R.e~SON FOR REQ~EST: __ "·--"-P..:...h:.-a--'s....;;e~1 _E_S.:..-A __ ~ __ _ 

fOR OffIce USE ONLY": 

o 
o 

REVIEW ~NLY (NO COp-rES) 
. ' 

REqUEST; CoPIEs 

,NUMBER OF 
COPIEs~, __ _ 

::=;' 

+ $11.-00 

TOTAL, FEE ,AMOUNT~, ___ _ 

SO oJ SZ:ZL [OOZ Lt uef 

BIL,lING -& ACCOUNTS RECEIV ABLE 
4th "FLOOR, 201 N_ Figueroll (REV coDE #3B-87) 

NO FilE FOU'ND 

llS9-l8t'-8lZ: xed 11 Nn SS3:J:J\I "Ii' SlN\lHOAH .. c_ 

AR0069476 



~'LA u DBS Research Request Form 
!)8'JlJlmfir Of BU!lDI!lG AND S-lIJElY 

Q·MATIC TICKET # 
DATE: (office use only) 

Ec.btu(.ucJ 0\ 2-00"7 
I 

COMPANY NAME: 'Bv~ld.lHS' ANJHL~ NAME: '12. ,.1 .... ". ,.-.'" ()\tJe~\.\ 

g{8·~ 8'i-l- 2S.7~- B/8-8l{1- 2"516 
I 

TELEPHONE #: FAX#: 

FAXING OPTIONS: Records Counter. LADBS Fax 10 one of the numbers below (check one): 

0 (213) 482-6862 ~ (818) 374-5013 
MelroOffice Van Nuys Office 
201 N. Figueroa St., 1'1. Flr,Rm 110 6262 Van Nuys 81. 
Los Angeles, CA 90012 Van Nuys, CA 91401 

PROPERTY Please research the fotlowing addresses (IN PERSON: One Address submitted at a time) 

ADDRESS(ES): (FAXING: Up to 3 addresses per request) 

17'-i 4 V'I V\e.. 5-lV'Ge-± l·kU~1 vvooJ 
I 

Use of Existing 
Building: 

COMMENTS: Reason for Records Request 

'P~&e I £SA 

Information Requested: 
Copies of All Documents are $1.50 per page (excluding blueprint copies) 

Select from the following by checking the box next to it • for further darification of request, use comments box 

")("BUlLDING PERMITS o CERTIFICATES OF X GRADING DOCUMENTS For Office Use Only: 
OCCUPANCY 

__ PCIS __ lOIS 
o MECHANICAL PERMITS o VIOLATIONS o MODIFICATIONS/BOARD 

1985 -1990 and 1997 - Present FILES 

o AFFIDAVITSIZ,l.NO. - . -
o BLUEPRINTS ($8.00 for the Service Fee and $1.00 per page") 

·If Blueprints are sent to a graphics company for copying, the Service Fee is $15.00 and the cost per page is determined by that company. 
No plans available for Single Family Ow'elHngs and Commefcial buildings 3 stories and under, prior to 1978. 

To obtain copies of blueprints on file, the following must be submitted: 
1. A release letter from !he current owner. 

- 2. A release letter from the architect and engineer whose stamp is on the plans. 
letters must be on Letterhead and have engineer/architect's stamp 

3. A copy of the Qlrrent owner's Grant Deed. 

VM'WJadbs.org lADBS -REQ,FRM.1 

AR0069477 



IS Research Request Form 

DATE: 
Q·MATIC TICKET # 
(office use only) 

NAME: 

TELEPHONE #: FAX # : 

FAXING OPTIONS: Records Counter, lADBS Fax to one oflhe numbers below (check one): 

PROPERTY 
AODRESS(ES): 

Use of Existing 
Building: 

o (213) 482-6862 
Metro Office 
201 N. Figueroa St., 1". Flr,Rm 110 
Los Angeles, CA 90012 

(818) 374-50 13 
Van Nuys Office 
6262 Van Nuys 81. 
Van Nuys, CA 91401 

Please research the following addresses (IN PERSON: One Address submitted at a time) 
(FAXING: Up to 3 addresses per request) 

115 ti 'T \J CA.v" Ave.. / t~ \.l1 v:. c)O (") 

COMMENTS: Reason for Records Request: 

.4 

Information Requested: 
Copies of All Documents are $1.50 per page (excluding blueprint copies) 

Select from the following by checking the box next to it - for further clarification of request, use comments box 

Ji(BWLDING PERMITS 

o MECHANICAL PERMITS 
1985 -1990 and 1997 - Presenl 

a AfFIDAVITSIZ.I.NO. 

o CERTIFICATES OF 
OCCUPANCY 

\J VIOLATIONS 

~GRADING DOCUMENTS 

o MODIFICATIONS/BOARD 
FILES 

o BLUEPRINTS ($8.00 for the Service Fee and $1.00 per page") . 

For Office Use Only: 

PCIS • __ IDIS 

"If Blueprints are sen! to a graphics company for copying, the Service Fee is $15.00 and the cost per page is determined by that company. 
No plans available for Single Family DweUings and Commercial buildings 3 stories and under, prior to 1978. 

To obtain copies of blueprints on tile, the following must be submitted: 
1. A release letter from the current owner. 
2. A release letter from the architect and engineer whose stamp is on the plans. 

Letters must be on Letterhead and have engineer/architect's stamp 
3. A copy of \he current owner's Grant Deed. 

www.ladbs.org LADBS -REQ.FRM.1 

AR0069478 



tLA u DBS Research Request Form 
!>Ei.ltlITIIIEIIT Of 8VlUmjG AH!l tt.JID 

DATE: 
Q~MATIC TICKET # 
(office use only) 

,,;:e.hrua:c'j OJ .2..007 
I 

NAME: Ki. CJ.... c_-.r-J O'Netl COMPANY NAME: &dji~l<{ .A~\"i ~lc...s 
TELEPHONE #: Bt8 .. -8 t 11 - 25-75" FAX#: 818 -·841 ·-'-iS76' 

FAXING OPTIONS: Records Counter, LADBS Fax to one of the numbers below (check one): 

D (213) 482·6862 X (818) 374-5013 
Metro Offioe Van Nuys Office 
201 N. Figueroa St, 1'1. Flr,Rm 110 6262 Van Nuys BI. 
Los Angeles, CA 90012 Van Nuys, CA 91401 

PROPERTY Please research the farrowing addresses (IN PERSON: One Address submitted at a time) 

ADDRESS(ES): (FAXING: Up to 3 add res ses per request) 

i753 \L';1 e- S..\-,re..e..\. t-kltjWO~cJ 

i7b'S' Vl'vl~ S.\.v--ee;~ l-+ct(7 t..Yorl "J 
j 

17S7 ::1 itT V\lAe Shree..-+ t4111 ~Of) e~ 
) 

Use of Existing 
Building: 

COMMENTS: Reason for Records Request: 

'PhtL'7e I E"S:A 

Information Requested: 
Copies of All Documents are $1.50 per page {excluding blueprint copies} 

Select from the following by checking the box next to it - for further cfarificatiDn of request. use comments box 

)( BUlLDING PERMITS o CERTIFICATES OF }C GRADING DOCUMENTS For Office Use Only: 
OCCUPANCY 

__ PCIS -- IDIS 
o MECHANICAL PERMITS o VlOLATIONS o MODIFICATIONS/BOARD 

1985 -1990 and 1997· Present FILES 

o AFFIOAVITS/UNO. -.. -¥-~ ___ r' -

o BLUEPRINTS ($8.00 for the Service Fee and $1.00 per page") 

'If Blueprints are sent to a graphics company for copying, the Service Fee is $15.00 and the cost per page is determined by that company. 
No plans available for Single Family Dwellings and Commercia! buildings 3 stories and under, prior to 1978. 

To obtain copies of blueprints 90 file, the following must be submitted: 
1. A release letter from the current owner. 

- 2. A release letter from the architect and engineer whose stamp is on the plans. 
letters must be on Letterhead and have engineer/architect's stamp 

3. A copy of !he current 'Owner's Grant Deed. 

www.ladbs.org LADBS -REQ .FRM.1 

AR0069479 



DIS Research Request Form 

DATE: 

NAME: 

TELEPHONE #: 

Q·MATIC TICKET # 
(office use only) 

COMPANY NAME: 

FAX #: f31 B ~- 8e{; -
FAXING OPTIONS: Records Counter, LADBS Fax to one of the numbers below (check one): 

PROPERTY 
ADDRESS(ES): 

Use of Existing 
Building: 

o (213) 482-B862 
Metro Office 

(818) 374-5013 

201 N. Figueroa St., 1st
• Flr,Rm 110 

Los Angeles, CA 90012 

Van Nuys Office 
6262 Van Nuys 81. 
Van Nuys, CA 91401 

Please research the following addresses (IN PERSON: One Address submitted at a time) 
(FAXING: Up to 3 addresses per request) 

·/,40, ~ V D-v Ave, I-kU y l.P DO (") 

i 

Ave. 

COMMENTS: Reason for Records Request: 

A 

Information Requested: 
Copies of All Documents are $1.50 per page (excluding blueprint copitis) 

Select from the following by checking !he box next to it - for further cfarification of request, use comments box 

.aBUllDING PERMITS Q CERTIFICATES OF 
OCCUPANCY 

')i(GRADING DOCUMENTS For Office Use Only: 

__ PCIS __ lOIS 
o MECHANICAL PERMITS 

1985 -1990 and 1997 -Prerent 

Q AFFIDAVITs/UNO. 

o VIOlA TrONS 

a BLUEPRINTS ($8.00 for the Service Fee and $1.00 per page") 

Q MODlFICA TlONSfBOARD 
FILES 

Wlf Blueprints are sent to a graphics company for copying, the SelVice Fee is $15.00 and the cost per page is determined by that company. 
No plans available for Single Family Dwellings and Commercial buildings 3 stories and under, prior to 1978. 

To obtain copies of blueprints on file, the following must be submitted: 
1. A release letter from !he current owner. 
2. A release letter from the architect and engineer whose stamp is on the plans. 

Letters must be on Letterhead and have engineerfarmitect's stamp 
3. A copy of the current owner's Grant Deed. 

www.ladbs.org LADBS -REQ.FRM.1 

AR0069480 



Historic-Cultural Monument (HCM) List 
City Declared Monuments 

No. Name Address CHC No. CFNo. Adopted Notes 

Leonis Adobe 23537 Calabasas Road 8/6/1962 

2 Bolton Hall 1 0116 Commerce Avenue 8/6/1962 

3 Nuestra Senora la Reina de Los 100-110 Cesar E. Chavez Ave 8/6/1962 
Angeles (Plaza Church) & 535 N. Main St 

535 N. Main Street & 100-110 
Cesar Chavez Av 

4 Angel's Flight 4th Street & Hill 8/6/1962 Dismantled 
0511969; 
Relocated to Hill 
Street Between 
3rd St. & 4th St. 
in 1996 

5 The Salt Box (Former Site of) 339 S. Bunker Hill Avenue 8/6/1962 Relocated to 
(Now Hope Street) Heritage Square 

in 1969; 
Destroyed by 
Fire 10/09/1969 

6 Bradbury Building 216-224 W. 3rd Street 9/21/1962 

300-310 S. 

7 Romulo Pico Adobe (Rancho 10940 Sepulveda Boulevard 9/21/1962 
Romulo) 

8 House 1335-13411/2 Carroll Avenue 9/21/1962 

9 Shadow Ranch House 22633 Van owen Street 11/2/1962 

10 Eagle Rock 72-77 Patrician Way 11/1611962 

7650-7694 Scholl Canyon Road 

Eagle Rock View Drive 

North Figueroa (Terminus) 

11 West Temple Apartments (The 1012 W. Temple Street 1/4/1963 
Rochester) 

12 Hollyhock House 4800 Hollywood Boulevard 1/4/1963 

13 Rocha House 2400 Shenandoah Street 1/28/1963 

14 Chatsworth Community Church 22601 Lassen Street 2f15/1963 
(Oakwood Memorial Park) 

15 Towers of Simon Rodia (Watts 10618-10626 Graham Avenue 3f1/1963 
Towers) 

1711-1765 E. 107th Street 

16 Saint Joseph's Church (site of) 1200-1210 S. Los Angeles 5f10/1963 
Street 
1203-1215 Santee Street Destroyed by 

fire 09f04/1983 
200-226 E. 12th Street 

17 Saint Vibiana's Cathedral 110-136 E. 2nd Street 5/10/1963 

200-248 S. Main Street 

203-215 S. Los Angeles Street 

18 Hyde Park Congregational Church 3408-3416 Hyde Park 5f10/1963 
(site of) Boulevard 

Hyde Park Congregational Church 6501 Crenshaw Boulevard Demolished 
(Former Site of) 1964 

19 Moreton Bay Fig Tree 11000 National Boulevard 5f10/1963 

City of Los Angeles 
Monday, July 22, 2013 Department of City Planning Page 1 of 35 

AR0069481 



No. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Name 

Moreton Bay Fig Tree 

Two Stone Gates (Inter. Wests hire & 
Belden Drives) 

Two Stone Gates (Inter. Beachwood 
& Westshire Drives) 

Drum Barracks and Officers Quarters 

Palms - Southem Pacific Railroad 
Depot 

San Fernando Rey Mission (site of) 

Oak Tree (Former Site of) 

The Castle (Former Site of) 

William Andrews Clark Memorial 
Library 

29 Campo De Cahuenga (site of) 
--~----.--------

30 Oliver G. Posey - Edward L. Doheny 
Residence 

31 Orcutt Ranch Horticulture Center 
(Ranch()§()!11~r.". del Roble) 

32 Saint Saviour's Chapel Harvard 
School 

33 Barnsdall Park Arts Center 
(Residence A) 

34 Barnsdall Art Park 
-------------------------

35 Birthplace of Adlai E. Stevenson III 
(site of) 

36 Watts Station 

37 Fire Station No. 23 

38 Site of Founders Oak 

39 Residence 

40 Hale House (Heritage Square) 

41 114 Deodar Tree 

42 San Antonio Winery 

43 California Club Building 

44 Hangar No.1 Building 

Monday, July 22, 2013 

Address 

11015 Clover Avenue 

3010 Tilden Avenue 

Belden Drive 

Westshire Drive 

1051-1055 Cary Avenue 

3800 Homer Street 

15151 San Fernando Mission 
Boulevard 

Louise Avenue 

325 S. Bunker Hill Avenue 
(Now Hope Street) 

2152-2200 W. 25th Street 

2153-2215 W. Adams 
Boulevard 

2500-2520 Cimarron Street 

2501 Gramercy Place 

CHC No. 

- ----------- -- --.-"----~----~-----

3919 Lankershim Boulevard 

8 Chester Place 

23555 Justice Street 

3700-3946 Coldwater Canyon 
Avenue 

4800 Hollywood Boulevard 

CFNo. Adopted Notes 

5/10/1963 

5/2411963 

6/7/1963 

8/9/1963 

819/1963 

9/611963 Uprooted by 
Storm 
02/07/1998. 

10111/1963 

3/2011964 

5/811964 

10/911964 

11/13/1964 

118/1965 

1/22/1965 

2/511965 

2/26/1965 

.................. _ .... ~~~~~~~~~ 
4800 Hollywood Boulevard 

2639 Monmouth Avenue 

1686-1690 E. 103rd Street 

225 E. 5th Street 

Haverford Avenue 

1425 Miramar Street 

3800 Homer Street 
-~~~-

White Oak Avenue 

725-749 Lamar Street 

738-744 Gibbons Street 

532-538 S. Flower Street 

5701 W. Imperial Hwy & 5801 
W. Imperial Hwy 

City of Los Angeles 
Department of City Planning 

2126/1965 
~~~~~~~~-

8120/1965 

12/311965 

211811966 

6/1511966 Cut down. 

6/15/1966 

6/15/1966 
------~ 

8/3/1966 

9/14/1966 

11/2/1966 

11/16/1966 

Located 
between Sunset 
& Antioch 

Page 2 of 35 
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No. Name 

44 Hangar No.1 Building 

45 Residence 

46 Los Angeles Central libraI)' Building 
and Grounds --------_.-

47 Saint John's Episcopal Church 

48 Chavez Ravine Arboretum 

49 76 Mature Olive Trees (Between 
Topanga Canyon and Farralone) 

50 Mission Wells and Settling Basin 
(area of) 

51 Residence 

52 Residence 

53 Saint Peter's Episcopal Church 

Saint Peter's Episcopal Church (24th 
and San Pedro) 

54 Old 6th Street Wooden Bridge 
___________ .(Former Site of) 

55 Grauman's Chinese Theater 

56 Bullock's Wilshire Building 

57 Second Church of Christ Scientist of 
Los Angeles 

58 A & M Records Studio (Formerly 
Charlie Chaplin Studio) 
Charlie Chaplin Studios 

------------------

59 Eagle Rock City Hall 

-~~---

60 Biltmore Hotel 

61 Philharmonic Auditorium (Former 
Site of) 

62 Judson Studios 

63 McGroarty Home and Grounds 

64 Los Angeles Plaza Park 

65 Valley Knudsen Garden and 
Residence (Heritage Square) 

Monday, July 22, 2013 

Address CHCNo. 

5801 W. Imperial Hwy & 5701 
W. Imperial Hwy 

818-822 S. Bonnie Brae Street 

630 W. 5th Street 

1523-1537 Neptune Avenue 
----------------------

Elysian Park 

Lassen Street 

Bleeker Street & Havana 
Avenue 
Havana Avenue & Bleeker 
Street 

1300 Carroll Avenue 

1330 Carroll Avenue 

2330-2338 Grand Avenue 

Harbor View Memorial Park 
(2411 S Grand Ave) 

------ -- ------------

Across Hollenbeck Park Lake 

6915-6927 Hollywood Boulevard 

2973-2989 W. 7th Street 

3050-3070 Wilshire Boulevard 

655-685 Wilshire Place 

658-690 Westmoreland Avenue 

930-948 W. Adams Boulevard 

1416 N. La Brea Avenue 

7053-7067 De Longpre Avenue 

2031-2035 Colorado Boulevard 

5110 Maywood Avenue 

503-539 S. Olive Street 

512 W. 5th Street 

514-530 S. Grand Avenue 

427 W. 5th Street 

200-204 S. Avenue 66 

7570 McGroarty Terrace 

Cesar E. Chavez Avenue 

Los Angeles Street 

N. Main Street 

Plaza Park 

3800 Homer Street 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

1111611966 

21811967 

31111967 

- ----------------------~~---.--

3/1511967 
- ----------------~---

4/26/1967 

5/10/1967 Between 
Topanga 
Canyon and 
Farralone. 

5/10/1967 

5/1011967 

5/24/1967 

12/6/1967 24th and San 
Pedro 

5/2211968 Demolished 
1968 

61511968 
-- -----------------

6/511968 

7/17/1968 

2/511969 

A & M Records 
Studio 

2/26/1969 

7/2/1969 

7/2/1969 

Demolished 
1985 

-------------~---

8/13/1969 

2/411970 

4/1/1970 

4115/1970 

Page 3 of 35 
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No. Name 

66 Saint Paul's Cathedral (Former Site 
of) 
Saint Paul's Cathedral (site of) 

67 Cedar Trees 

68 Charles Lummis Residence and 
Surrounding Gardens 

69 Los Angeles Athletic Club Building 

70 Alumni House (Widney Hall) 

71 First African Methodist Episcopal 
Church Building (Former Site of) 

72 Automobile Club of Southern 
California 

73 Residence 

74 Residence 

75 Residence 

76 Residence 

77 Residence 

78 Residence 

79 Residence 

80 Palm Court (Alexandria Hotel) 

81 Memorial Branch Library 

82 River Station Area 

83 E3()yle - Barmore Residence 

84 Cohn Residence 

85 Gilbert Residence 

86 Powers Residence 

87 Raphael Residence 

88 Kinney - Everhardy House 

89 Central Spanish Seventh Day 
Adventist Church 

90 Saint Vincent de Paul Church 

91 Korean Philadelphia Presbyterian 
Church (Temple Sinai East) 

92 Old Stage Coach Trail Property 

93 Pepper Trees (Ventura Boulevard to 
Saltillo Street) 

Monday, July 22, 2013 

Address CHC No. CFNo. 

615 S. Figueroa Street 

901-915 Wilshire Boulevard 

Los Feliz Boulevard 

200-212 E. Avenue 43 

201-231 E. Avenue 42 

4201-4231 Carlota Boulevard 

425-437 W. 7th Street 

648-652 S. Olive Street 

650 W. 36th Street 

754-760 E. 8th Street 

801 S. Towne Avenue 

2601 S. Figueroa Street 

650 W. Adams Boulevard 

661 W. 27th Street 

1329 Carroll Avenue 

1345 Carroll Avenue 

1355 Carroll Avenue 

1316 Carroll Avenue 

1320 Carroll Avenue 

1324 Carroll Avenue 

1344 Carroll Avenue 

210 W. 5th Street & 501-511 S. 
Spring Street 
501-511 S. Spring Street & 210 
W. 5th Street 

4625 W. Olympic Boulevard 

1231 N. Spring Street 

------------~~--~-- -

1311-1321 Alvarado Terrace 
-------~----~----

1325 Alvarado Terrace 

1333 Alvarado Terrace 

1345 Alvarado Terrace 

1353 Alvarado Terrace 

1401 Alvarado Terrace 

1366 Alvarado St & 1447-1459 
Alvarado Ter 

1447-1459 Alvarado Ter & 
1366 Alvarado St 

-------------------~-

621 W. Adams Boulevard 
----------------~- - ------------.-~-

401-407 S. New Hampshire 
Avenue 

South Chatsworth Park 

Canoga Avenue 

City of Los Angeles 
Department of City Planning 

Adopted Notes 

5/6/1970 Demolished 
1979 
Demolished 

9/2/1970 Between 
Riverside Dr. 
and Western 
Ave. 

9/2/1970 

9/16/1970 

12/16/1970 

1/6/1971 Destroyed by 
Fire 07104/1972 

2/3/1971 

2/3f1971 

2/3f1971 

213f1971 

2f3/1971 

213/1971 

2f3/1971 

2/3/1971 

3f3f1971 

4/711971 
--------~---~-~~--

6116/1971 San Pedro 
Railroad 

7/7f1971 

717/1971 

71711971 

7/711971 

71711971 

71711971 

7/7f1971 

7121/1971 
-----------

11117f1971 

115/1972 

11511972 
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No. Name Address CHCNo. CFNo. Adopted Notes 

94 Palm Trees (Queen & Washingtonia Highland Avenue 1/26/1972 
Robusta) and the Median Strip 

95 Rindge - Frederick Hastings House 1941 W. 25th Street 2/23/1972 
2247-2271 S. Harvard 
Boulevard 

96 Storer House 8161 Hollywood Boulevard 2/23/1972 

97 Residence of 1620 Pleasant Avenue 1620 Pleasant Avenue 2/23/1972 Demolished 
(Former Site 05/1973 

98 Mount Pleasant House (Heritage 3800 Homer Street 3115/1972 
Square) 

99 Residence 1036-1038 S. Bonnie Brae 4/511972 
Street 

100 General Douglas MacArthur Park 2100-2320 W. 6th Street 51111972 
(Formerly Westlake Park) 

601-631 S. Alvarado Street 

610-680 Park View Street 

101 Los Angeles Union Station 357 Aliso Street 812/1972 
Passenger Terminal and Grounds 

800-850 N. Alameda Street 

102 Residence 1030 Cesar E. Chavez Avenue 101411972 

103 Forthmann House (New site) 1102-1114 28th St & 2801- 101411972 
2803 Hoover St 

2801-2803 Hoover St & 1102-
1114 W 28th St 

Forthmann Carriage House (Original 629 W. 18th Street Relocated to 
location) 812 E. 

Edgeware Road 
in 2007 

Forthmann Carriage Barn (New Site) 812 North Edgeware CHC-2005-1885-HCM 
--- - -----

104 Coles P .E. Buffet 1 Pacific Electric 100-134 E. 6th Street 1011711989 
Building 

60(}616 S. Main Street 

___________ ~_601-619 S. Los Angeles Street 

105 Hiner House 4755-4757 N. Figueroa Street 11115/1972 

106 San Encino Abbey 6201-6211 Arroyo Glen 1111511972 

6204 Marmion Way 
---------~----- -----~------~- -----------.~--- - -------------

107 Residence 432-498 N. Avenue 66 1111511972 

108 Beaudry Avenue House 3800 Homer Street 11311973 

109 Residence 1314-1320 Kellam Avenue 1/3/1973 

1325 Carroll Avenue 

110 Los Angeles Police Academy Rock 1880 N. Academy Drive 1/17/1973 
Garden 

----------~-

111 Hollywood Sign & land underneath Mount Lee 21711973 
(Griffith Park perimeter) 

112 Gabrielino Indian Site Fern Dell (Griffith Park) 3/711973 
----------~.~-

113 Young's Market Building 1602-1614 W. 7th Street 3/7/1973 

Young's Market 701-709 Union Avenue 

114 Wilshire United Methodist Church 4350-4366 Wilshire Boulevard 3/711973 

708 S. Lucerne Boulevard 

711-717 Plymouth Boulevard 
---------- -------- -------------

115 Evans Residence 419 S. Lorraine Boulevard 312111973 

City of Los Angeles 
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No. Name Address CHCNo. CFNo. Adopted Notes 

116 Wilshire Boulevard Temple 3641-3663 Wilshire Boulevard 312111973 

Wilshire Boulevard Temple 618-646 S. Hobart Avenue 

625-647 S. Harvard Boulevard 

117 Residence 2216-2222 La Salle Avenue 4/411973 

2218 S. Harvard Boulevard 

118 Pellissier Building and Wiltern 3750-3790 Wilshire Boulevard 5/16/1973 
Theater 

651-697 Oxford Avenue 

652-676 S. Western Avenue 

119 Cohn - Goldwater Building 1145-1149 San Julian Street 5116/1973 

525 E. 12th Street 

120 Saint Sophia Cathedral 1324-1420 S. Normandie 616/1973 
Avenue 

121 Garfield Building 401-415 W. 8th Street 311711982 

757-761 S. Hill Street 

122 Buck House 5950-5958 W. 8th Street 3120/1974 

805 S. Genesee Avenue 

123 Lovell House 4616 Dundee Drive 3120/1974 
"~-- ---"-

124 Tierman House 2323 Micheltorena Street 4/311974 

125 Fine Arts Building 807-815 W. 7th Street 4/17/1974 Global Marine 
House 

126 Franklin Avenue Bridge Franklin Avenue 4/1711974 
(Shakespeare I3ridREl) 

127 Exposition Club House 3990 Menlo Avenue 5/1/1974 

128 Hancock Memorial Museum 3616 UniversiYf\~~'2~~ ___________ 5/15/1974 

129 Residence 757-767 Garland Avenue 6/19/1974 

130 Samuel - Novarro House 2255 Valley Oak Drive 7/17/1974 

5609 Valley Oak Drive 
- - -----------------_.- ---------------------------

131 Dunbar Hotel (Somerville Hotel) 1067 E. 42nd Place 914/1974 

4225-4233 S. Central Avenue 
------------------------

132 Stoney Point Outcroppings North Chatsworth 11/20/1974 

133 Dynamite Shed 22360 Devonshire Street CPC-1974-4062-HCM 07-0706 11120/2007 

Minnie Hill Palmer Residence 1112011974 

134 Crossroads of the World 1509-1597 Crossroads of the 12/4/1974 
World 

1510-1536 N. Las Palmas 
Avenue 
6671-6679 Sunset Boulevard 

6678-6684 Selma Avenue 

135 Canoga Mission Gallery 23130 Sherman Way 12/4/1974 

136 Saint Mary of the Angels 4510 Finley Avenue 12/4/1974 
-------------------- -

137 Finney's Cafeteria 217-219 W. 6th Street 1/15/1975 

138 Coca Cola Building 1200-1334 S. Central Avenue 2/5/1975 

1211-1259 Naomi Street 

1300-1422 E. 12th Street 

139 Shrine Auditorium 3216-3244 Royal Street 315/1975 

647-665 W. Jefferson Boulevard 

700 W. 32nd Street 

140 Cast Iron Commercial Building 611 Agatha Street 3/1911975 

740-748 S. San Pedro Street 

City of Los Angeles 
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No. Name 

141 Chatsworth Reservoir Kiln Site 

142 Smith Estate 

143 Residence 

144 Residence 

145 Residence 

146 Municipal Ferry Building (Maritime 
History Museum) 

147 James H. Dodson Residence 

148 Coral Trees (Erythrina Caffra) 
Between 26th & Bringham 

149 Ennis - Brown House 

150 Los Angeles City Hall 

151 Chateau Marmont 

152 Faith Bible Church 

153 Lincoln Park Carousel (Former Site 
of) 

154 Fireboat No.2 and Firehouse No. 
112 (Berth 227) 

-------------------~--

155 Memory Chapel (Calvary 
Presbyterian Church) 

156 Fire Station No.1 

157 Residence 

158 Mary Andrews Clark Residence of 
the YWCA 

159 Ralph J. Bunche Home 

160 Manzanar (Inyo County) 

161 Wolfer Printing Company Building 

162 William Mulholland Memorial 
Fountain 

163 Animation School for the Walt 
Disney Studios from 1935-1940 

Site of First Walt Disney Studio 

Animation School for the Wall 
Disney Studios from 1935-1940 

Site of First Walt Disney Studio 

164 _Glendale - Hyperion Bridg~ 

Monday, July 22, 2013 

Address CHCNo. 

Valley Circle 

Woosley Canyon Drive 

5905-5910 EI Mio Drive 

6028 Hayes Avenue 

2054-2056 Griffin Avenue 

3537 Griffin Avenue 

Main Channel (San Pedro 
Harbor) 

San Pedro Harbor 

859-863 W. 13th Street 

San Vicente Boulevard 

2607 Glendower Avenue 

200 N. Spring Street 

8215-8221 Sunset Boulevard 

8225 Marmont Lane 

8244 Monteel Road 

18531 Gresham Street 

Mission Road & Valley 
Boulevard 
Valley Boulevard & Mission 
Road 

Old Dock Street (San Pedro) 

1146-1160 N. Marine Avenue 

2230 Pasadena Avenue 

311_0!'J. Broadway 

306 Loma Drive 

1221-1223 E. 40th Place 

Highway 395 (Inyo County) 

301-311 Winston Street 

416-426 S. Wall Street 

Los Feliz Boulevard & 
Riverside Drive 
Riverside Drive & Los Feliz 
Boulevard 

---------------------------

2646 Griffith Park Blvd CHC-2005-3157 -HCM 

2650 Griffith Park Blvd 

2656 Griffith Park Blvd 

2701-2739 Hyperion Avenue 

2710-2746 Griffith Park 
Boulevard 

3027 Angus St CHC-2005-3157 -HCM 

3031 Angus St 

3033 Angus St 

3616-3618 Monon Street 

Los Angeles River 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

4/2/1975 

4116/1975 

4116/1975 

5121/1975 

5121/1975 

9117/1975 

9/17/1976 

3/3/1976 

3/311976 

3/24/1976 

3/24/1976 

4/7/1976 

4/21/1976 Destoryed by 
Fire 1976 

515/1976 

5/5/1976 

717/1976 

7/7/1976 

7/7/1976 

7/27/1976 

9/15/1976 

9/15/1976 

10/6/1976 

--------------------------~ 

05-0715 7/26/2005 

1016/1976 

05-0715 7/26/2005 

10/6/1976 

10/20/1976 
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No. Name Address CHCNo. CFNo. Adopted Notes 

165 Fire Station No. 27 1355 N. Cahuenga Boulevard & 10/20/1976 
1333 Cole Place 

166 Carriage House 1411-1417 Kellam Avenue 11/3/1976 

167 Residence 826 S. Coronado Street 11/17/1976 

168 Griffith Observatory 2500 E. Observatory Road 11/17/1976 

Griffith Park 

169 William Grant Still Residence 1262 Victoria Avenue 12/111976 

170 Paul R. Williams Residence 1690 Victoria Avenue 12/1/1976 

171 Site ofTimm's Landing (landscaped Fish Slip (San Pedro Harbor) 2/16/1977 
park of Fishermens Co-op) 

172 Stonehurst Recreation Center 9901 Dronfield Street 3/9/1977 
Building 

173 Welsh Presbyterian Church 1153 S. Valencia Street 4/20/1977 

1501 W. 12th Street 

174 Village Green 5112-5595 Village Green 5/4/1977 

175 YWCA Hollywood Studio Club 1215-1233 Lodi Place 5/4/1977 

176 Residence 1310-1316 Kellam Avenue 7/13/1977 

1321 Carroll Avenue 

177 Subway Terminal Building 415-419 S. Hill Street 7/27/1977 

416-424 S. Olive Street 

178 Los Angeles Herald Examiner 1111-1131 S. Broadway 8/17/1977 
Building 

146 W. 11 th Street 
------------- --------------------- -------------~~---

179 Residence (Former Site of) 919 W. 20th Street 8/17/1977 Demolished 
05/1978 

180 Site of the Filming of First Talking 1424-1456 Bronson Avenue 9121/1977 
Film 

5800-5858 Sunset Boulevard 

181 Site of Burial Place of J. B. Nichols Canyon Road 1/18/1978 
Lankershim (North End) 

182 Ivy Park Substation 9009-9031 Venice Boulevard 2/1/1978 

183 West Facade of Pan Pacific 7600 Beverly Boulevard 3/1/1978 Destroyed by 
Auditorium (Former Site of) Fire 

05124/1989; 
Demolished 
04/1992 

184 Tower of Wooden Pallets (Former 15357 Magnolia Boulevard CHC-2004-5815-HCM 4/19/1978 Demolished 
Site of) 2006 

185 President's House (Carriage House 7851 Budlong Avenue 4/19/1978 Demolished 
& Formal Gardens - Former Site of) 1986 

186 Morgan House (Harbor Area YWCA) 437 W. 9th Street 5/311978 

187 Korean Bell and Belfry of Friendship 37th Street & Gaffey Street 5/3/1978 
(Angel's Gate Park) 

Gaffey Street & 37th Street 
.. ----------------

188 USS Los Angeles Naval Monument Harbor Boulevard 5/3/1978 
(John S. Gibson Jr. Park) 

189 Residence 1407 Carroll Avenue 5/3/1978 

190 Residence and Carriage House 1411 Carroll Avenue 5/3/1978 
----------------

191 Residence 1441-1443112 Carroll Avenue 5/3/1978 

192 Franklin Garden Apartments (Former 6915-6933 Franklin Avenue 6/7/1978 Demolished 
Site of) 1978 

193 Pantages Theater 1709-1715 Argyle Avenue 7/5/1978 

City of Los Angeles 
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No. Name 

193 Pantages Theater 

194 Hollywood Walk of Fame (Between 
Gower & Sycamore) 

195 James Oviatt Building 

196 Variety Arts Center Building 

197 Britt Mansion and Formal Gardens 

198 KCET Studios 

199 David Familian Chapel of Temple 
Adat Ari EI 

200 Second Baptist Church Building 

201 Van Nuys Woman's Club Building 

202 Valley Municipal Building (Van Nuys 
City Hall) 

203 Baird House (Volunteer League 
Community Center) 

204 Lederer Residence and Immediate 
Environments 

205 Los Angeles Stock Exchange 
Building 

206 Residence 

207 Residence 

208 Residence and Carriage House 

209 Wilshire Christian Church Building 

210 Terrace Park and Powers Place 

211 Granite Block Paving (Between 
Alameda and N. Main St.) 

212 Stimson House 

Monday, July 22, 2013 

Address CHCNo. 

6225-6249 Hollywood Boulevard 

Hollywood Boulevard 

Vine Street 

615-617 S. Olive Street 

938-940 S. Figueroa Street 

2141 W. Adams Boulevard 

2528 Gramercy Place 

1327-1435 N. Hoover Street 

4391-4421 Sunset Boulevard 

12014-12024 Burbank 
Boulevard 

5540 Laurel Canyon Boulevard 
----- -----

1100 W. 24th Street 

2408-2412 Griffith Avenue 

14832-14836 Sylvan Street 

14401-14441 Erwin Street (Mall) 

14410-14440 Sylvan Street 

14603-14607 Hamlin Street 

23134 Sherman Way 

610-618 S. Spring Street 

724 E. Edgeware Road 

1334 Kellam Avenue 

841-845 S. Lake Street 

3461 Wilshire Boulevard 

634-646 S. Normandie Avenue 

Powers Place and 14th Street 

Bruno Street 

2421 S. Figueroa Street 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

7/5/1978 

7/5/1978 

Expanded to 
include 
Hollywood 
Boulevard 
between 
Sycamore 
Avenue and La 
Brea Avenue. 
Adopted by 
Council on 
8/15/2007. 

Part of the 1978 
designation is 
between Sunset 
Blvd. and Yucca 
Street. 

7/19/1978 

8/9/1978 

8/23/1978 

9/20/1978 

9/20/1978 

10/18/1978 

10/18/1978 

10/18/1978 

10/18/1978 

11/15/1978 

-----------------

1/3/1979 

1/3/1979 

1/17/1979 

1/17/1979 

1/17/1979 

2/21/1979 

3/711979 

5/16/1979 
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No. Name 

213 S.S. Catalina (The Great White 
Steamship) 

214 Mount Carmel High School Building 
(Former Site of) 

Mount Carmel High School Building 
. ..~site of) 

215 Bob's Market 
-----------------~----

216 Residence 

217 Residence 

------------------------

218 Residence 

219 Residence 

220 Residence 

221 Residence and Carriage House 

222 Residence 

223 Residence 

224 Macy Street Viaduct (between 
Mission & Vignes) 

225 Los Angeles Theater 

226 Masquers Club Building (site of) 

227 Janes House 

228 Laurelwood Apartments 

229 Westminster Presbyterian Church 

230 Villa Maria (Durfee House) 

231 EI Greco Apartments 

232 Department of Water and Power 
Building 

233 Sunset Plaza Apartments (Former 
Site of) 

234 Taft House (Former Site of) 

235 Bollman House 

236 Sunset Boulevard Bridge (crossing 
over Silver Lake Boulevard) 

---

237 First Baptist Church of Los Angeles 

238 Granada Shopper & Studios Building 

239 La Casa de las Campanas 

240 Residence 

241 Sunshine Mission 

242 Miller and Herriott Tract House 

243 Garden Court Apartment (Former 
Site of) 

244 Residence 

Monday, July 22, 2013 

Address CHCNo. CFNo. Adopted Notes 

Port of Ensenada, Baja 5/16/1979 Demolished 
California, Mexico 2008 

7011 S. Hoover Street 6/611979 Demolished 
1983 

814 W. 70th Street 

----------~-----~~ 

1222-1234 Bellevue Avenue 6/6/1979 

915-917 Douglas Street 6/6/1979 

1101 Douglas Street 6/6/1979 

874-886 W. Kensington Road 
- ----------~~---

945 E. Edgeware Road 6/6/1979 

1239-1247 Boston Street 6/6/1979 

1343 Kellam Avenue 6/6/1979 
------------------------

1347-1349 Kellam Avenue 6/6/1979 

1405-1411 Kellam Avenue 6/6/1979 

822-826 E. Kensington Road 6/20/1979 

Cesar E. Chavez Avenue 81111979 

----------------------

609-619 S. Broadway 8115/1979 

1765 N. Sycamore Avenue 8/2911979 

6541 Hollywood Boulevard 4/311980 

11833-11847 Laurelwood Drive 4/22/1980 

2226-2230 W. Jefferson 6/11/1980 
Boulevard 

2425 S. Western Avenue 6/12/1980 

817-823 N. Hayworth Avenue 4/9/1981 
---------------_._----._------

5106-5108 Lankershim 
Boulevard 

1216-1220 Sunset Plaza Drive 

7771-7791 Sunset Boulevard 

1530-1534 N. Ogden Drive 

Silver Lake Boulevard 

2875 W. 8th Street 

2960-2982 Leeward Avenue 

760 S. Westmoreland Avenue 

666-678 S. LaFayette Park 
Place 

350-354 N. June Street 

111 0 W. 27th Street 

2703-2707 S. Hoover Street 

2600 S. Hoover Street 

954-1008 W. Adams Boulevard 

1157 -1163 W. 27th Street 

2670-2676 Magnolia Avenue 
----------------- . 

7021 Hollywood Boulevard 

1402 Malvern Avenue 

City of Los Angeles 
Department of City Planning 

7/14/1980 

1019/1980 Demolished 
1987 

11/3/1980 Demolished 
1982 

11/3/1980 

4/911981 

4/9/1981 

4/9/1981 

4/9/1981 

419/1981 

---------------------

419/1981 

4/911981 

4/28/1981 Demolished 
1981 

4/30/1981 
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No. Name 

244 Residence 

245 Lincoln Avenue Church Building 
(Heritage Square) 

246 Residence 

247 Freeman House 

248 First United Methodist Church of 
Hollywood 

249 Powder Magazine (Camp Drum) 

250 Ebell of Los Angeles Building 

251 Juarez Theater (Warner Brothers) 

252 Harbor View House 

253 Muller House 

Muller House (former site) 

254 Marymount High School Main 
Admin_ Bldg. (inc!. Chapel & 
Auditorium) 

255 Original Pantry 

Address 

1866 W. 14th Street 

3800 Homer Street 

1443-1447 N. Martel Avenue 

1962 Glencoe\Aiat_ 

6817 Franklin Avenue 

1001 Eubank Avenue & 561 E. 
Opp Street 

561 E. Opp Street & 1001 
Eubank Avenue 

4400 Wilshire Boulevard 

741-743 Lucerne Boulevard 

478 W. 6th Street 

907 -945 Beacon Street 

912-928 Palos Verdes Street 

1542 S. Beacon Street 

575 W. 19th Street 

101-121 Marymount Place 

10643-10685 Sunset Boulevard 

809-817 W. 9th Street 

873-877 S. Street 

CHC No. CFNo. Adopted 

4/30/1981 

6/4/1981 

11/25/1981 

11/25/1981 

1214/1981 

8/10/1982 

812511982 

812511982 

812511982 

812511982 

9/2811982 

10/5/1982 

-----------------------------------------

256 Mack Sennett Studios 1712 Glendale Boulevard 

______________ 2110 Aaron Street 

257 Residence 817-821 N. Glendale Boulevard 
------------

258 Fitzgerald House 

259 Loyola Theater 

260 Edward's House 

261 Lincoln~eights Branch Library 

262 Residence 

2525 S. Arlington Avenue 

3115-3125 W. Adams 
Boulevard 

6266 Manchester Avenue 

8600-8610 S. Sepulveda 
Boulevard 

5642 Holly Oak Drive 

2530 Workman Street 

2700 Eagle Street 

263 Villa Rafael 2123 Parkside Avenue 

264 Vermont Square Branch Library 1201 W. 48th Street 
------~--------~~ 

265 Bridge at Fourth and Lorena Streets 4th Street 

Lorena Street 

----------------------------------------

266 Collins Residence 

267 Park Plaza Hotel 

890-892 W. KenSington Road 

2400-2416 W. 6th Street 

603-607 Park View Street 

268 La Fonda Restaurant Building 2501-2511 Wilshire Boulevard 

269 Mount Washington Cable Car Station 200-202 W. Avenue 43 

270 Venice Canal System Carroll Canal 

Eastern Canal 

Grand Canal 

Howland Canal 

Linnie Canal 

Monday, July 22, 2013 
City of Los Angeles 

Department of City Planning 

1115/1982 

111511982 

1115/1982 

12/1711982 

511711983 

6/3/1983 

6/3/1983 

613/1983 

61711983 

61711983 

611011983 

612411983 

612411983 

6/2811983 

711511983 

Notes 

---------------------~----. 
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No. Name 

270 Venice Canal System 

271 Farmers and Merchants Bank 
Building 

272 Peet House 

273 Durfee House 

274 Northeast Police Station 

275 Heinsberger Decorating Company 
Building 

276 Pacific Palisades Business Block 

277 Hollywood Masonic Temple 

278 Title Guarantee & Trust Company 
Building 

279 Greenacres (Former Harold Lloyd 
Estate) 

280 Chapman Park Studio Building 

281 Cathedral High School 

282 Masonic Temple (Highland Park) 

283 Southwest Museum 

284 Highland Park Ebell Club Building 

285 C. E. Toberman Estate 
- ----------------------------

286 Mayflower Hotel 

287 Yoakum House 
-------------------------------

288 Barclay Hotel 

289 Fire Station No. 30 

290 La Reina Theater 

291 Highland - Camrose Bungalow 
Village 

292 Old Eagle Rock Branch Library 

293 The Magnolia 

294 Eastern Columbia Building 

295 A. E. Kelly Residence 

296 John C. Harrison Residence 

Monday, July 22, 2013 

Address CHCNo. 

Ocean Avenue 

Sherman Canal 

Strongs Drive 

Venice Boulevard 

Washington Boulevard 

401-411 S. Main Street 

1139 S. Harvard Boulevard 

1001-1007W. 24th Street 

2311 Toberman Avenue 

6045 York Boulevard 

7415-7427 Beverly Boulevard 

15300-15318 Sunset Boulevard 

15301-15327 Antioch Street 

904-910 Via de la Paz 

6840 Hollywood Boulevard 

401-411 W. 5th Street CHC-1984-4555-HCM 

1056 North Maybrook Drive 

1740 Green Acres Place 

3501-3519 W. 6th Street 

1253 Bishops Road 

104-112 N. Avenue 56 & 5567 
N Figueroa St 
5567 N. Figueroa Street & 104 
N. Avenue 56 

234 Museum Drive CHC-1984-3284-HCM 

125-135 S. Avenue 57 
----------------------------------

1847 Camino Palmero 
---------------------------

531-535 S. Grand Avenue 

140-154 S. Avenue 59 
------------------------

103-107 W. 4th Street 

1401 S. Central Avenue 

14626 Ventura Boulevard 

2103-2115 112 N. Highland 
Avenue 

6814-6836 Alta Lama Terrace 

6819 Camrose Drive & 2103-15 
N. Highland Ave 

2225 Colorado Boulevard 

13242 Magnolia Boulevard 

211 W. 9th Street 

843-855 S. Broadway 

1140-1156 W. Adams 
Boulevard 

1154-1160 W. 27th Street 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

7/15/1983 

8/9/1983 

9121/1983 

1/4/1984 

1/4/1984 

1/4/1984 

4/2411984 

6/12/1984 

09-0489 4/10/2009 existing HCM 
expanded to 
include interior 

7/11/1984 

7/24/1984 

7/24/1984 

8/7/1984 

8/29/1984 

8/29/1984 

8/29/1984 
------------------------------------

10/3/1984 

10/5/1984 

1/18/1985 

211/1985 

2/1511985 

2/15/1985 

4123/1985 

6/18/1985 

6/18/1985 

6/28/1985 

-----------------------------~~ 

7/12/1985 

7/12/1985 

Page 12 of 35 

AR0069492 



No. Name Address CHCNo. CFNo. Adopted Notes 

297 West Adams Gardens 1158-1176 W. Adams 8113/1985 
Boulevard 

298 Crocker Bank Building 269-273 S. Western Avenue 9/20/1985 

4359-4363 W. 3rd Street 

299 Embassy Auditorium and Hotel 501 W. 9th Street 10/411985 

839-861 S. Grand Avenue 

300 Cas a Camino Real 1828 S. Oak Street 1012911985 

Washingt~n.Boulevard 

301 Arzner 1 Mor~~~~e~id~rlce 2249 Mountain Oak Drive 10129/1986 

302 Amelia Earhart Branch (North 5211 N. Tujunga Avenue 6/2711986 
Hollywood Branch Library) 

303 John C. Fremont Branch Library 6121 Melrose Avenue 6/27/1986 

304 Malabar Branch Library 2801 E. Wabash Avenue 6/27/1986 

305 John Muir Branch Library 1005 W. 64th Street 6/27/1986 

306 Original Vernon Branch Library 4504 S. Central Avenue 6/27/1986 Demolished 
(F ormer Site of) 1986 

307 Washington Irving Branch Library 1803 S. Arlington Avenue 6/27/1986 

308 Wilmington Branch Library 1001-1007 N. Fries Avenue 6/27/1986 

309 W. Opp Street 

309 EI Royale Apartments 450 N. Rossmore Avenue 9/211986 

310 Fire Station No. 29 158 S. Western Avenue 10/1/1986 
--------- ---------------------~-----------~---------

311 Los Altos Apartments 4117-4127 Wilshire Boulevard 10/17/1986 

312 Japanese Union Church of Los 120-122 N. San Pedro Street 10/24/1986 
Angeles 

- ---------------------------------------

313 Los Angeles Hompa Hongwanji 109-119 N. Central Avenue 10/24/1986 
Buddhist Temple 

355-369 E. 1 st Street 
-----------------------------------

314 Cahuenga Branch Library 4591 W. Santa Monica 10/24/1986 
Boulevard 

315 Villa Carlotta 1913-1915 Tamarind Avenue 10/28/1986 

5959 Franklin Avenue 

316 William Stromberg Clock 6439 Hollywood Boulevard 1/711987 

317 Young Apartments 1615-1631 S. Grand Avenue 1/7/1987 

303-311 W. 17th Street 

318 Holmby House 1221-1223 Holmby Avenue 211311987 

319 The Grove 10669-10683 Santa Monica 3/11/1987 
Boulevard 

320 Landfair Apartments 10940-10954 Ophir Drive 5/20/1987 

321 Eastlake Inn 1093 W. Edgeware Road 5/20/1987 

1442 Kellam Avenue 

322 Fletcher Drive Bridge over the Los Fletcher Drive 7/21/1987 
Angeles River 

323 Church of the Open Door (Former 550 S. Hope Street 7/28/1987 Demolished 
Site of) 1988 

324 The Lindbrook 10800-10808 Lindbrook Drive 8/14/1987 

325 Shulman House 7875-7877 Woodrow Wilson 8/26/1987 
Drive 

-----------------------

326 McKinley Mansion (Former Site of) 310-312 S. LaFayette Park 9/9/1987 Destroyed by 
Place Fire 05124/1994 

327 Thomas Potter Residence 1135-1141 S. Alvarado Street 912211987 

City of Los Angeles 
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No. Name 

328 August Winstel Residence 

329 Chateau Elysee 

330 Rosedale Cemetery 

331 Pacific Bell~uil~i!1(l 

332 Wilshire Tower 

333 Grieri - Musser House 

334 Security Trust and Savings Building 

335 Henry J. Reuman Residence 

336 Hollywood Western Building 

337 Engine Company No. 56 

338 Drake House 
--------------------

339 Santa Fe Arroyo Seco Railroad 
Bridge 

340 Standard Oil Company 

341 First African Methodist Episcopal 
Zion Cathedral & Communit)' Center 

342 Masonic Temple 

343 Avocado Trees (Entire Block) 

344 Institute of Musical Art 

345 Harris Newmark Building 

346 Coast Federal Savings Building 

347 One Bunker Hill Building 

-.. -------~-.-"-.-~ 

348 Fire Station No. 28 

349 Fire Station No. 18 

350 Ecung - Ibbetson House and 
Moreton Bay Fig Tree 

351 Strathmore Apartments 

352 Los Angeles Nurses Club 

353 Monterey Apartments 

354 Giannini - Bank of America 

C;;i~nnini - Bank of Americ(3~uilding 

355 Roosevelt Building 

356 Barker Brothers Building 

Monday, July 22, 2013 

Address CHCNo. CFNo. Adopted Notes 

1147 S. Alvarado Street 9/22/1987 

1806-1830 Tamarind Avenue 9/23/1987 

5925-5939 Yucca Street 

5930-5936 Franklin Avenue 

1831 W. Washington Boulevard 1211/1987 

1920 Venice Boulevard 

2749-2765 W. 15th Street 12/811987 
- -------------------

5500-5522 Wilshire Boulevard 12/8/1987 

403 S. Bonnie Brae Street 12118/1987 

1708 Cahuenga Boulevard 12/18/1987 

6367-6385 Hollywood Boulevard 
.. 

923-925 W. 23rd Street 12118/1987 

5500-5510 Hollywood Boulevard 116/1988 

2838 Rowena Avenue 1/1211988 
--------~~~ 

210-220 S. Avenue 60 1/2611988 

162 S. Avenue 61 1/2211988 

601-605 Olympic Boulevard & 1/26/1988 
953 S. Hope St 

953 S. Hope Street & 605 W. 
Olympic Blvd 

----------------"~ 

1439-1457 W. Adams 1/22/1988 
Boulevard 

221-227 N. Avalon Boulevard 1/2211988 

4400 Avocado Street 1/2211988 

3210 W. 54th Street 2/23/1988 

5401 10th Avenue 

127 E. 9th Street 2/2311988 

315 W. 9th Street 3/11/1988 

855 S. Hill Street 
--------------.----~-- -----------------~~ ----------------------

455 S. Grand Avenue 

601-611 5th Street 
---------~~----

644-646 S. Figueroa Street 

2616 S. Hobart Boulevard 

1180-1190 W. Adams 
Boulevard 

2612 Magnolia Avenue .. 

11005-11013112 Strathmore 
Drive 

1405 Miramar Street 

245 S. Lucas Avenue 

4600-4602 Los Feliz Boulevard 

505 W. 7th Street 

649 S. Olive Street 
------------------ --------------~~~ 

648-654 S. Flower Street 

715-735 W. 7th Street 

700-726 S. Figueroa Street 

709-715 S. Flower Street 

800-898 W. 7th Street & 709-
711 S. Flower St 

City of Los Angeles 
Department of City Planning 

3/25/1988 

-------------.-~~--~ 

3/2911988 

3/29/1988 

3/29/1988 

-------------~~---

418/1988 

4/811988 

5111/1988 

4126/1988 

4126/1988 

4/26/1988 
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No. Name Address CHCNo. 

357 Boston Stores - J.W. Robinson's 600-632 W. 7th Street 

703-719 S. Grand Avenue 

710-722 S. Hope Street 

358 Brock Jewelers - Clifton's 513-515 W. 7th Street 

359 Breed Street Shul 241-247 N. Breed Street 

360 Bratskeller - Egyptian Theater 10885-10887 Lindbrook Drive 
(Ralphs Grocery Store) 

1142-1154 Westwood 
Boulevard 

361 Fox Bruin Theater 10935-10943 Weyburn Avenue 

926-950 Broxton Avenue 

362 Fox Village Theater 10953-10961 Weyburn Avenue 

945-961 Broxton Avenue 

363 Gayley Terrace 959 Gayley Avenue 

364 Janss Investment Company Building 1045-1099 Westwood 
Boulevard 

365 Kelton Apartments 644-648 Kelton Avenue 

366 LaUer House and Arroyo Stone Wall 137-151 S. Avenue 57 

367 Sheets Apartments 10919 Strathmore Drive 

368 Elkay Apartments 638-642 Kelton Avenue 

369 Johnson House & Arroyo Stone Wall 4985 N. Figueroa Street 

4985-4989 N. Sycamore 
Terrace 

370 Herivel House & Arroyo Stone Wall 4979-4983 N. Sycamore 
Terrace 

4979-4985 N. Figueroa Street 

371 Tustin House & Arroyo Stone Wall 4967-4973 N. Figueroa Street 

4973-4977 N. Sycamore 
Terrace 

372 Mary P. Field House & Arroyo Stone 4967-4971 N. Sycamore 
Wall Terrace 

4967-4973 N. Figuerea Street 

373 Arroyo Stone House & Arroyo Stone 4939 N. Figueroa Street 
Wall 

4939 N. Terrace 

374 G.W.E. Griffith House 5915-5919 Echo Street 
--- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------~ 

375 Putnam House 

376 INIliiam U. Smith House & Arroyo 
Stone Wall 

377 Ollie Tract (except lot 7) including 
Environs & Structure 

Ollie Tract (except Structure for 199 
S. Avenue 57) 

378 Wheeler - Smith House 

379 Morrell House 

380 Reeves House 

381 The Eames House (Studio and 
Grounds) (Case Study House #8) 

382 Falcon Studios 

Monday, July 22, 2013 

5944-5948 Hayes Avenue 

140-142 S. Avenue 57 

179-199 S. Avenue 57 

5701-5731 Benner Street 

5676-5688 Ash Street 

215 N. Avenue 53 

219 N. Avenue 53 

203 Chautauqua Boulevard 

5524 Hollywood Boulevard 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

4/26/1988 

4/15/1988 

6/7/1988 

6/21/1988 

6/21/1988 

6/21/1988 

6/21/1988 

6/2111988 

6/21/1988 

6121/1988 

6121/1988 

612111988 

7115/1988 

711511988 

7115/1988 

7/15/1988 

7/15/1988 

7115/1988 

7115/1988 

7/15/1988 

7115/1988 

7/15/1988 

7/15/1988 

7/15/1988 

7115/1988 

7/26/1988 Rear Studio 
Building 
Demolished 
1988 
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No. Name 

383 Residence 

384 Department of Water and Power 
Building 

385 Title Insurance & Trust Company 
Building and Annex 

386 Chapman Park Market Building 

387 Gas Station 

388 Edison Electric Company (Los 
Angeles #3 Steam Power Plant) 

389 C. M. Church House 

390 Jardinette Apartments 

391 Canfield - Moreno Estate 

392 Treehaven Guest House and 
Grounds 

-- -- - -----------------------------------------

393 Wiles House and Grounds 
--------------------------------------------------

394 Ernest Bent I Florence Bent 
Halstead House and Grounds 

395 H. Stanley Bent House (inc!. 
Carriage House and Front Fountain) 

396 Federal Bank Building 

397 Roman Gardens 

398 Pacific Mutual Building 

399 Bates House 

400 Sunrise Court 

401 Feliz Adobe 

402 Frederic M. Ashley House 

403 Higgins 1 Verbeck 1 Hirsch Mansion 

404 Los Angeles Railway Huron 
Substation 

405 Pacific Electric Picover Railway 
Station (Former Site of) 

406 Magic Castle 

407 Seyler Residence 

408 Machell - Seaman House 

409 Burkhalter Residence 

410 Distribution Station No. 31 

411 Robert Edmund Williams House 
(Hathaway Home for Children) 

412 Garvanza Pumping Station and site 
of Highland Reservoir 

413 Octagon House (Heritage Square) 

414 Wilmington Cemetery 
------

415 Wilshire Branch Library 

416 Ziegler Estate 

417 Gordon L. McDonough House 

418 George W. Wilson Estate (Former 
Site of) 

419 Walker Mansion 

Monday, July 22,2013 

Address CHC No. CFNo. 

1203-1207 Kipling Avenue 

2417 Daly Street 

433 S. Spring Street 

---------------------------------------~---~---

3451 W. 6th Street 
- --------------------------------------~----

110 S. Barrington Avenue 

650 S. Avenue 21 

--- ---- -------- -------~~------------~-

5907 Echo Street 

5128 Marathon Street 

1923 Micheltorena Street 

4211 Glenalbyn Drive 

4224 Glenalbyn Drive 

4200 Glenalbyn Drive 

4201 Glenalbyn Drive 

2201 N. Broadway 

2000 N. Highland Avenue 

523 W. 6th Street 

1415 Carroll Avenue 

5721-5729 Monte Vista Street 

473~9rystalSfJriflgsDrive 

740-742 N. Avenue 66 

637 S. Lucerne Boulevard 
- -------------

2640 N. Huron Street 

16710 Sherman Way 

--------------------------------------

7001 Franklin Avenue 

2305 Scarff Street 

2341 Scarff Street 

2309-2311 Scarff Street 

1035 W. 24th Street 

840 N. Avenue 66 

420 N. Avenue 62 

3800 Homer Street 

601-725 E. 0 Street 

149 N. Saint Andrews Place 

4601 N. Figueroa Street 

2532 5th Avenue 
---------------------~--

616 N. Avenue 66 

3300 W. Adams Boulevard 

City of Los Angeles 
Department of City Planning 

Adopted Notes 

8/5/1988 

8/5/1988 

81511988 

8/30/1988 

91211988 

10/21/1988 

10/4/1988 

10/4/1988 

10/4/1988 

11/4/1988 

- - ---------------------~--------. _.---

11/4/1988 
- - - - ------------------------------------

11/4/1988 

11/4/1988 

11/23/1988 

11/2311988 

11/2311988 

11129/1988 

11123/1988 

11/30/1988 

12/9/1988 

12/14/1988 

12120/1988 

1/11/1989 Destroyed by 
Fire 06/04/1990 

1/17/1989 

1/20/1989 

1/20/1989 

1/20/1989 

1/20/1989 

1/18/1989 

1/20/1989 

1/20/1989 

1/24/1989 

2/1/1989 

2/21/1989 

2/21/1989 

2/17/1989 Destroyed by 
Fire 12115/1989 

3/3/1989 
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No. Name Address CHCNo. CFNo. Adopted Notes 

420 Milbank - McFie Estate 1130 Arlington Avenue & 3340 12/13/1989 
Country Club Dr 

3340 Country Club Drive & 
.. 1130Ilrlin~t~~!-\I~ __ .. 

-------------------------~--

421 Lake Hollywood Reservoir (including 2460 Lake Hollywood Drive 3131/1989 
Mulholland Dam) 

-------------------------~~---- ----------------~---~-~--

422 Silverlake and Ivanhoe Reservoir Armstrong Avenue & Silvrlk & 313111989 
Silverlake Dr 

Silverlake Blvd. & Silverlake & 
Armstrg Ave 

W. Silverlake Dr & Silverlake & 
Armstrg Ave 

-----------------------------

423 Apartment Building 607 Burnside Avenue 3/31/1989 

424 i\p.<3~rne~tB ui Idi ng 626 Burnside Avenue 3/31/1989 
-- ---------------------------

425 Apartment Building 636 Burnside Avenue 3/31/1989 
---------------------------------------_ .. -----------------------------

426 Apartment Building 654 Burnside Avenue 3/31/1989 

427 Apartment Building 364 Cloverdale Avenue 41711989 

428 Villa Cintra 430 Cloverdale Avenue 41711989 

429 Apartment Building 601 Cloverdale Avenue 4/711989 

430 Cornell Apartments 603 Cochran Avenue 41711989 

431 Residence 1851 W. 11 th Street 5/5/1989 Exterior only 

432 Doria Apartments 1600-1604 W. Pico Boulevard 5/5/1989 

433 Alphonse J. Forget Residence 1047 S. Bonnie Brae Street 5/5/1989 Exterior only 

434 Colonel John E. Stearns Residence 27 Saint James Park 5/5/1989 

435 Andalusia Apartments 1471-1475 Havenhurst Drive 5/16/1989 

436 Howard - Nagin Residence 146 S. Fuller Avenue 5119/1989 

437 A. H. Judson Estate (Former Site of) 4909-4915 N. Sycamore 5119/1989 Demolished 
Terrace 04/1992 

4911 Pasadena Avenue Terrace 

438 Apartments 445 S. Detroit Street 5/1911989 

439 Apartments 450-460 S. Detroit Street 5/19/1989 

440 Eastern Star Home (including Front 11725 Sunset Boulevard 5/16/1989 
Grounds and Courtyard) 

441 Dunning House 1606-1616 Saint Andrews PI & 5131/1989 
5552 Carlton Wy 

5552 Carlton Wy & 1606-1616 
Saint Andrews PI 

442 Albion Cottages and Milagro Market 1 801-181 3 Albion Street 6/20/1989 

443 Bowman Residence 2425 Griffin Avenue 6/20/1989 Exterior only 

444 Octavius W. Morgan Residence 179-181 S. Alta Vista Boulevard 6/20/1989 

445 Courtney Desmond Estate 1801-1811 Courtney Avenue 6/20/1989 

446 Courtyard Apartment Complex 10830 Lindbrook Drive 8/1/1989 

447 Courtyard Apartment Complex 10836-10840 Lindbrook Drive 8/1/1989 
----------------------

448 Whitley Court 1720-1728 Whitley Avenue 12/13/1988 

449 Palace Theater 630-636 S. Broadway 8/16/1989 

450 Tower Theater 218-230 W. 8th Street & 800- 8/1611989 
804 S Broadway 

800-804 S. Broadway & 218-
230 W 8th Street 

451 Darkroom (Facade only) 5370 Wilshire Boulevard 8/1/1989 

City of Los Angeles 
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No. Name Address CHC No. CFNo. Adopted Notes 

452 Felipe de Neve Branch Library 2820-2830 W. 6th Street 10/17/1989 

453 Artisan's Patio Complex 6727-6733 Hollywood Boulevard 10/17/1989 

454 Chouinard Institute of the Arts 2301 W. 8th Street 10/24/1989 

737-747 Grand View Street 

455 Margaret T. and Bettie Mead 2342 Scarff Street 10/24/1989 
Creighton Residence 

456 Ezra T. Stimson House 839 W. Adams Boulevard 10/24/1989 

457 Freeman G. Teed House 2365-2367 Scarff Street 10/24/1989 

458 Wells - Halliday Mansion 2146 W. Adams Boulevard 11/3/1989 

459 Hamburger's Department Store 300-332 W. 8th Street 10/17/1989 

800-830 S. Hill Street 

801-829 S. Broadway 

460 Mayan Theater 1036-1044 S. Hill Street 10/17/1989 

461 Meyers House (Former Site of) 4340 Eagle Rock Boulevard 11/3/1989 Relocated to 
4340 Eagle 
Rock Blvd in 
1922; Destroyed 
by Fire 
4/3011992 

462 Hollywood American Legion Post #43 2035 N. Highland Avenue 11/3/1989 
-------------------------~-----------------------------

463 Afton Arms Apartment 6141 Afton Place 11/3/1989 

464 Fargo House 206 Thorne Street 11/3/1989 
-- -- ----------------------------------------------

465 Sycamore Trees Bienvenida Avenue 10/27/1989 

466 Henry J. Foster Residence 1030-1030 1/2 W. 23rd Street 10/17/1989 

467 Chalet 2375 Scarff Street 10/27/1989 

468 Sacred Heart Church 2210-2212 Sichel Street 12/5/1989 

2801 Baldwin Street 

469 Ivar I. Phillips Dwelling 4200 N. Figueroa Street 12/20/1989 

470 Ivar I. Phillips Residence 4204 N. Figueroa Street 12/20/1989 

471 Argus Court 1760-1768 Colorado Boulevard 12/20/1989 

472 Rialto Theater Building 808-812 S. Broadway 12/20/1989 

473 Apartment 613 Ridgeley Drive 12/8/1989 

474 Little Nugget (Travel Town - Griffith 5200 Zoo Drive 1/26/1990 

475 Highland Towers Apartments 1920-1928 N. Highland Avenue 10/16/1990 

476 Belasco Theater 1046-1054 S. Hill Street 1/3011990 

477 Briggs Residence 3734 W. Adams Boulevard 1/30/1990 

478 Guasti Villa - Busby Berkley Estate 3500-3500 1/2 W. Adams 1/3011990 
Boulevard 

479 Dr. Grandville MacGowan Home 3722-3726 W. Adams 1/3011990 
Boulevard 

480 Spanish - American War Memorial 5th Street & Olive Street 3/23/1990 
(Pershing Square) 

6th Street & Hill Street 

Hill Street & 6th Street 

Olive Street & 5th Street 

481 Mauer House 932 Rome Drive 3/23/1990 
---------------------------~--------------------------------------

482 Arthur S. Bent House 161-169 S. Avenue 49 5/1/1987 

483 J. B. Merrill House 815 Elyria Drive 3/23/1990 

City of Los Angeles 
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No. Name 

484 Oakridge and Grounds 

485 Nicolosi Estate 

486 Nineteenth Century Los Angeles 
Chinese Cemetery Shrine 

487 Sanchez Ranch 

488 Canoga Park (original Owens mouth 
Southern Pacific R.R. Station) 

489 Richard H. Alexander Residence 

490 SA ANGNA (Sacred Burial Site of 
Gabrielino Indians) 

491 Charles B. Booth ReSidence and 
Carriage House 

492 Arroyo Seco Bank Building 

493 Casa de Adobe 

494 Kelman Residence and Carriage 
Barn 

495 EI Capitan Theater Building 

496 Lycurgus Lindsay Mansion 

497 Charles Clifford Gibbons Residence 

498 Lois Ellen Arnold Residence 

499 Agnes B. Heimgartner Residence 

500 John B. Kane Residence 

501 Michael Shannon Residence 

502 Collins - Furthmann Mansion 
(Mansion Only) 

503 Wachtel Studio - Home & Eucalyptus 
Grove 

504 Barlow Sanitorium 

505 First Baptist Church of San Pedro 
(Facade & Stained Glass Window) 

506 Tischler Residence 

507 Hiram V. Short Residence 

508 Gilmore Gasoline Service Station 

509 Camphor Trees 

510 Residence 

511 Residence 

512 Church of The Advent 

Monday, July 22,2013 

Address CHCNo. 

18650 Devonshire Street CHC-2005-5399-HCM 

414 Saint Pierre Road 

204 N. Evergreen Street 

3725 Don Felipe Drive 

21355 Sherman Way 

2119 Estrella Avenue 

4231-4363 S. Lincoln Boulevard 

824-826 S. Bonnie Brae Street 

6169-6199 York Boulevard 

6301-6311 N. ~ig~El~~~ Street 

4603-4613 Figueroa St & 4610-
4618 Woodside 

461 0-4618 Woods ide Dr & 
4603-4613 Figueroa 

5029 Echo Street 

6834-6838 Hollywood Boulevard 

3424-3426 W. Adams 
Boulevard 

2124 Bonsallo Avenue 

1978 Estrella Avenue 

1982 Bonsallo Avenue 

2122 Bonsallo Avenue 

1970 Bonsallo Avenue 

3691-3801 Lenawee Avenue 

315 W. Avenue 43 & 4306 
Glenmuir Avenue 

4306 Glenmuir Avenue & 315 
W. Avenue 43 

1300 Scott Avenue & 2000 
Stadium Way 

2000 Stadium Way & 1300 
Scott Avenue 

555 W. 7th Street 

175 Greenfield Avenue 

2108-2110112 Estrella Avenue 

6800 Willoughby Ave & 853-
859 N Highland Ave 

853-859 N Highland Ave & 
6800 Willough~t~ ____ 

1200-1268 LakmeAvenue 

1157 W. 55th Street 

5426 BUdlong Avenue 

11 00 W. 55th Street 

2614 Longwood Ave & 4970-
4976 W Adams Blvd 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

3/23/1990 

4/611990 

8/3111990 

5/111990 

5/30/1990 

5/30/1990 

5/1/1990 

7/1311990 

7/1311990 

7/13/1990 

7113/1990 

-----------------~-.-

6/1211990 

5/30/1990 

6/1/1990 

6112/1990 

6/12/1990 

6/12/1990 

6112/1990 

6/20/1990 

10/9/1990 

10/9/1990 

5122/1990 

10/9/1990 

11/2/1990 

3/23/1992 

-------~~-~~-----

12/18/1990 

1/1111991 

1/11/1991 

1/16/1991 
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No. Name Address CHC No. CFNo. Adopted Notes 

512 Church of The Advent 4970-4990 W. Adams Blvd & 1/16/1991 
2614 Longwood Ave 

513 Southern California Edison Service 615 E. 108th Street 1/15/1991 
Yard Structure 

514 Residence 381-383 10th Street 1/22/1991 
---------------------~-----

----~-~--~-----

515 Battery Osgood - Farley 3601 Gaffey Street 1/2211991 
Leavenworth Drive 

516 Saint John's Episcopal Church 510-518 W. Adams Boulevard 1/22/1991 

517 Residence 917 E. 49th Place 1/16/1991 

518 Residence 1207 E. 55th Street 1/16/1991 

519 Cockins House 2653 S. Hoover Street 2/111991 

520 EI Rey Theatre 5515-5519 Wilshire Boulevard 2126/1991 

521 Taggart House 2150-2158 Live Oak Drive & 3/1511991 
5423 Black Oak Dr 

5423 Black Oak Drive & 2150-
2158 Live Oak Dr 

522 State Theater Building 300-314 W. 7th Street 3/20/1991 

701-723 S. Broadway & 300-
314 W. 7th Street 

523 United Artists Theater Building 921-939 ~~§r~ad",,~t 3/20/1991 

524 Cameo Theater (formerly Clune's 526-530 S. Broadway 3/20/1991 
Broadway) 

525 Arcade Theater (formerly Pantages 532-536 S. Broadway 3/20/1991 
Theater) 

526 Roxie Theater 512-524 S. Broadway 3/20/1991 

527 Residence 1437 N. Martel Avenue 4/211991 
------------~~~--, 

528 Dr. Franklin S. Whaley Residence 6434 Crescent Street 4123/1991 

529 Montecito View House 4115 Berenice Place 4/23/1991 

530 John Entenza House (Case Study 205 Chautanqua Boulevard 4/30/1991 
House #9) 

531 Wilshire Ward ChCiEi:!I, 1209 S. Manhattan Place 5/10/1991 
-----------------~-

532 Venice Arcades (including Columns 67-71 Windward Avenue 4/23/1991 
and Capitals) 

533 Residence 2660 Sichel Street 611111991 
------------~~ 

534 I. Magnin & Company Building 3240 Wilshire Blvd & 650 New 6/11/1991 
Hampshire Ave 
650-666 New Hampshire 
Av/3240 Wilshire Blvd 

535 Hollywoodland's Historic Granite Hollywoodland 6/11/1991 
Retaining Walls and Stairs 

----------~~--~-, 

536 Eagle Rock Playground Clubhouse 1100 Eagle Vista Drive 7/2/1991 

537 Eagle Rock Women's Twentieth 1841-1855 Colorado BII51 01- 7/2/1991 
Century Clubhouse 5105 Hermosa Ave 

5101-5105 Hermosa Av/1841-
1855 Colorado Blvd 

-----------~~~~ 

538 David J. Witmer Family Houses and 1422 W. 2nd Street & 208-210 7/2/1991 
Compound 1/2 Witmer St 

David J. Witmer Family Houses and 208-210112 Witmer Street & 
Compound 1422 W. 2nd St 

539 J. E. Maxwell Residence 211 S. Avenue 52 7/19/1991 

540 Piper House (Former Site of) 326 N. Avenue 53 7/19/1991 Destroyed by 
Fire 08/20/1995 

-----------,- - --------~---' ---------~~--- -----... --~~~-- ----------------~--. 
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No. Name Address CHCNo. CFNo. Adopted Notes 

541 Reverend Williel Thomson Residence 215 S. Avenue 52 7/19/1991 

542 Swanson House 2373 Addison Way 7/211991 

543 Farmers Market Gilmore Lane 7/24/1991 

West 3rd Street & West Fairfax 
Avenue 

West Fairfax Avenue & West 
3rd Street 

--------------~------

544 Irvine - Byrne Building 249-259 S. Broadway & 301 W. 8/2/1991 
3rd Street 

301 W. 3rd Street & 249-259 S. 
Broadway 

545 Hollywood Roosevelt Hotel and Pool 7000-7034 Hollywood Boulevard 8/13/1991 

7001-7039 Hawthorn Avenue 
- ~--.--- -.. -~-----

546 Westlake Theater 634-642 S. Alvarado Street 9/24/1991 

547 Camp Josepha Malibu Lodge 3000 Rustic Canyon Road 10/2/1991 
---------------

548 Korean Independence Memorial 1368 W. Jefferson Boulevard 10/211991 
Building 

549 Highland Theater Building 103 E. Avenue 56 & 5600-5608 10/2/1991 
N Figueroa 

5600-5608 N. Figueroa Street & 
103 EAve 56 
----------------------

550 A. J. Madison House 148-150 S. Avenue 56 10/2/1991 
--------~---------- ---------------_._- ------------------- -.---

551 Thomas W. Phillips Residence 2215 S. Harvard Boulevard 11/13/1991 
-------------------

552 Einar C. Petersen Studio Court 4350-4352 1/2 Beverly 11/13/1991 
Boulevard 

553 Midtown School 4155 Russel Avenue 11/12/1991 Site plus four 
John Lautner 
Buildings 

554 La Paloma 357-369 N. Avenue 53 & 5300- 3/18/1992 
5320 Granada St 

5300-5320 Granada St & 357-
369 N Avenue 53 

555 Mother Trust Superet Center 2506-2522 W. 3rd Street 3/18/1992 
-----------~~ 

556 Charlie and Nettie Williams Home 212-214 N. Avenue 57 4121/1992 
---------------

557 Wilbur F. Wood House 4020-4026 Bluff Place 4/21/1992 

558 Department of Water and Power 211-235 N. Avenue 61 4/21/1992 
Distributing Station No.2 

6100-6114 Mount Angelus Drive 

6112 Monte Vista Street 

559 Thirteenth Church of Christ Scientist 1748-1780 N. Edgemont Street 4/21/1992 

560 Wright House 2121-2123 Bonsallo Avenue 5/26/1992 

561 Allen House 2125 Bonsallo Avenue 5126/1992 

562 Eagle Rock Women's Christian 2222-2244 Laverna Ave & 5/26/1992 
Temperence Union Home 2225-2245 Norwalk Av 

2225-2245 Norwalk Ave & 2222-
2244 Laverna Av 

563 Lloyd Wright's Headley - Handley 3003 Runyon Canyon Road 7/14/1992 
House 

564 E. A. Spencer Estate 5660 Ash Street 8/25/1992 

565 Charles H. Greenshaw Residence 1102-1114 Lantana Dr & 6371- 8/25/1992 
7381 Rosswd Ter 

6371-6381 Rosswood Ter & 
1102-1114 Lantana Dr 

566 May Company Wilshire 6067 Wilshire Boulevard 9/30/1992 
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No. Name Address CHC No. CFNo. Adopted Notes 

567 Little Country Church of Hollywood 1750 N. Argyle Avenue & 6151- CHC-1992-1816-HCM 101211992 
61 Carlos Ave. 

6151-6161 Carlos Avenue & 
1750 N. Argyle Ave 

568 Thomas A. Churchill Sr. Residence 215 S. Wilton Place 1012711992 
--- -------------------~----- -----------------------

569 Van De Kamp's Holland Dutch 2900-2930 Fletcher Dr & 3016- 5/1211992 
Bakery 20 San Fernando 

3016-3020 San Fernando Rd & 
2900-30 Fletcher 

570 Airport Theme Building 201 Center Way 12/18/1993 Exterior only 

571 Cabrillo Beach Bathhouse 3720 Stephen White Drive 12/18/1993 

572 Warner Brothers Hollywood Theater 1700-1718 Wilcox Ave & 6423- 2/9/1993 
6445 Hollywood 

Warner Brothers Hollywood Theater 6423-6445 Hollywood Blvd & 
Building 1700-1718 Wilcox 

573 EI Portal Theater 11200-11220 Weddington/5365- 219/1993 
5371 Lankershim 

5265-5271 Lankershim 111200-
20 Weddington 

574 Pierce Brothers Mortuary 1900-1928 Bonsallo Ave1714- 2/9/1993 
20 washington BI 

714-720 W. Washington 
Blf1900-28 Bonsallo Av 

575 Security Trust and Savings Bank 101-107 N. Avenue 56/5601- 219/1993 
(Highland Park Branch) 5603 N Figueroa St 

5601-5603 N. Figueroa SU101-
107 N. Ave 56 

576 Sheraton Town House Hotel 2959-2973 Wilshire & 607-643 4/7/1993 
Commonwealth 

2980-2990 W. 6th St & 606-620 
S. Virgil Ave 

606-620 S. Virgil Ave & 2980-
2990 W6th St 

607-643 Commonwealth 
Av/2959-2973 Wilshire 

643 Commonwealth Av/2959-
73 Wilshire Blvd 

577 Sturges House 441-449 Skyewiay Road 5/25/1993 
---------------------"" ---------------------- - - --~-- ------ - - _______ ·· ________ ·_··'m 

578 Emmanuel Danish Evangelical 4254-4260 3rd Avenue 5/25/1993 
Lutheran Church 

579 Wattles Park (Mansion and Garden) 1701-1755 Sierra Bonita/7561 5/25/1993 
Hollywood Blvd 
1824-1850 N. Curson Avenue 

7561 Hollywood Blvd/1701-
1755 Sierra Bonita 

580 Golden State Mutual Life Insurance 4261-4265112 S. Central 6/29/1993 
Buildi~~_ Avenue 

581 York Boulevard State Bank - Bank of 1301-1313 N. Avenue 51 & 8/1011993 
America and Storefronts 5057-5061 York Blvd 

5057-5061 York Blvd & 1301-
1313 N. Avenue 51 

582 W. F. Poor Residence 120 N. Avenue 54 8/10/1993 

583 Zobelein Estate 3738-3770 S. Flower SU459- 912111993 
499 W. 38th St 

459-499 w. 38th St & 3738-70 
S. Flower 

------------------------"---

584 Egyptian Theater and Forecourt 1650-1654 McCadden P1/6706- 9121/1993 
Storefronts 6712 Hollywood 

City of Los Angeles 
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No. Name Address CHC No. CFNo. Adopted Notes 

584 Egyptian Theater and Forecourt 6706-6712 Hollywood/1650- 9121/1993 
Storefronts 1654 McCadden Place 

585 Occidental College Hall of Letters 111-129718 N. Avenue 50 10115/1993 
Building (Savoy Apartments) 

586 San Fernando Pioneer Memorial 14400 Foothill Blvd & 14451- 11/30/1993 
Cemetary 14501 Bledsoe St 

14451-14501 Bledsoe St & 
14400 Foothill Blvd 

587 Lincoln Heights Jail (Los Angeles 401-449 N. Avenue 19 11/30/1993 
City Jail) 

588 Janss Investment Company Uptown 4761-4775 Maplewood Av1500- 11130/1993 
Branch Office Bldg. (Sokol Hall) 508 Western Ave 

500-508 N. Western/4761-4775 
Maplewood Ave 

589 Feuchtwanger House - Villa Aurora 520 Paseo Miramar 21211994 

590 Brooklyn Avenue Neighborhood Cesar E. Chavez Avenue 3/8/1994 
Corridor 

---------------------~--- ----------------------

591 Denker Estate 3820 W. Adams Boulevard 31811994 
-------------------------- ------------- -------

592 Philosophical Research Society 3341-3351 Griffith Pkl3910- 31311994 
3918 Los Feliz 

3910-3918 Los Feliz/3441-3451 
Griffith Park 

- --------------------~------ --------------------------- ------------------~---

593 Max Factor Make-Up Salon 1666 N. Highland Avenue 4126/1994 

594 Bradbury House 60-102 Ocean Way 4/26/1994 
----------------------_._-

595 Venice Division Police Station 685 Venice Boulevard 4/26/1994 

596 Petroleum Building 1001-1013 S. Flower St/700- 4/26/1994 
714 W Olympic BI 

700-714 W. Olympic BII1 001-
1013 S FlowerSt 

597 Raymond Chandler Square Cahuenga Ave & Hollywood 8/5/1994 
Blvd Intersection 

Hollywood Blvd & Cahuenga 
Ave Intersection 

598 Benjamin J. Waters Residence 2289 W. 25th Street 9/27/1994 
- -

599 Julius Bierlich Residence 1818 S. Gramercy Place 9/27/1994 

600 Lucien and Blanche Gray Residence 2515-2519 4th Avenue 9/27/1994 

601 Gramercy Homestead Park 2098-2108 W. 24th Street 9/27/1994 

2400-2402 Gramercy Park 

602 Auguste R. Marquis Residence 2300-2312 W. 25th St/2501 S. 9/27/1994 
(Filipino Federation of America) Arlington Ave 

2501 S. Arlington Ave/2300-
2312 W. 25th St 

603 Villa Vallambrosa 2074 Watsonia Terrace 9/27/1994 
-------------------- --------------------

604 Hollywood School for Girls (Womens 1741-1751 N. La Brea Avenue 11/1/1994 
Club of Hollywood) 

605 Old Fire Station #6 534 E. Edgeware Road 11/1/1994 

606 Kerckhoff House 725 W. 27th Street & 730-746 1111/1994 
W. Adams Blvd 

730-746 W. Adams Boulevard 
& 725 W. 27th St. 

607 Powers Apartment #1 2325-2329 Scarff Street 11/1/1994 

608 Powers Apartment #2 13 Saint James Park & 2326- 11/1/1994 
2332 Scarff St 

2326-2332 Scarff St & 13 Saint 
James Park 

City of Los Angeles 
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No. Name 

609 Powers Apartment #3 

610 Shankland House 

611 Minister Residence 

----- --- -------~-

612 Birtcher - Share Residence 

613 Scholfield House 

614 Wolford House 

Address 

2308-2312112 Scarff Street 

715 W. 28th Street 

4151-4167 Sea View Drive & 
4163 Sea View Ln 

4163 Sea View Ln & 4151-4167 
Sea View Drive 

4200-4216 Sea View Drive & 
4234 Sea View Ln 

4234 Sea View Ln & 4220-4216 
Sea View Drive 

4222-4230 Sea View Drive & 
4252 Sea View Ln 

4252 Sea View Ln & 4222-4230 
Sea View Drive 

4242 Sea View Drive & 4260 
Sea View Lane 

CHC No. 

4260 Sea View Ln & 4242 Sea CHC-1994-137-HCM 
View Drive 

CFNo. 

-- -------------------------

615 San Pedro Firm Building 

616 The Trianon and Neon Roof Sign 

617 Hollywood Pilgrimage Memorial 
Monument 

618 McDonnell Residence Founder's 
Home: Urban Academy 

619 Wolff-Fifield House 

620 Leimert Plaza 

621 Alice Lynch Residence 
------------------------------

622 Taft House and Landscaping 

623 Kappe Residence 

108-116 N. San Pedro Street 

1750-1754 N. Serrano Ave 

2580 Cahuenga Blvd 

601 N. Wilcox Ave 

111 N. June Street 

4395 Leimert Blvd 

2414 4th Ave 

16745 San Fernando Mission 
Blvd 

715 Brooktree Road 
------- ----

624 Lawrence and Martha Joseph 
Residence and Apartments 

625 Thomas Butler Henry Residence 

626 Eyraud Residence 

627 John F. Powers Residence 

628 Jack Doyle Residence 

629 Adams Residence 

630 Pierson Residence 
-------------------

3819-3827 Dunn Drive 

1400 S. Manhattan Place 

1326 S. Manhattan Place 

1547 S. Manhattan Place 

620 S. Irving Blvd 

7400 Tampa Ave 

3124 Belden Drive 
------

__ ~~anks-_Huntley Buildi~g. ______ 634 S. Spring S_tr_e_et ____ _ 

____ 6_3_2 __ G_o_ld_e_nfeld House 810 Bramble W_a-'-y ____ _ 

633 Haas House 12404 Rochedale Lane 

634 Kalmick House 12327 Rochedale Lane 

635 Weckler House 12434 Rochedale Lane 

636 C. A. Fellows Residence 1215 Westchester Place 

637 The Campbell Divertimento Fountain 1150 Brooklawn Drive 

638 HEI Paradiso" 

639 Ruskin Art Club 

640 

641 

Richard and Dian Neutra VDL 
Research House 

Brynmoor Apartments Neon Roof 
Sign 

Monday, July 22, 2013 

11468 Dona Cecilia Drive 

800 S. Plymouth Blvd 

2300 Silver Lake Blvd 

432-436 S. New Hampshire Ave 

City of Los Angeles 
Department of City Planning 

Adopted Notes 

11/1/1994 

11/1/1994 

11/8/1994 

11/8/1994 

11/8/1994 

11/8/1994 

1/18/1995 

6/23/1995 

7/25/1995 

11/22/1995 

6/21/1996 Exterior only 

2/211996 

3/6/1996 

4/16/1996 

4/1611996 

4/16/1996 

6/21/1996 

6/21/1996 

6121/1996 

1/9/1996 

10/4/1996 

11113/1996 
-----

1/14/1997 

2/411997 

2/4/1997 

2/4/1997 

2/4/1997 

3/18/1997 

3/18/1997 

3/18/1997 

3/18/1997 

3/18/1997 

6/411997 
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No. Name 

642 Embassy Apartments Neon Roof 
Sign 

643 Superba Apartments Incandescent 
Roof Sign 

644 Stone House 
.--~~-------

645 Harvester Farms 

646 Villa Serrano 

647 Sten/Frenke-Gould Residence 

648 Withers Residence 

649 Cora B. Henderson House 

650 Mortensen House 

651 Filipino Christian Church 

652 Jensens Recreation Center and 
Electric Roof Sign 

653 Bryson Apartments 

654 Craftsman Mansion 

655 George R. Kress House 
------------"------

656 "Binoculars" 

657 Los Feliz Heights Steps 

658 Harry & Grace Wurtzel House 
-------------- -----------

659 Pacifics Cinerama Dome Theatre 
al19J1i1 arq uee 

660 Rosenheim Mansion 

661 Rives Mansion 

662 Perrine House 

663 Uplifters Clubhouse 

664 Broadway Department Store and 
Neon Sign 

665 Hollywood Plaza Hotel and Neon 
Sign 

666 Taft Building and Neon Sign 

667 The Leader Building roof-top Neon 
Sign 

668 Hillside House by Carl Maston 

669 Bailey House - Case Study House 
#21 

670 Stahl House - Case Study House #22 

671 Barclay's Bank 

672 Percy H. Clark Residence 

673 The Outpost 11 

674 Jacobson House 

675 Villa Elaine 

676 Neutra Office Building 

677 Horatio Cogswell House 

678 The Furlong House 

679 Maverick's Flat 

Monday, July 22,2013 

Address CHCNo. 

702-708 S. Mariposa Ave 

335 S. Berendo Street 

8642 Sunland Blvd 
----------~~-"------

22049 Devonshire Street 

930-940 S. Serrano Ave 

126 Mabery Road 

2731 Woodshire Drive 

132 S. Wilton Place 

103 S. Wilton Drive 

301 N. Union Avenue 

1700 W. Sunset Boulevard 

2701 W Wilshire Boulevard 

4318 Victoria Park Place 

2337 Benedict Canyon Drive 
---------------- - -------

340 Main Street 

Cromwell Ave & Bonvue Ave 

926 Longwood Avenue 

6360 Sunset Boulevard 

1120 S. Westchester Place 

1130 S. Westchester Place 

2229 S. Gramercy Place 

601 Latimer Road 

6300 WHollywood Boulevard 

1633 Vine Street 

6280 W Hollywood Boulevard 

344-346 N. Fairfax Avenue 

8707 Sl. Ives Drive 

9038 Wonderland Park Avenue 

1635 Woods Drive 

639-641 South Spring Street 

2639 South Van Buren Place 

1851 Outpost Drive 

4520 Dundee Drive 

1241-1249 N. Vine Street 

2379 N. Glendale Boulevard 

1244 S. Van Ness Avenue 

2657 S. Van Buren Place 

4225-4225 112 S. Crenshaw 
Boulevard 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

6/411997 

6/411997 

12119/1987 
--------- -------~--------

12/19/1997 
------------------- ----------------

12/19/1997 

12/19/1997 

12/911997 

4/7/1998 

4/7/1998 

5/5/1998 

9/18/1998 

9/18/1998 

9/18/1998 

9/18/1998 
------------~----

10114/1998 

10114/1998 

11/411998 

12118/1998 

--------------

6/22/1999 

6/2211999 

6/2211999 

8/10/1999 

9/29/1999 

9/29/1999 

9129/1999 

9/29/1999 

9/29/1999 

11/9/1999 

11/9/1999 

11/9/1999 

11/9/1999 

11/17/1999 

2/2512000 

2/25/2000 

4/25/2000 

4/25/2000 

4/25/2000 

4/2512000 
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No. Name 

680 Mutual Housing Association Site 
Office 

681 S.H. Woodruff Residence 

682 Schott House 

683 Chase Knolls Garden Apartments 

684 Heart House 

685 ~ascual Marquez FalT1~yCemetery 

686 Superior Oil Company Building 

687 Tornborg House 

688 Holiday Bow! 

689 Philip Chandler House 
-- - -

690 Elliot House 

691 Carl C. Warden Residence 

692 Dahlia Motors Building 

693 Israel House 

694 Emmons House 

695 Gross House 

696 Jones & Emmons Building 

697 Kermin House 

698 Sherwood House 

699 August House 

700 Canoga Park Branch Library 

701 Burnside Manor 

702 Hewitt Residence 

703 Chateau Colline 

704 John R. Hunt House 

Address 

990 Hanley Avenue 

3185 N. Durand Drive 

907 N. Hanley Avenue 

13401 W. Riverside Drive 

112 N. Harvard Boulevard 

631 N. San Lorenzo Street 

550 S. Flower Street 

1918 N. Tamarind Avenue 

3730 S. Crenshaw Boulevard 

2531 N. Catalina Street 

4237 Newdale Drive 

878 N. Rome Drive 

1627 W. Colorado Boulevard 

914 N. Bluegrass Lane 

661 N. Brooktree Road 

860 N. Hanley Avenue 

12248 W. Santa Monica 
Boulevard 

900 N. Stonehill Lane 

947 N. Stonehill Lane 

1664 N. Mailman Avenue 

7260 N. Owensmouth Avenue 

600 S. Burnside Avenue 

1543 N. Curson Avenue 

10341-10335 W. Wilshire Blvd. 

2055 N. West Silver Lake Drive 

3825 West Adams Boulevard 

706 First Congregational Church of Los 540 S. Commonwealth Ave 
Angeles 

707 Weber House 

708 Gerry Building 

709 Gray Building 

710 M. J. Connell Buildings 1,2,3 & 7 

711 M. J. Connell Building 4, 5, & 6 

712 Textile Center Building 
-----------

713 Santa Fe Hospital 

3923 W. 9th Street 

910 S. Los Angeles Street 

824 S. Los Angeles Street 

714,716,720 & 724 S. Los 
Angeles St. 

738 & 746 S. Los Angeles SI. 
and 743 Santee S 

315 E. 8th St. 
---

610 S. SI. Louis SI. 

714 Don Carlos Apartments 5226 Hollywood Blvd. 
---------- -------- --------- ---

715 Lehman House 

CHC No. CFNo. 

CHC-2000-6446-HCM 

CHC-2005-2228-HCM 

---_ .. _--

Adopted 

6/6/2000 

6/14/2000 

6/14/2000 

7/1112000 

10/3/2000 

10/17/2000 

10/24/2000 

10/24/2000 

12/19/2000 

216/2001 

2/6/2001 

3/23/2001 

4/2412001 

4124/2001 

4/24/2001 

4/24/2001 

4/24/2001 

4/24/2001 

4/24/2001 

9/20/2000 

9/20/2000 

7131/2001 

7/31/2001 

7/31/2001 

10/23/2001 

12/1812001 
-----------

3/1512002 

3115/2002 

4/5/2002 

4/512002 

415/2002 

4/5/2002 

4/5/2002 

4/5/2002 

4/24/2002 

5/15/2002 

T~~ MaY'~xperimental H_ou_s_e __ 

2720 Belden Drive 

1831 Old Ranch Road CHC-2004-4889-HCM 6/12/2002 

717 Pilot House 

718 Ward House 

719 E.A.K. Hackett House 

720 Arens House 

Monday, July 22, 2013 

---
735 Rome Drive 

14501 Mulholland Dr 

1317 S. Westlake Avenue 

12436 Deerbrook Lane 

City of Los Angeles 
Department of City Planning 

7/30/2002 

7/30/2002 

10/112002 

10/1/2002 

Notes 

--------
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No. Name 

721 Stoleroff House 

722 Volk House 

723 Wurtele House 

724 Venice of America Home 

725 John G. Jones Lodge 

726 Gilbert W. Lindsay Home 

727 Founder's Church of Religious 
Science 

728 San Fernando Building 

729 Hellman Building 

730 Continental Building 

731 Westwood Village Memorial Park 

732 San Pedro Municipal Building 

733 The Garrick 

734 Bell Commercial Block 

735 Jeffries House 

736 Monterey Trailer Park 

737 Gans .Brothers Building 

738 Alfred W. and Grace D. Hare 
Residence 

739 J.M. Haff 4-Plex 

740 The Serulnic House 

741 Security Building 

742 First Los Angeles Aqueduct 
Cascades 

!~3 __ ,,_ Immanuel Presbyterian Church 

744 Lincoln Theatre 

745 Durham House 

746 Pengelly House 
-------------~.-----.--~~---~-

747 Siple House 

748 South Park Loft Building 

749 Venice City Hall 

750 The Munch Box 

751 Redmen's Hall 

752 Hanson Puthuff House 

753 H.W. Ayres House 

754 First Presbyterian Church of Los 
Angeles 

755 Vista Del Mar Steps 

756 Henry W. Q'Melveny House 

757 Joseph Dupy Residence f South 
Seas Edwardian 

758 Keran Residence 

759 Gerst Residence 
._------

Monday, July 22, 2013 

Address 

12367 Deerbrook Lane 

12412 W. Deerbrook Lane 

946 Stonehill Lane 

1223 Cabrillo Avenue 

5900 South Broadway 

774 East 52nd Place 

3281 West 6th SI. 

400 S. Main Street 

411 S. Main StJ 41 0 S. Spring 
S1. 

408 S. Spring SI. 

1218 Glendon Ave 

638 S Beacon St 

539 N Sycamore Ave 

1948-1958 West Colorado Blvd 

571 Cypress Avenue 

6411 Monterey Rd 

814 S Spring SI 

2430 W Ridgeview Ave 

CHCNo. CFNo. Adopted 

10/1/2002 

1011/2002 

10/1/2002 

10/2/2003 

10/1f2002 

10f1f2002 

10f2f2002 

1Of18f2002 

10/18/2002 

10f18/2002 

5/1612003 

10/22f2002 

10f23/2002 

10f29/2002 

10f29/2002 

11/512002 

11/22/2002 

11/22/2002 

Notes 

1121 W. Marion Avenue 

3947 Markridge Road 

500-510 S. Spring Street 

Highway 5 (Sylmar) 

~~~ ____ 12/17/2002, _____ _ 

3300 Wilshire Blvd. 

2300 S Central Ave 

1851 Kelton Avenue 

1845 Kelton Avenue 

1841 Kelton Avenue 

816 S Grand Ave 

681 E Venice Blvd 

21532 W Devonshire St 

543 Shepard St 

5261 College View Ave 

3923 San Rafael Ave 

1809 West Blvd 

Vista Del Mar Ave & Holly 
Mount Dr 

501 Plymouth 

2301 W 24th St 

2501 West Hill Dr 

3437 Adina Dr 

City of Los Angeles 
Department of City Planning 

12/17f2002 

2/4f2003 

2/4f2003 

2f4/2003 

3/18/2003 

3/2812003 

3128/2003 

3128/2003 
---

,------

6/3/2003 

6f3f2003 

6f3f2003 

4f29f2003 

4f29f2003 

4f29f2003 

6f3f2003 

6/312003 

7/15f2003 

7/29/2003 

7/29/2003 

7/29/2003 
,------
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No. Name 

760 Case Residence 

761 Kissam House 

762 Sowden house 

763 Studio Theatre at the Denis Building 

764 Lady Effie's Tea Parlor 

765 Blackstone's Department Store 

766 General Petroleum Building 

767 Temple Mishkon Tephilo 

768 Ravenswood Apartments 

769 Toberman House 

770 Red Car Trestle Footings 

771 J.L. Hodge Residence 

Address 

2400 West Hill Dr 

2160 W 20th St 

5121 Franklin Ave 

3433 Cahuenga Blvd West 

453 E Adams Blvd 

901 S Broadway 

612 S Flower SI 

206 Main SI 

570 S Rossmore Ave 

1749 Harvard Blvd 

Fletcher Dr & Riverside Dr 

5329 N Mt Royal Dr 

CHC No. 

772 Title Insurace Building 45_6 S Spring S_t ________ _ 

773 EI Cabrillo Apartments 
----------------------~--

774 Angelus Funeral Home 

775 EI Cadiz Apartments 

776 Ray Charles Worldwide Offices and 
Studios 

777 Weaver Residence 

1832 - 1850 Grace Ave 

1028 - 1030 E Jefferson Blvd 

1721 N Sycamore Ave 

2107 WWashington Blvd 

4940 Melrose Ave 

J!~t.J1_urdock Residence 4219 N Figueroa St 

779 Michael J. Connell Carriage House 634 W 23rd St 

780 Bernays House 

781 Mills Cottage 

782 EI Encanto 

783 Covert Cottages Bungalow Court 

784 Paul Lauritz House 

785 Chemosphere House 

786 Edwards-Wildey Building 

787 Fire Station 21 

788 Sears, Roebuck & Company Mail 
Order Building 

789 Southern Califomia Gas Company 

1656 W 25th St 

4746 Toland Way 

17360 Chase St 

938 - 944 112 N Martel Ave 

3955 Ave 

7776 Torreyson Drive 

609 S Grand Ave 

1187 E 52nd SI 

2560 E Olympic Blvd 

800,810, and 820 S Flower St 

CFNo. 

03-1467 

04-0556 

04-0592 

00-2072 

04-0961 

04-0949 

04-0210 

04-1263 

04-1266 

04-1221 

04-1087 

04-1261 

Adopted 

7/29/2003 

7/29/2003 

8/13/2003 

8/13/2003 

10/1/2003 

11/7/2003 

11/7/2003 

1117/2003 

111712003 

10129/2003 

12/1712003 

12/16/2003 

12/16/2003 

12/16/2003 

Notes 

------------------------.---~ 

-----

1/6/2004 

4/27/2004 

1/21/2004 

4/14/2004 

5/1812004 

5/1912004 

517/2004 

-------------------

- --------------------------

-----------------------

---------------------------

6/15/2004 

6/15/2004 

3124/2004 

8/10/2004 

8/10/2004 

8/10/2004 

8/10/2004 

8/10/2004 

04-1224 8/10/2004 

790 Belmont Tunnel /Toluca Substation 1304 W 2nd St 
and Yard 

CPC-2004-5606-HCM 05-0110 2/2312005 

791 Betty Hill House 

792 B.H. Hiss House 

793 La Casa Sueno De Lewis Stone 
Ranch 

794 Carolyn Bumiller-Hlckey House 

795 Santa Fe Inbound Freight House 

796 Jacobson Duplex 

797 Hamma House 

798 _ Mary E. Smith Hous~ 

799 Chateau Des Fleurs 

800 Marquez Filling Stat~_n _____ _ 

Monday, July 22,2013 

1655 W 37th PI 

215 S Manhattan PI 

5700 N Rhodes Ave 

1049 Eden Ave 

355 South Santa Fe 

CHC-2004-6030-HCM 

CHC-2004-6039-HCM 

CHC-2005-0732-HCM 

CHC-2005-0734-HCM 

CHC-2004-5669-HCM 
------------------------------

1200-1202 S Highland Ave 

12401 W Deerbrook Lane 

1186 W 27th SI 

6626 Franklin Ave 

507 Entrada Drive 

CH C-2004-5869-H C M 

CHC-2004-7299-HCM 

CHC-2005-0741-HCM 

CHC-2005-0740-HCM 

CHC-2004-6760-HC M 

City of Los Angeles 
Department of City Planning 

05-0246 4/13/2005 

05-0663 5/4/2005 

05-0664 5/4/2005 

05-0665 5/4/2005 

05-0666 5/4/2005 
_._----

05-0667 5/4/2005 

05-0668 5/4/2005 

05-0518 5/1812005 

05-0519 5/18/2005 

05-0073 5/25/2005 
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No. Name 

801 The Courtyard Apartments 

802 Hodel Residence and Tea House 

803 A. W. Black Residence 

804 Gless Apartments 

805 JA Howsley House 

806 Kerckoff Building and Annex 

807 Church of the Epiphany 

808 Maxwell House 

809 Franklin T Briles Residence 

810 Edward J. Borgmeyer House 

811 Tate - McCoy Homestead 

812 Wirin House 

813 Security-First National Bank 

814 The Danish Castle 

815 The French Chateau Apartments 

French Chateau Apartments 

~1~ __ Nirvana Apart ll1sn!s ___ _ 

817 La Leyenda Apartments 

818 J. R. Dennison House 

819 Vista Magnolia Court 

820 Williard J. Doran Residence 

821 Las Orchidas 

822 Hellman House 

823 Marshall Flats 

824 Mary E. Stilson Residence 

825 Chinatown West Gate 

826 Chinatown East Gate 

827 Arthur B. Benton Residence 

828 Harry J. Wolff House 

829 James Goldstein Office 

830 Blamey Castle 

831 Luby and Anastasia Bubeshko 
Apartments 

832 Casa Laguna 

833 Grier House 

834 Gustav R. Rich House 

835 Petiffils-Boos Residence 
---

Monday. July 22, 2013 

Address CHC No. CFNo. Adopted Notes 

1570 LaBaig Ave CHC-2004-6397-HCM 05-0899 

6508,6512,6516 N. Monterey CHC-2004-6332-HCM 05-0900 
Rd 
6511,6515,6519 N. Short Way 

658 S Bronson Ave 

357 S Kenmore Ave 

221 S Manhattan PI 

101-133 E 6th St 

553 S Los Angeles St 

558-564 S Main St 

CHC-2005-1115-HCM 05-0978 

CHC-2004-6221-HCM 05-0979 

CHC-2005-0385-HCM 05-0980 

CHC-2005-0475-HCM 05-0981 

611/2005 

6/1/2005 

6/1/2005 

6/1/2005 

61112005 

611/2005 

2808 N Altura St CHC 2005-0739-HCM 05-0520 6/15/2005 

475 North Bowling Green Way CHC-2005-1118-HCM 03-2049 7/8/2005 Relocated to 
822 E. 
Edgeware Road 
in 2008 

151 N Berendo St CHC-2005-0823-HCM 05-0590 7/8/2005 

7/8/2005 

7/8/2005 

7/8/2005 

7/8/2005 

7/8/2005 

7/8/2005 

138 N Manhatten PI CHC-2005-1359-HCM 05-1148 

1463-1469SNortonAve CHC-2005-1825-HCM 05-1149 

2622 Glendower Ave CHC-2005-1114-HCM 05-1151 

5207-5209 Wilshire Blvd CHC-2005-1146-HCM 05-1152 

324 - 3241/4 W 10th SI CHC-2005-1975-HCM 05-1223 

3348-3350 W James M. Wood CHC-2005-2434-HCM 05-1290 
Blvd 
900 S Hobart Ave 

1775-1781 N Orange Dr 

1735-1737 N Whitley Ave 

1919 S Harvard Blvd 

1201-1215 W 27th St 

2671 S Magnolia Ave 

1194 W 27th St 

1903 N Orchid Ave 

1845 N Courtney Ave 

792-796 E Kensington Rd 

1048 W Kensington Rd 

954 N Hill St 

CHC-2005-2448-HCM 05-1349 7/1312005 

CHC-2005-2522-HCM 05-1350 7113/2005 

CHC-2005-0871-HCM 05-1351 7/13/2005 

CHC-2005-1974-HCM 05-1352 7/13/2005 

CHC-2005-0885-HCM 05-1353 7/13/2005 

CHC-2005-2554-HCM 05-1601 9/14/2005 

CHC-2005-3481-HCM 05-1603 9/14/2005 

CHC-2005-1428-HCM 05-1780 11/2/2005 

CHC-2005-1444-HCM 05-1781 11/212005 

CHC-2005-1487-HCM 05-1782 11/212005 

945 N Broadway CHC-2005-1519-HCM 05-1782 11/2/2005 

801-805 E Kensington Rd CHC-2005-1421-HCM 05-1783 11/2/2005 

4000 N Sunnyslope Ave CHC-2005-2498-HCM 05-1939 11/9/2005 

Suite 2030 of 10100 West CHC-2005-5781-HCM 05-2594 12/14/2005 
Santa Monica Blvd 

10217 N Tujunga Canyon Blvd CHC-2005-3484-HCM 05-2694 1/13/2006 

2036-2048 Griffith Park Blvd CHC-2005-5035-HCM 05-2592 1/2512006 

1885-1883 S Kingsley Dr CHC-2005-5090-HCM 05-2593 1/2512006 

5200 W Franklin Ave 
----

2690 Hollyridge Dr CHC-2005-5057-HCM 06-0011 1/25/2006 

689 N Elkins Rd CHC-2005-6987-HCM 06-0014 1/2512006 

545 S Plymouth~lV'd __ _ CHC-2005-5126-HCM 06-0016 1/25/2006 
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No. Name Address CHC No. CFNo. Adopted Notes 

836 Echo Park 751 N Echo Park Ave CHC-2005-6977-HCM 06-0015 3/1/2006 

837 Droste House 2025 N Kenilworth Ave CHC-2005-6980-HCM 06-0235 3/1/2006 

838 Oak Glen Ranch 7261 W Sundale Dr CHC-2005-4480-HCM 05-2077 3117/2006 
7264 W St Estaban St 

9801-11 N HiliHaven Ave 

9810-9830 W Oak Bend Dr 

839 Paul Landacre Cabin and Grounds 2006 WEI Moran St CHC-2005-7995-HCM 06-0305 3117/2006 
------------------------

840 Amsalem A. Ernst House 5670 Holly Oak Dr CHC-2005-6981-HCM 06-0306 3/17/2006 
-------------------------- -------------.--

841 Weatherwolde Castle 10629 N Commerce Ave CHC-2005-4738-HCM 05-1511 5/3/2006 

10633 N Commerce Ave 

842 Ojai Apartments 1929-1933 N Whitley Ave CHC-2004-80 12-HCM 06-0647 5/10/2006 

843 Los Feliz Brown Derby 4500 W Los Feliz Blvd CHC-2006-0822-HCM 06-0697 5/19/2006 
----------------

844 Purviance Residence 944-944 1/2 N Maltman Ave CHC-2005-5376-HC M 05-2571 6/21/2006 

845 Mount Washington HotellSelf 3880 & 3846 San Rafael Ave CHC-2006-0701-HC M 06-1640 8/1612006 
Realization Fellowship International 
Headquarters 

701 & 721 Mt. Washington Dr 

846 B, A. G, Fuller Residence 6887 West Alta Loma Terrace CHC-2006-1442-HCM 06-1668 8/16/2006 

847 Richardson Apartments 3919 West 8th Street CHC-2006-1544-HCM 06-1671 8/16/2006 

718 South Gramercy Drive 

848 Eichler Homes-Foster Residence 17145 West Nanette Street CHC-2005-5049-HC M 06-1672 8/1612006 

849 Nickel Leong Mansion 3509 E Thorpe Ave CHC-2006-0951-HCM 06-1673 8/16/2006 

901 & 903 N Isabel St 

850 William J, Hubbard Residence 811 S Norton Avenue CHC-2006-2247-HCM 06-1818 9/13/2006 

851 28th Street Y,M,CA Building 1006 E 28th Street CHC-2006-6262-HCM 06-1389 9/27/2006 

852 Wolff Residence 8530 W Hedges Place CHC-2006-2226-HCM 06-1817 9/27/2006 

853 La Marquise 535 S Gramercy Place CHC-2006-2801-HCM 06-1816 9/27/2006 

854 Cline Residence and Museum 1401-1409 South Gramercy CHC-2006-2065-HCM 06-0089 10/11/2006 
Place 

-------- -------------.~-- --------------

855 Statton Residence 1415 South Gramercy Place CHC-2006-2069-HCM 06-0096 10/11/2006 
------------,--- --------_._----- ----------"---- -------------

856 Skinner House 1530 North Easterly Terrace CHC-2006-2417-HCM 06-2161 10/25/2006 

857 Capitol Tower and Rooftop Sign 1740 - 1750 N Vine St CHC-2006-3592-HCM 06-2381 11/15/2006 

6236 W Yucca Street 
---------- --------------- -------~--------

858 One Hundred Sycamore 100 N Sycamore Avenue CHC-2006-5797-HCM 06-2162 11/22/2006 
- -----------"----- --------------- ----------------

859 Orchard Gables Cottage 1277 North Wilcox Avenue CHC-2006-2689-HCM 06-3005 216/2007 

Orchard Gabels Cottage 6516 West Fountain Avenue 
,----- - ---------------

860 Kallis House 3580 North Multiview Dr CHC-2006-7810-HCM 06-3006 2/6/2007 

861 Monsignor O'Brien House 130 North Catalina Ave CHC-2006-7881-HC M 06-3007 2/6/2007 

862 Miller House 12420 West Rochedale Lane CHC-2006-7566-HCM 07-0278 3/7/2007 

863 Los Tiempos - The Chandler Estate 455 South Lorraine Boulevard CHC-2006-8700-HCM 07-0298 3/7/2007 

864 Life MagazinelLeimert Park House 3892 S Olmsted Ave CHC-2006-9082-HCM 07-0299 3/20/2007 

865 Joseph L, Starr Farmhouse 2801 S Arlington Ave CHC-2006-9130-HCM 07-0926 4/11/2007 

866 Glen Lukens Home and Studio 3425 West 27th Street CHC-2006-9129-HCM 07-0927 4/11/2007 

867 Mayfair Apartments and Rooftop 1760 North Wilcox Avenue CHC-2006-8206-HC M 07-1059 4/27/2007 
Neon Sign -----------------

868 O'Neill Duplex No, 1 2342-2344 West Cove Avenue CHC-2006-9509-HCM 07-1070 5/16/2007 
----

869 Bakman House 10623 Riverside Drive CHC-2006-9423-HCM 07-1071 5/16/2007 
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No. Name 

870 San Marino Villas 

871 810 South Spring Street Building 

872 Raphael Junction Block Building 
(New York Suspender Factory-
California Ice Company) 

873 Higgins Building 

874 Garber House 

875 Val D'Amour Apartments 
--------------------------------

876 Hollywood Professional Building 

877 Wilkins House 

878 Arwyn Manor 

879 Louise Pratt House 

880 Bigelow-Wood Residence 

881 Judson Rives Building 

882 The Fontenoy 
- -- -------------------------- -

883 Weddington House 

884 Waters - Shaw Family Residence 

885 Holmes Shannon House 
----------------------------

886 Gould-Lafetra House 

887 Barry Building 

888 f'Ji>ti~~al Biscuit Company Building 

889 McNary House 

890 Waite Residence 

891 Boyle Hotel - Cummings Block 

----------------

892 Nin-Pole Residence 

893 Castera Residence 

894 Monroe Cottage 

895 How House 

896 Harpel House #1 

897 Haven of Rest 

898 Van Nuys Building 

899 Charles C. Chapman Building 

900 North Spring Street Bridge. No, 
53C0859 

901 North Main Street Bridge, No, 
53C1010 

902 Olympic Boulevard Bridge, No. 
53C0163 

Monday, July 22,2013 

Address CHC No. 

3390-3396 West San Marino CHC-2006-8699-HCM 
Street 

810 South Spring Street CHC-2006-9785-HCM 

1635-1637 North Spring Street CHC-2006-9773-HCM 

108 West 2nd Street CHC-2006-10163-
HCM 

6060 Scenic Avenue (6058 CHC-2006-8212-HCM 
original address) 

-- ------------------------

854 South Oxford Ave CHC-2006-8181-HCM 
----------------------------

7046 Hollywood Boulevard CHC-2006-10207-
HCM 

915-917 North Avenue 57 CHC-2006-10208-
HCM 

3835 West 8th Street CHC-2006-9492-HCM 

749 South Manhattan Place 
-- -------------------------

2706-2708 South Menlo Street CHC-2007-0443-HCM 

2905 South Hoover Street CHC-2006-10232-
HCM 

424 South Broadway CH C-2006-1 0590-
HCM 

1811 North Whitley Avenue CHC-2006-9784-HCM 

11025 W Weddington Street CHC-2007-1338-HCM 

2700 S Severance Street CHC-2007-0702-HCM 

4311 Victoria Park Drive CHC-2007-0918-HCM 

12256 W Canna Road CHC-2007-0463-HCM 

11973 W San Vicente CHC-2007-1585-HCM 
Boulevard 

-------------------------

1850 Industrial Street CHC-2007-1831-HCM 

4777 Eagle Rock Blvd CHC-2006-10592-
HCM 

2431 Hill Drive CHC-2007-1586-HCM 

101-105 North Boyle Avenue CHC-2007-0671-HCM 

1781-1785 East 1st Street 

2335 Hidalgo Ave CHC-2007-1832-HCM 

651 North Siena Way CHC-2007-2577-HCM 

6310 Crescent St CHC-2007-1830-HCM 

2422 N Silver Ridge Ave CHC-2006-0111-HCM 

7764 West Torreyson Drive CHC-2007-2072-HCM 

2432 North Hyperion Avenue CHC-2007-2315-HCM 

204.210 & 212 West 7th Street CHC-2007-3528-HCM 

701 South Spring Street 

756 South Broadway CHC-2007-2316-HCM 

N Spring St between Aurora ST CHC-2007-4665-HCM 
and Ave 18 

N Spring St between Chavez CHC-2007-4668-HCM 
ST and Albion St 

-------------~---------

E Olympic Blvd between Rio CHC-2007-4651-HCM 
Vista Ave and Santa Fe Ave 

City of Los Angeles 
Department of City Planning 

CFNo. Adopted Notes 

07-0860 5/16/2007 

07-1151 5/23/2007 

07-1152 5/23/2007 

07-1153 5/23/2007 

07-1249 6/5/2007 

--------_ .. _----

07-1250 6/5/2007 
---------------------

07-1275 6/5/2007 

07-1759 7/3/2007 

07-1643 7/17/2007 

------------------------

07-1645 7117/2007 

07-1646 7117/2007 

07-1647 7/1712007 

07-1644 7/25/2007 

07-1965 8/15/2007 

07-1941 8/15/2007 

07-1966 8115/2007 
- -------------------------

07-1967 8115/2007 

07-2657 1012/2007 

07-2278 10/912007 
-----------------------

07-2656 10/12/2007 

07-2657 10/12/2007 

07-3028 10/24/2007 

07-3013 10/30/2007 

07-3029 10/30/2007 
------------------------

07-3386 10/30/2007 
---------------------

07-3112 11/20/2007 

07-3540 12/5/2007 

07-3542 12/5/2007 

07-3541 12/5/2007 

07-3543 12/5/2007 

07-4143 1/30/2008 

--------------~--~--. 

07-4144 1/3012008 

---------------.~---

07-4145 1/30/2008 
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No. Name Address CHC No. CFNo. Adopted Notes 

903 Washington Boulevard Bridge, No. E Washington Boulevard CHC-2007-4650-HCM 07-4146 1/30/2008 
53C1375 between Soto SI and E 23rd St 

904 Seventh Street Bridge, No. 53C1321 E 7th St between Santa Fe Ave CHC-2007-4652-HCM 07-4147 1/30/2008 
and Meyers St 

905 Sixth Street Bridge, No. 53C1880 E 6th St between Mateo St and CHC-2007 -4658-HCM 07-4152 1130/2008 
S Boyle Ave 

--- --------------~~-- ------------------~~-

906 Fourth Street Bridge, No. 53C0044 E 4th St between Santa Fe Ave CHC-2007-4659-HCM 07-4153 1/3012008 
and Mission Rd 

907 North Broadway-Buena Vista Street N Broadway between Elysian CHC-2007-4666-HCM 07-4154 1/30/2008 
Bridge, No. 53C0545 Park Dr and Pasedena Ave 

908 Riverside-Figueroa Bridge, No. Riverside Dr between Barclay CHC-2007-4667-HCM 07-4155 1/30/2008 
53C0160 St and N San Fernando Rd 

909 First Street Bridge, No. 53C1166 E 1st St between Vignes St and CHC-2007-4660-HCM 07-4156 1/30/2008 
Mission Rd 

910 Riverside-Zoo Drive Bridge, No. Zoo Dr from Western Heritage CHC-2007-4670-HCM 07-4157 1/30/2008 
53C1298 Wy to the end of Zoo Dr 

911 Van Nuys Branch Library 14555 Sylvan Street CHC-2007-4269-HCM 08-0191 2/13/2008 
-----------------~----

912 Bukowski Court 5124 West DeLongpre Avenue CHC-2007-4270-HCM 08-0189 2/26/2008 

913 Blackburn Residence 4791 Cromwell Avenue CHC-2007-4879-HCM 08-0731 4/8/2008 
-----------------------~---- -

914 Avalon Blvd Mexican Fan Palm Trees Avalon Ave between Lomita CHC-2007-4721-HCM 08-0733 418/2008 
Blvd and Wist SI 

915 Victor Rossetti Residence 2188 North Ponet Drive CHC-2007-5209-HCM 08-0732 4/8/2008 

916 Petitfils Residence 4519 West Cockerham Drive CHC-2008-125-HCM 08-0734 4/8/2008 

917 Roland E. Hill House 3266 North Bennett Drive CHC-2007-5437-HCM 08-0730 4123/2008 

918 Lydecker Hilltop House 3820 Buena Park Drive CHC-2007-5948-HCM 08-0927 5/14/2008 

919 UCLAN-Crest Theater 1262 South Westwood CHC-2008-125-HCM 08-0989 5114/2008 
Boulevard 

920 Aoyama Tree 135 North Central Avenue CHC-2008-47-HCM 08-0988 5/20/2008 

921 Yamashiro 1999 Sycamore Avenue CHC-2007-5430-HCM 08-1113 6/1112008 

922 Edward A. "Tink" Adams House 2331 West Cove Ave. CHC-2008-511-HCM 08-1456 7/2/2008 

923 Kennedy Solow House 6606 Maryland Drive CHC-2008-512-HCM 08-1457 7/2/2008 

924 Bigford Residence 1546 South Fifth Avenue CHC-2008-523-HCM 08-1458 7/2/2008 

925 212 South Wilton Place Residence 212 South Wilton Place CHC-2008-750-HCM 08-1498 7/9/2008 

926 Kinney-Tabor House 1310 South Sixth Avenue CHC-2008-521-HCM 08-1581 7/9/2008 

927 Sturdevant Bungalow 721 East Amoroso Place CHC-2008-881-HCM 08-1589 719/2008 

928 Chateau Alpine 918-928 112 South Serrano CHC-2008-528-HCM 08-1590 719/2008 
Avenue 

929 Oliver Flats 407-409 North Orange Drive CHC-2008-878-HCM 08-1591 7/912008 

930 Garment Capitol Building 217-221 East 8th Street CHC-2008-1181-HCM 08-1775 7/29/2008 

931 Castle Crag 5027 EI Verano Avenue CHC-2008-1177-HCM 08-1776 7/29/2008 

932 Clarence G. Badger Residence 7128 Woodrow Wilson Dr. CHC-2008-1180-HCM 08-1778 7/29/2008 

933 Kramer House 12556 North Middlecoff Place CHC-2008-1686-HCM 08-1925 9/25/2008 

934 Park Wilshire Building 2424 Wilshire Boulevard CHC-2008-1682-HCM 08-1926 9/25/2008 

935 Santa Monica Forestry Station 601 North Latimer Road CHC-2008-3069-HCM 08-2642 10/28/2008 
Eucalyptus Grove 601 North Latimer Road 

936 Aldersgate/We Boys - J.O.C. Lodge 925 North Haverford Avenue CHC-2El08-134-HCM 08-2643 10/28/2008 

937 Westinghouse Electric Building 420 South San Pedro Street CHC-2008-2130-HCM 08-2655 10/28/2008 

938 Scott Avenue Court 1463-69415 Scott Avenue CHC-2008-2716-HCM 08-2688 11/7/2008 

939 The Black Cat 3909 West Sunset Boulevard CHC-2008-2708-HCM 08-2689 11/7/2008 

City of Los Angeles 
Monday, July 22,2013 Department of City Planning Page 32 of 35 

AR0069512 



'No. Name Address CHCNo. CFNo. Adopted Notes 

940 North Vermont Avenue Moreton Bay N. Vermont between Los Feliz CHC-2008-3064-HCM 08-2907 1/14/2009 
Fig Tree Blvd. and Aberdeen Ave, 

941 Stonehurst House 10021 North Stonehurst Avenue CHC-2008-3084-HC M 08-2908 1/14/2009 

942 Griffith Park 2715 N. Vermont Avenue CHC-2008-2724-HCM 08-3086 1/27/2009 

3201 Riverside Drive 

3210 Riverside Drive 

3401 Riverside Drive 

4730 Crystal Springs Drive 

5333 Zoo Drive 

943 Heerman Estate 525 South Van Ness Avenue CHC-2008-3554-HC M 08-3088 1128/2009 

944 Hermon Car Wall 400 Block of Pullman Avenue CHC-2008-3350-HCM 08-3242 1/28/2009 

945 The Beverly Sycamore 308 North Sycamore Avenue CHC-2008-4395-HC M 09-0236 2/25/2009 

946 Verdugo Hills of Peace Pioneer 7000 Parsons Trail CHC-2008-4385-HCM 09-0260 3/4/2009 
Cemetery 

947 CBS Columbia Square Studios 6121 Sunset Boulevard CHC-2008-3990-HCM 09-0188 3/10/2009 

948 Sinay House 1861 North Heather Court CHC-2008-4400-HCM 09-0375 3/10/2009 

949 Bank of America - Echo Park Branch 1572 W. Sunset Blvd CHC-2008-4394-HCM 09-0486 4/10/2009 

950 Original Echo Park Clubhouse 1004 North Echo Park Ave CHC-2008-4384-HCM 09-0487 4110/2009 
.. " .. ~.~~.- -- -- -- _ .. _---- -

951 James F, Real Studio Office 77 Patrician Way CHC-2008-4717-HCM 09-0465 4122/2009 

952 Kaye Residence 4754 Vanalden Avenue CHC-2008-4716-HCM 09-0466 4/2212009 

953 Foreman and Clark Building 701 South Hill Street CHC-2008-4978-HCM 09-0623 5120/2009 

954 Dunsmuir Flats 1279 South Dunsmuir Avenue CHC-2008-4976-HCM 09-0624 5120/2009 

955 Dickinson and Gillespie Building 200 East Culver Boulevard CHC-2008-4984-HCM 09-0625 5120/2009 

956 Villa Bonita 1817 North Hillcrest Road CHC-2008-4979-HCM 09-0711 5120/2009 

957 Great Republic Life Building 756 South Spring Street CHC-2009-198-HCM 09-0723 5/20/2009 

958 Bob Baker Marionette Theater 1345 West First Street CHC-2009-199-HCM 09-0724 6/3/2009 

959 See's Candy Shop and Kitchen No.1 135-39 North Western Avenue CHC-2009-210-HCM 09-0721 6/2412009 

960 Ashby Apartments 808 South Hobart Boulevard CHC-2009-402-HCM 09-1530 8/5/2009 

961 Marshall-Kline Residence 2037 South Harvard Boulevard CHC-2009-667 -HCM 09-1531 8/5/2009 
--------------------------- ---------------------

962 Eckley-Mitchell Residence 2048 South Oxford Boulevard CHC-2009-1248-HCM 09-1851 9/23/2009 

963 Linda Scott Residence 1910 South Harvard Boulevard CHC-2009-1258-HC M 09-1852 9/23/2009 

964 Ross House 2123 North Valentine Street CHC-2009-1304-HC M 09-1846 9123/2009 
----------------------~--- -------------------------

965 Wilson House 2090 North Redcliff Street CHC-2009-1307 -HC M 09-1853 9123/2009 

966 Douglas Building 257 South Spring Street CHC-2009-1373-HCM 09-1850 9123/2009 
-- --------------------

967 Lipetz House 1843 North Dillon Street CHC-2009-1391-HCM 09-1849 9123/2009 
---- ----------------

968 Bethlehem Baptist Church 4901 South Compton Avenue CHC-2009-2113-HCM 09-1307 12/15/2009 

969 Frank E, Hartigan Residence 1034 South Gramercy Place CHC-2009-2862-HC M 09-2892 1/27/2010 

970 844 South Plymouth Apartments 844 South Plymouth Boulevard CHC-2009-2888-HC M 09-2923 1/27/2010 

971 Villa Palombo-Togneri 2508 Mayberry Street CH C-2009-3039-HC M 09-3018 1/27/2010 

972 Shire Art House 2354 South Vista Gordo Drive CHC-2009-3028-HCM 09-3019 1127/2010 

973 Henry Shire Residence 2208 North Princeton Avenue CHC-2009-3047-HCM 09-3020 1127/2010 

974 Van Dekker House 19950 West Collier Street CHC-2009-3041-HCM 09-3067 212612010 

975 Sepulveda Unitarian Universalist 9550 N, Haskell Avenue CHC-2009-3525-HCM 10-0165 2/26/2010 
Society Sanctuary 

976 Corbin Palms House 6118 North Jumilla Avenue CHC-2009-3511-HCM 10-0167 2126/2010 

977 Idle Hour Cafe 4824 Vineland Avenue CHC-2009-3612-HCM 10-0170 2/26/2010 
-- ------------------

City of Los Angeles 
Monday, July 22,2013 Department of City Planning Page 33 of35 

AR0069513 



No. Name Address CHC No. CFNo. Adopted Notes 

978 Lankershim Reading Room 10940 North Sepulveda CHC-2009-3537-HCM 10-0171 212612010 
Boulevard 

979 Venice West Cafe 321 S. Ocean Front Walk CHC 2009-2840-HCM 10··0166 311912010 

980 Frank C. Hill House 201 South Coronado Street CHC-2009-3542-HCM 10-0276 313112010 

981 Margaret and Harry Hay~ouse 3132 North Oakcrest Drive CHC-2009-3555-HCM 10-0277 313112010 

982 Gless Farmhouse 131 South Boyle Street CHC-2010-71-HCM 10-0589 511212010 

983 Barsha House 302 North Mesa Road CHC-2010-80-HCM 10-0590 511212010 

984 Spreckels Building 322-24 West Seventh St. and CHC-2010-300-HCM 10-0717 61812010 
708-16 South Hill St. 

985 Sun Realty Company Building 629-33 South Hill Street CHC-2010-302-HCM 10-0718 61812010 

986 Lento Brick Court 1288 West Sunset Boulevard CHC-2010-534-HCM 10-0948 711312010 

987 SI. Philip the Evangelist Church 2716 South Stanford Avenue CHC-2010-1237-HCM 10-0533 101512010 

988 St. Philip the Evangelist Church 2800 South stanford Avenue CHC-2010-1863-HCM 10-2320 101512010 
Parish Hall 

989 Coons House 2071 West Escarpa Drive CHC-2010-1200-HCM 10-1398 101512010 

990 Hauerwaas-Kusayanagi Residence 3741 West 27th Street CHC-2010-1179-HCM 10-1399 1012712010 

991 Lucy E. WheelerlMartin E. Weil 2175 Cambridge Street CHC-201 0-1837 -HCM 10-1506 111312010 
House 

992 TR Craig Residence "Peppergate 8431 Pine lake Drive CHC-2010-3042-HCM 11-0205 31912011 
Ranch" 

993 Cross of San Ysidro 7570 McGroarty Terrace CHC-2010··3056-HCM 11-0205 311112011 

994 Arensberg-Stendahl Home Gallery 7065 Hillside Avenue CHC-2010··2948-HCM 11-0576 4/2012011 

995 9027 West AI~ElI1.Drive Apartments 9027 West Alden Drive CHC-2011-60-HCM 11-0564 511112011 

996 Garden of Oz 3040 N. Ledgewood Drive CHC-2011-70-HCM 11-0566 511112011 
- ---.-... ~ 

997 Clifford Clinton Residence 5470 W. Los Feliz Blvd. CHC-2011-195-HCM 11-0708 511812011 

998 Boettcher House 1505 S. 6th Avenue CHC-2011-176-HCM 11-0707 61112011 
---------~--

999 Marsh Duplex 139-141 S. Mansfield Ave CHC-2011-198-HCM 11-0709 511812011 
-----------

1000 Golden State Mutual Life Insurance 1999 W. Adams Boulevard CHC-2011-221-HCM 11-0711 61112011 
Company Home Office 

1001 May Company Garage 900 S. Hill Street CHC-2011-221-HCM 11-0710 61112011 

1002 Gertrude and Harry Kaye Building 330 S. Almont Drive CHC-2011-68-HCM 11-0565 61812011 

1003 Ralph J. Chandler Residence 1926 N. Hobart Blvd. CHC-2011-913-HCM 11-1455 911412011 

1004 Richard Henry Dana Branch Library 3320 Pepper Street CHC-2011-911·HCM 11·1456 911412011 

1005 Catalina Brent Pi co House 220 S, Wilton Place CHC·2011·909·HCM 11·1457 911412011 

1006 Kun Residence 7960 Fareholm Drive CHC·2011·1749-HCM 11·1685 1111512011 

1007 Evening Star Missionary Baptist 5892 S, Brentwood Street CHC-2011·1890·HCM 11·0560 1111512011 
Church 

1008 Lincoln Place Apartments 1000-1058 S, Doreen Place CHC·2011-2002-HCM 11·1881 1211612011 

1030-1070 S, Frederick Street 

1030·1138 E. Lake Street 

1402·1092 S, Elkgrove Avenue 

1505·1753 S, Pen mar Avenue 

960·978 E. Elkhart Place 

1009 Heritage Square Museum 3800 Homer Street CHC·2011·2206-HCM 11·1899 1211612011 

1010 350 N. Sycamore Apartments 350 N. Sycamore Avenue CHC·2011·2195·HCM 11·1900 1211612011 
(Sycamore Chateau) 

1011 McAlmon House 2717 W. Waverly Drive CHC-2011-21 97 ·HCM 11·1976 111712012 

1012 Ganahl House 232 S, Andrews Place CHC·2011·2738·HCM 11·2147 211412012 
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No. Name 

1013 Normandie Hotel 

1014 Ward-Berger House 

1015 Stein House 

1016 Schneidman House 

1017 Young-Gribling Residence 

1018 Thorsen Residence 

1019 Metropolitan Building 

1020 Firestone Building 

1021 Brown-Gorsline House 

1022 Los Angeles Department of Water 
and Power General Office Building 
(John Ferraro Building) 

1023 West Boulevard Bridge 

1024 Lechner House 

1025 Durex Model Home 

1026 Sherwood House 

1027 John Anson Ford Residence 

1028 Stewart Farmhouse 

1029 Stowell Hotel 

1030 Union Bank and Trust Company 
- ~.~."----- ._-- -

1031 Frederick A. Hanson Residence 

1032 Emma Wood House 

1033 Goodyear Tract Home #1 

1034 Goodyear Tract Home #2 

1035 Goodyear Tract Home #3 

1036 Goodyear Tract Home #4 

1037 Southaven 

1038 Gibbons-Del Rio Residence 

Monday, July 22,2013 

Address CHCNe. 

605 S. Normandie Ave CHC-2011-2740-HCM 

3156 N. Lake Drive CHC-2011-2516-HCM 

968 Stonehill Lane CHC-2011-2646-HCM 

925 Stone hill Lane CHC-2011-2653-HCM 

3320 N. Griffin Ave. CHC-2012-50-HCM 

103 N. Ridgewood Place CHC-2012-59-HCM 

315 W. 5th Street CHC-2012-55-HCM 

800 S. La Brea Ave CHC-2012-195-HCM 

2626 Portland Street CHC-2012-1054-HCM 

111 N. Hope Street CHC-2012-1944-HCM 

CrOSSing Venice Boulevard CHC-2012-XXXX-
between 16th Place and HCM 
Victoria Park Drive 

11600 W. Amanda Drive CHC-2012-2629-HCM 

3410 N. Amesbury Rd. CHC-2012-2951-HCM 

3425 N. Amesbury Rd. CHC-2012-2644-HCM 

1976 N. Normandie Ave CHC-2012-2927-HCM 

511 W. 31st Street CHC-2012-2953-HCM 

416 S. Spring St. CHC-2012-3257-HCM 

760 S. Hill St. CHC-2012-3255-HCM 

5867 Tuxedo Terrace CHC-2013-512-HCM 

245 S. Wilton Place CHC-2013-516-HCM 

310 E. 59th Place CHC-2013-834-HCM 

314 E. 59th Place CHC-2013-836-HCM 

427 E. 59th Place CHC-2013-830-HCM 

----~-------

510 E. 59th Place CHC-2013-832-HCM 

4421 N. Richard Circle CHC-2013-530-HCM 

757 Kingman Ave. CHC-2013-510-HCM 

City of Los Angeles 
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11-2148 211412012 

11-2149 211412012 

11-2150 211412012 

11-2157 211412012 

12-0374 412512012 

12-0375 412512012 

12-0383 4127/2012 

12-0640 5130/2012 

12-1054 812412012 

12-306 9121/2012 

13-0041 1/1812013 

12-1951 215/2013 

12-1952 21512013 

12-1953 21512013 

13-0104 212712013 

13-0105 2/2712013 

13-0217 41512013 

13-0218 4/512013 

13-0615 512212013 

13-0616 5122/2013 

12-1892- 611812013 
S1 

12-1892- 611812013 
S2 

12-1892- 611812013 
S3 

12-1892- 6118/2013 
S4 

13-0614 612612013 

13-0617 612612013 

Page 35 of 35 
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Frequently Asked Questions (FAQs) I Office of Historic Resources, City of Los Angeles Page 1 of3 

Home » Historic-Cultural Monuments 

Frequently Asked Questions (FAQs) 
FREQUENTLY ASKED QUESTIONS (FAQs) ABOUT THE HISTORIC-CULTURAL MONUMENT DESIGNATION 

PROCESS * 
Who may submit a nomination? 

A nomination for City of Los Angeles Historic-Cultural Monument status may be submitted by any person or 

organization. The City Council may also nominate a resource for Monument status, typically through the 

introduction of a motion by an individual Council member. The Cultural Heritage Commission itself may also 

initiate a nomination. 

The application requires considerable research to determine the age of buildings and structures, property 

ownership history, former inhabitants, past uses, and other known facts about the resource. Many applicants 

choose to retain historic preservation consultants to prepare nominations, but it is also possible for non

professionals to research and prepare successful nominations. The Los Angeles Conservancy has prepared a 

helpful guide to researching and preparing Historic-Cultural Monument applications, at Los Angeles 

Conservancy. 

Is there an age requirement? 

In the Cityof Los Angeles, there is no requirement that a resource be a certain age before it can be designated. In 

general, enough time needs to have passed since the resource's completion to provide sufficient perspective that 

would allow an evaluation of its significance within a historical context. The youngest structure to be designated 

in Los Angeles was built in 1989 - it is Claes Oldenburg and Coosje van Bruggen's Binoculars at the Chiat/Day 

Building in Venice (the rest of the building, designed by Frank Gehry, is not yet designated). 

What can be nominated? 

The criteria for designation allow for numerous types of Monuments. Buildings make upthe great majority of 

Historic-Cultural Monuments - including many examples of residential, commercial, institutional, and industrial 

structures. Structures like bridges, stairways, and median strips have also become Monuments. Open spaces such 

as Echo Park and Banning Park (which, in these cases, also feature historic structures) have been declared 

Monuments, as have individual trees or groups of trees, and natural features such as Eagle Rock. 

What makes a resource historically significant? 

See What Makes a Resource Historic for information on the criteria for Historic-Cultural Monument status and 

for the types of questions that help staff and the Cultural Heritage Commission evaluate a nomination for Historic 

-Cultural Monument status. 

http://www . preservation.lacity. org/ commission/frequently -asked-questions-faqs 
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Frequently Asked Questions (FAQs) I Office of Historic Resources, City of Los Angeles Page 2 of3 

Must the property owner be notified about the nomination? 

Under the City of Los Angeles' Cultural Heritage Ordinance, the property owner is not requi red to support the 

nomination, but the owner typically does participate in the designation process. To avoid preemptive demolition 

or alteration before the nomination can be heard, the Commission does not notify the owner that an application 

has been filed until after the first hearing. If the Commission takes the nomination under consideration at that 

hearing, no permits for demolition or significant alterations may be issued. Even if a demolition permit has already 

been issued when the Commission takes the nomination under consideration, no actual demolition may occur 

while the nomination is being considered by the Commission and City Council. 

What happens when a building is designated? Is it protected forever? 

I n Los Angeles, designation as a Historic-Cultural Monument does not guarantee that the building cannot be 

demolished, but it does allow the Commission to delay demolition in order to create opportunities for 

preservation solutions to emerge. The ordinance allows the Cultural Heritage Commission to object formally to 

the issuance of a demolition permit, delaying the demolition for up to 180 days, plus another possible 180-day 

extension if approved by the City Council, to allow for time to preserve the monument. Designation also ensures 

that Office of Historic Resources staff trained in preservation and architecture reviews and approves proposals 

for work on HCMs before any permits for alteration are issued. A Monument is also presumed to be a significant 

historical resource under the California Environmental Quality Act (CEQA), triggering the requirement to 

perform an environmental review (that could lead to the preparation of an Environmental Impact Re·port [EIR]) 

before demolition can occur. For more information on what Historic-Cultural Monument status accomplishes, 

visit H istoric-Cu Itu ral Monu ment Status,' This section is odaptcd rrom materio/ originally prepared by the Los Angeles Conservoncy. 

IN THIS SECTION 

o What Does Historic-Cultural Monument Status Mean? 

o What Makes a Resource Historically Significant? 

o The Historic Designation Process 

<') Cultural Heritage Ordinance 

<;1 Historic-Cultural Monument Application 

o Guide to Bronze Plaque Program for Historic-Cultural Monuments 

o Designated Historic-Cultural Monuments 

o Photo Gallery 

o Frequently Asked Questions (FAQs) 

http://www. preservation.lacity. org! commission/frequently -asked -q uestions-faq s 
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Frequently Asked Questions (FAQs) I Office of Historic Resources, City of Los Angeles Page 3 of3 

http://www.preservation.lacity.org/commissionJfrequently-asked-questions-faqs 
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Data: 

To: 

From: 

Subject 

May 24. 2000 

licensed Engineers, Surveyors and Subdivision Consultant! 

Emily Gabel-Luddy, 
Deputy Advisory A9l!fflCY 

.. 

Residential Parking Policy for DiviSion of L.and • No. AA 2000-1 

Attached is· a parking policy addressing s~ndards for new condominiums and 
condominium conversions. 

. 
Please retain for your tiles. If you have any questions do not hesitate to ::cntact me at 
(213) 580-552.9 . 

• > 

Attachment AA 20QO...1 (Parking Policy) 
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New Candgminiyms: 

A. Up to 5 units 

No. AA 2000-1 
RJ;SIOENTIAL PARKING POlley. 

1. 2 perdu 
2. Minimum 114 guest per dli 

8. Six units or mora 

1. 2 perdu . 
2. 1/4 guest in non-paoong congested areas'r 

1/2 guest in parking congestad are.;a.st .'. 
3. For side-by.-side parking in prtvat~ garages with direct entries into the units. 

1/4 guest pamng per unit will be permitted in par~ing congested areas. 

pgndominium Cgnversigns: 

A. Minimum of 2 patidng spaces p~runit for projects If the buDding is more than five 
years Old from a temporary issuance Of its Certifica~e of Occupancy, 

S. For projects where the building is five or less years old from the Certlflcate of 
Occupancy. stand~ for new (xmdomfnilJm3 will apply. .' 

EXCEPTIONS 

Exceptions will be considecad by the Advisory Agency pursuant to LAMe Section 12.22-
A,26 (,Adaptive Reuse Projects ;nth .. Greater Downtown Lo:sArrgefes Nea," OrdInance 
('Jo. 172.571)," Stock Cooperative Conversions will be,eonsidered on case-!ly-case basis. 

t Determinations en requit'ed parking by the At:M~ory Agency oar. net jntend~ to aupen:::ede 
mOre restrictive fet::lujremenb: c::otltained in ather adopted Clty ordinancas such IS Icoptad spadiic 
plalf.l. and "'O···conditiOns. Fl.I¥1her, additional gUHt perkIng will be e;:)nsidem In S;;adat areas of 
the City which irS ei,ihar subject to IJnusuai public access demands (such as the teach areas) or 
areas where Of1..5trest parldng is highly ~trided (Major HIghways, such as SamEm Smdevan:f). 

MAY! " 200D Issued by DeputY AdVisory A(JenC'f ________ _ 

AR0069520 
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CIVIL CITATION 
COUNTY OF ORANGE, CODE ENFORCi{MENT 

r---~l-.·--~T~O~C~(~)M~P:~L~Y~;-----------------------------------------------------------------------, 

II. I'A YMENT MUST BE MIIDE IN FULL WITHIN 30 CIILENDIIR DII YS or THE ISSUIINCE or THE C!TII TION. I'll YMENT Mil Y 
I3E IN THE PORM OF A CIISHIER'S CHECK, MONEY ORDER OR PERSONIIL CHECK. DO NOT SEND CIISH. CHECK SI IOUI-D 
liE MIIDE OUT '1'0'1'1 I!:: COUNTY OF ORANGE. PLEIISE INDICAn:: TilE CITIITION NUMBER ON YOUI~ CHECK. I'll YMENT 
Mil Y ALSO [W MIIDE ON-UNE BY CREDIT CARD AT WWW.CITIITIONPHOCESSINGCENTER.COM OR BY CIILLING I (ROO) 
969-6158. USE THE ATTACHED PRE-ADDRESSED ENVELOPE OR MAIL PA YMENT TO THE FOLLOWING IIDDRESS: 

COUNTY OF ORIINGE 
c/o C:ITATION PROCESSING CENTEI~ 
P.O. BOX 7275 
NEWPORT BEAc[ I. CII92658 

B. II' TillS CIVIL CITIITION IS rOR A BUILDING VIOLATION YOU HIIVE THIRTY Oil YS TO CORltECT THE VIOLATION 
WITHOUT HII VING TO I'll Y THE FINE. YOU Mil Y BE CITED FOR IIDDIT[ONAL VIOLIITIONS FOR EliCH DAY TilE VIOLIITlON 
EXISTS AFTER TI·II, END OF THE 30-DAY CORRECTION PERIOD. YOU MIIY r[LE A REQUEST IN WRITING FOR AN 
EXTENSION OF TI·IIS 30-DII Y CORRECTION PERIOD WITH THE ISSUING DEPARTMENT IW SENDING II COpy 01' THIS 
CITIITION liND II LETTER IN W[IlCII YOU REQUEST AN EXTENSION TO: CODI~ ENFORCEMENT, 300 N. FLOWEH ST., SANTA 
IINII, CII92702 OR P.O. BOX 4048, SANTA ANA. CA 92702. REQUESTS MA Y BE GRANTED IN UNUSUIIL cmCUMSTANCES 
WHERE JUSTIFIED. 

2. TO CONTEST: 
A. ADMINISTHATIVE REVIEW: YOU Mil Y REQUEST AN IIDMINISTRATIVE r{[VIEW TO CONTEST TIlE crVIL CITII T[ON 

WITHIN 3() DII YS OF T['IE DATE or ISSUANCE 13Y MIIILlNG A SIGNED COpy OF THE CIVIL CITIITION WITH THE FORM 
I3I;LOW COMPLETED TO CODE ENFORCEMENT, 300 N. FI.OWER ST., SIINTII IINA, CA 92702 OR P.O. BOX 4048, SANTA' 
ANA. CII92702. YOU MUST SI'EClFY THE GROUNDS FOR THE ADMINISTRATIVE. REVIEW BY CHECKING ONE OF TI·W 
BOXES IN PIIRT I OF Tl'II~ FORM BELOW. IMPORTANT: TO OBTAIN A l·mAHlNG YOU MUST DEPOSIT nm FULL 
AMOUNT OF TIlE FINE WITH YOUH HEQUEST UNLESS YOU ALSO HEQUEST A FINANCIIIL IIAlmSlloW WAIVEB 
ON THE FORM BELOW AN]) THE WAIVER IS GRANTED (OCCO 1-I.-40.11). TIlE LOCIITION Of' Tim HEIIRING IS 
SPECWIED ON TilE mONT S[Dlo OF 1'[ lIS CIV[L CITIITION. IF YOU REQUEST IIIIEIIRING YOU ARE IU<:QliIRED TO 
ATTEND THE HEARING SCllIwuum FOR YOU AT THE TIME YOU CONTIICT TIlE CODE ENFORCEMr,NT 
OFFICER. THE HEARING OFFICER WILL DECIDE WHETHER YOUR CONTENTION IS VALID liND WILL NOTIFY YOU OF 
THEIR DECISION liT TI'!E END OF THE HEARING. IF TliE IIEIIRING OFFICER DECIDES THIIT: THI"RE WAS NO CODE 
VIOLIITION (m TIIIIT YOU COltRECTED TI·IE VlOLATION IN TIMr,; em THAT YOU liRE NOT RESPONSIBLE f'OR THE 
PROPI'Xry THE CIVIL CITII TION WILL BE CIINCEl.IYD AND TilE PINE DEPOSIT WILL BE RETURNED TO YOU. 

H. COURT IIPPEAL; YOU Mil Y FlU,; AN AI'PEIIL FROM THE HI,ARING OFFICER'S DECISION WIlli TIlE SUPERIOR COURT 
WITIIIN 20 Oil YS OF IWrNG NOTIFIED Of' TH E DECIS[ON. TO APPEll I. YOU MUST P II Y II $25 FILING f·'EE TO THE 
COUln.IMl'OIrfIlNT NOTICE: UNPIIID FINES liND/OR NUlSIINCE ABIITI':MENT COSTS CIIN BE:: ENFORCED liS liN 
IISSESSMENT OR LIEN MiAINST TH[ PROPElHY WHERE THE PROPERTY-ltD-IITED CODE VIOLATION OCCURS. 
UNPAID IISSESSMENTS CIIN RESULT IN HIE PROPERTY ImiNG SOLD lifTER THREE YE!I!tS BY THE COUNTY 
IISSESSOR liS SET FORTH IN SECT[ON 1-1-40.IS OF THIS CODE. II FULL DESCRIPTION OF THE CIVIL FINE PROCEDURES 
FOR COUNTY CODE VIOLATIONS AND YOUR RIGHTS IN THAT PROCESS ARE FOUND IN COUNTY CODE SECTIONS 1-1-
40.1 THROUGH 1-1-40.15. 

\. 

C. iF YOU NEW FURnlER CLARIFICIITION - ABOUT PAYMENT O[~ APPEAL OF THIS CITATiON, PLEASECIILL I (800) 
969-6IS8.IF'YOU NlmD FUlnlIER INf<OHMATlON ABOUT HOW TO COMPLY e_ WITH THE ORIINGE COUNTY 
CODlFlED ORDINIINClo VIOLIITIONS.PLEIISE CONTACT THE COUNTY CODE ENFORCEMENT DEPIIRTMENT liT (714) 
796-0233. 

FORM TO CONTEST THIS CIVIL CITIITION (FILL OUT SECTIONS 1 liND 2) 

I. o I I IEREllY .IH'.QUEST AN t\.fJMINISTRIITIVI:.R.EVI~W TO CONTE.ST THIS CIVIL CITATION ON TilE FOI.LOWING GROUNDS (CHECK 
AT LEAST ONE) AND M,REE TO ATTEND '1'111, I·II:.JIRING TI·il.,REON: 

o THE VIOLATION DID NOT OCCUR 

o THE VIOLATION WAS COI,RECTED ON TIM" 

o I AM NOT RESPONSIIlLE FOR nilS PROPERlY 

2. 0 IliA VE ENCLOSED TilE FINE DI;I'OSIT IN THE AtvlOLJNT SPECIFIED ON THE FRONT OF TillS FORM 

o I HE REilY RI':QlJEST THAT TI·m FINE DEPOSIT BE WAIVED I3/ISED ON THE GROUNDS IN THE ATI'ACHED STATEMENT. 
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Diesel Generators I US Power &amp; Environment (USP&arnp;E) Page 1 of2 

Power Consumption Chart for Tools 

Power Consumption Chart 

The following ratings are approximate. 

Circular Saw 2400 1200 

Drill 1800 720 

Edger 2400 960 

Electric Chainsaw 2400 1200 

Electric Lawn Mower 4320 1440 

Electric Pressure Washer 3600 1200 

Electric String Trimmer 1500 600 

JigSaw 1800 720 

Miter Saw 2100 840 

Orbital Sander 1800 600 

Paint Sprayer 1080 360 

Planer 2400 960 

Router 1500 600 

Water Pump 3000 1000 

Wet/Dry Vacuum 2500 888 

Winch 5400 1800 

Furnace Fan, gas/fuel 011 furnace 

1/8 horsepower (hp) 500 300 

1/6 horsepower (hp) 750 500 

1/4 horsepower (hp) 1000 600 

2/5 horsepower (hp) 1400 700 

315 horsepower (hp) 2350 875 

Central Air Conditioner 
10,000 BTU 2200 1500 

20,000 BTU 3300 2500 

24,000 BTU 4950 3800 

32,000 BTU 6500 5000 

40,000 BTU 6700 6000 

114' Drill 300 300 

Jigsaw 300 300 

Electric Weed Trimmer 500 500 

Belt Sander 1000 1000 

Disc Sander 1200 1200 

Chain Saw 1200 1200 

Worm Drive Saw 3100 1560 

12' Concrete Cutter 3600 1800 

7 114' Circular Saw 3000 1500 

Disc Grinder 4000 2000 

Air Compressor (Average) 4000 2000 

http://wvv.W.uspowerco.com/artic1es/power _consumption _ chart_ for_Jools 
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Diesel Generators I US Power &amp; Environment (USP&amp;E) 

Powering Business. Empowering People. 

General Inquiries: 
U.s Office: 469-726-4780 
Toll-Free: 888-515-8773 
S.A Office: +27-(0)11-064-5602 
info\.Qlu~,nowera),com 

USP&E Companies: 

U.S Office: 
6136 Frisco Square Blvd. 
Suite 400 
Frisco, TX 75034 

S.A Office: 
Broadacres Business Centre 
Cedar & 3rd Ave, Broadacres 
Fourways, Gauteng, South Africa 

http://www.uspowerco.com/articles/power_consumption_chart_fof_tools 

Page 2 of2 

2 people like this. Sign Up to see 
what your frienQs like. 
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eTl ENVIRONMENTAL sves IO:3105300792 MAY 19'97 

" 

.IJI .. 
.. " aT'- Envlronmentsl SeMetlS 

II 

.., . 

May 16. ]997 

Mr. John Piro 
CAPITAL RECORDS 
1750 North Vine Street 
HoUywood. California· 90028 

Via facsimile: (213) 871·5058 

RE:· PROFESSIONAL CONSULTING SERVICES AGREEMENT 
CLIENT-DIRECTED BULK SAMPLING FOR ASBESTOS 
17!O NORTH VINE. HOLLYWOOD, CA 90018 
cn PROPOSAL #A-051-341S 

DeuMr. Piro: 

en is plelsed to present the foUowing consulting services agreement 'for the above--refbr anced 
project, CrL understands the scope of work to include the following: 

SCOPE OF WORK 

CI Provision ofcJient-directed bulk sampling for asbestos at the above-referenced property, with 
24 hout verbal results with fo: traJ1811littai and submission of report ] week from 
authorization.·. eTL wiD collect bulk samples of suspect asbutos.containing mate~l from the 
subject !'Iropeny; If additional building area. is requested to be surveyed, you will be ~ontacted 
for authorization prior to any additional work. . 

FEE SCHEDULE 

':<>: :';:::::::~;i;;:: .. :' ,;:,/:~;~::>'; "'::::;;::l;;:::<::' : :::);:;ASB.ESTO·~lSAMpt;lN.G:;::;:,:::;:;:i;i~~:;~;:::;:':::::!;;;;;;:::::::'. ;.::~:.:<.::,: .. ," :': :,::::::.: 
Technician 4 @ SSO.OOlhr $200.00 
Project Manager .SO @ 580.00lhr $40.00 
PLM SmDte Analysis 3 @ SlS.OO/ea* $45.00 
Report Lump Sum $35,00 
~:r01AL;:;;i;::::::' :::::::~!:~:::::::~:::!;~;~;~:::.::::::::'/;;:~/::::~i:;:E';i:!:·: ::;<:i::<:':):!:n;::!::~~~:::;i:::::::~;!:::::::::;:;:';::;~~~;::'·':::'::::;;!i:~;:;::·':·::::;~'·',·;$3iCM)0' 
$ElIilimaled Ilwdmum of] samples, AdditiOnal samples can be coJlCCI.ed and. analyzed aI. SIS.OO each. 

This propoual is valid for 60 days from correspondence date. 

2"404 S, VC01lOfli Avenue, #:~07 .. HlJrlwr Cily. CA 1)0710 " TeL: (310) S3(J.6006 .. FAX: (310) 530·0792 
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sves ID:3105300792 MRV 19'97 8:44 NO.002 P.03 

Capital Reeol'd. ' 
Propotal Number: A-GS'70034IS 

May 16.199' 
Paae2 

, Sh()uJd you have any questions regarding the information contained herein. please do not hesitate 
",to contact me directly at (31 0) SJO~S006. Thank you. for a110wirig CTL the opportunity to be of 
, , service to Capital Records. ' , 

Respectfully Submitted, Accepted By: 

CTL Environmental Svvices Capital Retordl 

¥w.~ 
Douglas W~ Coburn ' 
Project Mana8~ 
Hazardous Materials Division ' 

~~ Au () Signature and Date 

" 

Auachment 
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>~ 
JA ... ""'6 CTL Environmental Services 

, ..., 24404 S, Vermont Ave .• Ste. 307 • Harbor City. CA 90710 • TEL: (310) 530-5006 • FAX: (310) 530·0792 

REPORTED: October 24, 1996 

CLIENT: Capitol Records 
1750 N. Vine Street 
Hollywood, California 90025 

ATTENTION: Mr. JohnPiru 

REF: Bulk Sample Analysis 
MailRoom 

PROJECT SUM:MARY 

CTL JOB NO.: 96-1478 

CTL Environmental Services (CTL) collected and analyzed bulk samples for asbestos content from the 
Capitol Records facility located at 1750 N. Vme Street, Hollywood, California. The sampling was 
conducted on October 17, 1996 by Perry Adams, a Certified Site Swveillance Technician employed by 
CTL. 

ANALYTICAL METHODOLOGY 

The samples collected for analysis of asbestos content were analyzed by Polarized Light Microscopy 
(PLM). Analysis was conducted as described in United States Environmental Protection Agency 
(EPA) Method for the Determination of Asbestos in Bulk Building Materials: EP Al6001R-931l16, July 
1993, at our NVLAP-accredited laboratory in South Gate, California. 

RESULTS 

The following samples were collected and analyzed for asbestos content: 

Dff-WhlteJGray Fibrous 10% Chrysotile 
Material 25% Amosite 

<1 % Crocidolite 
Dff-WbitelGray Fibrous 56255 Sample Conected by Client 15% Chrysotile 
Material 25% Arnosite 
Off·WhitelGray Fibrous 56256 North Wall by Pipe Penetration 5% Chrysotile 
Material 30%Amosite 

<1 % Crocidolite 
Off-White Fibrous 56257 Pipe Insulation Above Duct in 12% Chrysotile 
Material MailRoom 
Off-White Fibrous 56258 Pipe Insulation Above Duct in 10% Chrysotile 
Material MailRoom 

ThiS report applies only to the sample. or samples, investigated and is not necessarily indicative of the quality of condition of apparently identical or similar material or products. As a mutual 
protection to clients. the public and these Laboratories, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and upon the condition that it is not to be 
used, in whole or in part, in any advertising or publiC·,ty maller without prior wrilten aulhorization trom these Laboratories. 
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CTL ENVIRONMENTAL SERVICES· • . 2905 E. Centu,¥ Blvd~ ...•. South Gate, CA 90280 • (213) 564-2642 

POLARIZED LIGHT MICROSCOPY SUMMARY REPORT Pg: J I J 

CLIENT : Capitol Reco.rds 

Project Name: 1150 N~ Vine St., Hollywood 

CTllab '# : 113863 

Analytical Method; EPAl6001 R-931116, July 1993 
Cli~nt Sample #' " . 
CTl sam' Ie # Sam Ie Remarks Or OesCri ti~n 

56256 
96-30467 

56256 
96-304S8 

56257 
96-30469 

56258 
96-31)470 

Off..whitelgray fibrous matenai, collec:ted bycUerit 
. ',l . 

Off-whiteJgray fibrous material, coll~ed by c:lient 

. .. 
Off-whiteJgray fibrous m .. terial, N.· wall pipe penetration 

'Off-white fibrous material,pipe ins. above duct, mail rm. 

Off-white fibrous material, pipe ins. above duct, mail rm. 

Supervisor Signature: ..Jo..~~~~"'::;;"!-';"'--::;";"";;;" 

Analyst initial: FbU 

Total 
Asbestos % 

35% 

40% 

36% 

12% 

10% 

Asbestos 

ChrysotUa 
Amosite 

Crocidolite 

Chrys6tUe 
Arnosite 

Chrysotile 
Arnosite 

Crocidolite 

Chrysotile 

ChrysotUe 

Date Received /0 / i I q '" 
~--~~~~~~-

Date Analyzed: --,,-/_'l> __ /~f_/-..II1J;..;:~ ___ 
I-iI7Ien 1.1 sample fa "7a~ the Total Asbestos %, tepI'8S6fIlB tile compo$Ite p8IOOrJtage of 811 sample layers. If the ~ pen::entsge of an (1'KIIt#duaI1ayer Is 
mqull8d, /he delsJled Jab ropol1 shoukIbe~, or /he layer should be roimalyzed es a sepaml9 sample. Samples ropOtted as Not detacl9d, or teSs !han 
1% «196). aro ~ coot8JnJng oocordIng to Pf.M meIhod deflnltloos. 

Th;' ffIfJOrlapp/iols anly .b /he semp/IJ. or IUIIfIpleos, illVIM/iga/llid W is not net::eUanJy indic!l/ive of /he quelity or r;ondi/k>tl 01 apptWlllly iderJticaJ or &imiiar matwial or producl#. M II 

mulval ~ toclienb, /he public W ~ LabcnI~ til;. repa1 is ~ubmittJrid W aocepled for /heIfJlC/USNe UH 0I/he client lei whOm it ia ~ and upon /he coodJIIon 

/hilI it /$ not lei lie U&ed, in whole or In pM:, in any fIdwrli~ing or publlcify mtJltfJrwithout pOOr writIert .lIIlIc:In:MtJon Imm IIIese La/:Jc:n!1OOsiI. 
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» 
:::0 
o 
o 
Q') 
<0 
01 
I\.) 
<0 

• ~" \)-, Q/ ....., 
... CTL Environmental Services \ :; U '0 J 

CHAIN OF CUSTODY RECORD 
A 7' 

Client: ~~ '~,. _ 

Address:~ :;:1e= S~ Al4:. 
/t!!)-17-'~ 

Project No"",: c..ym..( ~11f 1M" 
Project Number: ~ 
Project Manager: ~. Phone #: na-...!?JD& Pager: _--.:=====--

'TM-Bocumentation Attached: <8 
~ 
;tb~ 

Special Instructions (including turn around time): 

?Id~i 
Received By 

Relinquished By 

Date/Time: . /61-( Lz:7'«X (qif<...5 

Page / of _~/'--___ . , 

~ 
TESTS REQUIRED 

DpCM 

o TEM-Bulk o TEM- Water 

o rEM-AHERA o TEM - EPA Level II 

CTL will store sample for 30 days (beginning 
with the date the samples were received in the 
laboratory at no charge) 

1. Client will pick up by __ _ 
2. Lab Disposal by 

Received By 

Relinquished By 

Datelrime: __________________________ _ 

DlIIt!/l'ime: 10 -( '6' 9G 
nue, Suite #307 • Harbor City, CA 90710 • TEL: (310) 530-5006 ,. FAX: (310) 530-0792 



, ,,', Capit()l Records Page 2 
,'CTL Project No. 96-1478 ' 

If you have any questions regarding these samples, please feel free to contact me at (310) 530-5006. 

Respectfully submitted, 
en, Environmental Services 

Marie Tullai 
Project Manager 
Certified Asbestos Consultant 
Cal-OSHA Cert. #92-0218 

MT:mak 

, Attachment 
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CTL Environmental Services 
..., 24404 S. Vermont Ave., Ste. 307 • Harbor City, CA 90710 • TEL: (310) 530·5006 • FAX: (310) 530-0792 

PROJECT NO.: 96-1478 

CLIENT: 

ATTENTION: 

RE: 

INTRODUCTION 

Capitol Records 
1750 North Vine Street 
Hollywood, California 90028 

Mr. John Piru 

Clearance Air Sampling 
Mail Room 

REPORTED: November 1, 1996 

CTL Environmental Services performed clearance air sampling, following the removal of asbestos 
contaminated ceiling tile from the mail room of the Capitol Records facility at 1750 North Vine 
Street, Hollywood, California. Clearance air sampling was conducted on October 24, 1996. 

Samples were collected and analyzed in accordance with the National Institute of Occupational 
Safety and Health (NIOSH) Method 7400 utilizing Phase Contrast Microscopy (pCM). 

All samples were consistent at less than 0.01 fibers per cubic centimeter (flee) of air, the level 
recommended by the Environmental Protection Agency (EPA) for reoccupancy of non-protected 
personnel following an asbestos response action. 

CTL Environmental Services is an environmental consulting firm, registered to practice under the 
State of California Department of Safety and Health. Its laboratories are accredited by the 
American Industrial Hygiene Association (AlHA) and the National Voluntary Laboratory 
Accreditation (NVLAP) programs. 

Sincerely, 
en Environmental Services 

Marie Tullai 
Project Manager 
Certified Asbestos Consultant 
Cal-OSHA Cert. #92-0218 

MT:mak 

This repan 200hes only to the sample, or samples, Investigated and is not necessarily Indicative of the quality of condllion of apparently identical or Similar material or products. As a mulual 
protection 10 Clients, the publiC and these Laboratories, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and upon the condition that it is not to be 
used. in whOle or in part. in any advertising or publicity matter without prior written authorization from these Laboratories. 
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TO: 

QID! STEVENS 

cc: Capitol Records 

FROM Peny Adams 

~L CTL Environmental Services 
24404 So. Vermont Ave., Suite #307 
Harbor City, CA 90710 

(310) 530-5006 

SUBJECT Final Air Testing - Capitol Records (Mailroom) 

MESSAGE 
DA IE 10-24-96 ( 06: 15 ) 

At the request of Qm-Sievens, CTL conducted final air testing after the cleaning and removal of 

asbestos contaminated ceiling tile. The area appears to be clean of all dust and debris, The area appears 

to have been encapsulated and allowed to dlY. 

eTL have conducted air testing in the work area and found the sample to be 0.01 flee or less. The 

sample were collected using PCM ( Phase Contrast Microscopy). The sample were analyzed using the 

MOSH 7400 method. The level of airborne fibers are below the 0.1 flee which is the permissible exposure 

level set by the OSHA ( Occupational Safety and Health Administration), 

Sample No. Location Results ( flcc ) 

~Ol-CAP Mailroom - South 0.002 

D02-CAP Mailroom - North 0002 

Time: 06:10 

CERTIFICATION NO':-.:...........:..;~ ____ _ 

RESPONSE: 
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CTL Environmental Services 
24404 S. Vermont Ave., Ste. 307 Harbor City, CA 90710 TEL. (310) 530-S006 FAX (310)030-0792 

AIR SAMPUNG FORM 

Project Name: Capitol Records Project Number: 

Technician: Perry D. Adams Date 10-24-96 Shift: Night Floor/Area Mailroom 

Sampling Method or Sample Type: PCM X TEM __ _ NIOSH x AHERA EPAll __ _ 

Microscope Number: 3010 Reticle Field Area: 0.00785 Filter Area: 385 

Blank Count Average Amount: (Note: Min. of 2 or 10%) o Rotameter Number: 00956 -------
. Microscopist: .:..P..:::6.:..::,ITY,r...:...A:.;::d=am=s _________ _ Data Entered: 10-24-96 Checked By: 

Sample Pump Location Type Start Stop Total lPM Volume Fibers Fields FICe 
Number ## Time Time Minutes Average Counted Counted 

Blank 001 Blank -lab B 0 100 . I 

Blank 002 Blank - Field B 0 100 i 

001 - CAP 1058 IWA-NORTH C 4:39 6:00 81 15 1215 4 100 0.002 
001 - CAP 1045 ... __ IWA - SQLJTH_ C 4:40 6:00 80 

- -
15 1200 5 100 0.002 

Comment: 



---"jj , 
. "'1' crt Environmental Services 

.., 24404 S. Vermont Ave •• Ste. 307 • Hamor City. CA 90110 • TEL: (310) 530-5000 • FAX: (310) 530-0792 

J{EPORTED: October 30,1996 

CLIENT: Capitol Records 
1750 N. Vme Street 
Hollywood, California 90025 

A,TTENTlON: Mr. JohnPiru 

REF: Bulk Sample Analysis 
MailRoom 

PROJECf SUMMARY 

CfL JOB NO.: 96-1478 

CTL Environmental Services (ClL) analyzed bulk samples of plaster and wall packing from the mail 
room of the Capitol Records facility located at 1750 N. Vme Street, Hollywood, California. The 
samples were submitted to CTL by a Capitol Records representative on October 24, 1996. 

ANALYTICAL METHODOWGY 

The samples collected for analysis of asbestos content were analyzed by Polarized Light Microscopy 
(PLM). Analysis was conducted as descnDed in United States Environmental Protection Agency 
(EPA) Method for the Determination of Asbestos in Bulk Building Materials: EP Al600IR-93/1169 July 
1993, at our NVLAP-a.ccredited laboratory in South Gate, California 

RESULTS 

The following samples were analyzed for asbestos content: 

Off-White Crumbly 
Packing & Plaster with 
B!ackPaint 
Plaster with tight: Oreal 002 
Paint 

This report applies only 10 tha sample, or samples, investigated and is nol necessarily indicative 01 the quality of condition of apparently identical Of Similar matenal Of products, As a mutual 
protection to clients. the public and these Laboratories, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and upon the condition that it is nol to be 
lic:arI in whnlQ. nr in n~ut !n ~n .... RrivArti:e..inn nr nI:lhlir.itu m::lHDP' withnl~t nril'ol' wtitton !IIslthr'lri7:2lil"U"1 fl'nr'l'l t.hQ~O ~ ~lv1r:llf"'r~a&': 
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... Capiioillecords ' Page 2 
CTL. Project No. 96-1478 . 

Jfyou have any questions regarding these sampl~ please feel free to contact me at (310) 530..5006. 

Respectfblly submitted, 
CfL Environmental Services 

MarieTuDai 
Project Manager 
Certified Asbestos Consultant 
Cal-OSHA Cen #92-0218 

Mr:mak 
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Cn. ENVIRONMENTAL SERVICES (I. 2905 E. Century Blvd., • South Gate, CA 90280 • (213) 6"'2642 

POLARIZED LIGHT MICROSCOPY SUMMARY REPORT Pg: 1/ 1 

CLIENT : capitO'l Records 

Project Name: Mail Room 

eTl Lab #: 113881 

Analytical Method: EPAl60lV R~931116, July 199$ 

Cliem Sample '1#. .' 

CTL sample # Sample Remaries Or DesCription 

1 Off white crumbly wlblack paint. . p~:OEltratlo" north side 
96-30959 II of.,.1n sample 2.·· .... ·· 

2 Plaster, wJllght green paint, boiler room stack wall N. side 
Q6.3096O , of layers In sample 2 

3 Pluter wlblack paint w_ wall 
96-30961 ## of Iayem In sample 2:' 

SupelVisorSign8ture: t!a;>,tn:.a T d.i:t:c; 
Analyst initial: FP V 

Total Asbestos 
Asbestos % Type(s)pruent 

24% Chrysotlle 
Amosite 

Crocldolite 

Not detected 

Not detected 

Date Received /0 I .t r I tfk 
Date Analyzed: It> l.t r I q J" 

~ It ~ 18 '1ayen.'lC'l'; the Tolal ~ "~!he ~ pen:etlfageofall sample layem. If the asb&sto$ pemmtage of 1IIl1rltNlml1a)W'1Ir 
~ the deIBIJed lab repod 8hOfIId be j_~ 01" the layer should be tf1aIIBJyzed as II sepan.rte ~ Sampies repMed as Not ~ 01" It:NI8 tMn 
1" «1"). BI8 ~COIItlJJnIng ~ to PI.M mBlhoddel1nJtfam. 

Thi& ~ app/ietl only 10 the aampolllt, QI' ~ i/IVw/igQld MIl lit not ~ ~ of lheqwlilyarOOllditioo of ap~ idan~QI' 3imilar meIsrieJ or produdJ. M. 

muIvaI prolfIcIion 10 c::Iionta, IJIe'pubIIt; MIl U-~ IIIUI repm 111 ~ end ~ for /he fJfJ(ciusitte use of lheclit/lnt 10 whom It is ~ alld upotltheCClldlliDn 
IINIt if isl1Clt b blllIIJed, In whole QI' In ~ In any ~ QI' pubIit:IIy matW without prior 1IWiI/IeIo') .uthoriutlion from thorJM Labcintfrcria. 
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• -"1' . t <:>e,. 
.. CTt Environmental Services l \ 3 0 11 -, 

\: :-;,.~ . ; ~H4~<PF~lJSTOPY ~~Q11J.l 
I 

Client: LA'~ £~S . Date: /D-zr-::..;z:; 
Address: AJ. 0A.t5 ,$f't?56> :I'&/~d~ (!A. ).'~ 

m~ T·~ Project Name:Ra~ 

Project Number: '1G - 'Lt 1" .. 
Project Manager: fJrtt4:If/6 ~Phone #: ..!30~' Pager: _~=::::::::::===--_ 

Special Instructions (including turn around time): l Documentation Attached: 

~~~~~~e.J# 
I~ ,Mau,"£ ~# 

Page I of _ ....... /L..-__ _ 

I!>PLM 

TBSTS REQUIRED 

DpCM 

n TEM- Bulk 

o rEM-AHEM 

n TEM- Water 

o TEM - EPA Level lJ· 

CTL will store sample for 30 days (beginning 
with the date the samples were received in the 
laboratory at no charge) 

1. Client will pick up ____ ' 
2. LabDisposaJ 

Received By Received By 

Relinquished By Relinquished By 

Date/Time: ___________ _ 

I"---
. ('I') 

LO 
0) 
<D 
o 
o 
0::: « 
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'CTL Envlr~nm8'l~a/,~:liY;C8S ( '24404 a v.~,t A~;:~~ 301 • HifixibiiJ CA 90110 ~t~i"aj ~ 

'-;PROJB~T:;;iib;' " 

CLIENT. capital Records 
1750 North Vine street 
Hollywood, California 90028 

ATTEHTIOB. Mr. John McKenna 

RD.. IA.eatiqation tor asbeato,-containinq matarials of the 
capital :aecorda Buildinq' located at 1750 North vine 
stre.t, Hollywood, california. 

A. Introduct.ioD 
<;,:~;/' 

On January 25th, 1992, CTLEnvironmental Services (CTL)'conducted 
a limited asbestos investigation survey of the prop~:rty located at 
;1750 North Vine Street, in Hollywood, californIa for Capital 
Records. 

The survey was conducted by Doug Coburrt, an EPA accredited building 
inspector employed by CTL. The purpose of the survey was to 
identify and sample all accessible friable and non-friable building 
materials suspected to contain asbestos that may be impacted by the 
installation of fire sprinklers in the building. 

At the request of the building management, sampling was to be 
conducted in a discrete and non-destructi ve manner. Also, to 
pr.ovide the description and locations of these materials and 
provide estimated quantities of those materials found to contain 
asbestos. ' 

This document is intended to identify the asbestos-containing 
materials in the building as a result of this asbestos survey. The 
quantity estimates given herein are estimates only and should not 
be used for asbestos removal bidding purposes. 

B. Description of survey sit. 

The Property surveyed is located at 1750 'North Vine street, in 
Hollywood, California. The Building consists of thirteen stories, 
constructed on a concrete foundation with concrete slabs separating 
floors and supported by concrete columns and beams. Interior walls 
are constructed of drywall and plaster. 

c. Field survey and Analytical Methods 

Prior to sampling suspect material, a visual inspection was 
conducted durinq which accessible areas of the building were 
visited. 

ThiS reoon aool~es on~v to the sam ott!'. or Sample$, mlo'esnqated and IS not neC9.ssanlv lI"lllIC;:ati .... A nt t,",~ t'l'II.::Iilltv nf ,..,.,,.,Mkt • ..., ......... ~ ........................ h· , ... "" ... ~.--, -~ ----- • 
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methods cont ••• 

By request of the buildinq. manageaent, samplinq was conducted in an 
non-destructive manner to preserve the current inteqrity of all 
building materials. As a result, some areas were not readily 
accessible unless destructive means were employed to gain access. 
These areas were considered inaccessible and are considered exempt 
from this report. Exa:mples of such areas' include:~ arElCU, under 
carpeting, . between.. walls, . wall . pipe chases, elevator and air 
shafts, . areas between -!=Iuspended gypsum board. ceilings and hard. 
decks, adhesives between acoustic tiles and substrates, and 
materials behind wall coverings (i.e. wallpaper,. wo04panelinq). 

priol-:to any renova~ion or demolition that ~ay affect these are~s, 
it is recommended. that further investigating be <conducted for 
suspect materials bya qualified ,,~uilding inspector .. '; 

.... 

Samples were collected_ from suspect materials and subsequently 
analy;ed by Polarized Light Microscopy CPu() in acco.rdance with 
U .. S •. Environmental Protection Agency. Interim Method of the 
Determination. of Asbestos in Bulk Insulation Samples: Polarized 
Light Microscopy, 40CFR Ch. 1 pt .. 763, Subpart~ F, Appendix A, 
7/1/81 edition. 

D. gurvey Results 

A complete listinq of all samples collected is in the following 
section of t~is report. The materials listed below were determined 
to contain asbestos. Quantities ~re approximations only and should 
not be used for bidding purposes. 

ASBESTOS-CONTAINING MAtERIAL 

Acoustic spray on ceiling 

White gasket material 
(plugging holes in walls) 

pipe insulation S-2 
(Chill water) 

Pipe insulation S-l 
(Hot water) 

Pipe insulation 5-2 
(Hot water) 

1st floor, elevator 
lob;by 

Mezzanine, walls 

Above 1st floor 
in crawlspace 

Mail room, above 
dropped ceiling 

1st floor, boiler 
room 

EST. OTT. 

500 
square ft. 

10 Sq. ft. 

100 linear 
feet 

100 linear 
feet 

75 iinear 
feet 
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II. pi ,cussiop 

currently, the Environmental Protection Agency E.P.A. considers 
those materials that contain more than one (1) percent of asbestos 
by volume to be treated as asbestos-containing material CACM). 

As previously discussed, this survey was conducted. in a non
destructive manner. Although every attempt was mad_to access 
fri~l.$,suspect materials in the buildings, the possibility exists 
tha1;additional materials may be exposed during renovation and/or 
demolition activities. Visually suspect materials not listed in 
this report and exposed during.renovation or do0111:iQn should. be 
sampled and analyzed prior to furthei" disturbance .. /.:' .)'~' . 

. , 

Prior to the demolition of the building or any other activity th~t 
may disturb known asbestos containinq materials CACM), removal.of 
such materials is advised. Removal should be - performed by a 
qualified and licensed asbestos removal contractor. 

.. ":': .. 

Should you have any further questf~~s regarding this investigation 
report or would like more information describing our wide range of 
environmental services, please feel free to contact me at (310) 
530-5006. 

Respectfully submitted, 
CTL Environmental services, 

~ C.-- v) ~n c , 
~)~~<::: ~~~---

David R.. Schack 
Sr. Project Coordinator 

Reviewed/approved: 

~~~:;:>.-
~~~Ellertson 
Project Manaqer 

DRS/dwc 
ref:92-0553.rpt 
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BQHQGEQOPS QUIIM sPiLl LOCI 

MATERIAL SAMPLED 

2'x4' White ceiling panel 

2'x2' White 'ceiling panel 

12"x12" White ceiling tile 

Sprayed-on acoustic ceilinq material 

White gasket material 

l'x2' Perforated ceiling tile 

pipe insulation debris . 
12"x12" Smooth ceiling tiles (3rd floor) 

S-3 Pipe elbow insula (Chill Water) 

S-3 Boiler flue inSUlation (roof) 

12"x12" Coarse hole ceiling tile 
E-floor south of womens restroom 

12"x12" Ceiling tile (E-floor conf. rm.) 

12"x12" Perforated ceiling tile 

Plaster ceiling/wall 

Drywall 

Pipe insulation 5-2 Chill water 

Pipe insulation B-1 Hot water 

Pipe inSUlation 5-2 Hot water 

SAMPLE 

65649 

65651 

65652 

65~50 

65662 

65655 

65653 

65654 

65664 

65665 

65651 

65658 

65659 

65663 

65656 

65660 

65648 

65661 

NUMBERS 

. /.~.,; 
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CTt ENVIRONMENT AI.. SERVICES • 2905 E. Century Blvd. • South Gaht. CA 90280 • (213) 564-2&Q 

POLARIZED LIGHT MICROSCOPY SUMMARY REPORT 

CUENT NAME: capitot Recon.1I 
Client Referellcei N/A location/Description: Capitol Records Bldg. I John McKenna 

CTL Project II : 92·0553 CTllabl 102935 

lient Sample II 
CTllab' 

65650 
92-00692 

65651 
. 92-00693 

65653 
92-00695 

65655 
92.()0697 

65656 
92-00698 

65657 
92·00699 

EPAlNVU.P PLM Method (Federal Register --40 CFR Ch. 1, Pt. 763. Subpt. F, Appenclx A. 7/Mn) 
otIf ASbestoa 

Sam II Remarks 01' Deseri th3n Asbestos % T s resent 

Pipe Ins. H water. S-1. mall room. above cell. 

2)(4 white ceiling panel. Mall room, below air handler 

Sprayed.an acoustic celling. 1st elevator lobby 
;;oflaynin~ .. 2 

2X2 ceiling panel. 1 st floor, studio office 
, of layers in sample "" 2 

12X12 white C.T. 1st fl., security desk 
II of layers in samp19 = 2 

Pipe ins. debris. office 3rd floor. sottet, NIE 

12><12 smooth C.T. 3rd floor hall, E. office 
If of layers in sample '" 2 

1 X2 C.T. perfOrated, 3rd floor, E. office 
II of lavurs in sample .. 2 

Drywall, 9th Floor conference room, kitchen 
II of layers in ~ "" 4 

12><12 C.T. coarse hole, E floor, office S of women's R.A. 
If of layocs in sample '" 2 

15% 

Not detected 

amosite 
crocidollte 

chrysotile 

Not detected -----

<1% chrysotile 

Not detected ---

Not detected 

Not detected 

Not detected 

Review Date: 2- I "3 I 9;t, 

.. When a sample is "layered". tile TotaJ ASbastos % represents the composite petC6ntat;J6 of all sample layers. If the asbestos pel'CSntage 

01 an individual layer is f'9qUitact. th8 dfJtail9d lab reptJI1 should be remrel'lCGd. or tlla layer should bEl reanalyl8d as a separate ~ 
Samples reportad as Not d6teCtfJd, or less than 1% «1%). we non-asbestos containing ar.:t;f)ffing to PLM methOd definitions. 

Thia rtJpCI6f I!JI:IfJIies oniy to ttIe 8t11171f*, Of ~s. invetrtigtlf.fld and ie II« fltJce,""", itIt:ictIlNe 01 the quaiif'! of COlIdiIion 01 ~ idtmlielll or ~ ffI81eIilII or 
~ Ala mutlllII ~1'I to clifHIta. 1M pulJiic M1d1hNe ~ this fftport is IlUbtnitted aDd ~ lot thtJ eas*"" USiJ of the clktnt to wham it is aaa
»d and utJOI? the ~ that It is not to be ulJ6d. in whole or ill pIIrl. in IIny ~ng Of fXIb/icitY tmIftet 'MItlout aior wriItIIn autI'Iori:zIltion from the. ~ 

AR0069542 
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CUENT NAME : 

Client Referencel 

CTlLabl 

AnalytiCal Method: 
Client Sample Ii 
CTl Lab * . 
65658 
92-00700 

65659 
92·00701 

65660 
92-00702 

65661 
92-00703 

65662 
92-00704 

65663 
92·00705 

65664 
92-00700 

65665 
92-00707 

• f. 90280~ • 

POLARIZED UGHT MICROSCOPY SUMMARY REPORT 
l 

capiWI Records 

NlA 

102935 

LocattoniDescription: Capitol Records Bldg. I John McKenna 

ell Project, : 92-0553 

EPNNVLAP PLM MethotJ (Federal Register -40 CFR CIt. 1, pt 763, 8ubpt F. A"pemh A. 711191) 
TO~ AI~o. 

Sample Remarkl Or Description Aabut08 % Type(a, pruent 

12X120.T. e ftoor, COOfefence room 
, Oflayeq in ~e .. :I 

12X12 perforated 1I1e. E.noor. copier room 
, of layers in sample '" 2 

Pipe insul, S-2 crawlSpace, Chill water 
, 01 layers in sampe .. 15 

Pipe insulation, S-2 boiler room. 1 st floor 

White gasket material. mezzanine 

Plaster, wall ceiling, Mezzanine. door 
II Of layers in sample = 2 

ElbOw pipe Insulation, 8-3. chili water 

Soler flue on rOOf. 8-3. insulation 

Notdetectad 

Not detected 

15% amosite 
CI'OCidolite 

60 % chrysotile 

Notdeteded 

Review Date: tl I -J I ., A 

• When a sample is "fayenJd', the Total Asbestos % ,~ th6 composite percentage of all sample layers. If t/I8 asbestos peroentage 
of an inavidJallay6f is required. the detailed lab repoit $IJOuId be refarenced. or thela'/6l' should b8 f9lNlalyzed as a s~ sam,.. 
Samp/6$ ~ as N« ~ or less than 1% «I%J. are oon-asbeslos containing BCC(J('Cing to PW method delinitioM. 

Thi. tfIIlOJ't apf'JiiN ortt to the ~. Of ~ inll.~ and is n« MCU~ itIdictIIive of ttIe queMy ot COfK1itioIt of epptJr.1If1y ids/lfic;ll Of amiW mltetilll Of 

~ AlllllrXltlJlIII ~ to ciHMt8. r1nI publiC ttnd rh&a. LoiIlG_. W. repcrt is ~ and tft!iCIIJptIIId for thtJ eJil:iuIllMlUM 01 tn. cJitmt to whom t iIJ atidfN. 

!Jed and upon the conditiM thtiIlt i. I'lol to be uaed. In whoitI Of ill pIIII't in any ~ Of publicCv II'I8I't8r 'llifthout ~ wrim1n authcri'ltIliOn from tiMtIe ~ 
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.-
".IL CTL Environmental Services, Inc. 

FACSIMILE COVER SHEET 

DATE: 11114/2003 FAX #: (714) 982 .. 5843 

TIME; 2:43 PM NO. OF PAGES: 4 
(Including cover) . 

CTL Job Number 103 .. 0352 

PLEASE DELIVER THE FOLLOWING PAGES TO: 

NAME: Matt Stewart 

COMPANY: 

FROM: 

COMMENTSIREGARDING: 

This transmil!!lion is intended only for the use of the individual or entity to which it addresses and may contain 
information that is privileG:ed, confidential, and exempt from disclosure under applicable Federal or State Jaw. If the 
reader of this message is not the intended recipient, you are hereby notified that any dissemination, distribution or 
copying of this cOMmunication is strictly prohibited. IfYOll received this communication ill error, please notify us 
immediately by telephone. 

Our facsimile number is (310) 530-0792. it is a dircci aCCCS!I machine an.d is capable of I'eceiving dooulnents 24· 
hours 8 d8y. If there is a problem or difficulty in your receipt Dfdocuments, please telephone (310) 530-5006. 

Naomi 
Opel'MOT/Sender 

24404 So. Vermont Avenue, Suite 30'1. Harbor City, CA 90710 - Tel: (310) 530-5006 Fnlt: (310) 5JO-079Z 
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CLIENT: 
PROJECfNO: 

NAME -

MATERIAL 
10" D.D. TSI cmke]bDW 

to" 0.0. TSI cOiknm 

~" O.D. TSI cork elbow 

6" O.D. TS] corhun 

6S 0.0. TSI elbow 

6.5" 0.0. TSJ run 

55" 0.0. TSI elbow 

p.:S" o.D. 1'81 I\lI'l 

3.5" 0.0. TSJ elbow 

3.5" 0.0. TSI run 

fumau insulation 

Gray rol1OO·oo roof core 
L 

!Gray roof mastic 
~i __ 

- - .. 

Syska Hennessy Group 
103-0352 
Canital Records build· .. 
SAMPLE 
NUMBER ASBESTOS CONTENT 

8866 None Detected 

8867 1% Chrysotile 

l!168 5% Clnysotile 

8869 None Detected 

glt70 Hl% Amosite 
1 ()% Crocidolite . 

8&71 10% Amosite 
lO%Croddo1ite. 

8872 W%Amosite 
10% Chrysctile 
11)% Croddolite 

8873 5% Amosi1:e 
5% Cr{loCidolite 

8874 1 ()Q/o Amosite 
2(¥,/o Chrysotile 
10% Ctocidoljte 

8875 [5% }\rnosite 

5% Crocidolite 
8816 None Detected 

3871 None DeCected 

8878 NODe~cted 

. _-

NOTE: TS! = thermal system insulation 

MATERIAL INVENTORY 
ASBESTOS 

SAMPLE LOCATION MATERiAL LOCATION 
Northwest side, 6 feel from north Chiller room 
wall, 3 feet from west wall 
Southeast side approximately 10 feet ChiJkrroom 
frj)M east wall, 3 feet from south wall 

Southeast side approximately JO feet Chiller foom 
from east wa.lI, 8 feel ftom south wall 

Southeast side approximately 1 0 feet ChHIc~[ room 
from east v.-a14 5 fe~t from socth. wall 

4 feet northeast of southwest Boiler .room 

4 feet northeast of southwest BoiIerroom 

5 feet north from south center Boiler room 

5 feet north. from south center Boiierxoom 

8 feet south of northwest Boiler room 

8 feet soulb of northwest Boiler room 

South fu.rn:ac::e vent, .5 feet north of Boiler room 
SlQuthwaU 
Southwest comer from cbiller noit Roof· chiler room 
above c1u1ler room 
~uehwest -comer from chiller ooit on Roof - ci1i1Jer room 
: penetration. 

.. ---------

-->"-"'--~>."Z"'''', .. _ 

Page 1 

MPROX. 
On". FRIABLE DAMAGE 
4eibows No No 

40 In. ft. No No 

(; elbows No No 

I 

30 In. ft. No No 

! 

12 eJbows Yes No 

90 In. ft. Yes Yes 

9 elbows Yes No 

36 In. ft. Yes Yes 

17 elbows Yes No 

190 In. ft. Yes Yes 

2 units No No 

400 sq. ft No No 

25 sq. ft. No No 

.. C1t- Environmenfaf Services -

:~~ 
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CLIENT: 
PR.OJECT NO: 

- - NAME 

MATERlAL 
2x4 fissuredi:eiling panel 

3" O.D. ISI om (light 
(gray) 

Flexible wllar 

4" black cove base and glne 

Drywall 

DI)'\'I'all j oillt compound . 

12x12 black wjrh white 
dots fklortile and mastil: 
4 n no. TSI e1bmv 

lx2 ceiling p.anel.and 
mastic 
Smooth plaster 

Syska Hermessy Group 
103-0152 

. 1 Rt'lCOOis buikf --

SAMPLE 
NUMBER ASBESTOS CONTENT 

8879 None Detet:fed 

8880 10% Chr}'SQtile 

8881 None Detected 

8882 None Detected 

8883 None Detected 

8884 None Detected 

8885 None Detected 

8886 None Detected 

8881 NOlle Detected 
SS8S None Detected 
8889 None Detected 

8&93 Nooe Detected 

8894 None Detected 

8890 None Ddected 
8891 None Detected 

8892 None Detected 

MATERIAL INVENTORY 
ASBESTOS 

SAMPLE LOCA nON 
North center. 3td fioer office 

North CUlta-, 3rd floor office 

Nonh center, 31d fleer office 

Southwest tomer, storage room, 3rd 
floo.!:(e.xte.riOl:l 
Southwest corner, storage mom, 3rd 
floor (exterior) 

South center, stornge room, 4tlt floor 

Soodl cenler, storage room, 5th floor 

Southeast comer, storage room, 7th 
iloor 
Column 2 on 9th .floor 
Column 1 on 12th floor 
Southwest comer, storage room, 3rd 
floor ieaerior) 
East center, room 6,. Jrd t100c 

Center siorage room. 3rd floor 

sd flom east center office 6 
South cente~. storage room, 4th fiOOt: 

MATERIAL LOCATION 
Outer perimeter soffit m 
offices of floors 2 through E 

Soffit space, perimeter 
offices in floor 3 
Soffit sp;u:e of perimeter5 of 
floors 3 tbrough E 
Floors 2 through E 

Sporadic locations on 
oo]urrms offloors 2 through 
E and all interioc dividing 
walls ofbuitdinJ!: 
Sporadic locations on 
colunms offioors 2 through 
E and aU interior dividing 
walls of building 

LOOby and core area, floors 
ltbrou2h 11 
Riser 00 outer perimeter, 3rd 
BOO!" 
Floors J thn:rugh 10 

(Mer pe:rimeter walls of aU 
floors and columns 
throUghout tile building 

Column 100 lOth. floor 
-_. -

APPROX. 
QTY. 

UiOsq. ft. 

300m. ft 

33 coUars 

80 in. It. 

400 sq. it 

400 sq. It. 

1500 sq. ft. 

6 elbows 

300 sq. ft. 

[5oost]. ft. 
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No 
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CLIENT: 
PRWEcrNO: 

ME - -

MATERIAL 
Smooth plaster 

l1x12fjssuroo ceilim!. tile 

Syska Heme.ss), Group 
103-0352 

ita:I Records Inukli .. -
SAMPLE 
NUMBER. ASBESTOS CONTENT 

8S95 None Detected 

8896 None Detected 
8391 NOlle Detected 

M.4TERlAL INVENTORY 
ASBESTOS 

SAMPLE LOCATION 
East center on colunm 6. lOth floor 

CoIll1M 2 12tll floor 
North center core I Ith floor 

,~ 

~ .~:-, 
.'~ 

, -----~~:. L ~ 
..... -:---. ....... 

Page 3 

AP'PROX. 
MATERIAL LOCA nON On'. FRIABLE DAMAGE 

Outer perimeter walJs of alI 1500 sq. It No No 
floors and ooJu:mns 
throW!hout the buiIdiru!:: 
] lili floor 30~Jt Yes No 

NOTES: Boller roowcltJJlu Toom 
All TSI runs have open ends wi.th some gouges in sporndic:: locatiollS. 
No walls, floors. or ceilings win be impacted in the boiler room. 
Wall east of the chiJ1er room is the only wall impacted. lhis waH is concrete. 
No floors. ceilings impacted in the chiller mom. 

3ni troD' 
4" O_D. nm ctmSists offibergl8SS_ 

Thl'OlIrhtmt IHdldiIJg 
Columns cOll5isrs of concrete ""itb combination mywaU and plaster shells. 
9tb floor Hoor consists ofterrazo {green). 
9th floor ceilings and walls of south side on 12th floor consists of drywall. 
Floor E consists of drywall walls and ceiliog5_ 
Floor E fiOO£ consists of beige terraZO'. 

Ali mtJferhlls IlU9W 11m! quutiliu we,e _ell - the affecid mwa tIS per mjormalif.Nf $IIf1plid bJ' the. dienl'$fldd reJ1n!S~ This 
impdrm .... limited to arras in thelmiltllnX tVfeaed lw the iIuIIJIhlIimf of the new riser. 
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o Beginning of L.A. Aqueducts 
Lee Vining Intake 
The beginning of the Los Angeles Aqueducts. Water is collected from creeks 
in the Mono Basin and the Owens River in the Owens Valley and then carried 
to the City of Los Angeles by the Los Angeles Aqueducts, which operate 
completely by gravity, making clean hydroelectric energy along the way. 

A Message to Our Customers 
In 2009, the 200 billion gallons of 
water supplied to the City's 4.1 million 
residents met or surpassed all health

based drinking water standards. 
These standards are set by the U.s. 
Environmental Protection Agency 
[USEPA) and the State of California 
Department of Public Health [CDPH) 
Drinking Water Program. 

Year after year, LADWP proves that it 
has what it takes to provide the City of 
Los Angeles with high-quality, low cost 
drinking water. It's no easy task to achieve 
such high quality water. Hundreds of 
employees and countless hours are spent 
protecting our water sources, managing 
state-of-the-art water treatment 
processes, maintaining and operating 
our facilities, and vigilantly monitoring 
and testing the water we serve. We 
continuously strive to surpass the legal 
requirements and do so in an effective and 
affordable way for our customers. 

In 2009, LADWP collected over 25,000 
water samples across the city, and 
performed more than 240,000 water 
quality tests-not just for compliance, 
but also for research and operational 
improvements. We tested for over 200 
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different contaminants throughout 
the year including both, regulated 
contaminants such as arsenic, chromium, 
lead, and disinfection by-products, as 
well as unregulated contaminants of 
concern such as sodium and boron. 

This report summarizes the results 
of the water quality tests conducted in 
2009 and provides specific information 
about the quality of water served in your 
neighborhood. You will see that most 
contaminants have not been detected 
in our water sources and those that are 
[see tables I-IV!. are safelywithin the 
regulatory limits for drinking water. 

James e, McDanieL 

Senior Assistant General 
Manager - Water 

Dr. Pankaj Parekh 

Director of Water Quality 

The Journev 01 a 
Drop 01 a Water 
From the Mountains to Your Tap ... 
A drop of melted snow trickles into a 
stream and gathers strength as it travels 
down mountains and into streams and 
rivers in a land of blue skies. This is 
where City of Los Angeles drinking water 
comes from. To most people, the journey 
water takes to get to their business or 
residence is a mystery. The photos in this 
report will reveal the mystery by sharing 
snapshots of where a drop of water 
travels before it splashes over your 
baby"s head at bathtime or streams into 
your water bottle before your evening 
walk. Because, when irs all said and 
done, it really is that good! 

O Beginning of 
L.A. Aqueducts 

Water Treatment Processes 
Surface Water Treatment 
LADWP water comes from four very 
different water sources-three are 
from surface water sources like 
lakes and rivers, and the other is 
groundwater from local wells and 
springs. The taste and appearance of 
surface water can vary seasonally and 
groundwater generally contains more 
minerals. All these factors make for 
different tasting water. Despite these 
variations, LADWP water meets all 
drinking water standards for health 
and aesthetics. 

All water coming from the Los Angeles 
Aqueducts, the California Aqueduct 
[a.k.a. State Water Project!. and the 
Colorado River Aqueduct is filtered 
and treated to ensure a safe drinking 
water supply. At the Los Angeles 
Aqueduct Filtration Plant, water is 
treated as follows: 

Water flows into the filtration plant by 
gravity and travels through a screener 

to remove environmental debris such 
as twigs and dead leaves. The process 
injects ozone, a super-charged oxygen 
molecule and a powerful disinfecting 
agent into the water to destroy 
bacteria and other impurities that 
affect taste, odor and color. Treatment 
chemicals are quickly dispersed into 
the water to make fine particles called 
floc. A six-foot-deep filter [crushed 
coal over gravel) removes the flock 
and previously added chemicals. 
Chlorine added during the final 
step ensures lasting disinfection 
and protects the water as it travels 
through the City's distribution system 
to your tap. Fluoride is optimized to 
promote oral health by strengthening 
tooth enamel. 

Groundwater Treatment 
The City's vast groundwater supply 
in the San Fernando Valley and 
Central Basin are generally clean 
and clear of microbial pathogens. 
LADWP disinfects this groundwater 

with chlorine as a safeguard against 
microorganisms and adds optimal 
amounts of fluoride to promote oral 
health. In December, 2009, the federal 
Ground Water Rule went into effect. 
This regulation now requires all 
water agencies across the country 
to disinfect groundwater sources, a 
standard practice that LADWP has had 
for decades. 

Because of man-made contaminants 
found in San Fernando Valley 
groundwater wells, LADWP 
continuously monitors and ensures 
that all well water meets water 
quality standards and results are far 
below the maximum contaminant 
levels permitted by federal or state 
regulations. LADWP is formulating a 
comprehensive long term groundwater 
treatment plan for the San Fernando 
Basin that will address current and 
future contaminants of concern. 

e An L.A. Neighborhood 48 Local Pump Station ~ Water Storage 4D) River Supply Conduit 
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Making Hydropower e 
San Francisquito Power PLant 1 
Water generates electricity as it 

passes through the hydroelectric plant 

Water Qualitv News 
and Updates 
Safeguarding Our 
Surface Water 
The Surface Water Treatment Rule 

[SWTR!. administered by CDPH, is a 

drinking water regulation designed 

to help safeguard reservoir supplies 

from microbiological contamination 

that may occur when rain runoff from 

nearby hillsides and slopes enters the 

water. In Los Angeles, SWTR applied 

to four open water reservoirs - Lower 

Stone Canyon, Encino, and Upper and 

Lower Hollywood. 

LADWP successfully met the 

compliance deadlines and treatment 

requirements for all four open 

reservoirs that were subject to 

SWTR. Upper and Lower Hollywood 

Reservoirs were successfully removed 

in July 2001 and replaced with two 

30 million gallon buried tanks. New 

support facilities were successfully 

commissioned to serve filtered water 

from Encino Reservoir in January, 

2006 and Lower Stone Canyon 

Reservoir in September, 2008. 

The latest drinking water regulation 

related to the treatment of surface 

water is the Long Term 2 Enhanced 
Surface Water Treatment Rule [LT2). 

This rule requires that LADWP 

cover or remove from service the 

remaining six uncovered distribution 

reservoirs, or provide additional 
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treatment to achieve prescribed 

inactivation or removal of viruses, 

Cryptosporidium, and Giardia by April 

1,2009 or be in compliance with a 

state-approved schedule to meet the 

same requirements. The six reservoirs 

are Los Angeles, Upper Stone Canyon, 

Santa Ynez, Ivanhoe, Silver Lake, and 

Elysian Reservoirs. 

On April 1,2008, LADWP notified 

CD PH that it is fully committed to 

complying with the new regulations 

and requested an extension of the 

Aprill, 2009 deadline. LADWP 

submitted an interim operations 

plan, a schedule for the required 

reservoir improvements, and executed 

a Compliance Agreement with CDPH 

on March 31,2009. LADWP is working 

diligently to bring all reservoirs into 

compliance as quickly as possible and 

will provide the public with project 

updates in the annual water quality 

report. The estimated cost to modify 

the six reservoirs is $1.65 billion. 

LT2 improves on the SWTR by 

requiring further protection of open 

distribution reservoirs from microbial 

pathogens like Cryptosporidium and 

Giardia. In preparation for compliance 

with this rule, LADWP has been 

routinely monitoring its water sources 

for microbial pathogens since 2005. 

Cryptosporidium and Giardia are 

., End of LA Aqueducts 
The Cascades 
Seen along Interstate 5, this is the 
terminus (end) of the Aqueducts. 
Water flows over the ··steps·· to 
release some of the water·s energy. 

occasionally detected in very low 

numbers in some of our reservoirs and 

in the L.A. Aqueduct and we are fully 

committed to achieving compliance 

with the LT2. To further educate our 

customers on this topic, we have 

included a statement from CDPH 

regarding Cryptosporidium. 

··Cryptosporidium is a microbial 

pathogen found in surface water 

throughout the U.S. Although filtration 

removes Cryptosporidium, the most 

commonly used filtration methods 

cannot guarantee 100 percent 

removal. Our monitoring indicates 

the presence of these organisms in 

our source water and finished water. 

Current test methods do not allow 

us to determine if the organisms are 

dead or if they are capable of causing 

disease. Ingestion of Cryptosporidium 

may cause cryptosporidiosis, an 

abdominal infection. Symptoms of 

infection include nausea, diarrhea, 

and abdominal cramps. Most healthy 

individuals can overcome the disease 

within a few weeks. However, 

immunocompromised persons are 

at greater risk of developing life

threatening illness. We encourage 

immunocompromised individuals 

to consult their doctor regarding 

appropriate precautions to take to 

avoid infection. Cryptosporidium must 

be ingested to cause disease, and it 

may be spread through means other 

than drinking water." 

Water Quality Team 
Regulatory Affairs 
Among the employees responsible for 

the maintenance and compliance of the 
City's drinking water, is a little known 

group of highly trained and educated 

water quality experts. Known as the 

LADWP Regulatory Affairs Unit, this 

elite group knows everything there 

is to know about the implementation 

and adherence to all drinking water 

regulations to protect our water 

quality. They field hundreds of calls 

each year from customers and provide 

input to management about everything 

water quality. 

A diverse group of employees, the 

unit includes chemists, biologists, 

environmental specialists, and 

environmental engineers who work 

closely with State and County public 

health departments on ongoing and 

emerging public health issues related 

to water quality. They implement 

o Screening 
Los AngeLes Aqueduct FILtration 
PLant (LAAFP) InLet Structure 
Water flows through the inlet of the 
LAAFP, where large pieces of debris 
or algae are removed by screens. 

A Ozonation 
V Ozone Contact Chamber, LAAFP 

Water is exposed to ozone gas, a 
disinfectant that prepares the water 
for filtration. 

o Filtration 
• Anthracite CoaL FiLters, LAAFP 

Water passes through 60 inches of 
anthracite coal filters, which remove 
particles as small as microns. 
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City Water Sources 
San Fernando Valley Communities 
Sources: Los Angeles Aqueduct, local 
groundwater, and MWD State Water Project. 

Arleta Olive View 
Canoga Park Pacoima 
Chatsworth Panorama City 
Encino Porter Ranch 
Granada Hills Reseda 
Hollywood Hills Sherman Oaks 
Lake View Terrace Studio City 
Mission Hills Sun Valley 
North Hills Sunland 
North Hollywood Sylmar 
Northridge Tarzana 

Western Los Angeles Communities 
Sources: Los Angeles Aqueduct and MWD 
State Water Project. 

Toluca Lake 
Tujunga 
Valley Village 
Van Nuys 
Warner Center 
West Hills 
Winnetka 
Woodland Hills 

Bel Air Estates 
Beverly Glen 
Brentwood 
Castella mare 
Century City 
Cheviot Hills 
Culver City' 

Mar Vista West Los Angeles 
Pacific Palisades Westchester 
Palisades Highlands Westwood 
Palms 
Playa del Rey 
Sawtelle 
Venice 

Eastern Los Angeles Communities 
Sources: MWD State Water Project and 
Colorado River Aqueduct. 

Atwater Village 
Boyle Heights 
Cypress Park 
Eagle Rock 
Echo Park 

El Sereno 
Glassell Park 
Highland Park 
Lincoln Heights 

Central Los Angeles Communities 
Sources: Los Angeles Aqueduct, MWD State 
Water Project, and local groundwater. 

Baldwin Hills Hollywood 
Chinatown Hyde Park 
Country Club Koreatown 
Park L.A. City Strip' 
Crenshaw Little Tokyo 
Griffith Park Los Feliz 
Hancock Park Mid City 

Harbor Communities 
Sources: MWD State Water Project and 
Colorado River Aqueduct. 

Montecito Heights 
Monterey Hills 
Mt. Washington 

Mt. Olympus 
Park La Brea 
Rancho Park 
Silverlake 
Watts 
West Hollywood' 
Westlake 

East San Pedro 
(Terminal Island) 
Harbor City 

Harbor Gateway' Wilmington 
L.A. City Strip' 
San Pedro 

, parts of 
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Metropolitan 
Water District 
(MWD) 63% 
[State Water Project 
and Colorado River 
AqueductJ 

Los Angeles 
Aqueduct 
24% 

Local 
Groundwater 
12% 

Recycled 
Water 1% 

Los Angeles 
Aqueduct System 

State Water prolec, I 
LAA Filtration Plant ~ . 

Los Angeles /-7 -
Colorado River/ 

Aqueduct 

~ 

new regulations as well as perform 

annual and mUlti-year compliance 

activities for the City of Los Angeles 

including: Residential Lead and Copper 

monitoring; the Watershed Sanitary 

Survey of the Owens Valley and Mono 

Basin; system-wide changes to improve 

water quality, and the updating of water 

quality data and statistics at 

ladwp.com. The team works 

continuously to find new ways to 

improve water quality above and beyond 

what is currently required by law. 

As LADWP customers themselves, the 

Regulatory Affairs group has a first

hand understanding of the importance 

of water quality in our daily lives. It 

takes a team to complete the various 

jobs related to water quality. 

A Better Understanding 
of Radon 
Radon is a naturally occurring 

radioactive gas that is not a significant 

issue in most of California. In 2009, 

very low levels of radon were detected 

in some of our water supplies that 

serve the Central Los Angeles area 

[see Table Ilion page 12). There 

is no established drinking water 

standard or monitoring requirement 

for radon. In general, radon entering 

a home through tap water is a very 
small contributor to radon in indoor 

air. Although the radon levels were 

well below what the EPA currently 

considers as standard, the EPA 

has asked us to share the following 

general information with you to help 

you better understand radon. 

"Radon is a radioactive gas that you 

can't see, taste, or smell. It is found 

throughout the U.S. Radon can move 
up through the ground and into a 

home through cracks and holes in the 

foundation. Radon can build up to high 

levels in all types of homes. Radon can 

also get into indoor air when released 

from tap water from showering, 

washing dishes, and other household 

activities. Compared to radon entering 

the home through soil, radon entering 

the home through tap water is, in 

most cases, a small source of radon 

in indoor air. Radon is a known human 

carcinogen. Breathing air containing 

radon can lead to lung cancer. Drinking 

water containing radon may also cause 

increased risk of stomach cancer. 

If you are concerned about radon in 

your home, test the air in your home. 

Testing is inexpensive and easy. Fix 

your home if the level of radon in your 

air is 4 picoCuries per liter of air [pCi/U 

or higher. There are simple ways to fix 

a radon problem that aren't too costly. 

For additional information, call your 

State radon program or call EPA's 

Radon Hotline [800-S0S-RADON)." 

Filtered Water to Pump 
Stations o FilterWeir 
Water from each of the 24 filters 
combine at the Filter Weir before 
leaving the Filtration Plant. 

e Chlorination 
: Chlorination Station 

Chlorinator controls the amount of 
chlorine added to protect against 
bacteria and pathogens as water 
travels through the distribution system. 
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Report for All Water Qualitv Areas 
Tables I-IV list the results of water tests performed by LADWP and MWD from January to December 2009. LADWP tests for over 
200 contaminants. These tables include only contaminants with values that are equal to or greater than the limit of detection. 

How to Read the Tables 
The constituents/contaminants found in the water served in 
your area are listed as follows: 
• For San Fernando Valley Area - water test results are 

under the Los Angeles Aqueduct Filtration Plant, the 
Northern Combined Wells, and MWD Jensen Filtration 
Plant columns 

• For Western Los Angeles Area - water test results are 
under the Los Angeles Aqueduct Filtration Plant column 

• For Central Los Angeles Area - water test results are 
under the Los Angeles Aqueduct Filtration Plant and the 
Southern Combined Wells columns 

• For Harbor/Eastern Los Angeles Area - water test 
results are under the MWD Jensen, Weymouth, and 
Diemer Filtration Plants columns 

Some constituents/contaminants detected are reported on 
a citywide basis as required by the California Department of 
Public Health. 
The unregulated contaminants reported on an area-wide 
basis are included for additional information on the water 
served in your area. 

Calendar Year 2009 Water Quality Monitoring Results Table I HeaLth-Based Primary Drinking Water Standards (MCLs) Constituents/Contaminants Detected in Treated Water 

Constituents/ 
Contaminants 

Aluminum 

Arsenic 

Barium 

Bromate (a, b) 

Gross Alpha Particle Activity (c) 

Gross Beta Particle Activity (c) 

Nitrate (as NO) 

Nitrate + Nitrite (as N) 

Tetrachloroethylene (PCE) 

Trichloroethene (TCE) 

Turbidity (d) 

Uranium (c) 

~g/L <50 

~g/L 2-5 

~g/L <100 

~g/L <5-13 

pCi/L 

pCi/L 

mg/L <2-3 

mg/L <0.4-0.7 

~g/L <0.5 

~g/L <0.5 

NTU 0.6 

pCi/L 3-4 

<50 <50 

4 (a) <2-3 

<100 <100 

<5 (a) NA 

5 -5.2 

<4-4 

<2-22 

0.5 0.4-3 

<0.5 <0.5-2 

<0.5 <0.5-5 

100% NA 

2-4 

<50 <50 <50 110-240 160 (a) 

<2-3 <2-3 2 (a) 

<100 <100-116 <100 110-140 120 

NA NA NA NA NA 

d-5 d-8 

<4-5 <4-10 

<2-16 4-8 

<0.4-4 <0.4 <0.4 

<0.5 <0.5-0.8 0.5 <0.5 <0.5 

<0.5-2 <0.5 <0.5 

NA NA NA 0.06 100% 

<1-5 2-3 

HeaLth-Based Primary Drinking Water Standards (MCLs) Constituents/Contaminants Detected in Treated Water and Reported on City-Wide Basis 

Constituents/Contaminants .. Range Average 

Bromate (f) ~g/L Range = <5-8 City-wide Average = <5 

Copper (at-the-tap) AL = 1300 (e) ~g/L number of samples exceeding AL = 0 out of 110 90th Percentile value = 576 

Fluoride mg/L Range = 0.7-0.9 Average = 0.8 

Lead (at-the-tap) AL = 15 (e) ~g/L number of samples exceeding AL = 3 out of 110 90th Percentile value = 5.6 

Chlorine Residual, Total mg/L Range = 1.7 - 1.9 Average = 1.8 (a) 

Total Coliform Bacteria % Positives Range: 0 - 0.5% Coliform positive samples Average = 0.2% Coliform positive samples 

Total Haloacetic Acids (HAAS) ~g/L Range = 2-98 City-wide Average = 29 (a) 

Total Trihalomethanes (TTHM) ~g/L Range = 14-106 City-wide Average = 61 (a) 
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Shade Balls Minimize 
Bromate in City Reservoirs 
LADWP continues to minimize bromate 
levels in open reservoirs, keeping 
them within regulatory requirements. 
A creative short-term intervention 
LADWP recently implemented was 
the use of ··shade balls" to decrease 
the formation of Bromate. In 2008, 
shade balls were used to shade the 
water surfaces of Elysian and Ivanhoe 
Reservoirs. As a result, bromate levels 
have been consistently well below the 
current drinking water standard of 10 
parts per billion. 

In the long term, LADWP intends 
to permanently cover or replace all 

100-230 170 (a) <50-100 76 (a) 

<2-3 2 (a) 3-4 

120-140 130 <100 

NA NA <5-12 

4-9 d-9 

<4-6 <4-5 

4-8 11-19 

<0.4 <0.4 <0.4 

<0.5 <0.5 <0.5 

<0.5 <0.5 <0.5 

0.06 100% 0.06 

3-4 1.6-2 

State and Federal Primary Standard 
(MCL) or [MRDl] 

10 

TT 

TT 

[4] 

5% of monthly samples are coliform positive 

60 

80 

3 (a) 

<100 

7 (a) 

<4 

16 

<0.4 

<0.5 

<0.5 

100% 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

remaining uncovered reservoirs by 
2022 as required by the LT2 regulation 
[please see Safeguarding our Surface 
Water, page 41. Meanwhile, all water 
served to our customers continues to 
meet all public health standards. 

Public Health Goals Report 
Prepared once every three years, the 
Public Health Goals Report focuses on 
drinking water contaminants found at 
levels above a California Public Health 
Goal [PHGI. A PHG is a level identified 
as having no adverse health effects. 
PHGs are not strict standards, but 
are used in the regulatory process to 
establish a drinking water standard 
for contaminants that are currently 

1000 YES 600 

10 YES 0.004 

1000 YES 2000 

10 YES 0.1 

15 YES (0) 

50 YES (0) 

45 YES 45 

10 YES 10 

YES 0.06 

YES 1.7 

TT YES none 

20 YES 0.5 

North Hollywood Sump and 
Pump Station 

o WeLL Water BLending 
Water flows by gravity from the LAAFP 
to the North Hollywood Pump Station. 
Well water from the San Fernando 
Valley mixes with the aqueduct water in 
the North Hollywood Sump before it is 
sent by large pumps to the central city. 

Erosion of natural deposits; residue from surface water 
treatment processes 

Erosion of natural deposits; runoff from orchards; 
glass and electronics production wastes 

Erosion of natural deposits 

By-product of ozone disinfection; formed under sunlight 

Naturally present in environment 

Naturally present in environment 

Erosion of natural deposits; runoff and leaching from 
fertilizer use 

Erosion of natural deposits; runoff and leaching from 
fertilizer use 

Discharge from factories, dry cleaners, auto shops 
(metal degreaser) 

Discharge from metal degreasing sites and other 
factories 

Soil runoff 

Erosion of natural deposits 

State PHG or Federal 
(MCLG) or [MRDlG] Major Sources of Contaminants in Our Drinking Water 

0.1 By-product of ozone disinfection; formed under sunlight 

300 Internal corrosion of household water plumbing systems 

Erosion of natural deposits; water additive that promotes strong teeth 

0.2 Internal corrosion of household water plumbing systems 

[4] Drinking water disinfectant added for treatment 

(0) Naturally present in the environment 

none By-product of drinking water disinfection 

none By-product of drinking water chlorination 
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Table II Calendar Year 2009 Water Quality Monitoring Results 
Aesthetic-Based Secondary Drinking Water Standards (SMCLs) Constituents/Contaminants Detected in 
Treated Water 

Constituentsl 
Contaminants 

Los Angeles Aqueduct 
Filtration Plant 

Northern Combined 
Wells Southern Combined Wells 

Aluminum ~g/L <50 

Chloride mg/L 48-71 

Color (unfiltered) ACU 

Manganese NL = 500 ~g/L <20 

Odor TON <1 

Specific Conductance ~S/cm 432-527 

Sulfate mg/L 39-54 

Total Dissolved Solids (TDS) mg/L 242-311 

Turbidity (g) NTU 0.1 

Zinc ~g/L <50 

Abbreviations and Footnotes 

mg/L = milligrams per liter (equivalent to ppm) 
1191L = micrograms per liter (equivalent to ppb) 
ng/L = nanograms per liter (equivalent to ppt) 
pCilL = picoCuries per liter 
% = percentage 
IIS/cm = microSiemens per centimeter 
NTU = nephelometric turbidity unit 
TON = threshold odor number 
CFU = colony-forming unit 
ACU = apparent color unit 
< = less than 

4D River Supply Conduit 
I Water TraveLs through the City 

<50 <50 

60 40-64 

3-5 

<20 <20 

<1 <1-1 

488 448-754 

47 41-150 

274 260-501 

0.1 0.1-0J 

<50 <50 

NA = not applicable 
NT = not tested 

<50 

48 

<20 

<1 

648 

104 

400 

0.1 

<50 

HRAA = highest running annual average 

(a) Values reflect Highest Running Annual Average 
(HRAA). HRAA is the highest of all Running Annual 
Averages (RAAs). RAA is a calculated average of all 
the samples collected within twelve months period. 

(b) Bromate is tested in water treated with ozone. 
Bromate has also been found in chlorinated treated 

Water from the pump station is carried through a 78" water 
main to Ivanhoe Reservoir in the Silver Lake area of the City. 

10 I 2009 Annual Water Quality Report 

<50 <50 110-240 160 (a) 

24-63 48 89-100 98 (a) 

3-7 1-2 2 (a) 

<20-51 <20 <20 <20 

<1-1 <1 2 

448-797 648 850-1100 1000 (a) 

41-150 104 180-260 240 (a) 

275-511 400 510-660 620 (a) 

<0.1-0.5 0.1 0.05-0.06 0.06 (a) 

<50-1000 <50 <50 <50 

water of some LADWP reservoirs exposed to 
sunlight. Metropolitan Water District of Southern 
California (MWD) only tests bromate at Jensen 
Filtration Plant. 

(c) Radiological monitoring is performed in cycles 
of various periods of time. LADWP performed all 
radiological testing in 2009 for samples collected 
at Los Angeles Aqueduct Filtration Plant, Northern 
Combined Wells blend points, and Southern 
Combined Wells blend points. MWD performed all 

unregulated, and are used to revise 

standards for regulated contaminants. 

While PHGs are based solely on 

health effects, primary drinking water 

standards are based on health effects, 

technical feasibility and cost. 

The report includes health effects 

from exposure to the contaminant, 

the relative risk associated with 

each contaminant, the best available 

treatment technology to remove or 

reduce the contaminant down to the 

PHG, and the cost associated with 

such treatments. For Los Angeles, 

the contaminants in water that pose 

MWD Diemer 
Filtration Plant 

MWD Jensen 
Filtration Plant Major Sources in Our Drinking Water 

.:fI,i····MEI .•• ;;I,i .• 
100-230 170 (a) <50-100 

89-99 97 (a) 77-82 

1-2 2 (a) 1-2 

<20 <20 <20 

2 

880-1100 1000 (a) 570-610 

190-250 240 (a) 56-70 

530-640 610 (a) 310-340 

0.04-0.05 0.05 (a) 0.04-0.05 

<50 <50 <50 

radiological testing in 2008 for samples collected at 
Weymouth, Diemer, and Jensen Filtration Plants. 

(d) Turbidity is a measure of the cloudiness of the 
water and is a good indicator of water quality and 
filtration performance. High turbidity can hinder the 
effectiveness of disinfectants. The Primary Drinking 
Water Standard for turbidity level at water filtration 
plants is less than or equal to OJ NTU in at least 
95% of the measurements taken in any month and 
shall not exceed 1.0 NTU at any time. The reporting 

the highest risks are arsenic and 

disinfection by-products. By prioritizing 

water quality improvements on 

contaminants that pose the greatest 

risks to health, LADWP effectively and 

efficiently achieves the highest risk 

reduction at the lowest cost. 

LADWP's 2009 Public Health Goals 

report was completed in July 2010 and 

can be downloaded from 

www.ladwp.com or mailed to 

customers upon request. 

continued on page 14 

76 (a) 200 YES Erosion of natural deposits; residue from some surface water 
treatment processes 

79 (a) 500 YES Runoff/leaching from natural deposits; seawater influence 

2(a) 15 YES Naturally-occurring organic materials 

<20 50 YES Leaching from natural deposits 

2 YES Naturally occurring organic materials 

590 (a) 1600 YES Substances that form ions when in water; seawater influence 

66 (a) 500 YES Runoff/leaching from natural deposits 

330 (a) 1000 YES Runoff/leaching from natural deposits 

0.04 (a) YES Soil runoff 

<50 5000 YES Run off/leaching from natural deposit 

requirement for treatment plant turbidity is: report 
the highest single measurement in the calendar year 
and the lowest monthly percentage of measurements 
that are less than or equal to OJ NTU. 

tap. Although the City's treated water has little, if 
any, detectable lead, studies were conducted and 
corrosion control is scheduled for implementation. 

(e) At-the-tap monitoring of lead and copper is 
conducted every three years as required by the Lead 
and Copper Rule. LADWP performed at-the-tap 
testing in 2009. A system is out of compliance 
if the Regulatory Action Level is exceeded in the 
90th percentile of all samples at the customers' 

(f) Values reflect annual range and average of 
samples collected from six open reservoirs: Elysian, 
Ivanhoe, Los Angeles, Santa Ynez, Silver Lake, and 
Upper Stone. 

(g) Values reflect testing at entry to distribution system. 

Water Storage t!\ 
Ivanhoe Reservoir W 

Shade balls filling the reservoir will protect the water from 
sunlight as the water travels onto nearby neighborhoods. 
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Table III Calendar Year 2009 Water Quality Monitoring Results 
UnreguLated Drinking Water Constituents/Contaminants Detected in Treated Water 

Alkalinity mg/L 92 - 106 

Bicarbonate (as HCO) mg/L 112 - 129 

Boron NL = 1000 ~g/L 264 - 420 

Bromide ~g/L 35 - 67 

Calcium mg/L 26 - 30 

Chromium, Hexavalent ~g/L <1 

Dibromomethane ~g/L <0.5 

Hardness, Total (as CaCO) mg/L 104 - 118 

Heterotrophic Plate Count Bacteria (HPC) CFU/mL NT 

Magnesium mg/L 9 - 11 

Methyl Ethyl Ketone (MEK, 2-Butanone) ~g/L <5 - 9 

N-Nitrosodimethylamine (NDMA) NL=10 ng/L <2 

pH Unit 7.3-7.8 

Phosphate (as PO 4) ~g/L 49 - 60 

Potassium mg/L 3 - 4 

Radon (c) pCi/L <100 

Silica (as SiO) mg/L 14 - 20 

Sodium mg/L 50 - 56 

Total Organic Carbon (TOC) mg/L 1 - 2 

Vanadium NL = 50 ~g/L <3 

Commonly Used Terms 

Compliance: A drinking water standard based on the health risk (primary 
standards) and aesthetic (secondary standards) exposure of a contaminant to 
consumers. For example, bacteria and nitrate have strict limits that must be met 
at all times due to the acute effects they can cause. Other standards, like small 
amounts of disinfection by-products and man-made chemicals, have standards 
that are based on a lifetime of exposure because the risk to consumers is 
very low. Compliance with most standards is based on an average of samples 
collected within a year. This allows for some fluctuation above and below the 
numerical standard, while still protecting public health. 

Detection Limit for Reporting Purpose (DLR): DLR means the designated 
minimum level at or above which any analytical finding of a contaminant in drinking 
water resulting from monitoring required under Title 22 Code of Regulations shall 
be reported to the California Department of Public Health (CDPH). 

Maximum Contaminant Level (MCL): MCL is the highest level of a 
contaminant that is allowed in drinking water. Primary MCLs are set as close to 
the Public Health Goals (PHGs) or Maximum Contaminant Level Goals (MCLGs) 
as is economically and technologically feasible. Secondary MCLs are set to 
protect odor, taste, and appearance of drinking water. For certain contaminants, 
compliance with the MCL is based on the average of all samples collected 
throughout the year. 

Maximum Contaminant Level Goal (MCLG): MCLG is the level of a 
contaminant in drinking water below which there is no known or expected risk 
to health. MCLGs are set by the U.S. Environmental Protection Agency (USEPA). 

Maximum Residual Disinfectant Level (MRDL): MRDL is the highest level 
of a disinfectant allowed in drinking water. There is convincing evidence that 
addition of a disinfectant is necessary for control of microbial contaminants. 
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Wells 

100 102 - 176 146 100-200 146 

122 124 - 215 178 124 - 244 178 

355 161 - 374 272 108 - 374 272 

50 24 - 55 45 22 - 88 45 

28 26 - 77 60 29 - 82 60 

<1 <1 - 3 <1 <1-4 <1 

<0.5 <0.5-0.7 <0.5 <0.5 <0.5 

110 103 - 276 214 113 - 279 214 

NT NT NT NT NT 

9 - 20 16 9 - 22 16 

<5 <5 <5 <5 <5 

<2 <2 <2 <2 <2 

7.5 7.2-7.8 7.5 7.2-7.9 7.5 

55 17 -110 89 26 - 362 89 

3 - 4 3 - 5 

<100 175 - 176 176 143 - 506 176 

16 15 - 22 20 19 - 23 20 

53 38 - 55 49 43 - 65 49 

0.4 - 1 0.9 <0.3 -1 0.9 

<3 <3 -7 <3 <3 -4 <3 

Maximum Residual Disinfectant Level Goal (MRDLG): MRDLG is the 
level of a drinking water disinfectant below which there is no known or expected 
risk to health. MRDLGs do not reflect the benefits of the use of disinfectants to 
control microbial contaminants. MRDLGs are set by the USEPA. 

Notification Level (NL): NL is the Health-based advisory levels established by 
CDPH for chemicals in drinking water that lack maximum contaminant levels (MCLs). 

Primary Drinking Water Standard (PDWS): MCLs and MRDLs for 
contaminants that affect health along with their monitoring and reporting 
requirements, and water treatment requirements. 

Public Health Goal (PHG): PHG is the level of a contaminant in drinking 
water below which there is no known or expected risk to health. PHGs are set by 
the California Environmental Protection Agency, Office of Environmental Health 
Hazard Assessment (OEHHA). 

Regulatory Action Level (AL): AL is the concentration of a contaminant 
which, if exceeded, triggers treatment or other requirements that a water system 
must follow. ALs are set by the USEPA. 

Treatment Technique (Tl): TT is a required process intended to reduce the 
level of a contaminant in drinking water. For example, the filtration process is 
a treatment technique used to reduce turbidity (the cloudiness in water) and 
microbial contaminants from surface water. High turbidities may be indicative of 
poor or inadequate filtration. 

MWD Weymouth 
Filtration Plant 

MWD Diemer 
Filtration Plant 

MWD Jensen 
Filtration Plant 

.,;i,i···.;:Wfi .•• ;fi,i···.;:Wfi .•• ,;i,i····\@fi .• 
Major Sources in Our Drinking Water 

100 - 130 120 (a) 98 - 120 120 (a) 84 - 93 90 (a) Erosion of natural deposits 

NT NT NT NT NT NT Naturally-occurring dissolved gas; erosion of natural deposits 

120 - 140 140 (a) 120-140 140 (a) 190-220 200 (a) Erosion of natura I deposits 

NT NT NT NT NT NT Runoff/leaching from natural deposits; seawater influence 

54 - 76 68 (a) 56 - 75 68 (a) 27 - 33 31 (a) Erosion of natural deposits; natural hot springs 

<1 <1 <1 <1 <1 <1 Industrial discharge; erosion of natural deposits 

NT NT NT NT NT NT Industrial discharge 

230 - 310 280 (a) 240 - 300 280 (a) 120 - 130 130 (a) Erosion of natural deposits 

<1 - 2 <1 <1-1 <1 <1 - 20 <1 Naturally present in the environment 

23 - 30 27 (a) 23 - 29 27 (a) 11 - 12 13 (a) Erosion of natural deposits 

NT NT NT NT NT NT Industrial discharge 

<2 - 3 <2 <2 <2 <2 - 5 By-product of chloramination 

7.8-8.0 7.9 7.8-8.0 7.9 8.1-8.3 8.2 Naturally-occurring dissolved gases and minerals 

NT NT NT NT NT NT Erosion of natural deposits, agricultural run-off 

4-5 5 (a) 4 - 5 5 (a) 2 - 4 3 (a) Erosion of natural deposits 

<100 <100 <100 <100 <100 <100 Decay of natural deposits 

NT NT NT NT NT NT Erosion of natural deposits 

84 - 100 99 (a) 86 - 100 98 (a) 66 - 74 68 (a) Erosion of natural deposits 

1.9- 2.4 2 - 3 1 - 2 Erosion of natural deposits 

<3 -4 <3 - 3 6 - 7 Erosion of natural deposits 

Table IV Calendar Year 2009 Water Quality Monitoring Results 

B romod i ch lorometh ane 
(BDCM) 

Bromoform 

Chlorate NL = 800 

Chloroform 

D ibromoch lorom etha ne 
(DBCM) 

Dibromoacetic Acid 
(DBAA) 

Dichloroacetic Acid 
(DCAA) 

Monobromoacetic Acid 
(MBAA) 

Monochloroacetic Acid 
(MCAA) 

Trichloroacetic acid 
(TCAA) 

Drinking Water Disinfection By-Products Reported on Area-Wide Basis 

I 
~g/L 4 - 30 12 5 - 42 14 

~g/L 2 - 24 1 - 42 12 

~g/L 118 - 295 172 54 - 863 465 

~g/L 2 - 23 2 - 28 

~g/L 6 - 41 17 6 - 50 23 

~g/L <1 -16 <1 - 23 

~g/L <1 - 20 <1 - 28 

~g/L <1 - 3 <1 - 5 

~g/L <2 - 3 <2 <2 - 6 <2 

~g/L <1 -7 <1 -10 

3 - 44 22 

1 - 36 12 

176 - 978 571 

2 - 43 17 

5 - 45 27 

3 - 23 13 

2 - 49 18 

<1 -5 

<2 - 9 

<1 - 51 

2 - 26 

4 - 23 

ND -74 

1 - 25 

6 - 41 

<1 -19 

<1 -13 

<1 -4 

<2 - 3 

<1 - 9 

12 

47 

10 

14 

<1 

<2 

Major Sources in Our 
Drinking Water 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine 
disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 

By-product of chlorine/ 
chloramine disinfection 
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continued from page 11 

Impact of Public Water 
System Contaminants 
Lead Exposure from Plumbing 
Materials 
LADWP monitors lead contents in 

source water and the distribution 

system and has not found detectable 

amounts. If present, elevated levels 

of lead can cause serious health 

problems, especially for pregnant 

women and young children. Lead 

in drinking water is primarily from 

materials and components associated 

with lead service lines and home 

plumbing. The LADWP is responsible 

for providing high quality drinking 

water, but cannot control the variety 

of materials used in plumbing 

components. When your water has 

been sitting in the pipes for several 

hours, you can minimize the potential 

for lead exposure by flushing your tap 

for 30 seconds to 2 minutes before 

using water for drinking or cooking. 

This water can be collected and used 

to water plants. If you are concerned 

about lead in your water, you may wish 

to have your water tested. Information 

on lead in drinking water, testing 
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methods, and steps you can take to 

minimize exposure is available from 

the Safe Drinking Water Hotline or at 

http://www.e pa. g ov/safewate r/lea d. 

Pharmaceutical and Personal 
Care Products 
Very low levels of pharmaceutical 
and personal care products [PPCPs) 

are increasingly being detected in 

U.S. drinking water supplies. PPCPs 

include medicines, shampoos, soaps, 

detergents, lotions, and perfumes. 

Currently, neither the state or federal 

government require LADWP to test for 

PPCPs. However, as a forward looking 

utility, LADWP conducts its own 

monitoring for these compounds. 

In 2009, LADWP tested its source and 

treated waters for PPCPs. The amount 

of PPCPs detected was so minute 

that no adverse health effect from 

exposure has been reported. LADWP 

continues to study the issue with 

several other utilities and the Water 

Research Foundation. Customers can 

do their part by disposing unwanted 

medications into a waste receptical

not down a toilet or drain. 

48 Local Pump Station 
FLetcher Pump Station 
Additional chlorine is added before 
large pumps send the water to L.A. 
neighborhoods, east of Ivanhoe 
Reservoir. 

e An L.A. Neighborhood 
The Journey Ends 
Water passes through the interior 
plumbing of a home to be used for 
many purposes, including drinking, 
cooking, bathing, laundry, toilet 
flushing and as an eco-friendly 
alternative to bottled water. 

About This Report 
The 2009 Water Quality Report was prepared by the Los 
Angeles Department of Water and Power [LADWP). This report 
is required by the California Department of Public Health 
[CDPH) and was prepared in accordance with CDPH guidelines. 
It was prepared, printed and mailed to you at a cost of 35 cents. 

Contact Information 
LADWP, the largest municipal utility in the nation, was 
established more than 100 years ago to provide a reliable and 
safe water and electric supply to the City's 4 million residents 
and businesses. 

LADWP is governed by a five-member Board of Water and Power 
Commissioners, appointed by the Mayor and confirmed by the 
City Council. The Board meets regularly on the first and third 
Tuesdays of each month at 1:30 p.m. Meetings are held at: 

Los Angeles Department of Water and Power 
111 North Hope Street, Room 1555H 
Los Angeles, CA 90012-2694 

The meeting agenda is available to the public on the Thursday 
prior to the week of the meeting. You can access the Board 
agenda at www.ladwp.com or by calling [213) 367-1351. 

For general information about LADWP, call 1-800-DIAL DWP 
[1-800-342-5397) or visit www.ladwp.com. 

For questions regarding water quality, call the LADWP Water 
Quality Customer Services Group at [213) 367-3182. 

For questions regarding this report, please call 
Dr. Langford Book at [213) 367-3199. 

Want to know more about your drinking water and 
related regulations? 

Los Angeles Department of Water and Power 
California Department of Public Health [CDPH) 
U.s. Environmental Protection Agency [USEPA) 

This report is printed on recycled paper. ® 

www.ladwp.com 
www.cdph.ca.gov 
www.epa.gov 
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This Message for Non-English 
Speaking Customers 
This report contains important information about 
your drinking water. If you have any questions 
regarding this report, please contact us at 
[800) 342-5397. 

Spanish 
Este informe contiene informacion importante 
sobre su agua potable. Si tiene alguna pregunta 
sobre este informe, por favor comuniquese con 
nosotros llamando al [800) 342-5397. 

Russian 
B 3TOM OPleTe CO,Qep>KHTCJ'I Ba>KHaJ'l HH<popMaLlHJ'I 0 
Bawelil nHTbeBoliI BO,Qe. ECllH y Bac eCTb Bonpocbl no 
3TOMY OT'IeTY, Bbl MO>KeTe n03BOHHTb no Telle<poHY 
(800) 342-5397. 

Farsi 
JJ ,;\.;... ~I..lt . ..:.....11 •• ..;. "".l,I-oW,1 .... 1 JJ-'" JJ.r+' ..:.~~\ <.$jl.:.. u!o)~ 6.!\ 

. J.;~ iJ"1...:i L.. '-i (800)342-5397 uiJ:i .)-....:. '-i I.i.hl J.;)J u!o)~ 6.!\ JJ-'" 

Japanese 
~O).afk.I::I;t~~NO)tx~*I::P:a9" ~~~~m.a1J~~*n 
"CL '*9" 0 ~O).afk.I::Illt., "CW1J\~.r",~1J~~nlt(800) 342-

5397 *1:clSr",~L \~tJ1t<t=~L '0 
Armenian 
llju qb4njgQ Ujwpmuw4mtl t 4wpbLnp mbll.b4mratlLuubp obp 
tutlbLm 2mp~ tlwu~u: UjU tuurlP~ tlwu~u npbLt hwpgmtl 
mubuwLm UlwpwqWj~U 4wpnll. tQ hbowowjubL tlbq' (800) 
342-5397 hbowtuouwhwtlwpm.(: 

Arabic 
.1.)"'~1 ...... ..,1 ~ yj!J1 ~~ ~ l...lA ..::...~ .... p.... # ..I'l1.;il!' ~ ~~ 

~ ~lt_" .. )·''J' .P.>Y .>-I,~. I~ ~ Ul...l ~ ~ ~j~ 

Korean 
.. (800) 342-5397 ~)1 ~ 

01 1i.jl).·n=· o:jC1~.914-*~oJ1 -¥!:~ -F.fl~ ~1i.~ ~W"5tjl 
'U%yt:j-. 01 1i.J.lk!oJ1 -¥!:"6l1 ~~01 'U.QJ11i1, (800) 342-5397 .£. 
'?:lEt "r-{l).1.2.. 

Chinese 
*$l~~~1fMl1~tf!J~JfJ7JdfJ~:J.U.' 1~fl*$l~jlll1f1fM~r,,~ , 
~fk't : (800J 342-5397 0 

Vietnamese 
Bao cao nay co tin tLPC quan trQng ve nguon nll'60c u6ng 
cua quy vi. N~u quy vi co thac mac ve bao cao nay, xin 
liilO I~c v60i chung toi t~i s6 (800) 342-5397. 

Thai 
'l1thl1uOt.l'l:;na:uGl1lJ,ra~ili.hA'lllrllJ1n:uihGhJ'lIa"'Vhu 
(hl-nmhun"hmJJ'lGl"llnlJ1n:U'l1lJ"1Uii 
n~ru1mGlGial'l1"\Gl~ (800) 342-5397 
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Introduction 

The City through its Bureau of Sanitation in the Department of 
Public Works has provided solid resources management services to 
residential households within the City of Los Angeles since 1890. 
Every week three collection vehicles visit each of our 720,000 
customers to separately collect recyclables, yard trimmings and 
refuse at curbside. The Bureau also provides special residential 
collection services such as bulky item, appliance and bulky brush 
collection. 

The City's collection of solid waste has changed dramatically since 
its inception in 1890 when the first solid waste crematory 
(incinerator) was constructed and the City provided disposal service. 
In later years food and organic waste was collected for delivery to 
hog ranches, metals and other materials were reused or recycled, 
and combustible rubbish was burned in backyard incinerators or 
collected and disposed by private contractors. 

In 1943, residential collection was turned over to City forces. In 
1957 after backyard incineration was banned as a part of the smog 
control program, the City added the collection and disposal of 
combustible rubbish as part of its refuse collection program. 
Beginning in 1957 the City used only landfill disposal sites located in 
and around the City to dispose of all materials collected at curbside. 

In 1961, Sam Yorty was elected Mayor of Los Angeles. Part of his 
campaign platform was the promise that, if elected, he would end 
the requirement to separate refuse at the curb. He accused his 
opponent, the incumbent Norris Poulson, of "forCing Los Angeles 
housewives to perform coolie labor for a salvage firm." After his 
election, in 1964 all household refuse was then collected in a single 
container and disposed in local City, County and private landfills 
rather than being recycled. During the 1970s and 1980s, local City 
landfills began closing and new landfill sites became harder to 
secure. In the early 1980s the Bureau of Sanitation began 
investigating recycling and waste to energy technology as a way to 
reduce our reliance on landfills. 

City Rubbish Collection 1943 

A waste to energy facility was authorized for study in 
1979, but in 1987, after eight years of development, the 
project was canceled. Also, during this time pilot 
curbside recycling operations were initiated in West Los 
Angeles in 1985 and expanded to the San Fernando 
Valley in 1987 and into all Council Districts in 1989, 
finally reaching a total of 95,000 households. 

In order to control the growing waste stream and improve 
operational efficiency, the Mayor and City Council 
approved the implementation of a full curbside recycling 
and automated refuse and yard trimmings collection 
program in early 1990; with the program rollout starting 
later that same year. The yellow bin recycling program 
and the automated collection system became a Citywide 
program in 1995. In 1997, just two years after the five 
year implementation of the yellow bin system, the City 
embarked on the next generation of curbside recycling 
and began the implementation of the automated blue 
container recycling system. This new system, which is 
the state of the art in recycling, was completely rolled out 
Citywide by December 1998 in a record 18 month period 
oftime. 

1 
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Current Solid Resources Operations 

The City's solid waste management practices have come a long way since 1890 and 
have transitioned from a collection and disposal oriented structure to a recycling 
operation back to a disposal operation and since 1990 returning whole heartedly back to 
recycling. Even the term for the materials we collect and manage has changed from 
solid waste to solid resources. Programs have been established throughout the City 
that have contributed to a Citywide waste diversion rate of 49% in 1999, and the City is 
expected to surpass the mandated 50% diversion rate in 2000. Innovative programs 
must be implemented to reach the City's 70% diversion goal in 2020. 

The shift in emphasis in the Bureau's solid resources business has also affected our 
need for support facilities. Where, for example, the City used to own and operate 
several landfills which provided disposal services to our collection staff, the Bureau now 
disposes of the remaining refuse it collects in three landfills, two operated by private 
entities and one by the Los Angeles County Sanitation Districts. The City's involvement 
in its landfills is now focused on closure, maintenance, and ultimate restoration of the six 
inactive City owned landfills. Recycling and Transfer facilities provide the necessary link 
between the collection of solid waste and its ultimate disposal. 

•• .. 

The doubling of the recyclables collected at curbside has resulted in the City 
contracting with several Material Recovery Facilities owned and operated by 
the private sector to receive, clean, process, and market the recyclables. The 
Bureau also has three City operations and several contracts with private 
contractors to accept, clean, grind, and mulch or compost our yard trimmings 
which is a significant element in our achieving such a high recycling rate. The 
City now needs to invest in infrastructure to support these new solid 
resources management activities. Acquiring City-owned and operated 
facilities may provide more control over future cost increases and more 
options for managing the materials we collect at curbside. The development 
of infrastructure in most cases could result in a net cost savings when 
compared to future private sector contract costs. 

1990 1995 1996 1997 1998 1999 

Diversion increases yearly 2 
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Current issues in solid resources management 

The waste management industry has recently experienced unprecedented consolidation, transitioning 
from many companies to a few mega-companies. For example, after the merger between giants 
Waste Management, Inc, and USA Waste, a trade paper reported that prices have been raised at 
many Waste Management disposal facilities across the nation--- increases such as 40 percent in 
Pennsylvania, 29 percent in Virginia, and 138 percent at a landfill in Ohio! Analysts predict that other 
companies will follow with price hikes. Also, Allied Industries, a waste management giant based in 
Phoenix, Arizona, acquired Browning Ferris Industries, the owners of the Falcon Transfer Station and 
Sunshine Canyon Landfill (both used by the City), for a price totaling about $9.1 billion dollars. 
Future prices for transfer and disposal in Los Angeles are expected to only go higher. 

Million $ 
per Year 

94-5 95-6 96-7 97-8 98-9 99-00 

[i"Bureau Contract Tipping F~ 

The City does not own the supporting Infrastructure facilities such as transfer 
stations and Material Recovery Facilities which are critical to support our core 
business of servicing 720,000 households with waste management services. 
This situation exposes the City to capricious changes in prices and control by 
these large private waste management companies. The Bureau's attempt to 
exercise its purchase option for the Central Los Angeles Recycling and 
Transfer Station was met by the owner reporting that a sale of the facility was 
made to Republic Industries for over $70 million! Through the sale of the 
property at that price, the new owner will need to recoup its costs through 
higher contract rates in the future. City ownership of facilities could provide 
us with both cost control and greater operating efficiencies. We must 
aggressively pursue cost effective contract services or the siting and 
construction of City-owned facilities to contain costs to City residents. 

3 
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Solid Resources Plan Development 

Plan Development 

On July 28, 1995, the Bureau was directed by the City Council to prepare an Action Plan to examine: (1) the waste 
disposal alternatives available when the Lopez Canyon Landfill closed, (2) measures to increase waste diversion, and 
(3) revenue raising alternatives to finance new solid resources projects. On December 13, 1995 the Action Plan 
prepared by the Bureau was considered by the City Council and the Bureau was directed by the City Council to develop 
a plan to procure/construct City-owned transfer facilities in the West Los Angeles, Valley, and Central City areas so that 
the City could gain greater control over the management of its waste stream and future cost increases. 

After investigating the City's long-term needs for these solid resources management services, the Bureau presented a 
preliminary report (August 27,1997) to the Board of Public Works containing several recommendations recommending 
the acquisition and development of City-owned solid resources management facilities, and other capital improvements. 
Upon review of that report the Board directed the Bureau to hold a series of public workshops in October, 1997 to 
gather additional input and foster discussion of the items with concerned agencies, the industry and the public. The 
Bureau also formed a Process Action Team (PAT) composed of staff, union representatives, and Solid Waste Citizens 
Advisory Group (SWCAG) members to discuss and provide direction concerning the proposed recommended actions. 

In response to the comments received at the workshops and further investigation by the Bureau, the previous report 
and recommendations were revised to reflect the changing emphasis of waste management and recycling within the 
City and the industry. 

4 
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Plan Objectives 
As a result of further review and the comments received on the draft Solid Resources Infrastructure Plan, 

the following twelve key strategies were identified: 

(1) Develop a Transfer facility and/or Recycling Center in the Central Los 
Angeles area. The Bureau has launched an aggressive program to acquire, 
permit and construct a state of the art transfer facility in the downtown Los 
Angeles area which is environmentally sound and cost effective. 

(2) Develop a Transfer and/or Recycling facility to serve the West Los 
Angeles area. This state of the art, cost-effective facility will serve the West 
Los Angeles area, possibly other nearby City collection routes and may serve 
other area cities by contract to manage recyclables collected in their curbside 
programs. 

(3) Relocate the East Valley Collection Yard. Develop a new East Valley 
collection yard facility as approved by the Mayor and Council on August 5, 
1998 (CF 96-0705-S2). This larger site will allow collection yard operations, 
truck maintenance shops, container warehouse facilities and residential 
drop-off. 

(4) Develop permanent Household Hazardous Waste (HHW) drop-off 
facilities for City residents to provide year-round services and encourage safe 
disposal of these materials. These new facilities will ultimately replace the 
existing Mobile Program. 

(5) Continue to pursue the development of yard trimmings processing, 
mulching and shipping facilities and marketing of the finished product within 
the City. Successful programs have already been established in the San 
Fernando Valley and Harbor areas. 

(6) Continue to research and develop the use of Material Recovery 
Facilities to preprocess a/l residual waste prior to delivery to a disposal site. 

(7) Establish a capital improvement expenditure program to 
upgrade aI/ collection yard facilities to meet current 
environmental and health and safety standards, and to 
provide an adequate working environment for our employees. 
New regulations requiring treatment of stormwater runoff and 
purchase of alternative fuel collection trucks will drive the cost 
of yard upgrades. 

(8) Perform closure construction at all six inactive landfill sites 
owned by the City within the next four years. Post-Closure 
monitoring and maintenance will continue after closure 
construction. 

(9) Acquire the minimal long-term disposal capacity that the 
City will need beyond the year 2001. 

(10) Develop a financing plan with the assistance of the 
Office of Administrative and Research Services for the 
recommended Solid Resources capital improvement program. 

(11) Identify a method of receiving Citywide public review of 
plans and actions in the Solid Resources programs similar to 
the Solid Waste Citizen's Advisory Group. 

(12) Develop a comprehensive and continual Public Education 
& Community Outreach program designed to educate and 
inform the public about the City's solid resources programs 
and strategies. The Bureau will report back with the plan and 
budget costs. 

These are the key objectives of the Plan that will provide the City with the necessary solid resources 
management infrastructure to serve our customers into the next Century. As other changes take place over 
time, further actions will be necessary to bring the City the best possible services at the lowest cost. 

5 
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2.0 Solid Resources Programs And Facilities Objectives 

2.1 Plan Objective No.1 - Central Los Angeles Transfer Station Development 

Although the amount of refuse collected and disposed by the Bureau has decreased from over 1,200,000 tons in fiscal year 
1993-94 to 863,500 tons in fiscal year 1999-00, the City must still maintain disposal contracts to provide guaranteed disposal 
capacity. Although our disposal needs will continue to decrease with the implementation of more intensive recycling efforts, 
disposal capacity needs will continue for the foreseeable future. 

The City no longer owns and operates its own landfills. To provide cost containment and control for the future, the Bureau 
believes that a publicly owned and operated transfer station is essential. This facility can be used as a focal point for the 
gathering and shipping of materials to more remote landfills. On July 28, 1995, the Bureau was directed by the City Council 
to prepare an Action Plan with an examination of the waste disposal alternatives available when the Lopez Canyon Landfill 
closed, measures to increase waste diversion, and revenue raising alternatives to finance new solid resources projects. The 
Action Plan was considered by the City Council on December 13, 1995. On December 19, 1995, the Bureau was directed by 
the City Council to procure/construct City-owned transfer facilities in the West Los Angeles, Valley, and Central City areas so 
that the City can maintain greater control over its waste stream (Council File #95-0859). The Bureau is involved in the 
following projects in response to the Council directive: 

2.1.1 Central Los Angeles Recycling and Transfer Station 

To reduce contract costs of transfer services and increase our flexibility in providing services in the Central City area, the City 
is seeking to establish a recycling and transfer facility in Central Los Angeles. 

In August, 1997, the Board of Public Works as a result of a report from the Bureau began consideration of recommendations 
to develop recycling and transfer facilities in the Central Los Angeles and Valley areas of the City. The recommendations 
included the acquisition of the Central Los Angeles Recycling and Transfer Station (Central L.A.) currently under contract to 
the City. The current contract includes a buy-out clause that gave the City the option to purchase the facility under certain 
conditions in December 1998, and again in December 2003. The buy-out clause includes procedures for valuation of the 
property. 

6 
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On June 16, 1998, the City Council approved the issuance of Letters of Interest to BLT Enterprises, the owner, and Browning
Ferris Industries, the operator, stating that the City intended to exercise its purchase option with respect to the Central LA. facility. 
The City followed up by conducting a land and business appraisal of the facility. The owner in a separate action negotiated an 
option and sale of the Central LA. facility to Republic Industries. The owner has stated that the sale price was approximately $70 
million. The sale of the facility at this price has excluded the City from the sale process. 

A task force was formed within the Bureau to examine the potential for City operation of the Central LA. facility. The Task Force 
recommended several actions in its final report to make the implementation of City owned and operated transfer facilities a 
success. Task Force staff also worked with employee unions and other City departments. 

Estimated costs for operation of a City-owned facility, 
as of late 1999, are as follows: 

,',~),i' > ~~;}: ;~ • 
City Ooemtion of Recvclinaand.TranSf~lSthtion 

c. 2.000 tons oerdav.:··· 
Personnel Salary Benefits Indirect 

Full Time City Staff $1,801,065 $503,578 $758,789 

Scheduled Overtime 

'.' : .... .":::. 
.. : ... >. 

" 
.' . 

Operating Costs - within Transfer Station 

Hauling Costs 

Equipment Maintenance 

Capital Costs - Equipment 

Reflooring (Anvil Top) 

Total Yearly Estimated Cost 

Total Cost per Ton 

New Transfer Station 
(Oxnard, California) 

.·c .• 

: . 

Cost per year 

$3,063,431 

$200,418 

. 
...... :: .. ": 

$284,928 

$501,120 

$1,178,257 
-

$632,714 

$26,667 

$5,887,535 

$11.28 
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The Task Force also recommended that staff investigate 
the procurement of suitable land/property in downtown 
Los Angeles to construct a City-owned and operated 
recycling and/or transfer facility. The Bureau estimates 
that the permitting, design and construction of a new 
transfer facility to manage City-collected material would 
be approximately $12 million with an additional $5 million 
for equipment including transfer vehicles, significantly 
lower than the stated purchase price of the Central L.A. 
facility. 

The Bureau is now on an aggressive course to site and 
develop a recycling and transfer station within the Central 
L.A. service area. In late 1999, the Bureau was 
approached by the L.A. County Sanitation Districts to 
discuss the development of a potential joint recycling and 
transfer facility. The resulting Joint Powers Agreement 
(JPA) will lay the groundwork for a facility that will serve 
the City as well as private haulers well into the 21 st 
century through a cooperative equity partnership. 

The development of a transfer station would be 
approximately $17 million as shown above. If the 
development of the facility was through a JPA with the 
L.A. County Sanitation Districts, the City may be able to 
reduce its up-front investment costs by paying capital 
development costs through tipping fees, while remaining 
an equity partner. 

2.1.2 Other Transfer Station Services 

The Bureau will also continue to procure or acquire 
transfer station services throughout the City as needed. 
For example: 

(1) The Bureau currently contracts with the Falcon/BFI 
transfer station in the Harbor for refuse transfer services. 

(2) The Bureau currently contracts with Southern 
California Disposal for refuse transfer services at their 
facility in Santa Monica. 

(3) To further serve the West Los Angeles area, the 
Bureau has a new program to use direct transfer trailers -
where the material is pushed directly from the collection 
vehicle into a trailer without the need for a transfer facility. 
This small scale transfer activity could serve as a bridge 
during development of larger, permanent transfer 
facilities. 

(4) The Bureau is investigating the potential of developing 
a recycling and/or transfer facility at 6000 West Jefferson 
to serve the West Los Angeles area. 

(5) To serve the San Fernando Valley when local disposal 
is not available, the Bureau will continue the planning 
process for a City-owned transfer station. 

(6) The Bureau will continue to investigate options to 
procure cost-effective transfer station services through 
contract. 

8 
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2.2 Plan Objective No.2 - Western Facility Development 

The Bureau should develop a Recycling and/or Transfer Center in the Western portion of the City to process and/or transfer the 
materials collected in this area. Siting is the greatest challenge in the Western area of Los Angeles, as the amount of industrial 
zoned land is limited. In 1996, the Bureau acquired a five acre parcel of land on Jefferson Boulevard zoned M1-1, located in the 
City and less than one mile from the Culver City transfer station. Three acres of the site have been graded and paved for parking of 
recycling and employee vehicles, and a temporary office trailer has been installed. 

Prior to 1994 there was no Recycling Center located in the Western District. The recyclables from this District were transported to 
Recycling Centers located in either downtown L.A. or the San Fernando Valley. The current contractor built a Recycling Center on 
Jefferson Boulevard near the City property which transfers the recyclables collected in the Western District. Currently the 
recyclables are shipped from the contractor's facility to another location to be processed. 

The Bureau has run pilot programs to utilize both the City of Culver City transfer station and the Southern California Disposal 
transfer station in Santa Monica. Both are currently utilized for about 100 tons per day of the refuse and 50 tons per day of the yard 
trimmings collected in the Western District. 

Develop a Transfer and Recycling Center to serve the 
West Los Angeles area. 

-Prepare a feasibility report and construction estimate 
for services to be provided at the site. 

-Acquire financing and begin site assessments of 
available properties. 

9 
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2.3 Plan Objective No. 3- East Valley Solid Resources Yard Relocation 

The Northridge Earthquake in January 1994 caused an estimated $25 billion in 
damage. The current East Valley Collection Yard, located on San Fernando Road in 
Sun Valley, was damaged by the event as follows: 

The entrance gate wall was damaged beyond repair; 
The Maintenance/repair garage was partly demolished, and a 'temporary' carport-type 
building erected in its place; 
Roof structures were deformed; 
Employee parking was structurally damaged; and 
I-beam and wall connections in the tire store and garage buildings were damaged. 

The City qualified for reimbursement of approximately $750,000 from the Federal 
Emergency Management Agency (FEMA) for the replacement and, repair of 
earthquake-damaged buildings at the East Valley Collection Yard. This money will be 
used for construction of a new yard at another site. The City has chosen to relocate 
the yard to a new site which is larger and more suitable for this use, leaving the site on 
San Fernando road available for development. 

!.it 

~'iFJ:: 

East Valley Earthquake Damage 
10 
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The Bureau investigated the potential for 
using another site to develop a new East 
Valley collection yard facility, and a site was 
found in Sun Valley at 11050 Pendleton 
Street which is properly zoned and large 
enough (about 14 acres) to provide other 
services on the same site that will result in 
increased efficiency for our collection 
programs and expanded services to the 
local residents. The Bureau has acquired 
the property from the Department of Water 
and Power (DWP) to on Pendleton Street to 
develop as a new East Valley collection 
yard. 

The expanded services to residents will 
include the development of residential drop
off facilities for recyclables, bulky items, and 
a special area for Household Hazardous 
Waste (HHW). A transfer facility can be 
developed if it becomes necessary. Both 
the development and the operation of the 
site are cost-effective when compared to the 
redevelopment of the current site on San 
Fernando Road. 

"""'f~ 

EastValley Administration Building 
Conceptual Design 

On August 5th, 1998, the City Council authorized the Department of General 
Services to negotiate with the DWP for lease and transfer of jurisdiction for the 
property at 11050 Pendleton Street to the Department of Public Works. An 
authorization was also given to the Bureaus of Sanitation and Engineering to 
begin the environmental review process for the development of the new 
collection yard. 

The Bureaus of Sanitation and Engineering have worked together to prepare the 
design for the site and to prepare required environmental documentation and 
permits. Development of the site is proceeding on schedule, with site 
preparation/excavation (to be performed by City crews) scheduled to begin in 
mid 2000, and construction beginning in mid 2001. Estimated capital needs for 
the relocation of the East Valley Collection Yard is approximately $25 million. 

11 
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2.4 Plan Objection No.4 - Permanent Household Hazardous Waste Facilities 

Under the agreement with the County of Los Angeles, the Bureau has been operating its Household Hazardous Waste (HHW) 
collection program since 1989, serving over 150,000 households and disposing of 12 million pounds of HHW. Through this 
agreement, the City educates and informs City and County residents about HHW and local collection events. The City is 
reimbursed for its costs through a $.34 per ton fee on each ton of refuse disposed in the County, administered by the County 
Department of Public Works. At the request of the Mayor's Office, the Bureau began the Conditionally Exempt Small Quantity 
Generator program (CESQG) in 1998. The CESQG program provides small businesses with a legal and affordable solution to 
hazardous waste disposal,as the generators pay only the fees charged to the City by our HHW contractors. 

The City conducts approximately two multi-day collection events per month. Three full-time City personnel handle the planning, 
siting, permitting, and logistics and two contractors handle the on-site operations at each event. Public notifications is done using 
event flyers and mailing of postcards. Public Service Announcements are sent to radio and television stations and press releases 
are mailed to newspapers, both dailies and non-dailies. All of these efforts are documented and used to request reimbursement 
from the County. 

In order to meet the needs of residents and businesses and remove HHW from refuse and landfills, the Bureau will develop up to 
five HHW/Used Oil facilities throughout the City. These facilities will complement and in some areas replace the existing Mobile 
Program. Some of the potential facilities are as follows: 

(1) The City of Santa Monica has an existing HHW drop-off facility for their residents. A Memorandum of Understanding is 
being drafted to allow City and County residents to dispose of HHW at this site. 

(2) A grant of $290,000 was awarded to the City and six other jurisdictions including the cities of Bell, Ben Garden, Cudahy, 
Huntington Park, South Gate and Vernon by the California Integrated Waste Management Board for the development of a 
permanent HHW facility. This facility must be on-line by mid-2001 due to the grant restrictions. The Bureau is proposing to 
site a facility at the South Central District Yard. 

(3) Through the relocation of the East Valley Collection yard, the Bureau has included in the design a permanent HHW facility. 
Construction is scheduled to take place in mid-2001. 

(4) Other potential sites may be in the West Valley and Harbor areas, possibly in conjunction with other Bureau Solid 
Resources projects. 

12 
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2.5 Plan Objective No.5 - Yard Trimmings Processing Facilities 

The Bureau currently uses a combination of contract and City-owned facilities to process and beneficially reuse the yard trimmings 
collected by City crews at curbside. Successful new programs operated by City employees in partnership with the Bureau of Street 
Services and the Harbor Department now process an average of 250 tons of yard trimmings per day at the Van Norman Reservoir 
in the North San Fernando Valley and a similar mulching site in the Harbor area. To further reduce contract costs associated with 
processing and transportation of yard trimmings for beneficial reuse, the Bureau intends to take positive steps to reduce the City's 
dependence on private service contracts when such use will lower program costs. 

The Bureau collects over 400,000 tons of yard trimmings per year separated at curbside by our residents. Over the last several 
. years, yard trimmings diversion programs have contributed 30% to the diversion rate for residents receiving curbside service. The 

1,600 tons of yard trimmings collected per day are taken to several processors which clean the material of residue, chip it into 
small pieces, and either mulch the material on-site or transport it to other distant locations where the material is beneficially reused. 
Currently, nine contracts are held by the Bureau for a range of services to handle yard trimmings. The estimated cost for yard 
trimmings processing and reuse in the 2000 - 01 Fiscal Year budget is over $16 million dollars, even with the cost savings provided 
by the City operated facilities. 

Acquire and Develop sites for the 
Processing, Mulching and/or Composting 
of Yard Trimmings 

- Expand Processing Operations to 
Provide material. 

- Develop joint programs for processing 
and/or spreading mulch with other 
agencies or private contractors where 
possible. 

- Pursue other contractual opportunities 
to lower program costs for yard 
trimmings. 

Several actions have been taken to lower the Bureau's 
contract costs and to control future cost increases. Actions 
include a new contract with a transfer station in the Central 
L.A. area that allows material that had a high cost due to 
'double transfer' to now be received by one processor at a 
lower cost, reducing the Bureau's contract costs by over 
$700,000 per year. Other yard trimmings contract costs 
have been renegotiated at a lower rate to remain 
competitive in the current marketplace. 

13 
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2.5.1 Van Norman Joint Processing Facility 
A joint mulching operation with the Bureau of Street Services at the Van Norman Dam receives Sanitation-collected yard trimmings 
delivered to the site where it is cleaned, processed, and spread at the site for weed and erosion control or transported to farms for 
use as mulch. The site manages approximately 200 tons per day of Sanitation collected yard trimmings for a contract cost savings 
over $1.4 million per year. Staff is also accomplishing the objective of using mulch from the site at City parks and facilities 
whenever possible. 

2.5.2 Harbor Processing Facility 
The Bureau has established a yard trimmings processing site located on Harbor Department property. 50-70 tons per day of yard 
trimmings from the Harbor area collected by the Bureau are cleaned, processed and delivered by the Bureau for use as weed and 
erosion control in the Harbor area. This program reuses material from the immediate area, provides aesthetic benefits for the 
Harbor Beautification Project, and saves over $600,000 per year in contract costs. 

2.5.3 Sites for Mulch Application 
After the yard trimmings collected at curbside are cleaned 

and processed, the material can be used as a soil 
amendment, or for erosion and dust control. The 
Bureau has established a Process Action Team 
(PAT) to work with other agencies to locate additional 
sites to spread the mulch created by the Van Norman 
facility and other potential sources. These sites may 
include: 

(1) City Parks - The Department of Recreation and Parks 
has tested mulch application at several sites and is 
interested in using the material, which is shipped from 
the Van Norman site. The demand for this material is 
expected to increase .. The Bureau also provides the 
department with 50% of the TopGro produced at the 

(2) 

(3) 

Griffith Park Composting Facility. 
CalTrans - The Bureau is delivering mulch to freeway 
right-of-ways. 
Harbor - The Harbor Department allows the Bureau to 
compost mulch on a site near Anchorage Street. This 
compost material is delivered to CalTrans, will also be 
made available to Rec and Parks for soil amendment 
and eventually to the general public through 
composting workshops. 

City Yard Trimmings-Grinder Operation 
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(4) City golf courses - The Bureau is pursuing the use of mulch at City golf courses. 
(5) L.A. County Sanitation - has designated small pilot sites in landscaped areas for application of mulch. 
(6) Palmdale Airport site - The City's Department of Airports owns twenty-six square miles of unimproved property east of the 

City of Palmdale. Some small acreage is leased for agriculture. The cleaned, processed yard trimmings could be applied 
and/or tilled into the soil to anchor sand dunes and provide nutrients to the soil to increase the agricultural value of the 
property. 

(7) Owens Valley revegetation project - The use of cleaned, processed yard trimmings as a soil amendment could decrease soil 
erosion due to wind and increase the soil's moisture retaining ability, therefore increasing the success rate of revegetation of 
a portion of the dry lake bed. The Bureau is working with the Department of Water and Power to develop an initial pilot test 
to determine the suitability of the TopGro compost and yard trimmings material for use in the revegetation project. Initial 
tests show that mulch is chemically clean and able to be land-applied for this purpose. 

2.5.4 Opportunities for PubliC/Private partnership 
The Bureau has successfully utilized contractors for the beneficial reuse of the majority of the yard trimmings collected from City 

residents. The private contractors have provided excellent service to the City. Recently, the contract cost to the City for 
management of yard trimmings has dropped due to both the City-operated mulching facilities and the increases in the 
markets for end use of the material. The Bureau will continue to utilize private contractors for a portion of the yard trimmings 
collected using the City's competitive bid process and will continue to seek potential facilities to receive, clean, process and 
ship to end use, and/or receive and mulch or compost the material. The Bureau will continue to beneficially reuse ali yard 
trimmings collected in the Curbside Yard Trimmings Program. 

2.5.5 Other Potential Programs 
Processed yard trimmings have many applications. The demand for the material is increasing due to its soil enhancing properties. 

Development of processing operations will provide more material for mulching or composting. Some other potential 
programs include: 

(1) The development of a Recycling and Transfer facility in the central Los Angeles area can provide yard trimmings processing 
capacity if space is available. 

(2) A small-scale project with the City of Culver City provides a lower price for shipping and processing 50 tons per day of the yard 
trimmings collected in the Western area of the City. This program could be expanded to provide more processing services. 

(3) Yard Trimmings may be used to remediate 'brownfields', or areas of vacant land which have been contaminated by petroleum. 
Studies have indicated that blending yard trimmings into the soil helps release hydrocarbons and possibly remediate the 
contamination. 

(5) The Bureau can pursue the establishment of more composting or vermicomposting facilities to create a compost product with 
our processed yard trimmings. 

(4) The Bureau will pursue the marketing of mulch and compost products to help offset the cost of processing yard trimmings. 
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2.6 Plan Objective No.6 - Material Recovery Facility Development 

The Bureau of Sanitation, through the Curbside Recycling Program, collects over 800 tons per day of commingled, 
source separated recyclables. Through existing contracts, these materials are taken to private contractors to sort, 
bale and market. Although opportunities exist for residents and businesses to recycle, many are unable to provide 
source separation because of location, size, or other impediments. To increase the recycling rate in the City, the 
Bureau believes that the City should promote and support the development of Material Recovery Facilities (MRF) 
which can accept mixed loads of construction/demolition debris, office and commercial bin waste, and potentially 
mixed residential waste. The City in October 1993 adopted the goal of 70% diversion Citywide by 2020. This goal 
has received continued support from the Mayor and City Council. 

Inert landfills accept only rocks, dirt, etc., not organic materials such as wood and paper. Any 'mixed loads' which 
contain some organic material, are disposed at the same landfills used by the City for residential waste (Class III). 
By pre-sorting this material, it reduces the amount sent to the Class III landfills and can preserve space for more 
appropriate materials. From commercial and industrial customers, a mixed waste MRF can recover mixed paper, 
cardboard, metals, and other easily marketed materials. Sorting waste from residences such as those in 
apartment complexes with a large trash bin can increase the recovery of glass, plastics and all types of paper. 

A series of pilot programs are being implemented by the 
Bureau to study additional potential recovery using mixed 
waste processing. This information, along with the 
comprehensive waste characterization study now 
underway, will allow the Bureau to target specific mixed 
wastestreams and types of MRF's which will be the most 
cost-effective in diverting material from disposal. Funding 
for the development of MRF's accesible to both the public 
and private sector could be made available through both 
private and public sources. A portion of the money 
collected from a hauler permitting system could be directed 
towards such development. 

facility in Oxnard, California 
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2.7 Plan Objective No.7 - Upgrade Collection Yard Facilities to meet health and safety standards 

Our fleet of collection vehicles are parked and maintained at a total of six collection yards located throughout the City: North 
Central, South Central, Harbor, East Valley, West Valley, and Western. The collection yards have all been used continually for up 
to 40 years, with only minor repair and maintenance done to the facilities. Repaving of the parking areas to coiled and treat 
stormwater runoff and prevent petroleum from reaching the storm drains is one of several major improvements needed at these 
yards. Also, the need for modern facilities and clean vehicles is a Bureau priority. 

To create a better working environment for our staff and reduce environmental impacts, the Bureau should undertake a series of 
small capital improvements at the Sanitation collection yards to refurbish and provide more modern facilities. 

Below are listed the types of upgrades and repairs needed in the short term at the Solid Resources Collection yards, 

General Improvements 

Stormwater Management improvements will decrease the amount of contamination reaching the storm drain system and, 
ultimately, the Pacific Ocean. Stormwater improvements will be made to all yards including: canopy covers over fuel dispensing 
areas, clarifiers to treat oily-water run-off and drainage improvements such as regrading and repaving to facilitate collection of run
off. 

Improved truck wash facilities will be installed at all yards including structural modifications to the existing facility at Western, West 
Valley and Harbor yards and asbestos abatement at West Valley and Harbor yards. A new truck wash structure will be 
constructed at the North Central yard. Truck wash improvements at the South Central yard are in process. 

Specific Improvements by Collection yard are as follows: 
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Yard Specific Improvements needed at Solid Resources Collection Yards 

West Valley 
Repair Facility: Construct additional repair bays and 
enclosed parts storage area. 
Truck Parking Area: Replace existing deteriorated 
asphalt pavement with concrete surface. 

South Central Satellite Yard 
Reconstruction/evaluation after completion of Alameda 
Corridor project 

Harbor 
Reconstruct substandard yard facilities to improve 
operational efficiency 
Replace repair facilities which are inadequate for 
current needs 

Harbor Yard Example: 
Automated Collection Vehicles do not fit into maintenance bays 

Western Yard Example - Trucks and cars share parking space~ 

North Central 
Reconstruct existing Street Services transfer station to 
add operational capacity for curbside collected material 

Western 
Provide additional employee parking either by acquiring 
additional property or construction of a parking structure. 

East Valley 
Relocation and reconstruction in progress (See 2.2) 

Western Satellite Yard 
Redevelopment for use as a Recycling and/or Transfer 
Center (See 2.3) 
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2.7.1 Alternative Fueling for City Collection Vehicles 

In June, 2000, the South Coast Air Quality Management 
District voted to impose new regulations on all refuse collection 
fleets of 15 or more vehicles. These regulations require the 
City to begin purchasing either dual-fuel or alternative fuel 
collection vehicles beginning in 2001 to reduce diesel 
pollutants in Los Angeles. The Bureau of Sanitation has 18 
months to prepare their collection yards to receive the first 
deliveries of new dual-fuel vehicles arriving in December 2001. 
In addition a recently adopted Council motion requires all 
diesel powered City over-the- road vehicles over a two year 
period be retrofitted with particulate exhaust traps and use low 
sulfur diesel. 

Specialized infrastructure must be installed to fuel these vehicles with one of the alternative fuel compounds 
allowed by the California Air Resources Board. Also, these types of fuel require specialized safety equipment and 
modifications to the maintenance facilities to repair and maintain these trucks. The estimated cost per collection 
yard for the new fueling infrastructure is $1.7 million per facility, and maintenance facility improvements are 
estimated to reach $1 million per collection yard. 

The preliminary plan will entail ordering 400 new dual-fuel collection vehicles over the next two fiscal years and 
modifying two of our existing collection yards for these vehicles. Also, the new collection facility to be constructed 
in Sun Valley has been designed to accommodate dual-fuel vehicles and is expected to be in use at the end of 
2002 (Objective No.3). 

The Bureau is procuring the services of a consultant to evaluate the needs for each facility and the feasibility of 
installing and using alternative fuels. At the same time, we will be testing several dual-fuel collection vehicles to 
make sure that they can be used to collect materials at curbside in Los Angeles. These additional costs will be 
included in the financing plan developed for all Solid Resources capital needs (see Objective No.9). 
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2.8 Plan Objective No.8 - Closure of Inactive City Owned landfills 

The City of Los Angeles owns and maintains six inactive landfill sites. 
In accordance with State regulations, all landfills that ceased 

Orf.S1RE!7 
Pl~~C ---~-1! 

accepting refuse after November 1984 are required to completed final 
closure in compliance with prescribed minimum standards. The 

• • a" M».ti P.f\RK~~tlG~ 
minimum standards for closure Include a multiple layer final cover "c>.E"lOO,,-,.;-

typically consisting of a foundation soil layer, a low permeable layer, 
with a vegetative soil layer on top. The regulations allow an 
alternative final cover design if it is shown to be equivalent or superior 
to the prescribed final cover. 

2.8.1 Lopez Canyon and Toyon Canyon 

UTTtE LEI>GJIf F1El,g 
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Since both the Lopez Canyon and Toyon Canyon Landfills ceased accepting refuse after November 1984, they must be formally 
closed in compliance with State regulations. Each of these landfills is currently undergoing closure construction. The Bureau 
has received Regional Water Quality Control Board ( RWQCB) approval to use an alternative engineered cover system known 
as a monolithic or single layer system at both the Lopez Canyon and Toyon Canyon landfills. The monolithic system will perform 
better, and cost less to construct and maintain as compared to the prescriptive cover system. It will also be easier and quicker 
to construct, thus reducing the closure time line. Lopez Canyon and Toyon Canyon closure construction are expected to be 
completed by mid 2002. 

2.8.2 Four Other Landfills 

The City also owns and maintains four other inactive landfills: Bishops Canyon, Branford, Gaffey Street, and Sheldon-Arleta. 
These landfills ceased accepting refuse prior to November 1984 and are not subject to current closure regulations. However, 
the RWQCB has advised the Bureau that these landfills are still required to formally close in compliance with the requirements 
stipulated in each facility's Waste Discharge Requirements (WDRs) issued by the RWQCB. It is also be prudent for the City to 
formally close these landfills to minimize any liabilities the City may have for owning unofficially closed landfills. In order to 
formally rescind the WDRs and officially close each landfill, the City must show the RWQCB that the landfill does not impact the 
local groundwater by a Solid Waste Assessment Test (SWAT), and that it satisfies the requirements for soil cover and drainage. 
The City must also satisfy health and safety concerns of the CIWMB and the Local Enforcement Agency (LEA). 
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Phase I of the Bishops Canyon Site Improvements Project was completed in mid 1997, with the installation of recreational baseball 
fields on the north edge of the site and surface drainage improvements on the front face. Phase II of the project will include 
additional park facilities, landscaping and irrigation. Plans for Phase II were finalized, with construction anticipated to begin in the 
spring of 2000, and to be completed by January 2001. An estimated total of $2,500,000 is needed to complete the Phase II 
construction. Bond funds of $600,000 are available for Bishops Canyon Landfill Closure. The Bureau received a grant of $1,900,000 
from the Los Angeles County Park and Open Space District, as one of the projects approved in the 1996 Proposition A, Safe 
Neighborhood Parks. 

Since the SWAT indicates no impact to 
the groundwater, the Bureau will, at the 
completion of the Phase II project, request 
the RWQCB to officially rescind the WDR 
for Bishops Canyon. The Bureau will also 
identify for the CIWMB and LEA the 
actions addressing any potential health 
and safety concerns. No additional 
closure work is anticipated in order for the 
regulatory agencies to acknowledge the 
official closure of the Bishops Canyon 
Landfill. 

For the Gaffey Street Landfill, closure 
plans were prepared and submitted to the 
RWQCB and the Local Enforcement 
Agency. In February 1999, the office of 
Councilman Rudy Svorinich requested the 
Bureau to investigate the possibility of 
reclaiming the landfill site into an active 
recreational facility. The Bureau 
performed a technical evaluation and 
found it to be feasible for park 
development. 

Lopez Canyon - Monofill Construction 
Toyon Canyon will receive similar closure 
Estimated completion date 2002 
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Currently, the Gaffey Landfill is undergoing closure construction in accordance with detailed closure plans that provide for the 
following mitigation and improvements: 

(1) A final cover with a minimum thickness of six feet over the entire landfill boundary. 
(2) A subdrain system to prevent the percolation of the rain and irrigation water into the system. 
(3) Drainage collection system for controlling surface runoff and minimizing erosion. 
(4) Installation of a gas migration control system. 
(5) Reclamation of the landfill into an active recreational facility known as the "Field of Dreams Athletic 

Complex". 

At the conclusion of the closure construction, scheduled for completion in late 2000, the Bureau will turn over the is-acre site to 
the Department of Recreation and Parks for development. The estimated cost for closure is $708,000. Bond funds are 
available for the closure construction materials. 

Closure plans for the Branford Landfill were prepared and submitted to the LEA & RWQCB. The SWAT indicates no impacts 
on the groundwater, however, there is the need for proper drainage of the site. The Bureau is in the process of purchasing a 
different site for the relocation of the existing adjacent East Valley Yard. Once this relocation is complete, the drainage at the 
Branford site can be improved to formally close the landfill. Closure construction cost is estimated at $875,000, and could 
begin in FY 2001-02. The Mayor's Office of Economic Development is also in the process of negotiating with a private 
developer to purchase the landfill site and the current East Valley Collection yard site for development into an industrial 
complex. 

Since the SWAT for the Sheldon-Arleta Landfill is outdated, the Bureau has prepared the closure plans to include additional 
groundwater sampling and analysis. This sampling should be completed by January 2001. If the results are satisfactory, an 
official request can then be submitted to the RWQCB to rescind the WDR. Closure construction is necessary to correct some 
drainage problems and gas migration areas. This construction cost is estimated at $1,000,000, and could begin in FY 2002-03. 
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2.9 Plan Objective No.9 - Disposal Options 

The Bureau currently disposes about 3,300 tons per day 
of refuse in two landfill sites, down from 5,500 tons per 
day in 1990 as discussed below: 

The Bradley Landfill, owned and operated by Waste 
Management, Inc. (WMX), receives approximately 2,200 
tons per day of refuse under a contract with the City which 
expires July 1,2001; 

The Sunshine Canyon Landfill, owned and operated by 
Browning Ferris Industries (BFI), receives approximately 
1,100 tons per day of refuse under a contract which 
expires in February, 2004; 

The South East Resources Recovery Facility in Long 
Beach, through a pilot program, receives about 100 tons 
per day of the refuse collected in the Harbor area. This 
pilot has a potential tip fee savings over $160,000 per 
year. 
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TIP FEE ESTIMATES PER OPTION 
(in Million $ per year) 

The future availability of close-in refuse disposal facilities can affect 
the timing of development of a transfer facility in the San Fernando 
Valley: 

The Bradley Landfill does not have a closure date, but will close 
when it reaches a final elevation and capacity. This may allow the 
facility to remain open past mid-2001 for 1-2 more years, thus 
delaying the need for a transfer facility at this time; 

The Sunshine Canyon Landfill has received a General Plan 
amendment and zone change to expand their disposal facility into 
the City of Los Angeles. This will allow landfilling to take place at a 
higher rate for a longer period than the previous landfill site in the 
County of Los Angeles. 

The Bureau must acquire additional disposal capacity for 
approximately 2,300 tons per day of refuse before 2001, and 
another 1,000 tons per day by 2004. Disposal capacity in the 
region is affected both by permit restrictions and the difficulty in 
siting new facilities. Permitting of new disposal facilities can take 
15 years, with no guarantee of success. 

After the Bradley Landfill is closed for refuse disposal, and if 
Sunshine Canyon is not available to the City after the current 
contract expires, the Bureau will be faced with higher transportation 
costs to transfer refuse to more distant disposal facilities. As an 
example, the Chiquita Canyon landfill will have available capacity, 
but is 19 miles further from the Central L.A. facility than the Bradley 
Landfill, thus increasing transportation costs. Other facilities such 
as El Sobrante Landfill in Riverside, Lancaster Landfill in the 
Antelope Valley, and Bowerman Landfill in south Orange County 
could have available disposal capacity, but it will cost considerably 
more because the average distance from the central Los Angeles 
area to these more remote located landfills is 60-70 miles (one 
way). 
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A contract amendment to extend the current 
refuse disposal contract for the Sunshine 
Canyon Landfill will extend local disposal in 
five year increments at the City's sole option 
until 2021. 

To prepare for long-term disposal capacity 
after local capacity is exhausted, the Bureau 
has recommended a Joint Powers 
Agreement with the Los Angeles County 
Sanitation Districts (County San) to develop 
a transfer station in the central Los Angeles 
area that will allow Los Angeles access to 
desert rail-haul disposal facilities (Objective 
#1). County San announced in August 2000 
that it had acquired both the fully permitted 
Mesquite Mine and almost permitted Eagle 
Mountain landfills. This acquisition gives the 
agency control over long term rail disposal 
options for the Southern California area well 
into this century. 

City Collected 
Refuse 

(3300 tpd) 

--

l.oca1 Remote 
Disposal Disposal 

(Within 20 miles) (Outside Direct Haul range) 

Calabasas Landfill 
Truck Rail 

LA. County San 
Transfer Transfer 

Limited Wasteshed 
(Within 150 miles) (Outside 150 miles) 

West Valley Only 

Bradley Sunshine Canyon 
Chiquita Canyon Mesquite Mine 

Landfill Landfill 
Lancaster/Palmdale (Imperial County) 

Closure Date 2001(?) Contract to February 2004 
(LA County) LaPaz 

(Arizona) 

I 
E1 Sobrante Eagle Mountain 

(Riverside County) (San Bernardino County) 
Orange County 

County San may begin in the next fiscal year to levelize the tip fees it charges to users of its disposal options to begin to 
create a resource to fund future cost increases associated with rail haul. County San may add several dollars per ton for 
disposal at the Puente Hills landfill to create this resource fund that will make the transition from the current $18 per ton 
disposal fee at Puente Hills to the $55 or more per ton for rail haul disposal more gradual. The agency expects to have rail 
disposal fully operational by 2013. The agency will continue to build and/or acquire rail-compatible transfer facilities to serve 
all Los Angeles County haulers, including those within the City of Los Angeles. 

The City should also consider establishing a sinking fund to set aside monies now to pay for the significant cost impact of rail 
haul in the future. 

24 



» 
;0 
o 
o 
(j) 
<0 
CJ1 
co 
c..v 

2.10 Plan Objective No.10 - Develop a Financing Strategy with the assistance of the Office of 
Administrative and Research Services (OARS) for the Solid Resources Capital Improvement 
Program 

Prior to 1983 the City has historically provided the bulk of the funding for its Solid Resources program activities through the 
General Fund. In 1983 the Sanitation Equipment Charge (SEC), a fee used for the purchase and maintenance of 
collection/disposal vehicles/equipment, was adopted. The SEC rate is currently $6 per single family residence and $4 per 
multi-family unit per month. 

The funds generated by the SEC are limited in use for the following purposes: 
1. Purchase of collection and disposal vehicles (including alternative fuel trucks), other 

equipment, and collection containers; 
2. Maintenance of these vehicles, equipment and co lIection 

containers; 
3. Purchase of real property to park and maintain the vehicles, 

equipment and collection containers; and 
4. Landfill improvements and closure construction. 

The Solid Resources Program Objectives identified in this Plan could require funds of over $200 million over the next 7 to 
10 years. It is unlikely that the Sanitation Equipment Charge can provide this level of funding needed to provide the Solid 
Resources Management infrastructure needed for the future. Because of these realities, the Bureau believes that the 
funding for these infrastructure needs be generated through a combination of debt financing using the SEC, an increase in 
the SEC and possible reallocation of existing SEC revenues from related costs to infrastructure needs as the mechanisms 
to finance the proposed infrastructure improvements and facilities development. Other sources of funds may include 
grants, loan programs, and federal appropriations. 

The Bureau recommends with the assistance of the Office of Administrative and Research Services, the development of a 
comprehensive finandng plan that over the next 7 to 10 years can accommodate the proposed capital improvements. The 
great majority of the proposed solid resources infrastructure projects will have 20+ years of useful life and as such any debt 
payments of the principle and interest can be spread over the life of the facilities, thus minimizing yearly debt payments. 
The amount of debt that the current SEC revenues can support are not sufficient to finance the projects identified in this 
Plan. 

25 



» 
;0 
o 
o 
(j) 
<0 
CJ1 
co 
.,/:::>. 

2.11 Plan Objective No. 11 - Solid Waste Citizens Advisory Group (SWCAG) 

The City has in the past utilized the Solid Waste Citizen's Advisory Group (SWCAG) formed by the City Council with 
representatives from each Council district as a forum for the presentation of information concerning the City's Solid 
Resources Management Program. This group has been consulted many times in the past and has provided comments 
on many solid resources issues. The Bureau believes that a public review panel should exist in some form for the 
presentation and review of Citywide solid resources issues. This panel could be a group similar to the SWCAG or could 
be incorporated with the community input process resulting from the City Charter reform. 
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2.12 Plan Objective No.12 - Public Education/Community Outreach 

The Solid Resources Public Outreach program began in 1990 
with the implementation of the automated collection system. 
At that time seven City staff members handled outreach with a 
budget of $3.5 million. Over time the public education staff 
within the Bureau were absorbed into the Department of Public 
Works, but several public information functions have remained 
with Bureau staff. 

Outreach programs in the Bureau include those administered 
by the Solid Resources Citywide Recycling Division, as follows: 
the Used Oil Collection Program, the Household Hazardous 
Waste mobile collection program, Business and Technical 
outreach for AB939 mandated diversion goals, home 
Composting workshops, seasonal programs such as 
grasscycling, clean your files, etc., and program-specific 
information which has been developed for each of these 
programs. Other current Solid Resources education and 
outreach programs of the Solid Resource Collection Division 
include the Service Request Line which can be accessed by 
any resident, information programs such as the development 
of a new comprehensive service brochure mailed to all 
720,000 residential customers and informational signs on all 
City solid resources collection vehicles. The City's various 
webpages describe programs, services, and information. 
Outreach to schools and community groups are currently 
limited to request only, based on the total educational budget 
of $500,000 for printing and contractual services. 

The Bureau will investigate other successful programs within 
the City and seek partnering opportunities with other similar 
programs. Integration of environmental protection messages 
will help maximize their impact and can potentially reduce the 
overall cost of programs. 

The Bureau can reach more residents with an expansion of 
existing programs. Additional staff is needed to provide 
hands on technical assistance to private sector generators 
to help increase diversion. The Bureau would like to 
increase the schools program to reach all schools in the 
City, and provide information on other City environmental 
programs as well. Another asset would be the 
development of a Speaker's Bureau, including collection 
truck operators, to participate in community meetings. A 
team is needed to provide one-on-one interaction with City 
residents to reduce contamination and increase diversion 
through the Blue Container recycling program. 

A comprehensive report is being prepared for the potential 
implementation of a private hauler fee which could finance 
the above programs. The Bureau will present this report 
intended to increase our ability to reach residents with the 
specific information they need to make our environmental 
programs a success. 
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Waste Characterization 
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NOTE: More recent estimates for waste disposal, diversion, and generation rates are available for a limited number of business 
groups. These can be found in Table 2 of CalRecycle's 2006 Waste Disposal and Diversion Findings for Selected Industrv 
Groups. 

The data on this page is not official CalRecycie data; please read our disclaimer and background information . 

Also see listings for Industrial / Institutional / Residential / Service establishments. 

Waste 
Generation Gen. Source 
Source Rate Units of Measure Date Source Notes 

Commercial 10.53 Ib/employee/day 2006 City of Los Angeles CEQA Does not include generation of 
Thresholds Guide : Your Resource for construction debris 
Preparing CEQA Analyses in Los 
Angeles 

Commercial 5 Ib/1 000 sq ft /day Aug. Co. of Los Angeles Dept. of Regional EIR cites City of LA Dept. of City 
1992 Planning, Vesting Tentative Tract No. Planning doc "EIR Manual for 

47905, etc. Private Projects" as source 

Commercial 13 Ib/1 000 sq ft /day Apr. Draft Environmental Impact Report EIR cites CIWMB Resource 
1993 (EIR) for South Gate Commercial Manual, May 1989 

Corridors Redevelopment Project 

Commercial 25 Ib/gross sq ft /day Jan. Draft Program EIR for Rye Canyon EIR cites SWANA Tech. Bull. 
1996 Business Part, Santa Clarita 85-6; Recovery Sciences, 1987; 

and Santa Clarita SRRE, 1990 

Commercial 0.046 Ib/sq ft/day n/a Draft EIR for the Central Commercial EIR cites Athens Disposal Co. 
retail Redevelopment Project (Monterey and GRC Redevel. Consultants, 

Park Redevelopment Agency) 1992 as source 

Commercial 0.006 Ib/sq ft/day Dec. Draft EIR for North Hills Development EIR cites City of LA Bureau of 
retail 1991 (Santa Clarita) Solid Waste, 1989, as source 

Commercial 2.5 Ib/1 000 sq ft /day Apr. Stevenson Ranch Draft EIR (Phase EIR cites source as Ultrasystems 
retail 1992 IV) , LA County 

Office 6 Ib/1 000 sq ft /day Apr. Stevenson Ranch Draft EIR (Phase EIR cites source as Ultrasystems 
1992 IV) , LA County 

Office 0.006 Ib/sq ft/day Dec. Draft EIR for North Hills Development EIR cites City of LA Bureau of 
1991 (Santa Clarita) Solid Waste, 1989, as source 

Office 100 Ib/gross sq ft /day Jan. Draft Program EIR for Rye Canyon EIR cites SWANA Tech. Bull. 
1996 Business Park, Santa Clarita 85-6; Recovery Sciences, 1987; 

and Santa Clarita SRRE, 1990 

Office 1.24 Ib/employee /day Jul. Final Report: 1992 Washington State 
1993 Waste Characterization Study, 

Volume 3: Generator Survey 
Approach (Washington State 
Department of Ecology) 

Offices 11.5 Ib'/1 00 sq ft /daylb May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
/employee /day 1997 Plans for Development Projects Recovery Sciences, 1987; and 
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(Santa Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis 

for Solid Waste" 

Professional 0.084 Ib/sq ft/day n/a Draft EIR for the Central Commercial EIR cites Athens Disposal Co. 
office Redevelopment Project and the and GRC Redevel. Consultants, 

Freeway ... (Monterey Park Redevel. 1992 as source 
Agency) 

Commercial 4.75 Ib/emp/day Jul. Final Report: 1992 Washington State 
retail (dry 1993 Waste Characterization Study: 
goods) Volume 3: Generator Survey 

Approach (Washington State 
Department of Ecology) 

Auto dealer 0.9 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
and service 1997 Plans for Development Projects Recovery Sciences, 1987; and 
station (Santa Barbara County Public Works Matrix Mgmt Group, "Best 

Department) Management Practices Analysis 
for Solid Waste" 

Department 3.12 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
store 1997 Plans for Development Projects Recovery Sciences, 1987; and 

(Santa Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis 

for Solid Waste" 

Shopping 2.5 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
center 1997 Plans for Development Projects Recovery Sciences, 1987; and 

(Santa Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis 

for Solid Waste" 

Supermarket 3.12 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
1997 Plans for Development Projects Recovery Sciences, 1987; and 

(Santa Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis 

for Solid Waste" 

CalRecycle does not officially endorse any of the waste generation rates in the preceding table, and cannot validate their 
accuracy. However, they may be useful in providing a general level of information for planning purposes. 

The table contains information extracted from various sources, which are cited. Please note that several of the documents listed 
were developed by city or county planning or environmental departments. Your city or county planning or environmental agency 
may be a source of information for a local project. 

Waste Generation Rates Home 

Last updated: January 14, 2013 
Solid Waste Characterization, http://www.calrecycle.ca .gov/WasteChar/ 
Nancy Carr: Nancy.Carr@calrecycle .ca .gov (916) 341-6216 

Conditions of Use I Privacy Policy 
©1995, 2014 California Department of Resources Recycling and Recovery (CaIRecycle). All rights reserved. 
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Cal Recycle 
Waste Characterization 

Industrial Sector: Estimated Solid Waste Generation Rates 

NOTE: More recent estimates for waste disposal, diversion, and generation rates are available for a limited number of business 
groups. They can be found in Table 2 of CalRecycle's 2006 Waste Disposal and Diversion Findings for Selected Industrv 
Groups. 

The data on this page is not official CalRecycie data; please read our disclaimer and background information . 

Also see listings for Commercial / Institutional / Residential / Service establishments. 

Waste Generation Gen. Units of Source 
Source Rate Measure Date Source Notes 

Industrial 8.93 Ib/employee/day 2006 City of Los Angeles CEQA Does not include generation of 
Thresholds Guide : Your Resource construction debris 
for Preparing CEQA Analyses in 
Los Angeles. 

Industrial 62.5 Ib/1 000 sq ft/day Apr. Draft Environmentallmpoact Report EIR cites City of LA Manual for 
1993 (EIR) for South Gate Commercial Private Projects (rate for 

Corridors Redevelopment Project manufacturing uses) 

Industrial 5 Ib/1 000 sq ft/day Apr. Stevenson Ranch Draft EIR (Phase EIR cites source as 
1992 IV) , LA County Ultrasystems 

Industrial 0.006 Ib/sq ft/day Dec. Draft EIR for North Hills EIR cites City of LA Bureau of 
1991 Development (Santa Clarita) Solid Waste, 1989, as source 

Industrial 3 Ib/employee Jan. Draft Program EIR for Rye Canyon EIR cites SWANA Tech. Bull. 
/1000 sq ft/day 1996 Business Part, Santa Clarita 85-6; Recovery Sciences, 1987; 

and Santa Clarita SRRE, 1990 

Light industrial 41.64 Ib/employee/day Aug. Co. of Los Angeles Dept. of Cites City of LA Dept. of City 
1992 Regional Planning, Vesting Planning document "EIR Manual 

Tentative Tract No. 47905, etc. for Private Projects" as source 

Manufacturing/ 1.42 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
warehouse 1997 Plans for Development Projects Recovery Sciences, 1987; and 

(Santa Barbara County Public Matrix Mgmt Group, "Best 
Works Department) Management Practices Analysis 

for Solid Waste" 

Transportation ,I 1.4 Ib/1 00 sq ft/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
communication/ 9.2 Ib/employee/day 1997 Plans for Development Projects Recovery Sciences, 1987; and 
utilities (Santa Barbara County Public Matrix Mgmt Group, "Best 

Works Department) Management Practices Analysis 
for Solid Waste" 

Warehouse 13.82 Ib/emp/day Jul. Final Report: 1992 Washington 
1993 State Waste Characterization Study: 

Volume 3: Generator Survey 
Approach (Washington State 
Department of Ecology) 

CalRecycle does not officially endorse any of the waste generation rates in the preceding table, and cannot validate their 
accuracy. However, they may be useful in providing a general level of information for planning purposes. 
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The table contains information extracted from various sources, which are cited. Please note that several of the documents listed 
were developed by city or county planning or environmental departments. Your city or county planning or environmental agency 
may be a source of information for a local project. 

Waste Generation Rates Home 

Last updated: January 16, 2013 
Solid Waste Characterization, http://www.calrecycle.ca.gov/WasteChar/ 
Nancy Carr: Nancy.Carr@calrecycle .ca .gov (916) 341-6216 

Conditions of Use I Privacy Policy 
©1995 , 2014 California Department of Resources Recycling and Recovery (CaIRecycle). All rights reserved. 
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Cal Recycle 
Waste Characterization 

Public Sector and Institutions: Estimated Solid Waste Generation Rates 

The data on this page is not official CalRecycie data; please read our disclaimer and background information . 

Also see listings for Commercial I Industrial I Residential I Service establishments. 

Waste 
Generation Gen. Units of Source 
Source Rate Measure Date Source Notes 

Education 3.55 Ib/emp/day Jul. Final Report: 1992 Washington State 
1993 Waste Characterization Study, Volume 

3: Generator Survey Approach 
(Washington State Department of 
Ecology) 

Educational 0.5 Ib/studentlday Apr. Stevenson Ranch Draft Environmental EIR cites source as Ultrasystems 
facilities 1992 Impact Report (EIR) (Phase IV), LA 

County 

Educational 0.12 tons/emp/year 1990 Environmental Thresholds and Cites Matrix Management Group, 
institutions Guidelines Manual (Santa Barbara et al. "Best Management Practices 

County Department of Resource Analysis for Solid Waste", 1988. 
Management) 

Government 0.59 tons/emp/year 1990 Environmental Thresholds and Cites Matrix Management Group, 
Guidelines Manual (Santa Barbara et al. "Best Management Practices 
County) Analysis for Solid Waste", 1988. 

Hospital 16 Ib/bed/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
1997 Plans for Development Projects (Santa Recovery Sciences, 1987; and 

Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis for 

Solid Waste" 

Nursingl 5 Ib/person/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
retirement 1997 Plans for Development Projects (Santa Recovery Sciences, 1987; and 
home Barbara County Public Works Matrix Mgmt Group, "Best 

Department) Management Practices Analysis for 
Solid Waste" 

Publici 0.007 Ib/sq ft Iday n/a Draft EIR for the Central Commercial EIR cites Athens Disposal Co. and 
institution al Redevelopment Project (Monterey Park GRC Redevel. Consultants, 1992 

Redevelopment Agency) as source 

School 0.007 Ib/sq ft/day Dec. Draft EIR for North Hills Development EIR cites City of LA Bureau of Solid 
1991 (Santa Clarita) Waste, 1989, as source; assumes 

22.5 sq.ft'/student 

School 0.6 Ib/person/day May Guide to Solid Waste and Recycling Cites SWANA Tech. Bull. 85-6; 
1997 Plans for Development Projects (Santa Recovery Sciences, 1987; and 

Barbara County Public Works Matrix Mgmt Group, "Best 
Department) Management Practices Analysis for 

Solid Waste" 

Schools 1 Ib/studentlday Jan. Draft Program EI R for Rye Canyon EIR cites SWANA Tech. Bull. 85-6; 
1996 Business Park, Santa Clarita Recovery Sciences, 1987; and 

Santa Clarita SRRE, 1990 
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CalRecycle does not officially endorse any of the waste generation rates in the preceeding table, and cannot validate their 
accuracy. However, they may be useful in providing a general level of information for planning purposes. 

The table contains information extracted from various sources, which are cited. Please note that several of the documents listed 
were developed by city or county planning or environmental departments. Your city or county planning or environmental agency 
may be a source of information for a local project. 

Waste Generation Rates Home 

Last updated: January 14, 2013 
Solid Waste Characterization, http://www.calrecycle.ca .gov/WasteChar/ 
Nancy Carr: Nancy.Carr@calrecycle .ca .gov (916) 341-6216 

Conditions of Use I Privacy Policy 
©1995, 2014 California Department of Resources Recycling and Recovery (CaIRecycle). All rights reserved. 
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Cal Recycle 
Waste Characterization 

~~~.~~~.~.~~~~.~~y.~~~.v..~~.~.~~.~ .~.~.~~.~~~~.~~~.~~.~~~~~.Q~~.~~~~~~.~~~.~ ......................... . 
The data on this page is not official CalRecycie data; please read our disclaimer and background information . 

Also see listings for Commercial / Industrial / Institutional / Service establishments. 

Waste 
Generation Gen. Units of Source 
Source Rate Measure Date Source Notes 

Residential 12.23 Ib/household/day 2006 City of Los Angeles CEQA Thresholds Does not include generation 
Guide: Your Resource for Preparing of construction debris 
CEQA Analyses in Los Angeles 
(DRAFT) 

Multifamily 4 Ib/dwelling unit Aug. Co. of Los Angeles Dept. of Regional Cites City of LA Dept. of City 
/day 1992 Planning, Vesting Tentative Tract No. Planning document "EIR 

47905, etc. Manual for Private Projects" 
as source 

Multifamily 8.6 Ib/dwelling unit n/a Draft Environmental Impact Report EIR cites Athens Disposal Co. 
/day (EIR) for the Central Commercial and GRC Redevel. 

Redevelopment Project (Monterey Park Consultants, 1992, as source 
Redevelopment Agency) 

Multifamily 3.6 Ib/unitlday Apr. Draft EIR for South Gate Commercial EIR cites City of LA Dept. of 
1993 Corridors Redevelopment Project City Planning document "EIR 

Manual for Private Projects" 
as source 

Multifamily 4 Ib/dwelling unit Dec. Draft EIR for North Hills Development EIR cites City of LA Bureau of 
/day 1991 (Santa Clarita) Solid Waste, 1989, as source 

Multifamily 5.31 Ib/dwelling unit Jan. Draft Program EIR for Rye Canyon EIR cites SWANA Tech. Bull. 
/day 1996 Business Park, Santa Clarita 85-6; Recovery Sciences, 

1987; and Santa Clarita 
SRRE,1990 

Residential 12 Ib/person/day Apr. Stevenson Ranch Draft EI R (Phase IV) EIR cites source as 
1992 , LA County Ultrasystems 

Single Family 10 Ib/dwelling unit Aug. Co. of Los Angeles Dept. of Regional EIR cites City of LA Dept. of 
/day 1992 Planning, Vesting Tentative Tract No. City Planning doc "EIR 

47905, etc. Manual for Private Projects" 
as source 

Single Family 11.4 Ib/dwelling unit n/a Draft EIR for the Central Commercial EIR cites Athens Disposal Co. 
/day Redevelopment Project (Monterey Park and GRC Redevel. 

Redevelopment Agency) Consultants, 1992, as source 

Single Family 7.8 Ib/unitlday Apr. Draft EIR for South Gate Commercial EIR cites City of LA Manual 
1993 Corridors Redevelopment Project for Private Projects 

Single Family 10 Ib/dwelling unit Dec. Draft EIR for North Hills Development EIR cites City of LA Bureau of 
/day 1991 (Santa Clarita) Solid Waste, 1989, as source 

Single Family 9.8 Ib/dwelling unit Jan. Draft Program EIR for Rye Canyon EIR cites SWANA Tech. Bull. 
/day 1996 Business Park, Santa Clarita 85-6; Recovery Sciences, 

1987; and Santa Clarita 
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I SRRE, 1990 

CalRecycle does not officially endorse any of the waste generation rates in the preceding table, and cannot validate their 
accuracy. However, they may be useful in providing a general level of information for planning purposes. 

The table contains information extracted from various sources, which are cited. Please note that several of the documents listed 
were developed by city or county planning or environmental departments. Your city or county planning or environmental agency 
may be a source of information for a local project. 

Waste Generation Rates Home 

Last updated: January 16, 2013 
Solid Waste Characterization, http://www.calrecycle.ca .gov/WasteChar/ 
Nancy Carr: Nancy.Carr@calrecycle .ca .gov (916) 341-6216 

Conditions of Use I Privacy Policy 
©1995, 2014 California Department of Resources Recycling and Recovery (CaIRecycle). All rights reserved. 
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DUE DILIGENCE REPORT 
For the Capitol Records Tower 

1750 N. Vine Street 
Hollywood, Ca. 

January 24, 1994 
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DUE DILIGENCE REPORT 

CAPITOL RECORDS TOWER 
1750 N. Vine St. 
HoUywood, CA. 

FOR 

CAPITOL RECORDS INC. 
1750 N. Vine St. 
Hollywood, CA. 

ATTN: Mr. Charles Goldstuck 

BY 

DON PROHASKA & ASSOCIATES 

January 24, 1994 
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APPENDIX 1 

The appendix contains copies of all permits, variances and other documents on file with the Los Angeles Department 
of Building and Safety. The original core & shell building pennit could not be located and therefore was not on file. 
The approved soils report was on file. There are two documents which should be given attention: 

1) A 1988 zoning memorandum which requires all properties listed to obtain written clearance from the Cultural 
Heritage Commission for any applications to obtain a building permit or perform any demolition. 1750 N. Vine 
Street is listed. 

2) An approved request for a 2 year extension to provide elevator lobby vestibules. Such extension expired on 
December 10, ] 993. Another extension should be applied for to avoid an Order to Comply from the Fire Safety 
Division. 
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BUILDING PROFILE 

1. ARCHITECTURAL FINISHES: 
a. Exterior: Painted concrete, glass in aluminum frames and porcelain-enameled metal louvers. 
b. Interior: 

1. Lobby: Marble walls and floor, painted plaster ceiling. 
2. Typical floor: Plaster on concrete, gypSill11 board, carpet and acoustic ceiling tile. 

2. BUILDING DATA: 
a. Floor-to-floor Height 

1. Ground floor: Varies from 16'-6" to 22'-0". 
2. Typical tower floor: 10'-9". 

b. Floor-to-ceiling Height: 
1. Ground floor: Varies 14'-6"(1obby) to 20'-O"(Studio A&B). 
2. Typical tower fl oor: 10'-0" . 

c. Window Height: 
1. Floor-to-sill: 2'-11" 
2. Window height: 5'-0" 
3. Window head to ceiling: 2'-1" 

d. Perimeter Window Module: 3'-6" on center. 

e. Perimeter Column Module: 22'-11" on center. 

3. ROOFING: 
a. Type: Asphaltic built-up membrane (installed 1984) at T-2 and Penthouse levels. 
b. Condition: Fair 

FINDINGS: 
Exterior fInishes are in good condition. No rust is evident on the porcelain-enameled metal louvers. Painted 
concrete walls have no significant cracks or spaHing. Aluminum windows have some corrosion which can be easily 
cleaned. 

The roofs have considerable ponding due to inadequate slope to drains. This will lead to premature failure of the 
membrane. The 10 year joint and several guarantee of the TOofby the manufacturer expires in 1994. At time of next 
re-roof, consider providing sloped insulation and additional drains to eliminate ponding and prolong roof life. 
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1. GROSS LOT AREA: 43,460 SF 
FAR: 2.1211 

2. BUILDING AREAS: 

BUILDING STATISTICS 

a. Gross Area: 92,248 SF 186,617 RSF 
(reverb. chambers below grade not included) 

b. Typical Floor Area: 
T2: 4,815 GSF /4,415 RSF 
T3-TE: 6,430 GSF 16,030 RSF 
PH: 1,697 GSF 

c. Ground Floor Area: 15,006 GSF 114,175 RSF 
Studios A & B: 5,535 GSF 
Studio C: 1,580 GSF 

3. BUILDING DATA: 
a. Number of floors: 

The building contains 12 floors of offices (T2-TE) in the tower above a ground floor base structure 
containing recording studios and support areas, lobby, mailroom and physical plant. A mechanical 
penthouse is located on the roof. There are 8 subterannean reverbration chambers under the parking lot 
connected by a corridor. Each chamber is approximately 336 SF. 

b. Parking Spaces: 374 Total (4.3/1000 RSF) 
On-site: 97 spaces 
Off-site: 277 spaces 

4. DESIGN CONSULTANTS: 
a. Architect: 

Base Building: Welton Beckett 
Space Planner: Tichenor & Thorp/Others 

b. Structural Engineer 
Base Building: MUITary Erick Associates 

c. MechanicalJElectricallPlumbing 
Base Building: Welton Beckett 

5. YEAR COMPLETED: 1956 
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ELECTRICAL PROFILE 

I. SERVICE ENTRANCE: 
Electrical service is provided by the Department of Water and P ower through transformers located under the 
parking lot near the Yucca St. entrance. Service entrance is underground at northeast comer of ground floor. 

2. SERVICE CAPACITY: 
a. 1 - 800 A, 480V 3P, 3 wire. Main switchboard servicing the physical plant and some equip. in Studio A. 
b. 3 - 800 A, 120/240V IP, 3 wire. Main switchboards providing lighting and power for offices and studios. 

Wattage per square foot (demand) distributed in risers equals approximately 5.4 wisE, 2.4 w/sflighting 
and 3 w/sf convenience power. 

3. DISTRlBUTION: 
a. Floor duct system (firs. 2-8 only): 3 concentric rings offIoor duct with outlet inserts 24" D.C. Top of duct 

2-7/8" below top of slab. 
b. Conduit: An conductors are in rigid steel conduit, EMT or flexible armored cable. 
c. Conductors: AU wire sizes No.8 A WG or smaller is type TH (heat-resistant thermoplastic insulation). 

All wire sizes No.6 AWG or larger is type RHW (heat and moisture-resistant rubber insulated). 

3. EMERGENCY POWER: 
a. Capacity: 150 kw, 3P. 
h. Fuel: 100 gallons (diesel). 
c. Cummins driver/Onan generator. 

FINDINGS: 
The convenience power capacity as calculated in watts/afis not ample by present standards (5-7 watts/sf). Expansion 
ofllie building which adds electrical equipment or demand on the power system may require adding additional 
capacity. However, it may be that '"'lith diversity, that actual power usage is much less than the connected load and 
service switch capacity. Consider taking measured readings from the service panels to determine actual usage. 
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ELEVATOR PROFILE 

1. ELEVATORS: 
a. Mfgr.! Type: Otis I gearless passenger 
b. Number 1 Capacity: 3 12500 lb. 
c. Speed: 500 feet per minute 
d. Dedicated freight elevator: None 
e. Control System: Otis Autotronic (original group supervisory control system utilizing six basic traffic 

programs): 
1. Up Peak 
2. Two-Way - Balanced 
3. Two-Way - Heavier Down 
4. Two-Way - Heavier Up 
5. Down Peak 
6. Light and Intermittent 

f. Platform Dimensions: 5' x 7' 
g. Entrance Size: 3'-6" wide x 7'-0" high 
h. Firemans' Service: Phase I & Phase n 
i. Alternate Floor Recall: No 
j. Disabled Access Compliance: Poor 
k. Floors Served: All 

NOTE: See attached Elevator Report by Lerch, Bates & Associates dated April 23,1993. 

2. DUMBWAITER: 
a. Mfgr I Type: Otis / geared 
b. Number / Capacity: 1/300 lb. 
c. Speed: 1 00 feet per minute 
d. Floors Served: An 

3. DOCK LIFT: 
a. Mfgr / Type: Unknown! hydraulic 
h. Size I Capacity: 6' x 6' / 6,000 lb. 
c. Speed I Travel: 7 feet per minute /4 feet 

FINDINGS: 
The Lerch Bates report recommends a modernization program to upgrade the system dispatch controls, motor 
controls, motor generators, door operation components and cab finishes. This office concurs with their 
recommendations. Much of the existing elevator system components have reached the end of their useful lives and 
win require higher and costlier levels of maintenance and repair to keep operating. 

Title 24/ADA requirements for disabled access are mandated by state law and are required in order to obtain 
building permits for remodeling. These are considerably more limited and less costly to provide than a 
moderruzation program. Consider doing this required work during the modernization if such a program is 
undertaken. Otherwise, the existing equipment can be retrofitted to comply. 
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ENVIRONMENTAL PROFILE 

1. ASBESTOS CONTAINING MATERIALS: 
ACM was detected in piping insulation in various locations and spray-on acoustic ceiling of the ground floor 
lobby. See attached report by CTL Environmental Services dated January 29, 1992. 

2. UNDERGROUND FUEL TANK: 
None known to exist. 

3. OTHER: 
Some older fluorescent light fIxture ballasts may contain PCB's. These ftxtures are being replaced over time. 

FINDINGS: 
It does not appear that hazardous materials such as asbestos will be encountered during the remodeling program 
contemplated. 
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MECHANICAL PROFILE 

1. STANDARD HOURS OF OPERATION: 
6:30 am to 1 am Weekdays 

2. DESIGN CONDITIONS; 
a. Cooling; 

1. Inside; 75° DB / 50% RH 
2. Outside; 90° DB / 70° WB 

b. Heating: 
1. Inside; 70° 
2. Outside: 35° 

3. HEATING/COOLING SYSTEM: 
a. T -3 - TE/Ground floor 

Generic Type: 4 - pipe air and water using compressive refrigeration. 
A central plant produces chilled and heated water which are pumped to fan coils of both central and 
individual air handlers. Central air handlers are double-duct type and serve the interior zones and ground 
floor. Individual units at the periphery are single-duct type and serve perimeter zones in the Tower. 

h. StudioslT·2 Editing rooms 
Generic type: Direct refrigerant package units .. Studio units are single package type and are located on the 
1 st floor roof. Editing room units are split system type .vith the fan coils in the perimeter soffitt and the 
compressors located outside on the 1st floor roof. 

c. Refrigeration Plant 
1. Number of machines and tOIll1age: 

1 - 160 ton chiller (installed 1978) 
1 - 40 ton chiller (installed 1990) 
(chilled and condensing water circulated by 2 Worthington contrifugal pumps (] 0 hp) each. Pumps 
were intalled in 1988. 
Type: reciprocating 
Manufacturer: Carrier 
Cooling Tower: Baltimore Air Coil, 200 ton capacity (installed 1982). 
Automatic Controls: Johnson Controls pneumatic temperature control system. 

2. Package units 
Studio A: 1 - Trane 6 ton unit (installed 1991) for performance area. 

1 - Trane 5 ton unit (installed 1991) for control room. 
1 - Trane 3 ton unit (installed 1991) for lounge area/electrical room. 

Studio B: 1 - Carrier 5 ton unit (installed 1985) in performance area only. Control room on central 
system. 

Studio C: 1 - Carrier 5 ton unit (installed 1981) for performance area and control room. 

d., Heating Plant 
2 - 1,250,000 BTU gas-frred boilers with 2 circulating pwnps by Chicago Pump. 
Manufacturer: Ajax 
Efficiency: 80% 

e. Air Handling Equipment 
1. Number and location of central fan-coils and served areas: 

] - 13,955 CFM unit at ground floor. Serving ground floor areas including Studio B performing area 
(aU other studio areas on package units). 

MECHANICAL PROFILE 
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Page 2 

1 - 6,030 CFM unit at ground floor. Serving interior zones of floors T2-T6. 
1 - 10,265 CFM unit at penthouse. Serving interior zones offloors T7-TE. 
Manufacturerl1vfodel: Westinghouse! AHZ 

2. Individual fan-coil units at periphery vary in size from 350 CFM to 880 CFM. Units (zones) per floor 
vary from 6 to 11 depending on office layout. 
Manufacturerl1vfodel: Witt International. Units on floors T-9 (100%) and TE (50%) were replaced 
by MagicAire units in 1993. 

3. Exhaust fans 
Location/size and served areas: 
E-1 Ground floor 780 CFM 
E-2 Ground floor 12,950 CFM 
E-3 Penthouse 13,490 CFM 
E-4 Penthouse 250 CFM 
E-5 Penthouse 2,500 CFM 
E-6 Ground floor 1,060 CFM 
E-7 Ground floor 280 CFM 

4. PLUMBING SYSTEM: 

Gr. flr. areas on north side 
Gr. flr. recirculation 
Tower toilets 
Kitchen on TE 
Elevator room 
Reverbration chambers 
Record. studio toilets 

a. Domestic water system: Cold water riser to 2500 gallon pressure storage tank on roof. Hot water riser 
pumped from 2 - 100 gallon (4 years old) hot water heaters on T -1 to TE. Individual hot and cold supply 
drops feed men's and women's restroom fixtures. Floor shut-off valves on T-9 and T-12 only. All water 
supply distribution piping was originally installed as Schedule 40 galvanized steel pipe with threaded joints. 
The hot water riser and drops have been replaced with copper piping The old piping was abandoned and 
the janitorial sinks on each floor removed. 

b. Hydronic I Condenser water loops: There are 6 hot! chiIled water supply and return risers at the tower 
perimeter. The condenser riser runs one story to the new cooling tower on the roof ofT-I. The original 
installation located the cooling tower on the Penthouse level and condenser riser piping was located in 
stairwell #2. Hydronic loop piping is Schedule 40 black steel pipe. 

FINDINGS: 
HVAC: 
The system is generally in good condition. The refrigeration plant and some fan coil unit in the tower are relatively 
new. The balance of the system is nearly 40 years old and reaching the end of its useful life. The double duct system 
provides superior comfort control to VA V and is still considered to be the "Cadillac" system. Where system 
upgrading should be considered is in the automatic controls. The existing system does not allow the plant to be as 
efficient or as flexible as it could be. The condition of the controls, particularly at the penthouse fan coil unit is fair 
to poor. 

Plumbing: 
The cold water distribution piping and hydronic loop piping has chronic leaking problems due to the age of the steel 
piping. Consider replacing this piping with new copper piping and providing floor shut-off valves at the hot and cold 
water drops. 
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STRUCTURAL PROFILE 

I. GENERIC TYPE: Reinforced Concrete 
The round Tower is constructed as a reinforced concrete frame. The floor slabs, perimeter columns and 
spandrels are of3000 psi, poured-in-place concrete. The f"mt floor rectangular "base" structure is composed of 
two systems: 1) the round tower structure flanked by (2), a rectangular steel frame and concrete structure for the 
studios and mechanical/support areas. 

The Tower floor slabs are cambered from 83/4" at the center to 8" at the column line and 7 1/2" at the perimeter 
slab edge. 

2. DESIGN LIVE LOADS 
a. Tower floors: 50 PSF. 
b. Ground floor roof areas: 20 PSF. 

3. CONTROL DIMENSIONS 
a. Slab-to-slab height 

Tower: 10'-9" 
Ground floor: varies between 16'-6"(north side) and 22'-0"(south side). 

b. Slab thickness 
Tower: 
Ground floor: 
T-l roof: 

8"- 8 3/4". 
41/2" 
3 1/4" 

c. Tower floor plate size: 95'-6" diameter (90'-6" enclosed). 

4. SEISMIC 
a. Seismic zone: 4 
b. Seismic upgrades: none 

FINDINGS: 
The building is constructed as two independent structures: the base and the tower. The tower is a very rigid frame 
designed to resist large lateral forces from wind and earthquake. The base has considerable resistance as well due 
the shear capacity ofiong windowless walls. The perimeter spandrel beam system is designed to span continuously 
from column to column. Any penetrations of this beam to accomodate new traffic patterns on the 2nd floor must 
compensate for the loss :in continuity. 

Consider reviewing seismic capability with a structural engineer specializing in such design. As the recent 
Northridge earthquake has shown, even recently designed buildings have areas of vulnerability which only a disaster 
will reveal. Further, even if the main building frame is found to be satisfactory, there may be secondary yet 
important members and connections which need reinforcement. For example, while the tower and base are shown on 
the drawings to have a separation joint between them, this may not be adequate to prevent the separate structures 
from "banging' against one another in a larger or closer earthquake and causing significant damage in the studio 
areas. 

This report is a qualitative evaluation based upon a general review ofthe architectural and structural drawings. Not 
calculations or other quantitative analysis was performed. Such analysis should be done by a structural engineer. 
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Cover photograph: 
A typical agricultural well with the water discharge pipe and 

the electric motor that drives the pump. 

Inset photograph: 
Groundwater recharge ponds in the Upper Coachella Valley 
near the Whitewater River that use local and imported water. 

Recharge ponds are also called spreading basins or 
recharge basins. 
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Foreword 

Groundwater is one of California's greatest natural resources. In an average year, groundwater meets about 30 percent 

of California's urban and agricultural water demands. In drought years, this percentage increases to more than 40 

percent. In 1995, an estimated 13 million Californians, nearly 43 percent of the State's population, were served by 

groundwater. The demand on groundwater will increase significantly as California's population grows to a projected 

46 million by the year 2020. In many basins, our ability to optimally use groundwater is affected by overdraft and 

water quality impacts, or limited by a lack of data, management, and coordination between agencies. 

Over the last few years, California voters and the Legislature have provided significant funding to local agencies for 

conjunctive use projects, groundwater recharge facilities, groundwater monitoring, and groundwater basin management 

activities under Proposition 13 and the Local Groundwater Management Assistance Act of 2000. Most recently, the 

2002 passage of Proposition 50 will result in additional resources to continue recent progress toward sustaining our 

groundwater resources through local agency efforts. We are beginning to see significant benefits from these 

investments. 

The State Legislature recognizes the need for groundwater data in making sound local management decisions. In 1999, 

the Legislature approved funding and directed the Department of Water Resources (DWR) to update the inventory of 

groundwater basins contained in Bulletin 118 (1975), California s Ground Water and Bulletin lIS-SO (19S0), Ground 

Water Basins in California. In 2001, the Legislature passed AB 599, requiring the State Water Resources Control 

Board to establish a comprehensive monitoring program to assess groundwater quality in each groundwater basin in the 

State and to increase coordination among agencies that collect groundwater contamination information. In 2002, the 

Legislature passed SB 193 S, which contains new requirements for local agency groundwater management plans to be 

eligible for public funds for groundwater projects. 

Effective management of groundwater basins is essential because groundwater will playa key role in meeting 

California's water needs. DWR is committed to assisting local agencies statewide in developing and implementing 

effective, locally planned and controlled groundwater management programs. DWR is also committed to federal and 

State interagency efforts and to partnerships with local agencies to coordinate and expand data monitoring activities 

that will provide necessary information for more effective groundwater management. Coordinated data collection at all 

levels of govemment and local planning and management will help to ensure that groundwater continues to serve the 

needs of Californians. 
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Findings 

Major Findings 

1. Groundwater provides about 30% of the State's water supply in an average year, yet in 
many basins the amount of groundwater extracted annually is not accurately Imown. 
• In some regions, groundwater provides 60% or more of the supply during dry years. 
• Many small- to moderate-sized towns and cities are entirely dependent on groundwater for 

drinking water supplies. 
• 40% to 50% of Californians rely on groundwater for part of their water supply. 
• In many basins, groundwater use is indirectly estimated by assuming crop 

evapotranspiration demands and surveying the acreage of each crop type. 

2. Opportunities for local agencies to manage their groundwater resources have increased 
significantly since the passage of Assembly Bill 3030 in 1992. (Water Code § 10750 et 
seq.). In the past several years more agencies have developed management programs 
to facilitate conjunctive use, determine the extent of the resource, and protect water 
quality. 
• The act provides the authority for many local agencies to manage groundwater. 
• The act has resulted in more than 200 local agencies adopting groundwater management 

plans to date. 
• The act encourages regional cooperation in basins and allows private water purveyors to 

participate in groundwater management through memoranda of understanding with public 
agencies. 

• Many local agencies are recognizing their responsibility and authority to better manage 
groundwater resources. 

3. Agencies in some areas have not yet developed groundwater management plans. 
• Concerns about cooperative management, governance, and potential liabilities have kept 

some agencies from developing management plans. 
• Development of management programs to maintain a sustainable groundwater supply for 

local use has not been accomplished throughout the State. 

4. A comprehensive assessment of overdraft in the State's groundwater basins has not 
been conducted since Bulletin 118-80, but it is estimated that overdraft is between 
1 million and 2 million acre-feet annually. 

Historical overdraft in many basins is evident in hydrographs that show a steady decline in 
groundwater levels for a number of years. 
Other basins may be subject to overdraft in the future if current water management 
practices are continued. 
Overdraft can result in increased water production costs, land subsidence, water quality 
impairment, and environmental degradation. 
Few basins have detailed water budgets by which to estimate overdraft. 
While the most extensively developed basins tend to have information, many basins have 
insufficient data for effective management or the data have not been evaluated. 
The extent and impacts of overdraft must be fully evaluated to determine whether 
groundwater will provide a sustainable water supply. 
Modern computer hardware and software enable rapid manipulation of data to determine 
basin conditions such as groundwater storage changes or groundwater extraction, but a 
lacl< of essential data limits the ability to make such calculations. 
Adequate statewide land use data for making groundwater extraction estimates are not 
available in electronic format. 
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5. Surface water and groundwater are connected and can be effectively managed as 
integrated resources. 
• Groundwater originates as surface water. 
• Groundwater extraction can affect flow in streams. 
• Changes in surface water flow can affect groundwater levels. 
• Legal systems for surface water and groundwater rights can mal<e coordinated 

management complex. 

6. Groundwater quality and groundwater quantity are interdependent and are increasingly 
being considered in an integrated manner. 

Groundwater quantity and groundwater quality are inseparable. 
Groundwater in some aquifers may not be usable because of contamination with 
chemicals, either from natural or human sources. 
Unmanaged groundwater extraction may cause migration of poor quality water. 
Monitoring and evaluating groundwater quality provides managers with the necessary data 
to make sound decisions regarding storage of water in the groundwater basin. 
State agencies conduct several legislatively mandated programs to monitor different 
aspects of groundwater quality. 
California Department of Water Resources (DWR) monitors general groundwater quality in 
many basins throughout the State for regional evaluation. 

7. Land use decisions affecting recharge areas can reduce the amount of groundwater in 
storage and degrade the quality of that groundwater. 

In many basins, little is known about the location of recharge areas and their effectiveness. 
Protection and preservation of recharge areas are seldom considered in land use decisions. 
If recharge areas are altered by paving, channel lining, or other land use changes, available 
groundwater will be reduced. 
Potentially contaminating activities can degrade the quality of groundwater and require 
wellhead treatment or aqUifer remediation before use. 
There is no coordinated efforUo inform the public that recharge areas should be protected 
against contamination and preserved so that they function effectively. 

Additional Important Findings 

8. Funding to assist local groundwater management has recently been available in 
unprecedented amounts. 
• PropOSition 13 (Water Code, § 79000 et seq.) authorized $230 million in loans and grants 

for local groundwater programs and projects, almost all of which has been allocated. 
• The Local Groundwater Management Assistance Act of 2000 (Water Code, § 10795) has 

resulted in more than $15 million in grants to local agencies in fiscal years 2001, 2002, and 
2003. 

• Proposition 50 (Water Code, § 79500 et seq) will provide funding for many aspects of water 
management, including groundwater management and groundwater recharge projects. 

• Funding for the California Bay-Delta program has provided technical and facilitation 
assistance to numerous local groundwater planning efforts. 
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Findings 

9. local governments are increasingly involved in groundwater management. 
• Twenty-four of the 27 existing county groundwater management ordinances have been 

adopted since 1990. 
• Most ordinances require the proponents of groundwater export to demonstrate that a 

proposed project will not cause subsidence, degrade groundwater quality, or deplete the 
water supply before the county will issue an export permit. 

• While the ordinances generally require a permit for export of groundwater, most do not 
require a comprehensive groundwater management plan designed to ensure a sustainable 
water resource for local use. 

• Some local governments are coordinating closely with local water agencies that have 
adopted groundwater management plans. 

• Many local governments are monitoring and conducting studies in an effort to better 
understand groundwater resources. 

10, Despite the increased groundwater management opportunities and activities, the extent 
of local efforts is not well known. 

There is no general requirement that groundwater management plans be submitted to DWR, 
so the number of adopted plans and status of groundwater management throughout the 
State are not currently known. 
There are no requirements for evaluating the effectiveness of adopted plans, other than 
during grant proposal review. 
No agency is responsible for tracl<ing implementation of adopted plans. 
Unlike urban water management plans, groundwater management plans are not required to 
be submitted to DWR, making the information unavailable for preparing the California Water 
Plan. 

11. Despite the fact that several agencies often overlie each groundwater basin, there are 
few mechanisms in place to support and encourage agencies to manage the basin 
cooperatively. 
• Some local agencies have recognized the benefits of initiating basinwide and regional 

planning for groundwater management and have recorded many successes. 
• Regional cooperation and coordination depends on the ability of local agencies to fund 

such efforts. 
• There is no specific State or federal program to fund and support coordination efforts that 

would benefit all water users in a region and statewide. 

12. The State Legislature has recognized the need to consider water supplies as part of the 
local land use planning process. 
• Three bills-Senate Bill 221', SB 6102 , and AB 901 3-were enacted in 2001 to improve the 

assessment of water supplies. The new laws require the verification of sufficient water 
supply as a condition for approving certain developments and compel urban water 
suppliers to provide more information on the reliability of groundwater as an element of 
supply. 

• The Government Code does not specifically require local governments to include a water 
resourCes element in their general plans. 

1 Business and Professions Code Section 11010, Government Code Sections 65867.5, 66455.3, and 66473.7. 
2 Public Resources Code Section 21151.9, Water Code Sections 10631,10656,10657,10910-10912,10915. 
3 Water Code Sections 10610.2, 10631, 10634. 
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13. The need to monitor groundwater quality and contamination of groundwater continues to 
grow. 
• As opportunities for developing additional surface water supplies become more limited, 

subsequent growth will increasingly rely on groundwater. 
• Human activities are likely the cause of more than half the exceedances of maximum 

contaminant levels in public water supply wells. 
• New contaminants are being regulated and standards are becoming more stringent for 

others, requiring increased monitoring and better management of water quality. 

14. Monitoring networks for groundwater levels and groundwater quality have not been 
evaluated in all basins to ensure that the data accurately represent conditions in the 
aquifer(s). 
• Groundwater levels are monitored in about 10,000 active wells including those basins 

where most of the groundwater is used. 
• Groundwater levels are not monitored in approximately 200 basins, where population is 

sparse and groundwater use is generally low. 
• Groundwater quality monitoring networks are most dense near population centers and may 

not be representative of the basin as a whole. 
• Many of the wells being monitored are not ideally constructed to provide water level or 

water quality information that is representative of a specific aquifer. 
• Many wells are too deep to monitor changes in the unconfined (water table) portion of 

basins. 

15. The coordination of groundwater data collection and evaluation by local, State, and 
federal agencies is improving. 
• The State Water Resources Control Board (SWRCB) recently formed the Groundwater 

Resources Information Sharing Team (GRIST) consisting of several State and federal 
agencies with groundwater-related programs. 

• DWR established a website in 1996 that has provided water-level data and hydrographs for 
more than 35,000 active and inactive wells monitored by DWR and cooperating agencies. 

• DWR collects and maintains water level data in part through partnerships with local agency 
cooperators. 

• DWR staff collaborated with many local. State, and federal agencies in developing this 
update of Bulletin 118. 

• SWRCB recently formed an interagency task force to develop a comprehensive 
groundwater quality monitoring program for assessing every groundwater basin in the State 
as required by the Groundwater quality Monitoring Act of 2001 (AB 599; Water Code, 
§ 10780 et seq.). 

• Water purveyors have concerns about balancing public access to data with water supply 
security. 
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Findings 

16. Boundaries of groundwater basins have been determined using the best available 
geologic and hydrologic information. These boundaries are important in determining the 
availability of local water supplies. 
• Basin boundaries were derived primarily by identifying alluvial sediments on geologic maps 

using the best available information, but are subject to change when new information 
becomes available. 

• The Water Code requires the use of basin boundaries defined in Bulletin 118 in groundwater 
management plans and urban water management plans. 

• The location of basin boundaries will become more critical as the demand for water 
continues to increase. 

• Subbasin boundaries may be delineated for management convenience rather than based on 
hydrogeologic conditions. 

17. little is known about the str~am-aquifer interaction in many groundwater basins. 
Groundwater and surface water are closely linked in the hydrologic cycle. 
The relationship between streamflow and extraction of groundwater is not fully understood 
in most basins and is generally not monitored. 
Groundwater extraction in many basins may affect streamflow. 
Interaction of groundwater flow and surface water may affect environmental resources in 
the hyporheic zone. 
An understanding of stream-aquifer interaction will be essential to evaluating water 
transfers in many areas of the State. 

18. Although many new wells are built in fractured rock areas, insufficient hydrogeologic 
information is available to ensure the reliability of groundwater supplies. 

Population is increasing rapidly in foothill and mountain areas in which groundwater occurs 
in fractured rocl<. 
The cumulative effect of groundwater development may reduce the yield of individual wells, 
lower the flow of mountain streams, and impact local habitat. 
Characterization of groundwater resources in fractured rocl< areas can be very expensive 
and complex. 
Many groundwater users in these areas have no other water supply alternatives. 
Recent dry years have seen many wells go dry in fractured rocl< areas throughout U18 State. 
Groundwater management in these areas is beginning, but tr18re is insufficient data to 
support quantitative conclusions about the long-term sustainable yield. 

19. When new wells are built, drillers are required to file a Well Completion Report with DWR. 
That report contains a lithologic log, the usability of which varies considerably from 
driller to driller. 
• The Well Completion Reports are confidential and not available to U18 public, as stipulated 

by the Water Code, unless the owner's permission is obtained. 
• The usefulness of the information in Well Completion Reports varies but is not fully realized. 
• Public access to Well Completion Reports would increase understanding of groundwater 

conditions and issues. 
• There is no provision in the Water Code that requires submission of geophysical logs, which 

would provide an accurate log of the geologic materials witrlin the aquifer. 
• Geophysical logs would provide a greatly improved database for characterization of 

aquifers. 
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Recommendafions 

Major Recommendations 

1. Local or regional agencies should develop groundwater management plans if 
groundwater constitutes part of their water supply. Management objectives should be 
developed to maintain a sustainable long-term supply for multiple beneficial uses. 
Management should integrate water quantity and quality, groundwater and surface 
water, and recharge area protection. 
• Groundwater management in California is a local agency responsibility. 
• In basins where there is more than one management agency, those agencies should 

coordinate their management objectives and program activities. 
• A water budget should be completed that includes recharge, extraction and change in 

storage in the aquifer(s). 
• Changes in groundwater quality should be monitored and evaluated. 
• Stakeholders should be identified and included in development of groundwater 

management plans. 

2. The State of California should continue programs to provide technical and financial 
assistance to local agencies to develop monitoring programs, management plans, and 
groundwater storage projects to more efficiently use groundwater resources and provide 
a sustainable supply for multiple beneficial uses. DWR should: 
• Post information about projects that have successfully obtained funding through various 

grant and loan programs. 
• Provide additional technical assistance to local agencies in the preparation of grant and 

loan applications. 
• Continue outreach efforts to inform the public and water managers of grant and loan 

opportunities. 
• Participate, when requested, in local efforts to develop and implement groundwater 

management plans. 
• Continue to assess, develop,and modify its groundwater programs to provide the greatest 

benefit to local agencies. 
• Develop grant criteria to ensure funding supports local benefits as well as Statewide 

priorities, such as development of the California Water Plan and meeting Bay-Delta 
objectives. 

3. DWR should continue to work with local agencies to more accurately define historical 
overdraft and to more accurately predict future water shortages that could result in 
overdraft. 
• A water budget should be developed for each basin. 
• The annual change in storage should be determined for each basin. 
• The amount of annual recharge and discharge, including pumping, should be determined. 
• Changes in groundwater quality that make groundwater unusable or could allow additional 

groundwater to be used should be included in any evaluation of overdraft. 

4. Groundwater management agencies should work with land use agencies to inform them 
of the potential impacts various land use decisions may have on groundwater, and to 
identify, prioritize, and protect recharge areas. 
• Local planners should consider recharge areas when mal<ing land use decisions that could 

reduce recharge or pose a risk to groundwater quality. 
• Recharge areas should be identified and protected from land uses that limit recharge rates, 

such as paving or lining of channels. 
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Both local water agencies and local governments should pursue education and outreach to 
inform the public of the location and importance of recharge areas. 

• DWR should inform local agencies of the availability of grant funding and technical 
assistance that could support these efforts. 

5. DWR should publish a report by December 31,2004 that identifies those groundwater 
basins or subbasins that are being managed by local or regional agencies and those that 
are not, and should identify how local agencies are using groundwater resources and 
protecting groundwater quality. 
• Such information will be necessary to confirm whether agencies are meeting the 

requirements of SB 1938 (Water Code Section 10753.7). 
• Collection and summary of existing groundwater management plans will provide a better 

understanding of the distribution and coordination of groundwater management programs 
throughout the State. 

• Successful strategies employed by specific local agencies should be highlighted to assist 
others in groundwater management efforts. 

• Similarly, the impact of groundwater management ordinances throughout the State should 
be evaluated to provide a better understanding of the effect of ordinances on groundwater 
management. 

6. Water managers should include an evaluation of water quality in a groundwater 
management plan, recognizing that water quantity and water quality are inseparable. 
• Local water managers should obtain groundwater quality data from federal, state, and local 

agencies that have collected such data in their basin. 
• Local agencies should evaluate long-term trends in groundwater quality. 
• Local agencies should work closely with the SWRCB and DWR in evaluating their 

groundwater basins. 
• Local agencies should establish management objectives and monitoring programs that will 

maintain a sustainable supply of good quality groundwater. 

7. Water transfers that involve groundwater (or surface water that will be replaced with 
groundwater) should be consistent with groundwater management in the source area 
that will assure the long term sustainability of the groundwater resource. 

8. Continue to support coordinated management of groundwater and surface water 
supplies and integrated management of groundwater quality and groundwater quantity. 
• Future bond funding should be provided for conjunctive use facilities to improve water 

supply reliability. 
• Funding for feasibility and pilot studies, in addition to construction of projects will help 

maximize the potential for conjunctive use. 
• DWR should continue and expand its efforts to form partnerships with local agencies to 

investigate and develop locally controlled cor)junctive use programs. 

9. Local, State, and federal agenCies should improve data collection and analysis to better 
estimate groundwater basin conditions used in Statewide and local water supply 
reliability planning. DWR should: 
• Assist local agencies in the implementation ofSB 221, SB 610, and AB 901 to help 

determine water supply reliability during the local land use planning process. 
• Provide and continue to update information on groundwater basins, including basin 

boundaries, groundwater levels, monitoring data, aquifer yield, and other aquifer 
characteri stics. 
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l1eCOlIIlIJendafiolls 

• Identify areas of rapid development that are tleavily reliant on groundwater and prioritize 
monitoring activities in these areas to identify potential impacts on these basins. 

• Evaluate ttle existing network of wells monitored for groundwater elevations, eliminate wells 
of questionable value from the network, and add wells where data are needed. 

• Worl< cooperatively with local groundwater managers to evaluate the groundwater basins of 
the State with respect to overdraft and its potential impacts, beginning with the most 
heavily used basins. 

• Expand DWR and local agency monitoring programs to provide a better understanding of 
the interaction between groundwater and surface water. 

• Work with SWRCB to investigate temporal trends in water quality to identify areas of water 
quality degradation that stlould receive additional attention. 

• Estimate groundwater extraction using a land use based method for over 200 basins with 
little or no groundwater budget information. 

• Integrate groundwater budgets into the California Water Plan Update process. 

10. Increase coordination and sharing of groundwater data among local, State, and federal 
agencies and improve data dissemination to the public. DWR should: 

Use the established website to continually update new groundwater basin data collected 
after the publication of California's Groundwater (Bulletin 118-Update 2003). 
Publish a summary update of Bulletin 118 every five years coincident with the California 
Water Plan (Bulletin 160). 
Publish, in cooperation with SWRCB, a biennial groundwater report ttlat addresses current 
groundwater quantity and quality conditions. 
Coordinate the collection and storage of its groundwater quality monitoring data with 
programs of SWRCB and other agencies to ensure maximum coverage statewide and 
reduce duplication of effort. 
Make groundwater basin information more compatibte with other Geographic Information 
System-based resource data to improve local integrated resources planning efforts. 
Compile data collected by projects funded under grant and loan programs and make data 
available to the public on the DWR website. 
Encourage local agency cooperators to submit data to the DWR database. 
Maximize the accuracy and usefulness of data and develop guidelines for quality assurance 
and quality control, consistency, and format compatibility. 
Expand accessibility of groundwater data by the public after considering appropriate 
security measures. 
State, federal and local agencies should expand accessibility of groundwater data by the 
public after considering appropriate security measures. 
Local agenCies should submit copies of adopted groundwater management plans to DWR. 

Additional Important Recommendations 

11. Local water agencies and local governments should be encouraged to develop 
cooperative working relationships at basinwide or regional levels to effectively manage 
groundwater. DWR should: 
• Provide technical and financial assistance to local agencies in the development of 

basinwide groundwater management plans, 
• Provide a preference in grant funding for groundwater projects for agencies that are part of 

a regional or basinwide planning effort. 
• Provide Proposition 50 funding preferences for projects that are part of an integrated 

regional water management plan. 
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12. Groundwater basin boundaries identified in Bulletin 118 should be updated as new 
information becomes available and the basin becomes better defined. DWR should: 
• Identify basin boundaries that are based on limited data. 
• List the kind of ,information that is necessary to better define basin boundaries. 
• Develop a systematic procedure to obtain and evaluate stakeholder input on groundwater 

basin boundaries. 

13. Improve the understanding of groundwater resources in fractured rock areas of the 
State. 
• DWR, in cooperation with local and federal agencies, should conduct studies to determine 

the amount of groundwater that is available in fractured rock areas, including water quality 
assessment, identification of recharge areas and amounts, and a water budget when 
feasible. 

• Local agenCies and local governments should conduct studies in their areas to quantify the 
local demands on groundwater and project future demands. 

• The Legislature should consider expanding the groundwater management authority in the 
Water Code to include areas outside of alluvial groundwater basins 

• DWR should include information on the most significant fractured roci< groundwater 
sources in future updates of Bulletin 118. 

14. Develop a program to obtain geophysical logs in areas where additional data are needed. 
DWR should encourage submission of geophysical logs, when they are conducted, as a 
part of the Well Completion Report. 
The geophysical logs would be available for use by public agencies to better understand 
the aquifer, but would be confidential as stipulated by the Water Code. 
DWR should seek funding to worl< with agencies and property owners to obtain 
geophysical logs of new wells in areas where additional data are needed. 
Geophysical logs would be used to better characterize the aquifers within each 
groundwater basin. 

15. Educate the public on the significance of groundwater resources and on methods of 
groundwater management. 
• DWR should continue to educate the public on statewide groundwater issues and assist 

local agencies in their public education efforts. 
• Local agencies should expand their outreach efforts during development of groundwater 

management plans under AB 3030 and other authority. 
• DWR should develop educational materials to explain how they quantify groundwater 

throughout the State, as well as the utility and limitations of the information. 
• DWR should continue its efforts to educate individual well owners and small water systems 

that are entirely dependent on groundwater. 
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Introduction 

Introduction 

Groundwater is one of California's greatest natural resources. In an average water supply year, groundwater 
meets about 30 percent of California's urban and agricultural demand. In drought years, this percentage 
increases to 40 percent or even higher (DWR 1998). Some cities, such as Fresno, Davis, and Lodi, rely 
solely on groundwater for their drinking water supply. In 1995, an estimated 13 million Californians (nearly 
43 percent of the State's population) used groundwater for at least a portion of their public supply needs 
(Solley and others 1998). With a projected population of nearly 46 million by the year 2020, California's 
demand on groundwater will increase significantly. In many basins, our ability to optimally use groundwater 
is affected by overdraft and water quality, or limited by a lack of data, lack of management, and coordination 
between agencies. 

In the last few years, California has provided substantial funds to local agencies for groundwater 
management. For example, the nearly $2 billion Water Bond 2000 (Proposition 13) approved by California 
voters in March 2000 specifically authorizes funds for two groundwater programs: $200 million for grants 
for feasibility studies, project design, and the construction of conjunctive use facilities; and $30 million for 
loans for local agency acquisition and construction of groundwater recharge facilities and grants for 
feasibility studies for recharge projects. Additionally, the Local Groundwater Management Assistance Act of 
2000 (AB 303) resulted in $15 million in fiscal years 2001, 2002, and 2003 for groundwater studies and data 
collection intended to improve basin and subbasin groundwater management. These projects focus on 
improving groundwater monitoring, coordinating groundwater basin management, and conducting 
groundwater studies. 

The State Legislature has increasingly recognized the importance of groundwater and the need for 
monitoring in making sound groundwater management decisions. Significant legislation was passed in 2000, 
2001 and 2002. AB 303 authorizes grants to help local agencies develop better groundwater management 
strategies. AB 599 (2001) requires, for the first time, that the State Water Resources Control Board 
(SWRCB), in cooperation with other agencies, develop a comprehensive monitoring program capable of 
assessing groundwater quality in every basin in the State with the intent of maintaining a safe groundwater 
supply. SB 610 (2001) and SB 90 I (2001) together require urban water suppliers, in their urban water 
management plans, to determine the adequacy of current and future supplies to meet demands. Detailed 
groundwater information is required for those suppliers that use groundwater. SB 221 (2001) prohibits 
approval of certain developments without verification of an available water supply. These bills are 
significant with respect to groundwater because much of California's new development will rely on 
groundwater for its supply. 

Finally, SB 1938 (2002) was enacted to provide incentives to local agencies for improved groundwater 
management. The legislation modified the Water Code to require that specific elements be included in a 
groundwater management plan for an agency to be eligible for certain State funding administered by the 
Department of Water Resources for groundwater projects. AB 303 is exempt from that requirement. 
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History of Bulletin 118 
DWR has long recognized the need for collection, summary, and evaluation of groundwater data as tools. in 
planning optimal use of the groundwater resource. An example of this is DWR's Bulletin 118 series. 
Bulletin 118 presents the results of groundwater basin evaluations in California. The Bulletin 118 series was 
preceded by Water Quality Investigations Report No.3, Ground Water Basins in California (referred to in 
this bulletin as Report No.3), published in 1952 by the Depal1ment of Public Works, Division of Water 
Resources (the predecessor ofDWR). The purpose of Report No.3 was to create a base index map of the 
"more important ground water basins" for carrying out DWR's mandate in Section 229 of the Water Code. 
Section 229 directed Public Works to: 

.. .investigate conditions of the quality of all waters within the State, including saline waters, coastal and inland, as 

related to all sources of pollution of whatever nature and shall report thereon to the Legislature imd to the 

appropriate regional water pollution control board annually, and may recommend any steps which might be taken 

to improve or protect the quality of such waters .. 

Report No.3 identified 223 alluvium-filled valleys that were believed to be basins with usable groundwater 
in storage. A statewide numbering system was created in cooperation with the State Water Pollution Control 
Board (now the State Water Resources Control Board) based on the boundaries of the nine Regional Water 
Quality Control Boards. In 1992, Water Code Section 229 was amended, resulting in the elimination of the 
annual reporting requirements. 

In 1975, DWR published Bulletin 118, California's Ground Water, (referred to in this report as 
Bulletin 118-75). Bulletin 118-75 summarized available information from DWR, U.S. Geological Survey, 
and other agencies for individual groundwater basins to "help those who must make decisions affecting the 
protection, additional use, and management of the State's ground water resources." 

Bulletin 118-75 contains a summary of technical information for 248 of the 461 identified groundwater 
basins, sub basins, and what were referred to as "areas of potential ground water storage" in California as well 
as maps showing their location and extent. The Bulletin 118-75 basin boundaries were based on geologic 
and hydrogeologic conditions except where basins were defined by a court decision. 

In 1978, Section 12924 was added to the California Water Code: 
The Department shall, in conjunction with other public agencies, conduct an investigation of the State's 

groundwater basins. The Department shall identify the State's groundwater basins on the basis of geologic and 

hydrogeologic conditions and consideration of political boundary lines whenever practical. The Department shall 

also investigate existing general patterns of groundwater pumping and groundwater recharge within such basins to 

the extent necessary to identify basins which are subject to critical conditions of overdraft. 

DWR published the report in 1980 as Ground Water Basins in California: A Report to the Legislature in 
Response to Water Code Section 12924 (referred to in this report as Bulletin 118-80). The bulletin included 
36 groundwater basins with boundaries different from Bulletin 118-75. The changed boundaries resulted by 
combining several basins based on geologic or political considerations and by dividing the San Joaquin 
Valley groundwater basin into many smaller subbasins based primarily on political boundaries. These 
changes resulted in the identification of 447 groundwater basins, subbasins, and areas of potential 
groundwater storage. Bulletin 118-80 also identified II basins as. subject to critical conditions of overdraft. 
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Introduction 

Box A Which Bulletin 118 Do You Mean? 

Mention of an update to Bulletin 118 causes some confusion about which Bulletin 118 the California 

Department of Water Resources (DWR) has updated. In addition to the statewide Bulletin 118 series 

(Bulletin 118-75, Bulletin 118-80. and Bulletin 118-03)' DWRreleased several other publications in the 

118 series that evaluate groundwater basins in specific areas of the State. Region-specific Bulletin 

118 reports are listed below. 

Bulletin 118-1. Evaluation of Ground Water Resources: South San Francisco Bay 

Appendix A. Geology. 1967 

Volume 1. Fremont Study Area, 1968 

Volume 2. Additional Fremont Study Area, 1973 

Volume 3. Northern Santa Clara County, 1975 

Volume 4. South Santa Clara County. 1981 

Bulletin 118-2. Evaluation of Ground Water Resources: Livermore and Sunol Valleys, 1974 

Appendix A. Geology. 1966 

Bulletin 118-3. Evaluation of Ground Water Resources: Sacramento County. 1974 

Bulletin 118-4. Evaluation of Ground Water Resources: Sonoma County 

Volume 1. Geologic and Hydrologic Data, 1975 

Volume 2. Santa Rosa Plain. 1982 

Volume 3. Petaluma Valley, 1982 

Volume 4. Sonoma Valley, 1982 

Volume 5. Alexander Valley and Healdsburg Area, 1983 

Bulletin 118-5. Bulletin planned but never completed. 

Bulletin 118-6. Evaluation of Ground Water Resources; Sacramento Valley, 1978 

The Need for Bulletin 118 Update 2003 
Despite California's heavy reliance on groundwater, basic information for many of the groundwater basins is 
lacking. Particular essential data necessary to provide for both the protection and optimal use of this resource is 
not available. To this end, the California Legislature mandated in the Budget Act of 1999 that DWR prepare: 

... the statewide update of the inventory of groundwater basins contained in Bulletin 118-80, 
which includes, but is not limited to, the following: the review and summary of boundaries and 
hydrographic features, hydrogeologic units, yield data, water budgets, well production 
characteristics, and water quality and active monitoring data; development of a water budget for 
each groundwater basin; development of a format and procedures for publication of water 
budgets on the Internet; development of the model groundwater management ordinance; and 
development of guidelines for evaluating local groundwater management plans. 
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The information on groundwater basins presented in Bulletin 118 Update 2003 is mostly limited to the 
acquisition and compilation of existing data previously developed by federal, State, and local water agencies. 
While this bulletin is a good starting reference for basic data on a groundwater basin, more recent data and 
more information about the basin may be available in recent studies conducted by local water management 
agencies. Those agencies should be contacted to obtain the most recent data. 

Report Organization 
Bulletin 118 Update 2003 includes this report and supplemental material consisting of individual descriptions 
and a Geographic Information System-compatible map of each of the delineated groundwater basins in 
California. The basin descriptions will be updated as new information becomes available, and can be 
viewed or downloaded at http://www.waterplan.water.ca.gov/groundwater/l18index.htm (Appendix A). 
Basin descriptions will not be published in hard copy. 

This report is organized into the following topics: 
Groundwater is one of California's most important natural resources, and our reliance on it has 
continued to grow (Chapter 1). 
Groundwater has a complex legal and institutional framework in California that has shaped the 
groundwater management system in place today (Chapter 2). 
Groundwater management occurs primarily at the local water agency level, but may also be 
instituted at the local government level. At the request of the Legislature, DWR has developed some 
recommendations for a model groundwater management ordinance and components for inclusion in 
a groundwater management plan (Chapter 3). 
Groundwater has had a flurry of activity in the Legislature and at the ballot box in recent years that 
will affect the way groundwater is managed in California (Chapter 4). 
Groundwater programs with a variety of objectives exist in many State and federal agencies 
(Chapter 5). 

Groundwater concepts and definitions should be made available to a wide audience (Chapter 6). 
Groundwater basins with a wide range of characteristics and concerns exist in each of California's 10 
hydrologic regions (Chapter 7). 
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Chapter 1 I Groundwater-California's Hidden Resource 

Chapter 1 
Groundwater - California's Hidden Resource 

In 1975, California s Ground Water - Bulletin 118 described groundwater as "California's hidden resource." 
Today, those words ring as true as ever. Because groundwater cannot be directly observed, except under a 
relatively few conditions such as at a spring or a wellhead, most Californians do not give much thought to the 
value that California's vast groundwater supply has added to the State. It is unlikely that California could 
have achieved its present status as the largest food and agricultural economy in the nation and fifth largest 
overall economy in the world without groundwater resources. Consider that about 43 percent of all 
Californians obtain drinking water from groundwater. California is not only the single largest user of 
groundwater in the nation, but the estimated 14.5 million acre-feet (mal) of groundwater extracted in 
California in 1995 represents nearly 20 percent of all groundwater extracted in the entire United States 
(Solley and others 1998). 

California's Hydrology 
California's climate is dominated by the Pacific storm track. Numerous mountain ranges cause orographic 
lifting of clouds, producing precipitation mostly on the western slopes and leaving a rain shadow on most 
eastern slopes (Figure 1 and Figure 2). These storms also leave tremendous accumulations of snow in the 
Sierra Nevada during the winter months. While the average annual precipitation in California is about 23 
inches (DWR 1998), the range of annual rainfall varies greatly from more than 140 inches in the 
northwestern part of the State to less than 4 inches in the southeastern part of the State. 

Snowmelt and rain falling in the mountains flow into creeks, streams, and rivers. The average annual runoff 
in California is approximately 71 maf(DWR 1998). As these flows make their way into the valleys, much of 
the water percolates into the ground. The vast majority of California's groundwater that is accessible in 
significant amounts is stored in alluvial groundwater basins. These alluvial basins, which are the subject of 
this report, cover nearly 40 percent of the geographic area of the State (Figure 3). 

This bulletin focuses on groundwater resources, but in reality groundwater and surface water are inextricably 
linked in the hydrologic cycle. As an example, groundwater may be recharged by spring runoff in streams, 
but later in the year the base flow of a stream may be provided by groundwater. So, although the land 
surface is a convenient division for categorizing water resources, it is a somewhat arbitrary one. It is 
essential that water managers recognize and account for the relationship between groundwater and surface 
water in their planning and operations. 
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Figure 2 Mean annual precipitation in California, 1961 to 1990 
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California's Water Supply System 
The economic success achieved in California could not have been foreseen a century ago. California's 
natural hydrologic system appeared too limited to support significant growth in population, industry, and 
agriculture. The limitations revolved around not only the relative aridity of the State, but the geographic, 
seasonal, and climatic variability that influence California's water supply. Approximately 70 percent ofthe 
State's average annual runoff occurs north of Sacramento, while about 75 percent ofthe State's urban and 
agricultural water needs are to the south. Most of the State's precipitation falls between October and April 
with half of it occurring December through February in average years. Yet, the peak demand for this water 
occurs in the summer months. Climatic variability includes dramatic deviations from average supply 
conditions by way of either droughts or flooding. In the 20th century alone, California experienced multiyear 
droughts in 1912-1913, 1918-1920, 1922-1924, 1929-1934, 1947-1950, 1959-1961, 1976-1977, and 
1987-1992 CDWR 1998). 

California has dealt with the limitations resulting from its natural hydrology and achieved its improbable 
growth by developing an intricate system of reservoirs, canals, and pipelines under federal, State and local 
projects (Figure 4). However, a significant portion of California's water supply needs is also met by 
groundwater. Typically, groundwater supplies about 30 percent of California'S urban and agricultural uses. 
In dry years, groundwater use increases to about 40 percent statewide and 60% or more in some regions. 

The importance of groundwater to the State's development may have been underestimated at the beginning 
of the 20th century. At that time, groundwater was seen largely as just a convenient resource that allowed for 
settlement in nearly any part of the State, given groundwater's widespread occurrence. Significant artesian 
flow from confined aquifers in the Central Valley allowed the early development of agriculture. When the 
Water Commission Act defined the allocation of surface water rights in 1914, it did not address allocation of 
the groundwater resource. In the 1920s, the development of the deep-well turbine pump and the increased 
availability of electricity led to a tremendous expansion of agriculture, which used these high-volume pumps 
and increased forever the significance of groundwater as a component of water supply in California. 
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Box B Will Climate Change Affect California's Groundwater? 

California's water storage and delivery system can be thought of as including three reservoir systems

the snowpack of the Sierra Nevada, an extensive system of dams. lakes. and conveyance systems for 

surface water. and finally the aquifers that store groundwater, Precipitation in the form of snow is stored 

in the Sierra in winter and early spring and under ideal conditions melts in a manner that allows darns to 

capture the water for use during California's dry season, When snow melts faster, the dams act as flood 

control structures to prevent high runoff from ftooding lowland areas, water storage and delivery 

infrastructure-dams and canals-has been designed largely around the historical snowpack. while 

aquifers have played a less formal and less recognized role, 

What will be the effect of climate change on California's water storage system? How will groundwater 

basins and aquifers be affected? 

The latest report of the Intergovernmental Panel on Climate Change (2001) reaffirrns that climateis 

changing in ways that cannot be accounted for by natural variability and that "global warming" is 

occurring, Studies by the National Water Assessment Team for the U,S, Global Change Research 

Program's National Assessment of the Potential Consequences of Climate Variability and Change identify 

potential changes that could affect water resources systems, For California, these include higher snow 

levels leading to more precipitation in the forrn of rain, earlier runoff. a rise in sea level, and possibly 

larger floods, In addition to affecting the balance between storage and flood control of our reservoirs, 

such changes in hydrology would affect wildlands, resulting in faunal and floral displacement and 

resulting in changes in vegetative water consumption, These changes would also affect patterns of both 

irrigated and dryland farming. 

A warmer, wetter winter would increase the amount of runoff available for groundwater recharge; 

however, this additional runoff in the winter would be occurring at a time when some basins. particularly 

in Northern California, are either being recharged at their maximum capacity or are already full. 

Conversely, reductions in spring runoff and higher evapotranspiration because of warmer temperatures 

could reduce the amount of water available for recharge and surface storage, 

The extent to Which clirnate will change and the impact of that change are both unknown, A reduced 

snowpack. coupled with increased seasonal rainfall and earlier snowmelt may reqUire a change in the 

operating procedures for existing dams and conveyance facilities, Furthermore, these changes may 

require more active developrnent of successful conjunctive management programs in which the aquifers 

are more effectively used as storage facilities. Water managers rnight want to evaluate their systems to 

better understand the existing snowpack-surface water-groundwater relationship. and identify 

opportunities that may exist to optimize groundwater and other storage capability under a new 

hydrologic regime that may result from clirnate change. If more water was stored in aquifers or in new or 

reoperated surface storage, the additional water could be used to meet water demands when the 

surface water supply was not adequate because of reduced snowmelt. 
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Recent Groundwater Development Trends 
While development of California's surface water storage system has slowed significantly, groundwater 
development continues at a strong pace. A review of well completion reports submitted to the California 
Department of Water Resources (DWR) provides data on the number and type of water wells drilled in 
California since 1987. For the 14-year period, DWR received 127,616 well completion reports for water 
supply wells that were newly constructed, reconditioned, or deepened-an average of 9, 115 annually!. Of 
these, 82 percent were drilled for individual domestic uses; 14 percent for irrigation; and about 4 percent for 
a combined group of municipal and industrial uses (Figure 5). Although domestic wells predominate, 
individual domestic use makes up a small proportion of total groundwater use in the State. 

Irrigation 
14% 

Municipal Industrial 
4% 

Domesti'c 
82% 

Figure 5 Well completion reports filed with DWR from 1987 through 2000 

The most evident influence on the number of wells constructed is hydrologic conditions. The number of 
wells constructed and modified increases dramatically with drought conditions (Figure 6). The number of 
wells constructed and modified annually from 1987 through 1992 is more than double the aruma! totals for 
1995 through 2000. Each year from 1987 through 1992 was classified as either dry or critically dry; water 
years 1995 through 2000 were either above normal or wet, based on measured unimpaired runoff in the 
Sacramento and San Joaquin valleys. In addition to providing an indication of the growth of groundwater 
development, well completion reports are a valuable soW'ce of information on groundwater basin conditions. 

I DWR also received an average of 4,225 well completion reports for monitoring, which were not included above because they do 
not extract groundwater for supply purposes. 
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Figure 6 Well completion reports filed annually from 1987 through 2000 

The Need for Groundwater Monitoring and Evaluation 
Some 34 million people called California their home in the year 2000, and a population of nearly 
46 million is expected by 2020. The increased population and associated commercial, industrial, and institu
tional growth will bring a substantially greater need for water. This need will be met in pmt by improved 
water use efficiency, opportunities to reoperate or expand California's surface water system, and increased 
desalination and recycling of water sources 110t currently considered usable. This need will also be met by 
storing and extracting additional groundwater. However, the sustainability of the groundwater resource, both 
in terms of what is currently used and future increased demand, cannot be achieved without effective ground
water management. In turn, effective groundwater mmlagement cannot be achieved without a program of 
groundwater data collection and evaluation. 

Perhaps surprising to many, California does not have a comprehensive monitoring network for evaluating the 
health of its gromldwater resource, including quantity and quality of groundwater. The reasons for this are 
many with the greatest one being that information on groundwater levels and groundwater quality is 
primarily obtained by drilling underground, which is relatively expensive. Given that delineated 
groundwater basins cover about 40 percent of the State's vast area, the cost of a dedicated monitoring 
network would be prohibitive. The other important reason for the lack of a comprehensive network is that, as 
will be discussed later in this report, groundwater is a locally controlled resource. State and federal agencies 
become involved only when a groundwater issue is directly related to the mission of a particular agency or if 
a local agency requests assistance. For these and other reasons, California lacks a cohesive, dedicated 
monitoring network. 

28 D W R - B U l lET I N 1 1 8 

AR0069650 



Box C What about Overdraft? 

Overdraft Is the condition of a groundwater basin in which the amount of water withdrawn by pumping 

Over the long term exceeds the amount of water that recharges the basin. Overdraft is characterized by 

groundwater levelS that decline over a period of years and never fully recover, even in wet years. 

Overdraft can lead to increased extraction costs, land subsidence, water quality degradation, and 
environmental impacts. 

The California Water Plan Update, Bulletin 160-98 (DWR 1998) estimated that groundwater overdraft in 

California in 1995 was nearly 1.5 million acre-feet annually, with most of the overdraft occurring in the 

Tulare Lake, San Joaquin River, and Central Coast hydrologic regions. The regional and statewide 

estimates of overdraft are currently being revised for the 2003 update of Bulletin 160. While these 

estimates are useful from a regional and statewide planning perspective, the. basin water budgets 

calculated for this update of Bulletin 118 clearly indicate that information is InSufficient in many basins to 

quantify overdraft that has occurred, project future impacts on groundwater in storage, and effectively 

manage groundwater. Further technical discussion of overdraft is provided in Chapter 6 of this bulletin. 

When DWR and other agencies involved in groundwater began to collect data in the first half of the 20th 
century, it quickly became evident that there were insufficient funds to install an adequate number of 
monitoring wells to accurately determine changes in the condition of groundwater basins. Consequently, to 
create a serviceable monitoring network, the agencies asked owners of irrigation or domestic wells for 
permission to measure water levels and to a lesser extent to monitor water quality. These have been called 
"wells of opportunity." In many areas, this approach has led to a network of wells that provide adequate 
information to gain a general understanding of conditions in the subsurface and to track changes through 
time. In some areas, groundwater studies were conducted and often included the construction of a 
monitoring well network. These studies have gradually contributed to a more detailed understanding of some 
of California's groundwater basins, particularly the most heavily developed basins. 

Given the combination of monitoring wells of opportunity and dedicated monitoring wells, it might be 
assumed that an adequate monitoring network in California will eventually accumulate. However, several 
factors contribute to reducing the effectiveness of the monitoring network for data collection and evaluation: 
(1) The funding for data programs in many agencies, which was generally insufficient in the first place, has 
been reduced significantly. (2) When private properties change ownership, some new owners rescind 
permission for agency personnel to enter the property and measure the well. (3) The appropriateness of using 
these private wells is questionable because they are often screened over long intervals encompassing multiple 
aquifers in the subsurface, and in some cases construction details for the well are unknown. (4) Some wells 
with long-term records actually reach the end of their usefulness because the casing collapses or something 
falls into the well, making it unusable. In some cases, groundwater levels may drop below the well depth. (5) 
As water quality or water quantity conditions change, the monitoring networks may no longer be adequate to 
provide necessary data to manage groundwater. 
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The importance of long-term monitoring networks cannot be overstated, Sound groundwater management 
decisions require observation oftrends in groundwater levels and groundwater quality. Only through these 
long-term evaluations can the question of sustainability of groundwater be answered. For example, this 
report contains a summary of groundwater contamination in public water supply wells throughout the State 
collected from 1994 through 2000. While this provides a "snapshot" ofthe suitability of the groundwater 
currently developed for public supply needs, it does not address sustainability of groundwater for public uses. 
Sustainability can only be determined by observing groundwater quality over time. If conditions worsen, 
local managers will need to take steps to prevent further harm to groundwater quality. Long-term 
groundwater records require adequate funding and staff to develop groundwater monitoring networks and to 
collect, summarize, and evaluate the data. 
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Chapter 2 
Groundwater Management in California 

Groundwater management, as defined in this report, is the planned and coordinated monitoring, operation, 
and administration of a groundwater basin or portion of a groundwater basin with the goal of long-term 
sustainability of the resource. Throughout the history of water management in California, local agencies 
have practiced an informal type of groundwater management. For example, since the early 20th century, 
when excess surface water was available, some agencies intentionally recharged groundwater to augment 
their total water supply. In 1947, the amount of groundwater used was estimated at 9 million to 10 million 
acre-feet. By the beginning of the 21 st century, the amount of groundwater used had increased to an 
estimated 15 million acre-feet. Better monitoring would provide more accurate information. This increased 
demand on California's groundwater resources, when coupled with estimates of popUlation growth, has 
resulted in a need for more intensive groundwater management. 

In 1914, California created a system of appropriating surface water rights through a permitting process (Stats 
1913, ch. 586), but groundwater use has never been regulated by the State. Though the regulation of 
groundwater has been considered on several occasions, the California Legislature has repeatedly held that 
groundwater management should remain a local responsibility (Sax 2002). Although they are treated 
differently legally, groundwater and surface water are closely interconnected in the hydrologic cycle. Use of 
one resource will often affect the other, so that effective groundwater management must consider surface 
water supplies and uses. 

Figure 7 depicts the general process by which groundwater management needs are addressed under existing 
law. Groundwater management needs are identified at the local water agency level and may be directly 
resolved at the local level. If grotmdwater management needs cannot be directly resolved at the local agency 
level, additional actions such as enactment of ordinances by local governments, passage of laws by the 
Legislature, or decisions by the courts may be necessary to resolve the issues. Upon implementation, local 
agencies evaluate program success and identify additional management needs. The State's role is to provide 
technical and financial assistance to local agencies for their groundwater management efforts, such as 
through the Local Groundwater Assistance grant program (see Chapter 4, AB 303). 
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Figure 7 Process of addressing groundwater management needs in California 
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How Groundwater is Managed in California 
There are three basic methods available for managing groundwater resources in California: (1) management 
by local agencies under authority granted in the California Water Code or other applicable State statutes, (2) 
local government groundwater ordinances or joint powers agreements, and (3) court adjudications. Table 1 
shows how often each of these methods has been used, and each method is discussed briefly below. No law 
requires that any of these forms of management be applied in a basin. Management is often instituted after 
local agencies or landowners recognize a specifIC groundwater problem. The level of groundwater manage
ment in any basin or subbasin is often dependent on water availability and demand. 

Table 1 Groundwater management methods 

Method 
Local water agencies 

Freguency of use" 
Undetermined number of agencies with authority to manage some aspect of 
groundwater under general powers associated with a particular type of district. 

Thirteen agencies with specially legislated authority to limit Of regulate extraction. 

Seven agencies with adopted plans under authority fi'om Water Code Section 10750 
et seq.b (AB 255 ofl991). 

More than 200 agencies with adopted plans under authority from Water Code 
Section 10750 et seq. (AB 3030 of 1992). 

Local groundwater management ordinances Currently adopted in 27 counties. 

Court adjudication Currently decided in 19 groundwater basins, mostly in Southern California. 
Three more basins are in court. 

a. The numbers for some methods are unknown because reporting to the California Department of Water Resources is not required. 
b. Section 10750 et seq. was amended in 1992. 

Groundwater Management through Authority Granted to Local Water Agencies 
More than 20 types of local agencies are authorized by statute to provide water for various beneficial uses. 
Many of these agencies also have statutory authority to institute some form of groundwater management. For 
example, a Water Replenishment District (Water Code, § 60000 et seq.) is authorized to establish groundwater 
replenishment programs and collect fees for that service. A Water Conservation District (Water Code, § 
75500 et seq.) can levy groundwater extraction fees. Table 2 lists these and other types oflocal agencies that 
deliver water and may have authority to institute some form of groundwater management. Most of these 
agencies are identified in the Water Code, but their specific authority related to groundwater management 
varies. The Water Code does not require that the agencies report their activities to the California Department 
of Water Resources (DWR). 
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Table 2 Local agencies with authority to deliver water for beneficial uses, 
which may have authority to institute groundwater management 

Local agency Authority 
Community Services District Gov. Code § 61000 et seq. 

County Sanitation District Health and Safety Code § 4700 et seq. 

County Service Area Gov. Code § 25210.1 et seq, 

County Water Authority Water Code App. 45. 

County Water District Water Code § 30000 et seq. 

County Waterworks District Water Code § 55000 et seq. 

Flood Control and Water Conservation District Water Code App. 38. 

Irrigation District Water Code § 20500 et seq. 

Metropolitan Water District Water Code App 109. 

Municipal Utility District Pub, Util. Code § 11501 et seq. 

Municipal Water District Water Code § 71000 et seq. 

Public Utility District Pub, Util. Code § 15501 et seq. 

Reclamation District Water Code § 50000 et seq. 

Recreation and Park District Pub. Resources Code § 5780 et seq. 

Resort Improvement District Pub. Resources Code § 13000 et seq. 

Resource Conservation District Pub. Resources Code § 9001 et seq. 

Water Conservation District Water Code App. 34; Wat. Code § 74000 et seq. 

Water District Water Code § 34000 et seq. 

Water Replenishment District Water Code § 60000 et seq. 

Water Storage District Water Code § 39000 et seq, 

a, From State Controller's Office Special Districts Arinual"Report, 49"' Edition, 

Number of 
agencies' 

313 

91 

897 

30 

174 

34 

39 

97 

5 

40 

54 

152 

110 

99 

13 

141 

8 

Greater authority to manage groundwater has been granted to a small number of local agencies or districts 
created through special acts of the Legislature. For example, the Sierra Valley Groundwater Basin Act of 
1980 (Water Code, App. 119) created the first two groundwater management districts in California. 
Currently, 13 local agencies have specific groundwater management authority as a result of being special act 
districts. The specific authority of each agency varies, but they can generally be grouped into two categories. 
Most of the agencies formed since 1980 have the authority to limit export and even control some in-basin 
extraction upon evidence of overdraft or the threat of overdraft. These agencies can also generally levy fees 
for groundwater management activities and for water supply replenishment. Agencies formed prior to 1980 
do not have authority to limit extraction from a basin. However, the groundwater users in these areas are 
generally required to report extractions to the agency, and the agency can levy fees for groundwater 
management or water supply replenishment. Some of these agencies have effectively used a tiered fee 
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structure to discourage excessive groundwater extraction in the basin. Table 3 lists the names of special act 
districts with legislative authority to manage groundwater. 

Table 3 Special act districts with groundwater management authority in California 

District or agency 

Desert Water Agency 

Fox Canyon Groundwater Management Agency 

Honey Lake Groundwater Management District 

Long Valley Groundwater Management District 

Mendocino City Community Services District 

Mono County Tri-Valley Groundwater Management District 

Monterey Peninsula Water Management District 

Ojai Groundwater Management Agency 

Orange County Water District 

Pajaro Valley Water Management Agency 

Santa Clara Valley Water District 

Sierra Valley Groundwater Management District 

Willow Creek Groundwater Management Agency 

a. From West's Annotated California Codes (1999 update) 

Water Code citation" 

App.lOO 

App.121. 

App.129. 

App. 119. 

Section 10700 et seq. 

App.128. 

App.118. 

App.131. 

App.40. 

App.124. 

App.60. 

App. 119. 

App. 135. 

Year agency established in Codeb 

1961 

1982 

1989 

1980 

1987 

1989 

1977 

1991 

1933 

1984 

1951 

1980 

1993 

b. This represents the year the agency was established in the Water Code. Specific authorities, such as those for groundwater management 
activities, may have been granted through later amendments. 

In 1991, AB 255 (Stats. 1991, Ch. 903) was enacted authorizing local agencies overlying basins subject to 
critical conditions of overdraft, as defined in DWR's Bulletin 118-80, to establish programs for groundwater 
management within their service areas. Water Code section 10750 et seq. provided these agencies with the 
powers of a water replenishment district to raise revenue for facilities to manage the basin for the purposes of 
extraction, recharge, conveyance, and water quality. Seven local agencies adopted plans under this authority. 

The provisions of AB 255 were repealed in 1992 with the passage of AB 3030 (Stats. 1992, Ch. 947). This 
legislation was significant in that it greatly increased the number oflocal agencies authorized to develop a 
groundwater management plan and set forth a common framework for management by local agencies 
throughout California. AB 3030, which is codified in Water Code section 10750 et seq., provides a 
systematic procedure to develop a groundwater management plan by local agencies overlying the 
groundwater basins defined by Bulletin 118-75 (DWR 1975) and updates. Upon adoption of a plan, these 
agencies could possess the same authority as a water replenishment district to "fix and collect fees and 
assessments for groundwater management" (Water Code, § 10754). However, the authority to fix and collect 
these fees and assessments is contingent on receiving a majority of votes in favor of the proposal in a local 
election (Water Code, § 10754.3). More than 200 agencies have adopted an AB 3030 groundwater 
management plan. None of these agencies is known to have exercised the authority ofa Water 
Replenishment District. 

Water Code section 10755.2 expands groundwater management opportunities by encouraging coordinated 
plans and by authorizing public agencies to enter into ajoint powers agreement or memorandum of 
understanding with public or private entities that provide water service. At least 20 coordinated plans have 
been prepared to date involving nearly 120 agencies, including cities and private water companies. 
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local Groundwater Ordinances 
A second general method of managing groundwater in California is through ordinances adopted by local 
governments such as cities or counties. Twenty-seven counties have adopted groundwater ordinances, and 
others are being considered (Figure 8). The authority of counties to regulate groundwater has been 
challenged, but in 1995 the California Supreme Court declined to review an appeal of a lower court decision 
Baldwin v. County a/Tehama (1994) that holds that State law does not occupy the field of groundwater 
management and does not prevent cities and counties from adopting ordinances to manage groundwater 
under their police powers. However, the precise nature and extent of the police power of cities and counties 
to regulate groundwater is uncertain. 

The Public Policy Institute of California recently performed a study of California's water transfer market, 
which included a detailed investigation of the nature of groundwater ordinances by counties in California. 
The report found that 22 counties had adopted ordinances requiring a permit to export groundwater. In all 
but three cases, restricting out-of-county uses appears to be the only purpose (Hanak 2003). One ordinance, 
adopted recently in Glenn County (Box D, "Basin Management Objectives for Groundwater Management"), 
takes a comprehensive approach by establishing management objectives for the county's groundwater basins. 
Several other counties in Northern California are considering adopting similar management objective based 
ordinances. 

Ordinances are mostly a recent trend in groundwater management, with 24 of the 27 ordinances enacted 
since 1990. Local ordinances passed during the 1990s have significantly increased the potential role oflocal 
governments in groundwater management. The intent of most ordinances has been to hold project 
proponents accountable for impacts that may occur as a result of proposed export proj ects. Because adoption 
of most of these ordinances is recent, their effect on local and regional groundwater management planning 
efforts is not yet fully known. However, it is likely that future groundwater development will take place 
within the constraints of local groundwater management ordinances. Table 4 lists counties with groundwater 
management ordinances and their key elements. 

36 D W R - B U L LET I N 1 1 8 

AR0069658 



Siskyou 

Trinity ; 

Humboldt 

N 

o 40 

Lassen 

80 IIliles 

Santa 
Barbara 

L_,_I Counties with Ordinances 

* Ordinance adopted by Fox Canyon 
Groundwater Management Agency 
in Ventura County 

Inyo 

San Bernardino 

Riverside 

N 

Figure 8 Counties with groundwater ordinances 

CALIFORNIA'8 GROUNDWA TER UPDATE 2003 37 

AR0069659 



Chapter 2 I Groundwater Management in California 

Box D Basin Management Objectives for Groundwater Management 

Most county groundwater management ordinances require that, an export proponent prove the 

project will not deplete groundwater, cause grol,lndwater quality degradation, or result in land 

subsidence. Although these factors could be part of any groundwater management plan, these 

ordinances do not require that a groundwater management plan be developed and implemented. 

The only ordinance requiring development and adoption of objectives to be accomplished by 

management of the basin was adopted by the Glenn County Board of Supervisors in 2000. The 

action came after a citizens committee spent five years working with stakeholders. The process 

of developing a groundwater management ordinance for Glenn County began in 1995 when local 

landowners and county residents became concerned about plans to export groundwater or 

substitute groundwater for exported surface water. Control of exports was the focus of early 

ordinance discussions. 

After long discussions and technical advice from groundwater speCialists, the committee realized 

that goals and objectives must be Identified for effective management of groundwater In the 

county. What did the county want to accomplish by managing groundwater within the county? 

What did groundwater management really mean? 

The concept of establishing basin management objectives emerged (BMOs). BMOs would 

establish threshold values for groundwater levels, groundwater quality,and land surface 

subsidence. When a threshold,level is reached, the rules and regulations require that 

groundwater extraction be adjusted or stopped to prevent exceeding the threshold. 

The Glenn County Board of Supervisors has adopted BMOs, which were developed by an 

advisory committee, for groundwater levels throughout the county. While currently there are 17 

BMOs representing the 17 management areas in the county, the goal is to begin managing the 

entire county in a manner that benefits each of the local agencies and their landowners, as well as 

landowners outside of an agency boundary. The committee is now developing BMOs for 

groundwater quality and land surface subsidence. 

There is no single set of management objectives that will be successful in all areas. Groundwater 

management must be adapted to an area's political, institutional, legal. and technical constraints 

and opportunities. Groundwater management must be tailored to each basin or subbasin's 

conditions and needs. Even within a single basin, the management objectives may change as 

more is learned about managing the resource within that basin. Flexibility is the key, but that 

flexibility must operate within a framework that ensures public participation, monitoring. 

evaluation, feedback on management alternatives,' rules and regulations. and enforcement. 
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County 
Butte 

Calaveras 

Colusa 

Fresno 

Glenn 

Imperial 

Tnyo 

Kern 

Lake 

Lassen 

Madera 

Mendocino 

Modoc 

Mono 

Monterey 

Napa 

Sacramento 

San Benito 

San Bernardino 

San Diego 

San Joaquin 

Shasta 

Sierra 

Siskiyou 

Tehama 

Tuolumne 

Yolo 

Table 4 Counties with ordinances addressing groundwater management 

Year enacted 
1996 

2002 

1998 

2000 

1990 
rev. 2000 

1996 

1998 

1998 

1999 

1999 

1999 

1995 

2000 

1988 

1993 

1996 

1952 
rev. 1985 

1995 

2002 

1991 

1996 

1997 

1998 

1998 

1992 

2001 

1996 

Key elements (refer to ordinances for exemptions and other details) 
Export permit required (extraction & substitute pumping), Water Commission and 
Technical Advisory Committee, groundwater planning reports 
(county-wide monitoring program) 

Export permit required (extraction & substitute pumping) 

Export permit required (extraction & substitute pumping) 

Export permit required (extraction & substitute pumping) 

Water Advisory Committee and Technical Advisory Committee, basin management 
objectives and monitoring network, export permit required (1990) 

Commission established to manage groundwater, including controlling exports 
(permit required), overdraft, artificial recharge, and development projects 

Regulates (1) water transfers pursuant to Water Code Section 1810, (2) sales of water to 
the City of Los Angeles from within Inyo Co., (3) transfer or transport of water from 
basins within Inyo County to another basin with the County, and (4) transfers of water 
from basins within Inyo Co. to any area outside the County. 

Conditional use permit for export to areas both outside county and within watershed area 
of underlying aquifer in county. Only applies to southeastern drainage of Sierra Nevada 
and Tehachapi mountains. 

Export permit required (extraction & substitute pumping) 

Export pennit required (extraction & substitute pumping) 

Permit required for export, groundwater banking, and import for groundwater banking 
purposes to areas outside local water agencies 

Mining of groundwater regulated for new developments in Town of Mendocino 

Export permit required for transfers out of basin 

Permit required for transfers out of basin 

Water Resources Agency strictly regulates extraction facilities in zones with 
groundwater problems 

Permits for local groundwater extractions; exemptions for single parcels and agricultural 
use 

Water Agency established to manage and protect groundwater management zones; 
replenishment charges 

Mining groundwater (overdraft) for export prohibited; permit required for off-parcel use, 
injecting imported water; influence of well pumping restrictions 

Permit required for any new groundwater well within the desert region of the county 

Provides for mapping of groundwater impacted basins (defined); projects within 
impacted basins require groundwater investigations 

Export permit required (extraction & substitute pumping) 

Export permit required (extraction & substitute pumping) 

Export permit required or for off-parcel use 

Permit required for transfers out of basin 

Mining groundwater (overdraft) for export prohibited; permit required for off-parcel use; 
int1uence of well pumping restrictions 

Export permit required (extraction & substitute pumping) 

Export permit required (extraction & substitute pumping) 
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Chapter 2 I Groundwater Management in California 

Adjudicated Groundwater Basins 
A third general form of groundwater management in California is court adjudication. In some California 
groundwater basins, as the demand for groundwater exceeded supply, landowners and other parties turned to 
the courts to determine how much groundwater can rightfully be extracted by each user. The courts study 
available data to arrive at a distribution of the groundwater that is available each year, usually based on the 
California law of overlying use and appropriation. This court-directed process can be lengthy and costly. As 
noted in Table 5, the longest adjudication took 24 years. Many ofthese cases have been resolved with a 
court-approved negotiated settlement, called a stipulated judgment. Unlike overlying and non-overlying 
rights to groundwater, such decisions guarantee to each party a proportionate share of the groundwater that is 
available each year. The intense technical focus on the groundwater supply and restrictions on groundwater 
extraction for all parties make adjudications one of the strongest forms of groundwater management in 
California. 

There are 19 court adjudications for groundwater basins in Califomia, mostly in Southern Califomia (see 
Table 5). Eighteen of the adjudications were undertaken in State Superior Court and one in federal court. 
For each adjudicated groundwater basin, the court usually appoints a watermaster to oversee the court 
judgment. In 15 of these adjudications, the court judgment limits the amount of groundwater that can be 
extracted by all parties based on a court-determined safe yield of the basin. The basin boundaries are also 
defined by the court. The Santa Margarita Basin was adjudicated in federal court. That decision requires 
water users to report the amount of surface water and groundwater they use, but groundwater extraction is 
not restricted. 

Most basin adjudications have resulted in either a reduction or no increase in the amount of groundwater 
extracted. As a result, agencies often import surface water to meet increased demand. The original court 
decisions provided watermasters with the authority to regulate extraction of the quantity of groundwater; 
however, they omitted authority to regulate extraction to protect water quality or to prevent the spread of 
contaminants in the groundwater. Because water quantity and water quality are inseparable, watermasters 
are recognizing that they must also manage groundwater quality. 
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Box E Adjudication of Groundwater Rights in the Raymond Basin 

The first basin-wide adjudication of groundwater rights in California was in the Raymond Basin in Los 
Angeles County in 1949 (Pasadena v. Alhambra) . . The first water well in Raymond Basin was drilled in 1881; 

20 years later, the number of operating wells grew to about 140. Because of this pumping, the City of 
Pasadena began spreading water in 1914 to replenish the groundwater, and during the next 10 years the 
city spread more than 20,000 acre-feet. 

Pumping during 1930 through 1937 caused water levels to fall 30 to 50 feet in wells in Pasadena. After 
attempting to negotiate a reduction of pumping on a cooperative basis, the City of Pasadena, on 
September 23, 1937, filed a complaint in Superior Court against the City of Alhambra and 29 other 
pumpers to quiet title to the water rights within Raymond Basin. The court ruled that the city must amend 
its complaint. making defendants of all entities pumping more than 100 acre-feet per year, and that it was 
not a simple quiet title suit but. a general adjudication of the water rights in the basin. 

In February 1939, a court used the reference procedure under the State Water Code to .direct the State 
Division of Water Resources, Department of Public Works (predecessor to the Department of Water 
Resources) as referee to review all physical facts pertaining to the basin, determine the safe yield, and 
ascertain whether there was a surplus or an overdraft. The study took 2-1/2 years to complete and cost 
more than $53,000, which was paid by the parties. The resulting Report of Referee submitted to the court 
in July 1943 found thatthe annual safe yield of the basin was 21,900 acre-feet but thatthe actual pumping 
and claimed rights were 29,400 acre-feet per year. 

Most parties agreed to appoint a committee of seven attorneys and engineers to work out a stipulated 
agreement. In 1944,. the court designated the Division of Water Resources to serve as watermaster for the 
stip ulated agreement, which all but one of the parties supported. On December 23, 1944, the judge signed 
the judgment that adopted the stipulation. 

The stipulation provided that (1) the water was taken by each party openly, notoriously, and under a claim 
of right, which was asserted to be,and was adverse to each and all other parties; (2) the safe yield would 
be divided proportionally among the parties; and (3) each party's right to a specified proportion of the safe 
yield would be declared and protected. It also established an arrangement for the exchange of pumping 

rights among parties. 

Based on the stipulation, the court adopted a program of proportionate reductions. In so doing, the court 
developed the doctrine of mutual prescription, whereby the rights were essentially based on the highest 
continual amount of pumping during the five years following the beginning of the overdraft, and under 
conditions of overdraft; all of th~ overlying and appropriative water users had acquired prescriptive rights 
against each other, that is, mutual prescription: 

In 1945, one party appealed the judgment. and in 1947, the District Court of Appeals reversed and 
remanded Pasadena v. Alhambra. However, on June 3, 1949, the State Supreme Court overturned the 
appellate court's decision and affirmed the original judgment. In 1950, the court granted a motion by the 
City of Pasadena that there be a review of the determination of safe yield, and in 1955, the safe yield and 
the total decreed rights were increased to 30,622 acre-feet per year, In 1984, watermaster responsibilities 

were assigned to the Raymond Basin Management Board. 

'In City of los Angeles v. City of San fernando (1975) the California Supreme Court rejected the doctrine of mutual. 
prescription and held that a groundwater basin should be adjudicated based on the correlative rights of overlying users and 
prior appropriation among non-overlying users. For further discussion, see Appendix B. 
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Court name 
1-Scott River Stream 

System 

2-Santa Paula Basin 

3-Central Basin 

4--West Coast Basin 

5-Upper Los Angeles 
River Area 

6-RaYmond Basin 

7-Main San Gabriel 
Basin 

Puente Narrows, 
Addendum to Main 
San Gabriel Basin 
decision 

8-Puente 

9-Cumrnings Basin 

10-Tehachapi Basin 

II-Brite Basin 

Table 5 list of adjudicated basins 

Relationship to DWR Bulletin Basin Filed in Final 
118 basin name; coun!X No. court decision 

Scott River Valley; Siskiyou 1-5 1970 1980 

Subbasin of Santa Clara River; 4-4 1991 1996 
Ventura 

Northeast part of Coastal Plain of 4-11 1962 1965 
Los Angeles County Basin; 
Los Angeles 

Southwest part of Coastal Plain of 4-11 1946 196i 
Los Angeles County Basin; 
Los Angeles 

San Fernando Valley Basin 4-12 1955 1979 
(entire watershed); Los Angeles 

Northwest part of San Gabriel 4-13 1937 1944 
Valley Basin; Los Angeles 

San Gabriel Valley Basin, 4-13 1968 1973 
excluding Raymond Basin; 
Los Angeles 

1972 1972 

San Gabriel Valley Basin, 4-13 1985 1985 
excluding Raymond Basin; 
Los Angeles 

Cummings Valley Basin; Kern 5-2 1966 1972 

Tehachapi Valley West Basin and 5-28 1966 1973 
Tehachapi Valley East Basin; 6-45 
Kern 

Brite Valley; Kern 5-80 1966 1970 

C""J 

:::r 

'" "'C 
rl 

Watermaster andlor website '" 
Two local irrigation districts N 

C") 
-, 

Three-person technical advisory committee from United C) 

t:: 
Water CD, City of Ventura, and Santa Paula Basin :::; 

Pumpers Association; www.unitedwater.org 0.. ., 
'" DWR-Southern District; 
'" wwwdpla.water.ca.gov/sd/watermaster/waterrnaster.html 
:s: 
til 
OJ 

DWR-Southern District; '" 
wwwdpIa.water.ca.gov/sdiwatermaster/watermaster.html 

:.0 

'" 
~ 

(!) 

:::: 
Superior Court appointee 

:::: 

" Raymond Basin Management Board '" 
...., 
C) 

Water purveyors and water districts elect a nine-member :::: 

board; www.watermaster.org/ '" 

Two consulting engineers 

Three consultants 

Tehachapi-Cummings County Water District; 
www.tccwd.com/gwm.htm 

Tehachapi-Cummings County Water District; 
www.tccwd.comlgwm.htm 

Tehachapi-Cummings County Water District; 
www.tccwd.comlgwm.htm 



Table 5 List of adjudicated basins (continued) 

Relationship to DWR Bulletin Basin Filed in Final 
Court name 118 basin name; coun!X No. court decision Watennaster and/or website 

1 2-Mojave Basin Lower, Middle & Upper Mojave 6-40, 1990 1996 Mojave Water Agency; 
Area Adjuducation River Valley Basins; El Mirage & 6-41, www.mojavewater.org/mwa700.htm 

Lucerne valleys; San Bernardino 6-42 

13-Warren Valley Basin Part of Warren Valley Basin; 7-12 1976 1977 Hi-Desert Water District; www.mojavewater.org 
San Bernardino 

14-Chino Basin Northwest part of Upper 8-2 1978 1978 Nine people, recommended by producers and appointed 
Santa Ana Valley Basin; by the court; www.cbwm.org/ 
San Bernardino and Riverside 

IS-Cucamonga Basin North central part of Upper 8-2 1975 1978 Not yet appointed, operated as part of Chino Basin 
Santa Ana Valley Basin; 
San Bernardino 

16-San Bernardino Northeast part of Upper 8-2 1963 1969 One representative each from Western Municipal Water 
Basin Area Santa Ana Basin; San Bernardino District of Riverside County & San Bernardino Valley 

and Riverside Municipal Water District 

17-Six Basins Six subbasins in northwest upper 4-14, 1998 1998 Nine-member board representing all parties to the 
Santa Ana Valley; Upper & 8-2 judgment 

'" b. Lower Claremont Heights, 
r-
:;:; Canyon, Pomona, Live Oak & 
0 

"" 
Ganesha; Los Angeles. Small 

<: portions of Upper Claremont 
b. 

~ 
Heights and Canyon are in 
San Bernardino County 

':") 

"" 0 18-Santa Margarita The Santa Margarita River 9-4, 1951 1966 U.S. District Court appointee 
<: 
0 
;::;; 

River watershed watershed, including 3 9-5, 
groundwater basins: Santa 9-6 

", ..., Margarita Valley, Temecula 
'Tl 

'" Valley and Cahuilla Valley 

c: Basins; San Diego and Riverside. 
-" 
CO 
b. 
-; 19--Goleta Goleta Central Basin; judgment 3-16 1973 1989 No watennaster appointed; the court retains jurisdiction 

» 
"., 

'" 
;0 '" a 

w 

includes North Basin; 
Santa Barbara 

0 
0 J:> 

w 
(j) 
<0 
(j) 
(j) 
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Chapter 2 I Groundwater Management in California 

How Successful Have Groundwater Management Efforts Been? 
This chapter describes the opportunities for local agencies to manage their groundwater resources. Many 
have questioned whether these opportunities have led to an overall successful system of groundwater 
management throughout California. How successful groundwater management has been throughout the State 
is a difficult question and cannot be answered at present. While there are many examples of local agency 
successes (see Box F, "Managing through a Joint Powers Agreement," Box G, "Managing a Basin through 
Integrated Water Management," and Box H, "Managing Groundwater Using both Physical and Institutional 
Solutions"), there are neither mandates to prepare groundwater management plans nor reporting requirements 
when plans are implemented, so a comprehensive assessment oflocal planning efforts is not possible. 
Additionally, many plans have been adopted only recently, during a period of several consecutive wet years, 
so many of the plan components are either untested or not implemented. 

At a minimum, successful groundwater management should be defined as maintaining and maximizing long
term reliability of the groundwater resource, focused on preventing significant depletion of groundwater in 
storage over the long term and preventing significant degradation of groundwater quality. A review of some 
of the groundwater management plans prepared under AB 3030 reveals that some plans are simply brief 
recitations about continuing the agency's existing programs. Not all agencies that enacted groundwater 
management plans under AB 3030 are actively implementing the plan. 

Despite this apparent lack of implementation of groundwater management plans prepared under AB 3030, 
the bill has certainly increased interest in more effective groundwater management. With more than 200 
agencies participating in plans and more than 120 of those involved in coordinated plans with other agencies, 
AB 3030 has resulted in a heightened awareness of groundwater management. Additionally, annual reports 
published by a few water agencies indicate that they are indeed moving toward better coordination 
throughout the basin and more effective management of all water supplies. Given the history of groundwater 
management in California, these seemingly small steps toward better management may actually represent 
giant strides forward. 

More recently, financial incentives have played a large role in driving groundwater management activities. 
For example, under grant and loan programs resulting from Proposition 13 of2000 (see description in 
Chapter 4), local agencies submitted applications proposing a total increase in arumal water yield of more 
than 300,000 acre-feet through groundwater storage projects. Additional projects and programs would be 
developed with sufficient funding for feasibility and pilot studies. Unfortunately, not enough funding exists 
for all ofthe proposed projects, and many other legal and institutional barriers remain (see Box I, 
"Impediments to Conjunctive Management Programs in California"). It is clear, however, that further 
incentives would help agencies move ahead more aggressively in their groundwater management planning 
efforts. 

Additional progress in groundwater management is reflected by passage of amendments to the Water Code 
(§§ 10753.4 and 10795.4 as amended, §§ 10753.7, 10753.8, and 10753.9 as amended and renumbered, and 
§§ 10753.l and 10753.7 as added) through SB 1938 of2002. The amendments require that groundwater 
management plans include specific components for agencies to be eligible for some public funds for 
groundwater projects. The provisions ofSB 1938 (2001) are fully described in Chapters 3 and 4. 

This evaluation of groundwater management success has not really considered ordinances and adjudications. 
Adjudications have been successful at maintaining the groundwater basin conditions, often restricting 
pumping for all basin users. In some cases, adjudication provides the necessary framework for more 
proactive management as well. Ordinances have successfully restricted exports from basins, but have not 
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Box F Managing through a Joint Powers Agreement 

In 1993, representatives from business, environmental, public, and water purveyor Interests 

formed the Sacramento Area Water Forum to develop a plan to protect the region's water 

resources from the effects of prolonged drought as the demand for water continues to grow. The 

Water Forum was founded on two co-equal objectives: (1) to provide a reliable and safe water 

supply for the region's economic health and planned development to the year 2030 and (2) to 

preserve the fishery, wildlife, recreational and aesthetic values of the lower American River. 

After a six-year consensus-based process of education, analysis and negotiation, the 

participants signed a Water Forum agreement to meet these objectives. The agreement provides 

a framework for avoiding future water shortages, environmental degradation, groundwater 

contamination, threats to groundwater reliability, and limits to economic prosperity. 

The Sacramento Groundwater Authority (SGA) was formed to fulfill a key Water Forum goal of 

protecting and managing the north-area groundwater basin. The SGA is ajoint powers authority 

formed for the purpose of collectively managing the region's groundwater resources. This 

authority permits SGA to make contractual arrangements required to implement a cof1.iunctive 

use program, and also provides potential partners with the legal and political certainty for 

enterihg into long-term agreements. 

SGA's regional banking and eXChange program is designed to provide long-term supply benefits 

for local needs, but alsowillilave the potential to provide broader statewide benefits consistent 

with American River environmental needs. Water stored in Folsom Lake would be conjunctively 

used with groundwater in order to reduce surface water diversions in dry years and to achieve In

lieu recharge of the basin in wet years. The conjunctive use program participants include 16 

water providers in northern Sacramento and southern Placer counties that serve water to more 

than half a million people. 

Two of three implementation phases of the program are complete. In the first phase, program 

participants identified long-term water supply needs and conducted an inventory of existing 

infrastructure that could be used to implement the program. In the second phase, SGA 

completed two pilot banking and eXChange projects, demonstrating the technical, legal, and 

institutional viability of a regional conjunctive use program. In the first pilot study, water agencies 

worked with the U.S. Bureau of Reclamation and the Sacramento Area Flood Control Agency to 

bank 2,100 acre-feet of groundwater, providing additional flood storage capacity in Folsom Lake. 

In the second pHot study, Citrus Heights and Fair Oaks water districts and the city of Sacramento 

extracted and used 7,143 acre-feet of groundwater, forgoing a portion of their rights to surface 

water, making this water available to the EnVironmental Water Account. The third phase of the 

SGA program is to further solidify the institutional framework and construct facilities to implement 

a full-scale regional conjunctive use program. These facilities, that will result in an average 

annual yield of 21 ,400 acre-feet, are currently under construction, funded in part by 8$21,6 

million grant under Proposition 13 of 2000. 

N 
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Chapter 2 I Groundwater Management ill California 

Box G Managing a Basin through Integrated Water Management 

Orange County Water District (OCWD) was established in 1933 by an uncodlfied Act (Water Code 
App. 40) to manage Orange County's groundwater basin and protect the Santa Ana River rights of 
water users of north-central Orange County. The district manages the groundwater basin. which 
provides as much as 75 percent of the water supply for its service area. The district strives for a 
groundwater-based water supply with enough reserves to provide a water supply through drought 
conditions. An integrated set of water management practices helps achieve this. including the use 
of recharge. alternative sources. and conservation. 

Recharge 
The Santa Ana River provides the main natural recharge source for the county's groundwater basin. 
Increased groundwater use and lower-than-average rainfall during the late 1980s and early 1990s 
forced the district to rely on an aggressive program to enhance recharge of the groundwater basin. 
Programs used today to optimize water use and availability include: 

Construction of levees in the river channel to increase infiltration. 
Construction of artificial recharge basins within the fore bay. 
Development of an underwater basin cleaning vehicle that removes a clogging layer at the 

bottom of the recharge basin and extends the time between draining the basin for cleaning by a 
bulldozer. 

Use of storm water captured behind Prado Dam that would otherwise flow to the ocean. 
Use of imported water from the State Water Prqject and Colorado River. 
Injection of treated recycled water to form a seawater intrusion barrier. 

Alternative Water Use cmd Conservation 
OCWD has successfully used nontraditional sources of water to help satisfy the growing need for 
water in Orange County. Projects that have added to the effective supply of groundwater are: 

Use of treated recycled water for irrigation and industrial use. 
In-lieu use to reduce groundwater pumping. 
Change to low-flow toilets and showerheads. 
participation of 70 percent of Orange County hotels and motels in water conservation 
programs. 
Change to more efficient computerized irrigation. 

Since 1975. Water Factory 21 has provided recycled water that meets ali primary and secondary 
drinking water standards set by the California Department of Health Services. OCWD has proposed 
a larger. more efficient membrane purification project called the Groundwater Replenishment 
System (GWRS). Which is scheduled to begin operating at 70.000 acre-feet per year in 2007. By 
2020 the system will annually supply 121.000 acre-feet of high quality water for recharge. for 
injection into the seawater intrusion barrier. and for direct industrial uses. 

This facility will use a lower cost microfiltration and reverse osmosis treatment process that 
produces water of near distilled quality. which will help reverse the trend of rising total dissolved 
solids (TDS) in groundwater caused by the recharge of higher lOS-content Santa Ana River and 
Colorado River waters. The facility will use about half the energy required to import an equivalent 
amount of water to Orange County from Northern California. The GWRS will be funded, In part. by 
a $30 million grant under Proposition 13 of 2000. 

Source: Orange County Water District 
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Box H Managing Groundwater using both Physical and Institutional Solutions 

Four agencies share responsibility for groundwater management in Ventura County. Coordination and 
cooperation between these agencies focus on regular meetings, attendance at each other's board 
meetings. joint projects. watershed committees. and ongoing personal contacts to discuss water" 
related issues. The agencies and their areas of responsibility are: 
• United Water Conservation District - physical solutions, monitoring. modeling. reporting, 

administering management plans and adjudication; 
• Fox Canyon Groundwater Management Agency - pumping allocations. credits and penalties, 

abandoned well destruction, data for irrigation efficiency; 
• County of Ventura - well permits. well construction regulations. tracking abandoned wells; and 
• Calleguas Municipal Water District - groundwater storage of imported water. 

In Ventura County 75% to 80% of the extracted groundwater is for agriculture; the remainder is for 
municipal and industrial use. Seawater intrusion into the aquifers was recognized in the 1940s and 
was the driving force behind a number of groundwater management projects and pOlicies in the 
county's groundwater basins, As groundwater issues became more complicated at the end of the 20th 
century. these groundwater management projects and policies were useful in solving a number of 
problems. 

Physical Solutions 
Physical solutions substitute supplemental surface water for groundwater pumping near coastal areas. 
increase basin recharge, and increase the reliability of imported water. Projects include: 
• Winter flood-flow storage for dry season release 
• Wells and pipelines to move pumping for drinking water away from the coast 
• Diversion structures to supply surface water to spreading grounds and irrigation 
• Pipelines to convey surface water to coastal areas . 
• LasPosas Basin Aquifer Storage and Recovery project 

Institutional Solutions 
Institutional solutions focus on developing and implementing effective groundwater management 
programs. reducing pumping demands. tracking groundwater levels and water quality, managing 
groundwater pumping patterns, and destroying abandoned wells to prevent cross-contamination of 
aquifers. Solutions include: 
• Creation of Fox Canyon Groundwater Management Agency (GMA), which represents each major 

pumping constituency 
• Use of irrigation efficiency (agriculture), water. conservation. and ,alternative sources of water (urban) 

to reduce pumping by 25% 
• Manage outside the GMA area through an AB 3030 plan and a court adjudication 
• Limit new permits for wells in specific aquifers to avoid seawater intrusion 
• Creation of a program to destroy abandoned wells 
• Creation of a database of historical groundwater levels and quality information collected since the 

1920s 
• Development of a regional groundwater flow model and a regional master plan for groundwater 

projects 
• Creation of an irrigation weather station to assist in irrigation efficiency 

Implementation of these physical and institutional management tools has resulted in the reversal of 
seawater intrusion in key coastal monitoring wells. These same tobls are being used to mitigate saline 
intrusion (not seaWater) in two inland basins and to reduce seasonal nitrate problems In the recharge 
area. Work is being expanded to help reduce loading of agricultural pesticides and nutrients. Without 
close coordination and cooperation of the county's water-related ,agencies, municipalities. and 
landowners, it woulO have been very difficult to implement most of these solutions, Although such 
coordination takes time, the investment has paid off in solutions that help provide a sustainable water 
supply for all water users in Ventura County. 

Source: United Water Conservation District 
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Chapter 2 I Groundwater Management in California 

necessarily improved groundwater management: The primary intent of most ordinances is to ensure that 

proponents of proj ects are held accountable for potential impacts of the proposed export proj ects. As studies 

lead to a better understanding of local water resources, development of pilot export and transfer projects, 

with appropriate monitoring, may lead to greater certainty in managing groundwater resources. Areas 

managed under adjudications and ordinances will continue to develop more active management approaches. 

Population growth and its accompanying. increased demand on the resources is a certainty. Most geographic 

areas in California are not immune to this growth, so strategies for more than just maintaining existing 

groundwater supply through extraction or export restrictions need to be implemented. 

Box I Impediments to Conjunctive Management Programs in California 

In 1998 the National Water Research Institute. in cooperation with the Association of Ground 
Water Agencies and the Metropolitan Water District of Southern California, conducted a 
workshop to determine the biggest impediments to implementing a cost-effective conjunctive 

water management program in California. 

Since that time, some steps have been taken to overcome those impediments, but several 
important barriers remain. Workshop participants identified the 10 most significant obstacles; 
1) Inability of local and regional water management governance entities to build trust. resolve 

differences (internally and externally), and share control. 
2) Inability to match benefits and funding burdens in ways that are acceptable t-a all parties, 

including third parties, 
3) Lack of sufficient federal, State, and regional financial incentives to encourage groundwater 

conjunctive use to meet statewide water needs. 
4) Legal constraints that impede conjunctive use, regarding storage rights, basin judgments, 

area of origin, water rights, and indemnification. 
5) Lack of statewide leadership in the planning and development of conjunctive use programs 

as part of comprehensive water resources plans, which recognize local, regional, and other 

stakeholders' interests. 
6) Inability to address quality difference in "put" versus "take"; standards for injection, export, 

and reclaimed water; and unforeseeable future groundwater degradation. 
7) Riskthat water stored cannot be extracted when needed because of infrastructure, water 

quality or water level, politics, and institutional or contractual provisions. 
8) Lack of assurances to prevent third-party impacts and assurances to increase willingness of 

local citizens to participate. 
9) Lack of creativity in developing lasting "win-win" conjunctive use projects, agreements. and 

programs. 
10) Supplemental suppliers and basin managers have different roles and expectations in relation 

to conjunctive use. 

[Editor's note: The California Department of Water Resources' Conjunctive Water Management program has 
taken significant steps to overcome.several of these Impediments, using a combination of California Bay
Delta Authority. DWR, Proposition 13, and AB 303 funds to promote locally planned and controlled 

conjunctive use programs.] 
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Future Groundwater Management in California 
Trying to predict what will happen with groundwater management in California is difficult given that actions 
by an of the involved groups-landowners, local governments, local, State, and federal agencies, and the 
courts-will continue to shape groundwater management in the future. However, the increasing population 
and its demands on California's water supply will accelerate the rate at which groundwater management 
issues become critical and require resolution. Some general conclusions are: 

• Groundwater management will continue to be a local responsibility with increasing emphasis on how 
actions in one part of a basin impact groundwater resources throughout the basin. Regional cooperation 
and coordination of groundwater management activities will increase. 

• As the State's population continues to grow, the increased reliance on groundwater will keep the topic 
of groundwater management at the forefront oflegislative interest. 

• Coordinated management of groundwater and surface water resources, through further development of 
conjunctive water management programs and projects, will become increasingly important. 

N 

The increased reliance on groundwater in the future will necessitate a more direct link between land use '" 
planning, watershed management, floodplain management, and groundwater management plans. 

• Current trends indicate that financial incentives in the form ofloans and grants are increasing 
groundwater management planning and implementation at the local level. These successes will only 
continue at the current pace with increased funding to local agencies. 

• Management of groundwater will increac;ingly include consideration of groundwater quality and 
groundwater quantity. 

• Groundwater will be an important element in the trend toward an integrated water management 
approach that considers the full range of demand management and supply alternatives. 

• Understanding of the relationship of groundwater and surface water and the role of groundwater in the 
environment will continue to grow. 
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Chapter 2 Groulldwater Management in California 

Box J Managing Groundwater Quantity and Quality 

When people hear the words "groundwater monitoring'" they may think either of measuring 

groundwater levels or of analyzing for groundwater quality, In reality, monitoring and management of 

groundwater quantity and groundwater quality are inseparable components ofa management plan. 

Although the primary focus of the California Department of Water Resources (DWR) is on 

groundwater quantity and the measures taken by. local agenCies to manage supply, management 

must also consider groundwater quality. Natural or anthropogenic contamination and pumping 

patterns that are not managed to protect groundwater quality may limit the quantity of groundwater 

that is available for use in a basiri. 

Several State programs provide useful data as well as regUlatory direction on groundwater quality 

that managers can use in managing their groundwater supply. One program is the Drinking Water 

Source Assessment anq Protection Program prepared by the California Department of Health 

Services in response to 1996 amendments to the federal Safe Drinking Water Act. The DWSAP 

requires water purveyors to assess sources of drinking water, develop zones indicating time of travel 

of groundwater, and identify potentially contaminating activities around supply wells, The goal is to 

ensure that the quality of drinking water sources is maintained and protected. Other useful water 

quality data for groundwater managers is collected by the agencies within the California 

Environmental Protection Agency, including the State Water Resources Control Board, Department of 

Pesticide Regulation and the Department of Toxic Substances Control, which are discussed in more 

detail In Chapter 5. Each of these agencies has a specific statutory responsibility to collect 

groundwater quality information and protect water quality, 

Protection of Recharge Areas 

Groundwater reCharge areas, and the human activities that can render them unusable, are an 

example of the need to coordinate land use activities to protect both groundwater quality and 

quantity. Protection of recharge areas, whether natural or man-made, is necessary if the quantity 

and quality of groundwater in the aquifer are to be maintained. Existing and potential recharge areas 

must be protected so that they remain functional, that is they continue to provide recharge to the 

aquifer and they are not contaminated with chemical or microbial constituents. Land-use practices 

should be implemented so that neither the quantity nor quality of groundwater is reduced. A lack of 

protection of recharge areas could decrease the availability of usable groundwater and require the 

substitution of a more expensive water supply. . 

Many potentially contaminating activities have routinely been practiced in recharge areas, leading to 

the presence of contaminants in groundwater, In many areas, groundwater obtained from aqUifers 

now requires remediation. Recent studies in some areas show that recharge areas are 

contaminated, but down-gradient wells are not, indicating that it is only a matter of time before 

contaminants in wells reach concentrations that require treatment of the groundwater. 

In addition to quality impacts, urban development. consisting of pavement and buildings on former 

agricultural land, lining of flood control channels, and other land use changes have reduced the 

capacity of recharge areas to replenish groundwater, effectively reducing the safe yield of some basins. 
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Box J Managing Groundwater Quantity and Quality (continued) 

To ensure that recharge areas continue to replenish high quality groundwater. water managers and 

land use planners should work together to: 

Identify recharge areas so the public and local zoning agencies are aware of the areas that need 

protection from paving and from contamination; 

Include recharge areas in zoning categories that eliminate the possibility of contaminants 

entering the subsurface; 
Standardize guidelines for pre-treatment of the recharge water. including recycled water; 

Build monitoring wells to collect data on changes in groundwater quality that may be caused by 

recharge; and 
Consider the functions of recharge areas in land use and development decisions, 
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Chapter 3 I Groundwater Management f'lanning and Implementation 

Chapter 3 
Groundwater Management Planning and Implementation 

The 1990s were a very important decade in the history of groundwater management in California. In 1992, 
the State Legislature provided an 0ppol1unity for more formal groundwater management with the passage of 
AB 3030 (Water Code § 10750 et seq.). More than 200 agencies have adopted an AB 3030 groundwater 
management plan. Additionally, 24 ofthe 27 counties with ordinances related to groundwater management 
adopted those laws during the 1990s. Plans prepared under AB 3030 certainly brought unprecedented num
bers of water agencies into the groundwater management arena, and counties are now heavily involved in 
groundwater management, primarily through ordinances. However, many plans prepared under AB 3030 
have had little or no implementation, and many counties focus primarily on limiting exports rather than on a 
comprehensive management program. As a result, the California Budget Act of 1999 (Stats. 1999, ch. 50), 
which authorized this update to Bulletin 118, directed the California Department of Water Resources (DWR) 
to complete several tasks, including developing criteria for evaluating groundwater management plans and 
developing a model groundwater management ordinance. This chapter presents the results of these directives. 
The intent is to provide a framework that will assist local agencies in proactively planning and implementing 
effective groundwater management programs. 

Criteria for Evaluating Groundwater Management Plans-Required and 
Recommended Components 

In 2002, the Legislature passed SB 1938 (Stats 2002, ch 603), which amended Water Code section 10750 et 
seq to require that groundwater management plans adopted by local agencies include certain components to 
be eligible for public funds administered by DWR for construction of groundwater projects; the statute applies 
to funds authorized or appropriated after September 1,2002. In addition to the required components, DWR 
worked with representatives from local water agencies to develop a list of additional recommended compo
nents that are common to effective groundwater management. 

Both the "required" and the "recommended" components are tools that local agencies can use either to 
institute a groundwater management plan for the first time or to update existing groundwater management 
plans. These components are discussed below and listed in Appendix C, which can be used as a checklist by 
local agencies to assess whether their groundwater management plans are addressing these issues. 

Required Components of Local Groundwater Management Plans 
As of January 1,2003, amendments to Water Code Section 10750 et seq., resulting ii'om the passage of 
SB 1938, require new groundwater management plans prepared under section 10750, commonly referred to 
as AB 3030 plans, to include the first component listed below. 

Groundwater management plans prepared under any statutory authority must include components 2 through 
7 to be eligible for the award of public funds administered by DWR for the construction of groundwater 
projects or groundwater quality projects. These requirements apply to funds authorized or appropriated after 
September 1, 2002. Funds appropriated under Water Code section 10795 et seq. (AB 303 - Local 
Groundwater Assistance Fund) are specifically excluded. 

1) Documentation that a written statement was provided to the public "describing the manner in which 
interested parties may participate in developing the groundwater management plan" (Water Code, 
§ 10753.4 (b)). 

54 D W R - B U l lET I N 1 1 8 

AR0069676 



2) Basin management objectives (BMOs) for the groundwater basin that is subject to the plan (Water Code, 
§ 10753.7 (a)(1)). 

3) Components relating to the monitoring and management of groundwater levels, groundwater quality, 
inelastic land surface subsidence, and changes in surface flow and surface water quality that directly 
affect groundwater levels or quality or are caused by groundwater pumping (Water Code, 
§ 10753.7 (a)(l)). 

4) A plan by the managing entity to "involve other agencies that enables the local agency to work 
cooperatively with other public entities whose service area or boundary overlies the groundwater basin" 
(Water Code, § 10753.7 (a)(2)). A local agency includes "any local public agency that provides water 
service to all or a portion ofits service area" (Water Code, § 10752 (g)). 

5) Adoption of monitoring protocols (Water Code, § 10753.7 (a)( 4)) for the components in Water Code 
section 10753.7 (a)(1). Monitoring protocols are not defined in the Water Code, but the section is 
interpreted to mean developing a monitoring program capable of tracking changes in conditions for the 
purpose of meeting BMOs. 

6) A map showing the area of the groundwater basin as defined by DWR Bulletin 118 with the area of the 
local agency subject to the plan as well as the boundaries of other local agencies that overlie the basin in 
which the agency is developing a groundwater management plan (Water Code, § 10753.7 (a)(3)). 

7) For local agencies not overlying groundwater basins, plans shall be prepared including the above listed 
components and using geologic and hydrologic principles appropriate to those areas 
(Water Code, § 10753.7 (a)(5)). 

Recommended Components of Groundwater Management Plans 
Although the seven components listed above are required only under certain conditions, they should always 
be considered fof'inclusion in any groundwater management plamling process. In addition to the required 
components of a groundwater management plan resulting from the passage of SB 1938, it is recommended 
that the components listed below be included in any groundwater management plan adopted and 
implemented by a local managing entity. These additional components were developed in accord with the 
Budget Act of 1999 and with the assistance of stakeholder groups. The components should be considered 
and developed for specific application within the basin, subbasin, or agency service area covered by the plan. 
Additional components will likely be needed in specific areas. The level of detail for each component will 
vary from agency to agency. None of the suggested data reporting in the components should be construed to 
require disclosure of information that is confidential under State law. Local agencies should consider both 
the benefits of public dissemination of information and water supply security in developing reporting 
requirements. 

Manage with the Guidance of an Advisory Committee 
The managing entity should establish an advisory committee of interested parties that will help guide the 
development and implementation of the plan. The committee can benefit management in several ways. 
First, the committee can bring a variety of perspectives to the management team. As the intent of local 
groundwater management is to maintain and expand local benefits from the availability of the resource, it 
makes sense that the intended beneficiaries are a part of the management process. Second, the committee is 
free to focus on the specifics of groundwater management without being distracted by the many operational 
activities that the managing entity (such as a water district) must complete. Third, some parties could be 
negatively impacted by certain groundwater management decisions, and these actions and potential adverse 
impacts should be a part of the decision-making process to help reduce future conflicts. Finally, the advisory 
committee helps the managing entity gain the confidence of the local constituency by providing the 
opportunity for interested parties to participate in the management process. 
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Chapter 3 I Groundwater Management Plallning and Implementatio/l 

Many managing entities have already elected to use advisory committees for implementation of their 
groundwater management plans. The composition of these committees varies widely. Some groups consist 
entirely of stakeholders, others add local or State government representatives or academic members as 
impartial third parties, and some have included consultants as technical advisers. Some plans use multiple 
advisory committees to manage unique subareas. Some plans appoint advisory committees with different 
objectives, such as one that deals with technical issues and another that deals with policy issues. There is no 
formula for the composition of an advisory committee because it should ultimately be based on local 
management needs and should include representation of diverse local interests. 

The Tulare Lake Bed Coordinated Management Plan provides an example of the benefit of an advisory 
committee. The plan includes nine groups of participants, making coordination and communication a 
complicated issue. To allow for greater communication, an executive committee was established consisting 
of one voting member from each public agency participating in the plan and one voting member representing 
a combined group of private landowner plan participants. The committee administers groundwater 
management activities and programs for the plan (TLBWSD 2002). 

Describe the Area to Be Managed under the Plan 
The plan should include a description of the physical setting and characteristics of the aquifer system underly
ing the plan area in the context ofthe overall basin. The summary should also include a description of 
historical data, including data related to groundwater levels, groundwater quality, subsidence, and groundwa
ter-surface water interaction; known issues of concern with respect to the above data; and a general discussion 
of historical and projected water demands and supplies. All of these data are critical to effective groundwater 
management because they demonstrate the current understanding of the system to be managed and serve as a 
point of departure for monitoring activities as part of plan implementation. 

Create a Link Between Management Objectives and Goals and Actions of the Plan 
The major goal of any groundwater management plan is to maintain a reliable supply of groundwater for 
long-term beneficial uses of groundwater in the area covered by the plan. The plan should clearly describe 
how each ofthe adopted management objectives helps attain that goal. Further, the plan should clearly 
describe how current and planned actions by the managing entity help meet the adopted management 
objectives. The plan will have a greater chance of success by developing an understanding of the 
relationship between each action, management objectives, and the goal of the groundwater management plan. 

For example, prevention of contamination of groundwater from the land surface is a management objective 
that clearly supports the goal of groundwater sustainability. Management actions that could help support this 
objective include (1) educating the public through outreach programs that explain how activities at the 
surface ultimately impact groundwater, (2) developing wellhead protection programs or re-evaluating 
existing programs, (3) working with the local responsible agency to ensure that permitted wells are 
constructed, abandoned, and destroyed according to State well standards, (4) investigating whether local 
conditions necessitate higher standards than those adopted by the local permitting agency for the 
construction, abandonment, or destruction of wells, and (5) working with businesses engaged in practices 
that might impact groundwater to reduce the risks of contamination. 

The concept of having a management objective is certainly not new. While many existing plans do not 
clearly include management objectives nor specifically identifY actions to achieve objectives, some plans 
indirectly include these components. As an example, Eastern Municipal Water District's (EMWD) 
Groundwater Management Plan states that its goal includes maximizing "the use of groundwater for all 
beneficial uses in such a way as to lower the cost of water supply and to improve the reliability of the total 
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water supply for all users." To achieve this goal, EMWD has listed several issues to be addressed. One is 
the prevention of long-term depletion of groundwater. This can be defined as a management objective even 
though it is not labeled as such. Where this management objective is currently unmet in the North San 
Jacinto watershed portion of the plan area, EMWD has identified specific actions to achieve that objective 
including the reduction of groundwater extraction coupled with pursuing the construction of a pipeline to act 
as an alternative source of surface water for the impacted area (EMWD 2002). 

Describe the Plan Monitoring Program 
The groundwater management plan should include a map indicating the locations of any applicable 
monitoring sites for groundwater levels, groundwater quality, subsidence, stream gaging, and other 
applicable monitoring. The groundwater management plan should summarize the type of monitoring (for 
example, groundwater level, groundwater quality, subsidence, streamflow, precipitation, evaporation, tidal 
influence), type of measurements, and the frequency of monitoring for each location. Site specific 
monitoring information should be included in each groundwater management plan. The plan should include 
the well depth, screened interval(s) and aquifer zone(s) monitored and the type of well (public, irrigation, 
domestic, industrial, monitoring). These components will serve as a tool for the local managing entity to 
assess the adequacy ofthe existing monitoring network in tracking the progress of plan activities. 

The groundwater management plan developed for the Scotts Valley Water District (SVWD) provides a 
detailed description ofthe monitoring program in Santa Cruz County (Todd Engineers 1994) Table 6 is 
SVWD's monitoring table, which serves as an example of the level of detail that is useful in a plan (Todd 
Engineers 2003a). Figure 9 shows the locations and types of monitoring points for each monitoring site. 
The monitoring table specifies in detail the data available and the planned monitoring. These serve as useful 
tools for SVWD to visualize the types and distribution of data available for their groundwater management 
activities. In addition to the minimum types of monitoring, SVWD summarizes other types of data that are 
relevant to their groundwater management effort. 

Describe Integrated Water Management Planning Efforts 
Water law in California treats groundwater and surface water as two separate resources with the result that 
they have largely been managed separately. Such management does not represent hydrologic reality. 
Recently, managers of a num bel' of resources are becoming increasingly aware of how their planning 
activities could impact or be impacted by the groundwater system. Because of this, the local managing entity 
should describe any current or planned actions to coordinate with other land use, zoning, or water 
management planning entities. 

Integrated management is addressed in existing groundwater management plans in several ways, including 
conjunctively managing groundwater with surface water supplies, recharging water from municipal sewage 
treatment plants, and working with local planning agencies to provide comments when a project is proposed 
that could impact the groundwater system. 

Examples of planning efforts that should be integrated with groundwater management may include 
watershed management, protection ofrecharge areas, agricultural water management, urban water 
management, flood management, drinking water source assessment and protection, public water system 
emergency and disaster response, general plans, urban development, agricultural land preservation, and 
environmental habitat protection or restoration. Another example that may appear insignificant is 
transportation infrastructure. However, local impacts on smaller aquifers could be significant when 
landscaping of medians and interchanges requires groundwater pumping for irrigation or when paved areas 
are constructed over highly permeable sediments that act as recharge zones for the underlying aquifer. 
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Monitoring type 

Precipitation 

Evaporation 

Evapotranspiration 

Streamflow 

Well Inventory 

Groundwater Levels 

Pump age 

Table 6 Scotts Valley Water District's Groundwater Monitoring Plan 

Location 

EI Pueblo Yard 

WWTP 

EI Pueblo Yard 

De Laveaga Park, Santa Cruz 

Carbonera Ck at Scotts Valley 
@ Cabonera Way Bridge 
(#111613000) 

Bean Ck near Scotts Valley @ 
Hermon Crossing (#11160430) 

Eagle Creek In Henry Cowell 
Redwoods State Park 

nOSIROIE Sections 6-9, 
16-20,30 and 
nOS/R02E Sections 1,11-14, 
23-26,36 

-34 Santa Magarita aquifer and 
-14 Lompico fornlation wells 

TlOSIROIE Sections 6-9, 
16-20,30 and 
TIOS/R02E Sections 1,11-14, 
23-26, 36 District wells in 
production and on standby 

Date 
Measurement type started 

15-minute recording Feb-85 

5-minute recording 1990 

Pan Jan-86 

Automated active Sep-90 
weather station 

15-minute recording Jan-85 

15-minute recording Dec-88 

Bucket-Fall, Flow Mar-Ol 
Meter-Spring 

Over 400 wells: 1950s 
location, log, type, 
capacity, etc. 
stored in GIS, and 
Access database 

Depth to water 1968 

Metered 1975 

Frequency/ maintainer 

DailylDistrict, Monthly/City 

Daily/City 

DailylDistrict 

California Irrigation 
Management Information 
System/Monthly 

USGS/Daily 

USGS/Daily 

Semi-annually/ Todd Engineers 

. Logs from DWR maintained by 
Todd Engineers 

Quarterly/ District and 
cooperators 

Monthly/ Scotts Valley Water 
District, Mt. Hermon 
Association, Hanson Aggregates 
West, San Lorenzo Valley 
Water District 

Notes 

Other historic gages:(1) Blair site on Granite 
Ck. Rd. (Jan. 1975 - Dec. 1980) 
(2) Hacienda Dr. (JuI. 1974 - Mar. 1979) 
(3) El Pueblo Yard bucket gage 
(Jan. 1981 - Jan. 1985) 

Evaporation pan raw data not compiled after 
July 1990 

Data available on-line through CIMIS 

Other historic gages: 
(1) Carbonera Ck @ Santa Cruz 
(#11161400) 150 feet upstream from mouth 
(1974-1976 partial data) 

(2) Bean Ck near Felton (#11160320) (1973-
1978 partial data), low flows at same 
location (1983-1988) 

(3) Carbonera Creek @ Glen Canyon 
(1990-19947) 

Data from over 75 wells, as early as 1968, 
bi-monthly 1983-1989 

Other historic pumpage data: Manana Woods 
(1988-1996 partial data) 
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Table 6 Scotts Valley Water District's Groundwater Monitoring Plan (continued) 

Date 
Monitoring type Location J\,1easurement type started Fre.guencyl maintainer 
Groundwater Quality nOSIROIE Sections 6-9, Title 22 1963 At least semi-annuall District 

16-20,30 and nOS/R02E constituents and others 
Sections 1,11-14,23-26, 36 
District wells in production 

North Scotts Valley 3 shallow 
monitoring wells 

Surface Water Quality 4 sites on Carbonera and 
3 sites on Bean Creek 

Wastewater Outflows City of Scotts Valley WWTP 
@LundyLane 

Recycled Water 
Production 

Scotts Valley WWTP 

Source: Todd Engineering 2003a 

Metals, nitrogen 
species, general 
minerals 

Grab samples
metals, nitrogen 
species, general 
minerals 

Wastewater 
outflow volume 
and effluent 
quality 

Recycled water 
quantity and 
quality 

Mar-Ol Semi-annuallyl Todd Engineers 

Mar-Ol Semi-annuallyl Todd Engineers 

1965 Daily/City of Scotts Valley 

2002 At least quarterlyl WWTP 

Notes 
Data from over 80 wells, as early as 1963, 
monitoring frequency similar to 
groundwater level program 

Plant operational in 1965 
(septic systems pre-1965) 
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Figure 9 Scotts Valley Water District's Groundwater Management Plan monitoring locations 
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Box K What are Management Objectives? 

Management objectives are the local managing entity's way of identifying the most important 

issues in meeting local resource needs; they can be seen as establishing a "value system" for the 

plan area. There is no fixed set of management ol:!jectives for any given plan area. Some of the 

more commonly recognized management objectives include the monitoring and managing of 

groundwater levels, groundwater quality, inelastic land subsidence, and changes in streamflow 

and surface water quality where they impact or are impacted by groundwater pumping. 

Management objectives may range from being entirely qualitative to strictly quantified. 

Each management ol:!jective would have a locally determineq threshold value associated with it. 

which can vary greatly. For example, in establishing a management objective for groundwater 

quality. one area may simply choose to establish an average value of total dissolved solids as the 

indicator of whether a management objective is met, while another agency may choose to have no 

constituents exceeding the maximum contaminant level for public drinking water standards. While 

there is great latitude in establishing management obJectives, local managers should remember 

that the objectives should serve to support the goal of a sustainable supply for the beneficial use 

of the Water in their particular area. 

An example of an alternative management objective is Orange County Water District's (OCWD) 

objective of maintaining available storage space in its management area at 200,000 acre-feet. The 

objective does not require that groundwater elevations be fixed at any particular location, although 

managing to this ol:!jective would likely have the net benefit of stabilizing water levels. 

Groundwater storage is a dynamic value, so attempting to meet this management objective is an 

ongoing challenge. OCWD has Implemented many management actions directly aimed at 

managing the basin to meet this ol:!jective. 

The Deer Creek and Tule River Authority provides an excellent example of how groundwater management 
activities can be coordinated with other resources. The authority, in conjunction with the U.S. Bureau of 
Reclamation, has constructed more than 200 acres of recharge basins as part of its Deer Creek Recharge
Wildlife Enhancement Project. When available, the project takes surplus water during winter months and 
delivers it to the basins, which serve as winter habitat for migrating waterfowl, creating a significant 
environmental benefit. Most ofthe water also recharges into the underlying aquifer, thereby benefiting the 
local groundwater system. 

Report on Implementation of the Plan 
The managing entity should produce periodic reports-annually or at other frequencies determined by the 
local managing entity-summarizing groundwater basin conditions and groundwater management activities. 
For the period since the previous update, the reports should include: 

• A summary of monitoring results, including historical trends, 
• A summary of actual management actions, 
• A summary, supported by monitoring results, of whether management actions are achieving progress in 

meeting management objectives, 
• A summary of proposed management actions, and 
• A summary of any plan component changes, including addition or modification of management objectives. 
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Chapter 3 I Groundwater Management' Planning and Implementation 

Unfortunately, many plans were prepared in the mid-1990s with little or no follow-up documentation of 
whether the plan is actually being implemented. This makes it difficult to determine what progress has been 
achieved in managing the groundwater resource. Periodic reports will serve as a tool for the managing entity 
to organize its many activities to implement the plan, act as a driving force for plan implementation, and help 
interested parties understand the progress made by local entities in managing their groundwater resource. 

Progress reports on SVWD (Todd Engineers 2002) and EMWD (2002) groundwater management plans serve 
as excellent examples of the value of such an exercise. Both reports effectively portray the results of 
management actions: progress toward achieving objectives and specific recommendations for future 
management actions. An example of reporting on the modification of a management objective for water 
quality can be found in EMWD's 2000 Annual Report (EMWD 2001). A task force of more than 20 water 
suppliers and wastewater agencies, including EMWD, worked to update the Regional Water Quality Control 
Board's Region 5 Basin Plan objectives for nitrogen and total dissolved solids in water, effectively changing 
EMWD's management objectives for those constituents. 

Evaluate the Plan Periodically 
The managing entity and advisory committee should re-evaluate the entire plan. Periodic evaluation ofthe 
entire management plan is essential to define successes and failures under the plan and identify changes that 
may be needed. Additionally, re-evaluation of the plan should include assessment of changing conditions in 
the basin that may warrant modification of the plan or management objectives. Adjustment of components in 
the plan should occur on an ongoing basis if necessary. The re-evaluation of the plan should focus on deter
mining whether the actions under the plan are meeting the management objectives and whether the manage
ment objectives are meeting the goal of sLlstaining the resource. 

While there are several examples of existing groundwater management plans that demonstrate ongoing 
changes to plan activities, there are no known examples of such an approach to entirely re-evaluate an 
existing plan. This is likely due in part to the occurrence of several consecutive wet years in the mid- and 
late-1990s. The abundant surface water supplies reduced the need to actively manage groundwater supplies 
in many cases. More recent dry conditions and the recent passage of SB 1938 will create an excellent 
opportunity for managing entities to begin a re-evaluation of existing plans. 

Model Groundwater Management Ordinance 
As discussed in the previous chapter, ordinances are groundwater management mechanisms enacted by local 
governments through exercise of their police powers to protect the health and safety of their citizens. In 
Baldwin v. Tehama County (1994), the appellate court declared that State law does not preempt the field of 
groundwater management. 

In the mid- to late-1990s, many counties adopted ordinances that effectively prevented export of groundwater 
from the county, even though none specifically prohibited export. The intent of each of these ordinances is to 
sustain groundwater as a viable local resource. To ensure that goal, an export project proponent is required 
by most of the ordinances to show that the proposed project will not cause depletion of the groundwater, 
degradation of groundwater quality, or subsidence before a permit to export groundwater can be issued. 
Although these ordinances do not specifically require threshold limits for each of these potential negative 
impacts, a project proponent can really only show that these negative effects will not occur ifthe proponent 
develops a groundwater management plan. 
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Many of these ordinances were developed in response to the plans of some agencies or landowners to export 
groundwater or develop a groundwater substitution project where surface water is exported and groundwater 
is substituted for local use. In some cases, short-term export actually took place, leading to a number of 
claims of negative third party impacts. Residents of some counties became concerned because no one knew 
how much groundwater was available for local use and how much groundwater was available for export. In 
short, details of the hydrology of the basin, including surface water and groundwater availability, water 
quality, and the interaction of surface water and groundwater were not known. This lack of detailed 
knowledge about the operating potential of their groundwater resources led counties to take what they 
viewed as protective action, which consisted of requiring a permit before anyone could export groundwater 
from the county. 

From the perspective of DWR, groundwater should be managed in a manner that ensures long-term 
sustainability of the resource for beneficial uses. Those beneficial uses are to be decided by the local 
stakeholders within the basin. In some areas, there may be an ample supply of water, so groundwater exports 
or substitution projects are feasible while local beneficial uses of the water supply are maintained. In other 
areas, limiting exports may be necessary to maintain local beneficial uses. Such determinations can be made 
only after the data are collected and evaluated and the results are used to develop management objectives for 
the basin. 

While developing both the criteria for evaluating groundwater management plans and the model groundwater 
management ordinance, DWR staff has borne two principles in mind. First, the goal of groundwater 
management, whether accomplished by a plan or by an ordinance, is to sustain and often expand a 
groundwater resource. Second, groundwater management, whether accomplished by a plan or by an 
ordinance, requires that local agencies address and resolve the same or similar issues within the boundaries 
of the agencies. To say it in different words, whether it is a plan or an ordinance, good groundwater 
management should address the same issues and problems and arrive at the same conclusions and solutions 
to satisfY the needs ofthe local area. While some areas may allow or promote exports, others may not. 

As stated above, the Legislature required a model ordinance as one of the elements of this update of Bulletin 
118. The model ordinance is included as Appendix D and can be used by local governments that have 
identified a need to adopt a groundwater management ordinance. The model is an example of what a local 
ordinance might include. Local conditions will require some additions, modifications, or deletions. The 
variety of political, institutional, legal, technical, and economic opportunities and constraints throughout 
California guarantees that there will be differences to which the model will have to be adapted. Local 
governments interested in adopting a groundwater management ordinance are encouraged to consider all 
components included in the model. 

Water Code section 10753.7(b)(1)(A) allows an agency to participate in or consent to be subject to a 
groundwater management plan, a basin-wide management plan, or other integrated regional water 
management plan in order to meet the funding eligibility requirements that resulted from passage of SB 1938 

. (2001). A local government that adopts an ordinance should consider whether or not it will have local 
agencies that do not have their own groundwater management plan, but consent to be managed under the 
ordinance. If this situation is anticipated, the ordinance should include the required components described in 
the Water Code so State funding can be pursued. 
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Chapter 4 
Recent Actions Related to Groundwater Management 

The past few years have seen signii1cant actions that impact groundwater management in California. Below 
are several examples of recent actions including legislation, ballot measures, and executive orders that show 
the State Legislature and the citizens of California clearly recognize the importance of groundwater and its 
appropriate management in meeting the present and future water supply needs of the State. 

Safe Drinking Water, Clean Water, Watershed Protection and 
Flood Protection Act of 2000 (Proposition 13) 

On March 7, 2000, California voters approved a $1.97-billion general obligation bond known as the Safe 
Drinking Water, Clean Water, Watershed Protection and Flood Protection Act (Proposition 13). Of the nearly 
$2 billion, $230 million was earmarked for groundwater programs. The act authorizes $200 million for 
grants for feasibility studies, project design, and construction of conjunctive use facilities (Water Code, § 
79170 et seq.) and $30 million in loans for local agency acquisition and construction of groundwater 
recharge facilities and feasibility study grants for projects potentially eligible for the loan program (Water 
Code, § 79161 et seq.). More than $120 million have been awarded in grants and loans to local agencies in 
the i1rst two years of implementation of these programs. 

California Bay-Delta Record of Decision 
The goal of the California Bay-Delta (formerly CALF ED) program is to restore ecosystem health and 
improve water management in the Bay-Delta system. The program has four primary objectives: 

Provide good water quality for all benei1cial uses 
Improve and increase aquatic and terrestrial habitats and improve ecological functions in the Bay
Delta to support sustainable populations of diverse and valuable plant and animal species 
Reduce the mismatch between Bay-Delta water supplies and current and projected benei1cial uses 
dependent on the Bay-Delta system 
Reduce the risk to land use and associated economic activities, water supply, infrastructure, and the 
ecosystem from catastrophic breaching of Delta levees 

The Record of Decision (ROD), released in August 2000, sets forth a 30-year plan to address ecosystem 
health and water supply reliability problems in the Bay-Delta system. The ROD lays out specii1c actions and 
investments over the first seven years to meet program goals. Most important, with respect to groundwater is 
the California Bay-Delta program's commitment to local groundwater management. The ROD states, 
"CALFED will work with local governments and affected stakeholders to develop legislation to strengthen 
AB 3030 and provide technical and financial incentives to encourage more effective basin-wide groundwater 
management plans ... " (CALFED 2000). The ROD encourages basin management that is developed at the 
subbasin level so that it addresses local needs, but is coordinated at the basin-wide level so that it considers 
impacts to other users in the basin. The ROD also commits Bay-Delta agencies to "facilitate and fund 
locally supported, managed, and controlled groundwater and conjunctive use projects with a total of 500,000 
acre-feet to 1 million acre-feet (maf) of additional storage capacity by 2007" (CALFED 2000). 
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Local Groundwater Management Assistance Act of 2000 
(AB 303, Water Code Section 10795 et seq.) 

The goal of the Local Groundwater Management Assistance Act is to help local agencies better understand 
how to manage groundwater resources effectively to ensure the safe production, quality, and proper storage 
of groundwater in the State. The act created the Local Groundwater Assistance Fund, which must be 
appropriated annually. In three years, more than $15 million in grants were awarded for 71 projects. Grants 
went to local agencies for groundwater studies and projects that contribute to basin and subbasin 
management obj ectives, including but not limited to groundwater monitoring and groundwater basin 
management. Grants are available to all geographic areas of the State. This act serves to emphasize that 
groundwater is recognized as an important local resource and, to the extent that groundwater is properly 
managed at the local level, serves to benefit all Californians. 

Groundwater Quality Monitoring Act of 2001 
(AB 599, Water Code Section 10780 et seq.) 

Assembly Bill 599, known as the Groundwater Quality Monitoring Act of 200 1, set a goal to establish 
comprehensive groundwater monitoring and increase the availability of information about groundwater 
quality to the public. The objective of the program is to highlight those basins in which contamination has 
occurred or is likely to occur and provide information that will allow local managers to develop programs to 
curtail, treat, or avoid additional contamination. The act required the State Water Resources Control Board 
(SWRCB), in coordination with an Interagency Task Force (ITF) and a Public Advisory Committee (PAC), to 
integrate existing monitoring programs and design new program elements, as necessary, to establish a 
comprehensive statewide groundwater quality monitoring program. 

Through the ITF and PAC, the Comprehensive Groundwater Quality Monitoring Program was developed. 
The program will seek to: 

Accelerate the monitoring and assessment program already established by the SWRCB, 
Implement monitoring and assessment in accordance with a prioritization of basins/subbasins, 
Increase coordination and data sharing among groundwater agencies, and 
Maintain groundwater data in a single repository to provide useful access by the public while 
maintaining appropriate security measures. 

The Comprehensive Groundwater Quality Monitoring Program is expected to provide the ,following key 
benefits: ' 

A common base communications medium for agencies to utilize and supply groundwater quality data 
at multiple levels, 
A mechanism to unite local, regional and statewide groundwater programs in a common effort, 
Better understanding of local, regional and statewide water quality issues and concerns that in turn 
can provide agencies at all levels with better information to deal with the concerns of consumers and 
consumer advocate groups, 
Groundwater agencies with trend and long-term forecasting information, essential for groundwater 
management plan preparation and implementation, and 
The motivation for small- and medium-sized agencies to begin or improve their own groundwater 
monitoring and management programs. 
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Water Supply Planning 
Three biJIs enacted by the Legislature to improve water supply planning processes at the local level became 
effective January 1,2002. In general, the new laws are intended to improve the assessment of water supplies 
during the local planning process before land use projects that depend on water are approved. The new laws 
require the veri±1cation of sufficient water supplies as a condition for approving developments, and they 
compel urban water suppliers to provide more information on the reliability of groundwater if used as a 
supply. 

SB 221 (Bus. and Prof. Code, § 11010 as amended; Gov. Code, § 65867.5 as amended; Gov. Code, §§ 
66455.3 and 66473.7) prohibits approval of subdivisions consisting of more than 500 dwelling units unless 
there is verification of sufficient water supplies fol' the project from the applicable water suppJier(s). This 
requirement also applies to increases of 10 percent or more of service connections for public water systems 
with less than 500 service connections. The law defines criteria for determining "sufficient water supply," 
such as using normal, single-dry, and multiple-dry year hydrology and identifying the amount of water that 
the supplier can reasonably rely on to meet existing and future plamled uses. Rights to extract additional 
groundwater must be substantiated if used for the project. 

SB 610 (Water Code, §§ 10631, 10656, 10910, 10911, 10912, and 10915 as amended; Pub. Resources Code, 
§ 21151.9 as amended) and AB 901 (Water Code, § § 10610.2 and 10631 as amended; Water Code § 10634) 
make changes to the Urban Water Management Planning Act to require additional information in Urban 
Water Management Plans (UWMP) if groundwater is identified as a source available to the supplier. 
Required information includes a copy of any groundwater management plan adopted by the supplier, proof 
that the developer or agency has rights to the groundwater, a copy of the adjudication order or decree for 
adjudicated basins, and if not adjudicated, whether the basin has been identified as being overdrafted or 
projected to be overdrafted in the most current DWR publication on the basin. If the basin is in overdraft, the 
UWMP must include current efforts to eliminate any long-term overdraft. A key provision in SB 610 
requires that any project subject to the California Environmental Quality Act supplied with water from a 
public water system be provided a water supply assessment, except as specified in the law. AB 90 I requires . 
the plan to include information relating to the quality of existing sources of water available to an urban water 
supplier over given periods and include the manner in which water quality affects water management 

strategies and supply reliability. 

Emergency Assistance to the Klamath Basin 
On May 4,2001, the Governor proclaimed a State of Emergency in the Klamath Basin in Siskiyou and 
Modoc counties. The proclamation included disaster assistance of up to $5 million under authority of the 
State Natural Disaster Assistance Act. This assistance went directly into constructing wells to extract 
groundwater for use on cover crops to avoid loss of critical topsoil. The Governor's proclamation also 
included $1 million for a study of the Klamath River Basin to determine the long-term water supply in the 

California portion of the basin. 

Governor's Drought Panel 
The Governor's Advisory Drought Planning Panel was formed in 2000 to develop a contingency plan to 
address the 1m pacts of critical water shortages in California. The panel formed with the recognition that 
crt tical water shortages may severely impact the health, welfare, and economy of California. Panel 
recommendations included securing funding for the Local Groundwater Management Assistance Act 
(described above); continued support of critical groundwater monitoring in basins with inadequate data, and 
the formation of a technical assistance and education program for "rural homeowners and small domestic 
water systems relying on self-supplied groundwater" (GADPP 2000). 
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Sacramento Valley Water Management Agreement 
On May 22, 1995, SWRCB adopted the "Water Quality Control Plan for the San Francisco Bay/Sacramento 
San Joaquin Delta Estuary" (the 1995 WQCP). Following this action, SWRCB initiated a water rights 
hearing process with the intent of allocating responsibility for meeting the standards of the 1995 WQCP 
among water right holders in areas tributary to the Delta. The water rights hearing was conducted in phases 
with all phases being resolved with the exception of Phase 8, which involved water rights holders in the 
Sacramento Valley. 

Proceeding with Phase 8 may have involved litigation and judicial review for years. That extended process 
could have resulted in adverse impacts to the environment and undermined progress on other statewide water 
management initiatives. To avoid the consequences of delay, the Sacramento Valley Water Users, DWR, the 
U.S. Bureau of Reclamation (USBR), and export water users developed the Sacramento Valley Water 
Management Agreement. The agreement became effective April 20, 2001. At that time SWRCB issued an 
order staying the Phase 8 hearing for 18 months. The parties negotiated a short-term settlement agreement 
that obligated DWR and USBR to continue to fully meet the Bay-Delta water quality standards while 
providing for the development of conjunctive use and system improvement projects by participating 
upstream water rights holders that would make water available to help meet water quality standards while 
improving the reliability of local water supplies. SWRCB has subsequently dismissed the Phase 8 
proceedings, and work is being undertaken on both short-term and long-term activities included in the 
Sacramento Valley Water Management Agreement. 

Groundwater Management Water Code Amendments 
In September 2002, SB 1938 (Water Code, § 10753.4 and § 10795.4 as amended; Water Code, § 10753.7, § 
10753.8 and § 10753.9 as amended and renumbered; Water Code, § 10753.1 and § 10753.7 as added) was 
signed into law. The act amends existing law related to groundwater management by local agencies. The 
law requires any public agency seeking State funds administered through DWR for the construction of 
groundwater projects or groundwater quality projects to prepare and implement a groundwater management 
plan with certain specified components. Prior to this, there were no required plan components. New 
requirements include establishing basin management objectives, preparing a plan to involve other local 
agencies in a cooperative plamling effort, and adopting monitoring protocols that promote efficient and 
effective groundwater management. The requirements apply to agencies that have already adopted 
groundwater management plans as well as agencies that do not overlie groundwater basins identified in 
Bulletin 118 and its updates when these agencies apply for state funds. The requirements do not apply to 
funds administered through the AB 303-Local Groundwater Management Assistance Act (Water Code, § 
10795 et seq.) or to funds authorized or appropriated prior to September 1,2002. Further discussion of the 
requirements is included in Chapter 3 and Appendix C. 

Water Security, Clean Drinking Water, Coastal and Beach Protection Act of 2002 
(Proposition 50) 

California voters approved the Water Security, Clean Drinking Water, Coastal and Beach Protection Act of 
2002 (Proposition 50; Water Code, § 79500 et seq.) in the November 2002 elections. The initiative provides 
for more than $3.4 billion of funding, subject to appropriation by the Legislature, for a number ofland 
protection and water management activities. 

Several chapters of Proposition 50 allocate funds for specified water supply and water quality projects, 
including: 

Chapter 3 Water Security. Provides $50 million to protect State, local, and regional drinking water 
systems from terrorist attack or deliberate acts of destruction or degradation. 
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Chapter 4 Safe Drinking Water. Provides $435 million for grants and loans for infrastructure 
improvements to meet safe drinking water standards. 
Chapter 5 Clean Water and Water Quality. Provides $390 million for a number of water quality and 
environmental improvements. 
Chapter 6 Contaminant and Salt Removal Technologies. Provides $100 million for desalination of 
ocean or brackish waters as well as treatment and removal of contaminants. 
Chapter 7 California Bay-Delta program. Provides $825 million for continuing implementation of 
all elements of the program. 
Chapter 8 Integrated Regional Water Management. Provides $500 million for many categories of 
water management proj ects that will protect communities from drought, protect and improve water 
quality, and reduce dependence on impOlted water supplies. 
Chapter 9 Colorado River. Provides $70 million for canal-lining projects necessary to reduce water 
use and to meet commitments related to California's allocation of water from the Colorado River. 
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Chapter 5 
The Roles of State and Federal Agencies in California 

Groundwater Management 

Even though groundwater management is a local responsibility and mostly voluntary, several State and 
federal agencies have key roles in California groundwater management. Some of these roles may not be 
immediately recognized, but because they work toward the goal of maintaining a reliable groundwater supply, 
they are closely related to groundwater management. Some of the programs available through the California 
Department of Water Resources (DWR) and other agencies that assist local agencies in managing grow1dwa
tel' resources are described below. 

Local Groundwater Management Assistance from DWR 
DWR's role in groundwater management begins with the fundamental understanding that groundwater 
management is locally driven and management programs should respond to local needs and concerns. DWR 
recognizes that when groundwater is effectively managed at the local level, benefits are realized at a 
statewide level. 

DWR has historically maintained many programs that directly benefit local groundwater management efforts 
including: 

Providing assistance to local agencies to assess basin hydrogeologic characteristics, 
Assistinglocal agencies to identify opportunities to develop additional groundwater supply, 
Monitoring groundwater levels and quality, . 
Providing watermaster services for court-adjudicated basins, 
Providing standards for well construction and destruction, 
Managing the State's extensive collection of well completion reports, and 
Reviewing proposals and distributing grant funds and low-interest loans for conjunctive use 

projects, as well as local groundwater management and monitoring programs. 

Conjunctive Water Management Program 
DWR's Conjunctive Water Management Program consists of a nwnber of integrated efforts to assist local 
agencies in improving groundwater management and increasing water supply reliability. 

One goal of the Integrated Storage Investigations (lSI) Program, an element of the Bay-Delta program, is to 
increase water supply reliability statewide through the planned, coordinated management and use of 
groundwater and surface water resources. The effoli emphasizes forming working partnerships with local 
agencies and stakeholders to share technical data and costs for planning and developing locally controlled 
and managed conjunctive water management projects. 

Toward that end, the Conjunctive Water Management Program has: 
Developed a vision in which DWR would assist local agencies throughout the State so that these 
agencies can effectively manage groundwater resources, 
Adopted a set of working principles to ensure local planning; local control, operation, and 
management of conjunctive use projects; voluntary implementation of projects; and local benefits 
from the proposed projects, 
Executed memoranda of understanding with 30 local agency partners and provided technical and 
financial assistance to study groundwater basins and assess opportunities for conjunctive water 
management, 
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Provided technical assistance in the form of groundwater monitoring, groundwater modeling, and 
local water management planning, as well as a review of numerous regional and statewide planning 
efforts on a variety of water issues, and 
Provided facilitation assistance to promote broad stakeholder involvement in regional water 
management planning processes. 

DWR staff review proposals and distribute grants pursuant to the Local Groundwater Management 
Assistance Act of2000 (AB 303). To date, DWR has awarded more than $15 million to local agencies to 
fund 71 projects dealing with groundwater investigation, monitoring, or management. 

With funds provided under Proposition 13, DWR has awarded more than $170 million in loans and grants for 
groundwater recharge and storage studies and projects to local agencies throughout the State. Applicant 
estimates of the water supply reliability increases that will be realized from these projects exceeds 150 
thousand acre-feet annually. Recipients of loans and grants must provide progress reports to allow an 
evaluation of the successes ofthe various programs. Figure 10 shows the distribution of loan and grant 
awardees throughout the State. 

Both grant programs have active outreach efforts to inform and to assist agencies in preparation of 
applications. Selection of projects for funding relies in part on input from advisory committees composed of 
stakeholders from throughout the State. 

Box l Providing Data: 

The Internet Makes Groundwater Elevation Data Readily Accessible to the Public 

In 1996, the California Department of Water Resources (DWR) began providing Internet access to 

groundwater level data and hydrographs for wells in groundwater basins throughout California. The website, 

which distributes historical data for more than 35,000 wells monitored by DWR and its many cooperators, 

has proven very popular, with more than 60,000 visits to date: Options .include a form or map interface to 

locate wells with water level data and the ability to download long-term water levels for specific wells or 

seasonal measurements for specific areas to create groundwater contour maps. The accessibility of this 

data makes it a significant resource for local agenCies in making sound groundwater management decisions. 

The address of the site is http://wdl.water.ca.gov/. 
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Wells can be located with a map interface. By clicking on a well, a hydrograph with the 

latest data available is automatically generated. 
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Assistance from Other State and Federal Agencies 
Many other State and federal agencies provide groundwater management assistance to local agencies. Some 
of those roles are described below. For more information on the roles of various agencies in protecting the 
groundwater resource, see the California Department of Health Services' Drinking Water Source Assessment 
and Protection Program Document (DHS 2000), California Groundwater Management (Bachman and others 
1997), or the individual agency websites. 

State Water Resources Control Board and Regional Water Quality Control Boards 
http://www.swrcb.ca.gov The mission of the State Water Resources Control Board (SWRCB) is to ensure the 
highest reasonable quality of waters of the State, while allocating those waters to achieve the optim um 
balance of beneficial uses. In turn, the nine Regional Water Quality Control Boards (RWQCB) develop and 
enforce water quality objectives and implement plans to protect the beneficial uses of the State's waters, 
recognizing differences in climate, topography, geology, and hydrology. 

SWRCB has many responsibilities regarding the protection of the groundwater resource. One of the more 
notable is the Groundwater Ambient Monitoring and Assessment (GAMA) Program. GAMA is a recently 
enacted program that will provide a comprehensive assessment of water quality in water wells throughout the 
state. GAMA has two main components: the California Aquifer Susceptibility (CAS) Assessment and the 
Voluntary Domestic Well Assessment Project. 

The CAS combines age dating of water and sampling for low-level volatile organic compounds (VOCs), 
such as methyl tertiary-butyl ether (MTBE), to assess the relative susceptibility of all of approximately 
16,000 public supply wells throughout the State. Age dating provides a general assessment of how quickly 
groundwater is moving through the system, while the sampling oflow-Ievel VOCs allows greater reaction 
time for potential remediation strategies before contaminants reach action levels. Sampling is being 
conducted by staff from the U.S. Geological Survey (USGS) and Lawrence Livermore National Laboratory. 
The CAS Assessment was developed cooperatively with DHS and DWR. 

The Voluntary Domestic Well Assessment Project will provide a previously unavailable sampling of water 
quality in domestic wells, which will assist in assessing the relative susceptibility of Califomia's 
groundwater. Because water quality in individual domestic wells is unregulated, the program is voluntary 
and will focus, as resources permit, on specific areas of the state. Constituents to be analyzed include nitrate, 
total and fecal coliform bacteria, MTBE, and minerals. Additional constituents will be added in areas with 
known water quality problems. 

Other SWRCB/RWQCB activities related to groundwater protection include developing basin plans that 
identify existing and potential beneficial uses of marine water, groundwater, and surface waters; regulating 
the discharge of waste that may affect water quality in California; monitoring of landfills and hazardous 
waste facilities; establishing standards for the constmction and monitoring of underground storage tanks; 
establishing management plans for control of non point source pollutants; and issuing cleanup and abatement 
orders that require corrective actions by the responsible party for a surface water or groundwater pollution 
problem or nuisance. 

The Groundwater Quality Monitoring Act of2001 (AB599, Water Code, § 10780 et seq.) required the 
SWRCB to develop a comprehensive monitoring program in a report to the Legislature. See Chapter 4 for 
details. 
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California Department of Health Services 
http://www.dhs.ca.gov/ps/ddwem The DHS Drinking Water Program, part of the Division of Drinking Water 
and Environmental Management, is responsible for DHS implementation of the federal Safe Drinking Water 
Act, as well as California statutes and regulations related to drinking water. As part of this responsibility, 
DHS inspects and provides regulatory oversight of approximately 8,500 public water systems (and 
approximately 16,000 drinking water wells) to assure delivery of safe drinking water to all California 
consumers. 

Public water system operators are required to regularly monitor their drinking water sources for 
microbiological, chemical and radiological contaminants to show that drinking water supplies meet 
regulatory requirements (called primary maximum contaminant leveis-MCLs). Among these contaminants 
are approximately 80 specific inorganic and organic chemical contaminants and six radiological 
contaminants that reflect the natural environment as well as human activities. 

Public water system operators also monitor their water for a number of ether contaminants and 
characteristics that deal with the aesthetic properties of drinking water (known as secondary MCLs). They 
are also required by regulation to analyze for certain unregulated contaminants (to allow DHS to collect 
information on emerging contaminants, for example), and to report findings of other contaminants that may 
be detected during routine monitoring. The DHS water quality monitoring database contains the results of 
analyses since 1984. These data, collected for purposes of regulatory compliance with drinking water laws, 
also provide an extensive body of information on the quality of groundwater throughout the State. 

California Department of Pesticide Regulation 
http://www.cdpr.ca.gov/dprprograms.htm The California Department of Pesticide Regulation CDPR) protects 
human health and the environment by regulating pesticide sales and use and by promoting reduced-risk pest 
management. DPR plays a significant role in monitoring for the presence of pesticides and in preventing 
further contamination of the groundwater resource. 

DPR conducts six types of groundwater monitoring: 
1) Monitoring for pesticides on a DPR-determined Ground Water Protection List, which lists pesticides 

with the potential to pollute groundwater; 
2) Four-section survey monitoring to verify a reported detection and to help determine if a detected 

pesticide resulted from legal agricultural use; 
3) Areal extent monitoring to identify the extent of contaminated wells; 
4) Adjacent section monitoring to identify additional areas sensitive to pesticide movement to 

ground water; 
5) Monitoring to repeatedly sample a network of wells to determine whether pesticide residues are 

declining; and 
6) Special project monitoring. 

When pesticides are found in groundwater, they are normally regulated in one-square mile areas identified in 
regulation as sensitive to groundwater pollution. These pesticides are subject to permitting by the county 
agricultural commissioner and to use restrictions specified in regulation. DPR maintains an extensive 
database of pesticide sampling in groundwater and reports a summary of annual sampling and detections to 
the State Legislature. 
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California Department of Toxic Substances Control 
http://www.dtsc.ca.gov The California Department of Toxic Substances Control (DTSC) has two programs 
related to groundwater resources protection: the Hazardous Waste Management Program and the Site 
Mitigation Program. These programs are authorized under Division 20 ofthe California Health and Safety 
Code, and implementing regulations are codified in Title 22 of the California Code of Regulations. 

A critical element of both programs is maintaining environmental quality and economic vitality through the 
protection of groundwater resources. This is accomplished through hazardous waste facility pennitting and 
design; oversight of hazardous waste handling, removal, and disposal; oversight of remediation of hazardous 
substances releases; funding of emergency removal actions involving hazardous substances, including the 
cleanup of illegal drug labs; cleanup of abandoned hazardous waste sites; oversight of the closure of military 
bases; and pollution prevention. 

If groundwater is threatened or impacted bya hazardous substance release, DTSC provides technical 
oversight for the characterization and remediation of soil and groundwater contamination. DTSC and the 
nine RWQCBs coordinate regulatory oversight of groundwater remediation. To ensure site-specific 
groundwater quality objectives are met, DTSC consults with RWQCB staff and appropriate groundwater 
basin plans. 

Box M Improving Coordination of Groundwater Information 

California's groundwater resources are addressed by an array of different State and federal 

agencies. Each agency approaches groundwater from a unique perspective, based on its 

individual statutory mandate. As a result, each agency collects different types of groundwater data 

and information. To facilitate the effective and efficient exchange of groundwater resource 

information, the State'Water Resources Control Board (SWRCB) is coordinating the Groundwater 

Resources Information Sharing Team (G RIST), which is composed of representatives from various 

groundwater agencies. Agencies currently participating in GRIST are: 

State Water Resources Control Board 

Department of Health Services 

Department of Water Resources 

Department of Pesticide Regulation 

lawrence livermore National laboratory 

U,S. Geological Survey 

One of tlie tasks of the GRIST is to identify data relevant to California groundwater resources, A 

listing of the data, along with the appropriate agency contacts and Internet links, will be maintained 

by SWRCB on the Groundwater Resources Information Database. In addition, to facilitate effective 

Information sharing and communication among stakeholders, groundwater data will be made 

available on the SWRCB GeoTracker system. GeoTracker is a geographic information system that 

provides Internet access to environmental data, The centralization of environmental data through 

GeoTracker will enable more in-depth geospatial and statistical analyses of groundwater data in the 

future. For more information about GeoTracker, visitthe GeoTracker Internet site at 

http://geotracker.arsenautlegg,corn. 
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C hap t e r 5 I The Roles of State and Federal Agencies in California Groundwater Management 

California Bay-Delta Authority 
http://calwater.ca.gov The California Bay-Delta program was initiated in 1994 to develop and implement a 
long-term comprehensive plan that will restore ecological health and improve water management for benefI
cial uses of the Sacramento-San Joaquin Bay-Delta System. The partnership currently consists of more than 
20 State and federal agencies. An important element of the progran1 is to increase storage by developing an 
additional 500,000 acre-feet to 1.0 million acre-feet of groundwater storage capacity by the year 2007 
(CALFED 2000). 

Effective January 1,2003, a newly formed State agency assumed responsibility for overseeing 
implementation of the Bay-Delta program. The California Bay-Delta Authority provides a permanent 
governance structure for the collaborative state-federal effort. The authority was established by enactment of 
Senate Bill 1653 in 2002. The legislation calls for the authority to sunset on January 1,2006, unless federal 
legislation has been enacted authorizing the participation of appropriate federal agencies in the authority. 

U.S. Environmental Protection Agency 
http://www.epa.gov/safewater The U.S. Environmental Protection Agency (EPA) Office of Ground Water 
and Drinking Water, together with states, tribes, and many partners, protects public health by ensuring safe 
drinking water and protecting groundwater. The EPA's role in California groundwater is primarily related to 
protection of the resource and comes in the form of administering several federal programs in close 
coordination with State agencies such as SWRCB, DHS, and DTSC. 

U.S. Geological Survey 
http://ca.water.usgs.gov USGS has published results of many studies of California groundwater basins. 
USGS maintains an extensive groundwater level and groundwater quality monitoring network and has 
compiled this data in a database. The California District is working on cooperative programs with local, 
State, and other federal agencies. The most notable programs include three regional studies of the San 
Joaquin-Tulare Basin, the Sacramento River Basin, and the Santa Ana River basin under the National Water 
Quality Assessment Program. Results were published for the San Joaquin-Tulare Basin in 1995 and the 
Sacramento River Basin in 2000. The Santa Ana River basin study is in progress. 

U.S. Bureau of Reclamation 
http://www.usbr.govTheU~S.BureauofReclamation(USBR)operatestheCentraIValleyProject(CVP).an 

extensive network of dams, canals, and related facilities that delivers about 7 maf during normal years for 
agricultural, urban, and wildlife use. USBR's role with respect to groundwater is generally limited to 
monitoring for impacts to the groundwater systems adjacent to its CVP facilities. Through the cooperative 
efforts ofUSBR, DWR, irrigation districts, farmers, and other local entities, groundwater level data have 
been collected continuously since project conception in the 1930s and 1940s. 

In addition to CVP monitoring, USBR monitors groundwater levels to identify potential impacts as a result 
of two other projects in California. That monitoring includes the Santa Ynez basin as part of the Cachuma 
Project on the central coast, and the Putah Creek Cone as part of the Solano Project in the southwest 
Sacramento Valley. Both monitoring efforts are required as part of permitting for the projects. 

USBR is plmilling to implement a groundwater information system to collect and distribute to the public the 
large volume of historical groundwater level data associated with its projects. 
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ChapterS I Basic Groundwater concepts 

Chapter 6 
Basic Groundwater Concepts 

This chapter presents general concepts relating to the origin, occurrence, movement, quantity, and quality of 
groundwater. The concepts will be useful in providing the nonteclmical reader with a basic understanding of 
groundwater. For more experienced readers, many topics are discussed specifically as they apply to 
California or as the terms are used in this report. A glossary of terms is included at the end of this report. 
For additional reading on basic groundwater concepts see Basic Ground-Water Hydrology (Heath 1983). 

Origin of Groundwater 
Groundwater is a component of the hydrologic cycle (Figure 11), which describes locations where water may 
occur and the processes by which it moves or is transformed to a different phase. In simple terms, water or 
one of its forms-water vapor and ice--can be found at the earth's surface, in the atmosphere, or beneath the 
earth's surface. The hydrologic cycle is a continuum, with no beginning or end; however, it is often thought 
of as beginning in the oceans. Water evaporates from a surface water source such as an ocean, lake, or 
through transpiration from plants. The water vapor may move over the land and condense to form clouds, 
allowing the water to return to the earth's surface as precipitation (rain or snow). Some of the snow will end 
up in polar ice caps or in glaciers. Most of the rain and snowmelt will either become overland flow in 
channels or will infiltrate into the subsurface. Some of the infiltrated water will be transpired by plants and 
returned to the atmosphere, while some will cling to particles surrounding the pore spaces in the subsurface, 
remaining in the vadose (unsaturated) zone. The rest of the infiltrated water will move gradually under the 
influence of gravity into the saturated zone of the subsurface, becoming groundwater. From here, 
groundwater will flow toward points of discharge such as rivers, lakes, or the ocean to begin the cycle anew. 
This flow from recharge areas to discharge areas describes the groundwater portion of the hydrologic cycle. 

The importance of groundwater in the hydrologic cycle is illustrated by considering the distribution of the 
world's water supply. More than 97 percent of all earth's water occurs as saline water in the oceans (Fetter 
1988). Of the world's fresh water, almost 75 percent is in polar ice caps and glaciers, which leaves a very 
small amount offresh water readily available for use. Groundwater accounts for nearly all of the remaining 
fresh water (Alley and others 1999). All of the fresh water stored in the world's rivers and lakes accounts for 
less than 1 percent of the world's fresh water. 

Occurrence of Groundwater 
Groundwater is the water occurring beneath the earth's surface that completely fills (saturates) the void space 
ofrocks or sediment. Given that all rock has some open space (voids), groundwater can be found underlying 
nearly any location in the State. Several key properties help determine whether the subsurface environment 

. will provide a significant, usable groundwater resource. Most of California's groundwater occurs in material 
deposited by streams, caned alluvium. Alluvium consists of coarse deposits, such as sand and gravel, and 
finer-grained deposits such as clay and silt. The coarse and fine materials are usually coalesced in thin lenses 
and beds in an alluvial environment. In this environment, coarse materials such as sand and gravel deposits 
usually provide the best source of water and are termed aquifers; whereas, the finer-grained clay and silt 
deposits are relatively poor sources of water and are referred to as aquitards. California's groundwater basins 
usually include one ora series of alluvial aquifers with intermingled aquitards. Less frequently, groundwater 
basins include aquifers composed of unconsolidated marine sediments that have been flushed by fresh water. 
We include the marine-deposited aquifers in the discussion of alluvial aquifers in this bulletin. 
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Condensation _ 

Groundwater flow 

Figure 11 The Hydrologic Cycle 

Although alluvial aquifers are most common in California, other groundwater development occurs in 
fractured crystalline rocks, fractured volcanics, and limestones. For this report, these nonalluvial areas that 
provide groundwater are referred to as "groundwater source areas," while the alluvial aquifers are called 

groundwater basins. Each of these concepts is discussed more fully below. 

Groundwater and Surface Water Interconnection 
Groundwater and surface water bodies are connected physically in the hydrologic cycle. For example, at 
some locations or at certain times ofthe year, water will infiltrate the bed of a stream to recharge groundwater. 
At other times or places, groundwater may discharge, contributing to the base flow of a stream. Changes in 

either the surface water or groundwater system will affect the other, so effective management requires 
consideration of both resources. Although this physical interconnection is well understood in general terms, 

details of the physical and chern lcal relationships are the topic of considerable research. 

These details are the subject of significant recent investigations into the hyporheic zone, the zone of sand and 
gravel that fonns the channel of a stream. As surface water flows downstream it may enter the gravels in the 
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Box N One Resource, Two Systems of law 

In California, two distinct legal regimes govern the appropriation of surface water and 

subterranean streams, and percolating groundwater. The California Water Code requires that 

water users taking water for beneficial use from surface watercourses and "subterranean streams 

flowing through known and definite channels" obtain water right permits or licenses from the State 

Water Resources Control Board (SWRCB) (Water Code§ 1200 et seq.). Groundwater classified as 

percolating groundwater is not subjectto the Water Code provisions concerning the appropriation 

of water, and a water user can take 'percolating groundwater without having a State-issued water 

right permit or license. Current Water Code section 1200 Is derived from a provision in the Water 

Commission Act of 1913, which became effective on December 19, 1914. 

The SWRCBdeveloped a test to identify groundwater that Is in a subterranean stream flowing 

through a known and definite channel and is therefore subject to the SWRCB's permitting 

authority. The physical conditions that must be present in a subterranean stream flowing in a 

known and definite channel are: (1) a subsurface channel must be present; (2) the channel must 

have relatively impermeable bed and banks; (3) the course of the channel must be known or 

capable of being determined by reasonable inference; and (4) groundwater mus~ be flowing in the 

channel. Whether groundwater is subject to the SWRCB's permitting authority under this test is a 

factual determination. Waterthat does not fit this test is "percolating groundwater" and is not 

subject to the SWRCB's permitting authority. 

The SWRCB has issued decisions that find that groundwater under the following streams 

constitutes a "subterranean stream flowing through known and definite channels" and is therefore 

subject to the SWRCB's permitting authority (Murphey 2003 pers com): 

los Angeles River in los Angeles County 

Sheep Creek in Sa~ Bernardino County 

Mission Basin of the San luis Rey River in San Diego County 

Bonsall Basin of the San luisRey River in San Diego County 

Pala Basin of the San luis Rey River in San Diego County 

Carmel River in Monterey County 

Garrapata Creek In Monterey County 

Big Sur River in Monterey County 

Russian River 

Chorro Creek in San luis Obispo County 

Morro Creek in San luis Obispo County 

North Fork Gualala River in Mendocino County 

Contact theSWRCB,. Division of Water Rights for specific stream reaches and other details of 

these decisions. 
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hyporheic zone, mix with groundwater, and re-enter the surface water in the stream channel. The effects of 
this interchange between surface water and groundwater can change the dissolved oxygen content, 
temperature, and mineral concentrations of the water. These changes may have a significant effect on aquatic 
and riparian biota. 

Significantly, the physical and chemical interconnection of groundwater and surface water is not well 
represented in California's water rights system (see Box N "One Resource, Two Systems of Law"). 

Physical Properties That Affect Groundwater 
The degree to which a body of rock or sediments will function as a groundwater resource depends on many 
properties, some of which are discussed here. Two of the more important physical properties to consider are 
porosity and hydraulic conductivity. Transmissivity is another important concept to understand when 
considering an aquifer's overall ability to yield significant groundwater. Throughout the discussion of these 
properties, keep in mind that sediment size in alluvial environments can change significantly over short 
distances, with a corresponding change in physical properties. Thus, while these properties are often 
presented as average values for a large area, one might encounter different conditions on a more localized 
level. Determination of these properties for a given aquifer may be based on lithologic or geophysical 
observations, laboratory testing, or aquifer tests with varying degrees of accuracy. 

Porosity 
The ratio of voids in a rock or sediment to the total volume of material is referred to as porosity and is a 
measure of the amount of groundwater that may be stored in the material. Figure 12 gives several examples 
of the types of porosity encountered in sediments and rocks. Porosity is usually expressed as a percentage 
and can be classified as either primary or secondary. Primary porosity refers to the voids present when the 
sediment or rock was initia11y formed. Secondary porosity refers to voids formed through fracturing or 
weathering of a rock or sediment after it was formed. In sediments, porosity is a function of the wliformity 
of grain size (sorting) and shape. Finer-grained sediments tend to have a higher porosity than coarser 
sediments because the finer-grained sediments generally have greater uniformity of size and because of the 
tabular shape and surface chemistry properties of clay particles. In crystalline rocks, porosity becomes 
greater with a higher degree of fracturing or weathering. As alluvial sediments become consolidated, 
primary porosity generally decreases due to compaction and cementation, and secondary porosity may 
increase as the consolidated rock is subjected to stresses that cause fracturing. 

Porosity does not tell the entire story about the availability of groundwater in the subsurface. The pore 
spaces must also interconnect and be large enough so that water can move through the ground to be extracted 
from a well or discharged to a water body. The term "effective porosity" refers to the degree of 
interconnectedness of pore spaces. For coarse sediments, such as the sand and gravel encountered in 
California's alluvial groundwater basins, the effective porosity is often nearly equal to the overa11 porosity. 
In finer sediments, effective porosity may be low due to water that is tightly held in small pores. Effective 
porosity is generally very low in crystalline rocks that are not highly fractured or weathered. 

While porosity measures the total amount of water that may be contained in void spaces, there are two 
related properties that are important to consider: specific yield and specific retention. Specific yield is the 
fractional amount of water that would drain freely from rocks or sediments due to gravity and describes the 
portion of the groundwater that could actually be available for extraction. The portion of groundwater that is 
retained either as a film on grains or in small pore spaces is called specific retention. Specific yield and 
specific retention of the aquifer material together equal porosity. Specific retention increases with decreasing 
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grain size. Table 7 shows that clays, while having among the highest porosities, make poor sources of 
groundwater because they yield very little water. Sand and gravel, having much lower porosity than clay, 
make excellent sources of groundwater because of the high specific yield, which allows the groundwater to 
flow to wells. Rocks such as limestone and basalt yield significant quantities of groundwater if they are 

well-weathered and highly fractured. 

HIGH POROSITY 
Sediments with uniform grain size 

MINIMAL USABLE POROSITY 
Cemented sediments of variable grain size 

LOW POROSITY 
Fractured crystalline rock 

MODERATE POROSITY 
Sediments with variable grain size 

MINIMAL USABLE POROSITY 
Fine sediments 

LOW TO HIGH POROSITY 
Fractured volcanic rocks 

Figure 12 Examples of porosity in sediments and rocl{s 
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Table 7 Porosity (in percent) of soil and rock types 

Material Porosity Specific yield Specific retention 

Clay 50 2 48 

Sand 25 22 2 

Gravel 20 19 1 

Limestone 20 18 2 

Sandstone (semiconsolidated) II 6 5 

Granite 0.1 0.09 0.01 

Basalt (young) 11 8 3 

Modified from Heath (1983) 

Hydraulic Conductivity 
Another major property related to understanding water movement in the subsurface is hydraulic conductivity. 
Hydraulic conductivity is a measure of a rock or sediment's ability to transmit water and is often used 
interchangeably with the term permeability. The size, shape, and interconnectedness of pore spaces affect 
hydraulic conductivity (Driscoll 1986). 

Hydraulic conductivity is usually expressed in units oflengthltime: feet/day, meters/day, or gallons/day/ 
square-foot. Hydraulic conductivity values in rocks range over many orders of magnitude from a low 
permeability unfractured crystalline rock at about 10-8 feet/day to a highly permeable well-sorted gravel at 
greater than 104 feet/day (Heath 1983). Clays have low permeability, ranging from about 10-3 to 10-7 feet/day 
(Heath 1983). Figure 13 shows hydraulic conductivity ranges of selected rocks and sediments. 

Transmissivity 
Transmissivity is a measure of the aquifer's ability to transmit groundwater through its entire saturated 
thickness and relates closely to the potential yield of wells. Transmissivity is defined as the product of the 
hydraulic conductivity and the saturated thickness of the aquifer. It is an important property to understand 
because a given area could have a high value of hydraulic conductivity but a small saturated thickness, 
resulting in limited overall yield of groundwater. 

Aquifer 
An aquifer is a body of rock or sediment that yields significant amounts of groundwater to wells or springs. 
In many definitions, the word "significant" is replaced by "econom ic." Of course, either term is a matter of 
perspective, which has led to disagreement about what constitutes an aquifer. As discussed previously, 
coarse-grained sediments such as sands and gravels deposited in alluvial or marine environments tend to 
function as the primary aquifers in California. These alluvial aquifers are the focus of this report. Other 
aquifers, such as those found in volcanics, igneous intrusive rocks, and carbonate rocks are described briefly 
in the section Groundwater Source Areas. 

Aquitard 
An aquitard is a body of rock or sediment that is typically capable of storing groundwater but does not yield it 
in significant or economic quantities. Fine-grained sediments with low hydraulic conductivity, such as clays 
and silts, often function as aquitards. Aquitards are often referred to as confining layers because they retard the 
vertical movement of groundwater and under the right hydrogeologic conditions confine groundwater that is 
under pressure. Aquitards are capable of transmitting enough water to allow some flow between adjacent 
aquifers, and depending on the magnitude of this transfer of water, may be referred to as leaky aquitards. 
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IGNEOUS AND METAMORPHIC ROCKS 
Unfraotured Fraotured 

BASALT 
Unfractured Fractured Lava flow 

SANDSTONE 
Fractured Semiconsolidated 

SHALE 

Unfractured . Fractured 

CARBONATE ROCKS 
Fractured Cavernous 

CLAY SILT, LOESS 

SILTY SAND 

CLEAN SAND 

GLACIAL TI LL GRAVEL 

10-6 10-7 10-6 10-5 10-4 10-3 10-2 10-1 10 102 103 104 

meters/day 

10 102 1Q3 104 105 

ft/day 

10-7 10-6 10-5 10-4 10-3 10-2 10-1 10 102 103 104 105 

gpd/ft2 

Figure 13 Hydraulic conductivity ranges of selected rocks and sediments 
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Unconfined and Confined Aquifers 
In most depositional environments, coarser-grained deposits are interbedded with finer-grained deposits 
creating a series of aquifers and aquitards. When a saturated aquifer is bounded on top by an aquitard (also 
known as a confining layer), the aquifer is called a confined aquifer (Figure 14). Under these conditions, the 
water is under pressure so that it will rise above the top of the aquifer if the aquitard is penetrated by a well. 
The elevation to which the water rises is known as the potentiometric surface. Where an aquifer is not 
botmded on top by an aquitard, the aquifer is said to be unconfined. In an unconfined aquifer, the pressure 011 

the top surface of the groundwater is equal to that of the atmosphere. This surface is known as the water 
table, so unconfined aquifers are often referred to as water table aquifers. The arrangement of aquifers and 
aquitards in the subsurface is referred to as hydrostratigraphy. 

Figure 14 Interbedded aquifers with confined and unconfined conditions 

With the notable exception of the Corcoran Clay of the Tulare Formation in the San Joaquin Valley and the 
aquitard in West Coast Basin in Los Angeles County, there are no clearly recognizable regional aquitards in 
California alluvial basins. Instead, due to the complexity of alluvial environments, it is the cumulative effect 
of multiple thin lenses offine-grained sediments that causes increasing confinement of groundwater with 
increasing depth, creating what is often referred to as a semiconfined aquifer. 

In some confined aquifers groundwater appears to defy gravity, but that is not the case. When a well 
penetrates a confined aquifer with a potentiometric surface that is higher than land surface, water will flow 
naturally to the surface. This is known as artesian flow, and results from pressure within the aquifer. The 
pressure results when the recharge area for the aquifer is at a higher elevation than the point at which 
discharge is occurring (Figure 14). The confining layer prevents the groundwater from retuming to the 
surface until the confining layer is penetrated by a well. Artesian flow will discontinue as pressure in the 
aquifer is reduced and the potentiometric surface drops below the land surface elevation. 
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Groundwater Basin 
A groundwater basin is defined as an alluvial aquifer or a stacked series of alluvial aquifers with reasonably 
well-defined boundaries in a lateral direction and a definable bottom. Lateral boundaries are features that 
significantly impede groundwater flow such as rock or sediments with very low permeability or a geologic 
structure such as a fault. Bottom boundaries would include rock or sediments of very low permeability if no 
aquifers occur below those sediments within the basin. In some cases, such as in the San Joaquin and 
Sacramento Valleys, the base of fresh water is considered the bottom of the groundwater basin. Table 8 is a 
generalized list of basin types and the features that define the basin boundaries. 

Table 8 Types and boundary characteristics of groundwater basins 
Characteristics of groundwater basins 

Groundwater basin 

Types of basins and their boundaries 

Single simple basin 

Basin open at one or more places to other basins 

Basin open to Pacific Ocean 

Single complex basin 

Groundwater in areas of volcanic rocks 

Groundwater in weathered crystalline rocks 
(fractured hard rock)-not considered a basin 

Political boundaries or management area boundaries 
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An aquifer or an aquifer system that is bounded laterally and 
at depth by one or more of the follOWing features that affect 
groundwater flow: 

• Rocks or sediments of lower permeability 
• A geologic structure, such as a fault 
• Hydrologic features, such as a stream, lake, ocean, or 

groundwater divide 

Basin surrounded on all sides by less permeable rock. 
Higher permeability near the periphery. 
Clays near the center. 
Unconfined around the periphery. 
Confined near the center. 
May have artesian flow near the center. 

Many desert basins. 
Merged alluvial fans. 
Topographic ridges on fans. 
Includes some fault-bounded basins. 

260 basins along the coast. 
Water-bearing materials extend offshore. 
May be in contact with sea water. 
Vulnerable to seawater intrusion. 

Basin underlain or surrounded by older water-bearing 
materials and water-bearing volcanics. . 
Quantification is difficult because of unknown contacts 
between different rock types within the basin. 

Basin concept is less applicable in volcanic rocks. 
Volcanic rocks are highly variable in permeability. 

Small quantities of groundwater. 
Low yielding wells. 
Most wells are completed in the crystalline rock and rely on 
fractures to obtain groundwater. 

Usually not related to hydrogeologic boundaries.Formed 
for convenience, usually to manage surface water storage 

and delivery. 
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Although only the upper surface of a groundwater basin can be shown On a map, the basin is three
dimensional and includes all subsurface fresh water-bearing material. These boundaries often do not extend 
straight down, but are dependent on the spatial distribution of geologic materials in the subsurface. In fact, 
in a few cases near California's coastal areas, aquifers in the subsurface are known to extend beyond the 
mapped surface of the basin and may actually be exposed under the ocean. Under natural conditions, fresh 
water flows from these aquifers into the ocean. If groundwater levels are lowered, sea water may flow into 
the aquifer. This has occurred in Los Angeles, Orange, Ventura, Santa Cruz and Monterey Counties, and 
some area., around San Francisco Bay. Depiction of a groundwater basin in three dimensions requires 
extensive subsurface investigation and data evaluation to delineate the basin geometry. Figure 15 is a cross
section showing how a coastal basin might appear in the subsurface. 

Figure 15 Groundwater basin near the coast with the aquifer extending 
beyond the surface basin boundary 

Groundwater basin and subbasin boundaries shown on the map included with this bulletin are based on 
evaluation of the best available information. In basins where many studies have been completed and the 
basin has been operated for a number of years, the basin response is fairly well understood and the 
boundaries are fairly well defined. Even in these basins, however, there are many unknowns and changes in 
boundaries may result as more information about the basin is collected and evaluated. In many other basins 
where much less is known and understood about the basin, boundaries will probably change as a better 
understanding of the basin is developed. A procedure for collecting information fTom all the stakeholders 
should be developed for use statewide so that agreement on basin boundaries can be achieved. 
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Groundwater Subbasin 
A subbasin is created by dividing a groundwater basin into smaller units using geologic and hydrologic 
barriers or, more commonly, institutional boundaries (see Table 8). These subbasins are created for the 
purpose of collecting and analyzing data, managing water resources, and managing adjudicated basins. As 
the definition implies, the designation of a subbasin boundary is flexible and could change in the future. The 
limiting rule for a subbasin is that it should not cross over a groundwater basin boundary. 

An example of a hydrologic subbasin boundary would be a river or stream that creates a groundwater divide. 
While hydrologic boundaries may limit groundwater flow in the shallow subsurface, data indicate significant 
groundwater flow may occur across the boundary at greater depths. In addition, the location of the boundary 
may change over time if pumping or recharge patterns change. rnstitutional sUbbasin boundaries could be 
based on a political boundary, such as a county line or a water agency service area, or a legally mandated 
boundary such as a court adjudicated basin. 

Groundwater Source Areas 
Groundwater in California is also found outside of alluvial groundwater basins. Igneous extrusive 
(volcanic), igneous intrusive, metamorphic, and sedimentary rocks are all potential sources of groundwater. 
These rocks often supply enough water for domestic use, but in some cases can also yield substantial 
quantities. In this report the term groundwater source area is used for rocks that are significant in terms of 
being a local groundwater source, but do not fit the category of basin or subbasin. The term is not intended 
to imply that groundwater actually originates in these rocks, but that it is withdrawn from rocks underlying a 
generally definable area. Because ofthe increased difficulty in defining and understanding the 
hydrogeologic properties of these rocks, the limited data available for the areas in which these rocks occur, 
and the relatively small, though rapidly growing, segment ofthe population served by these water supplies, 
they are discussed separately from groundwater basins. 

Volcanics 
Groundwater in volcanics can occur in fractures that result from cooling or changes in stress in the crust of 
the Earth, lava tubes, tree molds, weathering surfaces, and porous tuff beds. Additionally, the volcanics 
could overlie other deposits from an alluvial environment. Flow in the fractures may approach the same 
velocities as that of surface water, but there is often very limited storage potential for groundwater. The tuff 
beds can act similarly to alluvial aquifers. 

Some of the most productive volcanic rocks in the State include the Modoc Plateau volcanics in the northeast 
and the Napa-Sonoma volcanics northeast of San Francisco Bay (Figure 16). Wells in Modoc Plateau 
volcanics are commonly reported to yield between 100 and 1,000 gallons per minute, with some yields of 
4,000 gpm (Planert and Williams 1995). Bulletin 118-75 assigned identification numbers to these volcanic 
rocks throughout the State (for example, Modoc Plateau Recent Volcanic Areas, 1-23). The numbers led 
some to interpret them as being groundwater basins. In this update, the num bers corresponding to the 
volcanics are being retired to eliminate this confusion. 
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Figure 16 Significant volcanic groundwater source areas 
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Igneous Intrusive, Metamorphic, and Sedimentary Rocks 
Groundwater in igneous intrusive, metamorphic, and consolidated sedimentary rocks occurs in fractures 
resulting from tectonism and expansion of the rock as overburden pressures are relieved. Groundwater is 
extracted from fractured rock in many of the mountainous areas of the State, such as the Sierra Nevada, the 
Peninsular Range, and the Coast Ranges. Rocks in these areas often yield only enough supply for individual 
domestic wells, stock water wells, or small community water systems. Availability of groundwater in such 
formations can vary widely, even over a distance of a few yards. Areas of groundwater production from 
consolidated rocks were not defined in previous versions of Bulletin 118 and are not included in this update. 

As popUlation grows in areas underlain by these rocks, such as the foothills of the Sierra Nevada and 
southern California mountains, many new wells are being built in fractured rock. However, groundwater 
data are often insufficient to accurately estimate the long term reliability of groundwater supplies in these 
areas. Additional investigation, data evaluation, and management will be needed to ensure future sustainable 
supplies. The Legislature recognized both the complexity of these areas and the need for management in SB 
1938 (2002), which amended the Water Code to require groundwater management plans with specific 
components be adopted for agencies to be eligible for certain funding administered by DWR for construction 
of groundwater projects. Water Code section 10753 .7(a)(5) states: 

Local agencies that are located in areas outside the groundwater basins delineated on the latest 
edition of the department's groundwater basin and subbasin map shall prepare groundwater 
management plans incorporating the components in this subdivision, and shall use geologic and 
hydrologic principles appropriate to those areas. 

In carbonate sedimentary rocks such as limestone, groundwater occurs in fractures and cavities formed as a 
result of dissolution of the rock Flow in the largest fractures may approach the velocities of surface water, 
but where these rocks occur in California there is limited storage potential for groundwater. Carbonate rocks 
occur mostly in lnyo County near the Nevada border (USGS 1995), in the Sierra Nevada foothills, and in 
some parts of the Sacramento River drainage north of Redding. The carbonates near the Nevada state border 
in Inyo County are part of a regional aquifer that extends northeastward into Nevada. Springs in Nevada and 
in the Death Valley region in California are dependent on groundwater flow in this regional aquifer. In other 
parts of the country, such as Florida, carbonate rocks constitute significant sources of groundwater. 

Movement of Groundwater 
The movement of groundwater in the subsurface is quite complex, but in simple terms it can be described as 
being driven by potential energy. At any point in the saturated subsurface, groundwater has a hydraulic head 
value that describes its potential energy, which is the combination of its elevation and pressure. In an 
unconfined aquifer, the water table elevation represents the hydraulic head, while in a confined aquifer the 
potentiometric surface represents the hydraulic head (Figure 14). Water moves in response to the difference 
in hydraulic head from the point of highest energy toward the lowest. On a regional scale this results in flow 
of groundwater from recharge areas to discharge areas. In California, pumping depressions around extraction 
wells often create the discharge points to which groundwater flows. Groundwater may naturally exit the 
subsurface by flowing into a stream, lake, or ocean, by flowing to the surface as a spring or seep, or by being 
transpired by plants. 

The rate at which groundwater flows is dependent on the hydraulic conductivity and the rate of change of 
hydraulic head over some distance. In the mid-19th century, Henry Darcy found through his experiments on 
sand filters that the amount of flow through a porous medium is directly proportional to the difference 
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between hydraulic head values and inversely proportional to the horizontal distance between them (Fetter 
1988). His conclusions extend to flow through aquifer materials. The difference between hydraulic heads 
divided by the distance between them is referred to as the hydraulic gradient. When combined with the 
hydraulic conductivity of the porous medium and. the cross-sectional area through which the groundwater 
flows, Darcy's law states: 

Q = KA(dh/dl) (volume/time) 
Where: 

Q = flow discharging through a porous medium 
K = hydraulic conductivity (length/time) 
A = cross-sectional area (length2 ) 

dh = change in hydraulic head between two points (length) 
dl = distance between two points (length) 

This version of Darcy's law provides a volumetric flow rate. To calculate the average linear velocity at 
which the water flows, the result is divided by the effective porosity. The rate of movement of groundwater 
is very slow, usually less than 1,000 feet per year because of the great amount of friction resulting from 
movement through the spaces between grains of sand and gravel. 

Quantity of Groundwater 
Because groundwater is a precious resource, the questions of how much there is and how more can be made 
available are important. There are many terms and concepts associated with the quantity of groundwater 
available in a basin, and some controversy surrounding their definition. Some of these include groundwater 
storage capacity, usable storage capacity, groundwater budget, change in storage, overdraft, and safe yield. 
This section discusses some of the more common terms used to represent groundwater quantity in California. 

Groundwater Storage Capacity 
The groundwater storage capacity of an individual basin or within the entire State is one of the questions 
most frequently asked by private citizens, water resource planners, and politicians alike. Total storage 
capacity seems easy to understand. It can· be seen as how much physical space is available for storing 
groundwater. The computation of groundwater storage capacity is quite simple if data are available: capacity 
is determined by multiplying the total volume of a basin by the average specific yield. The total storage 
capacity is constant and is dependent on the geometry and hydrogeologic characteristics of the aquiferes) 
(Figure 17). 

Estimates of total groundwater storage capacity in California are staggering. Previous estimates of total 
storage range from 850 million acre-feet (ma£) to 1.3 billion acre-feet (DWR 1975, DWR 1994). However, 
due to incomplete information about many of the groundwater basins, there has never been an accurately 
quantified calculation oftotal storage capacity statewide. Even if such a calculation were possible, the utility 
of such a number is questionable because total storage capacity might lead to overly optimistic estimates of 
how much additional groundwater development can contribute to meeting future demands. 

Total groundwater storage capacity is misleading because it only takes into account one aspect ofthe 
physical character of the basin. Many other factors limit the ultimate development potential of a 
groundwater basin. These limiting factors may be physical, chemical, economic, environmental, legal, and 
institutional (Table 9). Some of these factors, such as the economic and institutional ones, can change with 
time. However, there may remain significant physical and chemical constraints that will limit groundwater 
development. 
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Figure 17 Schematic of total, usable, and available groundwater storage capacity 
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Table 9 Examples of factors that limit development of a groundwater basin 

Examples 
Basin recharge area not adequate to sustain development; pumping too concentrated in a portion of basin; 
well yields too low for intended use. 

Water quality not suitable for intended use; increased potential for seawater intrusion in coastal areas; 
upwelling of poorer quality water in deeper parts of basin. 

Excessive costs associated with increased pump lifts and deepening of wells; cost of treating water if it 
does meet requirements for intended use. 

Need to maintain groundwater levels. for wetlands, stream base flow, or other habitat. 

Local groundwater management plans or ordinances restricting use; basin adjudication; impacts on 
surface water rights of others. 
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Usable Groundwater Storage Capacity 
Usable storage capacity is defined as the amount of groundwater of suitable quality that can be economically 
withdrawn from storage. It is typically computed as the product of the volume of the basin to some basin
specific depth that is considered economically available and the average specific yield of the basin 
(see Figure 17). 

As more groundwater is extracted, groundwater levels may fall below some existing wells, which may then 
require replacement or deepening. This may be a consideration in management of the basin and will depend 
on the cost of replacement, the cost of pumping the water from deeper zones, and whether managers are 
willing to pay that cost. Other impacts that may increase the cost include subsidence and groundwater 
quality degradation. The usable storage may change because of changes in economic conditions. 

Estimates of usable storage represent only the total volume of groundwater assumed to be usable in storage, 
not what would be available for sustained use on an annual basis. Previous estimates of usable groundwater 
storage capacity range from 143 to 450 maf(DWR 1975, DWR 1994). Unfortunately, the term "usable 
storage" is often used to indicate the amount of water that can be used from a basin as a source oflong-term 
annual supply. However, the many limitations associated with total groundwater storage capacity discussed 
above may also apply to usable storage. 

Available Groundwater Storage Capacity 
Available storage capacity is defined as the volume ofa basin that is unsaturated and capable of storing 
additional groundwater. It is typically computed as the product of the empty volume of the basin and the 
average specific yield of the unsaturated part of the basin (see Figure 17). The available storage capacity 
does not include the uppermost portion of the unsaturated zone in which saturation could cause problems 
such as crop root damage or increased liquefaction potential. The available storage will vary depending on 
the amount of groundwater taken out of storage and the recharge. The total groundwater in storage will 
change inversely as the available storage changes. 

Available storage has often been used as a number to represent the potential for additional yield from a 
particular basin. Unfortunately, many of the limitations that exist in developing existing supply discussed above 
also limit taking advantage of available storage. Although limitations exist, looking only at available 
groundwater storage capacity may underestimate the potential for groundwater development. Opportunities to 
use groundwater already in storage and create additional storage space would be overlooked by this approach. 

Groundwater Budget 
A groundwater budget is an analysis of a groundwater basin's inflows and outflows to determine the change 
in groundwater storage. Alternatively, if the change in storage is known, the value of one of the inflows or 
outflows could be determined. The basic equation can be expressed as: 

INFLOWS - OUTFLOWS = CHANGE IN STORAGE 

Typical inflows include: 
natural recharge from precipitation; 
seepage from surface water channels; 
intentional recharge via ponds, ditches, and injection wells; 
net recharge of applied water for agricultural and other irrigation uses; 
unintentional recharge from leaky conveyance pipelines; and 
subsurface inflows from outside basin boundaries. 
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Outflows include: 
• groundwater extraction by wells; 
• groundwater discharge to surface water bodies and springs; 
• evapotranspiration; and 
• subsurface outflow across basin or subbasin boundaries. 

Groundwater budgets can be useful tools to understand a basin, but detailed budgets are not available for 
most groundwater basins in California. A detailed knowledge of each budget component is necessary to 
obtain a good approximation of the change in storage. Absence or inaccuracy of one or more parameters can 
lead to an analysis that varies widely from a positive to a negative change in storage or vice versa. Since 
much of the data needed requires subsurface exploration and monitoring over a series of years, the collection 
of detailed field data is time-consuming and expensive. A management plan should develop a monitoring 
program as soon as possible. 

Change in Groundwater Storage 
As stated above, a groundwater budget is one potential way of estimating the change in storage in a basin, 
although it is limited by the accuracy and availability of data. There is a simpler way-by detennining the 
average change in groundwater elevation over the basin, multiplied by the area overlying the basin and the 
average specific yield (or storativity in the case of a confined aquifer). The time interval over which the 
groundwater elevation change is determined is study specific, but annual spring-to-spring changes are 
commonly used. A change in storage calculation does not attempt to determine the volunle of water in 
storage at any time interval, but rather the change from a previous period or baseline condition. 

A change in storage calculation is a relatively quick way to represent trends in a basin over time. If change in 
storage is negligible over a representative period, the basin is in equilibrium under current use. Changes in 
storage calculations are more often available for a groundwater basin than groundwater budgets because water 
level measurements are available in many basins. Specific yield and storativity are readily estimated based on 
knowledge of the hydrogeologic setting and geologic materials or through aquifer pumping tests. Although 
simple, change in storage calculations have potential sources of error, so it is important to treat change in 
storage as just one of many tools in determining conditions in a groundwater basin. Well data sets must be 
carefully evaluated before use in these calculations. Mixing of wells constructed in confined and unconfined 
portions of the basin and measurement of different well sets over time can result in significant errors. 

Although the change in storage calculation is a relatively quick and inexpensive method of observing 
changes in the groundwater system, the full groundwater budget is preferable. A detailed budget describes an 
understanding ofthe physical processes affecting storage in the basin, which the simple change in storage 
calculation does not. For example, the budget takes into account the relationship between the surface water 
and the groundwater system. If additional groundwater extraction induced additional infiltration of surface 
water, the calculated change in storage could be minimal. However, if the surface water is used as a source 
of supply downstream, the impact of reduced flows could be significant. 

Overdraft 
Groundwater overdraft is defined as the condition of a groundwater basin or subbasin in which the amount of 
water withdrawn by pumping exceeds the amount of water that recharges the basin over a period of years, 
during which the water supply conditions approximate average conditions CDWR 1998). Overdraft can be 
characterized by groundwater levels that decline over a period of years and never fully recover, even in wet 
years. If overdraft continues for a number of years, significant adverse impacts may occur, including 
increased extraction costs, costs of well deepening or replacement, land subsidence, water quality 
degradation, and environmental impacts. 
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Despite its common usage, the term overdraft has been the subject of debate for many years. Groundwater 
management is a local responsibility, therefore, the decision whether a basin is in a condition of overdraft is 
the responsibility of the local groundwater or water management agency. In some cases local agencies may 
choose to deliberately extract groundwater in excess of recharge in a basin (known as "groundwater mining") 
as part of an overall management strategy. An independent analysis of water levels in such a basin might 
conclude that the basin is in overdraft. In other cases, where basin management is less active or nonexistent, 
declining groundwater levels are not considered a problem until levels drop below the depth of many wells in 
the basin. As a result, overdraft may not be reported for many years after the condition began. 

Water quality changes and subsidence may also indicate that a basin has been overdrafted. For example, 
when groundwater levels decline in coastal aquifers, seawater fills the pore spaces in the aquifer that are 
vacated by the groundwater, indicating that the basin is being overdrafted. Overdraft has historically led to 
as much as 30 feet ofland subsidence in one area of the State and lesser amounts in other areas. 

The word "overdraft" ha.<; been used to designate two umelated types of water shortages. The first is "historical 
overdraft" similar to the type illustrated in Figure 18, which shows that ground water levels began to decline in 
the mid 1950s and then leveled off in the mid 1980s, indicating less groundwater extraction or more recharge. 
The second type of shortage is "projected overdraft" as used in the California Water Plan Update (DWR 1998). 
In reality, this is an estimate of future water shortages based on an assumed management program within the 
basin, including projected supply and projected demand. lfwater management practices change in those basins 
in which a water shortage is projected, the amount of projected shortage will change. 

Groundwater Levels 
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~ 80 -- -1--1.-
z -

! I 
... LLL...!.-LL.u_ili.l. 

1950 1955 1960 1965 1970 1975 

Calendar Year 

Figure 18 Hydrograph Indicating Overdraft 
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In some basins or subbasins, groundwater levels declined steadily over a number of years as agricultural or 
urban use of groundwater increased. In response, managing agencies developed surface water import 
projects to provide expanded water supplies to alleviate the declining groundwater levels. Increasing 
groundwater levels, or refilling ofthe aquifer, demonstrate the effectiveness of this approach in long-term 
water supply planning. In some areas of the State, the past overdraft is now being used to advantage. When 
the groundwater storage capacity that is created through historical overdraft is used in coordination with 
surface water supplies in a conjunctive management program, local and regional water supplies can be 
augmented. 

In 1978 DWR was directed by the legislature to develop a definition of critical overdraft and to identify 
basins that were in a condition of critical overdraft (Water Code § 12924). The process that was followed 
and the basins that were deemed to be in a condition of critical overdraft are discussed in Box 0, "Critical 
Conditions of Overdraft." This update to Bulletin 118 did not include similar direction from the legislature, 
nor funding to undertake evaluation of the State's groundwater basins to determine whether they are in a state 

of overdraft. 

Box 0 Critical Conditions of Overdraft 

In 1978 DWR was directed by the legislature to develop a definition of critical overdraft and to identify 

those basins in a critical condition of overdraft (Water Code §12924). DWR held public workshops 

around the state to obtain public and water managers' input on what the definition should Include, and 

which basins were critically overdrafted. Bulletin 118-80. Ground Water Basins in California was 

published in 1980 with the results of that local input. The definition of critical overdraft is: 

A basin is subject to critical conditions of overdraft when continuation of present 

water management practices would probably result in significant adverse 

overdraft-related environmental, social, or economic impacts. 

No time is specified in the definition. Definition of the time frame is the responsibility of the local water 

managers. as is the definition of significant adverse impacts, which would be related to the local 

agency's management objectives,. 

Eleven basins were identified as being ina critical condition of overdraft. They are: 

Pajaro Basin 

Ventura Central Basin 

Chowchilla Basin 

Ki~gs Basin 
Tulare Lake Basin 

Kern County Basin, 

Cuyarna Valley Basin 

Eastern San Joaquin County Basin 

Madera Basin 

Kaweah Basin 

Tule Basin 

The task was not identified by the Legislature. nor was the funding for this update (2003) sufficient to 

consult with local water managers and fully re-evaluate the conditions of the 11 critically overdrafted 

basins. Funding and duration were not sufficient to evaluate additional basins with respect to 

conditions of critical overdraft. 
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If a basin lacks existing information, the cost of a thorough evaluation of overdraft conditions in a single 
basin could exceed $1 million. In this update of Bulletin 118, DWR has included groundwater budget 
information for each basin description, where available. In most cases, however, sufficient quantitative 
information is not available, so conditions of overdraft or critical overdraft were not reported. 

While this bulletin does not specifically identify overdrafted basins (other than the 11 basins from Bulletin 
118-80), the negative effects of overdraft are occurring or may occur in the future in many basins throughout 
the State. Declining water levels, diminishing water quality, and subsidence threaten the availability of 
groundwater to meet current and future demands. A thorough understanding of overdraft can help local 
groundwater managers minimize the impacts and take advantage of the opportunity created by available 
groundwater storage capacity. Local groundwater managers and DWR should seek funding and work 
cooperatively to evaluate the grOlmdwater basins of the State with respect to overdraft and its potential 
impacts. Beginning with the most heavily used basins and relying to the extent possible on available data 
collected by DWR and through local groundwater management programs, current or projected conditions of 
critical overdraft should be identified. If local agencies take the lead in collecting and analyzing data to fully 
understand groundwater basin conditions, DWR can use the information to update the designations of 
critically overdrafted basins. This can be a cost effective approach since much of the data needed to update 
the overdraft designations are the same data that agencies need to effectively manage groundwater. 

Safe Yield 
Safe yield is defined as the amount of groundwater that can be continuously withdrawn from a basin without 
adverse impact. Safe yield is commonly expressed in terms of acre-feet per year. Depending on how it is 
applied, safe yield may be an annual average value, or may be calculated based on changed conditions each 
year. Although safe yield may be indicated by stable groundwater levels measured over a period of years, a 
detailed groundwater budget is needed to accurately estimate safe yield. Safe yield has commonly been 
determined in groundwater basin adjudications. 

Proper application of the safe yield concept requires that the value be modified through time to reflect changing 
practices within the basin. One of the common misconceptions is that safe yield is a static number. That is, 
once it has been calculated, the amount of water can be extracted annually from the basin without any adverse 
impacts. An example of a situation in which this assumption could be problematic is when land use changes. 
In some areas, where urban development has replaced agriculture, surface pavement, storm drains, and sewers 
have increased runoff and dramatically reduced recharge into the basin. If extraction continued at the 
predetennined safe yield of the basin, water level decline and other negative impacts could occur. 
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Figure 19 Photograph of 
extensometer 

An extensometer is a well with a concrete bench mark 

at the bOllom. A pipe extends from the concrete to the 
land surface. If compaction of the finer sediments 

occurs, leading to land surface subsidence, the pipe in 
the well will appear 10 rise out of the well casing. 

When this movement is recorded, the data show how 

much the land surface has subsided. 

Conjunctive Management 

Subsidence 
When grolU1dwater is extracted from some aquifers in 
sufficient quantity, compaction of the fine-grained sediments 
can cause subsidence of the land surface. As the groundwater 
level is lowered, water pressure decreases and more of the 
weight of the overlying sediments is supported by the 
sediment grains within the aquifer. If these sediments have 
not previously been surcharged with an equivalent load, the 
overlying load will compact them. Compaction decreases the 
porosity of the sediments and decreases the overall volume of 
the finer grain sediments, leading to subsidence at the land 
surface. While the finer sediments within the aquifer system 
are compacted, the usable storage capacity of the aquifer is not 
greatly decreased. 

Data from extensometers (Figure 19) show that as 
groundwater levels decline in an aquifer, the land surface falls 
slightly. As groundwater levels rise, the land surface also rises 
to its original position. This component of subsidence is 
called elastic subsidence because it recovers. Inelastic 
subsidence, the second component of subsidence, is what 
occurs when groundwater levels decline to the point that the 
finer sediments are compacted. This compaction is not 
recoverable. 

Conjunctive management in its broadest definition is the coordinated and combined use of surface water and 
groundwater to increase the overall water supply of a region and improve the reliability of that supply. Conjunctive 
management may be implemented to meet other objectives as well, including reducing grolU1dwater overdraft and 
land subsidence, protecting water quality, and improving environmental conditions. Although surface water and 
groundwater are sometimes considered to be separate resources, they are cOlmected in the hydrologic cycle. By 
using or storing additional surface water when it is plentiful, and relying more heavily on groundwater during dry 
periods, conjunctive management can change the timing and location of water so it can be used more efficiently. 

Although a specific project or program may be extremely complex, there are several components common to 
conjunctive management projects. The first is to recharge surplus surface water when it is available to increase 
groundwater in storage. Recharge may occur through surface spreading, by injection wells, or by reducing 
grolU1dwater use by substituting surface water. The surplus surface water used for recharge may be local runoff, 
imported water, stored surface water, or recycled water. The second component is to reduce surface water use 
in dry years or dry seasons by switching to groundwater. This use of the stored groundwater may take place 
through direct extraction and use, pumping back to a conveyance facility, or through exchange of another water 
supply. A final component that should be included is an ongoing monitoring program to evaluate operations and 
allow water managers to respond to changes in groundwater, surface water, or environmental conditions that 
could violate management objectives or impact other water users. 
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Quality of Groundwater 
All water contains dissolved constituents. Even rainwater, often described as being naturally pure, contains 
measurable dissolved minerals and gases. As it moves through the hydrologic cycle, water dissolves and 
incorporates many constituents. These include naturally occurring and man-made constituents. 

Most natural minerals are harmless up to certain levels. In some cases higher mineral content is preferable to 
consumers for taste. For example, minerals are added to many bottled drinking waters after going through a 
filtration process. At some level, however, most naturally occurring constituents, along with those 
introduced by human activities, are considered contaminants. The point at which a given constituent is 
considered a contaminant varies depending on the intended use of the groundwater and the toxicity level of 
the constituents. -

Beneficial Uses 
For this report, water quality is a measure of the suitability of water for its intended use, with respect to 
dissolved solids and gases and suspended material. An assessment of water quality should include the 
investigation of the presence and concentration of any individual constituent that may limit the water's 
suitability for an intended use. 

The SWRCB has identified 23 categories of water uses, referred to as beneficial uses. The beneficial use 
categories and a brief description of each are presented in Appendix E. The actual criteria that are used to 
evaluate water quality for each of the beneficial uses are determined by the nine Regional Water Quality 
Control Boards, resulting in a range of criteria for some of the uses. These criteria are published in each of 
the Regional Boards' Water Quality Control Plans (Basin Plans)l. 

A summary of water quality for all of the beneficial uses of groundwater is beyond the scope of this report. 
Instead, water quality criteria for two of the most common uses-municipal supply (referred to as public 
drinking water supply in this report) and agricultural supply-are described below. 

Public Drinking Water Supply 
Standards for maximum contaminant levels (MCLs) of constituents in drinking water are required under the 
federal Safe Drinking Water Act of 1974 and its updates. There are primary and secondary standards. 
Primary standards are developed to protect public health and are legally enforceable. Secondary standards 
are generally for the protection of aesthetic qualities such as taste, odor, and appearance, and cosmetic 
qualities, such as skin or tooth discoloration, and are generally non-enforceable guidelines. However, in 
California secondary standards are legally enforceable for all new drinking water systems and new sources 
developed by existing public water suppliers CDWR 1997). Under these primary and secondary standards, ( 
the U.S. Environmental Protection Agency regulates more than 90 contaminants, and the CalifomiaDepartment 
of Health Services regulates about 100. Federal and State primary MCLs are listed in Appendix F. 

Agricultural Supply 
An assessment of the suitability of groundwater as a source of agricultmal supply is much less 
straightforward than that for public water supply. An evaluation of water supply suitability for use in 
agriculture is difficult hecause the impact of an individual constituent can vary depending on many factors, 
including soil chemical and physical properties, crop type, drainage, and irrigation method. Elevated levels 
of constituents usually do not result in an area being taken entirely out of production, but may lower crop 
yields. Management decisions will determine appropriate land use and irrigation methods. 

1 Digital versions of these plans are available online at http://vfWw.swrcb.ca.gov/plnspols/index.html 
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There are no regulatory standards for water applied on agriculture. Criteria for crop water have been 
provided as guidelines. Many constituents have the potential to negatively impact agriculture, including 
more than a dozen trace elements (Ayers and Westcot 1985). Two constituents that are commonly considered 
with respect to agricultural water quality are salinity--expressed as total dissolved solids (TDS)-and boron 
concentrations. 

Increasing salinity in irrigation water inhibits plant growth by reducing a plant's ability to absorb water 
through its roots (Pratt and Suarez 1996). While the impact will depend on crop type and soil conditions, it 
is useful to look at the TDS of the applied water as a general assessment tool. A range of values for TDS 
with their estimated suitability for agricultural uses is presented in Table 10. These ranges are modified from 
criteria developed for use in the San Joaquin Valley by the San Joaquin Valley Drainage Program. However, 
they are similar to values presented in Ayers and Westcot (1985). 

Table 10 Range of TDS values with estimated suitability for agricultural uses 

Range ofTDS (mg/L) 
<500 

500 -1,250 

1,250-2,500 

>2,500 

Modified from SJVDP (1990) 

TDS ~ total dissolved solids 

Suitability 
Generally no restrictions on use 

Generally slight restrictions on use 

Generally moderate restrictions on use 

Generally severe restrictions on use 

High levels of boron can present toxicity problems in plants by damaging leaves. The boron is absorbed 
through the root system and transported to the leaves. Boron then accumulates during plant transpiration, 
resulting in leaf burn (Ayers and West cot 1985). Boron toxicity is highly dependent on a crop's sensitivity to 
the constituent. A range of values of dissolved boron in irrigation water, with their estimated suitability on 
various crops is presented in Table 11. These ranges are modified from Ayers and Westcot (1985). 

Table 11 Range of boron concentrations with estimated suitability on various crops 

Range of dissolved boron (mg/L) Suitability 
<0.5 Suitable on all but most highly boron sensitive crops 

0.5 -1.0 Suitable on most boron sensitive crops 

1.0 - 2.0 Suitable on most moderately boron sensitive crops 

>2.0 Suitable for only mOderately to highly boron tolerant crops 

Source: Modified from Ayers and Westeot 1985 
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Contaminant Groups 
Because there are so many potential individual constituents to evaluate, researchers have often summarized 

contaminants into groups depending on the purpose of the study. Recognizing that there are exceptions to 
any classification scheme, this update considered groups according to their common sources of 

contamination-those naturally occurring and those caused by human activities (anthropogenic). Each of 
these sources includes more than one contaminant group. A listing ofthe contaminant groups and the 

individual constituents belonging to those groups, summarized inthis report, is included in Appendix F. 

Naturally Occurring Sources 
In this report, naturally occurring sources include three primary groups: (1) inorganic constituents with primary 
MCLs, (2) inorganic constituents with secondary MCLs, and (3) radiological constituents. Inorganics primarily 

include naturally occurring minerals such as arsenic or mercury, although human activities may certainly 
contribute to observed concentrations. Radiological constituents include primarily naturally occurring 

constituents such as radon, gross alpha, and uranium. Although radioactivity is not considered a significant 
contaminant statewide, it can be locally important, particularly in communities in the Sierra Nevada. 

Anthropogenic Sources 
Anthropogenic contaminants include pesticides, volatile organic compounds (VOCs), and nitrates. Pesticides 

and VOCs are often grouped together into an organic contaminant group. However, separating the two gives a 
general idea of which contaminants are primarily from agricultural activities (pesticides) and which are primarily 
from industrial activities (VOCs). One notable exception to the groupings is dibromochloropropane (DBCP). 
Even though this compound is a VOC, DBCP is a soil fumigant and is included with pesticides. Nitrates are 

a surprising anthropogenic class to some observers. Nitrogen is certainly a naturally occurring inorganic 
constituent. However, because most nitrates are associated with agriculture (see Box P, "Focused on 
Nitrates: Detailed Study of a Contaminant") and nitrates are among California's leading contaminants, it is 

appropriate to consider them separately from inorganics. 

Box P Focused on Nitrates: Detailed Study of a Contaminant 

Because water has so many potential uses, the study of water quality means different things to different 
people. Thomas Harter, aprofessor at the University of California at Davis, has chosen to focus on 
nitrates as one of his research interests. Harter's monitoring network consists of 79 wells on 5 dairies in 
the San Joaquin Valley. 

Acommon result of dairy activities is the release of nitrogen into the surroundings, which changes to 
nitrate in groundwater. Nitrates are notorious for their role In interfering with oxygen transport in babies, a 
condition commonly referred to as "blue baby syndrome." Nitrates are also of interest because more 
public ·supply wells have been closed due to nitrate contamination than from any other contaminant 
(Bachman and others 1997). ' 

Harter's study has focused on two primary activities. The first is a meticulous examination of nitrogen at 
the surface an,d nitrates in the uppermost 25 feet of the subsurface. This monitoring has been ongoing 
since 1993, and has shown that a significant amount of nitrate can reach shallow groundwater. The 
second focus of the study has been to change management practices to reduce the amount of nitrogen 
available to reach groundwater, along with continued monitoring. ,This has occurred since 1998. Results 
of the study are better management practices that significantly reduce the ,amount of nitrogen available to 
groundwater. This will help minimize the potential adverse impacts to groundwater quality from nitrates. 
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Chapter7 I Inventory of California's Groundwater Information 

Chapter 7 
Inventory of California's Groundwater Information 

The groundwater infonnation in this chapter summarizes the available information on statewide and regional 
groundwater issues. For more detailed information on specific groundwater basins see the supplement to this 
report that is available on the Califomia Department of Water Resources (DWR) website, 
http://www.waterplan.water.ca.gov/groundwater/118index.htm. See Appendix A for information on 
accessing individual basin descriptions and the map delineating California's groundwater basins. 

Statewide Groundwater Information 
There is a large amount of data available for many of the State's most heavily developed groundwater basins. 
Conversely, there is relatively little data available on groundwater in the undeveloped areas, The information 
in this repmi is generally limited to a compilation of the information readily available to DWR staff and may 
not include the most up-to-date data generated by studies that have been completed recently by water 
management agencies. For this reason, the collection of additional, more recent data on groundwater basins 
should be continued and integrated into the basin descriptions. Statewide summaries are included below. 

Groundwater Basins 
There are currently 431 groundwater basins delineated, underlying about 40 percent of the surface area of the 
State. Of those, 24 basins are subdivided into a total of 108 subbasins, giving a total of 515 distinct 
groundwater systems described in this report (Figure 20). Basin delineation methods are described in 
Appendix G. Additionally, many ofthe subbasin boundaries were developed or modified with public input, 
but little physical data. These boundaries should not be considered as precisely defining a groundwater basin 
boundary; the determination of whether any particular area lies within a groundwater basin boundary should 
be determined only after detailed local study. 

Groundwater basin and subbasin boundaries shown on the map included with this bulletin are based on 
evaluation ofthe best available information. In basins where many studies have been completed and the 
basin has been operated for a number of years, the basin response is fairly well understood and the 
boundaries are fairly well defined, Even in these basins, however, there are many unknowns and changes in 
boundaries may result as more information about the basin is collected and evaluated. 

Groundwater Budgets 
Rather than simply providing all groundwater budget data collected during this update, the budget 
information was classified into one ofthree categories indicating the relative level of detail of information 
available. These categories, types A, B, and C, are discussed in Box R, "Explanation of Groundwater Data 
Tables." A type A budget indicates that much of the information needed to characterize the groundwater 
budget for the basin or subbasin was available. DWR staff did not verify these type A budgets, so DWR 
cannot address the accuracy ofthe data provided by them. Type B indicates that enough data are available to 
estimate the groundwater extraction to meet local water use needs. This is useful in understanding the 
reliance of a particular area on groundwater. Type C indicates a low level of knowledge of any of the budget 
components for the area, 

Figure 21 depicts where these type A, B, and C budgets occur, In general, there is a greater level of 
understanding (type A or B) in the more heavily developed areas in terms of groundwater use, These include 
the Central Valley and South Coast. The lowest level of knowledge of groundwater budget data is in the 
southeast desert area. A discussion of groundwater use in each region is included below. 
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Box Q How Does the Information in This Report Relate to the Recently Enacted laws 
Senate Bill 221 and Senate Bill 610 (2002)7 

Recently enacted legislation requires developers of certain new housing projects to 

demonstrate an available water supply for that development. If a part of that proposed water 

supply is groundwater, urban water suppliers must provide additional information on the 

availability of an adequate supply of groundwater to meet the projected demand and show that 

they have the legal right to extract that amount of groundwater. SB 610 (2002) amended the 

Water Code to require, among otherthings, the following information (Section 10631 (b)(2)): 

For basins that have not been adjudicated, information as to whether the department has 

identified the basin or basins as overdrafted or has projected that the basin will become 

overdrafted if present management conditions continue, in the most current official 

departmental bulletin that characterizes the condition of the groundwater basin, and a 
detailed description of the efforts being undertaken by the urban water supplier to 

eliminate the long-term overdraft condition. 

The hydrogeologic information contained in the basin descriptions that supplement this update 

of Bulletin 118.includes only the information that was available in California Department of 

Water Resources (DWR) files through reference searches and through limited contact with local 

agencies. Local agencies may have conducted more recent studies that have generated 
\ 

additional information about water budgets and aquifer characteristics. Unless the agency 

notified DWR. or provided a copy of the recent reports to DWR staff. that recent information 

has not been included in the basin descriptions. Therefore. although SB 610 refers to 

groundwater basins identified as overdrafted in Bulletin 118, it would be prudent for local water 

suppliers to evaluate the potential for overdraft of any basin included as a part of a water 

supply assessment. 

Persons interested in collecting groundwater information in accordance with the Water Code as 

amended by SB 221 and SB 610 may start with the information in Bulletin 118. but should 

follow up by consulting the references listed for each basin and contacting local water 

agencies to obtain any new information that Is available. Otherwise. evaluation of available 

groundwater resources as, mandated by SB 221 and SB 610, may not be using the most 

complete and recent information about water budgets and aquifer characteristics. 

'" 

o 
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Chapter7 I Inventory of California's Groundwater Informafion 

Box R Explanation of Groundwater Data Tables 

A groundwater data table for each hydrologic region is included at the end of each hydrologic region 
section in Chapter 7. The tables include the following information: 

Basin/Subbasin Number. The basin numbering formatis x-xxX.xx. The first number in the sequence 
assigns the basin toone of the nine Regional Water Quality Control Board boundaries. The second 
number is the groundwater basin number. Any number following the decimal identifies that the 
groundwater basin has been further divided into subbasins. Reevaluation of available hydrogeologic 
information resulted in the deletion of some basins and subbasins identified in Bulletins 118-75 and 118-
80. Because of this, there are some gaps in the sequence of basin numbers in this report. The methods 
used for developing the current groundwater basin maps are discussed in Appendix H. The names and 
numbers of the basins deleted, along with any comments related to their elimination are included in the 
appropriate region in Chapter 7. Previously unidentified groundwater basins or subbasins that were 
delineated during this update are assigned new identification numbers that sequentially follow the last 
number used in Bulletin 118-80 for groundwater basins or subbasins. 

Basin or Subbasin Name. Basin names are based on published and unpublished reports, topographic 
maps, and local terminology. Names of more recently delineated basins or subbasins are based on the 
principal geographic feature, which in most cases corresponds to the name of a valley. In the case of a 
subbasin, its formal name should include the name of the basin (for example, Sacramento Valley 
Groundwater Basin. North American Subbasin). However. both locally and informally, the term subbasin is 
used interchangeably with basin (for example. North American Basin). 

Area. The area for each basin or subbasin is presented in acres rounded to three significant figures (for 
example, 147,148 acres was rounded to 147,000 acres). The area describes only the upper surface or 
map view of a basin. The basin underlies the area and may extend beyond the surface expression 
(discussed in Chapter 6). 

Groundwater Budget Type. The type of groundwater budget information available was classified aSType 
A, B, or C based on the following criteria: 

Type A - indicates one of the following: (1) a groundwater bUdget exists for the basin or enough 
components from separate studies could be combined to give a general indication of the basin's 
groundwater budget, (2) a groundwater model exists for the basin that can be used to calculate a 
groundwater budget, or (3) actual groundwater extraction data existfor .the basin. 

Type B - indicates that a use-based estimate of groundwater extraction is calculated for the basin. The 
use-based estimate is determined by caiculating the overall use from California Department of Water 
Resources land use and urban water use surveys. Known surface water supplies are then subtracted from 
the total demand leaving the rest of the use to be met by groundwater extraction. 

Type C - indicates that there are not enough data to provide either an estimate of the basin's groundwater 
budget or groundwater extraction from the basin. 

Well Yields. Maximum and average well yields in gallons per minute (gpm) are reported for municipal 
supply and agricultural wells where available. Most of the values reported are from initial tests reported 
during construction of the well, which may not be an accurate indication of the long-term production 
capacity of the wells. ' 

Box R continued on next page 
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Box R Explanation of Groundwater Data Tables (continued) 

Types of Monitoring. This includes monitoring of both groundwater levels and quality. "Levels" 

indicate the number of wells actively monitored without consideration of frequency. Most wells are 

monitored semi-annually, but many are monitored monthly. "Quality" indicates the number of 

wells monitored for various constituents; these could range from a grab sample taken for a field 

specific conductance measurement to a full analysis of organic and inorganic constituents, "Title 

22" indicates the number of public water system wells that are actively sampled and monitored 

under the direction of California Department of Health Services (DHS) Title 22 Program. 

Total Dissolved SolidS. This category includes range and average values of total dissOlved solids 

(TDS), This data primarily represents data from published reports. In some cases" a range of 

average TDS values is presented, 

Active Monitoring 

The summary of active monitoring includes wells that are monitored for groundwater elevation or 
groundwater quality within the delineated groundwater basins as of 1999. Groundwater elevation data 
collected by DWR and cooperators are available online at http://wdl.water.ca.gov. Most of the water quality 
data are for public supply wells and were provided by the California Department of Health Services (DHS). 
Other groundwater level and water quality monitoring activities were reported by local agencies during this 
update. The summary indicates that there are nearly 14,000 wells monitored for groundwater levels, 10,7001 

wells monitored under DHS water quality monitoring program, and 4,700 wells monitored for miscellaneous 
water quality by other agencies, 

I These numbers include the wells in basins and subbasins only; throughout the entire state, DHS has responsibility for more than 
16,000 public supply welis. 
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Chapter7 I Invenlory of California's Groundwater Information 

Box S What Happens When an Mel Exceedance Occurs? 

All suppliers of domestic water to the public are subject to regulations adopted by the U.S. 

Environmental Protection Agency under the Safe Drinking Water Act (42 U.S.C. 300f et seq.) as well 

as by the California Department of Health Services under the California Safe Drinking Water Plan Act 

(Health and Safety Code §§ 116270-116750). 

These regulations include primary drinking water standards that establish maximum contaminant 

levels (MCls) for inorganic and organic chemicals and radioactivity. MCls are based on health 

protection, technical feasibility, and economic factors. 

California requires public water systems to sample their drinking water sources, analyze for 

regulated contaminants, and determine compliance with the MClson a regular basis. Sampling 

frequency depends on the contaminant. type of water source, and previous sampling results; 

frequency can range from monthly to once every nine years, or none at all if sampling is waived 

because the source is not vulnerable to the contaminant. 

Primary MCls are enforceable standards. In California, compliance is usually determined at the 

wellhead or the surface water intake. To meet water quality standards and comply with regulations, 

a water system with a contaminant exceeding an MCl must notify the public and remove the source 

from service or initiate a process and schedule to install treatment for removing the contaminant. 

Notification requirements reflect the severity of the associated health risks; immediate health 

concerns prompt immediate notice to consumers. Violations that do not pose a significant health 

concern may use a less immediate notification process. In addition to consumer notification, a water 

system is required by statute to notify the local governing body (for example, city councilor county 

board of supervisors) whenever a drinking water well exceeds an MCl, even if the well is taken out 

of service. 

Detections of regulated contaminants (and certain unregulated contaminants) must also be reported 

to consumers in the water system's annual Consumer Confidence Report. 

Groundwater Quality 

The summary of water quality relied heavily on data from the DRS Title 22 water quality monitoring 
program. The assessment consisted of querying the DRS database for active wells that have constituents 
exceeding the maximum contaminant level (MCL) for drinking water. Summaries of this assessment for 
each of the State's hydrologic regions (RRs) are discussed in this chapter. 

DRS data are the most comprehensive statewide water quality data set available, but this data set should not 
be used as a sole indicator of the groundwater quality in California. Data from these wells are not 
necessarily representative of any given basin; it only represents the quality of groundwater where a public 
water supply is extracted. 
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The Natural Resources Defense Council (NRDC 2001) issued a report that concludes California's 
groundwater resources face a serious long-term threat from contamination. Despite heavy reliance on 
groundwater; no comprehensive statewide assessments of groundwater quality were available. In response to 
the NRDC report, the State Water Resources Control Board (SWRCB) is planning a comprehensive 
assessment of the State's groundwater quality. This program is discussed in Chapter 4, in the section titled 
"Groundwater Quality Monitoring Act of2001 (AB 599)." 

Regional Groundwater Use 
The importance of groundwater as a resource varies regionally throughout the State. For planning purposes, 
DWR divides California into J 0 hydrologic regions (HRs), which correspond to the State's major drainage 
areas. HR boundaries are shown in Figure 22. A review of average water year supplies from the California 
Water Plan (DWR 1998) shows the importance of groundwater as a local supply for agricultural and 
municipal use throughout the State and in each of California's 10 HRs (Table 12 and Figure 23). 

Hydrologic region 
North Coast 

San Francisco Bay 

Cenlral Coast 

South Coast 

Sacramento River 

San Joaquin River 

Tulare Lake 

North Lahontan 

South Lahontan 

Colorado River 

Source: DWR J 998 

Table 12 Annual agricultural and muniCipal water demands 
met by groundwater 

Demand mel by Demand met by 
Total Demand Volume Groundwater Groundwater 

(TAF) (TAF) (%) 
1063 263 25 

1353 68 5 

1263 1045 83 

5124 1177 23 

8720 2672 31 

7361 2195 30 

10556 4340 41 

568 157 28 

480 239 50 

4467 337 8 

With more than 80 percent of demand met by groundwater, the Central Coast HR is heavily reliant on 
groundwater to meet its local needs. The Tulare Lake and South Lahontan HRs meet more than 40 percent of 
their local demand from groundwater. The South Coast, North Coast, North Lahontan, San Joaquin River, 
and Sacramento River HRs take between 20 and 40 percent of their supply from groundwater. Groundwater 
is a relatively minor source of supply in the San Francisco Bay and Colorado River HRs. 

Of all the groundwater extracted annually in the state, an estimated 35 percent is produced from the Tulare 
Lake HR. More than 70 percent of groundwater extraction occurs in the Central Valley (Tulare Lake, San 
Joaquin River, and Sacramento River HRs combined). Nearly 20 percent is extracted in the highly urbanized 
South Coast and Central Coast HRs, while less than 10 percent is extracted in the remaining five HRs 
combined. 
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Figure 22 California's 10 hydrologic regions 
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Figure 23 Agricultural and urban demand supplied by groundwater in each hydrologic region 
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Chapter7 I Inventory of California's Groundwater Information 

The remainder of this chapter provides a summary of each of the 10 HRs. A basin location map for each HR 
is followed by a brief discussion of groundwater occurrence and groundwater conditions. A summary 
tabulation of groundwater information for each groundwater basin within the HR is provided. Greater detail 
for the data presented in these tables, including a bibliography, is provided in the individual basin/subbasin 
descriptions in the supplemental report (see Appendix A). Because the groundwater basin numbers are based 
on the boundaries of the State's nine Regional Water Quality Control Boards (RWQCB), Figure 24 shows the 
relationship between the Regional Board boundaries and DWR's HR boundaries. 

The groundwater basin tabulations give an overview of available data. Where a basin is divided into 
subbasins, only the information for the subbasins is provided. The data for each subbasin generally come 
from different sources, so it is inappropriate to sum the data into a larger basin summary. An explanation of 
each of the data items presented in the summary table is provided in Box R. 
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Department of Water Resources 
Hydrologic Region Boundary and Name 
NC North Coast 

SFB San Francisco Bay 
CC Central Coast 
SC South Coast 
SR Sacramento River 
SJ San Joaquin River 
TL Tulare Lake 
NL North Lahontan 
SL South Lahontan 
CR Colorado River 

........ .. Regional Water Quality Control Board 
Region Boundary and Name 

Figure 24 Regional Water Quality Control Board regions and Department of 
Water Resources hydrologic regions 
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North Coast Hydrologic Region 
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Chapter7 I North Coast HydrologicRegioll 
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Figure 25 North Coast Hydrologic Region 
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Basins and Subbasins of the North Coast Hydrologic Region 

Basin/subbasin Basin name 

1-1 Smith River Plain 

1-2 Klamath River Valley 

1-2.01 Tule Lake 

1-2.02 Lower Klamath 

1-3 Butte Valley 

1-4 Shasta Valley 

1-5 Scott River Valley 

1-6 Hayfork Valley 

1-7 Hoopa Valley 

1-8 Mad River Valley 

1-8.0 I Mad River Lowland 

1-8.02 Dows Prairie School Area 

1-9 Eureka Plain 

1-10 Eel River Valley 

1-11 Covelo Round Valley 

1-12 Laytonville Valley 

1-13 Little Lake Valley 

1-14 Lower Klamath River Valley 

1-15 Happy Camp Town Area 

1-16 Seiad Valley 

1-17 Bray Town Area 

1-18 Red Rock Valley 

1-19 Anderson Valley 

1-20 Garcia River Valley 

1-21 Fort Bragg Terrace Area 

1-22 Fairchild Swamp Valley 

1-25 Prairie Creek Area 

1-26 Redwood Creek Area 

1-27 Big Lagoon Area 

1-28 Mattole River Valley 

1-29 Honeydew Town Area 

1-30 Pepperwood Town Area 

1-31 Weott Town Area 

1-32 Garberville Town Area 

1-33 Larabee Valley 

1-34 Dinsmores Town Area 

1-35 Hyampom Valley 

1-36 Hettenshaw Valley 

1-37 Cottoneva Creek Valley 

1-38 Lower Laytonville Valley 

1-39 Branscomb Town Area 

1-40 Ten Mile River Valley 

1-41 Li ttl e Vall ey 

Basin/subbasin Basin name 

1-42 Sherwood Valley 

1-43 Williams Valley 

1-44 Eden Valley 

1-45 

1-46 

1-48 

1-49 

1-50 

I-51 

1-52 

1-53 

1-54 

1-54.01 

1-54.02 

1-55 

1-55.01 

1-55.02 

1-55.03 

1-56 

1-57 

1-59 

1-60 

1-61 

1-62 

Big River Valley 

Navarro River Valley 

Gravelley Valley 

Annapolis Ohlson Ranch Formation 

Highlands 

Knights Valley 

P otter Valley 

Ukiah Valley 

Sanel Valley 

Alexander Valley 

Alexander Area 

Cloverdale Area 

Santa Rosa Valley 

Santa Rosa Plain 

Healdsburg Area 

Rincon Valley 

McDowell Valley 

Bodega Bay Area 

Wilson Grove Formation Highlands 

Lower Russian River Valley 

Fort Ross Terrace Deposits 

Wilson Point Area 
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Chapter7 I North Coast HydrofogicRegion 

Description of the Region 
The North Coast HR covers approximately 12.46 million acres (19,470 square miles) and includes all or 
portions of Modoc, Siskiyou, Del Norte, Trinity, Humboldt, Mendocino, Lake, and Sonoma counties 
(Figure 25). Small areas of Shasta, Tehama, Glenn, Colusa, and Marin counties are also within the region. 
Extending from the Oregon border south to Tomales Bay, the region includes portions of four geomorphic 
provinces. The northern Coast Range forms the portion of the region extending from the southern boundary 
north to the Mad River drainage and the fault contact with the metamorphic rocks of the Klamath Mountains, 
which continue north into Oregon. East of the Klamath terrane along the State border are the volcanic 
terranes of the Cascades and the Modoc Plateau. In the coastal mountains, most of the basins are along the 
narrow coastal strip between the Pacific Ocean and the rugged Coast Range and Klamath Mountains and 
along inland river valleys; a1luviated basin areas are very sparse in the steep Klamath Mountains. In the 
volcanic terrane to the east, most of the basins are in block faulted valleys that once held Pleistocene-age 
lakes. The North Coast HR corresponds to the boundary of RWQCB 1. Significant geographic features 
include basin areas such as the Klamath River Basin, the Eureka! Arcata area, Hoopa Valley, Anderson Valley, 
and the Santa Rosa Plain. Other significant features include Mount Shasta, forming the southern border of 
Shasta Valley, and the rugged north coastal shoreline. The 1995 population of the entire region was about 
606,000, with most being centered along the Pacific Coast and in the inland valleys north of the San 
Francisco Bay Area. 

The northern mountainous portion of the region is rural and sparsely populated, primarily because of the 
rugged terrain. Most of the area is heavily forested. Some irrigated agriculture occurs in the narrow river 
valleys, but most occurs in the broader valleys on the Modoc Plateau where pasture, grain and alfalfa 
predominate. In the southern portion of the region, closer to urban centers, crops like wine grapes, nursery 
stock, orchards, and truck crops are common. 

A majority of the surface water in the North Coast HR goes to environmental uses because of the "wild and 
scenic" designation of most ofthe region's rivers. Average annual precipitation ranges fi'om 100 inches in 
the Smith River drainage to 29 inches in the Santa Rosa area and about 10 inches in the Klamath drainage; as 
a result, drought is likely to affect the Klamath Basin more than other portions of the region. Communities 
that are not served by the area's surface water projects also tend to experience shortages. Surface water 
development in the region includes the U.S. Bureau of Reclamation (USBR) Klamath Project, Humboldt Bay 
Municipal Water District's Ruth Lake, and U.S. Army Corps of Engineer's Russian River Project. An 
important factor concerning water demand in the Klamath Project area is water allocation for endangered fish 
species in the upper and lower basin. Surface water deliveries for agriculture in 2001, a severe drought year, 
were only about 20 percent of normal. 

Groundwater Development 
Groundwater development in the North Coast HR occurs along the coast, near the mouths of some of the 
region's major rivers, on the adjacent narrow marine terraces, or in the inland river valleys and basins. 
Reliability of these supplies varies significantly from area to area. There are 63 groundwater basins! 
subbasins delineated in the region, two of which are shared with Oregon. These basins underlie 
approximately 1.022 million acres (1,600 square miles), 

Along the coast, most groundwater is developed from shallow wells installed in the sand and gravel beds of 
several of the region's rivers. Under California law, the water produced in these areas is considered surface 
water underflow. Water from Ranney collectors installed in the Klamath River, Rowdy Creek, the Smith 
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River, and the Mad River supply the towns of Klamath, Smith River and Crescent City in Del Norte County 
and most of the Humboldt Bay area in Humboldt County. Except on the Mad River, which has continuous 
supply via releases from Ruth Reservoir, these supplies are dependent on adequate precipitation and flows 
throughout the season. In drought years when streamflows are low, seawater intrusion can occur causing 
brackish or saline water to enter these systems. This has been a problem in the town of Klamath, which in 
1995 had to obtain community water from a private well source. Toward the southern portion of the region, 
along the Mendocino coast, the Town of Mendocino typifies the problems related to groundwater 
development in the shallow marine terrace aquifers. Groundwater supply is limited by the aquifer storage 
capacity, and surveys done in the Town of Mendocino in the mid-1980s indicate that about 10 percent of 
wells go dry every year and up to 40 percent go dry during drought years. 

Groundwater development in the inland coastal valleys north of the divide between the Russian and Eel 
Rivers is generally oflimited extent. Most problems stemming from reliance on groundwater in these areas 
is a lack of alluvial aquifer storage capacity. Many groundwater wells rely on hydrologic connection to the 
rivers and streams of the valleys. The City of Rio Dell has experienced water supply problems in community 
wells and, as a result, recently developed plans to install a Ranney collector near the Eel Ri ver. South of the 
divide, in the Russian River drainage, a significant amount of groundwater development has occurred on the 
Santa Rosa Plain and surrounding areas. The groundwater supplies augment surface supplies from the 
Russian River Project. 

In the north-central part of the North Coast HR, the major groundwater basins include the Klamath River 
Valley, Shasta Valley, Scott River Valley, and Butte Valley. The Klamath River Valley is shared with Oregon. 
Of these groundwater basins, Butte Valley has the most stable water supply conditions. The historical annual 
agricultural surface water supply has been about 20,000 acre-feet. As farming in the valley expanded from 
the early 1950s to the early 1990s, bringing nearly all the arable land in the valley into production, 
groundwater was developed to farm the additional acres. It has been estimated that current, fully developed 
demands are only about 80 percent of the available groundwater supply. By contrast, water supply issues in 
the other three basins are contingent upon pending management decisions regarding restoration of fish 
populations in the Klamath River and the Upper Klamath Basin system. The Endangered Species Act (ESA) 
fishery issues include lake level requirements for two sucker fish species and in-stream flow requirements for 
coho salmon and steelhead trout. Since about 1905, the Klamath Project has provided surface water to the 
agricultural community, which in turn has provided water to the wildlife refuges. Since the early 1990s, it 
has been recognized that surface water in the Klamath Project is over-allocated, but very little groundwater 
development had occurred. In 2001, which was a severe drought year, USBR delivered a total of about 
75,000 acre-feet of water to agriculture in California, about 20 percent of normal. In the Klamath River 
Groundwater Basin this translated to a drought disaster, both for agriculture and the wildlife refuges. In 
addition, there were significant impacts for both coho salmon and sucker fisheries in the Klamath River 
watershed. As a result ofthe reduced surface water deliveries, significant groundwater development 
occurred, and groundwater extraction increased from an estimated 6,000 acre-feet in 1997 to roughly 60,000 
acre-feet in 2001. Because of the complexity of the basin's water issues, a long-term Klamath Project 
Operation plan has not yet been finalized. Since 1995, USBR has issued an annual operation plan based on 
estimates of available supply. The Scott River Valley and Shasta Valley rely to a significant extent On surface 
water diversions. In most years, surface water supplies the majority of demand, and groundwater extraction 
supplements supply as needed depending on wet or dry conditions. Discussions are under way to develop 
strategies to conjunctively use surface water and groundwater to meet environmental, agricultural, and other 
demands. 
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Groundwater Quality 
Groundwater quality characteristics and specific local impairments vary with regional setting within the 
North Coast HR. In general, seawater intrusion and nitrates in shallow aquifers are problems in the coastal 
groundwater basins; high total dissolved solids (TDS) content and general alkalinity are problems in the lake 
sediments of the Modoc Plateau basins; and iron, boron, and manganese can be problems in the inland basins 
of Mendocino and Sonoma counties. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 584 public supply water wells were sampled in 32 of the 63 basins and subbasins 
in the North Coast HR. Analyzed samples indicate that 553 wells, or 95%, met the state primary Maximum 
Contaminant Levels (MCL) for drinking water. Thirty-one wells, or 5%, sampled have constituents that 
exceed one or more MCL. Figure 26 shows the percentage of each contaminant group that exceeded MCLs 
in the 31 wells. 

95% ~--

584 Wells Sampled 
r 9 Meet primary MCL sia-nd-a-rd-s--- - I 
~ Detection of at least one constituent above primary MCL I 

Figure 26 MCl exceedances in public supply wells in the North Coast Hydrologic Region 

Table 13 lists the three most frequently occurring individual contaminants in each of the five contaminant 
groups and shows the number of wells in the HR that exceeded the MCL for those contaminants. 
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Table 13 Most frequently occurring contaminants by contaminant group 
in the North Coast Hydrologic Region 

Contaminant group 
wellslnorganics - Primary 
exceedance 
Inorganics - Secondary 

Radiological 

Nitrates 

VOCs/SVOCs 

TCE - Trichloroethylene 

Contaminant - # of wells 
Aluminum-4 

Manganese - 150 

Radium 228 - 3 

Nitrate(as NO)) ..,- 7 

TCE-2 

VOC = Volatile Organic Compound 
SVOC = SemivolatiJe Organic Compound 

Changes from Bulletin 118-80 

Contaminant - # of wells 
Arsenic - 4 

Iron -- 108 

Com bined RA226 + RA228 - 3 

Nitrite(as N) - 1 

3 tied at 1 exceedance 

Contaminant - # of 
4 tied at 1 

Copper- 2 

Radium 226 - 1 

Since Bulletin 118-80 was published, RWQCB 2 boundary has been modified. This resulted in several 
basins being reassigned to RWQCB 1. These are listed in Table 14, along with other modifications to North 
Coast HR. 

Table 14 Modifications since Bulletin 118-80 of groundwater basins 
in North Coast Hydrologic Region 

Basin name New number Old number 
McDowell Valley 1-56 2-12 

Knights VaHey 1-50 2-13 

Potter Valley 1-51 2-14 

Ukiah Valley I-52 2-15 

Sanel Valley 1-53 2-16 

Alexander Valley 1-54 2-17 

Santa Rosa Valley 1-55 2-18 

Lower Russian River Valley 1-60 2-20 

Bodega Bay Area 1-57 2-21 

Modoc Plateau Recent Volcanic Area deleted 1-23 

Modoc Plateau Pleistocene Volcanic Area deleted 1-24 

Gualala River Valley deleted 1-47 

Wilson Grove Formation Highlands 1-59 2-25 

Fort Ross Terrace Deposits 1-61 

Wilson Point Area 1-62 
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Fort Ross Terrace Deposits (1-61) and Wilson Point Area (1-62) have been defined since B 118-80 and are 
included in this update. Mad River Valley Groundwater Basin (1-8) has been subdivided into two subbasins. 
Sebastopol Merced Formation (2-25) merged into Basin 1-59 and was renamed Wilson Grove Formation 
Highlands. 

There are a couple of deletions of groundwater basins from Bulletin 118-80. The Modoc Plateau Recent 
Volcanic Area (1-23) and the Modoc Plateau Pleistocene Volcanic Area (1-24) are volcanic aquifers and were 
not assigned basin numbers in this bulletin. These are considered to be groundwater source areas as 
discussed in Chapter 6. Gualala River Valley (1-47) was deleted because the State Water Resources Control 
Board determined the water being extracted in this area as surface water within a subterranean stream. 
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Table 15 North Coast Hydrologic Region groundwater data 

Well Yields (gpm) Types of Monitoring TDS (mg/L) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) Budget Type Maximwll Average Levels Quality Title 22 Average Range 

I-I SMITH RIVER PLAIN 40,450 B 500 50 7 10 33 164 32 - 496 
1-2 KLAMATH RIVER VALLEY ~ ~ 

~ ~ 

1-2.01 UPPER KLAMATH LAKE BASIN - Tule Lake 85,930 B 3,380 1,208 40 8 5 721 40 - 2,200 
1-2.02 UPPER KLAMATH LAKE BASIN - Lower Klamath 73,330 B 2,600 1,550 4 - - - -

1-3 BUTTE VALLEY 79,700 B 5,000 2,358 28 13 9 310 55-1,1l0 
1-4 SHASTA VALLEY 52,640 B 1,200 273 9 15 24 - -
1-5 SCOTT RIVER VALLEY 63,900 B 3,000 794 6 10 5 258 47 - 1,510 
1-6 HAYFORK VALLEY 3,300 B 200 - - 5 - - -
1-7 HOOPA VALLEY 3,900 B 300 - - 4 - 125 95 - 159 
1-8 MAD RIVER VALLEY 

1-8.01 MAD RIVER VALLEY LOWLAND 25,600 B 120 72 4 9 2 184 55 - 280 
1-8.02 DOWS PRAIRIE SCHOOL AREA 14,000 B - - - 3 - - -

\-9 EUREKA PLAIN 37,400 B 1,200 - 4 4 6 177 97 - 460 
1-10 EEL RIVER VALLEY 73,700 B 1,200 - 8 11 29 237 110 - 340 
1-11 COVELO ROUND VALLEY 16,400 C 850 193 9 5 29 239 116 - 381 
1-12 LAYT01'<"'VILLE VALLEY 5,020 A 700 7 4 3 - 149 53 - 251 
1-13 LITTLE LAKE VALLEY 10,000 A 1,000 45 7 7 - 340 97 - 1.710 
1-14 LOWER KLAMATH RIVER VALLEY 7,030 B - - - - - - 43 - 150 
I-IS HAPPY CAMP TOWN AREA 2,770 B - - - - 17 - -
1-16 SEIAD VALLEY 2,250 B - - - 2 2 - -
1-17 BRAY TOWN AREA 8.030 B - - - - - - -
\-18 RED ROCK VALLEY 9,000 B - - - - - - -

" h \-19 Al'lDERSON VALLEY 4,970 C 300 30 7 5 7 - 80 - 400 

::;; 
Q 

1-20 GARCIA RIVER VALLEY 2,240 C - - - - - - -
1-21 FORT BRAGG TERRACE AREA 24,100 C 75 14 - - 51 185 26 - 650 

:0 

'" 1-22 FAIRCHILD SWAMP VALLEY 3,300 B - - - - - - -
);: 1-25 PRAIRIE CREEK AREA 20,000 B - - - - I 106 -
V> 1-26 REDWOOD CREEK AREA 2,000 B - - 1 0 4 - 102 - 332 
Cl 1-27 BIG LAGOON AREA 13,400 B - - 1 0 31 174 -
'" Q \-28 MATTOLE RIVER VALLEY 3,150 B - - - - 2 - -
c:: 

"" 
1-29 HONEYDEW TOWN AREA 2,370 B - - - - 1 - -

c 
~ 
h 

1-30 PEPPERWOOD TOWN AREA 6,290 B - - - - I - -
1-31 WEOTT TOWN AREA 3,650 B - - - - 2 - -

-; 

'" 1-32 GARBERVILLE TO'N'N AREA 2,100 B - - - - 5 - -
'" 1-33 LARABEE VALLEY 970 B - - - - - - -
~ 

;;: 
-; 

1-34 DINSMORES TOWN AREA 2,300 B - - - - 3 - -
1-35 HYAMPOM VALLEY 1,350 B - - - - I - -
1-36 HETTENSHAWVALLEY 850 B - - - - - - -

'" » "" "" Cl 

1-37 COTTONEVA CREEK VALLEY 760 C - - - - - 118 118 
1-38 LOWER LAYTONVILLE VALLEY 2,150 C - - - - - - -

;0 W 1-39 BRANSCOMB TOWN AREA 1.320 C - - - - - 130 80 - 179 
0 .... 
0 N 

(j) 
..... 

1-40 TEN MILE RIVER VALLEY \,490 C - - - - - - -
.-l:±L LITTLE VALLEY 

~--- ---- 810 C - - - - - - -I 

<0 
-..J 
+::>. 
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Table 15 North Coast Hydrologic Region groundwater data (continued) 

Basin/Subbasin Basin Name 

1-42 SHERWOOD VALLEY 
1-43 WILLIAMS VALLEY 
1-44 EDEN VALLEY 
1-45 BIG RIVER VALLEY 
1-46 NAVARRO RIVER VALLEY 
1-48 GRAVELLEYVALLEY 
1-49 ANAPOLIS OHLSON RANCH FOR. HIGHLANDS 
I-50 KNIGHTS VALLEY 
1-51 POTTER VALLEY 
I-52 lJKIAH VALLEY 
1-53 SANEL VALLEY 
1-54 ALEXANDER VALLEY 

1-54.01 ALEXANDER AREA 
1-54.02 CLOVERDALE AREA 

1-55 SANTA ROSA VALLEY 
1-55.01 SANTA ROSA PLAIN 
1-55.02 HEALDSBURG AREA 
1-55,03 RINCON VALLEY 

I-56 McDOWELL VALLEY 
I-57 BODEGA BAY AREA 
1-59 WILSON GROVE FORMATION HIGHLANDS 
1-60 LOWER RUSSIAN RIVER VALLEY 
1-61 FORT ROSS TERRACE DEPOSITS 
1-62 WILSON POINT AREA 

-

gpm - gallons per minute 
mglL - milligram per liter 
TDS ~ total dissolved solids 

Groundwater 
Area (acres) Budget Type 

1,150 C 
1,640 C 
1,380 C 
1,690 C 

770 C 
3,000 C 
8,650 C 
4,090 C 
8,240 C 

5,570 C 

6,500 C 

80,000 A 
15,400 C 
5,600 C 
1,500 C 
2,680 A 

81,500 C 
6,600 C 
8,490 C 

700 B 

Well Yields (gpm) Types of Monitoring 

Maximum Average Levels Quality Title 22 

- - - - -
- - - - -
- - - - -
- - - - 2 
- - - - -
- - - - 3 

36 - - 0 1 
- - - - -

100 -1- 2 0 1 
, ' 

1,250 - 5 8 6 

.. _--- ': '~ " 

- 500 3 - 13 

1,500 - 43 - 155 
500 - 8 - 28 

- - 2 - 12 
1,200 - - - -

150 - - - 6 
- - 14 - 68 

500+ - 1 - 32 
75 27 - - 13 

- - - - -

TDS (mg/L) 

Average Range 

- -
- -

140 140 
- -
- -
- -

260 260 
- -
- 140 - 395 

- 174 - 306 

- 130 - 304 

- -
- 90 - 500 
- -

145 143 - 146 
- -
- -
- 120 - 210 

320 230 - 380 
- -

r. 
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Chapter7 I San Francisco Bay Hydrologic Region 
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Figure 27 San Francisco Bay Hydrologic Region 
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Basins and Subbasins of the San Francisco 
Bay Hydrologic Region 

Basin/subbasin Basin name 

2-1 Petaluma Valley 

2-2 Napa-Sonoma Valley 

2-2.01 Napa Valley 

2-2.02 Sonoma Valley 

2-2.03 Napa-Sonoma Lowlands 

2-3 Suisun-Fairfield Valley 

2-4 Pittsburg Plain 

2-5 Clayton Valley 

2-6 Ygnacio Valley 

2-7 San Ramon Valley 

2-8 Castro Valley 

2-9 Santa Clara Valley 

2-9.01 Niles Cone 

2-9.02 Santa Clara 

2·9.03 San Mateo Plain 

2-9.04 East Bay Plain 

2-10 Livermore Valley 

2-11 Sunol Valley 

2-19 Kenwood Valley 

2-22 HalfMoon Bay Terrace 

2-24 San Gregorio Valley 

2-26 Pescadero Valley 

2-27 Sand Point Area 

2-28 Ross Valley 

2-29 San Rafael Valley 

2-30 Novato Valley 

2-31 Arroyo Del Hambre Valley 

2-32 Vis ita cion Valley 

2-33 Islais Valley 

2·35 Merced Valley 

2-36 San Pedro Valley 

2-37 South San Francisco 

2-38 Lobos 

2-39 Marina 

2-40 Downtown San Francisco 

Description of the Region 
The San Francisco Bay HR CQvers approximately 
2.88 million acres (4,500 square miles) and includes 
all of San Francisco and portions of Marin, Sonoma, 
Napa, Solano, San Mateo, Santa Clara, Contra Costa, 
and Alameda counties (Figure 27). The region 
corresponds to the boundary ofRWQCB 2. 
Significant geographic features include the Santa 
Clara, Napa, Sonoma, Petaluma, Suisun-Fairfield, and 
Livermore valleys; the Marin and San Francisco 
peninsulas; San Francisco, Suisun, and San Pablo 
bays; and the Santa Cruz Mountains, Diablo Range, 
Bolinas Ridge, and Vaca Mountains of the Coast 
Range. While being the smallest in size of the 10 
HRs, the region has the second largest population in 
the State at about 5.8 million in 1995 (DWR 1998). 
Major population centers include the cities of San 
Francisco, San Jose and Oakland. 

Groundwater Development 
The region has 28 identified groundwater basins. 
Two ofthose, the Napa-Sonoma Valley and Santa 
Clara Valley groundwater basins, are further divided 
into three and four subbasins, respectively. The 
groundwater basins underlie approximately 896,000 
acres (1,400 square miles) or about 30 percent ofthe 
entire HR. 

Despite the tremendous urban development in the 
region, groundwater use accounts for only about 5 
percent (68,000 acre-feet) ofthe region's estimated 
average water supply for agricultural and urban uses, 
and accounts for less than one percent of statewide 
groundwater uses. 

In general, the freshwater-bearing aquifers are 
relatively thin in the smaller basins and moderately 
thick in the more heavily utilized basins. The more 
heavily utilized basins in this region include the Santa 
Clara Valley, Napa-Sonoma Valley, and Petaluma 
Valley groundwater basins. In these basins, the 
municipal and irrigation wells have average depths 
ranging from about 200 to 500 feet. Well yields in 
these basins range from less than 50 gallons per minute 
(gpm) to approximately 3,000 gpm. In the smaller 
basins, most municipal and irrigation wells have 
average well depths in the 100- to 200-foot range. 
Well yields in the smaller and less utilized basins are 
typically less than 500 gpm. 
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Land subsidence has been a significant problem in the Santa Clara Valley Groundwater Basin in the past. An 
extensive annual monitoring program has been set up within the basin to evaluate changes in an effort to 
maintain land subsidence at less than 0.01 feet per year (SCVWD 2001). Additionally, groundwater recharge 
projects have been implemented in the Santa Clara Valley to ensure that groundwater will continue to be a 
viable water supply in the future. 

Groundwater Quality 
In general, groundwater quality throughout most of the region is suitable for most urban and agricultural uses 
with only local impairments. The primary constituents of concern are high TDS, nitrate, boron, and organic 
compounds. 

The areas of high TDS (and chloride) concentrations are typically found in the region's groundwater basins 
that are situated close to the San Francisco Bay, such as the northern Santa Clara, southern Sonoma, 
Petaluma, and Napa valleys. Elevated levels of nitrate have been detected in a large percentage of private 
wells tested within the Coyote Subbasin and Llagas Subbasin of the Gilroy-Hollister Valley Groundwater 
Basin (in the Central Coast HR) located to the south of the Santa Clara Valley (SCVWD 2001). The shallow 
aquifer zone within the Petaluma Valley also shows persistent nitrate contamination. Groundwater with high 
TDS, iron, and boron levels is present in the Calistoga area of Napa Valley, and elevated boron levels in other 
parts of Napa Valley make the water unfit for agricultural uses. Releases offuel hydrocarbons from leaking 
underground storage tanks and spills/leaks of organic solvents at industrial sites have caused minor to 
significant groundwater impacts in many basins throughout the region. Methyl tertiary-butyl ether (MTBE) 
and chlorinated solvent releases to soil and groundwater continue to be problematic. Environmental 
oversight for many of these sites is performed either by local city and county enforcement agencies, the 
RWQCB, the Department of1oxic Substances Control, and/or the U.S. Environmental Protection Agency. 

Water Quality in Public Supply Wells 
From 1994 through 2000,485 public supply water wells were sampled in 18 of the 33 basins and subbasins 
in the San Francisco Bay HR. Analyzed samples indicate that 410 wells, or 85 percent, met the state primary 
MCLs for drinking water standards. Seventy-five wells, or 15 percent, have constituents that exceed one or 
more MCL. Figure 28 shows the percentages of each contaminant group that exceeded MCLs in the 75 wells. 

Table 16 lists the three most frequently occurring contaminants in each contaminant group and the number of 
wells in the HR that exceeded the MCL for those contaminants. 
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RadIological 
Pesticides 

85% 

485 Wells Sampled 

o Meet primary MCL standards 
II Detection of at least one constituent above primary MCL 

Figure 28 Mel exceedances in public supply wells in the San Francisco Bay Hydrologic Region 

Table 16 Most frequently occurring contaminants by contaminant group in the 
San Francisco Bay Hydrologic Region 

Contaminant group 
Inorganics 

Radiological 

Nitrates 

Pesticides 

VOCs/SVOCs 

TCE = Trichloroethylene 
PCE = Tetrachloroethylene 
VOC = Volatile Organic Compound 

Contaminant - # of wells 
Iron - 57 

Gross Alpha- 2 

Nitrate (as NO) - 27 

Di(2-Ethylhexyl)phthalate - 4 

PCE-4 

SVOC = Semivolatile Organic Coumpound 

Contaminant - # of wells Contaminant - # of wells 
Manganese - 57 Fluoride-7 

Radium 226 - 1 

Nitrate + Nitrite - 3 Nitrite (as N) - 1 

Heptachlor - 1 

Dichloromethane - 3 TCE-2 
Vinyl Chloride - 2 
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Changes from Bulletin 118-80 
Since Bulletin 118-80 was published, RWQCB 2 boundary has been modified. This resulted in several 
basins being reassigned to RWQCB 1. These are listed in Table 17. 

Basin name 
McDowell Valley 

Knights Valley 

Potter Valley 

Ukiah Valley 

Sanel Valley 

Alexander VaHey 

Santa Rosa Valley 

Table 17 Modifications since Bulletin 118-80 of groundwater basins in 
San Francisco Bay Hydrologic Region 

New number Old number 
1-56 2-12 

1-50 2-13 

1-51 2-14 

1-52 2-15 

1-53 2-16 

1-54 2-17 

I-55 2-18 

Lower Russian River Valley 1-60 2-20 

Bodega Bay Area 1-57 2-21 

No additional basins were assigned to the San Francisco Bay HR in this revision. However, the Santa Clara 
Valley Groundwater Basin (2-9) has been subdivided into four subbasins instead of two, and the Napa
Sonoma Valley Groundwater Basin is now three subbasins instead of two. 

There are several deletions of groundwater basins from Bulletin 118-80. The San Francisco Sand Dune Area 
(2-34) was deleted when the San Francisco groundwater basins were redefined in a USGS report in the early 
1990s. The Napa-Sonoma Volcanic Highlands (2-23) is a volcanic aquifer and was not assigned a basin 
number in this bulletin. This is considered to be a groundwater source area as discussed in Chapter 6. 
Bulletin 118-80 identified seven groundwater basins that were stated to differ from 118-75: Sonoma County 
Basin, Napa County Basin, Santa Clara County Basin, San Mateo Basin, Alameda Bay Plain Basin, Niles 
Cone Basin, and Livermore Basin. They were created primarily by combining several smaller basins and 
subbasins within individual counties. This report does not consider these seven as basins. There is no 
change in numbering because the basins were never assigned a basin number. 
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Table 18 San Francisco Bay Hydrologic Region groundwater data 

Basin/Subbasin Basin Name 

2-1 PETALUMA VALLEY 
2-2 NAPA-SONOMA VALLEY 

2-2.01 NAPA VALLEY 
2-2.02 SONOMA VALLEY 
2-2.03 NAPA-SONOMA LOWLAN'DS 

2-3 SUISUN-FAIRFIELD VALLEY 
2-4 PITTSBURG PLAIN 
2-5 CLAYTON VALLEY 
2-6 YGNACIO VALLEY 
2-7 SAN RAMON VALLEY 
2-8 CASTRO VALLEY 
2-9 SANTA CLARA VALLEY 

2-9.01 NILES CONE 
2-9.02 SANTA CLARA 
2-9.03 SAN MATEO PLAIN 
2-9.04 EAST BAY PLAIN 

2-10 LIVERMORE VALLEY 
2-11 SUNOL VALLEY 
2-19 KENWOOD VALLEY 
2-22 HALF MOON BAY TERRACE 
2-24 SAN GREGORIO VALLEY 
2-26 PESCADERO VALLEY 
2-27 SAND PO INT AREA 
2-28 ROSS VALLEY 
2-29 SAN RAFAEL VALLEY 
2-30 NOVATO VALLEY 
2-31 ARROYO DEL HAMBRE VALLEY 
2-32 VISITACION VALLEY 
2-33 ISLAIS VALLEY 
2-35 MERCED VALLEY 
2-36 SAN PEDRO VALLEY 
2-37 SOUTH SAN FRANCISCO 
2-38 LOBOS 
2-39 MARINA 
2-40 DOWNTOWN SAN FRANCISCO 

gpm - gallons per minute 
mglL - milligram per liter 
TDS - total dissolved solids 

Grotmdwater 
Area (acres) Budget Type 

46,100 C 

45,900 A 
44,700 C 
40,500 C 

133,600 C 
11,600 C 
17,800 C 
15,500 C 

7,060 C 
1,820 C 

. ." 
57,900 A 

190,000 C 
48,100 C 
77,400 A 
69,500 A 
16,600 C 
3,170 C 
9,150 C 
1,070 C 
2,900 C 
\,400 C 
1,770 C 

880 C 
20,500 C 

790 C 
880 C 

1,550 C 
10,400 C 

880 C 
2,170 C 
2,400 A 

220 A 
7,600 C 

Well Yields (gpm) Active Monitoring TDS (mg!L) 

Maximum Average Levels Quality Title 22 Average Range 

100 - 16 7 24 347 58-650 

3,000 223 19 10 23 272 150-370 
1,140 516 18 9 35 321 100-550 

300 98 0 6 9 185 50-300 
500 200 21 17 35 410 160-740 

- - - - 9 - -
- - - - 48 - -
- - - - - - -
- - - - - - -
- - - - - - -

3,000 2,000 350 120 20 - -
- - - 10 234 408 200-931 
- - - 2 14 407 300-480 

1,000 UNK 29 16 7 638 364-1.420 
- - - - 36 - -
- - - - 2 - - i 

- - - - 13 - -
- - 5 - 9 - -
- - - - - - - ! 

- - 3 - 4 - -
- - - - 6 - -
- - - - - - -
- - - - - - -
- - - - 1 - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - 10 - -
- - - - - - -
- - - - - - -
- - - - - - -

, - - - - - - -, 
- - - - - - -
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Figure 29 Central Coast Hydrologic Region 
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Basins and Subbasins of Central Coast Hydrologic Region 

~--~---------------------RcgionBasinl 
subbasin 

3-1 

3-2 

3-3 

3-4 

3-3.01 

3-3.02 

3-3.03 

3-3.04 

3-4.01 

3-4.02 

3-4.04 

3-4.05 

3-4.06 

3-4.08 

3-4.09 

3-4.1 0 

3-5 

3-6 

3-7 

3-8 

3-9 

3-12 

3-13 

3-14 

3-15 

3-16 

3-17 

3-18 

3-19 

3-20 

3-21 

3-22 

3-23 

3-24 

3-25 

3-26 

3-27 

3-28 

3-29 

3-30 

3-31 

3-32 

3-33 

3-34 

Basin name 

Soquel Valley 

Pajaro Valley 

Gilroy-Hollister Valley 

LJagas Area 

BolsaArea 

Hollister Area 

San Juan Bautista Area 

Salinas Valley 

180/400 Foot Aquifer 

East Side Aquifer 

Forebay Aquifer 

Upper Valley Aquifer 

Paso Robles Area 

Seaside Area 

Langley Area 

Corral de Tierra Area 

Cholame Valley 

Lockwood Valley 

Carmel Valley 

Los Osos VaHey 

San Luis Obispo Valley 

Santa Maria River VaHey 

Cuyama VaHey 

San Antonio Creek Valley 

Santa Ynez River Valley 

Goleta 

Santa Barbara 

Carpinteria 

Carrizo Plain 

Ano Nuevo Area 

Santa Cruz Purisima Formation 

Santa Ana Valley 

Upper Santa Ana Valley 

Quien Sabe Valley 

Tres Pinos Valley 

West Santa Cruz Terrace 

Scotts Valley 

San Benito River Valley 

Dry Lake Valley 

Bitter Water Valley 

Hernandez Valley 

Peach Tree Valley 

San Carpoforo Valley 

Arroyo de la Cruz Valley 

RegionBasinl 
subbasin 

3-35 

3-36 

3-37 

3-38 

3-39 

3-40 

3-41 

3-42 

3-43 

3-44 

3-45 

3-46 

3-47 

3-49 

3-50 

3-51 

3-52 

3-53 

Basin name 

San Simeon Valley 

Santa Rosa Valley 

Villa Valley 

Cayucos Valley 

Old Valley 

Toro Valley 

Morro Valley 

Chorro Valley 

Rinconada Valley 

Pozo Valley 

Huasna Valley 

Rafael Valley 

Big Spring Area 

Montecito 

Felton Area 

Majors Creek 

Needle Roc.k Point 

Foothill 

(') 

o 
III 
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Chapter7 I Central Coast I'ydrologic Region 

Description of the Region 
The Central Coast HR covers approximately 7.22 million acres (11,300 square miles) in central California 
(Figure 29). This HR includes all of Santa Cruz, Monterey, San Luis Obispo, and Santa Barbara counties, most 
of San Benito County, and parts of San Mateo, Santa Clara, and Ventura counties. Significant geographic 
features include the Pajaro, Salinas, Carmel, SantaMaria, Santa Ynez, and Cuyama valleys; the coastal plain of 
Santa Barbara; and the Coast Range. Major drainages in the region include the Salinas, Cuyama, Santa Ynez, 
Santa Maria, San Antonio, San Lorenzo, San Benito, Pajaro, Nacimiento, Carmel, and Big Sur Rivers. 

Population data from the 2000 Census suggest that about 1.4 million people or about 4 percent of the 
population of the State live in this HR. Major population centers include Santa Barbara, Santa Maria, San 
Luis Obispo, Gilroy, Hollister, Morgan Hill, Salinas, and Monterey. 

The Central Coast HR has 50 delineated groundwater basins. Within this region, the Gilroy-Hollister Valley 
and Salinas Valley groundwater basins are divided into four and eight subbasins, respectively. Groundwater 
basins in this HR underlie about 2.390 million acres (3,740 square miles) or about one-third of the HR. 

Groundwater Development 
Locally, groundwater is an extremely important source of water supply. Within the region, groundwater 
accounted for 83 percent of the annual supply used for agricultural and urban purposes in 1995. For an 
average year, groundwater in the region accounts for about 8.4 percent of the statewide groundwater supply 
and about 1.3 percent of the total state water supply for agricultural and urban needs. In drought years, 
groundwater in this region is expected to account for about 7.2 percent of the statewide groundwater supply 
and about 1.9 percent of the total State water supply for agricultural and urban needs (DWR 1998). 

Aquifers are varied and range from large extensive alluvial valleys with thick multilayered aquifers and 
aquitards to small inland valleys and coastal terraces. Several of the larger basins provide a dependable and 
drought-resistant water supply to coastal cities and farms. 

Conjunctive use of surface water and groundwater is a long-standing practice in the region. Several 
reservoirs including Hernandez, Twitchell, Lake San Antonio, and Lake Nacimiento are operated primarily 
for the purpose of groundwater recharge. The concept is to maintain streamflow over a longer period than 
would occur without surface water storage and thus provide for increased recharge of groundwater. Seawater 
intrusion is a major problem throughout much of the region. In the Salinas Valley Groundwater Basin, 
seawater intrusion was first documented in the 1930s and has been observed more than 5 miles inland. 

Groundwater Quality 
Much of the groundwater in the region is characterized by calcium sulfate to calcium sodium bicarbonate 
sulfate water types because of marine sedimentary rock in the watersheds. Aquifers intruded by seawater are 
typically characterized by sodium chloride to calcium chloride, and have chloride concentrations greater than 
500 mglL. In several areas, groundwater exceeds the MCL for nitrate. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 711 public supply water wells were sampled in 38 of the 60 basins and subbasins 

. in the Central Coast HR. Analyzed samples indicate that 587 wells, or 83 percent, met the state primary 
MCLs for drinking water. One-hundred-twenty-four wells, or 17 percent, have constituents that exceed one 
or more MCL. Figure 30 shows the percentages of each contaminant group that exceeded MCLs in the 124 
wells. 
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Nitrates 

55% 

711 Wells Sampled 
~ ~~-~~~~~~~~~~~~~~~~~~ 

D Meet primary MCL standards 

III Detection of at least one constituent ab':~~l!r~'!!.ary MCL 

Figure 30 MCl exceedances in public supply wells in the Central Coast Hydrologic Region 

Table 19 lists the three most frequently occurring contaminants in each of the six contaminant groups and 
shows the number of wells in the HR that exceeded the MeL for those contaminants. 

Table 19 Most frequently occurring contaminants by contaminant group 
in the Central Coast Hydrologic Region 

Contaminant group 
wells 
llorganics - Primary 

Inorganics - Secondary 

Radiological 

Nitrates 

Pesticides 

VOCs/SVOCs 

TCE - Trichloroethylene 

Contaminant - # of wells 

Antimony - 6 

Iron - 145 

Gross Alpha - 15 

Nitrate (as N0
3
) - 69 

Heptachlor - 4 

TCE-3 

VOC = Volatile Organic Compound 
SVOC= Semivolatile Organic Compound 

Contaminant - # of wells Contaminant - # of 

Aluminum -~ 4 Chromium (Total) - 4 

Manganese - 135 TDS -11 

Radium 226 - 3 Uranium-3 

Nitrate + Nitrite - 24 

Di (2-Ethylhexyl) phthalate - 2 

3 are tied at 2 exceedances 
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Chapter7 I Central Coast Hydrologic Region 

Changes from Bulletin 118-80 
Four new basins have been defined since Bulletin 118-80. They are Felton Area, Majors Creek, Needle Rock 
Point, and Foothill groundwater basins. Additionally, new subbasins have been broken out in both the 
Gilroy-Hollister Valley Groundwater Basin (3-3) and the Salinas Valley Groundwater Basin (3-4) (Table 20). 

Table 20 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in Central Coast Hydrologic Region 

Subbasin name New number Old number 
Llagas Area 3-3.01 3-3 

BolsaArea 3-3.02 3-3 

Hollister Area 3-3.03 3-3 

San Juan Bautista Area 3-3.04 3-3 

180/400 Foot Aquifer 3-4.01 3-4 

East Side Aquifer 3-4.02 3-4 

Upper Forebay Aquifer 3-4.04 3-4 

Upper Valley Aquifer 3-4.05 3-4 

Pismo Creek Valley Basin 3-12 3-10 

Arroyo Grande Creek Basin 3-12 3-11 

Careaga Sand Highlands Basin 3-12 and 3-14 3-48 

Felton Area 3-50 

Majors Creek 3-51 

Needle Rock Point 3-52 

Foothill 3-53 

Pismo Creek Valley Basin (3-10) and Arroyo Grande Creek Basin (3-11) have been merged into the Santa 
Maria River Valley Basin (3-12). Careaga Sand Highlands Basin (3-48) has been merged into the Santa 
Maria River Valley Basin (3-12) and San Antonio Creek Valley Basin (3-14). 
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Table 21 Central Coast Hydrologic Region groundwater data 

Well Yields (l,rpm) Types of Monitoring TDS (mg/L) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) BudgctTypc Maximum Average Levels Quality Title 22 Average Range 

3-1 SOQUEL VALLEY 2,500 C 1,421 665 6 6 16 482 270-990 
3-2 PAJARO VALLEY 76,800 A 2,000 500 185 185 149 580-910 300-30,000 
3-3 GILROY-HOLLISTER VALLEY 

3-3.01 LLAGASAREA 55,600 C - - - - 95 - -
3-3.02 BOLSAAREA 21,000 A - 400 11 <11 3 - 400-1800 
3-3.03 HOLLISTER AREA 32,700 A - 400 42 <-42 35 - 400-1600 
3-3.04 SAN JUAN BAUTISTA AREA 74,300 A - 400 37 <37 40 - 460-1700 

3-4 SALINAS VALLEY '-"-
3-4.01 180/400 FOOT AQUIFER 84,400 A - - 166 218 82 478 223-1,013 
3-4.02 EAST SIDE AQUIFER 57,500 A - - 74 67 53 450 168-977 
3-4.04 FOREBAY AQUIFER 94,100 A - - 89 91 35 624 300-1,1 00 
3-4.05 UPPER VALLEY AQUIFER 98,200 A 4,000 - 36 37 17 443 140-3,700 
3-4.06 PASO ROBLES AREA 597,000 A 3,300 - 183 - 58 614 165-3,868 
3-4.08 SEASIDE AREA 25,900 B 3,500 1.000 7 24 400 200-900 I 

3-4.09 LANGLEY AREA 15,400 B 1,570 450 - - 52 - 52-348 
3-4.10 CORRAL DE TIERRA AREA 22,300 C 948 450 - 3 26 - 355-679 

3-5 CHOLAME VALLEY 39,800 C 3,000 1,000 1 - I - -
3-6 LOCKWOOD VALLEY 59,900 C 1,500 100 - - 9 - - i 

3-7 CARMEL VALLEY 5,160 C 1,000 600 50 23 12 260-670 no-uoo 
3-8 LOS OSOS VALLEY 6,990 A 700 230 - - 10 354 78-33,700 

'" :t> 
3-9 SAN LUIS OBISPO VALLEY 12,700 A 600 300 - - 11 583 278-1,949 

,... 3-12 SANTA MARIA RIVER VALLEY 184,000 A 2,500 1,000 286 10 108 598 139-1,200 
"» 
() 3-13 CUYAMA VALLEY 147,000 A 4.400 !,l00 17 2 8 - 206-3,905 

"" <: 3-14 SAN ANTONIO CREEK VALLEY 81,800 A - 400 30 - 9 415 129-8,040 
;;; 3-15 SANTA YNEZ RIVER VALLEY 204,000 A 1,300 750 163 21 76 507 400-700 

'" 3-16 GOLETA 9,210 A 800 500 49 11 17 755 617-929 

0'; 3-17 SANTA BARBARA 6.160 A 625 560 75 36 5 - 217-385 

"" () 3-18 CARPINTERIA 8,120 A 500 300 41 41 4 557 317-1,780 
c:: 
<: 
0 

3-19 CARRIZO PLAIN 173,000 C 1,000 500 - - 1 - -
3-20 ANO NUEVO AREA 2,032 C - - - - 2 - -

~ 
:t> 3-21 SANTA CRUZ PURlSlMA FORMATION 40,200 C 200 20 - - 39 440 380-560 
-I 

'"' 
3-22 SANTA ANA VALLEY 2,720 C 130 - - - - - -

"" 3-23 UPPER SANTA ANA VALLEY 1,430 C - - - - - - - ! 

3-24 QUIEN SABE VALLEY 4,710 C 122 122 - - - - - ! 

-" 
0 3-25 TRES PINOS VALLEY 3,390 C 1,225 - - - 3 - -
» ...., 3-26 WEST SANTACRUZ TERRACE 7.870 C 550 200 - - 7 480 378-684 
~. 

'" 
3-27 SCOTTS VALLEY 774 C 410 100-900 26 7 7 360 100-980 

» '" '" 
3-28 SAN BENITO RIVER VALLEY 24,200 C 2,000 - - - 3 - -

;0 "" 
0 ..... 
0 

.j>. 

(j) 
w 

3-29 DRY LAKE VALLEY 1,420 C - - - - - - -
3-30 BIITER WATER VALLEY 32,200 C - - - - - - -
3-31 HERNANl,)JgYA~LEY 

----
2,860 C 160 58 

----- - - - ------- -

<0 
-..J 
(j) 
CJ1 Uo!6811 J!!Jo/OJPAH lseo J /enU8 J I LJ.ndllljJ 
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Table 21 Central Coast Hydrologic Region groundwater data (continued) 

Basin/Subbasin Ba.~in Name 

3-32 PEACH TREE VALLEY 
3-33 SAN CARPOFORO VALLEY 
3-34 ARROYO DE LA CRUZ VALLEY 
3-35 SAN SIMEON VALLEY 
3-36 SANTA ROSA VALLEY 
3-37 VILLA VALLEY 
3-38 CAYUCOS VALLEY 
3-39 OLD VALLEY 
3-40 TOROVALLEY 
3-41 MORRO VALLEY 
3-42 CHORRO VALLEY 
3-43 RINCONADA VALLEY 
3-44 POZOVALLEY 
3-45 HUASNA VALLEY 
3-46 RAFAEL VALLEY 
3-47 BIG SPRING AREA 
3-49 MONTECITO 
3-50 FELTON AREA 
3-51 MAJORS CREEK 
3-52 NEEDLE ROCK PorNT 
3-53 FOOTHILL 

gpm - gallons per minute 
mg/L - milligram per liter 
TDS -total dissolved solids 

Groundwater 
Area (acres) Budget Type 

9,790 C 
200 C 
750 C 
620 A 

4,480 A 
980 C 
530 C 
750 C 
721 C 

1,200 C 
3,200 C 
2.580 C 
6,840 C 
4,700 C 
2,990 C 
7,320 C 
6,270 A 
1,160 C 

364 C 
480 C 

3,120 A 

Well Yields (gpm) Types of Monitoring 

Maximum Average Levels Quality Title 22 

117 84 - - -
- - - - -
- - - - -

170 100 - - 4 
708 400 - - 2 

- - - - -
166 100 - - -
335 200 - - -
500 0 - - -
442 300 - - 6 
700 200 - - 6 

0 0 - - -
230 100 - - 5 

0 0 - - -
0 0 - - -
0 0 - - -

1,000 750 88 2 4 
825 244 6 - 2 

50 38 - - -
450 320 - - -

- - - 8 7 

TDS (mg/L) 

Average Range 

- -
- 217-385 
- 211-381 

413 46-2,210 
- 298-2,637 
- 260-1,635 
- 815-916 
- 346-2,462 
- 458-732 

1150 469-5,100 i 

656 60-3,606 i 

- -
- 287-676 
- -
- -
- -

700 600-1.100 
- 69-400 
- -
- -

828 554-1,118 
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South Coast Hydrologic Region 
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Chapter7 I South Coast Hydrologic Region 
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J 

() 10 20 Miles 
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124 Basin Number 

12.01 Subbasin Number 

Basin 

~ Hydrologic Region Boundaries 

--- County Lines 

Figure 31 South Coast Hydrologic Region 
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Basins and Subbasins of the South Coast Hydrologic Region 

Basin/sllbbasin Basin name Basin/subbasin Basin name 

4-1 Upper Ojai Valley 8-4 Elsinore 

4-2 Ojai Valley 8-5 San Jacinto 

4-3 Ventura River Valley 8-6 Hemet Lake Valley 

4-3.01 Upper Ventura River 8-7 Big Meadows Valley 

4-3.02 Lower Ventura River 8-8 Seven Oaks Valley 

4-4 Santa Clara River Valley 8-9 Bear Valley 

4-4.02 Oxnard 9-1 San .Tuan Valley 

4-4.03 Mound 9-2 San Mateo Valley 

4-4.04 Santa Paula 9-3 San Onofre VaHey 

4-4.05 Fillmore 9-4 Santa Margarita Valley 

4-4.06 Piru 9-5 Temecula Valley 

4-4.07 Santa Clara River Valley East 9-6 Coahuila Valley 

4-5 Acton Valley 9-7 San Luis Rey Valley 

4-6 Pleasant Valley 9-8 Warner Valley 

4-7 Arroyo Santa Rosa Valley 9-9 Escondido Valley 

4-8 Las Posas Valley 9-10 San Pasqual Valley 

4-9 Simi Valley 9-11 Santa Maria Valley 

4-10 Conejo Valley 9-12 San Dieguito Creek 

4-11 Coastal Plain of Los Angeles 9-13 Poway Valley 

4-11.01 Santa Monica 9-14 Mission Valley 

4-11.02 Hollywood 9-15 San Diego River Valley 

4-11.03 West Coast 9-16 EI Cajon Valley 

4-11.04 Central 9-17 Sweetwater Valley 

4-12 San Fernando Valley 9-18 Otay Valley 

4-13 San Gabriel Valley 9-19 Tijuana Basin 

4-15 Tierre Rej ada 9-22 Batiquitos Lagoon Valley 

4-16 Hidden Valley 9-23 San Elijo Valley 

4-17 Lockwood Valley 9-24 Paino Valley 

4-18 Hungry Valley 9-25 Ranchita Town Area 

4-19 Thousand Oaks Area 9-27 Cottonwood Valley 

4-20 Russell Valley 9-28 Crunpo Valley 

4-22 Malibu Valley 9-29 Potrero Valley 

4-23 Raymond 9-32 San Marcos Area 

8-1 Coastal Plain of Orange County 

8-2 Upper Santa Ana Valley 

8-2.D1 Chino 

8-2.02 Cucalnonga 

8-2.03 Riverside-Arlington 

8-2.04 Rialto-Colton 

8-2.05 Cajon 

8-2.06 Bunker Hill 

8-2.07 Yucaipa 

8-2.08 Sail Timoteo 

8-2.09 Temescal 
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Chapter7 I South Coast Hydrologic Region 

Description of the Region 
The South Coast HR covers approximately 6.78 million acres (10,600 square miles) of the southern 
California watershed that drains to the Pacific Ocean (Figure 31). The HR is bounded on the west by the 
Pacific Ocean and the watershed divide near the Ventura-Santa Barbara County line. The northern boundary 
corresponds to the crest of the Transverse Ranges through the San Gabriel and San Bernardino mountains. 
The eastern boundary lies along the crest of the San Jacinto Mountains and low-lying hills of the Peninsular 
Range that form a drainage boundary with the Colorado River HR. The southern boundary is the 
international boundary with the Republic of Mexico. Significant geographic features include the coastal 
plain, the central Transverse Ranges, the Peninsular Ranges, and the San Fernando, San Gabriel, Santa Ana 
River, and Santa Clara River valleys. 

The South Coast HR includes all of Orange County, most of San Diego and Los Angeles Counties, parts of 
Riverside, San Bernardino, and Ventura counties, and a small amount of Kern and Santa Barbara Counties. 
This HR is divided into Los Angeles, Santa Ana and San Diego subregions, RWQCBs 4,8, and 9 
respectively. Groundwater basins are numbered according to these subregions. Basin numbers in the Los 
Angeles subregion are preceded by a 4, in Santa Ana by an 8, and in San Diego by a 9. The Los Angeles 
subregion contains the Ventura, Santa Clara, Los Angeles, and San Gabriel River drainages, Santa Ana 
encompasses the Santa Ana River drainage, and San Diego includes the Santa Maria River, San Luis Rey 
River and the San Diego River and other drainage sy.stems. 

According to 2000 census data, about 17 million people live within the boundaries of the South Coast HR, 
approximately 50 percent of the population of California. Because this HR amounts to only about 7 percent 
of the surface area of the State, this has the highest population density of any HR in California (DWR 1998). 
Major population centers include the metropolitan areas surrounding Ventura, Los Angeles, San Diego, San 
Bernardino, and Riverside. 

The South Coast HR has 56 delineated groundwater basins. Twenty-one basins are in subregion 4 (Los 
Angeles), eight basins in subregion 8 (SantaAna), and 27 basins in subregion 9 (San Diego). 

The Los Angeles subregion overlies 21 groundwater basins and encompasses most of Ventura and Los 
Angeles counties. Within this subregion, the Ventura River Valley, Santa Clara River Valley, and Coastal 
Plain of Los AngeJes basins are divided into subbasins. The basins in the Los Angeles subregion underlie 
1.01 million acres (1,580 square miles) or about 40 percent of the total surface area of the subregion. 

The Santa Ana subregion overlies eight groundwater basins and encompasses most of Orange County and 
parts of Los Angeles, San Bernardino, and Riverside counties. The Upper Santa Ana Valley Groundwater 
Basin is divided into nine subbasins. Groundwater basins underlie 979,000 acres (1,520 square miles) or 
about 54 percent of the Santa Ana subregion. 

The San Diego subregion overlies 27 groundwater basins, encompasses most of San Diego County, and 
includes parts of Orange and Riverside counties. Groundwater basins underlie about 277,000 acres 
(433 square miles) or about 11 percent ofthe surface of the San Diego subregion. 

Overall, groundwater basins underlie about 2.27 million acres (3,530 square miles) or about 33 percent of the 
South Coast HR. 
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Groundwater Development 
Groundwater has been used in the South Coast HR for well over 100 years. High demand and use of 
groundwater in Southern California has given rise to many disputes over management and pumping rights, 
with the resolution ofthese cases playing a large role in the estab Iishment and clarification of water rights 
law in California. Raymond Groundwater Basin, located in this HR, was the first adjudicated basin in the 
State. Of the 16 adjudicated basins in California, 11 are in the South Coast HR. Groundwater provides about 
23 percent of water demand in normal years and about 29 percent in drought years (DWR 1998). 

Groundwater is found in unconfined alluvial aquifers in most of the basins of the San Diego subregion and 
the inland basins ofthe Santa Ana and Los Angeles subregions. In some larger basins, typified by those 
underlying the coastal plain, groundwater occurs in multiple aquifers separated by aquitards that create 
confined groundwater conditions. Basins range in depth from tens or hundreds of feet in smaller basins, to 
thousands of feet in larger basins. The thickness of aquifers varies from tens to hundreds of feet. Well yields 
vary in this HR depending on aquifer characteristics and well location, size, and use. Some aquifers are 
capable of yielding thousands of gallons per minute to municipal wells. 

Conjunctive Use 
Conjunctive use of surface water and groundwater is a long-standing practice in the region. At present, much 
ofthe potable water used in Southern California is imported from the Colorado River and from sources in the 
eastern Sierra and Northern California. Several reservoirs are operated primarily for the purpose of storing 
surface water for domestic and irrigation use, but groundwater basins are also recharged from the outflow of 
some reservoirs. The concept is to maintain streamflow over a longer period oftime than would occur without 
regulated flow and thus provide for increased recharge of grolmdwater basins. Most ofthe larger basins in this 
HR are highly managed, with many conjunctive use projects being developed to optimize water supply. 

Coastal basins in this HR are prone to intrusion of seawater. Seawater intrusion barriers are maintained 
along the Los Angeles and Orange County sections ofthe coastal plain. In Orange County, recycled water is 
injected into the ground to form a mound of groundwater between the coast and the main groundwater basin. 
In Los Angeles County, imported and recycled water is injected to maintain a seawater intrusion barrier. 

Groundwater Quality 
Groundwater in basins ofthe Los Angeles subregion is mainly calcium sulfate and calcium bicarbonate in 
character. Nitrate content is elevated in some parts of the subregion. Volatile organic compounds (VOCs) 
have created groundwater impairments in some of the industrialized portions of the region. The San Gabriel 
Valley and San Fernando Valley groundwater basins both have mUltiple sites of contamination from VOCs. 
The main constituents in the contamination plumes are trichloroethylene (TCE) and tetrachloroethylene 
(PCE). Some of the locations have been declared federal Superfund sites. Contamination plumes containing 
high concentrations ofTCE and PCE also occur in the Bunker Hill Subbasin of the Upper Santa Ana Valley 
Groundwater Basin. Some of these plumes are also designated as Superfund sites. Perchlorate is emerging 
as an important contaminant in several areas in the South Coast HR. 

Groundwater in basins of the Santa Ana subregion is primarily calcium and sodium bicarbonate in character. 
Local impairments from excess nitrate or VOCs have been recognized. Groundwater and surface water in 
the Chino Subbasin ofthe Santa Ana River Valley Groundwater Basin have elevated nitrate concentrations, 
partly derived from a large dairy industry in that area. In Orange County, water from the Santa Ana River 
provides a large part of the groundwater replenishment. Wetlands maintained along the Santa Ana River near 
the boundary of the Upper Santa Ana River and Orange County Groundwater Basins provide effective 
removal of nitrate from surface water, while maintaining critical habitat for endangered species. 
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Chapter7 I South Coast Hydrologic Region 

Groundwater in basins of the San Diego subregion has mainly calcium and sodium cations and bicarbonate 
and sulfate anions. Local impairments by nitrate, sulfate, and TDS are found. Camp Pendleton Marine Base, 
in the northwestern part of this subregion, is on the EPA National Priorities List for soil and groundwater 
contamination by many constituents. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 2,342 public supply water wells were sampled in 47 of the 73 basins and subbasins in 
the South Coast HR. Analyzed samples indicate that 1,360 wells, or 58 percent, met the state primary MCLs 
for drinking water. Nine-hundred-eighty-two wells, or 42 percent, have constituents that exceed one or more 
MCL. Figure 32 shows the percentages of each contaminant group that exceeded MCLs in the 982 wells. 

2342 Wells Sampled 
---1 

o Meet primary MCL standards : 
• Detection of at feast one constituent above primary MCL i 

! 

Figure 32 MCl exceedances in public supply wells in the South Coast Hydrologic Region 

Table 22 lists the three most frequently occurring contaminants in each of the six contaminant groups and 
shows the number of wells in the HR that exceeded the MCL for those contaminants. 

Changes from Bulletin 118-80 
Several modifications from the groundwater basins presented in Bulletin 118-80 are incorporated in this 
report Cfable 23). The Cajalco Valley (8~3), Jamul Valley (9-20), Las Pulgas Valley (9-21), Pine Valley (9-
26), and Tecate Valley (9-30) Groundwater Basins have been deleted in this report because they have thin 
deposits of alluvium and well completion reports indicate that groundwater production is from underlying 
fractured bedrock. The Conejo Tierra Rejada Volcanic (4-21) is a volcanic aquifer and was not assigned a 
basin number in this bulletin. This is considered to be groundwater source area as discussed in Chapter 6. 
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Table 22 Most frequently occurring contaminants by contaminant group 
in the South Coast Hydrologic Region 

Contaminant group 
Inorganics -- Primary 

Inorganics - Secondary 

Radiological 

Nitrates 

Pesticides 

VOCs/SVOCs 

DBCP - Dibromochloropropane 
EDB = Ethylene Dibromide 

Contaminant - # of wells 
Fluoride - 56 

Tron - 337 

Gross Alpha - 104 

Nitrate (as N0
3
) - 364 

DBCP-61 

TCE-196 

VOCs = Volatile Organic Compounds 
SVOCs = Semivolatile Organic Compounds 

Contaminant - # of wells Contaminant - # of wells 
Thallium - 13 Aluminum - 12 

Manganese - 335 TDS - 36 

Uranium - 40 Radium 226 - 9 Radium 228 - 9 

Nitrate + Nitrite - 179 Nitrate Nitrogen (N03-N) - 14 

Di(2-Ethylhexyl)phthalate -5 Heptachlor - 2 EDB - 2 

PCE - 152 1,2 Dichloroethane - 89 

The Ventura River Valley (4-3), Santa Clara River Valley (4-4), Coastal Plain of Los Angeles (4-11), and 
Upper Santa Ana Valley (8-2) Groundwater Basins have been divided into subbasins in this report. The 
extent of the San Jacinto Groundwater Basin (8-5) has been decreased because completion of Diamond 
Valley Reservoir has inundated the valley. Paloma Valley has been removed because well logs indicate 
groundwater production is solely from fractured bedrock. The Raymond GroundwaterBasin (4-23) is 
presented as an individual basin instead of being incorporated into the San Gabriel Valley Groundwater Basin 
(4-13) because it is bounded by physical barriers and has been managed as a separate and individual 
groundwater basin for many decades. In Bulletin 118-75, groundwater basins in two different subregions 
were designated the Upper Santa Ana Valley Groundwater Basin (4-14 and 8-2). To alleviate this confusion, 
basin 4-14 has been divided, with parts of the basin incorporated into the neighboring San Gabriel Valley 
Groundwater Basin (4-13) and the Chino subbasin of the Upper Santa Ana Valley Groundwater Basin (8-
2.01). The San Marcos Area Groundwater Basin (9-32) in central San Diego County is presented as a new 
basin in this report. 
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Chapter1 I South Coast Hydrologic Region 

Table 23 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in South Coast Hydrologic Region 

Basin/subbasin name Number Old number Basin/subbasin name Number Old number 
Upper Ventura River 4-3.01 4-3 Cajon 8-2.05 8-2 

Lower Ventura River 4-3.02 4-3 Bunker Hill 8-2.06 8-2 

Oxnard 4-4.02 4-4 Yucaipa 8-2.07 8-2 

Mound 4-4.03 4-4 San Timoteo 8-2.08 8-2 

Santa Paula 4-4.04 4-4 Temescal 8-2.09 8-2 

Fillmore 4-4.05 4-4 Cajalco Valley deleted 8-3 

Piru 4-4.06 4-4 Tijuana Basin 9-19 

Santa Clara River Valley East 4-4,07 4-4 Jamul Valley deleted 9-20 

Santa Monica 4-11.01 4-11 Las Puigas Valley deleted 9-21 

Hollywood 4-11.02 4-11 Batiquitos Lagoon 9-22 
Valley 

West Coast 4-11.03 4-11 
San Elijo Valley 9-23 

Central 4-11.04 4-11 
Pamo Valley 9-24 

Upper Santa Ana Incorporated 4-14 
Valley into 8-2.01 and Ranchita Town Area 9-25 

4-13 
Pine Valley deleted 9-26 

Conejo-Tierra Rej ada deleted 4-21 
Volcanic Cottollwood Valley 9-27 

'Raymond 4-23 4-13 Campo Valley 9-28 

Chino 8-2.01 8-2 Potrero Valley 9-29 

Cucamonga 8-2.02 8-2 Tecate Valley deleted 9-30 

Riverside-Arlington 8-2.03 8-2 San Marcos Area 9-32 Not 
previously 

Rialto-Colton 8-2.04 8-2 identified 
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Table 24 South Coast Hydrologic Region groundwater data 

Well Yields (gpm) Active Monitoring IDS (mg/L) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) Budget Type Maximum Average Levels Quality Title 22 Average Range 

4-1 UPPER OJAI V:A.LLEY 3,800 A 200 50 4 - 1 707 438-1,249 
4-2 OJAIVALLEY 6,830 A 600 383 24 - 22 640 450-1,140 
4-3 VENTURA RIVER VALLEY '; , 

4-3.01 UPPER VENTURA RIVER 7,410 C - 600 17 - 18 706 500-1,240 
4-3.02 LOWER VENTURA RIVER 5,300 A - 20 - - 2 - 760-3,000 

4-4 SANTA CLARA RlVER VALLEY ,',," '\ 
" 

, 

4-4.02 OXNARD 58,000 A 1,600 - 127 127 69 1,102 160-1,800 
4-4.03 MOUND 14,800 A - 700 11 11 4 1,644 1,498-1,908 
4-4.04 SANTA PAULA 22,800 A - 700 60 50 10 1,198 470-3,010 
4-4.05 FILLMORE 20,800 A 2,100 700 23 - 10 1,100 800-2,400 
4-4.06 PIRU 8,900 A - 800 19 - 3 1,300 608-2,400 
4-4.07 SANTA CLARA RIVER VALLEY EAST 66,200 C - - - - 62 - -

4-5 ACTON VALLEY 8,270 A 1,000 140 - - 7 - -
4-6 PLEASANT VALLEY 21,600 A - 1,000 9 - 12 1,110 597-3,490 
4-7 ARROYO SANTA ROSA VALLEY 3,740 A 1,200 950 6 - 7 1,006 670-1,200 
4-8 LAS POSAS V:A.LLEY 42,200 A 750 - - - 24 742 338-1,700 
4-9 SIMI VALLEY 12,100 A - 394 13 - 1 - 1,580 
4-10 CONEJO VALLEY 28,900 A LOOO 100 - - 3 631 335-2,064 
4-11 COASTAL PLAIN OF LOS ANGELES . ". -.' 

4-11.01 SANTA MONICA 32,100 C 4,700 - - - 12 916 729-1,156 
4-11.02 HOLLYWOOD 10,500 A - - 5 5 1 - 526 

" 
4-11.03 WEST COAST 91,300 A 1,300 - 67 58 33 456 -

"" 1- 4-11.04 CENTRAL 177,000 A 11,000 1,730 302 64 294 453 200-2,500 
e:;; 4-12 SAN FERNANDO VALLEY 145,000 A 3,240 1,220 1398 2385 126 499 176-1,16 
a 
"" 4-13 SAN GABRlEL VALLEY 154,000 A 4,850 1,000 67 296 259 367 90-4,288 
;;,: 4-15 TIERRAREJADA 4,390 A 1,200 172 4 1 - - 619-930 

"" eo; 4-16 HIDDEN VALLEY 2,210 C - - - - 1 453 289-743 
4-17 LOCKWOOD V:A.LLEY 21,800 A 350 25 - - \ - -

G) 

'" 
4-18 HUNGRY VALLEY 5,310 C - 28 - - - <350 -

a 
c:: 4-19 THOUSAND OAKS AREA 3,110 C - 39 2 - - 1,410 1,200-2,300 
;;,: 
t:J 
~ 

4-20 RUSSELL VALLEY 3,100 A - 25 - - - - -
4-22 MALIBU VALLEY 613 C 1,060 1,030 - - - - -

"" --< 4-23 RAYMOND 26,200 A 3.620 1.880 88 - 70 346 138-780 

'" '" 
8-\ COASTAL PLAIN OF ORANGE COUNTY 224,000 A 4,500 2,500 521 411 240 475 232-661 
8-2 UPPER SANTA ANA VALLEY 

c:: 
"tJ 8-2.ot CHINO 154,000 A 1,500 1,000 12 8 187 484 200-600 
t:J 

"" 8-2.02 CUCAMONGA 9,530 C 4,400 2,115 1 1 21 - -
--< 

'" 8-7.03 RlVERSIDE-ARLINGTON 58,600 A - - 11 3 43 - 370-756 

'" "" 
8-2.04 RIALTO-COLTON 30,100 A 5,000 545 50 5 4\ 337 

» 0 

;0 
w 

0 
.... 
'" CAl 

8-2.05 CAJON 23,200 C 200 60 - - 5 - -
8-2.06 BUNKERmLL 89,600 A 5,000 1,245 398 169 204 - 150-550 
8-2.07 YUCAIPA 25.300 A 2,800 206 19 3 45 334 -

0 
(j) 
<0 
-..J 
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Table 24 South Coast Hydrologic Region groundwater data (continued) 

Basin/Subbasin Basin Name 

8-2.08 SANTIMOTEO 
8-2.09 TEMESCAL 

8-4 ELSINORE 
8-5 SAN JACINTO 
8-6 HEMET LAKE Y.A.LLEY 
8-7 BIG MEADOWS VALLEY 
8-8 SEVEN OAKS VALLEY 
8-9 BEAR VALLEY 
9-1 SAN JUAN VALLEY 
9-2 SAN MATEO VALLEY 
9-3 SAN ONOFRE VALLEY 
9-4 SANTA MARGARITA VALLEY 
9-5 TEMECULA VALLEY 
9-6 COAHUILA VALLEY 
9-7 SAN LUIS REY VALLEY 
9-8 WARNER VALLEY 
9-9 ESCONDIDO VALLEY 
9-10 SAN PASQUAL VALLEY 
9-11 SANTA MARIA VALLEY 
9-12 SAN DIEGulTO CREEK 
9-13 POWAY VALLEY 
9-14 MISSION VALLEY 
9-15 SAN DIEGO RIVER VALLEY 
9-16 EL CAJON VALLEY 
9-17 SWEETWATER VALLEY 
9-18 OTAYVALLEY 
9-19 TIJUANA BASiN 
9-22 BATIQUITOS LAGOON VALLEY 
9-23 SAN ELIJO VALLEY 
9-24 PAMOVALLEY 
9-25 RANCIDTA TOWN AREA 
9-27 COTTONWOOD VALLEY 
9-28 CAMPO VALLEY 
9-29 POTRERO VALLEY 
9-32 SAN MARCOS VALLEY 

gpm - gallons per minute 
mgIL - milligram per liter 
TDS -total dissolved solids 

Groundwater 
Area (acres) Budget Type 

73,100 A 
23,500 C 
25,700 C 

188,000 C 
16,700 C 
14,200 C 
4,080 C 

19,600 A 
16,700 C 
2,990 A 
1,250 A 

626 A 
87,800 C 
18,200 C 
37,000 C 
24,000 C 

2,890 C 
4,540 C 

12,300 A 
3,560 A 
2,470 C 
7,350 C 
9,890 C 
7,160 C 
5,920 C 
6,830 C 
7,410 A 

741 C 
883 C 

1,500 C 
3,130 C 
3,850 C 
3.550 C 
2,020 C 
2130 C 

------

Well Yields (gpm) Active Monitoring 

Maximum Average Levels Quality Title 22 

- - 67 12 36 
- - 2 2 20 

5,400 - 1 1 18 
- - 150 115 56 

820 196 - - 9 
120 34 - - 8 

- - - - 1 
1,000 500 57 57 52 
1,000 - - - 8 

- - - - 5 
- - - - 2 

1,980 - 4 - -
1,750 - 140 4 67 

500 - 2 - 1 
2,000 500 - - 28 
1,800 800 - - 4 

190 50 - - 1 
1,700 1,000 - - 2 

500 36 3 - 2 
1,800 700 - - -

200 100 - - 1 
- 1,000 - - -

2.000 - - - 5 
300 50 I - 2,340 

1,500 300 7 7 9 
1,000 185 - - -
2,000 350 - - -

- - - - -
1,800 - - - -

- - - - -
125 22 - - -

- - - - 1 
- <40 - - 4 
- - - - 4 

~O - - - -

TDS (mg/L) 

Average Range 

- -
753 373-950 

-
463 160-12,000 

- -
- -
- -
- -

760 430-12,880 
586 490-770 

- 600-1,500 
- 337-9,030 

476 220-1,500 
- 304-969 

1,258 530-7,060 
- 263 
- 250-5,000 
- 500-1,550 

1,000 324-1,680 
- 2,000 
- 610-1,500 
- -
- 260-2,870 

2,114 300-50,000 
- 500->2,000 
- 380-3,620 

1,280 788-2,362 
- U70-5,090 

369 279-455 
- 283-305 
- -
- 800 
- -
- 500-700 
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Chapter7 I Sacramento River Hydrologic Region 

124 Basin Number 

12.01 Subbasin Number 

Basin 

.............. Hydrologic Region Boundaries 

...... County Lines 

N 

J 

20 40 Miles 

Figure 33 Sacramento River Hydrologic Region 
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Basins and Subbasins of the Sacramento River Hydrologic Region 
--~--~------------------Basin/subbasins Basin name 

5-1 Goose Lake Valley 
5-1.01 Lower Goose Lake Valley 
5-1.02 Fandango Valley 

5-2 Alturas Area 

5-2.01 South Fork Pitt River 

5-2.02 Warm Springs Valley 

5-3 Jess Valley 

5-4 Big Valley 

5-5 Fall River Valley 

5-6 Redding Area 

5-6.01 Bowman 

5-6.02 Rosewood 

5-6.03 Anderson 

5-6.04 Enterprise 

5-6.05 Millville 

5-6.06 South Battle Creek 

5-7 Lake Almanor Valley 

5-8 Mountain Meadows Valley 

5-9 Indian Valley 

5-10 American Valley 

5-11 Mohawk Valley 

5-12 Sierra Valley 

5-\2.01 Sierra Valley 

5-12.02 Chilcoot 

5-13 Upper Lake Valley 

5-14 Scotts Valley 

5-15 Big Valley 

5-16 High Valley 

5-17 Burns Valley 

5-18 Coyote Valley 

5-19 Collayomi Valley 

5-20 Berryessa Valley 

5-21 Sacramento Valley 

5-21.50 Red Bluff 

5-21.51 Corning 

5-21.52 Colusa 

5-21.53 Bend 

5-21.54 Antelope 

5-21.55 Dye Creek 

5-21.56 Los Molinos 

5-21.57 Vina 

5-21.58 West Butte 

5-21.59 East Butte 

5-21.60 North Yuba 

5-21.61 South Yuba 

5-21.62 Sutter 

5-21.64 North American 

5-21.65 South American 

5-21.66 Solano 

5-21.67 Yolo 

5-21.68 Capay Valley 

Basin/subbasins 

5-30 
5-31 

5-35 

5-36 

5-37 

5-38 

5-40 

5-41 

5-43 

5-44 

5-45 

5-46 

5-47 

5-48 

5-49 

5-50 

5-51 

5-52 

5-53 

5-54 

5-56 

5-57 

5-58 
5-59 

5-60 

5-61 
5-62 

5-63 

5-64 

5-65 

5-66 

5-68 

5-86 

5-87 

5-88 

5-89 

5-90 

5-91 

5-92 

5-93 
5-94 

5-95 

Basin name 

Lower Lake Valley 

Long Valley 

Mccloud Area 

Round Valley 

Toad Well Area 

Pondosa Town Area 

Hot Springs Valley 

Egg Lake Valley 

Rock Prairie Valley 

Long Valley 

Cayton Valley 

Lake Britton Area 

Goose Valley 
Burney Creek Valley 

Dry Burney Creek Valley 

North Fork Battle Creek 

Butte Creek Valley 

Gray Valley 
Dixie Valley 

Ash Valley 

Yellow Creek Valley 

Last Chance Creek Valley 

Clover Valley 

Grizzly Valley 
Humbug Valley 

Chrome Town Area 

Elk Creek Area 
Stonyford Town Area 

Bear Valley 

Little Indian Valley 
Clear Lake Cache Formation 

Pope Valley 

Joseph Creek 
Middle Fork Feather River 

Stony Gorge Reservoir 

Squaw Flat 

Funks Creek 

Antelope Creek 

Blanchard Valley 
North Fork Cache Creek 

Middle Creek 

Meadow Valley 

'" <0 
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Chapter7 Sacramento River Hydrologic Region 

Description of the Region 
The Sacramento River HR covers approximately 17.4 million acres (27,200 square miles). The region 
includes all or large portions of Modoc, Siskiyou, Lassen, Shasta, Tehama, Glenn, Plumas, Butte, Colusa, 
Sutter, Yuba, Sierra, Nevada, Placer, Sacramento, EI Dorado, Yolo, Solano, Lake, and Napa counties (Figure 
33). Small areas of Alpine and Amador counties are also within the region. Geographically, the region 
extends south from the Modoc Plateau and Cascade Range at the Oregon border, to the Sacramento-San 
Joaquin Delta. The Sacramento Valley, which forms the core of the region, is bounded to the east by the 
crest of the Sierra Nevada and southern Cascades and to the west by the crest ofthe Coast Range and 
Klamath Mountains. Other significant features include Mount Shasta and Lassen Peak in the southern 
Cascades, Sutter Buttes in the south central portion of the valley, and the Sacramento River, which is the 
longest river system in the State of California with major tributaries the Pit, Feather, Yuba, Bear and 
American rivers. The region corresponds approximately to the northern half of RWQCB 5. The Sacramento 
metropolitan area and surrounding communities form the major population center of the region. With the 
exception of Redding, cities and towns to the north, while steadily increasing in size, are more rural than 
urban in nature, being based in major agricultural areas. The 1995 popUlation ofthe entire region was 2.372 
million. 

The climate in the northern, high desert plateau area of the region is characterized by cold snowy winters 
with only moderate precipitation and hot dry summers. This area depends on adequate snowpack to provide 
runoff for summer supply. Annual precipitation ranges from 10 to 20 inches. Other mountainous areas in the 
northern and eastern portions of the region have cold wet winters with large amounts of snow, which 
typically provide abundant mnoff for summer supplies. Annual precipitation ranges from 40 to more than 80 
inches. Summers are generally mild in these areas. The Coast Range and southern Klamath Mountains 
receive copious amounts of precipitation, but most of the runoff flows to the coast in the North Coastal 
drainage. Sacramento Valley comprises the remainder ofthe region. At a much lower elevation than the rest 
of the region, the valley has mild winters with moderate precipitation. Annual precipitation varies from 
about 35 inches in Redding to about 18 inches in Sacramento. Summers in the valley are hot and dry. 

Most of the mountainous portions of the region are heavily forested and sparsely populated. Three major 
national forests (Mendocino, Trinity, and Shasta) make up the majority of lands in the Coast Range, southern 
Klamath Mountains, and the southern Cascades; these forests and the region's rivers and lakes provide 
abundant recreational opportunities. In the few mountain valleys with arable land, alfalfa, grain and pasture 
are the predominant crops. In the foothill areas of the region, particularly adjacent to urban centers, suburban 
to rural housing development is occurring along major highway corridors. This development is leading to 
urban sprawl and is replacing the former agricultural production on those lands. In the Sacramento Valley, 
agriculture is the largest industry. Tmck, field, orchard, and rice crops are grown on approximately 2.1 
million acres. Rice represents about 23 percent of the total irrigated acreage. 

The Sacramento River HR is the main water supply for much of California's mban and agricultural areas. 
Annual runoff in the HR averages about 22.4 maf, which is nearly one-third of the State's total natural 
runoff. Major water supplies in the region are provided through surface storage reservoirs. The two largest 
surface water projects in the region are USBR's Shasta Lake (Central Valley Project) on the upper 
Sacramento River and Lake Oroville (DWR's State Water Project) on the Feather River. In all, there are 
more than 40 major surface water reservoirs in the region. Municipal, industrial, and agricultural supplies to 
the region are about 8 maf, with groundwater providing about 2.5 maf of that total. Much of the remainder 
of the runoff goes to dedicated natural flows, which support various environmental requirements, including 
in-stream fishery flows and flushing flows in the Delta. 
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Groundwater Development 
Groundwater provides about 31 percent of the water supply for urban and agricultural uses in the region, and 
has been developed in both the alluvial basins and the hard rock uplands and mountains. There are 88 basins/ 
subbasins delineated in the region. These basins underlie 5.053 million acres (7,900 square miles), about 29 
percent of the entire region. The reliability of the groundwater supply varies greatly. The Sacramento Valley 
is recognized as one of the foremost groundwater basins in the State, and wells developed in the sediments of 
the valley provide excellent supply to irrigation, municipal, and domestic uses. Many of the mountain 
valleys of the region also provide significant groundwater supplies to multiple uses. 

Geologically, the Sacramento Valley is a large trough filled with sediments having variable permeabilities; as 
a result, wells developed in areas with coarser aquifer materials will produce larger amounts of water than 
wells developed in fine aquifer materials. In general, well yields are good and range from one-hundred to 
several thousand gallons per minute. Because surface water supplies have been so abundant in the valley, 
groundwater development for agriculture primarily supplement the surface supply. With the changing 
environmental laws and requirements, this balance is shifting to a greater reliance on groundwater, and 
conjunctive use of both supplies is occurring to a greater extent throughout the valley, particularly in drought 
years. Groundwater provides all or a portion of municipal supply in many valley towns and cities. Redding, 
Anderson, Chico, Marysville, Sacramento, Olivehurst, Wheatland, Willows, and Williams rely to differing 
degrees on groundwater. Red Bluff, Corning, Woodland, Davis, and Dixon are completely dependent on 
groundwater. Domestic use of groundwater varies, but in general, rural unincorporated areas rely completely 
on groundwater. 

In the mountain valleys and basins with arable land, groundwater has been developed to supplement surface 
water supplies. Most ofthe rivers and streanlS of the area have adjudicated water rights that go back to the 
early 1900s, and diversion of surface water has historically supported agriculture. Droughts and increased 
competition for supply have led to significant development of groundwater for irrigation. In some basins, the 
fractured volcanic rock underlying the alluvial fill is the major aquifer for the area. In the rural mountain 
areas of the region, domestic supplies come almost entirely from gromldwater. Although a few mountain 
communities are supplied in part by surface water, most rely on groundwater. These groundwater supplies 
are generally quite reliable in areas that have sufficient aquifer storage or where surface water replenishes 
supply throughout the year. In areas that depend on sustained runoff, water levels can be significantly 
depleted in drought years and many old, shallow wells can be dewatered. During 2001, an extreme drought 
year on the Modoc Plateau, many well owners experienced problems with water supply. 

Groundwater development in the fractured rocks of the foothills of the southern Cascades and Sierra Nevada 
is fraught with uncertainty. Groundwater supplies from fractured rock sources are highly variable in terms of 
water quantity and water quality and are an uncertain source for large-scale residential development. 
Originally, foothill development relied on water supply from springs and river diversions with flumes and 
ditches for conveyance that date back to gold mining era operations. Current development is primarily based 
on individual private wells, and as pressures for larger scale development increase, questions about the 
reliability of supply need to be addressed. Many existing foothill communities have considerable experience 
with dry or drought year shortages. In Butte County residents in Cohasset, ForestRanch, and Magalia have 
had to rely on water brought up the ridges in tanker trucks. The suggested answer has been the development 
of regional water supply projects. Unfortunately, the area's development pattern of small, geographically 
dispersed population centers does not lend itself to the kind of financial base necessary to support such 
projects. 
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Chapter7 I Sacramento River Hydrologic Region 

Groundwater Quality 
Groundwater quality in the Sacramento River HR is generally excellent. However, there are areas with local 
groundwater problems. Natural water quality impairments occur at the north end of the Sacramento Valley in 
the Redding subbasin, and along the margins of the valley and around the Sutter Buttes, where Cretaceous
age marine sedimentary rocks containing brackish to saline water are near the surface. Water from the older 
underlying sediments mixes with the fresh water in the younger alluvial aquifer and degrades the quality. 
Wells constructed in these areas typically have high TDS. Other local natural impairments are moderate 
levels of hydrogen sulfide in groundwater in the volcanic and geothermal areas in the western portion of the 
region. In the Sierra foothills, there is potential for encountering uranium and radon-bearing rock or sulfide 
mineral deposits containing heavy metals. Human-induced impairments are generally associated with 
individual septic system development in shallow unconfined portions of aquifers or in fractured hard rock 
areas where insufficient soil depths are available to properly leach effluent before it reaches the local 
groundwater supply. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 1,356 public supply water wells were sampled in 51 of the 88 basins and subbasins 
in the Sacramento River HR. Samples analyzed indicate that 1,282 wells, or 95 percent, met the state 
primary MCLs for drinking water. Seventy-four wells, or 5 percent, have constituents that exceed one or 
more MCL. Figure 34 shows the percentages of each contaminant group that exceeded MCLs in the 74 
wells. 

95% 

1356 Wells Sampled 

D Meet primary MCL standards i 

• Detection of at least ~,,-e_~~~~~t~=,,-~~~ove primary MCL I 

4% 

Figure 34 Mel exceedances in public supply wells in the Sacramento River Hydrologic Region 
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Table 25 lists the three most frequently occurring contaminants in each of the six contaminant groups and 
shows the number of wells in the HR that exceeded the MeL for those contaminants. 

Table 25 Most frequently occurring contaminants by contaminant group in the 
Sacramento River Hydrologic Region 

Contaminant group 
Inorganics - Primary 

Inorganics - Secondary 

Radiological 

Nitrates 

Pesticides 

VOCs/SVOCs 

PCE - Tetrachloroethylene 
TCE = Trichloroethylene 

Contaminant - # of wells 
Cadmium-4 

Manganese - 221 

Gross Alpha - 4 

Nitrate (as N0
3
) - 22 

Di(2-Ethylhexyl)phthalate - 4 

PCE-ll 

VOC = Volatile Organic Compounds 
SVOC = Semivolatile Organic Compound 

Changes from Bulletin 118-80 

Contaminant - # of wells Contaminant - # of wells 
Chromium (Total) - 3 3 tied at 2 

Iron - 166 Specific Conductance - 3 

Nitrate + Nitrite -- 5 Nitrate Nitrogen (N03-N) - 2 

TCE-7 Benzene- 4 

Some modifications from the gromldwater basins presented in Bulletin 118-80 are incorporated in this report. 
These are listed in Table 26. 

Table 26 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in Sacramento River Hydrologic Region 

Basin name New number Old number 
Fandango Valley 5-1.02 5-39 

Bucher Swamp Valley deleted 5-42 

Modoc Plateau Recent deleted 5-32 
Volcanic Areas 

Modoc Plateau Pleistocene deleted 5-33 
Volcanic Areas 

Mount Shasta Area deleted 5-34 

Sacramento Valley Eastside deleted 5-55 
Tuscan Formation Highlands 

Clear Lake Pleistocene deleted 5-67 
Volcanics 
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Chapter7 I Sacramento River Hydrologic Region 

No additional basins were assigned to the Sacramento River HR in this revision. However, four basins have 
been divided into subbasins. Goose Lake Valley Groundwater Basin (5-1) has been subdivided into two 
subbasins, Fandango Valley (5-39) was'modified to be a subbasin of Goose Lake Valley. Redding Area 
Groundwater Basin has been subdivided into six subba<;ins, Sierra Valley Groundwater Basin has been 
subdivided into two subbasins, and the Sacramento Valley Groundwater Basin has been subdivided into 18 
subbasins. 

There are several deletions of groundwater basins from Bulletin 118-80. Bucher Swamp Valley Basin (5-42) 
was deleted due to a thin veneer of alluvium over rock. Modoc Plateau Recent Volcanic Areas (5-32), 
Modoc Plateau Pleistocene Volcanic Areas (5-33), Mount Shasta Area (5-34), Sacramento Valley Eastside 
Tuscan Formation Highlands (5-55), and Clear Lake Pleistocene Volcanics (5-67) are volcanic aquifers and 
were not assigned basin numbers in this bulletin. These are considered to be groundwater source areas as 
discussed in Chapter 6. 
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Table 27 Sacramento River Hydrologic Region groundwater data 

Well Yields (gpm) Types of Monitoring TDS(mglI.,) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) Budget Type Maximum Average Levels Quality Title 12 Average Range 

5-1 GOOSE LAKE VALLEY . 

5-1.01 LOWER GOOSE LAKE 36,000 B - 400 9 9 - 183 68 - 52S 
5-1.02 FANDANGO VALLEY 18,500 B 2,000 - 3 - - - -

5-2 ALTURAS AREA 357 180 - 800 
5-2.01 SOUTH FORK PITT RIVER 114,000 B 5,000 1,075 9 - 8 - -
5-2.07 WARM SPRINGS VALLEY 68,000 B 400 314 3 - II - -

5-3 JESS VALLEY 6.700 B 3,000 - - - - -
5-4 BIG VALLEY 92,000 B 4,000 880 19 9 10 260 141 - 633 
5-5 FALL RIVER VALLEY 54,800 B 1,500 266 16 7 3 174 115 - 232 
5-6 REDDING AREA '. , . ..' 

5-6.01 BOWMAN 85,330 B 2.000 589 8 2 13 - 70 - 247 
5-6.02 ROSEWOOD 45,320 B - - 4 - - - 118-218 
5-6.03 ANDERSON 98,500 B 1,800 46 II 10 69 194 109-320 
5-6.04 ENTERPRISE 60,900 B 700 266 11 3 43 - 160 - 210 
5-6.05 MILLVILLE 67,900 B 500 254 6 5 4 140 -
5-6.06 SOUTH BATTLE CREEK 32,300 B - - 0 0 0 360 -

5-7 LAKE ALMAi'.JOR VALLEY 7,150 B - - 10 4 4 105 53 - 260 
5-8 MOUNTAIN MEADOWS VALLEY 8,150 B - - - - .- - -
5-9 INDIAN VALLEY 29,400 B - - - 4 9 - -
5-10 AMERICAN VALLEY 6,ROO B 40 40 4 11 - -
5-11 MOHAWK VALLEY 19,000 B - 500 1 2 15 248 210 - 285 
5-[2 SIERRA VALLEY , 

I 

" ". 

5-12.01 SIERRA VALLEY 117,700 B 1,500 640 34 15 9 312 110-1,620 
5-12.02 CHILCOOT 7.550 B - - 15 - 8 - -

.,., 5-13 UPPER LAKE VALLEY 7,260 B 900 302 12 3 6 - -
a 
"" 

5-14 SCOTTS VALLEY 7,320 B 1,200 171 9 I 9 158 140-175 
< 5-15 BIG VALLEY 24,210 B 1.470 475 49 11 7 535 270 - 790 
". 

V; 
5-16 HIGH VALLEY 2,360 B 100 37 5 2 - 598 480 - 745 
5-17 BURNS VALLEY 2,900 B - 30 J 5 - 335 230 - 455 

0-) 

'" 
5-18 COYOTE VALLEY 6,530 B 800 446 6 3 3 288 175-390 

a 
c:: 
< 

5-19 COLLAYOMI VALLEY 6,500 B 1,000 121 10 4 3 202 [50 - 255 
5-20 BERRYESSA VALLEY 1,400 C - - 0 - 0 - -

a 
~ 
". 
-., 

'" ::0 

5-21 SACRAMENTO VALLEY . 

5-21.50 RED BLUFF 266,750 B 1,200 363 30 10 56 207 120 - 500 
5-21.51 CORNING 205,640 B 3,500 977 29 7 30 286 130 - 490 

c:: 5-21.52 COLUSA 918,380 B 5,600 984 98 30 134 391 120 - 1,220 
'<l 
a 5-21.53 BEND 20,770 B - 275 0 3 9 334-360 
". 
-; 

'" 
5-21.54 ANTELOPE 18,710 B 800 575 4 5 22 296 -
5-21.55 DYE CREEK 27,730 B 3,300 890 8 1 3 240 159 - 396 

'" <::; 5-21.56 LOS MOLINOS 33,170 B \,000 500 3 3 9 217 

» "" '" 
;0 .... 
0 en 

w 

5-21.57 VINA 125,640 B 3,850 1,212 23 5 69 285 48 - 543 
5-21.58 WEST BUTTE 181.600 B 4,000 1,833 32 3 36 293 130 - 676 
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Basin/Subbasin 

5-21.59 
5-21.60 
5-21.61 
5-71.62 
5-21.64 
5-21.65 
5-21.66 
5-21.67 
5-21.68 

5-30 
5-31 
5-35 
5-36 
5-37 
5-38 
5-40 
5-41 
5-43 
5-44 
5-45 
5-46 
5-47 
5-48 
5-49 
5-50 
5-51 
5-52 
5-53 
5-54 
5-56 
5-57 
5-58 
5-59 
5-60 
5-6J 
5-62 
5-63 
5-64 
5-65 
5-66 
5-68 
5-86 

Table 27 Sacramento River Hydrologic Region groundwater data (continued) 

Well Yields (gpm) Types of Monitoring 

Groundwater 
Basin Name Area (acres) Budget Type Maximum Average Levels Quality Title 22 

EAST BUTTE 265,390 B 4,500 1,019 43 4 44 
NORTH YUBA 100,400 C 4,000 - 21 - 32 
SOUTH YUBA 107,000 C 4,000 1,650 56 - 6 
SUTTER 234,000 C - - 34 - 115 
NORTH AMERICAN 351,000 A - 800 121 - 339 
SOUTH AMERICAN 248,000 C - - 105 - 247 
SOLANO 425,000 C - - 123 23 136 
YOLO 226,000 B 4,000-j- LOOO 127 20 185 
CAPAY VALLEY 25,000 C - - 11 - 3 
LOWER LAKE VALLEY 2,400 B 100 37 3 5 
LONG VALLEY 2,600 B 100 63 - - -
MCCLOUD AREA 21,320 B - 380 - - . 1 
ROUND VALLEY 7,270 B 2,000 800 2 
TOAD WELL AREA 3,360 B - - - - -
PONDOSA TOWN AREA 2,080 B - - - - -
HOT SPRINGS VALLEY 2,400 B - - - - -
EGG LAKE VALLEY 4,100 B - 20 - - -
ROCK PRAIRIE VALLEY 5,740 B - - - - -
LONG VALLEY 1,090 B - - - - -
CAYTON VALLEY 1,300 B - 400 - - -
LAKE BRITTON AREA 14,060 B - - - - 2 
GOOSE VALLEY 4,210 B - - - -
BURNEY CREEK VALLEY 2,350 B - - - - 2 
DRY BURNEY CREEK VALLEY 3,070 B - - - - -
NORTH FORK BATTLE CREEK VALLEY 12,760 B - - - - 3 
BUTTE CREEK VALLEY 3,230 B - - - - -
GRAYS VALLEY 5,440 B - - - - -
DIXIE VALLEY 4,870 B - - - - -
ASH VALLEY 6,010 B 3,000 2,200 - - -
YELLOW CREEK VALLEY 2,310 B - - - - -
LAST CHANCE CREEK VALLEY 4,660 B - - - - -
CLOVER VALLEY 16,780 B - - - - -
GRIZZLY VALLEY 13,400 B - - - - 1 
HUMBUG VALLEY 9,980 B - - - - 8 
CHROME TOWN AREA 1,410 B - - - - -

ELK CREEK AREA 1,440 B - - - - -
STONYFORD TOWN AREA 6,440 B - - - - -
BE.AR VALLEY 9,100 B - - - - -
LITTLE INDIAN VALLEY 1,270 B - - - - -
CLEAR LAKE CACHE FOR.lvfATION 30,000 B 245 52 - 4 
POPE VALLEY 7,180 C - - - - J 
JOSEPH CREEK 4,450 B - - - -

TDS(mg'L) 

Average Range 

235 122 - 570 
- -
- -
- -

300 150 - 1,000 
?21 74-581 
427 150 - 880 
880 480 - 2,060 

- -
568 290 - 1,230 

- -
- -

148 - 633 
- - , 

- -
- -
- -
- -
- -
- -, 
- - , 

- -
- -
- -
- -
- -
- -
- - : 

- -
- -
- -
- -
- -
- -
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- -
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- -
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Table 27 Sacramento River Hydrologic Region groundwater data (continued) 

Basin/Subbasin Basin Name 

5-87 MIDDLE FORK FEATHER RIVER 
5-88 STONY GORGE RESERVOIR 
5-89 SQUAW FLAT 
5-90 FUNKS CREEK 
5-91 ANTELOPE CREEK 
5-92 BLANCHARD VALLEY 
5-93 NORTHFORK CACHE CREEK 
5-94 MIDDLE CREEK 
5-95 MEADOW VALLEY 

gpm - gallons per minute 
mglL - milligram per liter 
IDS -total dissolved solids 

Groundwater 
Area (acres) Budget Type 

4,340 B 
1,070 B 
1,300 C 
3,000 C 
2,040 B 
2,200 B 
3,470 C 

700 B 
5.730 B 

Well Yields (gpm) Types of Monitoring TDS (mg/L) 

Maximum Avemge Levels Quality Title 22 -Average Range 

- - - - 2 - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - -
- 75 - - I - -
- - - - 1 - -
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Figure 35 San Joaquin River Hydrologic Region 
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Basins and Subbasins of the San Joaquin 
River Hydrologic Region 

Basin/subbasin Basin name 

5-22 San Joaquin Valley 

5-22.01 Eastern San Joaquin 

5-22.02 Modesto 

5-22.03 Turlock 

5-22.04 Merced 

5-22.05 Chowchilla 

5-22.06 Madera 

5-22.07 Delta-Mendota 

5-22.15 Tracy 

5-22.16 Cosumnes 

5-69 Yosemite Valley, 

5-70 Los Banos Creek Valley 

Description of the Region 
The San Joaquin River HR covers approximately 9.7 
million acres (15,200 square miles) and includes all of 
Calaveras, Tuolumne, Mariposa, Madera, San Joaquin, 
and Stanislaus counties, most of Merced and Amador 
counties, and parts of Alpine, Fresno, Alameda, Contra 
Costa, Sacramento, El Dorado, and San Benito counties 
(Figure 35). The region corresponds to a portion near 
the middle ofRWQCB 5. Significant geographic 
features include the northern half of the San Joaquin 
Valley, the southern part of the Sacramento-San Joaquin 
Delta, the Sierra Nevada and Diablo Range. The region 
is home to about 1.6 million people (DWR 1998). 
Major population centers include Merced, Modesto, and 
Stockton. The Merced area is entirely dependent on 
groundwater for its supply, as will be the new 
University of California at Merced campus. 

Groundwater Development 
The region contains two entire groundwater basins and 
part of the San Joaquin Valley Groundwater Basin, 
which continues south into the Tulare Lake HR. The 
San Joaquin Valley Groundwater Basin is divided into 
nine subbasins in this region. The basins underlie 3.73 
million acres (5,830 square miles) or about 38 percent 
of the entire HR area. 

The region is heavily groundwater reliant. Within the 
region groundwater accounts for about 30 percent of the 
annual supply used for agricultural and urban purposes. 
Groundwater use in the region accounts for about 18 
percent of statewide groundwater use for agricultural 
and urban needs. Groundwater use in the region 
accounts for 5 percent of the State's overall supply from 
all sources for agricultural and urban uses (DWR 1998). 

The aquifers are generally quite thick in the San Joaquin 
Valley subbasins, with groundwater wens commonly 
extending to depths of up to 80d feet. Aquifers include 
unconsolidated alluvium and consolidated rocks with 
unconfined and confined groundwater conditions. 
Typical well yields in the San Joaquin Valley range 
from 300 to 2,000 gpm with yields of 5,000 gpm 
possible. The region's only significant basin located 
outside of San Joaquin Valley is Yosemite Valley. 
Yosemite Valley Basin supplies water to Yosemite 
National Park and ha., substantial wen yields. 
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Conjunctive Use 
Since near the beginning of the region's agricultural development, groundwater has been used conjunctively 
with surface water to meet water needs. Groundwater was and is used when and where surface water is 
unable to fully meet demands either in time or area. For several decades, this situation was more of an 
incidental conjunctive use than a formal one. Historical groundwater use has resulted in some land 
subsidence in the southwest portion of the region. 

Groundwater Quality 
In general, groundwater quality throughout the region is suitable for most urban and agricultural uses with 
only local impairments. The primary constituents of concern are IDS, nitrate, boron, chloride, and organic 
compounds. The Yosemite Valley Groundwater Basin has exceptionally high quality groundwater. 

Areas of high TDS content are primarily along the west side of the San Joaquin Valley and in the trough of 
the valley. The high TDS content of west-side groundwater is due to recharge of streamflow originating 
from marine sediments in the Coast Range. High TDS content in the trough of the valley is the result of 
concentration of salts due to evaporation and poor drainage. Nitrates may occur naturally or as a result of 
disposal of human and animal waste products and fertilizer. Boron and chloride are likely a result of 
concentration from evaporation near the valley trough. Organic contaminants can be broken into two 
categories, agricultural and industrial. Agricultural pesticides and herbicides have been detected in 
groundwater throughout the region, but primarily along the east side of the San Joaquin Valley where soil 
permeability is higher and depth to groundwater is shallower. The most notable agricultural contaminant is 
dibromochloropropane (DBCP), a now-banned soil fumigant and known carcinogen once used extensively 
on grapes and cotton. Industrial organic contaminants include TCE, dichloroethylene (DCE), and other 
solvents. They are found in groundwater near airports, industrial areas, and landfills. 

Water Quality in Public Supply Wells 
From 1994 through 2000,689 public supply water wells were sampled in 10 of the 11 basins and subbasins 
in the San Joaquin River HR. Samples analyzed indicate that 523 wells, or 76 percent, met the state primary 
MCLs for drinking water. One-hundred-sixty-six wells, or 24 percent, have constituents that exceed one or 
more MCL. Figure 36 shows the percentages of each contaminant group that exceeded MCLs in the 166 wells. 

Table 28 lists the three most frequently occurring contaminants in each ofthe six contaminant groups and 
shows the number of wells in the HR that exceeded the MCL for those contaminants. 

Changes from Bulletin 118-80 
The subbasins of the San Joaquin Valley, which were delineated as part ofthe 118-80update, are given their 
first numeric designation in this report. Additionally, the Cosumnes Subbasin has been added to the 
subbasins within the San Joaquin River HR. It is worth noting that the southern portion of the South 
American Subbasin of the Sacramento Valley Groundwater Basin is also included as part of this HR. The 
subbasin names and numbers within the region are listed in Table 29. 
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76% 

689 Wells Sampled 

D Meet primary MCL standards 
II Detection of at feast one constituent above primary MCL 

Figure 36 Mel exceedances in public supply wells in the San Joaquin River Hydrologic Region 

Table 28 Most frequently occurring contaminants by contaminant group 
in the San Joaquin River Hydrologic Region 

Contaminant group 
1norganics - Primary 

Inorganics - Secondary 

Radiological 

Nitrates 

Pesticides 

VOCs 

DBCP = Dibromochloropropane 
EDB = Ethylenedibromide 
PCE = Tetrachloroethylene 
TCE = Trichloroethylene 

Contaminant - # of wells 
Aluminum-4 

Manganese - 123 

Uranium- 33 

Nitrate (as NO
J
) - 23 

DBCP-44 

PCE-8 

VOC = Volatile Organic Compound 
SVOC = Semivolatile Organic Compound 

Contaminant - # of wells Contaminant - # of wells 
Arsenic-4 4 tied at 2 exceedances 

1ron-l02 TDS-9 

Gross Alpha - 26 Radium 228 - 6 

Nitrate + Nitrite - 6 Nitrate Nitrogen (NO,-N) - 3 

Di(2-Ethylhexyl)phthalate -- 11 EDB-6 

Dichloromethane - 3 TCE-3 
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Table 29 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in San Joaquin Hydrologic Region 

Subbasin name New number Old number 
Eastern San Joaquin 5-22.01 5-22 

Modesto 5-22.02 5-22 

Turlock 5-22.03 5-22 

Merced 5-22.04 5-22 

Chowchilla 5-22.05 5-22 

Madera 5-22.06 5-22 

Delta-Mendota 5-22.07 5-22 

Tracy 5-22.15 5-22 

Cosumnes 5-22.16 5-22 
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Table 30 San Joaquin River Hydrologic Region groundwater data 

BasiniSubbasin Basin Name 

5-22 SAN JOAQUIN VALLEY 
5-22.01 EASTERN SAN JOAQUIN 
5-22.02 MODESTO 
5-22.03 TURLOCK 
5-22.04 MERCED 
5-22.05 CHOWCHILLA 
5-22.06 MADERA 
5-22.07 DELTA-MENDOTA 
5-22.15 TRACY 
5-22.16 COSUMNES 

5-69 YOSEMITE VALLEY 

~ .......................... LOS BANOS CREEK VALLEY 
--~--------------- -

gpm - gallons per minute 
mgIL - milligram per liter 
TDS -total dissolved solids 

Groundwater 
Area (acres) Budget Type 

707,000 A 
247,000 B 
347,000 B 
491,000 B 
159,000 B 
394,000 B 
747,000 B 
345,000 C 
281,000 A 

7,500 C 
4,840 C 

Well Yields (gpm) Types of Monitoring TDS(mg/L) 

Maximum Average Levels Quality Title 22 Average Range 

1,500 - 345 69 540 310 30 - 1,632 
4,500 1000-2000 230 15 209 60-500 200-8300 
4,500 1000-2000 307 0 163 200-500 100-8300 
4,450 1500-1900 378 0 142 200-400 100-3600 
4,750 750-2000 203 0 28 200-500 120-6400 
4,750 750-2000 378 0 127 200-400 100-6400 
5,000 800-2000 816 0 120 770 210-86,000 
3,000 500-3,000 18 14 183 1,190 210-7,800 
1.500 - 75 13 72 218 140-438 
1,200 900 0 0 3 54 43-73 

- - 0 0 0 - -
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Figure 37 Tulare lal<e Hydrologic Region 
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Basins and Subbasins of Tulare Lake 
Hydrologic Region 

Basin/subbasin Basin !lame 

5-22 San Joaquin Valley 

5-22.08 Kings 

5-22.09 Westside 

5-22.10 Pleasant Valley 

5-22.11 Kaweah 

5-22.12 Tulare Lake 

5-22.13 Tule 

5-22.14 Kern County 

5-23 Panoche Valley 

5-25 Kern River Valley 

5-26 Walker Basin Creek Valley 

5-27 Cummings Valley 

5-28 Tehachapi Valley West 

5-29 Castaic Lake Valley 

5-71 Vallecitos Creek Valley 

5-80 Brite Valley 

5-82 Cuddy Canyon Valley 

5-83 Cuddy Ranch Area 

5-84 Cuddy Valley 

5-85 Mil Potrero Area 

Description of the Region 

The Tulare Lake HR covers approximately 10.9 
million acres (17,000 square miles) and includes all of 
Kings and Tulare counties and most of Fresno and 
Kern counties (Figure 37). The region cones ponds to 
approximately the southern one-third of RWQCB 5. 
Significant geographic features include the southern 
half of the San Joaquin Valley, the Temblor Range to 
the west, the Tehachapi Mountains to the south, and the 
southern Sierra Nevada to the east. The region is home 
to more than 1.7 million people as of 1995 (DWR, 
1998). Major population centers include Fresno, 
Bakersfield, and Visalia. The cities of Fresno and 
Visalia are entirely dependent on groundwater for their 
supply, with Fresno being the second largest city in the 
United States reliant solely on groundwater. 

Groundwater Development 

The region has 12 distinct groundwater basins and 7 
subbasins of the San Joaquin Valley Groundwater 
Basin, which crosses north into the San Joaquin River 
HR. These basins underlie approximately 5.33 million 
acres (8,330 square miles) or 49 percent of the entire 
HRarea. 

Groundwater has historically been important to both 
urban and agricultural uses, accounting for 41 percent 
of the region's total annual supply and 35 percent of all 
groundwater use in the State. Groundwater use in the 
region represents about 10 percent of the State's 
overall supply for agricultural and urban uses (DWR 
1998). 

The aquifers are generally quite thick in the San 
Joaquin Valley subbasins with groundwater wells 
commonly exceeding 1,000 feet in depth. The 
maximum thickness of freshwater-bearing deposits 
(4,400 feet) occurs at the southern end of the San 
Joaquin Valley. Typical well yields in the San Joaquin 
Valley range from 300 gpm to 2,000 gpm with yields 
of 4,000 gpm possible. The smaller basins in the 
mountains surrounding the San Joaquin Valley have 
thilmer aquifers and generally lower well yields 
averaging less than 500 gpm. 

CALIFORNIA'S GIIOIJNDWATfR UPDATE 2003 177 

AR0069799 



Chapter7 T(Jlare Lake Hydrologic Region 

The cities of Fresno, Bakersfield, and Visalia have groundwater recharge programs to ensure that 
groundwater will continue to be a viable water supply in the future. Extensive groundwater recharge 
programs are also in place in the south valley where water districts have recharged several million acre-feet 
for future use and transfer through water banking programs. 

The extensive use of groundwater in the San Joaquin Valley has historically caused subsidence of the land 
surface primarily along the west side and south end of the valley. 

Groundwater Quality 
In general, groundwater quality throughout the region is suitable for most urban and agricultural uses with 
only local impairments. The primary constituents of concern are high TDS, nitrate, arsenic, and organic 
compounds. 

The areas of high TDS content are primarily along the west side of the San Joaquin Valley and in the trough 
of the valley. High TDS content of west-side water is due to recharge of stream flow originating from marine 
sediments in the Coast Range. High TDS content in the trough of the valley is the result of concentration of 
sal ts because of evaporation and poor drainage. In the central and west-side portions of the valley, where the 
Corcoran Clay confining layer exists, water quality is generally better beneath the clay than above it. 
Nitrates may occur naturally or as a result of disposal of human and animal waste products and fertilizer. 
Areas of high nitrate concentrations are known to exist near the town of Shafter and other isolated areas in 
the San Joaquin Valley. High levels of arsenic occur locally and appear to be associated with lakebed areas. 
Elevated arsenic levels have been reported in the Tulare Lake, Kern Lake and Buena Vista Lake bed areas. 
Organic contaminants can be broken into two categories, agricultural and industrial. Agricultural pesticides 
and herbicides have been detected throughout the valley, but primarily along the east side where soil 
permeability is higher and depth to groundwater is shallower. The most notable agricultural contaminant is 
DBCP, a now-banned soil fumigant and known carcinogen once used extensively on grapes. Industrial 
organic contaminants include TCE, DCE, and other solvents. They are found in groundwater near airports, 
industrial areas, and landfills. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 1,476 public supply water wells were sampled in 14 of the 19 groundwater basins 
and subbasins in the Tulare Lake HR. Evaluation of analyzed samples shows that 1,049 of the wells, or 71 
percent, met the state primary MCLs for drinking water. Four-hundred-twenty-seven wells, or 29 percent, 
exceeded one or more MCL. Figure 38 shows the percentages of each contaminant group that exceeded 
MCLs in the 427 wells. 
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71% 

1476 Wells Sampled 

I D Meet primary MeL standards 

• ~:t~~~~~_Of at least one constituent above primary '!'~~ 

Figure 38 Mel exceedances by contaminant group in public supply wells 
in the Tulare lake Hydrologic Region 

Table 31 lists the three most frequently occurring contaminants in each of the six contaminant groups and 
shows the number of wells in the HR that exceeded the MeL for those contaminants. 

Table 31 Most frequently occurring contaminants by contaminant group 
in the Tulare lake Hydrologic Region 

Contaminant group 
Inorganics - Primary 

Inorganics - Secondary 

Radiological 

Nitrates 

Pesticides 

VOCs/SVOCs 

DBCP = Dibromochloropropane 
EDB = Ethylenedibromide 
TCE = Trichloroethylene 
PCE = Tetrachloroehylene 

Contaminant - # of wells 
Fluoride - 32 

Iron-ISS 

Gross Alpha -74 

Nitrate(as N0
3

) - 83 

DBCP-130 

TCE--17 

VOC = Volatile organic compound 
SVOC = Semivolatile organic compound 

Contaminant - # of wells 
Arsenic - 16 

Manganese - 82 

Uranium-24 

Nitrate + Nitrite - 14 

EDB-24 

PCE-16 

Contaminant - # of wells 
Aluminum - 13 

TDS-9 

Radium 228 - 8 

Nitrite( as N) - 3 

Di(2-Ethylhexyl)phthalate - 7 

Benzene - 6 
MTBE-6 
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Changes from Bulletin 118-80 
There are no newly defined basins since Bulletin 118-80. However, the subbasins of the San Joaquin Valley, 
which were delineated as part of the 118-80 update, are given their first numeric designation in this report 
(Table 32). 

Table 32 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in Tulare Lake Hydrologic Region 

Subbasin name New number Old number 
Kings 5-22.08 5-22 

Westside 5-22.09 5-22 

Pleasant Valley 5-22.10 5-22 

Kaweah 5-22.11 5-22 

Tulare Lake 5-22.12 5-22 

Tule 5-22.13 5-22 

Kern County 5-22.14 5-22 

Squaw Valley deleted 5-24 

Cedar Grove Area deleted 5-72 

Three Rivers Area deleted 5-73 

Springville Area deleted 5-74 

Templeton Mountain Area deleted 5-75 

Manache Meadow Area deleted 5-76 

Sacator Canyon Valley deleted 5-77 

Rockhouse Meadows Valley deleted 5-78 

Inns Valley deleted 5-79 

Bear Valley deleted 5-81 

Several basins have been deleted from the Bulletin 118-80 report. In Squaw Valley (5-24) all 118 wells are 
completed in hard rock. Cedar Grove Area (5-72) is a narrow river valley in Kings Canyon National Park 
with no wells. Three Rivers Area (5-73) has a thin alluvial terrace deposit but 128 of 130 wells are 
completed in hard rock. Springville Area (5-74) is this strip of alluvium adjacent to Tule River and all wells 
are completed in hard rock. Templeton Mountain Area (5-75), Manache Meadow Area (5-76), and Sacator 
Canyon Valley (5-77) are all at the crest of mountains with no wells. Rockhouse Meadows Valley (5-78) is 
in wilderness with no wells. Inns Valley' (5-79) and Bear Valley (5-81) both have all wells completed in hard 
rock. 

1 ao D W R . B U L lET I N 1 1 8 

AR0069802 



<:" 

"" 
::;; 
a 
'" ~ 
"" v.; 

Cl 

0 
0:: 
<! 
t:J 
:;; 

" -1 

'" "" 
-" 
t:J 

" --< 
~, 

'" '" '" » w 

;0 .... 
0 ~ 
0 
(j) 
<0 
CO 
0 
c..v 

Table 33 Tulare Lake Hydrologic Region groundwater data 

Basin/Subbasin Basin Name 

5-22 SAN JOAQUIN VALLEY 
5-22.08 KINGS 
5-22.09 WESTSIDE 
5-22.10 PLEASANT VALLEY 
5-22.11 K.A\VEAH 
5-22.12 TULARE LAKE 
5-22.13 TULE 
5-22.14 KERN COUNTY 

5-23 PANOCHE VALLEY 
5-25 KERN RIVER VALLEY 
5-26 WALKER BASIN CREEK VALLEY 
5-27 CUMMINGS VALLEY 
5-28 TEHACHAPI VALLEY WEST 
5-29 CASTAC LAKE VALLEY 
5-71 VALLECITOS CREEK VALLEY 
5-80 BRITE VALLEY 
5-82 CUDDY CANYON VALLEY 
5-83 CUDDY RANCH AREA 
5-84 CUDDY VALLEY 
~5 MIL''PQ'T1~J;BPARE;A 

gpm - gallons per minute 
mg/L - milligram per liter 
IDS -tolal dissolved solids 

Area (acres) 

976,000 
640,000 
146,000 
446,000 
524,000 
467,000 

1,950,000 
33,100 
74,000 

7,670 
10,000 
14,800 
3,600 

15,100 
3,170 
3,300 
4,200 
3,500 
2,300 

Well Yields (gpm) 

Groundwater 
Budget Type Maximum Average 

C 3,000 500-1,500 
C 2,000 1,100 
B 3,300 -
B 2,500 1,000-2,000 
B 3,000 300-1,000 
B 3,000 -
A 4,000 1,200-1,500 
C - -
C 3,650 350 
C 650 -
A 150 56 
A 1,500 454 
C 400 375 
C - -
A 500 50 
C 500 400 
C 300 180 
A 160 135 
C 3,200 240 

Types of Monitoring TDS (mglL) 

Levels Quality Title 22 Average Range 

909 - 722 200-700 40-2000 
960 - 50 520 220-35,000 
151 - 2 1,500 1000-3000 
568 - 270 189 35-580 
241 - 86 200-600 200-40,000 
459 - 150 256 200-30,000 

2,258 249 476 400-450 150-5000 
48 - - 1,300 394-3530 

- - 92 378 253-480 
- - 1 - -

51 - 15 344 -
64 - 19 315 280-365 

- - 3 583 570-605 
- - 0 - -
- - - - -
- - 3 693 695 
- - 4 550 480-645 
3 - 3 407 325-645 

7 - L-. 7 460 372-657 
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North Lahontan Hydrologic Region 
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Basins and Subbasins of the 
North Lahontan Hydrologic Region 

Basin/subbasin Basin name 

6·1 Surprise Valley 

6-2 Madeline Plains 

6·3 Willow Creek Valley 

6·4 Honey Lake Valley 

6·5 Tahoe Valley 

6·5.01 Tahoe Valley South 

6-5.02 Tahoe Valley West 

6·5.03 Tahoe Valley North 

6-6 Carson Valley 

6·7 Antelope Valley 

6·8 Bridgeport VaJley 

6-67 Martis (Truckee) Valley 

6-91 Cow Head Lake Valley 

6-92 Pine Creek Valley 

6-93 Harvey Valley 

6-94 Grasshopper Valley 

6-95 Dry Valley 

6-96 Eagle Lake Area 

6-97 Horse Lake Valley 

6~98 Tuledad Canyon 

6-99 Painters Flat 

6-100 Secret Valley 

6-101 Bull Flat 

6-104 Long Valley 

6-105 Slinkard Valley 

6-106 Little Antelope Valley 

6-107 Sweetwater Flat 

6-108 Olympic Valley 

Description of the Region 
The North Lahonton HR covers approximately 3.91 million 
acres (6,110 square miles) and includes portions of Modoc, 
Lassen, Sierra, Nevada, Placer, EI Dorado, Alpine, Mono, 
and Tuolumne counties (Figure 39). Reaching south from 
the Oregon border almost to Mono Lake on the east side of 
the Sierra, this region encompasses portions of two 
geomorphic provinces. From Long Valley north, most of 
the groundwater basins of the region were formed by basin 
and range block faulting near the western extent of the 
province. South from Long Valley, most of the basins are 
in the alpine valleys of the Sierra Nevada or are at the foot 
of the Sierra along the California-Nevada border where 
streams and rivers draining the eastern Sierran slopes 
terminate in desert sinks or lakes. The region corresponds 
to approximately the northern half of RWQCB 6. 
Significant geographic features include the Sierra Nevada, 
the volcanic ten-ane of the Modoc Plateau, Honey Lake 
Valley, and Lake Tahoe. The latter two areas are the maj or 
population centers in the region. The 1995 population of 
the entire region was about 84,000 people.(DWR, 1998). 

The northern portion of the region is rural and sparsely 
populated. Cattle ranching and associated hay cropping are 
the predominant land uses in addition to some pasture 
irrigation. Less than 4 percent of the entire region is 
irrigated. About 75 percent of the irrigated lands are in 
Modoc and Lassen counties, and most of the remainder is 
in Alpine and Mono counties. Much of the southern 
portion of the region is federally owned and managed as 
national forest lands where tourism and recreation 
constitute much of the economic base. 

Much of the North Lahontan HR is chronically short of 
water due to the arid, high desert climate, which 
predominates in the region. Throughout the northern 
portion of the region where annual precipitation can be as 
low as 4 inches, runoff is typically scant and stream flows 
decrease rapidly during the irrigation season as the 
snowpack in the higher elevations melts. In the southern 
portion of the region, annual precipitation ranges from 
more than 70 inches (mostly snow in the higher elevations 
ofthe mountains) to as little as 8 inches in the low 
elevation valleys. In wet years, surface water can meet 
much of the agricultural demand, but in dry years, most of 
the region relies heavily on groundwater to meet water 
supply needs. 
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Chapter7 I North Lahontan Hydrologic Region 

Groundwater Development 
There are 24 groundwater basins in the region, one of which is divided into three subbasins. Thirteen of these 
basins are shared with Nevada and one with Oregon. These basins underlie approximately 1.03 million acres 
(1,610 square miles) or about 26 percent of the entire region. Although the groundwater basins were 
delineated based on mapped alluvial fill, much of the groundwater produced in many of them actually comes 
from underlying fractured rock aquifers. This is particularly true in the volcanic areas of Modoc and Lassen 
counties where, in many basins, volcanic flows are interstratified with lake sediments and alluvium. Wells 
constructed in the volcanics commonly produce large amounts of groundwater, whereas wells constructed in 
fine-grained lake deposits produce less. Because the thickness and lateral extent the of the hard rocks outside 
of the defined basin are generally not known, actual groundwater in storage in these areas is unknown. 

Locally, groundwater is an important resource accounting for about 28 percent of the annual supply for 
agricultural and urban uses. Groundwater use in the region represents less than 1 per~ent of the State's 
overall supply for agricultural and urban uses CDWR 1998). 

In the northern portion of the region, a sizable quantity of groundwater (nearly 130,000 acre-feet) is extracted 
annually for agricultural and municipal purposes. Groundwater extracted from the Honey Lake Valley Basin 
accounts for 41,900 acre-feet of the agricultural supply and 12,000 acre-feet of the municipal supply (based 
on normalized data from 1990). An additional 3,100 acre-feet is extracted to meet the demands of the Honey 
Lake Wildlife Area, which provides habitat for several threatened species (Bald Eagle, Sandhill Crane, Bank 
Swallow, and Peregrine Falcon). 

Well yields in the Honey Lake Valley Basin are greatest in alluvial and volcanic deposits. Wells drawing 
from these deposits may have yields that vary from 10 gpm to more than 2,000 gpm, but drawdown in these 
cases is generally high. Eight wells in the Honey Lake Wildlife Area have an average yield of between 1,260 
and 2,100 gpm. Depths of completed wells in the region range from 20 to 720 feet. 

The Honey Lake Valley Basin is very close to exceeding prudent perennial yield, and future development 
could come at the expense of water for agriculture. A 1987 agreement between DWR, the state of Nevada, 
and the U.S. Geological Survey resulted in a study of the groundwater flow system in eastern Honey Lake 
Valley. Upon conclusion of the study in September 1990, a Nevada state engineer ruled that only about 
13,000 acre-feet could be safely transferred from the basin. 

No major changes in water use are anticipated in the near future in the northern portion of the region. 
Irrigated agriculture is already constrained by economically available water supplies. A small amount of 
agricultural expansion is expected but only in areas that can support minor additional groundwater 
development. Likewise, the modest need for additional municipal and irrigation supplies can be met by 
minor expansion of present surface systems or by increased use of groundwater. 

The principal drainages in the southern portion of the region are the Truckee, Walker and Carson rivers. 
Water rights in these drainages historically have been heavily contested, and allocations are limited by 
interstate agreements with Nevada, in-stream environmental requirements, and miscellaneous private rights 
holders. In the Lake Tahoe Basin, further development is strictly limited because of concerns regarding 
water quality in the lake. Surface water storage developed in the region's drainages provides urban and 
agricultural supply to the Reno/Sparks area and to the many smaller communities in the eastern Sierra and at 
the foot of the mountain slopes. Most communities rely on a combination of surface water and groundwater 
supply. 
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In the upper Truckee drainage, the primary groundwater basins underlie the areas around Lake Tahoe and 
Martis Valley, where the Town of Truckee is located. Both areas use surface water and groundwater for 
urban and surrounding rural domestic supplies. 

Little is known about the small groundwater basins developed along the foot of the eastern Sierra. Most 
communities overlying these basins are along the streams and rivers flowing down the mountains, and 
groundwater is extracted from the underlying alluvium. Groundwater augments surface supplies for 
agricultural purposes and supports municipal and rural domestic supplies. 

Groundwater Quality 
In basins in the northern portion of the region, groundwater quality ranges widely from excellent to poor. 
Wells that obtain their water supply from lake deposits can have high concentrations of boron, arsenic, 
fluoride, nitrate, and TDS. TDS content generally increases toward the central portions of these basins where 
concentrations have accumulated over time. The groundwater quality along the margins of most of these 
basins tends to be of much better quality. There is a potential for future groundwater pollution occurring in 
urban/suburban areas where single-family septic systems have been installed, especially in hard rock areas. 
Groundwater quality in the alpine basins is good to excellent; but, as in any area where single-family septic 
systems have been installed, there is potential for degradation of groundwater quality. 

Water Quality in Public Supply Wells 
From 1994 through 2000, 169 public supply water wells were sampled in 8 of the 26 basins and subbasins in 
the North Lahontan HR. Evaluation ofthe analyzed samples indicates that 147 wells, or 87 percent, met the 
state primary MCLs for drinking water. Twenty-two wells, or 13 percent, have constituents that exceed one 
or more MCL. Figure 40 shows the percentages of each contaminant group that exceeded MCLs in the 22 
wells. 

87% 

169 Wells Sampled 
I 0 Meet ~;i;;'~;;-M-C=-L-s-ta-n-d-al1-d-s---- - -- - - ! 

III D~~~ion of at least one constituent above primary MCL 

Figure 40 Mel exceedances in public supply wells in the North lahontan Hydrologic Region 
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Chapter7 I North La/lontan Hydrologic Region 

Table 34 lists the three most frequently occurring contaminants in each contaminant group and shows the 
number of wells in the HR that exceeded the MeL for those contaminants. 

Table 34 Most frequently occurring contaminants by contaminant group 
in the North Lahontan Hydrologic Region 

Contaminant group Contaminant - # of wells Contaminant - # of wells Contaminant - # of wells 
Tnorganics - Primary Fluoride - 3 

Inorganics - Secondary Iron - 14 

Radiological Gross Alpha - 7 

VOCs/SVOCs 1,2 Dichloroethane - 8 

TCE - Trichloroethylene 
MTBE = Methyltertiarybutylether 
VOC = Volatile Organic Compound 
SVOC = Semivolatile Organic Compound 

Changes from Bulletin 118-80 

Thallium - 3 3 tied at I exceedance 

Manganese - 13 TDS -1 

Uranium- 5 Radium 226 -- 1 

TCE-2 MTBE-\ 

There are no newly defined basins since Bulletin 118-80. The only delineated areas removed from the list of 
region basins are the Recent and Pleistocene volcanic areas of the Modoc Plateau, previously numbered 
6-102 and 6-103, respectively. 
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Basin/Subbasin Basin Name 

6-1 SlJRPRISE Y.A.LLEY 
6-2 MADELINE PLAINS 
6-3 WILLOW CREEK VALLEY 
6-4 HONEY LAKE VALLEY 
6-5 TAHOE VALLEY 

6-5.01 TAHOE SOUTH 
6-5.02 TAHOE WEST 
6-5.03 TAHOE VALLEY NORTH 

6-6 CARSON VALLEY 
6-7 ANTELOPE VALLEY 
6-8 BRlDGEPORT VALLEY 
6-67 MARTIS VALLEY 
6-91 COW HEAD LAKE VALLEY 
6-92 PINE CREEK VALLEY 
6-93 HARVEY VALLEY 
6-94 GR.A.SSHOPPER Y.A.LLEY 
6-95 DRY VALLEY 
6-96 EAGLE LAKE AREA 
6-97 HORSE LAKE VALLEY 
6-98 TULEDAD CANYON 
6-99 PAINTERS FLAT 
6-100 SECRET VALLEY 
6-101 BULL FLAT 
6-104 LONG VALLEY 
6-105 SLINKARD VALLEY 
6-106 UTTLE ANTELOPE VALLEY 
6-107 SWEETWATER FLAT 
6-108 OLYMPIC VALLEY 

gpm - gallons per minute 
mg/L - milligram per liter 
TDS -total dissolved solids 

Table 35 North lahontan Hydrologic Region groundwater data 

Well Yields (gpm) Types of Monitoring TDS (mglL) 

Groundwater 
Area (acres) Budget Type Maximum Average Levels Quality Title 22 Average Range 

228.000 B 2,500 1,383 16 11 4 224 87 - 1,800 
156,150 B - 450 2 6 - 402 81 - 1,790 

11,700 B - - 7 4 - 401 90 - 1,200 
31U50 B 2,500 784 39 24 49 518 89 - 2,500 

I .. 

14,800 C 4,000 - 6 - 54 - 59 - 206 
6,000 C - - - 9 3 103 68 - 128 
2,000 C 900 - - - - 141 -

10,700 C - - - - - - -
20,100 A - - - - 12 - -
32,500 C - - - - 6 - -
35,600 C - - - - - - -

5,600 B - - - - - - -
9,530 B - - - - 1 - -
4,500 B - - - - - - -

17,670 B - - - - - - -
6,500 B - - - - - - -

- B - - - 4 4 - -
3,800 B - - - - - - -
5,200 B - - - - - - -
6.400 B - - - - - - -

33,680 B - - 2 2 - - 125 - 3,200 
18,100 B - - - - - - -
46,840 B - - 31 4 302 127 - 570 

4,500 C - - - - - - -
2,500 C - - - - - - -
4,700 C - - - - - - -

700 C 600 330 - - 2 - -
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South Lahontan Hydrologic Region 
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Basins and Subbasins of the South lahontan Hydrologic Region 

Basin/subbasin Basin name Basin/subbasin Basin name 

6-9 Mono Valley 6-51 Pilot Knob Valley 

6-10 Adobe Lake Valley 6-52 Searles Valley 

6-11 Long Valley 6-53 Salt Wells Valley 

6-12 Owens Valley 6-54 Indian Wells Valley 

6-13 Black Springs Valley 6-55 Coso Valley 

6~14 Fish Lake Valley 6-56 Rose Valley 

6-15 Deep Springs Valley 6-57 Darwin Valley 

6-16 Eureka Valley 6-58 Panamint Valley 

6-17 Saline Valley 6-61 Cameo Area 

6-18 Death Valley 6-62 Race Track Valley 

6-19 Wingate Valley 6-63 Hidden Valley 

6-20 Middle Amargosa Valley 6-64 Marble Canyon Area 

6-21 Lower Kingston Valley 6-65 Cottonwood Spring Area 

6-22 Upper Kingston Valley 6-66 Lee Flat 

6-23 Riggs Valley 6-68 Santa Rosa Flat 

6-24 Red Pass Valley 6-69 Kelso Lander Valley 

6-25 Bicycle Valley 6-70 Cactus Flat 

6-26 Avawatz Valley 6-71 Lost Lake Valley 

6-27 Leach Valley 6-72 Coles Flat 

6-28 Pahrump Valley 6-73 Wild Horse Mesa Area 

6-29 Mesquite Valley 6-74 Harrisburg Flats 

6-30 Ivanpah Valley 6-75 Wildrose Canyon 

6-31 Kelso Valley 6-76 Brown Mountain Valley 

6-32 Broadwell Valley 6-77 Grass ValJey 

6-33 Soda Lalee Valley 6-78 Denning Spring Valley 

6-34 Silver Lake Valley 6-79 California Valley 

6-35 Cronise Valley 6-80 Middle Park Canyon 

6-36 Langford Valley 6-81 Butte Valley 

6-36.01 Langford Well Lake 6-82 Spring Canyon Valley 

6-36.02 Irwin 6-84 Greenwater Valley 

6-37 Coyote Lake Valley 6-85 Gold Valley 

6-38 Caves Canyon Valley 6-86 Rhodes Hill.Area 

6-40 Lower Mojave River Valley 6-88 Owl Lake Valley 

6-41 Middle Mojave River Valley 6-89 Kane Wash Area 

6-42 Upper Mojave River Valley 6-90 Cady Fault Area 

6-43 El Mirage Valley 

6-44 Antelope Valley 

6-45 Tehachapi Valley East 

6-46 Fremont Valley 

6-47 Harper Valley 

6-48 Goldstone Valley 

6-49 Superior Valley 

6-50 Cudde back Valley 
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Chapter7 I South La/lontan Hydrologic Region 

Description of the Region 
The South Lahontan HR covers approximately 21.2 million acres (33,100 square miles) in eastern California. 
This region includes about 21 percent of the surface area of California and both the highest (Mount Whitney) 
and lowest (Death Valley) surface elevations ofthe contiguous United States. The HR is bounded on the 
west by the crest of the Sierra Nevada and on the north by the watershed divide between Mono Lake and 
East Walker River drainages; on the east by Nevada and the south by the crest of the San Gabriel and San 
Bernardino mountains and the divide between watersheds draining south toward the Colorado River and 
those draining northward. This HR includes the Owens, Mojave, and Amargosa River systems, the Mono 
Lake drainage system, and many other internally drained basins. Average annual precipitation is about 7.9 
inches, and runoff is about 1.3 mafper year (DWR 1994). 

The South Lahontan HR includes Inyo County, much of Mono and San Bernardino counties, and parts of 
Kern and Los Angeles counties (Figure 41). National forests, national and state parks, military bases and 
other public lands comprise most of the land in this region. The Los Angeles Department of Water and 
Power is also a major landowner in the northern part of the HR and controls rights to much of the water 
draining the eastern Sierra Nevada. 

According to 2000 census data, the South Lahontan HR is home to about 530,000 people, or 1.6 percent of 
the state's population. The major population centers are in the southern Palt of the HR and include Palmdale, 
Lancaster, Victorville, Apple Valley, and Hesperia. 

Groundwater Development 
In this report, 76 groundwater basins al"e delineated in the South Lahontan HR, and the Langford Valley 
Groundwater Basin (6-36) is divided into two subbasins. The groundwater basins underlie about 11.60 
million acres (18,100 square miles) or about 55 percent of the HR. 

Most of the groundwater production is concentrated, along with the population, in basins in the southern part 
of this region. Groundwater provides 41 percent of water supply for agriculture and urban uses CDWR 
1998). Much of this HR is public land with very low population density, within these areas there has been 
little groundwater development and little is known about the basins. 

In most smaller basins, groundwater is found in unconfined alluvial aquifers; however, in some of the larger 
basins, or near dry lakes, aquifers may be separated by aquitards that cause confined groundwater conditions. 
Depths of the basins range from tens or hundreds offeet in smaller basins to thousands offeet in larger 
basins. The thickness of aquifers varies from tens to hundreds of feet. Well yields vary in this region 
depending on aquifer characteristics and well location, size, and use. 

Conjunctive use of surface water and groundwater is practiced in the more heavily pumped basins. Some 
water used in the southern part of the HR is imported from Northern California by the State Water Project. 
Some of this imported water is used to recharge groundwater in the Mojave River Valley basins (6-40, 6-41, 
and 6-42). Surface water and groundwater are exported from the South Lahontan HR to the South Coast HR 
by the Los Angeles Department of Water and Power. 

Groundwater Quality 
The chemical character of the groundwater varies throughout the region, but most often is calcium or sodium 
bicarbonate. Near and beneath dry lakes, sodium chloride and sodium sulfate-chloride water is common. In 
general, groundwater near the edges of valleys contains lower TDS content than water beneath the central 
part of the valleys or near dry lakes. 
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Drinking water standards are most often exceeded for TDS, fluoride, and boron content. The EPA lists 13 
sites of contamination in this HR. Of these, three military installations in the Antelope Valley and Mojave 
River Valley groundwater basins are federal Superfund sites because ofVOCs and other hazardous 
contaminants. 

Water Quality in Public Supply Wells 
From 1994 through 2000,605 public supply water wells were sampled in 19 of the 77 basins and subbasins 
in the South Lahontan HR. Analyzed samples indicate that 506 wells, or 84 percent, met the state primary 
MCLs for drinking water. Ninety-nine wells, or 16 percent, have constituents that exceed one or more MCL. 
Figure 42 shows the percentages of each contaminant group that exceeded MCLs in the 99 wells. 

84% 

605 Wells Sampled 

o Meet primary MGL standards 
II Detection of at least one constituent above primary MGL 

Figure 42 Mel exceedances in public supply wells in the South lahontan Hydrologic Region 
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Chapter7 I South Lahontan Hydrologic Region 

Table 36 lists the three most frequently occurring contaminants in each of the six contaminant groups and 
shows the number of wells in the HR that exceeded the MCL for those contaminants. 

Table 36 Most frequently occurring contaminants by contaminant group 
in the South Lahontan Hydrologic Region 

Contaminant group Contaminant - # of wells Contaminant - # of wells Contaminant - # of wells 
Inorganics - Primary Fluoride - 30 

Inorganics - Secondary Iron- 82 

Radiological Gross Alpha - 18 

Dissolved Nitrogen Nitrate (as N0
3
) --- 12 

Pesticides Di(2-Ethylhexyl)phthalate) - 2 

VOCs/SVOCs MTBE-2 

TCE - Trichloroethylene 
MTBE = Methyltertiarybutyl ether 
VOC = Volatile Organic Compound 
SVOC = Semivolatile Organic Compound 

Changes from Bulletin 118-80 

Arsenic-19 

Manganese - 36 

Uranium-7 

Nitrate + Nitrite-6 

TCE-2 

Antimony- 5 

Specific Conductance - 5 
TDS-5 

Radium 228 - 2 

Nitrite (as N) - 4 

Carbon Tetrachloride - 2 

Several modifications from the groundwater basins presented in Bulletin 118-80 are incorporated in this 
report (Table 37). Langford Valley Groundwater Basin (6-36) has been divided into two subbasins. Granite 
Mountain Area (6-59) and Fish Slough Valley (6-60) groundwater basins have been deleted because no 
information was found concerning wells or groundwater in these basins or because well completion reports 
indicate that groundwater production is derived from fractured rocks beneath the basin. Furnace Creek Area 
Groundwater Basin (6-83) has been incorporated into Death Valley Groundwater Basin (6-18), and 
Butterbread Canyon Valley Groundwater Basin (6-87) has been incorporated into Lost Lake Valley 
Groundwater Basin (6-71). 

Table 37 Modifications since Bulletin 118-80 of groundwater basins and subbasins 
in South Lahontan Hydrologic Region 

Basin/subbasin name New number Old number 
Langford Well Lake 6-36.01 6-36 

Irwin 6-36.02 6-36 

Troy Valley Incorporated into 6-40 and 7-14. 6-39 

Granite Mountain Area Deleted 6-59 

Fish Slough Valley Deleted 6-60 

Furnace Creek Area Deleted - incorporated into 6-18 6-83 

Butterbread Canyon Valley Deleted - incorporated into 6-71 6-87 
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Troy Valley Groundwater Basin (6-39) has been split at the Pisgah fault, which is a groundwater barrier, and 
has been incorporated into Lower Mojave River Valley (6-40) and Lavic Valley (7-14) groundwater basins. 
This change incorporates part of the South Lahontan HR into a basin in the Colorado River HRl. The Middle 
Mojave River Valley Groundwater Basin (6-41) has changed boundaries along the north (Harper Valley; 
6-47) and east sides (Lower Mojave River Valley; 6-40). The new boundaries are along the Camp Rock
Harper Lake fault zone, Waterman fault, and Helendale fault. Groundwater level elevations indicate that 
these faults are likely strong barriers to groundwater movement. 

The boundary between the Upper Mojave River Valle;>, Groundwater Basin (6-42) and the Lucerne Valley 
Groundwater Basin (7-19) was changed from the regional surface divide to the southern part of the 
Helendale fault, which is a groundwater barrier. This change incorporates part of the Colorado Desert HR 
into a basin in the South Lahontan HR2, 

I The boundaries of the hydrologic regions are defined by surface drainage patterns. In this case, faults impede groundwater flow 
causing it to flow beneath the surface drainage divide into the adjacent hydrologic region. 

2 See previous note. 
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Basin/Subbasin 

6-09 
6-10 
6-11 
6-12 
6-13 
6-14 
6-15 
6-16 
6-17 
6-18 
6-19 
6-20 
6-21 
6-22 
6-23 
6-24 
6-25 
6-26 
6-27 
6-28 
6-29 
6-30 
6-31 
6-32 
6-33 
6-34 
6-35 
6-36 

6-36.01 
6-36.02 

6-37 
6-38 
640 
6-41 
642 
6-43 
6-44 
6-45 
646 
647 
6-48 
6-49 

Table 38 South Lahontan Hydrologic Region groundwater data 

Well Yields (gpm) Types ofMonitOling 

Groundwater 
Basin Name Area (acres) BudgctType Maximum Average Levels Quality Title 22 

MONO VALLEY 173,000 A 800 480 - - -
ADOBE LAKE VALLEY 39,800 C - - - - -
LONG VALLEY 71,800 A 250 90 20 - 5 
o\VENS VALLEY 661,000 A 8,100 1,870 700 7 89 
BLACK SPRINGS VALLEY 30,800 C - - - - -
FISH LAKE VALLEY 48,100 C - - - - -
DEEP SPRINGS VALLEY 29,900 C 700 390 - - -
EUREKA VALLEY 129,000 C - - - - 1 
SALINE VALLEY 146,000 C - - - - -
DEATH VALLEY 921,000 C - - 23 - 6 
WINGATE VALLEY 71,400 C - - -
MIDDLE A.1'v1ARGOSA VALLEY 390,000 C 3,000 2,500 2 - 4 

LOWER KlNGSTON VALLEY 240,000 C - - - - -
UPPER KINGSTON VALLEY 177,000 C 24 - - - 5 
RIGGS VALLEY 87,700 C - - - - -
RED PASS VALLEY 96,500 C - - - - -
BICYCLE VALLEY 89,600 C 710 - - 12 6 
AVAWATZ VALLEY 27,700 C - - - - -
LEACH VALLEY 61,300 C - - - - -
PAHRUMP VALLEY 93,100 C 300 150 - - -
MESQUITE VALLEY 88,400 C 1,500 1,020 - - -
IVAt"lPAH VALLEY 199,000 C 600 400 - - 9 
KELSO VALLEY 255,000 C 370 290 - -
BROADWELL VALLEY 92,100 C - - - - 1 
SODA LAKE VALLEY 381,000 C 2,100 1,100 - - 3 
SIL\'ER LAKE VALLEY 35,300 C - - - -
CRONISE VALLEY 127,000 C 600 340 - - -
LANGFORD \'.t...LLEY 
LANGFORD WELL LAKE 19.300 C 1,700 410 11 7 3 
IRWIN 10,500 C 550 - 40 - 3 
COYOTE LAKE VALLEY 88,200 A 1,740 660 5 - -
CAVES CANYON VALLEY 73,100 A 300 - 4 1 4 
LOWER MOJAVE RIVER VALLEY 286,000 A 2,700 770 70 21 52 
MIDDLE MOJAVE RIVER VALLEY 211 ,000 A 4,000 1,000 74 3 14 

UPPER MOJAVE RIVER VALLEY 413,000 A 5,500 1,030 120 22 153 
EL MIRAGE VALLEY 75,900 A 1,000 230 50 3 21 
ANTELOPE VALLEY 1,110,000 A 7,500 286 262 10 2411 

TEHACHAPI VALLEY EAST 24,000 C 150 31 31 - 9 
FREMONT VALLEY 2,370,000 C 4,000 500 23 - 13 
HARPER VALLEY 410,000 A 3,000 725 11 3 19 
GOLDSTONE VALLEY 28,100 C - - - - -
SUPERIOR VALLEY 120,000 ~ -±50_ '----- 10Q - - -

TDS (mgiL) 

Average Range 

- 2060 
- -
- -
- 300450,000 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

618 508-810 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

498 440-568 
528 496-598 

- 300-1000 
- 300-1000 

300 -
500 -I 
500 !l05 

- -
I 

300 200-800· 
361 298-405 
596 350-100.000 I 

- 179-2391 
- -
- -I 
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Table 38 South Lahontan Hydrologic Region groundwater data (continued) 

BasinfSubbasin Basin Name 

6-50 CUDDEBACK VALLEY 
6-S1 PILOT KNOB VALLEY 
6-52 SEARLES VALLEY 
6-53 SALT \"FELLS VALLEY 
6-54 INDL4.N WELLS VALLEY 
6-55 COSO VALLEY 
6-56 ROSE VALLEY 
6-57 DARWIN VALLEY 
6-58 PANAl\HNT VALLEY 
6-6] CAMEO AREA 
6-62 RACE TRACK VALLEY 
6-63 HIDDEN VALLEY 
6-64 MARBLE CANYON AREA 
6-65 COTTONWOOD SPRING AREA 
6-66 LEE FLAT 
6-68 SANTA ROSA FLAT 
6-69 KELSO LANDER VALLEY 
6-70 CACTUS FLAT 
6-71 LOST LAKE VALLEY 
6-72 COLES FLAT 
6-73 WILD HORSE MESA AREA 
6-74 HARRISBURG FLATS 
6-75 WILDROSE CANYON 
6-76 BROWN MOUNTAIN VALLEY 
6-77 GRASS VALLEY 
6-78 DENNING SPRING VALLEY 
6-79 CALIFORNIA VALLEY 
6-80 MIDDLE PARK CAl"iYON 
6-81 BUTTE VALLEY 
6-82 ANVIL SPRING CAN rON VALLEY 
6-84 GREENWATER VALLEY 
6-85 GOLD VALLEY 
6-86 RHODES HILL AREA 
6-88 OWL LAKE VALLEY 
6-89 KANE WASH AREA 
6-90 CADY FAULT AREA 

gpm - gallons per minute 
mg/L - milligram per liter 
TDS -total dissolved solids 

Groundwater 
Area (acres) Budget Type 

94,900 C 
139,000 C 
197,000 C 
29,500 C 

382,000 A 
25,600 C 
42,500 C 
44,200 C 

259,000 C 
9,310 C 

14,100 C 
18,000 C 
10,400 C 
3,900 C 

20,300 C 
312 C 

11,200 C 
7,030 C 

23,300 C 
2,950 C 
3,320 C 

24,900 C 
5,160 C 

21,700 C 
9,980 C 
7,240 C 

58,300 C 
1,740 C 
8,810 C 
4,810 C 

59,900 C 
3,220 C 

15,600 C 
22,300 C 

5,960 C 
7,960 C 

WeI[ Yields (gpm) Types of Monitoring TDS(mg/L) 

Maximum Average Levels Quality Title 22 Average Range 

500 300 - - - - -
- - - - 1 -

[,000 300 - - - - - ! 

- - - - - - -
3,800 815 116 20 63 312 110-1620 

- - - - - - -
- - - - 1 - -

130 43 - - - - -
35 30 - - - - -

- - - - - - -
- - - - - - -
- - - - - - - ! 

- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - I - -

- - - - - - - i 

- - - - - - -
- - - - - - - , 

- - - - - - I -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -

60 - - - - - -
- - - - - - -
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Chapter7 Colorado River Hydrologic Region 
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Figure 43 Colorado River Hydrologic Region 
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Basins and Subbasins of Colorado River Hydrologic Region 

Basin/subbasin Basin name Basin/subbasin Basin name 

7-1 Lanfair Valley 7-36 Yuma Valley 

7-2 Fenner Valley 7-37 Arroyo Seeo Valley 

7-3 Ward Valley 7-38 Palo Verde Valley 

7-4 Rice Valley 7-39 Palo Verde Mesa 

7-5 Chuckwalla Valley 7-40 Quien Sabe Point Valley 

7-6 Pinto Valley 7-41 Calzona Valley 

7-7 Cadiz Valley 7-42 Vidal Valley 

7-8 Bristol Valley 7-43 Chemehuevi Valley 

7-9 Dale Valley 7-44 Needles Valley 

7-10 Twentynine Palms VaHey 7-45 Piute Valley 

7-11 Copper Mountain Valley 7-46 Canebrake Valley 

7-12 Warren VaHey 7-47 Jacumba Valley 

7-13 Deadman Valley 7-48 Helendale Fault Valley 

7-13.01 Deadman Lake 7-49 Pipes Canyon Fault Valley 

7-13.02 Surprise Spring 7-50 Iron Ridge Area 

7-14 Lavic Valley 7-51 Lost Horse Valley 

7-15 Bessemer Valley 7-52 Pleasant Valley 

7-16 Ames Valley 7-53 Hexie Mountain Area 

7-17 Means Valley 7-54 Buck Ridge Fault Valley 

7-18 Johnson Valley Area 7-55 Collins Valley 

7-18.Ql Soggy Lake 7-56 Yaqui Well Area 

7-18.02 Upper Johnson Valley 7-59 Mason Valley 

7-19 Lucerne Valley 7-61 Davies Valley 

7-20 Morongo Valley 7-62 Joshua Tree 

7-21 Coachella Valley 7-63 Vandeventer Flat 

7-21.Ql Indio 

7-21.02 Mission Creek 

7-21.03 Desert Hot Springs 

7-21.04 San Gorgonio Pass 

7-22 West Salton Sea 

7-24 Borrego VaHey 

7-25 Ocotillo-Clark Valley 

7-26 Terwilliger Valley 

7-27 San Felipe Valley 

7-28 Vallecito-Carrizo Valley 

7-29 Coyote Wells Valley 

7-30 Imperia! Valley 

7-31 Orocopia Valley 

7-32 Chocolate Valley 

7-33 East Salton Sea 

7-34 Amos Valley 

7-35 Ogilby Valley 
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Chapter7 I Colorado River Hydrologic Region 

Description of the Region 

The Colorado River HR covers approximately 13 million acres (20,000 square miles) in southeastern 
California. It is bounded on the east by Nevada and Arizona, the south by the Republic of Mexico, the west 
by the Laguna, San Jacinto, and San Bernardino mountains, and the north by the New York, Providence, 
Granite, Old Dad, Bristol, Rodman, and Ord Mountain ranges. An average annual precipitation of 5.5 inches 
and average annual runoff of only 200,000 acre-feet makes this the most arid HR of California CDWR 1994). 
Surface runoff drains to many closed basins or to the Colorado River. 

This HR includes all of Imperial, most of Riverside, much of San Bernardino, and part of San Diego counties 
(Figure 43). Many of the alluvial valleys in the region are underlain by groundwater aquifers that are the 
sole source of water for local communities. 

About 533,000 people live within the Colorado River HR (DWR, 1998). The largest population centers are 
Palm Springs, Palm Desert, Indio, Coachella, and EI Centro. 

Groundwater Development 
The earliest groundwater development in California may have been prehistoric water wells dug by the 
Cahuilla Indians in Coachella Valley of the Colorado River HR. In this report, 64 groundwater basins/ 
subbasins are delineated in this HR. The Deadman Valley, Johnson Valley Area, and Coachella Valley 
groundwater basins have been divided into subbasins. Groundwater basins underlie about 8.68 million acres 
or about 26 percent of this HR. 

In the Colorado River HR, groundwater provides about 8 percent of the water supply in normal years for 
agricultural and urban uses CDWR 1998). In most smaller basins, groundwater is found in unconfined 
alluvial aquifers. In some of the larger basins, particularly near dry lakes, aquifers may be separated by 
aquitards that create confined groundwater conditions. Depths of basins range from tens or hundreds of feet 
in smaller basins and along arms of ephemeral rivers to thousands of feet in larger basins. The thickness of 
aquifers varies from tens to hundreds of feet. Well yields vary in this region depending on aquifer 
characteristics and well location, size, and use. Some aquifers are capable of yielding thousands of gallons 
per minute to municipal wells. 

Conjunctive use of surface water and groundwater is a long-standing practice in the region. Water is 
imported from the Colorado River for irrigation in Imperial, Coachella, and Palo Verde Valleys and from 
groundwater recharge in Coachella Valley. Water imported from Northern California is used to replenish 
Warren and Joshua Tree groundwater basins. Many agencies have erected systems of barriers to allow more 
efficient percolation of ephemeral runoff from surrounding mountains. The concept of utilizing groundwater 
basins in this sparsely populated HR for storing water that would be pumped during drought years is getting 
much attention. 

Groundwater Quality 
The chemical character of groundwater in the Colorado River HR is variable. Cation concentration is 
dominated by sodium with calcium common and magnesium appearing less often. Bicarbonate is usually the 
dominant anion, although sulfate and chloride waters are also common. In basins with closed drainages, 
water character often changes from calcium-sodium bicarbonate near the margins to sodium chloride or 
chloride-sulfate beneath a dry lake. It is not uncommon for concentrations of dissolved constituents to rise 
dramatically toward a dry lake where saturation of mineral salts is reached. An example ofthis is found at 
Bristol Valley Groundwater Basin, where the mineral halite (sodium chloride) is formed and then mined by 
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evaporation of groundwater in trenches in Bristol (dry) Lake. The TDS content of groundwater is high in 
many of the basins in this region. High f1uoride content is common; sulfate content occasionally exceeds 
drinking water standards; and high nitrate content is common, especially in agricultural areas. 

Two of the primary challenges in the Colorado River HR are overdraft in the Coachella Valley and leaking 
underground storage tanks. The EPA has not yet placed any contamination sites in this HR on the Superfund 
National Priorities List; however, one site is under consideration because of high pesticide levels. 

Water Quality in Public Supply Wells 
From 1994 through 2000,314 public supply water wells were sampled in 23 of the 64 basins and subbasins 
in the Colorado River HR. Analyzed samples indicate that 270 wells, or 86 percent, met the state primary 
MCLs for drinking water standards. Forty-four wells, or 14 percent, have constituents that exceed one or 
more MCL. Figure 44 shows the percentages of each contaminant group that exceeded MCLs in the 44 wells. 

86% 

314 Wells Sampled 

o Meet primary MCL standards I 
• Detection of at least one constituent above primary MCL 

Figure 44 MCl exceedances in public supply wells in the Colorado River Hydrologic Region 

Table 39 lists the three most frequently occurring contaminants in each contaminant group and shows the 
number of wells in the HR that exceeded the MCL for those contaminants. 

Table 39 Most frequently occurring contaminants by contaminant group 
in the Colorado River Hydrologic Region 

Contaminant group Contaminant - # of wells Contaminant - # of wells Contaminant - # of wells 
Inorganics - Primary Fluoride - 17 

Inorganics - Secondary Iron - 38 Manganese - 26 TDS - 5 

Radiological Radium 228 - 3 Combined RA226 + RA228 - 3 Radium 226 - 1 

Nitrates Nitrate (as NO,) - 6 Nitrate + Nitrite ·-·1 
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Chapter7 I Colorado River Hydrologic Region 

Changes from Bu lIetin 118-80 

Several modifications from the groundwater basins presented in Bulletin 118-80 are incorporated in this 
report (Table 40). Jacumba Valley East Groundwater Basin (7-60) has been deleted because oflack of 
information about groundwater in this basin. The Pinyon Wash Area (7-57) and Whale Peak Area (7-58) 
groundwater basin names have been deleted because they are now incorporated into other larger basins. 
Similarly, Clark Valley (7-23) and Ocotillo Valley (7-25) groundwater basins are now the combined Ocotillo
Clark Valley Groundwater Basin (7-25). The Deadman Valley (7-13), Johnson Valley Area (7-18), and 
Coachella Valley (7-21) groundwater basins have been subdivided into subbasins in this report. The western 
boundary of Lucerne Valley Groundwater Basin (7-19) has been moved eastward from the I-IR boundary to 
the Helendale fault. Groundwater level elevations indicate that this fault is a groundwater barrier and that 
groundwater flows westward back under the surface divide into the Upper Mojave River Groundwater Basin 
(6-42). The boundary between Lucerne Valley (7-19) and Johnson Valley Area (7-18) groundwater basins is 
delineated in this report. 

The boundaries of Twentynine Palms Valley (7-10), Copper Mountain Valley (7-11), Warren Valley (7-12), 
Deadman Lake (7-13), and Ames Valley (7-16) groundwater basins have been redrawn in light of newer 
groundwater level data. These data indicate that the Pinto Mountain fault is a groundwater barrier. Joshua 
Tree Groundwater Basin (7-62) is a new basin that has been delineated from parts of Copper Mountain 
Valley and Twentynine Palms Valley Groundwater Basins because the Pinto Mountain fault is such a strong 
barrier. Buck Ridge Fault Valley Groundwater Basin (7-54) was presented in Bulletin 118-80 as two 
unconnected deposits of water-bearing all uvium separated by outcrop of nonwater-bearing rocks. These 
water-bearing deposits have been designated as separate groundwater basins in this report, with the Buck 
Ridge Fault Valley Groundwater Basin (7-54) as the northern basin and Vandeventer Flat Groundwater Basin 
(7-63) presented as the southern basin. 

Table 40 Modifications since Bulletin 118-80 of groundwater basins 
in Colorado River Hydrologic Region 

Basin name New number Old number 
Clark Valley Delete - combined with 7-25 7-23 

Ocotillo-Clark Valley 7-25 (now combined) 7-25 

Pinyon Wash Area Incorporated into 7-56 7-57 

Whale Peak Area Incorporated into 7-28 7-58 

Jacumba Valley East Deleted 7-60 

Joshua Tree 7-62 (new) 

Vandeventer Flat 7-63 (new) 

206 D W R B U L LET I N 1 1 8 

AR0069828 



Table 41 Colorado River Hydrologic Region groundwater data 

Well Yields (gpm) Types of Monitoring TDS(mglL) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) Budget Type Maximum Average Levels Quality Title 22 Average Range 

7-1 LANFAIR VALLEY 157,000 C 70 16 - - 9 515 173-2,260 
7-2 FE}\iNER VALLEY 454,000 A 200 100 - - 4 515 173-2,260 
7-3 WARD VALLEY 961,000 A 260 180 - - 1 - 327-589 
7-4 RICE VALLEY 189,000 C 65 - - - - - -
7-5 CHUCKWALLA VALLEY 604,000 C 3,900 1,800 12 - 10 - 424 
7-6 PINTO VALLEY 183,000 A 1,480 900 - - 1 - -
7-7 CADIZ VALLEY 270,000 C 167 66 - - - 400 300-3000 
7-8 BRISTOL VALLEY 498,000 A 3,000 - - - - 300-298.000 
7-9 DALE VALLEY 213,000 C 380 275 - - 2 - -
7-10 T\VENTYNINE PALMS VALLEY 62,400 C 3,000 540 27 - 2 640 -
7-11 COPPER MOUNTAIN VALLEY 30,300 A 2,450 250 2 - 2 - 180-214 
7-12 WARREN VALLEY 17,200 A 4,000 350 27 18 17 196 129-269 
7-13 DEADMAN VALLEY , •• 0 .. ·1 " .. ' 

7-13.01 DEADMAN LAKE 89,200 C 2,000 - 28 3 1 - 311-985 
7-13.02 SURPRISE SPRING 29,300 C 1,370 680 26 6 9 177 141-1,050 

7-14 LAVICVALLEY 102,000 C 140 80 - - - - -
7-15 BESSEMER VALLEY 39,100 C 0 - - - - - -
7-16 AMES VALLEY 110.000 C 2,000 - 19 3 11 459 -
7-17 MEANS VALLEY 15,000 C 0 - 1 - - - -
7-18 JOHNSON VALLEY AREA ." '.''- ~. 

7-18.01 SOGGY LAKE 76,800 C - - 6 - 1 - 300-2,000 

" :t> ..... 

7-18.02 UPPER JOHNSON VALLEY 34,800 C - - - - - - 3,000 
7-19 LUCERNE VALLEY 148,000 A 1.000 - 22 9 21 301 200-5,000 

:;:; 7-20 MORONGO VALLEY 7,240 C 600 90 - - 5 - -
a 
"" 

7-21 COACHELLA VALLEY 
~ 
:;;: 
V> 

7-21.01 INDIO 336,000 A 1,880 650 30 - 204 300 -
7-21.02 MISSION CREEK 49,000 A 3,500 715 5 - 15 <500 -
7-21.03 DESERT HOT SPRINGS 101,000 C 2,500 985 10 - 2 - 800-1,000 

C"J 

"" 
7-21.04 SAN GORGONIO PASS 38,700 A 1,000 0 17 8 5 - 106-205 

a 
c: 
~ 

7-22 WEST SALTON SEA 106,000 C 540 400 v - - - -
7-24 BORREGO VALLEY 153,000 A 2,000 0 10 10 25 - 300-2,440 

<::J 
~ 
l> 
--1 
no 

'" 

7-25 OCOTILLO-CLARK VALLEY 223,000 C 3,500 1,760 1 - 2 - -
7-26 TERWILLIGER VALLEY 8,030 C 100 - - - 1 - 500 
7-27 SAN FELIPE VALLEY 2,340 C 500 30 - - 1 - -
7-28 VALLECITO-CARRIZO VALLEY 122,000 C 2,500 260 - - 1 - -

:; 7-29 COYOTE WELLS VALLEY 146,000 A - - 25 6 9 - -
<::J 
l> 7-30 IMPERIAL VALLEY 961,000 A 1,000 - 19 - 45 1088 498-7,280 
;;:: 7-31 OROCOPIA VALLEY 96,500 A 210 165 0 - 1 - -

'"' "" Cl » <..0 

;0 N 
0 0 -..I 

7-32 CHOCOLATE VALLEY 130,000 C 0 0 0 - - - -
7-33 EAST SALTON SEA 196,000 C 0 0 1 - 4 - -
7-34 AMOS VALLEY 130,000 C 100 50 3 - 1 - -
7=3.5 OGILBY VALLEY --- 134.000 C ...... Lt,Q!)O 50 27 I 3 - -

0 
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Table 41 Colorado River Hydrologic Region groundwater data (continued) 

Well Yields (gpm) Types of Monitoring TDS (mg/L) 

Groundwater 
Basin/Subbasin Basin Name Area (acres) Budget TYpe Maximum Average Levels Quality Title 22 Average Range 

7-36 YUMA VALLEY 3,7RO C 100 40 59 0 15 - -
7-37 ARROYO SECO VALLEY 258,000 C - - 2 0 0 - -
7-38 PALO VERDE VALLEY 73,400 A - - 11 - 19 840 658-1,030 
7-39 PALO VERDE MESA 226,000 C 2,750 1,650 20 - 13 - -
7-40 QUIEN SABE POINT VALLEY 25,300 C 25 - - - 3 - -
7-41 CALZONA VALLEY 81,000 C 2,340 500 0 0 0 -
7-42 VIDAL VALLEY 138,000 C 1,800 675 - - I - -
7-43 CHEMEHUEVI VALLEY 273,000 A 0 0 1 0 1 - -
7-44 NEEDLES VALLEY 88,400 A 1,500 980 34 - II - -
7-45 PlUTE VALLEY 176,000 C 1,500 200 - - - - -
7-46 CANEBRAKE VALLEY 5,420 C 125 - - - - - -
7-47 JACUMBA VALLEY 2,450 A 1,000 - - - 3 296-6,100 
7-48 HELENDALE FAULT VALLEY 2,620 C - - - - - - -
7-49 PIPES CANYON FAULT VALLEY 3,390 C - - - - - - -
7-50 IRON RIDGE AREA 5,250 C - - - - - - -
7-51 LOST HORSE VALLEY 17,300 C - - - - - - -
7-52 PLEASANT VALLEY 9,670 C - - - - - - -
7-53 HEXlE MOUNTAJN AREA 11,200 C - - - - - - -
7-54 BUCK RIDGE FAULT VALLEY 6,930 C - - - - - - -
7-55 COLLINS VALLEY 7,080 C 1,500 - - - - - -
7-56 YAQUI WELL AREA 15,000 C 0 - - - I - -
7-59 MASON VALLEY 5,530 COO 0 0 1 - -
7-61 DAVIES VALLEY 3,570 COO 0 0 - - -
7-62 JOSHUA TREE 33,800 A 2.200 1,110 25 5 14 180 117-185 
7-63 VANDEVENTER FLAT 6,750 C 50 17 - - c: ________ c _______ _=_ 

gpm - gallons per minute 
mgJl_ - milligram per liter 
TDS -total dissolved solids 
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Glossary 

Glossary 
A 
acre-foot (a1) The volume of water necessary to cover one acre to a depth of one foot; equal to 43,560 cubic 

feet or 325,851 gallons. 

adjudication A case that has been heard and decided by a judge. In the context of an adjudicated 
groundwater basin, landowners or other parties have turned to the courts to settle disputes over how 
much groundwater can be extracted by each party to the decision. 

alluvial Of or pertaining to or composed of alluvium. 

alluvium A general tenn for clay, silt, sand, gravel, or similar unconsolidated detrital material, deposited 
during comparatively recent geologic time by a stream or other body of rmming water, as a sorted or 
semi sorted sediment in the bed of the stream or on it's floodplain or delta, as a cone or fan at the base of 
a mountain slope. 

anthropogenic Of human origin or resulting from human activity. 

appropriative right The right to use water that is diverted or extracted by a nonriparian or nonoverlying 
party for nonriparian or nonoverlying uses. In California, surface water appropriative rights are subject 
to a statutory permitting process while groundwater appropriation is not. 

aquitard A confining bed andlor formation composed of rock or sediment that retards but does not prevent 
the flow of water to or from an adjacent aquifer. It does not readily yield water to wells or springs, but 
stores ground water. 

aquifer A body of rock or sediment that is sufficiently porous and penneable to store, transmit, and yield 
significant or economic quantities of groundwater to wells and springs. 

aridity A tenn describing a climate or region in which precipitation is so deficient in quantity or occurs so 
infrequently that intensive agricultural production is not possible without irrigation. 

artesian aquifer A body of rock or sediment containing groundwater that is under greater than hydrostatic 
pressure; that is, a confined aquifer. When an artesian aquifer is penetrated by a well, the water level will 
rise above the top of the aquifer. 

artesian pressure Hydrostatic pressure of artesian water, often expressed in terms of pounds per square 
inch; or the height, in feet above the land surface, of a column of water that would be supported by the 
pressure. 

artificial recharge The addition of water to a groundwater reservoir by human activity, such as putting 
surface water into dug or constructed spreading basins or injecting water through wells. 

available groundwater storage capacity The volume of a groundwater basin that is unsaturated and 
capable of storing groundwater. 

average annual runoff The average value of total annual runoff volume calculated for a selected period of 
record, at a specified location, such as a dam or stream gage. 

average year water demand Demand for water under average hydrologic conditions for a defined level of 
development. 
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B 
basin management ob,jectives (BMOs) See management objectives 

beneficial use One of many ways that water can be used either directly by people or for their overall benefit. 
The State Water Resources Control Board recognizes 23 types of beneficial use with water quality 
criteria for those uses established by the Regional Water Quality Control Boards. 

borehole geophysics The general field of geophysics developed around the lowering of a variety of probes 
into a boring or well. Borehole logging provides additional information concerning physical, electrical, 
acoustic, nuclear and chemical aspects ofthe soils and rock encountered during drilling. 

c 
community water system A public water system that serves at least 15 service connections used by 

yearlong residents or regularly serves at least 25 year-long residents (DI-IS 2000). 

confined aquifer An aquifer that is bounded above and below by formations of distinctly lower 
permeability than that of the aquifer itself. An aquifer containing confined ground water. See artesian 
aquifer. 

conjunctive use The coordinated and planned management of both surface and groundwater resources in 
order to maximize the efficient use of the resource; that is, the planned and managed operation of a 
groundwater basin and a surface water storage system combined through a coordinated conveyance 
infrastructure. Water is stored in the groundwater basin for later and planned use by intentionally 
recharging the basin during years of above-average surface water supply. 

contaminant Any substance or property preventing the use or reducing the usability of the water for 
ordinary purposes such as drinking, preparing food, bathing washing, recreation, and cooling. Any 
solute or cause of change in physical properties that renders water unfit for a given use. (Generally 
considered synonymous with pollutant). 

critical conditions of overdraft A groundwater basin in which continuation of present practices would 
probably result in significant adverse overdraft-related environmental, social, or economic impacts. The 
definition was created after an extensive public input process during the development of the Bulletin 
118-80 report. 

D 
deep percolation Percolation of water through the ground and beyond the lower limit of the root zone of 

plants into groundwater. 

desalination A process that converts seawater or brackish water to fresh water or an otherwise more usable 
condition through removal of dissolved solids. 

domestic wen A water well used to supply water for the domestic needs of an individual residence or 
systems of four or fewer service connections. 

drinking water system See public water system 

drought condition Hydrologic conditions during a defined period when rainfall and runoff are much less 
than average. 

drought year supply The average annual supply of a water development system during a defined drought 
period. 
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Glossary 

E 
electrical conductivity (EC) The measure of the ability of water to conduct an electrical current, the 

magnitude of which depends on the dissolved mineral content of the water. 

effective porosity The volume of voids or open spaces in alluvium and rocks that is interconnected and can 
transmit fluids. 

environmental water Water serving environmental purposes, including in stream fishery flow needs, wild 
and scenic river flows, water needs of fresh-water wetlands, and Bay-Delta requirements. 

evapotranspiration (ET) The quantity of water transpired (given off), retained in plant tissues, and 
evaporated from plant tissues and surrounding soil surfaces. 

G 
groundwater basin An alluvial aquifer or a stacked series of alluvial aquifers with reasonably well-defined 

boundaries in a lateral direction and having a definable bottom. 

groundwater budget A numerical accounting, the groundwater equation, of the recharge, discharge and 
changes in storage of an aquifer, part of an aquifer, or a system of aquifers. 

groundwater in storage The quantity of water in the zone of saturation. 

groundwater management The planned and coordinated management of a groundwater basin or portion of 
a groundwater basin with a goal oflong-term sustainability of the resource. 

groundwater management plan A comprehensive written document developed for the purpose of 
groundwater management and adopted by an agency having appropriate legal or statutory authority. 

groundwater mining The process, deliberate or inadvertent, of extracting groundwater from a source at a 
rate in excess of the replenishment rate such that the groundwater level declines persistently, threatening 
exhaustion of the supply or at least a decline of pumping levels to uneconomic depths. 

groundwater monitoring network A series of monitoring wells at appropriate locations and depths to 
effectively cover the area of interest. Scale and density of monitoring wells is dependent on the size and 
complexity ofthe area of interest, and the objective of monitoring. 

groundwater overdraft The condition of a groundwater basin in which the amount of water withdrawn by 
pumping exceeds the amount of water that recharges the basin over a period of years during which water 
supply conditions approximate average conditions. 

groundwater quality See water quality 

groundwater recharge facility A structure that serves to conduct surface water into the ground for the 
purpose of replenishing groundwater. The facility may consist of dug or constructed spreading basins, 
pits, ditches, furrows, streambed modifications, or injection wells. 

groundwater recharge The natural or intentional infiltration of surface water into the zone of saturation. 

groundwater source area An area where groundwater may be found in economically retrievable quantities 
outside of normally defined groundwater basins, generally referring to areas of fractured bedrock in 
foothill and mountainous terrain where groundwater development is based on successful well penetration 
through interconnecting fracture systems. Well yields are generally lower in fractured bedrock than 
wells within groundwater basins. 
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groundwater storage capacity volume of void space that can be occupied by water in a given volume ofa 
formation, aquifer, or groundwater basin. 

groundwater subbasin A subdivision of a groundwater basin created by dividing the basin using geologic 
and hydrologic conditions or institutional boundaries. 

groundwater ta ble The upper surface of the zone of saturation in an unconfined aquifer. 

groundwater Water that occurs beneath the land surface and fills the pore spaces of the alluvium, soil, or 
rock formation in which it is situated. It excludes soil moisture, which refers to water held by capillary 
action in the upper unsaturated zones of soil or rock. 

H 
hazardous waste Waste that poses a present or potential danger to human beings or other organisms because it 

is toxic, flammable, radioactive, explosive or has some other property that produces substantial risk to life. 

hydraulic barrier A barrier created by injecting fi'esh water to control seawater intrusion in an aquifer, or 
created by water injection to control migration of contaminants in an aquifer. 

hydraulic conductivity A measure of the capacity for a rock or soil to transmit water; generally has the 
units of feet/day or cm/sec. 

hydrograph A graph that shows some property of groundwater or sUliace water as a function of time. 

hydrologic cycle The circulation of water from the ocean through the atmosphere to the land and ultimately 
back to the ocean. 

hydrologic region A study area consisting of multiple planning subareas. California is divided into 10 
hydrologic regions. 

hydrostratigraphy A geologic framework consisting of a body of rock having considerable lateral extent 
and composing a reasonably distinct hydrologic system. 

hyporheic zone The region of saturated sediments beneath and beside the active channel and that contain 
some proportion of surface water that was part ofthe flow in the surface channel and went back 
underground and can mix with groundwater. 

infiltration The flow of water downward from the land surface into and through the upper soil layers. 

infiltration capacity The maxim urn rate at which int11tration can occur under specific conditions of soil 
moisture. 

in-lieu recharge The practice of providing surplus surface water to historic groundwater users, thereby 
leaving groundwater in storage for later use. 

lSI Integrated Storage Investigations Program, an element of the CALFED Bay Delta initiative. 

J 
joint powers agreement (JPA) An agreement entered into by two or more public agencies that allows them 

to jointly exercise any power common to the contracting parties. The JPA is defined in Chapter 5 
(commencing with Section 6500) of Division 7 of Title 1 of the California Government Code. 

L 
land subsidence The lowering of the natural land surface due to groundwater (or oil and gas) extraction. 
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Glossary 

leaky confining layer A low-permeability layer that can transmit water at sufficient rates to furnish some 
recharge from an adjacent aquifer to a well. 

lithologic log A record of the lithology of the soils, sediments and/or rock encountered in a borehole from 
the surface to the bottom. 

lithology The description of rocks, especially in hand specimen and in outcrop, on the basis of such 
characteristics as color, mineralogic composition, and grain size. 

losing stream A stream or reach of a stream that is losing water by seepage into the ground. 

M 
management objectives Objectives that set forth the priorities and measurable criteria oflocal groundwater 

basin management. For example, one management objective could be to minimize degradation of 
groundwater quality with a criteria set that groundwater will not be degraded by more than 100 mg/l in 
terms ofTDS. 

maximum contaminant level (MeL) The highest drinking water contaminant concentration allowed tmder 
federal and State Safe Drinking Water Act regulations. 

N 
natural reCharge Natural replenishment of an aquifer generally from snowmelt and runoff; through seepage 

from the surface. 

nonpoint source Pollution discharged over a wide land area, not from one specific location. These are 
forms of diffuse pollution caused by sediment, nutrients, etc., carried to lakes and streams by surface 
runoff. 

a 
operational yield An optimal amount of groundwater that should be withdrawn from an aquifer system or a 

groundwater basin each year. It is a dynamic quantity that must be determined from a set of alternative 
groundwater management decisions subject to goals, objectives, and constraints of the management plan. 

ordinance A law set forth by a governmental authority. 

overdraft See groundwater overdraft 

overlying right Property owners above a common aquifer possess a mutual right to the reasonable and 
beneficial use of a groundwater resource on land overlying the aquifer from which the water is taken. 
Overlying rights are correlative (related to each other) and overlying users of a common water source 
must share the resource on a pro rata basis in times of shortage. A proper overlying use takes precedence 
over all non-overlying uses. 

p 
perched groundwater Groundwater supported by a zone of material of low permeability located above an 

underlying main body of groundwater. 

perennial yield The maximum quantity of water that can be annually withdrawn from a groundwater basin 
over a long period of time (during which water supply conditions approximate average conditions) 
without developing an overdraft condition. 

perforated interval The depth interval where slotted casing or screen is placed in a well to allow entry of 
water from the aquifer formation. 
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permeability The capability of soil or other geologic formations to transmit water. See hydraulic 
conductivity. 

pesticide Any of a class of chemicals used for killing insects, weeds or other undesirable entities. Most 
commonly associated with agricultural activities, but has significant domestic use in California. 

point source A specific site from which wastewater or polluted water is discharged into a water body. 

pollution (of water) The alteration of the physical, chemical, or biological properties of water by the 
introduction of any substance into water that adversely affects any beneficial use of water. 

porosity The ratio of the voids or open spaces in alluvium and rocks to the total volume of the alluvium or 
rock mass. 

possible contaminating activity (peA) Human activities that are actual or potential origins of 
contamination for a drinking water source. peAs include sources of both microbiological and chemical 
contaminants that could have an adverse effect upon human health (DHS 2000). 

potentiometric surface The surface to which the water in a confined aquifer will rise in a tightly cased well. 

prescriptive right rights obtained through the open and notorious adverse use of another's water rights. By 
definition, adverse use is not use of a surplus, but the use of non-surplus water to the direct detriment of 
the original rights holder. 

primary porosity Voids or open spaces that were present when alluvium and rocks were originally 
deposited or formed. 

public supply well A well used as a part of a public water system. 

public water system A system for the provision of water for human consumption through pipes or other 
constructed conveyances that has 15 or more service connections or regularly serves at least 25 
individuals daily at least 60 days out of the year. (DHS 2000). 

pueblo right A water right possessed by a municipality which, as a successor of a Spanish or Mexican 
pueblo, entitled to the beneficial use of all needed, naturally-occurring surface and groundwater of the 
original pueblo watershed Pueblo rights are paramount to all other claims. 

R 
recharge Water added to an aquifer or the process of adding water to an aquifer. Ground water recharge 

occurs either naturally as the net gain from precipitation, or artificially as the result of human influence. 
See artificial recharge. 

recharge basin A surface facility constructed to infiltrate surface water into a groundwater basin. 

riparian right A right to use surface water, such right derived from the fact that the land in question abuts 
upon the banks of streams. 

runoff The volume of surface flow from an area. 

s 
safe yield The maximum quantity of water that can be continuously withdrawn from a groundwater basin 

without adverse effect. 

salinity Generally, the concentration of mineral salts dissolved in water. Salinity may be expressed in terms 
of a concentration or as electrical conductivity. When describing salinity influenced by seawater, salinity 
often refers to the concentration of chlorides in the water. See also total dissolved solids. 

CALlFOIINIA'S GROUNDWATER UPDATE 2003 219 

-Q 

AR0069841 



Glossary 

saline intrusion The movement of salt water into a body of fresh water. It can occur in either surface water 
or groundwater bodies. 

saturated zone The zone in which all interconnected openings are filled with water, usually underlying the 
unsaturated zone. 

seawater intrusion barrier A system designed to retard, cease or repel the advancement of seawater 
intrusion into potable groundwater supplies along coastal portions of California. The system may be a 
series of specifically placed injection wells where water is injected to form a hydraulic barrier. 

secondary porosity Voids in a rock formed after the rock has been deposited; not formed with the genesis of 
the rock, but later due to other processes. Fractures in granite and caverns in limestone are examples of 
secondary openings. 

seepage The gradual movement of water into, through or from a porous medium. Also the loss of water by 
infiltration into the soil from a canal, ditches, laterals, watercourse, reservoir, storage facilities, or other 
body of water, or from a field. 

semi-confined aquifer A semi-confined aquifer or leaky confined aquifer is an aquifer that has aquitards 
either above or below that allow water to leak into or out of the aquifer depending on the direction of the 
hydraulic gradient. 

service area The geographic area served by a water agency. 

specific conductance See electrical conductivity 

specific retention The ratio of the volume of water a rock or sediment will retain against the pull of gravity 
to the total volume of the rock or sediment. 

specific yield the ratio of the volume of water a rock or soil will yield by gravity drainage to the total 
volume of the rock or soil. 

spring a location where groundwater flows naturally to the land surface or a surface water body. 

stakeholders Any individual or organization that has an interest in water management activities. In the 
broadest sense, everyone is a stakeholder, because water sustains life. Water resources stakeholders are 
typically those involved in protecting, supplying, or using water for any purpose, including 
environmental uses, who have a vested interest in a water-related decision. 

stratigraphy The science of rocks. It is concerned with the original succession and age relations of rock 
strata and their form, distribution, lithologic composition, fossil content, geophysical and geochemical 
properties-all characters and attributes of rocks as strata-and their interpretation in terms of 
environment and mode of origin and geologic history. 

subsidence See land subsidence 

subterranean stream Subterranean streams "flowing through known and definite channels" are regulated 
by California's surface water rights system. 

surface supply Water supply obtained from streams, lakes, and reservoirs. 

sustainability Of, relating to, or being a method of using a resource so that the resource is not depleted or 
permanently damaged. 

T 
total dissolved solids (TDS) a quantitative measure of the residual minerals dissolved in water that remain 

after evaporation of a solution. Usually expressed in milligrams per liter. See also salinity 
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toxic Poisonous, relating to or caused by a poison. Toxicity is determined for individual contaminants or for 
mixtures of contaminants as found in waste discharges. 

transmissivity The product of hydraulic conductivity and aquifer thiclmess; a measure of a volume of water 
to move through an aquifer. Transmissivity generally has the units offFlday or gallons per day/foot. 
Transmissivity is a measure of the subsurface's ability to transmit groundwater horizontally through its 
entire saturated thickness and affects the potential yield of wells. 

transpiration An essential physiological process in which plant tissues give off water vapor to the 
atmosphere. 

u 
unconfined aquifer An aquifer which is not bounded on top by an aquitard. The upper surface of an 

unconfined aquifer is the water table. 

underground stream Body of water flowing as a definite current in a distinct channel below the surface of 
the ground, usually in an area characterized by joints or fissures. Application of the term to ordinary 
aquifers is incorrect. 

unsaturated zone The zone below the land surface in which pore space contains both water and air. 

urban water management plan (UWMP) An UWMP is required for all urban water suppliers having more 
than 3,000 connections or supplying more than 3,000 acre-feet of water. The plans include discussions 
on water supply, supply reliability, water use, water conservation, and water shortage contingency and 
serve to assist urban water suppliers with their long-term water resources planning to ensure adequate 
water supplies for existing and future demands. 

usable storage capacity The quantity of groundwater of acceptable quality that can be economically 
withdrawn from storage. 

v 
vadose zone See unsaturated zone 

volatile organic compound (VOC) A manmade organic compound that readily vaporizes in the atmosphere. 

w 

These compounds are often highly mobile in the groundwater system and are generally associated with 
industrial activities. 

water quality Description of the chemical, physical, and biological characteristics of water, usually in 
regard to its suitability for a particular purpose or use. 

water table See groundwater table 

water year A continuous 12-month period for which hydrologic records are compiled and summarized. 
Different agencies may use different calendar periods for their water years. 

watershed The land area from which water drains into a stream, river, or reservoir. 

wen completion report A required, confidential report detailing the construction, alteration, abandonment, 
or destruction of any water well, cathodic protection well, groundwater monitoring well, or geothermal 
heat exchange well. The reports were called JiflQter Well Drillers' Report prior to 1991 and are often 
referred to as "driller's logs." The report requirements are described in the California Water Code 
commencing with Section 13750. 

WQCP Water Quality Control Plan for the San Francisco Bay/Sacramento San Joaquin Delta Estuary. 
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Metric Conversions 

Metric Conversions 

Quantity Multiply Metric To Convert to Metric 
To Convert from Metric Unit To Customary Unit Unit Multiply Unit By 

Customary Unit By 

millimeters (mm) Inches (In) 0.03937 25.4 

length 
centimeters (cm) for snow depth inches (in) 0.3937 2.54 

meters (m) feet (fI) 3.2808 0.3048 

kilometers (km) miles (mi) 0.62139 1.6093 

square millimeters (mm2) square inches (in2) 0.00155 645.16 

Area 
square meters (m2) square feet (fl2) 10.764 0.092903 

--
hectares (ha) acres (ac) 2.4710 0.40469 

square kilometers (km2) square miles (mi2) 0.3861 2.590 

liters (l) gallons (gal) 0.26417 3.7854 
-- -

Volume 
megaliters million gallons (10*) 0.26417 3.7854 

-
cubic meters (m3) cubic feet (fl3) 36.315 0.028317 

cubic meters (m3) cubic yards (yd3) 1.308 0.76455 

cubic dekameters (dam3) acre-feet (ac-II) 0.8107 1.2335 

cubic melers per second (m3ls) cubic feet per second (ft3/s) 35.315 .0.028317 

lilers per minule (Umn) gallons per minute (gal/mn) 0.26417 3.7854 
Flow 

liters per day (Uday) gallons per day (gal/day) 0.26417 3.7854 

megalilers per day (MUday) million gallons per day (mgd) 0.26417 3.7854 

cubic dekameters per day (dam3/day) acre-feet pe r day (ac-ft/day) 0.8107 1.2335 

Mass 
kilograms (kg) pounds (Ibs) 2.2046 0.45359 

megagrams (Mg) tons (short, 2,000 lb.) 1.1023 0.90718 

Velocity meters per second (m/s) leel per second (It/s) 3.2808 0.3048 

Power kilowatts (k/W) horsepower (hp) 1.3405 0.746 

kilopascals (kPa) 
pounds per square inch (psi) 0.14505 6.8948 

Pressure 
eet head 01 water kllopascals (kPa) 0.32456 2.989 

Specific 
liters per minute per meier drawdown 

gallons per minute per loot 
0.08052 12.419 

Capacity drawdown 

Concentration milligrams per liter (mg/l) parts per million (ppm) 1.0 1.0 

Electrical 
microsiemens per centimeter (IlS/cm) micromnos per centermeter 1.0 1.0 

Conductivity 

Temperature degrees Celsius (DC) degrees Fahrenheit (OF) (1.8XDC)+32 (OF-321/18 
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Appendix A 

Appendix A 
Obtaining Copies of Supplemental Material 

Bulletin 118 Update 2003 includes this report and supplemental material consisting of individual basin 
descriptions and a GIS-compatible map of each of the delineated groundwater basins in California. The 
supplemental material will be updated as new information becomes available and can be viewed or 
downloaded at http://www.waterplan.water.ca.gov/groundwaterIl18index.htm 
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Appendix B 
The Right to Use Groundwater in California 

California does not have a statewide management program or statutory permitting system for groundwater. 
Some local agencies have adopted groundwater ordinances under their police powers, or have adopted 
groundwater management programs under a variety of statutory authorities. 

Prior to a discussion of groundwater management, it is helpful to understand some of the laws governing the 
right to use groundwater in California. When the Water Commission Act of 1913 (Stats. 1913, Ch. 586) 
became effective in 1914, appropriative surface water rights became subject to a statutory permitting process. 
This appropriation procedure can be found in Water Code Section 1200 et seq. Groundwater classified as 
underflow of a surface stream, a "subterranean stream flowing through a known and definite channel," was 
made subject to the State permit system. However, most groundwater in California is presumed to be 
"percolating water," that is, water in underground basins and groundwater which has escaped from streams. 
This percolating water is not subject to a permitting process. As a result, most of the body of law governing 
groundwater use in California today has evolved through a series of court decisions beginning in the early 
20th century. Key cases are listed in Table B-1, and some of the most significant are discussed below. 
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Table 8-1 Significant court cases related to the 
right to use groundwater in California 

Case 

Katz v. Walkinshaw, 141 Cal. 116 (1903) 

Peabody v. City of Vallejo, 2 Cal. 2d 351 (1935) 

Pasadena v. Alhambra, 33 CaL 2d 908 (1949) 

Niles Sand and Gravel Co. v. A lameda County 
Water District, 37 Cal. App. 3d 924 (1974) 

Techachapl-Cummings County Water District v. 
Armstrong, 49 Cal. App. 3d 992 (\975) 

Los Angeles v. San Fernando, 14 Cal. 3d 199 (1975) 

Wright v. Goleta Water District, 174 Cal. App. 3d 74 (1985) 

Hi-Desert County Water District v. Blue Skies Country Club, 

Baldwin v. Tehama County, 31 Cal. App. 4th 166 (1994) 

City of Barstow v. Mojave Water Agency, 

This table modified from Bachman and others 1997 
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Issues addressed 

Established COlTclative Rights Doctrine. Correlative rights 
of overlying users, and surplus supply available tllr 
appropriation among non.overlying users. 

Limited riparian rights under the reasonable and beneficial 
use requirement of the 1928 constitutional amendment; 
requirement of reasonable and beneficial use. 

First basin adjudication in California; established Doctrine 
of Mutual Prescription. 

Established right to store water underground as a servitude. 

Modified the Mutual Prescription Doctrine articulated 
in Pasadena v. Alhambra. Overlying owners' water rights 
must be quantifIed on the basis of current, reasonable and 
beneficial need, not past use. By analogy to riparian rights, 
factol's to be considered include: the amount of water 
available, the extent of ownership in the basin, and the 
nature of projected use. 

Significantly modified Mutuall'rescription Doctrine by 
disallowing it against public entities (Civil Code section 
1007); established pueblo right above overlying owner 
right; established right to store imported water underground 
and recapture when needed above the right of overlying 
landowner. 

The unexercised water rights of overlying owners are 
protected from appropriators; notice and opportunity must 
be given to overlying owners to resist any interference with 
their rights. . 

Retention of overlying right; no acquisition of prescriptive 
right by 23 Cal. App. 4th 1723 (1994) overlying owner. 

City and County regulation of groundwater through police 
power. County limitations on exp0l1 upheld. 

Held that in considering a stipulated physical solution 
23 Cal. 4th 1224 (20()(») involving equitable apportionment, 
court must consider correlativerights of parties that did not 
join the stipulation. 
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Katz v. Wall<inshaw (141 Cal. 116) 
In the 1903 decision, Katz v. Walkinshaw, the California Supreme Court rejected the English Common Law 
doctrine of groundwater rights and established the Doctrine of Correlative Rights. Prior to the Katz decision, 
California had followed the doctrine articulated in the 1843 English decision of Acton v. Blundell (12 M. & 
W. 324, 152 Eng. Rep. 1223), which established that landowners enjoyed absolute ownership of groundwater 
underneath their property. The 1903 decision rejected the English Common Law approach as unsuitable for 
the "natural conditions" in California, and instead established the Correlative Rights Doctrine analogous to a 
riparian right. Each overlying landowner was entitled to make reasonable beneficial use of groundwater with 
a priority equal to all other overlying users. Water in excess of the needs of the overlying owners could be 
pmnped and used on nonoverlying lands on a first-in-time, first-in-right basis under what is known as an 
appropriative right. An appropriative groundwater right, unlike its surface water counterpart, is not subject to 
a permitting process. Where overlying owners made full use of available supplies, appropriative rights were 
extinguished. Where there was insufficient water to meet even the needs of the overlying owners, the court 
applied the Correlative Rights Doctrine to apportion the available groundwater among the overlying 
landowners. Figure B-1 depicts the rights to use groundwater established in Katz v. Walkinshaw. 

City of Pasadena v. City of Alhambra (33 Cal. 2d 908) 
The 1949 decision, Pasadena v. Alhambra, added significant complexity to the right to use groundwater in 
California. This decision, involving the adjudication of the Raymond Basin, established the doctrine of 
mutual prescription. Groundwater levels in the basin had been declining for many years by the time court 
action was initiated. Most substantial pumpers, both overlying and appropriators, were joined in the action. 
Previously, appropriators only had a right to water surplus to the needs of overlying users. However, based 
upon a stipulation by most of the parties, the court in Pasadena adopted a program of proportionate 
reductions. These appropriators had each effectively gained a prescriptive right, similar to that of surface 
water rights, in which they had taken the water in an open, notorious, and hostile manner for at least five 
years. Mutual prescription provided groundwater rights to both overlying users and appropriators in depleted 
groundwater basins by prorating their rights based on the highest continuous amount of pumping during the 
five years following commencement of the overdraft. All of the users in the Raymond Basin were thus 
entitled to extract their portion of the court-approved safe yield of the basin. 

City of los Angeles v. City of San Fernando (14 Cal. 3d 199) 
In 1975, in Los Angeles v. San Fernando, the California Supreme Court significantly limited the Mutual 
Prescription Doctrine introduced in Pasadena v. Alhambra. This opinion had far-reaching impacts on both 
the right to use groundwater and the practice of conjunctive use of groundwater and surface water to manage 
a basin. The case began in 1955, when the City of Los Angeles sued the cities of San Fernando, Glendale, 
Burbank and other pumpers, asserting a prior right to the San Fernando Valley groundwater basins in the 
northern part of the City of Los Angeles. The court, relying on Civil Code Section 1007, held that public 
agencies and public utilities cannot lose their groundwater rights by prescription. This holding effectively 
ruled out any future "mutual prescription" settlements or judgments involving rights held by public entities. 

With respect to the native water supply of the San Fernando Basin, the court found that the City of Los 
Angeles had prior rights to all of this supply pursuant to its "pueblo right." Pueblo rights are traceable to 
rights recognized by the Spanish crown and the Mexican government. Under the Spanish/Mexican system, 
water rights were held in trust by pueblos for the benefit of all of its inhabitants. Under the Treaty of 
Guadalupe Hidalgo executed by Mexico and the United States in 1848, the municipal successors to Spanish! 
Mexican pueblos retained their pueblo rights upon the cession of California. In the San Fernando decision, 
the court confirmed Los Angeles' pueblo right, finding it superior to the rights of all overlying landowners. 
While a pueblo right is rare, it is an example of the complexity of the rights to use groundwater in California. 

(A/lFOi\N!A'S G!WUiVOWA rEiI urDA FE 2003 227 

AR0069849 



Appenciix B 

FULL BASIN 

EXCESS WATER NOT NEEDED FOR BENEFICIAL 
USES OF OVERLYING LANDOWNERS CAN BE 
USED BY APPROPRIATORS ON FIRST·IN·TlME, 
FIRST·IN-RIGHT BASIS 

OVERLYING LANDOWNERS SHARE COEQUALLY OR 
CORRELATIVELY FOR BENEFICIAL USES ON OVERLYING 

LANDS WITHOUT REGARD TO TIME OF USE. 

II 

Figure B-1 Rights to groundwater use in full basin established in Katz v. Walkinshaw 

OVERDRAFTED BASm] 

OVERLYING LANDOWNERS SHARE NATURAL WATER 
COEQUALLY AS A SECOND PRIORITY 

IMPORTED WATER MAY USE STORAGE SPACE 
NOT NEEDED FOR NATURAL RECHARGE 

ttl 

Figure B-2 Rights to groundwater use in overdrafted basin established in 
Los Angeles v. San Fernando 
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For the future of conjlIDctive use of groundwater basins, the court's holding with respect to the rights to 
available storage space in the Basin is significant. The court upheld the right of public agencies - namely the 
cities of San Fernando, Los Angeles, Burbank, and Glendale-to recapture the imported water they added to 
the Basin. The court held that the rights of the respective public agencies to recover such imported water are 
of equal priority to the City of Los Angeles' pueblo right, and that all such public agency rights are "prior to 
the rights dependent on ownership of overlying land or based solely upon appropriation of groundwater from 
the basin." The court remanded the case, directing the trial court to apportion the safe yield of the Basin 
accordingly. 

The court noted that there did not appear to be any shortage of underground storage space in relation to the 
demand and, hence, the court did not find it necessary to determine priorities as to the future use of such 
space. The Judgment issued by the trial court on remand, however, provided: "To the extent of any future 
spreading or in lieu storage of import water or reclaimed water by Los Angeles, Glendale, Burbank or San 
Fernando, the party causing said water to be so stored shall have a right to extract an equivalent amount of 
ground water from the San Fernando Basin." Pursuant to the Judgment, a court-appointed Watermaster now 
manages the groundwater extraction and storage rights within the ULARA. Figure B-2 depicts the rights to 
use groundwater established in Los Angeles v. San Fernando in an overdrafted basin where water has been 
stored. 

City of Barstow v. Mojave Water Agency (23 Cal. 4th 1224) 
In 2000, the California Supreme Court partially overturned the 1995 adjudication of the Mojave River Basin. 
The trial court had approved a negotiated settlement (or stipulated agreement) that failed to include a weB
by-well determination of water rights. The trial court held the negotiated settlement to be binding on all 
users in the basin, including some pumpers who had not agreed to the settlement. The lower court decision 
was based on the doctrine of "equitable apportionment," in which the available water is shared based on 
concepts of equity and fairness. The Court of Appeal had partially reversed the lower court, and held that the 
trial court did not have the authority to ignore California's traditional water rights doctrine giving overlying 
users a priority right to beneficial and reasonable use of the groundwater. The Court of Appeal affirmed the 
trial court's negotiated settlement except as it applied to two of the parties. First, the Court of Appeal 
reversed the holding against a non-negotiating party since the trial court had ignored that party's existing 
overlying water rights. Secondly, the Court of Appeal reversed the trial court's judgment as it applied to a 
company, where the negotiated agreement did not give the company a water-allowance equal to its actual 
water use. The Supreme Court affirmed the Court of Appeal decision, but reversed the judgment applying to 
the company's water-allowance. The Supreme Court also affirmed that the trial court could not apply the 
doctrine of equitable apportionment when overlying water users had already established a prior water right. 
The Court stated that, while the trial court could impose a physical solution (such as the negotiated 
settlement), the court could not simply ignore affected owners' legal water rights. Equitable apportionment, 
thus, remains a tool for adjudicating basin groundwater rights, but only if all parties stipulate to its use. 

('AI !lOIIN!A '5 GR()UNU'lVA lUI UI'/)A {[ ZOO] 229 

AR0069851 



Appendix C 

Appendix C 
Required and Recommended Components of 

local Groundwater Management Plans 

Section 10750 et seq. of the Water Code, commonly referred to as Assembly Bill 3030, stipulates certain 
procedures that must be followed in adopting a groundwater management plan under this section. 

Amendments to Section 10750 et seq. added the requirement that new groundwater management plans 
prepared under Section 10750 et seq. must include component 1 below (SB1938 (Stats 2002, Ch 603)). 

In addition, the amendments mandate that if the agency preparing the groundwater management plan intends 
to apply for funding administered by the California Department of Water Resources (DWR) for groundwater 
or groundwater quality projects, the agency must prepare and implement a groundwater management plan 
that includes components 2, 3, 6, 7 and 9 below. DWR recommends that all the components below be 
included in any groundwater management plan to be adopted and implemented by a local managing entity. 

Consideration and development of these components for the specific conditions of the basin to be managed 
under the plan will help to ensure effective groundwater management. In developing these criteria, DWR 
recognizes that the goal of a groundwater management plan and the goal of an ordinance to manage 
groundwater should be the same-assurance of a long-tenn, sustainable, reliable, good quality groundwater 
supply. Such efforts can benefit greatly from cooperative management within the basin or region. 

None of the suggested data reporting in the components below should be construed as recommending 
disclosure of infonnation that is confidential under State law. 

1. Include documentation that a written statement was provided to the public "describing the manner in 
which interested parties may participate in developing the groundwater management plan," which may 
include appointing a technical advisory committee (Water Code § 10753.4 (b». 

2. Include a plan by the managing entity to "involve other agencies that enables the local agency to work 
cooperatively with other public entities whose service area or boundary overlies the groundwater basin." 
(Water Code § 10753.7 (a)(2»). A local agency includes "any local public agency that provides water 
service to all or a portion of its service area" 
(Water Code § 10752 (g». 

3. Provide a map showing the area of the groundwater basin, as defined by DWR Bulletin 118, with the 
area of the local agency subject to the plan as well as the boundaries of other local agencies that overlie 
the basin in which the agency is developing a groundwater management plan (Water Code § 10753.7 
(a)(3». 

4. Establish an advisory committee of stakeholders (interested parties) within the plan area that will help 
guide the development and implementation of the plan and provide a forum for resolution of 
controversial issues. 

5. Describe the area to be managed under the plan, including: 

a. The physical structure and characteristics of the aquifer system underlying the plan area in the 
context of the overall basin. 
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b. A summary of the availability of historical data including, but not limited to, the components in 
Section 7 below. 

c. Issues of concern including, but not limited to, issues related to the components in Section 7 below. 

d. A general discussion of historical and projected water demands and supplies. 

6. Establish management objectives (MOs) for the groundwater basin that is subject to the plan. (Water 
Code § 10753.7 (a)(1)). 

7. Include components relating to the monitoring and management of groundwater levels, groundwater 
quality, inelastic land surface subsidence, and changes in surface flow and surface water quality that 
directly affect groundwater levels or quality or are caused by groundwater pumping. (Water Code § 
10753.7 (a)(1)). Consider additional components listed in Water Code § 10753.8 (a) through (1). 

8. For each MO, describe how meeting the MO will contribute to a more reliable supply for long-term 
beneficial uses of groundwater in the plan area, and describe existing or planned management actions to 
achieve MOs. 

9. Adopt monitoring protocols for the components in Section 7 (Water Code § 10753.7 (a)(4)). 
Monitoring protocols are not defined in the Water Code, but the section is interpreted to mean 
developing a monitoring program capable of tracking changes in conditions for the purpose of meeting 
MOs. 

1 O. Describe the monitoring program, including: 

a. A map indicating the general locations of any applicable monitoring sites for groundwater levels, 
groundwater quality, subsidence stations, or stream gages. 

b. A summary of monitoring sites indicating the type (groundwater level, groundwater quality, 
subsidence, stream gage) and frequency of monitoring. For groundwater level and groundwater 
quality wells, indicate the depth interval(s) or aquifer zone monitored and the type of well (public, 
irrigation, domestic, industrial, monitoring). 

11. Describe any current or planned actions by the local managing entity to coordinate with other land use, 
zoning, or water management planning agencies or activities (Water Code § 10753.8 (k), (1)). 

12. Provide for periodic report(s) summarizing groundwater basin conditions and groundwater management 
activities. The report(s), prepared annually or at other frequencies as determined by the local 
management agency, should include: 

a. Summary of monitoring results, including a discussion of historical trends. 

b. Summary of management actions during the period covered by the report. 

c. A discussion, supported by monitoring results, of whether management actions are achieving 
progress in meeting MOs. 

d. Summary of proposed management actions for the future. 

e. Summary of any plan component changes, including addition or modification of MOs, during the 
period covered by the report. 

f. Summary of actions taken to coordinate with other water management and land use agencies, and 
other government agencies. 

13. Provide for the periodic re-evaluation of the entire plan by the managing entity. 

14. For local agencies not overlying groundwater basins, plans should be prepared including the above 
listed components and using geologic and hydrologic principles appropriate to those areas (Water Code 
§ 10753.7 (a)(5)). 

CALIFORNIA'S GROUNDWA TER UPDATE 2003 231 

AR0069853 



Appendix 0 

Appendix D 
Groundwater Management Model Ordinance 

In developing this model ordinance, the California Department of Water Resources recognizes that the goal 
of a groundwater management plan and the goal of an ordinance to manage groundwater should be the 
same-assurance of a long-term, sustainable, reliable, good quality groundwater supply. Such efforts require 
cooperative management within the region or sub-region. 

Groundwater Management Ordinance 

Sections: 
X.Ol Declaration of Findings 
X.02 Purpose 
X.03 Declaration of Intent 
X.04 Definitions 
X.OS Groundwater Management Program 
X.06 Management Objectives 
X.07 Monitoring Program Network 
X.OS Monitoring Frequency 
X.09 Changes in Monitoring 
X.lO Review of Technical Data 
X.ll Data Dissemination 

Chapter X 

X.l2 Actions when MO Noncompliance is Reported 
X.13 Regional Coordination 
X.l4 Integrated Resource Management 
X.lS Data Relating to Export and Substitution of Groundwater 

X.Ol Declaration of Findings - The Board finds that: 
A. The protection of the groundwater resource for its use within the County is of major COncern to 

the residents of the County for the protection of their health, welfare, and safety. 
B. The reliability and sustainability of the groundwater supply for all beneficial uses are of critical 

importance to the economic, social, and environmental well-being of the County. 
C. A lack of effective groundwater management may have significant negative impacts, including, 

but not limited to: 
1. Lower groundwater levels leading to additional expenses from: 

a) Increased energy consumption. 
b) The need to deepen existing wells. 
c) The need to build new wells. 
d) The need to destroy non-functioning wells. 

2. Costly damage to public roads, bridges, canals, and other structures caused by land 
subsidence. 

3. Reduction of surface and subsurface flows leading to the potential loss of critical riparian 
and wetland habitat. 

4. Degradation of groundwater quality. 
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D. It is essential for management purposes to adopt a monitoring program addressing 
groundwater levels, groundwater quality, land subsidence, and surface water flow and 
quality where it directly impacts or is impacted by groundwater. 

X.02 Purpose - In support of the findings above, the County has determined that this groundwater 
management ordinance is necessary to ensure that: 

A. Groundwater continues to be a reliable and sustainable resource. 
B. The extraction of groundwater does not result in significant adverse economic, environmental, or 

social impacts. 
C. Groundwater quality is protected. 
D. Excessive land surface subsidence from groundwater extraction is prevented. 

X.03 Declaration ofIntent 
A. The County intends to foster prudent groundwater management practices by establishing a policy 

that encourages appropriate management of the resource based on recommendations by a 
committee of stakeholders. 

B. The County intends that its groundwater management activities occur as an open and public 
process that considers input from all stakeholders in the County. 

C. The County intends to work cooperatively with interested local agencies to further develop and 
implement joint groundwater management activities. 

D. The County does not intend to regulate, in any manner, the use of groundwater, except as a last 
resort to protect the groundwater resource. 

E. The County intends to act as an enforcing agency should the local resource become threatened. 
F. The County does not intend to infringe upon the rights of surface water users in the managed 

area. 
G. The County does not intend to limit other authorized means of managing groundwater within the 

County. 

X.04 Definitions 
A. "Aquifer" means a geologic formation that stores groundwater and transmits and yields 

significant quantities of water to wells and springs. Significant quantity is an amount that that 
satisfies local needs and may range from thousands of gallons per minute to less than 5 gpm, 
depending on rock type and intended use. 

B. "Board" means the Board of Supervisors of the County. 
C. "District" means a district or municipality, located wholly or partially within the boundaries of 

the County, that is a purveyor of water for agricultural, domestic, or municipal use. 
D. "Enforcement Agency" means the Board as the enforcement agency under this chapter. 
E. "Groundwater" means all water beneath the surface ofthe earth below the zone of saturation, 

but does not include subterranean streams flowing in known and definite chrumels. 
F. "Groundwater Basin" means an aquifer or series of aquifers with a reasonably defined lateral 

and vertical extent, as defined in Bulletin 118 by Depaltment of Water Resources. "Non-basin 
areas" are outside defined groundwater basins and contain smaller amounts of groundwater in 
consolidated sediments or fractured hard rock. 

G. "Groundwater Export" means the conveyance of groundwater outside of the boundaries of the 
County and outside of the boundaries of any district that is partially within the County. 

H. "Groundwater Substitution" means the voluntary use of an available groundwater supply instead 
of surface water for the purposes of using the surface water outside the County and outside the 
boundaries of any district that is partially within the County. 
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1. "Land Subsidence" means the lowering of the ground surface caused by the inelastic 
consolidation of clay beds in the aquifer system. 

J. "Management Objective"(MO) means a condition identified for each subunit to ensure that the 
groundwater supply is reliable and sustainable. The MOs set acceptable conditions with respect 
to groundwater levels, groundwater quality, inelastic land surface subsidence, and surface water 
flows and quality. Compliance with the MO is tracked by a monitoring program and threshold 
values that are adopted for each Management Objective. 

K. "Recharge" means flow to groundwater storage from precipitation, and infiltration from streams, 
irrigation, spreading basins, inj ection wells, and other sources of water. 

L. "Reliability" means having an available, predictable, and usable groundwater supply at any given 
point in time. 

M. "Stakeholder" means an individual or an entity, such as a water supplier or a county resident, 
with a permanent interest in the availability of the groundwater resource. 

N. "Subunit" means any subdivision of a groundwater basin or non-basin area in the County created 
for the purposes of representation of stakeholders and the establishment of local area 
management objectives. 

O. "Sustainable" means the groundwater resource is maintained for use by residents in the basin 

over a prolonged period of time. 
P. "Technical Advisory Committee" means a committee of persons knowledgeable in groundwater 

management, hydrology, and hydrogeology established for the purpose of providing technical 
guidance to the Water Advisory Committee. 

Q. "Threshold values" mean the limits established by the WAC for groundwater levels, groundwater 
quality, land surface subsidence, and surface water flow and quality that are not to be exceeded if 
the MOs are to be met. 

R. "Water Advisory Committee" (WAC) means a multimember advisory body established for the 
purpose of aiding the Board in providing effective management of the groundwater resources in 
the County, and representing all of the subunits that are identified. 

S. "Water Management Entities" means any local agency, or group of agencies, authorized to 
manage groundwater. 

X.OS Groundwater Management Program 
A. The County recognizes that effective groundwater management is key to maintaining a reliable 

and sustainable resource. For the purposes of establishing an effective groundwater management 
program, the Board shall appoint a WAC to establish MOs and make recommendations to the 
Board to ensure that MOs are met. 

B. For purposes of establishing a WAC, the groundwater basins and non-basin areas of the County 
will be divided into subunits based on hydrogeologic principles and institutional boundaries. 
These subunits shall be established by the Board based on public input to address the 
groundwater management needs of the County. The WAC shall consist of members that 
represent each subunit. Upon establishment of the subunits, the Board shall appoint a member to 
represent each subunit on the WAC. 

C. The WAC shall have the following responsibilities to the Board: 
1. Recommend MOs for each groundwater management subunit. 
2. Recommend a groundwater monitoring network for purposes of tracking MOs. 
3. Recommend the frequency of monitoring. 
4. Propose changes in monitoring. 
5. Ensure monitoring data receive technical review. 
6. Ensure that monitoring data are made available to the pUblic. 
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7. Recommend actions to resolve noncompliance with MOs. 
D. For the purposes of providing technical advice to the WAC in carrying out its responsibilities, a 

technical advisory committee (TAC) shall be established. The TAC shall consist oflocal experts 
or a combination of local expertise and technical consultants from private and public 
organizations that are nominated by the WAC and approved by the Board. Individuals appointed 
to the TAC should be highly knowledgeable in groundwater management, hydrology, and 
hydrogeology. The TAC shall review technical data collected by monitoring programs within the 
County and advise the WAC. 

X.06 Management Objectives 
A. To ensure that the County maintains a reliable and sustainable groundwater supply, MOs for 

groundwater levels, groundwater quality, land subsidence, and surface water flow and quality 
shall be adopted for each subunit. Threshold values that are not to be exceeded shall be defined 
for each MO. 

B. Compliance with the MOs will be determined by evaluation of data collected from groundwater 
level, groundwater quality, land subsidence, and surface water flow and quality monitoring 
networks. Evaluation of these data with respect to threshold values shall be the basis for 
determining compliance with the MOs. 

C. Each WAC member shall recommend MOs for their subunit. The WAC shall develop a 
comprehensive set of recommendations for all subunits, and the Board shall adopt these MOs for 
the County. MOs may differ from subunit to subunit, but the established MOs shall be consistent 
with the overall goal of supply reliability for the County. 

D. Groundwater management practices based on the established MOs for one subunit of the County 
shall not adversely impact adjacent subunits. 

X.07 Monitoring Program Network 
The WAC shall develop County-wide monitoring programs to collect representative data on 
groundwater levels, groundwater and surface water quality, land surface subsidence, and stream flow 
and quality. Each subunit shall propose its own monitoring program, and the WAC shall adopt a 
comprehensive monitoring program for the County. The data collected, showing current conditions 
and changes over time as a result of groundwater extraction, shall be evaluated by the WAC in 
consultation with the TAC. The WAC will recommend policies and actions to ensure that MOs for 
each subunit are met. The collection and evaluation of the data shall be based on scientifically sound 
principles, and shall incorporate appropriate quality assurance and quality control protocols. 

A. Groundwater levels: The groundwater level monitoring network shall be proposed by the WAC 
and approved by the Board. The intent of the groundwater level monitoring network is to 
measure water levels in selected wells that can adequately determine representative conditions in 
the aquifer system for determination of compliance with the MOs. The network will include 
selected municipal, domestic, and irrigation wells owned by water districts, private parties, and 
municipal and industrial water suppliers. Where needed, dedicated monitoring wells may be 
installed. Pm1icipation by well owners will be voluntary. 

B. Water Quality: The groundwater quality monitoring network shall be proposed by the WAC and 
approved by the Board. The intent of the groundwater quality monitoring network is to monitor 
selected wells that can adequately determine representative groundwater quality conditions in the 
aquifer system for identification of compliance with the MOs. The network will include selected 
municipal, domestic, and irrigation wells owned by water districts, private parties, and municipal 
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and industrial water suppliers. Where needed, dedicated monitoring wells may be installed. 
Participation by well owners will be voluntary. 

C. Land Subsidence: The land subsidence program and network shall be proposed by the WAC and 
approved by the Board. The intent of the land subsidence monitoring is to detect land 
subsidence for determination of compliance with the MOs. The network may include 
benchmarks that are surveyed for changes in elevation throughout the County, based on the 
judgment of the WAC of the need for such a program. 

D. Surface Water Flow and Quality: The surface water flow and quality network shall be proposed 
by the WAC and approved by the Board. The intent of this network is to detect changes in 
surface water flow or surface water quality that directly affect groundwater levels or quality or 
are caused by groundwater pumping for evaluation of compliance with MOs. 

X.OS MonitOl'ing Frequency 
The recommended frequency of collection of data for each of the parameters listed above shall be 
determined by the WAC. Initially, each parameter should be measured at the frequencies outlined 
below, unless the WAC notes upon evaluation of existing data that more frequent monitoring or 
additional analyses are called for. 
A. Groundwater levels should be measured at least three times during the year: one measurement 

prior to the period of highest groundwater use, one measurement during peak groundwater use, 
and one measurement following the period of highest groundwater use (approximately the 
months of , and ___ ). 

B. Groundwater quality measurements of electrical conductivity, temperature, and pH should be 
obtained at least twice amlUally during the periods of highest and lowest groundwater use 
(approximately the months of __ and ). Upon evaluation ofthe data, the WAC may 
propose analyses for other constituents. 

C. Selected benchmarks in the County land subsidence monitoring network should be surveyed 
every five years at a minimum. These surveys should be conducted following aquifer recovery 
and prior to the period of highest groundwater extraction (approximately the month of~. 

D. Measurement of surface water flow and quality in areas determined to directly affect 
groundwater levels or quality or that are affected by groundwater pumping shall be obtained at 
least _ times per month as long as there are flows in the channel. 

X.09 Changes in Monitoring 
If evaluation of the groundwater level, groundwater quality, land subsidence, surface water flow, or 
surface water quality data indicates a need for more or less frequent measurements or analyses, the 
WAC may propose a change in the monitoring frequency. Similarly, if evaluation of the data indicates 
that additional monitoring sites are necessary, the WAC may propose an additional or a reduced number 
of sites for data collection. The Board shall adopt these changes when supported by credible evidence. 

X.10 Review of Technical Data 
A. The TAC shall propose and the WAC shall adopt standard methods using scientifically sound 

principles for review and analysis of the collected data. The TAC will meet, as needed and 
requested by the WAC, to evaluate the technical data and shall repmt their findings at appropriate 
meetings of the WAC. The WAC shall meet at least _ times per month during the period of 
maximum groundwater use (months of __ through ) and quarterly during the off 
season (months of through ), or as necessary. 

B. During the period of highest groundwater use, the WAC meetings will focus on data review and 
analysis with respect to compliance with the current MOs. During the period of low 
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groundwater use, the WAC meetings will focus on a review of compliance with Mas for the 
previous period of high groundwater use and consideration of the need for changes to the Mas. 

X.ll Data Dissemination 
The WAC, in addition to establishing methods for data collection and evaluation, shall establish 
methods for data storage and dissemination. The WAC shall disseminate the monitoring data and 
evaluation reports through public presentations and through a County-maintained groundwater 
Internet site. At a minimum, the WAC shall publicly present findings from the monitoring program 
to the Board twice annually. 

X.12 Actions when MO Noncompliance is Reported 
A. Action by Technical Advisory Committee. In the event that the TAC identifies an area that is 

not in compliance with the Mas, or if noncompliance is reported by any other means, the TAC 
shall report to the WAC on the regional extent and magnitude of the noncompliance. This 
information shall also be released to the public no later than _ days from the time that 
noncompliance with Mas was identified. The TAC shall then collect all available pertinent 
hydrologic data, investigate possible causes for noncompliance with Mas, and recommend 
actions to the WAC to bring the area into compliance. These recommendations shall be made no 
later than _ days after the report of noncompliance is released to the public. The TAC shall 
first make recommendations that focus on correcting the noncompliance through negotiations 
with all parties in the affected area. 

n. Action by Water Advisory Committee. The WAC shall act as lead negotiator in re-establishing 
compliance with the MO. If negotiations with parties in the affected area do not result in timely 
and positive action to re-establish compliance with Mas for the basin, the WAC may recommend 
a plan to the Board to modify, reduce or terminate groundwater extraction in the affected area or 
take other necessary actions. Such a plan will be recommended to the Board only after the WAC 
has thoroughly reviewed the recommendations of the TAC at a public meeting. The modification, 
reduction, or termination of groundwater extraction in the affected area shall first be applied to 
wells involved in any export or substitution programs, and then to other wells if necessary. 
Domestic wells shall not be considered for any modification, reductions, or termination of 
groundwater extraction. 

C. Action by Board of Supervisors. The Board of Supervisors, using its police powers, shall act as 
the enforcement agency for this ordinance. Any recommendation of the WAC may be appealed to 
the Board within _ working days. 

X.13 Regional Coordination 
Management decisions recommended by the WAC and adopted by the Board shall not deleteriously 
affect groundwater resources in any portions of groundwater basins or non-basin areas that share a 
common groundwater resource in adjacent counties. To accomplish this goal, the WAC shall meet 
and coordinate with water management entities outside the County that overlie a common 
groundwater basin at least twice per year once prior to the period of highest groundwater lise and 
once following the period of highest groundwater use. 

X.14 Integrated Resource Management 
A. To ensure integration of planning activities within the County, the WAC shall inform County 

departments involved with groundwater related activities, including but not limited to Land Use 
or Zoning, Planning, Public Works, Utilities, and Environmental Health, of all WAC meetings 
and actions regarding Mas. In turn, these County departments shall take into consideration the 

CAliFORNIA'S GROUNDWATER UPDATE 2003 237 

AR0069859 



Appendix D 

adopted Mas when approving development or zoning changes or construction projects that may 
rely on or affect groundwater quantity or quality. 

B. To the greatest extent practicable, the WAC should also integrate resource management planning 
with other agencies within the basin. Resource activities that could benefit from integrated 
planning with groundwater management include, but are not limited to: 

Groundwater management planning by other agencies--agricultural, municipal, industrial, 
local government 
Watershed management plans 
Urban water management plans 
Management and disposal of municipal solid waste and municipal sewage 
Drinking water source assessment and protection programs 
Public water system emergency and disaster response plans 
Surface water and groundwater conjunctive management programs 
Expansion of surface and groundwater facilities 
Water efficiency programs 
Water recycling programs 
Environmental habitat construction or restoration programs 
Water quality protection programs 
Recharge programs 
Transportation infrastructure planning 

X.IS Data Relating to Export and Substitution of Groundwater 
A. Districts, persons, or contractors intending to operate a groundwater export or groundwater 

substitution program shall submit the following data to the WAC _ working days prior to 
commencing the program: 
1. A description of the project with the total amount of groundwater to be exchanged or 

substituted 
2. The dates over which the project will take place. 
3. A statement ofthe anticipated impacts of the project relative to adopted Mas. 
4. A discussion of possible contingencies in the event ofMO noncompliance. 
5. A map showing the location of the wells to be used by the program. 
6. A summiITY of any monitoring program proposed. 
7. All required environmental documentation. 

B. While the program is in operation, the following information shall be provided to the WAC at 
least _ times per month: 
1. All static and pumping groundwater level measurements made in the pumping well during 

the period of extraction for the export or substitution program. 
2. The amount of groundwater extracted from each well per week. 
3. Static groundwater level measurements in at least _ of the most proximal wells to the 

project pumping wells that can be practicably monitored. 
C. All costs for providing such information to the WAC shall be borne by the project 

participants. 

Note: Although the terms "County" and "Board" are used throughout the model ordinance for clarity, the 
model could be used by any local government or agency with appropriate authority or powers. 
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Appendix E 
SWRCB Beneficial Use Designations' 

Agricultural Supply (AGR) - Uses of water for farming, horticulture, or ranching including, but not limited 
to irrigation, stock watering, or support of vegetation for ranch grazing. 

Aquaculture (AQUA) - Uses of water for aquaculture or mariculture operations including, but not limited to, 
propagation, cultivation, maintenance, or harvesting of aquatic plants and animals for human 
consumption or bait purposes. 

Cold Freshwater Habitat (COLD) - Uses of water that support cold water ecosystems including, but not 
limited to, preservation or enhancement of aquatic saline habitats, vegetation, fish, or wildlife, 
including invertebrates. 

Estuarine Habitat (EST) - Uses of water that support estuarine ecosystems including, but not limited to, 
preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or wildlife (e.g., 
estuarine mammals, waterfowl, shorebirds). 

Freshwater Replenishment (FRSH) - Uses of water for natural or artificial maintenance of surface water 
quantity or quality (e.g., salinity). 

Groundwater Recharge (GWR) - Uses of water for natural or artificial recharge of groundwater for purposes 
of future extraction, maintenance of water quality, or halting of saltwater intrusion into freshwater 
aquifers. ' 

Hydropower Generation (POW) - Uses of water for hydropower generation. 
Industrial Process Supply (PRO) - Uses of water for industrial activities that depend primarily on water 

quality. 
Industrial Service Supply (IND) - Uses of water for industrial activities that do not depend primarily on 

water quality including, but not limited to, mining, cooling water supply, hydraulic cqnveyance, gravel 
washing, fire protection, or oil well repressurization. 

Inland Saline Water Habitat (SAL) - Uses of water that support inland saline water ecosystems including, but 
not limited to, preservation or enhancement of aquatic saline habitats, vegetation, fish, or wildlife, 
including invertebrates. 

Marine Habitat (MAR) - Uses of water that support marine ecosystems including, but not limited to, 
preservation or enhancement of marine habitats, vegetation such as kelp, fish, shellfish, or wildlife 
(e.g., marine mammals, shorebirds). 

Migration of Aquatic Organisms (MIGR) - Uses of water that support habitats necessary for migration or 
other temporary activities by aquatic organisms, such as anadromous fish. 

Municipal and Domestic Supply (MUN) - Uses of water for community, military, or individual water supply 
systems including, but not limited to, drinking water supply. 

Navigation (NAV) - Uses of water for shipping, travel, or either transportation by private, military, or 
commercial vessels. 

Noncontact Water Recreation (REC-2) - Uses of water for recreational activities involving proximity to 
water, but not normally involving body contact with water where ingestion of water is reasonably 
possible. These uses include, but are not limited to, picnicking, sunbathing, hiking, beachcombing, 
camping, boating, tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in 
conjunction with the above activities. 

Ocean Commercial and Sport Fishing (COMM) - Uses of water for commercial or recreational collection of 
fish, shellfish, or other organisms including, but not limited to, uses involving organisms intended for 
human consumption or bait purposes. 

I From SWRCB 2000 
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Preservation of Biological Habitats of Special Significance (BIOL) - Uses of water that support designated 
areas or habitats, such as established refuges, parks, sanctuaries, ecological reserves, or Areas of 
Special Biological Significance (ASBS), where the preservation or enhancement of natural resources 
requires special protection. 

Rare, Threatened, or Endangered Species (RARE) - Uses of water that support habitats necessary, at least in 
part, for the survival and successful maintenance or plant or animal species established under State or 
federal law as rare, threatened or endangered. 

Shellfish Harvesting (SHELL) - Uses of water that support habitats suitable for the collection of filter
feeding shellfish (e.g., clams, oysters, and mussels) for human consumption, commercial, or sports 
purposes. 

Spawning, Reproduction, and/or Early Development (SPWM) - Uses of water that support high quality 
aquatic habitats suitable for reproduction and early development offish. 

Warm Freshwater Habitat (WARM) - Uses of water that support warmwater ecosystems including, but not 
limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including 
invertebrates. 

Water Contact Recreation (REC-I) - Uses of water for recreational activities involving body contact with 
water, where ingestion of water is reasonably possible. These uses include, but are not limited to, 
swimming, wading, water-skiing, skin and scuba diving, surfing, white water activities, fishing, or use 
of natural hot springs. 

Wildlife Habitat (WILD) - Uses of water that support terrestrial ecosystems including, but not limited to, 
preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., mammals, birds, 
reptiles, amphibians, inveltebrates), or wildlife water and food sources. 
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Federal and State MCLs and Regulation Dates for 

Drinking Water Contaminants 

U.S. Environmental California Department 
Protection Agency of Health Services 

Contaminant MCl (mg/l) Date" MCl (mg/l) Effective date 

Inorganics 

Aluminum 0.05 to 2b 1/91 2/25/89 
0.2h 9/8194 

Antimony 0.006 7/92 0.006 9/8/94 

Arsenic 0.05 efT: 6/24177 0.05 77 
0.01 2001 

Asbestos 7MFL' 1/91 7MFL' 9/8/94 

Barium eff: 6/24177 77 
2 1/91 

Beryllium 0.004 7/92 0.004 9/8/94 

Cadmium 0.010 eff: 6/24177 0.010 77 
0.005 1/91 0.005 9/8/94 

Chromium 0.05 eff: 6/24177 0.05 77 
0.1 1/91 

Copper I.3 d 6/91 1 b 77 
l.3d 12/11/95 

Cyanide 0.2 7/92 0.2 9/8/94 
0.15 6112/03 

Fluoride 4 4/86 2 4/98 
2b 4/86 

Lead 0.05e efT: 6/24177 0.05e 771 
0.015d 6/91 0.015d 2/11/95 

Mercury 0.002 efT: 6/24177 0.002 77 

Nickel Remanded 0.1 9/8/94 

Nitrate (as N)10 eff: 6/24177 (as N03) 45 77 

Nitrite (as N) 1/91 9/8194 

Total Nitrate/N itrite (as N) 10 1191 10 9/8/94 

Selenium 0.01 efT: 6/24177 0.01 77 
0.05 1/91 0.05 9/8194 

Thallium 0.002 7/92 0.002 9/8/94 

Radionuclides 

Uranium 30 gIL 1217100 20 pCilL 1/1/89 

Combined radium-226 & 228 5 pCilL eff: 6/24177 5 pCi/L 77 

Gross Alpha particle activity 15 pCilL efT: 6/24177 15 pCi/L 77 

Gross Beta particle activity dose of 4 eft: 6/24177 50 pCilLf 77 
millirem/yr 
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U.S. Environmental California Department 
Protection Agenc~ of Health Services 

Contaminant MCl (mg/l) Date" MCl (mg/L) Effective date 

Strontium-90 8 pCiIL eff: 6/24177 8 pCi/U 77 
now covered by 

Gross Beta 

Tritium 20,000 pCiIL eff: 6124177 20,000 pCiILf 77 
now covered by 

Gross Beta 

VOCs 

Benzene 0.005 6/87 0.001 2/25/89 

Carbon Tetrachloride 0.005 6/87 0.0005 4/4/89 

l,2-Dichlorobenzene 0.6 1191 0.6 9/8/94 

1,4-Dichlorobenzene 0.075 6/87 0.005 4/4/89 

1,I-Dichloroethane 0.005 6/24/90 

1,2-Dichloroethane 0.005 6/87 0.0005 4/4/89 

1,1-Dichloroethy lene 0.007 6/87 0.006 2/25/89 

cis-! ,2-Dichloroethylene 0.07 1191 0.006 9/8/94 

trans-l,2-Dichloroethylene 0.1 1/91 0.01 9/8/94 

Dichloromethane 0.005 7/92 0.005 9/8/94 

1,3-Dichloropropene 0.0005 2125/89 

1,2-Dichloropropane 0.005 1191 0.005 6124/90 

Ethylbenzene 0.7 1/91 0.68 2125/89 
0.7 9/8/94 
0.3 6/12/03 

Methyl-tert-butyl ether (MTBE) 0.005b 117199 
0.013 5/17/00 

Monochlorobenzene 0.1 1/91 0.03 2125/89 
0.07 9/8/94 

Styrene 0.1 1/91 0.1 9/8/94 

1,1,2,2-Tetrachloroethane 0.001 2/25/89 

Tetrachloroethy lene 0.005 1/91 0.005 5/89 

Toluene 1191 0.15 9/8/94 

1,2,4 Trichorobenzene 0.07 7/92 0.07 9/8/94 

1,1,1-Trichloroethane 0.200 6/87 0.200 2/25/89 

1,1,2-Trichloroethane 0.005 7/92 0.032 4/4/89 
0.005 9/8/94 

Trichloroethylene 0.005 6/87 0.005 2/25/89 

Trichlorofluoromethane 0.15 6124/90 

1,1,2-Trichloro-! ,2,2- Trifluoroethane 1.2 6124/90 

Vinyl chloride 0.002 6/87 0.0005 4/4/89 

Xylenes 10 1191 1.750 2125/89 
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U.S. Environmental California Department >< 

Protection Agenc~ of Health Services -" 

Contaminant MCl (mg/l) Date" MCl (mg/l) Effective date 

SVOC's 

Alachlor 0.002 1/91 0.002 9/8/94 

Atrazine 0.003 1/91 0.003 4/5/89 
0.001 6112/03 

Bentazon 0.018 4/4/89 

Benzo(a) Pyrene 0.0002 7/92 0.0002 9/8/94 

Carbofuran 0.04 1/91 0.018 6124/90 

Chlordane 0.002 1/91 0.0001 6/24/90 

Dalapon 0.2 7/92 0.2 9/8/94 

Dibromochloropropane 0.0002 1/91 0.0001 7/26/89 
0.0002 5/3/91 

Di(2-ethylhexyl)adipate 0.4 7/92 0.4 9/8/94 

Di(2-ethy lhexy l)phthalate 0,006 7/92 0,004 6/24/90 

2,4-D 0,10.07 eff: 6/24177 0.1 77 
1/91 0.07 9/8/94 

Dinoseb 0.007 7/92 0.007 9/8/94 

Diquat 0,02 7/92 0,02 9/8/94 

Endothall 0.1 7/92 0.1 9/8/94 

Endrin 0.0002 eff: 6/24177 0.0002 77 
0.002 7/92 0.002 9/8/94 

Ethylene Dibromide 0.00005 1/91 0.00002 2/25/89 
0.00005 9/8/94 

Glyphosate 0.7 7/92 0.7 6/24/90 

Heptachlor 0.0004 1/91 0.00001 6/24/90 

Heptachlor Epoxide 0.0002 1/91 0.00001 6124/90 

Hexachlorobenzene 0,001 7/92 0.001 9/8/94 

Hexachlorocyc!opentadiene 0.05 7/92 0.05 9/8/94 

Lindane 0.004 eff: 6124/77 0.004 77 
0,0002 1/91 0.0002 9/8/94 

Methoxychlor 0.1 eff: 6/24177 0.1 77 
0.04 1/91 0.04 9/8/94 

0.03 6/12/03 

Molinate 0.02 4/4/89 

Oxamyl 0.2 7/92 0.2 9/8/94 
0,05 6/12/03 

Pentachlorophenol 0.001 1/91 0.001 9/8/94 

Picloranl 0.5 7/92 0.5 9/8/94 

Polychlorinated Biphenyls 0.0005 1/91 0.0005 9/8/94 

Simazine 0.004 7/92 0.010 4/4/89 
0.004 9/8/94 
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U.S. Environmental California Department 
Protection Agenc~ of Health Services 

Contaminant MCl (mg/l) Date" MCl (mg/L) Effective date 

Thiobencarb 0.07 4/4/89 
O.OOIh 4/4/89 

Toxaphene 0.005 efT: 6/24177 0.005 77 
0.003 1191 0.003 9/8/94 

2,3,7,8-TCDD (Dioxin) 3xlO·R 7/92 3xI0'" 9/8/94 

2,4,5-TP (Silvex) 0.01 efl': 6/24177 0.01 77 
0.05 1/91 0.05 9/8/94 

Disinfection Byproducts 

Total trihalomethanes 0.10 1l!29!79 0.10 3/1 4/83 
0.080 eft; 11129/83 

efT: 1I1!02g 

Total haloacetic acids 0.060 efT: 1Il!02g 

Bromate 0.010 eIT: 111!02g 

Chlorite 1.0 eIT: 1I1102g 

Treatment Technique 

Acrylamide TIh 1191 TTh 9/8/94 

Epichlorohydrin ]Th 1191 TT' 9/8/94 

Source: http://www.dhs.ca.gov/ps/ddwem/chemicals/MCUEPAandDHS.pdf 

a, "eff." indicates the date the MCL took effect; any other date provided indicates when EPA established (that is, published) the MCL. 

b. Secondary MCL. 

c. MFL = million fibers per liter, with fiber length> 10 microns. 

d. Regulatory Action Level; if system exceeds, it must take certain actions such as additional monitoring, corrosion control studies and treatment, 

and for lead, a public education program; replaces MCL. 
e. The MCL for lead was rescinded with the adoption of the regulatory action level described in footnote d. 

f. MCLs are intended to ensure that exposure above 4 mill irem/yr does not occur. 
g. Effective for surface water systems serving more than 10,000 people; effective for all others 111104. 

h. TT = treatment technique, because an MCL is not feasible. 

Federal and State MCLs - updated 05/23/03 
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Development of Current Groundwater 

Basin/Subbasin Map 

This Bulletin 118 update represents the first time that groundwater basin boundaries have been released as a 
digital coverage. The basin boundaries for the revised groundwater basin map were primarily defined using 
geologic contacts and hydrogeologic barriers. Specifically the identification of the groundwater basins was 
initially based on the presence and areal extent of unconsolidated alluvial sediments identified on 1 :250,000 
scale, geologic maps published by the California Department of Conservation, Division of Mines and 
Geology. The identified groundwater basin areas were then further evaluated through review of relevant 
geologic and hydrogeologic reports and well completion reports, and using the basin definition criteria listed 
in Table 8. Basin boundaries that are specified in each of the court decisions has been used for the 
boundaries of adjudicated basins. 

Well completion reports for wells present in basin areas that were identified from the geologic map were 
reviewed to identify the depth to the top of the water table and the top of impermeable bedrock. Ifthere was 
less than 25 feet of permeable material present or if there was no groundwater present within the permeable 
material, the area was eliminated from the map. The well completion reports were also reviewed to 
determine if water supply wells located within the delineated basin area were extracting groundwater from 
the permeable materials underlying the area or from the bedrock beneath the permeable material. Ifthe wells 
only extracted groundwater from the bedrock, the area was eliminated from the map. This resulted in the 
elimination of some areas identified as basins in previous Bulletin 118 publications. If there were no wells 
present in basin areas identified from the geologic map and no other information on the geology underlying 
these areas, the areas were retained in the current version of the map. Additional hydrogeologic information 
might or might not verify that these areas should be retained as groundwater basins. 

Groundwater basins were delineated and separated from each other by the following restrictions on 
groundwater flow. For more detail on the types of basins and theflow boundaries of those basins, see Table 8. 

Impermeable Bedrock. Impermeable bedrock with lower water yielding capacity. These include 
consolidated rocks of continental and marine origin and crystalline/or metamorphic rock. 

Constrictions in Permeable Materials. A lower permeability material, even with openings that are filled 
with more permeable stream channel materials, generally forms a basin boundary for practical purposes. 
While groundwater may flow through the sediment-filled gaps, the flow is restricted to those gaps. 

Fault. A faultthat crosses permeable materials may form a barrier to groundwater movement if movement 
along the fault plane has created fine material that impedes groundwater movement or juxtaposed low 
permeability material adjacent to an aquifer. This is usually indicated by noticeable difference in water 
levels in wells and/or flow patterns on either side ofthe fault. Not all faults act as barriers to groundwater 
flow. 

Low Permeability Zone. Areas of clay or other fine-grained material that have significant areal or vertical 
extent generally form a barrier to groundwater movement within the basin but do not form basin boundaries. 
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Groundwater Divide. A groundwater divide is generally considered a balTier to groundwater movement 
from one basin to another for practical purposes. Groundwater divides have noticeably divergent 
groundwater flow directions on either side ofthe divide with the water table sloping away from the divide. 
The location of the divide may change as water levels in either one of the basins change, making such a 
"divide" less useful. Such a boundary is often used for subbasins. 

Adjudicated Basin Boundaries. The basin boundaries established by court order were used for all 
adjudicated basins. These cowt-decided boundaries affect the location of natural boundaries of adjoining 
basins. Some adjudicated basins are represented as subbasins in this bulletin. 

Available reports on the geologic and hydrogeologic conditions in the delineated basin areas were also 
reviewed to determine ifthere was information that would further deflne the boundaries of the basin areas. 
This review resulted in changes to some of the basin boundaries identifled in previous versions of Bulletin 
118. 

Several of the larger groundwater basins were further subdivided into groundwater subbasins in Bulletin 118-
80 and additional large groundwater basins were subdivided during this 2003 revision. The subbasin 
boundaries were also primarily deflned using geologic contacts and hydrogeologic divides where possible. If 
this was not possible, political or institutional boundaries were used. 

The hydrogeologic information contained in the basin descriptions that supplement this update of Bulletin 
118 includes only the information that was available in California Department of Water Resources (DWR) 
mes through reference searches and through limited contact with local agencies. Local agencies may have 
conducted more recent studies that have generated additional information about water budgets and aquifer 
characteristics. Unless the agency notifled DWR or provided a copy of the recent reports to DWR staff that 
recent information has not been included in the basin descriptions. Therefore, although Senate Bill 610 
refers to groundwater basins identifled as overdrafted in Bulletin 118, it would be prudent for local water 
suppliers to evaluate the potential for overdraft of any basin included as a part of a water supply assessment. 

Persons interested in collecting groundwater information in accordance with the Water Code as amended by 
SB 221 and SB 610 may start with the infonnation in Bulletin 118, but should follow up by conSUlting the 
references listed for each basin and contacting local water agencies to obtain any new information that is 
available. Otherwise, evaluation of available groundwater resources as mandated by SB 221 and SB 610 
may not be using the most complete and recent information about water budgets and aquifer characteristics. 

Groundwater basin and subbasin boundaries shown on the map included with this bulletin are based on 
evaluation of the best available infonnation. In basins where many studies have been completed and the 
basin has been operated for a number of years, the basin response is fairly well understood and the 
boundaries are fairly well defined. Even in these basins, however, there are many unknowns and changes in 
boundaries may result as more infonnation about the basin is collected and evaluated. 

In many other basins where much less is known and understood about the basin, boundaries will probably 
change as a better understanding of the basin is developed. A procedure for collecting information from all 
the stakeholders should be developed for use statewide so that agreement on basin boundaries can be 
achieved. 
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Preface 

This 2012 Integrated Resource Plan (IRP) document revises and builds upon last year's 2011 
IRP. Major changes from 2011 include expanded discussion regarding the Power Reliability 
Program, more detailed information on transmission planning and projects, a new subsection on 
the impacts of climate change on power system operations, and new case options that analyze 
higher levels of energy efficiency and solar distributed generation. 

The current load forecast used in this IRP is lower than the one used in 2011. Compared to the 
prior forecast, electricity sales for year 2020 decreased by approximately 5.3 percent mostly due 
to increasing levels of energy efficiency. 

Early coal replacement continues to be a key strategy to reduce greenhouse gas emissions. As 
with last year's IRP, this 2012 IRP recommends divestiture of the Navajo coal plant by 2015, 
four years ahead of the scheduled 2019 end date. LADWP will replace the loss of Navajo with 
energy efficiency, renewable energy, and natural gas generation. LADWP's other coal source -
the Intermountain Power Project-is undergoing discussions which could enable a future 
conversion to lower emitting resources. Because LADWP is one of thirty-six purchasers of IPP 
energy, any future plans must be agreed to by all project participants. Proposed amendments to 
the existing contracts are being considered by the purchasers which would require IPP to switch 
fuel from coal to natural gas no later than July 1, 2025 (two-years before the legal deadline). 
These amendments require unanimous approval and final purchaser decisions are expected by 
the end of 2013. Since the results of these discussions are not available for this 2012 IRP, we are 
hopeful that the plan will be in place for inclusion into next year's IRP process. 

This 2012 IRP process included public outreach. Stakeholder meetings were held early in the 
year to solicit input towards the development of strategic case options. After the case options 
were analyzed, preliminary results were presented to the public for comment at meetings and 
through the LADWP website. This 2012 IRP documents the public outreach effort, and 
addresses the major themes that emerged from that process. 

This IRP also includes a general assessment of the revenue requirements and rate effects that 
support the recommended resource plan through 2032. While this assessment was not as detailed 
and exhaustive as the financial analysis within the just completed rate case, it does show clearly 
the general requirements. 

The recently concluded rate process confirmed LADWP's revenue requirements, over the next 
two years, to meet its mandated obligations and responsibilities. As a long-term planning 
process, the IRP looks at a 20-year horizon to secure adequate supplies of electricity. In that 
respect, it is our desire that the IRP contribute towards future rate processes by presenting and 
discussing the programs and projects required to fulfill our City Charter mandate to delivery 
reliable electric power to the City of Los Angeles. 
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1. Introduction and Purpose 

Executive Summary 

This document represents the Los Angeles Department of Water and Power (LADWP) Integrated 
Resource Plan (IRP) for 2012. The goal of this IRP is to identify a portfolio of generation 
resources and Power System assets that meets the city's future energy needs at the lowest cost 
and risk consistent with LADWP's environmental priorities and reliability standards. The IRP is 
an important planning document for electric utilities, and many states and regulatory agencies 
require development of an IRP prior to approval of procurement programs or electric rate 
Increases. 

This document goes beyond traditional integrated resource planning and incorporates additional 
Power System planning elements to form a comprehensive Power System plan. It is intended that 
this Power System plan will drive the priorities, financial planning, and budgeting effort for the 
Power System. 

This IRP considers a 20-year planning horizon to guide LADWP as it executes major new and 
replacement projects and programs. The overriding purpose is to provide a framework to assure 
the future energy needs of LADWP customers are met in a manner that balances the following 
key objectives: 

• Superior reliability and supply of electric service 

• Competitive electric rates consistent with sound business principles 

• Responsible environmental stewardship exceeding all regulatory obligations 

In balancing these objectives, LADWP's strategic planning efforts must ensure a high level of 
system reliability, consider impacts to the local and regional economy, mitigate the volatility in 
fuel and other cost factors, comply with federal, state, and local regulations, and guarantee fiscal 
responsibility. 

LADWP is the largest municipal utility in the nation, and the third largest utility in California. 
While numerous recent accomplishments have been made - including achieving 20% of 
renewable energy sales in 2010 - significant challenges lie ahead. Increasing renewable energy 
to 33% by 2020, the continued rebuilding of coastal generation units, replacement of coal, 
infrastructure reliability investments, and ramping up energy efficiency and other demand side 
programs are all critical and concurrent strategic actions that LADWP will have to carry out over 
the coming decade. 

The 2012 integrated resource planning process developed alternative strategic cases that assess 
different replacement options for coal-fired generation, as well as different projected levels of 
energy efficiency and distributed generation. The cases are modeled to determine their respective 
operational and fiscal impacts, as well as their effects on greenhouse gas emission levels. This 
document presents the results of this analysis, recommended near-term actions, and a 
recommended strategy to best meet the future electrical needs of Los Angeles. 
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LADWP Power System Vision 

Executive Summary 

The transformation that this utility will undergo in the next 20 years will be unprecedented as 
the use of electricity broadens to new applications and as customer expectations of clean 
affordable energy continues to take root. Increases in electric vehicle use, expanded 
electrification of processes to reduce emissions and greenhouse gases, and growing wide-spread 
use of information technology equipment will require a stable, resilient power grid that delivers 
affordable power. By adopting energy efficiency, promoting solar rooftop and supporting other 
clean technologies that mitigate the need to build new fossil-fueled power plants, our customers 
are embracing the vision of a greener resource portfolio that sustains the environment for 
future generations. 

LADWP and its City Leaders have traditionally taken a leadership position, particularly among 
public power utilities, to ensure a sustainable, diverse supply of generation and transmission 
resources to provide electricity to our customers. This utility has also been very progressive in 
adopting aggressive clean energy goals and programs well before many of today's laws and 
regulations were in place, and participated in the development of many of the laws and 
regulations that we see today. In 2000, this utility set out to reduce load growth by 50 percent 
through the use of renewables, energy efficiency, and distributed generation. Today we have 
the same electricity consumption as we had in 2000 largely due to these earlier efforts. In 2005, 
we adopted a renewable target of 20 percent renewable by 2010, and we succeeded to be the 
largest California utility to achieve 20 percent renewable generation in 2010. Since 1990, we 
have divested of 2 coal plants and repowered several natural gas in-basin generating stations 
using cleaner and more efficient new combustion technology, resulting in 21 percent lower 
greenhouse gas emissions and over 80 percent lower NOx emissions. Reducing ocean water use 
and reducing the impact on marine life has also been an on-going effort and by next year we 
will use 42% less ocean water from 1990 levels, with total elimination targeted by 2029. 

The world today is not the same as it was 20 years ago, and the world 20 years from now will 
not be the same as it is today. And while LADWP's mission of providing reliable, affordable 
electricity in an environmentally responsible manner remains the same, the planning and 
execution of that mission requires continued diligence to account for, adopt and even influence, 
the changing public concerns and priorities related to electricity generation and use. 
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1.1 Major Changes from Last Year's IRP 

Executive Summary 

Major changes from last year's 2011 IRP include expanded discussion on the Power Reliability 
Program, more detailed information on transmission planning and projects, a new sub-section on 
the future impacts of climate change on power generation and operations, and new case options 
that analyze higher levels of Energy Efficiency (EE) and Distributed Solar Generation (Solar 
DG). 

This 2012 IRP incorporates updates to reflect the latest load forecast, fuel price and projected 
renewable price forecasts, and other numerous modeling assumptions. Compared to the prior 
forecast, projected electricity sales in calendar year 2020 decreased by 5.3 percent, mostly due to 
increased levels of energy efficiency. The new forecast reduces the overall need for renewable 
energy (assuming 33% RPS) by approximately 461 GWh in 2020 and 745 GWh in 2030. 

Long term natural gas price forecasts have been revised downwards from last year with recent 
prices reaching very low levels over the last year. Compared to last year's 2011 IRP, Opal and 
SoCal expected gas prices are 16% lower on average in the short term (2011-2020) and 8-9% 
lower on average in the long term (2021-2030). Coal price forecasts are also lower; with IPP coal 
at 4% lower for the period 2012-2027, and Navajo coal at 14% lower for the period 2012-2019. 

Other changes include lower cost assumptions for solar and geothermal, reflecting price 
competition for both resources, and updates regarding legislative and regulatory issues. See 
Section 3 and Appendix N for more details. 
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2. Recent Accomplishments 

Executive Summary 

A summary of recent LADWP accomplishments consistent with the objectives of this IRP are 
presented below in Table ES-1. These accomplishments promote the goals of maintaining high 
reliability and exercising environmental stewardship, while keeping rates competitive. See 
Section 1.5 for more details. 

Table ES-1. LADWP RECENT ACCOMPLISHED PROJECTS/PROGRAMS 

Project/Program I Time Period I Accomplishment 

Renewable Portfolio Standard 2003 to 2010 
I ncreased renewable energy percentage 
from 3% to 20% 

Adelanto Solar 2012 10 MW solar project built, put in-service 

Energy Efficiency Program 2012 
Recommitment goals adopted: 10% by 
2020, with target of 15% 

Solar Incentive Program 
1999 to Provided funding that has enabled the 
Present installation of 55 MW of solar to date 

Solar Feed-in-Tariff 2012 
Pilot program conducted, followed by full 
scale re-Iaunch for up to 150 MW 

Milford II Wind Project 2011 Supply over 100 MW of wind energy 

CO2 Emissions Reduction 1990 to 2010 CO2 emission 22% lower than 1990 level 

Once-through Cooling 
1990 to 

OTC reduced by 17% from 1990 level 
Present 

Haynes 5&6 2011-12 Repowering project initiated, new turbines 
installed. In-service scheduled for 2013 

Castaic Upgrade 2004 to 2014 
Project adds up to 80 MW of renewable 
capacity 

Power Reliability Program Ongoing 
In 2011-12, replaced 1,813 poles, 2,054 
transformers, and 51 miles of UG cable 

Navajo Generation Station 
Ongoing 

Process to divest initiated. RFP for 
Replacement replacement capacity issued. 

Southern Transmission System 
2011 

I ncreased capacity of 480 MW was added 
Upgrade to the existing transmission line 

Green Power Program 1999 to 2011 
Participants receive 104 GWh of 
renewable energy annually 

Electric Vehicles Incentive 2011 
Provide a $2000 rebate for home EV 
charging systems 

Demand Response Program 
1999 to Signed up 60 MW of load shifting and 
Present interruptible load 

Alternative Marine Power 
Through 2012 

Signed up 13.8 MW of load to offset diesel 
Program motor emissions at the Port of LA 
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3. 2012 IRP Development Process 

Executive Summary 

The IRP is prepared by a group of engineers dedicated to LADWP resource planning and 
preparation of the IRP document. While this group performs the production model and report 
preparation for the IRP, the bulk of the work is collaborative across the numerous work groups 
and functional areas of the Power System, including wholesale marketing, grid operations, 
renewable procurement, environmental and legislative affairs, and financial services. 

The following general sequence represents the process to develop this IRP document: 

1. Gather stakeholder input 

2. Establish clear goals and objectives 

3. Identify and approve key assumptions 

4. Establish strategic case alternatives 

5. Conduct computer modeling of Power System operations 

6. Present preliminary findings and gather internal and public comments 

7. Recommend and approve a preferred resource case 

Stakeholder input was considered in the establishment of the goals and objectives for the IRP 
analysis. Modeling assumptions and case alternatives were identified and approved by an 
internal IRP Steering Committee consisting of Power System Division and Section heads. 
Preliminary results were analyzed and presented to the public for review and input. Final 
recommendations incorporating public feedback were then forwarded to the General Manager 
and Board of Water and Power Commissioners. 

The IRP development process includes coordination among multiple LADWP organizations 
responsible for different aspects of Power System operations. Recommended positions at the 
various stages were presented to LADWP's leadership team, including Division and Section 
Heads. The approval process for recommendations was based on consensus from the managers 
of each area of responsibility. 
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4. Public Outreach 

Executive Summary 

The 2012 IRP process includes a public outreach effort to provide information and gather public 
input. 

Public outreach began with two stakeholder meetings held in early 2012. LADWP staff met with 
key major customers and business representatives in February; and in March with key 
environmental organization representatives. Comments received during these stakeholder 
meetings were considered in the development of the preliminary cases that were analyzed. 

The preliminary results were documented in the 2012 Draft IRP that was made available at 
www.1adwp.com/lapowerplan on October 5, 2012. The draft IRP was presented at three 
stakeholder meetings and one public workshop held on October 11, 2012. Comments were 
accepted through November 5, 2012. 

Comments received were synthesized into the following major themes. Each theme is considered 
of equal importance. The following list is not presented in any order of importance 

Eliminate Coal from LADWP' s Energy Portfolio 

Incorporate More Renewables 

Incorporate More Local Solar 

Incorporate More Distributed Generation 

Incorporate More Energy Efficiency 

Reduce Greenhouse Gas Emissions 

Look at New Case Scenarios 

Financial and Rate Concerns 

Maintain Power Reliability 

LADWP Should Take a Leadership Role 

Public comment and input received was considered prior to finalizing this 2012 IRP. 

A summary of the public comments received is included in Section 5 and Appendix O. 
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5. Challenges and Critical Issues 

LADWP faces a number of concurrent issues and challenges that require careful assessment. 
Long term strategies must focus on these issues so they can be addressed in the most cost 
effective manner without compromising reliability compliance and environmental stewardship. 
The major issues around which the strategies of this IRP are centered include: adequate funding 
to support programs; ensuring reliability; greenhouse gas emissions reduction; increasing the 
amounts of renewable generation resources; and addressing once-through cooling. 

5.1 Adequate Funding to Support Programs 

To support the recommended projects and programs, adequate funding is necessary. Due to the 
delay of the rate action that was previously anticipated in 2011, many of the programs were 
scaled down, delayed or deferred. The rate process that concluded on October 5, 2012 is a 
positive step towards LADWP's fulfillment of its responsibilities and regulatory obligations that 
are discussed throughout this 2012 IRP. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to satisfy once
through cooling and local emissions regulatory requirements. 

• Implement early coal divestiture and replacement to accelerate the reduction of 
greenhouse gas emissions and to enhance integration of renewable energy and energy 
efficiency measures. 

• Secure the state-mandated amounts of renewable energy. 

• Increase use of local distributed solar generation and combined heat and power to support 
State goals. 

• Through the Power Reliability Program, reduce the number and duration of distribution 
outages and improve system reliability. 

• Implement necessary transmission improvements to maintain reliability and support new 
resources, including renewables. 

• Provide energy efficiency and customer solar programs for participation by our 
customers through the Customer Opportunities Program. 

• Achieve energy efficiency and other demand-side-resource target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability and Cyber-security standards. 

Securing adequate multi-year funding is crucial to ensure LADWP's ability to stay on track 
towards meeting its future long term goals and obligations. 
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5.2 Ensuring Reliability 

Executive Summary 

Challenges to ensuring continued reliable electric service include the replacement of aging 
generation facilities, maintaining grid reliability, the integration of intermittent renewable energy 
resources, and the replacement of poles, power cables, transformers and other elements of the 
local distribution system. 

LADWP's Repowering Program, which began in 1994, is a long term program to upgrade 
LADWP's in-basin generating units. The program is a sequence of projects that extends to 2029 
that will eliminate the use of once through cooling and provide modern units that are more 
reliable, efficient, and community-friendly than the units they are replacing. 

To maintain grid reliability, LADWP's Ten-Year Transmission Assessment Plan has identified a 
number of necessary improvements that are needed to avoid potential overloads on key segments 
of the Basin transmission system. These overload conditions, if encountered, could lead to load 
shedding events (intentional power outages) to minimize the overall impact on the Power 
System. 

The integration of renewable energy into the grid poses major reliability challenges. Because 
renewable resources like wind and solar produce electricity variably and intermittently (i.e., only 
when the wind is blowing or when the sun is shining), integration of these resources requires 
additional supplemental generator units to compensate for significant and often rapid swings in 
energy production. These swings present operational challenges and must be leveled by 
controllable generation capable of equally rapid changes of generation in the opposite direction. 

Between 2003 and 2005, LADWP experienced a growing number of distribution outages due to, 
among other things, aging infrastructure (poles, lines, transformers, etc.), deferred maintenance 
and asset replacement. l In response, LADWP established a comprehensive Power Reliability 
Program (PRP) in 2006 which provided increased funding to address the growing maintenance 
and replacement backlog. The PRP experienced initial success as the number of outages 
decreased from 6,323 in 2006 to 4,523 in 2009. Since then, however, funding constraints have 
prevented any measurable improvement. 

5.3 Greenhouse Gas Emissions Reduction 

While LADWP has multiple and concurrent GHG emissions reduction strategies, the primary 
focus is early replacement of coal-fired generation. Because coal-fired energy production emits 
relatively high levels of CO2, switching to energy efficiency, renewables and other cleaner fuels 
will significantly lower the overall emission levels. Early coal replacement facilitates LADWP' s 
compliance with AB 32's upcoming cap and trade program. 

During calendar year 2011, 41 percent of the energy delivered to LADWP customers was 

1 To illustrate the age of the distribution system, over 25 percent of the City's 321,780 distribution poles have 
already exceeded their 60-year life expectancy. 
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generated from two coal-fired generating stations: the Intermountain Power Project (IPP) , 
located in Utah, and the Navajo Generating Station (NGS), located in Arizona. The NGS's 
operating agreement and land lease expires in December 2019 and IPP's Power Purchase 
Agreement (PP A) contract is in effect until June 2027. Although these stations provide 
dependable, low cost base load generation to Los Angeles, they emit about twice as much CO2 as 
energy generated with natural gas. Accordingly, this 2012 IRP focuses on early coal replacement 
options as a means to lower LADWP's CO2 emission levels. Sections 3 and 4 discuss the coal 
replacement options in detail. 

LADWP's CO2 emissions reduction strategy must comply with state regulations: 

• SB 1368, the California Greenhouse Gas Emissions Performance Standard Act, enacted 
in 2006, prohibits LADWP and other California utilities from entering into long-term 
financial commitments for base load generation unless it complies with the CO2 

emissions performance standard. The CO2 emissions level must be equal, or below the 
emissions performance standard of 1,100 lbs. per MWh that can be achieved by gas-fired 
combined cycle units. This standard also applies to existing power plants for any long
term investments or contractual extensions, effectively prohibiting LADWP from 
continued acceptance of coal-fired generation beyond the current contractual expiration 
dates for NGS (2019) and IPP (2027). 

• Assembly Bill (AB) 32, the California Global Warming Solutions Act of 2006, calls for 
reducing the state's CO2 emissions to 1990 levels by 2020. The regulations for 
implementing a greenhouse gas emissions Cap and Trade program under AB 32 were 
finalized and adopted on October 20,2011 by the California Air Resources Board (ARB). 
Enforcement and compliance with the trading program will begin January 1, 2013. 
LADWP has been granted an administrative allocation of emission allowances that 
reflects its resource projections through 2020. At this time, it is uncertain if the program 
will extend beyond 2020. 

5.4 Increasing Renewable Resources 

LADWP's policy for renewables was initiated in the early 2000's, and has guided the adoption 
of increasing levels of renewable energy, including the milestone achievement of 20 percent of 
energy sales in 2010. Major legislation affecting LADWP's renewable policy are SB 1, SB 32, 
and SB 2 (IX). 

Senate Bill 1 (SB 1) 

Former Governor Schwarzenegger signed the California Solar Initiative (CSI), outlined in SB 1, 
on August 21,2006. The CSI mandated that all California electric utilities, including municipals, 
implement a solar incentive program by January 1, 2008. The goal of the CSI is 3,000 MW of 
net-metered solar energy systems over 10 years with expenditures not to exceed $3.35 Billion. 
Expenditures for local publicly owned electric utilities shall not exceed $784 Million. The 
LADWP cap amount is $313 Million, based on its serving 39.9% of the municipal load in the 
state. 

FINAL ES-9 December 3,2012 

AR0069888 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan Executive Summary 

SB 32, signed into law on October 11, 2009, requires LADWP to make a tariff available to 
eligible renewable electric generation facilities within its service territory until LADWP meets its 
75 MW share of the statewide target. Through this program, owners or operators of eligible 
renewable energy systems may sell their energy directly to LADWP. The purchase of SB 32 
qualifying energy includes all environmental attributes, capacity rights, and renewable energy 
credits. This energy is just one of the many renewable energy sources that will apply towards 
LADWP's 33 percent renewable requirement. 

SB 2 OX) 

Following the passage of SB 2 (IX) in 2011, LADWP's renewable energy policy is now largely 
driven by those requirements of SB 2 (IX). 

SB 2 (IX) - which was passed in April 2011 and became effective on December 10, 2011, 
subjects all utilities to procurement of eligible renewable energy resources of 33 percent by 
2020, including the following interim targets: 

• Maintain at least an average of 20 percent renewables between 2011 and 2013 
• Achieve 25 percent renewables by 2016 

In December 2011, LADWP amended its Renewable Portfolio Standard Policy and Enforcement 
Program to comply with the requirements of SB 2 (LX). However, LADWP's policy continues to 
include some requirements that are not a part of SB 2 OX) but were in place prior to enactment 
of the State legislation. These additional requirements include the provision for LADWP to own 
at least 50 percent of its renewable energy resources, and to give preference to projects located 
within the City. 

As LADWP expands its renewable resource portfolio, it is important that it do so in a cost 
effective manner to minimize the impact on ratepayers. Some of the considerations in selecting 
these resources are as follows: 

• Cost differences for different renewable technologies 
• Cost trends that reflect decreasing prices 
• Variable integration costs and operational impacts 
• Technologies that deliver more energy during peak hours 
• Preference for local projects 
• Proximity of projects to transmission 
• For PP A resources, tax credits that can be passed along as cost savings 
• PPA proposals that provide future ownership opportunities 
• Overall diversity of resource mix and geography 
• Qualification as "Bucket 1" energy according to CEC RPS regulation and guidelines 
• Assessing projects on the basis of value to maximize benefits and minimize risks 
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In this 2012 IRP, the overall base renewable portfolio levelized cost is $98IMWh, which 
represents an $llIMWh decrease from last year. This cost reduction was achieved by selecting a 
more optimized and diverse portfolio that accounts for changing price trends and market 
developments. By maintaining flexibility in the selection of cost-effective renewable resources, 
LADWP is able to secure the best pricing as market conditions evolve. 

5.5 Once Through Cooling 

Once-through cooling (OTC) is the process of drawing water from a river, lake, or ocean, 
pumping it through a generating station's cooling system, and discharging it back to the original 
body of water. OTC is a utility regulatory issue, stemming from the Federal Clean Water Act 
Section 316(b) and administered locally by the State Water Resources Control Board (SWRCB). 

OTC regulations affect LADWP's three coastal generating stations - Scattergood, Haynes, and 
Harbor. To comply with OTC regulations, generation units at those stations that utilize ocean 
water for cooling will be repowered with new units that do not use ocean water. The amount of 
generation capacity affected by OTC is significant - approximately 2,600 MW of LADWP' s 
total in-basin plant capacity of 3415 MW. The total expenditures required are also significant, on 
the order of $2.2 billion. Because of the size and scope of the effort required, the work to comply 
with OTC regulation is a long term program, extending to 2029. Figure ES-1 is a timeline of the 
program target dates. More information regarding OTC is provided in Section 1.6.6. 

OTC REDUCTION TIMELINE 
• OTC Compliance Date 

IW&RIWarranty & Reliability Phase 

---------+ 
---------------+ 

-~ .. -=~- ----. 
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure ES-1. Timeline for OTC compliance. 

5.6 Workforce Development 

To effectively implement the programs and projects recommended in this IRP, an effective 
human resources strategy is required. The Power System is challenged to develop a sustainable 
workforce development plan that addresses the following human resource elements: 
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Staffing 
Adequate staffing is needed to meet mandated deadlines and regulatory obligations, to 
execute new and expanded work functions, and to manage the volume of retirements 
expected over the next 3-5 years. 

Proper Skill Sets 
New work areas such as renewable energy facility operations, solar distributed 
generation, and smart grid deployment will require analysis to identify the skills, 
knowledge and abilities required to perform these functions in a safe, effective and 
efficient manner. 

TraininglProfessional Development and New Technologies 
LADWP supports employee development by providing various computer-based training 
programs, and offers tuition reimbursement for those who return to school to enroll in 
work-related courses and advanced degree programs. Across the Power System, different 
work groups are encouraged to develop training specific to their particular functions and 
needs. This is especially important as new and emerging technologies become applicable 
to various work functions. Applied correctly, technology increases employee 
productivity, enhances safety, and enables new and expanded customer services. 

Recruitment 
Recruiting the best qualified employees assures an effective workforce capable of 
meeting the near term and long term challenges identified in this IRP. Continued use of 
LADWP's website and social media to promote career opportunities will help ensure that 
the best qualified individuals consider joining the LADWP workforce. 

5.7 Other Challenges 

Additional challenges that LADWP must address in the coming years include: 

• Managing potential natural gas price volatility 
• Incorporating higher levels of Distributed Generation (DG) that advance renewable 

resource and local solar objectives, and support the State's promotion for more DG 
• A heightened demand for transmission planning to support new and intermittent 

resources that has introduced greater complexity 
• Cyber security regulations 
• The relicensing of the Castaic Pumped Storage facility with the Federal Energy 

Regulatory Commission 
• Accounting for the effects of climate change on power generation, operations, and 

markets 
• Load factor improvement 
• Acquisition of replacement resources for coal-fired generation 
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6. Strategic Case Alternatives 

Executive Summary 

The 2012 IRP strategic cases incorporate the latest developments in legislation and regulation, 
and tactical plans developed by the Power System. This 2012 IRP also includes updated 
assumptions that have influenced the composition of potential resource portfolios that can fulfill 
LADWP's goals of reliability, competitive rates, and environmental stewardship. 

The coal cases analyzed in this 2012 IRP consider different replacement dates for LADWP's two 
coal resources - the Navajo Generating Station (NGS), and the Intermountain Power Project 
(IPP). The coal replacement dates for Cases 1, 2 and 3 are similar to the cases analyzed in last 
year's 2011 IRP. The replacement date of December 2023 for IPP (Case 4) is new for this year. 

In addition to the coal cases, this 2012 IRP also analyzes four additional cases to consider higher 
levels of energy efficiency and solar distributed generation. 

The assumptions used in the development of all cases have been updated to reflect recent 
changes in fuel pricing, renewable project cost estimates and renewable resource mix, and 
updated energy efficiency goals including 10 percent by 2020. 

Section 3 of this IRP provides more information surrounding the development of the cases, 
including resource adequacy and net-short considerations. Table ES-2 provides a detailed 
description of each strategic case. For comparison purposes, the recommended case from last 
year's IRP is included in the table. 

More detailed description of the assumptions used in developing these cases can be found in 
AppendixN. 
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Table ES-2. CANDIDATE RESOURCE PORTFOLIOS FOR 20121RP 

2011 Recomrended Navajo Early Replaoennen1 

ENERGY EFFICIENCY AND DISTRIBUTED GENERATION CASES 

lEE percentages are as follows: By 2020 

Base EE 10% 
Advanced EE 10% 

By 2032 

15.2% 
17.4% 

Executive Summary 

162 

The feasibility of attaining EE levels greater than 10% are uncertain at this time, but will be addressed in the upcoming EE Potential Study to be completed in 2013. 
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7. Evaluation of Strategic Case Options 

Executive Summary 

Key results for each model run were tabulated and compared against each other. Each strategy 
was compared on average incremental dollars per megawatt hour generation cost and the total 
million metric tons of CO2 emissions. The selection of the best case for LADWP ratepayers 
hinges mainly upon the load forecast, price of fuel, and CO2 emission levels. All cases meet the 
mandated RPS percentage targets and reliability standards. The analytics performed for this IRP 
examined the associated costs of each strategic case. 

The key modeling results are summarized below: 

7.1 CO2 Emissions Considerations 

Current GHG emissions levels are approximately 14.1 MMT which is 21 percent below 1990 
levels due to the prior elimination of power from the Mojave and Colstrip coal plants, completed 
repowering of units at Haynes and Valley generating stations with cleaner gas-fired 
replacements, and increased renewable generation from 3% in 2003 to 20% of overall sales in 
2010. Using Case 1 (Navajo divestiture in 2019, IPP replacement in 2027) as a baseline, early 
divestiture of Navaj 0 in Cases 2, 3 and 4 results in approximately 7.2 MMT less GHG emissions 
between 2016 and 2019. For Case 3 (IPP replaced in 2020) there is an additional post-2020 
cumulative reduction of 19.5 MMT. For Case 4, the post-2020 reduction is 9.3 MMT. These 
GHG emission reductions are shown below in Table ES-3 and Figure ES-2. 

Table ES-3 GHG EMISSIONS REDUCTION LEVELS IN MMT 

Case 
I 

Reduction 

I 

Reduction 

I 

Total Reduction 
2016-19 2020-27 2016-27 

1 Baseline Baseline Baseline 
2 7.2 0.0 7.2 
3 7.2 19.5 26.7 
4 7.2 9.3 16.3 
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Figure ES-2. GHG emissions comparison by calendar year. 

Emissions levels for energy efficiency and solar distributed generation, Cases 5 thru 8, were also 
evaluated and are shown in Figure ES-3. Advanced levels of EE were found to result in slightly 
lower emissions of CO2 as compared to the Base EE cases. Higher levels of Solar DG were 
found to have little effect on reducing CO2 emissions since Solar DG would have been replaced 
with other zero emissions resources. Although these higher levels of EE and distributed 
generation have a small impact on emissions compared to the base EE, it is important to note that 
the base level of energy efficiency in itself has a very significant impact on reducing overall CO2 

levels as shown by the "No More EE" curve illustrated in Figure ES-2. If no additional EE were 
implemented, annual GHG emissions levels would be approximately 2.0 MMT higher by 2032. 
This is equivalent to removing 385,000 cars from the road. For reference purposes, the CARB 
emissions allocation for LADWP as part of the AB 32 Cap and Trade program being 
implemented in 2013 and ending in 2020 is included in Figure ES-3. 
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Figure ES-3. GHG emissions comparison for Energy Efficiency and Solar Distributed 

Generation cases by calendar year. 

7.2 Total Power System Cost Comparisons 

The total Power System cost for each case includes bulk power costs, depreciation costs related 
to transmission, distribution, and generation, bond debt-service, and city transfer costs2

. These 
costs assume full funding of the Power System programs including the Power Reliability 
Program and Energy Efficiency programs among others. Total annual Power System costs are 
shown in Figure ES-4 and reflect short-term spending reductions through 2011-12 fiscal year 
with subsequent years reflecting a restoration of funding levels to ensure that the longer term IRP 
recommendations can be implemented. To the extent that energy efficiency costs are lower than 
the costs of generation it is replacing, its effect is to lower total costs. The costs shown in Figure 
ES-4 do not attempt to represent a thorough analysis of Power System finances, but they do 
illustrate the general trend of Power System costs relative to the 4 coal and 4 EEIDG cases 
analyzed. 

2 The city transfer payment is 8% of the previous year's operating revenue. 
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Note: 

Executive Summary 

Unless otherwise stated,/orecasted costs in all charts in this IRP are "nominal". 
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Figure ES-4. Comparison of annual Power System costs over the next 20 fiscal years. 

The cost differences between the cases are highlighted in Table ES-4, which presents the 
incremental costs of the 4 coal cases and the 4 EEIDG cases. For the coal cases, the values listed 
under the Case 2 column represent the incremental costs between Cases 1 and 2 - i.e., the cost of 
early divestment of Navajo. The values listed under Case 3 and Case 4 represent the additional 
incremental costs of early IPP replacement in 2020 and 2023, respectively. 

All EE & DG cases assume Navajo divestment in 2015 and IPP replaced in 2027. The values 
shown for Cases 6, 7, and 8 represent each case's incremental costs when compared to Case 5. 
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TABLE ES-4 INCREMENTAL COST COMPARISONS BETWEEN CASES 

Coal Case Summary 

Case Description 

Total Incremental Revenue $M 

Average Incremental Revenue ($M/yr) 

EE & DG Case Summary 

Case 1 

Navajo 2019, IPP 2027 

$0 

$0 

Case 5 (Baseline) * 
Case Description Base EE & Base DG 

Total Incremental Revenue $M $0 

Average Incremental Revenue ($M/yr) $0 

7.3 Sensitivity Analyses 

Case 2 

Navajo 2015 

$205 

$51 

Case 6 

Base EE & High DG 

$669 

$32 

Case 3 Case 4 

IPP 2020 IPP 2023 

$1,790 $980 

$275 $280 

Case 7 Case 8 

Advanced EE & Base DG Advanced EE & High DG 

$494 $1,247 

$24 $59 

An analysis of the effects of fuel price volatility was performed for the four coal cases and is 
shown in Figure ES-5. With the early divestiture of Navajo in 2015 and the IPP coal contract 
ending in June 2027, increased bulk power costs are expected with the replacement of each of 
these resources. 

Elimination of coal involves the switch to more natural gas generation, which has higher fuel 
price volatility compared to coal. The resulting decrease in fuel diversity, along with the higher 
volatility of natural gas, will increase the risk of fuel cost changes in the future and so warrants 
careful evaluation when comparing the different case scenarios. 

It is important to note that bulk power costs shown in Figure ES-5 include fuel, renewable and 
other purchase power costs in addition to coal replacement costs. After applying high and low 
fuel prices to these bulk power costs, the replacement of these resources could result in large cost 
increases should fuel prices remain at higher than expected levels. Conversely, lower than 
expected fuel prices could have the opposite effect on bulk power costs. 

To help manage natural gas fuel price volatility, LADWP employs financial hedges for up to ten 
years, and physical hedges for up to five years. LADWP is in the process of developing a revised 
hedging strategy based on the newly approved rate ordinance. 
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Bulk power cost before and after coal replacement with potential cost impacts 

from high (+$) and low (-$) fuel prices. 

Increased risk exposure from high fuel costs may translate into higher customer electric rates. 
Figure ES-6 shows the potential rates that could be experienced under the 4 coal cases given 
high, expected, and low fuel ranges for both gas and coal fuel types. Today, overall coal costs 
represent approximately 65 percent of overall fuel expenditures. Once Navajo coal is replaced in 
2015, this percentage will drop to 50 percent of overall fuel expenditures. From 2023 thru 2026, 
coal expenditures will gradually drop to 30 percent before reaching zero percent in 2027 when 
IPP coal is replaced, and future fuel price increases will be based solely on natural gas and 
nuclear. 
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Executive Summary 

- - Case#1 - Navajo 2019, IPP 2027 - low 

--Casell2· Navajo 2015, IPP 2027 • Low 

Case#3- Navajo 2015, IPP 2020 -low 

Case#4- Navajo 2015, IPP 2023 - low 

Figure ES-S. Estimated electric rate comparison with fuel price sensitivity over 20 years 

by fiscal year-ending 
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7.4 Rate Contributions Breakdown 

Executive Summary 

Figure ES-7 presents the fiscal year breakdown for Case 5 comprising rate contributions from 
reliability, energy efficiency, renewable energy, reliability, coal replacement, OTC repowering, 
other Generation, Transmission and Distribution (GT&D), and fuel costs between 2012 and 
2032. These individual contributions represent incremental adders to the rates. For analysis 
purposes, the Reliability Program has been segmented into the basic program and preferred 
program. The preferred program contribution shown is incremental to the basic program. 
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Figure ES-7. Retail electric rate contributions breakdown, based on the 2012-13 budget forecast 

(Case 5). 
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Figure ES-8 shows the total retail rate impact after combining all of the program components. 
One can draw the conclusion that rising fuel costs and complying with various regulatory 
requirements are the primary drivers of the growth in rates. 

28.0 2020/2032/ Avg (2012-2032) 

27.0 

26.0 
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Figure ES-S. Total retail electric rate composite by fiscal year, based on the 2012-13 budget 

forecast (Case 5). 

A few observations from Figures ES-7 and ES-83 can be made regarding the RPS and EE 
programs. Firstly, the influence of the RPS program on rates increases substantially through 
2020 after the RPS percentage of sales reaches 33% and the RPS component of rates begins to 
decline as fuel savings increases over time with escalating fuel prices. In 2027, the RPS 
component of rates increases as new renewable projects are added to replace expiring PPA 
agreements and then the RPS component of rates resumes a downward trend due to fuel savings. 
Secondly, the EE program component of rates increases over time as program incentive 
payments and net revenue loss attributable to the EE program are recovered. Like RPS, EE has 

3 Figures ES-7 and ES-8 represent forecasted rate increases based on system averages, and do not account for rate 
structure variations across and within customer classes. 
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savings beyond 2020 due to fuel savings. Thirdly, general inflation in fuel costs and GT&D costs 
represents a significant growth in rates. 

Preferred levels of funding for the Power Reliability Program (PRP) include capital and O&M 
expenditures to replace over age distribution and transmission system components that have 
exceeded their life expectancy, and ensure levels of funding to reduce the backlog of "fix-it" 
tickets which are temporary repairs that need to be corrected. The spikes in the preferred PRP 
and EE curve occurs when capital borrowing limits are reached around 2019-20 and cash is 
needed to fund capital expenses. This quickly subsides as the capacity to borrow resumes shortly 
thereafter. 

The GT&D component of rates rises in the early years because of general inflationary pressure. 
After 2023 when the IPP debt is fully paid, the GT&D component of rates lowers slightly and 
goes slightly negative until IPP is replaced with new gas-fired generation and then resumes the 
familiar inflationary path. 

Figures ES-9 and ES-104 further illustrate the impact to average residential and 
commercial/industrial customer monthly bills from these environmental and reliability programs. 
To show the potential effect of energy efficiency on customer bills, the dashed lines on these 
figures represents what a total monthly bill would amount to after implementing energy 
efficiency measures that result in a ]4% savings. While LADWP's overall energy efficiency 
program is evolving and much will depend on the new potential study to be conducted in 2013, 
these figures illustrate what may reasonably be achievable by customers who have not already 
implemented significant energy efficiency measures to reduce their electricity consumption. 

4 Figures ES-9 and ES-l 0 are general representations only. and do not account for rate structure variations across 
and within customer classes, such as the effect of tiered rates, minimum charges, time-of-use, etc. The figures 
provide an indication of the relative contributions of the individual program areas toward a typical monthly bill. 
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Figure ES-9. Average residential customer bill (500 kWh/month) with environmental and 

reliability programs by fiscal year based on the 2012-13 budget forecast (Case 5). 
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8. Recommendations 

8.1 Strategic Overview 

LADWP's recommended strategy set forth in this IRP for meeting its key objectives can be 
separated into two areas: (1) Regulatory and Reliability Initiatives, and (2) Strategic Initiatives. 
Regulatory and Reliability Initiatives are required actions to ensure system reliability and 
compliance with regulatory and legislative mandates. Strategic Initiatives are policy actions to 
achieve objectives established by the LADWP Board of Water and Power Commissioners and 
the Los Angeles City Council, and reflect their vision and leadership. These policies include, for 
example, energy efficiency targets, social and economic development goals, early compliance 
with SB 1368, and investing in local solar distributed generation. 

Regulatory and Reliability Initiatives 

LADWP must increase its percentage of renewable energy per recently enacted state law, 
from the current 20 percent, to 33 percent by the end of 2020. SB 2 (IX) also establishes 
interim targets to ensure progress towards the 33 percent goal. In addressing this 
mandate, it is important that LADWP expand its renewable portfolio in the most cost
effective manner as possible. As two subsets of the RPS program, SB 1 requires $313 
Million of expenditures towards solar incentives (Customer Net Metered), and SB 32 
mandates a Feed in Tariff program of 75 MW (although LADWP by choice will exceed 
this mandate and provide 150 MW by 2016). 

• Power Reliability Program (PRP) and System Infrastructure Investment 

To ensure system reliability, LADWP must re-establish sustained funding to invest in 
replacing transmission and distribution infrastructure that are contributing to outages. 
Recent funding shortfalls have resulted in an increase in the frequency and duration of 
system outages. Section 1.6.3 of this IRP discusses the importance of fully funding the 
Power Reliability Program (PRP). As discussed in Section 2.4.6, the PRP will also 
increase the resiliency of the distribution infrastructure to better withstand the higher 
future wear-and-tear effects that are expected due to climate change. 

• Re-powering for Reliability and to Address OTC 

FINAL 

LADWP will continue to re-power older, gas-fired generating units at its coastal 
generating station for the reasons discussed in Section 2.4.2. The repowering program is a 
long-term series of projects through 2029 that will increase generation reliability and 
efficiency, reduce NOx emissions, and eliminate the need for once-through ocean water 
cooling. 

ES - 27 December 3,2012 

AR0069906 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan Executive Summary 

II AB 32 - GHG Cap and Trade 

LADWP will participate in the mandated greenhouse cap-and-trade system which is 
scheduled to start January 1,2013. LADWP has been granted an administrative allocation 
of emission allowances that reflects its resource projections through 2020. At this time, it 
is uncertain if the program will extend beyond 2020, and if so, what LADWP obligations 
would be. 

II Energy Efficiency (EE) 

LADWP will continue to pursue and implement EE programs per AB 2021 standards and 
as directed by the Board of Water and Power Commissioners, who have adopted a goal of 
achieving 10 percent EE by 2020, with a target of up to 15% by 2020 pending the results 
of an upcoming new EE Potential Study. The Base EE cases evaluated in this 2012 IRP 
have all incorporated ] 0% EE by year 2020, with higher levels of up to 15% by 2032. 
Next year's IRP will incorporate the findings and recommendations of the potential study 
as they are finalized and approved. 

II SB 1368 Compliance 

LADWP's two coal-fired generation sources, the Navajo Generating Station (NGS), and 
the Intermountain Power Project (IPP), must be compliant with the mandates established 
in SB 1368 by 2019 and 2027, respectively. IRP modeling determined that these units 
will be replaced earlier with a combination of renewable energy, demand response, EE, 
short term market purchases, and conventional gas-fired generation. 

II Energy Storage 

Per AB 2514, LADWP is investigating Energy Storage (ES) technologies and will 
establish targets for implementation by October 1, 2014. LADWP will look for programs 
and projects that support its unique electric grid, resource plan, and projects that will 
facilitate renewable integration, distributed generation and demand response. As these 
projects are identified and scoped, they will be incorporated into and analyzed in future 
IRPs. See Section 2.4.5 for more information. 

II Castaic FERC Re-licensing Program 

FINAL 

On January 3], 2022, the Federal Energy Regulatory Commission's (FERC) license to 
operate Castaic Pumped-storage Hydroelectric Plant will expire. The license is a co
license between LADWP and the Department of Water Resources and includes a number 
of hydro power plants along the California Aqueduct. Both parties have initiated the 
joint re-licensing process that, on average, requires ten years to complete. Through 2015, 
LADWP expects to complete preliminary studies, contract negotiations, and prepare a 
new application strategy. In 2016, LADWP expects to file a notice-of-intent (NOI) and 
initiate the formal studies and applications. 
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II Transmission 

LADWP's Ten-Year Transmission Plan is prepared each year to ensure that LADWP 
remains compliant with NERC Transmission Planning Standards. The planning process 
involves complex modeling of the LADWP system, and concludes with findings and 
recommendations to maintain operational flexibility and avoid potential future overload 
conditions. LADWP will continue to implement the recommended projects, including 
construction of a new transmission line between Scattergood Generating Station and 
Receiving Station K, and upgrades at various other receiving and switching stations. 

Strategic Initiatives 

II Early Compliance with SB 1368 

FINAL 

Regarding the Navajo Generating Station (NGS), while power imports can legally 
continue until 2019, LADWP recommends divestiture from NGS four years earlier, in 
2015. There are many strategic advantages to early divestiture, including: 

1. Better sales terms and conditions than waiting until the 2019 deadline. 
2. Avoiding the risk of pending federal regulations that could potentially encumber 

the plant with expensive mitigation requirements. 
3. Better availability and pricing for replacement generation (including existing 

plants), and lower fuel costs. 
4. Reduced CO2 emissions, alleviating LADWP from subsequently having to 

purchase emission credits for native load. 
5. Transmission network for importing additional solar and geothermal resources 

becomes available. 
6. Low load growth and increased renewable energy place less reliance on the plant 

for energy. 
7. Provides time to handle contingencies, and to ensure that competition for 

replacement resources is going to benefit our ratepayers. 

Regarding the Intermountain Power Project (IPP), LADWP recommends modeling and 
planning to be compliant with SB 1368 by 2027. However, LADWP, the Intermountain 
Power Agency (IP A), and the other 36 participants are considering the conversion of IPP 
from coal to natural gas. A new contractual arrangement is in process, which will 
establish a firm conversion date that will be no later than, and possibly sooner, than 2027. 
Until a firm conversion date is established and for analysis purposes, Case 4 was 
developed for this IRP which has IPP coal replacement in 2023. Once a firm date is 
determined, it will be incorporated into the IRP base case model runs. 

Strategically, it is important for LADWP to remain a participant at IPP to retain 
geographic diversity in its resource mix, access the regional fuel supply, and retain the 
project's transmission lines to access renewable energy from the region. 
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II Local Solar 

Comments received at prior public workshops indicate local solar development should be 
a priority in LADWP's renewables procurement strategy. LADWP is recommending a 
policy action to allow 340 MW of its solar resources be sited locally by 2016, through 
initiatives including the Solar Incentive Program, feed-in tariffs, and installation of solar 
on City-owned properties. 

II Demand Response 

LADWP should accelerate its evaluation and implementation of Demand Response 
programs that will initially provide 5 MW of new peak demand capacity beginning in 
2013 and gradually build to 200 MW by 2020 and 500 MW by 2026. Ramping the 
program in this manner will promote the development of in-house expertise, and will also 
allow time to deploy the supporting information systems necessary to implement these 
systems successfully. 

II Advanced Technologies/Research and Development 

LADWP is looking ahead to technologies that will enhance the reliability of its system, 
including smart grid, energy storage, enhanced information and management systems, 
automation of system functions, advanced methods of outage management, and weather 
forecasting. These system enhancements will increase reliability, facilitate the integration 
of local solar generation and other variable renewable resources into the distribution 
network, enable smart charging of electric vehicles, and advanced demand-side 
management technologies. LADWP should continue to pursue grants, cost-sharing 
opportunities, and joint projects that promote the use and deployment of new 
technologies that meet its strategic goals. 

II Provide Sufficient Generation 

Provide sufficient generation, demand response, and limited short term purchases in peak 
season Q3 to cover operating and replacement reserves in accordance to applicable 
federal and regional reliability requirements. 

II Control of Transmission Assets 

FINAL 

In addition to the regulatory requirement to remain compliant with NERC Transmission 
Planning Standards, LADWP will maintain its policy of maintaining control of its 
transmission assets and continue to augment those assets commensurate with load 
growth, reliability needs, and renewable energy opportunities. 
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• Collaborate with Water System 

The LADWP Power System will continue to work with the Water System to develop 
programs that reduce the usage of electricity and conserve water, as well as optimizing 
hydroelectric energy production. 

• Financial Targets 

To preserve and maintain its credit rating, the following financial targets have been 
adopted: 

o Maintain debt service coverage at 2.25 times 
o Minimum operating cash target of $300 million 
o Debt-to-capitalization ratio less than 68 percent 

8.2 Recommended Strategic Case 

Achieving the goals of reliability and environmental stewardship, while maintaining competitive 
rates, requires that costs be closely managed. Considering these factors, Case 5 with early 
Navajo coal divestiture in 2015, Base EE and Base DG with additional local solar Feed in Tarrif 
(FiT) DG becomes the Recommended Case for the 2012 IRP. Whereas Case 5 has 75 MW of 
local solar FiT by 2016, the new recommendation is to adopt an additional 75 MW for a total of 
150 MW by 2016 based on input that was received from the public outreach efforts. The increase 
in cost for the additional 75 MW of FiT is an average of 0.018 cents/kWh or a 9 cent increase in 
the typical residential monthly bill (500 kWh/month). Although Case 5 with the added FiT 
represents additional cost as compared to the 2011 Recommended Case, the additional costs to 
rate payers appears to be reasonable in light of the benefits of job growth and support of the local 
economy from adopting higher levels of DG solar. As described in the 2011 IRP, the 
environmental benefits of reducing GHG emissions by 7.2 MMT are still present with the early 
Navajo replacement. The cost to implement Navajo divestiture in terms of metric tons of GHG 
removed is $28IMMT. This represents a reasonable cost in line with the range of expected AB 
32 cap and trade allowance prices. Other benefits of early Navajo divestiture include a better 
sales price than waiting until 2019, and better availability (lower costs) of replacement energy. 
With Case 5 and the noted addition of FiT and Navajo divestiture in place, LADWP can begin to 
focus its attention on early replacement of IPP coal generation, prior to 2027, by working with 
the other power purchasers and the IPP plant owner. 

The 2011 IRP included the same recommendation to accelerate divestiture of Navajo and this 
2012 IRP further clarifies and supports this prior recommendation. This 2012 IRP recommended 
case presents a reasonable approach to achieving environmental goals and promoting job growth 
in the local economy without excessive costs to our ratepayers while limiting potential exposure 
to possible fuel price volatility to within manageable limits. 
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Table ES-S. 20121RP RECOMMENDED CASE 

2020 
SB 1368 New Renewables Installed (MW) New Renewables Installed 

Compliance Date 2012-2020 (MW) 2012-2032 

Case RPS 
Navajo IPP 

Geol 
Non-

Dist. Geol 
Non-

Dist. 
ID Target 

End End 
Biomass 

DG 
Solar 

Generic 
Biomass 

Wind DG 
Solar 

Generic 
Date Date Solar Solar 

Case 5 33% 12/31/2015 6/15/2027 242 842 382 39 283 54 915 496 114 

Figure ES-ll illustrates the changing generation resource percentages for 2010,2020, and 2030 
based on the Recommended Case. Because energy efficiency forecasts are forward-looking, the 
savings of 1,256 GWh or 5.5 percent of sales that was implemented between 2000 and 2010 are 
embedded into the load forecast and are not included as part of the generation resource mix 
shown below. 
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Figure ES-11. Recommended case generation resource percentages for 2010, 2020, and 2030. 
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Figure ES-12 shows the breakdown of renewable generation by technology, and Figure ES-13 
illustrates the dependable capacity mix for the recommended case. 

RPS Generation 
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Figure ES-12. Recommended case renewable generation by technology. 
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Figure ES-13. Dependable capacity profile, recommended case. 

Executive Summary 
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Demand Response 

Because the analysis and conclusions are dependent on a number of assumptions, LADWP will 
constantly refresh its analysis as new IRPs are developed in future years. 

8.3 Recommended Near Term Actions 

Except for early Navajo divestiture, the actions needed to be taken by LADWP in the next two to 
four years are very similar no matter what resource strategy is chosen. Based on the strategic 
requirements presented earlier and projected resource procurement needs, the following actions 
are recommended to be taken in the near-term: 

1. Proceed with re-powering plans for generation units at the Haynes and Scattergood 
Generating Stations, and pre-development plans for the Harbor Generating Station. 

2. Continue to investigate the technical and contractual options for coal-fired generation 
to be compliant with SB 1368. 

3. Divest from the Navajo Coal Plant by 2015. 
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4. Continue the implementation of existing energy efficiency efforts, in anticipation of 
an expanded program pending the results of a new energy efficiency potential study 
to be conducted in 2013. 

5. Continue to implement the Power Reliability Program (PRP) to replace aging 
infrastructure components. Develop electric modeling capability to better define the 
necessary investments and to prioritize the expenditures. 

6. Develop/update a sustainable workforce development plan that addresses staffing 
needs, skill set identification for new and evolving work areas, training/professional 
development, application of new technologies, and recruitment strategy. 

7. Implement recommendations contained in the Ten-Year Transmission Assessment 
Plan. 

8. Develop a Demand Response Program to initially provide 5 MW of new peak load 
reduction capability by 2013 which will ramp up incrementally to 200 MW by 2020 
and 500 MW by 2026. 

9. Implement renewable strategies for geothermal, biogas, solar, and wind resources to 
ensure increasing levels of renewable procurement in accordance with SB 2 (IX). 
Sign Power Purchase Agreements for an additional 300-400 MW of cost effective 
renewable energy projects by 2014 

10. Complete a comprehensive study of issues associated with integrating increasing 
amounts of variable energy resources such as wind and solar to reflect possible 
megawatt limits for the LADWP electric Power System. 

11. Develop and incorporate strategies to: 
a. Fully utilize existing transmission assets; 
b. Locate renewables as close as practical to the load center to reduce transmission 

losses; 
c. Preserve existing brown field sites to be repurposed for renewable or natural gas 

generation; 
d. Incorporate the concept of O&M cluster zoness to maximize operational 

efficiencies; 
e. Assess and develop necessary transmission facilities to deliver electricity 

generated from new facilities. 
12. Develop a renewable energy feed-in tariff program to encourage 150 MW of 

renewable generation resources to be developed by 2016. 
13. Encourage the development of an additional 50 MW of customer net-metered solar 

proj ects before 2015. 
14. Develop up to 30 MW of solar capacity on existing properties under public/private 

partnership projects before 2015. 
] 5. Investigate the use of term physical gas supply arrangements, either with contracts for 

physical supplies or futures contracts to limit LADWP's exposure to volatile gas 
prices. Evaluate and potentially implement any recommendations in the Fuel Hedging 
Plan. 

16. Investigate and develop energy storage targets by October 1, 2014, per AB 2514. 

5 Clustering renewable projects in relative proximity will decrease O&M expenditures due to economies of scales 
and personnel efficiencies. This would need to be balanced with the need for geographic diversity. 
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17. Refine and implement a Smart Grid strategy that can assist in the procurement and 
development of advanced technologies to support areas such as: weather forecasting/ 
energy scheduling, customer kWh metering, high speed communications and 
information systems, and energy storage systems. Deployment of these technologies 
will increase operational efficiency, help reduce system losses, improve outage 
response times, increase utilization of predictive/proactive maintenance techniques 
for improved grid reliability, enable better management of the Power System, and 
lower costs. 
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1.0 INTRODUCTION 

Section 1 
Introduction 

1.1 Overview of the 2012 Integrated Resource Plan 

This document represents the Los Angeles Department of Water and Power (LADWP) 
Integrated Resource Plan (IRP) for 2012. The goal of this IRP is to identify a portfolio of 
generation resources and Power System assets that meets the city's future energy needs at 
the lowest cost and risk consistent with LADWP' s environmental priorities and reliability 
standards. The IRP is an important planning document for electric utilities, and many 
states and regulatory agencies require development of an IRP prior to approval of 
procurement programs or electric rate increases. 

This document goes beyond traditional integrated resource planning and incorporates 
additional Power System planning elements to form a comprehensive Power System plan. 
It is intended that this Power System plan will drive the priorities, financial planning, and 
budgeting effort for the Power System. 

This IRP considers a 20-year planning horizon to guide LADWP as it executes major 
new and replacement projects and programs. The overriding purpose is to provide a 
framework to assure the future energy needs of LADWP customers are met in a manner 
that balances the key objectives of: 

• Superior reliability and supply of electric service 

• Competitive electric rates consistent with sound business principles 

• Responsible environmental stewardship exceeding all regulatory obligations 

In balancing these key objectives, LADWP's strategic planning efforts must ensure a 
high level of system reliability, consider impacts to the local and regional economy, 
mitigate the volatility in fuel and other cost factors, comply with federal, state, and local 
regulations, and guarantee fiscal responsibility. 

LADWP is the largest municipal utility in the nation, and the third largest utility in 
California. While numerous recent accomplishments have been made - including 
achieving 20% of renewable energy sales in 2010 - significant challenges lie ahead. 
Increasing renewable energy to 33% by 2020, the continued rebuilding of coastal 
generation units, replacement of coal, infrastructure reliability investments, and ramping 
up energy efficiency and other demand side programs are all critical and concurrent 
strategic actions that LADWP will have to carry out over the coming decade. 

The 2012 integrated resource planning process developed alternative strategic cases that 
assess different replacement options for coal-fired generation, as well as different 
projected levels of energy efficiency and distributed generation. The cases are modeled to 
determine their respective operational and fiscal impacts, as well as their effects on 
greenhouse gas emission levels. This document presents the results of this analysis and 
recommends the appropriate near-term actions and long-term plan to best meet the future 
electrical needs of Los Angeles. 
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LADWP Power System Vision 

Section 1 
Introduction 

The transformation that this utility will undergo in the next 20 years will be 
unprecedented as the use of electricity broadens to new applications and as customer 
expectations of clean affordable energy continues to take root. Increases in electric 
vehicle use, expanded electrification of processes to reduce emissions and greenhouse 
gases, and growing wide-spread use of information technology equipment will require a 
stable, resilient power grid that delivers affordable power. By adopting energy 
efficiency, promoting solar rooftop and supporting other clean technologies that 
mitigate the need to build new fossil-fueled power plants, our customers are embracing 
the vision of a greener resource portfolio that sustains the environment for future 
generations. 

LADWP and its City Leaders have traditionally taken a leadership position, particularly 
among public power utilities, to ensure a sustainable, diverse supply of generation and 
transmission resources to provide electricity to our customers. This utility has also been 
very progressive in adopting aggressive clean energy goals and programs well before 
many of today's laws and regulations were in place, and participated in the 
development of many of the laws and regulations that we see today. In 2000, this utility 
set out to reduce load growth by 50 percent through the use of renewables, energy 
efficiency, and distributed generation. Today we have the same electricity consumption 
as we had in 2000 largely due to these earlier efforts. In 2005, we adopted a renewable 
target of 20 percent renewable by 2010, and we succeeded to be the largest California 
utility to achieve 20 percent renewable generation in 2010. Since 1990, we have 
divested of 2 coal plants and repowered several natural gas in-basin generating 
stations using cleaner and more efficient new combustion technology, resulting in 21 
percent lower greenhouse gas emissions and over 80 percent lower NOx emissions. 
Reducing ocean water use and reducing the impact on marine life has also been an on
going effort and by next year we will use 42% less ocean water from 1990 levels, with 
total elimination targeted by 2029. 

The world today is not the same as it was 20 years ago, and the world 20 years from 
now will not be the same as it is today. And while LADWP's mission of providing 
reliable, affordable electricity in an environmentally responsible manner remains the 
same, the planning and execution of that mission requires continued diligence to 
account for, adopt and even influence, the changing public concerns and priorities 
related to electricity generation and use. 
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1.1.1 Major Changes from Last Year's IRP 

Section 1 
Introduction 

Major changes from last year's 2011 IRP include expanded discussion on the Power 
Reliability Program, more detailed information on transmission planning and projects, a 
new sub-section on the future impacts of climate change on power generation and 
operations, and new case options that analyze higher levels of Energy Efficiency (EE) 
and Distributed Solar Generation (Solar DG). 

This 2012 IRP incorporates updates to reflect the latest load forecast, fuel price and 
projected renewable price forecasts, and other numerous modeling assumptions. 
Compared to the prior forecast, projected electricity sales in calendar year 2020 
decreased by 5.3 percent, mostly due to increased levels of energy efficiency. The new 
forecast reduces the overall need for renewable energy (assuming 33% RPS) by 
approximately 461 GWh in 2020 and 745 GWh in 2030. 

Long term natural gas price forecasts have been revised downwards from last year with 
recent prices reaching very low levels over the last year. Compared to last year's 2011 
IRP, Opal and SoCal expected gas prices are 16% lower on average in the short term 
(2011-2020) and 8-9% lower on average in the long term (2021-2030). Coal price 
forecasts are also lower; with IPP coal at 4% lower for the period 2012-2027, and Navajo 
coal at 14% lower for the period 2012-2019. 

Other changes include lower cost assumptions for solar and geothermal, reflecting price 
competition for both resources, and updates regarding legislative and regulatory issues. 
See Section 3 and Appendix N for more details. 
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Section 1 
Introduction 

1.2 Organization of the IRP 

This document is organized as follows: 

.. Section 1, "Introduction," presents an overview of the LADWP Power 
System, and the issues and challenges facing LADWP as it strives to secure 
a reliable supply of electricity for the next 20 years, at competitive rates, and 
in an environmentally responsible manner. 

.. Section 2, "Load Forecast and Resources," provides forecasts of electricity 
demand, discusses the resources available or needed to meet that demand, 
and addresses the issues associated with each resource and the Power 
System in general. 

.. Section 3, "Strategic Case Development," establishes potential alternatives 
(Cases) available to LADWP to meet its projected electricity demand, and 
considers varying levels of energy efficiency and solar distributed 
generation as well as different options for early replacement of coal-fired 
generation. 

.. Section 4, "Strategic Case Analysis," addresses the operational modeling 
and the results used to assess the impact of each alternative on cost, energy 
rates, and levels of greenhouse gas emissions. 

.. Section 5, "Recommendations," provides the strategic overview, the 
recommended case including the revenue requirements to support it, and the 
near term actions required to keep LADWP on track towards meeting its 
obligations and responsibilities. 

Detailed information is provided in the following Appendices: 
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Appendix B: Energy Efficiency and Demand-side Management 
Appendix C: Environmental Issues 
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1.3 Objectives of the IRP 

Section 1 
Introduction 

This 2012 IRP documents the long term planning efforts for LADWP's Power System. It 
includes a review of the various issues and considerations that LADWP must address 
moving forward, and summarizes the planning process used to identify future energy 
resource requirements. The recommended long term plan is presented, as are the actions 
and initiatives LADWP must undertake over the next several years. The key objectives of 
LADWP's long term planning efforts are: (1) maintaining a high level of electric service 
reliability, (2) exercising environmental stewardship, and (3) keeping its energy rates 
competitive. 

Environmental 
Stewardship INTEGRATED 

RESOURCE PLAN 

High 
Reliability 

Competitive 
Rates 

Figure 1-1. Objectives of this IRP. 

1.3.1 Reliable Electric Service 

Providing reliable electric service to the residents and businesses of Los Angeles has 
always been a cornerstone ofLADWP. Some of the key principles, policies and program 
areas related to reliability are listed here: 

• Reliability Standards 

LADWP continues to be in compliance with all applicable Federal Energy Regulatory 
Commission (FERC), North American Electric Reliability Corporation (NERC) and 
Western Electric Coordinating Council (WECC) standards regarding bulk power 
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Section 1 
Introduction 

system reliability. With the enactment of the Energy Policy Act of 2005, FERC 
granted NERC the legal authority to enforce reliability standards with all users, 
owners and operators of the bulk power system in the United States. WECC, under 
the delegated authority of NERC, is the regional entity responsible for coordinating 
and promoting bulk electric system reliability in the Western Interconnection. Both of 
these electric utility organizations enforce reliability standards on owners, operators 
and users of the bulk power system. 

• CAISO 

The California Independent System Operator (CAISO) was established in 1998 as 
part of California's electric utility restructuring effort. CAISO was established as a 
non-profit public benefit corporation charged with operating the majority of 
California's high-voltage wholesale power grid and providing equal access to the grid 
for all qualified users. LADWP is not a member of CAISO but was certified by 
CAISO in 2012 to be a scheduling coordinator which authorizes LADWP to buy and 
sell energy and ancillary services directly with CAISO. 

• Balancing Authority 

LADWP is a registered Balancing Authority with NERC and is responsible for 
coordinating and balancing the load, generation and delivery of electricity through its 
system. LADWP will continue to maintain its presence as a Balancing Authority. 

• Self-Sufficiency 

LADWP maintains a policy of owning or controlling its transmission and generation 
resources to serve its native load customers. However, in consideration of economic 
and environmental factors involved with the coal replacement options (discussed in 
Section 3 and 4), a limited amount of firm energy is proposed to come from 3rd 
quarter purchases acquired from the electricity market. 

• Coastal Power Plants 

LADWP operates three coastal natural gas-fired power plants that are critical to its 
operations. These plants were built from the 1940s up to the 1970s. One of these 
plants was modernized in the 1990s, resulting in increased efficiency and reliability 
while reducing emissions and maintenance costs. The modernization of the remaining 
generation units is a long term program targeted for completion in 2029. LADWP 
must modernize these plants to comply with environmental regulations, improve 
efficiency, better integrate renewable resources, and provide for transmission import 
capability. See Section 1.6.6 and Appendix C for more details. 

• Power Reliability Program 

In response to an increase in power outages between 2003-2005, LADWP established 
the Power Reliability Program. The goals of the program include: (1) mitigating 
problem circuits and stations based on the types of outages specific to a given facility, 
(2) implementing proactive maintenance and capital improvements to prevent 
problems before they occur, and (3) establishing replacement cycles for facilities that 
are in alignment with the equipment's life cycle. See Section 1.6.3 and Appendix E 
for more details. 
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.. Smart Grid 

Section 1 
Introduction 

Smart Grid refers to the application of advanced information-based technologies that 
will improve system operations in a variety of areas. Smart Grid technologies provide 
information that allows the implementation of real-time, self-monitoring 
communication networks that are predictive rather than reactive to system 
disruptions. These technologies will enable LADWP and its customers to make 
decisions to optimize the use of energy, improve reliability, and reduce the 
consumption of fossil fuels. See Appendix L for more information. 

.. Distributed Generation 

Distributed Generation (DG) refers to the installation and operation of small-scale 
electric generators that are located at or near the electrical load. Cogeneration, solar 
photovoltaic, and fuel cells are examples of DG applications. As more DG is added 
within the city of Los Angeles, it is important that these generation sources be 
managed in a manner that does not reduce grid reliability. More information on DG is 
provided in Section 2.3.3 and Appendix G. 

1.3.2 Competitive Rates Consistent With Sound Business 
Principles 

Historically, LADWP's electric rates have been consistently among the lowest in 
California. As utilities throughout the industry address renewable energy, greenhouse gas 
emissions, ocean water cooling and other issues, it can be expected that rates for most, if 
not all utilities, will rise. By continuing its strategic planning and implementation 
activities, LADWP hopes to maintain its rates as among the lowest in the region. 

Energy rates 

Based on a typical monthly residential bill for a customer consuming 500 kWh of 
electricity, the LADWP has the lowest monthly electric bill compared to five of its 
neighboring utilities in Southern California. See Figure 1-2 below. 
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Figure 1-2. LADWP power bill comparison among other electric utilities. 

While LADWP provides electricity at competitively low rates, several factors challenge 
the current rate structure. These factors include the costs to replace aging infrastructure, 
the potential volatility of natural gas and coal prices, and new regulatory requirements for 
renewable energy and the reduction of greenhouse gas emissions and use of ocean water 
for power plant cooling. Transmission capacity upgrades, energy efficiency and demand 
response programs, and proj ects to implement coal replacement will also exert upward 
pressure on energy rates. Because of these and other initiatives, it is expected that future 
structural rate adjustments and amendments to the Rate Ordinance will be necessary to 
maintain appropriate debt ratios and bond ratings. 

Since LADWP sells substantial amounts of bonds to finance its capital expenditures, 
maintaining its high credit rating is essential to minimizing financial costs. To maintain 
its high credit rating, LADWP adheres to the following policies: 

• Debt service coverage 

Maintain a debt service coverage ratio of at least 2.25 

• Cash on hand 

Maintain a cash balance of $300 Million 

• Capitalization ratio 

Maintain a debt-to-capitalization ratio of less than 68% 
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These financial parameters are used in the electric rates analysis, discussed in Section 5.5. 

1.3.3 Environmental Stewardship 

LADWP's mission includes a role as an environmentally responsible public agency. 
Programs and subject areas related to improving the environment include: 

• Renewable energy 

LADWP will continue its efforts to increase the use of renewable energy resources in 
a cost effective manner. LADWP will, at a minimum, comply with local, state and 
federal mandates for levels of renewable energy as a percentage of electricity sales. 
Senate Bill (SB) 2 (IX) sets renewable energy targets of 20% for years 2011-2013, 
25% by 2016 and 33% by 2020 and thereafter. For more information, see Sections 
] .5, 1.6.5,2.4,3.4.3, and Appendix D. 

• Carbon dioxide (C02) emissions 

LADWP will continue its efforts to reduce CO2 emIssIOns. The potential early 
replacement of coal-fired generation, a key strategic focal point of this 20]2 IRP, is 
one means of achieving reductions of CO2 emissions. Additional recommended 
means of reducing CO2 emissions include the continuation and expansion of energy 
efficiency programs, and the transition towards increasing amounts of energy 
generated from renewable resources. For further information, see Section 1.6.4 and 
Appendix C. 

• Once-Through Cooling (OTC) 

LADWP has embarked on a series of rep owe ring projects that are eliminating the use 
of ocean water for cooling at its coastal generating stations. A series of repowering 
projects is planned through 2029. As each project is completed, the use of ocean 
water decreases. Within the 20-year planning horizon of this 1RP, these projects will 
totally eliminate the use of ocean water. More information on OTC can be found in 
Sections 1.6.6. 

• Energy Efficiency 

Energy efficiency programs has been ongoing for more than a decade, and will be 
serving a more prominent and strategic resource planning role as LADWP looks to 
the next 20 years and beyond. This IRP considers higher levels of energy efficiency 
than was previously considered in past IRPs. LADWP is committed to developing 
comprehensive programs with measurable, verifiable goals as well as implementing 
robust, cost-effective energy efficiency programs. Further information regarding 
LADWP's EE Program can be found in Section 2.3.1 and Appendix B. 
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LADWP's Solar Incentive Program (SIP) encourages the installation of solar PV 
capacity in Los Angeles. This program is a multi-year investment designed to expand 
solar power in the city to meet the goals of SB 1. This program provides a one-time 
incentive to customers who install a solar PV system on their property for their 
consumption. When a customer's SIP solar system produces more energy than they 
use for the billing cycle, the excess energy is calculated as a credit to be used on the 
customer's future bill. 

Additionally, LADWP is implementing a separate SB 32 Feed-in Tariff (FiT) 
program, whereby LADWP contracts to purchase ALL the power generated from an 
eligible renewable system under a standard power purchase contract. Although this 
program is open to all eligible renewable generators, most will likely be solar. 

The FiT and SIP programs are exclusive from each other; one renewable system 
cannot be enrolled in both. However, one property may have two separate renewable 
systems; one system feeding energy directly to LADWP's grid via a FiT meter and 
the other system feeding the customer's load via a Net-metering scheme. 

Solar energy will help LADWP achieve its environmental goals of increased energy 
generated from renewable resources and reduced levels of greenhouse gas emissions. 

• Demand Response Program 

This IRP recommends the implementation of a 
Demand Response (DR) program, which will 
lessen environmental impacts by deferring the 
need to build additional generation facilities and 
infrastructure; as well as reducing energy usage 
and the associated greenhouse gas emissions. For 
a full discussion of DR and details regarding 
LADWP plans, see Section 2.3.2. 
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"Demand Response" is a mechanism 
utilities use to manage energy 
demand, especially during critical 
peak demand periods. When demand 
is at its highest (e.g., on a hot August 
afternoon), almost all of the 
generation supply is engaged, leaving 
little reserve available in case a 
generating unit falters or a 
transmission line trips. To reduce the 
risk of system failure that this 
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incentives and agree to lower their 
demand if and when called upon by 
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1.4 LADWP's Power System 

LADWP's Power System serves approximately 4.1 million 
people and is the nation's largest municipal electric utility. 
LADWP experienced an all-time net energy-for-Ioad peak 
demand of 6,142 megawatts (MW), which occurred on 
September 27, 2010, and has an installed net dependable 
generation capacity greater than 7,125 MW. Its service 
territory covers the City and many areas of the Owens 
Valley, with annual sales exceeding 23 million megawatt
hours (MWh). LADWP is the third largest California electric 
utility in terms of consumption, behind Southern California 
Edison and Pacific Gas & Electric-see Figure 1-3 below. 
Projected future demand growth for LADWP is less than one 
percent per yearl. 

"Capacity" is a measure of the 
capability to produce power or 
the rate at which energy is 
transferred. The term is 
applied to the amount of 
electric power delivered or 
required to meet the power 
demand, and is expressed in 
Megawatts (J\1W) or Gigawatts 
(GW). "Energy" is a measure 
of the quantity of electricity 
used in a given time period 
and is expressed in Megawatt
hours (J\1Wh) or Gigawatt
hours (GWh). 

California Electricity Consumption by 
Utility 
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Figure 1-3. Comparison of California utilities by consumption. 

LADWP is a "vertically integrated" utility-both owning and operating the majority of 
its generation, transmission, and distribution systems. LADWP is currently fully 
resourced to meet peak demand but maintains transmission and wholesale marketing 
operations to keep production costs low and increase system reliability. 

While LADWP customers represent roughly 10 percent of California's electrical load, 
approximately 25 percent of the state's total transmission capacity is owned by LADWP. 
LADWP's transmission reach also extends beyond California, enabling the transport of 
power from a diversified set of generation resources from across the Western United 
States. 

1 Prior to energy efficiency and distributed generation, which will reduce load growth to an approximate 
yearly average of 0.3% between 2012 and 2032. 
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Additional information on the Power System's generation and transmission assets can be 
found in Section 2.4 and Appendices F and I. 
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A summary of recent LADWP accomplishments consistent with the objectives of this 
IRP are presented below. These accomplishments promote the goals of maintaining high 
reliability and exercising environmental stewardship, while keeping rates competitive. 

• Renewable portfolio standard 

Through the active procurement of renewable resources, LADWP has increased the 
renewable energy component of its resource mix from 3% in 2003 to 20% in 20l0.In 
2011, the renewable percentage slightly decreased to 19% due to less wind and small 
hydro generation. 

• Adelanto Solar Power Proj ect 

On July 23, 2012, the Adelanto Solar Power Project was commissioned as LADWP's 
first utility-scale solar power plant. The 10 MW(AC) project was built by LADWP 
crews and is owned and operated by LADWP, making it the largest municipally
owned solar project in the nation. The project makes use of existing LADWP land 
and ties directly to an existing electrical switching station. The project will provide 
valuable experience and data regarding solar plant operations, the integration of 
variable renewable resources, and the financial requirements (capital costs, O&M 
costs, etc.) associated with building and operating a large solar facility. The 
experience gained from this project will facilitate the construction of future solar 
projects. 

• Energy efficiency 

LADWP continues its commitment to energy efficiency through numerous programs 
and services to customers, encouraging the adoption of energy-saving practices and 
installation of energy-efficient equipment. Since 2000, LADWP energy efficiency 
programs have resulted in 1,377 GWh of energy savings, or over 5% of energy sales. 

In 2012, the Board of Water and Power Commissioners adopted a goal of 10% energy 
efficiency by 2020, with a target of 15% pending the results of a new potential study 
to be conducted in 2013. 

• Solar Incentive Program and F eed-in-Tariff (Fi T) 

As of September 1,2012, LADWP has encouraged the installation of over 56 MW of 
solar capacity at over 6,200 customer locations through its ratepayer-funded Solar 
Incentive Program. Separately, a FiT pilot program was conducted, which will enable 
a full-scale program launch for 150 MW by 2016. 

• Emissions reduction 

As of 2011, CO2 emissions from power generation are 21 % lower than 1990 levels. 
The lower emissions are attributed to discontinued generation from the Colstrip and 
Mohave generation stations, increased generation from renewable resources, and the 
ongoing repowering of the in-basin natural gas units. 
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Due to the installation of advanced pollution control equipment at all of its in-basin 
generating stations, NOx emissions from LADWP's local generating plants are at 
least 90 percent lower than 1990 levels. 

.. Once-through cooling 

As a result of completed repowering projects, LADWP has reduced the use of once
through ocean water cooling by 17% from 1990 levels. The current plan calls for a 
complete phase-out of ocean water cooling by 2029. 

.. Haynes 5 & 6 

The September 2011 groundbreaking ceremony signified the start of construction for 
the replacement of Haynes Units 5 and 6. The original units, which date back to the 
mid 1960's, will be replaced with efficient modem units that will facilitate the 
integration of intermittent renewable energy. This project is expected to be in service 
by May 2013, and is one of many projects that that will eliminate the use of ocean 
water for cooling by 2029. 

.. Castaic 

The seven units of the Castaic Hydroelectric Plant are currently being rotated out of 
service for modernization. This multi-phase process began in 2004 and is expected to 
continue through 2014. To date, five units have been completed. The associated 
increase in efficiency is projected to add up to 80 MW of renewable qualifying 
capacity to Castaic. The increased capacity also results in more reserves available to 
reliably meet peak system demands. 

.. Power Reliability Program (PRP) 

The PRP is a comprehensive, long-term power reliability program developed by 
LADWP to replace aging infrastructure and make permanent repairs to generation, 
transmission, and distribution infrastructure. Through the program, LADWP 
successfully reduced the number of distribution outages by 28% between 2006 and 
2009 by accelerating the replacement of transformers, poles, underground cables, and 
other equipment. In FY 2011-12, 1,813 poles, 2,054 transformers, and 51 miles of 
underground cable were replaced. See Section 1.6.3 and Appendix E for more 
information. 

.. Green Power Program 

LADWP offers its customers an opportunity to partlclpate in the Green Power 
Program. "Green Power" is produced from renewable resources such as wind energy, 
geothermal, or other renewable resources, rather than conventional generating plants. 
In 2011, 17,700 LADWP customers participated in the program, receiving 
approximately 74,000 MWh of renewable energy. Since program inception in 1999 to 
the end of 2011, 872,131 MWh of renewable energy was procured, making it one of 
the largest voluntary green pricing programs in the nation. 

FINAL 14 December 3,2012 

AR0069935 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

.. Upgraded capacity on the Southern Transmission System (STS) 

Section 1 
Introduction 

In May 2011, the 488-mile Intermountain Power Project DC Line was upgraded from 
1920 MW to 2400 MW, allowing the import of additional amounts of renewable 
energy from Utah. Of the 2400 MW total capacity, LADWP's share is ]428 MW. 

.. Navajo Generating Station (NGS) retrofitted with low NOx burners 

In March 2011, NGS completed a three-year project that retrofitted the boilers of all 
three units with low NOx burners and separated over-fire air systems. This project 
was successful in reducing NOx emissions by 40% which represents an annual NOx 
emission reduction of 14,000 tons per year. 

.. Barren Ridge Switching Station 

The Barren Ridge Switching Station, located 15 miles north of Mohave, was 
completed in 2009. This substation is a key component of the Barren Ridge 
Renewable Transmission Project (BRRTP), which will enable LADWP to 
interconnect approximately 1,400 MW of wind, solar, and other renewable resources 
that will be available in the next several years from the Mohave Desert and Tehachapi 
Mountain areas. The Environmental Impact Report for the BRRTP was approved by 
the Board of Water and Power Commissioners in September 2012. For more 
information see Section 2.4.4. 

.. Mil ford II Wind Proj ect 

In May 2011, LADWP began receiving over 100 MW of new wind energy. Milford II 
is an expansion of the 200 MW Milford I wind farm project. Together, Milford I and 
II are providing approximately 2.6% of LADWP's total energy sales. 

.. Electric Vehicles Incentive for Home Chargers 

To encourage the transition towards electric vehicles, LADWP launched a 
demonstration program in April 2011 providing a $2,000 rebate for home charging 
systems. LADWP also worked with other City agencies to streamline the process 
time for permitting and installation of these systems. 

.. Initiated Coal Replacement 

Processes to replace coal generation from the IPP and Navajo stations have been 
initiated and are in progress. At Navajo, LADWP is planning to divest from the 
project by the end of 2015, which is four years ahead of the date required by 
SB 1368. At IPP, LADWP is working with the other participants to establish the 
contractual structure to enable a conversion from coal to natural gas. The date of 
conversion will likely be established before next year's 2013 IRP. 

.. Demand Response and Smart Grid 

LADWP is developing and enhancing its Demand Response and Smart Grid 
programs, which are important components of its future resource plan. To date, 
60 MW of load shifting and interruptible load has been secured. Program managers 
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and support staff have been established to move these programs forward, and 
appropriate resources have been budgeted. 
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1.6 Key Issues and Challenges 

LADWP faces a number of concurrent issues and challenges that require careful 
assessment. Long term strategies must focus on these issues so they can be addressed in 
the most cost effective manner without compromising reliability compliance and 
environmental stewardship. The major issues around which the strategies of this IRP are 
centered include: ensuring reliability, greenhouse gas emission reduction, increasing the 
amounts of renewable generation resources, and addressing once-through cooling. 

1.6.1 Adequate ~Iulti-year Funding to Support Programs 

To support the recommended projects and programs, adequate funding is necessary. Due 
to the delay of the rate action that was previously anticipated in 2011, many of the 
programs were scaled down, delayed or deferred. The rate process that concluded on 
October 5, 2012 is a positive step towards LADWP's fulfillment of its responsibilities 
and regulatory obligations which are discussed throughout this 2012 IRP. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to 
satisfy once-through cooling and local emissions regulatory requirements. 

• Implement early coal divestiture and replacement to accelerate the reduction 
of greenhouse gas emissions and to enhance integration of renewable energy 
and energy efficiency measures. 

• Secure the state-mandated amounts of renewable energy. 

• Increase the use of local distributed solar generation and combined heat and 
power to support State goals. 

• Through the Power Reliability Program, reduce the number and duration of 
distribution outages and improve system reliability. 

• Implement necessary transmission improvements to maintain reliability and 
support new resources, including renewables. 

• Provide energy efficiency and customer solar programs for participation by 
our customers through the Customer Opportunities Program. 

• Achieve energy efficiency and other demand-side resource target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability and Cyber-security standards. 

Securing adequate multi-year funding is crucial to ensure LADWP's ability to stay on 
track towards meeting its future long term goals and obligations. 
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Challenges to ensuring continued reliable electric service include the replacement of 
aging generation facilities, maintaining grid reliability, the integration of intermittent 
renewable energy resources, and the replacement of poles, power cables, transformers 
and other elements of the local distribution system (distribution reliability is further 
discussed in Section 1.6.3 below). 

Aging Facilities and Infrastructure 

LADWP's generating plants sited within the Los Angeles Basin were primarily built in 
the late ] 950s and early 1960s. While many generating units at these plants have 
undergone extensive upgrades, others are approaching the end of their service lives. 
Replacement of these older units (also known as "repowering") began in 1994, and will 
continue through 2029. The new repowered units will be substantially cleaner, more 
reliable, community-friendly, and efficient than the units they are replacing. Repowering 
LADWP's gas-fired units will also assist in integrating intermittent renewable resources 
into LADWP's energy mix by providing quick-response, back-up generation capacity. 

Grid Reliability 

LADWP's local transmission system cannot be reliably operated without generation from 
local thermal generating plants. The amount of generation required to provide 
transmission reliability is termed Reliability Must Run (RMR) generation. Repowering 
these local units will maintain transmission reliability by maintaining the reliability of 
RMR generation. 

Historically, LADWP's local generation has provided voltage control for the basin 
transmission system. Over the years, as imports into the basin transmission system have 
increased, fewer local generators are needed on-line at any given time to supply power, 
reducing voltage control options for Power System operators. LADWP is countering this 
with plans to install static capacitors and reactors at strategic locations throughout the 
city. These installations are increasingly important as more renewables are imported. 

LADWP's latest Ten-Year Transmission Assessment Plan has identified a number of 
infrastructure improvements that are needed to avoid potential overloads on key segments 
of the Basin transmission system. These overload conditions, if encountered, could lead 
to load shedding events (intentional power outages) to minimize the overall impact on the 
Power System. 

Integration of Intermittent Renewable Energy 

The integration of renewable energy into the grid poses major challenges. Integrating 
renewables will, paradoxically, require additional gas-fired generation to provide 
reserves and maintain system reliability. Because renewable resources like wind and solar 
produce electricity variably and intermittently (i.e., only when the wind is blowing or 
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when the sun is shining), integration of these resources requires that controllable 
generators are online to smooth significant and often rapid changes to energy production. 
This stabilizing activity is known as "regulation" (see discussion box). A potential 
solution would use energy storage to regulate delivery of energy and reduce the severity 
of integration problems. For regulation, LADWP currently uses gas-fired combustion 
turbines and hydro resources, including pumped water storage. 
Batteries and compressed air offer alternative storage 
solutions, but those technologies are still in development and 
have not yet been proven commercially viable. See Section 
2.4.5 for a discussion of LADWP's energy storage 
development activities. 

LADWP is conducting studies to determine the maximum 
levels of intermittent energy resources that can be integrated 
reliably and to identify the investments necessary to maintain 
power grid reliability with intermittent resources contributing 
significantly to its energy portfolio. 

1.6.3 Power Reliability Program (PRP) 

''Regulation'' is necessary 
because the amount of 
electricity generated must 
always match system load, or 
electricity demand. If load and 
generation do not match, the 
power frequency would vary 
from the target frequency, 
resulting in problems that can 
damage motors, appliances 
and other equipment, and may 
lead to system collapse and 
power outages. 

Between 2003 and 2005, LADWP experienced a growing number of distribution outages 
due to, among other things, aging infrastructure (poles, lines, transformers, etc.), and 
deferred maintenance and asset replacement. To illustrate, Figure 1-4 shows the number 
of electrical distribution poles categorized by age. As shown, more than 50 % of the poles 
are 50 years or older and more than 25% already exceed the average life span of 60 years. 

Pole Count by Age as of April 30. 2012 
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Figure 1-4. Pole count by year range installed. 
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Like all other electricity utilities in the US, LADWP uses a number of metrics to measure 
the performance and reliability of its electric power system. The two primary metrics are 
called SAIFI and SAID!. 

The System Average Interruption Frequency Index (SAIFI), is the average number of 
sustained service interruptions per customer during the year. It is the ratio of the annual 
number of interruptions to the number of customers. In other words, it measures how 
many times the average customer has been out of service. 1.1 is the recent national 
average. In 2002, LADWP's SAIFI index was 0.49; in 2011 it was 1.03. 

The System Average Interruption Duration Index (SAIDI), is the average duration of 
interruptions per customer during the year. It is the ratio of the annual duration of 
interruptions (sustained) to the number of customers. In other words, it measures how 
long the average customer was without power. 90 minutes is the recent national average. 
In 2002 LADWP's SAIDI index was 59.29; in 2011 it was 214.44. 

The trends for both SAIDI and SAIFI are shown in Figure 1-5. 
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Figure 1-5. LADWP's reliability indices. 
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In response to the decline in service reliability, LADWP established a comprehensive 
Power Reliability Program (PRP) in 2006 which provided increased funding to address 
the growing maintenance backlog. The goals of the program include: (1) mitigating 
problem circuits and stations based on the types of outages specific to a given facility, (2) 
implementing proactive maintenance and capital improvements to avert problems before 
they occur, and (3) establishing replacement cycles for facilities that are in alignment 
with equipment life cycle. 
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PRP funding has been inconsistent since its inception. As shown in Figure 1-6, the initial 
years of the program resulted in some reliability gains as outages decreased from 6,323 in 
2006 to 4,523 in 2009. Funding levels since then, however, have declined and the number 
of outages has remained above 4,500 per year. 
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Figure 1-6. Total outages between 2000-2011. 

Adequate funding is necessary to get the PRP back on track towards its goal of reducing 
outage levels. Additional information on LADWP's PRP can be found in Appendix E. 

1.6.4 GHG Emissions Reduction 

The focus of LADWP' s GHG emissions reduction strategy is early replacement of coal
fired generation. Because coal emits relatively high levels of CO2, switching to energy 
efficiency, renewables and other fuels will significantly lower overall emission levels. 
Early coal replacement facilitates LADWP's compliance with AB 32's upcoming cap and 
trade program. 

LADWP's GHG emISSIOns reduction strategy must comply with state and federal 
regulations: 

• SB 1368, the California Greenhouse Gas Emissions Performance Standard Act, 
enacted in 2006, prohibits LADWP and other California utilities from entering 
into long-term financial commitments for base load generation unless it complies 
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with the GHG emissions performance standard. The GHG emissions level must 
be equal, or below, that of a gas-fired combined cycle units (i.e., 1,100 lbs per 
MWh). This standard also applies to existing power plants for any long-term 
investments or contractual extensions, thus effectively prohibiting LADWP from 
continued coal-fired generation beyond the current contractual expiration dates 
for NGS (2019) and IPP (2027). 

• Assembly Bill (AB) 32, the California Global Warming Solutions Act of 2006, 
calls for reducing the state's C02 emissions to 1990 levels by 2020. The 
regulations for implementing a greenhouse gas emissions Cap and Trade program 
under AB 32 were finalized and adopted on October 20, 2011 by the California 
Air Resources Board (ARB). Enforcement and compliance with the trading 
program will begin January 1, 2013. LADWP has been granted an administrative 
allocation of emission allowances that reflects its resource projections through 
2020. 

LADWP has historically relied upon coal for base load generation. In calendar year 2011, 
41 percent of the energy delivered to LADWP customers was generated from NGS and 
IPP. The NGS's operating agreement and land lease expires in 20] 9 but has a stipulation 
for a 25-year extension. IPP's Power Purchase Agreement (PPA) contract is in effect 
until 2027. These stations have provided dependable, low cost base load generation to 
Los Angeles. However, as coal-fired electricity emits about twice as much CO2 as energy 
generated with natural gas, this 2012 IRP focuses on early coal replacement options as a 
means to lower LADWP's GHG emission levels. Section 2.4.2.3 presents more detail on 
LADWP's early replacement plans, and Sections 3 and 4 discuss the alternative coal 
replacement case options that were modeled and analyzed. 
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1.6.5 Increasing Renewable Resources 

Initiatives to utilize renewable resources to generate electricity support the goal of 
reducing GHG emissions and decrease our reliance upon fossil fuels. 

.. State legislation - SB 2 (IX) - which was passed in April 2011 and became 
effective December 10, 2011, requires utilities to procure eligible renewable 
energy resources of 33 percent by 2020, including the following interim targets: 

o Maintain at least an average of 20 percent renewables between 2011 and 
2013 

o Achieve 25 percent renewables by 2016 
o Achieve 33 percent renewables by 2020 and maintain this level In all 

subsequent years. 

.. SB 32, signed into law on October 11, 2009, requires LADWP to make a tariff 
available to eligible renewable electric generation facilities until LADWP meets 
its 75 ~IW share of the statewide target. Through this program, owners or 
operators of eligible renewable energy systems may sell their energy directly to 
LADWP. The purchase of energy will include all environmental attributes, 
capacity rights, and renewable energy credits which will apply towards LADWP's 
33 percent renewable requirement. 

.. Former Governor Schwarzenegger signed the California Solar Initiative (CSI), 
outlined in SB 1, on August 21, 2006. The CSI mandated that all California 
electric utilities, including municipals, implement a solar incentive program by 
January 1, 2008. The goal of the CSI is 3,000 MW of net-metered solar energy 
systems over 10 years with expenditures not to exceed $3.35 Billion. 
Expenditures for local publicly owned electric utilities shall not exceed $784 
Million. The LADWP cap amount is $313 Million, based on its serving 39.9% of 
the municipal load in the state. 

.. The LADWP Board of Commissioners has adopted a policy to achieve 20 percent 
renewables by 2010, and 33 percent by 2020. The Board and City Council have 
approved projects and long-term power purchase agreements that achieved the 20 
percent RPS goal in 2010. The policy has been revised to incorporate SB 2 (IX) 
requirements, and is included as Reference D-2 of Appendix D. 

In addition, SB 2 (IX) sets certain conditions regarding renewable energy contracts 
entered into on or after June 1,2010, as shown in Table 1-1. 
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Table 1-1. S82 (1X) CATEGORY REQUIREMENTS FOR RPS ENERGY CONTRACTS 

Portfulio 
Content 

Category1 

Minimum 50% Minimum 65% Minimum 75% 

2 See footnote 2 See footnote 2 See footnote 2 

3 Maximum 25% Maximum 15% Maximum 10% 

1Categories are defined as follows: 
Category 1 = Energy and RECs from eligible resources that 

• Have the first point of interconnection with a CA balancing authority or with 
distribution facilities used to serve end users within a CA balancing authority 
area; or 

• Are scheduled into a CA balancing authority without substituting electricity from 
another source. If another source provides real-time ancillary services to 
maintain an hourly import schedule into CA, only the fraction of the schedule 
actually generated by the renewable resource will count; or 

• Have an agreement to dynamically transfer electricity to a CA balancing 
authority. 

Category 2 = Firmed and shaped energy or RECs from eligible resources providing 
incremental electricity and scheduled into a CA balancing authority. 

Category 3 = Energy or RECs from eligible resources that do not meet the requirements 
of category 1 or 2, including unbundled RECs. 

2Remainder % of resources which are neither in Category 1 nor Category 3. 

The legislation allows for the California Energy Commission to issue a notice of 
violation and correction, and to refer all violations to the California Air Resources Board. 
Failure to achieve the targets may result in significant penalties. 

The challenges of adopting more renewable resources such as wind, solar and 
geothermal, are: (i) obtaining local and environmental rights and permits for renewable 
projects and the associated transmission lines needed to deliver energy to Los Angeles; 
(ii) establishing reliable and cost-effective integration of large scale wind and/or solar 
projects into the LADWP balancing area through the addition of regulation-capable 
generation; and (iii) developing geothermal sites which are potentially scarce, require 
large capital costs, impose exploration risks, and have limited transmission line access. In 
addition, energy from renewable resources is generally more expensive than energy from 
conventional fossil fuel resources, and must be fully funded through customer rates. 

1.6.6 Once-through Cooling 

Once-through cooling (OTC) is the process of drawing water from a river, lake, or ocean, 
pumping it through a generating station's cooling system, and discharging it back to the 
original body of water. OTC is a utility regulatory issue, stemming from the Federal 
Clean Water Act Section 316(b) and administered locally by the State Water Resources 
Control Board (SWRCB). The interpretation of rules and development of guidelines for 
OTC have been several years in the making. See Appendix C for details. 
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OTC regulations affect LADWP's three coastal generating stations - Scattergood, 
Haynes, and Harbor. To comply with OTC regulations, generation units at those stations 
that utilize ocean water for cooling will be repowered with new units that do not use 
ocean water. The amount of generation capacity affected by OTC is significant -
approximately 2,600 MW of LADWP's total in-basin plant capacity of 3415 MW. The 
amount of expenditures required is also significant, on the order of $2.2 billion. Because 
of the size and scope of the effort required, the work to comply with OTC regulation is a 
long term program, extending to 2029. 

It should be noted here that many of the units being replaced are older units that would 
have eventually been replaced even without the OTC requirement. However, the OTC 
mandate requires a significant reduction in the use of ocean water and therefore, OTC is 
being eliminated and replaced with closed cycle cooling. Satisfying the OTC mandate 
accelerates the replacement schedule of the affected generation units. 

Discussions between LADWP and the SWRCB have resulted in the following timeline 
for OTC compliance (Figure 1-7). 

OTC REDUCTION TIMELINE 
• OTC Comp liance Date 

IW&RIWarranty & Re liabili ty Phase 

lDiiiiiiii_ii[=lW~&~R --- --• 
. ; . 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure 1-7. Timeline for OTC compliance. 

There are many constraints and considerations that were factored into the development of 
the OTC compliance timeline. Because the LADWP Power System relies on the in-basin 
units to provide transmission system reliability, as well as local sources of power 
generation, it is important to keep all of the units available to meet local capacity 
requirements. An existing unit that is being replaced cannot be decommissioned (shut 
down) until the new replacement unit is built, tested, and ready to go on-line. This 
requires a strict sequencing of the separate repowering proj ects, as shown on Figure 1-7. 

There are many challenges to meeting the target dates. The limited space available within 
some of the generating station property boundaries presents planning and construction 
difficulties. Other issues include the long lead times required for environmental 
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permitting, engineering design, and equipment procurement. Any unforeseen delay - for 
example, a delay in acquiring an environmental permit or a delay in delivery of new plant 
components - will adversely affect the schedule. The timeline shown in Figure 1-7 
represents LADWP's best effort to comply with the mandated compliance deadlines 
while also meeting its reliability responsibilities. 

The effects of the repowering program on ocean water use are shown in Figure 1-8. As 
individual units are replaced with new units that do not use ocean water, OTC levels 
decrease. The overall goal of the program is the total elimination of OTC by 2029. 
Additional discussion regarding LADWP's compliance with OTC regulations can be 
found in Appendix C. 
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Figure 1-8. LADWP's reduction in once-through cooling from 1990 to 2029. 

1.6.7 Workforce Development 

To effectively implement the programs and projects recommended in this IRP, an 
effective human resources strategy is required. The Power System is challenged to 
develop a sustainable workforce development plan that addresses the following human 
resources elements: 
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Ensure adequate staffing so that LADWP can comply with mandated deadlines and fulfill 
its regulatory obligations. The Power System employs approximately 4,000 employees in 
150 civil service classifications who perform core work related to generation, 
transmission and distribution of electricity. Workload requirements and competencies are 
continuously reviewed to determine the composition and number of employees needed. 
Achieving and maintaining proper staffing levels is complicated by the fact that a 
significant number of employees are expected to retire in the next 3-5 years. 

Proper Skill Sets 
New and expanded work areas such as renewable energy facility operations, energy 
efficiency, solar distributed generation, power reliability and smart grid deployment will 
require analysis to identify the skills, knowledge, abilities, and staffing levels required to 
perform these functions in a safe, effective and efficient manner. New job classifications 
may be required for new or specialty areas. 

TraininglProfessional Development and New Technologies 
Developing and promoting the development of both new and existing employees is a key 
human resource management objective. LADWP supports employee development by 
providing various computer-based training programs, and offers tuition reimbursement 
for those who return to school to enroll in work-related courses and advanced degree 
programs. Across the Power System, different work groups are encouraged to develop 
training specific to their particular functions and needs. This is especially important as 
new and emerging technologies become applicable to various work functions. Applied 
correctly, technology increases employee productivity, enhances safety, and enables new 
and expanded customer services. 

Recruitment 
Recruiting the best qualified employees assures an effective workforce capable of 
meeting the near term and long term challenges identified in the IRP. Working with 
source institutions such as colleges and vocational schools will expand LADWP's 
candidate pool, from which the highest qualified individuals can be offered positions. To 
promote the local economy, strategic recruiting is planned in areas of the City which have 
historically been untapped as sources for entry-level craft jobs. Continued use of 
LADWP's website and social media to promote career opportunities will sustain public 
awareness and help ensure that the best qualified individuals consider joining the 
LADWP workforce. 

1.6.8 Additional Challenges 

Additional challenges that LADWP must address include an increased risk from natural 
gas price volatility, a push towards higher levels of distributed generation, a need for 
more robust and precise transmission planning, addressing cyber security legislation, 
hydro-plant re-licensing, the future effects of climate change on power generation and 
operations, and improving system load factor. 
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To the extent that LADWP seeks to reduce its GHG footprint, but cannot meet all its 
future needs through renewable resources and EE/DSM programs, a greater 
percentage of generation utilizing natural gas will be forthcoming. To reduce the 
price risk inherit when relying so much on a single fuel type, LADWP will need to 
continue to develop and implement strategies to hedge against natural gas price 
volatility. These strategies are designed to protect LADWP from potential future price 
fluctuations, and include financial hedging products, ownership of gas reserves to 
supply a portion of its fuel needs, and other potential products and contractual 
arrangem ents. 

.. Distributed Generation 

The Governor has called for a statewide goal of 12,000 MW of renewable power 
generation within the local distribution grid. LADWP's portion of that would amount 
to approximately 1,200 MW. While this IRP investigates higher levels of distributed 
generation (see Cases 7 and 8 in Section 3 and 4), a number of complicating factors 
could make this a difficult goal to attain. Having adequate reserves, addressing 
operational impacts, and loss revenues that would have to be made up elsewhere are 
some of the factors that need to be considered and analyzed. This issue will require 
on-going attention and assessment beyond this current IRP and should be an item for 
discussion in subsequent IRPs. 

.. Transmission Planning 

As resource planning has become more dynamic and complex in response to the 
growing number of external drivers and influencing factors, so too are the demands 
on transmission planning to support it. It is important that transmission considerations 
be connected to resource planning so that alternative options are evaluated in a 
realistic and effective manner. Importing new renewable energy from distant 
locations, dealing with intermittent energy, switching away from coal which may free 
up transmission capacity, the transmission needs for potential new power plants; these 
and other resource planning considerations aU require adequate transmission. As 
LADWP controls a large amount of transmission in the state, it should leverage those 
assets to best meet the needs of the City and the ratepayers. 

.. Cyber Security Legislation & Regulation 

Congress is currently contemplating several Cyber Security Bills, all of which have 
their unique approach to protect the nation's critical infrastructure against cyber
attacks. The two prominent approaches to cyber security legislation range from 
Information Sharing to Federal Oversight and the development of new cyber security 
standards. Public power is working with House and Senate representatives to develop 
a bill that focuses more on information sharing and which would allow a utility to 
take voluntary actions as they see best for their organization. 

Along with Cyber security legislation, electric utilities are also concentrating on the 
development and implementation of NERC cyber security reliability standards. 
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NERC is currently working with industry on version 5 of these standards in order to 
prevent cyber incidents that could lead to misoperation or instability in the bulk 
electric system. 

• Castaic FERC Re-licensing Program 

On January 31, 2022, the Federal Energy Regulatory Commission's (FERC) license 
to operate Castaic Pumped-storage Hydroelectric Plant will expire. The license is a 
co-license between LADWP and the Department of Water Resources (DWR) and 
includes a number of hydro power plants along the California Aqueduct. Both parties 
have initiated the joint re-licensing process that, on average, requires ten years to 
complete. Through 2015, LADWP expects to complete preliminary studies, contract 
negotiations, and prepare a filing strategy. In 2016, LADWP expects to file a notice
of-intent (NOI) and initiate the formal studies and applications. 

• Effects of Climate Change/Global Warming 

While LADWP is actively working to reduce its GHG emissions and thus lower its 
contribution to the problem of global warming, it must also look at the consequences 
of climate change and how it affects power generation and operations. Warmer 
temperatures, more volatile weather patterns, an increase in the number and duration 
of heat waves, stricter water availability and rising sea levels are some of the impacts 
that must be considered to ensure adaptation of the Power System to those future 
conditions. See Section 2.4.6 and Appendix M. 

• Load Factor Improvement 

Load factor represents how constant energy usage is over a given day. A 100 percent 
load factor means that the same amount of power is used throughout the day, so the 
system is getting full use of its generation, transmission, and distribution resources. A 
low load factor results in generators being started more often to serve load for a few 
hours a day, which is not optimum. As an analogy, a car traveling at constant speed 
will get the best gas mileage and reduced wear and tear than a car in stop-and-go 
traffic. 

From the 1990s through 2005, annual system load factors were trending slowly 
upward, which is a positive movement. Since 2006, however, system load factors are 
trending down. Some of this decline is due to the fact that much of the historic energy 
efficiency effort is directed at lighting, which has higher impact on energy sales when 
compared to peak demand. Also, most customers are making greater efforts to 
conserve energy but during extreme weather events safety and comfort predominate 
over conservation causing the peak to spike. LADWP will consider programs to shift 
load from peak hours to off peak hours to reverse this trend and improve system 
performance. 
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The 2012 IRP process includes a public outreach effort to provide information and gather 
public input. 

Public outreach began with two stakeholder meetings held in early 2012. LADWP staff 
met with key major customers and business representatives in February; and in March 
with key environmental organization representatives. Comments received during these 
stakeholder meetings were considered in the development of the preliminary cases that 
were analyzed. 

These preliminary results were documented in the 2012 Draft IRP document and were 
presented at three additional stakeholder meetings with major account customers, 
environmental organizations, and neighborhood councils; and discussed at an additional 
general public workshop held on October 11, 2012. The 2012 Draft IRP was made 
available for public comment through the LADWP website: 

www.1adwp.com/lapowerplan 

Comments were accepted through November 5, 2012. Considering the public comment 
and input received, a final set of recommendations was made. 

A summary of the public comments received is included in Section 5 and Appendix O. 
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1.8 2012 IRP Development Process 

The IRP is prepared by a group of engineers dedicated to LADWP resource planning and 
preparation of the IRP. While this group performs the production model and report 
preparation for the IRP, the bulk of the work is collaborative across the numerous work 
groups and functional areas of the Power System, including wholesale marketing, grid 
operations, renewable procurement, environmental and legislative affairs, and financial 
servlces. 

The IRP is developed in multiple stages, including: 

1. Gather stakeholder input 

Meetings are held with stakeholder groups to discuss the key strategic planning 
issues and to gather input. This is done early in the process to ensure those 
concerns expressed are given due consideration in the establishment of goals and 
objectives, and in the development of the alternative cases for study and analysis. 

2. Establish clear goals and objectives 

The overarching goal ofLADWP's IRP planning efforts is to produce a long term 
plan that ensures a future supply of electricity that is reliable, competitively 
priced, and is secured in a manner consistent with environmental stewardship. 
Through the planning and development process, specific initiatives, programs and 
projects (many which are in progress) are identified and assessed. The planning 
effort is collaborative among cross functional organizations within LADWP. Each 
initiative, program and project will have its own appropriate set of goals and 
objectives, which in tum supports the collective goal of reliable, affordable 
electricity that is sensitive to the environment. 

3. Identify and approve key assumptions 

The assumptions form the basis for subsequent analysis, and include such factors 
as load and fuel price forecasts, renewable resource percentage targets, CO2 

allowances and pricing, projected energy efficiency implementations, repowering 
schedules, etc. Assumptions are prepared and approved by the internal LADWP 
organizations responsible for the respective subj ect areas. The assumptions are 
then presented to LADWP management for comments and acceptance. 

4. Establish strategic case alternatives 

FINAL 

Each of the strategic cases is developed by IRP staff with input from each of the 
internal LADWP organizations. The strategic cases are designed to consider 
alternative future resource portfolios, and reflect real decision points and plans 
that LADWP will have to implement. The current major decision areas for 
LADWP is coal replacement, energy efficiency, and distributed generation; 
therefore, this IRP considers cases which offer alternative options for these three 
subject areas. Each case is vetted through LADWP management and working 
meetings are held to agree on final cases to be assessed. 
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5. Conduct computer modeling of Power System operations 

Simulations of the case alternatives are made using the Planning and Risk (PAR) 
software. PARis a widely used hourly production cost model that commits and 
dispatches resources to minimize the cost of serving electric load. PAR is used by 
many utilities across the US and the world. The modeling results are vetted for 
quality. Post model analysis is then conducted to account for non-generation 
system costs, including transmission and distribution. The final results compare 
each case in terms of reliability, costs, and CO2 emissions reduction. The results 
are reviewed by management for comments and acceptance. If needed, 
modifications are made to the model input assumptions for new computer runs. 

6. Present preliminary findings and gather public comments 

Public meetings are held where the findings of the case analysis are presented. 
These results are considered preliminary at this point. Following public input, a 
final analysis of the cases is then conducted. It is possible that one or more of the 
cases may be modified as a result of public input. 

7. Recommend and approve a preferred case 

Based on the results of the final analysis, a preferred case is recommended. The 
preferred case is then presented to management for review and acceptance. 

The IRP development process includes coordination among multiple LADWP 
organizations responsible for different aspects of Power System operations. 
Recommended positions at the various stages are presented to LADWP's leadership 
team, including Division and Section Heads. The approval process for recommendations 
is based on consensus from the managers of each area of responsibility. 

FINAL 32 December 3,2012 

AR0069953 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Section 1 
Introduction 

1.9 Summary 

LADWP is in the process of transforming its Power System. Approximately 70% of its 
Power System generation will be replaced within the next 15 years. Numerous challenges 
are being addressed concurrently, including meeting renewable resource requirements, 
once-through cooling, natural gas repowering, coal replacement, GHG reduction, energy 
efficiency, demand response programs and others. Meeting all of these challenges 
requires considerable amounts of labor and capital resources, which applies upward 
pressure on LADWP' s electric rates. 

LADWP is focusing on both near-term and long-term solutions. To achieve the 
objectives and goals documented in this 2012 IRP, LADWP will continue to implement 
its existing programs and projects, but will also introduce and expand new initiatives and 
program areas. The following list shows the major activities that require action over the 
next 3-5 years (for more information, see the referenced IRP sections). 

Major Power System Activities 2012-2017 

Program Areas in Progress 

• Haynes 5&6 Repowering (Sections 1.6.6,2.4,3.3; 5.3; Table 5-4; Appendix F) 

• Scattergood Repowering (same as Haynes 5&6 references) 

• Coal Replacement Planning and Implementation (Sections 1.6.4, 2.4.2.3, 3.3, 3.5, 

4, and 5) 

• Replacing aging distribution infrastructure (Sections 1.6.2, 1.6.3 and 2.4.2.2; 

Appendix E) 

• RPS procurement (Sections 1.6.5,2.4.3,3,4, and 5; Appendices D and N) 

• Solar Program Development (Sections 2.4.3, 3.2, 4 and 5; Appendices D, G, and N) 

• Existing EE program elements (Section 2.3; Appendix B) 

New and E'(panded Program Areas 

• Demand Response Program (Sections 2.3.2,5.3, and 5.6; Table 4-2) 

• New EE program elements (Section 2.3; Table 4-6; Appendix B) 

• Smart Grid Implementation (Section 2.4.5; Table 4-6; Appendix L) 

• Transmission Line Improvements (Sections 2.4.4; Appendix I) 

• Grid Reliability Improvements (Sections 2.4.4 and 5.1) 

• Haynes 1&2 Repowering (Sections 1.6.6 and 3.3, Table 4-6) 

• Distributed Generation (Sections 2.3.3, 3.5, 4.3.3.1: Appendices G and N) 
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2.0 LOAD FORECAST AND RESOURCES 

2.1 Overview 

Through an IRP, utilities forecast the demand for energy and determine how that demand 
will be met. Meeting forecasted demand is accomplished by the planning and delivery of 
electric power generating ("supply-side") resources through transmission and distribution 
systems. Another key element of IRP planning is to determine how to reduce energy 
demand and increase the efficiency of the utility customer's use of electricity, known as 
"demand-side resources." 

This section of the IRP addresses the following: 

• Forecasting of future energy demand 

• Demand-side Resources (DSR), including Energy Efficiency and Demand 
Response 

• Distributed Generation 

• Supply-side Resources 

• Transmission/Distribution, including grid reliability 

• Advanced Technologies, including Smart Grid and Energy Storage 

• Climate Change Effects on Power Generation 

• Reserve requirements 

The discussions include the technical, regulatory, and economic factors that affect 
LADWP's planning and execution of programs and proj ects. 

Data for this analysis comes from publicly available reports from organizations such as 
the California Energy Commission (CEC), California Public Utilities Commission 
(CPUC), the North American Electric Reliability Corporation (NERC), the Federal 
Energy Regulatory Commission (FERC), other industry forecasts, and internal LADWP 
sources. Also highlighted in this IRP are additional studies that are either underway or 
will be performed in the near future to provide additional clarity regarding the boundaries 
and needs of the system. 
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This IRP utilizes LADWP's 2012 Load Forecast, dated March 7, 2012, of customer 
demand for energy over the next 20 years (the complete 2012 Load Forecast is included 
in Appendix A). Econometric models are used to forecast retail sales and peak demand. 
Net Energy for Load (NEL) is defined as the production necessary to serve retail sales. 
NEL, and its allocation across various times of the day, are functions of the retail sales 
and peak demand forecasts. The retail sales forecast is the sum of seven separate 
customer class forecasts. The classes are residential, commercial, industrial, plug-in 
electric vehicle (PEV), intradepartmental, streetlight, and Owens Valley. The drivers in 
the retail sales models include normalized weather, population, employment, construction 
activity, and personal consumption. The NEL forecast is derived from the retail sales 
forecast by applying a normalized loss factor of 11.5 percent. Losses can vary depending 
on the sources of energy production. NEL load growth becomes a driver of the peak 
demand forecast. Peak demand is also a function of temperature, heat buildup, and time 
of year. The NEL forecast is allocated using the Loadfarm algorithm developed by 
Global Energy. The inputs into the algorithm are NEL, peak demand, minimum demand, 
and system load shape. 

2.2.1 2012 Retail Electrical Sales and Demand Forecast 

The effect of the recent recession and slower than normal recovery combined effective 
energy efficiency programs depressed electricity sales by approximately 6.4 percent off 
their fiscal year 2007-08 peak. Economic activity in commercial sectors such as 
construction, real estate, retail, and leisure are forecasted to recover as the economy 
expands. 

The electricity consumption within LADWP's service territory is forecasted to rise 0.8% 
over the next five years as energy efficiency and solar rooftop expansion offset growth 
from economic activity. The growth in annual peak demand over the next twenty years is 
predicted to be about 0.6 percent-approximately 40 MW per year-with less growth 
over the next few years due to the current recession. After 2018, some of the growth will 
not be realized at the meter depending on the adoption of energy efficiency and 
distributed generation technologies. 

The 2012 forecast is LADWP's official Power System forecast. This forecast is used as 
the basis for LADWP Power System planning activities including, but not limited to, 
integrated resource planning, transmission and distribution planning, and wholesale 
marketing. The forecast is a public document that uses only publically available 
information. 

Table 2-1 summarizes the data sources used to develop the forecast and where these data 
sources have been updated from previously published forecasts. 
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Table 2-1: LOAD FORECAST DATA SOURCES 

Data Sources Updates 

1. Historical Sales through December 2011 are reconciled to the Historical Sales, Net Energy for 
General Accountings Consumption and Earnings Report. Load and weather data is 

updated through December 2011. 

2. Historical NEL, peak demand and losses through December 2011 are reconciled to energy 
accounting data. 

3. Historical weather data is provided by the National Weather Weather is updated through 
Service and Los Angeles Pierce College. December 2011. 

4. Historical Los Angeles County employment data is provided by Employment data is updated 
the State of California Econornic Development Division using through December 2011 using 
the March 2010 benchmark. the March 2010 benchmark. 

5. Historical population and forecasts is provided by the State of Population data is updated 
California Department of Finance. through January 2012. 

6. The long-term Los Angeles County economic forecast is provided by UCLA Anderson Forecast. 

7. The construction activity forecast is provided by McGraw-Hill Building permit data is updated 
Construction. through December 2011. 

8. The plug-in electric vehicle (PEV) forecast is based on the California Electric Vehicle Coalition 
which has been adopted as the statewide PEV forecast. 

9. The port electrification forecast is provided by the Port of Los Angeles. 

10. The housing forecast is informed by the City of Los Angeles "Housing that Works" plan. 

2.2.2 Five-year Sales Forecast 

The Retail Sales Forecast represents sales that will be realized at the meter through Fiscal 
Year Ending (FYE) 2017. After FYE 2017, some of the forecasted sales will not be 
realized at the meter due to the incremental impacts of LADWP-sponsored energy 
efficiency programs. 

The historical accumulated energy efficiency and solar savings are from 1999 forward 
and only include LADWP installed savings. Since July 1,2008, LADWP installed energy 
efficiency savings are 715 GWh for which LADWP recovers lost revenue. In the 
forecast, energy efficiency and solar savings are expected to occur uniformly throughout 
the year as a simplifying assumption. Installation schedules are difficult to prepare 
because they rely on the customers allowing the installation to occur. 

Retail sales decrease of 0.6 percent in FYE 2014, as shown in Figure 2-1, is attributed to 
the full ramp up of the lighting efficiency requirements of AB 1109 (approved in 2007 
and known as the "Huffman Bill") and accelerated incremental savings rates in 
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LADWP's energy efficiency programs. Beginning January 2012, the Huffman Bill 
significantly raises the efficiency standard of light bulbs. The 0.5 increase in FYE 2015 is 
due to the projected completion of port electrification projects and a decline in the 
LADWP incremental energy efficiency savings rate. 

25000 

24500 

24000 

23500 

23000 

~ 22500 

22000 

21500 

21000 

20500 

"" 
/ 

/ 
"'w- --

RETAIL SALES 
(Pre-2011 data is actual) 

~ 

/' "-
./ '\. --.- ... 

----

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
FYE 

~2012 Forecast _2011 Forecast 

Figure 2-1. Retail sales net of energy efficiency and distributed generation. 

Table 2-2 shows projections of short-term retail sales growth: 

Table 2-2. SHORT-TERM GROWTH 

Additional Load if not 

Fiscal Year Retail Sales for EE & Solar 
Savings 

Ending June 30 (GWH) 
Growth Rate 

(Year-Over-Year) 
(GWH) 

2010-11 23,053 -1.50% 0 

2011-12 23,232 0.8% 255 

2012-13 23,364 -0.4% 592 

2013-14 23,256 -0.6% 928 

2014-15 23,294 0.2% 1302 

For IRP modeling and analysis, adjustments are made to the approved load forecast to 
account for the alternative energy efficiency targets and customer net-metered solar 
projections. These adjustments are shown in Appendix N. 
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2.2.3 Electrification 

A result of AB 32 will be to encourage increased electrification as a means to reduce 
GHG emissions. This has added a degree of uncertainty to the forecast of future 
electricity needs in terms of both additional resulting load and the speed of 
implementation of electrification programs. 

In the transportation sector, fuel switching from diesel and gasoline to electric power can 
result in air quality improvements if the sources of electric power are clean. Figure 2-2 
shows the forecasted number of plug-in electric vehicles (PEV s) within the LADWP 
service area over the next 20 years. To support the adoption of electric vehicles, LADWP 
launched a pilot program in May 2011 that provides 1000 customer rebates of up to 
$2,000 towards the purchase and installation of electric vehicle home charging systems. 
Supporting the City's electric vehicle infrastructure, LADWP is also in the process of 
retrofitting 117 vintage chargers on City property. 
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Figure 2-2. Forecasted number of plug-in electric vehicles. 

Other agencies in the LA air basin have initiatives underway for "electrification" to 
replace existing diesel fueled trucks and gasoline powered cars with electric power. In 
addition, planned expansions to light railway and the metro system would add additional 
electric load to the system. Another example of transportation sector electrification is the 
Clean Air Action Plan developed jointly by the Port of Los Angeles and the Port of Long 
Beach to reduce air pollution from their many mobile sources as well as some fixed 
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sources. This includes trucks, locomotives, ships, harbor craft, cranes, and various types 
of yard equipment. One of the programs, Alternative Marine Power (AMP), allows AMP
equipped container vessels docked in port to "plug-in" to shore-side electrical power 
instead of running on diesel power while at berth. 

Plug-in Electrical Vehicles (PEVs) 

Large scale deployment of electric vehicles will significantly affect the way electricity is consumed. It is 
estimated that by 2015, the United States will have one million EVs in deployment, 10% of which is 
expected to be in California. The introduction of electric vehicles in Southern California brings a 
challenging set of planning, regulatory and cost issues. Because EVs require a unique infrastructure, 
including specialized charging equipment and adequate electric service, it is essential to anticipate and 
predict the grid impact in Southern California from the EV deployment. 

Regulated utilities in California are now responding to regulatory direction to submit plans for large
scale EV initiative with full delineation of costs and benefits. This regulatory initiative is an aggressive 
step, seeking to promote accelerated adoption of EVs. The EV deployments and the associated utility 
customer features are proceeding throughout the State of California. Energy needed for PEVs will come 
partially from the utility electric grid. It is expected that the "fuel shift" from traditional transportation 
fuels will increase customers' demand for electricity from the electric grid. 

PEVs also present an opportunity to influence charging patterns by incentivizing charging during off
peak time periods, resulting in better system load factor. Currently 80% of PEV charging in Los Angeles 
occurs during offpeak hours (per US DOE) 

LADWP will use a part of the $120 million Smart Grid demonstration grant award from DOE to 
demonstrate the integration of electric vehicles into the LADWP-managed electric system. The 
demonstration will use internal fleet equipment, privately owned EV chargers, and will include electric 
vehicle fleets from both UCLA and USc. These complementary fleets provide the opportunity to test EVs 
in both the controlled environment of a corporate fleet and the "real world" usage of individuals. These 
opportunities will test the integration of EVs into the grid, along with acquisition of EV communications 
to the grid management. 

FINAL 40 December 3,2012 

AR0069961 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Section 2 
Load Forecast and Resources 

2.2.4 Peak Demand Forecast 

Growth in annual peak demand over the next ten years is 1.0 percent as shown in Table 
2-3. 

Table 2-3: FORECASTED GROWTH IN ANNUAL PEAK DEMAND 

Fiscal Year End 

I 

Base Case Peak 

I 

Growth rate Base 

I 

One-in-Ten Peak 
June 30 Demand (MW) Year 2010-11 Demand (MW) 

2011-12 56351 6046 

Forecast 
2015-16 5591 0.8% 6028 

2020-21 5791 1.0% 6244 

2030-31 6381 1.1% 6885 

2040-41 6992 1.1% 7546 
1 Weather-normalized. Actual peak was 5907 MW 

In 2010, the System set its all-time annual net energy for load peak at 6142 MW on 
September 27, 2010 on a day that was a one-in-thirty-five year weather event. The 
weather-adjusted one-in-two peak for 2011 is 5635 MW. Figure 2-3 presents the one-in
ten peak demand forecast, which is used for integrated resource planning. In the 1990s 
through 2005, annual system load factors were trending slowly upward. Since 2006, 
system load factors are trending down. Two factors are generally thought to be 
contributing to this effect. Most customers are making greater efforts to conserve energy 
but during extreme weather events safety and comfort predominate over conservation 
causing the peak to spike. Much of the historical and forecasted energy efficiency effort 
is lighting which has a greater impact on consumption rather than peak which lowers the 
load factor. 
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Figure 2-3. One-in-ten peak demand forecast comparison. 
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Demand Side Resource (DSR) programs, including energy efficiency, have become 
important elements of IRP planning. Also known as Demand Side Management, DSR 
programs help to counter or minimize energy demand growth and thereby lessen the need 
to build more physical generation assets and improve load factor. This section discusses 
the following DSR initiatives: 

• Energy Efficiency (EE) 

• Demand Response (DR) 

• Distributed Generation (DG) 

Key DSR data assembled for this IRP included: 

• The energy efficiency forecast, which was based on the Board-approved AB 2021 
objectives, the City of Los Angeles Green Plan, and Demand Forecast Energy 
Efficiency Quantification Project working papers. Historical installation rates 
were referenced as part of the forecast. 

• An estimate of the amount of solar rooftop and other distributed generation. 

• An assessment of existing and developing technological improvements in large 
scale battery systems for energy storage. 

2.3.1 Energy Efficiency 

Energy Efficiency (EE) is a key strategic element in LADWP's resource planning efforts. 
EE is an overall cost effective resource in LADWP's supply portfolio, and serves an 
important and multi-faceted role in meeting customer demand. One of the most widely 
recognized examples of an EE program is the replacement of incandescent lights with 
compact fluorescent lamp (CFL) bulbs. CFLs consume up to 75% less energy than 
incandescent bulbs while producing an equivalent amount of illumination and last up to 
10 times longer. 

Since 2000, LADWP has spent approximately $315.2 million in capital and O&M on its 
energy efficiency (EE) programs and these programs have reduced consumption by 
approximately 1,377 GWh. LADWP is committed to implementing comprehensive 
programs with measurable, verifiable goals as well as implementing robust, cost effective 
energy efficiency programs. 

Under Assembly Bill 2021 (AB 2021), publicly-owned utilities such as LADWP, must 
identify, develop and implement programs for all potentially achievable, cost-effective 
EE savings and establish annual targets. 
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Furthermore, utilities are required to conduct periodic "Potential" studies to update their 
forecasts and targets. LADWP's most recent study, carried out in late 2010, is the basis 
for the EE recommendations contained in last year's 2011 IRP and was used to develop 
the initial financial plan and proposed rates for fiscal year ending (FYE)2 2013 and FYE 
2014. LADWP is currently proceeding with the 2013 EE Potential Study, to be 
completed in 2013. 

2.3.1.1 Recommended Target -10% by 2020 

The base plan for energy efficiency programs established in December 20] 1 puts 
LADWP on a path to achieve energy savings equivalent to 8.6% of 2010's energy 
consumption by 2020. This level of savings reflects the findings of the latest energy 
efficiency potential study and was approved by the LADWP's Board of Commissioners 
in December 2011. The 2010 reference point is specified by AB 2021, which encourages 
the state's electric utilities to achieve cumulative savings of 10% of total energy 
consumption levels by 2020. The Board's adoption of an 8.6% energy savings goal by 
2020 was an interim goal. In that adoption, the Board requested LADWP to evaluate 
options to increase the rate of energy efficiency savings to achieve the targeted goal of 
10% by 2020. LADWP determined that a 10% goal by 2020 was indeed achievable, and 
the Board formally adopted this target on May 24, 2012. 

LADWP's baseline EE spending in the initial financial plan for FYE 2013 and 2014 
(based on the 8.6% target) is $87M and $99M, respectively. In order to achieve the 10% 
level of GWh savings, LADWP recommended increasing spending on EE programs. This 
change would add funding to existing programs, modify existing programs or develop 
new programs that provide additional GWh savings necessary to put the utility on a 
proj ected path to achieve 10% savings by 2020. Other changes included reallocating 
costs from support functions to programs, capitalizing the vast majority of the programs, 
and updating assumptions related to other programs. The Board adopted the increased EE 
budget for 2013-14 at the same time as the 10% savings goal, on May 14,2012. 

On May 24, 2012 the Board also acknowledged plans to conduct a new updated energy 
efficiency potential study to be completed by June 30, 2013. The new potential study will 
be used to develop a long-term plan for the scope and estimated costs to achieve 10%, 
12.5%, and 15% savings by 2020. The energy efficiency planning scenarios resulting 
from the new study will be considered for inclusion into future IRPs. 

2.3.1.2 Total Additional EE Investment Required to 
Reach Required 1 W% GWH Savings 

As shown in Figure 2-4 and Table 2-4 below, LADWP recommended an additional $41 
million and $40 million in expenditures in FYEs 2013 and 2014 respectively. This level 
of additional spending is well above LADWP's historic and current levels and produces 

2 FYE 2013 refers to 2012-13 and FYE 2014 refers [0 2013-14. LADWP's fiscal year begins on July 1 and ends on 
June 30. 
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the GWh savings required in the next two fiscal years to put LADWP on a path which, if 
continued beyond FYE 2014, would reach at least the 10% required by year 2020 per AB 
2021. Notably, this level of funding puts LADWP on par with California's Investor 
Owned Utilities (lOUs) in terms of EE investment on a per-ratepayer basis, giving 
LADWP the third largest portfolio of EE programs in California. Moving forward with 
this level of commitment then allows LADWP to prepare plans beyond the next two 
fiscal years to achieve the 10% energy efficiency savings by 2020, or to consider even 
further energy efficiency improvements beyond 10% if deemed appropriate. 

The yellow line in Figure 2-4 represents the level of energy savings required to pace 
LADWP towards the 10% reduction target. Expenditures for this level of savings were 
approved in the recently concluded rate process. 
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Figure 2-4. Energy efficiency recommended investment and energy savings through 

FYE 2014. 

Table 2-4 below shows proposed spending for the next two years, along with an extended 
outlook through FYE 2017. 
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FINAL 

Table 2-4. TOTAL ENERGY EFFICIENCY EXPENSES AND USAGE SAVINGS 

. .. ~ 

Cost 
($/kWh) 

Note: LADWP reserves the right to adjust programs, budgets, and individual program savings target at any time in 
order to respond to changing business conditions and market needs. 
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The spending shown in Table 2-4 results in cumulative savings of 1,523.5 GWh in FYE 2013 
through FYE 2017 combined at an average cost per kWh of $0.079. 

2.3.1.3 Program Descriptions 

The different EE program elements are briefly described as follows: 

Residential Programs 

Refrigerator Recycling Program: The program provides free pick-up and recycling of old, 
inefficient refrigerators, along with a cash incentive of $50 for each recycled refrigerator. 

Refrigerator Exchange Program: Provides new energy-efficient refrigerators to low-income 
customers in exchange for existing inefficient older models. Program planning includes 
improved outreach and continued expansion to apartment owners. 

Consumer Rebate Program (CRP): The CRP is designed to both educate and encourage the 
LADWP's residential customers to purchase high efficiency refrigerators, air-conditioners, 
appliances, and other energy-saving products that meet or exceed Energy Star efficiency rating. 

Home Energv Improvement Program: This program, offers residential customers the 
opportunity to reduce their energy bills by allowing qualified Department staff to make energy 
efficiency and water conservation upgrades to their home. For residential customers residing in 
multi-family dwelling, common area efficiency upgrades will also be addressed. All residential 
customers may apply, however, first consideration will be given to registered low-income and 
lifeline customers, and Tier 2 residential customers who demonstrate the greatest economic need. 

Residential Lighting Program: This program is currently under development. 

Behavioral Programs: Provides residential end-users with information on their energy use, 
comparisons with usage by others, goal setting, rewards and additional tactics that encourage 
efficient energy use. This is a new program not included in the base energy efficiency program. 

Energy Upgrade California: This is a collaborative program administered by the California 
Energy Commission in partnership with public and private utilities, the California Public 
Utilities Commission and participating counties. The program is funded by grants and contracts 
from the U.S. Department of Energy, the Energy Commission, and California utility customers. 
This is a new program not included in the base energy efficiency program. 

AC/Tune-Up: Provides qualifying residential customers with Air Conditioning refrigerant 
charge adjustments and condenser coil cleaning. Program is currently in development. 

Non-Residential Programs 

Commercial Lighting Efficiency Offer: Provides menu-based rebates for energy efficient 
lighting technologies, including T8 and T5 lamps with electronic ballasts, high bay linear 
fluorescent fixtures, induction lamps, LED exit signs, LED channel signs, occupancy sensors, 
and others. 
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Chiller Efficiency Program: Rebates are available for all types of chillers (air-cooled and water
cooled). In addition, water-cooled centrifugal chillers now can be tested at either standard Air
conditioning and Refrigeration Institute (ARl) or non-standard ARl conditions provided the 
cooling tower meets specific performance criteria. Higher rebate levels are based on the 
percentage that the chiller's Integrated Part-Load Value performance exceeds California's 
Current Title 24 requirements for chillers. 

Refrigeration Program: The new Refrigeration Efficiency Program encourages best practices 
and retrofit measures and technologies to reduce energy in food store refrigerator cases and cold 
storage facilities. 

HVAC Program (5 to 20 tons): Offers incentives for replacing inefficient package units with 
high efficiency units. This is a new program not included in the base energy efficiency program. 

Custom Performance Plus: An enhanced version of the Custom Performance Program that is in 
the base level EE plan, targeting industrial process efficiency improvements with minimum 
energy saving requirement of one GWh. Program is currently in development. This is a new 
program not included in the base energy efficiency program. 

Custom Performance Based Program: This program continues offering savings-based incentives 
for the installation of energy savings measures, equipment or systems that exceed Title 24 or 
minimum industry standards, with differing incentive rates established for three categories or 
efficiency measures (lighting, HV AC, other). 

New Construction Program: This program is being redeveloped. Plans are underway to offer 
incentives for projects exceeding current Title 24 requirements for energy efficiency. 

Energy Efficiency Measures for LAUSD: Los Angeles Unified School District (LAUSD) is the 
largest power customer of the utility. LADWP is presently working with LAUSD to develop a 
focused energy efficiency program to reduce energy use at LAUSD facilities that are within the 
City of Los Angeles3

. LADWP has proposed to LAUSD undertaking specific energy efficiency 
measures in FYE 2013 while LADWP works with LAUSD to develop a detailed energy usage 
and energy efficiency potential study ofLAUSD facilities that will provide the basis for a multi
year energy efficiency plan that LADWP and LAUSD would collaboratively undertake as part of 
LADWP's overall energy efficiency investment program. The Energy Efficiency Alternative 
Plan presented herein provides for an allocation of funding and target energy savings for the next 
two fiscal years. This plan will be developed in more detail in cooperation with LAUSD. 

Small Business Direct Install Program (SBDI): This program will retrofit the existing lighting of 
qualifying business customers to new, high efficiency lighting systems. The SBDI will initially 
target the smallest business customers in the Al rate class, but may be expanded to other 
customer segments. This program is expected to operate for three years. 

Retrocommissioning (RCx) Express: (RCx Express) program is a continuation of the American 
Recovery and Reinvestment Act (ARRA) grant-funded pilot program for non-residential 
customers, replacing the ARRA grant funding with Department funding from rate revenue. The 
pilot program design is based on lessons learned from SCE's Retrocommissioning program. The 

3 Some of the LAUSD facilities are located outside of the boundaries of tile City of Los Angeles and are served by Southern 
California Edison. 
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LADWP program offers a cash incentive (rebate) to those who undertake a "tune-up" of their 
existing building system equipment and bring it back up to its original performance level. The 
program does not require a Retrocommissioning study, but offers a menu of 13 items that qualify 
for incentives. Program offerings include incentives for replacement or repair of certain lighting 
sensors, air conditioning economizers, restoration of fan and pump variable frequency drives, 
operations set point strategies for supply air, temperature or duct pressure, chilled water and 
condenser water, operating schedules and boiler lockout. 

Other Programs 

Other programs in support of residential and industrial energy efficiency programs includes: (1) 
development of an on-bill financing mechanism for third party financing and LADWP collection 
of payments for such financing; (2) program outreach and community partnerships; (3) 
marketing to increase awareness of energy efficiency programs; and (4) measurement and 
verification of energy efficiency program savings. 

2.3.1.4 Effect of EE on Electric Rates and Bills 

The key factor that determines EE's effect on electric rates and customer bills is the comparison 
of its costs to the cost of the generation it is replacing. The following Table 2-5 conceptually 
illustrates the three possibilities - EE costs are lower, the same, or higher than the costs of the 
generation resources being replaced. 

Table 2-5. EFFECT OF EE ON RATES AND BILLS 

Are EE costs lower, the Effect on Total Cost $ Effect on 

same, or higher than the (Which Must Equal 
Effect on Total Effect on Rates 

"System-wide" 
Energy Sales kWh $/kWh 

generation it is displacing? Revenue Collected) Average Bill 

Lower Lower Lower 
see discussion 

Lower 
below 

Same Same Lower Higher Same 

Higher Higher Lower Higher Higher 

When EE costs are lower than the generation it is replacing (see Row 1 in Table 2-5), there are 
overall reductions in both total costs and energy sales. This could result in upward rate pressure 
since there are less kWhs to spread the costs over. However, the reduction in total costs may be 
large enough to keep rates flat, and more so in the long term as avoided cost benefits accrue over 
time. Lower total costs also means less revenue collected from customers; hence the "System
wide" average customer bill is lower, which benefits all customers. Those who implement 
energy efficiency measures will see further reductions. 
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Table 2-5 also illustrates the case where EE costs are higher than the generation it is replacing. If 
EE is replacing less expensive resources (such as or coal, notwithstanding CO2 allowance costs), 
the effect is a higher rate and higher "average" bill due to the higher total system costs. 

As a practical consideration, there is little choice regarding which generation will be replaced by 
energy efficiency. While the effect of EE on Power System operations is to lower energy 
consumption and thus lower the amount of generation to be dispatched on a given day, the 
methodology for dispatch continues to be based on the economics of the generation available. 
Thus, the key measure of EE's impact on overall rates and bills is the comparison of its cost to 
the Power System's avoided cost of generation. As long as the cost of EE is lower than the 
avoided cost of generation, there is the beneficial effect of lower total costs and lower total 
revenue required. 

The variations in EE costs, based on the different measures available, are identified in the energy 
efficiency potential study, and are factored into the development of EE program elements. A new 
potential study is planned for completion in 2013 and will provide updated information to 
modify the overall EE program. 

Further information regarding LADWP's EE program is included in Sections 4 and 5, and 
Appendix B. A detailed discussion of avoided costs of generation can be found in Section 4.3.3 
and Appendix N, Section NA. 

2.3.2 Demand Response 

Demand Response (DR) is an important energy management tool that facilitates the reduction in 
energy use over a given time period in response to a price signal, financial incentive, or other 
triggering mechanism. The objective of DR is to lower energy usage at critical peak demand 
periods, in a manner which decreases overall system costs. LADWP's DR programs will be 
based on incentives to encourage customer participation based on lower rates, rebates, or other 
financial incentives. 

The benefits of demand response are many: 

FINAL 

Increased Reliability. The ability to strategically lower energy consumption is one way 
to help overcome supply-demand constraints and reduce the chance of overload and 
power failure. This is especially important at those few critical peak times each year 
when demand is at its highest, as well as those times when generation units are off-line, 
whether due to a forced outage or scheduled maintenance. 

Lower System Costs. DR eliminates or defers the need to build additional power plants 
and the associated transmission and distribution infrastructure. Additionally, DR may 
reduce purchased energy costs by reducing the amount of energy that would otherwise be 
purchased to meet load, especially during the expensive peak demand periods. The 
overall effect is to save money which helps keeps rates low. 
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Less Environmental Impact. By eliminating or deferring the need to build additional 
infrastructure, the associated construction and operational impacts are also eliminated or 
deferred. Furthermore, the reduction in energy usage results in less operational impacts, 
including less fuel consumption, less carbon emissions, and less transmission use. 

Help Integrate Renewables. Under certain circumstances, DR can enable customer loads 
to respond to fluctuations in generation from wind and solar power. 

DR is a relatively new demand-side resource, and LADWP plans to develop an active program 
over the next several years. As discussed in Section 5, one of the recommendations of this 2012 
IRP is to provide funds to develop and implement DR. The analysis of aU strategic cases 
considered in this 2012 IRP (discussed in more detail in Section 4) calls for a small 5 MW DR 
program beginning in 2013 that will build to 200 MW by 2020 and 500 MW by 2026. This 
gradual expansion will facilitate the development of in-house expertise that will ensure a sound 
DR program by the end of this decade, and will also allow time to deploy the supporting IT 
infrastructure and to implement required IT systems and processes. 

A variety of program elements are being considered for LADWP's DR program. The following 
are some of the offerings that are commonly adopted in the industry. Depending on the 
circumstances of how energy is used, certain programs will be more suitable to particular 
customer segments than others. LADWP's initial planning focus is on items 1 and 2 below. 

1- CurtaiiablelInterruptible - CommerciallIndustrial customers who sign up are on-call for 
curtailment of power, and are provided credit even if an event is not triggered. However, 
curtailments are firm and mandatory; penalties are assessed for under performance or non
performance. 

2- Direct Load Control- Customers sign up and agree to be subjected to demand reductions as
needed based on power system needs and constraints. The typical example is a customer's 
central air conditioning system which may be remotely shut down by the utility during high peak 
conditions. In exchange, the customer gets an incentive payment or bill credit. 

3- Peak Rebate Pricing - Customers who participate in the Peak Rebate Pricing are notified in 
advance in which the retail electric rates are temporarily adjusted up, typically as a response to 
events or conditions such as extreme high peak load. The customer receives a rebate for reducing 
or shifting their load during the peak load event, but there is no penalty if the customer does not 
reduce load during the peak load event. 

4- Critical Peak Pricing - Similar to the Peak Rebate Pricing, customers who participate are 
notified in advance of the event and can avoid the higher prices by decreasing their energy use 
during this time period. The customer incentive to participate is a lower base rate throughout the 
year. 

5- Real Time Pricing - Retail rates are varied on an hourly basis or other short-term basis and 
are typically tied to variations in the commodity market prices for wholesale power supplies. 
Consumers are provided with access to the changing market prices on a continuous basis, and 
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can change their usage patterns accordingly to lower their energy costs. The premise is that 
customers will reduce usage during the expensive high peak periods. 

6- Demand Bidding - Commercial/Industrial customers are given the opportunity to receive a 
credit for voluntarily reducing load when an event is called. The customer is not penalized if they 
are unable to meet their reduction target. 

7- Aggregation Programs - DR aggregators are third party contractors who work with groups 
of customers to make combined loads available for reduction or interruption. The aggregator 
works with LADWP and the combined load is assigned to the appropriate DR program. 
Customers work directly with the aggregator. Terms, conditions and payment may vary per 
aggregator. 

In designing the overall program, a number of parameters need to be established, such as the 
specific program elements to offer, and for each program element: customer eligibility, the type 
and size of incentives, contract duration, event duration, number of events, notification lead 
times, automation, billing requirements, etc. 

This 2012 IRP recommends funding to initiate a formal DR program with the capacity targets as 
shown in Table 2-6: 

Table 2-6. DEMAND RESPONSE TARGET SCHEDULE (NEW MW CAPACITY) 

DR will playa significant long-term role in securing adequate system capacity, especially in the 
case of early coal replacement. Section 4 discusses the strategic cases in detail. As shown in the 
case analysis, DR is a strategic component ofLADWP's future resource portfolio. 

2.3.3 Distributed Generation 

Distributed Generation (DG) is the concept of installing and operating small-scale electric 
generators located at or near the electrical load. These numerous small generators are 
"distributed" across the service area, as opposed to the traditional configuration of a few large 
centralized generating stations. DG sources can be utility-owned or customer-owned. A large 
subset of DG is combined heat and power systems, also known as cogeneration, which are 
primarily owned and operated by industrial and commercial customers. 

Many categories of electrical generation fall under the DG definition, with the key characteristic 
being that they are located at or near the service load. The most common technologies used today 
for DG are turbines and internal combustion engines. Solar PV is a newer technology that is 
forecasted to account for an increasing percentage of DG. Other DG technologies are 
microturbines and fuel cells. Under a pilot project, LADWP installed a total of four 200-250 kW 
fuel cell power plants in various locations in Los Angeles. Although the pilot project is now 

FINAL 51 December 3,2012 

AR0069972 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Section 2 
Load Forecast and Resources 

complete and inactive, it has provided considerable operational data and experience. LADWP 
continues to closely monitor fuel cell development. More details regarding DG can be found in 
Appendix G. 
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2.4 Generation Resources and Transmission Assets 

The Supply-Side Resources discussed in this section include: 

• Existing Generation Resources 

o Natural Gas 
o Coal 
o Nuclear 
o Large Hydro 
o Existing Renewable energy resources (small hydro, wind, solar, biogas, and 

geothermal) 

• Spot Purchases 

The major issues affecting generation are presented, including the need to rep ower the in-basin 
natural gas units and the future disposition of coal-fired generation. 

This section concludes with: 

• Future Renewable Resources 
• Transmission and Distribution Facilities/Grid Reliability 
• Advanced Technologies and Research and Development 
• Climate Change Effects on Power Generation 
• Reserve Requirements 

The LADWP Power System has a diverse mix of generating resources. Figure 2-5 shows 
LADWP's Power System capacity and energy breakdown as of December 31, 2011 as well as 
what the capacity and energy mix was at the end of 2006. 4 The largest change between these two 
periods is the decrease in coal-fired energy from 47 percent in 2006 to 41 percent in 2011, and 
the corresponding increase in energy from renewable resources, from 7 percent in 2006 to 19 
percent in 20] 1. 

"Capacity" is a measure of the capability to produce power or the rate at which energy is transferred. The term 
is applied to the amount of electric power delivered or required to meet the power demand, and is expressed in 
Megawatts (MW) or Gigawatts (GW). "Energy" is a measure of the quantity of electricity used in a given time 
period and is expressed in Megawatt -hours (MWh) or Gigawatt -hours (GWh). 
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Figure 

2-5: LADWP capacity and energy mix for 2006 and 2011. 

2.4.1 Generation Resources 

LADWP is vertically integrated, both owning and operating the majority of its generation, 
transmission and distribution systems. Generation resources that are not wholly owned by 
LADWP are available as entitlement rights resulting from undivided ownership interests in 
facilities that are jointly-owned with other utilities. Table 2-7 lists existing LADWP generation 
resources. 
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Table 2-7. CAPABILITY OF EXISTING LADWP GENERATING RESOURCES1 (AS OF APRIL 2012) 

Units 1,2 and 5 
operate 

Harbor Generating Natural as a combined 
466 452 cycle unit 

Station Gas 
Once-through 
cooling (OTC) 

Units 8, 9 and 10 
operate as a 
combined cycle 

Haynes Generating Natural 
1,555.6 1,525 

unit 

Station Gas Unit 7 is used for 
auxiliary power 
only 
OTC 

Scatte rgood Natural Includes 16 MWfor 
817 796 Hyperion digester 

Generating Station Gas gas. OTC 

Units 6, 7 and 8 
Valley Generating Natural 

576 556 
operate as a 

Station Gas combined cycle 
unit 

Coal Reduced by 
current recall 

Coal 

Nuclear 

Aqueduct System 

Owens Gorge System 

Owned & Contracted 
Renewables 

Various 2002-2012 2-10 1,141 1,109 330 Note [5] 

Notes: 
1. 

2. 

3. 

4. 
5. 

6. 

7. 

FINAL 

il 

Power source data are based on Power System Engineering Division's January 2012 Generation Ratings and 
Capabilities Sheet and power purchase agreements for contract sources. 
All llllits can attain maximum capability only when the weather and equipment are simultaneously at optimum 
conditions. 
Reflects: water flow limits at hydro plants, sum of llllit output at in-basin thermal or renewable plants, or LADWP 
contract entitlement of external thermal plants. 
Reflects: year- rolllld outputs adjusted for low-generation season. For hydro plants, winter is the low-generation season. 
Owned or contracted renewable projects in wind, solar, hydro, landfill gas, biomass, and distributed generation in
service as of April 2012. 
The maximum State (CDWR) Capacity Entitlement from Castaic Power Plant is 120 MW. The average for FY 09-10 
was approximately 55 MW. The actual amount varies weekly. 
Total Net Capability ofLADWP System may vary due to unit outages, de-ratings and sales obligations. 
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Natural Gas 

LADWP is the sole owner and operator of the following four electric generating stations in the 
Los Angeles Basin (the "In-basin stations"): 

• Haynes Generating Station, located in Long Beach 
• Harbor Generating Station, located in Wilmington 
• Scattergood Generating Station, located in Playa del Rey 
• Valley Generating Station, located in the San Fernando Valley 

A map of the in-basin generating stations is shown in Figure 2-6. 

Figure 2-6. LADWP in-basin generating stations. 

Each station consists of multiple generating units, with each unit ranging in size between 43 MW 
and 450 MW. A summary of each station's capabilities is shown in Table 2-7. Detailed 
information on each generating station is included in Appendix F. 
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While all of these stations utilize natural gas as a fuel source, a special arrangement has been 
made that enables the Scattergood Generating Station to also use digester gas from the adjacent 
Hyperion Sewage Treatment Plant. The digester gas currently accounts for 16 MW of 
Scattergood's generation output. The agreement enabling this arrangement will end by 2015, but 
will be extended to account for a potential physical plant reconfiguration at the Hyperion Plant 
Facility. 

Securing continued local generation capacity is important for grid reliability. LADWP's local 
transmission system cannot be reliably operated without generation from local thermal 
generating plants. The amount of generation required to provide transmission reliability is 
termed Reliability Must Run (RJ\tIR) generation. RMR generation is incorporated into all of the 
strategic cases considered in this IRP. 

The major issues facing the in-basin stations include the need to replace some of the older units 
that are approaching the end of their service life, compliance with regulations related to ocean 
water cooling and NOx emissions, and fuel price volatility. Natural gas fuel prices and 
procurement issues are presented in detail in Appendix H. 

Natural gas will continue to be the essential fuel for LADWP's generation due to abundant 
supply levels. Natural gas will be used to supply base load (as is currently used), and will also 
provide for the integration of intermittent renewable generation. Natural gas is also a major 
component ofLADWP's coal replacement strategy. 

LADWP's coal generating capacity comes from the Navajo Generating Station (NGS) and the 
Intermountain Generating Station (IGS). IGS is also referred to as the Intermountain Power 
Project (IPP). The amount of capacity available to LADWP from these stations is 477 MW 
from NGS and up to 1,200 from IPP. A summary of each station is included in Table 2-7. 
Further details and discussion is provided in Appendix F. 

Contractual arrangements for power from IPP will expire on June 15, 2027. LADWP and 
the other participants at IPP are considering plans to convert the facility to natural gas. 
LADWP is one of thirty-six purchasers of IPP energy, and any future plans must be agreed to by all 
parties involved. Proposed amendments to the existing contracts are being considered by the 
purchasers which would require IPP to switch fuel from coal to natural gas no later than July 1,2025 
(two-years before the legal deadline). These amendments require unanimous approval and final 
purchaser decisions are expected by the end of 2013. Although the results of these discussions will 
not be available tor this 2012 IRP, it is hopeful that the plan will completed in time tor inclusion into 
next year's IRP process 

NGS operates under a co-tenancy agreement that remains effective throughout the initial 
term of its land lease until December 31, 2019. LADWP has been working with its partners 
on arrangements that would allow it to divest early from NGS, in 2015. See Section 2.4.2.3 
for more details. 
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LADWP has contractual entitlements totaling approximately 387 MW of capacity from the 
Palo Verde Nuclear Generating Station (PVNGS). PVNGS, located approximately 50 miles 
west of Phoenix, Arizona, consists of three generating units. Of the 387 MW capacity 
available to LADWP, approximately 159 MW is available through a power sales agreement 
with the Southern California Public Power Authority (SCPPA). Further details are provided 
in Appendix F. 

Large Hydro 

LADWP's large hydroelectric facilities include the Castaic Pumped-storage Hydroelectric Plant 
and an entitlement portion of the capacity of Hoover Dam. The Castaic Pumped-storage 
Hydroelectric Plant, located in Castaic, California, is LADWP's largest source of hydroelectric 
capacity and consists of seven units. Hoover Dam, located on the Arizona-Nevada border, 
consists of seventeen units. Details of these plants are provided in Appendix F. 

A distinction is made between "large hydro" and "small hydro." According to a provision of 
SB 2 (IX), small hydro includes a facility which consists of generating units with a nameplate 
capacity not exceeding 40 MW for each unit that is operated as part of a water supply or 
conveyance system. LADWP's small hydro units are located along the Los Angeles Aqueduct. 
These units qualify as renewable resources for electricity generation. 

Current Renewable Energv Projects 

LADWP's existing renewable resources total over 1,200 MW of capacity, and consist of wind, small 
hydro, solar, biogas, and geothermal resources. More detailed information is presented in Section F.2.5 of 
Appendix F. A listing of existing renewable projects by resource type is as follows: 

.. Wind Resources 
o Linden 
o Pebble Springs 
o Pine Tree 
o PPM Wyoming 
o Willow Creek 
o Windy Point 
o Milford I 
o Milfordil 

.. Small Hydro 
o Aqueduct, Owens Valley and Owens Gorge projects 
o North Hollywood 
o Sepulveda 
o Castaic Efficiency Upgrades 
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• Solar 
o LADWP In-Basin 
o Customer Net Metered 
o Adelanto Solar Proj ect 

• BiogaslBiomass 
o Bradley 
o Lopez Canyon 
o Toyon 
o Atmos and Shell 
o Hyperion Digester Gas 

Additional renewable energy comes from market purchases. 

Section 2 
Load Forecast and Resources 

Figure 2-7 presents the profile for LADWP' s renewable resources portfolio as of 20 11. 

Spot Purchases 

Small Hydro 
29% 

Bio-mass 
18% 

2011 RPS 

Sola r 
1% 

Figure 2-7: 2011 LADWP renewable energy mix. 

Wind 
52% 

Although LADWP's policy has been to be self-sufficient and capable of generating all of its 
energy needs from resources it owns or controls, it also participates in energy markets if it is in 
the City's best economic interest. This happens when energy can be acquired from the wholesale 
market for a cost which is less than which LADWP can produce such energy. Periodically, 
capacity and energy is purchased from providers within the Western Electricity Coordinating 
Council (WECC) jurisdiction under short-term "spot" arrangements to be delivered to the 
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LADWP transmission system. These purchases are used by LADWP in conjunction with other 
resources for economical Power System operation. 

The cost and availability of economical energy on the spot market has fluctuated greatly in 
recent years. While LADWP currently continues to execute economical spot purchase 
opportunities, it cannot guarantee the future availability of economic energy from either the 
Pacific Northwest or the Southwest at prices below LADWP's costs for producing power from 
its own resources. 

Spot Sales 

LADWP often has a surplus of generating capacity and energy. Consistent with prudent utility 
practice, LADWP offers this surplus into wholesale electricity markets within the WECC at 
prices above LADWP's production costs. This way, LADWP's ratepayers benefit both by 
receiving the lowest cost energy in the Power System and from economic purchases, in addition 
to economic benefits resulting from wholesale revenue generated from sales. 

2.4.2 Major Issues Affecting Existing Generation Resources 

Three major issues affecting LADWP's existing generation fleet are: (1) the need to rebuild or 
"repower" some of its in-basin generating units, (2) compliance with state and local regulations 
regarding once-through cooling and NOx emissions, and (3) strategies for replacement of coal
fired energy to accelerate GHG reductions. 

2.4.2.1 Repowering Program to Replace Aging 
Infrastructure 

There is a need to modify or replace some of LADWP's older gas-fired generation facilities 
located at the Haynes and Scattergood generating stations. These units were primarily built in the 
late 1950s and the early 1960s and are approaching the end of their service lives. LADWP must 
modernize these plants to maintain system reliability, improve efficiency, and better integrate 
renewable resources. 

• System reliability 

As facilities age, they require more maintenance and become more susceptible to operational 
limitations and outages. The units to be replaced at Haynes and Scattergood Generating 
Stations are between 44 and 53 years old, and are among the oldest remaining units in 
LADWP's generation fleet. LADWP's local basin transmission system was never intended to 
be reliably operated without generation from these plants. By virtue of their location within 
the basin transmission system, Haynes and Scattergood generation ensures that loading on 
basin transmission lines remain within the circuits' ratings, and system voltage remains 
within acceptable limits. Minimizing outages at these locations is therefore especially 
important. Variable-energy resources, such as solar or wind power, can augment existing in
basin gas-fired generation, but the variable resources cannot replace the role local gas-fired 
generation plays in transmission reliability. The amount of generation required to provide 
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transmission reliability is termed Reliability Must-Run (RMR) generation. Repowering these 
local units will maintain transmission reliability by increasing the availability of RMR 
generation. 

II Increased efficiencies 

New units will operate more efficiently, generating more energy and less emissions with the 
same amount of fuel. Operational costs per energy output will decrease. 

II Integrating renewables 

The new units will incorporate new technologies which will enable faster start-up and faster 
ramping of generation output. This ability to increase or decrease generation on short notice, 
measured by what is termed "ramp rate," is an important requirement for integrating 
renewable resources. Wind resources produce power when the wind is blowing. When the 
wind suddenly begins blowing or stops blowing, the energy being delivered also changes but 
the customer load (the amount of energy the power system requires) remains substantially the 
same. Solar photovoltaic resources are subject to even greater output variability as clouds 
pass overhead and vary the intensity of available sunlight. To compensate for these 
fluctuations, natural gas "peaker" units (which are included in the new unit configurations) 
are able to quickly start, stop, and ramp up and down so that the total energy generated 
continuously matches customer load. Integrating significant amounts of intermittent 
renewable resources, such as wind and solar photovoltaic, will not be possible without the 
fast load-following and renewable energy generation following capability that the repowering 
program will provide. 

2.4.2.2 Repowering Program to Comply With Regulatory 
Requirements 

In addition to the reasons stated in Section 2.4.2.1, the repowering program is necessary to 
comply with State and Federal regulations related to once through cooling as well as local NOx 
emission mandates. 

II Once-through cooling 

Once-through cooling (OTe) is the process where water is drawn from the ocean, is pumped 
through equipment at a power plant to provide cooling, and then is discharged back to the 
receiving water source. A cooling process is necessary for nearly every type of conventional 
electrical generating station and an OTe process utilizing ocean water is a major reason why 
many electrical generating stations were sited along the coastline. Typically, the water used 
for cooling is not chemically changed in the cooling process; however, the temperature of the 
water increases before it is returned to the ocean. 

LADWP operates three coastal generating stations - Scattergood, Harbor, and Haynes - that 
utilize OTe. The combined net capacity of these stations is 2,839 MW. Further information 
regarding repowering can be found in Section 1.6.6. 
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In order to comply with the statewide OTC policy, LADWP has chosen to eliminate OTC 
and replace it with closed cycle cooling. Interim requirements are necessary until a facility is 
deemed fully compliant, including the funding by LADWP of mitigation projects to alleviate 
impacts, such as habitat restoration with the development of wetlands; in addition, feasibility 
pilot studies are required for the installation of alternative technologies to reduce 
impingement and/or entrainment in the interim. These issues are discussed in more detail in 
Appendix C. 

• NOX compliance 

In mid-2000, during the statewide energy crisis, LADWP predicted that NOx emissions from 
the in-basin generating units would exceed the available supply of NOx RECLAIM Trading 
Credits issued by the South Coast Air Quality Management District (SCAQMD). Although 
LADWP's NOx emissions ultimately did not exceed its allocation in 2000, on 
August 29, 2000 the SCAQMD Hearing Board issued a "Stipulated Order for Abatement" to 
the LADWP. Under the terms of the Order, LADWP was required to perform a series of 
repowering projects at its in-basin generating stations. The Stipulated Order was later 
superseded by a Settlement Agreement to accommodate scheduling and other issues. This 
agreement was revised in September 2011 and addresses the current repowering projects at 
the Haynes and Scattergood Generating Stations. 

2.4.2.3 Coal-Fired Generation 

SB ] 368, the California Greenhouse Gas Emissions Performance Standard Act, enacted in 2006, 
prohibits California utilities from entering into long-term financial commitments for base load 
generation unless it complies with the GHG emissions performance standard. As this standard 
also applies to existing power plants for any long-term investments or contractual extensions, it 
affects LADWP's coal-fired generation resources. 

SB 1368 Compliant Coal-Fired Generation 

As presented in Section 3, the analysis of future potential resource portfolios includes a set of 
strategic cases that accelerate compliance with SB 1368 for coal-fired generation. The feasibility 
of adopting and implementing this will depend on a number of factors, including: (1) resolving 
contractual issues, (2) the cost of alternatives (and LADWP's ability to cover its costs) and (3) 
other legislative and regulatory factors. 

SB 1368 compliant power will reduce the GHG emISSIOns for LADWP, reduce regulatory 
compliance costs, and spur development of renewable resources in the western United States. 
SB 1368 established a greenhouse gas emissions performance standard that limits long-term 
investments in base load generation by the state's utilities to power plants that meet an emissions 
performance standard, which was jointly established by the California Energy Commission and 
the California Public Utilities Commission. Subsequently, the Energy Commission designed 
regulations that establish a standard for base load generation owned by, or under long-term 
contract to publicly owned utilities, of 1,100 Ibs CO2 per megawatt-hour (lVIWh). 

There are several methods to achieve SB 1368 compliance, for example; replace coal generation 
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with energy efficiency, renewable energy, natural gas-fired generation, carbon sequestration, 
coal gasification, or the application of other potentially emerging technologies. Since coal 
generation operates as a base load resource for LADWP, any replacement option would also 
need to provide some base load generation around the clock while reducing GHG emissions. 

Intermountain Power Proj ect 

The Intermountain Power Project (IPP) is a coal-fired generating station located near Delta, 
Utah. IPP consists of two generating units with a combined capacity of 1800 MW. LADWP is 
the operating agent. LADWP is also the largest single purchaser and has a power purchase 
agreement for 44.617 percent (803 MW) of IPP's total output. LADWP has additional purchase 
obligations for up to 22.168 percent (399 MW) of additional output. These additional obligations 
are dependent on the power usage of the Utah and Nevada participants. The power sales contract 
for IPP expires in 2027. 

In addition to the generating units, IPP includes four important transmission lines, a 500-kV DC 
transmission line from the generating station to Adelanto, California (a distance of 490 miles); 
two parallel 345-kV AC transmission lines from the generating station to Mona, Utah 50 miles 
away; and a single 230-kV AC transmission line from the generating station to the Gonder 
Switchyard near Ely, Nevada about 144 miles away. 

At IPP, LADWP has no ownership rights in the generating station or the transmission lines. 
Rather, LADWP has a long-term power purchase contract which expires in 2027 and which also 
includes renewal option rights. With firm "take or pay" obligations, LADWP is contractually 
committed to the project to 2027. LADWP is one of 36 participants that purchase power. The 
owner of IPP is the Intermountain Power Agency (IP A), a separate entity and a political 
subdivision of the State of Utah. 

IPP Coal Conversion 

For some time, the 36 participants and IP A have been considering the future disposition of the 
IPP facility. In addition to satisfying SB 1368 requirements, pending and potential federal 
legislative and regulatory actions regarding CO2, NOx, fly ash, etc., have introduced uncertainty 
to the future operating economics for the facility. Considering these uncertainties, as well as 
other changes across the coal industry and factors unique to the IPP organizational structure, the 
IPP parties have investigated alternatives to the continued use of coal as a fuel source. 

The feasibility of converting the IPP site from coal to natural gas has been studied, and efforts to 
convert have been initiated. The method and timing of a conversion requires concurrence from 
all participants and IPA, and establishing a new contractual structure. Some of the considerations 
that concern LADWP are: 

II LADWP and the other IPP participants are contractually obligated to continued debt 
payments through 2023. An early exit from IPP prior to the end of the debt payment 
schedule will incur a financial penalty, not only for LADWP but for all of the 36 project 
participants. 
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• The existing power purchase contract extends to June 15, 2027. These are "take or pay" 
contracts which LADWP could not walk away from without incurring monetary/legal 
penalties. 

• Any penalties incurred by LADWP through the preceding bullet points would be incurred 
by the LADWP ratepayers. 

• By remaining with the project, LADWP can continue to use the project's transmission 
assets to deliver renewable energy from the Utah region. 

• In addition to the transmission, LADWP can also continue to use the site, the staffing and 
the other related infrastructure that has been developed over the years at IPP. 

In response to these and other considerations, a new power purchase contract is being drafted to 
construct a natural gas replacement facility located at the IPP site. The in-service date for the 
new facility will likely be sometime between the debt payment completion schedule at the end of 
2023 and the end date for the existing power contracts in June 2027. For modeling purposes, 
until the contract is finalized a date of December 31, 2023 will be used as an assumed early 
conversion date (see Case 4 in Section 3.5). 

As of this writing, the IPP participants are considering the conversion to natural gas. The 
following steps have been identified to establish the new contractual structure and are in 
progress: 

1. Amend the Utah Interlocal Cooperation Act and Electric Power Facilities Act -
completed by the Utah legislature in March 2012. 

2. Amend the IPP Organization Agreement between the 23 Utah municipal members. 
3. Adopt the Second Amendatory Power Sales Contract between all 36 power purchasers 
4. Adopt Renewal Power Sales Contracts 
5. Adopt Renewal Excess Power Sales Agreements 

Assuming the timely completion of the new agreements, the new converSIOn date will be 
incorporated into the 2013 IRP model runs. 

Navajo Generating Station 

The Navajo Generating Station (NGS) is a coal-fired generation station located near Page, 
Arizona. It consists of three units with a combined capacity of 2,250 MW. Salt River Project is 
the Operating Agent. As one of six owners, LADWP has a 21.2 percent ownership share in the 
station's generation. NGS operates under a co-tenancy agreement which shall remain effective 
throughout the initial term of the land lease with the Navajo Nation and throughout the lease 
extension thereafter. 

While LADWP is contractually committed to NGS until December 31,2019, significant progress 
has been made to exit from the project by 2015. Early divestiture ofNGS is in LADWP's best 
interest for a number of reasons: 

1. A better sales price than waiting until the 2019 deadline. 
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2. Avoids the risk that pending federal regulations could potentially encumber the 
plant with expensive mitigation requirements. 

3. Better availability of replacement generation. 
4. Reduced CO2 emissions, relieving LADWP from having to purchase emission 

credits within the soon-to-be implemented statewide cap and trade program. 
5. Makes room on the transmission network for importing additional solar and 

geothermal resources. 
6. Maximizes the value of the plant to help pay for renewables and energy efficiency. 
7. Provides time to handle contingencies, and to ensure that competition is going to 

benefit our ratepayers. 

The coal replacement options considered in this IRP analysis are presented in Section 3 -
"Strategic Case Development." 

2.4.3 Future Renewables for LADWP 
SB 2 (IX) 

The increase of renewables, as a percentage of electricity sales, to the regulatory mandated 33% 
by year 2020 requires the continued diligence of LADWP to pursue renewable projects and 
power purchase contracts. The development of a solar feed-in tariff and continued 
encouragement for customer net-metered solar is also necessary to support increased solar 
capacity. Because the acquisition of additional renewables is mandated by law, all of the 
strategic cases analyzed in this IRP include portfolios with the required amount of renewable 
resources. The 2012 recommended Case 5 with 150 MW of FiT includes the following targets 
for new renewable acquisitions between 2011 and 20205

: 

Furthermore, maintaining at least 33% of renewables beyond 2020 requires additional 
renewables to account for system loading, project turnover, and output degradation as projects 
age. The 2012 recommended Case 5 with 150 MW of FiT includes the following additional 
targets for new renewable acquisitions between 2021 and 20304

: 

5 The DGIEE Cases 5-8 have alternative renewable mixes due to higher levels of Solar DG and EE. 
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Former Governor Schwarzenegger signed the California Solar Initiative (CSI), outlined in 
Senate Bill] (SB ]), on August 2], 2006. The CSI mandates that all California electric utilities, 
including municipals, implement a solar incentive program by January 1, 2008. The goal of the 
CSI is 3,000 MW of net-metered solar energy systems over 10 years with expenditures not to 
exceed $3.35 Billion. Expenditures for local publicly owned electric utilities shall not exceed 
$784 Million. The LADWP cap amount is $313 Million, based on its serving 39.9% of the 
municipal load in the state, representing 280 MW of the 3,000 MW goal. 

SB 32 -FiT 

SB 32, signed into law on October 11, 2009, requires LADWP to make a tariff available to 
eligible renewable electric generation facilities within its service territory until LADWP meets its 
75 MW share of the statewide target. Through this program, owners or operators of eligible 
renewable energy systems may sell their energy directly to LADWP. The purchase of SB 32 
qualifying energy includes all environmental attributes, capacity rights, and renewable energy 
credits. This energy is just one of the many renewable energy sources that will apply towards 
LADWP's 33 percent renewable requirement. 

Power Purchase Agreement (PP A) Option to Own Clause 

As policy, PPAs for renewable energy are required to contain purchase options which LADWP 
may choose to exercise at different times during the term of the agreement. LADWP's goal is to 
own (either directly or through joint powers authority) at least 50% of its eligible renewable 
energy resource portfolio. For more detailed information regarding LADWP's Renewable 
Portfolio Standard Policy and Enforcement Program, see Reference D-2 in Appendix D. 

Further information regarding renewables can be found in Appendices D, F and N. 

2.4.4 Transmission and Distribution Facilities/Grid Reliability 

Electricity from LADWP's power generation sources is delivered to customers over an extensive 
transmission and distribution system. To deliver energy from generating plants to customers, 
LADWP owns and/or operates approximately 20,000 miles of alternating current (AC) and direct 
current (DC) transmission and distribution circuits operating at voltages ranging from 120 volts 
to 500 kilovolts (kV). Major transmission lines connecting to out-of-basin generating resources 
are shown in Figure 2-8. Appendix I provides more details regarding LADWP's transmission 
system. 

In addition to using its transmission system to deliver electricity from its power generation 
resources, LADWP arranges for the transmission of energy for others through its Open Access 
Same-Time Information System (OASIS) when surplus transmission capacity is available and 
saleable. LADWP uses its extensive transmission network to sell its excess energy and capacity 
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in the California, Northwest, and Southwest energy markets. Revenues from these excess energy 
sales are used to reduce costs to ratepayers and for capital improvements. 

In critical times, neighboring utilities look to LADWP's surplus energy and transmission 
resources to bolster their power system and avoid blackouts. For example, while the nearby 
San Onofre Nuclear Generating Station remains offline without a set return-to-service date, the 
California Independent System Operator is attempting to secure the delivery of replacement 
energy from other potentially available generation sources. 

Transmission for Renewable Energy 

Since renewable resources are often located long distances from the City of Los Angeles and 
where transmission facilities do not exist, accessing renewable resources will require extensive 
infrastructure improvements, including the construction of new transmission lines, upgrades to 
existing long and short transmission lines, and improvements at transmission facilities and 
stations to increase their transfer capability. Following is a summary of the major projects: 

Barren Ridge Renewable Transmission Project 

The Barren Ridge Renewable Transmission Project, scheduled to be completed in 2016, will 
increase the capacity of the existing 230-kV Barren Ridge-Rinaldi transmission segment from 
450 MW to approximately 2200 MW. As of May 2012, approximately 3085 MW from a 
combination of wind and solar proj ects are being investigated for potential interconnection. This 
project will also increase the transmission capacity to the Castaic Pump Storage Power Plant, 
providing enhanced operational flexibility and integration of variable renewable energy. 

Important components of the Barren Ridge Renewable Transmission Project are as follows: 

o New Haskell Canyon Switching Station 

o New double-circuit 230-kV transmission line from the Barren Ridge Switching 
Station to the new Haskell Canyon Switching Station 

o New 230-kV circuit on existing structures from Haskell Canyon to the Castaic Power 
Plant 

o Reconductor the existing 230-kV transmission line from the Barren Ridge Switching 
Station to the existing Rinaldi Receiving Station, through the Haskell Canyon 
Switching Station 

o Expand the existing Barren Ridge Switching Station 

Up-to-date information on this project is available at: 

https :/ /www.1adwp.com/ladwp/faces/ladwp/ aboutus/ a -power/ a -p-proj ects 
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Pacific Direct Current Intertie (PDCI) Upgrade 

LADWP and its PDCI partners are considering increasing the capacity of the PDCI from 3100 
MW to as much as 3650 MW. The benefit of such an undertaking would be a higher-capacity 
corridor for renewable wind and hydro energy from the Pacific Northwest to Los Angeles. 
LADWP, as the PDCI operator, is currently developing a cost estimate for the project that 
considers transmission and station upgrades and the increased dispatch and energy costs during 
construction to cover the reserve margin. Toward that end, preliminary estimates based on a 
Light Detection and Ranging study in 2011 indicate the transmission component of the project 
may cost up to $150 million and require as much as six years to construct. Less aggressive 
options with lower capacity benefits are also being investigated to facilitate an informed decision 
by the PDCI partners. 

LADWP and its southern DC partners have signed a letter of agreement with the Bonneville 
Power Administration (BPA) to implement an initial 120 MW capacity increase of PDCI, if the 
cost is reasonable. In any case, BP A has committed to an extensive overhaul of Celilo HVDC 
Converter Station which requires coordination at the southern end of the HYDC line at Sylmar 
HYDC Converter Station. The projected completion date for BPA's Celilo upgrade project is 
January 2016. 

The Haskell Canyon-Olive Transmission Line Project 

LADWP plans to reconnect the existing Power Plant 115-kV Transmission Lines 1 and 2 to the 
new Haskell Canyon Switching Station, and then convert the 115-kV towers to a single circuit 
230-kV transmission line from the new Haskell Canyon Switching Station to the existing Olive 
Switching Station. This project will maintain system reliability and increase the transfer 
capability from the new Haskell Canyon Switching Station to the Los Angeles Basin 
transmission system. 

The Victorville-Los Angeles (Vic-LA) Project 

The Vic-LA Project involves making infrastructural and operational improvements to the 
existing system between the Victorville area and the Los Angeles Basin in three phases which 
will allow LADWP to add 500-600 MWs of transfer capacity, subject to operational 
requirements. The Vic-LA Project can be defined in short, mid, and long term actions, as 
follows: 
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o Short-term actions 
• Upgrade the terminal equipment at Rinaldi and Toluca Receiving Stations and 

modify system protection of the line transformers. 
• Add a second Victorville 500/230-kV transformer (Bank K). 
• Upgrade Victorville-Century transmission system. 
• Upgrade the terminal equipment at the Century and Velasco Receiving 

Stations. 
• Trip non-firm resources to maintain the post-contingency flow within the 

existing Vic-LA system operating limit. 
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o Mid-term actions 
+ Re-conductor the Victorville-Century 287-kV transmission lines to increase 

the rating. 
+ Upgrade Banks F & G at Century Receiving Station to increase emergency 

rating. 

o Long-term actions 
+ Convert the Victorville-Century 287-kV transmission lines to DC, which is 

described below. 

Conversion ofthe Victorville-Century 287-kV Circuit 

Conversion of the Victorville-Century 287-kV AC lines is a potential future project that would 
increase the transfer capacity by converting the lines from AC to DC. The existing Victorville
Century circuit spans about 84 miles between Victorville and South LA. Converting the lines to 
DC would require a change-out of insulators along the line, and the installation of AC to DC 
converter equipment at each end. The transmission towers themselves will not require any 
modification. Preliminary studies indicate a potential 4-fold increase in power transfer capacity 
as a result of this proj ect. 

Regional transmission plans have shown that in order for LADWP and its Western counterparts 
to meet their renewable energy goals at minimal cost, additional transmission improvements will 
be needed. While the projects listed in this subsection have a high priority and a high likelihood 
of construction, they may not be sufficient to meet future needs. LADWP will continue to 
evaluate transmission needs and opportunities as necessary. 

Grid Reliability 

LADWP annually performs a Ten-Year Transmission Assessment Plan, in compliance with the 
North American Electricity Reliability Corporation (NERC) Compliance Enforcement Program. 
LADWP's 2012 plan identified a number of transmission improvements that are needed to 
maintain reliability. These projects include: 
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• Installation of a new Scattergood-Olympic 230-kV Line 1. 

• Upgrade circuit breakers and disconnects at RS-U. 

• Install a variable 90-MV AR shunt reactor bank at Scattergood 230 kV and a variable 
90-MV AR shunt reactor bank at RS-K 230 kY. 

• Relocate the 2301115 kV Banks from Olive Switching Station (SS) to Haskell Canyon 
SS. 

• Convert the existing twin 115 kV circuits between Haskell Canyon SS and Olive SS 
with a new double 230 kV circuit along existing right-of-way. 
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These infrastructure improvements are critical to avoid potential overloads on key segments of 
the Los Angeles Basin transmission system. 

FERC Order 1000 - The California Transmission Planning Group 

With the release of Federal Energy Regulatory Commission (FERC) Order 1000 in July 2011, to 
direct regional and interregional transmission planning and cost allocation, FERC-jurisdictional 
(investor-owned) electric utilities are now required to reorganize transmission planning functions 
to collectively achieve state and federal public policy goals. Order 1000 builds upon the 
directives of FERC Order 890, issued in February 2007, to open regional and local planning to 
stakeholders to ensure transparency and non-discriminatory access to transmission service. 

LADWP has a longstanding history of working with its Western Electricity Coordinating 
Council counterparts on regional transmission planning to ensure bulk power reliability and to 
leverage economies of scale; regional transmission plans are reviewed and approved through a 
formal process. Since the California Transmission Planning Group (CTPG) was formed in 2009, 
LADWP has been active in that transmission planning forum. CTPG was formed to comply with 
Order 890 by providing the increased coordination and public participation mandated while 
ensuring the electric needs and goals of Californians are reliably and efficiently met. In February 
2011, the 2010 California Transmission Plan (California Plan) was released 
http ://www.ctpg.us/images/stories/ctpg-plan-development/20 11 /02-F ebl20 11 -02-
09 final statewide transmission plan.pdf. 

The CTPG was not able to reorganize quickly enough to meet Order 1000's deadline for FERC
jurisdictional entities to join a specific type of regional planning group and to file a regional 
planning methodology with FERC. In order to meet this timeline, CTPG members resorted to 
membership in additional regional organizations. CTPG members inside the CAISO footprint 
joined the CAISO Region, while other CTPG utilities joined the WestConnect Region. LADWP 
joined the WestConnect Region in November 2012. Other CTPG members in the WestConnect 
Region include the Sacramento Municipal Utility District, the Imperial Irrigation District, and 
the Western Area Power Administration. 

Because of the large geographical extent of the LADWP transmission system, LADWP's 
planning takes place in various forums for sub-regional, regional, and inter-regional issues. 
Membership in WestConnect will allow LADWP to engage with the changes to regional 
planning caused by Order 1000. At the same As CTPG member utilities evaluate their options, 
they continue to press forward with their current transmission assessment to ensure California's 
electric power policy goals are reached efficiently and without undue hardship to the consumer 
or to the electric grid. California's electric power policy goals include: 
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• Attainment of renewable portfolio standard goals as promulgated by SB 2 (IX), 
which was passed in April 2011 and became effective December 10,2011 

• Satisfaction of repowering/retirement deadlines of fossil-fueled Once-Through 
Cooling power plant units as negotiated with the State Water Resources Board to 
comply with Federal Clean Water Act §326(b) 
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As a municipal utility, LADWP is outside FERC jurisdiction, so, in a technical sense, Order 
1000 is not a mandate. Consistent with its response to other FERC Orders, however, LADWP is 
seeking to conform to this order, with the same consideration as it would to an industry standard. 

LADWP's extensive network of transmission resources is described in Appendix I; 
Figure 2-8 shows its major out-of-basin generation resources. Noteworthy is the fact that while 
LADWP customers represent roughly ten percent of California's electrical load, approximately 
25 percent of the state's total transmission capacity is owned by LADWP. LADWP also 
differentiates itself from its counterparts by continuing to operate as a vertically integrated 
electric utility, owning and operating its generation, transmission, and distribution resources 
rather than as a parent company with subsidiaries carrying out the various functions that 
comprise the supply chain. 
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Figure 2-8: Major out-of-basin generating stations and major transmission lines. 
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2.4.5 Advanced Technologies and Research and Development 

LADWP is looking ahead to technologies that will benefit operations and enhance reliability, 
including smart grid applications and energy storage systems. Many programs, such as demand 
response and electric vehicles, will rely on deployment of Advance Metering Infrastructure to 
support their functionality and effectiveness. The implementation of Smart Grid technologies 
will provide enhanced information systems, automation of system functions, and advanced 
methods of outage management. Although energy storage technologies (except for Pumped 
Water Storage) are still being developed and are not currently cost effective for large scale 
applications, their potential for altering how electricity is generated and consumed is high. 

2.4.5.1 Smart Grid 

"Smart Grid" is a term used to describe a variety of advanced information-based utility 
improvements. Smart Grid refers to intelligent data gathering and advanced two-way digital 
communication capabilities overlaid on electric distribution networks to provide real-time data 
that enhances the utility's ability to optimize energy use. Smart Grid is a national policy evolving 
from the Energy Policy Act of 2005, and is a major enabler for many existing and potentially 
new DSRlEE programs. 

Smart Grid technologies can turn every 
point in the eXIstmg network
including every meter, switch and 
transformer-into a potential 
information source, able to feed 
performance data back to the utility 
instantly. Smart Grid Technologies will 
provide utilities with the information 
required to implement real-time, self
monitoring networks that are predictive 
rather than reactive to instantaneous 
system disruptions. It can enable the 
utility and consumer to make decisions 
to optimize the use of energy, improve 
reliability, and reduce the consumption 
of fossil fuels. 

FINAL 

A smart grid has the following characteristics: 

• Enables new products, services and markets 

Enables active participation by consumers through 
self-monitoring and more responsible consumption 
decisions 
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Auto-selects safest and most efficient forms of 
storage and generation based on real-time energy 
needs and concerns 

Provides power quality for the digital economy 

Optimizes asset utilization and operates efficiently 

Anticipates and responds to system disturbances 
(self-heals) 

Operates resiliently against attacks and natural 
disasters 
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LADWP is implementing nine major Smart Grid initiatives: 

1. Renewable Integration to support the adoption and utilization of renewable resources. 

2. Transmission Automation to better monitor the transmission system to predict instability 
and take corrective actions before they escalate into major problems. 

3. Substation Automation to enable remote monitoring and control of substation feeder 
lines. 

4. Distribution Automation to optimize operational efficiency. 

5. Advanced Metering Infrastructure which will enable a number of demand-side 
capabili ti es. 

6. Demand Response is a tool that will provide reduction of peak loads at critical times to 
relieve system stress during periods of overload. 

7. Advance Telecommunications will enable real-time control and observation of deployed 
automation equipment. 

8. System and Data Integration will optimize the communications and integration of 
separate systems and sub-networks. 

9. Cyber Security to protect the Smart Grid from physical and cyber attacks. 

Demonstration Program 

In addition to the Smart Grid initiatives, LADWP, through a US Department of Energy grant 
awarded in 2009 is leading a group of local research institutions in a regional demonstration 
program. The program includes pilot projects in four interrelated areas - Demand Response, 
Consumer Behavior, Cyber Security and Electric Vehicle Integration. 

More information on this demonstration program and all of LADWP' s Smart Grid initiatives can 
be found in Appendix L. 

2.4.5.2 Energy Storage 

California Assembly Bill (AB) 2514, which became law on January 1,2011, requires governing 
boards of local publicly-owned electric utilities, including LADWP, to identify and procure 
viable and cost-effective Energy Storage (ES) Systems. The targets must be formally approved 
by the Board of Water and Power Commissioners by October 1, 2014, and be implemented in 
two phases - by the end of 2016 and the end of 2021. Accordingly, LADWP has initiated a 
process to develop an ES plan which will include the appropriate ES targets per AB 2514. 

Although LADWP does not currently have a formal ES plan, it has been practicing energy 
storage since 1973 through its daily operation of the Castaic Pump Storage Power Plant. In 
developing its formal Energy Storage Plan (ES Plan), LADWP's investigation will include 
options to leverage and/or augment the ES capabilities of the Castaic facility. 
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Some of the key considerations for the ES Plan are as follows: 

• LADWP will look for ES programs and projects that will support its unique electric grid, 
resource plan, and projects that will facilitate renewable integration, distributed 
generation and demand-side management; and programs that address resource adequacy 
and reliability issues. 

• A review of the current state of ES technologies will be required, including current cost 
proj ecti ons. 

• Per AB 2514, the ES systems shall be cost-effective. 

To support its ES planning efforts, LADWP will consider the following two initiatives as a 
means to provide valuable technical information: 

1. LADWP is participating in a working group with the US DOE for the development of an 
ES protocol for use in measuring and quantifying the performance of ES system 
applications. It is anticipated that the protocol will assist LADWP to evaluate the 
performance of ES and to make more informed decisions as potential applications are 
consider for implementation. 

2. DWP is planning to incorporate into its ES Plan the results from three ES research 
projects conducted by the Electric Power Research Institute: 

a. Strategic Intelligence and Technology Assessments of Energy Storage and 
Distributed Generation, Project 94.001 - This project provides analysis and 
strategic information on ES and distributed energy resource systems. It includes 
assessments and evaluations of various technologies. 

b. Distributed Energy Storage Options for Power Delivery and End Use, Project 
94.002 - This project provides information and guidelines for using distributed 
ES and distributed generation systems for power delivery and end user 
applications such as peak management, peak shifting, etc. 

c. Bulk Power Energy Storage Solutions, Project P94.003- This project provides 
information and guidelines for using bulk ES to shift off-peak energy and 
integration of variable renewable generation. 

A status update of the ES Plan will be provided in next year's 2013 IRP document. Per AB 2514, 
the ES targets are to be approved no later than October 1, 2014. 

For more information, see Appendix K. 
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2.4.6 Climate Change Effects on Power Generation 

Because the energy sector is an acknowledged contributor to the problem of climate change, 
much discussion and effort has been directed towards mitigation strategies - mainly in the form 
of GHG emissions reduction. However, as climate change is increasingly being accepted as a 
reality, it is important to also consider the energy sector as one that will be subjected to the 
impacts of global warming. Rising average temperatures, changes in precipitation amounts and 
patterns, more frequent extreme weather events and a rise in sea level are some of the 
consequences that may be expected. Understanding how these effects impact power generation 
and incorporating that knowledge into the planning process facilitates adaptation of the power 
system to respond in ways that mitigates potential problems and takes advantage of any 
opportuni ti es. 

The influence of climate change on resource planning can be addressed on two levels: (1) how it 
affects energy consumption, and thus how much generation should be planned for and secured, 
and (2) how it affects power generation operations and the siting of new facilities. 

Energv Consumption 

Mean temperatures in Los Angeles are expected to rise. Additionally, extreme heat conditions, 
such as heat waves and very high temperatures, may last longer and become more common 
place. 6 In response to these conditions, electricity consumption will increase, mainly due to 
increased air conditioning demand. These effects are reflected in LADWP's energy and demand 
forecast. It is important to ensure that the latest findings and conclusions continue to be 
incorporated into future load forecasts. 

A recent study by the UCLA Department of Atmospheric and Oceanic Sciences7 focuses on 
temperature changes in the local region in years 2041-2060. The study concluded that annual 
average temperatures will increase between 3.7 of and 4.3 of across the City of 
Los Angeles. While the UCLA study looked at temperature changes in the 2041-2060 timeframe 
(which is beyond the 20-yr planning horizon for the 2012 IRP), the findings corroborate other 
studies and supports the expectation of higher future temperatures which will increase electricity 
use. More information on this study can be found in Appendix M. 

Power Generation 

An increase in frequency and duration of heat waves, and potentially more volatile weather 
patterns will add stress to the utility infrastructure. Areas may become more prone to flooding, 
and river flows may increase or decrease depending on location. At the same time, other areas 
may become more drought stricken, affecting water available for power plant cooling. Thermal 
efficiencies will decrease as temperatures rise, resulting in more fuel required to generate the 
same amount of power. New facility siting will have to account for these new environmental and 
weather-related conditions. Sea level rise, although not a foreseeable problem within the 20-year 

6 Global Climate Change. California Energy Commission, CEC-600-2005-007. page 2 
7 Hall, et aI., 2012: Mid-Century Wanning in the Los Angeles Region. Available at: www.c-change.LA 
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planning horizon of this IRP, will need to be monitored and mitigation measures implemented, if 
required. 

Actions to Address Climate Change 

LADWP should continue its efforts towards reducing GHG emissions. These efforts include 
adopting more renewable resources, repowering its older natural gas generating stations, 
investing in energy efficiency and demand response programs, and pursuing coal replacement. 
To prepare for and adapt to climate change, LADWP should ensure that its load forecast 
continues to properly incorporate expected higher temperatures (and the corresponding higher 
electricity demand) due to global warming, and that its Power Reliability Program is fully funded 
to optimize the resiliency of its infrastructure to better withstand the more volatile weather 
patterns that will be expected. 

As the science of climate change continues to evolve, LADWP should stay abreast of the latest 
findings and conclusions. Subsequent IRPs will monitor developments in climate change and 
develop/refine recommendations to mitigate any negative impacts as part of the resource 
planning process. 

More detailed information regarding climate change and its effect on power generation can be 
found in Appendix M. 

2.4.7 Reserve Requirements 

Two important aspects of electric power system reliability are "resource adequacy" and 
"security." Resource adequacy refers to the availability of sufficient generation and 
transmission resources to meet customer's projected energy needs plus reserves for 
contingencies. Security refers to the ability of the system to remain intact after experiencing 
sudden disturbances, outages or equipment failures. 

LADWP, as part of the electric power grid of the western United States and Canada (and a small 
section of northern Mexico), is required to meet operational, planning reserve and reliability 
criteria, and the resource adequacy standards of the WECC and the North American Electric 
Reliability Corporation (NERC). Based on these standards, the system reserve margin 
requirements and other criteria which LADWP uses to plan and operate and are defined as 
follows: 

Generation Capacity Requirement = Net Power Demand + System Reserve Requirement 
System Reserve Requirement = Operating Reserve + Replacement Reserve 
Operating Reserve = Contingency Reserve + Regulation 

The "Net Power Demand" is the total electrical power requirement for all of LADWP's 
customers at any time. The other reserve requirements are defined below, as well as numerically 
calculated. 
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The loss of the largest single contingency of generation or transmission is a key reserve margin 
determinant for LADWP and defines the Contingency Reserve as well as the Replacement 
Reserve requirements. Based on current NERC Standards, at least 50 percent of the Contingency 
Reserves must be Spinning Reserve. The Replacement Reserve requirement is to restore 
Operating Reserves within 60 minutes of a contingency event. The Regulation Requirement of 
25 MW is related to system load variations due to customer load changes. This regulation 
requirement is anticipated to increase in the future as additional amounts of intermittent 
renewable generation are added to the generation mix. Given LADWP's current total 
generation portfolio, the system reserve requirement is approximately 1,100 MW. Therefore, 
if the system demand is 5,000 MW, LADWP must have a total of 6,] 00 MW of dependable 
and dispatchable generating capacity (and the transmission for that capacity) to meet the 5,000 
MWdemand. 

Due to the variable and intermittent nature of some renewable resources, particularly resources 
such as wind and solar photovoltaic, their generation capacity cannot be fully depended upon to 
meet peak demand conditions. As LADWP acquires a larger proportion of such resources, studies 
on the characteristics of these variable and intermittent resources will need to be carried out to 
determine their effect on reserve and regulation requirements. Refer to Appendix J for 
additional information on issues associated with integrating intennittent energy resources. 

The capacity value of a generating resource is based on its ability to provide dependable and 
reliable energy and capacity during peak periods when the system requires reliable resources for 
stable operation. Resources that can provide firm capacity will have a higher capacity value than 
resources that cannot. For purposes of planning LADWP's reserves adequacy calculations, it is 
assumed that the dependable capacity of wind would be ] 0 percent of its nameplate capacity 
(unless a firming and shaping contract is in place), and the dependable capacity of solar 
photovoltaic would be 27 percent of its nameplate capacity. Because dependable capacity is an 
on-going area of study, these percentage values are subject to change. Any changes will be 
incorporated into future IRPs. 

Local Resources for Grid Stability and Contingencies 

As a subset of the reserve requirements, LADWP has located a significant amount of generating 
resources within the Los Angeles (LA) area. The specific amount of capacity that needs to be 
located in the LA Basin is approximately 3,400 MW, but varies, depending on the combination 
of which units are operating and how much power is flowing on the transmission system at the 
time. LADWP's local transmission system cannot be reliably operated without generation from 
local thermal generating plants. The amount of generation required to provide transmission 
reliability is termed Reliability Must Run (RMR) generation. RMR generation is incorporated 
into all of the strategic cases considered in this IRP. 

This local requirement is particularly important in the context of deciding how to schedule the 
repowering of units that use once through cooling. It is for this reason that no unit will be taken 
out of service before an equivalently-sized, locationally-equivalent replacement unit is 
constructed, tested and ready to be placed in-service. 
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One of the main responsibilities of power system operators is to maintain the balance between the total 
aggregate electrical demand of the power system's customers and the amount of energy generated to meet 

that demand on an instantaneous basis. Conventional electrical generation technologies, such as nuclear, coal, 
natural gas and large hydro are controllable and dispatchable by the power system operators throughout the day to 

maintain this instantaneous balance between demand and generation. 

With the much higher percentage of renewables coming on line, a variety of modifications will need to be 
made to the Power System to successfully and reliably integrate these higher penetrations of renewable 

resources. In preparation, LADWP has conducted preliminary studies on integrating renewable resources, and 
has also reviewed many renewable resource integration studies published over the last several years. 

Individual wind farms tend to have a high variability in the amount of energy produced (see figure below), but 
multiple windfarms located in diverse geographic areas are thought to reduce the overall variability in the amount 

of aggregated wind energy production. 
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Energy generated from Solar PV technology is highly sensitive to cloud cover. These PV systems can experience 
variations in output of ±50 percent in 30 to 90 seconds, and ± 70 percent infive to 10 minutes. When a single large 

sized PV facility experiences these rapid changes in output, the Power System must also be able to react just as quickly 
with other generation resources to accommodate such rapid changes. The capabilities of a power system's 

dispatchable resources will limit the size of a single PV facility. 

See Appendix J for more details regarding integrating intermittent resources. 
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3.0 STRATEGIC CASE DEVELOPMENT 

3.1 Overview 

IRP planning is an on-going process and as such, the development of the 2012 IRP 
strategic cases incorporates the latest changes that have occurred in the regulatory 
landscape and tactical plans developed by the Power System. This 2012 IRP also includes 
many updated assumptions that have been developed over the past year. These 
assumptions have influenced the composition of potential resource portfolios that can 
fulfill LADWP's goals of reliability, competitive rates and environmental stewardship. 

The coal cases analyzed in this 2012 IRP consider different replacement dates for 
LADWP's two coal resources - the Navajo Generating Station (NGS), and the 
Intermountain Power Project (IPP). The coal replacement dates for Cases 1, 2 and 3 are 
similar to the cases analyzed in last year's 2011 IRP. The replacement date of December 
2023 for IPP (Case 4) is new for this year. 

In addition to the coal cases, this 2012 IRP also analyzes four additional cases to consider 
higher levels of energy efficiency and solar distributed generation. 

The 2012-13 fiscal-year financial planning process included many of the assumptions and 
recommendations that were used in the 2012 IRP. This is a continual process that 
requires the budget and the IRP model to be guided by the same assumption set although 
these assumptions change frequently based on market conditions for fuel, energy resource 
availability and pricing, regulatory environment, load forecasts, and the reliability needs 
of our system. 

Primary regulations and state laws affecting the Power System, including AB 32, 
SB 13 68, SB 1, SB 2 (1 X), SB 32, and US EPA 316(b), have become more certain over 
the last 2 years although many details are still being finalized mainly involving existing 
renewable projects and their applicability towards meeting in-state or out-of-state 
qualifications. This 2012 IRP attempts to incorporate the latest interpretation of these 
major regulations and state laws as we understand them today. 

Section 3.2 summarizes the major changes from last year's model assumptions. 
Section 3.3 discusses the legislative and regulatory mandates that have a bearing on the 
resource portfolios being considered for this IRP. Section 3.4 describes the development 
process for the candidate strategic cases, and Section 3.5 presents the final candidate 
cases that were analyzed. The analyses and comparison of the case results are presented 
in Section 4. 
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At the heart of the IRP analysis effort is the computer-based production cost modeling of 
the LADWP Power System. To perform this modeling a significant amount of input data 
is developed. The production model and input assumptions are covered in detail in 
Section 3.2.2 and Appendix N. This section summarizes the major changes in the 
assumptions since last year's IRP, followed by a discussion of the general price inputs 
that were applied to this 2012 IRP. 

3.2.1 Major Changes From the 2011 IRP Assumptions 

Major assumption changes from last year's IRP are summarized here. Additional detail 
regarding the assumptions can be found in Appendix N. 

Load Forecast 

As shown in Table 3-1, the new load forecast is lower than the previous forecast used in 
the 2011 IRP. Compared to the prior forecast, electricity sales in the calendar year 2020 
decreased by 5.3 percent mostly due to increased levels of energy efficiency. The new 
forecast reduces the overall need for renewable energy (assuming 33% RPS) by 
approximately 461 GWh in 2020 and 745 GWh in 2030. The complete load forecast is 
included in Appendix A. Adjustments made to the approved load forecast to account for 
the latest projections of energy efficiency savings and customer-net-metered solar are 
shown in Appendix N. 

Table 3-1. TOTAL ADJUSTED ELECTRICITY SALES IN GWH 

I 
2020 

I 
2030 

New Forecast - 2012 IRP 22,958 24,424 

Old Forecast - 2011 IRP 24,239 26,665 

Difference -1,281 -2,241 

Energy Efficiency 

The Energy Efficiency (EE) forecast used in the 2012 IRP includes higher levels of 
funding for the 2012113 thru 2019120 fiscal years to achieve 10 percent EE from 2010 
thru 2020. This represents 1,084 GWh of additional EE savings by 2020 as compared to 
the 2011 IRP. Higher funding levels required to achieve this target were approved 
through the recent rate action for the 2012113 and 2013114 fiscal years. As a comparison, 
the 2011 IRP forecasted a 6 percent EE achievement during the same period 2010 thru 
2020. 
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On December 6, 2011, the Board of Water and Power Commissioners approved an 
advanced EE program with a goal of 8.6 percent of sales by the end of fiscal year 
2019-20 and beginning fiscal year 2010-11. Subsequently, on May 24, 2012 the Board of 
Water and Power Commissioners approved a target of 15 percent energy efficiency 
subject to the results of an updated energy efficiency potential study to be completed by 
June 30, 2013. The potential study will be used to develop a long-term plan for the scope 
and estimated costs for additional programs to achieve 10 percent, 12.5 percent, and 15 
percent energy efficiency savings by 2020. Inclusion of the 12.5 percent, and 15 percent 
energy efficiency savings by 2020 will be considered for inclusion in future IRP's. 

The cumulative EE savings incorporated in the 2012 IRP will reach 2,705 GWh (Net 
2,300 GWh) from 2010 thru 2020 and 4,117 GWh (Net 3,500 GWh) from 2010 thru 
2032. Using The Total Sales to Ultimate Customers for 2010111 fiscal year as the 
baseline and using net EE savings, the 2012 IRP forecasts a 10 percent energy efficiency 
savings by 2020 and 15 percent energy efficiency savings by 2032. Historical efficiency 
savings of 1,256 GWh from 2000 to 2010, equivalent to 5.5 percent of customer sales, 
are already embedded in the load forecast. Figure 3-1 below shows the projected 
cumulative gross savings from 2001 through 2032. 

Federal and State efficiency standards create fewer opportumties to give financial 
incentives to customers to install products that exceed the higher efficiency standards. 
This reduces the effectiveness of incentives to realize incremental energy savings targets. 
To combat this natural decline, additional programs requiring direct installation of energy 
efficiency measures at customer sites will be required to implement these higher savings. 
Although savings from Federal and State efficiency standards cannot be counted in the 
achievements made by the utility, these savings are nevertheless accounted for in the 
sales load forecast and do contribute to reducing overall sales and load growth. 
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Figure 3-1. Comparison of 2011 and 2012 IRP gross energy efficiency forecasts by fiscal 

year. 

Solar C-N-M and FiT 

The solar Customer-Net-Metered (CNM) program (a.k.a. Solar Incentive Program) and 
Feed-In-Tariff (FiT) programs used in the 2012 IRP are shown in Figure 3-2. CNM solar 
starts out lower than last year's forecast, but quickly catches up and surpasses it, 
reflecting the recent program delay followed by a re-commitment of funding. Continued 
strong interest in the program is expected. FiT is lower in 2012-2014 due to a delay in 
implementation of the program due to budget constraints, but quickly reaches 150 MW or 
210 GWh by 2016, reflecting the plan to accelerate the program to take advantage of tax 
benefits available through 2016. 
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Figure 3-2. Comparison of FiT and CNM (SIP) solar projections, 2012 vs. 2011. 

Renewables 

Table 3-2 is a comparison of the overall renewable additions planned for the 2012 IRP vs. 
the 2011 IRP: 

Table 3-2. RENEWABLE ADDITIONS, 2011 VS. 2012 

All Cases in 
33% RPS 

20111RP 
SB2 (1X) 33% 243 492 401 325 0 308 492 451 466 162 
Compliant 

Base Case in 
33% RPS 

20121RP 
SB2 (1X) 33% 242 0 887 337 39 283 54 915 496 114 
Compliant 

Compared to last year's IRP, solar now holds a more prominent position in the overall 
portfolio mainly replacing future planned wind projects as prices for solar PPAs have 
dropped significantly over the last year while the availability of competitively priced in
state wind projects has decreased. Solar is also well suited to utilize the Navajo and 
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Barren Ridge transmission line capacity that will become available in 2016. Increased 
use of solar will further diversify the renewable resource mix which already contains a 
strong wind focus. 

GHGCosts 

Projected GHG cost assumptions resulting from the California Air Resources Board's 
Cap and Trade Regulation have been lowered. The forecast assumes GHG pricing will 
start at $15 per metric ton in 2013 and escalate to $36 per metric ton in 2020 with a 
$3 per metric ton increase for every year in between. In the 2011 IRP, GHG pricing 
started at $24 per metric ton in 2013 and escalated to $45 per metric ton in 2020. 

Gas Prices 

Long term natural gas price forecasts have been revised downwards from last year with 
recent prices reaching very low levels over the last year. However, it is expected that 
these unusually low prices will eventually reach an equilibrium supply/demand level over 
the next year as new gas drilling continues to decline and new sources of demand come 
on-line. Opal and SoCal expected gas prices used in the 2012 IRP were 16 percent lower 
on average, in the short term (2011-2020), and were 8 and 9 percent lower on average, 
respectively, in the long term (2021-2030) as compared to the 2011 IRP. The Pinedale 
gas reserves owned by LADWP continue to provide a low cost source of gas and hedge 
against future gas volatility and estimates of gas volumes to be produced from Pinedale 
have not been revised since the 2011 IRP. 

Coal Prices 

IPP forecasted coal prices are 4 percent lower for the period 2012 thru 2027 as compared 
to the 2011 IRP. Navajo coal prices are 14 percent lower for the period 2012-2019 as 
compared to the 2011 IRP. 

IPP Recall 

IPP capacity is a function of the capacity recalled by Utah participants under the IPP 
Excess Power Sales Agreement. Estimates for these excess shares put to LADWP by 
Utah participants has risen from 222 MW assumed in the 2011 IRP to 318 MW in the 
2012 IRP thereby increasing our share of the IPP capacity entitlement. This raised the 
energy and capacity expected from IPP generation in the 2012 IRP. This trend is 
believed to be occurring because of the lower gas prices relative to coal. 
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General price assumptions are presented here for supply side resources, fuel, and GHG 
allowances. More details are provided in Appendix N. 

Supply-side Resources 

Table 3-3 presents a summary of the major price assumptions for supply-side resources. 
Generally lower prices for solar and geothermal have been incorporated into the 2012 
IRP modeling as price competition has lowered prices for both resources. Dependable 
capacity is an on-going area of study and could change in future IRP's as more data 
becomes available. 

Table 3-3. SUMMARY OF SUPPLY-SIDE RESOURCE ASSUMPTIONS 

I Levelized Cost' I Capacity I Dependable 
Resource ($/MWh) Factors Capacity 

Solar Photovoltaic - PPA $116 25% - 32% 27% 

Solar Photovoltaic - LA Solar -
Public/Private Partnership $154 20-23% 27% 
In-Basin 

Solar Photovoltaic - LA Solar -
Public/Private Partnership $153 25% 27% 
Owens 

Solar Customer-Net-Metered $130 18% 27% 

Solar Feed-In-Tariff $152 19% 27% 

Wind $105 24% - 37% 10% 

Geothermal $109 91%-95% 90% 

New Combined Cycle Gas (310 MW) $80 59% 100% 

New Simple Cycle Gas (50/100 MW) $225 9% 100% 

1Net Present Value (annual costs, 2012-2032) / NPV of Energy Produced 
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Natural Gas Prices 
High, low, and medium natural gas price forecasts were developed to test each portfolio 
against a range of potential natural gas prices. The medium or expected gas forecast 
originates from Platts and is the standard used by LADWP for financial and fuel 
procurement planning. The high and low forecast, shown on Figure 3-3, are fundamental 
forecasts obtained from Wood Mackenzie that consider a range of future assumptions 
including economic growth, supply and demand, and environmental regulations. 
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Figure 3-3. Natural gas price forecast (SoCal). 

Note: Unless otherwise stated, forecasted costs in all charts in this IRP 
are "nominal. " 
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A ±20 percent factor was applied to the expected coal fuel price, provided by LADWP's 
External Generation Division, to determine a high and low range for coal prices. Actual 
coal fuel prices have intentionally been left out of this IRP to comply with non-disclosure 
agreements with coal suppliers. 

GHG Emissions Allowance Prices 

Price scenarios were also developed and tested for GHG allowance prices using staff 
estimates and price forecasts available from recent brokerage transactions. The forecast 
assumes GHG pricing will start at $15 per metric ton in 2013 and escalate to $36 per 
metric ton in 2020 with a $3 per metric ton increase for every year in between. Forecasts 
of further GHG costs beyond 2020 and sensitivity around GHG allowance prices were 
not considered for the 2012 IRP. Considering the allocation administratively provided to 
LADWP and the planned divestiture of Navajo and implementation of further renewables 
reducing our overall GHG emissions, the overall cost impact of the CARB Cap and Trade 
Regulations is expected to be relatively neutral when considering the entire 8 year 
program (it should be noted that the initial years of the Cap and Trade program may 
require the purchase of allowances). 

The likelihood of a future Federal Carbon Tax or a continuation of the CARB Cap and 
Trade regulations beyond 2020 are speculative at this time and will be addressed in future 
IRP's as necessary. 

Figure 3-4 depicts the GHG allowance prices used to evaluate the portfolios. 
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Figure 3-4. Assumed GHG emissions allowance prices. 
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3.3 Addressing Legislative and Regulatory Mandates 

The 2012 IRP strategic cases must satisfy the requirements of the most-recently 
implemented environmental and RPS regulations. In many cases, the regulations have 
predetermined a limited set of resources that can be considered to meet future generation 
needs. The net effect is to constrain and limit the set of alternatives that can be analyzed. 

Coal ReplacementlGHG Reduction 

SB 1368 requires that imported base load energy from outside California meet a GHG 
emissions performance standard of 1,100 lbs per MWh. To comply with this requirement, 
all future base load generation outside the LA Basin will need to come from either highly 
efficient combined cycle gas turbines (if fossil fueled), or from renewable energy 
resources. This eliminates the use of coal-fired generation, at least until future coal 
combustion and sequestration technology improves sufficiently to make this a viable 
option. As a result, four coal replacement cases have been considered in this 2012 IRP to 
define the costs and operational impacts that replacement of these facilities will have in 
meeting future energy and capacity load requirements. 

Once-through cooling regulations effectively prohibits the use of ocean water cooling in 
all of the coastal power stations, which comprises 3 of the 4 in-basin gas-fired generation 
facilities, and sets specific deadlines to rep ower this generation prior to 2029. The limited 
resources available to rep ower these in-basin generation units under the accelerated time 
frame further limits the flexibility of altering repowering schedules based on system 
operation and capital requirements. Therefore, all strategic cases considered include the 
same repowering schedule as shown in Figure 3-5 below: 

OTe REDUCTION TIMELINE 
• OTC Com pli ance Dat e 

IW&RIWarrant y & Re li abilit y Phase 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 202 1 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure 3-5. Timeline for OTC repowering projects. 
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Out-of-State Renewables, Energy Efficiency and Distributed Generation 

As discussed at the end of Section 1.6.5, SB 2 (IX) defines categories with predefined 
percentage limitations on the amount of out-of-state renewable generation and renewable 
energy credits that can be used to meet renewable portfolio standards. Wind, small hydro, 
and biogas provide the largest contributions to LADWP's current portfolio as shown in 
Figure 2-7. Future renewable generation will rely heavily on solar PV and wind resources 
located within the State to fulfill the in-state percentage requirements of SB 2 (IX). This 
limits the potential use of renewable resources located outside of California. The strategic 
cases evaluated in the 2011 IRP established a diversified resource mix for the next 
20 years including goals for estimated MW's installed for each renewable technology. 
The 2012 IRP retains the same diversified renewable mix goals set forth in the 2011 IRP 
recommended case while including a more solar-focused portfolio. 

As shown in Table 3-2, all Coal Replacement cases being considered in the 2012 IRP use 
the base renewable resource plan. However, the energy efficiency and distributed 
generation cases described in Table 3-4 include different potential renewable portfolios 
for the High DG and Advanced EE options to account for the effects these demand 
resources have on reducing customer sales. Future IRP's will likely address different 
renewable resource mixes as the CEC further develops specific qualifying criteria for 
meeting in-state and out-of-state category requirements. 

The 2012 IRP Strategic Cases were developed to assist policymakers and ratepayers to 
make informed decisions regarding the accelerated replacement of Coal resources to 
promote GHG reduction prior to SB ] 368 compliance, advanced levels of energy 
efficiency to comply with and exceed the 10 percent by 2020 goals set forth by AB 2021, 
and higher levels of solar distributed generation to help achieve the Governor's statewide 
goal of 12,000 MW of solar distributed generation by 2020. 
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3.4 Candidate Portfolios Development Process 

A candidate portfolio is a set of renewable and non-renewable generation resources, 
demand side resources, regulatory constraints, policy goals, and assumptions that are 
used to model strategic scenarios. Candidate portfolios are selected to cover a spectrum 
of possible scenarios, providing decision makers information on which portfolios are 
likely to be the most desirable. Additionally, each candidate portfolio must ensure 
resource adequacy-the ability to meet total peak demand. 

3.4.1 Public Input 

Before developing candidate portfolios, LADWP met with and gathered input from key 
major customer and business representatives, as well as key environmental organization 
representatives. Comments received from these early discussions were factored into the 
overall objectives, goals and policy guidelines used in the initial construction of the draft 
candidate portfolios. Subsequent public review of the preliminary findings provided 
further input which was considered prior to finalizing a recommendation. 

3.4.2 Net Short and Resource Adequacy 

The first step in developing the 2012 IRP candidate portfolios was to determine how 
LADWP can meet and maintain its renewable energy policy goals: 20 percent renewables 
in 2010 and 33 percent renewables by 2020. The net short-the gap between renewable 
energy policy goals and current renewable generation-was calculated for each strategic 
case, and the contribution of its renewable energy component towards resource adequacy 
was determined. Energy efficiency, demand response, combined-cycle gas generation, 
and term purchases were then considered to supply the remaining deficiency in resource 
adequacy. Details regarding net short calculations and resource adequacy are included in 
Secti on 4.3.1. 1 and Appendix N. 

3.4.3 Renewable Resources Selection Process 

Over the last ten years, LADWP has issued several requests for proposals for renewable 
energy and gained a thorough understanding of the nature and availability of the different 
renewable resource technologies. This knowledge was used in developing the candidate 
portfolios. Additionally, LADWP largely considered renewable resources within the 
Western Governors' Association's Western Renewable Energy Zones (WREZ). In the 
WREZ initiative, Qualified Resource Areas were defined as areas of dense, high-quality 
renewable energy resources, meeting various resource size, quality, environmental, and 
technical criteria. LADWP screened all resources to ensure they are located near 
available LADWP transmission infrastructure, or can be delivered to areas under 
LADWP's balancing authority. 

A valuation process designed to provide a single ranking value to a resource was then 
applied. This step is intended to identify resources with the combination of lowest cost 
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and highest value. The valuation approach is similar to the bid evaluation process many 
utilities use when procuring renewable resources. Some of the considerations in selecting 
these resources are as follows: 

• Cost differences for different renewable technologies and projects 
• Cost trends that reflect decreasing prices 
• Variable integration costs and operational impacts 
• Technologies that deliver more energy during peak hours 
• Preference for local projects 
• Proximity of projects to transmission 
• For PPA resources, tax credits that can be passed along as cost savings 
• PP A proposal s that provi de future ownershi p opportuni ti es 
• Overall diversity of resource mix and geography 
• Satisfying category, or "bucket," requirements according to CEC RPS regulation 

and guidelines (see Section 1.6.5) 

After applying the appropriate constraints, resources were selected and added 
progressively to its renewable resource mix based on lowest rank cost and transmission 
availability until the net short was mitigated. 

In this 2012 IRP, the overall renewable portfolio levelized cost is $98IMWh, which 
represents an $ll1MWh decrease from last year. This cost reduction was achieved by 
selecting a more optimized and diverse portfolio that increases the contribution from 
cost-effective large central solar projects and biogas resources. Although LADWP 
continues to evaluate and develop wind and geothermal resources, they tend to be very 
site specific and typically lie a greater distance from existing transmission, or require 
transmission that must be purchased from other utilities. Another factor considered were 
solar tax credits which extend beyond those for wind and geothermal. Biogas uses the 
existing gas delivery infrastructure and existing combined cycle generating units making 
this a very cost effective and fully dependable resource. By maintaining flexibility in the 
selection of cost-efIective renewable resources, LADWP is able to secure the best pricing 
for its ratepayers, as market conditions evolve. 

3.4.4 Distributed Generation Levels 

This year's IRP considers higher levels of Distributed Generation (DG), partly in 
response to the Governor's State-wide initiative for 12,000 MW of local renewable DG. 
Due to reliability and operational concerns, the maximum amount of DG considered is 
limited to 15% of the maximum annual peak load per circuitS. Because this is a relatively 
new area of study, LADWP is proceeding cautiously until it has a better understanding of 
the impacts intermittent resources will have on its distribution grid. Potential impacts 
include cost increases for infrastructure enhancements, the need for curtailment during 

8 Refer to "Updated Recommendations for Federal Energy Regulatory Commission - Small Generator 
Interconnection Procedures Screens" Prepared by Sheehan and Cleveland, July 20] 0; and "Model 
Interconnection Procedures" by the Interstate Renewable Energy Council, 2009 Edition 
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high generation/low load periods, and new procedures to maintain reliability. As more 
experience is gained, along with more industry-wide research in this area, it is possible 
that future IRPs will consider higher DG levels 
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The 2012 IRP analyses a focused set of strategic cases, expanding on the results from 
the 2011 IRP. A streamlined set of 4 coal replacement cases and 4 energy efficiency 
and solar distributed generation cases were evaluated for the 2012 IRP. Unlike other 
areas that are constrained by mandated regulatory requirements (such as renewable 
resources), the decision to divest from coal earlier than legally required, and 
accelerate energy efficiency programs or solar distributed generation programs is 
discretionary and thus appropriate for analysis. The 2012 IRP strategic cases are 
designed to assist policymakers and ratepayers to make informed decisions regarding 
these major initiatives particularly with regard to the environmental benefits and 
resulting resource and financial impacts. 

Tables 3-4 and 3-5 provided a detailed description of each of the strategic cases. 

It should be noted that the same renewable resource plan applies to Cases 1 thru 5. 
Cases 6 thru 8 include different renewable resource plans to adjust for increasing 
amounts of solar distributed generation and reductions in forecasted sales resulting 
from additional energy efficiency and CNM solar distributed generation. Table 3-5 
summarizes each renewable portfolio. For comparison purposes, the recommended case 
from the 2011 IRP is also included. 

The different cases require distinct resource strategies to replace coal generation 
capacity and to meet future load growth. These strategies include the construction of 
new natural gas units, renewable generation, electricity purchases in the 3rd Quarter 
as needed to fill short term resource adequacy deficiencies, and the implementation 
of demand response and energy efficiency programs. A detailed breakdown of these 
strategies is discussed in Sections 4 and 5. 

The candidate portfolios were modeled and the case results were compared against each 
other. The analysis included measurements of power costs, emissions, and fuel usage. 
High and low scenarios based on fuel prices were also modeled for the coal replacement 
cases to quantify the risk associated with fuel price volatility. Section 4 discusses the 
modeling results to facilitate a dialogue with our stakeholders and ratepayers with a goal 
of selecting the recommended case for the 20] 2 IRP. 

Section 5 discusses in greater detail Case 5 with early Navajo divestiture which is a 
variation of the recommended case from the 2011 IRP with updates including 10% 
energy efficiency, enhanced solar focus including increased local distributed solar, and 
other updated assumptions. This discussion primarily involves the impact on Power 
System revenue requirements, rates, and customer bills. 
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Table 3-4. DESCRIPTION OF STRATEGIC CASES 

Case ID I Description 

Case 1 
(Coal Base 
Case) 

Case 2 

Case 3 

Case 4 

Case 5 
(EE and DG 
Base Case) 

Case 6 

FINAL 

No Early Coal Replacement - This case assumes coal resources will 
be replaced with combined cycle natural gas and renewable 
resources upon the expiration of coal contracts with no early 
compliance with SB 1368. Maintains the 33 percent standard 
renewables mix recommended to comply with SB 2 (1 X) and the 10 
percent energy efficiency savings by 2020 to comply with AB 2021. 

Navajo Early Divestiture Strategy - This case considers early 
divestment of Navajo on 12/31/2015, or 4 years prior to contract 
expiration, with IPP replacement at the end of contract expiration in 
2027. Maintains the recommended 33 percent standard renewables 
mix to comply with SB 2 (1 X) and the 10 percent energy efficiency 
savings by 2020 to comply with AB 2021. 

Navajo and IPP Early Replacement Strategy - This case considers 
early divestment of Navajo on 12/31/2015, 4 years prior to contract 
expiration, and early replacement of IPP on 12/31/2020 or 7 years 
prior to contract expiration. Maintains the recommended 33 percent 
standard renewables mix to comply with SB 2 (1X) and the 10 
percent energy efficiency savings by 2020 to comply with AB 2021. 

Navajo and IPP Early Replacement Strategy (Alternate) - This case 
considers early divestment of Navajo on 12/31/2015, 4 years prior to 
contract expiration, and early replacement of IPP on 12/31/2023 
when the IPP debt burden is fully paid 3.5 years prior to contract 
expiration. Maintains the recommended 33 percent standard 
renewables mix to comply with SB 2 (1 X) and the 10 percent energy 
efficiency savings by 2020 to comply with AB 2021. 

Base Energy Efficiency and Base Solar Distributed Generation -
Indentical to Case 2 and used as a baseline comparison to Cases 6 
thru 8. 

Advanced Energy Efficiency and Base Solar Distributed Generation -
Considers early divestment of Navajo with 10 percent energy 
efficiency savings by 2020 and an additional 500 GWh of energy 
efficiency savings between 2020 thru 2032. 
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Case 7 Base Energy Efficiency and High Solar Distributed Generation -
Considers early divestment of Navajo with 10 percent energy 
efficiency savings by 2020. Increases solar distributed generation 
thru the FiT program from 75 MW to 150 MW by 2016 and 150 to 305 
MW by 2026 and increases CNM (SIP) solar from 145 to 183 MW by 
2020 and 252 to 363 MW by 2032. 

Case 8 Advanced Energy Efficiency and High Solar Distributed Generation -
Considers early divestment of Navajo with 10 percent energy 
efficiency savings by 2020 and an additional 500 GWh of energy 
efficiency savings between 2020 thru 2032. Increases solar 
distributed generation thru the FiT program from 75 MW to 150 MW 
by 2016 and 150 to 305 MW by 2026 and increases CNM (SIP) solar 
from 145 to 183 MW by 2020 and 252 to 363 MW by 2032. 
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Table 3-5. CANDIDATE RESOURCE PORTFOLIOS FOR 20121RP 

2011 Recorrrrended Navajo Early Replacement 

ENERGY EFFICIENCY AND DISTRIBUTED GENERATION CASES 

lEE percentages are as follows: By 2020 

BaseEE 10% 
Advanced EE 10% 

By 2032 

15.2% 
17.4% 

Section 3 
Strategic Case Development 

162 

The feasibility of attaining EE levels greater than 10% are uncertain at this time, but will be addressed in the upcoming EE Potential Study to be completed in 2013. 
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4.0 STRATEGIC CASE ANALYSIS 

4.1 Overview 

Section 4 
Strategic Case Analysis 

Section 3 discussed the development process for alternative case options, and presented the 
resulting 8 cases being considered for study. This Section 4 presents the analysis of the 8 
cases, including the modeling methodology and the analysis results. 

The analysis was performed on the generating resources using an hourly chronological 
production cost model. The model simulated the operation and electric loading of the 
LADWP Power System over a 20-year planning horizon with different portfolios of 
generating resources. The objective function of the production cost model is to minimize 
system cost, which is achieved by finding the least cost method to meeting the electric 
system demand using the specified generating resource portfolios. 

The resources defined in the model consist of existing LADWP generating resources, 
generation currently under differing stages of development, and generic types of future 
generating resources with locations or projects that are not yet identified. The resource mix 
of renewable generating resources and thermal generating resources must satisfy: (1) 
resource adequacy requirements for reliability, (2) specific increasing targets of renewable 
resources as a percentage of total energy sales, and (3) other goals and objectives such as 10 
percent energy efficiency, reliable integration of renewables, etc. 

The 2012 IRP continues to evaluate the coal replacement strategies considered in the 2010 
and 2011 IRPs with updated cost and assumptions information. Additionally, a new case 
(Case 4) was also developed with the goal of divesting of Navajo on December 31,2015 and 
replacing IPP by the end of 2023. The date of 2023 was selected because this is the earliest 
practical transition point considering that the capital bonds to build IPP will be paid in full at 
the end of 2023. Any earlier divestiture would significantly increase ratepayer costs by 
expending debt payments on a facility that was not providing energy. Every year, LADWP 
purchases a percentage (~60%) of IPP generation from its owner, Intermountain Power 
Agency (IPA). LADWP's obligations to make payments with respect to IPP are 
unconditional "take-or-pay" obligations, obligating LADWP to make such payments as 
operating expenses of the Power System whether or not the applicable proj ect is operating or 
operable, or the output thereof is suspended, interfered with, reduced, curtailed, or terminated 
in whole or in part. Since LADWP is just one of 36 utilities purchasing energy from IPA, any 
agreement to replace IPP will need the cooperation of all power purchasers involved. This 
new Case 4 also targeted an early IPP replacement date of 2023 so LADWP can avoid the 
financial burden of paying for both the replacement CC units and the IPP associated cost 
from 2024 to 2027. The actual replacement date may vary based on the final agreement with 
the other power purchasers. However, for evaluation purposes, this is a reasonable transition 
point to consider. 

As a new addition for the 2012 IRP, four new scenarios (Cases 5 - 8) have been developed, 
focusing on alternative energy efficiency (EE) and solar distributed generation (DG) 
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strategies over the next 20 years. These four new EEIDG scenarios include the same coal 
replacement timeline with Navajo divested in 2015 and IPP replaced in 2027. The detailed 
discussion on the scenarios and the analyzed results can be found in Sections 3 and 4.3. 

All 8 cases were modeled, and the results were tabulated and compared against each other. 
Each strategy was ranked on average dollars per megawatt hour generation cost and the total 
million metric tons of CO2 emissions. All of the strategic cases meet electric system 
reliability requirements per WECC and NERC standards. 

Load forecast, prices of natural gas and coal, GHG emissions levels, capital, and O&M costs 
are the major cost drivers for bulk power in the cases analyzed. All cases meet the mandated 
RPS percentage targets and renewable resources are adjusted for each case analyzed 
depending on energy sales adjustments needed based on varying amounts of distributed solar 
generation and energy efficiency. 

Section 4.2 reviews the modeling considerations for the cases that were presented in 
Section 3, along with the model assumptions and analysis methodology. Section 4.3 presents 
the modeling results, including cost comparisons and the rate impact results of the different 
cases. Section 4.4 presents the strategic case conclusions and the recommended case. 

Section 5 includes long and short-term actions that are recommended towards 
implementation of the recommended case, including an estimate of the revenue requirements 
and electricity rate schedule needed to support it. 
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Strategic Case Analysis 

The cases analyzed in this 2012 IRP were introduced in Section 3.5 and are briefly discussed 
here. The timing of coal replacement and the variations in energy efficiency and distributed 
generation quantities and the resultant changes in resource mix are the key parameters that 
differentiate the 8 cases evaluated. Table 3-5 summarizes the portfolios for each case. 

The following inter-related resource parameters were assumed to occur in the 8 coal and 
EEIDG potential resource strategies: 

• OTC Repowering Schedule per Figure 1-15 
• Net Energy efficiency penetration of approximately 3500 GWh by FY 2032 for base 

EE and 4000 GWh by FY 2032 for advanced EE 
• RPS Resource Mix, schedule per Table 3-5 
• GHG allowance allocations and prices shown in Appendix N 
• Gas and Coal Fuel prices, as discussed in Section 3.2.2. 
• IPP capacity and recall schedule shown in Appendix N 

Coal strategic cases were also subjected to high and low scenario runs, which were based on 
high and low values for natural gas and coal prices. High and low fuel scenario runs were not 
performed for the EEIDG cases evaluated. The high and low scenarios simulated production 
over the same 20-year horizon, and provided a measure of the level of risk due to potential 
future fuel price volatility. 

4.2.1 Modeling Methodology 

4.2.1.1 Planning & Risk (PROSYM) 

Simulations were performed using Planning & Risk (PAR), a third-party software program 
sold and distributed by Ventyx Corporation. PARis an hourly chronological production cost 
model that commits and dispatches resources with certain operational constraints applied to 
the system to minimize the cost of serving electric load. It utilizes the PROSYM unit 
commitment and dispatch algorithm. PARis a widely used production cost model used by 
many utilities across the US and the world to help plan and optimize power systems. 
Additional information on the model can be found in Appendix N. 

4.2.1.2 Model Assumptions 

To perform model simulations, a large set of input data is required. The key parameters that 
influence the analysis results are fuel prices, load forecast (including adjustments for energy 
efficiency and other demand side management programs), coal replacement strategies, and 
operational inputs regarding future gas-fired units. Details regarding the model assumptions 
are provided in Section 3 and Appendix N 
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4.2.1.3 Net Short of Renewables 

Section 4 
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In developing the future renewable portfolio mix, the primary requirement was to meet the 
SB 2 (IX) goals for RPS percentage (see Section 1.6.5 for details) which includes meeting 
the RPS portfolio content categories as shown in Table 1-1. Other considerations included 
costs, resource and geographical diversity, and proximity to existing transmission. The 
process by which the renewable resource portfolio was constructed is described in Section 
3.4. 

4.2.1.4 Resource Adequacy 

As a prerequisite for any potential future portfolio, all cases considered must satisfy Resource 
Adequacy (RA) requirements. RA is the ability to supply the aggregate demand and energy 
requirements of customers at all times, taking into consideration future load growth and 
planning reserve margins. In calculating RA for a given portfolio, generation resources are 
assigned a percentage of their nameplate capacity, known as "Net Dependable Capacity" that 
can be counted towards the RA requirement. The net dependable capacity values vary 
depending on the type of generation resource. Throughout the energy industry there is an on
going debate on how much variable energy resources can be relied upon during the summer 
system peak. Table 4-1 lists the net dependable capacities of the different resource 
technologies assumed for this IRP analysis. 

Table 4-1: NET DEPENDABLE CAPACITY ASSUMPTIONS FOR NEW RESOURCES 

Plant Technology Net Dependable Capacity 
Natural Gas Combined-Cycle 100% 
Natural Gas - Gas Turbine 100% 
Wind 10% 
Solar PV 27% 
Solar Thermal 68% 
Geothermal 90% 

The specific RA analyses for each of the four coal strategic cases are presented later in 
Section 4.3.1.1. 

4.2.1.5 Model Runs and Scorecards 

The evaluation of each strategic case yielded a tremendous amount of information about the 
LADWP Power System. In order to organize and interpret the modeling results, a scorecard 
system was developed to rank and check the output results. The scorecard is a very detailed 
and complex Microsoft Excel based spreadsheet that summarizes all the important inputs and 
outputs and includes metrics such as total system power costs, plant generation, CO2 

emissions, and fuel costs. 
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Section 4 
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While the production cost modeling provides detailed information on estimated bulk power 
costs, reliability and mandated regulatory program revenue requirements are evaluated 
through analysis external to the production cost model. The results of this analysis are 
provided in Section 4.3 to provide a more complete view of the total cost components that 
make up total Power System costs. This Section also illustrates the revenue requirements to 
fund these specific programs to maintain a reliable electric system while also complying with 
regulatory requirements for renewable portfolio standards, local solar, once-through-cooling, 
and energy efficiency. 

FINAL 105 December 3,2012 

AR0070026 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

4.3 Modeling Results 

Section 4 
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The modeling results are presented in terms ofLADWP's overall goals of: (1) reliability, (2) 
environmental stewardship and (3) economic, or cost, considerations. 

4.3.1 Reliability Considerations 

Resource strategies are not designed to totally avoid the chance of a power outage due to 
inadequate supply resources. Such a strategy would be very expensive and would mean that 
some resources would be built with a small chance of ever operating, or would have an 
unacceptably low capacity factor. Most power outages are distribution based (e.g., a winter 
storm that knocks down local distribution lines) and not a result of insufficient generation 
resources. The reliability criterion of" 1 day in 1 0 years" attempts to quantify what is an 
acceptable amount of loss of load (i.e. a power outage). The generally accepted industry 
interpretation of the criteria is that a system is considered reliable if there are no more than a 
total of 24 hours of loss of load in a 10 year period (87,600 hours). This criterion translates 
to a 0.03 percent chance that load will not be served. 

Based on the reliability calculation, no single resource strategy is significantly more or less 
reliable than another strategy, and all strategies meet this criteria. The economic aspects of 
each of the resource strategies are only valid if the resource strategy meets the NERC 
reliability standard of "1 day in 10 years." For this evaluation on reliability, each resource 
strategy was considered equal in terms of the reliability criteria. 

4.3.1.1 Resource Adequacy 

The process of ensuring resource adequacy for each strategic case is iterative. Initially, a 
model run is made for each case without any resource additions. The results indicate the 
amount of resource surplus or shortfall into the future. Without any resource additions, a 
deficit is eventually reached as a result of coal replacement, generation unit retirements and 
the expiration of power purchase contracts on the supply side, as well as load growth 
adjusted for resources such as EE and Solar DG on the demand side. Figure 4-1 presents the 
resource shortfalls for the four coal replacement cases prior to any resource additions. For 
planning purposes, the figures focus on the most critical months of each year - July through 
October. 
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Once the deficits have been quantified, the means of satisfying the shortfall is assessed. Some 
of the considerations that LADWP accounted for in identifying potential solutions include: 

• Any additional renewables will increase LADWP's overall renewable resource 
portfolio and help achieve compliance with SB 2 (IX). 

• Energy efficiency, demand response, peak season Q3 term purchases, and 
replacement gas-fired generation were considered to provide the most economical and 
well diversified blend of resources. 

• The additions had to be separate and distinct from the in-basin OTC repowenng 
projects, which are already included in the shortfall calculation. 

• Large scale generation additions were located out-of-basin to take full advantage of 
the existing transmission infrastructure and to comply with local environmental 
regulations. 

• Where feasible, the new generation sites should make use of existing transmission 
and fuel supply infrastructure. 

• As with all planning activities, the solution must address reliability, costs, and 
environmental stewardship. 

After careful consideration, LADWP's IRP team consisting of the IRP staff, Power System 
Management, Environmental Affairs, and the Energy Efficiency Group, developed a 
resource replacement strategy for each case and briefed the General Manager. The resource 
solution employs a mix of new renewable generation, energy efficiency, demand response, 
new gas-fired combined cycle units, and Q3 Tenn Purchases to replace Navajo and IPP Coal 
and to supplement load growth adjusted for demand side resources. Table 4-2 shows the 
breakdown of the replacement resources recommended for the four coal cases. Replacement 
resources for the 4 EE/DG cases were also developed and are shown in Appendix N. 
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Table 4-2. RESOURCES RECOMMENDED FOR RESOURCE ADEQUACY BY 
CALENDAR YEAR 

Case#1 (Navajo 2019 IPP 2027) 

Capacity(MW) 1011 1013 1014 1015 1016 1017 1018 1019 1010 1011 1011 1013 1014 1015 1016 1017 1018 1019 1030 1031 

Energy Efficiencv 17 37 58 79 99 116 131 144 155 166 175 184 192 199 21l> 212 217 222 227 231 

Demand Response 5 10 20 40 75 11lO 150 21lO 250 31lO 350 41lO 450 500 51lO 51lO 51lO 500 51lO 51lO 

New Renewable 22 36 87 213 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 

Navajo ReplacementCC 0 0 0 0 0 0 0 0 31lO 31lO 300 300 31lO 300 300 31lO 31lO 300 31lO 31lO 

IPPRepiacementCC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 

Q3TermPurchase 200 175 0 0 0 0 0 0 0 0 0 0 0 25 75 0 0 0 0 50 

Total Replacement 144 157 165 341 460 563 675 784 1145 1313 1416 1513 1600 1686 1747 1835 1854 1867 1880 1943 

Case 12 (Navajo 2015 IPP 2027) 

Capacity(MW) 1011 1013 1014 1015 1016 1017 1018 1019 1010 1011 1011 1013 1014 1015 1016 1017 1018 1019 1030 1031 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 21l> 212 217 222 227 231 

Demand Response 5 10 20 40 75 11lO 150 200 250 31lO 350 400 450 500 500 51lO 51lO 500 51lO 51lO 

New Renewable 22 36 87 213 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 

Navajo ReplacementCC 0 0 0 0 300 31lO 300 300 31lO 31lO 300 300 31lO 300 300 31lO 31lO 300 31lO 31lO 

IPPRepiacement CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 

Q3TermPurchase 200 175 0 0 0 0 0 0 0 0 0 0 0 25 75 0 0 0 0 50 

Total Replacement 144 157 165 341 760 863 975 1084 1145 1313 1416 1513 1600 1686 1747 1835 1854 1867 1880 1943 

Case 13 (Navajo 2015 lPP 2020) 

Capacity(MW) 1011 1013 1014 1015 1016 1017 1018 1019 1010 1011 1011 1013 1014 1015 1016 1017 1018 1019 1030 1031 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 21l> 212 217 222 227 231 

Demand Response 5 10 20 40 75 11lO 150 200 250 31lO 350 400 450 500 500 51lO 51lO 500 51lO 51lO 

New Renewable 22 36 87 213 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 

Navajo ReplacementCC 0 0 0 0 300 31lO 300 300 31lO 31lO 300 300 31lO 300 300 31lO 31lO 300 31lO 31lO 

IPPRepiacementCC 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 

Q3TermPurchase 200 175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 

Total Replacement 144 157 165 341 760 863 975 1084 1145 1463 1576 1663 1750 1811 1811 1835 1854 1867 1880 1943 

Case #3A (Navajo 2015 IPP 2024) 

Capacity(MW) 1011 1013 1014 1015 1016 1017 1018 1019 1010 1011 1011 1013 1014 1015 1016 1017 1018 1019 1030 1031 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 21l> 212 217 222 227 231 

Demand Response 5 10 20 40 75 11lO 150 200 250 31lO 350 400 450 500 500 51lO 51lO 500 51lO 51lO 

New Renewable 22 36 87 213 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 

Navajo ReplacementCC 0 0 0 0 300 31lO 300 300 31lO 31lO 300 300 300 300 300 31lO 31lO 300 31lO 31lO 

IPPReplacementCC 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 

Q3TermPurchase 200 175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 

Total Replacement 144 157 165 341 760 863 975 1084 1145 1313 1416 1513 1750 1811 1811 1835 1854 1867 1880 1943 

Figure 4-2 shows the net dependable capacity profiles for the 4 coal cases after including the 
recommended resources to satisfy resource adequacy requirements. In each case, Navajo is 
replaced with new renewable generation and a 300 MW replacement combined cycle gas
fired unit upon divestiture. Energy efficiency, demand response, and Q3 term purchases 
supply capacity that primarily contributes to peak load growth. Figure 4-3 presents the 
generation profiles for the same 4 coal cases. 

When IPP energy ceases in 2027 for Cases 1 and 2, 2020 for Case 3, and 2023 for Case 4, 
that production is replaced entirely with two 575 MW combined cycle natural gas units. The 
larger combined cycle units will be necessary to reduce Q3 term purchases and to provide 
energy and capacity for additional load growth. By 2020, most of the renewable portfolio 
will have already been built to replace Navajo, with continued load growth being offset by 
renewables, energy efficiency, demand response, Q3 term purchases, and a portion of the two 
575 MW combined cycled gas-fired units. 

Q3 term purchases are meant to satisfy peak load growth in the summer months where 
capacity is needed only over a short period of time, typically over a few weeks of the summer 
months. The planned addition of Q3 term purchases helps to limit the amount of capital 
intensive resources that would be necessary to supply peak load growth. Continual evaluation 
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of future market conditions will be needed to ensure that the market possesses adequate depth 
and reasonable pricing so that these term purchases can be relied upon to fill system capacity 
needs. 

In Cases 2, 3 and 4 with the Navajo Generating Station (NGS) divested in 2015, the 300 MW 
combined cycle gas-fired unit and demand response resources are fulfilling two purposes, (1) 
replacing capacity and energy that would have been provided by NGS and (2) providing 
dispatchable resources to enable the integration of increasing amounts of intermittent 
renewable energy as these resources are ramped up from the current 20% RPS to 33% RPS in 
2020. 
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The primary objective of coal replacement is to reduce overall GHG emissions. Energy 
produced from coal emits approximately twice the amount of GHG emissions, when 
compared to energy produced from natural gas. The reductions of GHG emissions are 
reflected in the production cost model simulations. Figure 4-4 illustrates a comparison of the 
resulting GHG emission levels of the four cases. Divestiture of Navajo results in an average 
1.81 Million Metric Tons (MMT) reduction in GHG each year while IPP results in an 
average 2.78 MMT reduction each year. GHG reductions are accelerated in Cases 2, 3 and 4 
with the replacement of Navajo and IPP prior to the expiration of existing power contracts 
with these facilities. Case 1 represents the normal course of emissions reductions with no 
early replacement. Reduction levels are eventually reached in all cases in 2019 and then 
again in 2027 when SB 1368 essentially prohibits the importation of energy produced from 
coal when the existing power contracts expire. 

Current total GHG emissions levels are approximately 14.1 MMT which is 21 percent below 
1990 levels due to the elimination of Mojave and Colstrip Coal, completed repowering of 
units at Haynes and Valley generating stations with cleaner gas-fired replacements, and 
increased renewable generation from 3% in 2003 to 20% in 2010. Using Case 1 (Navajo 
divestiture in 2019, IPP replacement in 2027) as a baseline, early divestiture of Navajo in 
Cases 2, 3 and 4 results in approximately 7.2 MMT less GHG emissions between 2016 and 
2019. For Case 3 (IPP replaced in 2020) there is an additional post-2020 cumulative 
reduction of 19.5 MMT. For Case 4, the post-2020 reduction is 9.3 MMT. These GHG 
emission reductions are shown below in Figure 4-4 and Table 4-3. 
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Figure 4-4. GHG emissions comparison by calendar year. 

Table 4.3 GHG EMISSIONS REDUCTION LEVELS IN MMT 

Case 
Reduction Reduction Total Reduction 
2016-19 2020-27 2016-27 

1 Baseline Baseline Baseline 
2 7.2 0.0 7.2 
3 7.2 19.5 26.7 
4 7.2 9.3 16.3 

Emission levels for the energy efficiency and solar distributed generation, Cases 5 thru 8 
were also evaluated as shown in Figure 4-5. Advanced levels of EE were found to result in 
slightly lower emissions of CO2 as compared to the Base EE cases. Higher levels of Solar 
DG were found to have little effect on reducing CO2 emissions since Solar DG would have 
been replaced with other zero emissions resources. Although these higher levels of EE and 
distributed generation have a small impact on emissions compared to the base EE, it is 
important to note that the base level of energy efficiency in and of itself has a very significant 
impact on reducing overall CO2 levels as shown by the "No More EE" curve illustrated in 
Figure 4-4. If no additional EE were implemented, annual GHG emissions levels would be 

FINAL 117 December 3,2012 

AR0070038 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Section 4 
Strategic Case Analysis 

approximately 2.0 MMT higher by 2032. This is equivalent to removing 385,000 cars from 
the road. For reference purposes, the CARB emissions allocation for LADWP as part of the 
AB 32 Cap and Trade program being implemented in 2013 and ending in 2020 is shown in 
Figure 4-5. 
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Figure 4-5. GHG emissions comparison for Energy Efficiency and Solar Distributed Generation 

cases by calendar year. 

In addition to GHG, Oxides of Nitrogen (NOx) were also measured within the production 
model. Figure 4-6 summarizes NOx emissions for each of the four cases. With the 
installation of SCR equipment since 1989, NOx emissions of in-basin generation has been 
reduced by 90 percent. 
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4.3.3 Economic Considerations 

The economic considerations for the eight coal and EEIDG cases included a comparison of 
fuel and variable costs. The coal cases were further subjected to fuel price stress tests to 
account for potential future price volatility which affects possible ranges of bulk power costs 
related to coal replacement. Reliability and regulatory revenue requirements are also 
addressed to quantify the impact of these programs on future total Power System costs. 

4.3.3.1 Cost Comparison Between EE and DG Cases 5 
thru 8 

Two scenarios of Energy Efficiency (EE) were considered including a Base EE case and an 
Advanced EE case. By using FY 2010-11 Total Sales to Ultimate Customers (23,053 GWh) 
to calculate the energy savings percentage, the Base EE case forecasts LADWP will achieve 
10% of Net EE savings by 2020 and 15% EE savings by 2032. The Advanced EE case 
forecasts the same EE savings up to and including 2020 as in the Base EE case, but gradually 
adds another 500 GWh of savings by 2032. The Net EE savings in GWh for the two 
scenarios along with the projected budget are shown below in Figures 4-7 and 4-8. 
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Solar Distributed Generation (DG) includes local solar generation that is directly 
interconnected to the distribution system. Distributed generation comprises solar generation 
from the Feed in Tariff (FiT), Utility Built Solar (UBS), and customer net metered programs. 
UBS are solar projects that would be built and operated by LADWP, and may be located in 
the city or out-of-basin. The detailed Solar DG scenarios in GWh and unit cost are shown in 
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Figure 4-9, along with curves for LADWP's Utility Built Solar (UBS) program. The two 
scenarios for Solar DG consist of one Base DG case and one High DG case. 
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Figure 4-9. High and Base DG solar program cost assumptions and GWh comparison 

The Base EE and Base DG energy forecasts are used in all four coal strategic cases evaluated 
in the 2012 IRP. The Base Case assumes divestment of Navajo Generating Station by 
December 31, 2015 and Intermountain Generating Station will be replaced by natural gas 
generation by June 15, 2027. Different combinations of EE and DG cases were analyzed in 
the production model simulations including: (1) Base EE with Base DG, (2) Base EE with 
High DG, (3) Advanced EE with Base DG, and (4) Advanced EE with High DG. The 
detailed analysis was conducted using the PROSYM production cost modeling software. 

There are various resource changes associated with different EE and DG combinations due to 
RPS mandatory and system reliability requirements. For example, when the High DG and 
Advanced EE case is modeled, the more aggressive EE reduces both customer energy sales 
and load demand which relaxes the requirements on RPS and peak demand. Also, with 
higher Solar DG some non-solar-DG renewable resources were reduced or even eliminated to 
avoid unnecessary expenditures on renewable energies beyond the amount mandated by 
SB 2 (IX). 

FINAL 121 December 3,2012 

AR0070042 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Demand-Side Resources - Total Revenue Requirements 

Section 4 
Strategic Case Analysis 

Due to the load reduction nature of energy efficiency and solar customer-net-metered 
"demand-side" programs, analysis of the revenue requirements of these specific programs 
must be handled in a different manner than other distributed generation programs such as 
solar feed-in-tariff and utility built solar. The modeling results were analyzed to determine 
the net revenue loss due to reduced sales and the program costs which consist mainly of 
incentive payments paid to customers to subsidize the cost of these demand-side measures. 
While the program costs are relatively straight forward to evaluate, determining the net 
revenue loss is a more complex process that requires first determining the costs that the 
utility avoids by implementing these programs which is simply described as "avoided costs." 

Determining Net Revenue loss involves first determining the avoided costs from 
implementation of demand-side energy savings, including: fuel, variable O&M, emissions, 
transmission and distribution deferred upgrades, capital investments for new generation, 
fixed O&M, and energy transport losses. The avoided costs and fixed billing charges from 
demand and minimum billing charges are then subtracted from the gross revenue loss to 
determine the net revenue loss as shown in Figures 4-10 through 4-13 below. A full detailed 
discussion of avoided costs and revenue loss results are included in Appendix N. 
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Figure 4-10. Base EE - Total Revenue Requirement 
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Figure 4-11. Advanced EE - Total Revenue Requirement 
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Figure 4-12. Base CNM Solar - Total Revenue Requirement 
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Figure 4-13 High CNM Solar - Total Revenue Requirement 

Solar DG resources including Solar Feed-In-Tariff and Utility Built Solar do not result in 
revenue losses because these programs do not reduce customer sales. Therefore, the energy 
costs offset by the avoided costs savings of these programs must be calculated separately and 
then added to the demand-side EE and CNM costs to arrive at the final bulk power costs for 
the different cases as shown in Figure 4-14 below. FiT and UBS also result in avoided costs 
similar to EE and CNM with only slight differences. Although the evaluation considered the 
entire period of 2012 thru 2032, only the years 2020 thru 2032 are shown in Figure 4-14. 
The reason for this is that all cases have the same EE savings from 2012 thru 2020 and only 
slightly higher solar DG savings for this time period. Increased levels of EE and solar DG 
mostly occur in the later period from 2020 thru 2032 in the cases evaluated. Integration costs 
for solar resources, assumed to be $7 IMWh based on recent studies performed by outside 
consultants, and all other bulk power resource costs were aggregated together to determine 
the total bulk power costs of the 4 EEIDG cases evaluated. The incremental differences 
between these 4 EEIDG cases can be seen in Table 4-4 below. 
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Figure 4-14. Bulk Power Cost Comparison of EEIDG cases ( 2020 thru 2032) 

Table 4-4. Incremental Cost vs. Base EE, Base DG Comparison 

Base EE & Base DG Base EE & High DG Advanced EE & Base DG Advanced EE & High DG 

Fuel & Program Costs $M $0 $428 $254 $766 

DG I ntegration Costs· DG $M $0 $39 $0 $39 

T&D Savings· FIT, UBS $M $0 ($15) $0 ($15) 

Net Lost Revenue· EE CNM $M $0 $217 $240 $457 

Total Incremental Revenue $M $0 $669 $494 $1,247 

Average Incremental Revenue ($M/vr) $0 $32 $24 $59 

Average Incremental Cost (Cents/kWh) 0.00 0.14 0.10 0.26 

The results show that both higher levels of EE and DG must be carefully considered in the 
utilities overall finances as these programs tend to require higher levels of revenue as 
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compared to other alternatives. For customers that implement both EE programs and Solar 
CNM, the opportunity to realize savings in their use of electricity and associated savings can 
be substantial and should be encouraged. However, from the utility perspective, it is 
important that cost recovery mechanisms are established to recover reduced revenues that 
come from Solar CNM and Energy Efficiency to minimize the impact on other programs that 
require appropriate funding levels to maintain reliability of the electric grid and comply with 
existing laws and regulations. Careful planning of these resources must also be evaluated 
periodically as new cost information becomes available (e.g., Energy Efficiency Potential 
Study) to provide the most economical mix of future resources. 

4.3.3.2 Cost Comparison Between Coal Cases 1 thru 4 

The total fuel and variable costs for the 4 coal replacement cases are shown in Figure 4-15 
below. The natural gas price used in the production model was the 20-yr long-term natural 
gas price forecast from Platts and is also considered as the expected natural gas price in the 
stress test study in Section 4.3.3.3. 
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Figure 4-15. Total fuel and variable cost comparison by fiscal year (Includes renewable 

project costs). 

Replacement of IPP and Navajo results in higher fuel and variable O&M costs, as less 
expensive coal is replaced with relatively higher cost gas-fired energy. The resulting increase 
in fuel costs from the Navajo divestiture is due to a blended increase of in-basin and out-of
basin gas fired generation. In reality, resources replacing Navajo consist of a blend of new 
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energy efficiency, new renewable energy, and new replacement gas-fired combined cycle 
units. The gas-fired replacement resources for Navajo can be better seen in Table 4-5. 
Because all 4 coal cases analyzed have the same renewable portfolio, the cost differences 
between the cases can only be attributed to increased gas cost; therefore, the costs shown in 
Table 4-5 do not include any incremental costs associated with new renewable resources. 

Table 4-5. Increased incremental capital, fuel, and variable O&M costs related to replacement 
of Navajo and IPP by fiscal year 

Delta -Navajo Early Divestiture Study 
(Case 2 - Case 1) ($M) [FYE] 

2016 2017 2018 2019 2020 Total 

Capital & Fixed OM Cost 

300 MW Navajo Replacement Cost $9M $18M $18M $18M $12M $74M 

Fuel Cost $12M $28 M $32M $33 M $17M $121 M 

YOM Cost $OM $3M $2M $3M $1 M $9M 

Total Cost Delta $22 $48 $52 $53 $30 $205 M 

Delta -IPP 2020 Conversion Study 
(Case 3 - Case 2) ($M) [FYE] 

2021 2022 2023 2024 2025 2026 2027 Total 

Capital & Fixed OM Cost 

IPP Replacement Cost $19 M $38 M $43 M $52 M $61 M $64 M $59 M $337 M 

Natural Gas Pipe line Cost * $4 M $4 M $4 M $4 M $4 M $4 M $4 M $30 M 

SubTotal $23 M $43 M $47 M $56 M $65 M $69 M $63 M $366 M 

Fuel Cost $80 M $177 M $176 M $178 M $167 M $190 M $204 M $1,173 M 

VOM Cost $18 M $39 M $39 M $39 M $38 M $39 M $38 M $250 M 

Total Cost Delta $121 $259 $262 $273 $270 $298 $305 $1,790 M 

Note: * Pipeline installation cost is based on $60M one-time cost amortized over 25 year period with 5.5%interest. 
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Delta -IPP 2023 Conversion Study 
2021 

(Case 4 - Case 2) ($M) [FYE] 

Capital & Fixed OM Cost 

IPP Replacement Cost 

Natural Gas Pipe line Cost * 

SubTotal 

Fuel Cost 

VOM Cost 

Total Cost Delta 

2022 2023 2024 

$24 M 

$4 M 

$28 M 

$65 M 

$13 M 

$106 
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2025 2026 2027 Total 

$61 M $64 M $59 M $208 M 

$4 M $4 M $4 M $17 M 

$65 M $69 M $63 M $225 M 

$167 M $190 M $204 M $627 M 

$38 M $39 M $38 M $128 M 

$270 $298 $305 $980 M 

Note: * Pipeline installation cost is based on $60M one-time cost amortized over 25 year period with 5.5%interest. 

4.3.3.3 Fuel Price Stress Test 

The importance of stress testing the model results of the 4 coal cases is to determine the 
range of exposure to economic risk due to fuel price volatility. Historically, natural gas prices 
have tended to be volatile and unpredictable and LADWP employs hedging techniques to 
constrain volatility within acceptable ranges. However, diversification of fuel resources is 
also an effective means to mitigate economic exposure to a single fuel source. For example, 
renewable energy supplies a necessary hedge against increased fuel price exposure and 
eliminates the fuel cost for 20 percent of our current fuel supply. 

Coal purchased by LADWP over the last 30 years has traditionally been provided primarily 
through long term coal contracts where future costs are reasonably predictable. Additionally, 
a small portion of LADWP's coal supply is provided through short term coal purchases 
subject to market fluctuations. Therefore, natural gas prices become the primary concern 
when assessing future cost impacts. Replacing Navajo and IPP Generating Stations with gas 
fired generation would expose our ratepayers to fuel markets which may result in higher or 
lower fuel costs which are much less predictable. 

Realizing the need for accurate fuel price forecasts, LADWP contracted with Wood 
Mackenzie Research and Consulting to provide natural gas price high and low forecasts to 
stress test future power production costs as shown in Figure 4-16. Also included in the high 
and low range forecasts were coal prices received from LADWP's External Generation 
Group. Based on the expertise and experience of the Coal Supply Group, a ±20 percent factor 
was applied to the expected coal fuel price to determine a high and low range for coal prices. 
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Figure 4-16. High, low, and expected natural gas price forecasts (So Cal Gas). 

The natural gas price curves furnished by Wood Mackenzie Research and Consulting show a 
greater propensity towards higher than expected gas fuel prices, and less risk of experiencing 
lower than expected prices. This is wholly consistent with past historical gas prices which are 
shown in Figure 4-17 - the relative shape of the curve is asymmetrical with the forward tail 
(higher prices) extending further away from the mean of the curve. 
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Figure 4-17. Historical distribution of natural gas prices (SoCal, 2005 through 2010). 
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The high and low fuel price ranges were then incorporated into the four strategic case model 
runs. The four charts shown in Figure 4-18 display the results of bulk power costs for each of 
the 4 coal cases. The wider the range from the high fuel case to the medium fuel case 
indicates increased exposure to risk from the higher fuel costs. 

Case #1 (Navajo 2019, IPP 2027) 
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Figure 4-18. Bulk power cost comparison - high, low, and expected fuel prices. 
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Case 2 (Navajo 2015, IPP 2027) 
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Figure 4-18. (continued) 
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Case #4 (Navajo 2015, IPP 2023) 
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Figure 4-18. (continued) 
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An analysis of the effects of fuel price volatility was performed for the four coal cases and is 
shown in Figure 4-18. With the early divestiture of Navajo in 2015 and the IPP coal contract 
ending in June 2027, increased bulk power costs are expected with the replacement of each 
of these resources. 

Elimination of coal involves the switch to more natural gas generation, which has higher fuel 
price volatility compared to coal. This higher volatility will increase the risk of fuel cost 
changes in the future and so warrants careful evaluation when comparing the different case 
scenanos. 

It is important to note that bulk power costs shown in Figure 4-19 include fuel, renewable 
and other purchase power costs in addition to coal replacement costs. After applying high 
and low fuel prices to these bulk power costs, the replacement of these resources could result 
in large cost increases should fuel prices remain at higher than expected levels. Conversely, 
lower than expected fuel prices could have the opposite effect on bulk power costs 

To help manage natural gas fuel price volatility, LADWP employs financial hedges for up to 
ten years, and physical hedges for up to five years. LADWP is in the process of developing a 
revised hedging strategy based on the newly approved rate ordinance. 
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Figure 4-19. Bulk power cost with high and low fuel costs by calendar year. 

By the year 2020 NGS will retire in all four cases, with Case 3 and 4 showing IPP being 
replaced in 2020 and 2023, respectively, with two 575 MW combined cycle units. 

With all coal generation being eliminated the exposure risk of much higher spending on fuel 
and variable costs will be present. 

Increased risk exposure from high fuel costs may translate into higher customer electric rates. 
Figure 4-20 shows the potential rates that could be experienced under the 4 coal cases given 
high, expected, and low fuel ranges for both gas and coal fuel types. Today, overall coal costs 
represent approximately 65 percent of overall fuel expenditures. Once Navajo coal is 
replaced in 2015, this percentage will drop to 50 percent of overall fuel expenditures. From 
2023 thru 2026, coal expenditures will gradually drop to 30 percent before reaching zero 
percent in 2027 when IPP coal is replaced, and future fuel price increases will be based 
solely on natural gas and nuclear. 
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Figure 4-20. Estimated electric rate comparison with fuel price sensitivity over 20 years by 

fiscal year-ending 

4.3.3.4 Reliability and Regulatory Revenue 
Requirements 

Bulk Power costs discussed previously make up less than half of the cost to operate the 
electric power system. Continued investments in transmission, distribution, and generation 
resources are required to maintain a reliable electric system. While specific regulatory and 
reliability programs such as RPS, OTC, and PRP attract the most attention, investments in 
these programs are a subset of the generation, transmission, and distribution system that 
comprises the Power System. Besides fuel and inflation costs, these reliability and regulatory 
programs are the largest factors driving increases in Power System costs. 

The revenue requirements of these programs are further illustrated in Figure 4-21 and Table 
4-6. Today, these reliability and regulatory programs comprise 28% of all Power System 
costs and in 2020 these same programs will grow to approximately 42%. 
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Table 4-6 shows the breakdown of these reliability and regulatory costs with RPS and PRP 
programs clearly being the major drivers behind overall increases in Power System costs. 
The importance of adequately funding of these programs through consistent revenue 
increases over time is essential to achieving the goals of reliability, environmental 
stewardship, and maintaining competitive rates. 

$2,500,000 

0' g $2,000,000 .... 
"V). 

..?:5. .... 
~ $1,500,000 
E 
(II ... 
:::l 

g $1,000,000 
c::: 
(II 

:::l 
C 
(II 

~ $500,000 
c::: 

· SmartGrid 

• Renewable Tra nsmission 

• Power Reliability 

• Energy Efficiency • Loca I Solar 

• Renewabl e Energy • OTC Repowering Of Power Pia nts 

Figure 4-21. Annual revenue requirement for reliability and regulatory program for 

fiscal year ending 2012 through 2021. 
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Table 4-6. Annual revenue requirements of Power System programs, 
fiscal year ending 2012 through 2021 (x$1 000) - Case 2 

Power Reliability 
Debt Service (Less Smart Grid) 
O&M 

$70,450 

$342,642 

$95,292 $122,219 $157,222 $190,430 $230,056 $272,729 $311,882 $351,889 $389,690 

$356,509 $372,302 $504,000 $572,000 $554,000 $554,000 $567,850 $582,046 $596,597 

$413,092 $451,800 $494,520 $661,222 $762,430 $784,056 $826,729 $879,732 $933,935 $986,288 

Sum Total 2011-2020 $7,193,805 

OTC Repowering Of Power Plants 
Debt Service $9,834 $41,196 $74,347 $103,562 $112,068 $145,782 $152,050 $160,646 $184,236 $198,432 

$9,834 $41,196 $74,347 $103,562 $112,068 $145,782 $152,050 $160,646 $184,236 $198,432 

Sum Total 2011-2020 $1,182,154 

Transition from Coal Early (NGS) 
Debt Service 
Fuel & VOM 

Sum Total 2011-2020 

Renewable Energy 
Debt Service 

O&M 
Purchased Power (PPA's) 

$0 

$0 

$0 

$205,468 

$37,499 

$33,415 

$306,641 

$377,554 

Sum Total 2011-2020 $5,319,379 

Renewable Transmission 

$0 $0 $0 $9000 $18,000 $18,000 $18,000 $12,000 $0 

$0 $0 $0 $12,509 $30,463 $34,126 $35,447 $17,923 $0 

$0 $0 $0 $21,509 $48,463 $52,126 $53,447 $29,923 $0 

$34,862 $30,676 $27,790 $28,120 $29,511 $56,038 $91,118 $110,338 $128,456 

$34,703 $36,880 $39,563 $40,272 $41,564 $44,009 $46,030 $47,107 $47,878 

$331,676 $344,494 $392,655 $434,915 $458,146 $472,365 $493,257 $524,059 $575,341 

$401,241 $412,050 $460,009 $503,307 $529,221 $572,413 $630,404 $681,504 $751,675 

Debt Service $4,104 $4,700 $7,989 $29,209 $43,541 $50,497 $52,095 $67,444 $83,257 $99,896 
---$~4~,1~0~4----~$4~,=70~0--~$=7,=98~9---=$2~9~,2=09~-=$4~3~,5~41~~$5=0~,4~9=7--~$5=2~,0~9=5--~$=67~,4~4~4--~$=83~,2~5=7--~$=99~,8=9~6-

Sum Total 2011-2020 $442,731 

local Solar 
SB1 Debt Service 

UBS Debt Service 
FIT (PPA) 

Sum Total 2011-2020 

Energy Efficiency 
Debt Service 
O&M 

Sum Total 2011-2020 

Smart Grid 
Debt Service (Operation Support) 
Debt Service (PRP) 

$11 

$794 

$0 

$806 

$313,480 

$1,061 

$17,512 

$18,574 

$711,747 

$2,502 

$3,272 

$1,582 

$3,264 

$967 

$5,813 

$7,919 

$0 

$7,919 

$3,983 

$4,265 

$5,708 

$4,801 

$3,157 

$13,665 

$24,368 

$0 

$24,368 

$8,017 

$5,478 

$9,746 

$5,716 

$6,530 

$21,992 

$41,939 

$0 

$41,939 

$11,050 

$6,651 

$12,124 

$29,826 

$58,797 

$0 

$58,797 

$12,043 

$7,477 

$18,154 

$37,674 

$77,731 

$0 

$77,731 

$12,931 

$10,999 

$21,840 

$45,769 

$96,317 

$43 

$96,360 

$13,240 

$12,172 

$23,976 

$49,387 

$113,235 

$41 

$113,276 

$13,501 

$13,217 

$26,006 

$52,724 

$129,247 

$0 

$129,247 

$13,758 

$14,247 

$27,819 

$55,824 

$143,535 

$0 

$143,535 

$9,803 $11,043 $12,314 $13,217 $14,001 $14,791 $15,543 

$6,875 $8,565 $10,733 $13,060 $14,066 $14,172 $14,273 

$5,775 $8,249 $13,495 $16,679 $19,608 $23,048 $26,277 $28,067 $28,963 $29,816 

Sum Total 2011-2020 $199,977 
Basic Gen, Trans, Dist $2,107,365 $2,191,782 $2,231,555 $2,324,597 $2,436,454 $2,476,026 $2,557,276 $2,889,040 $2,938,467 $2,978,430 

$2,107,365 $2,191,782 $2,231,555 $2,324,597 $2,436,454 $2,476,026 $2,557,276 $2,889,040 $2,938,467 $2,978,430 

Sum Total 2011-2020 $25,130,991 

Total Power System Revenue Requirement 
$2,933,000 $3,108,000 $3,264,000 $3,630,000 $3,944,000 $4,122,000 $4,329,000 $4,804,000 $4,979,000 $5,144,000 

Sum Total 2011-2020 $40,257,000 
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4.3.3.5 Total Power System Cost Comparisons 

The total Power System cost for each case includes bulk power costs, depreciation costs 
related to transmission, distribution, and generation, bond debt-service, and city transfer9 

costs. These costs assume full funding of the Power System programs including the preferred 
Power Reliability Program and Energy Efficiency programs among others. Total annual 
Power System costs are shown in Figure 4-22 and reflect short-term spending reductions 
through 2011-12 fiscal year with subsequent years reflecting a restoration of funding levels 
to ensure that the longer term IRP recommendations can be realized. To the extent that 
energy efficiency costs are lower than the costs of generation it is replacing, its effect is to 
lower total costs. The costs shown in Figure 4-22 do not attempt to represent a thorough 
analysis of Power System finances. The main goal of this section is to illustrate the general 
trend of Power System costs relative to the 4 coal and 4 EEIDG cases analyzed. 
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Figure 4-22. Comparison of annual Power System costs over the next 20 fiscal years. 

9 The city transfer payment is 8% of the previous year's operating revenue. 
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The cost differences between the cases are highlighted in Table 4-7, which presents the 
incremental costs of the 4 coal cases and the 4 EEIDG cases. For the coal cases, the values 
listed under the Case 2 column represent the incremental costs between Cases 1 and 2 - i.e., 
the cost of early divestment of Navajo. The values listed under Case 3 and Case 4 represent 
the additional incremental costs of early IPP replacement in 2020 and 2023, respectively. 

All EE & DG cases assume Navajo divestment in 2015 and IPP replaced in 2027. The values 
shown for Cases 6, 7, and 8 represent each case's incremental costs when compared to 
Case 5. 

TABLE 4-7 - INCREMENTAL COST COMPARISONS BETWEEN CASES 

Coal Case Summary 

Case 1 Case 2 Case 3 Case 4 

Case Descri ption Navajo 2019, IPP 2027 Navajo 2015 IPP 2020 IPP 2023 

Total Incremental Revenue $M $0 $205 $1,790 $980 

Average Incremental Revenue ($M/yr) $0 $51 $275 $280 

EE & DG Case Summary 

Case 5 (Baseline) * Case 6 Case 7 Case 8 

Case Descri ption Base EE & Base DG Base EE & High DG Advanced EE & Base DG Advanced EE & High DG 

Total Incremental Revenue $M $0 $669 $494 $1,247 

Average Incremental Revenue ($M/yr) $0 $32 $24 $59 

Figure 4-23 illustrates the net present value of the total Power System costs for each of the 
coal strategic cases. 
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Figure 4-23. Total net present value comparison of Power System costs of 4 coal cases. 
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4.4 Strategic Case Conclusions and Recommendations 

4.4.1 Reliability 

All four cases were designed to satisfy Power System reliability requirements. Based on the 
loss of load probability and resource adequacy analysis discussed in Section 4.3.1, all four 
cases are considered equal in terms of meeting reliability. To ensure that reliability is 
maintained during the replacement of Navajo and IPP, specific replacement strategies should 
be employed to assure a smooth transition. Further analysis may be required to refine the 
appropriate blend of renewable, gas-fired, energy efficiency, and demand response resources 
to replace Navajo and IPP based on reliability considerations. 

4.4.2 GHG Emissions Reduction 

As expected, the sooner generation from coal is removed from LADWP's portfolio, the 
greater the reduction of GHG emissions is achieved. Case 2 removes NGS energy four years 
earlier than in Case 1 and results in 7.2 million metric tons less GHG emissions over the 20-
year study period. In addition to early NGS divestiture, Case 3 accelerates the replacement of 
IPP seven years earlier than Case 2, results in a further reduction of 19.5 million metric tons 
over the 20-year period whereas Case 4 replaces IPP four years earlier which reduces an 
additional 9.3 million metric tons of GHG emissions. See Figure 4-4 and Table 4-3. 

4.4.3 Economic 

While the Base Case appears the least cost assuming moderate GHG emission costs, it fails 
to make significant progress toward the reduction of GHG emissions goals set forth by 
LADWP. The choice between coal replacement options of either Case 2, 3 and 4 depends on 
the level of rate increases ratepayers are willing to support while achieving the 33% required 
RPS by 2020, repowering of in-basin gas fired generation, funding and implementing local 
solar, Demand Response and Energy Efficiency programs, and providing additional external 
generation to supplement the lost generation resulting from coal replacement. 

With early divestiture of Navajo, an additional revenue increase of $51 million per year or 
$205 million over four years would be necessary to achieve GHG reductions of 7.2 million 
metric tons between years 2016 and 2019. This equates to a cost of $28 to remove 1 metric 
ton of GHG. However, as previously discussed in Section 4.3.3.3, the early divestiture of 
Navajo will expose ratepayers to potentially higher natural gas fuel prices that may result in 
further revenue increases up to $141 million per year if gas prices were to remain at these 
higher levels. 

Considering Case 3 with early replacement of IPP and Navajo, revenue increases of 
approximately $275 million per year or $1,790 million over 6.5 years would be necessary to 
achieve additional GHG reductions of 19.5 million metric tons between the years 2021 and 
2027 due to the replacement of IPP. This equates to a cost of $92 to remove 1 metric ton of 
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GHG. With potentially higher natural gas fuel prices, additional revenue increases could be 
as high as $214 million per year if gas prices were to remain at these higher levels. 

The new Case 4 presents a new scenario with early divestiture of Navajo and replacement of 
IPP in 2023 with a better financial plan as discussed in the beginning of this section, at the 
same time yielding significantly reduced GHG emissions. Case 4 will result in an increase of 
$245 million per year or $980 million over a four year period and would result in a cost of 
$105 to remove 1 metric ton ofGHG. 

4.4.4 Recommended Case 

Decisions to fund coal replacement strategies, energy efficiency, or distributed generation 
cannot take place independent of other Power System programs. Maintaining reliability and 
meeting regulatory requirements are primary considerations before any discretionary coal 
replacement or EEIDG cases can be considered. However, this IRP presupposes funding of 
these programs so that the recommended case can be implemented. 

Achieving the goals of reliability and environmental stewardship, while maintammg 
competitive rates, requires that costs be closely managed. Considering these factors, Case 5 
with early Navajo coal divestiture in 2015, Base EE and Base DG with additional Local Solar 
FiT DG becomes the Recommended Case for the 2012 IRP. Whereas Case 5 has 75 MW of 
local solar FiT by 2016, the new recommendation is to adopt an additional 75 MW for a total 
of 150 MW by 2016 based on input that was received from the public outreach efforts. The 
increase in cost for the additional 75 MW of FiT is an average of 0.018 cents/kWh or a 9 
cent increase in the typical residential monthly bill (500 kWh/month). Although Case 5 with 
the added FiT represents additional cost as compared to the 2011 Recommended Case, the 
additional costs to rate payers appears to be reasonable in light of the benefits of job growth 
and support of the local economy from adopting higher levels of DG solar. As described in 
the 2011 IRP, the environmental benefits of reducing GHG emissions by 7.2 MMT are still 
present with the early Navajo replacement. The cost to implement Navajo divestiture in terms 
of metric tons of GHG removed is $28IMMT. This represents a reasonable cost in line with 
the range of expected AB32 cap and trade allowance prices. Other benefits of early Navajo 
divestiture include a better sales price than waiting until 2019, and better availability (lower 
costs) of replacement energy. With Case 5 and the noted addition of FiT and Navajo 
divestiture in place, LADWP can begin to focus its attention on early replacement of IPP coal 
generation, prior to 2027, by working with the other power purchasers and the IPP plant 
owner. 

The 2011 IRP included the same recommendation to accelerate divestiture of Navajo and this 
2012 IRP further clarifies and supports this prior recommendation. This 2012 IRP 
recommended case presents a reasonable approach to achieving environmental goals and 
promoting job growth in the local economy without excessive costs to our ratepayers while 
limiting potential exposure to possible fuel price volatility to within manageable limits. 
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5.0 RECOMMENDATIONS 

5.1 Strategic Overview 

LADWP's recommended strategy set forth in this IRP for meeting its key objectives can be 
separated into two areas: (1) Regulatory and Reliability Initiatives, and (2) Strategic Initiatives. 
Regulatory and Reliability Initiatives are required actions to ensure system reliability and 
compliance with regulatory and legislative mandates. Strategic Initiatives are policy actions to 
achieve objectives established by the LADWP Board of Water and Power Commissioners and 
the Los Angeles City Council, and reflect their vision and leadership. These policies include, for 
example, establishment of LADWP's Energy Efficiency targets, social and economic 
development goals, early compliance with SB 1368, and investing in infrastructure reliability. 

Regulatory and Reliability Initiatives 

• RPS 

LADWP must increase its percentage of renewable energy per recently enacted state law, 
from the current 20 percent, to 33 percent by the end of 2020. SB 2 (IX) also establishes 
interim targets to ensure progress towards the 33 percent goal. In addressing this 
mandate, it is important that LADWP expand its renewable portfolio in the most cost
effective manner as possible. As two subsets of the RPS program, SB 1 requires $313 
Million of expenditures towards solar incentives (Customer Net Metered), and SB 32 
mandates a Feed in Tariff program of 75 MW (although LADWP by choice will exceed 
this mandate and provide 150 MW by 2016). 

• Power Reliability Program (PRP) and System Infrastructure Investment 

LADWP must re-establish sustained funding to invest in replacing transmission and 
distribution infrastructure that are contributing to outages to ensure system reliability 
Recent funding shortfalls have resulted in an increase in the frequency and duration of 
system outages. Section 1.6.3 of this IRP discusses the importance of fully funding the 
Power Reliability Program (PRP). As discussed in Section 2.4.6, the PRP will also 
optimize the resiliency of the distribution infrastructure to better withstand the more 
volatile weather patterns that are expected due to climate change. 

• Re-powering for Reliability and to Address OTC 

FINAL 

LADWP will continue to re-power older, gas-fired generating units at its coastal 
generating station for the reasons discussed in Section 2.4.2. The repowering program is a 
long-term series of projects through 2029 that will increase generation reliability and 
efficiency, reduce NOx emissions, and eliminate the need for once-through ocean water 
cooling. 
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• AB 32 - GHG Cap and Trade 

LADWP will participate in the mandated greenhouse cap-and-trade system which is 
scheduled to start January 1,2013. LADWP has been granted an administrative allocation 
of emission allowances that reflects its resource projections through 2020. At this time, it 
is uncertain if the program will extend beyond 2020, and if so, what LADWP obligations 
would be. 

• Energy Efficiency (EE) 

LADWP will continue to pursue and implement EE programs per AB 2021 standards and 
as directed by the Board of Water and Power Commissioners, who have adopted a goal of 
achieving 10 percent EE by 2020, with a target of up to 15% by 2020 pending the results 
of an upcoming new EE Potential Study. The Base EE case evaluated in this 2012 IRP 
includes 10% EE by the year 2020, with higher levels of up to 15% by 2032. Next year's 
IRP will incorporate the findings and recommendations of the potential study as they are 
finalized and approved. 

• SB 1368 Compliance 

LADWP's two coal-fired generation sources, the Navajo Generating Station and the 
Intermountain Power Project (IPP), must be compliant with the mandates established in 
SB 1368 by 2019 and 2027, respectively. IRP modeling determined that these units will 
be replaced earlier with a combination of renewable energy, demand response, EE, short 
term market purchases, and conventional gas-fired generation. 

• Energy Storage 

FINAL 

Per AB 2514, LADWP is investigating Energy Storage (ES) technologies and will 
establish targets for implementation by October 1, 2014. LADWP will look for programs 
and projects that support its unique electric grid, resource plan, and projects that will 
facilitate renewable integration, distributed generation and demand response. As these 
projects are identified and scoped, they will be incorporated into and analyzed in future 
IRPs. See Section 2.4.5 for more information. 
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• Castaic FERC Re-licensing Program 

On January 31, 2022, the Federal Energy Regulatory Commission's (FERC) license to 
operate Castaic Pumped-storage Hydroelectric Plant will expire. The license is a co
license between LADWP and the Department of Water Resources and includes a number 
of hydro power plants along the California Aqueduct. Both parties have initiated the 
joint re-licensing process that, on average, requires ten years to complete. Through 2015, 
LADWP expects to complete preliminary studies, contract negotiations, and prepare a 
new application strategy. In 2016, LADWP expects to file a notice-of-intent (NOI) and 
initiate the formal studies and applications. 

• Transmission 

LADWP's Ten-Year Transmission Plan is prepared each year to ensure that LADWP 
remains compliant with NERC Transmission Planning Standards. The planning process 
involves complex modeling of the LADWP system, and concludes with findings and 
recommendations to avoid potential future overload conditions. LADWP will continue to 
implement the recommended projects, including construction of a new transmission line 
between Scattergood Generating Station and Receiving Station K, and upgrades at 
various other receiving and switching stations. 

Strategic Initiatives 

• Early Compliance with SB 1368 

FINAL 

Regarding the Navajo Generating Station (NGS), while power imports can legally 
continue until 2019, LADWP recommends divestiture from NGS four years earlier, in 
2015. There are many strategic advantages to early divestiture, including: 

]. Better sales terms and conditions than waiting until the 2019 deadline. 
2. Avoiding the risk of pending federal regulations that could potentially encumber 

the plant with expensive mitigation requirements. 
3. Better availability and pricing for replacement generation. 
4. Reduced CO2 emissions, alleviating LADWP from subsequently having to 

purchase emission credits within the soon-to-be implemented statewide cap and 
trade program. 

5. Transmission network for importing additional solar and geothermal resources 
becomes available. 

6. Low load growth and increased renewable energy place less reliance on the plant 
for energy. 

7. Provides time to handle contingencies, and to ensure that competition for 
replacement resources is going to benefit our ratepayers. 
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Regarding the Intermountain Power Project (IPP), LADWP recommends modeling and 
planning to be compliant with SB 1368 by 2027. However, LADWP, the Intermountain 
Power Agency (IP A), and the other 36 participants are considering the conversion of IPP 
from coal to natural gas. A new contractual arrangement is in process, which will 
establish a firm conversion date that will be no later than, and possibly sooner, than 2027. 

Strategically, it is important for LADWP to remain a participant at IPP to retain 
geographic diversity in its resource mix, access the regional fuel supply, and retain the 
project's transmission lines to access renewable energy from the region. 

• Demand Response 

LADWP should accelerate its evaluation and implementation of Demand Response 
programs that will initially provide 5 MW of new peak demand capacity beginning in 
2013 and gradually build to 200 MW by 2020 and 500 MW by 2026. Ramping the 
program in this manner will provide the development of in-house expertise, and will also 
allow time to deploy the supporting information systems necessary to implement these 
systems successfully. 

• Local Solar 

Comments received at prior public workshops indicate local solar development should be 
a priority in LADWP's renewables procurement strategy. LADWP is recommending a 
policy action to allow 340 MW of its solar resources be sited locally by 2016, through 
initiatives including the Solar Incentive Program, feed-in tariffs, and installation of solar 
on City-owned properties. Local solar costs an estimated additional $361lVIWh over 
utility-scale solar located outside the Los Angeles Basin, estimated to cost $1l6IMWh, 
primarily due to economies of scale and about 30% better solar insolation, even when 
considering transmission and distribution costs. 

• Advanced Reliability Improvements 

FINAL 

LADWP is looking ahead to technologies that will enhance the reliability of its system, 
including smart grid, energy storage, enhanced information and management systems, 
automation of system functions, advanced methods of outage management, and weather 
forecasting. These advanced system enhancements will increase reliability, facilitate the 
integration of local solar generation and other variable renewable resources into the 
distribution network, enable smart charging of electric vehicles, and advanced demand
side management technologies. LADWP should continue to pursue grants, cost-sharing 
opportunities, and joint projects that advance the use and deployment of new 
technologies that meet its strategic goals. 
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• Provide Sufficient Generation 

Provide sufficient generation, demand response, and limited short term purchases in peak 
season Q3 to cover operating and replacement reserves in accordance to applicable 
federal and regional reliability requirements. 

• Control of Transmission Assets 

In addition to the regulatory requirement to remain compliant with NERC Transmission 
Planning Standards, LADWP will maintain its policy of maintaining control of its 
transmission assets and continue to augment those assets commensurate with load 
growth, reliability needs, and renewable energy opportunities. 

• Collaborate with Water System 

The LADWP Power System will continue to work with the Water System to develop 
programs that reduce the usage of electricity and conserve water, as well as optimizing 
hydroelectric energy production. 

• Financial Targets 

FINAL 

To preserve and maintain its credit rating, the following financial targets have been 
adopted: 

o Maintain debt service coverage at 2.25 times 
o Minimum operating cash target of $300 million 
o Debt-to-capitalization ratio less than 68 percent 
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Through its public outreach efforts in 2012, LADWP received various suggestions from the 
community including increasing energy efficiency and conservation, eliminating coal from 
LADWP's resource mix, emphasizing local solar generation, maintaining competitive rates, and 
addressing infrastructure reliability issues. This input played a key role in shaping the 
recommendations set forth in this IRP. The major themes that emerged from the public input are 
listed below. Each theme is considered of equal importance and the themes are not listed in any 
order of priority. 

Major Discussion Themes 

Eliminate Coal From LADWP' s Energy Portfolio 

The majority of comments favored the early removal of coal from LADWP's resource portfolio. 
Some were concerned that Navajo would continue to operate after LADWP divestiture, and 
suggested the plant be shut down. Greenhouse gas emissions, along with other pollutants 
associated with coal energy were noted. 

Incorporate More Renewables 

Many public comments suggested higher levels of renewables, beyond the mandated 33% by 
2020. Some promoted the idea of 50% and even 100% renewables. LADWP's approach 
regarding this is to proceed cautiously until more is known about the operational and financial 
implications of higher levels of renewables. The IRP is prepared annually, and it is possible that 
future IRPs will include cases that incorporate higher levels of renewables. 

Incorporate More Local Solar 

Many comments promoted the adoption of higher levels of local solar, noting the abundance of 
sunshine in southern California region. The benefit of providing local jobs was also noted as a 
supporting argument to increase penetration levels. One comment suggested installing solar on 
every house and building in Los Angeles. Regarding LADWP' s current solar incentive program, 
multiple comments recommended hiring more inspectors to streamline the process which many 
see as too slow, especially when compared to other utilities. 

Incorporate More Distributed Generation 

Since the majority of LADWP's new Distributed Generation (DG) will come from local solar, 
this theme is somewhat associated with the More Local Solar theme. Most of the comments 
regarding more DG point to the governor's statewide goal for 12,000 ~IW, of which LADWP' 
proportionate share is assumed to be 1,200 MW. Within this 2012 IRP, the highest levels of new 
DG considered for analysis were 485 MW by 2020, and 852 MW by 2032. LADWP's concern 
with DG levels is maintaining reliability (see Section 3.4.4). Numerous utility studies have 
recommended a limit of 15% of the peak load circuit capacity, which for LADWP is 
approximately 900 MW. As LADWP adopts more DG per its current plan, and as more 
experience is gained along with more industry-wide research in this area, it is possible that future 
IRPs will consider higher DG levels. 
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LADWP's Energy Efficiency (EE) targets, based on year 2020, have increased significantly, 
from 8.6% approved in December 2011; to 10% approved in May 2012; with a further 
anticipated increase to 15%, pending completion of an updated potential study in 2013. 
Comments received supported incorporating more EE and Demand Response into LADWP 
future plans. As presented in this 2012 IRP, EE and DR is a vital component within all long term 
resource planning options. As the results of the upcoming potential study are developed and 
finalized, they will be adopted into the IRP planning strategy. 

Reduce Greenhouse Gas Emissions 

This was an overarching theme of the public comments received. Indirect societal costs, health 
effects, global warming, and super storm Sandy were cited as reasons for accelerating the 
timelines to reduce GHGs. In considering the GHG impacts of fuel consumption for electricity 
generation, many comments pointed to the additional impacts resulting from fuel production 
(coal mining and gas drilling). Comments pointed out the need for considering energy efficiency, 
demand response, load shifting, and other technologies such as shunt reactive support to offset 
future additions of gas-fired capacity. 

Look at New Case Scenarios 

Many comments suggested a scenario that contained no new gas-generation resources, an 
eventual portfolio of 100% renewables, and investments in EE, conservation, renewables and 
demand response. Some felt that multiple sets of potential renewable resource mixes should be 
considered. LADWP prepares a new IRP annually and will consider new scenarios within 
subsequent case option development processes. 

Financial and Rate Concerns 

Some comments expressed concern that LADWP needs to ensure its financial stability and 
integrity. Many comments presented concerns with rising electricity rates wanting to ensure that 
the cost and benefits were clearly presented; and recommended a comparison of costs with other 
regional and out-of-state utilities. One comment suggested that LADWP keep coal for as long as 
possible explaining that other forms of energy were not mature and too costly. Conversely, other 
comments suggested that rate increases were acceptable ifEE options are made available to help 
customers reduce their bills. One comment suggested that LADWP rates are too low and the tiers 
are too generous - resulting in disincentives for EE and renewables. 

Maintain Power Reliability 

Some comments expressed concern about the state of the LADWP infrastructure, noting that the 
reliability program continues to be subject to budgets cuts - unlike mandated areas such as 
renewables. They point to the 2011 windstorm and 2006 heat storm as evidence that the 
infrastructure is getting older and more costly to maintain, and suggest that paying more now to 
address this problem will save money later. 
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Regarding renewable resources and other green energy matters, many suggested that LADWP, as 
a municipal utility, should lead by example; consider unconventional business models, and 
through its governance, garner the political will to do something different. 

For further discussion of the themes and the overall public outreach process, see Appendix O. 

5.3 Recommended Strategic Case 

As discussed in Section 4.4.4, Case 5 with the addition of 150 MW of FiT by 2016 has emerged 
as the Recommended Case for this 2012 IRP. The key attributes of Case 5 includes the 
following: 

• At least 10 percent of Los Angeles' electric needs will be met through new customer 
energy efficiency measures by 2020. 

• At least 500 MW of capacity reduction through Demand Response programs by 2026. 
• Generate at least 33 percent of its electricity from renewable resources by 2020 and 

maintain that level through 2032. Although this IRP incorporates one combination set of 
renewable resources to achieve a 33% RPS, LADWP will not limit itself to only these 
types and amounts of resources to achieve its goals and needs flexibility in resource 
development for the best fit for the electrical system. 

• Diversify LADWP's RPS through incorporating 114 MWs of generic renewable 
resources by 2032. These resources could be technologies such as biomass, ocean tidal 
power or other emerging technologies. 

• Diversify LADWP's energy portfolio through a variety of fuels, technologies and power 
plant sites throughout the western United States to maintain a high level of reliability. 

• Implement advanced reliability improvements thru Smart Grid. 
• Emphasize local solar by proposing approximately 340 MW of solar capacity to be 

locally sited in Los Angeles by 2016. This will be accomplished through programs such 
as the Customer Solar Incentive Program, a feed-in tariff goal of 150 MW by 2016, and 
Solar on Los Angeles properties under public/private partnership (a.k.a. UBS). 

Benefits of early Navajo divestiture include a better sales price than waiting until 2019, and 
better availability (less costs) of replacement energy. With Case 5 and the noted addition of FiT 
and Navajo divestiture in place, LADWP can begin to focus its attention on early replacement of 
IPP coal generation, prior to 2027, by working with the other power purchasers and the IPP plant 
owner. 

The Recommended Case for 2012 is summarized in Table 5-1. 
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Table 5-1. 2012 IRP RECOMMENDED CASE 

2020 
SB 1368 New Renewables Installed (MW) New Renewables Installed 

Compliance Date 2012-2020 (MW) 2012-2032 

Case RPS 
Navajo IPP 

Geol 
Non-

Dist. Geol 
Non-

Dist. 
ID Target 

End End 
Biomass 

DG 
Solar 

Generic 
Biomass 

Wind DG 
Solar 

Generic 
Date Date Solar Solar 

Case 5 33% 12/31/2015 6/15/2027 242 842 382 39 283 54 915 496 114 

Figure 5-1 illustrates the changing generation resource percentages for 2010, 2020, and 2030 
based on the Recommended Case. Because energy efficiency forecasts are forward-looking, the 
savings of 1,256 GWh or 5.5 percent of sales that was implemented between 2000 and 2010 are 
embedded into the load forecast and are not included as part of the generation resource mix 
shown below. 
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Figure 5-1. Generation resource percentages for 2010, 2020, and 2030. 
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Figure 5-2 shows the renewable energy resource mix of the Recommended Case. The major 
change from the 2011 IRP is expanded levels of new solar over the next 20 years and lower 
amounts of new wind. 

RPS Generation 
9000 

8000 
SB2 (IX) Target 

7000 
New Geothermal 

Green Purchase 

6000 

5000 
..c 
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'" 4000 

3000 

2000 
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Exlstln. Wind 
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Small Hydro 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

_ Green Purchase _ Generic RPS _ New Geothermal _ New Biogas _ New Solar _ NewWind 

_ New Small Hydro _ Exist ing Slogas _ Existing Solar _ Exist ing Wind _ Small Hydro -6:-Target 

Figure 5-2. Recommended case renewable generation by technology. 

The Table 5-2 below illustrates the revenue requirements necessary to supply the recommended 
resources required to meet future load growth, achieve energy efficiency targets, secure the 
necessary demand response capabilities, reach and maintain the RPS requirement of 33% by 
2020 and thereafter, and ensure that the necessary replacement resources are in-service before 
divestiture of Navaj0 in 2015 and replacement ofIPP in 2027 can occur. 
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Table 5-2. Revenue and resources recommended to replace coal and load growth ($ million) 

(FY) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Energy & Capacity Cost 

Energy Efficiency $ 6 $ 15 $ 30 $ 47 $ 64 $ 83 $ 101 $ 118 $ 135 $ 151 $ 166 $ 181 $ 195 $ 209 $ 223 $ 237 $ 252 $ 266 $ 280 $ 294 $ 309 

Demand Response $- $ 2 $ 2 $ 2 $ 3 $ 5 $ 7 $ 10 $ 14 $ 15 $ 16 $ 18 $ 20 $ 21 $ 23 $ 24 $ 24 $ 24 $ 24 $ 24 $ 24 

New Renewable 

Solar $ 8 $ 20 $ 57 $125 $ 204 $ 267 $ 294 $318 $ 343 $357 $ 362 $ 365 $ 369 $372 $ 374 $ 376 $ 378 $377 $ 379 $ 380 $ 382 

Wind $- $- $- $ - $ $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 15 $ 26 $ 26 $ 26 $ 26 $ 26 

Geo $- $- $- $ - $ $ 12 $ 30 $ 42 $ 72 $128 $155 $199 $229 $ 246 $ 248 $ 252 $ 252 $ 256 $ 259 $ 261 $ 265 

Small Hydro $- $- $- $ - $ $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 

Generic RPS $- $- $- $ - $ $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 5 $ 18 $ 27 $ 34 $ 43 

Green Purchase $ 13 $ 26 $ 14 $ 7 $ 5 $ 1 $ 4 $ 10 $ 8 $ 1 $ 7 $ 9 $ 3 $ - $ - $ 2 $ 3 $ 2 $ 1 $ 2 $ 3 

New Renewable Subtotal $ 21 $ 46 $ 71 $132 $ 209 $ 281 $ 330 $372 $ 425 $ 488 $ 526 $ 575 $ 602 $ 620 $ 624 $ 647 $ 666 $ 681 $ 695 $ 705 $ 722 

Q3Term Purchase $ 1 $ 8 $ 7 $ 1 $ - $ - $ - $ - $ - $ - $ - $ - $ - $ o $ 3 $ 8 $ - $ - $ - $ $ 2 

Replacement CC Capital Cost 

Navajo Replacement CC $- $- $- $ - $ 1 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 

IPP Replacement CC $- $- $- $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ - $ 6 $ 133 $133 $ 133 $ 133$ 133 

Total $ 27 $ 62 $103 $181 $ 278 $ 386 $ 455 $ 519 $ 591 $671 $725 $ 791 $ 834 $ 867 $ 887 $ 932 $1,093 $1,121 $1,149 $ 1,174 $ 1,206 

The Recommended Case will meet the LADWP combined objectives of maintaining a reliable 
Power System, environmental stewardship, and minimizing ratepayer impacts_ The 
Recommended Case provides a roadmap for the LADWP to achieve its long term planning 
goals, while providing the required reliability and necessary flexibility to adapt to dynamic 
economic, environmental, and regulatory conditions_ The Recommended Case will put upward 
pressure on retail rates, but will maintain adequate reliability and avoid fines and penalties that 
may otherwise result from violations in state and federal laws_ The Recommended case also 
successfully reduces the amount of GHG emissions released into the environment and provides 
for additional job growth and economic benefits thru the increased use oflocal solar. 
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5.4 Revenue Requirements 

A brief discussion is in order here regarding budget shortfalls over the past few years. These 
shortfalls have prevented LADWP from fully funding existing and new programs during that 
timeframe. The delays surrounding resolution of the Power System budget have the potential of 
impeding LADWP' s ability to meet its long term plans and obligations. 

Based on the 2010 1RP, a multi-year rate increase was recommended beginning fiscal year 
2011-12. The rate increase would have supported elements of the 2010 IRP, all of which remain 
as the foundation for LADWP's short and long term plans. Because the rate increase was not 
realized in July 2011, many of the programs that required funding were scaled down, delayed or 
deferred. 

Last year's 2011 IRP was prepared concurrent to the rate process that began in early 2011, and 
recognized that the process would likely conclude in 2012. As of this writing, the rate ordinance 
has been completed having received City Council and Mayor approval on October 5,2012. 

Although somewhat outside LADWP's control, future multiyear funding plans are desirable to 
provide consistent and sustainable project and program development. Funding that is based on 
annual budgets are subject to year-to-year fluctuations which introduces uncertainty for our 
customers and the inefficient use of staff and financial resources that are necessary to meet 
LADWP's objectives and compliance requirements. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to satisfy 
once-through cooling regulatory requirements. 

• Implement early coal divestiture and replacement. 

• Secure the state-mandated amounts of renewable energy. 

• Through the Power Reliability Program, reduce the number of distribution outages 
and improve system reliability. 

• Implement necessary transmission improvements to maintain reliability. 

• Achieve energy efficiency target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability standards. 

Securing adequate multi-year funding will help to ensure LADWP's ability to stay on track 
towards meeting its future long term goals and obligations. 
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5.5 Electric Rates 

LADWP currently uses an Excel-based financial model that has been developed and used for 
over a decade. This financial model has been used to develop forward-looking Power System 
financials for the Board of Water and Power Commissioners' annual budget approval and for 
rating agency presentation for debt issuances. 

The model is modified to analyze fuel expense, purchased power expense, and additional capital 
and O&M expenses for any new LADWP-owned resource additions as well as off-balance sheet 
resource additions. The strategic cases are overlaid on existing capital and O&M expenses for 
the approved FYI2-13 budget data, which contains forward-looking budget data up until FY21-
22. For years beyond FY22-23, general capital and O&M expenses are escalated at 2.5 percent 
per annum. 

Effective November 11, 2012 LADWP retail revenue shall be funded from the existing Electric 
Rate Ordinance and the Incremental Electric Rate Ordinance through the following billing 
factors: 

(1) Base Rate 
(2) Energy Cost Adjustment (ECA) and Reliability Cost Adjustment (RCA) factors 
(3) Incremental adjustments: 

Variable Energy Adjustment (VEA), 
Capped Renewable Portfolio Standard Energy Adjustment (CRPSEA), 
Variable Renewable Portfolio standard Energy Adjustment (VRPSEA), 
Incremental Reliability Cost Adjustment (IRCA), and 
Incremental Base Rates 

These factors are described briefly below. 

Effective November 11,2012, the Base Rate under the existing Electric Rate Ordinance shall be 
capped and remain fixed at their levels as of November 3,2010. The Base Rate covers a portion 
of a rate other than the adjustments and is used to cover expenses from debt service arising from 
capital projects except RPS projects, operational and maintenance expense except RPS related, 
public benefit spending, property tax, and pro-rated portion of the city transfer. 

The ECA under the existing Electric Rate Ordinance is used to cover fuel, purchased power, RPS 
and energy efficiency-related expenses. Effective November 11, 2012 under the Incremental 
Electric Rate Ordinance the ECA factor shall be known as the Capped Energy Cost Adjustment 
and shall not exceed $0.0569/kWh, which was the level applied as of November 3,2010. 

The RCA under the existing Electric Rate Ordinance is used to cover power reliability related 
expenses. Effective November 1], 20]2 under the Incremental Electric Rate Ordinance the RCA 
factor applied to residential customers shall be known as the Capped Residential Capped 
Reliability Cost Adjustment and shall not exceed $0.0030/kWh and the RCA factor applied to 
general service customers shall be known as the General Service Capped Reliability Cost 
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Adjustment and shall not exceed $0.96 per kW, which were the levels applied as of November 3, 
2010. 

The Incremental Electric Rate Ordinance provides incremental charges to provide funding of 
expenditures unmet by the existing ordinance. These incremental charges are in addition to 
charges paid in corresponding rates of the existing Electric Rate Ordinance. These incremental 
charges provide more granularity and transparency for LADWP and our customers and include 
the following: 

o Variable Energy Adjustment (VEA): Recovers costs associated with fuel non-renewable 
portfolio standard power purchase agreements, economy purchases, legacy ECAF under
collection, and base rate decoupling from energy efficiency impact. 

o Capped Renewable Portfolio Standard Energy Adjustment (CRPSEA): Recovers costs 
associated with renewable portfolio standard O&M, debt service, and energy efficiency 
programs. 

o Variable Renewable Portfolio standard Energy Adjustment (VRPSEA): Recovers costs 
associated with renewable portfolio standard market purchases and costs above and 
beyond any O&M and debt service payments. 

o Incremental Reliability Cost Adjustment (IRCA): Recover costs associated with O&M, 
debt service expense of the Power System Reliability Program (PRP) , and RCA under
collection. 

o Incremental Base Rates: Recovers costs of providing electric utility service that are not 
recovered by the above adjustment factors and Base Rate. These costs include labor 
costs, real estate costs, costs to rebuild and operate local power plants, equipment costs, 
operation and maintenance costs, expenditures for jointly owned plants and other 
inflation-sensitive costs. 

To sustain LADWP's financial strength while mitigating rate impacts to customers, maintain 
existing "AA-" credit rating or equivalent bond ratings to minimize financing costs, and obtain 
funding needed for Power System capital programs, the LADWP has adopted the following 
financial metric targets: (1) maintain debt service coverage of at least 2.25 (2) unrestricted 
operating cash target of $300 million and (3) capitalization ratio ofless than 68. 

Debt service coverage is the amount of cash available from operation divided by the debt service 
amount. The debt service amount contains only LADWP's direct debt. Capitalization ratio is the 
ratio of the total direct debt divided by the total asset. 

To achieve these various financial coverage parameters, the base rate factor will need to be 
increased as necessary to meet the objectives of this IRP. 

5.5.1 Rates Analysis for Cases 

The retail electric rates, including estimated CO2 emission expenses, for all strategies are 
discussed in this subsection. Factors driving the increases over the twenty-year period include: 
rising fuel price, increased power reliability program spending, replacement of aging basin 
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generating units to meet once-through cooling and South Coast Air Quality District emission 
requirements, replacement of coal generation to lower CO2 emissions, installation of renewables 
generation according to legislative mandates, and program costs for energy efficiency, demand 
response, and other programs, and payment for emission allowances due to anticipated CO2 cap 
and trade requirements. 

The capital cost and the associated O&M expense of any new generation resource is priced at 
2012 dollars with 2.5 percent escalation except for certain solar projects, which are priced at 
levelized 2012 dollars due to anticipated pricing declines. 

For each year, the retail rate through either the base rate or the energy cost adjustment factor is 
raised sufficiently high enough to meet the various financial ratios recommended by financial 
advisors to maintain LADWP's "AA-" bond rating. 

Using Case 5 as an example, which is very similar to the 2011 Recommended Case except for 
additional energy efficiency of 10% by 2020 and slightly higher amounts of solar DG, customer 
rates are estimated to increase on average 6 percent to 7 percent per year over the next five years, 
and 3 percent to 4 percent per year over the next 20 years. 

The CO2 emission allowance price is estimated to range from $15 per Metric Ton in 2013 to $36 
per Metric Ton in 2020. The California Air Resources Board established an allocation cap, and 
emissions exceeding this cap will require purchases of additional allowances or in some cases, 
emissions below the cap can be used in future compliance periods. 
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Assumptions used to model rate impacts can change. In order to reflect the variability in model 
assumptions, a sensitivity analysis was performed to determine a realistic range of rate impact 
trajectories. Figure 5-3 shows the retail price impact comparison of the 2012 IRP recommended 
case bounded by a high and low range fuel price. The high range assumes higher natural gas and 
coal costs while the low range assumes minimal natural gas and coal costs. 
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Figure 5-4 presents the fiscal year breakdown for Case 5 comprising rate contributions from 
reliability, energy efficiency, renewable energy, coal replacement, OTC repowering, other 
General Transmission and Distribution (GT&D), and fuel costs between 2012 and 2032. These 
individual contributions represent incremental adders to the rates. For analysis purposes, the 
Reliability Program has been segmented into the basic program and preferred program. The 
preferred program contribution shown is incremental to the basic program. 
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Figure 5-4. Retail electric rate contributions breakdown, based on the 2012-13 budget forecast 

(Case 5). 

Figure 5-5 shows the total retail rate impact after combining all of the program components. One 
can draw the conclusion that rising fuel costs and complying with various regulatory 
requirements are the primary drivers of the growth in rates. 
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2020/2032/ Avg (2012-20321 

0.9/1.0 / 0.8 cts, Preferred Power Reliability Program 

2.4/2.6/ 1.8 cts, Energy Efficiency 

1.7/ 1.9/ 1.6 cts, 33% RPS 

0.4/1.8/0.7 cts, Coal Replacement 

0.3/ 1.0/0.4 cts, OTe Repowering 

1.0/2.5/ 1.4 cts, Fuel 

1.0/2.9/ 1.3 cts, Basic Power Reliability Program 

1.1/0.4/0.6 cts, Other GT&D 

Figure 5-5. Total retail electric rate composite by fiscal year, based on the 2012-13 budget 

forecast (Case 5). 

A few observations from Figures 5-4 and 5_5 10 can be made regarding the RPS and EE 
programs. Firstly, the influence of the RPS program on rates increases substantially through 
2020 after the RPS percentage of sales reaches 33% and the RPS component of rates begins to 
decline as fuel savings increases over time with escalating fuel prices. In 2027, the RPS 
component of rates increases as new renewable proj ects are added to replace expiring PP A 
agreements and then the RPS component of rates resumes a downward trend due to fuel savings. 
Secondly, the EE program component of rates increases over time as program incentive 
payments and net revenue loss attributable to the EE program are recovered. Like RPS, EE has 
savings beyond 2020 due to fuel savings. Thirdly, general inflation in fuel costs and GT&D costs 
represents a significant growth in rates. 

Preferred levels of funding for the Power Reliability Program (PRP) include capital and O&M 
expenditures to replace over age distribution and transmission system components that have 
exceeded their life expectancy, and ensure levels of funding to reduce the backlog of "fix-it" 

10 Figures 5-4 and 5-5 represent forecasted rate increases based on system averages, and do not account for rate 
structure variations across and within customer classes. 
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tickets which are temporary repairs that need to be corrected. The spikes in the preferred PRP 
and EE curve occurs when capital borrowing limits are reached around 2019-20 and cash is 
needed to fund capital expenses. This quickly subsides as the capacity to borrow resumes shortly 
thereafter. 

The GT&D component of rates rises in the early years because of general inflationary pressure. 
After 2023 when the IPP debt is fully paid, the GT&D component of rates lowers slightly and 
goes slightly negative until IPP is replaced with new gas-fired generation and then resumes the 
familiar inflationary path. 

The cost contributions from various environmental and reliability programs towards the retail 
rates are summarized in Table 5-3. 

Table 5-3. Cost contributions from various environmental and reliability programs 

Average Retail Rate 
Retail Rate Impact at Retail Rate Impact at Impact 2012-2032 

Program FY2020 (cents/kWh) FY2032 (cents/kWh) (cents/KWh) 

33% RPS from 20% 1.7 1.9 1.6 

Preferred EE 
2.4 2.6 1.8 (10% by 2020) 

Preferred Power 
0.9 1.0 0.8 

Reliability Program 

Basic Power 
1.0 2.5 1.4 

Reliability Program 

Coal Replacement 0.4 1.8 0.7 

OTC Repowering 0.3 1.6 1.0 

Total - Recommended 6.7 11.5 7.2 
Case 

Figures 5-6 and 5_711 further illustrate the impact to average residential and 
commercial/industrial customer monthly bills from these environmental and reliability programs. 
To show the potential effect of energy efficiency on customer bills, the dashed lines on these 
figures represents what a total monthly bill would amount to after implementing energy 
efficiency measures that result in a 14% savings. While LADWP's overall energy efficiency 
program is evolving and much will depend on the new potential study to be conducted in 2013, 
these figures illustrate what may reasonably be achievable by customers who have not already 
implemented significant energy efficiency measures to reduce their electricity consumption. 

11 Figures 5-6 and 5-7 are general representations only, and do not account for rate structure variations across and 
within customer classes, such as the effect of tiered rates, minimum charges, time-of-use, etc. The figures provide an 
indication of the relative contributions of the individual program areas toward a typical monthly bill. 
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Figure 5-6. Average residential customer bill (500 kWh/month) with environmental and 

reliability programs by fiscal year based on the 2012-13 budget forecast (Case 5). 
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Aside from the environmental and reliability improvement programs, increased fossil fuel 
expenses also drive the rate increase, for example: (1) coal that feeds IPP is projected to climb by 
76 percent from 2012 to 2027, and (2) natural gas at SoCal border is projected to climb from 
2013's $3.62IMMBtu to 2032's $9.311MMBtu. If these fuel increases do not materialize, then 
the average rate and cost curves shown in Figures 5-3 thru 5-7 will shift downward; however, the 
cost of environmental and reliability programs will remain substantially unchanged. 

Because the analysis and conclusion are heavily dependent on a number of assumptions, 
LADWP will continually update its long term plan. As expectations change (e.g., due to 
technology development, commodity price fluctuations, and policy changes), they will be 
analyzed and incorporated into subsequent IRPs. 

FINAL 164 December 3,2012 

AR0070085 



Los Angeles Department of Water and Power 
2012 Power Integrated Resources Plan 

Section 5 
Recommendations 

5.6 Recommended Near-term Actions 

Except for early Navajo divestiture, the actions needed to be taken by LADWP in the next two to 
four years are very similar no matter what resource procurement strategy is chosen. Base on the 
strategic requirements presented earlier and projected resource procurement needs, the following 
actions are recommended to be taken in the near-term: 

1. Proceed with re-powering plans for generation units at the Haynes and Scattergood 
Generating Stations, and pre-development plans for the Harbor Generating Station. 

2. Continue to investigate the technical and contractual options for coal-fired generation 
to be compliant with SB ] 368. 

3. Divest from the Navajo Coal Plant by 2015. 
4. Continue the implementation of existing energy efficiency efforts, in anticipation of 

an expanded program pending the results of a new energy efficiency potential study 
to be conducted in 2013. 

5. Continue to implement the Power Reliability Program (PRP) to replace aging 
infrastructure components. Develop electric modeling capability to better define the 
necessary investments and to prioritize the expenditures. 

6. Develop/update a sustainable workforce development plan that addresses staffing 
needs, skill set identification for new and evolving work areas, training/professional 
development, application of new technologies, and recruitment strategy. 

7. Implement recommendations contained in the Ten-Year Transmission Assessment 
Plan. 

8. Develop a Demand Response Program to initially provide 5 MW of new peak load 
reduction capability by 2013 which will ramp up incrementally to 200 MW by 2020 
and 500 ~IW by 2026. 

9. Implement renewable strategies for geothermal, biogas, solar, and wind resources to 
ensure increasing levels of renewable procurement in accordance with SB 2 (IX). 
Sign Power Purchase Agreements for an additional 300-400 MW of cost effective 
renewable energy projects by 2014 

10. Complete a comprehensive study of issues associated with integrating increasing 
amounts of variable energy resources such as wind and solar to reflect possible 
megawatt limits for the LADWP electric Power System. 

11. Develop and incorporate strategies to: 
a. Fully utilize existing transmission assets; 
b. Locate renewables as close as practical to the load center to reduce transmission 

losses; 
c. Preserve existing brown field sites to be repurposed for renewable or natural gas 

generation; 
d. Incorporate the concept of O&M cluster zones12 to maximize operational 

effi ci enci es; 
e. Assess and develop necessary transmission facilities to deliver electricity 

generated from new facilities. 

12 Clustering renewable projects in relative proximity will decrease O&M expenditures due to economies of scales 
and personnel efficiencies. This would need to be balanced with the need for geographic diversity. 
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] 2. Develop a renewable energy feed-in tariff program to encourage ] 50 MW of 
renewable generation resources to be developed by 2016. 

13. Encourage the development of an additional 50 MW of customer net-metered solar 
proj ects before 2015. 

14. Develop up to 30 MW of solar capacity on existing properties under public/private 
partnership projects before 20]5. 

15. Investigate the use of term physical gas supply arrangements, either with contracts for 
physical supplies or futures contracts to limit LADWP's exposure to volatile gas 
prices. Evaluate and potentially implement any recommendations in the Fuel Hedging 
Plan. 

16. Investigate and develop energy storage targets by October 1,2014, per AB 2514. 
17. Refine and implement a Smart Grid strategy that can assist in the procurement and 

development of advanced technologies to support areas such as: weather forecasting/ 
energy scheduling, customer kWh metering, high speed communications and 
information systems, and energy storage systems. Deployment of these technologies 
will increase operational efficiency, help reduce system losses, improve outage 
response times, increase utilization of predictive/proactive maintenance techniques 
for improved grid reliability, enable better management of the Power System, and 
lower costs. 
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The analysis and conclusions contained in this IRP are heavily dependent on a number of 
assumptions, such as the projected fuel and purchase power costs, RPS target goals, renewable 
generation costs, proposed state and federal mandates, and GHG emissions costs. If these 
assumptions were to change, LADWP's long-term strategies will need to change accordingly. 

Integrated resource planning is an on-going process. LADWP will continue to adapt and refine 
the IRP as the uncertainties are better understood, and policy direction and requirements are 
solidified. A new IRP process will be undertaken in 2013. 
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AppendixA. Load Forecasting 

A.1 Overview 

Appendix A 
Load F orecastingi 

The 2012 Retail Sales and Demand Forecast (2012 Forecast) is a long-run projection of 
electrical energy sales, production, and peak demands in the City of Los Angeles (City) 
and Owens Valley. A flowchart of the forecast process is illustrated on Figure A-I. The 
sections which follow describe the four key components shown on the flow chart: data 
collection, sales and Net Energy for Load (NEL) forecast, peak demand forecast, and 
hourly allocation. 
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A.2 Data Collection 
Data collection is the first step in the process. LADWP purchases an economic forecast of 
Los Angeles County from the Los Angeles Modeling Group of the University of 
California of Los Angeles (UCLA) Anderson Forecast Project. The Los Angeles County 
Forecast provides time series data for various demographic and economic statistics 
beginning with year 1991 and continuing through the forecast horizon. For 
demographic history and projections, LADWP uses the State of California 
Department of Finance Demographic Research Unit. To gain further insight into 
development patterns, LADWP purchases a construction forecast from McGraw-Hill 
Construction service. The construction forecast gives a five-year view of construction 
proj ects detailed by building types. Weather also affects energy sales and demand. 
Weather data is collected from three key stations - Civic Center, Los Angeles Airport, 
and Woodland Hills. The other key components in the forecast are from LADWP's 
own internal data. Historical sales, Net Energy for Load (NEL), billing cycles, electric 
price, and budget data is incorporated into the forecast. The economic, 
demographic, weather, and electric price data provide the key inputs to the models that 
forecast retail electric sales. 

A.3 Sales and NEL Forecast 

The retail sales forecast is divided into seven separate customer classes; residential, 
commercial, industrial, plug-in electric vehicle (PEV), intradepartmental, streetlight 
and Owens Valley. The residential, commercial, industrial, and streetlight classes are 
commonly used sales classes throughout the electric industry because they represent 
relatively homogeneous loads. Intradepartmental sales are sales to the Water System 
and are primarily related to water pumping activities. 

The California Energy Commission's PEV forecast has been adapted to the LADWP 
service area. Further, PEV load is forecast as a separate class, which will facilitate 
financial modeling due to the expected subsidies and production modeling as PEV 
load has a unique load shape when compared to the residential class. 

Owens Valley sales include all of the above sales classes. The Owens Valley service 
area is separate and discrete from the Los Angeles service area. Because of limited land 
available to be developed, Owens Valley sales exhibit very slow growth rates, and total 
sales are relatively small compared to total LADWP system sales. As such, Owens 
Valley sales are rolled into a single class and forecast separately. 

The forecast model consists of six single equations plus the adapted PEV forecast. For 
the residential, commercial, and industrial sales classes, the equations are estimated 
using Generalized Least Squares regression techniques. Historical sales for each 
customer class are the dependent variables. Sales are regressed against a 
combination of the demographic, economic, weather, and electric price variables. 
Binary variables are used to account for extraordinary events like earthquakes, civil 
disturbances, billing problems, and the California Energy Crisis. The equations fit 
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historical data quite accurately, producing coefficients of determination (R-Squared) 
statistics greater than 80 percent. For the streetlight, intradepartmental, and the 
Owens Valley sales classes, time trend models are used. The results of the six equations 
plus the PEV forecast are summed to forecast Total Sales to Ultimate Customers (Sales). 

The Retail Sales Forecast represents sales that will be realized at the meter. The NEL 
forecast is a function of the Sales forecast. The NEL is forecast by adjusting annual 
forecasted Sales upward by a historic average loss factor and then allocating a portion of 
the annual energy to each calendar month based on historical proportions. Loss factor 
has the potential to change on the way that the System is run. Electricity generated in 
distant places will have a higher loss factor than electricity generated located locally. The 
change in loss factor is accounted for in the resource planning models. 

The 2012 Forecast includes committed energy efficiency and customer self-generation. 
Committed energy efficiency includes budgeted utility programs and expected energy 
efficiency gains from the Huffman Bill lighting standards. Expected Huffman Bill 
energy efficiency savings were developed by Global Energy for the 2010 LADWP 
Energy Potential study. Since the 2012 Forecast is created early in the planning process, 
budgeted utility energy efficiency programs are subject to change. Planners using the 
2012 Forecast should be aware of the potential changes and make appropriate 
adjustments. Forecasting self-generation which currently is almost entirely focused on 
solar rooftops in the LADWP service area follows a process similar to the energy 
efficiency. Planners working with energy efficiency and self-generation data should be 
careful to include only the incremental impacts of the programs on retail sales In the 
Forecast, energy efficiency and self-generation savings are expected to occur uniformly 
throughout the year as a simplifying assumption. 

A.4 Peak Demand Forecast 

The next step is to forecast annual peak demand. The drivers for forecasted peak demand 
are temperature, load growth, and time of the summer. The temperature variable 
used in the estimation is the weighted-average of three weather stations. The temperature 
variable incorporates heat buildup effects and humidity. Temperature is then divided 
into splines using a unique megawatt- response per degree estimate for different 
levels of temperature. Ordinary Least Square regression techniques are used to model 
maximum weekday summer daily hourly demand against the temperature splines and 
the time of the summer. The constant that is estimated from the regression model is 
assumed to be the weather-insensitive demand at the peak hour. To forecast the peak 
demand, it is assumed that the peak will occur in August and that the peak day 
temperature is equal to the forty-year historical mean peak day temperature. Peak 
demand then is assumed to grow at the same rate as sales. 

The forecast process described above produces the trend (or base case) forecast. 
LADWP also produces alternative peak demand forecasts. LADWP wants to ensure 
that it can meet native demand with its own resources. System response to weather is 
uncertain. Temperature and humidity are the primary influences, but other variables 
such as cloud cover and wind speed can also influence the load. The problem is further 
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complicated by the fact that LADWP serves three distinct climate zones including the Los 
Angeles Basin, the Santa Monica Bay Coast, and the San Fernando Valley. To prepare for 
these uncertainties, LADWP formulates its alternative cases by examining expected 
demands at different temperatures. Based on the Central Limit theorem, it is assumed 
that the normal distribution produces unbiased and efficient estimators of the true 
distribution of peak day temperatures. The normal distribution is estimated from the 40 
year historical sample of peak day temperatures. From the normal distribution, the 
probability that the peak day temperature will be below a given temperature can be 
determined. For the one-in-ten case, it is the given temperature where ninety percent of 
the time the actual peak day temperature is expected to be below it and ten percent of 
the time the actual temperature will be above it. Similar calculations are performed 
for the one-in-five and one-in-forty cases. These temperatures are input into the peak 
demand regression model to provide the alternative peak demand forecasts. 

In the Integrated Resource Plan, LADWP uses the One-in-Ten Case Peak Demand 
forecast rather than the Base Case forecast. LADWP's policy regarding obligation to 
serve is to be self-sufficient in supplying native load and not rely on external energy 
markets. The Base Case Peak Demand forecast falls short of this standard since it is 
expected that fifty percent of the time actual peak demands will exceed the Base Case 
Peak Demand forecast. The One-in-Ten Case provides LADWP ninety percent 
confidence that the forecasted peak demand will not be exceeded in any given year. 

A.5 Hourly Allocation 

The final step of the process is to forecast a monthly peak demand and load for each hour 
in the year. Monthly peak demands, outside of the August annual peak, are forecast 
using the load factor formula. The historical average monthly load factor and the 
forecasted NEL for each month are the known inputs. To forecast load for each hour of 
the year, the Loadfarm algorithm developed by Global Energy is used. The inputs into 
Loadfarm are a historical system load shape, monthly forecasted energy, and monthly 
forecasted peak demand. The system load shape is developed using a ranked-average 
procedure permuting historical loads so that all peaks occur on the fourth Thursday in 
August. Table A-I contains the numerical 2012 Forecast. 
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Table A-1. TREND CASE ENERGY SALES AND PEAK DEMAND 

Total Sales 
SECTOR SALES to Ultimate Net Energy Peak 

Residential Commercial Industrial Miscellaneous' PHEV Customers for Load Demand 
Fiscal Year (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (MW)1 

2000-01 7,542 12,107 2,754 531 0 22,934 25,688 5,299 
2001-02 7,282 11,843 2,496 528 0 22,149 24,903 4,805 
2002-03 7,358 12,077 2,383 545 0 22,363 25,370 5,185 
2003-04 8,061 12,408 2,485 565 0 23,520 26,701 5,410 
2004-05 7,907 12,374 2,447 551 0 23,279 26,338 5,418 
2005-06 8,051 12,580 2,451 551 0 23,634 26,828 5,667 
2006-07 8,495 12,984 2,332 567 0 24,378 27,502 6,102 
2007-08 8,540 13,134 2,366 576 0 24,617 27,928 6,071 
2008-09 8,578 13,084 2,303 560 0 24,526 27,447 6,006 
2009-10 8,300 12,463 2,073 532 0 23,369 26,526 5,709 
2010-11 8,068 12,333 2,189 464 0 23,053 26,252 6,142 

2011-12 8,353 12,474 1,932 473 1 23,232 26,458 5,907 
2012-13 8,407 12,513 1,947 493 4 23,364 26,360 5,606 
2013-14 8,290 12,545 1,927 485 8 23,256 26,310 5,577 
2014-15 8,279 12,588 1,936 479 12 23,294 26,311 5,604 
2015-16 8,257 12,557 1,937 480 22 23,253 26,312 5,591 
2016-17 8,239 12,532 1,938 482 34 23,224 26,235 5,590 
2017-18 8,288 12,607 1,938 484 61 23,378 26,392 5,597 
2018-19 8,381 12,764 1,939 486 97 23,667 26,705 5,658 
2019-20 8,474 12,920 1,940 488 151 23,973 27,115 5,725 
2020-21 8,555 13,122 1,940 490 223 24,330 27,451 5,791 
2021-22 8,638 13,312 1,941 492 328 24,711 27,878 5,881 
2022-23 8,718 13,442 1,941 494 402 24,997 28,199 5,942 
2023-24 8,805 13,572 1,942 496 416 25,230 28,537 5,995 
2024-25 8,896 13,702 1,942 498 429 25,467 28,739 6,050 
2025-26 8,985 13,831 1,943 500 452 25,710 29,010 6,105 
2026-27 9,076 13,960 1,943 502 467 25,948 29,283 6,160 
2027-28 9,168 14,089 1,944 503 489 26,193 29,626 6,216 
2028-29 9,260 14,217 1,945 505 505 26,431 29,828 6,271 
2029-30 9,351 14,344 1,945 507 526 26,673 30,101 6,326 
2030-31 9,447 14,480 1,946 509 542 26,925 30,385 6,381 
2031-32 9,545 14,623 1,946 511 562 27,188 30,749 6,441 
2032-33 9,643 14,765 1,947 513 580 27,448 30,975 6,515 
2033-34 9,741 14,907 1,947 515 599 27,710 31,271 6,560 
2034-35 9,840 15,048 1,948 517 617 27,971 31,566 6,619 
2035-36 9,940 15,189 1,949 519 636 28,233 31,931 6,679 
2036-37 10,039 15,329 1,949 521 654 28,493 32,156 6,753 
2037-38 10,139 15,470 1,950 523 674 28,756 32,452 6,798 
2038-39 10,240 15,610 1,950 525 692 29,017 32,748 6,858 
2039-40 10,341 15,751 1,951 527 711 29,280 33,114 6,917 

Table updated through December 2011 

Annual Percent Change 
1991-2001 1.03% 0.55% -1.02% 0.53% 0.50% 0.48% -0.02% 

2001-11 0.68% 0.18% -2.27% -1.34% 0.05% 0.22% 1.49% 
2011-17 0.35% 0.27% -2.01% 0.65% 0.12% -0.01% -1.56% 
2011-21 0.59% 0.62% -1.20% 0.55% 0.54% 0.45% -0.59% 
2011-31 0.79% 0.81% -0.59% 0.47% 0.78% 0.73% 0.19% 
2011-40 0.86% 0.85% -0.40% 0.44% 0.83% 0.80% 0.41% 

Includes Streetlighting, Owens Valley, and Intra-Departmental 

1 Weather normalized 
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2012 Retail Electric Sales and Demand Forecast 

Overview 

The 2012 Retail Electric Sales and Demand Forecast (Forecast) supersedes the 2011 
Retail Electric Sales and Demand Forecast as the City of Los Angeles Department of 
Water and Power's (LADWP) official Power System Forecast. The Forecast is the basis 
for LADWP Power System planning activities including but not limited to Financial 
Planning, Integrated Resource Planning (IRP), Transmission and Distribution Planning 
and Wholesale Marketing. 

Because the Forecast is a public document, only publically available information is used 
in its development. (This practice has become a standard among California electric 
utilities.) LADWP Planners wishing to use their own proprietary data should adjust the 
Forecast accordingly. The Load Forecast Group (LFG) is available to help Planners 
make adjustments and produces an Unmitigated and Gross Forecast to facilitate those 
adjustments. 

Data Sources 

1. Historical Sales reconciled to the Consumption and Earnings Report prepared by 
General Accounting. 

2. Historical NEL, Peak Demand and Losses reconciled to the PowerMaster 
database maintained by the Power System Planning & Development Group. 

3. Historical weather data is provided by the National Weather Service and Los 
Angeles Pierce College. 

4. Historical Los Angeles County employment data is provided by the State of 
California Economic Development Division using the March 2010 Benchmark. 

5. Historical population estimates and projections are provided by the State of 
California Department of Finance. 

6. The long-term Los Angeles County economic forecast with quarterly short-run 
updates is provided by UCLA Anderson Forecast. 

7. The construction activity forecast is provided by McGraw-Hili Construction. 
8. The Electric Vehicle forecast is based on the California Energy Commission 

(CEC) statewide forecast. The California Electric Transportation Coalition of 
which LADWP is a member prepared the CEC forecast. 

9. The port electrification forecast is provided by the Port of Los Angeles. 
10. The LADWP program energy efficiency forecast is based on the LADWP Energy 

Efficiency proj ected budget through Fi scal year 2016-17 dated February 21, 20] 2. 
Historical installation rates are provided by the Energy Efficiency group. 

11. The forecasted impacts of the Energy Independence Security Act (EISA) and the 
Huffman Bill on residential lighting rely on the Energy Efficiency Potential Study 
prepared in 2010 by Global Energy. 

12. Historical and projected solar rooftop installations are the draft 2011 Integrated 
Resources Planning Assumptions document dated October ]4, 20]]. 

13. Electric Price Forecast is developed by Financial Services organization. 
]4. Historical data is current through December 2011. 
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Five-Year Sales Forecast 

The Retail Sales Forecast represents sales that will be realized at the meter through Fiscal 
Year End 2017. After FYE 2017, some of the forecasted sales will not be realized at the 
meter due to the incremental impacts ofLADWP-sponsored energy efficiency programs. 
After FYE 2017, LADWP-sponsored energy efficiency programs will be accounted for in 
the Integrated Resource Plan. 

The historical accumulated Energy Efficiency and Solar Saving are from 1999 forward 
and only include LADWP installed savings. Since July 1,2008, LADWP-installed 
Energy Efficiency savings are 715 GWH for which LADWP recovers lost revenue. In 
the Forecast, energy efficiency and solar savings are expected to occur uniformly 
throughout the year as a simplifying assumption. Installation schedules are difficult to 
prepare because they rely on the customers allowing the installation to occur. 

Retail sales decrease of 0.6 percent in Fiscal Year 2013-14 is attributed to the full ramp 
up of the Huffman Bill and accelerated incremental savings rates in LADWP's energy 
efficiency programs. Beginning January 2012, the Huffman Bill significantly raises the 
efficiency standard of light bulbs. The 0.5 increase in FYE 2014-15 is due to the 
projected completion of port electrification projects and a decline in the LADWP 
incremental energy efficiency savings rate. 

Forecasted Energy Efficiency is based LADWP Board-approved AB 2021 goal of saving 
2161 GWH from FYE 2011 through FYE 2020 and forecasted Huffman bill savings. 
The targeted goal for rooftop solar installations is 242 MW by 2030. 

Short-Run Growth 

Accumulated 
EE & Solar 

Fiscal Year Retail Sales Savings Gross Sales 
YOYGrowth 

Ending June 30 (GWH) Rate (GWH) (GWH) 
2010-11 23053 L470 24523 
Forecast 
2011-12 23232 0.8% 1725 24957 
2012-13 23364 -0.4% 2062 25426 
2013-14 23256 -0.6% 2428 25684 
2014-15 23294 0.2% 2772 26066 
2015-16 23253 -0.1% 3113 26366 
2016-17 23224 -0.1% 3448 26672 

j Actual sales through December 2011 
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Peak Demand Forecast 

Growth in annual peak demand over the next ten years is 0.3 percent. 

Long-Run Growth 

Base Case Growth One-in-Ten 
Fiscal Peak Rate Peak 

Year End Demand Base Year Demand 
June 30 (MW) 2011-12 (MW) 
2011-12 5631 1 6073 

Forecast 
2016-17 5590 -0.1% 6026 
2021-22 5881 0.4% 6342 
2031-32 6441 0.7% 6885 
2040-41 6992 0.7% 7546 

1, 
Weather-normalIzed. Actual peak was 5907 MW. 

In 2011, the System set its calendar annual peak at 5907 MW on September 7,2011 on a 
day that was a 1-in-2.3 weather event. The weather-adjusted one-in-two peak for 2011 is 
5631 MW. The following graph of the One-in-Ten peak demand forecast is used for the 
Integrated Resource Plan (IRP). In the 1990s through 2005, annual System load factors 
were trending slowly upward. Since 2006, System load factors are trending down. Three 
factors are generally thought to be contributing to this effect. Most customers are making 
greater efforts to conserve energy but during extreme weather events safety and comfort 
predominate over conservation causing the peak to spike. Much of the historical and 
forecasted energy efficiency effort is lighting which has a greater impact on consumption 
rather than peak which lowers the load factor. Solar rooftops peak production is between 
1200 and 1300 hours and declines to 40 to 50 percent of capacity at 1600 hours when the 
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peak occurs. In contrast, the load factor will rise due to significant load growth from the 
greater use of electric vehicles. The new electric vehicle forecast adopted from the 
California Electric Transportation Coalition has less impact on the peak than the 2011 
Forecast. 

One-in-Ten Peak Demand Comparisons 
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The Peak Demand Forecast is primarily used in the following areas: 

1. Integrated Resource Planning 
2. Wholesale Energy Marketing 
3. Distribution Planning 
4. Transmission Planning 

In Integrated Resource Planning, LADWP uses the One-in-Ten Case Peak Demand 
forecast rather than the Base Case forecast. LADWP's policy is to ensure reliability in 
times of volatility by controlling its own generation capacity. Planning generation 
resources at the one-in-ten level has proven over the years to be an effective tool in 
meeting the reliability policy. The one-in-ten case is based on historical peak day 
weather events and uses a statistical model and the underlying retail sales forecast to 
forecast an annual peak demand. The peak demand is adjusted for lighting energy 
efficiency and electric vehicle impacts. 

Plausibility 

To measure plausibility we compare the current forecast to historical periods. Data is 
available electronically from 1978 forward. A direct comparison is not appropriate 
because the forecast period includes programs that reduce all forms of energy 
consumption due to an aggressive regulatory agenda primary aimed at reducing 
greenhouse emissions. Instead the unmitigated forecast is compared against history. The 
unmitigated forecast is the forecast that would occur before the impacts of AB 32 and AB 
2021 are considered. It might also be considered a "business-as-usual" case. 
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The decline in forecasted sales 2008 through 2010 is most directly compared to the 
decline in sales between 1992 and 1994. The 1992 through 1994 time period was 
difficult for Los Angeles in many aspects. An economic slump occurred mostly created 
by the downsizing of the aerospace industry but it also was time of civil unrest and 
natural disaster. The combination of events caused a maj or migration of people leaving 
Los Angeles. Peak-to-Trough sales declined 7 percent in the 1992 through 1994 time 
period. The following table shows all the peak-to-through declines since 1978. The chart 
then gives visual evidence of the long-term perspective. 

Peak-to-Trough Analysis 
GWH Percent 

Years Decline Decline 
2008-2010 1,910 8.3% 
1992-1994 1,421 7.0% 
2000-2002 572 2.6% 
1979-1980 322 1.8% 
1981-1982 145 0.8% 

Retail Sales before Regulatory Impacts 
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Primarily due to the recession that began in December 2007 and ended in June 2009, the 
historical sales experienced a decline of8.3 percent in the 2008 through 2010 time 
period. While the 1992-94 sales decline was specific to Los Angeles and the aerospace 
industry, in 2008-2010 the decline in Los Angeles mirrored the malaise in the national 
economy. Going forward, there are conflicting trends in the economic forecast for Los 
Angeles County going forward. On the positive note, Real Personal Income is 
increasing. Per capita energy consumption is historically positively correlated with 
increases in personal income and consumption. The negative trends are population out
migration and fewer jobs in Los Angeles County. Population out-migration means 
smaller demand for housing infrastructure. Fewer jobs imply that vacant commercial 
floor space will not be absorbed. Based on economic variables sales will not reach 2008 
levels until 2021. The next decade will be much like the 1990s. 
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Variables in the Forecast 

Population: The 2010 United States Census reported 3,792,621 residents in the City of 
Los Angeles. This number was far lower than the previous 4,094,764 estimated by State 
of California Department of Finance Demographic unit. The State relies on birth-death 
records and driver license data to estimate population between censuses. The 2000 
United States Census reported 3,694,742. The population growth rate was only 0.2 
percent per annum in the first decade of the 21 st century. This data seems contrary to 
other data such as new residential accounts for example. New residential accounts 
increased at a 0.5% rate in the same time period. This Forecast relies less on the 
population data since it gives us an unexpected result. 

SB 375: SB 375 layers statewide guidelines onto local planning decisions. It favors 
redevelopment, known as brown field development, near transportation centers over new 
(green field) development. The goal is to reduce vehicle miles traveled thereby reducing 
emissions. Most development in Los Angeles is brown field development. However, 
brown field development is more complicated and expensive than green field 
development so overall development could slow. The City of LA's "Housing that 
Works" plan fits well into the SB 375 structure. Residential construction activity is 
forecast to rebound to normal levels within the next three years. 

Emission Allowances: AB 32 seeks to reduce emissions to ] 990 levels using a cap-and
trade scheme. Originally the program was to begin in 20]2 but has been delayed. 
Program is designed to protect utilities and consumers. Ultimate impacts are unknown. 

Electric Vehicles: LADWP is making electric vehicles a key strategic initiative. The 
Forecast uses the 2011 California Energy Commission mid-level forecast for electric load 
growth. This forecast was developed by the California Plug-in Electric Vehicle Coalition 
of which LADWP is a member. Demand response strategies are intrinsic to this forecast 
whereas in the 2011 Forecast Demand Response strategies for electric vehicles were 
external to the electric vehicle forecast. Alternative forecasts for load growth from 
electric vehicles vary widely. 

Energy Efficiency: According to the State of California Strategic Plan, achieving the 
energy efficiency goals relies on new emerging technologies. The timing of the market 
availability and the adoption rates for the new technologies is unknown. 

Smart Grid: It is unknown when LADWP will complete its Smart Grid program. Some 
believe that developing a Smart Grid system is a necessary precondition towards a 
successful electric vehicle program. Also Smart Grid is an important component towards 
achieving energy efficiency goals in the residential sector. 

Vacancy Factor in Residential Sector: Vacancy rose faster than expected in the 
recession. Some of the vacancy rate was due to households combining and living in the 
same structure. Vacancy could rapidly swing lower as the economy begins to expand. 
The Forecast has vacancy rate returning to five percent which is the long-term average by 
2015. 
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Vacancy Factor in Commercial Sector: High vacancy factor is expected to remain more 
persistent in the commercial sector as models for delivery of services especially in retail 
change. The rise of big-box retail stores and the Internet have crowded out the small 
retail shop owner over the past twenty years. There is a smaller need for a physical 
presence. 

Panama Canal Widening: Panama is widening its canal to accommodate the modem 
larger container ships. It is expected to be completed by 20] 4. Eastern seaports are also 
dredging to allow the larger container ships to dock. Currently the larger container ships 
dock in Los Angeles and Long Beach and the goods are shipped by rail to the East Coast. 
A decline in this business would hurt the Los Angeles economy. Wholesale Trade and 
Transportation represent about ten percent of the employment in Los Angeles County. 
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2012 RETAIL ENERGY AND DEMAND FORECAST 

NET ELECTRICITY SALES BY CUSTOMER CLASS AND SYSTEM PEAK DEMAND WITH REGULATORY IMPACTS 

Total Sales Net 
SECTOR SALES to Ultimate LOSSES Energy Service Peak Service 

Residential Commercial Industrial Miscellaneous' Electric Vehicles Customers Total DC Line for Load Cogen Area Load Demand Cogen Area Peak 
Fiscal Year (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (MW) (MW) (MW) 

2000-01 7,542 12,107 2,754 531 0 22,934 2,753 407 25,688 1,294 26,981 5,299 184 5,483 
2001-02 7,282 11,843 2.496 528 0 22,149 2,755 350 24,903 1,059 25,962 4,805 181 4,986 
2002-03 7,358 12,077 2,383 545 0 22,363 3,006 444 25,370 1,069 26,438 5,185 184 5,369 
2003-04 8,061 12,408 2.485 565 0 23,520 3,181 239 26.701 1,073 27,774 5,410 186 5,596 
2004-05 7,907 12,374 2,447 551 0 23,279 3,059 216 26,338 1,075 27,413 5,418 187 5,605 
2005-06 8,051 12,580 2.451 551 0 23,634 3,194 482 26,828 1,076 27,903 5,667 188 5,855 
2006-07 8,495 12,984 2,332 567 0 24,378 3,125 377 27,502 1,077 28,579 6,102 191 6,293 
2007-08 8,540 13,134 2,366 576 0 24,617 3,311 425 27,928 1,080 29,007 6,071 193 6,264 
2008-09 8,578 13,084 2,303 560 0 24,526 2,921 350 27.447 1,084 28,531 5,647 196 5,843 
2009-10 8,300 12,463 2,073 532 0 23,369 3,157 262 26,526 1,092 27,617 5,709 203 5,912 
2010-11 8,068 12,333 2,189 464 0 23,053 3,200 598 26,252 1,105 27,357 6,142 212 6,354 

2011-12 8,353 12,474 1,932 473 1 23,232 3,226 411 26,458 1,116 27,574 5,907 224 6,131 
2012-13 8,407 12,513 1,947 493 4 23,364 2,996 411 26,360 1,184 27,544 5,606 232 5,837 
2013-14 8,290 12,545 1,927 485 8 23,256 3,054 411 26,310 1,208 27,518 5,577 238 5,815 
2014-15 8,279 12,588 1,936 479 12 23,294 3,017 411 26,311 1,227 27,538 5,604 243 5,847 
2015-16 8,257 12,557 1,937 480 22 23,253 3,058 411 26,312 1,248 27,560 5,591 248 5,840 
2016-17 8,239 12,532 1,938 482 34 23,224 3,011 411 26,235 1,263 27,498 5,590 252 5,842 
2017-18 8,288 12,607 1,938 484 61 23,378 3,014 411 26,392 1,271 27,663 5,597 254 5,851 
2018-19 8,381 12,764 1,939 486 97 23,667 3,038 411 26,705 1,280 27,985 5,658 256 5,914 
2019-20 8,474 12,920 1,940 488 151 23,973 3,143 411 27,115 1,290 28,405 5,725 258 5,983 
2020-21 8,555 13,122 1.940 490 223 24,330 3,122 411 27.451 1,301 28,752 5,791 261 6,052 
2021-22 8,638 13,312 1,941 492 328 24,711 3,167 411 27,878 1,312 29,190 5,881 264 6,145 
2022-23 8,718 13,442 1,941 494 402 24,997 3,202 411 28,199 1,315 29,514 5,942 267 6,209 
2023-24 8,805 13,572 1,942 496 416 25,230 3,307 411 28,537 1,338 29,875 5,995 270 6,265 
2024-25 8,896 13,702 1,942 498 429 25,467 3,271 411 28,739 1,352 30,091 6,050 274 6,324 
2025-26 8,985 13,831 1,943 500 452 25,710 3,300 411 29,010 1,367 30,377 6,105 277 6,383 
2026-27 9,076 13,960 1,943 502 467 25,948 3,334 411 29,283 1,382 30,665 6,160 281 6.441 
2027-28 9,168 14,089 1.944 503 489 26,193 3,432 411 29,626 1,397 31,023 6,216 284 6,500 
2028-29 9,260 14,217 1,945 505 505 26,431 3,396 411 29,828 1,414 31,242 6,271 288 6,559 
2029-30 9,351 14,344 1,945 507 526 26,673 3,427 411 30,101 1,430 31,531 6,326 292 6,618 
2030-31 9,447 14,480 1,946 509 542 26,925 3,460 411 30,385 1,430 31,815 6,381 292 6,674 
2031-32 9,545 14,623 1,946 511 562 27,188 3,562 411 30,749 1,430 32,179 6,441 292 6,733 
2032-33 9,643 14,765 1.947 513 580 27.448 3,527 411 30,975 1,430 32,405 6,515 292 6,807 
2033-34 9,741 14,907 1,947 515 599 27,710 3,560 411 31,271 1,430 32,701 6,560 292 6,852 
2034-35 9,840 15,048 1,948 517 617 27,971 3,595 411 31,566 1,430 32,996 6,619 292 6,912 
2035-36 9,940 15,189 1,949 519 636 28,233 3,698 411 31,931 1,430 33,361 6,679 292 6,971 
2036-37 10,039 15,329 1,949 521 654 28,493 3,663 411 32,156 1,430 33,586 6,753 292 7,046 
2037-38 10,139 15,470 1,950 523 674 28,756 3,696 411 32,452 1,430 33,882 6,798 292 7,090 
2038-39 10,240 15,610 1,950 525 692 29,017 3,731 411 32,748 1,430 34,178 6,858 292 7,150 
2039-40 10,341 15,751 1.951 527 711 29,280 3,834 411 33,114 1,430 34,544 6,917 292 7,210 

Table updated through December 2012 
Electric Vehicle Sales before January 2012 included in Residential and Commercial Sales 

Annual Percent Change 
1991-2001 1,03% 0,55% -1,02% 0,53% 0,50% 0.48% 0,57% -0,02% 0,10% 

2001-11 0,68% 0,18% -2,27% -1,34% 0,05% 0,22% 0,14% 1.49% 1.49% 
2011-17 0,35% 0,27% -2,01% 0,65% 0,12% -0,01% 0,09% -1,56% -1,39% 
2011-21 0,59% 0,62% -1,20% 0,55% 0,54% 0.45% 0,50% -0,59% -0.48% 
2011-31 0.79% 0,81% -0,59% 0.47% 0.78% 0.73% 0.76% 0,19% 0,25% 
2011-40 0,86% 0,85% -040% 0.44% 0,83% 0,80% 0,81% 0.41% 0.44% 

*'Miscellaneous' includes Streetlighting, Owens Valley, and Intra-Departmental 

Rates, Forecasting and Billing 2012 Retail Page 10 
Energy and Demand Forecast 02/24/2012 
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Key Change Factors from 2011 to 2012 forecast: 

,/ EE included through FYE 2017 

~ 

,/ EE has contributed to the reduction in the retail sales forecast as part of implementing AB 
2021. LADWP has targeted an additional 8.6% reduction by 2020. 

,/ Construction activity remains at low level for extended period. Construction jobs 
concentrated on rebuilding infrastructure rather than adding housing units or commercial 
floor space which would have greater impact on electricity sales. 

Ret:ail Energy Sales Forecast: 
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Accuracy: 

v"EE and Solar were not modeled explicitly in Historical Forecasts. 

v"Historical accuracy is 0.2% with a 1.6% deviation. However expect larger variation in 

accuracy due uncertainty of new programs. 

v"Forecast variation is a function of weather, economic forecasts, meeting program goals and 

model specification. 
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Historical and Forecasted Accumulated Savings 

,/ EE before 2008 not included in ECAF Lost Revenue calculation. 

,/ Energy Efficient Light Bulbs savings are the result of a new State appliance standard. (Huffman) 

3/15/2012 

5,000 ~-----------------------------------, 

- LADWP Residential 

• LADWP Traffic Li ht 

FYE 

• LADWP Commercial 

LADWP Street Li ht 
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4000 , 

3,000 ~ 

~ 2,000 

~ 1,000 ~ 

0 --
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

1- 2012 Forecast 195 259 377 481 524 560 596 646 735 987 1,238 1,429 1,654 1,953 2,288 2,611 2,932 3,249 3,395 3,412 3,430 

I ~ 2011 Forecast 1,729 1,972 2,249 2,554 2,869 3,016 3,016 3,016 3,016 

FYE 

~2012 Forecast - 2011 Forecast 
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Cases: 

v"The variance around the 1-in-2 forecasted peak has widened based on events since 2006. 

v"8ased on the climate change finding, it is now expected that the System will approach its 

potential more frequently so the distance between the 1-in-1 0 and 1-in-40 forecasts is 

compressed. 

7000 , 
6,500 ..... ....... ~ 6,000 -" ."... ~ ~ 

5,500 
5,000 --...... ~ 

",.... 
4,500 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

---+-- 1-in-2 5,368 5,299 4,805 5,185 5,410 5,418 5,667 6,102 6,071 5,709 6,142 5,907 5,606 5,577 5,604 5,591 5,590 5,597 5,658 5,725 5,791 

----- 1-in-10 6,046 6,014 6,042 6,028 6,026 6,034 6,099 6,172 6,244 

------ 1-in-40 6,279 6,245 6,274 6,260 6,257 6,265 6,333 6,409 6,484 

~ 1-in-2 ~ 1-in-10 -&- 1-in-40 
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~ Annual peak demand is dependent on the severity of the heat storms that are 

encountered during the year. 

~The cases are built on the probability of a weather event occurring in a given year. 

NEL (MW) Fiscal Year Annual Peak Demand 
Fiscal Year Base Case 1 in 5 1 in 10 1 in 40 Hot 

2012-13 5,606 5,894 6,046 6,279 
2013-14 5,577 5,863 6,014 6,245 
2014-15 5,604 5,891 6,042 6,274 

0---

2015-16 5,591 5,878 6,028 6,260 
2016-17 5,590 5,876 6,026 6,257 
2017-18 5,597 5,884 6,034 6,265 
2018-19 5,658 5,947 6,099 6,333 
2019-00 5,725 6,018 6,172 6,409 
2020-21 5,791 6,088 6,244 6,484 
2021-22 5,881 6,184 6,342 6,586 

0---

2022-23 5,942 6,248 6,409 6,656 
2023-24 5,995 6,305 6,467 6,716 
2024-25 6,050 6,363 6,526 6,779 
2025-26 6,105 6,421 6,586 6,840 
2026-27 6,160 6,478 6,645 6,902 
2027-28 6,216 6,537 6,705 6,965 
2028-29 6,271 6,595 6,765 7,027 
2029-30 6,326 6,653 6,824 7,088 
2030-31 6,381 6,712 6,885 7,151 
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1-in-10 peak used in Integrated Resource Planning process: 

v"2011 Actual Peak = 5907 MW. 

v"2011 Weather-Normalized peak = 5631 MW. 

v"2011 Forecasted Weather-normalized peak = 5589 MW. 

v"Peaks after 2006 have tended to spike. 
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Probability accumulates over time: 

v"There is a 65% chance of having a 1-in-1 0 weather event by 2020. 

v"There is a 22% chance of having a 1-in-40 weather event by 2020. 

v"Pt=1-(1-P e)t 
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Components of Change 

,/ Lowered new-units-built forecast 

,/ Lower economic forecast 

Residential Energy Sales Forecast 
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Recent Evidence 

,/ 10,000 active meters added in 2011. 

,/ Returning to long-term trend quickly. 

,/ The majority of residential customers are renters and live in multi-family units. 

,/ The attractiveness of downtown living has increased due to the "Housing that Works" plan. 

1,300,000 ,.....---------------------------------, 

1,280,000 +-------------------

I - Customers I 

3/15/2012 2012 Forecast Chartbook 37 

AR0070115 



Recent Evidence 

v"Sales per residential customer reached an all-time high of 519 KWH per month in December 2008. 
v"The December 2011 rate is 482 KWH per Month. 
v"Weather -normalized September 2011 rate is 495 kWh per Month. 

700~------------------------------------------------------------~ 

600+---------------------------------~----~--~~----~--------~ 

400~~--~~--~--~~--------~--------~--------~----~------~ 

~Sales per Customer -12 per. Mov. Avg. (Sales per Customer) 
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Recent Evidence 

,/ New units are 20% Single-Family and 80% Multi-family which lowers future average 
consumption per household. 

,/ Recent Housing Starts are at historical lows. 
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Real Personal Consumption 

,/ Recovery ends and expansion begins in 2012. 

,/ 1 % growth - Below historical mean growth. 
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Components of Change 

,/ Service employment forecast slightly higher. 

,/ Commercial construction activity down but positive absorption. 

Commercial Energy Sales Forecast 
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Recent Evidence 

,/ Sales per customer per month peaked in July 2008 at 9265 KWH per month. 

,/ Currently sales per customer per month are 8614 KWH. 

,/ Weather normal sales per customer per month is 8690 KWH. 
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LA County Commercial Services Employment 

I .., 

I 

,/ Changing service delivery models - Internet and Big box retailers are two examples. 

,/ Employment does not return to former high by 2020. 
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Commercial Floorspace Additions 

,/ Construction activity at historically low levels. 

,/ Office vacancy rates in San Fernando Valley at 18 percent. 

,/ New models for delivering commercial services require smaller physical presence. 
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Components of Change 

,/ Land use issue: Once industrial land is vacated, residential and commercial buildings tend to 
replace it. 3 to 4 percent vacancy rates in the industrial sector. 

,/ Manufacturing that is staying tends to be high-value added manufacturing and process 
industries. 

,/ Other manufacturing continues to move offshore or to the States with better business climate. 

,/ No EE or rooftop solar in the Industrial Forecast. All EE and solar assigned to Residential, 
Commercial and Streetlight sectors. 

Industrial Enersv Sales Forecast 
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Recent Evidence 
v"The number of Industrial customers is continually and relentlessly declining. 

v"The decline began in the 1970s. 
v"The forecast is for the heavy process industries to remain although no new heavy industry will be 
built. It is the light industry and assembly jobs that are disappearing. 
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Recent Evidence 

v"Sales per customer per month peaked in October 2006 at 15026 KWH per month. High 

consumption partially attributed to a large self-generation unit being off-line at a refinery. 

v"Currently sales per customer per month are 14000 KWH. 
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LA County Manufacturing Employment 

v"Future employment forecast is flat. If Los Angeles continues to lose manufacturing jobs then there 

will be a mismatch with the education level of the population and available high paying jobs. It could 

lead to significant population out-migration. 
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Load Growth 

v"2012 forecast developed by the Plug-in Electric Vehicle Collaborative. 

v" Also adopted by California Energy Commission 
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• Comparing unmitigated 2012 
Sales Forecast to historical 
sales. 

Unmitigated means forecasting sales 
based on economics alone before the 
impacts of environmental programs 
are considered. 

Forecasted sales decline from 2008 to 
2011 is largest in the past 30 years 
but smaller in scale. 

No growth from economic factors in 
the next ten years. Next decade 
similar to what occurred in the 1990s 
before additional regulation. 

LA is a mature economy. 

Peak-to-Through Analysis 
GWH Percent 

Years Decline Decline 
2008-2011 1,564 6.40/0 
1992-1994 1,421 7.00/0 
2000-2002 572 2.60/0 
1979-1980 322 1.80/0 
1981-1982 145 0.80/0 

..IM blfore RllulllOry Imp.'" 

-~------------------------~ 
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Energy Efficiency (EE) is a key strategic element in LADWP IRP planning efforts. EE is 
a very cost-effective supply-side resource, and serves an important and multi-faceted role 
in meeting customer demand. One of the most widely recognized examples of EE is the 
replacement of incandescent lights with compact fluorescent lamp (CFL) bulbs. CFLs 
consume up to 75 percent less energy than incandescent bulbs while producing an 
equivalent amount of illumination, and last up to 10 times longer. 

The reduction in energy demand that EE enables, translates into a number of benefits: 

• Deferred need to build physical generation assets 
• Reduced RPS compliance costs 
• Reduced environmental footprint, including lower GHG emissions 
• Potential for local job creation opportunities 

The following subsections summarize the background of LADWP's EE program, and 
then review the most recently completed EE potential study that was conducted in 2010 
and finalized in February 2011. Based on the study results, a plan is recommended with 
identified savings and costs targets. For more specific details regarding the 2010 study, 
see the reference at the end of this appendix. 

It should be noted that efforts are in progress to commission a new EE Potential Study 
that will supersede the 2010 study. In 2012, the Board of Water and Power 
Commissioners adopted a goal of achieving 10 percent EE by 2020, with a target of up to 
15% by 2020 pending the results of the new study. The cases evaluated in this 2012 IRP 
have all incorporated 10% EE by year 2020, with higher levels of up to 17% by 2032. 
Next year's IRP will incorporate the findings and recommendations of the new potential 
study as they are finalized and approved. 

B.I Background 

LADWP has active EE programs that have been in place for several years. Since 2000, 
LADWP has spent approximately $315.2 million on its EE programs, which have 
reduced consumption by approximately 1,377 GWh. LADWP continues its commitment 
to developing robust, cost-effective EE programs with measurable and verifiable goals. 

LADWP offers numerous EE programs and services for residential, commercial, 
industrial, governmental, and institutional customers to promote the efficient use of 
energy through the installation of energy efficient equipment. Examples include: 

• The Commercial Lighting Efficiency Offer (CLEO), which provides rebates for a 
variety of high efficiency lighting measures to retrofit existing buildings. The CLEO 
program enjoys sustained high rates of participation and has achieved 433 GWh of 
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• The Chiller Efficiency Program, which provides incentives for customers to replace 
old electric chillers with new, high-efficiency units. Chillers provide space 
conditioning for larger buildings and the program has reduced associated peak 
electrical demand by more than 52 MW since 2001. 

• The Small Business Direct Install (SBDI) Program, which assists eligible small 
businesses (AI rate customers) in Los Angeles in becoming more energy efficient 
through free lighting assessments and free lighting retrofits (up to $2,500 in cost). 
SBDI began in 2008 and has achieved 149 GWh of energy savings since its inception. 

• The Custom Performance Program, which provides performance-based incentives for 
energy efficiency measures not included on LADWP's menu-based EE programs. 
Measures supported include controls and control systems, high efficiency motors, and 
data server virtualization. The Custom Performance Program has achieved 200 GWh 
of energy savings since 2006. 

• The Refrigerator Exchange Program, which delivers new Energy Star refrigerators to 
eligible residential customers, and picks-up/recycles customers' old, inefficient 
refrigerators. This program has replaced and recycled more than 53,000 refrigerators 
since 2007, achieving an energy savings of 49 GWh. 

However successful LADWP's EE program has been, for a variety of reasons it did not 
meet targets that were set back in 2006. A summary the program since 2006 is presented 
in Table B-1. 

Table B-1. LADWP EE PROGRAM PROGRESS-TO-OATE 

Some key points regarding Table B-1 are as follows: 

• The economic outlook in 2006, which the targets were based on, was more 
elevated then what actually transpired. As the higher outlook in 2006 failed to 
materialize, in retrospect the prior EE targets were overly ambitious. 

• Since 2006, regulatory requirements have increased (OTC, RPS, GHG, etc.), 
resulting in additional demands outside of the EE program. 
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• Revenue streams required to support EE programs did not materialize. A spending 
freeze in 2009 and spending cutback in 2010 resulted in underfunding which 
hindered the attainment of program goals. 

• Actual load profiles were less than forecasted, further affecting program 
performance. 

An assessment of LADWP' s EE program was undertaken in 2010. The assessment, also 
known as an Energy Efficiency Potential Study, includes an updated plan for moving 
forward. 

B.2 Energy Efficiency Potential Study 

Per Assembly Bill 2021 (AB 2021), publically owned utilities such as LADWP, must 
identify and develop all potential achievable, cost-effective EE savings and establish 
annual targets. Furthermore, utilities are required to conduct periodic "Potential" studies 
to update their forecasts and targets. The most recent study was carried out in late 2010 
and is the basis for the EE recommendations contained in this 2011 IRP. 

For more in-depth information, see the study referenced at the end of this appendix. This 
section presents a brief summary of the methodology and findings. 

The 2010 Potential Study objectives were as follows: 

• To estimate savings possible through utility programs and other interventions 
(such as the American Recovery and Reinvestment Act) 

• Identify energy-efficiency technologies and measures that will produce savings 
• Link the energy saving measures with utility programs to achieve savings 
• Provide guidance for setting 1 O-year targets for CEC 

The analysis methodology is shown in Figure B-1. 
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Figure 8-1. 2010 Energy Efficiency Potential Study analysis approach. 

Some of the key factors that were considered in the study include: 

• Changes in the customer base since the last study 
• Building codes 
• Adoption of new appliance standards 
• Naturally-occuring conservation 
• Trends in appliance satuations 
• How customers use electricity today 
• Technological changes in appliances and equipment 

The resulting baseline forecast for the overall customer base is shown in Figure B-2. 
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Figure B-2. Baseline forecast results through 2019-20. 

Segmented forecasts for the industrial, commercial, and residential sectors are shown in 
Figures B-3, B-4, and B-S. 
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Figure B-3. Industrial sector baseline forecast results. 
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Figure 8-4. Commercial sector baseline forecast results. 
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Figure 8-5. Residential sector baseline forecast results. 
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• Space Heating 

• Combined Heating/Cooling 

• Ventilation 

• Water Heating 

• Food Preparation 

• Refrigeration 

Interior Lighting 

• Exterior Lighting 

• Office Equipment 

• Miscellaneous 

• Cooling 

• Space Heating 

• Combined Heating/Cooling 

• Water Heating 

• Appliances 

Interior Lighting 

• Exterior Lighting 

• Electronics 

• Miscellaneous 

The study evaluated a multitude of measures for potential inclusion into LADWP's EE 
program, including: 

• Existing program elements 
• High-efficiency air conditioners (higher efficiency levels, variable refrigerant 

flow systems) 
• High-efficiency lighting (CFLs, LED lamps) 
• Upgraded insulation in buildings 
• Retrocommissiong and routine maintenance 
• Programmable Communicating Thermostats and Energy Management Systems 
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B.3 EE Study Results and Plan 

To understand the study results the following terms are defined: 

2010 Potential Study Definitions 

Term I Definition 

Technical Potential 

Economic Potential 

Maximum Achievable 
Potential 

Realistic Achievable 
Potential 

Customers are assumed to install most efficient option 
regardless of costs. 

Customers are assumed to install most efficient cost
effective option. 

Sets maximum targets for savings. Assumes "ideal" 
implementation conditions and customer preferences. 

Includes realistic parameters for implementation; 
incorporates real-world limitations: 

Advance program potential: Utility pays 100% of 
incremental cost to upgrade to EE measures. 

Base program potential: Utility pays 50% of incremental 
cost. 

Key drivers/assumptions influencing EE potential levels are: 

• Program budgets are assumed to grow over time 
o Financing impacts 
o Federal grants impact 

• Staffing levels and other required resources will increase with program expansion 
• Avoided costs will rise with changes to the generations mix 

The study found that there is a realistic potential to reduce energy consumption from the 
baseline forecast by 8.6% by year 2019-20. Figure B-6 shows the cumulative % energy 
savings through fiscal year 2019-20, and Figure B-7 shows the cumulative absolute 
savmgs. 
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Figure B-6. Cumulative energy savings as a percentage of the baseline forecast. 
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Figure B-7. Cumulative energy savings in GWh. 

The Potential Study found that the net present value of avoided energy costs exceeds the 
NPV of program costs (including incentive payments, administrative costs and customer 
contributions) in both the Base and Advanced programs. Table B-2 and Figure B-8 
illustrate the cost and benefit findings. 
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Table B-2. Financial Metrics 

Total 
I TIC I Torn I I N~ Savings ota ost f f . . Bene Its Bene Its 

(GWh) ($Mlillon) ($Million) ($Million) 

18,719 $1,073 $1,092 

25,290 $1,411 $1,483 

46,209 $2,139 $2,681 

• Program Admin & Marketing 

• Program Incentives 

• Participant Cost 

. Total Benefits 

Net Benefits: 

$18 

$72 

$542 

Base Program Advanced Program 

AppendixB 
Energy Efficiency 

Cost of 
Benefit/ Conserved 

Cost Energy 
(cents/kWh) 

1.02 5.73 

1.05 5.58 

1.25 4.63 

Maximum Achievable 

Figure 8-8. Cost and benefits for base and advanced programs. 

The analysis includes an assessment of the current program portfolio and the 
development of recommended changes. 

Residential Programs 

LADWP currently has the following existing residential EE programs: 

FINAL 

Consumer Rebate 
Refrigerator Tum-In and Recycle 
Low Income Refrigerator Exchange 
Compact Fluorescent Lamp (CFL) Distribution 
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The following recommendations resulted from the 2010 potential study: 

1. LADWP should keep its existing programs, with the exception of CFL 
Distribution which should be replaced with a broader lighting initiative adapted to 
revised lighting standards. 

2. Two new programs should be adopted, (1) Low-income, and (2) Whole House 
Performance. 

A continued effort towards public outreach is also recommended to maintain and broaden 
public awareness of available EE benefits, and to promote participation. 

Figure B-9 illustrates potential residential EE program savings for fiscal year 2019-20. 
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Figure 8-9. Potential residential EE program savings in 2019-20. 

Commercial and Industrial (C&I) 

LADWP currently has the following existing C&I EE programs: 

FINAL 

Commercial Lighting Efficiency 
Chiller Efficiency 
Refrigeration 
Customer Performance 
Small Business Direct Install 
New Construction Incentive 
Financing Programs 
Energy Audits 
Technical Assistance 
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The following recommendations resulted from the 2010 potential study: 

1. LADWP should keep its existing program elements, but should adapt the 
lighting program to educate customers on the expanded choices in energy 
efficiency bulbs available that will comply with new lighting standards. 

Figures B-1 0 and B-11 illustrate potential commercial and industrial savings for year 
2019-20. 
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Figure 8-10. Projected commercial EE savings in 2019-20. 
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Figure 8-11. Projected industrial EE savings in 2019-20. 
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LADWP's mission includes a role as an environmentally responsible public agency. LADWP 
continues to develop and implement programs to improve the environment, including: 

• Increasing the use of renewable energy to meet the needs of LADWP's customers (20 
percent by December 31, 2010 and 33 percent by December 2020 through the 
development of wind, solar, geothermal, and biomass energy sources and acquiring the 
associated transmission required to transmit such energy to Los Angeles. 

• Prioritizing the use of Energy Efficiency (EE), Demand Side Management (DSM), 
renewable Distributed Generation (DG), and other renewable resources. 

• Continuing the modernization of LADWP's in-basin generating stations, including the 
repowering of four older, less-efficient utility steam boiler units with advanced gas turbine 
generating units. 

This Appendix provides information on a number of environmental issues and policies including 
oxides of nitrogen (NOx) emissions, GHGs and climate change, power plant once-through 
cooling, (OTe), and mercury emissions. 

C.2 Emissions of Oxides of Nitrogen (NOx) 

Oxides of nitrogen, or NOx, is the generic term for a group of highly reactive gases, all of which 
contain nitrogen and oxygen in varying amounts. Many of the oxides of nitrogen are colorless 
and odorless. However, one common pollutant, nitrogen dioxide (N02), is a major precursor 
for "smog," which can be seen as a reddish-brown layer over many urban areas. Oxides of 
Nitrogen is also a precursor to the formation of ozone, and the South Coast Air Basin (SCAB), 
in which Los Angeles is situated, has the one of the highest ozone levels in the United States. 

NOx forms when fuel is burned at high temperatures, as in a combustion process. Figure C-1 
shows the primary man-made sources of NOx as reported by the United States Environmental 
Protection Agency (US. EPA) in 2008. The US. EPA first set standards forN02 in 1971, setting 
both a primary standard (to protect health) and a secondary standard (to protect the public welfare) 
at 0.053 parts per million (53 ppb), averaged annually. The Agency has reviewed the standards 
twice since that time, but chose not to revise the standards at the conclusion of each review. All 
areas in the US. meet the current (1971) N02 standards. 
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US NOx Emissions Sources, 2008 
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Figure C-l. NOx emission sources in the U.S. 
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Source: u.s. Environmental Protection Agency 

The SCAB (including Los Angeles, Orange, San Bernardino, and Riverside counties) has some 
of the worst air quality in the United States due in part to the level of NOx emissions. The 
majority of NOx emissions result from mobile sources such as on-road and off-road vehicles, 
and not stationary sources such as power plants. 

The California Air Resources Board (CARB) estimates in its 2010 Almanac of Emissions and 
Air Quality that emissions in the SCAB were 742 tons of NO x per day. This is down from 820 
tons per day in 2008 due to additional regulatory requirements for stationary sources, and more 
efficient cars. CARB projects in their Almanac that SCAB NOx emissions will continue to 
decrease from 56 tons per day to 52 tons per day. Figure C-2 shows the estimate 2008 NOx 
emlsslOn sources. 
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South Coast NOx Emissions Sources, 2008 
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Figure C-2. Local NOx sources in 2010. 
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Source: California Air Resources Board 

For comparison, the average daily NOx emissions from LADWP's in-basin generating stations 
(Harbor, Haynes, Scattergood, and Valley) combined was 0.65 short tons of NOx per day in 
2008, which represents 0.08 percent of the 2008 average daily NOx emissions in the South 
Coast Air Basin. The low NOx emissions from LADWP's in-basin generating stations are due 
to the use of natural gas at all facilities and the installation of advanced emissions control 
systems. 

Forecasts project that South Coast Air Basin NOx emissions will continue to decrease over the 
next decade. Targets for 2015 are 580 tons per day, while the 2020 target is 468 tons per day. 
The majority of this reduction is expected to come from a reduction in vehicle emissions; total 
tons emitted from stationary sources during this time period are only projected to decrease from 
56 tons per day to 52 tons per day. 

A major tool employed by the SCAQMD to reduce NOx emissions from stationary sources is the 
RECLAIM (Regional Clean Air Incentives Market) trading program. RECLAIM is a market
driven regulatory program started in 1994 that superseded the SCAQMD's existing NOx rules for 
facilities with NOx emissions exceeding 4 tons per year. These "command and control" rules 
limited the emission rates of stationary combustion equipment and have been replaced by a 
facility-wide emissions cap, which gradually declines each year. Facilities receive emission 
allocations, called RECLAIM Trading Credits (RTCs), in which one credit grants the right to emit 
one pound of NOx. Facilities must have sufficient RTCs in their RECLAIM facility accounts 
to cover their actual emissions. RECLAIM is a market-driven program because the RTCs can 
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be bought and sold, which allows for the emissions reductions to be made in the most cost
effective manner. 

All of LADWP' s in-basin power plants now have advanced pollution control equipment, which 
reduces NOx emissions by at least 90 percent. However, the allocation of RTCs to each of 
LADWP's power plants declines over time, and the entire future allocation of RTCs was 
reduced about 22.5 percent by the SCAQMD in 2005. Using the resource planning studies and 
other considerations, the environmental assessment results show that the projections meet 
LADWP's NOx goals. 

C.3 Greenhouse Gas Emissions and Climate Change 

C.3.1 Federal Efforts To Address Climate Change 

Federal Climate Change Legislation 

Several Congressional bills have been proposed in recent years to regulate GHG emissions under 
a federal cap-and-trade program, but none have garnered enough support for passage by both the 
House of Representatives and the Senate. In 2010, focus shifted to the U.S. EPA and the 
authority it has to regulate GHG emissions under the Clean Air Act (discussed in more details 
below). 

Federal Regulation of Greenhouse Gases Under the Clean Air Act 

In the absence of federal legislation, GHG emissions may still be regulated through the U.S. EPA 
through its authority under the Clean Air Act. In April 2007, the Supreme Court ruled in 
Massachusetts v. EPA that the U. S. EPA must make a determination when it comes to regulating 
motor vehicle emissions. The Supreme Court ruling gives the U. S. EPA the authority to regulate 
GHGs under the Clean Air Act for mobile and stationary sources. On December 7, 2009, the 
U.S. EPA Administrator signed two distinct findings regarding GHGs under section 202(a) of 
the Clean Air Act: 

• Endangerment Finding: The Administrator found that the current and projected 
concentrations of the six key well-mixed GHGs--carbon dioxide (C02), methane (CH4), 

nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6)--in the atmosphere threaten the public health and welfare of current and 
future generations. 

• Cause or Contribute Finding: The Administrator found that the combined emissions of these 
well-mixed GHGs from new motor vehicles and new motor vehicle engines contribute to the 
GHG emissions which threatens public health and welfare. 

In December 2009, U. S. EPA published its findings in the Federal Register, stating: "The 
Administrator finds that greenhouse gases in the atmosphere may reasonably be anticipated both 
to endanger public health and to endanger public welfare." The impacts of climate change that 
will cause harm to human health and welfare of current and future generations include but are 
not limited to: increased drought; more heavy downpours and flooding; more frequent and 
intense heat waves and wildfires; greater sea level rise; more intense storms; and harm to water 
resources, agriculture, wildlife, and ecosystems. 
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EPA Tailoring Rule for Regulating Stationary Sources under the Clean Air Act 

The Environmental Protection Agency finalized its "Tailoring Rule," which establishes a phased 
timetable for implementing Clean Air Act permitting requirements for GHG emissions from 
large stationary sources. The rule provides that Prevention of Significant Deterioration (PSD) 
requirements will first apply to GHG emissions effective January 2, 2011. This initial phase will 
apply to new and modified facilities that would already be required to obtain PSD permits as a 
result of their non-GHG emissions, and whose construction will result in an increase in GHG 
emissions of at least 75,000 tons C02e per year. A second phase of the program will commence 
on July 1, 2011, and will impose PSD requirements on new facilities that emit at least 100,000 
tons C02e per year, as well as modified facilities whose emissions will increase by at least 
75,000 tons C02e per year. In addition to these PSD requirements, the Tailoring Rule sets 
comparable emission thresholds and timetables for new and existing facilities to obtain operating 
permits under Title V of the Clean Air Act. It is anticipated that LADWP's Scattergood 
generating station will be subject to the new permitting requirements under the EPA's Tailoring 
Rule. 

C.3.2 Western Climate Initiative (WCI) 

Originally established by the Western Governor's Association in February 2007, the WCI has 
been reduced to a collaboration of only California and Quebec to reduce GHG emissions 15 
percent below 2005 levels by 2020. The primary mechanism for achieving these reductions will 
be through a regional cap-and-trade program. 

CARB is in the process of developing regulations to link California's market with Quebec. 

C.3.3 California Efforts to Address Climate Change 

This section presents an overview of the California greenhouse gas emissions inventory and 
trends from 2000 through 2009. A new edition of California's greenhouse gas emission 
inventory was released April 6, 2012. It includes emissions estimates for years 2000 to 2009. 
Figure C-3 depicts the general trend in emissions from 2000 to 2009, and Figure C-4 displays 
2009 statewide emissions by economic sector. 
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Figure C-3. California GHG emissions, 2000-2009. 

Source: California Air Resources Board 

Figure C-4. 2009 California GHG emissions by Economic Sector. 

As California strives to achieve its benchmark goals under AB 32, the California inventory will 
become an increasingly valuable tool to keep track of greenhouse gas emissions from each 
sector. Maintaining and updating greenhouse gas inventory methodologies and data are 
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imperative for a successful greenhouse gas reduction program. In 2009, total California GHG 
emissions were 457 million tons of carbon dioxide equivalent (MMT C02e); net emissions were 
453 MMT C02e, reflecting the influence of sinks (net CO2 flux from forestry). While total 
emissions have increased by 5.5 percent from 1990 to 2009, emissions decreased by 5.8 percent 
from 2008 to 2009 (485 to 457 MMT C02e). The total net emissions between 2000 and 2009 
decreased from 459 to 453 MMT C02e, representing a 1.3 percent decrease from 2000 and a 6.1 
percent increase from the 1990 emissions level. The transportation sector accounted for 
approximately 38 percent of the total emissions, while the industrial sector accounted for 
approximately 20 percent. Emissions from electricity generation were about 23 percent with 
almost equal contributions from in-state and imported electricity. 

California Governor's Executive Order S-3-05 

On the state level, Governor Schwarzenegger signed Executive Order #S-3-05 on June 1,2005 
which established the following GHG targets: 

• By 2010, reduce emissions to 2000 levels 

• By 2020, reduce emissions to 1990 levels 

• By 2050, reduce emissions to 80 percent below 1990 levels. 

CalijiJrnia SB 1368: Greenhouse Gas Emissions PerjiJrmance Standard 

SB 1368 was signed into law on September 29, 2006 and requires the California Public Utilities 
Commission (CPUC) and the California Energy Commission (CEC) to establish a GHG 
emissions performance standard and implement regulations for all long-tenn financial 
commitments in baseload generation made by load serving entities (LSEs) including local 
publicly-owned electric utilities (POUs). The CPUC adopted its regulations for the investor
owned utilities and other LSEs in January, 2007. The CEC adopted similar regulations for POUs in 
August 2007. Strategies implemented by the CPUC and CEC under SB 1368 are expected to result 
in a combined GHGs emissions reduction of over 15 million metric tons (MMT) C02e by 
2020. The GHG emissions perfonnance standard is based on the emissions profile of combined
cycle, natural gas fired generating units. The CEC' s regulations establish an emissions 
performance standard of 1,100 pounds (0.5 metric tons) of CO2 per megawatt hour (MWh) of 
electricity. This standard was established in consultation with the CPUC and the CARB and is 
the same as the emissions performance standard adopted by the CPUC for the LSEs. 

The broad objectives of these regulations are to internalize the significant and under-recognized 
cost of emissions and to reduce potential financial risk to California consumers for future 
emission control costs. Specifically, these regulations are intended to prohibit any LSE from 
entering into or renewing a long-term financial commitment for baseload generation that exceeds 
the GHG emissions perfonnance standard, currently set at 1,100 pounds per MWh. 

These regulations would require POUs, within 10 days of making a long-term financial 
commitment in a baseload facility, to certify to the CEC that such a commitment complies 
with these regulations and provide back-up material to support such commitment. The 
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regulations then provide for CEC review of these compliance filings and a determination of 
whether or not the commitment, and the underlying facility as described in the commitment, 
complies with these regulations. Additionally, the CEC may open an investigatory proceeding 
and gather additional information if it believes that covered procurements made by a POU do not 
comply with these regulations. 

At its December 14, 2011 business meeting, the California Energy Commission granted a 
Petition to "initiate a new rulemaking proceeding to ensure that the current practices of California 
POUs meet the requirements of SB 1368 and California's Emissions Performance Standards" 
specifically as it relates to three coal-fired power plants, including the San Juan Generating 
Station, Navajo Generating Station and the Intennountain Power Project. The Commission 
directed Commission Staff to prepare an order instituting rulemaking that encompassed the 
various issues raised by the Petitioners and other stakeholders. At its January 12, 2012 business 
meeting the Commission adopted an order instituting rulemaking (OIR) 12-0112-7, which 
initiated a proceeding to discuss, and if warranted, implement possible changes to the EPS 
regulations. 

AB 32: The CalijiJrnia Global Warming Solutions Act 0/2006 

In 2006, the California Legislature passed and Governor Schwarzenegger signed Assembly Bill 
32, the Global Warming Solutions Act of 2006, which declared that global warming poses a 
serious threat to the economic well-being, public health, natural resources, and environment of 
California. It set into law a 2020 GHG emissions reduction goal that would require the reduction 
of statewide emissions ofGHGs1.In 2007, the ARB established a 1990 statewide greenhouse gas 
emissions baseline of 427 MMT of carbon dioxide equivalent (C02e)2 and adopted a regulation 
for mandatory emissions reporting from the most significant sources that contribute to statewide 
emissions, including all electricity consumed in the state as well as imported electricity. The 
2020 target was set at the 1990 baseline level of 427 MMT C02e. 

171e AB 32 Scoping Plan 

In December 2008, the CARB adopted the AB 32 Scoping Plan, which serves as California's 
blueprint for reducing greenhouse GHG emissions. Key elements of the AB 32 Scoping Plan's 
recommendations for reducing California GHG emissions to 1990 levels by 2020 include: 

• Expanding and strengthening existing energy efficiency programs as well as building and 
appliance standards. 

• Achieving a statewide renewables energy mix of 33 percent. 
• Developing a California cap-and-trade program that links with other Western Climate 

Initiative partner programs to create a regional market system. 
• Expand use of Combined Heat and Power (CHP) by 30,000 GWh statewide. 

1 GHGs covered by AB 32 include the following: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, 
and sulfur hexafluoride. 
2 Carbon dioxide equivalent (C02e) means the amount of carbon dioxide by weight that would produce the same global warming 
impact as a given weight of another greenhouse gas, based on the best available science, including from the Intergovernmental 
Panel on Climate Change. 
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• Establishing targets for transportation-related GHG emissions for regions throughout 
California, and pursuing policies and incentives to achieve those targets. 

• Adopting and implementing measures pursuant to existing State laws and policies, 
including California's clean car standards, goods movement measures, and the Low 
Carbon Fuel Standard. 

• Creating targeted fees, including a public goods charge on water use, fees on high global 
warming potential gases, and a fee to fund the administrative costs of the state's long 
term commitment to AB 32 implementation. 

All programs developed under AB 32 contribute to the reductions needed to achieve this goal, 
and will deliver an overall 15% reduction in greenhouse gas emissions compared to the 
'business-as usual' scenario in 2020 if nothing was done at all. In 2010, the ARB made revisions 
to the expected 2020 emission reductions in consideration of the economic recession and the 
availability of updated information from development of measure-specific regulations. ARB staff 
re-evaluated the baseline in light of the economic downturn and updated the projected 2020 
emissions to 545 MMTC02e . Two reduction measures (Pavley I and the Renewables Portfolio 
Standard (12% - 20%)) not previously included in the 2008 Scoping Plan baseline were 
incorporated into the updated baseline, further reducing the 2020 statewide emissions projection 
to 507 MMTC02e . The updated forecast of 507 MMTC02e is referred to as the AB 32 2020 
baseline. Reduction of an estimated 80 MMTC02e are necessary to reduce statewide emissions to 
the AB 32 Target of 427 MMTC02e by 2020. 

Executive Order S-2l-09 

On September 15, 2009, Governor Schwarzenegger signed Executive Order S-21-09, which, 
among other things, ordered CARB to work with the Commissions to ensure that a regulation 
adopted under authority of AB 32 to encourage the creation and use of renewable energy sources 
shall build upon the RPS program developed to reduce GHG emissions in California and shall 
regulate all California publicly owned utilities, like LADWP. In addition, Executive Order S-21-
09 provides that CARB may delegate policy development and implementation to Commissions, 
that CARB is to consult with the CAISO and other balancing authorities on impacts on 
reliability, renewable integration requirements and interactions with wholesale power markets in 
carrying out the provisions of Executive Order S-21-09, and that CARB is to establish the 
highest priority for those resources with the least environmental costs and impacts on public 
health that can be developed most quickly and that support reliable, efficient, and cost-effective 
electricity system operations including resources and facilities located throughout the Western 
Interconnection. 

AB 32 Cap-and-Trade Regulation (Adopted October 20,2011) 

The cap-and-trade program is a key element in California's climate plan. The cap-and-trade 
program sets a statewide limit on sources responsible for 85 percent of California's greenhouse 
gas emissions, and establishes a price signal needed to drive long-term investment in cleaner 
fuels and more efficient use of energy. The program is designed to provide covered entities the 
flexibility to seek out and implement the lowest-cost options to reduce emissions. The program 
covers about 350 businesses, representing 600 facilities and it starts in 2013 for electric utilities 
and large industrial facilities, while distributors of transportation, natural gas and other fuels join 
in 2015. The ARB expects to link with Quebec in 2013. 
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Although the program commenced on January 1, 2012, the enforceable compliance obligation 
starts with the 2013 GHG emissions. The first auction of California carbon allowances occurred 
in November 2012 

Combined Heat and Power 

Assembly Bill 1613 (Blakeslee, 2007) as amended by AB 2791 (Blakeslee, 2008), created the 
Waste Heat and Carbon Emissions Reduction Act of 2007, which requires among other things 
that a local publicly owned electric utility serving retail end-use customers to establish a program 
that allows retail end-use customers to utilize combined heat and power (CHP) systems that 
reduce emissions of greenhouse gases by achieving improved efficiencies utilizing heat that 
would otherwise be wasted in separate energy applications and that provides a market for the 
purchase of excess electricity generated by a combined heat and power system, at a just and 
reasonable rate, to be determined by the governing body of the utility. LADWP is in compliance 
with this requirement as it offers a Standard Energy Credit for distributed generation, including 
CHP. 

As part of the ARB's 2008 Climate Change Scoping Plan, a CHP measure was included that 
calls for 4,000 MW of new CHP capacity that would result in an estimated reduction of 6.7 
million metric tons of annual GHG emission reductions and displace 30,000 GWh of electricity 
demand by 2020. Governor Brown's Clean Energy Jobs Plan includes a target of 6,500 MW of 
additional installed CHP capacity over the next 20 years. Faced with the slow development of 
new CHP in California, the Energy Commission updated its CHP market assessment to update 
the potential for new CHP and to understand the amount of new CHP the current policy may 
provide, and the emissions reductions gained from old, retiring CHP and its associated capacity. 
Understanding the full range of opportunities, motivations, policy successes, and remaining 
regulatory barriers for CHP across industrial, commercial, and residential sectors will help 
determine where the opportunities for development of new facilities are the greatest. This 
information will be used to develop policies and regulations to encourage CHP and support the 
state's GHG emissions reduction goals. 

The California Energy Commission provided an update in February 2012 for a CHP Market 
Assessment that was originally conducted in 2009. Market penetration estimates of CHP were 
presented for three market development scenarios - a Base Case reflecting continuation of 
existing state policies and two additional cases (Medium and High) that show the market impacts 
of additional CHP policy actions and incentives. The CEC's report suggests that the cumulative 
statewide market penetration for the base case is 1,888 MW, down from 2,998 MW as originally 
projected in 2009. The 2011 market scenarios, in general, show lower cumulative market 
penetration than the 2009 scenarios. The Base Case results show that, under the current policy 
landscape, CHP will fall short of the ARB Scoping Plan market penetration target. The report 
suggests that "additional policy measures, represented in the Medium and High Cases, are 
needed to raise market penetration up to the Scoping Plan target." The updated 2012 assessment 
suggests that the LADWP service territory's share of new CHP under the base case market 
penetration scenario is 15 percent overall. The assessment suggested a range for LADWP's new 
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CHP capacity (MW) starting with the base case at 224 MW by 2020 increasing to 281 MW by 
2030, up to the high case of 557 MW by 2020 increasing up to 698 MW? 

C.3.4 LADWP's Efforts To Address Climate Change 

Since 1998, LADWP has taken steps to move away from dependence on coal generating 
resources, including the divestiture of power purchase agreements with Colstrip and Coronado 
Generating Stations, the shutdown of Mohave Generating Station in December 2005, and the 
discontinuation of involvement in the development of Unit 3 at Intermountain Generating 
Station. Table C-1 shows the downward trajectory in LADWP's power generation portfolio CO2 

emissions and CO2 emissions intensity between 1990 and 2011. 

Table C-1. HISTORICAL LADWP POWER GENERATION CO2 EMISSIONS 

-3,756,086 -4,133,696 1,544,393 -395 

% Change 
from 1990 -21% -23% 6% -25% 

Notes: 
1. Calculated C02 emissions for specified sources using fuel data and fuel-specific emission factors 

from 40 CFR Part 98 Subpart C Table C-1 .. 
2. Calculated C02 emissions for unspecified power purchases using MWh purchased x default emission 

factor (1,100 Ibs C02/MWh). 

3 California Energy Connnission, "Consultant Report: Combined Heat and Power: Policy Analysis and 2011-2030 
Market Assessment," ICF Consulting, February 2012, Publication No. CEC, 200-2012-002, Appendix D. 
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In February 2010, CARB adopted a new regulation to reduce SF6 emissions from gas insulated 
electrical switchgear as part of the AB 32 program. This new regulation imposes a declining 
limit on a utility's annual average SF6 emissions rate starting at 10 percent in 2011 and 
decreasing to 1 percent in 2020, as well as new recordkeeping and reporting requirements. 

Over the past decade, LADWP has been proactive in reducing SF6 emissions by implementing 
its own internal program to reduce emissions through equipment replacement, repair, and process 
improvements. This voluntary effort to reduce SF6 emissions demonstrates LADWP's 
commitment to environmental stewardship and puts LADWP in a good position to comply with 
the new emission limits imposed by the SF6 regulation. 

C.4 Power Plant Once-Through Cooling Water Systems 

Power plants with "once-through cooling" (OTC) systems draw or take in water from 
coastal/estuarine water, via intake pipes, to cool turbines used to generate electricity. After the 
water is used for cooling it is discharged to a nearby water body. OTC systems can impact the 
marine environment. 

LADWP has three coastal generating plants that utilize OTC. The new state wide OTC Policy 
and upcoming 316 b Federal Rule requires minimizing and/or reducing the impacts on marine 
life. 

In order to reduce these impacts, LADWP has committed to completely eliminate OTC by 
replacing it with closed cycle cooling to comply with the Statewide OTC policy and upcoming 
Federal rule. 

In addition, LADWP has already implemented the following: 

• In the 1970's LADWP installed a velocity cap (a large disk-shaped structure just 
upstream of the ocean water intake pipe) at its Scattergood Generating Station to 
control 1M. In 2006, LADWP conducted an effectiveness study on its velocity cap and 
the results showed that it is 96% effective. 

• To date, LADWP has reduced the number of power plant units that utilize OTC from 
14 to 9, reducing ocean water use from 1904 MGD to 1571 MGD, an overall reduction 
of ocean water usage by 17%. 

• LADWP has spent over $600 million dollars to replace the older generating units with 
more efficient generating units (known as "repowering") at its Haynes and Harbor 
Generating Stations. This has resulted in a reduced use of coastal waters. 
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To further reduce impacts and completely eliminate OTC, LADWP plans to do the following: 

• By 2013, the Haynes 5&6 repowering project will be completed, reducing the number 
of OTC units to 7. This will decrease ocean water use from 1571 MGD to 1110.2 
MGD, an overall reduction of 42% from 1990 ocean water usage levels. 

• By 2015, the Scattergood 3 repowering project will be completed, further reducing the 
number of OTC units to 6 and decreasing ocean water use from 1110.2 MGD to 
839.8MGD, an overall reduction of 56% from 1990 ocean water usage levels. 

• By 2020, the Scattergood 1&2 repowering project will be completed, further reducing 
the number of OTC units to 4 and decreasing ocean water use from 839.8 MGD to 
563.3MGD; an overall reduction of 70% from 1990 ocean water usage levels. 

• By 2024, the Haynes 1&2 repowering project will be completed, further reducing the 
number of OTC units to 2 and decreasing ocean water use from 563.3 MGD to 338.7 
MGD, an overall reduction of 82% from 1990 ocean water usage levels. 

• By 2026 the Harbor 5 repowering project will be completed, further reducing the 
number of OTC units to 1 and decreasing ocean water use from 338.7 MGD to 230 
MGD, an overall reduction of 87% from 1990 ocean water usage levels. 

• By 2029, the final repowering project, Haynes Unit 8 will be completed, reducing the 
number ofOTC units to 0, resulting in 100% elimination ofOTC. 

Figure C-5 shows LADWP's reduction in OTC usage from 1990 to 2029. 
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Figure C-5: LADWP OTC reduction from 1990 to 2029. 
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C.4.1 USEPA 316(b) Requirements for Cooling Water Intake Structures 

EPA's Clean Water Act Section 316(b) Phase II Cooling Water Intake Structure Rule (Rule) 
released in 2004 was subsequently challenged and ultimately heard in both the Second Circuit 
Court and in the US. Supreme Court. The Second Circuit Court issued its decision on January 
25, 2007, and determined that the restoration and cost-benefit elements of the original 2004 Rule 
were unlawful and that other fundamental components of the 2004 Rule, such as the impact 
reduction performance standards attainable for certain technologies, were to be remanded for 
further evaluation and demonstration by US. EPA. The U.S. Supreme Court was 
subsequently asked to weigh in on the ability to use the "wholly disproportionate" cost-benefit 
test in the application of the 316(b) regulations. On April 1, 2009, the Supreme Court affirmed 
that a cost-benefit analysis can be used by regulatory agencies. While the various challenges 
proceeded through the court processes, U.S. EPA gave the states permission to continue with 
implementation and enforcement of the Clean Water Act 316 (b) requirements using "Best 
Professional Judgment (BPJ) when reauthorizing facility National Pollutant Discharge 
Elimination System (NPDES) permits. 

During this period, LADWP completed the required Characterization Study to identify baseline 
biological impacts in order to determine an appropriate impingement mortality (1M) and 
entrainment (E) reduction method. However, when the Rule was remanded to US. EPA to 
re-study and then re-propose a rule, it essentially remanded the Rule and placed the 
fulfillment of its associated requirements on hold. At that point, LADWP stopped any further 
work necessary to comply with the suspended Rule and has been awaiting the outcome of 
U.S. EPA's effort to re-propose a new rule. The UP EPA publicly noticed the new proposed 
rule for existing facilities on April 19, 2011 and the comment period ended on August 18, 
2011. The US EPA is under a settlement agreement with the Riverkeeper to have a final rule 
by no later than July 2012. In the meantime, EPA has given the State Permitting Authorities 
permission to continue with the regulation of Section 316 B with the use of BPJ. 

C.4.2 SWRCB 316(b) Requirements for Cooling Water Intake Structures 

On June 30, 2009, the SWRCB released its draft Once-Through Cooling Water Policy for public 
review and comment, with the accompanying Supplemental Environmental Document released 
on July 14,2009. Comments were due September 30,2009. Subsequent policy drafts were issued 
on November 23, 2009 and March 22, 2010 with corresponding comment periods. The final 
Policy version was adopted on May 4, 2010 and became effective on October 1, 2010. The 
adopted Policy has major implications for the coastal power plants making it extremely difficult to 
continue the use of OTC retrofitted with 1M and E impact control technology; making the use of 
cooling towers the only certain compliance path. The Policy proposes a two-track compliance 
pathway. Track I requires OTC flows to be reduced commensurate with wet closed cycle cooling 
(CCC) or a 93 percent flow reduction and essentially requires the installation of cooling towers. If 
Track I can be demonstrated as "not feasible" a Track II compliance option is available. A Track 
II compliance pathway requires the biological impacts to be reduced on a unit by unit basis to a 
level comparable with (i.e., within 10 percent) what would exist with CCc. New consecutive 36-
month 1M and E baseline studies will be required if a Track II compliance pathway is pursued. 
Until compliance is achieved, interim measures are required, which include flow reductions when 
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there is no unit load and mitigation measures (commencing five years from the effective date of 
the policy and continuing until the facility is in full compliance). Lastly, to prevent disruption in 
the state's electrical power supply during implementation of the Policy, a committee of state 
energy and resource agencies known as the Statewide Advisory Committee on Cooling Water 
Intake Structures (SACCWIS) will assist the SWRCB in reviewing the required utility 
implementation plans along with the annual grid reliability studies in order to monitor any grid 
reliability impacts and schedules. 

LADWP's implementation plan was the first plan to be reviewed by the SWRCB and SACCWIS. 
As a result, the SWRCB prepared and adopted an Amendment to the Policy on July 19, 2011. 
This Amendment modified LADWP's compliance schedule on a unit-by-unit basis with the 
following compliance dates:: 12/31/2013 for Haynes Units 5&6; 12/31/2015 for Scattergood Unit 
3; 12/31/2024 for Scattergood Units 1&2; 12/31/2029 for Haynes Units 1&2 and 8, and Harbor 
Unit 5. In addition, the Amendment requires LADWP to submit any additional information 
requested, by January 1, 2012, by the SACCWIS and submit the information responsive to 
SACCWIS to the SWRCB by December 31, 2012 in order for the SWRCB to evaluate whether 
further modifications to the dates are necessary. Furthermore, LADWP must commit to complete 
elimination of OTC and in the interim must prepare a mitigation plan and fund projects to offset 
impacts until each unit is fully compliant. In addition, LADWP must conduct a study or studies, 
singularly or jointly with other facilities, to evaluate new technologies or improve existing 
technologies to reduce impingement and entrainment, submit the results of the study and a 
proposal to minimize entrainment and impingement to the Chief Deputy Director no later than 
December 31,2015, and upon approval of the proposal by the Chief Deputy Director, complete 
implementation of the proposal no later than December 31, 2020. LADWP is in the process of 
developing its mitigation plan and commencing the alternative technologies studies. The Haynes 
Units 5&6 repowering proj ect has broken ground and is in its construction phase in order to meet 
the 2013 deadline. Also, the conceptual planning and design for the Scattergood Unit 3 project has 
commenced in order to meet the 2015 deadline. 

c.s Mercury Emissions 

Mercury (Hg) emissions are an issue for all coal fired power plants. However, the level of such 
emissions varies widely based on the type of coal burned and the type of emission controls on the 
plants. 

Coal-burning power plants are the largest human-caused source ofHg emissions to the air in the 
United States, accounting for over 50 percent of all domestic human-caused Hg emissions 
(Source: 2005 National Emissions Inventory). The EPA estimates that less than Yz of all Hg 
deposited within the US. comes from US. sources. 

The IGS in Utah, of which LADWP is the Operating Agent, has one of the lowest mercury 
emission rates in the country. This is due to the fact that the existing emission control devices, 
which are designed to reduce sulfur dioxide and particulate matter, have the co-benefit of 
removing about 96 percent of the mercury from bituminous coal which is burned at IGS. 

On March 15, 2005 US. EPA promulgated the Clean Air Mercury Rule (C AMR) , which 
established a nationwide cap-and-trade program for mercury emissions. CAMR was designed to 
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reduce mercury emissions by 60 percent between 2010 and 2018. Several legal challenges of the 
CAMR ensued. As a result, the D.C. Circuit vacated u.s. EPA's Clean Air Mercury Rule on 
February 18, 2008. On May 3, 2011, EPA proposed NESHAPs for coal- and oil-fired EGUs 
under Clean Air Act (CAA) section ll2(d) and proposed revised NSPS for fossil fuel-fired 
EGUs under CAA section 111(b). The proposed NESHAP would protect air quality and promote 
public health by reducing emissions of the hazardous air pollutants (HAP) listed in CAA section 
112(b). In addition, these proposed amendments to the NSPS are in response to a voluntary 
remand of a final rule. EPA finalized its rule in December 2011. 

C.6 Coal Combustion Residuals 

On May 4, 2010, the U.S. Environmental Protection Agency released pre-publication co
proposals to regulate the management of coal ash from coal-fired power plants. 

Coal combustion residuals (CCRs), commonly known as coal ash, are byproducts of the 
combustion of coal at power plants and are typically disposed of in liquid form at large surface 
impoundments and in solid form at landfills, most often on the properties of power plants. There 
are almost 900 landfills and surface impoundments nationwide. 

Due to the metal constituents of the CCRs, EPA's co-proposals will establish control measures, 
such as liners and groundwater monitoring, which would be in place at new landfills to protect 
groundwater and human health. Existing surface impoundments would also require liners, with 
incentives to close the impoundments and transition to landfills, which store coal ash in dry form. 

The proposed regulations may change the way CCRs are handled and stored at Intermountain 
Power Plant and Navajo generating station. If implemented, the rules would require the phase
out of wet handling systems and surface impoundments of bottom ash and the subsequent 
permitting and installation of lining under fly ash landfills. The facilities would have to conduct 
additional groundwater monitoring, and provide closure and post-closure care of the surface 
impoundments and landfills. For Mohave generating station, the rules, as proposed are expected 
to have minimal impacts because the facility did not operate any surface impoundment. 
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AppendixD Renewable Portfolio Standard 

D.I Overview 

LADWP has historically maintained that its major objectives concerning integrated resource 
planning are; (1) providing reliable service to its customers; (2) remaining committed to 
environmental leadership; and (3) maintaining a competitive price. 

Since its 2007 IRP, LADWP has made great strides towards achieving the 2010 goal of 
increasing its supply of electricity from "eligible" renewable resources to 20 percent, measured 
by the amount of electric energy sales to retail customers, and has met the 20 percent goal for 
calendar year 2010. 

On April 12,2011, the California governor signed into law the Senate Bill 2 (IX) which extends 
the 20 percent target to 2013, and ramps up the target to 25 percent by December 31,2016 and 33 
percent by December 31, 2020. 

On December 6,2011, the LADWP Board approved the Renewables Portfolio Standard Policy and 
Enforcement Program and is included in Reference D-1 and D-2. 

This 2012 IRP documents how LADWP expects to maintain 20 percent renewable energy and 
describes the process for LADWP' s continuing commitment to increase the renewable energy goal 
to 25 percent by 2016 and 33 percent by 2020. Additionally, LADWP will continue to encourage 
voluntary contributions from customers to fund renewable resources above the stated Renewable 
Portfolio Standard (RPS) goal, as part of its Green Power for a Green LA Program (GREEN). 

D.2 Renewable Energy Requests for Proposals (RFPs) 

To help meet the renewable energy goals for the GREEN Program and the RPS policy, 
LADWP has issued four major Request for Proposals (RFP) for renewable energy projects: 
January 2001, June 2004, January 2007, and March 2009. LADWP performed detailed technical 
and economic analysis of the proposals on a least-cost, best-fit basis. This approach considered 
factors such as cost, technical feasibility, project status, transmission issues, and environmental 
impact. 

Separately, the Southern California Public Power Authority (SCPPA), of which LADWP is a 
member, has issued five RFPs for renewable energy projects. 

D.2.1 2001 Renewable RFP 

In response to the 2001 RFP, a total of 21 projects were proposed. The 120 megawatts (MW) 
Pine Tree wind project met LADWP's renewable, economic, technical and least-cost, best fit 
criteria. The Pine Tree wind project is an eighty turbine wind farm facility located in the 
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Tehachapi area, and is owned and operated by LADWP. This project was put in-service in 
June 2009. 

The Pine Tree wind farm was expanded with ten new wind turbines that added 15 MW, for 
a total of 135 MW. The expansion was completed in 2011. 

D.2.2 2004 LADWP Renewable RFP and the 2005 SCPP A Renewable RFP 

In June 2004, LADWP issued another RFP with the intent of securing an increased portion of its 
power requirements from renewable resources. The goal of LADWP' s 2004 RFP was to obtain 
about 1,300 gigawatts hours (GWhs) per year of renewable energy per year to meet the then 
RPS interim goal of 13 percent by 2010. A total of 57 distinct proposals were received, covering 
nearly all types of renewables, although wind and geothermal represented the largest share of 
proposed energy. Most of the proposals were from new California projects, with only a few 
actually located in Los Angeles. The proposals offered a mix of power purchase and ownership 
options. 

To ensure fairness and consistency during the evaluation process of the 2004 RFP, the evaluation 
team included two independent entities. The team evaluated proposals through a structured 
process consisting of two phases. The Phase 1 evaluation included completeness and 
requirements screening, a technical and commercial evaluation, and an economic assessment. 
Proposals short-listed were then evaluated in greater detail in the Phase 2 evaluation, which 
included a comparison of Net Levelized Cost (NLC). The NLC of each proposal equals the 
levelized busbar cost of energy, in units of $/MWh, less the avoided energy and capacity costs, 
and adding the levelized transmission costs to cover wheeling, losses, transmission upgrades, etc. 

In 2005, the Southern California Public Power Agency (SCPP A), of which LADWP is a 
participant, also issued an RFP for renewable resources. 

Five contracts for renewable energy resulting from the 2004 and 2005 RFPs have been entered 
into, which provide 1,179 GWhs/yr of renewable energy from landfills, small hydro and wind. 

D.2.3 2006 SCPPA and 2007 LADWP Renewable RFPs 

In 2006 SCPP A issued an RFP for renewable resources, in which LADWP participated. 

In January 2007, LADWP issued another RFP with the intent of obtaining approximately 2,200 
GWhs of renewable energy per year to meet the RPS goal of20 percent by 2010. A total of 59 
distinct proposals were received, covering wind, solar thermal, solar photovoltaic (PV), 
geothermal, and biomass renewable technologies. The proposals offered a mix of power purchase 
and ownership options. 

Three contracts for renewable energy resulting from the 2006 and 2007 RFPs have been 
entered into, which provide 424 GWhs/yr of renewable energy from wind and small hydro 
proj ects. Several other proposals that were received are currently being negotiated. 
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In 2008 SCPP A issued an RFP for renewable resources, in which LADWP participated. 

In March, 2009, LADWP issued a fourth RFP for Renewable Resources. The intent of this RFP 
was to obtain a sufficient amount of renewable energy per year to achieve the RPS goals, set by 
the Mayor, of20 percent by 2010 and 35 percent by December, 31, 2020. 

The 2008 RFP process resulted in two contracts, which provide 834 GWhs/yr of renewable 
energy from wind resources. Several other proposals that were received are currently being 
negotiated. 

Do205 2011 SCPPA RFP 

In January 2011, the Southern California Public Power Agency (SCPPA) also issued an RFP for 
renewable resources, in which LADWP participated. LADWP participated in the evaluations of 
the RFP proposals. LADWP evaluated proposals through a structured process. The evaluation 
included a completeness and requirements screening, a technical and commercial evaluation, 
and an evaluation of deliverability of the product. The evaluation also considered the Net 
Levelized Cost (NLC) for each proposal. The NLC of each proposal is equal to the levelized 
busbar cost of energy, in units of $/MWh, less the avoided energy and capacity costs, and adding 
the delivery cost to LADWP's load. Other factors were also considered, including: compliance 
with pending State renewable portfolio standard legislation, utility scale project experience, 
capacity, commercial operation date, and labor issues. 

In August 2011, SCPPA issued another RFP for renewable resources. The response deadline is 
November 30,2012. 

D.3 Renewable Project Strategy 

LADWP (and SCPPA) has increased its renewable energy through successful project 
development and completed agreement negotiations with multiple developers and project entities 
resulting from the above described RFPs. Existing renewable projects that supply LADWP are 
geographically diverse; wind energy comes from the ridges of the California Tehachapi 
Mountains, the north-central hills of Oregon, the southern Washington Columbia River Gorge 
area, the Milford Valley of Utah, and Southwestern Wyoming. Planning for future renewable 
energy will continue to emphasize geographic diversity, as well as technology diversity. 

The variety of renewable energy projects and technologies facilitates the Power System 
capability to integrate renewable energy reliably. As described in other sections of the IRP, 
LADWP will maintain its Balancing Authority responsibility by addressing system issues such 
as reserve sharing, reserve commitments, system voltage support, spinning reserves, existing and 
future quick response combustion turbine units, etc. 

This IRP describes several fundamental principles for the RPS progression from the current 20 
percent renewable energy to a potentially higher goal of 33 percent by 2020. Issues and principles 
affecting the future of the RPS plans are discussed below: 
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• The "Ramp Rate", i.e., the annual rate of progress from 20 percent to 33 percent renewables, 
will be subject to several factors. The time frame is 10 years, which would equate to a 
constant ramp of 1.33 percent per year. However, the projected ramp rate is not a straight 
line, but rather varies from year to year depending on factors both external and internal to the 
LADWP. These factors include SB 2 (IX) requirements, LADWP fiscal constraints, 
renewable energy technology improvement over time, renewable energy pricing, LADWP 
system integration limits, and transmission constraints, both in the LADWP systems and 
regionally. 

• Steady investment in renewable resources is required to maintain a 20 percent RPS between 
2010 and 2012 and to ramp to 33 percent between 2013 and 2020. There are several reasons 
for this path forward: Between 2010 and 2012, the projects maintaining the 20 percent RPS 
will become fully integrated into the system; reflecting 2010 economic conditions and 
allowing time for pricing adjustments and efficiencies of certain renewable industries such 
as solar PV to reach the marketplace. For budgeting and planning purposes, the assumed 
RPS implementation strategy is 1 percent annual RPS increases from 2013 thru 2015 and 2 
percent from 2016 thru 2020. Of course, all of this strategy is dependent on adequate 
funding. 

• Transmission limitations in several regions are constraining development activities. These 
constraints are being studied at regional, statewide, and Western Electricity Coordinating 
Council (WECC) levels and potential federal and state legislative actions will affect 
transmission availability. Further resource decisions are dependent on transmission 
availability and cost. 

• Greenhouse Gas (GHG) and other climate change regulatory and legislative issues are 
pending. The eventual cap and trade methodology and market mechanisms that are 
implemented will influence RPS strategic and tactical decisions. 

• Within the overall RPS plan, decisions as to specific projects, technologies, operational 
strategies, and proj ect financial structures, will be made as the marketplace and regulatory 
environment change. 

D.3.2 Principles 

Future renewable projects will be strategically obtained with the following principles. 

FINAL 

1. Geographic diversity is important to maintain and enhance power system 
reliability. 

2. The use of existing LADWP assets such as transmission lines, land, and existing 
generation resources should be maximized. 
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D.3.3 

3. Pursue multi-faceted development with adequate back-up strategies to handle 
project delays, project failures, reduced generation output, and operation or 
maintenance impacts. 

4. 

5. 

6. 

7. 

Projects shall be targeted to specifically meet the Power SystemlRenewables 
Poli cy obj ecti ves. 

Flexible RPS goals will be established to address the variable nature of renewable 
energy while conforming to applicable state and federal requirements 

Ownership, operation, and maintenance are core objectives to maintain power 
system reliability and cost stability. The Power System is interested in owning 
projects that are based on proven technology. 

Operation and maintenance (O&M) management is a key criterion in clustering 
renewable projects. Keeping projects in close proximity would reduce O&M costs 
due to economies of scale and personnel efficiencies. 

Balancing Renewable Resources 

Several of these principles may be overlapping or even conflicting. For example, clustering of 
renewable projects would decrease O&M expenditures, but too many projects in an area will not 
meet the needs for geographic diversity. Also, ownership goals may impact project costs and 
immediate availability. Obtaining tax credits and/or grants may necessitate the need for 
developers to own a project for a certain number of years (typically 7-10 years) to capture tax 
advantages; thereby lowering the ultimate cost to LADWP. 

Subject to further studies, given the wind and solar projects coming on-line, limitations on the 
percentage of intermittent resources may be required. There may be more stringent limitation in 
certain resource areas, or along certain transmission systems. It is possible that no more than 15-
20 percent intermittent energy can be ultimately integrated in the current electric grid. Of the 20 
percent renewable energy consumed in 2010, less than l/5th of that amount was of an intermittent 
type. Most renewable resources are either small hydro or biogas having a predictable energy 
pattern or wind projects that have their energy output firmed and shaped by outside balancing 
authorities before delivery to LADWP. The total amount of intermittent energy obtained will not 
be increased beyond current levels unless studies demonstrate that these resources can be reliably 
integrated. 

Wind, as shown elsewhere in this IRP, is a volatile renewable energy resource. It is 
recommended that LADWP's wind forecasting tools and meteorological analysis capabilities be 
enhanced to provide efficient integration of wind energy. 

Similar studies will be required for solar projects coming on line in the next few years, and 
limitations of the percentage of solar will be required. Photovoltaic solar systems can have 
dramatic voltage changes, resulting from passing cloud cover and/or storms. Large installations 
of solar PV will likely need to be limited in size within a geographical area, unless it is coupled 
with solar thermal systems or energy storage systems. 
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Small Hydro 
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Bio-mass 
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Solar 
1% 

Appendix D 
Renewable Portfolio Standard 

Wind 

52% 

Figure D-1: 2011 Renewable Energy Mix 

D.3.4 Impacts of CA Senate Bill SB 2 (IX) 

On April 12, 2011, Governor Edmund G. Brown Jr. signed into law the California Renewable 
Energy Resources Act (herein referred to as "Act" or "SB 2 (IX)"). This Act sets new 
Renewable Portfolio Standard (RPS) procurement targets, new renewable resource eligibility 
definitions, and new reporting requirements applicable to Publicly Owned Electric Utilities 
(POUs). SB 2 (IX) became effective December 10, 2011, 90 days after the end of the special 
session in which it was enacted. 

This bill expresses the intent that the amount of electricity generated from eligible renewable 
energy resources be increased to an amount that equals at least 20% of the total electricity sold to 
retail customers in California by December 31, 2013, 25% by December 31, 2016 and 33% by 
December 31, 2020. In addition, this bill requires POU governing boards to adopt a policy with 
similar goals imposed on IOUs to enforce the RPS Program on its respective utility. 

According to the legislation, POU governing boards were directed to adopt "a program for the 
enforcement of this article" by January 1,2012. As such, POU governing boards have discretion 
to interpret the following provisions: 

• Procurement Target Goals 
• Reasonable Progress to achieve such goals 
• Procurement Requirements 
• Rules to apply excess procurement for future compliance periods 
• Conditions that allow for delaying timely compliance 
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• Cost limitations for procurement expenditures. 

Resources obtained in compliance with SB 2 (IX) must meet the following criteria: 

Category (aka "Buckets") Percentage of RPS Target 

l. Either: Have a first point of interconnection Com~liance Period 1 (2011-2013): 
with a California balancing authority, have a 50% ofRPS minimum from this category. 
first point of interconnection with distribution 
facilities used to serve end users within a Com~liance Period 2 (2014-2016): 
California balancing authority area, or are 65% ofRPS minimum from this category. 
scheduled from the eligible renewable energy 
resource into a California balancing authority Com~liance Period 3 (2017 to 2020): 
without substituting electricity from another 75% ofRPS minimum from this category. 
source [PUC Section 399.l6(b)(1)(A)]. Or, 
have an agreement to dynamically transfer Post- 2020 
electricity to a California balancing authority. 75% ofRPS minimum from this 
[PUC Section 399.l6(b)(1)(B)] category. 

2. Firmed and shaped eligible renewable energy Shall be calculated as the remainder of 
resource electricity products providing resources which are not in either Category 1 
incremental electricity and scheduled into a or Category 3. 
California balancing authority. [PUC Section 
399.l6(b)(2)] 

3. Eligible renewable energy resource electricity Com~liance Period 1 (2011-2013): 
products or any fraction of the electricity 25% ofRPS maximum from this category. 
generated, including unbundled RECs that do 
not qualify under Bucket 1 or 2. [PUC Section Com~liance Period 2 (2014-2016): 
399.l6(b )(3)] 15% ofRPS maximum from this category. 

Com~liance Period 3 (2017 to 2020): 
10% ofRPS maximum from this category. 

Post- 2020 
10% of RPS minimum from this 
category. 

The regulations promulgating this legislation by the CEC over POUs were finalized. The Fourth 
Edition Renewable Energy Program Overall Program Guidebook and the Fifth Edition 
Renewable Portfolio Standard Eligibility Guidebook were adopted by the CEC on May 9, 2012. 

D.3.5 Renewable Energy Credits 

The Public Utilities Code Section 399.12 (h) defines a Renewable Energy Credit (REC) as "a 
certificate of proof, issued through the accounting system established by the California Energy 
Commission ... that one unit of electricity was generated and delivered by an eligible renewable 
energy resource." RECs include all renewable and environmental attributes, including avoided 
greenhouse-gas (GHG) attributes, associated with the production of electricity from the eligible 
renewable energy resource. 

The primary method of renewable energy resource procurement will be through the development 
and acquisition of physical generation assets and energy purchase contracts, in which LADWP 
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will acquire the "renewable energy credit" (REC) from the renewable resource "bundled" with 
the associated energy. 

In order for RPS compliance targets to be managed effectively, LADWP may buy, sell, or trade 
RECs without the associated energy (unbundled). This procurement approach will be limited by 
the percentage requirements established by PUC Section 399.I6(b)(3), and as described in the 
City of Los Angeles Department of Water and Power Renewable Portfolio Standard Policy and 
Enforcement Program, as amended on December 2011. 
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California and many of the western states contain a variety of resources (wind, solar, 
geothermal, and other "eligible" resources previously defined in the RPS Policy) that can be 
developed to ultimately generate electricity. However, the current transmission system was not 
primarily designed with these natural resources in mind. 

Even with the substantial existing transmission system owned by LADWP, and the other 
transmissions systems in California, there is only a limited amount of transmission lines to many 
of the potential renewable resource locations. In order to gain access to these sources of renewable 
energy, LADWP is planning on building additional transmission lines and expanding the 
capabilities of several existing lines, and utilizing transmission lines as part of renewable 
purchase power agreements. These projects include: 

1. Barren Ridge Renewable Transmission Project (BRRTP) - Transmission access and 
transmission line upgrades are needed to accommodate proposed wind projects in the 
Tehachapi area and solar thermal projects in the Mojave Desert, which total nearly 1,000 
MW. The initial project was the construction of the Barren Ridge substation which 
supports the 135 MW Pine Tree Wind project. This substation interconnects with 
LADWP's existing 230 kV Inyo-Rinaldi transmission line (which was built to gain 
access to the renewable hydro-generated energy from LADWP's aqueduct system in 
the Owens Valley). The Inyo-Rinaldi transmission capacity needs to be increased in 
order to accommodate additional renewable energy proj ects. A full Environmental 
Impact Report (EIR) process is currently underway on this project. 

2. Related to the BRRTP project, the potential Owens Valley Solar projects may require 
further upgrades to the Inyo-Barren Ridge segment of this transmission line and a 
generation tie-line into the project area. Depending on ultimate solar build-out in the 
Owens Valley, additional new transmission may be required. 

3. The joint Southern California Edison/Imperial Irrigation District upgrade of Path 42 is 
critical for delivery of renewable generation from the lID area into the California ISO. 
Upgrading Path 42 requires improvements to facilities under the control of SCE and the 
California ISO as well as facilities under lID control. The lID upgrades consist of 
replacing the 220 kV circuits between the Coachella Valley Substation and the Mirage 
Substation with bundled circuits, two conductors per circuit. The lID portion of the 
upgrades would increase the capacity of lID's portion of the path by around 800 MW. 
The total renewable potential for the California ISO/lID Path 42 upgrades is 
approximately 1,400 MW. 
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Inyo/Mono/Kern Counties 
Geothermal: 15 MW 
Wind: 120 MW 
Solar-SOVSR: 200 MW 
Solar: 200 MW 
Geo: 50 MW (by 2030) 

Biogas: 60 MW (2012) 
Solar: 337 MW (by 2020) 
Solar: 496 MW (by 2030) 
Generic: 40-115 (by 2030) 
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1,239 MW of New Renewables by 2020 
Geothermal: 168 MW 
Biogas: 60 MW 
Wind: 120 MW 
Solar (HV Trans) 777 MW 
Solar (Local): 337 MW 

o Total by 2020: 1462 MW 
, Additional Geothermal: 100 MW 

Additional Solar: 159 MW In-basin 
New Generic: 115 MW 
Total by 2030: 1836 MW 

Nevada / Utah deserts 
Geothermal: 53 MW 
Solar: 350 MW 

"~~I Geo: 50 MW (by 2030) 

lID / WAPA Transmission 

Imperial County 
Geothermal: 100 MW 

Figure D-2: Renewable Transmission Paths and Potential Resources, 2010 - 2030 

FINAL D - 10 December 3,2012 

AR0070171 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

D.S Funding the RPS 

Appendix D 
Renewable Portfolio Standard 

For LADWP to develop a responsible and prudent renewable energy policy, it must balance 
environmental objectives such as fuel diversity, energy efficiency and clean air against its core 
responsibility to provide and distribute safe, reliable, and low-cost energy to its customers. 
That means developing a RPS that ensures LADWP's continued financial integrity and striving to 
mitigate the financial impact on retail customers. 

The financial impact of meeting a 33 percent RPS goal will vary depending on the mix of 
resource types and associated costs. Generally, renewable energy costs more than traditional 
energy sources such as natural gas and coa1. However, a diversified energy portfolio, including a 
larger mix of renewables, may also reduce the risk of price spikes due to fuel supply shortages. 

Estimated RPS revenue requirements to comply with SB 2 (IX) compliance targets of 25 
percent renewable in 2016 and 33 percent in 2020 are shown in Figure D-3. Revenues required 
for an additional 4000 GWh annually for 2020 and beyond will require increasing annual 
renewable portfolio costs from 387 million to 848 million over the next 9 years. 

During the early years of the RPS program, low cost, small hydro resources and biogas 
comprised the bulk of the portfolio with relatively higher cost wind energy being recently 
introduced over the last several years. Going forward, higher cost resources such as solar, 
geothermal, and wind must be used to comply with RPS standards as other lower cost 
alternatives have been largely exhausted. As can be seen in Figure D-4, contracts for renewable 
projects totaling 548 GWh or 12 percent of the renewable energy supply will expire over the 
next 4 years and will need to be replaced with higher cost renewable resources. Maintaining the 
current 20 percent RPS will require additional revenue to compensate for these higher cost 
replacement resources. 
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LADWP RPS REVENUE REQUIREMENT 
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Figure D-3 - LADWP RPS Revenue Requirement 2012-2030. 
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Figure D-4. LADWP RPS supply and goals for 2011-2020. 

D.6 Other LADWP Renewable Projects 

LADWP has several additional projects that are in various stages of development LADWP also has 
short-listed additional renewable energy projects that have been offered in response to past 
LADWP's Request for Proposal (RFPs) or SCPPA RFPs_ These short-listed projects and other 
proposals from upcoming RFP's will be used to select future proj ects, subj ect to the criteria 
enumerated within this section_ 

The eligibility of wind, solar, and geothermal projects to count toward renewable energy targets 
is well understood_ LADWP has also procured biogas and is considering the use of certain types 
of biomass_ Energy generated from this category is RPS-e1igible_ 
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Biogas continues to be one of the few renewable energy resources available that provides 
dispatch and base load characteristics, which effectively makes it a reliable and predictable 
renewable energy resource. Biogas is also needed to support other renewable resources that have 
low capacity factor characteristics, such as wind and solar. By capturing biogas for the use of 
electricity generation rather than flaring it and creating a secondary source of greenhouse gas 
emissions, utilities are clearly reducing the total amount of greenhouse gases emitted. 
Furthermore, by injecting biogas into the existing natural gas pipeline system, utilities are 
effectively offsetting the cost of building additional unnecessary infrastructure to supply 
biomethane to California. 

The current California Energy Commission (CEC) Overall Program Guidebook of May, 2012 
defines biogas as "includes digester gas, landfill gas, and any gas derived from an eligible 
biomass feedstock", and biomethane or pipeline biomethane as "biogas that has been upgraded 
or otherwise conditioned such that it meets the gas quality standards applicable to the natural gas 
transportation pipeline system into which the biogas is first accepted for transportation." 

Digester gas is typically derived from the anaerobic digestion of agricultural or human or animal 
waste and biomass is typically defined as any organic material not derived from fossil fuels, 
including agricultural crops, agricultural wastes and residues, waste pallets, crates, dunnage, 
manufacturing, construction wood wastes, landscape and right-of-way tree trimmings, mill 
residues that result from milling lumber, rangeland maintenance residues, biosolids, sludge 
derived from organic matter, and wood and wood waste from timbering operations. The CEC 
also considers landfill gas (LFG) - gas produced by the breakdown of organic matter in a landfill 
- a renewable fuel. 

In keeping with capturing the intent of the California legislature to increase use of renewable 
fuels, the LADWP amended its RPS policy when the CEC issued its third edition of the 
Guidebook in January 2008. Language from the then CEC Guidebook stated, "RPS-eligible 
biogas (gas derived from RPS-eligible fuel such as biomass or digester gas) injected into a 
natural gas transportation pipeline system and delivered into California for use in an RPS
certified multi-fuel facility may result in the generation ofRPS-e1igible electricity." 

The LADWP's gas-fired generating units capable of burning a mixture ofbiogaslbiomethane and 
conventional natural gas fall under the CEC multi-fuel designation. The CEC Guidebook stated, 
" ... only the renewable portion of generation will count as RPS eligible, and only when the 
Energy Commission approves a method to measure the renewable portion." 

Pursuant to the CEC Guidebook, the LADWP calculates the amount of RPS-eligible electricity 
produced at its gas-fired generating units by multiplying the total generation of the facility by the 
ratio of the quantity of biogas used to the quantity of total gas used by the facility. Both the 
energy generated and the quantity of gas used must be measured on a monthly basis. 

The LADWP currently produces RPS-eligible energy derived from biogaslbiomass. Digester gas 
produced at the Hyperion Wastewater Treatment facility is piped to the adjacent Scattergood 
Generating Station, where it is used to produce RPS-eligible energy. Additionally, the LADWP 
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procures biogaslbiomass-derived renewable energy via gas-fired microturbines located at several 
landfills throughout Los Angeles. 

The LADWP currently holds contracts with developers to purchase pipeline biomethane. Under 
these contracts, the LADWP obtains LFG from several landfill sites located outside California. 
LFG produced by the landfills is scrubbed and filtered to pipeline grade and injected into the 
interstate natural gas pipeline system for delivery to the LADWP's most efficient gas-fired 
generating units. 

In its latest edition of the RPS Eligibility Guidebook (5th Edition)\ the CEC has noted that it has 
suspended the RPS eligibility related to biogas and put certain conditions of suspension and 
eligibility limitations in place, as described in Resolution No. 12-0328-32

. The suspension, which 
took effect on March 28, 2012, was adopted by the CEC Commissioners to provide the CEC 
staff with additional time to evaluate issues surrounding the continued eligibility of biomethane 
as a result of changes in law under SB 2 (IX). The suspension will remain in effect until the 
Energy Commission takes subsequent action to lift the suspension. 

The California Legislature is currently proposing legislation that will revise the current eligibility 
requirements of biogas for entities who procured this resource prior to the effective date of the 
suspension. If legislation is executed, the CEC will subsequently modify its RPS Eligibility 
Guidebook to comply with such new requirements pertaining to the eligibility ofBiogas. 

D.6.2 Municipal Solid Waste 

• The current CEC criteria sets forth several conditions for RPS-eligibility of municipal 
solid waste (MSW) conversion facilities: The facility uses a two-step process to create 
energy whereby in the first step (gasification conversion) a non-combustion thermal 
process that consumes no excess oxygen is used to convert MSW into a clean burning 
fuel, and then in the second step this clean-burning fuel is used to generate electricity. The 
facility and conversion technology must meet certain criteria which include the following: 

• The technology does not use air or oxygen in the conversion process, except ambient air 
to maintain temperature control. 

• The technology produces no discharges of air contaminants or emlSSlOns, including 
greenhouse gases as defined in Section 42801.1 of the Health and Safety Code. 

• The technology produces no discharges to surface or groundwaters of the state. 

• The technology produces no hazardous wastes. 

• To the maximum extent feasible, the technology removes all recyclable materials and 
marketable green waste compostable materials from the solid waste stream before the 
conversion process, and the owner of operator of the facility certifies that those materials 

1 Renewables Portfolio Standard Eligibility, Fifth Edition, California Energy Commission, Efficiency and 
Renewable Energy Division. Publication Number: CEC-300-20l2-002-CMF. 
2 Notice of Correction to Resolution on Suspension of the RPS Eligibility Guideline related to Biomethane, issued 
AprilS, 2012. Available at: http://www.energy.ca. gov/portfolio/notices/20l2-04-
05 Notice of Correction to Resolution on Suspension Biomethane TN-64618.pdf 
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The facility certifies that any local agency sending solid waste to the facility diverted at least 30 
percent of all solid waste it collects through solid waste reduction, recycling, and composting. 

The LADWP currently does not procure energy from any MSW combustion or conversion 
facilities, but may consider projects that meet all CEC criteria. 
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D.7 Power Content Label 

In 1997, Senate Bill 1305 was approved, which required Energy Service Providers (ESP) to 
report to their customers information about the resources that are used to generate the energy that 
they sell. A form, called the Power Content Label, would be used for this purpose, which would 
also provide a common reporting method to be used by all ESPs. 

In addition, the 2002 Senate Bill 1078 established California's Renewable Portfolio Standard 
(RPS) which included both a requirement for electric utilities to report annually to their 
customers the resource mix used to serve its customers by fuel type, and to report annually to its 
customers the expenditures of public goods funds used for public purpose programs. The report 
should contain the contribution of each type of renewable energy resource with separate 
categories for those fuels considered eligible renewable energy resources, and the total 
percentage of eligible renewable resources that are used to serve the customers' energy needs. 

LADWP's 2011 Power Content Label is shown in Table D-l. As LADWP has two separate 
renewable programs, the RPS policy and GREEN, both of these programs are reported on the 
Power Content Label. 

FINAL 

Table D-l: LADWP's 2011 Power Content Label 

POWER CONTENT LABEL 
Annual Report of Actual Electricity Purchases for LADWP 

Calendar Year 2011 
.' LADWP LADWP 2.011 CA 

. Power Green Power 
.. 

POWER MIX" 
ENERGY RESOURCES .0 ACT LJAl l,q'X ACTUAL f, dX : . (fbf co'mpa,I,,") 

Eligible Renewable ... 19% 100% 14% 
-- Biomass & waste 3% 0% 
-- Geothermal 0% 0% 
- Small hydroelectric 6% 0% 
- Solar 0% 0% 
-Wind 10% 100% 
Coal 41% 0% 8% 
Large Hydroelectric 3% 0% 13% 
Natural Gas 17% 0% 37% 
Nuclear 11% 0% 16% 
Other 0% 0% 0% 

Unspecified sources of power" 9% 0% 12% 
TOTAL 100% 100% 100% 

• ·Unspecified sources of power" means electricity from transactions that are not traceable to specific 
generation sources . 

: 

2% 
5% 
2% 

0% 

5% 

•• Percentages are estimated annually by the Califomia Energy Commission based on the electricity sold to 
California cOnsumers during the previous year . 

... This is in accordance with Los Angeles City Council's action on 10-5-04 for File No. 03-2688 (RPS) 

For specific information about this electricity procluc'4 contact LADW? at 1-BOO-DIAL-DWP. For general information 
about the Power Content label, contact the Califomia Energy Commission at 1-800-555-7794 or 

www.energy.ca.govlconsumer. 
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Reference D-l - LADWP Renewables Portfolio Standard Policy and 
Enforcement Program Amended December 2011- Board Resolution: 

WHEREAS in August 2000, the Board of Water and Power Commissioners (Board) 
approved a resolution that authorized the Los Angeles Department of Water and Power 
(LADWP) to adopt an Integrated Resource Plan that established a goal of meeting 50 
percent of projected load growth through a combination of Demand-Side-Management, 
Distributed Generation, and Renewable Resources; and 

WHEREAS in 2002, the California Legislature passed Senate Bill 1078 that established 
the California Renewables Portfolio Standard (RPS), and a goal for all investor-owned 
utilities to increase their use of renewable resources by at least 1 percent per year, until 
20 percent of their retail sales were procured from renewables by 2017; and 

WHEREAS publicly-owned utilities like LADWP were exempt from California Senate Bill 
1078, however they were encouraged to establish renewable resource goals consistent 
with the intent of the California Legislature; and 

WHEREAS on June 29, 2004, the Los Angeles City Council adopted a LADWP RPS 
Framework and requested that the Board establish a RPS Policy, including achieving 
"20 percent renewable energy by 2017" and "incorporating this RPS into all future 
energy system planning"; and 

WHEREAS on October 15, 2004, the Los Angeles City Council adopted a resolution 
approving the inclusion of existing LADWP hydroelectric generation units greater than 
30 megawatts in size, excluding the Hoover hydroelectric plant, as part of the City's 
RPS list of eligible resources; and 

WHEREAS on June 29, 2005, the Los Angeles City Council approved LADWP's 
Renewables Portfolio Standard Policy, which was designed to increase the amount of 
energy LADWP generated from renewable power sources to 20 percent of its energy 
sales to retail customers by 2017, with an interim goal of 13 percent by 2010; and 

WHEREAS in December of 2005, the Board recommended that LADWP accelerate the 
RPS goal to obtain 20 percent renewables by 2010, which recommendation included 
updating LADWP's Integrated Resource Plan to include this goal, proceeding with the 
negotiation and contract development for renewable resources proposed and selected 
in LADWP's 2004 RPS and Southern California Public Power Authority 2005 RPS, 
supporting the cost of accelerating the RPS, and maintaining the financial integrity of 
LADWP's Power System during times of natural gas price volatility; and 

WHEREAS on April 11,2007, the Board amended LADWP's RPS Policy by advancing 
the date of the goal that required 20 percent of energy sales to retail customers be 
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generated from renewable resources to December 31, 2010, and by establishing 
renewable energy procurement ownership targets; and 

WHEREAS, on May 20, 2008, the Board approved an amended RPS Policy, which 
included an additional RPS goal that required 35 percent of energy sales to retail 
customers be generated from renewable resources by December 31, 2020, expanded 
the list of eligible renewable resources, and provided new energy delivery criteria; and 

WHEREAS, the California Renewable Energy Resources Act will become effective on 
December 10, 2011, and requires the governing board of a local publicly owned electric 
utility, such as LADWP, to adopt a program for enforcement, in accordance with 
Public Utilities Code Section 399.30(e), by January 1, 2012. 

NOW, THEREFORE BE IT RESOLVED that the Board of Water and Power 
Commissioners of the City of Los Angeles hereby adopts the Renewables Portfolio 
Standard Policy and Enforcement Program, Amended December 2011, approved as to 
form and legality by the City Attorney, and on file with the Secretary of the Board. 

I HEREBY CERTIFY that the foregoing is a full, true, and correct copy of a resolution 
adopted by the Board of Water and Power Commissioners of the City of Los Angeles at 
its meeting held 

Secretary 
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Reference D-2 - LADWP Renewables Portfolio Standard Policy and 
Enforcement Program Amended December 2011: 

1. Purpose: 

City of Los Angeles Department of Water and Power 
Renewables Portfolio Standard Policy 

and 
Enforcement Program 

Amended December 2011 

On April 12, 2011, Governor Jerry Brown signed into law the California Renewable 
Energy Resources Act (herein referred to as "Act" or "SB 2 (1 X)"). This Act sets new 
Renewable Portfolio Standard (RPS) procurement targets, new renewable resource 
eligibility definitions, and new reporting requirements applicable to local Publicly Owned 
Electric Utilities (POUs). It is anticipated that SB 2 (1X) becomes effective on December 
10, 2011, ninety days after the end of the special legislative session (1 X) in which it was 
enacted. 

This RPS Renewables Portfolio Standard Policy and Enforcement Program (RPS 
Policy) as amended, represents the continued commitment by the 
Los Angeles Department of Water and Power (LADWP) to renewable energy resources. 
It is being adopted in accordance with the newly added Section 399.30 (e) of the Public 
Utilities Code (PUC), requiring the governing boards of PO Us to adopt "a program for 
enforcement of this article" on or before January 1, 2012. 

The SB 2 (1X) also requires the California Energy Commission (CEC) to "adopt 
regulations specifying procedures for enforcement of this article", which include a public 
process under which the CEC may issue a notice of violation and correction against a 
POU for failure to comply. The CEC is further required to refer violations of its 
regulations to the California Air Resources Board which may impose penalties to 
enforce the Act consistent with California Assembly Bill 32, (AB32 - California Global 
Warming Solutions Act of 2006). 

It is the intent of LADWP to comply with the provisions of the Act, and with applicable 
enforcement regulations adopted by the CEC pursuant to the Act. It is also the intent of 
LADWP to update this RPS Policy, as necessary, after the CEC adopts regulations 
specifying procedures for enforcement. 

The Board of Water and Power Commissioners of the City of Los Angeles (Board) retains 
its jurisdiction to enforce the RPS Policy in accordance with PUC Section 399.30 (e). 

2. Background: 

In 2002, California Senate Bill 1078 (SB 1078) added Sections 387, 390.1 and 399.25, 
and Article 16 (commencing with Section 399.11) to Chapter 2.3 of Part I of Division 1 of 
the PUC, establishing a 20 percent RPS for California investor-owned electric utilities. 
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SB 1078 provided that each governing board of a local POU be responsible for 
implementing and enforcing a RPS that recognizes the intent of the Legislature to 
encourage renewable resources and the goal of environmental improvement, while 
taking into consideration the effect of the standard on rates, reliability, and financial 
resources. 

On June 29, 2004, the Los Angeles City Council passed Resolution 03-2064-S 1 
requesting that the Board adopt an RPS Policy of 20 percent renewable energy by 2017 
setting applicable milestones to achieve this goal, and incorporate this RPS into a future 
Integrated Resource Plan (lRP). 

On May 23, 2005, the Board adopted a LADWP RPS Policy that established the goal of 
increasing the amount of energy LADWP generates from renewable power sources to 
20 percent of its energy sales to retail customers by 2017, with an interim goal of 13 
percent by 2010. On June 29, 2005, the Los Angeles City Council approved the LADWP 
RPS Policy. 

On April 11, 2007, the Board amended the LADWP RPS Policy by accelerating the goal 
of requiring that 20 percent of energy sales to retail customers be generated from 
renewable resources by December 31, 2010. In addition, the amended policy 
established a "Renewable Resource Surcharge" and also established renewable energy 
procurement ownership targets. 

The Board subsequently approved a RPS Policy, as amended April 2008, which 
included an additional RPS goal of requiring that 35 percent of energy sales to retail 
customers be generated from renewable resources by December 31, 2020, expanded 
the list of eligible renewable resources, and provided new energy delivery criteria. 

In 2010, LADWP achieved its RPS goal of 20 percent. 

3. RPS Compliance Targets: 

To promote stable electricity prices, protect public health, improve environmental 
quality, provide sustainable economic development, create new employment 
opportunities, reduce reliance on imported fuels, and ensure compliance with applicable 
state law, the following RPS compliance targets are hereby adopted: 

1. For the period of January 1, 2011 to December 31, 2013, LADWP will procure 
sufficient electricity products from eligible renewable energy resources to achieve 
an average of 20 percent of retail sales during such period. 

2. LADWP will increase its procurement of electricity products from eligible 
renewable energy resources to achieve 25 percent of retail sales by 
December 31, 2016, based on an average percentage of retail sales calculations 
for the period of January 1, 2016 to December 31, 2016. 

3. LADWP will increase its procurement of electricity products from eligible 
renewable energy resources to achieve 33 percent of retail sales by 

FINAL D - 2] December 3,20]2 

AR0070182 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Appendix D 
Renewable Portfolio Standard 

December 31, 2020, based on an average percentage of retail sales calculations 
for the period of January 1, 2020 to December 31, 2020. 

4. For each calendar year after 2020, LADWP will procure sufficient electricity 
products from eligible renewable energy resources to achieve a minimum 33 
percent of retail sales based on an average percentage of retail sales 
calculations for the period of January 1 to December 31 in each such calendar 
year. 

The LADWP will continue to encourage voluntary contributions from customers to fund 
renewable energy resources in addition to the stated RPS compliance targets, in 
accordance with its Green Power for a Green L.A. Program or any successor program. 

4. Eligible Renewable Energy Resources: 

Prior to the enactment of SB 2 (1 X), the LADWP RPS Policy defined the following 
technologies as "eligible renewable resources": "biodiesel; biomass; conduit 
hydroelectric (hydroelectric facilities such as an existing pipe, ditch, flume, siphon, 
tunnel, canal, or other manmade conduit that is operated to distribute water for a 
beneficial use); digester gas; fuel cells using renewable fuels; geothermal; hydroelectric 
incremental generation from efficiency improvements; landfill gas; municipal solid 
waste; ocean thermal, ocean wave, and tidal current technologies; renewable derived 
biogas (meeting the heat content and quality requirements to qualify as pipeline-grade 
gas) injected into a natural gas pipeline for use in renewable facility; multi-fuel facilities 
using renewable fuels (only the generation resulting from renewable fuels will be 
eligible); small hydro 30 Mega Watts (MW) or less, and the Los Angeles Aqueduct 
hydro power plants; solar photovoltaic; solar thermal electric; wind; and other 
renewables that may be defined later." 

All renewable energy resources approved by the Board as part of its renewables 
portfolio in accordance with applicable law and previous versions of this RPS Policy, 
including without limitation those on Appendix A, will continue to be eligible renewable 
energy resources. These renewable energy resources will count in full towards 
LADWP's RPS targets adopted in section 3 under this updated RPS Policy. 

For RPS resources procured after the effective date of SB 2 (1X), "eligible renewable 
energy resource" means a generation facility that meets eligibility criteria under 
applicable law, including a "Renewable Electrical Generation Facility" as defined in 
Section 25741 (a) of the Public Resources Code and "Eligible Renewable Energy 
Resource" as defined in PUC Sections 399.12 (e) and 399.12.5. 

5. Long-Term Resource and Procurement Plan: 

The LADWP will integrate the RPS Policy into its long-term resource planning process, 
and the RPS Policy will not compromise LADWP's IRP objectives of service reliability, 
competitive electric rates, and environmental leadership. Future IRPs will incorporate 
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and expand upon RPS compliance targets, and further define plans for procuring 
eligible renewable energy resources by technology type and geographic diversity. 

Each year, the Board adopts an annual fiscal year budget, including a Fuel and 
Purchased Power Budget (FPP), which defines the specific expenditures for renewable 
energy resources. The annual fiscal year budget, including the FPP, will comprise the 
LADWP Renewable Energy Resources Procurement Plan, as required under SB 2 (1X). 

6. Procurement of Eligible Renewable Energy Resources: 

The LADWP will procure eligible renewable energy resources based on a competitive 
method and least-cost, best-fit evaluations. Furthermore, preference will be given to 
projects that are located within the City of Los Angeles or on City-owned property and 
are to be owned and operated by LADWP to further support LADWP's economic 
development and system reliability objectives. 

Notwithstanding the foregoing, LADWP will also procure eligible renewable energy 
resources through programs such as a Distributed Generation Feed-In-Tariff, Senate 
Bill 1 (SB1) Customer Net Metered Solar PV, other local renewable energy programs, or 
similar procurement processes. These transactions will be made in as cost-effective a 
manner as is feasible in each respective instance, with pricing that reflects applicable 
legal requirements and market conditions, prevailing policy, and competitive methods. 
Short-term renewable energy transactions will be needed as well, on a limited basis, to 
manage LADWP's RPS eligible renewable energy resources portfolio effectively based 
on prevailing wholesale practices. 

Before December 31, 2010, LADWP pursued its 20 percent RPS goal in a manner 
which resulted in a minimum of 40 percent renewable energy generation ownership that 
LADWP developed or that LADWP procured through contracts with providers of 
renewable energy. Further, with respect to the foregoing contracts with providers, such 
contracts provided for LADWP ownership or an option to own, either directly or indirectly 
(including through joint powers authorities). 

On or after January 1, 2011, a minimum of 75 percent of all new eligible renewable 
energy resources procured by LADWP will either be owned or procured by the LADWP 
through an option-to-own, either directly or indirectly (including through joint powers 
authorities) until at least half of the total amount of eligible renewable energy resources, 
by Megawatt-hour (MWh), is supplied by eligible renewable energy resources owned or 
optioned either directly or indirectly (including through joint powers authorities) by 
LADWP. 

The first priority for LADWP will be to pursue outright ownership opportunities, and the 
second priority will be consideration of procuring option-to-own, cost-based renewable 
energy resources. In comparing outright ownership to "option-to-own," option-to-own 
projects must show clear economic benefits, such as pass-through of Federal or State 
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tax credits or incentives, which could not otherwise be obtained, or the need to evaluate 
new technology. The option-to-own will be exercisable with the minimum terms 
necessary to obtain and pass those tax credits and/or incentives to LADWP and/or upon 
a reasonable amount of time to evaluate the operation of the new technology. 

7. Portfolio Content Categories 

As required by SB 2 (1X), eligible renewable energy resources, procured on or after 
June 1, 2010, will be in accordance with PUC Sections 399.16 (b) and (c). Section 
399.16 (b) defines eligible renewable energy resources in three distinct portfolio content 
categories, commonly known as "buckets". LADWP will ensure that the procurement of 
its eligible renewable energy resources on or after June 1, 2010, will meet the specific 
percentage requirements set out in Section 399.16 (c) for each bucket in each 
compliance period. 

These buckets and percentage requirements are summarized in Table 1 below: 
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Table 1: Procurement Content Categories and Percentage Requirements 

Category (aka "Buckets") Percentage of RPS Target 

4. Either: Have a first point of interconnection 
with a California balancing authority, have Com~liance Period 1 {2011-2013}: 
a first point of interconnection with 50% of RPS minimum from this 
distribution facilities used to serve end category. 
users within a California balancing 
authority area, or are scheduled from the Com~liance Period 2 {2014-2016}: 
eligible renewable energy resource into a 65% of RPS minimum from this 
California balancing authority without category. 
substituting electricity from another source 
[PUC Section 399.16(b)(1)(A)]. Or, have an Com~liance Period 3 {2017 to 2020}: 
agreement to dynamically transfer 75% of RPS minimum from this 
electricity to a California balancing category. 
authority. [PUC Section 399.16(b)(1)(B)] 

Post 2020: 
75% of RPS minimum from this 
category. 

5. Firmed and shaped eligible renewable Shall be calculated as the remainder of 
energy resource electricity products resources which are not in either 
providing incremental electricity and Category 1 or Category 3. 
scheduled into a California balancing 
authority. [PUC Section 399.16(b)(2)] 

6. Eligible renewable energy resource Com~liance Period 1 {2011-2013}: 
electricity products, or any fraction of the 25% of RPS maximum from this 
electricity generated, including unbundled category. 
RECs, that do not qualify under Bucket 1 or 
2. [PUC Section 399.16(b)(3)] Com~liance Period 2 {2014-2016}: 

15% of RPS maximum from this 
category. 

ComQliance Period 3 (2017 to 2020}: 
10% of RPS maximum from this 
category. 

Post 2020: 
10% of RPS maximum from this 
category. 

The LADWP will define the specific scheduling methods, including firming services, as 
needed, to maintain transmission system reliability and compliance with these 
procurement content categories and specified percentage requirements. 

Subject to the provisions of PUC Section 399.16 (d), renewable electricity products 
procured prior to June 1, 2010, are exempt from these portfolio content categories and 
will continue to count in full toward LADWP's RPS compliance targets. 
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The LADWP may not make any major financial commitment to procure renewable 
resources prior to evaluating the rate impact and any potential adverse financial impact 
on the City transfer. 

9. Compliance Considerations: 

In accordance with this RPS Policy, the Board will review the annual fiscal year budget 
and Renewable Energy Resources Procurement Plan, and will ensure that reasonable 
progress is being made towards compliance with the RPS compliance targets. 

Reasonable progress may include activities that further the development and 
procurement of eligible renewable energy resources. Such activities may include, but 
are not limited to: real estate purchases for future project development, project planning 
and environmental perm itting for either renewable energy projects or transm iss ion in 
support of renewable energy projects, and other engineering, planning, budgeting, 
contracting and regulatory compliance activities. 

In accordance with PUC Section 399.30 (d) (2), under exceptional circumstances the 
Board may adopt conditions that allow for delaying timely compliance with the RPS 
compliance targets, consistent with PUC Section 399.15 (b). Such conditions may 
include permitting, interconnection or environmental delays; transmission constraints; 
resource availability; or operational limitations. 

In accordance with PUC Section 399.30 (d) (3), under exceptional circumstances the 
Board may adopt cost limitations for procurement expenditures consistent with PUC 
Sections 399.15 (c) and 399.15 (d). 

In accordance with PUC Section 399.30 (d) (1), under exceptional circumstances the 
Board may adopt rules permitting LADWP to apply excess procurement in one 
compliance period to subsequent compliance periods in the same manner as allowed 
for retail sellers pursuant to PUC Section 399.13. 

10. Reporting and Notice Requirements: 

The LADWP will provide a monthly RPS Progress Report to the Board of 
Commissioners. Additionally an annual report will be provided to its customers and the 
CEC, containing all information required to be reported pursuant to SB 2 (1X), SB 1078, 
SB 107, and related regulations. 

Per PUC Section 399.30 (e), the Board will adopt the program for enforcement at a 
publicly noticed Board meeting offering all interested parties an opportunity to comment. 
No less than 30 days' notice shall be given to the public of any meeting held for 
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purposes of adopting the program. No less than 10 days' notice shall be given to the 
public before any meeting is held to make a substantive change to the program. 

Per PUC Section 399.30 (f), LADWP will post notice whenever the Board will deliberate 
in public on its Renewable Energy Resources Procurement Plan. LADWP will either 
notify the CEC of the date, time, and location of the meeting in order to enable the CEC 
to post the information on its Internet Web site, or provide the CEC with the uniform 
resource locator (URL) that links to this information. In addition, upon distribution to the 
Board of information related to LADWP's renewable energy resources procurement 
status and future plans, for the Board's consideration at a noticed public meeting, 
LADWP shall make that information available to the public and shall provide the CEC 
with an electronic copy of the documents for posting on the CEC's Internet Web site, or 
provide the Uniform Resource Locator (URL) that links to the documents or information 
regarding other manners of access to the documents. 

Per PUC Section 399.30 (g), LADWP shall annually submit to the CEC documentation 
regarding eligible renewable energy resources procurement contracts that it executed 
during the prior year. 

Per PUC Section 399.30 (I), LADWP shall report, on an annual basis, information on: 
(1) expenditure of public goods funds for eligible renewable energy resources 
development, (2) the resource mix used to serve its retail customers by energy source, 
and (3) status in implementing the RPS and progress toward attaining the RPS. 

LADWP will continue to provide a Power Content Label Report to its customers as 
required by SB 1305 (1997) and AB 162 (2009), and an annual report of the total 
expenditure for eligible renewable energy resources funded by voluntary customer 
contributions. 
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The primary method of renewable energy resource procurement will be through the 
development and acquisition of physical generation assets and energy purchase 
contracts where the "Renewable Energy Credit" (REC) is "bundled" with the associated 
energy. PUC Section 399.12 (h) provides the REC definition. 

In order for RPS compliance targets to be managed effectively, LADWP may buy, sell, 
or trade RECs without the associated energy (unbundled). This procurement approach 
will be limited by the percentage requirements established by PUC Section 399.16 (b) 
(3), and as described in section 7 above. 

RPS Policy & Enforcement Program 
Appendix A - List ofLADWP RPS Resources prior to SB 2 (IX) 

PPM SW Wyoming - Pleasant Valley Wind Cottonwood Power Plant 

Linden Wind Division Creek P. P. 

PPM Pebble Springs Wind Big Pine Power Plant 

Willow Creek Wind Pleasant Valley P. P. 

Pine Tree Wind Power Project Upper Gorge P. P. 

Milford Wind Phase I Middle Gorge P. P. 

Milford Wind Phase II Control Gorge P. P. 

Windy Point Phase II North Hollywood Pump Station PP 

Powerex - BC Hydro Castaic Hydro Plant - Efficiency Upgrades 

MWD Sepulveda SB-1 Customer Net Metered Solar PV 

Lopez Canyon Landfill DWP Built Solar: 

WM Bradley Landfill Silverlake Library 

Penrose Landfill LA Convention Center Canopy 

Toyon Landfill Sun Valley Library 

Valley Generating Station (GS) - Multi-fuel Lake View Terrace Library 

Scattergood GS - Multi-fuel Canoga Park Library 

Haynes GS - Multi-fuel North Central Animal Shelter 

Harbor GS - Multi-fuel Ascot Library 

Shell Energy Landfill Gas Hyde Park Library 

Atmos Energy Landfill Gas Ducommon Fitness Center 

Hyperion Digester Gas - Scattergood GS Truesdale Warehouse 

LADWP Small Hydro Power Plants (PP): Van Nuys Truck Shed 

San Francisquito Power Plant 1 Distribution Station 3 (Vincent Thomas Bridge) 

San Francisquito Power Plant 2 Main Street Yard 

San Fernando Power Plant 2 Exposition Park Library 

Foothill Power Plant Granada Hills Yard 

Franklin Power Plant LADWP JFB Parking Lot 

Sawtelle Power Plant LA Convention Center Cherry St Parking Lot 

Haiwee Power Plant Council District 6 Field Office 
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Reliability represents one of the three main objectives of LADWP (see Figure 1-1). However, 
many people have trouble understanding what reliability is and why it so important. 

The reliability discussed in this section refers to the electricity delivery infrastructure, and its job 
of delivering electricity to its customers in a safe and effective manner. 

A good analogy would be one's car - how reliable it is at performing its job depends on how 
well it is maintained. As the years go by, certain components of a car began to fail (e.g., brakes, 
battery, water pump, etc.) and need to be replaced. Likewise, certain components of the electrical 
distribution infrastructure (e.g., poles, cables, transformers, etc.) eventually reach the end of their 
service lives. Unless they are replaced, they will begin to fail, causing various problems 
including power outages. As discussed later in this section, the level of outages caused by aging 
system components has reached an unacceptable level. 

Ironically, the more successful a utility is in terms of reliability, the less awareness and attention 
it is given. For the general public, the historically high level of electric service has engrained an 
expectation of high reliability, to the extent that it is not given much thought - when a light 
switch is flipped, we expect the lights to turn on. It is only when the light doesn't turn on (or 
goes off during a power outage) that much public notice is given to the electricity delivery 
infrastructure. 

The difficulties in managing reliability include the following: 

• Because the consequences of deficient reliability are not experienced until electricity 
delivery is compromised, the need to allocate appropriate capital resources to better 
maintain system integrity - before problems occur - may not be fully appreciated by 
those outside the utility. 

• External regulatory mandates are demanding a growing share of LADWP's limited 
financial resources. As rate actions have been delayed over recent years, inadequate 
revenues have resulted in underfunding for reliability programs. 

• Reliability levels that become unacceptable due to deferral of infrastructure upkeep and 
replacement are more difficult to recover from and in the end are more costly. 

History of High Reliability 

Reliable electric power has been a cornerstone objective of LADWP since it began offering 
municipal electricity in 1917. Historically, LADWP's Power System reliability has consistently 
placed in the top quartile of the electric utility industry. However, as a result of aging electrical 
distribution infrastructure, reliability levels started to decrease in the early to mid-2000s. There 
are significant challenges for LADWP to halt the decline and to restore reliability to acceptable 
levels. 
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The City of Los Angeles (City) was founded in 1781 and incorporated in 1850. Since then, Los 
Angeles has grown to the Nation's second largest City with a population of almost 4 million 
residents. Most of this growth occurred between 1920 (when there were roughly 580,000 
residents) and 1970 (when the City had grown to over 2.8 million residents). This incredible 
growth of 2.2 million residents - roughly 56 percent of today's population - coincided with the 
mass electrification of homes and businesses throughout the country. During this time, LADWP 
installed tremendous amounts of electrical infrastructure to ensure that these growing numbers of 
new homes and businesses were supplied with reliable electric service. Figure E-1 shows the 
number of electrical distribution poles categorized by age, and illustrates that the bulk of the 
installations were made within the timeframe of this growth period. 

Pole Count by Age as of April 30. 2012 
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Figure E-1. Pole count by year range installed. 

Reliability Levels Decrease 

As a testimony to the initial design and installation of this electrical infrastructure, it had reliably 
served the residents of the City for 40 to 70 years. However, as stated previously, reliability 
began to deteriorate in the early to mid-2000's. Increasing outage rates, including several high 
profile outages, have resulted in service reliability concerns. 

Table E-1 below summarizes several significant service interruptions since FY 2005-06. 
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Table E-1. MAJOR POWER OUTAGES SINCE FY 2005-06 

Duration Outages Customers Affected 
Date of Event Type (days) (sustained) (sustained) 

December 31,2005 - January 4, 
Wind/Rain 3.56 189 79,918 

2006 

July 21-28, 2006 Heat 6.89 1033 46,981 

January 5-8, 2007 Wind 2.92 150 62,725 

April 12-16, 2007 Wind / Rain 3.57 218 105,796 

August 30 - September 7, 
Heat 7.33 858 60,891 

2007 

September 21-24,2007 Rain 2.11 86 42,452 

January 4-7,2008 Rain 3.02 129 57,981 

January 24-28, 2008 Rain 4.66 119 54,236 

November 15-17, 2008 Fire/Wind 2.08 200 133,524 

October 13-16,2009 Rain 2.95 156 93,754 

October 27-30,2009 Wind 2.81 176 87,763 

January 18-24, 2010 Wind/Rain 5.84 319 172,883 

September 27-30, 2010 Heat 2.92 228 32,010 

October 4-7, 2010 Rain 2.83 116 103,112 

December 19-23, 2010 Rain 4.96 139 52,786 

March 20-22, 2011 Wind/Rain 2.22 196 106,491 

November 30 - December 4, 
Wind 3.75 419 222,567 

2011 

The increase in problems appears to be the result of an aging infrastructure and a significant 
amount of deferred maintenance and deferred reliability-enhancing capital work. Several years of 
limited funding and reduced staffing levels are underlying contributors to the deferred 
infrastructure replacement cycle, maintenance, and capital improvements. 

Reliability Performance Indicators - SAIFI and SAIDI 

Like all other electricity utilities in the US, LADWP uses a number of metrics to measure the 
performance and reliability of its electric power system. The two primary metrics are called 
SAIFI and SAID!. 

System Average Interruption Frequency Index (SAIFI): SAIFI is the average number of 
sustained service interruptions per customer during the year. It is the ratio of the annual number 
of interruptions to the number of customers. In other words, it measures how many times the 
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average customer has been out of service. 1.1 is the recent national average. In 2002, LADWP's 
SAIFI index was 0.49; in 2011 it was 1.03. 

System Average Interruption Duration Index (SAIDI): SAIDI is the average duration of 
interruptions per customer during the year. It is the ratio of the annual duration of interruptions 
(sustained) to the number of customers. In other words, it measures how long the average 
customer was without power. 90 minutes is the recent national average. In 2002 LADWP's 
SAIDI index was 59.29; in 2011 it was 214.44. 

The trends for both SAIDI and SAIFI are shown in Figure E-2. 

LADWP System Reliability Indices 
SAIFI/SAIDI Figures (2001-2011) 
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Figure E-2. LADWP's reliability indices. 

The PRP is Initiated 

V> 

~ 
~ 

As a result of deteriorating service, in 2007 Power System staff and independent industry expert 
consultants developed recommendations encapsulated in an initiative called the Power 
Reliability Program (PRP). The PRP is recognition that an infrastructure based industry, such as 
an electric utility, requires substantial re-investments in the infrastructure to have a viable and 
reliable system, and that these investments need to be stepped up on a permanent ongoing basis 
to support reliability in the long term. 

The goals of the PRP include: 

• Mitigating problem circuits and stations based on the types of outages specific to the 
facility 
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• Implementing proactive maintenance and capital improvements that take into account 
system load growth and the inspections and routine maintenance that must take place to 
identify problems before they occur 

• Establishing replacement cycles for system components that are in alignment with the 
equipment's life cycle 

The system components that are being replaced include the following (see Figure E-3.): 

• Power Poles 
• Underground Cable 
• Distribution and Substation Transformers 
• Substation Circuit Breakers 
• Overhead Transmission 

Underground Cable 

Figure E-3. Power System infrastructure assets for electricity delivery. 

Infrastructure Replacement 

Distribution 
Transformers 

Through the PRP, LADWP has moved forward with increased infrastructure replacement in key 
areas to reduce the average age of the critical components of its power system. While 
improvements have been made to reduce the age of certain equipment, more investment is 
required. 

Increased investment in transformer and underground cable replacement in recent years has 
reduced outages related to these aspects of the distribution system; however, investment in 
overhead facilities has continued to lag targeted levels with a corresponding increase in 
overhead-related outages. Despite recent investments, there is an increasing amount of critical 
infrastructure components that are operating beyond their useful life. 
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LADWP utilizes metrics to track the age, condition and impact on reliability for each major type 
of asset in its infrastructure. Table E-2 presents proposed and actual replacement cycles for PRP 
asset elements. Given the number and age of each asset element, a key consideration is to replace 
these assets at a rate that corresponds to their respective service lives. Replacement cycles that 
exceed the average service life by a factor of 2 or 3 puts the system at increased risk of service 
interruption. 

Table E-2. REPLACEMENT CYCLES FOR INFRASTRUCTURE ASSETS 

Recommended Actuals Projected Budgeted FY 2012-13 

Proposed 
Replacement Actual Replacement 

Replacement Rate FY CY Replacement Cycle 
Asset Count Cycle (years) (units/year) 2010-11 2011-12 Rate (years) 

Poles 321,780 60 5,000 2,481 2,100 1,820 166 

Underground 
Cable (miles) 4,500 75 50 68 52 28 161 

Distribution 
Transformers 126,000 60 2,400 2,606 2,400 2,400 53 

Large 
Substations 
Transformers 88 45 2 2 45 

Local 
Substation 360 
Transformers (approx.) 50 7 3 7 7 50 

Substation 
Circuit CO 
Breakers 4,934 50 100 33 33 0 

Overhead Maintenance 

Transmission & Capital 
CO 

(miles) 3,623 Upgrade 100 0 0 

Underground 1 ckt./yr. 

Transmission (approx .. 2 
CO 

(miles) 124 75 mi. each) 0 0 

Pole Re12/acement Program 

Since approximately 70% of LADWP' s system is overhead, pole and cross arm replacements are 
a major driver of reliability. As shown in the Figure E-4, the majority of LADWP's poles 
currently exceed their useful 60 year life. While the recommended replacement rate is 60 years, 
over 80,000 poles (26%) are more than 60 years old. Therefore, additional investment in pole 
replacement is warranted. 

FINAL E - 6 December 3,2012 

AR0070195 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

350000 

300000 

250000 

.... 
r::: 200000 

::J 
0 
U 

~ 150000 

0 
c.. 

100000 

50000 

Figure E-4. Pole aging. 
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A growing number of these poles are in need of expeditious replacement. The following picture 
illustrates the poor condition of some of LADWP' s older poles. 

Picture: Pole condition illustrative. 

LADWP identifies the poles that are most critically in need of replacement and replaces them as 
soon as possible. However, LADWP is not replacing poles and cross-arms at a pace that is 
keeping up with the aging of the system. 
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Funding for pole replacement has LADWP on a 166 year replacement cycle which is more than 
double the ideal 60 year cycle. Figure E-5 below shows the recent pole replacement amounts and 
target levels to 2017. 

Pole Replacement 
4,500 ~--------------~----------~) ~E--------~),~E------------~ 

Historical Proposed 2-Year Rate Forecasted ExtendedOutfook 
Period 4,200 

4,000 

3,500 

3,000 
2,820 

2,537 2,570 

2,500 

2,156 

2,000 
1,789 

1,500 

1,000 

500 

Actual2007 Actual2008 Actual2009 Actual2010 Actual2011 Estimate Proposed Proposed Forecasted Forecasted Forecasted 
2012 2013 2014 2015 2016 2017 

Fiscal Year 

Figure E-S. Historical and forecasted pole replacement (FY 2007 - 2017). 

To move towards the ideal life cycle, replacements will need to ramp up to around 5,000 per year 
over the next several years, pending available funds. 

Underground Cable (UG) Replacement Program 

LADWP has replaced on average 53 miles per year of UG cable over the past five years. 
Replacements have targeted cable failures that have caused outages contributing 27% to overall 
SAIFI. A pilot cable replacement program focused on the 5 worst performing UG circuits and 
produced a better than 50% reliability improvement; these circuits reflected 66% of common 
outage causes. LADWP's recent program compare favorably with best practices for utilities with 
aging underground cable. In an attempt to balance spending and rate levels, the proposed 
expenditures target replacement of 27 miles of UG cable per year for the next two years. While 
recent gains should help mitigate any short term decrease in reliability, over time it is likely that 
reliability could decrease. 

Following LADWP's current replacement schedule, cable will be replaced every 159 years 
compared to a more ideal level of 72 years. In the past five years, the PRP has provided funding 
for the replacement of cable as shown in Figure E-6. Due to limited funding, the cable 
replacement program targets were reduced in order to more fully address replacement of other 
infrastructure assets. 
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Forecasted Extended Outlook 
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Figure E-S. Historical and forecasted cable replacement (FY 2007-2017). 

Notwithstanding this decreased replacement target, cables identified as in critical need of 
replacement, like the one shown in picture below, are scheduled for replacement as soon as 
possible. 

Picture: Illustrative of Cable Scheduled for Replacement. 
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Transformers playa critical role in the delivery of electricity to the city of Los Angeles. Many 
factors shorten the life of a transformer including: corrosion; moisture; physical damage; 
electrical surges; heat; loading; and, age. Transformer failures have been trending up in the past 
four years. With respect to age, overhead transformers have an average age to failure of 35 
years; underground transformers at 23 years; and PAD transformers at 27 years. As shown in 
Figure E-7, the vast majority of LADWP's 957 transformer banks are over 40 years old with a 
significant number of those over 50 years old. 
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Figure E-7. OS and RS bank aging. 
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In recent years the PRP has provided funding to replace significant numbers of transformers as 
shown in Figure E-8. 
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Figure E-S. Historical and forecasted distribution transformer replacements (FY 2007-

2017). 

Expected transformer replacements are expected to average 2,400 for the next five-years. 
Existing units may be run until closer to overload status, but new business related installations 
will continue as in the past. However, the risks of additional failures will be at least partially 
mitigated by maintaining an appropriate replacement inventory to permit prompt corrective 
actions. 

Work Backlog 

Another objective of the PRP is to reduce the backlog of needed work on the distribution system. 

LADWP maintains a list of known required distribution system repairs and replacements that 
have not been completed. The size of this backlog has grown in recent years, as illustrated in 
Figure E-9. To bring down the nearly 41,000 repair orders in the queue to a desired base or on
going level of 2,000-5,000 would take 3 million work hours to catch up. Proposed funding levels 
do not provide enough for this catch-up. Based on forecasted PRP investment levels, the repair 
order backlog is projected to increase to approximately 44,000 tickets in 2017. 
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Figure E-9. Historical and forecasted backlog of repair orders (FY 2008 - FY 2017). 

Funding Challenges 

Funding of the PRP has been inconsistent since its inception. As shown in Figure E-1 0, the initial 
years of the program resulted in some reliability gains as outages decreased from 6,323 in 2006 
to 4,523 in 2009. Funding levels since then, however, were below levels proposed when the PRP 
was initially designed in 2007. The numbers of outages are no longer declining. During FYE 
2012, funding was cut by over $100 million from the previous year, given the limited resources 
available without the rate action proposed during 2011. 
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Figure E-1 O. Total outages between 2000-2011. 

Asset Management Process 

Reliability improvement in light of aging infrastructure and limited resources has become a 
critical issue for many utilities including LADWP. Both customers and policy makers are 
demanding increased service levels at the same time that funding for additional initiatives is 
limited due to financial constraints and competing priorities. LADWP's investment decisions 
will balance the following factors: 

• Strict Asset Management Principles, 

• A Rigorous Reliability Analysis; and 

• Staffing and Other Resource Optimization. 

LADWP's approach to addressing these challenges will be based on a systematic analytical 
approach to manage the available resources and expenditures to meet basic service needs in a 
manner that attempts to maintain overall reliability. 

PRP - Summary and Recommendations 

Reliability of the electricity delivery infrastructure is a key objective of LADWP. Historically, 
LADWP had attained adequate levels of reliability relative to the utility industry. However, 
beginning in the mid 2000's reliability began to decrease, the main cause being aging 
infrastructure. Deferred maintenance and investment did not keep pace with replacement needs, 
and the number and duration of outages began to increase. In response, LADWP initiated the 
Power Reliability Program in 2007 to address infrastructure reliability and lower the replacement 
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cycles of infrastructure components to acceptable ranges that account for their expected service 
lives. 

The PRP experienced initial successes, but as funding levels became constrained, outage levels, 
which had been decreasing, reversed and began to increase. Adequate funding is critical to 
restoring reliability to levels that LADWP customers expect and deserve. Figure E-11 presents 
the actual annual expenditures from FY 2008 to FY 2012, along with proposed spending levels 
through FY 2017. While the "Preferred T&D Reliability Expenditures" shown on the figure is 
the level of expenditure required to fully fund the PRP, the "Basic T&D Reliability 
Expenditures" is the projected expenditures to be available for the program. 
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Figure E-11. Historical and proposed replacement targets and funding through FY 2017. 
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LADWP's generation resources are presented in this Appendix. Resources that are not wholly 
owned by LADWP are available either as long-term power purchase agreements or as entitlement 
rights resulting from undivided ownership interests in facilities that are jointly-owned with other 
utilities. Most of these additional resources are available through LADWP's participation in the 
Southern California Public Power Authority (SCPP A). Each proj ect participant with respect to 
jointly-owned units is responsible for providing its share of construction, capital, operating, and 
maintenance costs. 

F.2 Resources 

Generation resources for LADWP are comprised of the following five categories: 

• In-Basin Thermal Generation 
• Coal Fired Thermal Generation 
• Nuclear-Fueled Thermal Generation 
• Large Hydroelectric Generation 
• Renewable Resources and Distributed Generation 

F.2.1 In-Basin Thermal Generation 

LADWP is the sole owner and operator of four electric generating stations in the Los Angeles 
Basin (the "Los Angeles Basin Stations"), with a combined net maximum generating capability 
of3,415 megawatts (MWs) and a combined net dependable generating capability of3,329 MWs. 
Natural gas and digester gas are used as fuel for the Los Angeles Basin Stations. Low-sulfur, 
low-ash residual distillate is used for emergency back-up fuel for some of the stations. 

LADWP's natural gas-fueled generating plant capabilities are shown in Table F -1. 
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Table F-1. NATURAL GAS GENERATING RESOURCES 

I Plant Name I 
I I 

Generator 

I 

Net Max I Net Dependable 

COD
1 

Nameplate Capability Capability 
Unit (kW) (kW) (kW) 

1 1995 85,340 82,000 
2 1995 85,340 82,000 
5 1995 75,000 65,000 

Harbor 
10 2002 60,500 47,400 452,0002 

11 2002 60,500 47,400 
12 2002 60,500 47,400 
13 2002 60,500 47,400 
14 2002 60,500 47,400 

1 1962 230,000 222,000 
2 1963 230,000 222,000 
5 1966 343,000 292,000 

Haynes 
6 1967 343,000 243,000 1,525,0003 

7 1970 2,000 1,599 
8 2005 264,350 250,000 
9 2005 182,750 162,500 
10 2005 182,750 162,500 

1 1958 163,200 183,000 
Scattergood 2 1959 163,200 184,000 796,000 

3 1974 496,800 450,000 

5 2001 60,500 43,000 

Valley 
6 2003 182,750 159,000 556,0004 

7 2003 182,750 159,000 
8 2003 264,350 215,000 

Total 3,414,599 3,329,000 

Notes: 

1. COD refers to Commercial Operation Date. 

2. Harbor Generating Station Net Dependable Plant Capability is 452 MW, reflecting Units 1 and 2 
reduced performance during hot-weather conditions. 

3. Haynes Generating Station Net Dependable Capability is 1,525 MW reflecting 8, 9, and 10 reduced 
performances during hot weather conditions; and Unit 7 used for auxiliary power only. Unit 5 Net 
Maximum Unit Capability was decreased to 292 MW to reflect LP hot-reheat piping derating. Unit 6 
Net Dependable Unit Capability is 238 MW reflecting 243 MW transformer derating during hot 
weather conditions. Unit 4 was decommissioned in November 2003 and Unit 3 was 
decommissioned in September 2004. 

4. Valley Generation Station Net Dependable Capability limited to 556 MW reflecting reduced 
performance during hot weather conditions. 

Haynes Generating Station 

The largest of the Los Angeles Basin Stations is the Haynes Generating Station, located in the 
City of Long Beach, California. The Haynes Station currently consists of eight generating units 
(Unit 7 is used for auxiliary power only) with a combined net maximum capability of 1,556 
MWs and a net dependable capability of 1,525 MWs. This station includes a 575 MW 
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combined-cycle generating unit installed in February 2005. The combined-cycle generating unit 
includes two combustion turbines and a common steam turbine. The combustion turbines can 
each operate with the steam turbine independently or together in a two on one configuration (and 
are counted by LADWP as three generating units). LADWP plans to rep ower unit 5 and 6 with 
six 100 MW simple-cycle gas turbine units targeted by June 2013. 

Valley Generating Station 

The Valley Generating Station is located in the San Fernando Valley. The Valley Station began 
its repowering in 2001 with a simple-cycle, 60.5 MW gas-turbine generator. Repowering was 
completed in 2004 with the installation of a combined-cycle generating unit consisting of two 
gas turbines with heat recovery steam generators, which supplies one steam turbine with a 
combined net maximum capability of 576 MWs. The total net dependable capacity for the Valley 
Station is 556 MWs. 

Harbor Generating Station 

The Harbor Generating Station is located in Wilmington, California. The Harbor Station was 
repowered in 1995 with a combined-cycle generating unit (counted as three units). Five 
additional peaking combustion turbines were installed in 2002 for a total of eight generating 
units. These activities resulted in the Harbor Station's net maximum capability of 466 MW sand 
a net dependable capability of 452 MWs. 

Scattergood Generating Station 

The Scattergood Station is located in Playa del Rey, California and is comprised of three steam 
generating units with a net maximum capability of 817 MW s and a net dependable capability of 
796 MWs. Units 1 and 2 also bum digester gas from the adjacent Hyperion Wastewater 
Treatment Plant. 

All of these generating stations are certified to bum biogas. This will allow the electricity 
produced from the biogas to be qualified for the Renewable Portfolio Standard. 

F.2.2. Coal-Fired Thermal Generation 

LADWP's coa1 generating capacity comes from the Navajo Generating Station and the 
Intermountain Generating Station (IGS). IGS is also referred to as the Intermountain Power 
Project (IPP). Coal generating resources are summarized in Table F-2. 
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Table F-2: COAL GENERATING RESOURCE 

Intermountain 

Intermountain 

Intermountain 

Total 

Navajo 

Total 

Notes: 

1 
2 

1 
2 

1 
2 

1 
2 
3 

1986 
1987 

1986 
1987 

1986 
1987 

1974 
1974 
1975 

900,000 
900,000 

900,000 
900,000 

900,000 
900,000 

750,000 
750,000 
750,000 

1. COD refers to Commercial Operation Date. 

401,553 401,553 
401,553 401,553 

36,000 36,000 
36,000 36,000 

163,512 149,500 
163,512 149,500 

1,202,130
2 

1,174,106
2 

159,000 
477,000

3 159,000 
159,000 

1,679,130 1,651,106 
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15Jun2027 44.617% 

15Jun2027 
4% 

(UP&L) 

15Jun2027 
18.168% 

(Recallable) 

31Dec2019 21.2% 

2. IPP's Net Capacity available maybe less than 1202 MW due to Excess Power Recall. The LADWP entitlement is 44.617% 
direct ownership plus a 4% purchase from Utah Power & Light Company, plus 86.281 % of up to 21.057% of muni's and co
op's recallable entitlement which can vary (shown is that of summer 2012). The nominal net Maximum Unit Capability and 
Net Dependable of both Units 1 and 2 is 900 MW. 

3. LADWP's contract entitlement is 21 .2% of Navajo's total net generation. 

Intermountain Power Project (IPP) 

General. The IPP consists of: (a) a two-unit coal-fired, steam-electric generating plant located 
near Delta, Utah, with net rating of 1,800 MWs and a switchyard located near Delta, Utah; (b) a 
rail car service center located in Springville, Utah; ( c) certain water rights and coal supplies; and 
(d) certain transmission facilities consisting primarily of the Southern Transmission System. 
Pursuant to a Construction Management and Operating Agreement between the Intermountain 
Power Authority (IPA) and LADWP, IPA appointed LADWP as project manager and operating 
agent responsible for, among other things, administering, operating and maintaining IPP. 

Power Contracts. Power is provided to LADWP under three separate agreements. 

• Pursuant to a Power Sales Contract with IP A (the "IPP Contract") and a Lay-Off 
Power Purchase Contract with Utah Power & Light Company ("UP&L") and IP A, 
LADWP is entitled to 44.617 percent of the capacity of the IPP (currently equal to 
803 MWs). The IPP Contract terminates in 2027 and may be renewed by LADWP 
under certain circumstances, subject, in addition, to legal and regulatory mandates. 

• Pursuant to a Power Purchase Agreement with UP&L, LADWP purchases capacity 
and energy equivalent to the capacity and energy made available to UP&L pursuant 
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to its 4 percent entitlement in the IPP (currently equal to approximately 72 MW s) 
until 2027, subject to certain renewal rights, which are dependant upon certain factors 
including the renewal of the IPP Contract. 

• LADWP also has available additional capacity in the IPP through an excess power 
sales agreement with certain other IPP participants (the "IPP Excess Power Sales 
Agreement"). Under the IPP Excess Power Sales Agreement, LADWP is entitled to a 
maximum 18.168 percent of the capacity of IPP (equal to approximately 327 MWs). 
However, this amount varies as portions of it may be recalled by other participants. 
Of the maximum possible 327 MW allowed under this Agreement, approximately 
299 MW is the summer 20]2 entitlement amount. 

Fuel Supply. IP A sold its 50 percent undivided interest in the Crandall Canyon Mine in Emery 
County, Utah and 50 percent undivided interest in the West Ridge Mine in Carbon County, Utah, 
in 20]0. As part of the sale, a continued long term contract for fuel from the West Ridge Mine 
for IPP was agreed to at about 20 percent of the annual 6,000,000 ton coal requirement. 
LADWP, in its role as Operating Agent, manages all fuel supply contracts on behalf of IP A, 
including several long-term coal supply agreements that can provide approximately 60 percent of 
the coal requirements for the IPP. Spot market and opportunity purchases provide the balance of 
the fuel requirements for the facility. Additional information regarding IPP's fuel procurement 
strategy is found in Appendix H. 

Over the past several years, the IPP units have had several substantial modifications, 
including cooling tower additions, high pressure turbine replacements, boiler capacity 
additions, distributed control system replacement, scrubber outlet modifications and rebuilds, and 
induced draft fan drive replacement. These modifications have decreased emissions and increased 
plant efficiency. They have also increased the plant's capacity by 140 MW, resulting in a 68 
MW increase in capacity forLADWP. 

Navajo Generating Station 

The Navajo Generating Station (NGS) is located near the City of Page, Arizona. Salt River 
Project (SRP) is the operating agent for the Navajo Station. The Navajo Station is a coal-fired 
electric generating station and consists of three units with a combined net maximum capacity of 
2,250 MWs. LADWP's entitlement of the Navajo Generating Station capability is 21.2 percent. 
On March 23, 1976, LADWP, Arizona Public Service Company (APS), Nevada Power Company 
(NPC), SRP, Tucson Electric Power Company (TEP), and the U.S. Department ofInterior executed 
the Navajo Project Co-Tenancy Agreement effecting the co-owners' participation, and the 
operation and maintenance of the Navajo Project for as long as the land lease with the Navajo 
Nation is in effect until December 31, 2019 and throughout the lease extension thereafter. 
Negotiations are currently under way between the Navajo Nation and SRP, on behalf of the NGS 
participant owners, to renew the terms of the lease and all rights of way (ROWs) and grants 
related to the NGS site, transmission and railroad until December 31,2044. 

The station's S02 scrubbers, which were installed in 1999, continue to operate in full compliance 
with federal regulations for S02. The plant-wide compliance number has been under the 
emission limit of 0.10 pounds per million Btu. 
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NGS also completed its Low NO" burner/Separated Overfire Air (SOFA) retrofit project in late 
March 2011. The Low NOiSOFA installation on all three units' boilers has contributed to a 
successful reduction of NOx emissions by 40%, representing an annual NOx emissions 
reduction of 14,000 tons/year. The NOx emission is now under the limit of 0.24 pounds per 
million Btu. 

Stringent NO" emISSIOns control standards currently being considered by the federal 
government for the pending Regional Haze Best Available Retrofit Technology (BART) mling 
may require Navajo Generating Station to install Selective Catalytic Reduction (SCR) systems 
which carry a capital cost of approximately $550 million (or $117 million for LADWP). Should 
the new regulations require the installation of baghouses in addition to the SCRs, the combined 
capital cost of both SCRs and baghouses would amount to $1.13 billion (or $240 million for 
LADWP). The installation of these SCRs and baghouses could begin as early as 2017 and as 
late as 2029. On the other hand, if only Non-Selective Catalytic Reduction (NSCR) is required, 
the capital cost will be $40 million (or $8.5 million for LADWP). 

In March 2011, the Environmental Protection Agency (EPA) released another proposed mle 
called the Utility Maximum Achievable Control Technology (MACT) that sets the national 
emissions standards for hazardous air pollutants (HAP) for electric generating units (EGUs). 
This mle calls for compliance of monitoring systems for Hg, particulate matter, and S02 (or 
HCI), hourly data collection, quarterly submission of emissions data, and new work practice 
standards for dioxins, furans, and other organic HAPs that would require regular "tune ups" of 
boilers to optimize combustion. These MACT modifications could be as much as $148.5 
million (or $31.5 million for LADWP) or less depending on the required compliance systems. 

The EPA also proposed federal regulations governing the disposal of coal ash and other coal 
combustion byproducts (CCBs) under the Resource Conservation and Recovery Act (RCRA). 
Under this mle, CCBs may be classified as either RCRA Subtitle C hazardous waste or RCRA 
Subtitle D non-hazardous waste. The regulation of CCBs under RCRA Subtitle C would impose 
staggering compliance costs on the power industry including NGS. An unfavorable mling 
would jeopardize fly ash sales, trigger significant capital improvement to minimize 
environmental releases of coal ash and other byproducts, involve additional manpower to 
manage new programs, and require additional monitoring of the ash disposal landfill. Such coal 
ash disposal initiatives could amount to approximately $10 million (or $2.1 million for 
LADWP). 
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LADWP's nuclear-fueled generating plant capabilities are shown in Table F-3. 

Table F-3. NUCLEAR GENERATING RESOURCES 

I 

I COD' 
I I I I 

Net 

I 

Net Max Net Max Dependable 
Plant License Capability Capability Capability LADWP 
Name Unit Expiration (Total kW) (LADWP kW) (LADWP kW) Share

2 

LADWP Direct Ownership Interest: 

1 1986 2045 1,333,000 75,981 74,727 
Palo Verde 2 1986 2046 1,336,000 76,152 74,898 5.7% 

3 1988 2047 1,334,000 76,038 74,784 

LADWP Entitlement Interest Through SCPPA: 

1 1986 2045 1,333,000 52,787 51,916 
3.96% 

Palo Verde 2 1986 2046 1,336,000 52,906 52,034 
(SCPPA) 

3 1988 2047 1,334,000 52,826 51,955 

Total 386,690 380,314 

Notes: 
1. COD refers to Commercial Operation Date. 

2. LADWP's contract entitlement is 9.66 percent of generation comprised of 5.7 percent direct ownership in Palo Verde 
and another 67 percent power purchase of SCPPA's 5.91 percent ownership of Palo Verde. 

Palo Verde Nuclear Generating Station (PVNGS) is located approximately 50 miles west of 
Phoenix, Arizona. PVNGS consists of three nuclear electric generating units (numbered 1,2 and 
3), with a net design electrical rating of 1,333 MW (Unit 1), 1,336 MW (Unit 2) and 1,334 MW 
(Unit 3) and a net dependable capacity of 1,311 MW (Unit 1), 1,314 MW (Unit 2) and 1,312 
MW (Unit 3). PVNGS's combined net design capacity is 4,003 MW, and its combined net 
dependable capacity is 3,937 MW. All three units have been operating under 40-year Full-Power 
Operating Licenses from the Nuclear Regulatory Commission (NRC) expiring in 2025, 2026, 
and 2027, respectively. In April 2011, the NRC approved Palo Verde's application to extend the 
units' operating licenses to 20 years beyond the original term, allowing Unit 1 to operate through 
2045, Unit 2 through 2046, and Unit 3 through 2047. APS is the operating agent for PVNGS. For 
the fiscal year ended June 30, 2011, PVNGS provided over 3.1 million megawatt-hours 
("MWhs") of energy to the Power System. LADWP has a 5.7 percent direct ownership interest 
in the PVNGS (approximately 224 MW of dependable capacity). LADWP also has a 67.0 
percent generation entitlement interest in the 5.91 percent ownership share of PVNGS that 
belongs to SCPPA through its "take-or-pay" power contract with SCPPA (totaling approximately 
156 MWs of net dependable capacity), a joint powers authority in which LADWP participates, 
so that LADWP has a total interest of approximately 380 MW of net dependable capacity from 
PVNGS. Co-owners of PVNGS include APS; the SRP Agricultural Improvement and Power 
District, a political subdivision of the state of Arizona, and the Salt River Valley Water Users' 
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Association, a corporation (together, the "Salt River Project"); Edison; EI Paso Electric 
Company; Public Service Company of New Mexico; SCPPA, and LADWP. 

The aftermath of the Fukushima earthquake and tsunami prompted the U.S. nuclear industry to 
form a task force under the direction of Palo Verde's Chief Nuclear Officer to take immediate 
actions in ensuring the reliability of all U.S. nuclear plants. Palo Verde itself has established a 
task force to evaluate the plant's safety and emergency preparedness. An initial assessment of the 
plant systems, safety policies, and emergency procedures revealed significant differences 
between Palo Verde and Fukushima. Palo Verde's low-seismic location, robust pressurized water 
reactor design, redundant safety features, ample effluent water supply, and multiple back-up 
power sources make a similar catastrophe in Arizona highly improbable. Despite the seemingly 
substantial advantages, Palo Verde, in conjunction with other nuclear agencies, is continuously 
working to make sure that the plant is adequately prepared to meet beyond design basis events, 
respond to extended loss of power supply situations, and mitigate potential fire and flood events. 
While evaluations are still in progress, among the initial recommendations are plans to accelerate 
fuel removal from the spent fuel pools and possibly purchase a standby diesel generator as 
reinforcement to the existing back-up power sources. 

F.2.4 Large Hydroelectric Generation 

LADWP's large hydroelectric facilities include the Castaic Pumped Storage Power Plant and an 
entitlement portion of the Hoover Power Plant. LADWP's hydroelectric plant capabilities are 
shown in Table F-4. 
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Table F-4. LARGE HYDROELECTRIC GENERATING RESOURCES 

I I I 

Generator I Net Max I Net Dependable I 
Plant Nameplate Capability Capability LADWP LADWP 
Name Unit COD1 (kW) (LADWP kW) (LADWP kW) Expiration Share 

1 1973 212,500 250,000 
2 1974 265,000 265,000 
3 1976 265,000 270,000 

Owned 
Castaic

2 4 1977 265,000 265,000 1,175,000 
Asset 

100% 
5 1977 265,000 265,000 
6 1978 265,000 265,000 
7 1972 56,000 55,000 

Hoover3 1936 2,079,000 491,000 468,000 30Sep2017 25.16% 

Total 2,126,000 1,643,000 

Notes: 

1. Commercial Operation Date. 

2. Castaic Power Plant is re-rated at 1,175 MW. Castaic Power Plant Units 2,4,5, 6 modernizations were completed 
September 2004, June 2006, July 2008, and December 2005 respectively. Unit 3 modernization was completed in June 
2009. 

3. LADWP's entitlement is 25.16% of the plant's contingent capability of 1 ,951 MW (or 491 MW). The reduced entitlement is 
due to lower lake levels resulting from the western drought, which has abated recently. The current Hoover net plant 
capability as of April 20, 2012 is 1,861 MW. The 15.4229% is LADWP's share of total Hoover generation. 
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The Castaic Pump Storage Power Plant (the "Castaic Plant") is located near Castaic, California. 
The Castaic Plant is LADWP's largest source of hydroelectric capacity and consists of seven 
units with a net dependable capacity of 1,175 MWs. The Castaic Plant provides peaking and 
reserve capacity for LADWP' s load requirements. 

Hoover Power Plant. 

General. The Hoover Power Plant (the "Hoover Plant") is located on the Arizona-Nevada 
border approximately 25 miles east of Las Vegas, Nevada and is part of the Hoover Dam facility, 
which was completed in 1935 and controls the flow of the Colorado River. The Hoover Plant 
consists of 17 generating units and two service generating units with a total installed capacity of 
2,080 MWs. LADWP has a power purchase agreement with the United States Department of 
Energy Western Area Power Administration ("Western") for 491 MWs of capacity (calculated 
based on 25.16 percent of 1,951 MWs of total contingent capacity) and energy from the Hoover 
Plant through September 2017. The facility is owned and operated by the United States Bureau 
of Reclamation. 

Drought Conditions. The long drought conditions and low lake levels have been improved 
recently, consequently LADWP's capacity entitlement at the Hoover Plant has increased to 468 
MWs (calculated based on 25.16 percent of 1,861 MW output capability as of April 20, 2012). 

F.2.5 Renewable Resources and Distributed Generation 

LADWP's Renewable Resources and Distributed Generation consists of 

• Eligible renewable small hydro resources as shown in Tables F-5, F-6 and F-7. 
• Renewable and distributed generation resources as shown in Table F-8. 
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Table F-S. OWENS VALLEY SMALL HYDROELECTRIC GENERATING RESOURCES 

Haiwee 
3 1 1927 2,800 3,600 

4,200 0 
2 1927 2,800 3,600 

Cottonwood
3 1 1908 750 1,200 

1,900 400 
2 1909 750 1,200 

Division Creek 1909 600 680 680 400 

Big Pine 
4 1925 3,200 3,050 3,050 400 

Pleasant Valley 
5 1958 3,200 2,700 2,700 0 

Total 12,530 1,200
2 

Note: 

1. Commercial Operation Date. 

2. Owens Valley combined Net Dependable Plant Capability is 1.2 MW based on 20-years of historical data. 1.2 MW 
consists of 0 MW from Haiwee and Pleasant Valley and 0.4 MWeach from Cottonwood, Division Creek and Big Pine. 

3. Haiwee maximum unit capability is 3.6 MW each when feed is taken from North Haiwee Reservoir. Cottonwood Power 
Plant Units 1 and 2 were re-wound to higher Net Maximum Unit Capability of 1 .2 MW. 

4. Big Pine Net Maximum Unit Capability is limited to maximum flow through penstock. 

5. Pleasant Valley Power Plant output is limited to Division of Safety of Dams (DOS D) reservoir level restriction. 

FINAL F-ll December 3,2012 

AR0070214 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

AppendixF 
Generation Resources 

Table F-6. OWENS GORGE SMALL HYDROELECTRIC GENERATING RESOURCES 

Generator Net Max Unit Net Max Plant Net Dependable 

COD
1 

Nameplate Capability Capability Capability 
Plant Name Unit (kW) (kW) (kW) (kW) 

Upper 
1 1953 37,500 37,500 37,500 36,500 

Gorge 

Middle 
1 1952 37,500 37,500 37,500 36,500 

Gorge 

Control 
1 1952 37,500 37,500 37,500 36,500 

Gorge 

Total
2 112,500 109,500 

Notes: 

1. Commercial Operation Date. 

2. Owens Gorge Net Dependable Plant Capability was decreased to 109.5 MW to reflect re-watering flow. 

The Owens Gorge and Owens Valley Hydroelectric generating units (the "Owens Gorge and 
Owens Valley Hydroelectric Generation") are located along the Owens Valley in the Eastern 
High Sierra. The Owens Gorge and Owens Valley Hydroelectric Generation are a network of 
hydroelectric plants which use water resources of the Los Angeles Aqueduct and three creeks 
along the Eastern Sierras. The water flow fluctuates from year to year; as a result, water flow 
may be reduced from seasonal norms from time to time. 

San Francisquito Canyon and at the Los Angeles and Franklin Reservoirs. LADWP also owns 
and operates 12 units located north of the City along the Los Angeles Aqueduct in San 
Francisquito Canyon and at the Los Angeles and Franklin Reservoirs. The net aggregate 
dependable plant capability of these smaller units is 24 MW s under average water conditions. 
Table F-7 summarizes these 12 units. 
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Table F-7. AQUEDUCT SMALL HYDROELECTRIC GENERATING RESOURCES 

Foothill (PP4) 1971 11,000 9,900 9,900 2,900 

Franklin (PP5) 1921 2,000 2,000 2,000 400 

1A 1983 25,000 27,000 
San Francisquito 1 3 1917 9,375 10,000 
(PP1) 4 1923 10,000 12,000 

46,500 13,000 

5A 1987 25,000 27,000 

San Francisquito 22 1 1919 14,000 0 
2 1919 14,000 14,000 

(PP2) 3 1912 14,000 18,000 
18,000 5,700 

San Fernando 1 1 1922 2,800 3,200 
(PP3) 2 1922 2,800 2,900 

6,000 2,100 

Sawtelle (PP6) 1986 640 650 650 130 

Total
3 83,050 24,230 

Note: 
1. Commercial Operation Date. 

2. San Francisquito Power Plant 2, Unit 1 has been out of service since 1996. The plant's Unit 2 stator heating limits 
capacity to 8 MW during hot weather condition. The plant's Unit 3 has a new generator with refurbished turbine as of 
the end of 2006. The contract specification is 18 MWoutput, but the unit was tested to only 16 MW due to low water 
flow and restricted downstream capacity. Assumed maximum actual output is 18 MW. 

3. Aqueduct combined Net Dependable Plant Capability reflects low water availability during winter. 
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Table F-8. RENEWABLE AND DISTRIBUTED GENERATING RESOURCES[1] 
Includes only Projects in Service as of April 2012 

Net Max Net Max Net Dependable 
Capability[2] Capability[3] Capability[4] 

Plant Name PPAlOwn COD (Installed kW) (LADWP kW) (LADWP kW) 
PPM SW Wyoming PPA 2006 144,000 82,200 8,220 
Willow Creek PPA 2008 72,000 72,000 36,000 
PPM Pebble Springs PPA 2009 98,700 68,695 34,000 
Pine Tree Own 2009 120,000 120,000 12,000 
Milford Wind Phase I PPAfOwn 2009 200,000 185,000 18,500 
Windy Point Phase II PPAfOwn 2010 262,200 262,200 73,000 
Pine Tree Expansion Own 2010 15,000 15,000 1,500 
Linden Own 2010 50,000 50,000 25,000 
Milford Wind Phase II PPAfOwn 2011 102,000 102,000 10,200 

Wind Subtotal 957,095 218,420 
DWP Built Solar Own 1999-2012 2,100 2,100 567 
Solar CNM (SB1) Own (REC's only) 1999-2012 54,000 54,000 14,580 

Solar Subtotal 56,100 15,147 
Small Hydro Own 1908-1987 208,080 208,080 134,930 
MWD Sepulveda PPA 2008 8,540 8,540 8,540 
Castaic U3&U5 Upgrade Own 2008-2009 30,000 30,000 30,000 
North Hollywood PS Power Plant Own 2010 1,000 1,000 1,000 

Small Hydro Subtotal 247,620 174,470 
Hyperion Digester Gas Own 1995 16,000 16,000 16,000 
Lopez Microturbine Own 2002 1,500 1,500 1,500 
WM Bradley PPA 2006 6,400 6,400 6,400 
Shell Energy Landfill Gas PPA 2009 nfa nfa nfa 
Atmos Energy Landfill Gas PPA 2009 nfa nfa nfa 
Toyon Power Plant PPA 2010 3,600 3,600 3,600 
Shell Renewable Biomethane PPA 2012 nfa nfa nfa 

Biomass/Landfill Gas Subtotal 27,500 27,500 
Customer Cogenerations PPA 1998-2000 303,000 45,000 45,000 

Distributed Generation Subtotal 45,000 45,000 

Total In Service Renewables & DG 1,333,315 480,537 

Notes: 
[1] Table include LADWP's renewables and distributed generating sources from LADWP-owned and contracted projects. 
This table is based on data from the April 1 0,2012 RPS Master Project List and contract sources. 
[2] The full-load continuous rating ofa generator unit under specified conditions as designated by the manufacturer. 
[3] Maxim um Plant Capability reflects water flow lim its at hydro plants; or sum of each unit at renewable plants. 

1[4] Net Dependable Plant Capability reflects the amount of generating capability that can depend on during the peak 
demand hours of a day. Dependable capacity of a renewable technology plant is estimated by applying a 
IDependable Capacity Factor (DCF) to the plant nameplate capacity. The conservative factor is used until LADWP gains 
more actual amount of operating experience with renewable technologies. DCFs currently used are as follow: 

Digester Gas 1.00 
Geothermal 0.90 
Landfill Gas 1.00 
Muncipal Solid Waste Conversion 1.00 
Small Hydroelectric 1.00 
Solar Photovoltaic 0.27 
Wind 0.10 (projects with firming contracts are rated at firming levels) 

LADWP 
Share 
57% 
100% 
70% 
100% 
93% 
100% 
100% 
100% 
100% 

100% 
100% 

100% 
100% 
100% 
100% 

100% 
100% 
100% 
nfa 
nfa 

100% 
nfa 

15% 
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Distributed Generation (DG) is a concept of installing and operating small-scale electric 
generators, typically less than 20 megawatts MW, at or near an electrical load and interconnected 
to the electric utility distribution system. The most common technologies used today for DG 
are turbines and internal combustion engines (ICEs). However, new technologies including fuel 
cells, microturbines, and solar PV s are now being developed. The promise of DG is to 
provide electricity to customers at a reduced cost and more efficiently than the traditional utility 
central generating plant with transmission and distribution wire losses. Other benefits that DG 
could potentially provide, depending on the technology, include reduced emissions, utilization of 
waste heat, improved power quality and reliability and deferral of transmission or distribution 
upgrades. 

DG can be customer installed or utility installed. The benefits for customer installed DG include 
waste heat recovery, backup power and power quality. The benefits for utility installed DG 
include generation, transmission and distribution infrastructure deferral, and reduction of 
delivery losses. 

This Appendix describes DG on the grid, ICE technologies, fuel cells, and PV technologies. 

G.2 Distributed Generation on the Grid 

The introduction of competition into the electric marketplace has driven the development of new 
electrical generation technologies. Most technologies being developed for DG applications are 
more costly than traditional generating resources. However, it is anticipated that, with advances 
in the technologies and a greater demand for DG, costs will decrease, and more systems will be 
installed. 

As of 2010, LADWP has approximately 161 GWh of combined heat and power and 79 GWh 
coming from landfill or process gas that is put into the electrical grid. Most of the combined heat 
and power DG is made up of 20 MW or larger natural gas combustion engines. The amount of 
customer DG installed in the future will depend on several factors including reliability, cost 
of the technologies, and natural gas and electricity prices. With stable electricity prices and high 
natural gas prices, customer generation becomes less attractive. Additionally, as of September 
1, 2012, about 6,200 LADWP customers have installed over 56 MW of solar PV energy 
systems with the help ofLADWP's Solar Incentive Program. 

LADWP has installed 3 MW of solar PV energy systems on LADWP and City of Los Angeles 
(City) facilities to generate clean, renewable energy for the LADWP grid. LADWP has also 
installed various other DG technologies for demonstration purposes to understand the 
operating issues and benefits associated with various equipment and to promote the 
development of new clean, efficient technologies. 
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Tables G-1 and G-2 provide projections of Cogeneration and PV capacity and energy used in 
the 2012 IRP. Cogeneration forecast is from 2012 Retail Energy and Demand Forecast. 

Table G-1. PROJECTED DISTRIBUTED GENERATION COGEN - CUMULATIVE 

~ 13 MW 224 232 238 243 248 252 254 256 258 261 
§ ~ 
~ ~ 8 ~ GWh 1,116 1,184 1,208 1,227 1,248 1,263 1,27l 1,280 1,290 1,301 

Table G-2. PROJECTED SOLAR PV DISTRIBUTED GENERATION - CUMULATIVE 

.... "d MW 72 108 145 187 241 154 266 279 292 307 321 v v 
S ctl o .... 
t;:: ~ 

GWh 94 149 210 276 358 416 437 458 479 502 526 ;:::I v 
Uon 

"d MW 3 6 9 12 21 37 54 7l 88 101 100 
v 

.c~ ..... v 
~ ;:::I GWh 4 8 13 19 29 52 81 III 141 167 l78 ~~ 

337 

551 

100 

177 

NOTE: Solar Distributed generation includes the Solar Incentive Program (SIP), Feed in Tariff program (FiT) 
and Utility Built Solar (UBS) 
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ICEs include reciprocating engines and combustion turbines. Improvements have been seen 
recently in the emissions and efficiencies of reciprocating engines and combustion turbines. 
Combustion turbines have typically been in the multi-MW size, but recently small-scale 
combustion turbines, or microturbines, have been developed. 

Microturbines are machines ranging in size from 28 kilowatts (kW) to 500 kW, which include a 
compressor, combustor, turbine, alternator, recouperator, and generator. They have the potential 
to be located on sites that have space limitations to produce power. The advantages of 
microturbines are that there are a small number of moving parts, are compact in size, are 
lightweight, and can utilize waste fuels. 

LADWP has installed nearly 2 MW of microturbines, the first of which was located at 
LADWP's Main Street Center in 1999. Additional microturbines have been installed at LADWP 
facilities and the Lopez Canyon landfill. 

G.4 Fuel Cells 

A fuel cell combines hydrogen and oxygen to produce electricity through an electrochemical 
process. Besides electricity, fuel cells produce water and heat. If the oxygen source is air, then 
small amounts of NOx may also be emitted. Fuel cells produce energy at relatively higher 
efficiencies and emit far fewer air pollutants than combustion technologies. Fuel-cell power 
plants are now becoming commercially available for use by electric power producers, industrial 
facilities, and large commercial buildings. Smaller systems for residential, small commercial 
buildings and transportation applications are expected to be commercially available in the near 
future. The pricing for these products is expected to become competitive due to several factors: 

• A fuel cell is a fairly simple technology with reasonably priced components. 

• Significant recent investments in the technology are accelerating the development of fuel cells, 
and costs are decreasing. 

• Integrating fuel processing and power conditioning equipment can be a significant cost 
with regard to fuel cells, but reductions are likely as more fuel cells are manufactured and 
installed. 

Under a pilot project, LADWP installed a total of four 200-250 kW fuel cell power plants in 
various locations in Los Angeles that have provided considerable experience and data. All four 
fuel cell plants have accomplished the task and the fuel cells have been removed from service. 

G.5 Photovoltaics 

Solar energy is converted to electricity using two power technologies: PV systems and solar 
thermal power systems. PV systems convert sunlight directly into electricity. PV systems are 
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modular, portable, highly reliable, and have low environmental impact, making them ideal for 
power applications of all sizes. Several large PV systems capable of powering hundreds of homes 
are now connected to utility grids throughout the United States. Many utilities are installing these 
systems on the rooftops of schools and their customers are installing them on the rooftops of 
their houses. LADWP has recently seen the popularity of local customer owned solar generation 
skyrocket due to the combination of utility paid incentives and recent federal tax law changes, 
as well as declining solar equipment costs. 

A typical 4 kW alternating current (AC) residential rooftop solar power system produces 6,600 kW
hours per year. Presently, LADWP has installed about 1.3 MW ofPV at LADWP facilities and 
other City facilities. LADWP incentives have supported the installation of over 51 MW on its 
customers' properties, as of May 1,2012. In 2006 state legislation SB1 required all utilities to offer 
incentives to customers to install solar energy systems through 2016. LADWP's solar incentive 
program has been developed with a goal of encouraging the installation of 280 MW of customer 
installed solar PV systems by 2016 with a budget of $313 million over 10 years, however 
because ofLADWP's lower electric rates, a higher incentive amount has been offered which will 
reduce the expected amount of customer installed solar to approximately 165MW. An additional 
150MW of distributed solar is expected to be installed through a new feed-in tariff program. 

The energy generation characteristics of a typical PV installation are that the output peaks 
around 1 :00 p.m., and that 90 percent of a solar PV system's energy is produced from 10:00 a.m. to 
4:00 p.m. during a typical summer day in California. Another point worth noting is that a solar 
PV system can be designed to coincide more closely to the system load profile by altering the 
module's orientation. While this will increase the energy produced during the peak load of the 
utility, it will result in an overall lower amount of energy produced for the day. Cloud cover 
also affects the energy output of a solar photovoltaic installation. The type of clouds will either 
raise or lower the output of the PV system. Darker rain clouds will lower PV output, but a light 
marine layer may actually produce more energy than the nameplate rating of the modules due to 
light reflecting off of the modules, back to the atmosphere, and then back to the modules. 
This does not happen often but does cause design issues that must be taken into account. 

G.6. Combined Heat and Power (CHP) Program 

Combined heat and power (CHP) systems, or also known as thermal cogeneration, simply 
capture and utilize excess heat generated during the production of electric power. CHP systems 
offer economic, environmental and reliability-related advantages compared to power generation 
facilities that produce only electricity. Distributed power generation systems, which are 
frequently located near thermal loads, are particularly well suited for CHP applications. 

Currently CHP installed in the LADWP Power System consists primarily of cogeneration 
projects of industrial and commercial customers. This totaled to approximately 265 MWs 
nameplate capacity operating in the LADWP's service area. Some cogeneration projects sell 
excess energy to the LADWP under interconnection agreements. 

Current barriers to the expansion of CHP can be attributed to: 
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• Natural gas price volatility in recent years has caused uncertainty in the economic 
feasibility of CHP proj ects. 

• Diminishing industrial customer base In recent years has reduced CHP developable 
potential. 

• Reliability and economic issues made small systems infeasible. 

• Added cost from utility replacement reserve requirements. 

• Uncertain Green House Gas emissions add costs to CHP electric generation. 

• Air quality sitting restriction for new carbon-based CHP electric generation. 

LADWP is developing CHP target goals to incorporate CHP generation in its future resource 
mix. LADWP is currently considering development of the following self-owned CHP projects: 

• Terminal Island Renewable Energy Project is a fuel cell plant to produce 4 MW of 
electricity and process heat using methane gas. 

• Los Angeles Bureau of Sanitation Alternative Technologies Projects to convert waste to 
heat. 

To encourage customer-developed CHP, shift demand from electric grid, and provide accurate 
price signals to customer, LADWP is currently offering a Standard Energy Credit (SEC) to its 
customers for excess energy they sell to LADWP. The SEC is based on LADWP marginal 
generation cost, and is updated and posted monthly. In the future, for renewable CHP, LADWP 
will provide a renewable premium based on the energy market plus the SEC. For non-renewable 
CHP, LADWP will continue to purchase CHP excess energy at the SEC. 

Current Net Metering Incentives offered to customers require: 

• Customer must purchase electric services from LADWP to be eligible for interconnection 

• Customer submits completed Standard Offer Agreement for interconnection and 
qualification for the CG Rate 

• Customers pay for all costs associated with time-of-use metering, interconnection, and 
safe grid-parallel operation of the generation facilities 

• For cogeneration facilities greater than one megawatt, the customer is required to install 
remote monitoring equipment for LADWP 

• Customer maintains adequate insurance on generating facilities 

• Excess power reimbursements are made to the customer at end of billing period at the CG 
Rate 

• The interconnection agreement has a three year term and reqUIres approval by the 
General Manager initially and for renewal and extension 

Inclusion of the CHP goals under the lRP process will help communicate CHP program 
information and facilitate stakeholder feedback. 
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AppendixH 
Fuel Procurement Issues 

This Appendix presents issues and strategies related to LADWP procurement of both natural 
gas and coal. 

H.2 Natural Gas 

LADWP generates about 22 percent of energy from natural gas-fired generation. Or, in other 
words, almost one-fourth of LADWP's energy generation is exposed to the risks of gas price 
volatility. This percentage will increase in the future as coal is removed from LADWP's resource 
portfolio, and with the integration of additional variable energy resources. Figure H-1 below 
graphically illustrates the daily natural gas spot market price (including delivery charges to 
LADWP's gas plants) and the large price fluctuations from the year 2002 to 2006. 

$20 12()1l1, 

$18 

Figure H- 1. Natural gas daily spot prices. 

As is shown on Figure H-1, the natural gas market has been very volatile with extreme variations 
of prices. Since gas currently plays such an important role in LADWP's generation portfolio, 
it is paramount that the impact of gas price volatility to the resource plan be mitigated. 

To minimize LADWP's exposure to natural gas price volatility, LADWP has implemented a 
variety of actions since the 2000 IRP, which include: 
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1. Created a financial risk management program to mitigate natural gas price spikes and a 
comprehensive gas procurement strategy to support renewable generation and long term 
financial goals. 

2. Established executive controls over energy risk management and natural gas hedging 
activities by creating an Executive Risk Policy Committee to provide clearance for all major 
hedging decisions. 

3. Established a Fuels and Risk Advisory Working Group to examine forecasting 
methodologies, term hedging strategies and other items of importance to fuel 
procurement. 

4. LADWP obtained approval from the Los Angeles City Council to delegate its award 
authority to LADWP's General Manager for approving limited term and price gas 
procurement contracts. LADWP also approved pro forma NAESB (North American Energy 
Standards Board) contracts for use in procuring natural gas. Additional authority was 
obtained for procurement of up to 10-year strips ofbiogas. 

5. LADWP has participated with SCPP A in purchasing an active gas reserve in the Pinedale 
anticline area of Wyoming. This reserve is currently producing for SCPPA over 50,000 
million British thermal units (MMBtu)/day, of which LADWP receives approximately 83 
percent of the proj ect. 

6. LADWP has also replaced approximately 1,100 megawatts (MW) of electrical generation 
with combined cycle technology. This technology is much more efficient in generating 
electricity than the generating units that were replaced, resulting in a 30 percent to 40 percent 
decreased usage of natural gas to generate the same amount of electricity. 

7. As a result of implementing the greater use of renewable energy, LADWP's usage of 
natural gas and coal will be reduced considerably. A general discussion on natural gas 
pricing issues is provided in the following subsections. 

H.2.1 Natural Gas Pricing Issues 

Gas delivered to the burnertip for electric generation in California is comprised of three elements: 
1) commodity costs; 2) interstate transportation; and 3) intrastate transportation. Other concerns 
include regulatoryllegal issues, gas price volatility, support for renewables and gas supply issues. 

Commodity Costs 

Natural gas for electric generation is produced primarily outside California in areas known as 
basins, such as the Green River Basin near Opal, Wyoming; the San Juan Basin near San Juan, 
New Mexico; and the Permian Basin in west Texas. Gas produced from individual wells is 
gathered by small pipeline systems and delivered into a gas plant that processes the raw gas into 
pipeline quality gas for delivery to markets. Prior to the 1980s, this pipeline gas was sold as a 
bundled product by various interstate pipelines to distribution companies in the individual states, 
such as the Southern California Gas Company (SoCal) and the Pacific Gas & Electric Company 
(pG&E). Eventually interstate gas rates were restructured so that interstate pipelines became 
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transport-only businesses with the gas marketing function spun ofr to the market via unregulated 
affiliates or independent marketers. 

Intensified exploration in non-traditional producing areas of the country, chiefly the so-called shale 
gas, has produced a surplus of gas, which has pressured prices lower recently and will continue to 
do so in the foreseeable future. The development of Liquefied Natural Gas (LNG) import 
terminals in the United States has been delayed by a number of factors, including regulatory 
requirements, environmental issues, safety concerns, and economic uncertainty. Development 
of resources known to exist in the United States offshore continental shelf, especially in view 
of the blowout of a deep underwater well near the coast of Louisiana, continues to experience 
similar issues. In light of the burgeoning supply of shale gas some LNG import terminals have 
applied to the FERC to convert to export terminals. 

Interstate Transportation 

The interstate pipeline companies that formally sold bundled gas along with their transportation 
services have now focused primarily on the transportation of gas from producing basins to 
interconnections with the individual state's local distribution companies. The jurisdiction for the 
regulation of these companies falls under the authority of the Federal Energy Regulatory 
Commission (FERC). California is currently served by seven interstate pipelines although only 
four are actually directly connected to supply basins. The other three redistribute gas from other 
interstates. Volatility in gas prices into California has arisen because of various supply-related 
issues, variations in liquidity stemming from fewer suppliers in the aftermath of the market 
adjustment following 2000-2001, financial trading of commodities by funds, and weather-related 
events throughout the country. Limited price discovery has also added an element of uncertainty in 
gas transactions. Additional pipeline capacity to California is readily available through expansions 
of existing pipelines and intemlptible capacity. LADWP has firm capacity on the Kern River 
pipeline approximately equal to its forecasted average gas requirement although there is a certain 
amount of uncertainty in this forecast depending upon the degree of implementation of renew abies. 

Intrastate Transportation 

SoCal is the sole provider of intrastate gas transportation services in Southern California. These 
services consist primarily of delivering gas from the interconnections with interstate pipelines 
near the California border, but also include storage, balancing, wheeling, parking, and loaning 
of gas. Ever since May 1988, SoCal has been relieved of its obligation to serve the so-called 
non-core customers, those who are able to make their own arrangements for procuring their own 
gas. All electric generators such as LADWP are deemed non-core or transport-only customers. 
The rate charged by SoCal for this transportation only service is regulated by the California 
Public Utilities Commission (CPUC). This rate is the lowest for any customer class (outside of 
any special negotiated rate) because it provides the minimum service and provides as close to 
cost-of-service pricing as possible. LADWP's active participation in SoCal's rate cases at the 
CPUC was instrumental in achieving this distinction. 

Additional services relating to the delivery of gas are available from SoCal, but the rates are 
subject to negotiation and, usually, CPUC approval. Generally speaking, these services are of more 
value to marketers than to municipal generators, but in any case add to the cost of delivered gas. 
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One issue that has emerged from the recent price volatility in Southern California is whether or 
not SoCal has the ability to accept all the gas that will be filling the expanded interstates over the 
next few years. The CPUC has addressed this issue in a recent proceeding into the adequacy of 
SoCal's system to serve the expected load on its system. So far no conclusions can be made but 
SoCal is confident that they have the problem in hand because of their recent completion of various 
system upgrades increasing takeaway capacity by approximately] 1 percent. SoCal has been able 
to settle rate allocation issues to allow its intrastate transmission system to accommodate the 
delivery of LNG Gas supplies into its system. In addition SoCal is planning system upgrades to 
provide more reliability in the southern part of their system which should increase overall 
system reliability. SoCal has also announced its intention to improve reliability with a Pipeline 
Safety Enhancement Program which will, among other things, replace significant portions of 
older transmission lines. 

RegulatorY/Legal Issues 

Several issues at the CPUC and FERC also impact pricing. SoCal revised its rates on October 2008 
to accommodate the delivery of LNG into California, through the implementation of what is 
known as the Firm Access Rights (FAR) decision, now termed Basic Transportation Service or 
BTS. Implementation ofBTS has affected the role of transportation pricing and the distribution of 
receipt point allocations for deliveries into the California market. The BTS program has been 
renewed for another three years. The Department has obtained BTS rights that match with its finn 
Kern River Interstate capacity. Another issue regarding the SoCal system, is the Wobbe Index. The 
Wobbe Index relates to the energy content of the natural gas delivered into SoCal's system which 
affects operating characteristics of gas turbines and emission levels. The Wobbe Index has risen to 
prominence due to environmental concerns which may substantially atfect SoCal' s service to 
electric generators. The CPUC has already allowed SoCal to set sutliciently high limits on the 
Wobbe Index for gas coming into its system. This will chiefly benefit LNG sourced gas although 
there is a challenge being mounted by the South Coast Air Quality Management District 
(SCAQMD). The SCAQMD has adopted a new rule, Rule 433, which proposes to monitor the 
effects of any increase in the Wobbe Index and could be interpreted as an attempt to regulate the 
distribution of natural gas. It is anticipated that the CPUC will oppose this initiative, and at this 
point in time, SoCal has filed a lawsuit to set aside Rule 433. 

The FERC has approved new tariff sheets for the Kern River pipeline in which LADWP has a 
substantial interest. Kern River had applied for a significant rate increase, but lost after a long 
proceeding at the FERC. The rate case was settled by most of the interested parties and refunds 
were distributed. The Department is in the process of seeking approval of restated transportation 
contracts to reflect the newly approved tariffs which will make the Department's contracts 
consistent with the contracts of all the other Kern River shippers and insure rollover rights when 
the contracts eventually expire. 

Gas Price Volatility 

During the winter 2000-2001 gas prices were highly volatile. This was somewhat repeated in 
milder form briefly in early 2003 and the second half of 2005 For the most part, extreme volatility 
has subsided with prices remaining at substantially lower levels than in previous years due to the 
recession. Forward pricing indicates that gas prices will move relatively sideways with a slight bias 
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upward, in part due to the competing effects of the economy and increased supplies of shale gas. 
The industry has endeavored to reduce volatility through a massive effort of injecting gas into 
storage for winter use, thereby eliminating the perception of a huge overhang of expected gas 
purchases during the winter heating season. Due to the abundance of shale gas production, storage 
levels at the end of the injection season have typically reached record levels. 

Gas Supply Issues 

• New drilling techniques make it possible to extract natural gas from deep shale rock 
formations. The advances mean the United States has more abundant natural gas 
resources than previously believed. Gas advocates say it could significantly alter the 
future U. S. energy market. 

• Horizontal drilling ($1.06-$1.34 Ithousand cubic feet (Mct)) vs. vertical drilling ($1.71 
Mct): horizontal wells open up much larger area of the resource-bearing formation. 

• Hydraulic Fracturing (or fracking): Injecting a mixture of water and sand at high pressure 
to create multiple fractures throughout the rock, liberating trapped gas. Environmental 
issues have become more prominent. 

• Combination of the Horizontal drilling and fracking. 

• With more drilling experience, U.S natural gas reserves are likely to rise dramatically in 
the next few years. At current level of demand, U. S. has about 90 years of proven and 
potential supply. 

• Preliminary estimates suggest that shale gas resources around the world could be 
equivalent to or even greater than current proven natural gas reserves. 

H.2.2 Natural Gas Procurement Strategy 

LADWP retained the services of Price Waterhouse Coopers (pwC) in 2003 to assess, validate, and 
verify LADWP's current gas procurement strategy. Their report assessed the current strategy, 
suggested changes and enhancements to that strategy, and prepared a preliminary plan and 
timetable for implementing the changes. 

As a result of PwC' s review of gas operations, LADWP decided to adopt a program of protecting 
its gas costs from price volatility through financial hedging. The appropriate authority was 
sought and received by the City Council to employ financial hedges for up to ten years and 
physical hedges for up to five years, and to limit spending for this effort to no more than $15 
million per year. 

In addition, an Executive Risk Policy Committee was formed with senior management as 
members to provide oversight over the energy risk management activities of LADWP, 
including natural gas. Several actions have taken place. 

First, LADWP's Financial Services Organization (FSO) negotiated individual ISDA (International 
Swaps and Derivatives Association) agreements with potential counterparties for the swaps to 
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hedge gas prices. Fiscal Year 03-04 was the first complete year for using financial hedging to 
cap gas prices over a portion of forecasted gas requirements. 

Second, LADWP obtained approval of two ordinances from the Council authorizing the Board of 
Water and Power Commissioners to delegate its award authority to the General Manager for 
approving gas procurement contracts. Subsequently the Board approved two separate pro forma 
NAESB (North American Energy Standards Board) contracts for use in procuring natural gas for 
up to one year, and for up to five years in duration. A number of the one-year NAESB 
agreements are now being used to buy gas. Five year strips of gas for physical risk management 
purposes were completed in late 2008 using the 5-Year NAESB authority. In addition, in mid-
2009 the 5-Y r NAESB was used to obtain strips of biogas which contributes to the LADWP's 
Renewable Portfolio Standard goal. Additional hedging with natural gas is on hold due to the 
reduced gas usage and current hedge status limit set by the City Charter. 

Third, LADWP participated through SCPP A in a Request for Proposal (RFP) process soliciting 
proposals for a term supply of natural gas for 30 years for up to an average of 27,500 MMBtu/Day 
with a discount to index. The agreements were negotiated but the deal was never completed 
because difficulties with the economy greatly reduced the anticipated discount offered under the 
prepay. 

Fourth, LADWP has participated with the SCPPA in purchasing an active gas reserve in the 
Pinedale anticline area of Wyoming. Savings from this purchase have totaled approximately 
$52,000,000 for the six and a half years of ownership. Further production is indicated by virtue of 
the fact that neighboring production has been approved for drilling on 10-acre spacing, up from 
the current 20-acre spacing, by the Wyoming Division of Oil, Gas and Conservation. Other 
production adjacent to the SCPPA properties has already shown promise although development 
depends upon a number of environmental challenges. 

PwC noted that LADWP' s previous gas procurement strategy was highly dependent on spot market 
purchases and lacked the flexibility necessary to appropriately manage the price risk involved in 
gas buying, trading, and transportation activities. They argued at the time that price risk was a 
critical issue because gas was playing an increasingly important role in LADWP's future due to 
increased reliance on natural gas-fired generation. (Note that the 2000 lRP had recommended 
repowering four natural gas-fired generating stations and adding six gas-fired simple cycle 
combustion turbines to make up for a sale of a portion of LADWP's interest in the coal-fired 
Mohave plant, to replace units that were over 40 years old, and to meet anticipated load growth). 
Additionally, the increased use of renewables, such as wind and solar projects, may require 
higher levels of reserve margins because of their variable and intennittent nature, with the 
higher reserve margins being provided by gas-fired generation. Also, gas price volatility 
and constraints on the SoCal intrastate transportation system required LADWP to place more 
importance on gas supply management. 

Of major significance, the Department has sought a minor change in its hedging authority to 
allow it to purchase up to 10 year supplies ofbiogas only. Using this authority the Department 
was able to purchase a maximum of 10,000 MMBtu/day of landfill gas from Shell Energy 
North America. This amounts accounts for about 2% of the Department's committed goal of 
achieving 33 % renewables by 2020. 
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LADWP has adopted strategies to reduce exposure to daily gas price swings: by the use of 
monthly spot purchases, implementation of index based financial swaps, physical term purchases, 
and ownership of gas reserves. Monthly spot purchases lock in first of the month indexes and 
reducing the volumes subject to floating daily prices. The reserve acquisition will reduce overall 
costs through amortization of the purchase price for the reserve. Additional administrative 
procedures were put in place to further strengthen deal tracking and audit trails. 

An important initiative was put into play to obtain delegated authority from the City Council to 
allow LADWP management to execute SoCal' s Master Service Contracts. This contract allows 
the LADWP to take advantage of additional services offered by SoCal such as storage, 
parking, loaning and wheeling. The initiative was completed in early 2008. 

Additional Actions To Be Considered 

With respect to transportation and storage options, LADWP will need to evaluate its options in 
view of the aggressive schedule adopted by the Board of Commissioners in meeting its goals 
for implementation of renewable technologies for generation and elimination of coal-fired 
generation. The successful completion of both these goals will significantly impact the need 
for natural gas generation. To this end, LADWP has begun to develop standardized methods 
for evaluating capacity projects. Factors to consider in evaluating options including: 

• Cost of being short gas supply 
• The amount of fuel carried in inventory for emergencies 
• The type of fuel carried in inventory for emergencies 
• Cost of alternatives 
• Demand Side Management (DSM) 
• Spot power purchases 
• Alternative generation costs 
• Service interruptions and preparation for emergency fuel supply 
• Political and budget impacts 
• Cost of being over-contracted for off-peak periods 
• Cost of new capacity (initial capital and demand and charges) 
• Value of excess capacity sold on short-term basis 

These factors are applied to the contracting options that range from meeting baseload requirements 
to meeting peak requirements. 

SoCal is LADWP's only available intrastate transportation supplier by virtue of its authorized 
franchi se. Since SoCal provides 100 percent firm full requirements service, LADWP's 
transportation need is met. Storage is being developed by others. In the meantime, LADWP may 
participate in SoCal's auction to acquire an appropriate amount of inventory space, inj ection 
rights, and withdrawal capacity on a year to year basis. Storage is most effective contiguous to 
load centers. However, the most geologically effective sites in the greater Los Angeles area have 
already been developed by SoCal Storage service. Storage is primarily useful for minor load 
balancing and, to some extent, hedging. Given the robustness of SoCal's distribution system in 
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particular, and the interstate transportation system ill general, storage is not necessary for 
emergency backup supply for power generation. 

H.2.3 Proposed Actions 

LADWP proposes to take the following actions to provide additional flexibility in implementing its 
natural gas procurement strategy: 

• Increase the long-term natural gas hedging price cap. LADWP's authority for purchasing 
financial swaps forlong-term natural gas is currently limited to $10.00 perMMBtu. 

• Increase the short-term physical natural gas purchase price cap. LADWP's authority for 
purchasing short-term natural gas is currently limited to a rolling twelve months at $20.00 per 
MMBtu. 

• Obtain delegated authority to execute SoCal's Master Services Contracts (MSC) along with the 
attachments for ancillary services as soon as the new MSC is published by SoCal after several 
regulatory proceedings have been concluded which may affect the form ofMSC. 

• Increase the term limitation for its short-term power purchases. LADWP's authority for 
purchasing short-term power is currently limited to a rolling eighteen months from date of 
execution. And likewise increase to eighteen months the I-year gas NAESB contracts for short 
term gas purchases as has been done for electric deals. 

• Seek authority to enter into long-term power purchase hedging contracts. LADWP is currently 
not authorized to enter into such arrangements. 

In summary, LADWP has attempted to mitigate the impacts of volatile natural gas supplies and 
prices by acquiring a natural gas field, utilizing financial hedging contracts, and repowering over 
1,000 MW of electrical generation with more efficient combined cycle technology. 

H.2.4 Liquefied Natural Gas 

LADWP has been carefully monitoring for years the development of LNG throughout the 
country, and in particular the many projects aimed at California. Generally, LADWP has been 
supportive of the concept but has not taken an active role in any proposed project. LADWP 
supports making additional supplies available to the market in California for reliability and cost 
reasons. This will be especially true as more states implement environmental regulations that 
will limit the amount of electricity produced from coal resources and shift much of the energy 
production to natural gas. 

Currently there are no active LNG projects in California though several have been planned. 
Environmental issues and price containment from non-conventional shale gas have made project 
development a challenge. And in fact the current trend is to build or convert existing import 
terminals to export terminal due to the expanding production of shale gas nationwide. 
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H.3 Coal Procurement Strategy for the Intermountain Generating Station 

H.3.1 Intermountain Generating Station 

The Intermountain Power Agency (IP A) owns the Intermountain Generating Station (IGS). 
LADWP receives part of the power from IGS under a power purchase agreement with IP A that 
currently runs through 2027. LADWP is additionally under contract with IPA to oversee the 
operations of IGS and is known in that role as the Operating Agent. One of LADWP' s duties as 
the Operating Agent is to arrange for the procurement of coal or coal assets, including any 
transportation services needed to get the procured coal to IGS. All contracts for coal procurement 
or coal asset ownership are done under the name of IP A. Management approval for coal 
procurement or coal asset ownership is given by the Intermountain Power Project Coordinating 
Committee (IPPCC), which is made up of IGS power purchasers (including LADWP), and the 
IP A Board of Directors (which does not include LADWP). Future coal procurement and coal 
asset ownership and related strategic development are therefore, done at the discretion and 
approval of the IPPCC and IP A Board of Directors on behalf of the power purchasers and 
owners ofIGS. 

H.3.2 Coal Supply - A Role for the Operating Agent 

In its role as Operating Agent, LADWP administers, on behalf of IPA, a diversified portfolio of 
coal supply contracts that should by design hedge IGS power purchasers against escalating coal 
prices. The portfolio contains a combination of long-term, mid-term, and short-term coal supply 
contracts, which are either market price-based, fixed price-based, or cost of production price
based. 

H.3.3 Coal Portfolio 

The current coal procurement portfolio mix is as follows: 

Long-term fixed pricing (with contracts beyond 2013): 

Short-term market pricing (spot market purchases): 

60 percent 

40 percent 

In all, the Operating Agent procures up to six million tons of coal per year for IGS based on 
current capacity factors. At present, IP A has in place coal contracts which can supply all of the 
coal needs ofIGS through 2013, with a significant portion of the coal needs beginning 2014 also 
already in place. 

Historically, the vast majority of coal procured for IGS has come from Utah sources. The 
procurement of coal in the near- and far-term will likely be done in a similar manner as described 
above, with the percentages of the pricing methodologies in the portfolio mix being determined 
with pricing and security of supply in mind. While Utah coal is expected to remain a key part of 
the IGS coal supply for the next 20 years, Utah sources of coal are diminishing. Thus, it is 
prudent for to the Operating Agent (with IPPCC and IP A Board of Directors guidance and 
approval) to seek out sources from new Utah mines and from other Rocky Mountain States. For 
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several years the Operating Agent has procured short-term contract coal from more than a half 
dozen sources in Colorado and Wyoming. This will have to be done to a greater extent in the 
future. Since travel time using IP A-owned unit-trains increases while traveling greater distances 
to the out-of-state sources, the Operating Agent has already made arrangements to lengthen 
IPA's unit-trains, obtain additional railcar capacity, and expand IPA's railcar operation and 
maintenance facility. 

H.4 Alternative Fuels for Basin Generation 

Although there will be ample supplies and delivery capacity for natural gas to power all Basin 
generation for the foreseeable future, there is some concern that that LADWP will become too 
dependent on a single fuel. As a consequence, a great deal of thought has been put into 
identifying potential backup supplies in the event of an emergency. 

Among those considered are liquefied natural gas and ultra-low sulfur (CARB) diesel. Both fuels 
present unique storage, handling, operational, and/or environmental problems. Both are deemed 
too expensive to implement. 

The greatest disaster that could possibly affect the LADWP' s ability to generate electrical energy 
for native load would be a massive earthquake such as the Northridge Earthquake that afflicted 
Los Angeles in 1994. During that event, due to transmission line problems, the entire power 
system in Los Angeles was islanded and all available basin generation was put on line. No power 
was brought in from the Pacific Intertie and minimal power from Palo Verde, Navajo, Mohave or 
Intermountain power was available. Natural gas demand for power increased by 200,000 
MMBtu/Day and was provided by a minority supplier in a timely fashion. This situation 
persisted for over two weeks until field crews could repair damage to transmission lines. No 
power plants were damaged as a result of the quake, but some were temporarily taken off line 
until the situation stabilized. All generation was eventually brought on line within a few hours of 
the quake. If the quake were much more severe, damage to the power plants' turbines would 
have necessitated them to be taken off line. The gas delivery system, both SoCal's distribution 
system as well as the interstate transmission systems, were not harmed by the Northridge quake. 
Characteristically, gas pipelines are imbedded in sand-filled trenches that allow the pipes to 
move about when the earth shifts, thereby reducing the possibility of breaking. Major 
transmission lines bring gas from the East and cross the San Andreas Fault, which move all the 
time, but rarely cause delivery outages. Thus it would appear that the gas delivery infrastructure 
is more robust than the power plants that depend on it. 

We can conclude from this that although it might seem desirable to maintain some type of 
backup supply of fuel for in-Basin power plants, the existing natural gas supply system is likely 
both adequate and reliable enough to withstand a major disruption event. 

However as a matter of prudent management of electric operations, the issue of backup fuel 
supplies or some other accommodation is being actively studied by the Fuels and Risk Advisory 
Working Group. 
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Appendix I Transmission System 

1.1 Transmission Resources 

Appendix I 
Transmission System 

LADWP is one of only a handful of electric utilities that own and operate a system with both 
alternating current (AC) and direct current (DC) transmission lines. The typical utility is 
exclusively an AC system with a shorter geographical reach than the LADWP network. LADWP 
employs its DC lines to import bulk power across state lines from markets and plants in 
UtahlWyoming, Washington and Oregon. To lower transmission losses, AC/DC conversion 
equipment is utilized to interconnect its long distance DC lines with the AC system. Table I-I 
lists LADWP' s transmission resources. 

Table 1-1. BREAKDOWN OF TRANSMISSION RESOURCES 

Voltage Class 
I 

AC/DC 
I 

Circuit-Miles 

Out-of-Basin 
±500kV DC 1,068 
500kV AC 1,069 
345kV AC 189 
287kV AC 350 
230kV AC 353 
Out-of-Basin Circuit-Miles 3,029 (81 %) 

In-Basin 
230kV AC 521 
138kV AC 153 
115kV AC 44 

In-Basin Circuit-Miles 718 (19%) 

Total Circuit-Miles 3,747 (100%) 

As Table I-I shows, the majority of LADWP's transmission assets are located outside of the 
Los Angeles Basin. Originally constructed to supply lower cost electricity to its customers and 
thereby maintain lower electricity rates, these assets are vitally important to LADWP's 
attainment of its 33% RPS goal by 2020. Excess transmission capacity is sold on a non
discriminatory basis in a wholesale market under an open-access transmission tariff largely 
conforming to FERC Order 890. 
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Transmission System 

A one-line diagram of the key bulk power transmission lines is shown in Figure 1-1. The 
transmission capabilities of the different systems are summarized in Table 1-2. 

Table 1-2. IMPORT CAPABILITY OF TRANSMISSION RESOURCES 

Transmission System Transfer Rating (MW) LADWP Share (MW) 

East-to-LA Basin 4,000 3,566 

West-or-River 10,623 3,273 
East-of-River 9,256 1,4561 

Pacific DC Intertie @ NOB 2,990 1,196 

Owens Valley Transmission 450 450 

Intermountain 2,400 1,428 

1As of 6/1 /2012 
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Figure 1-1. LADWP Power System diagram. 
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1.2 Basin Transmission System 

Appendix I 
Transmission System 

LADWP's basin transmission network is comprised of overhead and underground lines ranging 
from IISkV to 230kV; 4 switching stations that tie together multiple Transmission System 
circuits; and 20 receiving stations that serve as gateways to the distribution system and as tie 
points for basin power plants. 

Because LADWP serves a metropolis, system reinforcements, additions, and improvements are 
often challenging; construction in crowded thoroughfares inconveniences so very many people. 
Compounding this challenge is the very real need to invest in an aging transmission 
infrastructure, parts of which date back to 1916. LADWP continues to explore and exercise 
feasible options to increase the utility of its resources, including dynamically rating critical belt
line segments. Even so, it is clear that long-term investments must be made in the near-term. 
According to the Ten-Year Transmission Assessment released in November 2010, LADWP's 
transmission system is capable of handling expected system peak loads for the next four years 
when supported by approved remedial actions to address vulnerable, critical double 
contingenci es. 

Further, the annual Ten-Year Transmission Assessments have consistently identified the need to 
install Scattergood-Olympic - 230kV Line 1 for many years now. With each passing year, the 
urgency becomes more apparent so that now even remedial actions have limited benefit. For this 
reason, LADWP is moving forward with the installation. With construction slated to begin in 
2012, the new IS-mile long Scattergood-Olympic 230kV Line 1 in the Westside should be in
service before Summer 2015. Information on this project is available at the following website: 
http ://www.1adwp.com/ladwp/ cms/ladwpO 13 744. j sp. 

1.3 East-to-LA Basin Transmission System 

The East-to-LA Basin System (see Table 1-3) transmits power into the Los Angeles Basin from 
distant resources in Utah and the Desert Southwest. The Adelanto Converter Station receives 
power from the Intermountain DC corridor. The Victorville Switching Station is similarly joined 
to the task of receiving power from the West-of-River System. 

Table 1-3. EAST TO LA BASIN TRANSMISSION SYSTEM 

T .. L· Voltage Transfer LADWP LADWP 
ransmlsslon me Class (kV) Limit (MW) Ownership (%) Scheduling (%) 

Victorville-Century Lines 1 &2 
Victorville-Rinaldi 
Adelanto-Toluca 
Adelanto-Rinald i 

FINAL 

287 
500 
500 
500 

4,000 

1-4 

100 100 
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1.4 West-of-the-River System 

Appendix I 
Transmission System 

LADWP's West-of-River (WOR) system transmits power from the 
MeadlMcCulloughlMarketplace area to the AdelantoNictorville area along WECC's WOR (path 
46). Path 46 facilitates transportation of electricity from the Navajo Generating Station (page, 
Arizona) and the Palo Verde Generating Station (Wintersburg, Arizona) to Southern Nevada and 
to Southern California, respectively. Until the 1580 MW Mohave Generating Station was shut 
down in 2005, the Mohave-Lugo 500kV and the Mohave-Eldorado 500kV Lines primarily 
interconnected that station to the WECC power grid. Since 1996, LADWP has been selling 
available capacity in the wholesale markets via OASIS. The Palo Verde-Devers 500kV Line No. 
1, of which LADWP has 368MW of bi-directional transmission service rights, and 368MW of 
bi-directional transmission service rights between Devers and Sylmar, is common to both the 
West-of-River System and the East-of-River System. Both systems are also related in that the 
capacity ratings are seasonally adjusted according to the Southern California Import Transmission 
(SCIT) Operating Nomogram. 

The WOR system is summarized on Table 1-4 and shown on Figure 1-2. 
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Table 1-4. WOR TRANSMISSION SYSTEM 

FINAL 

Eldorado-Lugo 
Eldorado-Pisgah 
Eldorado-Cima-Pisgah 
Mohave-Lugo 
Julian Hinds-Mirage 

Ramon-Mirage 
Coachella-Devers 

North Gila-Imperial Valley 
EI Centro-Imperial Valley 

CALIFORNIA 

500 
230 
230 
500 
230 

230 
230 

500 
230 

WOR Total 

NEVADA 

2,592 

2,754 

600 

1,584 

10,623 

Figure 1-2. LADWP West-of-Colorado transmission resources. 
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1.5 East-of-the-River (EOR) System 

Appendix I 
Transmission System 

LADWP's East-of-the River (EOR) system transmits power from the north-central and central 
areas of Arizona to the McCulloughlMarketplacelMead area along the WECC EOR (path 49). 
Path 49 facilitates transportation of electricity from Navajo Generating Station (Page, Arizona) 
and Palo Verde Generating Station (Wintersburg, Arizona) to Southern Nevada and to Southern 
California, respectively. The Palo Verde-Devers 500kV Line No.1, of which LADWP has 
368MW ofbi-directional transmission service rights, and 368MW of bi-directional transmission 
service rights between Devers and Sylmar, is common to both the West-of-River System and the 
East-of-River System. Both systems are also related in that the capacity ratings are seasonally 
adjusted according to the Southern California Import Transmission (SCIT) Operating 
Nomogram. 

The EOR system is summarized on table 1-5 and shown on Figure 1-3. 
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Table 1-5. EOR TRANSMISSION SYSTEM 

Appendix I 
Transmission System 

T "" L" Voltage Class All t" (MW) LADWP Entitlement 
ransmlsslon me (kV) oca Ion (MW) 

Navajo-Crystal 
Moenkopi-Eldorado 
Liberty-Peacock-Mead 
Palo Verde-Devers 
Hassayampa-North Gila 
Perkins-Mead 

NEVADA 

PISGAH 

CALIFORNIA 

500 
500 
345 
500 
500 
500 

I 

9,256, east to west 
non-simultaneous 

: UTAH 
I 
I 
I 

I ~ NAVAJO 1.-- _ _ _____ _ 

I 500(18,29,42) 

SEE 

PHOENIX 

DETAIL 

2:50(.33) 

Figure 1-3. LADWP East-of-Colorado River transmission resources. 

FINAL 1-8 

1,456 

ARIZONA 

December 3,2012 

AR0070241 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

1.6 Owens Valley Transmission Line 

Appendix I 
Transmission System 

Essentially a segmented single line, the Owens Valley System is becoming increasingly 
important as a corridor to import renewable resources that support LADWP's RPS goals. 
Developers have proposed interconnecting renewable resource projects totaling more than 
2950MW. These projects have been placed in the interconnection queue but require the 
construction of LADWP's Barren Ridge Renewable Transmission Project, described in Section 
2.4.8 of this IRP. 

The Owens Valley transmission system is summarized on Table 1-6 and shown on Figure 1-4. 

Table 1-6: Owens Valley Transmission System 

Transmission Line Class Allocation 

I 

Voltage I Approximated 

Owens Gorge-Inyo 
I nyo-Cottonwood 
Cottonwood-Barren Ridge 
Barren Ridge-Rinaldi 

(kV) (MVV) 

230 
230 
230 
230 

1 The normal rating of the line is 459 MVA, 
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Potential Renewable Resources along the Owens-Rinaldi Corridor 

OWENS GORGE 

INYO ....,.-......... 

I--~+--+-+--{"v South Owens Valley Solar Ran<h = 200 MW 

I--~+--+-+--{"v Owens Dry Lake Solar Ran,h = 100 MW 

- ..... -+-- COTTONWOOD 

Pine Tree Solar =8.5 MW V' 

Solar = 500 MW V'}-t--~--t---1 

Wind = 857 MW V'}-+-~-+--{ 

CASTAIC -..,.---,.---,.-"P""" 
I 
I 

....1--

SYLMAR 
NORTHRIDGE 

OLIVE 

RINALDI 

Wind =201 MW 

r--+--<>---+~>--+---I"v Solar = 789 MW 

BARREN RIDGE 

Summary of Queued Generation Projects 

WIND (1343 MW) 
LADWP-Owned 285 MW Dec 2017 

Non-LADWP-Owned 1058 MW Dec 2014 

SOLAR (1598 MW) 
LADWP-Owned 309 MW Dec 2017 

Non-LADWP-Owned 1289 MW Dec 2014 

GRAND TOTAL = 2941 MW 

HASKELL CANYON 
SWITCHING STATION - - - - - - Futu re EIpon sion 

Figure 1-4. Owens Valley transmission resources. 
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1.7 Intermountain System 

The Intermountain System is comprised of three WECC paths operated by LADWP on behalf of 
the Intermountain Power Authority: 

FINAL 

• WECC Path 27, the 488-mile Intermountain Power Project DC Line, was upgraded 
from 1920MW to 2400MW in May 2011. The increased capacity has been 
accommodating transmission of wind energy from Utah (see Table 1-7 and Figure I
S). 

• WECC Path 28, the 50-mile Intermountain-Mona 345kV line ties Pacificorp to 
LADWP's Balancing Authority Area (see Table 1-8 and Figure 1-6). 

• WECC Path 29, the 144-mile Intermountain-Gonder 230kV line ties NV Energy to 
LADWP's Balancing Authority Area (see Table 1-9 and Figure 1-7). 
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Table 1-7. WECC PATH 27 

... Allocation LADWP LADWP LADWP 
Transmission Line (MW) Expiration Share (%) Scheduling (%) 

Intermountain-Adelanto 
Adelanto-I ntermountain 

2400 
1400 

NEVADA 

CALIFORNIA 

ADELANTO 

LOS ANGELES 

AREA 

Figure 1-5. WECC Path 27. 

FINAL 

15Jun2027 59.5 59.5 

UTAH 

-------------------------------------

ARIZONA 
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Table 1-8: WECC PATH 28 
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... Allocation LADWP LADWP Share LADWP 
Transmission Line (MW) Expiration (%) Entitlement (MW) 

I ntermountai n-M ona 
Mona-I ntermountain 

1200 
1400 

NEVADA 

Figure 1-6. WECC Path 28. 
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Table 1-9: WECC PATH 29 
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""" "LADWP LADWP Entitlement 
Transmission Line Allocation (MW) E" t" LADWP Share (%) (MW) 

Intermountain
Gonder 

200 
non-simultaneous 

bi-directional 

NEVADA 

MACHACEK 

xplra Ion 

n/a 

CAMP WILLIAMS 

INTERMOUNTAIN 

230(16);----------t---~ 

PAVANT 

Figure 1-7. WECC Path 29. 
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1.8 Pacific DC Intertie System 

Appendix I 
Transmission System 

Also known as WECC Path 65, the Pacific DC Intertie is a ±500kV DC line stretching from the 
Pacific Northwest to the Los Angeles Basin. This corridor provides the means for LADWP to 
import wind energy and hydroelectricity created from spring runoffs. For the Pacific Northwest, 
it provides access to low cost generation resources during cold winter months. As described in 
2.4.8 of this IRP, research into the various technological options to increase the capacity of the 
Pacific DC Intertie is being conducted. 

Table 1-10. WECC PATH 65 

+/- 500 kV DC 40 40 

OREGON 

Figure 1-8. WECC Path 65. 
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1.9 Interconnections with Other Utilities 

Appendix I 
Transmission System 

A number of utilities interconnect with LADWP' s transmission system. The tie points are 
listed in Table 1-11. 

Table 1-11. TRANSMISSION TIE POINTS WITH OTHER UTILITIES 

I 

Regional 

I 

I Voltage Class Utility Transmission Location (kV) 
Organization 

Arizona Public Service -- Marketplace Switching Station 500 

Bonneville Power Pacific DC Intertie @ North of 
500 

Administration 
--

Oregon Border 

City of Anaheim California ISO Marketplace Switching Station 500 

City of Azusa California ISO Marketplace Switching Station 500 

City of Banning California ISO Marketplace Switching Station 500 

City of Burbank 
Marketplace Switching Station 500 -- Toluca Receiving Station 69 

City of Colton California ISO Marketplace Switching Station 500 

City of Glendale 
Marketplace Switching Station 500 -- Airway Receiving Station 230 

Marketplace Switching Station 500 
City of Pasadena California ISO S1. John Receiving Station 34.5 

(emergency) 

Cities of Modesto 
Redding California ISO Marketplace Switching Station 500 
Santa Clara 

City of Riverside California ISO Marketplace Switching Station 500 

City of Vernon California ISO Marketplace Switching Station 500 

Intermountain Power Adelanto Switching Station, 
500 

Agency 
--

afier15Jun2027 

NV Energy 
McCullough Switching Station 500 and 230 --
Gonder, until 15Jun2027 230 

Pacificorp -- Mona, until 15Jun2027 345 

Salt River Project -- Marketplace Switching Station 500 

Eldorado Substation 500 
Victorville-Lugo midpoint 500 

Southern California 
Velasco Receiving Station- 230 

Edison 
California ISO Laguna Bell (emergency) 

Sylmar Switching Station 220 
Inyo Substation 115 
Haiwee (emergency) 115 

Western Area Power 
Marketplace Switching Station 500 

Administration 
-- McCullough Switching Station 500 and 230 

Mead Substation 287 
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AppendixJ Integration of Intermittent Energy From 
Renewable Resources 

J.1 General Integration Principles 

One of the main responsibilities of power system operators is to maintain the balance between 
the total aggregate electrical demand of the system's customers and the amount of energy 
generated to meet that demand on an instantaneous basis. Conventional electrical generation 
technologies, such as nuclear, coal, natural gas and large hydro are controlled and dispatched by 
the power system operators throughout the day to maintain this instantaneous balance between 
demand and generation. 

However, some renewable resources generate energy following the vagaries of nature in a 
variable and intermittent manner, and the energy from these renewable resources is 
generally not controlled by power system operators but received dynamically as it is 
produced. For example, solar resources only produce energy during daylight hours, and wind 
resources only produce energy when the wind is blowing. Such renewable resources are often 
referred to as variable and intermittent renewable generation technologies. 

It is anticipated that the amounts of energy generated from solar and wind resources will be 
substantial and increasing over time. The percentage of solar and wind resources compared to the 
total capability of a utility's power system may also be defined as "percent penetration." Percent 
penetration can be measured either by a capacity or energy method. Either measurement method 
is important; since a utility may use this information to determine the maximum amount of 
intermittent resources that a power system can accommodate without impairing the utility's 
ability to reliably maintain the required instantaneous balance between demand and generation. 

Because power system operators cannot control or dispatch the production of energy from most 
renewable resources, the remainder of the power system must be controlled and dispatched to 
accommodate both the changes in renewable energy production and the changes in customer 
demand. In general, with the addition of increasing amounts of variable and intermittent 
renewable generation, the conventional controllable generation resources of a power system 
must become more flexible in their ability to rapidly ramp up or ramp down their output in order 
to successfully and reliably integrate new renewable generation. 

J.2 Findings of System Integration Studies 

In the last several years, LADWP has been increasing its efforts to acquire renewable resources. 
In 2003, 3 percent of energy sold to its customers was generated from renewable energy 
resources. This increased substantially to 20 percent in 2010, and 33% is mandated in 2020. 
With the much higher percentage of renewables coming on line, a variety of modifications 
will need to be made to the Power System to successfully and reliably integrate these higher 
penetrations of renewable resources. In preparation, LADWP has conducted preliminary 
studies on integrating renewable resources, and has also reviewed many renewable resource 
integration studies published over the last several years. 
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These studies have yielded some common observations and recommendations regarding the 
integration of intermittent renewable resources into power system generation portfolios. Some 
common observations of these studies include the following: 

FINAL 

1. Larger power systems with robust transmission systems tend to have a greater ability to 
integrate intermittent wind and solar resources. 

2. Individual wind power plants tend to have a high variability in the amount of energy 
produced (see Figure J-l, which illustrates the power output from the Pine Tree Wind 
Farm, rated at 135 MW with 90 wind turbines located over 7,100 acres). 

3. Wind energy production impacts a power system's regulation (minute to minute 
generation variability), load following (hourly variability), and unit commitment 
decisions (day-ahead flexibility) (see Figure J-2, which illustrates the instantaneous 
generation for the Pine Tree Wind Farm for a single day). 

4. Wind is usually categorized primarily as an energy resource. The dependable 
capacity value of a wind farm to the power system is much lower than the rated 
capacity of the wind turbines. 

5. There is a financial cost to integrate intermittent wind and solar renewable projects into 
existing power systems, and this cost increases with increasing amounts of intermittent 
renewable resources. 

6. Wind energy production patterns are not usually aligned with daily load patterns. Wind 
production tends to be greatest in the evenings when the daily load is near its 
m1mmum. 

'Fehachapi , CA (PineTre.e Pwject) 
March 201 i D aily Wind Pmfi le 

130 +---------------------------1 

Figure J-1. Wind farm daily wind profiles. 
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Figure J-2. Wind farm variability measured instantaneously. 

7. In many cases high wind energy production during low power system energy demand 
hours represents the greatest challenge for power system operations. 

8. Average daily and monthly wind energy production profiles are not representative of 
actual hourly production, due to the high variability in hourly energy production (see 
Figure J-l). 

9. Solar energy production patterns are more closely aligned with daily load patterns than 
with wind energy production patterns, yet also exhibit variable and intermittent 
characteristics (see Figure J-3, which illustrates instantaneous output from LADWP's 
10 MW Solar Photovoltaic facility located at Adelanto, California. Output tends to be 
smooth (about 40% of the days), or semi -volatile or volatile (about 60% of the days). 

10. Energy generated from Solar PV technology is highly sensitive to cloud cover. These PV 
systems can experience variations in output of + 50 percent in 30 to 90 seconds, and + 70 
percent in five to 10 minutes. When a single large sized PV facility experiences these 
rapid changes in power output, the Power System must also be able to react just as 
quickly with other generation resources to accommodate such rapid changes. The 
capabilities of a power system's dispatchable resources will limit the size of a single 
utility scale solar PV facility. 

11. In the current energy market, the energy from renewable resource generation will tend to 
displace the marginal resource, which is typically natural gas. However, if future financial 
burdens are applied to carbon fuels such as coal, and coal becomes the marginal resource, 

J-3 December 3,2012 

AR0070252 



Los Angeles Department of Water and PowerAppendix J 
2012 Power Integrated Resource Plan Integration of Intermittent Energy 

then coal energy may tend to be displaced by renewable resources. 
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Figure J-3. Solar photovoltaic power generation days at the 10 MW Adelanto facility. 

Some common recommendations from these renewable energy integration studies include the 
following: 

1. Successful integration of intermittent renewable resources requires an investment in 
transmission and generation resources and cooperative operational agreements between 
power system operators and energy providers. 

2. New generation should be able to operate flexibly, meaning it should be able to start and 
stop quickly and to cycle on and off many times throughout the year. It should also be 
able to ramp (change the amount of energy it produces) quickly and operate at low 
generation levels. 

3. State-of-the-art forecasting, particularly for wind resources, needs to be made available to 
power system operators. 

4. Variable generators need to have NERC reliability standard compliant features, including 
low-voltage ride-through, voltage control, and reactive power control. 

5. Wind and solar energy production must be curtailable by power system operators if 
variable energy production negatively affects power system reliability. The power system 
operators also must have the ability to set power ramp rates for wind and solar projects if 
needed to ensure power system reliability. 

6. Natural gas fired combustion turbines and pump-storage hydro plants are effective tools 
for integrating intermittent renewable resources into existing power systems. Other 
energy storage devices described in Appendix K may also assist in integrating 
intermittent renewable resources. 

7. Customer demand response programs may work well in integrating intermittent 
renewable resources. 

Further studies, planning and system modeling will be needed as additional renewable resources 
come on-line to maintain power system reliability. 
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K.l Overview 

AppendixK 
Energy Storage 

This Appendix provides a review of the general requirements of grid-scale energy storage 
systems (ESSs) and ESS technologies, followed by a copy of a February 2012 resolution by the 
Water and Power Board of Commissioners regarding energy storage targets, and a copy of 
AB 2514. 

K.2 Requirements of Grid-Scale Energy Storage Systems 

LADWP plans to meet its 33 percent renewable generation goal by acquiring and self
developing eligible renewable resources including wind and solar. Because wind and solar are 
intermittent resources by nature, integrating them into the power system is a major challenge. 
One method of integrating these intermittent generating resources will be large-scale ESSs. The 
LADWP currently has electrical storage capacity of 1175 megawatts (MW) of pumped storage at 
the Castaic Lake Hydroelectric Pumped Storage Plant. The ESSs used in the system should be 
cost effective and provide economical benefit to LADWP. 

The ESS power and energy requirements vary widely with the particular grid support application 
(Figure K-1). Power quality applications require ESSs with high power capability and short 
storage capacity, while grid support systems require high power output and medium storage 
capability. Grid-connected renewable energy generation requires large-scale energy storage and 
large power capability. 
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Electrical ESSs are critical for the integration of intermittent renewable energy sources, load 
shifting, and improving the stability and reliability of the electricity grid. Such electrical ESSs 
must be capable of storing hundreds of megawatt-hours (MWhs) and operating without 
significant degradation for 15-20 years at a cost comparable to today's power plants. 

K.3 Energy Storage System Technologies 

LADWP is presently in the process of assessing various advanced electrical energy storage 
technologies to meet its renewable energy program goals. The technologies that look promising 
for grid-scale energy storage are rechargeable batteries, compressed-air energy storage (CAES), 
pumped hydro-storage, flywheels energy storage (FES), and supercapacitors. Table K-1 
summarizes the salient characteristics of the various energy storage technology options. Among 
these options, CAES and pumped hydroelectric systems are the technologies most suited for 
storing large quantities of electrical energy for long periods of time. Rechargeable batteries can 
support applications requiring a few minutes to a few hours of energy storage. However, hybrid 
ESSs consisting of rechargeable batteries and other electrical storage systems are likely to meet a 
wide range of requirements. 

Table K-1. COMPARISON OF VARIOUS ESS TECHNOLOGIES 

Lead Acid <1MW 0.1 kWh -1 MWh 1 - 5 hours limited cycle 
low 
high cost, safety in 

Lithium-Ion <2MW 0.1 kWh -10 MWh 1 - 8 hours large systems, life, 

high temperature 
Sodium Sulfur <40 MW < 250 MWh 1 - 24 hours operation, cost, safety 

i of life 
long life, safe, low energy density, 

Redox Flow <5MW < 15 MWh 1 - 24 hours easily scalable, low power density 
medium cost 

Compressed Air 
25 MW-

1 GWh 1 - 24 hours high capacity, low 
3000 MW cost 

Pumped Hydro 
100 MW-

15GWh 4 - 24 hours 
4000 MW 

Flywheels <1MW < 10 MWh < 1 hour energy density, 
i cost 

low energy density, 
Supercapacitors <1MW < 100 kWh < 1 minute high cost 

i i 

Superconducting 
high power high cost 

Magnetic Storage 
< 10 MW < 1 MWh < 30 minutes density, high 

effici 
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Rechargeable batteries, upon being charged, convert electrical energy into chemical energy 
within reactant materials. The chemical energy can be returned as electrical energy upon 
discharge of the batteries. The rechargeable batteries being considered for the grid support 
applications described in this appendix are Lithium-Ion Batteries, Sodium-Sulfur (NaS) 
Batteries, and Redox Flow Batteries. The key challenges for these battery systems are 
summarized in Table K-2. 

Lithium-Ion Batteries 

The basic chemistry of these batteries is the same as that of the batteries used in cell phones, 
laptops, and other portable electronic devices. Large batteries can be fabricated using the same 
chemistry to provide ESSs for the grid. These batteries consist of carbon-based anode materials 
and lithiated metal oxide (metals such as cobalt, nickel, and manganese) cathode materials along 
with an organic electrolyte. Other material choices include lithium titanate for the anode and 
lithium iron phosphate for the cathode. The cells are sealed to prevent exposure of the battery 
chemistry to moisture and oxygen. These batteries offer specific energy values as high as 200 
watt hour per kilogram (Wh/kg) and 400 watt hour per liter (Wh/L). They are three to six times 
lighter than lead acid batteries for the equivalent capacity and allow for fast charging and 
discharging. Operational life of about five years has been demonstrated. Further research is 
currently being done to improve battery-life characteristics for automotive applications. Cost and 
safety are the key challenges for widespread deployment of these types of batteries. Lithium iron 
phosphate and lithium titanate are particularly attractive for automotive applications because of 
their lower cost and higher abuse tolerance, albeit at a moderate reduction in energy density to 
100 Wh/kg. AES Energy Storage is current installing a 32 MW lithium-ion storage system to 
regulate the 100-MW Laurel Mountain Wind Farm in West Virginia. Similarly, A123 Systems 
and AES have jointly deployed a 2 MW system (see Figure K-2). The current cost for lithium
ion batteries is between $650-$1000/kWh and $400-$2000/kW. Current costs of lithium-ion 
batteries are coming down because of ongoing developments in the automotive industry and are 
expected to reach $250/kwh by 2020. 

Figure K-2. Lithium-ion batteries. 

Sodium-Sulfur Battery 

This type of battery was developed prior to lithium ion batteries and uses metallic sodium and 
elemental sulfur. A sodium-ion conductive ceramic separates both electrodes. Redox and 
Lithium-Ion batteries can operate at ambient temperatures, but NaS batteries must operate at 

FINAL K - 3 December 3,2012 

AR0070256 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

AppendixK 
Energy Storage 

about 450°C and must be maintained at this high temperature by appropriate thermal insulation. 
Repeated heating and cooling cycles will reduce the life of NaS batteries. Since NaS batteries 
consist of reactive materials maintained at high-temperatures, engineering measures are required 
to ensure safe operations. Notwithstanding these challenges, large-scale NaS battery installations 
have been demonstrated worldwide, with the largest installed unit being 34 MW, 245 MWh for a 
wind power stabilization application in Northern Japan by NGK Insulators Inc. (see Figure K-3). 
Thus far in the U.S., about 40 MWs have been deployed for grid support and integration with 
wind energy systems. General Electric USA has recently announced its intention to develop and 
manufacture NaS batteries for renewable energy system integration. The projected cost of large
scale NaS batteries is $450/kW and $400/kWh. 

Figure K-3. Sodium-sulfur batteries. 

Redox Flow Batteries 
In a redox flow battery (see Figure K-4), the chemicals produced in the cell stack during 
electrical charging are pumped out of the cell stack and stored as a solution in tanks. The 
solutions are then re-circulated through the cell stack when the energy needs to be regenerated. 
Since large amounts of energy can be stored as solutions in 
tanks, the redox flow battery concept is particularly suitable 
for large-scale energy storage applications. The Vanadium 
Redox Battery (VRB) is one of the best known examples of 
a redox flow battery that has been scaled up to MWh sizes; 
systems with the power level of 2 MW and storage capacity 
of 12 MWh have been demonstrated. Many units based on 
VRB technology are in operation worldwide. Some of the 
flow battery systems have been in operation for over 30 
years with minimal maintenance. The life cycle emission 
from these batteries is less than 25 percent of that of lead
acid batteries. The capital cost for these batteries is in the 
range of $1000/kW and $300/kWh. With a 15-year life 
span, the amortized cost of this system is comparable to 
that of lead acid batteries. 
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Table K-2: KEY CHALLENGES OF BATTERY SYSTEMS 

Vanadium Redox Battery I Lithium Ion Battery I Sodium-Sulfur Battery 

High cost of vanadium 

Negative environmental impact of 
using large quantities of a 
biologically active heavy metal 
such as vanadium 

Low-efficiency 

Low to Moderate power density 

Loss of efficiency by cross diffusion 
of constituents, 

Low storage capacity of solutions 

Operational safety of large-scale 
batteries 

Degradation after 2000 cycles on 
deep discharge which 
translates to about 3-4 years 
of operation. 

High cost of materials to achieve 
high-energy density. 

K3.2 Compressed Air Energy Storage 

High temperature operation of 
the battery (400°C) adds to 
cost, maintenance and safety 

Rapid degradation of sealing 
elements when subjected to 
thermal cycling. 

Degradation of battery over 1000 
cycles 

High cost arising from materials 
and manufacturing methods. 

CAES systems compress large masses of air during periods of low energy demand (off-peak) and 
then expand the air in turbogenerators to produce power during periods of peak demand. Heating 
the compressed air before sending it through the turbogenerator results in a three-fold increase in 
the power that could otherwise be generated without the heater. Compressed air stores 
mechanical energy that can be released very rapidly. However, the stored energy density of 
CAES systems is relatively small compared to liquid fuel (gasoline, diesel). Currently, about 80-
85 percent of the mechanical work for compressing the air is lost as waste heat during the 
compression. New air compressor devices that recover the heat generated will substantially 
increase the efficiency. 

K.3.3 Pumped Hydroelectric Storage 

Pumped Hydroelectric Storage (PHS) is one of the most widely used ESS technologies. The PHS 
system involves pumping water from a lower reservoir to a higher reservoir when electricity is 
available (generally at night) and then flowing water down through hydroelectric generators to 
produce electricity when additional power capacity is needed (typically at midday during periods 
of peak demand). PHS systems require a particular geographical topology where reservoirs can 
be situated at different elevations and where sufficient water is available. PHS systems constitute 
3-4 percent of the current worldwide power generation capacity. The typical size of these PHS 
systems is around 1000 MW, and the storage capacity can exceed thousands of MWhs based on 
the size of the reservoirs and the hydroelectric generator assets involved. The round-trip 
efficiency of these systems usually exceeds 70 percent. Installation costs of these systems tend to 
be high because of the geographical siting requirements. System cost is estimated to be 
$4000/kW and $200/kWh. 
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FES systems work by using an electric motor to accelerate a rotor (flywheel) to a very high 
speed, maintaining the energy in the system as rotational energy using very low-friction bearings 
and engaging an electric generator to convert the rotational energy back to electricity by 
decelerating the flywheel. FES technology is a good fit for managing relatively limited amounts 
of electricity for short periods of time and is being considered as a strong contender for 
frequency control of the grid. Beacon Power Corporation has developed a flywheel system for 
frequency control of the grid and is currently testing several installations of prototype equipment. 

K3.5 Supercapacitor Energy Storage 

Supercapacitor Energy Storage (SES) and Ultracapacitor Energy Storage (UES) systems are 
targeted to fill the gap between capacitors and batteries. These devices can deliver large amounts 
of power for short periods of time and can be used to dampen the in-rush current noise caused by 
the start-up and shut down of large motors and generators in large power system facilities. 
However, these devices are not likely to be good candidates for large-scale energy storage. 

K3.6 Superconducting Magnetic Energy Storage 

Superconducting Magnetic Energy Storage (SMES) systems store energy in the magnetic field 
created by the flow of direct current in a superconducting coil, which has been cryogenically 
cooled to a temperature below its superconducting critical temperature. SMES technology is 
highly efficient, but manufacture of actual commercial equipment has been hard to achieve. This 
technology appears to be too immature for large scale commercialization. 
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Quantifiably advances in ESS technologies, and implementation will result in several benefits as shown 
on Table K-4. 

Table K-4. BENEFITS OF ENERGY STORAGE SYSTEMS 

LADWP Approach 

I 

Benefits 

I 

Metrics 

Use Battery Energy Storage to supply energy 
Lower electricity cost 

Lowering peak demand 
when the generation dips from the wind or solar needed from expensive 
generators during peak demand periods or combustion turbine 
demand increases generators with wind and 

solar generation 

Reduced power 
interruptions and Fewer and Shorter outages 
increase reliability 

Use Battery Energy Storage to supply energy 
when the generation dips from the wind or solar Fewer momentary outages 
generators or during system disturbances 

Reduced costs from Fewer severe sags and 
better power quality swells 

Lower harmonic distortion 

Use Battery storage energy from green power 
reduces C02 Emissions Reduced damages as a Percentage of green power 

result of lower relative to total power 
GHG/carbon emissions generated. 

Increase of battery storage from green power to 
reduce need for oil or gas 

Reduce reliance on non renewable resources 
Greater energy security 

Percentage of green energy 
from reduced oil 
consumption 

utilized 
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LOS ANGELES DEPARTMENT OF WATER AND POWER LADWP BOARD APPROVAL LETTER 

Senior Assistant General 
Manager - Power System 

CITY COUNCIL APPROVAL 
REQUIRED: Yes 0 No 16I 

PURPOSE 

General Manager 

IF YES, BY WHICH CITY 
CHARTER SECTION: 

SUBJECT: 

LADWP Energy Storage Targets 

FOR COMMISSION OFFICE USE: 

RESOLUTION NO. \0 12 168 
FEB 07 Z012 

COPYRESOTO: ,") A-/7-/d -
3-fl .. A6f11- (btdU b{~,:h&'nlj 

To comply with State Assembly Bill 2514 (AB 2514), which became law on January 1, 
2011, the Board of Water and Power Commissioners (Board) must take action by 
March 1,2012, to initiate a process to determine appropriate targets, if any, for the 
LADWP to procure viable and cost-effective energy storage systems. 

BACKGROUND 

The AB 2514 became law on January 1, 2011. The bill requires the governing board of 
a local publicly owned electric utility, such as LADWP, to initiate a process by March 1, 
2012, to determine appropriate targets, if any, for LADWP to procure viable and cost
effective energy storage systems by certain dates. AB 2514 further requires that if 
determined to be appropriate, this Board shall adopt procurement targets by October 1, 
2014, for LADWP to procure viable and cost-effective energy storage systems to be 
achieved by a first target date of December 31; 2016, and a second target date of 
December 31,2021. 

Furthermore, AB 2514 requires the Board to re-evaluate the determinations made 
regarding the energy storage system procurement not less than once every three years 
and for LADWP to report to the California Energy Commission regarding the energy 
storage system procurement targets and policies that may be adopted by the Board, 
and any modifications made to those targets as a result of the Board's re-evaluations. 
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The LADWP's 2011 Power System Integrated Resource Plan provides a review of the 
general requirements of grid-scale energy storage systems and technologies, which 
may serve as an initial framework to determine appropriate targets, if any, for LADWP to 
procure viable and cost-effective energy storage systems. 

RECOMMENDATION 

It is recommended that your Honorable Board adopt the attached Resolution initiating a 
process to determine appropriate energy storage system targets, if any, consistent with 
AB 2514. 

TA:nsh 
e-c/att: Ronald O. Nichols 

Richard M. Brown 
Aram Benyamin 
James B. McDaniel 
Lorraine A. Paskett 
Philip R. Leiber 
Ann M. Santilli 
Gary Wong 
Randy S. Howard 
Oscar A. Alvarez 
Than Aung 
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RESOLUTION NO. u 12 168 

WHEREAS, State Assembly Bill 2514 (AB 2514) became law on January 1,2011, 
requiring the governing board of a local publicly owned electric utility, such as the 
Los Angeles Department of Water and Power (LADWP),to initiate a process by 
March 1, 2012, to determine appropriate targets, if any, for LADWP to procure viable . 
and cost-effective energy storage systems by certain dates; and 

WHEREAS, if determined to be appropriate, the Board of Water and Power 
Commissioners (Board) shall adopt procurement targets by October 1,2014, for 
LADWP to procure viable and cost-effective energy storage systems to be achieved by 
a first target date of December 31,2016, and a second target date of December 31, 
2021; and 

WHEREAS, LADWP's 2011 Power Integrated Resource Plan ORP) provides a review of 
the general requirements of grid-scale energy storage systems and technologies and 
includes a proposed energy storage demonstration project, which may serve as an 
initial framework to determine appropriate targets, if any, for LADWP to procure viable 
and cost-effective energy storage systems; and 

WHEREAS, pursuant to AB 2514, the Board shall re-evaluate the determinations made 
regarding energy storage system procurement not less than once every three years; 
and 

WHEREAS, LADWP shall report to the California Energy Commission regarding any 
energy storage system procurement targets and policies that may be adopted by this 
Board, and any modifications made to those targets as a result of the Board's 
reevaluations. 

NOW, THEREFORE, BE IT RESOLVED that the Board of Water and Power 
Commissioners of the City of Los Angeles hereby initiates a process directing LADWP 
to determine appropriate targets, if any, for LADWP to procure viable and cost-effective 
energy storage systems by December 31,2016, and December 31,2021 pursuant to 
AB 2514. 

BE IT FURTHER RESOLVED that LADWP shall report back to this Board prior to 
October 1,2014, regarding potential procurement targets, if any, for LADWP to procure 
viable and cost-effective energy storage systems, at which time this Board may 
determine \vhetheritis appmpriate to adopt such targets. 

I HEREBY CERTIFY that the foregoing is a full, true, and correct copy of a resolution 
adopted by the Board of Water and Power Commissioners of the City of Los Angeles at 
its meeting held FEB 072012 I 

Ic,F'pnOVElJ M:; TO Fc:r:r\l i'/'D Lf:G."UTY 
(:MIK1EI~ A. mUT{\lliGH, Glff ATTORNEY 

Secretary 
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Assembly Bill No. 2514 

CHAPTER 469 

An act to amend Section 9620 of, and to add Chapter 7.7 (commencing 
with Section 2835) to Part 2 of Division 1 of, the Public Utilities Code, 
relating to energy. 

[Approved by Governor September 29,2010. Filed with 
Secretary of State September 29, 2010.] 

LEGISLATIVE COUNSEL'S DIGEST 

AB 2514, Skinner. Energy storage systems. 
Under existing law, the Public Utilities Commission (CPUC) has 

regulatory authority over public utilities, including electrical corporations, 
as defined. The existing Public Utilities Act requires the CPUC to review 
and adopt a procurement plan for each electrical corporation in accordance 
with specified elements, incentive mechanisms, and objectives. The existing 
California Renewables Portfolio Standard Program (RPS program) requires 
the CPUC to implement annual procurement targets for the procurement of 
eligible renewable energy resources, as defined, for all retail sellers, 
including electrical corporations, community choice aggregators, and electric 
service providers, but not including local publicly owned electric utilities, 
to achieve the targets and goals of the program. 

The existing Warren-Alquist State Energy Resources Conservation and 
Development Act establishes the State Energy Resources Conservation and 
Development Commission (Energy Commission), and requires it to 
undertake a continuing assessment of trends in the consumption of electricity 
and other forms of energy and to analyze the social, economic, and 
environmental consequences of those trends and to collect from electric 
utilities, gas utilities, and fuel producers and wholesalers and other sources, 
forecasts of future supplies and consumption of all forms of energy. 

Existing law requires the CPUC, in consultation with the Independent 
System Operator (ISO), to establish resource adequacy requirements for all 
load-serving entities, as defined, in accordance with specified objectives. 
The definition of a "load-serving entity" excludes a local publicly owned 
electric utility. That law further requires each load-serving entity to maintain 
physical generating capacity adequate to meet its load requirements, 
including peak demand and planning and operating reserves, deliverable to 
locations and at times as may be necessary to provide reliable electric service. 
Other existing law requires that each local publicly owned electric utility 
serving end-use customers to prudently plan for and procure resources that 
are adequate to meet its planning reserve margin and peak demand and 
operating reserves, sufficient to provide reliable electric service to its 
customers. That law additionally requires the utility, upon request, to provide 
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the Energy Commission with any information the Energy Commission 
determines is necessary to evaluate the progress made by the local publicly 
owned electric utility in meeting those planning requirements, and requires 
the Energy Commission to report the progress made by each utility to the 
Legislature, to be included in the integrated energy policy reports. Under 
existing law, the governing body of a local publicly owned electric utility 
is responsible for implementing and enforcing a renewables portfolio 
standard for the utility that recognizes the intent of the Legislature to 
encourage renewable resources, while taking into consideration the effect 
of the standard on rates, reliability, and financial resources and the goal of 
environmental improvement. 

This bill would require the CPUC, by March 1,2012, to open a proceeding 
to determine appropriate targets, if any, for each load-serving entity to 
procure viable and cost-effective energy storage systems and, by October 
1, 2013, to adopt an energy storage system procurement target, if determined 
to be appropriate, to be achieved by each load-serving entity by December 
31, 2015, and a 2nd target to be achieved by December 31, 2020. The bill 
would require the governing board of a local publicly owned electric utility, 
by March 1, 2012, to open a proceeding to determine appropriate targets, 
if any, for the utility to procure viable and cost-effective energy storage 
systems and, by October 1, 2014, to adopt an energy storage system 
procurement target, if determined to be appropriate, to be achieved by the 
utility by December 31, 2016, and a 2nd target to be achieved by December 
31, 2021. The bill would require each load-serving entity and local publicly 
owned electric utility to report certain information to the CPUC, for a 
load-serving entity, or to the Energy Commission, for a local publicly owned 
electric utility. The bill would make other technical, nonsubstantive revisions 
to existing law. The bill would exempt from these requirements an electrical 
corporation that has 60,000 or fewer customers within California and a 
public utility district that receives all of its electricity pursuant to a preference 
right adopted and authorized by the United States Congress pursuant to a 
specified law. 

Under existing law, a violation of the Public Utilities Act or any order, 
decision, rule, direction, demand, or requirement of the CPUC is a crime. 

Because certain of the provisions of this bill require action by the CPUC 
to implement, a violation of these provisions would impose a state-mandated 
local program by creating a new crime. Because certain of the bill's 
requirements are applicable to local publicly owned electric utilities, the 
bill would impose a state-mandated local program. 

The California Constitution requires the state to reimburse local agencies 
and school districts for certain costs mandated by the state. Statutory 
provisions establish procedures for making that reimbursement. 

This bill would provide that no reimbursement is required by this act for 
specified reasons. 
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The people of the State of California do enact as follows: 

SECTION 1. The Legislature finds and declares all of the following: 
(a) Expanding the use of energy storage systems can assist electrical 

corporations, electric service providers, community choice aggregators, and 
local publicly owned electric utilities in integrating increased amounts of 
renewable energy resources into the electrical transmission and distribution 
grid in a manner that minimizes emissions of greenhouse gases. 

(b) Additional energy storage systems can optimize the use of the 
significant additional amounts of variable, intermittent, and offpeak electrical 
generation from wind and solar energy that will be entering the California 
power mix on an accelerated basis. 

(c) Expanded use of energy storage systems can reduce costs to ratepayers 
by avoiding or deferring the need for new fossil fuel-powered peaking 
powerplants and avoiding or deferring distribution and transmission system 
upgrades and expansion of the grid. 

(d) Expanded use of energy storage systems will reduce the use of 
electricity generated from fossil fuels to meet peak load requirements on 
days with high electricity demand and can avoid or reduce the use of 
electricity generated by high carbon-emitting electrical generating facilities 
during those high electricity demand periods. This will have substantial 
cobenefits from reduced emissions of criteria pollutants. 

(e) Use of energy storage systems to provide the ancillary services 
otherwise provided by fossil-fueled generating facilities will reduce 
emissions of carbon dioxide and criteria pollutants. 

(f) There are significant barriers to obtaining the benefits of energy 
storage systems, including inadequate evaluation ofthe use of energy storage 
to integrate renewable energy resources into the transmission and distribution 
grid through long-term electricity resource planning, lack of recognition of 
technological and marketplace advancements, and inadequate statutory and 
regulatory support. 

SEC. 2. Chapter 7.7 (commencing with Section 2835) is added to Part 
2 of Division 1 of the Public Utilities Code, to read: 

CHAPTER 7.7. ENERGY STORAGE SYSTEMS 

2835. For purposes of this chapter, the following terms have the 
following meanings: 

(a) (1) "Energy storage system" means commercially available 
technology that is capable of absorbing energy, storing it for a period of 
time, and thereafter dispatching the energy. An "energy storage system" 
may have any of the characteristics in paragraph (2), shall accomplish one 
of the purposes in paragraph (3), and shall meet at least one of the 
characteristics in paragraph (4). 

(2) An "energy storage system" may have any of the following 
characteristics: 
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(A) Be either centralized or distributed. 
(B) Be either owned by a load-serving entity or local publicly owned 

electric utility, a customer of a load-serving entity or local publicly owned 
electric utility, or a third party, or is jointly owned by two or more of the 
above. 

(3) An "energy storage system" shall be cost effective and either reduce 
emissions of greenhouse gases, reduce demand for peak electrical generation, 
defer or substitute for an investment in generation, transmission, or 
distribution assets, or improve the reliable operation of the electrical 
transmission or distribution grid. 

(4) An "energy storage system" shall do one or more of the following: 
(A) Use mechanical, chemical, or thermal processes to store energy that 

was generated at one time for use at a later time. 
(B) Store thermal energy for direct use for heating or cooling at a later 

time in a manner that avoids the need to use electricity at that later time. 
(C) Use mechanical, chemical, or thermal processes to store energy 

generated from renewable resources for use at a later time. 
(D) Use mechanical, chemical, or thermal processes to store energy 

generated from mechanical processes that would otherwise be wasted for 
delivery at a later time. 

(b) "Load-serving entity" has the same meaning as defined in Section 
380. 

(c) "New" means, in reference to an energy storage system, a system 
that is installed and first becomes operational after January 1, 2010. 

(d) "Offpeak" means, in reference to electrical demand, a period that is 
not within a peak demand period. 

(e) "Peak demand period" means a period of high daily, weekly, or 
seasonal demand for electricity. For purposes of this chapter, the peak 
demand period for a load-serving entity shall be determined, or approved, 
by the commission and shall be determined, or approved, for a local publicly 
owned electric utility, by its governing body. 

(f) "Procure" and "procurement" means, in reference to the procurement 
of an energy storage system, to acquire by ownership or by a contractual 
right to use the energy from, or the capacity of, including ancillary services, 
an energy storage system owned by a load-serving entity, local publicly 
owned electric utility, customer, or third party. Nothing in this chapter, and 
no action by the commission, shall discourage or disadvantage development 
and ownership of an energy storage system by an electrical corporation. 

2836. (a) (1) On or before March 1,2012, the commission shall open 
a proceeding to determine appropriate targets, if any, for each load-serving 
entity to procure viable and cost-effective energy storage systems to be 
achieved by December 31,2015, and December 31, 2020. As part of this 
proceeding, the commission may consider a variety of possible policies to 
encourage the cost-effective deployment of energy storage systems, including 
refinement of existing procurement methods to properly value energy storage 
systems. 
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(2) The commission shall adopt the procurement targets, if determined 
to be appropriate pursuant to paragraph (1), by October 1,2013. 

(3) The commission shall reevaluate the determinations made pursuant 
to this subdivision not less than once every three years. 

(4) Nothing in this section prohibits the commission's evaluation and 
approval of any application for funding or recovery of costs of any ongoing 
or new development, trialing, and testing of energy storage proj ects or 
technologies outside of the proceeding required by this chapter. 

(b) (1) On or before March 1, 2012, the governing board of each local 
publicly owned electric utility shall initiate a process to determine 
appropriate targets, if any, for the utility to procure viable and cost-effective 
energy storage systems to be achieved by December 31, 2016, and December 
31, 2021. As part of this proceeding, the governing board may consider a 
variety of possible policies to encourage the cost-effective deployment of 
energy storage systems, including refinement of existing procurement 
methods to properly value energy storage systems. 

(2) The governing board shall adopt the procurement targets, if 
determined to be appropriate pursuantto paragraph (1), by October 1,2014. 

(3) The governing board shall reevaluate the determinations made 
pursuant to this subdivision not less than once every three years. 

(4) A local publicly owned electric utility shall report to the Energy 
Commission regarding the energy storage system procurement targets and 
policies adopted by the governing board pursuant to paragraph (2), and 
report any modifications made to those targets as a result of a reevaluation 
undertaken pursuant to paragraph (3). 

2836.2. In adopting and reevaluating appropriate energy storage system 
procurement targets and policies pursuant to subdivision (a) of Section 2836, 
the commission shall do all of the following: 

( a) Consider existing operational data and results of testing and trial pilot 
projects from existing energy storage facilities. 

(b) Consider available information from the California Independent 
System Operator derived from California Independent System Operator 
testing and evaluation procedures. 

(c) Consider the integration of energy storage technologies with other 
programs, including demand-side management or other means of achieving 
the purposes identified in Section 2837 that will result in the most efficient 
use of generation resources and cost-effective energy efficient grid 
integration and management. 

(d) Ensure that the energy storage system procurement targets and policies 
that are established are technologically viable and cost effective. 

2836.4. (a) An energy storage system may be used to meet the resource 
adequacy requirements established for a load-serving entity pursuant to 
Section 380 if it meets applicable standards. 

(b) An energy storage system may be used to meet the resource adequacy 
requirements established by a local publicly owned electric utility pursuant 
to Section 9620 if it meets applicable standards. 
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2836.6. All procurement of energy storage systems by a load-serving 
entity or local publicly owned electric utility shall be cost effective. 

2837. Each electrical corporation's renewable energy procurement plan, 
prepared and approved pursuant to Article 16 (commencing with Section 
399.11) of Chapter 2.3 of Part 1, shall require the utility to procure new 
energy storage systems that are appropriate to allow the electrical corporation 
to comply with the energy storage system procurement targets and policies 
adopted pursuant to Section 2836. The plan shall address the acquisition 
and use of energy storage systems in order to achieve the following purposes: 

(a) Integrate intermittent generation from eligible renewable energy 
resources into the reliable operation of the transmission and distribution 
grid. 

(b) Allow intermittent generation from eligible renewable energy 
resources to operate at or near full capacity. 

(c) Reduce the need for new fossil-fuel powered peaking generation 
facilities by using stored electricity to meet peak demand. 

(d) Reduce purchases of electricity generation sources with higher 
emissions of greenhouse gases. 

(e) Eliminate or reduce transmission and distribution losses, including 
increased losses during periods of congestion on the grid. 

(f) Reduce the demand for electricity during peak periods and achieve 
permanent load-shifting by using thermal storage to meet air-conditioning 
needs. 

(g) Avoid or delay investments in transmission and distribution system 
upgrades. 

(h) Use energy storage systems to provide the ancillary services otherwise 
provided by fossil-fueled generating facilities. 

2838. (a) (1) By January 1,2016, each load-serving entity shall submit 
a report to the commission demonstrating that it has complied with the 
energy storage system procurement targets and policies adopted by the 
commission pursuant to subdivision (a) of Section 2836. 

(2) By January 1,2021, each load-serving entity shall submit a report to 
the commission demonstrating that it has complied with the energy storage 
system procurement targets and policies adopted by the commission pursuant 
to subdivision (a) of Section 2836. 

(b) The commission shall ensure that a copy of each report required by 
subdivision (a), with any confidential information redacted, is available on 
the commission's Internet Web site. 

2838.5. Notwithstanding any provision of this chapter, the requirements 
of this chapter do not apply to either of the following: 

(a) An electrical corporation that has 60,000 or fewer customer accounts 
within California. 

(b) A public utility district that receives all of its electricity pursuant to 
a preference right adopted and authorized by the United States Congress 
pursuant to Section 4 of the Trinity River Division Act of August 12, 1955 
(Public Law 84-386). 
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2839. (a) (1) ByJanuaryl,2017,alocalpubliclyownedelectricutility 
shall submit a report to the Energy Commission demonstrating that it has 
complied with the energy storage system procurement targets and policies 
adopted by the governing board pursuant to subdivision (b) of Section 2836. 

(2) By January 1,2022, a local publicly owned electric utility shall submit 
a report to the Energy Commission demonstrating that it has complied with 
the energy storage system procurement targets and policies adopted by the 
governing board pursuant to subdivision (b) of Section 2836. 

(b) The Energy Commission shall ensure that a copy of each report or 
plan required by subdivisions (a) and (b), with any confidential information 
redacted, is available on the Energy Commission's Internet Web site, or on 
an Internet Web site maintained by the local publicly owned electric utility 
that can be accessed from the Energy Commission's Internet Web site. 

(c) The commission does not have authority or jurisdiction to enforce 
any ofthe requirements ofthis chapter against a local publicly owned electric 
utility. 

SEC. 3. Section 9620 of the Public Utilities Code is amended to read: 
9620. (a) Each local publicly owned electric utility serving end-use 

customers, shall prudently plan for and procure resources that are adequate 
to meet its planning reserve margin and peak demand and operating reserves, 
sufficient to provide reliable electric service to its customers. Customer 
generation located on the customer's site or providing electric service 
through arrangements authorized by Section 218, shall not be subject to 
these requirements if the customer generation, or the load it serves, meets 
one of the following criteria: 

(1) It takes standby service from the local publicly owned electric utility 
on a rate schedule that provides for adequate backup planning and operating 
reserves for the standby customer class. 

(2) It is not physically interconnected to the electric transmission or 
distribution grid, so that, if the customer generation fails, backup power is 
not supplied from the electricity grid. 

(3) There is physical assurance that the load served by the customer 
generation will be curtailed concurrently and commensurately with an outage 
of the customer generation. 

(b) Each local publicly owned electric utility serving end-use customers 
shall, at a minimum, meet the most recent minimum planning reserve and 
reliability criteria approved by the Board of Trustees of the Western Systems 
Coordinating Councilor the Western Electricity Coordinating Council. 

(c) Each local publicly owned electric utility shall prudently plan for and 
procure energy storage systems that are adequate to meet the requirements 
of Section 2836. 

(d) A local publicly owned electric utility serving end-use customers 
shall, upon request, provide the Energy Commission with any information 
the Energy Commission determines is necessary to evaluate the progress 
made by the local publicly owned electric utility in meeting the requirements 
of this section. 
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(e) The Energy Commission shall report to the Legislature, to be included 
in each integrated energy policy report prepared pursuant to Section 25302 
of the Public Resources Code, regarding the progress made by each local 
publicly owned electric utility serving end-use customers in meeting the 
requirements of this section. 

SEC. 4. No reimbursement is required by this act pursuant to Section 6 
of Article XIII B of the California Constitution because a local agency or 
school district has the authority to levy service charges, fees, or assessments 
sufficient to pay for the program or level of service mandated by this act or 
because costs that may be incurred by a local agency or school district will 
be incurred because this act creates a new crime or infraction, eliminates a 
crime or infraction, or changes the penalty for a crime or infraction, within 
the meaning of Section 17556 of the Government Code, or changes the 
definition of a crime within the meaning of Section 6 of Article XIII B of 
the California Constitution. 

o 
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1 Introduction 

1.1 Purpose ofthis document 

The Los Angeles Department of Water and Power (LADWP) Smart Grid Deployment 

Plan represents a roadmap to address the anticipated future needs of the people of 
the City of Los Angeles. By meeting the requirements of both SB 17 and Title XIII , 

LADWP's Smart Grid Deployment Plan outlines the coordinated and integrated 
approach in implementing new technologies while maintaining or improving safety 
and reliability. 

1.2 Smart Grid Initiative Background 

Smart Grid is a national policy that grew as a response to The Energy Policy Act of 
2005, which called for advanced metering. It, however, has been insufficient to 
achieve the desired goals of energy conservation, migration to renewable energy, and 

reduction of C02 emissions from power plants . The federal Energy Independence 
and Security Act of 2007 called for the implemenrtation of Smart Grid systems as a 
"PoliCy of the United States". The new Energy Independence and Security Act of 

2007 authorizes $100 M each year from 2008 through 2012 to be divided between 
five Smart Grid demonstration projects throughout the nation . The Department of 
Energy is required to report within one year on the status of Smart Grid deployments 
and identify any regulatory or government obstacles. 

Additionally, utility executives and regulators have become increasingly concerned 
about multiple issues that can only be addressed through an enterprise wide Smart 

Grid solution. The four main concerns are: 

(a) Cost and uncertainty about New Generation and Transmission 

(b) Environmental impacts ("Green House" gases emitted from fossil fuel power 
plants and proposed right-of-ways for transmission lines crossing through 

pristine forests, deserts and wild life areas to service urban areas) such as 
those proposed in AS 32, the California Global Warming Solutions Act, 2006. 

(c) Increasing requirements for the use of Renewable and Distributed Generation 

(Wind , Solar, Geothermal, Hydro, and Biomass) 

(d) Demographics: aging workforce 

Regulated utilities in California are now responding to regulatory direction to submit 

plans for large-scale AMI and Smart Grid initiatives with full delineation of costs and 

benefits. This regulatory initiative is an aggressive step, seeking to promote customer 

awareness of peak load periods, and response to peak-sensitive pricing . The Smart 
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Grid deployments and the associated utility customer features are proceeding through 
out the State of California. 

1.3 Smart Grid Definition 

Version 1.0 

The Los Angeles Department of Water and Power maintains that the 

definition of a smart grid is a system which facilitates the integration of 

advanced technologies in existing networks to improve system performance, 

power flow control , and reliability . Such a system is characterized by the 

following: 

(a) Increased use of cost-effective digital information and control 

technology to improve reliability, security, and efficiency of the 

electric grid. 

(b) Dynamic optimization of grid operations and resources, with 

cost-effective full cyber security. 

(c) Deployment and integration of cost-effective distributed 

resources and generation, including renewable resources 

(d) Development and incorporation of cost-effective demand 

response, demand-side resources, and energy-efficiency 

resources. 

(e) Deployment of cost-effective smalt technologies, including real 

time, automated, interactive technologies that optimize the 

physical operation of appliances and consumer devices for 

metering, communications concerning grid operations and 

status, and distribution automation. 

(f) Integration of cost-effective smart appliances and consumer 

devices. 

(g) Deployment and integration of cost-effective advanced 

electricity storage and peak-shaving technologies, including 

plug-in electric and hybrid electric vehicles, and thermal-storage 

air-conditioning. 

(h) Provide consumers with timely information and control options. 
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(i) Develop standards for communication and interoperability of 
appliances and equipment connected to the electric grid, 
including the infrastructure serving the grid. 

U) Identification and lowering of unreasonable or unnecessary 

barriers to adoption of smart grid technologies, practices, and 

services. 

1.4 Stakeholders 

1.4.1 Customer 

LADWP ratepayers are the Customers and wi ll realize the monetary, social, and 

environmental benefits of the plan . 
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2 LADWP Smart Grid Initiatives 

2.1 Smart Grid Objectives 

Currently, the Department is involved in two strategic initiatives related to Smart Grid. 
The first is the Smart Grid Regional Demonstration Project and the second is the 

Smart Grid Investment Program. 

The Smart Grid Regiona l Demonstration Project began in December of 2009, when 

LADWP was awarded 60.2 million dollars grant from the Department of Energy for the 
American Reinvestment and Recovery Act for Smart Grid Demonstrations. As a 
result of the award, LADWP is managing a consortium of Los Angeles metropolitan 

area research institutions with established energy and technology transfer programs. 
Together, the team is carrying out a regionally unique demonstration by using 

innovative technology test beds located at LADWP's partner university campuses and 
technology transfer laboratories to prove the viabi lity of the demonstration technology. 
Additionall research is being conducted to explore options for informed, enabled 

customers based on historical usage and pricing data. This research uses a multi
tiered rate approach to address the diversity of customer demands by exploring time

varying and time-of-use products for the end consumer. The regional demonstration 

project includes four interrelated project initiatives, which will be incorporated into the 

long term investment program: 

(a) A fully integrated demonstration of Smart Grid operation and technology as 
applied to Demand Response. 

(b) A comprehensive portfolio of research empoying a unique test bed structure to 

identify historical usage and consumer adoption obstacles essential for 
succesful adoption of Smart Grid Technologies and improved energy usage 

patterns. 

(c) Demonstration of next generation cyber security technologies using the 
Regional Project as the driving source of specific system architecture and 

models. 

(d) The integration of electric vehicles into the LADWP managed grid, addressing 

solutions to overcome both technical and social impediments. 

The Smart Grid investment plan is a 10-year project that incorporates 11 strategic 

initiat ives. 

2.1.1 Links with the Department's Strategic Objectives 

The Smart Grid Implementation Plan continues to align LADWP's efforts to implement 

the technology with the goal of increasing LADWP's Power System monitoring, 
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control and reliability while decreasing operating costs and gaining significant 

efficiencies. 

2.2 LADWP Smart Grid Initiatives in Progress 

"Smart Grid" is a term used to describe a variety of advanced information-based utility 

improvements. Smart Grid is a major enabler for many existing and potentially new 

Demand Side Resource programs. Smart Grid is a national policy evolving from the 

Energy Policy Act of 2005. Smart Grid refers to intelligent data gathering and 

advanced two-way digital communication capabi lit ies overlaid on electric distribution 

networks to provide real-time data that enhances the utility's ability to optimize energy 

use. Smart Grid technologies can turn every point in the existing network-including 

every meter, switch and transformer-into a potential information source , able to feed 

performance data back to the utility instantly. Smart Grid Technologies will provide 

utilit ies with the information required to implement real-time, self-monitoring networks 

that are predictive rather than reactive to instantaneous system disruptions. It can 

enable the utility and consumer to make decisions to optimize the use of energy, 

improve reliability, and reduce the consumption of fossil fuels. 

Section 8360 of the Senate Bill 17 defines the policy that governs the way utilities 

modernize transmission and distribution systems. LADWP's eleven Smart Grid 

Initiatives are designed to be collectively compliant with SB17. The following is the list 

of the initiatives: 

(a) Renewable Integration 

(b) Transmission Automation Initiative 

(c) Substation Automation Initiative 

(d) Distri bution Automation Initiative 

(e) AMI Metering Initiative 

(I) Demand Response Initiative 

(g) Communications Initiative 

(h) Cyber Security Initiat ive 

(i) System and Data Integration Initiative 

0) Feed-In Tariff Initiative 

(k) Sollar Incentives Program 
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2.3 Renewable Integration 

LADWP has a comprehensive Integrated Resource Plan where new Wind, Solar, and 
Geothermal Power Plants, as well as Energy Storage, and Electric Vehicles will be 

incorporated into the power generation mix. Currently, the ECSfHistorian Servers 

have been installed at Pine Tree Generation Station, and there are plans to install 
more of these servers at each of the power plants. These servers allow for real-time 
monitoring and control of renewable sources, which will be equipped with automation 

equipment in order to facilitate peak shaving activities and to better support the 
adoption and utilization of renewables . 

2.4 Transmission Automation Initiative 

For years, LADWP has worked in substations to meter the transmission lines and 

record Phasor Measurement Units (PMU). These measurements are used to 

determine the health of the Electrical System. LADWP will install PMUS, and upgrade 
Tie-Line Meters to improve measurement, provide backup metering at Tie Points, 

collect dynamic reads , and reroute power. The real-time data provided by PMU will 
be used for predicting instability in the transmission system and undertaking 
preventive actions. 

2.5 Substation Automation Initiative 

For the past five years, LADWP has implemented a comprehensive program to install 
a new Power System Substation Automation System (SAS) from the Energy Control 

Center to the Substations , transmission , and Generation Station s. Currently, 80 of the 
approximate 200 substations and generation stations have been updated to the new 

Substation Automation, and a new SCADA system has been implemented. There are 
approximately 70 more stations in the inventory that will be implemented over the 

next two to three years. Approximately 840 feeders now have remotely control led 

circuit breakers and remote monitoring of megawatt loading of wire/cables . A 
significant amount of data is already being processed through the SCADA system 

and is available to the load dispatchers and other personnel on an as needed basis. 
At the conclusion of this project, the vast majority of feeders at all substations wil l be 

observable and controllable from the Energy Control Center. 

2_6 Distribution Automation Initiative 

There have been several pilot projects for the Distribution Automation relating to 

devices outside the substation walls (Current's Broadband over Power Line project , 

Ricochet Spread Spectrum project, and Telemetric Cellu lar project). These projects 
were never rolled out as the industry was still being developed and LADWP's decision 

was to wait until more robust solutions were available. Additionally, some of the pi lot 
programs were never considered industry standard since it was using obsolete 
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technology. The LADWP is currently evaluating fault indicators, remotely controlled 
switches and automatic cap banks. These devices can be used for dynamic 

optimization of the distribution system. 

2.7 AMI Metering Initiative 

LADWP has been progressing over the past few years with the AMI Metering 

Initiative. 

As of 6/01 /11 , the LADWP has installed 162,200 AMR meters 

~ Residential Meters (F meters) - 85,000 (using RF Technology and one way 

communication providing billing information for walk or drive by meter reading) 

~ Small Commercial Demand Meters (FM meters) - 68,000 (using RF 

Technology and one way communication providing billing information) 

~ Large Commercial Wireless Meters (A meters) - 9,000 (using Cellular 

Technology and two way communication providing billing information and load 

profile information) 

• AMR meters represent approximately 10.6% of the total meters in the system but 

over 45% of the power revenue 

Wireless meter reading and real-time pricing are available for 9,000 Large 
Commercial Customers with demand greater than 200kW. The newest AMI meters 

have the capability of short range connectivity. This feature will be used by the Home 
Area Network devices that display various real-time energy consumption data to the 

customers. 

2.8 Demand Response Initiative 

LADWP has had a Demand Response (DR) rate for years for large industrial users. 

Currently, there are 30 Megawatts of interruptible load, but very rarely has this been 
used because LADWP has had a philosophy to cover all its loads. This pilot program 

is also voluntary in that when a load reduction is required , the customer has the 

option to not participate and pay for the higher cost of energy. Currently, the LADWP 

is planning to develop a formal demand response program that will allow the 
Department to reduce generation cost and distribution system strain during peak 
consumption periods. 

2_9 Communications Initiative 

The component that pulls all of the initiatives together is the common communication 
network. Over the past ten years, thousands of miles of fiber optic cable has been 

installed in over 72 substations as part of a fiber optic broadband infrastructure. The 
plan is for all substations to have fiber optic connections within the next two years. 
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LADWP evaluates different communication protocols that can be used for the real
time control and observation of deployed automation equipment. 

2.10 Cyber Security Initiative 

The implementation of Smart Grid will involve a wide deployment of smart remotely 

controlled network capable devices. These devices can be potential points of cyber 
attack due to network connectivity. This is why NERC and FERC have developed 
strict procedures and guidelines that require utilities to treat any critical cyber asset 

(CCA) with great attention . The breach of CCA can result in critical damage to the 
power distribution system. 

Due to the importance of Cyber Security, the Smart Grid will need to better 

understand and improve the cyber security, and more importantly, three key items will 

be developed: 

Grid Resil ience: this effort wi ll show how the Smart Grid can operate resiliently 

against physical and cyber attack. 

• Operationa l Effectiveness: this effort will demonstrate a complete cyber 

security testing approach for components and installed systems. 

• Redefinition of Security Perimeter: this effort will demonstrate new cyber 

security measures that address the expansion of this perimeter by Smart Grid 
technologies to the meter in residential and commercial sites . 

2.11 System and Data Integration Initiative 

Significant progress has been made in the Power System in implementing the best of 

breed systems (see Figure 2.11-1 Power System Technology Architecture) . These 

systems are the backbone of the business and information processes in the Power 

System. Additionally, significant integration between these and the corporate systems 
is in place. 

In particular, OSlsoft's Pi Historian is a fast real time data processing system that has 

been purchased and installed by LADWP. The next Pi Historian initiative is to use it 

as a central repOSitory for all of LADWP's real-time data and to allow access to the 

appropriate users of the data throughout the utility. LADWP has currently installed the 
Pi Historian in two locations (ECC and JFB) with a tag count of 20 ,000 data points. 
There are three pilot Pi Historian applications running al this time: 1) door/gate alarm; 

2) Operation logger; and 3) Power System Dashboard real time data. Five user 
groups (Reliability, Planning , Station Operators, Grid Operations, and Meter) are also 

currently developing new applications. 

In addition, LADWP is working on integrating the Meter Data Management System 
(MOMS) , Outage Management System (OMS), and Customer Information System 
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(CIS) with various Web services. These services wi ll be designed to provide accurate 

and timely information to customers regarding their consumption , billing, any pending 

outages and restoration statuses. The customers will have the option to adjust their 

accounts to set up their profile and notification preferences. 

e 
/ 

Infrastrutura 
Cyber Security 

Figure 2.11-1 Power System Technology Architecture 

2.12 Feed-In Tariff Initiative (FiT) 

FiT seeks to purchase energy from small and medium-scale renewable energy 

projects (from 30 kilowatts up to one megawatt in AC capacity) within the service 

territory of LADWP under a long-term Standard Offer Power Purchase Agreements 

(SOPPA). The SOPPA terms are standard for all participants, can be up to 20 years 

in duration, and participants will be paid the bid base price of energy plus Time-of

Delivery (TaD) multipliers. FIT is a distributed generation (DG) program designed for 

the local Los Angeles market, and gives LADWP customers the opportunity to sell 

energy to LADWP from using their property as the DG site. 

2.13 Solar Incentive Program (SIP) 

The LADWP Solar Photovoltaic Incentive Program provides financial incentives to 

LADWP customers who purchase and install their own solar power systems. LADWP 

currently also provides an additional incentive payment for systems using PV 

modules manufactured in the City of Los Angeles. 

LADWP currently provides a Los Angeles Manufacturing Credit (LAMC) for qualifying 

photovoltaic equipment manufactured in Los Angeles as approved by the LADWP 

guidelines. The goal of the LAMC is to promote local economic development through 
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manufacturing and job creation within the City of Los Angeles and to reduce costs 

through increased volume and competition. 

3 Proposed Deployment Plan 

The overall scope of the Smart Grid Deployment Plan includes the following three 

overlapping phases: 

3.1 Implement a short term plan (one year horizon) 

This plan includes the following coordinated activities: 

Create a Smart Grid System Architecture (Table 3.1-1 SG Al'chitectllre (Phase 

1) Schedule & Table 3.1-2 SG Architecture (Phase 2) Schedule) 

Create a Comprehensive Business Plan/Case (Table 3.1-3 SG Business Plan 

Schedule) 

Integration of Various Information Systems 

Participate in Standard Development 

Creation of a Multi Disciplinary matrix team 
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Table 3.1-3 SG Business Plan Schedule 

3_2 Implement a mid term plan (up to five years horizon) 

This plan includes the following coordinated activities: 
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Complete and implement LADWP's ARR.A Smart Grid Regional 

Demonstration Project, which focuses on Customer and Behavioral 

Studies, Cyber Security, Demand Response, and Electric Vehicles . 
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'0 Tn.ll;Nfme 

Figure 3,2-1 Smart Grid Regional Demollstration Project Schedule below 

shows the implementation schedule of the Smart Grid Regional 
Demonstration Project, 
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Figure 3,2-1 Smart Grid Regional Demonstration Project Schedule 

Implement the balance of the SAS project to automate all generation , 
substation, and transmission with the SCADA system, Table 3,2-1 

Substation Automatioll Project Installation Progress Schedule below 

shows the overall schedu le of activities to implement the SAS project. 

Stations for Site Acceptance Test (SAT) 

RS-T Monday, January 25, 2012 Friday, February 12 , 2012 3 Weeks 

IS-1221 Monday, February I S, 2012 Friday, February 26 , 2012 2 Weeks 

IS-1263 Monday, March 01, 2012 Friday, March 12, 2012 2 Weeks 

RS-N Monday, March IS, 2012 Friday, April 02, 2012 3 Weeks 

DS-24 Monday, April OS, 2012 Friday, April 16, 2012 2 Weeks 

RS-C Monday, April IS , 2012 Friday, May 07, 2012 3 Weeks 

DS-135 Monday, May 10, 2012 Friday, May 21 , 2012 2 Weeks 

RS-E Monday, May 24, 2012 Friday, June 25, 2012 5 Weeks 

OS-81 Monday, June 28 , 2012 Friday, July OS , 2012 2 Weeks 

DS-30 Monday, July 12, 2012 Friday, July 23, 2012 2 Weeks 

RS-M Monday, July 26, 2012 Friday , August 06, 2012 2 Weeks 

DS-36, Monday, August OS, 2012 Friday, August 20, 2012 2 Weeks 

DS-76 Monday, August 23 , 2012 Friday, September 03, 2012 2 Weeks 

RS-U Monday, September 06, 2012 Friday, September 24, 2012 3 Weeks 

DS-21 Monday, September 27, 2012 Friday, October 08, 2012 2 Weeks 

RINALDI Monday, October 11, 2012 Friday, October 29, 2012 3 Weeks 

DS-26 Monday, Novembe r 01, 2012 Friday, November 12, 2012 2 Weeks 

HALLDALE Monday, Novembe r 15, 2012 Friday, December 03,2012 3 Weeks 

DS-1 43 Monday, December 06, 2012 Friday, December 17, 2012 2 Weeks 

OS-IS Monday, December 20, 2012 Friday, December 31,2012 2 Weeks 

RS-J Monday, Janua ry 03, 2013 Friday, January 21,2013 3 Weeks 

D 
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OS-2 Monday, Janua ry 24, 2013 Friday, February 04 , 2013 2 Weeks 

RS-Q Monday, February 07, 2013 Friday, February 25, 2013 3 Weeks 

OS-95 Monday, February 28, 2013 Friday, March 11, 2013 2 Weeks 

RS-L Monday, March 14, 2013 Friday , April 01, 2013 3 Weeks 

OS-50 Monda y, April 04 , 2013 Friday, April 15, 2013 2 Weeks 

RS-S Monday, April 18, 2013 Friday, May 06, 2013 3 Weeks 

OS-58 Monday, May 09, 2013 Friday, May 20, 2013 2 Weeks 

RS-R Monday, May 23, 2013 Friday, June 10,2013 3 Weeks 

OS-1 05 Monday, June 13, 2013 Friday , June 24, 2013 2 Weeks 

RS-F Monday, June 27, 2013 Thursday, June 30, 2013 1 Weeks 

RS-Q Sunday, July 03, 2013 Thursday, July 21, 2013 3 Weeks 

15-3115 Sunday, July 24,2013 Thursday, Ju ly 28, 2013 1 Weeks 

15-31 30 Sunday, July 31, 2013 Thursday, August 04, 201 3 1 Weeks 

15-1671 Sunday, August 07, 2013 Thursday, August 11, 2013 1 Weeks 

Table 3.2-1 Substation Automation Project Installation Progress Schedule 

Implement the balance of the projects at ECC to use all of the features and 

upgrades of the SAS and other systems with the new technology. Figure 

3_2-2 ECC Plans to be Implemented below shows the activities and systems to 

be implemented. 
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Figure 3,2-2 ECC Plans to be Implemented 

Implement the balance of the projects at ETC to use all of the features and 

upgrades of the Smart Grid systems with the new technology. Figure 3.2-3 

ETC Plan and Enhancements below shows the various activities to be 

im plemented. 
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Figure 3.2-3 ETC Plan and Enhancements 

Implement a new CIS and Supply Cllain System 

The effort must be made to implement a new CIS, and a new Supply Cllain Corporate 

System. These systems will be able to manage the new information and transaction 

of a Smart Grid system. 

Other activities to be implemented during this phase are as fOllows: 

Implement the balance of the electric model with the GIS system and 

engineering design tools 

Create and advertise Multiple RFPs as needed to start the implementation of 

the Smart Grid components 

Create Multiple contracts as needed to bring the vendors on-board 

3_3 Implement the full Smart Grid Features (up to 10 years) 

Implement all the remaining features indicated in this plan in various phases based on 

the requirements and needs identified , and witll the dynamics of the utility and 

technology environment. The phases of this significant program could include two 

large pilot periods where various telecommunication technologies will be tested while 

Smart Grid technology will be utilized to cover overhead , underground, single family 

residences, multi-family residences, and medium and large customers in a couple of 

neighborhoods. The f inal phase would be the full city wide implementation assuming 

the data and results from the pilot programs are satisfactory. 
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The full fu nctionality of the Smart Grid could include all of the following aspects: 

(a) Outage Notifications 

(b) Transformer Monitoring 

(c) Capacitor Controls 

(d) Line Switch Controls 

(e) Automatic Meter Reading 

(I) Load Control of residentia l and commercial devices (DSM Program) 

(g) Video Surveillance via Smart Grid 

(h) Fault Management 

(i) Transformer Deterioration 

0) Transformer Overloading 

(k) Current Monitoring 

(I) Cable Management 

(m) Surge Protection 

(n) Lighting Controls 

(0) Weather 

(p) Municipal Applications 

(q) Other applications as they become available. 

Other features could include: 

Version 1.0 

Installation of Smart Grid equipment in the City of Los Angeles Facilities 

Installation of Smart Grid equipment and potentially replacement all of the 

water meters 

Access to broadband capabilities (Internet access, VoIP, video) for City of Los 

Angeles Municipality 

Access to City of Los Angeles Municipal information via broadband 

connections 
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Set up an internal LADWP organization to maintain and operate the Smart 
Grid equipment 

Maintain, install, and operate the Smart Grid equipment through the following 
organization and service components: 

1. Services 

2. Customer response center 

3. Network Operation Center (NOC) 

3.4 Related Projects 

The following projects are related to the Smart Grid as follows: 

1. Substation Automation System: Extension and upgrade of the remaining 

Switching, Receiving , and Distribution Systems 

2. Telecommunications system: Extension and upgrade of the telecommunications 

to support the Power System operations through the implementation of a fiber 
optic broadband network. 

3. Subtransmission and distribution switches: Automation of subtransmission and 
distribution switches, implementing line monitoring, line switch control , and 4.8 kV 

line capacitor bank control. 

4. Fault and outage detectors: Installation of remotely monitored fault and outage 
detectors which would provide a means to locate faults and outages on selected 

4.8 kV distribution lines. 

5. Operating orders procedures and processes: Re-engineering of operating orders 

and processes as required for monitoring and controlling changes of the Power 

System. 

3.5 Constraints 

The following are potential constraints: 

BudgeUCost 

Regulatory environment which may limit Smart Grid installations 

Internal Resources 

Political environment (City/State/Federal) 
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3.6 Urgency 

The timing of LADWP's Smart Grid Deployment co incides with the initiatives by other 

major U.S. utilities. Additionally, the Department of Energy is encouraging utilities to 

invest in Smart Grid by offering grants and the regulatory environment seems to 

support Smart Grid as an alternative to the existing util ity practice. 

3.7 Procurement Process 

The Smart Grid Plan will utilize the procurement process as follows: 

(a) Determination of requirements 

(b) Preparation of RFP(s) 

(c) Vendor(s) Selection 

(d) Preparation of Agreements 

(e) Initial Implementation - Phase 1 

(I) Phase 1 Evaluation 

(g) Multi-phase Implementation over the next 10 years. 

4 Critical Milestones 

4.1 Schedules and Critical Milestones 

The Smart Grid Plan assumes a 1-year, 5-year, and 10-year implementation. 

4.1.1 

4.1.2 Critical Milestones 

Table 4.1.2-1 Critical Milestones illustrates the critical milestones: 

Milestone or Event Significance 

Smart Grid Business/Project Plan and Get concurrence from Management 
Architecture Presentation 

Setup of Smart Grid Project Committee Establish Project Committee 

Preparation of Smart Grid Project Establish project requirements 
Requirements 

Advertise Request for Proposals Request for Proposals 

Vendors Selection Selection of qualified bidder 

Board Approval Contract approval by LADWP Board of 
Commissioners 
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Contracts Award 

Implementation Phase 1 

Evaluation of Phase 1 

Begin full deployment 

AppendixL 
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Smart Grid Deployment Plan 

Contract approval by City of Los Angeles 

Execution of contract award 

Implement Smart Grid Phase 1 (Pilot 
Programs) 

To continue Full Implementation 

Implement city wide 

Table 4.1.2-1 Critical Milestones 
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Smart Grid equipmenl cosls are expected 10 conlinue 10 drop due 10 lechnology advances and sign ificanl markel changes, Table 4 ,1-1 

Budget Estimates for various Systems given below is our best estimate for va rious aHernatives at this point. As RFPs are produced and 

responses are received, we will have a better idea as to the cost of these types o[ systems and process. 

Single Unn Total 

P2P Slng\e Un" RF RF Mesh BPLJPLC P2P RF RF Mesh BPUPLC 

AMI (wlo communications) 

Residentia l 200,00 160.00 200.00 220.00 248,992,000.00 199,193,600.00 261 ,992,000,00 273,891 ,200.00 

Commercial 317.50 347.50 387.50 337.50 57,029,032.50 62,417,602.50 89,602,362.50 60,621,412.50 

Industrial 367.50 367.50 367.50 376.50 17,050,897.50 17,050,897.50 48,485,525.50 17,468,470.50 

323,071,SaO.Oo 278,662, I 00. 00 400,079,888.00 3S1 ,S81, 083. 00 

OA 4.8 kv (Wlo communications) 

switches 950.00 950.00 1,150.00 12.831,650.00 12,831,650.00 15,533.050.00 

cap"c~ors 950.00 950.00 1,150.00 2.998.200.00 2,998,200.00 3,629, 400.00 

transformefs 950.00 950.00 1,150.00 96,215.050.00 96,215,050.00 116,470,850.00 

OA 35.5 kv (wlo communications) 

switches 1,700.00 1,700.00 8,746,500.00 8,746,500.00 

capacitors 950.00 950.00 

120,791,400.00 120,791 ,400.00 135,6113,300. 00 

DR (wlo communications) 

Residentia l 77.00 77.00 77.00 95,861,920.00 95,861,920.00 95,861 ,920.00 

Commercial 77.00 77.00 77.00 13,830,663.00 13,8W,663.00 13,8W,663.OO 

109,692,583.00 109,692.583.00 109,692,583. 00 

Communications 7,671 ,847.47 10,407,798.40 10,407,798.A0 49,624,600.00 
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Applications 

60,000,000,00 

110,000,000.00 

TOTAL 731 ,227,760.47 

Table 4.1-1 Budget Estimates for various Systems 

60,000,000.00 60,000,000.00 

110,000,000.00 110,000,000.00 

4~9.069,898.40 746.~37.041.40 
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60,000,000.00 

110.000,000. 00 

816.631.~66. 00 

The pie chart below (Figure 4.1-1 P2P Cosl Graph) depicts Ihe P2P estimaled cost in Ihe nine different categories 01 the smart Grid. 
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Figure 4.1-1 P2P Cost Graph 
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6 Impacts 

6.1 Internal 

The Smart Grid equipment will impact several areas within LADVIIP. Table 6.1-1 

Potential Impacts within LADWP shows some potential impacts on these 

organizations: 

Area within LADWP Nature of impact 

Meter Reading Automated method reading of electric meters 

Control System Operations may gain capability to control devices at all levels 

Customer Service Establish direct communications with customer 

Electric Trouble Dispatch Will process trouble calls using Smart Grid 
information 

Engineering Design Power network design process (OHlUG) 

Distribution Line Crews Maintain and operate new Smart Grid equipment 

ITS Provides support of Smart Grid network equ ipment 

Water Meters Automated method of reading water meters 

Table 6.1-1 Potential Impacts within LADWP 

Area within the department Nature of impact 

Energy Control Center Will use SAS for real-time data instead of 
current RTU 

Electric Trouble Center Will use real-time data 

Plant Control System Operations Will use real-time data access and archived 
data 

Substation Operations Selected station status information will be 
available 

Substation Maintenance Will access intelligent relay settings and logs 
without having to connect directly to the 
devices 

ITS Provides support of ECS WAN network. 

Power Systems Operation and Provides support of SAS application software 
Maintenance and hardware 

Engineering Will use archived data 

Table 6.1-2 Potential Impacts within department 
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6.2 External 

Table 6.2-1 Polential Impacts extemal to LADVVP shom some potential impacts on 

organizations that are extemal to LADWP: 

Area external to LADWP Nature of impact 

city of Los Angeles Gain fiber optic broadband infrastructure 

Broadband Companies May perceive competition from LADVVP and 
receive services. 

Gas Utility Opportunities to collaborate with LADWP 

State of Califomia (CPUC) May encourage Smart Grid installation at 
Los Ang!eles 

Table 6.2-1 Potential Impacts external to LADWP 

7 Smart Grid Business Plan & Evaluation Strategy 

A Smart Grid business plan will be developed in conjunction with the roadmap and 

architecture development activities which will include cost-benefit analysis of projects 

for implementation of the functionality identified in the Smart Grid architecture and 

roadmap. The business plan documentation will outline the project description; costs 

associated with the implementation; and expected benefrts. The financial analysis will 

be based on estimated benefits and costs information and will be updated throughout 

the course of the implementation of the projects as the actual cost data become 

available. The business plan development process will include an assessment to 

identify the benefit areas and develop an estimate of actual quantifiable benefrts 

expected from investment into particular Smart Grid area. The benefrts resulting from 

LADVVP's Smart Grid investments could be in various areas including but not limited 

to beller customer service, reduced operationa l costs, higher operational efficiency, 

and achievement of environmental goals. The benefit estimation will be developed 

using LADWP KPls and other relevant metrics. The business plan will also include a 

cost model to estimate the implementation costs of each project. The cost estimates 

will be based on assumptions of the technology and implementation choices, and will 

be updated during implementation of the projects with actual costs and 

implementation plans. 

8 Smart Grid Safety 

Smart Grid Deployment Plan requires specific installation, maintenance, and 

operation procedures, which LADVVP personnel will need training on. Additionally, the 

Smart Grid equipment will require compliance and resolution of issues relating to the 

following state regulations: 

Ve",/on 1.0 

(a) Califomia Public Utilities Commission - General Order 128 - Construction of 

underground electric supply and communication systems. 
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(b) Califomia Public Utilities Commission - General Order 95 - Overhead electric 

line construction. 

(c) Califomia Public Utilities Commission - General Order 165 -Inspection Cycles 

for electric distribution facilities 

(d) The Smart Grid vendors and utilities are currently handling all of these issues 

with success. 

9 Smart Grid Operational issues 

LAO\NP intends to own and operate the Smart Grid equipment. The ownership entails 

the support and ability to operate the Smart Grid network by LAD\NP personnel. 

The following are potentia l operational issues: 

24/7 operational support of the Smart Grid equipment 

Train irlg of Crews for the operation and mainterlance of the Smart Grid equipment 

24/7 operational support of the telecommunications and fiber optic broadband 

infrastructure access 

10 Smart Grid Performance Measurement 

The critical success factors essential for plan success are as shown in Table 10-1 

Critical Success Factors: 

Critical Success Factors Measuremerlt method 

Plan Buy·in from LAD\NP Board LAD\NP Board Approval 

Plan Buy-in from City City Council approval 

Appropriate plan budget Budget approval 

Smart Grid Technical Feasibility Market proven Smart Grid technology 

Secure staffing resources Appropriate resource leveling based on project scope 

Regulatory Support for Smart Grid City, State legislative approvals for Smart Grid 
implementation 

Table 10-1 Critical Success Factors 
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11 Smart Grid Product Benefits Realization 

The benefits will be measured as shown in Table 11-1 Benefits: 

Potential Benefits Measurement method 

Municipal fiber optic broadband No. of City of Los Angeles Broadband users 

Capability 

Smart Grid enabled Automated No. of automated meter reads 
meter reading 

Customer Energy Management No. of devices under Direct load control 
Programs 

Improved reliabi lity No. of Utility applications in service 

Additional Revenue Sources Capitalize on revenue generating opportunities 

Table 11-1 BeneFits 
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FINAL 

Power System Information and Advane&d Technologies Smart Grid Deployment Plan 

12 Conclusion 

Ve",/on 1.0 

The Los Angeles Department of Water and Power is dedicated to integrating new 

technologies to improve system performance, power flow control, safety and 

reliability. By maintaining a high level of commitment and service for the City of Los 

Angeles, LADWP is taking the necessary steps to : 

(a) Coordinate efforts across multiple stakeholders 

(b) Integrate new technologies to supplement the power system 

(c) Deliver safe, secure, and efficient electrical service well into Los 

Angeles's future 

LADWP's overall strategic plan is inclusive of the Smart Grid Deployment plan . 

LADWP's focus is the City of Los Angeles, customer enhancement, utility services, 

and operations. LADWP looks forward to further collaborate with policymakers, 

customers, and stakeholders as the process of Smart Grid implementation unfolds. 
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Appendix M - Climate Change Effects on Power Generation 

The association of power generation and climate change usually centers on the industry's 
contribution towards atmospheric Greenhouse Gas (GHG) emissions and its efforts to 
reduce such emissions. Throughout this IRP is discussion of various LADWP programs 
and projects whose key objective is to lower GHG emissions. However, an important 
factor to also consider in resource planning is how climate change affects electricity 
demand, or consumption, and how it impacts the process of generating electricity. Rising 
average temperatures, changes in precipitation amounts and patterns, more frequent 
extreme weather events and a rise in sea level are some of the effects that may be 
expected from global warming. Understanding how these effects impact power 
generation and incorporating that knowledge into the planning process facilitates 
adaptation of the power system to respond in a way that mitigates potential problems and 
takes advantage of any opportunities. 

The effects of climate change on resource planning can be addressed on two levels: (1) 
how it affects energy consumption, and thus how much generation should be planned for 
and secured, and (2) how it affects power generation operations and the siting of new 
facilities. 

Energy Consumption 

The effects of rising temperatures on energy consumption will vary by region and season. 
In traditionally cooler regions, net energy use may actually decrease due to less heating 
requirements. In warmer regions, an increase in cooling demand will mean an increase in 
energy usage, specifically electricity. Within LADWP's service territory, a net increase in 
electricity for cooling can be expected. Along with increased temperatures, there is also 
an increased potential for extreme weather events, such as heat storms of longer duration. 
Preliminary findings are as follows: 

Global Warming Impacts Affecting Energy Consumption 

1. Mean temperatures will continue to rise in Los Angeles increasing Cooling 
Degree Days and decreasing Heating Degree Days.l 

2. Extreme heat conditions, such as heat waves and very high temperatures, may 
last longer and become more common place. 2 

3. Air conditioning saturation will increase with the rise of mean temperatures. 3 

Climate Scenarios for California, California Energy Commission, CEC-500-2005-203-SF 
2 

Global Climate Change, California Energy Commission, CEC-600-2005-007, page 2 
3 

Air conditioning market saturation and long-term response of residential cooling energy demand to 
climate change, D.l Sailor, Energy 28 (2003) pages 941-951 
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These effects have been incorporated into LADWP's load forecast. Due to the ongoing 
nature of climate change studies and advancements, it is important that LADWP stay 
abreast of current findings and conclusions, and incorporate such findings as appropriate. 

A recent study by the UCLA Department of Atmospheric and Oceanic Sciences4 focuses 
on temperature changes in the Los Angeles region in years 2041-2060. A key attribute of 
the study is its high resolution perspective for the Los Angeles region, including unique 
predictions for individual areas such as San Pedro, Woodland Hill, San Fernando and 
Downtown LA. Due to the region's varied topology, some areas are expected to 
experience more warming than others. 

The UCLA study results for the City of Los Angeles show annual average temperature 
increases of between 3.7 and 4.3 of (an average increase of 4.0 OF), depending on 
location within the city.s The number of days per year in which temperatures will surpass 
95 of are shown to increase - at worst by a factor of 4.0, but again depending on location 
as shown in Table M-1 below: 

Table M-1 - NUMBER OF DAYS WITH TEMPERATURES ABOVE 95 of 

I I Number of Days, I Increase 
Number of Days Study Results, Factor over 

Baseline Mean Baseline 

Downtown 1.4 4.6 3.3 

San Pedro 0.6 1.4 1.4 

Venice 0.1 0.1 1.0 

Sylmar 6.8 25.5 3.8 

San Fernando 7.9 26.3 3.3 

Woodland Hills 4.2 16.7 4.0 

EI Sereno 2.3 6.8 3.0 

Eagle Rock 2.0 6.0 3.0 

Porter Ranch 8.0 30.1 3.8 

While the UCLA study looks at temperature changes in the 2041-2060 timeframe (which 
is beyond the 20-yr planning horizon for the 2012 IRP), the findings corroborate other 
studies and supports the expectation of higher future temperatures which will increase 
electricity use. As this study is specific to the Los Angeles region, it provides detailed 
information which local government, utilities (including LADWP), hospitals and other 
institutions can use to help prepare for the future. 

4 Hall, et aI., 2012: Mid-Century Warming in the Los Angeles Region. Available at: www.c-change.LA 
5 The study includes two GHG emission scenarios - a business-as-usual scenario and an aggressive 
emissions mitigation scenario. The data noted here is from the business-as-usual scenario. 
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Power Generation 

The impacts of climate change on power generation go beyond the need to meet 
increased loads and higher peak demands. The potential expressions of global warming 
that are the major areas of concern for power generation are extreme weather events, 
water availability, and rising sea levels; consequences include decreased thermal 
efficiencies and siting impacts for new facilities. 

Extreme Weather 

From a national perspective, an increase in "extreme weather conditions" usually refers 
to an increase in the number, intensity and duration of hurricanes, such as on the East 
Coast and Gulf of Mexico, tornadoes in the Mid-West, floods, droughts, etc. These 
extreme events have the power to disrupt and damage power generating facilities. 
Fortunately, such events affecting LADWP generation sources have been relatively less 
frequent. However, extreme weather conditions in other areas of the country can impact 
LADWP by disrupting fuel supply production and transportation. 

Locally, an increase in frequency of weather anomalies can be a cause for concern. In 
July 2006, a prolonged heat wave resulted in major service disruptions. And in 
November 2011, a severe wind storm resulted in extensive damage and power outages 
across the region, affecting over 220,000 LADWP customers. Such events stretch 
available resources and expose vulnerabilities in the electric delivery system. To the 
extent climate change contributes to an increase in such events, more human and capital 
resources must be provided to increase the resiliency of the electricity infrastructure to 
better withstand these extreme conditions; and, when outages do occur, to restore 
interrupted service in an expeditious manner that adequately addresses public health and 
safety needs. 

Water Availabilitv 

Changes in weather patterns due to climate change will likely result in increased 
variations of water availability, with some regions experiencing more drought conditions 
and other areas becoming more subject to flooding. This affects power generation in a 
number of different ways. A decline in water levels behind hydro dams will decrease 
generation capacity which would have to be made up elsewhere. Changes in stream and 
river flows will affect the output of run-of-the river hydro facilities, which may be 
positive or negative. Flooding conditions could threaten the operation of generating 
stations, including renewable wind and solar facilities. In drought stricken areas, a 
scarcity of cooling water availability will increase the demand and price for water. 
Increased competition for water can be expected from other water consumers, including 
the agriculture, mining, industrial, residential and commercial sectors within the affected 
regIOn. 
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For California, the research to date indicates a potential of reduced snowpack in the 
Sierras, which would decrease hydro-electric output. An increased likelihood of drought 
conditions in the US Southwest would also impact hydro generation in addition to 
constraining sources for cooling water. Developments such as these will have negative 
implications for LADWP' s hydro-electric and thermal generation operations. 

Sea Level Rise 

Sea Level Rise (SLR) is another area of ongoing study. While projections vary, the 
October 2010 State of California Sea-Level Rise Interim Guidance Document uses a 
baseline that estimates a 5-8 inch rise by year 2030. Within the 20-year planning horizon 
of this IRP, SLR in this range will not present a problem to LADWP's coastal generating 
facilities. Longer-term effects, such as what may be projected for the end of the century, 
would be addressed over time. Because the more pronounced effects of SLR are not 
anticipated to occur until 60+ years into the future, strategies to mitigate possible 
negative impacts can be developed and implemented in a deliberate and methodical 
manner. For example, generating stations are expected to be replaced every 30-35 years, 
and if warranted due to extreme SLR, consideration can be given to relocate inland as 
part of the replacement process. 

Decreased Thermal Efficiencv and Output 

An increase in temperature due to global warming will impact the thermodynamic 
efficiency for power plant generating equipment. An increase in ambient temperature 
decreases efficiency, resulting in less output per unit of fuel. On average, an increase of 
5 of decreases efficiency by approximately 0.4 to 0.8 percent. Higher temperatures would 
also decrease the amount of energy capable of being generated - a 5 of increase reduces 
available output by about 1.0 to 2.6 percent6 

New Facilitv Siting 

The potential impacts of water availability and extreme weather events could impact the 
siting of new energy generation and transmission infrastructure. This would be more 
pronounced in areas where water availability is expected to decrease, such as the US 
Southwest. This doesn't necessarily preclude potential sites as candidate locations, but it 
may necessitate higher construction and operation costs, and incorporation of engineering 
designs and processes that are more weather-hardened and use less water. 

Actions to Address Climate Change 

Reducing GHG emissions to minimize its impact on climate change/global warming is a 
key LADWP strategic objective. As discussed in other parts of this IRP, LADWP is 

6 The ranges shown reflect differences across different generation methods, e.g .. combined cycle vs. 
combustion turbine. Values shown are approximations. Relative humidity is also an influencing factor. 
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modifying its resource mix to adopt more renewable resources such as wind and solar, 
which do not emit GHG emissions. Replacing older inefficient gas-fired units at its in
basin generating stations will reduce the amount of fuel needed to generate electricity, 
which also decreases emissions. Ensuring the adoption of energy efficiency programs 
will offset the amount of emissions in direct proportion to the resulting energy savings: 
every unit of electricity saved also eliminates the corresponding amount of GHG that 
would otherwise be emitted. And, to further reduce GHG emissions LADWP is actively 
working to divest itself from its two coal power plants -the Navajo Generating Station 
and the Intermountain Power Project - although contractual, legal and financial issues 
present challenges that need to be worked out. 

To prepare for and adapt to climate change, LADWP incorporates into its load forecast 
increases in electricity demand resulting from expected higher future temperatures. 
Implementation of LADWP's Power Reliability Program will increase the resiliency of 
its electricity delivery infrastructure, better preparing it to withstand the more frequent 
and prolong weather events (heat waves) that will be expected. Other considerations 
include a heightened awareness and accounting of potential effects on water availability, 
new facility siting, thermal efficiencies, and sea level rise. Although this IRP document 
addresses only the power side of LADWP, it is worth noting here that water conservation 
will playa large role in both reducing GHG emissions and as a means of adapting to the 
effects of climate change. 

Conclusion 

Global warming is a major environmental concern that warrants continuous attention. 
LADWP's efforts to reduce GHG emissions should continue, as should planning 
activities to prepare for and adapt to the future consequences of climate change. As a 
responsible municipal utility, LADWP should base its recommendations and actions on 
sound scientific studies and principles, and in concurrence with City policy. 

As the science of climate change continues to evolve, LADWP should stay abreast of the 
latest findings and conclusions. Subsequent IRPs will monitor developments in climate 
change and develop/refine recommendations to mitigate any negative impacts as part of 
the resource planning process. 
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Appendix N Model Description and Assumptions 

N.1 Overview 

The study horizon for the model analysis is the 20 year period 2012 through 2032. In performing 
this modeling, it is necessary to assume certain actions are taken in each of the next 20 years. 
However, it must be understood that the Integrated Resource Plan (IRP) is an ongoing process. A 
new IRP is developed every two years. Between each 2-year interval, the most recent IRP is 
modified if appropriate. The key results from this IRP analysis is the action plan that will be put in 
place for the next 1 to 5 years. These near-term actions are important recommendations that will 
enable and support the goals and objectives of the long term plan. 

This Appendix presents the Model Analysis and is organized as follows: 

• Section N.2, Model Description, provides a description of the model selected by LADWP 
to simulate the operation of its power system under different futures and with different 
resource portfolios. 

• Section N.3, Resource Selection Process/Gap Analysis, describes the method used to 
assess the amount of future renewables and other replacement resources required to satisfy 
resource adequacy requirements including a description of the valuation process used in 
selecting the future renewable resource portfolio. 

• Section NA, Avoided Costs and Net Revenue Losses, describes the analysis and results to 
determine the net revenue loss used in the evaluation of the energy efficiency and 
distributed generation case comparisons (Cases 5 thru 8) found in Section 4.3.3.1. 

• Section N.5, Model Inputs and Assumptions, presents the major input parameters that 
were used in the production cost model runs. 
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AppendixN 
Model Description and Assumptions 

LADWP has chosen a widely used and industry accepted hourly chronological unit commitment 
and dispatch model to simulate the operation of the LADWP power system under different futures 
and with different resource portfolios. The model is the Planning & Risk model (PaR) licensed 
from Ventyx (an Atlanta based software firm). It uses the PROSYM unit commitment and dispatch 
algorithm. 

PROSYM is designed for performing planning and operational studies, and as a result of its 
chronological structure, accommodates detailed hour-by-hour investigation of the operations of 
electric utilities. Because of its ability to handle detailed information in a chronological fashion, 
planning studies performed with PROSYM closely reflect actual operations. PROSYM considers a 
complex set of operating constraints to simulate the least-cost operation of the utility. This 
simulation, respecting chronological, operational, and other constraints, is the essence of the 
model. 

This model looks at the LADWP load for each hour and then dispatches LADWP generation 
supplies on an economic basis (lowest variable cost units first) until the load is met. The model 
output reflects all the variable costs incurred in meeting the load for each study performed. The 
fixed costs for the resources are added to the modeled variable costs to develop the total power 
cost incurred in meeting the load. 

The model is also capable of representing certain transmission constraints on a utility system. 
LADWP load is generally confined to the geographic area of Los Angeles. An IRP would not 
generally be a replacement for transmission planning activities needed in the service area. 
However, LADWP does have generation outside of Los Angeles and has transmission rights to 
other areas of the Western Interconnect. To better represent the constraints and opportunities 
related to these remote facilities, the modeling topology depicted on Figure N-I was developed for 
this IRP. 
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Fig N-1: LADWP Modeling Topology. 
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E9 RR - W ind/Geo 

(Hoover) 

E9 RR - Geo/Solar 

On a day-to-day basis, LADWP will buy power in spot markets if such a purchase can be done 
both without causing a reliability problem and if the price of the spot market power is less than the 
operating cost of its own power plants. Similarly, on a day-to-day basis, LADWP will sell power 
in spot markets if the price of power in the spot market is greater than the cost of operating an 
LADWP resource and the power is not needed to meet LADWP load. In an IRP analysis, it may 
or may not be desirable to attempt to reflect spot market activity. For this IRP, short term and long 
term market purchases and sales were included in the overall energy mix. For resource adequacy, 
some limited Q3 purchases were included to supply short term capacity deficits in future years 
resulting from coal divestment and load growth. 
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N.3 Resources Selection Process/Gap Analysis 

The gap analysis in this IRP evaluated both a Resource Adequacy (RA) need as well as a need to 
meet certain goals for renewables as a percentage of billed energy (renewable need). The RA need 
compares available generation supplies to the load that needs to be served. For LADWP, this 
comparison was based on the annual peak load plus a planning reserve margin. In addition to a 
system wide demonstration of RA, a certain amount of generation needs to be located in the Los 
Angeles service territory to assure local reliability. Sections 2.4.7,3.4.2,4.2.1.4 and 4.3.1 of this 
report discuss the LADWP approach to RA. 

N.3.1 Resources recommended for Resource Adequacy 

The displaced energy from early coal replacement is generally replaced with a combination of 
renewable energy and new gas-fired combined cycle generation. Energy efficiency, demand 
response, and short term 3rd quarter market purchases are used to primarily satisfy load 
growth. Table N-1 summarizes the different replacement resources for the different cases that 
were evaluated. 
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Table N-1. Resources recommended for resource adequacy by calendar year 

Case#1 (Navajo 2019, IPP 2027) 

Capacity (MW) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 206 212 217 222 227 231 236 

Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 500 500 500 

New Renewable 22 36 87 223 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 719 

Navajo Replacement CC 0 0 0 0 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 300 300 

IPP Replacement CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 

Q3Term Purchase 200 175 0 0 0 0 0 0 0 0 0 0 0 25 75 0 0 0 0 50 125 
Total Replacement 244 257 165 342 460 563 675 784 1245 1313 1426 1513 1600 1686 1747 2835 2854 2867 2880 2943 3030 

Case #2 (Navajo 2015, IPP 2027) 

Capacity (MW) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 206 212 217 222 227 231 236 

Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 SOO 500 500 500 

New Renewable 22 36 87 223 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 719 

Navajo Replacement CC 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

IPP Replacement CC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 

Q3Term Purchase 200 175 0 0 0 0 0 0 0 0 0 0 0 25 75 0 0 0 0 50 125 
Total Replacement 244 257 165 342 760 863 975 1084 1245 1313 1426 1513 1600 1686 1747 2835 2854 2867 2880 2943 3030 

Case #3 (Navajo 2015, IPP 2020) 

Capacity (MW) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 206 212 217 222 227 231 236 

Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 SOO 500 500 500 

New Renewable 22 36 87 223 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 719 

Navajo Replacement CC 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

IPP Replacement CC 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 

Q3Term Purchase 200 175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 125 
Total Replacement 244 257 165 342 760 863 975 1084 1245 2463 2576 2663 2750 2811 2822 2835 2854 2867 2880 2943 3030 

Case #4 (Navajo 2015, IPP 2023) 

Capacity (MW) 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Energy Efficiency 17 37 58 79 99 116 131 144 155 166 175 184 192 199 206 212 217 222 227 231 236 

Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 500 500 500 

New Renewable 22 36 87 223 286 347 393 440 540 547 600 629 658 662 666 673 687 695 703 711 719 

Navajo Replacement CC 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

IPP Replacement CC 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 1150 

Q3Term Purchase 200 175 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 125 
Total Replacement 244 257 165 342 760 863 975 1084 1245 1313 1426 1513 2750 2811 2822 2835 2854 2867 2880 2943 3030 
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case#5 Base EE& Base DG ~avajo ~19,IPP 202n 

capaci~ IMW) 2012 2013 2014 2015 2016 2017 2018 

energy efficiency 17 37 58 79 99 116 131 

Demand Response 5 10 20 40 75 100 150 

New Renewable 22 36 141 223 286 347 393 

Navajo ReplacementCC 0 0 0 0 300 300 300 

IPP ReplacementCC 0 0 0 0 0 0 0 

Q3TermPurcnase 200 175 0 0 0 0 0 

Total Replacement 244 257 219 342 760 863 975 

case #6 Advanced EE & Base DG INavajo 2015, IPP ~27) 

capaci~ IMW) 2012 2013 2014 2015 2016 2017 2018 

energy efficiency 17 37 58 79 99 116 131 

Demand Response 5 10 20 40 75 100 150 

New Renewable 25 35 141 223 286 347 393 

Navajo ReplacementCC 0 0 0 0 300 300 300 

IPP ReplacementCC 0 0 0 0 0 0 0 

Q3TermPurcnase 200 150 0 0 0 0 0 

Total Replacement 247 232 218 342 760 863 974 

case #7 Base Ef & High DG ~vajo ~5, IPP 2027) 

capaci~ IMW) 2012 2013 2014 2015 2016 2017 2018 

energy efficiency 17 37 58 79 99 116 131 

Demand Response 5 10 20 40 75 100 150 

New Renewable 25 35 143 225 295 362 413 

Navajo ReplacementCC 0 0 0 0 300 300 300 

IPP ReplacementCC 0 0 0 0 0 0 0 

Q3TermPurcnase 200 150 0 0 0 0 0 

Total Replacement 247 232 221 344 769 878 995 

case #8 Advanced EE & High DG ~avajo ~15, IPP 2027) 

capaci~ IMW) 2012 2013 2014 2015 2016 2017 2018 

energy efficiency 17 37 58 79 99 116 131 

Demand Response 5 10 20 40 75 100 150 

New Renewable 25 35 143 225 295 362 413 

Navajo ReplacementCC 0 0 0 0 300 300 300 

IPP ReplacementCC 0 0 0 0 0 0 0 

Q3TermPurcnase 200 150 0 0 0 0 0 

Total Replacement 247 232 221 344 769 878 995 
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2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

184 192 199 206 212 217 222 227 231 236 

400 450 500 500 500 500 500 500 500 500 

629 658 662 666 673 687 695 703 711 719 

300 300 300 300 300 300 300 300 300 300 

0 0 0 0 1150 1150 1150 1150 1150 1150 

0 0 25 75 0 0 0 0 50 125 

1513 1600 1686 1747 2835 2854 2867 2880 2943 3030 

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

189 199 210 219 229 238 247 256 264 273 

400 450 500 500 500 500 500 500 500 500 

629 658 662 666 668 682 690 698 706 714 

300 300 300 300 300 300 300 300 300 300 

0 0 0 0 1150 1150 1150 1150 1150 1150 

0 0 0 75 0 0 0 0 25 75 

1518 1607 1671 1760 2847 2870 2887 2904 2945 3011 

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

184 192 199 206 212 217 222 227 231 236 

400 450 500 500 500 500 500 500 500 500 

670 678 686 694 701 720 734 742 755 769 

300 300 300 300 300 300 300 300 300 300 

0 0 0 0 1150 1150 1150 1150 1150 1150 

0 0 25 100 0 0 0 0 0 0 

1554 1620 1710 1799 2863 2888 2906 2918 2936 2954 

2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

189 199 210 219 229 238 247 256 264 273 

400 450 500 500 500 500 500 500 500 500 

670 678 686 694 701 7C9 717 724 732 740 

300 300 300 300 300 300 300 300 300 300 

0 0 0 0 1150 1150 1150 1150 1150 1150 

0 0 25 75 0 0 0 0 0 25 

1559 1628 1721 1788 2880 2897 2914 2930 2947 2988 

December 3,2012 

AR0070315 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

N.3.2 Amount of Renewables Needed 

AppendixN 
Model Description and Assumptions 

To determine the amount of renewable energy necessary to meet future targets, forecasts were 
made for the future power demand and the amount of existing renewable capacity available to 
meet these requirements. The difference between the projected amount required and the amount 
currently being utilized is the net short that will need to be acquired to meet RPS guidelines. A 
description of the methodology undertaken to define the future renewable needs is outlined below. 

LADWP Renewable Net Short 

The net short is the generation target to be met with resources identified in this project. The 
calculation for the net short was performed using the following equation: 

Net Short(GWh) = (Forecasted Energy Sales) x (Annual Renewable Percent Goal) 
- (Operating Renewable Resources - Under Construction and Pre-construction 

Renewable Resources - Renewable Energy Purchases) 

SB 2 (IX) has established the level of renewables required by 2020 and beyond, and also sets 
interim targets between now and 2020. These levels and targets represent the Annual Renewable 
Percent Goal parameter in the equation. By incorporating forecasted sales, existing renewable 
projects, and current and forecasted renewable energy purchases, the net short can be calculated. 

N.3.3 Renewable Resources Selection Process 

Over the last ten years, LADWP has issued several requests for proposals for renewable energy 
and gained a thorough understanding of the nature and availability of the different renewable 
resource technologies. This knowledge was used in developing the renewable portfolio. 
Additionally, LADWP largely considered renewable resources within the Western Governors' 
Association's Western Renewable Energy Zones (WREZ). In the WREZ initiative, Qualified 
Resource Areas were defined as areas of dense, high-quality renewable energy resources, meeting 
various resource size, quality, environmental, and technical criteria. LADWP screened all 
resources to ensure they are located near available LADWP transmission infrastructure. 
Assumptions were made for the cost and performance of each technology used to convert the 
renewable resources to electricity. These assumptions were used in calculating the levelized cost of 
electricity. 

A valuation process designed to provide a single ranking value to a resource was then applied. The 
valuation process is a method to rank the total value of separate renewable resource projects, and 
accounts for such parameters as transmission costs, integration costs, supply curves, load shapes, 
the capacity benefit provided by the resource, capital and O&M costs, financial factors and other 
measures This step is intended to identify resources with the combination of lowest cost and 
highest value. The valuation approach is similar to the bid evaluation process many utilities use 
when procuring renewable resources. 
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After applying the appropriate constraints, resources were selected and added progressively to the 
renewable resource mix based on lowest rank cost and transmission availability until the net short 
was mitigated. To assess and rank projects consistently, a method must be developed to measure 
the economics of all resources on a consistent basis. Renewable technologies all have different 
characteristics, with different cost requirements and energy delivery patterns. Resource valuation is 
a way to measure different renewable resources on a comparable basis. 

N.3.4 Renewable Generation Cost 

The cost of generation is calculated as a levelized cost of energy ("LCOE") at the point at which 
the project will interconnect to the existing transmission system. The LCOE for a project is the 
total life-cycle cost of generating electricity at the facility normalized by the total generation from 
the facility and is calculated in terms of dollars per megawatt hour ($/MWh). LCOE provides a 
consistent basis for comparing the economics of disparate projects across all technologies and 
ownership. 

For each project or resource class, a pro forma financial analysis was conducted to determine the 
life-cycle cost. This pro forma model uses input assumptions for key project variables to determine 
expected revenues, costs, and year-by-year after-tax cash flow over the project life. The pro forma 
model used is consistent with the model used in CEC's Cost of Generation model, as well as those 
used in WREZ and California's Renewable Energy Transmission Initiative. It is also very similar 
to the model used by the CPUC to calculate the Market Price Referent (MPR), with the necessary 
modifications to make the calculations appropriate for renewable resources, including the 
modeling of tax incentives, accelerated depreciation, and other incentives. 

The analysis included appropriate assumptions for each project. Some assumptions were tailored to 
be technology specific, such as financing terms and appropriate tax incentives. Other assumptions 
such as capacity factor and capital cost depended on geography and the available natural resource. 
Specific costs included in the generation costs were: 

• Capital costs 

• Generation interconnection costs ("gen-tie") 

• Fixed operation and maintenance 

• Variable operation and maintenance 

• Heat rate (if applicable) 

• Fuel costs (if applicable) 

• Incentives 

• Net plant output 

• Capacity factor 

• Economic life 
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N.3.5 Renewable Generation Cost 

The integration cost of a project is the indirect operational cost to the transmission system to 
accommodate the generation from the project into the grid. The addition of substantial amounts of 
intermittent and as-available renewable resources could result in substantial generation swings on 
the transmission system, and the grid operator must accommodate these swings by ensuring there 
is sufficient regulation service, modifications to current daily ramps, additional reserve capacity, 
and voltage support. Additional integration costs will include wear-and-tear on resources if they 
are required to repeatedly cycle to adjust for the intermittent resource output. 

N.3.6 Renewable Resource Capacity Value 

The capacity value of a generating resource is based on its ability to provide dependable and 
reliable capacity during peak periods when the system requires reliable resources for stable 
operation. Resources that can provide firm dependable capacity will have a higher capacity value 
than resources that cannot. In the WREZ model, the ability of a renewable resource to generate 
power during the top 10 percent of the model's yearly load was used as the capacity credit. 
LADWP uses a more conservative approach by considering the dependable capacity which varies 
depending on the resource type and is a fraction of the total available capacity as shown in Table 
3-4. 

The baseline value of capacity is the cost of the next most likely addition of low-cost capacity, 
defined as the fixed carrying costs of a simple cycle gas turbine generator. This includes the 
capital costs, fixed operations and maintenance costs, and other fixed charges associated with the 
gas turbine generator capacity, expressed as a dollar per kilowatt per year ($/kW-year). The fixed 
carrying cost assumed in the model is $1 OO/kW -yr. The baseline capacity value does not include 
variable costs, such as fuel purchases. For new projects, the capacity factor is derived from the 
projected generation profile for the resource. The formula for calculating capacity value ($/kW-yr) 
IS: 

N.3.7 

Capacity Value ($/MWh) = (Dependable Capacity Factor) x (Baseline Capacity Value) 1 
(Project Capacity Factor * 876011000) 

Renewable Resource Energy Value 

The energy value of a resource assesses the value of its hourly output to the energy markets. 
Resources that produce more power during high-price, peak demand periods will have a higher 
energy value than resources that provide power primarily during low demand periods. 

The formula for calculation of energy value is: 

FINAL 

Energy Value ($/MWh) = 

}; [(Energy Value in Time Period) x (Energy Output in Time Period)] 1 Total Energy 
Output 
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Utilizing the methodology described in the previous subsections, a best-value portfolio of 
renewable resources was developed. This base portfolio was used in all 4 coal cases considered in 
this IRP and the Base EE, Base DG case which is identical to Coal Case #2. Figures N-2 and N-3 
show the renewable capacity and energy production schedules for the base portfolio. To 
accommodate advanced levels of EE and higher levels of Solar DG for the 3 additional EEIDG 
Cases evaluated (6 thru 8), certain renewable projects were delayed or eliminated to accommodate 
the advanced levels of EE and higher levels of DG to maintain consistency with the procurement 
targets established by SB 2 (IX). 
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Figure N-2. Renewable resource capacity in MW for all Coal cases and the Base EE, Base DG case. 
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RPS Energy (GWh) 
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2025 2026 2027 2028 2029 2030 2031 2032 
131 131 131 131 131 131 131 131 
193 193 
382 382 382 382 382 382 382 382 

641 641 641 641 641 641 641 641 
434 434 434 434 434 434 434 434 
206 206 206 206 206 206 206 206 
569 569 569 569 569 569 569 569 
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Figure N-3. Renewable energy production in GWh for all Coal cases and Base EE, Base DG case. 
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N.4 Avoided Costs and Net Revenue Losses - Energy Efficiency and 
Distributed Generation Case Comparisons (Cases 5 thru 8) 

Due to the load reduction nature of energy efficiency and solar customer-net-metered (CNM) 
programs, generally referred to as "demand side programs" or "customer opportunity programs", 
customer sales are reduced leaving the utility with a potential loss of revenue if the cost savings 
experienced by the utility from these programs does not fully offset the lost sales revenue. The 
cost savings experienced by the utility from demand side programs are typically referred to as 
"avoided costs". The difference between the lost sales revenue and the avoided costs is referred 
to as the "net revenue loss". Modeling of net revenue loss addresses ratepayer concerns that the 
impact to customer bills and rates due to changes in utility revenues and operating costs be fully 
considered when comparing the cost of these demand side programs to other resource 
alternatives. Avoided costs described herein include only those costs that can be avoided by 
LADWP thru implementing demand side programs and does not consider avoided costs 
experienced by the customer participating in these programs nor does it consider the wider 
societal cost benefits of these programs. 

Avoided costs are sometimes difficult to quantify since it is not always fully understood what the 
effect these demand side programs will have on reducing utility costs. There exists a wide range 
of opinions on the types of avoided costs that should be considered and how those costs are 
calculated. The larger avoided cost savings components of fuel, emissions, capacity savings, and 
reduced transfers of surplus revenue (city transfers), are fairly well understood and estimating 
these cost savings can be effectively performed using production cost modeling software. The 
production cost model program PROSYM was employed in this analysis and is further described 
in Section M.2. Less well understood are the system wide savings associated with deferred 
transmission and distribution upgrades. Distribution savings in the form of deferred upgrades to 
the distribution system will require further study and were not included in this analysis. Cost 
savings associated with deferred transmission upgrades were included and are based on upgrades 
that have recently occurred. Emissions cost savings from CARB's Cap and Trade program were 
included in this analysis where costs exceeded the emissions allocation to LADWP. Additional 
work to identify and further quantify avoided costs will be addressed in future IRP's. 

Calculations of avoided costs and net revenue losses can vary among utilities because each utility 
has different cost structures and rate recovery mechanisms. Current methodologies used to 
calculate avoided costs for an investor-owned utility such as the Ratepayer Impact Measure 
(RIM) Test may not necessarily apply for vertically-integrated utilities such as LADWP that 
have direct control over generation, transmission, and distribution resources. It is still unclear 
whether this same test can be used to evaluate avoided costs for LADWP. Future IRP's will 
examine the appropriateness of this model for use in evaluating future avoided costs. 

Demand side programs such as energy efficiency and solar CNM programs primarily reduce the 
fuel and variable operating and maintenance costs of marginal gas-fired generation. These 
programs can also offset lower cost resources such as coal or hydro depending on the size of the 
demand side resource and the hours over which the energy savings occur. Besides fuel savings, 
the utility will also experience other fixed and variable cost savings associated with generating, 
transmitting, and distributing electricity, and lowered compliance obligations of renewables 
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which are typically based on a percentage of overall customer sales, and city transfers which are 
based on a percentage of the Power System's gross revenues. As fuel prices rise, these avoided 
costs will increase so loss of net revenue experienced by the utility will be reduced. Because fuel 
market price forecasts can vary considerably from year to year, it is important that avoided costs 
be reexamined periodically. 

N.4.1 Analysis of Avoided Costs and Net Revenue Loss - Base EE and Advanced EE 

While implementation of the EE program dramatically reduces customer sales, it is important to 
capture the effects of this loss in revenue. A portion of this loss in revenue can be recovered 
from demand charges from commercial customers which is a significant portion of a commercial 
or industrial customer's bill. Residential minimum bill charges were not considered since EE 
programs would typically offset electrical usage above minimum thresholds. There are also 
avoided costs of supplying additional generation resources to meet load growth because the EE 
program reduces system load and to a smaller extent, peak demand as well. Net Revenue Loss is 
the remaining loss after deducting fixed demand charges from commercial and industrial 
customers and savings associated with avoided costs. Table N-2 lists all the avoided costs 
associated with EE programs considered including a brief explanation of each component of the 
total avoided cost. 

Table N-2: EE Program Avoided Costs Considered 

List of Avoided Cost Reasons 

Fuel: EE reduces customer load, which results in less generation primarily from 

gas units so there will be less fuel and variable O&M cost. 

Avoided Energy- Fuel, Renewable 
Renewable: EE reduces customer sales, and at the same time RPS % is 

calculated based on the customer sale. Lower customer sales results in less 
renewable energy procurement to meet the mandated RPS percentage. 

Lower generation levels will result in lower greenhouse gas emissions. Per AB32, 
Avoided Emissions utilities will be charged for the C02 emission amount beyond their allocation of 

allowances. 

Avoided City Transfer 
EE reduces customer sales which reduces total revenue thereby lowering the 

transfer to the City which is currently 8 percent of total revenue. 

Avoided Transmission & Distribution 
With reduced peak load from EE, less MW's will be needed during peak hours so 
some transmission and distribution upgrades can be deferred. 

Avoided Capacity 
With reduced peak demand due to EE, fewer peaker units will be built to meet 
system reserve requirements resulting in deferred capital spending. 

Avoided O&M 
With lower peak demand and fewer peaker units being built, there will be a savings 
of fixed O&M costs. 

Avoided Losses 
EE reduces customer sales thereby lowering the amount of energy we will need to 
generate to cover distribution and transmission losses. 
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Figure N-4 shows the avoided costs, fixed billing charges recovered and net revenue loss for the 
Base EE case. The gross revenue loss shown is $12,227 Million from FY 2012 to FY 2032 and 
is determined by using the forecasted average customer electricity rate in $/kWh multiplied by 
the EE energy savings in kWh. The total avoided cost is $6,187 Million over the next 20 years, 
and the recovered fixed billing charges is $2,220 Million. The small dotted area at the top of 
Figure N-4 shows the final net revenue loss due to the implementation of Base EE program. An 
observation from our study was that the net revenue loss was found to be more significant as EE 
GWh achievement increases. 

As mentioned in the previous section, EE program reduces customer sales which means less 
renewable energy will be needed to meet RPS targets. With the Base EE case, the forecasted 
customer sales will stay below FY 2010-11 levels over the next 10 years with minimal growth 
thereafter. This lowered growth rate expected with the Base EE reduces the need to build 
~ 800 GWh of renewable energy beginning in 2018 and will save approximately $110 Million 
assuming the renewable energy that is offset comes from a combination of geothermal and wind. 
These savings also apply to years beyond 2018 as well. This explains the large increase in 
avoided energy starting in 2018 (avoided fuel and renewable costs shown in the blue area in 
Figure N-4). 
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Figure N-4: Base EE Program annual Avoided Cost savings, Fixed Billing Charges 
Recovered and Net Revenue Loss 

The associated rates breakdown associated with Figure N-4 is shown in Figure N-S. 
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Figure N-5: Base EE Program annual Avoided Cost savings, Fixed Billing Charges 
Recovered and Net Revenue Loss (in Cents/kWh) 

For the Advanced EE case discussed in previous section, similar figures are shown below. The 
total Net Revenue Loss for this Advanced EE case is $4.06 Billion, which is $240 Million higher 
than the Base EE case because of the higher level of energy savings (500 GWh) in the last 
decade. Similar to the Base EE case, the rapid increase of Avoided Energy cost in 2018 as 
shown in Figure N-6 is also due to the considerable savings in procuring additional renewables 
resulting from the lowered sales. 

The associated rates breakdown associated with Figure N-6 is shown in Figure N-7. 
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Figure N-6: Advanced EE Program annual Avoided Cost savings, Fixed Billing 
Charges Recovered and Net Revenue Loss 
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Figure N-7: Advanced EE Program annual Avoided Cost savings, Fixed Billing Charges 
Recovered and Net Revenue Loss (in Cents/kWh) 

N.4.2 Analysis of Avoided Costs and Net Revenue Loss - Base and High Solar CNM 

Two Solar DG Cases were evaluated which comprise several internal programs including 

Customer Net Metered (CNM) Solar (a.k.a. Solar Incentive Program), Feed In Tariff (FIT), and 

Utility Built Solar on City Properties. The analysis presented below is intended to represent the 

avoided costs and net revenue loss for the Solar CNM program only. However, in the final 

comparison of distributed generation and energy efficiency cases discussed in Section 4.3.3.1, 

many of the same avoided costs were considered with the exception that avoided renewable, 

avoided capacity, and avoided O&M only apply to Solar CNM due to the unique feature that 

demand side resources possess which is reducing peak load and reduced customer sales. 

Similar to the EE programs described previously, revenue loss offset by the avoided costs 

described in Table N-3 and fixed billing charges recovered from minimum bill charges for 

residential customers must be considered in the evaluation of costs for the Solar CNM program. 

A smaller portion of this loss in revenue can be offset with fixed bill charges as compared to EE 

programs primarily because demand charges for commercial customers cannot easily be reduced 

using solar resources that require the utility to fully back up the customer when solar production 

plummets during cloudy days. 
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Table N-3: Solar CNI\-I Program Avoided Costs 

List of Avoided Cost Reasons 

Solar DG (Customer-Net-Metered solar) reduces customer load, which results in 

Avoided Fuel 
less generation primarily from gas units. A solar generation profile is similar to the 

system load profile and will be displace more expensive peaker generation resulting 

in less fuel and variable O&M cost. 

Avoided Renewable 
Solar-CNM program reduces customer sales which reduces renewable energy 
expenditures to meet the mandated RPS %. 

Lower generation levels will result in lower greenhouse gas emissions. Per AB32. 
Avoided Emissions utilities will be charged for the C02 emission amount beyond their allocation of 

allowances. 

Avoided City Transfer 
Solar-CNM reduces customer sales which reduces total revenue thereby lowering 
the transfer to the City which is currently 8 percent of total revenue. 

Avoided Transmission & Distribution 
With reduced peak load from EE, less MW's will be needed during peak hours so 

some transmission and distribution upgrades can be deferred. 

Avoided Capacity 
With reduced peak demand due to Solar DG, fewer peaker units will be built to 
meet system reserve requirements resulting in deferred capital spending. 

Avoided O&M 
With lower peak demand and fewer peaker units being built, there will be a savings 
of fixed O&M costs. 

Avoided Losses 
EE reduces customer sales thereby lowering the amount of energy we will need to 

generate to cover distribution and transmission losses. 

Among Solar DG programs, the Solar CNM program impacts system costs in a similar manner 
as energy efficiency, so the same methodology was employed. Figure N-8 shows avoided costs, 
recovered fixed billing charges, and net revenue loss for the Base Solar CNM case. Over the next 
20 years for the Base Solar CNM, the gross revenue loss will be $1,484 Million, the total 
avoided cost is $878 Million, and the fixed billing charges are $257 Million. The small dotted 
area at the top of Figure N-8 shows the final net revenue loss as $349 Million due to the 
implementation of Base Solar CNlVI program. Like EE programs, the net revenue loss of Base 
Solar CNM increases as Solar CNM generation increases, however, the avoided cost is more 
evenly distributed throughout time since Solar CNlVI is a smaller program and reductions in RPS 
generation are less significant The rate breakdown associated with Figure N-8 for the Base Solar 
CNM case is shown in Figure N-9 below. 
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Figure N-8: Base Solar CNM Program annual Avoided Cost savings, Fixed Billing Charges 
Recovered and Net Revenue Loss 
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Figure N-9: Base Solar CNM Program annual Avoided Cost savings, Fixed Billing Charges 
Recovered and Net Revenue Loss (in Cents/kWh) 

For High Solar CNM, similar figures are shown below in Figures N-10 and N-11. The total net 
revenue loss for the High Solar CNM is $566 Million, which is $217 Million more than the Base 
Solar CNM. The Solar CNM program results in net revenue losses so more Solar CNM 
generation with result in a greater loss of revenue. 
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Figure N-IO: High Solar CNM Program annual Avoided Cost savings, Fixed Billing 
Charges Recovered and Net Revenue Loss 
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Figure N-ll: High Solar CNM Program annual Avoided Cost savings, Fixed Billing 
Charges Recovered and Net Revenue Loss (in Cents/kWh) 

Model Input and Assumptions 

The following pages present the major input parameters and assumptions that were incorporated 
into the production cost model for this 2012 IRP. 
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2012 Forecast 

Solar Forecasted 
Net Energy Energy Rooftop Sales 

for Load Bficiency Program (D) 
Year (A) (8) (C) 

2012 26,409 259 90 23,436 

2013 26,335 464 127 23,280 

2014 26,311 693 151 23,359 

2015 26,312 936 171 23,276 

2016 26,274 1,196 191 23,237 

2017 26,314 1,425 206 23,266 

2018 26,549 1,451 214 23,526 

2019 26,910 1,451 223 23,823 

2020 27,283 1,451 233 24,128 

2021 27,665 1,451 244 24,547 

2022 28,039 1,451 256 24,879 

2023 28,368 1,451 268 25,111 

2024 28,638 1,451 282 25,354 

2025 28,875 1,451 296 25,592 

2026 29,147 1,451 311 25,835 

2027 29,455 1,451 326 26,074 

2028 29,727 1,451 341 26,318 

2029 29,965 1,451 357 26,556 

2030 30,243 1,451 372 26,798 

% Annual % Annual 
Sales Sales 

Change Change 
before EE after EE 

2.67% 1.55% 

0.21% -0.67% 

1.30% 0.34% 

0.67% -0.36% 

0.91% -0.17% 

1.06% 0.12% 

1.16% 1.12% 

1.19% 1.26% 

1.21% 1.28% 

1.64% 1.74% 

1.28% 1.35% 

0.88% 0.93% 

0.91% 0.97% 

0.89% 0.94% 

0.90% 0.95% 

0.88% 0.93% 

0.89% 0.94% 

0.86% 0.90% 

0.86% 0.91% 

Net Energy Solar 
for Load for Rooftop 
model run Program 

(E) (F) 

26,803 42 

27,002 77 

27,264 102 

27,562 124 

27,841 148 

28,156 165 

28,430 174 

28,802 185 

29,186 196 

29,580 208 

29,967 221 

30,311 235 

30,596 251 

30,848 267 

31,137 283 

31,462 300 

31,752 318 

32,008 337 

32,302 356 
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20121RP 

IRP % Annual % Annual 
Energy Calculated Sales Sales 

Bficiency Sales Change Change 
(G) (H) before EE after EE 

230 23,482 2.75% 1.8% 

509 23,344 0.59% -0.6% 

822 23,237 0.87% -0.5% 

1159 23,142 1.00% -0.4% 

1509 23,015 0.92% -0.5% 

1858 22,928 1.07% -0.4% 

2189 22,830 0.94% -0.4% 

2491 22,847 1.27% 0.1% 

2763 22,904 1.30% 0.3% 

2962 23,041 1.31% 0.6% 

3100 23,232 1.27% 0.8% 

3227 23,396 1.10% 0.7% 

3342 23,517 0.89% 0.5% 

3448 23,619 0.77% 0.4% 

3544 23,761 0.88% 0.6% 

3632 23,944 0.99% 0.8% 

3712 24,102 0.86% 0.7% 

3786 24,236 0.75% 0.6% 

3857 24,408 0.86% 0.7% 

Notes: 1. Net Energy for Load model run (E) = Net Energy for Load (A) + Energy Efficiency (8)10.885 + Solar Rooftop (C)10.885 
2. Energy Efficiency in 2012 IRP differs from Energy Efficiency in Forecast. IRP treats EE as a variable resource. 
3. IRP Calculated Sales (H) = [E - (F/.885) - (G/.885) + 37] I 0.885 
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Gas Price used in IRP 2012 

Year SoCal Rocky Mountain 

2011 4.1 3.8 

AppendixN 
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2012 2.9 2.7 Natural Gas Price Curve 

2013 3.6 3.4 

2014 4.0 3.8 
10.0 

2015 4.3 4.1 

2016 4.6 4.4 
9.0 

2017 4.8 4.7 8.0 

2018 5.0 5.0 7.0 

2019 5.3 5.2 

2020 5.5 5.6 :::l 
6.0 

Iii 
2021 5.8 5.9 

2022 6.1 6.2 

:;: 5.0 

~ 4.0 

2023 6.3 6.5 
3.0 

2024 6.9 6.8 
2.0 

2025 7.3 7.1 

2026 7.6 7.4 1.0 

2027 7.9 7.7 0.0 

2028 8.2 8.0 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

2029 8.5 8.3 
Year 

2030 8.7 8.6 

Natural Gas Prices and Volume for Pinedale Reserves 

Pinedale Gas Price Pinedale Gas Volume 

Date $/MMBTU Date GBTU/Day 

7/1/2011 3.45 7/1/2011 30.65 

7/1/2012 4.00 7/1/2012 32.25 

7/1/2013 4.17 7/1/2013 23.54 

7/1/2014 4.20 7/1/2014 19.68 

7/1/2015 4.24 7/1/2015 18.27 

7/1/2016 4.28 7/1/2016 15.97 

7/1/2017 4.32 7/1/2017 14.49 

7/1/2018 4.36 7/1/2018 13.22 

7/1/2019 4.40 7/1/2019 12.34 

7/1/2020 4.44 7/1/2020 11.47 

7/1/2021 4.48 7/1/2021 10.66 

7/1/2022 4.48 7/1/2022 10.66 

7/1/2023 4.48 7/1/2023 10.66 

7/1/2024 4.48 7/1/2024 10.66 

7/1/2025 4.48 7/1/2025 10.66 

7/1/2026 4.48 7/1/2026 10.66 

7/1/2027 4.48 7/1/2027 10.66 

7/1/2028 4.48 7/1/2028 10.66 

7/1/2029 4.48 7/1/2029 10.66 
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LADWP Existing Generation Resources 

LADWP Generator Ratings and Capabilities of Power Sources (as of April 2012)[1] 

DATE FIRST GENERATOR NET MAXIMUM NET Maximum 

CARRIED NAMEPLATE[2] UNIT PLANT 

NAME OF UNIT SYSTEM CAPABILlTyl3] CAPABI LI Ty[4] 

PLANT NO. LOAD (kVA) (kW) (kW) (kW) 

1A 1211011983 25,000 25,000 27,000 

San Francisquito 3 411611917 11.719 9.375 10.000 
Power Plant 1 4 5/2111923 12.500 10.000 12.000 

(PP1) 5A 4/911987 25.000 25.000 27.000 46.500 
San Francisquito 1 7/611919 17.500 14.000 0 

Power Plant 2 2 81711919 17.500 14.000 14.000 
(PP2) 3 9/2611932 17.500 14.000 18.000 18.000 

San Fernando 1 10/2211922 3.500 2.800 3.200 
Power Plant (PP3) 2 10/2211922 3.500 2.800 2.900 6.000 

Foothill Power Plant (PP4) 1 10/611971 11.000 11.000 9.900 9.900 
Franklin Power Plant (PP5) 1 6/311921 2.500 2.000 2.000 2.000 
Sawtelle Power Plant (PP6) 1 6/511986 711 640 650 650 

Aqueduct Hydro Subtotal 126,650 83,050 
Haiwee Power Plant 1 711811927 3,500 2,800 3,600 

2 711811927 3,500 2,800 3,600 4,200 
Cottonwood 1 1111311908 937 750 1,200 
Power Plant 2 1011311909 937 750 1,200 1,900 

Di'.4sion Creek P P 1 3/2211909 750 600 680 680 
Big Pine Power Plant 1 7/2911925 4,000 3,200 3,050 3,050 
Pleasant Valley P. P 1 21511958 4,000 3,200 2,700 2,700 

Owens Valley Hydro Subtotal 16,030 12,530 
Upper Gorge P. P 1 611511953 37,500 37,500 37,500 37,500 
Middle Gorge P. P 1 511111952 37,500 37,500 37,500 37,500 
Control Gorge P. P 1 41111952 37,500 37,500 37,500 37,500 

Owens Gorge Hydro Subtotal 112,500 112,500 
1 711111973 250,000 212,500 250,000 
2 7/911974 287,500 265,000 265,000 
3 711311976 287,500 265,000 270,000 

Castaic Power Plant 4 611611977 287,500 265,000 265,000 
5 1211611977 287,500 265,000 265,000 
6 811111978 287,500 265,000 265,000 
7 112711972 70,000 56,000 55,000 1,247,000 

Castaic Hydro Subtotal 1,635,000 1,247,000 
Hoo\er Power Plant (Capacity and energy purchase from WAPA through Se 491,000 491,000 
TOTAL HYDRO (Based on average hydro conditions) 2,381,180 1,946,080 

1 113111995 100,400 85,340 82,000 82,000 
2 113111995 100,400 85,340 82,000 82,000 
5 113111995 93,750 75,000 65,000 65,000 

Harbor Generating 10 114/2002 71,176 60,500 47,400 47,400 
Station 11 114/2002 71,176 60,500 47,400 47,400 

12 114/2002 71,176 60,500 47,400 47,400 
13 114/2002 71,176 60,500 47,400 47,400 
14 114/2002 71,176 60,500 47,400 47,400 

Harbor Generating Station Subtotal 466,000 466,000 
5 8117/2001 71,176 60,500 43,000 43,000 

Valley Generating 6 9/4/2003 215,000 182,750 159,000 159,000 
Station 7 9/9/2003 215.000 182.750 159.000 159.000 

8 11/1312003 311,000 264,350 215,000 215,000 
Valley Generating Station Subtotal 576,000 576,000 

Scattergood 1 121711958 192,000 163,200 183,000 183,000 
Generating Station 2 71111959 192,000 163,200 184,000 184,000 

3 10/611974 552,000 496,800 450,000 450,000 

Scattergood Generating Station Subtotal 817,000 817,000 

FINAL 

NET DEPENDABLE 

PLANT 

CAPABI LI Ty[5] 

(kW) 

13.000 

5.700 

2.100 
2.900 

400 
130 

24,230 

0 

400 
400 
400 

0 

1,200 
36,500 
36,500 
36,500 

109,500 

1,175,000 

1,175,000 

468,000 
1,777,930 

76,500 
76,500 
62,000 
47,400 
47,400 
47,400 
47,400 
47,400 

452,000 
43,000 

156,000 
156.000 
201,000 
556,000 

174,000 
177,000 
445,000 

796,000 
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91211"62 270,000 230,000 222,000 222,000 222,000 
4/7/1963 270,000 230,000 222,000 222,000 222,000 

7/14/1964 270,000 230,000 
219/1965 270,000 230,000 

Haynes Generating 811211966 381,000 343,000 292,000 292,000 292,000 
Station 311811967 381,000 343,000 243,000 243,000 238,000 

9/1/1970 2,500 2,000 1,599 1,599 
1/2512005 311,000 264,350 250,000 250,000 235,000 
1/2512005 215,000 182,750 162,500 162,500 158,000 

10 1/2512005 215,000 182,750 162,500 162,500 158,000 

Haynes Generating Station Subtotal 1,555,599 1,555,599 1,525,000 
Total Basin Thermal 3,414,599 3,414,599 3,329,000 
Moha\e Generating 4/1/1971 909,000 818,000 0 0 0 
Station 10/1/1971 909,000 818,000 
Mohave Generating Station Subtotal 

Navajo Generating 1 211/1974 892,400 803,000 750,000 159,000 159,000 
Station 121211974 892,400 803,000 750,000 159,000 159,000 

11/29/1975 892,400 803,000 750,000 159,000 159,000 

Navajo Generating Station Subtotal 2,250,000 477,000 477,000 
n termoontain 1 619/1986 991,000 820,000 900,000 587,290 587,290 
Generating Station 4/30/1987 991,000 820,000 900,000 587,290 587,290 

Intennountain Generating Station Subtotal 1,800,000 1,174,580 1,174,580 
Palo Verde Nuclear 1 1/30/1986 1,550,000 1,403,000 1,333,000 128,768 126,643 
Generating Station 9/19/1986 1,550,000 1,403,000 1,336,000 129,058 126,932 

1/19/1988 1,550,000 1,403,000 1,334,000 128,864 126,739 

Palo Verde Generating Station Subtotal 4,003,000 386,690 380,314 
Total External Thermal (Coal and nuclear fuels) 8,053,000 2,038,270 2,031,894 
TOTAL THERMAL 11,467,599 5,452,869 5,360,894 

NET MAXIMUM AND NET DEPENDABLE SYSTEI\It CAPABI LlTY w 10 CD"" 7,398,949 7,138,824 
Transfer State's Capacity Entitlement -120,000 -66,000 
NET MAXIMUM AND NET DEPENDABLE SYSTEM CAPABILITY 7,278,949 7,082,824 
RenewablesiDistributed Generation as of April 10, 2012 [6] 1,109,235 329,607 
NET MAXIMUM AND NET DEPENDABLE SYSTEI\It CAPABILITY wI REID 8,388,184 7,412,431 

Notes 
[1] This table is based on data from Power System Engineering Di'vision January 1,2012 Generation Rating and Capabilities of Power Sources 
sheet. This table also include data for the renewables and distributed generating resources owned and contracted by LAD\I\IP. The data are 
fi"om the ftpril10, 2012 RPS Master Project List and project contracts 
[2] Nameplate capability is the full-load continuous rating ofa generating unit under specified conditions as designated by the manufacturer 
[3] Unit can attained Maximum Capability when the weather and equipment are simultaneously at optimal conditions 
[4] Maximum Plant Capability reflects water ft ow limits at hydro plants; or sum of each unit at in-basin thermal plans; or entitlements 
fi"om external thermal plants 
[5] Net Dependable Plant Capability reflects year-round outputs adjusted for low generation season. For hydro plants, winter is the 
low generation season. Thermal plants experience reduced performance during hot weather conditions 
[6] Dependable capacity of renewable technology plants are estimated by applying a 
Dependable Capacity Factor (DCF) to the plant nameplate capacity. The conservative factor is used until LAD\I\IP gains 
more actual amount of operating experience with renewable technologies DCFs currently used are as follow 

Digester Gas 1.00 
Geothennal 0.90 
Landfill Gas 1.00 
Muncipal Solid Waste Con\ersion 1.00 
Small Hydroelectric 1.0 
Solar Photo\Oltaic 0.27 
Solar Thermal 0.27 
Wind 0.10 (projects '<Vith firming contracts are rated at firming le\els) 
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IPP Capacity for LADWP 

IPP Capacity (MW) 

DWP's Excess 
DWP's Excess DWP's Excess DWP's Own 

DWP's Excess Share Recalled Short Term 
Shares Recalled Shares via UP&L Entitlement 

TotaliPP Capacity 
CY Season 

Share (MW) via Long-Term Reca II (MW) 

Letter (MW) 
via Short-Term Purchase (MW) (MW) 

Letter (MW) 

2011 Summer 327 (153) 43 217 72 803 1092 

Winter 327 (136) 43 234 72 803 1109 

2012 Summer 327 (66) 39 299 72 803 1175 

Winter 327 (58) 43 312 72 803 1187 

2013 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2014 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2015 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2016 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2017 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2018 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2019 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2020 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2021 Summer 327 (42) 39 324 72 803 1199 

Winter 327 (58) 43 312 72 803 1187 

2022 Summer 327 (92) 39 274 72 803 1149 

Winter 327 (108) 43 262 72 803 1137 

2023 Summer 327 (192) 39 174 72 803 1049 

Winter 327 (208) 43 162 72 803 1037 

2024 Summer 327 (292) 39 74 72 803 949 

Winter 327 (308) 43 62 72 803 937 

2025 Summer 327 (327) 0 0 72 803 875 

Winter 327 (327) 0 0 72 803 875 

2026 Summer 327 (327) 0 0 72 803 875 

Winter 327 (327) 0 0 72 803 875 

2027 Summer 327 (327) 0 0 72 803 875 
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IPP Debt Service and O&M, and Generation Expenses 

A-incipal (1V1P) Interest (rV1Pl Debt Service (rv$) 

Regular Subord Total Regular Subord Total R"incipal Interest Total 
2008 $310.2 

2009 $271.2 

2010 $104.5 $34.0 $138.5 $57.6 $59.6 $117.2 $138.5 $117.2 $255.7 
2011 $128.3 $80.4 $208.7 $51.1 $56.0 $107.1 $208.7 $107.1 $315.9 

2012 $83.2 $104.2 $187.4 $46.9 $49.6 $96.5 $187.4 $96.4 $283.8 

2013 $104.0 $68.6 $172.6 $42.9 $41.3 $84.2 $172.6 $84.3 $256.9 

2014 $137.6 $76.8 $214.4 $38.9 $38.2 $77.1 $214.4 $77.0 $291.5 

2015 $130.9 $73.2 $204.1 $34.7 $32.6 $67.3 $204.1 $67.4 $271.5 

2016 $154.0 $90.5 $244.5 $30.5 $32.2 $62.7 $244.5 $62.7 $307.2 

2017 $98.4 $26.9 $125.3 $25.9 $29.5 $55.4 $125.3 $55.4 $180.6 

2018 $152.2 $53.3 $205.5 $19.6 $30.5 $50.1 $205.5 $50.0 $255.5 

2019 $113.8 $124.7 $238.5 $13.0 $24.2 $37.2 $238.5 $37.2 $275.7 

2020 $61.3 $161.2 $222.5 $9.5 $15.6 $25.1 $222.5 $25.1 $247.6 

2021 $66.0 $158.5 $224.5 $7.7 $6.4 $14.1 $224.5 $14.1 $238.5 

2022 $102.9 $73.1 $176.0 $4.9 $2.6 $7.5 $176.0 $7.5 $183.5 

2023 $53.0 $73.9 $126.9 $1.8 -$2.5 -$0.7 $126.9 -$0.7 $126.2 

2024 $7.1 $6.2 $13.3 $0.2 $0.0 $0.2 $13.3 $0.2 $13.5 

2025 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

2026 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

2027 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 

Demand Response Schedule 

Fiscal Year 

MIN 

Total Annual Budget ($OOO) 

FINAL N - 27 

(M$) 

$174.7 

$156.3 

$167.3 
$170.8 

$167.8 

$169.0 

$172.4 

$175.8 

$179.3 

$182.9 

$186.6 
$190.3 

$194.1 

$198.0 

$202.0 

$206.0 

$210.1 

$214.3 
$218.6 

$223.0 

AppendixN 
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(rV1P) (M$) 

$484.90 $283.1 

$427.50 $244.5 

$423.00 $250.5 

$486.70 $292.7 

$451.60 $276.9 

$425.90 $259.6 

$463.90 $282.7 

$447.30 $272.6 

$486.50 $297.3 

$363.50 $221.5 

$442.10 $269.4 

$466.00 $284.0 

$441.70 $269.9 

$436.50 $266.0 

$385.50 $232.1 

$332.20 $188.3 

$223.60 $115.7 

$214.30 $104.2 

$218.60 $106.3 

$223.00 $108.4 
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LADWP Solar Program 

Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

(y 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

581 Solar Rooftop Program 

Annual Install Cumulative Effective 
Target (MW AC) Install (GWh) 

70 

98 

125 

147 

166 

171 

176 

181 

187 

194 

201 

209 

217 

226 

235 

244 

254 

264 

274 

284 

294 

93 

139 

184 

224 

258 

279 

287 

295 

304 

315 

326 

339 

352 

366 

381 

396 

411 

428 

444 
461 

477 

Feed~ln Tariff Solar Program 

Annual Install Cumulative Effective 

Target (MW AC} Install (GWh) 

10 

20 

40 

75 

83 

90 

98 

105 

113 

120 

128 

135 

143 

150 

150 

150 

150 

150 

150 

150 

10 

26 

52 

100 

137 

150 

163 

175 

187 

200 

212 

224 

236 

248 

253 

252 

251 

249 

248 

246 

FINAL 

Expenditure 

($/MWh) 

170 

170 

170 

170 

150 

150 

150 

140 

140 

130 

130 

120 

120 

120 

110 

110 

100 

100 

100 

100 

100 

Expenditure 

($/MWh) 

178 

171 

165 

159 

151 

150 

152 

153 

153 

153 

152 

152 

151 

151 

150 

150 

150 

150 

150 

150 

150 

Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

DWP Build In Basin Solar Program 

Annual Install Target Cumulative Effective 

(MW AC) Install (GWh) 

12 

21 

37 

54 

71 

88 

101 

100 

100 

99 

99 

99 

98 

98 

97 

97 

96 

96 

13 

19 

29 

52 

81 

111 

141 

167 

178 

177 

176 

176 

175 

174 

173 

172 

171 

170 

169 

Owens Solar Program 

Annual Install Target Cumulative Effective 

(MW AC) Install (GWh) 

50 

100 

150 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

110 

220 

330 

440 

438 

436 

433 

431 

429 

427 

425 

423 

421 

418 

414 

412 

N - 28 

Expenditure 

($/MWh) 

240 

221 

211 

203 

190 

176 

167 

160 

154 

150 

148 

149 

149 

150 

151 

152 

152 

153 

154 

154 

155 

Expenditure 

($/MWh) 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

CY 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 
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DWP Build Out Basin Solar Program 

Annual Install 

Target (MW AC} 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

Cumulative 

Effective Install 

(GWh) 

21 

37 

37 

37 

37 

37 

37 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

Expenditure 

(S/MWh) 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 
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CO2 Allocations and Costs Assumptions 

Year 2013 2014 2015 2016 2017 

Bectrical Sector Total 95.8437 94.0851 92.2288 90.3725 88.6139 

DWPfactor 0.14183509 0.14189282 0.14008639 0.14434701 0.14914139 

CWPAlklcatKm (MM1] 13.594 13.350 12.920 13.045 13.216 

Cost Assumption ($/ton) $15.0 $18.0 $21.0 $24.0 $27.0 

2018 2019 

86.7576 84.9013 

0.15281658 0.14963257 

13.258 12.704 

$30.0 $33.0 

A ssume d GHG Em i ssi o n s A llowed Pr-ices( $ /ton) 

$40.0 

$35.0 

'" C $300 {!. 

$ 2 5. 0 

:E :;;;- $20.0 
-;;; 
c 
"E $ 1 5 .0 

Q 

2 
$ 1 0 ,0 

:'5 ,0 

:'00 
201 3 2014 20 15 2016 20 1 7 l 0 18 

Year 

FINAL 

2020 2021 2022 2023 2024 

83.1427 83.1427 83.1427 83.1427 83.1427 

0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 

11.680 11.880 11.880 11.680 11.680 

$36.0 $39.0 $42.0 $45.0 $48.0 

20 19 2020 

N - 29 

AppendixN 
Model Description and Assumptions 

2025 2026 2027 2028 2029 2030 

83.1427 83.1427 83.1427 83.1427 83.1427 83.1427 

0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 

11.680 11.680 11.680 11.680 11.680 11.680 

$51.0 $54.0 $57.0 $60.0 $63.0 $66.0 
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Public Outreach 

Appendix 0 Public Outreach 

This Appendix 0 describes the public outreach that was carried out as part of the 2012 IRP 
process to involve the public in the development of this LADWP 2012 IRP. The appendix is 
arranged into four sections: 

0.1 

1. Outreach Overview: Describes the purpose of the public outreach effort, and outlines the 
outreach process and its relationship to this IRP. 

2. Community Outreach Program: Provides an overview of all aspects of the outreach, 
including stakeholder meetings, website, and public workshops. 

3. Comments and Discussion Themes: Presents a summary of the public comments inputted 
during the community outreach program; and discussion of themes synthesized from the 
public input. 

4. Exhibits: Include the notes from the stakeholder meetings and public workshops, 
comment forms submitted at the public meetings and online, and other comments that 
were submitted through the website, e-mail, and US mail. 

Outreach Overview 

The 2012 IRP process included a public outreach effort to provide information, increase 
awareness, and gather public input on LADWP' s long-term power resource plan. Public outreach 
consisted of a series of stakeholder meetings, a public workshop, and a dedicated website 
(www.1adwp.com/lapowerplan). Comments were gathered at the stakeholder meetings and 
public workshop, and were also provided through an online comment form, direct e-mail, and the 
US mail. 

The public outreach began with two stakeholder meetings held in early 2012. Comments 
received at these meetings were considered in the development of the preliminary planning cases 
which were subsequently modeled and were analyzed. 

The preliminary results were documented in the 2012 Draft IRP that was made available on the 
website on October 5, 2012. The draft IRP was presented at three stakeholder meetings and one 
public workshop held on October 11, 2012. Comments were accepted through November 5, 
2012. 

The many public comments and input received were synthesized into a set of discussion themes 
that reflect the major ideas provided by the public. The themes were reviewed and considered in 
developing the final recommended plan that is incorporated in this final 2012 IRP document. 
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0.2 Community Outreach Program 

LADWP developed a multi pronged outreach approach to allow community members and 
stakeholders different opportunities to provide input on the 2012 IRP. Community involvement 
opportunities were provided through a website, stakeholder meetings, and a general public 
workshop. Comments were accepted at the meetings and workshop, through the website, and via 
direct e-mail and the US mail. Input collected through each of these means is considered of equal 
importance when considered by LADWP staff. 

• Pre-Draft Stakeholder Meetings: LADWP conducted meetings targeting specific 
stakeholders in early 2012, including business and industry representatives on February 
9, and environmental groups on March 1. The purpose of these meetings was to discuss 
and collect public inputs for consideration in the development of the 2012 Draft IRP. 
Input collected at these meetings is included in the discussion themes found in the next 
section of this appendix. Discussion notes can also be found in Exhibit A. 

• Draft IRP Stakeholder l\leetings and Public Workshop: LADWP conducted three 
meetings targeting specific stakeholders in the fall of 2012, including environmental 
groups on September 21, commercial/business customer representatives on October 4, 
and Neighborhood Council members on October 22. A general public workshop was also 
held, on October 11. The purpose of the workshop and meetings was to present the 2012 
Draft IRP and collect public input for consideration prior to preparing the 2012 Final 
IRP. Input collected at these meetings is included in the discussion themes found in the 
next section of this document. Discussion notes can also be found in Exhibit B. 

• Website and Online Forms: A project website (www.1adwp.com/lapowerplan) was 
utilized for the 2012 IRP. The website included an announcement of the public 
workshop, and a section that allowed the public to submit comments and questions about 
the plan online. The website provided access to a complete version of the 20]2 Draft IRP 
and associated technical appendices, as well as a stand-alone version of the Executive 
Summary. Comments submitted through the website can be found in Exhibit C. 
Comments submitted through other methods (e-mail or US mail) can be found in Exhibit 
D. 

0.3 Discussion Themes 

The public workshops, stakeholder meetings, online survey, and comment forms yielded a 
significant amount of information from LADWP customers related to the 2012 IRP. This 
information has been synthesized into a set of discussion themes that reflect the major ideas 
provided by participants during the community outreach program. 
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The discussion themes listed below are not representative of the city at-large, and only 
encompass input from participants in the public workshops, attendees at the stakeholder 
meetings and public workshop, and members of the public who completed the online comment 
form, or submitted comments through e-mail or the US mail. All the ideas that were prioritized 
during the public workshops are included within the discussion themes; however, each theme is 
considered to be of equal importance, and the themes are not listed in any order of priority. 

Theme: Eliminate Coal from LADWP's Energy Portfolio 

Discussion 

The majority of comments favored the early removal of coal from LADWP's resource portfolio. 
Some were concerned that Navajo would continue to operate after LADWP divestiture, and 
suggested the plant be shut down. Greenhouse gas emissions, along with other pollutants 
associated with coal energy were noted. 

Related LADWP Actions: 

Theme: 

Discussion 

o LADWP is proceeding with plans to replace Navajo Generating Station by 
20 15-four years ahead of the SB 13 68 requirement. 

o The Intermountain Power Project is modeled in this IRP through 2027, but 
LADWP is working with the project participants to convert the IPP facility 
from coal to natural gas, and is hopeful that a firm conversion date can be 
established in time for next year's IRP analysis. 

Incorporate More Renewables 

Many public comments suggested higher levels of renewables, beyond the mandated 33% by 
2020. Some promoted the idea of 50% and even 100% renewables. LADWP's approach 
regarding this is to proceed cautiously until more is known about the operational and financial 
implications of higher levels. The IRP is prepared annually, and it is possible that future IRPs 
will include cases that incorporate higher levels of renewables. 

Related LADWP Actions: 

FINAL 

o LADWP will increase its levels of renewable resource generation m 
accordance with SB 2 (IX). 

o LADWP will complete a study to consider issues associated with integrating 
increasing amounts of variable energy resources such as wind and solar, to 
reflect possible megawatt limits for the LADWP electric power system. 
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Theme: Incorporate l\lore Local Solar 

Discussion 

Incorporate More Local Solar 

Many comments promoted the adoption of higher levels of local solar, noting the abundance of 
sunshine in the southern California region. The benefit of providing local jobs was also noted as 
a supporting argument to increase penetration levels. One comment suggested investing to install 
solar on every house and building in Los Angeles. Regarding LADWP's current customer 
incentive program, multiple comments recommended hiring more inspectors to streamline the 
process which many see as too slow, especially when compared to other utilities. 

Related IRP Recommendations: 

Theme: 

Discussion 

o Develop a renewable energy feed-in tariff program to encourage 150 MW of 
renewable generation resources to be developed by July, 2016. 

o Encourage the development of an additional 50 MW of customer net-metered 
solar proj ects before 2015. 

o Develop up to 30 MW of solar capacity on existing properties under 
public/private partnership projects before 2015. 

Incorporate More Distributed Generation 

Since the majority of LADWP's new Distributed Generation (DG) will come from local solar, 
this theme is somewhat associated with the More Local Solar theme. Most of the comments 
regarding more DG point to the governor's statewide goal for 12,000 MW, of which LADWP's 
proportionate share is assumed to be 1,200 MW. Within this 2012 IRP, the highest levels of new 
DG are 485 MW by 2020, and 852 MW by 2032. LADWP's concern with DG levels is 
maintaining reliability (see Section 3.4.4). Numerous utility studies have recommended a limit of 
15% of the peak load circuit capacity - for LADWP this is approximately 900 MW. As LADWP 
adopts more DG per its current plan, and as more experience is gained along with more industry
wide research in this area, it is possible that future IRPs will consider higher DG levels. 

Related LADWP Actions: 

FINAL 

o LADWP will continue its study of issues associated with integrating 
increasing amounts of variable energy resources to assess possible megawatt 
limits for the LADWP electric power system. 

0-4 December 3,2012 

AR0070343 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Appendix 0 
Public Outreach 

Theme: 

Discussion 

o LADWP will further develop its Smart Grid plans, which will facilitate the 
adoption of increasing levels of distributed generation. 

o LADWP will investigate applications for energy storage, including those that 
may enable higher levels of local distributed generation. 

Incorporate More Energy Efficiency and Demand Response 

LADWP's Energy Efficiency (EE) targets, based on year 2020, have increased significantly, 
from 8.6% approved in December 2011; to 10% approved in May 2012; with a further 
anticipated increase to 15%, pending completion of an updated potential study in 2013. 
Comments received supported more EE and Demand Response (DR) incorporated into LADWP 
future plans. As presented in this 2012 IRP, EE and DR are vital components within all long
term resource planning options. As the results of the upcoming potential study are developed and 
finalized, they will be adopted into the IRP planning strategy. 

Related LADWP Actions: 

Theme: 

Discussion 

o In May 2012, the Board of Water and Power Commissioners approved a 
revised target of 15% of energy efficiency by 2020, subject to an updated 
potential study. 

o Implement 200 MW of demand response by 2020 and 500 MW of demand 
response by 2026. 

Reduce Greenhouse Gas Emissions 

This was an overarching theme of the public comments received. Indirect societal costs, health 
effects, global warming and super storm Sandy we cited as reasons for accelerating the timelines 
to reduce GHGs. Rooftop gardens were promoted as a means to absorb CO2. In considering the 
GHG impacts of fuel consumption for electricity generation, many comments pointed to the 
additional impacts resulting from fuel production (coal mining and gas drilling). Comments 
pointed out the need for considering energy efficiency, demand response, load shifting, and other 
technologies such as shunt reactive support to offset future additions of gas-fired capacity. 

Related LADWP Actions: 

o LADWP is pursuing coal replacement (see above Theme) 

o LADWP is repowering its coastal generation with more efficient units 
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Theme: 

Discussion 

o LADWP is adopting higher levels of renewables and energy efficiency, 
demand response, and other load shifting strategies. 

o Provide financial incentives to encourage customers to shift their load away 
from peak hours to reduce need for on-line generation and capacity additions. 

o Continue to investigate upgrades to the transmission and distribution system 
to provide voltage support and power import capabilities to minimize on-line 
generation. 

o Consider quick start generators when repowering to reduce the need for on
line generation. 

Look at New Case Scenarios 

Many comments suggested a scenario that contained no new gas-generation resources, an 
eventual portfolio of 100% renewables, and investments in EE, conservation, renewables and 
Demand Response. Some felt that multiple sets of potential renewable resource mixes should be 
considered. 

Related LADWP actions 

Theme: 

Discussion 

o LADWP prepares a new IRP annually and will consider new scenarios within 
subsequent case option development processes. 

Financial and Rate Concerns 

Some comments expressed concern that LADWP needs to ensure its financial stability and 
integrity. Many comments presented concerns with rising electricity rates and wanted to ensure 
that the cost and benefits were clearly presented; and recommended a comparison with other 
regional and out-of-state utilities. One comment suggested that LADWP keep coal for as long as 
possible, and that other forms of energy are not mature and are too costly. Conversely, other 
comments suggested that rate increases were acceptable ifEE options are made available to help 
reduce customer bills. One comment suggested that LADWP rates are too low and the tiers are 
too generous - resulting in disincentives for EE and renewables. 

Related LADWP actions 

FINAL 

o LADWP will continue to work with our stakeholders including the Office of 
the Ratepayer Advocate (ORA) to ensure that the financial requirements of 
meeting its mandated obligations and discretionary goals are clearly 
delineated and understood. 

0-6 December 3,2012 

AR0070345 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

Appendix 0 
Public Outreach 

Theme: 

Discussion 

o Provide EE and CNM solar incentives to help customers reduce the impact 
that rates have on their bills. 

o Encourage demand response incentives and time-of-use rates to encourage 
shifting ofload away from peak hours and reduce customer bills. 

lVlaintain Power Reliability 

Some comments expressed concern about the state of the LADWP infrastructure, noting that the 
reliability program continues to be subject to budgets cuts - unlike mandated areas such as 
renewables. They point to the 2011 wind storm and 2006 heat storm as evidence that the 
infrastructure is getting older and more costly to maintain, and suggest that paying more now to 
address this problem will save money later. 

Related LADWP actions 

Theme: 

Discussion 

o Continue to prioritize those infrastructure elements that are in urgent need of 
repair/replacement, and try to extend reliable operations with the (less than 
fully funded) budget provided. See Section 1.6.3 and Appendix E for more 
information. 

o LADWP will continue to work with our stakeholders and the Office of the 
Ratepayer Advocate (ORA) to ensure that the financial requirements of 
meeting its mandated obligations and discretionary goals are clearly 
delineated, and understood. 

LADWP Should Take a Leadership Role 

Regarding renewable resources and other green energy matters, many suggested that LADWP, as 
a municipal utility, should lead by example, consider unconventional business models, and 
through its governance gamer the political will to do something different. 

Related LADWP actions 

FINAL 

o LADWP's first and foremost responsibility is to its ratepayers, and will 
continue to pursue its balanced strategy of reliability, competitive rates, and 
environmental stewardship. To the extent that new ideas or unconventional 
approaches to long term planning could potentially benefit the ratepayers, they 
should and will be considered. 

o LADWP will continue to provide transparency in its resource planning 
activities to encourage input from all stakeholders. 
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o Advocate for consistency and clarity in regulations that affect our ratepayers 
while meeting environmental objectives. 

0.4 Exhibits 

• A - Stakeholder Meeting Notes and Survey/Comment Forms 

• B - Public Workshop Notes and Survey/Comment Forms 

• C - Website Online Survey/Comment Forms 

• D - Other Survey/Comment Inputs 

To view these exhibits, please visit wwwJadwp.com/lapowerplan 

FINAL 0-8 December 3,2012 

AR0070347 



Los Angeles Department of Water and Power 
2012 Power Integrated Resource Plan 

AppendixP 
Acronyms and Abbreviations 

Appendix P Abbreviations and Acronyms 

P.I Overview 

This appendix presents acronyms for agencies and other entities, facilities and locations, electric 
industry terms, miscellany, and units of measure. 

P.2 

APS 
BPA 
BOS 
CAISO 
CARB 
CEC 
City 
CPUC 
DOD 
DOE 
EPA 
EPRI 
FERC 
FSO 
lID 
IOU 
IPA 
IPCC 
IPPCC 
ISDA 
JPL 
LADWP 
NAESB 
NASA 
NERC 
NPC 
NREL 
PG&E 
PwC 
RTO 
RWQCB 
SCAQMD 
SCE 
SCPPA 
SoCal 
SRP 
SWRCB 

FINAL 

Agencies and Other Entities 

Arizona Public Service Company 
Bonnerville Power Administration 
Bureau of Sanitation 
California Independent System Operator 
California Air Resources Board 
California Energy Commission 
City of Los Angeles 
California Public Utilities Commission 
US. Department of Defense 
US. Department of Energy 
U S. Environmental Protection Agency 
Electric Power Research Institute 
Federal Energy Regulatory Commission 
LADWP Financial Services Organization 
Imperial Irrigation District 
California investor owned utilities 
Intermountain Power Agency 
Intergovernmental Panel on Climate Change 
Intermountain Power Project Coordinating Committee 
International Swaps and Derivatives Association 
NASA Jet Propulsion Laboratory 
Los Angeles Department of Water and Power 
North American Energy Standards Board 
National Aeronautic Space Administration 
North American Electric Reliability Corporation 
Nevada Power Company 
National Renewable Energy Laboratory 
Pacific Gas and Electric Company 
PriceWaterhouse Coopers 
Regional Transmission Organization 
Regional Water Quality Control Board 
South Coast Air Quality Management District 
Southern California Edison 
Southern California Public Power Agency 
Southern California Gas Company 
Salt River Project 
State Water Resources Control Board 
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AppendixP 
Acronyms and Abbreviations 

TEC 
UCLA 
UCSD 
USC 
WAPA 
WECC 

P.3 

BPA 
BBRTP 
BRSS 
COB 
COl 
EOR 
HSS 
IGS 
IPP 
NOB 
NTS 
PACI 
PDCI 
PTWPP 
PVD2 
PVNGS 
SHARE 
SRP 
STS 
UGPP 
US 
WREZ 
WOR 
WSPP 

P.4 

AlC 
AC 
AEDP 
AMI 
AQMP 
BACT 
BIGCC 
BPJ 
CAES 
CAMR 

FINAL 

Tucson Electric Company 
University of California at Los Angeles 
University of California at San Diego 
University of Southern California 
Western Area Power Administration 
Western Electricity Coordinating Council 

Facilities and Locations 

Bonnerville Power Administration 
Barren Ridge Renewable Transmission Project 
Barren Ridge Switching Station 
California-Oregon Border 
California-Oregon Intertie 
East-of-the-River 
Haskell Switching Station 
Intermountain Generating Station 
Intermountain Power Proj ect 
Nevada-Oregon Border 
Northern Transmission System 
Pacific AC Intertie 
Pacific High Voltage Direct Current Intertie 
Pine Tree Wind Power Project 
Palo Verde-Devers Line No.2 
Palo Verde Nuclear Generating Station 
Scattergood-Hyperion Alternative Renewable Energy Project 
Salt River Project 
Southern Transmission System 
Upper Gorge Power Plant 
United States 
Western Renewable Energy Zone 
West-of-the-River 
Western Systems Power Pool 

Electric Industry Terms 

air conditioning 
Alternating Current 
Advanced ESS Demonstration Project 
Advanced Metering Infrastructure 
Air Quality Management Plan 
Best Available Control Technology 
Biomass Integrated Gasification Combined Cycle 
Best Professional Judgment 
compressed air energy storage 
Clean Air Mercury Rule 

P- 2 December 3,2012 
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CAP 
CCC 
CH4 

CHP 
CLEO 
CLFR 
CNG 
CNM 
CO2 

CSI 
CSP 
CY 
DC 
DC&M 
DG 
DNI 
DR 
DSM 
E&L 
ECAF 
EDS 
EE 
EHV 
ESPs 
ESS 
ETD 
FAR 
FES 
FiT 
GHG 
GHGs 
GREEN 
GT&D 
GWP 
HHV 
HRSG 
HVAC 
ICEs 
IGCC 
1M 
LCOE 
LF 
LFG 
LNG 
LPG 
LSE 

FINAL 

Climate Action Plan 
closed cycle cooling 
methane 
combined heat and power 
Commerical Lighting Efficiency Offer 
compact linear frenal reflector 
compressed natural gas 
Customer Net Metered 
carbon dioxide 
California Solar Initiative 
concentrating solar thermal power plants 
calendar year 
Direct Current 
Distribution Construction and Maintenance 
distributed generation 
direct normal insolation 
Demand Response 
Demand Side Management 
Environment and Lands 
Energy Cost Adjustment Factor 
Energy Dissipation Station 
Energy Efficiency 
Extra-High Voltage 
energy service providers 
energy storage system 
Electric Trouble Dispatch 
Firm Access Rights 
flywheel energy storage 
Feed-in Tariff 
greenhouse gas 
greenhouse gases 
Green Power for Green LA Program 
Generation, Transmission and Distribution 
global warming potential 
higher heating value 
heat recovery steam generator 
heating, ventilating, and air conditioning 
internal combustion engines 
integrated gasification combined cycle 
impingement mortality 
levelized cost of energy 
Load Factor 
landfill gas 
liquefied natural gas. 
propane 
loadserving entities 
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NaS 
NEL 
N 20 
N02 

NOx 
NPDES 
NPHR 
O&M 
OASIS 
OATTS 
OTC 
PFCs 
PHEV 
PHS 
PMU 
POUs 
PTC 
PV 
QRAs 
RASS 
RECLAIM 
RET! 
RPS 
RS 
RTCs 
Rule 
SAIDI 
SAIFI 
SAS 
SCADA 
SEC 
SES 
SF6 

SIP 
SMES 
SNCR 
SOx 
T&T 
UBS 
UES 
VRB 
WEC 
XRT 
ZITA 
ZNE 

FINAL 

sodium-sulfur 
Net Energy for Load 
nitrous oxide 
nitrogen dioxide 
oxides of nitrogen 
National Pollutant Discharge Elimination System 
net plant heat rate 
operations and maintenance 
open-access same-time information systems 
open-access transmission tariffs 
once-through cooling 
perfluorcocarbons 
plug-in hybrid electric vehicle 
pumped-hydro storage 
power measurement units 
publicly-owned electric utilities 
production tax credit 
photovoltaic 
Qualified Resource Areas 
Residential Appliance Saturation Survey 
Regional Clean Air Incentive Market 
Renewable Energy Transmission Initiative 
Renewable Portfolio Standard 
receiving station 
RECLAIlVI Trading Credits 
Cooling Water Intake Structure Rule 
System Average Interruption Duration Index 
System Average Interruption Frequency Index 
Substation Automation System 
supervisory control and data acquisition 
Standard Energy Credit 
super capacitor energy storage 
sulfur hexafluoride 
Solar Incentive Program 
Superconducting Magnetic Energy Storage 
selective non-catalytic reduction 
sulfur oxide 
transmission and delivery 
Utility-built Solar 
ultra capacitor energy storage 
Vanadium Redox Battery 
Wave Energy Converter 
experimental demand response contract 
Zone Identification and Technical Analysis 
Zero Net Energy 
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P.S 

A 
AB 
AMR 
CFL 
CI 
CIS 
CS 
CSA 
ECC 
EIR 
F 
FM 
GDP 
JFB 
LED 
MFR 
NLC 
OR 
QRAs 
RF 
RFP 
SB 
SBDI 
SFR 
UG 

P.6 

BTU 
GWh 
kV 
kW 
MMBtu 
MMT 
MMTC02E 
MVA 
MW 
MWhs 
TWh 

FINAL 

Miscellany 

Category of Flow Meter 
Assembly Bill 
Automatic Meter reading 
compact fluorescent light 
commercial/industrial 
Customer Information System 
Customer Service 
Candidate Study Aras 
Energy Control Center 
Environmental Impact Report 
Category of flow meter 
Category of flow meter 
gross domestic product 
John Ferraro Building 
light-emitting diode 
multi-family residence 
net levelized cost 
overhead 
Qualified Resource Areas 
Radio Frequency 
Request for Proposal 
Senate Bill 
Small Business Direct Install 
single family residence 
Underground 

Units of Measure 

British thermal unit 
gigawatt-hour 
kilovolt 
kilowatts 
Million British thermal units 
million metric tons 
million metric ton C02 equivalent 
mega volt amperes 
megawatt 
megawatt hours 
terawatt hour 
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The EDR-City Directory 
Abstract 

C.pitol Tower Building 
1750 Vine Street 

HOllpwod, CA 90028 

lnquiry Number. 1740137.6 

Wednesd:ly, August 23, 2006 

~R' Environmental ~UI Data Resources Inc 

The Standard in 
Environmental Risk 
Management Information 

440 Wheelers Farms Road 
Milford, Connecticut 06461 

Nationwide Customer SelVice 

Telephone: 1-800-352-0050 
Fax: 1-800-231-6802 
Internet www.edrnet.com 

EDR City Directory Abstract 

Emironmental D~ta Resource., Inc.'s (EDR) City Directory Abstract is a screening report designed to assist 
en'lironmentai pillfessionais in evaluating potential liability on a targel property resulting from past acti.,;ties. EDR's 
City Directory Abstract includes a search and abstract of " .... lIable city directory data. For each address, the 
directary lists 1he name of the correspondln9 oocupant at fl"" yea, inleNals. 

Thank you for your business. 
Please contact EDR at 1-800-352-0050 

with any questions or comments. 

Disclaimer - Copyright and Trademark Notice 

This R.e~ort contains certain info:matbn obtained froma variet~ of pub~c and other sources reasonably a."ailab~ to Envronrrental [)ala 
P.s.sOiJrCBS, ne.1t cannot be c::oncluded tromth.ls Report that coverage nfofl'Jli.'.tKln for the target and surrounding praparttBs does not 
.'I$t fromot/1or .OU'C6S. NO WARRANTY E'XPRSSED OR IMPLIED, IS MADEWHI\ TSOEliIOR IN CONN~TIONWrrH THIS REPORT. 
ErNIRONMI3'lTAL. []ATA RSOURCES, INC, SPfCIFICAL.L.Y DISCLAIMS THE MAKING OF Arff SUCH WARRANTIES, INCLUDING 
WITHOUT LIMLTA TlON, MERCHANTABILITY OR FITNESS FORA PARTICULAR USE! OR PURPOSE ALL RISK IS ASSUMED 6Y THE 
USER.INt-lO EIIENT SHALL e.r./JRONMENTAL IJATA RESOURCSI,IN::. BE LIABLE TO ArffONE, WHETH3<ARlSING our OF 
ERRORS OROMISSLONS, NCG~I(;ENCE ACCIDENT ORAm OTHER CAUSE, FORArff LOSS ORDAMAGE;.INCLWNG, WITHOUT 
LJMITA TlON, SPS::IAL, INCIDENTAL, CDtoISEQUENTtAL, OR t:KEMPLARY DAMAGES. Arff LIABILITY ON THE PART OF 
e.r./IRONlAENTAL []ATA I'tESOURCES, INC. IS STRICTLY LIMITED TO A Fa'UNO OFTHEAMOlfNT PAID FORTHIS REPORT. 
Purchassr a-t!:cepEs this Report "AS IS~·. Any analyses. estimales, ratings, anvirol'll1l2nlal risk ~\iBls. or risk codes provided in this Report 
are provided for muslra'tive purposes anr" and are not intended to pro\lide, nor :shou:k:l they be interpreted as provkilng any facts 
regardlrlgJ, or oredJctlon orforecasl of, ar,y envlranrnenlal risk. fDr any property, Only a A1ase- ~ eo\lironrrental Site AssessITtin! pertOrmi:d 
by an en\r ironlU:;1tal j:J.rDflil:Si.siooil! can provide L,fonmoon regardlog the enviromrental risk for any property. Add.tl:~naly. tne Info.rrn.atl;in 
pro\r:ded In tn~ Report is nollQ QQ c'::C:o]'slrlJ!;Id as legal adllK::a. 

Copyrlsh120DEi by 8lviromr:ental Data Pasouress, ne, AD rights reserved. Rep(I::ldl.Jctlon n any rred~ or formal, in whQ~ or jn part, 
of any report or map of ErNlronmantal Oata Resources. !nc. or ~ affiliates Is prohibleti w ithoul prior w rltt.en permission. 

EDR .and its Iegos (lu,;luding Sanborn and Sa.nbcrn Map) are 1rndemarks of Envjronrrentat Data Resources, Inc. Of ~s aff~iates. AI! 
other tradslTI3rks used r,erein are t,e property of ther respecLille ow ners. 



» 
;0 
o 
o 
-.J 
o 
c..v 
CJ1 
CJ1 

SUMMARY 

City Directories: 

Busi ness Q.irectones incluQ.ing city, cross refurence and telephone directories were re-.jewed, if available, at 
approximately fiw year intervals tor the years spanning 1920 through 2004. (These years are not 
necessarily inclusi~.) A 5 urnmary olthe information obtained is pro";ded in the text oflhis report, 

This report compiles infonnation by geocoding the subject properties (that is, ploUing the latitude and 
longitude for such subject properties and obtaining data concerning properties within 1/16th 01 a mile ofthe 
sUbject properties). There is no warranty or guarantee that geocoding will report or list all properties with in 
the specified radius 01 the subject properties and any such warranty or guarantee is expressly disclaimed. 
Accordingly, some properties within the aforementioned radius and the inrol111ation concerning those 
properties may nol be referenced in this report. 

;""-L,.,_ .......... .7,..........,:;..·...«,;- "l.,.-_w.l1'I 

Date EDRSearchetl Historical Sources: August 23,2006 

Target Property: 
1750 Vine Street 
Hollywood, CA 90028 

~ ~ 

1920 Address f\klt Listed In Research Source 

1921 A(jrjre!i.-s I'obt Listed in R.asaarc:h Source 

1923 Address I'J::t Li5ited in Research Source 

1924 Address. t-.klt Llst6'd In Rasearch Source 

1325 Addres.s Not LIsted In REls~arcli Source 

1926 Add/"EISs t-.klt Uiled 1 .... , Restli;1rch Source 

1927 AddrE;t.!j.s Not UstaQ in Res:ean::n Source 

1925 Addres::i ,\lot Listed in Rasaart:M Source 

1929 ~ 

FERENZ E~t-l:iS K MIT []R (1750) 

1930 Adoress ,'\Jot Listed in Res;aarcl'l Source 

1931 Address Not Listed il'1 Research Source 

1932 Address Not Listed il'l Rasearch Source 

1933 Address Not Listed il'l Research Source 

1934 Address Not Listed il'1 Rasearch S.Qurce 

1935 Address Not Listed il'l Researc;h SourI::e 

1740137-6 

§~ 

Los Ange~5 are-ctory Co, 

Los Ange~s ilrectory Co. 

Los Angela. Direotory Co. 

Los Ange.~s ClW"ectcry Co, 

los AnYf:l'k:!3 Diu:lciory ('.0. 

Los Angek:l'S Directory Co. 

Kaasen ~'ectory CuI~.aflY A.JbHshet.:i 

Los Angeles Directory Ca. 

Los Ange1es Directory Co. 

Los. Angeles OIteclOry Co. 

Los Angeles Direclory Corrpany Fubl~h.rs 

Los Angeles Directory ca, 

Los Angeles Directory Co. 

Los Angeles Directory Ca, 

Los Angeles Directory Co. 

,~~, .... <~, ~: 
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1936 

1937 

1938 

1939 

194D 

1942 

1944 

1945 

1946 

1947 

1948 

1949 

1950 

1951 

1952 

1954 

1955 

1956 

1957 

"Uils 

Address t-.ht Listed in Research Source 

Acdress Not Listed In Research Source 

Address Not Listed in Research Sourc61 

Address f>,Dt Listed in Research Source 

Address .t\Iot ~ll'Jd iii Rer:;earch Source 

Address ~t Lisled in Resean::h Source 

Address Nlt Listed In Research Source 

Address t-bl Listed il1 Resea.rch Source 

Adclress to.bl Usted in Research Source 

Addre~s t-.bl Lisled in Research Source 

Address Not Us.!6d tn Research 5Qun;:e 

Address I\bt Us t6d In Research Sourr.:e 

Adctress. f'.,i:)t listed In Research Source 

Address I\bt Listed In Resa.arr;h Source 

Address I'obt listed In Research Source 

Address f'..bt listed in Research Source 

Address Net Listed ~n Research Source 

Address. N::it L~l6d in Research Source 

Address ~t Llste-d in Research Source 

1740137-6 

SJ1JIW! 

Los Angeles Directory Co. 

los Angeles Directory Co. 

Los Angeles !A~cttJrt CotI'(Jl:lny Publlstlers 

L.os Angeles DIrectory Co. 

los Ang.~. Direoto"" CD. 

Lo. Angel." Directory CD, 

K L, Polk & Ol. 

R. L, ""I< & CO, 

LCIS Angel9s Dkac:tol)l Co. 

Pacific Directory Co. 

Los Angela!:> Directory C'.a. 

Los Angeles Directory Co. 

Pacific Telephone 

los AngeJes Direc:tory Co Publishers 

Los AngQles Directory Co, 

R l, Poll< 8 Co. 

R L. Polk & Co, 

Pacific 1elephona-

Pacific Telephone 

.l::!!sc l.lai 

1958 '"VINE ST" 

60lSVERT HUBERT CO Rl.1RS (1750) 

BATES TED&o:JADVG (1750) 

BUCK ROf,ALD L Lrc.LQ( GEAKY ~£ HOSEROffiiKE & WERS 
ATTYS (1750) 

CA~aJ. E!:wALD o::l (1750) 

COOPERHARVE\' (;AnY (1750) 

EASTlAND RO-IARO l CAM=B8J. BNALD CO (1750) 

BNALD CAIiPBElL CO (1750) 

FEIST LElJ INC (1150) 

GL1LDilASCOM& BONFGLtIili:::ADVER1lSN8 (1750) 

GREY AC'lERT>SING AGCi" Ir-.c (1750) 

GRC5ENBAUGH W\'\iNE\' A (1750) 

W\I-.ES WILLARD CA~'PBElL EWALD CO (1750) 

I-ERRCK K EBOISVERT Ht,6ERT CO Rl.1RS (1750) 

HJLLYWOOOOFC (1750) 

HOLLYWOODO<'C(1750) 

JOtffiONOONILLUCKGE;ARY ~r::; H05EROErH<E& WtRS ATTYS 
(1750) 

KL'<KPA1RL"K1-B\R'( KAnY (1750, 

KLEIN CO~D LEEAnY (17=0) 

KNILL ti:RB BOISVERT rlJBSFiT CO RL TRS (1750) 

LBBY FRS) OIL FROOCR (1750) 

LLLICKGEAR'r' 1£ HOSE ROEll-'KE & WtRSAnYS (1750) 

LUBN & KfW'A TRICK Po TTY S (1750) 

LLBN ALFRIDAnY (1750) 

MlLLER P.II.JSIC CORP (1750) 

MiERS ROBT P LlL:cK GEARY ~ I-KlSE ROETl-KE & MY ERS A TTYS 
(j75Q) 

NOWAK EDN F AnY (1750) 

FETERS GRffiN \r,oOCWARD INC (1750) 

f>AM MCiiAEl AnY (1750) 

ROBBL'JS FEST & ~Jllt.=R (1750) 

ROB6L'JS IVliSIC CQRP(1750) 

ROlhM'"NIl'.N..LATTY (1750) 

KA Tl-iLESII PEa< Sl'JDIOS 11750) 

1740137-6 

4 

~ 

Pac.lfic Ter.ephone 
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1960 Address Nlt Lisled in Research Source 

'961 Address ~t Listed in Rasearr;h Source 

1962 "VINE''' 

ARDMORE MUSIC CORP (1750) 

BEEC HJLLYWOOD MUSIC CORP (flSO) 

. COMNUNrrY RECORDS SENT (1750) 

1963 Address ~t Us ted in Researcn Source 

1954 Address I'J::it Listed In Pssearch Source 

1965 Address. N:Jt Listed in Research Source 

1966 Add(o:Is~ ~t Listed in R.E!sE!l6irch SOl,Jrce 

1967 -VINI:" 

66:CHOLLYINOOD MUSIC 11750) 

CRlLEY BRADLEY K Am (1750) 

ELs::rnICa. WiJSICAL NCiUSTRIES US 11750) 

GOlLO ~RTCJN HAm 11750) 

MYERS ROBTPAm (1750) 

TOWER RECORDS 11750) 

1989 Address f'.tlt Us ted in Research Source 

1970 -VINEST" 

C'lPITOL FHONOGRAFtiS 11750) 

C'lPITOL RECORDS IN:: (1750) 

C'lPITOL RECORDS IN:: (1750) 

roWER RECORDS 11750) 

:::Y!NEWAY~ 

ANGEL RB:ORDS (1750) 

APPLE RECORDS r.c (1750) 

CAPITOL NDUSTRlES IN:: E><ECllThIEOFFK:E (1750) 

CAPITOL RECORDS DISTRlBUTING CORP GENI OFC (1750) 

CAPITOL RECORDS M:: 11750) 

1740137-S 

,I 
~,J,., ~! ..... 

~ 

Pacific Telephone 

Luskoy Srolners & Co 

Pacific Telephone 

PacifJc 'felsphane 

Pacific Tetaphone 

GTE 

Pr.:l<;iflc: Telephone 

R L. PIllk&Co. 

RilciHc Tetephons 

R L POLK & CO. 

R L, POLK & CO. 

;_J... J~-~o; 

.iI. ...... ,.~ • ...i: 
)If'~, 

: .. " .... --iJ 

~~ 
1970 (':;:oQnllm~o)dl 

TOI'\iER RECORDS \ 1750) 

::liJ.f:J!'.:;:r:: 

ANGEL RECORDS (1750) 

APPLEi RB:;QRDS = (1750) 

O'ImOllNC\J5'lR6l1C EXECUTIVE OFFt:e: (1750) 

CAPITOL Ai:JN:JGRAPHS (1750) 

CAmOL RECORDS DIS'TRI8UTL'JG CORP 117S0) 

CAPITOL RECORDS IN: (1750) 

QO.PITOi. RE;PJRDS IN:: (1750) 

TQI,\IER RECORDS (1750) 

"'VINE AVE?" 

A,'lGEL RECORDS (1750) 

TO\I\IER RECORDS 11750) 

-"'1I'.E ST·" 

ANGEL RECORDS (1750) 

APPLEi RB:;QRDS = (1750) 

CAPITOL NJUSTRIES ItC EX8:lillVE OFFCE (17501 

CAPITOL FHONOGRAPHS (1750) 

CAPITOL FlECORDS DlSTRlBlJ1lNG CORP (1750) 

CAPITOL RECORDS INC (1750) 

CAPITOL RECORDS INC (1750) 

\971 ~ 

"~~rJI:I,~ 

R .... ..l 

ANG8.. RECORDS (175Ci 

API'lERECORDS r.c (1750) 

8EEQ1OLL YWOOD MJS~ (j750j 

CAPITOL INDUSTRIES IN: EXa::uTIVE OFFK:E (17501 

CAPITOL FHONOGRAFtiS (1750) 

CAPITOL RECORDS DlSTRl8lJ1lNG CORP (17S0) 

Q\PlTOL RECORDS IN: (1750) 

ClIPITOL R8XlRDS IN:: (1750) 

EL= & MuSCAL NCUSTRiES U 5 (1750) 

E><s:urWEOFFICE(l750) 

GENEfiAL EXs:::JJnVE OFFICE (1750) 

GENERAL EXB:Ull\IE OFFICE (1750) 

GEIoL EXEO!flVEOFC (1750) 

1740137·S 

~ ... ;:; __ J ~-"-'-"";.,..-. I"~_.:.J'<,.! 

l>.<lur£Ji! 

R L POLK & CO. 

R L. POLK & CO. 

R L. POLK & CO. 

B&.G Publtcatlons 

'" __ ~I,:.J 
~ ... -~'], '~""'"-~~~] ~-J""'~'~:~ 
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TIme ~ 
1971 (!;:onH,'~ftdj 

GEN. OFC (17S0) 

GLEM'VOOO ~IC (1750) 

JOrNSTQNEM:lNTB.. N::: MUSIC FUlLSI-iRS (1750) 

RECOR[ljNG SlIJDIOS (1750) 

TOI'IIER RECOROS (1750) 

VANGUARD SONGS (1750) 

1972 Address I\bt Lis(ad in Rs-search Source 

1975 ::X1Jlll;'': 

ANGEL RECOROS (1750) 

CAPITOL INDUSTRIES INC EXECUTII/EOFFICE (1750) 

O'<PlTOL fTOI\OGRAPl-1S (1750) 

EXECU1WI; OFFICE (17,0) 

(lEN. EXEClITlVE OFC (1750) 

GLEiIIiNOOO MUSIC (1750) 

RECOROING STUDIOS 11750) 

""V INEST'"" 

AN3EL RECORDS (1750) 

APFl£ RECORDS N:: (1750) 

CAPITOL INDUSlRIES INC EXEClITlVE OFFICE (1750) 

CAPITOL fHJN:JGRAFl-IS (1750) 

CAPITOL RECcRDS INC (1750) 

CAPITOL RECcRDS INC (1750) 

CAPITOL RECORDS INC (1750) 

GLENWOOD WI-lSIC (1750) 

APFl£RECORDS N::(1750) 

CAPITOL fTONOGRAI'HS (1750) 

CAPITOL RECcRDS N:: (1750) 

GLBWllOOD MUSIC (1750) 

~ 

At\GEL RECcRD5 (1750) 

CAPITOL INDUSTRIES INC (1750) 

CAPITOL RECORDDS u:: 11750) 

CAPITOL RECcRDDS NC 11750) 

GLENINOODMUSIC 11750) 

1740137"6 

7 

~ 

R L. Pck & Co. 

Pacific- Telephone 

Paolf" Telephone 

Paci!;, T."phone 

Ye: ~ 

~97S ~ 

ANGEL RE:OROS (1750) 

AUOO DEVa:5 )NTEfWI\ TKJN'lL (1750) 

APPLE RECORDS NC 11750) 

BEE01VVOOD .\llJS1C 11750) 

CAPITOL NDUSlRIES iNC EXECUTiVE OFFICE (1750) 

CAI'ITOlRECORDS 1'>1::(1"150) 

CAPITOL RECORDS tIC 11750) 

CENTRAL SOt.GS (1750) 

CAPITOL PRDcuc;noNS NEJSiC (1750) 

D>.ATOL SPID".L MARKErS (1750) 

EXECl1T111EOFFICE (1750) 

FREEVVAY f,,'USIC l175D) 

GL8\'v\'OOD rr.us1C (1750) 

GONORAL EXECUTIVE OFFICE (1 750) 

GEN. EXECUTlVEQFIC (1750) 

NiNTH FLDDRADVERToSL\IG (17'0) 

RECORDiNG S1UOIOS (175D) 

Sf><YDER M.JSr:: (\750) 

VAt>.GUARCSQN3S (1750) 

1980 ~ 

AI'GEl.. RECORDS I' 750) 

Ai'P..£HECORDS 1'C(1750) 

ANGB. RECORDS VII\IESTLOS M..Ga.ES (1750) 

A.=R.E RI3XJ!~DS r-.K; (1750) 

D>.PITOi. N:USTRES N::EXEnlTiVEOFFICE Vl'iE5TLOSAI'DELES 
(175D) 

CAPITOlHBXlRDS I'oIC VNESTL05ANGELES (1750) 

CAFrrOc RECORDS ~ VNESTLOSANGa.ES (1750) 

CAPITOL RECORDS tIC VQ'oJEST LOS ANGELES (1750) 

....... INEAVE!'" 

ANGa. f'EX)RDS (1750) 

CAPITOL 1~~ES INC (1750) 

CAPITOL RECORDS !i'C 11750) 

CAI'ITOL RECORDS \\C 11750) 

1981 ~ 

1740137-6 

~ 

RL. Polk & co FIlbli;h ... 

PacWIc Tolephon" 

Pacific Telephone 

Pac~;, Telephone 



filu: !b.ln ,s.9.llO'_6. filu: ~ _Sll=~ 
1981 (ccnhnu9G) 

ANGEL RECORDS (1750) 

AFflERECORDS NCOFFICC(1750) 1991 '"'VINI?'" Pacfflo Soli 

CAl'frOl.lNDUSTRlSS NC Ei>(S::lJI"~EOFFICE(175D) ANGELHECORDS (1750) 

CAI'lTOL ffiODUCllONS MUSIC (1750) CIU'lTOl. E 1.111 M.JS k:: (1750) 

CAl'frOL RECORDS NC (1750) CARTOl Sum. y CO [1750) 

CAPITOL REORDS III() 11750) C'lPITOL WN;:t;)W (1750) 

CAPITOL SPF.CL'-L W<RKETSI1750) GSNl' e<roJTh'eOFC (17~D) 

1965 "YINe" Pacl;c 801 
KECaRDir-.K:i STULlDS (1150) 

ANGf.L RECORDS 11750) ""VINEWA".. Paclfil::: Bel 

CAPJTOl" [)US TRIES INC EXE ClJI"vEOICE (1750) ANGEL RB::O= (1750) 

EKECllTNE OFFICC (1750) 1995 -VINE"" Pacttic SQI Ts~phona 

GONL EXECUTlVEoac (1750) AI'l3EL RECORDS (1750) 

RECORDING STUDIOS 11(50) CAPITOL H~ MUSIC (17~O) 

:y'!f.jg;;r.: Pacific Be~ CA."ITOL "~n. ffiODUCTONS (1750) 

ANGa REORDS (1750) CAI'fTOI. "'TERNA Tl FROoucr:ONS (1750) 

APFLERECORDS NC EXEClJT1VE OFFICE (1750) E.~1 RECORDS GRO~1f' N A (1750) 

CAPITOl. INDUSTRIES INC EXS::lITIVE OFFICE (1750) BEN EXroJTh'EOFC (1750) 

CAPITOL RE:ORDS rNC 11750) RECORDiNG S1UDIOS (1750) 

CAPITOL RB:ORD5 INC (1750) -VINFWA.Y~'" Fac.lfic Be~ Telephone 

CAPITOL RECORDS INC (1750) .~NGEL RECORDS (1750) 

-YINEAVE"" Pacific Be~ ~ PaoW" Bel Telephone 

ANG8. RECORDS (1750) ANGEL RB::ORDS lOS AN8ELES (1750) 

CAPITOL INDUSTRIES U\C(1750) CAPITOL NJJSTRlES III() LOS ANGELES (1750) 

CAPITOL RECORDS l;.c 11750) CAPITOL RS:;QROS ~'.C 11750) 

CAPITOL RECORDS IN: 11750) CAPITOLRS:;QRDS 1;.c11760) 

1966 ""VINE" Pacific BoU CAPITOL RECORDS I;.cGENL EXa::LmVECFC ('c7S0) 

ANG8. REORDS (1750) CAPITOL RECORDS L'CGENL EXS:::UnVEOFC (1750) 

BDmlCK BRLXE PRO=NS (1750) CEM<\ SPB::IAL r/ARI<ETS (17S0) 

C>.PlTOL INDUSTRIES INC EXECUTIVE OFFICE (1750) EM RECORDS GROUP",,-(1750) 

C>.PITOL RECORDS INC 11150) CARTOL IMJUSTRI:E.S NC EXECUTlVEQFFICE (1750j 

CAPITOL RE:ORDS IN: 11750) Ct<PITOL '-'=GRAPI-'JCS (1750) 

CAPITOL SPB::v\L I>MRKETS (1750) CAPITOL RECORDS ~'.C 11750) 

DIGfrAL MAGNETCS INC (1750) GON! SlEClJTIVE OFC (1750) 

I'ICTURE IwUSIC iNTERN'\ TION'\L (1750) RECOROI'olG STUDlAS (1750) 

1990 Address Not Listed in R2search Source PaC"" S.II 
1996 Add", •• Not Llstod In Research Source G1E 

1740137-6 1740137-6 
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1999 Address f\bt Llsled ~n Research SotJrce 

2000 ::y . .tI!!E~ 
C E M A SPCL I*.RKET (1750) 

CAPiTOl RECORDS II\C (1750) 

EM I RECORDS GROIR 11750) 

2001 Address f'..bt Us t6d ill Research Source 

2003 Address Not Listed In Research SoutCf:t 

2004 Addnu;.~ f'.ht l~t6ld in Research Source 

Adjoining Properties 

SURROUNDING 
Multiple Addresses 
Hollywood. CA 90028 

X<w !.!= 
1S20 Address f'..iJt Lisled in Research Source 

1921 Address N:)l LiSted In F'asearch Source 

1923 Acldress N::!! Listed in Resaarct1 Source 

1924 ::l(llif;:: 

ANDERSONDRALFHSLSMN B ~l-'ARRISON H (1710) 

LA RAY!'. APARTMENTS 11710) 

wale FR!\t>CES 0 SLSWM'J R 11717) 

Al,BEFITS BLRr W SLSMN HURLOY M".CHlNe 00 R 11718) 

DE ESOO FrIll. ASST I>fDT P!::T DR H (1718) 

'MLDWALTEl'IA RJRCHAGT ROBERTSON OOLA S11JDID H 11718) 

I'VORTHINGTON11-PS I H (1723) 

Bs;:c!-ER V iCTORlA R (1724) 

TANDY Cl-'AS WACCTGMTHOMPSONR(1726) 

WfNKOOP IfCZ E MRS NURSE (1726) 

THOMAS FAYETCHR R (1130) 

BYERS El.IZABETH WI) A A H (1131) 

1740137-6 
11 

~ 

Haines Corl'llany 

l'acif~ SCneiephone 

Ha!l1es & Corrpany, lncc 

i-lai{1e5 &. COrrpany 

J-iaines CoI'T'pi;;1ny 

~ 

Los Angeles DWecto~ Co. 

Las Angeles Directory Co 

Los Angeles Directory CQ. 

Los AnSBles DJre-clcry Co. 

X:~i!( jJ~ 

1924 1~l)nt:l"IIJa~. 
lv'CMJRANCEAUTO /i,'ECHR (1731) 

SEACH M'IRY A R (\736) 

EEACHSARAKJVVoDTS H(1736) 

SROWNAt::.'. LSlSVV1"i'lR(173S) 

,iOFFfMN GLADYS M CASHR SUN DRUG 00 R (17~6) 

HOFFw..NN~ RI1736) 

rlDFHMN NOR.~"'N FUIN A HArI8~RGERS & SONS H (1136) 

ST13'<\lBERG HENRY F JR CLK R 11736) 

'il/ELLS ABBIESLSWlIN R (1736) 

STEVE3'ISON ROY M SLSWN POLASKI CIGAR 00 H (1740) 

BULlARD JACOB B H (1744) 

M:JON;."Y HERBTS R (174BJ 

H[174o) 

EJB::K JOAN TOHlR R (1755) 

LARSEN LORRIE L WGR H S FRIEND R (1755) 

1f~LJ<:iEALFD D FUlL~rrv M'i LASKY SlUDP K{USS) 

N8L LE>IER H pt¥.RM SUN DRUG 00 H (1760) 

TRAPP HARRY M M:OR HOLLYWOOD POFU.AR 5tt:JESTORE R (1760) 

Ff(QCTOR JACK ASST I>fDTPlCT DlR R (1764) 

81ViNG I<lWARO ric ~'::;;RSTANDAROAurol>fDT1VJ:& MACHI\E 
WORKS AND M (1765) 

SCUcLY FRED L H (1768) 

M".C I>IEEKN 't;M HVI'm-I FREJ II !'PAH R 11770) 

BENIIERKATH'MDCB H(1IT4) 

19:25 Address t>.bl Dsled In ~search Source 

1926 ,A.ddress I\bt Ustad in Re.searl,:,~ Source 

1927 Address I\bt Listed in Researc.~ Source 

192.B Address I\bt Li:Med:o Research Source 

1.29 ~ 

KRKF'ATRICK LffiOY SHOES.'lNER(1709j 

SLACKBURNGERAlDINE(1710) 

CllMI/, ~"'RGT F OLK (1710) 

1740137-6 
1Z 

~ 

los Angeies Directory Co. 

Los Angeles Ore:ctary Co, 

Kaasen Directory CQJll)a.ny Publishers 

Los Angeles [Nectary Co. 

Lo. Angeles Ilreclory Co. 
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X£iIc ~ 
1929 (ccntlrIlJec) 

CLERIlOIS OYIW\ SI~ER 11710) 

FARROWtMRY EMRS (1710) 

FARROW EtMI D (\ 710) 

LA Fl.A Y A APARThlEmS (171 0) 

PAYNE BRIXEACTOR (1710) 

PAACHE P DSSIGNER (1710) 

l1JPPER fAANK W ACCT (171 0) 

H(1710) 

USATENWALlER HENRlElTA LOCKS~H (1711) 

CON85A MANUEL PACTOR(1716) 

D8..AN:J CH'\S H SLSMN I-iJLLYWOOD REAL 1Y CO (1716) 

aKIIIS JEAN Oi<LtMDAS I 171 B) 

fRAZIER GI.AOYS (171S) 

GIBBS I,AURA H IlIRS BKPR 11718) 

HANNY GEOTBRI>n3REA MORRISON INC (1718) 

JOHNSTON JACK ACTOR (1718) 

KEllY BERTHA r;u:!S I>n3RVINEAPTS (171S) 

LeNIS SI'laDON (1118) 

MARSH".LL H".RRY MEAT CTR (17' BJ 

Me OOY J WARREN SLANCHE E CINEIM TYf'E\IIIRfrER CC (1718) 

POLLOCK MARY H (171 8) 

SHAW EDNA LR8'O~HOLLYWOODCrnzENR 11718) 

S~ERPAUL H(171B) 

S1EIIENSoN EDNA NRS STEN H (171 BI 

SETTLEALBERTA TCHR H (' 71 B) 

ToRANA JUAN ACTOR H (1718) 

VINEAPARTMENTS (17'6) 

COLLENBAlXlH LEONARD KATH REAL EST (171B) 

HOLLY VINECAFEEL WERTHEMCS KRAUS MGR (In!) 

MARRAu.E6'I MRS BKPRMRS NA STa/ENS (1722) 

S1EIIENS HENRY A PHYS (1722) 

S1EIIENS NINA A MRS PHYS (1722) 

BEAWAN GAL MRS (1724) 

BEAWAN RONALD F (1724) 

GRJEGo FETER Na.LlECARP(1724) 

SERUR LENORA I>JRS HOUSEKffi H (1724) 

:"". 

1740137-0 
13 

~ 

,~~ ~._, ... c~.,(~ 

. ... , .. .t 
~",,"""""'"''''''l] ... ~) 

Xuc J.!mi 
192.9 l~ant[nu.;Q) 

,~ ..... ~. 
., .. ,, 

DEIIENEJAS M CHiROffiACToR 11725) 

ROEJ:JS B \'JJNfoRED H (l72G) 

\NYNKOOP INEZ E'iRS H (1726) 

K8..Cl-ERiMl1J I'MRGT AurO WECH (1728;· 

PS6.RSONALBTWELLA ~{n2B) 

CORSN VIRGI. SLsrM (1730) 

JAY Er.lAREWRSRESOR(173Q) 

;,;;y H:lWARDFE"'ARIESLSM3RI17~O) 

JAY lYOi<.\toRS (1730) 

LAi'I8LEY RACHEL G MRS (17301 

_N KURT PLM ECITOR In,o) 

IDlIRN8JR ANOFiE WOMENS CLO R (H31) 

ROSE SE4.UlY SALON FL'RENTURNIPSEEJ 'MRlECXlFFL'I (1733) 

H:leL YV\OOD PLAY roUSE 0 L ROlJIT M3R THE.I\ TER [17351 

HOLLYWOOD PLAYHOUSE REAL TV CO f TPARKER SEC 11735) 

BEACH r,,1j.\ Y A (1736} 

BOIM,ER ~a L.I8URN I.A FUS LIBRARY (1736) 

BOWLER R06ERTA STTIJTLA FUe1l8RARY (1736) 

ELDRIDGE EllA INSTR HOLLY'h'OOD SECTI\RIAL SCH (1736) 

ELKoFF 8.!G (1736) 

r::AVa lOA. 1J\IiJ:-ENRY (1736) 

FLCE;TE;AN'JA (1735) 

G'-KEY Em-I6..SLSLOY (1735) 

HAOI.EY aVA A i'ZTRHOLLYWOODSEORErARIAL SOi (1736) 

J-K)F!<NS cOSEl'HNE ON'CE sa:: HOLLYIfI.'OOD S=ARlAL SOi 
(1736) 

LAUGHTON EllA G LIBR (1735) 

MURPK'( 1HOS OOROHTY WArn:R (1736) 

Mb,R.JORIE APAim/ENTS (1736) 

RDINEC4.ROLINE M MGR M"RJORIEAPrS H (1736) 

wa.LS ABBEBU'fER ROBERTSON 00 H(1735) 

ZACE4.RRI'. JlUO DRAMATIC iNSTR 1-1 (1736) 

ABBE JUANITA B r;u:!S (1738) 

BULLARJOt/aVINA DV\~J B (me) 

TAFT LAND & DEVELOPM8'.fT 00 A Z TAFT NOGALES ARIZ ffiES MT 
TEI173S) 

I3YiERSONGEO HLA'f((ERi1740) 

~~-:~~~ 

1740137-6 
14 
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192.9 (l:.orUinued) 

WARDELL OO~LD ARTIST R 11742) 

SHOCKLEY ClARENCEMARY A RE>I" esT (1744) 

OOLLOFF HELEN M BKffi aHOY AS co (174B) 

JOI'BS ARTH Q-"'RLOTrE MACH (1746) 

TAYLOR M'fR11.E MRS H (1"146) 

M1NrERWMM I'-VELVN 11752) 

f'ARRIS ANNA W10 ELLiS COOK 11754) 

BURT BENJ HINRfTER 11755) 

SAXTERJME MRS (1755) 

BRAt>JfI().AN FRIEDA MRS LUNCHES (1755) 

DYS'! GI3J E,BELLE M COOK (1755) 

DARROW CHAS WAGNes WArTER 117;S) 

DELOO APARThtIENTS (1755) 

FORST EMILE WRITER (1755) 

GALBURT VICTOR 11755) 

LAIRD RUIf1 NLRSE (1755) 

MOLSKI STEFl-I WRITER (1755) 

~JERA VICTOR v (1755) 

PAL~ JEAN l-'AIRDRSR (1755) 

REGAN FRANK MCLK K(1755) 

REGAN M'lRY MRS (1755) 

RICE FRED A WASTER H (175S) 

ROWEHEi'-RY EWlNOOWTRMRH(1755) 

RADEN JOHN SLSMN H (1755) 

SHELOON Ja'lOMESLSMN H (1755) 

SOUTHERN JesSIE WAITER R (1755) 

WH83..S'! RUTH J SLSLOY H (1750) 

CROSBY WARNS'! N CAMERAMN (1756) 

CHANDLER EDWIN LLCILE BLDR 11760) 

SLANKER CAUDE MRS aJ( R (1760) 

SLANKERCHIl.S MMESTC"fR H11760) 

OCONt'.K)R OORIS S MRS STa-J (1762) 

SMl1-lIV\l\Yl>ElMD B:lf'II)ND H (1762) 

SMTH RvcrOR SEC WEST COAST GLASS & l1LECO R(1762) 

8>lGLISH INN NB..L LON3 MRS M NWORTH (1765) 

WRTH 1-PJ8ERT C MA RY SLSM'-l H (1765) 

1740137-6 
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~ Ylw: ~ 
1929 \C<lnllm.iQd} 

1fIlRT.~ MARY N MRS EN:<;USH iNN R (1765) 

BORADGEfERAAND CECILEIltRlRTER (1766) 

V\tONES LYNNCClASS ADV EDiTORHOLLYV,IOOONBNS R(1168) 

M:; taR a:JN A LOLA? 5LSrJN (1770) 

~.,;; r.EER t>O.'ITON CLK (1770) 

Km ?AUl.1'-IE (1771) 

~'DRGAN MO.RY (1772) 

il'JARREN ilAfITrKJLOM81VPAiII'iA H (1773) 

t-IJM\IEL ADAM A EDI-.IA PHYS (1774) 

I-IJMASON cal'>. MRS (1775) 

1930 Mdr ••• Nol Lislad in Pas.aroh So,.ro" 

19~1 Address I\bt Lis.tsd ~n Research Soun::e 

1532 Address NJt Listed in Research Source 

~933 ~I(o.E'rl' 

~'SATEN WALTER t-ef/JEiTA LOCl<SMiT\-I (1709) 

rQLLYWOODSECRETARl'IL SQ-KlOL A L LeNIS PRES 11-E BETTER 
BLISIN [17l7} 

C""CONAS CONSTANTINE N RESTR (1721) 

CARMCHAEL STUART K AUDREY CONFR (1725) 

SYSTEMAlJro PARKS L iDJACK HP.ZARD PRES ofFrCe(1n7) 

DANEL~N BROS HP.GOP AND LEA'!S ORlEi'>TAL FIL\3S (1731) 

ROSE BEAUTY SALON MRS MJ COFFIN FlREN LEE (1733) 

rQccYWOOD FtAYHOLlSE8ASIL BANNON M3R (1735) 

KELLY KA TH TrlEA TRICAL ffiODLCS'l (1735) 

,\E-FilNG ERNESTCARDLL'JE I SLSflN (1735) 

RAONAUCE D fiRS M<T:aUES (1737) 

ANGS'!ARTHLR ELSIE M CHROffiACTDR HOURS BY AR'OINTMf3'll" 
LADY (1738) 

BLOVETTBARNEY RSECCA TAILOR (1739) 

ABBE JUANITA 6 f5lS (1740) 

BI1"LARDJOSEl"ri'JEDINlJ J B (1740) 

EPl<NARDT BER"lW. STEN (1742) 

ECKN".RDT ELLA A (1742) 

H40137·6 

16 

~ 

lo.. Angel, .. O;-eol0l)/ Co. 

Los Angele:s Dirp,e;lory Colil'lany Publishst:':l 

Los Angeles Di"EH:;'tory Co. 

Los. Angeles Diectory Co. 
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1933 (continued) 

SCi-MlARTZ & JOELSON KImE SCHNARTZ A NNII JOELSON RESTR 
(1744) 

PAN51N1 ANDIN DFFICEAllfO PARKS AN:) GARAGES 11"(45) 

MINTER EVELYN WID INM (1752) 

BY RON ARTH S ACTOR (1754) 

COATES 11-Ialil'> MRS WA ITER (1754) 

r.RIST SYN WOPAL AlITO MEeK (1755) 

CKACON".S CONSTANTINE N RESTR (1755) 

caco APARTMENTS (1755) 

F11m-i CH'IS K PNTR (1755) 

Kl3..LY JOKN JESSIE B..ECTN (1755) 

MILLS M>\RT1NlEMlY (1755) 

M>\lONEI' FRAN::;ES !.IRS M8R caco APTS (1755) 

M"lONEI' PAUL FRANCES BR IIl3RSAVOY AUTO PARK (1755) 

OV ERMIRE DOROTHY F S·f8>.I (1755) 

OVERMIREESTHER W MRS (1755) 

PETlTTO tMRY W[lTDN'{ (1755) 

TOWNSEND JAS FROPMN PANTAGES I-OLLYWOOD THEATRE (1755) 

KANN\' Gee P(1756) 

FRANCES APARTl'JENT'S (1760) 

KELLAM DOROTHY elK (1760) 

KELLAM NINA WID ~SES (1760) 

WARDDORDTHY LMRSTa OPR(1750) 

JOa50NANNA 5CI-INARTZ & JOElSON 11762) 

JOaSON ROSE ST8'J (1762) 

SCi-MlARTZ KA TH SCi-MlAnz & JOELSON (1762) 

G8: JOHN MCORA 8ATTEflJES (1755) 

HUllER WAlLACE(17S6) 

19'34 Address t\bt L~led in Research Source 

1935 Address t\bl L~ted in Rssearch Source 

1936 Address t\bt Listed In Research Source 

1937 -NVINEST-

f.!JL.L.YWODD DDLL.E3E EL.IZABETH SMm-I IVGR (1717) 

1140137·G 
17 

~Qut:<;.l> 

Los AngeJes Oiteetory co. 

Los Angeles CMootory Co. 

Los Angeles Directory Co. 

Los Angeles Dirsclory CO. 

\~'_' ~~~. 

}~ 
".~) 

~ l.l= ~ 
1937 (cQr'lllnulldj 

-VINE"" Los Angeles [)jreclory Co. 

DAILEI' YARiEl'l ANDYARiEl'l ART,lJRU'lGEREDITOHn-EAlRIDAL 
NEi170B) 

DAILEY VARiElY l1DPL1>L~ DAilY VARITIY (1708) 

I\'IA 1'l.I(;OFF SA TRISHA ML.NR (1709) 

BERRO LIDN RACf-'8.. CLO CLt>R (1713) 

WFlAY VIJM RESTR\I\IKR (1714) 

LEIIL~ ISADDRESPOFlTSWEAR (1715) 

~CARLTONLCOSME1lCS (1719) 

RD6INSONAl6T AUTO PARK (1724) 

PANTIB..L a-w.S LOCKSMITH (1725) 

M~ K.o:NN>. BERT COOK BRONSOI>IA PKARM (1726) 

RE\'I\OLOS SHERIS RESTR (1731) 

ROSE BEAUTY SALON Mo,RY JCOFFl~ ,iPS FELEE(~7331 
HOLLYWOOD PL." YHOllSE LEO TAUS MGR (1735) 

rlAN:E.A Y LID L rlOWE I'IENS PUR.'1G5 (1737) 

BROiNN BEt<.T'RCE I'I.RS (1738) 

FEJNl.ISlIRII~ OOROTH'f ,AILOR (1739) 

ABBEY JllANITA B MRS (1740) 

eULLARDJDSs:tilNEDWIOJ B (1740) 

AOOER ElSiE M WD AR'lH (1742) 

HABOi FRANK RADO R8'R (1744) 

v'IIRIGHT AUSTIN L JESSJSAlIfO PAR~ (1 746) 

!.i1t\~ EVELY N W~ W M fIGR DELDD APT'S (1752) 

i,PRGAN ROY H (1754) 

G!........,_~ .... 

M::: L.EOD LOiS OF'FlCE OAST M MLavELAND (1754) 

~t: NELL FLOF<fI'.CEG (1754) 

!.iEl'DES HERCULES A (1754) 

FRICE R!.i!l'<. H "RS 11754) 

BOADLffi LOUIS SLSr/'" (1 755) 

COHEN CElL« D CLK (1755) 

DE HO,VEN GEO W (1755) 

DELCO A?AfITlerr.; (1755) 

DELP " .. RON M QK (175S) 

K4.1JJEN HER'#.N QK (1755) 

LANE ESTES M M>\SSSJR (1755) 

1740137-6 
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fill! lL=: 
1937 (canllnUbd) 

LEGLER PEGGIE STEN COI.I.YWOOD IJUTlGPAPHNG SERV ICE (1755) 

MLLS W,R1lN L EMLY SlsMN(1755) 

MC M'\HON JOHN T RESTR (1755) 

PETIT LOUIS F DERM'I TOLOGIST (1755) 

SCt"ALK WIRY ~ 11755) 

STRACK'<N BI-l Y STlDIOWKR (1755) 

STRACt"AN PEGGY elK (1755) 

TCOW,S GLADYS EDANCER 11755) 

TCOMSON fRED SLSMN (1755) 

THOMSON M'lRGT S IiIRS DI~MKR (1755) 

TURK CHAS STUDIOWKR [1750) 

VON CORlOFF E;RlC INSTR GRIFFITH PARK RJDING AC'\CEIiIY (17051 

VON t;ERLOFFVALI:I'I 1;(1755) 

WOODS W,SEL EDANCER(1755) 

WALLACE MY RTLE A DAI\CER (1755) 

WEEKS WlLDI<ED EDITOR CHlLDRENS PAGE LA DOWN TOWN 
SHOPPING NE (1755) 

LONG MYPA WATS; (1756) 

WAOSWORTHRAY MKATHWAITffiI1760) 

HOLDBIJ K'<RRY ACTOR (1754) 

WORDEN WALlER ACTOR (1764) 

SGNAL OIL co BULK PLANT (1765) 

KELLY CLAUDE FNTR 11765) 

KELLY MlflJR HRffA FNTR(1766) 

VON flJRDH8M N'lONU CLK 11766) 

VON flJRDrSMWM EGLADYS MVETSURG(1766) 

WISTER LfE NSURANCE CD M 0 Kir'.G ffiES G H Klr-.G SEC (1770) 

NCM'lHON WlRGT MIfIIIOT J (1786) 

1938 Address I\bl L~led in Rasaarr::n Source 

1939 Address !\bt L.lsleci in Ra.sean:h Sourt:j6 

1940 Address t\bt Usled in ~search Source 

1942 ~ 

U'-I3ARARTH PUBLR (1708) 

1740137-6 
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s.o1ll.G.a 

Loo. Angeles Directory Ccmpany Publis hers 

Los Angeres DirectclJI Co. 

Los Angeles Directory Co, 

Los Angel •• D'"clolY Co, 

fill! lL=: 
, 942 (~Qnti;":~$~ 

BERROLEDNRACHEL TAILORI171~) 

LEVL"J ISADORE IIIENS 0..0 (17'1:5) 

DALITOFFDAVD RESTR(1716) 

8URGESS EVEREIT B ~ (1717) 

FEfRAL ll'J,ON SOU CAL CDMWITEE (1717) 

hE'WAN PROPERl1ES INC F~NCE (1717) 

LEA.CH FLORJ3'.):E H ~JB STEN (17171 

L5'.GUEOFAfiERlCAN~ (1717) 

NATK'<N ROBERTA VOCAL TCI-I~ (1717) 

Or.TRA CAFErER:I\ CORP U G JAMES ,"RES 'iRS M J ,VEBB V ffiES 
MRS (1719) 

FOE 11:1'1 M fIRS SAUSAGE (1722) 

PAt.1a,l .. CW<S SOFtii; LOCKSMITH (1725) 

ROTH AC!b. M BE<\UTY SHOP (1733) 

GILLEITEMICK...'=Y WSCTa-F:r(735) 

.~LLY'h'OOD A.A,YHOUSE BUJLDJOO (1 735J 

HOll. YWOOO PLAY HDL!SE THE<\ Tffi (1735) 

Sc.~ OFFICEEWRDYEES GUILD (1735) 

SCREEN FUBLCSTS GULl) (1735) 

FEN.IEY IRViNG OOROThY TAILOR 1173S) 

aUN'3t-iJS811 H3'ffl CAL'fO FK (1751) 

CCTEVi\UiPRE fJ'ARlE.M'l.R I 1752) 

SNELL WM MaNDA MTRM'J (1752) 

c:EK'<VElII GED W{17S3) 

"'JONEY 8:MI J M'lRlENE SLSMN (1754) 

OU,fER W,RE SEC DEPT OF 8JJCW fA s;:o::.o.1KlNA~ FROGRAM 
(1754) 

BAlEI' ilLK:EWArrER (1755) 

BAilEY BETl'f RESTR\'JKR(1755) 

BORLANJ FLOYD M FRAN:ES (1755) 

BORLAND FRANCES MRS M3R C€LCO APT5 (1755) 

BRDWN FREDK K CLK (1755) 

BAl.IYGARTEL THOS WV"GL~L<>. (1755) 

OELCO APARTlIIENTS (1755) 

CEZANCD JOHN (1755) 

HI.L FW(17551 

HJ!ICT1NGTON M C (1765) 

1740137-6 
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~ 
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1942 (ta:mtlrl'-l~~ 
HIGHTOWER EONA eLK 11755) 

rlJMARK:HH:lUSEVIRGIL 11755) 

JeNSEN CHRISTINE WA m;R (1755) 

LPSETT ANDW G RES1'RIM<R 11755) 

MlL.LS Mo>.R11N (1755) 

WNSON LAURA (1155) 

MO.LONE;'( BERNICE WRS (1755) 

MC QlEEN LOUISE MRS (1755) 

MMER LED (1755) 

MOWRA Y H C( 1755) 

A'lITCHETTALFSTA ATIlT (1755) 

RlCHARt)SQN roN SIGN~ (1755) 

RKHI,RDSON MAUDE S WID C 111755) 

ROGERS E A (1755) 

SII>iMJNS F83GY USHER (1755) 

YANCER LARRY (1155) 

AFW:JNE LELA MRS (1762) 

DELULLA D>.RMELA MRS (1762) 

BeRNSO~THEO DORA (1764) 

SIGN'\L OIL 00 GAS STA 11765) 

ROOT STANLE;'( EALK::E CHiROPRAcroR (1766) 

FiSCHER SOPHE!>iRS CLO CLNR (1770) 

1944 Address. Not Listed ~n Re:$-earch Source 

1945 Address f\Ol Ltsled in Research Source 

1946 Adl1rElss N:'ll Usted in Researctl Source 

1947 Address N:JI Listed in Researcl1 Source 

1946 Address t-.k:It Listed in Research Saurc:e 

1949 Address r\Iot Listed in Research Source 

1950 ""V INE Sr· 

BURKETT WIRY NRS R (1714) 

17401J7-6 

Z1 

$j;>Jl[';"~ 

R L. Polk & CO. 

R L, PoIK&Co. 

Los Angeles Dtrecto.y CO. 

Pacific Director)' Co. 

Los Angeles Directory OJ. 

los Angeles Directory Co. 

Pacific:: Telephone 

,~~,~~~ :;~""""-"..'·11 ~-Y,\; :-';_"II.~ 

l:tiI: ~ 
1950 t(;I'HlUnlll!dj 

iHOR1·n'ON MA R(1715) 

DA~~COANn-ONY R(1713) 

D>.SSERL Y JACOa WRS R (1720) 

rARRINGTONGRETA l Ri172C) 

Sic"'~'RELL V I'C8IfT F R (172 1) 

KOONTZ JUNE R (17<5) 

1951 ~ 

NVINE BELASCOS RE;STAURANT 11 70S) 

VINEOSCARS ~PNOGRAMGFTS (1711) 

N ViNE Oo\N DEE FAcroRY SHOE REPAIR (1713) 

NVNEPADC:CCK RJOm & SFORTS SHOP (1715) 

NVNE'TIPS RESTAUAA~'TS HOLLYW::>OO(1716) 

BARRY VY E1JP.OY~ AGCV (1717) 

BARRY VY f'ERSONNEL AGCY (1717) 

BYRAM GENESTlJexO Vm:E (1717j 

GO-LiF AL'1 00LLE3E (,",,7) 

CRO\f>1JER RADO ~DJC"noNS (1117) 

a:;UITABLE='r INK:: (1717) 

re<l'/AN f'RDFEFrnES ..c FI"",,,:N3 (1717) 

HOLLY'NOANALYTK:AL LAS (1717) 

LI-e/INNEMSCK-'. P"-NIST(1717) 

NVL~E(1717) 

N VL~E SE;'(MOURS JE!fl.LFN CO (17',7) 

VAN SCrAACK C BACTERJDLOGLST (1717) 

vY BAR"" FERSONN:i AGEN:Y (1717) 

VINE [)IJ PARS RESTAUAANTS & SAKERl5S i-I:lLLYWD (1718) 

NV!IIEO~ CAFETE~ rP~LYWDD!ST(1719) 

~ __ r."'!;'~ 

N V!I-EKRUSCHEN ~PRF~IS JNLR(1720) 

NVNEN~S FtACEI'722i 

N VNE BI-L GRANT U DRIVE SYSTEM (1724) 

NVNEGRANT AUTO PRKS (1724) 

N VINE GRANT BILL GRAt..,- U DRiVE SYSTEM (1724) 

NVINE GR~NT U DRlVESYSTeiI (1724) 

NVNE GRANTS U IJRIVESYSTEM (1724) 

NVU'JE U DRIVE GRANT SY STIM (',724) 

N VL~E KlV\("RD ARTr'-R OPTMfRST 117J1) 

~-~"""'i_ 

1740137-6 
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1951 ic.on!inuel:f) 

N VINE INETZEL ARTI-IlJR U OP1'MT1'<ST (1731) 

V IN:! HOLLY VNESALON OF BE'<1JfY 11733) 

NVI'>IEIRVIr>.GSa..01HES 11739) 

NVNEWALTS AUTOPRKS & GARAGES 11'(45) 

NVI'IEFROFESSION'lL CLNiJ\G DYGM:l & LAUNDRY SERV (1753) 

MIISCACONO S113'ANO I'{ 117~4) 

Vf/\IE(1754) 

VINEBERR'( V ER(1754) 

VINE CARLSON LDUISER (1754) 

VINE PEPIN RIJTH /IIRS R (1754) 

VINE KENWORTHY H".ROI.DA SIGNAL SERIf (17G5) 

1952 AQdr~s I\bl Listed in Rli!:searcl'1 Source 

1954 Address !\til Listed In Research Source 

'955 Address t\Iot listed tn Rsssateh $.c:m(ce 

1956 -VINE sr" 

PACIFIC FINANCE{i 716) 

BROWN Cl'<VIDA BROWNI\I'OTa.IWES1M3IITS (l770) 

1957 Address I\bt L~ted in Resear.r;:n Source 

190'8 ~ 

aARRY AGCY 11-IE (1717) 

aARRY TI-EATRCALAGCY (1717) 

BYRAM GENESnJDlD VOICE(1717) 

reRMAN PROPERTIES INC DFC 11717) 

WETHENi ROOfl'lG 00 11717) 

DUPARS RESTAlRANTS & aAKERIES 8811. DFC11718) 

rDLLYWOOD (171 6) 

LOH'< KATE F (1 nO) 

o H K AUTO PARKS 11724) 

KEl-I.ORALr.::ES 11124) 

WESTER JACQUES Tl.R (1739) 

KENII'ORTHY K'lROLD A SIGNAL SERV (1765) 

SIGNAL DIL SERV STNS FOUNTAIN & VERfII(lt\ff (1765) 

1740137·6 
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fu!u~ 

lCJs Ang~les. Directory Co. 

Rl. Po~&eo, 

R L Polk & eo, 

Pacific Telephon.e 

Pacific Telephone-

Pacific Te!epnone 

Ylllii: !.WI.s. 
1958 (tlor,lllliJll!jJ 

BRO'lIIN DAVD A BROWN M:.lTa WESTI'IENTS''k:: (17701 

J'.lS\fJCAl, IWEBThENTLTD(1770) 

1960 Addr ... 1o.I)t iJotod in f/o>.i;."c~ Sour .. 

1 961 Address Not Lisled in Rosearch Source 

1962 -VINE ST·· 

PACFlC FINAJ'.I:E D"..ALERS SERV(;E CEN1B'IS (1716) 

DU PARS REBTAiJ'IANTS & BI',.~ (1718) 

BRQIt,N CI'< V iP A SRCWN I\I'OTa JNVES1M3IITS L'.c (1770) 

"VlNEAL¥" 

LOI-fl KAlE F (1720} 

~ 

V~ ViGNA I~ (170B) 

JOSEf' OF HOLLYWOOD SALON OF B8>.UTY (171~1 

HOLLYWOOD (1716) 

PAGl'1C FINA~OT.-ER OFFICES (1716) 

B/IRRY VY PERSOM'B.. AGC'I ,1717) 

BYRAM GEl\ES'1UJO VO:CEL (1717) 

acc R800RDS CORf (1717) 

8..00RAOO ,VllSlC CO {17171 

GLOaE REDJRDS 11717) 

rEWAN PROPERTiES L'IIC OFC (1117) 

LFE EiVF'l.OY!IENT AGr::t ,1717) 

LAt>LJEGGER FNANCEoo (1717) 

LA~ERRDBTC(1717) 

RALPH TH:JS VOCAL moos THOr."AS RALPHVQCl\L SlUJIOS 
(1717) 

THOM'\S RALi'H VOCAL SlUJIOS (1717) 

VY Il/IRRY PERSONN3 .. AGCY (1717) 

WORLDVVlDE A TIRACTiONS (1717) 

ZEGER H'lL (1717) 

OIJ P. ... RS RE5TAiJ'IAN'TS & BAKffiES (1715) 

HOLLYWOOD (171S) 

o H K AUTO PARKS (1724) 

ROSYS KEY SHOP (1724) 

1740131 .. 6 
24 
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PacWIc Tolephcne 

Lo,key Brolt",,,, & Do 

Pacific: ·re~p.h(Jne 

Pacific Telephone 

l".c'llc Telepllon" 
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1962 (~Q"tlny"f;t) 

ROIII'\ RESTAURANT (1731) 

DAVES BARBER Sf«:)P Imm 

EL CAPITAN THEATRE (1735) 

MI..L YON FRODUCnONS (1735) 

SAL! SRJRT FASHIONS 11739) 

BROWN!.IOTEl.. NJESTMENTS lNCI1770) 

BRO\I\N C\4VIOA BRO\I\N~ra INVESTI\'IENTS 1~(17701 

I.I'CHlIRCH FERN (1770) 

CAPITOL MA.NAGEMEIIfT & REAL 1'1 CD (·1775) 

AtJlERlCAN SCliJOl11777) 

AfJffiICAN CCRRESPOND&JCE SCHOOL (1777) 

AIWlLD DAVID T BOISVERT HUBERT 00 11777) 

BOISVERT HU8ERT CO RL TRS (1777) 

B5'\R ADVERTISING l/IC 11777) 

BOOTH LOUIS DR PSYOLGST 11777) 

BURNm LBJ CD INO (17771 

CAMlllACK BRAGG C tJ[) (1777) 

DARNElL CA MD (1771) 

DARNElL ClARENCE A Mel (1777) 

DEIIII-IIRST ROBT B DR (1777) 

ElSSIW'INNk4ROLD FDDS (1777) 

EIIB'lS JOHN K DOS (1777) 

F8STL8)I~11777) 

GUILD BIISOOM & BONFIGLIINCADVER11S1N3 (1717) 

GOOD roUSEKES'lNG MAGAZNE(1717) 

GREAT BOOKS (1777) 

HIIRPI3'IS 8AZAAR MAGAZINE(1777) 

HERRICK K ~ BOISVERT HUBERT CO RLlRS (1777) 

HICKOX ANDREW G (1777) 

roUSE 8EAUllFLA N\l\GI\ZINE (1 771) 

roUSER L C BUD DR OFC 11777) 

INGRAHA M REX DR DNTST (1777) 

U33)S MUSIC CCRP (1777) 

MAYFAIR MUSIC CCR? (1777) 

MILLER MUSIC CORP 11777) 

MO~S EDWIN H CO II\IC MUSIC PUBLISI-RS 11777) 

1740137-6 
2S 

~ 

~~~ "'~''''~ 

Ya;u: l.lai 
1962 (1':I)rllln~ll;;r.(I 

P::lLONSKY GERALD E DR (1777) 

REAL ESTA'r'EANALYSTS \1n~ 

ROS8U\1S FEST & MILLER (1777) 

ROBBINS !Ji.JS1C CORJ' (1777) 

SAI\IJE& GREEM; INC CREA11VECONSL1}.S (1777) 

SANDERSON AMJS A REAL EST. .. TF.ANl>,LYSTS (1777) 

SHAPIRO BERNSTeIN & CO NC (1777) 

ZuLCH &ZULQ-I (1m) 

""VINE ST" 

LfEEMF'lOYMENT.~f'./:Y (1717) 

[:U PAR EDvVIN B (1718) 

, 963 Address N::;.t Listed In Pasearc:, Source 

1954 ~ 

KRJEGER COLO.~ 8. CHEMICAL CO L"-C (1777) 

1955 Address i'<bt Listed in Re-searctl Source 

1966 Adcltass I\bt lJs.iad rn Ress-arch Source 

1967 ""VINEALY" 

LOI-Fi. KATE F (1720) 

""VINE'" 

JOSEFCF I-KlLLYVIJOOD SALON OF (1715) 

JOSEPrl OF HOLLYWOOD SALON OF 8E'<U1Y (1715) 

BERLE MI.. TON SAGE BRUSH E3'-0'TERPRISES NC (1717) 

BY RAM GElIE S11.IDKJ VOICE; (1717) 

~ 

CENT."URliS PROcu::noNS (1717) 

CNICASSNOF IlMERD'. (1717) 

OOBRITCH AL (1717) 

aDO RECORDS CO.~P(1717) 

ELDORADO W''-'SIC co (~7171 
ELDORADO RECORDING STl.i01O (1717) 

I-ERI'MN PROPERTIES L'JC OFC (1717) 

IMIS:IIATE DENTAL ll>,B l1717) 

LA~RlNO CK<\S P DDS (1717) 

:J'~ __ """"'~~ I~oi<o!'~~ 

174G137-S 
2.S 

~ 

,,"on;' Telephone 

Pacific Teaphone 

PadfK:. TelephonB 

GTE; 

Pacifio Telephone 

R. L.1'o~&Co. 

R. L. Poll< & Co. 

.",-.., "",~ '" ,', . ·:..:.:..w'-·...., .... ~u'. .''='''"'''''''f",~ 
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1967 (c:antlnuu=j 

ffiOJ B:;T I'RA Y ER 11717) 

RAIKES GLENN 0 11717) 

SAGE BRUSH ENTERI'RISES INC 117171 

INHITBIII'\ N GOO (1717) 

'II/ORLD woe A nRACTONS (1717) 

ZEIGER K'lL (1717) 

DU PARS RESrrAURANTS& BAKEl'JES ENCINO (1718) 

I-OLLYWOOD(17181 

ROSYS KEY SI-OP (1724) 

HDLL YWOOD PALACE THE (1735) 

WMBERLEY CXJRPTHE (1735) 

WAGONoIURST ASSOCIATES !<FRS REP (1775) 

AM3'<ICAN SCHOOL 11m) 

A1I!ERlCAN CORRESPOND8\ICESCHDOL 11777) 

ARN:lLD CAVID T BO"VERT HUBERT CO REALTORS 117771 

BOI5VERf HUBEh'T co RL TRS (1777) 

BATES DIIVO DAOVG (1777) 

8&.RADVERTISING INC (1777) 

80lSVERT rIJEIERT A RL TR (1777) 

BOOTH LOU" DR PSYCLGST (1 717) 

BREYER R06TG (1m) 

BURNETT LEO co INC (1777) 

CAMIW>.CK BRAGG C NO (1777) 

CASATO JOHN RARTSTlDIO COMM8'iCIALARTST(1717) 

D<.RNaI. C A NO 11777) 

DARNELL Cl.ARENCS A MD (1777) 

DUCHESS MJSIC CORP (1777) 

BSSM'\I;I>.I K'lROLO F DDS (1777) 

EPIC R8XlROS (1777) 

EVENS JOHN K DOS (1777) 

FAITH PElffi AGCY (1777) 

GILLN P H M'\NI'.G6'/ENl" ASSOC~ TES (1777) 

GOOD I-OUSEl<EEANG W<GAZINE (1777) 

HARPERS BAZAAR M£\GEZIr.E (1 777) 

HERRICK K E 60LSVERT tiJSE:RT CXJ RL TRS (1777) 

HICKOX ANDREi'I G (1777) 

1140137-& 
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~ fiiu: J.la:! 
'967 (Ciom,inLloJ::) 

HQUS"6E;O,lJIlFU. !JiO.GAZN: (1777) 

mRAHAM REX DR DNTST (1777) 

L.EmS WUSC CORP (1777) 

Lt.'I3..rrER PRODLCl'Kl>:S (1777) 

L.NJI.l4.f\EMUSIC CO,'(? (1777) 

~""R.~ LLS'ol ASSOCll\ TES 11777) 

"''''RP"f M.JSIC CORP (1777) 

M"-YFA!R MJSCCORO (1717) 

,\iE3ER.DCHAN ..l'ICK N DDS 117771 

~1LLER MJ$ICCORP (1777) 

MORRIS EC:\o\~~ K 00 il'oC MUSIC AJ8LSI-RS (1777) 

NORTHERJ'i ""JS~ CORP (1777) 

FEL);;AN FILMS OF CALiFORN'" U'oJC (1777) 

A:lLONSKY GERI<l.D E ~ (1777) 

ROBBINS FEiST I!.. ~LLER (1777) 

ROBBINS Ml.iS1C CORP (1777) 

SHAF'RO SERNS113N 8. co NC i'! 777) 

STANYAN WSIC co (1777) 

STRO,NG BEl'oNY ADVGAGCY 11777) 

TOM HARRY K S DR I::NrnT (1777) 

\'JEST HARVEl' EA[)\/ERTISL'oJG (1777) 

ZULCH & ZUI.CH (1777) 

'969 Addre$3 ,~t Listed in Research Swrce 

1,;0 "IIllJEWAY'" 

OJ PAR E B tlRS (1718) 

~ 

DJPAR S RSTAURA~TS 8. BAKERES (\ 71 5j 

OJPAR S RSTAURANTS 8. BAKffiiES (",718) 

1971 "VINEST~ 

LUVS RESTAURANTS I-OLLYVVOOD (1708) 

Il<\N DEE FACTORY SI-OE REPA!R (1713) 

JOSEF of I-OllYWOOD SALON OF BE<\l1TY [1715; 

JOSEPrI OF HDLLY'II/OOD SALON OF BEAUTY (1715) 

Acre CENrAL RSISTRY (1717) 

SARBDUR 0 N 8. ASSOCLt. ,:.5 (1717) 

1740137-6 
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Pao~k; Telephono 

R L.POLK&CO, 

R L, POLK 8. CO, 

B&G Publications 
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1971 (~ontlc'\lJu.r1 

8ARBOUR RAYWOND N (1717) 

8ERLE Ml TON SAGE 8RUSH 8IffER?RISES INC (1717) 

BRaWNN:> CO~UNICATIONS CORP (1717) 

BYRAM GENE STUDIO VOICEI171"1) 

CRIRLTY (17'17) 

CENrAURUS PRODUCTIONS (17171 

CI-OTI'IMA,- C JOHNNY (1717) 

CHOmMALJOHNNY (1717) 

CI-011RMAL KHANCHA NO 117'17) 

aoo RECOROS CORP(1717) 

B.!XlR~!Xl WUSIC CO 11717) 

aOORAOO RECORDING STIJDO (1717) 

EMBASSY RECOROS 11717) 

GOLDEN ARROW WUSK: F'J8LISHERS (1717) 

HERM<lN PROPERTIES OFC (1717) 

IMNEIJIA lEcen'AL LAB (1717) 

IIMMMCYn-I PRODlJCTlONS CORP (1717) 

PRACHASAISORADEJ K~ T (17l7) 

RAIKES GLENN 0 (1717) 

RAMODIS (1717) 

SAGE BRUSH ENrER~SES INC (1717) 

salON ROBERT C (1717) 

SI.VERARROWWSKl PJBUSHffiS (1717) 

WELLS CHA.RLES N DDS (1717) 

WCRLD WlDEA TTRACl1DNS (1717) 

2;ElGER HAL (1717) 

COLLINS JIM RESTAURANT (1718) 

JIM COLLINS RESTAURANT (1718) 

ONTRA CAFErERL<lS GENt. OFFICES (1719) 

KRUSCI-EN NORRIS J\lVLR (172Q) 

NKlKS PLACE (1722) 

ROSYS KEY SI-OP (1724) 

I-OLLYWCOD DIV OFFICE(1745) 

SAF T PARK CORPORA llON EXECllflVE & PERSONNa OFFICE Los 
ANGc(1745) 

ARNOLDDAVIDT BOISVeRT HUBeRT CO ~LTORS (1777) 

1740137-6 
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1971 1~n1Enuo!lD) 

"~.~.' 

BOiSVERT ~l.JBffiT co RE'lLTORS (1777) 

SATES DAVI)DADVG(1777) 

BERK9...E'I' SQUARE "-IJIJS:C L\IC (1777) 

61S0 !JIJS[: FUlUSHERS 1);C (1777) 

60iSVeRTHUBERT A REALTOR (1777) 

BOOTH LOuIS OR PSYCLGST (1777) 

BROTHER D P & COM"AI"JY SOE SURNffi LEe co I~ (1777) 

BURNEIT LEe co NC (1777) 

CASATO JOti'! RART Sl\.IDiO CO'IMRCiAL AROST (1TrT; 

CHLrKCH. CAt.E MUSe Jt.X::; (1777) 

CO BU'lr RECORDS IN:: (1/77) 

DARNELLCA j!.1[l\1T77J 

DIMENSION .\lUSKl INC (1777) 

D...ICH.ESS rll'USlC OORP (1777) 

EVENS JOHN K Di'.'rST (1777) 

EXOTICA AGENCY (1777) 

FORr{ESTE3'l.JANrrORIAL CONllRACTORS 11m) 

GO::JD rOUS8<E8"ING M"GAZINE 11Ti7) 

GARCN8'1 RCi-IARD G DDS (1"777) 

G:!.,LN PH M<\.I-JAGElJBrr ASSOCIATES (1777) 

GlLLIN A-IIL.,IP HATTY {17'T7i 

HA.I\SL"JG ~ J DOS j1777) 

H'.RMS TB CO (1777) 

H'.RPERS BAZAAR WAGAZINE (1777) 

:N:;RAH'.M REX DR DNTST (1777) 

LEEDS Ir'-'SlC CORP (1777) 

MeA MJSIC(1777) 

f>lAYFAJR MUSIGCCRP [1777) 

r/B3ElRDo-tJAN JACK N DOS (1777) 

wop.~ s::M'f; K OJ Ji'C MUS)::: R.!8LS~RS [1777) 

rJURRS...L f.r.us1C (1777) 

WSIC PCOL i'le TrlE (1777) 

fDR"f1-;8'1N ~USIG CORP ('777) 

NOTES NOW M.JSIC II\C (1777) 

PATl-INAY MUSIC INC (1777) 

PCLONSKY GERAl.D;;; ~'O 117(7) 

114D137-6 
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1971 \cQtllinl,llJd) 

REFl.s:nClN RECORDS (1777) 

R06SINS PRODUCTlONS (1777) 

SCOTTGIlL~ LTD (1777) 

SK<\~ BERN$TEIN & CO INC (1777) 

SOUND!3'lI"ffiPRISES (1777) 

SlJII.WERHLl ffiODIX:nONS INC (1777) 

TOM Cl'\RRY K S DR DNTST (1777) 

VERVE RECORDS (i777) 

VOGUE MUSK:: 1i'.C 1'1777) 

WARD GEORGE H ODS (1777) 

WEN1:LAFF LOUIS E ODS 11m) 

INENZLAFF SUZANNE L ODS 11777] 

WESTI-I'IRVEY eADVERT1SING (1777) 

1972 Ad~ra.$s ~t Listed in Re-searoh Source 

1975 MVINEST'" 

H3..1<'ER O'IV ID G ALI-I'IMBPA (17101 

SHERLOCK M T ALHAMBRA (1721) 

VASQUEZ: SAL S 117211 

1976 ~VINE 5T"' 

LUMS FAMlY RESTAURANTI1708j 

DAN DEE SHOE REPA IR 11713) 

JOSEF OF HOLLYWOOD SALON OF SOAUTY 11715) 

JOSS'l-I OF HOLLYWOOD SALON OF SOALTY (1715) 

ALEXANDER DAVID (1717) 

BARBOUR & CO REALTORS 11717) 

BS'ILE MILTON SAGEBRUSH ENTERPRISES INC (1717) 

C!;NTAURUS PROOUCTIONS (1717) 

ELDO RECORDS ooRP (1717) 

ELOOAAOO MUSIC 00 (1717) 

ELOOAAOO RECORDII\G S1UJIO (1717) 

5MBASSY RECORDS (1717) 

GOL[lE1>,I ARROW MUSIC PUBLISHERS (1717) 

GOOClPHOTO (1717) 

HERM'lN A'OFERllES OFC 11717) 

Wl>lEIJI'lTE DENTAl. LAB (1717) 
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R>.M:lDlS (1717) 

RANI<l~ RlCi'L'<fID L GCODf'I-OTO (1717) 

SAG"eRUSHEJ'HEHPRISES INC (m7) 

SELLON ROST C (1'11"1) 

SILVER ARROW MUSe FUBUSbERS (1717) 

V,DRLD\J\IlDEATTRACTIONS 117m 

ZOOffi H.".L (1717) 

SUNPALACE(1718) 

fA~US CAFETmIA 1171S) 

KRUSCI-EN '.!:JRRIS.NIit.R (1720) 

H L K A LITO PARKS (1724) 
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ABB..L ARiriJR CPA 11777) 

ACI\DE!loY OF COLNfR'( & 'NESTERN ~'lJSIC 11777) 

ANDERSON TOM FLMWORKS (1777) 

SATES DAV[)DADIIG (1777) 

BRDVIIN RAY MJSIC (1777] 

CHA.Ml~MJSICSOCE1'( THE (177?) 

COl/FORTES ISAAC IN:: (1777) 

DEL[X) ARTIST ArJ£:f (1777) 

~REEME<TAN."e.rr t-JTERNI\ TL (1m) 

FNiSH L."E PLM I-KlUSE INC (1777) 

GIAr..TPA1HEVJAY LTDI177n 

GOOD !-OUSEKEEA,'\JG ftAGAZINE (17771 

I-I'IRPERS BAZAAR r.lAGAZINE (1777) 

H::ILSEBOAl!T'FLILS 5P£CIAL RJBLrcATIONS (1777) 

KESSLffiJEROIJEA AnY (1777) 
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~""I'-FEARL ~,pRRlS (1777) 

1740137-6 
32 

~ 



» 
;0 
o 
o 
-...J 
o 
c..v 
-...J 
.....lo. 

l:tir ~ 
1976 (t:ontlr'UJedj 

Ml33ERDPI~N JACK N DDS l\C (1777) 

MURRELL WUSIC (1777) 

Ml)SCL'>NS WElTERN OFFICE ANERICAN FEIlER!>. roN OF (1717) 

PAINTlNG & DECDRA T1NG CONTRACTORS ASSN 11777) 

PA THEWA Y ARTST MNGM:lNT (1777) 

I'OL.ONSKY GB1ALD E MD 11777) 

RUSSL'>N GFr SHOP (1777) 

SEVENfEEN SEV6'J1Y SJ;:VEN VINESTREEr BUILDIN3 (1777) 

SUIWIC PRODlJCTIONS (1777) 

TOMJ-IO.RRY KSDRDNTST(1777) 

INENZ.LAFF LOUiS E DDS (1777) 

WENZLAFF SUZANNE L DDS (1777) 

WEST f-ARVEY E AWERT1SING 11777) 

~ 

NICKS PlACE (1722) 

fI-IOTO PlACE THE (1740) 

PROGRESS ASSN OF LOS ANGB-ES COUNTY (1777) 

1960 ·-VINeSr-

CRESS REF'RESENTA TlVES Of CALIf LOS ANG6..ES (1777) 

SKYIWIN INS SERVICES IIIC (i 777) 

I-I'l.TCHIWIN H F VINEST ALK'<M3R11 (1713) 

TSUEI MI'I3-KUNG VINE ST ALJ-IO.M3RA (1716) 

o AMCO ANlHlNY VINE 5T ALJ-IO.MBRA 11717) 

HlLLGRACEW VINOSTALJ-IO.M8RA 11720) 

PAYNE Dal#. H VINE 5T ALJ-IO.MBRII 11720) 

ROWLETT L VINE 5T ALJ-IO.M3R11 (1720) 

SA~ 0 D VINESTALr<4M8RA (1720) 

DULGERAN M«RY VINE ST ALr<4I>'i3R11 (1721) 

GARNERLYLEA VINE ST ALJ-IO.MBRII (1721) 

Gl..lIS M VIf>.E ST ALHAMBRA (1721) 

HERMOSILLO Y VINEST ALHI\MBRII (1721) 

KENNINGTON M VlNE5T ALJ-IO.MBRA 11721) 

AI-SO AL F WEST ALHAWSRA (1724) 

CCOPER M E VINE ST ALJ-IO.M8RA 11724) 

M:'AVOY BT VN:STALJ-IO.MBRA (1724) 

RlCCAWNA M~ VINESTALJ-IO.MBRA (1724) 
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SOCLOF I VINEST ALK"JISRA (1724) 

ANDR8I\'S DAVIDC VIl\EST I\L~ANI3RA 1171e) 

BAt'ITA KATHER\\lEA VNEST ALHAMBRA (1725) 

CARY TI~TI-1'f ~ & KRJS11NEM VIN~ST ALHA",.sRA (1725) 

GATOS CYNTHA A VINESTALJ-IO.NI3RA 11725) 

KalER Eva YN L VINESTALJ-IO.MERA (1725) 

KO~LER L J VI-.E ST ALHAMBRA (1725) 

SI.MFT D P VINEST ALHAM8FIA (1725) 

1981 '"'VINE"-

,~ 

-""'-, ... , .. .) 

LIXKY LOUIE S RESTAlFANTS (' 708) 

[)AND~SHOE~AIR(1713) 

SHOE~AIR (1713) 

CH!\U J-IO.IRVI-.E 1171:) 

CH!\U S BEAURY SALON (1715) 

ACi-E carrAl RaOJS'TRV (1717) 

AC!-Eoe.rrAL RaOS'TRV (1717) 

8ARSOUFl&CC Fl&\LTORS (1717) 

BERLE MJLTON (1717) 

E3.. CORADA MUSIC (1717) 

aoo RECORDS OOR!' (1717) 

ELCORAOO !./IJSIC CC (1717) 

ELOORAOO RECORDING ST1JDIO (1717) 

EPSTEIN ~'ERViN B DDS 11717) 

EPSTEiN r'ERII:N B DDS 11717) 

FAv\lCETT JOHN R DOS (1717) 

GDOCi'HOTO (1717) 

Hb.~U~ MARK A-IOTOGRAPHV (1717) 

rsr,,'AN FROPERTIES OFt: 11717) 

HOLLYWOOD carrAL ~ 11717) 

H:lLLYWOOD J:;ENTAL CENTER (1717) 

i~1YED~ TIE DENiAL LAB (1717) 

JAMES IWIC DESIGN SILLUSTRAmN (1717) 

RAMJDi S (1717) 

RAN<!N RlCl-\'\RO L GOODPI-OTO (1717) 

VDJEVC (1717) 

ZaGER ~AL (1717) 
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1981 (ccnLlnufltJ) 

SUN PALACE (1716) 

KRUSCHEN I<IJRRlS JWl.R 11720) 

t-QCKS PLACE 11722) 

H L K A lITO PARKS (1724) 

PALACE DISCO THEA TRE 11735) 

ROSENEERG BUDDY f'H:lTOGRAPHY (1770) 

ROSENBERG LEVY Pi"OTOGRAPHY (17701 

ABB.L ARiHJR CPA (1177) 

SOB FRA NKa ra<£T i\G8\CY (1777) 

BROWN RAY MJSIC(1777) 

BULLEr TRA VEL $ERVIC~ (1777) 

CALIF RESTAURilNTASSN GROUP I'lS (1777) 

CAPEZID DANCJ:SHOECO HOLLYWOOD STORE (1177) 

CASA TO JOHN R ART STlXJO I 17TI) 

r,orEN Mle roN H (1777) 

DELOO ARTlST AOCY (1177) 

s.LvVOOD RICHARD H CPA (1777) 

F M S COMI.ERC"LS N:: (1777) 

F M S l'ROoo:::nONS INC (1777) 

ANE CUTl"''', (1777) 

FLYNN COMPANY THE(1777) 

FRANKS. 60B TICKET AGEl'C( (1777J 

GOULD WM DENTAL LA S (1777) 

I-ERIMNSAUNDERS ~ES 11777) 

HOLLYWOOD & VINEPRODUCT10NS INC 11777) 

INS BROKERS & AGENTS GROLf' INS 1RUST (177;') 

LA COUNTY PROGRESS ASSN (1777) 

LUFFOV ACADEMY OF BALLET (177;') 

Ml>.H3'( KAUMP I!. CLARK INC (1777) 

MEGERDICHLA.N JACK N DOS NC (1777) 

MUSICIANS 1I\S1ERN OFFICE AMERICAN FEDERA noN OF 11777) 

NA1l0NAL GROUP INSURANCE WlNAGEMENT CORP(1777) 

NA TL GROUP PLANS II\C (17771 

NATL NS SERVICE CO (1777) 

NICHOLAS SIMONE PRODUCTIONS 11777) 

0-8 I'lSURANCEI17771 
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ORlAND-BERlU"''''E''.Y & ASSOC"TES GROL?I'lSURANCE(1777) 

PA~'TING & DECOR.\ IL...,;; COr.-TRACTORS ASSN (1777) 

POST TIME BJITO.~LO.L NJ (1777) 

r=o.sTT\WEFRINT' & TAt=E(1777) 

FROGRESS ASSN OF LA COUNTY (1777) 

ROSEBUD BOOKS 11777) 

SEEAMERJCA Lie INC (1177) 

Sffi,fK:EiIlOJSTRY MTRUST(1177) 

SKYWIN II'lS SERV:CES ~ (17m 

SU.VAC ."RODOCTIONS 11m) 

TOM KO.RY K S DR ONTST (1777) 

LM:ON"l"l:;:I{S" AI;;EN::Y Tl£O. TER &. SPCRTS (1777) 

WENSLOFF LOUS 0" &. il\G\lSLOFF SL1ZANNO DDS (1777) 

I'IIE'JZLAFF LOUS E & \I\lEN1:LAFF SLZANNE DOSS (17"m 

I'JONi:LAFF LOUJS E cos (1777) 

WENZLAFF SL1ZANNE iDS (1 Tl7] 

WEST K'\ ~'Y EADVERTISIN3 (1777) 

Wii'-EZLAFF LOlliS E &. WiEZLAFF SUZANI'E DDS (1777) 

z &. Z ASSOCI'\ TES (1777) 

ZARGAR~N&ZARGARII\NASSOCIATES 11777) 

1SBfJ Address NJ! Listed in Researc,~ SQlIr';B: 

1.66 '""VINE"· 

oo,N-DEE SHOE REPAIR 11713) 

Clb.t..!lEE. SHOE FS'AIR (1113) 

ANNSB&>'uTY SALON (1715) 

Ci-l".US BEAUTY S..o.LONI1715) 

Ci-lAU-Wl.RVIr..E(1715) 

BARBOUR & CO REALTORS (1717) 

BRLCEKARISHARCHII",-"""""r.S (17171 

CASSI)'r" WATSON & As5OCL<>TSS PLBLC1Y (1717) 

B.CORADO MJSICCO (1717j 

aOORADO RaXl!~Cit-G SlUJO (1717) 

I-I'.NAUER i#.R~ WOTOGRAf'KY (1717) 

_N PROPS'ffiES OFC (1717) 

KARISH ASSOC~ TSS ARCHITECTS (1717) 
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1986 ((lQOliOlll<ld) 

RAMODIS (1717) 

RANKIN RICH>\RO PI-KlTOGRAFHY (1717) 

SUN PAI.ACE>(1718) 

NICK S PLACE; (1722) 

I-l.KAlITO PARKS 11n4) 

FAN CLUB TH~ (1735) 

PALACETHe (1735) 

ROSENBERG BUOOY PH:lTOGRAFHY (1770) 

ROSENBB'lG-LEVY A-IOTOGRAPHY (1770) 

AAA GOLDEN STATE ENVELOPE (1777) 

ABELL ARlHJR CPA (1777) 

BOB FRAt>KEL 11CKEf AGBICY (1777) 

CALIF RESTAURANT ASSN GROUP NS (1777) 

CAF8:1O DANCESHOECO HOLLYWOOD STORE 11777) 

GASA TO JOHN R ART STUDIO (1777) 

ELAINE CRA~ CASnN::> (1777) 

aLWOOD PJCHI\RO H CPA (1777) 

FRANKa BOB 11Ci<:ET AGEI'Cf (1777) 

GOLDEN STATE ENVaOPE (1777) 

GUSCO 11777) 

INS BROKERS & AG8IITS GROIJ' INS TRUST (1777) 

MUSICIANS WESTERN OFFICE AMEI<ICAN FEDERA l10N OF (1777) 

N>.TlOi'I<\L GROUP NSURA'-CE I'M NlAGEMENT CORP (1777) 

Nt>. TL GROUP PLANS INC (1777) 

NATL lNS SS'WIOE 00 (1777) 

o BINSURANICE 11777) 

ORLAND-BERTONNEA Y & ASSOC"" TES GROLP INSURANCE (1777) 

FlASTIC ENVELOPE CO 11777) 

POST lllllEBJTORI".LINC 11777) 

fQST TIME PRINT & TAPE (1777) 

PROGRESS ASSNOFLA COUNTY 11777) 

R1SENIWI N I>WID CPA (1777) 

SERVICE INDJSTRY NS TRUST (1777) 

TOM HARRY KS DR DNTST (1777) 

UNlCNl1CKEfAGENCY THEA11ER& SPCRTS (1777) 

VINE STR!ZT eUILDII\G (1777) 

1740137-6 

37 

~ 

"._ .. " .. I~_~ ~ •• I~ .......... ~ ...... :" 
IgJb .' . , .. v-i~ 

Ylm ~ 
1 9S6 (t~ntinuecjJ 

ViNESTR.-"!;;TV[JEQ 11777) 
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1995 "1/ INE" 
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TAXL INSLfIA'-CE B"DKB"AGE (1771) 

COLlJ3:;iDRS BOOK STORE (17D8) 

DAJ..;.OEESHOE REPAIR 11713) 

"",~SHO~ RB'AIR (1713) 

CHAW H'.IR ViNE (1715) 

SUNSHiNE A'JfO PARKS (1717) 

SUN PALACE(1718) 

NICK S PlACE (1ril) 

HLK AUTO PARKS (17<!4) 

HOLLYWOOD Mll';l S FLORIST (1724) 

HOLLYWOOD PALACE 1l-{E{173E) 

PALACEO'.fE (1735) 

PALACE I-OLDII\GS I~ (1735) 

PALACE H:)LDlI\GS INC (1735) 
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H:)LLYWOOD ,'lQRIZON PAR~N:; LOT(1745) 
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AJRLINE SCH!JOLS F!"CIf(; (1777) 

ALL err LOANS (1777) 
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FAST FLD\'V FINlANCL>.JG (1777) 

H8'.~U$ Gr-aERTO DOS (1777J 

~'rr.j: 

:J,I .. ·J. ....... I 

1740137-6 
3S 

; •. u.< 

,S= 

PaC";' Bell 

Pa,cWic Bel 

Pacific BeH TeE phone 

' ..... ',......,..·"r: •. 
... ' ~~5 



» 
;0 
o 
o 
-...J 
o 
c..v 
-...J 
+::>. 

:r:u.:: U=i 
1995 (cQiltlm.1lJ-d,I 

INS BROKERS & AGENI"S GROlf' INS IRUST (1777) 

iII'ORNING STAR ENTffiTAINI>II:NT (1777) 

MUSICL».NS WESTERN OfFICE AMERiCAN fEJERAIDN Of (1777) 

W< 11.. GROUP Fl.ANS INIC (1777) 

W<TL INS SERVICEOO (1717) 

PAC AIRLINE SCHOOLS (1777) 

PROfESSIONAL HOME H&\L TH SERVICES III..f<SES R83ISTRY 11777) 

R & 8 FINANlCL'<L (1777) 

RiVAS JULO (1777) 

SER\IK::E If>D.JSTRY INS lRUST (1777) 

SPECIIIL FROTEGTlVE SERVK::ES (17771 

TAXIINSlR'.~ BROKERAGE (1777) 

TOMH'lRRY KSDRDNTST(1777) 

TOY I>'I\RSHA AIRLINE SCHOOLS (17"17) 

WALKER ENTffiTA INMENT (1777) 

WENSLOFF LOUIS E & 'l\e>JSLOFF SU2:ANNEO ODS (1777) 

WENZLAFF LOUIS E DDS ("1777) 

WENZLAFF LOUIS E DDS & WENZLAFF SlIZANNE DDS 11777) 

WENZLAFfSUZA~EDIJS (1777) 

WESTOOASTBJITORIAL SERVICE (1777) 

ACADEMY PAC BUSINESS TRAVEL COLLEGE (1777) 

1996 Address N::'ll L~lad in Res.earet:! Source 

1999 Address I\bt Usled in RBsaa.rch So~rc::e 

2000 -VINE ST" 

JO()()( (17DS) 

CAN DEE SHOE REPAIR [171J) 

DAt>.DEESHOE REPAIR (1713) 

CHAUW\IRVNE (1715) 

JO()()( (1716) 

XXXX 11717) 

SUN PALACE 11716) 

WANGWEL (1718) 

XXXX (1719) 

xx.xx (1720) 
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NICKS r'.ACE(1722) 

GMt-lT PARI<N8S 11724) 

KJllYWD MiKIS R.RST (1724) 

HOllYlI'llJ PALACE11-1E(1735) 

NELSONWUIIIM(17351 

PALACETo-E (1735) 

xx.xx (1740) 

t-OllY1I'1lJ t-ORZON PARKl.'13 UCT 11745] 

xx.xx (1749) 

xx.xx (1761) 

XXXX(1770) 

"TOy M'.RSI-L'< (1771) 

AIRLU'oESOPOLS PAC [1777) 

ARLi'E SCHOOLS TOY 117l1J 

AI'oI3EL AWARDS (1777) 

BR2fER ReBTG REAL"fOH(1777) 

BUILDING ACAcaJr( Pf,CFC TRAVEL COIJJ33E (1777) 

EARL JEAtJ(1777) 

I-eJR.Q~ES GL6ffiTD COS (1777) 

t-OLlYWD CENTAl. CARE(1777) 

INS BROKERS & AGeNTS "TRLST (1777) 

NA 11.. GROUP Fl.ANS L'-C (1777) 

W<TL NSI.flAN::ESERVIC~OO (1777) 

PAG ArR!.!-J!; SCHOOLS (1777) 

,WAS JIJ..O (1777) 

SERVICE iNDUSIRY (1777) 

TOM H'lRRY K DR i17T11 

TOY IIIII\RSH'I ARLN SC (1777; 

VI'lE 90028 oom Q',pez;p CANCE Th"TR (1777) 

Ii'lI1:NSlOFF lOUIS E(l7771 

IfIENZLAFF LOUIS DDS (1777) 

\',ENZLAFF S DOS (1777) 

WESrCSTEDITORLSV (1777) 
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Estimating 2003 Building-Related Construction and Demolition A1aterials Amounts 

1 Introduction 

Construction and demolition (C&D) materials are generated when new structures are built and 
when existing structures are renovated or demolished (including deconstruction activities). 
Structures include all residential and nonresidential buildings, as well as public works projects, 
such as streets and highways, bridges, utility plants, piers, and dams. While definitions on what 
constitutes C&D materials vary from state to state, C&D materials measured by various parties 
can include land clearing debris, the vegetation that is removed when a new site is developed. 
Typical components of C&D materials are shown in Table 1-1. 

Table 1-1. Typical components of C&D Materials 

Material 
Components 

Wood 
Drywall 
Metals 
Plastics 
Roofing 
Masonry 
Glass 
Miscellaneous 
Cardboard 
Concrete 

Asphalt pavement 

Content Examples 
Forming and framing lumber, stumps/trees, engineered wood 
Sheetrock (wallboard) 
Pipes, rebar, flashing, wiring, framing 
Vinyl siding, doors, windows, Hooring, pipes, packaging 
Asphalt, wood, slate, and tile shingles, roofing felt 
Cinder blocks, brick, masonry cement 
Windows, mirrors, lights 
Carpeting, fixtures, insulation, ceramic tile 
From newly installed items such as appliances and tile 
Foundations, driveways, sidewalks, floors, road surfaces (all 
concrete containing portland cement) 
Sidewalks and road structures made with asphalt binder 

The U.S. Environmental Protection Agency (EPA) has targeted C&D materials for reduction, 
reuse, and recovery as part of its Resource Conservation Challenge (RCC). The RCC is a 
national effort to conserve natural resources and energy by managing materials more efficiently. 
The goals of the RCC are to prevent pollution and promote reuse and recycling, reduce priority 
and toxic chemicals in products and waste, and conserve energy and materials. The RCC has 
identified four national focus areas: 

• Municipal solid waste recycling 
• Industrial materials recycling, specifically: 

o C&D materials reduction, reuse, and recycling 
o Coal combustion products 
o Foundry sands 

• Green Initiatives: Green Building and Electronics 
• Priority and toxic chemical reductions 1 

With respect to C&D materials, EPA has undertaken the following activities in an effort to 
increase the amount of C&D materials reduced, reused, or recycled: 

• Conduct outreach and education with industry and public-sector partners; and 
• Recognize those with successful reuse or recycling programs; and 
• Participate in green efforts, such as green building programs and green highway 

programs. 

1 More infonnation about the RCC can be found at www.epa.gov/rcc. 
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Furthermore, the recently-issued Executive Order 13423 requires all federal construction, 
renovation, and demolition projects to achieve a 50% recycling rate where markets or on-site 
recycling opportunities exist. EPA is committed to helping achieve that recycling rate. One of 
the important tasks for EPA under the RCC is to track the progress of C&D materials recovery 
by estimating the amount that is generated and recovered. 

The purpose of this study is to determine the amount of building-related C&D materials 
generated and recovered in the US. during 2003, updating the findings of the 1998 EPA report 
Characterization of Building-Related Construction and Demolition Debris in the United States 
(EPA 530-R-98-010). Limited information is available on the amount ofC&D materials 
generated and managed in the U.S. The methodology used in this report to estimate the amount 
of building-related C&D materials generated and recovered in the US. during 2003 is based on 
national statistical data and typical waste generation during building construction, renovation, 
demolition, or maintenance activities. The recovery estimate relies on 2003 data reported by 
state environmental agencies. 

Finally, we would note that accurate measurements of C&D generation and recovery are critical 
in order to measure progress toward achieving increased C&D materials reuse and recycling. 
However, efforts to improve C&D measurement are currently hampered by a general lack of 
data. Thus, it should be recognized that the C&D materials estimates presented to date, 
including those in this report, have some level of uncertainty, and the results should be viewed in 
that light. Nevertheless, we believe that the estimates contained in this report reflect and are 
based on the best data that are currently available. 

1.1 THE CONSTRUCTION INDUSTRY 

1.1.1 Size of the Construction Industry 

The amount ofC&D materials that are generated and subsequently managed in the US. is 
dependent on the amount of activity that takes place in the entire construction, demolition, 
renovation, and maintenance industry. Construction is a vital sector of the economy, directly or 
indirectly, providing jobs and income to a large population in the US. Americans look to the 
construction industry to meet the demands of a growing population and economy. As such, 
federal agencies, such as the U.S. Census Bureau (USCB), regularly track the construction 
industry as an indicator of the economy. The construction industry is very large, yet dominated 
by very small businesses. For example, according to USCB data, there were 710,000 
construction establishments in 2002 with 7.2 million employees, with an average employment of 
ten employees per establishment. In 2002, 90 percent of construction establishments had fewer 
than 20 employees, while only one percent of construction establishments had 100 employees or 
more (2005a). 

The USCB uses construction spending, new home sales, and housing starts as one set of 
indicators of the health of the US. economy. The construction industry boomed during the late 
1990s and into the early 2000s. Figure 1-1 shows the amount of growth in spending during that 
time. EPA published an estimate (in 1998) of the amount of building-related C&D materials 
generated in the U.S. during 1996. The estimate presented in the current report is for the amount 
of building-related C&D materials generated in the US. during 2003. Between these years, the 
amount of money spent on construction (for all structures, including buildings, roads, bridges, 
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Estimating 2003 Building-Related Construction and Demolition Materials Amounts 

etc.) in the U.S. increased by approximately 50%, from an estimated $620 billion in 1996 to an 
estimated $930 billion in 2003. These costs do not have a direct relationship with materials 
consumption as they may include inflation, profit, and other costs. They can be used as an 
indicator of construction activity, however. The USCB does not break down these amounts by 
structure type (building vs. non-building), but does break the amounts down by use category. 
Those categories (as described by the USCB) that were assumed to primarily consist of building 
construction were aggregated for this report2

. The USCB, however, did not break down public 
construction by use category until 2002, thus only private building construction spending is 
shown in Figure 1-1. Between 1996 and 2003, private building construction spending increased 
32%. During that same time, the population of the U.S. only increased 8%. 

Figure 1-1. U.S. construction spending. 
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1.1.2 Efforts by the Construction Industry to Increase C&D Materials Recovery 

The construction industry is taking large strides to lessen its impact on the environment. In 
furtherance of these efforts, the Associated General Contractors of America (AGC; 

2 Based on their descriptions, the USCB categories that were assumed to consist mostly of building construction and 
used to estimate building construction spending for Figure 1-1 were Residential, Lodging, Office, Commercial, 
Health Care, Educational, Religious, Public Safety, and Manufacturing. Categories that were assumed to contain 
mostly non-building construction were Amusement and Recreation, Transportation, Communication, Power, 
Sewage and Waste Disposal, and Water Supply. 
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http ://www.agc.org) created an Environmental Agenda in 2006, which lists seven goals. Four of 
these goals relate most to materials management, which are: 

1. Encourage environmental stewardship through education, awareness and outreach. 
2. Recognize environmentally responsible construction practices. 
3. Identify opportunities to reduce the impact that construction practices have on the 

environment, including 
o Facilitating members' efforts to recycle or reduce construction and demolition 

debris. 
o Identifying and maximizing the contractor's role in "green" construction. 

4. Identify ways to measure and report environmental trends and performance indicators of 
such trends. 

Other efforts undertaken by the construction industry include the following: 

• The Building Materials Reuse Association (BMRA; http ://www.buildingreuse.org) 
facilitates building deconstruction and the reuse and recycling of recovered building 
materials. They produce information on deconstruction techniques and information on 
how to make a successful deconstruction or reuse business. They convene annually to 
transfer this knowledge among contractors, government representatives, and researchers. 

• The Construction Materials Recycling Association (CMRA; http ://www.cdrecycling.org) 
aids their members in the appropriate methods for processing material to ensure 
environmental protectiveness, as well as producing a high-value product. They have 
developed web sites to reach out to any recyclers, users of recycled materials, and 
regulators in order to provide a better understanding of C&D materials recycling. They 
have developed web sites that contain research and practical information for the recycling 
of concrete (http ://concreterecycling.org), drywall (http ://drywallrecycling.org), and 
asphalt shingles (http ://shinglerecycling.org). 

• The National Association of Home Builders (NAHB; http ://www.nahb .org) issued Green 
Home Building Guidelines that contractors can follow to make their homes more 
"green," including reducing, reusing, and recycling construction waste. They also put on 
an annual Green Building Conference that brings together contractors and researchers to 
discuss new "green" construction techniques. The NAHB Research Center also pursued 
research in the area of C&D materials recycling, such as using the material on-site. 

• The National Demolition Association (NDA; http ://www.demolitionassociation.com) 
actively promotes recycling and reuse of the materials generated during a demolition. 
They released a report titled, "Demolition Industry Promotes C&D Recycling," in which 
they describe ways that the industry and government can work together to overcome 
recycling barriers. The "members of the National Demolition Association are committed 
to increasing the recycling and reuse of the material generated" on their jobsites. They 
state that "recycling is good for the environment, good for the nation's economy, a 
positive use of valuable commodity, and good for the country." 
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1.2 ESTIMA TING BUILDING-RELATED C&D MATERIALS GENERATION 
AMOUNTS 

There are a variety of sources of C&D materials and a variety of reasons to estimate the amount 
that is generated from each. C&D materials can be generated as part of normal daily life, or as 
part of the debris stream resulting from natural disasters. This report estimates the amount of 
materials generated from building proj ects that occur as a result of normal daily life, not debris 
resulting from disasters. C&D materials resulting from rebuilding efforts after a disaster are 
included in this estimate, however. In 2008, EPA published Planning for Natural Disaster 
Debris,3 which discusses tools for forecasting disaster debris generation amounts. 

One of the most common reasons to estimate the amount of C&D materials generated or 
recovered is to target materials for materials recovery programs. Diverting C&D materials from 
landfills is important because it saves natural resources, decreases greenhouse gas emissions, 
reduces the need for landfill space, and saves money. 

Concrete is one of the most common materials used in construction. Portland cement is a key 
ingredient in concrete (or, more specifically, portland cement concrete). As shown in Figure 1-2, 
The Portland Cement Association estimated that buildings consumed only 47% of cement 
produced in 2003. Thus, estimating the amount of building-related C&D materials is only 
looking at a portion of the C&D materials stream. 

Figure 1-2. Estimated consumption of portland cement in 2003. 

Non -Construction 
3% Water & Wastewater 

Management 
8% 

F arm Construction 
5% 

Other Public Warks 
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Utilities 
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Source: Portland Cement Association, 2006 

3 Planningfor Natural Disaster Debris (EPA530-K-08-001) can be downloaded at 
http://www.epa. gov/epawaste!conserve/imr!cdmldebris.htm. 
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There are three primary aspects of a building's life cycle that impact the C&D materials stream: 
construction, renovation, and demolition/deconstruction. Initial construction requires the most 
materials to be purchased, but produces the smallest amount of waste. Per building, a demolition 
will generate the largest amount of waste of the three activities as all materials are typically 
removed and enter the waste stream. Renovations (including remodeling, replacements, and 
additions) are a combination of both construction and demolition, removing old materials and 
adding new materials. 

The methodology used in this report for estimating the amount of building-related C&D 
materials generated used national statistical data and typical waste generation data from 
construction, renovation, and demolition sites. National statistical data on the amount of 
building construction, renovation, and demolition activity were obtained from the USCB and 
other national sources. Some statistical data on construction are no longer collected; where this is 
the case, the data used in this report were projected from older data. Typical waste generation 
data from construction, renovation, and demolition sites was determined as an average of waste 
sampling studies performed at specific job sites as reported in the literature. 4 Due to the 
variability of construction styles, materials, and sizes, it is unknown if the waste sampling data 
available are representative of the entire construction industry across the U.S. Additional waste 
characterization studies performed at individual job sites from around the U.S. would increase 
confidence in these estimates. 

1.3 ESTIMA TING THE RECOVERED AMOUNT OF BUILDING-RELATED C&D 
MATERIALS 

There are four stages involved in the C&D materials management process: generating the 
material at a j ob site, transporting the material to the landfill/processor/user of recycled materials 
(if not used on site), processing/incinerating/disposing of the material at a recycling 
facility/incinerator/landfill, and, in the case of recycling, using the recycled materials. 
Definitions of these terms as used in this document are shown in Figure 1-3. Gauging the 
amount of materials that flow through any stage can be performed by surveying those that are 
involved in the process. Surveys can be complicated and burdensome to conduct, depending on 
the sample size and the response rate. As a result, few entities collect this kind of information. 

Recovery of building-related C&D materials for recycling, beneficial use, reuse, or waste-to
energy in 2003 was estimated using data reported by state environmental agencies. Few states 
report the amount ofC&D materials recovered, disposed, and/or generated, however. EPA 
continues to investigate additional sources of C&D materials data. Additional data on 
construction materials recovery would increase the confidence in this estimate. 

4 Land clearing materials were excluded from the C&D estimates in this report since the site materials composition 
studies used to estimate the amount of materials generated at a typical job site did not include land clearing 
materials. 
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Figure 1-3. C&D :Materials Management Definitions 

For purposes of this report, the following is a working set of definitions: 

C&D materials are debris and other secondary construction of building materials during construction, 
renovation, and demolition activities. 

Disposal means placing materials in a landfill. 

Energy recovery refers to combustion of waste materials to provide energy. 

Generation refers to activities during construction, renovation, or demolition that produces debris and other 
unused materials. 

Recycling includes processing a used material, generally through size reduction, to make it usable as an 
ingredient in a new product. Sorting may be a necessary step for recycling if materials are delivered to a 
recycler in a mixed load. 

Reuse is utilizing a used product or material in a lillllmer that generally retains its original form and identity 
with minor refurbishments. Examples include fixtures, lumber, and doors that are refinished for use. 

Recovery refers to the reuse and recycling of materials, as well as utilizing materials for energy recovery. 

Source reduction refers to activities that prevent C&D materials from being generated. 
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2 Amount of Building-Related C&D :Materials Generated 

Building-related C&D materials can be divided into six categories: residential construction, 
residential demolition, residential renovation, nonresidential construction, nonresidential 
demolition, and nonresidential renovation. These categories were selected based on the 
relationship between available statistical data and waste sampling data. The following sections 
describe the data used and the methods for estimating the amount of building-related C&D 
materials generated, on a weight basis. Tables A-I through A-5 in Appendix A are worksheets 
that provide details of the calculations used to arrive at generation for each component of the 
C&D materials stream. 

2.1 .METHODOLOGY AND RESULTS 

The methodology used for this study combines national statistical data on industry activity with 
point source waste assessment data (i.e., waste sampling at construction, renovation, and 
demolition sites) to estimate the amount ofC&D materials produced nationally. In general, the 
amount of waste (tonss) generated is the product of the level of activity (usually area, square 
feet, fP) and the typical amount of waste generated for that activity (usually weight per unit area, 
pounds per square feet, Ib/ft2). Total waste amounts are generally described in terms of weight 
rather than volume. This is because the volume of waste materials can change through 
compaction or other processing. The weight, however, generally remains constant. 

2.1.1 Residential Construction 

The amount of waste (tons) generated from the construction of new single and multi-family 
homes can be determined by multiplying the total area (ft2) of new residential construction by 
the typical amount of waste generated per unit area (lb/fP), as shown in the equation below. The 
total area of new residential construction can be determined by dividing the total amount spent 
(U.S. dollars, $) on new residential construction by the average cost of new construction (as 
defined by the USCB) per unit area ($/ft2). 

(
Total Residential Construction J I Average Waste Generated Per Area J 

(Total U.S. Residential J = Put - in - Place Value ($/year) x \for Residential Construction (lb/ft 2) 

l Construction Waste (tons/year) [Average Cost Per Area of J 20001bs/ton 

Residential Construction ($/ft 2) 

Waste sampling data for new residential construction were identified for 95 projects from eight 
sources. The results from these studies are presented in Table 2-1. Generation rates ranged from 
2.41 to 11.3 Ib/ft2. The variation in types of houses, the specific practices of the builders, and the 
lack of uniform standards for the collection and storage of the sampled materials may explain the 
differences in the estimates. In addition, these estimates, which are in some places based on 
1990s data, may change with time, reflecting changes in material usage and practices. Results 
from each source were used to develop a weighted average estimate of the overall residential 
construction waste generation rate of 4.39 Ib/ft2. While this category contains the largest number 
of job site C&D materials surveys, it is important to note that it may still not be representative of 

5 The use of "tons" throughout this docmnent refers to U. S. short tons. 
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all residential construction styles across the nation. House sizes, materials, and foundation types 
vary regionally and can affect the amount of waste produced during construction. 

Table 2-1. Summary of Residential Construction Job Site C&D Materials Surveys. 
No. Building Total Generation 

of Size Waste rate 
Date Research Group (1) Type of data Location Units (Sq tl) (Pounds) (Lh/sq ft) 

1992 NAHB Single family Portland, OR 3,000 13.684 4.56 
1994 NAHB Single family Grand Rapids, MI 2,600 12,182 4.69 
1994 NAHB Single family Largo, MD 2,200 10,210 4.64 
1995 NAHB Single family Ann Arundel Cty, lVID 2,450 9,436 3.85 

Totals 10,250 45,512 

1993 METRO Single family Portland. OR 2.800 13,800 4.93 
1994 METRO Single family Portland, OR 1,290 8,600 6.67 
1994 METRO Single family Portland, OR 1,290 10,600 8.22 

Totals 5,380 33,000 

<1994 METRO (2) Single family Portland. OR 37 2.080 7,720 3.71 

1996-97 Woodbin 2 (3) Single family North Caro !ina 3,250 19,382 5.96 
1996-97 Woodbin 2 Single family North Caro !ina 3,250 36,722 11.30 
1996-97 Woodbin 2 Single family North Carolina 3,250 25,296 7.78 
1996-97 Woodbin 2 Single family North Carol ina 3,250 28,805 8.86 
1996-97 Woodbin 2 Single family North Carol ina 3,250 23,122 7.11 

16.250 133,326 

1993 McHenry County (4) Single family McHenry Co. IL 2,000 14,880 7.44 

Cornell University Single family Highland Mills, NY 1,890 4,556 2.41 

1998 University of Florida Single family Alachua County 2 1,750 8.860 5.06 

1996 NAHB IVlulti-tamily (5) Odenton, MD 36 50,400 204,000 4.05 
1993 McHenry County (4) IVlulti-tamily (6) McHenry Co. IL 6 9,000 33,580 3.73 

59,400 237,580 

Total 95 173,880 763.354 

Al"IOUNT GEl'i~RATED: 2003 
Valuel of new private and public housing & redevelopment construction put in place (7) $352,652 million 
Average cost of construction (8) $76.80 per square foot 
Total square feet of new construction 4,592 million square feet 
Average C&D debris generation rate based on total for 293 units. 4.39 pounds per square foot 

Total Estinlated Generation of Residential Construction DehIis 10 million tons 

e 1) NAHB (National Association of Home Builders); METRO (Portland Oregon): Woodbin 2 (a non-profit in Cary, NC); 
University of Florida (Center for Solid and Hazardous Waste Management) 
CRHBA (Calgary Region Home Builders Association); CAL"iMET (Canda Center for Mineral and Energy Technology) 

(2) Average of 37 residential construction sites. Metro Report, 1994. 
(3) Wake County SWM & NC Div of Pollution Prevention. Coordinated byWoodbin 2, a non-profit organization. 

Five sites were between 3000 and 3500 square feet each. 
e 4) Audit by McHenry County, assisted by Cornerstone Material Recovery. 
e 5) 36 unit condominium, average 1400 square feet. 
(6) 6 unit apartment building. 
(7) Department ofConnnerce, Current Construction Report C-30. 
(8) Appendix Table A-I 

Average 

Generation 
(Lh/sq fl) 

4.44 

6.13 

3.71 

8.20 

7.44 

2.41 

5.06 

4.00 

4.39 

The USCB collected national statistical data on the amount of residential construction activity in 
the U.S. during 2003, including the number of construction permits and the total square feet of 
new construction. According to the USCB's "Current Construction Reports (C-30)," in 2003 the 
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value of new residential construction put-in-place6 totaled $353 billion. Average construction 
cost per area ($76.80/ft2

) was found by dividing the total value, in areas where pennits are 
required, ($282 billion) by the total area of floor space (3,627 million ft2), both obtained from the 
U.S. 2004 Statistical Abstract, which reports 2003 data. The quotient of this factor and the total 
value of construction produce a total of 4,592 million ft2 of new residential construction in 2003. 
The product of the total area and the average waste generated per unit area, 4.39Ib/ft2, results in 
the total estimated C&D generation amount for residential construction of 10 million tons in 
2003. 

2.1.2 Nonresidential Construction 

The methodology for estimating the total amount of C&D generation for nonresidential 
construction materials is similar to that for residential construction materials, although the design 
of nonresidential buildings is more varied than residential buildings. Nonresidential buildings 
include lodging, office, commercial, health care, educational, religious, public safety, and 
manufacturing facilities. There are fewer material assessments for nonresidential buildings, 
making the average generation rates for C&D materials more uncertain. Table 2-2 shows the 
results of 12 nonresidential job site waste surveys. The buildings in these surveys include a retail 
store, restaurant, institutional building, seven office buildings, and two public facilities. Ranging 
from 1.61 to 8.59Ib/ft2, the weighted average material generation rate from these studies is 4.34 
Ib/ft2. 

The 2003 value of new nonresidential building construction put-in-place, as reported in the 
Current Construction Reports, is almost $257 billion. 7 Average construction costs in 2003 were 
$111/ft2, resulting in an estimated 2,310 million ft2 of new construction. The product of the total 
area (in ft2) of new construction and the average waste generation rate, 4.34 Ib/ft2, results in a 
C&D materials generation estimate of 5.01 million tons for nonresidential construction in 2003. 
Appendix Table A-2 contains a detailed methodology. 

2.1.3 Residential Demolition 

When buildings are demolished, large quantities of materials are generated. The entire weight of 
a building, including the concrete foundations, driveways, patios, etc., may be generated as C&D 
materials when a building is demolished. On a per building basis, demolition waste quantities are 
often 20 to 30 times as much as C&D materials generated during construction. 

Table 2-2. Summary of Nonresidential Construction Job Site Surveys of C&D Materials. 

6 According to the USCB (2008): "The 'value of construction put in place' is a measure of the value of construction 
installed or erected at the site during a given period. For an individual project, this includes cost of materials 
installed or erected, cost of labor (both by contractors and force account) and a proportionate share of the cost of 
construction equipment rental. contractor's profit. cost of architectural and engineering work, miscellaneous 
overhead and office costs chargeable to the project on the owner's books, interest and ta'(es paid during 
construction (except for state and locally owned projects). The total value-in-place for a given period is the sum of 
the value of work done on all projects underway during this period, regardless of when work on each individual 
project was started or when payment was made to the contractors. For some categories, published estimates 
represent payments made during a period rather than the value of work actually done during that period. For other 
categories, estimates are derived by distributing the total construction cost of the project by means of historic 
construction progress patterns." 
7 As noted before, the categories used for nonresidential building construction from the Current Construction 
Reports were lodging, office, commercial, health care, educational, religious, public safety. and manufacturing. 
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Building TotalC&D Generation 

Date Research Group Type of data Location Size Debris rate 
Sq ft Pounds Lb/sq ft 

1995 est. Turner Construction 

1995 est. METRO 

1992 METRO 

1994 METRO 
1996-1999 EPA 
1997 Sellen Construction 
2000-2002 WasteCap Wisconsin, Inc. 
2002-2003 WasteCap Wisconsin, Inc. 
2002 Wa steCap Wisconsin. Inc. 

2001-2003 WasteCap Wisconsin, Inc. 
2003-2004 WasteCap Wisconsin, Inc. 

EXTRAPOLATION 
2003 

Retail Store 

County Justice Center 

Restaurant 

Office construction (1) 
Office construction 
Office construction 
Corporate headquarters 
Office 
Office 

Nature Center 
Urban Ecology Center 

Totals 
Average 

Value of new private and public construction put in place (2) 
A verage cost of construction (3) 
Total square feet of new construction 
Average C& D debris generation rate 

Seattle, WA 

Portland, OR 

Portland, OR 

Portland, OR 
New York, NY 
Seattle, WA 
Madison, WI 
Milwaukee. WI 
Madison, WI 

Milwaukee, WI 
Milwaukee, WI 

Total Estimated Generation of Nonresidential Const ruction Debris 

(1) Two office buildings. 

37,000 143,000 

41.850 176,000 

5,000 10,940 

7,452 12,000 
1,600,000 6,574,000 

297,115 1.141.780 
325,000 1.552.000 

75,000 616,000 
52,000 180,000 

34,000 292,000 
17.000 118.000 

2,491,417 10,815,720 

$256,501 million dollars 
$11l.00 per square foot 

2,310 million square feet 
4.34 pounds per square foot 
5.01 million tons 

(2) Department of Commerce Current Construction Report C-30; lodging, office, commercial, health care, educational, 
religious. public safety, and manufacturing categories. 

(3) Appendix Table A-2 

3.86 

4.21 

2.19 

l.61 
4.11 
3.84 
4.78 
8.21 
3.46 

8.59 
6.94 

4.34 

The quantity of demolition material can be estimated by multiplying the number of residential 
demolitions per year by the average demolished area. This total is then multiplied by the typical 
waste generated per square foot, determined from an average of job site characterizations of 
C&D materials. The number of demolitions per year is estimated from "Components of 
Inventory Change (CINCH)" data (HUD 2007). This information is reported in two year 
intervals; therefore, the number of single family and multifamily units lost to demolitionS for the 
period 2003-2005 9 was divided in half to determine the residential units demolished per year. 
This number was then added to the number of single family and multifamily units that are lost 
due to damage or are condemned (again divided in half) and then multiplied by 50%. The 50% 
estimate represents the number of units that have been condemned or lost to damage that will 
actually be demolished that year. While no data exist to support this estimate, experts at the U.S. 
Department of Housing and Urban Development found this to be an acceptable approximation. 
The units destroyed through intentional demolitions or disasters, such as fires or weather-related 
incidents between 2003 and 2005 averaged 270,000 per year. 

8 The units that are lost to damage or are condemned do not reenter the housing stock unless they are repaired. 
These units are not accounted for in "units lost to demolition." 
9 While the year span is 2003 to 2005, the data represents the change in the amount of housing stock available in 
2003 to the amount of housing stock at the same time in 2005 (a two-year span). 
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Houses of all ages and sizes are demolished, but on average, older houses are demolished more 
frequently and are smaller than new houses. New single-family housing units and multi-family 
housing units (including apartments and condominiums) built in 2003 had average areas of 2,330 
ft2 and 1,170 ft2

, respectively. Figure 2-1 shows how average new house sizes have increased 
over the last 28 years. Multi-family houses have remained nearly the same, while new single
family houses grew from 1,600 ft2 to 2,330 ft2 in 1975. Although homes demolished in 2003 
may have been built before 1975, it was assumed that this area was representative of most 
demolished homes. Thus, the average single-family and multi-family houses are assumed to be 
that of 1975 (1,600 ft2 and 1,000 ft2

), respectively, when demolished. 

Figure 2-1. Average Unit Size of New Residential Construction 
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Table 2-3 shows four single-family house demolition assessments and one multi-family 
deconstruction assessment. 10 The weight of houses when demolished depends critically on 
whether the houses have concrete foundations and basement walls. The use of masonry in 
exterior cladding also affects the house weight significantly. None of the single-family houses in 
Table 2-3 had full basements. Therefore, adjustments were made to the sampling data to develop 
an estimate of residential demolition materials, which reflects the likely impact of some of the 
demolished houses having basements. These adjustments are more fully shown in Table A-3 in 
Appendix A. 

Table 2-3. Summary of Residential Demolition Job Site Waste Surveys 

10 Deconstruction refers to the systematic dismantling of a building in an attempt to recover as much material as 
possible. Demolition refers to the removal of the building through mechanical means in an attempt to remove the 
building as quickly and inexpensively as possible. While both methods may recover materials, the main goal of 
deconstruction is to recover as much material as possible. Thus, while the different methods may lead to different 
recovery rates, they will both have the same generation amounts and can be used for comparison in the generation 
estimate presented here. 

12 

AR0070392 



Estimating 2003 Building-Related Construction and Demolition A1aterials Amounts 

Building C&D Generation 

Date Research Group (1) Type of data Location Size Debris rate 
Square 

feet Pounds ibIs q ft 
1992 METRO SF Demolition (2) Portland, OR 1,280 66,000 52 
1994 METRO SF Demolition (3) Portland, OR 1,200 63,000 53 
1994 METRO SF Demolition (4) Portland, OR 750 31,000 41 
1999 University of Florida SF Demolition (5) Gainesville, FL 1,4 76 77,195 52 

Total Single-family, withou t found ations 4,706 237,195 50 

1997 NAHB MF Demolition (4 unit) Maryland 2,000 254,400 127 

(1) METRO (Portland); University of Florid a (Center for Construction and Environment); NAHB 
(National Association of Home Builders) 

(2) 1920s housewith partial basement. 
(3) Concrete rubble not included. 
(4) Small house without basement. 
(5) Average of six single family wood-framed homes. 

The USCB provides data on the types of foundations in existing houses in the Statistical 
Abstract of the United States: 2004. Forty-three percent of single-family houses have basements, 
29% are on concrete slabs, and all other single-family homes have crawl spaces. The amount of 
concrete can range from zero for houses without basements, garages, or driveways to more than 
150 Ib/ft2 for those homes with all of these structures (calculation described in Table A-3 in 
Appendix A). Based on these estimates, the total amount of residential demolition materials 
generated in 2003 was estimated to be 19 million tons. 

2.1.4 Nonresidential Demolition 

The initial estimate of nonresidential demolition materials generation, for 1996, used the number 
of demolitions per year, the average size (ft2) of buildings being demolished, and the typical 
materials generated per unit area. Prior to 1995, the number of demolition permits could serve as 
a source for estimating the number of demolitions per year. The Census Bureau, the source for 
demolition permits, discontinued demolition permit data collection after 1995 and an alternative 
methodology was developed for this study. For the 2003 estimate, the 1996 estimate of total 
area was extrapolated to 2002 using the value of demolition work published in the Economic 
Census by the USCB. Since the Economic Census is only published every five years and similar 
economic data were not available to predict an estimate for 2003, the nonresidential demolition 
materials estimate was held constant for 2003. This total area (fe) was then multiplied by the 
typical materials generation per unit area (lb/ft2), taken from an average of several job site waste 
surveys. 

The typical materials generation per unit area (lb/ft2) was developed from material assessments. 
Table 2-4 shows the results of waste assessments at 27 nonresidential buildings. The assessments 
conducted after 1996 were added to the assessments used in the 1996 estimate. These additional 
assessments increased the generation factor from 155 Ib/ft2 to 158 Ib/ft2. It should be noted, 
however, that the lack of material assessments increases the uncertainty of this average 
generation rate of C&D materials. As shown in Table 2-4, the generation rates produced at these 
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sites vary widely, from 36 to 358 pounds per square foot. As one might expect, nonresidential 
buildings vary greatly in size and materials used. Additional waste assessments would reduce 
the uncertainty of the estimated generation amount of nonresidential demolition debris. 

Table 2-4. Summary of Nonresidential Demolition Job Site Surveys ofC&D l\laterials. 
Bnilding Size Total Waste C'",neration 

Date Research Grou p (1) Type of building Location (Sq ft) (Tons) rate 
Lb/sq It 

1991 NAHB Prison shop Oakalla,BC 
1994-1995 METRO Warehouse POItland, OR 
1992 METRO Department store Portland, OR 
1994 lvlETRO Institutional building Portland, OR 
1997 Argonne Office building Chicago,IL 
1997 Washington County Co Id storage building Washington Co., OR 
1995-1996 R.W. Rhine 17 Industrial buildings northwestern u.s. 
1997 EPA Commercial buildings Salem, OR 
1997 WSDGA Warehouse Seattle, WA 
1998 University of Florida Concrete b lock frame Alachua County, FL 
2003 Fort Campbell Almy buildings Fort Campbell, KY 

Totals 
COMPARISON 

AGC 2004 survey of 15 demolition projects (2) 

EXTRAPOLATION 
1996 Total nonresidential demolition debris 

Published report total recalculated using generation rate of 158 pounds/sq ft shown above (3) 
1997 Net value of construction work in NATCS 2359400 Wrecking & demolition contractors 
1997 Net value of construction work in NAICS 2359400 Wrecking & demolition contractors 
2002 Net value of construction work in NATCS 2359400 Wrecking & demolition contractors 

12,000 1,301 
86-400 1,566 
44,000 3,639 
60,000 5,454 

5700 289 
7HOO 13,163 

2,204,000 167,200 
In780 16,649 
230,000 20,191 
nooo 1,904 
21,700 683 

2,938,180 232,039 

46,000,200 tons per year 
$1,914 millions of 1997 dollars 
$ L990 millions of 2002 dollars 
$2,795 millions of 2002 dollars 

Total nonresidential demolition debris 2002 (1996 estimate factored for growth) (4) 64,612,000 tons per year 
Total nonresidential demolition debris 2003 (5) 64,612,000 tons per year 
(I) NAHB (National Association of Home Bnilders); METRO (Portland, OR); Argonne (Argonne National Laboratory); 

EPA (Waste Rednction Record Setters); WSDGA (Washington State Department of General Administration); 
University of Florida (Center for Solid and Hazardous Waste Managment); Fort Campbell Pilot Deconstruction Project 

(2) Associated General Contractors (AGC) surveyed their membership in 2004. The generation rate shown above for demolition projects 
was developed independent of this stndy and is based on 15 confidential responses that reported sufficient data to AGC. 

(3) Characterization o/Buildlng-Related Construction and Demolition Debris in the United States. U.S. EPA. June 1998. 1996 original published 
factor of 155 pounds per sq ft and an estimated of 45,100,000 tons per year of nonresidential demolition debris. 

(4) Economic growth (measured by net value) in the wrecking & demolition industry was assumed to impact demolition debris generation. 
Step 1. Inflation factor to adjust 1997 dollars to 2002 dollars 
Step 2. Express 1997 dollars as 2002 dollars 
Step 3. Calculate industry growth from net value of construction 

1. 2. 

Producer Price Index for 1997 Net value of constuction work in 
constmction materials NATCS 2359400; 1997 dollars adjusted for 

used in the construclion of Inflation adjustment inflation. 
nonresidential buildings faclor ($1,914 x 1.04) 

1997 130.5 1.04 $1,990 
2002 135.8 

3. 

Growth rate 
between 1997 

and 2002 
NAlCS 

2359400 
1.40 

, 
(5) Total nonreSIdentIal demohtlOn debns for 2003 was assumed al the 2002 level (200., economIc data were not avarlable) 

217 
36 

165 
182 
101 
358 
152 
186 
176 
173 
63 

158 

158 

The 1996 estimate of nonresidential demolitions was used as the basis for the 2002 estimates. 
The first step was to apply the new generation factor to the original 1996 data. The number of 
demolition projects estimated in 1996 (43,795 projects) is multiplied by the average building 
floor area (13,300 ft2)11 and the new generation factor of 1581b/fe. The adjusted 1996 baseline, 

II 1996 Statistical Abstract, Table 1206 from U.S. Energy Infonnation Administration, "Commercial Building 
Characteristics, ] 992" 

14 

AR0070394 



Estimating 2003 Building-Related Construction and Demolition A1aterials Amounts 

shown in Table 2-4, is 46 million tons (an increase of approximately one million tons over the 
original published estimate). 

The second step takes the net value of construction work in the category for wrecking and 
demolition contractors for 1997 and 2002 from the Economic Census. After adjusting for 
inflation, the growth rate was calculated from 1997 to 2002. This assumes that economic growth 
(measured by net value) in the wrecking & demolition industry is directly related to demolition 
materials generation. The growth rate of 1.4 in net value of construction work for wrecking and 
demolition contractors from 1997 to 2002 predicts nonresidential demolition materials to be 65 
million tons in 2002 (Table 2-4). Since no data source exists for 2003, it is assumed that 65 
million tons of nonresidential demolition materials were generated in 2003. 

2.1.5 Residential Renovation 

Renovation includes improvements and repairs to existing buildings, including driveways. 
Renovation materials consist of both construction and demolition materials as old materials are 
removed and new materials are added. The renovation waste stream can be fairly homogenous, 
such as when driveways or asphalt roofs are replaced, or heterogeneous, such as when buildings 
are modified or enlarged. 

Because of the wide variation in renovation projects, waste assessments should be separated by 
renovation type to determine generation per square foot. Table 2-5 shows the results of five 
waste assessments that have been made at residential sites, illustrating a wide variation in 
generation rates on a square foot basis. Renovating kitchens, bathrooms, and entire houses 
typically generates more waste per square foot than new construction, largely because of the 
demolition that accompanies remodeling. However, some renovation activities, like roof 
replacement, produce relatively low amounts of material on a square foot basis. 

Table 2-5. Summary of Residential Renovation Job Site Surveys of C&D materials 

Research Size of C&D Generation Average 

Date Group (1) Type of data Location Project Debris rate generation 
Sq ft Pounds Lb/sq ft Lb/sq ft 

]997 NAHB SF Remodel (Kit & nn add.) Maryland 560 ]0,713 19.] 3 

1997 NAHB SF Remodel (bathroom) Chapel Hill. NC 40 2,883 72.10 
Totals 600 13,596 22.66 

1993 METRO Kitchen remodel Portland, OR 150 9,600 64.00 
1993-94 METRO House remodel Portland. OR 1,330 26,000 19.55 

Totals 1.480 35,600 24.05 

1997 NAHB SF Remodel (New roof) Maryland ] ,400 4.640 3.31 3.31 

(1) NAHB (National Association of Home Builders); METRO (Portland) 

Renovation materials generation were estimated for this analysis by determining the number of 
major home improvements (from the USCB Statistical Abstract and home improvement studies), 
and then estimating the amount of material produced by each type of improvement. Since minor 
improvement projects cannot be included in a study of this type, a selection of the major projects 
a residence can go through can be useful for making first estimates. 
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Appendix A Tables A-6, A-7, A-8, and A-9 show some of the assumptions made and the results 
of estimating the amount of material produced when driveways are replaced, when asphalt and 
wood roofs from residences having one to four units per structure are replaced, and when 
residential heating and cooling equipment is replaced. Based on the assumptions, driveway 
replacement generated 20 million tons of concrete. Asphalt roof replacement produced 7 million 
tons of largely asphalt shingle waste and wood roof replacement produced 2 million tons of 
largely wood waste. The replacement of heating, ventilating, and air conditioning (HV AC) 
equipment produced 2.1 million tons of materials. Remodeling kitchens, bathrooms, and other 
home interiors generated approximately 6.7 million tons. On this basis, the total residential 
renovation generation, from the improvement or replacement projects itemized above, was 
estimated to be 37.8 million tons in 2003. 

2.1.6 Nonresidential Renovation 

No information was found on the total amount of money spent on nonresidential renovation in 
2003. The USCB last estimated that the total dollars spent for nonresidential renovation projects 
in 1992 was $155 billion. This report assumed the ratio of residential to nonresidential dollars is 
the same in 2003 as in 1992. Therefore, the total amount of money spent on nonresidential 
renovation was calculated using the amount spent on residential renovation and the ratio of 
residential to nonresidential renovation in 1992. 

Very few material assessments are available for nonresidential renovation. Additionally, the 
materials assessments available do not have any consistency. Therefore, a methodology similar 
to the one used for residential renovation cannot be used to estimate the materials generated 
during nonresidential renovations. In the absence of adequate materials assessment data, total 
dollars spent on nonresidential and residential renovation were compared. It was assumed that 
the amount of materials generated is proportional to the dollars spent in these two sectors. (See 
Table A-5 for more details of this analysis.) 

Based on the assumption that materials generation per dollar is equal to the residential rate, total 
nonresidential renovation materials generated was estimated to be 29 million tons in 2003. Table 
2-6 shows nine assessments that have been made at nonresidential renovation sites; these data 
show a wide variation in generation rates on a square foot basis. Since this estimate is based on 
relatively old data and few material assessments, this estimate of nonresidential renovation 
generation amounts has a high level of uncertainty. 
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Estimating 2003 Building-Related Construction and Demolition A1aterials Amounts 

Table 2-6. Summary of Nonresidential Renovation Job Site Surveys ofC&D :Materials. 
Generation 

Date Research Group (1) Type of data Location Building Size C&D Debris rate 

Sq ft POlllds Pounds/sq ft 
Natural Resources Canada 
METRO, Portland 

1997 Sellen Construction 
1997 Sellen Construction 
1994-96 EPA 
1998 EPA 

1997 Sellen Construction 
METRO 

1993 METRO 

Office Renovation 
Office Renovation 
OfIice Renovation 
Oftlce Renovation 
Office Renovation 
OfIice Renovation 
Total OfIice Renovation 

Hospital Renovation 
Hospital Renovation 
Department Store 
Total Other Renovation 

Ottawa, Ontario 
POItland, OR 
Seattle, WA 
Seattle, WA 
San Diego, CA 
Austin, IX 

Seattle, WA 
Portland, OR 
Portland, OR 

9,000 48,069 
6,000 18,000 

72,000 2,051,520 
180,000 1,232,600 
73,000 732,000 
15,500 110,000 

355,500 4,192,189 

24,000 495,100 
10,560 50,400 

198,500 1,980,000 
233.060 2,525,500 

(1) Sellen Construction Co., Redmond, Washington; METRO (Portland, OR); EPA (Waste Reduction Record Setters) 

5.34 
3.00 

28.49 
6.85 

10.03 
7.10 

11.79 

20.63 
4.77 
9.97 

10.84 

2.2 A~IOUNT OF BUILDING-RELATED C&D :MATERIALS GENERATED IN 2003 

Table 2-7 summarizes the estimates for C&D materials generation from the construction, 
demolition, and renovation of residential and nonresidential buildings in the United States in 
2003. The estimated total is almost 170 million tons, with 39% coming from residential and 61 % 
from nonresidential sources. Figure 2-2 provides a breakdown, in percent of total, of the six 
building sectors that generate C&D materials. The largest sector is nonresidential demolition at 
39%. Residential and nonresidential renovation materials make up 22% and 19%, respectively, 
followed by residential demolition at 11 %. New construction represents 9% of total C&D 
materials, with residential construction at 6% and nonresidential construction at 3%. 

Table 2-7. Estimated Amount of Building-Related C&D Materials Generated in the U.S. 
During 2003. 

Source Residential N omesidenti al Totals 
Million tons Percent Million tons Percent Million tons Percent 

Constmction 10 15% 5 5% 15 

Renovation 38 57% 33 32% 71 

Demolition 19 28% 65 63% 84 

Totals 67 100% 103 100% 170 

Percent 39% 61 % 100% 
*C&D managed on-site should, in theory, be deducted from generation. Quantities managed on-site are 
unknown. 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 

9% 

42% 

49% 

100% 

Figure 2-2. Contribution to the C&D l\Iaterials Stream by Each Building Sector 
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The 2003 estimate of 170 million tons is equal to 3.2 pounds of building-related C&D materials 
generated per capita per day (pcd). In 1996, this per capita rate was estimated to be 2.8 pcd. 
When comparing the 2003 C&D materials generation rate of3.2 pcd to the municipal solid waste 
(MSW) generation rate of 4.45 pcd (EPA 2005), it is noteworthy that amount of C&D materials 
generated per person is less than the amount ofMSW generated per person. While not every 
person generates C&D materials personally, population growth increases the need for buildings 
and infrastructure to support that growth. 

The amount of C&D materials generated varies considerably from one community to another. 
This variation is created, in part, by the difference in construction styles, historical and current 
growth of the community, and local economics. In fast growing areas, the C&D waste stream 
from buildings consists primarily of construction materials, with much smaller quantities of 
demolition materials. Demolition materials are produced when older buildings are demolished to 
make way for the new developments. By contrast, in many urban areas demolition materials 
dominate the C&D stream. As definitions of "C&D materials," "generation," "recycling," 
"disposal," and "recovery facility" (or other similar terms) vary among states, adjustments may 
be required when comparing the results of this report with data reported by specific state 
agencies to ensure the same materials and sources are included in the comparison 12. Similar 

12 A first example of differing definitions among states involves the definition of "generation." State A may report a 
"generated" amount as a sum of the amount disposed and recovered at C&D materials facilities within the state 
borders, regardless of what state in which the C&D materials were generated. On the contrary, State B determines 
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adjustments may also be required when comparing data from any two states. The components 
that make up C&D materials also vary a great deal depending on the type of construction and the 
methods used by the construction industry. 

the amounts of C&D materials imported to and exported from their state and accounts for addition/subtraction (as 
appropriate) in their amount "generated." A second example involves the types of facilities that the state collects 
fronl. State C does not require facilities that process only concrete or asphalt pavement to report annual amounts 
that they recover. On the contrary, State D does require these facilities to report their amounts to the state and their 
amounts are included in the overall State D C&D materials recovery amounts. A third example involves incentives 
for using different definitions. State E levies a fee associated with various types of waste. If C&D materials have a 
lower fee than other materials, generators are incentivized to classify their waste as C&D materials rather than 
another waste, even though it might not fall within the classical definition that may be used outside of State E. 
These three examples are just some of the reasons why definitions play such an important role in measuring C&D 
materials amounts. 
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3 Building-Related C&D Materials Management 

EP A's 1989 Agenda for Action endorsed an Integrated Waste Management Strategy to address 
the growing amount of municipal solid waste, including C&D materials generated. This strategy 
refers to "the complementary use of a variety of waste management practices to safely and 
effectively handle the municipal solid waste stream with the least adverse impact on human 
health and the environment." The components of the Strategy are: source reduction (or waste 
prevention), recycling, including off-site (or community) composting, combustion with energy 
recovery, disposal through landfilling and combustion without energy recovery. Components of 
C&D materials can be and are managed in each of these ways. Different measurement 
methodologies were used for each type of management method. Because many C&D processing 
facilities send materials to be beneficially used in a variety of markets, the term "recovery" is 
used here to represent the reuse, recycling, and combustion with energy recovery of C&D 
materials. 

3.1 SOURCE REDUCTION 

Currently, there are no known estimates of sources reduced on-site through improved methods 
and materials. Efforts including purchasing optimization during construction to avoid surplus 
materials and reusing existing shell and structure during renovation can reduce the amount of 
materials that need to be removed from the site and managed. The amount of used materials 
avoided through these efforts had not been documented, but any efforts to document these trends 
may be considered for use in future C&D materials estimations. 

3.2 MATERIALS RECOVERY 

C&D materials recovery includes efforts to reuse, recycle, or otherwise beneficially use C&D 
materials in various applications, including use in energy recovery applications. There are many 
drivers for C&D materials recovery. Historically, economics has been the primary driver for 
recovery. In locations where disposal fees were high, recovery became an economically 
preferable option. Materials that have traditionally retained a high value when recovered, such 
as metals, were recovered even in areas that had low disposal fees. These economic drivers 
remain in place today, but an additional factor is affecting the economics of recycling today that 
did not exist in the past: green building programs. Specifically, green building rating systems 
typically give credits for the reuse or recycling of C&D materials. Since the creation of the U. S. 
Green Building Council in 1993 and the spike of green buildings in 2000, demand for reuse or 
recycling opportunities has increased in areas where such opportunities had not existed. More 
information on green building can be found at www.epa.gov/greenbuilding. 

3.2.1 Barriers to C&D Materials Recovery 

Barriers to materials recovery still exist, however. Many buildings and building materials are 
not designed to be reused or recycled. EPA's Lifecycle Building Challenge is a design 
competition that challenges professionals and students to design building materials and 
assemblies for reuse and recycling. More formation can be found at www.1ifecyclebuilding.org. 
If C&D materials will be generated at construction sites, C&D materials management should be 
included in the construction plan. Successful planning teams include the owner of the building, 
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the architect, and the contractor. Success stories of C&D recovery can be found at 
www.epa.gov/cdmaterials. 

There are other barriers that exist to C&D materials recovery. In some locations, recovery 
facilities do not exist. Even where facilities do exist, markets have not been found for some 
materials for a variety of reasons. There could be a lack of demand for a material, an 
unwillingness to use recycled materials in place of virgin resources, or a regulatory prevention of 
its use. Many markets view recycled materials as inferior simply because they are viewed as 
wastes, yet they often have the same chemical or physical properties as comparable virgin 
materials, and provide comparable performance; in some cases, they provide superior 
performance than do virgin materials at a lower cost. EPA aims to expand recognition of the 
value of C&D materials so that they are more widely viewed as locally available resources, 
rather than un-usable discards. 

Potentially harmful materials, such as asbestos, lead-based paint (LBP), and polychlorinated 
biphenyls (PCBs), have historically been used in the construction and maintenance of many 
buildings. These materials can greatly affect the recyclability of some materials, especially those 
derived from older buildings. In some instances, concerns about the possibility of these 
materials entering the recycling stream have prevented entire segments of the C&D materials 
stream from being recycled. The specific percentage of C&D materials that contain asbestos, 
lead, or PCBs is unknown. As a result, it is very difficult to determine the impact the presence of 
these compounds in C&D materials has on C&D materials recovery. Some data are available on 
the use and prevalence of these harmful materials in buildings. It was recently reported that, as 
of2000, 38 million homes in the U.S. still contained LBP somewhere in the building, either on 
interior or exterior surfaces (Clickner et al. 2001). According to the United States Geological 
Survey (USGS), asbestos use in all applications (including construction) declined from 
approximately 7,600 tons in 2002 to approximately 5,100 tons in 2003. In fact, the consumption 
of asbestos in 2003 represented less than 0.6% than that of the consumption in 1973, the peak 
year for U.S. asbestos consumption. According to the USGS, the current primary use of asbestos 
in construction is in some roof coatings, not in asphalt shingles (2003). In fact, recent testing of 
old asphalt shingles from re-roofing activities collected at recycling centers indicates that the 
presence of asbestos is relatively rare and should continue to be come even more rare as these 
shingles are removed an replaced with non-asbestos-containing shingles (CMRA 2007). 
Unfortunately, asbestos testing costs and time delays can be a disincentive to recycling and, as a 
result, recycling rates for asphalt shingles continue to be low. LBP was banned in 1978, some 
uses of asbestos in buildings were banned by 1978, and PCBs were banned in 1979. 

3.2.2 Quantifying Recovery ofC&D Materials 

There are a number of organizations that are working to overcome the barriers to C&D materials 
recovery. EPA works with other governmental and industry partners in funding new research, 
promoting safe uses for C&D materials, and in conducting education and outreach. For example, 
through the WasteWise partnership program, the EPA rewards those who have created 
successful recycling programs. For more information about WasteWise, please see 
www.epa.gov/wastewise. To learn more about what the EPA is doing to increase C&D materials 
recovery, please see www.epa.gov/cdmaterials. 
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There are various sources of C&D materials recovery data that capture different parts of the 
recovery stream, including surveys of contractors, surveys of recyclers, and estimates made by 
state environmental agencies. These sources are discussed in detail in Appendix B. While the 
surveys of contractors could be used for this estimate, EPA was not able to find a recent survey 
of recycling in the residential building sector. Additionally, those surveys of demolition and 
nonresidential contractors may not represent actual recovery as the recycling facilities may 
actually dispose of a portion of the materials that they receive. While a survey of recyclers was 
performed, the surveyors were unable to distinguish the amount of materials derived from 
buildings from other materials that were present in the recycling stream. Thus, these estimates 
for C&D recovery cannot be compared with the amount of C&D materials generated, which only 
represents building materials. 

Data collected by state environmental agencies on the amount generated, disposed, and 
recovered, on the other hand, are viewed as the most accurate source of information. 
Unfortunately, only eight states collect recovery and disposal or generation amounts that could 
be used to estimate a recovery rate (see Table 3-1). These states represent approximately 21 % of 
the U.S. population. Thus, the weighted recovery rate estimated using the eight states' data may 
not be fully representative of the entire country. Additionally, state definitions of what 
constitutes C&D materials and recycling vary. For example, some states count C&D materials 
that are used as alternative daily cover in landfills and for energy recovery13 to be counted as 
recycling, while others do not. In the chart below, EPA has labeled the category measured as 
"recovery" instead of "recycling" in order to include materials that are recovered for other uses 
that do not fall under the definition of "recycling." 

The weighted average recovery rate for the eight states for 2003 was 48%. While this number 
may not be fully representative of the entire country, it does provide an indicator of C&D 
materials recovery in the U.S. However, it is, at best, an approximation. For instance, it is 
known that the recovery numbers provided by some states likely include some concrete, asphalt 
pavement, and metals from non-building sources, while other states do not include those 
materials. Additionally, recovery efforts after disasters could be included in the reported 
numbers. 14 Thus, the recovery estimate of 48% for buildings may be high. On the other hand, 
the reported numbers for other states may not capture the entire amount of building-related C&D 
materials that are recovered in that state, either because the C&D materials were exported or 
because only certain types of C&D materials recycling facilities are required to report. As with 
comparing generation estimates, definitions of "recycling" and "C&D materials" can vary 
widely from state to state (see footnote on page 19). The EPA intends to continue working with 
state environmental agencies and other partners to develop better national recovery estimates for 
the future. 

Unfortunately, looking overall at state data does not provide a breakdown of the recovery 
amounts for specific materials within the C&D recycling stream, so it is not possible to 
determine which sectors or which materials have the largest influence on the recovery rate. 

13 On the question of energy recovery, a major market for C&D wood is its use as boiler fuel. Most recyclers 
include amounts of wood sold for boiler fuel in their reporting for recycling. 
14 For example, over seven million cubic yards (approximately 1 million tons) of vegetative debris was generated in 
the three most affected counties of Mississippi after Hurricane Katrina during 2005 and 2006. Such amounts can 
have large impacts on data reported as "recycled" and "disposed." 
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Estimating 2003 Building-Related Construction and Demolition A1aterials Amounts 

Additionally, it is not possible to estimate a material composition. If, through continued work 
with state environmental agencies and industry, such estimates are able to be derived, they may 
be included in future C&D materials estimations. 

Table 3-1. Amount of C&D materials disposed and recovered by reporting state. 

State 

Florida b 

Maryland16 

Massachusetts 17 
New Jersey18 
North Carolina 19 
Utah20 

Virginia 21 
Washington22 

Total 

3.3 LANDFILL DISPOSAL 

Amount of C&D Materials, 2003 
2003 (tons) Recovery 

Disposed Recovered Rate 
5.277,259 ] ,998,256 
1,913,774 2,270.100 

720,000 3,360,000 
1,519,783 5,582,336 
1,844,409 20,002 
1,054,296 46,461 
3.465,548 95,131 
1,780,356 2,640.560 

17,575,425 16,012,846 48% 

Based upon the recovery estimate above, 52% of the building-related C&D materials were 
discarded in 2003. Much of this material goes to specifically designated C&D landfills. 
However, C&D landfills are regulated by state and local governments, and the federal 
government does not collect disposal data for these landfills. Using a survey of states, Kaufman 
et al. (2004) reported the number oflandfills to be over 1,900 in 2002. This number decreased to 
over 1,500 in 2004 (Simmons et al. 2006). The reasons for this decrease vary from state to state. 

Similar to the recovery estimate, it is not possible to determine which sectors or materials have 
the largest influence on the national disposal rate. Some state and local environmental agencies 
have investigated the composition of the waste disposed in landfills within their state. 23 These 
reports should be consulted when examining regional C&D materials disposal. 

C&D materials may also be disposed of in MSW landfills. The amount of C&D materials co
mingled with MSW and disposed of in MSW landfills or combusted in incinerators without 
energy recovery is not known, but could be significant. In some areas, disposal in MSW 
landfills is the most common management method for C&D materials. A portion of residential 

15 Disposal amount calculated as the amount "recycled" subtracted from the amount "collected." Source: FDEP 
2003 
16 

Includes asphalt & concrete recycled. Source: MDE 2004 
17 Includes tons reported as Disposed and Recycled; does not include tons reported as Other Diversion. Source: 
MDEP 2006 
18 Includes tons reported as Recycled of "Other Bulky & Const/Demo," "Asphalt, Concrete & Masonry," and 
"Wood Waste." Source: NJDEP 2003. Disposal calculated as Type 13C waste + (0.25 x Type 13 waste). Source: 
Rinaldi, S .. NJDEP, Personal Communication, 2009 
19 Source: NCDENR 2006 
20 Source: UDEQ 2008 
21 Recovered represents those materials reported as "Recycled," "Composted," and "Other." Source: VDEQ 2004 
22 Source: WDEco 2008 
23 Examples of C&D materials composition studies performed by state or local environmental agencies include (but 
are not limited to) CIWMB 2006, Reinhart et a1. 2003, OCDSWM 2009, VDEC 2002, and Iowa DNR 2009. 
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renovation materials is also discarded by homeowners into the household trash and disposed of 
in MSW landfills or combusted in incinerators. Some C&D materials, typically those considered 
to be "inert," are used as fill in old quarries and other pits. Some states do not require permits 
for this use of C&D materials and, therefore, little is known about the total amount of materials 
used in this manner. 
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4 Conclusions 

A methodology utilizing national statistical data on the amount of construction, renovation, and 
demolition activity in the U.S. and average amounts of waste generated at job sites was used to 
estimate that approximately 170 million tons of building-related C&D materials were generated 
in the U.S. during 2003. This is a 25% increase in generation from the 1996 estimate of 136 
million tons. During the same time period, total construction spending increased 50% (USCB, 
2007), however it was estimated that building construction increased only 32%. Construction 
spending increases can also reflect inflation, profit, and other factors that do not necessarily 
correlate to increased materials use. 

Of the amount generated, approximately 48% was estimated to be recovered, based on state
reported disposal and recovery data. This recovery rate may be an overestimate due to the 
inclusion of materials that are from non-building sources. This recovery estimate is a 23% 
increase from the 1996 estimate. Comparison of these estimates should be viewed with caution 
because data limitations created the need for different methodologies in 1996 and 2003. 

The amount of available information varies from year to year as few entities collect consistent 
national data regarding C&D materials. Thus, various sources of data must be relied on to make 
national estimates of C&D generation and recovery. Decreasing available landfill space and 
interest in green building will all have a positive impact on the rates of recovery of C&D 
materials; until recently, the rise in commodity prices had a similar impact. EPA will continue to 
work in partnership with state environmental agencies, AGC, BMRA, CMRA, NAHB, and NDA 
to actively promote recovery and recycling of C&D materials. 
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APPENDIX A 

BUILDING-RELATED C&D :MATERIALS GENERATION AMOUNT 
CALCULATIONS 
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Table A-I. Residential Construction Materials Worksheet 
Method Used 
(l) Start with total dollars of new construction, from Census Bureau. Current Construction Reports, C-30. 
(2) Calculate sq ft of new construction from total dollars and $/sq ft construction cost. 
(3) From empirical waste assessment, estimate lb/sq ft of new construction 
(4) Calcul ate total generati on 

Calculation 
(l) C-30, Residential Construction = 

(Includes private new housing units and public housing & redevelopment) 

2003 
$352,652,000,000 

(2) Table 925 of 2004 Statistical Abstract of the United States (Note: whole industry not included) 
Residential Construction $282,000,000,000 
Residential sq ft of new construction 3,672,000,000 sq ft 
Cost of new construction = 

($ Residential construction/sq ft Residential new construction) $76.80 per sq ft 

2003 Total sq ft of new constr = 352,652,000,000176.80 4,590,000,000 sq ft 

(3) See sampling waste assessment resul ts Table 2-1: 
Average Generation = 4.39 Ib/sq ft 

(4) Total estimated amount of residential construction materials generated in 2003 10,100,000 ton~ 
Note: Data are rounded to the appropriate significant digits. Data may not add to totals sho~n. 

Table A-2. Nonresidential Construction Materials Worksheet 
Method Used 
(1) Start with total dollars of new construction, from Census Bureau. Current Construction Reports, C-30. 
(2) Calculate sq ft of new construction from total dollars and $/sq ft construction cost. 
(3) From empirical waste assessment, estimate lb/sq ft of new construction 
(4) Calculate total generation 

Calculation 
(1) C-30, Nonresidential Construction* 

(Includes lodging, office, commercial, health care, educational, religions, 
public safety, and manufacturing categories) 

2003 
$256,501 ,000,000 

(2) Table 925 of 2004 Statistical Abstract of the United States (Note: whole industry not included) 
Nonresidential Construction $153,500,000,000 
Nonre5idential sq ft of new construction 1,380,000,000 sq ft 
Cost of new construction = 

($ Nonresidential construction/sq ft Nonresidential new construction) $111 per sq ft 

2003 Total sq ft of new construction = 256,501,000,0001111.23 2,310,000,000 sq ft 

(3) See sampling waste assessment results Table 4: 

Average Generation = 4.34 lb/sq ft 

(4) Total estimated amount of nonresidential construction mate rials in 2003 = 5,010,000 tons 
*Data downloaded from the Census Bureau website July 2005. 
Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 
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Table A-3. Residential Demolition :Materials Worksheet 
Mdhod Us~d 

(1) How many demolitions per year? 
(2) \v11atis average size of house that is demolished? 
(3) How many pounds per sq ft are generated? 
(4) "'l1at is total generation? 

Calc ulation 
(1) Assume 240,000 residential demolitions per year ** 
(2) Average size based on 1975 housing sizes, because older homes are more likely to be demolished. 

1,600 sq ft per single family house and 1,000 sq feet p~r multi-family units 

(3) Sampling of nine SF houses (Table 5) ~ 50 I b/sq ft without concrete 
Estimated weight of foundation 30'x30' house w/8" thick basement walls 
30'xS'xO.67'x4xI50 Ib/cu ft/2000 ~ ~st. tons of foundation 

(assumes 8 in. wall thickness and concrete density of 150 1 b.cu ft) 
Basement floor (assumes 4 in floor) 
30'x30'!3xI50 Ib!cu ft!2000 ~tons offloor 

Garage floor and driveway 10x(20+45)!3xlS0!2000 
Total for 1,600 sq ft single family with full basem~nt & garag~ 

Tolal per area 

Concrete only 

F or house on sl ab (ba sic house) 
Concrete slab (same as basement floor) 
Garage floor and driveway (same a~ above) 

Total for 1,600 sq ft single family on slab 
Tolal per area 
Concrete only 

For house with crawl space (no bsmt, garage, or driveway) 

For MF housing Crable 5) 

Total for 1,600 sq 11: single family wilh crawl sp 
Concrete only 

(4) Fraction of total units in U.S. from 2004 Statistical Abstract of the United States, Table 947. 

Single family 

Fradion of Materials Genemted Total units 

total Units per Unit (tons) demolished 
Fhl! or partial bsmt 29% 127 70,000 

Concrete slab 20% 79 48,000 
Crawl sp & other 19% 40 43,000 
Total Single Family 68% 161,000 

Multi-family 32%) 64 77,000 
Total estimated amount of residential demolition materials genemted 

in 2003 

Generation 

(tons) 
8,900,000 

3,800,000 
1,700,000 

14,400,000 

4,600,000 
19,000,000 tons 

40.0 tons 

4S.2 tons 

22.5 tons 

16.3 
127.0 lons 
158.7 Ib!sq fl 
108.7 Ib!sq ft 

40.0 tons 
22.5 

16.3 

78.8 tons 
98.4 Ib!sq fl 
48.4 Ib!sq fl 

40.0 tons 
50.0 Ib!sq ft 

0.0 Ib!sq ft 

127 Ib!sq ft 

** American HOll~ing Survey. Components ofTnventory Change: 200J-2003. US. Department of Housing and Urban Development. 
Residential units demolished per year ~ singl~ family and multifamily units lost to demolition for the p~riod 2001-2003 divid~d by 2 plus 
single family and multifamily units lost due to damage or are cond~mned divided by 2 limes 50%. The units losl to damage or are 

condemned do not reenter the housing stock unless they are repaired. The 50% estimates these types ofuuits from previous years that are 
eventually demolished. 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 
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Table A-4. Residential Renovation Materials Worksheet 
Method Used 
(1) Estimate the number of replacements of roofs, driveways, HVAC, kitchens, etc. 

and the amount generated from each. 
(2) Calculate total generation 

Calculation 

(1) Estimate s for remodeling 

Kitchens (minor) 

Kitchens (major) 
Baths (minor) 
Baths (major) 

Additions 

Million jobs (a) 
1.41 

0.58 
1.64 
0.70 

2.59 

Tons-job (b) 
0.75 

4.5 
0.25 
1.00 

0.75 

(2) Replacements (see estimates on following Appendix Tables A-6, A-7, A-8, & A-9) 

Concrete from dri veway replacements 
Asphal t roofs 

Wood roofs 
Heating & A/C replacements 
Kitchen remodeling 
Bathroom remodeling 
Additions 

20,000,000 tons/year 
7,000,000 

2,000,000 
2,096,000 
3,700,000 
1,110,000 
1,900,000 

Tons 
1,100,000 

2,600,000 
410,000 
700,000 

1,900,000 

Total e~1imated amount of residential renovation materials in 2003 37,806,000 tons 

(a) The Changing Structure of the Home Remodeling IndustJy. Joint Center for Housing Studies of Harvard 
University. 

(b) Yost 1998 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 
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Table A-5. Nonresidential Renovation :Materials Worksheet 
Method Used: 

Compare total nonresidential and residential improvement expenditures and assume that the 
amount of waste generated is proportional to dollars spent in these two sectors. 

(1) Determine total expenditures of nonresidential improvements and repairs from historical 
Census data * 

(2) Multiply quantity of residential renovation debris Cfable A -4) by 
the ratio of nonresidential to residential improvement expeditures. 

Calc ulation 

(1) Total estinlated expenditures for nonresidential improvements in 2003** 
This compares to 2003 residential inlprovement expenditures of 

Total 2003 improvement expenditures 

(2) Estinmted generated nonresidential renovation materials amount in 2003 
155,400/176,899 x 37,806,000 = 

155,400 
176,899 
332,299 

33,210,000 tons 

Calculate this number by assuming the ratio of residential to nonresidential dollars spent is the same in 2003 as in 
1992 (See methodology used for 1996; EPA 1998). No data available on total nonresidential renovation dollars 
spent in 2003 . 
Assume same ratio ofreslnonres as in 1992. ($100,400 million residential and $114,300 million nonres) times the 
current dollars spent of residential renovation debris. 
(100,400/114,300 x 176,899 = 155,386) 

Note: Data are rounded to the appropria te significant digits. Data may not add to totals shown. 

Table A-6. Estimated Weight of Residential Concrete 
Driveways Replaced in the U.S., 2003 

Total Housing units with < 5 units/structure, 2003 housing units. 

age of housing = 32 years (1) 

Assume dinlensions of ave driveway (ft) 

Calculated average driveway volume (cu ft) 
Estimated percent of driveways replaced each year 
Est. percent of homes with concrete driveways 

Replacements/yr (total units tnnes % replaced) 
To tal concrete removed (cu ft) 
Density of concrete (lbleu il) 

Total tons of concrete in 2003 

(1) 2004 Statistical Abstract of the United States 

Median 

8 x 

lOO.O 
3% 

60% 

150 

45 x 

92,043,000 

0.333 

2,000,000 
200,000,000 

20,000,000 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals showll. 
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Table A-7. Estimated Weight of Residential Asphalt Roofs Replaced in the U.S., 2003 
Total Housing units with < 5 units/structure, 2003 housing units. Median 
age of housing = 32 years (1) 

Assume average roof area (sq ft) 1 AOO 
Assume weight of asphalt roof (lb/lOO sq ft) 240 
Average wt of asphalt roof (lb/roof) 

Estimated percent of homes with asphalt roofs (2) 
Estimated percent of roofs replaced each year (2) 
Replacements/yr (total no. times percent replaced) 

Total tons of asphalt roofing removed in 2003 

(1) 2004 Statistical Abstract of the United States 

3,400 

67% 
7% 

(2) NAHB Research Center Waste Management Update 2, October 1996. 

92,043,000 

4,000,000 

7,000,000 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 

Table A-S. Estimated Weight of Residential Wood Roofs Replaced in the U.S., 2003 
Total Housing units with < 5 units/structure, 2003 housing units. Median 
age of housing = 32 years (1) 

Assume average roof area (sq ft) 
Assume weight of wood roof (lb/lOO sq ft) 
Calculated weight of wood roof (lb/roof) 
Estimated percent of homes with wood roofs 
Estimated percent of roofs replaced each year 
Replacements/yr (total times percent replaced) 

Total tons of wo od roofing removed in 2003 

(1) 2004 Statistical Abstract of the United States 

1,400 
200 

3,000 
25% 

5% 

92,043,000 

1,000,000 

2,000,000 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 

Table A-9. Estimated Weight of Residential HVAC Equipment Replaced in the U.S., 2003 
Total Housing units, 2003. 120,777,000 
Median age of housing = 32 years (1) 

Est. % 
Estimated Number in replaced 

Ib/unit use (I) each year 
Warm air furnaces 300 73,449,000 5 

Electric heat pump 600 13,278,000 5 
Steam or hot water systems 1,000 14,425,000 3 
Floor, wall, or pipeless furnace 200 6,039,000 5 
Built-in electric units 200 5,739,000 7 
Room heaters 200 3,217,000 7 
Stoves 200 1,350,000 3 
Fireplaces 300 250,000 4 
Central air 600 72,649,000 5 

Total Replacement Products in the U.S. (2003) 
(l) 2004 Statistical Abstracts. Table 947. 

Total TPY 
600,000 
200,000 
200,000 

30,000 
40,000 
20,000 

4,000 
2,000 

1,000,000 

2,096,000 

Note: Data are rounded to the appropriate significant digits. Data may not add to totals shown. 
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Sources of C&D Materials Recovery Data 

Many sources compile information on C&D materials recovery, either for reuse, recycling, 
beneficial use, or energy. Industry associations are interested in the amount of materials that 
their members recover. Some federal agencies collect data on C&D materials recovery in studies 
that they perform. Since C&D materials are regulated at the state and local level, some state 
agencies track the amount that is disposed and/or the amount that is recycled in their state. 

Surveys of C&D Materials Processors/Recyclers and Reuse Stores 

Construction }\>faterials Recycling Association (CMRA). The CMRA represents companies 
that process materials for recycling, beneficial use, or energy recovery markets. They surveyed 
their members in 2004 to determine the number of operating facilities and the amount of material 
that they are processing. Since not all C&D materials recyclers are members of the CMRA, they 
proj ected the member survey results onto the non-members. Sources of materials include all 
C&D generators, including building, road, and other structure sites. 

The number of recycling facilities for C&D materials has been growing rapidly in the last few 
years. The CMRA estimated there were at least 2,800 operating C&D recycling facilities in 
2004. That estimate included approximately 2,400 concrete and asphalt pavement crushing 
facilities, 250 mechanized mixed-waste C&D facilities, and 150 wood waste processors. 

ClVIRA estimated that approximatell197 million tons ofC&D materials were recovered in 2004, 
including 28 million tons at mixed 2 C&D materials processing facilities, 155 million tons at 
concrete and asphalt crushing facilities, and 14 million tons at wood waste processing facilities. 
These amounts do not include asphalt pavement recycled in-place or at hot-mix asphalt plants. 
These amounts, however, include materials from many sources beyond typical building 
construction, renovation, or demolition sites, such as concrete from transportation and utility 
projects, wood waste from land clearing, and wood waste in the form of pallets and wood spools. 
It also does not include any materials that were reused or recycled at the job site, without first 
processing the material at a recycling facility. 

It can be assumed that most of the materials that mixed C&D materials processing facilities 
receive are from buildings. Some of the materials from buildings, however, go to 
concrete/asphalt pavement facilities and wood waste processing facilities, but the majority does 
not. Thus, if this amount (28 million tons) is compared to the amount of C&D materials 
estimated as generated (164 million tons), the recycling rate would be 16%. This is much lower 
than the estimated 48% calculated using reported state data. This quick calculation demonstrates 
the uncertainty inherit in the estimates generated for this report. 

Building Materials Reuse Association (BMRA). The BlVIRA is a non-profit educational 
organization whose mission is to facilitate building deconstruction and the reuse/recycling of 
recovered building materials. Members include owners of C&D materials reuse stores, 
deconstruction contractors, and manufacturers of reclaimed wood products. In 2006, the BMRA 
surveyed their members to determine the amount of C&D materials reused in the U. S. and 

24 Mixed C&D processing facilities are those that accept heterogeneous loads of C&D materials and do not require 
C&D materials loads to be segregated by material. 
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received a 17% response rate to the survey. If the results of this survey were projected to their 
entire membership, it can be estimated that approximately 200,000 tons of C&D materials are 
reused in the U.S. every year. 

Surveys of Contractors 

National Demolition Association (NDA). The NDA is a non-profit trade organization 
representing more than 1,000 U.S. and Canadian companies which offer standard demolition 
services, as well as a full range of demolition-related services and products. Its educational 
efforts help members stay abreast of regulatory and safety matters. The NDA also keeps 
regulators informed about issues facing their industry. In addition, the NDA is dedicated to 
increasing public awareness of the industry, as well as providing members with information on 
the latest technical advances in equipment and services. In 2005, the NDA surveyed their 
membership to gather data on the quantity of demolition materials recovered for recycling. They 
learned that demolition contractors recycle concrete, masonry, wood metals, and asphalt 
pavement. 

Associated General Contractors (AGC) of America. The AGC is a national construction 
trade association representing all facets of commercial construction for both public and private 
entities. The AGC has approximately 32,000 member companies representing general 
contractors, specialty contractors, service providers, and suppliers. In 2004, the AGC sent an 
email survey to their members regarding C&D materials and received 328 responses. Of these 
responses, 58% reported that they recycle C&D materials, mostly asphalt pavement, concrete, 
steel, and wood. 

Data Collected by State Agencies 

A search of reuse, recycling, or diversion data collected by states was performed. Eight states 
collected data on C&D materials recycling for 2003. Although this information is labeled as 
tons "recycled," these numbers could also include C&D wood used as boiler fuel or other C&D 
materials that were not, by some definitions, "recycled." These data show that there is 
significant recovery ofC&D materials for recycling in some locations. However, it is not known 
if these areas are fully representative of the United States as a whole. 

Data Collected by Federal Agencies 

u.S. Department of Agriculture (USDA). Deconstruction is the process of selective 
dismantling or removal of materials from buildings before or instead of demolition. A common 
practice in the United States is to remove materials of value from buildings prior to and during 
demolition for recycling or reuse. Reuse examples include electrical and plumbing fixtures that 
are reused, steel, copper, and lumber that are reused or recycled, wood flooring that is remilled, 
and doors and windows that are refinished for use in new construction. The USDA Forest 
Service has compiled a directory of companies that are involved in the deconstruction and reuse 
of materials from wood-framed buildings (USDA 2004). According to this directory, there are 
420 companies involved in deconstructing buildings or selling reusable materials. 

The USDA has also collected information on the amount of wood waste that is generated and 
recovered (McKeever 2004; McKeever and Falk 2004). They have estimated that approximately 
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39 million tons of C&D wood waste was generated in 2002. This represents approximately 24% 
of the total C&D estimate of 164 million tons reported in this study, which is consistent with past 
estimates that show that wood represents approximately 20-30% of building-related C&D 
materials (Sandler, 2003). 

u.S. Geologic Survey (USGS). The USGS has been keeping track of the amount of minerals 
that the U.S. extracts, imports, and exports since the late] 9th century. They publish the Minerals 
Yearbook annually, which reports the results of minerals and metals producer surveys. When 
surveying crushed stone, sand, and gravel producers, they have discovered that some of these 
producers have started recycling concrete to supplement their business. While it is assumed that 
these producers recycle a small portion of the total amount of concrete recycled in the U.S., these 
data demonstrate the increasing acceptance of and demand for recycled concrete aggregate. 

U.S. Department of Energy (USDOE). The USDOE reports the amount of energy that is 
produced from various sources, including wood waste. It is unknown, however, the proportion 
of the wood waste used for energy that originated from C&D sources. Other sources of wood 
waste include paper production plants, saw mill plants, retail stores, and other sources. 
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Trends in Building Deconstruction and Materials Reuse 
Brad Guy 11/06/06 

Introduction 
This article is intended to provide an update on some of the trends in the deconstruction 
and reuse industry. One major aspect of the building materials reuse industry in North 
America is the Hili ReStore network. ReStores are retail outlets for donated and 
reclaimed building materials facilities operated by Hili affiliates as a fundraising 
mechanism for their home-building programs. The Habitat for Humanity (Hili) ReStore 
network is growing by leaps and bounds. As an example, in Canada, in 2000 there were 
16 ReStores with gross sales of $3.1 million. In 2005, there were 41 Canadian ReStores 
with gross sales of $14.5 million. This is a growth of 156% in the number of stores, and a 
growth of 368% in revenues in just 5 years (Hili Partnemet, 2006). The numbers for the 
US are similar. According to a study by Penn State University, the average ReStore age is 
5 years, with the oldest is 18 years old. More than half of the ReStores have operated for 
less than 5 years (57.6%), while 28.8% have operated for more than 5 but less than 10 
years, and 13.6% have operated for more than 10 years (Judd and Echols, 2005). 

Survey 
In a recent survey of deconstruction and reuse organizations, an attempt was made to 
ascertain the materials flows and economics of deconstruction and reuse in the US. An 
email survey was sent to 450 organizations identified in three categories, deconstruction 
services, reused materials retail sales and value-added products manufacturing with 
reclaimed wood. A total of 76 responses was received or about a 17 % response rate. 

Of these 76 respondents, 41 were reuse stores only, and 28 combined both deconstruction 
services with retail reuse sales. Of the firms that were reuse stores only, 59% reported 
conducting some form of active salvage operations, with the remaining 41% relying 
solely on donations. The remaining 7 respondents focused on wood reuse only, through 
remanufacturing. 

Employment 
Firms combining deconstruction with a reuse store employ on average more full-time 
employees (FTE) per organization than those with a reuse store only, 5.8 to 4.6 FTE per 
firm, respectively. It should be noted that many non-profit reuse stores especially the Hili 
ReStores may also have labor provided by volunteers that is not accounted for by a 
measure of FTE, while comprising a significant component of the total labor utilized by 
the organization. The large majority of organizations employed a small number of 
persons, with 12% of combined deconstruction and reuse firms reporting 16 or more 
employees. Firms that conduct reclaimed wood value-adding products manufacturing 
reported an average of 15 employees per firm. Clearly, the value-added aspect of the both 
front-end deconstruction and back-end remanufacturing provides much greater potential 
for employment than direct retail resale by itself. 
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Table 1. Firms with Deconstruction and Reused Materials Sales 
1-5 employees - 69% of firms 
6-10 employees - 14% of firms 
] 1-] 5 employees - 5% of firms 
16-20 employees - 10% of firms 
More than 20 employees - 2% of firms 

Revenues 
Firms combining deconstruction and a reuse store reported greater average annual 
revenues per organization than organizations with a reuse store only, $430,796 to 
$383,849 per firm, respectively. The difference is about 12% average higher annual 
revenues per firm. Anecdotally, while there is some investment required for 
deconstruction and salvage services, a much greater investment is required for the 
facilities and equipment of a reuse store, such as the warehouse space, racking for 
materials, fork-lift, a truck for pick-ups, etc. Adding deconstruction to a reuse facility 
operation can add net revenue potential evidenced by higher average revenues for the 
combined firms. The investment is minimal in terms of equipment compared to 
demolition, but similar to demolition in terms of potential increased insurance 
requirements. Adding a reuse facility to an existing demolition or deconstruction firm is a 
greater investment than the deconstruction operational requirements alone. There is more 
capital investment in land, building(s), and equipment. 

Not surprisingly, the firms engaged in reclaimed lumber value-adding reported average 
annual revenues of $2,089,286 per firm. With an average 3 times more employees, these 
firms also have 3-4 times greater annual revenues than the organizations engaged in the 
recovery of the materials and direct reused materials sales. Anecdotally there is trend 
towards reuse firms adding a value-added component to their operations. Also 
anecdotally there are considerable difficulties to the endeavor especially when the value
added product sales are located at the reuse facility. In many cases the markets are very 
different for a value-added higher cost remanufactured product and the reused building 
materials store's established clientele which are used to purchasing low-cost products. 

Materials Flow 
The average amount of materials reported handled annually by firms engaged in both 
deconstruction and retail reuse sales was 1,0]] ,286 LBS per firm compared to 583,376 
LBS per firms only engaged in reuse retail sales. The firms engaged in wood value
adding reported about 1,132,500 LBS of wood materials handled on average per firm per 
year. Most reuse retail sales firms that responded did not know the amount of materials 
they handled per year in mass. About 69% of the firms conducting only reuse sales 
reported not knowing the materials they handled other than by revenues. About 6] % of 
the firms conducting both deconstruction and reuse sales reported not knowing the total 
amount of materials they handled by mass. Firms that remanufacture wood products all 
reported a board feet metric of the wood materials they processed. There seems to be a 
small correlation between the amount of materials handled and number of employees, 
and the attention paid to tracking the materials handled. 
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While many non-profit reuse firms may rely more on volunteer labor and function with 
lower revenues, making it difficult to justify and implement quantity-based inventory 
systems, they might also be motivated to track materials flow in regards to environmental 
metrics for the purposes of donor reporting and demonstrating goals such as waste 
diversion. 

Revenues per Employee and Mass of Materials 
The average revenues per employee reported by firms engaged in combined 
deconstruction and reuse retail sales was $73,900 compared to $96,516 per firm for 
organizations engaged in reuse retail sales only. It is not clear if this relates to wage 
differences between deconstruction employees and retail store employees in general or 
other factors. An anecdotal factor, as mentioned above, is that there is less capital 
overhead involved in just a reuse retail operation by itself compared to a combined 
deconstruction and reuse retail sales operation. 

Keeping this capital investment lower for reuse firms would certainly increase revenues 
per employee, but it can be noted that the combined deconstruction and reuse retails sales 
firms employ on average more persons per firm, move more materials by mass per firm 
(of which more will be commodity materials such as lumber and brick which are lower 
value per pound than many other building components such as doors, windows, cabinets 
and fixtures that are the predominant products in building materials reuse retail stores). 
Perhaps a trend towards larger facilities and more combined deconstruction and reuse 
firms will follow in the next few years. At this time we do not have sufficient information 
over time to make this claim. 

The revenue per mass of material handled was also calculated from the firms that 
reported quantities handled per year. For firms engaged in both deconstruction and reuse 
retail sales the average revenue per mass of materials was $1.39 / LB of materials 
handled. For firms engaged in reuse retail sales only it was $0.91 / LB and for firms 
engaged in reclaimed wood value-adding it was $3.10 / LB of wood materials. Clearly 
there is a correlation between the amount of materials handled and the revenues 
generated on average and a 3-times greater economic return per LB by the firms engaged 
in reclaimed wood value-adding. The last significant factor gleaned from this survey is 
the growth in sales by the three types of firms that were categorized. As noted in Table 2, 
annual sales revenue growth by firms with combined deconstruction and reuse sales on 
average was 56%. As noted in Tables 4, annual sales revenue growth by firms with 
reuse retail sales only on average was 32%. As noted in Tables 5, annual sales revenue 
growth by firms with reclaimed wood remanufacturing on average was 28%. 

Table 2. Combined Deconstruction and Reuse Sales Firms 
FTE Revenues annual RevenueslFTE #s annually RevenueslLB % growth 

Average 5.8 $430,796 $73 ,900 1,011 ,286 $1.39 56 

onent of Deconstruction and Reuse Sales Organizations 
~--------~----------~~----------~ 

Contract / 
Average $12,655 
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Table 4. Retail Sales Reuse-Onl Firms 
RevenueslFTE #s annually RevenueslLB % growth 

Average $96,516 583 ,376 $0.91 32 

Table 5. Reclaimed Wood Remanufacturing Firms 
FTE Revenues annual RevenueslFTE #s annually RevenueslLB % growth 

Average $2,089,286 $132,604 1,132,500 $3 .10 28 

Reclaimed Materials Being Recovered and Sold 
The last aspect of this review of the deconstruction and reuse industry was a focus group 
review of the most "popular" reclaimed materials. The focus group participants all 
engaged in recovery and reuse operations. An extensive list of 39 the most common 
reused materials categories was provided to each participant. They were asked to rank 
each product based on three criteria. The criteria were: highest resale value; ease of 
removal from an existing building; and ease of inventory. These rankings were combined, 
scored and averaged to produce an overall score for the materials deemed most easily 
recoverable, inventoried and sold. According to this focus group of six successful 
deconstruction and reuse store operations, the reclaimed products with highest value for 
resale were grouped into four tiers. 

The top tier of reclaimed products based on value includes: 
• Architectural elements 
• Windows - decorative 
• Cabinets - complete sets 
• Lumber - wood finish flooring 

The second tier of products based on value includes: 
• Doors - interior and exterior 
• Hardware - including door and plumbing fixtures 
• Windows - double-glazed 

The third tier of products based on value includes: 
• Light fixtures 
• Appliances - no more than 5 years old 
• Lumber - 1 x sheathing materials 

The fourth tier of products based on value includes: 
• Brick and stone 
• Lumber - floor joists and sub-flooring 
• Electrical - hardware and fixtures 

From the perspective of the ease of removal only, the products deemed easiest to remove 
by this group of experts include: 

Easiest to remove for salvage: 
• Doors - exterior and interior with associated hardware 
• Fixtures - ceiling fans, lights, faucets, sinks, mirrors 
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Tlte second tier of easy-to-remove components includes: 
.. Cabinets - tops and complete sets 
.. Electrical - hardware and fixtures 
.. Exterior - pavers 
.. Windows - decorative 

Tlte tltird tier of easiest-to-remove components includes: 
.. Architectural elements 
.. Windows - double-glazed 

Most Desirable Overall (value, removal, inventory) Best to Less Desirable 
1. Doors 
2. Mantels 
3. Architectural elements 
4. Faucet - complete set 
5. Cabinets - with doors and drawers 
6. Windows - double-glazed 

Least Desirable Overall (value, removal, inventory) Worst to More Desirable 
1. Brick - three-hole 
2. Lumber - porch roof framing 
3. Lumber - exterior wall framing 
4. Slate roofing 
5. Lumber - non-load-bearing wall framing 
6. Stone - building 

Caveats: 
Given that a non-profit reuse sales facility is much more amenable to volunteer labor than 
deconstruction activities, the reuse sales only organizations potentially make greater use 
of volunteer labor which is not accounted for in the FTE accounting. Adding in the 
volunteer labor used by non-profit organizations would produce a lower revenues / 
employee + volunteer number for both types but potentially more so for the organizations 
that conduct reuse sales only, widening this disparity. 

Of important note is that the pre-ponderance of the deconstruction / salvage and reuse 
retail sales organizations that reported were non-profits versus for-profits, 87% to 13%, 
respectively. It should be noted that as non-profit organizations their IRS reporting is 
legally required to be made available to the public, whereas this is not so for for-profit 
organizations. All of the wood remanufacturing firms that reported were for-profits. The 
proportion of non-profit to for-profit firms reporting is much greater than past surveys 
suggest is the proportion of non-profit to for-profit in the industry as whole, so this would 
clearly distort this information towards the non-profit firm model. 
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Survey Responses 

• All 140 CMRA Members were sent the CMRA 
Survey instrument, plus over 950 other 
industry-related companies 

• 39 CMRA Members returned the Survey 
• 28% level of CMRA member participation in 

pl"Oviding some response to Survey 
• Of CMRA Members that are Processors / 

Recyclers, 29 of an estimated 100 returned the 
Sm'vey representing 29 % 

Summary of Mixed C&D Surveys 

• Companies Reporting CY 2004 Activity: 
- Mixed C&D Companies: 14 

- Total No. of Mixed Plants Included in the 
Survey Data: 16 

• Range of Annual Capacity 
- Plants < 20,000 TPY: 4 (Small) 

- Plants> 20,000 TPY: 12 (Med.-Large) 
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Estimate of 2004 CMRA Members 

Est. ofC&D 
Est. Number Marketplace 

Classification ofCMRA Activity in 
Members 

Classification 
Processors I 

100 71 % 
Recyclers 

Equipment Vendors 13 9% 

Non-Profits / Public 
15 11% 

Sector 

Other, incl. C&D 
12 9% 

Commltants 

Total 140 100 % 

Throughput of Mixed C&D Plants 

• Tons Processed (All): 1,768,000 TPY 

• Size Range: 7,000 - 485,000 TPY 

• Annual Throughput Reported: 
- Avg. Throughput (All): 110,500 TPY 

• Materials Recycled: 
- Avg. Recycled Quantity (All): 78,000 TPY 

- Avg. Percent: 71 % (Includes ADC) 
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Summary of Materials Recycled 
From Mixed C&D Processing Plants 

Material 
Total Amount 
Recycled, TPY % or total TPY 

Concrete! Asphalt 433,000 24.7 

Wood 340,000 19.5 

Gypsum 15,000 0.8 

Metals 78,000 4.5 

Asphalt Shingles IS,OOO 1.0 

Alt. Daily Cover 
300,000 17.1 

(ADC) 

All Other Materials 65,000 3.7 

Residue/Discards 512,000 29.0 

Total 1,768,000 100 

Throughput of Concretellnerts Plants 

• Tons Processed (All): 5,415,000 TPY 

• Size Range: 20,000 - 250,000 TPY 

• Annual Throughput Reported: 
- Avg. Throughput (All): 150,000 TPY 

• Materials Recycled: 
- Avg. Recycled Quantity (All): 149,000 TPY 

- A vg. Percent: 99% 
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Summary of Recycling Surveys 
Concretellnerts-based Plants 

• Companies Reporting CY 2004 Activity: 
- Concrete/Inerts Recyclers: 12 
- Total No. of Plants Included in the Survey 

Data: 36 

• Range of Annual Capacity 
- Plants < 50,000 TPY: 2 (Small) 
- Plants> 50,000 TPY: 34 (Med.-Large) 

Materials Reported as Recycled From 
Concrete/lnerts Processing Plants 

Total Amount Amount 
Material 

Recycled, TPY 0/0 Basis 

Concrete! Asphalt 5,394,000 99.6% 

Metals 18,000 0.35% 

Asphalt Shingles >1,000 0.02% 

Residue/Discards < 1,000 0.02% 

Total 5,415,000 100 
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Recycling Surveys Waste Wood 
~Plants 

• Companies Reporting CY 2004 Activity: 
- Waste Wood Recyclers: 3 

- Total No. of Plants Included in the Survey 
Data: 4 

• Range of Annual Capacity 
- Plants @ 1,000 TPY: 1 (Small) 
- Plants > 5,000 TPY: 3 (Med.-Large) 

Materials Reported as Recycled From 
Waste Wood Processing Plants 

Total Amount Amount 
Material 

Recycled, TPY 0/0 Basis 

Wood, Mulch, etc 147,000 >99 

All Other Marketed 1,000 <I 

Total 148,000 100 

Estimate of Today' s C&D Processed Using 
CMRA 2004 C&D Processing Plant Data 

CMRA 
Facility Est No. of Survey Est. of Annual C&D 

Plants in 
Type 2004 Avg. Input, Waste Processed 

TPY 

MixedC&D 250 110,500 28,000,000 

Concrete I 500 units 50,000 tpy 
Crushing, (700 Portable (portable) 

(Incl . Asphalt, + + 155,000,000 

Brick and 800 Fixed 150,000 tpy 
Block) Unit Ills llifixed 

Wood Waste 
450 30,000 14,000,000 

Processing 

Total 2,200 197,000,000 
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Throughput of Waste Wood Plants 
Returning the Survey 

• Tons Processed (All): 148,000 TPY 

• Size Range: 1,000 - 70,000 

• Annual Throughput Reported: 
- Avg. Throughput (4-plants): 37,000 TPY 

• Materials Recycled: 
- Avg. Recycled Quantity (All):36,500 TPY 

- Avg. Percent: 99.5% 

Preliminary Estimate of C&D Using 1997 
C&D Processing Plant Data 

CMRA 
Facility Est No. Survey Est of Annual 

of Plants C&DWas!e 
Type in 1997 Avg. Input, Processed, Tons 

TPY 

MixedC&D 224 110,500 25,000,000 

Concrete 
125,000 

Crushing, 

(Incl . Asphalt 479 (adjusted for 60,000,000 

,Brick and 
mobile and 

Block) 
fixed) 

Wood Waste 
360 30,000 11,000,000 

Processing 

Total 1,063 96,400,000 

Comment on 2004 Inerts Crushing 
Data .... re : Asphalt Pavement 

Est. Baseline: 155 million Tons 
"Rough" Est. of Concrete vs. Asphalt: 
- Concrete 85-90% of total 
- Asphalt 10-15% of total 

Rough Estimate of Throughput: 
- Crushed Concrete: 130-140 million TPY 
- Crushed Asphalt: 15-25 million TPY 

Note: the above asphalt numbers do not include the highway millings 
and contractor's specific full-depth removal project work of which the 
"total" for these activities is estimated by the National Asphalt 
Pavement Association's (NAPA) to be an estimated 90 million TPY by 
their indnstry association, with greater than 80% or 73 TPY recycled). 

AR0070431 



But Is There Even More? 

·2500 Crushers x 70%= 1750 

• 100 tons per hour 

• 1600 hours per year 

• Grand Total: 280,000,000 tons per year 

• And that is only recycled, not generated 
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Status of NDA Demolition 
Debris Generation 

& Recycling Survey Evaluation 

Presentation to: 

National Demolition Association 

Presentation by: 

Robert H. Brickner, Sr. Vice President 
Gershman, Brickner & Bratton, Inc. 

8550 Arlington Boulevard, Suite 203, Fairfax, VA 22031 
1-800-573-5801 I Fax: 703.698.1306 

www.qbbinc.com 

September 24, 2005 

Summary of Returned Surveys 

• Re: inquiries about Company's 
decisions to Recycle 
-100% of Surveys responded to at 

least part of the questions 
- Questions response & the GBB 

Rating: 
Strongly Agree 
Agree 
Neutral 

=1 
=2 
=3 

Disagree = 4 
Strongly Disagree = 5 

Methodology of GBB 
Allocation of Survey Data 

• Example: Demo Generation Reported 
- 100 Tons per Year (TPY) 

• Split of Work in CA - 90% = 90 Tons 

• Split of Work in NM - 10% = 10 Tons 

= 

B-17 

Status of Survey Responses 

• 555 NDA Members were sent the Survey 
• 105 NDA Members in the USA returned 

their Survey (2 more from Canada) 
• Almost 20% Level of Participation 

Company's Decision to Recycle 
Average Rating of Survey Responses 

2.8 

I can be economically transported to 
2.6 

" 

mmary of Members Survey D 
(Demo Generated in States> 400,000 TPY) 

State (No. of Demo Generated % of Total, 
Surveys) (TPY) by State 

CA(19) 4,578,251 29.0% 

FL (7) 2,452,572 15.5% 

TX (5) 1,506,304 9.5% 

NJ (6) 1,340,453 8.5% 

MN (5) 739,433 4.7% 

OH (8) 561,994 3.6% 

IL (8) 549,090 3.5% 

WA(4) 477,668 3.2% 

Other 42 States 3,550,194 22.5% 

Total 15,786,627 100% 
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Aggregation of Recycling Data 
(Survey's of States> 400,000 TPY reported) 

Identified Project Sources 
(Percent of the Waste Material) 

Structural/Buildings ... 80.0% 
Bridges... ... ... ... ... .... 1.5% 
Other ...................... 18.5% 

Est. of Current NDA Members 
(%, by Gross Sales Volume) 

Annual Est. % of 
Est. Number 

Sales Membership 
ofNDA 

Members 

< $2 million 40 222 

>$2mil <$5mil 25 139 

>$5mil <$10mil 25 139 

>$10 million 10 55 

Total 100 555 

11 

= 
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Summary of Materials Recycled 

Material 
Total Amount % Recycled 
Recycled, TPY of total TPY 

Concrete 6,845,000 61.2 

Wood 350,000 3.1 

Brick/Block 510,000 4.5 

Metals 940,000 84 

Sheetrock 45,000 <0.5 

Asphalt Pavement 2,675,000 23.9 

Other Materials 125,000 1.1 

Mixed Stream 100,000 <1 

Total 11,590,000 

Review of Demo Waste Generated 
(by Gross Sales of Company) 

Sales (No. Surveys) 
Avg. TPY 
Generated 

< $2 million (36) 48,083 

>$2mil <$5 mil (28) 96,203 

>$5mil <$10 mil (25) 254,401 

> $10 million (16) 634,412 

10 

Est. of Annual N DA Member 
Demolition Waste Handled, Tons 

Est. of TOTAL 

12 
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National Demo Waste Estimate NDA 
Members VS . Non-Members 

• Key Assumption: 
- NDA opined that members handle 75% of 

the National Demolition Waste Marketplace; 
therefore, GBB assumed NDA Members 
handle 75% of the Demolition Waste stream 

• Total National Demolition Waste 
estimate calculated as follows: 
- If NDA Members generate 85.9 million TPY 

and are 75% of the marketplace 
- Total USA generation @ 114.5 million TPY 
- Thus, non-NDA Members control 28.6 

million TPY within the Demo marketplace 

13 
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ft EPA United Smtu o . ....~==mental Protection 

Office of Resource Conservation and Recovery 
EPA530-R-09-002 
www.epa.gov/epawaste 
March 2009 
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1. INTRODUCTION 

As a society evolves technologically, t~e sources of noise 

grow in number and kind. Noise levels increase and the effects 

of noise on society become increasingly severe. Concomitantly, 
society continually requires more machinery, operatin~ at hi~her 
speeds with greater power output. Aircraft, for example, have 

continued to grow in number and noise level, creating almost in

tolerable conditions for populations living, working, and playing 

in the vicinity of airports. Trucks and construction equipment 

require increasingly powerful engines to enable a single operator 

to move more goods, materials, or earth faster and more economic

ally. The thunder of these engines not only degrades the quality 

of life in our communities but also causes the operators to incur 

substantial levels of permanent hearinf, loss. A profusion of ap
pliances that provide the energy needed to do everything from 

brushing our teeth and cooling our houses, to washin~ our dishes, 

disposing of our garbage, and cuttin~ our grass often generate 

noise levels that interfere with conversation and disturb neigh

bors. Even the wilderness, once a refuge from hectic urban life, 

is now disturbed by the noise of trail bikes, all-terrain vehic

les, and snowmobiles. 

Given that noise i~ a serious environmental problem, some 

appropriate questions one might ask in seeking a comprehensive 

noise-control objective are: Precisely what are the sources of 

noise pollution? How many people are exposed to these sources 

and how are they affected? What can be done to control the noise 

output of offending sources? This report attempts to answer 

these questions for the specific categories of construction, 

home appliances, and building equipment. 
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1.1 Source Characterization 

The two principal objectives in characterizing sources are 

(1) evaluating noise levels in quantitative terms that may be 

used to determine the impact on people and (2) obtainin~ the in

formation needed to assess the noise reduction that can be 

achieved. Relating measurable aspects of sound to human response 

is difficult at best. Such impact criteria as speech interfer

ence, sleep interruption, and annoyance depend not only on the 

physical nature of sound such as level, spectral content, and de

gree of fluctuation but also on the nonphysical aspects of noise 

such as the information content or implications of the sound. A 

rattling piece of equipment is often annoying not because of the 

noise level but primarily because it indicates a malfunction re

quiring attention. 

Several attempts have been made to include various aspects 

of noise in a single number related to annoyance. Most of these 

methods try to account for the unequal sensitivity of the human 

hearing mechanisms to different frequencies and some try to ac

count for fluctuations of level with time. A single number which 

accounts rather well for the human ear's relative insensitivity 

to low and very high frequency sound is the A-weighted scale. 

This weighting has been found to correlate about as well with 

annoyance as other indices [lJ; it is quite widely accepted and 

can be read on a meter. In this report, we use A-weighting [dB(A)] 

to characterize noise insofar as impact evaluations are concerned. 

Noise spectra are of far more use than single number ratings 

for assessing the contribution from various components to total 

noise levels. Pure tones associated with integer multiples of 

speeds of rotating machinery often appear as identifiable spec

tral peaks. Exhaust noise from an internal combustion engine 
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typically contributes the dominant low-frequency component, 

whereas engine structural radiation and turbocharger whine usually 

generate the high-frequency levels. Hence, where possible, we 

provide noise spectra in octave or one-third octave bands. 

Once sources have been characterized, we evaluate the abate

ment potential associated with each. Our evaluation is based on 

a somewhat broad analysis of the component contributions and to 

a great extent on judgment developed from experience with similar 

sources. For example, prior work with internal combustion engines 

enables us to estimate the benefit achievable from state-of-the

art mufflers or engine enclosures. We estimate our predictions 

of achievable abatement potential to be within ±5 dB. A more 

accurate prediction of noise reduction would require detailed 

diagnosis of contributions from each source component and imple

mentation of experimental noise-control treatment. 

Because of the large number of sources evaluated (see Sec. 

2), we place much detailed information (e.g., a number of noise 

spectra for sources whose impact is small) in Appendix A. In

cluded in Appendix B is the background to the development of im

pact criteria and in Appendix D a discussion of existing standards. 

1.2 Impa~t Evaluation 

We evaluate the impact of noise on people, using two princi

pal measures: intensity and extent. Clearly, it is important to 

know the levels to which a person may be exposed and the effects 

of this exposure. ThUS, once the sources have been characterized 

and the. relation of a listener to the source has been postulated, 

we est~mate,the physiological, psychological, and sociological 

effect,~ pf the noise. F.or example, permanent hearing damge is 

likely to occur for a significant percentage of the population 
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exposed to levels of go dB(A) for eight hours a day over an ex

tended period of time. If the exposure time is short (e.g., 15 

minutes a day), the noise mayor may not contribute to hearing 

damage, but during exposure one cannot conduct an intelligible 

conversation. Exposure during evening hours to levels of noise 

that exceed approximately 70 dB(A) will usually lengthen the time 

one requires to go to sleep or will awaken som~one who is already 

asleep - especially if the noise is intermittent and the back

grou~d level is low. 

The extent of noise impact is as important as, the intensity in 

assessing the magnitude of noise pollution since this measure 

gives some perspective to the ccntribution from various sources. 

A truly comprehensive asses,sment would involve a detailed social 

survey with extensive noise measurements and statistically si~

nificant samples from every stratum of society. Such a program 

would no doubt consume millions of dollars and several calendar 

years. Clearly, this approach is not feasible in the t,hree-month 

time neriod available for this study, nor would it represent an 

entirely justifiable allocation of resources. The goal of deter

mining the impact of noise can be viewed only as an intermediate 

step to solving the actual problem: reducing the noise exposure 

of our population. Hence, an order-of-magnitude assessment of 

impact is probably an adequate guide to the development of a noise

abatement progra;n. What matters, for example, is that approxi

mately six million workers on night shifts and children under 

four cannot sleep because of construction noise. One's ~pproach 

to construction-noise abatement would probably not be different 

if the figure were two million or ten million. We therefore pro

vide this impact evaluation, not by social survey, but by esti-· 

mating (1) the noise levels to which people are exposed) (2) the 

effects of noise on these people, and (3) the number of people 
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exposed. These estimates are based on measured values of equip

ment noise, data on human response to noise, statistics of equip

ment utilization, and statistics of population distributions. 

The impact of construction, appliances, and building equipment is 

discussed in Sec. 3. 

1.3 Industry Assessment 

To bring about control of environmental noise, the EPA must 

have information not only about the technology of abatement but 

also about the nature of the industry it may be called upon to 

influence. An understanding of the pressures for and against 

noise control is helpful in assessing the extent to which an in

dustry is likely to institute noise control measures on its own 

and how the industry will be affected if it is compelled to pro

duce quieter products. For example, the principal impact of con

struction noise, other than hearing-damage risk to onerators (who 

have been amazingly casual about their plight), is on the commun

ity rather than the purchaser. The community has been able to 

exert very little influence on the purchaser or the manufacturer, 

the result being that very little has been accomplished in quiet

ing construction equipment. For example, diesel-powered equipment 

is sometimes advertised and sold without even mufflers. A small 

number of companies, however, have begun to produce quiet equip

ment; they attribute their recent success in the marketplace to 

certain local noise legislation and to the threat of such regula

tions spreading to other communities. 

An example of the effects that noise regulations may have on 

business comes from the home appliance industry. An air

conditioner manufacturer has indicated that certain marketplace 

pressures inhibit him from implementing additional noise control 

in bottom-of-the-line items. He argues that more noise control 
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would increase the price of an item, thereby harming his competi

tive position. If all manufacturers were required to make their 

products quieter (and therefore more costly), one could argue that 

a segment of the population at lower income levels could no longer 

afford air-conditioners and would be deprived of that comfort. 

By interviewing manufacturers of construction equipment, 

home appliances, and building equipment, we obtained their views 

of the relevance of noise control to their business. We found a 

substantial difference between the attitudes of people who manu

facture construction equipment and those who manufacture appli

ances. The former, who find practically no marketplace demand 

for quiet equipment, are faced with the prospect of a melange of 

state and city ordinances; they almost welcor,1e "reasonable" fed

eral standards. The latter find an increasing marketplace demand 

for quiet appliances and prefer not to see the implementation of 

federal standards or labeling reqUirements. Chapter 4 of this re

port contains an analysis of the pressures on industry to reduce 

(or not to reduce) noise levels, its response to these pressures, 

its present achievements, and its potential. 
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2. SOURCE CHARACTERIZATION 

2.1 Construction Equipment and Operation 

Construction has become a major noise problem in many cities 

and towns. The trend toward urban renewal and more high-rise 

structures has created an almost perpetual din on city streets. 

Equipment associated with construction projects is more numerous, 

and the time span for construction at a given site bas lengthened. 

Residents very near a construction site may well plan on two years 

of intolerable noise levels as a high-rise structure is beinF, 
built. 

In this section, we consider the construction noise problem 

as it relates to residential and nonresidential buildings, city 
streets, and public works, because these kinds of project usually 
take place in areas where the number of people likely to be ex
posed is very high. Heavy construction, such as highways and 

civil works, has been omitted from our study because the vast 

bulk of this activity occurs in thinly populated areas where the 

noise affects very few people. We view construction as a pro
cess that can be categorized according to type and that consists 

of separate and distinct phases. 

2.1.1 The construction process 

The basic unit of construction activity is the construction 

site, which exists in both space and time. The temporal dimen
sion consists of various sequential phases which change the 

character of the site's noise output as work progresses. These 

phases are discussed further below. In the case of builqing con

struction, the spatial character of the site is self-evident; in 

the case of sewers and roads, the extent of a site is taken, for 

reasons explained in Sec. 3.2, to be one standard city block or 
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about 1/8 of a mile. (That is, if a city reports 40 miles of 

sewer construction, we consider that project as consisting of 
j20 separate sites.) 

Construction sites are typically classified in the fifteen 

categories in which construction data is reported by the U.S. 

Bureau of Census and various state and municipal bodies. The 

categories are: 

• Residential buildings: 

one- to four-family 

Five-family and larger 

• Nonresidential buildings: 

Office, bank, professional 

Hotel, motel, etc. 

Hospitals and other institutions 

Schools 

Public works buildings 

Industrial 

Parking garages 

Religious 

Recreational 

Store, mercantile 

Service, repair station 

• Municipal streets 

• Public works (e.g., sewers, water mains). 

For purposes of allocating construction effort among the 

different types of sites, it it possible to group the nonresiden

tial sites into four larger categories which are differentiated 

by the cost of the average building in each category, as well as 

by the distribution of effort among the various construction 
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phases. These four groups, in order of decreasing average cost 

per building~ are: 

• Office buildings, hospitals, hotels 

• Schools, public works buildings 
I 

• Industrial buildings, parking garages 

• Stores; service stariions, recreational buildings, and 

religious buildings. 

Construction is carried out in several reasonably discrete 

steps, each of which has its own mix of equipment and consequently 

its own noise characteristics. The phases (some of which can be 

subdivided) are: 

• Building Construction 

1. a. Clearing 

b. Demolition 

c. Site preparation 

2. Excavation 

3. Placing foundations 

4. a. Frame erection 

b. Floors and roof 

c. Skin and windows 

5. a. Finishing 

b. Cleanup 

• City Streets 

1. Clearing 

2. Removing old roadbed 

. 3. Recohdit~oning~old roadbed 

4. Laylng ne~ subbase" paving 

~~. Finishing ~nd cleanup 
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• Pub Zie WOY'ks 

1. Clearing 

2. Excavation 

3. Compacting trench floor 

4. Pipe installation~ filling trench 

5. Finishing and cleanup. 

Defining the construction phases as above allows us to ac- ~ 

count for the variation in site noise output with time. By in~en

torying the equipment which is to be found at each site in each 

ph~se, we can derive a representative source level for each phase 

by the process described below. 

2.1.2 Equipment noise characteristics 

Despite the variety in type and size of construction equip

ment, similarities in the dominant noise sources and in patterns 

of operation permit one to assign all equipment to a very limited 

number of categories. These categories are described below and 

are indicated in Fig. 1, together with corresponding noise level 

data. Corresponding spectra and the sources of this data are 

given in Appendix A. 

Equipment Po~eY'ed by InternaZ Combustion Engines 

The most prevalent noise source in construction equipment is 

the, prime mover, 1. e., the internal combust ion engine (usually of 

the diesel type) used to provide motive and/or operating power. 

Engine-powered equipment may be categorized according to its mo

bility and operating characteristics, as (1) earthmoving equip

ment (highly mobile)" (2) handling equipment (partly mobile), and 

(3) stationary equipment. 

Earthmoving equipment includes excavating machinery (back

hoes, bulldozers, shovels, front loaders, etc.) and highway 
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building equipment (compactors, scrapers, graders, pavers, etc.). 

Internal combustion engines are used for propulsion (either on 

wheels or tracks) and for powering working mechanisms (buckets, 

arms, trenchers, etc.). Engine power varies from about 50 hp to 
over 600 hp. Engine noise typically predominates, with exhaust 

noise usually being most significant and with inlet noise and 
structural noise being of secondary importance. Other sources 

of noise in this equipment include the mechanical and hydraulic 

transmission and actuation systems, and cooling fans (often very 

significant). Typical operating cycles may involve one or two 

minutes of full-power operation, followed by three or four minutes 

at lower power. 

Noise levels at 50 ft from earthmoving eqUipment range from 

about 73 to 96 dB(A). The greatest and most direct potential for 

noise abatement here lies in quieting the engine by use of im

proved mufflers. 

Engine-powered materials-handling equipment such as cranes, 

derricks, concrete mixers, and concrete pumps, is used in a more

or-less fixed location; mobility of this eqUipment over the ground 

is not part of its major work cycle. Although noise from the 

working process (such as the clanking of aggregate in the concrete 

mixing bin) often is the most "identifiable" noise component, the 

dominant source of noise generally is the prime mover. Noise 

levels at 50 ft range from about 75 to go dB(A). The greatest 

potential abatement for noise again lies in engine quieting, with 

treatment of· power transmission and working mechanisms being of 

secondary importance. 

Stationary equipment, such as pumps, electric power gener

ators and air compressors, generally runs continuously at 

relatively constant power and speed. Noise levels at 50 ft range 
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from about 70 to 80 dB(A), with pumps typically at the low end of 

this range. Stationary equipment, because of its fixed location 

and constant speed and/or load operation, may be quieted more 

easily than mobile equipment; engine mufflers can be more effec
tive, and use of enclosures becomes feasible. [In fact, noise 

from some air compressors, has already been reduced by about 

10 dB(A) by use of appropriate enclosures.] 

The greatest near-term abatement potential for all current 

equipment powered by internal combustion engines lies in the use 

of better exhaust mufflers, intake silencers, and engine enclo

sures (in conjunction with appropriate cooling system and fan de

sign). Reductions of 5 to 10 dB(A) appear to be achievable, 

usually without great difficulty. Practical long-term abatement 

[of about 15 to 20 dB(A)] can probably be achieved by basic engine 

design changes. Of course, replacement of the internal combus

tion engine by a quieter prime mover, such as a gas turbine or 

electric motor, would eliminate the reciprocating-engine noise 

source altogether. 

Impaat Equipment and TooLs 

Conventional pile drivers are either steam-powered or diesel

powered; in both types, the impact of the hammer dropping onto the 

pile is the dominant noise component. With steam drivers, noise 

is also generated by the power supply (a boiler) and the release 

of steam at the head; with diesel drivers, noise is also gener

ated by the combustion explosion that actuates the hammer. Noise 

levels are difficult to measure or standardize, because they are 

affected by pile type and length, but peak levels tend to be about 

100 dB(A) (or higher) at 50 ft. 
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Impact-noise is absent in the so-called "sonic" (or vibra

tory) pile drivers. These do not use a drop hammer, but vibrate 

the pile at resonance. The noise associated with pile vibrations 

typically occurs around 150 Hz and is barely audible. The power 

source, which generally consists of two gasoline engines, is the 

primary noise source. 

Abatement can be accomplished best by substituting use of a 

sonic pile driver for an impact machine where possible. (Unfor

tunately, sonic pile drivers are useful only for some soils.) 

Impact noise reduction at the source generally is very difficult. 

SUbstitution of nonimpact tools offers the best practical abate

ment potential; otherwise, reductions of perhaps 5 dB(A) may be 

obtained by use of enclosures. 

Most impact tools, such as jack hamme~s, pavement breakers, 

and rock drills are pneumatically powered, but there are also 

hydraulic and electric models. The dominant sources of noise in 

pneumatic tools are the high-pressure exhaust and the impact of 

the tool bit against the work. Noise levels at 50 ft typically 

range from 80 to 97 dB(A). 

An exhaust muffler on the compressed air exhaust can lower 

noise levels from the exhaust by up to about 10 dB(A). Pneumatic 

exhaust nOise, of course, is absent in hydraulic or electric im

pact tools. Reduction of the impact noise from within a tool can 

be accomplished by means of an external jacket, which can contri

bute perhaps a 5 dB(A) reduction. Reduction of the noise due to 

impact between the tool and material being worked upon generally 

is difficult and requires acoustic barriers enclosing the work 

area and its immediate vicinity. Depending on the impacted struc

tures, such barriers may reduce noise by 3 to 10 dB(A). 
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Small hand-held pneumatic tools, such as pneumatic wrenches, 

generate noise of levels between 84 and 88 dB(A) at 50 ft. The 

exhaust and the impact are the dominant noise sources. Because 

of the obvious weight and size limitations to which hand tools 
are subject, only small and light mufflers can be used with them, 

limiting the achievable noise reduction to 5 dB(A) at best. The 
best practical means for reducing the noise from impact tools 

consists of using other types of tools to accomplish the same 
functions. 

2.1.3 Site noise characteristics 

To characterize the noisiness - i.e., the average noise an

noyance potential - of the various types of construction sites 

during each phase of construction, a Noise Pollution Level (NPL) 

was calculated for each type of site and each construction phase. 

The NPL used here was taken as the same measure that was used for 

similar evaluation of traffic noise [2]. The NPL (in dB) is de
fined as the sum of the A-weighted average sound pressure level 

and 2.56 times the standard deviation of the A-weighted sound 

pressure level*; thus, NPL accounts for the effect of steady 

nOise, plus the annoyance due to fluctuations. 

Although a thorough study relating NPL m subjective descrip

tors of annoyance (e.g., acceptable, unacceptable) has not been 

accomplished, a provisional interpretation of NPL in such terms 
can be suggesbed. On the basis o~an evaluation of domestic and 

*A-weighting refers to a standard weightirig of ihe various fre
quency components, approximating the behavior of human hearing. 
The average sound pressure level is computed on the basis of the 
time-average root-mean-square sound pressure, whereas the stand
ard deviation is calculated from the time-variation of the dB(A) 
values. 
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foreign social surveys and psycho-acoustic studies, the Depart

ment of Housing and Urban Development has adopted a set of 

"guideline criteria" [.3J for outdoor noise levels in residential 

areas as shown in Fig. 2 [4J. According to this chart, the com

munity noise situation is evaluated by comparing a measured dis

tribution of A-weighted levels with the criteria curves. The 

situation is categorized by the region of least desirability 

penetrated by the actual noise distribution. Since this criterian 

is based on level distributions, the boundaries between regions 

of acceptability may be defined in terms of the NPL. Thus, the 

following descriptors of NPL values may be used in interpreting 

the site noise NPL levels used in the remainder of this report. 

Clearly Acceptable: The noise exposure 
is such that both the indoor and out
door environments are pleasant. 

Normally Acceptable: The noise exposure 
is great enough to be of some concern 
but common building constructions will 
make the indoor environment acceptable, 
even for sleeping quarters, and the out
door environment will be reasonably 
pleasant for recreation and play. 

Normally Unacceptable: The noise ex
posure is significantly more severe so 
that unusual and costly building con
structions are necessary to ensure some 
tranquility indoors, and barriers must 
be erected between the site and promi
nent noise sources to make the outdoor 
environment tolerable. 

CZearly Unacceptable: The noise expos
ure at the site is so severe that the 
construction costs to make the indoor 
environment acceptable would be prohibi
tive and the outdoor environment would 
still be intolerable. 
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We must emphasize that these criteria have not been officially or 

unofficially adopted by HUD or any other government a~e~cy. They 

are presented here solely to enable the reader to interpret NPL 

values computed in this report. 

The aforementioned averages of noise annoyance potential 

were calculated on the basis of information obtained on (1) the 

number of each item of equipment typically present at a site (in 

a given phase), (2) the length of the duty cycles of this equip

ment, and (3) the average noise levels during operation. For 

purposes of site characterization, the noisiest piece of equip

ment was assumed to be located at 50 ft from an observer, and 

all other equipment was assumed to be located at 200 ft from the 

observer; ambient noise, of levels depending on the surroundings 

of the site, was taken to be present in addition to the equipment 

noise. (Note that pile driver noise was not included in the NPL 

calculations, because its repetitive impact character makes its 

intrusion characteristics different from the more continuous 

noises for which the NPL concept was developed.) Clearly, this 

construction noise model is not entirely realistic; however,it 

may be expected to fulfill its intended purposes - that of yield

ing at least a relative measure of the noise annoyance associated 

with each type of site and phase for the most adverse conditions 

likely to be associated with each phase. 

Table I shows NPLs calcula~ed for each of five phases for 

each of four types of construction. For residential housing and 

public works construction, two NPL values are g~ven in the table; 

one pertains to a noisy [70 dB(A)] background characteristic of 

urban conditions, the other to relatively quiet [50 dB(A)] am

bient conditions found in suburban environments. As one may ex

pect, the values indicated in the ta.ble reflect the fact that a 

given intruding noise is more annoying if it occurs in a qUieter 

environment. 
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Ground 
Clearing 

TABLE I-a. TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A 
50 dB(A) AMBIENT TYPICAL OF SUBURBAN RESIDENTIAL AREAS 

Industrial 
Parking Garage, 

Offi ce Bun d- Religious, 
; n g, Ho te 1 , Amusement & Pub 1 i c Wo r.k s 
Hospital Recreations, Roads & High-

Domestic School, Pub 1 i c Store, Service ways, Sewers, 
Housing Works Station and Trenches 

I I I I I I I I I I I I 

83 83 84 84 84 83 84 84 Energy Average dB(A) 
8 15 7 16 9 16 8 8 Standard Deviation 

103 122 101 123 106 124 103 104 NPL 

88 75 89 79 89 71 88 78 Energy Average dB(A) 
f-'Excavation 8 14 6 2 6 2 7 3 Standard Deviation 
\0 109 III 105 85 105 77 106 86 NPL 

81 81 78 78 77 77 88 88 Energy Average dB(A) 
Foundations 10 17 3 3 4 5 8 8 Standard Deviation 

107 124 84 86 87 90 108 108 NPL 

81 65 87 75 84 72 79 78 Energy Average dB(A) 
Erection 10 9 6 2 9 7 9 11 Standard Deviation 

107 87 99 79 107 91 103 108 NPL 

88 72 89 75 89 74 84 84 Energy Average dB(A) 
Finishing 7 12 7 8 7 10 7 8 Standard Deviation 

106 104 107 97 105 100 101 104 NPL 

I - All pertinent equipment present at site. 

II - Minimum required equipment present at site. 
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TABLE l-b. TYPICAL RANGES OF NOISE LEVELS AT CONSTRUCTION SITES WITH A 
70 dB{A) AMBIENT TYPICAL OF URBAN AREAS 

Industrial, 
Parking Garage, 

Office Build- Religious~ 
ing, Ho te 1 , Amusement & Public Works 
Hospital Recreations, Roads & High-

Domestic School, Public Store, Service ways~ Sewers, 
Housing Works Station and Trenches 

I II I I I I I I I I I 

Ground 84 83 84 84 84 87 84 84 Ener~y Average dBCA) 

Clearing 6 8 6 8 6 8 6 7 Standard Deviation 
100 103 99 103 101 103 100 101 NPL 

88 76 89 79 89 74 89 79 Energy Avera~e dB(A) 
Excavation 7 5 6 2 7 1 6 2 Standard Deviation 

106 88 104 85 106 77 105 85 NPL . 
81 81 78 78 78 78 88 88 Energy Average dB(A) 

Foundations 7 7 3 2 3 3 8 8 Standard Deviation 
99 100 85 85 85 85 108 108 NPL 

82 71 85 76 85 74 79 79 Energy Average dB(A) 
Erection 6 1 5 1 7 2 -: 4 Standard Deviation 

97 75 97 79 103 80 88 88 NPL 

88 74 89 76 89 75 84 84 Energy Average dB(A) 
Finishing 7 4 6 4 6 3 6 6 Standard Deviation 

106 84 104 86 104 84 100 100 NPL 

I - All pertinent equipment present at site. 

II - Minimum required equipment present at site. 
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The NPL values shown in Table I obviously depend on the pre

viously described model of site noise. For this model, the aver

age sound pressure level depends strongly on the one or two noisi

est pieces of equipment, whereas the standard deviation depends 

largely on the numbers and duty cycles of the less noisy equip·

ment and on the ambient noise level. 

As evident from Table I, in building construction, the in

itial ground clearing and excavation phases tend to be the noisi
est, the subsequent foundation and erection phases tend to be 

somewhat less noisy, and the final finishing phase again tends to 

be relatively noisy. In public works construction, on the other 

hand, NPLs are more nearly the same for all phases, except that 
the erection phase tends to be less noisy. 

Table II lists the two noisiest types of equipment for each 

site type and phase, together with the average A-weighted noise 

levels (at 50 ft) for this equipment. Inspection of this table 

indicates that rock drills, which typically are the noisiest 

equipment, are prevalent in the excavation and finishing phases; 

trucks, on the other hand, are spmewhat less noisy than rock 

drills or similar equipment but are present in nearly all phases. 

Effeat of Equipment Quieting 

To assess the effect of some quieting strate~ies on the pre

viously described site noise model, we recalculated the NPL for 

three "strategies" for each type of site and each phase: 

Strategy 1: 

• Only the noisiest pie~e of eqUipment being quieted by 10 

dB(A), with this equipment remaining at the previously 

specified 50ft distance from the observer. 
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TABLE II. NOISIEST EQUIPMENT TYPES OPERATING AT CONSTRUCTION SITES* 

Construction Type 

Domestic Housing Office Bldgs. Industrial Pu b 1 i c Works 

Ground 
Clearing Truck (91) Truck (91) Truck (gl) Truck (g1) 

Scraper (88) Scraper (88) Scraper (88) ScraDer ( 88) 

Excavation Rock Drill (98) Rock Drill (98) Rock Drill (98) Rock Drill (98) 

Truck ( 91) Truck (91) Truck (91) Truck (91) 

Foundations Concrete fvIixer Jack Hammer(88) ,Jack Hammer( 88) Truck (91) 
(85) 

Pneumatic Tools Concrete I"l ix er Concrete lVlixer Scraner (88) 
(85) (85) (85) 

Erection Concrete Mixer Derrick Crane Derrick Crane Paver ( 89) 
(85) (88) (88) 

Pneumatic Tools Jack Hammer(88) Jack Hammer(88) Scraper (88) 
(85) 

Finishing Rock Drill (98) Rock Drill ( 98) Rock Drill (98) Truck (91) 

Truck (91) Truck (91) Truck (91) Paver (8g) 

*Numbers in parentheses represent typical dB(A) levels at 50 ft. See Table I for 
definition of construction types. 
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Strategy 2: 

• Only the noisiest piece of equipment being quieted by 10 

dB(A), with this equipment moved to 200 ft and with the 

next noisiest equipment (unquieted) moved to 50 ft from 
the observer position 

Strategy A: 

• All items of equipment qUieted by 10 dB(A). 

The results of these calculations are shown in Table III, 
together with the NPL values previously obtained without any 

quieting (strategy 0). It appears that quieting only the noisi

est piece of equipment generally reduces the site NPL relatively 

little, if other types of equipment can also operate near the 

observer (compare Strategies 0 and 2). On the other hand,quiet

ing the noisiest equipment and letting no others operate near the 

observer may result in significant reductions (compare Strategies 

o and 1). Of course, quieting all equipment (Strategy A) results 

in: the lowest NPL values; however~ these values are often only 

slightly lower than those obtained by quieting only the' noisiest 

item (Strategy 1). 

The site noise model used here initially assumes the noisiest 

equipment to be located nearest the observer~ It can happen that 

quieting the noisiest equi~ment, moving it away from the obser~er, 
and moving the second noisiest eqUipment near the observer 

(Strategy 2) results in an1inopease in the NPL, if the second 

n0i-siest equipment is used \mor'e frequently than the noisiest. 
This peculiarity of the nofse model, wher~ equipment quieting 

seemingly increases the noise, is evident at iseveral places in 

Tab're III. 
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TABLE III. NOISE POLLUTION LEVELS IN dB(A) OF CONSTRUCTION SITES, 
VARIOUS EQUIPMENT QUIETING STRATEGIES* 

Domes ti c Housing Off; ce Industrial Public Works Building 

Ambient Urban Rural Urban Urban Urban Rural 

Quieting 0 1 2 A 0 1 2 A 0 1 2 A 0 1 2 A 0 1 2 A 0 1 2 A Strategy** 

Ground 
Clearing 100 88 98 85 103 91 101 94 99 86 96 85 101 87 97 85 100 84 87 85 103 87 91 91 

Excavation 106 93 109 92 109 93 III 100 104 91 105 91 106 92 103 91 105 91 98 92 106 92 99 95 

Foundation 99 81 81 81 107 86 83 96 85 80 94 76 85 82 98 76 108 87 96 90 108 89 96 99 

Erection 97 82 88 81 107 105 102 93 97 84 85 85 103 88 84 86 88 81 89 77 103 89 90 84 

Finishing 106 93 99 92 106 93 99 95 104 91 98 92 104 91 97 89 100 89 94 85 101 88 95 92 

* See text for site noise model; see Table I for construction type and ambient 
nOise definitions. 

** 0 No quieting 

2 

A 

Noisiest equipment, at 50 ft from observer, quieted by 10 dB(A). 

Noisiest equipment quieted by 10 dB(A) and moved to 200 ft from observer; 
second-noisiest equipment (not quieted) moved to 50 ft from observer. 

All equipment quieted by 10 dB(A). 
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Othe~ Means for Site Noise Cont~ol 

The NPL generated by a construction site also may be reduced 

by means other than quieting the equipment: 

• Replacement of individual operations and techniques by less 

noisy ones - e.g., using welding instead of rivetin~, mix

ing concrete offsite instead of onsite, and employin~ pre

fabricated structures instead of ~ssembling them on site. 

• Selecting the quietest of alternate items of equipment -

e.g., electric instead of diesel-powered equipment, hydraulic 

tools instead of pneumatic impact tools. 

• Scheduling of equipment operations to keep average levels 

low, to have noisiest operations coincide with times of 

highest ambient levels, and to keep noise levels relatively 

uniform in time; also, turning off idling equipment. 

• Keeping noisy eqUipment as far as possible from site bound
aries . 

• Providing enclosures for stationary items of eqUipment and 

barriers around particularly noisy areas on the site or 

around the entire site. 

Equipment Noise Reduction Potential 

Table IV lists the present average noise levels in dB(A) for 

the various types of construction equipment discussed previously; 

also listed are the noise levels expected to be achievable in a 

relatively short time, with limited ~ost and performance penal

ties. In addition, the table shows the most significant noise 

sources for each type of eqUipment and assigns a numer'ical "usage" 

factor to each item, on the basis of which one can assess the 

significance of quieting of the various individual items. From 
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TABLE IV. IMMEDIATE ABATEMENT POTENTIAL OF 
CONSTRUCTION EQUIPMENT 

Noise level 
in dB(A) at 50 ft Important 

Equipment With Feasible Noise 
Present Noise Control l Sources 2 

Earthmoving 
front loader 79 75 E c F I H 
backhoes 85 75 E C F I H 
dozers 80 75 E c F I H 
tractors 80 75 E C F I W 
scrapers 88 80 E C F I W 
graders 85 75 E C F I W 
truck 91 75 E C FIT 
paver 89 80 E D F I 

Materials Handling 
concrete mixer 85 75 E C F W T 
concrete pump 82 75 E C H 
crane 83 75 E C F I T 
derrick 88 75 E C F I T 

Stationary 
pumps 76 75 E C 
generators 78 75 E C 
compressors 81 75 E C H I 

Impact 
pile drj.vers 101 95 W P E 
jack ha mers 88 75 P W E C 
rock drills 98 80 W E P 
pneumatic tools 86 80 P WEe 

Other 
saws 78 75 W 
vibrator 76 75 W E C 

Notes : 

1. Estimated levels obtainable by selecting quieter procedures or 
machines and implementing noise control features requiring no 

major redesign or extreme cost. 

2. In order of importance: 

T Power Transmission System, 
Gearing 

C Engine Casing 
E Engine Exhaust 
P Pneumatic Exhaust 

!" Cooling Fan 

W Tool-Work Interaction 
H Hydraulics 
I Engine Intake 

3. Percentage of time equipment 1s operating at noisiest mode in 

most used phase on site. 
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this table, one may determine that control of en~ine nOise, and 

particularly of engine exhaust noise, will affect many items of 

equipment with high usage factors and thus should be ~iven hi~h 
priority. 

Table V presents a brief listing of the noise control teCh

niques applicable to the sources indicated in Table IV, together 

with an estimate of the noise reductions that may readily be 

achieved by means of these techniques. 

2.2 Home Appliances 

The use of convenient and sometimes necessary a~rliances 

constitutes a growing noise problem within the home. Almost with

out exception, appliances could be significantly quieter. How·

ever, manufacturers offer three primary arguments for oDDosing 

quieter redesign; they believe 

• that the public associates the noise generated by a device 
with its power; 

• that qUieter appliances would be marketed at a price dis

advantage and since the public has not objected to noise, 

that the pUbliC, in general, is satisfied; 

• that since appliances are generally controlled by the oper

ator, the option, as with air conditioners, lito have quiet 

or to be cool" is "option enough", 

Yet, in keeping with the public's growing awareness of noise, 

many appliances are advertised as being "noiseless", "quietll, 

"vibration-free". 

Although many manufacturers have made detailed acoustic mea

surements of the noise output of their appliances, very little 

data has been reported in the open literature. Some of the 
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TABLE V. NOISE CONTROL FOR CONSTRUCTION EQUIPMENT 

Source 

Engine 

exhaust 

casing 

fan (cooling) 

intake 

Transmission 

Hydraulics 

Exhaust 

(pneumatic) 

Tool·-Work 

interaction 

Control Techniques 

improved muffler 

improved design of block 

enclosure 

redesign 

silencers, ducts and 
mufflers 

silencers 

redesign, new materials 

enclosure 

redesign, nevv materials 

enclosure 

muffler 

enclosure 

change in principle 

Probable Noise 
Reduction in dB(A)* 

10 

2 

10 

5 

5 

5 

7 

7 

7 
10 

5-10 

7-20 

10-30 

*Note that nois~ reductions are not additive. Incremental re
ductions can be realized only by simultaneous quieting of all 
sources of equal strength. 
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literature (especially "nonacoustic" reporting) presents insuf

ficient information to enable utilization of the reported mea

surements in this study. For example, in one report [5J, the 
noise levels are described as being "recorded at operator's or 

housewife's normal ear distance"; for those appliances not re

quiring continual operation, the distance from the exposed person 

to the appliance is not specified. In other examples drawn from 

newspapers, trade journals, and magazines measurements are not 

qualified as to distance from the source, type of instrumentation, 

and weighting network (if any) that was used. In the following 

sections, only the literature found to be well-documented and 

considered accurate will be used in appropriate discussions. 

2.2.1 Measurements 

Because of the scarcity of reliable data, we measured the 

noise from thirty types of home appliances and eleven types of 

home shop tools. Sound levels were measured in dB(A) at a dis

tance of 3 ft from the appliance and a height of 5 ft; this 

measurement position approximates the location of the operator's 

ear for those appliances requiring an operator. For those appli

ances not requiring an operator, this position represents noise 

levels in the vicinity of the appliance. Noise levels in the 

reverberant field of the room in which the appliance is being 

operated may be on the order of 2 to 3 dB(A) less than the mea

surement at 3 ft. 

Noise levels in adjacent rooms with the interconnecting door 

open may be as much as 10 dB(A) less than the levels at 3 ft or 

as much as several dB(A) greater than the 3 ft levels, dependin~ 

upon the details of the installation. For the appliances that 

are used near the ear (e.g., an electric-shaver), the noise level 

at the ear may be as much as 10 dB(A) greater than the 3 ft mea-
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::urenents. Fii2;ure 3 summarizes the noise measurements r.1ade by 

0dN and some of those reported in the literature. Each Doint 

represents a single measurement. Several measurements are ~iven 

for a single appliance that operates in different modes. The 

solid circles represent noise levels generated by American appll-

ancies; foreign brands are represented by the squares. Problems 

arise in evaluating this data because the appliances were manu

factured in different years by different companies~ were scat

tered through tlle lines offered by the manufacturers, and may be 

providing different features. For example, a recently built 

refrigerator may be frost·-free and may have special devices such 

as ice makers; therefore it may generate more noise than earlier 

refrigerators. Figure 4 presents octave band spectra for refrip:·

erators that were manufactured through 1958 [6J and in 1965, 
1967~ and 1970 [7J. Noise ~enerated by this sample of refri~er

atorsdemonstrates the problem of data comoarison: the unit that 

was old in 1958 was the noisiest, while the 1970 unit was second 

noisiest. The quietest refrigerator is the 1965 model. However, 

there is considerable difference between the physical siz~ of the 

units, and the newer models incorporate such features automatic 

defrost, ice-cube maker, water dispenser, and humidified compart

ment. 

2.2.2 Noise abatement potential 

The thirty appliances and eleven shop tools surveyed exhib

ited no apparent acoustical problems that could not be abated 

through the diligent application of n0ise control technolo~y. 

Achieving a cost-effective solution that can be incorporated into 

the design of an appliance is more difficult but still possible. 

Standard noise control techniques are readily available; wrapping, 

damping, flexible connections, vibration isolation, better 
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balance, and smoother mechanical connections. Since many appli

ances have similar mechanisms, noise control techniques used on 

one appliance can often be applied to another. 

After reviewinG the operatin~ characteristics and mechanical 

properties of appliances, we ranked the noise sources in order 

of their contribution to the total noise generated by an appli

ance (see Table VI). Definitive measurements are not available 

to enable a quantitative breakdown of the contribution of in

dividual components. However, in general, motors, fans, knives 

(or other cutting blades), and air flow are the most frequent 

sources of noise. Noise radiated from the casing or panels of 

the appliances and noise radiated from walls, floors, cabinets, 

sinks (set into vibration by solid structural connections) are 

also of major importance. 

We review here in some detail the noise generating mechanisms 

of several appliances that have high enough noise levels and ex

posure time to be considered annoying. Included in this review 

are air conditioners, dishwashers, food waste disposers, vacuum 

cleaners, and toilets. Other appliances are discussed in Appen

dix A. 

Room Aip Conditioneps 

Figure 5 is a schematic view of a typical room air condi

tioner. Basically, warm air in the room or from outside is drawn 

through a dust filter, blown across cold evaporator coils and 

distributed back into the room. Fluid in the evaporator, heated 

by this action, flows to the condenser coils. Outside air is 

blown across these coils by the propeller fan. The fluid is then 

compressed and flows back to the evaporator. 
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TABLE VI. SOURCES OF APPLIANCE NOISE 

-. 
S- VI <IJ 
to <IJ s:::: 
0 S- "0 S- w 

3:: a::: 0 to 0 VI 

W 0 VI VI ..... VI VI .0 
.,.... 

U ..... s:::: VI VI W CO S- ...- 0.. OJ 0 
S- Uo. 0 OJ s:::: S- > 0 OJ E S- Z 
:::I ..... S- to to .,..... 0) .., s:::: :::I :::J 
0 s.. ...... 0.. lL. QJ s::::C 0 res Q.. .., S-

V') ..... VI E (.!j :::..::: 'r- :::E a.. u QJ 

c:t: :::J 0 
.., 

:::J oj..) 

..0 U 
.., s.. 1'0 

E :::J ...... 3: 
Appliance 0 u V) 

u ......... 

Car: ,:)pener, 
electric 1 1 2 

Clot:1es Dryer 1 1 2 

Clothes vlasher 2 2 2 1 

Coffee Mill 

:'eh:.,;mi di fier 1 3 1 1 2 

Dishwasher 3 3 2 2 2 1 

~'::::;er and 
",'rimmer 1 2 

~'2n 1 1 2 

5'Jod Blender 1 1 2 

Pood Mixer 1 1 2 

>:Co ad Waste 
Disposer 1 2 2 1 

Freezer 1 1 1 2 

Hair Clipper 1 1 

Hair Dryer 1 1 2 

Heater, 
electric 1 1 1 2 

Hedge Clippers 2 1 

Hope Shop Tools 1 1 1 1 2 

Humidifier 1 1 1 

34 

AR0070481 



TABLE VI (continued) 

........ 
s... Ul (I) 

It! 0,) c:: 
0 !... "0 !... 0,) 

3: 0:::: 0 It! 0 Ul 

0,) 0 Ul Ul r- Ul Ul ..0 'r-

U s::: VI VI 0,) co !... r- Q. 0,) 0 
!... u... 0 0,) s::: !... > 0 0,) E !... Z. 
:::s .,.... !... ttl ttl ..... C'l +-> s::: :::s :::s 
0 !... .+-> .0.. u... 0,) s:::S::: 0 It! c.. +-> !... 

V') .,.... VI E c.!:l ~.,... .... c.. u (I) 
""-

Cl: :::s 0 +-> :::s +-> 
..0 U +-> !... It! 
E :::s +-> :3: 

Appliance 0 u V') 
u ......-

Kn1fe~ electric 1 1 

Knife Sharpener 1 

Lawn Mower 1 1 1 

Oral Lavage 1 1 

Refrigerator 1 1 1 

Room Air-
Conditioner 1 2 2 2 3 3 

Sewing Machine 1 

Shaver, electric 1 1 

Toilet 2 1 

Toothbrush, 
electric 1 1 

Vacuum Cleaner 1 1 1 2 

'dater Faucet 2 1 
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FIG. 5. SCHEMATIC VIEW OF A TYPICAL ROqM AIR CONDITIONER. 
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The major sources of noise in this process are the motor, 

the blower (evaporator fan), the propeller fan (condenser fan), 
the compressor, and the air flow across the evaporator coils. In 

addition3 panels of the housinf, radiate noise, as does the struc
ture upon which the air conditioning unit is mounted. The char

acter of this noise is co~plex, consisting of pure tones, pulsat
ing sounds, intermittent clicks, buzzes and rattles, all supe~

imposed on broadband noise [8J. The tonal components and broad
band noise represent the primary noises that require noise con
trol treatment; for the most part, buzzes and rattles (often 
caused by loose parts),intermittent clicks (caused by spring 

activated thermostat controls and relays), and pulsating noises 
(generated by the capillary tube and evaporat6r valves) have been 

controlled in current models so that they do not dominate the 
. , 

total noise level. 

Pure tones may be generated by (1) the motor at multiples of 
the rotation speed, (2) the compressor at multiples of the pump

ing f~ndamental frequency (the speed in revolutions per second 
times the number of pumping ,cycles per revolution), and (3) the 

propeller fan at blade-passage frequency (the speed in revolutions 
per second times the number of blades). Whether or not these pure 
tones appear in the spectrum heard indoors depends upon the struc

tural connections between the components and the enclosure panels 

as well as on connections to supporting structures. In Fig. 6, 
noise levels measured on a particular unit with the fan on high 
speed, with and without the compressor, illustrate this concept; 
the increase in the one-third octave band centered at 63 Hz is 

due to a lack of suffioient vibration isolation of the compressor 
from its case and/or insufficient isolation of the casing from 

the wall supporting it. 
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Broadband noise is generated by the blower, the flow of air 

through the evaporator coils, and the deflection of the air into 

the room. Often the blower can operate at several speeds; the 

slower the speed, the lower the noise level from both the blower 

and the air flow (see Fig. 7). 

Noise control means that can be applied to motor and com

pressor noise in~lude better vibration isolation of the motor anu 

fans from the housing through use of rubber or neoprene mounts. 

Compressors, usually hermetically-sealed, can be mounted on 

springs internally, and on rubber or neoprene pads externally. 

A more thorough isolation of the motor, fans, and compressor from 

the casing ahd of the complete unit from its support could result _ 

in a noise reduction of about 5 dB in the low-frequency region 

controlled by tonal sounds from these components. 

The broadband noise generated by the centrifugal blower and 

the air flow can be reduced by 

-. reducing the air velocity by using the low-speed fan (if 

maximum cool is not required); 

• reducing the air velocity by increasing the area of the 

evaporator coils (perhaps increasing the total size Of the 

unit); 

• incorporating sound absorbing material, such as open-cell 

polyurethane foam, -between the evaporator coils and the de

flection grids and ~n the duct passage between the blower 

and the evaporator coils and the blower and the dust filter; 

and 

• tightening the gasketlng s'ystem to: -eliminate rattles. 

Broadband noise can be reduced by 10 to 15 dB through effective 

use of these techniques. Coupled with more effective isolation 
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of the compressor, motor, and rans, a total noise reduction of 

10 to 15 dBCA) is not unreasonable. Perhaps an aopronriate de

sign goal for high cool operation is 40 dB(A) at 3 ft. 

DishUJashers 

A dishwasher is essentially a tub equipped with a water spray 

system that is driven by a motor-pump assembly. Heatin~ coils 

and a blower are provided to assist in the drying operation. A 

complete wash may consist of as many as thirteen cycles: rinse, 

fill, wash, drain, fill, rinse, drain, fill, rinse drain, fill, 

rinse, drain. Figure 8 plots the noise level in dB(A) as a func-

tion of operation [9J. In this example, the wash and rinse cycles 

are noisier than the drain and fill cycles by about 8 dB(A). 

Figure 9 presents octave band measurements made during the wash 

cycle on five different dishwashers. The data varies 5 to 20 dB 

between the quietest ~nd nOisiest dishwasher measured in 1971, 

depending on the frequency band of interest, representing about 

10 dB(A) difference between the ~uietest and the noisiest. 

Although the data sample is small, this fiGure also illustrates, 

that some newer dishwashers are noisier than older ones. 

The noise generating mechanisms in a dishwasher include the 

impingement of water against the sides and top of the tub, the 

motor, the pump, the excitation of panel casings, structural con

nections to water supply, water drain and cabinet, and the blower. 

Broadband "water noise" is most important in the frequency 

range above 300 to 400 Bz; motor-induced noise, often pure tones 

at the motor rotation frequency and harmonics thereof, dominate 

the lower frequencies. The kick panel below the loading door on 

a dishwasher installed in"a 'typical kitchen-cabinet also transmits 

noise from the motor enclosure into the room. 
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Through the use of experimental splash curtains, which pre

vent impingement of the water spray on the tub walls, water noise 

has been reduced by 6 to 8 dB(A) [11]. The motor-pump assembly 

is often isolated from the tub by rubber mounts; however, the 

effectiveness of these mounts can be reduced in the installation 

process by an insufficient clearance between the motor and the 

floor. 

Often, the sides and top of a dishwasher are brou~ht into 

contact with the cabinet. A clearance of 1/2 in. all around the 

machines, with neoprene isolation pads insuring the clearance, 

will reduce the noise radiated by the cabinet as well as the 

noise transmitted to other parts of the house. The use of rubber 

hoses for supply and drainage are an improvement over the copper 

tubing often provided. The incorporation of acoustic material 

in the motor-pump enclosure and a kick panel that is sealed (no 

air leaks) would also reduce the noise. It is anticipated that -

if 

water noise were reduced (e.g., by installing splash cur

tains); 

• effective vibration isolation of the motor-pump from the 

tub were ensured; 

• effective vibration isolation of the dishwasher housin~ from 

the floor, cabinet walls and top were ensured; 

• rubber hoses were used; 

• acoustical absorpti~n material were installed in the motor 

enclosure; and 

• the kick panel were sealed air-tight -

the noise levels of a typical dishwasher could be reduced by some 

10 to 15 dB(A), from a level in the mid sixties to one in the low 
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fifties. Because of its intermittent operation, a ~oal of 45 to 

~O dB(A) at 3 ft is probably acceptable. 

Food Waste Disposeps 

Continuous--feed and batch-feed disnosers are chambers in 

which food waste is ~round by a motor-driven wheel with cuttin~ 

edges. Figure 10 presents one-third octave band sound pressure 

level data .for.four d~fferent disposers .. Although the details 

of the spectra diffe~, each has a .major peak at 125 Hz and sev
eral minor peaks at hi~her frequen~ies, all superi690sed on broad·· 
band noise. The peak at 125 Hz is primarily motor noise. The 

minor peaks can be attributed to the blade-passage frequency of 

the grind wheel, multiples thereof; and resoriances in the sink. 

The broadband noise is generated by the sloshing of water and 
waste against the housing of the chamber. 

Noise is transmitted up through the mouth of the disposer. 

Batch~feed disposers, which require the sink cover to be in place 

before operation, have the potential for being quieter. Continu

ous-feed units sometimes have partial rubber closures at the 

mouth of the unit (primarily to prevent food waste from being 

expelled); for these closures to be effective in controlling 

noise, they must overlap to shut off the entire open1n~. 

Basic noise control treatments that have been moderately 

successful include vibration isolation of the disposer fr6mthe 

sink and the enclosure of the chamber and motor with a double wall 
construction. It,is estimated that the noise levels generated 

by disposers could be reduced by ;about 10 dBCA) with the follow

ing treatments: 

• effective vibration isolation of the disposer from the sink; 

• damping of the sink; 
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• flexible connections between the disposer and the drain 

pipe, which will also reduce the noise transmitted to other 
rooms and/or apartments; 

• flexible electrical connection; 

• enclosure of both the grinding chamber and motor, with 
appropriate ventilation; and 

• effective~elosure of the mouth of the disposer. 

vacuum Cleaneps 

Canif}ter vacuum cleaners consist of a tank (either horizon-

tal orcvertical,) that provides suction, a connect:i,l'1g hose, and 

appropriate nozzles. Some recently manufactured canister units 

also have powered rotating brush attachments for cleaning car

pe~s. Figure 11 presents sound pressure levels measured in one

third, octave frequency bands for four canister units. As with 

other appliances, the peak at 125 Hz is motor-induced noise. 

The peaks in the 800 to 1600 Hz range are probably caused by the 

blade··passage frequency of the blower and/or resonances of the 

unit:structure. Through the use of better blower desl~n, more 

thorough vibration isolation of the motor and blower(s) from the 

structure, and damping and sealing of the canister structure, 

the noise generated by canister units could De reduced by 10 dBCAY. 

In addition to a rnotor-blower assembry, upright vacuum 

cleaners have a mechanism (either vibrating agitators 6r rolling. 

brushes) that beats the carpet to bring dirt to the surface where 

it is sucked away. Figure 12 presents one-third oct~ve band 

sound pressurelev.el data 'for ,two upright vacul,1m cleaners ""'"a 

large uni t'wtuhab~a:t1ng:nieehanl'sm'a:n:d< a' smal1:'cOn~'!w;t thout a 

beater. For the larger unit, the low frequency noise is again 
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motor-induced. The peaks in the higher frequency range are 

caused by fanes) and/or structural radiation. The difference be-

tween the two units in the low·-rrequency bands is due to the dif·· 

ference in capacity as well as to the lack of a beater on one 

~odel. Noise control for upri~ht cleaners will be more difPicult 

to achieve than for the canister units because of the location of 

the beater and the limitations on size. It is anticipated that a 

5 dE(A) noise reduction could be achieved on the typical unit. 

Wa ter CZose ts 

Water closets are either of the tank type or the valve type 

and are either floor-mounted or wall-mounted. Figure 13 illus

trates the time history of the sound pressure level in the 250 

Hz octave band for operation of a tank water closet [12J. Time 

Period A represents the valve opening and releasing water in the 

tank to flow into the bowl through an opening in the base of the 

bowl. The water produces a swirling action in the lower half of 

the bowl (Time Period B). The valve closes (Time Period e) and 

the tank and bowl are refilled (Time Period D). 

Figure 14 illustrates the time history of the sound pressure 

level in the 250 Hz octave band for a flush valve water closet [12J, 
The valve opens (A); air and then water are forced out of the rim 

supply (E); the valve closes ee) and the bowl is refilled CD). 
A comparison of these two figures suggests that flush valve water 

closets generate somewhat higher initial noise levels during an 

operating cycle but that the noise does not persist as long as 

with tank water closets. Since the character of the sounds is 

different, it is not clear at this time which would be more de

sirable. 
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Figure 15 presents peak octave band data for a sampling of 

tank water closets and Fig. 16 for flush valve water closets. A 

comparison of these two figures shows that it is possible to have 

relatively noisy or quiet operation with either type of water 

closet provided. For tank water closets, water flow control and 

inlet water pressure are both important variables in the noise 

generated [12] .. For flush valve closets, bowldesig;n was found 
to be of major importance, with valve type (exposed flush vs re-.' . 
cessed flush) and mounting (floor vs wall) of lesser importance. 

Resilient mounting of water closets and piping was found to be 

more important for some fixtures than for others - e.g., a range 

of several dB(A) to 15 dB(A) for valve-operated water closets. 

2.3 Building E~uipment 

The proper operation of large buildings requires a number of 

different types of e~ectrical and mechanical equipment. In this 

section, we review the noise levels generated by electrical and 

mechanical eqUipment, present noise levels for a typical multi

story building, and discuss the possibilities of noise control 
through architectural modification. Detailed descriptions of 

additional building eqUipment types are given .in Appendix A. 

2.3.1 Types of equipment 

The majority of electrical and mechanical equipment in build

ings is used to supply the building occupants 'with a sui table 

quantity of air at a comfortable temperature and moisture content. 

In addition, pumpirig and piping systems are used for water and 

fluid Circulation, ~ievators and escalators are u~ed for movement 

of personnel, and variousc6nveyance systems are used for moving 
material. 
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?lgure 17 presents the typical range of sound levels in dB(A) 

at 3 ft for buildinE equipment. Much of this equipment is hidden 

in mechanical equipment rooms, above ceilin~s, in walls, or behind 

cabinet type exterior enclosures. Table VII, which summarizes 

the expusure of occupants to the noise ~enerated by building equip

ment, shows th~t occunants are dipectly eXDosed to the noise of onl~ 

about ei,::ht different types of equipment. The noise generated by 

these units is thus of special irlterest since there are no inter

vening walls to provide attenuation. The noise ~enerated by 

buildin:~ eauipr:lent hidden from view can be sufficiently attenu·

ated through the proper use of current architectural techniques. 

In practice, such techniques are not always implemented. 

2.3.2 Noise levels within a typical multistory building 

Although details of the frequency spectrum are of consider

able importance in selecting noise control treatments, the model 

presented in this section is keyed, for simplification, to 

dBCA); it is not intended that this method be used for actual 

situations. Figure 18 presents a cross-section of a multistory 

building, locating a typical occupant with respect to building 

equipment. Figure 19 summarizes the noise exposure in dB(A) of 

an occupant to individual sources. The higher level in each case 

is representative of the sound level near the source - e.g., at 

3 ft. The lower level is representative of the level to which 

the contribution from a particular source is reduced through pro

per implementation of noise control techniques. The treatments 

include: 

E enclosure of noise source 

D ductwork lined with acoustically absorbing material 

W wall 
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TABLE VII. 

Bun ding 
Equipment 

Air 
Cor"'i tioning 

Absorption 
Machines 

EXPOSURE OF BUILDING OCCUPANTS TO THE 
NOISE OF BUILDING EQUIPMENT 

Type of Exposure 

Indirect Location Di roec t Through Mechanical !hrough Walls, 
Distribution System floors, etc. 

MERit x x 
Roof. Unit x x 
Wind. Unit x 

MER x 
Air Compressor MER x 
Ballasts Room x 
Boilers MER x 

Boiler Feed 
System MER x 

Chillers MER x 

Condensers Rooftop x 
Cooling 
Towers Rooftop x 
Dehumidifiers MER x x 
Diesel Eng. MER x 
Diffusers Room x 
Electric 
Motors MER x 
Elevators Varies x x x 
Escalators Varies x x x 
Fans MER x x 

Room x 
Furnaces MER x 

Gas Turbines MER x 
Heat Pumps r-lliR x 
Humid1fiers MER x x 
Mix1nc Boxes 
and Air 
Control Units Varies x x 
Pneumatic 
Transporter 
System Varies x x 
Pumps MER x 
Steam Valves MER x 
Transformers MER x 
Unit Vent and 
Unit Heat Room x 

*Mechanical Equipment Room 
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R roof slab 

S intervening story - e.g., the penthouse mechanical 
equipment floor 

v - vibration isolation. 

Goals for aoceptable noise levels vary with the activities 
to be held ina-space. If one is interested in increasing the 

speech. privacy withiu,an office, then a higher noise level of an 
appr·opr;tat:~ spec:tiral:shape would be appropriate. On the other 

~and, if ohe i~ pe~forming certain types of tests or listeriing t6 

~ritical-sounds7' a quieter environment is required. Throu~h the 

use of current technology, it is possible to achieve virtually 
I 

any noise goal,if the owner of the building is willing to bear 
the cost and space requirements of the treatment. Of course, by 

specifying quiet equipment, the owner may minimize these require

ments. 
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3. IMPACT 

3.1 Noise Level Criteria for Impact Evaluation 

In this report, the impact of noise exposure upon neople is 

evaluated primarily in terms of three direct effects and secon

darily in terms of a number of indirect consequences. The three 

major effects are hearinG-damaCe risk, speech interference, and 

sleep interference. The rationale for emphasizing these effects 

is twofold. First, they are among the most salient and tan~ible 

consequences of noise exposure and thus can be most readily inter

preted in n~ntechnical terms. Evidence that they are widely 

understood by the public may be found in their frequent mention 

in noise comnlaints. Secondly, research on these three effects 

has been more extensive than on other noise effects; therefore, 

clearer predictions can be made with greater confidence. 

Although the three primary effects are used to summarize the 

major impact of noise exposure, the indirect consequences of ex

posure also demand consideration. These effects include physio

logical stress, annoyance, startle, and task interference. They 

are termed !!indirect" in that they are not produced exclusively 

by ~oise, nor are they simple functions of the physical ma~nitude 

of noise exposure. Further, relatively little systematic infor

mation about these effects is available; thus, specification of 

precise levels of noise exposure leading to particular levels of 

effect is a somewhat speculative matter. However, one may not 

assume that these secondary consequences are unimportant merely 

because they are difficult to quantify. 

The following table presents the phYSical levels at which it 

is felt that each of the above-mentioned effects of noise expos

ure achieves (1) a moderate level of effect and (2) an appreci

able level of effect. The decisions leading to these soecifica

tions are discussed below. 
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TABLE VIII. ESTIMATES OF MAGNITUDES OF NOISE EFFECTS 
[IN dB(A)] 

Effect Moderate Level Appreciable 

Hearing Damage Risk 70 90 
Speech Interference 45 60 
Sleep Interference 40 70 
Physiological Stress '* 90 
Startle '* 110 

Annoyance 40 60 
Task Interference 55 75 

3.1.1. Hearing-damage risk 

Level 

The hearing~damage risk levels specified in Table VIII were 

selected on the basis of eight hours of daily exposure. Exnosure 

durations of this order are chosen as representative of the amount 

of time usually spent in home and work environments. Since hear

ing-damage risk is cumulative over long periods of time [13J, the 
recommendations are intended to account for prolonged noise ex

posure over a period of years. 

The estimate of the level at which hearing-damage risk com

lnences was determined on a ratherstri~gent basis. The Walsh
Healey Public Contracts Act, as ame~ded to include noise limits 

ror hearing conservation, is. based on aCHABA report [14J, which 

Dermitspermanent threshold shifts up to 10 dB at frequencies 

~Effects at low levels are at best weak functions of the physical 
intensity of noi~e. They are determined- far more strongly' by 
factors such. as the meaningassociat.ed with the. acoustic Signal, 
attitudes toward the~source;ris~:tim~of the signal, unex~ect
edness of the Signal; and so forth. It therefore makes :lit.tle 
sense to specify discrete.levels in: these; cases. 
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below 1000 Hz; up to 15 dB at 2000 Hz, and up to 20 dB at fre

quencies above 3000 Hz. Hearing losses of these magnitudes are 

considered inconsequential in the sense that they are ineligible 

for compensation under the terms of the 1!?~lsJ3tion. Even these 

s urpri singly lax limi t s are bas ed on th.: (lIU:;S tionab Ie as s umotion 

of a sixteen-hour daily recovery periud ,)f little or no noise 

exposure [13J. Further, the CHABA report> [14J ts intended to 

afford this partial protection to only half of the population ex

posed to noise. Clearly, these criteria are neither applicable 

to individual circumstances nor caoable of prGtectin~ many people 

from sizeable hearing losses. 

Kryter's published redefinition of the hearing-damage risk 

criteria [15J maintains that no permanent threshold shift whatever 

is tolerable at freauencies below 2000 Ez and that no more than a 

10 dB shift is tolerable at hi~her frequencies. Kryter also ap

plies the protection afforded by his definition to 75% of the 

Dopulation rather than 50%. He states that the "threshold ll of 

hearing-damage risk for eight hours of daily exposure is 67 dBCA). 

Cohen et aZ [13Joperating under similar assumptions specify 

75 dB(A) as the level at which hearing-damage risk commences. 

Miller [16J believes that a level of 70 dB(A) reoresents a level 

of noise exposure above which hearing-damage risk becomes nonnegli· 

gible. In Miller's terminology, habitual exposure to levels be

tween 70 and 30 dB(A) represents yellow (i.e., cautionary) risk 

of hearing damage: exposure to levels between 80 and 90 dB(A) en

tails tlorangeH risk; while exposure to levels in excess of 90 dB(A 

involves lIred" (serious) risk. 

The estimate of Table VIII for the onset of hearing-damage 

risk agrees with Miller's estimate. The estimate of the level 

at which appreciable risk of hearing damage occurs ar-rees both 
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with Miller's estimate and the provisions of the Walsh-Healey Act. 

The latter criteria, based on a report of the NAS-NRC Committee 

on Hearing, Bioacoustics, and Biomechanics [14J, indicates that 

eight hours of daily exposure to levels in excess of 90 dB(A) 

constitutes a serious risk of hearing damage to one-half of the 

population. 

3.1.2 Speech interference 

The levels specified in Table VIII for speech interference 

are the most straightforward and readily defensible of all of the 

estimates. A criterion for adequate verbal communication in the 

home was taken to be comprehension of 98% of all sentences or an 

equivalent rate of comprehension of 85% of the words of a stand

ard phonetically balanced (PB) list. In terms of nominal vocal 

effort [approximately 65 dB(A) at a distance of one meter], such 

a level of speech intelligibility would be sustained at a speaker

listener distance of approximately five meters in a noise back
ground of 45 dB(A) [17J. Five meters was taken to be the maximal 

distance at which conversation in normal levels might reasonably be 

expected to be held in a quiet outdoor (nonreverberant) environ

ment.* The level of appreciable effect specified in Table VIII 

was derived by assuming that noise-induced speech interference 

would be intolerable if conversation at nominal levels of vocal 

effort were precluded at speaker-listener distances greater than 

one meter. Such conditions prevail in noise environments in ex

cess of 60 dB(A) [17J. 

*Greater sneaker-listener distances would be possible indoors at 
the same ievels of vocal effort and speech intelligibility, be
cause sound pressure levels diminish more slowly than predicted 
by the inverse square law. 
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It should be pointed out that selection of the above criter

ion represents a belief that the 70% comprehension of PB words 

suggested by Webster [17J and Beranek [18J does not Drovide for a 

reasonable standard of communication in the home. ','/ebster' s cri·· 

terion was established for "barely adeauate communication" and is 

inappropriately applied to the home environment. The levels re

commended in this report are thus 6 dB lower than Hebster's. 

3.1.3 Sleep interference 

Two principal ways in which noise exposure can interfere with 

sleep are to delay the ons et 0 f sleep and to shift sleep 11 stages II • 

Scores of studies are available on the sleep-delayin~ and sta~e-· 

shift effects of noise eXDosure. Althou~h there is frequently 

broad agreement among studies, detailed agreement is lackin~. 

Discrepancies among outcomes of similar studies are attributable 

to incomparable control conditions, differences in experimental 

Jesign, and the host of individual differences which beset sleen 

research. 

For example, it is universally observed that the initial 

time required for subjects to fall asleep increases monotonically 

with exposure to increasing noise levels. Unfortunately, differ

ent studies produce estimates of the sleep-delayin~ effects of 

noise that are more than 35 dB apart. Thus, two studies report 

delays in onset of sleep from 20 to 90 minutes [19 3 20J, corre

sponding to exposure to continuous noise at levels of 35 dB(A) 

and 50 dB(A), respectively. Other studies, [21-23J however, re

port that subjects can fall asleep in as little as twelve minutes 

despite exposure to noise levels of 70 dB(A). 

Further, prolonged exposure to high noise levels can produce 

tinnitus (ringing in the ears), which has'been claimed to delay 
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the onset of sleep [24J. In other words, aftereffects of noise, 

even in the absence of any noise exposure at bedtime, can impede 

sleep. It is also claimed in the literature that levels as low 

as 35 dBeA) can either induce a shift from a "deeper" to a 

"lighter" level of sleep or awaken certain people [25J. Pronounced 

differences in sensitivity to noise during sleep have been observed 

as a function of age as well. 

An absolute criterion for noise exposure levels in sleepinG 

quarters is obviously unjustifiable on the basis of extant re

search. A conservative criterion for noise exposure (from the 

point of view of minimizing sleep interference) might be based 

on the lowest levels at which sleep interference have been re

ported. According to the Wilson Report [26J, levels of 40 dBCA) 

have been known to awaken approximately 25% of the sleeping 

population, while levels of 45 dB(A) appear to keep about 20% of 

the population from fallin~ asleep immediately. These considera

tions have led to the adoption of 40 dB(A) as a criterion level 

Tor the onset of sleep interference effects. Accordin~ to the 

Wilson Report data, a little more than half of the population m2y 

be awakened.by noise exposure to levels of 70 dB(A), while a little 

less than half of the population will find some difficulty in 

raIling asleep when exposed to such levels. These data led to 

~doption of 70 dBeA) as the level at which sleep interference 
~ffects become considerable. 

:3.1.4 Physiological stress 

The amount of stress Jproduced by low-level acoustic signals 

ts primarily determined by their meariing.' A footf~ll iri o~els 

~edroom at night, or a growling anlmal,pr one's bOBS'S voice can 

~xcite stress mechanisms by virtue of their implications rather 
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than their physical attributes. Since it is the learned and in

stinctive associations to sounds which are largely responsible 

for their ability to create stress, no level o~ minimal effect 

has been specified. 

At hi~h noise levels a somewhat stron~er case may be made 

for specification of a criterion. Studies of physiological cor· 

relates of noise-related stress in animals sur-~est that,noise 

levels in the vicinity of 90 dBCA) produce strong effects [27J. 

Pupillary dilation, increased pulse pressure and heart rate, and 

pulse volume changes have been observed in humans exposed to 

noise levels of approximately 70 dB(A) [28J. There can be little 

argument that at even hi~her levels noise sti~ulation induces 

stress in and of itself, rather than as an exclusive function of 

its meaning. Extremely intense noise fields can cause auditory 

and bodily pain. Such intense fields commonly are associated with 

strong vibrational components, which can also be harmful. 

3 . 1 .5 S ta r t 1 e 

The arguments above about the relative roles of meanin~ and 

levels of acoustic signals in determinin~ stress also apply to 

startle. For the same reasons, therefore, no minimal level of 

effect can be specified. 

A major obstacle to establishing a firm criterion for the 

startling effects of high level noise is the phenomenon of habi

tuation. In general, humans display a marked decrease in sensi

tivity to repeated exposure to startling sounds. Expectedness, 

regularity, familiarity, arousal level, and numerous other fac

tors strongly mediate startle effects. Even at high absolute 

noise levels, startle is as much affected by signal-to-noise ratio 

considerations as it is by the level of the start11ns si~nal. 
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Thus, an exploding paper bag would almost certainly produce more 

startle in a library than in a boiler factory. 

The level recommended in Table VIII is therefore chosen to 

represent a noise level sufficiently rarely heard Rnd of a si~nal

to-noise ratio sufficiently great to make a significant startle 
reaction highly probable. 

3.1 .6' Annoya nee 

rhe levels recommended in Table VIII for gauging annoyance 

effects are intended to reflect the lowest level at which any of 

the other tabled effects can occur. In other words, one is ex

pected to be annoyed by a noise sufficiently intense to produce 
sleep interruption, speech interference, etc. 

It is, of course, also true that long-term exposure to very 

low level noises can be annoying. A dripping faucet or a chalk 

squeak can be exceptionally irritating. Once again, however, it 

is the meaning of the acoustic signal rather than its level per se 

which plays a major role in determining the magnitude of annoy

ance. Also, the spectral composition and temporal density of 

noise heavily influences its annoyance value. Unfortunately, 

temporal and spectral factors cannot be adequately expressed in 

dB(A). 

3.1.7 Task interference 

The literature on the effects of noise on human performance 

contains numerous conflicting and inconclusive reports. By and 

large, high~intensity, aperiodic, intermittent noise is reported 

to impede efficient work to a greater extent than low-intensity, 
steady-state noise [29]. Nonetheless, numerous studies find no 

effects of noise on performance, while a few studies find 
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oaradoxical improvements in performance attributable to noise 

exrosure [30J. Of course, improvements in performance when an 

en'"ironment is changed (presumably worsened) are often due to 

changes in the level of attention perceived by the subject and 

their attendant reaction. The nature of the task at hand and 

the duration of noise eXDosure also influence the extent of task 

i n'?!'ference. 

It is our feeling that the ;10St sensitive and complex tasks 

(of the nature of brain sur~ery, diamond cutting, etc.) might be 

SClisitive to interference from noise at levels as low as 55 dB(A). 

Although most published studies which report task interference 

~ive levels in the vicinity of go to 110 dB(A), it is felt that 

certain tasks might prove susceptible to appreciable interference 

at approximately 75 dB(A). 

3.2 Construction Noise 

3.2.1 Extent of exposure 

Our determination of the impact of construction noise on the 

American public is based on information obtained about the number 

of people exposed to such noise and the extent of their exposure. 

This information was gathered in four steps: 

We determined the number of construction sites of various 

types in various geographical regions. 

• We determined the density of people in the geographical re

gions (two classes of people were considered: stationary 

population such as workers and residents and transient popu

lation such as drivers and pedestrians). 

• We postulated a model of sound propagation around a typical 

construction site. 
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• We combined the information obtained in the first three 
steps with the site source level -data presented in Sec. 2.1 

to determine the number of people exposed to given levels 
of noise. 

For the purpose of sathering and analyzin~ population and 

construction site statistics, we divided the U.S. into five re
gions. These regions are based on those defined by the U.S. 

Bureaus of the Budget [31] and of the Census [32]. A key to 
understanding the rationale used for establishing these regions 

-is the concept of Standard Metropolitan Statistical Area (SMSA). 

An SMSA iz a group of continguous counties which contains at 

least one central city of 50,000 inhabitants or more, or "twin 
cities" with a combined population of 50,000 or more. There are 
233 SMSAs containing 65% of the nation's population and about 10% 

of the land area. The population density in the nonmetropolitan 

areas is too low to create much construction noise exposure or 

to allow meaningful computation of the exposure that _does exist. 

This study, therefore, restricts itself to construction occurring 
within the SMSAs (see Table IX). 

CZassifiaation of Construation Sites 

As explained in Sec. 2.1, four .major categories of construc

tion were studied: 

• Reside~tial buildings 

• Nonresidential buildings 

• Municipal roads 

• Public works 

Certain heavy construction and large cl~ilworks, scich as 

dams and bridges, were omitted because this type of construction 
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TABLE IX. METROPOLITAN REGIONS CONSIDERED IN 
CONSTRUCTION NOISE EXPOSURE ESTIMATE; 

STATISTICS AS OF 1970* 

Population 
(thousands) 

Area 
(sq. mi.) 

Population Density 
(peopl e per sq. mi.) 

Large High-Density 
Central Cities** (12) 22,250 

Large Low-Density 
Central Cities (14) 10,530 

All Jther SMSA 
Central Cities (186) 25,820 

Urbatl Fringe 

Met. Area Outside 
Urban Fringe 

49,680 

22,320 

1,468 

2,389 

6,981 

14,707 

179,276 

15,160 

4,410 

3,710 

3,380 

125 

*Population figures are extrapolated to 1970 from 1969 Census 
figures according to recent growth rates. 

**Large cities are those whose metropolitan area population ex-· 
ceeded 1,000,000 in 1960. 

High-Density: Baltimore, Boston, Buffalo, Chicago, Cleveland, 
Detroit, New York, Philadelphia, Pittsburgh, 
San Francisco, St. Louis, Washington. 

Low-Density: Atlanta, Cincinnati, Dallas, Denver, Houston, 
Kansas City, Los Angeles, Milwaukee, Minneapolis
St. Paul, Miami-Ft. Lauderdale, New Orleans, 
St. Petersburg-Tampa, San Diego, Seattle-Tacoma. 
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~arely taves place in heavily p0pulated areas. The residentiaJ 

and nonresidential building categories were further subdivided 

~nto specific types of buildings to account for variatjons in the 

duration of construction and the mix of machinery at different 

kinds of sites. 

The Number of Construction Sites 

Data on the annual number of building sites on which con

~truction was begun in 1970 was collected from the U.S. Susine3~ 

and Defense Services Administration [33J and from unpublish(J 

compilations made by the 2ureau of the Census. Data for large 

eentral cities and for the nation as a whole were directly avail

able; sites were ascrjbed to !lather central cities:!, l1urb':n 

f'ringe n, and IInonurbanized metropolitan area I! on the [)as 1.S of 

population distribution. The number of residential and nonrl'si-

dential building sites in the five metropolitan-area re~ions is 

~hown in the first two columns of Table X, as well as the aver

age cost of construction for each case. A more detailed break

down by type of building is given in Appendix B. 

Data on total municipal road construction [34J was appor

tioned among the various metropolitan regions by assuming a con

~tant ratio of miles of road constructed to miles of road in 

place. The number of miles of such work performed in 1969 is 

~hown in the third column of Table X. 

Unlike the case with buildings and roads, data on construc

tion and maintenance of public works such as sewers and water 

~ains is not collected on a national basis. The extent of this 

~onstruction, therefore, has been estimated first by determinin~ 

the ratio of sewer construction to street construction for sev

~ral cities in the Boston area and then by usin,p' this ratio to 
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TABLE X. ANNUAL CONSTRUCTION ACTIVITY - 1970* 

Residential Nonresidential Municipal 
Buildings Buildings Streets Public Works 

t4etropol i tan Regions (no. of sites) (no. of sites) (miles) (miles) 

Large high-density 
8,708 central cities 1,95 2 273 398 

Large low-density 
central cities 21,578 4,903 2,150 3,140 

Other central cities 102,559 12,021 6,000 8,700 

-....J Urban fringe 262,800 30,915 11,800 16,865 
J:::" 

fJIe t • area outside 
urban fringe 118,779 13,758 21,700 31,550 

Total 514,424 62,549 41,923 60,653 

* All figures are in thousands. 
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estimate the miles of sewer construction nationwide for 1970. 

These figures are contained in the fourth column of Table X. A 
more detailed description of this computation is contained in 

Appendix B. 

Construotion Phases 

Construction of buildings and other works is carried out in 

discrete stages, each pf which has its own characteristic mix of 

equipment. Because of the items of equipment on a site chan~e 

as construction progresses, the noise output from the site also 

changes with time. As explained in Sec. 2.1, we have character

ized the noise output from each site according to construction 

phase: 

• Clearing and demolition 

• Excavation 

• Placement of foundations 

• Erection of frame, floors, roof, and skin 

• Finishing and cleanup. 

These phase descriptions are used for road and sewer construction, 

even though the actual ooerations are different from those for 

buildings, so as to allow a consistent analysis of the various 

types of sites. (See Sec. 2.1 for a more complete description.) 

A list of the equipment commonly found in each phase is ~iven in 

Table A-I. 

Number of IndividuaZa Exposed 

We obtained the number of people exposed to various levels 

of noise from construction sites by combining information on 
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population density, the number of sites active per year, and the 

sound propagation model described below. 

We revised the population figures in Table IX, which repre

sent the residential distribution of the U.S. population, to re-

flect the net transfer [35J of people from suburbs to central 

city during the average working day, the period when most con

struction noise is produced. These revised density figures are 

given in Table XI in terms of people per square mile and people 

per one-eighth mile of street (assuming the entire metropolitan 

area to be divided into city blocks one-eighth of a mile long). 

TABLE XI. GEOGRAPHICAL DISTRIBUTION OF 
WORKING-DAY POPULATIONS 

Large high-density 
central cities 

Large low-density 
central cities 

All other central 
cities 

Urban fringe 

Met. area outside 
urban fringe 

People per 
sQuare mile 

16,650 

4,860 

4,070 

3,100 

114 

People per 
1/8 mile of street 

(a~proximate) 

120 

40 

32 

24 

Note that the number of people per city block in the metropolitan 

area outside the urban fringe is negligible and therefore is dis

regarded in the following discussions. 
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In addition to the working-day population density estimate 

given in Table XI, we must also account for the number of passers
by who are exposed to construction noise. Since there are no data 

on typical driver and pedestrian distributions, a definitive esti

mate of this type of exposure is not possible. We have, however, 

made an order-of-magnitude estimate on the basis of some survey 
work performed by the Boston Traffic Department (1970). Although 

incomplete, these surveys report seemingly reasonable numbers, 
which are·therefore offered in Table XII as preliminary estimates. 

TABLE XII. NUMBER OF PEOPLE PER DAY 
PASSING A CONSTRUCTION SITE 

Large high-density central cities 

Large low-density central cities 

other central cities 

Urban fringe 

Drivers and 
Passengers 

3000 

3000 

1500 

500 

Pedestrians 

1000 

1000 

500 

100 

Table XIII presents the total number of building construction 

sites active in 1970 (see Table X) for all metropolitan regions. 
In the case of roads and sewers,the definition of a "construc
tion site" is somewhat obscure, since such projects extend linearly 

for some distance with construction usually occurring one section 
at a time. The, area of influenc~of construction on Qne section 

is about one-eighth of a mile. .Wet,herefore consider each' 

eighth··mile of street and. sewer construction as an indepe~dent 

site. 
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TABLE XIII. LEVEL OF ANNUAL CONSTRUCTION ACTIVITY 

Type of Site 

Residential Building 

Nonresidential 

Municipal Streets 

Public 'darks 

Number of Sites 
(National Total) 

514,424 
62,549 

336,000 
485,000 

The level of exposure to noise from a construction site de

pends on one's distance from the site and the nature of his im

mediate environment. In city streets, it has been found experi

mentally that sound intensity decreases as the inverse s~uare of 

the distance from the source [36J. In lo~arithnic units, this 

amounts to a 6 dB reduction per distance doubled. This model has 

been adopted for open-air propagation, which is significant in 

the case of pedestrians. In addition, a factor of 20 dB(A) at

tenuation has been included for people who are inside buildings 

with closed windows and 15 dB(A) for people inside cars with 

closed windows [37J. Construction noise is assumed to propagate 

along the street adjacent to the site, but to be heavily attenu

ated in the direction transverse to the street; in effect, only 

the people along the street adjacent to the site are affected by 

the noise. A further assumption is that the sound is reduced 

10 dB(A) when one crosses a street intersection [36J. 

Using these parameters, we illustrate in Fig. 20 a repre

sentative geometry for a building construction site and contours. 

of attenuation for observers. Details of the computations in

volved in constructing this diagram are given in Appendix B. 

Assuming a uniform distribution of observers along the sides of 
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the street, we can determine the fraction of people within each 

set of attenuation contours. These proportions, which are shown 

in Table XIV below, apply only to observers in buildings with 

closed windows adjacent to the street on which building construc

tion is taking place; drivers and pedestrians move relative to 

the site, crossing contours as they go. 

TABLE XIV. DISTRIBUTION OF STATIONARY OBSERVERS 
RELATIVE TO ATTENUATION CONTOURS 

Attenuation Interval Percent of Observers 

26 

29 

32 

35 

29 dB 

32 dB 

35 dB 

40 dB 

15% 

35% 

32% 

18% 

All observers more than 40 dB away from the site have been 

disregarded, as they are assumed to be unaffected by the noise. 

The actual number of people within each pair of attenuation con

tours can be obtained by multiplying the percentages in Table XIV 
by the number of people per 1/8 mile of city street for the appro~ 

priate metropolitan area (as given in Table XI). 

In the case of street and sewer construction, oDeration is 

typically distributed along the length of the street and cannot 

be modeled as a point source. Accordingly, all the people in 

the eighth-mile of city street adjoining the site are assumed to 

be exposed to the same noise level. This level is taken to be 

the source level of the site diminished 20 dB to account for at

tenuation within buildings with closed windows. 

80 

AR0070527 



The noise exposure of pedestrians and drivers cannot be com

puted by the above model, since, as noted above, their distance 

from the site varies with time. In these cases, we consider the 

peak exposure experienced by the transient observer. For pedes

trians, this exposure is 6 dB less than the site source level 

referenced to 50 ft; for drivers, it is 20 dB less. 

Noise Exposure Estimates 

The above figures on observer densities, number of sites, 

and attenuation have been combined with the data on average and 

peak site source levels presented in Sec. 2.1 to determine the 

number of people exposed to particular levels of noise. Table XV 

shows the national noise exposure of the stationary population 

due to residential building, nonresidential building, municipal 

street, and public works construction. The noise levels are 

broken down into the five phases of construction described above. 

To compute exposure of drivers and pedestrians, one multi

plies the number of people per day passing each site by the 

number of sites. This gives the number of passersby exposed per 

day of site operation. Multiplying this number by the average number 

of days each site is operated gives the total annual number of 

instances in which an individual passes a construction site and 

is thus exposed to noise. For this computation, we use the num-

ber of sites from Table X and the number of passersby from Table 

XII. The duration of construction on the average site is not 

available from survey data but the following figures are consid

ered typical: 

• Residential building~ (~ingle-family only)- 27 days 

• Nonresidential buildings and multifamily dwellings - 170 days 

• Streets and Public Works - 7 days. 
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TABLE XV. AVERAGE AND PEAK EXPOSURE LEVELS TO CONSTRUCTION NOISE 

Average Levels Peak Levels 
Number of PeoEle Construction Phase Construction Phase 

I I I I I I IV V I I I I I I IV V 

RESIDENTIAL BUILDING CONSTRUCTION 
1,725,000 56.5 54.5 54.5 47.5 54.5 63.5 70.5 ·57.5 57.5 70.5 
4,025,000 53.5 51.5 51.5 44.5 51.5 60.5 67.5 54.5 54.5 67.5 
3,680,000 50.5 48.5 48.5 41.5 48.5 57.5 64.5 51.5 51. 5 64.5 
2,070,000 47.5 45.5 45.5 38.5 45.5 54.5 61.5 48.5 48.5 61.5 

11,500,000 

NONRESIDENTIAL BUILDING CONSTRUCTION 
225,000 56.0 57.5 50.5 51.0 56.5 63.5 70.5 60.5 60.5 70.5 

OJ 525,000 53.0 54.5 47.5 48.0 53.5 60.5 67.5 57.5 57.5 67.5 
l\.) 

480,000 50.0 51.5 44.5 45.0 50.5 57.5 64.5 54.5 54.5 64.5 
270,000 47.0 48.5 41.5 42.0 47.5 54.5 61.5 51.5 51.5 61.5 

1,500,000 

MUNICIPAL STREET AND PUBLIC WORKS CONSTRUCTION 
14,500,000· 63.0 65.0 68.0 58.0 64.0 71.0 78.0 71.0 69.0 71.0 

FEDERAL AND STATE HIGHWAY CONSTRUCTION 
7,000,000* 63.0 65.0 68.0 58.0 64.0 71.0 78.0 71.0 69.0 71.0 

*Assuming homogene6us exposure 6r ~li people indoors with-windows shut. 
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The estimated number of occasions per year in which ~ driver or . 
pedestrian passes a site is shown in Table XVI below. These 

figures do not represent the number of people who pass construc

tion sites, since one person may pass many sites, or one site 

many times. If one divides the grand total of Table XVI, 24.7 

billion passings, by the total national metropolitan population 

of 137 million" it is seen that the average i'nhabitant of metro

politan areas passes a construction site approximately 180 times 

per year. 

3 • 2 • 2 • Imp ac t 'a sse s s men t 

Determining the impact of construction noise on people is a 

multistage process. The procedures by which estimates of levels 

and durations of noise exposures were derived are discussed in 

the preceding section (3.2.1). Development ~f the criteria by 

which the severity of noise effects are judged is discussed in 

Sec. 3.1. In this section, we explicitly combine the exposure 

data with the criteria; App~ndix B contains a number of important 

comments on the inferences which may be prudently drawn from the 

findings reported here. 

Table XV of Sec. 3.2.1 and Table XVII of this section provide 

an overview of the exposure data as they pertain to impact assess

ment. The tables contain information about the number of people 

who receive primary and secondary exposure to construction site 

noise and the levels of noise to which they ar~ exposed in their 

Zistening environmdnts. E~timates of the duration of noise ~x
posures are also presented ~nthe tables. The following discus

sion is organized according to strength of impact. 
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TABLE XVI. ESTIMATED ANNUAL PASSINGS OF CONSTRUCTION SITES 
ALL METROPOLITAN REGIONS* (MILLIONS OF OCCURRENCES) 

Drivers and 
Passengers 

Pedestrians 

Residential 
Buildings 

8,300 

2,760 

Nonresidential 
Buildings 

8,160 

2,700 

Municipal Streets 
and Public Works 

1,980 

882 
Grand Total 

*A "passing" is defined as one person passing one site by car or foot. 

Tota l' 

18,440 

6,342 
24,782 
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Speech Interference 

Perhaps the single most obvious effect of exposure to con

struction site noise is spe~ch interference. Even cursory exam

ination of Table XV reveals that in almost all phases of construc

tion, noise levels associated with construction activity are 

capable of degrading speech communication. In many instances 

specifically, those in which construction noise produces levels 

approaching or exceeding 60 dB(A) in the listening environment -

degradation of speech communication is severe. When one considers 

that the Ifaverage" levels of Table XVII are energy averages, it 

is clear that peak levels of construction noise, although infre

quent, can preclude speech communication completely. 

It is apparent from Table XVII that for those people who 

live or work in the vicinity of construction sites (i.e., those 

who receive primary exposure to construction noise), the dura

tion of speech interference effects can be considerable. It seems 

safe to state that approximately 34 million people suffer a total 

of several hundred hours of speech interference yearly as a re

sult of exposure to construction site noise in the United States. 

Approximately 20 million of these people must communicate in 

noise environments which seriously degrade speech intelligibility 

and/or demand significantly increased vocal effort. 

In contrast to those who must endure such speech interfer

ence on a relatively long term basis, there are many more people 

who suffer the same effects on a briefer time scale. These 

people are the passersby who are exposed to construction site 

noise for a matter of minutes daily. Although the actual number 

of different individuals who pass by construction Bites on foot 

or in vehicles is difficult to estimate, there are probably on 

the order of 25 billion such brief encounters yearly. The prin-
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TABLE XVII. ORDER OF MAGNITUDE ESTIMATES OF YEARLY DURATION OF 
CONSTRUCTION NOISE EXPOSURE 

So urce 

Primary (Stationary) Exposure 
to Domestic Construction Noise 

Primary (Stationary) Exposure 
to All Other Building Con
struction 

Primary (Stationary) Exposure 
to All Other Construction in 
SMSA Areas 

Municipal Public Works 

Federal and State Highway 

Subtotal 

Secondary (Passerby) Exposure 
of Pedestrians to Construc-

Number of People 

11,500,000 

1..,500,000 

14,500,000 

7,000,000 

tion in All SI'1SA Area::: 6,342,000,000* 

Secondary (Passerby) Exposure 
of Drivers and Passengers to 
All Construction in SMSA Areas 18,440,000,000* 

Subtotal 

24 

80 

8 

12 

250 

Hours of Exposure by 
Construction Phase 

I I 

24 

320 

8 

12 

250 

III 

40 

320 

16 

24 

500 

IV 

80 

480 

16 

24 

500 

v 

40 

160 

8 

12 

250 

Five minutes' exposure to 
levels approximately 30 dB 
higher than those of Table XV 

Thirty seconds' exposure to 
levels approximately 15 dB 
higher than those of Table XV 

·*These figures represent the number of annual occurrences of exposure, defined 
as the produet of the number of people exposed and the frequency of their 
exnoaure. 
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cipal effect of such transient exposure to construction noise is 

probably interruption of conversation. 

Applying state-of-the-art noise reduction technique~ to the 

major sources of construction noise could provide a meaningful 

reduction of both the severity of speech interference and the 

number of people exposed to speech interference effects. Quiet

ing all construction equipment by 10 dB(A) would lower peak con

struction noise levels by an equivalent amount and average levels 

by"a somewhat lesser amount (due to overlapping temporal patterns 

of use). Nonetheless, speech interference effects increase 

sharply in the range between 40 and 60 dB(A), so that a noise re

duction of about 10 dB(A) could be highly beneficial. Interest

ingly enough, the, advantages of reducing construction noise an 

additional 10 dB(A) might not be as great. Although 20 dB(A) 

reduction of construction noise would clearly result in even less 

speech interference than would a 10 dB(A) reduction, at the re

sulting levels construction noise might well be submerged ~n 

background noise a good part of the time. Additional reductions 

[beyond the first 10 dB(A)] might be necessary for the benefit of 

those who operate the equipment, however. 

SZeep Interference 

To the extent that construction activity and sleep do not 

commonly occur during the same hours, construction noise does not 

interfere with sleep. However, daytime sleeping needs of the 

very young, the sick, and people working irregular or night hours, 

and emergency and other nighttime construction work must be taken 

into·account. The total number of adults so affected by construc

tion is estimated to be about 3 million. Judging from the ratio 

of people exposed to construction noise to the total population of 

the ¢ountry, approximately 15% of the children four years of 
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age or younger, or about 2.5 million, might also be exposed to 

sleep interference from construction noise. 

The 5.5 million people attempting to sleep during exposure 

to construction noise are likely to encounter substantial inter

ference. Even at relatively great distances from construction 

sites, levels in the vicinity of 50 dB(A) are encountered. Such 

levels are capable of significantly lengthening the time required 

to fall asleep and of awakening roughly 40% of sleeping persons. 

Nonetheless, the usefulness of reducing average construction 

noise levels by 10 dB(A) (possible through state-of-the-art noise 

reduction procedures) appears marginal. The number of people 

whose sleep is disturbed by construction noise is relatively 

small, and the shallow slope of the function relating the number 

of people awakened to noise levels argues that construction noise 

would have to be reduced by much more than 10 dB(A) to effect a 

significant reduction of sleep interference. 

Hearing-Damage Risk 

The risk of hearing damage from construction noise for those 

not directly concerned with construction activity does not seem 

very great. In most cases the distance between the construction 

site and people exposed to its noise and the transmission loss of 

the buildings or vehicles are sufficiently great to minimize the 

probability of hearing damage~ It is possible that peak noise 

levels from construction sites might present some risk to those 

who are frequently in close proximity to the site. The greater 

number of such people (presumably pedestrians), however, are sub

ject only to short exposure durations. 

If state-of-the-art noise reduction techniques were applied 

to the major sources of construction noise, exposure levels would 
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probably be sufficiently reduced to render hearing damahe a remote 

risk. In short, construction noise does not pose a major hearing
damage risk for the public. 

Other Indireat Effeats 

Without doubt, a major consequence of exposure to construc
tion noise for many people is annoyance. Both those who are ex

posed to construction noise on a regular, long-term basis as well 
as those who are exposed to it on a transient basis are annoyed 

by their exposure. Annoyance is particularly great if the noise 

intrusion from the construction site is perceived as unnecessary 

or inappropriate. People who must endure weeks or months of 

construction noise exposure may exhibit some form of habituation 

to the noise, but despite the commonly expressed attitude toward 

noise of "you get used to it", it is doubtful that construction 

noise ever loses all of its annoyance value. 

In relative terms, 

ably represents less of 

craft or traffic noise. 

annoyance from construction noise prob-
a problem than annoyance produced by air

Nonetheless, both individual complaint 

behavior and community action could conceivably result from the 

annoyance of exposure to construction noise. 

One measure formulated to provide some degree of quantifica

tion for annoyance due to noise exposure is the Noise Pollution 

Level [2J. Table I contains NPL's encountered in the immediate 

vicinity of construction sites. Unfortunately, interpretation 

of NPL's is not a straightforward procedure. Relative interpre

tations of, two or more noise situations are readily enough made 

through use of the NPL index. Few grounds exist, however, for 

absolute interpretations. It has been suggested that long-term 

exposure to noise levels characterized by an NPL value of 72 
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(computed from A-level measurements) is "acceptable" 12J. By this 

criterion, noise levels in the immediate vicinity of construction 

sites are clearly "unacceptable" on a long-term basis. However, 

the bulk of exposure to construction noise of such high levels 

is of a transitory nature. Residents or transients exposed to 

construction noise would be exposed to levels about 30 dB lower. 

Although it would be tempting to assert that such exposure (to 

NPL's in the range of 60-70) would be marginally acceptable, o~ly 

meager evidence could be marshalled to support such a claim. 

It is distinctly possible for exposure to construction noise 

to result in task interference. It seems plausible that among 

the approximately 20 million people exposed on a long_term basis 

to the highest levels of construction noise (Table XV), some might 

be engaged in exacting manual or mental work which could be sensi

tive to interference. Such tasks might include medical operationS 

library use, scholarly activities, and the like. Unfortunately, 

one cannot quantify the amount of task interference produced by 

construction noise by applying the usual procedures of estimation 

and assumption. 

Similar comments apply to the potential startle and physio

logical stress produced by exposure to construction noise. AL

though startle does not seem to be a very common consequence of 

exposure to construction noise, it is nevertheless possible for 

startle to result from unexpectedly or intermittently h1gh~level 

noise. The size of the standard deviations of distributions of 

construction noise levels discussed in Sec. 3.2.1 makes the 

occurrence of unusually high noise levels reasonably probable 

events. 

As for the stressful consequences of exposure to constructio~ 

noise, we can offer only informed conjecture. Noise-induced 
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physiological stress is known to be cumulative, and exposure to 

construction noise is only one determinant. Perhaps some of the 
people who are faced with exposure to construction noise at work 

every day for months must also face noisy home environments. For 

such people, exposure to construction noise could constitute a 

major source of stress. 

Tables XVIII and XIX summarize the impact of construction 

noise on people. A composite quantity intended to reflect both 

the extent and duration of exposure to specific noise sources was 

developed to permit concise summation. The quantity i~ defined 

as the product of the estimated number of people exposed to noise 

from a particular source and the estimated duration of individual 

exposure to the same source. The statistic expressing the quan

tity is called (for lack of a better term) the "person-hour". 

Extreme caution must be used in interpreting figures ex

pressed in terms of person-hours. First, figures so expressed 

are intended only as order-of-magnitude estimates rather than as 

precise quantities. Second, inferences about the equivalence of 

number of people and duration of exposure in assessing psycholog

ical or physiological impact are completely unjustified. No com

pensatory model of number of people exposed and exposure duration 

is intended. Third, comparison of person-hour figures for expo

sure to noise from one source with person-hour figures for eXDO

sure to noise of another source is without theoretical foundation. 

Thus, comparisons of impact among different sources expressed in 

common terms of person-hours should be performed in a fashion 

similar to "addition" of apples and oranges. In other words, 

inferences about severity of impact may be drawn only withint 

person-hour estimates of similar origin. 
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TABLE XVIII. ORDER-OF-MAGNITUDE ESTIMATES OF CONSTRUCTION 
NOISE EXPOSURE IN MILLIONS OF PERSON-HOURS PER WEEK 

Source Millions pf Person-Hours Per Week 

Primary (Stationary) Exposure to 
Domestic Construction Noise 

Primary (Stationary) Exposure to 
All Other Building Construction 

Primary (Stationary) Exposure to 
All Other Construction in SMSA Areas 

Subtotal 

Secondary (Passerby) Exposure to 
Pedestrians to All Construction in 
SMSA Areas 

Secondary (Passerby) Exposure of 
Drivers and Passengers to All 
Construction in SMSA Areas 

46 

39 

16 
101 

10 

0.3 
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TABLE XIX. ORDER -OF -MAGNITUDE ESTH1ATES OF IMPACT OF PRIMARY AND 
SECONDARY EXPOSURE TO CONSTRUCTION NOISE EXPRESSED IN 

MILLIONS OF PERSON-HOURS PER WEEK 

Noise Source 

Primary (Station
ary) Exposure to 
Domestic Construc
tion Noise 

Primary (Station
ary) Exposure to 
All Other Build
ing Construction 

Primary (Station
ary) Exposure to 
All Other Construc
tion in SMSAAreas 

Secondary (Pass
erby) Exposure of 
Pedestrians to 
Construction in 
All SMSA Areas 

Secondary (Pass
erby) Exposure bf 
Drivers and Pas
sengers to all 
Construction in 
SMSA Areas 

Speech Interference* 
Moderate Severe 

(45-60) (>60) 

44 

38 

14 

10 

0.3 

Sleep Interference* 
Slight Moderate 
(35-50) (50-70) 

2 

2 

1 

o 

o 

Hearing 
Slight 
(70-80 ) 

o 

o 

o 

Damage Risk 
Moderate 

(80-90 ) 

10 

0.3 

*Entries in these columns may not be interpreted directly as person-hours of direct 
speech or sleep interference (see text). 
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With these restrictions firmly in mind, the reader is refer

red to Tables XVIII and XIX for a concise summary of the impact 

of construction noise on ~eople. Table XVIII expresses the im

pact of construction noise in terms of millions of person-hours 

per week. (It may be useful to bear in mind that a week in the 

United States contains approximately 35 billion person-hours.) 

Table XIX relates the impact of construction noise directly to 

the principal criteria of Sec. 3.1 in terms of person-hours per 

week. Entries for speech interference and sleep interference 

effects reflect the number of person-hours of potential impact, 

which may be interpreted as upper bounds. 

3.3 Appliances 

3.3.1 Extent of exposure 

This section is concerned primarily with power tools and 

household appliances whose volume cannot be controlled by the 

user. Therefore, volume-controllable eqUipment such as televi

sions, radios, and stereos are not included, nor are gasoline

engine powered outdoor equipment and audible signaling mechanisms 

(bells, alarms, etc.). It should be noted, however, that non

controllable noise-producing devices often raise the background 

level of noise to such a degree that volume-controllable sound 

has to be increased in level to be heard and, hence, is more apt 

to affect neighbors. An estimate of the number of noncontrollable 

noise-producing devices being used in the United States in 1971 

is given in Table XX. 

To determine the extent of exposure to home appliance and 

tool noise, we gathered three kinds of data: The distribution 

of appliances and tools over family units, the time that the de

vices are typically in use, and the exposure of people who are 
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TABLE XX. NONCONTROLLABLE HOUSEHOLD NOISE SOURCES (1971) [31J 

Wired Households 

Complete Plumbing 

Major Appliances 

Re frigera tor 
Clothes Was'her 
Vacuum Cleaner 
Clothes Dryer 
Freezer 
Air Conditioner 
Dishwasher 
Food Disposer 
Trash Disposer 

Other Appliances 

Food Mixer 
Can Opener 
Sewing I"lachine 
Food Blender 
Electric Shaver 
Slicing Knife 
Floor Polisher 

Power Tools 

Saw, Drill, etc. 

Outdoor Equipment 

Electri c IVIower 
Edger 
Trimmer 

Building Equipment 
(residential) 

Fan 
Humidifier 
Dehumidifier 

Number (thousands) 

62,80C 

58,000 

62,600 
57,600 
56,900 
25,300 
20,000 
18,000 
14,900 
14,400 

(introduced 

51,200 
27,100 
31,300 
19,900 
25,000 
25,000 
10,000 

2,000* 
1,000 
4,000 

50,000 
4,600 
4,200 

Percent of Homes 

100 

in 1970) 

93 

99.8 
91.9 
90.7 
40.3 
30.0 
29.6 
23.7 
22.9 

81. 7 
43.2 
50.0 
31. 7 
40.0 
40.0 
16.0 

20.0 

3.2 
1.6 
6.4 

80.0 
7.4 
6.7 

*There are approximately 37 million powered mowers in use. 
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in the home. In collecting this information, we found that the 

variables, particularly with regard to personal behavior, covered 

a very large range. We therefore created a simplified model to 

show the extent of household noise. 

Data were obtained from a variety !.If "'Durees. Statistical 

information was collected from government sour~es, such as the 

Bureau of the Census. Of particular help was information pro

vided by Cornell University's College of Human Ecology on domes

tic living patterns. Industry information was obtained from 

various trade and business publications. Individual company ma

terial was used in instances where the material was applicable 

to the whole industry and was available to the public. Various 

organizations representing consumers and home economists were 

contacted. We also conducted our own survey of appliance use in 

20 households. 

Appliances, TooZs, and Building Equipment 

The dimensions used by industry to analyze household appli

ance purchase and use patterns usually include home ownership, 

age of the head of the family, size of family, and family income. 

Since these dimensions are interrelated, we chose only one 

family income level - for our analysis. We treat the time that 

appliances are used as a function of the age of the homemaker 

and of the number of school and pre-school children in the fam

ily. Figure 21 shows the trend toward greater use of home appli

ances and power tools. Figure 22 gives the distribution of some 

com~on appliances as a function of income level. 

Noise-producing devices used in and around the home are 

usually classified as 
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• Major Appliances (including olothes washers, clothes dryers, 

refrigerators and freezerR, air conditioners, dishwashers, 
vacuum cleaners, disposers, dehumidifiers, and comoactors) 

• other Household Appliances 

• power Tools 

• Outdoor Equipment 

• Building Equipment 

other convenient classifications are based on time mode of oper

ation (continuous or intermittent) and method of operation (man

ual or automatic). 

Analysis of the noise-producing building equipment used in 

homes is complicated by interaction of the equipment with the 

structure of the house, by do-it-yourself modifications of equip

ment, and by differences in the adequacy of equipment maintenance. 

Size of housing is also a factor in noise level. Smaller housinb 

units are apt to be noisier because of reverberant buildup of 

sound levels. Larger housing units on the other hand, frequently 

reflecting a higher standard of living, tend to have more appli

ances and more frequent exposure but lower noise levels for any 

particular appliance owing to the larger space and to the room 

separation from the ,various sources. Multiple-family housing 

units are subject to higher levels of noise from the building 

equipment. 

In heating systems either the heating source or distribution 

System or both are common sources of noise; however, the number 

of factors involved is too great to allow a precise analysis of 

the extent of heating noise. Electric heating, which is essen

tially noiseless, is currently being used by 4.4 million customers. 

99 

AR0070546 



(It should be noted, however, that electric heating customers are 

likely to be high users of electric appliances. Furthermore, 

humidity control, ventilating, and/or air cleanin~, which are 

often used in conjunction with electric heating, require air cir

culation; therefore, fan noise is present where these additional 

functions are performed.) The more comwon heating systems f.en

erate burner nOise, fan/duct noise (in hot-air systems), and 

pipe, valve, and pump noise (in hot water and steam systems). 

Twenty-one percent of all households have one or more room 

air conditioners. Location of these air conditioners is distrib-

uted approximately [ 38J : 

Living Room 35% Kitchen 7% 
f1as t er Bedroom 27% Playroom 4% 
Other Bedroom 5% Other 22% 

All dehumidifiers and many humidifiers are substantial noise 

sources. Frequently, dehumidifiers are located in the basement 

and therefore direct exposure to the noise is small. Dehumidi

fiers are used in 6.7% of homes; humidifiers in 7.4% [38J. 

Living patterns, equipment installations, etc. are variables 

that make it difficult to estimate the extent of plumbing noise. 

The typical range of toilet flushes is 10 to 50 per day. Com

plete plumbing (hot and cold water, bath or shower, toilet) is 

found in 82% of all rental units and in 93% of all owner-occupied 

units in the United States. 

The number of fans being used in this country far exceeds 

the total number of households. Many fans are part of other 

appliances, but many are used for immediate air circulation 

(i.e., cooling fans, kitchen fans, etc.). 
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Use of Domestic Appliances and Tools 

The extent to which appliances are used is an important fac

tor in assessing the total noise exposure. Statistical informa

tion is scarce, but we have found the following sources useful: 

• BBN survey (in-depth study of noise levels and appliance 
use in 20 homes). 

• New York State College of Human Ecology, Cornell University 

(both published and unpublished data gathered as part of a 

1296-household survey of Syracuse, New York). 

• Department of Agriculture information based on studies of 
home activlties (a long-term interest, which is now being 

continued under the Agriculture Research Service Division 

of the Department of Agriculture). 

• Potomac Electric Power Company (an informal survey conducted 

by their ~ome Services Department). 

• Manufacturer's industry information. 

Although many factors affect the range of appliance use, 

there is a tendency for people in the family-raising years to 

have increased incomes, own their homes, and possess more appli

ances. The time a homemaker spends in household activities is a 

strong function of age, number of children, and the presence of 

pre.-schOol children, as shown in Table XXI. Table XXII presents 

the information on which we base our estimate of typical use of 

appliances; Table XXIII gives our estimate of appliance use in 

tWO typical households; appliance operating times are estimated 

from Table XXII. Using the values of appliance use (total min
utes per week) and of average noise levels given in Table XXIII, 

we present in Fig. 23 a schematic illustration of the noise levels 

of the two typical households. 
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TABLE XXI. AVERAGE HOURS PER DAY SPENT ON HOUSEHOLD WORK BY 
1296 HOMEMAKERS, ACCORDING TO NUMBER OF CHILDREN AND AGE OF 

YOUNGEST CHILD, SYRACUSE, NEW YORK AREA, 1967-68 [39] 

Hours 

All homemakers ........................ 7 . 3 

Number of children 
o .................................. . 
1 "."..........."...".".....""......................... 

2 "....."...".........""""..,,"""""""",,....,,"" 

3 ...."".........................,," t .. • .. .. .. " " " .. .. • .. .. • .. 

4 ....•....•.•.•...••.•...•.....•.... 

5 or 6 

7 to 9 

Age of youngest child 

4.8 
6.8 
7.8 
7.7 
8.2 
8.5 
9.2 

Under 1 year ............. "" .. "" .... " ......... "...... 9 .. 3 
1 year .............................. 8.3 
2 to 5 years ........................ 7 • 7 

6 to 11 year s .............. " ............ " .... ""........ 7 .. 1 

12 to 17 years...................... 6.0 

LeveZ of Exposure 

We have selected two criteria to show different measures of 

exposure. A potentiaZ exposure represents the number of people 

likely to be exposed to an appliance and depends solely on an 

average distribution of the population and the percentage of 

households that possess the particular appliance. A primary ex

posure is estimated by the normal mode of operation, the location 
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I-' 
o 
w 

1~BLE llil. ~PPLl~NCE US~GE SOURCE D~T~ tTIMES PER D~V UNLESS INDICATEO) 

Appliance 
Cornell University Data, 1296 Homes* 

(N.Y. State College of Human Ecology) 

Clothes washer t 
Clothes d~yer 
Dishwasher 
Food disposer 
Vacuum cleaner 
Room air conditioner 
Trash disposer 
Food mixer } 
Food blender 
Can opener 
Sewing machine 
Slicing knife 
Floor polisher 
Electric shaver 
Power tools (saw, etc.) 
Mower 

VI 
(1)(1) 
E u 
os::: 

I 
s... 
ro~ 

> ° 
.s::: ro '"0 

..... (1) >, .......... 
'f- ..... VI ro 1.0 ° Co ::J '"0 0\ 

Co N 
....,ro ""'Vlr-
s:::: s:::: ::J 
(1).s::: (1) ° 
U...., u ..... 
s....,... 
(1)3: 

a... 

30 
24 
97 
17 

98 

48 

72 

s... 
(1) 

a... 

62 
43 

22 
48 

28 

3 

t No . of loads 

on One Day 

-loads 0 1 

Homes 502 210 

Number of days in one week 
which appliance'was used. 

o 1 2 3 4 5 6 7 

135 104 167 197 163 163 178 189 

931 4 513 33 25 
1002 1 5 2 5 3 
III 211 275 260 164 76 

14 272 
10 268 
80 119 

277 226 286 207 153 80 28 39 

1161 107 17 6 1 

23456 

263 159 82 44 18 

o 

7 
6 

o 4 

8 Ave. 

4 1.50 

° -I-> (1) 
U c......, 

Q)ro..c ......... 
ue E"'" s:::: 

_,.- .. ,.- OJ 
s...VI....,3:S
~Q)VI "0 
uU(1)QJr
Q).,... E· .... 
,....>.-o.s::: 
ws-ro..cu 

(1) E 
UU')s-S-M 
ro 001 
EQ)'f-lf-N 
° E s:::: ...., 0 ..... 
o::x:: .......... 

CL 

2 

2 
6-7 

3/wk 

1-2/wk 
3/wk 

2 

(JJ 

VI. 

4- ...... s:::: 
03:QJ 

s
(JJ >, '"0 
~.--.-

ra·..--,..... 
EE..c 

'r- ro u 
...., 4-
VI M 
Q) s-

° Z 'f-co-
co 

1.5 
1 
1.5 
6 
3/wk 

2/wk 
3/wk 
2 
l/wk 
l/wk 
l/mo 
1 
2/mo 
l/wk 

*Sample selected to give equal numbers of homes with different number of children; 
therefore, sample shows homes with more persons than national average. 
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TABLE XXIII. USE OF NONCONTROLLABLE NOISE-PRODUCING APPLIANCES AND 
TOOLS IN TYPICAL HOUSEHOLDS 

Household No. 1* Hous.ehol d No. 2t 
Times 

Average Used Per 
Total Times Total 

Minutes Minutes Used Per Minutes Minutes 
dB(A)l Week 2 Per Use 3 Per Week Week Per Use Per Week 

Major Appliances 

Clothes washer 
Vacuum cleaner 
Clothes dryer 
Room air conditioner 
Dishwasher 
Food disposer 

Household Appliances 

Food mixer 
Can opener 
Sewing machine 
Food blender 
Electric shaver 
Slicing knife 
Floor polisher 
Trash disposer 

Power Tools 
• Saw, drill, etc. 

Mower 
Edger 
Trimmer 

64 
70 
57 
58 
65 
70 

69 
69 
72 
76 
64 
71 

83 

81 
81 

10.5 30 
3 30 
7 30 

(full-time -
10.5 45 

6 0.2 

2 
14 

1 
3 
7 
1 
1 

14 

0.5 
1 
0.75 
0.25 

5 
0.2 

15 
1 
2 
1 

10 
1 

20 
30 

5 
15 

315 
90 

210 
seasonal) 

472 
1 

10 
2 

15 
3 

14 
1 

10 
14 

10 
30 

l~ 

4 

7 
2 

3 

0.5 

*2 Adults, 3 children (1 pre-school age), family income $16,000. 
t2 Adults, family income $8,000. 
IMeasurements taken 3 ft from source during BBN household survey. 

30 
25 

5 

15 

210 
50 

15 

15 

2Based on data from BBN survey, Cornell Univ. survey of Syracuse, N.Y., and Potomac 
Electric Power Company information. 

3Based on avera~e cycle times of current model appliances. 
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HOUSEHOLD NO.1 
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BLENDER 

80 

~SEWING MACH INE 
VACUUM CLEANER -

, MIXER DISH WASHER CLOTHES WASHER 
70 
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DISH WASHER 
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REFRIGERATOR 
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FIG. 23. NOI·SE PROFILES FROM APPLIANCE FOR TYPICAL HOUSEHOLDS 
PER WEEK (AT 3 ft) 
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of the appliance, and the number of operators and observers likely 

to be exposed to noise when the appliance is operating. Table 

XXIV gives these two kinds of exposure for each appliance; Table 

XXV relates exposure to income level. 

3.3.2 Impact assessment 

The estimates of the extensiveness of distribution, duration 

of exposure, and noise levels of a variety of building equipment 

and home appliances are discussed here with a view toward assess

ing the impact of noise from these sources on people in the home 

environment. To approximate the environment in which noises are 

heard, we had to adjust the noise levels from the standardized 

values used in previous sections (i.e., levels recorded at a 

measurement position 3 ft from the source). Thus, 10 dB was 

added to the noise levels of hand-held appliances, such as elec

tric shavers, to obtain a fair representation of noise levels at 

the user's ear. Similarly, 2 dB was subtracted from levels for 

exposure to noise in a highly reverberant field, such as a kitchen 

or bathroom; 3 dB from standardized measurements to account 

for noise exposure in less reverberant spaces, such as carpeted 

(living room) or open areas; 10 dB from the standard values to 

compensate for exposure in adjacent rooms connected by open doors; 

and 20 dB to represent the transmission loss of a typical frame 

house to noise from external sources (such as powered yard tools). 

Levels for about thirty typical home appliance and building noise 

sources adjusted in this manner appear in Table XXVI. 

Table XXVII classifies the noise sources discussed in the 

previous section of this report into four categories: (1) Quiet 

Major Equipment and Appliances, characterized by operating levels 

lower than 60 dB(A); (2) Quiet Equipment and Small Appliances, 
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TABLE XXIV. NUMBER OF INDIVIDUALS EXPOSED TO 
INDICATED APPLIANCES (MILLIONS - 1970) [39] 

Major Appliances 

Refrigerator 
Clothes washer 
Vacuum cleaner 
Clothes dryer 
Freezer 
Air conditioner 
Dishwasher 
Food disposer 
Trash disposer 

Household Appliances 

Food mixer 
Can opener 
Sewing machine 
Food blender 
Electric shaver 
Slicing knife 
Floor polisher 

Power Tools 

Saw, drill, etc. 

Outdoor Equipment 

Electric Mower 
Edger 
Trimmer 

Building Equipment 
(residential) 

Fan 
Humidifier 
Dehumidifier 

Potential 
Exposure 

107 

199 
183 
181 

80 
63 
60 
47 
46 

163 
86 

100 
63 
80 
80 
32 

40 

6 
3 

12 

160 
15 
13 

Primary 
Exposure 

70 
65 
66 
28 
23 
21 
17 
17 

59 
31 
36 
23 
25 
80 
40 

13 

2 
1 
I~ 

90 
5 
1 
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TABLE XXV. ESTIMATED NUMBER OF INDIVIDUALS EXPOSED TO 
DOMESTIC APPLIANCE NOISE (MILLIONS - 1965)* 

Potential Primary Exposure 
Tot a 1 

Typical Total Potential Children Persons 
Family Income Appliance House- Secondary "Home- Under Night Primary 
($ thousands) Possession holds Exposure makers" 6 yrs. Workers Exposed 

Under 5 Mostly only 12.6 41 12.6 2.9 0.6 9.9 
essential 

5 - 10 } Wide variety 21. 2 71 21.2 6.0 1.0 18.8 
10 - 15 of appliances 16.8 55 16.8 5.0 0.8 14.4 

15 and over Often most 
appliances 12.0 39 12.0 3.8 0.6 10.5 

I-' 
0 Total 62.8 200 62.8 17.7 3.0 83.5 co 

*Calculated from average distributions and income information in Ref. 36. 
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TABLE XXVI. SOUND PRESSURE LEVELS OF HOME APPLIANCES AND 
BUILDING EQUIPMENT ADJUSTED FOR LOCATION OF EXPOSURE [IN dB(A)] 

Noise Source 

Group I: Quiet Major Equipment 
and Appliances 

Refrigerator 
Freezer 
Electric Heater 
Humidifier 
Floor Fan 
Dehumidifier 
Window Fan 
Clothes Dryer 
Air Conditioner 

Group II: Quiet Equipment and 
Small Appliances 

Hair Clipper 
Clothes Washer 
stove Hood Exhaust Fan 
Electric Toothbrush 
Water Closet 
Dishwasher 
Electric Can Opener 
Food Mixer 
Hair Dryer 
Faucet 
Vacuum Cleaner 
Electric Knife 

Group III: Noisy Small 
Appliances 

Electric Knife Sharpener 
sewing r~achine 
oral Lavage 
Food Blender 
Electric Shaver 
Electric Lawn Mower 
Food Disposal (Grinder) 

Group IV: Noisy Electric Tools 
Electric Edger and Trimmer 
Hedge Clippers 
Home Shop Tools 

Level of 
Operator 
Exposure 

109 

40 
41 
44 
50 
51 
52 
54 
55 
55 

60 
60 
61 
62 
62 
64 
64 
65 
66 
66 
67 
68 

70 
70 
72 
73 
75 
75 
76 

81 
84 
85 

Level of Exposure to 
People in Other 

Rooms 

32 
33 
37 
43 
44 
45 
47 
48 
48 

40 
52 
53 
42 
54 
56 
56 
57 
51 
51 
60 
60 

62 
62 
62 
65 
52 
55 
68 

61 
64 
75 
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TABLE XXVII. ORDER"OF~MAGNITUDE ESTIMATES OF THE EXTENT AND DURATION OF 
EXPOSURE TO BUILDING EQUIPMENT AND HOME APPLIANCES 

NOISE SOURCE PRIMARY EXPOSURE* DURATION+ SECONDARY EXPOSURE* DURATION+ 

Group I: Qui et Major 
Equipment and Appliances 
Refrigerator 
Fans 
Air Conditioner 
Humidifier 
Clothes Dryer 
Freezer 

Group I I: Qui et Equi pment 
and Small Appliances 
Plumb ing O'aucet s, Toilet s) 
Vacuum Cleaner 
Dishwasher 
Clothes \-Jasher 
Electric Food Mixer 
Electric Can Opener 
Electric Knife 

Group III: Noisy 
Small Appliances 
Sewing Machine 
Electric Shaver 
Food Blender 
Food Disposer 
Electric Lawn Mower 

Group IV: Noisy 
Electric Tools 
Home Shop Tools 
Electric Yard Care Tools 

*In millions of persons 

tIn hours per week 

70 
go 
21 

5 
28 
23 

200 
66 
1'( 

65 
59 
31 
80 

36 
25 
23 
17 

2.0 

13 
5 

25 
10 

3 
3 
0.5 
0.25 

2 
1.5 
5 

.5 
0.15 
0.03 
0.02 

0.25 
0.25 
0.02 
0.10 
0.50 

0.10 
0.10 

200 
178 

80 
15 
80 
20 

200 
181 

47 
IS3 
163 

86 
80 

100 
80 
63 
46 

4 

40 
10 

10 
:5 
1 
5 
1 
0.50 

5 
1.0 
Q 
u 

1 
O. 1 0 
0.02 
0.01 

0.10 
0.10 
0.02 
0.05 
0.25 

0.10 
0.10 
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characterized by noise levels between 60 and 70 dB(A); (3) Noisy 

Small Appliances, characterized by noise levels between 70 and 

80 dB(A); and (4) Noisy Electric Tools, characterized by noise 

levels in excess of 80 dB(A). 

Group I: Quiet Major Equipment and Applianaes 

Group I contains the noise sources to which people are ex

posed for the greatest lengths of time in the home environment. 

Most building climate-control equipment, food-refrigeration appli

ances, and clothes dryers fall into this category. In view of 

the widespread distribution of equipment in Group I, it is indeed 

fortunate that this equipment is among the least noisy in the 

home. 

In general, due to the low levels of noise produced by equip

ment and appliances in Group I, effects of exposure are either 

negligible or mild. Noise sources in Group I present no appre

ciable risk of hearing damage under conventional operating con

ditions. Under certain conditions, however, these noise sources 

can affect sleep. Of the noisier sources in Group I, only fans 

and air conditioners are likely to be present in sleeping quar

ters at night. These devices are characterized by nearly steady-

state spectra because of their continuous operation. Differences 

in levels among operating cycles are small, so that peak noise 

levels are usually within a few dB of average levels. As such, 

these devices may delay the onset of sleep, but are unlikely to 

awaken many people. They may, in fact, facilitate sleep for 

thOse directly exposed to their nOise, since they function as 

sources of masking noise which can suppress interference from 

other sources. 
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The major effect of exposure to noise from Group I equipment 

is speech interference. Conversations in the immediate vicinity 

of the noisier sources of Group I would have to be conducted in 

somewhat higher than normal levels, or at slightly shorter than 

normal speaking distances. 

The annoyance value of exposure to noise from Grouo I appli

ances is also minimal. The steady-state nature of their amplitude 

and frequently spectra are highly conducive to rapid habituation. 

Only rarely does one become sufficiently aware of refrigerator 

noise, for example, to become annoyed by it. Indeed, it is the 

noise sources of Group I which define the background noise en

vironment of many homes. 

Exposure to Group I noise sources has little or no bearing 

on startle and stress. Very few people are startled by the noise 

of their air conditioners or feel menaced by the implications of 

their regrigerator's whirring. 

Considering the mild nature of most of the effects of expo

sure to noise from Group I sources, noise reduction is not an 

urgent need. Many appliances in Group I already operate at or 

near the level of background noise in the home, so that submerg

ing them further into the background noise environment would 

serve little purpose. Those few noise sources in Group I which 

do produce noise levels appreciably above back~round levels could 

probably profit greatly from approximately 10 dB(A) of quieting. 

Such noise reduction, well within the capabilities of existing 

technology, would alleviate the undesirable effects of noise ex

posure from this group of appliances. 
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Gpoup II: Quiet Equipment and Small Applianaes 

Most of the noise sources of Group II are found in many 

American homes, although not all of the sources are as common as 

the major equipment and appliances of Group I. Noise levels in 

Group II are sufficiently elevated to render certain appreciable 

effects, particularly speech interference and annoyance. For

tunately, the typical pattern of exposure is an infrequent, brief 

encounter. 

Of the three major effects by which noise impact is gauged 

in this report, noise sources in Group II produce only speech 

interference in significant measure. Hearing-damage risk is 
negligible, both for operators and for others who may experience 

secondary exposure. Since most of the appliances in this group 

require an operator, sleep interference is not a serious conse

quence of primary exposure. Secondary exposure probably affects 

daytime sleeping to some slight extent. Secondary exposure to 

plumbing noise in multi-unit residences could conceivably awaken 

as many as 35% of sleepers, although habituation probably reduces 

the percentage dramatically. 

Operators of the appliances in Group II would find speech 

communication during operation quite difficult; conversations 

would have to be conducted with significantly greater than normal 

vocal effort or at very short ranges, and the intelligibility of 

fixed level speech (such as radio or television) would become 

marginal. The obviou·s mitigating circumstances, however, is the 

brevity of noise exposure typical of this group of appliances. 

In practical terms, the most likely consequence of exposure to 

thiS sort of short duration appliance noise is a temporary inter

ruption of conversation. 
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Annoyance is the most significant of the indirect consequences 

of exposure to noise from Group II appliances. While the opera

tor may be summarily annoyed by the brief speech interference ef

fects, people experiencing secondary exposure may be equally, if 

not more, annoyed. The annoyance of these people (such as neigh

bors in multi-unit residences or other family members in differ

ent rooms) is conditioned in part by the intrusive nature of the 

exposure and in part by feelings of lack of control of the noise 

source. Feelings of helplessness, exasperation, or frustration 

are themselves unpleasant and can produce further annoyapce. 

Should secondary exposure become unduly or unreasonably common, 

physiological stress from emotional arousal might develop. 

Primary exposure to the noise of these appliances is not 

likely to result in much task interference. This is true simply 

because it is the undemanding and highly practiced task at hand 

that is generating the noise. Exposure to appliance noise for 

people other than the operator could interfere with certain 

highly sensitive tasks. Generally, however, considering the 

usual brevity of exposure, such task interference would be the 

exception rather than the rule. 

A 10 dB(A) reduction of noise levels produced by appliances 

of Group II would be a useful and worthwhile endeavor. Many of 

the effects of secondary exposure would become negligible, while 

the speech interference effects for the operator would be con

siderably reduced. It is clear from Table XXVII that the single 

most common source of noise exposure in \the home is plumbing. 

Better design of plumbing fixtures would have a gradual but 

significant effect in making multifamily residences less noisy. 

Sales resistance to less noisy products (including the much

discussed "quiet vacuum cleaner") may be expected to diminish 

as the public becomes more noise conscious. 

114 

AR0070561 



Group III: Noisy Small Appliances 

The distribution and exposure patterns of noise sources in 

Group III continue the trend observed in Group II. Group III 

appliances are found in fewer homes than the appliances of the 

preceding group. Exposure to their noise is for equally brief 

periods at long intervals. Both of these factors tend to moder

ate the impact of the relatively high-level noise developed by 

these appliances. 

Hearing-damage risk can no longer be dismissed as of minor 

importance for this group of noise sources. While it is true 

that average exposure is measured in fractions of hours per week, 

it is very likely that certain elements of the population are ex

posed to one or another of Group III source for prolonged periods 

of time. Home seamstresses, for example, could easily be exposed 

to several hours of sewing machine noise daily. Yard care spe

cialists might be exposed to equivalent amounts of lawn mower 

noise. Although even these exposure durations would not consti

tute an imminent hazard to hearing (in the sense that they would 

be unlikely to lead to si~eable permanent threshold shifts for 

many years), they would nevertheless hasten eventual hearing 

damage in the context of cumulative exposure from many sources. 

In Miller's [}6] terminology, noise sources in Group III would 

be rated "yellow" (cautionary) with respect to hearing-damage 

risk. 

Speech interference is severe. Operators receiving primary 

exposure to noise sources of Group III would not attempt conver

sation during the brief periods in which the appliances are used, 

although communication by shouting would still be possible. Sec

ondary exposure to the noise of Group III sources would also 

interfere somewhat with verbal communication. The-principal 
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form of interference, however, would be degradation of speech 

intelligibility rather than more severe disruDtions of conversa

tion. 

Since appliances of Group III require operators, sleep in

terference effects of primary exposure to their noise are negli

gible. Sleep interference effects of secondary exposure to this 

set of appliance noises also tend to be low, both because the 

noise exposure often occurs during hours during which sleep is 

uncommon and because the very brief periods of exposure occur 

only infrequently. Of course, the tendency for more mothers to 

be employed outside the home during the day constrains their use 

of appliances to evening hours, when the attendant noise levels 

may interfere with family social activities and the sleep of 

young children. 

Annoyance is once again the chief indirect effect of expo

sure to noise from Group III sources. The operator himself may 

find the noise Signature of the appliance unpleasant, particu

larly if it contains pure tone components or a highly variable 

temporal distribution of levels. Secondary exposure to these 

noises is also likely to be annoying, particularly if the people 

exposed to the noise feel that they are deriving none of the 

benefits of the appliance's use. 

Task interference, startle, and stress reactions are all 

plausible consequencies of exposure to this sort of noise. As 

usual, however, difficulties in assessing the unexpectedness of 

the intruding Signal or the nature of background activity make 

precise prediction of the magnitude of these effects impractical. 

Reduction of noise produced by appliances of Group III could 

substantially reduce the levels of hearing-damage risk and 

speech interference. The operator's annoyance with the noise 

signature of an appliance could also be affected by noise reduc-
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tion, but special attention would have to be paid to the spectral 

characteristics of the appliance. All of the effects of secondary 

exposure to noise from this appliance group would be significantly 
lessened by a 10 dB(A) reduction of noise outDut levels. 

Group IV: Noisy Electric Tools 

Group IV contains the appliances which produce the highest 

levels of noise exposure in the home environment. Considering 

the potentially serious effects of exposure to such levels, it 

is fortunate that the distribution of sources is quite restricted. 

As may be seen from Table XXVII, only about 250,000 electric 

yard care tools have been sold, and only about 12 million elec

triC shop tools ~re in use. Further, the use of such tools is 

probably concentrated in nonurban areas where secondary exposure 

effects are not as widespread as they might be in multi-unit 

residences. 

Hearing-damage risk can be great if exposure to the noise 

levels of Group IV sources is habitual or prolonged. Hobbyists 

who engage in regular use of power tools are likely to receive 

considerably more than the average six minutes per week exposure 

noted in Table XXVII. Many such tools (saws, drills, routers, 

etc.) are operated within a few feet of the user's ear, making 

hearing~damage risk even more probable. In Miller's (1971) 

terminology, such tools can produce "orange" or even "red" hear

ing damage risk if exposure is prolonged. It is doubtful that 

any major risk of hearing damage is encountered in secondary 

exposure, owing to the much lower levels experienced. 

Speech interference effects of exposure to noise of Group 

IV sources can be of sufficient magnitude to preclude verbal 

communication in any form other than shouting directly into the 
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=<U'. Even the ~~neechinterf(~r'enc(' (·ffects of secondary eXn03UY'O 

can be Creat enough to require conversation to be conducted at 

high levels of vocal effort or at very short distances. As was 

pOinted out earlier, however, relatively few people are affected 

by such secondary exposure, and those who are affected are ex-

nosed for very brief intervals. 

Sleep interference effects of exposure to Groun IV sources 

would be quite serious were the hours of use of Group IV appli

ances to coincide with hours of attempted sleep. Primary expo

sure, of course, is not a problem here, but even secondary expo

sure can reach levels in the vicinity of 60 to 70 dB(A). Data 

from the Wilson report [26J may be interpreted as predicting that 

such levels will awaken one-half of all sleepers and about one

third of all people would find it difficult to fall asleep. Use 

of electric yard care tools at night is unlikely, but home ShOD 

tools are often used at night. 

To the extent that noise exposure to such high levels is 

perceived as avoidable or unnecessary, annoyance effects are 

probably quite pronounced. A neighbor's noise, particularly at 

such high levels, is rarely welcome. The hiRh noise levels pro

duced by these tools may also interfere with the very tasks the 

operators are attempting to accomplish. If noise levels are 

sufficiently high to mask warning signals or other unexpected 

acoustic signs of danger, the safety of the operator and his 

efficiency may be compromised. Stress produced through prolonged 

exposure to noise levels characteristic of Group IV tools may be 

appreciable, particularly if exposure is involuntary. 

Considering the seriousness of the effects of exposure to 

noise of appliances in Group IV, application of noise reduction 

techniques is urgently needed. Reduction of noise levels by as 
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little as 10 dB(A) would have' immediate benefits in reducing the 

hearing-damage risk to the operator and reduction of the speech 

interference and annoyance-related effects for those receiving 

secondary exposure. 

Summapy of Effects of Appliance Noise on People 

Tables XXVI and,XXVII summarize the impact of appliance noise 

on people in concise terms. Table XXVII contains an account of 

the extent and duration of noise exposure from all four appliance 

groups in terms of millions of person-hours per week. The reader 

is reminded of the cautions expressed in the summary of Sec. 3.2.1 

for the interpretations of figures expressed in person-hours. 
Table XXVIII relates person-hours of exposure directly to the ma-

jor criteria of Sec. 3.1. 

3.4 Projections of Construction and Appliance Noise to 
the Year 2000 

Projecting conditions to the year 2000 involves a number of 

uncertainties. One of these is the exponential rate at which 

technology is evolving and affecting society. As pointed out by 

Sir Arthur ClarkI, life in the year 2001 will be as different 

from the present as the present is from 1890. Who - in 1890 -
could have realized the impact that electricity and the automo

bile would have both on life style and on the environment? Tech

nological innovation, however, is not the only factor to be con

side~ed. One simply cannot account for future changes in social 

attitudes. Although a few far-sighted technologists may have 
predicted in 1940 the capability to transport passengers at 

------
*Lecture to the Arlington Library Association, Arlington, Mass. 

(Sept. 1970). 

119 

AR0070566 



TABLE XXVIII. ORDER-Of-MAGNITUDE ESTIMATES Of EXPOSURE TO HOME APPLIANCE AND 
BUILDING EQUIPMENT NOISE EXPRESSED IN MILLIONS OF PERSON-HOURS PER WEEK 

Noise Source 

Group I: Quiet Major Equip
ment and Appliances 
Fans 
Air Conditioner 
Clothes Dryer 
Humidifier 
Freezer 
Refrigerator 

Group II: Quiet Equipment 
and Small Appliances 
Plumbing (Faucets, Toilets) 
Dishwasher 
Vacuum Cleaner 
Electric Food Mixer 
Clothes Washer 
Electric Can Opener 
Electric Knife 

Group III: Noisy Small 
Appliances 

Sewing Machine 
Electric Shaver 
Food Blender 
Electric Lawn Mower 
Food Disposer 

Group IV: Noisy Electric 
Tools 
Home Shop Tools 
Electric Yard Care Tools 

Speech Interference* 
Moderate Severe 
(45-60) (>60) 

1200 
242 

94 
10 
o 
o 

535 
461 
280 
222 
215 
117 

1 

19 
6 
2 
1 
0.5 

5 
1.5 

Sleep Interference* 
Slight Moderate 
(35-50) (50-70) 

o 
121 

10 
15 
o 
o 

267 
4 
0.5 
1 
0.5 
0.2 
0.1 

0.5 
1 
0.2 
1 
0.5 

2 
. 1 

Hearing Damage Risk 
Slight Moderate 
(70~80) (80-90) 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

9 
5 
0.5 
o .3 
0.5 

1 
0.4 

*These figures are not directly interpretable in terms of person-hours or lost sleep or 
speech inter~erence (see text). 
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supersonic speeds, it is doubtful that they could have nredicted 

that such a technologically feasible system would be abandonded 

largely because it was expected to make too much noise. 

Although any long-term predictions are fraught with such 

difficulties, one can still make educated guesses with a reason

able level of confidence. Rather than merely extrapolate exist

ing conditions to the indefinite future, we try to be somewhat 

quantitative by projecting the impact of construction and appli

ance noise on the basis of existing forecasts of population, 

family size, gross national product, and trends toward urbaniza

tion. Construction activities will continue to follow such 

growth patterns, although the character of construction may 

change significantly with greater use of prefabricated materials 

and the introduction of new kinds of equipment. Similarly, 

ownership of appliances has been found to be a function of family 
income level, and we use their relationship to project the growth 

of appliance use in the generally more affluent households pre

dicted for the year 2000. Also, rather than trying to account 

for conflicting trends and changing attitudes, we project the 

extent of exposure with the assumption of no change in noise 

level for a given equipment or appliance type and consider only 

major trends that can be easily identified. 

We use the following data, taken from the U.S. Census Bureau, 

for projecting the increase in exposure to construction and appli

ance noise: 

1970 2000 Ratio 

aNP (billions of 1958 dollars) 720 2240 3.2 

Total Population (millions) 200 293 1.45 

Total Number of Households (millions) 63 104 1.65 

people per Household 3.17 2.8 0.9 
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3.4.1 Construction activity 

Given the predicted increase in population and in financial 

resources, one can expect fairly extensive buildin~ activity. 

However, the urban areas have limited space available for new 

building; thus, the trend is for areas outside those now identi

fied as central cities to become urbanized. Figure 24 illus

trates this trend for single-family, multi-family, and nonresi

dential construction activities. With available land becoming 

more and more scarce within the central city, the building of 

single-family and multi-family dwellings will continue to de

crease sharply. In 2000, we can expect to find approximately 

one-third the number of residential construction sites as were 

active in 1970. Nonresidential building is expected to increase. 

In areas outside the central cities, both residential and 
nonresidential construction should increase significantly. Non

residential building activity is expected to increase by over 50% 

as the present suburbs become urbanized. With this general trend 

in mind, we use the data given above to project the expected in

crease in exposure to noise from construction activities. 

Nonresidential 

We assume that the level of nonresidential construction ac

tivity in any given year is proportional to the real Gross Na

tional Product (GNP) for that year. To find the nonresidential 

construction activity for any particular year, the ratio of the 

GNP for that year to the 1970 GNP is multiplied by the number of 

nonresidential sites built in 1970 (Table X). The resulting 

total construction figures are apportioned between "central cit

ies" and "other metropolitan areas" in the same proportions as 

occurred in 1970. Despite the expected decrease in total con-
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struction site within the central city, nonresidential sites are 

expected to increase. 

ResidentiaZ 

We assume that the population and population density of 

central cities will remain at their present levels until the 

year 2000, and that most residential construction in central 

cities will be for the purpose of replacing decayed units rather 

than for housing new population. The number of construction 

sites will decrease due to the established trend toward an in

creasing population of multi-family dwellings over single-family 

dwellings. (Two- to four-family houses, which represent a 

negligible fraction of total construction, are here included in 

the total for single-family housing.) 

For metropolitan areas other than suburbs, the number of 

units constructed in anyone year is assumed to be proportional 

to the population increase in the previous ten years. To esti

mate this increase, we project the total metropolitan population 

by multiplying the projected total national population by the 

estimated proportion of the population living in metropolitan 

areas. All the increase in metropolitan areas population for a 

particular year is ascribed to noncentral city areas. 

Roads 

A simple but plausible indication of road construction ac

tivity, is the population level. Clearly additional people will 

require additional roads, the capability of rapid transit being 

small at present. However, the urban areas have limited space 

for new roads, and urban residents are expressing increasing 

opposition to new road construction on ~rounds of aesthetics, 
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pollution, and the community dismemberment concomitant with the 

installation of limited access highways. Thus, it would seem 

unlikely that road construction will rise as fast as other mea

sures such as the GNP. We therefore project the future level by 

multiplying the present level of activity by the ratio of the 

projected population divided by the current population. 

The number of people affected by construction sites is com

puted in the manner described in Sec. 3.2.1. Population densi-

ties for all metropolitan areas are assumed to be constant with 

time - 4500 people/sq mi for central cities and 2400 people/sq mi 

for other metropolitan areas. At anyone site, people are appor

tioned to specific transmission loss intervals according to the 

method shown in Fig. 20. The resulting exposure to construction 

noise is given in Fig. 25 in person~hours. In this figure, multi

family residential construction has been included with nonresidential 

construction, since these types of building activities are quite 

similar. Note that the number of people exposed to noise from 

single-family dwelling construction declines steadily with time. 

This trend is more than compensated for by the rapid increase in 

nonresidential and multi-family sites - for which the duration 

of construction is typically six times greater than the duration 

for single-family houses. Thus, the number of person-hours of 

exposure is expected to increase by about 50% in the next 30 years. 

3.4.2 Appliance use 

We assume that the probability of future appliance owner

ship as a function of income level will remain the same and that 

appliance costs will r.emain approximately the same in current 

dollars. With these assumptions in mind, we base our approxima

tion of appliance use UIL prOjected population, family income, 

125 

AR0070572 



3.0p-----~------~------~------_r------~----~ 
(f) 

Z 
o 
I
o 
Z 
o 
U 
o 2.5 
,...... 
O'l 
r-

>
CD 

o 
W 
N 

NONRESIDENTIAL AND 
MULTIFAMILY RESIDENTIAL 

..J 2.01---------+--------+----#"---------1 
<l 
~ 
a: 
o 
z 

. 
W 

~ 1.5 
(f) 

o 
a.. 
x 
w 
LI... 
o 
(f) 
a: 1.0 
:::> 
o 
::r: 
z 
o 
U) 
a: 
w 

TOTAL 
CONSTRUCTION 

ROAD CONSTRUCTION 

SINGLE FAMILY RESIDENTIAL 

a.. 0.5~----~------~------~------~------~----~ 
1970 1980 1990 

YEAR 

FIG. 25. PROJECTED CHANGE IN EXPOSURE TO CONSTRUCTION NOISE, 
ASSUMING NO CHANGE IN NOISE LEVELS. 

126 

2000 

AR0070573 



and income distribution. This estimation is likely conservative 

as some appliances are continuing to increase their acceptance 

in all income levels, although their growth of acceptance is low 
at the higher income levels where some appliances have nearly 

saturated the market. For those appliances for which insuffi
cient information is available on appliance possession at the 

various income levels to make the projection described above, 

we estimate future possession from current marketing information 

on percentage of replacement sales and on market penetration. 

In projecting future impact, we estimate that the appliance 

usage will remain approximately at current levels. Supporting 

this assumption is the little deviation shown in average time 

spent by homemakers over the last forty years. 

Figure 26 illustrates the increase in exposure to appliance 

noise by plotting hearing-damage risk and speech and sleep 
interference in person-hours of exposure. As explained in Sec. 
3. 1 , these three effects are among the most salient and tangible 

consequencies of noise exposure and thus can be most readily 

interpreted in nontechnical terms. As can be seen on Fig. 26, 

we project that number of person hours during which people will 

be exposed to the risk of hearing damage will 'more than double 

in the next thirty years, as will the number of person-hours dur
ing which normal conversation will be difficult and people will 

be either awakened or prevented from falling asleep. 

As explained previously, we have not taken into account cer

tain trends, discussed in Sec. 4, which are having some effect 
on the noise levels produced by construction equipment and appli

ances. However, one should note,when reviewing theseprojec

tions, that industries are becoming sensitive to a growing con

cern about noise pollution among the general population. For 
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example, construction equipment has become noisier as it has 

become more powerful; yet, one manufacturer has developed and is 

marketing a quiet air compressor. Conversely, refrigerators and 

air conditioners have become noisier as manufacturers have strived 

to meet market-place demands for extra features and smaller size. 

ThUS, rather than try to account for an infinite number of vari

ables, we have assumed no change in noise levels for both con

struction equipment and appliances. We feel that this method 

has resulted in reasonable near-term projections, if no noise 

control action is taken. 
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4. INDUSTRY EFFORTS 

4.1 Introduction 

Efforts by industry to quiet products are usually 

motivated by two factors: market place demand and government 

regulation. The consumer can exert pressure on industry by 

electing to buy or not to buy or by selecting a competitive 

brand that produces less annoying noise levels. This kind of 

"consumer regulation" can be very effective - particularly 

with regard to appliances in that manufacturers are quick to 

respond to consumer tastes. However, consumer pressure can 

also subvert efforts a manufacturer may wish to make; for 

example, housewives often associate the noise produced by a 

vacuum cleaner with its ability to clean - the noisier the 

machine, the more satisfied a homemaker may be with its 

performance. In any event, the purchaser can apply direct 

pressure to the industry. 

Public pressure, on the other hand, is usually very 

ineffective. The only recourse for people who do not own the 

noise sources to which they are exposed is to register a 

complaint. Such complaints have no effect whatsoever unless 

enough exposed people organize and concentrate their efforts on 

a particular source. This kind of community response may 

eventually result in government regulation. 

Our analysis of industry efforts to quiet construction 

equipment, appliances, and building equipment was organized as 

follows: 

• We constructed a matrix of common products and 

significant manufacturers. 
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• We rank-ordered products as to approximate magnitude 

of noise impact or need for quieting. 

• We rank-ordered manufacturers as to their importance 

in the product area . 

• We examined the resulting manufacturer/product 

"intersections" with a view toward organizing a 

number of interviews that would cover important 

products and leading firms and still be within the 

time and effort constraints of the study. 

• We developed an extensive interview format both to 

guide the interview and to provide a standardized 

method of reporting. (Full use of this format was 

not possible within the constraints of this study; 

it could be useful, however, in the event that in

dustry efforts are to be examined in more detail.) 

• Under guidance of the format developed, we collected 

subjective data and objective observations; this in

formation forms the basis for representative general

izations cited in this report. 

As expected. the industry 1s concerned about releasing 

data which might disclose proprietary ideas or expose a com

petitively sensitive area of operations. Accordingly, identity 

of sources is carefully safeguarded herein. This need for 

corporate security has limited our collection of statistically 
.' 

meaningful data; the trends observed, however, are clear and, 

in themselves, undoubtedly represent the noise control environ

ment in industry. 
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4.2 Construction Industry Efforts 

We view the construction industry as consisting of two 

major sectors: equipment manufacturing and equipment operation 

(i.e., building construction). The functions of these two 

sectors of the industry are so different as to warrant separate 

discussion. 

4.2.1 Equipment operation 

Section 3.2 describes this sector of the construction 

industry in detail, identifying types and phases of site activity 

and describing the areas in which noise abatement can be 

achieved. 

The industry has, in fact, done almost nothing to quiet 

site operations. Its attitude may be attributed in part to the 

fact that quiet equipment has not yet been made available on a 

cost-effective basis; however, a limited capability does exist 

for quieting a site by relocating or rescheduling equipment. 

This sector has not exercised its influence as a "consumer" to 

bring pressure to bear on the equipment manufacturers, nor has 

it responded to public complaints. Hence, regulatory measures 

may be the only solution to the problem of construction site 

noise, and such regulations are imminent. 

4.2.2 Equipment manufacturers 

There are approximately 2000 manufacturers* of construction 

equipment in the U.S. In total, these companies offer about 

200 different products. For the purposes of assessing the state 

of noise control in this sector of the construction industry, we 

*Defined by counting separately certain divisions of larger 
firms which have a highly identifiable product line. 
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categorized 48 general types of products that are potentially 

significant noise sources. We group these product types into 

three orders of classification: (1) class of noise problem 

anticipated, (2) relation of equipment to function at the site, 

and (3) specific equipment names. 

I. Engines and power trains 

A. Excavating equipment 

1. backhoes 
2. clamshells 
3. dozers 
4. draglines 
5. loaders 
6. rippers 
7. (power) shovels 

B. Highway equipment 

1. compacters 
2. graders 
3. pavers 
4. pipe layers 
5. pulverizer/mixers 
6. rollers 
7. rotary borers and drills 
8. scrapers 
9. street sweepers 

10. trenchers and backfillers 

C. Equipment to handle finished materials 

1. cranes 
2. fork (and similar) lifts 
3. travel lifts 

D. Mobile units 

1. tractors, crawler 
2. tractors, wheel 
3. trucks 

E. Power supplies 

1. compressors 
2. electric-power generators 
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II. Interaction between equipment and materials (may 
include engines and power trains) 

A. Equipment to handle bulk materials 

1. bins (and hoppers) 
2. concrete mixers 
3. conveyors 

B. Large impact tools 

1. drop hammers 
2. pile drivers 

C. Medium impact tools 

1. jack hammers 
2. rock (vibrating) drills 

D. Small impact tools (power) 

1. impact hammers 
2. impact wrenches 
3. riveters 
4. stud drivers 

E. Rotary tools 

1. bench drills 
2. grinders 
3. hand drills 
4. hand saws 
5. table saws 

III. Miscellaneous (may include sources characteristic of 
I and II above) 

A. Pumps 

1. concrete pumps 
2. stripping pumps 
3. well-point pumps 

B. Other 

1. burners and heaters 
2. sand blasters 
3. screeds 
4. concrete vibrators 
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Two assumptions underlie the terminology selected: 

(1) equipment in transit under its own power is a truck or 

tractor, even though when working it may be a dozer or a crane, 

and (2) classification by function at the site is arbitrary 

since many types of equipment have several uses. 

Manufacturers of construction equipment can be classified 

according to size/type of equipment produced as 

• large companies producing large volumes of essentially 

similar, large items of machinery; 

• medium-size companies producing "customized" pro

duction runs of more limited numbers, usually of 

smaller machinery; and 

• manufacturers of power hand tools and pneumatic 

equipment. 

Our interview program was organized to cover the two major 

acoustic source types (prime-movers and power trains) and the 

forty-eight types of products and three classes of companies 

identified above. We concentrated our efforts on significant 

leaders in the industry and companies producing a wide variety 

of products that have high levels of noise output: 

• Of the ten manufacturers intensively interviewed, 

about eighty product analyses resulted. 

• Eight of the firms produced equipment in which the 

prime-mover or power train is a significant source 

of noise; two companies produced only power hand 

tools. 

135 

AR0070582 



Three companies were high-production manufacturers; 

seven manufactured customized equipment . 

• Three-quarters of all the products where subjected 

to specific analysis, covering all Significant noise 

sources except impact tools and pumps. 

• The ten firms represent a significant part of the 

industry: Of the two thousand firms nominally in 

the industry, about twenty comprise the industry 

"core". Eight of the ten interviewed are part of 

this core. 

Our overview of the equipment manufacturing industry showed 

that: 

1. Large companies closely resemble the Detroit assembly

line manufacturing concept. They tend to have large engineering 

staffs and are quite advanced in their efforts toward developing 

quieter products. They are aware of the competitive advantage 

of quieting equipment but are also sensitive to price competi

tion from smaller companies and foreign manufacturers. 

2. Medium-size companies producing "customized" items 

tend to feel more keenly the competitive pressures of the 

market place. Competition comes not only from domestic and 

foreign companies but also from other types of equipment that 

can perform the same operation. Engineering staffs tend to be 

small and product-oriented, interested only in improvements 

that incorporate new technology (e.g., hydraulic vs mechanical 

drive). Little effort has been made toward quieting products, 

with pressures of current and planned noise control legislation 

being passed on to their suppliers. They generally have no 

plans or see no need for developing greater noise control 

technology. 
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3. Manufacturers of hand power tools and pneumatic 

equipment fall into two categories: Large multiproduct com

panies which tend to mount considerable R&D efforts and smaller 

companies which are not so innovative but which do follow trends 

developed by the larger companies. Noise control has been 

pursued rather vigorously by these larger companies as pa~t of 

their product improvement programs, but effective quieting of 

hand tools is difficult because of such practical constraints 

as size and weight. 

Our in-depth interviews revealed that in the past the 

industry's concern with noi3e problems has been directed pri

marily to protection of the equipment operator. The impetus 

for this concern came largely from noise codes imposed by 

foreign countries, where some U.S. equipment has had to be 

"reworked" by foreign distributors. Three of the eight "large 

equipment" companies interviewed had previously quieted equip

ment to enter European markets. Switzerland and Bel~ium. for ex

ample, specify permissible noise levels for such machinery; in 

addition, foreign manufacturers make quieter machines and set 

a competitive pace in foreign markets. American manufacturers 

seem to have met this competition by custom-designing equipment 

for export. There is an implication here, of course, that 

many American machines marketed abroad have been quieter than 

counterparts that were marketed domestically; however, this 

implication has not been verified by this study. 

Half the companies interviewed are currently undertaking 

prOgrams to quiet their products for the domestic market for the 

first time. Many of the present programs have been started this 

past year and are aimed primarily. at protecting operators, so as 

to conform to impending legislation/regulation regarding occupa

tional health and safety. Only one of the companies indicated 
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that purchasers complain about protection for operators on their 

own initiative, and only one case emerged where a union had 

lodged a formal complaint. Six of the eight companieo described 

pressures on behalf of operators that originated with existing 

or proposed governmental action. 

Many manufacturers feel that the efforts they are now 

making on behalf of equipment operators will payoff in meeting 

future noise limits designed to protect the public. Perhaps, 

one of the most promising future approaches has been taken by 

one of the manufacturers of large equipment, who has charged 

design teams with the responsibility of integrating noise control 

into the overall design of his next generation of products and 

has set up review boards to evaluate new designs from all stand

points, including noise. 

Four of the eight companies specifically mentioned the 

recently enacted Chicago noise ordinance as contributing to 

their specific future objectives. The industry generally anti

cipates EPA-administered federal control; the visits of our 

interviewers reinforced this feeling. Two companies believe 

that pressures for quieting will increase with time - apparently 

as a result of an increasing public awareness of noise as an 

environmental pollutant. 

Although the industry has become increasingly aware of the 

pressures for noise control and has already made some efforts 

in this area, manufacturers must" cope with economic pressures 

that argue against noise abatement. Some companies feel that 

the intensity of competition sets the limits on what price the 

market will bear. One of the industry's leaders was concerned 

that purchasers will continue using old equipment if prices 

rise significantly. Other industry leaders point out that 

foreign-made machines (some of them already quieted) will enter 
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the American market if prices rise appreciably. One company 

predicted that a small rise in the price of truck-mounted con

crete mixers would lead to the introduction of alternative 

methods for handling concrete delivery and production. 

Companies who feel that the demand for their products is 

great enough plan to pass quieting costs onto the consumer, 

although such threats as foreign competition and alternative 

methods put limits on this process. The question here is how 

fast the industry dares to move. One limit on rapid movement 

is price competition. One company may be able to beat its com

petitors to the market with a quiet machine, but it does not 

dare raise prices substantially in the face of competition. 

Different companies approach this problem differently. Most 

express the intention to meet or exceed the competition, but 

they feel that any great competitive advantage they gain 

through an all-out effort to quiet their products would be short

lived. One company sees its competition as being extremely 

severej and fears that it may not be prepared for the next round 

of quieting, while another company has actively launched a pro

gram designed to produce quieter machines than its competitors 

at lower costs than the competitor will incur. 

This company and some others expressed the concern that 

often accompanies any industry leadership; i.e., a company may 

invest large sums in quieting which will thus increase the cost 

of products, while another company that refuses to quiet pro

ducts keeps it prices low and may successfully challenge noise 

regulation in the courts. 
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While all companies regard cost as an immediate - and 

perhaps as the ultimate - constraint, two other constraints 

become paramount if and as costs diminish: time and technology. 

Three companies, each in a different fashion, represented that 

costs can be traded for development time; i.e., more time for 

development would reduce the cost of competition, allowing 

quieting techniques to be integrated into planned engineering 

efforts and to be an integral part of the seasonal progreSSion 

of models. The very company that is setting out to achieve the 

most quieting for the least cost is the one that feels that 

technology will eventually supercede cost as the principal 

factor that limits quieter equipment. 

At another firm, the technical limitations are spelled out 

in terms of: (1) loss of equipment power through increased 

muffling; (2) increase in the difficulties and cost of main

tenance; (3) fire hazards through using insulating materials 

that can become oil-soaked; (4) unsafe operation by suppressing 

or distorting the noise "signals" upon which operators depend 

for safety; and (5) ineffective operation, by disturbing these 

same "signals", thus hindering the ability of the operator to 

tell how effectively he is operating. 

The industry also voiced concern over the feasibility of 

noise abatement where equipment and materials being worked 

interact to become prominent sources of noise; e.g., concrete 

mixers (where the structure may be the noise radiator); jack 

hammers (where the tool and its driving media may be the 
offender); riveters (where the structure of the building may be 

the primary source); and pile drivers (where both the structure 

and the media may be significant sources). This "interaction" 

type noise source may be very difficult to quiet. 
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However, no firm interviewed condemned noise limits out-of
hand, nor did they deny their inevitability. Six of the eight 

companies expressed the opinion that unless they quieted their 

products, their markets would disappear, Feelings varied from 

acceptance of inevitable reality to enthusiastic approval of the 

trend. 

During the course of this study, members of the BBN team 

were actively engaged in the regulatory efforts of three cities 

and one state - Boston, Chicago, San Francisco, and Illinois. 

ThiS work provided an insight into the mechanism of regulatory 

control from outside the construction industry. In addition, 

discussions were held with the Construction Industry Manufac

turer's Association (CIMA) to obtain information about controls 

within the industry. 

There are potentially four levels of regulatory bodies 

outside the industry: federal, state, city/town, and 

specialized local departments (city departments of health, air 

pollution control, zoning/building, etc.). The regulatory power 

exercised by these bodies is generally graduated into four steps: 

general standards (setting goals), enabling powers (granting 

power to a lower body), specific regulations (against which are 

judged infractions), and procedures (for measuring performance). 

The target of the regulatory powers is either basic 

equipment performance (i.e., noise of new equipment as sold by 

manufacturer) or equipment operation'(e.g., total noise emitted 

from a site). Regulations are usually aimed toward protecting 

(1) health (as in the hearing-protection section of the Federal 

publiC Contracts Act) and (2) environmental quality (as in the 

construction site operating limits proposed for yhe city of 

eoston) . 
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No fixed pattern has yet emerged which interrelates the 

regulatory bodies, nature of powers, targets, or degree of 

protection. Current activity at all levels, however, has 

alerted the industry that controls are imminent. One signifi

cant set of controls already in existence limits the noise 

from new co~struction equipment sold in Chicago; dual controls 

are being pr~posed in Boston, to limit site operation noise and 

to restrict noise from new equipment. Enabling legislation 

exists (as in the General Laws of the General Court of 

Massachusetts), and enabling powers have been passed on through 

city ordinance (again as in Boston). Even though the Federal 

Public Contracts Act does not apply to local construction, its 

philosophy is impressed on the industry, and its effect is 

increaSingly noted in the carryover of standards into new 

federal occupational health and safety legislation. 

In summary, the regulatory bodies outside the construction 

industry have begun to exercise some influence in the area of 

noise abatement. 

CIMA and the national standards-setting bodies of ASTM/SAE 

are both actively addressing the problems of measuring equipment 

noise and recommending quieting standards. The equipment 

manufacturing industry would like to coordinate its activities 

with those of its closely related standards-setting bodies 

(see Appendix B for discussion of a paper prepared by CIMA). 

Self-regulation via industry-initiated standards is presumably 

somewhat hindered by federal anti-trust provisions. 

As yet, no broad controls have been established. It is 

assumed that the example set by the City of Chicago equipment 

noise ordinance will stimulate other similar action, eventually 

resulting in a proliferation of standards put forth at the local 
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level. As an alternative, the industry would welcome one 

comprehensive overriding standard. However, some anxiety was 

expressed as to the reasonableness of future legislation, 

specifically that sufficient time would not be allowed to con

form to such a standard. Typical new product lead-times are 

on the order of five years. Industry believes it could meet 

noise goals without excessive cost to the consumer, if given 

enough time. 

In general, it appears that industry is aware that it will 

be forced to comply with ever-tightening noise standards. While 
this fact seems to worry everyone to some extent, most manu

facturers are confident that they will meet the limits set by 

current and anticipated legislation/regulations/standards. In 

fact, all but .one of the companies interviewed stated their 
noise control goals in terms of such limits, frequently speci

fying either the levels stated in the Walsh-Healey Public 

Contracts Act for operators or those set forth by the Chicago 

ordinance for public exposure. 

Early abatement efforts made by the manufacturers have been 

highly successful; thus, the industry is somewhat optimistic 

about its ability to cope with pressures for noise control. 

However, it is important to note that the industry has begun 

with the most obvious and the easiest tasks it must accomplish. 

Future tasks are apt to be far more difficult and costly; 

therefore, future struggles to comply with more stringent 

standards could possibly influence company attitudes, making 

them less receptive to regulation. 
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4.3 Buildirg Equipment and Appliance Industry Efforts 

Throughout this study we have viewed the horne appliance 

industry as consisting of two major sectors: owner-controlled 

appliances and major building equipment (such as heating and 

plumbing systems in multifamily dwellings). We continue this 

division, since (even though certain large companies produce 

both types of equipment) the nature of the marketing and of 

the pressures for noise control are quite different. 

4.3.1 Building equipment 

The quieting of building equipment involves the contribu

tions and decisions of an interdependent chain that consist~ of 

owner, regulatory body, architect, engineer (both mechanical and 

structural), equipment, and manufacturer. For purposes of ana

lyzing industry programs, three sectors of this network are 

significant: (1) the equipment manufacturing sector; (2) the 

design sector, and (3) the control sector. 

Overall, quieting of the equipment in a building thus be

comes a compromise between the elements of the chain on matters 

of design, budget and technical performance. 

Manufaaturing Seator 

Manufacturers of building environmental control and services 

equipment are currently aware of the significance of quieting 

their products; they realize that they have a role to play in 

quieting at the source. The manufacturer does not have complete 

control over the quieting of the finished system; here, he 1s 

dependent on the architect and the mechanical/structural engineers 

as to location, local architectural treatment, and surrounding 

structural design. 
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Given this ambiguity, manufacturers in the past have been 

uncertain as to what to quiet, how much to quiet, and even how 

to measure progress in quieting. In a recent review of a wide 

variety of currently available equipment from a variety of manu

facturers, several types of equipment showed spreads as large 

as 10 dB within the type. However, no line of equipment from 

a single manufacturer was characteristically noisy or quiet. 

Currently, manufacturers are trying to solve problems of 

rating their equipment. This effort is being channeled largely 

through the trade associations and the technical societies. 

The fundamental aim of this effort is to furnish the architect 

and engineer with ratings that they can utilize in designing 

their equipment layouts and in specifying their equipment. 

In the compressor industry this step has been substantially 

achieved. The result is that competitive criteria have become 

clearer and that the major technical barrier to q~ieting is 

common to the industry as a whole. (It is the blade-rate scream 

from the impeller.) It is apparent that if a manufacturer 

CQuld make a technical breakthrough in this area, he would 

achieve a strong competitive advantage. There is some question, 

however, as to whether any single manufacturer can afford the 

development costs that such a breakthrough would entail. 

When rating methods have been developed and when, as a 

result, the technical problems become better defined, manu

facturers of building equipment will face three basic alterna

tives in reducing the noise from their products that reaches 

the building's occupant: (1) redesign of the equipment, (2) 

enclosure of the noise source by the manufacturer and (3) 

passing the problem along to the building designer. 
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Design Sector 

The mechanical engineer is starting to add acoustic per

formance of equipment to the list of building specifications. 

These specifications are passed back to equipment manufacturers. 

The mechanical and structural engineer interface with the 

equipment manufacturer in the area of containment of noise vs 

quieting at the source. Trade-off between the two approaches 

must be considered on both sides. Enclosures, if chosen often 

become a manufacturer's problem because of the need to brjng 

proper controls and services through the enclosure. 

The same two factors face each other regarding size of 

equipment. The design sector wants compact equipment in order 

to increase usable space as well as be able to move through 

doors, while the manufacturer tends toward larger equipment to 

favor quieting. 

The architect meets the manufacturer at another interface 

that concerns eqUipment location, local architectural treatment 

and selection of structural system. Acoustically remote spaces 

are often not possible to be allotted to house equipment in 

view of the high cost of building space and the attendant desire 

to maximize revenue-bearing space. Architectural taste for open

ness in design and novel structural systems can often make the 

isolation of equipment spaces mo~e expensive. 

The designer faces a unique combination of equipment for 

every structure he designs. These combinations create unique 

problems of design. They also create unique patterns of emission. 

Thus in one building, the designer may be able to afford a fairly 

noisy piece of equipment because it will operate by itself or 

because it will operate in relative isolation. In another 
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building he may require a very quiet piece of equipment to perform 

the same function because it may be operating alongside other 

noisy machinery or in a location that makes the building users 

vulnerable. 

ControZ Sector 

Controls regarding building equipment acoustic performance 

emanate from four sources: (1) trade associations within the 

building equipment industry; (2) specialized technical societies 

alsO within that industry; (3) generalized professional tech

nical societies (such as ASME, IEEE, etc.) serving all U.S. 

equipment industries; and (4) regulatory bodies (Federal, state 

and local). 

The role of the trade associations is to set standards for 

rating the performance of equipment and to evolve guidelines for 

proper application of the equipment. Among the most active in 

dealing with noise control are: 

• Air Conditioning and Refrigeration Institute 

• Air Moving and Conditioning Association 

• Air Diffusion Council 

• Compressed Air and Gas Institute 

• American Gear Manufacturers Association 

• National Fluid Power Association 

• Hydraulic Institute 

• National Electrical Manufacture~s Association 

In contrast, the technical societies both within the building 

equipment industry and outside, serving all industries, are dedi

cated to developing measurement procedures and standardizing the 
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techniques for making measurements and reporting results. Most 

active in the measurement area are: 

• American Society of Heating and Refrigerating and Air 
Conditioning Engineers 

• Institute of Electrical and Electronics Engineers 

• American Society of Mechanical Engineers 

• American National Standards Institute 

• American Society for Testing Materials 

Government agencies exercise control in three ways: (1) 

as regulatory agencies concerned with occupational health; (2) 

again as regulatory bodies concerned with community noise; and 

(3) as significant purchasers of equipment for use in public 

buildings or publically financed projects. The occupational 

health and noise control aspects of the Walsh-Healey Public 

Contracts Act has served as a pace-setter for establishing 

targets for the building equipment indus tl'y , although the fed

eral act itself generally has little direct applicability to 

most of equipment currently sold. 

As state and local governments extend their protection against 

occupational health hazards, they are tending to adopt the Wa1sh

Healey criteria. These enactments tend to put pressure on manu

facturers and designers alike. The most active current issue 

arises from the establishment of a stringent specification 

(80 dB(A) at three feet) by the General Services Administration 

for machine noise in federal buildings. 

Manufacturers are having difficulty meeting the G.S.A. 

standards through quieting at source, but G.S.A. replies that 

containment will solve the problem. In one instance, however, 
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a substantial federal building project has not been able to at

tract qualified equipment bidders. Minimum property standards 

for FHA-assisted dwelling units have been in effect for a number 

of years. Some lattitude regarding enforcement appears to be 
permitted to the directors of regional offices. 

In total, the criteria for acoustic performance of building 

equipment are still in a state of evolution. More detailed dis

cussion of standards is contained elsewhere in this report. Mea

surement procedures are still under development, and the current 

acoustic performance of standard equipment is still not fully 

understood within the various sectors of the industry. A system 

for rating equipment by category is seriously needed to give the 

control sector, designer and manufacturer a common language. 

The divergence of the city codes that do exist (15 dB spread) 

needs to be eliminated to reduce customizing requirements on 

the equipment manufacturers. 

Summary of Pressures For/Against Quieting 

a. For 

• Quieting deemed a "necessity", no longer a "luxury"; tenants 

now in second or third generation of air conditioned buildings, 

and attitude toward quiet has matured to this point of view. 

• Architectural desire for openness of design, new lightweight 

structural systems and economy of nonrevenue bearing space 

places premium on quieting of source . 

• Mechanical engineers increasingly aware of need for quieting, 

hence now specifying acoustical performance. 

• Occupational health and safety pressures spreading, following 

example set by Walsh-Healey Act. 
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• Codes at city level to enhance community quiet. 

• Quieting generally becoming cost-beneficial in eyes of 

building owners. 

b. Against 

• Technical barriers make next step too expensive for single 

manufacturer to attempt by himself. 

• Lightweight and small equipment desired to fit into small 

allocated spaces and remain tolerant of light foundations. 

• Specific quieting goals are not clearly set, and codes and 

regulations are confusing and contradictory. 

e. Trade-off Must be Examined 

• Containment via enclosure vs quieting source - which is more 

co~,t effective? 

4.3.2 Home appliances 

There are approximately 70 to 80 important manufacturers* 

of home appliances in the U.S. These companies offer 30 to 40 

different products that are potentially significant noise 

sources. For the purposes of assessing the state of noise 

control within this industry, we rank-ordered specific appli

ances according to their relative importance with regard to 

noise abatement in and around the home. 

• air conditioners, 

• dishwashers, 

• water closets, 

*Defined by observing company names and appliance categories in 
various well-established consumer journals. 
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• other major appliances (clothes washers, dryers, 

refrigerators), and 

• appliances whose noise output is interpreted as a 

measure of its efficiency (vacuum cleaners, 

blenders) . 

The industry is characterized by four major company/product 

mix categories: 

• large, multidivisional companies producing a broad 

range of products; 

• medium-size companies formerly specializing in a 

well-known product but now branching out to take 

advantage of a good name in the consumer market; 

• small and medium-size firms who maintain a certain 
leadership character through continued specializa

tion; and 

• companies manufacturing "private label".appliances 

to be sold by others, usually by large retailers 

who contract for and control the product policies 

o'fa large volume of home appliances. 

Our interview program was organized to cover leading 

manufacturers of a range of equipment as well as retailers and 

industry associations. We interviewed eleven manufacturers 

(or manufacturing divisions of large companies), two major 

retailers, and two industry associations. Twenty-nine products 

and ninety-six product/manufacturers were covered by this 

survey. 
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Our overview of the industry's attitude toward noise 

control shows it to be so direct a function of market place 

pressure that noise control technology often exceeds application. 

Appliance manufacturers tend to maintain sophisticated R&D and 

product engineering staffs that are capable of delivering more 

noise reduction than market strategy can justify. In fact, 

some companies have tried - unsuccessfully - to market quiet 

products, such as air conditioners, vacuum cleaners, blenders, 

and hair dryers; others have developed a number of quiet proto

types that were not put into production. 

Consumer research shows low noise levels are not highly 

valued by most customers. Several companies keep systematic 

track of customer correspondence, while the industry itself 

maintains a Major Appliance Consumer Action Panel (MACAP) that 

acts as a clearinghouse for complaints. These records, all of 

which concern major appliances, show relatively little com

plaint about noise. For example, only 5% of the letters to 

MACAP in the first eight months of 1971 were about noise. 

The objectives for quieting household appliances seem to 

vary with the market pressures on particular products. With 

this observation in mind, we organize our discussion of noise 

control efforts around the "problem" appliances identified 

above. 

Aip Conditioneps 

There is probably more market pressure to quiet air 

conditioners than to quiet any other household appliance. Since 

air conditioners emit noise both indoors and out, they frequently 

affect not only the purchaser and his family, but also neighbors 

and passersby. Both kinds of emissions generate pressures for 
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noise reduction. Pressure from neighbors takes the form of local 

noise ordinances that specify maximum sound-emission levels at a 

property line; this pressure is passed on to the manufacturer, 

as one company pointed out, by dealers or marketing men who are 

aware of the ordinances. 

Dollar sales of room air conditioners grew almost eight-fold 

in the decade of the 1960's; during that time, indoor quiet 

emerged as a competitive dimension. Several manufacturers are 

currently engaged in competitive advertising campaigns to sell 

the quietness of their room air conditioners and are giving 

their products brand or model names that imply the quietness. 

Two large appliance manufacturers independently volunteered the 

opinion that quiet is becoming more important to purchasers 

every year. One of these indicated that the fact that air 

conditioning allows one to close the house against outside noise 

may soon become a sales argument in air conditioner 

merchandising. However, one leader in the current "quiet" race 

indicated that their top-line model is not selling well. 

Most quieting effort for air conditioners takes place in 

modest engineering laboratories that are attached to the local 

production facilities. One such laboratory reports spending 

three man-years per year on air conditioner noise control; one 

man-year per year ,was a more frequently mentioned level of 

effort. While the product policy people generally reported that 

they were making maximal use of available quieting technology, 

the study project acousticians who initiated the interviews felt 

that current state-of-the-art technology was not being univer

sally applied. 
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Two estimates we received indicate that quieting room air 

conditioners adds 10 to 15% to their price. There may also be 

an inherent trade-off between quietness and efficiency (since 

one way to reduce air noise is to decrease air velocity). 

Sometimes, quieting results in increasing the air conditioner's 

physical dimensions~ thus detracting from appearance as well as 

from convenience and ease of installation. There may also be 

a trend toward model lines differentiated by noise output - i.e., 

an expensive quiet air conditioner and a cheaper noisier model. 

One manager pointer out that there are anti-trust constraints 

against organizing industry consensus on noise levels. 

Dish~ashers and Food Disposers 

The mechanical differences between dishwashers and disposers 

do not alter the fact that noise control pressures are similar 

and that the manufacturers' approach to quieting is similar. 

Thus our survey indicates that these two appliances logically 

group together. 

Quiet is a saleable characteristic of dishwashers and 

disposers, although the pressures for quieting are not so great 

as for air conditioners. While we are aware of no advertising 

campaigns built exclusively on quiet, it ie advertised with the 

same prominence given to power and reliability. 

Noise levels from dishwashers and disDosers are not currently 

under public regulation, hence the incentive for quiet comes al

most exclusively from the purchaser. This gives rise to marked 

differences between models; if one wishes, 

inexpensive, noisy dishwasher or disposer. 

industry indicate that landlords frequently 
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Noise emissions from these two appliances are not so 

completely under the control of manufacturers as in the case of 

other appliances; the manner of installation greatly influences 

structureborne and plumbing-borne noises. 

Dishwashers, however, present a promising example of 

industry's response to the purchaser's desire for lower noise 

levels. In a 1970 survey by the United States Steel Co., 48% 
of dishwasher owners had no complaints about their appliance, 

but of those who did, more complained about noise than about 

any other aspect of its operation. Both survey data and mar

keting "lore" indicate that the purchaser who has previously 

used these appliances puts a higher value on quietness than 

does the new user. 

The costs of quieting were estimated by one dishwasher 

manufacturer to be 10% and by another to add $1 to $2 to manu

facturing costs. A disposer manufacturer felt that quieting 

would add 12% to a product cost, whereas a retailer of disposers 

estimated 18%. Quieting these machines might deny their 

availability to those least able to pay. 

In the case of dishwashers, one manufacturer indicated 
the possibility of trade-offs between noise and maintenance 

costs, and reliability. Another indicated a trade-off between 

water velocity and quiet but expressed the opinion that there 

are no serious technical restraints to quieting dishwashers. 

In the case of disposers, industry claims inherent problems 

with water and grinding noise (especially with the noise of 

grinding bones), Some noise is considered necessary to the 

user's safety, so he will know when the disposer is operating 

and when it has finished grinding. 
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So far, a number of sophisticated techniques have been 

applied to dishwashers: isolation, damping, and parts re-design. 

Manufacturers of both dishwashers and disposers have tried to 

improve the quality of installation by providing carefully drawn 

instructions and flexible fittings. One company has reduced 

noise on its top-line dishwasher from 82 to 76 dB(A) (at an 

unspecified distance) since 1967 and plans a further reduction 

in the next few years. Another manufacturer expressed only the 

desire to keep abreast of the competition; this company tests 

each machine for noise, rejecting something under 1%. 

None of the manufacturers interviewed intends to give up 

his noisier "economy" lines; goals did not seem to be appreciably 

influenced by the prospects of noise regulation. 

The companies interviewed claimed to have adequate acoustic 

test facilities, although the efforts devoted to testing and to 

development varied widely in quantity and quality. 

Water' CZosets 

If evidence from mail order catalogues is reliable, 

quietness in water closets is a marketable attribute. Two top

line, "low profile" models prominently feature quiet in their 

advertising. One manufacturer indicated in an interview that 

placement of the height of the tank involves a trade-off between 

quiet and efficiency, and indicated that quiet designs may be 

less reliable, less efficient, and more expensive. Like dish

washers and food-waste disposers, economy-models are noisier 

than more expensive ones. 

Currently, one company is trying to eliminate a water hiss 

that occurs when the tank is full. 
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Other Major Appliances 

Quieter clothes washers, clothes dryers, and refrigerators 
tend to be by-products of engineering originally undertaken with 

other objectives in mind. The classic case is a washing machine 

model that was incidentally quieted when two gears were removed 

from the power train to save cost. In the context of product 

improvement, noise is generally treated as a secondary design 
goal, although manufacturers are concerned that engineering 

changes may produce noisier products. For example, refrigera
tors are becoming larger and noisier as manufacturers seek to 
meet the demand for special options such as ice makers; a 

spinner-type washing machine produced higher noise levels when 

spinner speed was increased to 2000 rpm. 

Two of four manufacturers interviewed make quiet models of 

washing machines that sell at a $10 to $20 premium; sales for 

both lines are disappointing. None of the other models of 
these companies is marketed on the basis of quiet nor do the 

mail-order catalogues feature quiet. The single exception is 
a spinner-type washer in which "quiet operation" appears in the 

small-type description. There is, then, relatively little 
evidence of pressure for quieting appliances of this type. 

Yet, despite the weakness of market pressures, considerable 

quieting effort has gone into the design of these appliances, 

especially washing machines. One manufacturer mentioned six 

different quieting projects that have recently been completed or 

are underway. A refrigerator manufacturer mentioned an effort 
to avoid strange or unidentifiable noise. No specific efforts 

to quiet dryers were uncovered. 
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Vacuum Cleaners 

The manufacturers of vacuum cleaners believe that the 

market pressures are for noisy machines. The three manufacturers 

and one large retailer interviewed are all convinced that ~us

tomers use noise as the basis for judging a machine's power. 

For example, after concentrated technical effort, a manufacturer 

had significantly reduced the noise from a canister model with

out reducing its cleaning capability. Housewives who partici

pated in a marketing trial wanted to know "if the machines were 

really cleaning". 

Neither of the large "private label" retailers we consulted 

mention quiet as a design goal. In fact, in advertising a nap 

adjuster, one company writes " ... just slide the bar across 

until you hear the right cleaning purr". One company that 

carefully analyzes its correspondence from customers finds 

virtually no noise complaints about vacuum cleaners or any of 

its other portable appliances. 

A reasonable level of engineering effort has produced 

feasible solutions to vacuum cleaner noise problems; according 

to all interviewed, however, these solutions are not being 

applied to products that are sold, because vacuum cleaner manu

facturers and retailers do not sense a demand for quieter 

products. In fact, the sale of upright cleaners, whose beaters 

make them noisier, is growing at the expense of the sale of 

canister models. Apparently, the beater action of upright 

cleaners can better handle the new deep-pile weaves that make 

modern carpets harder to clean. There are technological limits 

to the quieting of upright vacuum cleaners, because of the inter

action between the beater and the carpet, but the noise levels 

of production models seems to be determined by customer usage 

demand rather than by technological limitations. 
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The company that developed the quiet canister cleaner 

employs a physicist who works full-time on noise-control studies. 

The company calls in noise consultants about four times a year 

and samples its customers at six-month and two-year intervals. 

They have given considerable attention to the problem of beater 

noise and estimate that solutions that would not reduce a 

machine's efficiency would add 50% to its price. 

Another large company made a study ten years ago (at a cost 

of about $30,000) in which they developed ways of reducing 

vacuum cleaner noise in middle and high frequencies by about 

10 dB(A). They have just contracted for a study of their com

petitors' canister machines and of the effect of using alternate 

motors in their own machines. Although they have available 

technical staff and laboratory facilities in-house, they have 

never applied the results of their studies to the products they 

'market because of customer attitude toward noise. 

Small AppZianoes 

During the interviews incidental information was gathered 

from five different companies concerning eleven small appliances: 

blenders, can openers, coffee mills, electric knives, fans, hair 

dryers, ice crushers, knife sharpeners, mixers, oral lavages, 

and electric tooth brushes. Manufacturers feel that there is 

public pressure for these appliances to sound as though they 

are "really doing their jobs". One manufacturer offered the 

generalization that, in the small appliance field, the quality 

of the sound is more important than the quantity. An appliance 

must sound "right". Some must sound powerfu~, some reliable, 

and none as though they are malfunctioning or undergoing 

excessive wear. This manufacturer expressed the belief that an 

accurate interpretation of the. customers' desires in these areas 

is a condition for remaining in business. 
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This market pressure leads to diverse noise-control 

objectives, both among companies and between product lines 

produced by a single company. Customer complaints were 

reported about the noise from fans and hair dryers, and one 

marketing executive was quoted as believing that quiet is a 

saleable aspect of mixers. One company which does not manufac

ture the ice crusher that is sold under its label put a fairly 

high value on quietness in selecting the model it sells. Yet, 

none of these small appliances was described as quiet in 

either of the two mail-order catalogues that we examined. 

Blenders and electric can openers were specifically described by 

the managers inverviewed as being appropriately noisy. A company 

which we did not interview was cited as having quieted a blender; 

in so doing, they slowed it down so that it became less effi

cient. At least one laboratory is seeking entirely new ways of 

comminuting foods that could be both quieter and cheaper than 

blenders. Another is designing a screw-type crushing tool that 

will substitute a growling sound for the raucous sound of the 

chipper that current ice crushers employ. 

There is also a search for fan blade configurations that 

will eliminate certain predominant frequencies and produce a 

more pleasing sound. In addition to room fans, this experimen

tation includes hair dryers, where quieter designs for air 

passages are also being sDught. 

Rubber feet have been added to electric coffee mills to 

reduce vibration noise, but shielding is not being used because 

of its adverse effects on costs, size, and aesthetic design. 

Plastic beaters for mixers promise to reduce both noise and 

costs. 
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Many of these appliances are powered by universal-type 

motors, which are inexpensive, powerful for their size, but 

noisy. The size-power ratio considered important in such appli

ances as hand mixers, electric knives, can openers, and motor

in-the-bonnet hair dryers. Conventional hair dryers also embody 

a trade-off between speed and quiet; one hair dryer model that 

was marketed as "quiet" took 30 to 75 minutes longer to dry 

hair than faster, noisier models. 

Speed or the potential power that speed permits was cited 

as important to electric knives, can openers, and blenders. In 

the case of blenders, one engineer argued that, if they were 

slowed down, the intensity of the noise would simply be traded 

for noise duration with no lessening of resulting impact. 

There is also Teported to be a trade-off for electric tooth 

brushes between noise and cleansing effectiveness. 

Cases of limitations on quieting were pointed out for knife 

sharpeners where there is grinder-blade interaction, as well as 

for blenders where rotating knives are essential and a glass 

casing is necessary if the housewife is to monitor the process 

visually. In the case of blenders, there is hesitation to 

experiment with consumer preferences since the already intense 

domestic competition is being raised by the entrance of 

Japanese products into the market. 

Small appliance manufacturers make frequent use of 

subjective noise judgements in their developmental work. Their 

product laboratories tend to be less sophisticated than those 

for major appliances, although many have access to central 

acoustical laboratories of great sophistication. One small 

appliance manufacturer tests new products in his employees' 

homes. If employees object to the noise the new model makes 
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they are asked if they would be willing to pay for a quieter 

product. The general result of this approach in to make this 

manufacturer pessimistic about the economic pay-off from 

quieter products. 

Although specific noise goals are hard to identify in the 

appliance industry and although some manufacturers seem dis

couraged with the return on their efforts to date, all those 

interviewed plan to persist in quieting efforts. Technological 

limits have not yet been reached. One manufacturer believes 

that the earlier competition·which emphasi~ed compactness has 

now been replaced with an emphasis on quiet. Accordingly, 

industry generally plans to hold the size of future models 

constant and to concentrate on producing quieter models, while 

presumably keeping prices within competitive limits. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

This report has presented a broad range of facets concerning 

the noise characteriDtics of construction, appliances, and buiJl

ing equipment, the influence of this noise on our lives, and the 

nature of the industries producing and using this machinery. In 

thiS section, we summarize our findings and recommend what we 

believe to be a balanced noise abatement program that may be 

pursued by EPA. 

5.1 Conclusions 

One of the most striking factors to emerge from this study 

is the monumental complexity of the physical, social, and indus

trial system that we have attempted to understand." There is a 

wide spectrum of nOise-producing machinery types utilized for 

many different purposes in a nearly endless number of situations. 

ThiS heterogeneity makes a characterization of even the average 

properties of the sources and transmission paths difficult at 

best. Of course, nobody is exposed to average conditions but 

rather to some part of a multi-variable distribution of circum

stances, making some notion of the range of source/path/receiver 

situation desirable. Furthermore, human response to noise varies 

widely among individuals and depends not only on the readily mea

surable aspects of sound such as level and spectrum, but also on 

such factors as attitudes, predispositions, the information con

tent of the sound, and concurrent nonauditory stimuli. The in

dustrial situation is equally complex, the judgement of industrial 

leaders and their concommitant directives being influenced by 

marketplace and legislative demands, as well as by their own 

personal attitudes. In presenting what we feel are the salient 

features of this complex system, we claim to have observed no 

more than the top of the iceberg - and even that at some distance. 
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5.1.1 Sources 

Despite the tremendous range of equipment3 the noise-producing 

mechanisms are often similar and may be identified as part of a 

much smaller class. The principal source of noise in many types 

of construction equipment, for example, is the diesel engine. 

Exhaust noise is most readily identifiable with structural sound 

radiation and inlet noise is also of importance. Additionally, 

the hydraulics, fans, and transmissions of construction equipment 

generate loud and identifiable noise levels. Such heavy equip

m0nt often creates levels in excess of gO dB(A) at 50 ft. Dril

ling and cutting machinery are also extremely noisy as are impact 

tools such as riveters, pavement breakers, certain powered 

wrenches, and most pile drivers. Noise from jack hammers and rock 

drills often lies between 80 and 100 dB(A) at 50 ft; pile driver 

noise can exceed 100 dB(A). Almost invariably, construction 

equipment, regardless of its size, is noisy. 

In evaluating the control technology of construction noise, 

one finds that approximately 10 dB(A) of noise reduction are 

generally achievable using state-of-the-art techniques; 20 dB(A) 

could no doubt be achieved with a certain level of technology 
development. Of course, these are average values. 'For some 

equipment, such as that sold without exhaust mufflers, greater 

noise reduction would probably be easily achieved; for others, 

such as riveters, considerable effort would be required to meet 

these objectives. 

The noise levels of home appliances span a much broader 

range than those of construc~ion equipment. Certain appliances 

such as food freezers or refrigerators are. rather quiet at 30 to 

40 dB(A), measured at 3 ft; other items such as food blenders 

can be as noisy as 80 to go dB(A) depending on the type, speed, 
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and food being processed. Garbage disposers may even exceed 

90 dB(A). By and large, the noisiest classes of home equipment 

are powered garden and shop tools. Noise from electric lawn 

mowers, hedge trimmers, and grass edgers all measured between 

80 and 90 dB(A). Some shop tools generated nearly 100 dB(A). 

Noise from appliances is attributable to electric motors and 

cooling fans, plus the components being driven by the motors. 

For refrigeration eqUipment, these components are compressors 

and blowers; for food-waste disposers, th~y are grinders; for 

shOP tools they are typically cutting or grinding elements, often 

connected to the motor by P0ise-producing gears. As with con

struction equipment, noise reduction levels of 10 dB(A) are gen

erally achievable with state-of-the-art techniques; 20 dB(A) 

often requires either extensiveapplication.of existing techniques 

or the development of new technology to obta~n the same results at 

lesS cost. 

Building equipment probably has as large a range of noise

~aking devices and noise levels as construction and appliances 

combined. Diesel engines, gas turbines, and large electric gen

erators or motors are all utilized, especially in so-called 

"total energy systems" which supply both electric power and tem

perature control' for buildings. Refrigeration and heating equip

ment, blowers, diffusers, and fluorescent light transformers all 

generate noise. Fortunately, the noisiest sources of building 

equipment are usually remotely located, typically in mechanical 

equipment rooms. Isolating people from this noise is mainly done 

thrOugh architectural treatment. 
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5.1.2 Impact 

We have tried to measure the impact of noise on people in 

terms of the levels to which they are exposed, the duration, and 

the number of people. In a one year period approximately 30 

million Americans will find themselves living or working near a 

ccnstJ'uction site. The noise from this site will be sufficiently 

l·igh,:) interfere with their conversation most of the day. Three 

million workers with night shifts and 2.5 million children under 

four who may require naps live near these sites. Many will either 

find ~t more difficult to fall asleep or be awakened during their 

sleep because of construction noise. On the average, a metropolitan

area resident or worker passes a construction site every other day. 

Pedestrians can be exposed to noise levels in excess of go dBCA). 

Automobile drivers and passengers will often close their windows, 

thereby reducing the exposure to approximately Sb dBCA). Althougll 

many operators of heavy construction equipment are losing their 

hearing because of noise [29J, hearing damage to persons in the 

environs of construction sites does not appear to be a substantial 

problem. Most people residing or working in buildings neighboring 

construction sites are exposed to less than 70 dBCA) most of the 

time. Some pedestrians are exposed to levels that could contrib-

ute to hearing loss particularly if these people are exposed to 

high noise levels during other times of the day. 

One of the most significant aspects of construction noise is 

that, in any year, 15% of the population are exposed roughly eight 

hours a day, five days a week for many weeks or months. They have 

no control over the noise nor do they have much respite from it. 

The argument that construction is temporary has little appeal to 

people living near a several year project or one series of projects 

after another located all around them - after all, they argue, 

life itself is temporary. 
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Appliances have an impact on people in a rather different 

way. Most appliances affect only the people using them and only 

Tor a relatively brief time while they are in operation. For 

example, a food ~l~nder may generate 80 dB(A), but only for 

30 seconds, at the end of which the user has ~ desired product. 

This leads to quite different attitudes toward appliances vis 

a vis construction equipment as bothersome noise sources. Of 

course, not all appliances affect only the user and his family. 

APpliances which affect neighbors are typically those which are 

built in to the home structure or plumbing and those which are 

used outside. Thus, food-waste disposers, dishwashers, water 

valves, and toilets are found to annoy and sometimes interfere 

with the sleep of people in multifamily dwellings. Powered 

garden tools such as lawn mowers, hedge clippers, and edge trim

mers as well as power tools used outdoors (e.g., circular saws, 

drills, sanders) also generate sufficiently high noise levels 

to awaken or annoy neighbors. 

One of the most striking aspect of appliances is their num

ber. Roughly one billion appliances now are used in homes through

out the U.S. Virtually everyone owns at least some; e.g., 99.8% 
of homes are equipped with a refrigerator, over 90% have vacuum 

cleaners. By and large, people in the upper socio-economic stratum 

have more appliances. However, the generally increasing affluence 

of the nation coupled with the relatively constant price of appli

ances over the past 15 years (despite the inflationary growth of 

most other consumer items) has stimulated the profusion of appli

ances into homes at every economic level. This large. numb~r of 

appliances and their year-round use (with certain obvious excep

tions) has made the exposure to appliance noise very large indeed. 

In fact, appliances account for more person-hours of speech inter

ference, sleep interruption, and hearing damage than construction. 
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However, the impact in terms of annoyance is probably not so 

great, owing in large part to the controllability of many appli

ance operation times. For example, one does not have to run the 

dishwasher while listening to T.V., but it is difficult to ask 

the pile driver operator outside to cease work until a program 
• 

of interest is over. 

5.1.3 Industry program~ 

Industry activities in product quieting can best be under

steod by first considering the pressures they perceive. Demand 

for quiet appliances reaches manufacturers directly from the 

purchasers in the marketplace. The people who are exposed to 

noise, for the most part, are also those who purchase the appli

ance, or at least influence its selection. Demand for quiet 

construction equipment is also made by people living or working 

nEar construction sites. They generally have no economic in

fl~ence on the building contractor or equipment manufacturer. 

Hence, their demands have largely gone unheeded and have been 

redirected through legislative bodies. A few successes in this 

arena have begun to create a marketplace demand for quiet equip

ment by contractors who "see the handwriting on the wall" and 

are willing to pay something of a premium for equipment that will 

not be illegal to operate in a few years when anticipated wider

ranging legislative controls are enacted. 

The response to pressure for quiet has varied within and 

across the appliance and construction industries. Some appliance 

manufacturers have made a credible effort to develop capabilities 

to deal with noise-control problems and to design appropriate 

noise-control measures into their products. This has been espe

cially true in the major appliance industry where air conditioners 
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and, more recently, dish-washers and food-waste disposers are 

being treated. As one might expect, the objective of disposer 

treatment is to reduce noise within the kitchen containing the 

unit. We know of no disposer designed to reduce transmission 

of noise through plumbing and into adjacent apartments. The 

disposers that incorporate airborne sound suppression are top

of-the-line items designed for use by the purchaser. Bottom

of-the-line disposers often have no noise treatment whatsoever 

and are usually installed in multifamily dwellings. Generally 

speaking, when noise control is introduced in appliances, it is 

in top-of-the-line items. There, it serves partly as an added 

luxury and partly as a test of market acceptability. If success

ful, it will often be introduced in other line items; if unsuccess

ful (for whatever reason) the notion will often develop and per

sist that consumers simply do not care about noise. 

The construction equipment industry also shows a spectrum 

of levels of response to pressure for product quieting. A very 

few companies have foreseen the demand for quiet equipment and 

have begun a line of products that are significantly quieter than 

competitive models. Some companies have conducted experimental 

noise control projects, often with only a modicum of success. 

several companies appear to have given noise-control very little 

effort (e.g., some heavy construction equipment does not even use 

exhaust mufflers for diesel engines). On the whole, noise has 

only begun to become a serious factor in the construction indus

try, which lacks much of the expertise required to deal success

fully with it. 
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5.2 Recommendations 

Most of the work presented in this report is of the nature 

of background material that must be applied to the problem of 

noise reduction to be of real value. Our recommendations there

fore relate to the application of this information and the steps 

that we feel ought to proceed from it. 

There appear to be two primary means by which the EPA can 

influence industry to bring about noise control. The first is 

to regulate the maximum allowable noise levels that can be pro

duced by new equipment. The second is by instituting a mechanism 

for disseminating information to the consumer: namely, requiring 

the labeling of noisy products. In situations where the party 

exposed to noise is not the purchaser of the noisy equipment and 

is not in a position to influence the noise level or operation 

of the equipment, it appears that noise standards must be gen

erated and applied to bring about noise reduction. This is 

largely the case in the construction industry, where the princi

pal recourse to construction noise control by the community has 

been through local legislation. On the other hand, when the 

purchaser is, for all practical purposes, the only party affected 

by a noisy source and that source is not likely to contribute 

seriously to hearing damage, then standards appear to constrain 

unnecessarily one's freedom of choice. Rather it would seem 

appropriate to ensure that the purchaser is informed of the 

levels to which he will be exposed, but that he be allowed the 

freedom to weigh noise against other factors (e.g.? price, size, 

durability) in reaching a decision among alternative products. 

Setting standards and labeling requirements is no mean task. 

There are technical issues that must be resolved involving the 

conditions under which noise is to be measured. For example, 
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the type of sink in which a garbage disposer is installed and 

the character of food waste being disposed of, must be carefully 

specifieJ to obtain meaningful and uniform results. Somewhat 

more difficult is the task of determining the maximum allowable 

levels for different kinds of equipment. In a sense, these levels 

invariably represent a compromise between desired values and 

values that are economically acceptable. This concept may be 

illustrated qualitatively by Fig. 27 in which we plot cost vs 

noise reduction. Cost is used to include capital, operation, 

and maintenance expenditures owing to the application of noise 

control treatment and whatever performance degradation might 

occur because of such treatment. Automobile mufflers are a good 

example; they in~rease the price of an automobile, often require 

replacement during the life of an automobile, and slightly de

grade engine performance. Results achievable by application of 

state-of-the-art noise-control techniques are represented by an 

exponentially increasing curve. The first few dB of noise reduc

tion are typically achieved at low cost; costs gain substantially 

as greater levels of quieting are sought. Also shown in the 

Fig. 27 is a cost vs noise reduction curve that might be achiev

able subsequent to noise-control research and development. In 

fact, it can probably be said that the sole objective of R&D 

should be to lower the state-of-the-art curve. The third curve 

in Fig. 27 shows a relation between cost and noise reduction 

deemed acceptable by the decision-makers. The curve is concave 

downward illustrating the notion that as a machine is made quieter, 

each increment of noise reduction is worth less and less. The 

intersection of the state-of-the-art curve with the acceptable 

cost vs noise reduction curve determines the noise reduction one 

is willing to specify. If this level of reduction is inadequate, 
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it is necessary to conduct R&D to achieve a lower state-of-the

art curve and increase the level of noise reduction that can be 

justified economically. 

Each party has its own view of the level of the acceptable 

cost vs noise reduction curve. For equipment manufacturers who 

find little marketplace demand for quiet products, the curve is 

low. People living or working near noisy equipment would 

naturally draw the curve at a higher level, especially if they 

did not have to bear a significant part of the cost for quieting 

the machinery. One of the problems that EPA will have to face 
is to develop an acceptability curve that is, in some sense, 

fair to all parties. Although it is difficult, if not impossible, 

to develop such curves quantitatively, it will be necessary for 
a decision maker to be aware of the pertinent relations between 

cost and noise reduction and to account for them in selecting 

the levels to be achieved. To assist in this process, we rec

ommend here studies of the technology and economics of noise 

abatement, the economic impact of nois e control, th'e type of 

improved noise criteria that ought to be developed, and 80c1al

indicator studies to measure the attitudes of the public to 

noise and noise control. Fir~t, let us consider which equipment 

ought to be regulated by standards and which by labeling. 

5.2. 1 Standards and labeling 

We recommend that noise sources having a significant impact 

on parties who derive little direct benefit from the source ought 
to be controlled by the establishment of maximum allowable noise 

levelS. This would include most construction equipment, con

struction sites, and certain types of appliances. Among the 

. items of construction equipment requiring standards are all ma

cbinery powered by internal combustion engines as well as tools 
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utilizing impact or cutting mechanisms, such as drills, pavement 

breakers, and saws. Construction site noise levels ought to be 

regulated to ensure that the contractor deploy and utilize his 

machinery in a way that minimizes community noise exposure. 

Typical appliances requiring regulation are electric garden tools 

(e.g., lawn mowers, hedge clippers, edge trimmers), food-waste 

disposers, dishwashers, air conditioners, and shop tools. Because 

the noise of hazardous tools also serves to inform the user of 

their operation, minimum as well as maximum levels out to be set. 

For standards to be applied in a way that may reasonably be 

met by industry and yet are sufficient to have an impact, we 

recommend the establishment of a three-phase program. A decreasing 

sequence of levels would be established and would go into effect 

approximately, one, four, and seven years subsequent to the time 

at which the levels are publicly announced. 

One Year 

The purpose of the first phase is to ensure that highly 

effective off-the-shelf noise control equipment is utilized on 

all new machinery. Thus, all.machinery powered by internal com

bustion engines would be required to be equipped with high-quality 

mufflers, for example. (This contrasts with the current situation 

in which some construction equipment is advertised and sold with

out any muffling whatsoever.) One year appears adequate for manu

facturers to order, receive, and install such equipment. 

Four Years 

The second phase would become effective approximately four 

years after announcement of levels. These levels would be selected 

to ensure that state-of-the-art noise control techniques are 
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incorporated in equipment. To achieve these levels, the manu

facturer might have to use sound-absorptive engine enclosures, 

for example. Appliances might have to incorporate vibration 

isolators for all motors and pumps. Since the type of treatment 

envisioned here requires minor changes to equipment, four years 

appears adequate for manufacturers to design noise treatment 

and retool selected items of their production lines. 

Seven Years 

The levels to become effective after a period of seven years 

should largely represent state-of-the-art advances and should 

have a significant impact on the level generated by the noise 

source. Twenty dB(A) of noise reduction for the most offensive 

construction equipment and appliances would seem reasonable. 

seven years allows sufficient time for the research and develop

ment needed for state-of-the-art advances and the incorporation 

of the fruits of this work in production items. 

We also recommend labeling of appliances generating signifi

cant noise levels affecting primarily the user. Included in a 

list of items to be labeled are all items controlled by standards, 

as well as shop tools, vacuum cleaners, food blenders, fans, and 

hair dryers. Our rationale for labeling rather than standard 

setting is that a person should be informed of the noise to which 

he will expose himself and then be free to consider noise as but 

one of a number of factors accounting for his selection of a 

particular brand. Noise-control standards would no doubt raise 

appliance prices, unnecessarily restricting the consumer's range 

of choice. 
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5.2.2 Technology evaluation, demonstration, and development 

We recommend the expenditure of appropriate levels of effort 

to evaluate, demonstrate, and develop technology in support of 

the establishment of standards. These studies are as follows: 

Labe Ling 

To make labeling meaningful, a consistent set of test pro

cedures should be developed for each type of appliance or item 

of building equipment. This is especially important for appli

ances whose noise characteristics depend heavily on the instal

lation. Prominent among these are food-waste disposers~ dish

washers, plumbing fixtures, and vacuum cleaners (which may rest 

on a rug or a hard floor). 

Standards - Phase I 

The first recommended phase of standard setting establishes 

noise ievels that can be met if highly effective off-the-shelf 

noise control devices are used on all equipment. Prior to the 

establishment of such standards, a program to measure the noise 

generated by selected machinery srunples targeted for incorporation 

of such devices would seem appropriate. 

Standards - Phase II 

The second phase of standards would specify levels requiring 

the application of noise-control treatment. We recommend that 

EPA conduct noise-control demonstration projects on selected items 

for three reasons. First, achievable levels of noise reduction 

can be accurately evaluated, and accordingly specified, onlY'by 

means of such programs. Without actually implementing noise

reduction techniques there would probably be an unacceptable 
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level of uncertainty associated with predictions. Furthermore, 

practical implementation problems are often not uncovered until 

treatment is actually put into practice. Second, such demonstra

tion of results achievable by. means of'state-of-the-art noise 

treatment would put to rest any objections raised by the affected 

industry concerning the technological feasibility of achieving 

specified levels. Finally, the technical information generated 

bY a demonstration program would be valuable across the affected 

industry, especially to small companies who often lack the req

uisite technical capability in noise control. 

Standards - Phase III 

The third recommended phase of standards is designed to 

nave a significant impact on noise levels and will probably be 

achievable only through state-of-the-art advances in noise-control 

technology. To ensure that the state-of-the-art is appropriately 

advanced in sufficient time for implementation in new machinery 

we recommend the immediate commencement of R&D programs dealing 

with the following important aspects of construction and appli

ance noise (in approximate order of priority): 

• diesel engines 

• mufflers 

• hydraulic systems 

• cooling systems 

• impact and cutting tools 

• other power plants: 

gas turbines (for nonaircraft use) 

electric motors 
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• transmissions (gears) 

• water valves 

5.3 Economic Impact Studies 

Determining the optimum balance between public's desire for 

quiet and the distributed costs required to achieve it by means 

of rigorous systems analysis effort would require a large-scale 

simulation of the economics of the construction industry and its 

place in the U.S. economy. Such a study is not feasible if usable 

results are required in a short time or if expenditure of funds 

is limited. It is possible, however, to make some choices as to 

what to quiet and how to quiet it, by doing some fairly unsophis

ticated investigation of how the quieting costs get distributed 

through the industry and the economy. We recommend treatment of: 

• The impact of noise on various segments of the population. 

(This has largely been performed under the existing EPA 

contract and needs but a little expansion.) 

• Estimated costs of quieting selected pieces of equipment as 

a function of degree of quieting. (This would be an order

of-magnitude estimate. Data can be obtained from price 

information on existing mufflers, heavy casings, absorptive 

materials, etc., as well as a study of price differentials 

between eXisting quieted alld unquieted machinery - not just 

construction equipment. Costs of nonhardware guiding tech

niques, such as scheduling site operations to avoid using 

many prices of equipment at once, would be estimated by 

constructing typical scenarios and consulting with industry 

representatives to determine increases in construction cost 

increases (or decreases). Allowance should be made for uses 
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in which a change in equipment design or operation results 

in greater productivity, reliability, etc. The effect of 

such an occurrence could be a net negative quieting cost.) 

• The distribution of increased equipment cost among producers, 

purchasers and the purchaser's customers. (Part of the cost 

will be absorbed by each, depending on the demand elasticity 

of the commodity. This information exists in published 

studies of the economics of the construction industry.) 

• Allocation of increased equipment costs/rentals among various 

types of construction. (The resulting increase in construc

tion costs are a strong function of what is being built. 

Equipment rental typically makes up 20% of the cost of civil 

works constructions, 10% of the cost of highways, but only 

2% in the case of buildings.) 

The above data would be used to compute the economic effect 

of quieting equipment on the public. The outputs would be: 

• The expected increase in costs and ~entals of housing, 

offices, industrial space, etc., as a function of the 

degree and method of site quieting. Also of interest is 

the degree of intersection of the sets of: (1) surrounding 

inhabitants, who get the benefits of quiet sites, and (2) 

building users, who pay the cost, or part of it. 

• Expected increase in state, municipal, and federal taxes as 

a result of increased cost of public works construction, etc. 

The net result of the study would be recommendations for an 

orderly construction quieting program based on the information 

developed above. The criter~a by which specific techniques or 

regulations would be judged are: 
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• Cost-effectiveness (the degree of quieting achieved per 

dollar expended) . 

• Cost-benefits (the reduction in community noise exposure as 

a function of quieting cost) . 

• Equitability (the degree to which the beneficiaries of a 

quieting program bear the expense of that program). 

5.4 A Program of Public Support Development 

Our contact with managers of construction equipment and home 

appliance manufacturing companies has convinced us that their 

perspective on and attitudes toward noise control programs will 

strongly influence the efforts they make to quiet their products. 

This is even more true of the values they hold regarding the 

legitimacy and worth of quiet environments. Indeed, we regard 

the public support of noise abatement efforts as a crucial vari

able in the success of these efforts. 

We would, therefore, recommend a continuous program to 

diagnose and develop public support for noise abatement. Such 

a program would embrace five activities: 

ExpLoration of Programs in Other Areas 

We visualize this as an inquiry both into the theory of 

public opinion, attitude change, and shifts in basic values and 

into the actual techniques of public support development that 

have been employed in other contexts. 

A Continuous Inventory of Opinion-Leader Attitudes 

This would be a program of interviews with opinion leaders 

who are dealing with noise abatement. It would include leaders 
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in government, business, relevant professions, and consumer- and 

ecology-advocate groups. 

A Continuous Inventory of Public Awareness 3 Attitudes 3 and 

Values 

These should be measured on a well-designed material sa~ple 

on a continuous basis so that trends over time could be assessed 

concerning public knowledge, attitudes, and values. 

Program DeveZopment 

A program, based on information obtained from the three ac

tivities above, should be developed (1) to optimize the kind and 

degree of regulation which can be supported by the public opinion 

that exists, (2) to prescribe a public information program that 

will improve the. quality of public opinion, and (3) to identify 

profitable areas for demonstration programs. 

The DeveZopment and Administration of PiZot Programs of 

Noise Abatement 

These pilot programs should test the relation of regulation 

to various levels of public support in the same sense that pilot 

programs that test innovative technological prototypes are de

veloped. 

We should like to say a word'regarding the usefulness and 

feasibility of the continuous inventories of leader opinion and 

public opinion - acttvities 2 and 3 above. 

Field research in the behavioral sciences has now reached 

the point that useful social indicators can often be developed 

if their development is undertaken on a pragmatic basis. We do 

181 

AR0070628 



not visualize that these survey activities will be conducted at 

the level of public-opinion polls. Again, the behavioral sciences 

have matured to th~ ~oinL that much more useful kinds of informa

tion can be gathered. We know from previous noise surveys that 

socio-economic status and attitudes toward noise makers influence 

noise annoyance and noise complaints. A recent study of motor 

vehicle noise that we have conducted indicates that the necessity 

of the noise, and the degree to which one perceives the noise as 

an intrusion, influences the level of annoyance. The survey 

efforts proposed would tap values that would assist in the formu

lation of noise criteria. Are people willing to put up with 

"bearable" levels of noise or do they now demand reduction to 

"comfortable" levels? Of greatest importance may be attitudes 

toward the regulating process itself. By now it is well

established in social psychology that basic orientations towards 

the sources of influence alter behavior. With regard to the 

product manufacturer who promises to become an object of regu

lation, theory would predict that one's enforcement problems 

would be quite different if the manufacturers complied to regu

lation because of fear, because compliance was expected by his 

reference groups, or because his own values induced compliance. 

These psychological orientations can be measured through inter

views. 

5.5 Social Impact 

The following recommendations are made to evaluate the im

pact of noise not only from the sources under.consideration in 

the current report but also from other sources. 

1. The most fundamental action that can be taken to further 

the assessment of noise impact is to initiate research l~ading 
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to development of an absolute scale of annoyance for all noise 

exposure. The first stage of such a research program would 

obviously be a planning effort to structure the task and prepare 
detailed plans for its execution. 

The need for such research is immediate. Existing methods 
for estimating annoyance are relative rather than absolute~ limited 

in scope and application, not widely accepted, and of dubious 

utility. The intended research would entail simultaneous measure

ment of both complaint behavior and the offending acoustic signals 

producing complaints, at the tiT1\ie of annoyance. A continuous sur
vey of residential noise annoyance over a considerable period of 

time is needed, as are surveys of noise annoyance in other environ

ments. Until a well-founded research program of this sort is 

undertaken, one must continue to rely upon personal experience 
or the distortions of the popular press for estimat~s of the true 

magnitude of the annoyance problem. 

2. Since speech interference proved to be such a widespread 

consequence of exposure to the noise sources considered in this 

report, research should be conducted to determine how accurately 

speech interference predictions made on the basis of laboratory 

data may ,be extended to real-life situations. Almost all current 
knowledge of speech interference effects has been produced by 

studies employing steady-state noise as the interfering signal. 

No research has been conducted on potentially crucial effects of 
I 

temporal parameters of noise distributions (including frequency, 

duration, and periodicity of interference) on verbal communication. 

Further, little if anything is known of the annoyance value of 
speech interference. Trade-offs governing the relative annoyance 

of frequent but short interruptions vs infrequent but long inter

ruptions of verbal communication have not been investigated. 
It therefore remains impossible to predict whether people would 
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suffer more speech interference from one type of appliance than 

another; whether redesign of machinery for longer duration but 

lower level noise output would be helpful; whether scheduling 

changes in the operation of construction machinery would reduce 

speech interference; and so forth. 

3. Noise education programs should be designed to provide .. 
the public with the information needed to make decisions about 

the desirability of noise exposure. A noise-conscious public 

can exercise a modicum of control over its noise exposure through 

its purchasing power and its demand~ for noise control legisla-.... 
tion. Consideration should be given ~o preparation of public 

information pamphlets, recordings, or other means of increasing 

public awareness of noise exposure. 
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APPENDIX A - DETAILED SOURCE CHARACTERIZATION 

A.l Construction Equipment 

Of the considerable body of data on the noise of construction 

equipment, most pertains to the operator position; the available 

data on noise radiated by this equipment to its surroundings is 

very limited. The data presented in Fig. 1 (main text) and in 

this appendix were obtained from 

• The open literature [1-4J .. 

Reports, including those submitted by various manufacturers 

at the EPA hearings on construction equipment held in 

Atlanta, Georgia, July 8 and 9,1971. 

• Field measurements conducted for this project at a number 
of construction sites in the vicinity of Boston.* 

A.l.l Noise spectra 

Much of the equipment used at construction sites is powered 

bY diesel engines, which generally constitute the predominant noise 
I 

sources. Figure A.l shows the envelope of the 1/3-octave band 

spectra of noise from 23 different items of diesel-powered con

struction equipment, rated from 45 to 770 hp and operating at 

between 1100 and 2700 rpm, at a variety of conditions (i.e., with 

various degrees of loading, ranging from none to heavy). These 

spectra were obtained at various locations around the equipment 

items, which also varied in the degree of exhaust muffling present. 

1fThese measurements were made with a I-in. Brue1 and Kjaer type 
4131 condenser microphone, coupled to a Brue1 and Kjaer type 2203 
sound level meter. The signals were recorded on a Kudelski Nagra 
type III tape recorder, and later analyzed in the laboratory by 
means of a General Radio Corp. "Real-Time Analyzer". Calibration 
was accomplished with the aid of a Bruel and Kjaer type 4220 
piston phone. 
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Figures A.2, A.3, and A.LI 0110W the noise spectra from some 

typical engine-powered items of equipment. The low-frequency 

peaks typically correspond to the firing frequency (the number 

of power strokes per unit time - which depends on the engine 

",peed, number of cylinders, and on the number of power strokes 

per revolution) and its harmonics. Figure A.2 illustrates the 

noise made by two tracked bulldozers under various working con

ditions. These spectra reflect not only the diesel noise but 

also some noise due to tracks, gears, and scraping of metal 

c()mpOnent~3 Q[l;ainst rock. 

Ga:c; oline (~;p;lrk-i gi li t ion) engi:lc3 hQ ve r1Oi8 e spec tra that 

Qre similar to those of diesel engines. In cunstruction equip

ment, however, diesel engines tend to be used for all of the 

higher power applications, with spark-ignition engines relegated 

to lower power equipment. Spectra corresponding to two types of 

gasoline-engine powered equipment are shown in Fig. A.3. 

Noise spectra for two air compressors - one diesel, one 

gasoline-engine powered - incorporating no special noise control 

provisions are shown in Fig. A.4. Figure A.5 shows the noise 

spectra associated with several pumps and generators; Fig. A.6 

shows those levels produced by a vibrator acting on a plywood 

framework and by various saws cutting wood. Noise spectra pro

duced by various pneumatic tools are shown in Fig. A.7. 

The noise from conventional pile drivers is characterized by 

intense peaks assocjated with the impacts of the hammer against 

the pile. The peak levels associated with these impacts are indi

cated in Fig. A.S for two conventional pile drivers, together 

with the noise levels produced by a sonic (vibratory, nonimpact) 

pile driver. 
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A.l.2 Average construction site noise pollution levels 

Based on an analysis of the activities that occur during each 

listing of 

This list-
phase of construction at the various types of sites, a 
the equipment active during each phase was developed. 

ing, together with an estimate of the fractional number 
that involve each equipment item, appears in Table A-l. 

of sites 

For site noise analysis, this large table was simplified by 

averaging equipment usage over similar sites and by grouping to
gether equipment items with similar noise characteristics. For 

the calculations, equipment with noise characteristics that were 
not known directly was replaced by equipment expected to have simi

lar (known) noise characteristics (e.g., back fillers and trenchers 

were replaced by backhoes and loaders). Equipment known to be 

extremely quiet (e.g., electric cranes, electric fork lifts) was 
totally omitted from the calculations. 

Since a given item of equipment is present at only a fraction 

of all sites and only during part of each phase, and since it only 

operates part of the time that it is present, a usage factor was 

assigned to each equipment item. This factor was calculated as 
the product of three factors: (1) the fractional number of sites 

at which the equipment is used (based on Table A-I), (2) the esti

mated fraction of the phase dUration during which the equipment is 

on site and (3) the duty cycle, i.e., the fractional time that this 

equipment is operating while on site [5J. The resulting usage 

factors are summarized in Table A-2. 

In order to calculate the site NPL, defined as the sum of the 
energy-average SPL in dB(A) and 2.56 times the Standard Deviation 

of A-scale SPL [6J, one needs to know not only the average sound 
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TABU A-I. USE OF EQUIPNENT Ai (O~isrR'JCTJON SIin 

Type of 
Cons tr ... ,t ; on Equi pme-nt 

BI'cake:', ?aving 

HUl'ner, Aspirated 

I~ompr'essor, Air 

Conveyor' (El~c:trlr:) 

Crane 

Climbing (Electric) 

Crawler-Iolounted (D.1esel) 

Truck-~ounted (Jiese 1) 

Ddll 

.Rota:-y 

Pneumatic, :\ock 

Elevator, Exterior (Electric) 

For-k-Lii't (Electric) 

Generator> Electric 

Grader 

Ham:ner, Pile-Driving 

Mixer, Concrete 

Pavel' 

Pump 

',.,rater (Electric) 

Concrete (VleseJ) 

Wcllpoint (Electric) 

Ripper. Ear-th i!r Rock 

Roller 

Saw. Pavement. 

Sandb las tel" 

Scraper 
Screed, Vibrating 

Shovel 

Truck - Mounted 

Cr3wle-r - Mounte-d 

Sweeper 

Tarnpf"r (ram) 

TOO]5 

Pneuma tic, Irnpac t 

il.aITll1ler 

Saw (E:lectrl~) 

Tractor 

Wheeled 

Crawler 

Tractor, A('ces~or'Y 

Backhoe 

Dozer 
Londer 

'I')'er'lchcf' 

Truck 

Dump, Orr-Highway 

[lump. On-Highway 

,"Iixel~. Con(.:J:'(~t.e 

Flat-Bed 

VI bra tors , Concrete 

h'arnl~lg Devices 

Ot.her 

ClHli:1 Saw 

Explosives 

:let ACQust:'!c Rating [dB{Al} 

• ;.;: - Pt'ese'lt at. all s 1t.'-';5 

CO - ~<1ay be present 

[xJ - !nf"r'3qu"ntly pres(»"lt. 

Domes.t i c Hous i ng 

One- ~o Fo!,!r Fi ve 0 ',lore-
Fam i 1 Y F am 1), 

(~7~~~6~P (~~~6: ~g~lx 
eX] 5 

[X J' 
[X] , 

rX : 2 ,j; 

[XP,S 

(X)~,s 

[X J1' ~ 

[XJi' ~ 

(X) 2 >1 

[X].!,5 

(X ) ~ ·1 

[X)! t S 

(X) 1 '2. 

(11 ) (X ).!1 5 

(m ) X3 ,~d 

(;n ) Xl ',:,5 

[\ ] 1'1 01 

X1 ,2, ; 

X1 '3. d 

(X ) ~ 

(X) 5-

fY] 5-

(X) 2 'J 

X:!. • ~ 

[xJ1.d 
O)1.'~ 

COl 
0;)1' !> 

[XP 

(X).ld 

(:n~ 

(m.?) x' 'J. 

(X) 5 

[X) ~ 

): 1_1 

(X) 1 

rX), 
[X J ~ 
(:0 ~ 

(m } X!!. oS 

(m ) Xl,.:., \ 

(m ) Xl ,~d 

(X) I, t oS 

X I '.:.. ~ 

(XlI 'ld 

Xl '1-! 

Xl '3.' ~ 

X 1.,4 , ~ 

.(l.~d 

Xl' ~ 

(X) I 

[X]l,':' 

Off1 ce Buil ding, 
Hotel. Hospi ta 1 
(\190-4.000K)' 

(X) .. 

(X) h~'2 

(:n2) ,~1. ~ 1 .4 , S 

ex)!: ,~ 

(x}.:. ,~ 

(~,2) (x)l ' ~ 

(:0 1 d 

( rn2) .\ ~ 

(ITI'!) Xl''''' ~ 

(;u?) (X) 1 ,,!, ~ 

y! J ~ 

(:;;).!..I 

i: ~ 

{'II 1 X~, s 

(:11 ) 

(Xl1. !,,5 

Xl,!: d 

If:) 1'1- j 

f: 1 '1. ' ~ 

(Ill?': xl'", s 

(rll;:) ). j,~, s 

(m ) Xl,.! ,s 

(:11) • 2 ~ ) , ~ , ~ 

Nonres ldent ldl BUll dl n9<' 

School, Publ ic 
Work.s Bull di ng 
(11aa·l ,090K)' 

(X)S 

( [7]2) X 1. ' 1 , .. , ~ 

(m2) (X):' ,~ 

L n.'!.s 

(X).'!.d 

(X )1. 1 

j, 1 ' ~ 

(j()l 

) Y. ~ ,! ' ~ 

(IT.?) X 1. ... , ~ 

(m?) (:\) 2 '1" 

x; 
(X)~d 

(X ) ~ 

X! > ~ 

(Xl l '':' ~ 

x' 
(X ltd 

x' 
(X ) ~ '2 

(m ) X.'!d 

(m ) X;I I':; > ~ 

(:11 ) Xl,.'!. > ~ 

[X Jl '1'; 

Xl 11,5 

xJ ,1.· 5 

X 1,1,,5 

C~nnl Xl I 'l,5 

(11:2) .~ 1,£ d 

(Ill?) Xl' 4, S 

(:n?) Xl,~, 5 

(:ll) X,,::.,S 

'::.' ' 

Indus. trial. 

P($~~~~B~~~)~e 

X!..' 3 -", .. 

(:n2)(X).!d 

LXP,s 
ex)~ oS 

ex).!' !> 

( X)l ' ~ 

[XJ1 d 

(X)l 

(rn'?) ;.::" '.l' 4 

(m?) x1 • 4 ,5 

(:n';)(X)'·J.'" 

x' 
(Xl!,5 

[X] S 

(X)!' s 

X' 

(X)' '1 

(l'l } X.!' ~ 

(:11 ) Xl,!. oS 

(m ) Xl ,.'!,s 

(X) 1 '~ , ~ 

Xl, l ' ~ 

co' ,~ 

( ~12 ) {i.) t ,!. S 

Xl ,1, _ 5 

(r;:?) Xl'"' 5 

(:n2) xl,.!. s 

(Ill ) Xl>.'!., ~ 

(.':) 1,2, ,,~, 5 

Rel i 9iOUS.. Reerea
t i anal, Store, 
Serv i ce $tdt ion 

(\30-400K) , 

;1: . 

ex ) ~ 

Xl' 1 • ~ , 5 

(X)!..! 

[Xl~d 

l X]~· s 

l X]1 ' ~ 

(nl[XP 

x' 
()( ) ~ 

[XP 

(X) 2 

[XJId 

(X ) ~ 

(Xl' .j 

ern ) X,!:d 

(m ) x' ,id 

(;~ ) Xl,.::.d 

( :': ) ! '1. > ~ 

X! -1.' ~ 

(1:)1,£,15 

X 1 -1 • ~ 

x1''',5 

Xl'" ,j 

[X J l -1' J ," ,5 

Pub; ic Works 

Muni-ci pal 
Roads ,H'ld 
Hi ghWdYS 

(;t)S 

Xl' J." 
X3,' '1 

[X] 

(X)' 

ex)!.' ~ 

) Xl' l. I.". S 

(m? )EXJ; 

(m?) X),~d 

(:'111) x~·1 

(m?) X2'1'~ 

(m?) Xl.!!,d 

(m?) x1 .1.' ~ 

x' 
(X) , 

[x]! 

Xl >1 ,", i 

Xi' S 

Xl '1" 

(X) 1 '.!' ~ 

x' 

) Xl 'i >5 

(';'" ) Xl 

" 1 '1. • J , • , ~ 

(:~ ) :( 1 .1 '1' ~ 

(m ) Xl. 1 -1' ~ 

(m ) X".!' ~ 

(111 ) Xl.!., ~ 

(T'l ) Xl • .'!. d 

Municipal 
Sewers and 

Trenches 

x' 

(X)" .. , 

(X) ~ 

x' 

Xl 12 • ] • ~ • ~ 

(X) l.!..s 

(m?) )(2 '1' ~ 

(m?) X 3 ':,>5 

(m?) (X}2 ,1, ... 

(X) 1 

(m It X) ~ >1 

(m ! Xl 

(m. ) X J 

.: l , 1 ' ~ 

(Xi 1,1' S 

Xl.,;, ,~ 

(.()I,!. 
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TABLE A-2a. USAGE FACTORS OF EQUIPMENT 
IN DOMESTIC HOUSING CONSTRUCTION* 

Equipment t Construction Phase 
s;:: s;:: 

0 0 0'1 

Ol ..... ..... s;:: c:: 
s::: ...., ....,. 0 ..... 

..... ttl m .,... ..s::: 
s- > "0 ....,. VI 

ttl ttl c:: U ..... 
Q) U ::I Q) c:: 
r- X 0 s- ..... 
u LJ,J L.L. LJ,J L.L. 

Air Compressor [81J .1 .25 

Backhoe [85 J .02 . 04 .02 

Concrete Mixer [85 J .4 .08 .16 

Concrete Pump [82 ] 

Concrete Vibrator [76J 

Crane, Derrick [88J 

Crane, Mobile [83J .1 .04 

Dozer [80J .04 .08 .04 

Generator [78J .4 

Grader [85J .05 .02 

Jack Hammer [88J .025 

Loader [79] .04 .08 .04 

Paver [89J .025 

Pile Driver [lOlJ 

Pneumatic Tool [85J .04 .1 .04 

pump [76J . 4 .7 

Rock Drill [98] .01 .005 

Roller [74J .04 

Saw [78J .04(2) .1(2) .04(2) 

Scraper [88] .05 .01 

Shovel [82J .02 

Truck [91J .16 .4 .16 

* Numbers in parentheses represent average number of items in use, 
if that number is greater than one. Blanks indicate zero or 
very rare usage. 

t Numbers in brackets [ J represent average noise levels [db(A)J 
at 50 ft. 
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TABLE A-2b. USAGE FACTORS OF EQUIPMENT 
IN NONRESIDENTIAL CONSTRUCTION* 

Equipment t Construction Phase 
e e 
0 0 en 

en .,... .,... e c:: 
c:: +J +J 0 .,... 

.,.... ttl rtI .,... ..c:: 
s- > -0 +.I III 
ttl ttl c:: U .,... 
(l) U :::l OJ c:: 

X 0 s- .,.... 
u W l..L W lL. 

Air Compressor [8lJ 1.0(2) 1.0(2) 1.0(2) .4(2) 

Backhoe [85 J .04 .16 . 04 
Concrete Mixer [S5J . 4 . 4 .16 
Concrete Pump [82 J .4 .08 .08 
Concrete Vibrator [76J . 4 .1 .04 
Crane, Derrick [88J .16 .04 
Crane, Mobile [S3J .16(2) .04(2) 

Dozer [SOJ .16 .4 .16 
Generator [78j .4(2) 1.0(2) 
Grader [S5J .0S .02 

Jack Hammer [S8J .1 .04 .04 .04 

Loader [79J .16 .4 .16 
Paver [89J . 1 

Pile Driver [101J .04 
Pneumatic Tool [85J .04 .16(2) .04(2) 

Pump [76J 1.0(2) 1.0(2) • 4 
Rock Drill [98J .04 .005 
Roller [74J 
Saw [78J .04(3) 1.0(3) 

Scraper [88J .55 
Shovel [82J . 4 
Truck [91J .16(2) • 4 .16 

* Numbers in parentheses represent .average number of items in use, 
if that number is greater than one. Blanks indicate zero or 
very rare usage. 

t Numbers in brackets [ ] represent average noise levels [db (A)] 
at 50 ft. 
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TABLE A-2c. USAGE FACTORS OF EQUIPMENT 

IN INDUSTRIAL CONSTRUCTION* 

Equipmentt Construction Phase 
s::: s::: 
0 0 01 

0') ..... .,... s::: s::: 
s::: ~ ~ 0 'r-

,,... It! It! ..... .J:. 

s- > '"0 ~ Ul 

It! It! s::: U .,... 
(1) U ::l (1) s::: 

X 0 s- .,... 
U lLJ u.. W u.. 

Air Compressor [81J 1.0 .4 .4 • LI 

Backhoe [85J .04 .16 .04 

concrete Mixer [85J • 4 .16 .16 

concrete Pump [82J • 4 .08 

Concrete Vibrator L76J 

Crane, Derrick [88J .04 .02 

crane, Mobile [83J .08 .04 

Dozer [80J .04 .16 .04 

Generator L78J • 4 · 4 
Grader [85J .05 .C2 

Jack Hammer [88J · 1 .04 .04 .OLf 

Loader [rr9 J .16 .16 . 0 J~ 

paver [89J .]2 

Pile Driver [101J .04 

pneumatic '1'001 [85J .04 .1 (3) .Olt(2) 

pump [76J · 4 1.0(2) .4 

Rock Drill [98J .04 .05 

Roller [74J .1 

saw [78J .04(2) .1 (2) 

Scraper [88J .14 .08 

Shovel [82J .2 .06 

Truck [91J .16(2) .16(2) .16 

-----• Numbers in parentheses represent average number of items in use 
if that number is greater than one. Blanks indicate zero o~ , 
very rare usage. 

t Numbers in brackets [ J represent average noise levels [db(A)] 
at 50 ft. 
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TABLE A-2d. USAGE FACTORS OF EQUIPMENT 
IN PUBLIC WORKS CONSTRUCTION* 

Equipment t Construction Phase 
e:::: e:::: 
0 0 0') 

0') 'r- e:::: e:::: 
e:::: +-' +-' 0 . ,.... ~ ~ .... ..c:: 
s- > "C "-' II) 

ItS ItS e:::: u .,... 
Q) U :::lI Q) e:::: ,.... X 0 s- .,... 

u w u. w u. 

Air Compressor [81J 1.0(2) . 4 .4 .4 (2) 

Backhoe [85J .04 .4 .16 

Concrete Mixer [85J .16(2) . 4 ( 2 ) .16(2) 

Concrete Pump [82J 
Concrete Vibrator [76J 
Crane, Derrick [88J 0.1 .04 .04 

Crane, Mobile [83J .16 

Dozer [80 ] .04 .4 .16 

Generator [78J 1.0(2) .4(2) .4(2) .4 .4(2) 

Grader [85J .08 .2 .08 

Jack Hammer [88J .04 .1(2) 

Loader [79J .04 .4 .16 

Paver [89J 
Pile Driver [lOlJ 
Pneumatic Tool [85J .04(2) .1 .04 

Pump [76J .4(2) 1.0(2) .4(2) 
Rock Drill [98J .04 
Roller [74J .01 
Saw [78J .04(2) 
Scraper [88J .08 • 2 .08 .08 
Shovel [82J .04 .4 .04 .04 
Truck [91J .16(2) .16 .4(2) .16(2) 

* Numbers in parentheses represent average number of items in use, 
if that number is greater than one. Blanks indicate zero or 
very rare usage. 

t Numbers in brackets [ J represent average noise leve·1s [db (A) ] 
at 50 ft. 
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pressure, but also enough about its time-variation so that one can 

determine its standard deviation. In addition, the background 

noise levels enter in the evaluation of both of these quantities. 
Accordingly, representative background noise levels were selected 

as 50 dB(A) for residential, suburban, and rural sites and 70 dB(A) 

for commercial and industrial (urban) sites, on the basis of data 

for various U.S. and foreign locations [?J. 

Representative time-variations of noise were generated by 

dividing each construction phase into 50 equal time intervals. 

The start (or "turn-on") times for each individual item listed in 
Table A-2 were determined at random (by means of a computer 

random number generator), and the fractional "on-time lf duration 

for each item was taken as its usage factor (Table A-2). From the 

noise level for each item of equipment, the total noise level in 
each time interval was then calculated, and from this ensemble of 

values the desired average and standard deviations were evaluated. 

For test purposes, the calculations for several sites/phases were 

repeated several times, with different randomly selected start 

times; the resulting NPL values were always found to lie within a 
3.dB (A) interval. Although such repetitive calculations were not 

carried out for all sites/phases, the reported site NPL values may 
be considered as valid within ±2 dB(A). 

A.2 Appliances 

of 
the 

In the following sections, brief discussions are presented 

appliances not covered in the body of the report. We measured 
noise levels of many of these appliances; these measurements 

are presented here as 1/3-octave band sound pressure data. 
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A. 2.1 Can opener, e1 ectri c 

Noise of electric can openers is generated by the reducing 

genr:.3, the electric motor, and the grating of the clamp against 

the moving lip of the can. Additional noise is radiated from the 

plClstic or metal panels of the unit. Can openers are usually 

moun~ed on small rubber feet which partially isolate the vibration 

from the work surface; however, wall mounting of the opener can 

short-circuit this isolation. The A-weighted sound level at a 

distance of 3 ft was measured for seven electric can openers; the 

mean level was 66 dB(A). 

Figure A.9 shows 1/3-octave band plots of the sound pressure 

levels measured at a distance of 3 ft for two different can openers. 

The peaks at 63 and 125 Hz are probably motor-induced while the 

higher frequency peaks are probably related to the number of teeth 

in the reducing gears. 

A.2.2 Clothes dryer 

Clothes dryers are relatively quiet appliances which consist 

of a rotating drum within a metal enclosure; heat is supplied by 

either electric coils or a gas flame. The constant noise of the 

motor and the rumble of the drum, plus the combustion roar in a gas 

drye~, are punctuated by the noise of buttons or zippers impacting 

with the metal chamber. A range of sound levels from 51 dB(A) to 

66 dB(A), with a mean level of 58 dB(A), was measured at a distance 

of 3 ft for eleven gas and electric dryers. Figure A.IO shows 

1/3-octave band sound pressure level data for five different dryers. 

A-IO 

AR0070645 



A.2.3 Clothes washer 

The noise generating components of clothes washers include: 

• water noise during the filling, agitation, and spinning 

cycles 

• unbalanced loads, which cause excessive vibration to be 

transmitted into piping and floor 

• motor 

• pump 

Figure A.II presents the noise levels for the wash cycle of 

five different machines; Fig. A.12 shows noise le~ls for the spin 

cycle of four of these five machines. The peaks in the low

frequency bands probably represent motor-induced noise while those 

in the mid-frequency bands may be related to spinning of the tub. 

A.2.4 Coffee mill 

A coffee mill consists of a grinding mechanism that is driven 

bY a motor to produce fine to coarse ground coffee. Motor-induced 

noise is radiated from the casing and the coffee bean enclosure. 

Rubber feet are provided for vibration isolation. Measurements 

were made at a 3 ft distance on two coffee mills: the two sound 

levels were 75 dB(A) and 78 dB(A). 

2 5 Dehumidifier A. • 

In a home humidifier, a small fan draws air across condensing 

coils, collecting the moisture in a removable pan. Noise measure
ments were made of four dehumidifiers; the noise varied from 

52 dB(A) to 62 dB(A). 
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Figure A.l3 present 1/3-octave band data for the quietest of 

the3e units. The broad peak in the vicinity of 120 Hz is motor 

induced; mid-frequency noise is dominated by the fan. Although 

compressors may be vibration isolated, the casing of a unit is 

likely an important radiator. 

A.2.6 Edger and trimmer 

An edger and trimm<;..:~ consists of a high-speed motor directly 

driv:ng a two-bladed knife. This lawn tool is used to trim the 

gra.' s along walkways and the brush along garden paths. 

Figure A.14 presents 1/3-octave band data on one unit; the 

sou;.d level was tn dB(A). The peaks in the frequency spectrum 

seem to be the 1st, 2nd, 3rd, 6th, and 20th harmonics of 400 Hz. 

It is anticipated that narrower band analysis would reveal more 

tonal components that are related to the blade passage of the 

cut",ing edge. 

A.2.7 Fan 

There are three general categories of fans found in the home: 

window fans, floor fans, and stove hood and bathroom exhaust fans • 

• Window fans are usually standardized to a l4-in. or 22-in. 

size (12-in. and 20-in. diameter blades respectively). 

Features on deluxe models include thermostatic control and 

reversible direction of air flow. Twelve noise measurements 

of window fans ranged from 47 dB(A) to 66 dB(A); the mean was 

57 dB(A). Low-speed to high-speed mean values showed a spread 

of 17 dB(A). 
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Figure A.15 presents 1/3-octave band noise measurements for 

three window fans for both low and high speed. The tonal compo

nents are likely related to the blade passage frequency of the 

fan, the motor, the blade tip velocity, and the blade design . 

• Floor fans or table fans usually consist of a base, a small 

electric motor, and a blade with protective cage. They often 

rotate back and forth to spread air movement around an arc 

of 90° or so and are usually designed to run at various 

operating speeds. Twenty-two measurements at a 3 ft distance 

yielded a range of sound levels from 38 dB(A) to 67 dB(A); 

the mean level was 54 dB(A). 

Figure A.16 preJent3 1/3-octave band data for three floor fans 

for both low and high speed. The noise sources are very similar 

to those of window fans . 

• Stove hood exhaust fans and bathroom exhausts are typically 

small axial flow fans mounted directly above the stove to 

exhaust cooking odors or in the bathroom ceiling to exhaust 

hot air. The mean dB(A) level of ten measurements at a 

3 ft distance was 63 dB(A). 

Figure A.17 presents narrowband data for four speeds for one 

particular stove hood exhaust fan. Again, the tones are related 

to motor noise and blade passage fan noise. Through the use of 

appropriate lining it should be possible to reduce the noise of 

stove hood exhaust fans and bathroom exhaust fans by up to 15 dB(A). 
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A.2.8 Food blender 

The electrical motor control system on food blenders is de

signed to drive the cutting blades (located at the bottom of a 

removable container) at a wide range of speeds in order to perform 

various food blending tasks. Speed control may be achieved by 

using a variable-speed motor or solid state electronic networks. 

The primary sources of noise are the motor, the whirling of the 

blades causing radiated noise, structureborne noise, and agitating 

noise of the fluid. From measurements of the noise generated by 

foreign and domestic food blenders, the sound level ranged from 

62 to 88 dB(A) with a mean level of 75 dB(A). The container was 

half full of water during most of these measurements. Figure A.18 

presents a series of narrowband measurements representing the noise 

lavels generated by one food blender running at each of nine dif

ferent speeds. The peaks in the spectrum shift upward in frequency 

with increased speed, suggesting a dependence on the blade passage 

frequency of the cutting edges. Figure A.19 shows the variation 

in noise level for a maximum speed setting for five food blenders 

of different manufacture. 

A.2.9 Food mixer 

Food mixers are available in both portable and table model 

styles. Portable mixers are lightweight versions of table models 

they have no base but consist of the same basic mechanisms: a 

set of beaters and a variable-speed motor or a single-speed motor 

with reduction gears. Twenty-five sound level measurements were 

made at a 3 ft distance on domestic and foreign, portable and 

table model food mixers. The mixer was operated in a bowl half

full of water for most of the measurements. The sound level ranged 

from 49 dB(A) to 79 dB(A) with a mean level of 67 dB(A). Figure 

A.20 shows narrowband analysis of mixer noise at low speed and at 

high speed. 
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A. 2 .10 Freezer 

The mechanical components of a freezer are a compressor, 

evaporative coils, condensing coils, and one or two fans, as in 

a refrigerator. Small freezers have the condensing coils spread 
over the back ~f the machine. On larger units, with their require

ment for forced cooling, the condenser coils are grouped at the 

bottom and cooled by a fan that also cools the compressor. With 

the compressor in operation, the sound levels generated by three 
home freezers were measured; the mean level was 41 dBCA) with a 

range of 39 to 45 dB(A) at a 3-ft distance. Figure A.21 shows 
narrowband data for two of the three freezers. The primary noise 

generators are the motor, fans, and compressor, with some radiation 

from the casing. 

A.2.1 1 Hair clipper 

A measurement of the noise generated by a hair clipper was 

made at a distance of 3 ft; the sound level was 59 dB(A). The 

noise is generated by the motor and gears which enable the clipping 

blades to vibrate. 

A.2. 12 Hair dryer 

Different models of hair dryers all share the design ob

jective of forcing warmed air over wet hair. Table models have 

a hard-shelled enclosure like that of a professional hairdressers 

machine. Portable dryers have plastic bonnets connected to the 

fan and heater by a flexible hose. Noise is generated by the 

fan, motor and air flow. A faster drying rate is achieved by 

greater air flow and higher temperatures; 'this, however, means 

increased noise from the fan. The latest development of a 

totally portable unit - with motor and blower attached directly 

to the bonnet - is the noisiest arrangement because it puts 
the noise source directly by the ear of the user. Six hair 
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dryers were measured at a 3-ft distance; the mean level was 

61 dB(A). Figure A.22 shows l/3-octave band sound pressure 

levels measured at a distance of 3 ft from three units. The 
low-frequency tonal components are probab~y motor related, while 

the high-frequency peaks may relate to the blade passage of the 

blower. 

A.2.13 Heater, electric 

Electric heaters used to heat a single room typically have 

small single-speed fans that blow air past electric coils into the 

room. The noise generated by these heaters is due to the electric 

motors, the fans, air flow, and, often, rattling metallic parts. 

A noise level of 47 dB(A) was measured at 3 ft from an electric 

heater. 

A.2.14 Hedge clippers 

The noise of hedge clippers, in which an electric motor runs 

one or two cutter bars, is mainly generated by the motor and recip

rocating gear action. On some models, one bar moves back and 

forth against a stationary bar; on other models, two cutters recip

rocate. Since the latter is a more balanced action, vibration to 

the user is reduced. We measured a noise level of 84 dB(A) at 

3 ft from one unit. 

A.2.IS Home shop tools 

Electrically-powered shop tools such as drills, saws, sanders, 

grinders, lathes, and routers have similar noise generating mecha

nisms. In general, portable shop tools, due to their requirement 

to be lightweight and high-powered, require forced cooling of the 

motor and use high-speed universal motors which are often noisy 
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even when running free. Table model shop tools generally use 

induction motors which are relatively low speed and quiet when 

running free. 

The portable straight-line or vibration sander is relatively 

quiet when running free [63 dB(A) at 3 ftJ because it has a lower 
power requirement than most power tools and requires no forced 

cooling. Figure A.23 shows narrowband data for two operations 

of a belt sander: running free [82 dBCA)] and sanding wood 

[86 dB(A)]. The primary noise is the vibrating action of the 

sander foot. 

In drills the gears add to the noise - the more sets of gears 

required, the noisier the operation. The noise generated by four 
1/4-in. drills with a single set of gears measured 76 to 80 dB(A), 

the noise of two 3/8-in. drills with two sets of gears measured 
83 dB(A), and .the noise of .two 1/2-in. drills with three sets of 
gears measured 84 and 87 dB(A). Figure A.24 presents noise levels 

measured near a 1/4-in., a 3/8-in., and a 1/2-in. drill; the peaks 

in the spectrum are probably related to the speed and the teeth 

ratiOS of the gears. Figure A.25 presents narrowband data on two 

different drill presses, one working metal, the other wood. 

Noise levels generated by three different grinders working 

metal [87 to 97 dB(A)] are shown in Fig. A.26. In Fig. A.27 the 

noise levels generated. by. a, router running free [8~ dB(A)J.are 

compared with the levels when it is working wood [88 dB(A)]. 

Noise levels of a small metal lathe are shown in Fig. A.28 r'or a 

running free condition and :for cutt:ing metal. Figure A. 29 shows 

the .. narrowband .dat,a, tor a:,:;;at>:r.e .... ljiaw:..r.1,;lnP:~PK. free and, cutting wood •. 
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Noise levels associated with the cutting of wood by a jig saw, a 

radial saw, a table saw, and a band saw are shown in Fig. A.30. 

The tone at 3150 Hz for the table saw may correspond to the fre

quency of teeth passing a given point [8J. 

Tools such as a table grinder, lathe, table jig saw, and table 

band saw generate noise levels in the mid-sixty to mid-seventy 

dB(A) range at a 3-ft distance while running free. The larger 

portable tools especially drills and grinders, generate noise 

levels of 80 to over 90 dB(A) running free. 

A.2.16 Humidifier 

Room size humidifiers are relatively simple mechanical devices 

in which a fan forces air through a wetted pad. Humidifiers ex

emplify the recurring noise problem frOm air circulation caused by 
fan, motor, and air movement noise. Figure A.31 shows narrowband 

data - 41, 51, and 65 dB(A) - for three settings of one humidifier. 

The higher levels are associated with higher fan speeds and thereby 

increased flow noise. 

A.2.17 Knife, electric 

For easy handling in the home, electric knives are designed 

to be small and lightweight. Therefore, the electric motor and 

gears for reciprocating blade actior. are encased in lightweight 

plastic. While the noise of an electric knife [with a range of 

65 to 75 dB(A) and a mean level of 70 dB(A) at 3 ftJ can be annoy
ing, it also acts as a signal that the knife is in operation. 

Figure A.32 shows narrowband data for two of the three samples. 
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A.2.18 Knife sharpener 

Electric knife sharpeners are often attached to electric can 

openers as well as being separate appliances. The rotation of 
sharpening stones alone is very quiet since just the motor and 

shaft rotate; however, the interaction between the stone and the 

knife during the sharpening process makes an unavoidable grating 

noise. A single measurement was made at a 3-ft distance; while 
the noise levels vary depending on the pressure of the knife 

against the stone, 72 dB(A) is representative of a typical 
sharpening operation. 

A.2.19 lawn mower, electric 

The gears and the A.C. or oattery powered engine of the rotary 

type electric lawn mower are the main sources of noise. The rattl

ing of the engine housing and other metal parts plus the whirling 

sound of the blade are also identifiable. Although an electric 

lawn mower is often quieter than a gasoline-powered lawn mower, 

the two electric ones that were measured registered 81 and 89 dB(A) 

at a 3-ft distance. The larger the lawn mower, the more powerful 

an engine is needed to rotate the blade, and thus the noisier the 
device. Certain possibilities appear feasible for quieting the 

electric lawn mower such as changes in blade design and speed 

to redMce vortex noise, tighter construction of the tool, and 

sound damping for the motor housing and blade covering. 

A.2.20 Oral lavage 

An oral lavage isa device that uses the squirting force of 

water to cleanse the mouth. The motor drives a reciprocating pump, 

connected to a water supply, which forces a tiny stream of water 

out the end of a tube. Two measurements gave values of 70 and 

72 dB( A) • 
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A.2.21 Refrigerator 

The majority of the refrigerators sold today are automatically 

defrosting. Cooling coils are located outside the freezer storage 

area and cold air is circulated through the freezer unit by a fan. 

The automatic defrost mechanism periodically melts the ice which 

forms on the coils. The trend in recent years has been to larger 

refrigerators with features such as automatic ice cube tray fill

ing, ice cube making, and defrosting. Refrigerators with such 

features require more power and thus larger compressors with result

ing higher noise levels. Better sound isolation around the 

machinery compartment, sound absorbing material in the machinery 

compartment, and resilient mounting of the motor and compressor 

have prevented the noise of the new~r machines from greatly increas

ing. Twelve refrigerators were measured at a distance of 3 ft 

from the front. The levels ranged from 35 dB(A) to 52 dB(A) with 

a mean level of 42 dB(A). Figure A.33 presents narrowband data 

for two refrigerators. 

A.2.l2 Sewing machine 

Sewing machines from the simplest to the most sophisticated 

and complex ones all have variable-speed electric motors, necessary 

gear and drive mechanisms, and auxiliary accessories. There is a 

wide range of ,controls available such as stitch tension, variable 

stitch length and width, zig-zag stitching, forward-reverse action, 

needle orientation, etc. The more versatile sewing machines have 

insertable cams which can be changed for different stitching pat

terns. Measurements on two sewing machines in operation gave 

values of 70 dB(A) and 74 dB(A) measured 3 ft from the machine. 

Figure A.34 shows narrowband data for these two machines. 
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possible noise control measures are to reduce noise from the'motor, 

linkages, gears, and clutch by use of different materials and more 

effective enclosures. Resilient mounting of vibrating parts to 

reduce structureborne vibration noise is presently used. 

A.2.23 Shaver, electric 

Electric shavers are run by a compact but powerful electric 

motor, powered from house current or a rechargeable battery. While 

shaving mechanisms may vary - using either rotary blades or oscil

latory cutting action - the noise is generated by the motor and 

gears. The mean sound level for men's and women's shavers was 

60 dB(A) at a 3 ft distance; the range was 47 to 69 dB(A). Figure 

A.35 shows narrowband data for four men's shavers and Fig. A.36 

presents data for two women's shavers. 

A.2.24 Toothbrush, electric 

A small, lightweight high-speed motor run by either A.C. power 

or rechargeable batteries drives the detachable toothbrush. The 

less expensive models allow rotation in only one plane perpendicu

lar to the axis of the toothbrush. With additional gearing, the 

more expensive models simultaneously rotate and move laterally to 

provide better cleaning action. 

The main noise sources of an electric toothbrush are the motor 

and the gears. Typically, the devices with more gears are noisier. 

The mean sound level of three different electric toothbrushes at a 

3 ft distance in bathrooms was 52 dB(A) with a range of 48 to 

55 dB(A). At the user distance of about 3 in. from the device, 

the sound level is about 10 dB(A) higher. Figure A.37 shows 

narrowband data for an electric toothbrush. 
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Due to the overriding requirements for small size and light 

weight, noise control techniques such as improving the sound trans

mission loss of the casing or adding sound absorptive material are 

impractical. The most promising noise reduction possibilities will 

likely come from the development of quieter gear operations through 

the use of different materials or through designing the gears with 

closer tolerances or a different configuration. 

A.2.25 Water faucets 

Noise from water faucets includes water hammer, turbulence 

and cavitation noise. For particular values of pressure drop, a 

valve can be designed to minimize cavitation and its resulting 

noise; however, no valve configuration has been developed to 

minimize the noise for the full range of pressures that a valve 

experiences. The measured sound level at a distance of 3 ft for 

two water faucets was 61 dBCA). If die-casted brass fittings could 

replace sand-casted ones, there would be a smoother interior finish 

which would result in less turbulent flow and quieter operation. 

A.3 Typical Equipment in Buildings 

Many different types of electrical and mechanical equipment 

are required for the proper operation of modern large buildings. 

Much of this equipment is hidden in equipment rooms, behind ceil

ings, in walls, or behind cabinet type exterior enclosures, but the 

total cost and volume associated with such equipment represents a 

significant part of the cost and utility of a successful building. 

The majority of the equipment (including most of the basic heating 

and cooling system components) is for supplying the building occu

pants with a suitable amount of air at a comfortable temperature 

and moisture content. In addition, pumping and piping systems are 
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used for water and fluid circulation, elevators and escalators are 

used for movement of persons, and various conveyance systems are 

used for movement of material. In this section, the use and func

tion of building equipment are briefly described. Where available, 

typical noise levels are presented for the equipment. For. detailed 

information and procedures, the reader is referred to Refs. 9, 10, 

11, and 12 at the end of this Appendix. 

A.3.1 Prime movers 

The function of prime movers is to transform energy - in the 

form of electric power or combustible fuel - into rotational move

ment for use in driving other equipment. 

Electric Motors are the most widely used of the prime 

mover devices. They range in capacity from fractional hp 

up to several thousand hp; most motors fall in the speed range 

of about 450-3600 rpm. Motor noise is generated by aerodynamic, 

mechanical, and electrical forces. Aerodynamic noise, often the 

most prominent noise source, is generated by air turbulence due to 

movement of the blades of the cooling fan and the slots in the 

rotor. Recent designs have used higher cooling air velocities, 

thereby increasing the noise level. 

Mechanical noise is due to bearings and shaft unbalance. Al

though mechanical noise can be identified in rotating machinery, 

low-frequency vibration rather than noise pep ae is the usual 

problem. Bearing noise is due to the sliding contact of sleeve 

bearings and the rolling contact of ball and roller bearings. When 

neW, precision ball bearings ape often quieter than sleeve bearings; 

hOwever, after much use, they are much noisier. In new equipment, 

unbalance forces are usually small. Wear or build-up of dirt on 

the rotating component often increases the unbalance in a motor, 
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resulting in the generation of vibration at the rotational fre

quency and its integral multiples; e.g., since the shaft of a 

3600 rpm motor turns at 3600 rpm ~ 60 ~~~ = 60 ~:~, energy will be 

concentrated at 60, 120, 180 Hz, etc. with the 60-Hz component 

being the strongest. 

Electrical noise is generated by magnetostriction - where a 

component (iron laminations) contracts and expands in response to 

an alternating magnetic field. Such effects are particularly 

noticeable when D.C. or variable-speed motors are supplied recti

fied A.C. current. The wave-form of the rectified current contains 

high-frequency components that generate noise in the more audible 

frequency ranges. The primary excitation frequency for magneto

striction is twice the main power frequency, e.g., in the USA, 

2 x 60 Hz or 120 Hz. 

In the past, motor noise was generally less than the noise 

produced by the driven component. However, motors designed for 

high-temperature rises or powered by rectified current may now be 

the controlling noise sources. Even in the case of relatively 

quiet motors, motor noise often becomes predominant when the driven 

component is quieted. Figure A.38 presents a range of noise levels 

typical of a 3 ft measurement position for the many different sizes 

of motors used in buildings. 

DieseL and NaturaL or LP (Liquified Propane) Gas Internal 

Combustion Engines are sometimes used when special conditions make 

them economically feasible. They are often used in emergency power 

systems, in total energy systems, and for driving large machines 

such as chillers. Noise generated by internal combustion engines 

consists of contributions from the intake and the exhaust and 

radiation from the casing. Although improperly muffled exhaust 

may be a source of community concern, the intake and radiation from 
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the casing ~re typically greater problems for buildings and con

siderable detail must be given to controlling the noise. Figure 

A.39 shows a range of noise levels measured at 3 ft from internal 

combustion engines found in buildings. 

Gas Turbines are used almost exclusively in emergency power 

and "total energy" systems. A total energy system makes use of 

the fact that only about 20-30% of the heat energy of most fuels 

can be turned into mechanical power; the rest is rejected in 

the form of heat to cooling water and exhaust gases. A total 

energy system salvages some of the energy which is usually lost 

and uses it to heat water, etc. The'advantages of turbines 

over equivalent internal combustion engines are their light weight, 

smaller size, and lower vibration, which can be governing factors 

for upper story installations. Figure A.40 presents noise levels 

representative of the noise generated by gas turbines. 

Steam Turbines are sometimes used as high horsepower (over 

50 hp) prime movers when high-pressure steam is available as a 

pubic utility service. Figure A.4l shows the range of noise levels 

typically found near steam turbines. 

Transformers, although their function differs from that of 

the prime movers listed above, supply primary electrical input 

power; their output is an altered form of electrical power (higher 

amperage and lower voltage) rather than motion. The use of trans

formers permits large amounts of electrical energy to be supplied 

to a building with relatively small sup'ply cables. Noise generated 

by transformers is due primarily to the magetostrictive effect in 

the transformer cores. Thus, the noise consists of a harmonic 

series of component tones with a fundamental frequency equal to 
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twice the main power frequency. The range of noise levels gener

ated by transformers typically housed in buildings is presented 

in Fig. A. 42 . 

Gene~ato~s o~ Conve~to~s are used to produce local electricity 

in emergencies when electrical power is unavailable from outside 

sources, to produce direct current electricity, or to convert 

power from one frequency to another. The noise generating charac

teristics and noise levels of generators are similar to those of 

electric~l motors. 

A.3.2 Fluid handling units 

Pumps may be the common centrifugal type that uses an elec

tric motor drive, or the diaphragm or piston or gear-rotor types 

that are positive displacement units. Many of the pumps in a 

building are part of the overall air-conditioning system. They 

convey water to and from cooling towers, chillers, boilers, and 

coil decks in airconditioners, humidifiers, unit heaters, unit 

ventilators, and induction units. Pumps may also be used to supply 

fuel oil to boilers, domestic water to upper floors, emergency 

fire-fighting water, hot water for various uses such as convectors, 

ice melting, radiant heating, etc., and for sewerage ejection from 

low levels. 

Noise problems due to pumps are usually caused by mechanical 

forces and turbulence. Noise is radiated by the casing of the 

pump and associated piping. In order to prevent the tonal compo-' 

nents at the impeller passage frequency (the impeller speed in 

revolutions' per second multiplied by the number of impellers) ,from 

being detectable at remote locations, a vibration break of flexible 

connections in the piping is sometimes provided. However, sound 
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energy in the fluid may flank this flexible connection so that the 

pipe walls are excited downstream of the pipe break. Figure A.43 
showS a range of noise levels typical of many pumps used in build

ings. 

Steam VaZves may be used either to control volume flow or to 

reduce the pressure from the main supply system. A stearn valve, 

like any valve, is noisiest when there is a large pressure differ

ential between the upstream and downstream of the valve. A typical 

spectrum for steam valve noise is presented in Fig. A.44. 

A.3.3 Air handling 

Fans are the driving mechanism for moving air about a build

ing. Propeller-type fans may be used to distribute large quanti
ties of air at little pressure drop across the fan; centrifugal 
and axial-flow type fans may build up relatively large static 

pressures in an air handling system and thus are used mostly 

in ducted ventilation systems in large buildings. In a ducted 

System, the air will tend to flow toward regions of lesser 

static pressure, eventually to be released at amblent pressure 

in the building proper. 

Fan noise is generated by mechanical and aerodynamic sources. 

Bearings and unbalanced shafts are the primary mechanical sources; 

with proper construction and maintenance, fan noise from these 

sources can be minimized. Aerodynamic noise may be divided into 
components due to rotation. and due to vortex shedding. Since an 

impluse is imparted to the air each time a fan blade passes a given 

point, the rotational component consists of a series of tones at 

multiples of the blade .passage frequency (rotational speed in 

revolutions per second times the number of blades). The vortex 
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component is primarily the result of the shedding of vortices 

from the fan blades; it is an example of broadband random noise. 

Depending upon the type, size, and geometry of a particular fan, 

the total noise generated will have varying contributions from 

vortex and rotational noise. 

The horsepower, volume flow, and static pressure, and thus 

the mechanical efficiency, are important indicators of the noise 

that will be generated by a particular type of fan. Figure A.45 
shows estimated levels for a range of fans utilized in buildings. 

The noise problems that do occur are usually due to either a 

failure by the mechanical or acoustical system designer to consider 

an important source or path, or a failure of the builder to in

corporate properly the designed noise control features in the 

building. 

Air Control Units and Mixing Boxes comprise a family of 

supply air control and treatment devices that provide air at the 

proper volume, pressure, and temperature to a room. These devices 

include: constant volume control (eVes), terminal reheat units 

(TRs), variable volume controls (VVes), and dual duct mixing boxes. 

Their function, in many instances, is analogous to steam valves 

they take air which has passed through a small duct at high 

velocity and pressure and reduc~ its pressure and control its 

volume flow. A constant volume control takes in air at varying 

pressure (caused by changing demands elsewhere in the system) and 

discharges a constant volume of air at a constant pressure, A 

terminal reheat unit adds the capability of heating the air by 

passing it over an electric or hot water coil before it is dis

charged. A variable volume control meters out an amount of heat

ing or cooling air as demanded by a local thermostat and reduces 

the static pressure of the air to obtain the desired volume. Each 

of these units is usually located toward the end of supply ducts 
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near the space it serves. Noise generated by air control units 

and mixing boxes is a function of the pressure drop across the 

device and the volume of air flow. Figure A.46 presents a range 

of noise levels typical of a 3 ft distance from these units. 

Diffusers~ Grille8~ Registers, and Louvers. After a supply 

of air at the correct pressure, temperature, and volume has been 

provided to the vicinity of a room, it must be introduced and 

distributed into the room without causing drafts. Portions of the 

air Sh0Uld be directed toward windows and other exterior surfaces 

that are too cold in the winter and too hot in the summer, while 

all the air should be distributed so as to provide ventilation to 

all parts of the space. This is done with various diffusing or 

direction-controlling devices, usually fabricated from sheet metal, 

consisting of fins, blades, vanes, etc., that are located at the 

end of the duct. Perforated grilles, registers, or other similar 

devices are used to receive the air to be returned to the distri

bution system. The noise generated by terminal devices, suc0 as 

diffusers, is dependent on the pressure drop across the device, 

the volume of air flow, the cross-sectional area, and the spacing 

between vanes. Figure A.47 illustrates the range of noise levels 

possible with various diffusers, grilles, etc. 

Ai~ Comp~e88o~8 are the source of high-pressure air which is 

used by many large buildings as an energy source for pneumatic 

control devices throughout the. ventilation system. Such controllers 

include fresh air intake dampers, zone control dampers, induction 

units, unit ventilators, mixing valves in mixing boxes, and control 

valves in eve and vve units. The high-pressure air provided by 

the compressor must be piped throughout the building, first to 

thermostats and then to the pneumatic operators. Buildings which 
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have laboratory or workshop facilities usually supply compressed 

air to those spaces. Air compressors are most often of the piston 

type and, depending upon the size of the unit, the reciprocating 

action of this type of compressor may make satisfactory vibration 

isolation difficult. Figure A.48 is an example of noise levels 

generated by reciprocating compressors. 

A.3.4 Airconditioners 

The usual functions of an airconditioner are to filter par

ticulate matter and odors from the air, to regulate air tempera

ture and humidity, and to propel the conditioned air to its desti
nation. The fan in the airconditioner serves two purposes: 

1) to move the air through the filters and heating and cooling 

coils, and 2) to provide enough static pressure to push the air 

throughout the duct system to the desired spaces. The heating and 

cooling coils are liquid-to-air heat exchangers, receiving warm or 

cold water or refrigerant from other machines and transferring 

warmth to or from the air carried past them. 

Central Station. Strictly speaking, "central station" refers 
to the entire collection of equipment that has a part in conditlon~ 

ing the air that is ultimately distributed to the building. In its 

more limited use here, "central station"refers to the fan plenum 

equipment of the airconditioner. The equipment includes controllers 

and filters on the inlet side and heating and cooling coils. and 

temperature controllers and, possibly, zone controllers on the 

discharge side. The cooling coils act as dehumidifiers in that 

warm, moisture-laden air condenses on them. Occasionally, a humid

ifier is incorporated to add humidity for special needs. Central 

station units are most common in large multistory buildings. The 

size of a particular unit will depend upon the service that it is 

supplying. Noise levels for units typically found in buildings 

are presented in Fig. A.49. 
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Unitary Rooftop Units are usually found on one- or two-story 

buildings. They perform the same function as the larger central 

station units but do not rely on other machines to provide hot or 

cold fluid to their heating and cooling coils; in other words, 

these units include their own compressors, condensers, etc. In a 

large one-story building or building complex, this can represent 

a savings on the heating and cooling water piping which would be 

needed if the units were dependent on other machines. Figure A.50 
presents noise levels measured near both small (the lower curve) 

and large units. 

Ui.itary SpZit System units are usually found in small build

ings. They are almost identical in function to rooftop units, but 

they are 10cateJ on occupied floors in the building. Thus, a 

remote heat exchanger (either a condenser or cooling tower) must 

be provided to reject waste heat when the units are cooling. The 

refrigerant compressor may be located remote from the unit together 

with the condenser. 

Fan Coil Units are rather like miniature central station air

conditioners in that they draw in fresh air and rely on outside 

sources for hot water, cold water, or steam for their heating and 

cooling coils. They are small units, usually enclosed within a 

cabinet and placed under or near windows. 

relying on hot water, use electric heating 
levels for fan coil units are presented in 

Some units, rather than 

coils. Typical noise 
Fig. A.51. 

Induction Units are similar in appearance and location to fan 

coil units but receive air from a central station unit at a rather 

high pressure, 1 to 4-1n. static pressure, as compared to less 

than I-in. operating static pressure for unit ventilators. This 
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air is used to induce circulation of the room air. Such units 

are also provided with heating and cooling coils to temper the 

air which they receive from the central supply. A range of 

noise levels for typical induction units are shown in Fig. A-52. 

Hu~idifiers, Dehumidifiers, Heaters and Furnaces, although 

grouped under the heading of air conditioners, have only one 

function: to increase or decrease humidity, or to heat. 

Humidifiers are of two general types: 1) those that add 

steam to the air, and 2) those that blow the air through 

or over moist surfaces to add water to the air. Both 

types can be built into ductwork or can stand alone to 

serve a particular space. The steam type consists of a 

steam nozzle, a control valve, and possibly a fan. The 

moist surface type consists of a ~an (if not located in 

ductwork), a water pump, and a moving porous belt or disk 

which passes through the water and then through the moving 

air. 

Dehumidifiers, if required, may be located in the ductwork 

where air flow is provided by the system fan. The primary 

element is a cooling coil which condenses moisture out of 

the passing air. In such an installation, a heating coil 

may be provided to temper the excessively cooled air that 

leaves the cooling coil. A self-contained unit will include 

a fan but usually not a heating coil. 

Unit Heaters consist of a remote fan and heating coil, 

which may be either electric or mechanical, and receive 

hot water or steam from an external source. Such units 

are often used in little-occupied spaces such as mechanical 

equipment rooms, storage spaces, garages, stairways, etc. 
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Warm Air Furnaces burn gaseous or oil fuel and use an 

integral air-to-air heat exchanger to heat the air. They 

usually have two built-in-fans, one to circulate the air, 

the other to provide air for combustion. They are often 

used in small buildings which do not have access to large 

quantities of hot water or steam. 

A.3.5 Boilers 

For supplying warm air to a building, most air conditioning 

systems use hot water or steam supplied by a boiler that may be 

located either nearby or remote from the building. (In total 

energy systems, waste heat from the engines may be captured to 

heat water in place of or in addition to a boiler.) Boilers 

heat water or generate steam by burning a fuel and passing the 

water through or around the fire in a gas-to-liquid heat exchanger. 

There are two principal types of boilers: water tube and fire 

tube. In the water tube boiler the, tubes are filled with water 

and pass through the fire. In the fire tube boiler, the boiler 

is filled with water and combustion takes place in tubes that 

pass through the water. Steam boilers are usually of the water 

tube type, while hot water boilers may be either type. Figure A-53 
shOWS a range of noise levels typical of boiler operations;' fire 

tube boilers are represented by the upper part of this range and 

water tube boilers by the lower parts. Gas-fired burners in 

boilers are much quieter than oil-fired bUrners. 

A.3.6 Refrigeration machine~ or chillers 

Refrigeration machines. or chillers use various methods to 

remove heat from water supplied to cooll~g coils (the "chilled 

water") and transfer that heat to other water for eventual 

rejection. 
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Absorption/Cycle Machines use heat energy and a salt solu

tion to transfer heat from the chilled water system to the reject 

heat system. The machine is composed of tanks, condensers, evapo

rators, heat exchangers) pumps, and controls. On a per ton 

capacity basis, they are larger than vapor compression cycle 

machines. Figure A-54 presents noise levels typical of these 

macliine" for building usc. 

Vapop Compression Cycle Machine8~ which are commonly called 

chillers, use a compressor to compress the refrigerant; th~ re

sulting hot compressed gas passes through a condenser where it 

is cooled and changed to a liquid. The refrigerant is then allowed 

to expand, further cooling it. The "chilled water" is then passed 

through a heat exchanger with the cooled gas and is cooled. The 

resulting heated refrigerant is again compressed and the cycle 

repeated. Chillers use various types of compressors: the posi

tive displacement (piston and rotary screw) and the centrifugal 

types; noise levels representative of these types are presented 

in Figs. A-55, A-56, and A-57 respectively. 

SmaZZHepmetia Refrigerant Compressops are used in small 

airconditioners in conjunction with integral or remote air-cooled 

condensers. These units function exactly the same as the com

pressors in vapor compression cycle machines except that the 

refrigerant is cooled in an air-cooled condenser rather than by 

a reject-heat water-circuit condenser. 

A.3.7 Heat rejectors 

In most refrigeration machines, rejected heat is transferred 

to water, which may be used once, e.g., river water, or repeatedly, 

in which case it must be cooled for re-use. Cooling towers, 

spray ponds, and air-cooled condensers are used to cool the water. 

A-34 

AR0070669 



Cooling Towers receive large volumes of warm (typically 85° 

to 75°F) water and cool it a few degrees. In the process) the 

incoming warm water is sprayed onto the cooling tower "fill," 

a stack of wood, plastic planks or sheets, or ceramic blocks 

which have a large surface area. Typically, a fan is used to 

force air through the fill, cooling the water by evaporation. 

The air is expelled in a saturated or near-saturated condition 

and is usually a few degrees warmer. Noise is generated by the 

fan and by the water falling into the basin. Centrifugal cooling 

towers (using centrifugal fans) are quieter than propeller-fan 

towers. Figure A-58 presents a range of noise levels typical 

for both centrifugal and propeller towers. 

Condensers of the liquid-cooled type are used in all large 

refrigeration machines; smaller machines use directly air-cooled 

condensers. In a condenser, the entering gaseous refrigerant 

is cooled as it passes through the gas-to-air exchanger, where 

the gas condenses to its liquid form, and the resulting liquid 

is returned to the refrigeration machine. A fan is frequently 

used to force air flow through the heat exchanger. Figure A-59 
presents a range of noise levels representative of air-cooled 

condenser noise. 

A.3.B Conveyance systems 

In multistory bUildings, it is necessary to transport large 

numbers of people quickly. It is also desirable to transport 

heavy objects from one floor to another, and in hotels, hospitals, 

and apartments, to transport trash and soiled laundry to their 

respective collection areas from many locations in the buildings. 

Elevators, escalators, and pneumatic transport systems are 

examples of the conveyance systems used in buildings. 

A-35 

AR0070670 



Elevators consist of three major components: the cab, hoist 

~ables and counterweights, and the hoist motors or hydraulic lift 

piston. 'fhe weight of the cab is part;ial1y balanced by the counter

weights which are lowered as the cab is rajsc'i. The hoist ~otors 

are DC-powered, which is best suited to Vle~'requent starting, 

acceleration, and stopping operations of elevators. Supply cur

rent is generated by accompanying motor-gederator sets (using 

standard AC motor drives) or large rectifiers. 'fhe hoist motors 

are located directly over the elevator shaft, usually on the 

roof of a building, or at various upper floor levels. Hydraulic 

power is sometimes used for distances of under 60 ft. A hydraulic 

pump provides the driving force. Figure A-60 presents noise 

levels typically found in elevator machinery rooms. 

Escalators are comprised of two major components: the stairs 

with tracks and the drive motors. The motors are usually located 

beneath the lowest flight, the upper flights being driven by those 

below. 

Pneumatic Transport Systems use low-pressure differentials 

exerted over large or small areas to move comparable sized loads. 

The chief components are a high-pressure fan, a duct system, 

loading and unloading stations, and control devices. In a typical 

system, the fan is run at an idle speed (say 1/2 full speed which 

requires only 1/8 of the full-speed hp) until the loading station 

Signals for full-speed operation. The load is then conveyed 

through the duct system to the desired unloading station. At 

the unloading station, the passage of the load signals the blower 

which then drops to idle speed. 

A-36 

AR0070671 



A.3.9 Ballasts 

Fluorescent and mercury arc lights require higher voltage 

power than the normal 115v line current. Ballasts are essen

tially small transformers which alter the voltage to suit this 

need. Ballasts are usually Daunted rigidly to light sheet metal 

panels in order to provide the required cooling area. These 

panels often serve as very effective radiators of sound; thus, 

the noise levels may vary considerably. Figure A-61 presents 

measured data for one installation. Noise levels in other in

stallations with different ballasts and fixtures may be as much 

as 10 dB quieter or noisier than the curve presented. 
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APPENDIX B - IMPACT CONSIDERATIONS 

B.1 Interpretation of Impact Estimates 

Sections 3.2.2 and 3.3.2 of this report have provided 

detailed breakdowns of the impact on people of exposure to 

a variety of noise sources. This section of the report is 

intended to permit the reader to gain an appreciation for 

the significance of these estimates. It therefore consists 

primarily of caveats. 

First, it must be stressed that both the physical 

levels of the noise sources and the levels at which effects 

on people are specified are, at best, imperfect estimates. 

Every attempt has been made to obtain unbiased and statisti

cally sufficient estimates. Nonetheless, the actual levels 

mentioned in the text cannot be regarded as exact. Vari

ability is inherent not only in the measurement process, 

but also in the noise sources, the propagation paths by 

which their sounds are transmitted to people, and of course 

in the responses of people. Thus, individual instances of 

extreme sensitivity to noise effects are to be expected, as 

are cases of excessively noisy and quiet sources. In some 

situations the total amount of variability ~ay be so great 

as to transform assessment of noise impact, a priori, into 

an imponderable issue. It is important to acknowledge that 

the impact estimation of Sections 3.2.2 and 3.3.2 can per

tain only to the general, rather than the specific, instance. 

It must also be understood that research on the effects 

of noise on people has been conducted for the most part under 

controlled and simplified conditions. The application of 

knowledge gained from such experimentation to heterogeneous 

populations living in complex environments necessarily entails 
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L fair amount of interpretation and approximation. Disagreement 

,imor1!?: experts on matters of detail is probably unavoidable. 

Yet another important consideration to bear in mind when 
re~dlng the sections on the impact of home appliance, building 

equipment, and construction noise on people is that these noises 

COJ1I)rlse only a fraction of mos t people's daily noise exposure. 

Since many noise effects are cumulative in nature, discussion of 

the impact of exposure to restricted classes of noise is both 

artificial and potentially misleading. It is not safe to assume, 

for' example, that hearing damage is not a SUbstantial risk to 

the public at large merely because the risk from construction 

noise exposure is negligible. 

In short, it has been necessary to make a large number of 

assumptions in preparing most sections of this report. Assump

tions are the coin with which conclusions are purchased. The 

reader must understand the assumptions before he can decide for 

himself whether the conclusions are worth the price. 

The final caution is perhaps the most basic. Stated simply, 

it is that no attempt has been made in this report to address 
the crucial issues of social desirability and costs of noise 

impacts. Such issues were purposely avoided as inappropriate 

and far beyond the scope of the current report. Value judgments 

about how much noise exposure is tolerable must inevitably be 

made, however, if this report is to be fully useful. Adminis

trative or legislative bodies must eventually decide how much 

hearing loss workers must suffer to maintain industrial pro

ductivity; how much annoyance, stress, and task interference 

the public must endure; how much sleep interference is too much; 

and so forth. The authors hope that this report will provide 

the data and conclusions essential for intelligent actions on 
these issues. 
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B.2 Discussion of Construction Data 

Table 8-1 tabulates nonresidential building construction irl 

1970 by the nature of metropolitan region in ~hich eleven major 

categories of buildings were constructed. Construction effort 

in each building category is characterized both by the number of 

sites and the total construction cost in each region. The average 

cost of each type of building in each region is also presented in 

Table B-1. The cost estimates are necessary for accurate estima

tion of the number of machine-hours of equipment operation at 

each site. The wide variability of building costs deserves 

special note. Office buildings in large, high-density central 

cities cost an average of $1.9 million while the same type of 

building costs an average of only $.67 million in ~ow-density 

central cities. 

The sources of the data in Table B-1 include the following: 

· Columns 1 and 2: Unpublished tabulation by U.S. Bureau of 

the Census of all nonresidential building permits for 1970; 

• Co~umns 3, 4, 5 and 6: Estimates based on population ratios, 

construction level ratios (where known), and assumptions 

about probable unit costs; and 

• Column 7: Construation Review~ except for lines 2, 5, and 
I 

7, which were estimated on the basis of known ratios of 

large city to national construction ratios. 

Two categories of nonresidential building are recognized by 

the Bureau of the Cens~s but are not discussed in this report. 

One is "residential garages and carports", of which 150,885 were 

authorized in 1970, at an average cost of $1600. Carport con

struction was judged to contribute negligibly to construction 

noise problems. The second category of buildings recognized by 
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TABLE B-1. GEOGRAPHIC DISTRIBUTION OF MAJOR NONRESIDENTIAL CONSTRUCTION 
BY TYPE OF BUILDING (1970) 

Other Cen-
Larg~ High-Density Large Low-Density tral Cities 

Central Cities Central Cities (Est.) 
Type of Building Bldg. Cost Avg. Cost Bldg. Cost Avg. Cost Bldg. Cost 

Office, Bank, 
Professional 

Hotel, Motel, etc. 

Hospitals and 
Institutions 

Scnools 

Public Works Bldg. 

I.ndustrial 

Parking Garage 

Religious 

Recreational 

Store, Mercantile 
Bldg. 

Service, Repair 
Station 

I1.2e of Buildinjl 

235 

27 

123 

67 
58 

362 

82 
81 

43 

533 

341 

$438M 
108 

326 

73 
48 

92 
33 
21 

17 

84 

12 

Urban 
Fringe 
(Est.) 

Bldg. Cost 

$1863K 815 
4015 56 

2647 120 

1091 149 
822 107 

253 800 

398 114 
255 160 
402 380 

159 1649 

44 553 

Nonurbanized 
Metropolitan 

Area 
(Est.) 

Bldg. Cost 

Office, Bank, 
Professional 3168 $600M 1424 $270M 
Hotel, Motel, etc. 344 320 154 143 
Hospitals and 
Institutions ~590 468 265 210 
Schools 687 197 309 88 
Public ~orks Bldg. 689 196 310 88 
Industrial 6370 989 2867 446 
Parking Gara~e 841 146 379 66 
Religious 1826 185 823 83 
Recreational 1395 99 628 44 
Store, Mercantile 
Bldg. 11425 998 5148 449 
Servlce, Repalr 
Station 3220 97 1451 43 

B-4 

$559M 
76 

$ 686K 
1335 

1998 
137 

$37 SrI! 

127 

103 

40 
64 

93 

49 
24 

861 
267 
601 
116 
429 
149 

25 66 

205 124 

13 

Ou.ts i de 
Metro

politan 
Area 

(Est.) 
Bldg. Cost 

2260 $456M 
207 157 

411 272 
465 102 
421 95 

3706 391 
500 72 

970 71 
998 51 

7258 424 

2050 42 

23 

294 
366 
262 

233 
106 

75 
1961 

279 

392 
932 

306 
48 
40 
65 

4045 352 

1355 

National 
Total 

Bldg. Cost 

41 

9900 $270lfvl 

929 931 

1803 1611 
2043 606 

1847 566 
16336 2316 

2195 414 
4252 423 
4376 301 

29058 2512 

8970 247 
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TABLE B-2. GEOGRAPHIC DISTRIBUTION OF RESIDENTIAL BUILDING 
CONSTRUCTION BY TYPE OF BUILDING (1970) 

~ of Bu i1 dJ!!.9.. 

Single-Unit 
'rwo-Unit 

Three- and Four-Unit 
F i ve··Uni t and Larger 

Type of Buildit:!JL 

Single-Unit 
Two-·Uni t 
Three- and Four-Unit 
Five-Unit and Larger 

!lee of Building 

Sin~1e-Unlt 

Two-Unit 
Three- and Four-Unit 
Five-Unit and Larger 

Tlpe of 'uilding 
Single-Unit 
Two··Uni t 
Three- and Four-Unit 
Five-Unit and Larger 

Large High-Density 
Central Cities* 

Tota 1 Avg. 
Const. Co ns t. 

Bldg. Cost Cost 

5742 $ 86;·1 $ 15.1K 
2044 46 22.7 

177 9 51. 2 
745 532 716.0 

Other 
Central Cities 

Total Avg. 
Canst. Canst. 

Bldg. Cost Cost 

85776 $147 SrYl $ 17.0K 
4776 92 19.3 
3266 109 33.4 
9496 1083 190.0 

Nonurbanized 
Metropolitan Area 

(Est. ) 
Total Avg. 

Cons t. Canst. 
Bldg. Cost Cost 

109018 $2171M $ 19.9K 
2800 63 22.6 

1593 57 35.8 
5166 957 185.2 

National Total 
Total 

Const. 
Bldg. Cost 

624767 $11605 
22231 482 

11595 404 

32465 6109 

Large Low-Density 
Central Cities 

Total Avg. 
Const. Const. 

Bldg. Cost Cost 

17213 $ 330~1 $ 19.2K 
1076 32 29.8 

277 13 46.2 
3012 802 266.0 

Urban Fringe 
(Est. ) 
Total Avg. 

Canst. Canst. 
Bldg. Cost Cost 

241800 $48201\1 $ 19.9K 
6190 • 140 22.6 
3542 127 35.8 

11470 2123 185.2 

Outside 
~1etropol i tan Area 

Total Avg. 
Canst. Canst. 

Bldg. Cos t Cost 

165218 $2720M $ 16.4K 
5455 109 20.0 
2720 90 33.1 
33.21 612 184.7 

*See Sec. 3.2.1.2, Table IX, for definitions of large high-density 
and large low-density central cities. 
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the Census but not discussed in the current report is "all other' 

n~nresidential buildings", of which 259,814 were authorized at 

2r average cost of $6,760. The latter category of construction 

w~s considered too heterogeneous in nature to permit reasonable 

(?;stimation of the nature of construction noise at a "typical" 

Table B-2 presents data on the construction effort involved 

in erecting residential buildings as a function of the type of 

metropolitan region in which the construction occurs. The data 

of Table B-2 were obtained from unpublished Bureau of the Census 

la~ulations and from the Census publication Const~uation Repo~ts: 

Housing Autho~ized by Building Pe~mits and Publia Cont~aats~ 1970 

B.3 Estimating the Extent of Public Works Construction Noise 

The public is exposed to construction noise not only from 

operations of erecting buildings of various sorts, but also from 

operations arising from public works construction. Such opera

tions include road, highway, street, and sidewalk construction 

and maintenance, as well as sewerage, water works, and utilities 

installation and maintenance. The noise created by these con

struction activities is frequently prolonged and intense. Even 

small repair jobs on water works create considerable noise as 

se~tions of pavement are ripped up to gain access to buried pipes. 

Estimation of the amount of noise created by such activities 

required that a number of assumptions be made about the distribu

tion of construction noise from public works sites. The most 

important assumption was that federal and state public works 

activity could be neglected for the purposes of this study since 

it occurs primarily in rural regions of low population density. 

Attention was therefore concentrated on municipal public works 

activities within SMSAs. 
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Although summary reports contain ample information on federal 

and state public works activities, comparable municipal data are 

available only from individual municipalities. We have been able 

to obtain fairly complete data on municipal public works construc

tion and maintenance for two large, high-density cities: the 

central city, Boston, Massachusetts, and the adjacent city of 

Cambridge. We have used this information, together with the figure 

of 42,000 miles for municipal street construction throughout the 

country in 1969, published by the Federal Highway Administration, 

to estimate total sewerage and water works activity (in terms of 

miles of pipe and mains laid) for the country. 

In carrying out these calculations, we assumed average values 

of 1.0 miles each of water and of sewer main per mile of new 

street. We further assumed that on the average, water and sewer 

main additions per year would be 2% and 1.5% of existing footage, 

respectively, as opposed to 7.5% for the annual increase in length 

of municipal street systems. This gave estimated country-wide 

values of some 11,000 miles of water mains and 8,000 miles of 

sewage mains. These estimates are considered reasonable in that 

they are about half as great as would be obtained if the respec

tive annual U.S. expenditure for water works and sewer construction 

were allocated solely to the installation of mains. Moreover, some 

mains would be installed concurrently with street construction and, 

as a consequence, not constitute separate sources of noise pollu

tion. 

Inherent in our approach to the estimation of exposure of the 

population to municipal cons~ruction noise is the assumption that 

the locus of both municipal construction and of population exposed 

is the street system of a municipality. We have therefore focused 

on the numbers of inhabitants distributed in permanent residence 

along the streets of a municipality as an index of the impact of 
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3treet-associated municipal construction noise. In order to facili

tate the use of this approach, we developed a correlation (see 

Fig. 8-1) between population density and the quantities, miles of 

street per square mile and inhabitants per mile of street for 

several dozen cities, towns and counties in Massachusetts and Penn

Rylvania for which we had data available. 

Jsing the above correlation, together with the amounts of 

municipal public works cOriucruction estimated earlier, we arrived 

at the impact estimates presented in Table B-3. The indicated 

exposlres of residents along streets where municipal public works 

construction is taking place are 10 million and 4.4 million indi

viduals, for street and water works and sewer construction, 

respe~tively, making a total of 14.4 million individuals exposed 

to public works construction noise. 

B.4 Propagation Loss Model For Building Construction Sites In 

Metropolitan Areas 

Two classes of people are exposed to construction noise: the 

stationary population which inhabits the region around the construc

tion site (workers and residents) and the transient population which 

passes by the site (drivers, passengers, and pedestrians.) Two 

models were constructed to estimate the extent to which site noise 

is attenuated for each class of observers. 

~tationary Population 

The entire stationary population around a construction site 

was assumed to be indoors with closed windows. Acoustic propaga

tion lass was modeled by postulating a representative site geometry 

and anplying the formula 

R 
H == 20 log IT; + 20 dB 
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TABLE B-3. ANNUAL EXPOSURE OF PERSONS IN METROPOLITAN AREAS TO 
MUNICIPAL CONSTRUCTION NOISE 

Activity 

Street, highway 

Sewerage & Water 

Population Density 
(people/sq. mi.) 

Area (sq. mi.) 

Street Distribution 
(miles of street/ 
sq. mi.) 

Linear Distribution 
of population 
(people/mile of 
street) 

LENGTH OF MUNICIPAL CONSTRUCTION (MILES) 

Large, Large, 
High-Density Low-Density All Other Urban 

Central Cities Central Cities Central Cities Fringes 

273 

125 

398 

15,160 

1,468 

21 

720 

2,150 

990 

3,140 

4,410 

2,389 

10.2 

430 

6,000 

2,700 

8,lOO 

3,710 

6,981 

9.5 

390 

1J,800 

5,065 

16,865 

3,380 
14,707 

8.9 

380 

PERSONS EXPOSED TO MUNICIPAL CONSTRUCTION NOISE (X1O- 3 ) 

Activity 

Street, highway 

Sewerage & Water 

large 
High-Density 

Central Cities 

196 

2.Q 
286 

large, 
Low-Density 

Central Cities 

925 

425 

1,350 

All Other Urban 
Central Cities Fringes 

2,340 Li~470 

1,050 L.9 2O 

3,390 6,390 

. About 14.5 million people exposed to municipal construction noise. 

Met. Areas 
Outside 

Urban 
Fringes 

21,700 

9,850 

31,550 

. 125 

179,276 

1.35 

93 

Met. Areas 
Outside 

Urban 
Fringes 

2,G2C) 

;) 20 

2,9 4 0 

Total 

41,923 
18,730 
60,653 

Total 

9,951 
~:G!IO_1 

l4,356 
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where H = total propagation loss 

R = range from source to observer 

Ro = reference range at which site source level 

was measured (50 ft) . 

Twenty dB was added to account for the loss through building walls 

with closed windows. The resulting transmission loss contours are 

shown in Figure 19 of the main text. 

Transient Population 

People passing by a construction site continuously vary their 

distance from the site. A model such as the above is not directly 

applicable. The peak noise level to which passersby are exposed, 

however, can be computed from the propagation loss at the passerby's 

closest point of approach (CPA) to the site. This propagation loss 

is computed from the formula 

Rl 
H = 20 log + H' 

Ro 

where H = total propagation loss 

Rl = range at CPA 
Ro ~ reference range at which site source level 

was measured (50 ft) 

.H~ = is a term included to account for baffling or 

obstructions between source and observer 

In the case of pedestrians, we 

is zero. H is therefore 6 dB. 

Rl = 100 feet and H~ = 15 dB to 

assume that Rl = 100 feet and H~ 

For drivers, we have assumed 

account for attenuation caused 

by the transmission loss of an automobile. For this case, 

H = 21 dB, which was rounded to 20 dB to emphasize that the 

figure is only an estimate. 
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APPENDIX C - SOUND LEVEL CONSIDERATIONS 
BY AMERICAN CONSTRUCTION MACHINERY MANUFACTURERS 

by 

H.T. Larmore 
Deputy Director for Technical & Safety Services 
Construction Industry Manufacturers Association 

Milwaukee, Wisconsin 

Presented at 
The American Industrial Hygiene Association Conference 

Toronto, Ontario 
May 24, 1971 

This presentation will attempt to place the problem of noise 
into its proper perspective relative to construction and construc
tion machines - both as a potential cause of hearing loss for 
workers and as an air pollutant for the nearby community at con
struction sites. 

NOISE - THE PROBLEM STATED 

Unwanted sound - is not new to the construction industry. 
Construction sites are noisy. Likewise, it is not new to heavy 
machines used in the construction of buildings, highways, sewer 
and water systems, airports and the like. Indeed, it has been a 
criterion by which some machines have been operated. A skilled 
operator often relies upon the sound of his equipment for proper 

operation. Also, noise is often associated with power in the 
purchase of machines. 

These philosophical concepts and the public demand for lower 
construction costs do not excuse construction machinery from being 
noisy, but they have contributed to the major emphasis by manu

facturers over t~e past decade to design for greater productivity 
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rather than to build quieter machines. The transitory and tem

porary nature of con5truction has also allowed a lack of concern 

for noise. While any particular contract is underway, the work

ers and neighbors might well be annoyed by the noise. But relief 

comes when the job is completed and the big machines move on. 

Next job site - there are new workers; new neighbors. 

During the past few decades, the public demand has been for 

more production with less labor and less cost. This prompted the 

development of today's remarkable machines with more power, auto

mation and speed than ever before. But machine "improvements" 

to effect this demand generally tended to increase noise levels. 

Larger engines produced more noise both internally and from the 

exhaust. More automation was accomplished through more use of 

hydraulic power which also is a noise generator. Larger engines 

and more hydraulic power increased the heat which must be dissi

pated through larger quantities of air being driven by no~sier 

fans through larger radiators. Increased speed means increased 

vibration frequencies which tend to concentrate in the audible 

hearing range. 

THE CONCERN FOR NOISE 

The concern for noise, only recently voiced by the public 

and expressed now in actual or proposed legislation at all levels 

of government would seem to have created a major shift from the 

"productive Sixties" to the "silent Seventies". Fortunately, 

our industry is geared to respond to our customer requirements 

and, hopefully, to recognize changing requirements soon enough 

to accommodate the necessary lead times for research and develop

ment, testing, tooling, manufacturing and distribution. Noise 

abatement, although recognized by manufacturers of construction 
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machines as a legitimate environmental concern, has been and still 

is difficult to define in precise engineering and machine require

ments - how much - how fast - what costs and trade-offs are accept

able - cost/effectiveness ratios - all tend to remain fuzzy with 

even man/noise effects far from being accurately determined. 

The manufacturers of construction machines, without waiting 

for all the answers, recognized in the late sixties the need for 

the basic tools for all change and/or regulation - Measurement 

Standards. Without such tools, base lines cannot be established 

or progress measured. 

Through the Construction Industry Manufacturers Association 

(CIMA) - the necessary machinery and policies were established 

some four years ago to recognize needs for Performance or Safety 

Standards and to promote development of such Standards by na

tionally recognized technical and Standards writing bodies. 

Among these were the basic noise measurement Standards as vol

untary guidelines for both industry and government authors. 

These were accepted for development by the Society of Automo

tive Engineers (SAE). They include for construction machines: 

1. Noise measurement at operator station 

2. Noise measurement at 50 foot radius 

3. Construction job site noise measurement 

4. Cumulative operator noise exposure measurement along 

with standardized reporting methods 

Substantial progress has been made by SAE with completion and 

publication of some of these Standards expected in the near 

future. 
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The measurement of noise levels either at the operator's 

station or at a distance from the machine is no simple matter. 

A machine can be subjected to many operational variables. 

Engine at rated speed, acceleration, full power drawbar load, 

power take-off load, hydraulic load, idling engine, idling trans

mission, transport, addition of a cab, roll-over protective 

structures, windows open - these are some of the variables which 

affect noise levels. For that reason, a uniform procedure for 

noise measurement is most important. 

There are currently under consideration at least four 

Federal Bills and twenty State Legislative Bills which can regu

late noise on construction machinery. Consequently, there is 

a real need for uniformity not only in measurement methods but 

in noise limit levels. It can be appreciated that legislators 

are concerned with protecting operators ~nd others from hearing 

damage and the nuisance of excessive noise. However, a mass of 

legislation and regulations which are nonuniform are more of a 

liability than an asset in reducing noise levels on construction 

machines. Nonuniformity with little or no lead time for making 

the changes is leading to stop-gap measures which have unpredict

able durability and effectiveness, and which perhaps introduce 

unwanted trade-offs and compromises through overheating, fire 

hazards, maintenance interference and reduced output. 

WHAT ARE MANUFACTURERS DOING ABOUT NOISE? 

So - what are construction machinery manufacturers doing 

individually and as an industry? 

Individually they are: 

1. Evaluating the many noise sources peculiar to each 

machine. 
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2. Developing operator enclosures for current products. 

3. Developing procedures for customizing current products 

off the production lines. 

4. Developing quieter components and systems for quieter 

machines in the future. 

Through eIMA they are: 

1. Seeking new and updated SAE Standards and Recommended 

Practices for operator and exterior noise levels. 

2. Organizing a cooperative effort among government, noise 

specialists, contractors and machinery manufacturers to 

accumulate the great masses of actual on-the-job noise 

data required by industrial hygienists in their evalua

tion of the man/noise effects in the construction envi

ronment. 

3. Creating information on construction machine noise for 

use by regulatory bodies, consumers, and information 

media. 

4. Investigating a means to express machinery noise sources 

in a uniform, usable and reliable manner. 

THE COMPLEX ANSWERS 

These individual and collective efforts are not simple nor 

do results come easily or cheaply. As a beginning, component noise 

sources are rapidly being isolated and evaluated.· Oversimplifi

cation of the problem frequently leads many to believe that 

engine exhaust noises are the culprit and that larger mufflers 

would turn the trick. To be sure, this is part of the problem. 

However, noise reduction of the exhaust permits other machine 
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noises to become dominant. Larger mufflers also create a visi

bility problem since they usually end up directly in front of 
or behind the operator. 

There are several other noise sources which are the same 

order of magnitude as exhaust nOises, depending on the machine 

and its configuration. 

These are: 

1. Internal engine noises exclusive of the combustion 

itself .. 

2. Engine air inlet 

3. Transmission and other gear noises. 

4. Hydraulic system noises including the pump, tubes, 

valves, cylinders and hydraulic motors. 

5. Air noise from the fan and radiator. 

6. Various moving mechanical elements such as crawler 

tracks, or scraper elevators. 

It is very likely that on a large machine today, each of 

these noises is individually in excess of 90 dB(A) (decibels on 

"A" rating scale). In the case of two equal noise source levels, 

the sum is about 3 dBA higher than either source alone. For 

four equal noise sources, the sum is about 6 dBA higher. And 

this in reverse acts much the same way. Suppose the total noise 

of a machine is 100 dBA composed of four equal noise sources. 
Let's say the exhaust, engine nOises, gear and hydraulic noises 

and fan noises are these four. If by some magic the exhaust 

and internal engine noises could be reduced to zero, the machine 

would still have a noise level of 97 dBA. So, this is the 
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challenge to the engineers who are studying each noise source 

and striving for noise reduction of each component. 

QUIETING CURRENT PRODUCTS 

For quieting current production machines, some manufacturers 

are starting to use off-line, extra cost customizing. This may 

consist of one or more of the following: An isolation mounted 

cab; larger muffler; sound deadening material around noisy com

ponents; and vibration isolation of noise components. These 
methods are expensive and can have only minimal effect on the 

total problem. Also, the sound absorbing insulation causes 

some components to run hotter and can possibly absorb spilled 

petroleum products. This can be a fire hazard. One would not 

normally expect to replace such insulation during a machine's 

expected useful lifetime but durability of such materials and 

installation techniques are not broadly known. 

FUTURE MACHINE QUIETNESS 

For future machines, larger capacity cooling fans with non

resonant frequencies are being developed. These would utilize 

larger volumes of air at lower velocities, new radiator fin 

designs and more efficient shrouds. 

Some gears mus~ be changed from one form to another and 

perhaps made with more precision. Much noise is generated from 

variable gear loadings and from gear idling. Gears are designed 

to transmit a given power level at a required speed. Variations 

of these will set up vibrations which cau~e noise. Here again, 

isolation and insulation seem like possible temporary solutions 

but heat and flexibility can lead to premature failure and other 

new problems. 
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Hydraulic pumps, transmission lines, valves, cylinders and 

motors are all noise generators. Oil flowing in a smooth, uni

form path should be one of the quietest methods of generating, 

transmitting and utilizing energy. However~ each component has 

complicated restrictions which induce vibration. If all of the 

hydraulically performed functions were uniform and continuous, 

the noise would be minimal. But ease and flexibility of con

trol are reasons for the many applications. Noise reduction 

programs for hydraulics are underway, but they will take time 

for development, testing and adopting. 

Mechanical components such as the tracks of crawler tractors 

are noisy but fortunately are of lower frequencies. These types 

of mechanisms are just not readily quieted and do not lend them

selves to encapsulation treatment. The long range, practical 

solution for all these problems may well dictate future machines 

of entirely new configurations. 

NOISE STANDARDS AND REGULATIONS 

Because of the many noise sources which add up to a single 

composite noise at an individual's ear, a unique but uniform 

measurement is necessary. For this purpose the SAE Standards 

are a very practical solution. The development of these Stan

dards requires inputs from a broad spectrum of individuals with 

various areas of interest. One company cannot develop such 

Standards nor can just the machine manufacturers' industry. 

But, through eIMA, the industry is promoting and lending its 

support to the development of meaningful noise Standards by 

independent Standards writing bodies which include experts 

from manufacturers, government, public, users and labor. 
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As previously stated, these are noise measurement and 

reporting Standards being developed by engineers and other 

highly knowledgeable people in the construction field. Ob

viously, their efforts must be teamed with practical and effec

tive noise limit Standards developed by the experts in the 

field of Industrial Hygiene. Such limits should be in keeping 

with the peculiar type of exposure found in the construction 

environment. Only when these two tasks are completed can 

effective and practical noise control programs and regulations 

be designed and implemented. 

For Community Noise Control we visualize total construction 

job site limits geared to the particular needs of the surround

ing co~~unity. This would create a natural demand for quieter 

machines yet still allow contractors and users to utilize their 

well demonstrated versatility and ingenuity to get the job done 

in compliance with realistic job site noise limits even with 

existing machines by using new job layout and operat'ional tech

niques. 

For control of hearing damage risk we would urge that the 

current Walsh-Healey noise exposure tables might be modified for 

construction workers to more accurately reflect their unique 

exposure tQ intermittent, variable intensity noise and the large 

seasonable fluctuations in noise dosages. These factors are 

covered in some detail in a eIMA sponsored study published by 

SAE, December 1969, as Technical Report - SAE Research Project 

R-4 and titled "A Study of Noise Induced Hearing Damage Risk, 

for Operators of Farm and Construction Equipment". This report 

is available from the Society of Automotive Eng~neers, Inc., 

Two Pennsylvania Plaza, New York, New York. 
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In summary, we have attempted to briefly review the back

ground of construction machinery and the relatively recent public 

concern for noise. 

We have outlined the complex and sophisticated industry 

problems involved and our concern that the public may be moving 

from apathy to overkill in one easy lesson. 

We have indicated an industry recognition of the respons~

bility to help shape noise abatement legislation and regulation 

into reasonable and responsible instruments; also, our past 

and continuing active participation, through eIMA, to effectively 

utilize our industry expertise in major and necessary Standards 

activi'cies. 

We spoke of the industry efforts, both from individual manu

facturers and collectively through eIMA to create quieter ma

chines except as a stop gap, high cost measure. 

We outlined the need for new noise limit criteria designed 

in consideration of the unique types of noise exposure and 

dosage for construction workers. 

It is obvious that construction machine designers and indus

trial hygienists in both the government and private sectors are 

operating at the threshold of the art relative to noise. We 

believe there is real and urgent need for a combining of these 

two groups into a teamwork effort. Through such a combined 

grouping of expertise can come the tools and procedures to 

effectively reach our common noise abatement objectives - ind 

to do so with full consideration of the total needs of our 

society and at costs and compromises satisfactory to the public. 
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APPENDIX D - NOISE CONTROL: REGULATION AND STANDARDS 

D.l Introduction 

Control of the noise produced by construction activity, 

building equipment, and horne appliances cannot be expected to 

procede in an orderly fashion without supporting guidance in 

the form of noise criteria, noise standards, and noise limits. 
This section of the report presents information on the status 

of currently available guidance for noise control. Trends in 
development of criteria, standards,and limits are discussed. 
Where possible, future requirements for noise contro' guidance 

are anticipated. 

A fundamental distinction must be made among the three 

basic forms of guidance necessary for systematic noise control. 
Noise criteria are defined as statements of the effects produced 

by various levels of noise exposure. Criteria are based on the 

effects of noise on people, as discussed in Section 3.1 of 

this report. Noise standards describe the properties of 

noise environments that are considered desirable. Standards are 

usually presented as lo~g-term goals that a regulatory program 

may be designed to attain. NOise limits are in effect regulatory 

documents intended to limit public exposure to individual noise 

sources. The limits entail not only a knowledge of the existing 
noise environment, but also technological and economic constraints 

on noise abatement. It is intended by writers of noise limits 
that the noise environment should approach the goals of noise 

standards in a systematic fashion. 

The next section will discuss the elements involved in the 

development and support of regulatory noise limits for construction 

equipment; the third section of this appendix will discuss those 

elements appropriate to building equipment and appliances. 
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D.2 Construction Equipment 

The body of this report has included discussion of criteria 

in the estimation and evaluation of the impact of construction 

equipment noise. The criteria appropriate to construction equip

ment noise are not unique to such noise sources, of course. The 

selection of standards for noise exposure must take into account 

the characteristics of the combined impact of the many noise sources 

that pollute our environment, and most importantly, must be keyed 

to the business and recreational activities and situations in society 

that are to be protected from noise. Thus, the development of a 

set of standards for the protection of human activity from noise 

pollution is beyond the scope of the present project and report; 

indeed, the ultimate selection will be based on further legislation 

incorporating decisions of national policy. It is our intention 

here to describe the relationship between the various elements in 

an environmental regulatory scheme, and to identify their present 

state of development by scientific and engineering groups, and by 

State and local governments. 

The third of these elements is the noise limit itself, which 

provides quantitative restriction of noise emissions through incor

poration in legally enforceable rules, regulations, and laws. 

Quantitative limits must be directed at an identifiable legal entity 

(such as manufacturer, vendor or user), and must be accompanied by 

specific test and measurement procedures. Although no nationwide 

nOise regulations for construction or other powered outdoor equip

ment now exist, several states are considering such noise limits, and 

a number of larger cities have recently enacted or proposed limits 

for construction equipment. 

The next section of this Appendix will review the recent 

regulatory activities at the state and local levels that apply. 

Since procedures for construction equipment noise measurement are 

so important to the successful implementation of source limitations, 

the last section will discuss thes~ in more detail. 
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State and LocaZ ReguZationa 

In the last two years, considerable activity has taken place 
at the State and local level with regard to reducing the noise of 

outdoor construction, maintenance, and repair activities. 

Both the State of Illinois and the State of Hawaii enacted 

statutes in 1970 which grant broad regulatory powers over noise to 
specific state agencies. At this time neither the Illinois Pollu

tion Control Board nor the Hawaii Dept. of Health have adopted any 

rules or regulations to control construction noise. The Illinois 
Institute for Environmental Quality has initiated a study of noise 

sources (including construction and other outdoor powered equip
ment) that could be covered by State regulations, and proposed 

limits for such equipment are being studied. 

In the State of California, a report to the 1971 Legislature 
on the Subject of Noise was prepared by the State Dept. of Public 

.. 

Health. This report includes in its recommendations the establish-

ment of 'noise emission standards for all noise-producing objects 

now in use as well as to be admitted in the future to California. 

The construction noise sources identified in the report include 

all diesel-engine powered equipment, such as generators, compressors, 
off-highway trucks, bulldozers, loaders, scrapers, power shovels and 

other excavating equipment, as well as piledrivers, riveting machines, 

jack hammers, elevators, cement mixers, hammers, power saws, drills, 

and nailers. Other State legislatures have or will consider a 
variety of proposed construction noise bills; a bill submitted to 

the New York State Legislature in 1968 would have limited construc
tion noise as measured at the nearest multiple dwelling. 

Because construction-equipment noise is especially severe 

in urban areas, limits have been proposed or adopted in several 

larger cities. New York City has proposed coverage of construction 

sites by permIt, and limits for alr-compres30r and paving-breaker 
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equipment in a new noise code; public hearings are scheduled to 

begin in the City Council Committee on Environmental Protection 

on 9 September 1971. The City of Boston Air Pollution Control 

Commission has recently completed a study of community noise and 

as part of its plan for noise control, will begin hearings 

27 September 1971 on proposed regulations which include limita

tions on noise of both construction/outdoor powered equipment 

and on the operation of a construction site. The latter limits, 

in brief, apply at any nearby area open to the public except 

public' ways, or at a IOOO-ft radius from the site, whichever 

is nearer. 

The City of Chicago adopted a comprehensive noise ordinance, 

effective 1 July 1971. Section 17-4.8 provides that "No person 

shall sell or lease, ... any powered equipment or powered hand 

tool that produces a maximum noise level exceeding the following 

noise limits at a distance of 50 ft, under test procedu~es es

tablished by ... this chapter." and there follows a table of limits 

in dB(A) for four categories of equipment. Two categories "Con

struction and Industrial Machinery" (HI) and "Commercial Service 

Machinery" (H3) cover the bulk of construction equipment. 

"Construction and Industrial Machinery" includes powered 

outdoor equipment, mobile or stationary, associated with con

struction sites or industrial operations. Such equipment 

includes crawler-tractors, dozers, rotary drills, and augers, 

loaders, power shovels, cranes, derricks, motor graders, 

paving machines, off-highway trucks, ditchers, trenchers, 

compactors, scrapers, wagons, compressors, pavement breakers, 

pneumatic-powered equipment, etc. Specifically excluded are 

pile drivers. 
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"Commercial Service Machinery" includes powered equipment 

of 20 hp or less intended for infrequent service in residential 

areas, typically requiring commercial or skilled operators. 

Such equipment includes chain saws, light pavement breakers, 

log chippers, powered hand tools, etc. 

The limits that apply to these categories are keyed to the 

date of manufacture of the equipment and provide a timetable for 

noise reduction as follows: 

Manufactured after 

1 Jan. 1972 
1 Jan. 1973 
1 Jan. 1975 
1 Jan. 1978 
1 Jan. 1980 

Construction and 
Industrial Machinery 

94 dB(A) 

88 dB(A) 

86 dB(A) 

80 dB(A) 

Commercial 
Serv;ceMachinery 

88 dB(A) 

84 dB(A) 

80 dB(A) 

The application of the limits to equipment for lease is most 

appropriate in the case of construction machinery; such equipment 

is usually leased rather than sold. Since the limits only apply 

to equipment manufactured after 1 January 1972, it is too.early 

to look for compiled results, but several contractors in the 

Chicago area are now'asking for "quieted" equipment that will 

meet these limits, and intend to use such equipment, insofar as 

possible, to reduce or eliminate community noise complaints. 

This provides very desirable pressure in the market place for 

such "quiet" equipment, encouraging manufacturers to offer noise 

control packages on their construction equipment before the re

quired date. 
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Measurement Procedures 

Since quantitative limits must be applied to the noise 

source, most test codes and recommended practices for measure

ment apply to the operation of an individual item of construction 
equipment. The following noise measurement procedures are of 
this form: 

SAE* Standard J952a Sound LeveZs for Engine Powered Equipment 

Scope: For engine powered equipment including mobile construction 

and industrial machinery, but not covering machinery 

designed for operation on highways, or within factories 

and building areas . 
. .-' 

Test Type: Outdoor free-field measurement on level ground. Mea-

surement distance 50 ft. Equipment operation at speed 

and load producing maximum sound level. 

Data: A-weighted sound level. 

City of Chicago Environmental Control Ordinance, Artiale Ivt 
Test Procedures for Noise Emitted by Engine-Powered Equipment 

and Powered Hand TooZs 

Scope: For engine-powered equipment, including construction and 

industrial machinery (not including pile drivers) agri

cultural tractors and equipment, powered commercial 

equipment of 20 hp or less, and powered equipment for 

use in residential areas. 

*Society of Automotive Engineers, Inc., NYC, N.Y. 10001 

tsec . 17-4.26 and corresponding section of DEC Code of Recommended 
Practice. Chicago Department of Environmental Control, Chicago, 
Ill. 60610. 
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Test Type: Outdoor free-field measurement on level surface. 

Measurement distance 50 ft. Both stationary test 

and acceleration test (for rubber-tired mobile 

equipment) at load and speed producing maximum 

sound level. Pneumatic equipment operated as 

specified in CAGI-PNEUROP Test Code. 

Data: A-weighted sound level. 

ANSI* Sl.19/193 (Proposed) Test-Bite Measurement of Noise Emitted 

by Engine Powered Equipment 

Scope: For determining maximum noise emitted by construction 

and industrial machinery, transportation and recreation 

vehicles, and other engine-powered equipment. 

Test Type: Outdoor free-field on reflecting ground. Measurement 

distance 15 meters (50 ft). Moving and stationary 

tests for construction equipment (Sec. 4.4). 

Data: A-weighted sound level 

CAGI-PNEURopt Test Code for the Measurement of Sound fpom 

Pneumatia Equipment 

Scope: Applies to compressors, percussive and nonpercussive 

pneumatic equipment. Specifies procedures and operating 

conditions, not always including process noise. 

*AmericanNational Standards Institute, NYC, N.Y. 10018 

tCompressed Air and Gas Institute, NYC, N.Y. 10017 
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Test Type: Indoor or outdoor, measurements in direct field at 

five positions at I meter from equipment. Secondary 

measurement at 7 meters distance. Non-percussive 

tools measured running free and with "quiet" work 

process. 

Data: A-weighted and Octave-band sound pressure levels for 

each measurement point. 

The procedures adopted by the City of Chicago are based on 

the SAE J952 standard and the revisions now under consideration 

by the SAE Agricultural and Construction Machinery Sound Level 

Subcommittee. Substantially the same measurement procedures 

have been proposed by the City of Boston Air Pollution Control 

Commission in their Test Procedure for Measurement of Noise from 

PotJel'ed Devices. 

While SAE J952a contained specific noise limits, there are 

being separated in a later revision now under consideration, 

and the test procedure will appear separately. This procedure 

recommends an additional 2 dB tolerance for such noise measure
ments; this provision has been deliberately omitted in both the 

Chicago and Boston test procedures, and left to administrative 

decision. This is more appropriate, and not unlike the enforce

ment measurement procedures for vehicular speed limits. 

Another approach to construction equipment noise measure

ment is to apply the measurement to the combined operators of 

all construction equipment at a single test site. At the 
request of CIMA (Construction Industry Manufacturers' Association) 

the SAE is developing such a test procedure. 
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SAE Reaommended Praatiae (Proposed) Construation Site Sound 

Leve~ Measurements 

Scope: For sites where construction machinery is operated. 

Measures noise radiated off-site. 

Test Type: Field measurement of radiated sound levels at four 
nearest inhabited locations to any centerpoint of 

construction activity. If no inhabited locations 

closer than 1000 ft to a centerpoint, measurements 

made at 4 locations spaced 90° on 1000 ft radius 

circle. 

Data: A-weighted sound lev~ls at each measurement point define 

"Construction Site Operational Sound Levels". Provision 

for a record of "Construction Site Baseline Sound Levels" 

allows limits to be expressed as change in ambient as 
well as absolute terms. 

The combined-operations measurement procedure is presently 

being proposed for use by the City 6f Boston, and the City of 

Chicago plans a test of the latest SAE draft procedure as pa~t 

of a feasibility study of noise limitations on construction sites .. 

The Federal Highway Administration is considering this p~oc~dure 

as a basis for regulation of noise from Federal-aid highway 

construction. 
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D.3 Noise Standards for Indoor and Outdoor Equipment for 
Home and Office Use 

The impetus for development of standards for measuring and 
rating the noise produced by many types of equipment has come 
from the manufacturers of nOise sources. For example, the manu
facturers of air conditioning and ventilation appliances are by 
far the most conscious of the impact of their equipment on the 
nOise environment of the home and office. Within the past 
decade at least ten different "standard" procedures have been 
formulated for measuring and rating the noise of various types 
of air conditioning and ventilating equipment. The automotive 
and airframe industries have been similarly conscious of the 
noise impact of their equipment and sophisticated nOise stan
dards exist for these sources. By contrast, only one standard 
has appeared to deal with the nOise of rotating electrical 
machinery; one to deal with gas turbines; one for gear noise; 
one standard of a general nature, produced by official American 

National Standards Institute (ANSI), intended to guide noise 

measurement of practically any piece of machinery; and a draft 
procedure is under consideration by ANSI to rate the noise of 
all engine-powered equipment. 

Such standards are of two types. Measurement standards 

specify the manner in which meaningful and reliable acoustical 
data may be obtained. Rating standards apply these acoustical 
data to produce ratings, usually single-numbered, that are 
supposed to correlate with subjective response to equipment 
nOise, thus permitting at least rank-ordering of equipment noise 
on a justifiable basis. 

Both sorts of standards are necessary and form the basis 
for yet a third class of standards (applications standards) that 
are used by architects, consultants, building COdes, noise 
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ordinances and similar organizations. Factors which are con
sidered in developing application standards include the economic, 
social, and political. Applications standards represent an 
equilibrium between the costs of reducing noise exposure and the 
feasible nOise reduction made possible by acoustic technology. 

The following summaries indicate the general nature of 
existing U.S. nOise measurement and rating standards for domes
tic and office equipment. 

ASHRAE'" 36-62 Measul'ement of Sound POlJer Radiated from Heating~ 

Refl'igel'ating and Ail'-Conditioning Equipment 

Scope: For unitary, unducted equipment, large or small, for 
indoor or outdoor use. 

Test Type: Reverberation room, substitution method. 

Data: Total radiated sound power level in octave or 1/3-octave 
bands. 

ASHRAE'" 36A-63 Method of Determining Sound POlJel' LeveLs of Room 

Ail' Conditionel's and Other DuotZess, Through-the-WaZ~ Equipment 

Scope: For room air conditioners, window or attic fans, and 
other ductless wall- or ceiling-mounted equipment that radiate 
sound directly both to the conditioned space and the outdoors. 

Test Type: Reverberation room, substitution method (2 rooms 
needed) . 

Data: Total sound power level radiated to indoors and outdoors, 
separately, 1n 1/3-octave bands. 

* American Society of Heating, Refrigerating and Air-Condition
ing Engineers, Inc., 345 East 47th Street, New york, N.Y. 10017. 
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ASHRAE 38B-63 Method of Testing fop Rating the Aaoustic Pepfop

mance of Aip Contpol and Tepminal Devices and 

Simi lap Equipment 

Scope: For air control and terminal devices normally mounted 

in or connected to duct systems. 

Test Type: Reverberation room, sUbstitution method. 

Data: Total sound power level radiated into the room served 

by the device, in octave bands. 

AMCA* 300-67 Test Code for Sound Rating Air Moving Devices 

Scope: For central station air conditioning and heating and 

ventilating units, for centrifugal fans, axial and propeller 

fans, power roof and wall ventilators, steam and hot water 
unit heaters (but not unit ventilators, room fan-coil units, 

room air induction units and air cooled refrigerant condensers). 

Test Type: Reverberation room, substitution method, based on 

ASHRAE 36-62. 

Data: Total radiated sound power level, in octave bands 
(including the sound radiated into the ducts, for ducted equip

ment) • 

AMCA* JOl-65 Method of Pub~ishing Bound Ratings fop Ail" Moving 

Devices 

Ratings for Centrifugal Fans, Axial and Propeller Fans, Power 
Roof and Wall Ventilators, Steam and Hot Water Unit Heaters; 

not yet suitable for central station AIC or E/V units. 

Ratinp,s: based on octave-band sound power levels, per 

AMCA 300-6 r

(: 

For ducted devices, the ei~ht octave-band 
sound power levels; 

*Air Moving and Conditioning Association, 205 West Touhy Ave., 

Park Ridge, Ill. 6006 8 
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For unducted devices, the loudness in sones 
at a reference distance of 5 ft, as calcu
lated from the sound power level data. 

AMCA 302 "Application of Sone Loudness Ratings fop Nonducted 

Aip-Moving Devices" 

Reference material covering applications of the loudness rating 
in sones {examples, combinations of sources, prediction of sound 
loudness indoors and outdoors, variation with fan speed. 

AMCA 303 "AppZication of Sound Powsp Level Ratings fop Ducted 

Aip Moving Devices" 

Reference material covering significance and accuracy of sound 
power level ratings, particularly their relation to sound as heard. 

4NSI*Sl.2 - 1962 "Amepican Standapd Method fop the PhysicaL 

Measupement of Sound" 

Scope: For all devices, machines or apparatus. 
Several test procedures are described: 

Test Type: Free-field; free-field above reflecting plane; semi
reverberant field; or reverberation room. The semi
reverberant field procedure is similar to that of 
ASHRAE 36-62. 

Data: Sound pressure levels at specific locations, or total 
sound power levels in octave bands (1/2-octave or 1/3-
octave analysis optional); and directivity of the source. 

* American National Standards Institute, 10 East 40th Street, 
New York, N.Y. 10016 
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IEEE* #85 "Airborne Noise Measurements on Rotating EZe~tri~ 

Maohinery" 

Scope: For rotating electrical machinery of all sizes 
Several test procedures are described: 

Test Type: Free field; free field above reflecting plane; semi
reverberant field; or reverberation room. (Similar 
to ANSI Sl.2-1962, but more detailed.) 

Data: Sound levels or sound pressure levels in frequency bands 
(octave, 1/3-octave, or "narrow") at specified locations 
or total sound power level, overall or analyzed into 
frequency bands, and directivity of source. 

ANSI S1.19/193 "Test-Site Measurement of Noise Emitted by Engi.ne

Powered Equipment" (Draft only.) 

Scope: For residential equipment (Section 4.5) [Other sections 
deal with automobiles, motorcycles, construction and in
dustrial machinery and recreational equipment] 

Test Type: Sound levels measured on flat test site with hard 
ground surface, free of large reflecting obstacles 
within 30 meters of equipment under test. 

Data: A-weighted sound level measured at a pOint 50 ft from 
center of equipment and 4 ft above ground, for noisiest 
direction and noisiest operating conditions. 

ARI+ 443-66 "Standard for Sound Rating of Room Fan-Coil Air-

Condi tioners" 

Scope: For room fan-coil air conditioners. 

* Institute of Electrical and Electronic Engineers, 345 East 47th 
Street, New York, N.Y. 10017 

+ Air-Conditioning and Refrigeration Instutute, 1815 North Fort 
Meyer Drive, Arlington, Virginia 22209 
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Test Type: Reverberation room, substitution method, in accordance 
with ASHRAE 36-62 

Data: Octave-band sound power levels, computed from 1/3-octave 
band data corrected for presence of pure tones. 

ARI 270-67 Standapd fop Sound Rating of Outdoop Unitapy Equipment 

Scope: Outdoor sections of factory-made equipment, such as unitary 
air-conditioners or heat pumps. 

Test Type: Reverberation toom, substitution method, in accordance 
with ASHRAE 36-62 or ASHRAE 36A-63. 

Data: Sound power levels in 1/3-octave bands. 

Rat1ng: S1ngle-number rat1ng based on the 1/3-octave band sound 
power .levels (corrected for the presence of pure tones), 
by a calculation like th~ ANSI Standard 83.4, "Computation 
of Loudness of Noise". 

ARI 275-69 Standapd fop Apptiaation of Sound Rated Outdoop 

Unitapy Equipment 

Reference material "related to ARI 270-67) establishing a method 
for predicting annoyance due to operation of outdoor unitary 
equipment, and providing recommendations for application of such 
equipment. 

Calculation of annoyance level (ANL), tak1ng 1nto account distance, 
reflect1ons, location of equipment, shielding by barriers, loca
tion of observer, multiple units, etc. 
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AHAM* SR-l Room Air-Conditioner Sound Rating 

Score: Room air conditioners 

Test Type: Reverberation room, substitution method, in accordance 

with ASHRAE 36A-63 

Datfl: Single number (or letter) ratings based on the l/3-octave 

band sound power levels (corrected 'for the presence of 
pure tones), by a calculation like the ANSI Standard S3.4 
"Computation of Loudness of Noise"; the calct!lations are 

different for the indoor side and the outdoor side of the 
unit, such that the two sound ratings would be the same 

if the sound power levels radiated indoors were all 15 dB 
less than the levels in corresponding frequency bands 
radiated to the outdoors. The outdoor calcuation is the 
same as that of ARI 270-67. The indoor sound rating 

(a number) is converted to a letter rating (ll=A, l2=B, 
l3=C, etc.) for publication purposes. 

HVI+#1966-1 Sound Test Procedure 

Scope: For home ventilating eqUipment. 

Test Type: Reverberation room, substitution method, similar to 

ASHRAE 36-62 

Data: Octave band sound power levels, calculated from 1/3-octave 
band sound pressure levels, are used to compute octave-band 

free-field sound pressure levels at a reference 5-foot 
distance. 

Rating: The nOffiinal free-field octave-band SPL's at 5 foot are 

used to calculate loudness in sones, a single number, 

* 

+ 

• 
Association of Home Appliance Manufacturers, 20 Nnrth Wacker 
Drive, Chicago, Illinois 60606 

Home Ventilating Institute 
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according to ANSI S3.4 - 1968, "computation of' Loudness 
of Noise." 

ADC* Test Code 1062 R1 Equipment Test Code 

Scope: For air distribution and control devices (high pressure 

units) • 

Test Type: Reverberation room, substitution method, in accordance 
with ASHRE 36B-63 (except that the ASHRAE test for 
attenuation of terminal devices is not used). 

Data: Total sound power level radiated into room, in octave bands. 

* * * * 
In addition to these standards for measuring and rating noise 

from various kinds of ventilation equipment, both the Home Venti
lating Institute and the Air Conditioning and Refrigeration Insti
tute have published directories of equipment, giving noise ratings 
for each model tested (a large proportion of the manufactured 
models); and both the Air Conditioning and R~frigeration Institute 
and the Association of Home Appliance Manufacturers offer guidance 
for the writers of noise ordinances dealing with their equipment 
types, to indicate achievable goals and the necessary wording in 
terms of existing standards, to make the model ordinances en
forceable. 

At the present time, the existence of several different 
measurement and rating standard~ in the ventilating/air-condition
ing field is something of' an embarrassment, since they are not 

* Air Diffusion Council, 435 North Michigan Ave., Chicago, Ill. 60611 
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mutually consistent nor even compatible, but are competing for 
general acceptance. In an attempt to deal with this situation, 
an ad hoc working group of ANSI is currently trying to draft a 
standard for both measurement and rating of equipment noise that 
exhibits the best features of the already existing standards and 
that, it is hoped, will be found acceptable by the various organi
zations that have pioneered in the standardization effort in the 
United States. It is still too early to predict whether this 
action will be successful. 

In spite of the slightly chaotic present situation, it is 
clear that a great deal of careful thinking has been done about 
how to measure equipment noise in the United States; indeed, in 
this area the U. S. is somewhat in advance of the European 
practice. 
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2.10.2 Direct Global Warming Potentials 
< > 

All GWPs depend on the AGWP for C02 (the denominator in the definition of the GWP). The AGWP of C02 again depends on the 
radiative efficiency for a small perturbation of C02 from the current level of about 380 ppm. The radiative efficiency per kilogram of C02 
has been calculated using the same expression as for the C02 RF in Section 2.3.1 , with an updated background C02 mixing ratio of 
378 ppm. For a small perturbation from 378 ppm, the RF is 0.01413 W m 2 ppm 1 (8.7% lower than the TAR value). The C02 response 
function (see Table 2.14) is based on an updated version of the Bern carbon cycle model (Bern2.5CC; Joos et al. 2001), using a 
background C02 concentration of 378 ppm. The increased background concentration of C02 means that the airborne fraction of 
emitted C02 (Section 7.3) is enhanced, contributing to an increase in the AGWP for CO2, The AGWP values for CO2 for 20, 100, and 
500 year time horizons are 2.47 x 10-14, 8.69 x 10-14, and 28.6 x 10-14 W m-2 yr (kg C02)-I, respectively. The uncertainty in the 
AG\NP for CO2 is estimated to be ±15%, with equal contributions from the CO2 response function and the RF calculation 

Updated radiative efficiencies for well-mixed greenhouse gases are given in Table 2.14. Since the TAR, radiative efficiencies have been 
reviewed by Montzka et al. (2003) and Velders et al. (2005). Gohar et al. (2004) and Forster et al. (2005) investigatec HFC compounds, 
vvith up to 40% differences from earlier published results. Based on a variety of radiative transfer codes, they found that uncertainties 
could be reduced to around 12% with well-constrained experiments. The HFCs studied were HFC-23, HFC-32, HFC-134a and 
HFC-227ea. Hurley et al. (2005) studied the infrared spectrum and RF of perfluoromethane (COF4) and derived a 30% higher GWP 
value than given in the TAR. The RF calculations for the GWPs for CH4, N20 and halogen-containing well-mixed greenhouse gases 
employ the simplified formulas given in Ramaswamy et al. (2001; see Table 6.2 of the TAR). Table 2.14 gives GWP values for time 
horizons of 20, 100 and 500 years. The species in Table 2.14 are those for which either significant concentrations or large trends in 
concentrations have been observed or a clear potential for future emissions has been identified. The uncertainties of these direct G\NPs 
are taken to be ±35% for the 5 to 95% (90%) confidence range 

Table 2.14. Lifetimes, radiative efficiencies and direct (except for CH4) GWPs relative to C02. For ozone-depleting substances and their 
replacements, data are taken from IPCCfTEAP (2005) unless othelWise indicated 

Global Warming Potential for Given Time 
Horizon 

Industrial Designation or Lifetime RadiativeEfficiency 0N SAR; 
Common Name (years) Chemical Formula (years) m-2 ppb-1) (100-yr) 20-yr 100-yr 500-yr 

Carbon dioxide CO2 Seebelowa b1.4x10-5 1 1 1 1 

MethaneC CH4 12' 3.7x1a-4 21 72 25 7.6 

Nitrous oxide N20 114 3.03x10-' 310 289 298 153 

Substances controlled by the Montreal Protocol 

CFC-11 CCl3F 45 0.25 3,800 6,730 4,750 1,620 

CFC-12 CCI2F2 100 0.32 8,100 11,000 10,900 5,200 

CFC-13 CCIF3 640 0.25 10,800 14,400 16,400 

CFC- 11 3 CCI2FCCIF2 85 0.3 4,800 6,540 6,130 2,700 

CFC-114 CCIF2CCIF2 300 0.31 8,040 10,000 8,730 

CFC-115 CCIF2CF3 1,700 0.18 5,310 7,370 9,990 

Halon-1301 CBrF3 65 0.32 5,400 8,480 7,140 2,760 

Halon-1211 CBrCIF2 16 0.3 4,750 1,890 575 

Halon-2402 CBrF2CBrF2 20 0.33 3,680 1,640 503 

Carbon tetrachloride CCI4 26 0.13 1,400 2,700 1,400 435 

Methyl bromide CH3Br 0.7 0.01 17 5 1 

Methyl chloroform CH3CCI3 5 0.06 506 146 45 

HCFC-22 CHCIF2 12 0.2 1,500 5,160 1,810 549 

HCFC-123 CHCI2CF3 1.3 0.14 90 273 77 24 

HCFC-124 CHCIFCF3 5.8 0.22 470 2,070 609 185 

HCFC-141b CH3CCI2F 9.3 0.14 2,250 725 220 

HCFC-142b CH3CCIF2 17.9 0.2 1,800 5,490 2,310 705 

HCFC-225ca CHCI2CF~F3 1.9 0.2 429 122 37 

HCFC-225cb CHCIFCF2CCIF2 5.8 0.32 2,030 595 181 

Hydrofluorocarbons 

HFC-23 CHF3 270 0.19 11,700 12,000 14,800 12,200 

HFC-32 CH2F2 4.9 0.11 650 2,330 675 205 

HFC-125 CHF2CF3 29 0.23 2,800 6,350 3,500 1,100 
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HFC-134a CH2FCF3 14 0.16 1,300 3,830 1,430 435 

HFC-143a CH3CF3 52 0.13 3,800 5,890 4,470 1,590 

HFC-152a CH3CHF2 1.4 0.09 140 437 124 38 

HFC-227ea CF3CHFCF3 34.2 0.26 2,900 5,310 3,220 1,040 

HFC-236fa CF3CH2CF3 240 0.28 6,300 8,100 9,810 7,660 

HFC-245fa CHF2CH2CF3 7.6 0.28 3,380 1030 314 

HFC-365mfc CH3CF2CH2CF3 8.6 0.21 2,520 794 241 

HFC-43-10mee CF3CHFCHFCF2CF3 15.9 0.4 1,300 4,140 1,640 500 

Perfluorinated compounds 

Sulphur hexafluoride SF6 3,200 0.52 23,900 16,300 22,800 32,600 

Nitrogen trifluoride NF3 740 0.21 12,300 17,200 20,700 

PFC-14 CF4 50,000 0.10 6,500 5,210 7,390 11,200 

PFC-116 C2F6 10,000 0.26 9,200 8,630 12,200 18,200 

Table 2.14 (continued) 

Global Warming Potential for Given Time 
Horizon 

Industrial Designation or Chemical Lifetime RadiativeEfficiency (W m-2 SARt 
Common Name (years) Formula (years) ppb-1) (100-yr) 20-yr 100-yr 500-yr 

Perfluorinated compounds (continued) 

PFC-218 2,600 0.26 7,000 6,310 8,830 12,500 

PFC-318 3,200 0.32 8,700 7,310 10,300 14,700 

PFC-3-1-10 2,600 0.33 7,000 6,330 8,860 12,500 

PFC-4-1-12 4,100 0.41 6,510 9,160 13,300 

PFC-5-1-14 3,200 0.49 7,400 6,600 9,300 13,300 

PFC-9-1-18 >1,OOOd 0.56 >5,500 >7,500 >9,500 

trifluoromethyl sulphur 800 0.57 13,200 17,700 21,200 
pentafluoride 

Fluorinated ethers 

HFE-125 136 0.44 13,800 14,900 8,490 

HFE-134 26 0.45 12,200 6,320 1,960 

HFE-143a 4.3 0.27 2,630 756 230 

HCFE-235da2 2.6 0.38 1,230 350 106 

HFE-245cb2 5.1 0.32 2,440 708 215 

HFE-245fa2 4.9 0.31 2,280 659 200 

HFE-254cb2 2.6 0.28 1,260 359 109 

HFE-347mcc3 5.2 0.34 1,960 575 175 

HFE-347pcf2 7.1 0.25 1,900 580 175 

HFE-356pcc3 0.33 0.93 386 110 33 

HFE-449" (HFE-7100) 3.8 0.31 1,040 297 90 

HFE-569sf2 (HFE-7200) 017 0.3 207 59 18 

HFE-43-10pccc124 (H-Galden 6.3 1.37 6,320 1,870 569 
1040x) 

HFE-236ca12 (HG-10) 12.1 0.66 8,000 2,600 860 

HFE-338pcc13 (HG-01) 6.2 0.87 5,100 1,500 460 

Perfluoropolyethers 

PFPMIE 800 0.65 7,620 10,300 12,400 

Hydrocarbons and other compounds - Direct Effects 

Dimethylether 0.015 0.02 1 1 «1 

Methylene chlonde 0.38 0.03 31 81 21 

Methyl chlonde 1.0 0.01 45 13 4 

Notes: 

a The CO2 response function used in this report is based on the revised version of the Bern Carbon cycle model used in Chapter 10 of this 
report (Bern2.5CC; Joos et al. 2001) using a background C02 concentration value of 378 ppm. The decay of a pulse of C02 with time t is 
given by 

3 

~ + ~ a;. e -tlTI 
1=1 

Where ao = 0.217, al = 0.259, a2 = 0.338, a3 = 0.186, Tl = 172.9 years, T2 = 18.51 years, and T3 = 1.186 years. 

b The radiative efficiency of CO2 is calculated using the IPCC (1990) simplified expression as revised in the TAR, with an updated background 
concentration value of 378 ppm and a perturbation of +1 ppm (see Section 2.10.2). 

C The perturbation lifetime for methane is 12 years as in the TAR (see also Section 7.4). The GWP for methane includes indirect effects from 
enhancements of ozone and stratospheric water vapour (see Section 2.10.3.1 ). 

d Shine et al. (2005c), updated by the revised AGWP for C02. The assumed lifetime of 1,000 years is a lower limit. 

e Hurley et al. (2005) 

f Robson et al. (2006) 

9 Young et al. (2006) 
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Executive Summary 

Executive summary will be included following public review. 

Presentation at February 2011 public workshops provides an 
overview of the Urban Water Management Plan findings. 
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1.0 Overview 

DRAFT Chapter One 
Introduction 

The availability of water has significantly contributed towards the tremendous growth and development of the City of Los 
Angeles (City). Since 1902, when the City's population was approximately 102,000, the Los Angeles Department of Water and 
Power (LADWP) has supported the City's transformation into the nation's second largest city with over 4 million residents, 
encompassing a 464 square mile area, and comprising the world's sixteenth largest economy. The largest municipal utility in 
the nation, LADWP was established in 1902 to deliver safe and reliable water and electricity supplies at an affordable price to 
the residents and businesses of Los Angeles. 

With increasing demands for additional water supplies, LADWP along with all other water agencies in Southern California, are 
faced with the challenge of providing a reliable water supply for a growing population. LADWP will meet the City's water needs 
through the following actions: 

• Pursue cost-effective water conservation, stormwater capture and recycling projects to increase supply reliability. 

• Ensure continued reliability of the City's supplemental water supplies from the Metropolitan Water District of Southern 
California (MWD) through active representation of City interests on the MWD Board 

• Protect existing groundwater supplies from contamination and provide treatment to optimize their use 

• Maintain the operational integrity of the Los Angeles Aqueduct and in-City water distribution systems 

• Meet or exceed all Federal and State standards for drinking water quality 

1.1 Purpose 
The LADWP 2010 Urban Water Management Plan (UWMP) serves two purposes: (1) achieving compliance with requirements 

of California's Urban Water Management Planning Act (Act); and (2) serving as a master plan for water supply and resources 
management consistent with the City's goals and policy objectives. 

1.1.1 UWMP Requirements and Checklist 

This 2010 Urban Water Management Plan (UWMP) complies with Sections 10610 and 10657 of the California Water Code, 
Urban Water Management Planning Act (Act), and details how LADWP plans to meet all of the City's customer water needs. 
The Act became effective on January 1, 1984 and requires that every urban water supplier that provides municipal and 
industrial water to more than 3,000 customers (or supplies more than 3,000 acre-feet per year) prepare and adopt an Urban 
Water Management Plan, in accordance with prescribed requirements, every five years. Appendix A contains the Act. 

The Act was originally developed due to concerns for potential water supply shortages throughout the State. Therefore, it 
required information that focused primarily on water supply reliability and water use efficiency measures. Since its original 
passage in 1983, there have been several amendments added, the most recent adopted in 2009. Some of the recent 
amendments include: providing assessment of present and proposed future demands to achieve per capita water use 
reductions by 20 percent by 2020, projecting water use for low-income single family and multi-family residential housing, and 
the addition of "indirect potable reuse" to the list of recycled water uses. A copy of the 2010 UWMP Act requirements is 
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provided in Appendix B. A checklist of the Urban Water Management Plan cross-referencing Act requirements to applicable 
pages in this UWMP is provided in Appendix C. 

With the passage of Senate Bills 610 and 221 in 2001, Urban Water Management Plans took on even more importance. SB 
610 and 221 require that counties and cities consider the availability of adequate water supplies for certain new large 
developments. These statutes require written verification of sufficient water supply to serve these new developments, and 

Urban Water Management Plans are identified as key source documents for this verifioation. Based on this statute the 
LADWP prepares individual Water Supply Assessments for these new large developmerJts 

LADWP's 2010 Urban Water Management Plan is not only designed to meet t e eurr-ent r-equirements of the Act, but also 
serves as the City's master plan for water supply and resource management. he UWMP is net only intended for officials in 
Sacramento, but also helps guide policy makers in the City and the Metropolitan Water District of S0uthern California (MWD), 
as well as providing information to the citizens of Los Angeles. The WMP pr vides the basic policy principles that guide 
LADWP's decision-making process to secure a sustainable water s PRly for Los Angeles. 

1.1.2 Water Supply Action Plan 

LADWP has a long history of working to ensure that its customers have enough water. These efforts go back to the early 20th 

century with the building of the Los Angeles Aquedost. Investments in water righ s, aqueducts, reservoirs, conservation and 
more recently recycled water and stormwater capture have allowed Angelinos to enjoy a water supply that they can rely on. 
Sound planning and timely investments in water have played a critical role in meeting the water needs of the City despite the 
fact that Southern California is a semi-arid region 

In May of 2008, LADWP's WateF Supply £\ction Plan (Plan , " ecuring LA's Water Supply", was released to address a 
number of critical water supply reli~ssues These water s pply issues included: (1) the lowest snowpack on record in the 

imported water available from the San FC8rJsisco Bay Belta due tel drought and regulatory restrictions; (4) local groundwater 
contamination il'l the San Fernando basin, restricting the abjjjty to fully utilize this local resource; (5) Los Angeles Aqueduct 

The convergence of t ese critical issues has far-reaching implications for the City of Los Angeles' water supply that requires 
long-range planning 0 sustain a reliable supply of water to meet current and future demand. The Plan was a blueprint for 
creating sustainable w} e[ resource to serve the future needs of the City, and outlined responsible water management and 

long-term planning. By 2028, the Plan envisioned a six-fold increase in recycled water supplies to a total of 50,000 AFY. 
Similarly, by 2030, an increase of 50,000 AFY was planned for conservation. As described in the Plan, this aggressive 
approach included: investments in state-of-the-art technology; a combination of rebates and incentives; efficient clothes 
washers, and urinals; and long-term measures such as expansion of water recycling and remediating contaminated 
groundwater supplies. A multi-faceted approach to developing a locally sustainable water supply was developed incorporating 
the following key short-term and long-term strategies: 
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Short-Term Conservation Strategies 

• Enforcing prohibited uses of water 

• Expanding prohibited uses of water 

• Extending outreach efforts 

• Encouraging regional conservation measures 

Long-Term Strategies 

• Increasing water conservation through reduction of outdoor 

• Maximizing water recycling 

• Enhancing stormwater capture 

• Accelerating groundwater basin clean-up 

• Expanding groundwater storage 

• 

1.2 

Chapter 1 
Introduction - January 2011 Draft 

The City of Los ngeles is comprised of approximately 302,165 acres. Residential development constitutes over 51 percent of 
the total land use with~ the City. Within the residential land use category, single-family residential is the largest at 
approximately 121,508 acres or 40 p'ercent of the total land use within the City. Multi-family residential is approximately 
34,000 acres or 11 percef1t 0 toe t0tal land use within the City. Open space/parks is the second largest land use within the 
City occupying approximately 1 percent of the total land use. Commercial and manufacturing land uses combined account for 
approximately 18 percent of total. Commercial land uses are inclusive of public facilities, such as libraries, public schools, and 
other government facilities. Exhibit 1A provides a breakdown of the land uses within the City of Los Angeles. The "Other" 

category includes specific plans, transportation, freeways, rights of way, and other miscellaneous uses that are not zoned. 
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Exhibit 1A 
City of Los Angeles Land Uses 

• Si ngle-fa m i Iy Res ident ia I • Open Space/Parks 

• Mu lt i-fami ly Res id ential • Comm erc ia I 

• Manufacturing • Oth er 

The population within LADWP's service area increased from 2.97 million in 1980 to 4.1 million in 2009, representing an 
average annual growth rate 1.3 percent. The total number of housing units increased from 1.10 million in 1980 to 1.38 
million in 2009, representing an average annual growth rate of 0.9 percent. During this time, average household size 
increased from 2.7 persons in 1980 to 2.9 persons in 2009. Employment grew by about 1.0 percent annually from 1980 to 
1990, but declined from 1990 to 2000 as a result of an economic recession that started in 1991. Another decline began in 
2008 reflecting the recent economic recession. Overall, employment increased by about 0.3 percent annually from 1990 to 
2009. Exhibit 1 B summarizes the historical demographics for the LADWP service area. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
1-4 

AR0070801 



Chapter 1 
Introduction - January 2011 Draft 

Exhibit 18 
Historical Demographics for LADWP Service Area 

Housing Employment 

1,100,000 1,692,000 

1,243,022 1,813,615 

1,290,440 1,773,895 

1,376,013 1,812,926 

approximately 67,300 new residents over the next 25 years. According to SCAG's 2008 RTP, housing is expected to grow 
faster than population ov.er the next 25 years at 0.7 percent annual growth versus 0.4 percent annual growth for population, 

2035 the average household size will decrease to 2.65 persons per household. Throughout the 
projection period, multi-family housing units are expected to increase at slightly less than twice the rate of single-family 
housing units (0.93 percent annual growth vs. 0.47 percent annual growth). 

Employment is expected to increase by 0.4 percent annually throughout the projection period. This growth is primarily driven 
by the current and long-term opportunities available from the economic base within the five-county metropolitan region of 
Southern California. The economic base is wide-ranging and includes services, wholesale and retail trade, manufacturing, 
government, financial service industries, transportation, utilities, construction, education, and tourism. Over the 25 year 
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forecast period, industrial growth is expected to decline and experience a subtle annual negative growth of -0.4 percent, while 
commercial employment is expected to increase by about 0.5 percent annually. 

Exhibit 1C 
Demographic Projections for LADWP Service Area 

Demographic 2010 2015 2020 2025 ~r~2030 2035 
Population 4,100,260 4,172,760 4,250,861 14"?' l ~ 4,326, Cl1 2 4,398,408 4,467,560 

Housing /~ \ 
Single-Family 627,395 646,067 665,261 / 6(78,956 , ' 691,703 701,101 

Multi-Family 764,402 804,013 846,257~ 'alSO 580 , , 91'4 ,125 942,846 

Total Housing 1,391,797 1,450,080 1,51 14 8- 1~~559 ,536 1,M 5,828 1,643,947 
Persons per ~.75 :\. "'-~2.65 Household 2.88 2.81 '" 2.71 2.67", 

Employment '"' " )" ,/ 
Commercial 1,674,032 1,724,106 1 ,754;-99~ 11 gD)gg 1,828,765 1{,865,156 

Industrial 163,382 157,652 ~. 155,01 2~ ( 152,426 150,009 147,508 

Total Employment 1,837,415 t,-881,758 1,910,010 l'-t 94'3,224 1,978,773 2,012,664 
~. .::<,. ...... Source. SCAG Regional Transportation Plan (2008), modified uSing MWD s lanCl use Rlannlng to represent 

LADWP's service area. 

Additionally, MWD has further aqjus ed the se ic area boundaries based on LADWP input. Exhibit 1 D shows the differences 
between the SGAG demographic pwjeotions for the RTP in 2004 and 2008. 

For the for~ear 2030 population was projected to be 4.30 million under the SCAG 2004 RTP and 4.40 million under the 
2008 RTP, a difference of about 100,000. Housing was projected to be 1.60 million in 2030 under SCAG 2004 RTP and 
slightly more under the SCAtS 2008 JP at 1.61 million. Employment was forecast to be less in 2030 under the newest RTP. 
It is projected to be 2.20 million u der the SCAG 2004 RTP versus 1.98 million with the 2008 RTP. It is important to recognize 
that projected total employme t under both the 2004 RTP and 2008 RTP continue to increase from 2010 to 2035. The 2008 
RTP simply projects a lower rate of increase than does the 2004 RTP. Conversely, the rate at which the population increases 
is expected to be higher with the 2008 RTP as compared with the 2004 RTP. 
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1.2.3 Climate 

Exhibit 1D 
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Comparison of SCAG Demographic Projections for LADWP Service Area 
Between 2004 and 2008 RTP Forecasts for Year 2030 

5.0 

4.5 

4.0 • SCAG RTP-2004 • SCAG RTP-2008 

3.5 

Vl 
c: 3.0 
0 

2.5 

~ 2.0 

1.5 

1.0 

0.5 

0.0 

Population Housing Employment 

6 degrees Fahrenheit based on the period of 1990-2010. This is based 

Los Angeles area ~ 0.29 inches per year. ETo measures the loss of water to the atmosphere by evaporation from soil and 
plant surfaces and tra Spl ation from lants. ETo serves as an indicator of how much water plants need for healthy growth. 
Total precipitation averages 4.8 ir-lcbes per year, with over 90 percent of the total amount typically falling during the period of 
November through April. 
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Exhibit 1E 
Average Climate Data for Los Angeles 

Average Climate Data for Los Angeles 1990-2008 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Maximum 
Temperature 91 95 97 102 101 112 101 
eF)1 
Average 

Maximum 82 83 85 89 89 90 93 
Temperature 
(oF) 1 

Average 
Precipitation 3.73 4.30 2.48 0.74 0.37 0.08 
(inches) 1 

Average Eto 
(inches)2,3 1.98 2.26 3.66 4.96 5.46 
1. 1990-2008, Los Angeles Downtown 
USC Weather Station ID 5115 
2. Average of Hollywood Hills (Station Id. 73), Glendale (Station Id. 
Beach (Station Id. 174) 

3. www.cimis.water.ca.gov/cimis/welcome.jsp 

104 104 107 99 88 112 

87 81 89 

15.26 

50.29 

as little sDoWfal1 in the easter- SieF~ Nevada Mountains, will result in an increased reliance on another resource, such as 
MWD~p ies available from each source are determined using various computer models in an attempt to balance total 
projected stJRplie with projected demaJilds, Exhibit 1 F illustrates historical water supplies from 1980 to 2010, As a result of 
supply shortages, overall demands deoreased by over 124,000 AFY in 2009-10 as compared to 2006-07, In 2009-10, 

approximately 36 percent of the water s~ pply was from the LAA, 14 percent from local groundwater, 48 percent from MWD, 
and 1 percent from recyclea ~ater, rom 2005-06 to 2009-10, the five-year average of the water supply portfolio was divided 
into the following percentage~ percent LAA, 11 percent local groundwater, 52 percent MWD, and less than 1 percent 
recycled water, The imported ater (LAA water plus MWD water) supplied on average approximately 88 percent of demands, 
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City of Los Angeles Sources of Water Supply 

D Los Angeles Aqueduct • Metropolitan WJ,~istrict of So. California 

D Local Groundwater • Recycled :J"'" ~ 
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2.0 Overview 

Chapter Two 
Water Demand 

In order to properly plan for water supply, it is important to understand water demands and the factors that influence demands 
over time. LADWP maintains historical water use data separated into the following categories: single-family residential, 
multifamily residential, commercial, industrial, government, and non-revenue water. This categorization of demands allows 
better evaluation of trends in water use over time and more precise targeting of water conservation measures. 

2.1 Historical Water Use 
Exhibit 2A presents the historical water demand for LADWP. As seen in this exhibit, total water demand varies from year to 
year and is influenced by a number of factors such as population growth, weather, water conservation, drought, and economic 
activity. In 1991 mandatory conservation imposed on LADWP's customers in response to a six year drought resulted in water 
use dropping by 8 percent. An economic recession and wet weather in 1992 caused water use to continue to decrease 
another 12 percent. In 2009 a 3-year water supply shortage coinciding with an economic recession required LADWP to 
impose mandatory conservation. In 2010 mandatory conservation continued and the economic recession became more 
severe. This resulted in 2009-10 water use decreasing by 19 percent from 2006-07 levels. 
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Exhibit2A 
Historical Total Water Demand in LADWP's Service Area 
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Water Demands 

Prior to 1990, population growth in Los Angeles was a good indicator of total demands. From 1980 to 1990, population in the 
City grew at 1.7 percent annually. Water demands during this same ten year period also grew at 1.7 percent annually. 
However, after 1991, LADWP began implementing water conservation measures which prevented water demands from 
returning to pre-1990 levels. Average water demands in the last five years from 2004-05 to 2009-10 are about the same as 
they were in 1980-81 despite the fact that over 1.1 million additional people now live in Los Angeles. This is evidenced by 
examining per person (or per capita) water use since 1980 (see Exhibit 2B). In 1989-90, per capita water use was 173 gallons 
per day (gpd). By 1999-00, per capita water use fell to 159 gpd (or a 10 percent reduction from 1990). In 2009-10, per capita 
water use is estimated to be 117 gpd - but it is important to note that mandatory conservation and a severe economic 
recession were occurring at this time. 
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Water Use by Sector 

Exhibit 28 
Historical Per Capita Water Use in LADWP's Service Area 

1989-90 1999-00 
Fiscal Year 

2009-10 

Exhibit 2C shows the breakdown in average total water use between LADWP's major billing categories and non-revenue 

water in five-year interval for the past 25 years. Non-revenue water, which is the difference between total water use and billed 
water use, includes water for fire fighting, reservoir evaporation, mainline flushing, system losses, and theft. Single-family 
residential water use comprises the largest category of demand in LADWP's service area, representing about 36 percent of 
the total. Multifamily residential water use is the next largest category of demand, representing about 29 percent of the total. 
Industrial use is the smallest category, representing only 4 percent of the total demand. Although total water use has varied 
substantially from year to year, the breakdown between the major billing categories of use has not. 

Non-revenue water has significantly decreased in recent years. Historically, non-revenue water has averaged 7 percent of 
total water demand. Since 2005, non-revenue water levels have averaged 5 percent. This may be attributed to a number of 
steps that LADWP has taken to improve its water system. In 2001, LADWP began replacing its large and intermediate meters. 
Work was focused on improving accuracy of the meters as well as their strategic placement. In fiscal year 2007-08, an 
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Water Demands 

accelerated mainline replacement program was launched to repair and replace deteriorating pipelines, In addition, work to 
replace smaller customer meters was finally completed in fiscal year 2009-10 which also contributes to water loss control. 
Furthermore, LADWP's ongoing program to remove or cover large open-air reservoirs reduces water loss due to evaporation 
and infiltration, 

Exhibit2C 
Breakdown in Historical Water Demand for LADWP's Service Area 

Fiscal Year Si ngle-F amily Multifamily Commercial Industrial Govemment Non-Revenue Total 
Ending AF % AF % AF % AF % AF % AF % AF 

1986-90 Avg 238,248 35% 197,312 29% 123,324 18% 30,502 4% 43,378 6% 52,830 8% 685,594 
1991-95 Avg 197,322 35% 177,104 31% 110,724 19% 21,313 4% 38,600 7% 24,100 4% 569,164 
1996-00 Avg 222,748 35% 191,819 30% 111,051 18% 23,560 4% 39,830 6% 43,617 7% 632,626 
2001-05 Avg 239,754 36% 190,646 29% 109,685 17% 21,931 3% 41,888 6% 58,299 9% 662,203 
2005-10 Avg 236,154 38% 180,279 29% 106,955 17% 23,201 4% 42,940 7% 31,929 5% 621,458 

25-yr Avg 226,845 36% 187,432 29% 112,348 18% 24,101 4% 41,327 6% 42,155 7% 634,209 

Indoor and Outdoor Water Use 

In order to assess the potential for water use efficiency and target conservation programs, it is important to characterize water 
use in terms of indoor and outdoor demands, As with most water utilities, LADWP does not have separate irrigation meters 

for most of its customers, Only a small fraction of LADWP's customers, mostly parks and golf course, have designated 
irrigation meters, Therefore, measuring indoor vs, outdoor water demands involves the use of other data and assumptions, 

There are two methods that LADWP uses to estimate total outdoor water use: (1) estimation of supplemental water needed for 
landscape irrigation in accordance with the California Model Water Efficient Landscape Ordinance; and (2) comparing 
wastewater flows to total water consumption, The first method uses the following formula to estimate the water needed to 
supplement outdoor landscape irrigation beyond the effect of natural precipitation: 

LW = (Eto -Eppt) x 0,62 x A x ETAF 

Where: 

LW = Estimated total slJl?plemental water needed for landscape irrigation; 
5to - Reference evapotrans~iration for the City of Los Angeles; 
Eppt = Effective precipitation (25% of monthly precipitation); 

In 2007, an infrared analys's of the City was conducted as part of the City's Million Trees Program to determine tree canopy 
and landscape coverage, The iRfrared analysis methodology used two types of remotely sensed data, infrared imagery and 
aerial imagery, to determine the total greenscape areas within the City, Results of this effort indicated there is approximately 
83,699 acres of greenscape area in Los Angeles, The ETAF (or Et adjustment factor) of 0,8 for the City was derived from 

types of plants to be irrigated and an assumed irrigation efficiency, It is consistent with the ETAF for non-rehabilitated 
landscapes as defined in the California Model Water Efficient Landscape Ordinance, The 2004-2007 average total water 
demand was selected as the basis for calculating outdoor water use percentage, This period was considered to be about 
average in terms of weather for Los Angeles and had no water restriction implemented by the City, Using the formula 

described previously, the supplemental water for outdoor landscaping in the City was estimated to be 249,000 AFY, During 
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this same period, total water demand averaged 647,000 AFY. Therefore, the City's total outdoor water use represents 
approximately 39 percent of the total demand. 

Comparing wastewater ftows to total water consumption is another useful method to assess overall outdoor water use. Since 
wastewater flow represents indoor water use that flows into the sanitary sewer system, the difference between total water 
consumption and wastewater flows represents outdoor water use. However, groundwater infiltration and wet weather runoff 

may enter sanitary sewer systems through cracks and/or leaks in the sanitary sewer pipes or manholes and results in 
overestimation of the indoor water use. To reduce their impact, only summer months were used to estimate average monthly 
wastewater attributable to indoor water use. In Los Angeles, the summer months typically have little or no measurable rainfall. 
Using the same pre-water restriction period of 2004-2007 selected in the first method, the average monthly wastewater flow 
(only the months of June through September) yields approximately 365 million gallons per day (MGD) or 403,000 AFY of 
estimated indoor water use. Subtracting this estimated indoor water use from the total water consumption of 647,000 AFY 
results in an estimated total outdoor demand of 244,000 AFY or 38 percent, which is similar to the 39 percent obtained with 
the landscape irrigation method. Therefore, two entirely different methods produced very similar results in estimating the total 
outdoor water use for the City. 

To obtain an estimate of indoor vs. outdoor water use for each major billing category, a minimum-month method was used. 

Monthly water use for single-family, multifamily, commercial, industrial and government was obtained for 2004-2007. The 
water use in the minimum month, usually one of the cool/wet winter months, is assumed to be mostly indoor use. The 
difference between any month and the minimum month is all attributed to outdoor water use. But based on the two prior 
methods, a certain amount of outdoor water use occurs even in the minimum month for some customers. Estimates of the 
outdoor water use that occurs in the minimum month were developed for each major billing category. Then the outdoor use of 
each major billing category was summed up to compare with the total outdoor water use obtained from the previous two 
methods. Exhibit 2D presents the estimated indoor and outdoor water use for the City using all three methods. 
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Exhibit 20 
Indoor VS. Outdoor Water Use in LAOWP's Service Area 
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2.2 Quantification of Historical Water Conservation 
LADWP has invested hundreds of millions of dollars in water conservation since 1990. These conservation investments 
include various active programs such as high efficiency toilet rebates, commercial/industrial water audits, education and public 
outreach and much more. During periods of water shortage, public education and outreach is especially important and has 
contributed to significant reductions in water use. In an effort to quantify its water conservation efforts, LADWP developed a 
statistical Conservation Model that correlates total monthly water use in the City with population, weather, the presence of 
mandatory water conservation, and economic recessions. The model can be used to predict what the water demand would be 
under actual weather conditions, population growth and economy; but without active or drought water conservation in place. 
This modeled water consumption without conservation is then compared to actual water consumption-with the difference 
being attributed to water conservation. In order to assess the model's accuracy, the model is used to "back cast" the period 
1980 to 1990 when conservation was not implemented. In this case, the modeled water consumption should be very close to 
the actual water consumption. After 1990, it is expected that the modeled water consumption will be greater than actual water 
consumption as LADWP has implemented increasing levels of water conservation measures. Exhibit 2E presents modeled 
and actual monthly water consumption from 1980 to 2009. As seen, the Conservation Model is performing as expected. The 
modeled water consumption (red line) is nearly identical to the actual water consumption (blue line) up until 1990. After 1990, 

the modeled water consumption is greater than actual water consumption. 
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Exhibit 2E 
Modeled VS. Actual Monthly Water Consumption for LADWP 
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Exhibit 2F summarizes the annual estimated water conservation using the Conservation Model. During periods of water 
shortage, even when mandatory water conservation is not in place, there is more conservation occurring due to extensive 
public education and outreach. Water conservation in 2009 represents the highest levels of conservation so far, which reflects 
a combination of active conservation programs, heightened public education and outreach, and mandatory conservation 
measures. 

Exhibit 2F 
Estimates of Total Water Conservation in LADWP's Service Area 
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Calendar Year 23% 17% 14% 17% 18% 13% 13% 15% 12% 9% 11% 12% 13% 14% 20% 20% 19% 22% 29% 

Fiscal Year 15% 21% 16% 16% 17% 16% 13% 14% 15% 9% 10% 12% 12% 12% 18% 20% 20% 20% 25% 

2.3 Water Demand Forecast 

Demand Forecast Methodology 

LADWP has developed a water demand forecast for each of its major categories of demand. This allows the City to better 
understand trends in water use and target conservation programs. The methodology used for the demand forecast is called a 
modified unit use approach. The following steps are used in this approach: 
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Step 1: Estimate baseline per unit water use - take each billed category of water demand (e.g., single-family, industrial, etc.) 

for a base (or starting) period and divide by associated demographic driver (e.g., number of single-family homes or 
number of industrial employees). This yields for instance, a baseline of 359 gallons used each day in a single-family 

residence. 

Step 2: Modify the estimated baseline per unit water use to account for future changes in the following socioeconomic 

variables: price of water, personal income, family size, economy, drought conservation effect, and passive water 
conservation (which accounts for efficiencies in water use from state and local plumbing codes and ordinances). 

Step 3: Multiply modified per unit water use for each category in Step 2 by the associated projected demographic drivers (see 
Exhibit 2G) in order to obtain projected water demands by billed category that does not include active water 

conservation (which is defined as conservation that LADWP incentives through rebates and programs). 

Exhibit2G 
Projected Demographic Drivers 

(Based on MWD allocated 2008 SCAG forecast data with corrected service area boundary, 5-17-2010) 

Single- Multi- Commercial/ Fiscal 

Year 

Ending 

Family Family Government Industrial Landscaping NRW* 

(# Homes) (# Homes) (# Employees) (# Employees) (# of MF Homes) (%) 

627,395 764,402 1,674,032 163,382 764,402 6.9% 
.----------------1------'----1.---------------------- ---------------------- ---------------------- ----------------------- .----------------------

2010 

2015 646,067 804,013 1,724,106 157,652 804,013 6.9% ._---------------1------'----1._--------------------- ---------------------- ---------------------- ----------------------- .----------------------
6.9% 2020 665,261 846,257 1,754,998 155,012 846,257 

.----------------1------'---1.---------------------- ---------------------- ---------------------- ----------------------- .----------------------
6.9% 2025 678,956 880,580 1,790,798 152,426 880,580 

.----------------I-----:-:--'-.,....,.-;:l.---------------------- ---------------------- ---------------------- ----------------------- .----------------------
2030 691,7031 914,125 1,828,765 150,009 914,125 6.9% .----------------I-----....;....,-;......".-t.---------------------- ---------------------- ---------------------- ----------------------- .----------------------

701401 942,846 1,865,156 147,508 942,846 6.9% 2035 L-___ ....l .• ______________ ________ L..-___ .....:....._L..-__ ..:....-.....:....._L..-___ .....:....._L..-___ .....:....._L..-____ ---l 

* Calculated from difference between historical production and billing data 

Step 4: Estimate non-revenue water (the difference between total water consumption and billed water use) by applying a non-

Step 5: Subtract future projections of active water conservation from the total water consumption in Step 4 in order to 
dete[mine the water demana forecast tha is fully inclusive of both passive and active water conservation. 

In Step 1 of this methoGl, historical water demands for single-family, multifamily, commercial/government, and industrial were 
averaged from 2005 to 20G8 to Gletermine the baseline. This period was used because on average, it represented normal 

weather conditions, and it was efore mandatory water use restrictions that occurred in 2009 and 2010. For each of these 
categories, the water deman was divided by a demographic driver that could be projected into the future. The result of this 

calculation is a water demand expressed as a unit use water rate. Exhibit 2H presents this unit use calculation for the 

baseline. 
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Demand 
Category 

Single-Family 

Multifamily 

Commercial/Gov 

Industrial 

Exhibit 2H 
Baseline Unit Use Water Rates (2005-2008) 

Average Water Average Demographic 
Demand (AFY) Driver * 

244,407 607,301 (homes) 

184,428 734,461 (homes) 

153,199 1,631,896 (employees) 

23,613 160,328 (employees) 

Average Unit Use Rate 
(gallons/day/driver) 

359 

"'-. 224 

84 

132 

* Source: California Department of Finance and Employment Development Department 

Step 2 in the methodology involves modifying these baseline unit use rates to account for changes in the following 
socioeconomic variables: price of water, personal income, family size, economy, drought conservation effect and passive 
water conservation. MWD has developed an econometric water demand model as part of its 2010 Integrated Water 
Resources Plan that is able to account for the impact that personal income, family size and price of water have on water 
demands. For each of these factors, a statistical coefficient or elasticity was estimated from MWD's Econometric Water 

Demand. The elasticity is generally interpreted as a percent change in water use resulting from a percent change in the 
socioeconomic variable. For example, a price elasticity of -0.131 would imply that a 10 percent increase in the real price of 
water would result in a 1.24 percent decrease in water demand (e.g. 1.24% = 1-(1+10%)-0131). The following elasticities used in 
MWD's econometric water demand model were also used for LADWP's water demand forecast: 

Price of Water Income Famil~ Size 
Single-F amily -0.131 +0.270 +0.550 
Multifamily -0.109 +0.310 +0.450 
Commercial/Government -0.107 

Industrial -0.107 
Source: MWD 2010 Integrated Water Resources Plan Update Appendix A.1 Demand Forecast 

The price elasticities reflect a reduction of approximately 1/3 from those tabulated in MWD's 2010 IRP. However, MWD's 
2010 IRP Appendix A.1 states that consumers respond to price increase by installing water-conserving fixtures and 
appliances. As more water efficient fixtures are installed, the impact of changing water-using behavior through rates is 
reduced. This is known as "demand hardening". Reducing the price elasticity is to avoid double-counting conservation savings 

and to account for demand hardening. 

Exhibit 21 presents the modified per unit water use over time that incorporates future real increases in the price of water, 
personal income, and projected changes in family size. Also incorporated are the residual drought conservation effect from the 
significant public education and mandatory water restrictions that occurred during the drought period of 2009 through 2010, 
and the effect of passive conservation due to mandated efficiencies from plumbing codes and ordinances. 
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Exhibit 21 
Baseline Unit Use Water Rates (2005-2008) 

Baseline 2015 2020 2025 2030 2035 

for LADWP (se Cnal?ter 1), then ad ing non-revenue water, and subtracting projected active water conservation (that is 
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Exhibit 2J 
Water Demand Forecast and Conservation Savings Under Average Weather 

Demand Forecast with 

Passive Water Conservation 
2010 2015 2020 2025 2030 

Single-Family 208,099 229,115 241,977 249,528 257,693 

Multifamily 158,238 179,653 194,724 205,136 216,054 

Commercial/Gov 129,708 143,081 149,597 153,791 158,628 

Industrial 19,861 20,524 20,726 20,532 20,408 

Non-Revenue 38,236 42,421 44,989 46,617 48,380 

Total 554,140 614,794 652,013 675,604 701,164 

Demand Forecast with Passive & 
Active Water Conservation 

2010 2015 2020 2025 2030 

Single-Family 206,154 225,699 236,094 241,180 246,879 

Multifamily 157,749 178,782 193,220 202,999 213,284 

Commercial/Gov 125,094 135,112 133,597 129,761 126,567 

Industrial 18,729 18,600 16,852 14,708 12,634 

Non-Revenue 37,630 41,370 42,969 43,627 44,421 

Total 545,355 599,563 622,733 632,275 643,786 

Active Water Conservation 

Savings 
2010 2015 2020 2025 2030 

Single-Family 1,944 3,416 5,882 8,349 10,815 

Multifamily /" 489 871 1,504 2,137 2,770 

Commercial/Gov /l 4,614 7,969 16,000 24,030 32,061 

Industrial (~'", 1,132 1,924 3,874 5,824 7,774 

Non-Revenue "" 606 1,051 2,020 2,990 3,959 

Total 8,785 15,231 29,280 43,329 57,379 

Water Demand Forecast with Average Weather Variability 

2035 

259,904 

221,912 

160,049 

19,852 

49,042 

710,760 

2035 

247,655 

218,762 

120,420 

10,513 

44,272 

641,622 

2035 

12,249 

3,150 

39,629 

9,339 

4,771 

69,138 

Using the weather coefficients from the statistical water conservation model (see Exhibit 2E), annual weather adjustment 
factors can be derived to determine the range in forecasted water demands due to historical weather variability. This is 
accomplished by projecting water demands assuming long-term normal weather, and then comparing this normal-weather 
demand to actual demands. After adjusting for economy and drought conditions, projected water demands can vary by 
approximately ± 5 percent in any given year due to average historical weather variability. Meaning that water demands under 
cool/wet weather conditions could be as much as 5 percent lower than normal demands on average; while water demands 
under hoUdry weather conditions can be as much as 5 percent higher than normal demands on average. Exhibit 2K presents 
LADWP's historical and forecasted total water demands with both passive and active conservation, under the full range of 
historical weather variability. 
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Exhibit 2K 
Water Demand Forecast with Average Weather Variability 
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used aoout 20 percent less wate[ pe~ household ttial'1 overall single-family customers. To forecast low-income single-family 
water demar-ld, the 6.6 percent ratio of low-income to total single-family homes was applied to the total projection of single
family homes for. a pr-ojection of low-i l\lcome single-family homes. The system wide per unit water use for single-family homes 
was reduced by 20 perce~d multip,lied by the projection of low-income single-family homes. 

Because the water services of LADWP's multifamily residential customers are mostly not individually metered-meaning a 
multifamily water account can represent 2 or even 100 homes-a different approach was used. LADWP's power system does 
individually meter multifamily homes and also classifies homes as low-income for rate relief purposes. Therefore, the ratio of 
current low-income to total multifamily homes in the City was applied to the total projection of multifamily homes in order to get 

a projection of low-income multifamily homes. For the fiscal year 2009 - 2010, approximately 16.3 percent of the total number 
of multifamily homes in the City was classified as low-income. Assuming that low-income multifamily homes also use 20 

percent less water than overall multifamily homes, an adjusted per unit water use for multifamily homes was multiplied by the 
projection of low-income multifamily homes. Exhibit 2L presents the water demand forecast for low-income residential water 
customers. 
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Exhibit 2L 
Water Demand Forecast for Low-Income Residential Customers 

low-Income Single-Family Customers 2015 2020 2025 
Number of Homes 42,640 43,907 44,811 

Household Water Use (Gallons/Day)* 250 253 254 

Demand Forecast (Acre-Feet/Year) 11,917 12,466 12,734 

low-Income Multifamily Customers 2015 2020 2025 
Number of Homes 131,054 137,940 143,535 

Household Water Use (Gallons/Day)* 159 163 165 

Demand Forecast (Acre-Feet/Year) 23,313 25,196 26,471 
Total low-Income Residential Customers 2015 2020 2025 

Demand Forecast (Acre-Feet/Year) 35,230 37,662 39,205 

* Assumes same percent conservation as system for Single-family and multifamily homes. 
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Multiple factors are increasingly restricting LADWP's traditional water supply sources. The City of Los Angeles has long 
recognized water conservation as one of multiple methodologies to reduce demands and 'r:nprove overall water supply 
reliability. In May of 2008, LADWP's Water Supply Action Plan (Plan), "Securing ~ . A.'s Water Supply", was released in 
response to factors impacting LADWP's major water supply sources beginning in 2QQ . This plan calls for reducing potable 
water demands by an additional 50,000 AFY by 2030 through conservation, w~rultiple conservation strategies to increase 
the sustainability of LADWP's water supply. ... "'\ 

One of LADWP's most effective conservation tools is its customers. During past d~ghts and water shortages, residents and 

businesses have aggressively implemented conserva ion to achieve demand r-eduetions. During FY 09/10, water use was 
below 1979 water use levels thanks to extraordinary conservatio efforts by LADWR customers. Specifically, water use in FY 
09/10 was almost 20% lower than water use in FY 06/07 w~h single- amily residential water use 25% lower, multi-family water 
use 11 % lower, commercial water use 16% lower, industria water use ~ 5% lowe~ governmental water use 33% lower. 

LADWP has continually invested 'n water conservation progf rns and meas4J:es targeting cost-effective reductions in water 

use. Los Angeles w s ODe of the cities in southern California to invoke mandatory water rationing during the 1976 through 
1977 drought. While severe, the two-y'ear drought resulted in only a temporary reduction in water use, as a subsequent series 
of wet years erased memor-ies of the water shortage experienced during the brief drought period. However, it was the drought 
that followed the 1978 throug ln 1986 wet cycle that would prove to be the turning point in Los Angeles' water use awareness. 

The drought of 1987-1992 left a permanent imprint on Los Angeles water customers. In response to this drought, LADWP 

expanded a voluntary water conservation program in 1990. Prompted by an extensive public awareness program and 
education campaign, LADWP customers responded not only with water saving practices but also by installing conservation 
measures in their homes and businesses. Devices such as low-flow showerheads and ultra-low-flush (ULF) toilets replaced 
existing non-water saving devices. These hardware changes, coupled with more responsible use habits, have significantly 
reduced the amount of imported water that the City would have to otherwise buy as the City's population and commerce has 
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continued to grow. In response to the current water shortage conditions the City has reinitiated its extensive public awareness 
campaigns in addition to campaigns launched by MWD to encourage water saving practices and installation of conservation 
devices in homes and businesses. 

With the recent water supply shortage and reduced deliveries of imported water from MWD, residential customers have 
repeated conservation levels exceeding 20 percent in the period between 2007 and 2010 as a result of mandatory 

conservation. During the current water supply shortage, the City has updated its ~ergency Water Conservation Plan 
Ordinance with enforceable water waste provisions and implemented mandatory outdo0r wate~estrictions. In addition, the 
City has implemented water shortage year rates reducing Tier 1 water allotments fm Gusto~rs by 15%. Since July 2007, 63 
billion gallons of water were saved through conservation. As a direct result o~onservation, i~orted water purchases from 
MWD are 23% below baseline allocations for fiscal year 2009/2010. In respGnse to recently e acted State laws, LADWP has 
developed new water conservation goals which aim to reach approximately 64,000 'AFY in hardware Gonservation savings by 
2035. 

Conservation has had a tremendous impact on Los Angeles' water use patterns and has become a pejpJClnent element of 
LADWP's water management philosophy. Water usage in the City in 2010 was less than It was in 1979 d~spite an increase in 
population of over 1,000,000 people (see Exhibit 3A). Exhibit 38 shows histo[ical conservation savings from fiscal year 

1990/1991 through 2009/2010 based on installation of aistributed conservation aevices and rebates/incentives claimed as well 
as conservation achieved through customers' behavior 

yearly savings for the period total 223,593 AFY. 
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1990/1991 

1990/1991 
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Historical City of Los Angeles Conservation 
Additional Yearly 

Hardware Installed Cumulative Yearly Annual Non-Hardware Annual Total 
Savings (AF) Hardware Savings (AF) Savings (AF) 1 Savings (AF) 

30,260 30,260 - -

3,908 34,168 78,098 A 112,267 

7,456 41,624 108,55Q/~ I~ 150,179 

4,583 46,207 60,210 <- 106,417 

4,210 50,417 ~~j.3~ , 113,761 

4,761 55,178 \6~,780 " , 118,958 

4,116 59,294 /~5ls71 " 
, 

114,164 

3,283 62,576 / '/ 3 5,036 1'-.. ' 97,612 

2,650 65,227 /' 3~,,.737 '-.. 9~ge4! 
2,721 67,948 r, 

" 3~,~6 11»7/,61 4 

3,038 70,986 " ~(406' (6,580 

3,565 74,552 " ~,038 72,513 

2,263 \i6~-814 ' 'l6:588 93,502 

2,507 7\ ,32j ~ 1D:405'-f 89,726 

3,047 82,\~8 ~ ... '- 14,99~ / 97,366 

3,124 85,4~s:?\ /" " ········-4 g, 93~ 134,423 

3,030 ~ ........ 88, 522\\#' " p{ 664 152,186 

2,19 1'~ \ 90,719 \\ V 77,982 168,701 

~fB2 ' , , 
91,501 \\ 65,587 157,088 

""3,1 27, , ) l 94,628 \~I 106,307 200,935 

4,269 '-.. "-.+---~897---r 124,696 223,593 

1. Negative non-har~re savingsare due to ~erestimation in ~are savih9s due to years with extreme wet weather conditions. 

Conserva ion benefits the Cit b im rovin Y Y. fJ. g water su < I reliabilit and reducin y g embedded ener gy use for water trea tment 
and pumping. ~onserving customers see a tan!!l ible benefit as well through monetary savings on their water bill. Another 
ancillary benefit of conserving water is tll1 at the need for costly sewer facility expansions is deferred by reducing wastewater 
discharge into the sewer collection ana t ,eatment systems, thus increasing the lifespan of current sewer infrastructure. Water 

water supplies to and wit in tbe L1\0 P service area. In the end, the primary beneficiaries of conservation are the water 
customers and the environment from where the sources of supply originates. Furthermore, increased conservation will result 
in decreased dry weather rU la0ff which will decrease the amount of pollutants flowing into the rivers and oceans. 

Los Angeles has been implementing permanent conservation since the 1980's. In 1988, the City adopted a plumbing retrofit 
ordinance to mandate the installation of conservation devices in all properties and to require water-efficient landscaping in new 
construction. The ordinance was amended in 1998, requiring the installation of ULF toilets and water saving showerheads in 
single-family and multi-family residences prior to resale. A new ordinance adopted in 2009, the Water Efficiency Requirements 
ordinance, establishes water efficiency requirements for new developments and renovations of existing buildings by requiring 
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installation of high efficiency plumbing fixtures in all residential and commercial buildings. LADWP's past water conservation 
programs have assisted customers affected by the ordinances by offering free ULF toilets and showerheads, free installation 
of ULF toilets, showerheads and faucet aerators, as well as rebates for ULF toilets purchased and installed. Current water 
conservation programs co-sponsored by MWD through the SoCal Water$mart Program for residential customers and the 
Save Water Save a Buck Program for CII customers continue to assist customers in complying with ordinances and reducing 
overall water demands. 

3.1 Water Conservation Goals 
Water conservation reduces demand that typically rises over time with growth iR p0Ruiation and commerce. By mitigating 
those increases in demand, water supply reliability is improved while costs are educea. In the early 1990s, City residents 
responded with conservation levels exceeding 20 percent due to increasingly drier. conditions and mandatory conservation. As 
normal water supply conditions returned and with continuation of k;t\IaW!3's conservation pfOgra , conservation levels 

stabilized at approximately 15 percent. With the recent drought ana reduced deliveries of impmte water from MWD, 
residential customers have repeated conservation levels excee > iQg 2~ercent r the period between oor fitd 2010 as a 
result of mandatory conservation. Since July 2007, 63 billion gallons of water were saved through conse[~on. As a direct 
result of conservation, imported water purchases from MWD are 23% b~0w oaseline allocations for fiscal year 2009/2010. In 
response to the goals provided in the Plan and recentl}! enacted State laws, l)\DWF.,> has developed water conservation goals. 

3.1.1 Water Supply Action Plan Conservation Goal 
To continue increased conservation levels once mandatolY outdoor watering restrictio s are lifted, LADWP has set a water 
conservation goal in the Water Supply Action Plan of reducing potaBle water demands by an additional 50,000 AFY by 2030. 
This conservation level will further lessen the City's reliance Q imported water while providing a drought-proof resource that is 

awareness, financial incentives for t~ installation of a variety of conservation measures, free water saving showerheads, 
Techolcal Assistance Program (TAE» incentives for business and industry, and large landscape irrigation efficiency programs. 

a key component of LAIDWP's water resource planning efforts and will continue to be implemented over the 

The Water Conservation Act of 2069, Senate Billx7-7, requires water agencies to reduce per capita water use by 20% by 2020 
(20x2020). This includes inc asing recycled water use to offset potable water use. Water suppliers are required to set a water 
use target for 2020 and an interim target for 2015 using one of four methods. The 2020 urban water use target may be 
updated in a supplier's 2015 UWMP. Failure to meet adopted targets will result in the ineligibility of a water supplier to receive 

water grants or loans administered by the State unless one of two exceptions is met. Exception one states a water supplier 
may be eligible if they have submitted a schedule, financing plan, and budget to DWR for approval to achieve the per capita 
water use reductions. Exception two states a water supplier may be eligible if an entire water service area qualifies as a 
disadvantaged community. 
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Four methodologies are stipulated for calculating the water use target. Three of the methods are listed in Water Code § 
10608.20(a)(1). The fourth method was developed by DWR. The four methodologies are: 

• Method 1 - Eighty percent of the water supplier's baseline per capita water use 

• Method 2 - Per capita daily water use estimated using the sum of performance standards applied to indoor 
residential use; landscape area water use, and commercial, industrial, and institutiGnal uses 

• Method 3 - Ninety-five percent of the applicable state hydrologic region target as stated in the state's draft 20x2020 
Water Conservation Plan. 

• Method 4 - Description to be added at end of 2010 once developed by DWR 

use estimates are required to be reported in gallons per capita per day (gpcd). 

For consistent application of the Act, DWR produce Methodologies for Ca/Gulatiqg Baseline and Compliance Urban Water 
Per Capita Use in October 2010. Following requirements Rrovided in the doctJment, LADWP has calculated baseline per 

Exhibit 3C presents results of the calculations. Calculations and technical bases fer the calculations are presented in Appendix 
X. 

2005 Urban Water Management Plan for the Los Angeles Department of Water & Power 
3-5 

AR0070824 



Chapter 3 - January 2011 Draft 
Water Conservation 

Exhibit 3C 
20x2020 Base and Target Data 

Gallons Per Capita Per Day 
20x2020 Required Data (GPCD) 

Base Per Ca ita Daily Water Use 

10-Year Average1 

5-Year Avera e2 

95% OF Base Daily Capita Water Use 5-Year 
Average (146 g cd) 

2015 Interim Target 

3. Methodology requires smaller of two results to be actual water 
water use target. 

3.2 Existing Programs, Practices, 
Conservation 

The Water Conse~ation in Landscaping Act of 2006, Assembly Bill 1881, reduces outdoor water waste through improvements 
in irrigation efficie~ ana selection Gf plants requiring less water. The Act required an update to the existing Model Water 
Efficient Landscape Ordil'1ance~d a· option by location agencies or an equivalent ordinance no later than January 1, 2010. If 
any agency failed to adopt he (Ordinance or its equivalent then the ordinance was automatically adopted by statute. The 

ordinance requires developn:Jent of water budgets for landscaping, reduces erosion and irrigation related runoff, utilization of 
recycled water if available, irrigation audits, requirements for landscape and irrigation design, and scheduling of irrigation 
based on localized climate for new construction and redevelopment projects. 

In 2009, Assembly Bill 1465, Urban Water Management Planning, was approved to include language in the UWMP Act that 
deem water suppliers that are members of the California Urban Water Conservation Council (CUWCC) and comply with the 
"Memorandum of Understanding Regarding Urban Water Conservation in California," dated December 10, 2008, as it may be 
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amended, to be in compliance with the requirement to describe the supplier's water demand management measures in its 
urban water management plan. A more detailed discussion of the CUWCC and BMP compliance is provided in Section 3.2.3. 

Assembly Bill 1420 links state funding for water management by urban water suppliers to implementation of water 
conservation measures. Urban water suppliers are required to be in compliance with the CUWCC MOU to be eligible for water 
management grants or loans. Senate Bill X7 -7 further clarifies the grant funding conditions required by AB 1420 are repealed 

on July 1, 2016 and replaced with eligibility determined by compliance with 20x2020 targets. 

In the recent years there has been a lot of regulations approved increasing the water use efficiency requirements of plumbing 
devices, specifically, Assembly Bill 715 (2007), Senate Bill 407 (2009), and tile CAL reel'l Building Standards. AB 716 
requires that all toilet and urinal fixtures sold through retail or installed in ex'sting nd new residential and commercial building 
meet the high efficiency standards by January 1, 2014. SB 407 doe~ t aGlar-ess the sale of'plumbing fixtures but adds a 
requirement that beginning in January 1, 2017 all residential and co ' rcial property sales must dis lose all non-efficient 

all new construction and renovations of residential and commercial pm erties. 

City Ordinances 

Los Angeles has utilized ordinances as a tool to reduce water waste since 1988, begiFming with the adoption of its first version 
of a plumbing retrofit ordinance. The ordinance mandated installation of conservation ael.deBS in all existing residential and 
commercial properties and installation of water-efficient landscaping in al~w construGtion. Toilets were required to use less 
than 3.5 gallons per flush (gpf), urinals less than 1.5 gpf, ana shower €lads less than2 .' gallons per minute (gpm). Customers 
with three acres or more of turf were Fequired to reduce water- c0nsumption by 10 percent from 1986 levels or face a 100 
percent surcharge on their water bills. 

andates in 2009 with adoption of the Water Efficiency Requirements 
ordinance. ([his ordinance establishes water e Iciency requirements for new developments and renovations of existing 

buildings by requinn§l installation of ~ig efficiency plumbing fixtures in all residential and commercial buildings. Exhibit 3D 
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Exhibit 3D 
Water Efficiency Requirements Ordinance Summary 

Device Requirement 

High Efficiency Toilets 1.28 gallons er flush 

Urinals 0.125 gallons er flush 

Faucets 

Public Use Lavato Faucets 1 

Showerheads 

Dishwashers 

Cooling Towers 

Single-Pass Cooling Systems 

the effective dates of the ordi~ce. As of early June 2010, b.AQWP is 57 per-cent complete in upgrading its 600 buildings to 
high efficiency faucets, toilets, ~ owers, flexible hose connectors, angle valves, as well as correcting leaks and 

ecame effective with an overarching goal to improve the 

LADWP first aaQ ted an Emergency, Water Conserva ion Plan ordinance in the early 1990's in response to drought conditions. 

Subsequently i t e current water shor age LADWP has adopted two amendments expanding prohibited uses, increasing 
penalties for violating the ordinance, and modifying water conservation requirements. Five phases of water conservation are 
incorporated into the Rlan with proy bitions and water conservation measures steadily increasing by phase. Regardless of 
water supply availability, t a ~i kim Phase I conservation requirements are in effect unless a more stringent phase is in 
effect. In response to the ongoing drought conditions, LADWP implemented Phase III restrictions on June 1, 2009, allowing 
outdoor irrigation only two days per week. Upon the recent ordinance amendment, Phase II implementation began on August 
25, 2010 which allows outdoor watering three days per week. Exhibit 3E summarizes the five phases as defined in the latest 
amendment approved in August 2010. 
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Exhibit 3E 
Emergency Water Conservation Plan Ordinance Restrictions by Phase 

Restrictions 

No use of a water hose to wash aved surfaces 

No use of water to clean, fill, or maintain levels in decorative fountains, ponds, lakes or similar structures 
used for aesthetic purposes unless a recirculating system is used 

No drinking water shall be served unless expressly requested in restaurants, botels, cafes, cafeterias, or 
other public laces where food is sold, served, or offered for sale 

No leaks from any pipes or fixtures on a customer's premises; failure or lef sal to fix leak in a timely 
manner shall subject the customer enalties for a rohibited use of wa er 

No washing vehicles with a hose if the hose does not have a self-c osfng water sAklt-off device attached 
or the hose is allowed to run continuously while washing a vehicle 

No irrigation during rain 

No irrigation between 9am and 4pm, except for public an«l private golf courses and professio al sports 
fields to maintain play areas and event schedules. System testing a ' d repair is allowed if slgna§e i 
displayed. 

No landscape ir. igatioA shall be permitted on any day other than Monday, Wednesday, or Friday for odd
numbered st[eet address and Tuesday, Thursday, or Sunday for even-numbered street addresses. If a 
street address end In 1/2 or any fraction it shall conform to the permitted uses for the last whole number 
in the address. F.er non-conserving nozzles (spray head sprinklers and bubblers) watering times shall be 
limited to no more than 8 minutes per watering day per station for a total of 24 minutes per week. For 
conserving nozzles (standard rotors and multi-stream rotary heads watering times shall be limited to no 
more than 15 minutes per cycle and up to two cycles per watering day per station for a total of 90 
minutes per week. 

Irrigation of sports fields may deviate from non-watering days to maintain play areas and accommodate 
event schedules with written notice from LADWP. However, a customer must reduce overall monthly 
water use by LADWP's Board of Water and Power Commissioners adopted degree of shortage plus an 
additional 5% from the customer baseline water usa e within 30 da s. 
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If written notice is received from LADWP, large landscape areas may deviate from the non-watering days 
if the following requirements are met: 1) approved weather-based irrigation controllers registered with 
LADWP 2) Must reduce overall monthly water use by LADWP's Board adopted degree of shortage plus 
and additional 5% from the customer baseline within 30 days 3 Must use recycled water if available 

These restrictions do not apply to drip irrigation supplying water to a food source or to hand-held hose 
watering of vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed 
everyday during Phase II, except between the hours of gam and 4pm. 

III All prohibited uses in Phases I and II shall apply, except as provided. 

IV 

V 

Specific proGedures for determioing the initiation of a p ase and termination of a phase are provided in the Emergency Water 
Conse vation Plan Ordinance. Phases are initiated tI'lrough recommendations provided by LADWP to the Mayor and City 
Council (Co~ncil). 

3.2.2 Conservation Pricing 
In 1993, Los Angeles es fuctured it water rates to provide customers with a clear financial signal to use water more 
efficiently. It was the first ti e 111 t AIJWP's history that an ascending tiered rate structure was used. This conservation-based 

rate structure remains in use a d applies a lower first tier rate for water used within a specified allotment, and a higher second 
tier rate for every billing unit (748 gallons) that exceeds the first tier allotment. A unique feature of the rate structure is that the 
first tier allotment considers factors that influence individual residential customer's water use patterns (i.e. lot size, climate 
zone, and family size), 

The goals of LADWP's two-tiered water rate structure are to: 

• Use price as a signal to encourage the efficient use of water 
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provides appropriate signals to encourage efficient water use has become a necessi fer m i:ly areas, including Los Angeles. 

The substantial investments required for water quality improvements, se ur-ity, 
raised the cost of delivering water. As rates increase, water agencies have noficed a change in use atterns. Because there is 
a known correlation between price and use, agencies use rates to encourage conservation activities aRd to RostRone the need 
to construct new facilities or purchase even larger quantities of i Flo tea water. 

LADWP's tiered rate structure, first implemented in 1993 with assistance fwm a laroad-based group of stakeholders, applies a 

lower tier block rate for responsible water use withi~a specified amount of water, a~ a much higher rate for every billing unit 
above this block. The higher block rate reflects the 'margii:lal cost," or the projectea cost for additional water that would be 
required to meet these needs. 

ater used. This eliminates the inclusion 
of fixed charges. There are automatic adjustments triggered woe a water shQrtage exists. In June 2009 shortage year rates 
went into effect reducing first tier allotme ts fc~ all customers by! 15%. These aCljustments are based on the actual water use 
patterns that occurred d~he 1991 period of mandatory water rationing. The purpose of these adjustments is to use price 
to encourage additional conservati0 and tGl provide LADWP witti the revenue necessary to operate the system efficiently 
during a shortage. 

The cuwce; is the voice of ur-ban ater cORservatior,} in California, and LADWP has been active in the CUWCC since its 
inception i 1991. Instrumental in the aevelopment 0 the MOU, LADWP was also one of the original signatories. The MOU 
identifies BMRs as roven conservation measu~es as determined by the CUWCC. The most recent amendment to the MOU 
was adopted on 8une 9, 2010 updating compliance alternatives with the adopted BMPs. A water agency can now comply with 
the MOU through one of th ee method~ogies: BMP compliance, accomplishing water conservation through a set of measures 
equal or greater than th wa er savin@s provided by the BMPs (Flex Track Menu), or accomplishing water conservation goals 
as measured in gpcd. All Gmup One (water suppliers) signatories to the MOU are committed to implement the BMPs. 

Over the last 19 years, LADWP has played a significant role in the governance and policy making at the CUWCC, holding a 
seat on the Board of Directors, Strategic Planning Committee, By-Laws Committee, Research and Evaluation Committee, CII 

Committee, co-chair of the Membership Committee, and chair of the Group 1 Representation Selection Committee. LADWP 
also has been actively involved in all of the revisions that the MOU has undergone to date. 
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One of the obligations as a signatory to the MOU is to submit a Best Management Practices Retail Water Agency Report to 
the CUWCC. Previously submitted annually, this report is now submitted biennially and details progress in implementing the 
foundational and programmatic BMPs as currently specified in the MOU. LADWP actively implements the BMPs and the 
CUWCC BMP reports are available for review through the internet by accessing CUWCC's website at www.cuwcc.org. 

In the early 1990s, the State Water Resources Control Board identified urban water conservation as a major means for 

resolving problems in the Bay-Delta. Large water agencies, including LADWP, actively participated in work groups to develop 
conservation strategies. The result of this effort is in the aforementioned MOU. 

The MOU commits signatory water suppliers to develop comprehensive conservati0n programs using sound economic criteria 
and to consider water conservation on an equal footing with other water management option . The MOU established the 
CUWCC to monitor implementation of the BMPs and to maintain the list 0f Ml:;>s. 

A BMP is defined as: 

water. 

(b) A practice for which sufficient data are available from existing water conse a i0n ~ects to indicate that significant 
conservation or conservation-related benefits can be ac ieved; that the practice is technically and economically reasonable 

to carry out. 

only to wholesale water agencies Foundational BMPs are considered as essential BMPs for any water utility and are ongoing 
practices not subject to time II ·tati 0~. Progr mmatic BMPs are mi~al activities required to be completed by each utility 
within the timeframe of the implementati00 SG edules provide in the MOU. A listing of the BMPs is shown in Exhibit 3F. 
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CUWCC BMPs and Implementation Status 

Category 

Utility Operations 

Education 

Sub-category 

Operations 
Practices 

Water Loss Control 

Metering with 
Commodity Rates 

Conservation 
Pricing 

Public Information 
Programs 

School Education 
Programs 

Residential 

Practices 

Foundational 

Maintain the position of a trained conservation 
coordinator 

Prevent water waste - enact, enforce or SUPP- Q)'fi: 
legislation, regulations, and ordinances 

Wholesale agency assistance programs 

Conduct Standard Water Audit and Wate 

100% of existing unmetered accounts to be metered 
and billed by volume of use 

Status 

Implemented 

Implemented 

1m lemented 

Implemented 

1m lemented 

1m lemented 

Implemented 

1m lemented 

1m lemented 

Implemented 

LADWP develops cost ffeotive programs to achieve multiple goals of cost-effective demand reduction, customer service, 
environmental responsibility an compliance with CUWCC BMPs. Conservation potential is considered in determining 
program approach and dura~()R. Some types of conservation programs result in savings that are more easily measured than 
others. LADWP's programs Include traditional demand-side management measures, as well as infrastructure improvement 
programs that contribute to water waste reductions. Demand-side management programs, like the rebate programs for water
saving toilets and high-efficiency washing machines, produce results that are measurable. Public information, education, and 
other general conservation awareness programs are intended to alter customers' behavioral patterns on water use and thus, 
are more difficult to quantify. It is such behavioral change in water use, however, that the City can point to as the primary 
reason for significant reduction in water consumption during drought periods. Combined with LADWP's conservation pricing 
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structure discussed in Section 3.2.2, these programs increase system reliability and efficiency and will provide a secondary 
benefit of reducing runoff. 

Specific conservation programs (past and present) associated with these categories are broken down in Exhibit 3G, and are 
fully discussed below. Appendix XX contains the latest biennial reports provided to the CUWCC. 

Exhibit 3G 
Current and Past Conservation Programs ~ 

CUWCC Category Conservation MeaLes "-

Awareness/Support /( '" Pricing A"'- '" Utility Operations - PricinQ and Operations Tiered Rate Structure/~ ". 

'" Utility Operations - Metering Full Metering ang,.,101'Gmetric Pricing " Utility Operations - Pricing Sewer Charge:UsLng" Yolumetricl'ricing 

Public Infor~atio~ , /~ 
Drought Response Q"Qtre~tl" 
\~~el &. Restaurant Wate~a,rvation 

CamRalgn 

Ut.FI C~omer Satisfaction S1l1ve~ ~ 
Ad-1~i~' , \/ 
Billln~~rts )" ............. 

....... ' Brochu~~~~ ,/ 
Commun~<nvolvement p~(g ram 

Education - Public Information tograms t Exhibits \\ 
Hotline \'-f 

--Speakers Bu r.~fu' 
/-- SCt,oeLEdud't ion 

LAUSD MOU 
~J..h School in concert with the Environment -

Student Home Water/Energy Survey 

X ower Elementary 

Upper Elementary 
) Junior High 

'" )1 Residential 

~'7 Residential Drought Resistant Landscape Incentive 
Residential Program 

Residential J' High Efficiency Clothes Washer Incentive Program 
Better Idea/Neighborhood Bill Reduction Service 

Residential Program --Showerhead installation 

Community-Based Organization Toilet Distribution 
Residential Centers, Direct Install 

Residential High Efficiency Toilet Rebate 

Residential Home Water Surveys 

Residential Retrofit Kits Distribution 
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Commercial/Industrial/Government 
Commercial/Industrial Drought Resistant Landscape 

Commercial/I ndustrial/I nstitutional Incentive Program 2009 

Commercial/I ndustrial/I nstitutional Water Efficiency Requirements Ordinance 2009 

Commercial/I ndustrial/I nstitutional General Services Dept. MOU to Retrofit Plumbing 2009 
Public Agency Plumbing Audit and Training 

Commercial/I ndustrial/I nstitutional Program A 2009 

Education - Public Information Programs Targeted Literature Mailing /~ 1993 

Commercial/Industrial/Institutional Commercial/I ndustrial conservatioryG"u·G'ebook '" 1992 

Commercial/Industrial/Institutional Cooling Tower Manual and WOj:~bPS , 1992 

Commercial/I ndustrial/I nstitutional Commercial Rebate Program< ( 

"" 
1991 

Commercial/I nd ustrial/I nstitutional Interior Water Use Audits~ " "" 1991 

Commercial/I ndustrial/I nstitutional Technical Assistance1ro:qra~TAP) "-'II. I" 1991 

Landscape; Commercial/Industrial/Institutional Typical Audits / ( ~ " ,~ 1991 

Land#Cape ' )' \/ 
Landscape Recreation and Park}ry13b",/~ I' 2007 
Landscape Large Turf Irrigation Cont r-olle( Pilot Program 2000 

Landscape 
Pro~tir~ del Agua -- EngliSh~d .. ~anish 
La rq Qu e Workshops 1995 

Landscape 
Imp~v'n~~ati~rfOrmance~M~'uar 
WorkshQp 1993 

Landscape Large Tut.f Audit5"and Alh:J it.,Training¥ 1993 
Education - Public Information Programs Lawn W~t~r Gujd~~Di;:ect ... Mai~(1s~ requested) 1989 

Education - Public Information PJogrE;~ Demonstr~j~n" e3ardens ')/ 1988 
Landscape /r, \ Ten Percent' L'arge TurfWattr' Reduction Program 1988 

/, \ System Mainten\~ce Measures 

Utility Operations - Wat:r Lo~"C~trol J l Fire Hydrant Sh~t~ 1991 

Utility Operations - Water Loss C}fltr~ ~RepJacerdfnt Program 1988 

Utility Operati0~ Wate~s Cont~I' , C~t Mo..r;t' Lining of Pipelines x 

Utility op,e~trrns - Wat~oss ?or:1trol '" " Corrosion/Cathodic Protection x 

Utility,.opefations - Water Los~on~1 " ~rattructure Program x 

.. ~". .\\ y 
Awareness/Supp,ort Measures 

Awareness/support measures can be active or passive. Active components include full metering of water use, assessment of 
volumetric sewer charges, and a conservation rate structure. Passive components typically include providing educational 
materials for schools, commu it}' and customer presentations, maintaining a conservation hotline, and a wide range of 
information distributed thro t:lgh customer bills, advertising in public venues, LADWP's website, and direct mail. Passive 
awareness/support measures provide the foundation for the conservation movement to build upon by raising water use 
awareness, water conservation program visibility, and encouraging community involvement. 

In 2008, LADWP entered into an MOU with the Los Angeles Unified School District to further improve our water conservation 
outreach program. In fiscal year 2009/2010 LADWP budgeted approximately $500,000 in funding for educational programs 
within area schools. Programs included: 
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• Los Angeles Times in Education - provided newspapers to 50,000 students in grades 4-12 and lesson packages for 
teachers on supply sources and conservation 

• "Thirsty City" Live Performances - Play presented to more than 4,300 students introducing students to water supply 
sources, water supply challenges, and conservation 

• Renewable Energy and Conservation Curriculum - 660 teachers were trained in an extensive model conservation 
program reaching approximately 50,000 6th grade students 

• Renewable Energy and Conservation Center - Funding was provided for 
establish a Renewable Energy and Conservation Center with students 
focusing on conservation and renewable energy 

• Outdoor Education Multi-Day Environmental Experiences - Approximately ~O students in 20 G asses in grades 4-12 
attended two or three days of outdoor education experienees fQcusii:lg on enviroomental measures, Ihlcl ding lessons on 
energy and water 

• Eastern Sierra Institute - Training of 25 teachers over three days aboCJ 
Sierra 

• Teacher Fellowships - Ten math and science teachers from middle ai:ld high schoIDI served in fellowships at LADWP for 

• 
conditions 

imple en ed a media campaign that inGluded radio, }\'l, and newspaper advertisements, billboards, outreach to Neighborhood 

Another aspect of awareResslsupport is that of advocacy. LADWP has been instrumental in the development of more stringent 
standards for toilets (e.g. S Rplemen ary Purchase Specification for ULF toilets) that are in use within the City as well as by 
other water agencies in Califor ia and other areas. LADWP also assisted in the adoption of higher residential clothes washer 
efficiency standards by the California Energy Commission. Recognizing the importance of this activity, LADWP actively 
participates in advocating local and statewide conservation research and planning. 

Residential Category 

Multiple residential conservation programs were first developed and launched by LADWP during the drought of 1987 through 
1992. In 1990, the ULF Toilet Rebate Program was initiated, followed two years later by the ULF Toilet Distribution Program. 
In 2003, a well-received free installation service component was added to the ULF Toilet Distribution Program that included 
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free water-saving showerheads, faucet aerators and replacement toilet flapper valves. Today distribution of free faucet 
aerators and showerheads continues for all single-family, multi-family, and commercial customers. 

In 2008 MWD initiated the region-wide SoCal Water$mart Program for residential water conservation replacing previous 
LADWP rebate programs and rebate programs offered by individual water service providers throughout the MWD service 
area. This program sponsored by MWD sets uniform rebate requirements across the MWD service area and provides a 

clearinghouse for processing rebates for all MWD member agency customers. Loeal a§lencies have the option of 
supplementing baseline rebate amounts to their customers through the program. LADW ~eased baseline rebates for 
several of the qualifying products. Eligible customers include residential customevs esidiflg in single-family and multi-family 
homes, even if multi-family residents do not receive a water bill. 

Although the SoCal Water$mart Program has discontinued rebates for i§lR efficiency toilets (HEj;), LADWP continues to 
provide local funding for rebates for its customers of $100 per HET w ich has proven to be highly s ccessful with over 1900 
units installed in fiscal year 09/10 which equates to over 80 AFY savin§ls. 

Prior to the SoCal Water$mart Program, LADWP was assisted by cQmmt,Jpit -oase 

milestone of more than 1.27 million toilets installed through December 31, 2006 CBOs were integral to LADWP's success, 

were increased in Jal=ll-Jal:¥, 1, 2004, resul ing in the promotion of oigher efficiency models. Initial co-funding of the program was 

provided by the City's bJeQartme~ublic Works Bureau of-Sanitation, and by the Southern California Gas Company. 

In Fe~ a.z 0~009 the High Efficiency Washer- Rebate Program transferred from LADWP to the SoCal Water$mart Program 
with co-funding provided by MWD. Since the inception of the SoCal Water$mart Program and through June 2010, over 11,800 
rebates for washin ~chines were rssued to LADWP customers with a total annual savings of 368 AFY. Generally rebates 
are $300 per washing machine with a water factor (a measure of efficiency) of 4.0 or less. As of April 22, 2010 an additional 
$100 rebate was available fQr a limitea time through the California Cash for Appliances program for a total rebate of $400 per 
washing machine. 

A sprinklerhead rotating no lie retrofit rebate of $8 per nozzle is available through the SoCal Water$mart Program for a 
minimum of 25 nozzles. Replacing standard sprinkler heads with rotating nozzles can use up to 20% less water. Rotating 
nozzles are able to distribute water in a water-efficient manner more uniformly across a landscape than standard sprinklers. 

Spray from rotating nozzles is less likely to result in misting conditions, misdirection from winds, and reduces runoff onto 
pervious surfaces thus reducing dry-weather runoff. Between March 2009 and June 2010 2,878 rotating nozzle rebates were 
issued to LADWP customers saving approximately 12.7 AFY. 
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Rebates for installation of weather-based irrigation controllers are also available through the SoCal Water $mart Program. 

Rebates amounts are $200 per controller for landscape areas of less than one acre and $25 per station for landscape areas 
greater than one acre. Weather-based irrigation controllers provide customized irrigation schedules based on local site 
conditions and in response to weather changes. These smart controllers receive weather updates to automatically adjust the 
schedule and amount of water applied. Between March 2009 and June 2010 81 LADWP customers received rebates for 
installation of the controllers saving approximately 6.2 AFY. 

Initially a synthetic turf rebate program was offered through the SoCal Water$mart Program, but nas been discontinued as of 
June 1, 2010. The program provided rebates of $1.00 per square foot. ApproximHtel~ 316,547 square feet of synthetic turf 
was installed by LADWP customers between February 2009 and June 2010 saving approximately 44.3 AFY. 

LADWP through the SoCal Water$mart program is offering turf removal Feoates of $1 per square foot up to $2,000 per 

rogram and is offering free residential 

Water-saving showerheads and fatJGe aerators remain available to LADWP customers, free of charge, upon request. 
Approximately 12,124 showerheads and 14,792 faucet aerators were distributed between July 2007 and June 2010 saving 

Another element of l) \DWR's past e orts was a toilet flapper valve replacement pilot program. Although long-term water 

savings from ULF toilets a e predicated on timely replacement of leaking toilet flapper valves with appropriate replacement 
units, findings from the pilot rogram indicate a small incidence of leaking flapper valves in toilets rebated or distributed by 
LADWP. However, toilet leaR testing and flapper valve replacement was added to the past ULF Toilet Distribution Program's 
installation service component for toilets not replaced through the program. 

Commercial/industriai/l nstitutional Category 

This category represents some of the largest volume water users in LADWP's customer base, and represents a great deal of 
conservation potential. LADWP, in partnership with MWD, developed and has implemented a commercial rebate program, 
Save Water Save a Buck Program, designed specifically for customers in the CII sector and multi-family residences with five 
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or more units represented by a homeowners association. In the CII sector, the program provides rebates for water saving 
plumbing fixtures, food service equipment, and landscaping equipment. Within the multi-family sector the program provides 
rebates for high efficiency washers, high efficiency toilets, and landscape equipment. In addition, packaged water use 
efficiency solutions are being developed for specific business sectors. Efforts are also underway to better promote the 
financial incentives available that make water conservation retrofits more cost effective for business and industry. LADWP 
takes full advantage of regional programs offered through MWD for the CII sector and for many product rebates, provides 
supplemental funding to boost the base rebate provided by MWD. 

The Save Water Save a Buck Program was launched in 2001 to provide menu-based eoates for water conserving measures 
applicable to many types of CII facilities. Categories of products eligible for rebates, rebate amounts, number of rebates for the 
LADWP service area, and estimated savings are provided in Exhibit 3H fo the period July 2 07 t~ough June 2010. During 
the period, an estimated annual savings of 6,585 AFY, inclusive of LAid P inR0use programs a d the Technical Assistance 
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Exhibit 3H 
CII Conservation Programs and Savings July 2007 through June 2010 

Rebate Amount Devices Estimated Annual 
Device Type Retrofit Installed Savings (AFY) 

Save Water Save a Buck Program 

Current Programs 

$150 each ($50 new 58'43~ I' High Efficiency Toilets (1.28 gpf or less) construction) 2,408.6 

$500 each ($250 new M6~" Zero and Ultra Low Water Urinals construction) 630.9 

Cooling Tower pH Conductivity 

'\( 41 " [" Controller $3000 each ~ 79.7 

Cooling Tower Conductivity Controller $625 each /"... ~ --' 57 I, ' 36.7 

Air Cooled Ice Machine $300 each /,,/ 0 
" ' O,0 

Connection less Food Steamer $600 compa / ment' "-23 ' 5.8/ 

Dry Vacuum Pump (maximum 2.0 
$125 per 0.5 horsep~; vf7' J{; 

horsepower) 

Water Broom ,... $150 each 
"' " 73 

11.2 

Weather Based IrriQation Controller \so.-per station 
" ~91 127.1 

Central Computer Irrigation Controller $5 0\ per ~tio t1.. ~ '-' 0.0 

Rotating Nozzles for Pop-up Spray )~~~ ........ 22)r. Heads (25 minimum) 99.1 

High Efficiency Spray NOZZle/ barg, $13P~V. 
-....... 

J A'558 Rotary Sprinklers 308.1 

Past Programs // " \ \\ 
High Efficiency Coin Ol~thes ~asher , I - \'-A 1,738 186.8 

Pre-Rinse Sprayhead '" ) '---- - )/ 5 0.8 

Steam Sterilizer ... Retfofit ,,~ I~ ----. - ~ 6 7.8 

X-Ray Proc(ssor Reci (cu i;rtlbr.l syst~rll '" I, ~ 1 3.2 

synthefu;rf Urf (square f~)~ , "' , - 15,177 2.1 

h S'hbtotal Save a Buc·~\Pro~ram ,7 - 3,908.7 

'" " \ LAbWP Inhouse Programs 

Commercial S~w~heads \ - 5,180 85.3 

Commercial Fauc~Ae~tors } I - 20,844 96.5 

Water Brooms 

"" 
// - 262 40.2 

CII Landscape Program T~r-f R"tr:rfo"val2 - 1,251,043 95.6 

Technical Assistance progr! m3 - - 2358.4 

Subtotal LADPW Inhouse - 2676.0 

Total Gil - 6584.8 

1. Synthetic Turf rebates as of June 1,2010 are available through LADWPs Technical Assistance Program. 

2. Rebate amount varies and is determined during pre-approval process. 

3. Rebates for Technical Assistance Program are $1.75 per 1 ,000 gallons saved over a two year period with a cap not to exceed the 
actual cost of the project. Devices installed vary per project. 
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LADWP created the Technical Assistance Program (TAP) in 1992 to provide custom-type incentives for retrofitting water
intensive equipment. Different from the Save Water Save a Buck Program, the TAP encourages site-specific projects and TAP 
incentives are based on a given project's water savings. Financial incentives up to $250,000 are available for products 
demonstrating water savings. Incentives are calculated at the rate of $1.75 per 1,000 gallons saved over a two-year period 
with a cap not to exceed the actual cost of the installed product. Projects must save a minimum 0) 150,000 gallons over a two
year period and operate for a minimum of five years. Eligible customers are CII or multi-family resiClential customers. Past TAP 
projects include cooling tower controller upgrades and x-ray processor recirculatior,) systems. The estimated unit cost for TAP 
overall is about $228 per acre-foot saved with an annual savings of 2,358.4 AF basetl on projects installed between July 
2007 and programs until June 2010. 

Similar to the residential turf removal program, LADWP has a turf re elval program for commercial I2roperties. This program 
started in September 2009 and the rebate is $1.00 per square fQ(;)t of t~ with the t0tal project rebate amount as elefined in the 

, ith potable water 

(recycled water is ineligible) via automatic sprinkler valves when a project app val letter is provided by LADWP. Converted 
areas must contain enough plants to create at least 30% landscape coverage at maturity. Converted areas may not contain 

turf or synthetic turf (synthetic turf rebates are available through the TAP). All reRlacement materials must be permeable and 
plants must be drought tolerant or California native plants. minimum of 250 square feet m st be converted to be eligible for 
a rebate. No invasive plants are permitted and all exposed soil us be covered wit~ree inches of mulch. If an irrigation 
system is used it must be a low flow drip or bubbler system. ApRlicants are requi[e~o maintain the converted area for 15 
years. 

Recognizing hat a substantial amount of water is used outdoors for irrigation, LADWP continues to invest in landscape 
irrigation efficiency pmgrams and projea:ts. In addition to the previously discussed landscape ordinances (Section 3.21.), 
LADWP has sponscred free training c t rses specifically targeting the City's large turf customers to help these customers 
comply with the landscap'e Qrdinal:lce. To further assist this group, LADWP developed a guidebook, "Improving Irrigation 
Performance" to demonstrate ways for enhancing existing irrigation systems. 

LADWP has also sponsore~ervation and garden expos to highlight various aspects of efficient outdoor water use and 
planting practices, and emphasizing native, drought-tolerant plants. Funding was provided for three demonstration gardens to 
showcase the use of drought-tolerant plants and flowers, including the landmark Lummis Home in Highland Park. Lawn 
watering guides were mailed to all single-family and duplex residences. Planting guides for native and drought-tolerant plants 
are also available upon request. Additionally, to demonstrate the beauty and appeal of a water-conserving landscape, 
LADWP's John Ferraro Building facility (below) has a drought-tolerant garden that is open to visitors year-round. 
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In addition to the Residential and Commercial Landscape Incentive Programs for turf removal, other types of landscape 
irrigation improvement projects are also funded through the TAP, with incentives calculated on the basis of a project's water 
savings. LADWP staff includes certified landscape auditors, and large landscape audits are available upon request. 

LADWP is also investigating new programs using data obtained through pilot program efforts. A pilot program was conducted 
to determine the effectiveness of weather based irrigation controllers in large landscape applications. On the basis of the pilot 

program results showing water savings, financial incentives are available to LAD WP.~ers for the purchase and 
installation of weather based irrigation controllers through the SoCal Water$mart and ave Water Save a Buck Programs. 
Additional efforts are being undertaken to make available a landscape irrigation eaucation program for homeowner 
associations and other large landscape customers. This program would focus on C0mmon gree~reas in multi-unit complexes 
to improve irrigation efficiency, including irrigation system maintenance and repair, and plant selection. 

LADWP has been implementing an internal program to retrofit outdoor landscaping at depart e t-owned facilities to 
California-friendly and native plantings with efficient irrigation lte~s. Additionaliy-, a joint effort between the [department of 
Recreation and Parks and LADWP is targeting public parks t rough the City Park Irfigation Efficiency ~gram. City parks 
with inefficient irrigation systems, leaks, and runoff problems are i~t'fiea and upgraded with water efficient distribution 
systems and sprinkler heads, installation of smart irrigation controllers, an lantiog of California-friendly landscaping. Since 

the program began in 2007, seven parks have been completed and 4 new wea her stations have been installed. An additional 
benefit of this program is the educational, trade training, and employment opportu~y iv n to the youth of Los Angeles. 

There is also potential for the use of non-potable water for i~igatiol), w icti cao~ extend the utility of the City's traditional 
water supplies. Through increased stQrmwater capture, groundwater recharge with captured storm and irrigation runoff, and 
recycled water, imported surface wate~ and local groundwater used for landscape irrigation can be conserved. The potential to 

For over a decaae, TreePeople has demonstrated that rainwater is a viable local water resource. The Open Charter 

installed in Los Angeles. (5)the ex mples include: the Center for Community Forestry which harvests rainwater from its entire 
hardscape into a 216,000 gallo underground cistern for landscape irrigation use; a retrofitted single family residential home in 
South Los Angeles that capttJres a 100 year storm event on site; a 7,600 square foot subsurface stormwater infiltration gallery 
on the Broadous Elementary School campus in Pacoima. Most recently, TreePeople partnered with the Los Angeles and San 
Gabriel Rivers Watershed Council, LADWP, and other state and federal agencies to retrofit an entire residential block on 
Elmer Avenue in Sun Valley. This project now intercepts stormwater from 40 acres upstream and infiltrates it back to the 
aquifer while also demonstrating effective distributed stormwater BMPs on residential homes. 
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In partnership with the Los Angeles County Department of Public Works, TreePeople was instrumental in developing the Sun 
Valley Watershed Management Plan: an alternative stormwater management plan that prioritizes green infrastructure and 
multi-benefit stormwater capture projects instead of stormdrains. Many projects have been completed, and more are 
scheduled for construction. These activities create the foundation that will lead to further landscape water conservation and 
stormwater capture to enhance the City's limited water supplies. 
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CASE STUDY: 
Los Angeles River Revitalization and 

the North Atwater Park Project 
Background 
The Los Angeles (LA) River flows 51 miles through 
some of the most diverse communities in Southern 
California-its first 32 miles are within the City of 
LA. The River has a year-round low flow due to 
contributions from upstream wastewater treatment 
plants, urban runoff, groundwater inflow, and 
natural springs, but can become a torrent of racing 
flows during the rainy season. The River is almost 
entirely concrete-lined except for a few reaches. 
Although the design of the River has served its 
flood control purpose, the River holds far greater 
potential to serve as a focal point for environmental 
restoration, economic growth, community 
revitalization, and recreation. 

Realizing that the River should stand as a symbol 
of pride for the City of LA and its residents and that 
it should be a landmark for the public to enjoy and 
admire, the LA City Council established the Ad Hoc 
Committee on the River in 2002 and adopted the 
LA River Revitalization Master Plan (LARRMP) in 
2007 (www.lariver.org). Led by the City's Bureau of 
Engineering and funded by the LA Department of 
Water and Power, the LARRMP was created 
through a collaboration of elected officials, city 
departments and agencies, residents, multi
disciplinary experts, and a wide variety of private 
and non-profit environmental and recreational 
groups as the 25-to-50 year blueprint for 
transforming the City of LA's stretch of the River 
into an extensive network of parks, walkways, bike 
paths, and diverse land uses that will ensure the 
growth and sustainability of healthy communities. 

Key Features 
In October 2010, the City celebrated the 
groundbreaking of the North Atwater Park 
Expansion and Creek Restoration project as the 
first project to emerge from the LARRMP, which is 
expected to be open to the public by December 
2011. The project was undertaken in connection 
with the settlement of two Clean Water Act 
enforcement action, Santa Monica Baykeeper v. 
City of Los Angeles and United States, and State 
of California ex. ReI. California Regional Water 
Quality Control Board, Los Angeles Region v. City 
of Los Angeles and also funded in part by 
Proposition 50 through the California Resources 
Agency to improve River Parkways and the 
Integrated Resources Water Management. The 
project will use both structural and natural 

solutions to restore a degraded creek that is a 
tributary of the River while also expanding River
adjacent parkland with multiple recreational, wildlife 
habitat, and water quality benefits. The project will 
add nearly 3 acres to an existing 5-acre City park, 
connecting it to the River, where visitors will enjoy 
watching a wide variety of bird species that 
presently live in that soft-bottomed stretch of the 
River, framed by stunning views of Griffith Park in 
the distance. Some of the project's highlights 
include: 

Outdoor Classroom 
The project will encourage young children to 
explore nature via an educational gathering space 
near the LA River. This "outdoor classroom" will 
feature a nature-based art area for independent 
and guided activities-designed particularly for 
local students to learn about nature, native plants, 
and the opportunities and challenges associated 
with revitalizing the LA River. 

Native Demonstration Garden 
The park's central focus will be a demonstration 
garden, which will contain a variety of native plants 
that are used throughout the park, with interpretive 
displays to educate visitors about the plant species' 
characteristics, care, and relationship to water 
conservation. The park will only include native 
plants because they are considered "drought
tolerant" given their abilities to thrive in Southern 
California's climate, requiring much less water than 
other plants. The park's landscape design aims to 
set an example in the use of such plants, but also 
to educate the public on the merits of embracing 
native vegetation as an important component of 
solving the region's water crisis. 

Creek Restoration 
North Atwater Creek currently conveys polluted 
runoff to the River from an upstream stormdrain 
system that receives flow from a 40-acre urban 
area. The Creek will be restored and landscaped 
with native plants to prevent erosion and to 
naturally filter stormwater before it is discharged to 
the River, featuring a 1000-foot-long meandering 
streambed sustained by intermittent street runoff 
flows. Water quality improvements will include 
installation of a device at the entrance of the creek 
to intercept and capture trash and bacteria and 
special treatment of flows from adjacent equestrian 
facilities. 
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NORTH ATWATER PARK 

Accommodating Visitors 
While the park's landscape design capitalizes on 
the opportunity to educate visitors about the many 
connections between urban life, nature, and water, 
its structural features do also. For example, the 
parking lot will be transformed by installing a 
gravel bioswale along the borders and replacing 
existing parking spaces with permeable surfaces. 
These changes will not only address surface water 
contamination, but also allow stormwater to 
infiltrate so that it will assist with groundwater 
augmentation. 

Summary 
The North Atwater Park project will utilize 
innovative Low Impact Development (LID) and 
Best Management Practice (BMP) technologies to 
simultaneously achieve a variety of benefits, 
including responsible water conservation, 
improved water quality, expanded wildlife habitat 
connectivity, co-located multi-generational 
recreation, and public education. 

The park's goals recognize that, while it is 
important to transform the existing park into a 
beautiful, scenic landmark and natural resource, it 
is equally important to educate the public about 
the huge potential such achievements have in 
encouraging wiser water use practices. 
Fundamentally, the park is about water
respecting LA's water supply and celebrating the 
River-by simultaneously improving the 
survivability of our wildlife and human habitat. 
North Atwater Park is an example of what can 
happen when public agencies and residents tackle 
complicated problems with creative planning and 
successful collaboration. 

ro 
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"The LA River cause is reaching more and more 
people every day. We are incredibly encouraged 
by the USEPA's July 2010 decision regarding the 
River's federal protection status and particularly 
because of the context in which it was 
announced-President Obama's America's Great 
Outdoors initiative is exactly the kind of support we 
need now and the visit of so many distinguished 
Administration officials to the River reinforces the 
belief that the River is important to millions of 
people here and across the country." 

Carol Armstrong, PhD., Environmental 
Supervisor, Project Manager, LA River Project 
Office 

"The City's commitment to LA River revitalization 
has only gained in momentum over the years and 
we have now reached an important crossroads for 
answering the big questions-such as how to 
capture and reuse storm flows, how to expand our 
recycled water uses, how to ensure we have 
enough water to maintain critical wildlife habitat, 
and how much flood capacity can we add? The 
River is central to each and every one of the 
answers." 

Larry Hsu, P.E., Senior Civil Engineer, Project 
Manager, LA River Project Office 
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System Maintenance Category 

Maintaining system infrastructure reduces water waste and allows for greater water accountability. Infrastructure maintenance 
is a high priority for LADWP. On-going programs such as pipeline replacement, pipeline corrosion control, and meter 
replacement preserve the operational integrity of City water facilities, and aims to reduce unaccounted water losses. 

In recent years, the LADWP has ramped up its pipeline replacement program from 70,000 LF annually to 130,000 LF 
annually. LADWP has also made significant progress in replacing and/or retrofitting water meters through its meter 
replacement program that started in 1988. As a result of extended flow or usage, the moving parts in a water meter can wear 
down and begin to under-register the actual water consumption. The meter rep acemeAt program has been valuable in 
ensuring the accuracy of the approximately 700,000 meters within the City. Recently, all f the large-sized meters (3-in and 
larger) in the system were replaced as part of a Large Meter Replacement IDrogram, and the bADW is also replacing 35,000 
small meters annually. 

3.3 

LADWP, on its own, and in cooperation with other agencies continues to Investigate future programs, practices, and 
technology to improve water conservation. 

3.3.1 Graywater 
As defined by State regulations, graywater is untreate as not come into contact with toilet 
waste or unhealthy bodily wastes. It includes water sources from i?JathtoDs, snower-s, athroom wash basins, and water from 
clothes washing machines and laurrdry tubs. It specifically exclld es water fromtitc' n sinks and dishwashers. Graywater is a 
drought-proof source of supply for~ubsu Fface landscape irrigat'on. Graywater regulations do not allow for its application using 

maintenal'1ce. f o address the current water shortage and reduce water demands, emergency graywater regulations added 
Chapter 16}\ (Part I) "Non potable Water Reuse Systems" to the 2007 California Plumbing Code. These regulations were 

approved by California Building StanGi ardls Commission in 2009 and became effective on August 4, 2009. Further revisions 
were made to the reSlulati 0ns and the regulations became permanent on January 12, 2010 with an effective date of January 
20, 2010. These new COG change a low the use of certain types of untreated graywater systems as long as specific health 
requirements are met as de Ined by the authority having jurisdiction. The ordinance can be acquired from the City of Los 
Angeles Department of Buildir-1g and Safety (LADBS) website at the following link. 

http://ladbs.org/LADBSWeb/LADBS Forms/lnformationBulietins/IB-P-PC200B-012Graywater.pdf 

Graywater systems in residential buildings are regulated by LADBS. LADBS requires a plumbing permit prior to construction, 
reconstruction, installation, relocation, or alteration of any graywater systems, treated or untreated. As of fiscal year 2009-10, 
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LADWP does not offer any rebates or incentives for graywater systems, but continues to assess the potential for this water 
conservation technology. 

Untreated Graywater Systems 

Untreated graywater systems are systems where graywater is collected from non-toilet and non-kitchen sources and is utilized 

without treatment, for uses such as landscape irrigation. According to a 1999 study prepared by the Soap and Detergent 
Association, the average untreated graywater system in the US uses 6.3 gallons per day In a 2~0 White Paper prepared by 
Bahman Sheikh, for the WateReuse Association, Water Environment Federation, and A erican Water Works Association the 
potential for graywater generation in 2030, adjusted for conservation devices, is estimatea at approximately 75.5 gallons per 
household per day. Potentially 50 percent of indoor potable water use could be re-used as gray,water. Multiple manufacturers 
have developed untreated graywater systems and many households have iRstalled such systems. However, these systems 
are not typically monitored, thus health and safety risks associated wit t e prod cts have not bee determined. 

modification of existing plumbing. Multiple requirements must be met for 
not limited to: 

• 
• Designs shall incorporate a means to allow the user to eJivert flow to the disl20sal ar-ea or the building sewer; 

• 
• 
• 
• 
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CASE STUDY: 
Single-Family Home Graywater System 

As a community environmental leader, Janie Thompson is 
taking extraordinary steps in efficient use of water and 
conservation. With the help of her husband, her household 
has become an excellent example of a rainwater capture 
residence, catching rain in 18 separate rain barrels with 60 
gallons each. To save even more water, the couple is 
installing an impressive graywater network, distributing water 
to the furthest extent of their large 14,850 square foot 
property. 

"In June 2009, when the Mayor announced the 
ordinance limiting watering to two days per week, we 
freaked out, and originally thought most of our 
landscaping would die. With all of our conservation, 
rainwater capture, and use of graywater, our usage 
has dropped from 117 hcf to around 54 hcf per month 
in the summer months. We couldn't be happier. It just 
goes to show you how much most people in the City 
over water." - Janie Thompson 

Their existing graywater system currently uses the drainage 
pump from the clothes washer to pump water slightly up 
grade to tree and flower areas of the backyard. Upon exiting 
the washer, a 3-way valve reserves the option to divert 
washer effluent to the sewer system. The graywater piping 
travels beneath their raised foundation home, into the subsoil, 
and onto the areas it serves. Once construction is complete, 
all piping (left) will be buried with existing soil or mulch. 

When the stream is pumped to the highest point of the yard, it 
is sent to numerous subsoil infiltration chambers, through a 
distribution system of 1" HOPE (High-density polyethylene) 
pipe. The infiltration chambers are made from 1 gallon paint 
buckets turned upside down with holes cut in the bottoms 
(below). The chambers allow for unobstructed exit flow and 
appropriate soil surface area for infiltration. In addition, they 
provide a significant volume for water storage during the 
surge of a pumped load of laundry. Plant roots are attracted 
toward these water outlets, essentially feeding on nutrients 
and organics in the graywater. The tops of the chambers are 
cutout for frequent access, and covered with mulch or 
stepping stone. The pipe exits can be checked as necessary 
to ensure free flow. 

The next steps in the construction are connection of the 
bathtub and bathroom sinks. Effluent from these water 
sources will enter a surge tank and float switch assembly. A 
graywater dedicated pump will then automatically push water 
to existing and newly installed infiltration chambers throughout 
the yard. 
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Graywater used from these indoor sources will provide two 
main benefits. It will displace water used for irrigation and 
prevent additional water from entering the sewer. This 
decreases the load on the City sewer system lowering the 
overall cost of treatment for the Bureau of Sanitation. 

The water savings are approximated in the following table. 
Please note that the clothes washer is a high efficiency front 
loading model. Showers are estimated at 10 minutes long with 
a head using 2.5 gallons per min. 

Yearly Water Savings 

Washer 14 gal/use 
10 140 7,280 

uses/wk gal/wk gal/yr 

Bathtub 40 3 840 43,680 
gal/person/day people gal/wk gal/yr 

Bath 2 3 42 2,184 
Sink gal/person/day people gal/wk gal/yr 

Total 53,144 
gal/yr 
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Treated Graywater Systems 

Treated graywater systems treat water collected from non-kitchen and non-toilet sources for nonpotable reuse indoors and 

outdoors. Treated graywater systems for indoor use of graywater are not currently permitted by LADBS as there are no water 
quality standards nor mean to certify onsite treatment systems. Testing agencies are working to address safety concerns while 
manufacturers are working to improve the technology gap in the systems. Both manufacturers and testing agencies are 
working together to address gaps in standards to allow the future use of treated graywater fQr outdoor surface irrigation and 

for indoor uses in toilets and urinals. 

The National Center for Disease Control and Prevention in conjunction with North Carolina State University is developing a 
program to examine the public health values and impacts associated with decentralized water reuse at eight project sites 
across the country. Under this program wastewater from homes would be reate to Title 22 standards as required by local 
health regulators. One of the proposed sites is located in Los Angeles County. 

and NSF International are the two testing agencies working to develop standar-ds for uniform treated graywater systems 
applicability in the US. LADWP is closely following the develo~ent of the NSF Standard 350 and IAPMO standards to ensure 
that once a set of standards have been approved by mod I codes and adopted by the B~ing Standards Commission, the 
citizens of Los Angeles can safely install treated graywater syste s to maximize wate~ reuse without any health and safety 
risks. 

3.3.2 
Although LADWP regula~ssesses new water conservation opportunities, conservation programs may, at some point in 
time, diminish a customer's aBility 0 further c~~e water, in pa tiC lar during short-term water supply shortages caused by 
droughts or other emergencies. This ph~o en on is known as "demand hardening." The California Urban Water Agencies 
defines demand naraenlng as, "the diminished ability or- w'llingoess of a customer to reduce demand during a supply shortage 

hardwme c0nservation measures, such as t e installation of high efficiency toilets and behavioral conservation, such as 
water-i ng tluring specified periods of the day. 

Demand hardeni r-lg oecurs when opti (]lns available for reducing water use are limited as the customer base is saturated with 
hardware conversions catJsing efficielil t water usage patterns to prevail. During "dry" years, utility customers who have actively 
participated in water cons~rvat~ro@rams can be disproportionately impacted by water reductions as there is a limited ability 
for further conservation. The im act of demand hardening would be most prevalent during water supply shortages where 
customers have already beel'1 implementing long-term water conservation measures. Proponents of demand hardening 
believe that implementation and saturation of new hardware-based conservation devices would generally not occur rapidly 
enough during a water supply shortage, such as a drought, to reduce short-term water use. 

However, it can be argued that hardware-based conservation devices will continue to be developed, piloted and implemented, 
such as the previously discussed weather based irrigation controllers, thus improving the ability to further conserve in the 
future. During droughts, consumers will respond to the call for more conservation by behaviorally adjusting their water use 
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through methods such as not leaving water running and taking shorter showers. Additionally, full saturation of current 
conservation devices has not occurred. For these reasons, others believe demand hardening is irrelevant and there is a 
continued need for aggressive conservation programs. 

Full implementation of current conservation measures, including reducing leaks, has the potential to reduce per capita water 
demands even further. Past water conservation efforts have reduced water use within LADWP's service area even though the 

population has continued to expand as illustrated in Exhibit 3A. It is expected that fut re water conservation efforts will 
continue this trend as increased saturation of water saving hardware devices occ rs and new hardware devices are 
developed. 

hardware devices combined with potential demand hardening have the a~lity to impact demand forecasts. As a worst case 
scenario, demand hardening and its effects are considered in LADW ' water demand forecasts to e sure that the 
appropriate supply of water is planned for. However, LADWP will contlflue to maintain its aggressive water cOflservation 
program discussed within this section. In the future, LADWP's water (jema~orecasts will continue to be examined and 
adjusted accordingly to compensate for additional implementation of long-term water conservation measures as saturation 
increases and new technology results in new hardware devices. 

Exhibit 31 

Acre-feet per Fiscal Year 

2014/2015 2019/2020 2024/2025 2029/2030 

3,416 5,882 8,349 10,815 

871 1,504 2,137 2,770 

7,969 16,000 24,030 32,061 

Industrial 1,924 3,847 5,824 7,774 

Total Active Conservation Projections 14,180 27,260 40,340 53,420 
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To determine potential conservation savings for indoor water use in the CII sector, LADWP conducted a high-level study to 

first estimate CII water use for each subsector (e.g. hospitals, refineries, schools, business parks, restaurants, etc.) and indoor 

end-use (e.g., toilets, showers, kitchen, laundry, food processing, coolinglheating, etc.), and second determine the potential 

for indoor water savings for each subsector and end-use. This study involved a sample of water use for approximately 150 of 
LADWP's largest CII customers to estimate total sector water use, along with employment data from Dunn & Bradstreet. 

Additional data sources listed below were used to determine indoor end-use estimates for each subsector, as well as the 

potential for water savings. : 

• BMP 9: A Handbook for Implementing Commercial Industrial & Institutk'Jnal Conservation Programs. (2001). 
California Urban Water Conservation Council. 

• Commercial and Institutional End Uses of Water. (2000) 
Foundation. 

• 

• 

• Watersmart Guidebook---A Wate/1l:)se Efficiency Plan-Review 
Municipal Utility District. 

• 

• 

• Water idse Efficiency comp.rt nsive Evaluation. (2006). CALFED Bay-Delta Program. 

The study concluded that by targeting just the top 1QO or so largest CII users, approximately 4,600 AFY of water could be 

saved (representing aBout ;3 Rercent of total CII watef use). The study also found that the subsectors that use the most water 

product anufacturing (5%), textile mills (5%), amusement (4%), and food manufacturing (4%). The study also concluded 

that tbe pQtential for indoor water Gonservation was approximately 23,000 AFY or 15 percent of total CII water use. Exhibit 3J 
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Exhibit 3J 
Breakdown of Estimated Cllindoor Water Conservation Potential of 23,000 AF 

Percent Water Saved per Subsector 

_ Accommodation (Hotel/Motel) 

o Education (Schools and Colleges) 

o Faucets/Rinsing 

o Kitchen/Oishwashing 

Chapter 3 
Water Conservation 

Outdoor water use as a percentage of water use was approximated using three methodologies to determine the potential for 
outdoor water conservation savings. The methodologies and percent outdoor water use determined for each methodology are: 

• Minimum-Maximum Methodology (outdoor water use is approximately 39.98%) - based on the premise that during wet 

months outdoor water use is minimal and during dry months outdoor water use is at its peak 
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• Wastewater Treatment Plant Influent Methodology (outdoor water use is approximately 38.32%) - based on determining 
the average monthly influent flows to the City's four wastewater treatment plants during the dry-weather months of June 
through September and adjusting for contract agency flows and dry-weather stormwater diversions 

• Infrared Analysis Methodology (outdoor water use is 39.67%) - based on an infrared analysis of the City to determine tree 
canopy and landscape coverages for use in estimating applicable water use requirements for greenscapes based on 

rainfall data, plant factors, evapotranspiration rates, and irrigation efficiencies 

The resultant range between the low and high outdoor water use percentage is appro~imately 1.35%. This narrow range 
resulting from the three methodologies confirms the methodologies are fairly ac~ate. 

Greenscape areas related to commercial and residential land uses are the ost likely areas 0 De targeted for outdoor water 
conservation. Rehabilitation of these areas to meet or exceed the ;ra,otranm>iration adjustment factor (ETAF) of 0.7 as 
required in the Model Water Efficient Landscape Ordinance would result in significant savings ranging from 21,774 to 165,870 
AFY. Currently, these savings are not represented in the projectea act~e conservation in Exhibit 31. E'~b iblt K illustrates the 
potential savings under three scenarios by customer sectors. scenario-...~epresents an improvement in average irrigation 
efficiencies and/or installation of less water intensive vegetation to aGhieve and ETAF of 0.7. Scenario 2 represents an 
improvement in average irrigation efficiencies and/or replacement of high water use vegetation with less water intensive 
vegetation in the moderate to low water use range to achieve an ETAF of 0.49. Scenario 3 represents an improvement in 
average irrigation system efficiency and replacement of all vegetation with very ow water. use vegetation almost entirely 
dependent upon effective precipitation to achieve an ETAF of 0.07. :r~would require i~entive programs, such as cash for 
grass programs. Other large greenscape area, includin~ p'arks, cemeteries and golltcourses, were not considered in the 
analysis as they would more than likely be preserved as tu M' 0r tree oanopy areas to retain quality of life benefits. These areas 
are likely to be targets for recycled water use. 

Scenario 2 Scenario3 

(AFY) 

42,464 100,901 

5,956 19,095 45,371 

2,573 8,247 19,597 

21,774 69,806 165,870 

3.4 
The average cost of conservation rebates, incentives, and hardware installation programs ranges from approximately $325/AF 
to $400/AF based on curren l ADWP conservation programs. More than $200 million has been invested in water conservation 
since 1991. Conservation is the cornerstone of LADWP's water demand management activities and ongoing investments will 
be made in viable programs, subject to funding availability and LADWP's ability to implement such programs. Outside sources 

of funding are sought to complement the City's resources. A stronger commitment is also being made to acquire outside grant 
funding for City conservation projects. 

Currently, the funding sources for conservation are: 
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• Water Rates - Water conservation programs are primarily funded through water rates. 

Chapter 3 
Water Conservation 

• MWD Conservation Credits Program - MWD offers both commercial and residential rebates to member agency 
customers that install specified conservation devices. The rebates equate to $195 per AF of water saved, or half the 
project cost. In addition, MWD reimburses the LADWP for pre-approved projects when completed. In 2009 MWD 
reimbursed the Department $139,000 for a water broom distribution program. LADWP also expects to be reimbursed in 

2011 through the MWD Member Agency Administered funding program for $968,000. The monies are reimbursement for 
22.2 acres of turf reduction projects through the Department's Commercial/lndld 
Incentive Program. 

• Outside Agency Co-Funding - Other agencies realizing benefits from conseliVation programs are solicited for co-funding 
of program costs. 

• 

• 

• 
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DRAFT Chapter Four 
Recycled Water 

LADWP is committed to significant expansion of recycled water in the City's water supply portfolio. Realizing multiple factors 
are decreasing the reliability of imported water supplies, LADWP released the City of Los Angeles Water Supply Action Plan 

(Plan), "Securing LA's Water Supply" in May of 2008. The Plan established the goal of using 50,000 AFY of recycled water to 
offset demands on potable supplies. In order to meet this goal, LADWP, in conjunction with the Department of Public Works 
Bureau of Sanitation (BOS), are working together to develop a Recycled Water Master Plan (RWMP). Opportunities to expand 
the water recycling program are being studied through development of the RWMP. These include expanding the recycled 
water distribution system for Non-Potable Reuse (NPR) such as for irrigation and industrial use, along with replenishment of 
groundwater basins with highly purified recycled water. Beyond 50,000 AFY, LADWP expects to increase recycled water use 
by approximately 1,500 AFY annually, bringing the total to 59,000 AFY by 2035. 

LADWP's water recycling program is dependent on the City's wastewater treatment infrastructure. Wastewater in the City of 
Los Angeles is collected and transported through some 6,500 miles of major interceptors and mainline sewers, more than 

Exhibit4A 
11,000 miles of house-sewer connections, 46 pumping plants, and 

City Wastewater Plants and Sewersheds four treatment plants. BOS is responsible for the planning and 
operation of the wastewater program. The City's wastewater 
system serves 515 square miles, of which 420 square miles are 
within the City. In addition to the City, service is provided to 29 non
City agencies through contract services. Exhibit 4A shows the 
City's four wastewater treatment plants and seven sewersheds that 
feed those plants. 

O Hyperion-Coastal 
Sewershed 

f} Hyperion-Metro 
Sewershed 

a Los Angeles-Glendale 
~ Sewershed 

o VSL~A Sewershed 

41) Tillman Sewershed 

£;I> Terminal Island 
\:Il Sewershed 

o Tunnel Sewershed 

-City of Los Angeles 
Boundary 

A portion of the treated effluent from the wastewater plants is 
utilized by LADWP to meet recycled water demands. 

As early as 1960, the City recognized the potential for water 
recycling and invested in infrastructure that processed water to 
tertiary quality, a high treatment standard for wastewater. This 
resulted in the building of tertiary wastewater treatment plants 
upstream instead of enlarging the two existing terminus treatment 
plants. These system enhancements brought about the City's 
expanded recycled water projects, which now supplement local and 
imported water supplies. The original policy allowing the use of 
recycled water was adopted by the State Legislature in 1969. 

In 1979, LADWP began delivering recycled water to the 
Department of Recreation and Parks for irrigation of areas in Griffith 

Park. This service was later expanded to include Griffith Park's golf courses. In 1984, freeway landscaping adjacent to the 
park was also irrigated with recycled water. In addition, the Japanese Garden, Balboa Lake and Wildlife Lake in the Sepulveda 
Basin now utilize recycled water for environmentally beneficial reuse purposes. The Greenbelt Project, which carries recycled 
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water from the Los Angeles-Glendale Water Reclamation Plant to Forest Lawn Memorial Park, Mount Sinai Memorial Park, 
Lakeside Golf Club of Hollywood and Universal Studios, began operating in 1992, and represents LADWP's first attempt at 
water recycling. LADWP continues to successfully implement the use of recycled water for various purposes. In 2009 phase 1 
of the Playa Vista development began receiving recycled water. Playa Vista is the first planned development in the City that 
uses recycled water for all landscape needs. Future recycled water projects will continue to build on the success of these prior 
projects so that recycled water becomes a more prominent component of the City's water supply portfolio. 

The City's water recycling projects seek to displace the use of potable water with recycled water for non-potable uses where 
infrastructure is available. In compliance with Chapters 7.0 and 7.5 of the California Water Code, the quality of LADWP's 
Recycled water meets all of the following conditions: 

• The source of recycled water is of adequate quality for those uses; 

• The recycled water may be furnished for these uses at a reasonable cost to the user; 

• The use of recycled water from the proposed source will not be detrimental to public health; and 

• The use of recycled water will not adversely affect downstream water rights or degrade water quality. 

In addition, the California Water Code requires public agencies, such as the LADWP, to serve recycled water for non-potable 
uses if suitable recycled water is available. 

LADWP is expanding irrigation, industrial/commercial, and studying groundwater replenishment uses of recycled water. 
Demand for recycled water is driven by customer acceptance of recycled water as a viable alternative to traditional potable 
supplies. Outreach efforts designed to educate the public on the viability of recycled water and its potential uses are an 
essential part of the process as the City's recycled water program expands. 

4.1 Regulatory Requirements 
Recycled water use is governed by regulations at the State and local levels. These regulations are based on multiple factors 
including the type of use and water quality. LADWP currently uses recycled water for non-potable reuse and is pursuing in
direct potable reuse through groundwater replenishment (GWR) using advanced treated recycled water. Requirements for 
these two categories of recycled water use are different. This section provides a summary of the complex recycled water 
regulations, a more in-depth description of these regulations will be included as part of the RWMP. 

4.1.1 Non-Potable Reuse Regulations 
Non-potable water reuse (NPR) regulations in the City of Los Angeles are governed by the California Department of Public 
Health (CDPH), State Water Resources Control Board (SWRCB), Los Angeles Regional Water Quality Control Board 
(LARWQCB) and the Los Angeles County Department of Public Health (LACDPH). 

California Department of Public Health 
Criteria and guidelines for the production and use of recycled water were established by the CDPH in the California Code of 
Regulations, Title 22, Division 4, and Chapter 3 (Title 22). Title 22, also known as Water Recycling Criteria, establishes 
required wastewater treatment levels and recycled water quality levels dependent upon the end use of the recycled water. 
Title 22 additionally establishes recycled water reliability criteria to protect public health. 
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Title 22 specifies recycled water use restrictions based on the potential degree of public exposure to the water and the 
distance of drinking water wells and edible crops from the area of intended use. Recycled water use applicability also depends 
on the different levels of treatment. A higher quality water will have a wider variety of applicable uses than a lower quality 
water. At a minimum, secondary treatment of wastewater is required for recycled water use. In the City of LA, however, all 
recycled water used is treated, at a minimum, to tertiary levels with additional disinfection. Wastewater treatment levels are 
discussed in detail in subsection 4.2 of this chapter. Title 22 allows for other treatment methods, subject to CDPH approval. 
The reliability of the treatment process and the quality of the product water must meet the Title 22 requirements specified for 
each allowable treatment level. Exhibit 4B provides a summary of the currently approved recycled water uses. 

'" v 

Exhibit4B 

"':""""" Allowable Title 22 Recycled Water Uses 
'" '" 

Irrigation Uses 

Food crops where recycled water contacts the edible portion of the crop, including all root crops 

Parks and playgrounds 

School yards // ~ """ "'. c"' 
Residential landscaping 

~, 

'" }~ 
, ~ 

l 

Unrestricted access golf courses "- ", '..) ~ 

Any other irrigation uses not prohibited by other provisions of the California Code of Regulations 

Food crops, surface irrigated, above ground edible portion, and not contacted by recycled water 

Cemeteries 

\ 
" 

J Freeway landscaping .~, '" 

Restricted access golf course \ / " 

Ornamental nursery stock and sod farms with unrestricted public access 

Pasture for milk animals for human consumption 

Non edible vegetation with access control to prevent use as park, playground or school yard 

Orchards with no contact between edible portion and recycled water 

Vineyards with no contact between edible portion and recycled water 

Non food bearing trees, including Christmas trees not irrigated less than 14 days before harvest 

Fodder and fiber crops and pasture for animals not producing milk for human consumption 

Seed crops not eaten by humans 

Food crops undergoing commercial pathogen destroying processing before consumption by humans 

Supply for impoundment 

Non restricted recreational impoundments, with supplemental monitoring for pathogenic organisms 

Restricted recreational impoundments and publicly accessible fish hatcheries 

Supply for Impoundment Uses 

Non restricted recreational impoundments, with supplemental monitoring for pathogenic organisms 

Restricted recreational impoundments and publicly accessible fish hatcheries 

Landscape impoundments without decorative fountains 

Supply for cooling or air conditioning 

Industrial or commercial cooling or air conditioning involving cooling tower, evaporative condenser, or 

spraying that creates a mist 

Industrial or commercial cooling or air conditioning not involving cooling tower, evaporative 
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condenser, or sprayinQ that creates a mist 

Other Uses 

Dual plumbing systems (flushing toilets and urinals) 

Priming drain traps 

Industrial process water that may contact workers 

Structural fire fighting 

Decorative fountains /', 
Commercial laundries /.,/ ',~ 

Consolidation of backfill material around potable water pipelines /'" " 
Artificial snow making for commercial outdoor uses 

/ ./ '" 
, 

Commercial car washes, not heating the water, excluding the general public from washing process 

Industrial process water that will not come into contact with workers 

Industrial boiler feed """ " 
Nonstructural fire fighting h--... ...... \ .... "' .... -;/ 
Backfill consolidation around non potable piping ~ ...... // .::::.:~. .{. ..... 

Soil compaction 
~ .A/ 

Mixing concrete ~ "" " 
Dust control on road and streets 

' .. 

'" ' .... 

Cleaning roads, sidewalks and outdoor work areas "". 
:: .. , 

Flushing sanitary sewer ") '~'" ;../ 
Groundwater recharge 

\ / "~, ':.' 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Non-Potable Reuse Regulatory 
and Policy Assessment TM, September 8, 2009 

Areas where recycled water is used occurs within defined boundaries. Title 22 stipulates use area requirements to protect 
public health. Use area regulations include requirements addressing recycled water application methods and runoff near 
domestic water supply wells, drinking fountains, and residential areas. Other requirements include posting signs notifying the 
public where recycled water is being used, utilization of quick couplers instead of hose bibs, and the prohibition against 
connecting recycled water systems with potable water systems. Dual plumbed recycled water systems in buildings are also 
addressed; these systems must meet additional reporting and testing requirements. 

To protect public health, Title 22 requires reliability mechanisms. During the design phase, a Title 22 Engineering Report is 
required to be submitted to CDPH and the local Regional Water Quality Control Board (RWQCB) for approval. Contents of the 
report include a description of the system and an explanation regarding how the system will comply with Title 22 requirements. 
Redundancy in treatment units or other means to treat, store, or dispose of recycled water are required in case the treatment 
unit is not operating within specified parameters. Alarms for operators are required to indicate treatment plant process failures 
or power failures. In case of power failures, either back-up power, automatically activated short-term or long-term recycled 
water storage, or a means of disposal is required. Furthermore, system performance must be monitored by water quality 
sampling and analyses. 

As mentioned previously, cross-connections between the potable and recycled water systems are not permitted. The 
California Code of Regulations, Title 17, Division 1, Chapter 5, Group 4 prevents cross-connections between potable water 
supply systems and recycled water supply systems. Title 17 specifies that water suppliers must implement cross-connection 
control programs and backflow prevention systems. 
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In addition to Title 22 and Title 17 requirements, CDPH has additional regulations and guidance established in the following 
documents: 

• Guidelines for the Preparation of an Engineering Report for the Production, Distribution, and Use of Recycled Water 
(2001 ) 

• Treatment Technology Report for Recycled Water (2007) 

• Guidance Memo No. 2003-02: Guidance for the Separation of Water Mains and Non-Potable Pipelines (2003) 

State Water Resources Control Board and Los Angeles Regional Water Quality Control 
Board 
In May 2009, the SWRCB adopted "Recycled Water Policy" developing uniform standards across all Regional Water Quality 
Control Boards for interpreting the "Anti-Degradation Policy". When planning and implementing recycled water projects the 
following must be taken into consideration: 

• Mandate for recycled water use - encourages recycled water use and establishes targets to increase use 

• SalUnutrient management plans - requires submittal of salUnutrient management plans by 2014 

• Landscape irrigation projects' control of incidental runoff and streamlined permitting - addresses controlling incidental 
runoff and streamlining permit processes for recycled water use in landscape areas 

• Groundwater recharge - establishes requirements for groundwater recharge projects 

• Anti-degradation - establishes that salt and nutrient management plans can address groundwater quality impacts 

• Chemicals of emerging concern - establishes a blue-ribbon advisory panel to develop a report on chemicals of 
emerging concern and update the report every five years. 

Water Recycling Requirements (WRR) for each of the City's applicable wastewater treatment plants engaged in water 
recycling are issued by the LARWQCB. These requirements specify end-users of recycled water and enforce treatment and 
use area requirements. 

In July 2009, the SWRCB adopted a general landscape irrigation permit, "General Waste Discharge Requirements for 
Landscape Irrigation Uses of Municipal Recycled Water" (General Permit). The General Permit streamlines the regulatory 
approval for landscape irrigation using recycled water. Agencies with existing WRRs, such as the City, are not required to 
apply for the General Landscape Irrigation Permit. 

Earlier in April 2009, the LARWQCB adopted a general region-wide permit, "General Waste Discharge and Water Recycling 
Requirements for Non-Irrigation Uses over the Groundwater Basins Underlying the Coastal Watersheds of Los Angeles and 
Ventura Counties" for non-irrigation uses of recycled water. Similar to the General Permit, this permit streamlines the 
permitting process and specifies the application process for qualifying projects. 
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Los Angeles County Department of Public Health 

Title 22 and Title 17 water use regulations are enforced by the LACDPH, Environmental Health Division. LACDPH has 
published "A Guide to Safe Recycled Water Use, Pipeline Construction and Installation" requiring compliance with Title 22, 
CDPH, and LARWQCB requirements. After CDPH has approved the plans and specifications and the City has an agreement 
to serve the customer, LACDPH reviews and approves all plans and specifications prior to construction. After construction 
LACDPH inspects the systems and conducts cross-connection, pressure, and back-flow prevention device tests. Recycled 
water use must occur in compliance with the Los Angeles County Recycled Water Advisory Committee's "Recycled Water 
Urban Irrigation User's Manual". Each site must also have a site supervisor responsible for recycled water use. 

City of Los Angeles 
Recycled water responsibilities of the City of Los Angeles include complying with all LARWQCB permits for the wastewater 
treatment plants and production of recycled water, approving recycled water use sites, conducting post-construction 
inspections, and periodically inspecting use areas and site supervisor records. 

LADWP customers are permitted to use recycled water when service is available and per LADWP Ordinance No. 170435 
(subsequently amended by Ordinance No. 178902 in 2008). Users are responsible for operations and maintenance of their 
recycled water systems up to the connection point with LADWP. Users are required to use recycled water in accordance with 
Titles 22 and 17 and the "Recycled Water Urban Irrigation User's Manual". If a customer is violating these requirements, 
LADWP may stop providing recycled water to the customer. 

4.1.2 Groundwater Replenishment Regulatory Requirements 
The regulations governing recharge of groundwater or groundwater replenishment (GWR) with recycled water are established 
by the CDPH and LARWQCB. Additional approval is required by the SWRCB and California Department of Fish and Game 
(DFG) if flows will be diverted from surface waters, such as in Los Angeles where recycled water is currently discharged by 
two treatment plants into the Los Angeles River. The City's GWR project as described in section 4.4.3 will be subject to these 
regulations. 

For groundwater replenishment, LADWP will implement advanced treatment that includes reverse osmosis, 
microfiltration, and advanced oxidation. This level of treatment will address water quality concerns for the health of 
the basin along with emerging contaminants of concern. 

California Department of Public Health 

Regulatory oversight of groundwater recharge projects is provided by the CDPH. CDPH regulates groundwater recharge 
projects under Title 22 requiring the CDPH to make recommendations on a case by case basis after a public hearing. 
Requirements for recharge are not provided in Title 22. Draft Groundwater Recharge Reuse Criteria, released in August 2008, 
are used by the CDPH to evaluate projects for approval or denial. The draft regulations are designed to protect public health 
through the establishment of stringent requirements by: 

• Requiring recycled water to meet maximum contaminant levels (MCLs) established for drinking water; 

• Establishing the volume of recycled water used based on Total Organic Carbon (TOC), dilution, and treatment levels; 

• Requiring retention of groundwater for six months before reaching a well used for drinking water with validation by a 
tracer study; 
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• Monitoring on a quarterly basis for specified pollutants and chemicals and yearly monitoring of constituents indicating 
the presence of wastewater in produced recycled water and in downgradient monitoring wells; 

• Implementing a source control program; and 

• Establishing additional requirements for projects with recycled water contributions greater than 50%, including a 
review by an Independent Advisory Panel. 

Similar to non-potable reuse, project proponents must submit a Title 22 Engineering Report to the CDPH and LARWQCB for 
review. After completion of the report, the CDPH holds a public hearing followed by issuance of Findings of Fact and 
Conditions for submission to the LARWQCB. 

Los Angeles Regional Water Quality Control Board 

Prior to the issuance of a permit, the LARWQCB reviews CDPH's Findings of Fact and Conditions and considers provisions in 
the adopted Los Angeles Basin Plan (Basin Plan) for the LARWQCB region, applicable State policies (including the SWRCB 
Recycled Water Policy), and applicable federal regulations if recycled water is discharged to water of the US. The Basin Plan 
establishes water quality objectives for surface water and groundwater to protect beneficial uses. The LARWQCB then holds a 
public hearing to consider the permit. Ultimately, if approved, the LARWQCB issues permits in the form of water reclamation 
requirements and waste discharge requirements. 

4.2 Wastewater Treatment Plants 
There are four wastewater treatment plants owned and operated by the BOS. City wastewater treatment consists of a series 
of processes that, at a minimum, remove solids to a level sufficient to meet regulatory water quality standards. During the 
preliminary, primary, secondary, and tertiary treatment processes, progressively finer solid particles are removed. Preliminary 
treatment removes grit and large size particles through grit removal basins and screening. Primary treatment relies on 
sedimentation to remove smaller solids. With most of the grit, large sized particles, and solids already removed, secondary 
treatment converts organic matter into harmless by-products and removes more solids through biological treatment and further 
sedimentation. At the end of secondary treatment, most solids will have been removed from the water. Tertiary treatment 
follows secondary treatment to eliminate the remaining impurities through filtration and chemical disinfection. At this stage, 
sodium hypochlorite (the chemical contained in household bleach) provides disinfection. All recycled water used within the 
City is given, at a minimum, tertiary treatment and disinfection. In the Harbor, recycled water is also given advanced treatment 
with microfiltration/reverse osmosis (MF/RO). MF/RO is a two-stage process using high-pressure membrane filters to remove 
microscopic impurities from the source water. Exhibit 4C summarizes the treatment levels, capacity, and average flows at the 
four plants. 
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Exhibit4C 
Wastewater Treatment Plants Summary 

Average 
Capacity Flows 

WastewaterTreatment Plants Treatment Level (mgd) (mgd)1 

Donald C. Tillman Water Reclamation Plant 
Tertiary to Title 22 standards with 80 53 
Nitrification/Denitrification 

Los Angeles - Glendale Water Reclamation Plant 
Tertiary to Title 22 standards with 20 17 
Nitrification/Denitrification 

Terminal Island Water Reclamation Plant 
Tertiary; Advanced treatment 30 15 
(MF/RO) of 5 mgd 

Hyperion Treatment Plant Full secondary2 
/ ,. .......... 450 320 

1. Average dry weather flows 2008, except for OCT January 2005 through December 2008. 

2. 31 mgd of full secondary treated water delivered to West Basin Water Reclamation Plant operated by West Basin Municipal Water 
District. Water treated to Title 22 standards for recycled water use. 

Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, OCT Data Summary, January 29, 2010 

City of Los Angeles Recycled Water Master Plan Technical Memorandum, Wastewater Treatment, November 2,2009 

4.2.1 Donald C. Tillman Water Reclamation Plant 
In service since 1985, the Donald C. Tillman Water Reclamation Plant (OCT) has an average dry-weather flow capacity of 80 
million gallons per day (mgd) and currently treats about 53 mgd. During wet weather, treatment capacity is limited to 40 mgd 
to prevent downstream infiltration surcharges on the sewer system while utilizing the remaining capacity for limited wet 
weather storage. Currently, the Bureau of Engineering (BOE) is designing wet-weather storage basins to allow year around 
operation at 80 mgd. The current level of treatment is Title 22 (tertiary) with nitrogen removal (nitrification/denitrification (NdN). 
Currently, this plant is providing recycled water to the Japanese Garden, Wildlife Lake, Lake Balboa, treatment plant reuse, 
irrigation, and industrial uses. Irrigation uses in the adjacent areas include golf courses, parks, and a sports complex. 
Industrial uses include the Valley Generating Station. The remaining tertiary-treated water is discharged into the Los Angeles 
River, The city intends on implementing a groundwater replenishment project supplied with tertiary treated Title 22 recycled 

water from OCT that is purified through advanced treatment to recharge the San Fernando Groundwater Basin. The project 
will initially recharge 15,000 AFY with the eventual goal of achieving 30,000 AFY. 

4.2.2 Los Angeles-Glendale Water Reclamation Plant 
The Los Angeles-Glendale Water Reclamation Plant (LAG) is a joint project of the City of Los Angeles and City of Glendale. 
LAG began treating wastewater in 1976. Originally the plant was designed without considering nutrient removal. Its average 
dry-weather flow design capacity is 20 mgd and it currently treats about 17.7 mgd. Each city is entitled to 50 percent of the 
plant's capacity. The City of Pasadena purchased rights to 60 percent of Glendale's capacity but has not yet exercised these 
rights. The current level of treatment is Title 22 (tertiary) with nitrogen removal (NdN). Recycled water from the LAG provides 
landscape irrigation to Griffith Park and the Los Angeles Greenbelt Project, including Forest Lawn Memorial Park, Mount Sinai 

Memorial Park, Universal Studios, and the Lakeside Golf Course. The City of Glendale retains the right to half of the recycled 
water produced at the plant and serves a number of customers in their service area. As with the OCT, the remaining tertiary
treated water from LAG is discharged into the Los Angeles River. 
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4.2.3 Terminal Island Water Reclamation Plant 
Originally built in 1935, the Terminal Island Water Reclamation Plant (TIWRP) has been providing secondary treatment since 
the 1970s. Tertiary treatment systems were added in 1996. The current average dry-weather flow capacity is 30 mgd with 
average flows of about 15 mgd. Recent completion of the Advanced Wastewater Treatment Facility added MF/RO treatment 
to a portion of the wastewater effluent producing approximately 3.0 mgd of recycled water. Recycled water is supplied to the 
Dominguez Gap Seawater Intrusion Barrier to reduce seawater intrusion into drinking water aquifers and to LADWP's Harbor 

Generating Station for landscape irrigation. Effluent in excess of the MF/RO component is discharged to the Los Angeles 
Harbor. Future recycled water use is expected to increase to more fully supply the Dominguez Gap Seawater Intrusion Barrier 
along with other potential customers in the Harbor Area. 

4.2.4 Hyperion Treatment Plant 
Operating since 1894, the Hyperion Treatment Plant (HTP) is the oldest and largest of the City's wastewater treatment plants. 
Its $1.2 billion construction upgrade, completed in 1999, allows for full secondary treatment. The current average dry-weather 
flow capacity of HTP is 450 mgd during dry weather, with an average wastewater flow of 342 mgd. A majority of the treated 
water is discharged through a 5-mile outfall into the Santa Monica Bay, and the rest, approximately 31 mgd, is delivered to the 
West Basin Water Reclamation Plant to meet recycled demands in the West Basin Municipal Water District (WBMWD) service 

area and parts of the City of Los Angeles. As of 2008, approximately 37,000 AFY of water from HTP Plant is sold to West 
Basin for additional treatment. A portion of this water is sold back to LADWP for the Westside Water Recycling Project, and 
the rest is then used to meet recycled water demands in West Basin's service area. Users of the Westside Water Recycling 
Project include Loyola Marymount University and Playa Vista. 

4.2.5 Projected Wastewater Volume 
Average dry-weather wastewater influent projections for the City's wastewater treatment plants are expected to increase by 
approximately 20 percent over the next 25 years. Projections include 29 agencies outside of the City with contracts for 
wastewater treatment. Wastewater effluent that is not recycled is discharged to either the Los Angeles River to the Pacific 
Ocean or outfalls leading directly to the Pacific Ocean. Wastewater treatment projections for average dry-weather flows to 
2035 and disposal methods are provided in Exhibit 4D. 

Exhibit 4D 

vr" Wastewater Treatment Plant Average Dry-Weather Flows, Reuse and Dischargel Method 

Reuse and Average Dry-Weather Flow Projections (AFY) 
Wastewater Treatment Plants Discharge Method 2010 2015 2020 2025 2030 2035 

Donald C. Tillman Water 
Recycling and 

Reclamation Plant 
Pacific Ocean via 82,779 84,347 85,915 87,483 90,283 93,084 
Los Angeles River 

Los Angeles - Glendale Water 
Recycling and 
Ocean via Los 23,299 25,427 27,331 29,460 31,588 33,716 

Reclamation Plant 
Angeles River 

Terminal Island Water Recycling and 
18,258 18,594 18,818 19,154 19,715 20,163 

Reclamation Plant Outfall to Ocean 
Conveyance to 

Hyperion Treatment Plant 
WBMWD for 

333,690 339,739 345,788 362,814 366,063 400,899 
Recycling and 
Ocean outfall 

Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Wastewater Flow Projection, September 30, 2009 
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4.3 Existing Recycled Water Deliveries 
The City has several recycled water projects currently providing recycled water for landscape irrigation, industrial, and 
commercial uses spread throughout four service areas: 

• Harbor - located in the southern portion of the City and currently served from the water reclamation plant at the 
TIWRP 

• Central City (Metro) -located in the central/eastern portion of the City and is served by LAG 

• San Fernando Valley -located in the northern portion of the City and is served by DCT 

• Westside -location in the central/western portion of the City and is served by HTP through the WBMWD West Basin 
Water Reclamation Plant 

Locations of the service areas are depicted in Exhibit 4E. Recycled water service areas coincide with potable water service 
areas. Recycled water deliveries for 2009 were 35,939 AFY, inclusive of municipal and industrial, environmental, and in-plant 
reuse. Estimated annual demands for online projects were 38,614 AFY. 
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4.3.1 Harbor Area 

Exhibit 4E 
Recycled Water System 
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Recycled water in the Los Angeles Harbor area is currently produced at the Advanced Water Treatment Plant (AWTP) located 
at the TIWRP. The AWTP was online in 2002 with first deliveries to customers commencing in 2006. This project was 
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developed jointly by LADWP, BOS, and BOE. Operations and maintenance is provided by BOS with funding from LADWP. 
Recycled water, treated using microfiltration and reverse osmosis, is currently used for landscape irrigation and groundwater 
injection with current demands of approximately 3,050 AFY. Treatment capacity of the AWTP is approximately 5,600 AFY. 
Excess recycled water is discharged into the Los Angeles Harbor. Exhibit 4F summarizes typical annual demands in the 
Harbor area. Currently two customers are served; LADWP's Harbor Generating Station and the Water Replenishment District 
(WRD). 

Exhibit 4F 
H b R r ar or ecyc mg 

Existing Annual Demand 

Program (AFY) 

Irrigation / 

Harbor Generating Station 
/' 

50 " "-
Subtotal Irrigation 50 """ 

Groundwater Barrier ...... 

Dominguez Gap Barrier (Water Replenishment District) 3,000 

Subtotal Groundwater Barrier 3,000 

Total Harbor Water Recycling Project 3,050 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Harbor Generating Station 

The Harbor Generating Station's demands that could potentially be met with recycled water are approximately 50 AFY 
including industrial cooling and landscape irrigation. Initially, recycled water was intended for use in the station's cooling tower 
and boiler make-up feed system components, however, recycled water is not used for these purposes currently as a result of 
concerns about potential incompatibility between recycled water and these systems. Connections have been installed for 

recycled water use in these systems and future use will be further investigated as part of the Recycled Water Master Plan. 

Water Replenishment District 

The WRD's recycled water demands are approximately 3,000 AFY for groundwater injection in the Dominguez Gap Seawater 
Intrusion Barrier. A blend of 50 percent recycled water and 50 percent imported water is injected into the barrier. The 
Dominguez Gap Barrier protects the West Coast Groundwater Basin from seawater intrusion. 

LADWP is currently expanding recycled water infrastructure in the Harbor area that will increase recycled water usage at least 
9,300 AFY by 2014/2015. 

4.3.2 Metro Area 
The Metro Recycled Water System has supplied the Metro Service Area with recycled water produced at LAG to irrigation 
customers since 1979. LAG provides recycled water treated to a tertiary level meeting Title 22 standards with Nitrogen 
removal to customers in the eastern San Fernando Valley. As previously stated, recycled water produced at LAG is equally 
split between the cities of Los Angeles and Glendale. Current recycled water demands for the Metro Service Area are 1,933 
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AFY. Unused recycled water is discharged to the Los Angeles River. Exhibit 4G summarizes current demands for Metro 
Recycled Water System. Currently 11 customers are served by the Metro Recycled Water System. 

Exhibit4G 
Metro Recycling 

Existing Annual Demand 

Program (AFY) 

Irrigation .'~,:: 

Greenbelt Project 1120 

Griffith Park 720 "'" 

Taylor Yard Project 93 

Total Irrigation 1,933 
Source: City of Los Angeles Recycled Water Master Plan Technical 
Memorandum, Draft Existing and Tier 1 Recycled Water Systems TM, December 
14, 2009 and LADWP Water Recycling Staff 

Griffith Park Project 

Started in 1979, the Griffith Park project was the City's first recycled water project. Recycled water is used to irrigate two golf 
courses, parkland, The Los Angeles Zoo Parking Lot, and a seven-mile stretch along the Golden State Freeway (Interstate 5) 
adjoining the park. Current demands in the Griffith Park Project's service area are 1,120 AFY. 

Greenbelt Project 

Dedicated in 1992, the Los Angeles Greenbelt Project was the City's first commercial recycling project. Recycled water is 
used for landscape irrigation at Forest Lawn Memorial Park-Hollywood Hills, Mount Sinai Memorial Park, Lakeside Golf 
Course and Universal Studios. Current demands in the Greenbelt Project's service area are 720 AFY. 

Taylor Yard Project 

Rio de LA State Park was connected as the first Taylor Yard project in July 2009. Recycled water is used for landscape 
irrigation on the park. Current demands in the Taylor Yard Project's service area are 93 AFY. 

4.3.3 San Fernando Valley Area 
The Valley Recycled Water System receives water from DCT to satisfy irrigation, environmental, and industrial demands. 
Recycled water is treated to a tertiary level meeting Title 22 standards with Nitrogen removal. Water for in-plant uses at DCT 
and for environmental uses is dechlorinated. Current estimated recycled water demands for the San Fernando Valley Area are 
33,594 AFY. Recycled water produced in excess of demand is discharged to the Los Angeles River providing added 
environmental benefits. Exhibit 4H summarizes current demands for the Valley Recycled Water System. The East Valley 
trunkline, a 54 inch diameter pipeline, was previously constructed as the initial backbone of the Valley Recycled Water 
System's distribution system to deliver water throughout the San Fernando Valley for irrigation, commercial, and industrial 

use. Eleven customers are currently served by the Valley Recycled Water System, excluding DCT reuse and environmental 
use. 
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Exhibit 4H 
Valley Recycling 

Existing Annual Demand 

Program (AFY) 

Irrigation 

Sepulveda Basin Project 1570 

Van Nuys Area Project 14 

Subtotal Irrigation 1,584 

Industrial / 
Hansen Area Project 

./ ". " 
Valley Generating Station 2,100 

DCT Reuse1 / 2,920 ~ 
Subtotal Industrial 5,020 ", "-

Environmental Use2 .... 

Japanese Garden 4,590 

Wildlife Lake ....... 7,700 

Balboa Lake 14,700 

Subtotal Environmental Use 26,990 

Total Valley Recycled Water System 33,594 

1. Based on 2006-2008 actual use, use varies year to year. 

2. Does not include environmental benefits provided to Los Angeles River. 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Sepulveda Basin Project 

LADWP began serving recycled water to portions of the Sepulveda Basin area in 2007. The latest project was added in 2010. 
Current recycled water customers in the Sepulveda Basin recreation area include Woodley Golf Course, Balboa Golf Course, 
Encino Golf Course, Anthony C. Beilenson Park, Van Nuys Golf Course and the Balboa Sports Complex. Current demands in 
the recreation area are 1,570 AFY. 

Van Nuys Area Project 

The Van Nuys Area project currently provides recycled water for irrigation purposes to St. Elisabeth's Church, the First 
Foursquare Church of Van Nuys, Van Nuys High School, and LADWP's Power Distribution Station 81. Current Van Nuys Area 
Project demands are 14 AFY. 

Hansen Area Project 

The Hansen Area project currently provides recycled water for industrial purposes to the Valley Generating Station. Recycled 
water service began in 2008 and demands are approximately 2,100 AFY. Recycled water is used in a cooling tower for one of 
the generation units at the power generating facility. 
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Recycled water is used at DCT for in-plant purposes. Demands vary from year to year based on needs. Between 2006 and 
20082,920 AFY were used on average. 

Environmental Use 

Recycled water from DCT has provided environmental benefits since 1984 commencing with deliveries to the Japanese 

Garden followed by Balboa Lake in 1990 and Wildlife Lake in 1991. Approximate demands are 26,990 AFY. Overflows from 
these facilities are discharged to the Los Angeles River providing additional environmental benefits in conjunction with unused 
recycled water discharges to the river. 

Japanese Garden 

The 6.5 acre Japanese Garden is located at the Sepulveda Dam Recreation Area. The Garden receives more than 10,000 
visitors per year. DCT provides about 4,590 AFY of recycled water for the lake and landscaping at the Japanese Garden. 

Wildlife Lake 

Located in the Sepulveda Basin, the Wildlife Lake uses about 7,700 AFY of recycled water from DCT for wildlife habitat 

management. 

Lake Balboa 

Lake Balboa is the centerpiece of the Sepulveda Dam Recreation Area and is a popular recreational facility located in Anthony 
C. Beilenson Park. About 14,700 AF per year of recycled water is provided for this lake from DCT. 

4.3.4 Westside Area 
Recycled water supplied to the Westside Recycled Water System is provided by WBMWD via the Edward C. Little Water 
Recycling Plant (WBWRP), located in the City of EI Segundo, for irrigation and commercial (toilet flushing) demands. The 
WBWRP further treats secondary-treated effluent received from HTP to a tertiary level meeting Title 22 standards. Under an 

agreement between WBMWD and the City, WBMWD purchases secondary-treated effluent from HTP and LADWP has a right 
to purchase up to 25,000 AFY of recycled water following tertiary treatment at the WBWRP. Approximately 37,300 AFY of 
secondary-treated effluent was purchased from HTP in 2008 and LADWP purchased 380 AF of recycled water to serve the 
Westside of Los Angeles. The WBWRP can treat up to 40 mgd. Recycled water not purchased by LADWP is sold to users 
within WBMWD's service area. 

Deliveries of recycled water from the Westside Recycled Water System first began in 1996. To increase the use of recycled 
water on the Westside, LADWP has constructed more than five miles of distribution trunk lines to serve the Westchester, Los 
Angeles International Airport, and Playa Vista development areas. Current estimated recycled water demands for the 
Westside Area are 676 AFY as shown in Exhibit 41. Currently 106 customers are served by the system. 
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Exhibit 41 
Westside Recycled Water System Estimated Existing Annual Demand 

Estimated Annual 
Demand 

Program (AFY) 

Irrigation 

Playa Vista Phase 1 (95 customers) 205 

Coldwell Banker 2 

Cal Trans at Playa Vista / 5 

Los Angeles International Airport /"" 158 

Westchester Golf Course 62 

Loyola Marymount University .- ., 64 " 
Westchester Park /r .. 43 ~ 
Scattergood Generating Station /// 31 """. 

Carl Nelson Youth Park /- " 16 

The Parking Spot '" .. ' ",: 1 

Street Medians ..... 4 

Hyperion Treatment Plant1 \ 85 
\ 

Subtotal Irrigation 676 

Total Valley Recycled Water System "-. 676 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Playa Vista, Phase 1 

, 

Playa Vista is the first planned development in the City to use recycled water for irrigation of all of its landscaping including 
residential outdoor use. This project began receiving recycled water in 2009 as part of Phase 1. Phase 2 is considered as a 
"Near-Term" project (or "Tier 1" use), which are projects to be implemented by the year 2015. Outdoor recycled water is 
required under the development's mitigation requirements established during the environmental review process. Recycled 
water is additionally used for toilet flushing in commercial buildings. Annual demands are approximately 200 AFY for Phase 1. 

Los Angeles International Airport 

Los Angeles International Airport began using recycled water in 1996 for landscape irrigation purposes along its boundaries. 
Current demands for the airport are 158 AFY. 

Westchester Golf Course 

Westchester Golf Course began using recycled water in 2009 for irrigation. Current demands for the airport are 62 AFY. 

Loyola Marymount University 

Loyola Marymount University has been connected to the Westside system since 1996. Recycled water is used to irrigate a 
portion of the campus landscaping area. Average annual demands are approximately 65 AFY. In 2006, Loyola Marymount 
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University installed an on-site disinfection system using hydrogen peroxide to address odor problems related to stagnant water 
in an oversized pipeline servicing the university. 

Westchester Park and Carl Nelsen Youth Park 

Westchester and Carl Nelsen Youth Parks both use recycled water for irrigation purposes. Both parks were connected to the 
system in 1996. Westchester Park demands are approximately 43 AFY and Carl Nelsen Youth Park demands are 16 AFY. 

Scattergood Generating Station 

Scattergood Generating Station operated by LADWP and located in EI Segundo receives recycled water to meet irrigation 
demands. Average annual demand is approximately 31 AFY. The pipeline servicing the facility is oversized to potentially 
provide cooling water in the future. 

Street Medians and The Parking Spot 

Street medians on Manchester Avenue and The Parking Spot were connected to the recycled water system in 2008 and 2003, 
respectively. Recycled water is served to both facilities to meet irrigation demands. The Parking Spot is a commercially 
operated parking facility near Los Angeles International Airport. Demands for The Parking Spot are approximately 1 AFYand 

demands for the street medians are approximately 5 AFY. 

Hyperion Treatment Plant 

HTP uses recycled water for both landscaping and toilet flushing within the administration building. HTP was connected to the 
system in 1996. About 65 AFY of recycled water are provided to HTP per year. HTP also provides additional treatment for 
recycled water use onsite similar to Loyola Marymount University to address odor problems associated with stagnant water in 
an oversized supply pipe. The pipeline to HTP was oversized to accommodate expanded deliveries to the Scattergood 
Generating Station in the future. HTP uses filters and disinfection to treat the water prior to its use onsite. 

4.3.5 Comparison of 2010 Projections Versus Actual Use 
LADWP has made substantial progress in increasing recycled water use in the interim period between completion of the 2005 
and 2010 UWMPs. Municipal and industrial recycled water use between 2005 and 2010 increased from 4,870 AFY to 10,651 
AFY. The 2005 UWMP projected municipal and industrial recycled water use in 2010 would be approximately 19,870 AFY, 
however actual use was lower than estimated as shown in Exhibit 4J. Environmental water use of recycled water fluctuates 
slightly year to year based on lake levels, but is typically 26,990 AFY. For 2010 actual use was 25,129 AFY, or approximately 
7 percent less than estimated. Overall total recycled water use in 2010 was approximately 23 percent less than projected. 
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Exhibit 4J 
2005 UWMP Recycled Water Projections for 2010 versus Actual Use 

09/10 Actual 
2005 Projection for 2010 Use 

Program (AFY) (AFY) 

Municipal & Industrial Purposes 
1 19,870 6,864 

Environmental Use
2 26,990 25,008 

Total 46,860 31,872 

1. These recycled water supplies offset the demand for imported water within LADWP's 
service area and include OCT reuse of 2,920 AFY, but do not include deliveries to WBMWD 
of 34,000 AFY. OCT reuse was not included in 2005 UWMP projections for 2010. 

2. Water is ultimately discharged into the Los Angeles River, providing additional 
environmental benefit. 2005 UWMP projections for 2010 is based on average demands. 
Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft 
Existing and Tier 1 Recycled Water Systems TM, December 14, 2009; 2005 Urban Water 
Management Plan for the Los Angeles Department of Water Power, and LADWP Water 
Recycling Staff 

Although LADWP did not meet the 2010 recycled water projection, significant progress has been made including the 

completion of multiple projects since 2005 as described in Section 4.3.1 through 4.3.4. Additional projects that are proposed 
for construction in the near future are described in Section 4.4, Recycled Water Master Planning Documents. Additionally, 
LADWP in conjunction with the BOS is currently developing the City's Recycled Water Master Plan (RWMP) to guide future 
optimization of this supply source with the goal of increasing municipal and industrial use of recycled water to 50,000 AFY, 
inclusive of indirect potable reuse. 

4.4 Recycled Water Master Planning Documents 
LADWP in partnership with BOS is developing the RWMP Documents to replace 50,000 AFY of potable water supplies with 
recycled water by 2029 and to plan for long-term recycled water use. As previously discussed, the City of Los Angeles' Water 
Supply Plan, "Securing LA's Water Supply", the City has established a goal of 50,000 AFY with recycled water to reduce the 
need for potable water and diversify LADWP's available water supply options. Exhibit 4K summarizes LADWP's timeline to 
achieve the goal of recycling 50,000 AFY by fiscal year (FY) 2029. This goal can be achieved sooner if additional funds are 
made available such as state and federal grants. The RWMP efforts were initiated in 2009 and are forecast for completion by 
the middle of 2011. To meet near-term challenges and plan for long-term recycled water the following major tasks were 

outlined for inclusion in the RWMP Documents: 

• Groundwater Replenishment Report; 

• Non-Potable Reuse Report; 

• Groundwater Replenishment Treatment Pilot Study; 

• Max Reuse Concept Report; 

• Satellite Feasibility Concept Report; 

• Existing System Reliability Concept Report; and 
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Within these tasks the RWMP Documents will determine where the existing recycled water system (purple-pipe network) 
should be expanded to satisfy needs of new customers. A cost benefit analysis will be conducted to identify potential 
customers considering location and projected use. A review of the wastewater treatment plants will be performed to determine 
which plants can supply the recycled water and the treatment technologies required. The RWMP Documents will also review 
available options for maximizing reuse through a combination of alternatives including expansion of non-potable uses, 
groundwater replenishment with advanced treated recycled water, and/or injection of recycled water as a seawater intrusion 
barrier. A set of alternatives will then be developed and analyzed for both the near-term and long-term goals. Alternatives will 

be evaluated as part of an integrated analysis. 

The RWMP Documents will include Near-Term recycled water projects (projects to be implemented through 2015 to achieve 
20,000 AFY of recycled water use), expansion of the non-potable distribution system beyond 20,000 AFY, and groundwater 
replenishment with advanced treated recycled water options. When combined with existing reuse, these options are expected 
to result in 50,000 AFY of reuse by FY 2029, exclusive of environmental reuse, DCT in plant reuse, and sales to WBMWD. 
Exhibit 4K provides a timeline for projects featured in the RWMP Documents. 

Exhibit4K 
Recycled Water Master Planning Documents Implementation Timeline 

Reuse Volume1 

Timeline (AFY) Description 

Existing demands already being 
Existing as of Fiscal Year 2009/2010 6,700 served 

Near-Term projects already identified 
Recycled Water Use by 2015 20,000 for implementation by 2015 

New groundwater replenishment 
opportunities as identified as part of 

Groundwater Recharge by 2021 15,000 the Groundwater Master Plan task 
New projects identified between 2015 
and FY 2029 to serve existing potable 

Non-Potable Reuse Recycled Water customers as part of the non-potable 
by 2029 Up to 15,000 reuse master plan 

1. Volume to offset municipal and industrial potable water demands. Does not include environmental use, OCT 
plant reuse, and sales to WBMWD. 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Tier 1 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Recycled water projections in five year increments beginning in 2015 through 2035 are presented in Exhibit 4L. Total recycled 
water production is estimated to increase by 42,000 AFY over the projection period or 84 percent. Environmental reuse and 
seawater intrusion barrier water are expected to remain constant at 26,990 AFY and 3,000 AFY, respectively. Municipal and 
industrial use, inclusive of DCT reuse, is expected to increase by 27,000 AFY or approximately 136 percent. Indirect potable 
reuse (groundwater recharge) with advanced treated recycled water is forecast to provide 15,000 AFY of groundwater 

recharge beginning in 2021. Recycled water use up to 2025 is inclusive of the near-term options under development in the 
RWMP. Projections for 2030 and 2035 assume that long-term options being developed as part of the RWMP will increase 
recycled water use by approximately 1,500 AFY annually beyond FY 2029. Once the alternatives for the RWMP are finalized, 
the allocation of recycled water use by the municipal, industrial, and groundwater recharge categories may change to achieve 
the RWMP's recycled water goal of 50,000 AFY. 
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Exhibit 4L 
Recycled Water Use Projections 

Projected Use (AFy)1 

Category 2015 2020 2025 2030 2035 

Municipal and Industrial 20,000 20,400 27,000 29,000 29,000 

Indirect Potable Reuse (Groundwater Recharge) 0 0 15,000 22,500 30,000 

Subtotal2 20,000 20,400 42,000 51,500 59,000 

Environmental
3 26,990 26,990 26,990 26,990 26,990 

Seawater Intrusion Barrier (Dominguez Gap 
Barrier) 3,000 3,000 3,000 3,000 3,000 

Total 49,990 50,390 71,990 81,490 88,990 

1. Projected use by category is subject to change per completion of Recycled Water Master Plan, but overall total 
will not change. Does not include deliveries of 34,000 AFY of secondary treated water to WBMWD for further 
treatment to recycled water standards. 

2. To offset potable use and included in supply reliability tables in Chapter 11. 

3. Environmental use includes Wildlife Lake, Balboa Lake, and the Japanese Gardens. Additional environmental 
benefits associated with recycled water discharges to the Los Angeles River are not included. 

Estimates of projected use and implementation timelines in the tables above as well as the annual demands and service dates 
for individual customers in the following sections may be affected by varying usage patterns of potential customers, timelines 
to reach agreements, as well as potential financial constraints and changing regulatory requirements. 

4.4.1 Near-Term Projects through 2015 
"Near-Term" projects are classified in the RWMP Documents as projects that will result in recycled water service between July 
1,2009 and 2015 to achieve 20,000 AFY of recycled water use to displace potable water. All Near-Term projects are either in 
the planning, design, or construction stage. Near-Term target customers have already been identified as potential recycled 
water users with a total demand of 15,021 AFY. Implementation of Near-Term projects will result in the connection of 
approximately 40 additional recycled water customers adding to the existing 130 customers. Full implementation of Near-Term 
projects with existing projects will result in annual recycled water demand of 20,000 AFY, exclusive of both environmental use 
and DCT in-plant use (26,990 and 2,920 AFY, respectively). Near-Term reuse is the largest in the commercial/industrial sector 
followed by the irrigation sector. 

Harbor Area 

Two projects are planned to meet Near-Term demands in the Harbor area, the Harbor Refineries Water Recycling Project 
(HRWRP) and the Port of LA Harry Bridges Development, for an estimated total demand of 9,461 AFY. Uses include 
industrial, irrigation, and toilet flushing in commercial facilities. Most of the recycled water, approximately 9,520 AFY, will be 
used for industrial purposes, including cooling towers and boiler make-up water at oil refineries. Exhibit 4M summarizes Near

Term demands for the Harbor area. 
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Harbor Area Near-Term Estimated Demands 
Estimated Annual Estimated 

Demand Service 

Type (AFY) Date 

Harbor Irrigation 300 2014 

Port of LA Irrigation/Commercial/Industrial 220 2015 

Harbor Commercial/Industrial 9,000 2014-2015 

Total Harbor Area Near-Term Demands 9,520 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near
Term Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Meeting demands in the Harbor Area will require construction of additional infrastructure. Approximately 12 miles of 8 to 30-
inch diameter pipeline and a 1 million gallon storage tank are proposed. All infrastructure to serve the Port of LA Harry Bridges 
Development will be constructed by the Los Angeles Harbor Department. 

Through an agreement with WBMWD, LADWP intends on acquiring nitrified Title 22 water from the WBMWD Juanita 
Millender-McDonald Water Treatment Plant (JMMWTP) to supply recycled water to these customers. 

Metro Area 

Nine water recycling projects and connection of three miscellaneous customers are planned in the Metro Area with annual 
demands of approximately 1,813 AFY. Almost all recycled water customers propose to use recycled water for irrigation. 
Commercial uses of recycled water include street sweeping, vehicle washing, train washing, and laundry. LAG will continue to 
meet all recycled water demands in the Metro area. Exhibit 4N summarizes Near-Term demands for the Metro area. 

Exhibit 4N 
/ ... - Metro Area Near-Term Estimated Demands 

."'~ 
Estimated Annual Estimated 

Demand Service 

Type :.' (AFY) Date 

, \ 1 ... 
Irrigation 1,713 2010-2015 

Commercial/I nd ustrial 100 2011-2013 

Total Metro Area Near-Term Demands 1,813 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Multiple facilities are required in the Metro area to meet near-term demands. Approximately five pump stations ranging in size 

from 600 to 1,800 gallons per minute are planned for construction. Three water tanks with a combined capacity 4.75 million 
gallons, including the conversion of an abandoned potable water tank in Griffith Park into non-potable water storage tank, are 
necessary to meet demands. Pipeline construction will consist of 10 additional miles of pipeline ranging from 8 to 30-inch 
diameters, including conversion of an existing 16-inch pipeline to a 30-inch pipeline beneath Forest Lawn Road. 
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Valley Area 

In the Valley area OCT will provide the potential Near-Term annual demands approximating 769 AFY. Almost all Near-Term 
use, except for 75 AFY, will be for irrigation purposes. These users are all located within close proximity to the existing 
recycled water system. Exhibit 40 summarizes the potential Near-Term demands for the Valley area. 

Exhibit 40 
Valley Area Near-Term Estimated Demands 

Estimated Annual Estimated 
Demand Service 

Type (AFY) Date 

Irrigation / 769 2010-2013 

Commercial/Industrial 75 2010-2013 

Total Metro Area Near-Term Demands 844 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling staff 

Only minor facilities will be required to connect near-term users to the existing system. Over 2 miles of pipeline ranging from 
16 to 20-inch in diameter are proposed. Additionally, 1 storage tank between 1 to 1.5 million gallons and a pump station of an 
undetermined volume will be required to meet demands. 

Westside Area 

LAOWP will continue to acquire recycled water from WBMWO to serve Near-Term demands of approximately 350 AFY in the 
Westside area. Near-Term demands include increasing use at Playa Vista and LAX and adding five new customers. 

Approximately two-thirds of the water will be for irrigation purposes and one-third for commercial/industrial uses in cooling 
towers located at LAX. Exhibit 4P summarizes Near-Term demands for the Westside Area. 

! 

Exhibit 4P 
.. /" '. Westside Area Near-Term Estimated Demands 

1//::/' "-. Estimated Annual Estimated 
Demand Service 

" Project (AFY) Date 

) Irrigation 

Playa Vista Phase 2 
\ 

I 100 2015 

Westchester High School 10 2012 

Subtotal Irrigation 100 

'</ Commercial/Industrial 

LAX Cooling Towers 240 2015 

Subtotal Commercial/Industrial 240 

Total Metro Area Near-Term Demands 350 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 
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Serving Near-Term demands will require limited expansion of the existing recycled water system in the area as additional 
users will connect to the existing system. Connection of the cooling towers at LAX will require construction of an additional 0.7 
miles of 12-inch diameter pipeline. 

4.4.2 Non-Potable Reuse (NPR) Projects to be completed between 2015 - 2029 
NPR projects to be completed between 2015 - 2029 are being identified through the development of the RWMP. These 
projects will make up the balance of recycled water demand up to 15,650 AFY to achieve the overall city goal of 50,000 AFY 
of recycled water displacing potable water uses. 

As presented in Exhibit 4Q, the project options will have a total demand of approximately 23,100 AFY, inclusive of demands 
greater than 5 AFY, which is larger than the goal of up to 15,650 AFY and larger than the initial targeted customer demand of 
14,390 AFY. Ultimately, an implementation plan will be developed for the recommended project options with a goal of 
beginning operations for all projects included in the implementation plan by FY 2029. 

Proj ect Selection 

Exhibit4Q 
Project Option Demands by Service Area ... 

Total Demand1 

Service Area (AFY) 

Harbor 3,300 

Metro 6,100 "-
Valley ~~ 10,100 

Westside 3,600 

Total 23,100 

1. Includes customers with non-potable demand estimates 
greater than 5 AFY. 

) .. , 

Source: City of Los Angeles Recycled Water Master Plan 
Technical Memorandum, Draft Tier 2 Non-Potable Reuse Project 
Options, February 26, 2010 

An initial step for evaluating these projects involves identification of potential potable customers that can utilize recycled water. 
These customers need to have sufficient demand and a viable use for recycled water. A preliminary list of potential of 
customers and associated demands was completed, identifying targeted customer demands of 14,390 AFY. Irrigation-only 
demands were focused on first as it is generally easier to convert irrigation-only customers to recycled water use than 
commercial or industrial users. As described below, during development of the project options potential additional recycled 
water customers were identified based on their non-potable water demands and distance from recycled water sources. 

Next, recycled water project options were developed to meet the goal of maximizing recycled water use, while promoting cost 
efficiency as well as implement ability and adaptability. Two primary steps were utilized to develop recycled water project 
options: 

• Identification of project segments to serve each customer with non-potable demands in excess of 50 AFY 

• Identification of project options combining project segments that are linked and have similar unit costs 
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The first step in the development of project options was to define general project areas based on customers with non-potable 
demands in excess of 50 AFY. In the project areas, transmission pipeline alignments (backbone alignments) and laterals were 
defined to connect customers with demands greater than 50 AFY to existing recycled water infrastructure. Alignments were 
then redefined to connect demand clusters of less than 50 AFY, but large enough for consideration as a large demand. 
Finally, distribution pipeline (laterals) alignments were determined to connect customers with demands less than 50 AFY to 
backbone alignments. 

Initial projects options and unit costs are being identified in the current phase of the RWMP. Refinement of these options will 
occur prior to development of the integrated alternatives for near-term recycled water use. Options for non-potable reuse 
transmission (purple) pipelines are considered in conjunction with options developed for groundwater replenishment (see 
section 4.4.3), maximizing reuse, and satellite plants to develop integrated alternatives. Additional information on recycled 
water unit cost is presented in section 4.4.5 - RWMP Cost and Funding. 

Recycled Water Supply Sources 

Recycled water availability varies by service area. Additional supplies may be required to meet longer term demands between 
2015 - 2029 that may require a combination of expanding existing facilities, service connections to neighboring agencies 
outside the City, new facilities, and satellite treatment facilities. Satellite treatment facilities are being investigated in the Metro, 
Valley, and Westside service areas. The RWMP is investigating options to ensure adequate supplies are available for each 
service area. As part of the RWMP, LADWP met with neighboring agencies in 2009 to explore potential opportunities for 
regional development of recycled water reuse facilities. These agencies are listed in Exhibit 4T, in section 4.4.6, Stakeholder 
Process and Agency Coordination. 

4.4.3 Groundwater Replenishment 
As part of the RWMP, LADWP is pursuing a Groundwater Replenishment Project (GWR), also known as indirect potable 
reuse, using highly purified advanced treated recycled water from DCT for spreading in existing spreading basins in the San 
Fernando Valley area. A minimum goal of 15,000 AFY by 2021 has been set for recharging the San Fernando Basin, a major 
potable water supply for LADWP. The city anticipates having the ability to eventually deliver greater amounts of up to 30,000 
AFY to the GWR. The RWMP includes a groundwater recharge plan providing a capital improvement program and outlines 
regulatory approval steps required to complete the "Phase 1". Additionally, the RWMP outlines various operational and 
infrastructure improvements required to meet the goal. When complete the RWMP will contain a recommended GWR 
alternative. Regulatory requirements for groundwater recharge are discussed in sub-section 4.1.2, Groundwater Recharge 
Regulatory Requirements. 

Currently, LADWP uses multiple spreading grounds located in the eastern portion of the San Fernando Basin to recharge the 
underlying San Fernando Basin with stormwater and imported water. A detailed discussion of the San Fernando Basin and 
existing recharge operations is provided in Chapter 6, Local Groundwater. This project would recharge a minimum of 15,000 
AFY of advanced treated water in the existing Hansen Spreading Grounds and possibly Pacoima Spreading Basins by 
allowing the water to percolate into the aquifer. It is expected that native stormwater recharge would continue to occur at the 
spreading grounds in conjunction with the project. 

Infrastructure improvements are required to implement the groundwater replenishment program including an advanced water 
treatment facility and pipelines to convey the product water to the spreading basins. 
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An advanced water treatment facility is necessary to further treat tertiary effluent from DCT to produce highly purified recycled 
water for recharge. Goals for the advanced water treatment plant include as described in the RWMP are: 

• Minimum capacity of 15,000 AFY; with the potential to expand to 30,000 AFY 

• Initially in service by 2021; 

• Utilization of proven technologies that have demonstrated effective removal of regulated chemicals, constituents of 
emerging concern, and microorganisms; additional removal of constituents of wastewater origin of interest to CDPH, 
including pharmaceuticals, personal care products, and endocrine disrupting compounds; and 

• Product water shall comply with requirements from the CDPH, RWQCB, and SWRCB and be suitable for indirect 
potable reuse. 

To develop and implement the project within the short-time frame, the advanced wastewater treatment plant will be based on 
the recently permitted Orange County Water District Groundwater Replenishment System Project. This system provides 
product water for indirect potable reuse by recharging a groundwater basin used for potable water and preventing seawater 
intrusion. Proposed technologies include microfiltration or ultrafiltration, reverse osmosis, advanced oxidation using ultraviolet 
light with hydrogen peroxide, and post-treatment for product water stabilization. 

As a by-product of advanced water treatment brine is created. Multiple brine disposal alternatives are presented in the RWMP 
and a final alternative will be selected upon completion of the plan. 

Pipelines to convey water to the Hansen spreading grounds are already in place and were constructed as a part of the 
previous recycled water initiatives for the East Valley Water Recycling Project. However, if the Tujunga spreading basin will 
also receive water for spreading then additional pipeline infrastructure will be required. 

LADWP is working closely with BOS and regulatory agencies to expedite completion of the project by 2021. Current ongoing 
tasks include completion of the RWMP, public outreach, pilot testing of processes, and formation of an independent advisory 

panel. Environmental documentation is expected to be initiated in 2011 and completed in 2013. 

Independent Advisory Panel 

GWR projects typically have the involvement of an independent third party with scientific and technical expertise to provide 
expert peer review of key aspects of the project, which can ensure the technical viability of the GWR and facilitate the 
regulatory process. To accomplish this, LADWP awarded a contract with National Water Research Institute (NWRI) to form an 
Independent Advisory Panel (lAP) to provide expert peer review of the technical, scientific, regulatory, and policy aspects of 
the proposed groundwater replenishment project, pilot project testing, and other potential groundwater replenishment projects 
to maximize reuse as part of the LADWP Recycled Master Planning Documents. The lAP process will provide a consistent, 
thorough, and transparent review of any proposed GWR projects and pilot testing during their critical formation phase, as well 

as during the long- term implementation phase. 

NWRI has vast experience in the organization and administration of the lAP processes for other agencies such as the Orange 
County Water District Groundwater Replenishment System Project. NWRI will assist the lAP process by assembling the lAP 
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members, developing a detailed scope and approach for the lAP's review, coordinating and facilitating meetings, and 
preparing lAP reports. 

Some of the immediate activities that have been identified for the lAP to address during the initial participation include, but are 
not limited to review of the following: 

• General approach for Recycled Water Master Planning 

• Hydrogeology (in-basin groundwater blending) 

• Treatment (barriers to replace the fifty-percent blend criteria) 

• Reliability features of the Advanced Water Treatment Facility 

• Source Control Evaluation for groundwater replenishment 

• Draft Engineering Report for groundwater replenishment 

• Response to technical concerns raised by regulators and the public 

The "Independent Advisory Panel for the City of Los Angeles Groundwater Replenishment Project" consists of 13 members 
with scientific and/or professional expertise in issues related to the implementation of groundwater replenishment projects. 
Members with different areas of expertise are based on the requirements of the California Department of Public Health Draft 
Groundwater Recharge Reuse Regulations dated August 2008, as well as the composition of panels used by the Orange 
County District and the City of San Diego for the implementation of similar groundwater replenishment projects. 

NWRI convened the Independent Advisory Panel for the first time in October 2010 to receive introductory information about 
the recycled water program and groundwater replenishment project. The Panel is expected to be involved throughout the 
planning, permitting, design, environmental documentation, and implementation of the groundwater replenishment project. 

4.4.4 Efforts Beyond 50,000 AFY 
As part of the RWMP, LADWP is developing long-term alternatives to maximize recycled water use beyond 50,000 AFY. After 
2029 and through 2035 LADWP expects to increase recycled water use by approximately 1,500 AFY anually. To maximize 
recycled water use LADWP is investigating the following options in its RWMP: 

• Recycled water satellite treatment facilities; 

• Expansion of recycled water systems; 

• Increasing treatment levels at HTP to tertiary and advanced treatment;; 

• Reviewing opportunities for partnerships with agencies within the City and outside the City 

• Treatment plant upgrades at DCT and LAG; and 

• Methods to increase reliability of the system. 
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Additionally, the RWMP will identify how the city can maximize recycled water usage unto the future beyond the 50,000 AFY 
goal. The long-term recycled water alternatives analysis as part of the RWMP has not been completed. However, LADWP 
forecasts that in 2035 municipal and industrial recycled water demands along with groundwater replenishment will be 
approximately 59,000 AFY. In addition to this, 26,990 AFY will also be used for environmental beneficial reuse. 

4.4.5 RWMP Cost and Funding 
The capital cost of expanding the recycled water system to achieve the initial goal of 50,000 AFY to displace the need of 
potable water was initially estimated to cost approximately $1 billion. Exhibit 4R summarizes the initial estimated capital costs 
for the RWMP. However, these estimates are being refined as part of the RWMP that are expected to be updated by early 
2011. 

Exhibit4R 
sima e apl a os RWMP Eft d C 't lets 

Capital Cost 1 

Phase ($ million 2008) 

Near-Term projects through 2015 $ 265 

Long-Term projects through 2029 $ 
/ 

435 

Groundwater Recharge Project $ '" 300 

Total RWMP Capital Cost $ "- 1,000 

1. Capital costs will be updated and refined as part of the RWMP. 

Unit Cost 

Non-Potable Reuse (NPR) and Groundwater Replenishment (GWR) projects are diverse, and result in a wide range of costs 
to implement and sustain. NPR projects present numerous challenges including distance from treatment plant and the 
associated transmission pipeline construction costs. This factor is weighed against customer size as well as the adaptability to 
a particular commercial site or process. For GWR projects, nearby spreading grounds must be acquired, along with the 
construction of a conveyance pipeline. I nitial findings of the RWMP have determined the approximate range of unit cost for 
recycling to be from $600 - $1,500/ AF. This approximation includes capital, operation and maintenance costs. 

Funding 
Capital costs for RWMP projects will be covered by the sources identified below, as well as other sources as they become 
available. 

• Water Rates - LADWP water rates are the primary funding source for the recycled water program. 

• Federal Funding - LADWP will pursue federal funding as it becomes available. In the past LADWP has received 
funding for recycled water projects from the Federal Water Project Authorization and Adjustment Act of 1992, Public 
Law 102-575 (HR429), and the United States Bureau of Reclamation Title XVI Program. 

• State Funding - LADWP will pursue state funding as it becomes available, through the SWRCB and DWR for 
recycled water projects. Propositions 13 and 50 had funds specifically marked for recycled water projects. Funding is 
available through Proposition 84, Integrated Regional Water Management, for implementation projects, including 
recycled water projects. Low-interest loans are available through the SWRCB for eligible projects. 
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• MWD Local Resources Program Incentive - The Local Resources Program provides funding for water recycling and 
groundwater recovery projects that prevent a new demand on MWD or displace an existing demand on MWD. 
Financial incentives up to $250 per acre-foot are available dependent upon MWD water rates and projects costs. 
Funding is not received until production occurs and terminates upon the expiration of the funding agreement for the 
project. 

4.4.6 Stakeholder Process and Agency Coordination 
Stakeholder outreach and coordination with agencies plays a key role in LADWP's recycled water program and the RWMP. 

Stakeholder Process 

To encourage input as recycled water strategies are developed over the next few years in conjunction with the RWMP, 
LADWP has initiated an extensive stakeholder process. LADWP has developed two formats for participation of stakeholders, 
a more intensive Recycled Water Advisory Group (RWAG) and a less intensive Recycled Water Forum. 

Over 200 stakeholders were invited to participate in the RWAG representing broad interests across the City, including 
community groups, environmental groups, neighborhood councils, homeowners' associations, and others. Approximately 60 
stakeholders are participating in the process. The RWAG first met in 2009 and will continue to have approximately 5 
workshops per year over the next 3 to 4 years. Through the RWAG, stakeholders are provided the opportunity to represent 
their respective organizations and share input with LADWP and BOS and convey they knowledge gained to their 
organizations. Two main roles of the RWAG are: 

1) Allow stakeholders to provide input on recycled water options from technical, environmental, financial, and social 
viewpoints 

2) Consider key project issues and discuss implementation challenges and acceptability. 

Less intensive stakeholder participation opportunities are available through the Recycled Water Forums. The Recycled Water 
Forums will provide stakeholders the opportunity to hear briefings on recycled water efforts through several weekend or 
evening meeting throughout the year held within local communities. Stakeholders will have the opportunity ask questions and 
provide comments and suggestions. 

Agency Coordination 

To maximize recycled water use and move forward with RWMP efforts, LADWP closely coordinated with agencies at the local 
and state levels. Coordination is necessary to ensure adequate funding, identification of end-users, adequate availability of 
supplies, permitting and regulatory approvals, and regional cooperation. If federal funding opportunities become available, 
LADWP will also coordinate with the applicable federal agencies. Exhibit 4S provides a summary list of agencies LADWP is 
currently coordinating with to maximize recycled water use. LADWP also coordinates recycled water end use with potential 
customers by assisting with facility retrofits, providing financial incentives, and public education. 
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Recycled Water Agency Coordination 

Burbank Water and Power1 Los Angeles County Department of Public Works 1 

Central Basin Municipal Water District1 Metropolitan Water District of Southern California 1 

Glendale Water and Power1 Pasadena Water and Power1 

Los Angeles County Sanitation Districts 1 Water Replenishment District of Southern California 1 

Long Beach Water Department1 West Basin Municipal Water District1 

Las Virgenes Municipal Water District1 Los Angeles Regional Water Quality Control Board 

State Water Resources Control Board Los Angeles County Department of Public Health 

City of Los Angeles Department of Public Works, Bureau City of Los Angeles Department of Public Works, Bureau 
of Sanitation, Watershed Protection Division of Sanitation 

California Department of Public Health "\" ~ ...... 
., 

1. Met with agencies individually to discuss potential regional recycled water use . ~, . 4.4.7 Recycled Water QualIty 
All recycled water provided by LADWP meets at minimum Title 22 standards. Title 22, Chapter 4, of the California Code of 
Regulations establishes water quality standards and treatment reliability criteria for water recycling to ensure public safety as 
discussed in Section 4.1. Title 22 standards are achieved with tertiary treatment and disinfection. 

Advanced wastewater treatment is currently provided at the TIWRP by the AWTP. Advanced treatment, which includes 
microfiltration and reverse osmosis, removes many of the impurities remaining after tertiary treatment and disinfection. Water 
treated with advanced treatment techniques has the potential to be used for seawater barriers and groundwater recharge. As 
part of the RWMP, advanced treatment is proposed for DCT to provide indirect potable reuse through groundwater recharge. 
Exhibit 4C, located in Section 4.2, summarizes the level of treatment provided by each of the City's wastewater treatment 
plants. 
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5.0 Overview 
Water has been an integral part of the City's history. The City's population and economy was initially supported through a 
combination of local surface flows primarily from the Los Angeles River, and groundwater pumping primarily from the San 

Fernando Basin. When it became apparent that much of the local groundwater supply and local surface flows were fully 
utilized, the citizens of Los Angeles under the leadership of William Mulholland, then Chief Engineer of the Los Angeles Water 
Bureau, approved by a 10 to 1 margin a $23 million bond measure to construct the First Los Angeles Aqueduct in 1913. This 
investment was equal to 12 percent of the entire City's assessed valuation at that time. Then in 1940, an additional $40 
million was spent to extend the first aqueduct 40 miles north from the Owens River to streams that were tributaries to Mono 
Lake, see Exhibit 5A. 

Finally, to meet the additional water needs of its population, the City 
decided to construct the second barrel of the Los Angeles Aqueduct 
in 1963, later to become known as the Second Los Angeles Aqueduct. 
Construction of the Second Los Angeles Aqueduct was completed in 

1970. The second aqueduct increased the City's capacity to deliver 
water from the Mono Basin and the Owens Valley to Los Angeles from 
485 cubic feet per second (cfs) to 775 cfs. 

The value of the City's historical investment in the Los Angeles 

Aqueduct System is substantial. For nearly a century, the City has 
benefited from the delivery of high-quality, cost-effective water 
supplies from the eastern Sierra Nevada. 

Over time, environmental considerations have required that the City 
reallocate approximately one-half of the Los Angeles Aqueduct (LAA) 
water supply to environmental enhancement projects. As a result, the 
City has used approximately 205,800 AF of water supplies for 
environmental enhancement in the Owens Valley and Mono Basin 
regions in 2010, which is in addition to the almost 107,300 acre-ft per 
year (AFY) supplied for agricultural, stockwater, and Native American 
Reservations. Limiting water deliveries to the City from the LAA has 
directly led to increased dependence on imported water supply from 
the Metropolitan Water District of Southern California (MWD). LADWP 
purchase of supplemental water from MWD in 2008-09 is at an all time 
high. 

As indicated in Exhibit 5B, LAA deliveries comprise 39 percent of the 
total runoff in the Eastern Sierra in an average year. The vast majority 
of water collected in the Eastern Sierra stays in the Mono Basin, 
Owens River, and Owens Valley for ecosystem and other uses. 

Exhibit SA 
Los Angeles Aqueduct System 
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Exhibit 5B 
Mono Basin and Owens Valley Water Use Allocations 

700,000 

600,000 

500,000 

400,000 

300,000 

200,000 

100,000 

• Losses due to Evaporation & Infiltration 
(14%,91,800 AF) 

• Irrigation, Stockwater, & Native American 
Reservations (16%, 107,300 AF) 

• Environmental Enhancements (31%, 
205,800 AF) 

D Export to Los Angeles (39%, 254,000 AF) 

o~--------------------, 

5.1 Historical Deliveries 

'th certai y, and thus, deliveries from the LAA system are subject to significant 

The impact to LM water supplies tlue to varying hydrology in the Mono Basin and Owens Valley is amplified by the 
requirements to release water for envirolilmental restoration efforts in the eastern Sierra Nevada. Since 1989, when City water 
exports were significantly reGJuced to estore the Mono Basin's ecosystem, LAA deliveries from the Mono Basin and Owens 
Valley have ranged from 188,503 AF in 2008-09 to 466,584 AF in 1995-96. Average LAA deliveries since 1989-90 have been 

approximately 264,799 AF, aool1t 42 percent of the City's total water needs. 

The cyclical nature of hydrology is exhibited best by Los Angeles Aqueduct (LAA) deliveries over the last ten years. This 

general period was characterized by a series of wet years, followed by a series of dry years. From 2000-01 through 2009-10, 
LAA deliveries supplied an average of 36 percent of the City's water needs. The reliability impact of hydrologic cycles on LAA 
supplies is evident through historical deliveries. A broader look at how deliveries from the LAA have fluctuated from year to 
year is shown in Exhibit 5C. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
5-2 

AR0070887 



-Q) 
Q) 

""i 
Q) 

0 
<t 

Exhibit 5C 
Historical Los Angeles Aqueduct Deliveries 
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Fiscal Year 

A long term perspective of the general cycle of wet and dry years for the Owens Valley is evident in Exhibit 5D, particularly 
since the late 1960s. As illustrated, reliance solely on one water supply source is not practical. Therefore, the City relies on the 
LAA in combination with the Colorado River Aqueduct and the State Water Project as the City's primary imported water 
sources. These imported sources combined with local groundwater, recycled water, and conservation make up the City's total 
water supply portfolio. This portfolio of water resources is fundamental to LADWP's ability to deliver a reliable water supply to 
meet the needs of over 4 million residents of Los Angeles. 
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Exhibit 50 
Eastern Sierra Nevada Runoff Owens Valley - Percent of Normal 
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- = Above Average 
29 years 41% 

LADWP regulates system output throug storage oontrol at seven reservoirs, beginning with Grant Lake Reservoir to the north 
and ending with Bouquet Reservoir tGl the south. The total combined reservoir storage capacity of the system is 300,560 AF. 
Hydroelectric power. is a~ generatea rom 12 power plants along the LAA. Combined maximum capability of the power 
generation facilities is 205 mega-w~s. Water-gathering activities for the LAA have a junior priority to meeting the Owens 
Valley and Mono Basin water obligations for environmental, domestic, agricultural, and recreational water needs. 

The LAA is fed by runoff from the eastern slope of the Sierra Nevada. Runoff from the eastern slope reaches its maximum in 
the late spring and summer, after most of the year's precipitation has already occurred. The snowpack in the eastern Sierra 

Nevada provides natural storage for the LAA system. This snowpack storage is necessary in light of the minimal primarily 
regulatory storage capacity along the LAA system. 
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The City's export of water from the eastern Sierra Nevada is based on 166 Pre-1914 and 16 Post-1914 water right diversion 
licenses on various streams in the Mono Basin and Owens Valley. The majority of the City's water rights were filed prior to 
1914 with the Counties of Mono and Inyo Recorder's Office. All Post-1914 licenses were granted by the State Water 

Resources Control Board. The most significant basis for export of surface water from the Eastern Sierra Nevada is an 
appropriation claim in 1905 to divert up to 50,000 miner's inches (1,250 cubic feet per second) from the Owens River at a 

location approximately 15 miles north of the town of Independence into the LAA for transport to Los Angeles. The City has 
since filed Supplemental Statements of Water Diversion and Use forms with the State Wate Resources Control Board 
(SWRCB) for all LADWP diversions and licenses. 

The City's water right licenses in the Mono Basin were amended by the SW 

Right Decision 1631. Currently, water export from the Mono Basin is limited to~,GOO AF per year based on a court order to 
raise the target elevation of Mono Lake and restore four streams that flow to Mono Lake. 

The primary groundwater right through which Los Angeles h@s aevelo~ed grou l7lawater resources in the Gwens Valley is 
based on ownership of a majority of the land (approximately 314,000 aeres) and associated water rights ifthe Owens Valley. 
Management of the groundwater supply in the Owens Valley is according to a 1991 agreement between Inyo County and 
LADWP. The goal of this agreement is to avoid defined decreases and changes i'lvegetation, and to cause no significant 
effect on the environment which cannot be accepta~y, mitigated, while providing a r8fiable supply of water for export to Los 
Angeles and for use in Inyo County. 

5.3 Environmental Issues and Mitig 

project diversion are in addition to ater that pro i es environmental benefits in the Mono Basin and Owens Lake. 
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Exhibit 5E 
Mono Basin and Owens River Environmental Enhancement Commitments 

• Lower Owens River Project • Recreation and Wildlife Projects 

• Mono Basin Releases • Owens Lake Dust Mitigation 

Enhancement and Mitigation 

10,400 

74,000 

95,000 

10,700 

205,800 

Currently, Mono Basin exports will remain at no more than 16,000 AF per year until Mono Lake reaches its target elevation of 
6,391 feet atl0ve mean sea level. Exhibit 5F provides the maximum export levels from the Mono Basin under specified 
conditions as defi'f1ed if! the State Water Resources Control Board Decision 01631 that was issued on September 28, 1994. 
Since the long-term average of Mon0 Basin exports before 1994 was approximately 90,000 AFY, the net reduction in water 
exports in the Mono BaslFi is stimated at 74,000 AFY of water mainly from Grant Lake Reservoir, Lee Vining Creek, Walker 
Creek, Parker Creek, and Rosh ereek. As of January 2010, Mono Lake is at elevation 6,381 feet. Extensive restoration and 
monitoring programs in the Mono Basin have improved the streams, riparian, fishery, and waterfowl habitats. With reduced 
diversions from the basin, Mono Lake's elevation has risen, but has also been fluctuating due to lack of runoff as illustrated 
during the period of 2000 to 2005 on Exhibit 5F. 
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Exhibit SF 
Historical Mono Lake Elevations 

Mono Lake Elevation 
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4/1/2005 4/1/2010 

summarizes the base and peak flow require~nts for ~Qwer Rush Creek, Base and peak flow requirements vary in relation to 
seven hydrologic conditions ranging from dry to extreme wet as identified by forecasted runoff for Mono Basin, Mono Gate 
One was originally constructed to release eXGess water from the aqueduct system during high flows by diverting water into 
Lower Rush Creek with a system of diversion boards, However, it had no monitoring or flow control capabilities and was not 
designed for precise flow metering or full-time diversion, Construction completed in the fall of 2009, the new Mono Gate has 

enabled LADWP to greatly improve measuring and flow capabilities, satisfying one of the operational requirements of the 
SWRCB, 
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Exhibit 5G 
Lower Rush Creek Base and Peak Flow Requirements 

Base Flow (cfs) 
Hydrologic Condition Apr May - Jul Aug - Sep Apr - Sep Oct- Mar May - Aug Sep - Mar Peak Flows (ets) 

Dry (runoff,; 83,665 AF) N/A N/A N/A 31 36 N/A N/A None 
Dry-Normal I (runoff 83,655 - 91,590 AF) N/A N/A N/A 47 44 N/A N/A 200 for 7 days 
Dry-Normal II (runoff 91 ,590 - 100,750 AF) N/A N/A N/A 47 44 N/A N/A 250 for 5 days 
Normal (runoff 100,750 - 130,670 AF) N/A N/A N/A 47 44 N/A N/A 380 for 5 days follows 300 for 7 days 
Wet-Normal (130,760 - 166,700 AF) N/A N/A N/A 47 44 N/A N/A 400 fOl",5 days followed by 350 for 10 days 
Wet(166,700-195,400AF) N/A N/A N/A 68 52 N/A N/,;. ... 450for5~aysfollowedby400for10days 

Extreme Wet (runoff> 195,400 AF) N/A N/A N/A 68 52 N/A !\ItA o(" 500 for 5 days followed 400 for 10 days 

Source Mono Basin Operations GUidelines A-G ""-~ "-

Lower Owens River Project ~ '~I~~~~ 
Beginning December 2006, the Lower Owens River Project, depicte~n Exfiibit §H, releases water fmm the LAA to create a 
warm water fishery along a 62-mile section of the Owens River, Water is released near the LAA intake facility and a pump 

b~ck station is located downstream to, return flows to the LAA OF 0 Owe~ Dry L~e for dust control, measures, In accordance 
with the Memorandum of Understanding between LADWP and Inyo (S unty~ the a roved EnVIron me tal Impact Report, 
annual monitoring reports are to be prepared to measure project success, Tile first Lower Owens River Project Annual 
Monitoring Report was prepared in 2008, 

The MOU prescribes requirements for project flows, oth base flows and seasonal{abitat peak flows are required by the 
project A flow schedule is provided in Exhibit 51, Seasonal nabitat peak flows vary etween 40 cfs (zero additional flows 
beyond the base flow requirements) to 200 cfs, For below average unoff years, seasonal habitat flows may be incrementally 
lowered from the average runoff year reqtJi[ements of 200 cfs to 40 cfs (base flow) rn proportion to the forecasted runoff flows 
in the watershed, Base flows are eonstant at 40 cfs regardless of forecasted runoff flows, It is estimated that the long-term use 
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Exhibit 5H 
Lower Owens River Project Area 

• I 

Aberdeen : i 
I .' 
1 / 
. ) ~"'=- Lower Owens River 

BI&ckrocl< !.: "'; ~win Lakes ! Proj ct Ar a 
"''='~ 0", '"'" Co , "'Ii ...... 

\'11: Billy Lake ! 
Independence \ ~~ 0 

~\~ ~~~ 
~\ .. , . 

Lone Pine 

Base 
Flow 

(cfs) 

40 

40 

190 

\ 

\ 

Peak Seasonal 

Habitat Flow (cfs) 

Base flow only 

100 

100 Rercent or greater 40 200 

1. R~ forecast determined by LADWP's Runoff Forecast Model for Owens 
River Basin based on April 1st snow survey. 

2. Peak season habitat flows are proportionately ramped up from 40 cfs to 200 
cfs based on the percent of average runoff forecasted greater than 50 percent 
and less than 100 percent. 
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5.4 Owens Lake Dust Mitigation 
Historically, the Owens River was the main source of water for Owens Lake. Diversion of water from the river, first by farmers 
in the Owens Valley and then by the City, resulted in the lake being reduced to a small brine pool. The exposed lakebed 
became a major source of windblown dust resulting in the United States Environmental Protection Agency (EPA) classifying 
the southern Owens Valley as a serious non-attainment area for particulates (dust) also known as PM1Q emissions in 1991. 

As a result of PM1Q emissions exceeding regulations, the EPA required California to prep'are a State Implementation Plan 
(SIP) to bring the region into compliance with Federal air quality standards by 2006. In duly 1998, LADWP entered into a 
Memorandum of Agreement with the EPA that: 1) delineated the dust producing areas on the lakebed that needed to be 
controlled; 2) specified what measures must be used to control the dust; and 3) eJutlinea a timetable for implementation of the 
control measures. The Memorandum of Agreement was incorporated into ~ormal air quality cOl:ltrol SIP by the Great Basin 
Unified Air Pollution Control District (District). The plan was approved by the ~ in 0ctober 19(99. 

LADWP's water use for Owens Lake Dust Mitigation has been . aQually increased over the years. Exhibit 5J summarizes 
yearly water use for the Owens Lake Dust Control Project. The 2005 UWMP estimated that up 55,000 AP¥ 0 water would be 
all that was required for the Project. Currently, up to 95,000 AF per year of wa~ is expeoted to be diverte from the Aqueduct 
for dust mitigation at the Owens Lake. 

Since 2001, LAI)W ~s diverted water from the LAA for the Owens Lake Dust Control Project. A combination of shallow 
flooding, managed vegetation, and a small amount of gravel are used at various lakebed locations as Best Available Control 
Measures (BACM) for dus control itigation on almost 40 square miles. Exhibit 5K provides a description of the best 
accepted control methods. LADWF,l has completed 9.2 square miles of shallow flooding, 0.5 square miles of modified shallow 
flooding, and 0.4 square miles of sand fence as part of the Phase 7 project in accordance with the 2008 SIP. However, 
LADWP had proposed 3.1 square miles of a new waterless dust control measure called Moat and Row which was disallowed 
by the California State Lands Commission in April 2010. LADWP is working with the District to develop an alternative solution 

for the areas originally proposed for Moat and Row. LADWP has been ordered to complete an additional 2 square miles of 
dust control known as the Phase 8 project. LADWP is seeking a lease from the California State Lands Commission to 
construct Gravel BACM for Phase 8 as it does not require water for operation. 
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As part of an Interim Management Plan, LADWP and Inyo County have agreed to conduct a joint study to explore the 
feasibility of extracting and utilizing groundwater beneath Owens Lake to supplement the water supply necessary for dust 

mitigation activities. This feasibility study is scheduled for completion by November 2011. If groundwater pumping is 
considered feasible and acceptable, LADWP will first need to obtain required approval from Great Basin Unified Air Pollution 
Control District, California State Lands Commission, California Department of Fish and Game, and Inyo County. 
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5.5 Water Quality 
As land owners of much of the Mono Basin and Owens River watersheds, LADWP has placed strict limits on the extent of 
development impacting the City-owned watersheds. Snowmelt from the eastern Sierra Nevada contains low total organic 
carbon (TOC), bromide concentrations, and other constituents that can form disinfectant byproducts during the water 
treatment process. LADWP conducts routine monitoring of all of its water supplies for over 170 constituents and contaminants. 
Ninety-eight of the constituents and contaminants have enforceable standards. 

The LAA supply is the main source of arsenic in LADWP's water supply. Arsenic is colleGted as the Owens River makes its 
way down through volcanic formations in the vicinity of Hot Creek in Long Valley. Geother~1 springs in these areas have 
arsenic concentrations of around 200 parts per billion (ppb). Concentrations are dramatically reduced as water in the area 
mixes with snow melt and other pristine water sources. Historic untreated LAA water arsenic concentrations have ranged from 
10 to 74 ppb. During the latest 3-year routine compliance monitoring cyclei ro 20071 to 2009, the highest arsenic 
concentration after treatment was 8.1 ppb, while the average arsenic eor-1Centration within LADWP's water, distribution system 
was 3.3 ppb, well below the current Federal and State drinking water standard of 50 ppb. In light of pote tia, more stringent 

treatment. 

LADWP completed an evaluation and preliminary design report for enhanced cGagulation at the Los Angeles Aqueduct 
Filtration Plant in December 2006 as a means of addressing ftJt~water quality reg latiGns faced by LADWP, including 
arsenic. An enhanced coagulation facility using the process a outlined in the report is pia fled as part of the treatment 
process at the Los Angeles Aqueduct Filtration Plant by 2(i)2j . 

To comply with the Stage 2 Disinfectants and Disinfection Byprooocts Rule, anGl her water quality improvement effort being 

Near-term water deli~ries are forecasted for the LAA using two models, the Runoff Forecast Model and the Los Angeles 
Aqueduct Simulati0 M0del (LAASM). These two models used jointly and accurately predict the amount of water available 
from this the LAA. 

The Runoff Forecast Model is used to predict total Owens Valley and Mono Basin stream runoff. The model's estimating 
equations were developed u$ing historic rainfall and snowfall, as well as streamflow data of each year. Model input consists of 
6 months of antecedent rainfall and streamflow data, as well as the final snowpack levels on April 1st . The model's output is 
the forecasted runoff for the Owens Valley and Mono Basin during the twelve month period following April 1st, assuming that 
median rainfall occurs during those twelve months. 

Runoff flows from the Owens Valley to the City of Los Angeles are modeled by the LAASM. LAASM uses the output of the 
Forecast Model as input, along with estimates of various uses within the Owens Valley. LAASM uses historically derived 
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estimating equations to forecast various losses, including evaporation and infiltration, as well as other inflows such as 
unmetered springs. The final output from LAASM is the volume of LAA water projected to be delivered to the City of Los 
Angeles. 

Taking the foreseeable factors discussed earlier in this chapter into consideration, the average annual long-term LAA delivery 
over the next 25 years is expected to be approximately 254,000 AFY and gradually decline to 244,000 AFY due to climate 

change impact. Deliveries for a series of dry years, using 1988/89 through 1992/93 hydrology, are expected to range from 
approximately 48,520 AFY to 105,770 AFY. A single dry year minimum of 48,520 AFY is expected with a repeat of the 
1990/91 hydrology. Detailed LAA projected deliveries by year are provided in Chapter 11, Water Service Reliability 
Assessment. 

5.7 LAA Delivery Cost 
The costs associated with LAA water supply are primarily operation and maintenance costs. Therefore, the unit cost of 
exporting water from LAA to the City varies mainly with the quantity of water delivered and is highly dependent on hydrological 
conditions. During dry years, the amount of water delivered to the City decreases, which results in an increase to the unit cost. 
Over the years, eastern Sierra Nevada environmental enhancement projects also contributed to the overall LAA delivery cost, 
with increasing expenditures when the Owens Lake Dust Mitigation and Lower Owens River Project were initiated. Exhibit 5L 

summarizes the historical unit cost of treated water from LAA. The peaks occurred when LAA deliveries significantly 
decreased during fiscal years 1990-91, 2002-03, and 2008-09 with the LAA deliveries of 130,300 AF at $499/AF; 203,400 AF 
at $419/AF; and 108,500 AF at $1,003/AF respectively. 

Exhibit 5L 
Historical Cost of LAA Treated Water 

LOS ANGELES AQUEDUCT TREATED WATER 
UNIT COST OF WATER 

1200 .---~--~~----~--------------------------------------------, 

200+-----------------4-----------~----~~--------------------__4 

Fiscal Year 
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Exhibit 5M shows the unit cost of LAA treated water from 2005/06 to 2009/10. The 5-year average was $563/AF. The sharp 
increase in 2008/09 was due to LAA delivery being the lowest on records. 

Exhibit 5M 
Annual Unit Cost 
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6.0 Overview 

DRAFT Chapter Six 
Local Groundwater 

A key resource that the City has relied upon as the major component of its local supply portfolio is local groundwater. Over the 

last ten years local groundwater has provided approximately 12 percent of the tota~er supply for Los Angeles, and 
historically has provided nearly 30 percent of the City's total supply during droug ts ~en imported supplies become 
unreliable. In recent years, contamination issues have impacted LADWP's ability- to fully utilize its local groundwater 
entitlements. Additionally, reduction of natural infiltration due to expanding ur an har-dscaRe and channelization of stormwater 
runoff has resulted in declining groundwater elevations. In response to contamination issues and declining groundwater levels, 
LADWP is working clean-up of the San Fernando Groundwater Basin, and is making investments to recharge local 
groundwater basins through stormwater recharge projects, 
deteriorating facilities. 

6.1 Groundwater Rights 
The City owns water rights in the San Fernando, Sylmar, Eagle Rock, Cel:ltral, and West Coast Basins. Combined, these 
water rights total approximately 107,408 AFY. Water rights in the Upper Los ngeles River Area (ULARA), which comprises of 
the San Fernando, Sylmar, and Eagle Rock basins, total approximately 90,905 AEY: which translates into approximately 
87,000 AFY in the San Fernando Basin (SFB), 500 f:\FY in the Eagle Rock Basin, a d 3,405 AFY in the Sylmar Basin. Water 
rights in the Central and West Coast Basin are 15,000 AFY and 1,503 AFY resp'ectively. However, LADWP does not exercise 
its pumping rights in Eagle ROGk Basin and West Coast Basin at this ime. Exhibit 6A summarizes the City's annual local 
groundwater entitlements by basin. Superior Court ments for the SaR Fernando, Sylmar, Eagle Rock, Central, and West 

Sylmar 
3,255 AF 

Central 
15,000 AF 

West Coast 
1,503 AF 

respectively. 

Eagle Rock 
500 AF 

Total: 107,258 AF per year 

San Fernando 
87,000 AF 
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The ULARA Groundwater Basin Adjudication 
The City's entitlements in the San Fernando, Sylmar, and Eagle Rock Basins were established in a Judgment by the 
Superior Court of the State of California for the County of Los Angeles in Case No. 650079, The City of Los Angeles, 
Plaintiff, VS. Cities of San Fernando, et. al., Defendants, dated January 26, 1979 (San Fernando Judgment) and the 1984 
Sylmar Basin Stipulation (1984 Stipulation). _ contains the Judgment and 1984 Stipulation. The Judgment was 
based on maintaining a safe yield operation for the basin, whereby groundwater extractions over the long-term will be 

maintained in a manner that does not create an overdraft condition in the basin. The City has no entitlement in the Verdugo 
Basin but may have the right to recapture a portion of its import return waters upon aPRlication to the Watermaster and 
issuance of an order after a hearing by the Court. The Judgment and 1984 Stipulation limit groundwater extraction from all 
four groundwater basins and establish a court-appointed Watermaster and an Ad inistrative Committee made up of a 
representative from each of the five water supply agencies overlying the ULARJ,X Basins. The five public agencies are the 
City of Los Angeles, the City of Glendale, the City of San Fernando, the Git¥. of Burbank, aRd t e Crescenta Valley County 
Water District. 

The Watermaster assists the Court in 
Stipulation. Among other duties, the Watermaster monitors grounawate~ levels, recharge operations, " oycled water use, 
extractions, water imports and exports, and reports all significant watef'- elate events in the Basin to the Court and to the 

parties to the Judgments. The activities of the Watermaster are key com, onents for the effective management of the 
groundwater resources in the ULARA Basins. Key tasks of the Watermaster for the 8m include: 

• 
• 

contamination sites 

• 

• 
• To contintle to work with the Los ! ngeles Department of Public Works, Bureau of Sanitation, Watershed Protection 

Division, to enhance groundwater recharge of local basins via the Standard Urban Stormwater Mitigation Plans 
(SUSMP) procedtl es for stormwater infiltration at new development and redevelopment project sites; and 

• To work with local purveyors in an effort to increase the quantity and quality of the groundwater database for the entire 
ULARA basin. 

Historical Groundwater Production 
On average over the past five years, about 83 percent (58,575 AFY) of the City's local groundwater supply was extracted 
from ULARA groundwater basins, while the Central Basin provided 17 percent (12,512 AFY). Exhibit 6B summarizes the 
City's local groundwater production by basin over the last five years. 
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Exhibit 6B 
Local Groundwater Basin Supply 
Fiscal Year (July through June in AF) 

Groundwater Basin 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 Average Percentage 

San Fernando 35,486 75,640 57,060 49,106 62,218 55,902 79% 

Sylmar 1,844 3,901 4,046 576 2,998 2,673 4% 

Central 13,290 13,358 12,207 11,937 11,766 12,512 17% 

Total 50,620 92,899 73,313 61,619 76;~82-':: ~ 71,087 100% 
..... 

.L( .. . 
Historically, LADWP operates groundwater production by utilizing conjunctive use Qf smface water and groundwater to 
optimize the supply and demand balance. Through conjunctive use, the timiR of groun6lwater extractions can be used to 
meet varying demands. Furthermore, in the past, LADWP prevented against §lro dwater overdraft during multiple dry years 
through strategic pumping. When successive dry years occur, LADW pomped at greater than average rates for the first few 
years of the drought, and then pumped at lower rates in subsequent )(ears. 

However, since 2007, groundwater contamination issues in the SFB ave great ly Ii 

groundwater entitlement. As a result, LADWP has been pumping the maximum amount capable that is not impacted by 
contamination sources, and therefore, has not been able to utilize its cQnjunctive use strategies for its groundwater 
operation. When the clean-up of the SFB is complete, LADWP will be able to ret rn to these strategies to ensure reliability 
and protect from groundwater overdraft. 

6.1 San Fernando Basin 

wellfields, LA[)WP is currently not pu ping at eadworks. These wells were generally installed over a period spanning from 
1924 to 1991, with he most recent installations being the Rinaldi-Toluca Wellfield in 1988 and the Tujunga Wellfield in 1991. 
Collectively these ten wellfields have the ability to pump and serve approximately 547 cubic feet per second (cfs) of water, of 
which the recent Rinaldi-Toluca an Tujunga wells comprise about 38 percent or 210 cfs. 

Groundwater Rights 
In accordance with the 1979 San Fernando Judgment, the City has the right to all native water within the SFB, based on its 

Pueblo Rights, and the right to imported water that is delivered and returned to the SFB by the City. With the native safe 
yield being fixed at 43,660 AFY and the return of imported water averaging approximately 43,000 AFY, the combined total 
equates to an average SFB entitlement for the City of approximately 87,000 AFY. The return of imported water right for 
LADWP is based on 20.8 percent of all water delivered within the San Fernando Basin including recycled water. The 
Judgment provides for storage of water within the basin when the amount pumped is less than the annual entitlement, and a 
portion of these stored water credits can be pumped in future years to supplement the City's water supply. The direct 
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spreading of both imported or recycled water receives 100 percent stored water credit. Increased groundwater pumping due 
to stormwater capture activities will require an amendment to the Judgment to increase LADWP's groundwater pumping 
rights based on a demonstrated increase in groundwater levels. 

In September 2007, the Cities of Los Angeles, Glendale and Burbank entered into a ten-year Interim Agreement for the 
Preservation of the San Fernando Basin Water Supply (Interim Agreement). The Interim Agreement is intended to address 
the overall long-term decrease in stored groundwater within the basin. The Interim Agreement restricts withdrawal of stored 
water credits and incorporates basin losses into groundwater basin accounting. 

Under the Interim Agreement, stored water credits will be reduced for each partY. b 1 percent annually to account for 
outflow from the basin. Additionally as described in the Interim Agreement, a pro ortion of stored water credits available for 
use during a water year will be calculated for each year, and proportio~ot vailable for use during a given year will be 
reserved for later use. As of October 1, 2009, the City had a stored wate~ Gr-e~ of nearly 406, 13 AF in the SFB, however 
LADWP's Available Credit or maximum allowable withdrawal of stored water credits for the year beginning October 1 was 
108,574 AF. LADWP's Reserve Credits total was 321,316 AF. eserve Credits (stored water credits minus, ailable stored 
water credits) will not be available until groundwater levels In the basin recover to a level that will l 0w for their safe 
withdrawal. Total Reserve Credits held by all parties in the basin were 3'1 ,433'A as 0 October 1, 2009. 

Water Quality 
During well testing in the SFB, trace levels of the contaminants trichloroethylene (TCE), perchloroethylene (PCE), and other 
volatile organic compounds (VOCs) were detected in the past. The presence of these contaminants is due to improper 
chemical disposal practices historically conducted by numerous companies in the San Fernando Valley utilizing such 
materials. Additionally, in the 1990s, detectable amounts of hexavalent chromium and perchlorate were found in various 
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wells within the SFB. Since the 1990s, SFB wells have also shown a trend of increasing nitrate levels. The source of nitrates 
is the result of decades of agricultural activity in the San Fernando Valley. 

While LADWP is permitted to withdraw its allotted entitlement of 87,000 AFY from the SFB including a portion of its 
additional stored water, 2007 was the first year LADWP was unable to pump its allotted entitlement due to contamination 
impacts. LADWP has 115 wells in the SFB of which 54 wells have been inactivated due to contamination. These inactive 

wells represent a lost pumping capacity of approximately 221 cfs or 40 percent of LADWP's pumping capacity. Of the 
remaining 61 active wells, with a combined pumping capacity of approximately 326 cfs, 44 a e recorded concentrations for 
various contaminants above the Maximum Contaminant Level (MCL). Most notable a0ng these contaminants of concern 
are the VOCs (especially TCE, PCE, and carbon tetrachloride), nitrates, and perchlorate. The remaining 17 wells have 
recorded marginal levels of contamination, mostly due to VOCs. Hexavalent c omium thr tens to be a significant future 
risk to LADWP's wells. Lastly, LADWP's two largest wellfields, Tujunga af1d Ri aldi-Toluca, wtiiGh were the most recently

installed wells in an area believed to be outside the known contamlr-1atioR areas, are being significantly impacted by 
unknown contamination sources. 

LADWP has developed programs to accelerate clean-up of the San F:ernando Basin which includes a comprehensive 
Groundwater System Improvement Study, installing monitoring wells inteRm wellnead treatment, and working with 

regulatory agencies and government officials to hold individuals responsible for the contamination responsible to help clean
up efforts. 

Agency Cooperation of SFB Remediation 
LADWP actively coordinates with the California Department of Public Health (CDPH), Los Angeles Regional Water Quality 
Control Board (LARWQCB), C;llt0rnia Department of Joxic Substanee COf1trol (CDTSC), and the United States 
Environmental Protection Agency (lJSEPA) to pursue prGltective and re.[F1edial measures for the SFB. The CDPH, 

sources. 

In 1987, 

million in Federal grants from the USEPA's SURerfund Program to carry out: (1) construction, operation, and maintenance of 
the North Hollywood Operable Unit, which consists of a groundwater treatment facility and a system of eight production wells 

monitoring wells that were de,,0ped to monitor contamination plumes of TCE, PCE, and nitrates in the SFB; (b) the 
development of a groundwater flow model (Flow Model) and the preparation of the RI report that was completed for the 
USEPA in 1992; and (c) on-going monitoring for TCE, PCE, nitrates, and emerging contaminants. 

The Flow Model is a three-dimensional computer simulated model of the SFB based on the MOD FLOW model program 
code that was developed by the United States Geological Survey. It consists of four layers that represent the various depth 
zones of the SFB. Geologic and hydrogeologic data for the basin, which was generated through field investigation, was 
analyzed to develop the physical site characterization of the basin for the MOD FLOW Flow Model. The Flow Model 
produced simulated groundwater levels, gradients, and their fluctuations as a function of time. Based on field monitoring and 
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Flow Model simulations, groundwater production strategies are reviewed and adjusted monthly to balance the City's water 
supply need with SFB management. 

San Fernando Basin Contamination Clean-Up Programs 
In coordination with other agencies, LADWP has completed or is planning various projects to maintain its rights to use the 
SFB as a reliable local water supply for the City. The following are some of LADWP's completed, current, and planned 
projects for the SFB. Recharge projects are discussed separately in Chapter 7, Watershed Management. 

Groundwater System Improvement Study 
LADWP is working on a 6-year, $19.0-million Groundwater System Improvement St a 
vital information to assist in developing both short- and long-term projects to maxi mile the tJse of the SFB. The $11.5-million 

GSIS professional service contract was awarded to Brown and Caldwell in Fesruary 2009. 

The GSIS will aim to cover the following main objectives: 

• Provide an independent study to identify, characterize, a 
Fernando Basin. 

• Provide an independent expert evaluation 0 LADWP's existing gmunawater facilities and its current operational 
strategies to address current issues on water quality regulations and groundwater treatments. Provide expert advice on 
the need of refurbishing existing groundwater wells. 

• 
constituents of concern. 

• 

• improvement 

that will include treatment facilities in the vicinity of lADWP's North Hollywood, Rinaldi-Toluca, and Tujunga Well Fields. It is 
anticipated that construction of the Groundwater Treatment Facilities could begin as early as July 2015. Construction of the 
Groundwater Treat ent Facilities will greatly reduce LADWP's reliance on costly and scarce imported water supplies and 
will compliment LADWI?'s §~tegies f0r securing the City of Los Angeles' future water supply through sustainable means. 
The Groundwater Treatment Faeilities will also enable LADWP to benefit from its activities to enhance local supplies through 
groundwater recharge and stor-mwater projects. An integral part of LADWP's Groundwater Treatment Facilities will be to 
work closely with the USEPl\ and the Cities of Burbank and Glendale to ensure that the facilities operations do not adversely 
affect the on-going cleanup activities being conducted by the aforementioned agencies. Towards this end, LADWP plans to 

enter into a Groundwater Management Plan with the USEPA. 

As of November 2010, the work progress has included a technical review of USEPA's Focused Feasibility Study for the 
North Hollywood Operable Unit, preparation of conceptual layouts and renderings for the proposed Groundwater Treatment 
Facilities in the vicinity of the North Hollywood, Rinaldi-Toluca and Tujunga Well Fields, providing assistance in the planning 
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aspects for the installation of approximately 40 new monitoring wells in the San Fernando Basin, and providing an 
independent study to identify, characterize and evaluate emerging water constituents. 

Tujunga Wellfield Joint Project. LADWP and MWD have developed a joint project utilizing simple liquid-phase granular 
activated carbon (GAC) to recover the use of two of the City's contaminated groundwater production wells in the Tujunga 
Wellfield. The total estimated cost of this project was approximately $7.0 million and was completed in November 2009. 

LADWP received the permit from the Department of Public Health in May 2010 and started to discharge into the distribution 
system on May 18,2010. 

Tujunga Wellfield Contamination. The Initial Discovery of the source of contaminatiQn at the Tujunga Wellfield by the 
USEPA and CDTSC is ongoing. Phase I is completed and has not conclusively / entified the source of the contamination. 
The next phase will involve drilling 4-7 deep monitoring wells immediately lJp\ gradient 6) Hie wellfield to determine the 
direction of the contamination plumes. The well drilling is expecteV,0 be Qmpleted late 2Q11. LADWP is intending to 
construct up to 22 additional monitoring wells near other wellfields south of the Tujunga Wellfiela. Water quality data from 
the new monitoring wells will assist with further characterizin~h; groundwater ontamination in the SFB. Q iTling of these 
additional wells is expected to begin in Fall 2011 and continue ntil W'nte~ 2012 . .......,____. 

North Hollywood Operable Unit. In 1989, the North Hollywood Operable lJRit (NHOU) was placed into service with a 
capacity of 2,000 gallons per minute (GPM), or 3,230 AF per year. This facilit ~as one aeration tower with vapor-phase 

remediated. In Water Year 2008-2009, ~,038 AF of VOC contarJ'l'ioated groundwater was treated. 

concentrations of VOCs, chromiCJ , a~ Sother conta~cern. The USEPA issued the Record of Decision (ROD) 
in December of 2Q89. fhe first tec Ric~~eting with the potentially responsible party was held in July 2010. A consent 
decree is expected in early- 2011. The ROD recommends more than doubling the capacity plus adding liquid phase GAC (a 
second,f4eatment), constmction Qf 37 monito iog w lis, three new extraction wells, deepen existing abandoned well #1, 
rehabilitation of existing wells, anlsl treatment of chromium and 1-4 Dioxane. As of 2010, Honeywell is continuing its removal 
of chromium plume at the source of contamination. 

Chromium Treatment Research. A cost-effective treatment technology to remove low levels of hexavalent chromium from 

water does not exist fO[ la ge s, e applications. In 2001, LADWP, along with the Cities of Burbank, Glendale, and San 
Fernando, and the National Water Research Institute, entered into a research partnership with the American Water Works 
Association Research Foun ation to identify and bench-test new technologies that can remove hexavalent chromium to 
extremely low levels. This research is being conducted in anticipation of a new standard for hexavalent chromium. 

Pollock Wells Treatment Plant. In 1999, the Pollock Wells Treatment Plant was constructed and placed in service. This 
project was funded by LADWP, and it includes a groundwater treatment facility with four liquid-phase GAC units. Over 3,000 
gallons per minute (4,840 AF per year) of groundwater is treated by direct adsorption with GAC to remove VOCs before 
delivery to customers. 
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Remedial Investigation. In 1992, the Remedial Investigation to characterize the nature and extent of groundwater 
contamination in the SFB was completed for the USEPA. The Remedial Investigation activity included the construction of 88 
shallow and clustered monitoring wells, which were developed to monitor contamination plumes of TCE, PCE, and nitrates 
in the SFB. These monitoring wells are also being used to monitor for emerging chemicals. Updated information and reports 
can be found on USEPA Region 9 Superfund web page. 

Biological Treatment Pilot Test. LADWP will be studying the effectiveness of biological treatment on removal of VOCs 
contaminants from the Tujunga Wellfield groundwater. Biological treatment is a proveR technology for removal of 
perchlorate and nitrate contaminants from groundwater which are also present in the 1ujunga Wellfield groundwater. If 
biological treatment can also effectively remove VOCs from the groundwater, LADW cafl significantly reduce the capital as 
well as future operations and maintenance costs associated with cleanup aQ 
Wellfield groundwater. 

Pilot Test of Advance and Emerging Groundwater Treatment ecllnologies. LADWP is investigating the utilization of 
other advance and/or emerging groundwater treatment technologies for removal Qf VOCs and perchiorate fer possible pilot 
study(ies) at the Rinaldi-Toluca Wellfield within the next few years. 

6.2 Sylmar and Eagle Rock Basins 
The Sylmar Basin has provided slightly over 4 percent of tbtCity's local groundwate~anging from 576 AF to 4,046 AF from 
Fiscal Year 2005-2006 through Fiscal Year 2009-2010. 4:he Sylmar Basin, in the nortnem art of ULARA, consists of 5,600 
acres and comprises 4.6 percent of the valley in ULARA. It is bQunded Q the north a~east by the San Gabriel Mountains; 
on the west by a topographic divide in the valley fill between the Mission ills and tile San Gabriel Mountains; and on the 
south by the Little Tujunga syn~e, wllich separates it from tile SFB. (U ARA Watermaster Service Report, Water Year 
2008-2009) LADWP originally': had a total of 3 production wells installed in tHe Sylmar Basin between 1961-1977. One of 

private par aj:)d LADWP is reimbursed for sucymPing in accordance with the San Fernando Basin Judgment. 

Groundwater:.. Rights 

In 1996 upon the recom endation of the Watermaster, the ULARA Administrative Committee approved a temporary safe 
yield increase for the Sylmar Basil] t us temporarily increasing LADWP's rights from 3,105 AFY to 3,255 AFY for a ten-year 
period. Per the 1984 Stipulation, tile safe yield minus private party overlying rights are to be equally split between LADWP 
and the City of San Ferna do. In 2006, a subsequent evaluation of the safe yield was conducted and completed in 
accordance with Section 8.2.10 of the 1984 Stipulation. Upon recommendation of the parties, the Court approved a new 

stipulation further increasing the temporary safe yield of the basin and resulting in a temporary increase in LADWP's rights 
to 3,405 AFY subject to multiple conditions. Conditions imposed on LADWP and the City of San Fernando include installing 
groundwater monitoring wells to assist in determining basin outflows. This new stipulation became effective on October 1, 
2006 and is set to expire on October 1, 2016. As required by the 2006 Stipulation, the safe yield will be re-evaluated by 
October 1, 2011 and may result in a recommendation for additional changes to the safe yield of the Sylmar Basin. 
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Stored water credits accumulated in the basin are determined by adding the previous years stored water credit and the 
extraction right for the previous year together and then subtracting the actual extractions for the previous year. As of October 
1,2009, LADWP has accrued 9,423 AF of stored water credits in the Sylmar Basin. In 2006, the Watermaster recommended 
LADWP begin pumping these rights due to the large amount of stored water credits. LADWP has proposed the Mission 
Wells Improvement Project to initiate pumping the credits and to replace the existing wells that have significantly 
deteriorated. As proposed, the project consists of constructing a water tank, three wells, and other operational facilities at 
the Mission Wellfield. Phase 1 was completed in February 2009 and involved replacement~e water tank that was beyond 
its useful life. Phase 2 is in the planning stages and consists of three new wells with operatio al facilities and is forecast for 
completion in August 2014. These new facilities will allow LADWP to pump its current entitlement of 3,405 AFY on an annual 
basis and draw from its existing stored water credits. 

Water Quality 

Groundwater quality issues have occurred in the Sylmar Basin related to TeE ontamination at one of the two production 
wells. The effluent from the wellfield is managed in such a way- bat the groundwater quality me ts 0 surr;>asses water 
quality standards. Primary limitations on pumping are related to tl:1e{,eterioration CSlf Rumping facilities and no eontamination. 
However, the Mission Wells Improvement Project as previously discu ssed, will replace the deteriorated wells and increase 
production capacity to allow LADWP to pump its annual water rights. 

6.3 Central Basin 

Two LADWP facilitiet provide groun water supplies in the Central Basin, the Manhattan Wells and the 99th Street Wells. The 
active Manhattan Wells were installea Between 1928-1974 and have a production capacity of 16.9 cfs. Wells at the 99 th 

Street location were installed between 1974-2002 and have a production capacity of 7.4 cfs. While the 99th Street Wells are 
newer and have relatively litt e ectianical or other problems, the Manhattan Wells are much older and have experienced 
maintenance problems and are approaching the end of their useful life. To restore the City's pumping capacity, LADWP is 
working on plans to install two new production wells, replace two deteriorated wells, and improve other related facilities at 
the Manhattan site. 

Groundwater Rights 

More than 50 years ago, groundwater overdraft and declining water levels in the Central Basin threatened the area's 
groundwater supply and caused seawater intrusion in the southern part of the Basin. However, timely legal action and 
adjudication of the water rights halted the overdraft and prevented further damage to the Basin. Today, groundwater use in 
the Basin is restricted to the allowed pumping allocations by a 1966 Superior Court Judgment and is monitored by a court-
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appointed Watermaster, the Department of Water Resources (DWR). Annually, the Watermaster prepares a Watermaster 
Service Report indicating groundwater extractions, replenishment operations, imported water use, recycled water use, 
finances of Watermaster services, administration of the water exchange pool, and significant water-related events in the 
Basin. 

The City's entitlement in the Central Basin of 15,000 AFY was established in a judgment by the Superior Court of the State 

of California for the County of Los Angeles through the Central Basin Judgment (Case No. 786,656 -second amended 
judgment). In addition to its annual entitlement, the Central Basin Judgment allows for cmryove of unused water rights up to 
a maximum total cumulative amount of 20 percent of the purveyor's pumping allocatiol'l and also allows for over extraction of 
an additional 20 percent under emergency situations that would be debited against be p r-.veyor's following year entitlement. 
The City uses its carryover storage right for operational flexibility and conjurftive use L:ADWP has allowable carryover 
storage of 3,000 AF into Fiscal Year 2010-2011. 

conjunctive use groundwater storage in 
groundwater storage. 

Water Quality 

standards. 

Water from 99th Street W1:llfielQ complies witti the National Primary Drinking Water Regulations, but requires treatment to 
comply with the Nationa1"'SeGonoa(y Drinking Water Regulatio li1s fo manganese and iron. These contaminants are not 
considered to present a risk to hI] an ~Ith, Dut at existing coneentrations the contaminants may present taste, color, and 
odor problems. Corrosion control treatment using zinc orthophosphate as a sequestering agent and sodium hypochlorite to 

LADWP has not been able~ p its water entitlement from the West Coast Basin since 1980 due to localized 
groundwater contamination 'ssues and deterioration of the wells at the Lomita Wellfield. The West Coast Basin underlies 

160 square miles in the so t western part of the Los Angeles Coastal Plain in Los Angeles County. The Basin is bounded 
on the west by Santa Monica Bay, on the north by Ballona Escarpment, on the east by the Newport-Inglewood Uplift, and on 

the south by San Pedro Bay and the Palos Verdes Hills. Twenty incorporated cities and several unincorporated areas overlie 
the Basin (West Coast Basin Watermaster Service Report, Fiscal Year 2009-2010). 

Groundwater Rights 

In 1945, when intrusion of sea water caused by declining water levels threatened the quality of the groundwater supply, legal 
action was taken to halt the overdraft and prevent further damage to the West Coast Basin. In 1955, the Superior Court of 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
6-10 

AR0070909 



Chapter 6 - January 2011 Draft 
Local Groundwater 

Los Angeles County appointed the DWR as the Watermaster to administer an Interim Agreement, and in 1961, the Court 
retained the DWR as the Watermaster of the Final West Coast Basin Judgment (Case No. 506,806 -amended judgment). 
Similar to the Central Coast Basin, an annual Watermaster Service Report is prepared. The West Coast Basin Judgment 
provided the City with a right to 1,503 AFY of groundwater. 

Water Quality 

Groundwater quality problems in the West Coast Basin were previously related to high levels of total dissolved solids and 
chlorides. LADWP abandoned operations in the basin in September of 1980 with closure of the Lomita Well Field, and 
intends to study the feasibility and cost of restoring groundwater pumping. 

6.5 Water Quality Goals and Management 
The groundwater management efforts that LADWP has undertaken hav),lesulteo in all grolJ dwater delivered to customers 
meeting or exceeding all water quality regulations. As part of its regulatory Gompliance effor-ts, M DWP works with the 
California Department of Public Health (CDPH) to perform water qu 

Groundwater Monitoring 

LADWP conducts nearly 250,000 field and laboratory tests on more thaR 2~OQO samples collected throughout the year for 
hundreds of different chemicals such as arsenic, Gnromium, lead, and disinfectio by-products to ensure that they are will 
within the safe levels before we serve the water to our customers 

LADWP has established operating goals for TlSVI2'CE, nitrates, perchlorate, and total chromium that are more stringent 
than the maxi um contaminant levels ~MCLs) permitted by Federal or State regulations. These stricter operational goals 
provide an additl0 al safety margin from these contaminants for City customers. Exhibit 6D summarizes these water quality 

requirements. 
teState-regulated requirements, which are generally more stringent than Federal 
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Compound 

Perchlorate (CI04) 

Total Chromium 

Exhibit 60 
Operatin Limits of Re ulated Compounds 

State of California 
Limit 

5 ppb 

5 b 

45 ppm 

6 ppb 

50 ppb 

LADWP 
Operational Goals 

3 ppb 

3 b 

30 ppm 

4 ppb 

LADWP Added 
Safety Margin 

40% 

40% 

33% 

(ppm). A single exceedence of the nitrate standard is classified as an acute violatioA re~ uiring immediate public notification. 

Treatment for nitrates may eventually become necessary for affected City grour:1dwater supplies. 

In October 2007, a MCl was adopted for perchlorate of 6 ppb. Perchlorate is an 'norganic compound that is most commonly 

Managing Emerging Contaminants of Concern 

lADWP addresses emergiog contami ants on many Ie els: 1) by e couraging the development of standardized 
testing to enable early detectior-l, and Suppo[ting the regulatory framework by providing early occurrence data, 2) by 

advocating good science and a balanced approach to risk assessment, 3) by seeking to gain a risk perspective with other 
existing contaminants to manage Hie emerging contamlQg,ot In the absence of regulations, 4) by supporting early 

interpretation of emerging GCl~inants in collaboratioA with research and regulatory agencies, and 5) by supporting the 
research to>develop cost-effective t\ meAt for the removal and management of these emerging contaminants. 

An examp e of how lADWP aadresses an e erging contaminant is chromium VI (otherwise known as hexavalent 
chromium). rle a a!{nt chromium does not ha\Ye an enforceable drinking water standard at this time. However, hexavalent 
chromium is inc bldea ~ the State total chromium standard of 50 ppb. CDPH is expected to establish drinking water 
standards for the compOtmd in the ear future. Chromium is a heavy metal that has been used in industry for various 
purposes including electwpl ting~eather tanning, and textile manufacturing, as well as controlling biofilm formation in 
cooling towers. lADWP began !Ow level monitoring of hexavalent chromium long before monitoring was required by 
regulators. lADWP supporte new health-effects research needed to support risk assessment, and advocated a balanced 
approach to risk management. lADWP funded research to develop new treatment technologies to reduce hexavalent 

chromium detection levels. 

Most recent among emerging contaminants are pharmaceutically active compounds and personal care products that are 
finding their way into rivers, lakes, and waterways from urbanized areas. There are concerns about the occurrence and 
effects of endocrine disrupters, hormone-shifting compounds, and pharmaceuticals. Technology now allows the detection of 
compounds down to the parts per trillion levels, thus some of these compounds are now being detected. The risk 
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assessment field is finding it difficult to keep pace with advances in analytical technology. The question of these 
contaminants posing a health risk at low levels needs more investigation. LADWP will continue to proactively address 
emerging contaminants through early monitoring and utilization of a balanced approach to risk management. 

LADWP will be incorporating appropriate treatment processes into future groundwater treatment facilities. LADWP has and 
will continue to solicit input from stakeholders to properly plan and develop processes for removal and treatment of emerging 
contaminants. LADWP's Recycled Water Advisory Group (RWAG) is an example of ongoing efforts to solicit input. 

6.6 Groundwater Pumping Cost 
The costs associated with groundwater pumping are primarily operation and maintenance costs. Therefore, the unit cost of 
groundwater pumping varies mainly with the quantity of water delivered. Exhibit 6F summarizes the historical unit cost of 
groundwater pumping. 

ping 

GROUNDWA~E-R PliMPING 

$500 .-------------------------------------~~~~----------------------~ 

$450r-------------------------~~------------~~~--------------------~ 

$400r---------------------------~~=_-=~--------~~T_----------------~ 

$350r-----------------------------~--~7_~~-=~T_--------------------~ 

j $300 

~$250r--------1~~~~--~-T----------~~r---------~~----------------~ 

~ 

$50r---~_;~------~_+------------------------------------------------~ 

Fiscal Year 

Exhibit 6G shows the unit cost of groundwater pumping from fiscal year 2005/06 to 2009/10. The 5-year average was 
$215/AF. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
6-1 3 

AR0070912 



Chapter 6 - January 2011 Draft 
Local Groundwater 

Fiscal Year 

Unit Cost 

2005-06 

$270 

Exhibit 6G 
Annual Unit Cost 

2006-07 2007-08 

$160 $200 

6.7 Groundwater Production Projections 

2008-09 

$230 

Historically, with conjunctive use management of groundwater, storing imported water- i 

2009-10 

$216 

and normal years, groundwater production can actually be increased during dr~ years. LADWP operated its groundwater 
resources in this manner. On average, LADWP pumped its adjudicated right of. approximately 107,000 AFY, but in dry years 
LADWP could pump larger quantities of groundwater. For the purposes of an ave age, single-dry, and multi-dry year drought 
analysis, after the implementation of the purification complex for SFB al1 GElfT-1pleting the constr6l ctio~f new wells in Sylmar 
and Central Basins, 110,405 AFY is assumed to be the City's local-'QJoundwater production in 2035 Aftel completion of the 
purification complex for the SFB, if successive dry years occur, ~f\DWI? would Ii ely' pump at greater-than-ave age levels for 
the first few dry years, then start pumping at lower levels in order to prevent groundwater overdraft. LAElWP would then 
replenish the groundwater in wet or normal years following the successive (jry perioa. Exhibit 6E provides groundwater 

pumping projections by basin between 2010 and 2035 for average, single-of){, a d multi-year dry weather conditions in five
year increments. 

Basin FY 2029-30 FY 2034-35 

San Fernando 92,000 92,000 92,000 

4,500 4,500 3,405 

15,000 15,000 15,000 

111,500 111,500 110,405 

Not included in the fig res above is i Greased groundwater pumping due to groundwater replenishment of advanced treated 
wastewater, as well as ennaflced stormwater recharge. This Urban Water Management Plan projects increased 
groundwater pumping throug groundwater replenishment of advanced treated wastewater of 15,000 AFY, and increased 
groundwater pumping throug enhanced storm water recharge of and additional 15,000 AFY, both by 2035. 
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This Urban Water Management Plan projects stormwater capture providing increased groundwater pumping rights in the 
San Fernando Basin of 15,000 AFY, and 10,000 AFY of additional water conservation from capture and reuse solutions 

such as rain barrels and cisterns, for a total of 25,000 AFY by fiscal year ending 2035. Tb~water Capture Master Plan 
(refer to Section 7.3 below) will comprehensively evaluate stormwater capture potential within the City. 

Stormwater runoff from urban areas is an underutilized resource. Within the Ci ty of Los Ange~s, the majority of stormwater 
runoff is directed to storm drains and ultimately channeled into the oceaR tlnused stor wate, eaching the ocean also 
carries with it many pollutants that are harmful to marine life. In additiEm, local groundwater a uifers that should be 
replenished by stormwater are receiving less recharge than in t e lQast due to increased urbanizatloR. Urbanization has 

In addition, development has encroached onto the floodplains requirll'1g tee anneli ation of large waterways that once 
recharged the groundwater aquifers with large volumes of stormwater runoff. When the floodplains were undergoing rapid 
development, LADWP and the Los Angeles County ElooEl Control District (LAC~CD) reserved several parcels of land for use 
as spreading facilities, which are adjacent to some of the largest tributaries of the h OS Ar-lgeles River, and the Pacoima and 
Tujunga Washes. 

With the increased attention being placed on stormwater capture, other challenging conditions beyond imperviousness and 
climate patterns have eeR identified. These include antiquated spreading facilities, landfills adjacent to spreading, 
floodplain encroachment, s bstructrres, and other man-made conditions that limit the ability to capture stormwater for later 
use. Some conditions such as the antiquated delivery systems at the spreading facilities can easily be retrofitted with new 
gates and telemetry. Whereas other conditions such as the presence of large sanitary landfills adjacent to recharge 
facilities, are more difficult to rectify. 

In January 2008, LADWP created the Watershed Management Group which is responsible for developing and managing the 
water system's involvement in emerging issues associated with local and regional stormwater capture. The Watershed 
Management Group coordinates activities with other agencies, departments, stakeholders and community groups for the 
purpose of planning and developing projects and initiatives to improve stormwater management within the City. The Group's 
primary goal is to increase stormwater capture by enhancing existing centralized stormwater capture facilities and promoting 
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distributed stormwater infiltration systems to achieve the City's long-term strategy of enhancing local stormwater capture. 

While working to increase stormwater capture for improving long-term groundwater reliability, other watershed benefits can 
be achieved including increased water conservation, improved water quality, open space enhancements, and flood control. 

Additionally, the City is investigating recharge of the San Fernando Basin (SFB) with advanced treated recycled water. A 
more in-depth discussion of efforts to maximize groundwater recharge with advanced treated recycled water is provided in 

Chapter 4, Recycled Water. 

7.1 Importance of Watershed Management to Groun 
Managing native stormwater is a necessary step towards maintaining groundwater elevatiG~ in the underlying groundwater 
basin. Urbanization and its associated increase in impervious surfaces has altered tile aBil'ty of groundwater basins to 
naturally replenish pumped groundwater. Stormwater systems in the City. were) esigned primaril for flood control to convey 
stormwater runoff to the Pacific Ocean as quickly as possible, there 0re minimiz:ing the potentlat~r flooding or damage to 
structures while maximizing land available for development. Wit'; ADWP's se~ice area, the SFB'is Hi mos amenable to 
regional stormwater capture and recharge through spreading oasins @ecause or-i~redominantlY sandy soils. However, 
stormwater once percolated into the groundwater in the underlying S B is being channeled across impe 'ious surfaces then 
through concrete-lined canals or conduits to areas outside of the San Fernando Valley. 

The essential task of watershed management is to retain as much stormwater rbl 0 as possible for groundwater recharge. 

operatiGns at the Branford, Hansen, Lopez, ana P.acoima Spreading Grounds. The Tujunga Spreading Grounds are 
operated by, L:ACFCD in partnership with LADWP. LADWP has the ability to spread imported supplies at the Tujunga 
Spreading Grounds and the Pacoim Spreading Grounds for storage in the SFB, but LADWP has not utilized imported water 
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SFB Spreading Grounds Operations Data 

Annual Spreading (AF 

Facility Location Average1 

Branford Mission Hills, CA 549 

Hansen Sun Valley, CA 

Lopez Lake View Terrace, CA 

Pacoima Pacoima, CA 

Tujunga Sun Valley, CA 

Total 
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Watershed management provides additional important benefits to the City of Los Angeles, including surface water quality 
improvements, water conservation, open space enhancements, and flood control. 

Water quality improvements are necessary because stormwater runoff is a conveyance mechanism that transports 
pollutants from the watershed into waterways and ultimately the Pacific Ocean. Pollutants include, but are not limited to, 

bacteria, oils, grease, trash, and heavy metals. The City must also comply with adoptea Total Maximum Daily Loads 
(TMDLs) for pollutants. TMDLs set maximum limits for a specific pollutant that can be ischarged to a water body without 
causing the water body to become impaired or limiting certain uses, such as water od contact during recreation. In 2008, 
the Los Angeles Board of Public Works adopted the Water Quality Compliance Master Rlan for Urban Runoff (WQCMPUR). 
This 20-year plan provides a strategy for cleaning stormwater and runoff to f9 0tect the (S'ty's waterways and the Pacific 
Ocean. Capturing stormwater runoff for groundwater recharge removes a Flo~on of the pollutant eonveyance mechanism 
reducing downstream pollution thereby assisting the City with water quality compliance and improving the overall health of 
its waterways. 

cisterns. 

typically provide additional open 
space areas that may include passive and/or active recreation, educational oppQ[trmities, and habitat restoration. Most 

The Stormwater Capture Master Plan (Master Rlan) will investigate potential strategies for advancement of stormwater and 
watershed management in the City. The Master Plan will be used to guide decision makers in the City when making 
decisions affecting ow the City will ~eveloP both centralized and distributed stormwater capture goals. The Master Plan will 
include evaluation of existin§ stormwater capture facilities and projects, quantify the maximum stormwater capture potential, 
develop feasible stormwater caRt~re alternatives (i.e., projects, programs, potential policies, etc.), and provide potential 
strategies to increase stormwater capture. The Master Plan will also evaluate the multi-beneficial aspects of increasing 
stormwater capture, including potential open space alternatives, improved downstream water quality, and peak flow 
attenuation in downstream channels, creeks, and streams such as the Los Angeles River. 

The Master Plan will recommend stormwater capture projects, programs, policies, and incentives for the City of Los 
Angeles. 

Benefits of the Master Plan include: 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
7-5 

AR0070918 



Chapter 7 - January 11 Draft 
Watershed Management 

• Investigate stormwater capture models such as the Groundwater Augmentation Model and the Watershed 
Management Modeling System to identify maximum potential groundwater recharge 

• Increased water conservation 

• Improved water quality 

• Reduced peak flow in the Los Angeles River 

Project partners and supporters include: 

• City of Los Angeles Department of Water and Power 

• City of Los Angeles Department of Public Works 

• County of Los Angeles Department of Public Works 

• TreePeople, Inc. 

TreePeople's experience in public education and agency': ~teg['0n to further the long-term sustainability objectives of 
LADWP. Specifically, LADWP ,d TreePeople are working togetller to research opportunities within LADWP's facilities and 
operations for widespread grooodwater recharge. This reseamh includes an educational component wherein LADWP and 
TreePeople learn about each other's initiatives and core business. Ultimately, this exchange of ideas will help the two 

desigA wO[ksn0ps for public agencies. TreePeo Ie has also been integral to the construction and management of three 
demonstration~tes -- a single-family' home (Hall House) retrofitted to capture all the rainwater onsite, and two elementary 
schools (Broadous and Open Charte ) tll1at feature strategic landscaping and a cistern or underground infiltrators. LADWP 
has supported public tours and educational materials for Hall House, and is a key partner in the school projects which were 
partially funded through the CGol Schools and Sustainable Schools programs. 

The overlap between the oQJectives of LADWP and those of TreePeople is notable in the Tujunga Wash and Sun Valley 
watersheds, where both have been especially active. Stakeholder processes where the two have worked successfully to 
further mutual goals including the City's Integrated Resources Plan, the Integrated Regional Water Management Plan, and 

objectives of the California Urban Water Conservation Council. 

7.5 Centralized Stormwater Capture Projects 
Existing stormwater capture facilities are inadequate for capturing runoff during very wet years. Weather patterns vary 
dramaticly in Los Angeles with very wet years and very dry years. Therefore, new projects are necessary to expand the 
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capability to capture a larger portion of stormwater flows during wet years. LADWP is working proactively in close 

partnership with LACFCD on multiple stormwater projects, as listed in Exhibit 7C. These projects will increase centralized 

stormwater recharge capacity by approximately 26,000 AFY in the SFB, raising groundwater levels and ensuring the future 

water supply reliability of the SFB. These projects are designed to maximize groundwater recharge into the basin by 
increasing the total average recharge to approximately 51,700 AFY. 

Multiple opportunities exist to develop new recharge projects and improve existing recharge pmjects in the SFB. LADWP, in 
collaboration with LACFCD has supported and contributed resources toward the desigl:J, onstruetion, and implementation of 

a variety of projects to increase groundwater recharge of the SFB. AdditionaIIY'J,tJlti p e agreements between LADWP and 

LACFCD have been approved to facilitate preparing recharge studies, design wor-K, an construction of projects in the SFB 

for groundwater recharge flood protection and other benefits 

Exhibit 7C , , . ~~ 
Planned LADWP Centralized Stormwater Cap,.: rojects ant Expected Annua, Recl!a ge 

Current Increased ~ede<L ~Qated Tot" / 
Annual LADWP Annual Annual Project Project 

Recharge Capture! 
Recharge, ' Project Cost 

Share 
~Charge " o,,-Ietion (millions) (AFY) 

(A FY-l ....... 
(AFY) (millions) 

Sheldon-Arleta Gas Collection 4 'obCl(1, .~ Complete 
$8.2 $6.3 System - ,J\\ Nov 2009 

Big Tujunga Dam 4,5~~ ~ 
,f' 

$105.7 $9.0 Rehabilitation (3) 
- - ;>ep 2011 

-
Hansen Spreading Groun~ ~ 1,200\( 17,284 (2);' 

r 
Dec 2011 $9.3 $4.8 Upgrade l-t~83\ 

Tujunga Spreading Gr~, 
Upgrade 4,4\ 9 ) 8,000 '~~69(4) \' ' 

2015 $24.0 $24.0 

Pacoima Spreading Grounds"'- ' 6 4~3 --" --2,000 Ys ,453 2015 $32.0 $16.0 Upgrade ~ I" '7~ -
Lopez spr,'trf.9.-Grounds,,-
Upgrade V -....... ~~, 750-/ 1,277 2016 $8.0 $4.0 

Strat~!n W~tlands Park " 1\ -,,' '-1900 900 (5) 2016 $46.0 $4.0 

Hansen Dam w, er 1\ \ - ) / 3,400 3,400 2017 $5.0 $2.5 Conservatiofl. 
Valley Generating 8, n 
Stormwater Captu ce J } - 700 700 2018 $9.7 $9.7 

Branford spreading'B~fl, 
Upgrade .-/ If' 549 500 1,049 2018 $4.0 $2.0 

Total Estimated Yield V 25,782 25,950 51,732 $251.9 $82.3 
....-

Total Expenditure-to-date $18.6 

Total Expenditure Remaining $63.7 

1. This will allow increased collection of 4,000 AFY at Tujunga Spreading Grounds. 

2. Includes 1/2 benefits from Big Tujunga Dam Rehabilitation Project. 

3. No recharge occurs at the facility. All additional capture has been divided between Hansen & Tujunga Spreading Grounds. 

4. Including benefits from Sheldon-Arleta Project and 1/2 benefits from Big Tujunga Dam Rehabilitation Project. 

5. To be recharged at Sun Valley Park. 
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Sheldon-Arleta Methane Gas Collection Project. In 1998, a Task Force comprised of representatives from LADWP, other 
City Departments (Bureau of Sanitation (BOS), Bureau of Engineering, and Environmental Affairs) and the Upper Los 
Angeles River Area Watermaster was formed to review the issues surrounding the recharge of groundwater through 
spreading at the Tujunga Spreading Grounds. The objective of this Task Force was to maximize water spreading at the 
Tujunga Spreading Grounds without causing off-site landfill gas migration. An outcome of the Task Force was the Sheldon

Arleta Methane Gas Collection Project. The project is designed to restore the original Tujunga Spreading Grounds capacity 
of 250 cubic feet per second (cfs) with the potential for future enhancement by bringing the Tujunga Spreading Basins 
closest to the Sheldon-Arleta landfill back online. The Tujunga Spreading Grounds e located adjacent to the closed 
Sheldon-Arleta Landfill. During spreading operations, water displaces air from the ground potentially increasing migration of 
methane gas generated by the landfill. In the past, elevated levels of methane gas nave een detected in the surrounding 
communities. Therefore, restrictions were enacted curtailing spreading operat'o s to 20 perce~ of their original capacity. 
This project is a joint effort between LADWP and BOS to replace the methane gas collection system within the landfill and 
thereby contain methane gas onsite. The project is being implementeo ~P through LABGS's P.~position "0" Clean 
Water Bond program. Proposition "0" funded approximately $3 illia of the $9 illion cost. Constructi n bega~> in 2007 and 
was completed in November 2009. 

Big Tujunga Dam - San Fernando Groundwater Enhancement Project. l!ADWP and LACFCD approved Cooperative 
Agreement No. 47717 on September 18, 2007 for tli e Big Tujunga Dam -San Eernando Groundwater Enhancement Project. 
This Project will increase stormwater capture and provide other benefits incl~ i IrFll?rovements in flood prevention and 
environmental enhancement through seismically retrofitti ~g the dam and spillway. Ar-1nual stormwater capture will increase 
by 4,500 AFY for a total capture amount of 6,000 AFY. ifhe project is integrated witb the following projects in this section: 
Hansen Spreading Grounds Enhance~ Project, Tujunga Sp eading Grounds Enhancement Project, and the Sheldon
Arleta Methane Gas Collectioo P.r-Qject. Both the Integrated Regional Watershed Management Plan for the Upper Los 

storage capacity thereby improving groundwater- recharge, flood protection and water quality while providing recreational 
benefits and narve habitat improvements. To accomplish the goals of the project, a phased approach is being proposed. 
Phase 1A will deepen Rd reconfigu ~e the existing basins; Phase 1 B will improve the intake capacity by replacing a radial 
gate with a new rubber dam and telemetry system; and Phase 2 will develop other compatible uses such as recreational 
trails and native habitat fo r. the cQmmunity. Estimated recharge is 17,284 AFY, and estimated cost of this project is $10 
million of which LADWP will) mo $5 million. The reconstruction of the spreading grounds was completed in December 2009 
and the intake structure will be completed in December 2011. 

Tujunga Spreading Grounds Enhancement Project. The Tujunga Spreading Grounds Enhancement Project is designed 
to increase average annual stormwater capture by 8,000 AFY through relocating and automating the current intake structure 
on the Tujunga Wash, installation of an automated intake structure on the Pacoima Wash, and reconfiguration of the 
Tujunga Spreading Basins. Other multiple benefits include habitat improvements, passive recreation, educational 
opportunities, flood protection, and water quality improvements. Owned by LADWP, the Tujunga Spreading Grounds are 
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operated by LACFCD in conjunction with other facilities along the Tujunga and Pacoima Wash Channels. Construction is 
expected to begin in 2012. 

Valley Generating Station Stormwater Capture Project. LADWP is leading efforts to capture and infiltrate stormwater 
from the Valley Generating Station, from adjacent streets, and from the Tujunga Wash Channel. Phase 1 will capture and 
infiltrate all stormwater from the Valley Generating Station. Phase 2 will divert water from the Tujunga Wash Channel for 

infiltration at the abandoned gravel pit at the generating station. Total stormwater capture is estimated at 700 AFY. Project 
designs are expected to be completed at the end of 2011. 

Pacoima Spreading Grounds Enhancement Project. LADWP in conjunction 

protection, water quality improvements, and passive recreation. 
completion date by the end of 2012. 

Lopez Spreading Grounds Enhancement 
deepening the existing Lopez Spreading Grounds and improving the Illtak 
agency for the project. Additional groundwater recnarge to the SFB of approxi 
Project designs are anticipated to begin in 2013. 

Four sc, an0s. are re.commended ~ith additit:>~ ~ 1 stor~water capture amounts of up to 3,400 AFY depending on the 
selected sce~DeSlgnS for the project are a tlclpated In 2013. 

Pacoima Dam Reservoir Sediment Removal Project. The Pacoima Dam Reservoir Sediment Removal Project involves 
removing sedimel'1t from behind Pacoirma Dam to increase storage volume. The sediment build-up behind the Dam has 
decreased the capaoit tt:> about 3,300 acre-feet. In the fall of 2009 approximately 80 percent of the Pacoima Dam 
watershed was burned. <[his damage will likely increase sediment flow into the reservoir above the estimates provided 

based on 2005 topography. he Project will involve excavating 5 million cubic yards of sediment and increasing the storage 
volume by 3,000 acre-feet. rncreased storage would decrease the number of reservoir spill events and increase the 
available recharge flow for the Pacoima and Lopez Spreading Grounds. The excavation will extend over 7,000 feet 
upstream of the existing dam. The project will produce an additional annual water recharge benefit of 670 AFY. 

Branford Spreading Basin Upgrade. The Branford Spreading Basin Project will remove fine silts from the basin and install 
new pumps to drain the basin. These pumps could be used to drain the existing facility into the Tujunga Spreading Grounds. 
The expected additional recharge for this project is approximately 500 AFY. 
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7.6 Distributed Stormwater Capture 
Throughout the City of Los Angeles there are opportunities to capture localized dry and wet weather runoff for local reuse. 
However, Los Angeles' storm drain systems have historically been designed to protect life and property from flood impacts 

by quickly redirecting rainfall and runoff from impervious surfaces into the City's storm drain system and ultimately the 

Pacific Ocean without regard to water quality impacts. The September 2, 2002 Municipal Stormwater National Pollutant 

Discharge Elimination System Permit (NPDES Permit No. CAS004001) for the Los Angeles region requires all new 

development or redevelopment projects to develop and comply with a Standard Urban Stor-mwater Mitigation Plan (SUSMP) 

to reduce runoff leaving the project site and to improve the project's water quality impacts. 

Recently the City has taken initial steps towards promoting distributed capture an infiltratiGn of runoff through development 

of a suite of distributed runoff demonstration projects. Distributed stormwater capture '(also known as decentralized 

stormwater capture) is defined as any groundwater recharge syste~~n 500 af or any tll~ct stormwater capture 
system capturing less then 10 af. In addition, the City is developing a [ ow Impact Development (LI S) ordinance requiring 

retention of stormwater onsite for new and redevelopment !;>rojects which ,extends beyond SLJSMP ~glations. The 

Watershed Management Group is working with the Los Angeles a d San Gabriel Rivers Watershed CounGi (LASGRWC), 
TreePeople, Los Angeles Department of Public Works Bureau of Sanitation (@OS), Department of <@~ding and Safety 

(DBS), Los Angeles County Department of Public Works (LACDPW), The Rive Project and others to evaluate and study the 
impacts of localized stormwater capture and source control within the City. 

inefficient irrigation systems, overwatering, and other wasteful outdoor water l!Jse practices. Wet weather runoff represents a 

significantly larger volume of water than ry weather runoff. Exhibit 7D summarizes the potential water yield and average 

determine e benefits of impleme~ng a b oaa-based approach to stormwater infiltration within the Los Angeles Region. 

The st a~ was led by the Los Angeles & San Gabriel Rivers Watershed Council in partnership with local, state, and federal 

agencies an organizations, with major support f elm the federal Bureau of Reclamation. LADWP assisted in the funding and 

creation of the stud r-eport as part of the Technical Advisory Committee. 

While centralized strategies such as spreading basins and dams are reliable and effective methods to capture stormwater, 
increased urbanization, nigh land eosts, and scarcity of imported water for recharge signal the need to pursue additional 

stormwater capture methods. urthermore, centralized stormwater infiltration is unable to capture the entire watershed 

which leaves a large quantity of additional stormwater to be tapped into. The WAS research has concluded that 

decentralized strategies (distributed stormwater capture such as rainbarrels & cisterns) would provide a local and reliable 

supply of water that would not negatively impact groundwater quality. Distributed stormwater capture and infiltration systems 

techniques provide a viable means of augmenting groundwater recharge and reducing the overall cost of treating urban 

runoff. Based on the findings of this study, the WAS partnership moved forward on a demonstration project in a 24-single 

family residential home neighborhood in northeast San Fernando Valley to validate study findings. 
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CASE STUDY: 
Elmer Avenue Neighborhood Retrofit Project 

The Background 

Initiated in 2000, the Los Angeles Basin Water 
Augmentation Study (WAS) is a long-term research 
project led by the Los Angeles & San Gabriel Rivers 
Watershed Council in partnership with eight local, state, 
and federal agencies of which LADWP is an active 
partner. The study is evaluating the practical potential to 
improve surface water quality and increase local 
groundwater supplies through infiltration of urban 
stormwater runoff. 

Based on positive findings of the study, the WAS 
partnership moved forward with a demonstration project 
to display an integrated and comprehensive approach to 
water management by retrofitting a neighborhood with 
strategies to address water conservation, pollution 
reduction and treatment, flooding, and habitat 
restoration. The Elmer Avenue Neighborhood Retrofit 
Project was chosen after an extensive selection process 
that evaluated neighborhoods based on more than 80 
criteria. 

The Project 

The Elmer Avenue Neighborhood Retrofit Project 
commenced in July 2009 and was completed in June 
2010 and cost approximately $2.5 million. Elmer Avenue 
receives stormwater runoff from approximately 40 acres 
of upstream residential area causing flooding in most 
storms. To address these 40 acres, the project 
encompasses improvements to both the public right-of
way as well as the private residences. As such, the 
project required active interaction and cooperation 
between the WAS partnership and the residents to work 
together and come up with a solution for the 
neighborhood. 

Public Right-of-Way Improvements: 

Infiltration Gallery-

A large infiltration gallery was installed underneath the 
street right-of-way which is estimated to infiltrate 16 
acre-feet annually. The gallery is a sub-surface 
groundwater collection system, shallow in depth, 
constructed with perforated pipes where runoff water 

flows into and then is allowed to infiltrate into the ground 
to recharge the local groundwater basin. 

Bios wale-

The newly installed sidewalks include bio-swales in the 
parkways to capture and treat stormwater runoff from 
the local sub-watershed mostly from residentiallanduse. 
The bioswales are open shallow channels with gently 
sloped sides and bottoms filled with vegetation and rip 
rap where stormwater runoff is collected. Bioswales help 
reduce the flow velocity and treat stormwater runoff 
through filtering by the vegetation in the channel, 
through the subsoil matrix, and/or into the underlying 
soils. In addition, bioswales trap particulate pollutants 
(suspended solids and trace metals), promote infiltration 
and serve as part of the whole stormwater drainage 
system installed for this project. 
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Private Residence Improvements: 

Numerous improvements were offered to 
residents who chose to participate to help reduce runoff 
as well as exercise better outdoor water conservation 
such as porous pavers, rain gardens, rain barrels, and 
drought-tolerant and native landscaping. 

The Benefits 

The finished project incorporates a mixture of strategies 
to produce multiple levels of benefits (to the 
neighborhood but also to the local, regional, and national 
community whom can take this work as an encouraging 
model): 

• Capture stormwater and dry-weather runoff to 
prevent flooding and decrease pollution of local 
rivers and oceans 

• Reduce impermeable surfaces and increase 
groundwater recharge 

• Improve neighborhood aesthetics through increased 
green space and public right-of-way improvements 

• Increase community awareness of watershed issues 
• Encourage community awareness to being more 

water and environmentally responsible. 

As a result of the success and positive feedback from 
citizens for the Elmer Avenue Neighborhood Retrofit 
Project, a second phase is currently underway to Elmer 
Avenue to retrofit its alleyway. These small projects aim 
to spark large change by showing citizens and other 
communities that they too can make changes and 
improve their neighborhoods to be more water and 
environmentally friendly. 

"By turning our yards into rain gardens and our streets into 
water recharge facilities, we can ensure clean water for the 
future. In contrast to a typical urban street, Elmer Avenue now 
reduces flooding and water pollution, improves water quality, 
replenishes groundwater supplies, and increases native 
habitat." 

Nancy Steele, Executive Director 
Los Angeles and San Gabriel Rivers Watershed Council 

"This project is a prime example of how homeowners and the 
city can work together on a project that demonstrates smart 
watershed management through stormwater capture and 
water conservation measures that are beautiful and effective" 

Edward Belden, Water Programs Manager 
Los Angeles and San Gabriel Rivers Watershed Council 
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As part of the City of Los Angeles Integrated Water Resources Plan (I RP), further described in Chapter 10, the City 
investigated the beneficial reuse of urban runoff for both dry and wet weather conditions. 

7.6.2.1 Dry Weather Runoff Options 

The beneficial use option for dry weather runoff consists of runoff capture, treatment, and reuse. For dry weather flow, most of 
the runoff could potentially be diverted directly for beneficial use, particularly during the months when demands for 
non-potable water are high (due to the higher irrigation demands in the summe of treatment of the runoff 
before being beneficially used would be determined by the ultimate use of the 

A computer modeling analysis was performed during development of the II-<f-J~: t');:l:f::ed 

Angeles and the available dry weather runoff. Based on the data, the 
could be realistically met through treated runoff. The dry weather runQJI:~~:.;JaiiaIDIB> 
97 mgd (approximately 26,000 million gallons per year). Exhib 
treatment, be used to meet the recycled water demands. 

Service Area 

Aliso Wash 

Canoga 

Reseda 

100 

9,600 

48,200 

Resources Plan. Facilities Plan. Volume 3 Runoff Management 

7.6.2.2 Wet Weather .... "'nnH' 

Rain Barrels 

l'ec'vclEld water demands in Los 
recycled water demands 

City is estimated at 
could, after 

1,050 

950 

2,950 

360 

2,770 

470 

3,530 

30 

3,130 

15,700 

Rain barrels are distributed stormwater capture devices used to store rainwater collected from roofs via roof rain gutter 
systems. Harvested water can be used for outdoor irrigation at a later time. Rain barrels vary in size with a typical rain barrel 
holding approximately 55 gallons that can be readily installed under any residential roof gutter downspout. Installation of rain 
barrels at residences throughout Los Angeles, assuming 400,000 residences, could potentially capture 6,400 AFY assuming 
an annual average rainfall of 17.8 inches, one 55-gallon rain barrel installed per residence, and an average roof area of 500 
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square feet. If overflow infiltration is provided, and/or greater roof area is utilized, annual rainfall volume captured can be 
significantly greater. 
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Case Study: 
Ballona Creek Watershed Rainwater Harvesting Pilot Program 

Funded by the Safe Neighborhood Parks, 
Clean Water, Clean air and Coastal Protection 
Bond Act of 2000 (Prop 12) through the Santa 
Monica Bay Restoration Commission and the 
California Coastal Conservancy, the City of Los 
Angeles, Department of Public Works, Bureau of 
Sanitation, Watershed Protection Division 
(Stormwater Program) began the City's first free 
Rainwater Harvesting pilot program in July 2009. 
The goal of this program is to engage as many 
property owners as possible, and limiting the 
installation to one downspout per property allows 
the City to reach the maximum number of 
residences. 

Liz Herron, Land Use Chair of Mt. 
Washington Association, supports rainwater 
harvesting systems: "Rain barrel systems serve 
environmental purposes by allowing homeowners 
to collect the rainwater for personal irrigational 
purposes. It also reduces the amount of rainwater 
entering into the streets and ocean. These 
residential systems are successful programs that 
save water and prevent pollution." 

Designed to conserve potable water and 
reduce the amount of polluted rainwater that runs 
untreated into the ocean, the $1-million pilot plan 
has enough funds to install 490 residential rain 
barrels, disconnect 100 barrels implemented with 
consultation on rain gardens, and provide one 
custom-made commercial planter box for each of 
ten businesses. It is estimated to save 584,100 
gallons of water each year. The City estimates 
there are roughly 18 rain events in LA each year 
filling each barrel at least once each tir:ne. 

In a typical year, about 9,600 gallons of water is 
generated on an average 1,000-square foot residential 
LA roof top. If each of the 400,000 residential parcels in 
LA were to install a single rain barrel, the City estimates 
that about 400 million gallons of water would be saved, 
which would reduce the demand for water. An evaluation 
of the program is scheduled for completion in Spring 
2011. 

The 55-gallon capacity rain barrel was chosen because 
the weight of 200 pounds is relatively manageable. The 
rain barrels are also made from food-grade plastic, 
repurposed from containers in case the harvested 
rainwater is used to grow food. They are equipped with 
mesh netting to keep out debris and mosquitoes and 
connected to the downspouts by a trained rain barrel 
installation specialist. 

Planter boxes that businesses are eligible for will be 
custom-made to fit the layout and dimensions of the 
property. The City will be working with the business to 
make sure they are content with the presentation of the 
planter box . ....--______ ...... 

The program addresses the City's broad problems of 
water scarcity and stormwater pollution. Currently 
outdoor water usage accounts for 1/3 of the average 
family's overall water consumption. The Rainwater 
Harvesting program helps to meet the City's water 
conservation goals by reducing the amount of potable 
water used for irrigation and other outdoor purposes. 
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Cisterns 

Cisterns are larger than rain barrels and can range from 100 to 10,000 or more gallons. They store diverted runoff from roof 
areas and other impervious surfaces. This stored runoff can provide a source of untreated water for gardens and compost, 
free of most sediment and dissolved salts. Because residential irrigation can account for up to 40 percent of domestic water 
consumption, water conservation measures such as cisterns can be utilized to reduce demands, especially during hot summer 
months. 

An analysis of the effect of installing cisterns in all single family and multi-family residences in the City was conducted as part 
of the IRP, which was based on projected household demands, irrigation needs, and historical rainfall data. The results 

until the demand exists. This can be done through a regional and/or a localizea approach. A regional approach to seasonal 

storage could include the use of out-of-service reservoirs for seasonal storage. h. localized approach would be to construct 
distributed underground storage facilities, located in open sRaces, parks, schools, etc. throughout the City. 

per acre of water storage potential. The 

(Photo courtesy of TreePeop/e) 

. -.I 

./ 
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According to studies conducted during the development of the IRP, the City currently has an estimated open space area of 
6,000 acres, which includes parks, open space, and vacant lots. School sites are also a potential option for installing modular 
storage media under playgrounds and athletic fields. The total school area in the City is approximately 6,000 acres. Assuming 
that only 25 percent of this area has no buildings or other structures, this equals approximately 1,500 acres of potentially 
suitable land. Additionally, there are approximately 900 abandoned or no longer maintained alleys of various unknown 
dimensions that could potentially be converted to underground storage facilities. Exhibit 7G summarizes the approximate 
underground storage potential throughout the City. 

Total 

Note 1. Maximum storage potential shown assumes 
Source City of Los Angeles Integrated Resources I 

to meet the potential future surface 
water quality regulations if the underground storage optilor'1 ~?\w~3r§l'1ttirize·(L • ..[Tlhi c"'C"t.("'f2:.rl water could then be drawn down and 
beneficially used during the dry lAfo.·"th,~r 

Rain Gardens 

scalle ' lraiJllwater harvesting. As gardens or depressions, usually 
'sQl all'Ir.~teiAtiC).u!~lercolatiQns-b~ifsi rls for rainwater collection. Not only do they provide for an 

andl~gdfp.§., .• bl!lJr1e\l"'<llrO eltectiv"e in'-tlrA;:Jltinn <lM ' i",fillk6ting stormwater for local groundwater recharge. 

While Oyt,r'Am'~'I\I 

Many <~itiA)::~ :~nrl'~t~ltA~ 

Iv"'v,,-arl·e·'b,a:siccllltll:tlgIJlm~g.alrdens and can be designed to fit well into the surrounding landscape. 
sive rain garden programs, and years of research have gone into their 

\bicl~retenlti 6f1 systems, rain gardens treat runoff naturally as it seeps underground. In the 
de developments, rain gardens are typically installed with impermeable liners and 

Unit cost of rain gardens ar to that of rain barrels, as the mechanism for collecting water is the same. Cost is 
dependent upon the form andlrsxtent of construction and on the type and quantity landscape used, as well as the associated 
maintenance. Installation of rain gardens at residences throughout Los Angeles, assuming 400,000 residences, could 
potentially capture 6,400 AFY assuming an annual average rainfall of 17.8 inches, and an average roof area of 500 square 
feet. Under these conditions, assuming a 10-15 year lifespan, the cost of rain gardens varies from $308-$5,000/ AF. 

Neighborhood Recharge 

Neighborhood recharge involves installing recharge facilities in portions of vacant urban lots, abandoned alleys, and City 
parklands, where the soil is highly permeable. This option involves installing underground storage (such as a honeycomb 
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shaped device shown in Exhibit 7F, but without the lining to allow infiltration). This would allow the runoff to be stored 
underground, while still maintaining a safe area above ground for human activity. The runoff would be pumped or would flow 
by gravity to the site where it would be collected temporarily until it is able to infiltrate. 

The amount of runoff that could be managed by neighborhood recharge was determined as part of the IRP by assuming that 
only the east San Fernando Valley area has predominantly permeable soils appropriate for infiltration (though there may be 
other areas within the City that could be usable for recharge with smaller-scale projects). Based on an analysis of the City's 
Geographical Information System, the maximum total area available for neighborhood rec elrge acilities is approximately 831 
acres, which includes vacant urban lots, abandoned alleys, and 25 percent of City parRlands. Assuming an infiltration rate of 2 
feet per day, the maximum runoff that could potentially be managed by recharge ,acilities would be 550 million gallons per day 

(mgd). 

7.6.3 Distributed Stormwater Capture Projects 

IRP to actual identified projects in the City which infiltrate wet weather rtJnoff as close as possible to the Roi t of origin. A few 
of the identified projects are highlighted here. 

Whitnall Highway Power Line Easement Stormwater Capture Project. This pr-qject involves the capture, treatment, and 

MWD, Water Replenishment District of Southern California and LADWP. Construction was 

Woodman Ave u Median Retrofit Demonstration Project. LADWP in partnership with the BOS Watershed Protection 
Division and The River Project, a non-profit organization, are developing the Woodman Avenue Median Retrofit 
Demonstration Project 0 caRture, treat and infiltrate stormwater runoff along a portion of Woodman Avenue. The Project will 
replace the existing media itb Rre-treatment devices, a vegetated swale, and an underground retention system. Project 
benefits include reductions in 0calized flooding, open space enhancements, groundwater recharge, and native habitat 
enhancement. The CalFed ' atershed Program awarded the project a $1.6 million grant. Construction is expected to be 

completed by the end of 2012. 

North Hollywood Alley Retrofit BMP Demonstration Project. The Project's goal is to demonstrate the ability to infiltrate 
stormwater near the point of origin while increasing groundwater recharge, reducing flooding, and improving water quality. 
Four segments of alleyways in the San Fernando Valley are proposed to be retrofitted with pervious surfaces and diversion of 
flows from intersecting streets into these alleyways. Construction is anticipated to begin in early 2011. 
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Laurel Canyon Parkway Infiltration Swale Project. Construction of the Laurel Canyon Parkway Infiltration Swale Project will 
involve construction of an infiltration trench and parkway swale between the street curb and sidewalk near LADWP's Tujunga 
Spreading Grounds in the San Fernando Valley. Stormwater will be collected and infiltrated into the groundwater from the 
local residential neighborhood. Construction of the project is anticipated to occur in late 2011. 
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CASE STUDY: 
Woodman Avenue Multi·Beneficial Storm Water Capture Project 

Originally proposed by the local Panorama City 
Neighborhood Council for the Tujunga-Pacoima Watershed 
Plan, the Woodman Avenue project represents an 
innovative example of stormwater capture, which includes 
extensive benefits for the environment, the City's 
groundwater basin, and the surrounding community. The 
Woodman Avenue median is located along the west side of 
Woodman Avenue from Lanark Street to Saticoy Street. 

The Project's construction will be relatively simple but 
effective. The Project will capture surface runoff from 
approximately 130 acres that currently flows along street 
gutters to storm drains, through the Tujunga Wash and 
ultimately down the Los Angeles River and into the Pacific 
Ocean. Instead flows will now be directed through pre
treatment devices into a vegetated swale and an 
underground retention system for groundwater basin 
infiltration. The vegetated swale and underground 
retention/infiltration system will replace an existing 16-foot 
wide, 3,500-foot long concrete median. After construction of 
the project, participants will conduct active monitoring of 
water flows, water quality, and vegetation for approximately 
three years. This data should provide valuable information 
to facilitate the development of future projects, and optimize 
system processes. 

The direct water resource related benefits from this project 
are three fold. First, the additional water captured will 
recharge the San Fernando Groundwater Basin with 
approximately 80 AF per year. This replenishes the City's 
local groundwater supply, and helps protect pumping rights 
for City, which ultimately guarantees a more reliable water 
supply. Secondly, diverted flow alleviates local flooding, 
particularly during sizable rain events. Finally, the infiltration 
prevents contaminant carrying runoff and debris from 
entering local waterways and ultimately coastal areas. 

Also recognized are the Community benefits associated 
with this project. These include creation of open space 
enhancements such as improved aesthetics and pedestrian 
access near schools, a walking path, benches, and native 
vegetation. The River Project will be running an active 
education program with the local community, including 
workshops with nearby business owners/residents and the 
introduction of a curriculum for students at the local 
elementary school. The organization's goal is to get the 
students involved in monitoring and maintenance of the 
project as part of their service learning requirements. 
Establishing knowledge of sustainable water supplies with 
the City's youth is an investment in constituent water use 
practices for generations to come. 

Project participants include the Panorama City 
Neighborhood Council, Council District 6, the Los Angeles 
Bureau of Sanitation, the Los Angeles Bureau of Street 
Services, the State of California Water Resources Control 
Board (SCWRCB), The River Project, and LADWP. This 
cooperative partnership is anticipating the project's 
construction to be completion around the end of 2012. 

State funding used for the project is provided through 
Proposition 50. SCWRCB has dedicated $1.6 million 
through the CALFED Watershed Grant Program, which 
covers roughly half of the overall project cost. 

Melanie Winter from The River Project speaks positively of 
this stormwater capture project: "The community's 
involvement in the watershed planning process helped 
them identify a prime opportunity site that maximizes all the 
potential benefits. It helps reduce our dependence on 
imported supplies, addresses peak flows, improves water 
quality, and re-establishes habitat. It's gratifying to receive 
State funding to work in a well-rounded partnership to 
implement this integrated watershed project conceived at 
the grassroots level." 

I NrIL"1"'RJ!,.T1ON SWALE 5V5T!SM 
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LADWP, in conjunction with other City Departments, is developing programs to highlight water conservation through Low 
Impact Development (LID) and installation of BMPs. Low Impact Development (LID) is a stormwater management strategy 
that has been adopted by many localities across the country for the past several years. It is a stormwater management 
approach that is designed to reduce runoff of water and pollutants from the site(s) at which they are generated. 

The past few decades of stormwater management have resulted in the current convention of GOntrol-and-treatment strategies. 

They are largely engineered, end-of-pipe practices that have been focused on controlling ReaK fi El)6' rate and suspended solids 
concentrations. Conventional practices, however, fail to address the widespread and cumulative hydrologic modifications 
within the watershed that increase stormwater volumes and runoff rates and cause excess've erosion and stream channel 
degradation. 

In general, implementing integrated LID practices into new developmePlt and retrofit of existing facilities can result in enhanced 

management approaches. 

According to the USEPA, infrastructure costs associated with LID practices as compared to traditional stormwater treatment 

practices result in significant cost savings ranging between 15 percent and 80 per-cent less than traditional practices. BMPs 
consist of practices designed to infiltrate runoff for g ounaw ter recharge, reduce r Roff volume, and capture rainwater for 
reuse. Programs under development include pilot projects, retrofittiRg of existing facilities, new development standards, and 
assistance in ordinance development. 

Retrofit of LADWP Facilities to Meet LID StandaF< s 

LADWP is assessing its existiPlg facilities fEl potential retrofits ~slng LID BMPs. LID BMPs under consideration include 
pervious pavement, stor~ater caRture, curb c ts, bioretention ce Is, aod amended soils. Expected benefits include: 

• 
• 
• 
• 
• 
• Increased awareness of ID and provide examples for residents; and 

• Compliance with Model Water Efficient Landscape Ordinance. 

New LADWP Facility Development Using LID Standards 

LADWP's Watershed Management Group is developing a framework for implementation of LIDs and BMPs during the new 
facility development process. Within the framework, LID and BMPs are taken into consideration during the planning, design, 
implementation, and maintenance processes associated with new LADWP facilities. Benefits include: 
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• Reductions in costs associated with stormwater infrastructure and landscape maintenance; 

• Reduced costs for grading by using natural drainage; 

• Reduced sidewalk costs by using narrower sidewalks; 

• Increased groundwater recharge; 

• Reduced runoff volume and pollutant loading; 

• 
• Reduction in life cycle costs of replacing or rehabilitating pipe and belQw g ound infrastructtJre. 

Assistance in Ordinance Development 

LADWP is represented on the City of Los Angeles Landscal1le & Stream Proteo:ti0 Ordinances Joint Meeting Committee 
through the Watershed Management Group. Other committee members in cl~ t e De artment of Parks and Recreation, the 

Department of Public Works, the Department of Environmental Affairs, the Department of City Planning, and the Department 

of Building and Safety. The committee is tasked wi tA developing ordinances f0 city-wide implementation that in combination 

reduce water use and improve groundwater recharge among otber multiple benefits Ordinances under review include the: 

• in Energy and Environmental Design 

• LID Ordinance to incorR0rate improvements in stormwater management at the point of origin; 

• Stream protectio6ai ance to incorr:)orate methodologies foffmproving surface and groundwater quality; 

• 
a5m1e. 

7.6.5 Future Qistributed Stormwater Programs 

LADWP continues to investigate the potential for implementation of future distributed stormwater programs. Through its 

Watershed Management Group, L ElWP will continue to develop partnerships and programs to improve utilization of 

stormwater runoff for outdoor water se and groundwater recharge. Potential programs that could be considered in the future 

include rain barrel/cistern rebates and retrofit incentives for installation of LID BMPs. 

7.7 Integrated Regional Water Management Plan (IRWMP) Program 
LADWP is a participating agency for the IRWMP which encompasses 92 cities in the Greater Los Angeles County Region. 

The IRWMP aims to address the water quality, resource, and supply issues of the region. A final plan was adopted on 

December 16, 2006. 

Highlights of the plan that pertain to Watershed issues include: 
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• Short and long term objectives to comply with water quality regulations (including TMDLs) by improving the quality of 
urban runoff, stormwater, and wastewater 

• Optimize local water resources to reduce the Region's reliance on imported water 

• Long term priority to protect groundwater supplies through stormwater recharge 

• Target goal to reduce and reuse 150,000 AFY (40%) of dry weather urban runo f. a 
170,000 AFY (50%) for a total target of 90% 

• Target goal to reduce and reuse 220,000 AFY (40%) of stormwater r noff fro 
treat an additional 270,000 AFY (50%) for a total of 90% 

For more detailed information on the IRWMP, please refer to Ch cmt,e:>r"1LI' 

7.8 Cost Analysis 

Exhibit 7H compares side by side the various watershed management opl'-'v',,~u, ""."''' 
to add to its water portfolio. 

on LADWP's current planned centralized stormwater capture projects 
cenirali,:ed 13torjnwalter capture potential will be identified once the Stormwater Master Plan is 

~~n~ ;;l~.+n year project life 

SOIJrr.p. '-CS iRI otl1is'l'Inop.lp.s Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
LA-Riverside-Orange County MSA 

I Assumes 10 -15 year life, 55 gallon barrels, 1 barrel per residence, 17.8 in annual 
rainfall, per barrel installed, average used roof area 500 square feet, and 400,000 residences for 
yield (AFY); 2010 dollars 

4. Source City of Los Angeles Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
annual CPI index for LA-Riverside-Orange County MSA; capturing and reusing stormwater on-site for schools 
and government only 

5. Source Tree People Assumes 10- 15 year life, 17.8 in annual rainfall, $3.30 - $25.66 / ft2 for rain garden 
construction, average used roof area 500 square feet, and 400,000 residences for yield (AFY); 2010 dollars 

6. Source City of Los Angeles Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
annual CPI index for LA-Riverside-Orange County MSMSA 
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It is important to note that the centralized stormwater capture values are based on the planned projects listed in Section 7.5. 
LADWP is currently compiling a Stormwater Master Plan (see Section 7.3) which will investigate the maximum potential for 
stormwater capture within the City (for both centralized and distributed capture). Nevertheless, even with this fraction of the 
potential, it is clear that centralized stormwater capture is a very cost effective, plentiful water supply asset to be pursued. 
Recognizing its great potential, LADWP will proceed with its efforts on the centralized stormwater capture projects listed in 
Section 7.5, and closely monitor findings of the Stormwater Master Plan to determine future potential centralized stormwater 
capture projects. 

Distributed stormwater capture values are based on the maximum potential achieva Ie by the City. While the cost listed is 
high, distributed stormwater capture options are highly variable based on a var.iety of fact0rs such as the magnitude of the 
overall program, project locations, etc. Furthermore, distributed stormwater ca ture projectiyield additional benefits to the 
public outside of water supply generation such as community beautification, pu t;) ·c right of'way improvements, as well as 

private residence safety and aesthetic improvements. LADWP will continue to Investigate these GRtions to evaluate the best 
approach to establish a cost effective program that will help add to LADWP's water portfolio. 
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8.0 Overview 
As a member agency, the City of Los Angeles purchases water from the Metropolitan Water District of Southern California 
(MWD) to supplement its supplies from local groundwater, LAA deliveries, and recycled water. LADWP has historically 

purchased MWD water to make up the deficit between demand and other City supplies. As a percentage of the City's total 
water supply, MWD water varies from 4 percent in 1983-84 to 71 percent in 2008-09 with the 5-year average of 52 percent 
between 2005-06 and 2009-10. Exhibit 1 F in Chapter 1 illustrates the City's reliance on MWD water during dry years and 
increasingly in recent years when LAA supply is being cut back for environmental enhancement projects. Although the City 
plans to reduce its reliance on imported water including LAA and MWD supplies, it has made significant investments in MWD 
and will continue to rely on the wholesaler to meet its current and future supplemental water needs. 

MWD is the largest water wholesaler for domestic and municipal uses in California providing nearly 19 million people with on 
average 1.7 billion gallons of water per day to a service area of approximately 5,200 square miles. MWD was formed by the 
MWD Act, and exist pursuant to this statute which was adopted by the California legislature in 1927. MWD's adopted purpose 
is to develop, store, and distribute water to southern California residents. Additionally, the MWD Act allows MWD to sell 

additional water when it is available for other beneficial uses. In 1928 MWD was incorporated as a public agency following a 
vote by residents in 13 cities in southern California. Operating solely as a wholesaler, MWD owns and operates the Colorado 
River Aqueduct (CRA), is a contractor for water from the California State Water Project (SWP), manages and owns in-basin 
surface storage facilities, stores groundwater within the basin via contracts, engages in groundwater storage outside the 
basin, and conducts water transfers to provide additional supplies for its member agencies. Today MWD has 26 member 
agencies consisting of 11 water districts, one county water authority, and 14 cities, including the City of Los Angeles. 

This Urban Water Management Plan projects LADWP's reliance on MWD water supplies will be reduced by half; from the five
year average of 52 percent of total demand between 2005-06 and 2009-10, to 24 percent by 2034-35 under average weather 
conditions. 

8.0.1 History 

Initially formed to import water into the southern California region from, MWD's first project was to build the CRA to import 
water from the Colorado River. The City of Los Angeles originally provided the capital dollars to initiate and complete land 
surveys of all proposed alignments for the project. Construction was financed through $220 million in bond sales during the 
Great Depression. Ten years after initiating construction Colorado River water reached southern California in 1941. To meet 
further water demands in the southern California region, MWD contracted with the SWP in 1960 to deliver almost half of the 
SWP's water from the San Francisco Bay-Delta region via the California Aqueduct into southern California. After completion of 
the California Aqueduct, deliveries of SWP water were first received in 1972. 

8.0.2 Governance 

MWD is governed by a Board of Directors composed of 37 individuals with a minimum of one representative from each of 
MWD's 26 member agencies. The allocation of the directors and voting rights are determined by each agency's assessed 
valuation. The city of Los Angeles has four Directors on MWD's Board and controls 19.44 percent of the vote. MWD's 

Administrative Code defines various tasks which the Board has delegated to MWD staff. A General Manager oversees MWD 
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staff. The General Manager, General Auditor, General Counsel, and Ethics Officer serve under direction and authority given 
directly by the Board. 

8.0.3 Service Area 

Originally serving an area of 675 square miles in 1928, MWD's service area has grown to approximately 5,200 square miles 
serving 19 million people via its 26 member agencies. MWD's service area covers portions of Los Angeles, Ventura, Orange, 
Riverside, San Bernardino, and San Diego counties as depicted in Exhibit 8A. MWD member agencies serve 152 cities and 
89 unincorporated areas. Member agencies provide wholesale, retail, or a combination of wholesale/retail water sales in their 
individual service territories. 

Exhibit SA 
MWD Service Area 

THE METROPOLITAN WATER DISTRICT OF SOUTHERN CALIfORNIA 

D 

• METROPOLITAN'S, MEMBER AGENCIES 
LEGEN D 

- D.pill'lm~ .. 1 of III,,,,, lI.sou""",· V"lifJomi. AquedlJd 

- M.trop~fiI~'. CoI~~IID Ri.", Aq-uoadu:d 
o 1IIlI1 ... T're,iImnt PliJIlts 

www.mwdh2o.com 

8.0.4 Major Infrastructure 

MWD delivers approximately 6,000 AF per day of treated and untreated water to its member agencies through its vast 
infrastructure network. Major facilities include the CRA, pumping plants, pipelines, treatment plants, reservoirs, and 
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hydroelectric recovery power plants. A summary of the major facilities and capacities are provided in Exhibit 88 and Exhibit 8e 

illustrates the geographic locations of the facilities. 

Exhibit 88 
aJor aCllles M· MWD F Tf S ummary 

Facility Units Capacity 

Colorado River Aqueduct 

Aqueduct 242 miles 1.3 million AFY 

Pumping Plants 5 plants 1,617 feet of total lift 

Pipelines 819 miles 

Water Treatment Plants """ 

Joseph Jensen 750 mgd "" 

Robert A Skinner /<. 630 mgd 

FE Weymouth /' 520 mgd 

Robert B. Diemer ~~ 520 mgd 
.... 

Henry J. Mills 220 mgd 

Total Treatment Capacity 2,640 mgd 

Reservoirs 

Diamond Valley Lake 810,000 AF 

Lake Matthews ',~ 182,000 AF 

Lake Skinner //- 44,000 AF 

Copper Basin '.// 24,200 AF 

Gene Wash 6,300 AF 

Live Oak 
\. 

2,500 AF 

Garvey 
r \ c_ 

1,600 AF 1 

Palos Verdes 1,100 AF 

Orange County 212AF 

Total Reservoir Capacity 1,071,912 AF 

Hydroelectric Recovery Plants 16 plants 122 megawatts 
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\ 

8.1 Supply Sources 

Exhibit Be 
Major MWD Facilities 

I 
/ 
I , 

I , 

Colorado River supplies, State Water Project supplies, In-Basin Storage, Outside-Basin Storage, and Water Transfers 
together comprise MWD's total system water supply sources. These sources provide supplemental water to meet the 
demands in Venture, Los Angeles, Riverside, Orange, San Bernardino and San Diego Counties. 

8.1.1 Colorado River 

The Colorado River forms California's border with Arizona to the east. The drainage area in California that contributes water to 

the Colorado River is relatively small and has an arid climate. Accordingly, California has no major tributaries contributing 
water to the Colorado River. 
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The Colorado River Board of California (CRB) is the California state agency given authority to protect the interests and rights 
of the state and its citizens in matters pertaining to the Colorado River. The Board is comprised of 10 gubernatorial appointees 
representing the LADWP, MWD, San Diego County Water Authority, Palo Verde Irrigation District, Coachella Valley Water 
District, Imperial Irrigation District, Department of Water Resources, Department of Fish and Game, and two public members. 

8.1.1.1 The Law of the River 

The Secretary of the Interior (Secretary) is vested with the responsibility to manage the mainstream waters of the Colorado 
River pursuant to applicable federal law. This responsibility is carried out consistent with a body of documents referred to as 
the Law of the River. Water rights to Colorado River water are governed by a complex collection of federal laws, state laws, a 
treaty with Mexico, other agreements with Mexico, Supreme Court decrees, contracts with the Secretary, interstate compacts, 
state, and administrative actions at the federal and state levels. Collectively, these documents and associated interpretations 
are commonly referred to as the "Law of the River" and govern water rights and operations on the Colorado River. 

Particularly notable among these documents are: 

1) the Colorado River Compact of 1922, which apportioned beneficial consumptive use of water between the Colorado 
River Upper Basin and Lower Basin; and defined the term "States of the Lower Division" to mean the States of 
Arizona, California, and Nevada. Serving as the basis of the "Law of the River" the Compact apportioned water to 
each basin in anticipation of a dam on the Colorado River. The Upper Basin is the portion of the Basin upstream of 
Lee Ferry, Arizona, while the Lower Basin is downstream of this point. Each basin was apportioned 7.5 million MAF 
annually and the Lower Basin received the option to an additional 1 MAF annually based on excess flows. California 
is within the Lower Basin along with Arizona and Nevada; 

2) the Boulder Canyon Project Act of 1928 was enacted by Congress to authorize construction of Hoover Dam and the 
All-American Canal, the Act required that water users in the Lower Basin have a contract with the Secretary, and 
established the responsibilities of the Secretary to direct, manage, and coordinate the operation of Colorado River 
dams and related works in the Lower Basin. The Act stipulated conditions, one of which required California to limit 
Colorado River water use to 4.4 MAF annually plus one-half of the excess water unapportioned by the Colorado 
River Compact. To satisfy the condition, the California Legislature enacted the Limitation Act in 1929 limiting its use 
of Colorado River water to the basic apportionment of 4.4 MAF; 

3) the California Seven Party Agreement of 1931 was developed in response to the Limitation Act and through 
regulations adopted by the Secretary, established the relative priorities of rights among major users of Colorado 
River water in California. The Seven Party Agreement apportioned California's share of Colorado River water to 
California contractors. Within the agreement priorities were established for each of the four agencies holding 
contracts for Colorado River Water with the U.S. Bureau of Reclamation. These priorities are shown in Exhibit D. 
Seven priorities were established with the first four priorities satisfying California's allocation of 4.4 MAF annually and 
the fifth and sixth priorities relating to California's share of excess Colorado River flows. MWD holds the fourth and 
fifth priorities. The fourth priority allocates 550 thousand acre-feet (TAF) of California's apportionment to MWD and 
the fifth priority allocates 662 TAF of California's share of excess flows to MWD. 

4) the 1944 Treaty (and subsequent minutes of the International Boundary and Water Commission) related to the 
quantity and quality of Colorado River water delivered to Mexico. The Treaty guaranteed an annual quantity of 
1.5 MAF to be delivered in accordance with the provisions of the Treaty. 
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5) the 1963 United States Supreme Court Decision in Arizona v. California which confirmed the Lower Basin 
mainstream apportionments of: 

2.8 million acre-feet per year (AFY) for use in Arizona, 
4.4 million AFY for use in California, and 
0.3 million AFY for use in Nevada; 

provided water for Indian reservations and other federal reservations in Arizona, California, and Nevada; and 
confirmed the significant role of the Secretary in managing the mainstream Colorado River within the Lower Basin; 

6) the 1964 United States Supreme Court Decree (Decree) in Arizona v. California which implemented the Supreme 
Court's 1963 decision; allocated 50 percent of the surplus water available for use in California; and allowed the 
Secretary to release water apportioned to but unused in one state for use in the other two states; the Decree was 
supplemented over time after its adoption and the Supreme Court entered a Consolidated Decree in 2006 which 
incorporates all applicable provisions of the earlier-issued Decrees; and 

7) the Colorado River Basin Project Act of 1968, which authorized construction of a number of water development 
projects including the Central Arizona Project (CAP), provided existing California, Arizona, and Nevada water 
contractors a priority over the CAP and other users of the same character in Arizona and Nevada whenever less 
than 7.5 million afy is available, and required the Secretary to develop the Long Range Operating Criteria and 
issue an Annual Operating Plan for mainstream reservoirs. 

Exhibit 8D 

Listing of Priorities - Seven Party Agreement 

Beneficial 
Priority Number Agency and Description of Service Area Consumptive Use 

(Acre-feet/year) 

1 '" Palo Verde Irrigation District - 104,500 acres 

Yuma Project, California Portion, not exceeding 
1.....-- 2 25,000 acres 

/' . I ~ 3(a) Imperial Irrigation District 

3(b) Palo Verde Irrigation District - 16,000 acres 3,850,000 

~ Metropolitan Water District, City of Los Angeles 

4 and/or others on the coastal plain 550,000 

'" 
Metropolitan Water District, City of Los Angeles 

5 and/or others on the coastal plain 662,000 

6(a) Imperial Irrigation District 

Palo Verde Irrigation District - 16,000 acres of 

6(b) adjoining mesa 300,000 

Total 5,362,000 

8.1.1.2 Colorado Supply Reliability 

Reliability of CRA water for MWD has decreased overtime as a consequence of multiple events. Historically California had 
used up to 5.4 million afy as Arizona and Nevada were not using their normal apportionments of Colorado River water and 
surplus water was made available by the Secretary. The 1964 Decree and the 2006 Consolidated Decree of the US Supreme 
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Court in Arizona v. California confirmed California's allocation was limited to 4.4 MAF annually. As a result MWD can now only 

rely on its fourth priority allocation of 550 TAF annually. Prior to this, MWD was able to satisfy its fifth priority allocation with 
Nevada and Arizona's unused water. However, in 1985 Arizona began increasing deliveries to its Central Arizona Project 
reducing the availability of unused apportionment to fill MWD's fifth priority. 

Because of dry years on the Colorado River system and Arizona and Nevada using their full apportionment, the U.S. 

Secretary of Interior asserted that California must come up with a plan to live within its 4.4 MAF apportionment. Therefore, 
users from California have developed California's Colorado River Water Use Plan (California Plan). The users included: MWD, 
Palo Verde Irrigation District (PVID), Imperial Irrigation District (lID), and Coachella Valley Water District (CVWD). This plan 
identifies actions that California will take to operate within its 4.4 million acre-foot entitlement. 

California currently consumes its normal apportionment of 4.4 million AFY, Exhibit 8E and Exhibit 8F illustrate the order of 
priority, is as follows: 

1. PVID - gross area of 104,500 acres of land in the Palo Verde Valley. 
2. Yuma Project-Reservation Division - not exceeding a gross area of 25,000 acres in California. 
3(a). liD -lands in the Imperial Valley served by the All-American Canal. Export out of basin, primarily agricultural 

usage. Also, second 63,000 AF in priority 6(a) and balance of any remaining priority 6(a) and 7 water available. 
3(b). CVWD -lands in the Coachella Valley served by the Coachella Branch of the All-American Canal. Export out of 

basin, agricultural usage. Also third 119,000 AF in priority 6(a) and balance of any remaining priority 6(a) and 7 
water available. 

3(c). PVID -16,000 acres of land on the Lower Palo Verde Mesa, also priority 6(b). 
4. MWD - 550,000 af, also 662,000 af in priority 5, and first 38,000 af in 6(a) 

Exhibit 8E 
Historical Total Colorado River Basin Storage 
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Exhibit SF 
Historical Lake Mead Elevation 
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A component of the California Plan was completion of the Quantification Settlement Agreement (QSA) in 2003, which 
established baseline water use for each California party with Colorado River water rights. Key to the agreement is the 
quantification of liD at 3.1 MAF, and CVWD at 330 TAF. Completion of the QSA facilitates the transfer of water from 
agricultural agencies to urban water suppliers by allowing water conserved on farm land to be made available for urban use. 
As a result of litigation, the QSA and eleven other agreements were ruled as invalid on February 11, 2010. MWD in 
conjunction with, CVWD and the SDCWA, have appealed the court's decision. Ultimately, the total impact of the court's 
decisions on MWD's Colorado River supplies cannot be determined at this time pending the outcome of the appeal. However, 
MWD's existing conservation, land fallowing, and transfer programs for Colorado River supplies are independent of the QSA 
and will not be impacted by the QSA lawsuit. 

Along with MWD's apportionment, MWD has developed a number of water supply programs to improve reliability of Colorado 
River supplies, such as agricultural water transfers and storage programs, and has multiple programs under development as 
listed in Exhibit SF. Developed programs in conjunction with MWD's apportionment will provide MWD with approximately 1.14 
MAF in 2035 under an average year (1922 - 2004 hydrology). Proposed programs under development could add another 1S2 
TAF per year. Non-MWD supplies conveyed through the CRA are forecast at 296 TAF for a total CRA supply capability of 1.61 
MAF. However, the CRA has a supply capacity constraint of 1.25 MAF. After subtracting MWD's conveyance obligation of 
non-MWD supplies, MWD's supplies for 2035 under average year, single-dry year (1977 hydrology), and multi-dry year (1990 
- 1992 hydrology) scenarios are all forecast at 954 TAF. Exhibit SG summarizes the CRA supply forecast for 2035 under an 

average year. 

Exhibit 8G 
MWO's eRA Forecast Supplies in 2035, Average Year (1922 - 2004 Hydrology) 

-~~ '-' Supply 

/" Program (Thousands of AF)/ Year 
f· """ 

Current 
.... 

i -
Basic Apportionment - Priority 4 

Imperial Irrigation DistrictlMWD Conservation Program 

Priority 5 Apportionment (Surplus) 

Palo Verde Irrigation District Land Management Crop Rotation and Water Supply 
Program 

Lower Colorado Water Supply Project t;/ 

Lake Mead Storage Program 

Quechan Settlement Agreement Supply 

Forbearance for Present Perfected Rights 

Coachella Valley Water District State Water Project/QSA Transfer Obligation 

Desert Water Agency and Coachella Valley Water District SWP Table A Obligation 

Desert Water Agency and Coachella Valley Water District SWP Table A Transfer 
Callback 

Desert Water Agency and Coachella Valley Water District Advance Delivery Account 

Drop 2 Reservoir Funding 

Southern Nevada Water Authority Agreement 

Subtotal of Current Programs 

Programs Under Development 
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Additional Palo Verde IrriQation District Transfers 

Arizona Programs - Central Arizona Project 

California Indians/Other Agriculture 

ICS Exchange 

Agreements with Coachella Valley Water District 

Hayfield Groundwater Extraction Project 

Subtotal of Proposed Programs 

Additional Non-MWD CRA Supplies // 

San Diego County Water Authority/ Imperial Irrigation District Transfer ...... 

Coachella and All-American Canal Lining ,/ /' " 
To San Diego County Water Authority / '\" 

To San Luis Rey Settlement Parties 1 /." '~' .. , 
Subtotal of Non-MWD CRA Supplies 

... / 

Maximum CRA Supply Capabilitl 

Minus Supply CRA Capacity Constraint of 1.25 MAF Annually 

Maximum Forecast CRA Deliveries 

Minus Non-MWD Supplies3 

Maximum MWD Supply Capabilitl 

62 

50 

10 

25 

35 

0 

182 

" 
200 

...... 80 
'.... ". 16 

........ 296 

1,614 

-364 

1,250 

-296 

954 

1. Subject to satisfaction of conditions specified in agreement among MWD, the US, and the San Luis Rey Settlement Parties 

2. Total amount of supplies available without taking into consideration of CRA capacity constraint of 1 .25 MAF annually. 

3. Exchange obligation for San Diego County Water Authority - Imperial Irrigation District transfer and the Coachella and AII
American Canal Lining Projects 

4. The amount of CRA water available to MWD after meeting exchange obligations. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.1.3 Water Quality Issues 

Water quality issues for Colorado River supplies encompass high salinity levels, perchlorate, nutrients, uranium, chromium VI, 
N-nitrosodimethlamine (NDMA), and pharmaceuticals and personal care products (PPCPs). High salinity levels present the 
most significant issue and the only foreseeable water quality constraint for the Colorado River supply. MWD expects its source 
control programs for the CRA to adequately address the other water quality issues. MWD has also bolstered its water security 
measures across all of its operations since 2001, including an increase in water quality tests. Details of MWD's water quality 
initiatives are available in MWD's 2010 Regional Urban Water Management Plan (RUWMP). 

Salinity 

Water obtained from the Colorado River has the highest salinity levels of all MWD supply sources averaging 630 mg/L since 
1976. Salts are eroded from saline sediments deposited in prehistoric marine environments in the Basin, dissolved by 
precipitation, and conveyed into the Basin's water courses. 

Salinity issues have been recognized in the Basin for over 30 years. The seven basin states formed the Colorado River Basin 
Salinity Control Forum (Forum) to mutually cooperate on salinity issues in the Basin. The Forum recommended the U.S. 
Environmental Protection Agency (USEPA) to act upon the Forum's proposal and in response the USEPA approved water 
quality standards and established numeric criteria for controlling salinity increases. Each Basin State adopted the water quality 
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standards, which are designed to limit the flow-weighted average annual salinity level to 1972 levels or below. An outgrowth of 
the Forum was the Colorado River Basin Control Program. At the core of the program is the reduction in salts entering the 
river system by intercepting and controlling non-point sources, wastewater, and saline hot springs. Salinity reduction projects 
have reduced salinity concentration of Colorado River water by over 100mg/L approximating $264 million per year, in 2005 
dollars, in avoided damages. 

MWD adopted a Salinity Management Policy in 1999 with the goal of achieving salinity concentrations of less than 500 mg/L 
at delivery. To reduce salinity levels, Colorado River supplies are blended with SWP water supplies to achieve the salinity 
target in seven out of ten years. In the other three years the target is not possible to achieve as a result of hydrologic 
conditions that increase salinity on the Colorado River and less SWP water is available for blending. Additionally, to maximize 
the use of recycled water in agriculture, MWD is trying to obtain lower salinity imported water during the spring/summer 
months to reduce salinity levels in recycled water. 

Perchlorate 

In 1997 perchlorate was first detected in the Colorado River attributed to an industrial site upstream of the Las Vegas Wash in 
Nevada, ultimately draining to the river. Subsequently, an additional groundwater plume was found to be migrating from an 
additional industrial site, but had not reached the Las Vegas Wash. Since the initial discovery of contamination, remediation 
efforts have significantly reduced perchlorate loading from the Las Vegas Wash. At Lake Havasu, downstream of the 
convergence of the Las Vegas Wash and Colorado River, perchlorate levels have decreased from 91Jg/L at their peak in 1998 
to less than 6 IJg/L in October 2002. Since June 2006 typical levels have been less than 2 IJg/L. 

Nutrients 

Excessive nutrient levels in water can stimulate algal and aquatic weed growth leading to taste and odor concerns. Nutrients 
include both phosphorous and nitrogen compounds. Other impacts of algal and aquatic weed growth include reductions in 
operating efficiencies and potentially provide an additional food source for invasive aquatic species, such as quagga and 
zebra mussels. 

Naturally, the Colorado River system has relatively low concentrations of phosphorous. Additional loading to the system as 
upstream urbanization increases has the ability to increase phosphorous concentrations and impact MWD's ability to blend 
low nutrient concentration CRA water with high nutrient concentration SWP water. MWD continues to work with agencies 
located along the lower Colorado River to improve their wastewater management to reduce phosphorous loading. 

Uranium 

Near Moab, Utah a 16-million ton pile of uranium tailings located approximately 750 feet from the Colorado River is a potential 
source of uranium loading to the river. In 1999, the US Department of Energy began remediating the site by removing tailings 
and treating contaminated groundwater. Complete removal of the pile is expected by 2025 or 2019 if additional funding is 
secured. MWD is tracking clean-up progress and continues to support rapid clean-up of the site. 

To address recent uranium mining claims in the vicinity of the Colorado River and the Grand Canyon Area, MWD has sent 
letters to the Secretary of Interior to highlight MWD's concern of source water protection and recommended close federal 
oversight. In 1999, the Department of Interior placed a two-year hold on mining claims for 1 million acres adjacent to the 
Grand Canyon area to conduct additional analyses and H.R. 644, Grand Canyon Watersheds Protection Act, was introduced 
in 2009. H.R. 644, if approved, would prohibit new mining activities around the Grand Canyon area. 
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Chromium VI 

Chromium VI has been detected in a groundwater aquifer in the vicinity of the Colorado River near Topock, Arizona. The 
source of the contamination is a natural gas compression site operated by Pacific Gas and Electric (PG&E) that previously 
used chromium VI in its operations. Currently, PG&E is engaged in interim clean-up operations to protect the Colorado River. 
A final treatment alternative is anticipated to be released in 2010. Monitoring upstream and downstream of the site range from 
non-detect (0.03 iJg/L) to 0.06 iJg/L which are considered within the background range for the river. MWD is actively involved 

in the corrective action process through its participation in stakeholder workgroups and partnerships with State and federal 
regulators, Indian tribes, and other stakeholders. 

NDMA and Pharmaceuticals and Personal Care Products 

N-nitrosodimenthylamine is a by-product formed by secondary disinfection of some natural waters with chloramines. MWD is 
involved with projects to understand the potential sources of NDMA precursors in its source watersheds and to develop 
treatment strategies to minimize NDMA formation at its water treatment facilities. In 2007, MWD initiated monitoring efforts to 
measure Pharmaceuticals and Personal Care Projects (PPCPs) in its source supplies. PPCPs have been detected at very low 
levels (low ng/L level; parts per trillion) consistent with monitoring results from other utilities. MWD is involved with programs to 
improve analytical testing methods, characterize PPCP in drinking water sources in California, and effects of PPCPs on 

groundwater recharge and recycled water use. 

8.1.2 State Water Project 

MWD began receiving water from the State Water Project (SWP) in 1972. MWD is the largest of 29 contractors for water from 
the SWP, holding a contract for 1.912 MAF per year, or 46 percent of the total contracted amount, of the 4.173 MAF ultimate 
delivery capacity of the project. Variable hydrology, environmental issues, and regulatory restrictions in the San Francisco 
Bay/Sacramento-San Joaquin River Delta (Bay-Delta) have historically reduced the quantity of water that the SWP delivers to 
MWD. 

8.1.2.1 Major State Water Project Facilities 

The SWP is owned by the State of California and operated by the Department of Water Resources (DWR) delivering water to 

two-thirds of the population of California and 750,000 acres of farmland. Major facilities in the SWP system consist of 701 
miles of aqueduct, 34 storage facilities totaling 5.S MAF of storage, five hydro-electric power plants, four pumping-generating 
plants, 17 pumping plants, and three pump stations. Exhibit SH illustrates the location of major SWP facilities. SWP facilities 
originate in Northern California at Lake Oroville on the Feather River. Water released from Lake Oroville flows into the Feather 
River, goes downstream to its confluence with the Sacramento River, and then travels into the Bay-Delta. Water is pumped 
from the Bay-Delta region to contractors in areas north and south of the San Francisco Bay and south of the Bay-Delta. SWP 

deliveries consist solely of untreated water. In addition to delivering water to its contractors, the SWP is operated to improve 
water quality in the Delta region, control flood waters, and provide recreation, power generation, and environmental 
enhancement. 

MWD receives SWP water at three locations, Castaic Lake in Los Angeles County, Devil Canyon Afterbay in San Bernardino 

County, and Box Spring Turnout at Lake Perris in Riverside County. In addition, MWD has flexible storage rights of 65 TAF at 
Lake Perris at the terminus of the East Branch of the SWP and 153.95 TAF at Castaic Lake at the terminus of the West 
Branch. 
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8.1.2.2 Contract Allocations 

Contract allocations, also known as entitlements, for SWP contractors are provided by DWR in a table commonly referred to 
as Table A. Allocations are based on the original projected SWP maximum yield of 4.173 MAF. Table A is a tool used by DWR 
to allocate fixed and variable SWP costs and yearly water entitlements to the contractors. Table A contract amounts do not 
reflect actual deliveries a contractor should expect to receive. MWD has a Table A contract amount of 1.912 MAF. MWD's full 
Table A contract amount was made available to MWD for the first time in 2006. 

Table A Maximum Annual SWP Amounts (acre-feet) 

Contractor Maximum SWP Table A 

North Bay ~. 

Napa County Flood Control and Water Conservation District 29,025 

Solano County Water Agency ..- .' 47,756 

Subtotal . .' 76,781 

South Bay )" , 
Alameda County Flood Control and Water Conservation '-~' I > 

District, Zone 7 .... 80,619 

Alameda County Water District '" 42,000 

Santa Clara Valley Water District "' 100,000 

Subtotal .......... 222,619 

San Joaquin Valley 

Oak Flat Water District , ') 5,700 

Kings County \ 
.... 

9,305 

Dudley Ridge Water District \ " 57,343 

Empire West Side Irrigation District 1 3,000 

Kem County Water Agency 998,730 

Tulare Lake Basin Water Storage District 95,922 

Subtotal 1,170,000 

'" Central Coastal 

San Luis Obispo County Flood Control and Water Conservation 

District 25,000 

Santa Barbara County Flood Control and Water Conservation 

District 45,486 

Subtotal 70,486 

Southern California 

Antelope Valley-East Kem Water Agency 141,400 

Castaic Lake Water Agency 95,200 

Coachella Valley Water District 121,100 

Crestline-Lake Arrowhead Water Agency 5,800 

Desert Water Agency 50,000 

Littlerock Creek Irrigation District 2,300 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
8-13 

AR0070950 



Chapter 8 - January 2011 Draft 
Metropolitan Water District Supplies 

Mojave Water Agency 

Metropolitan Water District of Southern California 

Palmdale Water District 

San Bernardino Valley MWD 

San Gabriel Valley MWD 

San Gorgonio Pass Water Agency 

Ventura County Flood Control District 

Subtotal 

Delta Delivery Total 

Feather River 
Butte County 

,,/ 

« ... 

Plumas County Flood Control and Water Conservation District 

Yuba City f ., 
Subtotal ~.-~., ) 

Total "" 
j~/ 

" 

75,800 

1,911,500 

21,300 

102,600 

28,800 

17,300 

20,000 

2,593,100 

4,132,986 

27,500 

2,700 

9,600 

39,800 

4,172,786 

DWR annually approves the amount of contract allocations SWP contractors will receive. The contract allocation amount 
received by contractors varies based on contractor demands and projected available water supplies. Variables impacting 
projected water supplies include snowpack in the Sierra Nevada, capacity available in reservoirs, operational constraints, and 
demands of other water users. Operational constraints include pumping restrictions related to fish species listed as either 
threatened or endangered under the federal or state Endangered Species Acts. Contractors' requests for portions of their 
entitlements cannot always be met. In some year there are shortages and in other years surpluses. In 2008 and 2009 SWP 
contractors received only 35 percent and 40 percent, respectively, of their SWP contract allocations. In 1991 and 1992 MWD 
received 391 TAF and 710 TAF, respectively, less than their requests. 

DWR bi-annually prepares the State Water Project Delivery Reliability Report to provide contractors with current and projected 
water supply availability for SWP. The 2009 draft released in January 2010 indicates expected deliveries for multiple-dry year 
periods will vary from 32 to 38 percent of maximum Table A amounts and for multiple-year wet periods 72 to 94 percent of 
maximum Table A amounts. Overall the report shows increased reductions in water deliveries on average when compared to 
the previous 2007 report. Factors impacting deliveries include environmental constraints and hydrologic changes as a result of 
climate change. 
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... Power Plant (P) 
o Pumping Plant (PP) 
o Pump Generation 

Powerplant (PGP) 
• Pump Sution (PS) 

State Water 
Project Facilities 

Hyatt PGP 

2 Thel"malito 
D iversion Dam P 

3 Thermalito PGP 

4 Barker Slough PP 

5 Cord"li. PP 

6 Banks PP 

7 South Bay PP 

8 Del Va ll e PP 

9 Gianelli PGP 

10 Dos Amigo, PP 

II las Peril I .. PP 

12 Badger Hill PP 

13 Devil' , Den PP 

14 Bluesto ne PP 

15 Polonio p"" PP 

16 Bu"n. Vista PP 

17 T eel"ink PP 

18 ChrISman PP 

19 Edmonston PP 

20 Alamo P 

21 Oso PP 

22 Warne P 

23 Castaic PGP 

24 Pearblossom PP 

25 Mojave Siphon P 

26 Devi l Canyon P 

27 GI"eenspot PS 

28 Cr"fton Hills PS 

29 Cherry Va lley PS 
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In addition to MWD's Table A amount, MWD has long term agreements in place to obtain additional SWP supplies through 
four other programs: 

• Article 21 

• Turnback Pool 

• Yuba River Accord 

• San Luis Carryover Storage 

• Desert Water Agency and Coachella Valley Water District Table A Transfer. 

Article 21 is in reference to a provision in the SWP contract with DWR that allows SWP contractors, such as MWD, to take 
additional water deliveries in addition to Table A amounts. Article 21 water is only available under certain conditions as 
outlined in Article 21. SWP Article 21 of the contracts permits delivery of water excess to delivery of SWP Table A and some 
other water types to those contractors requesting it. SWP Article 21 water is apportioned to those contractors requesting it in 

the same proportion as their SWP Table A. 

Turnback Pool (Pool) water allows a contractor that has been allocated Table A annual entitlement that the contractor will not 
use to sell that water to other SWP Contractors through the Pool. If there are more request from contractors to purchase water 
from the Pool than the amount in the Pool, the water in the Pool is allocated among those contractors requesting water in 
proportion to their Table A entitlements. If requests to purchase water from the Pool total less than the amount of water in the 
Pool, the sale of water is allocated to the selling contractors in proportion to their respective amounts of water in the Pool. 

In 2007, MWD and DWR signed an agreement allowing MWD to participate in the Yuba Dry Year Water Purchase Program. 
Under this program, transfers are available from the Yuba County Water Agency during dry years up to 2025. MWD 
completed purchases of 26.4 TAF and 42.9 TAF in 2008 and 2009, respectively. 

As part of the Monterey Amendment, which modified the contractors' long term contracts with DWR, the use of carryover 
storage by contractors was permitted in the San Luis Reservoir for use during dry years. Carryover storage is curtailed if it 
impedes with the storage of SWP water for project needs. 

MWD entered into a transfer agreement with the Desert Water Agency (DWA) and Coachella Valley Water District (CVWD) for 
their Table A contract amounts in exchange for an equal amount of water from the CRA. Both DWA and CVWD are SWP 
contractors, but have no physical connections to obtain SWP water. MWD is able to transfer CRA water to both agencies as a 
result of their locations adjacent to CRA facilities. DWA and CVWD have a combined Table A amount of 1.912 MAF per year. 
MWD additionally can provide DWA and CVWD with deliveries of MWD's other SWP water supplies and non-SWP supplies 
utilizing SWP facilities, thus allowing MWD additional flexibility in managing its water supply portfolio. 

MWD also engages in short-term transfer agreements using SWP facilities to bolster supplies as opportunities become 
available as discussed in the Groundwater Storage and Transfers sub-section. Historically, MWD has obtained transfers 
through the Governor's Water Bank, Dry-Year Purchase Programs, and the State Water Contractors Water Transfer Program. 
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MWD expects to receive 2.046 MAF through its SWP supplies in 2035 under average conditions (1922 - 2004 hydrology). 
Exhibit 81 summarizes MWD's SWP supplies by program. Current programs are expected to result in 1.441 MAF and 
programs under development are expected to add an additional 605 TAF. Under multi-year dry conditions (1990 -1992 
hydrology), MWD expects to receive only 956 TAF and 1,003 TAF under a single-dry year (1977 hydrology). 

Exhibit 81 
MWD Forecast Supplies of SWP Water in 2035, Average Year (1922 - 2004 Hydrology) 

Supply 

Program ,//(' 
(Thousands of AF) 

Current /<,,/~ 

MWD Table A 
..: " 1,026 

Desert Water Agency and Coachella Valley Water District SWP Table A Transfer ..... 155 

San Luis Carryover Storage 1 
"- 208 

Article 21 Supplies / ,,'\.. 52 

Yuba River Accord Purchase 
~,-~., )"-. 0 

Subtotal of Current Programs2 '\. /"," .... \ 
1,441 

Programs Under Development 

Delta Conveyance Improvements 605 

Integrated Resources Plan SWP Targee \ .~. ~ 0 

Subtotal of Proposed Programs2 \ ". \, 
605 

Maximum SWP Supply Capabilitl 2,046 

1. Includes carryover water from Desert Water Agency and Coachella Valley Water District. 

2. Does not include transfers and water banking associated with SWP. 

3. Remaining supply needed to meet Integrated Resources Plan target. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.2.3 Water Quality Issues 

Water quality issues for SWP supplies include total organic carbon (TOC), bromide, arsenic, nutrients, NDMA, and 
pharmaceuticals and personal care products (PPCPs). TOC and bromide in SWP water present the greatest water quality 
issues and have restricted MWD's ability to use SWP water at various times as the contaminants form disinfection byproducts 
during water treatment processes. MWD has initiated a process to upgrade its treatment processes to ozone disinfection to 
reduce formation of disinfection byproducts and lift potential restrictions on SWP water usage. MWD requires low salinity 
levels of SWP water to meet blending requirements for CRA water, therefore any increase in salinity levels in SWP supplies is 
a concern to MWD. 

MWD supported DWR in the establishment of a policy regarding water quality of non-SWP water transported through the SWP 
system and in the expansion of Municipal Water Quality Investigations Programs to include additional monitoring and 

advanced warnings to Contractors that may impact water treatment processes. 

MWD is utilizing its water supply portfolio options to conduct water quality exchanges to reduce total organic compounds and 
bromide MWD has stored SWP water during periods of high water quality in groundwater storage basins for later use when 
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SWP is at a lower water quality. These storage programs were initially designed to provide water during dry SWP conditions, 
but a few of these programs are now operated for dual-purposes. 

TOC and bromide in high concentrations lead to the formation of disinfection byproducts when source water is treated with 
disinfectants, such as chlorine. Agricultural drainage to the Delta and seawater comingling with Delta supplies increases these 
contaminants. The Bay Delta Conservation Plan (BDCP) has outlined multiple options to improve the water supply reliability 
and habitat protection, which is being prepared through a collaboration of state, federal, and local water agencies, state and 
federal fish agencies, environmental organizations, and other interested parties. The overall goal of BDCP is identifying water 
flow and habitat restoration actions to both improve water supply reliability and recover endangered and sensitive species and 
their habitats in California's Sacramento-San Joaquin River Delta. MWD is in the process of computing upgrades to its water 
treatment plants to use ozone as the primary disinfectant. Ozone disinfection is very effective treatment for control of bromate 
formation and will allow MWD to treat higher quantities of SWP supplies without blending those supplies with CRA water. 

Arsenic 

SWP supplies not banked in MWD's SWP groundwater storage programs naturally contain low levels of arsenic ranging from 
non-detect to 4.0 IJg/L and do not require additional treatment for arsenic removal. SWP supplies banked in at least one of 
these groundwater storage programs contain arsenic levels close to or at the regulatory threshold of 10 IJg/L requiring 
additional treatment for arsenic removal. Historically, MWD has at times restricted flows from one groundwater storage 
program as a result of arsenic levels. One groundwater storage partner has initiated a pilot arsenic removal program, albeit 
raising the cost of the groundwater storage program. Arsenic can also be removed at water treatment plants by increasing 
coagulant doses. To handle arsenic removed during water treatment processes, MWD has had to invest in solids handling 
facilities. 

Nutrients 

Nutrient levels in SWP water are significantly higher than in Colorado River water. Both phosphorous and nitrogen compounds 
are a concern in SWP water, but similar to CRA supplies phosphorous is the limiting nutrient. Nutrient sources in SWP water 
include wastewater discharges, agricultural drainage, and sediments from nutrient rich soils in the Delta. MWD reservoirs have 

been temporarily by-passed at times as a result of taste and odor events related to nutrients leading to short-term supply 
impacts. 

MWD is working with other water agencies also receiving SWP water from the Delta region to reduce the impact of nutrient 
loading from wastewater plants discharging to the Delta. To assist in managing its operations, MWD has implemented an 
algae monitoring and management program designed to provide warnings in advance of algae and taste and odor issues at its 
reservoirs allowing adjustments in other system operations. 

NDMA and Pharmaceuticals and Personal Care Products 

Similar to all of its water supply sources, NDMA and PPCPs are constituents of emerging concern. As described above for 
Colorado River supplies, MWD is involved with efforts to address both NDMA and PPCPs. 

Salinity 

Over the long term salinity concentrations in SWP water are significantly lower than in CRA water, but the timing of supply 
availability and TDS concentrations can vary in response to hydrologic conditions. Additionally, salinity concentrations vary in 
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the short term in response to seasonal and tidal flow patterns. MWD requires lower salinity SWP water to blend with CRA 
water to meet salinity requirements for its member agencies. MWD's blended salinity objective is 500 mg/L. 

Environmental constraints also impact MWD's ability to meet its salinity objective. Since 2007 pumping operations in the Bay
Delta have been limited to prevent environmental harm (as discussed in the Delta Issues subsection below). MWD must rely 
on higher salinity CRA water resulting in an exceedance in MWD's salinity objective at times. 

SWP salinity concentrations as specified in the SWP Water Service Contract have not been met. Article 19 of SWP Water 
Service Contract specifies ten-year average salinity concentrations of 220 mg/L and a monthly maximum of 440 mg/L. MWD is 
working with DWR and other agencies to reduce salinity in SWP Delta supplies through multiple programs. These programs 
include modifying agricultural drainages and completing basin plans on the San Joaquin River, modifying levees around 
flooded islands in the Delta, and installing gates to reduce transportation of salts from seawater. 

8.1.2.4 Bay-Delta Issues 

The San Francisco Bay-Delta is a major waterway at the confluence of the Sacramento and San Joaquin rivers serving 
multiple and at times conflicting purposes exacerbated during dry years when water to meet the needs of both people and the 
environment is in short supply. Approximately two-thirds of Californians receive at least a portion of their water from the Bay

Delta. Almost all water delivered via the SWP to southern California must pass through the Bay-Delta. Runoff from more than 
40 percent of the State is also conveyed through the Bay-Delta forming the eastern edge of the San Francisco bay's estuary. 

A large portion of the Bay-Delta region lies below sea level and is protected by more than 1,100 miles of levees to prevent 
flooding. Deterioration of the Bay-Delta ecosystem coupled with infrastructure concerns, hydrologic variability, climate change, 
litigation, regulatory restrictions, and previously discussed water quality issues have resulted in supply reliability challenges for 
SWP contractors who depend upon the Bay-Delta for water supplies. 

Environmental 

As an estuarine environment, the Bay-Delta provides habitat for migratory and resident fish and birds, including those placed 
on the threatened or endangered species list under the federal or California Endangered Species Act (ESA). Five fish species 

residing in the Bay-Delta were listed as endangered under the ESA, and one additional species was listed as threatened in 
2009 under the California ESA. As a result of a combination of lawsuits regarding the ESA listed species and biological 
opinions and incidental take permits (permits for inadvertently harming ESA listed species) from the U.S. Fish and Wildlife 
Service and National Marine Fisheries Service, SWP exports and pumping operations in the Bay-Delta have been significantly 
curtailed. However, DWR prepared a Water Allocation Analysis in 2010 indicating that MWD could receive 150 to 200 TAF 
less water than forecast for 2010 under average hydrologic conditions. Ongoing litigation, additional species listing, and 
regulations could further curtail pumping operations and have an additional adverse impact on MWD's supplies and reserves. 
MWD has filed a lawsuit in conjunction with other SWP contractors challenging one of the biological opinions. As discussed 
below under the Delta Plan, the Delta Vision process is designed to develop long term solutions to these issues. 

I nfrastructu re 

Bay-Delta channels are constrained by a levee system to protect below sea level islands in the Bay-Delta from flooding. Land 
in the Bay-Delta subsides mainly from ongoing oxidation of aerated peat soils. Some islands are presently twenty feet or more 
below sea level. Land subsidence is expected to continue increasing the risk of levee failure and island flooding. Many of the 
levees are old and do not meet modern engineering standards. A catastrophic earthquake could cause widespread levee 
failure shutting down SWP operations for an extended period of time. Following a levee failure he flow of water onto an island 
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can pull saline water fro the San Francisco Bay into the central Delta area and if coupled with pumping in the south Delta draw 
saline water into the south Delta area. Therefore, pumping in the south Delta may need to be stopped or slowed down for an 
extended period, and additional flows may need to be released from Lake Oroville to flush saline water out of the Delta. Any 
salinity introduced into Delta may also impact Delta water quality for an extended period of time. 

Recognizing the need for protecting these vulnerable Delta levees, the Bay-Delta Levees Program was formed to coordinate 

improvements to and maintenance of the Delta levees. Over the next few years the DWR and other agencies will conduct a 
Comprehensive Program Evaluation. This Program will supplement existing risk studies, develop a strategic plan, recommend 
priorities, and provide estimates for the Bay-Delta Levees Program. 

8.1.2.5 Delta Plan 

Former California Governor Arnold Schwarzenegger established the Delta Vision Process in 2006 to address ongoing Bay

Delta conflicts through long-term solutions. The independent Blue Ribbon Task Force completed their vision for sustainable 
management of the Bay-Delta in 2008. After delivery of the Delta Vision recommendations and goals, the State Legislature 
initiated the process to conduct information hearings and draft legislation. Ultimately, the Governor called the Seventh 
Extraordinary Session to address the Delta and water issues in the State. Resulting legislation included the approval of SB 1 
X7 addressing Delta policy reforms and governance of the Delta. 

A key concept of SB 1 X7 is the formation of a Delta Stewardship Council (Council). The Council is an independent State 
agency tasked to equally further the goals of Delta restoration and water supply reliability. One of the Council's first major 
tasks is to develop, adopt, and begin implementation of a Delta Plan by January 1, 2012. Key requirements of the plan as 
summarized in the MWD RUWMP are: 

• Further the coequal goals of ecosystem restoration and water supply reliability; 

• Attempt to reduce risks to people, property, and State interests; 

• Promote Statewide water conservation, water use efficiency, and sustainable use of water to achieve the coequal 

goals; 

• Improvements to water conveyance/storage and operations of such facilities to achieve the coequal goals; 

• Consider including the Bay Delta Conservation Plan (BDCP) into the Delta Plan and allow the BDCP to be eligible for 
State funding if specific conditions are met. 

The BDCP is a joint effort of State and federal fish agencies; State, federal, and local water agencies; environmental 
organizations; and other parties with the goal of providing for both improvements in water reliability through securing long-term 
permits to operate the SWP and species/habitat protection in the Delta. MWD is a member of the Steering Committee. An 
outcome of the plan will be the identification of water flow and habitat restoration actions that assist in recovery of ESA listed 

and sensitive species and their associated habitats in the Bay-Delta. A range of options to accomplish the outcome will be 
carried forward to the environmental review phase. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
8-20 

AR0070957 



Chapter 8 - January 2011 Draft 
Metropolitan Water District Supplies 

8.1.3 In-Basin Storage 
In basin-storage facilities playa key role in maintaining MWD's reliability during droughts or other imported water curtailments 
and emergency outages. In-basin storage facilities consist of surface reservoirs and contracted groundwater basin storage. 
Conjunctive use of surface reservoirs and groundwater basins was first initiated by MWD in the 1950's. Long term storage 
goals for in-basin storage facilities were established in MWD's Water Surplus and Drought Management Plan (WSDM). The 

WSDM plan allows storage for hydrology variances, water quality, and SWP and CRA issues. 

MWD has established emergency in-basin storage requirements based on a major earthquake that could potentially cutoff all 
supplies for six months from the all aqueducts serving the region, the CRA, both SWP branches, and LADWP's LAA. Under 
this scenario, MWD would maintain deliveries by suspending interruptible deliveries, implementing mandatory water use 
reductions of 25 percent of normal-year demands, water would be made available from surface reservoir and groundwater 
supplies stored as part of MWD's interruptible supply program, and full local groundwater production would occur. MWD's 
emergency storage requirement is a function of projected demands and varies with time. 

8.1.3.1 Surface Reservoirs 

MWD owns and operates seven in-basin surface storage reservoirs. Four of the reservoirs, Live Oak, Garvey, Palos Verdes, 
and Orange County, are used for regulatory purposes and do not provide drought or emergency storage. Additionally, MWD 
owns and operates two reservoirs, Copper Basin and Gene Wash, along the CRA outside of the basin for system regulation 
purposes. Outside its basin, MWD has 1.45 MAF storage rights in Lake Mead on the Colorado River pursuant to its 
intentionally created surplus agreement with the U.S. Bureau of Reclamation. MWD also has storage rights in DWR's SWP 
terminal reservoirs, Lake Perris and Castaic Lake, as previously discussed. The total capacity of all in-basin surface 
reservoirs, inclusive of the rights in the terminal reservoirs, is 1.26 MAF, as listed in Exhibit 8J. 

Exhibit 8J 
""""" Major MWD Facilities Summary 

Reservoir Capacity (AF) 

Dry Year/Emergency/Seasonal 
Storage Purposes 

Diamond Valley Lake 810,000 

Lake Matthews 182,000 

Lake Skinner 44,000 

Lake Perris (Storage Rights)1 65,000 

Castaic Lake (Storage Rights) 1 153,940 

Subtotal 1,254,940 

Regulatory Purposes 

Live Oak 2,500 

Garvey 1,600 

Palos Verdes 1,100 

OranQe County 212 

Subtotal 5,412 

Total Reservoir Capacity 1,260,352 

1. MWD holds storage rights for flexible use in DWR terminal 
storage facilities, Lake Perris and Castaic Lake. In addition, MWD 
has emergency storage of 334 TAF in DWR's reservoirs. 
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MWD operates its three main storage reservoirs, Diamond Valley Lake, Lake Skinner and Lake Matthews, for dry-year, 
emergency, and seasonal storage. MWD has identified a dry-year storage capacity goal of 620 TAF by 2020. To date this goal 
has been met and will be sustained with storage at Diamond Valley Lake and the two terminal reservoirs. Under an average 
year scenario for 2035 (1922-1994 hydrology), 576 TAF per year of in-basin surface storage is projected to be available, 

exclusive of emergency supplies, as summarized in Exhibit SK. 

Exhibit 8K 
MWD Forecast Supplies of In·Basin Surface Storage Supplies in 2035, Average Year (1922 - 2004 

H d I ) IYI ro o9Yl 
'\ '" Supply 

I' (Thousands of 
Program AF)/Year 

In-Basin Surface Storage (Diamond Valley Lake, Lake Skinner, Lake Matthews) 444 

Lake Perris and Castaic Lake MWD StoraQe RiQhts 132 

Maximum MWD Supply Capability 576 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

MWD reserves a portion of its in-basin surface reservoir storage capacity for emergencies. MWD's emergency surface 
reservoir storage portfolio is split between storage in its three main reservoirs and DWR reservoirs. MWD's emergency 
storage capacity, based on demands for 2030, is forecast to be approximately 610 TAF. Approximately 276 TAF is projected 
to be stored in MWD's facilities and the balance of 334 TAF in DWR's facilities. The balance of available storage capacity, 975 
TAF, is for dry-year and seasonal storage. 

Any additional reservoir capacity is used for seasonal storage and system operations. Seasonal storage is required to meet 
peak demands. MWD incorporates reserves of 5 percent into reservoir operations to account for imported water transmission 

infrastructure maintenance that would restrict or temporarily halt imported water flows. 

8.1.3.2 Contracted Groundwater Basin Storage 

To improve reliability MWD engages in contracted groundwater basin storage within the basin area. By 2020 MWD aims to 
develop an annual dry supply of 300 TAF. To meet this goal MWD has worked with local water agencies to increase 
groundwater storage. Groundwater storage occurs using the following methods: 

• Direct delivery - Water is delivered directly by MWD to local groundwater storage facilities including through the use 
of injection wells and spreading basins. 

• In-lieu delivery - Water is delivered directly to a member agency's distribution system and the member agency uses 
the delivered water and forgoes pumping allowing water to remain in storage. 

MWD engages in three main types of contracted storage programs, replenishment, cyclical, and conjunctive use. These 
programs are designed to deliver water to agencies prior to the actual need for the demands allowing MWD to store supplies 
for use in dry years. Since 2007 MWD has used these programs to address SWP shortages. MWD provides financial 
incentives and funding to assist agencies to assist with developing contracted storage programs. 
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Replenishment programs provide water to agencies at a discounted cost and can be withdrawn by the recipient after one year. 
Cyclic storage contracts allow surplus imported water to be delivered for recharge in advance of the actual water purchase. 
The delivered water is in excess of an agency's planned and budgeted deliveries. The agency purchases the water at a later 
time when they have a need for groundwater replenishment deliveries. 

Conjunctive use contracts allow MWD to request an agency to withdraw previously stored MWD water from storage during dry 

periods or emergencies. Agencies must pay MWD the current water rate when they are requested to withdraw water from 
storage. Water withdrawn from storage allows MWD to temporarily curtail delivers by an equal amount. MWD currently has ten 
conjunctive use programs with a combined storage capacity of 421.9 TAF and a dry-year yield of 117.3 TAF per year as 
summarized in Exhibit SL. 

Exhibit 8L 
n· asm onJunc Ive se IB"C f U P roc Irams 

Storage Capacity Dry-Year Yield Balance 12/31/09 

Program (Thousands of AF) (Thousands of AF/Year) (Thousands of AF) 

Los Angeles County 

Long Beach Conjunctive Use Project 13 4.3 6.4 

Foothill Area GW StoraQe Proiect 9 3.0 0.6 

Long Beach Conjunctive Use Project: Expansion 
.... 

"" in Lakewood " 4 1.2 1.8 

City of Compton Conjunctive Use Program 2 0.8 0.0 

Upper Claremont Heights Conjunctive Use \. 3 .? 1.0 0.0 
" Orange County 

Orange County GW Conjunctive Use Program 66 22.0 8.6 

San Bernardino County 

Chino Basin Programs "- ", J 100 33.0 23.0 . 

Live Oak Basin Conjunctive Use Project , 3 1.0 0.7 

Riverside County 

Elsinore Groundwater Storage Program 
......... 

12 4.0 0.0 

Ventura County ---

North Las Posas Groundwater Storage Program 210 47.0 43.5 

Total 421.9 117.3 84.6 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

MWD prepared a Groundwater Assessment Study in 2007 in conjunction with local agencies and groundwater basin 
managers. As indicated in the report there is substantial groundwater storage available in the basin, but there are multiple 
challenges that must be met to utilize the identified storage. Challenges include infrastructure limitations, contamination, legal 
issues, and funding. 

To further increase the availability of in-basin groundwater storage, MWD has identified nine potential storage programs in the 
basin and an additional two programs are under development. The Raymond Basin Conjunctive Use Program and the 
LADWP Groundwater Recovery Project are expected to add an additional 34 TAF per year in 2035 under an average year 
(1922 - 2004 hydrology). 
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In 2009 a reconnaissance-level analysis was prepared for analyzing the potential for using recycled water as a supply source 
for a conjunctive use program. The study concluded up to 100 TAF of groundwater storage and production could be 
potentially developed in four major groundwater basins using Los Angeles County Department of Sanitation supplies. MWD 
initiated a formal study in 2010 to further study. This concept along with the potential to use City of Los Angeles recycled water 
supplies from the Hyperion Waste Water Treatment Plant as an additional source. 

Exhibit 8M provides a summary of forecast groundwater storage supplies available in 2035 under an average year (1922 -
2004 hydrology). Approximately 289 TAF per year are forecast to be available. 

Exhibit 8M 
MW D Forecast Supplies of In·Basin Groundwater Storage in 2035, Average Year (1922 - 2004 Hydrolo ~ y) 

Supply 

<./ (Thousands of 
Program AFNear) 

Current ~ 

Conjunctive Use }~ 115 

Cyclic Storage '" ........ .~ 

139 

LADWP Tujunga Well Field Groundwater Recovery Project '" 12 

Subtotal of Current Programs '" 266 

Programs Under Development "'-
Raymond Basin Conjunctive Use - '1 22 

Subtotal of Programs Under Development 
\ / 

34 

Maximum MWD Supply Capability 288 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.4 Groundwater Storage and Water Transfers 
MWD engages in groundwater storage outside of the basin and water transfers to increase the reliability of SWP dry-year 

supplies. Groundwater storage and water transfers were initiated by MWD in response to concerns that MWD's supply 
reliability objectives could not be met by the SWP. Groundwater storage and transfer programs were developed to allow MWD 
to reach its SWP reliability goal. All groundwater storage and water transfer programs designed to bolster SWP reliability are 
located within the vicinity of the SWP or Central Valley Project (CVP) facilities to facilitate the ultimate deliver of water to 
MWD. Groundwater storage programs involve agreements allowing MWD to store its SWP contract Table A water in excess of 
MWD demands and to purchase water for storage. MWD calls for delivery of the stored water during dry years. Transfers 
involve purchases by MWD from willing sellers during dry years when necessary. 

Exhibit 8N summarizes MWD's out of basin groundwater storage and transfer programs supplies in 2035, under an average 
year (1922 - 2004 hydrology). Current programs are expected to deliver 293 TAF in 2035. Five programs under development 
are forecasted to deliver an additional 110 TAF for a total of 403 TAF in 2035. 
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Exhibit 8N 
MWD Forecast Supplies of Groundwater Storage and Transfers in 2035, Average Year (1922 - 2004 

Hydrology) 

Supply 

Program (Thousands of AF/Year) 

Current 

San Bernardino Valley MWD Minimum Purchase 20 ~, 

San Bernardino Valley MWD Option Purchase // 29 

Central Valley Storage and Transfers '".'" 
Semitropic Water Banking and Exchange I ....... 

Program ", 69 

Arvin-Edison Water Management Program 
" .. 

75 ~ ...... 

San Bernardino Valley MWD Program 50 ~ 
Kern Delta Water Management Program '~ 50 ~ 

Subtotal of Current Programs ." 293 

Programs Under Development 

Mojave Groundwater Storage Program 43 

North of Delta/In-Delta Transfers "'- 33 

San Bernardino Valley MWD Central Feeder ... "', 5 

Shasta Return .I ~ 18 

\/ - .' 
Semitropic Agricultural Water Reuse 11 

. -
Subtotal of Proposed Programs 110 

Maximum Supply Capability 403 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of 
Southern California 

8.1.4.1 Groundwater Storage 

I··, 

MWD has four Central Valley groundwater storage programs with a fifth program under development as described below. 

The Semitropic Water Banking and Exchange Program is a partnership formed in 1994 between Semitropic Water Storage 
District (SWSD) MWD, and five other banking partners. The bank has a total storage capacity of 650 TAF, of which MWD has 
350 TAF of storage volume. During years of excess SWP deliveries, beyond MWD's demands, a portion of MWD's SWP 
entitlement water is stored for withdrawal during dry years. Deliveries for storage are transferred via SWP facilities for direct 
use by agricultural users that in turn forgo pumping an equal volume of water. In dry years water is pumped from storage to 
SWP facilities for delivery to MWD or entitlements are exchanged. MWD's average annual supply capability for a dry year 
(1977 hydrology) is 125 TAF and for multiple dry years (1990 - 1992 hydrology) 107 TAF. By the end of 2009, MWD had 45 

TAF in storage. 

Since 1997 MWD has had an agreement with Arvin-Edison Water Storage District to use 350 TAF of storage in their 

groundwater basins. The agreement was amended in 2008 to include the South Canal Improvement project to deliver higher 
quality water to MWD. During wet years MWD delivers SWP water in excess of its demands for storage and receives return 
water in dry years in a similar manner as the Semitropic program, except a combination of SWP and CVP facilities are used to 
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transfer the water and water can be stored by a combination of direct spreading or in lieu use by agricultural users. MWD's 
average supply capability is 75 TAF for either a single dry year (1977 hydrology) or multiple dry years (1990 - 1992 
hydrology). In 2009 MWF had 95 TAF in storage. 

The San Bernardino Municipal Water District Program allows for the purchase and storage of SWP water on behalf of MWD. 
MWD has a minimum purchase agreement with San Bernardino Municipal Water District (SBMWD) of 20 TAF per year of 

SBMWD's SWP Table A amount. Additionally, MWD has the option to purchase SBMWD's additional SWP allocation when 
available and the first right-of-refusal to purchase additional SWP supplies available to SBMWD beyond the minimum and 
option agreements. If MWD does not require the minimum purchase amount for operations, MWD can store up to 50 AF for 
future use in dry years within SBMWD's groundwater basins. Water is delivered to MWD via SWP facilities and groundwater 

pumping conveyed through local connections to MWD's service area. MWD's average annual supply capability for a dry year 
(1977 hydrology) is 70 TAF and for multiple dry years (1990 - 1992 hydrology) 37 TAF. By the end of 2009, MWD had no 

water in storage and deliveries have been suspended upon a mutual agreement between MWD and SBMWD. 

MWD entered into an agreement with the Kern Delta Water District (Kern-Delta) for the Kern-Delta Water Management Plan in 

2001 to allow up to 250 TAF of groundwater storage. During wet years MWD delivers SWP water in excess of its demands for 
storage and receives return water in a similar manner as the Semitropic program, except the water can be stored by direct 

recharge or in lieu use by agricultural users. Per terms of the agreement MWD can potentially store beyond 250 TAF. In dry 
years water is pumped from storage to SWP facilities for delivery to MWD or entitlements are exchanged. When the project is 
completed 50 TAF per year of dry year supply can be withdrawn. At the close of 2009 MWD had 10 TAF in storage and 
expects to fully withdraw the amount in 2010. 

The Mojave Groundwater Storage Program is currently a demonstration project between MWD and Mojave Water Agency. 
Similar to the other groundwater storage programs, MWD's excess SWP water will be stored during wet years for withdrawal 
during dry years. When fully operational, the program is expected to have a dry year yield of 35 TAF. 

8.1.4.2 Transfers 

MWD utilizes Central Valley water transfers to obtain additional supplies originally destined for agricultural users on an as 

needed basis. Past transfer agreements have used both spot markets and option contracts. Spot markets occur when there 
are willing sellers and buyers. Option contracts lock-in MWD's ability to have the option to purchase supplies if needed. 
Additionally, MWD has multiple long-term transfer programs under development. MWD's ability to conduct transfers and the 
amount of water to be transferred using SWP facilities are a function of hydrologic conditions, market conditions, and pumping 
restrictions in the Bay-Delta region. Transfers may require the use of the Bay-Delta for conveyance dependent upon the origin 
of the water. Historic transfers, as listed in Exhibit 80, indicate MWD is capable of negotiating contracts with agricultural 
districts and the State's Drought Water Bank to obtain transfers. MWD also has demonstrated it can work with DWR and the 
U.S. Bureau of Reclamation (USBR). Cooperation of both agencies is required as transfers use a combination of DWR's SWP 
and USBR's CVP facilities. Transfers from north of the Delta result in the loss of 20 percent of the water during conveyance 
while transfers via the California Aqueduct to MWD's service area result in the loss of 3 percent water during conveyance. 

During dry years and when pumping capacity in the Bay-Delta is available, MWD expects to be able to transfer 125 TAF 
through SWP facilities. 
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Exhibit 80 
MWD Historic Central Valley Water Transfers 

Purchases by MWD1 

Program (AF/Year) 

1991 Governor's Water Bank 215,000 

1992 Governor's Water Bank 10,000 ., 

1994 Governor's Water Bank 100 

2001 Dry Year Purchase Program /.. 80,000 

2003 MWD Transfer Program 126,230 
,;, 

"<> ....... 2005 State Water Contractors Water Transfer 
Program2 

/ 0 

2008 State Water Contractors Water Transfer 
.' 

~ 
""""" 

Program 26,621 
"'- J 

2009 Governor's Water Bank 36,900 

1. Transfers requiring use of Bay-Delta result in a water loss of 20 percent. Transfers requiring 
the California Aqueduct for delivery to MWD's service area result in a 3 percent water loss. 

2. 127,275 in options were secured, but not needed. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of 
Southern California 

8.2 MWD Supply Reliability and Projected LADWP Purchases 

I"" 

MWD's 2010 Integrated Water Resources Plan (lRP) Update serves as the foundation for supply forecasts discussed in the 
RUMWP and continues to ensure system reliability for its member agencies, The 2010 IRP update concluded that the 
resource targets identified in previous updates, taking into consideration changed conditions identified since that time, will 
continue to provide for 100 percent reliability through 2030, MWD's subsequent evaluation to extend the resource targets by 
an additional five years through their 2010 draft RUWMP also concluded the same full reliability during average (1922 - 2004 
hydrology), single dry (1977 hydrology), and multiple dry years (1990 - 1992 hydrology), For each of the scenarios there is a 
surplus in every forecast year, Exhibit 8P summarizes MWD's reliability in five year increments extending to 2035, 

The City purchases MWD water to make up the deficit between demand and other City supplies, Whether LADWP can 
provide reliable water services to the residents of Los Angeles is highly dependent on MWD's assurance on supply reliability, 

However, the recent water supply shortage caused by dry weather and pumping restrictions in the Delta prompted the City to 
develop a more sustainable water supply portfolio with emphasis on local water supplies such as recycled water, groundwater 
cleanup, stormwater capture, and conservation, LADWP's reliance on MWD water supply is projected to be cut in half from the 
five-year average of 52 percent of the total demand between 2005-06 and 2009-10, to 24 percent by 2034-35 under average 
weather conditions, 

The reliability of MWD's water supply is more fully discussed in Chapter 10, Integrated Resources Planning, The projected 

LADWP water purchase is further discussed in Chapter 11, Water Service Reliability Assessment under various weather 
scenarios, 
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Exhibit 8P 
MWD System Forecast Supplies and Demands, Average Year (1922 - 2004 Hydrology) 

Supply (Thousands of AF per Year) 

Forecast year 2015 2020 2025 2030 2035 

Current Programs 
In-Basin Surface Reservoir and Groundwater 
Storage 685 931 1,076 964 830 

State Water Project1 1,550 1,629 1,763 1,733 1,734 

Colorado River Aqueduct 

Colorado River Aqueduct Supply2 1,507 1,529 1,472 1,432 1,429 

Aqueduct Capacity Limie 1,250 1,250 1,250 1,250 1,250 

Colorado Aqueduct Capability 1,250 1,250 1,250 1,250 1,250 

Capability of Current Programs 3,485 3,810 4,089 3,947 3,814 

Demands 

Firm Demands on MWD 1,826 1,660 1,705 1,769 1,826 

Imperial Irrigation District - San Diego County Water 
Authority Transfers and Canal Linings4 180 273 280 280 280 

Total Demands on MWD 2,006 1,933 1,985 2,049 2,106 

Surplus 1,479 1,877 2,104 1,898 1,708 

Programs Under Development 
In-Basin Surface Reservoir and Groundwater 
Storage 206 306 336 336 336 

State Water Project1 ,"/, ',,- "\ 382 383 715 715 715 

Colorado River Aqueduct \ 
Colorado River Aqueduct Supply } 187 187 187 182 182 

Aqueduct Capacity Limit2 0 0 0 0 0 
.~ 

Colorado Aqueduct Capability 0 0 0 0 0 

Capability of Programs Under Development 775 876 1,238 1,233 1,233 

Maximum MWD Supply Capability 4,260 4,686 5,327 5,180 5,047 
/. Potential Surplus 2,254 2,753 3,342 3,131 2,941 

1. Includes water transfers and groundwater banking associated with SWP. 

2. Includes 296 TAF of non-MWD supplies conveyed in CRA for Imperial Irrigation District - San Diego County Water Authority 
Transfers and Canal Linings 

3. CRA has a capacity constraint of 1 .25 MAF per year. 

4. Does not include 16 TAF subject to satisfaction of conditions specified in agreement among MWD, the US, and the San Luis Rey 
Settlement 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 
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8.3 MWD Rate Structure and LADWP's Purchased Water Costs 

8.3.1 MWD Rate Structure 
MWD's rates are structured on a tier-based system with two tiers and a surplus category. Nine major elements determine the 
actual price a member agency will pay for deliveries. All of the elements are volumetric based except for two fixed rates, the 
Readiness-to Serve Charge and the Capacity Charge. 

Tier 1 rates are reflective of actual costs of existing supplies and are designed to recover most of the supply costs. Member 
agencies are allocated a specified volume of Tier 1 water that can be purchased within a given year. In 2011 LADWP's Tier 1 
limit is 304,970 AF. Any purchases above this are charged at the Tier 2 rate. MWD has instituted a temporary Delta surcharge 
to recover costs associated with lower SWP deliveries related to pumping restrictions. The surcharge will remain in effect until 
SWP yields improve. 

Tier 2 rates send a price signal associated with MWD's costs of developing additional long-term firm supply options. Member 
agencies with growing demands on MWD will have a higher proportion of deliveries within the Tier 2 range. 

Surplus water is water in excess of consumptive municipal and industrial demands. Surplus water is available at two 
discounted levels dependent upon the end use. Replenishment Program water is discounted for replenishing local agency 
supplies. The program has been suspended as a result of dry conditions and uncertain future supplies. The Interim 
Agricultural Water Program (IAWP) provides discounted water for agricultural use. This program is being phased out and will 
terminate beginning in 2013. 

Exhibit 8Q summarizes the rates and charges for member agencies effective on January 1 of 2010, 2011, and 2012. 
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Exhibit 8Q 
MWD R t d Ch a es an 

Rates and Charges 

Tier 1 Supply Rate ($/AF) 

Delta Supply Surcharge ($/AF) 

Tier 2 Supply Rate ($/AF) 

System Access Rate ($/AF) 

Water Stewardship Rate ($/AF) 

System Power Rate ($/AF) 

Full Service Untreated Volumetric Cost ($/AF) 

Tier 1 

Tier 2 

Replenishment Water Untreated ($/AF) 

Interim Agricultural Water Untreated ($/AF) 

Treatment Surcharge ($/AF) 

Full Service Treated Volumetric Cost ($/AF) 

Tier 1 

Tier 2 

Treated Replenishment Water ($/AF) 

Treated Interim Agricultural Water Program ($/AF) 

Readiness-to-Serve Charge ($/M) 

Capacity Charge ($/cfs) \\ 

arges 
Effective Rate January 1 

2010 2011 2012 

101 104 106 

69 51 58 

280 280 290 

154 204 217 

41 41 43 

119 127 136 

484 527 560 

594 652 686 

366 409 442 

416 482 537 

217 217 234 

701 744 794 

811 869 920 

558 601 651 

615 687 765 

114 125 146 

7,200 7,200 7,400 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern 
California 

8.3.2 LADWP's Purchased Water Costs 
MWD's water rates vary from $484 per AF of tier 1 untreated water to $811 per AF of tier 2 treated water in 2010. The average 
unit cost of MWD water supply depends on the proportions of treated water and untreated water, tier 1 water and tier 2 water 
purchased in a given period. From 2003 to 2009, LADWP purchased 88 percent tier 1 water and 12 percent tier 2 water, and 
70 percent untreated water and 30 percent treated water on average. The tier 2 water purchase varied from no purchase in 
2005 and 2006 to 29 percent in 2007 and 2008. The treated water purchase varied from 20 percent in 2007 to 46 percent in 
2005. Exhibit 8R illustrates the various combinations. 

The Readiness-to-Serve Charge and Capacity Charge are predetermined fixed charges for each member agency and not 
affected by the quantity of MWD water purchased. However, they add on to the unit cost of the City's MWD water purchase. 
The City's current share of the Readiness-to-Serve Charge is 15.12 percent or $17.24 millions in 2010. The Capacity Charge 

is calculated based on the summer daily peak flow from the previous three years. LA's 2010 Capacity Charge is $5.9 millions 
based on the daily peak flow of 822 cfs in 2008 summer. Both charges added an additional $110 per AF to the unit cost of 
LADWP's MWD water purchase in 2010. 
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Percentage of LADWP's Purchased Water in Various MWD Rate Categories 

MWD 
Tier 1 Tier 2 

Deliveries Total Tier Total Tier 
1 2 

Untreated Treated Untreated Treated 
Calender Year 

% % % % % I,' % 

2003 73% 22% 4% 2% 95% 5% 

2004 71% 25% 3% 1% 96% 4% 

2005 54% 46% 0% 0% 100% 0% 

2006 58% 42% 0% 0% 100% 0% 

2007 56% 15% 25% 5% 71% 29% 

2008 48% 23% 23% 6% 71% 29% 

2009 67% 20% 10% 3% 87% 13% 

Average 61% 28% 9% 2% 88% 12% 
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9.0 Overview 

DRAFT Chapter Nine 
Other Potential Water Supplies 

LADWP continually investigates other potentially feasible water supplies to ensure the sustainability of water supply for the 
City of Los Angeles. In recent years, LADWP has actively pursued and investigated var-ious s~l?ply options including water 
transfers and banking and seawater desalination. Evaluating the viability of these ,d other water resource options is a key 
element to ensuring the City's future water supply reliability. Such options, with proper planni~, can contribute toward fulfilling 
future demand under various conditions. Future water resource challenges, whic include i creased demand that must be met 
without increasing imported supply, warrant thoughtful consideration of mese and other PQtentially feasible water supply 
resources. 

entation are also 
discussed, as well as advances that facilitate development of the resource option. 

9.1 Water Transfers and Banking 
Water transfers involve the lease or sale of water or ater rigllts between consen iRg par-tie§: Water Code Section 470 (The 
Costa-Isenberg Water Transfer Act of 1986) states that voluntary water, transfers between water users can result in a more 

efficient use of water, benefiting both the buyer and the se~er. The State LegiSlatur~trther declared that transfers of surplus 
water on an intermittent basis ca~elp alleviate water shorfages, save capital outlay development costs, and conserve water 
and energy. This section of the Water 80de also obligates the California Department of Water Resources (DWR) to facilitate 

specifically regaraing water transfers: 

• There can be no injtJl}' to any legal user of water; 

• There can be no unreasonable effect to fish and wildlife; and 

• There can be no unreaso able economic effects to the economy of the county of origin. 

Water banking, a form of conjunctive use, is the storage of water in groundwater basins for future use. Typically, during wet 
periods water is stored or banked within groundwater basins for potential extraction during dry periods. Water banking sets up 
accounts to track the volumes of water recharged and extracted per terms of contract agreements between water agencies. 
Water banking may occur outside of a water agency's service area. If the water agency's own conveyance facilities are not 
directly adjacent to the water bank, stored water can be extracted and transferred through wheeling and exchange via other 
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conveyance and storage facilities. Such movements of water involve institutional transfer agreements among water users and 
agencies. 

9.1.1 LADWP Opportunities 

LADWP is considering opportunities to acquire water through transfers to replace a portion of LAA water used for 
environmental enhancements in the eastern Sierra Nevada. The City would purchase water when available and economically 
beneficial for storage or delivery to LADWP's transmission and distribution system. The City- is seeking non-State Water 

Project water to replace the reallocation of LAA water supply for environmental enhancements MWD holds an exclusive 
contractual right to deliver State Water Project entitlement water into its service terri o~ which includes the City of Los 
Angeles. Purchasing only non-State Water Project supplies will ensure the City's compliance ith MWD's State Water Project 
contract. 

To facilitate water transfers, LADWP is constructing an interconneetlon between the LAA and the State Water Project's 
California Aqueduct, located where the two aqueducts intersect in the Al<ltelope Valley (Neel'lacn, California). This 

State Water Project to the LAA System, as well as provide operational lexi il'ty i tile e\lent of a disruptiGln of flows along the 
LAA System. Construction of the NTPS required a four-way agreement between DWR, MWD, LADWP, and the Antelope 
Valley-East Kern Water Agency (AVEK). When the NTPS facility wil be owned by DWR but will be designated as 
an AVEK interconnection. The NTPS will be "nt:.r!lt,~rl\('n 

LADWP's current goal is to transfer u 
LADWP with the ability to replr -=:..:.z... .... _ 
projects. This will also nrrllviiilti 

A demonstration study 

the LADWP. MWD IS 'nvolved in the agreement to provide 

ities are in place. This will provide 
r;e,alloc:atE!d to environmental enhancement 

and the ability to yield cost savings. 

of operations; this study will include an evaluation 

Neenach Temporary Pumping Station, construction site, looking northerly, taken 
September 16, 2010, by Aqueduct Aerial Patrol. 
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To supplement water transfers, LADWP is also investigating the possibility of water banking. A request for proposal (RFP) was 
issued in 2008 and five proposals were received for evaluation to determine the most mutually beneficial agreement for a 
water banking program. However, LADWP has decided to not pursue full scale water banking projects at this time and has 
instead chosen to proceed with the Indian Wells Valley Water District's proposal to explore a potential water banking 
opportunity directly adjacent to the LAA. 

The City supports Statewide water transfer legislation that will ensure the efficient use of t~e State's limited water resources 
and provide safeguards to the environment, public facilities, water conservation effy s ana 10c~1 economies. LADWP will 
continue to develop a responsible water transfer program that can assist in replacing City supplies that have been reallocated 
to the environment in the Eastern Sierra Nevada. 

9.1.2 MWD Opportunities 

• Spot transfers make water available through a contract entered into the same year that the water is delivered. 

• Option transfers, through multi-year or single-year co tracts, allow MWD to 0btain water on an "as-needed" basis. 

• that convey sRecific water entitlement to MWD each 
year. 

• 
southern California. 

• 

importaot ele~nt of California's plan to live within its 4.4 million acre-feet per year entitlement to Colorado River water. 
These program ' have also helped ~WD adjust to regulatory restrictions on State Water Project pumping from the San 
Francisco Bar-Del a Current and potential MWD transfer, storage, and exchange agreements/activities include: 

• 
• Kern Delta Water District'Water Management Program 

• Arvin-Edison Water Transfer and Storage Program, Kern County 

• San Bernardino Valley Transfer and Storage Program 

• Desert Water Agency/Coachella Valley Water District Exchange Program 
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• Palo Verde Land Management, Crop Rotation, and Water Supply Program 

• Hayfield Groundwater Storage Project (under development) 

• Southern Nevada Water Authority and Metropolitan Storage and Interstate Release Agreement 

• Central Valley Water Transfers 

• Yuba Accord Dry Year Purchase Program 

• Lower Colorado Water Supply Project 

• Lake Mead Water Storage Program 

• Drop 2 Reservoir Funding 

• Arizona Exchange (under development) 

• Yuma Desalter Exchange (under develo 

• California Indians Exchange (under develnnrnt:>rlf\\ 

• 
• ICS Exchange Program (up lj.§L®..~'eI6PQ1E3nt) 

• Expansion of Palo ater Supply Program (under development) 

• development) 

• 
• ,,",V. ·, u, !_,v, development) 

• 
• Semitropic AgrictJltural Water Reuse Demonstration Project (under development) 

• San Bernardino Valley MWG Central Feeder Project (under development) 

• Chuckwalla Groundwater Storage Program (under development) 

• Coachella Valley Water District Agreement (under development) 

MWD's water rate structure is designed to allow water transfers using MWD infrastructure by establishing a water wheeling 

rate, which is a combination of the System Access Rate, Water Stewardship Rate, System Power Rate, and Treatment 
Surcharge. The wheeling rate applies to all water conveyed through MWD's infrastructure, regardless of the agency using the 
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system. MWD's unbundled rate structure and its associated wheeling rate encourage development of water markets by 
providing for competition at the supply level; MWD's member agencies can purchase supplies from any source and pay 
MWD's wheeling rate to transmit the water. MWD's current water rate structure establishes charges for each component on a 

per acre foot basis for all water moving through MWD's system. As of January 1, 2010, current wheeling rate charges are: 

• System Access Rate: $154/AF 

• Water Stewardship Rate: $41/AF 

• System Power Rate: $119/AF 

• Treatment Surcharge: $217/AF 

The System Access Rate recovers costs associated with convey:anGe and distribution capacit to meet average annual 
demands. The Water Stewardship Rate recovers the cost assoCiate with provid~ financial incentives fo~ i vestments in 
local water resources, such as water conservation and recycleo water pmgrams. if tie System Power Rate ecovers the cost 
for power to move water through MWD's system. The treatment surcharge applies 0 all water that is treated at one of MWD's 
five treatment plants. 

MWD's water rate structure also incorporates a tiered sUR Iy rate format. The first ier priGe aRplies to a fixed base quantity of 
price reflects the incremental cost 

LADWP's current water r,esource stra~egy does not include seawater desalination as a water supply. There are concerns with 
cost and the environmental impacts associated with the implementation of desalination. LADWP is primarily focused on 
enhancing recycling and cQnsefvati.0n. While someday desalination may be explored further, it currently remains as a supply 
alternative. 

9.2.1 Desalination Technology 

Technology to desalt seawater to produce potable water which meets or exceeds drinking water standards has been available 
for some time, but has not been widely implemented primarily due to its high cost. Although the cost to desalinate seawater is 
still more expensive than obtaining water from conventional sources, continued research and development, as well as large 
scale projects, are being implemented in the United States and other parts of the world to improve technology and further 
drive costs down. Additionally, increasing costs associated with new water supplies and existing supplies is reducing the cost 
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differential between desalinated water and other water sources improving the viability of desalinated water as a part of an 
overall water supply portfolio. 

The two basic seawater desalination processes are: 1) use of the distillation process to evaporate water from salts; and 2) use 
of semi-permeable membranes to filter the water while straining out the salts. While distillation has been the dominant 
seawater desalination technology (primarily in the Middle East), current worldwide desalination development is rapidly 

migrating toward membrane technology. Facilities using distillation are still prevalent in the Middle East. However, new plant 
installations are increasingly taking advantage of technological advancements (higher yiel ana 10 er energy requirements) in 
membrane-based process technology. Today, membrane filtration accounts for over i'lalf of the world's desalting capacity. 

9.2.2 DWR Desalination Efforts 

Recognizing the potential of seawater as a water resource, the DWR tbroug~ I~gislative mandate, convened a California 
Water Desalination Task Force in 2002. The task force was responsiBle for maKing recommendations to the Legislature on 
potential opportunities, impediments, and the State's role in furthe ing desalinatioRl technology. 

environmental, economic, permitting, engineering, plaA ing, and coordination. 

developing environmentally and economically acceptable 

• Each project should be considered on its own merits; 

• 
• 
• 
• 

• Key decision Roints (e.g., costs, environmental acceptability) should be identified to test the general feasibility of the 
project as early in the planning ppooess as possible. 

After establishment of the tasK force, desalination was added to the California State Water Plan as an alternative for 
consideration in regional water supplies. Furthermore, in 2008, DWR published the California Desalination Planning 
Handbook, building upon the Task Force efforts. The handbook provides guidance on determining appropriate conditions for 
desalination plants, addressing concerns, and building public trust. 

Proposition 50, Chapter 6, has provided funding for desalination research, feasibility studies, pilot projects, and construction of 
new facilities. Over $45 million was distributed under this proposition in two rounds of funding for both seawater and 
groundwater desalination. Fund recipients included LADWP. 
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With increasing demand for water and limited new supply options, the future value of seawater desalination as a part of 
California's water supply portfolio has become apparent. Within southern California, a range of 270,000 AFY to 422,000 AFY 
of desalinated seawater could be potentially produced based on current efforts (see Exhibit 9A). While this production 
represents less than five percent of the region's total water supplies, it is nonetheless considered by water planners as an 
important part of the region's water supply portfolio. 

9.2.3 MWD Desalination Efforts 

MWD first incorporated desalinated seawater as a potential new water supply source in 'ts 2003 Integrated Resources Plan 
Update. Subsequently in 2009, MWD's Board of Directors created a special committee on Desalination and Recycling to study 
MWD's role in regional efforts to develop desalination facilities. 

In response to a proposal solicitation in 2001, MWD received proposals oy five member agencies to provide up to 142,000 
AFY of potable water. To provide an incentive for the development of a.esalinate~ seawater, MWD 's offering subsidies of up 
to $250 for each acre-foot (326,000 gallons) of desalinated seawater produced LADWP, Long Beach Water. Department, 

of the desalination efforts in MWD's service area, including projects not in the eawater Desalination Program. Each of these 
agencies serves coastal areas, and is looking to desalination as a means to furt er aiversify their water supply sources. 

Status 

Pilot 
10,000 Study1 

28,000 On-hold 

Pilot 
16,000 - 28,000 Study 

Permitting 
56,000 Com lete 

Pilot 
20,000 Study1 

130,000 -142,000 

CDther Potential Projects in MWD Service Area 

Desalination 

Subtotal 

Total 

1. Full scale feasibility studies in progress. 

Municipal Water 
District of Orange 
Count 
San Diego County 
Water Authority 
San Diego County 
Water Authorit 

56,000 
Initiating 
Permittin 

56,000 - 168,000 Planning 
Feasibility 

28,000 - 56,000 Stud 

140,000 - 280,000 

270,000 - 422,000 

Source: Annual Progress Report to the State Legislature, Achievements in Conservation, Recycling, and 
Groundwater Recharge, February 2010. 
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9.2.4 LADWP Seawater Desalination Efforts 
Scattergood Generating Station Seawater Desalination Plant 

LADWP initiated efforts in 2002 to evaluate seawater desalination as a potential water supply source with the goals of 
improving reliability and increasing diversity in its water supply portfolio. These efforts led to the selection of Scattergood 
Generating Station as a potential site for a seawater desalination plant. For the City, seawater desalination is a potential 

resource that could also offset supplies that had been committed from the LAA for environmental restoration in the eastern 
Sierra Nevada. LADWP has reallocated approximately fifty percent of its historical average rAft.. supplies to benefit the eastern 
Sierra Nevada environment. As an identified program in MWD's Seawater Desalination Program, the proposed full-scale 
project would have qualified for MWD's grant of $250 per acre-foot of water gro 61ceo. However, in May 2008, LADWP 
decided to focus on water conservation and water recycling as the primary strategies in creating a sustainable water supply for 
the City. 

While seawater desalination is not a potential water supply strategy at this time, studies performe~ to date have provided 
beneficial data that in the future can assist LADWP with any futtJre evaluations 0 seawater desalinatlo . Com leted studies 
include the LADWP Proposed Seawater Desalination Plant Site SelectiGln Fatal F aw Analysis (2002), LADWP Seawater 
Desalination Facility Feasibility Study for the Scattergood Generating Stat'on in ~I~' Rey (2004), Brine Dilution Study for 

the LADWP Desalination Project at Scattergood Generating Station (2005), a d Scattergood Seawater Desalination Pilot 
Project Preliminary Evaluation Report (2008). 

To determine the proper site location for a City desali 
Desalination Plant Site Selection Fatal Flaw Analysis evaluating three City-owned coastal power generating plants. Based on 

the Scattergood Generating Station. 

Optimum capacity of a M~esalting facility at the Scattergood G~ating Station was evaluated in the LADWP Seawater 
Desalination Facility Feasibility Stuay. Results of the study indicated a 25 mgd facility would be the most economical. 
Estimated capital costs for a 25mgd facility:: were apRroximatelyi{48.5 million in 2004 dollars with an annual operations and 
maintenance eost ef $289 million (2004 dollars) resulting in a total water cost of approximately $1,257 per acre-foot. The 
study also identified the five-mile yperion '["",eatment Plant Outfall, which is adjacent to the Scattergood Generating Station, 

In an effort to develop an environmentally compatible project, LADWP evaluated the feasibility of discharging the desalted 
concentrate into HYRenon Wastewate Treatment Plant's 5-mile outfall. The Brine Dilution Study for the LADWP Desalination 
Project at Scattergooa Generating Station performed by the Scripps Institute of Oceanography found that there are potential 
environmental benefits to t e Santa Monica Bay's marine biology due to improved salt balance if the effluent discharged by 
the Hyperion Wastewater Tre tent Plant were to include brine from a desalination facility. 

In March 2008 the Preliminary Evaluation Report of the Scattergood Generation Station Seawater Desalination Pilot Project 

was completed. This was the first task of multiple tasks that was to ultimately result in the operation of a pilot plant. Co-funded 
by the US Bureau of Reclamation and DWR through Proposition 50 funding the overall goal was to further investigate the 
viability of seawater desalination for LADWP. Recommendations on site specific technologies and processes were provided 
for carryover to the pilot plant design stage. Items for further study included subsurface intake evaluation, cooling alternatives 
for warm water, second pass RO, post treatment stabilization, and finished water blending strategy. 
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After completion of the first task, the other tasks were not initiated reflecting the City's new primary strategies of conservation 
and recycled water to create a sustainable water supply for the City. Studies completed to date and LADWPs other seawater 
desalination efforts discussed below have provided important data that can assist LADWP to move forward with seawater 
desalination in the future, if conditions are amenable. 

Other LADWP Seawater Desalination Efforts 

LADWP historically engaged in multiple partnerships to advance seawater desalination in southern California. Seawater 
desalination is hindered by multiple challenges including, but not limited to, capital eosts, oper-ating costs, environmental 
considerations, water quality, and public acceptance. To overcome these challenges, LAQWP has supported efforts to lower 
the capital and operating costs of producing desalinated ocean water. LADWP a?so pafticipa~d with California stakeholders 
through multiple venues, such as the MWD and the California Water Desa inatiolll Task For-ce to develop desalination study 
projects within southern California. 

LADWP, the Long Beach Water Department (LBWD), and the UlJited States Bureau of Reclamation ~tl>lered in the 
construction of a 300,000 gpd prototype seawater desalinatior-l facility to complete testing of LBWD's pfoRci etary two-stage 
nanofiltration process (using membranes that require lower operating pressures and thus, the potential or lower operating 
costs). LBWD successfully performed a 9,000-gpd bench-scale testing of th's teG~ology and began testing on a larger scale 
in October 2006 at LADWP's Haynes Generating Station in Long Beach. By Mmch 2010, LBWD has completed its testing and 
is currently preparing the final report. 

LADWP also partnered with the West Basin Municipal Water District and other agencies in the American Water Works 

In a joint study by LADWP, LBWD, a~ West Basin Municipal Water District, preliminary sampling of raw seawater quality was 
initiated at three potential seawater' esalinatio sites - SGatte[good Generating Station in Playa Del Rey, Haynes Generating 
Station in Long Beach, and EI Segundo Power Generatif1€l Statron. Water quality analysis on the seawater was performed at 

ater Supp,ly Yield and Cost 
The range of potentia~ater supply, the unit cost, risks, and other benefits besides reductions in water demands for these 
potential water supplies ar- preseRte ' in Exhibit 9B. 

LADWP recognizes the value of potential water supplies to offset unanticipated changes to supply or demand. Strategic water 
planning necessarily includes continuous monitoring of existing and future alternative water resources in preparation of these 
needs. 
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Potential 
Water Supplies 

Seawater Desalination 1 

Water Transfer 

Potential 
Water Yield 

(AFY) 

25,000 

40,000 

For Comparison Purposes: 
Local Groundwater Pumping Unit Cost = $230/AF 

Exhibit 98 

Other Potential Water Supplies 

Average 
Unit Cost 

($/AF) 

$1,500-
$2,000 

$440-$5402 

Implementation 
Risks 

Environmental permitting 
may be difficult. 

Wheeling and other 
institutional issues must be 
addressed. 

MWD Treated Tier 2 Water Supply Unit Cost = $811/AF 

Notes 

Additional Benefits 

1. Source LADWP Seawater Desalination Facility Feasibility Study for the Scattergood Generating Station in P-Iaya Del Rey (2004); updated from 2004 to 2009 
dollars using annual CPI index for LA-Riverside-Orange County the ocean is a virtually unlimited sup~ly , yield shown here is the maximum given 
available land, outfall capacity, and other constraints. 
2. Cost includes cost of water and wheeling fees Treatment costs not i 
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Integrated resources planning is a process used by many water and wastewater providers to meet their future needs in the 
most effective way possible, and with the greatest public support. The integrated planning process incorporates: 

• public stakeholders in an open, participatory process; 

• multiple objectives such as reliability, cost, water quality, environmental stewardship, and quality of life; 

• risk and uncertainty; and 

• partnerships with other agencies, institutions, and non-governmental organizations. 

LADWP has been actively involved in integrated resources planning since 1993, when the Metropolitan Water District of 
Southern California (MWD) initiated the region's first Integrated Resources Plan (IRP). LADWP was an active member of the 

technical workgroup that oversaw the development of alternatives and recommendations from MWD's IRP. In 1999, the City 
of Los Angeles embarked on its first IRP for wastewater, stormwater and water supply. The LADWP was a partner in this 
effort, working with the City's Bureau of Sanitation (BOS). In 2006, the Greater Los Angeles County IRWMP was approved. 
LADWP is a member of the IRWMP Leadership Committee and serves as the chair of the of the Upper Los Angeles River 
Watersheds sub-region for the IRWMP region. 

10.1 City of Los Angeles Integrated Water Resources Plan 
Description and Purpose 

The City's Water Integrated Resources Plan (lRP) is a unique approach of technical integration and community involvement to 
guide policy decisions and water resources facilities planning. As part of the IRP development, an Environmental Impact 
Report (EIR) was prepared identifying the recommended alternatives for implementing the City's wastewater, runoff, and 
recycled water programs for 2020. On November 14, 2006, the City Council unanimously adopted the IRP recommendations 
and implementation strategy and certified the final EIR. The IRP development was a seven year stakeholder-driven process 
that at the time was an innovative approach to guide the City's policy decisions and facilities planning. The IRP recognizes 
the interrelationship of water, wastewater, and runoff management in forming a future vision for the City's water resources 
activities and functions. In the past, the City traditionally utilized single-purpose planning efforts for each agency, such as one 
plan for wastewater and a separate plan for water supply. With the IRP, the City can meet its 2020 needs in a more cost
effective and sustainable way by addressing and integrating all its water resources. Additionally, the IRP was designed to 
meet multiple objectives, including evaluation of innovative supply opportunities that were once thought of as being too 
expensive. The City's LADWP and BOS are partners in this effort, joined by public stakeholders and other agencies. 

The objectives for the IRP were developed by the City and public stakeholders, and represent the major reasons why the plan 
was developed. These objectives are: 

• Protect Public Health and Safety 

• Effectively Manage System Capacity 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
10-1 

AR0070980 



Chapter 10 
Integrated Resources Planning - January 2011 Draft 

• Protect the Environment 

• Enhance Cost Efficiency 

• Protect Quality of Life 

• Promote Education 

The IRP was developed in three phases. The first phase set policy guidelines for managing the City's water resources for the 
next 20 years. The second phase had three main deliverables: (1) detailed facility plans for wastewater, stormwater, and 
recycled water; (2) comprehensive financial plans for wastewater and stormwater; and (3) a certified Environmental Impact 
Report (EIR). The third phase of the IRP, which is now underway, represents implementation of the facility plans and more 
detailed studies to support implementation. 

Integrated Watershed Approach 

8y taking an integrated watershed approach, the IRP identified opportunities that would normally not have been identified if 
water, wastewater, and stormwater were planned separately. The IRP recognized that all of the City's water resources are 
linked from a technical, social, and institutional aspect. 

The City's IRP has also assisted in identifying partnerships between City agencies for project implementation potentially 
leading to increases in outside funding from grants and low-interest loans. 

An example is the potential three-way partnership between the City's Recreation and Parks Department, 80S, and LADWP. 
Land reclamation of blighted industrial and warehouse uses allows the City to create more parks and recreational areas while 
simultaneously allowing for underground storage of wet weather runoff for subsequent beneficial reuse. With this integrated 
approach, the City can potentially obtain more parkland, assist 80S in reducing wet weather runoff to improve water quality, 
and assist LADWP in increasing water supplies. The integrated approach also allows the City to better position itself for 
grants and loans that typically prioritize projects that demonstrate multiple benefits (e.g., water quality, water supply and 
recreation). 

Stakeholder Involvement 

A key element of the IRP was involvement of stakeholders at the beginning and throughout the entire IRP process. 
Stakeholders represent a wide range of the City's interests including, but not limited to, community, business, and 
environmental organizations. Stakeholders were instrumental in development of the guiding principles and identification of 
innovative water resource opportunities. 

During Phase 2, stakeholders participated in a Steering Group. Steering Group members regularly attended scheduled 
workshops and provided on-going input on the technical, environmental, and financial development of the IRP. Members 
provided necessary feedback to keep the facilities planning efforts aligned with the decision-making process. The Steering 
Group also considered key project issues in regards to the development of alternatives, such as facilities siting, 
implementation risks, and acceptability of costs that will invariably arise during the project. 

IRP Alternatives 

The IRP evaluated a broad range of integrated alternatives. Each alternative represented different combinations of wastewater 
treatment options, wastewater collection system options, recycled water options, conservation options, and dry and wet 
weather urban runoff management options. 
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Twenty-one (21) preliminary alternatives were created with different focuses, allowing stakeholders and decision-makers to 
see trade-offs in key planning objectives. Based on the evaluation of the preliminary alternatives, nine (9) hybrid alternatives 
were created that incorporated the best elements from the preliminary alternatives in order to improve overall performance. 
City staff recommended the top-scoring four (4) hybrid alternatives to be carried through to the EIR process. Public 
stakeholders concurred with staff recommendations. 

In November 2006, City Council approved the staff-recommended alternative, which consists of "Go-Projects" , "Go-If
Triggered Projects" and "Go-Policy Directions". "Go-Projects" are projects recommended for immediate implementation 
because the flow and regulatory triggers have already been met. "Go-If-Triggered Projects" will only be implemented if or 
when additional information or circumstances, such as regulatory requirements, population growth, or increases in sewage 
flow are reached .. "Go-Policy Directions" are specific directions to City staff on the next studies and evaluations necessary to 
progress on programmatic elements. 

IRP Implementation Status 

The City's Department of Public Works (DPW) in partnership with the Department of Water and Power (DWP) has been 
working collaboratively along with other City departments on coordinating and implementing the various IRP 
recommendations. As part of the IRP implementation phase, the City has worked on keeping IRP stakeholders engaged 

through annual stakeholder meetings. Through these meetings, the City has provided updates on the IRP implementation 
and has obtained valuable input from stakeholders on IRP related issues. In addition, the Board of Water and Power and the 
Board of Public Works have held three public joint meetings to review the IRP progress and provide directions on policy 
issues. Since the adoption of the IRP by Council in November 2006, a number of initiatives have been undertaken by the City 
which fulfill the IRP goals, including the Green Streets and Green Alleys Committee, the development of a Low Impact 
Development Ordinance, Conservation Initiatives (Chapter 3), the Recycled Water Master Plan (Chapter 4), and Watershed 
Management (Chapter 7). Projects and policies in the IRP implementation strategy are detailed below. Some projects are 
currently being implemented, while others continue to be monitored for triggers or policy direction: 

Go Projects 

• Construct wastewater storage facilities at Tillman 

• Construct wastewater storage facilities at Los Angeles-Glendale Water Reclamation Plant (LAG) 

• Construct recycled water storage facilities at LAG 

• Construct solids handling and truck loading facility at Hyperion 

• Construct two new sewer lines, Glendale Burbank Interceptor Sewer (GBIS) and Northeast Interceptor Sewer (NElS) 
Phase II 

Go-If-Triggered Projects 

• Potential upgrades at Tillman to advanced treatment at current capacity (if triggered by regulations and/or decision to 
reuse Tillman effluent for groundwater replenishment) 
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• Potential expansion and upgrade of Tillman to 100 mgd (if triggered by an increase in population, regulations, and/or 
groundwater replenishment decision), In the unlikely event that the overall framework for recycled water changes to 
disallow its use, then Hyperion would be potentially expanded to 500 mgd instead. 

• Potential upgrades at LAG to advanced treatment at current capacity (if triggered by regulations and/or availability of 
downstream sewer capacity) 

• Design and construct additional secondary clarifiers at Hyperion to provide 450 mgd operational performance 

• Design and construct up to 12 solids digesters at Hyperion (if triggered by increased biosolids production in the 
service area) 

• Design/construction of Valley Spring Interceptor Sewer 

Of the "Go-Policy Directions" which provide specific directions to City staff on the next studies and evaluations necessary to 
progress on programmatic elements., those applicable to or with the potential to impact LADWP operations include: 

Recycled Water - Non-Potable Uses 

• Direct LADWP and Public Works to work together to maximize use and identify recycled water for non-potable uses 
in the Terminal Island Treatment Plant service area, west side, and LAG service areas. LADWP is to conduct 
additional Tier 1 and 2 customer analyses to verify potential demands and feasibility. Develop a long-range marketing 
strategy for recycled water that includes a plan for recruiting and retaining new customers. 

• Direct Building and Safety to evaluate and develop ordinances to require installation, where feasible, of dual 
plumbing for new multi-family, commercial and industrial development, schools, and government properties in the 
vicinity of existing or planned recycled water distribution systems in coordination with the LA River Revitalization 
Master Plan. Proximity and demand will be considered when determining feasibility. The dual plumbing will consist of 
separate plumbing and piping systems, one for potable water and the second for recycled water for non-potable 
uses, sucn as irrigation and industrial use 

• iJ irect Public Works aAd Lf\OWP to continue to coordinate, where feasible, the design/construction of recycled water 
distribution piping (purple pipe) with other major public works projects, including street widening, and LA River 
Revitalizat~n Master Plan project areas. Also coordinate with other agencies, including the Metropolitan Transit 
Authority ana Cal trans, on majon transportation projects. 

• Direct LADWP to develop a public outreach program to explore the feasibility of implementing groundwater 
replenishment with aafanced treated recycled water. 

Recycled Water - Environmental Uses 

• Direct LADWP and Public Works to continue to provide water from Tillman to Lake Balboa, Wildlife Lake, and the 
Japanese Garden at Sepulveda Basin, and the LA River to meet baseline needs for habitat. 
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Water Conservation 

• Direct DWP to continue conservation efforts, including programs to reduce outdoor water usage, including using 
smart irrigation devices on City properties, schools, and large developments (those with 50 dwelling units or 50,000 
gross square feet or larger), and to increase incentives to residential properties 

• Direct LADWP to work with Building and Safety in continued conservation efforts, including evaluating and 
considering new water conservation technologies, including no-flush urinal technology 

• Direct LADWP to continue conservation efforts, including working with Building and Safety to evaluate and develop a 
policy that requires developers to implement individual water meters for all new apartment buildings 

• Direct LADWP to continue conservation awareness efforts, including increasing education programs on the benefits 
of using climate-appropriate plants with an emphasis on California friendly plants for landscaping or landscaped 
areas developed in coordination with the LA River Revitalization Master Plan, and to develop a program of incentives 
for implementation. 

• Direct the Planning Department to consider development of a City Directive to require use of California friendly plants 
in all City projects where feasible and not in conflict with other facilities usage 

Runoff Management - Wet Weather Runoff 
• Direct Public Works to review SUSMP (Standard Urban Stormwater Management Plan) requirements to determine 

ways to require, where feasible, on-site filtration and/or treat/reuse, rather than treat and discharge, including in-lieu 
fees for projects where infiltration in infeasible 

• Direct Building and Safety to evaluate and modify applicable codes to encourage all feasible Best Management 
Practices (BMPs) for maximizing on-site capture and retention and/or infiltration of stormwater instead of discharge to 
the street and storm drain, including using porous pavement. 

• Direct Public Works and Planning to evaluate the possibility of requiring porous pavement in all new public facilities in 
coordination with the LA River Revitalization Master Plan, and large developments greater than one acre. Program 
feasibility should consider slope and soil conditions 

• Direct Planning to evaluate ordinances that would need to be changed to reduce the area of on private properties 
that can be paved with non-permeable pavement 

• Direct Public Works to evaluate and implement integration of porous pavements into sidewalks and street programs 
where feasible. 

• Direct Public Works, LADWP, and Recreation and Parks to prepare a concept report and determine the feasibility of 
developing a powerline easement demonstration project for greening, public access, stormwater management, and 
groundwater replenishment. 

• Direct Public Works and LADWP to work with the Los Angeles Unified School District to determine the feasibility of 
developing projects for both new and retrofitted schools, as well as for government/city-owned facilities, with 
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stormwater management BMPs (cisterns to store runoff for irrigation, reduce paving and hardscapes, add infiltration 
basins). 

• Direct Public Works, General Services, and Recreation and Parks, to identify sites that can provide on-site 
percolation of wet-weather runoff in surplus properties, vacant lots, parks/open spaces, abandoned alleys in the East 
Valley area, and along the LA River in the East Valley where feasible. Program feasibility should consider slope and 
soil conditions. 

• Direct Public Works, General Services, and the Department of Transportation to maximize unpaved open space in 
City-owned properties and parking medians using all feasible BMPs and by removing all unnecessary pavement. 

• In the context of developing Total Maximum Daily Load implementation plans, direct Public Works to consider 
diversion of dry weather runoff from Ballona Creek to constructed wetlands, wastewater system, or urban runoff 
plants for treatment and/or beneficial use. For inland creeks and storm drains tributary to the LA River, direct Public 
Works to consider diversion of dry weather runoff to the wastewater system or constructed wetlands or 
treatmenUretention/infiltration basins. 

• Direct General Services, in coordination with Planning and Public Works, to evaluate feasibility of all City properties 
identified as surplus for potential development of multiple-benefit projects to improve stormwater management, water 
quality, and groundwater recharge. 

Los Angeles River 

The IRP planning effort included the Los Angeles River (River). The Los Angeles River is a valuable resource to the City 
providing habitat as well as recreational ana economic opportunities. Since the City's water reclamation plants were built, 
recycled water has been release~River resulting in the development of significant environmental benefits from riparian 
habitat in the unlined porti AS of he River near Glendale, to regionally significant migratory shore bird habitat in Long Beach. 

revitalization. 

The IRP established that treated wastewate[ is needed for the operation of Lake Balboa, the Japanese Gardens, and the 
Wildlife L:ak&-in the Sepulveda Basin. '[reated wastewa er flows through these features and ultimately is released to the River 
from tile Dcnala C. Tillman Water Reclamation Plar-1t. The remainder of the treated wastewater produced by the City's water 
reclamation plaots is available for recycled water use and distribution to LADWP customers. 

Committee) was formed to address River revitalization. LADWP staff routinely attends Ad Hoc Committee meetings and 

LADWP also funded the preparation of a Los Angeles River Revitalization Master Plan which was approved in 2007. This 
plan addresses economic development opportunities, water quality, water resources, flood control, and recreation along the 

Los Angeles River. The plan also discusses opportunities to improve access to the Los Angeles River and increase 
community awareness and pride. 

In addition, LADWP staff also actively participates on the City Department Los Angeles River Task Force, which was formed in 
response to instructions by the Ad Hoc Committee to: 
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• inventory all current and future City Department projects, studies, and programs along the River; 

• assess opportunities for future funding, projects, and studies; and 

• coordinate River related activities of City Departments and other agencies. 

• partner with the United States Army Corps of Engineers for a Habitat Restoration Project Study 

LADWP recognizes the importance of the Los Angeles River as a resource that provides multiple benefits to the City. 

Agency Coordination 

LADWP was a partner with the Bureau of Sanitation (BOS) in developing the IRP along with public stakeholders and other 
agencies. As with any integrated plan that extends beyond traditional departmental boundaries and government jurisdictions, 
close coordination is required with multiple City, state, and federal agencies including but not limited to, the Cities of Burbank 
and Glendale, County of Los Angeles, Caltrans, United States Army Corps of Engineers, United States Bureau of 
Reclamation, and City Parks and Recreation Department. Since approval of the IRP, ongoing project implementation and 
"Go-Policy Directions" continue to require close coordination with City departments and with the agencies listed above. 

IRP Implications for City's Urban Water Management Plan 

One of the primary purposes for developing the IRP was to explicitly consider the relationship between wastewater facility 
planning and other water resources issues, such as water supply and urban runoff. Implementation of the IRP has and will 
continue to result in increased beneficial reuse of water, water conservation, and groundwater supplies. IRP alternatives 
examined ways in which to decrease potable water needs by expanding the City's recycled water program; increase water 
efficiency by installing smart irrigation and other water efficient devices that reduce irrigation and indoor water demands; and 
increase groundwater resources by using wet weather runoff to recharge the aquifer. All of these options will have to be tested 
from a technical, institutional, and public acceptance perspective. Ongoing work on programmatic elements identified in the 
"Go-Policy Directions" applicable to LADWP will continue to investigate means of increasing local water supplies, water 
conservation, and groundwater recharge opportunities in an integrated manner. The IRP has demonstrated that by integrating 
water resources planning for the City, more opportunities for water supply development can be identified. 

10.2 Greater Los Angeles County Integrated Regional Water Management 
Plan (IRWMP) 

Description and Purpose 

The Los Angeles County Department of Public Works led efforts to develop an Integrated Regional Water Management Plan 
(lRWMP) for the Greater Los Angeles County Region. Water quality, resource, and supply issues within the region are 
complex and managed by a myriad of government agencies subjected to a plethora of regulations. Exponential growth over 
the last century has required water managers to develop creative solutions to meet growing demands. Previously projects 
addressing water issues were designed to appease single-focused visions and solutions of organizations operating 
independently in silos. At the core of the plan a clear vision and direction for the sustainable management of water resources 
within the region for the next twenty years was formulated. Over 1,600 projects were collected and synthesized for inclusion 
in the plan bringing together hundreds of local government agencies all working cooperatively to develop cost-effective, 
sensible, and economically feasible solutions to address regional water issues. New partnerships were forged joining together 
potential funding partners from within and outside the region. An innovative partnership between agencies was formed 
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creating a new model of integrated regional planning to address competing water demands, water supply reliability, and 
project financing. 

An Interim Draft of the IRWMP was adopted by the Leadership Committee on June 28, 2006 with a final plan adopted on 
December 16, 2006. To date the plan has received $25 million from the Department of Water Resources (DWR) under 
Proposition 50, Chapter 8, for implementation of fourteen priority projects identified in the plan and $1.5 million from DWR for 
development of the IRWMP. Since completion of the document a revised Memorandum of Understanding (MOU) was 
executed by each of the sixteen agencies serving on the Leadership Committee for the purpose of developing, administering, 
updating, and implementing the IRWMP. 

Region 

The IRWMP region encompasses 92 cities, portions of four counties, and hundreds of government agencies and districts 
spread over 2,058 square miles. Approximately 10.2 million residents, or equivalent to roughly 28% of the population of 
California, reside within the region. To facilitate input, variations in geographic and water management strategies, and 
effective planning the region was further subdivided into five sub-regions: 

• Lower San Gabriel and Los Angeles River Watersheds 

• North Santa Monica Bay Watersheds 

• South Bay Watersheds 

• Upper Los Angeles River Watersheds 

• Upper San Gabriel River 

Mission and P11'rn,fl"~)# 

• Improve water sup lies 

• Enhance water ~y reliabili ty, 

• Improve surface water qldality 

• Preserve flood protection 

• Conserve habitat 

• Expand recreational access. 

IRWMP, "[TJo address the water resources needs of 

recognizes that in order to meet future needs water 

resIDunce:stf-alte~ies. Additionally, in a region with significant urban challenges, 

congestion, poor air quality, and quality of life issues, it is imperative to 

with other urban planning issues. The IRWMP's purpose is to 
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Stakeholder Involvement 

Over 1,400 invitations to participate in the IRWMP process were sent out to cities, counties, agencies, districts, disadvantaged 
communities, and community organizations. Stakeholders participated in workshops, project identification, and development 
of the IRWMP. Stakeholders were involved in plan development and through development of technical memorandums and 
participation in regional workshops, subregional workshops, and the Leadership Committee. Stakeholders assisted in the 
development of the following: 

• Development of the IRWMP mission and objectives 

• Refinement of procedures for incorporation of projects into the IRWM 

• Identification of implementation strategies 

• Recommendation of stakeholder workshop improvements. 

Recommended Projects 

Over 1,600 projects were submitted and analyzed for inclusion in the IRWMP. This list was narrowed down to fourteen priority 
projects that met the objectives and priorities established by the IRWMP process and assist in meeting the targets established 
for the planning region. Objectives and priorities were established to guide the project selection process. The IRWMP is a 
living document and will be updated as needed. Projects can continuously be submitted as they are identified by stakeholders. 

Objectives and Priorities 
Six objectives and six long-term priorities were developed through the stakeholder process to guide project selection based on 
stakeholder input and previously completed documents, including UWMPs, MWD's IRP, Common Ground, Santa Monica Bay 
Restoration Plan, and watershed plans for the major tributaries in the region. The objectives are: 

• Optimize local water resources to reduce the Region's reliance on imported water 

• Comply with water quality regulations (including TMDLs) by improving the quality of urban runoff, runoff, stormwater, and 

wastewater 

• Protect and improve groundwater and drinking water quality 

• Protect, restore, and enhance natural processes and habitats 

• Increase watershed friendly recreational space for all communities 

• Maintain and enhance public infrastructure related to flood protection, water resources, and water quality. 

Long term regional priorities are: 

• Maintain a regional and subregional structure to oversee plan implementation and assure continued stakeholder input 

• Optimize use of recycled water, groundwater, desalination, and stormwater to enhance water supply reliability 

• Reduce demand on imported water sources 
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• Protect groundwater supplies 

• Improve surface water quality to meet applicable water quality regulations, including TMDLs 

• Preserve open space, conserve and restore functional habitats, and protect special-status species. 

Targets 

Targets for the region were developed to assist in prioritizing projects. Targets include: 

• Increase water supply reliability by providing 800,000 AFY of additional water supply and demand reduction through 

conservation, including infiltration or reuse of 130,000 AFY of reclaimed water 

• Reduce and reuse 150,000 AFY (40%) of dry weather urban runoff an El capture and treat an additional 170,000 AFY 

(50%) for a total target of 90% 

• 

• Treat 91,000 AFY of contaminated groundwater. 

• 
• Restore 1,400 acres of functional wetland habitat 

• 
• 
Projects 

Fourteen priori ty projects were aevelopea for the greater Los Angeles County region. As a regional plan encompassing an 

area larger tnat LADWP's serviGe area, many of t e~MP projects do not directly benefit LADWP's service area, but rather 

provide be efits towards improving water resources in the region as a whole. However, for projects not within LADWP's 

service area M DW can utilize the resu ' s of otMer projects and apply the knowledge to potentially develop similar programs 

of the priority projects are provided below. 

Southeast Water Reliability P,oject 

The Southeast Water Reliab~ Project consists of an 11.4 mile recycled water transmission pipeline from the City of Pico 
Rivera to the City of Vernon to complete Central Basin Municipal Water District's recycled water transmission system. 
Recycled water will be mainly provided by the County Sanitation Districts of Los Angeles County via the San Jose Creek 
Water Reclamation Plant. 

Joint Water Pollution Control Plant Marshland Enhancement 

The Joint Water Pollution Control Plant Marshland Enhancement Project is designed to improve and maintain plant and 
wildlife habitat at the seventeen acre freshwater marshland located at the Joint Water Pollution Control Plant (JWPCP) in 
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Carson. As proposed the project will serve as a mitigation measure for upgrading the JWPCP to full secondary wastewater 
treatment. The JWPCP is operated by the County Sanitation Districts of Los Angeles County. 

Large Landscape Water Conservation, Runoff Reduction, and Educational Program (Central Basin) 

The Large Landscape Water Conservation, Runoff Reduction, and Education Program is an end use water management 
program to reduce runoff and address water/energy management associated with large landscapes, residential land uses, and 
street medians within the Central Basin Municipal Water District's Service Area. Weather-based irrigation controllers coupled 
with GIS to monitor runoff and two-way communication technologies will provide necessary information to address emergency, 
drought, and end use management challenges. 

Large Landscape Water Conservation, Runoff Reduction, and Educational Program (West Basin) 

West Basin Municipal Water District's Large Landscape Water Conservation, Runoff Reduction, and Educational Program is a 
four component project. The first component targets large landscape sites of 1 acre or more by providing centralized weather
based irrigation controllers with the goal of conserving 1 AFY per acre of land. The second component will provide 1,350 
rebates for the purchase of smart irrigation controllers for the top residential water users. A third component will consist 
developing and offering classes on residential landscaping for residences and businesses. The last component involves 
installing ten "Ocean Friendly" demonstration gardens throughout watersheds in the service area. 

Las Virgenes Creek Restoration Project 

The City of Calabasas is initiating the Las Virgenes Creek Restoration Project to restore 450 linear feet of a concrete-lined 
section of the creek to a natural function. Native vegetation will be planted in place of the concrete liner to establish 
connectivity between riparian habitat north and south of the existing liner. 

Malibu Creek Watershed Urban Water Conservation and Runoff Reduction Project 

As proposed the Malibu Creek Watershed Urban Water Conservation and Runoff Reduction Project seeks to conserve water 
and reduce runoff in the City of Westlake Village and within the Las Virgenes Municipal Water District (LVMWD) service areas. 
Irrigation controllers on city-owned land in Westlake Village will be replaced with weather-based irrigation controllers. Within 
the LVWMD service area indoor conservation will be addressed by continuing rebates for residential and multi-family 
customers to install water saving devices. This project will also continue existing efforts to reduce urban runoff and outdoor 
conservation in the LVMWD service area by targeting customers with persistent and substantial irrigation runoff in the vicinity 
of stormdrains. These customers are offered water efficient equipment rebates and free on-site assistance to upgrade 
irrigation systems to eliminate runoff. 

Morris Dam Water Supply Enhancement Project 

The Morris Dam Water Supply Enhancement Project would allow the capture of additional local runoff (5,720 AF) for 
groundwater recharge and extraction in the San Gabriel River watershed. This project would reduce the minimum pool 
required by the Los Angeles County Flood Control District to prevent sediment damage to the outlet works of the dam by 
modifying the dam valves and control systems. 

Pacoima Wash Greenway Project 

The Pacoima Wash Greenway will treat storm runoff from neighborhoods adjacent to the wash in a series of parks 
incorporating stormwater treatment best management practices along the wash. Project development will be a joint effort 
between the City of San Fernando and the Mountains Recreation and Conservation Authority. 
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San Gabriel Valley Riparian Habitat Arundo Removal Project 

Arundo donax a non-native plant classified federally and by California as noxious weed will be removed from approximately 30 
acres of riparian habitat in the San Gabriel Watershed. Removal will increase surface water flows to the Rio Hondo percolation 
basins and improve native habitat. 

Solstice Creek Restoration Project 

The Solstice Creek Restoration Project will restore side drainages of Solstice Creek an areas negatively impacting riparian 
habitat through sediment and invasive species introduction. This project is part of an overall larger project to restore Solstice 
Creek. 

South Los Angeles Wetlands Park 

Whittier Narrows Water Reclamation Plant UV Disinfection 

The Whittier Narrows Water Reclamation Plant UV DlsinfectiolJ project will convert current disinfection processes at the 15 
mgd plant to a UV disinfection process. Currently, tertiar- -tre ted ater is disinfected 0 Ti Ie 22 recycled water standards 
using chloramination resulting in the production of NDMI\ Dyproduets. 

As a compor1ent of the overall bos Angeles River evitalization efforts, the North Atwater Creek Restoration Project will 
resto r-e North Atwater Creek at Nor-th Atwater Pafk by providing stormwater runoff capture and treatment and the provision of 
habitat linkage to tbe Los Angeles River. Additio lJally, the project will provide an educational component and provide BMP 
implementation a a jacent horse stat:\les and riding trails. 

ADWP's Urban Water Management Plan 

P Leadership Committee and additionally serves as the chair of the of the Upper Los 
Angeles River Watersheds suo-region for the IRWMP region. As member of the Leadership Committee, LADWP is a signatory 
to the MOU for the IRWMP approved by the Board of Water and Power Commissioners on July 15, 2008. 

Participating agencies in the IRWMP coordinate and share information concerning water resources management planning 
programs and projects, share grant funding information, and improve and maintain overall communication among the 
participants. Coordination and information sharing assists LADWP and other agencies in achieving their respective missions 
and contribute to overalllRWMP goals. 
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10.3 MWD's Integrated Resources Plan 
In 1993, MWD and its member agencies embarked on a three year process to develop Southern California's first IRP. Six 
main objectives for this plan were defined as: 

• Supply and System Reliability 

• Affordability 

• Water Quality 

• Diversity 

• Environmental Issues 

• Institutional Constraints 

In order to meet these objectives, supply and conservation options that included everything from groundwater desalination, 
water transfers, Colorado River and SWP improvements, and new surface storage were evaluated. Complete portfolios, 
representing different combinations of supply and conservation options, were assembled. Based on extensive participation 
from water providers and other stakeholders as well as detailed evaluations, a "preferred resource mix" was recommended. 
The preferred resource mix balanced local and imported water supply projects with significant water conservation in order to 
best meet the needs of the region. This preferred resource mix also established regional targets for the development of water 
supply to be made by MWD, its member agencies, and retail water providers. 

The 20-year plan was designed so that MWD and its member agencies would be able to meet their full service demands 
through 2020. MWD's Board of Directors formally adopted the IRP in January 1996. 

MWD IRP 2004 Update 

In 2001, the MWD Board of Directors developed a work plan to update the 1996 IRP in order to accommodate changed 
conditions and extend the targets through 2025. Specifically, the IRP Update has three main objectives: (1) review the 
resource development targets and implementation achievements of the 1996 IRP; (2) identify significant changed conditions 
for water resource development since the adoption of the 1996 IRP; and (3) evaluate the reliability of the IRP Preferred 
Resource Mix through 2020, adjust targets as needed to reflect changed conditions, and extend resource targets through 
2025. 

The results of the IRP Update analysis demonstrate that the resource targets of the 1996 IRP, factored in with the changed 
conditions discussed in this report, provide for 100 percent reliability in 2020 and up to 2025 (MWD, 2004). Although the 
current targets provide 100 percent reliability in 2020 and up to 2025, the IRP Update recommends a 10 percent supply buffer. 
The "planning buffer" identified additional supplies, both imported and locally developed, that could be implemented to 
address uncertainty in future supplies and demands. The most significant changed conditions include: 

• Lower projected retail demands due primarily to conservation savings. 

• Higher projected local water resource development. 

• Lower projected dry-year MWD demands. 

• Board revised targets for the SWP and Colorado River Aqueduct (CRA). 
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• More stringent water quality regulations. 

• Recognition of implementation risks. 

MWD IRP 2010 Update 

In 2008, the MWD and its member agencies updated the 2004 IRP in order to accommodate changed conditions and extend 
the targets through 2035. The 2010 IRP Update has three main objectives: (1) develop an Emergency Response Plan for 

hydrologic, regulatory, and other types of uncertainties in the Sacramento-San Joaquin Delta; (2) identify energy-efficient and 
cost-effective energy management initiatives; and (3) evaluate the reliability of the IRP Preferrea esource Mix through 2035, 

adjust targets as needed to reflect changed conditions, and extend resource targets mrOUg~5. 

The IRP Update modified the resource targets to take into account the chaf1ged condi iGl s and recommended buffer. A 
summary of the 20041RP Update and 2010 Update targets are shown in hi it 1M. 

IRP Resource 20041RP Update 
Targets 2025 

Conservation 1,107,000 
Local Projects' 750,000 928,000 
Colorado River 1,250,000 1,250,000 
Aqueduct •• 

State Water Project 650,000 713,000 
Groundwater 300,000 
Conjunctive Use 

Central Valley/State 520,000 1,092,000 
Water ProjecJ 
Storage and 
Transfers 

0 620,000 
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Exhibit 10B shows regional water demands without conservation from 2015 to 2035 under dry weather. The graph 
also depicts the supply sources and water conservation identified in MWO's 2010 IRP Update. 

Exhibit 10B 
Meeting Regional Water Needs Through MWO's IRP 
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Stakeholder Participation 

MWD's 1996 IRP was developed in concert with its member agencies. A technical workgroup was established that consisted 
of MWD staff, member agency and local retail agency managers, and groundwater basin managers. This workgroup met 
frequently and spent hundreds of hours reviewing analyses and providing guidance. LADWP was an active participant in this 
workgroup. 

To provide more direct involvement of MWD in the IRP Process, the IRP Steering Committee was created. The IRP Steering 
Committee, consisting of five MWD directors who are also members of the Water Planning and Stewardship Committee, 
recommended policy options, reviewed proposed resource strategies, and managed public forums. 

In addition, regional assemblies were held at critical milestones of the IRP development that provided a platform to collectively 
discuss strategic direction and regional water solutions. Participants of these assemblies included Board members, water 
agency managers, local retail water providers, groundwater basin managers, and invited public stakeholders. Public forums 
and several member agency sponsored workshops attended by stakeholders from business, environmental, agricultural, and 
water interests were held throughout the IRP process. Finally, findings of the IRP 2010 Update were adopted in October 2010 
to a diverse group of stakeholders including elected officials, environmental groups, and the general public. 

Agency Coordination 

In preparation of MWD's IRP, all member agencies were closely involved, including LADWP. LADWP was involved with 
providing data and reviewing documents. Additionally, LADWP was an active member of the technical workgroup. 
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Funding MWO's IRP 

In accordance with MWD's Board adoption of the IRP Update, a revised Long-Range Finance Plan (LRP) was developed and 

approved by MWD's Board. The LRP (2010) identifies MWD's planned capital improvement program (CIP) and operating 

expenses from 2015 to 2035. 

The following summarizes the MWD's CIP and operating expenses needed to implement the IRP: 

• Core Resources (Fixed costs to maintain Delta habitat conservation and conveyance program, LRP contracts, 

CRA programs, and conservations funding) - costs for water supply will increase from the current $853/AF in 2015 to 

$1,484/AF in 2035. 

• 
• Capital Expenditures - costs for water supply will increase from $919/AF in 2015 to $1,844/AF iA 2035. 

• 
IRP Implications for City's Urban Water Management Rlan 

As LADWP evaluates its water supply options, it is imRortant to understand the signi Icance of a reliable and cost-effective 
water supply from MWD. The City's water supply reliability is direGtly linked to MWD's reliagility, and LADWP's local supply 
development uses the cost of MWD water as one of the benchmarks for feasibility eva~ion. Through the IRP Update, MWD 
has shown that it will be able to meet the supplemental needs of all its member age, es reliably through 2035, even during 
prolonged drought events. MWD has also developed a plan t implement ana finance the approved IRP targets. 
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Water Supply Reliability and Financial Integrity 

11.0 Overview 
Providing for a reliable water supply in a semiarid climate with wet and dry years is challenging. This is mainly due to the fact 

that surface water supplies are imported from the LAA and MWD and vary substantially due to hydrology. LADWP has made 
significant investments in groundwater, recycled water, stormwater capture and water conservation. These supplies provide 
local water supplies that are more reliable due to variability of imported supply sources. 

11.1 Unit Cost and Funding of Supplies 

11.1.1 Unit Cost Summary of Supplies 

Unit costs play an important role in planning future water supply sources and determining where supply investments provide 
the greatest benefits to LADWP. Unit costs vary dramatically by water supply sources. Exhibit 11A summarizes the unit cost 
for each water supply source. 

Costs per acre-foot ranged from a high of $1,500 for certain recycled water projects to a low of $215 for locally produced 
groundwater among LA's existing and planned water supplies. Los Angeles Aqueduct supply has required operation and 
maintenance costs regardless of water availability. Therefore, hydrology and increased water for environmental commitments 
in the Eastern Sierras result in unit cost fluctuations year to year. Local groundwater supply is the least expensive source. 
However, its production is limited by contamination. Unit costs for MWD purchased water vary based on tier allocations. 
MWD's water rates vary from $484 per AF of tier 1 untreated water to $811 per AF of tier 2 treated water in 2010. LADWP has 
a Tier 1 allocation of 304,970 AF. Any purchases above this amount will be at the Tier 2 rates. Conservation is relatively 
inexpensive to offset water supplies that may otherwise be required to meet water demand. Conservation unit costs are based 
on costs of conservation rebate and incentive programs and their potential water use reduction. Recycled water cost is project 
specific and varies widely depending on the infrastructure requirements of each project. Water transfers using a future 

connection between the LAA and the California Aqueduct is planned. Its costs include the purchase price of water and 
conveyance fees. 

Unit costs for potential water supplies including stormwater reuse (harvesting) and increased groundwater production 
(stormwater recharge) are highly variable based on factors such as the magnitude of the overall program, project locations, 
etc. Centralized stormwater capture unit cost is based on LADWP's current planned centralized stormwater capture projects 
and distributed stormwater capture unit costs are from various sources as referenced in Chapter 7, Watershed Management. 
These projects are joint efforts among agencies, city departments, stakeholders and community groups and yield additional 
benefits beyond water supply. 

Seawater desalination unit costs are based on the estimate from MWD's 2010 IRP. Seawater desalination was a planned 
supply identified in the 2005 UWMP but is excluded from this 2010 UWMP. Its impacts to marine habitats and high energy 
consumption make seawater desalination less desirable comparing to options such as recycled water, conservation, and 
stormwater capture. 
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Exhibit 11A 
Unit Costs of Supplies 

Water Source 

Los Angeles Aqueduct1 

Groundwater1 

Metropolitan Water Districe 

Conservation 

Recycled Water 

Water Transfer 

Stormwater Capture 

Rain Gardens 
N. _ ___ • _ _ __ • ___ . N •••• N . __ ••• •• N •• ___ •••• N •••••••••••••••••••• N ••••• _ ••••••••••• __ ••••• N ••••• N ••••••• • • N ••• __ ••••• N ••••• _ __ ••• __ ••• __ •••••• 

-- Neighborhood Recharge 

Seawater Desalination 

Exhibit 11A 

Chapter Reference 

Chapter 5 -
Los Angeles Aqueduct 
System 

Chapter 6 -
Local Groundwater 

Chapter 8 -
Metropolitan Water 
District Supplies . 

Chapter 3 - I-,~ 
Conservation '·/T 
Chapter 4-
Recycled Water " 
Chapter 9 -
Other Potential Supplies 

Chapter 7 -
Watershed Management 

Chapter 9 -
Other Potential Supplies 

1 Los Angeles Aqueduct supply and groundwater supply are based on FY2005-06 to FY2009-10 five-year average. 
2 MWD Water Rates effective on January 1,2010. 

11.1.2 Funding of Supplies 

\. 

Average Unit 
Cost ($/AF) 

$563 

$215 

$484 - $811 

$325 - $400 

$600 - $1,500 

$440 - $540 

$60 - $200 

$1,300 - $2,000 

Funding for water resource programs and projects are primarily provided through LADWP water rates, with supplemental 
funding provided by the Metropolitan Water District (MWD), and state and federal grants, Funding for water conservation, 

water recycling, and stormwater capture projects has increased significantly in recent years, Currently, approximately $100 
million is collected annually through water rates for these initiatives, The current level of annual expenditures is believed to be 

sufficient to achieve projected goals, 

Funding for groundwater cleanup will require water rate increases, LADWP will also seek reimbursement from potential 
responsible parties to assist with cleanup program costs, 
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Water Resource Project Funding 

• Water Rates - currently provides approximately $100 million annually for water conservation, water recycling, and 
stormwater capture programs. 

• MWD - Currently provides funding up to $250 per AF for water recycling through their Local Resources Program. 
MWD also provides some water conservation incentive funding. 

• State Funds - Funds for recycling, conservation, and stormwater capture have been available on a competitive basis 
though voter approved initiatives, such as Propositions 50 and 84. The proposed 2010 Water Bond, approved by the 
Legislature but not yet placed on the ballot, also includes potential funding for groundwater cleanup. Occasionally 
low or zero-interest loans are available though State Revolving Fund programs. 

• Federal Funds - Funding for recycling may be obtained through periodic Water Resource Development Act 
legislation. Also, LADWP has received recycled water funds through the Bureau of Reclamation Title XVI program. 

• Potentially Responsible Parties - LADWP may be able to recover some costs for groundwater cleanup through 
potentially responsible parties. 

Receipt of state or federal funding will allow water resource goals to be achieved sooner than projected, or allow for increased 
local supply development. 

11.2 Reliability Assessment Under Different Hydrologic Conditions 

11.2.1 Los Angeles Aqueducts 

Water supply from the LAA can vary substantially from year to year due to hydrology. In very wet years, LAA supply can 
exceed 500,000 AFY. During average year weather conditions the LAA supply is projected to gradually decrease from 
254,000 AFY to 244,000 AFY by 2035 due to climate change impact. Critical dry year (defined as a repeat of a 1990/91 
drought) supplies can be as low as 48,520 AFY. 

11.2.2 Groundwater 

Groundwater is also affected by local hydrology. However, with conjunctive use management of groundwater-storing 
imported water in the groundwater basins during wet and average years - groundwater production can actually be increased 

during dry years. During average weather conditions, LADWP projects it will pump approximately between 40,500 AFY and 
111,500 AFY of groundwater during the projection period to fiscal year 2035. These projections are based on the Purification 
Complex in operation in 2018-19 and storage credit of 5,000 AFY is used to maximize the groundwater production thereafter. 
Although in dry years LADWP can pump larger quantities of groundwater, a more conservative approach was adopted by 
assuming the same level of projected groundwater production for both single dry year and multi dry year analysis. 

11.2.3 Conservation 

LADWP has developed conservation goals in the Water Supply Action Plan to decrease water use in the City and to comply 
with the new State 20 percent by 2020 requirements. Multiple actions will be taken to increase water conservation including 
education, targeting the CII sector, reducing outdoor water use, and continuing participation in MWD's rebate programs. 
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LADWP is planning to increase water conservation levels during the projection period with an increase of over 60,000 AFY 
between 2010 and 2035, assuming average weather conditions. 

11.2.4 Recycled Water 

Recycled water is based on wastewater effluent flows, which do not vary significantly due to hydrology. Therefore, recycled 
water use is mainly limited by system capacities and demands. This makes recycled water a more reliable supply than 
imported water. As outlined in Chapter 4 on Recycled Water, LADWP is planning an extensive expansion of its recycled water 
system to not only include expansion of irrigation and industrial uses, but also groundwater replenishment. Under average 
weather conditions recycled water supply for irrigation and industrial purposes is projected to increase from 20,000 AFY in 
2015 to 29,000 AFY in 2035. Groundwater replenishment with recycled water is projected at 30,000 AFY in 2035. For a critical 
dry year available supplies would not change. 

11.2.5 Water Transfers 

Water transfers are being developed to replace a portion of the City's Los Angeles Aqueduct water that has been dedicated 
for environmental enhancement uses in the eastern Sierra Nevada. Water acquired through transfers helps increase water 
supply reliability for the City. The Los Angeles Aqueduct and California Aqueduct interconnection is under construction and 
estimated to be completed in January 2013. LADWP is expected to enter into agreements to obtain 40,000 AF per year under 
average weather conditions beginning in FY2013-14 and continuing throughout the projection period. 

11.2.6 MWD Imported Supplies 

Historically, water from MWD (like supplies from the LAA) has been subject to severe variability (i.e., 1976/77, 1987-1992, and 
the current water shortage). This is due to the fact that MWD's core sources of water supply are the Colorado River and SWP, 
both of which are highly affected by hydrology. More recently restrictions to protect threatened fish species have further 
decreased pumping from the Bay-Delta, and limiting SWP supplies available to MWD. After the 1987-1992 drought, MWD 
started to diversify its water supplies. Partnering with its member agencies, MWD launched the IRP in 1993 and most recently 
updated it in 2010. As a result of the resource targets in the IRP, MWD implemented a variety of projects and programs 
designed to reduce its dependency on imported water during water shortages and environmental related SWP pumping 
restrictions. Efforts have included: (1) providing financial incentives for local projects and conservation; (2) increased surface 
storage via Diamond Valley Lake and use of the SWP terminus reservoirs; (3) groundwater storage programs in the Central 
Valley, Imperial Valley, and Coachella Valley; (4) short- and long-term water transfers; and (5) contracted groundwater storage 
programs with participating member agencies. 

In the 2010 IRP Update MWD developed a three-part adaptive resource strategy: (1) meet demands by building on existing 
core resources to provide reliability under foreseen conditions; (2) implement a supply buffer of 10 percent of retail demand 
through multiple actions to adapt to short-term uncertainty; and (3) implement adaptive management through low-regret 
foundation actions, monitoring key vulnerabilities and bringing adaptive resources online, if required, and using a 
comprehensive approach to meet specific needs and degrees of shortages. The 2010 IRP adaptive management concept 
seeks to mitigate against supply uncertainty to further increase reliability. 

The 2010 IRP Update concluded that the resource targets identified in previous updates, taking into consideration changed 
conditions identified since that time, will continue to provide for 100 percent reliability through 2035. The 2010 RUWMP also 
concluded the same full reliability through 2035 during average (1922 - 2004 hydrology), single dry (1977 hydrology), and 
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multiple dry years (1990 - 1992 hydrology). For each of the scenarios there is a surplus in every forecast year (see Exhibit 

118). 

Exhibit 118 
MWD Supply Capability and Projected Demands (in AFY) 

Single Dry-Year MWD Supply Capability and Projected Demands 
Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 2,457,000 2,782,000 2,977,000 2,823,000 2,690,000 
Projected Demands 2,171,000 2,162,000 2,201,000 2,254,000 2,319,000 

Surplus 286,000 620,000 776,000 569,000 371,000 

Supplies under Development 762,000 862,000 1,036,000 1,036,000 1,036,000 
Potential Surplus 1,048,000 1,482,000 1,812,000 1,605,000 1,407,000 

Multiple Dry-Year MWD Supply Capability and Projected Demands 
'" Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 2,248,000 2,417,000 2,520,000 2,459,000 2,415,000 
Projected Demands 2,236,000 2,188,000 2,283,000 2,339,000 2,399,000 

Surplus 12,000 229,000 237,000 120,000 16,000 

Supplies under Development 404,000 553,000 733,000 755,000 755,000 
Potential Surplus 416,00Q 782,000 970,000 875,000 771,000 

Average Year MWD Supply Capability and Projected Demands 
Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 3,485,000 3,810,000 4,089,000 3,947,000 3,814,000 
Projected Demands 2,006,000 1,933,000 1,985,000 2,049,000 2,106,000 

Surplus 1,479,000 1,877,000 2,104,000 1,898,000 1,708,000 

Supplies under Development 588,000 689,000 1,051,000 1,051,000 1,051,000 
Potential Surplus 2,067,000 2,566,000 3,155,000 2,949,000 2,759,000 

Source MWD 2010 Regional Urban Water Management Plan Tables 2-9 to 2-11 

As part of the implementation of MWD's IRP, MWD and its member agencies worked together to develop MWD's Water 
Surplus and Drought Management Plan (WSDM Plan) in 1999. The WSDM Plan established broad water resource 
management strategies to ensure MWD's ability to meet full service demands at all times and provides principles for supply 
allocation if the need should ever arise. The WSDM Plan splits MWD's resource actions into two major categories: Surplus 
Actions and Shortage Actions. The Shortage Actions of the WSDM Plan are split into three sub-categories: Shortage, Severe 
Shortage, and Extreme Shortage. Under Shortage conditions, MWD will make withdrawals from storage and interrupt long
term groundwater basin replenishment deliveries. Under Severe Shortage conditions, MWD will call for extraordinary drought 
conservation in the form of voluntary savings from retail customers, interrupt 30 percent of deliveries to Agricultural Water 
Program users, calion its option transfer water, and purchase water on the spot market. Under Extreme Shortage conditions, 
MWD will equitably allocate supplies to its member agencies on the basis of agencies' needs. The overall objective of MWD's 
IRP and WSDM Plan is to ensure that shortage allocations of MWD water supplies are not required. 

If shortage allocations are required, MWD will rely on the calculations established in its Water Supply Allocation Plan (WSAP) 
adopted in 2008. The plan equitably allocates shortages among its member agencies based on growth, local investments, 
changes in supply conditions, demand hardening, and water conservation programs for each of its member agencies. 
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11.2.7 Potential Supplies 

Other planned and potential water supplies that LADWP is exploring include capturing stormwater for reuse and infiltration 

leading to increased groundwater production (see Chapter 7). Development of these supplies will offset water purchased from 
MWD. The beneficial reuse of stormwater presents significant opportunity. The City must reduce pollutants in impaired 

receiving waters (rivers, creeks, and beaches in the Santa Monica and Los Angeles watersheds) as required by the Clean 
Water Act. By managing urban runoff during dry and wet periods, pollution will be reduced. Traditional ways of managing 

urban runoff would be to divert the runoff into existing wastewater treatment plants and/or build satellite treatment plants 
specifically designed to treat urban runoff. 

During the City's IRP process, stakeholders expressed the desire to examine other ways to manage runoff that would reduce 
pollution and provide for other benefits such as water supply and open space. These methods involve local and regional 

storage of wet weather runoff for groundwater infiltration, on-site storage and recovery of wet weather runoff for irrigation using 
cisterns and other devices, and reuse of treated dry weather effluent for irrigation (much like recycled water). As an outgrowth 

of the IRP, neighborhood recharge concept efforts are moving from the conceptual stage visualized in the IRP to actual projects in 

the City to infiltrate wet weather runoff as close as possible to the point of origin with multiple projects either complete, under 
construction, or in final design. 

Under average weather conditions LADWP is projecting stormwater capture and reuse in 2015 will potentially be 2,000 AFY 
increasing to 10,000 AFY by 2035. Increased groundwater production as a result of stormwater infiltration will potentially be 15,000 

AFY in 2035. This potential is contingent on modifying the court judgment. If these resources reach fruition, LADWP will be able to 
reduce imported demands on MWD by 25,000 AFY in 2035 under average weather conditions. 

11.2.8 Service Area Reliability Assessment 

To determine the overall service area reliability, LADWP defined three hydrologic conditions: average (or normal weather); 

single dry year (such as a repeat of the 1990/91 drought); and multi-dry year period (such as a repeat of FY1988-89 to 
FY1992-93). 

The water supply reliability summaries are shown in Exhibit 11 C for the 5-year average from FY 2005-06 to FY 2009-10 and in 

Exhibit 11 D for FY 2034-35 under average weather conditions with new water conservation shown as a supply source. The 

exhibits show that the City's reliance on MWD supply will decrease from 52 percent to 24 percent by FY 2034-35 while the 
combined imported supplies of LAA and MWD water will decrease from 88 percent to 57 percent by FY 2034-35. The locally

developed supplies will increase from 12 percent to 43 percent by FY 2034-35. 
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Exhibit 11C 
LAOWP Supply Reliability FYE 2006-2010 Average 

FYE 2006 - 2010 Average 
Total 621,700 AFY 

LA Aqueduct 
221,288 

36% 

MWD 326,012 
52% 

Exhibit 110 

Local GW 
71,086 

11% 

Recycled 
5,072 
1% 

LAOWP Supply Reliability Under Average Weather Conditions in Fiscal Year 2034-35 

Fiscal Year 2034 - 35 
Total - 710,800 AFY 

LA Aqueduct 244,000 
33% 

MWD 
168,227 

24% 

Local GW 
110,405 

16% 

Recycled Water 
59,000 

8% 

Water Transfers Stormwater Capture 
40,000 25,000 

6% 4 % 
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Exhibits 11 E and 11 F tabulate the service reliability assessment for normal and single dry year conditions, respectively. 

Exhibits 11 G through 11 K show reliability assessments in five year increments from 2010 to 2035 with each five year period 

assuming that a multiple dry year condition occurs. For these reliability tables, existing water conservation has been already 

subtracted from projected demands, but new water conservation is included as a supply source. Under all scenarios all 
demands are met by the available supplies. 

Exhibit 11E 
Service Area Reliability Assessment for Average Weather Year 

Demand and Supply Projections FY2009-10 
Average Weather Conditions 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2015 2020 2025 2030 2035 

Total Demand 554,140 614,800 652,000 675,600 701,200 710,800 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 252,000 250,000 248,000 246,000 244,000 

Groundwater2 76,982 40,500 96,300 111,500 111,500 110,405 

Conservation 8,178 14,180 27,260 40,340 53,419 64,368 

Recycled Water 
- Irrigation and Industrial Use 6,703 20,000 20,400 27,000 29,000 29,000 

- Groundwater Replenishment 0 0 0 15,000 22,500 30,000 

Water Transfers (L 40,000 40,000 40,000 40,000 40,000 

Subtotal 291,602 366,680 433,960 481,840 502,419 517,773 

MWD Water Purchases 
With Existing/Planned Supplies 262,538 248,120 218,040 193,760 198,781 193,027 

Total Supplies 554,140 614,800 652,000 675,600 701,200 710,800 

Potential Supplies 
Stormwater Capture 
- Capture and Reuse (Harvesting) 0 2,000 4,000 6,000 8,000 10,000 
- Increased Groundwater Production 

(Recharge) (L (L 2,000 4,000 8,000 15,000 

Subtotal 0 2,000 6,000 10,000 16,000 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 246,120 212,040 183,760 182,781 168,027 

Total Supplies 554,140 614,800 652,000 675,600 701,200 710,800 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5.000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4.500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits. then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11F 
Service Area Reliability Assessment for Single Dry Year 

Demand and Supply Projections FY2009-10 
Single Dry Year (FY1990-91) 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2015 2020 2025 2030 2035 

Total Demand 554,140 651,700 691,100 716,100 743,200 753,400 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 48,520 48,120 47,720 47,330 46,940 

Groundwater2 76,982 40,500 96,300 111,500 111,500 110,405 

Conservation 8,178 14,180 27,260 40,340 53,419 64,368 

Recycled Water 

- Irrigation and Industrial Use 6,703 20,000 20,400 27,000 29,000 29,000 
- Groundwater Replenishment 0 0 0 15,000 22,500 30,000 

Water Transfers (L 40,000 40,000 40,000 40,000 40,000 

Subtotal 291,602 163,200 232,080 281,560 303,749 320,713 

MWD Water Purchases 

With Existing/Planned Supplies 262,538 488,500 459,020 434,540 439,451 432,687 

Total Supplies 554,140 651,700 691,100 716,100 743,200 753,400 

Potential Supplies 

Stormwater Capture 

- Capture and Reuse (Harvesting) 0 2,000 4,000 6,000 8,000 10,000 
- Increased Groundwater Production 

(Recharge) (L (L 2,000 4,000 8,000 15,000 

Subtotal 0 2,000 6,000 10,000 16,000 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 486,500 453,020 424,540 423,451 407,687 

Total Supplies 554,140 651,700 691,100 716,100 743,200 753,400 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11G 
Service Area Reliability Assessment for Multi-Dry Years (2011-2015) 

Demand and Supply Projections FY2009-10 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2011 2012 2013 2014 2015 

Total Demand 554,140 588,900 607,300 626,000 602,700 627,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 86,330 98,560 48,520 94,360 105,770 

Groundwater2 76,982 61,090 53,660 46,260 47,300 40,500 

Conservation 8,178 5,670 7,310 8,950 11,560 14,180 

Recycled Water 0 

- Irrigation and Industrial Use 6,703 7,500 8,300 9,000 15,500 20,000 
- Groundwater Replenishment 0 0 0 0 0 0 

Water Transfers (L (L (L 40,000 40,000 40,000 

Subtotal 291,602 160,590 167,830 152,730 208,720 220,450 

MWD Water Purchases 
With Existing/Planned Supplies 262,538 428,310 439,470 473,270 393,980 406,650 

Total Supplies 554,140 588,900 607,300 626,000 602,700 627,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 0 0 0 0 0 2,000 
- Increased Groundwater Production 

(Recharge) (L (L (L (L (L (L 

Subtotal 0 0 0 0 0 2,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 428,310 439,470 473,270 393,980 404,650 

Total Supplies 554,140 588,900 607,300 626,000 602,700 627,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11H 
Service Area Reliability Assessment for Multi-Dry Years (2016-2020) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2016 2017 2018 2019 2020 

Total Demand 647,100 661,200 675,400 644,600 665,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 37,350 37,350 37,350 42,280 96,300 

Conservation 16,800 19,410 22,030 24,640 27,260 

Recycled Water 0 

- Irrigation and Industrial Use 
~ 

20,000 20,200 20,300 20,400 20,400 
- Groundwater Replenishment 0 0 0 0 0 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 200,480 215,520 168,200 221,680 289,730 

MWD Water Purchases 
With Existing/Planned Supplies 446,620 445,680 507,200 422,920 375,370 

Total Supplies 647,100 661,200 675,400 644,600 665,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 2,400 2,800 3,200 3,600 4,000 
- Increased Groundwater Production (Recharge) 400 800 1,200 1,600 2,000 

Subtotal 2,800 3,600 4,400 5,200 6,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 443,820 442,080 502,800 417,720 369,370 

Total Supplies 647,100 661,200 675,400 644,600 665,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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Exhibit 111 
Service Area Reliability Assessment for Multi-Dry Years (2021-2025) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2021 2022 2023 2024 2025 

Total Demand 683,000 694,500 706,100 670,900 689,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 111,500 111,500 111,500 111,500 111,500 

Conservation 29,880 32,490 35,110 37,720 40,340 

Recycled Water 0 

- Irrigation and Industrial Use 20,400 21,000 23,000 25,000 27,000 
- Groundwater Replenishment 15,000 15,000 15,000 15,000 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 288,110 318,550 273,130 323,580 339,610 

MWD Water Purchases 
With Existing/Planned Supplies 394,890 375,950 432,970 347,320 349,490 

Total Supplies 683,000 694,500 706,100 670,900 689,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 4,400 4,800 5,200 5,600 6,000 
- Increased Groundwater Production (Recharge) 2,400 2,800 3,200 3,600 4,000 

Subtotal 6,800 7,600 8,400 9,200 10,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 388,090 368,350 424,570 338,120 339,490 

Total Supplies 683,000 694,500 706,100 670,900 689,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was inc!!ased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11J 
Service Area Reliability Assessment for Multi-Dry Years (2026-2030) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2026 2027 2028 2029 2030 

Total Demand 707,900 720,100 732,400 696,100 715,200 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 111,500 111,500 111,500 111,500 111,500 

Conservation 42,960 45,570 48,190 50,800 53,420 

Recycled Water 0 

- Irrigation and Industrial Use 
~ 

27,500 28,000 28,500 29,000 29,000 
- Groundwater Replenishment 16,500 18,000 19,500 21,000 22,500 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 324,790 341,630 296,210 346,660 362,190 

MWD Water Purchases 
With Existing/Planned Supplies 383,110 378,470 436,190 349,440 353,010 

Total Supplies 707,900 720,100 732,400 696,100 715,200 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 6,400 6,800 7,200 7,600 8,000 
- Increased Groundwater Production (Recharge) 4,800 5,600 6,400 7,200 8,000 

Subtotal 11,200 12,400 13,600 14,800 16,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 371,910 366,070 422,590 334,640 337,010 

Total Supplies 707,900 720,100 732,400 696,100 715,200 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11K 
Service Area Reliability Assessment for Multi-Dry Years (2031-2035) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2031 2032 2033 2034 2035 

Total Demand 731,200 740,300 749,300 708,800 725,000 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 110,405 110,405 110,405 110,405 110,405 

Conservation 55,600 57,800 60,000 62,200 64,368 

Recycled Water 0 
- Irrigation and Industrial Use 4 29,000 29,000 29,000 29,000 29,000 

- Groundwater Replenishment 24,000 25,500 27,000 28,500 30,000 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 345,335 361,265 314,925 364,465 379,543 

MWD Water Purchases 
With Existing/Planned Supplies 385,865 379,035 434,375 344,335 345,457 

Total Supplies 731,200 740,300 749,300 708,800 725,000 

Potential Supplies 
Stormwater Capture 
- Capture and Reuse (Harvesting) 8,400 8,800 9,200 9,600 10,000 

- Increased Groundwater Production (Recharge) 9,400 10,800 12,200 13,600 15,000 

Subtotal 17,800 19,600 21,400 23,200 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 368,065 359,435 412,975 321,135 320,457 

Total Supplies 731,200 740,300 749,300 708,800 725,000 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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The Los Angeles City Municipal Code Chapter XII, Article I, Emergency Water Conservation Plan is the City's water shortage 
contingency plan. It was developed to provide for a sufficient and continuous supply of water in case of a water supply 
shortage in the service area. There are two scenarios that can cause a water shortage: 1) a severe hydrologic drought 
affecting surface and groundwater supplies and 2) a catastrophic event that severs major conveyance and/or distribution 
pipelines serving water to the City. The following discusses LADWP's compliance with the Act as outlined in Section 10632 (a) 
through (i) of the California Water Code. 

11.3.1 Stages of Action - 10632 (a) 

As set forth in the Emergency Water Conservation Plan, the City has phases or stages of action that can be undertaken in 
response to water supply shortages. Phase I prohibited uses of water are in effect at all times within the City. These prohibited 
uses, defined in article 10632 (d) (see section 11.3.4), are intended to eliminate waste and increase public awareness of the 
need to conserve water. There are further stages of compounding actions in addition to the Phase I prohibited uses that might 
be imposed. Phase II to Phase V progressively responds to different severity of shortage with the authority to implement 
additional prohibited uses of water in Phase V in order to cope with up to a 50 percent reduction in water supply. They are 
described as follows: 

Moderate Shortage, Phase II 

1. Should Phase II be implemented, uses applicable to Phase I shall continue to be applicable, except as specifically 
provided herein. 

2. No landscape irrigation shall be permitted on any day other than Monday, Wednesday, or Friday for odd-numbered street 
addresses and Tuesday, Thursday, or Sunday for even-numbered street addresses. Street addresses ending in Yz or any 
fraction shall conform to the permitted uses for the last whole number in the address. Watering times shall be limited to: 
(a) Non-conserving nozzles (spray head sprinklers and bubblers) - no more than eight minutes per watering day per 
station for a total of 24 minutes per week; (b) Conserving nozzles (standard rotors and multi-stream rotary heads) - no 
more than 15 minutes per cycle and up to two cycles per watering day per station for a total of 90 minutes per week. 

3. Upon written notice to LADWP, irrigation of sports fields may deviate from non-watering days to maintain play areas and 
accommodate event schedules; however, to be eligible for this means of compliance, a customer must reduce his overall 
monthly water use by LADWP's Board of Water and Power Commissioner's (Board) adopted degree of shortage plus an 
additional 5 percent from the customer baseline water usage within 30 days. 

4. Upon written notice to LADWP, large landscape areas may deviate from the non-watering days by meeting the following 
requirements 0) must have approved weather-based irrigation controllers registered with LADWP (eligible weather
based irrigation controllers are those approved by MWD or the Irrigation Association Smart Water Application 
Technologies (SWAT) initiative (2) must reduce overall monthly water use by LADWP's Board adopted degree of 
shortage plus an additional 5 percent from the customer baseline water usage within 30 days; and (3) must use recycled 
water if it is available from LADWP. 

5. These provisions do not apply to drip irrigation supplying water to a food source or to hand-held hose watering of 
vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed everyday during Phase II 
except between the hours of 9:00 am and 4:00 pm. 

Severe Shortage, Phase III 

1. Should Phase III be implemented, uses applicable to Phases I and II shall continue to be applicable, except as 
specifically provided herein. 
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2. No landscape irrigation shall be permitted on any day other than Monday for odd-numbered street addresses and 
Tuesday for even-numbered street addresses. Street addresses ending in Yz or any fraction shall conform to the 
permitted uses for the last whole number in the address. 

3. No washing of vehicles allowed except at commercial car wash facilities. 

4. No filling of residential swimming pools and spas with potable water. 

5. Upon written notice to LADWP, irrigation of sports fields may deviate from the specific non-watering days and be granted 
one additional water day (for a total of two watering days allowed). To be eligible for this means of compliance, a 
customer must reduce his overall monthly water use by LADWP's Board's adopted degree of shortage plus an additional 
10 percent from the customer baseline water usage within 30 days. 

6. Upon written notice to LADWP, large landscape areas may deviate from the specific non-watering days and be granted 
one additional watering day (for a total of two watering days allowed) by meeting the following requirements (1) must 
have approved weather-based irrigation controllers registered with LADWP (eligible weather-based irrigation controllers 
are those approved by MWD or the Irrigation Association Smart Water Application Technologies (SWAT) initiative (2) 
must reduce overall monthly water use by LADWP's Board adopted degree of shortage plus an additional 10 percent 
from the customer baseline water usage within 30 days; and (3) must use recycled water if it is available from LADWP. 

7. These provisions do not apply to drip irrigation supplying water to a food source or to hand-held hose watering of 
vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed everyday during Phase III 
except between the hours of 9:00 am and 4:00 pm. 

CriUc~ Shortage, Phase IV 

1. Should Phase IV be implemented, uses applicable to Phases I, II, and III shall continue to be applicable, except as 
specifically provided herein. 

2. No landscape irrigation allowed. 

Super Critical Shortage, Phase V 

1. Phase I, II, III, and IV shall continue to remain in effect. 

2. The Board is hereby authorized to implement additional prohibited uses of water based on the water supply situation. 
Any additional prohibitions shall be published at least once in a daily newspaper of general circulation and shall become 
effective immediately upon such publication and shall remain in effect until cancelled. 

11.3.2 Driest Three-Year Supply - 10632 (b) 
In the event that three consecutive dry-years curtailing the City's LAA System deliveries should follow the 2010 water supply 
conditions, LADWP will rely on increased groundwater pumping and purchases from MWD to meet City water demands. This 
particular sequence is quantified in Exhibit 11 L, including relevant assumptions. 
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Exhibit 11L 

Driest Three-Year Water Supply Sequence 

Followed by Repeat of Driest 

Demand and Supply Projections FY2009-10 
Three Consecutive Years 

FY1958-59 to 1960-61 Hydrology 
(in acre-feet) Actual Fiscal Year Ending on June 30 

2011 2012 2013 

Total Demand 554,140 588,900 607,300 626,000 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 104,530 50,849 59,382 

Groundwater2 76,982 61,090 53,660 46,260 
Conservation 8,178 5,670 7,310 8,950 
Recycled Water 
- Irrigation and Industrial Use 6,703 7,500 8,300 9,000 
- Groundwater Replenishment 0 0 0 0 

Water Transfers ~ ~ ~ 40,000 
Subtotal \"-. 291,602 178,790 120,119 163,592 

MWD Water Purchases ~ With Existing/Planned Supplies 262,538 410,110 487,181 462,408 

Total Supplies 554,140 588,900 607,300 626,000 

1. Driest three consecutive years on record in LAA watershed (FY1958-59 to FY1960-61) averaged 28 percent 
of normal runoff. 

2. LAA deliveries reflect increased releases for environmental restoration in the Owens Valley and Mono Basin. 

3. Dry year demands are 5 percent greater than normal year demands 

4. MWD's Water Surplus and Drought Management Plan actions sufficient to meet LADWP demands. 

During such severe drought periods, the City's supplemental water supplier, MWD, may use an allocation strategy that is 
consistent with the framework developed in its Water Surplus and Drought Management (WSDM) Plan. Developed by MWD 
with substantial input from its member agencies, the WSDM Plan provides for a needs-based allocation strategy, and 
establishes priorities for the use of MWD's water supplies to achieve 100 percent retail reliability. 

Following are actions that could be taken by MWD in accordance with their WSDM Plan to augment its water supplies prior to 
implementation of any drought allocation action: 

1. Draw on Diamond Valley Lake storage 

2. Draw on out-of-region storage in Semitropic and Arvin-Edison Groundwater Banks 

3. Reduce/suspend local groundwater replenishment deliveries 

4. Draw on contractual groundwater storage programs in MWD's service area 
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5. Draw on State Water Project terminal reservoir storage (per Monterey Agreement) 

6. Call for voluntary conservation and public education 

7. Reduce deliveries from MWD's Interim Agricultural Water Program 

8. Calion water transfer options contracts 

9. Purchase transfers on the spot market 

10. Allocate imported water if necessary 

In 2008 MWD adopted the Water Supply Allocation Plan (WSAP) designed to allocate supplies among its member agencies in 
a fair and efficient manner. The WSAP establishes the formula for calculating member agency allocations if MWD cannot meet 
firm demands in a given year. 

11.3.3 Catastrophic Supply Interruption Plan -10632 (c) 

LADWP has Emergency Response Plans (ERPs revised January 2010) in place to restore water service for essential use in 
the City if a disaster should result in the temporary interruption of water supply. Department personnel responsible for water 
transportation, distribution, and treatment have established ERPs to guide the assessment, prioritization, and repair process of 
City facilities that have incurred damage during a disaster. Citywide, an Emergency Operations Center (EOC) serves as a 
centralized point for citywide management of information about disasters and for coordination of all available resources. The 
EOC supports the City's Emergency Operations Organization to achieve its mission of saving lives, protecting property, and 
returning the City to normal operations in the event of a disaster. LADWP coordinates its efforts with the EOC and will utilize 
the EOC to resume water supply service after a catastrophic event. 

11.3.4 Mandatory Water Use Prohibitions -10632 (d) 

Phase I prohibited uses of the Emergency Water Conservation Plan contain 13 wasteful water use practices that are 
permanently prohibited for all City of Los Angeles customers. These prohibited uses are intended to eliminate waste and 
increase public awareness of the need to conserve water. During times of shortage, education and enforcement of the 
following provisions will be increased: 

1. No customer shall use a water hose to wash any paved surfaces including, but not limited to, sidewalks, walkways, 
driveways, and parking areas, except to alleviate immediate safety or sanitation hazards. This section shall not apply to 
LADWP approved water conserving spray cleaning devices. Use of water pressure devices for graffiti removal is exempt. 
A simple spray nozzle does not qualify as a water conserving spray cleaning device. 

2. No customer shall use water to clean, fill, or maintain levels in decorative fountains, ponds, lakes, or similar structures 
used for aesthetic purposes unless such water is part of a recirculating system. 

3. No restaurant, hotel, cafe, cafeteria, or other public place where food is sold, served, or offered for sale shall serve 
drinking water to any person unless expressly requested. 

4. No customer shall permit water to leak from any pipe or fixture on the customer's premises; failure or refusal to affect a 
timely repair of any leak of which the customer knows or has reason to know shall subject said customer to all penalties 
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for a prohibited use of water. 

5. No customer shall wash a vehicle with a hose if the hose does not have a self-closing water shut-off device or device 
attached to it, or otherwise to allow a hose to run continuously while washing a vehicle. 

6. No customer shall irrigate during periods of rain. 

7. No customer shall water or irrigate lawn, landscape, or other vegetated areas between the hours of 9:00 a.m. and 4:00 
p.m. During these hours, public and private golf courses greens and tees and professional sports fields may be irrigated 
in order to maintain play areas and accommodate event schedules. Supervised testing or repairing of irrigation systems 
is allowed anytime with proper sign age. 

8. All irrigating of landscape with potable water using spray head sprinklers and bubblers shall be limited to no more than 
ten minutes per watering station per day. All irrigating of landscape with potable water using standard rotors and multi
stream rotary heads shall be limited to no more than fifteen minutes per cycle and up to two cycles per watering day per 
station. Exempt from these irrigation restrictions are irrigation systems using very low drip type irrigation when no emitter 
produces more than four gallons of water per hour and micro-sprinklers using less than fourteen gallons per hour. This 
provision does not apply to Schedule F water customers or water service water service that has been granted the 
General Provision M rate adjustment under the City's Water Rates Ordinance, subject to the Customer having complied 
with best management practices for irrigation approved by the Department. The 9:00 a.m. to 4:00 p.m. irrigation 
restriction shall apply unless specifically exempt as stated in subsection 7 of the Emergency Water Conservation 
Ordinance. 

9. No customer shall water or irrigate any lawn, landscape, or other vegetated area in a manner that causes or allows 
excess or continuous flow or runoff onto an adjoining sidewalk, driveway, street, gutter, or ditch. 

10. No installation of single pass cooling systems shall be permitted in buildings requesting new water service. 

11. No installation of non-recirculating systems shall be permitted in new conveyor car wash and new commercial laundry 
systems. 

12. Operators of hotels and motels shall provide guests with the option of choosing not to have towels and linens laundered 
daily. The hotel or motel shall prominently display notice of this option in each bathroom using clear and easily 
understood language. LADWP shall make suitable displays available. 

13. No large landscape areas shall have irrigation systems without rain sensors that shut-off the irrigation systems. Large 
landscape areas with approved weather-based irrigation controllers registered with LADWP are in compliance with this 
requirement. 

11.3.5 Consumption Reduction Methods during Water Shortages -10632 (e) 
Short-Term Actions 

During a water shortage or emergency condition, LADWP's existing rate structure (enacted in 1993) serves as a basis for 
further reducing consumption. First tier water allotments are reduced during shortages by the degree of the shortage. For 
single-family residential users, the adjusted first tier allotments apply for the entire year. For other users, the adjusted first tier 
allotments apply only during the high season (June 1 through October 31). Details of LADWP's water rate structure are 
provided in Appendix X - Water Rate Ordinance. 
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Additional measures can be phased in as the dry cycle continues to provide some immediate demand reductions and increase 
public awareness of the need to conserve water. Included among these measures are water conservation public service 
announcements (through television and/or radio), billboard ads, flyer distributions, and conservation workshops. LADWP also 
actively participates in public exhibits to disseminate water conservation information within its service area. Conservation is a 
permanent and long-term application used within the City to counter the potentially adverse impacts of water supply 
shortages. 

State law further regulates distribution of water in extreme water shortage conditions. Section 350-354 of the California Water 

Code states that when a governing body of a distributor of a public water supply declares a water shortage emergency within 
its service area, water will be allocated to meet needs for domestic use, sanitation, fire protection, and other priorities. This will 
be done equitably and without discrimination between customers using water for the same purpose(s). 

Long-Term Actions 

LADWP's long-range water conservation program is driven by the need to continuously increase water use efficiency. This will 

reduce demand, extend supply, and therefore, provide greater reliability. Dry cycle experiences, public trust responsibilities, 
and regulatory mandates have raised the level of awareness within the City of Los Angeles of the need to approach demand 
reduction from a permanent and long-term perspective. 

LADWP will continue to maintain and increase its existing conservation programs and pursue the development of new and 
innovative programs as outlined in Chapter 3, Water Conservation with the goal of reducing potable water demands by 60,000 
AFY by 2035. Emphasis continues to be placed on structural conservation for the residential and CII sectors (HETs, high
efficiency washing machine rebates, etc.) which result in permanent per capita water use reduction. Substantial efforts are 
also being placed on landscape water use efficiency and CII conservation opportunities. It should, however, be recognized 
that the ability to achieve water reduction during shortages by requesting additional voluntary measures is likely to be more 
difficult in the future. As customers adjust to a conservation ethic and adopt permanent measures to reduce water use, their 
water demands harden and become less susceptible to voluntary conservation. 

11.3.6 Penalties for Excessive Use (Non-Compliance to Prohibited Use) -10632 (f) 

The Emergency Water Conservation Plan sets penalties for violations of prohibited uses outlined in Sections 10632 (a) and 
(d). The penalties vary by water meter size. For water meters smaller than two inches the following penalties shall apply: 

1. The first violation consists of a written warning 

2. The second violation within the preceding 12 month period will result in a surcharge in the amount of $100 added to the 
customer's water bill. 

3. The third violation within the preceding 12 month period will result in a surcharge in the amount of $200 added to the 
customer's water bill. 

4. The fourth violation within the preceding 12 month period will result in a surcharge in the amount of $300 added to the 
customer's water bill. 

5. After a fifth violation or subsequent violation within the preceding 12 month period, LADWP may install a flow-restricting 
device of 1 gpm capacity for services up to 1 Yz inches in size and comparatively sized restrictors for larger services or 
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terminate a customer's service, in addition to the aforementioned financial surcharges. Such action shall only be taken 
after a hearing held by LADWP. 

For water meters two inches and larger the following penalties shall apply: 

1. The first violation consists of a written warning 

2. The second violation within the preceding 12 month period will result in a surcharge in the amount of $200 added to the 
customer's water bill. 

3. The third violation within the preceding 12 month period will result in a surcharge in the amount of $400 added to the 
customer's water bill. 

4. The fourth violation within the preceding 12 month period will result in a surcharge in the amount of $600 added to the 
customer's water bill. 

5. After a fifth violation or subsequent violation within the preceding 12 month period, LADWP may install a flow-restricting 
device or terminate a customer's service, in addition to the aforementioned financial surcharges. Such action shall only be 
taken after a hearing held by LADWP. 

11.3.7 Analysis and Effects on Revenues and Expenditures of Reduced Sales during 
Shortages - 10632 (g) 

The City's Water Rate Ordinance, adopted in June 1995 and last amended in June 2008, provides a remedy to the impact of 
reduced water sales on revenues in the form of a Water Revenue Adjustment Factor (Adjustment). The Adjustment recovers 
any shortage in revenue due to variation in water sales. It is intended to support a fiscal year revenue target that is deemed 
sufficient to cover LADWP's essential expenses. The formula takes into account target and actual revenues as well as 
projected water sales to determine the appropriate Adjustment. 

The Adjustment is currently limited to $.18 per hundred-cubic-feet. It cannot exceed this limit unless the Board determines that 
a surcharge in excess of $0.18 per hundred-cubic-feet is financially required and approval from the Los Angeles City Council 
is obtained. The Board also has the authority to reduce the factor to less than the formula-calculated amount. 

A billing factor is calculated annually on January 1 and is added to the standard commodity charge. The factor is set to zero if 
a negative value is calculated. A Water Revenue Adjustment Account is maintained and updated each month by LADWP. This 
account is adjusted annually on July 1. 

The City's Water Revenue Adjustment Factor ensures that the required funds are available to fund Department activities 
aimed at providing continuous water service to Los Angeles water users, even during periods of low water sales. 

11.3.8 Water Shortage Contingency Resolution or Ordinance - 10632 (h) 

A draft water shortage contingency resolution is shown in Exhibit 11 M. Moreover, the City's Emergency Water Conservation 
Plan Section 121.07.B has the following conservation phase implementation procedures: 
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"The Department (LADWP) shall monitor and evaluate the projected supply and demand for water by its Customers monthly, 
and shall recommend to the Mayor and Council by concurrent written notice the extent of the conservation required by the 
Customers of the Department in order for the Department to prudently plan for and supply water to its Customers. The Mayor 
shall, in turn, independently evaluate such recommendation and notify the Council of the Mayor's determination as to the 
particular phase of water conservation, Phase I through Phase V, that should be implemented. Thereafter, the Mayor may, 
with the concurrence of the Council, order that the appropriate phase of water conservation be implemented in accordance 
with the applicable provisions of this Article. Said order shall be made by public proclamation and shall be published one time 
only in a daily newspaper of general circulation and shall become effective immediately upon such publication. The prohibited 
water uses for each phase shall take effect with the first full billing period commencing on or after the effective date of the 
public proclamation by the Mayor. In the event the Mayor independently recommends to the Council a phase of conservation 
different from that recommended by the Department, the Mayor shall include detailed supporting data and the reasons for the 
independent recommendation in the notification to the Council of the Mayor's determination as to the appropriate phase of 
conservation to be implemented." 

The City's Water Rate Ordinance No. 170435 also has specific provisions for LADWP's Board, through a resolution, to 
determine the degree of shortage and apply corresponding commodity charges in case of a water shortage (see Section 

11.3.5 and Appendix X - Water Rate Ordinance). If a water shortage is declared, certified copies of the resolution will be 
transmitted to the offices of the Mayor and of the Los Angeles City Clerk, and the Los Angeles City Council for final approval. 
This particular water shortage act is included under Section 3 - General Provisions, Article R - Shortage Year Rates of the 
City's Water Rate Ordinance. 
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Exhibit 11M 
Draft Water Shortage Contingency Resolution 

BE IT RESOLVED that the Board of Water and Power Commissioners (Board) recognizes that a Water 
Shortage Contingency Plan has been prepared and incorporated into the City of Los Angeles 2010 Urban 
Water Management Plan pursuant to the Urban Water Management Planning Act; the Urban Water 
Management Plan is on file with the Secretary of the Board; this Board has reviewed and considered the 
information and recommendations contained in this document, and makes the following findings and 
determinations: 

1. The water supply available to the City of Los Angeles is insufficient to meet the City's normal 
water supply needs; and 

2. The Department of Water and Power has developed a Water Shortage Contingency Plan for 
the City of Los Angeles that compiles with all the requirements of the Urban Water 
Management Planning Act; and 

3. The Urban Water Management Plan has been developed, adopted, and implemented pursuant 
to Article 3, Sections 10640 through 10645 of the Urban Water Management Planning Act; 
and 

4. The Water Shortage Contingency Plan includes stages of action that can be taken in response 
to water supply shortages, including up to a 50 percent reduction in water supply, a driest 
three-year water supply scenario, mandatory water use prohibitions, and penalties for non
compliance; and 

5. The Water Shortage Contingency Plan identifies both short-term and long-term actions to 
maximize water use efficiency and minimize the effects of the current water shortage as well 
as future water supply shortages. 

BE IT FURTHER RESOLVED that this Board has adopted the Water Shortage Contingency Plan as 
incorporated in the Urban Water Management Plan, and declares the provisions of the Water Shortage 
Contingency Plan in full force and effect during the duration of this period of water shortage. 

I HEREBY CERTIFY that the foregoing is a full, true, and correct copy of the resolution adopted by the 
Board of Water and Power Commissioners of the City of Los Angeles at its meeting held 

" \ 
11.3.9 Methodology to Determine Actual Water Use Reductions during Shortages -
10632 (i) 

Water use is monitored closely by LADWP throughout its service area regardless of the supply conditions. With 100 percent of 
its over 700,000 service connections metered, there is a high degree of accountability on the quantity of water used within the 
Los Angeles service area. Information from meter reads is collected for billing and accounting purposes, with reports prepared 
on a monthly basis from the data compiled. 

LADWP also used a conservation model to estimate conservation efforts within the City since the early 1990s. The model 
estimated City water demand without conservation efforts using population and weather variables. A new conservation model 
was developed in 2010 to account for additional factors such as economic recession and drought conservation is discussed in 
Chapter 2, Water Demand. The conservation effort is derived by comparing estimated pre-conservation demand with actual 
demand. Conservation efforts derived from this model are shown in Chapter 3, Water Conservation. 
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11.4 Water Supply Assessments 

Background 

In 1994, the California Legislature enacted Water Code section 10910 (Senate Bill 901), which requires cities and counties, as 
part of the California Environmental Quality Act (CEQA) review, to request the applicable public water system to assess 
whether the system's projected water supplies were sufficient to meet a proposed development's anticipated water demand. 
The intent was to link the land use and water supply planning processes to ensure that developers and water supply agencies 
communicate early in the planning process. However, a study of projects approved by local planning agencies revealed that 
numerous projects were exempted due to loopholes in the statute, and that the intent of the legislation has largely gone 
unfulfilled. 

Subsequently, California Senate Bill (SB) 610 and SB 221, modeled after SB 901, amended State law effective January 1, 
2002, to ensure that the original intent of the legislation is fulfilled. SB 610 and 221 are companion measures which seek to 
promote more collaborative planning between local water suppliers and cities and counties. These bills improve the link 
between information on water supply availability and certain land use decisions made by cities and counties. Both statutes 
require detailed information regarding water availability to be provided to the city and county decision-makers prior to approval 
of specified large development projects. Both statutes also require this detailed information be included in the administrative 
record that serves as the evidentiary basis for an approval action by the city or county on such projects. Both measures 
recognize local control and decision making regarding the availability of water for projects and the approval of projects. 

Under SB 610 a water supply assessment (WSA) must be furnished to local governments for inclusion in any environmental 
documentation for certain development projects subject to the CEQA. Specifically, SB 610 requires that for certain projects, 
the CEQA lead agency must identify any public water system that may supply water to the proposed project and request the 
public water system to determine the water demand associated with the project and whether such demand was included as 
part of the most recently adopted UWMP. If the projected water demand associated with the proposed project was accounted 
for in the most recently adopted UWMP, the public water system may incorporate the supporting information from the UWMP 
in preparing the elements of the assessment. If the proposed project's water demand was not accounted for in the most 
recently adopted UWMP, the WSA for the project shall include a discussion with regard to whether the public water system's 
total projected water supplies available in normal, single dry, and multiple dry water years during a 20-year projection will meet 
the proposed project's water demand. 

Per Section 10912 of the California Water Code, a project which is subject to the requirements of SB 610 includes: (1) a 
proposed residential development of more than 500 dwelling units; (2) a proposed shopping center or business establishment 
employing more than 1,000 persons or having more than 500,000 square feet of floor space; (3) a proposed commercial office 
building employing more than 1,000 persons or having more than 250,000 square feet of floor space; (4) a proposed hotel or 
motel, or both, having more than 500 rooms; (5) a proposed industrial, manufacturing, or processing plant, or industrial park 
planned to house more than 1,000 persons, occupying more than 40 acres of land, or having more than 650,000 square feet 
of floor area; (6) a mixed-use project that includes one or more of the projects specified in this subdivision; or (7) a project that 
would demand an amount of water equivalent to, or greater than, the amount of water required by a 500 dwelling unit project. 

The assessment would include an identification of existing water supply entitlements, water rights, or water service contracts 
relevant to the identified water supply for the proposed project and water received in prior years pursuant to those 
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entitlements, rights, and contracts. If the assessment concludes that water supplies will be insufficient, plans for acquiring 
additional water supplies would need to be presented. 

Under SB 221, approval by a city or county of certain developments requires an affirmative written verification of sufficient 
water supply; which is a "fail safe" mechanism to ensure collaboration on finding the needed water supplies to serve a new 
large development occurs before construction begins. 

Methodology 

During the years from 2005 to 2010, LADWP has been requested to develop over 40 WSAs. Each WSA performed by 
LADWP is carefully evaluated within the context of the current adopted UWMP and current conditions, such as restrictions on 
State Water Project (SWP) pumping from the Sacramento-San Joaquin Delta imposed by a Federal Court. The Metropolitan 
Water District of Southern California (MWD), from whom the City purchases its State Water Project and Colorado River water 
supplies, has also been actively developing plans and making efforts to provide additional water supply reliability for the entire 
Southern California region. LADWP coordinates closely with MWD to ensure implementation of MWD's water resource 
development plans and supplemental water reliability report prepared by MWD. 

LADWP's UWMP uses a service area-wide method in developing City water demand projections. This methodology does not 

rely on individual development demands to determine area-wide growth. Rather, the growth in water use for the entire service 
area was considered in developing long-term water projections for the City to the Year 2035. The driving factors for this growth 
are demographics, weather, and conservation. LADWP used anticipated growth in the various customer class sectors as 
provided by MWD who reallocated projected demographic data from the Southern California Association of Governments 
(SCAG) into member agencies' service areas. The data used was based on SCAG's 2008 Regional Transportation Plan 
Forecast. 

As governed by City Charter Sections 673 and 677, LADWP can serve surplus water supplies to areas outside of the City 
boundaries. There are approximately 4,500 services for customers outside of the City, with a combined annual water use less 
than 1 percent of all water delivered. Water served outside of the City includes a surcharge to account for the increased MWD 
purchased water. 

The water demand forecast model in the UWMP was developed using LADWP total water use, including the water served by 
LADWP for use outside of the City. The service area reliability assessment was performed for three hydrologic conditions: 
average year, single dry year, and multiple-dry years; and a Shortage Contingency Plan was developed to provide for a 
sufficient and continuous supply in LADWP's service area. This Shortage Contingency Plan included water provided for use 
outside of the City. 

An important part of the water planning process is for LADWP to work collaboratively with MWD to ensure that anticipated 
water demands are incorporated into MWD's long-term water resources development plan and water supply allocation 
plan. The City's allotment of MWD water supplies under MWD's water supply allocation plan is based on the City's total water 
demand which includes services to areas outside the City. The ongoing collaboration between LADWP and MWD is critical in 
ensuring that the City's anticipated water demands are incorporated into the development of MWD's long-term Integrated 
Resources Plan (lRP). MWD's IRP directs a continuous regional effort to develop regional water resources involving all of 
MWD's member agencies. Successful implementation of MWD's IRP has resulted in reliable supplemental water supplies for 
the City from MWD. 
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In summary, the WSAs are performed to ensure that adequate water supplies would be available to meet the estimated water 
demands of the proposed developments during normal, single-dry, and multiple-dry water years, as well as existing and 
planned future uses of the City's water system. LADWP will continue to perform WSAs as part of its long-term water supply 
planning efforts for its service area. 

WSA Procedure 

The CEQA lead agency, such as the Department of City Planning or the Community Redevelopment Agency of the City of Los 
Angeles, evaluates the proposed project against the requirements for a WSA in accordance with the Water Code. If the 
proposed project falls within the requirements for a WSA, a formal request is submitted to LADWP to perform a WSA. 

In evaluating the proposed project's water demand, LADWP applies the Sewer Generation Factors (published by City of Los 
Angeles Bureau of Sanitation) to the development's project description for calculating indoor water use. Outdoor landscape 
water demand is calculated by using computer software which takes into account various factors such as landscape area 
square footage, location, and plant types. Historical billing records are used to establish existing baseline water demand on 
the property. 

LADWP also encourages all projects to implement additional water conservation measures above and beyond the current 

water conservation ordinance requirements. As an example, if the proposed development is near an existing or future recycled 
water pipeline system, commitment to use recycled water for irrigation, toilet flushing and cooling towers is highly 
recommended as part of the additional conservation measures for the proposed development. 

The net increase/decrease in water demand, which is the projected additional water demand of the development, is calculated 
by subtracting the existing baseline water demand and water saving amount from the total proposed water demand. 

The net increase/decrease in water demand, which is the projected additional water demand of the development, is calculated 
by subtracting the existing baseline water demand and water saving amount from the total proposed water demand. If the land 
use of the proposed development is consistent with the City's General Plan, the projected water demand of the development 
is considered to be accounted for in the most recently adopted UWMP. The City incorporates the projected demographic data 
from the SCAG in its General Plan. MWD utilizes a land use based planning tool that allocates SCAG's projected 
demographic data into water service areas for their member agencies, which was adopted for water demand projection in the 
UWMP. 

If the proposed land use is not consistent with the City's General Plan, the WSA will further evaluate if the projected supplies 
from the UWMP are able to accommodate the proposed project's water demand, which may include other resource options to 
offset the projected wate~ demand. 

All WSAs are subject to approval by the Board of Water and Power Commissioners. Upon approval, the lead agency is 
responsible for enforcing the requirements of the WSA as part of the approval for the project. 
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DRAFT Chapter Twelve 
Climate Change 

LADWP is considering impacts of climate change during development of its long-term water supply plan. Climate change is a 
global-scale concern, but is particularly important in the western United States where potential impacts on water resources 
can be significant to supplies for water agencies. Climate change can impact surface supplies from the LAA, imported supplies 
from MWD, and local demands. As a result, LADWP is completing a study to analyze the operational and water supply 
impacts of potential shifts in the timing and quantity of runoff along the LAA system due to climate change. Such potential 
shifts may require LADWP to develop, enhance, and modify management of local water resources. Projected changes in 
climate are expected to alter hydrologic patterns in the Eastern Sierra through changes in precipitation, snowmelt, relative 
ratios of rain and snow, winter storm patterns, and evapotranspiration. 

To understand some of the key issues surrounding climate change impacts, it is important to put it into the context of 
LADWP's water supplies. California lies within multiple climate zones. Therefore, each region will experience unique impacts 
to climate change. Because LADWP relies on both local and imported water sources, it is necessary to consider the potential 
impacts climate change could have on the local watershed as well as the western and eastern Sierra Nevada watersheds 
where a portion of MWD's imported water originates and LADWP's imported LAA supplies originate, respectively, and the 
Colorado River Basin where the remainder of MWD's imported supplies originate. 

Generally speaking, any water supplies that are dependent on natural hydrology are vulnerable to climate change, especially if 
the water source originates from mountain snow pack. For LADWP, the most vulnerable water sources subject to climate 
change impacts are imported water supplies from MWD and the LAA. However, local sources can expect to see some 
changes in the future as well. In addition to water supply impacts, changes in local temperature and precipitation are expected 
to alter water demand patterns. However, there is still general uncertainty within the scientific community regarding the 
potential impacts of climate change for the City of Los Angeles. LADWP will continue to stay abreast of developments in 
climate change to better understand its potential implications to the City's water supplies. 

12.1 Potential Impacts of Climate Change on Water Service Reliability 
Scientists predict future climate change scenarios using highly complex computer global climate models (GCMs) to simulate 

climate systems. Although most of the scientific community agrees that climate change is occurring and, as a result, mean 
temperatures for the planet will increase, the specific degree of this temperature increase cannot be accurately predicted. 
Predictions of changes in precipitation are even more speculative, with some scenarios showing precipitation increasing in the 
future and others showing the opposite. 

It is important to acknowledge that the predictions of the GCMs lack the desired precision due to the presence of uncertainties 
inherent in the analyses. The uncertainty to future emissions of greenhouse gases and the chaotic nature of the climate 
system leads to uncertain response of the global climate system to the increases in greenhouse gases. In addition, the 
science of climate change still lacks the complete understanding of regional manifestations that will result from global 
changes, thus restraining the projecting capacity of these models. However, these projections are consistent with the state of 
science today, and they help predict the manner of which hydrologic variables are likely to respond to a range of possible 

future climate conditions, and thus provide invaluable insight to water managers in their decisions pertaining to water supply 
reliability. 
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The regional areas of interest in assessing climate change impacts to LADWP include the local service area and sources of 
origination for imported water supplies in northern California, eastern Sierra Nevada Mountains, and the Colorado River Basin. 
Data regarding climate change impacts for the various regions of interest is provided in this section. 

12.1.1 Local Impacts 

Most scientific experts believe that because of the uncertainty involved with each model, several models should be used to 
test the potential impact of climate change. To downsize the global coarse-scale climate projections to a regional level 
incorporating local weather and topography, the GCMs are "downscaled". Future projections of precipitation and temperature 
were obtained for six GCMs under two greenhouse gas emission scenarios (A2 - higher and B1 -lower) for Los Angeles 
County. 1,2 Exhibits 12A and 12B plot the changes in projected average annual mean temperature and precipitation, 
respectively for the model scenarios. The bold line represents the running average of all six models for each emission 
scenario. The six models were also used in the preparation of the 2008 California Climate Change Scenarios assessment. 

Note Exhibits 12X and 12X are placeholders and are for illustrative purposes only of the type of data that will be presented for 
Los Angeles. The data in the figures represent data obtained from the Scripps Institute of Oceanography for the Pasadena 
area. Similar data has been requested for Los Angeles. 

Exhibit 12A 
Climate Change Impacts to Local Temperatures for Los Angeles (Placeholder) 

10 ,-------------------------------------------, 

_ Higher (A2) Scenario, average of 6 GCM 's 

8 - Lower (B1) Scenario, average of 6 GCM's 

6 +---------------------------~T_~ 

Changein 
Tern peratu re 4 +-------------------H,-----Ioco :a~bl1J9lrN 

(FO) 

2 -Il" 1- - -r-fIF: 

o 

-2 

2005 2015 2025 2035 2045 2055 2065 2075 2085 2095 

Forecast Year 

1 Dan Cayan and Mary Tyree (University of California, San Diego, Scripps Institute of Oceanography) provided downscaled data for 
Pasadena under two emissions scenarios from six climate models: CNRM CM3, GFDL CM2.1, Miroc3.2 (medium resolution), MPI 
ECHAM5, NCAR CCSM3, NCAR PCM1. 
2 Note: These scenarios do not bracket the highest and lowest emission futures possible, but represent a status quo approach (A2) and a 
pro-active mitigation (81) approach to reduce carbon emissions. 
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Exhibit 128 

Climate Change Impacts to Local Precipitation for Los Angeles (Placeholder) 
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Local climate changes within the vicinity of the LADWP service area are expected to include: 

• An increase in average temperatures that will be more pronounced in the summer than in the winter with annual 
mean temperatures in 2100 increasing greater than 3°Fwhen lower greenhouse gas emission scenarios are used 
and may exceed 7°F when high higher emissions scenarios are used dependent upon the GeM utilized 

• An increase in extreme temperatures 

• An increase in heat waves and droughts that will extend for a longer duration 

• A decrease in precipitation with the potential for 30 year deficits of more than 10% below historical levels that, 
coupled with higher temperatures, will increase evaporation/transpiration 

• An increase in short-duration/high volume intense storm events during the winter 

The impact of these climate effects will likely be increased water demands for irrigation and cooling purposes earlier in the 
year and for extended periods coupled with decreased local surface runoff available to recharge groundwater basins. Other 
impacts might include increased fire events that could impact water quality and sedimentation, decreased groundwater 
recharge due to lower soil moisture, and sea level rise increasing seawater intrusion into coastal groundwater basins. 
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12.1.2 Los Angeles Aqueduct Impacts 

The LAA is one of the major imported water sources delivering a reliable water supply to the City of Los Angeles. The LAA 
originates approximately 340 miles away from snowmelt runoff in the eastern Sierra Nevada; hence LAA is subject to 
hydrologic variability associated with climate change. Since the majority of precipitation occurs during winter in the eastern 
Sierra Nevada watershed, water is stored in natural reservoirs in the form of snowpacks, and is gradually released into 
streams that feed into the LAA during spring and summer. More detailed information regarding the LAA is presented in 

Chapter 5, Los Angeles Aqueduct Systems. 

Higher concentrations of greenhouse gases in the atmosphere are often indications of pending climate change. These 
changes threaten the hydrologic stability of the eastern Sierra Nevada watershed through alterations in precipitation, 
snowmelt, relative ratios of rain and snow, winter storm patterns, and evapotranspiration, all of which have major potential 
impacts on the LAA water supply and deliveries. 

To address the possible challenges posed by climate change on the LAA, LADWP commenced a climate change study in 
2009 to evaluate the potential impacts of climate change on the eastern Sierra Nevada watershed and the LAA water supply 
and deliveries, and investigate opportunities to improve the LAA system as a result of these impacts over the next hundred 
years. In this study, future climate conditions are predicted using a set of sixteen GCMs and two greenhouse gas emission 
scenarios. 

The impacts of these climate change scenarios and the associated hydrology on the LAA's eastern Sierra Watershed includes 
an analysis of historical temperature, precipitation, water quality, and runoff records. Hydrologic modeling will be performed to 
estimate runoff changes from current conditions and an evaluation will be provided to determine their effects on the 
performance of the existing infrastructure with regards to storage and conveyance capacity to Los Angeles. As part of the 
evaluation of potential adaptation measures if existing infrastructures are inadequate, recommendations will be provided to 
modify the existing infrastructure and operations to accommodate these impacts. 

Preliminary results of the study are showing steady temperature increases throughout the 21 st century and are consistent with 
other prior studies performed in the scientific community. Exhibit 12C displays the time series of 30-year running means of the 

projected temperature of one of the greenhouse gas emission scenarios considered in the study, A2 (higher greenhouse gas 
emissions), averaged over the simulation area for each of the sixteen GCMs. All GCMs project temperature increases 
throughout the 21 st century. 
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30-Year Time Series Projected Temperature Means for Eastern Sierra Nevada Watershed 

Temperature 

G 
bO 
ClJ 

~ 
<= 
C1l 
ClJ 

~ 
bO 

.!:: 
<= 
<= 
::J 
c:: 
~ 
ClJ 
>-
0 
m 

1940 1960 1980 2000 2020 2040 2060 2080 2100 

- BCCR 

- CCCMA 

- CNRM 

- CSIRO 

- GFDLOl 

- GFDLll 

- GISS 

- INMCM3 

- IPSL 

- MIROC3 

- MIUB 

- MPI 

- MRI 

NCARJCSM3 

NCAR]CM 

- UKMO 

On the other hand, forecasts for precipitation differ greatly between the GeMs. Some GeMs are projecting increases, but the 
majority of the model outputs are projecting decreases in precipitation over the study period. Exhibit 12D displays the time 
series of 30-year running means of the projected precipitation using the A2 greenhouse gas emission scenario (higher 
greenhouse gas emissions) averaged over the simulation area for each of the sixteen GeM models. 
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Exhibit 120 
30-Year Time Series Projected Precipitation Means for Eastern Sierra Nevada Watershed 
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Temperature is the main climate variable that is projected to rise significantly in the coming years and decades. The rise in 
temperature directly affects several variables including: 

• Whether precipitation falls as snow or rain; 

• The ground-level temperature determines the timing and rate of snowmelt; and 

• The temperature profile in the canopy that determines the rate of evapotranspiration. 

Preliminary results have shown that future predictions for the early-21st century suggested a warming trend of 0.9 to 2.7 of 
and almost no change in average precipitation. Mid-21st century projections suggested a warming trend of 3.6 to 5.4 of and a 

small average decrease in precipitation, approximately 5 percent. This warming trend is expected to increase by the end of 
21 st century, as the results suggest further warming of 4.5 to 8.1 of and a decrease in precipitation of approximately 10 

percent. In addition, preliminary results indicate an increase in the frequency and length of droughts in the end-of-century 
period. 

Projected changes in temperature (warmer winters) will change precipitation patterns to rain with larger fractions than 
historically encountered. Consequently, peak Snow Water Equivalent (SWE) and runoff are projected to undergo a shift in 
timing to earlier dates. 

At elevations of up to about 9,800 feet, the snowpack of the eastern Sierras is susceptible to earlier melt and less 
accumulation with a long term-shift in mean temperature of 3.6°F, especially in the southern Sierras. On average, mean 
temperature rises are in the range of 3.6 to 10.8 of resulting in about a 17 to 50 percent loss in snowpack storage, 

respectively. This vulnerability shows up in average to warm winters and will directly affect the stream levels and stream 
discharge. This raises potential concerns for LADWP in the areas of adequate storage and operations, especially the capacity 
of the LAA system to store the early runoff in surface reservoirs. 

The projected temperature and precipitation dataset form the basis of the hydrologic model projections for runoff, snow-water 

equivalent (SWE), and rain-to-snow ratio. To compare the future projections of these variables, the trends that dominated the 
second half of the 20th century are considered baselines for future trends. The baseline values for runoff, SWE, and rain-to
snow ratio are 0.6 million acre-feet (MAF), 15 inches, and 0.2, respectively. By Early 21 st century (2010 - 2039), preliminary 
results illustrate runoff is projected to undergo increases and decreases averaging between 0.5 to 0.85 MAF; SWE is 
projected to undergo decreases and increases ranging between 10.6 to 19.0 inches, and the rain-to-snow ratio is projected to 
increase between 0.24 to 0.33. By mid-century (2040 - 2069), the same trends are expected to dominate, with runoff ranging 

between 0.34 to 0.9 MAF, SWE ranging between 7.0 to 19.7 inches, and the rain-to-snow ratio increasing between 0.25 to 
0.43. These trends are expected to govern until the end-of-century (2070 -2099) with runoff ranging between 0.35 to 1.1 MAF, 
SWE ranging between 5.0 to 16.0 inches, and rain-to-snow ratio increasing between 0.28 to 0.54. Exhibit 12E summarizes the 
projections for runoff, SWE, and rain-to-snow ratio for the 21 sl century. 
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Projected Runoff, Snow-Water Equivalent, and Rain-to-Snow Ratio for Eastern Sierra Nevada Watershed 

Runoff April 1 SWE Rain/Snow 

(MAF) (Inches) Ratio 

Baseline (Second Halt ot 20th Century) 0.6 15.0 0.2 

Early 21 st-century (2010-2039) 0.5 - 0.85 10.6-19.0 0.24 - 0.33 

Mid-century (2040-2069) 0.34 - 0.9 7.0-19.7 0.25 - 0.43 

End-ot-century (2070-2099) 0.35 - 1.1 5.0 - 16.0 0.28 - 0.54 

Exhibit 12F displays the rain-to-snow ratio based on the projected precipitation and temperature for the 16 GeMs. The rain-to
snow ratio is projected to increase throughout the 21 st century, ranging between 0.24 to 0.33 by early 21 st century, between 
0.25 to 0.43 by mid-century, and between 0.28 to 0.54 by the end-of-century. 

Exhibit 12F 
Projected Rain to Precipitation Ratio Based on Projected Precipitation and Temperature 
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The increase of rain-to-snow ratio indicates the shift from snowfall to rainfall, specifically at low to moderate elevations, where 

the temperature tends to be warmer. This shift indicates more precipitation as liquid, and in turn, leads to loss of the 
snowpack. The snowpack is critical in providing seasonal storage for water that releases winter precipitation in spring and 
summer to provide the soil moisture and stream flow needed to sustain both ecosystems and human populations. The climate 
change study work is still ongoing with remaining analyses to be performed on potential climate change impacts to existing 
infrastructures, water quality, and recommended adaptation measures. 
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Although the results above are quantitative in nature, it is important to account for the uncertainties inherent in these 
predictions. The results of this study will help guide the water managers in planning and developing water supply and 
infrastructure to ensure the reliability and sustainability of adequate water supply and delivery. 

12.1.3 State Water Project Impacts 

To date, most studies on climate change impacts to California's water supply have been conducted for the Northern California 
region. In August 2010, DWR released the 2009 State Water Project Delivery Reliability Report, which specifically analyzes 
changes in volume of water available under various climate change scenarios. DWR projected that SWP deliveries could be 
reduced by as much as 15 percent in some cases as illustrated in Exhibit 12G. 

Exhibit 12G 
Projected Rain to Precipitation Ratio Based on Projected Precipitation and Temperature 

- 2050 Future without Climate Change - 2050 Future with Climate Change 
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To incorporate climate change into its reliability reports, DWR reviewed 6 GCMs for year 2050 projections using lower 
emission and higher emission scenarios contained in Using Future Climate Projections to Support Water Resources Decision 
Making in California prepared in April 2009 by DWR. DWR selected the model most representing median effects on the SWP, 
the MPI-ECHAM5 model run with a higher greenhouse gas scenario. 

Climate change has the potential to disrupt SWP source supplies, impact conveyance, and alter storage levels in reservoir 
carryover storage. Annual Bay-Delta exports to areas south of the Delta are expected to decline 7 percent for the lower 
greenhouse gas emissions scenario and 10 percent for the higher emissions scenario. However, it should be noted that for the 
six GCMs under the lower and higher emission scenarios the range varies from a 2 percent increase to a 19 percent decrease 
illustrating the variability in the various GCMs. 
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By 2050, median reservoir carryover storage is projected to decline by 15 percent for the lower emissions scenario and 19 
percent for the higher emissions scenario thereby reducing operational options if water shortages were to occur. Furthermore, 
by 2050 it is projected a water shortage worse than the 1977 drought could potentially occur in 1 out of every 6 to 8 years 
requiring acquisition of other supplies, reductions in water demands, or a combination. An additional 575 to 850 TAF would be 
needed to maintain minimum SWP operation requirements and meet regulatory requirements. The main supply reservoirs on 
the SWP must maintain minimum water levels to allow water to pass through their lower release outlets in the dams. However, 
the April 2009 report does not consider the SWP vulnerable to a system interruption such as this under current conditions. 

The primary effects of climate change on the SWP identified in the 2009 Reliability Report include, among others: 

• More precipitation will fall as rain than snow 

• Reductions in Sierra snowpack 

• Sea level rise threatening the Bay-Delta levee system 

• Increased salinity in the Bay-Delta due to sea level rise requiring releases of freshwater from upstream reservoirs to 
maintain water quality standards 

• Shifted timing of snowmelt runoff into streams - spring runoff comes earlier resulting in increased winter flows and 
decreased spring flows 

• Increased flood events 

The most severe climate impacts in California are expected to occur in the Sierra watershed, where the SWP supply 
originates. Therefore, imported SWP water is extremely vulnerable to climate change. 

12.1.4 Colorado River Aqueduct Impacts 

Although many research efforts are underway, there have not yet been any reports quantifying potential changes in supply to 
California from the Colorado River via the CRA. At this time, the assumption is that there would be similar patterns as the 
SWP impacts. 

12.2 Water and Energy Nexus 
It is widely believed in the scientific community that the increase in concentrations of greenhouse gases (GHG) in the 
atmosphere is a major contributing factor to climate change. As such, California is leading the way with laws that require 
reductions in greenhouse gas emissions and requirements to incorporate climate change impacts into long range water 
resource planning. 

Carbon dioxide emissions into the atmosphere and the emissions of other GHGs are often associated with the burning of 
fossil fuels like crude oil and coal in the generation of energy. As a significant amount of energy is required for the movement 
of water over long distances and elevations, a link was subsequently realized between water supply conveyance and 
corresponding GHG emissions through its energy consumption. An assessment of the GHG emissions, sometimes also 
known as carbon footprint expressed in units of tons C02, could be estimated for water. Once the size of a carbon 
footprint is known, a strategy can be developed to better manage and reduce its impact on climate change. 
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LADWP has taken the initiative to study the nexus between water and energy consumption and to evaluate the associated 
carbon footprint of its water system. The most energy intensive source of water for LADWP is water purchased from MWD, 
which imports SWP supplies via the California Aqueduct and Colorado River supplies via the CRA. LADWP also imports water 
via the LAA, which is a net producer of energy. Local sources of water for LADWP include groundwater and recycled water. 
Exhibit 12H outlines the sources of LADWP's water supply as well as the energy profiles of each facility that provides water to 
LADWP. For those sources of water operated by LADWP, the energy intensity has been computed by dividing the total energy 
consumed/generated by the total water produced or processed by that source. 

12.2.1 State Water Project Supplies 

Water Supplied to Los Angeles via the SWP originates from Northern California and the Bay-Delta and is conveyed along the 
444-mile long California Aqueduct to southern California. Six pump stations are required to lift the water to the point at which 
the California Aqueduct splits into two branches. At the zenith of the California Aqueduct in the Tehachapi Mountains, 
approximately 3,846 kilowatt hours per acre foot (kWh/AF) is required to lift the water from the start of the aqueduct. After the 
water passes through Edmonston Pumping Plant, the California Aqueduct separates into two branches, the West Branch and 
the East Branch. Along the West Branch, the water is lifted once more at the Oso Pumping Plant and then energy is recovered 
through hydro-electric generation at the Warne and Castaic Power Plants. By the time the West Branch reaches its terminus 
at Lake Castaic, the net energy consumed in transporting the water from the Bay-Delta is approximately 2,580 kWh/AF. Water 
supplied through the West Branch is provided to the San Fernando Valley, Western Los Angeles, and Central Los Angeles 
communities. 

Along the East Branch, the water generates power at the Alamo Power Plant, is lifted once more at Pearblossom Pumping 
Plant, and then used for generation at Mojave Siphon and Devil Canyon Power Plants. At the East Branch terminus at Lake 
Perris, approximately 3,236 kWh/AF of energy has been expended in the transport. Water conveyed through the East Branch 
is provided to the Eastern Los Angeles and Harbor communities. The water supplied from the SWP is the most energy 
intensive source of water available to LADWP. 
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Exhibit 12H 
Energy Intensity of LADWP's Water Sources 

Los Angeles Aqueduct2 

Colorado River Aaueduce 

l. Source: Methodology for Analysis of the Energy Intensity of California 's Water Systems. p. 27. 
2. Generation on the Los Angeles Aqueduct is not considered in LADWP's total energy intensity. 

Intake 
Pwnping 
Plant 
360 kWhlAF 

3. Energy intensities for the Colorado River Aqueduct pumping stations were derived by multiplying the total energy intensity 
for the aqueduct by the proportion of load for each individual pumping station in relation to the total load for all five pump 
stations. 

4. Positive numbers indicate power consumption due to pumping and negative numbers indicate power generation. 
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12.2.2 Colorado River Aqueduct Supplies 

Water supplied from the Colorado River is imported via the 242 mile CRA operated by MWD. From the start of the aqueduct at 
Lake Havasu to its terminus at Lake Mathews, the water is lifted approximately 1,617 feet. Five pumping stations along the 
aqueduct lift the water to MWD's service area requiring approximately 2,000 kWh/AF. CRA water is the second most energy 
intensive water source for Los Angeles and is supplied to the eastern Los Angeles and Harbor communities. Together SWP 
water and CRA water comprise the total imported provided by MWD to LADWP. MWD imported water is the most expensive 

water source for LADWP in terms of both cost and energy. 

12.2.3 Los Angeles Aqueduct Supplies 

The LAA provides water from the Eastern Sierra watershed and is entirely gravity fed. As a result, no energy is required to 
import LAA water, making it the most desirable source of water in terms of energy intensity. There are twelve power 
generation facilities along the aqueduct system. On average, the LAA generates approximately 6,848 kWh/AF from water 
directly used to generate power. This number was determined using the same methodology as was used to determine the 
energy intensity for the two branches of the SWP. The individual energy intensities for each individual generating facility were 
summed up to arrive at the total energy intensity for the water used to generate power. However, when considered from the 
perspective of total amount of water delivered to Los Angeles via the LAA, the energy generated along the aqueduct is 

approximately 2,456 kWh/AF. The variance between the numbers can be attributed to the fact that not all water wheeled 
through the aqueduct is used to generate power and the fact that a portion of the water is introduced into the aqueduct system 
at a point downstream of several of the power plants. For the purposes of determining LADWP's total energy intensity, the 
energy intensity of the LAA is considered to be zero since the power generated does not directly offset the energy required for 
other sources of water. However, in terms of supply the LAA is able to offset the more energy intensive sources of water, 
consequently reducing the overall energy intensity of LADWP's water supplies. As LAA flows to Los Angeles are decreased 
due to environmental enhancement efforts in the Owens Valley and Mono Basin, LADWP is forced to increasingly rely on 
energy intensive water purchased from MWD. LAA water currently supplies approximately 37 percent of the demand for Los 
Angeles. 

12.2.4 Local Groundwater Supplies 

Groundwater currently accounts for approximately 11 percent of LADWP's water supply and has an average energy intensity 
of approximately 530 kWh/AF. As LADWP continues with its cleanup of the contaminated water in the San Fernando Basin, 
groundwater will play an increasingly important role in Los Angeles' water supply. Although there is potential for a future 
increase in the energy required to produce groundwater due to the introduction of new treatment technologies, groundwater is 
expected to remain a low energy source of water when compared to imported supplies purchased from MWD. Increasing 
groundwater production will allow LADWP to offset the energy intensive MWD sources and reduce its overall energy intensity .. 

12.2.5 Recycled Water Supplies 

Recycled water is currently the smallest component of LADWP's water supply portfolio, with municipal and industrial uses 
accounting for less than 1-percent of total supplies. Currently, LADWP directly receives recycled water from three wastewater 
treatment plants operated by Bureau of Sanitation (BOS), two of which provide recycled water treated to a tertiary level: LAG 
and DCT. The TITP performs advanced treatment of recycled water in addition to tertiary treatment. LADWP also directly 
receives a small portion of recycled water from the West Basin Municipal Water District (WBMWD), which provides additional 
treatment of wastewater from the Hyperion Treatment Plant (HTP) in EI Segundo. Since all water at the plants directly 
supplying recycled water to LADWP is treated to at least a tertiary level regardless of disposal or reuse, the energy cost to 
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treat the water to this level is considered a sunk cost because the water would be treated whether it offsets potable use or not. 
The advanced treatment process at the Terminal Island Treatment Plant (TITP) is beyond the requirements for discharge and 
is therefore not considered a sunk cost. The incremental energy required to treat water from tertiary levels to advanced 
treatment levels at TITP requires approximately 2,200 kWh/AF. Since the treatment energy at the other two plants is not 
considered additional energy, only the pumping energy is included in the overall LADWP recycled water energy intensity. For 
the Los Angeles Glendale (LAG) Treatment Plant, the pumping requires approximately 690 kWh/AF, and for the Donald C. 
Tillman (DCT) Treatment Plant, the pumping requires approximately 450 kWh/AF. A weighted average of these values gives 
recycled water an energy intensity of approximately 1,139 kWhl AF. I n the future this number will likely change as the recycled 
water infrastructure is expanded. In addition to the municipal and industrial recycled water that is considered in LADWP's total 
supplies, the plants produce significant additional volumes of recycled water that is beneficially used. Beneficial uses include 
the seawater barrier for the Dominquez Gap using recycled water from TITP and the Japanese Garden and Los Angeles River 
from DCT. 

12.2.6 Treatment Energy 

Another factor in determining the energy intensity of LADWP's water is the energy required to treat water. All LAA water and 
nearly all West Branch SWP water purchased by LADWP are treated at the Los Angeles Aqueduct Filtration Plant (LAAFP). 
For the LAAFP, the average treatment energy intensity is approximately 34 kWh/AF. The East Branch SWP water and the 
CRA water are primarily treated at the Weymouth Treatment Plant in the San Gabriel Valley and the Diemer Treatment Plant 
in Orange County. Both of these treatment plants are operated by MWD. The average energy intensity for Weymouth 
Treatment Plant is approximately 42 kWh/AF and supplies water to the East Los Angeles Community. The average energy 
intensity for the Diemer Treatment Plant is 13 kWh/AF and supplies water to the Harbor Community. The mix of SWP East 
Branch water and CRA water that flows through these two treatment plants varies depending on the regional hydrology of the 
two sources, but on average approximately 55 percent SWP East Branch water and 45 percent CRA water flows through each 
of these MWD treatment plants. 

The proportion that each of the above mentioned sources contributes to the LADWP's total supplies is displayed below in 
Exhibit 121. Of note is the relationship that the volume of LAA flow has to the amount of SWP water imported into the system. 
In this case, the energy free LAA water is replaced by the energy intensive SWP water resulting in an increase in the overall 
energy intensity. 
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Exhibit 121 
Proportion of Volume Delivered and Total Energy Intensity (Inclusive of Treatment) 
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12.2.7 Distribution Energy 

LADWP benefits from the topography of its service area in that much of the hydraulic head required for water distribution is 
provided by gravity. With the major sources of LADWP's water entering the service area at higher elevation than the rest of 
the City, the energy required for distribution is lower than much of the region. The average energy intensity for LADWP water 
distribution is approximately 196 kWh/AF. 

Exhibit 12J shows the sum of the energy intensities for LADWP from each of the individual sources between 2003 and 2009. 
Exhibit 12K shows a graphical representation of the total energy intensity for LADWP for the same time period. An important 
detail is the influence that LAA water has on the total energy intensity for a given year. For those years with large volumes of 
LAA water, such as 2005 and 2006, the total energy intensity was correspondingly low. Alternatively, those years with low 
volumes of LAA water have high total energy intensity as a result of the energy requirements for imported MWD supplies 
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. Exhibit 12J 
LADWP Energy Intensity 2003-2009 

2003 2004 2005 2006 2007 2008 2009 

Volume (AF) 251,942 202,547 368,839 378,922 129,400 147,365 137,084 

Treatment 
Los Angeles Energy Intensity 34 34 34 34 34 34 34 

Aqueduct (kWh/AF)1 
(0 kWh/AF) Weighted Energy 

Intensity 13 10 20 20 7 8 8 
(kWh/AF) 

Volume (AF) 244,218 296,722 95,538 93,694 350,302 304,221 270,653 

State Water Treatment 

Project West Energy Intensity 34 34 34 34 34 34 34 

Branch (kWh/AF)1 

(2580 kWh/AF) Weighted Energy 
Intensity 961 1,161 408 386 1,384 1,237 1,258 
(kWh/AF) 

Volume (AF) 48,980 56,301 49,526 68,796 56,357 31,016 45,246 

State Water Treatment 

Project East Energy Intensity 27 27 27 27 27 27 27 

Branch3 (kWh/AF)2 

(3236 kWh/AF) Weighted Energy 
Intensity 241 275 264 354 278 157 262 
(kWh/AF) 

Volume (AF) 26,374 39,124 40,522 25,445 33,098 93,047 37,012 

Treatment 
Colorado River Energy Intensity 27 27 27 27 27 27 27 

Aqueduce (kWh/AF)2 
(2000 kWh/AF) Weighted Energy 

Intensity 80 119 134 81 101 293 133 
(kWh/AF) ~ 

Local 
Volume (AF) 90,835 71,831 56,547 63,270 89,018 60,149 64,996 

Groundwater Weighted Energy 

(530 kWh/AF) Intensity 72 57 49 53 71 50 61 
(kWh/AF) 

Recycled 
Water4 

Volume (AF) 1,759 1,774 1,401 4,890 3,639 7,081 7,489 

(1,139 Weighted Energy 
3 3 3 9 6 13 15 

kWh/AF) Intensity 

Volume (AF) 664,108 668,300 612,373 635,017 661,814 642,879 562,480 
Distribution Weighted Energy 

(196 kWh/AF) Intensity 196 196 196 196 196 196 196 
(kWh/AF) 

Total Volume Delivered (AF) 664,108 668,300 612,373 635,017 661,814 642,879 562,480 

Total Energy Intensity (kWh/AF) 1,567 1,820 1,074 1,098 
1. Los Angeles Aqueduct and State Water Project West Branch supplies are treated at the 
Los Angeles Aqueduct Filtration Plant 

2,043 1,954 1,934 

2. Colorado River Aqueduct and State Water Project East Branch supplies are treated at Weymouth and Diemer Filtration Plants 
operated by Metropolitan Water District of Southern California. The listed energy intensity is based on an average of the energy 
intensity for the two plants. 
3. Amount of SWP water and CRA water delivered is based on the reported average ratio of the two sources in Weymouth 
Treatment Plant and Diemer Treatment Plant effluent from MWD annual Water Quality Report 

4. Recycled water volume is based on use for municipal and industrial uses, not all beneficial uses. Energy intensity is a 
weighted average of energy used for pumping to customers and the incremental energy to treat from tertiary to advanced 
treatment. 
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Exhibit 12K 
LADWP Annual Energy Intensity 
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12.2.8 Carbon Footprint 

All of LADWP's water supply sources have an associated carbon footprint related to the energy required to pump the water, 
Exhibit 12L provides the annual carbon footprint by water source, Exhibit 12M shows a graphical representation of the total 
annual carbon footprint for the same time period, For imported sources, the 2007 CAMX California average carbon emission 

of 0}2412 Ibs C02/kWh was used to estimate the amount of carbon emissions produced per acre-foot of water imported, For 
local sources the C02 metric reported to the California Climate Action Registry in 2007 was used to estimate the carbon 
emissions released in the production of this water, LAA is a net producer of energy and produces only green hydropower, 
There are no carbon emissions associated with water imported through the LAA, 
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Exhibit 12L 
Annual Footprint by Carbon Source 

2003 2004 2005 2006 2007 2008 2009 

Volume Delivered (AF) 251,942 202,547 368,839 378,922 129,400 147,365 137,084 

Los Angeles 
Energy Intensity 
(kWh/AF) 

0 0 0 0 0 0 0 

Aqueduct Weighted Energy 
(0 kWh/AF) Intensity (kWh/AF) 

13 10 20 20 7 8 8 

Carbon Footprint (tons 
CO2)2 

5,259 4,228 7,699 7,909 2,701 3,076 2,861 

State Water 
Volume Delivered (AF) 244,218 296,722 95,538 93,694 350,302 304,221 270,653 

Project West Weighted Energy 
961 1,161 408 386 1,384 1,237 1,258 

Branch Intensity (kWh/AF) 

(2,580 kWh/AF) Carbon Footprint (tons 
CO2)3 

231,134 280,825 90,420 88,674 331,535 287,922 256,153 

State Water 
Volume Delivered (AF) 48,980 56,301 49,526 68,796 56,357 31,016 45,246 

Project East Weighted Energy 
241 275 264 354 278 157 262 

Branch Intensity (kWh/AF) 

(3,236 kWh/AF) Carbon Footprint (tons 
CO2)3 

57,865 66,514 58,510 81,276 66,580 36,642 53,454 

Volume Delivered (AF) 26,374 39,124 40,522 25,445 33,098 93,047 37,012 

Weighted Energy 
80 119 134 81 101 293 133 Colorado River Intensity (kWh/AF) 

Aquedud Carbon Intensity (Ibs 
0.72412 0.72412 0.72412 0.72412 0.72412 0.72412 0.72412 (2,000 kWh/AF) C02/kWh) 

Carbon Footprint (tons 
CO2)3 

19,356 28,713 29,739 18,674 24,290 68,287 27,163 

Volume Delivered (AF) 90,835 71,831 56,547 63,270 89,018 60,149 64,996 
Local Weighted Energy 

Groundwater Intensity (kWh/AF) 
72 57 49 53 71 50 61 

(530 kWh/AF) Carbon Footprint (tons 
29,556 23,372 18,399 20,587 28,964 19,571 21,148 CO2)2 

Volume Delivered (AF) 1,759 1,774 1,401 4,890 3,639 7,081 7,489 

Recycled Water Weighted Energy 
3 3 3 9 6 13 15 

(1,139 kWh/AF) Intensity (kWh/AF) 
Carbon Footprint (tons 

1,230 1,240 980 3,419 2,545 4,951 5,237 
~ 

CO2)2 

~ ." 

Volume Delivered (AF) 664,108 668,299 612,373 635,017 661,814 642,879 562,480 

Distribution Weighted Energy 
196 196 196 196 196 196 196 

(196 kWh/AF) Intensity (kWh/AF) 
Carbon Footprint (tons 
CO2)3 

79,911 80,415 73,686 76,411 79,635 77,357 67,682 

Total Volume Delivered (AF) 664,108 668,299 612,373 635,017 661,814 642,879 562,480 

Total Energy Intensity (kWh/AF) 1,567 1,820 1,074 1,098 2,043 1,954 1,934 

Total Carbon Footprint (tons CO2) 424,310 485,308 279,432 296,950 536,250 497,807 433,698 

1. Amount of SWP water and CRA water delivered is based on average of the proportion of the two sources delivered to MWD 
Weymouth Treatment Plant and Diemer Treatment Plant for the calendar year 

2. Based on 2007 CO2 metric of 1 .22789 Ibs C02/kWh reported to the California Climate Action Registry 

3. Based on eGRID 2007 CAMX (California Average) of 0.72412Ibs COjkWh 
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Exhibit 12M 
Total Annual Carbon Footprint for Water Supply Portfolio 
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As Los Angeles increases its reliance on energy intensive imported supplies from MWD, its overall energy intensity will 
increase, Reductions in LAA flows due to environmental mitigation have the consequence of increasing Los Angeles' reliance 

on supplies imported through the SWP via the California Aqueduct, and Colorado River through the CRA 

12.3 Climate Change Adaption and Mitigation 
Climate change strategies fall under two main categories: adaptation and mitigation, For water resources planning, a climate 

change adaptation strategy involves taking steps to effectively manage the impacts of climate change by making water 
demands more efficient and relying on supply sources that are less vulnerable to climate change, A mitigation strategy 

involves proactive measures that reduce greenhouse gas emissions, such as placing a stronger emphasis on using water 
resources requiring less greenhouse gas emissions, Both LADWP and its wholesale supplier for imported water, MWD, are 
implementing adaption and mitigation strategies as they become aware of potential climate change impacts, 

It is imperative that supply options are carefully vetted and evaluated against both adaptation and mitigation goals, as they 
may conflict and work against each other, For example, desalination is a typical supply option that performs quite well in 
adapting to climate change impacts; however, due to the energy necessary to draw from and manage the supply source, it 
could result in higher greenhouse gas emissions if conventional energy sources are utilized, 

12.3.1 LADWP Adaption and Mitigation 

In the 2008 City of Los Angeles Water Supply Action Plan, LADWP and the City have outlined strategies to dramatically 
increase conservation and water recycling, Increasing conservation and water recycling encompasses both adaption and 
mitigation goals to address climate change, The Plan calls for reducing potable demands by an additional 50,000 AFY through 
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conservation by fiscal year 2030 and 50,000 AFY through recycled water use. Additional adaption strategies under 
investigation by LADWP and the City includes beneficial reuse of stormwater as discussed in Chapters Seven and Nine, 
Watershed Management and Other Potential Water Supplies, respectively. 

Conservation has a double savings in terms of energy intensity because not only does it save energy in importing or producing 
the water, but it also saves energy through reduction of end use, such as heating water for a shower or for a dishwasher and 

wastewater treatment. The anticipated conservation savings will not only help to provide Los Angeles a secure and 
dependable water supply, but it will also reduce the energy footprint of the water supply, and consequently the carbon 
footprint. A further discussion regarding conservation is provided in Chapter Three, Conservation. 

Recycled water use reduces reliance on potable water imported through MWD and provides a year round drought resistant 
water supply source. While the energy consumption requirements to produce recycled water are greater than local and LAA 
supply sources, recycled water assists LADWP in bolstering its supply portfolio to address potential supply changes related to 
climate change. A further discussion regarding recycled water is provided in Chapter 4, Recycled Water. 

The climate change study work for the LAA is still ongoing with remaining analyses to be performed on potential climate 
change impacts to existing infrastructures, water quality, and recommended adaptation measures. Hydraulic models will be 
performed to determine impacts to the LAA conveyance capacity. Adaptation measures may include upgrades to treatment 
processes in order to address degradation in water runoff quality, and/or changes in operational procedures to address shifts 
in runoff timing and quantity. 

There is still general uncertainty within the scientific community regarding the potential impacts of climate change for the City 
of Los Angeles. LADWP will continue to stay abreast of developments in climate change to better understand its potential 
implications to the City's water supplies to assist in further developing adaption and mitigation strategies. 

12.3.2 MWD Adaption and Mitigation 

MWD is taking an active approach to adapt and mitigate against climate changes in its operations. Adaption and mitigation 
measures include: 

• Investments in local resources to diversify MWD's water supply portfolio 

• Tracking climate change legislation - MWD provides input and direction on legislation 

• Collaborating on climate change with state, federal, and non-governmental agencies 

• Monitoring state and local climate change actions 

• Investigating the water supply and energy nexus 

• Coordinating with large water retailers 

• Integrating climate change into integrated resource planning as discussed in Chapter 10, Integrated Resource 
Planning 
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• Sharing climate change knowledge and providing support - founding member of Water Utility Climate Alliance, 

• Adopting energy management policies to support cost-effective and environmentally responsible programs, projects, 
and initiative 

MWD has also taken structural adaption measures including construction of the Inland Feeder. The Inland Feeder completed 
in 2009 connects SWP supplies with MWD's CRA supplies and allows delivery of SWP supplies to MWD's major reservoir, 
Diamond Valley Lake. In relation to climate change, the project will increase conveyance capacity allowing more rain to be 
conveyed as projected snowpack levels decrease and allow MWD to capture rain associated with projected short duration 
high intensity storms. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
12-20 

AR0071041 



APPENDICES 

AR0071 042 



AR0071043 



IlmII 
Los Angeles ID~I Department of Water & Power 

A Quality Partnership 
2010 Drinking Water Qualitv Report 
A Quality Partnership .......................................................... 2 
Water Treatment Processes ................................................ 3 
Improving Water Quality at Home ....................................... 3 
Water Quality News & Updates ........................................... 4 
City Water Sources ............................................................. 6 
2010 Drinking Water Quality Monitoring Results ................ 8 
About This Report.. ............................................................ 15 

AR0071 044 



A Qualitl Partnership 

In 2010, LADWP collected over 
25,000 water samples across the 
city, and performed more than 

240,000 water quality tests-not just 
for compliance, but also for research 
and operational improvements. 
We tested for over 200 different 
contaminants throughout the year 
including both, regulated contaminants 
such as arsenic, chromium, lead, 
and disinfection by-products, as well 
as unregulated contaminants such 
as sodium and boron. Every day, 
hundreds of LADWP employees work 
diligently to ensure that you receive the 
high-quality, low cost drinking water 
you've come to expect. This is our 
commitment to you. 

Afterwater completes multiple 
treatment processes, it is distributed 
throughout the City via trunk lines, 

distribution lines and ultimately service 
lines that feed the water to your meter. 
In 2010, LADWP delivered more than 
200 billion gallons of water to 4.1 
million residents that met or surpassed 
all health-based drinking water 
standards. However, in spite of all our 
efforts, some of our customers do 
not get to enjoy this high quality water 
within their home because degraded 
in-house plumbing negatively affects 
the ultimate quality of the tap water. 

LADWPwould like to invite you to 
partner with us by learning more 
about what we do to provide high 
quality drinking water and what you 
can do to get the best possible glass of 
water from your tap (See pages 3-41. 
Because, at the end of the day, we all 
want the same thing-the best' 

Beginning of L.A. Aqueducts 
The Journey Begins: Lee Vining Intake 

The beginning of the Los Angeles Aqueducts. Water is collected from creeks 
in the Mono Basin and the Owens River in the Owens Valley and then carried 

to the City of Los Angeles by the Los Angeles Aqueducts, which operate 
completely by gravity, making clean hydroelectric energy along the way 
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Manager - Water 

_ .... --.., Dr. Pankaj Parekh 
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Water Treatment Processes 
Surface Water Treatment 
LADWP water comes from four very 
different water sources-three are 
from surface water sources like 
lakes and rivers, and the other is 
groundwater from local wells and 
springs. The taste and appearance of 
surface water can vary seasonally and 
groundwater generally contains more 
minerals. All these factors make for 
different tasting water. Despite these 
variations, LADWP water meets all 
drinking water standards for health 
and aesthetics. 

All water coming from the Los Angeles 
Aqueducts, the California Aqueduct 
(a.k.a. State Water Project!. and the 
Colorado River Aqueduct is filtered 
and treated to ensure a safe drinking 
water supply. At the Los Angeles 
Aqueduct Filtration Plant, water is 
treated as follows: 

Water flows into the filtration plant by 
gravity and travels through screens 
to remove environmental debris such 
as twigs and dead leaves. Ozone, a 
super-charged oxygen molecule and a 
powerful disinfecting agent is injected 

into the water to destroy bacteria and 
other impurities that affect taste, 
odor and color. Treatment chemicals 
are quickly dispersed into the water 
to make fine particles called floc. 
A six-foot-deep filter (crushed coal 
over gravel! removes the floc and 
previously added chemicals. Chlorine 
added during the final step ensures 
lasting disinfection and protects 
the water as it travels through the 
City's distribution system to your tap. 
Fluoride is optimized to promote oral 
health by strengthening tooth enamel. 

Groundwater Treatment 
The City's vast groundwater supply 
in the San Fernando and Central 
Basins are generally clean. LADWP 
pumps from the clean parts of the 
basins and disinfects this groundwater 
with chlorine as a safeguard against 
microorganisms. In December, 2009, 
the federal Ground Water Rule went 
into effect. This regulation now 
requires all water agencies across 
the country to disinfect groundwater 
sources, a standard practice that 
LADWP has had for decades. 
Because of man-made contaminants 

o Filtration 

found in San Fernando Valley 
groundwater wells, LADWP 
continuously monitors and ensures 
that all well water meets water 
quality standards and results are far 
below the maximum contaminant 
levels permitted by federal or state 
regulations. LADWP is formulating a 
comprehensive long term groundwater 
treatment plan for the San Fernando 
Basin that will allow us to extract more 
water and treat it so we can safely 
increase our local supply of water. 

Improving Water Quality 
At Home 
It is common for the integrity of 
pipes on the customer-side of the 
meter to degrade to the point that 
water quality and taste may be 
negatively affected. Faucet fixtures, 
water heaters, water softeners and 
water filters can negatively affect 
the taste of your water. LADWP has 
information and tools that can help 
you maintain the quality of the water 
delivered to your home or business. 
LADWP adds chlorine to keep water 
safe during its long journey to your 
tap. But, once the water reaches your 

e The Journey Ends 0Local PumpStation 4D Water Storage 4li) River Supply Conduit 
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options that can be implemented to 
improve the smell and taste of your 
water. To remove any objectionable 
chlorine odors, simply chill the water 
in the refrigerator. This alone can 
significantly improve the taste. You 
can also use a filter specific for the 
removal of chlorine or chloramine. 
Once filtered, be sure to keep the 
water in the refrigerator to prevent 
any new growth of bacteria. 

If you intend to buy a water filter to 
improve the taste, odor, or appearance 
of your tap water, be sure to purchase 
one that is certified by the National 
Sanitation Foundation (NSF!. an 
independent testing organization 
whose certification is the industry's 
seal of approval. 

If you need a more comprehensive 
home water treatment device due to a 
health condition, such as a weakened 
immune system or chemical allergy, 
be sure the treatment device is 
certified by the California Department 
of Public Health (CDPHI. 

Purchasing and installing a faucet
mounted or under-the-sink filter 
is another way to improve the 
taste of your water. As with any 
filter, be sure to change the filter 
cartridges regularly according to the 
manufacturer's recommendation. 
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e Making Hydropower 
San Franclsqulto Power PLant 1 
Water generates electricity as it passes 
through the hydroelectric plant 

Seen along Interstate 5, this is the 
terminus (end) of the Aqueducts. Water 
flows over the "steps" to release some 
of the water's energy 

To learn more about water quality in your home visit www.ladwp.com. or call 
(2131367-3182 Monday through Friday 8 a.m. - 4 p.m. 

Water Qualitl News & Updates 
Safeguarding Our Surface Water 
The Surface Water Treatment Rule (SWTR!. administered by CDPH, is a drinking 
water regulation that safeguards reservoir supplies from microbiological 
contamination that may occur when rain runoff from nearby hillsides and slopes 
enters the water. In Los Angeles, SWTR applied to four open water reservoirs
Lower Stone Canyon, Encino, and Upper and Lower Hollywood. 

LADWP successfully met the compliance deadlines and treatment requirements 
for all four open reservoirs that were subject to SWTR. Upper and Lower 
Hollywood Reservoirs were successfully removed in July 2001 and replaced 
with two 30 million gallon buried tanks. New support facilities were successfully 
commissioned to serve filtered water from Encino Reservoir in January 2006 
and Lower Stone Canyon Reservoir in September 2008. 

The latest drinking water regulation related to the treatment of surface water is 
the Long Term 2 Enhanced Surface Water Treatment Rule (LT2!. This rule requires 

G Screening 
Los AngeLes Aqueduct Filtration PLant (LAAFP) InLet Structure 
Water flows through the inlet of the LAAFP, where large pieces of 
debris or algae are removed by screens 

that LADWP cover or remove from 
service the remaining six uncovered 
distribution reservoirs, or provide 
additional treatment to achieve 
prescribed inactivation or removal of 
viruses, Cryptosporidium, and Giardia 
by April 1, 2009 or be in compliance 
with a state-approved schedule to 
meet the same requirements. The six 
reservoirs are Los Angeles, Upper 
Stone Canyon, Santa Ynez, Ivanhoe, 
Silver Lake, and Elysian Reservoirs. 
Santa Ynez Reservoirwas removed 
from service in November 201 O. It will 
be put back in service after a floating 
cover is installed in 2011. 

On April 1, 2008, LADWP notified 
CDPH that it is fully committed to 
complying with the new regulations 
and requested an extension of the 
April 1, 2009 deadline. LADWP 
submitted an interim operations 
plan, a schedule for the required 
reservoir improvements, and executed 
a Compliance Agreement with CDPH 
on March 31, 2009. LADWP is working 
diligently to bring all reservoirs into 
compliance as quickly as possible and 
will provide the public with project 
updates in the annual water quality 

report. The estimated cost 
to modify the six reservoirs is 
$1.65 billion. 

In preparation for compliance with 
LT2, LADWP has been routinely 
monitoring its water sources for 
microbial pathogens since 2005. 
Cryptosporidium and Giardia are 
occasionally detected in very low 
numbers in some of our reservoirs and 
in the L.A. Aqueduct and we are fully 
committed to achieving compliance 
with the LT2. To further inform our 
customers on this topic, below is 
a generic statement from CDPH 
regarding Cryptosporidium. 

"Cryptosporidium is a microbial 
pathogen found in surface water 
throughout the U.S. Although filtration 
removes Cryptosporidium, the most 
commonly used filtration methods 
cannot guarantee 100 percent 
removal. Our monitoring indicates 
the presence of these organisms in 
our source water and finished water. 
Current test methods do not allow 
us to determine if the organisms are 
dead or if they are capable of causing 
disease. ingestion of Cryptosporidium 

Water is exposed to ozone gas, a 
disinfectant that prepares the water for 
filtration 

o Filtration 
= Anthracite CoaL Filters, LAAFP 

Water passes through 60 inches of 
anthracite coal filters, which remove 
particles smaller than can be seen 
through a microscope 
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Sources of Water for Citl Areas 
San Fernando Valley Communities 
Sources: Los Angeles Aqueduct, loca l 
groundwater, and MWD State Water Project 

Arleta Northridge 
Canoga Park Olive View 

Chatsworth Pacoima 
Encino Panorama City 
Granada Hills Porter Ranch 
Hollywood Hills Reseda 

Lake View Sherman Oaks 

Terrace Studio City 
Mission Hills Sun Valley 
North Hills Sunland 

North Hollywood Sylmar 

Western Los Angeles Communities 
Sources: Los Angeles Aqueduct and MWD 
State Water Project 

MarVista 

Tarzana 
Toluca Lake 
Tujunga 

Valley Village 

Van Nuys 

Warner Center 
West Hills 

Winnetka 

Woodland Hills 

West Los Angeles Bel Air Estates 

Beverly Glen 
Brentwood 
Castellamare 
Century City 
Cheviot Hills 
Culver City' 

Pacific Palisades Westchester 
Palisades Highlands Westwood 
Palms 
Playa del Rey 

Sawtelle 
Venice 

Eastern Los Angeles Communities 
Sources: MWD State Water Project and 
Colorado River Aqueduct 

Atwater Village 
Boyle Heights 
Cypress Park 
Eagle Rock 
Echo Park 

El Sereno 
Glassell Park 
Highland Park 
Lincoln Heights 

Central Los Angeles Communities 
Sources: Los Angeles Aqueduct, MWD State 
Water Project, and local groundwater 

Baldwin Hills Hollywood 
Chinatown Hyde Park 

Country Club Koreatown 
Park L.A. City Strip' 

Crenshaw Little Tokyo 
Griffith Park Los Feliz 
Hancock Park Mid City 

Harbor Communities 
Sources: MWD State Water Project and 
Colorado River Aqueduct 

Montecito Heights 
Monterey Hills 
Mt. Washington 

Mt. Olympus 

Park La Brea 
Rancho Park 
Silverlake 
Watts 
West Hollywood' 
Westlake 

East San Pedro Harbor Gateway' Wilmington 
(Terminal Island) L.A. City Strip' 
Harbor City San Pedro 

• parts of 
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Los Angeles 
Aqueduct 47% 

Water 
(MWD) 39% 
[State Water Project 
and Colorado River 
Aqueductl 

State Water Project 
I 

Los Angeles 
Aqueduct System 

: .. / 
LAA Filtration Plant~ 

LOSAngeleS / / 

Colorado River/ 
Aqueduct 

may cause cryptosporidiosis, an 
abdominal infection. Symptoms of 
infection include nausea, diarrhea, 
and abdominal cramps. Most healthy 
individuals can overcome the disease 
within a few weeks. However. 
immunocompromised persons are 
at greater risk of developing life
threatening illness. We encourage 
immunocompromised individuals 
to consult their doctor regarding 
appropriate precautions to take to 
avoid infection. Cryptosporidium must 
be ingested to cause disease, and it 
may be spread through means other 
than drinking water." (source: COPHj 

Special Population 
Precautions 
There are certain health conditions 
for which customers may need 
specially treated water. Customers 
with weakened immune systems who 
may have undergone chemotherapy 
treatment, received organ transplants, 
suffer from HIV/AIDS, or other immune 
system disorders. Some elderly and 
infants can be particularly at risk 
from infection. Customers with these 
types of health challenges should 
seek advice about drinking water 
from their health care providers. 
Contact the EPA's Safe Drinking Water 
Hotline at (8001426-4791, orvisit 
www.epa.gov., for free guidelines on 
how to lessen the risk of infection by 
Cryptosporidium and other microbial 
contaminants. 

Chlorine and Chloramine 
LADWP is gradually switching from 
chlorine to chloramine to disinfect the 
water we serve. This will take several 
more years and, in the meantime, 
customers should expect to receive 
either type of disinfectant in their 
water at any time. 

Both chlorine and chloramine are 
effective killers of bacteria and other 
microorganisms, but chloramine 
forms less by-products and does not 
have a chlorinous odor. Customers 
in the Harbor area of the City 
have received water treated with 

chloramine for more than 25 years. 
Customers in Eastern Los Angeles 
and the Sunland-Tujunga area are 
also receiving water treated with 
chloramine. 

Since chlorine and chloramine are 
different chemicals, certain types 
of water users must adjust their 
additional treatment to handle either 
disinfectant. Operators of kidney 
dialysis machines should monitor 
their equipment more frequently 
for both "free" and "total" chlorine. 
The Southern California Renal 
Disease Council supports this 
recommendation. 

Customers who maintain fish ponds, 
tanks, or aquaria should also make 
necessary adjustments in water 
quality treatment, as both chlorine 
and chloramine are toxic to fish. For 
further information, please visit 
www.ladwp.com or call our Water 
Quality Customer Services group at 
(2131367-3182. 

continued on page 9 

Filtered Water to Pump 
Stations o Filter Weir 
Water from each of the 24 filters 
combine at the Filter Weir before leaving 
the Filtration Plant 

o Chlorination 
: ChLorination Station 

Chlorinator controls the amount of 
chlorine added to protect against 
bacteria and pathogens as water 
travels through the distribution system 
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2010 Drinking Water Qualitv Monitoring Results 
Tables I-IV list the results of water tests performed by LADWP and MWD from January to December 201 O. LADWP tests for over 
200 contaminants. These tables include only contaminants with values that are detected. 

How to Read the Tables 
The constituents/contaminants found in the water served in 
your area are listed as follows: 

• For Harbor/Eastern Los Angeles Area - water test 
results are under the MWD Jensen, Weymouth, and 
Diemer Filtration Plants columns • For San Fernando Valley Area - water test results are 

under the Los Angeles Aqueduct Filtration Plant, the 
Northern Combined Wells, and MWD Jensen Filtration 
Plant columns 

• For Western Los Angeles Area - water test results are 
under the Los Angeles Aqueduct Filtration Plant column 

Some constituents/contaminants are reported on a citywide 
basis as required by the California Department of Public 
Health. 

• For Central Los Angeles Area - water test results are 
under the Los Angeles Aqueduct Filtration Plant and the 
Southern Combined Wells columns 

The unregulated contaminants reported on an area-wide 
basis are included for additional information on the water 
served in your area. 

Calendar Year 2010 Water Quality Monitoring Results Table I Health-Based Primary Drinking Water Standards (MCLs) Constituents/Contaminants Detected in Treated Water 

Aluminum ~g/L <50 <50 <50 <50 <50 <50 170 (a) <50·200 

Arsenic ~g/L 4(a) <2-6 <2-4 <2-3 2(a) <2-3 

Barium ~g/L <100 <100 <100 <100 <100 <100 -127 110 <100 -130 

Bromate (a, b) ~g/L <5 <5 (b) NA NA NA NA NA NA 

Gross Alpha PartICle Activity (c) pCIIL 5-5.2 <3-5 <3-8 

Gross Beta PartICle Activity (c) pCIIL <4 <4-5 <4 <4-5 <4 <4-7 <4-10 

Nitrate (as NO,) mg/L <2 <2-2 <2-14 <2-17 <2(a) <2-2 

Nitrate + Nitrite (as N) mg/L <0.4 <0.4-0.4 <0.4-3 2.0 <0.4-4 <0.4 <0.4-0.4 

Tetrachloroethylene (PCE) ~g/L <05 <05 <05 <05 - 0.6 <05 <05 <05 <05 

TrlChloroethene (TCE) ~g/L <05 <05 <05 3 <05 2 <0.5 <05 

Turbidity (d) NTU 100% 2.4 (e) NA NA NA NA 100% 0.05 

Uranium (c) pCIIL 2-4 2-4 <1-6 2 -3.4 

Health-Based Primary DrinkingWater Standards (MCLs) Constituents/Contaminants Detected in Treated Water and Reported on City-Wide Basis 

Bromate (f) ~g/L Clty,wlde Average = 57 Range = <5 - 5.8 

ChlOrine ReSidual, Total mg/L Average = 1.8 (a) Range = 1.6 - 1.8 

Copper (at·the·tap) AL = 1300 (g) ~g/L 90th Percentile value = 576 number of samples exceedrng AL = 0 out of 110 

Fluoride mg/L Average = 0.8 Range = 07 - 0.9 

Lead (aHhe·tap) AL = 15 (g) ~g/L 90th Percentile value = 5.6 number of samples exceedrng AL = 3 out of 110 

Total Coliform Bacteria % Positives Average = 0.9% Coliform positive samples Range = 0 - 0.9% Coliform positive samples 

Total HaloacetlC ACids (HAA5) ~g/L Clty,wlde Average = 27 (a) Range= <2-103 

Total Trlhalomethanes (TTHM) ~g/L Clty,wlde Average = 56 (a) Range= 13-109 
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170 (a) 

2(a) 

110 

NA 

<2(a) 

<0.4 

<05 

<05 

100% 

continued from page 7 

A Better Understanding of Radon 
Radon is a naturally occurring radioactive gas that is not a significant issue in 
most of California. In 2010, very low levels of radon were detected in some of our 
ground water supplies (see Table Ilion page 121. There is no established drinking 
water standard or monitoring requirement for radon. In general, radon entering 
a home through tap water is a very small contributor to radon in indoor air. 
Although the radon levels were well below what the EPA is currently considering 
for a standard, the EPA has asked us to share the following general information 
with you to help you better understand radon. 

"Radon is a radioactive gas that you can't see, taste, or smell. It is found 
throughout the U.s. Radon can move up through the ground and into a home 
through cracks and holes in the foundation. Radon can build up to high levels in 
all types of homes. Radon can also get into indoor air when released from tap 
water from showering, washing dishes, and other household activities. Compared 
to radon entering the home through soil, radon entering the home through tap 

continued on page 10 

66 - 230 82 (a) 56-100 1000 YES 600 

<2-3 3 (a) 2-3.2 10 YES 0.004 

<100-120 <100 <100 1000 YES 2000 

NA 7(a) <5-11 10 YES 0.1 

4-9 <3-7 15 YES (0) 

<4-6 <4 <4-5 50 YES (0) 

<2 2.6 (a) 2-3 45 YES 45 

<0.4 0.6 05-07 10 YES 10 

<05 <05 <05 YES 0.06 

<05 <05 <05 YES 1.7 

0.08 100% 0.05 TT YES none 

2.9 -4 1.8 1.6 - 2 20 YES 05 

North Hollywood Sump and 
Pump Station o WeLL Water BLending 
Water flows by gravity from the LAAFP 
to the North Hollywood Pump Station 
Well water from the San Fernando 
Valley mixes with the aqueduct water in 
the North Hollywood Sump before it is 
distributed into the city by large pumps 

Erosion of natural deposrts; residue from surface water 
treatment processes 

Erosion of natural deposrts; runoff from orchards; 
glass and electronics production wastes 

Erosion of natural deposrts 

By-product of ozone disinfection; formed under sunlight 

Naturally present in environment 

Naturally present in environment 

Erosion of natural deposits; runoff and leaching from 
fertilizer use 

Erosion of natural deposrts; runoff and leaching from 
fertilizer use 

5011 runoff 

Erosion of natural deposits 

10 YES 0.1 By-product of ozone disinfection; formed under sunlight 

[41 YES [41 Drinking water disinfectant added for treatment 

TT YES 300 Internal corrosion of household water plumbing systems 

YES Erosion of natural deposits; water additive that promotes strong teeth 

TT YES 0.2 Internal corrosion of household water plumbing systems 

5% of monthly samples are col~orm positive YES (0) Naturally present in the environment 

60 YES none By-product of drinking water disinfection 

80 YES none By-product of drinking water chlorination 
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Table II Calendar Year 2010 Water Quality Monitoring Results 
Aesthetic-Based Secondary Drinking Water Standards (SMCLs) Constituents/Contaminants Detected in 
Treated Water 

Aluminum ~g/L <50 

Chloride mglL 42 

Color (unfiltered) ACU 3.5 

Manganese NL = 500 ~g/L <20 

Odor TON <1 

Specific Conductance ~S/cm 390 

Sulfate mglL 33 

Total Dissolved Solids (TDS) mglL 226 

Turbidity (h) NTU <0.1 

Zinc ~g/L <50 

Abbreviations and Footnotes 

mg/L = milligrams per liter (equivalent to ppm) 
~g/L = mICrograms per liter (equivalent to ppb) 
ng/L = nanograms per liter (equivalent to ppt) 
pCilL = picoCuries per liter 
%= percentage 
~S/cm = microSiemens per centimeter 
NTU = nephelometrIC turbidity Unit 
TON = threshold odor number 
CFU = colony-forming unit 
ACU = apparent color unit 
<= less than 
NA = not applICable 

«D River Supply Conduit 
I Water TraveLs through the City 

<50 

33 - 57 

3-5 

<20 

<1 

301- 518 

26 -43 

210- 267 

<0.1-0.15 

<50 

NT = not tested 

Northern Combined 
Wells 

<50 <50 

43 33 - 58 

3.2 3-5 

<20 <20 

<1 <1-1 

623 320 - 735 

113 36-164 

391 225-491 

0.1 0.1 -03 

<50 <50 

HRAA = highest running annual average 

(a) Values reflect Highest Running Annual Average 
(HRAA). HRAA IS the highest of a I Running Annual 
Averages (RAAs). RAA IS a calculated average of all 
the samples collected within twelve months period 

(b) Bromate is tested in water treated with ozone 
Bromate has also been found in chlorinated treated 
water of some LADWP reservoirs exposed to sunlight 
Metropolitan Water District of Southern California 

Water from the pump station is carried through a 78" water 
main to Ivanhoe Reservoir in the Silver Lake area of the City 
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<50 <50 170 (a) <50 - 200 

43 25 -62 93 (a) 84-94 

3.2 3-7 l(a) 

<20 <20-37 <20 <20 

<1 <1-1 

616 486 - 750 950 (a) 460-1000 

113 69-164 210 (a) 160- 250 

391 326 - 522 570 (a) 470 - 630 

0.1 <0.1-03 0.05 (a) 003 -006 

<50 <50 -1040 <50 <50 

(MWD) only tests bromate at iensen Filtration Plant 

(c) Radiological monitoring is performed in cycles of 
various periods of time. LADWP performed Gross 
Alpha testing In 2006 - 2009 and all other radiologICal 
testing In 2009 - 2010 for samples collected at Los 
Angeles Aqueduct Filtration Plant, Northern Combined 
Wells blend pOints, and Southern Combined Wells 
blend POints. MWD performed all radiologICal testing 
In 2008 for samples collected at Weymouth, Diemer, 
and Jensen Plants 

continued from page9 

water is, in most cases, a small source 
of radon in indoor air. Radon is a 
known human carcinogen. Breathing 
air containing radon can lead to lung 
cancer. Drinking water containing 
radon may also cause increased risk of 
stomach cancer. If you are concerned 
about radon in your home, test the air 
in your home. Testing is inexpensive 
and easy. Fix your home if the level of 
radon in your air is 4 picoCuries per 
liter of air (pCi/Li or higher. There are 
simple ways to fix a radon problem 
that aren't too costly. For additional 
information, call your State radon 
program or call EPA's Radon Hotline 
(800-S0S-RADON!." 

continued on page 14 

Major Sources In Our Drinking Water 

170 (a) 66 - 230 82 (a) 56 -100 200 YES Erosion of natural deposits; residue from some surface water 
treatment process 

93 (a) 83-93 79 (a) 67 - 80 500 YES Runoff/leaching from natural deposits; seawater influence 

1 (a) 1-2 l(a) 1-2 15 YES Naturally-occurring organic materials 

<20 <20 <20 <20 50 YES Leaching from natural deposits 

YES Naturally-occurring organic materials 

970(a) 460 -1000 580 (a) 500 - 580 '600 YES Substances that form ions when in water; seawater influence 

230 (a) 160 - 240 63 (a) 55 -65 500 YES Runoff/leaching from natural deposits 

590 (a) 470 - 610 330 (a) 290 - 330 '000 YES Runoff/leaching from natural depOSits 

004 (a) 003 - 016 004(a) 003 - 008 YES SOil runoff 

<50 <50 <50 <50 5000 YES Run off/leaching from natural deposit 

(d) Turbidity IS a measure olthe cloudiness olthe 
water and is a good indicator of water quality and 
filtration performance. High turbidity can hinder the 
effectiveness of disinfectants 

The Primary Drinking Water Standard forturbldrty level 
at water filtration plants is less than or equal to 0.3 
NTU in at least 95% of the measurements taken in any 
month and shall not exceed 1.0 NTU at any time. The 
reporting requirement for treatment plant turbidrty 
is: report the highest single measurement in the 
calendar year and the lowest monthly percentage of 
measurements that are less than or equal to 0.3 NTU 

4D Water Storage 
Ivanhoe Reservoir 

(e) The highest turbidity at the Los Angeles Filtration 
Plant effluent was 2.4 NTU on December 30,2009 
This high turbidity reading reflects a single reading 
taken out of some 35,000 readings. Turbidity IS 
monitored in 15 minute intervals all year round 

(f) Values reflect annual range and average of samples 
collected from six open reservoirs; Elysian, Ivanhoe, 
Los Angeles, Santa Ynez, Silver Lake, and Upper Stone 
Canyon 

(g) At-the-tap mOnitoring of lead and copper IS 
conducted every three years as required by the Lead 

Shade balls filling the reservoir will protect the water from 
sunlight as the water travels onto nearby neighborhoods 

and Copper Rule. A system is out of compliance 
if the Regulatory Action Level is exceeded in the 
90 th percentile of all samples at the customers' tap 
Although the City's treated water has little, If any, 
detectable lead, studies were conducted and corrosion 
control is scheduled for implementation 

(h) Values reflect testing at entry to the distribution 
system 

(I) NDMA was tested In 2009 - 2010 for compliance to 
Unregulated Contaminant MOnitOring Rule (UCMR2) 
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Table III Calendar Year 2010 Water Quality Monitoring Results 
UnreguLated Drinking Water Constituents/Contaminants Detected in Treated Water 

BICarbonate Alkalinity (as CaCOl) mg/L 160 

Boron NL = 1000 ~g/L 471 

Bromide ~g/L 23 

Calcium mg/L 25 

Chromium, Hexavalent ~g/L <1 

HeterotrophIC Plate Count Bacteria (HPC) CFU/mL ND 

Magnesium mg/L 

N-Nltrosodrmethylamlne (NDMA) NL=10 (I) ng/L <2 

pH Unit 74 

Phosphate (as P04) ~g/L 51 

Potassium mg/L 

Radon (c) pCI/L <100 

SilICa (asSI02) mg/L 17 

Sodium mg/L 45 

Total Alkalinity (as CaCOl) mg/L 106 

Total Hardness (as CaCOl) mg/L 93 

Total OrganIC Carbon (TOe) mg/L 1.5 

Vanadium NL = 50 ~g/L 

Terms Used In The Tables 
Compliance: A drinking water standard based on the health risk (primary 
standards) and aesthetic (secondary standards) exposure of a contaminant to 
consumers. For example, bacteria and nitrate have strict limits that must be met 
at all times due to the acute effects they can cause. Other standards, like small 
amounts of disinfection by-products and man-made chemicals, have standards 
that are based on a lifetime of exposure because the risk to consumers is 
very low. Compliance with most standards is based on an average of samples 
collected within a year. This allows for some fluctuation above and below the 
numerICal standard, while stili protectmg publIC health 

Detection Limit for Reporting Purpose (DLR): DLR means the designated 
minimum level at or above which any analytical finding of a contaminant in 
drinking water resulting from mon itoring required under Title 22 Code of 
Regulations shall be reported to the California Department of PublIC Health 
(CDPH) 

Maximum Contaminant Level (MCL): MCL IS the highest level of a 
contaminant that is allowed in drinking water. Primary MCLs are set as close to 
the PublIC Health Goals (PHGs) or MaXimum Contammant Level Goals (MCLGs) 
as is economically and technologically feasible. Secondary MCLs are set to 
protect odor, t<lste, <lnd <lppe<lr<lnce of drinking W<lter. For cert<lin cont<lmin<lnts, 
compliance with the MCL IS based on the average of all samples collected 
throughout the year 

Maximum Contaminant Level Goal (MCLG): MCLG IS the level of a 
contaminant in drinking water below which there is no known or expected risk 
to health. MCLGs are set by the U.s. Environmental Protection Agency (USEPA) 

Maximum Residual Disinfectant Level (MRDL): MRDL IS the highest level 
of a disinfectant allowed in drinking water. There is convincing evidence that 
addition of a disinfectant is necessary for control of microbial contaminants 
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Wells 

88 -125 144 104-176 144 128- 201 

337 - 628 322 256 - 433 322 115 -390 

<20 -38 25 <20 - 49 25 <20 - 77 

23 - 27 57 27-74 57 44-86 

<1 <1 <1-2 <1 <1 -3.6 

ND NA NA NA NA 

7-9 15 8 -19 15 10- 23 

<2 <2 <2 <2 <2 

7.2-7.6 74 7.1-7.6 74 70-78 

40 -64 100 40-156 100 77-1180 

3-5 4-5 3-4 

<100 <100 <100 <100 <100 -150 

16 -18 20 16- 21 20 19- 24 

38 - 53 49 32 - 53 49 44-60 

88 -125 144 104-176 144 128- 201 

86 -104 205 103 - 265 205 162- 294 

14-17 0.8 0.7 -1.7 0.8 03 -1.1 

<3-4 <3-6 

Maximum Residual Disinfectant Level Goal (MRDLG): MRDLG IS the level 
of a drinking water disinfectant below which there is no known or expected 
risk to health. MRDLGs do not reflect the benefits of the use of d,smfectants to 
control mICrobial contammants. MRDLGs are set by the USEPA 

Not~ication Level (NL): NL IS the Health-based advisory levels established 
by CDPH for chemicals in drinking water that lack maximum contaminant levels 
(MCLs) 

Primary Drinking Water Standard (PDWS): MCLs and MRDLs for 
contaminants that affect health along with their monitoring and reporting 
requ rements, and water treatment requirements 

Public Health Goal (PHG): PHG IS the level of a contammant m drlnkmg water 
below which there is no known or expected risk to health. PHGs are set by the 
CalifDrnia Environmental Protection Agency, Office of Environmental Health 
Hazard Assessment (OEHHA) 

Regulatory Action Level (AL): AL is the concentration of a contaminant 
which, if exceeded, triggers treatment or other requirements that a water system 
must follow. ALs <lre set by the USEPA 

Secondary Drinking Water Standard (SDWS): SMCLs for contammants that 
may affect the taste, odor or appearance for drinking water 

Treatment Technique (TT): TT is a required process intended to reduce the 
level of a contaminant in drinking water. For example, the filtration process is 
a treatment technique used to reduce turbidity (the cloudiness in water) and 
microbial contaminants from surface water High turbidities may be indicative of 
poor or inadequate filtration 

Major Sources In Our Dnnklng Water 

NT NT NT NT ~IT NT Naturally-occurring dissolved gas; erosion of natural deposits 

120 120 -130 120 120 -130 210 200 - 220 Erosion of natural deposits 

NT NT NT NT NT NT Runoff/leaching from natural deposits; seawater influence 

64 (a) 49-71 66 (a) 51 -70 30 (a) 26 - 31 Erosion of natural deposits; natural hot springs 

<1 (a) <1 <1 (a) <1 <1 (a) <1 Industrial discharge; erosion of natural deposrts 

<1 <1-1 <1-10 <1 <1 - 2 Naturally present in the environment 

26 (a) 20 - 28 27(a) 22 - 28 12(a) 11-12 Erosion of natural deposits 

<2 <2-3 <2 <2 <2 - 5 By-product of chloramination 

7.9 7.6 -8.6 7.9 7.5-8.0 8.2 8.1 - 8.4 Naturally-occurring dissolved gases and minerals 

NT NT NT NT NT NT Erosion of natural deposits, agricultural run-off 

5(a) 4-5 5(a) 4-5 lila) 2 - 3 Erosion of natural deposits 

<100 <100 <100 <100 <100 <100 Decay of natural deposits 

NT NT NT NT NT NT Erosion of natural deposits 

94(a) 83-98 95 (a) 78-95 67 (a) 58 - 65 Erosion of natural deposits 

120 (a) 63 -130 110 (a) 67 -120 88 (a) 81 - 99 Erosion of natural deposits 

260 (a) 84- 300 270 (a) 92 - 300 120(a) 86 - 130 Erosion of natural deposits 

2.1 (a) 1.6- 2.4 2.2 (a) 1.9 - 2.3 15(a) 1.3 - 1.8 Erosion of natural deposits 

<3-3 <3-3.3 5.2 5 - 6 Erosion of natural deposits 

Table IV Calendar Year 2010 Water Quality Monitoring Results 

Bromodichloromethane 
(BDCM) 

Bromoform 

Chlorate NL = 800 

Chloroform 

Dibromoacetic Acid 
(DBAA) 

Dibromochloromethane 
(DBCM) 

DichloroaceticAcid 
(DCAA) 

Monobromoacetic Acid 
(MBAA) 

Monochloroacetic Acid 
(MCAA) 

Trichloroacetic acid 
(TCAA) 

Drinking Water Disinfection By-Products Reported on Area-Wide Basis 

~g/L 13 3 - 26 11 3 - 25 17 2-39 

~g/L <1-26 1- 22 <1-31 

~g/L 545 6-1044 210 66 - 377 213 60- 550 

~g/L 11 1-44 1 -33 25 1-97 

~g/L <1-15 <1-14 <1-15 

~g/L 16 4-34 13 5 -31 17 3 -64 

~g/L <1-25 <1-25 19 <1-85 

~g/L <1-4 <1-3 <1-4 

~g/L <2-7 <2-6 <2-17 

~g/L <1-10 <1-12 <1-58 

13 

71 

11 

14 

<2 

2- 28 

3-18 

20-110 

1-32 

2-6 

4- 28 

<1-12 

<1-3 

<2-5 

<1-11 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorine 
disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 

By-product of chlorlnel 
chloramine disinfection 
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continued from page 10 

Shade Balls Minimize 
Bromate in City Reservoirs 

LADWP continues to minimize bromate 
levels in open reservoirs, keeping 
them within regulatory requirements. 
A creative short-term intervention 
LADWP recently implemented was 
the use of "shade balls" to decrease 
the formation of Bromate. In 2008, 
shade balls were used to shade the 
water surfaces of Elysian and Ivanhoe 
Reservoirs. As a result, bromate levels 
have been consistently well below the 
current drinking water standard of 10 
parts per billion. 

In the long term, LADWP intends 
to permanently cover or replace all 
remaining uncovered reservoirs by 
2022 as required by the LT2 regulation 
(please see Safeguarding our Surface 
Water, page 41. Meanwhile, all water 
served to our customers continues to 
meet all public health standards. 

Lead Exposure from 
Plumbing Materials 
LADWP monitors lead contents in 
source water and the distribution 
system and has not found detectable 
amounts. If present, elevated levels 
of lead can cause serious health 
problems, especially for pregnant 
women and young children. Lead 
in drinking water is primarily from 
materials and components associated 
with home plumbing. The LADWP is 
responsible for providing high quality 
drinking water, but cannot control the 
variety of materials used in plumbing 
components. When your water has 
been sitting in the pipes for several 
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hours, you can minimize the potential 
for lead exposure by flushing your tap 
for 30 seconds to 2 minutes before 
using water for drinking or cooking. 
This water can be collected and used 
to water plants. If you are concerned 
about lead in your water, you may wish 
to have your water tested. Information 
on lead in drinking water, testing 
methods, and steps you can take to 
minimize exposure is available from the 
Safe Drinking Water Hotline or at 
http://www. epa.g ovl safewate rllea d. 

Pharmaceutical and 
Personal Care Products 
Very low levels of pharmaceutical 
and personal care products (PPCPsl 
are increasingly being detected in 
U.s. drinking water supplies. PPCPs 
include medicines, shampoos, soaps, 
detergents, lotions, and perfumes. 
Currently, neither the state or federal 
government require LADWP to test for 
PPCPs. However, as a forward looking 
utility, LADWP conducts its own 
monitoring for these compounds. 

In 2009, LADWP tested its source and 
treated waters for PPCPs. The amount 
of PPCPs detected was so minute 
that no adverse health effect from 
exposure has been reported. LADWP 
continues to study the issue with 
several other utilities and the Water 
Research Foundation. Customers can 
do their part by disposing of unwanted 
medications into a waste receptacle or 
by returning to a pharmacy-not down 
a toilet or drain. 

Il'I:l. Local Pump Station 
v,iI FLetcher Pump Station 

Additional chlorine is added before 
large pumps send the water to L.A 
neighborhoods, east of Ivanhoe 
Reservoir. 

e The Journey Ends 
At Home Treatment 
Customers can further improve the 
taste of drinking water through chilling, 
filtration or by replacing older pipes, 
faucet fixtures, water heaters, water 
soften ers an d water fi lters 

About This Report 
The 2010 Drinking Water Quality Report was prepared by the 
Los Angeles Department of Water and Power (LADWPI. This 
report is required by the California Department of Public Health 
(CDPHI and was prepared in accordance with CDPH guidelines. 
It was prepared, printed and mailed to you at a cost of 35 cents. 

Contact Information 
LADWP, the largest municipal utility in the nation, was established 
more than 100 years ago to provide a reliable and safe water and 
electric supply to the City's 4 million residents and businesses. 

LADWP is governed by a five-member Board of Water and Power 
Commissioners, appointed by the Mayor and confirmed by the 
City Council. The Board meets regularly on the first and third 
Tuesdays of each month at 1,30 p.m. Meetings are held at, 

Los Angeles Department of Water and Power 
111 North Hope Street, Room 1555H 
Los Angeles, CA 90012-2694 

The meeting agenda is available to the public on the Thursday 
prior to the week of the meeting. You can access the Board 
agenda at www.ladwp.com or by calling (2131367-1351. 

For general information about LADWP, call1-800-DIAL DWP 
(1-800-342-53971 or visit www.ladwp.com. 

For questions regarding water quality, call the LADWP Water 
Quality Customer Services Group at (2131 367-3182. 

For questions regarding this report, 
please call Mr. Nathan Aguayo at (2131367-4941. 

Want to know more about your drinking water and related regulations? 

For more information about the NSF certification, call 
(8001673-8010 orvisit www.nsf.org. 

For more information about CDPH certification, call 
(9161449-5617 orvisit www.cdph.ca.gov. 

Los Angeles Department of Water and Power 
California Department of Public Health (CDPHI 
U.s. Environmental Protection Agency (USE PAl 

This report is printed on recycled paper. @ 

www.ladwp.com 
www.cdph.ca.gov 
www.epa.gov 
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This Message for Non-English 
Speaking Customers 
This report contains important information about 
your drinking water. If you have any questions 
regarding this report, please contact us at 
(8001342-5397. 

Spanish 
Este informe contiene informacion importante 
sabre su agua potable. Si tiene alguna pregunta 
sobre este informe, por favor comunfquese con 
nosotros llamando al (8001342-5397. 

Russian 
B 3TOM OT'-IeTe CO,Qep>KIo1TCfI Sa>KHafi Io1H<flopMaLlIo1f1 0 
Baweill nlo1TbeBoill BO,Qe. ECIlIo1 y Bac eCTb BonpOCbl no 
3TOMY OT'-IeTY, Bbl MO)f(eTe n03BOHIo1Tb no TeIle<floHY 
(800) 342-5397. 

Farsi 
.;J .)\j- ~Llt .u...IW .."iJ,!AWI yl J.)JA ;J ~ .::.~~\ ISJt:.. u!o.;\.)!: .;.\ 
.J.>~ {j"W 1.0 I.: (800)342-5397 wil:i b.JW I.: I.i1al ~;\J u!o.J\~ 0::'\ J.JY' 
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nlGbGwLnl U4wrwqW)~G lIwnn~ t~ hb.wow)GbL ~bq' (8001 
342-5397 hbowruouwhw~wnnl/: 

Arabic 
....,..J4." ...,.,I .) ... ;!l! .4- .:.. ..... .:A...,l- ..... ..v:o' ,>. .;,..., 

U, .)..w")'1 p.y .}j)llll>' >J- 'J:...I ~.:.O$ Ij! 
. (800) 342-5397 ,.;)' ..... 

Korean 
01 -".j)j.1-E "1"1"'''1 ",*,,"11 -l'!% *2.% 1l-".~ 3'.~~}jl 
~i'rYct. 01 -".jl;.1"l -l'!t1I ~1i'01 ~.2.;.I'1!, (800)342-53975'. 
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Chinese 
**~~*~M~~~m*~ ••• ~'~~**~~~~~~~' 
IUt«, (800) 342-5397' 
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Bao cao nay co tin tLFC quan trQng ve nguon mr&c uong 
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ri'1tnn"hu:UFhfl1:t.J'16'1'1tntntlu"31u""uQ 
n~nl1iii .... ~ .. ,'\.ril (800) 342-5397 
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Preface 

Preface 

This 2011 IRP represents an update of last year's 2010 IRP document, and addresses, 
among other things, updated renewable energy requirements, the latest load forecast, 
early divestiture of the Navajo coal plant, revenue and rate impacts, and the incorporation 
of public input. 

The recent passage of legislation SB 2 (IX) establishes specific renewable energy 
requirements, enabling more near-term certainty on the near-term need and the associated 
plan for renewable energy resources. As a result, the strategic case options evaluated in 
this IRP reflect updated quantities and mix of renewables based on the recent load 
forecast and availability of renewable resources and their related transmission. 

The current load forecast used in this IRP is lower than the one used in 2010. Compared 
to the prior forecast, electricity sales for year 2020 decreased by approximately 7 percent 
mostly due to updated econometric studies that indicate a more prolonged recovery from 
the recession. The lower load forecast results in less electricity demand and fewer 
replacement resources when compared to last year. 

This IRP update recommends divestiture of the Navajo coal power plant by 2015,4 years 
ahead of the 2019 end date. Regarding early Navajo coal divestiture, the analysis and 
findings of this IRP update are generally consistent with conclusions developed from last 
year's 2010 IRP process with more details of specific replacement resources and costs. 
Early divestiture of LADWP's other coal source-the Intermountain Power Project
while analyzed in greater detail in this IRP, will be subjected to further investigation and 
analysis in next year's 2012 IRP. 

Also included in this 2011 IRP is an assessment of the revenue requirements and rate 
effects that support the recommended plan through 2020. The rate process which began 
earlier in 2011 is expected to conclude in 2012, from which a final budget and rate 
schedule will result. LADWP supports the City Council's efforts towards this process, 
and looks forward to the appointment of the Ratepayer Advocate so that these budget and 
revenue issues can be properly addressed in a collaborative and expeditious manner. 
Establishing the proper rate structure will allow LADWP to implement its plan and stay 
on track towards meeting its long-term goals and obligations. 

Lastly, many of the recommendations contained in this IRP update address concerns 
raised during last year's IRP public outreach process, as well as from the summer 2011 
rate process. Accelerating coal replacement, emphasizing energy efficiency, and 
expanding local solar were among the major issues that emerged from the public 
processes; these and others have been incorporated into the case analysis and long-term 
recommendations. Next year's 2012 IRP process will include a new outreach program 
that will build upon these themes, as well as identify any new concerns or issues that may 
emerge. 

v 
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I INTRODUCTION AND PURPOSE 

Executive Summary 

The Los Angeles Department of Water and Power (LADWP) is currently facing some of the 
most serious environmental, regulatory, and economic challenges in its 100-year plus history. 
LADWP finds itself at a crossroads in terms of how the utility operates that will require 
revamping its power generation portfolio to continue providing the same reliable, low-cost 
electricity to the residents and businesses of Los Angeles. As the largest municipally owned 
utility in the nation, LADWP must continue to ensure reliable electricity service as it reduces 
greenhouse gas (C02) emissions and transitions from energy sources based on fossil fuels to 
sustainable forms of renewable energy. 

This 2011 Power Integrated Resources Plan (IRP) is an update of last year's 2010 IRP, and 
reflects evolving environmental, regulatory, and economic developments since 2010. The 
purpose of this IRP remains as before-to provide a framework to assure the future energy needs 
ofLADWP customers are met in a manner that balances the key objectives of: 

• Maintain a high level of electric service reliability 
• Maintain competitive rates 
• Exercise environmental stewardship, including a reduced carbon footprint 

In balancing these key objectives, LADWP's integrated resource planning efforts must be 
deliberate, comprehensive, and clear to our ratepayers as well as all other City stakeholders. 
LADWP's goal-and primary challenge-is to develop a long-term resource plan that is 
informative, sensitive to the local and regional economy, and adaptable to changes in state and 
federal regulations, fuel prices, and advances in power generation technologies. 

This IRP presents several potential strategies for meeting LADWP' s regulatory requirements and 
policy objectives, maintaining electric power service reliability, and minimizing any financial 
impact on ratepayers. LADWP rigorously evaluated each potential strategy to identify and 
recommend the best overall plan to meet its key objectives at the least cost. 

This IRP is not a technical plan nor a compact to pursue all of the initiatives identified in this 
document. Instead, this plan establishes the overall vision for the power system and a broad 
discussion of the finances necessary to support that vision. LADWP needs to be free to react to 
market conditions and make corrections in its shorter term tactical plans. Additionally, short
term budgets will be refined and financial analysis published as they are recommended for 
approval by LADWP's Governing Board and the City Council. 
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II PUBLIC OUTREACH 

Executive Summary 

LADWP conducts a public review process on their IRP every other year. A review process was 
held last year in support of the 2010 IRP, and the results of that process are considered applicable 
to the 2011 IRP. A full scale public outreach program, similar to the one held in 2010, is planned 
for next year's 2012 IRP. In summary, following are the themes that emerged. 

LADWP should: 

• Emphasize a variety of energy resources 

• Maximize energy efficiency and conservation 

• Eliminate coal from its generation portfolio 

• Emphasize local solar generation 

• Avoid adverse impacts to vulnerable communities 

• Clarify costs of IRP implementation and potential impacts to ratepayers 

• Reduce environmental impacts 

• Provide proactive leadership and transparency 

For details regarding the 2010 Public Outreach effort, refer to Appendix N. The recommended 
strategy for addressing these themes is presented in Section 5.2. 
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III 2011 IRP DEVELOPMENT PROCESS 

Executive Summary 

The IRP is prepared by a group of engineers dedicated to LADWP resource planning and 
preparation of the IRP. This group is managed by a Supervising Engineer, with a direct reporting 
staff of four. While this group performs the production model and report preparation for the IRP, 
the bulk of the work is collaborative across the different work groups and functional areas of the 
Power System. 

The IRP is developed in multiple stages, including: 

1. Identifying and approving key assumptions 

2. Establishing clear goals and objectives 

3. Establishing strategic case alternatives 

4. Completing computer modeling of power system operations 

5. Recommending and approving a preferred case 

Each of these stages includes coordination between multiple LADWP organizations responsible 
for different aspects of power system operations, preparing recommended positions for each 
stage, presenting recommendations to LADWP's leadership team, including Division and 
Section Heads, and ultimately presenting recommendations to the General Manager. At each of 
these presentations, modifications to recommendations are noted. The approval process for 
recommendations is based on consensus from the managers of each area of responsibility. 

FINAL ES-3 December 22, 2011 

AR0071067 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan Executive Summary 

IV RECENT ACCOMPLISHMENTS 

A summary of recent LADWP accomplishments consistent with the objectives of this IRP are 
presented below in Table ES-l. These accomplishments promote the goals of maintaining high 
reliability and exercising environmental stewardship, while keeping rates competitive. See 
Section 1.5 for more details. 

Table ES-1. LADWP RECENT ACCOMPLISHED PROJECTS/PROGRAMS 

Project/Program Time Period Accomplishment 

Milford II Wind Project 2011 Supply over 100 MW of wind energy 

Electric Vehicles Incentive 2011 
Provide a $2000 rebate for home EV 
charging systems 

Southern Transmission System 
2011 

I ncreased capacity of 480 MW was added 
Upgrade to the existing transmission line 

Navajo Generation Station 
2011 

Retrofit burners reduce NOx emission by 
Retrofits 40% or 14,000 tons per year 

Energy Efficiency Program 2000 to 2011 
Reduced long-term peak period demand 
by 303 MW, 1,256 GWh of energy savings 

Renewable Portfolio Standard 2003 to 2010 
I ncreased renewable energy percentage 
from 3% to 20% 

Castaic Upgrade 2004 to 2014 
Project adds up to 80 MW renewable 
capacity 

Green Power Program 1999 to 2011 
Participants receive 104 GWh of 
renewable energy annually 

Power Reliability Program Ongoing 
Improve reliability of Power System 
infrastructure 

Solar Incentive Program 1999 to 2011 
Provided funding that has enabled the 
installation of 41 MW of solar 

CO2 Emissions Reduction 1990 to 2010 CO2 emission 23% lower than 1990 level 

Once-through Cooling 1990 to 2011 OTC reduced by 17% from 1990 level 
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v CHALLENGES AND CRITICAL ISSUES 

Executive Summary 

LADWP faces a number of concurrent issues and challenges that require careful assessment. 
Long term strategies must focus on these issues so they can be addressed in the most cost 
effective manner without compromising reliability compliance and environmental stewardship. 
The major issues around which the strategies of this IRP are centered include: adequate funding 
to support initiatives, programs and projects; ensuring reliability; greenhouse gas emission 
reduction; increasing the amounts of renewable generation resources; and addressing once
through cooling. 

Adequate Multi -year Funding to Support Programs 

Based on last year's 2010 IRP, a multi-year rate increase was recommended beginning fiscal 
year 2011-12. The rate increase would have supported elements oflast year's IRP, all of which 
remain as the foundation for LADWP' s short and long term plans. Because the rate increase was 
not realized in July 2011, many of the programs that required funding were scaled down, delayed 
or deferred. 

A multi-year funding plan is necessary to provide consistent and sustainable project and program 
development. Funding that is based on annual budgets are subject to year-to-year fluctuations 
which introduces uncertainty for our customers and the inefficient use of staff and financial 
resources that are necessary to meet LADWP's objectives and compliance requirements. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to satisfy once-
through cooling regulatory requirements. 

• Implement early coal divestiture. 

• Secure the state-mandated amounts of renewable energy. 

• Through the Power Reliability Program, reduce the number of distribution outages and 
improve system reliability. 

• Implement necessary transmission improvements to maintain reliability. 

• Achieve energy efficiency target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability standards. 

A rate process that began earlier this year is addressing the revenue needs for LADWP. A 
proposed 3-year rate adjustment that would support the programs listed above is being 
considered. The expectation is that the rate process will conclude sometime in 2012. Securing 
adequate multi-year funding is crucial to ensure LADWP's ability to stay on track towards 
meeting its future long term goals and obligations. 
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Ensuring Reliability 

Executive Summary 

Challenges to ensuring continued reliable electric service include the replacement of aging 
generation facilities, maintaining grid reliability, the integration of intermittent renewable energy 
resources, and the replacement of poles, power cables, transformers and other elements of the 
local distribution system. 

LADWP's Repowering Program, which began in ] 994, is a long term program to upgrade 
LADWP's in-basin generating units. The program is a sequence of projects that extends to 2029, 
and will provide modem units that are more reliable than the units they are replacing. 

To maintain grid reliability, LADWP's Ten-Year Transmission Assessment Plan has identified a 
number of necessary improvements. In addition, a recently completed Reactive Power 
Management Study recommends improvements to optimize grid performance and reduce system 
losses. More information can be found in Section 2.4.4. 

The integration of renewable energy into the grid poses major reliability challenges. Because 
renewable resources like wind and solar produce electricity variably and intermittently (i.e., only 
when the wind is blowing or when the sun is shining), integration of these resources requires 
additional generator units to compensate for significant and often rapid swings in energy 
production. These swings present operational challenges and must be leveled by controllable 
generation capable of equally rapid changes of generation in the opposite direction. This 
stabilization is known as "regulation." A preferred solution would use energy storage to regulate 
delivery of energy and reduce the severity of integration problems. LADWP currently uses, 
among other resources, pumped water storage and hydro resources for regulation. 

Between 2003 and 2005, LADWP experienced a growing number of distribution outages due to, 
among other things, aging infrastructure (poles, lines, transformers, etc.), and deferred 
maintenance and asset replacement. 1 In response, LADWP established a comprehensive Power 
Reliability Program (PRP) in 2006 which provided increased funding to address the growing 
maintenance backlog. The goals of the program include: (1) mitigating problem circuits and 
stations based on the types of outages specific to a given facility, (2) implementing proactive 
maintenance and capital improvements to avert problems before they occur, and (3) establishing 
replacement cycles for facilities that are in alignment with equipment life cycle. 

Greenhouse Gas Emissions Reduction 

LADWP's CO2 emissions reduction strategy must comply with state and federal regulations. At 
the time of this writing, key legislation and regulations either promulgated or proposed include: 

1 To illustrate the age of the distribution system, over 50 percent of the City's 308,000 distribution poles are greater 
than 50 years old. 

FINAL ES-6 December 22, 2011 

AR0071070 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan Executive Summary 

• Assembly Bill (AB) 32, the California Global Warming Solutions Act of 2006, calls for 
reducing the state's CO2 emissions to 1990 levels by 2020. The regulations for 
implementing a greenhouse gas emissions trading program under AB 32 were finalized 
and adopted on October 20, 2011 by the California Air Resources Board (ARB). 
Enforcement and compliance with the trading program will begin January 1, 2013. 
Electric distribution utilities, including LADWP, will receive an administrative allocation 
of emission allowances that reflects their respective annual emissions as they implement 
aggressive energy efficiency measures and the 33 percent Renewable Portfolio Standard. 
The ARB will continue to work with stakeholders to monitor the impacts of the 
regulation on all sectors, including the electricity sector. 

• SB 1368, the California Greenhouse Gas Emissions Performance Standard Act, also 
enacted in 2006, prohibits LADWP and other California utilities from entering into long
term financial commitments for base load generation unless it complies with the CO2 

emissions performance standard. The CO2 emissions level must be equal, or below, that 
of a gas-fired combined cycle units (i.e., 1,100 Ibs. per MWh). This standard also applies 
to existing power plants for any long-term investments or contractual extensions. 

LADWP has historically relied upon coal for base load generation. Currently, 39 percent of the 
energy delivered to LADWP customers is generated from two coal-fired generating stations: the 
Intermountain Power Project (IPP), located in Utah, and the Navajo Generating Station (NGS), 
located in Arizona. The NGS's land lease expires in 2019 but has a stipulation for a 25-year 
extension. IPP's contract is in effect until 2027. These stations provide dependable, low cost base 
load generation to Los Angeles. Coal-fired generation, however, emits about twice as much CO2 

as energy generated with natural gas. Accordingly, this 2011 IRP focuses on early coal 
divestiture options as a means to comply with AB 32 and lower LADWP's CO2 emission levels. 
Sections 3 and 4 discuss the alternative strategic case options in detail. 

Increasing Renewable Resources 

Initiatives to utilize renewable resources to generate electricity support the goal of reducing CO2 

emissions and lessen our reliance on fossil fuels. 

State legislation - SB 2 (IX) - which was passed in April 2011 and became effective on 
December 10, 2011, will subject all utilities to procurement of eligible renewable energy 
resources of 33 percent by 2020, including the following interim targets: 

• Maintain at least an average of20 percent renewables between 2011 and 2013 
• Achieve 25 percent renewables by 2016 

The legislation allows for the California Energy Commission to issue a notice of violation and 
correction, and to refer all violations to the California Air Resources Board. Failure to achieve 
the targets may result in significant penalties. 
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Once Through Cooling 

Executive Summary 

Once-through cooling (OTC) is the process of drawing water from a river, lake, or ocean, 
pumping it through a generating station's cooling system, and discharging it back to the original 
body of water. OTC is a major regulatory issue, stemming from the Federal Clean Water Act 
Section 316(b) and administered locally by the State Water Resources Control Board (SWRCB). 

OTC regulations affect LADWP's three coastal generating stations - Scattergood, Haynes, and 
Harbor. To comply with OTC regulations, generation units at those stations that utilize ocean 
water for cooling will be repowered with new units that do not use ocean water. The total 
generation capacity affected by OTC is significant - approximately 2,162 MW, or roughly 35 
percent of LADWP's annual peak demand in 2010. The total expenditures required are also 
significant, on the order of $2.4 billion. Because of the size and scope of the effort required, the 
work to comply with OTC regulation is a long term program, extending to 2029. Figure ES-l is a 
timeline of the program target dates. More information regarding OTC is provided in Section 
1.6.5. 

OTC REDUCTION TARGET DATES 
• OTC Compliance Date 

IW&RIWarranty & Reliability Phase 

Har or Unit 51! • • ...... ~~~===~ 
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure ES-l. Timeline for OTC compliance. 
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VI STRATEGIC CASE ALTERNATIVES 

IRP planning is an on-going process and as such, the development of the 2011 IRP strategic 
cases incorporates the latest changes that have occurred in the regulatory landscape, and tactical 
plans developed by the power system. This 2011 IRP also includes many updated assumptions 
that have been developed over the past year. These assumptions have influenced the composition 
of potential resource portfolios that can fulfill LADWP's goals of reliability, competitive rates 
and environmental stewardship. 

Last year's 2010 IRP analyzed 6 strategic cases representing different potential renewable 
resource portfolio mixes, with and without the early divestiture of IPP, and recommended a 
comprehensive strategy that adopted elements of a number of the cases analyzed. The 2011-12 
fiscal-year financial planning process included many of the assumptions and recommendations 
set forth in the 2010 IRP. 

This year's IRP analyzes a focused set of strategic cases, expanding on the results from the 
2010 IRP process. Cases from last year that included a variety of renewable percentage 
targets were eliminated, mostly due to the recent approval of SB 2(1X) which mandates a 
fixed set of renewable targets. Because the key remaining discretionary decision involves 
coal divestiture, a streamlined set of 3 new coal divestiture cases were analyzed. These cases 
are designed to assist policymakers and ratepayers to make informed decisions regarding 
accelerated coal divestiture, particularly with regard to the environmental benefits and 
resulting resource and electricity rate impacts. The time frames for coal divestiture for each 
strategic case are as follows: 

• Case #1 provides a baseline without any early coal divestiture. Navajo Generating 
Station continues until 121112019 and the Intermountain Power Project (IPP) until 
6115/2027. 

• Case #2 considers an early divestiture of NGS, by 12/3112015, with IPP until 
6115/2027. 

• Case #3 considers early divestiture of both coal plants - NGS by 12/3112015 and IPP 
by 12/3112020. 

Section 3 provides more information surrounding the development of the cases, including 
resource adequacy and net-short considerations. Table ES-2 provides a more detailed description 
of each strategic case. For comparison purposes, the recommended case from last year's IRP is 
included in the table. 
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Table ES-2. CANDIDATE RESOURCE PORTFOLIOS FOR 2011 IRP 

33% 12/1/2019 6115/2027 183 60 492 401 325 308 

2 Navajo Early 33% 12/31/2015 611512027 183 60 492 401 325 308 Replacement 

Navajo and 
3 IPP Early 33% 12/31/2015 12/31/2020 183 60 492 401 325 308 

Replacement 

Rec. 
Case 33% RPS 33% 1/1/2014 6/15/2027 320 0 580 315 315 320 2010 Balanced 
IRP 

1 Early replacement for IPP will be further evaluated in the 2012 IRP 
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VII EVALUATION OF STRATEGIC CASE OPTIONS 

Key results for each model run were tabulated and compared against each other. Each strategy 
was ranked on average dollars per megawatt hour generation cost and the total million metric 
tons of CO2 emissions. The selection of the best case for LADWP ratepayers hinges mainly upon 
the load forecast, price of natural gas, and CO2 emission levels. All cases meet the mandated 
RPS percentage targets and reliability standards. The analytics performed for this IRP examined 
the associated costs of each strategic case. 

The key modeling results are summarized below: 

CO2 Emissions Considerations 

The reductions of CO2 emissions are reflected in the production cost model simulations. Figure 
ES-2 illustrates a comparison of the resulting CO2 emission levels of the three cases. Divestiture 
of Navajo results in an average 1.86 Million Metric Tons (MMT) reduction in CO2 each year 
while IPP results in an average 3.26 MMT reduction each year. CO2 reductions are accelerated in 
Cases 2 and 3 with the divestiture of Navajo and IPP prior to the expiration of existing power 
contracts with these facilities. Case 1 represents the normal course of emissions reductions with 
no early divestiture. Reduction levels are eventually reached in all cases in 2019 and then again 
in 2027 when SB 1368 essentially prohibits the importation of energy produced from coal when 
the existing power contracts expire. 

20.0 ................................................................................................................................................................................................................................................... . 

I 1990 Em ission Level (17.9 MM Tans) 1&0 - ____________________________________________________________ -

16.0 

14.0 IPP & Navajo Early Divestiture (3.7 MMTons) 

IPP Divestiture ( 3.68MMTons below Green LA Goal) 
12.0 

'" " 10.0 ~ 
Green LA Goal (35% below 1990) 

:a: 
~ 8 .0 
" 

Navajo Early Divest it ure ( 1.86 MMTons) 

.~ 
'E 6.0 ... 
N 
0 
u 4 .0 
iii 

~ 2.0 
••••••• Case#3- Navajo 2015, IPP 2020 - - Case#l - Navajo 2019, IPP 2027 -- Case#2- Navajo 2015, IPP 2027 

---- 1990 Emiss ion Level (17.9 MM Tons ) -- -- Green LA Goal (35% below 1990) 

0.0 

Figure ES-2. CO2 emissions comparison by calendar year. 
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Current CO2 emissions levels are approximately 14.1 MMT which is 21 percent below 1990 
levels due to the elimination of Mojave and Colstrip Coal, completed repowering of units at 
Haynes and Valley generating stations with cleaner gas-fired replacements, and increased 
renewable generation from 3% in 2003 to 20% in 2010. Early divestiture of Navajo shown in 
Cases 2 and 3 results in approximately 7.5 MMT less CO2 emissions between 2016 and 2019 and 
early divestiture of IPP shown in Case 3 results in a reduction of CO2 emissions of 21.1 MMT 
between 2020 and 2027. 

Total Power System Cost Comparisons 

The total power system cost for each case includes bulk power costs, depreciation costs related to 
transmission, distribution, and generation, bond debt-service, and city transfer costs. These costs 
assume full funding of the Power System programs including the Power Reliability Program and 
Energy Efficiency programs, among others. The Power System costs shown below in Figure ES-
3 reflect short-term spending reductions through 2011-12 fiscal year with subsequent years 
reflecting a restoration of funding levels to insure that the IRP recommendations can be realized. 
The illustrated costs and rates presented below do not attempt to represent a thorough analysis of 
Power System finances. The main goal of this section is to illustrate the general trend of Power 
System costs relative to the 3 cases analyzed. 

Figure ES-3 summarizes the total annual power system costs. 
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Figure ES-3. Comparison of annual power system costs over next 20 fiscal years. 
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Sensitivity Analyses on the Recommended Cases 

Executive Summary 

With the early divestiture of Navajo in 2015 and the IPP coal contract ending in June 2027, 
increased bulk power costs are expected to rise with the divestiture of each of these resources as 
shown on Figure ES-4. It is important to note that bulk power costs shown in Figure ES-4 
include fuel, renewable and other purchase power costs in addition to coal divestiture related 
costs which are shown in Table 4-4. Applying high and low fuel prices to these bulk power costs, 
the divestiture of these resources could result in large cost increases should fuel prices remain at 
higher than expected levels. Conversely, lower than expected fuel prices could have the opposite 
effect on bulk power costs. 
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Figure ES-4. Recommended case - bulk power cost before and after coal divestitures 
with potential cost impacts from high and low fuel prices. 
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Rate Contributions from Environmental and Reliability Programs 

Executive Summary 

Summarized in Figure ES-S is the cost contribution from various environmental and reliability 
programs towards the retail rates. One can draw the conclusion that there is a significant cost to 
comply with various reliability and regulatory requirements while divesting of Navajo in 201S 
and IPP in 2027. 
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Figure ES-S. Electric rate contributions of environmental and reliability programs 
by fiscal year based on the 2011-12 budget forecast (preferred case). 

A few observations from Figure ES-S can be made regarding the RPS and EE program. Firstly, 
the influence of the RPS program on rates increases substantially through 2020 when the RPS 
percentage of sales reaches 33%. Beyond 2020, the RPS component of rates begins to decline as 
fuel savings increases over time with escalating fuel prices. Secondly, the EE program 
component of rates increases over time as power system fixed costs are distributed over the 
reduced energy sales attributable to the EE program. 

Figures ES-6 and ES-7 further illustrate the effect that costs related to environmental and 
reliability programs will have on average residential and commercial/industrial customer 
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monthly bills from these environmental and reliability programs. 

140 

120 

100 

fi 
80 

I: 
C 
:2: ...... 
<I> 60 

40 

20 

0 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure ES-6. Average residential customer bill (500 kWh/month) with environmental 
and reliability programs by fiscal year based on the 2011-12 budget 
forecast (preferred case). 
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Figure ES-7. Average commercial/industrial customer bill (6,500 kWh/month) with 
environmental and reliability programs by fiscal year based on the 
2011-12 budget forecast (preferred case). 
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Recommended Strategic Case 

Executive Summary 

Decisions to fund coal divestiture strategies cannot take place independent of other power system 
programs. Maintaining reliability and meeting regulatory requirements are primary 
considerations before any coal divestiture cases can be considered. However, this IRP 
presupposes funding of these programs so that the recommended coal divestiture case can be 
implemented. 

Achieving the goals of reliability and environmental stewardship, while maintaining competitive 
rates, requires that costs be closely managed. Considering these factors, Case 2 (see Table ES-3 
below) with early Navajo coal divestiture in 2015 becomes the recommended case for the 2011 
IRP. Although Case 2 represents additional cost as compared to Case 1, the additional costs to 
rate payers appears to be reasonable in light of the environmental benefit of reducing CO2 

emissions by 7.5 MMT. Early divestiture of Navajo also provides additional time to insure a 
smooth transition in acquiring and implementing replacement resources. The 2010 IRP included 
the same recommendation to accelerate divestiture of Navajo and this IRP further clarifies and 
supports this prior recommendation. This recommended case presents a reasonable approach to 
achieving environmental goals without excessive costs to our ratepayers while limiting potential 
exposure to possible fuel price volatility to within manageable limits. 

Table ES-3. 2011 IRP RECOMMENDED CASE 

Case 2 33% 12/31/2015 611512027 243 492 726 308 492 917 162 

The changing generation energy mix for 2010,2020, and 2030 based on the Recommended Case 
is illustrated in Table ES-4. 

Table ES-4. ENERGY MIX FOR RECOMMENDED CASE 

Year 2010 2020 2030 
Coal 39% 26% 0% 

Natural Gas 22% 21% 45% 

Nuclear 11% 9% 8% 

Hydro 3% 4% 4% 

Renewable 20% 33% 33% 
Energy Efficiency 1 0% 7% 10% 

Generic Purchase/ Other 5% 0% 0% 

1 Forward-looking, does not include 3% existing as of 201 O. 
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VIII CONCLUSIONSIRECOMMENDATION 

LADWP's recommended strategy set forth in this IRP for meeting its key objectives can be 
separated into two areas: (1) Regulatory and Reliability Initiatives, and (2) Strategic Initiatives. 
Regulatory and Reliability Initiatives are required actions to ensure system reliability and 
compliance with regulatory and legislative mandates. Strategic Initiatives are policy actions to 
achieve objectives established by the LADWP Board of Water and Power Commissioners and 
the Los Angeles City Council, and reflect their vision and leadership. 

The analysis performed in Section 4 to identify the 2011 IRP recommended case closely mirrors 
the same recommended strategy put forth in the 2010 IRP which incorporated feedback from 
LADWP's 2010 community outreach efforts (See Section 5.2 and Appendix N for details). The 
2011 IRP recommended strategy differs slightly from the 2010 IRP in the timing of the Navajo 
coal divestiture which is now planned for 2015 instead of 2013. Another difference is in the 
renewable installed capacity by technology type (e.g. geothermal, wind, and solar). The reasons 
for these changes are further explained in Section 3.2.1. 

Regulatory and Reliability Initiatives 

• SB 2 (IX) - RPS Percentage 

LADWP must increase its percentage of renewable energy per recently enacted state law, 
from the current 20 percent at the end of 2010, to 33 percent by the end of 2020. 
SB 2 l(X) also establishes interim targets to ensure progress towards the 33 percent goal. 
Addressing this mandate requires the continued diligence LADWP has demonstrated in 
raising its renewable portfolio from 3 percent in 2003 to 20 percent in 2010. 

• Power Reliability Program and System Infrastructure Investment 

LADWP must re-establish sustained funding to invest in replacing aging transmission 
and distribution infrastructure to ensure system reliability, especially during significant 
weather events. Recent funding shortfalls have resulted in an increase in system outages. 
Section 1.6.2 of this IRP discusses the negative consequences that continued 
underfunding poses to the city. 

• Repowering for Reliability and to Address OTC 

LADWP will continue to rep ower older, gas-fired generating units at its coastal 
generating station for the reasons discussed previously. The repowering program is a long 
term series of projects that will increase reliability and eliminate the need for once
through ocean cooling. 

• AB 32 - CO2 Cap and Trade 

FINAL 

LADWP will participate in the mandated green house cap-and-trade system which is 
scheduled to start January 1, 2013. During the next year, LADWP will participate in the 
regulatory process that will clarify some outstanding details of the proposed program. 
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• SB 1368 Compliance 

Navajo and IPP must be compliant with the mandates established in SB 1368 by 2019 
and 2027, respectively. IRP modeling determined that these units will be replaced with a 
combination of renewable energy, demand response, EE, short term market purchases, 
and conventional gas-fired generation. 

• Energy Efficiency 

LADWP will continue to pursue and implement energy efficiency programs per 
AB 2021 standards, including recommendations contained in its latest Market Potential 
Study. 

• Castaic FERC Re-licensing Program 

On January 31, 2022, the Federal Energy Regulatory Commission's (FERC) license to 
operate Castaic Pumped-storage Hydroelectric Plant will expire. In 2016, LADWP 
expects to tile a notice-of-intent (NOI) and initiate the formal studies and applications for 
re-license. Based on reviews of re-licensing activity for similar projects, LADWP could 
expect cumulative expenditures of approximately $10 million prior to tiling the NOI and 
approximately $80 million before the license expires. 

• Transmission 

LADWP should implement those recommendations of the latest Ten-Year Transmission 
Assessment Plan in order to maintain reliability in accordance with regulatory guidelines. 

Strategic Initiatives 

• Early Compliance with SB 1368 

Comments from the public workshops indicated the desire to comply with SB 1368 as 
early as possible. Navajo must be compliant with SB 1368 by 2019. LADWP 
recommends divestiture from Navajo by 2015. This will reduce LADWP's CO2 

emissions by 7.5 million metric tons and required additional revenue of about $343 
million. 

In this 2011 IRP, LADWP recommends no change in IPP until 2027 at which time the 
site would be reconfigured, providing LADWP with firm transmission capacity for 
potential renewable projects. However, LADWP is actively investigating potential 
options in coordination with the Intermountain Power Agency (IPA) Board and the other 
participants, and will further address this issue in next year's 20] 2 IRP. 

• Local Solar 

FINAL 

Comments received at the public workshops indicate local solar development should be a 
priority in LADWP's renewables procurement strategy. LADWP is recommending a 
policy action to allow approximately 40-50 percent of its solar resources be sited locally 
through initiatives including the Solar Incentive Program, feed-in tariffs, and installation 
of solar on City-owned properties. Local solar costs an estimated additional $50/MWh 
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over utility-scale solar located outside the Los Angeles Basin, estimated to cost 
$120/MWh, primarily due to economies of scale and about 30% better solar insolation, 
even when considering transmission and distribution costs. 

• Public Benefits 

LADWP should continue to pursue public benefit initiatives, including low-income and 
lifeline programs, refrigerator exchange, conservation, public outreach and education. 

• Advanced Reliability Improvements 

LADWP is looking ahead to technologies that will enhance the reliability of its system, 
including smart grid technologies, enhanced information systems, automation of system 
functions, and advanced methods of outage management. These enhancements will also 
better integrate local generation such as solar into the distribution network, enable smart 
charging of electric vehicles, and advance demand-side management technologies. 

• System Losses 

To reduce system losses, LADWP should implement the recommendations of the 
recently completed Reactive Power Management Study, including the installation of 
shunt capacitors and shunt inductors at appropriate locations within the system grid. 

• Demand Response 

LADWP should begin the development of a formal Demand Response program that will 
initially provide S MW of peak demand capacity beginning in 2013 and gradually build 
to 200 MW by 2020 and SOO MW by 2026. Ramping the program in this manner will 
provide the development of in-house expertise, and will also allow time to deploy the 
supporting information systems necessary to implement these systems successfully. 

Revenue Requirements 

FINAL 

The reliability, regulatory, and strategic initiatives discussed above reqmre revenue 
funding as shown in Table ES-S. In addition to funding for basic generation, 
transmission, and distribution, revenue is required to fund the Power Reliability Program, 
increase renewable energy, address OTe, energy efficiency and demand reduction, fund 
local solar programs, and transition away from coal. 
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Table ES-S. RECOMMENDED REVENUE REQUIRED TO FUND PROGRAM INITIATIVES, 
2011-2020 

Some elements of the plan will take five to ten years to implement. It is important to commit to a 
direction so that critical time and resources are not lost. Subsequent IRPs will refine the direction 
as additional information becomes available. The recommended plan allows for flexibility to 
incorporate necessary adjustments over time. It is also important to set a steady course and pace 
to allow for reasoned and deliberate action by LADWP staff, Board, or City Council to avoid 
situations leading to unfavorable pricing or adverse rate impacts. The IRP implementation must 
be viable from a technical and financial perspective to best balance all the priorities of reliability, 
environmental stewardship, and cost. 
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1.0 INTRODUCTION 

Section 1 
Introduction 

1.1 Overview of the 2011 Integrated Resource Plan 

This document represents the Los Angeles Department of Water and Power (LADWP) 
Integrated Resource Plan (IRP) for 2011. The goal of this IRP is to identify a portfolio of 
generation resources that meets the city's future energy needs at the lowest cost and risk 
consistent with LADWP's environmental priorities and reliability standards. The IRP is 
an important planning document for electric utilities, and many states and regulatory 
agencies require development of an IRP prior to approval of procurement programs or 
electric rate increases. 

This IRP considers a 20 year planning horizon to guide LADWP as it executes major new 
projects and programs. The overriding purpose is to provide a framework to assure the 
future energy needs of LADWP customers are met in a manner that balances the key 
objectives of: 

• High reliability of electric service 

• Competitive electric rates consistent with sound business principles 

• Responsible environmental stewardship meeting all regulatory obligations 

In balancing these key objectives, LADWP's strategic planning efforts must ensure a 
high level of system reliability, consider impacts to the local and regional economy, 
allow for volatility in fuel and other cost factors, comply with federal, state, and local 
regulations, and guarantee fiscal responsibility. 

The 2011 integrated resource planning process developed alternative strategic cases that 
assess different options of divestiture from coal-fired generation. These cases are 
modeled to determine their respective operational and fiscal impacts, as well as their 
effects on greenhouse gas emission levels. This document presents the results of this 
analysis and recommends the appropriate near-term actions and long-term plan to best 
meet the future electrical needs of Los Angeles. 
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1.2 Organization of the IRP 

This document begins with a brief discussion of the objectives of this IRP (Section 1.3). 

Section 1.4 provides a brief overview of the current Power System-LADWP's 
electricity generation, transmission and distribution infrastructure. Power System 
upgrades are also addressed. 

Section 1.5 summarizes LADWP's major recent accomplishments, underscoring 
LADWP's commitment to environmental leadership, maintaining a high level of electric 
service reliability, and competitive energy rates. 

Section 1.6 summarizes the key issues and challenges facing LADWP. As the largest 
municipal utility in the U.S., LADWP faces unique challenges that are expected to 
become more complex and demanding over the timeframe considered in this IRP. 

Section 1. 7 summarizes the Public Outreach effort conducted in as part of the 2010 IRP 
process. The 2010 public outreach conclusions are considered applicable to this 2010 
IRP. Next year's 2012 IRP process will include a new public outreach program. 

Section 1.8 discusses the 2011 IRP development process that resulted in this document. 

The remainder of this IRP is organized as follows: 

FINAL 

• Section 2, "Load Forecast and Resources," provides forecasts of electricity 
demand, discusses the resources available or needed to meet that demand, 
and addresses the issues associated with each resource. 

• Section 3, "Strategic Case Development," establishes potential alternatives 
available to LADWP to meet its projected electricity demand. 

• Section 4, "Strategic Case Analysis," addresses the operational modeling 
used to assess the impact of each alternative on cost, energy rates, and levels 
of greenhouse gas emissions. 

• Section 5, "Recommendations," provides an overview of recommendations, 
including near-term actions and long-term goals. 
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1.3 Objectives of the IRP 

This 2011 IRP documents the long term planning efforts for LADWP's power system. It 
includes a review of the various issues and considerations that LADWP must address 
moving forward, and summarizes the planning process used to identify future energy 
resource requirements. The recommended long term plan is presented, as are the actions 
and initiatives LADWP must undertake over the next several years. The key objectives of 
LADWP's long term planning efforts are: (1) maintaining a high level of electric service 
reliability, (2) exercising environmental stewardship, and (3) keeping its energy rates 
competitive. 

High 
Reliability 

INTEGRATED 
RESOURCE PLAN 

Competitive 
Rates 

Figure 1-1. Objectives of this IRP. 

1.3.1 Reliable Electric Service 

Providing reliable electric service to the residents and businesses of Los Angeles has 
always been a cornerstone of LADWP. Some of the key principles, policies and program 
areas related to reliability are listed here: 

• Reliability Standards 

FINAL 

LADWP will comply with all Federal Energy Regulatory Commission (FERC), 
North American Electric Reliability Corporation (NERC) and Western Electric 
Coordinating Council (WECC) standards regarding system reliability. NERC and 
WECC are electric utility organizations that enforce reliability standards on 
owners, operators and users of the bulk power system. 
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• CAISOIRTO 

The California Independent System Operator or CAISO was established in 1998 
as part of California's electric utility restructuring effort. CAISO was established 
as a non-profit corporation to provide an impartial link between power plants and 
utilities. LADWP is not a member of the CAISO but has recently been certified 
by the CAISO to be a scheduling coordinator which will authorize LADWP to 
buy and sell energy and/or ancillary services in the CAISO market. The ability to 
interface with CAISO increases the reliable operation of the bulk power system. 

• Balancing Authority 

LADWP is a registered Balancing Authority with NERC and is responsible for 
coordinating and balancing the generation and delivery of electricity through its 
system. LADWP will continue to maintain its presence as a balancing authority. 

• Self-Sufficiency 

LADWP maintains a policy of owning or controlling its transmiSSlOn and 
generation resources to serve its native load customers. This policy serves the 
City of Los Angeles well. However, in consideration of economic and 
environmental factors involved with the coal divestiture options (discussed in 
Section 3 and 4), a limited amount of generation capacity is proposed to come 
from 3rd quarter purchases acquired in the wholesale electricity market. These 
purchases will be temporary in the 2015 to 2030 timeframe, will be called upon 
only in the third quarter of a given year, and will amount to less than 4% of the 
total system capacity needs. 

• Coastal Power Plants 

LADWP operates three coastal natural gas-fired power plants that are critical to 
its operations. These plants were built from the 1940s up to the 1970s. One of 
these plants was modernized in the 1990s, resulting in increased efficiency and 
reliability while reducing emissions and maintenance costs. The modernization of 
the remaining generation units is a long term program that is targeted for 
completion in 2029. LADWP must modernize these plants to comply with 
environmental regulations, improve efficiency, better integrate renewable 
resources, and provide for transmission import capability. See Section 1.6.5 and 
Appendix C for more details. 

• Power Reliability Program 

FINAL 

In response to an increasing frequency of power outages between 2003-2005, 
LADWP established the Power Reliability Program. The goals of the program 
include: (1) mitigating problem circuits and stations based on the types of outages 
specific to a given facility, (2) implementing proactive maintenance and capital 
improvements to avert prevent problems before they occur, and (3) establishing 
replacement cycles for facilities that are in alignment with the equipment's life 
cycle. See Section 1.6.2 and Appendix E for more details. 
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• Smart Grid 

Smart Grid refers to the application of advanced information-based technologies 
that will improve system operations in a variety of areas. Smart Grid technologies 
provide information that allows the implementation of real-time, self-monitoring 
communication networks that are predictive rather than reactive to system 
disturbances, and will enable LADWP and its customers to make decisions to 
optimize the use of energy, improve reliability, and reduce the consumption of 
fossil fuels. See Appendix L for more information. 

• Distributed Generation 

Distributed Generation (DG) refers to the installation and operation of small-scale 
electric generators that are located at or near the electrical load. Cogeneration, 
solar photovoltaic, and fuel cells are examples ofDG applications. As more DG is 
added within the city of Los Angeles, it is important that these generation sources 
be managed in a manner that does not reduce grid reliability. More information on 
DG is provided in Section 2.3.3 and Appendix G. 

1.3.2 Competitive Rates Consistent With Sound Business Principles 

Historically, LADWP's electric rates have been consistently among the lowest in 
California. As utilities throughout the industry address renewable energy, greenhouse gas 
emissions, ocean water cooling and other issues, it can be expected that rates for most, if 
not all utilities, will rise. By continuing its strategic planning and implementation 
activities, LADWP hopes to maintain its rates as among the lowest in the region. 

Energy rates 

As shown in Figure 1-2, LADWP's rates for Fiscal Year 201012011 were lower than 
other utilities in Southern California. 
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Annualized Rates Comparison for the Fiscal Year 2010/2011 
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Figure 1-2. LADWP rate comparison among other electric utilities. 

While LADWP provides electricity at competitively low rates, several factors challenge 
the current rate structure. These factors include new regulatory requirements for 
renewable energy, the reduction of greenhouse gas emissions and ocean water for power 
plant cooling, the costs to replace aging infrastructure, and the potential volatility of 
natural gas and coal prices. Transmission capacity upgrades, energy efficiency and 
demand response programs, and projects to implement coal divestiture will also exert 
upward pressure on energy rates. Because of these and other initiatives, it is expected that 
structural rate adjustments and amendments to the Energy Cost Adjustment Factor will be 
necessary to maintain appropriate debt ratios and bond ratings. 

Financial Metrics 

Since LADWP sells substantial amounts of bonds to sustain its capital expenditures, 
maintaining its high credit rating is essential to minimizing financial costs. To maintain 
its high credit rating, LADWP adheres to the following policies: 

• Bond rating 

FINAL 

Maintain LADWP's current "AA" bond credit rating to keep financing costs as 
low as possible. 
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• Debt service coverage 

Maintain a debt service coverage ratio of at least 2.25 

• Adjusted debt service coverage 

Maintain an adjusted debt service coverage ratio of at least 1.75 

• Full obligation coverage 

Maintain a full obligation coverage ratio of 1.5 

• City transfer 

Maintain a level of net income sufficient to ensure stable transfer of funds to the 
City. 

• Cash on hand 

110 days of operating cash or $300 million, whichever is greater. 

• Capitalization ratio 

Maintain a capitalization ratio of 65% percent or less. 

These financial parameters are used in the electric rates analysis, discussed in Section 5.5. 

1.3.3 Environmental Stewardship 

LADWP's mission includes a role as an environmentally responsible public agency. 
Programs and subject areas related to improving the environment include: 

• Renewable energy 

LADWP will continue efforts to increase its use of renewable energy resources to 
provide electricity to Los Angeles. LADWP will, at a minimum, comply with 
local, state and federal mandates for levels of renewable energy as a percentage of 
electricity sales. Senate Bill SB 2 (IX) sets renewable energy targets of 20% for 
years 2011-2013, 25% by 2016 and 33% by 2020. For more information, see 
Sections 1.5, 1.6.4,2.4,3.4.2, and Appendix D. 

• Carbon dioxide (C02) emissions 

FINAL 

LADWP will continue its efforts to reduce CO2 emissions. The potential early 
divestiture from coal-fired generation, a key strategic focal point of this 2011 IRP, 
is one means of achieving reductions of CO2 emissions. Additional recommended 
means of reducing CO2 emissions include the continuation and expansion of 
energy efficiency programs, and the transition towards increasing amounts of 
energy generated from renewable resources. For further information, see Section 
1.6.3 and Appendix C. 
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• Once-Through Cooling 

LADWP has embarked on a series of repowering projects that are reducing the 
use of ocean water for cooling at its coastal generating stations. Completed 
projects to date have already reduced ocean water use by 17% from 1990 levels. 
The Haynes 5 & 6 repowering project, currently in construction and scheduled for 
completion in 2013, will further reduce ocean water use by another 25%. Within 
the 20-year planning horizon of this IRP, five additional repowering projects will 
totally eliminate the use of ocean water. More information on OTC can be found 
in Sections 1.6.5. 

• Energy efficiency 

Since 2000, LADWP has spent approximately $282 million on its energy 
efficiency programs, and these programs have reduced long-term peak period 
demand and consumption by approximately 303 MW and 1,256 GWh, 
respectively. LADWP is committed to developing comprehensive programs with 
measurable, verifiable goals as well as implementing robust, cost-effective energy 
efficiency programs. Further information regarding LADWP's EE Program can 
be found in Section 2.3.1 and Appendix B. 

• Solar Incentive Program and Feed-in Tariff 

To date, LADWP has encouraged the installation of more than 41 ~IW of solar 
installations at over 4,500 customer locations through its ratepayer-funded Solar 
Incentive Program. Additionally, LADWP is developing a feed-in tariff program 
that will further promote solar development across the city. Solar energy will help 
LADWP achieve its environmental goals of increased energy generated from 
renewable resources and the reduction of greenhouse gas emissions. 

• Demand Response Program 

FINAL 

This IRP recommends the development of a Demand Response (DR) program, 
which will lessen environmental impacts by deferring the need to build additional 
generation facilities and infrastructure; as well as reducing energy usage and the 
associated greenhouse gas emissions. Details regarding the proposed DR program 
are included in Section 2.3.2. 
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1.4 LADWP's Power System 

LADWP's Power System serves approximately 4.1 million 
people and is the nation's largest municipal electric utility. 
LADWP experienced an all-time peak demand of 6,142 
megawatts (MW), which occurred on September 27, 2010, 
and has an installed net dependable generation capacity 
greater than 7,125 MW. Its service territory covers the City 
and many areas of the Owens Valley, with annual sales 
exceeding 23 million megawatt-hours (MWh). LADWP is 
the third largest California electric utility in terms of 
consumption, behind Southern California Edison and Pacific 
Gas & Electric-see Figure 1-3 below. Projected future 

"Capacity" is an electric 
utility term referring to how 
much power a system can 
generate at a given instant in 
time, while "energy" refers to 
how much power the system 
generates over a given period 
of time. Capacity is expressed 
in megawatts (lvfW) or 
gigawatts (GW), while energy 
is expressed in megawatt
hours (lvfWh) or gigawatt
hours (G Wh). 

demand growth for LADWP is less than one percent per year. The current economic 
recession has reduced energy demand slightly over the preceding three years. 

California Electricity Consumption by Utility 
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Figure 1-3. Comparison of California utilities by consumption. 

LADWP is a "vertically integrated" utility-both owning and operating the majority of 
its generation, transmission, and distribution systems. LADWP is currently fully 
resourced to meet peak demand but maintains transmission and wholesale marketing 
operations to keep production costs low and increase system reliability. 

While LADWP customers represent roughly 10 percent of California's electrical load, 
approximately 25 percent of the state's total transmission capacity is owned by LADWP. 
LADWP's transmission reach also extends beyond California, and enables the transport 
of power from a diversified set of generation resources from across the Western United 
States. 

Additional information on the Power System's generation and transmission assets can be 
found in Section 2.4 and Appendices F and I. 
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1.5 Recent Accomplishments 

A summary of recent LADWP accomplishments consistent with the objectives of this 
IRP are presented below. These accomplishments promote the goals of maintaining high 
reliability and exercising environmental stewardship, while keeping rates competitive. 

• Renewable portfolio standard 

Through the active procurement of renewable resources, LADWP has increased 
the renewable energy component of its resource mix from 3% in 2003 to 20% in 
2010. 

• Energy efficiency 

LADWP continues its commitment to energy efficiency through numerous 
programs and services to customers, encouraging the adoption of energy-saving 
practices and installation of energy-efficient equipment. Since 2000, LADWP 
energy efficiency programs have reduced long-term peak period demand by 
approximately 303 MWs, resulting in 1,256 GWh of energy savings. 

• Emissions reduction 

As of 2010, CO2 emissions from power generation are 23% lower than 1990 
levels. The lower emissions are attributed to the respective sales of the Colstrip 
and Mohave Generation Stations, increased generation from renewable resources, 
and the ongoing repowering of the in-basin natural gas units. 

Due to the installation of advanced pollution control equipment at all of its in
basin generating stations, NOx emissions from LADWP's local generating plants 
are at least 90 percent lower than 1990 level, 

• Once-through cooling 

As a result of completed repowering projects, LADWP has reduced the use of 
once-through ocean water cooling by 17% from 1990 levels. The current plan 
calls for a complete phase-out of ocean water cooling by 2029. 

• Haynes 5 & 6 

The September 2011 groundbreaking ceremony signified the start of construction 
for the replacement of Haynes Units 5 and 6. The original units, which date back 
to the mid 1960's, will be replaced with efficient modern units that can facilitate 
the integration of intermittent renewable energy. This project is also one of many 
that that will eliminate the use of ocean water for cooling by 2029. 

• Castaic 

FINAL 

The seven units of the Castaic Hydroelectric Plant are currently being rotated out 
of service for modernization. This multi-phase process began in 2004 and is 
expected to continue through 2014. To date, five units have been completed. The 
associated increase in efficiency is projected to add up to 80 MW of renewable 
qualifying capacity to Castaic. The increased capacity also results in more 
reserves available to reliably meet peak system demands. 
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• Power Reliability Program (PRP) 

The PRP is a comprehensive, long-term power reliability program developed by 
LADWP to replace aging infrastructure and make permanent repairs to 
generation, transmission, and distribution infrastructure. Through the program, 
LADWP successfully reduced the number of distribution outages by 28% 
between 2006 and 2009, by accelerating the replacement of transformers, poles, 
underground cables, and other equipment. See Section 1.6.2 and Appendix E for 
more information. 

• Green Power Program 

LADWP offers its customers an opportunity to participate in the Green Power 
Program. "Green Power" is produced from renewable resources such as wind 
energy, geothermal, or other renewable resources, rather than conventional 
generating plants. Over 17,100 LADWP customers participated in the program 
during 2010. These participants receive approximately 104,000 MWh of 
renewable energy annually. Since program inception, in 1999, to the end of 2010, 
818,768 MWh of renewable energy was procured, making it one of the largest 
voluntary green pricing programs in the nation. 

• Solar Incentive Program 

To date, LADWP has encouraged the installation of 41 MW of solar at 
approximately 4,500 customer locations through its ratepayer-funded Solar 
Incentive Program. 

• Upgraded capacity on the Southern Transmission System (STS) 

In May 2011, 480 MW of additional capacity was added to the eXlstmg 
transmission line from Utah, of which LADWP's share is 288 MW. The increased 
capacity allows LADWP to increase procurement of renewable energy. 

• Navajo Generating Station retrofitted with low NOx burners 

In March 2011, Navajo completed a three-year project that retrofitted the boilers 
of all three units with low NOx burners and separated over-fire air systems. This 
project was successful in reducing NOx emissions by 40% which represents an 
annual NOx emission reduction of 14,000 tons per year. 

• Barren Ridge Switching Station 

FINAL 

The Barren Ridge Switching Station, located 15 miles north of Mohave, was 
completed in 2009. This substation is a key component of the Barren Ridge 
Renewable Transmission Project, which will enable LADWP to interconnect 
approximately 1,400 MW of wind, solar, and other renewable resources that will 
be available in the next several years, from the Mohave Desert and Tehachapi 
Mountain areas. The next step for the project is to upgrade and build a new 
transmission line from the new substation to a new Haskell Canyon Station near 
Santa Clarita. 
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II Milford II Wind Proj ect 

In May 2011, LADWP began receiving over 100 MW of new wind energy. 
Milford II is an expansion of the 200 MW Milford I wind farm project. Together, 
Milford I and II are providing 2.6% ofLADWP's total energy sales. 

II Electric Vehicles Incentive for Home Chargers 

FINAL 

To encourage the transition towards electric vehicles, LADWP launched a 
demonstration program in April 2011 providing a $2,000 rebate for home 
charging systems. LADWP also worked with other City agencies to streamline the 
process time for permitting and installation of these systems. 
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1.6 Key Issues and Challenges 

LADWP faces a number of concurrent issues and challenges that require careful 
assessment. Long term strategies must focus on these issues so they can be addressed in 
the most cost effective manner without compromising reliability compliance and 
environmental stewardship. The major issues around which the strategies of this IRP are 
centered include: ensuring reliability, greenhouse gas emission reduction, increasing the 
amounts of renewable generation resources, and addressing once-through cooling. 

However, the inability to fund the programs designed to address these issues warrants 
some discussion. Current budget constraints are deferring a number of initiatives and 
programs. The delays surrounding resolution of the Power System budget have the 
potential of impeding LADWP' s ability to meet its long term plans and obligations. 

1.6.1 Adequate Multi-year Funding to Support Programs 

Based on last year's 2010 IRP, a multi-year rate increase was recommended beginning 
fiscal year 2011-12. The rate increase would have supported elements oflast year's IRP, 
all of which remain as the foundation for LADWP's short and long term plans. Because 
the rate increase was not realized in July 2011, many of the programs that required 
funding were scaled down, delayed or deferred. 

A multi-year funding plan is necessary to provide consistent and sustainable project and 
program development. Funding that is based on annual budgets are subject year-to-year 
fluctuations which introduces uncertainty for our customers and the inefficient use of 
staff and financial resources that are necessary to meet LADWP's objectives and 
compliance requirements. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to 
satisfy once-through cooling regulatory requirements. 

• Implement early coal divestiture. 

• Secure the state-mandated amounts of renewable energy. 

• Through the Power Reliability Program, reduce the number of distribution 
outages and improve system reliability. 

• Implement necessary transmission improvements to maintain reliability. 

• Achieve energy efficiency target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability standards. 
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A rate process that began earlier this year is addressing the revenue needs for LADWP. A 
proposed 3-year rate adjustment that would support the programs listed above is being 
considered. The expectation is that the rate process will conclude sometime in 2012. 
Securing adequate multi-year funding is crucial to ensure LADWP's ability to stay on 
track towards meeting its future long term goals and obligations. 

1.6.2 Ensuring Reliability 

Challenges to ensuring continued reliable electric service include the replacement of 
aging generation facilities, maintaining grid reliability, the integration of intermittent 
renewable energy resources, and the replacement of poles, power cables, transformers 
and other elements of the local distribution system. 

Aging Facilities and Infrastructure 

LADWP's generating units sited within the Los Angeles Basin were primarily built in the 
late 1950s and early 1960s. While these units have undergone extensive upgrades, they 
are approaching the end of their service lives. Repowering of these units began in 1994, 
and refurbishment is approximately one-third complete. Repowered units will be 
substantially cleaner, more efficient, and more reliable than the units they are replacing. 
Repowering LADWP's gas-fired units will also assist in integrating intermittent 
renewable resources into LADWP's energy mix by providing quick-response, back-up 
generation capacity. 

LADWP's local transmission system cannot be reliably operated without generation from 
local thermal generating plants. The amount of generation required to provide 
transmission reliability is termed Reliability Must Run (RMR) generation. Repowering 
these local units will maintain transmission reliability by maintaining the reliability of 
RMR generation. 

Historically, LADWP's local generation has provided voltage control for the basin 
transmission system. Over the years, as imports into the basin transmission system have 
increased, fewer local generators are on-line. No other means of voltage control, such as 
static capacitors and reactors, have been installed. As a result, LADWP's ability to 
control voltage has decreased. As more renewables become available, even fewer local 
generating units are likely to be on-line, and the ability to control nighttime voltage may 
become unmanageable. 

Grid Reliability 

LADWP's latest Ten-Year Transmission Assessment Plan has identified a number of 
infrastructure improvements that are needed to avoid potential overloads on key segments 
of the Basin transmission system. These overload conditions, if encountered, could lead 
to load shedding events (intentional power outages) to minimize the overall impact on the 
power system. LADWP has also investigated the system's reactive power needs, and 
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recommends further improvements to reduce system losses and optimize performance. 
More information can be found in Section 2.4.4. 

Integration ofIntermittent Renewable Energy 

The integration of renewable energy into the grid poses major challenges. Integrating 
renewables may, paradoxically, require additional gas-fired generation. Because 
renewable resources like wind and solar produce electricity variably and intermittently 
(i.e., only when the wind is blowing or when the sun is shining), integration of these 
resources requires additional generator units to compensate for significant and often rapid 
swings in energy production. These swings present operational challenges and must be 
leveled by controllable generation capable of equally rapid changes of generation in the 
opposite direction. This stabilization is known as "regulation." A preferred solution 
would use energy storage to regulate delivery of energy and reduce the severity of 
integration problems. LADWP currently uses, among other resources, pumped water 
storage and hydro resources for regulation. Batteries and compressed air offer alternative 
storage solutions, but those technologies are still in development and have not yet been 
proven as commercially viable. 

LADWP is conducting studies to determine the maximum levels of intermittent energy 
resources that can be integrated reliably and the investments necessary to maintain power 
grid reliability. 

Power Reliability Program (PRP) 

Between 2003 and 2005, LADWP experienced a growing number of distribution outages 
due to, among other things, aging infrastructure (poles, lines, transformers, etc.), and 
deferred maintenance and asset replacement. l In response, LADWP established a 
comprehensive Power Reliability Program (PRP) in 2006 which provided increased 
funding to address the growing maintenance backlog. The goals of the program include: 
(1) mitigating problem circuits and stations based on the types of outages specific to a 
given facility, (2) implementing proactive maintenance and capital improvements to avert 
problems before they occur, and (3) establishing replacement cycles for facilities that are 
in alignment with equipment life cycle. 

The PRP has clearly defined annual targets for various distribution, substation, and 
transmission assets. While cable replacements consistently reached ideal replacement 
rates, the overall number of underground related outages has been falling. However, the 
overhead distribution replacements did not reached their ideal replacement rates, and the 
number of overhead outages has continued to rise. This has also contributed to the overall 
aging of the overhead system. Overhead outages have increased and are expected to 
continue to degrade with less replacements moving forward. Since 72% of the 
distribution system is overhead, we can expect the overall distribution outage rate to 
continue to increase unless replacements are increased dramatically. 

1 To illustrate the age of the City's distribution system, over 50 percent of the 308.000 distribution poles are 
at least 50 years old. 
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In the years since the program was implemented, a clear correlation has been established 
between the amount of funding for PRP and the successful reduction of outages. As 
shown on Figure 1-4, during the initial 3 years of the PRP, when the program was fully 
funded, total outages declined by 28%. Budget constraints since then, however, have 
resulted in program underfunding. As a consequence, outage frequency has flattened out 
and is on the up rise. The projected outage levels shown in Figure 1-4 reflect current 
budget shortfalls. Adequate funding is necessary to get the PRP back on track towards its 
goal of reducing outage levels. 
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Figure 1-4. Total outages between 2000-2010, and projected to 2014. 

Additional information on LADWP's PRP can be found in Appendix E. 

1.6.3 GHG Emissions Reduction 

LADWP's GHG emissions reduction strategy must comply with state and federal 
regulations. At the time of this writing, key legislation and regulations either promulgated 
or proposed include: 

• Assembly Bill (AB) 32, the California Global Warming Solutions Act of 2006, 
calls for reducing the state's GHG emissions to 1990 levels by 2020. The 
regulations for implementing a greenhouse gas emissions trading program under 
AB 32 were finalized and adopted on October 20, 2011 by the California Air 
Resources Board (ARB). Enforcement and compliance with the trading program 
will begin January 1, 2013. Electric distribution utilities, including LADWP, will 
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receive an administrative allocation of emission allowances that reflects their 
respective annual emissions as they implement aggressive energy efficiency 
measures and the 33 percent Renewable Portfolio Standard. The ARB will 
continue to work with stakeholders to monitor the impacts of the regulation on all 
sectors, including the electricity sector. 

• SB 1368, the California Greenhouse Gas Emissions Performance Standard Act, 
also enacted in 2006, prohibits LADWP and other California utilities from 
entering into long-term financial commitments for base load generation unless it 
complies with the GHG emissions performance standard. The GHG emissions 
level must be equal, or below, that of a gas-fired combined cycle units (i.e., 1,100 
lbs. per MWh). This standard also applies to existing power plants for any long
term investments or contractual extensions. 

In the absence of comprehensive federal climate legislation, the U.S. Environmental 
Protection Agency (EPA) has taken steps toward regulating GHG emissions from electric 
power plants under authority of the federal Clean Air Act, and will be issuing a new 
revised schedule for regulations in the coming months. 

LADWP has historically relied upon coal for base load generation. Currently, 39 percent 
of the energy delivered to LADWP customers is generated from two coal-fired generating 
stations: the Intermountain Power Project (IPP) , located in Utah, and the Navajo 
Generating Station (NGS), located in Arizona. The NGS's land lease expires in 2019 but 
has a stipulation for a 25-year extension. IPP's contract is in effect until 2027. These 
stations provide dependable, low cost base load generation to Los Angeles. Coal-fired 
generation, however, emits about twice as much CO2 as energy generated with natural 
gas. Accordingly, this 2011 IRP focuses on early coal divestiture options as a means to 
comply with AB 32 and lower LADWP's GHG emission levels. Sections 3 and 4 discuss 
the alternative strategic case options in detail. 

1.6.4 Increasing Renewable Resources 

Initiatives to utilize renewable resources to generate electricity support the goal of 
reducing GHG emissions and lessen our reliance on fossil fuels. 

• The LADWP Board of Commissioners has adopted a policy to achieve 20 percent 
renewables by 2010, and 33 percent by 2020. The Board and City Council have 
approved projects and long-term power purchase agreements that achieved the 20 
percent RPS goal in 2010. The policy has been revised to incorporate SB 2 (IX) 
requirements, and is included as Reference D-2 of Appendix D. 

• State legislation - SB 2 (IX) - which was passed in April 2011 and became 
effective December 10, 2011, will subject all utilities to procurement of eligible 
renewable energy resources of 33 percent by 2020, including the following 
interim targets: 
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o Maintain at least an average of 20 percent renewables between 2011 and 
2013 

o Achieve 25 percent renewables by 2016 
o Achieve 33 percent renewables by 2020 and maintain this level III all 

subsequent years. 

In addition, SB 2 (IX) sets certain conditions regarding renewable energy contracts 
entered into on or after 61112010, as shown in Table 1-1. 

Table 1-1. S82 (1X) CATEGORY REQUIREMENTS FOR RPS ENERGY CONTRACTS 

A Minimum 50% Minimum 65% Minimum 75% 

B See footnote 2 See footnote 2 See footnote 2 

C Maximum 25% Maximum 15% Maximum 10% 

1Categories are defined as follows: 

Category A = Energy and RECs from eligible resources that 

• Have the first point of interconnection with a CA balancing authority or with 
distribution facilities used to serve end users within a CA balancing authority 
area; or 

• Are scheduled into a CA balancing authority without substituting electricity from 
another source. If another source provides real-time ancillary services to 
maintain an hourly import schedule into CA, only the fraction of the schedule 
actually generated by the renewable resource will count; or 

• Have an agreement to dynamically transfer electricity to a CA balancing 
authority. 

Category B = Firmed and shaped energy or RECs from eligible resources providing 
incremental electricity and scheduled into a CA balancing authority. 

Category C = Energy or RECs from eligible resources that do not meet the requirements 
of category A or B, including unbundled RECs. 

2Remainder % of resources which are neither in Category A nor Category C. 

The legislation allows for the California Energy Commission to issue a notice of 
violation and correction, and to refer all violations to the California Air Resources Board. 
Failure to achieve the targets may result in significant penalties. 

The challenges of adopting more renewable resources such as wind, solar and 
geothermal, are: (i) obtaining local and environmental rights and permits for renewable 
projects and the associated transmission lines needed to deliver energy to Los Angeles; 
(ii) establishing reliable and cost-effective integration of large scale wind and/or solar 
farms into the LADWP power grid through the addition of regulation-capable generation; 
and (iii) developing geothermal sites which are potentially scarce, require large capital 
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costs, impose exploration risks, and have limited transmission line access. In addition, 
energy from renewable resources is generally more expensive than energy from 
conventional fossil fuel resources. 

1.6.5 Once-through Cooling 

Once-through cooling (OTC) is the process of drawing water from a river, lake, or ocean, 
pumping it through a generating station's cooling system, and discharging it back to the 
original body of water. OTC is a major regulatory issue, stemming from the Federal 
Clean Water Act Section 316(b) and administered locally by the State Water Resources 
Control Board (SWRCB). The interpretation of rules and development of guidelines for 
OTC have been several years in the making. See Appendix C for details. 

OTC regulations affect LADWP's three coastal generating stations - Scattergood, 
Haynes, and Harbor. To comply with OTC regulations, generation units at those stations 
that utilize ocean water for cooling will be repowered with new units that do not use 
ocean water. The total generation capacity affected by OTC is significant -
approximately 2,162 MW, or roughly 35 percent of LADWP's annual peak demand in 
2010. The total expenditures required are also significant, on the order of $2.4 billion. 
Because of the size and scope of the work required, and for various reasons discussed 
below, the work to comply with OTC is a long term program, extending to 2029. 

It should be noted here that many of the units being replaced are older units that would 
have been replaced even without the OTC requirement. However, the OTC mandate 
requires some units to be replaced sooner than what may have been otherwise. 

Discussions between LADWP and the SWRCB have resulted in the following timeline 
for OTC compliance (Figure 1-5). 

OTe REDUCTION TARGET DATES 

• OTC Compliance Date 

IW&RIWarranty & Reliability Phase 

• • ........ ~~==~~ 
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure 1-5. Timeline for OTC compliance. 
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There are many constraints and considerations that were factored into the development of 
the OTC compliance timeline. Because the LADWP power system relies on the in-basin 
units to provide transmission system reliability, as well as local sources of power 
generation, it is important to keep all of the units available to meet the peak summer 
demand. An older existing unit cannot be decommissioned (shut down) until the new 
replacement unit is built, tested, and ready to go on-line. This requires a strict sequencing 
of the separate repowering projects, as shown on Figure 1-5. 

There are many challenges to meeting the target dates. The limited space available within 
some of the generating station property boundaries presents planning and construction 
difficulties. Other issues include the long lead times required for environmental 
permitting, engineering design, and equipment procurement. Any unforeseen delay - for 
example, a delay in acquiring an environmental permit or a delay in delivery of new plant 
components - will adversely affect the schedule. The timeline shown in Figure 1-5 
represents LADWP's best effort to comply with the mandated compliance deadlines 
while also meeting its reliability responsibilities. 

The effects of the repowering program on ocean water use are shown in Figure 1-6. As 
individual units are replaced with new units that do not use ocean water, OTC levels 
decrease. The overall goal of the program is the total elimination of OTC by 2029. 
Additional discussion regarding LADWP's compliance with OTC regulations can be 
found in Appendix C. 
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Figure 1-6. LADWP's reduction in once-through cooling from 1990 to 2029. 
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1.6.6 Additional Challenges 

Additional challenges that LADWP must address include an increased risk from 
natural gas price volatility, cyber security legislation, hydro-plant re-licensing, and 
improving system load factor: 

• Natural Gas Price Volatility 

To the extent that LADWP seeks to reduce its GHG footprint, but cannot meet all 
its future needs through renewable resources and EEIDSM programs, a greater 
percentage of generation utilizing natural gas will be forthcoming. The energy 
profiles of all strategic cases analyzed in this IRP are composed of approximately 
45 percent gas-fired generation by 2030. To reduce the price risk inherit when 
relying so much on a single fuel type, LADWP will need to continue to develop 
and implement strategies to hedge against natural gas price volatility. These 
strategies are designed to protect LADWP from potential future price fluctuations, 
and include financial hedging products, ownership of gas reserves to supply a 
portion of its fuel needs, and other potential products and contractual 
arrangements. 

• Cyber Security Legislation 

Cyber security legislation which provides additional authority to the federal 
government, has been pending for several years. The Grid Reliability and 
Infrastructure Defense Act (GRID Act) of 2011 would grant new authority to the 
Federal Energy Regulatory Commission (FERC) to determine power system 
vulnerabilities and required actions by the power industry, and additional 
authority related to physical security and other threats. Public power is working 
with House and Senate representatives to develop a bill that focuses more on 
information sharing and which would allow a utility to take voluntary actions as 
they see best for their organization. 

• Castaic FERC Re-licensing Program 

FINAL 

On January 31, 2022, the Federal Energy Regulatory Commission's (FERC) 
license to operate Castaic Pumped-storage Hydroelectric Plant will expire. The 
license is a co-license between LADWP and the Department of Water Resources 
(DWR) and includes a number of hydro power plants along the California 
Aqueduct. Both parties have initiated the joint re-licensing process that, on 
average, requires ten years to complete. Through 2015, LADWP expects to 
complete preliminary studies, contract negotiations, and prepare a filing strategy. 
In 2016, LADWP expects to file a notice-of-intent (NOI) and initiate the formal 
studies and applications. Based on reviews of re-licensing activity for similar 
projects, LADWP could expect cumulative expenditures of approximately $10 
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million prior to filing the NOI and approximately $80 million before the license 
expires. From DWR's recent experience at re-licensing of Oroville Dam, they 
have informed LADWP that future mitigation cost could exceed $1 billion dollars 
for a new 50-year license period. 

• Load Factor Improvement 

FINAL 

Load factor represents how constant energy usage is over a given day. A 100 
percent load factor means that the same amount of power is used off peak as on 
peak, so the system is getting full use of its generation, transmission, and 
distribution resources. A low load factor results in generators being started more 
often to serve load for a few hours a day, which is not optimum. As an analogy, a 
car traveling at constant speed will get the best gas mileage and reduced wear and 
tear than a car in stop-and-go traffic. 

From the I990s through 2005, annual system load factors were trending slowly 
upward, which is a positive movement. Since 2006, however, system load factors 
are trending down. Some of this decline is due to the fact that much of the historic 
energy efficiency effort is directed at lighting, which has higher impact on sales 
when compared to peak. Also, most customers are making greater efforts to 
conserve energy but during extreme weather events safety and comfort 
predominate over conservation causing the peak to spike. It is imperative that 
LADWP implement tools to shift load from peak hours to off peak hours to 
reverse this trend and improve system performance. 
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LADWP conducts a public review process on their IRP every other year. A public review 
process was held in the fall oflast year in support of the 2010 IRP. The review process 
included a series of public workshops and stakeholder meetings with representatives from 
neighborhood councils, environmental groups, and local business associations. The 2010 
public review process is relatively recent, and the input gathered and the conclusions that 
emerged from that process remain mainly intact. A full scale public outreach program, 
similar to the one held in 2010, is planned for next year's 2012 IRP. 

Therefore, this 2011 IRP relies on the findings from last year's public outreach effort (for 
details see Appendix N). In summary, following are the themes that emerged. 

LADWP should: 

• Emphasize a variety of energy resources 

• Maximize energy efficiency and conservation 

• Eliminate coal from its generation portfolio 

• Emphasize local solar generation 

• Avoid adverse impacts to vulnerable communities 

• Clarify costs of IRP implementation and potential impacts to ratepayers 

• Reduce environmental impacts 

• Provide proactive leadership and transparency 

Section 5 includes a discussion on how LADWP incorporated these ideas into its 
recommended strategy. 
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1.8 2011 IRP Development Process 

Note: The 2011 IRP process did not include public review. Next year's 2012 IRP process 
will include a public outreach program similar to the one conducted as part of the 2010 
IRP. 

The IRP is prepared by a group of engineers dedicated to LADWP resource planning and 
preparation of the IRP. This group is managed by a Supervising Engineer, with a direct 
reporting staff of four. While this group performs the production model and report 
preparation for the IRP, the bulk of the work is collaborative across the different work 
groups and functional areas of the Power System. 

The IRP is developed in multiple stages, including: 

1. Identifying and approving key assumptions 

The assumptions form the basis for subsequent analysis, and include such factors 
as load and fuel price forecasts, renewable resource percentages targets, CO2 

allowances and pricing, projected energy efficiency implementations, repowering 
schedules, etc. Assumptions are prepared and approved by the internal LADWP 
organizations responsible for the respective subj ect areas. The assumptions are 
then presented to LADWP management for comments and acceptance. 

2. Establishing clear goals and objectives 

The overarching goal ofLADWP's IRP planning efforts is to produce a long term 
plan that ensures the future supply of electricity that is reliable, competitively 
priced, and is secured in a manner consistent with environmental stewardship. 
Through the planning and development process, specific initiatives, programs and 
projects (many which are in progress) are identified and assessed. The planning 
effort is collaborative among cross functional organizations within LADWP. Each 
initiative, program and project will have its own appropriate set of goals and 
objectives, which in tum supports the collective goal of reliable, affordable 
electricity that is sensitive to the environment. 

3. Establishing strategic case alternatives 

FINAL 

Each of the strategic cases is developed by IRP staff with input from each of the 
internal LADWP organizations. The strategic cases are designed to consider 
alternative future resource portfolios, and reflect real decision points and plans 
that LADWP will have to implement. The current major decision area for 
LADWP is coal divestiture; therefore, this IRP considers three alternative options 
for reducing coal-fired energy (whereas last year a decision area was the amount 
of renewable energy to adopt, it is no longer discretionary due to regulatory 
mandates, and is not a distinguishing feature among the current alternatives). 
Each case is vetted through LADWP management and working meetings are held 
to agree on final cases to be assessed. 
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4. Completing computer modeling of power system operations 

Simulations of the case alternatives are made using the Planning and Risk (PAR) 
software. PARis a widely used hourly production cost model that commits and 
dispatches resources to minimize the cost of serving electric load. PAR is used by 
many utilities across the US and the world. The modeling results are vetted for 
quality, including a third party consultant review. Post model analysis is then 
conducted to account for non-generation system costs, including transmission and 
distribution. The final results compare each case in terms of reliability, costs, and 
CO2 emissions reduction. The results are reviewed by management for comments 
and acceptance. If needed, modifications are made to the model input assumptions 
for new computer runs. 

5. Recommending and approving a preferred case 

Based on the results of the case alternative analysis, a recommended case is 
identified. The recommended case is presented to management for review and 
acceptance. 

Each of these stages includes coordination between multiple LADWP organizations 
responsible for different aspects of power system operations, preparing recommended 
positions for each stage, presenting recommendations to LADWP's leadership team, 
including Division and Section Heads, and ultimately presenting recommendations to the 
General Manager. At each of these presentations, modifications to recommendations are 
noted. The approval process for recommendations is based on consensus from the 
managers of each area of responsibility. 
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1.9 Conclusions 

Addressing all of these challenges requires considerable amounts of labor and capital 
resources, which applies upward pressure on LADWP's electric rates. It is important to 
note that LADWP cannot compromise on its responsibility to ensure adequate reliability 
of its power system. As facilities age, they must be repaired and eventually replaced. 

LADWP is focusing on both near-term and long-term solutions. Attainment of the 
objectives and goals documented in this 2011 IRP will require the continued 
implementation of existing programs and projects, as well as the introduction and 
expansion of new initiatives and program areas. The following list shows the major 
activities that require action over the next 3-5 years (for more information, see the 
referenced IRP sections). 

Major Power System Activities 2011-2016 

Program Areas in Progress 

• Haynes 5&6 Repowering (Sections 1.6.5,2.4, 3.2.1, and 3.3; Tables 4-5, 5-3, and 5-4; 

Appendix F) 

• Scattergood Repowering (same as Haynes 5&6 references) 

• Coal Divestiture Planning and Implementation (Sections 1.6.3,2.4,3.2.1,3.3,3.5,4, 

and 5) 

• Replacing aging distribution infrastructure (Sections 1.6.2; Appendix E) 

• RPS procurement (Sections 2.4, 3,4, and 5; Appendices D and M) 

• Solar Program Development (Sections 2.4,3.2, and 5; Appendices D, G, and M) 

• Existing EE program elements (Section 2.3; Appendix B) 

New Program Areas 

• Demand Response Program (Sections 2.3.2, 3.2.1, 5.3, and 5.6; Table 4-3) 

• New EE program elements (Section 2.3; Appendix B) 

• Smart Grid Implementation (Section 2.3.4; Appendix L) 

• Transmission Line Improvements (Sections 2.4.4 and 5; Appendix I; Tables 4-5 and 

5-3) 

• Grid Reliability Improvements (Sections 2.4.4 and 5) 

• Haynes 1&2 Repowering (Sections 1.6.5 and 3.3) 
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2.0 LOAD FORECAST AND RESOURCES 

2.1 Overview 

Through an IRP, utilities forecast the demand for energy and determine how that demand will be 
met. Meeting forecasted demand is accomplished by the planning and delivery of electric power 
generating ("supply-side") resources through transmission and distribution systems. Another key 
element ofIRP planning is to determine how to reduce energy demand and increase the efficiency 
of the utility customer's use of electricity, known as "demand-side resources." 

This section of the IRP addresses the following: 

• Forecasting of future energy demand 

• Demand-side Resources (DSR), including Energy Efficiency and Demand Response 

• Supply-side Resources 

• Transmission/Distribution 

• Reserve requirements 

The discussions include the technical, regulatory, and economic factors that affect LADWP's 
planning and execution of programs and projects. 

Data for this analysis comes from publicly available reports from organizations like the 
California Energy Commission (CEC), California Public Utilities Commission (CPUC), the 
North American Electric Reliability Corporation (NERC) , the Federal Energy Regulatory 
Commission (FERC), industry forecasts, and internal LADWP sources. Also highlighted in this 
IRP are additional studies that are either underway or will be performed in the near future to 
provide additional clarity regarding the boundaries and needs of the system. 
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Section 2 
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For this IRP, LADWP developed a forecast of customer demand for energy over the next 20 
years (the complete 2011 load forecast is included in Appendix A). Econometric models are used 
to forecast retail sales and peak demand. Net Energy for Load (NEL) is defined as the production 
necessary to serve retail sales. NEL, and its allocation across various times of the day, are 
functions of the retail sales and peak demand forecasts. The retail sales forecast is the sum of 
seven separate customer class forecasts. The classes are residential, commercial, industrial, plug
in electric vehicle (PEV) , intradepartmental, streetlight, and Owens Valley. The drivers in the 
retail sales models include normalized weather, population, employment, construction activity, 
and personal consumption. The NEL forecast is derived from the retail sales forecast by applying 
a normalized loss factor of 11.5 percent. Losses can vary depending on the sources of energy 
production. NEL load growth becomes a driver of the peak demand forecast. Peak demand is 
also a function of temperature, heat buildup, and time of year. The NEL forecast is allocated 
using the Loadfarm algorithm developed by Global Energy. The inputs into the algorithm are 
NEL, peak demand, minimum demand, and system load shape. 

2.2.1 2011 Retail Electrical Sales and Demand Forecast 

The effect of the recent recession and slower than normal recovery combined with cooler than 
normal weather depressed electricity sales by approximately 6 percent off their fiscal year 
2007-08 peak. Losses in commercial sectors such as construction, real estate, retail, and leisure 
are forecasted to recover as the economy expands. 

The electricity consumption within LADWP's service territory is forecasted to remain flat over 
the next three years. The load forecast predicts an increase of 1.6 percent in 2014-15 due to the 
expected completion of large mixed-use projects. The growth in annual peak demand over the 
next twenty years is predicted to be about 1.1 percent-approximately 65 MW per year-with 
less growth over the next few years due to the current recession. After 2016, some of the growth 
will not be realized at the meter depending on the adoption of energy efficiency and distributed 
generation technologies. 

The 2011 Forecast is LADWP's official power system forecast. This forecast is used as the basis 
for LADWP power system planning activities including, but not limited to, integrated resource 
planning, transmission and distribution planning, and wholesale marketing. The forecast is a 
public document that uses only publically available information. 

Table 2-1 summarizes the data sources used to develop the forecast and where these data sources 
have been updated from previously published forecasts. 
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Table 2-1: LOAD FORECAST DATA SOURCES 

Data Sources Updates 

l. Historical Sales through September 2010 are reconciled to the Historical Sales, Net Energy for 
General Accountings Consumption and Earnings Report. Load and weather data is 

updated through September 20] O. 

2. Historical NEL, peak demand and losses through September 2010 are reconciled to energy 
accounting data. 

3. Historical weather data is provided by the National Weather Weather is updated through 
Service and Los Angeles Pierce College. March 20]0. 

4. Historical Los Angeles County employment data is provided by Employment data is updated 
the State of California Economic Development Division using through September 20] 0 using 
the March 2009 benchmark. the March 2009 benchmark. 

5. Historical population and forecasts is provided by the State of Population data is updated 
California Department of Finance. through January 2010. 

6. The long-term Los Angeles County economic forecast is provided by UCLA Anderson Forecast. 

7. The construction activity forecast is provided by McGraw-Hill Building permit data is updated 
Construction. through September 20] O. 

8. The plug-in electric vehicle (PEV) forecast is based on the CEC statewide PEV forecast. 

9. The port electrification forecast is provided by the Port of Los Angeles. 

10. The housing forecast is informed by the City of Los Angeles "Housing that Works" plan. 

2.2.2 Five-year Sales Forecast 

The Retail Sales Forecast through 2016 represents sales that will be realized at the meter. In the 
forecast, energy efficiency and solar savings are expected to occur uniformly throughout the year 
as a simplifying assumption. Installation schedules are difficult to prepare because they rely on 
the customers allowing the installation to occur. 

Energy efficiency and customer solar installations cause about a two percent drop in retail 
electricity sales. The remaining decreases in the next two years are attributed to economic 
conditions. Personal consumption should decrease as personal income flattens and savings and 
tax rates increase. Vacancy rates in the commercial sector are expected to increase short term. 
Manufacturing jobs are forecast to continue to decline. Retail electricity growth will lag growth 
in the economy somewhat. Businesses will become more efficient and begin to increase their 
operating margins as the economy improves. As shown in Figure 2-1, once the operating margins 
increase, new hiring will begin again and then retail electricity sales will begin to grow. 
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Figure 2-1. Retail sales net of energy efficiency and distributed generation. 

Table 2-2 shows projections of short-term retail sales growth: 

Table 2-2. SHORT-TERM GROWTH 

Additional Load if not 

Fiscal Year Retail Sales for EE & Solar 
Savings 

Ending June 30 (GWH) YOY Growth Rate (GWH) 

2009-10 23,491 -4.2% 10 

2010-11 23,051 -1.40% 176 

2011-12 23,221 0.7% 383 

2012-13 23,175 -0.2% 676 

2013-14 23,258 0.4% 928 
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2.2.3 Electrification 

A result of AB 32 will be to encourage increased electrification as a means to reduce GHG 
emissions. This has added a degree of uncertainty to the forecast of future electricity needs in 
terms of both additional resulting load and the speed of implementation of electrification 
programs. 

In the transportation sector, fuel switching from diesel and gasoline to electric power can result 
in air quality improvements if the sources of electric power are clean. Figure 2-2 shows the 
forecasted number of plug-in electric vehicles (PEVs) within the LADWP service area over the 
next 20 years. To support the adoption of electric vehicles, LADWP launched a pilot program in 
May 2011 that provides 1000 customer rebates of up to $2,000 towards the purchase and 
installation of electric vehicle home charging systems. Supporting the City's electric vehicle 
infrastructure, LADWP is also in the process of retrofitting 117 vintage chargers on City 
property. 
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Figure 2-2. Forecasted number of plug-in electric vehicles. 

Other agencies in the LA air basin have initiatives underway for "electrification" to replace 
existing diesel fueled trucks and gasoline powered cars with electric power. In addition, planned 
expansions to light railway and the metro system would add additional electric load to the 
system. 
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Another example of transportation sector electrification is the Clean Air Action Plan developed 
jointly by the Port of Los Angeles and the Port of Long Beach to reduce air pollution from their 
many mobile sources as well as some fixed sources. This includes trucks, locomotives, ships, 
harbor craft, cranes, and various types of yard equipment. One of the programs, Alternative 
Marine Power (AMP), allows AMP-equipped container vessels docked in port to "plug-in" to 
shore-side electrical power instead of running on diesel power while at berth. 

Plug-in Electrical Vehicles (PEVs) 

Large scale deployment of electric vehicles will significantly affect the way electricity is consumed. It is 
estimated that by 2015, the United States will have one million EVs in deployment, 10% of which is expected to 
be in California. The introduction of electric vehicles in Southern California brings a challenging set of 
planning, regulatory and cost issues. Because EVs require a unique infrastructure, including specialized 
charging equipment and adequate electric service, it is essential to anticipate and predict the grid impact in 
Southern California from the EV deployment. 

Regulated utilities in California are now responding to regulatory direction to submit plans for large-scale EV 
initiative with full delineation of costs and benefits. This regulatory initiative is an aggressive step, seeking to 
promote accelerated adoption of EVs. The EV deployments and the associated utility customer features are 
proceeding throughout the State of California. Energy needed for PEVs will come partially from the utility 
electric grid. It is expected that the "fuel shift" from traditional transportation fuels will increase customers' 
demand for electricity from the electric grid. 

PEVs also present an opportunity to influence charging patterns by incentivizing charging during off-peak time 
periods, resulting in better system load factor. Currently 80% ofPEV charging in Los Angeles occurs during off 
peak hours (per US DOE) 

LADWP will use a part of the $120 million Smart Grid demonstration grant award from DOE to demonstrate 
the integration of electric vehicles into the LADWP-managed electric system. The demonstration will use 
internal fleet equipment, privately owned EV chargers, and will include electric vehicle fleets from both UCLA 
and USC. These complementary fleets provide the opportunity to test EVs in both the controlled environment of 
a corporate fleet and the "real world" usage of individuals. These opportunities will test the integration of EVs 
into the grid, along with acquisition of EV communications to the grid management. 

FINAL 2-6 December 22, 2011 

AR0071116 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

Section 2 
Load Forecast & Resources 

2.2.4 Peak Demand Forecast 

Growth in annual peak demand over the next ten years is 1.0 percent as shown in Table 2-3. 

Table 2-3: FORECASTED GROWTH IN ANNUAL PEAK DEMAND 

Fiscal Year End 

I 

Base Case Peak 

I 

Growth rate Base 

I 

One-in-Ten Peak 
June 30 Demand (MW) Year 2010-11 Demand (MW) 

2010-11 55891 6042 

Forecast 
2015-16 5809 0.8% 6277 

2020-21 6211 1.0% 6710 

2030-31 7000 1.1% 7560 

2040-41 7780 1.1% 8403 
1 Weather-normalized. Actual peak was 6142 MW 

In 2010, the System set its all-time annual net energy for load peak at 6142 MW on September 
27,2010 on a day that was a one-in-thirty-five year weather event. The weather-adjusted one-in
two peak for 2009 is 5589 MW. Figure 2-3 presents the one-in-ten peak demand forecast, which 
is used for integrated resource planning. In the 1990s through 2005, annual system load factors 
were trending slowly upward. Since 2006, system load factors are trending down. Two factors 
are generally thought to be contributing to this effect. Most customers are making greater efforts 
to conserve energy but during extreme weather events safety and comfort predominate over 
conservation causing the peak to spike. Much of the historical and forecasted energy efficiency 
effort is lighting which has a greater impact on consumption rather than peak which lowers the 
load factor. 
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Figure 2-3. One-in-ten peak demand forecast comparison. 
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Demand Side Resources (DSR) programs, including energy efficiency, have become important 
elements of IRP planning. Also known as Demand Side Management, DSR programs help to 
counter or minimize energy demand growth and thereby lessen the need to build more physical 
generation assets and improve load factor. This section discusses the following DSR initiatives 
and related support areas: 

• Energy Efficiency (EE) 

• Demand Response (DR) 

• Distributed Generation (DG) 

• Smart Grid 

Key DSR data assembled for this IRP included: 

• The energy efficiency forecast, which was based on the Board-approved AB 2021 
objectives, the City of Los Angeles Green Plan, and Demand Forecast Energy Efficiency 
Quantification Project working papers. Historical installation rates were referenced as 
part of the forecast. 

• An estimate of the amount of solar rooftop and other distributed generation. 

• An assessment of existing and developing technological improvements in large scale 
battery systems for energy storage. 

• Information regarding the impact of "Smart Grid" technology on customer load profile 
and resource requirement. 

2.3.1 Energy Efficiency 

Energy Efficiency (EE) is a key strategic element in LADWP IRP planning. EE is a very cost
effective resource in LADWP's supply portfolio, and serves an important and multi-faceted role 
in meeting customer demand. One of the most widely recognized examples of EE is the 
replacement of incandescent lights with compact fluorescent lamp (CFL) bulbs. CFLs consume 
up to 75 percent less energy than incandescent bulbs while producing an equivalent amount of 
illumination and last up to 10 times longer. 

LADWP offers numerous EE programs and services for residential, commercial, industrial, 
governmental, and institutional customers to promote the efficient use of energy through the 
installation of energy efficient equipment. Examples include: 

• The Commercial Lighting Efficiency Offer (CLEO), which provides rebates for a variety of 
high efficiency lighting measures to retrofit existing buildings. The CLEO program enjoys 
sustained high rates of participation and has achieved 433 GWh of energy savings since 
2000. 
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II The Chiller Efficiency Program, which provides incentives for customers to replace old 
electric chillers with new, high-efficiency units. Chillers provide space conditioning for 
larger buildings and the program has reduced associated peak electrical demand by more than 
52 MW since 2001. 

II The Small Business Direct Install (SBDI) Program, which assists eligible small businesses 
(AI rate customers) in Los Angeles in becoming more energy efficient through free lighting 
assessments and free lighting retrofits (up to $2,500 in cost). SBDI began in 2008 and has 
achieved 149 GWh of energy savings since its inception. 

II The Custom Performance Program, which provides performance-based incentives for energy 
efficiency measures not included on LADWP's menu-based EE programs. Measures 
supported include controls and control systems, high efficiency motors, and data server 
virtualization, The Custom Performance Program has achieved 200 GWh of energy savings 
since 2006. 

II The Refrigerator Exchange Program, which delivers new Energy Star refrigerators to eligible 
residential customers, and picks-up/recycles customers' old, inefficient refrigerators. This 
program has replaced and recycled more than 53,000 refrigerators since 2007, achieving an 
energy savings of 49 GWh. 

II A recent program, which distributed two free CFLs to LADWP's 1.2 million residential 
customers through direct-to-door distribution. The intent of the one-time direct-to-door 
distribution was to achieve cost effective energy savings and increase customer awareness of 
this inexpensive, yet effective, EE measure. CFLs were also distributed at events and in 
connection with other energy efficiency programs. 

Since 2000, LADWP has spent approximately $282 million on its energy efficiency programs, 
and these programs have reduced long-term peak period demand and consumption by 
approximately 303 MW and 1,256 GWh, respectively. LADWP is committed to developing 
comprehensive programs with measurable, verifiable goals as well as implementing robust, cost
effective energy efficiency programs. 

Per Assembly Bill 2021 (AB 2021), publically owned utilities such as LADWP, must identify 
and develop all potential achievable, cost-effective EE savings and establish annual targets. 
Furthermore, utilities are required to conduct periodic "Market Potential" studies to update their 
forecasts and targets. The most recent study was carried out in late 2010 and is the basis for the 
EE recommendations contained in this 2011 IRP. 
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The study evaluated a multitude of measures for potential inclusion into LADWP' s EE program; 
including: 

• LADWP's existing program elements 
• High-efficiency air conditioners (higher efficiency levels, variable refrigerant flow 

systems) 
• High-efficiency lighting (CFLs, LED lamps) 
• Upgraded insulation in buildings 
• Retro-commissioning and routine maintenance 
• Programmable communicating thermostats and energy management systems 

The following recommendations resulted from the 2011 potential study: 

Residential Sector 

• LADWP should keep its eXIstmg programs, with the exception of CFL 
Distribution, which should be replaced with a broader Energy Efficient Lighting 
Program. 

• Two new programs should be adopted: (1) Low-Income Energy Efficiency and 
(2) Whole House Performance. 

• Continue public outreach to maintain and broaden public awareness of available 
EE benefits, and to promote participation. 

Commercial and Industrial Sector 

• LADWP should keep its eXIstmg program elements, but should modify its 
lighting program to educate customers on expanded choices that will comply with 
new lighting standards. 

The ten-year EE plan, incorporating budget, capitalization, and driver considerations is shown in 
Table 2-4. These projections have been incorporated into the IRP production model and are 
factored into the case analysis described in Section 3 of this IRP. 

Table 2-4. RECOMMENDED EE PROGRAM PLAN 

Program Cost ($Million) 50 50 67 87 100 100 100 100 100 100 

Annual Net Savings (GWh) 118 224 164 182 217 183 96 98 99 63 

Cumulative Net Savings (GWh) 118 362 526 708 925 1,108 1,204 1,302 1,400 1,463 

Savings as a % of Baseline 0.5% 1.6% 2.3% 3.0% 3.9% 4.6% 5.0% 5.3% 5.6% 5.8% 

Further information regarding LADWP's EE program is included in Appendix B. 
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2.3.2 Demand Response 

Demand Response (DR) is an important energy management tool that facilitates the reduction in 
energy use over a given time period, in response to a price signal, financial incentive, or other 
mechanism. The objective of DR is to lower energy usage at critical peak demand periods, which 
will lower overall system costs. DR programs are voluntary; customers that choose to participate 
are compensated through lower rates, rebates, or other financial incentive. 

The benefits of demand response are many: 

Increased Reliability. The ability to strategically lower energy consumption is one way 
to help overcome supply-demand constraints and reduce the chance of overload and 
power failure. This is especially important at those few critical peak times each year 
when demand is at its highest, as well as those times when generation units are off-line, 
whether due to a forced outage or scheduled maintenance. 

Lower System Costs. DR eliminates or defers the need to build additional power plants 
and the associated transmission and distribution infrastructure. Additionally, DR reduces 
wholesale energy costs by reducing the amount of energy that would otherwise be 
purchased to meet load. The overall effect is to save money which helps keeps rates low. 

Less Environmental Impact. By eliminating or deferring the need to build additional 
infrastructure, the associated construction and operational impacts are also eliminated or 
deferred. Furthermore, the reduction in energy usage results in less operational impacts, 
including less fuel consumption, less carbon emissions, and less transmission use. 

Help Integrate Renewables. Under certain circumstances, DR can enable customer loads 
to respond to fluctuations in generation from wind and solar power. 

DR is a relatively new demand-side resource, and LADWP plans to develop an active program 
over the next several years. As discussed in Section 5, one of the recommendations of this 2011 
IRP is to provide funds to develop and implement DR. The analysis of all strategic cases 
considered in this 2011 IRP (discussed in more detail in Section 4) calls for a small 5 MW DR 
program beginning in 2013 that gradually builds to 200 MW by 2020 and 300 MW by 2030. 
This will provide adequate learning that will ensure a sound DR program by the end of this 
decade, and will also allow time to deploy the supporting IT infrastructure and to implement 
required IT systems and processes. 

A variety of program elements are being considered for LADWP's DR program. The following 
are some of the offerings that are currently common in the industry. Depending on the 
circumstances of how energy is used, certain programs will be more suitable to particular 
customer segments than others. 
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Direct Load Control - Customers sign up and agree to be subjected to demand reductions as 
needed based on power system constraints. The typical example is a customer's central air 
conditioning system may be remotely shut down by the utility during high peak conditions. In 
exchange, the customer gets an incentive payment or bill credit. 

Critical Peak Pricing - Retail electric rates are temporarily adjusted up, typically as a response 
to events or conditions such as extreme high peak loads. Customers who participate are notified 
in advance of the event and can avoid the higher prices by decreasing their energy use during this 
time period. The customer incentive is a lower base rate throughout the year. 

Peak Rebate Pricing - Similar to Critical Peak Pricing, but instead of raising the customer's 
rate during an event (which creates a disincentive), a positive incentive is created where the 
customer receives a rebate for reducing or shifting their load during the peak load event. 

Real Time Pricing - Retail rates are varied on an hourly basis or other short term basis and are 
typically tied to variations in the commodity market prices for wholesale power supplies. 
Consumers are aware of the changing market prices on a continual basis, and can change their 
usage patterns accordingly to lower their energy costs. The premise is that customers will reduce 
usage during the expensive high peak periods. 

Demand Bidding - Commercial/Industrial customers are given the opportunity to receive a 
credit for voluntarily reducing load when an event is called. The customer is not penalized if they 
are unable to meet their reduction target. 

CurtaiiablelInterruptible - Commercial/Industrial customers who sIgn up are on-call for 
curtailment of power, and are provided credit even if an event is not triggered. However, 
curtailments are firm and mandatory; penalties are assessed for under performance or non
performance. 

Aggregation Programs - DR aggregators are third party contractors who work with groups of 
customers to make combined loads available for reduction or interruption. The aggregator works 
with LADWP and the combined load is assigned to the appropriate DR program. Customers 
work directly with the aggregator. Terms, conditions and payment may vary per aggregator. 

In designing the overall program, a number of parameters need to be established, such as the 
specific program elements to offer, and for each program element: customer eligibility, the type 
and size of incentives, contract duration, event duration, number of events, notification lead 
times, automation, billing requirements, etc. 

This 2011 IRP recommends funding to initiate a formal DR program with the capacity targets as 
shown in Table 2-5: 
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Table 2-5. DEMAND RESPONSE TARGET SCHEDULE (MW CAPACITY) 

DR will playa significant long-term role in securing adequate system capacity, especially in the 
case of early coal divestiture. Section 4 discusses the strategic cases in detail. As shown in the 
case analysis, DR is a key part ofLADWP's future resource portfolio. 

2.3.3 Distributed Generation 

Distributed Generation (DG) is the concept of installing and operating small-scale electric 
generators located at or near the electrical load. These numerous small generators are 
"distributed" across the service area, as opposed to the traditional configuration of a few large 
centralized generating stations. DG sources can be utility-owned or customer owned. A large 
subset of DG is combined heat and power systems, also known as cogeneration, which are 
primarily owned and operated by industrial and commercial customers. 

Many categories of electrical generation fall under the DG definition, with the key characteristic 
being that they are located at or near the service load. The most common technologies used today 
for DG are turbines and internal combustion engines. Solar PV is a newer technology that is 
forecasted to account for an increasing percentage of DG. Other DG technologies are 
microturbines and fuel cells. Under a pilot project, LADWP installed a total of four 200-250 kW 
fuel cell power plants in various locations in Los Angeles that have provided considerable 
experience and data. LADWP is closely monitoring fuel cell development. 

More details regarding DG can be found in Appendix G. 

2.3.4 Smart Grid 

"Smart Grid" is a term used to describe a variety of advanced information-based utility 
improvements. Smart Grid refers to intelligent data gathering and advanced two-way digital 
communication capabilities overlaid on electric distribution networks to provide real-time data 
that enhances the utility's ability to optimize energy use. Smart Grid is a national policy evolving 
from the Energy Policy Act of 2005, and is a major enabler for many existing and potentially 
new DSRlEE programs. 

Smart Grid technologies can turn every point in the existing network-including every meter, 
switch and transformer-into a potential information source, able to feed performance data back 
to the utility instantly. Smart Grid Technologies will provide utilities with the information 
required to implement real-time, self-monitoring networks that are predictive rather than reactive 
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to instantaneous system disruptions. It can enable the utility and consumer to make decisions to 
optimize the use of energy, improve reliability, and reduce the consumption of fossil fuels. 

LADWP is implementing eleven Smart Grid initiatives: 

A smart grid has the following characteristics: 

• Enables new products, services and markets 

Enables active participation by consumers 
through self-monitoring and more responsible 
consumption decisions 

Auto-selects safest and most efficient forms of 
storage and generation based on real-time energy 
needs and concerns 

Provides power quality for the digital economy 

Optimizes asset utilization and operates 
efficiently 

Anticipates and responds to system disturbances 
(self-heals) 

Operates resiliently against attacks and natural 
disasters 

1. Renewable Integration 

2. Transmission Automation 

3. Substation Automation 

4. Distribution Automation 

5. Advanced Metering 
Infrastructure 

6. Demand Response 

7. Advance Telecommunications 

8. System and Data Integration 

9. Cyber Security 

10. Feed-in Tariff 

11. Solar Incentives 

Through a US Department of Energy grant in 2009, LADWP is leading a group of local research 
institutions in a regional demonstration program. The program includes pilot projects in four 
interrelated areas - Demand Response, Consumer Behavior, Cyber Security and Electric Vehicle 
Integration. 

More information on this demonstration program and all of LADWP' s Smart Grid initiatives can 
be found in Appendix L. 
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2.4 Generation Resources and Transmission Assets 

The Supply-Side Resources discussed in this section include 

• Existing Generation Resources 
o Natural Gas 
o Coal 
o Nuclear 
o Large Hydro 
o Existing Renewable energy resources (small hydro, wind, solar, biogas, and 

geothermal) 
• Spot Purchases 
• Spot Sales 

The major issues affecting generation are then presented, including the need to rep ower the in
basin natural gas units and the future disposition of coal-fired generation. 

This section concludes with: 

• Future Renewable Resources 
• Transmission and Distribution/Grid Reliability 
• Reserve Requirements 

The LADWP Power System has a diverse mix of generating resources. Figure 2-4 shows 
LADWP's Power System capacity and energy breakdown as of December 31, 2010 as well as 
what the capacity and energy mix was at the end of 2006. 1 The largest change between these two 
periods is the decrease in coal-fired energy from 47 percent in 2006 to 39 percent in 2010, and 
the corresponding increase in energy from renewable resources, from 7 percent in 2006 to 20 
percent in 2010. 

1 "Capacity" and "Energy" are electric utility terms that distinguish between how much power the system is capable 
of generating at a given instant in time (capacity; in megawatts) and how much power the system generates over a 
given period of time (energy; in megawatt-hours). Capacity numbers are expressed in MW, and energy numbers are 
expressed in MWh. 
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Figure 2-4: LADWP capacity and energy mix for 2006 and 2010. 

2.4.1 Generation Resources 

LADWP is vertically integrated, both owning and operating the majority of its generation, 
transmission and distribution systems. Generation resources that are not wholly owned by 
LADWP are available as entitlement rights resulting from undivided ownership interests in 
facilities that are jointly-owned with other utilities. Table 2-6 lists existing LADWP generation 
resources. 
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Table 2-6: Capability of existing LADWP generating resources (as of September 2011) 

Harbor Generating 
Station 

Haynes Generating 
Station 

Scatte rgood 
Generating Station 

Valley Generating 
Station 

Intermountain 
Generating Station 

Navajo Generating 
Station 

Mohave Generating 
Station 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Coal 

Coal 

Coal 

Nuclear 

466 

1555.6 

817 

576 

477 

12.5 

112.5 

1141 

461 

1525 

796 

556 

477 

1.2 

109.4 

343 

Units 1, 2 and 5 
operate 
as a combined 
cycle unit 

Once-through 
cooling (OTC) 

Units 8, 9 and 10 
operate as a 
combined cycle 
unit 
Unit 7 is used for 
auxiliary power 
only 
OTe 

Units 6, 7 and 8 
operate 
as a combined 
cycle unit 

I I 

on 12/31/05 

11 Units total 

7 Units total 

3 Units total 

Note [5] 

Note 

Power source data are based on Power System Engineering Division's January 2011 Generation Ratings and 
Capabilities Sheet and power purchase agreements for contract sources. 

2. All llllits can attain maximum capability only when the weather and equipment are simultaneously at optimum 
conditions. 

3. Reflects: water flow limits at hydro plants, sum of llllit output at in-basin thermal or renewable plants, or LADWP 
contract entitlement of external thermal plants. 

4. Reflects: year- rolllld outputs adjusted for low-generation season. For hydro plants, winter is the low-generation season. 
5. Owned or contracted renewable projects in wind, solar, hydro, landfill gas, biomass, and distributed generation in

service as of September 2011. 
6. The maximum State (CDWR) Capacity Entitlement from Castaic Power Plant is 120 MW. The average for FY 09-10 

was approximately 55 MW. The actual amount varies weekly. 
7. Total Net Capability ofLADWP System may vary due to unit outages, de-ratings and sales obligations. 
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LADWP is the sole owner and operator of the following four electric generating stations in the 
Los Angeles Basin (the "In-basin stations"): 

• Haynes Generating Station, located in Long Beach 
• Harbor Generating Station, located in Wilmington 
• Scattergood Generating Station, located in Playa del Rey 
• Valley Generating Station, located in the San Fernando Valley 

A map of the in-basin stations is shown in Figure 2-5. 

Figure 2-5. LADWP in-basin generating stations. 

Each station consists of multiple generating units, with each unit ranging is size between 43 MW 
and 450 MW. A summary of each station's capabilities is shown in Table 2-5. Detailed 
information on each generating station is included in Appendix F. 
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While all of these stations utilize natural gas as a fuel source, a special arrangement has been 
made that enables the Scattergood Generating Station to also use digester gas from the adjacent 
Hyperion Sewage Treatment Plant. The digester gas currently accounts for 16 MW of 
Scattergood's generation output. The agreement enabling this arrangement will end by 2015. 

Securing continued local generation capacity is important for grid reliability. LADWP's local 
transmission system cannot be reliably operated without generation from local thermal 
generating plants. The amount of generation required to provide transmission reliability is 
termed Reliability Must Run (RMR) generation. RMR generation is incorporated into all of the 
strategic cases considered in this IRP. 

The major issues facing the in-basin stations include the need to replace some of the older units 
that are approaching the end of their service life, compliance with regulations related to ocean 
water cooling and NOx emissions, and fuel price volatility. Natural gas fuel prices and 
procurement issues are presented in detail in Appendix H. 

Natural gas will continue to be the essential fuel for LADWP's generation due to abundant 
supply levels. Natural gas will be used to supply base load (as is currently used), and will also 
provide for the integration of intermittent renewable generation. Natural gas is also a major 
component ofLADWP's coal replacement strategy. 

LADWP's coal generating capacity comes from the Navajo Generating Station (NGS) and the 
hltermountain Generating Station (IGS). IGS is also referred to as the Intermountain Power 
Proj ect (IPP). The amount of capacity available to LADWP' s from these stations is 477 MW 
from NGS and approximately 1,200 from IPP. A summary of each station is included in 
Table 2-5. Further details and discussion is provided in Appendix F. 

Contractual arrangements for power from IPP will expire on June 15, 2027 while NGS 
operates under a co-tenancy agreement that shall remain effective throughout the initial term 
of its land lease until December 31,2019 and throughout the lease extension thereafter. 

Nuclear 

LADWP has contractual entitlements totaling approximately 387 MW of capacity from the 
Palo Verde Nuclear Generating Station (PVNGS). PVNGS, located approximately 50 miles 
west of Phoenix, Arizona, consists of three generating units. Of the 387 MW capacity 
available to LADWP, approximately 159 MW is available through a power sales agreement 
with the Southern California Public Power Authority (SCPPA). Further details are provided 
in Appendix F. 

Large Hydro 

LADWP's large hydroelectric facilities include the Castaic Pumped-storage Hydroelectric Plant 
and an entitlement portion of the capacity of Hoover Dam. The Castaic Pumped-storage 
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Hydroelectric Plant, located in Castaic, California, is LADWP's largest source of hydroelectric 
capacity and consists of seven units. Hoover Dam, located on the Arizona-Nevada border, 
consists of seventeen units. Details of these plants are provided in Appendix F. 

A distinction is made between "large hydro" and "small hydro". Small hydro consists of 
generating units with less than 40 MW of capacity generally located along the Los Angeles 
Aqueduct. They also qualify as a renewable resource for electricity generation. For discussion 
purposes they are grouped within renewable resources. 

Current Renewable Energv Projects 

Existing secured renewable resources total over 1200 MW of capacity, and consist of wind, small hydro, 
solar, biogas, and geothermal resources. More detailed information is presented in Section F.2.5 of 
Appendix F. A listing of existing renewable projects by resource type is as follows: 

• Wind Resources 
o Linden 
o Pebble Springs 
o Pine Tree 
o PPM Wyoming 
o Willow Creek 
o Windy Point 
o Milford 

• Small Hydro 
o Aqueduct and Owens Valley projects 
o Hydro PowerEx 
o North Hollywood 
o Sepulveda 
o Castaic Upgrade 

• Solar 
o LADWP In-Basin 
o Customer Net Metered 

• BiogaslBiomass 
o Bradley 
o Lopez Canyon 
o Toyon 
o Atmos and Shell 
o Hyperion Digester Gas 

Additional renewable energy (including geothermal) comes from market purchases. 

Figure 2-6 presents the current energy profile for renewable resources in LADWP' s portfolio. 
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Figure 2-6: 2010 IRP renewable energy mix. 

Spot Purchases 
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Small Hydro 
36% 

Although LADWP's policy has been to be self-sufficient and capable of generating all of its 
energy needs from resources it owns or controls, it also participates in energy markets if it is in 
the City's best economic interest. This happens when energy can be acquired from the wholesale 
market for a cost which is less than which LADWP can produce such energy. Periodically, 
capacity and energy is purchased from providers within the Western Electricity Coordinating 
Council (WECC) jurisdiction under short-term "spot" arrangements to be delivered to the 
LADWP transmission system. These purchases are used by LADWP in conjunction with other 
resources for economical Power System operation. 

The cost and availability of economical energy on the spot market has fluctuated greatly in 
recent years. While LADWP currently continues to execute economical spot purchase 
opportunities, it cannot guarantee the future availability of economic energy from either the 
Pacific Northwest or the Southwest at prices below LADWP's costs for producing power from 
its own resources. 

Spot Sales 

LADWP often has a surplus of generating capacity and energy. Consistent with prudent utility 
practice, LADWP offers this surplus into wholesale electricity markets within the WECC at 
prices above LADWP's production costs. This way, LADWP's ratepayers benefit both by 
receiving the lowest cost energy in the Power System and from economic purchases, in addition 
to economic benefits resulting from wholesale revenue generated from sales. 
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2.4.2 Major Issues Affecting Existing Generation Resources 

Three major issues affecting LADWP's existing generation fleet are: (1) the need to rebuild or 
"repower" some of its in-basin generating units, (2) compliance with state and local regulations 
regarding once-through cooling and NOx emissions, and (3) strategies for early divestiture from 
coal-fired energy to accelerate GHG reductions. 

2.4.2.1 Repowering Program to Replace Aging Infrastructure 

There is an urgent need to modify or replace some of LADWP's older gas-fired generation 
facilities located at the Haynes and Scattergood generating stations. These units were primarily 
built in the late 1950s and the early 1960s and are approaching the end of their service lives. 
LADWP must modernize these plants to maintain system reliability, improve efficiency, and 
better integrate renewable resources. 

• System reliability 
As facilities age, they require more maintenance and become more susceptible to operational 
problems and outages. The units to be replaced at the Scattergood and Haynes generating 
stations are between 44 and 53 years old, and are among the oldest remaining units in 
LADWP's generation fleet. Minimizing outages at these locations close to the system load 
center is especially important for the reliable operation of the in-basin electrical network, 
including the transmission and distribution systems. Variable resources, such as solar or wind 
power, can augment existing in-basin gas-fired generation, but do not serve as adequate 
replacements for purposes of voltage support. LADWP's local transmission system cannot be 
reliably operated without generation from local generating plants. The amount of generation 
required to provide transmission reliability is termed Reliability Must Run (RMR) 
generation. Repowering these local units will maintain transmission reliability by 
maintaining the reliability of RMR generation. 

• Increased efficiencies 
New units will operate more efficiently, generating more energy and less emissions with the 
same amount of fuel. Operational costs per energy output will decrease. 

• Integrating renewables 
The new units will incorporate new technologies which will enable faster start-up and faster 
ramping of generation output. This ability to increase or decrease generation on short notice, 
measured by what is termed "ramp rate," is an important requirement for integrating 
renewable resources. Wind resources produce power when the wind is blowing. When the 
wind suddenly begins blowing or stops blowing, the energy being delivered also changes but 
the customer load (the amount of energy the power system requires) remains substantially the 
same. Solar photovoltaic resources are subject to even greater output variability as clouds 
pass overhead and vary the intensity of available sunlight. To compensate for these 
fluctuations, natural gas "peaker" units (which are included in the new unit configurations) 
are able to quickly start, stop, and ramp up and down so that the total energy generated 
continuously matches customer load. Integrating significant amounts of intermittent 
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renewable resources, such as wind and solar photovoltaic, will not be possible without the 
fast load-following capability that the repowering program will provide. 

2.4.2.2 Repowering Program to Comply With Regulatory Requirements 

In addition to the reasons stated in Section 2.4.2.1, the repowering program is necessary to 
comply with local regulations related to once through cooling and NOx emissions. 

• Once-through cooling 
Once-through cooling (OTC) is the process where water is drawn from the ocean, is pumped 
through equipment at a power plant to provide cooling, and then is discharged back to the 
receiving water source. A cooling process is necessary for nearly every type of conventional 
electrical generating station and an OTC process utilizing ocean water is a major reason why 
many electrical generating stations were sited along the coastline. Typically, the water used 
for cooling is not chemically changed in the cooling process; however, the temperature of the 
water increases before it is returned to the ocean. 

LADWP operates three coastal generating stations - Scattergood, Harbor, and Haynes - that 
utilize OTC. The combined net capacity of these stations is 2,839 MW. Further information 
regarding repowering can be found in Section 1.6.5. Table 3-3 contains a listing of specific 
repowering projects. 

In addition to repowering, OTC interim mitigation measures will be required until a facility 
is fully compliant. These measures include the funding into projects to alleviate impacts, 
such as the installation of alternative technologies to reduce impingement and/or entrainment. 
These issues are discussed in more detail in Appendix C. 

• NOx compliance 
In mid-2000, during the statewide energy crisis, LADWP predicted that NOx emissions from 
the in-basin generating units would exceed the available supply of NOx RECLAIM Trading 
Credits issued by the South Coast Air Quality Management District (SCAQMD). Although 
LADWP's NOx emissions ultimately did not exceed its allocation in 2000,on August 29, 
2000 the SCAQMD Hearing Board issued a "Stipulated Order for Abatement" to the 
LADWP. Under the terms of the Order, LADWP was required to perform a series of 
repowering projects at its in-basin generating stations. The Stipulated Order was later 
superseded by a Settlement Agreement to accommodate scheduling and other issues. This 
agreement was revised in September 2011 and addresses the current repowering projects at 
the Haynes and Scattergood Generating Stations. 

2.4.2.3 Coal-Fired Generation 

SB 1368, the California Greenhouse Gas Emissions Performance Standard Act, enacted in 2006, 
prohibits California utilities from entering into long-term financial commitments for base load 
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generation unless it complies with the GHG emissions performance standard. As this standard 
also applies to existing power plants for any long-term investments or contractual extensions, it 
affects LADWP's coal-fired generation resources. 

• SB 1368 Compliant Coal-Fired Generation 

As presented in Section 3, the analysis of future potential resource portfolios includes a set of 
strategic cases that accelerate compliance with SB 1368 for coal-fired generation by year 
2020. The feasibility of adopting and implementing this will depend on a number of factors, 
including: (1) resolving contractual issues, (2) the cost of alternatives (and LADWP's ability 
to cover its costs) and (3) regulatory factors that today are uncertain. 

SB 1368 compliant power will reduce the GHG emissions for LADWP, reduce regulatory 
compliance costs, and spur development of renewable resources in the western United States. 
SB 1368 established a greenhouse gas emissions performance standard that limits long-term 
investments in baseload generation by the state's utilities to power plants that meet an 
emissions performance standard, which was jointly established by the California Energy 
Commission and the California Public Utilities Commission. Subsequently, the Energy 
Commission designed regulations that establish a standard for baseload generation owned by, 
or under long-term contract to publicly owned utilities, of 1,100 lbs CO2 per megawatt-hour 
(MWh). 

There are several methods to achieve SB 1368 compliance, for example; replace coal 
generation with natural gas-fired generation, carbon sequestration, coal gasification, or the 
application of other potentially emerging technologies. Since coal generation operates as a 
base load resource for LADWP, any replacement option would also need to provide base 
load generation around the clock while reducing GHG emissions. 

• Intermountain Power Proj ect 

The Intermountain Power Project (IPP) is a coal-fired generating station located near Delta, 
Utah. IPP consists of two generating units with a combined capacity of 1800 MW. LADWP 
is the operating agent. LADWP is also the largest single purchaser and has a power purchase 
agreement for 44.617 percent (803 MW) of IPP's total output. LADWP has additional 
purchase obligations for up to 22.168 percent (399 MW) of additional output. These 
additional obligations are dependent on the power usage of the Utah and Nevada participants. 
The power sales contract for IPP expires in 2027. 

In addition to the generating units, IPP includes four important transmission lines, a 500-kV 
DC transmission line from the generating station to Adelanto, California (a distance of 490 
miles); two parallel 345-kV AC transmission lines from the generating station to Mona, Utah 
50 miles away; and a single 230-kV AC transmission line from the generating station to the 
Gonder Switchyard near Ely, Nevada about 144 miles away. 

At IPP, LADWP has no ownership rights. Rather, LADWP has a long-term power purchase 
contract which expires in 2027 and which also includes renewal option rights. With firm 
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"take or pay" IPP contract obligations extending to 2027, LADWP has committed to 
continue to fulfill all contractual obligations. At the same time, LADWP is investigating 
ways to maintain compliance with SB 1368. LADWP is reviewing several options. 

LADWP has called for a strategic business plan to be developed for IPP. This effort, which is 
currently underway, involves IPA as owners of the IPP assets and the 36 participants that 
have power sales contracts. This effort is seen as a way to focus on the current and future 
needs of the project owners and those with power contracts and seek ways to find mutually 
beneficial solutions. Many of the participants, including LADWP, would like to settle on 
solutions that can be implemented in the next few years thereby reducing uncertainty with 
regard to the future use of IPP. 

The work product that was approved in 2010 directed the subcommittee to continue work in 
5 strategic areas: 

o An energy trading hub at the site 
o Generation development (A plan for future generation) 
o Asset optimization 
o Transmission 
o Communications (Preparing advocacy efforts to assure future success) 

The Energy Trading Hub Subcommittee has completed the majority of its work and is 
launching a 1 year trial of the program starting February 1, 2012. The Generation 
Subcommittee has considered a number of alternatives using natural gas and has determined 
that several of these are possible. Currently, this subcommittee is directing its efforts at the 
various contracts and governances that oversee the project and is drafting language that will 
facilitate options for future generation. The other three committees are meeting on as needed 
basis. 

• Navajo Generating Station 

The Navajo Generating Station (NGS) is a coal-fired generation station located near Page, 
Arizona. It consists of three units with a combined capacity of 2,250 MW. Salt River Project 
is the Operating Agent. As one of six owners, LADWP has a 21.2 percent ownership share in 
the station's generation. NGS operates under a co-tenancy agreement which shall remain 
effective throughout the initial term of the land lease with the Navajo Nation and throughout 
the lease extension thereafter. 

Replacement options for NGS are discussed in Section 3.5. 
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The increase of renewables, as a percentage of electricity sales, from the current 20% to the 
regulatory mandated 33% by year 2020 requires the continued diligence of LADWP to pursue 
renewable projects and power purchase contracts. The development of a solar feed-in tariff and 
continued encouragement for rooftop solar is also necessary to support increased solar capacity. 
Because the acquisition of additional renewables is mandated by law, all of the strategic cases 
analyzed in this IRP include portfolios with the required amount of renewable resources. All 
strategic case alternatives include the following targets for new renewable acquisitions between 
2011 and 2020: 

Furthermore, maintammg at least 33% of renewables beyond 2020 requires additional 
renewables to account for load growth, project turnover, and output degradation as projects age. 
All strategic case alternatives include the following additional targets for new renewable 
acquisitions between 2021 and 2030: 

Details regarding future renewables can be found in Appendices F and M. 

2.4.4 Transmission and Distribution Facilities/Grid Reliability 

Electricity from LADWP' s power generation sources is delivered to customers over an extensive 
transmission and distribution system. To deliver energy from generating plants to customers, 
LADWP owns and/or operates approximately 20,000 miles of alternating current (AC) and direct 
current (DC) transmission and distribution circuits operating at voltages ranging from 120 volts 
to 500 kilovolts (kV). Major transmission lines connecting to out-of-basin generating resources 
are shown in Figure 2-8. Appendix I provides more details regarding LADWP's transmission 
system. 

In addition to using its transmission system to deliver electricity from its power generation 
resources, LADWP arranges for the transmission of energy for others through its Open Access 
Same-Time Information System (OASIS) when surplus transmission capacity is available and 
saleable. LADWP uses its extensive transmission network to sell its excess energy and capacity 
in the California, Northwest, and Southwest energy markets. Revenues from these excess energy 
sales are used to reduce costs to ratepayers and for capital improvements. In the near future, 
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LADWP anticipates that revenue from excess energy sales may be less due to aging facilities, 
anticipated load growth, and GHG emission regulations. 

Transmission for Renewable Energy 

Transmission infrastructure improvements to access renewable energy are in various phases of 
development or construction: 

FINAL 

• Barren Ridge Renewable Transmission Project. Up-to-date information is available 
for this project at http ://www.1adwp.com/ladwp/cms/ladwp009508 .jsp.This project, 
scheduled to be completed in 2016, will increase the capacity of the existing 230kV 
Barren Ridge-Rinaldi transmission segment. As of August 2011, approximately 
2800MW from a combination of wind and solar projects are being investigated for 
potential interconnection. Castaic Power Plant, with its flexibility as a pump storage 
facility, stores surplus variable energy for optimal dispatch. 

Important components of the Barren Ridge Renewable Transmission Project are as 
follows: 

o New Haskell Canyon Switching Station 

o New double-circuit 230kV transmission line from Barren Ridge Switching 
Station to new Haskell Canyon Switching Station 

o New 230kV circuit on existing structures from Haskell Canyon to the Castaic 
Power Plant 

o Reconductor the eXIstmg 230kV transmISSIOn line from Barren Ridge 
Switching Station to existing Rinaldi Substation, through Haskell Canyon 
Switching Station 

o Expand existing Barren Ridge Switching Station 

• Pacific Direct Current Intertie (PDCI) Upgrade. LADWP and its PDCI partners are 
considering increasing the capacity of the PDCI from 3100MW to as much as 
3650MW. The benefit of such an undertaking would be a higher-capacity corridor for 
renewable wind and hydro energy from the Pacific Northwest to Los Angeles. 
LADWP, as PDCI operator, is currently developing a cost estimate for the project 
that considers transmission and station upgrades and the increased dispatch and 
energy costs during construction to cover the reserve margin. Toward that end, 
preliminary estimates based on a recently commissioned and completed Light 
Detection and Ranging study indicate the transmission portion of the project may cost 
up to $150 million and require as much as six years to construct. Less aggressive 
options with lower capacity benefits are also being investigated to facilitate an 
informed decision by the PDCI partners. 
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Regional transmission plans have shown that in order for LADWP and its Western counterparts 
to meet their renewable energy goals at the lowest cost, additional transmission improvements 
will be needed. While the projects listed here have a high priority and a high likelihood of 
construction, they may not be sufficient to meet future needs. LADWP will continue to evaluate 
transmission needs and opportunities as necessary. 
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Grid Reliability 

LADWP annually performs a Ten-Year Transmission Assessment Plan, in compliance with the 
North American Electricity Reliability Corporation (NERC) Compliance Enforcement Program. 
LADWP's 2011 plan has identified a number of transmission improvements that are needed to 
maintain reliability. These projects include: 

• Installation of a new Scattergood-Olympic 230 kV Line 1. 

• An upgrade of the existing Northridge-Tarzana 230 kV Line 1. 

• Transmission upgrades between the Haskell, Olive, and Sylmar Switching Station. 

• Construction of a new Cottonwood 230 kV substation with a new 100 MV AR 
capacitor bank. 

These infrastructure improvements are critical to avoid potential overloads on key segments of 
the Basin transmission system. Certain of these overload conditions would require load shedding 
events (intentional power outages) to minimize the impact on the power system as a whole. 

System Losses 

LADWP Power System transmission and distribution losses are approximately 11.5 percent, and 
are higher than the industry average of 6-8 percent partly due to its long transmission reach to 
external generation from Utah, the Desert Southwest, and the Pacific Northwest. However, there 
may be opportunities to reduce some losses by addressing the system's reactive power needs. To 
optimize performance and reduce these system losses, LADWP commissioned a 2011 Reactive 
Power Management Study, which arrived at the following recommendations: 

• Retire 9 synchronous condensers which are beyond their useful lives and In subpar 
operating condition. 

• Install shunt compensation to replace the retired synchronous condensers and to enhance 
system security: 

o Shunt capacitors totaling 1565MV AR, with consideration given to dynamic devices 
at Rinaldi and Hollywood Stations. The capacitors would be located at receiving and 
distributing stations and distribution feeders. 

o Shunt inductors totaling 930MV AR, with consideration given to dynamic devices at 
Rinaldi and Hollywood Stations. The inductors would be located at receiving and 
distributing stations and distribution feeders. 

• Implement a customer power factor improvement program as the current aggregate 
customer power factor is less than 0.75, lagging. 

• Install and implement a real-time MVAR reserve margin monitoring and alarm system to 
alert power system operators of decaying operating margins so outages might be averted. 
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FERC Order 1000 - The California Transmission Planning Group 

With the release of Federal Energy Regulatory Commission (FERC) Order 1000 in July 2011, 
which directs regional and interregional transmission planning and cost allocation, FERC
jurisdictional (investor-owned) electric utilities are now required to reorganize transmission 
planning functions to collectively achieve state and federal public policy goals. Order 1000 
builds upon the directives of FERC Order 890, issued in February 2007, to open regional and 
local planning to stakeholders to ensure transparency and non-discriminatory access to 
transmission service. 

LADWP has a longstanding history of working with its Western Electricity Coordinating 
Council counterparts on regional transmission planning to ensure bulk power reliability and to 
leverage economies of scale; regional transmission plans are reviewed and approved through a 
formal process. Since the California Transmission Planning Group (CTPG) was formed in 2009, 
LADWP has been active in that transmission planning forum. CTPG was formed to comply with 
Order 890 by providing the increased coordination and public participation mandated while 
ensuring the electric needs and goals of Californians are reliably and efficiently met. In February 
2011, the 2010 California Transmission Plan (California Plan) was released 
http ://www.ctpg.us/images/stories/ctpg-plan-development/20 11 /02-F eb120 11-02-
09 final statewide transmission plan.pdf. 

With Order 1000, CTPG must now consider reorganizing CTPG as an interregional planning 
organization with local and regional planning members or continue as a regional planning 
organization with WECC, or a yet unknown entity, serving as its interregional planner. CTPG 
and its members have up to eighteen months to formalize their positions with FERC. As the 
member utilities evaluate their options, they continue to press forward with their current 
transmission assessment to ensure California's electric power policy goals are reached efficiently 
and without undue hardship to the consumer or to the electric grid. California's electric power 
policy goals include: 

• Attainment of renewable portfolio standard goals as promulgated by SB 2 (IX), 
which was signed into law on October 11, 2011 

• Satisfaction of repowering/retirement deadlines of fossil-fueled Once-Through 
Cooling power plant units as negotiated with the State Water Resources Board to 
comply with Federal Clean Water Act §326(b) 

As a municipal utility, LADWP is outside FERC jurisdiction, so, in a technical sense, Order 
1000 is not a mandate. Consistent with its response to other FERC Orders, however, LADWP is 
seeking to conform to this order, with the same consideration as it would to an industry standard. 

LADWP's extensive network of transmission resources is described in Appendix I; Figure 2-7 
shows its major out-of-basin generation resources. Noteworthy is the fact that while LADWP 
customers represent roughly ten percent of California's electrical load, approximately 25 percent 
of the state's total transmission capacity is owned by LADWP. LADWP also differentiates itself 
from its counterparts by continuing to operate as a vertically integrated electric utility, owning 
and operating its generation, transmission, and distribution resources rather than as a parent 
company with subsidiaries carrying out the various functions that comprise the supply chain. 
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Figure 2-7: Major out -of-basin generating stations and major transmission lines. 
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Reliability of the electric power system is dependent upon two elements: "resource adequacy" and 
"security." Resource adequacy refers to the availability of sufficient generation and 
transmission resources to meet customer's proj ected energy needs plus reserves for 
contingencies. Security refers to the ability of the system to remain intact after experiencing 
sudden disturbances, outages or equipment failures. 

LADWP, as part of the electric power grid of the western United States and Canada (and a small 
section of northern Mexico), is required to meet operational, planning reserve and reliability 
criteria, and the resource adequacy standards of the WECC and the North American Electric 
Reliability Corporation (NERC). These standards define the system reserve margin 
requirements and other criteria for which LADWP must plan and operate and are defined as 
follows: 

Generation Capacity Requirement = Net Power Demand + System Reserve Requirement 
System Reserve Requirement = Operating Reserve + Replacement Reserve 
Operating Reserve = Contingency Reserve + Regulation 

The "Net Power Demand" is the total electrical power requirement for all of LADWP's 
customers at any time. The other reserve requirements are defined below, as well as numerically 
calculated. 

The loss of the largest single contingency of generation or transmission, is a key reserve margin 
determinant for LADWP and defines the Contingency Reserve as well as the Replacement 
Reserve requirements. Under the current NERC Standards, at least 50 percent of the 
Contingency Reserves must be Spinning Reserve. The Replacement Reserve requirement is to 
restore Operating Reserves within 60 minutes of a contingency event. The Regulation 
Requirement of 25 MW is related to system load variations due to customer load changes. 
This regulation requirement is anticipated to increase in the future as additional amounts of 
intermittent renewable generation are added to the generation mix. Given LADWP's current 
total generation portfolio, the system reserve requirement is approximately 1,100 MW. 
Therefore, if the system demand is 5,000 MW, LADWP must have a total of 6,100 MW of 
stable and dispatchable generating capacity (and the transmission for that capacity) to meet the 
5,000 MW demand. 

Due to the variable and intermittent nature of some renewable resources, particularly resources 
such as wind and solar photovoltaic, their generation capacity cannot be depended upon to meet 
peak demand conditions. As LADWP acquires a larger proportion of such resources, studies on 
the characteristics of these variable and intermittent resources will need to be carried out to 
determine their effect on reserve and regulation requirements. Refer to Appendix J for 
additional information on issues associated with integrating intermittent energy resources. 

The capacity value of a generating resource is based on its ability to provide dependable and 
reliable energy and capacity during peak periods when the system requires reliable resources for 
stable operation. Resources that can provide firm capacity will have a higher capacity value than 
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resources that cannot. For purposes of planning LADWP's reserves adequacy calculations, it 
was assumed that the dependable capacity of wind would be 10 percent of its nameplate 
capacity and the dependable capacity of solar photovoltaic would be 27 percent of its nameplate 
capacity. 

Local Resources for Grid Stability and Contingencies 

As a subset of the reserve requirements, LADWP has located a significant amount of generating 
resources within the Los Angeles (LA) area. The specific amount of capacity that needs to be 
located in the LA Basin is approximately 3,400 MW, but varies, depending on the combination 
of which units are operating and how much power is flowing on the transmission system at the 
time. LADWP's local transmission system cannot be reliably operated without generation from 
local thermal generating plants. The amount of generation required to provide transmission 
reliability is termed Reliability Must Run (RMR) generation. RMR generation is incorporated 
into all of the strategic cases considered in this IRP. 

This local requirement is particularly important in the context of deciding how to schedule the 
repowering of units that use once through cooling. It is for this reason that no unit will be taken 
out of service before an equivalently-sized, locationally-equivalent replacement unit is 
constructed, tested and ready to be placed in-service. 
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Integration of Intermittent Energy 

One of the main responsibilities of power system operators is to maintain the balance between the total 
aggregate electrical demand of the power system's customers and the amount of energy generated to meet 
that demand on an instantaneous basis. Conventional electrical generation technologies, such as nuclear, coal, 
natural gas and large hydro are controllable and dispatchable by the power system operators throughout the day 
to maintain this instantaneous balance between demand and generation. 

With the much higher percentage ofrenewables coming on line, a variety of modifications will need to be 
made to the Power System to successfully and reliably integrate these higher penetrations of renewable 
resources. In preparation, LAD WP has conducted preliminary studies on integrating renewable resources, and 
has also reviewed many renewable resource integration studies published over the last several years. 

Individual wind farms tend to have a high variability in the amount of energy produced (see figure below), but 
multiple windfarms located in diverse geographic areas are thought to reduce the overall variability in the amount 
of aggregated wind energy production. 

Tehachapi,CA(Pine Tree) Daily Wind Profile 
August 2009 

95 ,-----------------------------------------------------, '-+-~.1-A~u~g-OAA9--~ 
90 - 2-Aug-09 (CA) 

3-Aug-09 
85 _ 4-Aug-09 

---ilE- 5-Aug-09 
80 +-"'~c----+- -+-B-Aug-09 

--+-- 7 -Aug-09 
75 +--C.F-~"-+-. - B-Aug-09 

- 9-Aug-09 

~ 70 +-':---H"o-'- ~~~~~~~ 
.~ 65 +-'c_----.rlf'..c--- f-- - -+-----="I.c-----7I - ---f- 12-Aug-09 

ii. 60 !::='s)tLt:;~t===t~~~;:::;~~~~~;Jl=t7!-:s(~r_ -1t~~~gM~~) ~ 55 h c--V'- ----+t-=.."""'--- --- l~~~~g§ 
~ 50 +--~L\- '-'A__-'c_---------'\__\I___i~U- ==l~~~~g§ 
t: --+-- 19-Aug-09 

a: 45 t~'::-!-t§;-::n"'~BC~~_,;;:,==jr':::::1t~'t1IJ1_~~~~~:g;j - 2D-Aug-09(M'JG) ;;: 40 -~-~1:~~~g~MV) 
~ 35 -l--"'~~';;:;;'~uH~-\-l" :::!= ~t~~~g§ 
~ 30 ¥+/"";t--f,,>(~~A~~ -+--~~~~~g§ 
~ 25 Hik~~:~iI'-~t::-\- --+--~~~~~g§ ____ 29-Aug-09 

20 hH-t~.----"~-~-+-t~" --+- 3D-Aug-09 

15 t~~~~;~i~~~~i~~~i~~~~~~~~;~~~~~ ~i1-:u~r-g~Average 10 
CA- Closed To Average 

LV- Le3stVol3t~e 

fllNG- Minimum Gener31:ion 

MeG- Max Genration 

Hour Ending 

Energy generated from Solar PV technology is highly sensitive to cloud cover. These PV systems can experience 
variations in output of ±.50 percent in 30 to 90 seconds, and ± 70 percent infive to 10 minutes. When a single large 
sized PV facility experiences these rapid changes in output, the Power System must also be able to react just as 
quicldy with other generation resources to accommodate such rapid changes. The capabilities of a power system's 
dispatchable resources will limit the size of a single PV facility. 

See Appendix J for more details regarding integrating intermittent resources. 
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3.0 STRATEGIC CASE DEVELOPMENT 

3.1 Overview 

IRP planning is an on-going process and as such, the development of the 2011 IRP 
strategic cases incorporates the latest changes that have occurred in the regulatory 
landscape, and tactical plans developed by the power system. This 2011 IRP also 
includes many updated assumptions that have been developed over the past year. These 
assumptions have influenced the composition of potential resource portfolios that can 
fulfill LADWP's goals of reliability, competitive rates and environmental stewardship. 

Last year's 2010 IRP analyzed 6 strategic cases representing different potential 
renewable resource portfolio mixes, with and without the early divestiture of IPP, and 
recommended a comprehensive strategy that adopted elements of a number of the cases 
analyzed. The 2011-12 fiscal-year financial planning process included many of the 
assumptions and recommendations set forth in the 2010 IRP. 

The regulatory state of affairs was far from certain at the time the 2010 IRP was 
prepared, and many of the state laws and major regulations affecting generation resources 
such as AB32, SB 13 68, SB 2 (1 X), and US EPA 316(b), were in process, and even today 
are still being finalized. This 2011 IRP attempts to incorporate the latest interpretation of 
these major regulations and state laws as we understand them today. 

Section 3.2 summarizes the major changes from last year's model assumptions. Section 
3.3 discusses the key parameters that have a bearing on the resource portfolios being 
considered for this IRP. Section 3.4 describes the development process for the candidate 
strategic cases, and Section 3.5 presents the final candidate cases that were analyzed. 
The analyses and comparison of the case results are presented in Section 4. 
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At the heart of the IRP analysis effort is the computer-based production cost modeling of 
the LADWP Power System. In order to perform this modeling a significant amount of 
input data is developed. The production model and input assumptions are covered in 
detail in Section 3.2.2 and Appendix M. In this section, the major changes in the 
assumptions since last year's IRP are summarized, followed by a discussion of the 
general price inputs that were applied to this 2011 IRP. 

3.2.1 Major Changes to 2010 IRP Assumptions 

Major assumption changes from last year's IRP are summarized here. Additional detail 
regarding the assumptions can be found in Appendix M. 

Load Forecast 
As shown in Table 3-1, the new load forecast is lower than the previous forecast used in 
the 2010 IRP. Compared to the prior forecast, electricity sales in the calendar year 2020 
decreased by 7.3 percent. The new forecast reduces the overall need for renewable energy 
(assuming 33% RPS) by approximately 631 GWh in 2020 and 1,309 GWh in 2030. The 
complete load forecast is included in Appendix A. Adjustments made to the approved 
load forecast to account for the latest projections of energy efficiency savings and 
customer-net-metered solar is shown in Appendix M. 

Table 3-1. TOTAL ELECTRICITY SALES IN GWH 

I 
2020 

I 
2030 

Old Forecast-2010 IRP 26,150 30,632 

New Forecast - 2011 IRP 24,239 26,665 

Difference -1,911 -3,967 

Demand Response 
In the 2010 IRP, demand response (DR) started with a 50 MW program in 2011 and 
increased incrementally to a total of 500 MW installed by 2023. The lower load forecast 
used in the 2011 IRP delays the need to implement DR programs to provide added 
system capacity as can seen by the revised implementation schedule shown in Figure 3-1. 
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Figure 3-1. Comparison of2010 and 2011 IRP demand response program implementation 
by calendar year. 

Energy Efficiency 
The Energy Efficiency (EE) forecast used in the 2011 IRP includes lower DSM funding 
levels for the 2011112 through 2013114 fiscal years due to short term budgetary 
constraints. Compared to last year, EE energy savings decrease after the 2015-16 fiscal 
year, even after funding levels return to normal. The main reason for this is that 
efficiency opportunities in lighting (which is the largest EE program component) will 
dissipate due to the implementation of new Federal and State lighting standards that 
raises the minimum efficiency level for a variety of electric products. These Federal and 
State efficiency standards create fewer opportunities to give financial incentives to 
customers to install products that exceed the higher efficiency standards and the resulting 
energy savings will be incrementally less. Although these standards result in fewer 
opportunities to provide incentives from the utility, the energy efficiency savings from 
these standards are nevertheless accounted for in the sales load forecast and do contribute 
to reducing overall sales and load growth. The cumulative EE savings incorporated in the 
2011 IRP will reach 2,699 GWh in 2020 and 3,439 GWh in 2030 as shown in Figure 3-2. 
Efficiency savings prior to 2011 of 1,256 GWh and 303 MW from 2000 to 2010, 
equivalent to 5.5 percent of customer sales, are already reflected in the load forecast. The 
table below shows the projected cumulative savings from 2006 through 2030. 

As of December 6th
, 2011, the Board of Water and Power Commissioners approved an 

advanced EE program with a goal of 8.5 percent of sales by the end of fiscal year 2019-
20 and beginning fiscal year 2010-11. The adoption of the advanced program results in 
approximately 920 GWh of additional gross EE savings by 2020. Due to the timing of 
this approval, this change could not be incorporated in the 2011 IRP, however, the 
advanced program will be considered in the 2012 IRP modeling results. 
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Figure 3-2. Comparison of2010 and 2011 IRP gross energy efficiency forecasts by fiscal 
year. 

Solar C-N-M and FIT 
The solar Customer-Net-Metered (CNM) program (a.k.a. Solar Incentive Program) and 
Feed-In-Tariff (FIT) programs used in the 2011 IRP are based on projections dated 
October 2011. Figure 3-3 shows the comparison of CNM and FIT program projections 
used in the 2011 IRP vs. the 2010 IRP. The CNM solar is higher in years 2012-2016 
primarily because of a dramatic increase in participation levels of the SIP program in 
2010, and expected continued strong interest in the program given the tax benefits 
available and currently lower solar prices. FIT is lower in 2013-2015 due to a delay in 
implementation of the program due to budget constraints, but higher in 2017-2023 due to 
the plan to accelerate the program to take advantage of tax benefits available through 
2016. 
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

~ • Solar_FIT (2010 IRP) ~Solar_FIT (2011 IRP) -. • Solar_C-N-M (2010 I RP) ~Solar_C-N-M (2011 IRP) 

Figure 3-3. Comparison of solar projections, 2011 vs. 2010. 

Renewables 
Table 3-2 is a comparison of the overall renewable mix planned for the 2011 IRP vs. the 
2010IRP: 

Recommended 33% RPS 33% Case 2010 I RP Balanced 

All Cases in 
20111RP 

33% RPS 
SB2 (1X) 33% 
Compliant 

Table 3-2. RENEWABLE MIX, 2010 VS. 2011 

320 o 580 315 315 320 680 485 485 160 

183 60 492 401 325 308 492 451 466 162 

One major RPS change from the 2010 IRP was a large reduction in geothermal projects, 
especially in the short term. Suitable geothermal sites in accessible locations near existing 
transmission lines have been difficult to locate. The 2011 IRP lowers the amount of 
geothermal expected in 2020 by 43 percent. In the short term, increased use of low cost 
biogas will largely replace the energy that would have been generated by geothermal 
projects until more viable geothermal sites can be identified. Another change was the 
deferral of the Owens Valley Solar Proj ect from 2013 to 2018 due to recent budget 
reductions and tax benefits for third party developed solar projects that are scheduled to 
end after 2016, making development of LADWP facilities that are not eligible for direct 
tax benefits more viable. As previously discussed, the revised load forecast decreases the 
need for renewables. This results in the lower overall capacity requirements in both the 
short term 2010 - 2020 and longer term 2020-2030 time periods as shown above. 
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Divestiture of the Navajo Generating Station (NGS) on December 31, 2013, as described 
in the 2010 IRP recommended case, will be extended to December 31, 20] 5. Member 
utilities of NGS have "first rights of refusal" involving the sale of other member shares. 
After 6-months notification of their intent to exercise "first right of refusal" rights 
member utilities have 3 years to complete the purchase. Although NGS participants could 
potentially complete the purchase sooner, the most realistic estimate of a sale being 
completed has been extended to December 3], 2015. 

GHGCosts 
Projected GHG cost impacts resulting from AB32, and as incorporated in the 2010 IRP, 
have been significantly reduced as a direct result of recent changes in the final regulations 
approved by the California Air Resources Board (CARB). Although some uncertainty 
still remains regarding the final regulations, the expectation of allowance prices being 
applied to all GHG produced, as previously assumed in the 2010 IRP, have been replaced 
with allowance prices being applied only to the amount exceeding the CARB allowance 
allocation within a compliance period. Additionally, GHG regulations are expected to 
begin on January 1, 2013, one year later than the assumed start date in the 2010 IRP. 
The net effect of the allocation changes between the 2010 and 2011 IRP was a $1.25 
billion reduction in anticipated allowance costs between 2010 and 2020. 

Gas Prices 
Natural gas costs continue to remain stable for the near term and spot market price 
forecasts for gas have changed little since the 2010 IRP. The Pinedale gas reserves owned 
by LADWP continue to provide a low cost source of gas and estimates of gas volumes to 
be produced from Pinedale have risen since the 2010 IRP. These production increases 
have lowered the overall system gas costs. Opal and SoCal expected gas prices used in 
the 2011 IRP were 7 and 10 percent lower on average, respectively, in the short term 
(2011-2020), but were 11 and 14 percent higher on average, respectively, in the long term 
(2021-2030) as compared to the 2010 IRP. 

Coal Prices 
IPP forecasted coal prices are 22 percent lower in the short term (20]] -2020) and 34 
percent lower in the longer term (2021-2027) as compared to the 2010 IRP. Navajo coal 
prices are 10 percent lower in the short term (2011-2019) as compared to the 2010 IRP. 

IPP Recall 
IPP capacity is a function of the capacity recalled by Utah participants. Estimates for this 
recall amount, or the capacity entitlement transferred from the Utah participants to 
LADWP, has risen by 1]2 MW in the short term (20] 1-2020) and 44 MW in the long 
term (2021-2027) as compared to the 2010 IRP thereby increasing our share of IPP 
capacity entitlement. This raised the energy and capacity expected from IPP generation in 
the 2011 IRP as compared to the 2010 IRP. 
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Recent OTC decisions by the State Water Resources Board have accelerated the 
compliance date for repowering the LA-basin coastal generation stations. Whereas 
December 31, 2040 was the date used in the 2010 IRP, the new "no later than" 
compliance date is December 31,2029. The new repowering dates (see Table 3-3 below) 
and resulting efficiency improvements resulting from the more efficient replacement 
units have been incorporated into the 2011 IRP production model. 

Table 3-3. BASIN PLANTS REPOWERING - TARGET SCHEDULE1 

Nameplate 
Capability 1 Resulting Date (No Later LADWP Draft 

Unit 
I 

(MW) 

I Action and I 

Nameplate Capacity 

Compliance I 

Than) Target Date3 

Haynes 1 230 
Replace with 444 MW CC 12/31/2029 12/31/2023 

Haynes 2 230 

Haynes 5 343 
Replace with 600 MW CT 12/31/2013 6/1/2013 

Haynes 6 343 

Scattergood 1 163 
Replace with 367 MM CC 12/31/2024 12/31/2020 

Scattergood 2 163 

Scattergood 3 497 
Replace with 509 or 

574 MWCC
2 12/31/2015 12/31/2015 

Harbor 1, 2 & 5 240 Repower with same MW 12/31/2029 12/31/2026 

Haynes 8, 9 & 10 650 Repower with same MW 12/31/2029 12/31/2029 

Notes: 1. Maximum or dependable capacity of the unit will be different based on permitting requirements as well as 
other constraints. 

2. For Scattergood Generating Station, Unit 1 and 2 will be replaced with 300 MW (if unit 3 replaced with a 
508 MW unit) or 233 MW (if unit 3 replaced with a 575 MW unit). 

3. The LADWP target dates are very ambitious and based on many physical and budgetary assumptions, 
and are subject to change. They represent LADWP's best effort to comply with the regulations as 
fast as possible and assumes no unexpected complications or delays. Subject to further 
evaluations and studies. 
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General price assumptions are presented here for supply side resources, fuel, and GHG 
allowances. More details are provided in Appendix M. 

Supply-side Resources 
Table 3-4 presents a summary of the major price assumptions for supply-side resources. 

Table 3-4. SUMMARY OF SUPPLY-SIDE RESOURCE ASSUMPTIONS 

I Levelized Cost' I Capacity I Dependable 
Resource ($/MWh) Factors Capacity 

Solar Photovoltaic - PPA $144 23%-31% 27% 

Solar Photovoltaic - LA Solar -
Public/Private Partnership $177 21% 27% 
In-Basin 

Solar Photovoltaic - LA Solar -
Public/Private Partnership $153 24% 27% 
Owens 

Solar Customer-Net-Metered $136 18% 27% 

Solar Feed-In-Tariff $179 18% 27% 

Wind $106 24% - 42% 10% 

Geothermal $138 90% 90% 

New Combined Cycle Gas (310 MW) $63 58% 100% 

New Simple Cycle Gas (50/100 MW) $302 4% 100% 

1Net Present Value (annual costs, 2011-2030) / NPV of Energy Produced 
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High, low, and medium natural gas price forecasts were developed to test each portfolio 
against a range of potential natural gas prices. The medium or expected gas forecast 
originates from Platts and is the standard used by LADWP for financial and fuel 
procurement planning. The high and low forecast, shown on Figure 3-4, are fundamental 
forecasts obtained from Wood Mackenzie that consider a range of future assumptions 
including economic growth, supply and demand, and environmental regulations. 

2011IRP GAS PRICE FORECAST (Nominal $) 

16 - - - - - - - - - - -- - - - - - - - - - . - - - - - - - -- - - - - - -- - -- - - - - - - -- - - - - - -- - - - -- - - - - - - - - - - -

2 - - - - - - - - - - -- - - - - - - - - - - - - - --- - - -- - - - - - -- - -- - - - - - - -- - - - - - -- - - - -- - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - - - --

- Hi F; h Price - 50cal/ W'ood Ma(kenlie - Expected Price - Socal, Platts - Low Price - So[o3ll Wood Macke ll l ie 

Figure 3-4. Natural gas price forecast (SoCal). 
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A ±20 percent factor was applied to the expected coal fuel price, provided by LADWP's 
External Generation Division, to determine a high and low range for coal prices. Actual 
coal fuel prices have intentionally been left out of this IRP to comply with non-disclosure 
agreements with coal suppliers. 

GHG Emissions Allowance Prices 
Price scenarios were also developed and tested for GHG allowance prices using staff 
estimates from experience, and agency models as a template. This template assumed 
GHG pricing starting at $24/metric ton in 2013 escalating to $45/metric ton in 2020. 
Beyond the year 2020, the AB32 Cap and Trade program ends and may be replaced by 
another State or Federal program. Assuming that there will be another program, 
allowance prices beyond 2020 were assumed to remain at $45/metric ton through 2030 
and the allowance allocated by CARB was assumed to remain constant. Future IRP's 
will consider changing this assumption as new information about future programs 
becomes available. Unlike the 2010 IRP where a sensitivity analysis was done using 
high and low GHG prices, the 2011 IRP does not include high and low GHG prices 
because the expected costs are not as significant as other cost drivers. Figure 3-5 depicts 
the GHG allowance prices used to evaluate the portfolios. 

Assumed GHG Emissions Allowed Prices ($/ton) 

50 

45 - - - - - - - - - - - - - - --

40 

'" 35 
~ 
.~ 30 
; 
:2: 25 
~ 

~ 20 
.~ 

Z 15 

10 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ & 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Year 

Figure 3-5. Assumed GHG emissions allowance prices. 
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3.3 Strategic Case Key Parameters 

The 2011 IRP strategic cases must reflect the requirements of the most-recently 
implemented environmental and RPS regulations. In many cases, the regulations have 
predetermined a limited set of resources that can be considered to meet future generation 
needs. The net effect is to constrain and limit the set of alternatives that can be analyzed. 

SB1368 
SB 1368 requires that imported energy from outside California meet a GHG emissions 
standard of 1,100 lbs per MWh. To comply with this requirement, all future generation 
outside the LA Basin will need to come from either highly efficient combined cycle gas 
turbines (if fossil fueled), or from renewable energy resources. This eliminates the use of 
coal-fired generation, at least until future coal combustion and sequestration technology 
improves sufficiently to make this a viable option. As a result, three Coal divestiture 
cases have been considered in this 2011 IRP. The three divestiture cases will further 
define the costs and operational impacts that divestiture of these facilities will have in 
meeting future energy and capacity load requirements. 

OTe 
Once-through cooling regulations effectively prohibits the use of ocean water cooling in 
all of the coastal power stations, which comprises 3 of the 4 in-basin gas-fired generation 
facilities, and sets specific deadlines to rep ower this generation prior to 2029. The limited 
resources available to rep ower virtually all in-basin generation under the accelerated time 
frame further limits the flexibility of altering repowering schedules based on system 
operation and capital requirements. Therefore, all strategic cases considered include the 
same repowering schedule as shown in Figure 3-6 below: 

OTe REDUCTION TARGET DATES 

• OTC Compliance Date 

IW&RIWarranty & Reliability Phase 

• • .... ~mm~~===~ 
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Figure 3-6. Timeline for OTC repowering projects. 
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While developing the timeline for the repowering program, LADWP had to consider a 
number of reliability, financial, and other contingent requirements. Because the power 
system relies on the in-basin units to produce energy, and provide voltage support and 
stability, it is important to keep all of the units continuously available during summer 
months. This means that during summer months the total capacity available from the in
basin units remain constant. This requires a strict sequencing of the separate repowering 
projects. Further studies will be required to determine the impact on system reliability 
from the accelerated repowering schedule. 

Another consideration is the cost of the program. Repowering just one unit requires a 
significant amount of money-on the order of $500 million or more. Spreading the 
program over time minimizes the need for sudden and significant infusions of capital, and 
helps LADWP to preserve proper cash flow and capitalization ratios to maintain its credit 
rating. 

Other issues include the long lead times required for environmental permlttmg, 
engineering design, and equipment procurement. The limited space available within some 
of the generating station property boundaries also presents planning difficulties. The 
timeline represents LADWP's best effort to comply with the mandated compliance 
deadlines while also meeting its reliability and fiscal responsibilities. 

SB 2 (IX) 
As discussed at the end of Section 1.6.4, SB 2 (IX) defines categories with predefined 
percentage limitations on the amount of out-of-state renewable generation and renewable 
energy credits that can be used to meet renewable portfolio standards. Wind, small hydro, 
and biogas provide the largest contributions to LADWP's portfolio as shown in Figure 2-
6. Future renewable generation will rely heavily on solar PV and wind resources located 
within the State to fulfill the in-state percentage requirements of SB 2 (IX). This limits 
the potential use of renewable resources located outside of California. The strategic cases 
evaluated in the 2010 IRP established a diversified resource mix for the next 20 years 
including goals for estimated MW's installed for each renewable technology. The 2011 
IRP retains the same diversified renewable mix goals set forth in the 2010 IRP 
recommended case while including the latest updates based on available resources. As 
shown in Table 3-2, all strategic case scenarios being considered in the 2011 IRP use the 
same renewable resource plan. Future IRP's will likely address different renewable 
resource mixes as the CEC further develops specific regulations to enforce SB 2 (IX). 

Accelerated Coal Divestiture 
To achieve a high level of Power System reliability, minimize the impact on ratepayer 
energy prices, and exercise environmental stewardship while complying with federal, 
state, and local regulations, the 2011 IRP Strategic Cases were developed to assist 
policymakers and ratepayers to make informed decisions regarding the accelerated 
divestiture of Coal resources to promote GHG reduction prior to SB 1368 compliance 
which occurs in 2019 for Navajo and 2027 for IPP. Accelerated Coal divestiture is 
discretionary, unlike other mandated regulatory requirements described previously. It is 
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important that the environmental benefits and resulting electricity rate and resource 
impacts be fully understood by ratepayers and policy makers. 

3.4 Candidate Portfolios Development Process 

A candidate portfolio is a set of renewable and non-renewable generation resources, DSR 
resources, regulatory constraints, policy goals, and assumptions that model strategic 
scenarios. Candidate portfolios are selected to cover a spectrum of possible scenarios, 
providing decision makers information on which portfolios are likely to be the most 
desirable. Additionally, each candidate portfolio must ensure resource adequacy-the 
ability to meet total peak demand. 

3.4.1 Net Short and Resource Adequacy 

The first step in developing the 2011 IRP candidate portfolios was to determine how 
LADWP can meet and maintain its renewable energy policy goals: 20 percent renewables 
in 2010 and 33 percent renewables by 2020. The net short-the gap between renewable 
energy policy goals and current renewable generation-was calculated, and the 
contribution of its renewable energy component towards resource adequacy was 
determined. Combined-cycle gas generation, energy efficiency, short term purchases, and 
demand response were then considered to supply the remaining deficiency in resource 
adequacy. Details regarding net short calculations and resource adequacy are included in 
Section 4.3.1.1 and Appendix M. 

3.4.2 Renewable Resources Selection Process 

Over the last ten years, LADWP has issued several requests for proposals for renewable 
energy and gained a thorough understanding of the nature and availability of the different 
renewable resource technologies. This knowledge was used in developing the candidate 
portfolios. Additionally, LADWP largely considered renewable resources within the 
Western Governors' Association's Western Renewable Energy Zones (WREZ). In the 
WREZ initiative, Qualified Resource Areas were defined as areas of dense, high-quality 
renewable energy resources, meeting various resource size, quality, environmental, and 
technical criteria. LADWP screened all resources to ensure they are located near 
available LADWP transmission infrastructure. 

Assumptions were made for the cost and performance of each technology used to convert 
the renewable resources to electricity. A summary of the main assumptions made for 
biomass, geothermal, solar, and wind is presented in Appendix M. 

A valuation process designed to provide a single ranking value to a resource was then 
applied. This step is intended to identify resources with the combination of lowest cost 
and highest value. The valuation approach is similar to the bid evaluation process many 
utilities use when procuring renewable resources. Specifics for the resource valuation 
methods are also covered in Appendix M. 
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After applying the appropriate constraints, resources were selected and added 
progressively to its renewable resource mix based on lowest rank cost and transmission 
availability until the net short was mitigated. 
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The 2011 IRP analyses a focused set of strategic cases, expanding on the results from 
the 2010 IRP process. Cases from last year that included a variety of renewable 
percentage targets were eliminated. A streamlined set of 3 coal divestiture cases 
where then included for the 2011 IRP. Unlike other areas that are constrained by 
mandated regulatory requirements (such as renewable resources), the decision to 
divest from coal earlier than legally required is discretionary and thus appropriate for 
analysis. The 2011 IRP strategic cases are designed to assist policymakers and 
ratepayers to make informed decisions regarding accelerated coal divestiture, 
particularly with regard to the environmental benefits and resulting resource and 
electricity rate impacts. 

• Case #1 provides a baseline without any early coal divestiture. Navajo 
Generating Station continues until 12/1/2019 and the Intermountain Power 
Project (IPP) until 6/15/2027. 

• Case #2 considers an early divestiture ofNGS, by 12/31/2015. 

• Case #3 considers early divestiture of both coal plants - NGS by 12/3112015 
and IPP by 12/3112020. 

Table 3-5 provides a more detailed description of each strategic case. 

As mentioned earlier, the same renewable resource plan applies to all cases. Table 3-6 
summarizes each candidate renewable portfolio. For comparison purposes, the 
recommended case from last year's IRP is also included. 

The different cases require distinct resource strategies to replace the divested coal 
generation capacity and to meet future load growth. These strategies include the 
construction of new natural gas units, renewable generation, electricity purchases in 
the 3rd Qtr as needed to fill short term resource adequacy deficiencies, and the 
implementation of demand response and energy efficiency programs. A detailed 
breakdown of these strategies is discussed in Sections 4 and 5. 

The candidate portfolios were modeled and the case results were compared against each 
other. The analysis included measurements of power costs, emissions, and fuel usage. 
High and low scenarios based on fuel prices were also modeled to quantify the risk 
associated with fuel price volatility on each case. Section 4 discusses the modeling 
results, and presents the 2011 IRP Recommended Case that emerged from the analysis 
process. Section 5 discusses in greater detail the recommended case and the resulting 
impact on rates as well as the actions required to implement the recommended case. 
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Table 3-5. DESCRIPTION OF STRATEGIC CASES 

Case ID I Description 

Case 1 
(Base Case) 

Case 2 

Case 3 

Recommended 
Case 2010 IRP 

No Early Coal Divestiture - This case assumes coal resources will be 
replaced with combined cycle natural gas and renewable resources 
upon the expiration of coal contracts with no early compliance with 
SB1368. Maintains the 33 percent standard renewables mix 
recommended to comply with SB 2 (1X). 

Navajo Early Replacement Strategy - This case considers early 
replacement of Navajo on 12/31/2015, or 4 years prior to contract 
expiration with IPP replacement at the end of contract expiration in 
2027. Maintains the recommended 33 percent standard renewables 
mix to comply with SB 2 (1X). 

Navajo and IPP Early Replacement Strategy - This case considers 
early replacement of Navajo on 12/31/2015,4 years prior to contract 
expiration, and early replacement of IPP on 12/31/2020 or 7 years 
prior to contract expiration. Maintains the recommended 33 percent 
standard renewables mix to comply with SB 2 (1X). 

33% RPS Balanced Strategy - Primarily used to compare the other 
strategic cases to the recommended long term strategy described in 
the 2010 IRP with 33 percent renewable compliance by 2020. 
Considers early divestiture of Navajo on 1/1/2014 or five years prior 
to contract expiration and assumes replacement of IPP in 2027. 
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Table 3-6. CANDIDATE RESOURCE PORTFOLIOS FOR 20111RP 

33% 12/1/2019 6115/2027 183 60 492 401 325 308 

2 Navajo Early 33% 12/31/2015 611512027 183 60 492 401 325 308 Replacement 

Navajo and 
3 IPP Early 33% 12/31/2015 12/31/2020 183 60 492 401 325 308 

Replacement 

Case 33% RPS 33% 1/1/2014 6/15/2027 320 0 580 315 315 320 2010 Balanced 
IRP 
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4.0 STRATEGIC CASE ANALYSIS 

4.1 Overview 

Section 4 
Strategic Case Analysis 

The analysis was performed on the generating resources using an hourly chronological 
production cost model. The model simulated the operation and electric loading of the 
LADWP Power System over a 20-year planning horizon with different portfolios of 
generating resources. The objective function of the production cost model is to minimize 
system cost, which is achieved by finding the least cost method to meeting the electric 
system demand using the specified generating resource portfolios. 

The resources defined in the model consist of existing LADWP generating resources and 
generic types of future generating resources. The resource mix of renewable generating 
resources and thermal generating resources must satisfy: (1) resource adequacy requirements 
for reliability, and (2) specific increasing targets of renewable resources as a percentage of 
total energy sales. 

For this 2011 IRP, the key strategic consideration is the accelerated reduction of GHG 
emissions by way of early divestiture of coal generation. The model runs analyzed different 
coal divestiture scenarios for LADWP's two coal projects, the Intermountain Power Project 
(IPP) and Navajo Generating Station (NGS). The results for each model run were tabulated 
and compared against each other. Each strategy was ranked on average dollars per megawatt 
hour generation cost and the total million metric tons of CO2 emissions. All of the strategic 
cases meet electric system reliability requirements per NERC and FERC regulations, which 
dictated either replacing or re-powering aged infrastructure or end-of-life generating power 
plants. 

The selection of the best case for LADWP ratepayers hinges mainly upon the load forecast, 
price of natural gas and coal, GHG emission levels, capital, and O&M costs. These factors 
are the major cost drivers for bulk power in the cases analyzed. All cases meet the mandated 
RPS percentage targets and renewable resources are included in the analysis and are the same 
for all cases analyzed. 

Section 4.2 reviews the cases that were presented in Section 3, along with the model 
assumptions and analysis methodology. Section 4.3 presents the modeling results, including 
cost comparisons and the rate impact results of the different cases. Section 4.4 presents the 
strategic case conclusions and the recommended case. 

Section 5 includes long and short-term actions that are recommended towards 
implementation of the recommended case, including an estimate of the revenues 
requirements and electricity rate schedule needed to support it, and the consequences of 
funding short falls. 
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4.2 Strategic Case Runs 

The cases analyzed in this 2011 IRP were introduced in Section 3.5 and are briefly reviewed 
here. The timing of coal divestiture (and the associated resource replacement) is the key 
parameter that differentiates the three strategic cases. Table 4-1 summarizes the portfolios for 
each case. For comparison purposes, the recommended case from last year's IRP is also 
included. 

The following inter-related resource parameters were assumed to occur in each of the three 
strategies: 

• OTC Repowering Schedule per Table 3-3 
• Energy efficiency penetration of approximately 3071 GWh by 2030 
• RPS Resource Mix, schedule per Table M-2 and M-3 of Appendix M 
• GHG allowance methodology and prices on page M-17 of Appendix M 
• Gas and Coal Fuel prices, as shown on Tables 4-6 and 4-7 
• IPP capacity and recall schedule on Page M-16 of Appendix M 

Each strategic case was also subjected to high and low scenario runs, which were based on 
high and low values for natural gas and coal prices. The high and low scenarios simulated 
production over the same 20-year horizon, and provided a measure of the level of risk due to 
potential future fuel price volatility. 

4.2.1 Modeling Methodology 

4.2.1.1 Planning & Risk (PROSYM) 

Simulations were performed using Planning & Risk (PAR), a third-party software program 
sold and distributed by Ventyx Corporation based in Atlanta, GA. PARis an hourly 
chronological production cost model that commits and dispatches resources to minimize the 
cost of serving electric load. It utilizes the PROSYM unit commitment and dispatch 
algorithm. PARis a widely used production cost model used by many utilities across the US 
and the world to help plan and optimize power systems. Additional information on the 
model can be found in Appendix M. 

4.2.1.2 Model Assumptions 

To perform model simulations, a large set of input data is required. The key parameters that 
influence the analysis results are fuel prices, load forecast (including adjustments for energy 
efficiency and other demand side management programs), coal divestiture strategies, and 
operational inputs regarding future gas-fired units. Details regarding the model assumptions 
are provided in Section 3 and Appendix M 
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In developing the future renewable portfolio mix, the primary requirement was to meet the 
SB 2 (IX) goals for RPS percentage (see Section 1.6.3 for details). Other considerations 
included costs, resource and geographical diversity, and proximity to existing transmission. 
The process by which the renewable resource portfolio was constructed is described in 
Section 3.3.2. 

4.2.1.4 Resource Adequacy 

As a prerequisite for any potential future portfolio, all cases considered must satisfy Resource 
Adequacy (RA) requirements. RA is the ability to supply the aggregate demand and energy 
requirements of customers at all times, taking into consideration future load growth and 
planning reserve margins. In calculating RA for a given portfolio, generation resources are 
assigned a percentage of their nameplate capacity, known as "Net Dependable Capacity" that 
can be counted towards fulfillment of the RA requirement. The net dependable capacity 
values vary depending on the type of generation resource. Throughout the energy industry 
there is an on-going debate on how much variable energy resources can be relied upon during 
the summer system peak. Table 4-2 lists the net dependable capacities of the different 
resource technologies assumed for this IRP analysis. 

Table 4-2: NET DEPENDABLE CAPACITY ASSUMPTIONS FOR NEW RESOURCES 

Plant Technology Net Dependable Capacity 
Natural Gas Combined-Cycle 100% 
Natural Gas - Gas Turbine 100% 
Wind 10% 
Solar PV 27% 
Solar Thermal 68% 
Geothermal 90% 

The specific RA analyses for each of the three strategic cases are presented later in Section 
4.3.1.1. 

4.2.1.5 Model Runs and Scorecards 

The evaluation of each strategic case yielded a tremendous amount of information about the 
LADWP power system. In order to organize and interpret the modeling results, a scorecard 
system was developed to rank and check the output results. The scorecard is a very detailed 
and complex Microsoft Excel based spreadsheet that summarizes all the important inputs and 
outputs and includes metrics such as total system power costs, plant generation, CO2 

emissions, and fuel costs. 
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While the production cost modeling provides detailed information on estimated bulk power 
costs, reliability and mandated regulatory program revenue requirements are evaluated 
through analysis external to the production cost model. The results of this analysis are 
provided in Section 4.3.3 to provide a more complete view of the total cost components that 
make up total power system costs. This Section also illustrates the revenue requirements to 
fund these specific programs to maintain a reliable electric system while also complying with 
regulatory requirements for renewable portfolio standards, local solar, once-through-cooling, 
and energy efficiency. 
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The modeling results are presented in terms ofLADWP's overall goals of: (1) reliability, (2) 
environmental stewardship and (3) economic, or cost, considerations. 

4.3.1 Relia bility Considerations 

Resource strategies are not designed to totally avoid the chance of a power outage due to 
inadequate supply resources. Such a strategy would be very expensive and would mean that 
some resources would be built with a small chance of ever operating, or would have an 
unacceptably low capacity factor. Most power outages are distribution based (e.g., a winter 
storm that knocks down local distribution lines) and not a result of insufficient generation 
resources. The NERCIWECC reliability criteria of" 1 day in 1 0 years" attempts to quantify 
what is an acceptable amount of loss of load (i.e. a power outage). The generally accepted 
industry interpretation of the criteria is that a system is considered reliable if there are no 
more than a total of24 hours of loss of load in a 10 year period (87,600 hours). This criteria 
translates to a 0.03 percent chance that load will not be served. 

Based on the reliability calculation, no single resource strategy is significantly more or less 
reliable than another strategy, and all strategies meet this criteria. The economic aspects of 
each of the resource strategies are only valid if the resource strategy meets the NERC 
reliability standard of "1 day in 10 years." For this evaluation on reliability, each resource 
strategy was considered equal in terms of the reliability criteria. 

4.3.1.1 Resource Adequacy 

The process of ensuring resource adequacy for each strategic case is iterative. Initially, a 
model run is made for each case without any resource additions. The results indicate the 
amount of resource surplus or shortfall into the future. Without any resource additions, a 
deficit is eventually reached as a result of coal divestitures, generation unit retirements and 
the expiration of power purchase contracts on the supply side, as well as load growth on the 
demand side. Figure 4-1 present the resource shortfalls for the three strategic cases prior to 
any resource additions. For planning purposes, the figures focus on the most critical months 
of each year - July through October. 
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Case #1 (Navajo 2019, IPP 2027) 
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Figure 4-1. Summer months resource adequacy shortage with coal divestiture by calendar 
year (1 in 10) 

FINAL 4- 6 December 22, 2011 

2030 

(2640) 

(3258) 

(Z94Z) 

12(94) 

AR0071168 



Los Angeles Department of Water and Power 
2010 Power Integrated Resource Plan 

Section 4 
Strategic Case Analysis 

Once the deficits have been quantified, the means of satisfying the shortfall is assessed. Some 
of the considerations that LADWP accounted for in identifying potential solutions include: 

• Because the analysis already includes renewable resources expected to be in place by 
the end of 2011, any additional renewables added will increase LADWP's overall 
resource portfolio and help achieve compliance with SB 2 (1 X). 

• Energy efficiency, demand response, short-term purchases, and replacement gas-fired 
generation were considered to provide the most economical and well diversified 
blend of resources. 

• The additions had to be separate and distinct from the in-basin OTC repowenng 
projects, which are already included in the shortfall calculation. 

• Large scale generation additions were located out-of-basin to take full advantage of 
the existing transmission infrastructure and to comply with local environmental 
regulations. 

• Where feasible, the new generation sites should make use of existing transmission 
and fuel supply infrastructure. 

• As with all planning activities, the solution must address reliability, costs, and 
environmental stewardship. 

After careful consideration, LADWP's IRP team consisting of the IRP staff, Power System 
Management, Environmental Affairs, and the Energy Efficiency Group, developed a 
recommended resource replacement strategy for each case and briefed the General Manager 
and Financial Services Organization. The recommended solution employs a mix of new 
renewable generation, energy efficiency, demand response, new gas-fired combined cycle 
units, and short-term 3rd quarter energy purchases to replace Navajo and IPP Coal and to 
supplement load growth. Table 4-3 shows the breakdown of the replacement resources 
recommended for the three cases. 
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Table 4-3. RESOURCES RECOMMENDED FOR RESOURCE ADEQUACY BY 
CALENDAR YEAR 

Base Case (Navajo 2019 IPP 2027) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
Navajo Replacement CC 0 0 0 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 
IPP Replacement CC 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 
Short Term 03 Purchase 75 100 125 225 325 325 375 175 225 325 400 

Total Replacement 96 145 251 338 471 565 674 1153 1279 1415 1602 1807 1894 2021 2992 3060 3177 3266 

Case 2 (Navajo 2015 IPP 2027) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
Navajo Replacement CC 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
IPP Replacement CC 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 
Short Term 03 Purchase 125 100 75 75 75 100 125 225 325 325 375 175 225 325 400 

Total Replacement 96 145 251 763 871 940 1049 1153 1279 1415 1602 1807 1894 2021 2992 3060 3177 3266 

Case 3 (Navajo 2015 IPP 2020) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
Navajo Replacement CC 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 

IPP Replacement CC 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 
Short Term 03 Purchase 125 100 75 75 75 25 25 50 50 100 175 225 325 400 

Total Replacement 96 145 251 763 871 940 1049 1153 2354 2440 2552 2682 2769 2896 2992 3060 3177 3266 

Figure 4-2 shows the net dependable capacity profiles for the 3 cases after including the 
recommended resources to satisfy resource adequacy requirements. In each case, Navajo is 
replaced with new renewable generation and a 300 MW replacement combined cycle gas
fired unit upon divestiture. Energy efficiency, demand response, and short-term purchases 
supply capacity that primarily contributes to peak load growth. 

When IPP energy ceases in 2027 for Cases 1 and 2 and 2020 for Case 3, that production is 
replaced entirely with aI, 150 MW combined cycle natural gas unit. The larger combined 
cycle unit will be necessary to reduce short-term purchases and to provide for additional load 
growth. By 2020, most of the renewable portfolio will have already been built to replace 
Navajo with continued load growth being offset by renewables, energy efficiency, demand 
response, short-term purchases, and a portion of the 1,150 MW combined cycled gas-fired 
unit. 

Short-term purchases are meant to satisfy peak load growth in the summer months where 
capacity is needed only over a short period of time. The planned addition of short-term 
purchases helps to limit the amount of capital intensive resources that would be necessary to 
supply peak load growth. Continual evaluation of future market conditions will be needed to 
insure that the market possesses adequate depth and reasonable pricing so that these 
purchases can be relied upon to fill system capacity needs. 

In Cases 2 and 3 with Navajo divested in 2015, the 300 MW combined cycle gas-fired unit 
and demand response resources are fulfilling two purposes, (1) replacing capacity and energy 
that would have been provided by NGS and (2) providing dispatchable resources to enable 
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the integration of increasing amounts of intermittent renewable energy as these resources are 
ramped up from the current 20% RPS to 33% RPS in 2020. 
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Figure 4-2. Dependable capacity mix by calendar year. 

4.3.2 GHG Emissions Considerations 

• Existing Renewable 

• Navajo Rep lacement CC 

• Q3 Purchases 

The primary objective of coal divestiture is to reduce overall GHG emISSIOns. Energy 
produced from coal emits approximately twice the amount of GHG emissions on a 
lbs/mmbtu basis, when compared to energy produced from natural gas. The reductions of 
GHG emissions are reflected in the production cost model simulations. Figure 4-3 illustrates 
a comparison of the resulting GHG emission levels of the three cases. Divestiture of Navajo 
results in an average 1.86 Million Metric Tons (MMT) reduction in GHG each year while 
IPP results in an average 3.26 MMT reduction each year. GHG reductions are accelerated in 
Cases 2 and 3 with the divestiture of Navajo and IPP prior to the expiration of existing power 
contracts with these facilities. Case 1 represents the normal course of emissions reductions 
with no early divestiture. Reduction levels are eventually reached in all cases in 2019 and 
then again in 2027 when SB 1368 essentially prohibits the importation of energy produced 
from coal when the existing power contracts expire. 

Current GHG emissions levels are approximately 14.1 MMT which is 21 percent below 1990 
levels due to the elimination of Mojave and Colstrip Coal, completed repowering of units at 
Haynes and Valley generating stations with cleaner gas-fired replacements, and increased 
renewable generation from 3% in 2003 to 20% in 2010. Early divestiture of Navajo shown in 
Cases 2 and 3 results in approximately 7.5 MMT less GHG emissions between 2016 and 
2019 and early divestiture ofIPP shown in Case 3 results in a reduction ofGHG emissions of 
21.1 MMT between 2020 and 2027. 
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Figure 4-3. GHG emissions comparison by calendar year. 
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••••••• Case#3· Navajo 2015, IPP 2020 

In addition to GHG, Oxides of Nitrogen (NOx) were also measured within the production 
model. Figure 4-4 summarizes NOx emissions for each of the three cases. With the 
installation of SCR equipment since 1989, NOx emissions of in-basin generation has been 
reduced by 90 percent and represents approximately 0.5 percent of all LADWP NOx 
emissions with the other 99.5 percent coming from out-of-basin coal-fired generation. 
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Figure 4-4. NOx emissions comparison by calendar year 
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4.3.3 Economic Considerations 

The economic considerations for the three cases included a comparison of fuel and variable 
costs, and a fuel price stress test to account for potential future price volatility which affects 
possible ranges of bulk power costs. Reliability and regulatory revenue requirements are also 
addressed to quantify the impact of these programs on future total power system costs. 

4.3.3.1 Cost Comparison Between Cases 

The total fuel and variable costs for the 3 coal divestiture cases are shown in Figure 4-5 
below. The natural gas price used in the production model was the 20-yr long-term natural 
gas price forecast from Platts and is also considered as the expected natural gas price in the 
stress test study in Section 4.3.3.2. 
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Figure 4-5. Total fuel and variable cost comparison by calendar year (Includes renewable 
project costs). 

Divestiture of IPP and Navajo results in higher fuel and variable O&M costs, as less 
expensive coal is replaced with relatively higher cost gas-fired energy. The resulting increase 
in fuel costs from the Navajo divestiture is due to a blended increase of in-basin and out-of
basin gas fired generation. In reality, resources replacing Navajo consist of a blend of new 
replacement gas-fired combined cycle units and new renewable energy. The gas-fired 
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replacement resources for Navajo can be better seen in Table 4-4. Because all 3 cases 
analyzed have the same renewable portfolio, the cost differences between the cases can only 
be attributed to increased gas cost; therefore, the costs shown in Table 4-4 do not include any 
costs associated with new renewable resources. 

Table 4-4. Increased capital, fuel, and variable O&M costs related to divestiture of 
Navajo and IPP by fiscal year 

Delta -Navajo Early Divestiture Study 

(Case 2 - Case 1) [FYE] 

Capital & Fixed OM Cost 

300 MW Navajo Replacement Cost 

SubTotal 

Additional Fuel Cost 

Additional VOM Cost 

Total Cost Delta $ 

Billed Energy Sale (GWh) 

Est. Rate Increase (cents/kWh)' 

Note: 1< Noncumulative rate increase. 

Delta -IPP Early Divestiture Study 
(Case 3 - Case 2) [FYE] 

Capital & Fixed OM Cost 

1,150 MW IPP Replacement CC 

Natural Gas Pipe line 

SubTotal 

Additional Fuel Cost 

Additional VOM Cost 

Total Cost Delta 

Billed Energy Sale (GWh) 

Est. Rate Increase (cents/kWh) * 

Note: * Noncumulative rate increase. 

2016 

$9 M 

$9 M 

$25 M 

$0 M 

34 $ 

23,390 

0.15 

2021 

$66 M 

$2 M 

$68 M 

$88 M 

$ 9 

165 

24,601 

0.67 

2017 2018 

$18 M $18 M 

$18 M $18 M 

$65 M $66 M 

$4 M $3 M 

87 $ 87 

23,567 23,755 

0.37 0.36 

2022 2023 

$133 M $133 M 

$4 M $4 M 

$137 M $137 M 

$198 M $190 M 

$ 26 $ 26 

361 353 

24,820 25,046 

1.45 1.41 

4.3.3.2 Fuel Price Stress Test 

2019 2020 Total 

$18 M $6 M $68 M 

$18 M $6 M $68 M 

$74 M $33 M $264 M 

$3 M $2 M $12 M 

$ 94 $ 41 $343 M 

23,977 24,239 Average 

0.39 0.17 0.36 

2024 2025 2026 2027 Total 

$133 M $133 M $133 M $126 M $856 M 

$4 M $4 M $4 M $4 M $28 M 

$137 M $137 M $137 M $131 M $884 M 

$188 M $170 M $190 M $180 M $1,203 M 

$ 23 $ 18 $ 19 $ 18 $139 M 

348 325 346 328 $2,226 M 

25,283 25,519 25,750 25,983 Average 

1.38 1.27 1.34 1.26 1.35 

The importance of stress testing the model results of the 3 cases is to determine the range of 
exposure to economic risk due to fuel price volatility. Historically, natural gas prices have 
tended to be volatile and unpredictable and LADWP employs hedging techniques to 
constrain volatility within acceptable ranges. However, diversification of fuel resources is 
also an effective means to mitigate economic exposure to a single fuel source. For example, 
renewable energy supplies a necessary hedge against increased fuel price exposure and 
eliminates the fuel cost for 20 percent of our current fuel supply. 
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Coal purchased by LADWP over the last 30 years has traditionally been provided primarily 
through long term coal contracts where future costs are predictable. Additionally, a small 
portion of LADWP's coal supply is provided through short term coal purchases subject to 
market fluctuations. Therefore, natural gas prices become the primary concern when 
assessing future cost impacts. Replacing Navajo and IPP Generating Stations with gas fired 
generation would expose our ratepayers to fuel markets which may result in higher or lower 
fuel costs which are much less predictable. 

Realizing the need for accurate fuel price forecasts, LADWP contracted with Wood 
Mackenzie Research and Consulting to provide natural gas price high and low forecasts to 
stress test future power production costs as shown in Figure 4-6. Also included in the high 
and low range forecasts were coal prices received from LADWP's External Generation 
Group. Based on the expertise and experience of the Coal Supply Group, a ±20 percent factor 
was applied to the expected coal fuel price to determine a high and low range for coal prices. 

16 
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12 

::> 

~ 10 
:;: 
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~ 
.~ 

z 

- High Price - Socal, Wood Mackenzie - Expected Price - Socal, Platts - Low Price - Socal, Wood Mackenzie 

Figure 4-6. High, low, and expected natural gas price forecasts (So Cal Gas). 

The natural gas price curves furnished by Wood Mackenzie Research and Consulting show a 
greater propensity towards higher than expected gas fuel prices, and less risk of lower than 
expected prices. This is wholly consistent with past historical gas prices which are shown in 
Figure 4-7 - the relative shape of the curve is asymmetrical with the forward tail (higher 
prices) extending further away from the mean of the curve. 

FINAL 4- 14 December 22, 2011 

AR0071176 



Los Angeles Department of Water and Power 
2010 Power Integrated Resource Plan 

Section 4 
Strategic Case Analysis 

Distribution Curve of Histo.-ial Gas Price 

1400 ,------------------------------------------------------------------------, 

1200 

1000 -------------------------------------------------------------

800 

000 ------------ ------------------------------------------------

400 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

200 

5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 

Natural Gas Price ($/mmBtu) 

Figure 4-7. Historical distribution of natural gas prices (SoCal, 2005 through 2010). 

The high and low fuel price ranges were then incorporated into the three strategic case model 
runs. The three charts shown in Figure 4-8 display the results of bulk power costs for each of 
the 3 cases. The wider the range from the high fuel case to the medium fuel case indicates 
increased exposure to risk from the higher fuel costs. 

Case #1 (Navajo 2019, IPP 2027) 
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$1,000.00 
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$-
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

I~Case#l $1.319 $1.357 $1.357 $1.431 $1.543 $1.665 $1.623 $1.772 $1.872 $2.045 $2.088 $2.123 $2.121 $2.105 $2.156 $2.203 $2.459 $2.686 $2.754 $2.808 

1-4- Case#l_H $1.367 $1.440 $1.433 $1.535 $1.650 $1.767 $1.740 $1.891 $1.998 $2.211 $2.249 $2.289 $2.296 $2.289 $2.345 $2.434 $2.790 $3.098 $3.215 $3.294 1_._ Case#l_L $1.275 $1.305 $1.292 $1.359 $1.466 $1.587 $1.535 $1.682 $1.775 $1.929 $1.959 $1.981 $1.965 $1.938 $1.975 $2.005 $2.205 $2.383 $2.424 $2.468 
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Case #2 (Navajo 2015, IPP 2027) 
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Case #3 (Navajo 2015, IPP 2020) 
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Figure 4-8. Bulk power cost comparison - high, low, and expected fuel prices. 
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To better compare the risk associated with higher natural gas prices between the 3 strategic 
cases, three years - 2016, 2019, and 2021 - are used for comparison as shown in Figure 4-9 
below. 

In the year 2016, both Cases 2 and 3 show divestiture ofNGS with 300 MW of gas-fired CC 
replacement generation. These cases are facing higher fuel and variable spending risk 
exposure to natural gas price fluctuations. 
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Figure 4-9. Bulk power cost with high and low comparison by calendar year. 

By the year 2020 NGS will retire in all three cases, with Case 3 showing IPP also being 
replaced in 2020 with two 575 MW combined cycle units. With all coal generation being 
eliminated in 2021 for Case 3, the exposure risk of much higher spending on fuel and 
variable costs will be present. 

Increased risk exposure from high fuel costs may translate into higher customer electric rates. 
Figure 4-10 shows the potential rates that could be experienced under the 3 cases given high, 
expected, and low fuel ranges. 
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Figure 4-10. Estimated electric rate comparison over 20 years by fiscal year-ending. 

4.3.3.3 Reliability and Regulatory Revenue Requirements 

Bulk Power costs discussed previously make up less than half of the cost to operate the 
electric power system. Continued investments in transmission, distribution, and generation 
resources are required to maintain a reliable electric system. While specific regulatory and 
reliability programs such as RPS, OTC, and PRP attract the most attention, investments in 
these programs are a subset of the generation, transmission, and distribution system that 
comprises the power system. Besides fuel and inflation costs, these reliability and regulatory 
programs are the largest factors driving increases in power system costs. 
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The revenue requirements of these programs are further illustrated in Figure 4-11 and Table 
4-5. Today, these reliability and regulatory programs comprise 32% of all power system 
costs and in 2020 these same programs will grow to approximately 47%. 

Table 4-5 shows the breakdown of these reliability and regulatory costs with RPS and PRP 
programs clearly being the major drivers behind overall increases in power system costs. The 
importance of adequately funding of these programs through consistent revenue increases 
over time is essential to achieving the goals of reliability, environmental stewardship, and 
maintaining competitive rates. 
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Figure 4-11. Annual revenue requirement for reliability and regulatory program for 
fiscal year ending 2011 through 2020. 
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Table 4-5. Annual revenue requirements of power system programs, 
fiscal year ending 2011 through 2020 (x$1000) 

(FYE) 2011 

Power Reliability 
Debt Serv. & Depr.(LessSmartGrid) $72.749 $107.093 $141.683 $179.437 $211.446 $249.334 $290.677 $342.043 $386.167 $431.411 

O&M __ ~$3_9_2._78~8 __ ~$_34_3_.3_24 __ ~$_40~9_.1_22 __ ~$_42_7_.4~36 __ ~$_44~3_.8~3_3~$~4_86_.5_1~3 __ $~4_49_.6~4_4 __ $~4_63_._15~4 __ $~4_8_1._99_2 __ $~4_8~5._64~4_ 
$465.537 $450.417 $550.805 $606.873 $655.279 $735.847 $740.322 $805.197 $868.159 $917.055 

Sum Total 2011-2020 $6,795,489 

OTC Repowering Of Power Plants 
Debt Servo & Depr. $19.828 $54.639 $94.439 $129.403 $138.530 $141.053 $147.519 $158.728 $171.669 $186.906 

$19.828 $54.639 $94.439 $129.403 $138.530 $141.053 $147.519 $158.728 $171.669 $186.906 

Sum Total 2011-2020 $1,242,713 

Transition from Coal Early (NGS) 
Debt Servo & Depr. $0 $0 $0 $0 $0 $9.000 $18.000 $18.000 $18.000 $6.000 

Fuel & VOM $0 $0 $0 $0 $0 $25.000 $69.000 $69.000 $77.000 $35.000 

$0 $0 $0 $0 $0 $81.000 $88.000 $89.000 $82.000 $41.000 

Sum Total 2011-2020 $381,000 

Renewable Energy 
Debt Servo & Depr. $48.556 $47.980 $48.673 $50.950 $53.528 $75.064 $126.605 $173.126 $205.001 $226.948 

O&M $93.524 $26.681 $25.812 $28.214 $29.041 $29.689 $28.272 $30.052 $31.272 $32.078 

Purchased Power (PPA's) $300.446 $314.249 $335.712 $354.527 $397.795 $476.395 $540.998 $576.960 $610.856 $652.051 

$442.525 $388.910 $410.198 $433.691 $480.364 $581.148 $695.875 $780.138 $847.129 $911.077 

Sum Total 2011-2020 $5,971,054 

Renewable Transmission 
Debt Servo & Depr. $5.600 

$5.600 

Sum Total 2011-2020 $549,609 

Local Solar 
SB1 Debt Servo & Depr. 
SB10&M 
UBS Debt Servo & Depr. 
FIT (PPA) 

$5.047 

$33.937 

$5.349 

$0 

$8.298 

$8.298 

$13.903 

$0 

$11.484 

$1.699 

$19.327 $39.676 $51.470 $56.878 $63.762 $82.743 $103.245 $118.611 

$19.327 $39.676 $51.470 $56.878 $63.762 $82.743 $103.245 $118.611 

$22.825 

$0 

$13.245 

$3.201 

$29.164 

$0 

$15.064 

$7.922 

$31.972 

$0 

$16.959 

$14.999 

$32.936 

$0 

$19.603 

$23.558 

$33.509 

$0 

$23.281 

$24.480 

$33.891 

$0 

$27.067 

$26.639 

$34.146 

$0 

$30.919 

$28.798 

$34.251 

$0 

$33.916 

$30.781 

$44.333 $27.086 $39.270 $52.149 $63.930 $76.097 $81.270 $87.597 $93.863 $98.947 

Sum Total 2011-2020 $664,544 
Energy Efficiency 
Debt Servo & Depr. 
O&M 

$1.081 

$45.166 

$5.959 $13.651 $22.282 $30.944 $39.378 $47.827 $56.276 $64.839 $73.288 

$22.906 $23.783 $29.054 $28.810 $30.682 $30.553 $30.556 $29.624 $30.552 

$46.247 $28.866 $37.434 $51.336 $59.754 $70.059 $78.380 $86.832 $94.462 $103.840 

Sum Total 2011-2020 $657,210 
Smart Grid 
Debt Servo & Depr. (Oper. Sup.) 
Debt Servo & Depr. (PRP) 

$9.869 

$6.821 

$15.022 $15.863 $18.849 $17.871 $20.317 $25.443 $27.998 $28.457 $13.411 

$7.878 $9.681 $8.701 $15.143 $16.643 $17.776 $8.979 $8.979 $8.979 

$16.690 $22.899 $25.543 $27.549 $33.014 $36.960 $43.219 $36.977 $37.436 $22.390 

Sum Total 2011-2020 $302,678 
Basic Gen, Trans, Dist 

$1.947.841 $2.010.184 $2.209.311 $2.190.998 $2.397.128 $2.456.837 $2.540.415 $2.616.531 $2.650.283 $2.890.785 

Sum Total 2011-2020 $23,910,313 

Total Power System Revenue Requirement 
$2.983.000 $2.983.000 $3.367.000 $3.492.000 $3.828.000 $4.179.000 $4.415.000 $4.661.000 $4.845.000 $5.172.000 

Sum Total 2011-2020 $39,925,000 

4.3.3.4 Total Power System Cost Comparisons 

The total power system cost for each case includes bulk power costs, depreciation costs 
related to transmission, distribution, and generation, bond debt-service, and city transfer 
costs. These costs assume full funding of the Power System programs including the Power 
Reliability Program and Energy Efficiency programs among others. Total annual Power 
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System costs are shown in Figure 4-12 and reflect short-term spending reductions through 
2011-12 fiscal year with subsequent years reflecting a restoration of funding levels to insure 
that the longer term IRP recommendations can be realized. The costs shown do not attempt to 
represent a thorough analysis of Power System finances. The main goal of this section is to 
illustrate the general trend of Power System costs relative to the 3 cases analyzed. 
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Figure 4-12. Comparison of annual power system costs over the next 20 fiscal years. 

Figure 4-13 illustrates the net present value of the total power system costs for each of the 

strategic cases. 
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Figure 4-13. Total net present value comparison of power system costs. 

4.4 Strategic Case Conclusions and Recommendations 

4.4.1 Reliability 

All three cases were designed to satisfy power system reliability requirements. Based on the 
loss of load probability and resource adequacy analysis discussed in Section 4.3.1, all three 
cases are considered equal in terms of meeting reliability. To insure that reliability is 
maintained during the divestiture of Navajo and IPP, specific replacement strategies should 
be employed to assure a smooth transition. Further analysis may be required to refine the 
appropriate blend of renewable, gas-fired, energy efficiency, and demand response resources 
to replace Navajo and IPP based on reliability considerations. 

4.4.2 GHG Emissions Reduction 

As expected, the sooner generation from coal is removed from LADWP's portfolio, the 
greater the reduction of GHG emissions is achieved. Case 2 removes NGS energy four years 
earlier than in Case 1 and results in 7.5 million metric tons less GHG emissions over the 20-
year study period. In addition to early NGS divestiture, Case 3 accelerates the replacement of 
IPP seven years earlier than Case 2, results in a further reduction of 21.1 million metric tons 
over the 20-year period. 
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4.4.3 Economic 

Section 4 
Strategic Case Analysis 

While the Base Case appears the least cost assuming moderate GHG emission costs, it fails 
to make significant progress toward the reduction of GHG emissions goals set forth by 
LADWP. The choice between coal divestiture options of either Case 2 and 3 depends on the 
level of rate increases ratepayers are willing to support while achieving the 33% required 
RPS by 2020, repowering of in-basin gas fired generation, funding and implementing 
Demand Response and Energy Efficiency programs, and providing additional external 
generation to supplement the lost generation resulting from coal divestiture. 

With early divestiture of Navaj0, additional rate increases of 0.36 cents per kwh or a one time 
2.0% increase in the average customer bill would be necessary to achieve GHG reductions of 
7.5 million metric tons between years 2016 and 2019. However, as previously discussed in 
Section 4.3.3.2, the early divestiture of Navajo will expose ratepayers to potentially higher 
natural gas fuel prices that may result in rate increases up to 1 cent per kwh or a one time 
increase of 5.7% in the average customer bill if gas prices were to remain at these higher 
levels. 

Considering Case 3 with early divestiture ofIPP and Navajo, rate increases of approximately 
1.35 cents per kwh or a one time 6.1 % average increase in the typical customer bill would be 
necessary to achieve additional GHG reductions of 21.2 million metric tons between the 
years 2021 and 2027 due to the divestiture of IPP. With potentially higher natural gas fuel 
prices, resulting rate increases could be as high as 2.4 cents per kwh or a one time increase of 
11 % in the average customer bill if gas prices were to remain at these higher levels. 

4.4.4 Recommended Case 

Decisions to fund coal divestiture strategies cannot take place independent of other power 
system programs. Maintaining reliability and meeting regulatory requirements are primary 
considerations before any coal divestiture cases can be considered. However, this IRP 
presupposes funding of these programs so that the recommended coal divestiture case can be 
implemented. 

Achieving the goals of reliability and environmental stewardship, while maintammg 
competitive rates, requires that costs be closely managed. Considering these factors, Case 2 
with early Navajo coal divestiture in 2015 becomes the recommended case for the 2011 IRP. 
Although Case 2 represents additional cost as compared to Case 1, the additional costs to rate 
payers appears to be reasonable in light of the environmental benefit of reducing GHG 
emissions by 7.5 MMT. Early divestiture of Navajo also provides additional time to insure a 
smooth transition in acquiring and implementing replacement resources. The 2010 IRP 
included the same recommendation to accelerate divestiture of Navajo and this IRP further 
clarifies and supports this prior recommendation. This recommended case presents a 
reasonable approach to achieving environmental goals without excessive costs to our 
ratepayers while limiting potential exposure to possible fuel price volatility to within 
manageable limits. 
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Recommendations 

5.0 RECOMMENDATIONS 

5.1 Overview 

LADWP's recommended strategy set forth in this IRP for meeting its key objectives can be 
separated into two areas: (1) Regulatory and Reliability Initiatives, and (2) Strategic Initiatives. 
Regulatory and Reliability Initiatives are required actions to ensure system reliability and 
compliance with regulatory and legislative mandates. Strategic Initiatives are policy actions to 
achieve objectives established by the LADWP Board of Water and Power Commissioners and 
the Los Angeles City Council, and reflect their vision and leadership. These mandates include, 
for example, establishment ofLADWP's RPS, early compliance with SB 1368, and investing in 
local solar. 

The analysis performed in Section 4 to identify the 2011 IRP recommended case closely mirrors 
the same recommended strategy put forth in the 2010 IRP which incorporated feedback from 
LADWP's community outreach efforts which were conducted in 2010. The 2011 IRP 
recommended strategy differs slightly from the 2010 IRP in the timing of the Navajo coal 
divestiture which is now planned for 2015 instead of 2013. Another difference is in the 
renewable installed capacity by technology type (e.g. geothermal, wind, and solar). The reasons 
for these changes are further explained in Section 3.1.1. 

Regulatory and Reliability Initiatives 

• SB 2 (IX) - RPS Percentage 

LADWP must increase its percentage of renewable energy per recently enacted state law, 
from the current 20 percent at the end of 2010, to 33 percent by the end of 2020. 
SB 2 (IX) also establishes interim targets to ensure progress towards the 33 percent goal. 
Addressing this mandate requires the continued diligence LADWP has demonstrated in 
raising its renewable portfolio from 3 percent in 2003 to 20 percent in 2010. 

• Power Reliability Program (PRP) and system infrastructure investment 

LADWP must re-establish sustained funding to invest in replacing aging transmission 
and distribution infrastructure to ensure system reliability, especially during significant 
weather events. Recent funding shortfalls have resulted in an increase in system outages. 
Section 1.6.4 of this IRP discusses the negative consequences that continued 
underfunding poses to the city. 

• Re-powering for Reliability and to Address OTC 

FINAL 

LADWP will continue to re-power older, gas-fired generating units at its coastal 
generating station for the reasons discussed previously. The repowering program is a long 
term series of projects that will increase reliability and eliminate the need for once
through ocean cooling. 
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• AB 32 - GHG Cap and Trade 

LADWP will participate in the mandated green house cap-and-trade system which is 
scheduled to start January 1, 2013. During the next year, LADWP will participate in the 
regulatory process that will clarify some outstanding details of the proposed program. 

• SB 1368 Compliance 

Navajo and IPP must be compliant with the mandates established in SB 1368 by 2019 
and 2027, respectively. IRP modeling determined that these units will be replaced with a 
combination of renewable energy, demand response, EE, short term market purchases, 
and conventional gas-fired generation. 

• Energy Efficiency 

LADWP must procure sufficient resources to meet load growth and maintain system 
reliability and will continue to pursue and implement energy efficiency programs per AB 
2021 standards and as recommended in its latest Market Potential Study. Along with 
augmenting its generation portfolio, LADWP will implement EE to reduce energy 
demand. EE programs are not only crucial for meeting customer load growth, they also 
represent a cost-effective strategy for reducing GHG emissions, since the cleanest 
kilowatt-hour any utility can produce is one that is never generated. 

• Castaic FERC Re-licensing Program 

On January 31, 2022, the Federal Energy Regulatory Commission's (FERC) license to 
operate Castaic Pumped-storage Hydroelectric Plant will expire. The license is a co
license between LADWP and the Department of Water Resources (DWR) and includes a 
number of hydro power plants along the California Aqueduct. Both parties have initiated 
the joint re-licensing process that, on average, requires ten years to complete. Through 
2015, LADWP expects to complete preliminary studies, contract negotiations, and 
prepare a filing strategy. In 2016, LADWP expects to file a notice-of-intent (NOI) and 
initiate the formal studies and applications. Based on reviews of re-licensing activity for 
similar projects, LADWP could expect cumulative expenditures of approximately $10 
million prior to tiling the NOI and approximately $80 million before the license expires. 

• Transmission 

FINAL 

LADWP should implement those recommendations of the latest Ten-Year Transmission 
Assessment Plan, in order to maintain reliability in accordance with regulatory 
guidelines. 

5-2 December 22,2011 

AR0071188 



Los Angeles Department of Water and Power 
2011 Power Integrated Resources Plan 

Section 5 
Recommendations 

Strategic Initiatives 

• Early Compliance with SB 1368 

Comments from the public workshops indicated the desire to comply with SB 1368 as 
early as possible. Navajo must be compliant with SB 1368 by 2019. LADWP 
recommends divestiture from Navajo by 2015. This will reduce LADWP's GHG 
emissions by 7.5 million metric tons and required additional revenue of about $343 
million. 

LADWP recommends modeling and planning for IPP to be compliant with SB 1368 by 
2027. However, LADWP will continue to evaluate options in future IRPs. LADWP will 
continue to work with the Intermountain Power Agency (IP A) Board and the other 
participants to secure IPP as a renewable energy hub and provide replacement generation 
compliant with SB 1368. LADWP recommends no change in IPP until 2027 at which 
time the site would be reconfigured, providing LADWP with firm transmission capacity 
for potential renewable projects. 

• Local Solar 

Comments received at the public workshops indicate local solar development should be a 
priority in LADWP's renewables procurement strategy. LADWP is recommending a 
policy action to allow approximately 40-50 percent of its solar resources be sited locally 
through initiatives including the Solar Incentive Program, feed-in tariffs, and installation 
of solar on City-owned properties. Local solar costs an estimated additional $50IMWh 
over utility-scale solar located outside the Los Angeles Basin, estimated to cost 
$120IMWh, primarily due to economies of scale and about 30% better solar insolation, 
even when considering transmission and distribution costs. 

• Public Benefits 

LADWP should continue to pursue public benefit initiatives, including low-income and 
lifeline programs, refrigerator exchange, conservation, public outreach and education. 

• Advanced Reliability Improvements 

FINAL 

LADWP is looking ahead to technologies that will enhance the reliability of its system, 
including smart grid technologies, enhanced information systems, automation of system 
functions, and advanced methods of outage management. These advanced system 
enhancements are recommended from a planning perspective to not only increase 
reliability, but also to better integrate local generation such as solar into the distribution 
network, enable smart charging of electric vehicles, and advance demand-side 
management technologies. 
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.. System Losses 

To reduce system losses, LADWP should implement the recommendations of the 
recently completed Reactive Power Management Study, including the installation of 
shunt capacitors and shunt inductors at appropriate locations within the system grid. 

.. Demand Response 

FINAL 

LADWP should begin the development of a formal Demand Response program that will 
initially provide 5 MW of peak demand capacity beginning in 2013 and gradually build 
to 200 MW by 2020 and 500 MW by 2026. Ramping the program in this manner will 
provide the development of in-house expertise, and will also allow time to deploy the 
supporting information systems necessary to implement these systems successfully. 
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5.2 Incorporating Public Input 

Through its public outreach efforts in 2010, LADWP received various suggestions from the 
community including increasing energy efficiency and conservation, eliminating coal from 
LADWP's resource mix, emphasizing local solar generation, maintaining competitive rates, and 
increasing transparency. This input played a key role in shaping the recommendations set forth in 
this IRP. A discussion of these themes is presented below. 

• Theme: Emphasize a variety of energy resources 

Related IRP Recommendations 

o LADWP will procure 160 MW of generic renewable resources, potentially 
including biomass, ocean tidal power, and other emerging technologies. 

o LADWP will also continue to seek a diversified energy portfolio as well as 
continue to diversify its portfolio regionally to enhance system reliability. 

Discussion 

As LADWP continues to work towards attaining its state-mandated RPS requirement, it 
is also imperative that the renewable energy technologies support LADWP's objectives of 
providing reliable service at competitive rates while maintaining environmental 
stewardship. Of the aforementioned renewable technologies, those believed to be 
available in large quantities in the western US at competitive prices are geothermal, wind, 
biogas, and solar, which make up a bulk of LADWP's renewable portfolio. Recent 
advancements in these technologies have resulted in an increase in their capacity factors, 
therefore providing more energy at lower cost as well as benefiting from large economies 
of scale. Consumption of natural gas, which is already a major component of LADWP's 
generation resource portfolio, will increase to support increasing amounts of intermittent 
renewable resources and to help supply baseload power as LADWP transitions away 
from coal. Nuclear power, which makes up about nine percent of LADWP' s energy mix, 
would likely remain at current levels in the next decade. In addition to "traditional" 
renewable resources such as wind and solar, LADWP will certainly consider up and 
coming technologies such as algae and wave power as these technologies become more 
mature and economically competitive. 

• Theme: Maximize Energy Efficiency and Conservation to Meet Future Energy Needs 

FINAL 

Related IRP Recommendations 

o LADWP is recommending to increase energy efficiency to reduce at least 
seven percent of the total load by 2020 (three percent was achieved prior to 
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2010). LADWP will pursue the recommended programs contained in the 
recently completed market potential study. 

o LADWP is recommending 500 MW of demand-side management/response 
programs to shift load away from peak hours or to control load during peak 
hours. Tactical plans will be developed that may utilize smart grid technology, 
incentives, and rate designs to meet this objective. 

Discussion 

LADWP's Demand Side Management program, which includes the Energy Efficiency, 
Demand Response, and Combined Heat and Power programs, plays an integral role in 
shaping power system planning. With the goals of lowering overall energy consumption 
and shifting peak demand loads to off peak periods, the need to build additional 
generation is reduced, resulting in capital and fuel cost savings as well as emissions 
reduction. 

LADWP is exploring ways which would educate and empower ratepayers to reduce 
energy consumption, whether that is in the form of technology, incentives, and programs, 
or a combination of these. Future installation of two-way smart meters will facilitate real 
time pricing based on current supply and demand, and customers will be able to make 
smarter choices on energy use based on market driven Time of Use rates. LADWP is 
formulating strategies that will include new incentives and Time of Use tiered rate 
structures allowing ratepayers to fully participate on the demand side of the equation. To 
increase efficient buildings, LADWP offers an incentive program to building owners and 
developers for construction of new buildings to conform to high efficiency LEED 
standards, which are 25 percent to 35 percent more energy efficient than regular 
buildings. 

As discussed in this 2011 IRP, LADWP has completed its Energy Efficiency Market 
Potential Study and is preparing its implementation plans that will support program 
execution. Like many other areas, however, adequate funding is essential if the city is to 
realize the benefits that efficiency provides. 

• Theme: Eliminate Coal from LADWP' s Energy Portfolio 

FINAL 

Related IRP Recommendations: 

o LADWP is recommending a policy action to replace Navajo Generating 
Station by 20I5-four years ahead of the SB 1368 requirement. The 
Intermountain Power Project is modeled in this IRP through 2027, but 
LADWP is open to a mutually agreeable early compliance plan between the 
project participants that preserves the site and transmission for compliant 
fossil and renewable generation. 

o LADWP is currently 21 percent below 1990 levels of GHG emissions and is 
planning further emissions reductions. 

5-6 December 22,2011 

AR0071192 



Los Angeles Department of Water and Power 
2011 Power Integrated Resources Plan 

Section 5 
Recommendations 

Discussion 

Recommendations set forth in this 2011 IRP include making the transition away from 
coal to other forms of generation earlier than the contract termination date, such as 
terminating the Navajo contract in 2015 instead of 20] 9. Depending on the outcome of 
legislation which may impose GHG emission taxes and cap and trade requirements, it 
may be prudent for LADWP to divest away from coal resources early and replace it with 
a combination of renewable technologies and combined cycle units. Securing renewable 
resources early may also substantially save LADWP and its ratepayers money, before 
demand for renewables increase as mandated levels of renewable energy increases over 
the next several years. 

Since coal generation is a baseload resource, the optimal solution is to replace the coal 
generation with geothermal, a renewable baseload resource. However given the disparity 
between the amount of available geothermal resources and the amount of coal generation 
that needs to be replaced, the remainder would need to be made up of other renewable 
sources such as wind and solar with natural gas powered combined cycle plants to act as 
backup maintaining a constant level of generation when the wind is not blowing and 
when the sun is not shining. Combined cycle plants have operating characteristics which 
allow for a higher penetration of intermittent renewable resources than coal-fired 
generation. The characteristics assist in maintaining grid reliability with high levels of 
intermittent resources. Natural gas plants are also much more environmentally friendly 
than coal plants, emitting only half as much CO2. 

II Theme: Emphasize Local Solar Generation 

FINAL 

Related IRP Recommendations: 

o LADWP is recommending a policy action to allow approximately 40-50 percent 
of its solar resources be sited locally through initiatives including the Solar 
Incentive Program, feed-in tariffs, and installation of solar on City-owned 
properties. LADWP recommends this as a balanced approach between the 
benefits of local solar and the benefits of large, controllable solar projects 
connected to LADWP' s transmission lines. The actual percentage will vary based 
on the success of the local programs. 

Discussion 

As outlined in this 2011 IRP, LADWP has designated 40 percent of solar development to 
be in-basin, or approximately 325 MW, enough to power almost ninety thousand homes. 
In-basin solar eliminates transmission issues and losses, and improves local grid 
reliability. LADWP realizes that developing in-basin solar fosters local economic growth, 
and will utilize incentive programs, Feed-in-Tariff schemes, and other stimulus in order 
to promote development. In August 2011, LADWP resumed its solar incentive program 
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which was redesigned to better accommodate customer demand. LADWP also hopes to 
implement a feed-in tariff over the next year. 

• Theme: Avoid Adverse Impacts to Vulnerable Communities 

FINAL 

Related IRP Recommendations: 

o LADWP will continue to implement a low-income electric rate program. 
o LADWP will develop plans that address energy efficiency deployment and 

other incentive programs that effectively reach out to low income 
communities and may help mitigate impacts of future rate increases. 

o Local geographic diversity is critical to maintain high reliability of the electric 
grid, and LADWP will continue this policy so that no single community will 
experience an inequitable share of impacts from energy facilities. 

Discussion 

Even though acqumng more renewable resources may result in potential future rate 
increases, this may not necessarily translate into higher bills for all customers. Increased 
adoption of Demand Side Management techniques could offset a rate increase, and may 
even result in lower bills. LADWP strives to provide low-income ratepayers as much 
assistance as possible, and will continue to offer a lower rate to those that are 
economically disadvantaged. LADWP also proposes to conduct free residential energy 
audits to low income customers first, so that additional savings achieved by increased 
energy efficiency could be realized immediately. An example of this is that such audits 
may provide low income ratepayers free energy efficient refrigerators, funded by the 
LADWP Energy Efficiency Program. 

Having geographical diversity in generation is important at both the regional and local 
levels. At the regional level, having resources that are geographically dispersed provides 
LADWP additional reliability, and results in efficient resource utilization and lower cost. 
For example, LADWP's system interconnects to BPA's network in the Pacific Northwest, 
fostering a symbiotic relationship that allows abundant inexpensive hydroelectric power 
to be delivered to LADWP in the spring and summer, when BPA's demand is low and 
LADWP's demand is high, at the same time enabling LADWP to sell excess power to 
BPA in the winter when BPA's demand is high and LADWP's is low. At the local level, 
it would be technically advantageous to distribute solar installations evenly throughout 
the LA basin, so that circuits will not be overloaded. This would ensure that there will be 
no unequal impact to anyone community, since an equal distribution of distributed 
generation sources is necessary to maintain reliability. 
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.. Theme: Clarify Costs of IRP Implementation and Potential Impacts to Ratepayers 

Related IRP Recommendations 

o LADWP will incorporate a detailed financial analysis into the IRP 
development process to identify the costs of various planning alternatives and 
recommendations using computer modeling software. 

Discussion 

Impacts of the Strategic Case Alternatives, including the recommended case, on 
electricity rates, as well as the strategic, regulatory and reliability investments 
recommended in this IRP are included in Sections 4.2. Included in the rate analysis is a 
sensitivity analysis that considers high and low forecasts for natural gas and coal fuel 
costs. Also presented is the annual revenue requirements of power system programs 
through 2020. 

While there are secondary costs associated with environmental and health impacts of 
fossil fuel plants, LADWP is not in a position to quantify these costs since there are 
governing bodies at the federal and state levels responsible for setting standards and 
legislation that would address these concerns. However, LADWP is working to make the 
transition from coal to renewables and clean natural gas earlier than originally scheduled 
so that GHG emissions can be curtailed sooner. 

As discussed previously, potential future increases may not necessarily translate into 
higher bills nor impact low-income communities. As for improved transparency and 
accountability, the Board of Water and Power Commissioners recently approved the 
establishment of an independent ratepayer advocate whose responsibility is to review, 
analyze, and provide expert independent advice to policy makers regarding utility rates 
and proposed rate changes, and to provide ongoing review and analysis regarding rate
related and budgetary issues. 

.. Theme: Reduce Environmental Impacts 

FINAL 

Related IRP Recommendations 

o To mInImIZe environmental impacts, LADWP will maXImIze the use of 
existing transmission and facility infrastructure to generate and deliver energy. 
All projects will have the proper environmental review and impacts on the 
environment will be mitigated as necessary. 
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Discussion 

Being a good environmental steward is one ofLADWP's main objectives, and we strive 
to meet that standard with the construction and maintenance of each and every project. 
As we look to making the transition away from coal, one strategy that we have adopted is 
to procure and develop renewable resources in close proximity to the coal plant, so that 
we can take advantage of the existing transmission infrastructure. For solar, we would 
maximize the use of rooftops as installation sites. This principal of siting new generation 
facilities on existing brownfield sites and reusing existing structures not only minimizes 
environmental impact but is also very cost effective. 

• Theme: Provide Proactive Leadership and Transparency 

FINAL 

Related IRP Recommendations 

o LADWP will develop plans to better educate ratepayers on progress related to 
this IRP (e.g. energy efficiency) and will continue the IRP process of biannual 
updates to provide transparency on its long-term goals. 

o LADWP will improve its system operations and run its power grid as 
effectively as possible. LADWP has recently completed a study on how it can 
increase the efficiency of the power delivery grid through advanced reliability 
improvements. 

o This 2011 IRP sets forth LADWP's long-term plans and objectives, clarifying 
implementation of various initiatives and their potential impacts on ratepayers. 
A discussion of rate impact is included in Section 4 of this IRP. 

Discussion 

LADWP will take steps to expand public outreach programs to better educate the public 
about the critical roles that energy efficiency and conservation have on the power system. 
LADWP is also instituting programs to improve operations and system 
reliability, performing system wide technical studies, as well as identifying ways to 
incorporate smart meters. As discussed previously, a ratepayers' advocate would help 
facilitate transparency and accountability in any new actions undertaken by LADWP. An 
IRP public outreach effort, similar to the one held in 2010, is scheduled for next year's 
2012 IRP process. 
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Based on the results of LADWP' s stakeholder meetings and public outreach effort, and rigorous 
cost-benefit analysis, LADWP has developed a Recommended Case for this 2011 IRP that 
includes the following: 

• At least seven percent of Los Angeles' electric needs will be met through new customer 
energy efficiency measures by 2020. 

• At least 500 MW of capacity reduction through Demand Response programs by 2026. 
• Generate at least 33 percent of its electricity from renewable resources by 2020 and 

maintain that level through 2030. Although this IRP incorporates one combination set of 
renewable resources to achieve a 33% RPS, LADWP will not limit itself to only these 
types and amounts of resources to achieve its goals and needs flexibility in resource 
development for the best fit for the electrical system. 

• Diversify LADWP's RPS through incorporating 162 MWs of generic renewable 
resources by 2030. These resources could be technologies such as biomass, ocean tidal 
power or other emerging technologies. 

• Diversify LADWP's energy portfolio through a variety of fuels, technologies and power 
plant sites throughout the western United States to maintain a high level of reliability. 

• Replace the Navajo Generating Station by 2015, 4 years ahead of the legally mandated 
date. IPP is recommended to be replaced in 2027 at the end of its contract, however 
LADWP is open to a mutually agreeable early compliance for GHG reduction between 
project participants that preserves the site and transmission for compliant fossil and 
renewable generation. 

• Implement advanced reliability improvements. 
• Emphasize local solar by proposing approximately 40 to 50 percent of solar capacity 

being proposed to be locally sited in Los Angeles. This will be accomplished through 
programs such as the Customer Solar Incentive Program, Feed-in tariffs, and Solar on 
Los Angeles properties under public/private partnership. 

This recommended case is summarized in Table 5-1. 
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Table 5-1. 2011 IRP Recommended Case 

Case 2 33% 12/31/2015 611512027 243 492 726 308 

Section 5 
Recommendations 

492 917 162 

Figure 5-1 illustrates the changing generation resource percentages for 2010, 2020, and 2030 
based on the Recommended Case. Energy efficiency savings of 1,256 GWh or 5.5 percent of 
sales that was implemented between 2000 and 2010 is already factored into the load and is not 
included as part of the generation resource mix shown below. 
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Figure 5-1. Generation resource percentages for 2010,2020, and 2030. 
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Figure 5-2 shows the renewable energy resource mix of the Recommended Case. The major 
change from the 2010 IRP is that biogas fills a critical gap in meeting RPS targets by replacing 
primarily geothermal generation in the short term. 
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Figure 5-2. Recommended case renewable generation by technology. 

With the early divestiture of Navajo in 2015 and the IPP coal contract ending in June, 2027, 
increased bulk power costs are expected to rise with the divestiture of each of these resources as 
shown on Figure 5-3. It is important to note that bulk power costs shown in Figure 5-3 include 
fuel, renewable and other purchase power costs in addition to coal divestiture related costs which 
are displayed in Table 4-4. Applying high and low fuel prices to these bulk power costs as 
discussed in Section 4.2.3.2, the divestiture of these resources could result in large cost increases 
should fuel prices remain at higher than expected levels. Conversely, lower than expected fuel 
prices could have the opposite effect on bulk power costs. 
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Figure 5-3. Recommended case - bulk power cost before and after coal divestitures with 
potential cost impacts from high and low fuel prices. 

The Table 5-2 below illustrates the revenue requirements necessary to supply the recommended 
resources required to meet future load growth, reach and maintain the RPS requirement of 33% 
by 2020 and thereafter, and insure that the necessary replacement resources are in-service before 
divestiture of Navaj0 in 2015 and IPP in 2027 can occur. 
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Table 5-2. Revenue and resources recommended to replace coal and load growth ($ million) 

(FY) 1011 1011 1013 1014 1015 1016 1017 1018 1019 1010 1011 1011 1013 1014 1015 1016 1017 1018 1019 1030 

Energy & Capac~y Cost 
Energy Efficiency ) 46 ) 29 ) 37 ) 51 ) 60 ) 70 ) 78 ) 87 ) 94 ) 104 ) 112 ) 120 ) 129 ) 137 ) 146 ) 154 ) 163 ) 171 ) 180 ) 188 

Demand Response ) . ) . ) o ) o ) 1 ) 1 ) 3 ) 4 ) 6 ) 8 ) 10 ) 10 ) 11 ) 12 ) 12 ) 13 ) 14 ) 14 ) 14 ) 14 

New Renewable 

Solar ) 3) 12 ) 25 ) 39 ) 67 ) 98 )115 )132 )158 ) 184 ) 225 ) 249 ) 250 ) 253 ) 256 )259 )261 ) 261 )261 ) 264 

Wind ) . ) 2) 27 ) 27 ) 37 )127 ) 147 )177 )198 ) 201 ) 202 ) 203 ) 205 ) 208 ) 209 )211 )213 ) 216 )217 )219 

Geo ) . ) . ) . ) . ) 13 ) 28 ) 79 ) 113 ) 143 )176 )197 ) 224 )271 ) 302 ) 335 )353 )361 ) 361 )368 )373 

Small Hydro ) . ) . ) . ) . ) . ) . ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 ) 2 

Generic RPS ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) 8) 18 ) 24 ) 38 ) 45 ) 53 ) 59 

Green Purchase ) . ) o ) 4 ) 12 ) 9) . ) . ) . ) . ) 3 ) 3 ) 1 ) 3 ) 2 ) o ) o ) 1 ) 1 ) 2 ) 5 

New Renewable Subtotal \ 3 \ 14 \ 55 \ 78 \ 116 \153 \ 343 \ 414 \ 501 \ 565 \ 618 \ 679 \7l1 \776 \ 810 \ 850 \ 874 \ 886 \ 904 \ 911 

Short Term Q3 Purchase ) . ) . ) . ) . ) . ) . ) 14 ) 11 ) 9 ) 9 ) 10 ) 14 ) 18 ) 34 ) 52 ) 55 ) 67 ) 33 ) 44 ) 67 

Replacement CC Cap~al Cost 
Navajo Replacement CC ) . ) . ) . ) . ) . ) 9) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 ) 18 

IPP Replacement CC ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) . ) 6 ) 133 )133 )133 

Total \ 50 \ 43 \ 93 \ 130 \ 186 \lll \ 441 \Sll \ 619 \ 695 \ 767 \ 818 \ 889 \ 941 \ 996 \lp35 \1,075 \1,111 \1)47 \1,174 

These projected costs are in addition to the total annual power operating revenue requirement 
today of about 2.95 billion. In addition to the revenue required to replace coal and meet future 
peak load growth, additional revenue is required to fund the Power Reliability Program, 
modernize gas-fired in-basin generation to eliminate once-through cooling, support investments 
in smart grid to support energy efficiency and demand response programs, and maintain the basic 
funding of the existing generation, transmission, and distribution infrastructure as shown in 
Table 5-3. 

Table 5-3. Recommended revenue to fund program initiatives, 2011-2020 
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The Recommended Case will meet the LADWP combined objectives of maintaining a reliable 
power system, environmental stewardship, and minimizing ratepayer impacts. The 
Recommended Case provides a roadmap for the LADWP to achieve its long term planning 
goals, while providing the required reliability and necessary flexibility to adapt to dynamic 
economic, environmental, and regulatory conditions. The Recommended Case will put upward 
pressure on retail rates, but will maintain adequate reliability and avoid fines and penalties that 
may otherwise result from violations in state and federal laws. The recommended case also 
successfully reduces the amount of GHG emissions released into the environment. 
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A brief discussion, repeated from Section 1, is in order here regarding budget shortfalls over the 
past few years. These shortfalls have prevented LADWP from fully funding existing and new 
programs during that timeframe. The delays surrounding resolution of the Power System budget 
have the potential of impeding LADWP' s ability to meet its long term plans and obligations. 

Based on last year's 2010 IRP, a multi-year rate increase was recommended beginning fiscal 
year 2011-12. The rate increase would have supported elements oflast year's IRP, all of which 
remain as the foundation for LADWP' s short and long term plans. Because the rate increase was 
not realized in July 2011, many of the programs that required funding were scaled down, delayed 
or deferred. 

A multi-year funding plan is necessary to provide consistent and sustainable project and program 
development. Funding that is based on annual budgets are subject year-to-year fluctuations 
which introduces uncertainty for our customers and the inefficient use of staff and financial 
resources that are necessary to meet LADWP's objectives and compliance requirements. 

Properly funded programs will enable LADWP to achieve the following objectives: 

• Modernize its coastal generation units to replace aging equipment and to satisfy once-
through cooling regulatory requirements. 

• Implement early coal divestiture. 

• Secure the state-mandated amounts of renewable energy. 

• Through the Power Reliability Program, reduce the number of distribution outages and 
improve system reliability. 

• Implement necessary transmission improvements to maintain reliability. 

• Achieve energy efficiency target levels. 

• Implement Smart Grid initiatives. 

• Comply with FERC-approved reliability standards. 

A rate process that began earlier this year is addressing the revenue needs for LADWP. A 
proposed 3-year rate adjustment that would support the programs listed above is being 
considered. The expectation is that the rate process will conclude sometime in 2012. Securing 
adequate multi-year funding is crucial to ensure LADWP's ability to stay on track towards 
meeting its future long term goals and obligations. 
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LADWP currently uses an Excel-based financial model that has been developed and used for 
over a decade. This financial model has been used to develop forward-looking Power System 
financials for the Board of Water and Power Commissioners' annual budget approval and for 
rating agency presentation for debt issuances during the similar period. 

The model is modified to analyze the three cases with their respective fuel expense, purchased 
power expense, and additional capital and O&M expenses for any new LADWP-owned resource 
additions as well as off-balance sheet resource additions. The nine strategic cases are overlaid on 
existing capital and O&M expenses for the approved FYll-12 budget data, which contains 
forward-looking budget data up until FY20-21. For years beyond FY20-21, general capital and 
O&M expenses are escalated at 3 percent per annum. 

LADWP retail revenue comes from three billing factors: (1) base rate (2) energy cost adjustment 
(ECA) and reliability cost adjustment (RCA) factors. The interplay of these three factors is 
described briefly below. 

The ECA is used to cover fuel, purchased power, RPS and energy efficiency-related expenses. 
The ECA is adjusted quarterly and currently has an adjustment cap of 0.1 cts/kWh (i.e., 
increasing by no more than 0.1 cts per kWh). 

The RCA is used to cover power reliability related expenses. The RCA is adjusted annually and 
has a maximum factor of 0.3 cts/kWh. This maximum has been reached in FY10-11 and cannot 
be adjusted any higher. Since reliability related expenses are not projected to go lower than 
FY10-11 spending levels, significant RCA under-collection may exist. 

The base rate is used to cover non-fuel, non-purchased power, and non-RPS related expenses. 
Base rate is used to cover expenses from debt service arising from capital projects except RPS 
projects, operational and maintenance expense except RPS related, public benefit spending, 
property tax, and pro-rated portion of the city transfer. 

Since LADWP needs to sell substantial amounts of bonds in the near future to sustain its capital 
expenditures, maintaining an "AA" credit rating is essential to minimize financing costs. To 
maintain such a rating and mitigate potential rate increases, it is recommended the Board of 
Water and Power Commissioners approve the following policies: (1) maintain debt service 
coverage of 2.25, (2) maintain a minimum of $300 million of operating cash-on-hand, and (3) 
maintain a capitalization ratio not exceeding 65 percent, (4) maintain adjusted debt service 
coverage of 1.75, and (2) maintain full obligation coverage of 1.5. 

Debt service coverage is the amount of cash available from operation divided by the debt service 
amount. The debt service amount contains only LADWP's direct debt. Adjusted debt service 
coverage has the debt service amount containing regular debt and off-balance sheet debt. Full 
obligation coverage deducted the city transfer from the cash available from operation and then 
divides the amount over the total of regular and off-balance sheet debt. Off-balance sheet debt is 
the debt owned by a third party, but LADWP will be responsible for the debt payment; for 
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example, debt raised by Intermountain Power Agency and Southern California Public Power 
Authority. Capitalization ratio is the ratio of the total direct debt divided by the total asset. 

To achieve these various financial coverage parameters, the base rate factor will need to be 
increased as necessary to meet the objectives of this IRP. 

5.5.1 Rates Analysis for Cases 

The retail electric rates, including estimated CO2 emIssIOn expenses, for all 3 strategies are 
shown on Figure 5-3 below. Factors driving the increases over the twenty-year period are: rising 
fuel price, increased power reliability program spending, replacement of aging basin generating 
units to meet once-through cooling and South Coast Air Quality District emission requirements, 
replacement of coal generation to lower CO2 emissions, installation of renewables generation 
according to legislative mandates, and payment for emission allowances due to anticipated CO2 

cap-and-trade program requirements. 

The capital cost and the associated O&M expense of any new generation resource is priced at 
2011 dollars with 1.5 percent escalation except for certain solar projects, which are priced at 
levelized 2011 dollars due to anticipated pricing declines. 

For each year, the retail rate through either the base rate or the energy cost adjustment factor is 
raised sufficiently high enough to meet the various financial ratios recommended by financial 
advisors to maintain LADWP's "AA" bond rating. 

Under the Recommended Case, customer rates are estimated to increase on average 6 percent to 
7 percent per year over the next five years, and 3 percent to 4 percent per year over the next 20 
years (see Figure 5-3). 

The CO2 emission allowance price is estimated to range from $24 per Metric Ton in 2013 to $45 
per Metric Ton in 2030. The California Air Resources Board established an allocation cap, and 
emissions exceeding this cap will require purchases of additional allowances or in some cases, 
emissions below the cap can be used in future compliance periods. 
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Assumptions used to model rate impacts can change. In order to reflect the variability in model 
assumptions, a sensitivity analysis was performed to determine a realistic range of rate impact 
trajectories. Figure 5-3 shows the retail price impact comparison of the 2011 IRP recommended 
case bounded by a high and low range fuel price with a comparison to the 2010 IRP 
recommended case. The high range assumes higher natural gas and coal costs while the low 
range assumes minimal natural gas and coal costs. The current recommended case retail price 
rate forecast is much lower than the 2010 IRP rate impact forecast for two major reasons. As 
described in Section 3.2, the fuel price forecast is significantly lower for 2011, and the 
assumption for GHG emissions cost was significantly lowered for 2011 after AB 32 regulations 
were finalized in October 2011. 
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Figure 5-3. Recommended Case - retail price impact bounded by high and low range fuel with 
the 2010 IRP recommended case included for comparison. 

Summarized in Figure 5-4 is the cost contribution from various environmental and reliability 
programs towards the retail rates. One can draw the conclusion that there is a significant cost to 
comply with various reliability and regulatory requirements while divesting of Navajo in 2015 
and IPP in 2027. 
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2020/2030/ Avg (2012-2030) 

2.7/ 1.2 / 1.9 cts, 33% RPS 

0.8/1.9/1.0 cts, Preferred EE 

0.8/1.1/0.8 cts, Preferred PRP 

0.6/1.4 / 0.6 cts, Coal Divestiture 
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2.7/4.8/2.5 cts, Other GT&D Costs 

Figure 5-4. Electric rate contributions of environmental and reliability programs by fiscal year 
based on the 2011-12 budget forecast (preferred case). 

A few observations from Figure 5-4 can be made regarding the RPS and EE program. Firstly, 
the influence of the RPS program on rates increases substantially through 2020 when the RPS 
percentage of sales reaches 33%. Beyond 2020, the RPS component of rates begins to decline as 
fuel savings increases over time with escalating fuel prices. Secondly, the EE program 
component of rates increases over time as power system fixed costs are distributed over the 
reduced energy sales attributable to the EE program. 

The cost contributions from various environmental and reliability programs towards the retail 
rates are summarized in Table 5-4. 
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Table 5-4. Cost contributions from various environmental and reliability programs 

Average Retail Rate 
Retail Rate Impact at Retail Rate Impact at Impact 2011-2030 

Program FY2020 (cents/kWh) FY2030 (cents/kWh) (cents/KWh) 

33% RPS from 20% RPS 2.7 1.2 1.9 

Preferred EE 0.8 1.9 1.0 

Basic Power 
0.5 0.4 0.3 

Reliability Program 

Preferred Power 
0.3 0.7 0.5 

Reliability Program 

Coal Divestiture 0.6 1.4 0.6 

OTC Repowering 0.6 0.8 0.6 

Total - Recommended 
5.5 6.4 4.9 

Case 

Figures 5-5 and 5-6 further illustrate the impact to average residential and commercial/industrial 
customer monthly bills from these environmental and reliability programs. 
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Figure 5-5. Average residential customer bill (500 kWh/month) with environmental and 
reliability programs by fiscal year based on the 2011-12 budget forecast 
(preferred case). 
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Figure 5-6. Average commercial/industrial customer bill (6,500 kWh/month) with 
environmental and reliability programs by fiscal year based on the 2011-12 budget 
forecast (preferred case). 

Aside from the environmental and reliability improvement programs, increased fossil fuel 
expenses also drive the rate increase, for example: (1) coal that feeds IPP is projected to climb 
from 2011 's $1.88/mmbtu to 2027's $3.72/mmbtu, and (2) natural gas at SoCal border is 
projected to climb from 2011's $4.10IMMBtu to 2030's $8.6/MMBtu. If these fuel increases do 
not materialize, then the average rate and cost curves shown in Figures 5-3 thru 5-6 will shift 
downward; however, the cost of environmental and reliability programs will remain substantially 
unchanged. 

Because the analysis and conclusion are heavily dependent on a number of assumptions, 
LADWP will watch to see if these unfold as assumed. If expectations change (e.g., because of 
unanticipated technology changes, commodity price fluctuations, and policy changes), then the 
long-term plan will need to be revisited. Under all cases, it is assumed that the following items 
will occur, and that each will be central to LADWP regardless of the resource portfolio selected: 

• Ensure that the power generation, transmission and distribution infrastructure operates in 
a reliable and efficient manner. Continue the Power Reliability Program initiated in 2007 
which improves maintenance practices, addresses aging power system infrastructure, 
increases capital construction programs necessary to support load growth, and maintains 
staffing levels to support reliability related work. 

• Support and advocate incremental requirements in Title 24 and other Green Building and 
appliance standards to reduce energy usage. 
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.. Re-power Scattergood, Haynes, and Harbor end of life in-basin generation consistent 
with power system needs and environmental requirements. 

.. Continue to be self-sufficient, by maintaining system generation resources equal to or 
greater than customer's electrical needs. 

.. Provide sufficient generation, demand response, and limited short tenn purchases in Q3 
to cover operating and replacement reserves in accordance to applicable federal and 
regional reliability requirements. 

.. Maintain full control of transmission assets and continue to augment those assets 
commensurate with load growth and renewable energy opportunities. 

.. Work with the Water System to develop programs that reduce the usage of electricity and 
conserve water, as well as optimizing hydroelectric energy production. 

.. Maintain a "AA" credit rating, a debt service of at least 2.25 times, operating cash of 
$300 million, capitalization ratio not greater than 65 percent, and electric rates lower than 
neighboring investor owned utilities. In addition, LADWP will maintain net income 
sufficient to ensure stable City Transfers. 

Each of the targets listed above will be tested in the future to meet requirements for system 
reliability, fiscal responsibility and environmental stewardship. Modifications will be made 
as necessary to assure that these core principles are met. 

FINAL 5-25 December 22,2011 

AR0071211 



Los Angeles Department of Water and Power 
2011 Power Integrated Resources Plan 

Section 5 
Recommendations 

5.6 Near-term Actions 

The actions needed to be taken by LADWP in the next two to four years are very similar no 
matter what resource procurement strategy is chosen. From the development assumptions listed 
above and projected resource procurement needs, the following actions are recommended to be 
taken in the near-term: 

FINAL 

1. Proceed with re-powering plans for generation units at the Haynes and Scattergood 
Generation Stations. 

2. Continue to investigate the technical and contractual options for coal-fired generation 
to be compliant with SB l368. 

3. Replace the Navajo Coal Plant by 2015. 
4. Implement recommendations contained in the recently completed Energy Efficiency 

Market Potential Study. 
5. Implement recommendations contained in the Ten-Year Transmission Assessment 

Plan and the Reactive Power Management Study. 
6. Develop a Demand Response Program to initially provide 5 MW of peak load 

reduction capability by 20 l3 which will ramp up incrementally to 200 MW by 2020 
and 500 MW by 2026. 

7. Develop renewable strategies for geothermal, biogas, solar, and wind resources to 
ensure increasing levels of renewable procurement in accordance with SB 2 (IX). 

8. Complete a comprehensive study of issues associated with integrating increasing 
amounts of variable energy resources such as wind and solar to reflect possible 
megawatt limits for the LADWP electric power system. 

9. Procure and develop advanced technologies in the areas of: weather forecasting 
energy scheduling, customer kWh metering, high speed communications and 
information systems, and large scale energy storage systems. 

10. Develop and incorporate strategies to: 
a. Fully utilize existing transmission assets; 
b. Locate renewables as close as practical to the load center to reduce transmission 

losses; 
c. Preserve existing brown field sites to be repurposed for renewable or natural gas 

generation; 
d. Incorporate the concept of O&M cluster zones to maximize operational 

efficiencies; 
e. Assess and develop necessary transmission facilities to deliver electricity 

generated from new facilities. 
11. Develop a renewable energy feed-in tariff program to encourage 30 MW of 

renewable generation resources to be developed by July, 2015. 
12. Sign Power Purchase Agreements for an additional 200-300 MW of cost effective 

renewable energy projects by 2014. 
l3. Encourage the development of an additional 50 MW of customer owned solar 

proj ects before 2015. 
14. Develop up to 30 MW of Solar on Los Angeles properties under public/private 

partnership projects before 2015. 
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15. Investigate the potential use of tenn physical gas supply arrangements, either with 
contracts for physical supplies or futures contracts to limit LADWP's exposure to 
volatile gas prices. Include the flexibility for closing these contracts as well. 
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The analysis and conclusions contained in this IRP are heavily dependent on a number of 
assumptions, such as the projected fuel and purchase power costs, RPS target goals, renewable 
generation costs, proposed state and federal mandates, and GHG emissions costs. If these 
assumptions were to change, LADWP's long-term strategies will need to change accordingly. 

Integrated resource planning is an on-going process. LADWP will continue to adapt and refine 
the IRP as the uncertainties are better understood, and policy direction and requirements are 
solidified. A new IRP will be issued in 2012, and every two years thereafter. 
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The 2011 Retail Sales and Demand Forecast (2011 Forecast) is a long-run projection of 
electrical energy sales, production, and peak demands in the City of Los Angeles (City) 
and Owens Valley. A flowchart of the forecast process is illustrated on Figure A-I. The 
sections which follow describe the four key components shown on the flow chart: data 
collection, sales and Net Energy for Load (NEL) forecast, peak demand forecast, and 
hourly allocation. 
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Figure A-1. Overview of the load forecasting process 
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A.2 Data Collection 
Data collection is the first step in the process. LADWP purchases an economic forecast of 
Los Angeles County from the Los Angeles Modeling Group of the University of 
California of Los Angeles (UCLA) Anderson Forecast Project. The Los Angeles County 
Forecast provides time series data for various demographic and economic statistics 
beginning with year 1991 and continuing through the forecast horizon. For 
demographic history and projections, LADWP uses the State of California 
Department of Finance Demographic Research Unit.. To gain further insight into 
development patterns, LADWP purchases a construction forecast from McGraw-Hill 
Construction service. The construction forecast gives a five-year view of construction 
proj ects detailed by building types. Weather also affects energy sales and demand. 
Weather data is collected from three key stations - Civic Center, Los Angeles Airport, 
and Woodland Hills. The other key components in the forecast are from LADWP's 
own internal data. Historical sales, Net Energy for Load (NEL), billing cycles, electric 
price, and budget data is incorporated into the forecast. The economic, 
demographic, weather, and electric price data provide the key inputs to the models that 
forecast retail electric sales. 

A.3 Sales and NEL Forecast 

The retail sales forecast is divided into seven separate customer classes; residential, 
commercial, industrial, plug-in electric vehicle (PEV), intradepartmental, streetlight 
and Owens Valley. The residential, commercial, industrial, and streetlight classes are 
commonly used sales classes throughout the electric industry because they represent 
relatively homogeneous loads. Intradepartmental sales are sales to the Water System 
and are primarily related to water pumping activities. 

The California Energy Commission's PEV forecast has been adapted to the LADWP 
service area. Further, PEV load is forecast as a separate class, which will facilitate 
financial modeling due to the expected subsidies and production modeling as PEV 
load has a unique load shape when compared to the residential class. 

Owens Valley sales include all of the above sales classes. The Owens Valley service 
area is separate and discrete from the Los Angeles service area. Because of limited land 
available to be developed, Owens Valley sales exhibit very slow growth rates, and total 
sales are relatively small compared to total LADWP system sales. As such, Owens 
Valley sales are rolled into a single class and forecast separately. 

The forecast model consists of six single equations plus the adapted PEV forecast. For 
the residential, commercial, and industrial sales classes, the equations are estimated 
using Generalized Least Squares regression techniques. Historical sales for each 
customer class are the dependent variables. Sales are regressed against a 
combination of the demographic, economic, weather, and electric price variables. 
Binary variables are used to account for extraordinary events like earthquakes, civil 
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disturbances, billing problems, and the California Energy Crisis. The equations fit 
historical data quite accurately, producing coefficients of determination (R-Squared) 
statistics greater than 80 percent. For the streetlight, intradepartmental, and the 
Owens Valley sales classes, time trend models are used. The results of the six equations 
plus the PEV forecast are summed to forecast Total Sales to Ultimate Customers (Sales). 

The Retail Sales Forecast represents sales that will be realized at the meter. The NEL 
forecast is a function of the Sales forecast. The NEL is forecast by adjusting annual 
forecasted Sales upward by a historic average loss factor and then allocating a portion of 
the annual energy to each calendar month based on historical proportions. Loss factor 
has the potential to change on the way that the System is run. Electricity generated in 
distant places will have a higher loss factor than electricity generated located locally. The 
change in loss factor is accounted for in the resource planning models. 

The 2011 Forecast includes committed energy efficiency and customer self-generation. 
Committed energy efficiency includes budgeted utility programs and expected energy 
efficiency gains from the Huffman Bill lighting standards. Expected Huffman Bill 
energy efficiency savings were developed by Global Energy for the 2010 LADWP 
Energy Potential study. Since the 2011 Forecast is created early in the planning process, 
budgeted utility energy efficiency programs are subject to change. Planners using the 
2011 Forecast should be aware of the potential changes and make appropriate 
adjustments. Forecasting self-generation which currently is almost entirely focused on 
solar rooftops in the LADWP service area follows a process similar to the energy 
efficiency. Planners working with energy efficiency and self-generation data should be 
careful to include only the incremental impacts of the programs on retail sales In the 
Forecast, energy efficiency and self-generation savings are expected to occur uniformly 
throughout the year as a simplifying assumption. 

A.4 Peak Demand Forecast 

The next step is to forecast annual peak demand. The drivers for forecasted peak demand 
are temperature, load growth, and time of the summer. The temperature variable 
used in the estimation is the weighted-average of three weather stations. The temperature 
variable incorporates heat buildup effects and humidity. Temperature is then divided 
into splines using a unique megawatt- response per degree estimate for different 
levels of temperature. Ordinary Least Square regression techniques are used to model 
maximum weekday summer daily hourly demand against the temperature splines and 
the time of the summer. The constant that is estimated from the regression model is 
assumed to be the weather-insensitive demand at the peak hour. To forecast the peak 
demand, it is assumed that the peak will occur in August and that the peak day 
temperature is equal to the forty-year historical mean peak day temperature. Peak 
demand then is assumed to grow at the same rate as sales. 

The forecast process described above produces the trend (or base case) forecast. 
LADWP also produces alternative peak demand forecasts. LADWP wants to ensure 
that it can meet native demand with its own resources. System response to weather is 
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uncertain. Temperature and humidity are the primary influences, but other variables 
such as cloud cover and wind speed can also influence the load. The problem is further 
complicated by the fact that LADWP serves three distinct climate zones including the Los 
Angeles Basin, the Santa Monica Bay Coast, and the San Fernando Valley. To prepare for 
these uncertainties, LADWP formulates its alternative cases by examining expected 
demands at different temperatures. Based on the Central Limit theorem, it is assumed 
that the normal distribution produces unbiased and efficient estimators of the true 
distribution of peak day temperatures. The normal distribution is estimated from the 40 
year historical sample of peak day temperatures. From the normal distribution, the 
probability that the peak day temperature will be below a given temperature can be 
determined. For the one-in-ten case, it is the given temperature where ninety percent of 
the time the actual peak day temperature is expected to be below it and ten percent of 
the time the actual temperature will be above it. Similar calculations are performed 
for the one-in-five and one-in-forty cases. These temperatures are input into the peak 
demand regression model to provide the alternative peak demand forecasts. 

In the Integrated Resource Plan, LADWP uses the One-in-Ten Case Peak Demand 
forecast rather than the Base Case forecast. LADWP's policy regarding obligation to 
serve is to be self-sufficient in supplying native load and not rely on external energy 
markets. The Base Case Peak Demand forecast falls short of this standard since it is 
expected that fifty percent of the time actual peak demands will exceed the Base Case 
Peak Demand forecast. The One-in-Ten Case provides LADWP ninety percent 
confidence that the forecasted peak demand will not be exceeded in any given year. 

A.5 Hourly Allocation 

The final step of the process is to forecast a monthly peak demand and load for each hour 
in the year. Monthly peak demands, outside of the August annual peak, are forecast 
using the load factor formula. The historical average monthly load factor and the 
forecasted NEL for each month are the known inputs. To forecast load for each hour of 
the year, the Loadfarm algorithm developed by Global Energy is used. The inputs into 
Loadfarm are a historical system load shape, monthly forecasted energy, and monthly 
forecasted peak demand. The system load shape is developed using a ranked-average 
procedure permuting historical loads so that all peaks occur on the fourth Thursday in 
August. Table A-I contains the numerical 2011 Forecast. 
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Table A-1. TREND CASE ENERGY SALES AND PEAK DEMAND 

Total Sales 
SECTOR SALES to Ultimate Net Energy Peak 

Residential Commercial Industrial Miscellaneous' PHEV Customers for Load Demand 
Fiscal Year (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (GWh) (MW)1 

2000-01 7,542 12,107 2,754 531 0 22,934 25,688 5,299 
2001-02 7,282 11,843 2,496 528 0 22,149 24,903 4,805 
2002-03 7,358 12,077 2,383 545 0 22,363 25,370 5,185 
2003-04 8,061 12,408 2,485 565 0 23,520 26,701 5,410 
2004-05 7,907 12,374 2,447 551 0 23,279 26,338 5,418 
2005-06 8,051 12,580 2,451 551 0 23,634 26,828 5,667 
2006-07 8,495 12,984 2,332 567 0 24,378 27,502 6,102 
2007-08 8,540 13,134 2,366 576 0 24,617 27,928 6,071 
2008-09 8,578 13,084 2,303 560 0 24,526 27,447 6,006 
2009-10 8,300 12,463 2,073 532 0 23,369 26,526 5,709 

2010-11 8,181 12,270 2,116 485 1 23,053 25,972 6,142 
2011-12 8,398 12,280 2,074 499 6 23,257 26,301 5,642 
2012-13 8,382 12,308 2,063 491 14 23,258 26,235 5,650 
2013-14 8,320 12,395 2,053 484 31 23,283 26,329 5,652 
2014-15 8,383 12,531 2,057 477 62 23,510 26,537 5,713 
2015-16 8,479 12,623 2,058 478 94 23,732 26,850 5,762 
2016-17 8,588 12,765 2,058 479 120 24,010 27,093 5,840 
2017-18 8,718 12,905 2,058 481 139 24,301 27,420 5,911 
2018-19 8,860 13,048 2,059 483 166 24,615 27,772 5,990 
2019-20 9,016 13,192 2,059 484 194 24,946 28,215 6,072 
2020-21 9,172 13,385 2,060 486 236 25,339 28,582 6,160 
2021-22 9,329 13,564 2,060 488 263 25,704 28,998 6,271 
2022-23 9,476 13,683 2,060 490 287 25,996 29,334 6,345 
2023-24 9,640 13,801 2,061 491 312 26,304 29,750 6,420 
2024-25 9,807 13,919 2,061 493 336 26,616 30,030 6,498 
2025-26 9,970 14,035 2,061 495 360 26,920 30,375 6,574 
2026-27 10,132 14,151 2,062 497 384 27,226 30,720 6,650 
2027-28 10,295 14,265 2,062 498 409 27,530 31,100 6,726 
2028-29 10,454 14,378 2,063 500 432 27,826 31,362 6,786 
2029-30 10,609 14,489 2,063 502 456 28,120 31,732 6,875 
2030-31 10,771 14,604 2,064 504 481 28,423 32,075 6,948 
2031-32 10,935 14,734 2,064 505 506 28,744 32,471 7,026 
2032-33 11,096 14,864 2,064 507 529 29,061 32,757 7,106 
2033-34 11,258 14,994 2,065 509 553 29,379 33,153 7,184 
2034-35 11,421 15,123 2,065 510 577 29,697 33,512 7,263 
2035-36 11,583 15,252 2,066 512 603 30,016 33,907 7,342 
2036-37 11,743 15,380 2,066 514 626 30,328 34,189 7,420 
2037-38 11,899 15,508 2,066 516 650 30,640 34,577 7,498 
2038-39 12,054 15,636 2,067 517 674 30,949 34,927 7,574 
2039-40 12,211 15,764 2,067 519 700 31,262 35,316 7,651 

Table updated through December 2010 

Annual Percent Change 
1991-2001 1.03% 0.55% -1.02% 0.53% 0.50% 0.48% -0.02% 

2001-10 1.07% 0.32% -3.11% 0.04% 0.21% 0.36% 0.83% 
2010-16 0.36% 0.21% -0.13% -1.79% 0.26% 0.20% 0.16% 
2010-20 0.83% 0.57% -0.D7% -0.94% 0.66% 0.62% 0.62% 
2009-30 1.24% 0.76% -0.02% -0.29% 0.93% 0.90% 0.93% 
2009-40 1.30% 0.79% -0.01% -0.08% 0.97% 0.96% 0.98% 

Includes Streetlighting, Owens Valley, and Intra·Departmental 

1 Weather normalized 
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2011 Retail Electric Sales and Demand .'orecast 

Overview 

l1w 2011 Forecast (FomC<Lsl) Sllp,,~!'Sed"$ t1w /'l.pril 20 10 Rdai! Ekctric Saks and 
Demand Fvrec(lst as the City of Los /\ngd,,~s Depm1nwnt of \Vater and Povve(s 
(LAD\VP) official Pow.u' Sysk.m FnreC1!St. 'The hweca~t is tilt, hasis for LADWP POW0f 

System phmning activities including hUI not limited In Financial Plnnning, Integrated 
Rcs()urcc Planning (lRp), Tnmsmimdnn and Distribution Pbmling and \Vholcsak 
Marketing. 

BCClm'«') the Forecast i!:i tl public d(}i;UUleul, only publicaliy <mlillibk~ iniomwtion is USiJd 
in it:; development. (Ibis practice has hecome a :;fandard among California electric 
utilities.) LADWP .Plann,,~rs wishing to lISC their own proprietary data should at\iust tlK~ 
Forel~w,t w;:i..~ordingly. 111e Load Forecast Group (LFO) is ;\V(!i1ahk to help Planners 
luake adjustments and produces an Unmit.igated and Oms!> Forecm;;t to facilitate those 
adjl!5Imcnts, 

Data Sources 

J. flistorical Sales reconciled to the Consumption and Eamings Report prepared by 
General /\.c,:,oullting. 

L Historical NFL, Peak Demand and .Losses reczlUciled Ii) Ihe Powennnster database 
located at the Energy Control center-

), H.istorlcal ,"leather data is provided b}' the National \Veather Service and Los 
lmgek'S Pierce College, 

4. Historical Uvt> Angeles County employment data is provided by the State of 
California Economic Development Division using the l\farch 2009 Benchmark 

S, Historica! p()puhtion estimates and proje(,ti{)ns are provided hJ' the State of 
California J)cpartment of Fimmce, 

6, ThG long-t.:nn L()~ Ang.:ks County ':COllQllllc forCi;ust with qu.micrl}' short-run 
updates i); provided by UCl,.i\. /\ndersol1 Forcc<l);t. 

/, TIN construction activity forecast is provided by IvicGraw·HiII Construction. 
8. ]he plug-in hybrid electric vehide (PIIEV) I{)recast i;; hased on the California 

Energy Commission (CEC) ~tate\vide rIlEV 1~)re·casL 
9. 111c port dcctrification fore·cast is provided by the Port ()fLos Al1gdcs. 
1 O.The homling fore"ast is informed by the C~ity of Los /\.ng,eles "Housing th,1t 

\VorKS" plan. 
i L The (~l1crgy cHkicncy forc(~ast is based on approv(~d LADWP"basc,d programs 

through fiscal yenr 2013 ltnd the fi)rCcllsted impacts (lfthe Energy Independence 
Security Act (EISA) nnd the Huffman Bill on resicie!1tialligilting, Hist(wiclll 
inshdlalioll wies ~lre provided by the Encrgy EH:lciGl1cy group. 

12, Historkal solar rooftop installations and ohjl.';ct.ives are provided by the Solar 
En0fgy Dcvdopment group, 

13, Electric PriecForccl.lst is developed by Final.wial SUV[(:I.';S organization. 
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Historl ,;11 dahl is ~ulTclli through December 2010, 

Five":Year Sates Forecast 

l1R: Rdail Sal~s Forecast represents ~wks that will he realiz,cd althe md.:r through Fiscal 
Year End 2013, Aner rYE 2013. some ofthe forec<lsted sa.les will uN be realized atthe 
rod .. :r d\K~ to the im:rementtd impacts of LAD\VP-sponsorod \.~nergy dlloiollcy programs. 
A'dlitabk in-house is a Gross Fon;';"Hsl whk:h l()[\;cash; saks bdbm the impa(;ts of ~:nergy 
efficiency H!1d sobi' J'O(ltlOp. 'Ilw pmpose ofthe Gr(Js~ ForecaM is to ;lltow modeling of 
diJl"nmi energy etliciem:y lmd distributed generation scenarioI.';, 

]he historical accumulated Energy E!Tickney and Solar Saving 11n,: from 1999 forward 
lind oul}' include LADWP iU)J!<\}kd savings, Siuce July L 2006, LAD\VP-iust;likd 
Energy EHkiency ~mvings <lrc 715 own t(Jf which LAD\\rp n:covePl iost n:\'ell\lC:, In 
the For0Clbt, lllllilrgy dTiciency and solar savings are cxp0ded to Qccur unifonnl~l 
Ibroughoui the year as a :l>impli1\'ing ,l$sll!11ption,bstallatioll "dJeduks arc ditlicult to 

prepare b.:cau'Se they rely on the (.'l,lstom·<:I'S allowing Ih" installation 10 o .. :.;u[. 

Rdall sales decrca.'\(.~ of 1.4 percent in fiscal Y car 20 1. O~ 1 J is p,utially altrihlltcd h) a 
cooler than normal stimmel' which has ajre.ady ()()(;uITeci, Likc\vise, the 0,7 pen.:ent 
increas .. ~ in Fiscal Y <car 20 ll-12includlils the cooler SUllHucr in 2010 compared ;tgahmt 
nomml SllIllmer weather, 

Forecasted Energy Ef1'idency is based on the Califomia EnoUgy commission de-i'inition of 
"commiUed" energy dlicicn"y which is LAD\VP budget thmugh flYE 2013 and 
!"(m:>ca<;teci Huffman hill g'tving::;. The !olig-runL.ADW P energy eHkienl.)Y gnal 11> to 
t'<cach the AB 2021 objective of I (I percent savings during the time period 2()071hrough 
2(l16. TIle tm'gGtGd g(),d for rooftop so tar hl~il~lhtliQns is 148 rvfW by 2020, 

Short-Run Growth 

FiscalYilar Retai I Sales 

En~t.ilH> .hll1c 30 (mVH) Rat.: 
2009-10 23369 
Forecast 
2010-11 23051 -lAflb 
2011-12 23221 n.7o,i> 
201 2-D 23175 -(Utl:h 

2013-14 23258 ()A'~,) 

2014-15 23641 L6'i't, 

At,:cum:ulated 
EE & S()],u' 

Savin!!;s 

(GWH) 
1289 

1465 
1672 
1965 
2217 
2334 

Gross Sales 

(GWH) 
2465~ 

24516 
24893 
25140 
25475 
25975 
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Peak Demand Forecast 

Growth in annual peak. demand over the ne",'! ten y ars is 0.8 perc nt. 

Long-Run Growth 

Base Case G .. olvth One-in.-Ten 
Fiscal Peak R~lte Peak 

YearEnd Demand Base Year Demand 
June 30 (MW) 2010-11 (MW) 
2010-11 55891 6042 

Forecast 
2015-16 5809 0.8% 6277 
2020-21 62JI 1.0% 67]0 
2030-31 7000 1.1% 7560 
2040-41 7780 1.1% 8403 

'Weather-nollllalized. Actual p ak. was 6142 MW. 

In 2010, the System et its calendar annual peak at 6]42 MW on September 27, 20)0 on 
a day that was a one-ill-thirty-sev n weather event. The weather-adjustt,:;d one-in-two 
peak for 2010 is 5589 MW. TIle following graph of the One-in-Ten peak demand 
forecast is llsed for the lntegrated Resource Plan (lRP). In the 1990s through 2005, 
annual System load factors were trending slowly upward. Since 2006, System load 
factors are trending dowll. Two factors are generally thought to be contributing to this 
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effect. Most customers are making greater efforts to conserve energy but during eJ\1reme 
weath r events safety and comfort pr dominate over conservation causing th peak to 
spike. Much of the historical and forecasted energy efficiency effort is lighting which 
has a greater impact on consumption rather than peak which lowers the load factor. 

One-lll-Ten Peak Demand Comparisons 

7000 -- --~ ----6000 

~ ....-.... 5000 

4000 

~ 
3000 

2000 

1000 

o 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

I -+-2011 Forecast ___ April 2010 Forecast 

Th Peak D mand Forecast is prlluarily us d in the following areas: 

1. Integrated Resource Plaruling 
2. Wholesale Energy Marketing 
3. Distribution Platmlllg 
4. Transmission Planning 

In Integrated Resource Phumillg, LADWP uses the One-m-Ten Case Peak Demand 
forecast rather than the Base Case forecast. L DWP's policy is to ensure reliability III 
times of volatility by controlling its own generation capacity. PlalUung g neration 
resources at the one-in-ten level has proven over the years to be an effective tool ill 
meeting the reliability policy. TIle one-in-ten case is based on historical peak. day 
" eather events and uses a statisti al model and the underlying retail sales forecast to 
forecast an annual peak demand. 

Plausibility 

To III asure plausibility we compare the cun nt forecast to historical periods. Data is 
available electronically from 1978 forward. A direct comparison is not appropriate 
because the forecast period lllcludes programs that reduce all forms of energy 
consumption due to an aggressive regulatory agenda primary aimed at reducing 
greenhouse emissions. Instead the unmitigated forecast is compared against history. TIle 
unmitigated forecast is th forecast that would occur before the llllpacts of AB 32 and \B 
2021 are considered. It might also be considered a "business-as-usual" case. 
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Th d elin in fore as1ed sales 2008 through 2010 is most directly compar d to the 
decline in ales between 1992 and 1994. The 1992 through 1994 time peliod was 
difficult fo r Los Angeles in many aspects . An economic ShUllP occurred mostly created 
by the downsizing of the aerospace industry but it also was time of civil unr st and 
natural disaster. TIle combination of events caused a major migration of people leaving 
Los Angeles. Peak-to-Trough sales declined 7 percent in the 1992 through 1994 time 
period. TIle following table shows all the peak-to-through declines since 1978. The hart 
then gives visual evidence of the long-term perspective. 

Peak-to-Trough Analysis 
GWH Percent 

Years Decline Decline 
2008-2010 1,910 8.3% 
1992-1994 1,421 7.0% 
2000-2002 572 2.6% 
1979-1980 322 1.8% 
1981-1982 145 0.8% 

Retail Sales before Regulatory Impacts 
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I_ Retail Sales I 

Pti marily due to the recession that began in December 2007 and ended in June 2009, the 
historical sales experienced a decline of 8.3 percent in the 2008 through 2010 time 
period. While the 1992-94 sales decline was specific to Los Angeles and the aerospace 
industry in 2008-2010 the decline in . os Angeles minored the maIm. e in the national 
economy. Most economic models based on his10ry would have predicted a faster 
economi c recovery given the amount of publicly-announced fiscal and monetary 
stimulus. The actual fisca l stimulus was below the announced target. I- ccording to 
www.recov rv.gov , only 40% ofth nmds made available by R covery Act have been 
spent as September 2010. Monetary policy has worked for large finns that can reach 
inte1l1ational markets as the S&P 500 in 2010 neared histOlical peak eamings. S&P 500 
companies have crl:;ated over one miU ionjobs in th US according to Economy Policy 
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Institute, Small fin.nsc,ont.intlc to struggle m; loan requirements '(f¢ stringent nnd there is 
a rehll:tnn;;e· tQ i!we~;t given the ecollomk UlKcrl.'linty, UCLA i'J;ldet'l>ou is fi)rCCllsting thc 
Los Angeles County to f<lmaln in the recovery phase until 2012. Historically, it '>vill be 
thc longest combined rccession and recovery' since World \\' ar II. 

Variables in the Forecast 

PopulaH"m: .A. new Uuit¢ci Stntes CenslIs was taken in April 2010, Local data is 
expected hy JlIne 201 L Ilis\(wical poputation data is likely In be recast as interim data 
hdw¢cn forcem4s is IH'L<;ed on stntistka! studies. 1 .. osAngdcs is II particularly diffkuh 
ph;;;;;) toesl.irnak popUlation due to the higH.)' tnmsi"'11t nature oftbe dtiz;;;;nry. to!; 
>\ngde!;.;:xperietlccs high levels of fon;:ign imrnignl1.i())l and dmneslic ulll-migrntion. It 
was thought that the majurity of nut·m·igration w'a,~ toR·ive.ruide and San B<lrnardino 
~:ountics, Los Angeles renters moved to thi..~s';,~ .:ounlies to be.:omc homeo\vners, 'nlC 
housing crisis dllmged the migration patkTtl lUld there is uncertainty whether {)r llotlhis 
long-time historical pattem wil! resnme. 

SB 375: SB 375 layer~ f'lalew.ide guidelines onto loeal planning decisionf'. It J:lwnffl 
redcvelQpmcnt, known as bnJwn field development, !:war transportation eOlk'11; over ne\\' 
(grcen field) devdoprrlCnt TIw goal is to t',;;;duce v,¢hick miles lntvckd theX'.;:by redtwing 
<lmissions, Most development 'in Los Angeles is brown field devdopmenL Hov.,·cvec 
bn),NH field development is more cumplicated and eKpensive than green field 
d':vdopment so o'lcmll (kvdopment (;ouklsJow, 'Ill/) City of L/\' 's ,cHom;ing thM 
Works" plan fits well into the Sf) 375 stlUcture. Residential construction activity is 
f(:.r¢cJl:~kd to h~ historically simy during the ucovery so it wiE take somc time: to SCt: the 
ultimate outcome of SB 375 nud the "HQlI~illg tlml \Vorks" plan. 

Emission AHo\v<1nces: AB 32 seeks to reduce emission" to 1990 Jeve.b using a cap-and .. 
trade s~cht:me l() begin in 2012. t'rogmm is designed to protect utilities and lconsunwt's but 
experience informs us that unintended consequence>; could arise ;1>; occurred during 
energy deregulation ill the late 1990s, 

Plug.inHybrid Ekctrk VchicksWHEV): The Forecast adopted the CEC fon~cast for 
PHEV adoption rak. LADWP is making PHEVs a key strategic initiative so adoption 
rates COL!ld be CHilter. On the ()tber hfmd. theTe nre compding technologies to PHEV" that 
the public may choose, Other credible :forecasts induding the l}nited States Energy 
Information Administration have significantly lower fhrecasts for PRE V adoption citing 
prohkms with hattery tcchlWlogy. 111e l\m:~ca.<;t adapted an EPR! charging load profile 
for PHEVs, LADVlP in-house su:atcgies could sigllifkuntly alter thm charging prom;;. 

Energy Efflciency: According to the State of Ca!itl)fnia Strategic Plan, achie\'ing the 
energy dl1ci(;ncy goals rdic:s on new emerg.ing kchnologies. The timing of the market 
llyailability ~lnd the adoption rates for the ne\\! technologies is llnknoWR 

Smart Grid, It is unknown whcn LAD\VP wilt compict;;; its Smart Grid prognmL Some 
believe that. d~vd'.lping a Sma.rt Grid sy"km is a necessary precondition towanh .) 
sueces~ful PREV pmgmm. Alsl) Smalt Grid is an impt)fhUlt component towards 
achieving energy elllcieney goals in lh~ residential sedOL 
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VilCHtwy FnClU[ in Rcsicicnti,d Sector: V (leanc), I\lse faster thmJ e\ped.cd in the 
rcc.:essiOll. Some oft11e vacancy rate was due to households combining and living in the 
same structure., Vacanc:v could .rapidly s\ving lower as the economy begins to expand. 
The For<}cast has V<lClIu(,:Y rat", n.,tuming to live perct'nt whit'h is the long-kll11 avt,nlgt, by 
2Q15. 

Vacatwy Faeinf in Comnlcrcial Sector: High vacancy Jhctor h;expectcd to remain Hl.orc 
persistent itl the commerdal sector as modeL<; fbr delivery of services espedally in retail 
change. The rise of big-box fetail stores and the Internet have crmvded out the small 
retail simp {)\vner over the pnst twen1y yenrs, Therc is ,\ smaller nced 1\)1' .1 physl<;aJ 
presence .. , 
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Retail Sales 

• Key Change Factors from April 2010 to 2011 

J: 
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(!) 

Balance Sheet Recession means lengthy recovery period. 
Commercial vacancy rates remain high. 
Construction activity remains at low level for extended period. 
Higher electric prices to meet 33% renewable goal. 
Includes Huffman Bill energy efficiency savings as a committed resource. 

26,000 

25,000 

24,000 

23,000 

22,000 2000 1 2001 12002 12003 1 2004 1 2005 1 2006 1 2007 12008 12009 1 20 1] 1 2011 1 2012 1 2013 1 20 W 1 2015 1 20." 1 2017 1 2018 1 201) 12020 

_ Apnl 20 1] Forecast 122.227122 ,934122,149 122,363123,520 123,279123,634 124,378124,617124,526123,369123,491 123,49 3123 ,53 6123 ,814 124,093124 ,366124,529124,795125, 13 9 125,586 

- 2011 Forocast 20,001123,2211 20,110 1 n ,2,,~ 123,041123,942124,2211 24,512 124,8261 25,157 

FYE 

I ~Apri1201 0 Forecast ~2011 Forecast I 

2011 Forecast Chartbook 28 

Nr 
00 
........ r/J. 

;5-
~~ 
(1) (1) 
""1 r/J. 

5'u 
.-+ (1) 
(1)"0 

~~ 
8,.(1) 

?Og 
&ll ~ 
g ~ 
8 ~ 
(1) ~ 
"Cp:. 
-~ 
§ ~ 

o 
~ 
""1 

r o 
p:. 

0..> 
>-rj"O 
Sl"O 
(1) (1) 
(') ~ 
p:. 0.. 
r/J. ..... 
::to ;>< 

~ > 



» 
;0 
0 
0 
-..J 
.....lo. 

I\.) 
+::>. 
<0 

>-rj 

~ 

> 
w 
Vl 

u 
(1) 
(') 
(1) a 
cr' 
(1) 
""1 

N 
v
N 

N 
0 
........ 
........ 

Forecasted Accumulated Savings 
Energy Efficiency and Solar Rooftops 

• Components of Change 
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C) 

- "Committed" LADWP EE programs through FYE 2013. 

- Huffman Bill savings. 

- "Uncommitted" EE will be accounted for as a resource. 

- Solar Rooftop Goal - 148 MW installed by 2020 
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Retail Sales 

• Accuracy 
EE and Solar were not modeled explicitly in Historical Forecasts. 
Historical accuracy is -0.1 % with a 1.6%) deviation. However expect 
larger variation in accuracy due to uncertainty of new programs. 
Forecast variation is a function of weather, econom ic forecasts, meeting 
program goals and model specification. 
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Peak Demand 
• Cases 

~ 
::iE 

The variance around the 1-in-2 forecasted peak has widened. 
Climate change research expects more frequent heat storms to occur of longer duration. 
Based on the climate change finding, it is now expected that the System will approach its 
potential more frequently so the distance between the 1-in-1 0 and 1-in-40 forecasts is 
compressed. 
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1 ......... 1-in-40 6,338 6.,334 6,331 6,433 6,525 6,616 6,696 6,784 6,876 6,974 

FYE 

1~ 1-in-2 - 1-in-10 ........ 1-in-40 I 
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Peak Demand 
Annual peak demand is dependent on the severity of the heat storms that 
are encountered during the year. 
T.he cases are built on the probability of a weather event occurring in a 
given year. 

Fiscal Year Base Case 1 in 5 1 in 10 1in20 1in40 
20H 12 5,esg 5,881 6,042 6,111 6,282 
2U12·13 0,ti3~ 0,~3~ ti,U~ti ti,nti ti,33~ 

2U 13-'14 0,ti30 0, ~30 a,U~2 a,n2 a,334 
2U14·10 0,ti33 0,~33 a,U~~ ti,Ll~ a,331 
2015-16 5,725 6,030 6,188 6,320 6,433 
LUla·ll O,~U~ a,111 a,Li1 a,411 a,020 
LU11·1~ 0,~!!1 0,2U3 0,300 o,tJUU 0,010 
LU1~·1!J O,!JoL O,L I~ 0,442 o,tJI!J o,ti!!o 
2019·00 6,041 6,360 6,527 6,665 6,784 
2020·21 6,123 6,447 6,615 6,755 6,876 
2U2'1-n 0,211 0,03!! ti,flU ti,~02 0 ,~14 

Lunn ti,3n o,otlti 0,H3U ti,!!14 I,U!!H 
2023·24 6,396 6,733 6,909 7,055 7,181 
2024-25 6,471 6,812 6,990 7,137 7,265 
:ZU2::r:ZO ti,tJ4~ 0 , ~!!4 I,UI4 un 1,3':)2 
LU2ti-L/ ti,OLO o,~IO I,N 1,3U~ 1,43~ 

2027-28 6,701 7,054 7,238 7,391 7,523 
2028-29 6,778 7,135 7,321 7,475 7,608 
LU2~-3U 0,~3~ 1,1~~ 1,3~0 1,041 1,010 
LU3U-31 ti ,!!20 f,L!Jl 1,4Hl l,ti3~ f,f 10 
2031-32 7,000 7,369 7,560 7,720 7,857 
2032-33 7,078 7,450 7,644 7,806 7,945 
2U33-34 1,101 1,034 1,13U 1,~!J4 ~,U34 

L'U34-30 1,230 1,011 1,~1'J I,!!~U H,lL'L 

2035-36 7,314 7,700 7,900 8,067 8,210 
2036-37 7,393 7,783 7,985 8,154 8,299 
2037-38 7,472 7,865 8,070 8,240 8,387 
LU3~-3!! I,04~ 1,~4ti B,103 B,3LO B,413 

L'U3!J-4U l,ti20 B,uLI ~,L3ti B,41U H,o'J!J 
2040-41 7,703 8,108 8,319 8,495 8,646 
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1-in-10 Peak Demand 

Resource Planning. 
Weather-normalized peak in Summer 2010 was 5589 MW compared to the April 2010 
forecast of 5797 MW. 
The 1-in-1 0 Peak Demand Forecast is used in the Integrated Resource Plan. 
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1-in-10 Peak Demand 

Probability accumulates over time. 
There is a 69% chance of having a 1-in-10 weather event by 2020. 
There is a 24% chance of having a 1-in-40 weather event by 2020. 
Pt=1-( 1-P e)t 

Probability over Time of a Weather Event 
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Residential Energy Sales 

• Components of Change 
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Higher weather response. All new units have air conditioning. 
Fewer units built and higher vacancy factor. 

Huffman Bill lighting impacts. 
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Residential Sales 
12-month Moving Average Sales per Customer 

• Recent Evidence 
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Sales per residential customer reached an all-time high of 519 KWH per month in December 2008. 
The November 2010 rate is 475 KWH per Month. 
Replacing 2010 summer weather with normal adds 11 KWH to the November 2010 monthly rate. 
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Residential Energy Sales 
New Residential Building Units 

Housing Forecast fundamentally unchanged. 
New units are 200/0 Single-Family and 80% Multi-family which 
lowers future average consumption per household. 
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Commercial Energy Sales 

Components of Change 
Commercial construction activity down. 
Service employment forecast down slightly. 
Higher real electric prices. 
Committed energy efficiency included only through 2013. Some forecasted sales beyond 
2013 will not be realized at the meter. 
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Commercial Energy Sales 

Twelve-Month Moving Average Sales per Customer 

• Recent Evidence 
- Sales per customer per month peaked in July 2008 at 9265 KWH per month. 
- Currently sales per customer per month are 8639 KWH. 
- Adjusting to normal summer weather for 2010 adds 262 KWH to current sales per customer. 
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Commercial Energy Sales 
McGraw-Hili Construction Forecast 

Commercial Floorspace Additions 
Construction activity at historically low levels. 
Office vacancy rates in San Fernando Valley at 18 percent. 
New models for delivering commercial services require smaller physical presence. 

Big Box retailers 
Internet 
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I ndustrial Energy Sales 
• Components of Change 

- Land use issue: Once industrial land is vacated, residential and commercial building tend to 
replace it. 3 percent vacancy rates in the industrial sector. 

- Manufacturing continues to move offshore. 
- Higher real electric prices. 
- No EE or rooftop solar in the Industrial Forecast. All EE and solar assigned to Residential, 

Commercial and Streetlight sectors. 
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• Recent Evidence 

I ndustrial Energy Sales 
Number of Customers 

The number of Industrial customers is continually and relentlessly declining. 
The decline began in the 1970s. 
The forecast is for the heavy industries to remain although no new heavy 
industry will be built. It is the light industry and assembly jobs that are 
disappearing. 
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Industrial Sales 
Twelve-Month Moving Average Sales per Customer 

• Recent Evidence 

~ 

~ 
~ 

- Sales per customer per month peaked in October 2006 at 15018 KWH per 
month. High consumption partially attributed to a large self-generation unit being 
off-line at a refinery. 

- Currently sales per customer per month are 13666 KWH. 
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Industrial Sales 
Employment Outlook 

• LA County Manufacturing Employment 
Future employment forecast is slightly positive. If Los Angeles continues 
to lose manufacturing jobs then there will be a mismatch with the 
education level of the population and available high paying jobs. It could 
lead to significant population out-migration. 
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Plug-in Hybrid Electric Vehicles 
Uncertainty in Forecast 

• California Energy Commission Forecast is approximately 10% of 
new car sales in 2020 which is at the higher end of independent 
forecasts. 

• Chart courtesy of John Petersen on Seeking Alpha Website. 
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Plausibility 

• Comparing unmitigated 2011 
Sales Forecast to historical 
sales. 

Peak-ta-Through Analysis 

Unmitigated means forecasting 
sales based on economics 
alone before the impacts of 
environmental programs are 
considered. 

GWH 
Years Decline 

2008-2011 1,910 
1992-1994 1,421 
2000-2002 572 
1979-1980 322 
1981-1982 145 

Sales before Regulatorylmpacts 

Percent 
Decline 
8.3% 
7.0% 
2.6% 
1.8% 
0.8% 

Forecasted sales decline from 
2008 to 2011 is largest in the 
past 30 years. 

~~#~###?'~~~r~~~~~~~~~ 

Next decade similar to what 
occurred in the 1990s before 
additional regulation. 

2011 Forecast Chartbook 
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Energy Efficiency (EE) is a key strategic element in LADWP IRP planning efforts. EE is 
a very cost-effective supply-side resource, and serves an important and multi-faceted role 
in meeting customer demand. One of the most widely recognized examples of EE is the 
replacement of incandescent lights with compact fluorescent lamp (CFL) bulbs. CFLs 
consume up to 75 percent less energy than incandescent bulbs while producing an 
equivalent amount of illumination, and last up to 10 times longer. 

The reduction in energy demand that EE enables, translates into a number of benefits: 

• Deferred need to build physical generation assets 
• Reduced RPS compliance costs 
• Reduced environmental footprint, including lower GHG emissions 
• Potential for local job creation opportunities 

The following subsections summarize the background of LADWP's EE program, and 
then present the recently completed EE market potential study. Based on the study 
results, a plan is recommended with identified savings and costs targets. For more 
specific details regarding the potential study, see the reference at the end of this appendix. 

B.I Background 

LADWP has active EE programs that have been in place for several years. Since 2000, 
LADWP has spent approximately $282 million on its EE programs, which have reduced 
long-term peak demand and consumption by approximately 303 MW and 1,256 GWh, 
respectively. LADWP continues its commitment to developing robust, cost-effective EE 
programs with measurable and verifiable goals. 

LADWP offers numerous EE programs and services for residential, commercial, 
industrial, governmental, and institutional customers to promote the efficient use of 
energy through the installation of energy efficient equipment. Examples include: 

• The Commercial Lighting Efficiency Offer (CLEO), which provides rebates for a 
variety of high efficiency lighting measures to retrofit existing buildings. The CLEO 
program enjoys sustained high rates of participation and has achieved 433 GWh of 
energy savings since 2000. 

• The Chiller Efficiency Program, which provides incentives for customers to replace 
old electric chillers with new, high-efficiency units. Chillers provide space 
conditioning for larger buildings and the program has reduced associated peak 
electrical demand by more than 52 MW since 2001. 

• The Small Business Direct Install (SBDI) Program, which assists eligible small 
businesses (AI rate customers) in Los Angeles in becoming more energy efficient 
through free lighting assessments and free lighting retrofits (up to $2,500 in cost). 
SBDI began in 2008 and has achieved 149 GWh of energy savings since its inception. 
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• The Custom Performance Program, which provides performance-based incentives for 
energy efficiency measures not included on LADWP's menu-based EE programs. 
Measures supported include controls and control systems, high efficiency motors, and 
data server virtualization, The Custom Performance Program has achieved 200 GWh 
of energy savings since 2006. 

• The Refrigerator Exchange Program, which delivers new Energy Star refrigerators to 
eligible residential customers, and picks-up/recycles customers' old, inefficient 
refrigerators. This program has replaced and recycled more than 53,000 refrigerators 
since 2007, achieving an energy savings of 49 GWh. 

• A recent program, which distributed two free CFLs to LADWP's 1.2 million 
residential customers through direct-to-door distribution. The intent of the one-time 
direct-to-door distribution was to achieve cost effective energy savings and increase 
customer awareness of this inexpensive, yet effective, EE measure. CFLs are also 
distributed at events and in connection with other energy efficiency programs. 

However successful LADWP's EE program has been, for a variety of reasons it did not 
meet targets that were set back in 2006. A summary the program since 2006 is presented 
in Table B-1. 

Table 8-1. LADWP EE PROGRAM PROGRESS-TO-DA TE 

I 

FY 

I 

FY 

I 

FY 

I 

FY 

I 

FY I Cumul"';~ 
06-07 07-08 08-09 09-10 10-11 FY 06-11 

LADWP Adopted Targets (2006) - Net GWh 58 275 315 300 280 1,228 

Actual Energy Savings Achieved - Net GWh 58 118 270 156 154 756 

Actual % of Adopted Target 100% 43% 86% 52% 55% 62% 

Actual Energy Savings - Gross GWh 68 139 318 184 181 890 

Approved EE Budget ($million) 28 79 77 93 69 346 

Revised EE Budget ($million) n/a n/a n/a >50 50 

Actual EE Funds Spent ($million) 14 38 68 44 50 214 

Actual % of Budget 51% 48% 88% 48% 72% 62% 

Effective Cost - $/kWh $0.018 $0.023 $0.018 $0.020 $0.023 

Some key points regarding Table B-1 are as follows: 

• The economic outlook in 2006, which the targets were based on, was more 
elevated then what actually transpired. As the higher outlook in 2006 failed to 
materialize, in retrospect the prior EE targets were overly ambitious. 

• Since 2006, regulatory requirements have increased (OTC, RPS, GHG, etc.), 
resulting in additional demands outside of the EE program. 

• Revenue streams required to support EE programs did not materialize. A spending 
freeze in 2009 and spending cutback in 2010 resulted in underfunding which 
hindered the attainment of program goals. 
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• Actual load profiles were less than forecasted, further affecting program 
performance. 

An assessment ofLADWP's EE program was undertaken in 2010. The assessment, also 
known as a Market Potential Study, includes an updated plan for moving forward. 

B.2 Market Potential Study 

Per Assembly Bill 2021 (AB 2021), publically owned utilities such as LADWP, must 
identify and develop all potential achievable, cost-effective EE savings and establish 
annual targets. Furthermore, utilities are required to conduct periodic "Market Potential" 
studies to update their forecasts and targets. The most recent study was carried out in late 
2010 and is the basis for the EE recommendations contained in this 2011 IRP. 

F or more in-depth information, see the study referenced at the end of this appendix. This 
section presents a brief summary of the methodology and findings. 

The 2010 Market Potential Study objectives were as follows: 

• To estimate savings possible through utility programs and other interventions 
(such as the American Recovery and Reinvestment Act) 

• Identify energy-efficiency technologies and measures that will produce savings 
• Link the energy saving measures with utility programs to achieve savings 
• Provide guidance for setting 1 O-year targets for CEC 

The analysis methodology is shown in Figure B-1. 
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Figure 8-1. 2010 Market Potential Study analysis approach. 
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Base-year energy use by 

customer segment 

End-use forecast by 

customer segment 

Technical and economic 
potential 

Achievable potential 

Program 
recommendations 

Some of the key factors that were considered in the study include: 

• Changes in the customer base since the last study 
• Building codes 
• Adoption of new appliance standards 
• Naturally-occuring conservation 
• Trends in appliance satuations 
• How customers use electricity today 
• Technological changes in appliances and equipment 

The resulting baseline forecast for the overall customer base is shown in Figure B-2. 
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Figure B-2. Baseline forecast results through 2019-20. 

Segmented forecasts for the industrial, commercial, and residential sectors are shown in 
Figures B-3, B-4, and B-S. 
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Figure B-3. Industrial sector baseline forecast results. 
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Figure 8-4. Commercial sector baseline forecast results. 
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Figure 8-5. Residential sector baseline forecast results. 
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• Space Heating 

• Combined Heating/Cooling 

• Ventilation 

• Water Heating 

• Food Preparation 

• Refrigeration 

Interior Lighting 

• Exterior Lighting 

• Office Equipment 

• Miscellaneous 

• Cooling 

• Space Heating 

• Combined Heating/Cooling 

• Water Heating 

• Appliances 

Interior Lighting 

• Exterior Lighting 

• Electronics 

• Miscellaneous 

The study evaluated a multitude of measures for potential inclusion into LADWP's EE 
program, including: 

• Existing program elements 
• High-efficiency air conditioners (higher efficiency levels, variable refrigerant 

flow systems) 
• High-efficiency lighting (CFLs, LED lamps) 
• Upgraded insulation in buildings 
• Retrocommissiong and routine maintenance 
• Programmable Communicating Thermostats and Energy Management Systems 
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B.3 EE Study Results and Plan 

To understand the study results the following terms are defined: 

2010 Potential Study Definitions 

Term I Definition 

Technical Potential 

Economic Potential 

Maximum Achievable 
Potential 

Realistic Achievable 
Potential 

Customers are assumes to install most efficient option 
regardless of costs. 

Customers are assumed to install most efficient cost
effective option. 

Sets maximum targets for savings. Assumes "ideal" 
implementation conditions and customer preferences. 

Includes realistic parameters for implementation; 
incorporates real-world limitations: 

Advance program potential: Utility pays 100% of 
incremental cost to upgrade to EE measures. 

Base program potential: Utility pays 50% of incremental 
cost. 

Key drivers/assumptions influencing EE potential levels are: 

• Program budgets are assumed to grow over time 
o Financing impacts 
o Federal grants impact 

• Staffing levels and other required resources will increase with program expansion 
• Avoided costs will rise with changes to the generations mix 

The study found that there is a realistic potential to reduce energy consumption from the 
baseline forecast by 8.6% by year 2019-20. Figure B-6 shows the cumulative % energy 
savings through fiscal year 2019-20, and Figure B-7 shows the cumulative absolute 
savmgs. 
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• Base Program 

• Advanced Program 

• Max Achievable 

• Economic 
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Figure B-6. Cumulative energy savings as a percentage of the baseline forecast. 
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Figure B-7. Cumulative energy savings in GWh. 

The Potential Study found that the net present value of avoided energy costs exceeds the 
NPV of program costs (including incentive payments, administrative costs and customer 
contributions) in both the Base and Advanced programs. Table B-2 and Figure B-8 
illustrate the cost and benefit findings. 
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Table B-2. Financial Metrics 

Total 
I TIC I Torn I I N~ Savings ota ost f f . . Bene Its Bene Its 

(GWh) ($Mlillon) ($Million) ($Million) 

18,719 $1,073 $1,092 

25,290 $1,411 $1,483 

46,209 $2,139 $2,681 

• Program Admin & Marketing 

• Program Incentives 

• Participant Cost 

. Total Benefits 

Net Benefits: 

$18 

$72 

$542 

Base Program Advanced Program 
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Cost of 
Benefit/ Conserved 

Cost Energy 
(cents/kWh) 

1.02 5.73 

1.05 5.58 

1.25 4.63 

Maximum Achievable 

Figure 8-8. Cost and benefits for base and advanced programs. 

The analysis includes an assessment of the current program portfolio and the 
development of recommended changes. 

Residential Programs 

LADWP currently has the following existing residential EE programs: 

FINAL 

Consumer Rebate 
Refrigerator Tum-In and Recycle 
Low Income Refrigerator Exchange 
Compact Fluorescent Lamp (CFL) Distribution 
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The following recommendations resulted form the 2010 potential study: 

1. LADWP should keep its existing programs, with the exception of CFL 
Distribution which should be replaced with a broader lighting initiative adapted to 
revised lighting standards. 

2. Two new programs should be adopted, (1) Low-income, and (2) Whole House 
Performance. 

A continued effort towards public outreach is also recommended to maintain and broaden 
public awareness of available EE benefits, and to promote participation. 

Figure B-I0 illustrates potential residential EE program savings for fiscal year 2019-20. 
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Figure 8-10. Potential residential EE program savings in 2019-20. 

Commercial and Industrial (C&I) 

LADWP currently has the following existing C&I EE programs: 

FINAL 

Commercial Lighting Efficiency 
Chiller Efficiency 
Refrigeration 
Customer Performance 
Small Business Direct Install 
New Construction Incentive 
Financing Programs 
Energy Audits 
Technical Assistance 
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The following recommendations resulted form the 2010 potential study: 

1. LADWP should keep its existing program elements, but should adapt the 
lighting program to educate customers on the expanded choices in energy 
efficiency bulbs available that will comply with new lighting standards. 

Figures B-ll and B-12 illustrate potential commercial and industrial savings for year 
2019-20. 
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Figure 8-11. Projected commercial EE savings in 2019-20. 
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Figure 8-12. Projected industrial EE savings in 2019-20. 
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LADWP's mission includes a role as an environmentally responsible public agency. LADWP 
continues to develop and implement programs to improve the environment, including: 

• Increasing the use of renewable energy to meet the needs of LADWP's customers (20 
percent by December 31, 2010 and 35 percent by December 2020 through the 
development of wind, solar, geothermal, and biomass energy sources and acquiring the 
associated transmission required to transmit such energy to Los Angeles. 

• Prioritizing the use of Energy Efficiency (EE), Demand Side Management (DSM), renewable 
Distributed Generation (DG), and other renewable resources. 

• Continuing the modernization of LADWP's in-basin generating stations, including the 
repowering of four older, less-efficient utility steam boiler units with advanced gas turbine 
generating units. 

This Appendix provides information on a number of environmental issues and policies including 
oxides of nitrogen (NOx) emissions, GHGs and climate change, power plant once-through 
cooling, (OTe), and mercury emissions. 

C.2 Emissions of Oxides of Nitrogen (NOx) 

Oxides of nitrogen, or NOx, is the generic term for a group of highly reactive gases, all of which 
contain nitrogen and oxygen in varying amounts. Many of the oxides of nitrogen are colorless 
and odorless. However, one common pollutant, nitrogen dioxide (N02), is a major precursor 
for "smog," which can be seen as a reddish-brown layer over many urban areas. Oxides of 
Nitrogen is also a precursor to the formation of ozone, and the South Coast Air Basin (SCAB), 
in which Los Angeles is situated, has the one of the highest ozone levels in the United States. 

NOx forms when fuel is burned at high temperatures, as in a combustion process. Figure C-1 
shows the primary man-made sources of NOx as reported by the United States Environmental 
Protection Agency (U.S. EPA) in 2008. 
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US NOx Emissions Sources, 2008 
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Figure C-l. NOx emission sources in the U.S. 

On Road Vehicles 
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Off Road Vehicles 
26.0% 

Source: u.s. Environmental Protection Agency 

The SCAB (including Los Angeles, Orange, San Bernardino, and Riverside counties) has some 
of the worst air quality in the United States due in part to the level of NOx emissions. The 
majority of NOx emissions result from mobile sources such as on-road and off-road vehicles, 
and not stationary sources such as power plants. The California Air Resources Board (CARB) 
estimates in its 2010 Almanac of Emissions and Air Quality that emissions in the SCAB will be 
742 tons of NO x per day. This is down from 820 tons per day in 2008 due to greater regulation 
of stationary sources and more efficient vehicles. Roughly 90 percent of these emissions are 
from vehicles, as shown in Figure C-2. 
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Road Veh icles 
54.6% 

Source: California Air Resources Board, 2008 Estimate 

Figure C-2. Local NOx sources in 2010. 

For comparison, the average daily NOx emissions from LADWP's in-basin generating stations 
(Harbor, Haynes, Scattergood, and Valley) combined was 0.65 short tons of NOx per day in 
2008, which represents 0.08 percent of the 2008 average daily NOx emissions in the South 
Coast Air Basin. The low NOx emissions from LADWP's in-basin generating stations are due 
to the use of natural gas at all facilities and the installation of advanced emissions control 
systems. 

Forecasts project that South Coast Air Basin NOx emissions will continue to decrease over the 
next decade. Targets for 2015 are 580 tons per day, while the 2020 target is 468 tons per day. 
The majority of this reduction is expected to come from a reduction in vehicle emissions; total 
tons emitted from stationary sources during this time period are only projected to decrease from 
56 tons per day to 52 tons per day. 

A major tool employed by the SCAQMD to reduce NOx emissions from stationary sources is the 
RECLAIM (Regional Clean Air Incentives Market) trading program. RECLAIM is a market
driven regulatory program started in 1994 that superseded the SCAQMD's existing NOx rules for 
facilities with NOx emissions exceeding 4 tons per year. These "command and control" rules 
limited the emission rates of stationary combustion equipment and have been replaced by a 
facility-wide emissions cap, which gradually declines each year. Facilities receive emission 
allocations, called RECLAIM Trading Credits (RTCs), in which one credit grants the right to emit 
one pound of NOx. Facilities must have sufficient RTCs in their RECLAIM facility accounts 
to cover their actual emissions. RECLAIM is a market-driven program because the RTCs can 
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be bought and sold, which allows for the emissions reductions to be made in the most cost
effective manner. 

All of LADWP' s in-basin power plants now have advanced pollution control equipment, which 
reduces NOx emissions by at least 90 percent. However, the allocation of RTCs to each of 
LADWP's power plants declines over time, and the entire future allocation of RTCs was 
reduced about 22.5 percent by the SCAQMD in 2005. Using the resource planning studies and 
other considerations, the environmental assessment results show that the projections meet 
LADWP's NOx goals. 

C.3 Greenhouse Gas Emissions and Climate Change 

C.3.1 Federal Efforts To Address Climate Change 

Federal Climate Change Legislation 

Several Congressional bills have been proposed in recent years to regulate GHG emissions under 
a federal cap-and-trade program, but none have garnered enough support for passage by both the 
House of Representatives and the Senate. In June 2009, the US. House of Representatives took 
historic action with the passage of H.R. 2454: The American Clean Energy and Security Act of 
2009, introduced by Representatives Waxman (D-CA) and Markey (D-MA), which set a goal of 
17 percent below 2005 levels by 2020, 83 percent by 2050. The US. Senate considered a similar 
cap-and-trade bill, S. 1733: The Clean Energy Jobs and American Power Act, introduced by 
Senators Kerry (D-MA) and Boxer (D-CA), which set a goal of 20 percent below 2005 levels by 
2020, 83 percent by 2050. Other legislative proposals have offered different approaches, such as 
the Carbon Limits and Energy for America's Renewal Act, introduced by Senators Cantwell (D
WA) and Collins (R-ME) that focused on a cap-and-dividend that would return a portion of 
auction revenues to consumers directly or the American Power Act, introduced by Senators 
Kerry and Lieberman (I-CT). In 2010, focus shifted to the US. EPA and the authority it has to 
regulate GHG emissions under the Clean Air Act (discussed in more details below). 
Subsequently, four bills were introduced in 2011 that would limit US. EPA's authority to 
regulate GHG emissions in varying degrees, but none were successful. 

Federal Regulation of Greenhouse Gases Under the Clean Air Act 

In the absence of federal legislation, GHG emissions may still be regulated through the US. EPA 
through its authority under the Clean Air Act. In April 2007, the Supreme Court ruled in 
Massachusetts v. EPA that the US. EPA must make a determination when it comes to regulating 
motor vehicle emissions. The Supreme Court ruling gives the US. EPA the authority to regulate 
GHGs under the Clean Air Act for mobile and stationary sources. On December 7, 2009, the 
U.S. EPA Administrator signed two distinct findings regarding GHGs under section 202(a) of 
the Clean Air Act: 

• Endangerment Finding: The Administrator found that the current and projected 
concentrations of the six key well-mixed GHGs--carbon dioxide (C02), methane (CH4), 

nitrous oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur 
hexafluoride (SF6)--in the atmosphere threaten the public health and welfare of current and 
future generations. 
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• Cause or Contribute Finding: The Administrator found that the combined emissions of these 
well-mixed GHGs from new motor vehicles and new motor vehicle engines contribute to the 
GHG emissions which threatens public health and welfare. 

In December 2009, U. S. EPA published its findings in the Federal Register, stating: "The 
Administrator finds that greenhouse gases in the atmosphere may reasonably be anticipated both 
to endanger public health and to endanger public welfare." The impacts of climate change that 
will cause harm to human health and welfare of current and future generations include but are 
not limited to: increased drought; more heavy downpours and flooding; more frequent and 
intense heat waves and wildfires; greater sea level rise; more intense storms; and harm to water 
resources, agriculture, wildlife, and ecosystems. 

EPA Tailoring Rule for Regulating Stationary Sources under the Clean Air Act 

The Environmental Protection Agency finalized its "Tailoring Rule," which establishes a phased 
timetable for implementing Clean Air Act permitting requirements for GHG emissions from 
large stationary sources. The rule provides that Prevention of Significant Deterioration (PSD) 
requirements will first apply to GHG emissions effective January 2, 2011. This initial phase will 
apply to new and modified facilities that would already be required to obtain PSD permits as a 
result of their non-GHG emissions, and whose construction will result in an increase in GHG 
emissions of at least 75,000 tons C02e per year. A second phase of the program will commence 
on July 1, 2011, and will impose PSD requirements on new facilities that emit at least 100,000 
tons C02e per year, as well as modified facilities whose emissions will increase by at least 
75,000 tons C02e per year. In addition to these PSD requirements, the Tailoring Rule sets 
comparable emission thresholds and timetables for new and existing facilities to obtain operating 
permits under Title V of the Clean Air Act. It is anticipated that LADWP's Scattergood 
generating station will be subject to the new permitting requirements under the EPA's Tailoring 
Rule insofar as the permit will be completed in the 2011 timeframe. 

C.3.2 Western Climate Initiative (WeI) 

Originally established by the Western Governor's Association in February 2007, the WCI is 
currently a collaboration of California and four Canadian provinces (British Columbia, 
Manitoba, Quebec, and Ontario) to reduce GHG emissions 15 percent below 2005 levels by 2020 
from their power generation, industrial, petrochemical, and transportation sectors. The primary 
mechanism for achieving this reduction would be through a regional cap-and-trade program. 

The WCI finalized its design for a regional cap-and-trade program in July 2010. Under this plan, 
entities and facilities annually emitting 10,000 metric tons or more of the regulated GHGs, 
measured in C02e, will have to begin reporting their 2010 emissions in early 2011. Although the 
program is scheduled to begin in 2012, the jurisdictions that are expected to move forward have 
all indicated they will not be ready for compliance to begin until January 1,2013. The first phase 
of the cap-and-trade program will cover power generation, including electricity imported into the 
WCI region, industrial fuel combustion, industrial processes, and petrochemical companies 
emitting 25,000 metric tons or more ofC02e each year. The second phase will begin in 2015 and 
will cover emissions from transportation fuel use as well as residential and commercial fuel use. 
Before WCI jurisdictions will be able to trade allowances between each other, separate linkage 
agreements will be required that establish the conditions for interfacing between trading systems. 
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This section describes California's GHG emissions inventory and policies and actions to reduce 
GHG emissions. Figures C-3 and C-4 show California's 2006 statewide GHG emissions by 
pollutant and by sector. 
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Figure C-3. California GHG emissions by GHG (2006) 
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Based on the ARB's Update to the Scoping Plan (2011), the 2020 emissions baseline used in the 
2008 Scoping Plan is 596 MMTC02e . This estimate of statewide 2020 emissions was developed 
using pre-recession 2007 IEPR data and reflects GHG emissions expected to occur in the absence 
of any reduction measures in 2010. ARB staff re-evaluated the baseline in light of the economic 
downturn and updated the projected 2020 emissions to 545 MMTC02e . Two reduction measures 
(pavley I and the Renewables Portfolio Standard (12% - 20%)) not previously included in the 
2008 Scoping Plan baseline were incorporated into the updated baseline, further reducing the 
2020 statewide emissions projection to 507 MMTC02e . The updated forecast of 507 MMTC02e is 
referred to as the AB 322020 baseline. Reduction of an estimated 80 MMTC02e are necessary to 
reduce statewide emissions to the AB 32 Target of 427 MMTC02e by 2020. 1 

California Governor's Executive Order S-3-05 

On the state level, Governor Schwarzenegger signed Executive Order #S-3-05 on June 1,2005 
which established the following GHG targets: 

• By 2010, reduce emissions to 2000 levels 

• By 2020, reduce emissions to 1990 levels 

• By 2050, reduce emissions to 80 percent below 1990 levels. 

California SB 1368: Greenhouse Gas Emissions Performance Standard 

SB 1368 was signed into law on September 29, 2006 and requires the California Public Utilities 
Commission (CPUC) and the California Energy Commission (CEC) to establish a GHG 
emissions performance standard and implement regulations for all long-term financial 
commitments in baseload generation made by load serving entities (LSEs) including local 
publicly-owned electric utilities (POUs). The CPUC adopted its regulations for the investor
owned utilities and other LSEs in January, 2007. The CEC adopted similar regulations for POUs in 
August 2007. Strategies implemented by the CPUC and CEC under SB 1368 are expected to result 
in a combined GHGs emissions reduction of over 15 million metric tons (MMT) C02e by 
2020. The GHG emissions performance standard is based on the emissions profile of combined
cycle, natural gas fired generating units. The CEC' s regulations establish an emissions 
performance standard of 1,100 pounds (0.5 metric tons) of CO2 per megawatt hour (MWh) of 
electricity. This standard was established in consultation with the CPUC and the CARB and is 
the same as the emissions performance standard adopted by the CPUC for the LSEs. 

The broad objectives of these regulations are to internalize the significant and under-recognized 
cost of emissions and to reduce potential financial risk to California consumers for future 
emission control costs. Specifically, these regulations are intended to prohibit any LSE from 
entering into or renewing a long-term financial commitment for baseload generation that exceeds 
the GHG emissions performance standard, currently set at 1,100 pounds per MWh. 

1 ARB Status of Scoping Plan Recommended Measures. 
http://www.arb.ca. gov/cc/scopingplan/status of scoping plan measures.pdf 
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These regulations would require POUs, within 10 days of making a long-term financial 
commitment in a baseload facility, to certify to the CEC that such a commitment complies 
with these regulations and provide back-up material to support such commitment. The 
regulations then provide for CEC review of these compliance filings and a determination of 
whether or not the commitment, and the underlying facility as described in the commitment, 
complies with these regulations. Additionally, the CEC may open an investigatory proceeding 
and gather additional information if it believes that covered procurements made by a POU do not 
comply with these regulations. 

AB 32: The CalijiJrnia Global Warming Solutions Act 0/2006 

In 2006, the California Legislature passed and Governor Schwarzenegger signed Assembly Bill 
32, the Global Warming Solutions Act of 2006, which declared that global warming poses a 
serious threat to the economic well-being, public health, natural resources, and environment of 
California. It set into law a 2020 GHG emissions reduction goal that would require the reduction 
of statewide emissions of GHGs2

. In 2007, the ARB established a 1990 statewide greenhouse gas 
emissions baseline of 427 MMT of carbon dioxide equivalent (C02e)3 and adopted a regulation 
for mandatory emissions reporting from the most significant sources that contribute to statewide 
emissions, including all electricity consumed in the state as well as imported electricity. The 
2020 target was set at the 1990 baseline level of 427 MMT C02e. 

171e AB 32 Scoping Plan 

In December 2008, the CARB adopted the AB 32 Scoping Plan, which serves as California's 
blueprint for reducing greenhouse GHG emissions. Key elements of the AB 32 Scoping Plan's 
recommendations for reducing California GHG emissions to 1990 levels by 2020 include: 

• Expanding and strengthening existing energy efficiency programs as well as building and 
appliance standards. 

• Achieving a statewide renewables energy mix of 33 percent. 
• Developing a California cap-and-trade program that links with other Western Climate 

Initiative partner programs to create a regional market system. 
• Expand use of Combined Heat and Power (CHP) by 30,000 GWh statewide. 
• Establishing targets for transportation-related GHG emissions for regions throughout 

California, and pursuing policies and incentives to achieve those targets. 
• Adopting and implementing measures pursuant to existing State laws and policies, 

including California's clean car standards, goods movement measures, and the Low 
Carbon Fuel Standard. 

• Creating targeted fees, including a public goods charge on water use, fees on high global 
warming potential gases, and a fee to fund the administrative costs of the state's long 
term commitment to AB 32 implementation. 

2 GHGs covered by AB 32 include the following: carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, 
and sulfur hexafluoride. 
3 Carbon dioxide equivalent (C02e) means the amount of carbon dioxide by weight that would produce the same global warming 
impact as a given weight of another greenhouse gas, based on the best available science, including from the Intergovernmental 
Panel on Climate Change. 
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All programs developed under AB 32 contribute to the reductions needed to achieve this goal, 
and will deliver an overall 15% reduction in greenhouse gas emissions compared to the 
'business-as usual' scenario in 2020 if nothing was done at all. In 2010, the ARB made revisions 
to the expected 2020 emission reductions in consideration of the economic recession and the 
availability of updated information from development of measure-specific regulations. ARB staff 
re-evaluated the baseline in light of the economic downturn and updated the projected 2020 
emissions to 545 MMTC02e. Two reduction measures (Pavley I and the Renewables Portfolio 
Standard (12% - 20%)) not previously included in the 2008 Scoping Plan baseline were 
incorporated into the updated baseline, further reducing the 2020 statewide emissions projection 
to 507 MMTCOk The updated forecast of 507 MMTC02~ is referred to as the AB 32 2020 
baseline. Reduction of an estimated 80 MMTC02e are necessary to reduce statewide emissions to 
the AB 32 Target of 427 MlVITC02e by 2020. 

Executive Order S-21-09 

On September 15, 2009, Governor Schwarzenegger signed Executive Order S-21-09, which, 
among other things, ordered CARB to work with the Commissions to ensure that a regulation 
adopted under authority of AB 32 to encourage the creation and use of renewable energy sources 
shall build upon the RPS program developed to reduce GHG emissions in California and shall 
regulate all California publicly owned utilities, like LADWP. In addition, Executive Order S-21-
09 provides that CARB may delegate policy development and implementation to Commissions, 
that CARB is to consult with the CAlSO and other balancing authorities on impacts on 
reliability, renewable integration requirements and interactions with wholesale power markets in 
carrying out the provisions of Executive Order S-21-09, and that CARB is to establish the 
highest priority for those resources with the least environmental costs and impacts on public 
health that can be developed most quickly and that support reliable, efficient, and cost-effective 
electricity system operations including resources and facilities located throughout the Western 
Interconnection. 

AB 32 Cap-and-Trade Regulation (Adopted October 20,2011) 

The cap-and-trade program is a key element in California's climate plan. The cap-and-trade 
program sets a statewide limit on sources responsible for 85 percent of California's greenhouse 
gas emissions, and establishes a price signal needed to drive long-term investment in cleaner 
fuels and more efficient use of energy. The program is designed to provide covered entities the 
flexibility to seek out and implement the lowest-cost options to reduce emissions. The program 
covers about 350 businesses, representing 600 facilities and it starts in 2013 for electric utilities 
and large industrial facilities, while distributors of transportation, natural gas and other fuels join 
in 2015. The ARB expects to link with similar trading programs in the four Canadian provinces 
of British Columbia, Manitoba, Quebec and Ontario on or after 2013. Starting in 2013, the cap 
starts at about 2 percent below the emissions level forecast for 2012 and declines about 2 percent 
in 2014. From 2015 to 2020, the cap trajectory declines about 3 percent annually from 2015 to 
2020. 

Although the program commences on January 1, 2012, compliance and enforcement with the 
program is delayed until January 1, 2013, with the first auctions scheduled for August and 
November 2012. At the time the ARB Board adopted the cap-and-trade regulation, the Board 
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directed staff to address several key outstanding issues as part of a new rulemaking scheduled to 
take place in 2012 that will ultimately make further refinements to the program before 
compliance begins. Two of those issues that LADWP will focus on in 2012 include the 
provisions surrounding resource shuffling and point of regulation for electricity imports. The 
resource shuffling provision has potential implications for LADWP' s coal transition as it relates 
to Navajo Generating Station if divestiture is not recognized by ARB as an emission reduction. 
The point of regulation for electricity imports was changed by ARB staff from the entity that 
owns the power being imported to California to the entity that schedules the power into 
California. LADWP will continue to work with other utilities and the ARB to better understand 
the potential implications this may have on reporting of specified electricity imports (high
emitting as zero-emitting electricity) by parties that do not retain ownership of that power. 

C.3.4 The City of Los Angeles GREEN LA Plan 

On May 15, 2007, Los Angeles Mayor Antonio Villaragosa released the "GREEN LA - An 
Action Plan to Lead the Nation in Fighting Global Warming" (GREEN LA Plan) that has an 
overall goal of reducing the GHG emissions by 35 percent below 1990 levels by 2030. This goal 
exceeds the targets set by both California and the Kyoto Protocol and is the greatest reduction 
target of any large U.S. city. Key strategies listed in the GREEN LA Plan related to energy and 
water include the following: 

Energy 

Green the Power from the Largest Municipal Utility in the United States 

• Meet the goal to increase renewable energy from solar, wind, biomass, and geothermal 
sources to 20 percent by 2010. 

• Increase the efficiency of natural gas-fired power plants. 

• Increase biogas co-firing of natural gas-fired power plants. 

Make Los Angeles a Worldwide Leader In Green Buildings 

• Establish a comprehensive set of green building policies to guide and support private 
sector development designed to reduce carbon dioxide emissions by 80,000 tons by 2012. 
Approved on April 22, 2008, the Private Sector Green Building Plan makes Los Angeles 
the largest city in the nation to adopt such a plan. 

• Implement other related Green Buildings efforts. For example, (e.g., all City-owned 
buildings over 7,500 square feet will be required to meet LEED Silver Standards). Other 
efforts, including the adoption of respective ordinances and updating of applicable 
building codes, will enable the City of Los Angeles to transform its building stock in both 
the public and private sector thereby facilitating all buildings to operate in a more energy 
efficient manner consistent with technological innovations and economic incentives 
whenever possible. 
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• Reduce energy use by all City departments to the maximum extent feasible. 

• Complete energy efficiency retrofits of al1 City-owned buildings to meet a 20 percent or 
more reduction in energy consumption. 

• Install the equivalent of 50 "cool roofs" per year by 201 0 on new or remodeled City 
buildings. 

• Install solar heating for all City-owned swimming pools. 

• Improve energy efficiency at drinking water treatment and distribution facilities. 
Maximize energy efficiency of wastewater treatment equipment. 

• Replace 140,000 conventional street lights with light emitting diode (LED) green 
street lights, reducing carbon emissions by 40,500 tons per year and saving the city 
$] 0 million annually. 

Help Angelenos Be "Energv MLs'ers " 

• Distribute two compact fluorescent light (CFL) bulbs to each of the 1.2 million 
households in the City. 

• Increase the level and types of customer rebates for energy efficient appliances, windows, 
lighting, and heating and cooling systems. 

• Increase the distribution of energy efficient refrigerators to qualified customers. 

• Create a fund to "acquire" energy savings as a resource from LADWP customers. 

Water 

• Decrease Per Capita Water Use. 

• Meet all additional demand for water resulting from growth through water 
conservation and recycling. 

• Reduce per capita water consumption by 20 percent. 

• Implement the City's innovative water and wastewater integrated resources plan that will 
increase conservation and maximize use of recycled water, including capture and reuse 
of stonn water. 

• Meet city directives and ordinances with respect to water conservation. Monitor 
technological improvements with respect to equipment, appliances, and engineered 
systems that would reduce the water consumption of various buildings and related need 
to adopt relevant ordinances and update municipal codes consistent with cost-effective 
technology available in the marketplace. 
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C.3.5 LADWP's Efforts To Address Climate Change 

Since 1998, LADWP has taken steps to move away from dependence on coal generating 
resources, including the divestiture of power purchase agreements with Colstrip and Coronado 
Generating Stations, the shutdown of Mohave Generating Station in December 2005, and the 
discontinuation of involvement in the development of Unit 3 at Intermountain Generating 
Station. Table C-1 shows the downward trajectory in LADWP's power generation portfolio CO2 

emissions and CO2 emissions intensity between 1990 and 2008. 

Table C-1. HISTORICAL LADWP POWER GENERATION CO2 EMISSIONS 

Difference 
between 1990 
and 2010 -4 245 -5141 2 310 -446 

% Change 
from 1990 -23% -29% 8% -29% 
Notes: 

1. Calculated C02 emissions using fuel data and fuel-specific emission factors from the California Registry's 
reporting protocols. 

2. Used source specific data where available, and 1100 Ibs C02/MWh for unspecified power purchased. 

SF6 Emissions 

In February 2010, CARB adopted a new regulation to reduce SF6 emissions from gas insulated 
electrical switchgear as part of the AB 32 program. This new regulation, which is scheduled to 
take effect starting Jan 1, 2011, imposes a declining limit on a utility's annual average SF6 
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emissions rate starting at 10 percent in 2011 and decreasing to 1 percent in 2020, as well as new 
recordkeeping and reporting requirements. 

Over the past decade, LADWP has been proactive in reducing SF6 emissions by implementing 
its own internal program to reduce emissions through equipment replacement, repair, and process 
improvements. As a result, LADWP's 2008 SF6 emissions rate was slightly under 1 percent. This 
voluntary effort to reduce SF6 emissions demonstrates LADWP's commitment to environmental 
stewardship and puts LADWP in a good position to comply with the new emission limits 
imposed by the SF6 regulation. 

LADWP 's Historical Accomplishments in Reducing GHG Emissions 

In 1995, LADWP signed a Climate Challenge Participation Accord with the U.S. Department of 
Energy (DOE), voluntarily committing to reduce GHG emissions from power generation to keep 
LADWP's average CO2 emissions from 1991 - 2000 below its 1990 baseline. LADWP achieved 
this goal. In addition, LADWP voluntarily participated in DOE's EIA-1605b "Voluntary 
Reporting of Greenhouse Gases" program from 1995 - 2005, annually reporting CO2 emissions 
from power generation as well as programs to reduce emissions. 

In 2000, LADWP set a new goal in its Integrated Resource Plan to reduce GHG emissions five 
percent below 1990 levels by 2008. LADWP exceeded this goal (actual 2008 power generation 
portfolio CO2 emissions were 9.3 percent lower than our 1990 baseline). 

In 2002, LADWP became a charter member of the California Climate Action Registry, and has 
since reported and certified eight annual entity-wide GHG emissions inventories with the 
Registry. 

C.3.6 LADWP Programs and Projects to Reduce CO2 Emissions 

Since 1990, LADWP has undertaken numerous programs to reduce CO2 emissions. Tables C-2 
and C-3 below show the variety of LADWP's emission reduction programs and reductions 
achieved. 
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Years Program Description 

Renewable Energy 

2004-2008 Renewable Energy 
LADWP's goals are to achieve 20% 
RPS by 2010 and 35% RPS by 2020. 

Water Conservation 
Encourage customers to conserve 
water with rebates for installing 

1991-2008 Water Conservation hardware such as ultra-low-flush toilets 
Program and low-flow shower heads, a rate 

structure that rewards conservation, 
and public education. 

High efficiency clothes 
Rebates for purchase of energy 

1999-2008 efficient residential & commercial 
washers 

clothes washers. 
Energy Efficiency 

Sale of high efficiency refrigerators at 
discount prices to multi-family 

1999-2008 Refrigerator residential units and non-profit 
Replacement organizations that are DWP customers, 

and removal & recycling of old 
refrigerators. 
Incentives for small commercial 

1999-2008 Commercial Lighting customers to install lighting equipment 
that exceeds Title 24 standards. 
Incentives for small commercial 
customers to install HVAC equipment 

1999-2008 HVAC Replacement that exceeds Title 24 standards. 
Expanded to include residential HVAC 
units from 2000-2002. 
Incentives for businesses and hospitals 

2000-2008 Chiller Replacement 
to install new high-efficiency water or 
air-cooled chillers that exceed Title 24 
standards. 
Rebates to residential customers for 

2002-2008 Consumer Rebate 
purchase & installation of Energy Star 
appliances, lighting, windows, and 
HVAC. 

2004-2008 Refrigerator Retirement 
Free pick-up and recycling of old spare 
refrigerators for residential customers. 

2004-2008 CFL Distribution 
Free compact florescent light bulbs to 
residential customers. 
Rebates for non-residential customers 
to improve the energy efficiency of 

2006-2008 
Non-Residential refrigeration equipment, reduce energy 
Refrigeration consumption in cold storage facilities, 

and install high efficiency refrigerated 
cases and equipment. 
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(Continued from page C-15) 
Provide free energy assessments, 

Small Business Direct 
recommend lighting improvements, and 

2006-2008 
Install 

install lighting upgrades to assist small 
business customers become more 
energy efficient. 
Incentives for building to LEED or 

2007-2008 New Construction 
CHPS 2006 standards, or for installing 
equipment from an approved list of 
energy efficient products. 
Incentives for non-residential customers 
to install energy saving measures, 
equipment or systems that exceed Title 

2007-2008 Custom Performance 24 or minimum industry standards such 
as equipment controls, industrial 
processes and other innovative energy 
saving strategies. 

Digester and Landfill gas-to-energy 
Burn digester gas from Hyperion 

1995-2008 Scattergood Wastewater Treatment Plant at Scattergood 
Generating Station to generate electricity. 

2002-2007 Lopez Canyon Burn landfill gas in micro turbines at Lopez 
Canyon Landfill to generate electricity. 

Recycling 

1998-2008 Recycling Program Recycling of paper, cardboard, metals and 
other materials from LADWP facilities. 

Electricity Generation & Distribution System 
LADWP's Solar Power Program 
includes: 

1999-2008 Solar Power • Customer systems (net metered) 

• LADWP and City facilities (grid 
connected). 

Tree Planting (Urban Forestry) 

1998-2008 Cool Schools 
Planted 9274 trees (cumulative) at LA 
Unified School District campuses. 
Distributed 114,427 trees (cumulative) 

2001-2008 Trees for a Green LA for planting around customer homes 
and in community areas. 
Distributed 23,958 trees (cumulative) 

2007-2008 Million Trees LA for planting around the City of Los 
Angeles. 

Miscellaneous 

Energy Star Office Use of Energy Star office equipment 
2000-2008 

Equipment 
(computers & monitors, printers, 
copiers and FAX machines). 

Total CO2 Emissions Avoided I Sequestered (Current Programs) 
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Table C-3. COMPLETED I DISCONTINUED PROGRAMS FOR EMISSION REDUCTION 

Cumulative CO2 

Emissions 
Years Program Description Avoided or 

Sequestered 
short tons 

Energy Efficiency 175,526 
Provide free CFLs, clean refrigerator 

Neighborhood Bill 
condenser coils, distribute low-flow 

1999-2001 shower heads & aerators, and check 154,108 
Reduction Service 

for toilet leaks for residential low 
income customers. 

Commercial 
Free audits and tune-ups of 

1999-2001 
Refrigeration Tune-up 

refrigeration equipment for small 3,856 
commercial customers. 
Low cost tune-ups of AlC equipment 

2000-2002 HVAC Tune-up for commercial and residential 17,510 
customers. 
Incentives for commercial & 

2005 Efficient Motors industrial customers to install 52 
premium efficiency electric motors. 

Building Energy Efficiency Retrofits 101,056 
Eliminated 50% of the light fixtures, 
replaced the remaining fixtures with 

1999-2004 
John Ferraro Building energy efficient equipment, and 

89,220 
Lighting Retrofit installed automatic lighting controls 

in LADWP's corporate office 
building. 
Incentives to install Energy Star 

2001-2002 Cool Roofs 
roofing product on commercial or 

4,164 
multi-family residential buildings 
(state funded). 
Incentives to install reflective film on 

2001-2004 Reflective Window Film windows to reduce building solar 3,848 
heat gain and reduce AIC load. 

2004-2005 City Building Retrofit 
Retrofit 37 City of LA facilities with 

2,604 
energy efficient lighting. 

City Energy Efficiency 
Loans to other city departments to 

2006 
Loan 

implement energy efficiency 1,220 
measures. 

Electricity Generation & Distribution System 9,266 

Energy Efficient 
1592 Energy Star transformers were 

1996-2005 
Transformers 

purchased in 1995 & installed in 9,266 
LADWP's distribution system. 

Total CO2 Emissions Avoided (Completed Projects I Discontinued 297,610 
Programs) 
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Additional actions and changes in LADWP's generation resource mix from 1990 to 2009 
include: 

• Replacement of two steam generators in each of Palo Verde Nuclear Generating Station's 
(PVNGS) three generating units, to provide for the continued use of the units to the end 
of their projected 40-year life and possibly through their 20-year extended life. The 
project began in 2003 and was completed in 2007. The replacement of the steam 
generators and the turbine rotors resulted in an increase in power output of approximately 
2]0 MWs forPVNGS. 

• The seven units of the Castaic Pump Storage Power Plant (Castaic Plant) are currently 
being rotated out of service for modernization. This multi-phase process, began in 2004 
and is expected to continue through 2013. To date, modernization to five units have been 
completed. The refurbishment is projected to increase the efficiency of the units and add 
up to 80 MW s of capacity to the Castaic Plant. 

• Certain IPP participants have a right under the IPP Excess Power Sales Agreement to 
recall from LADWP up to 18.2 percent of the capacity of IPP (currently equal to 
approximately 327 MWs) for defined future summer or winter seasons or both, following 
no less than 45 days notice and up to 43 MW s of such capacity on a seasonal basis 
following no less than 90 days notice. Such participants are currently recalling 48 MWs 
of winter season capacity from LADWP. Future capacity of IPP subject to recall from 
LADWP under the Excess Power Sales Agreement can vary. 

• Recent drought conditions and low lake levels have reduced the LADWP's capacity 
entitlement at the Hoover Plant from 49] MWs of capacity (calculated based on 25.16 
percent of ],951 MWs of total contingent capacity) to an annual average of 
approximately 411 MWs (calculated based on 25.16 percent of 1,634 MWs annual 
average output capability). Future available capacity from Hoover Plant will depend on 
future drought condition. 

• The LADWP Power RPS Policy was established to increase the amount of energy 
LADWP generates from renewable power sources to 20 percent of its energy sales to retail 
customers by 2010 and 33 percent renewable energy by 2020. Acquisitions of the 
renewable energy are based on a competitive bidding process through the issuance of 
Requests for Proposals. To date, renewable projects in-service or under construction, 
provide a total of 5,300 gigawatt per hour (GWh) of renewable energy annually. 

• The Power Reliability Program (PRP) is a comprehensive, long-term power reliability 
program developed by LADWP to replace aging infrastructure or make permanent 
repairs to generation, transmission and distribution infrastructure that has failed during 
recent outages. Through the program, LADWP plans to accelerate the management and 
replacement of transformers, poles, underground cables, underground vaults, station 
transformers, new distribution and receiving stations, and modifications to existing 
stations. LADWP also plans to install new control, integrated central monitoring and 
dispatch systems needed to facilitate reliable and secure system operations and modify its 
staff training programs and increase staffing. 
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• The LADWP continued its commitment to energy efficiency through numerous programs 
and services for customers to encourage the installation and use of energy efficient 
measures and equipment LADWP establish annual efficiency targets reducing total 
forecasted electricity consumption by 10 percent over the next 10 years. LADWP is on 
track to meet the requirements established under AB 2021. Since 2000, the LADWP 
energy efficiency programs have reduced long-term peak period demand and 
consumption by approximately 271.1 MWs and 894.1 GWh of energy savings. LADWP 
has budgeted funding for fiscal year 2009-10 to renew and expand its commitment to 
energy efficiency. 

• LADWP offers its customers an opportunity to participate in the Green Power Program. 
"Green Power" is produced from renewable resources such as wind energy, geothermal, 
or other renewable resources, rather than conventional generating plants. Over 17,100 
LADWP customers participated in the program during 2010. These participants receive 
approximately 104,000 MWh of renewable energy annually. Since program inception, in 
1999, to the end of 2010, 818,768 MWh of renewable energy was procured, making it 
one of the largest voluntary green pricing programs in the nation. 

• Completion of the Pine Tree Wind Project which is a 135 megawatt wind generating 
facility north of Mohave, California, consisting of 90 wind turbines The project began 
commercial operation on June 16,2009. 

• Numerous environmental laws and regulations, specifically those relating to air and water 
quality, affect the LADWP Power System's facilities and operations. LADWP monitors 
its compliance with laws and regulations and reviews its remediation obligations on an 
ongoing basis. 

C.4 Power Plant Once-Through Cooling Water Systems 

Power plants with "once-through cooling" (OTC) systems draw or take in water from 
coastal/estuarine water, via intake pipes, to cool turbines used to generate electricity. After the 
water is used for cooling it is discharged to a nearby water body. OTC systems can impact the 
marine environment. 

LADWP has three coastal generating plants that utilize OTC. The new state wide OTC Policy 
and upcoming 316 b Federal Rule requires minimizing and/or reducing the impacts on marine 
life. 

In order to reduce these impacts, LADWP has already implemented the following: 

• In the 1970's LADWP installed a velocity cap (a large disk-shaped structure just 
upstream of the ocean water intake pipe) at its Scattergood Generating Station to 
control 1M. In 2006, LADWP conducted an effectiveness study on its velocity cap and 
the results showed that it is 96% effective. 
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.. To date, LADWP has reduced the number of power plant units that utilize OTC from 
14 to 9, reducing ocean water use from 1904 MGD to 1571 MGD, an overall reduction 
of ocean water usage by 17%. 

.. LADWP has spent over $600 million dollars to replace the older generating units with 
more efficient generating units (known as "repowering") at its Haynes and Harbor 
Generating Stations. This has resulted in a reduced use of coastal waters. 

To further reduce impacts and completely eliminate OTC, LADWP plans to do the following: 

.. As a result of the Haynes 5&6 repowering proj ect, reduce the number of OTC units to 7 
by 2013. This will decrease ocean water use from 1571 MGD to ] 110.2 MGD, an 
overall reduction of 42% from 1990 ocean water usage levels. 

.. As a result of the Scattergood 3 repowering proj ect, further reduce the number of OTC 
units to 6 by 2015, decreasing ocean water use from 1110.2 MGD to 839.8MGD, an 
overall reduction of 56% from the original ocean water usage level. 

.. As a result of the Scattergood 1&2 repowering project, further reduce the number of 
OTC units to 4 by 2020, decreasing ocean water use from 839.8 MGD to 563.3MGD; 
an overall reduction of 70% from the original ocean water usage level. 

.. As a result of the Haynes 1 &2 repowering proj ect, further reduce the number of OTC 
units to 2 by 2024, decreasing ocean water use from 563.3 MGD to 338.7 MGD, an 
overall reduction of 82% from the original ocean water usage level. 

.. By 2026, further reduce of the number of OTC units to 1, decreasing ocean water use 
from 338.7 MGD to 231 MGD, an overall reduction of 87% from the original ocean 
water usage level. 

.. By 2029, final reduction of OTC units to 0, 100% elimination of OTC. 

Figure C-5 shows LADWP's reduction in OTC usage from 1990 to 2029. 
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Figure C-5: LADWP OTC reduction from 1990 to 2029. 

C.4.1 USEPA 316(b) Requirements for Cooling Water Intake Structures 

EPA's Clean Water Act Section 316(b) Phase II Cooling Water Intake Structure Rule (Rule) 
released in 2004 was subsequently challenged and ultimately heard in both the Second Circuit 
Court and in the US. Supreme Court. The Second Circuit Court issued its decision on January 
25, 2007, and determined that the restoration and cost-benefit elements of the original 2004 Rule 
were unlawful and that other fundamental components of the 2004 Rule, such as the impact 
reduction performance standards attainable for certain technologies, were to be remanded for 
further evaluation and demonstration by US. EPA. The U.S. Supreme Court was 
subsequently asked to weigh in on the ability to use the "wholly disproportionate" cost-benefit 
test in the application of the 316(b) regulations. On April 1, 2009, the Supreme Court affirmed 
that a cost-benefit analysis can be used by regulatory agencies. While the various challenges 
proceeded through the court processes, U.S. EPA gave the states permission to continue with 
implementation and enforcement of the Clean Water Act 316 (b) requirements using "Best 
Professional Judgment (BPJ) when reauthorizing facility National Pollutant Discharge 
Elimination System (NPDES) permits. 

During this period, LADWP completed the required Characterization Study to identify baseline 
biological impacts in order to determine an appropriate impingement mortality (1M) and 
entrainment (E) reduction method. However, when the Rule was remanded to US. EPA to 

FINAL C-20 December 22,2011 

AR0071306 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

Appendix C 
Environmental Issues 

re-study and then re-propose a rule, it essentially placed remanded Rule and the fulfillment of 
its associated requirements on hold. At that point, LADWP stopped any further work 
necessary to comply with the suspended Rule and has been awaiting the outcome of U.S. 
EPA's effort to re-propose a new rule. The UP EPA publicly noticed the new proposed Rule 
for existing facilities on April 19,2011 and the comment period ended on August 18,2011. 
The UP EPA is targeting the end of2012 to finalize its Rule. The use ofBPJ by permitting 
authorities is still in effect. 

C.4.2 SWRCB 316(b) Requirements for Cooling Water Intake Structures 

On June 30, 2009, the SWRCB released its draft Once-Through Cooling Water Policy for public 
review and comment, with the accompanying Supplemental Environmental Document released 
on July 14,2009. Comments were due September 30,2009. Subsequent policy drafts were issued 
on November 23, 2009 and March 22, 2010 with corresponding comment periods. The final 
Policy version was adopted on May 4, 2010 and became effective on October 1, 2010. The 
adopted Policy has major implications for the coastal power plants making it extremely difficult to 
continue the use of OTC retrofitted with 1M and E impact control technology; making the use of 
cooling towers the only certain compliance path. The Policy proposes a two-track compliance 
pathway. Track I requires OTC flows to be reduced commensurate with wet closed cycle cooling 
(CCC) or a 93 percent flow reduction and essentially requires the installation of cooling towers. If 
Track I can be demonstrated as "not feasible" a Track II compliance option is available. A Track 
II compliance pathway requires the biological impacts to be reduced on a unit by unit basis to a 
level comparable with (i.e., within 10 percent) what would exist with CCc. New consecutive 36-
month 1M and E baseline studies will be required if a Track II compliance pathway is pursued. 
Until compliance is achieved, interim measures are required, which include flow reductions when 
there is no unit load and mitigation measures (commencing five years from the effective date of 
the policy and continuing until the facility is in full compliance). Lastly, to prevent disruption in 
the state's electrical power supply during implementation of the Policy, a committee of state 
energy and resource agencies know as the Statewide Advisory Committee on Cooling Water 
Intake Structures (SACCWIS) will assist the SWRCB in reviewing the required utility 
implementation plans and in monitoring the schedules. 

LADWP's implementation plan was the first plan to be reviewed by the SWRCB and SACCWIS. 
As a result, the SWRCB prepared and adopted an Amendment to the Policy on July 19, 2011. 
This Amendment modified LADWP's compliance schedule on a unit-by-unit basis with the 
following compliance dates ::12/31/2013 for Haynes Units 5&6; 12/31/2015 for Scattergood Unit 
3; 12/31/2024 for Scattergood Units 1&2; 12/31/2029 for Haynes Units 1&2 and 8, and Harbor 
Unit 5. In addition, the Amendment requires LADWP to submit any additional information 
requested, by January 1, 2012, by the SACCWIS and submit the information responsive to 
SACCWIS to the SWRCB by December 31, 2012 in order for the SWRCB to evaluate whether 
further modifications to the dates are necessary. Furthermore, LADWP must commit to complete 
elimination of OTC and in the interim conduct a study or studies, singularly or jointly with other 
facilities, to evaluate new technologies or improve existing technologies to reduce impingement 
and entrainment. LADWP must submit the results of the study and a proposal to minimize 
entrainment and impingement to the Chief Deputy Director no later than December 31,2015, and 
upon approval of the proposal by the Chief Deputy Director, complete implementation of the 
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proposal no later than December 31, 2020. LADWP is in the process of commencing these studies 
and has begun the Haynes Units 5&6 repowering proj ect in order to meet the 2013 deadline. Also, 
the conceptual planning and design for the Scattergood Unit 3 has commenced in order to meet 
the 2015 deadline. 

C.S Mercury Emissions 

Mercury emissions are an issue for all coal fired power plants. However, the level of such 
emissions varies widely based on the type of coal burned and the type of emission controls on the 
plants. 

Coal-burning power plants are the largest human-caused source of mercury emissions to the air 
in the United States, accounting for over 40 percent of all domestic human-caused mercury 
emissions. The EPA estimates that about 1/4 of US. emissions from coal-burning power plants 
are deposited within the contiguous US., and the remainder enters the global cycle. 

The IGS in Utah, of which LADWP is the Operating Agent, has one of the lowest mercury 
emission rates in the country. This is due to the fact that the existing emission control devices, 
which are designed to reduce sulfur dioxide and particulate matter, have the co-benefit of 
removing about 96 percent of the mercury from bituminous coal which is burned at IGS. 

On March 15, 2005 US. EPA promulgated the Clean Air Mercury Rule (C AMR) , which 
established a nationwide cap-and-trade program for mercury emissions. CAMR was designed to 
reduce mercury emissions by 60 percent between 2010 and 2018. Several legal challenges of the 
CAMR ensued. As a result, the D.C. Circuit vacated US. EPA's Clean Air Mercury Rule on 
February 18, 2008. On May 3, 2011, EPA proposed NESHAPs for coal- and oil-fired EGUs 
under Clean Air Act (CAA) section ll2(d) and proposed revised NSPS for fossil fuel-fired 
EGUs under CAA section 111(b). The proposed NESHAP would protect air quality and promote 
public health by reducing emissions of the hazardous air pollutants (HAP) listed in CAA section 
112(b). In addition, these proposed amendments to the NSPS are in response to a voluntary 
remand of a final rule. EPA was scheduled to finalize its rule by December 2011. 

C.6 Coal Combustion Residuals 

On May 4, 2010, the US. Environmental Protection Agency released pre-publication co
proposals to regulate the management of coal ash from coal-fired power plants. 

Coal combustion residuals (CCRs), commonly known as coal ash, are byproducts of the 
combustion of coal at power plants and are typically disposed of in liquid form at large surface 
impoundments and in solid form at landfills, most often on the properties of power plants. There 
are almost 900 landfills and surface impoundments nationwide. 

Due to the metal constituents of the CCRs, EPA's co-proposals will establish control measures, 
such as liners and groundwater monitoring, which would be in place at new landfills to protect 
groundwater and human health. Existing surface impoundments would also require liners, with 
incentives to close the impoundments and transition to landfills, which store coal ash in dry form. 
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The proposed regulations may change the way CCRs are handled and stored at Intennountain 
Power Plant and Navajo generating station. If implemented, the rules would require the phase
out of wet handling systems and surface impoundments of bottom ash and the subsequent 
pennitting and installation of lining under fly ash landfills. The facilities would have to conduct 
additional groundwater monitoring, and provide closure and post-closure care of the surface 
impoundments and landfills. For Mohave generating station, the rules, as proposed are expected 
to have minimal impacts because the facility did not operate any surface impoundment. 
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D.I Overview 

LADWP has historically maintained that its major objectives concerning integrated resource 
planning are; (1) providing reliable service to its customers; (2) remaining committed to 
environmental leadership; and (3) maintaining a competitive price. 

Since its 2007 IRP, LADWP has made great strides towards achieving the 2010 goal of 
increasing its supply of electricity from "eligible" renewable resources to 20 percent, measured 
by the amount of electric energy sales to retail customers, and has met the 20 percent goal for 
calendar year 2010. 

On April 12,2011, the California governor signed into law the Senate Bill 2 (IX) which extends 
the 20 percent target to 2013, and ramps up the target to 25 percent by December 31,2016 and 33 
percent by December 31, 2020. 

On December 6,2011, the LADWP Board approved the Renewables Portfolio Standard Policy and 
Enforcement Program and is included in Reference D-1 and D-2. 

This 2011 IRP documents how LADWP expects to maintain 20 percent renewable energy and 
describes the process for LADWP' s continuing commitment to increase the renewable energy goal 
to 25 percent by 2016 and 33 percent by 2020. Additionally, LADWP will continue to encourage 
voluntary contributions from customers to fund renewable resources above the stated Renewable 
Portfolio Standard (RPS) goal, as part of its Green Power for a Green LA Program (GREEN). 

D.2 Renewable Energy Requests for Proposals (RFPs) 

To help meet the renewable energy goals for the GREEN Program and the RPS policy, 
LADWP has issued four major Request for Proposals (RFP) for renewable energy projects: 
January 2001, June 2004, January 2007, and March 2009. LADWP performed detailed technical 
and economic analysis of the proposals on a least-cost, best-fit basis. This approach considered 
factors such as cost, technical feasibility, project status, transmission issues, and environmental 
impact. 

Separately, the Southern California Public Power Authority (SCPPA), of which LADWP is a 
member, has issued five RFPs for renewable energy projects. 

D.2.1 2001 Renewable RFP 

In response to the 2001 RFP, a total of 21 projects were proposed. The 120 megawatts (MW) 
Pine Tree wind project met LADWP's renewable, economic, technical and least-cost, best fit 
criteria. The Pine Tree wind project is an eighty-turbine wind farm facility located in the 
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Tehachapi area, and is owned and operated by LADWP. This project was put in-service in 
June 2009. 

The Pine Tree wind farm was expanded with ten new wind turbines that added 15 MW, for 
a total of 135 MW. The expansion was completed in 2011. 

D.2.2 2004 LADWP Renewable RFP and the 2005 SCPP A Renewable RFP 

In June 2004, LADWP issued another RFP with the intent of securing an increased portion of its 
power requirements from renewable resources. The goal of LADWP' s 2004 RFP was to obtain 
about 1,300 gigawatts hours (GWhs) per year of renewable energy per year to meet the then 
RPS interim goal of 13 percent by 2010. A total of 57 distinct proposals were received, covering 
nearly all types of renewables, although wind and geothermal represented the largest share of 
proposed energy. Most of the proposals were from new California projects, with only a few 
actually located in Los Angeles. The proposals offered a mix of power purchase and ownership 
options. 

To ensure fairness and consistency during the evaluation process of the 2004 RFP, the evaluation 
team included two independent entities. The team evaluated proposals through a structured 
process consisting of two phases. The Phase 1 evaluation included completeness and 
requirements screening, a technical and commercial evaluation, and an economic assessment. 
Proposals short-listed were then evaluated in greater detail in the Phase 2 evaluation, which 
included a comparison of Net Levelized Cost (NLC). The NLC of each proposal equals the 
levelized busbar cost of energy, in units of $/MWh, less the avoided energy and capacity costs, 
and adding the levelized transmission costs to cover wheeling, losses, transmission upgrades, etc. 

In 2005, the Southern California Public Power Agency (SCPP A), of which LADWP is a 
participant, also issued an RFP for renewable resources. 

Five contracts for renewable energy resulting from the 2004 and 2005 RFPs have been entered 
into, which provide 1,179 GWhs/yr of renewable energy from landfills, small hydro and wind. 

D.2.3 2006 SCPPA and 2007 LADWP Renewable RFPs 

In 2006 SCPP A issued an RFP for renewable resources, in which LADWP participated. 

In January 2007, LADWP issued another RFP with the intent of obtaining approximately 2,200 
GWhs of renewable energy per year to meet the RPS goal of20 percent by 2010. A total of 59 
distinct proposals were received, covering wind, solar thermal, solar photovoltaic (PV), 
geothermal, and biomass renewable technologies. The proposals offered a mix of power purchase 
and ownership options. 

Three contracts for renewable energy resulting from the 2006 and 2007 RFPs have been 
entered into, which provide 424 GWhs/yr of renewable energy from wind and small hydro 
proj ects. Several other proposals that were received are currently being negotiated. 
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In 2008 SCPP A issued an RFP for renewable resources, in which LADWP participated. 

In March, 2009, LADWP issued a fourth RFP for Renewable Resources. The intent of this RFP 
was to obtain a sufficient amount of renewable energy per year to achieve the RPS goals, set by 
the Mayor, of20 percent by 2010 and 35 percent by December, 31, 2020. 

The 2008 RFP process resulted in two contracts, which provide 834 GWhs/yr of renewable 
energy from wind resources. Several other proposals that were received are currently being 
negotiated. 

Do205 2011 SCPPA RFP 

In January 2011, the Southern California Public Power Agency (SCPPA) also issued an RFP for 
renewable resources, in which LADWP participated. LADWP participated in the evaluations of 
the RFP proposals. LADWP evaluated proposals through a structured process. The evaluation 
included a completeness and requirements screening, a technical and commercial evaluation, 
and an evaluation of deliverability of the product. The evaluation also considered the Net 
Levelized Cost (NLC) for each proposal. The NLC of each proposal is equal to the levelized 
busbar cost of energy, in units of $/MWh, less the avoided energy and capacity costs, and adding 
the delivery cost to LADWP's load. Other factors were also considered, including: compliance 
with pending State renewable portfolio standard legislation, utility scale project experience, 
capacity, commercial operation date, and labor issues. 

In August 2011, SCPPA issued another RFP for renewable resources. The response deadline is 
November 30, 2012. 

D.3 Renewable Project Strategy 

LADWP (and SCPPA) has increased its renewable energy through successful project 
development and completed agreement negotiations with multiple developers and project entities 
resulting from the above described RFPs. Existing renewable projects that supply LADWP are 
geographically diverse; wind energy comes from the ridges of the California Tehachapi 
Mountains, the north-central hills of Oregon, the southern Washington Columbia River Gorge 
area, the Milford Valley of Utah, and Southwestern Wyoming. Planning for future renewable 
energy will continue to emphasize geographic diversity, as well as technology diversity. 

The variety of renewable energy projects and technologies facilitates the Power System 
capability to integrate renewable energy reliably. As described in other sections of the IRP, 
LADWP will maintain its Balancing Authority responsibility by addressing system issues such 
as reserve sharing, reserve commitments, system voltage support, spinning reserves, existing and 
future quick response combustion turbine response units, etc. 

This IRP describes several fundamental principles for the RPS progression from the current 20 
percent renewable energy to a potentially higher goal of 33 percent by 2020. Issues and principles 
affecting the future of the RPS plans are discussed below: 
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• The "Ramp Rate", i.e., the annual rate of progress from 20 percent to 33 percent renewables, 
will be subject to several factors. The time frame is 10 years, which would equate to a 
constant ramp of 1.33 percent per year. However, the projected ramp rate is not a straight 
line, but rather varies from year to year depending on factors both external and internal to the 
LADWP. These factors include SB 2 (IX) requirements, LADWP fiscal constraints, 
renewable energy technology improvement over time, renewable energy pricing, LADWP 
system integration limits, and transmission constraints, both in the LADWP systems and 
regionally. 

• Steady investment in renewable resources is required to maintain a 20 percent RPS between 
2010 and 2012 and to ramp to 33 percent between 2013 and 2020. There are several reasons 
for this path forward: Between 2010 and 2012, the projects maintaining the 20 percent RPS 
will become fully integrated into the system; reflecting 2010 economic conditions and 
allowing time for pricing adjustments and efficiencies of certain renewable industries such 
as solar PV to reach the marketplace. For budgeting and planning purposes, the assumed 
RPS implementation strategy is 1 percent annual RPS increases from 2013 thru 2015 and 2 
percent from 2016 thru 2020. Of course, all of this strategy is dependent on adequate 
funding. 

• Transmission limitations in several regions are constraining development activities. These 
constraints are being studied at regional, statewide, and Western Electricity Coordinating 
Council (WECC) levels and potential federal and state legislative actions will affect 
transmission availability. Further resource decisions are dependent on transmission 
availability and cost. 

• Greenhouse Gas (GHG) and other climate change regulatory and legislative issues are 
pending. The eventual cap and trade methodology and market mechanisms that are 
implemented will influence RPS strategic and tactical decisions. 

• Within the overall RPS plan, decisions as to specific projects, technologies, operational 
strategies, and proj ect financial structures, will be made as the marketplace and regulatory 
environment change. 

D.3.2 Principles 

Future renewable projects will be strategically obtained with the following principles. 

FINAL 

1. Geographic diversity is important to maintain and enhance power system 
reliability. 

2. The use of existing LADWP assets such as transmission lines, land, and existing 
generation resources should be maximized. 
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D.3.3 

3. Pursue multi-faceted development with adequate back-up strategies to handle 
project delays, project failures, reduced generation output, and operation or 
maintenance impacts. 

4. 

5. 

6. 

7. 

Projects shall be targeted to specifically meet the Power SystemlRenewables 
Poli cy obj ecti ves. 

Flexible RPS goals will be established to address the variable nature of renewable 
energy while conforming to applicable state and federal requirements 

Ownership, operation, and maintenance are core objectives to maintain power 
system reliability and cost stability. The Power System is interested in owning 
projects that are based on proven technology. 

Operation and maintenance (O&M) management is a key criterion in clustering 
renewable projects. Keeping projects in close proximity would reduce O&M costs 
due to economies of scale and personnel efficiencies. 

Balancing Renewable Resources 

Several of these principles may be overlapping or even conflicting. For example, clustering of 
renewable projects would decrease O&M expenditures, but too many projects in an area will not 
meet the needs for geographic diversity. Also, ownership goals may impact project costs and 
immediate availability. Obtaining tax credits and/or grants may necessitate the need for 
developers to own a project for a certain number of years (typically 7-10 years) to capture tax 
advantages; thereby lowering the ultimate cost to LADWP. 

Subject to further studies, given the wind and solar projects coming on-line, limitations on the 
percentage of intermittent resources may be required. There may be more stringent limitation in 
certain resource areas, or along certain transmission systems. It is possible that no more than 15-
20 percent intermittent energy can be ultimately integrated in the current electric grid. Of the 20 
percent renewable energy consumed in 2010, less than l/5th of that amount was of an intermittent 
type. Most renewable resources are either small hydro or biogas having a predictable energy 
pattern or wind projects that have their energy output firmed and shaped by outside balancing 
authorities before delivery to LADWP. The total amount of intermittent energy obtained will not 
be increased beyond current levels unless studies demonstrate that these resources can be reliably 
integrated. 

Wind, as shown elsewhere in this IRP, is a volatile renewable energy resource. It is 
recommended that LADWP's wind forecasting tools and meteorological analysis capabilities be 
enhanced to provide efficient integration of wind energy. 

Similar studies will be required for solar projects coming on line in the next few years, and 
limitations of the percentage of solar will be required. Photovoltaic solar systems can have 
dramatic voltage changes, resulting from passing cloud cover and/or storms. Large installations 
of solar PV will likely need to be limited in size within a geographical area, unless it is coupled 
with solar thermal systems or energy storage systems. 
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Figure D-l: 2010 Renewable Energy Mix 

D.3.4 Impacts of CA Senate Bill SB 2 (IX) 

On April 12,2011, Governor Edmund G. Brown Jr. signed into law the California Renewable 
Energy Resources Act (herein referred to as "Act" or "SB 2 (IX)"). This Act sets new 
Renewable Portfolio Standard (RPS) procurement targets, new renewable resource eligibility 
definitions, and new reporting requirements applicable to Publicly Owned Electric Utilities 
(POUs). SB 2 (IX) becomes effective December 10, 2011, 90 days after the end of the special 
session in which it was enacted. 

This bill expresses the intent that the amount of electricity generated from eligible renewable 
energy resources be increased to an amount that equals at least 20% of the total electricity sold to 
retail customers in California by December 31,2013,25% by December 31,2016 and 33% by 
December 31,2020. In addition, this bill requires POU governing boards to adopt a policy with 
similar goals imposed on IOUs to enforce the RPS Program on its respective utility. 

According to the legislation, POU governing boards are directed to adopt "a program for the 
enforcement of this article" by January 1,2012. As such, POU governing boards have discretion 
to interpret the following provisions: 

• Procurement Target Goals 
• Reasonable Progress to achieve such goals 
• Procurement Requirements 
• Rules to apply excess procurement for future compliance periods 
• Conditions that allow for delaying timely compliance 
• Cost limitations for procurement expenditures. 
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Resources obtained in compliance with SB 2 (IX) must meet the following criteria: 

Category (aka "Buckets") Percentage of RPS Target 

1. Either: Have a first point of interconnection Com~liance Period 1 (2011-2013}: 
with a California balancing authority, have a 50% ofRPS minimum from this category. 
first point of interconnection with distribution 
facilities used to serve end users within a Com~liance Period 2 (2014-2016}: 
California balancing authority area, or are 65% ofRPS minimum from this category. 
scheduled from the eligible renewable energy 
resource into a California balancing authority Com~liance Period 3 (2017 to 2020}: 
without substituting electricity from another 75% ofRPS minimum from this category. 
source [PUC Section 399. 16(b)(I)(A)]. Or, 
have an agreement to dynamically transfer Post- 2020 
electricity to a California balancing authority. 75% ofRPS minimum from this 
[PUC Section 399.16(b)(I)(B)] category. 

2. Firmed and shaped eligible renewable energy Shall be calculated as the remainder of 
resource electricity products providing resources which are not in either Category 1 
incremental electricity and scheduled into a or Category 3. 
California balancing authority. [PUC Section 
399. 16(b)(2)] 

3. Eligible renewable energy resource electricity Com~liance Period 1 (2011-2013}: 
products or any fraction of the electricity 25% ofRPS maximum from this category. 
generated, including unbundled RECs that do 
not qualify under Bucket 1 or 2. [PUC Section Com~liance Period 2 (2014-2016}: 
399.16(b )(3)] 15% ofRPS maximum from this category. 

Com~liance Period 3 (2017 to 2020}: 
10% ofRPS maximum from this category. 

Post- 2020 
10% of RPS minimum from this 
category. 

The regulations promulgating this legislation by the CEC over POUs have not yet been finalized. 

D.3.5 Renewable Energy Credits 

The Public Utilities Code Section 399.12 (h) defines a Renewable Energy Credit (REC) as "a 
certificate of proof, issued through the accounting system established by the California Energy 
Commission ... that one unit of electricity was generated and delivered by an eligible renewable 
energy resource." RECs include all renewable and environmental attributes, including avoided 
greenhouse-gas (GHG) attributes, associated with the production of electricity from the eligible 
renewable energy resource. 

The primary method of renewable energy resource procurement will be through the development 
and acquisition of physical generation assets and energy purchase contracts, in which LADWP 
will acquire the "renewable energy credit" (REC) from the renewable resource "bundled" with 
the associated energy. 
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In order for RPS compliance targets to be managed effectively, LADWP may buy, sell, or trade 
RECs without the associated energy (unbundled). This procurement approach will be limited by 
the percentage requirements established by PUC Section 399.16(b)(3), and as described in the 
City of Los Angeles Department of Water and Power Renewable Portfolio Standard Policy and 
Enforcement Program, as amended on December 2011. 
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California and many of the western states contain a variety of resources (wind, solar, 
geothermal, and other "eligible" resources previously defined in the RPS Policy) that can be 
developed to ultimately generate electricity. However, the current transmission system was not 
primarily designed with these natural resources in mind. 

Even with the substantial existing transmission system owned by LADWP, and the other 
transmissions systems in California, there is only a limited amount of transmission lines to many 
of the potential renewable resource locations. In order to gain access to these sources of renewable 
energy, LADWP is planning on building additional transmission lines and expanding the 
capabilities of several existing lines, and utilizing transmission lines as part of renewable 
purchase power agreements. These projects include: 

1. Barren Ridge Renewable Transmission Project (BRRTP) - Transmission access and 
transmission line upgrades are needed to accommodate proposed wind projects in the 
Tehachapi area and solar thermal projects in the Mojave Desert, which total nearly 1,000 
MW. The initial project was the construction of the Barren Ridge substation which 
supports the 135 MW Pine Tree Wind project. This substation interconnects with 
LADWP's existing 230 kV Inyo-Rinaldi transmission line (which was built to gain 
access to the renewable hydro-generated energy from LADWP's aqueduct system in 
the Owens Valley). The Inyo-Rinaldi transmission capacity needs to be increased in 
order to accommodate additional renewable energy proj ects. A full Environmental 
Impact Report (EIR) process is currently underway on this project. 

2. Related to the BRRTP project, the potential Owens Valley Solar projects may require 
further upgrades to the Inyo-Barren Ridge segment of this transmission line and a 
generation tie-line into the project area. Depending on ultimate solar build-out in the 
Owens Valley, additional new transmission may be required. 

3. The joint Southern California Edison/Imperial Irrigation District upgrade of Path 42 is 
critical for delivery of renewable generation from the lID area into the California ISO. 
Upgrading Path 42 requires improvements to facilities under the control of SCE and the 
California ISO as well as facilities under lID control. The lID upgrades consist of 
replacing the 220 kV circuits between the Coachella Valley Substation and the Mirage 
Substation with bundled circuits, two conductors per circuit. The lID portion of the 
upgrades would increase the capacity of lID's portion of the path by around 800 MW and 
could be completed by the end of 2011. The total renewable potential for the California 
ISO/lID Path 42 upgrades is approximately 1,400 MW. 
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Inyo/Mono/Kern Counties 
Geothermal: 30 MW 
Wind: 420MW 
Solar-SOVSR: 150 MW 

50 MW-l00MW 
50-150 MW (by 2030) 

40MW 

Biogas: 60 MW (by 2012) 
Solar: 325 MW (by 2020) 
Solar: 466 MW (by 2030) 
Generic: 82MW (by 2030) 
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1470 MW of New Renewables by 2020 
Geothermal: 183 MW 
Biogas: 60 MW 
Wind: 492MW 
Solar (HV Trans) 401 MW 
Solar (Locan: 325 MW 

o Total by 2020: 1461 MW 
Additional Geothermal: 125 MW 
Additional Solar: 50 MW SOVSR + 141 In-basin 

162MW 
1939 MW 

Nevada / Utah deserts 
Geothermal: 53 MW 

lID / WAPA Transmission 

Imperial County 
Geothermal: 100 MW 

0-100 MW 

50MW-200MW 
50-150 MW (By 2030) 

40MW 

Figure D-2: Renewable Transmission Paths and Potential Resources, 2010 - 2030 
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For LADWP to develop a responsible and prudent renewable energy policy, it must balance 
environmental objectives such as fuel diversity, energy efficiency and clean air against its core 
responsibility to provide and distribute safe, reliable, and low-cost energy to its customers. 
That means developing a RPS that ensures LADWP's continued financial integrity and striving to 
mitigate the financial impact on retail customers. 

The financial impact of meeting a 33 percent RPS goal will vary depending on the mix of 
resource types and associated costs. Generally, renewable energy costs more than traditional 
energy sources such as natural gas and coa1. However, a diversified energy portfolio, including a 
larger mix of renewables, may also reduce the risk of price spikes due to fuel supply shortages. 

Estimated RPS revenue requirements to comply with SB 2 (IX) compliance targets of 25 
percent renewable in 2016 and 33 percent in 2020 are shown in Figure D-3. Revenues required 
for an additional 4000 GWh annually for 2020 and beyond will require increasing annual 
renewable portfolio costs from 400 million to 950 million over the next 9 years. 

During the early years of the RPS program, low cost, small hydro resources and biogas 
comprised the bulk of the portfolio with relatively higher cost wind energy being recently 
introduced over the last several years. Going forward, higher cost resources such as wind, solar, 
and geothermal must be used to comply with RPS standards as other lower cost alternatives 
have been largely exhausted. As can be seen in Figure D-4, contracts for renewable projects 
totaling 1,250 GWh or 28 percent of the renewable energy supply will expire over the next 4 
years and will need to be replaced with higher cost renewable resources. Maintaining the current 
20 percent RPS will require additional revenue to compensate for these higher cost replacement 
resources. 
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LADWP RPS REVENUE REQUIREMENT 
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Figure D-3 - LADWP RPS Revenue Requirement 2011-2030. 
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Year 

_ Projects In-Service = Projects Under Construction =Projects Planned = Deficit -+Goal 

Figur D-4. LADWP RPS supply and goals for 2011-2020. 

D.6 Other LADWP Renewable Projects 

LADWP has several additional projects that are in various stages of development LADWP also has 
short-listed additional renewable energy projects that have been offered in response to past 
LADWP's Request for Proposal (RFPs) or SCPPA RFPs_ These short-listed projects and other 
proposals from upcoming RFP's will be used to select future proj ects, subj ect to the criteria 
enumerated within this section_ 

The eligibility of wind, solar, and geothermal projects to count toward renewable energy targets 
is well understood_ LADWP has also procured biogas and is considering the use of certain types 
of biomass_ Energy generated from this category is RPS-e1igible_ 
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The current California Energy Commission (CEC) Overall Program Guidebook of January, 2011 
defines biogas as "a gas derived from RPS-eligible fuel including biomass, digester gas, and/or 
landfill gas". CEC is currently working on a new Guidebook to comply with the SB 2 (IX) RPS 
requirements to further define eligible sources ofBiogas. 

Biogas or digester gas is typically derived from the anaerobic digestion of agricultural or animal 
waste and biomass is typically defined as any organic material not derived from fossil fuels, 
including agricultural crops, agricultural wastes and residues, waste pallets, crates, dunnage, 
manufacturing, construction wood wastes, landscape and right-of-way tree trimmings, mill 
residues that result from milling lumber, rangeland maintenance residues, biosolids, sludge 
derived from organic matter, and wood and wood waste from timbering operations. 

In keeping with capturing the intent of the California legislature to increase use of renewable 
fuels, the LADWP amended its RPS policy when the CEC issued its third edition of the 
Guidebook in January 2008. Language from the CEC Guidebook states, "RPS-eligible biogas 
(gas derived from RPS-eligible fuel such as biomass or digester gas) inj ected into a natural gas 
transportation pipeline system and delivered into California for use in an RPS-certified multi-fuel 
facility may result in the generation ofRPS-eligible electricity." The CEC also considers landfill 
gas (LFG) - gas produced by the breakdown of organic matter in a landfill - a renewable fuel. 

The LADWP's gas-fired generating units capable of burning a mixture of biogas and 
conventional natural gas fall under the CEC multi-fuel designation. The CEC Guidebook states, 
" ... only the renewable portion of generation will count as RPS eligible, and only when the 
Energy Commission approves a method to measure the renewable portion." 

Pursuant to the CEC Guidebook, the LADWP calculates the amount of RPS-eligible electricity 
produced at its gas-fired generating units by multiplying the total generation of the facility by the 
ratio of the quantity of biogas used to the quantity of total gas used by the facility. Both the 
energy generated and the quantity of gas used must be measured on a monthly basis. 

The LADWP currently produces RPS-eligible energy derived from biogaslbiomass. Digester gas 
produced at the Hyperion Wastewater Treatment facility is piped to the adjacent Scattergood 
Generating Station, where it is used to produce RPS-eligible energy. Additionally, the LADWP 
procures biogaslbiomass-derived renewable energy via gas-fired microturbines located at several 
landfills throughout Los Angeles. 

The LADWP currently holds short-term contracts with developers to purchase LFG. Under these 
contracts, the LADWP obtains LFG from several landfill sites located outside California. LFG 
produced by the landfills is scrubbed and filtered to pipeline grade and injected into the interstate 
natural gas pipeline system for delivery to the LADWP's most efficient gas-fired generating 
units. 

D.6.2 Municipal Solid Waste 

• The current CEC criteria sets forth several conditions for RPS-eligibility of municipal 
solid waste (MSW) conversion facilities: The facility uses a two-step process to create 
energy whereby in the first step (gasification conversion) a non-combustion thermal 
process that consumes no excess oxygen is used to convert MSW into a clean burning 
fuel, and then in the second step this clean burning fuel is used to generate electricity. 
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• The facility is located in-state or satisfies certain out-of-state requirements. 

• The technology produces no discharges of air contaminants or emissions, including 
greenhouse gases as defined in Section 42801.1 of the Health and Safety Code. 

• The technology produces no discharges to surface or groundwaters of the state. 

• The technology produces no hazardous wastes. 

• As much as possible, the technology removes all recyclable materials and marketable 
green waste compostable materials from the solid waste stream before the conversion 
process. 

The facility certifies that any local agency sending solid waste to the facility diverted at least 30 
percent of all solid waste it collects through solid waste reduction, recycling, and composting. 

The LADWP currently does not procure energy from any MSW combustion or conversion 
facilities, but may consider projects that meet all CEC criteria. 

D.7 Power Content Label 

In 1997, Senate Bill 1305 was approved, which required Energy Service Providers (ESP) to 
report to their customers information about the resources that are used to generate the energy that 
they sell. A form, called the Power Content Label, would be used for this purpose, which would 
also provide a common reporting method to be used by all ESPs. 

In addition, the 2002 Senate Bill 1078 established California's Renewable Portfolio Standard 
(RPS) which included both a requirement for electric utilities to report annually to their 
customers the resource mix used to serve its customers by fuel type, and to report annually to its 
customers the expenditures of public goods funds used for public purpose programs. The report 
should contain the contribution of each type of renewable energy resource with separate 
categories for those fuels considered eligible renewable energy resources, and the total 
percentage of eligible renewable resources that are used to serve the customers' energy needs. 

LADWP's 2010 Power Content Label is shown in Table D-l. As LADWP has two separate 
renewable programs, the RPS policy and GREEN, both of these programs are reported on the 
Power Content Label. 
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Table D-l: LADWP's 2010 Power Content Label 

POWER CONTENT LABEL 
Annual Report of Actual Electricity Purchases for LADWP 

Calendar Year 2010 
LADWP LADWP 2010 CA 

Power Green Power POWER MIX" 

ENERGY RESOURCES ACTUAL MIX ACTU AL MIX (for companoon) 

Eligible Renewable ... 20% 100% 14% 
-- Biomass & waste 4% 59% 2% 
-- Geothermal 1% 0% 5% 
-- Small hydroelectric 7% 41% 2% 
-- Solar 0% 0% 0% 
-- Wind 8% 0% 5% 
Coal 39% 0% 7% 
Large Hydroelectric 3% 0% 11% 
Natural Gas 22% 0% 42% 
Nuclear 11% 0% 14% 
Other 0% 0% 0% 

Unspecified sources of power' 5% 0% 12% 
TOTAL 100% 100% 100% 

• "Unspeci fied sources of power" means electri city from transactions that are not traceable to specific 
generation sources . 

•• Percentages are estimaled annua lly by the California Energy Commission based on the electriCity sold to 
California consumers duri ng the previous year . 

... This is in accordance Wi th Los Angeles City Counci l's action on 10-5-04 for File No. 03-2688 (RPS) 

For specific information about this electricity procuct, contact LADWP aI 1-800-DIAL-DWP. For general information 
about the Power Content Label, contact tile Cali/ornla Energy Commission at 1-ilOO-555-7794 or 

wNw_energy.ca_govlconsumer. 
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Reference D-l - LADWP Renewables Portfolio Standard Policy and 
Enforcement Program Amended December 2011- Board Resolution: 

WHEREAS in August 2000, the Board of Water and Power Commissioners (Board) 
approved a resolution that authorized the Los Angeles Department of Water and Power 
(LADWP) to adopt an Integrated Resource Plan that established a goal of meeting 50 
percent of projected load growth through a combination of Demand-Side-Management, 
Distributed Generation, and Renewable Resources; and 

WHEREAS in 2002, the California Legislature passed Senate 
Bill 1078 that established the California Renewables Portfolio Standard (RPS), and a 
goal for all investor-owned utilities to increase their use of renewable resources by at 
least 1 percent per year, until 20 percent of their retail sales were procured from 
renewables by 2017; and 

WHEREAS publicly-owned utilities like LADWP were exempt from California Senate Bill 
1078, however they were encouraged to establish renewable resource goals consistent 
with the intent of the California Legislature; and 

WHEREAS on June 29,2004, the Los Angeles City Council adopted a LADWP RPS 
Framework and requested that the Board establish a RPS Policy, including achieving 
"20 percent renewable energy by 2017" and "incorporating this RPS into all future 
energy system planning"; and 

WHEREAS on October 15, 2004, the Los Angeles City Council adopted a resolution 
approving the inclusion of existing LADWP hydroelectric generation units greater than 
30 megawatts in size, excluding the Hoover hydroelectric plant, as part of the City's 
RPS list of eligible resources; and 

WHEREAS on June 29,2005, the Los Angeles City Council approved LADWP's 
Renewables Portfolio Standard Policy, which was designed to increase the amount of 
energy LADWP generated from renewable power sources to 20 percent of its energy 
sales to retail customers by 2017, with an interim goal of 13 percent by 2010; and 

WHEREAS in December of 2005, the Board recommended that LADWP accelerate the 
RPS goal to obtain 20 percent renewables by 2010, which recommendation included 
updating LADWP's Integrated Resource Plan to include this goal, proceeding with the 
negotiation and contract development for renewable resources proposed and selected 
in LADWP's 2004 RPS and Southern California Public Power Authority 2005 RPS, 
supporting the cost of accelerating the RPS, and maintaining the financial integrity of 
LADWP's Power System during times of natural gas price volatility; and 

WHEREAS on April 11 ,2007, the Board amended LADWP's RPS Policy by advancing 
the date of the goal that required 20 percent of energy sales to retail customers be 
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generated from renewable resources to December 31, 2010, and by establishing 
renewable energy procurement ownership targets; and 

WHEREAS, on May 20,2008, the Board approved an amended RPS Policy, which 
included an additional RPS goal that required 35 percent of energy sales to retail 
customers be generated from renewable resources by December 31,2020, expanded 
the list of eligible renewable resources, and provided new energy delivery criteria; and 

WHEREAS, the California Renewable Energy Resources Act will become effective on 
December 10, 2011, and requires the governing board of a local publicly owned electric 
utility, such as LADWP, to adopt a program for enforcement, in accordance with Public 
Utilities Code Section 399.30(e), by January 1, 2012. 

NOW, THEREFORE BE IT RESOLVED that the Board of Water and Power 
Commissioners of the City of Los Angeles hereby adopts the Renewables Portfolio 
Standard Policy and Enforcement Program, Amended December 2011, approved as to 
form and legality by the City Attorney, and on file with the Secretary of the Board. 

I HEREBY CERTIFY that the foregoing is a full, true, and correct copy of a resolution 
adopted by the Board of Water and Power Commissioners of the City of Los Angeles at 
its meeting held 

Secretary 

FINAL D - 18 December 22, 2011 

AR0071328 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

Appendix D 
Renewable Portfolio Standard 

Reference D-2 - LADWP Renewables Portfolio Standard Policy and 
Enforcement Program Amended December 2011: 

1. Purpose: 

City of Los Angeles Department of Water and Power 
Renewables Portfolio Standard Policy 

and 
Enforcement Program 

Amended December 2011 

On April 12, 2011, Governor Jerry Brown signed into law the California Renewable 
Energy Resources Act (herein referred to as "Act" or "SB 2 (1 X)"). This Act sets new 
Renewable Portfolio Standard (RPS) procurement targets, new renewable resource 
eligibility definitions, and new reporting requirements applicable to local Publicly Owned 
Electric Utilities (POUs). It is anticipated that SB 2 (1X) becomes effective on December 
10, 2011, ninety days after the end of the special legislative session (1X) in which it was 
enacted. 

This RPS Renewables Portfolio Standard Policy and Enforcement Program (RPS 
Policy) as amended, represents the continued commitment by the 
Los Angeles Department of Water and Power (LADWP) to renewable energy resources. 
It is being adopted in accordance with the newly added Section 399.30 (e) of the Public 
Utilities Code (PUC), requiring the governing boards of POUs to adopt "a program for 
enforcement of this article" on or before January 1, 2012. 

The SB 2 (1X) also requires the California Energy Commission (CEC) to "adopt 
regulations specifying procedures for enforcement of this article", which include a public 
process under which the CEC may issue a notice of violation and correction against a 
POU for failure to comply. The CEC is further required to refer violations of its 
regulations to the California Air Resources Board which may impose penalties to 
enforce the Act consistent with California Assembly Bill 32, (AB32 - California Global 
Warming Solutions Act of 2006). 

It is the intent of LADWP to comply with the provisions of the Act, and with applicable 
enforcement regulations adopted by the CEC pursuant to the Act. It is also the intent of 
LADWP to update this RPS Policy, as necessary, after the CEC adopts regulations 
specifying procedures for enforcement. 

The Board of Water and Power Commissioners of the City of Los Angeles (Board) 
retains its jurisdiction to enforce the RPS Policy in accordance with PUC Section 399.30 
(e). 

2. Background: 

In 2002, California Senate Bill 1078 (SB 1078) added Sections 387, 390.1 and 399.25, 
and Article 16 (commencing with Section 399.11) to Chapter 2.3 of Part I of Division 1 of 
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the PUC, establishing a 20 percent RPS for California investor-owned electric utilities. 
SB 1078 provided that each governing board of a local POU be responsible for 
implementing and enforcing a RPS that recognizes the intent of the Legislature to 
encourage renewable resources and the goal of environmental improvement, while 
taking into consideration the effect of the standard on rates, reliability, and financial 
resources. 

On June 29, 2004, the Los Angeles City Council passed Resolution 03-2064-S 1 
requesting that the Board adopt an RPS Policy of 20 percent renewable energy by 2017 
setting applicable milestones to achieve this goal, and incorporate this RPS into a future 
Integrated Resource Plan (IRP). 

On May 23, 2005, the Board adopted a LADWP RPS Policy that established the goal of 
increasing the amount of energy LADWP generates from renewable power sources to 
20 percent of its energy sales to retail customers by 2017, with an interim goal of 13 
percent by 2010. On June 29, 2005, the Los Angeles City Council approved the LADWP 
RPS Policy. 

On April 11 ,2007, the Board amended the LADWP RPS Policy by accelerating the goal 
of requiring that 20 percent of energy sales to retail customers be generated from 
renewable resources by December 31,2010. In addition, the amended policy 
established a "Renewable Resource Surcharge" and also established renewable energy 
procurement ownership targets. 

The Board subsequently approved a RPS Policy, as amended April 2008, which 
included an additional RPS goal of requiring that 35 percent of energy sales to retail 
customers be generated from renewable resources by December 31,2020, expanded 
the list of eligible renewable resources, and provided new energy delivery criteria. 

In 2010, LADWP achieved its RPS goal of 20 percent. 

3. RPS Compliance Targets: 

To promote stable electricity prices, protect public health, improve environmental 
quality, provide sustainable economic development, create new employment 
opportunities, reduce reliance on imported fuels, and ensure compliance with applicable 
state law, the following RPS compliance targets are hereby adopted: 

1. For the period of January 1,2011 to December 31,2013, LADWP will procure 
sufficient electricity products from eligible renewable energy resources to achieve 
an average of 20 percent of retail sales during such period. 

2. LADWP will increase its procurement of electricity products from eligible 
renewable energy resources to achieve 25 percent of retail sales by 

FINAL 

December 31, 2016, based on an average percentage of retail sales calculations 
for the period of January 1, 2016 to December 31, 2016. 
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3. LADWP will increase its procurement of electricity products from eligible 
renewable energy resources to achieve 33 percent of retail sales by 
December 31,2020, based on an average percentage of retail sales calculations 
for the period of January 1, 2020 to December 31, 2020. 

4. For each calendar year after 2020, LADWP will procure sufficient electricity 
products from eligible renewable energy resources to achieve a minimum 33 
percent of retail sales based on an average percentage of retail sales 
calculations for the period of January 1 to December 31 in each such calendar 
year. 

The LADWP will continue to encourage voluntary contributions from customers to fund 
renewable energy resources in addition to the stated RPS compliance targets, in 
accordance with its Green Power for a Green L.A Program or any successor program. 

4. Eligible Renewable Energy Resources: 

Prior to the enactment of SB 2 (1X), the LADWP RPS Policy defined the following 
technologies as "eligible renewable resources": "biodiesel; biomass; conduit 
hydroelectric (hydroelectric facilities such as an existing pipe, ditch, flume, siphon, 
tunnel, canal, or other manmade conduit that is operated to distribute water for a 
beneficial use); digester gas; fuel cells using renewable fuels; geothermal; hydroelectric 
incremental generation from efficiency improvements; landfill gas; municipal solid 
waste; ocean thermal, ocean wave, and tidal current technologies; renewable derived 
biogas (meeting the heat content and quality requirements to qualify as pipeline-grade 
gas) injected into a natural gas pipeline for use in renewable facility; multi-fuel facilities 
using renewable fuels (only the generation resulting from renewable fuels will be 
eligible); small hydro 30 Mega Watts (MW) or less, and the Los Angeles Aqueduct 
hydro power plants; solar photovoltaic; solar thermal electric; wind; and other 
renewables that may be defined later." 

All renewable energy resources approved by the Board as part of its renewables 
portfolio in accordance with applicable law and previous versions of this RPS Policy, 
including without limitation those on Appendix A, will continue to be eligible renewable 
energy resources. These renewable energy resources will count in full towards 
LADWP's RPS targets adopted in section 3 under this updated RPS Policy. 

For RPS resources procured after the effective date of SB 2 (1X), "eligible renewable 
energy resource" means a generation facility that meets eligibility criteria under 
applicable law, including a "Renewable Electrical Generation Facility" as defined in 
Section 25741 (a) of the Public Resources Code and "Eligible Renewable Energy 
Resource" as defined in PUC Sections 399.12 (e) and 399.12.5. 

5. Long-Term Resource and Procurement Plan: 

The LADWP will integrate the RPS Policy into its long-term resource planning process, 
and the RPS Policy will not compromise LADWP's IRP objectives of service reliability, 
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competitive electric rates, and environmental leadership. Future IRPs will incorporate 
and expand upon RPS compliance targets, and further define plans for procuring 
eligible renewable energy resources by technology type and geographic diversity. 

Each year, the Board adopts an annual fiscal year budget, including a Fuel and 
Purchased Power Budget (FPP), which defines the specific expenditures for renewable 
energy resources. The annual fiscal year budget, including the FPP, will comprise the 
LADWP Renewable Energy Resources Procurement Plan, as required under SB 2 (1X). 

6. Procurement of Eligible Renewable Energy Resources: 

The LADWP will procure eligible renewable energy resources based on a competitive 
method and least-cost, best-fit evaluations. Furthermore, preference will be given to 
projects that are located within the City of Los Angeles or on City-owned property and 
are to be owned and operated by LADWP to further support LADWP's econom ic 
development and system reliability objectives. 

Notwithstanding the foregoing, LADWP will also procure eligible renewable energy 
resources through programs such as a Distributed Generation Feed-In-Tariff, Senate 
Bill 1 (SB1) Customer Net Metered Solar PV, other local renewable energy programs, or 
similar procurement processes. These transactions will be made in as cost-effective a 
manner as is feasible in each respective instance, with pricing that reflects applicable 
legal requirements and market conditions, prevailing policy, and competitive methods. 
Short-term renewable energy transactions will be needed as well, on a limited basis, to 
manage LADWP's RPS eligible renewable energy resources portfolio effectively based 
on prevailing wholesale practices. 

Before December 31, 2010, LADWP pursued its 20 percent RPS goal in a manner 
which resulted in a minimum of 40 percent renewable energy generation ownership that 
LADWP developed or that LADWP procured through contracts with providers of 
renewable energy. Further, with respect to the foregoing contracts with providers, such 
contracts provided for LADWP ownership or an option to own, either directly or indirectly 
(including through joint powers authorities). 

On or after January 1, 2011, a minimum of 75 percent of all new eligible renewable 
energy resources procured by LADWP will either be owned or procured by the LADWP 
through an option-to-own, either directly or indirectly (including through joint powers 
authorities) until at least half of the total amount of eligible renewable energy resources, 
by Megawatt-hour (MWh), is supplied by eligible renewable energy resources owned or 
optioned either directly or indirectly (including through joint powers authorities) by 
LADWP. 

The first priority for LADWP will be to pursue outright ownership opportunities, and the 
second priority will be consideration of procuring option-to-own, cost-based renewable 
energy resources. In comparing outright ownership to "option-to-own," option-to-own 
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projects must show clear economic benefits, such as pass-through of Federal or State 
tax credits or incentives, which could not otherwise be obtained, or the need to evaluate 
new technology. The option-to-own will be exercisable with the minimum terms 
necessary to obtain and pass those tax credits and/or incentives to LADWP and/or upon 
a reasonable amount of time to evaluate the operation of the new technology. 

7. Portfolio Content Categories 

As required by SB 2 (1X), eligible renewable energy resources, procured on or after 
June 1,2010, will be in accordance with PUC Sections 399.16 (b) and (c). Section 
399.16 (b) defines eligible renewable energy resources in three distinct portfolio content 
categories, commonly known as "buckets". LADWP will ensure that the procurement of 
its eligible renewable energy resources on or after 
June 1, 2010, will meet the specific percentage requirements set out in Section 399.16 
(c) for each bucket in each compliance period. 

These buckets and percentage requirements are summarized in Table 1 below: 

Table 1: Procurement Content Categories and Percentage Requirements 

Category (aka "Buckets") Percentage of RPS Target 

4. Either: Have a first point of interconnection 
with a California balancing authority, have Comt;!liance Period 1 (2011-2013}: 
a first point of interconnection with 50% of RPS minimum from this 
distribution facilities used to serve end category. 
users within a California balancing 
authority area, or are scheduled from the Comt;!liance Period 2 (2014-2016}: 
eligible renewable energy resource into a 65% of RPS minimum from this 
California balancing authority without category. 
substituting electricity from another source 
[PUC Section 399.16(b)(1)(A)]. Or, have an Comt;!liance Period 3 (2017 to 2020}: 
agreement to dynamically transfer 75% of RPS minimum from this 
electricity to a California balancing category. 
authority. [PUC Section 399.16(b)(1)(B)] 

Post 2020: 
75% of RPS minimum from this 
category. 

5. Firmed and shaped eligible renewable Shall be calculated as the remainder of 
energy resource electricity products resources which are not in either 
providing incremental electricity and Category 1 or Category 3. 
scheduled into a California balancing 
authority. [PUC Section 399.16(b)(2)] 

6. Eligible renewable energy resource Comt;!liance Period 1 (2011-2013}: 
electricity products, or any fraction of the 25% of RPS maximum from this 
electricity generated, including unbundled category. 
RECs, that do not qualify under Bucket 1 or 
2. [PUC Section 399.16(b)(3)] Compliance Period 2 (2014-2016): 
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15% of RPS maximum from this 
category. 

Compliance Period 3 (2017 to 2020): 
10% of RPS maximum from this 
category. 

Post 2020: 
10% of RPS maximum from this 
category. 

The LADWP will define the specific scheduling methods, including firming services, as 
needed, to maintain transmission system reliability and compliance with these 
procurement content categories and specified percentage requirements. 

Subject to the provisions of PUC Section 399.16 (d), renewable electricity products 
procured prior to June 1, 2010, are exempt from these portfolio content categories and 
will continue to count in full toward LADWP's RPS compliance targets. 

8. System Rate Impact: 

The LADWP may not make any major financial commitment to procure renewable 
resources prior to evaluating the rate impact and any potential adverse financial impact 
on the City transfer. 

9. Compliance Considerations: 

In accordance with this RPS Policy, the Board will review the annual fiscal year budget 
and Renewable Energy Resources Procurement Plan, and will ensure that reasonable 
progress is being made towards compliance with the RPS compliance targets. 

Reasonable progress may include activities that further the development and 
procurement of eligible renewable energy resources. Such activities may include, but 
are not limited to: real estate purchases for future project development, project planning 
and environmental permitting for either renewable energy projects or transmission in 
support of renewable energy projects, and other engineering, planning, budgeting, 
contracting and regulatory compliance activities. 

In accordance with PUC Section 399.30 (d) (2), under exceptional circumstances the 
Board may adopt conditions that allow for delaying timely compliance with the RPS 
compliance targets, consistent with PUC Section 399.15 (b). Such conditions may 
include perm itting, interconnection or environmental delays; transm iss ion constraints; 
resource availability; or operational limitations. 

In accordance with PUC Section 399.30 (d) (3), under exceptional circumstances the 
Board may adopt cost limitations for procurement expenditures consistent with PUC 
Sections 399.15 (c) and 399.15 (d). 
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In accordance with PUC Section 399.30 (d) (1), under exceptional circumstances the 
Board may adopt rules permitting LADWP to apply excess procurement in one 
compliance period to subsequent compliance periods in the same manner as allowed 
for retail sellers pursuant to PUC Section 399.13. 

10. Reporting and Notice Requirements: 

The LADWP will provide a monthly RPS Progress Report to the Board of 
Commissioners. Additionally an annual report will be provided to its customers and the 
CEC, containing all information required to be reported pursuant to SB 2 (1X), SB 1078, 
SB 107, and related regulations. 

Per PUC Section 399.30 (e), the Board will adopt the program for enforcement at a 
publicly noticed Board meeting offering all interested parties an opportunity to comment. 
No less than 30 days' notice shall be given to the public of any meeting held for 
purposes of adopting the program. No less than 10 days' notice shall be given to the 
public before any meeting is held to make a substantive change to the program. 

Per PUC Section 399.30 (f), LADWP will post notice whenever the Board will deliberate 
in public on its Renewable Energy Resources Procurement Plan. LADWP will either 
notify the CEC of the date, time, and location of the meeting in order to enable the CEC 
to post the information on its Internet Web site, or provide the CEC with the uniform 
resource locator (URL) that links to this information. In addition, upon distribution to the 
Board of information related to LADWP's renewable energy resources procurement 
status and future plans, for the Board's consideration at a noticed public meeting, 
LADWP shall make that information available to the public and shall provide the CEC 
with an electronic copy of the documents for posting on the CEC's Internet Web site, or 
provide the Uniform Resource Locator (URL) that links to the documents or information 
regarding other manners of access to the documents. 

Per PUC Section 399.30 (g), LADWP shall annually submit to the CEC documentation 
regarding eligible renewable energy resources procurement contracts that it executed 
during the prior year. 

Per PUC Section 399.30 (I), LADWP shall report, on an annual basis, information on: 
(1) expenditure of public goods funds for eligible renewable energy resources 
development, (2) the resource mix used to serve its retail customers by energy source, 
and (3) status in implementing the RPS and progress toward attaining the RPS. 

LADWP will continue to provide a Power Content Label Report to its customers as 
required by SB 1305 (1997) and AB 162 (2009), and an annual report of the total 
expenditure for eligible renewable energy resources funded by voluntary customer 
contributions. 
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The primary method of renewable energy resource procurement will be through the 
development and acquisition of physical generation assets and energy purchase 
contracts where the "Renewable Energy Credit" (REC) is "bundled" with the associated 
energy. PUC Section 399.12 (h) provides the REC definition. 

In order for RPS compliance targets to be managed effectively, LADWP may buy, sell, 
or trade RECs without the associated energy (unbundled). This procurement approach 
will be limited by the percentage requirements established by PUC Section 399.16 (b) 
(3), and as described in section 7 above. 

RPS Policy & Enforcement Program 
Appendix A - List ofLADWP RPS Resources prior to SB 2 (IX) 

PPM SW Wyoming - Pleasant Valley Wind 

Linden Wind 
PPM Pebble Springs Wind 

Willow Creek Wind 
Pine Tree Wind Power Project 

Milford Wind Phase I 
Milford Wind Phase II 
Windy Point Phase II 
Powerex - BC Hydro 

MWD Sepu Iveda 
Lopez Canyon Landfill 

WM Bradley Landfill 

Penrose Landfill 

Toyon Landfill 

Valley Generating Station (GS) - Multi-fuel 

Scattergood GS - Multi-fuel 

Haynes GS - Multi-fuel 

Harbor GS - Multi-fuel 

Shell Energy Landfill Gas 

Atmos Energy Landfill Gas 

Hyperion Digester Gas - Scattergood GS 

LADWP Small Hydro Power Plants (PP) 
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San Francisquito Power Plant 1 

San Francisquito Power Plant 2 

San Fernando Power Plant 2 

Foothill Power Plant 

Franklin Power Plant 

Sawtelle Power Plant 

Haiwee Power Plant 

Cottonwood Power Plant 

Division Creek P. P. 

Big Pine Power Plant 

Pleasant Valley P. P. 

Upper Gorge P. P. 

Middle Gorge P. P. 

Control Gorge P. P. 

North Hollywood Pump Station PP 

Castaic Hydro Plant - Efficiency Upgrades 

SB-1 Customer Net Metered Solar PV 

DWP Built Solar 
Silverlake Library 

LA Convention Center Canopy 

Sun Valley Library 

Lake View Terrace Library 

Canoga Park Library 

North Central Animal Shelter 

Ascot Library 

Hyde Park Library 

Ducommon Fitness Center 

Truesdale Warehouse 

Van Nuys Truck Shed 

Distribution Station 3 (Vincent Thomas Bridge) 

Main Street Yard 

Exposition Park Library 

Granada Hills Yard 

LADWP JFB Parking Lot 

LA Convention Center Cherry St Parking Lot 

Council District 6 Field Office 
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E.I Overview 

AppendixE 
Power Reliability Program 

This Appendix describes LADWP's existing power reliability programs, which has provided 
high quality service to customers for more than 90 years. Recommendations are then presented 
for programs and actions to ensure high reliability in the future. Finally, statistical information is 
provided on the progress of the Power Reliability Program (PRP). 

E.2 Historic Reliability of LADWP System 

Reliable electric power has been a cornerstone objective of LADWP since it began offering 
municipal electricity in 1917. Historically, LADWP's Power System reliability has consistently 
placed in the top quartile of the electric utility industry, and it is LADWP's goal to continue this 
into the foreseeable future. However, as a result of aging electrical distribution infrastructure, 
there are significant challenges for LADWP to continue to maintain these reliability goals. 

The City of Los Angeles (City) was founded in 1781 and incorporated in 1850. Since then, Los 
Angeles has grown to the Nation's second largest City with a population of almost 4 million 
residents. Historically, most of this growth occurred between 1920 when there were roughly 
580,000 residents and 1970 when the City had grown to over 2.8 million residents. This 
incredible growth of 2.2 million residents (roughly 56 percent of today's population) coincided 
with the mass electrification of homes and businesses throughout the country and specifically the 
City. During this time, LADWP installed tremendous amounts of electrical infrastructure to 
ensure that these growing numbers of new homes and businesses were supplied with reliable 
electric service. Figure E-l shows the number of electrical distribution poles categorized by age, 
and demonstrates that the installation of these poles (and the related electrical distribution 
infrastructure) was directly related to the historical population growth. 
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Figure E-I. Pole count by year range installed. 
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As a testimony to the initial design and installation of this electrical infrastructure, it has reliably 
served the residents of the City over the last 40 to 70 years. However, data now shows that 
reliability is beginning to deteriorate. In the past few years, outage rates have increased, 
including several high profile outages, demonstrating that this equipment is at the end of its 
service life. As more of the infrastructure ages and there is related performance deterioration, it 
will create a significant backlog of deferred maintenance and require increased levels of 
reliability-enhancing capital work. Existing staffing and funding levels will not be sufficient to 
replace the infrastructure that is needed to maintain the reliability that LADWP customers have 
come to expect. 

E.3 Recommendations to Improve System Reliability 

System reliability can be measured in terms of the key SAIDI and SAIFI performance indicators, 
defined below: 

• SAIFI - System Average Interruption Frequency Index -Total number of sustained 
customer interruptions divided by the total number of customers, expressed in 
interruptions per customer per year. 

• SAIDI - System Average Interruption Duration Index -Total minutes of sustained 
customer interruption divided by the total number of customers, expressed in minutes per 
customer per year. 

Power System staff and independent industry experts have reviewed the overall system and have 
developed the following set of initial recommendations to improve reliability. These are 
summarized in the following subsections. 

E.3.1 Operations and Maintenance (O&M) Programs 

• Abnormal Circuits and Open Circuits: Abnormal Circuits and Open Circuits are cables 
that have been temporarily repaired and not in an as designed condition. These temporary 
repairs were made in the interest of restoring service in a timely manner rather than 
making permanent repairs, which were planned later. However, because temporary 
repairs are increasing, more staff is needed to make permanent repairs. Expanding 
Distribution Construction and Maintenance (DC&M) crews and proceeding with the 
Cable Replacement program will facilitate timely permanent restoration. 

• Station Equipment Maintenance: The current maintenance practice is generally reactive 
to failures, not proactive and/or preventative. There is a large backlog of maintenance 
jobs. Maintenance practices should be modified, increasing maintenance frequency and 
adjusting staffing as appropriate. 

• Overhead Transmission Maintenance: There is substantial deferred maintenance and a 
large volume of new capital work. Maintenance frequency should be increased and 
staffing adjusted as required. 

Figure E-2 shows the SAIDI per Calendar year, both achieved to date and projected, and the 
impact of the ongoing PRP to reduce the SAIDI to the long term goal of 60 minutes by 2015. 

FINAL E-2 December 22, 2011 

AR0071340 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

AppendixE 
Power Reliability Program 

140,-__________ ~I=A~S-OT-~~ep-t------------------------------~------------__, 

.-. 
en 
(J) ...... 
:::J 
C 

E 
"'-'" 

0 
« 
C/) 

120r---------------~~~------------------~----------------------~ 

100 

80 

60 

40 
Target Service 
Level with PRP 
Investment 

20 

o~--~--~----~--~--~----~--~--~----~--~~~----~--~--~ 

FY 04-
05 

FY 05- FY 06-
06 07 

FY 07-
08 

FY 08-
09 

'Contingent on contract labor and PRP training graduates 

FY 09- FY 10-
10 11 

FY 11- FY 12-
12 13 

FY 13-
14 

FY 15-
16 

FY 16-
17 

FY 17-
18 

Figure E-2. Temporary circuit restoration and worst performing circuits and stations. 

E.3.2 Capital Projects: 

• Pole Replacement: The number of poles replaced annually should be increased with the 
goal of achieving an overall replacement cycle of 60 years. 

• Cable Replacement: The amount of underground cable replacements should be increased 
from 40 miles per year to 60 miles, representing a 75-year replacement cycle. LADWP's 
Underground Transmission section is also planning to replace one 138-kV underground 
line per year. 

• Distribution Transformers: A transformer management program is required to closely 
monitor transformer loading. Priority based transformer replacements take into account 
various factors such as loading, number of customers, age, and neighborhood conditions. 

• Load Growth: Construction of new lines and stations to support load growth is a very 
important infrastructure improvement. Construction resources should be increased to 
support the timely installation of new facilities. Limited engineering staffing is restricting 
sufficient numbers of work packages for load growth, maintenance, and construction 
jobs. A 58,000 labor-hour backlog exists for various records, and approximately 60,000 
as-built drawings from the Integrated Resource Plan require processing. 
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• Deteriorated Vaults & Obsolete Equipment: Over 900 substructures require repair. Much 
of this work is deferred due to lack of resources. Various obsolete equipment has been 
identified as needing replacement. Necessary resources and funding should be provided. 

• Station Transformers: There are 846 main transformer banks in Distribution, Receiving 
and Switching stations, some over 60 years old. We are currently changing 2 transformer 
banks per year. Increased funding is recommended to replace this aging equipment. 

• Reliability Engineering Work Group: LADWP should establish this group and develop 
work processes for structured analysis of failure rates, outage rates, and testing data as 
input to prioritize the maintenance basis and capital jobs for transmission and delivery 
(T&D) reliability. 

• Generation Reliability Engineering: Staffing should be increased in select generation 
engineering groups to improve analysis and evaluation of generation unit performance 
and other reliability related programs and projects. 

E.3.3 Distribution Infrastructure U ndergrounding Program 

• In addition to aesthetic considerations, undergrounding overhead lines has a reliability 
benefit of reducing the frequency of outages to almost half that of overhead. Currently, 
LADWP is converting undergrounds at approximately 6 miles per year. 

E.3.4 Funding and Resources 

The recommendations above are based on the initial observations of the Power System staff and 
industry experts. As these programs are implemented, prioritizations and/or resources will be 
directed to the programs that will result in the maximum amount of increased reliability. 
LADWP's equipment was installed with significant resources over a long period of time; the 
program to replace the infrastructure will also require a long-term commitment. 

In order to ensure that this program is implemented with the maximum impact on reliability and 
in the most efficient manner possible, LADWP has established a Power Reliability Oversight 
Committee. This committee conducts quarterly reviews of all facets of the reliability program 
and makes changes as needed to improve its effectiveness. This includes a review of percent 
completion of milestones, cost metrics, and impacts that the program is having on reliability 
metrics. 
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E.4 Current Power Reliability Program 

As discussed in Section E.l, the PRP provides a blueprint for ensuring continued reliable energy 
service for future generations of Los Angeles residents. LADWP implemented the PRP through a 
two-pronged approach-rebuilding infrastructure and providing proactive maintenance-and 
will invest more than $1 billion in the program over the next 5 to 15 years. The program is 
funded through a power reliability surcharge. Figure E-3 shows the historic and future planned 
PRP expenditures. 
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Figure E-3. PRP Expenditures. 

The goals of the program include: 1) mitigating problem circuits and stations based on the types 
of outages specific to the facility, 2) implementing proactive maintenance and capital 
improvements that take into account system load growth and the inspections and routine 
maintenance that must take place to identify problems before they occur, and 3) establishing 
replacement cycles for facilities that are in alignment with the equipment's life cycle. 

The tables and figures below detail the progress of LADWP's Power Reliability Program. 
Figure E-4 and Tables E-l and E-2 present the reliability achieved in terms of the SAIDI and 
SAIFI performance indicators, as compared to California's major investor-owned utilities. 
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Figure E-4. LADWP PRP reliability comparisons with Investor Owned Utilities (lOUs). 

Table E-1. LADWP SAIFI/SAIDIINDICATORS 

Table E-2.1. UTILITY COMPARISON FOR 2009 

Table E-2.2. UTILITY COMPARISON FOR 2010 
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Table E-3 summarizes the PRP activity as of December 1, 2009 while Figures E-4 to E-9 present 
actual progress compared to PRP target for key elements ofLADWP's PRP program. 

Table E-3. LADWP PRP ACTIVITY 

ey. e ormance Units 09 09 10 10 11 11 K P rf 

1 1 
FY OS-I FY OS-I FY 09-1 FY 09-1 FY 10-1 FY 10-

Indicators (KPI) Target Final Target Final Target Final 
System Average 

Outages per 
Year 

0.72 0.69 0.71 0.84 0.70 0.82 

System Average 
Minutes Out 

Interruption 125.3 78.1 122.7 120.7 120.1 121.7 
Frequency Index (SAlOl) 

per Year 

Abnormal & Temporary 
1630 Circuits 118 139 110 153 102 164 

4.8-kV Circuit Backlog Total 

Priority A Circuits 
(carrying extra load due to Circuits 47 29 47 

failed components) 

Priority B Circuits 
(failed components with no Circuits 42 37 35 

load transfer) 

Priority C Circuits 
(extra load due to field Circuits 50 87 82 

work) 

Poles Replaced and 
308,100 Poles 2975 2780 2975 2815 2600 2325 

Reinforced 

Distribution Transformers 126,000 
2400 2984 2400 3184 2400 2624 

Installed Transformers 

Underground Transmission 
123 Miles 

Cable Replaced 

Length of Underground 
2,242 Miles 40 42 40 65 40 69 

Cables Replaced 

Preventive Maintenance 
for RS, OS and CS 
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Figure E-S. PRP abnormal and temporary 4.8kV circuit backlog by month. 
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Figure E-6. PRP pole replacement by month, FY 2010-11. 
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F.1 Overview 

AppendixF 
Generation Resources 

LADWP's generation resources are presented in this Appendix. Resources that are not wholly 
owned by LADWP are available either as long-term power purchase agreements or as entitlement 
rights resulting from undivided ownership interests in facilities that are jointly-owned with other 
utilities. Most of these additional resources are available through LADWP's participation in the 
Southern California Public Power Authority (SCPP A). Each proj ect participant with respect to 
jointly-owned units is responsible for providing its share of construction, capital, operating, and 
maintenance costs. 

F.2 Resources 

Generation resources for LADWP are comprised of the following five categories: 

• In-Basin Thermal Generation 
• Coal Fired Thermal Generation 
• Nuclear-Fueled Thermal Generation 
• Large Hydroelectric Generation 
• Renewable Resources and Distributed Generation 

F.2.1 In-Basin Thermal Generation 

LADWP is the sole owner and operator of four electric generating stations in the Los Angeles 
Basin (the "Los Angeles Basin Stations"), with a combined net maximum generating capability 
of3,415 megawatts (MWs) and a combined net dependable generating capability of3,337 MWs. 
Natural gas and digester gas are used as fuel for the Los Angeles Basin Stations. Low-sulfur, 
low-ash residual distillate is used for emergency back-up fuel for some of the stations. 

LADWP's natural gas-fueled generating plant capabilities are shown in Table F -1. 
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Table F-1. NATURAL GAS GENERATING RESOURCES 

I Plant Name I 
I I 

Generator 

I 

Net Max I Net Dependable 

COD
1 

Nameplate Capability Capability 
Unit (kW) (kW) (kW) 

1 1995 100,400 82,000 
2 1995 100,400 82,000 
5 1995 75,000 65,000 

Harbor 
10 2002 60,500 47,400 461,0002 

11 2002 60,500 47,400 
12 2002 60,500 47,400 
13 2002 60,500 47,400 
14 2002 60,500 47,400 

1 1962 230,000 222,000 
2 1963 230,000 222,000 
5 1966 343,000 292,000 

Haynes 
6 1967 343,000 243,000 1,525,0003 

7 1970 2,000 1,599 
8 2005 264,350 250,000 
9 2005 182,750 162,500 
10 2005 182,750 162,500 

1 1958 163,200 183,000 
Scattergood 2 1959 163,200 184,000 796,000 

3 1974 496,800 450,000 

5 2001 60,500 43,000 

Valley 
6 2003 182,750 159,000 556,0004 

7 2003 182,750 159,000 
8 2003 264,350 215,000 

Total 3,414,599 3,337,000 

Notes: 

1. COD refers to Commercial Operation Date. 

2. Harbor Generating Station Net Dependable Plant Capability is 461 MW, reflecting Units 1 and 2 
reduced performance during hot-weather conditions. 

3. Haynes Generating Station Net Dependable Capability is 1,525 MW reflecting 8, 9, and 10 reduced 
performances during hot weather conditions; and Unit 7 used for auxiliary power only. Unit 5 Net 
Maximum Unit Capability was decreased to 292 MW to reflect LP hot-reheat piping derating. Unit 6 
Net Dependable Unit Capability is 238 MW reflecting 243 MW transformer derating during hot 
weather conditions. Unit 4 was decommissioned in November 2003 and Unit 3 was 
decommissioned in September 2004. 

4. Valley Generation Station Net Dependable Capability limited to 556 MW reflecting reduced 
performance during hot weather conditions. 

Haynes Generating Station 

The largest of the Los Angeles Basin Stations is the Haynes Generating Station, located in the 
City of Long Beach, California. The Haynes Station currently consists of eight generating units 
(Unit 7 is used for auxiliary power only) with a combined net maximum capability of 1,556 
MWs and a net dependable capability of 1,525 MWs. This station includes a 575 MW 
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combined-cycle generating unit installed in February 2005. The combined-cycle generating unit 
includes two combustion turbines and a common steam turbine. The combustion turbines can 
each operate with the steam turbine independently or together in a two on one configuration (and 
are counted by LADWP as three generating units). LADWP plans to rep ower unit 5 and 6 with 
simple-cycle gas turbine units by December 2012. 

Valley Generating Station 

The Valley Generating Station is located in the San Fernando Valley. The Valley Station began 
its repowering in 2001 with a simple-cycle, 60.5 MW gas-turbine generator. Repowering was 
completed in 2004 with the installation of a combined-cycle generating unit consisting of two 
gas turbines with heat recovery steam generators, which supplies one steam turbine with 576 
MWs of maximum capability. The total net dependable capacity for the Valley Station is 556 
MWs. 

Harbor Generating Station 

The Harbor Generating Station is located in Wilmington, California. The Harbor Station was 
repowered in 1995 with a combined-cycle generating unit (counted as three units). Five 
additional peaking combustion turbines were installed in 2002 for a total of eight generating 
units. These activities resulted in the Harbor Station's net maximum capability of 466 MW sand 
a net dependable capability of 461 MW s. 

Scattergood Generating Station 

The Scattergood Station is located in Playa del Rey, California and is comprised of three steam 
generating units with a net maximum capability of 817 MW s from natural gas and a net 
dependable capability of 796 MWs from natural gas. Units 1 and 2 also bum digester gas from 
the adjacent Hyperion Wastewater Treatment Plant. 

F.2.2. Coal-Fired Thermal Generation 

LADWP's coa1 generating capacity comes from the Navajo Generating Station and the 
Intermountain Generating Station (IGS). IGS is also referred to as the Intermountain Power 
Project (IPP). Coal generating resources are summarized in Table F-2. 
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Intermountain 
1 1986 820,000 401,553 401,553 
2 1987 820,000 401,553 401,553 

Intermountain 
1 1986 820,000 36,000 36,000 
2 1987 820,000 36,000 36,000 

Intermountain 
1 1986 820,000 163,447 86,000 
2 1987 820,000 163,447 86,000 

Total 1,202,000
2 

1,047,066
2 

1 1974 803,000 159,000 
477,000

3 

Navajo 2 1974 803,000 159,000 
3 1975 803,000 159,000 

Total 1,679,000 1,524,000 

Notes: 

1. COD refers to Commercial Operation Date. 

AppendixF 
Generation Resources 

15Jun2027 44.617% 

15Jun2027 
4% 

(UP&L) 

15Jun2027 
18.161% 

(Recallable) 

31Dec2019 21.2% 

2. IPP's Net Capacity available maybe less than 1202 MW due to Excess Power Recall. The LADWP entitlement is 44.617% 
direct ownership plus a 4% purchase from Utah Power & Light Company, plus 86.281 % of up to 21.057% of muni's and co-
op's recallable entitlement which can vary. The nominal net Maximum Unit Capability and Net Dependable of both Units 1 
and 2 is 900 MW. 

3. LADWP's contract entitlement is 21 .2% of Navajo's total net generation. 

Intermountain Power Project (IPP) 

General. The IPP consists of: (a) a two-unit coal-fired, steam-electric generating plant located 
near Delta, Utah, with net rating of 1,800 MWs and a switchyard located near Delta, Utah; (b) a 
rail car service center located in Springville, Utah; ( c) certain water rights and coal supplies; and 
(d) certain transmission facilities consisting primarily of the Southern Transmission System. 
Pursuant to a Construction Management and Operating Agreement between the Intermountain 
Power Authority (IPA) and LADWP, IPA appointed LADWP as project manager and operating 
agent responsible for, among other things, administering, operating and maintaining IPP. 

Power Contracts. Power is provided to LADWP under three separate agreements. 

FINAL 

• Pursuant to a Power Sales Contract with IP A (the "IPP Contract") and a Lay-Off 
Power Purchase Contract with Utah Power & Light Company ("UP&L") and IP A, 
LADWP is entitled to 44.617 percent of the capacity of the IPP (currently equal to 
803 MWs). The IPP Contract terminates in 2027 and may be renewed by LADWP 
under certain circumstances, subject, in addition, to legal and regulatory mandates. 

• Pursuant to a Power Purchase Agreement with UP&L, LADWP purchases capacity 
and energy equivalent to the capacity and energy made available to UP&L pursuant 
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to its 4 percent entitlement in the IPP (currently equal to approximately 72 MW s) 
until 2027, subject to certain renewal rights, which are dependant upon certain factors 
including the renewal of the IPP Contract. 

• LADWP also has available additional capacity in the IPP through an excess power 
sales agreement with certain other IPP participants (the "IPP Excess Power Sales 
Agreement"). Under the IPP Excess Power Sales Agreement, LADWP is entitled to a 
maximum 18.168 percent of the capacity of IPP (equal to approximately 327 MWs). 
However, this amount varies as portions of it may be recalled by other participants. 
Of the maximum possible 327 MW allowed under this Agreement, approximately 
] 72 MW is the current entitlement amount. 

Fuel Supply. IP A sold its 50 percent undivided interest in the Crandall Canyon Mine in Emery 
County, Utah and 50 percent undivided interest in the West Ridge Mine in Carbon County, Utah, 
in 20]0. As part of the sale, a continued long term contract for fuel from the West Ridge Mine 
for IPP was agreed to at about 20 percent of the annual 6,000,000 ton coal requirement. 
LADWP, in its role as Operating Agent, manages all fuel supply contracts on behalf of IP A, 
including several long-term coal supply agreements that can provide in excess of 60 percent of 
the coal requirements for the IPP. Spot market and opportunity purchases provide the balance of 
the fuel requirements for the facility. Additional information regarding IPP's fuel procurement 
strategy is found in Appendix H. 

Over the past several years, the IPP units have had several substantial modifications, 
including cooling tower additions, high pressure turbine replacements, boiler capacity 
additions, distributed control system replacement, scrubber outlet modifications and rebuilds, and 
induced draft fan drive replacement. These modifications have decreased emissions and increased 
plant efficiency. They have also increased the plant's capacity by 140 MW, resulting in a 68 
MW increase in capacity forLADWP. 

Navajo Generating Station 

The Navajo Generating Station (NGS) is located near the City of Page, Arizona. Salt River 
Project (SRP) is the operating agent for the Navajo Station. The Navajo Station is a coal-fired 
electric generating station and consists of three units with a combined capacity of 2,250 MWs. 
LADWP's entitlement of the Navajo Generating Station capability is 21.2 percent. On March 
23, 1976, LADWP, Arizona Public Service Company (APS), Nevada Power Company (NPC), 
SRP, Tucson Electric Power Company (TEP), and the U.S. Department of Interior executed the 
Navajo Project Co-Tenancy Agreement effecting the co-owners' participation, and the operation 
and maintenance of the Navajo Project for as long as the land lease with the Navajo Nation is in 
effect until December 31, 2019 and throughout the lease extension thereafter. Negotiations are 
currently under way between the Navajo Nation and SRP, on behalf of the NGS participant 
owners, to renew the terms of the lease and all rights of way (ROWs) and grants related to the 
NGS site, transmission and railroad until December 31,2044. 

The station's S02 scrubbers, which were installed in 1999, continue to operate in full compliance 
with federal regulations for S02. The plant-wide compliance number ranges around 0.06 pounds 
per million BTU relative to an emission limit of 0.10 pounds per million BTU. 
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NGS also completed its Low NO" burner/Separated Overfire Air (SOFA) retrofit project in late 
March 2011 with the completion of the Unit 1 major overhaul. The Low NOJSOFA installation 
on all three units' boilers has contributed to a successful reduction of NO" emissions by 40%, 
representing an annual NOx emissions reduction of 14,000 tons/year. 

Stringent NOx emlSSlons control standards currently being considered by the federal 
government for the pending Regional Haze Best Available Retrofit Technology (BART) ruling 
may require Navajo Generating Station to install Selective Catalytic Reduction (SCR) systems 
which carry a capital cost of approximately $550 million (or $] 17 million for LADWP). Should 
the new regulations require the installation of bag houses in addition to the SCRs, the combined 
capital cost of both SCRs and baghouses would amount to $1.13 billion (or $240 million for 
LADWP). The installation of these SCRs and baghouses could begin as early as 2017 and as 
late as 2029. 

In March 20] 1, the Environmental Protection Agency (EPA) released another proposed rule 
called the Utility Maximum Achievable Control Technology (MACT) that sets the national 
emissions standards for hazardous air pollutants (HAP) for electric generating units (EGUs). 
This rule calls for compliance of monitoring systems for Hg, particulate matter, and S02 (or 
HCI), hourly data collection, quarterly submission of emissions data, and new work practice 
standards for dioxins, furans, and other organic HAPs that would require regular "tune ups" of 
boilers to optimize combustion. These MACT modifications are estimated at $148.5 million (or 
$3] .5 million for LADWP). 

The EPA also proposed federal regulations governing the disposal of coal ash and other coal 
combustion byproducts (CCBs) under the Resource Conservation and Recovery Act (ReRA). 
Under this rule, CCBs may be classified as either RCRA Subtitle C hazardous waste or RCRA 
Subtitle D non-hazardous waste. The regulation of CCBs under RCRA Subtitle C would impose 
staggering compliance costs on the power industry including NGS. An unfavorable ruling 
would jeopardize fly ash sales, trigger significant capital improvement to minimize 
environmental releases of coal ash and other byproducts, involve additional manpower to 
manage new programs, and require additional monitoring of the ash disposal landfill. Such coal 
ash disposal initiatives could amount to approximately $10 million (or $2.1 million for 
LADWP). 
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LADWP's nuclear-fueled generating plant capabilities are shown in Table F-3. 

Table F-3. NUCLEAR GENERATING RESOURCES 

I 

I COD' 
I I I I 

Net 

I 

Net Max Dependable 
Plant License Nameplate Capability Capability LADWP 
Name Unit Expiration (kW) (LADWP kW) (LADWP kW) Share

2 

LADWP Direct Ownership Interest: 

1 1986 2045 1,413,000 75,981 74,727 
Palo Verde 2 1986 2046 1,413,000 76,152 74,898 5.7% 

3 1988 2047 1,413,000 76,038 74,784 

LADWP Entitlement Interest Through SCPPA: 

1 1986 2045 1,413,000 52,787 51,916 
3.96% 

Palo Verde 2 1986 2046 1,413,000 52,906 52,034 
(SCPPA) 

3 1988 2047 1,413,000 52,826 51,955 

Total 386,690 380,314 

Notes: 
1. COD refers to Commercial Operation Date. 

2. LADWP's contract entitlement is 9.66 percent of generation comprised of 5.7 percent direct ownership in Palo Verde 
and another 67 percent power purchase of SCPPA's 5.91 percent ownership of Palo Verde. 

Palo Verde Nuclear Generating Station (PVNGS) is located approximately 50 miles west of 
Phoenix, Arizona. PVNGS consists of three nuclear electric generating units (numbered 1,2 and 
3), with a design electrical rating of 1,333 MW (Unit 1), 1,336 MW (Unit 2) and 1,334 MW 
(Unit 3) and a dependable capacity of 1,311 MW (Unit 1), 1,314 MW (Unit 2) and 1,312 MW 
(Unit 3). PVNGS's combined design capacity is 4,003 MW, and its combined dependable 
capacity is 3,937 MW. All three units have been operating under 40-year Full-Power Operating 
Licenses from the Nuclear Regulatory Commission (NRC) expiring in 2025, 2026, and 2027, 
respectively. In April 2011, the NRC approved Palo Verde's application to extend the units' 
operating licenses to 20 years beyond the original term, allowing Unit 1 to operate through 2045, 
Unit 2 through 2046, and Unit 3 through 2047. APS is the operating agent for PVNGS. For the 
fiscal year ended June 30,2011, PVNGS provided over 3.1 million megawatt-hours ("MWhs") 
of energy to the Power System. LADWP has a 5.7 percent direct ownership interest in the 
PVNGS (approximately 224 MW of dependable capacity). LADWP also has a 67.0 percent 
generation entitlement interest in the 5.91 percent ownership share of PVNGS that belongs to 
SCPPA through its "take-or-pay" power contract with SCPPA (totaling approximately 156 MWs 
of dependable capacity), a joint powers authority in which LADWP participates, so that LADWP 
has a total interest of approximately 380 MW of dependable capacity from PVNGS. Co-owners 
of PVNGS include APS; the SRP Agricultural Improvement and Power District, a political 
subdivision of the state of Arizona, and the Salt River Valley Water Users' Association, a 
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corporation (together, the "Salt River Project"); Edison; EI Paso Electric Company; Public 
Service Company of New Mexico; SCPPA, and LADWP. 

The aftermath of the Fukushima earthquake and tsunami prompted the U.S. nuclear industry to 
form a task force under the direction of Palo Verde's Chief Nuclear Officer to take immediate 
actions in ensuring the reliability of all U.S. nuclear plants. Palo Verde itself has established a 
task force to evaluate the plant's safety and emergency preparedness. An initial assessment of the 
plant systems, safety policies, and emergency procedures revealed significant differences 
between Palo Verde and Fukushima. Palo Verde's low-seismic location, robust pressurized water 
reactor design, redundant safety features, ample effluent water supply, and multiple back-up 
power sources make a similar catastrophe in Arizona highly improbable. Despite the seemingly 
substantial advantages, Palo Verde, in conjunction with other nuclear agencies, is continuously 
working to make sure that the plant is adequately prepared to meet beyond design basis events, 
respond to extended loss of power situations, and mitigate potential fire and flood events. While 
evaluations are still in progress, among the initial recommendations are plans to accelerate fuel 
removal from the spent fuel pools and possibly purchase a standby diesel generator as 
reinforcement to the existing back-up power sources. 

F.2.4 Large Hydroelectric Generation 

LADWP's large hydroelectric facilities include the Castaic Pumped Storage Power Plant and an 
entitlement portion of the Hoover Power Plant. LADWP's hydroelectric plant capabilities are 
shown in Table F-4. 
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Table F-4. LARGE HYDROELECTRIC GENERATING RESOURCES 

I I I 

Generator I Net Max I Net Dependable I 
Plant Nameplate Capability Capability LADWP LADWP 
Name Unit COD1 (kW) (LADWP kW) (LADWP kW) Expiration Share 

1 1973 212,500 240,000 
2 1974 265,000 265,000 
3 1976 265,000 265,000 

Owned 
Castaic

2 4 1977 265,000 265,000 1,175,000 
Asset 

100% 
5 1977 265,000 265,000 
6 1978 265,000 265,000 
7 1972 56,000 55,000 

Hoover3 1936 2,079,000 491,000 436,000 30Sep2017 15.4229% 

Total 1,763,000 1,611,000 

Notes: 

1. Commercial Operation Date. 

2. Castaic Power Plant is re-rated at 1,175 MW. Castaic Power Plant Units 2,4,5, 6 modernizations were completed 
September 2004, June 2006, July 2008, and December 2005 respectively. Unit 3 modernization was completed in June 
2009. 

3. LADWP's entitlement is 25.16% of the plant's contingent capability of 1 ,951 MW (or 491 MW). The reduced entitlement is 
due to lower lake levels resulting from the western drought, which causes plant capability to vary constantly. The current 
Hoover net plant capability as of July 28, 2011 is 1732 MW. 
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The Castaic Pump Storage Power Plant (the "Castaic Plant") is located near Castaic, California. 
The Castaic Plant is LADWP's largest source of hydroelectric capacity and consists of seven 
units with a net dependable capacity of 1,175 MWs. The Castaic Plant provides peaking and 
reserve capacity for LADWP' s load requirements. 

Hoover Power Plant. 

General. The Hoover Power Plant (the "Hoover Plant") is located on the Arizona-Nevada 
border approximately 25 miles east of Las Vegas, Nevada and is part of the Hoover Dam facility, 
which was completed in 1935 and controls the flow of the Colorado River. The Hoover Plant 
consists of 17 generating units and two service generating units with a total installed capacity of 
2,080 MWs. LADWP has a power purchase agreement with the United States Department of 
Energy Western Area Power Administration ("Western") for 491 MWs of capacity (calculated 
based on 25.16 percent of 1,951 MWs of total contingent capacity) and energy from the Hoover 
Plant through September 2017. The facility is owned and operated by the United States Bureau 
of Reclamation. 

Drought Conditions. Due to recent drought conditions and low lake levels, LADWP's capacity 
entitlement at the Hoover Plant was reduced to an annual average of approximately 436 MWs 
(calculated based on 25.16 percent of 1,732 MW output capability as of July 28,2011). 

F.2.5 Renewable Resources and Distributed Generation 

LADWP's Renewable Resources and Distributed Generation consists of 

• Eligible renewable small hydro resources as shown in Tables F-5, F-6 and F-7. 
• Wind resources as shown in Table F-8. 
• Other resources and distributed generation as shown in Table F-9. 
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Table F-S. OWENS VALLEY SMALL HYDROELECTRIC GENERATING RESOURCES 

3 1 1927 2,800 3,600 4,200 
0 Haiwee 2 1927 2,800 3,600 

Cottonwood
3 1 1908 750 1,200 1,900 

2 1909 750 1,200 
400 

Division Creek 1909 600 680 
680 

400 

Big Pine 
4 1925 3,200 3,050 

3,050 400 

5 1958 3,200 2,700 
2,700 0 

Pleasant Valley 

Total 12,530 1,200
2 

Note: 

1. Commercial Operation Date. 

2. Owens Valley combined Net Dependable Plant Capability is 1.2 MW based on 20-years of historical data. 1.2 MW 
consists of 0 MW from Haiwee and Pleasant Valley and 0.4 MWeach from Cottonwood, Division Creek and Big Pine. 

3. Haiwee maximum unit capability is 3.6 MW each when feed is taken from North Haiwee Reservoir. Cottonwood Power 
Plant Units 1 and 2 were re-wound to higher Net Maximum Unit Capability of 1 .2 MW. 

4. Big Pine Net Maximum Unit Capability is limited to maximum flow through penstock. 

5. Pleasant Valley Power Plant output is limited to Division of Safety of Dams (DOS D) reservoir level restriction. 
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Table F-6. OWENS GORGE SMALL HYDROELECTRIC GENERATING RESOURCES 

Generator Net Max Unit Net Max Plant Net Dependable 

COD
1 

Nameplate Capability Capability Capability 
Plant Name Unit (kW) (kW) (kW) (kW) 

Upper 
1 1953 37,500 37,500 37,500 36,500 

Gorge 

Middle 
1 1952 37,500 37,500 37,500 36,500 

Gorge 

Control 
1 1952 37,500 37,500 37,500 36,500 

Gorge 

Total
2 112,500 109,500 

Notes: 

1. Commercial Operation Date. 

2. Owens Gorge Net Dependable Plant Capability was decreased to 109.5 MW to reflect re-watering flow. 

The Owens Gorge and Owens Valley Hydroelectric generating units (the "Owens Gorge and 
Owens Valley Hydroelectric Generation") are located along the Owens Valley in the Eastern 
High Sierra. The Owens Gorge and Owens Valley Hydroelectric Generation are a network of 
hydroelectric plants which use water resources of the Los Angeles Aqueduct and three creeks 
along the Eastern Sierras. The water flow fluctuates from year to year; as a result, water flow 
may be reduced from seasonal norms from time to time. 

San Francisquito Canyon and at the Los Angeles and Franklin Reservoirs. LADWP also owns 
and operates 12 units located north of the City along the Los Angeles Aqueduct in San 
Francisquito Canyon and at the Los Angeles and Franklin Reservoirs. The net aggregate 
dependable plant capability of these smaller units is 24 MW s under average water conditions. 
Table F-7 summarizes these 12 units. 
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Table F-7. AQUEDUCT SMALL HYDROELECTRIC GENERATING RESOURCES 

Foothill (PP4) 1971 11,000 9,900 9,900 2,900 

Franklin (PP5) 1921 2,000 2,000 2,000 400 

1A 1983 25,000 27,000 
3 1917 9,375 10,000 
4 1923 10,000 12,000 

San Francisquito 1 46,500 13,000 

5A 1987 25,000 27,000 

1 1919 14,000 0 
2 1919 14,000 14,000 San Francisquito 22 18,000 5,700 
3 1912 14,000 18,000 

1 1922 2,800 3,200 
2 1922 2,800 2,900 

San Fernando 1 6,000 2,100 

Sawtelle (PP6) 1986 640 650 650 130 

83,050 24,230 

Note: 
1. Commercial Operation Date. 

2. San Francisquito Power Plant Unit 1 has been out of service since 1996. The plant's Unit 2 stator heating limits 
capacity to 8 MW during hot weather condition. The plant's Unit 3 has a new generator with refurbished turbine as of 
the end of 2006. The contract specification is 18 MWoutput, but the unit was tested to only 16 MW due to low water 
flow and restricted downstream capacity. Assumed maximum actual output is 18 MW. 

3. Aqueduct combined Net Dependable Plant Capability reflects low water availability during winter. 
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Table F-8. WIND GEN ERATING RESOURCES (In-service or Under Construction) 
NET MAX PLANT NET DEPENDABLE 

Nameplate CAPABILlTY[1[ CAPABILlTY[2[ [3[ LADWP 
PLANT name COD (kW) (LADWP kW) (LADWP kW) Share 

PPM SW Wyoming 2006 144,000 82,200 8,220 57% 
Pine Tree 2009 120,000 120,000 12,000 100% 
Willow Creek 2009 72,000 72,000 7,200 100% 
Pebble Springs 2009 98,700 68,695 6,870 70% 
Milford I 2009 200,000 185,000 18,500 93% 
Windy Point 2010 202,400 202,400 20,240 100% 
Windy Point Expansion 2010 59,800 59,800 5,980 100% 
Linden Ranch 2010 50,000 50,000 5,000 100% 
Pine Tree Expansion 2010 15,000 15,000 1,500 100% 
Milford II 2011 102,000 102,000 10,200 100% 

Subtotal 957,095 95,710 

Table F-9. OTHER RENEWABLE GENERATING RESOURCES (In-service or under Construction) 
NET MAX PLANT NET DEPENDABLE 

Nameplate CAPABILlTY[1[ CAPABILlTY[2[ [3[ LADWP 
PLANT name COD (kW) (LADWP kW) (LADWP kW) Share 

Lopez Microturbine 2002 1,500 1,500 1,350 100% 
Penrose Landfill 2006 6,100 6,100 5,490 100% 
Bradley Landfill 2006 6,400 6,400 5,760 100% 
BC Hydro 2007 50,000 50,000 25,000 100% 
MWD Supulwda Hydro 2008 8,540 8,540 4,270 100% 
DWP Built PV Solar 2008 1,000 1,000 250 100% 
SB1 PV Solar Rooftop Program 1999-2009 17,553 17,553 4,388 100% 
Castaic U3&U5 Upgrade 2009 30,000 30,000 30,000 100% 
Distributed Generation 1998-2000 303,000 45,000 45,000 15% 
LFG 1 2009 0 0 0 0% 
LFG 2 2009 0 0 0 0% 

Subtotal 166,093 121,508 

Notes for Tables F-8 and F-9: 
Tables include LADWP's renewables and distributed generating sources from LADWP-owned and contracted 
projects. This table is based on data from the January 2010 RPS Master Project List and contract sources 

FINAL 

[1] The full-load continuous rating of a generator unit under specified conditions as designated by the 
manufacturer. 
[2] Maximum Plant Capability reflects water flow limits at hydro plants; or sum of each unit at 
renewable plants. 
[3] Net Dependable Plant Capability reflects the amount of generating capability that can depend on 
during the peak demand hours of a day. Dependable capacity of a renewable technology plant is 
estimated by applying a Dependable Capacity Factor (DCF) to the plant nameplate capacity. 
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Distributed Generation 

Distributed Generation (DG) is a concept of installing and operating small-scale electric 
generators, typically less than 20 megawatts MW, at or near an electrical load and interconnected 
to the electric utility distribution system. The most common technologies used today for DG 
are turbines and internal combustion engines (ICEs). However, new technologies including fuel 
cells, microturbines, and solar PV s are now being developed. The promise of DG is to 
provide electricity to customers at a reduced cost and more efficiently than the traditional utility 
central generating plant with transmission and distribution wire losses. Other benefits that DG 
could potentially provide, depending on the technology, include reduced emissions, utilization of 
waste heat, improved power quality and reliability and deferral of transmission or distribution 
upgrades. 

DG can be customer installed or utility installed. The benefits for customer installed DG include 
waste heat recovery, backup power and power quality. The benefits for utility installed DG 
include generation, transmission and distribution infrastructure deferral, and reduction of 
delivery losses. 

This Appendix describes DG on the grid, ICE technologies, fuel cells, and PV technologies. 

G.2 Distributed Generation on the Grid 

The introduction of competition into the electric marketplace has driven the development of new 
electrical generation technologies. Most technologies being developed for DG applications are 
more costly than traditional generating resources. However, it is anticipated that, with advances 
in the technologies and a greater demand for DG, costs will decrease, and more systems will be 
installed. 

LADWP currently has approximately 350 MW of customer installed DG on its electrical grid, 
producing approximately 1,700 Gigawatt hours (GWh) annually, most of which is consumed 
on-site, although some (approximately 40 MWh/h) is exported back to LADWP. Most of the 
customer installed DG (approximately 300 MW) is made up of 20 MW or larger natural gas 
combustion engines. The amount of customer DG installed in the future will depend on 
several factors including reliability, cost of the technologies, and natural gas and electricity 
prices. With stable electricity prices and high natural gas prices, customer generation becomes 
less attractive. Additionally, as of November 30, 2011, more than 4,500 LADWP customers 
have installed over 41 MW of solar PV energy systems with the help of LADWP's Solar 
Incentive Program. 

LADWP has installed more than 1 MW of solar PV energy systems on LADWP and City of 
Los Angeles (City) facilities to generate clean, renewable energy for the LADWP grid. LADWP 
has also installed various other DG technologies for demonstration purposes to understand the 
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operating issues and benefits associated with various equipment and to promote the 
development of new clean, efficient technologies. Future DG installations for demonstration 
purposes will showcase new technologies and should add approximately 1 MW in capacity every 
three years. These projects will be funded with Public Benefits funds, described in Section 2 of 
the IRP. 

Utility installed DG may also playa role in meeting capacity needs in the future that have very 
low energy production requirements (low capacity factors). It is estimated that approximately 
1 MW of DG will be installed annually beginning in 2010. Tables G-1 and G-2 provide 
projections ofDG and Solar PV capacity and energy. The projections are summarized in Table 
G-3. 

Table G-1. PROJECTED DISTRIBUTED GENERATION CAPACITY AND ENERGY -CUMULATIVE 

.... "d MW 290 280 290 300 302 304 306 308 310 312 314 316 v v 
§ ~ 
..... V 
rJJ .:: 

GWh 1650 1600 1650 1700 1720 1730 1740 1760 1770 1780 1790 1800 8~ 

"d MW 1 1 1 2 3 4 6 7 8 10 11 12 
v 

c~ .... v 
~ .:: GWh 4 4 4 8 9 10 15 16 17 22 23 24 ~~ 

Table G-2. PROJECTED SOLAR PV GENERATION CAPACITY AND ENERGY - CUMULATIVE 

.... "d MW 9 11 13 18 28 54 85 101 113 125 138 143 v v 
S ctl o .... 

..... V 
rJJ .:: GWh 15 18 21 30 33 63 114 141 160 180 202 210 ;:::I v 
Uon 

"d MW 1 1 1 1 1 1 3 6 9 12 21 37 
v 

c~ .... v 
~ .:: GWh 2 2 2 2 2 2 5 11 16 22 38 67 ~~ 

NOTE: The LADWP Solar Program is set to encourage the installation of 280 MW of customer-installed PV 
by 2016 with a budget of $313 million over 10 years. 
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Table G-3. SUMMARY OF ANNUAL MW OF DISTRIBUTED GENERATION ADDITIONS 

Summary of DG, Solar PV and Customer Electrification - Projected Annual Increases (MW) 

Row 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Excess Customer DG 10 10 10 2 2 2 2 2 2 2 2 

2 Utility DG 0 2 2 

3 Customer PV 2 4 5 7 26 31 16 12 12 13 5 

4 LADWP PV 0 0 0 0 0 2 3 3 3 9 16 

5 Customer Electrification 
-3 -5 -6 -8 -10 -11 -13 -15 -16 -18 -20 

Program 
Total Annual Projections 10 9 10 2 11 27 8 -2 -2 -3 13 
Total Cumulative 10 19 29 31 42 69 77 75 73 70 83 

Projections 

Row Notes 

1 See Table G-1. The October 2006 Load Forecast incorporates existing Customer DG. Future years are 
converted to annualized values. 

2 See Table G-1. Converted to annualized values 

3 See Table G-2. 10 MW of existing Customer PV is deducted. Future years are converted to annualized 
values. 

4 See Table G-2. 1 MW of existing LADWP PV is deducted. Future years are converted to annualized 
values. 

PV funding continues through 2011. This IRP assumes a continuation of the program for future years. 

The October 2006 Load Forecast incorporates the existing 10 MW Customer PV and 1 MW LADWP PV 

5 The values are negative as they act to add load. 

G.3 Internal Combustion Engines 

ICEs include reciprocating engines and combustion turbines. Improvements have been seen 
recently in the emissions and efficiencies of reciprocating engines and combustion turbines. 
Combustion turbines have typically been in the multi-MW size, but recently small-scale 
combustion turbines, or microturbines, have been developed. 

Microturbines are machines ranging in size from 28 kilowatts (kW) to 500 kW, which include a 
compressor, combustor, turbine, alternator, recouperator, and generator. They have the potential 
to be located on sites that have space limitations to produce power. The advantages of 
microturbines are that there are a small number of moving parts, are compact in size, are 
lightweight, and can utilize waste fuels. 

LADWP has installed nearly 2 MW of microturbines, the first of which was located at 
LADWP's Main Street Center in 1999. Additional microturbines have been installed at LADWP 
facilities and the Lopez Canyon landfill. 
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A fuel cell combines hydrogen and oxygen to produce electricity through an electrochemical 
process. Besides electricity, fuel cells produce water and heat. If the oxygen source is air, then 
small amounts of NOx may also be emitted. Fuel cells produce energy at relatively higher 
efficiencies and emit far fewer air pollutants than combustion technologies. Fuel-cell power 
plants are now becoming commercially available for use by electric power producers, industrial 
facilities, and large commercial buildings. Smaller systems for residential, small commercial 
buildings and transportation applications are expected to be commercially available in the near 
future. The pricing for these products is expected to become competitive due to several factors: 

• A fuel cell is a fairly simple technology with reasonably priced components. 

• Significant recent investments in the technology are accelerating the development of fuel cells, 
and costs are decreasing. 

• Integrating fuel processing and power conditioning equipment can be a significant cost with 
regard to fuel cells, but reductions are likely as more fuel cells are manufactured and 
installed. 

Under a pilot project, LADWP installed a total of four 200-250 kW fuel cell power plants in 
various locations in Los Angeles that have provided considerable experience and data. Three of 
the fuel cell plants have accomplished the task and the fuel cells have been removed from 
service. The fourth plant is being evaluated for viability of continued operation. 

G.5 Photovoltaics 

Solar energy is converted to electricity using two power technologies: PV systems and solar 
thermal power systems. PV systems convert sunlight directly into electricity. PV systems are 
modular, portable, highly reliable, and have low environmental impact, making them ideal for 
power applications of all sizes. Several large PV systems capable of powering hundreds of homes 
are now connected to utility grids throughout the United States. Many utilities are installing these 
systems on the rooftops of schools and their customers are installing them on the rooftops of 
their houses. LADWP has recently seen the popularity oflocal customer owned solar generation 
skyrocket due to the combination of utility paid incentives and recent federal tax law changes, 
as well as declining solar equipment costs. 

A typical 4 kW alternating current (AC) residential rooftop solar power system produces 6,600 kW
hours per year. Presently, LADWP has installed about 1.3 MW ofPV at LADWP facilities and 
other City facilities. LADWP incentives have supported the installation of over 41 MW on its 
customers' properties, as of November 30,2011. In 2006 state legislation SB1 required all utilities 
to offer incentives to customers to install solar energy systems through 2016. LADWP's solar 
incentive program has been developed with a goal of encouraging the installation of 280 MW of 
customer installed solar PV systems by 2016 with a budget of $313 million over 10 years, 
however because of LADWP' s lower electric rates, a higher incentive amount has been offered 
which will reduce the expected amount of customer installed solar to approximately 125MW. An 
additional 150MW of distributed solar is expected to be installed through a new feed-in tariff 
program. 
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The energy generation characteristics of a typical PV installation are that the output peaks 
around 1 :00 p.m., and that 90 percent of a solar PV system's energy is produced from 10:00 a.m. to 
4:00 p.m. during a typical summer day in California. Another point worth noting is that a solar 
PV system can be designed to coincide more closely to the system load profile by altering the 
module's orientation. While this will increase the energy produced during the peak load of the 
utility, it will result in an overall lower amount of energy produced for the day. Cloud cover 
also affects the energy output of a solar photovoltaic installation. The type of clouds will either 
raise or lower the output of the PV system. Darker rain clouds will lower PV output, but a light 
marine layer may actually produce more energy than the nameplate rating of the modules due to 
light reflecting off of the modules, back to the atmosphere, and then back to the modules. 
This does not happen often but does cause design issues that must be taken into account. 

G.6. Combined Heat and Power (CHP) Program 

Combined heat and power (CHP) systems, or also known as thermal cogeneration, simply 
capture and utilize excess heat generated during the production of electric power. CHP systems 
offer economic, environmental and reliability-related advantages compared to power generation 
facilities that produce only electricity. Distributed power generation systems, which are 
frequently located near thermal loads, are particularly well suited for CHP applications. 

Currently CHP installed in the LADWP Power System consists primarily of cogeneration 
projects of industrial and commercial customers. This totaled to approximately 265 MWs 
nameplate capacity operating in the LADWP's service area. Some cogeneration projects sell 
excess energy to the LADWP under interconnection agreements. 

Current barriers to the expansion of CHP can be attributed to: 

• Natural gas price volatility in recent years has caused uncertainty III the economIC 
feasibility of CHP proj ects. 

• Diminishing industrial customer base III recent years has reduced CHP developable 
potential. 

• Reliability and economic issues made small systems infeasible. 

• Added cost from utility replacement reserve requirements. 

• Uncertain Green House Gas emissions add costs to CHP electric generation. 

• Air quality sitting restriction for new carbon-based CHP electric generation. 

LADWP is developing CHP target goals to incorporate CHP generation in its future resource 
mix. LADWP is currently considering development of the following self-owned CHP projects: 

• Terminal Island Renewable Energy Project is a fuel cell plant to produce 4 MW of 
electricity and process heat using methane gas. 
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• Los Angeles Bureau of Sanitation Alternative Technologies Projects to convert waste to 
heat. 

To encourage customer-developed ClIP, shift demand from electric grid, and provide accurate 
price signals to customer, LADWP is currently offering a Standard Energy Credit (SEC) to its 
customers for excess energy they sell to LADWP. The SEC is based on LADWP marginal 
generation cost, and is updated and posted monthly. In the future, for renewable ClIP, LADWP 
will provide a renewable premium based on the energy market plus the SEC. For non-renewable 
ClIP, LADWP will continue to purchase ClIP excess energy at the SEC. 

Current Net Metering Incentives offered to customers require: 

• Customer must purchase electric services from LADWP to be eligible for interconnection 

• Customer submits completed Standard Offer Agreement for interconnection and 
qualification for the CG Rate 

• Customers pay for aU costs associated with time-of-use metering, interconnection, and 
safe grid-parallel operation of the generation facilities 

• For cogeneration facilities greater than one megawatt, the customer is required to install 
remote monitoring equipment for LADWP 

• Customer maintains adequate insurance on generating facilities 

• Excess power reimbursements are made to the customer at end of billing period at the CG 
Rate 

• The interconnection agreement has a three year term and reqUIres approval by the 
General Manager initially and for renewal and extension 

Inclusion of the ClIP goals under the lRP process will help communicate CHP program 
information and facilitate stakeholder feedback. 
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This Appendix presents issues and strategies related to LADWP procurement of both natural 
gas and coal. 

H.2 Natural Gas 

LADWP generates about 22 percent of energy from natural gas-fired generation. Or, in other 
words, almost one-fourth of LADWP's energy generation is exposed to the risks of gas price 
volatility. This percentage will increase in the future as coal is removed from LADWP's resource 
portfolio, and with the integration of additional variable energy resources. Figure H-1 below 
graphically illustrates the daily natural gas spot market price (including delivery charges to 
LADWP's gas plants) and the large price fluctuations from the year 2002 to 2006. 

- Natural Gas Prices $/MCF (Green) • Daily Price - Mean Reversion: Apparent Price - Volatility Cumulative Annualized 

$20 

$18 

Figure H- 1. Natural gas daily spot prices. 

As is shown on Figure H-1, the natural gas market has been very volatile with extreme variations 
of prices. Since gas currently plays such an important role in LADWP's generation portfolio, 
it is paramount that the impact of gas price volatility to the resource plan be mitigated. 

To minimize LADWP's exposure to natural gas price volatility, LADWP has implemented a 
variety of actions since the 2000 IRP, which include: 
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1. Created a financial risk management program to mitigate natural gas price spikes and a 
comprehensive gas procurement strategy to support renewable generation and long term 
financial goals. 

2. Established executive controls over energy risk management and natural gas hedging 
activities by creating an Executive Risk Policy Committee to provide clearance for all major 
hedging decisions. 

3. LADWP obtained approval from the Los Angeles City Council to delegate its award 
authority to LADWP's General Manager for approving limited term and price gas 
procurement contracts. LADWP also approved pro forma NAESB (North American Energy 
Standards Board) contracts for use in procuring natural gas. 

4. LADWP has participated with SCPPA in purchasing an active gas reserve in the Pinedale 
anticline area of Wyoming. This reserve is currently producing approximately 25,000 
million British thermal units (MMBtu)/day, of which LADWP receives approximately 83 
percent of the proj ect. 

5. LADWP has also replaced approximately 1,100 megawatts (MW) of electrical generation 
with combined cycle technology. This technology is much more efficient in generating 
electricity than the generating units that were replaced, resulting in a 30 percent to 40 percent 
decreased usage of natural gas to generate the same amount of electricity. 

6. As a result of implementing the greater use of renewable energy, LADWP's usage of 
natural gas and coal will be reduced considerably. A general discussion on natural gas 
pricing issues is provided in the following subsections. 

H.2.1 Natural Gas Pricing Issues 

Gas delivered to the burnertip for electric generation in California is comprised of three elements: 
1) commodity costs; 2) interstate transportation; and 3) intrastate transportation. Other concerns 
include regulatoryllegal issues, gas price volatility, support for renewables and gas supply issues. 

Commodity Costs 
Natural gas for electric generation is produced primarily outside California in areas known as 
basins, such as the Green River Basin near Opal, Wyoming; the San Juan Basin near San Juan, 
New Mexico; and the Permian Basin in west Texas. Gas produced from individual wells is 
gathered by small pipeline systems and delivered into a gas plant that processes the raw gas into 
pipeline quality gas for delivery to markets. Prior to the 1980s, this pipeline gas was sold as a 
bundled product by various interstate pipelines to distribution companies in the individual states, 
such as the Southern California Gas Company (SoCal) and the Pacific Gas & Electric Company 
(PG&E). Eventually interstate gas rates were restructured so that interstate pipelines became 
transport-only businesses with the gas marketing function spun off to the market via unregulated 
affiliates or independent marketers. 

Intensified exploration in non-traditional producing areas of the country, chiefly the so called shale 
gas, has produced a surplus of gas, which has contained prices recently and will continue to do so 
in the foreseeable future. The development of Liquefied Natural Gas (LNG) import terminals in 
the United States has been delayed by a number of factors, including regulatory requirements, 
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environmental issues, safety concerns, and economic uncertainty. Development of resources 
known to exist in the United States offshore continental shelf, especially in view of the 
blowout of a deep underwater well near the coast of Louisiana, continues to experience 
similar issues. 

Interstate Transportation 
The interstate pipeline companies that fonnally sold bundled gas along with their 
transportation services have now focused primarily on the transportation of gas from producing 
basins to interconnections with the individual state's local distribution companies. The jurisdiction 
for the regulation of these companies falls under the authority of the Federal Energy Regulatory 
Commission (FERC). California is currently served by seven interstate pipelines although 
only four are actually directly connected to supply basins. The other three redistribute gas from 
other interstates. Volatility in gas prices into California has arisen because of various supply
related issues, variations in liquidity stemming from fewer suppliers in the aftennath of the 
market adjustment following 2000-2001, financial trading of commodities by funds, and 
weather-related events throughout the country. Limited price discovery has also added an 
element of uncertainty in gas transactions. Additional pipeline capacity to California is readily 
available through expansions of existing pipelines and interruptible capacity. LADWP has 
finn capacity on the Kern River pipeline approximately equal to its forecasted average gas 
requirement although there is a certain amount of uncertainty in this forecast depending upon 
the degree of implementation of renewables. 

Intrastate Transportation 

SoCal is the sole provider of intrastate gas transportation services in Southern California. These 
services consist primarily of delivering gas from the interconnections with interstate pipelines 
near the California border, but also include storage, balancing, wheeling, parking, and loaning 
of gas. Ever since May 1988, SoCal has been relieved of its obligation to serve the so-called 
non-core customers, those who are able to make their own arrangements for procuring their own 
gas. All electric generators such as LADWP are deemed non-core or transport-only customers. 
The rate charged by SoCal for this transportation only service is regulated by the California 
Public Utilities Commission (CPUC). This rate is the lowest for any customer class (outside of 
any special negotiated rate) because it provides the minimum service and provides as close to 
cost-of-service pricing as possible. LADWP's active participation in SoCal's rate cases at the 
CPUC was instrumental in achieving this distinction. 

Additional services relating to the delivery of gas are available from SoCal, but the rates are 
subject to negotiation and, usually, CPUC approval. Generally speaking, these services are of more 
value to marketers than to municipal generators, but in any case add to the cost of delivered gas. 

One issue that has emerged from the recent price volatility in Southern California is whether or 
not SoCal has the ability to accept all the gas that will be filling the expanded interstates over the 
next few years. The CPUC has addressed this issue in a recent proceeding into the adequacy of 
SoCal's system to serve the expected load on its system. So far no conclusions can be made but 
SoCal is confident that they have the problem in hand because of their recent completion of various 
system upgrades increasing takeaway capacity by approximately 11 percent. SoCal has been able 
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to settle rate allocation issues to allow its intrastate transmission system to accomodate the 
delivery of LNG Gas supplies into its system. 

Regulatory/Legal Issues 
Several issues at the CPUC and FERC also impact pricing. SoCal revised its rates on October 
2008 to accommodate the delivery of LNG into California, through the implementation of what is 
known as the Firm Access Rights (FAR) decision. Implementation ofF AR has affected the role of 
transportation pricing and the distribution of receipt point allocations for deliveries into the 
California market. The FAR program has been renewed for another three years under the name 
Basic Transportation Service (BTS). The Department has obtained BTS rights that match with its 
finn Kern River hlterstate capacity. Another issue regarding the SoCal system, is the Wobbe 
Index. The Wobbe Index relates to the energy content of the natural gas delivered into SoCal's 
system which affects operating characteristics of gas turbines and emission levels. The 
Wobbe Index has risen to prominence due to environmental concerns which may substantially 
affect SoCal's service to electric generators. The CPUC has already allowed SoCal to set 
sufficiently high limits on the Wobbe Index for gas coming into its system. This will chiefly 
benefit LNG sourced gas although there is a challenge being mounted by the South Coast Air 
Quality Management District (SCAQMD). The SCAQMD has adopted a new rule, Rule 433, 
which proposes to monitor the effects of any increase in the Wobbe Index and could be 
interpreted as an attempt to regulate the distribution of natural gas. It is anticipated that the 
CPUC will oppose this initiative, and at this point in time, SoCal has filed a lawsuit to set aside 
Rule 433. 

The FERC is presently preparing new tariff sheets for the Kern River pipeline in which LADWP 
has a substantial interest. Kern River had applied for a significant rate increase, but lost after a 
long proceeding at the FERC. The rate case was settled by most of the interested parties and 
refunds were distributed. Subsequently, one party that did not settle was able to halt the 
settlement pending further review by the FERC. The distribution of refunds stands until the 
FERC resolves the issue. 

Gas Price Volatility 
During the winter 2000-2001 gas prices were highly volatile. This was somewhat repeated in 
milder form briefly in early 2003 and the second half of 2005 For the most part, extreme 
volatility has subsided with prices remaining at substantially lower levels than in previous years 
due to the recession. Forward pricing indicates that gas prices will move relatively sideways with 
a slight bias upward, in part due to the competing effects of the economy and increased supplies of 
shale gas. The industry has endeavored to reduce volatility through a massive effort of injecting 
gas into storage for winter use, thereby eliminating the perception of a huge overhang of 
expected gas purchases during the winter heating season. 
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• New drilling techniques make it possible to extract natural gas from deep shale rock 
formations. The advances mean the United States has more abundant natural gas 
resources than previously believed. Gas advocates say it could significantly alter the 
future U. S. energy market. 

• Horizontal drilling ($1.06-$1.34 Ithousand cubic feet (Mct)) vs. vertical drilling ($1.71 
Mct): horizontal wells open up much larger area of the resource-bearing formation. 

• Hydraulic Fracturing (or fracking): Injecting a mixture of water and sand at high pressure 
to create multiple fractures throughout the rock, liberating trapped gas. 

• Combination of the Horizontal drilling and fracking. 

• With more drilling experience, U.S natural gas reserves are likely to rise dramatically in 
the next few years. At current level of demand, U. S. has about 90 years of proven and 
potential supply. 

• Preliminary estimates suggest that shale gas resources around the world could be 
equivalent to or even greater than current proven natural gas reserves. 

H.2.2 Natural Gas Procurement Strategy 

LADWP retained the services of Price Waterhouse Coopers (pwC) in 2003 to assess, validate, and 
verify LADWP's current gas procurement strategy. Their report assessed the current strategy, 
suggested changes and enhancements to that strategy, and prepared a preliminary plan and 
timetable for implementing the changes. 

As a result of PwC' s review of gas operations, LADWP decided to adopt a program of protecting 
its gas costs from price volatility through financial hedging. The appropriate authority was 
sought and received by the City Council to employ financial hedges for up to ten years and 
physical hedges for up to five years, and to limit spending for this effort to no more than $15 
million per year. 

In addition, an Executive Risk Policy Committee was formed with senior management as 
members to provide oversight over the energy risk management activities of LADWP, 
including natural gas. Several actions have taken place. 

First, LADWP's Financial Services Organization (FSO) negotiated individual ISDA (International 
Swaps and Derivatives Association) agreements with potential counterparties for the swaps to 
hedge gas prices. Fiscal Year 03-04 was the first complete year for using financial hedging to 
cap gas prices over a portion of forecasted gas requirements. 

Second, LADWP obtained approval of two ordinances from the Council authorizing the Board of 
Water and Power Commissioners to delegate its award authority to the General Manager for 
approving gas procurement contracts. Subsequently the Board approved two separate pro forma 
NAESB (North American Energy Standards Board) contracts for use in procuring natural gas for 
up to one year, and for up to five years in duration. A number of the one-year NAESB 
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agreements are now being used to buy gas. Five year strips of gas for physical risk management 
purposes were completed in late 2008 using the 5-Year NAESB authority. In addition, in mid 
2009 the 5-Y r NAESB was used to obtain strips of biogas which contributes to the LADWP's 
Renewable Portfolio Standard goal. 

Third, LADWP participated through SCPP A in a Request for Proposal (RFP) process soliciting 
proposals for a tenn supply of natural gas for 30 years for up to an average of 27,500 
MMBtulDay. The agreements were negotiated but the deal was never completed because 
difficulties with the economy greatly reduced the anticipated discount offered under the prepay. 

Fourth, LADWP has participated with the SCPPA in purchasing an active gas reserve in the 
Pinedale anticline area of Wyoming. Savings from this purchase have totaled approximately 
$48,000,000 for the four years of ownership. Further production is indicated by virtue of the fact 
that neighboring production has been approved for drilling on ] O-acre spacing, up from the 
current 20-acre spacing, by the Wyoming Division of Oil, Gas and Conservation. Other 
production adj acent to the SCPP A properties has already shown promise although development 
depends upon a number of environmental challenges. 

PwC noted that LADWP' s previous gas procurement strategy was highly dependent on spot market 
purchases and lacked the flexibility necessary to appropriately manage the price risk involved in 
gas buying, trading, and transportation activities. They argued at the time that price risk was a 
critical issue because gas was playing an increasingly important role in LADWP's future due to 
increased reliance on natural gas-fired generation. (Note that the 2000 lRP had recommended 
repowering four natural gas-fired generating stations and adding six gas-fired simple cycle 
combustion turbines to make up for a sale of a portion of LADWP's interest in the coal-fired 
Mohave plant, to replace units that were over 40 years old, and to meet anticipated load growth). 
Additionally, the increased use of renewables, such as wind fanns and solar projects, may 
require higher levels of reserve margins because of their variable and intennittent nature, with 
the higher reserve margins being provided by gas-fired generation. Also, gas price volatility 
and constraints on the SoCal intrastate transportation system required LADWP to place more 
importance on gas supply management. 

Implementation Actions 
LADWP has adopted strategies to reduce exposure to daily gas price swings: by the use of 
monthly spot purchases, implementation of index based financial swaps, physical tenn purchases, 
and ownership of gas reserves. Monthly spot purchases lock in first of the month indexes and 
reducing the volumes subject to floating daily prices. The reserve acquisition will reduce overall 
costs through amortization of the purchase price for the reserve. Additional administrative 
procedures were put in place to further strengthen deal tracking and audit trails. 

An important initiative was put into play to obtain delegated authority from the City Council to 
allow LADWP management to execute SoCal' s Master Service Contracts. This contract allows 
the LADWP to take advantage of additional services offered by SoCal such as storage, 
parking, loaning and wheeling. The initiative was completed in early 2008. 

Additional Actions To Be Considered 
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With respect to transportation and storage options, LADWP will need to evaluate its options in 
view of the aggressive schedule adopted by the Board of Commissioners in meeting its goals for 
implementation of renewable technologies for generation and elimination of coal-fired 
generation. The successful completion of both these goals will significantly impact the need 
for natural gas generation. To this end, LADWP has begun to develop standardized methods for 
evaluating capacity projects. Factors to consider in evaluating options including: 

II Cost of being short gas supply 
II The amount of fuel carried in inventory for emergencies 
II The type of fuel carried in inventory for emergencies 
II Cost of altematives 
II Demand Side Management (DSM) 
II Spot power purchases 
II Altemative generation costs 
II Service interruptions 
II Political and budget impacts 
II Cost of being over-contracted for off-peak periods 
II Cost of new capacity (initial capital and demand and charges) 
II Value of excess capacity sold on short-term basis 

These factors are applied to the contracting options that range from meeting base10ad requirements 
to meeting peak requirements. 

SoCal is LADWP's only available intrastate transportation supplier by virtue of its authorized 
franchise. Since SoCal provides 100 percent firm full requirements service, LADWP's 
transportation need is met. Storage is being developed by others. In the meantime, LADWP may 
participate in SoCal' s auction to acquire an appropriate amount of inventory space, inj ection 
rights, and withdrawal capacity on a year to year basis. Storage is most effective contiguous to 
load centers. However, the most geologically effective sites in the greater Los Angeles area have 
already been developed by SoCal Storage service. Storage is primarily useful for minor load 
balancing and, to some extent, hedging. Given the robustness of SoCal's distribution system in 
particular, and the interstate transportation system in general, storage is not necessary for 
emergency backup supply for power generation. 
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H.2.3 Proposed Actions 
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LADWP proposes to take the following actions to provide additional flexibility in implementing its 
natural gas procurement strategy: 

• Increase the long-term natural gas hedging price cap. LADWP's authority for purchasing 
financial swaps for long-term natural gas is currently limited to $10.00 per MMBtu. 

• Increase the short-term physical natural gas purchase price cap. LADWP's authority for 
purchasing short-term natural gas is currently limited to a rolling twelve months at $20.00 
perMMBtu. 

• Obtain delegated authority to execute SoCal's Master Services Contracts (MSC) along with 
the attachments for ancillary services as soon as the new MSC is published by SoCal after 
approval of its 2009 BCAP Phase II settlement. 

• Increase the term limitation for its short-term power purchases. LADWP's authority for 
purchasing short-term power is currently limited to a rolling eighteen months from date of 
execution. And likewise increase to eighteen months the I-year gas NAESB 
contracts for short term gas purchases. 

• Seek authority to enter into long-term power purchase hedging contracts. LADWP is 
currently not authorized to enter into such arrangements. 

In summary, LADWP has attempted to mitigate the impacts of volatile natural gas supplies and 
prices by acquiring a natural gas field, utilizing financial hedging contracts, and repowering over 
1,000 MW of electrical generation with more efficient combined cycle technology. 

H.2.4 Liquefied Natural Gas 

LADWP has been carefully monitoring for years the development of LNG throughout the 
country, and in particular the many projects aimed at California. Generally, LADWP has been 
supportive of the concept but has not taken an active role in any proposed project. LADWP 
supports making additional supplies available to the market in California for reliability and cost 
reasons. This will be especially true as more states implement environmental regulations that 
will limit the amount of electricity produced from coal resources and shift much of the energy 
production to natural gas. 

Currently there are no active LNG projects in California though several have been planned. 
Environmental issues and price containment from non-conventional shale gas have made project 
development a challenge. 
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H.3 Coal Procurement Strategy for the Intermountain Generating Station 

H.3.1 Intermountain Generating Station 

The Intermountain Power Agency (IP A) owns the Intermountain Generating Station (IGS). 
LADWP receives part of the power from IGS under a power purchase agreement with IP A that 
currently runs through 2027. LADWP is additionally under contract with IPA to oversee the 
operations of IGS and is known in that role as the Operating Agent. One of LADWP' s duties as 
the Operating Agent is to arrange for the procurement of coal or coal assets, including any 
transportation services needed to get the procured coal to IGS. All contracts for coal 
procurement or coal asset ownership are done under the name ofIPA. Management approval for 
coal procurement or coal asset ownership is given by the Intermountain Power Project 
Coordinating Committee (IPPCC), which is made up of IGS power purchasers (including 
LADWP), and the IP A Board of Directors (which does not include LADWP). Future coal 
procurement and coal asset ownership and related strategic development are therefore, done at 
the discretion and approval of the IPPCC and IP A Board of Directors on behalf of the power 
purchasers and owners ofIGS. 

H.3.2 Coal Supply - A Role for the Operating Agent 

In its role as Operating Agent, LADWP administers, on behalf of IPA, a diversified portfolio of 
coal supply contracts that should by design hedge IGS power purchasers against escalating coal 
prices. The portfolio contains a combination of long-term, mid-term, and short-term coal supply 
contracts, which are either market price-based, fixed price-based, or cost of production price
based. 

H.3.3 Coal Portfolio 

The current coal procurement portfolio mix is as follows: 

Long-term fixed pricing (with contracts beyond 2013): 

Short-term market pricing (spot market purchases): 

60 percent 

40 percent 

In all, the Operating Agent procures about six million tons of coal per year for IGS based on 
current capacity factors. At present, IP A has in place coal contracts which can supply all of the 
coal needs ofIGS through 2013, with a significant portion of the coal needs beginning 2014 also 
already in place. 

Historically, the vast majority of coal procured for IGS has come from Utah sources. The 
procurement of coal in the near- and far-term will likely be done in a similar manner as described 
above, with the percentages of the pricing methodologies in the portfolio mix being determined 
with pricing and security of supply in mind. While Utah coal is expected to remain a key part of 
the IGS coal supply for the next 20 years, Utah sources of coal are diminishing. Thus, it is 
prudent for to the Operating Agent (with IPPCC and IP A Board of Directors guidance and 
approval) to seek out sources from new Utah mines and from other Rocky Mountain states. For 
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several years the Operating Agent has procured short-term contract coal from more than a half 
dozen sources in Colorado and Wyoming. This will have to be done to a greater extent in the 
future. Since travel time using IPA-owned unit-trains increases while traveling greater distances 
to the out-of-state sources, the Operating Agent has already made arrangements to lengthen 
IPA's unit-trains, obtain additional railcar capacity, and expand IPA's railcar operation and 
maintenance facility. 

H.4 Alternative Fuels for Basin Generation 

Although there will be ample supplies and delivery capacity for natural gas to power all Basin 
generation for the foreseeable future, there is some concern that that LADWP will become too 
dependent on a single fuel. As a consequence, a great deal of thought has been put into 
identifying potential backup supplies in the event of an emergency. 

Among those considered are liquefied natural gas and ultra-low sulfur (CARB) diesel. Both 
fuels present unique storage, handling, operational, and/or environmental problems. Both are 
deemed too expensive to implement. 

The greatest disaster that could possibly affect the LADWP' s ability to generate electrical energy 
for native load would be a massive earthquake such as the Northridge Earthquake that afflicted 
Los Angeles in 1994. During that event, due to transmission line problems, the entire power 
system in Los Angeles was islanded and all available basin generation was put on line. No 
power was brought in from the Pacific Intertie and minimal power from Palo Verde, Navajo, 
Mohave or Intermountain power was available. Natural gas demand for power increased by 
200,000 MMBtu/Day and was provided by a minority supplier in a timely fashion. This 
situation persisted for over two weeks until field crews could repair damage to transmission 
lines. No power plants were damaged as a result of the quake, but some were temporarily taken 
off line until the situation stabilized. All generation was eventually brought on line within a few 
hours of the quake. If the quake were much more severe, damage to the power plants' turbines 
would have necessitated them to be taken off line. The gas delivery system, both SoCal' s 
distribution system as well as the interstate transmission systems, were not harmed by the 
Northridge quake. Characteristically, gas pipelines are imbedded in sand-filled trenches that 
allow the pipes to move about when the earth shifts, thereby reducing the possibility of breaking. 
Major transmission lines bring gas from the East and cross the San Andreas Fault, which move 
all the time, but rarely cause delivery outages. Thus it would appear that the gas delivery 
infrastructure is more robust than the power plants that depend on it. 

We can conclude from this that although it might seem desirable to maintain some type of 
backup supply of fuel for in-Basin power plants, the existing natural gas supply system is likely 
both adequate and reliable enough to withstand a major disruption event. 
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Appendix I Transmission System 

1.1 Transmission Resources 

Appendix I 
Transmission System 

LADWP is one of only a handful of electric utilities that own and operate a system with both 
alternating current (AC) and direct current (DC) transmission lines. The typical utility is 
exclusively an AC system with a shorter geographical reach than the LADWP network. LADWP 
employs its DC lines to import bulk power across state lines from markets and plants in 
UtahlWyoming, Washington and Oregon. To lower transmission losses, AC/DC conversion 
equipment is utilized to interconnect its long distance DC lines with the AC system. Table I-I 
lists LADWP' s transmission resources. 

Table 1-1. BREAKDOWN OF TRANSMISSION RESOURCES 

Voltage Class 
I 

AC/DC 
I 

Circuit-Miles 

Out-of-Basin 
±500kV DC 1,068 
500kV AC 1,069 
345kV AC 189 
287kV AC 350 
230kV AC 353 
Out-of-Basin Circuit-Miles 3,029 (81 %) 

In-Basin 
230kV AC 521 
138kV AC 153 
115kV AC 44 

In-Basin Circuit-Miles 718 (19%) 

Total Circuit-Miles 3,747 (100%) 

As Table I-I shows, the majority ofLADWP's transmission assets are located outside of the Los 
Angeles Basin. Originally constructed to supply lower cost electricity to its customers and 
thereby maintain lower electricity rates, these assets are vitally important to LADWP's 
attainment of its 33% RPS goal by 2020. Excess transmission capacity is sold on a non
discriminatory basis in a wholesale market under an open-access transmission tariff largely 
conforming to FERC Order 890. 
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A one-line diagram of the key bulk power transmission lines is shown in Figure 1-1. The 
transmission capabilities of the different systems are summarized in Table 1-2. 

Table 1-2. IMPORT CAPABILITY OF TRANSMISSION RESOURCES 

Transmission System Transfer Rating (MW) LADWP Share (MW) 

East-to-LA Basin 4,000 3,566 

West-or-River 10,623 3,373 
East-of-River 9,300 1,109 

Pacific DC Intertie @ NOB 2,990 1,196 

Owens Valley Transmission 450 450 

Intermountain 2,400 1,428 
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Figure 1-1. LADWP Power System diagram. 
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1.2 Basin Transmission System 

Appendix I 
Transmission System 

LADWP's basin transmission network is comprised of overhead and underground lines ranging 
from IISkV to 230kV; 4 switching stations that tie together multiple Transmission System 
circuits; and 20 receiving stations that serve as gateways to the distribution system and as tie 
points for basin power plants. 

Because LADWP serves a metropolis, system reinforcements, additions, and improvements are 
often challenging; construction in crowded thoroughfares inconveniences so very many people. 
Compounding this challenge is the very real need to invest in an aging transmission 
infrastructure, parts of which date back to 1916. LADWP continues to explore and exercise 
feasible options to increase the utility of its resources, including dynamically rating critical belt
line segments. Even so, it is clear that long-term investments must be made in the near-term. 
According to the Ten-Year Transmission Assessment released in November 2010, LADWP's 
transmission system is capable of handling expected system peak loads for the next four years 
when supported by approved remedial actions to address vulnerable, critical double 
contingenci es. 

Further, the annual Ten-Year Transmission Assessments have consistently identified the need to 
install Scattergood-Olympic -230kV Line 1 for many years now. With each passing year, the 
urgency becomes more apparent so that now even remedial actions have limited benefit. For this 
reason, LADWP is moving forward with the installation. With construction slated to begin in 
2012, the new IS-mile long Scattergood-Olympic 230kV Line 1 in the Westside should be in
service before Summer 2015. Information on this project is available at the following website: 
http ://www.1adwp.com/ladwp/ cms/ladwpO 13 744. j sp. 

1.3 East-to-LA Basin Transmission System 

The East-to-LA Basin System (see Table 1-3) transmits power into the Los Angeles Basin from 
distant resources in Utah and the Desert Southwest. The Adelanto Station receives power from 
the Intermountain DC corridor. The Victorville Station is similarly joined to the task of receiving 
power from the West-of-River System. 

Table 1-3. EAST TO LA BASIN TRANSMISSION SYSTEM 

T .. L· Voltage Transfer LADWP LADWP 
ransmlsslon me Class (kV) Limit (MW) Ownership (%) Scheduling (%) 

Victorville-Century Lines 1 &2 
Victorville-Rinaldi 
Adelanto-Toluca 
Adelanto-Rinald i 
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1.4 West-of-the-River System 
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LADWP's West of River (WOR) system transmits power from the McCulloughlMarketplace 
area to the Ade1antoNictorville area along WECC's WOR (path 46). Path 46 facilitates 
transportation of electricity from Navajo Generating Station (Page, Arizona) and Palo Verde 
Generating Station (Wintersburg, Arizona) to Southern Nevada and Southern California. Until 
the 1580 MW Mohave Generating Station was shut down in 2005, the Mohave-Lugo 500kV line 
primarily interconnected that station to the WECC power grid. Since 2006, LADWP has been 
selling available capacity in the wholesale markets via OASIS. The Palo Verde-Devers 500kV 
line, of which LADWP has contractual rights to 468MW, is common to both the West-of-River 
System and the East-of-River System. Both systems are also related in that the capacity ratings 
are seasonally adjusted according to the Southern California Import Transmission (SCIT) 
Operating Nomogram. 

The WOR system is summarized on Table 1-4 and shown on Figure 1-2. 
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Table 1-4. WOR TRANSMISSION SYSTEM 

... Voltage Class Allocation L~DWP 
Transmission Line (kV) (MW) Entitlement 

(MW) 
McCullough-Victorville Lines 1 &2 500 

2,592 2,592 Hoover-Victorville 287 

Eldorado-Lugo 500 
Eldorado-Pisgah 230 
Eldorado-Cima-Pisgah 230 2,754 0 
Mohave-Lugo 500 
Julian Hinds-Mirage 230 

Palo Verde-Devers 500 1,802 468 

Ramon-Mirage 230 
600 0 Coachella-Devers 230 

North Gila-Imperial Valley 500 
1,584 0 EI Centro-Imperial Valley 230 

WOR Total 10,623 6,278 

NEVADA 

CALIFORNIA 

Figure 1-2. LADWP West-of-Colorado transmission resources. 
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1.5 East-of-the-River (EOR) System 

Appendix I 
Transmission System 

LADWP's East of the River (EOR) system transmits power from the north-central and central 
areas of Arizona to the McCulloughlMarketplacelMead area along the WECC EOR (path 49). 
Path 49 facilitates transportation of electricity from Navajo Generating Station (Page, Arizona) 
and Palo Verde Generating Station (Wintersburg, Arizona) to Southern Nevada and Southern 
California. The Palo Verde-Devers 500kV line, of which LADWP currently has contractual 
rights to 468MW, is common to both the West-of-River System and the East-of-River System. 
Both systems are also related in that the capacity ratings are seasonally adjusted according to the 
Southern California Import Transmission (SCIT) Operating Nomogram. 

The EOR system is summarized on table 1-5 and shown on Figure 1-3. 
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Table 1-5. EOR TRANSMISSION SYSTEM 
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T "" L" Voltage Class All t" (MW) LADWP Entitlement 
ransmlsslon me (kV) oca Ion (MW) 

Navajo-Crystal 
Moenkopi-Eldorado 
Liberty-Peacock-Mead 
Palo Verde-Devers 
Hassayampa-North Gila 
Perkins-Mead 

NEVADA 

PISGAH 

CALIFORNIA 

500 
500 
345 
500 
500 
500 

I 

9,300, east to west 
non-simultaneous 

: UTAH 
I 
I 
I 

I N?'n NAVAJO 1.-- _ _ ____ _ 

I 500(18,29,42) 

SE E 

PH OENIX 

DETAIL 

230(33) 

Figure 1-3. LADWP East-of-Colorado River transmission resources. 
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1.6 Owens Valley Transmission Line 
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Essentially a segmented single line, the Owens Valley System is becoming increasingly 
important as a corridor to import renewable resources that support LADWP's RPS goals. 
Developers have proposed interconnecting renewable resource projects totaling more than 
2950MW. These projects have been placed in the interconnection queue but require the 
construction of LADWP's Barren Ridge Renewable Transmission Project, described in Section 
2.4.8 of this IRP. 

The Owens Valley transmission system is summarized on Table 1-6 and shown on Figure 1-4. 

Table 1-6: Owens Valley Transmission System 

Transmission Line Class Allocation 

I 

Voltage I Approximated 

Owens Gorge-Inyo 
I nyo-Cottonwood 
Cottonwood-Barren Ridge 
Barren Ridge-Rinaldi 

(kV) (MVV) 

230 
230 
230 
230 

1 The normal rating of the line is 459 MVA, 
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Potential Renewable Resources along the Owens-Rinaldi Corridor 

OWENS GORGE 

INYO ....,.-......... 

I--~+--+-+--{"v South Owens Valley Solar Ran<h = 200 MW 

I--~+--+-+--{"v Owens Dry Lake Solar Ran,h = 100 MW 

- ..... -+-- COTTONWOOD 

Pine Tree Solar =8.5 MW V' 

Solar = 500 MW V'}-t--~--t---1 

Wind = 857 MW V'}-+-~-+--{ 

CASTAIC -..,.---,.---,.-"P""" 
I 
I 

....1--

SYLMAR 
NORTHRIDGE 

OLIVE 

RINALDI 

Wind =201 MW 

r--+--<>---+~>--+---I"v Solar = 789 MW 

BARREN RIDGE 

Summary of Queued Generation Projects 

WIND (1343 MW) 
LADWP-Owned 285 MW Dec 2017 

Non-LADWP-Owned 1058 MW Dec 2014 

SOLAR (1598 MW) 
LADWP-Owned 309 MW Dec 2017 

Non-LADWP-Owned 1289 MW Dec 2014 

GRAND TOTAL = 2941 MW 

HASKELL CANYON 
SWITCHING STATION - - - - - - Futu re EIpon sion 

Figure 1-4. Owens Valley transmission resources. 
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1.7 Intermountain System 

The Intermountain System is comprised of three WECC paths operated by LADWP on behalf of 
the Intermountain Power Authority: 

FINAL 

• WECC Path 27, the 488-mile Intermountain Power Project DC Line, was upgraded 
from 1920MW to 2400MW in May 2011. The increased capacity has been 
accommodating transmission of wind energy from Utah (see Table 1-7 and Figure I
S). 

• WECC Path 28, the 50-mile Intermountain-Mona 345kV line ties Pacificorp to 
LADWP's Balancing Authority Area (see Table 1-8 and Figure 1-6). 

• WECC Path 29, the 144-mile Intermountain-Gonder 230kV line ties NV Energy to 
LADWP's Balancing Authority Area (see Table 1-9 and Figure 1-7). 

1- 11 December 22, 2011 

AR0071389 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

Table 1-7. WECC PATH 27 
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... Allocation LADWP LADWP LADWP 
Transmission Line (MW) Expiration Share (%) Scheduling (%) 

Intermountain-Adelanto 
Adelanto-I ntermountain 

2400 
1400 

NEVADA 

CALIFORNIA 

ADELANTO 

LOS ANGELES 

AR EA 

Figure 1-5. WECC Path 27. 

FINAL 

15Jun2027 59.5 59.5 

UTAH 

-------------------------------------

ARIZONA 
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Table 1-8: WECC PATH 28 
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... Allocation LADWP LADWP Share LADWP 
Transmission Line (MW) Expiration (%) Entitlement (MW) 

I ntermountai n-M ona 
Mona-I ntermountain 

1200 
1400 

NEVADA 

Figure 1-6. WECC Path 28. 
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Table 1-9: WECC PATH 29 
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""" "LADWP LADWP Entitlement 
Transmission Line Allocation (MW) E" t" LADWP Share (%) (MW) 

Intermountain
Gonder 

200 
non-simultaneous 

bi-directional 

NEVADA 

MACHACEK 

230(16) 

Figure 1-7. WECC Path 29. 

FINAL 

xplra Ion 

n/a 

CAMP WILLIAMS 

INTERMOUNTAIN 

PAVANT 

1- 14 

o 

UTAH 

345(5) 
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1.8 Pacific DC Intertie System 
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Also known as WECC Path 65, the Pacific DC Intertie is a ±500kV DC line stretching from the 
Pacific Northwest to the Los Angeles Basin. This corridor provides the means for LADWP to 
import wind energy and hydroelectricity created from spring runoffs. For the Pacific Northwest, 
it provides access to low cost generation resources during cold winter months. As described in 
2.4.8 of this IRP, research into the various technological options to increase the capacity of the 
Pacific DC Intertie is being conducted. 

Table 1-10. WECC PATH 65 

+/- 500 kV DC 40 40 

OREGON 

NEVADA 

CALIFORNIA 

Figure 1-8. WECC Path 65. 
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1.9 Interconnections with Other Utilities 
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A number of utilities interconnect with LADWP' s transmission system. The tie points are 
listed in Table 1-11. 

Table 1-11. TRANSMISSION TIE POINTS WITH OTHER UTILITIES 

I 

Regional 

I 

I Voltage Class Utility Transmission Location (kV) 
Organization 

Arizona Public Service -- Marketplace Switching Station 500 

Bonneville Power Pacific DC Intertie @ North of 
500 

Administration 
--

Oregon Border 

City of Anaheim California ISO Marketplace Switching Station 500 

City of Azusa California ISO Marketplace Switching Station 500 

City of Banning California ISO Marketplace Switching Station 500 

City of Burbank 
Marketplace Switching Station 500 -- Toluca Receiving Station 69 

City of Colton California ISO Marketplace Switching Station 500 

City of Glendale 
Marketplace Switching Station 500 -- Airway Receiving Station 230 

Marketplace Switching Station 500 
City of Pasadena California ISO S1. John Receiving Station 34.5 

(emergency) 

Cities of Modesto 
Redding California ISO Marketplace Switching Station 500 
Santa Clara 

City of Riverside California ISO Marketplace Switching Station 500 

City of Vernon California ISO Marketplace Switching Station 500 

Intermountain Power Adelanto Switching Station, 
500 

Agency 
--

afier15Jun2027 

NV Energy 
McCullough Switching Station 500 and 230 --
Gonder, until 15Jun2027 230 

Pacificorp -- Mona, until 15Jun2027 345 

Salt River Project -- Marketplace Switching Station 500 

Eldorado Substation 500 
Victorville-Lugo midpoint 500 

Southern California 
Velasco Receiving Station- 230 

Edison 
California ISO Laguna Bell (emergency) 

Sylmar Switching Station 220 
Inyo Substation 115 
Haiwee (emergency) 115 

Western Area Power 
Marketplace Switching Station 500 

Administration 
-- McCullough Switching Station 500 and 230 

Mead Substation 287 
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Integration of Intermittent Energy 

AppendixJ Integration of Intermittent Energy From 
Renewable Resources 

J.1 General Integration Principles 

One of the main responsibilities of power system operators is to maintain the balance between 
the total aggregate electrical demand of the system's customers and the amount of energy 
generated to meet that demand on an instantaneous basis. Conventional electrical generation 
technologies, such as nuclear, coal, natural gas and large hydro are controlled and dispatched by 
the power system operators throughout the day to maintain this instantaneous balance between 
demand and generation. 

However, some renewable resources generate energy according to nature in a variable and 
intermittent manner, and the energy from these renewable resources is generally neither 
controllable nor dispatchable by power system operators. For example, solar resources 
generally only produce energy when the sun is up, and wind resources only produce energy when 
the wind is blowing. Such renewable resources are often referred to as variable and intermittent 
renewable generation technologies. 

It is anticipated that the amounts of energy generated from solar and wind resources will be 
substantial and increasing. The percentage of solar and wind resources compared to the total 
capability of a utility's power system may also be defined as "percent penetration." Percent 
penetration can be measured either by a capacity or energy method. Either measurement method 
is important, since a utility may use this information to determine the maximum amount of 
intermittent resources that a power system can absorb without impairing the utility's ability to 
reliably maintain the required instantaneous balance between demand and generation. 

Because power system operators cannot control or dispatch the production of energy from most 
renewable resources, the remainder of the power system must be controlled and dispatched to 
accommodate both the changes in renewable energy production and the changes in customer 
demand. In general, with the addition of increasing amounts of renewable resources, the 
conventional resources of a power system must become more flexible in their ability to increase 
and decrease the amount of energy generated to successfully and reliably integrate new 
renewable generation. 

J.2 Findings of System Integration Studies 

In the last several years, LADWP has been increasing its efforts to acquire renewable resources. 
In 2009, 14 percent of energy sold to its customers was generated from renewable energy 
resources, 20 percent was generated in 2010, and 33% is mandated in 2020. With the much 
higher percentage of renewables coming on line, a variety of modifications will need to be 
made to the Power System to successfully and reliably integrate these higher penetrations 
of renewable resources. In preparation, LADWP has conducted preliminary studies on 
integrating renewable resources, and has also reviewed many renewable resource integration 
studies published over the last several years. 
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These studies have some common observations and recommendations regarding the integration 
of intermittent renewable resources into power system generation portfolios. Some common 
observations of these studies include the following: 

1) Larger power systems with robust transmission systems have a greater ability to 
integrate intermittent wind and solar resources. 

2) Individual wind farms tend to have a high variability in the amount of energy 
produced (see Figure J-l). 

3) Wind energy production impacts regulation (minute to minute variability), load 
following (hourly variability), and unit commitment decisions (day ahead 
flexibility). See Figure J-2. 

4) Wind is usually categorized primarily as an energy resource. The dependable 
capacity value of a wind farm to the power system is much lower than the rated 
capacity of the wind turbines. 

5) There is a financial cost to integrate intermittent wind and solar renewable projects 
into existing power systems, and this cost increases with increasing amounts of 
intermittent renewable resources. 

6) Wind energy production patterns are not usually aligned with daily load patterns. 
Wind production tends to be greatest in the evenings when the daily load is at its 
mlmmum. 

Tehachapi,CA(Pine Tree) Daily Wind Profile 
August 2009 
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Figure J-1. Wind farm daily wind profiles. 
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Figure J-2. Wind farm impact on load following capability. 
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7) High wind energy production during low power system energy demand hours in 
many cases represents the greatest challenges for power system operations. 

8) Average daily and monthly wind energy production profiles are not representative 
of actual hourly production, due to the high variability in hourly energy 
production (see Figure J-l). 

9) Solar energy production patterns are more closely aligned with daily load patterns 
than with wind energy production patterns (see Figure J-3). 

10) Energy generated from Solar PV technology is highly sensitive to cloud cover. 
These PV systems can experience variations in output of ± 50 percent in 30 to 90 
seconds, and ± 70 percent in five to 10 minutes. When a single large sized PV 
facility experiences these rapid changes in output, the Power System must also be 
able to react just as quickly with other generation resources to accommodate such 
rapid changes. The capabilities of a power system's dispatchable resources will limit 
the size of a single PV facility. 

11) In the current energy market, the energy from renewable resource generation will 
tend to displace the marginal resource, which is typically natural gas. However, if 
future financial burdens are applied to carbon fuels such as coal, and coal becomes 
the marginal resource, then coal energy may be displaced by renewable 
resources. 
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Figure J-3. Solar photovoltaic comparisons. 

Some common recommendations from these studies include the following: 

1) Successful integration of intermittent renewable resources requires an investment 
in transmission and generation resources, changes in power system operations 
and practices, and cooperation among power system operators and energy 
providers. 

2) New generation should be able to operate flexibly, meaning it should be able to 
start and stop quickly and to cycle on and off many times throughout the year. 
It should also be able to ramp (change the amount of energy it produces) 
quickly, and operate at low generation levels. 

3) State-of-the-art forecasting, particularly for wind resources, needs to be made 
available to power system operators. 

4) Wind production equipment needs to have "grid fuendly" features, including low 
voltage ride through, voltage control, and reactive power control. 

5) Wind energy production must be curtailable by power system operators if 
wind production negatively affects power system reliability. The power system 
operators also must have the ability to set power ramp rates for wind proj ects if 
needed to ensure power system reliability. 

6) Natural gas fired combustion turbines and pump-storage hydro plants are 
good complements to integrating intermittent renewable resources into existing power 
systems. Additionally, pump-storage hydro plants with variable speed pumping 
capability provide even more flexibility to a power system. Other energy storage 
devices described in Appendix K may also assist in integrating intermittent 
renewable resources. 

7) Customer load shifting programs work well in integrating intermittent renewable 
resources. 

Further studies, planning and system modeling will be needed as additional renewable resources 
come on-line to assure power system reliability. 
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K.l Overview 

AppendixK 
Energy Storage 

This Appendix provides a review of the general requirements of grid-scale energy storage 
systems (ESSs) and ESS technologies. A proposed ESS demonstration project is described, and a 
summary of Demonstration Program benefits is provided. 

K.2 Requirements of Grid-Scale Energy Storage Systems 

LADWP plans to meet its 33 percent renewable generation goal by acquiring and self
developing eligible renewable resources including wind and solar. Because wind and solar are 
intermittent resources by nature, integrating them into the power system is a major challenge. 
One method of integrating these intermittent generating resources will be large-scale ESSs. The 
LADWP currently has electrical storage capacity of 1175 megawatts (MW) of pumped storage at 
the Castaic Lake Hydroelectric Pumped Storage Plant. The plan is to augment this with large
scale battery-based and/or compressed air energy storage when feasible. The ESSs used in the 
system should be cost effective and provide economical benefit to LADWP. 

The ESS power and energy requirements vary widely with the particular grid support application 
(Figure K-l). Power quality applications require ESSs with high power capability and short 
storage capacity, while grid support systems require high power output and medium storage 
capability. Grid-connected renewable energy generation requires large-scale energy storage and 
large power capability. 
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Figure K-l. Requirements of grid-scale ESS. 

100 

Electrical ESSs are critical for the integration of intermittent renewable energy sources, load 
shifting, and improving the stability and reliability of the electricity grid. Such electrical ESSs 
must be capable of storing hundreds of megawatt-hours (MWhs) and operating without 
significant degradation for 15-20 years at a cost comparable to today's power plants. 

K.3 Energy Storage System Technologies 

LADWP is presently in the process of assessing various advanced electrical energy storage 
technologies to meet its renewable energy program goals. The technologies that look promising 
for grid-scale energy storage are rechargeable batteries, compressed-air energy storage (CAES), 
pumped hydro-storage, flywheels energy storage (FES), and supercapacitors. Table K-l 
summarizes the salient characteristics of the various energy storage technology options. Among 
these options, CAES and pumped hydroelectric systems are the technologies most suited for 
storing large quantities of electrical energy for long periods of time. Rechargeable batteries can 
support applications requiring a few minutes to a few hours of energy storage. However, hybrid 
ESSs consisting of rechargeable batteries and other electrical storage systems are likely to meet a 
wide range of requirements. 
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Table K-1. COMPARISON OF VARIOUS ESS TECHNOLOGIES 

Lead Acid <1MW 0.1 kWh -1 MWh 

Lithium-Ion <2MW 0.1 kWh -10 MWh 1 - 8 hours 

Sodium Sulfur <40 MW < 250 MWh 1 - 24 hours 
i 

long life, safe, low energy density, 
Redox Flow <5MW < 15 MWh 1 - 24 hours easily scalable, low power density 

medium cost 

Compressed Air 
25 MW-

1 GWh 1 - 24 hours high capacity, low al site 
3000 MW cost 

Pumped Hydro 
100 MW-

15GWh 4 - 24 hours special site 
4000 MW 

Flywheels <1MW < 10 MWh < 1 hour energy density, 
i cost 

low energy density, 
Supercapacitors <1MW < 100 kWh < 1 minute high cost 

i i 

Superconducting 
high power high cost 

Magnetic Storage 
< 10 MW < 1 MWh < 30 minutes density, high 

effici 

K3.1 Rechargeable Batteries 

Rechargeable batteries, upon being charged, convert electrical energy into chemical energy 
within reactant materials. The chemical energy can be returned as electrical energy upon 
discharge of the batteries. The rechargeable batteries being considered for the grid support 
applications described in this appendix are Lithium-Ion Batteries, Sodium-Sulfur (NaS) 
Batteries, and Redox Flow Batteries. 

Lithium-Ion Batteries 

The basic chemistry of these batteries is the same as 
that of the batteries used in cell phones, laptops, and 
other portable electronic devices. Large batteries can 
be fabricated using the same chemistry to provide 
ESSs for the grid. These batteries consist of carbon
based anode materials and lithiated metal oxide (metals 

Figure K-2. Lithium-ion batteries. 

such as cobalt, nickel, and manganese) cathode materials along with an organic electrolyte. Other 
material choices include lithium titanate for the anode and lithium iron phosphate for the 
cathode. The cells are sealed to prevent exposure of the battery chemistry to moisture and 
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oxygen. These batteries offer specific energy values as high as 200 watt hour per kilogram 
(Wh/kg) and 400 watt hour per liter (WhlL). They are three to six times lighter than lead acid 
batteries for the equivalent capacity and allow for fast charging and discharging. Operational life 
of about five years has been demonstrated. Further research is currently being done to improve 
battery-life characteristics for automotive applications. Cost and safety are the key challenges for 
widespread deployment of these types of batteries. Lithium iron phosphate and lithium titanate 
are particularly attractive for automotive applications because of their lower cost and higher 
abuse tolerance, albeit at a moderate reduction in energy density to 100 Wh/kg. AES Energy 
Storage is current installing a 32 MW lithium-ion storage system to regulate the 100-MW Laurel 
Mountain Wind Farm in West Virginia. Similarly, A123 Systems and AES have jointly deployed 
a 2 MW system (see Figure K-2). The current cost for lithium-ion batteries is between $650-
$lOOO/kWh and $400-$2000/kW. Current costs of lithium-ion batteries are commg down 
because of ongoing developments in the automotive industry and are expected to reach 
$250/kwh by 2020. 

Sodium-Sulfur Battery 
This type of battery was developed prior to lithium ion batteries and uses metallic sodium and 
elemental sulfur. A sodium-ion conductive ceramic separates both electrodes. Redox and 
Lithium-Ion batteries can operate at 
ambient temperatures, but NaS batteries 
must operate at about 450°C and must be 
maintained at this high temperature by 
appropriate thermal insulation. Repeated 
heating and cooling cycles will reduce 
the life of NaS batteries. Since NaS 
batteries consist of reactive materials 
maintained at high-temperatures, 
engineering measures are required to 
ensure safe operations. Notwithstanding Figure K-3. Sodium-sulfur batteries. 
these challenges, large-scale NaS battery 
installations have been demonstrated worldwide, with the largest installed unit being 34 MW, 
245 MWh for a wind power stabilization application in Northern Japan by NGK Insulators Inc. 
(see Figure K-3). Thus far in the U.S., about 40 MWs have been deployed for grid support and 
integration with wind energy systems. General Electric USA has recently announced its intention 
to develop and manufacture NaS batteries for renewable energy system integration. The 
projected cost of large-scale NaS batteries is $450/kW and $400/kWh. 
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Redox Flow Batteries 
In a redox flow battery (see Figure K-4), the chemicals 
produced in the cell stack during electrical charging are 
pumped out of the cell stack and stored as a solution in 
tanks. The solutions are then re-circulated through the cell 
stack when the energy needs to be regenerated. Since large 
amounts of energy can be stored as solutions in tanks, the 
redox flow battery concept is particularly suitable for large
scale energy storage applications. The Vanadium Redox 
Battery (VRB) is one of the best known examples of a 
redox flow battery that has been scaled up to MWh sizes; 
systems with the power level of 2 MW and storage capacity 
of 12 MWh have been demonstrated. Many units based on 
VRB technology are in operation worldwide. Some of the 
flow battery systems have been in operation for over 30 
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Figure K-4. Redox flow batteries. 

years with minimal maintenance. The life cycle emission from these batteries is less than 25 
percent of that of lead-acid batteries. The capital cost for these batteries is in the range of 
$1000/kW and $300/kWh. With a 15-year life span, the amortized cost of this system is 
comparable to that of lead acid batteries. 

K3.2 Compressed Air Energy Storage 

CAES systems compress large masses of air during periods of low energy demand (off-peak) and 
then expand the air in turbogenerators to produce power during periods of peak demand. Heating 
the compressed air before sending it through the turbogenerator results in a three-fold increase in 
the power that could otherwise be generated without the heater. Compressed air stores 
mechanical energy that can be released very rapidly. However, the stored energy density of 
CAES systems is relatively small compared to liquid fuel (gasoline, diesel). Currently, about 80-
85 percent of the mechanical work for compressing the air is lost as waste heat during the 
compression. New air compressor devices that recover the heat generated will substantially 
increase the efficiency. 

K.3.3 Pumped Hydroelectric Storage 

Pumped Hydroelectric Storage (PHS) is one of the most widely used ESS technologies. The PHS 
system involves pumping water from a lower reservoir to a higher reservoir when electricity is 
available (generally at night) and then flowing water down through hydroelectric generators to 
produce electricity when additional power capacity is needed (typically at midday during periods 
of peak demand). PHS systems require a particular geographical topology where reservoirs can 
be situated at different elevations and where sufficient water is available. PHS systems constitute 
3-4 percent of the current worldwide power generation capacity. The typical size of these PHS 
systems is around 1000 MW, and the storage capacity can exceed thousands of MWhs based on 
the size of the reservoirs and the hydroelectric generator assets involved. The round-trip 
efficiency of these systems usually exceeds 70 percent. Installation costs of these systems tend to 
be high because of the geographical siting requirements. System cost is estimated to be 
$4000/kW and $200/kWh. 
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FES systems work by using an electric motor to accelerate a rotor (flywheel) to a very high 
speed, maintaining the energy in the system as rotational energy using very low-friction bearings 
and engaging an electric generator to convert the rotational energy back to electricity by 
decelerating the flywheel. FES technology is a good fit for managing relatively limited amounts 
of electricity for short periods of time and is being considered as a strong contender for 
frequency control of the grid. Beacon Power Corporation has developed a flywheel system for 
frequency control of the grid and is currently testing several installations of prototype equipment. 

K3.5 Supercapacitor Energy Storage 

Supercapacitor Energy Storage (SES) and Ultracapacitor Energy Storage (UES) systems are 
targeted to fill the gap between capacitors and batteries. These devices can deliver large amounts 
of power for short periods of time and can be used to dampen the in-rush current noise caused by 
the start-up and shut down of large motors and generators in large power system facilities. 
However, these devices are not likely to be good candidates for large-scale energy storage. 

K3.6 Superconducting Magnetic Energy Storage 

Superconducting Magnetic Energy Storage (SMES) systems store energy in the magnetic field 
created by the flow of direct current in a superconducting coil, which has been cryogenically 
cooled to a temperature below its superconducting critical temperature. SMES technology is 
highly efficient, but manufacture of actual commercial equipment has been hard to achieve. This 
technology appears to be too immature for large scale commercialization. 

K.4 Potential LADWP Barren Ridge ESS Integration Pilot Project 

K4.1 Background 

The proposed Barren Ridge ESS Integration Pilot Project was formulated to demonstrate the 
benefits of energy systems to effectively utilize the energy generated by wind farms and 
effectively integrate it with the power grid. 

Integrating renewable power systems from wind and solar generated power into the electric grid 
presents several challenges. These renewable power systems are by nature somewhat 
unpredictable and intermittent. Thus, the amount of electrical energy they produce varies over 
time and depends heavily upon a variety of random factors mostly tied to local weather 
conditions. Small wind power systems can be managed without an ESS, but large wind power 
systems (at rated capacities somewhere around 10 percent of a grid's capacity) are not grid 
manageable without an ESS. The is because even moderate fluctuations in wind speed could 
result in excessive fluctuations in grid-fed wind-generated electricity and hence force grid 
managers to disconnect wind generated power from the grid just when the potential energy yield 
is greatest. 
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Installing large ESSs as part of a wind power system architecture will reduce the power 
fluctuation problem and will produce frequency-clean, voltage/current controlled, and 
uninterruptable power into the grid. Several studies have indicated that ESS integration with 
renewable energy resource power generators will enable clean and controlled delivery of more 
than 92 percent of the available generated power, while greatly reducing or eliminating the need 
for back-up fossil fuel power plants. 

K4.2 System Description 

The overall system concept for the Barren Ridge ESS Integration Pilot Project is schematically 
shown on Figure K-5. The energy generated from the Pine Tree Wind Power Project (PTWPP) 
will be diverted into the ESS at the Barren Ridge Switching Station (BRSS) in California. 
Additional energy storage will be available at the pumped hydro storage at Castaic Lake. All the 
power control system equipment will be located at the BRSS. 

K4.3 
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Figure K-S. System concept for Barren Ridge ESS Integration Pilot Project. 

Project Site and Assets 

480 V 

The BRSS site was selected because the required assets for this demonstration project, namely, 
the wind farm generated power and its associated high voltage alternating current transmission 
lines, are available. Further, the auxiliary PHS facility is linked by other transmission lines to the 
BRSS. 

The LADWP's PTWPP is the largest municipally-owned wind power farm in the U.S. and is 
located about 12 miles north of Mohave, CA. The PTWPP is sited on 8000 acres of rough terrain 
and consists of90, 1.5 MW wind turbines to provide a rated wind power capacity of 135 MW. 

A new 8.25-mile transmission line routes power from the PTWPP to the BRSS, where power is 
tied into the high voltage (230 kV) north-south transmission line that feeds Los Angeles. 
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The LADWP could conceptually install about 75 miles of new 230 kilovolt (kV) conductors on 
both existing and new north-south transmission towers to a new Haskell Switching Station 
(HSS). The conductors would carry the wind and solar generated power between the BRSS and 
the HSS, which is linked to the Castaic Lake plant at Elderberry Forebay (462 m above sea 
level). 

K4.4 ESS 

Integration of very large-scale wind and solar farms into the grid requires a low-cost, long life 
ESS capable of storing hundreds of MWh of electrical energy. The hybrid ESS described here 
combines a moderate amount of battery storage capacity with a large PHS capacity. This hybrid 
ESS concept is ideally suited for this application and enables the maximum dispatchability (or 
usability) of all generated renewable power so that the generated renewable power is not wasted. 

Further, the battery storage system can be designed with adequate capacity to provide the 
necessary reserves for serving both frequency response and spinning reserve requirements, while 
also serving to dampen out the power quality fluctuations inherent in wind and solar power 
generators. The battery ESS can also provide ramp control as non-spinning reserves ramp up to 
capacity. The large PHS ESS will satisfy the needed utility load-shifting requirement by 
pumping water to a higher elevation during off-peak periods and generating power through the 
hydroelectric generators during peaking periods. Three primary battery ESS candidates being 
considered for this demonstration are: redox flow batteries, large-capacity lithium ion batteries, 
and NaS batteries. 

Based on the intermittency and variability of wind-generated power, the ESS that will firm up 
the wind farm output from the PTWPP should be sized to have a power output of at least 80MW 
and a storage capacity of 560 MWh. This will be in addition to the pumped hydro storage 
capability at Castaic Lake. Initial design studies and demonstration of the overall design will be 
conducted at the 10 MW level. LADWP will then use the lessons learned to scale the system up 
to 80MW. 
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Table K-2: KEY CHALLENGES OF BATTERY SYSTEMS 

Vanadium Redox Battery I Lithium Ion Battery I Sodium-Sulfur Battery 

High cost of vanadium 

Negative environmental impact of 
using large quantities of a 
biologically active heavy metal 
such as vanadium 

Low-efficiency 

Low to Moderate power density 

Loss of efficiency by cross diffusion 
of constituents, 

Low storage capacity of solutions 

Advanced Lithium-Ion Batteries 

Operational safety of large-scale 
batteries 

Degradation after 2000 cycles on 
deep discharge which 
translates to about 3-4 years 
of operation. 

High cost of materials to achieve 
high-energy density. 

High temperature operation of 
the battery (400°C) adds to 
cost, maintenance and safety 

Rapid degradation of sealing 
elements when subjected to 
thermal cycling. 

Degradation of battery over 1000 
cycles 

High cost arising from materials 
and manufacturing methods. 

Many of the safety features provided in small 18650 size cells, such as PRTs and CIDs, are not 
incorporated into large capacity Li-ion cells. One approach to improve the safety of Li-ion cells 
is to adopt the use of electrode materials that are inherently safer and still offer the high energy 
densities provided by lithium-ion technology. To this end, the demonstration project will scale 
up and implement new electrolytes and cathode materials under development at JPL. 

Currently utilized electrolyte formulations, which are composed of organic alkyl carbonates, are 
highly flammable; there is a strong desire to reduce the inherent flammability of the electrolyte 
itself. This can be accomplished by the incorporation of flame retardant additives, such as 
phosphates, phosphites, and phosphonates, and/or the use of non-flammable electrolyte solvents, 
such as halogenated carbonates and esters. At JPL, development work has been focused upon 
both approaches, with the intent of developing safer electrolyte solutions for "human rated" 
aerospace applications. 

Advanced Redox Flow Battery 
An advanced redox flow battery that operates on iodate/iodide redox coupling has been under 
development and can potentially offer a superior system for large-scale energy storage compared 
to the vanadium redox battery. The key improvements achieved by this new concept over the 
state-of-art vanadium redox battereis are shown in Table K-3. A schematic of an iodide/iodate 
redox battery with the reactions occuring at either electrode is presented on Figure K-7. 
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Table K-3: COMPARISON OF SOA AND ADVANCED REDOX BATTERIES 

Vanadium Redox Battery Iodide-Iodate Redox Battery 
Parameter (State of the Art) (Advanced Concept) 

Environmenta//mpact 
Uses biologically active heavy Uses iodide No heavy metals. 
metal Environmentally friendly 

Energy Density 25 - 30 Wh/liter > 50 Wh/liter 

Energy/ossesthrough Yes. Cationic reactants diffuse No. Anionic reactants cannot 
membrane through membrane diffuse through membrane 

Projected Life 10- 15 years > 15 years 

IODIDE/ IODATE BATTERY CONCEPT 

(+) (-) 

( Cation-Exchange Membrane Sandwiched between Electrodes) 

Positive Electrode Reaction: 103- + 2/-+ 6H+ +4e- ,.13-+ 6H20 P= 1.195V 

Negative Electrode Reaction: 6 t ,. 213- +4 e- P=O.535 v 
Theoretical Cell voltage: O.660V 

Figure K-7: Schematic of iodide/iodate redox battery. 
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Quantifiably advances in ESS technologies, and implementation will result in several benefits as shown 
on Table K-4. 

Table K-4. BENEFITS OF ENERGY STORAGE SYSTEMS 

LADWP Approach 

I 

Benefits 

I 

Metrics 

Use Battery Energy Storage to supply energy 
Lower electricity cost 

Lowering peak demand 
when the generation dips from the wind or solar needed from expensive 
generators during peak demand periods or combustion turbine 
demand increases generators with wind and 

solar generation 

Use Battery Energy Storage to supply energy 
Reduced power 
interruptions and Fewer and Shorter outages when the generation dips from the wind or solar increase reliability 

generators or during system disturbances 

Use Battery Energy Storage to supply energy 
Fewer momentary outages 

when the generation dips from the wind or solar Reduced costs from Fewer severe sags and generators or during system disturbances better power quality swells 

Lower harmonic distortion 

Use Battery storage energy from green power Percentage of green power 

reduces C02 Emissions Reduced damages as a 
relative to total power 
generated. 

result of lower 
GHG/carbon emissions Percentage of green power 

Increase of battery storage from green power to relative to total power 
reduce need for oil or gas generated 

Reduce reliance on non renewable resources 
Greater energy security 

Percentage of green energy 
from reduced oil 
consumption 

utilized 
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LADWP's Smart Grid Program is described in the following 
"Smart Grid Deployment Plan" dated October 31,2011 
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1 Introduction 

1.1 Purpose ofthis document 

The Los Angeles Department of Water and Power (LADWP) Smart Grid Deployment 

Plan represents a road map to address the anticipated future needs of the people of 

the City of Los Angeles. By meeting the requirements of both SB 17 and Title XI II , 
LADWP's Smart Grid Deployment Plan outlines the coordinated and integrated 

approach in implementing new technologies while maintaining or improving safety 
and reliability. 

1.2 Smart Grid Initiative Background 

Smart Grid is a national policy that grew as a response to The Energy Policy Act of 

2005, which called for advanced metering. It , however, has been insufficient to 
achieve the desired goals of energy conservation, migration to renewable energy, and 

reduction of C02 emissions from power plants. The federal Energy Independence 
and Security Act of 2007 called for the implementation of Smart Grid systems as a 

"Policy of the United States". The new Energy Independence and Security Act of 

2007 authorizes $100 M each year from 2008 through 2012 to be divided between 

five Smart Grid demonstration projects throughout the nation. The Department of 
Energy is required to report within one year on the status of Smart Grid deployments 
and identify any regulatory or government obstacles. 

Additionally, utility executives and regulators have become increasingly concerned 
about multiple issues that can only be addressed through an enterprise wide Smart 
Grid solution. The four main concerns are: 

(a) Cost and uncertainty about New Generation and Transmission 

(b) Environmental impacts ("Green House" gases emitted from fossil fuel power 
plants and proposed right-of-ways for transmission lines crossing through 
pristine forests, deserts and wild life areas to service urban areas) such as 

those proposed in AS 32, the California Global Warming Solutions Act, 2006. 

(c) Increasing requirements for the use of Renewable and Distributed Generation 

(Wind, Solar, Geothermal, Hydro, and Biomass) 

(d) Demographics: aging workforce 

Regulated uti lities in California are now responding to regulatory direct ion to submit 

plans for large-scale AMI and Smart Grid initiatives with full delineation of costs and 
benefits. This regulatory init iative is an aggressive step, seeking to promote customer 

awareness of peak load periods, and response to peak-sensit ive pricing. The Smart 
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Grid deployments and the associated utility customer features are proceeding through 

out the State of California. 

1.3 Smart Grid Definition 

Version 1.0 

The Los Angeles Department of Water and Power maintains that the 

definition of a smart grid is a system which facilitates the integration of 

advanced technologies in existing networks to improve system performance, 
power flow control , and reliability. Such a system is characterized by the 

following: 

(a) Increased use of cost-effective digital information and control 

technology to improve reliability, security, and efficiency of the 
electric grid. 

(b) Dynamic optimization of grid operations and resources, with 
cost-effective full cyber security. 

(c) Deployment and integration of cost-effective distributed 
resources and generation, including renewable resources. 

(d) Development and incorporation of cost-effective demand 
response, demand-side resources, and energy-efficiency 

resources. 

(e) Deployment of cost-effective smart technologies, including real 
time, automated, interactive technologies that optimize the 

physical operation of appliances and consumer devices for 

metering, communications concerning grid operations and 
status, and distribution automation. 

(f) Integration of cost-effective smart appliances and consumer 

devices. 

(g) Deployment and integration of cost-effective advanced 
electricity storage and peak-shaving technologies, including 

plug-in electric and hybrid electric vehicles, and thermal-storage 
air-conditioning. 

(h) Provide consumers with timely information and control options. 
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(i) Develop standards for communication and interoperability of 

appliances and equipment connected to the electric grid, 
including the infrastructure serving the grid. 

OJ Identification and lowering of unreasonable or unnecessary 

barriers to adoption of smart grid technologies, practices, and 

services. 

1.4 Stakeholders 

1.4.1 Customer 

LADWP ratepayers are the Customers and wi ll realize the monetary, socia l, and 
environmental benefits of the plan. 
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2 LADWP Smart Grid Initiatives 

2.1 Smart Grid Objectives 

Currently, the Department is involved in two strategic initiatives related to Smart Grid. 

The first is the Smart Grid Regional Demonstration Project and the second is the 
Smart Grid Investment Program. 

The Smart Grid Regional Demonstration Project began in December of 2009, when 

LADWP was awarded 60.2 million dollars grant from the Department of Energy for the 
American Reinvestment and Recovery Act for Smart Grid Demonstrations. As a 

result of the award, LADWP is managing a consortium of Los Angeles metropolitan 

area research institutions with established energy and technology transfer programs. 
Together, the team is ca rry ing out a regionally unique demonstration by using 

innovative technology test beds located at LADWP's partner university campuses and 

technology transfer laboratories to prove the viability of the demonstration technology. 
Additional research is being conducted to explore options for informed, enabled 

customers based on historical usage and pricing data. This research uses a multi

tiered rate approach to address the diversity of customer demands by exploring time
varying and t ime·of-use products for the end consumer. The regional demonstration 

project includes four interrelated project initiatives, which will be incorporated into the 
long term investment program: 

(a) A fu lly integrated demonstration of Smart Grid operation and technology as 
applied to Demand Response. 

(b) A comprehensive portfO liO of research empoying a unique test bed structure to 
identify historical usage and consumer adoption obstacles essential for 

succesful adoption of Smart Grid Technologies and improved energy usage 
patterns. 

(c) Demonstration of next generation cyber security technologies using the 
Regional Project as the driving source of specific system architecture and 

models. 

(d) The integration of electric vehicles into the LADWP managed grid, addressing 

solutions to overcome both technical and social impediments. 

The Smart Grid investment plan is a 10-year project that incorporates 11 strateg ic 

initiatives. 

2.1.1 Links with the Department's Strategic Objectives 

The Smart Grid Implementation Plan continues to align LADWP's efforts to implement 

the technology with the goal of increasing LADWP's Power System monitoring , 
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control and reliabi lity while decreasing operating costs and gain ing significant 
efficiencies. 

2.2 LADWP Smart Grid Initiatives in Progress 

"Smart Grid" is a term used to describe a variety of advanced information-based utility 
improvements. Smart Grid is a major enabler for many existing and potentially new 

Demand Side Resource programs. Smart Grid is a national policy evolving from the 
Energy Policy Act of 2005. Smart Grid refers to intelligent data gathering and 

advanced two-way digital communication capabil ities overlaid on electric distribution 
networks to provide real-time data that enhances the utility 's ability to optimize energy 
use. Smart Grid technologies can turn every point in the existing network-including 
every meter, switch and transformer-into a potential information source, able to feed 

performance data back to the utility instantly. Smart Grid Technologies will provide 
utilities with the information required to implement real-time, self-monitoring networks 

that are predictive rather than reactive to instantaneous system disruptions. It can 
enable the utility and consumer to make decisions to optimize the use of energy, 

improve reliability, and reduce the consumption of fossil fuels. 

Section 8360 of the Senate Bill 17 defines the policy that governs the way utilities 

modernize transmission and distribution systems. LADWP's eleven Smart Grid 
Initiatives are designed to be collectively compliant with SB 17. The following is the list 
of the in itiatives: 

(a) Renewable Integration 

(b) Transmission Automation In itiative 

(c) Substation Automation Initiative 

(d) Distribution Automation Initiative 

(e) AMI Metering Initiative 

(f) Demand Response Initiative 

(g) Communications Initiative 

(h) Cyber Security Initiative 

(i) System and Data Integration Initiative 

0) Feed-In Tariff Initiative 

(k) Solar Incentives Program 
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2.3 Renewable Integration 

LADWP has a comprehensive Integrated Resource Plan where new Wind, Solar, and 
Geothermal Power Plants, as well as Energy Storage, and Electric Vehicles will be 

incorporated into the power generation mix. Currently , the ECS/Historian Servers 

have been installed at Pine Tree Generation Station, and there are plans to install 
more of these servers at each of the power plants. These servers allow for real-time 

monitoring and control of renewable sources, which will be equipped with automation 

equipment in order to facilitate peak shaving activities and to better support the 
adoption and utilization of renewables. 

2.4 Transmission Automation Initiative 

For years, LADWP has worked in sUbstations to meter the transmission lines and 
record Phasor Measurement Units (PMU). These measurements are used to 

determine the health of the Electrical System. LADWP will install PMUS, and upgrade 

Tie-Line Meters to improve measurement, provide backup metering at Tie POints, 
collect dynamic reads, and reroute power. The real-time data provided by PMU wi ll 

be used for predicting instability in the transmission system and undertaking 

preventive actions. 

2.5 Substation Automation Initiative 

For the past five years, LADWP has implemented a comprehensive program to install 

a new Power System Substation Automation System (SAS) from the Energy Control 
Center to the Substations, transmission , and Generation Stations. Currently, 80 of the 
approximate 200 substations and generation stations have been updated to the new 

Substation Automation , and a new SCADA system has been implemented. There are 

approximately 70 more stations in the inventory that will be implemented over the 

next two to three years. Approximately 840 feeders now have remotely controlled 

circuit breakers and remote monitoring of megawatt loading of wire/cables. A 
sign ificant amount of data is already being processed through the SCADA system 
and is available to the load dispatchers and other personnel on an as needed basis. 

At the conclusion of this project, the vast majority of feeders at all substations will be 

observable and controllable from the Energy Control Center. 

2.6 Distribution Automation Initiative 

There have been several pilot projects for the Distribution Automation relating to 
devices outside the substation walls (Current's Broadband over Power Line project, 

Ricochet Spread Spectrum project, and Telemetric Cellular project). These projects 
were never ro lled out as the industry was still being developed and LADWP's decision 

was to wait until more robust solutions were available. Additionally, some of the pilot 

programs were never considered industry standard since it was using obsolete 
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technology. The LADWP is currently evaluating fault indicators, remotely controlled 
switches and automatic cap banks. These devices can be used for dynamic 

optimization of the distribution system. 

2.7 AMI Metering Initiative 

LADWP has been progressing over the past few years with the AMI Metering 
Initiative. 

As of 6/01/11 , the LADWP has installed 162,200 AMR meters 

~ Residential Meters (F meters) - 85,000 (using RF Technology and one way 

communication providing billing information for walk or drive by meter reading) 

~ Small Commercial Demand Meters (FM meters) - 68,000 (using RF 

Technology and one way communication providing billing information) 

~ Large Commercial Wireless Meters (A meters) - 9,000 (using Cellular 

Technology and two way communication providing billing information and load 
profile information) 

AMR meters represent approximately 10.6% of the total meters in the system but 

over 45% of the power revenue 

Wireless meter reading and real-time pricing are available for 9,000 Large 
Commercial Customers with demand greater than 200kW. The newest AMI meters 

have the capability of short range connectivity. This feature will be used by the Home 
Area Network devices that display various real-time energy consumption data to the 
customers. 

2.8 Demand Response Initiative 

LADWP has had a Demand Response (DR) rate for years for large industrial users. 
Currently, there are 30 Megawatts of interruptible load , but very rarely has this been 
used because LADWP has had a philosophy to cover all its loads. This pilot program 

is also voluntary in that when a load reduction is required , the customer has the 

option to not participate and pay for the higher cost of energy. Currently, the LADWP 
is planning to develop a formal demand response program that will allow the 

Department to reduce generation cost and distribution system strain during peak 
consumption periods. 

2.9 Communications Initiative 

The component that pulls all of the initiatives together is the common communication 
network. Over the past ten years , thousands of miles of fiber optic cable has been 

installed in over 72 substations as part of a fiber optic broadband infrastructure. The 

plan is for all substations to have fiber optic connections within the next two years. 
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LADWP evaluates different communication protocols that can be used for the real

time control and observation of deployed automation eqUipment. 

2.10 Cyber Security Initiative 

The implementation of Smart Grid will involve a wide deployment of smart remotely 

controlled network capable devices. These devices can be potential pOints of cyber 
attack due to network connectivity. This is why NERC and FERC have developed 

strict procedures and guidelines that require utilities to treat any critical cyber asset 

(CCA) with great attention. The breach of CCA can result in critical damage to the 

power distribution system. 

Due to the importance of Cyber Security, the Smart Grid will need to better 

understand and improve the cyber security, and more importantly, three key items wi ll 

be developed : 

• Grid Resilience: this effort will show how the Smart Grid can operate resiliently 

against physical and cyber attack. 

Operational Effectiveness: this effort will demonstrate a complete cyber 
security testing approach for components and installed systems. 

Redefinition of Security Perimeter: this effort wi ll demonstrate new cyber 
security measures that address the expanSion of this perimeter by Smart Grid 
technologies to the meter in residential and commercial sites. 

2.11 System and Data Integration Initiative 

Significant progress has been made in the Power System in implementing the best of 

breed systems (see Figure 2.11-1 Power System Technology Architecture) . These 
systems are the backbone of the business and information processes in the Power 

System. Additionally, sign ificant integration between these and the corporate systems 

is in place. 

In particular, OSlsoft's Pi Historian is a fast real time data processing system that has 

been purchased and installed by LADWP. The next Pi Historian initiative is to use it 
as a central repository for all of LADWP's real-time data and to allow access to the 

appropriate users of the data throughout the util ity. LADWP has currently installed the 
Pi Historian in two locations (ECC and JFB) with a tag count of 20,000 data points. 

There are three pilot Pi Historian applications running at this time: 1) door/gate alarm; 
2) Operation logger; and 3) Power System Dashboard real time data . Five user 

groups (Reliability, Planning , Station Operators, Grid Operations, and Meter) are also 

currently develop ing new applications. 

In addition, LADWP is working on integrating the Meter Data Management System 

(MDMS) , Outage Management System (OMS), and Customer Information System 
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(CIS) with various Web services. These services will be designed to provide accurate 

and timely information to customers regarding their consumption, bill ing, any pending 

outages and restorat ion statuses. The customers will have the option to adjust their 

accounts to set up their profi le and notification preferences. 

8 
, 

, 

, , 

Infraetruture 
Cyber Security 

Figure 2.11-1 Power System Technology Architecture 

2.12 Feed-In Tariff Initiative (FiT) 

FiT seeks to purchase energy from small and medium-scale renewable energy 

projects (from 30 kilowatts up to one megawatt in AC capacity) within the service 

territory of LADWP under a long-term Standard Offer Power Purchase Agreements 

(SOPPA). The SOPPA terms are standard for all participants, can be up to 20 years 

in duration, and participants will be paid the bid base price of energy plus Time-of

Del ivery (TOO) multipliers. FIT is a distributed generation (DG) program designed for 
the local Los Angeles market, and gives LADWP customers the opportun ity to sell 

energy to LADWP from using their property as the DG site. 

2.13 Solar Incentive Program (SIP) 

The LADWP Solar Photovoltaic Incentive Program provides financia l incentives to 

LADWP customers who purchase and install their own solar power systems. LADWP 

currently also provides an additional incentive payment for systems using PV 

modules manufactured in the City of Los Angeles. 

LADWP currently provides a Los Angeles Manufacturing Cred it (LAMC) for qualifying 

photovoltaic equipment manufactured in Los Angeles as approved by the LADWP 

guidelines. The goal of the LAMC is to promote local economic development through 
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manufacturing and job creation within the City of Los Angeles and to reduce costs 

through increased volume and competition. 

3 Proposed Deployment Plan 

The overall scope of the Smart Grid Deployment Plan includes the fo llowing three 

overlapping phases: 

3.1 Implement a short term plan (one year horizon) 

This plan includes the fo llowing coordinated act ivities: 

Create a Smart Grid System Architecture (Table 3.1-1 SG A rchitecture (Phase 

1) Schedllle & Table 3.1-2 SG Architecture (Phase 2) Schedule) 

Create a Comprehensive Business Plan/Case (Table 3.1-3 SG Business Plan 

Schedule) 

Integration of Various Information Systems 

PartiCipate in Standard Development 

Creation of a Multi Disciplinary matrix team 
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Table 3.1 -3 SG Business Plan Schedule 

3.2 Implement a mid term plan (up to five years horizon) 

This plan includes the following coordinated activities: 
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Complete and implement LADWP's ARRA Smart Grid Regional 

Demonstration Project, which focuses on Customer and Behavioral 

Studies, Cyber Security, Demand Response, and Electric Vehicles. 
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Figure 3.2-1 Smart Grid Regio1lal Demollstratioll Project Schedllle below 

shows the implementation schedule of the Smart Grid Regional 
Demonstration Project. 
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Figure 3.2-1 Smart Grid Regional Demonstration Project Schedule 

Implement the balance of the SAS project to automate all generat ion, 
substation , and transmission with the SCADA system. Table 3.2-1 

Substation A lltomatioll Project IllstaLiatioll Progress Schedllle below 

shows the overall schedule of activities to implement the SAS project. 

Stations for Site Acceptance Test (SAT) 

RS-T Monday, January 25 , 2012 Friday , February 12, 2012 3 Weeks 

15-1221 Monday, February 15,2012 Friday , February 26. 2012 2 Weeks 

15-1263 Monday, Ma rch 01, 2012 Friday , March 12,2012 2 Weeks 

RS-N Monday, March 15, 2012 Friday, Ap ril 02 , 2012 3 Weeks 

DS-24 Monday, April 05 , 2012 Friday , April 16, 201 2 2 Weeks 

RS-C Monday, April 19, 2012 Friday , May 07,2012 3 Weeks 

DS-135 Monday, May 10, 2012 Friday , May 21 , 2012 2 Weeks 

RS-E Monday, May 24, 2012 Friday , June 25 , 2012 5 Weeks 

DS-81 Monday, June 28, 2012 Friday , Ju ly 09, 2012 2 Weeks 

DS-30 Monday, July 12, 2012 Friday , Ju ly 23 , 2012 2 Weeks 

RS-M Monday, July 26, 2012 Friday , August 06,2012 2 Weeks 

DS-36 Monday, August 09, 2012 Friday , August 20, 2012 2 Weeks 

DS-76 Monday, August 23, 2012 Friday , September 03 , 2012 2 Weeks 

RS-U Monday, September 06, 2012 Friday , September 24, 2012 3 Weeks 

DS-21 Monday, September 27, 2012 Friday , October 08,2012 2 Weeks 

RINALDI Monday, October 11, 2012 Friday , October 29, 2012 3 Weeks 

DS-26 Monday, November 01 , 2012 Friday , November 12, 20 12 2 Weeks 

HALLDALE Monday, November 15, 201 2 Friday , December 03,2012 3 Weeks 

DS-143 Monday, December 06, 2012 Friday , Decembe r 17, 20 12 2 Weeks 

05-15 Monday, December 20, 2012 Friday , Decembe r 31,2012 2 Weeks 

RS-J Monday, January 03 , 2013 Friday , January 21, 2013 3 Weeks 
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OS-2 Monday, January 24 , 201 3 Friday , February 04, 2013 2 Weeks 

RS-Q Monday, February 07, 2013 Friday , February 25, 2013 3 Weeks 

OS-95 Monday, February 28, 2013 Friday , March I 1, 2013 2 Weeks 

RS-L Monday, March 14, 2013 Friday, April 01,2013 3 Weeks 

OS-SO Monday, April 04 , 2013 Friday , April 15,2013 2 Weeks 

RS-S Monday, April 18, 2013 Friday , May 06, 2013 3 Weeks 

OS-58 Monday, May 09,2013 Friday, May 20, 2013 2 Weeks 

RS-R Monday, May 23, 2013 Friday, June 10, 2013 3 Weeks 

OS- 105 Monday, June 13, 2013 Friday, June 24, 2013 2 Weeks 

RS-F Monday, June 27, 2013 Thursday, June 30, 2013 1 Weeks 

RS-Q Sunday, Ju ly 03, 2013 Thursday , July 21 , 2013 3 Weeks 

1S-3115 Sunday, Ju ly 24, 2013 Thursday, July 28, 2013 1 Weeks 

1S-3130 Sunday, Ju ly 31, 2013 Thursday, A~gust 04 , 2013 1 Weeks 

1S-1671 Sunday, August 07, 2013 Thursday, August 11,2013 1 Weeks 

Table 3,2-1 Substation Automation Project Installation Progress Schedu le 

Implement the balance of the projects at ECC to use all of the features and 

upgrades of the SAS and other systems with the new technology, Figure 

3.2-2 ECC Plans to be implemell ted below shows the act ivities and systems to 

be implemented. 

....----..-iTt.~--
;;...;:...;;....;:.=..;..;;....;;....;.;.;.;::....;;.;.~ --• -... 

..... ....... ~- .. - .. -.~-__ . ____ .. _._J_. 
_--_41110 

_ .__ __ I...... .......... 1 . . ... 1_. _ . ._ ...... - .......... ...... ....... ". 
Figure 3.2-2 ECC Plans to be Implemented 

Implement the balance of the projects at ETC to use all of the features and 

upgrades of the Smart Grid systems with the new technology. Figure 3.2-3 

ETC Plall and Ellhallcemell ts below shows the various activities to be 

implemented. 
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Figure 3.2-3 ETC Plan and Enhancements 

Implement a new CIS and Supply Chain System 

The effort must be made to implement a new CIS, and a new Supply Chain Corporate 

System. These systems will be able to manage the new information and transaction 

of a Smart Grid system . 

Other activities to be implemented during this phase are as follows: 

Implement the balance of the electric model with the GIS system and 

engineering design tools 

Create and advertise Multiple RFPs as needed to start the implementation of 

the Smart Grid components 

Create Multiple contracts as needed to bring the vendors on-board 

3.3 Implement the full Smart Grid Features (up to 10 years) 

Implement al l the remaining features indicated in this plan in various phases based on 

the requirements and needs identified, and with the dynamics of the utility and 

technology environment. The phases of this significant program could include two 

large pilot periods where various telecommunication technologies wil l be tested whi le 

Smart Grid technology wi ll be utilized to cover overhead, underground, single family 

residences, multi-family residences, and medium and large customers in a couple of 

neighborhoods. The final phase wou ld be the full city wide implementation assuming 

the data and results from the pilot programs are satisfactory. 
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The full funct ionality of the Smart Grid could include all of the following aspects: 

(a) Outage Notifications 

(b) Transformer Monitoring 

(c) Capacitor Controls 

(d) Line Switch Controls 

(e) Automatic Meter Reading 

(I) Load Control of resident ial and commercial devices (DSM Program) 

(g) Video Surveillance via Smart Grid 

(h) Fault Management 

(i) Transformer Deterioration 

0) Transformer Overloading 

(k) Current Monitoring 

(I) Cable Management 

(m) Surge Protection 

(n) Lighting Controls 

(0) Weather 

(p) Municipal Applications 

(q) Other applications as they become available. 

Other features CQuid include: 

Version 1.0 

Installation of Smart Grid equipment in the City of Los Angeles Facilities 

Installation of Smart Grid equipment and potentially replacement all of the 

water meters 

Access to broadband capabi lities (Internet access, VoIP, video) for City of Los 

Angeles Municipality 

Access to City of Los Angeles Municipal information via broadband 

connections 
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Set up an internal LADWP organization to maintain and operate the Smart 
Grid equipment 

Maintain, install , and operate the Smart Grid equipment through the following 
organization and service components: 

1. Services 

2. Customer response center 

3. Network Operation Center (NOC) 

3.4 Related Projects 

The following projects are re lated to the Smart Grid as follows: 

1. Substation Automation System: Extension and upgrade of the remaining 
Switching , Receiving, and Distribution Systems 

2. Telecommunications system: Extension and upgrade of the telecommunications 

to support the Power System operations through the implementation of a fiber 

optic broadband network. 

3. Subtransmission and distribution switches: Automation of subtransmiss ion and 
distribution SWitches, implementing line monitoring , line switch control, and 4.8 kV 

line capaCitor bank control. 

4. Fault and outage detectors: Installation of remotely monitored fault and outage 
detectors which would provide a means to locate faults and outages on selected 
4.8 kV distribution lines. 

5. Operating orders procedures and processes: Re-engineering of operating orders 

and processes as required for monitoring and controll ing changes of the Power 

System. 

3.5 Constraints 

The following are potential constraints: 

Budget/Cost 

Regulatory environment which may limit Smart Grid installations 

Internal Resources 

Political environment (City/State/Federal) 
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3.6 Urgency 

The timing of LADWP's Smart Grid Deployment coincides with the initiatives by other 

major U.S. utilities. Additionally, the Department of Energy is encouraging uti lities to 

invest in Smart Grid by offering grants and the regulatory environment seems to 

support Smart Grid as an alternative to the existing utility practice. 

3.7 Procurement Process 

The Smart Grid Plan will utilize the procurement process as follows: 

(a) Determination of requirements 

(b) Preparation of RFP(s) 

(c) Vendor(s) Selection 

(d) Preparation of Agreements 

(e) Initial Implementation - Phase 1 

(I) Phase 1 Evaluation 

(g) Multi-phase Implementation over the next 10 years. 

4 Critical Milestones 

4.1 Schedules and Critical Milestones 

The Smart Grid Plan assumes a 1-year, S-year, and 1 Q-year implementation. 

4.1.1 

4.1.2 Critical Milestones 

Table 4.1.2-1 Critical Milestones illustrates the critical milestones: 

Milestone or Event Significance 

Smart Grid Business/Project Plan and Get concurrence from Management 
Architecture Presentation 

Setup of Smart Grid Project Committee Establish Project Committee 

Preparation of Smart Grid Project Establish project requirements 
Requirements 

Advertise Request for Proposals Request for Proposals 

Vendors Selection Selection of qualified bidder 

Board Approval Contract approval by LADWP Board of 
Commissioners 
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City Council Approval 

Contracts Award 

Implementation Phase 1 

Evaluation of Phase 1 

Begin full deployment 

AppendixL 
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Smart Grid Deployment Plan 

Contract approva l by City of Los Angeles 

Execution of contract award 

Implement Smart Grid Phase 1 (Pilot 
Programs) 

To continue Full Implementation 

Implement city w ide 

Table 4.1.2-1 Critical Milestones 
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Smart Grid equipment costs are expected to continue to drop due to technology advances and significant market changes, Table 4.1-1 

Budget Est imates for various Systems given below is our best estimate for vanous atlematives at this point. As RFPs are produced and 

responses are received we will have a better idea as to the cost of these types of systems and process 

Single Unn Total 

P2P Single Unn RF RFM ... h BPLlPLC P2P RF RFMesh BPUPLC 

AMI (w/o communications) 

Residential 200.00 160.00 200.00 220.00 248,992,000.00 199, I 93,600.00 261,992,000.00 273,891 ,200.00 

Commercial 317.50 347.50 387.50 337.50 57,029,032.50 62,417,602.50 89,602,362.50 60,621 ,4 I 2.50 

Industrial 367.50 367.50 367.50 376.50 17,050,897.50 17,050,697.50 46,485,525.50 17,468,470.50 

323,071,930.00 278,662,100.00 400,079,888.00 351 ,981,083.00 

DA 4.8 k,v (wlo communications) 

switches 950.00 950.00 1,150.00 12,831 ,650.00 12,831,660.00 15,533,050.00 

capacitors 950.00 950.00 1,150.00 2,998,200.00 2,998,200.00 3,629,400.00 

tral'1sformers 950.00 950.00 1,150.00 96,215,050.00 96,215,050.00 116 ,470,850.00 

DA 35.5 kv (w/o communicatiorls) 

switches 1,700.00 1,700.00 8,746,500.00 8,746,500.00 

capacito rs 950.00 950.00 

120,791,400.00 120,791,400.00 135,633,300.00 

DR (w/o communications) 

Residential 77.00 77.00 77.00 95,861 .920.00 95,861,920.00 95,861,920.00 

Commercial 77.00 77.00 77.00 13,830.663.00 13,830,663.00 13,830,663.00 

109,692,583.00 109,692,583.00 109,692,583.00 

Communications 7,671,847.47 10,407,798.40 10,407,798.40 49,624,600.00 

Ver:;ion 1.0 06I161lO11 P~g13 22of30 

FINAL L - 23 December 22, 2011 

AR0071433 



Los Angeles Department of Water and Power 
2011 Power Integrated Resource Plan 

SAS 

ApplicatIons 

60,000,000.00 

110,000,000.00 

TOTAL 731,227,760.47 

Table 4.1-1 Budget Est imates fur various Systems 

60,000,000.00 60,000,000.00 

110,000,000.00 110,000,000.00 

459,069.898.40 746.537,041.40 

AppendixL 
Smart Grid 

60,000,000.00 

110,000,000.00 

816,631,566.00 

The pie chart below (Figure 4.1 -1 P2P Cosl Graph) depicts the P2P estimated cost in the nine different categories of the smart Grid. 
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Figure 4.1-1 P2P Cost Graph 
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6 Impacts 

6.1 Internal 

The Smalrt Grid equipment will impact several areas within LADVVP. Table 6.1-1 

Potential Impacts within LADVVP shows some potential impacts on these 

organizations: 

Area within LADWP Nature of impact 

Meter Reading Automated method reading of electric meters 

Control System Operations may gain capability to control devices at all levels 

Customer Service Establish direct communications with customer 

Electric Trouble Dispatch Will process trouble calls using Smart Grid 
information 

Engineering Design Power network design process (OH/UG) 

Distribution Line Crews Maintain and operate new Smart Grid equipment 

ITS Provides support of Smart Grid network equipment 

Water Meters Automated method of reading water meters 

Table 6.1-1 Potential Impacts within LADWP 

Area within the department Nature of impact 

Energy Control Center Will use SAS for real-time data instead of 
current RTU 

Electric Trouble Center Will use real-time data 

Plant Control System Operations Will use real-time data access and archived 
data 

Substation Operations Selected station status information will be 
available 

Substation Maintenance Will access intelligent relay settings and logs 
without having to connect directly to the 
devices 

ITS Provides support of ECS WAN network. 

Power Systems Operation and Provides support of SAS application software 
Maintenance and hardware 

Engineering Will use archived data 

Table 6.1-2 Potential Impacts within department 
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6.2 External 

Table 6.2-1 Potential Impacts extemal to LADWP shows some potential impacts on 

organizations that are external to LADWP: 

Area external to LADWP Nature of impact 

City of Los Angeles Gain fiber optic broadband infrastructure 

Broadband Companies May perceive competition from LADVVP and 
receive services. 

Gas Utility Opportunities to collaborate with LADWP 

State of California (CPUC) May encourage Smart Grid installation at 
Los Angeles 

Table 6.2-1 Potential Impacts external to LADWP 

7 Smart Grid Business Plan & Evaluation Strategy 

A Smart Grid business plan will be developed in conjunction with the road map and 
architecture development activities which will include cost·beneflt analysis of projects 
for implementation of the functionality identified in the Smart Grid architecture and 

roadmap. The business plan documentation wi ll out line the project description; costs 
associated with the implementation ; and expected benefits. The financial analysis will 

be based on estimated benefits and costs information and will be updated throughout 
the course of the implementation of the projects as the actual cost data become 

available. The business plan development process will include an assessment to 
identify the benefit areas and develop an estimate of actua l quantifiable benefits 

expected from investment into particular Smart Grid area. The benefits resulting from 
LADVVP's Smart Grid investments could be in various areas including but not limited 

to beller customer service, reduced operational costs, higher operational efficiency, 

and achievement of environmental goals. The benefit estimation will be developed 

using LADVVP KPls and other relevant metrics. The business plan will also include a 
cost model to estimate the implementation costs of each project. The cost estimates 
will be based on assumptions of the technology and implementation choices, and will 

be updated during implementation of the projects with actual costs and 
implementation plans. 

8 Smart Grid Safety 

Smart Grid Deployment Plan requires specific installation, maintenance, and 
operation procedures, wh ich LADWP personnel will need training on. Additionally, the 
Smart Grid equipment will require compliance and resolution of issues relating to the 

following state regulations: 

Version 1.0 

(a) California Public Utilities Commission - General Order 128 - Construction of 

underground electric supply and communication systems. 
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(b) Califomia Public Utilities Commission - General Order 95 - Overhead electric 

line construction. 

(c) California Public Utimies Commission - General Order 165 - Inspection Cycles 

for electric distribution facimies 

(d) The Smart Grid vendors and utilities are currently handling all of these issues 

with success. 

9 Smart Grid Operational issues 

LADWP intends to own and operate the Smart Grid equipment. The ownership entails 

the support and ability to operate the Smart Grid network by LADVVP personnel. 

The following are potential operational issues: 

24/7 operational support of the Smart Grid equipmenl 

Training of Crews for the operation and maintenance of the Smart Grid equipment 

24/7 operational support of the telecommunications and fiber optic broadband 

infrastructure access 

10 Smart Grid Performance Measurement 

The critical success factors essential for plan success are as shown in Table 10-1 

Critical Success Factors: 

Critical Success Factors Measurement method 

Plan Buy-in from LADWP Board LADINP Board Approval 

Plan Buy-in from City City Council approval 

Appropriate plan budget Budget approval 

Smart Grid Technical Feasibility Market proven Smart Grid technology 

Secure staffing resources Appropriate resource leveling based on project scope 

Regulatory Support for Smart Grid City, State legislative approvals for Smart Grid 
implementation 

Table 10-1 Critical Success Factors 
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11 Smart Grid Product Benefits Realization 

The benefits will be measured as shown in Table 11-1 Benefits: 

Potential Benefits Measurement method 

Municipal fiber optic broadband No. of City of Los Angeles Broadband users 

Capability 

Smart Grid enabled Automated No. of automated meter reads 
meter reading 

Customer Energy Management No. of devices under Direct load control 
Programs 

Improved reliability No. of Utility applications in service 

Additional Revenue Sources Capita lize on revenue generating opportunities 

Table 11-1 Benefits 
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12 Conclusion 
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The Los Angeles Department of Water and Power is dedicated to integrating new 
technologies to improve system perfonnance, power flow control , safety and 

reliability. By maintaining a high level of commitment and service for the City of Los 

Angeles, LADIIVP is taking the necessary steps to : 

(a) Coordinate efforts across muHiple stakeholders 

(b) Integrate new technologies to supplement the power system 

(c) Deliver safe, secure, and efficient electrical service well into Los 
Angeles's future 

LADIIVP's overall strategic plan is inclusive of the Smart Grid Deployment plan . 
LADIIVP's focus is the City of Los Angeles, customer enhancement, utility services, 

and operations. LADWP looks forward to further collaborate with policymakers, 
customers, and stakeholders as the process of Smart Grid implementation unfolds. 
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Appendix M Model Description and Assumptions 

M.I Overview 

The study horizon for the model analysis is the 20 year period 2011 through 2030. In performing 
this modeling, it is necessary to assume certain actions are taken in each of the next 20 years. 
However, it must be understood that the Integrated Resource Plan (IRP) is an ongoing process. 
A new IRP is developed every two years. Between each 2-year interval, the most recent IRP is 
modified if appropriate. The key results from this IRP analysis is the action plan that will be put 
in place for the next 1 to 5 years. These near-term actions are important recommendations that 
will enable and support the goals and objectives of the long term plan. 

This Appendix presents the Model Analysis and is organized as follows: 

• Section M.2, Model Description, provides a description of the model selected by 
LADWP to simulate the operation of its power system under different futures and with 
different resource portfolios. 

• Section M.3, Renewable Resources Selection Process/Gap Analysis, describes the 
method used to assess the amount of future renewables required, and the valuation 
process used in selecting the future renewable resource portfolio. 

• Section MA, Case Options, reviews the key resource distinctions between the 3 case 
options under consideration. 

• Section M.5, Model Inputs and Assumptions, presents the major input parameters that 
were used in the production cost model runs. 
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LADWP has chosen a widely used and industry accepted hourly chronological unit commitment 
and dispatch model to simulate the operation of the LADWP power system under different 
futures and with different resource portfolios. The model is the Planning & Risk model (PaR) 
licensed from Ventyx (an Atlanta based software firm). It uses the PROSYM unit commitment 
and dispatch algorithm. 

PROSYM is designed for performing planning and operational studies, and as a result of its 
chronological structure, accommodates detailed hour-by-hour investigation of the operations of 
electric utilities. Because of its ability to handle detailed information in a chronological fashion, 
planning studies performed with PROSYM closely reflect actual operations. PROSYM considers 
a complex set of operating constraints to simulate the least-cost operation of the utility. This 
simulation, respecting chronological, operational, and other constraints, is the essence of the 
model. 

This model looks at the LADWP load for each hour and then dispatches LADWP generation 
supplies on an economic basis (lowest variable cost units first) until the load is met. The model 
output reflects all the variable costs incurred in meeting the load for each study performed. The 
fixed costs for the resources are added to the modeled variable costs to develop the total power 
cost incurred in meeting the load. 

The model is also capable of representing certain transmission constraints on a utility system. 
LADWP load is generally confined to the geographic area of Los Angeles. An IRP would not 
generally be a replacement for transmission planning activities needed in the service area. 
However, LADWP does have generation outside of Los Angeles and has transmission rights to 
other areas of the Western Interconnect. To better represent the constraints and opportunities 
related to these remote facilities, the modeling topology depicted on Figure M-I was developed 
for this IRP. 
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Fig M-l: LADWP Modeling Topology. 
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(Hoover) 

(9 RR - Geo/Solar 

On a day-to-day basis, LADWP will buy power in spot markets if such a purchase can be done 
both without causing a reliability problem and if the price of the spot market power is less than 
the operating cost of its own power plants. Similarly, on a day-to-day basis, LADWP will sell 
power in spot markets if the price of power in the spot market is greater than the cost of 
operating an LADWP resource and the power is not needed to meet LADWP load. In an IRP 
analysis, it mayor may not be desirable to attempt to reflect spot market activity. For this IRP, 
short term and long term market purchases and sales were included in the overall energy mix. 
For resource adequacy, some limited Q3 purchases were included to supply short term capacity 
deficits in future years resulting from coal divestment and load growth. 
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M.3 Renewable Resources Selection Process/Gap Analysis 

The gap analysis in this IRP evaluated both a Resource Adequacy (RA) need as well as a need to 
meet certain goals for renewables as a percentage of billed energy (renewable need). The RA 
need compares available generation supplies to the load that needs to be served. For LADWP, 
this comparison was based on the annual peak load plus a planning reserve margin. In addition to 
a system wide demonstration of RA, a certain amount of generation needs to be located in the 
Los Angeles service territory to assure local reliability. Sections 2.4.5,3.4.1,4.2.1.4 and 4.3.1 of 
this report discuss the LADWP approach to RA. 

M.3.1 Amount of Renewables Needed 

To determine the amount of renewable energy necessary to meet future targets, forecasts were 
made for the future power demand and the amount of existing renewable capacity available to 
meet these requirements. The difference between the projected amount required and the amount 
currently being utilized is the net short that will need to be acquired to meet RPS guidelines. A 
description of the methodology undertaken to define the future renewable needs is outlined 
below. 

LADWP Renewable Net Short 

The net short is the generation target to be met with resources identified in this project. The 
calculation for the net short was performed using the following equation: 

Net Short(GWh) = (Forecasted Energy Sales) x (Annual Renewable Percent Goal) 
- (Operating Renewable Resources - Under Construction and Pre-construction 

Renewable Resources - Renewable Energy Purchases) 

SB 2 (IX) has established the level of renewables required by 2020 and beyond, and also sets 
interim targets between now and 2020. These levels and targets represent the Annual Renewable 
Percent Goal parameter in the equation. By incorporating forecasted sales, existing renewable 
projects, and current and forecasted renewable energy purchases, the net short can be calculated. 

M.3.2 Renewable Resources Selection Process 

Over the last ten years, LADWP has issued several requests for proposals for renewable energy 
and gained a thorough understanding of the nature and availability of the different renewable 
resource technologies. This knowledge was used in developing the renewable portfolio. 
Additionally, LADWP largely considered renewable resources within the Western Governors' 
Association's Western Renewable Energy Zones (WREZ). In the WREZ initiative, Qualified 
Resource Areas were defined as areas of dense, high-quality renewable energy resources, 
meeting various resource size, quality, environmental, and technical criteria. LADWP screened 
all resources to ensure they are located near available LADWP transmission infrastructure. 
Assumptions were made for the cost and performance of each technology used to convert the 
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renewable resources to electricity. These assumptions were used in calculating the levelized cost 
of electricity. 

A valuation process designed to provide a single ranking value to a resource was then applied. 
The valuation process is a method to rank the total value of separate renewable resource projects, 
and accounts for such parameters as transmission costs, integration costs, supply curves, load 
shapes, the capacity benefit provided by the resource, capital and O&M costs, financial factors 
and other measures This step is intended to identify resources with the combination of lowest 
cost and highest value. The valuation approach is similar to the bid evaluation process many 
utilities use when procuring renewable resources. 

After applying the appropriate constraints, resources were selected and added progressively to 
the renewable resource mix based on lowest rank cost and transmission availability until the net 
short was mitigated. To assess and rank projects consistently, a method must be developed to 
measure the economics of all resources on a consistent basis. Renewable technologies all have 
different characteristics, with different cost requirements and energy delivery patterns. Resource 
valuation is a way to measure different renewable resources on a comparable basis. 

M.3.3 Renewable Generation Cost 

The cost of generation is calculated as a levelized cost of energy ("LCOE") at the point at which 
the project will interconnect to the existing transmission system. The LCOE for a project is the 
total life-cycle cost of generating electricity at the facility normalized by the total generation 
from the facility and is calculated in terms of dollars per megawatt hour ($/MWh). LCOE 
provides a consistent basis for comparing the economics of disparate projects across all 
technologies and ownership. 

For each project or resource class, a pro forma financial analysis was conducted to determine the 
life-cycle cost. This pro forma model uses input assumptions for key project variables to 
determine expected revenues, costs, and year-by-year after-tax cash flow over the project life. 
The pro forma model used is consistent with the model used in CEC's Cost of Generation model, 
as well as those used in WREZ and California's Renewable Energy Transmission Initiative. It is 
also very similar to the model used by the CPUC to calculate the Market Price Referent (MPR), 
with the necessary modifications to make the calculations appropriate for renewable resources, 
including the modeling of tax incentives, accelerated depreciation, and other incentives. 

The analysis included appropriate assumptions for each project. Some assumptions were tailored 
to be technology specific, such as financing terms and appropriate tax incentives. Other 
assumptions such as capacity factor and capital cost depended on geography and the available 
natural resource. Specific costs included in the generation costs were: 

• Capital costs 

• Generation interconnection costs ("gen-tie") 

• Fixed operation and maintenance 

• Variable operation and maintenance 
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• Heat rate (if applicable) 

• Fuel costs (if applicable) 

• Incentives 

• Net plant output 

• Capacity factor 

• Economic life 

M.3.4 Renewable Generation Cost 
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The integration cost of a project is the indirect operational cost to the transmission system to 
accommodate the generation from the project into the grid. The addition of substantial amounts 
of intermittent and as-available renewable resources could result in substantial generation swings 
on the transmission system, and the grid operator must accommodate these swings by ensuring 
there is sufficient regulation service, modifications to current daily ramps, additional reserve 
capacity, and voltage support. Additional integration costs will include wear-and-tear on 
resources if they are required to repeatedly cycle to adjust for the intermittent resource output. 

M.3.5 Renewable Resource Capacity Value 

The capacity value of a generating resource is based on its ability to provide dependable and 
reliable capacity during peak periods when the system requires reliable resources for stable 
operation. Resources that can provide firm dependable capacity will have a higher capacity 
value than resources that cannot. In the WREZ model, the ability of a renewable resource to 
generate power during the top 10 percent of the model's yearly load was used as the capacity 
credit. LADWP uses a more conservative approach by considering the dependable capacity 
which varies depending on the resource type and is a fraction of the total available capacity as 
shown in Table 3-4. 

The baseline value of capacity is the cost of the next most likely addition of low-cost capacity, 
defined as the fixed carrying costs of a simple cycle gas turbine generator. This includes the 
capital costs, fixed operations and maintenance costs, and other fixed charges associated with the 
gas turbine generator capacity, expressed as a dollar per kilowatt per year ($/kW-year). The fixed 
carrying cost assumed in the model is $1 OO/kW -yr. The baseline capacity value does not include 
variable costs, such as fuel purchases. For new projects, the capacity factor is derived from the 
projected generation profile for the resource. The formula for calculating capacity value 
($/kW-yr) is: 

FINAL 

Capacity Value ($lMWh) = (Dependable Capacity Factor) x (Baseline Capacity Value) 1 
(Project Capacity Factor * 876011000) 
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The energy value of a resource assesses the value of its hourly output to the energy markets. 
Resources that produce more power during high-price, peak demand periods will have a higher 
energy value than resources that provide power primarily during low demand periods. 

The formula for calculation of energy value is: 

M.3.7 

Energy Value ($/MWh) = 

}; [(Energy Value in Time Period) x (Energy Output in Time Period)] / Total Energy 
Output 

Renewable Energy Portfolio 

Utilizing the methodology described in the previous subsections, a best-value portfolio of 
renewable resources was developed. This portfolio was applied to all case options considered in 
this IRP. Because regulation mandates the procurement of specific levels of renewables, the 
quantities are predetermined for compliance periods in accordance with SB 2 (IX). The 
renewable capacity and energy production schedules shown in Figures M-2 and M-3 were used 
in all cases including the recommended case (Case 2) and are consistent with the procurement 
targets established by SB 2 (IX). 
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Figure 1\1-2. Renewable resource capacity in 1\1W for all cases. 
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Figure M-3. Renewable energy production in GWh for all cases. 
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M.4 Case Options 

Coal divestiture is the key parameter distinguishing the different 2011 IRP strategic cases. 
Unlike other areas that are constrained by mandated regulatory requirements (such as 
renewable resources), the decision to divest from coal earlier than legally required is 
discretionary and thus appropriate for analysis. The 2011 IRP strategic cases are designed to 
assist policymakers and ratepayers to make informed decisions regarding accelerated coal 
divestment, particularly with regard to the environmental benefits and resulting resource and 
electricity rate impacts. Included in Table M-1 is a description of the strategic cases. 

Table M-1. Description of strategic cases 

Case ID I Description 

Case 1 
(Base Case) 

Case 2 

Case 3 

Recommended 
Case 2010 IRP 

No Early Coal Divestiture - This case assumes coal resources will be 
replaced with combined cycle natural gas and renewable resources 
upon the expiration of coal contracts with no early compliance with 
SB1368. Maintains the 33 percent standard renewables mix 
recommended to comply with SB 2 (1X). 

Navajo Early Replacement Strategy - This case considers early 
replacement of Navajo on 12/31/2015, or 4 years prior to contract 
expiration with IPP replacement at the end of contract expiration in 
2027. Maintains the recommended 33 percent standard renewables 
mix to comply with SB 2 (1X). 

Navajo and IPP Early Replacement Strategy - This case considers 
early replacement of Navajo on 12/31/2015,4 years prior to contract 
expiration, and early replacement of IPP on 12/31/2020 or 7 years 
prior to contract expiration. Maintains the recommended 33 percent 
standard renewables mix to comply with SB 2 (1X). 

33% RPS Balanced Strategy - Primarily used to compare the other 
strategic cases to the recommended long term strategy described in 
the 2010 IRP with 33 percent renewable compliance by 2020. 
Considers early divestiture of Navajo on 1/1/2014 or five years prior 
to contract expiration and assumes replacement of IPP in 2027. 

The displaced energy from early coal divestment is generally replaced with a combination of 
renewable energy and new gas-fired combined cycle generation. Energy efficiency, demand 
response, and short term 3rd quarter market purchases are used to primarily satisfy load 
growth. Table M-2 summarizes the different replacement resources for the different cases 
and Table M-3 summarizes the costs associated with the replacement resources selected for 
the recommended case (Case 2). 
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Table M-2. Resources recommended for resource adequacy by calendar year 

Base Case (Navajo 2019 IPP 2027) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
NaV<ljo Replacement CC 0 0 0 0 0 0 0 300 300 300 300 300 300 300 300 300 300 300 
IPP Replacement cc 0 0 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 
Short Term 03 Purchase 75 100 125 225 325 325 375 t75 225 325 400 

Total Replacement 96 145 251 338 471 565 674 1153 1279 1415 1602 1807 1894 2021 2992 3060 3177 3266 

Case 2 (Navajo 2015 IPP 2027) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
NaV<ljo Replacement CC 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
IPP Replacement cc 0 0 0 0 0 0 0 0 0 0 1150 1150 1150 1150 
Short Term 03 Purchase 125 100 75 75 75 100 125 225 325 325 375 175 225 325 400 

Total Replacement 96 145 251 763 871 940 1049 1153 1279 1415 1602 1807 1894 2021 2992 3060 3177 3266 

Case 3 (Navajo 2015 IPP 2020) 
Capacity (MW) 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 
Energy Efficiency 61 88 111 132 145 156 167 175 183 191 199 207 215 223 231 239 247 255 
Demand Response 5 10 20 40 75 100 150 200 250 300 350 400 450 500 500 500 500 500 
New Renewable 30 47 120 166 251 310 356 403 446 500 528 575 605 623 637 646 656 662 
NaV<ljo Replacement CC 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 
IPP Replacement cc 0 0 0 0 1150 1150 1150 1150 1150 1150 1150 1150 1150 1150 
Short Term 03 Purchase 125 100 75 75 75 25 25 50 50 100 175 225 325 400 

Total Replacement 96 145 251 763 871 940 1049 1153 2354 2440 2552 2682 2769 2896 2992 3060 3177 3266 

Table M-3. Resource costs for the recommended case (Case 2) by calendar year 

(FY) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Energy & capacity Cost 

Energy Efficiency $ 46 $ 29 $ 37 $ 51 $ 60 $ 70 $ 78 $ 87 $ 94 $ 104 $ 112 $ 120 $ 129 $137 $ 146 $ 154 $ 163 $ 171 $ 180 $ 188 

Demand Response $ $ $ o $ o $ 1 $ 1 $ 3 $ 4 $ 6 $ 8 $ 10 $ 10 $ 11 $ 12 $ 12 $ 13 $ 14 $ 14 $ 14 $ 14 

New Renewable 

Solar $ 3 $ 12 $ 25 $ 39 $ 67 $ 98 $ 115 $132 $ 158 $ 184 $225 $ 249 $ 250 $ 253 $ 256 $ 259 $ 261 $ 261 $ 261 $ 264 

Wind $ $ 2 $ 27 $ 27 $ 37 $ 127 $ 147 $177 $ 198 $ 201 $ 202 $ 203 $ 205 $ 208 $ 209 $ 211 $213 $ 216 $ 217 $ 219 

Geo $ $ $ $ $ 13 $ 28 $ 79 $ 113 $ 143 $ 176 $ 197 $ 224 $271 $ 302 $ 335 $ 353 $ 361 $ 361 $ 368 $ 373 

Small Hydro $ $ $ $ $ $ $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 $ 2 

Generic RPS $ $ $ $ $ $ $ $ $ $ $ $ $ $ 8 $ 18 $ 24 $ 38 $ 45 $ 53 $ 59 

Green Purchase $ $ o $ 4 $ 12 $ 9 $ $ $ $ $ 3 $ 3 $ 1 $ 3 $ 2 $ o $ o $ 1 $ 1 $ 2 $ 5 

New Renewable Subtotal $ 3 $ 14 $ 55 $ 78 $ 126 $ 253 $ 343 $ 424 $ 501 $ 565 $ 628 $ 679 $731 $776 $ 820 $ 850 $ 874 $ 886 $ 904 $ 922 

Short Term Q3 Purchase $ $ $ $ $ $ $ 14 $ 11 $ 9 $ 9 $ 10 $ 14 $ 18 $ 34 $ 52 $ 55 $ 67 $ 33 $ 44 $ 67 

Replacement CC capital Cost 

Navajo Replacement CC $ $ $ $ $ $ 9 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 $ 18 

IPP Replacement CC $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 6 $133 $133 $133 

Total $ 50 $ 43 $ 93 $ 130 $ 186 $333 $ 442 $533 $ 619 $ 695 $ 767 $ 828 $ 889 $ 942 $ 996 $1,035 $1,075 $1,222 $1,247 $1,274 

Each case was modeled using low, medium and high assumptions for gas and coal prices. 
Results of the model runs were tabulated to compare power costs and GHG emission 
reduction. See Section 4.3 for a discussion regarding the analysis of the model results for the 
three cases. The analysis concludes with Case 2 as the recommended case for this 2011 IRP. 
Additional analysis, including non-generation costs and a rate-impact assessment, are 
included in Section 5. 
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AppendixM 
Model Description and Assumptions 

The following pages represent the major input parameters and assumptions that were 
incorporated into the production cost model for this 2011 IRP. 
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Load Forecast 

Year 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

Notes 

FINAL 

October 2010 Forecast (Approved February 2011) 20111RP 

Solar %Annual %Annual Net Energy Solar IRP 

Net Energy Energy Rooftop Forecast Sales Sales for Load for Rooftop Energy Calculated 

for Load Efficiency Program ed Sales Change Change model run Program Efficiency Sales 
(A) (8) (C) (D) before EE after EE (I:) (F) (G) (H) 

26,200 151 19 23,217 1.92% 1.26% 26,391 63 178 23,185 

26,250 327 55 23,202 0.95% -0.06% 26,681 114 348 23,216 

26,132 481 90 23,160 0.21% -0.18% 26,778 141 552 23,071 

26,509 497 121 23,495 1.48% 1.45% 27,208 160 787 23,198 

26,849 497 141 23,795 1.25% 1.28% 27,570 180 1,022 23,263 

27,252 497 159 24,089 1.47% 1.24% 27,993 202 1,186 23,452 

27,496 497 179 24,365 0.88% 1.15% 28,261 210 1,300 23,566 

27,836 497 190 24,670 1.21% 1.25% 28,614 218 1,415 23,756 

28,200 497 195 24,990 1.28% 1.30% 28,983 228 1,510 23,977 

28,654 497 202 25,330 1.57% 1.36% 29,444 238 1,584 24,301 

29,079 497 211 25,766 1.45% 1.72% 29,879 250 1,658 24,601 

29,412 497 222 26,063 1.12% 1 15% 30,224 261 1,732 24,820 

29,751 497 235 26,360 1.13% 1 14% 30,577 274 1,806 25,046 

30,172 497 249 26,674 1.39% 1 19% 31,014 287 1,880 25,345 

30,452 497 264 26,980 0.91% 1 15% 31,311 302 1,954 25,520 

30,795 497 280 27,283 1.10% 1 12% 31,672 317 2,028 25,750 

31,140 497 297 27,591 1.10% 1 13% 32,036 332 2,102 25,983 

31,479 497 316 27,893 1.07% 1.09% 32,396 349 2,176 26,212 

31,812 497 336 28,186 1.04% 1.05% 32,753 365 2,250 26,436 

32,148 497 359 28,481 1.03% 1.05% 33,113 382 2,324 26,665 

Net Energy for Load for nude I run (E) = [Net Energy for Load (Al + Energy B'ficiency (8) /0.885 + Solar Rooftop R-ogram ( C) /0 

2 Solar Rooftop R-ogram (F) = Solar Rooftop Program ( C) /0.885 

3 Energy B'ficiency in 2011 IRPdiffers from Energy B'ficiency in Forecast IRPtreats EE as a variable resource 

4 IRPCalculated Sales (H) = [(E - F - G) + 37]*0.81 

M-13 

% Annual 0/0 Annual 

Sales Sales 

Change Change 
before EE after EE 

1.89% 1.11% 

0.86% 0.13% 

0.25% -0.62% 

1.53% 0.55% 

1.25% 0.28% 

1.45% 0.81% 

0.93% 0.49% 

1.22% 0.80% 

1.26% 0.93% 

1.56% 1.35% 

1.44% 1.23% 

1.12% 0.89% 

1.13% 0.91% 

1.39% 1.20% 

0.91% 0.69% 

1.11% 0.90% 

1.11% 0.90% 

1.08% 0.88% 

1.05% 0.86% 

1.05% 0.86% 

December 22, 2011 

AR0071453 



Los Angeles Department of Water and Power 
2011 Integrated Resource Plan 

AppendixM 
Model Description and Assumptions 

Natura Gas Prices 

Gas Price used in IRP 2011 

Year SoCal Rockey Mountain 

2011 4.1 3.8 

2012 4.0 3.9 

2013 4.6 4.4 

2014 4.9 4.7 

2015 5.1 4.9 

2016 5.3 5.1 

2017 5.5 5.4 

2018 5.8 5.6 

2019 6.0 5.8 

2020 6.2 6.0 

2021 6.4 6.2 

2022 6.7 6.5 

2023 7.0 6.7 

2024 7.1 7.0 

2025 7.4 7.2 

2026 7.6 7.4 

2027 7.8 7.7 

2028 8.1 7.9 

2029 8.3 8.2 

2030 8.6 8.4 

Natural Gas Price Curve 

10.0 -r----------------------
9.0 +----------------------

8.0 f~~~~~~~~~~~~~~~~~~~~~~ 7.0 

~ 6.0 

~5.0 ~ 
:;;;:4.0 _ 

3.0 t--_______ ----"'!!!!!!!!!!!Jj. Q:ou',~"".ol.U"ntlJt;aau:in'---------

2.0 t-----------------------

1.0 t-----------------------

0.0 +---.----.-----.-----.----.---.------.-.---.---.-----.----.-----.-----.----.---.------.-.---.-----. 

~~~~~~~~~~~#~~~~~~~~ 
Year 

Natural Gas Prices and Volume for Pinedale Reserves 

Pinedale Gas Price Pinedale Gas Volume 

Date $/MMBTU Date MMBTU/Day 

7/1/2011 3.45 7/1/2011 30.65 

7/1/2012 4.00 7/1/2012 32.25 

7/1/2013 4.17 7/1/2013 23.54 

7/1/2014 4.20 7/1/2014 19.68 

7/1/2015 4.24 7/1/2015 18.27 

7/1/2016 4.28 7/1/2016 15.97 

7/1/2017 4.32 7/1/2017 14.49 

7/1/2018 4.36 7/1/2018 13.22 

7/1/2019 4.40 7/1/2019 12.34 

7/1/2020 4.44 7/1/2020 11.47 

7/1/2021 4.48 7/1/2021 10.66 

7/1/2022 1.53 7/1/2022 9.91 

7/1/2023 1.57 7/1/2023 9.91 

7/1/2024 1.62 7/1/2024 9.91 

7/1/2025 1.67 7/1/2025 9.91 

7/1/2026 1.72 7/1/2026 9.91 

7/1/2027 1.77 7/1/2027 9.91 

7/1/2028 1.82 7/1/2028 9.91 

7/1/2029 1.88 7/1/2029 9.91 
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LADWP Existing Generation Resources 

LADWP Generator Ratings and Capabilities of Power Sources (as of August 2011 )[1] 

DATE FIRST GENERATOR NET MAXIMUM NET Maximum 

CARRIED NAM EP LA TE"I UNIT PLANT 

NAME OF UNIT SYSTEM CAPABILITyi'I CAPABILlTyl41 

PLANT NO. LOAD (kVA) (kW) (kW) (kW) 

1A 12/10/1983 25.000 25.000 27.000 
San Francisquito 3 4/16/1917 11.719 9.375 10.000 

Power Plant 1 4 5/21/1923 12.500 10.000 12.000 
(PP1) 5A 4/9/1987 25.000 25.000 27.000 46.500 

San Francisquito 1 7/6/1919 17.500 14.000 0 
Power Plant 2 2 8/7/1919 17.500 14.000 14.000 

(PP2) 3 9/26/1932 17.500 14.000 18.000 18.000 
San Fernando 1 10/22/1922 3.500 2.800 3.200 

Power Planl (PP3) 2 10/22/1922 3.500 2.800 2.900 6.000 
Foclhill Power Planl (PP4) 1 10/6/1971 11 .000 11 .000 9.900 9.900 
Franklin Power Plant (PP5) 1 6/3/1921 2.500 2.000 2.000 2.000 
Sawtelle Power Plant (PP6) 1 6/5/1986 711 640 650 650 

Aqueduct Hydro Subtotal 126,650 83,050 
Haiwee Power Plant 1 7/18/1927 3.500 2.800 3.600 

2 7/18/1927 3.500 2.800 3.600 4.200 
Cottonwood 1 11/13/1908 937 750 1.200 
Power Plant 2 10/13/1909 937 750 1.200 1.900 

Di\-ision Creek P. P 1 3/22/1909 750 600 680 680 
Big Pine Power Plant 1 7/29/1925 4.000 3.200 3.050 3.050 
Pleasant Valley P. P 1 2/5/1958 4.000 3.200 2.700 2.700 

Owens Valley Hydro Subtotal 16,030 12,530 
Upper Gorge P. P 1 6/15/1953 37.500 37.500 37.500 37.500 
Middle Gorge P. P 1 5/11/1952 37.500 37.500 37.500 37.500 
Control Gorge P. P 1 4/1/1952 37.500 37.500 37.500 37.500 

Owens Gorge Hydro Subtotal 112,500 112,500 
1 7/11/1973 250.000 212.500 240.000 
2 7/9/1974 287.500 265.000 265.000 
3 7/13/1976 287.500 265.000 265.000 

Castaic Power Plant 4 6/16/1977 287.500 265.000 265.000 
5 12/16/1977 287.500 265.000 265.000 
6 8/11/1978 287.500 265.000 265.000 
7 1/27/1972 70.000 56.000 55.000 1.247.000 

Castaic Hydro Subtotal 1,620,000 1,247,000 
HOO'ver Power Plant (Capacity and energy purchase tom WAPA through Sep. 2017) 491,000 491,000 

TOTAL HYDRO (Based on average hydro conditions) 2,366,180 1,946,080 
1 1/31/1995 100.400 85.340 82.000 82.000 
2 1/31/1995 100.400 85.340 82.000 82.000 
5 1/31/1995 93.750 75.000 65.000 65.000 

Harbor Generating 10 1/4/2002 71 .176 60.500 47.400 47,400 
Statim 11 1/4/2002 71 .176 60.500 47.400 47,400 

12 1/4/2002 71 .176 60.500 47.400 47,400 
13 1/4/2002 71 .176 60.500 47.400 47,400 

14 1/4/2002 71.176 60.500 47.400 47,400 

Harbor Generating Station Subtotal 466,000 466,000 
5 8/1712001 71.176 60.500 43.000 43.000 

Valley Generating 6 9/4/2003 215 .000 182.750 159.000 159.000 
Statim 7 9/9/2003 215.000 182.750 159.000 159.000 

8 11/13/2003 311 .000 264.350 215.000 215.000 

Valley Generating Station Subtotal 576,000 576,000 
Scattergood 1 12/7/1958 192.000 163.200 183.000 183.000 
Generating Station 2 7/1/1959 192.000 163.200 184.000 184.000 

3 10/6/1974 552.000 496.800 450.000 450.000 

Scattergood Generating Station Subtotal 817,000 817,000 

FINAL 

NET DEPENDABLE 

PLANT 

CAPABILITY'" 
(kW) 

13.000 

5.700 

2.100 
2.900 

400 
130 

24,230 

0 

400 
400 
400 

0 

1,200 
36.500 
36.500 
36.500 

109,500 

1.175.000 

1,175,000 

436,000 

1,745,930 
79.500 
79.500 
65.000 
47.400 
47.400 
47.400 
47.400 
47.400 

461,000 
43.000 

156.000 
156.000 
201.000 

556,000 
174.000 
177.000 
445.000 

796,000 
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1 9/2/1962 270.000 230.000 222.000 222.000 
2 4/7/1963 270.000 230.000 222.000 222.000 
3 7/14/1964 270.000 230.000 0 0 
4 219/1965 270.000 230.000 0 0 

Haynes Generating 5 8/12/1966 381.000 343.000 292.000 292.000 
Station 6 3/18/1967 381.000 343.000 243.000 243.000 

7 9/1/1970 2.500 2.000 1.599 1.599 
8 1/25/2005 311 .000 264.350 250.000 250.000 
9 1/25/2005 215.000 182.750 162.500 162.500 

10 1/25/2005 215.000 182,750 162.500 162.500 

Haynes Generating Station Subtotal 1,555,599 1,555,599 

Total Basin Thermal 3,414,599 3,414,599 

Moha\€ Generating 1 4/1/1971 909.000 818.000 0 0 
Station 2 10/1/1971 909.000 818.000 0 0 

Mohave Generating Station Subtotal 0 0 
Navajo Generating 1 211/1974 892.400 803.000 750.000 159.000 
Station 2 1212/1974 892.400 803.000 750.000 159.000 

3 11/29/1975 892.400 803.000 750.000 159.000 

Navajo Generating Station Subtotal 2,250,000 477,000 
Intermountain 1 619/1986 991 .000 820.000 900.000 546.200 
Generating Station 2 4/30/1987 991.000 820.000 900.000 546.200 

Intermountain Generating Station Subtotal 1,800,000 1,092,400 

Palo Verde Nuclear 1 113011986 1.550.000 1,413.000 1.333.000 128,768 

Generating Station 2 9/19/1986 1.550.000 1,413.000 1.336.000 129.058 

3 1/19/1988 1.550.000 1,413.000 1.334.000 128.864 

Palo Verde Generating Station Subtotal 4,003,000 386,690 

Total External Thermal (Coal and nuclear fuels) 8,053,000 1,956,090 

TOTAL THERMAL 11,467,599 5,370,689 

NET MAXIMUM AND NET DEPENDABLE SYSTEM CAPABILITYw/o CDWR Transfer 7,316,769 
State's Capacity Entitlement -120,000 

NET MAXIMUM AND NET DEPENDABLE SYSTEM CAPABILITY 7,196,769 

RenewablesiDistributed Generation as of August 12, 2011 [6] 1,108,635 

NET MAXIMUM AND NET DEPENDABLE SYSTEM CAPABILITY wi REIDG 8,305,404 

Notes 

1[1] This table is based on data from Power System Engineering Di'.ision January 1,2011 Generation Rating and Capabilities of Power Sources 

sheet. This table also include data for the renewables and distributed generating resources owned and contracted by LAD\I\IP. The data are 

from the August 12, 2011 RPS Master Project List and project contracts 

[2] Nam eplate capability is the full-load continuous rating of a generating unit under specified conditions as designated by the manufacturer 

1

[3] Unit can attained Maxim um Capability when the weather and equipm ent are sim ultaneously at optim al conditions 

[4] Maxim um Plant Capability reflects water flow lim its at hydro plants; or sum of each unit at in-basin therm al plans; or entltlem ents 

from external therm al plants 

1

[5] Net Dep~ndable Plant Capability reflects ~ar-round outputs adjusted for I~w generation seaso~ .. For.hYdro plants, winter is the 

low generation season. Therm al plants experience reduced perform ance dUring hot weather conditions 

[6[ Dependable capacity of renewable technology plants are estimated by applying a 
1 Dependable Capacity Factor (DCF) to the plant nam eplate capacity. The conservative factor is used until LAD\I\IP gains 

m ore actual am ount of operating experience with renewable technologies DCFs currently used are as follow 

Dgester Gas 1.00 
Geothermal 0.95 
Landfill Gas 0.90 
Muncipal Solid Waste Con\€rsion 0.90 

Small Hydroelectric 0.50 
Solar Photovoltaic 0.25 
Solar Thennal 0.25 
Wind 0.10 (projects with firming contracts are rated at firming le\€ls) 

222.000 
222.000 

0 
0 

292.000 
238.000 

0 
235.000 
157.500 
157.500 

1,524,000 

3,337,000 

0 
0 

0 
159.000 
159.000 
159.000 

477,000 
546.200 
546.200 

1,092,400 

126.643 

126.932 

126,739 

380,314 

1,949,714 

5,286,714 

7,032,644 

-55,000 

6,977,644 

316,380 

7,294,024 
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IPP Capacity for LADWP 

IPP Capacity (MW) 

DWP's Excess 
DWP's Excess DWP's Excess DWP's Own 

DWP's Excess Share Recalled Short Term Tota I I PP Ca pa city 
C{ Season Shares Recalled Shares via UP&L Entitlement 

Share (MW) via Long-Term Reca II (MW) 
via Short-Term Purchase (MW) (MW) 

Letter (MW) 
Letter (MW) 

2011 Summer 327 (153) 43 217 72 803 1092 

Winter 327 (136) 43 234 72 803 1109 

2012 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2013 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2014 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2015 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2016 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2017 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2018 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2019 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2020 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2021 Summer 327 (66) -43 218 72 803 1093 

Winter 327 (58) -43 226 72 803 1101 

2022 Summer 327 (116) -43 168 72 803 1043 

Winter 327 (108) -43 176 72 803 1051 

2023 Summer 327 (216) -43 68 72 803 943 

Winter 327 (208) -43 76 72 803 951 

2024 Summer 327 (284) -43 0 72 803 875 

Winter 327 (284) -43 0 72 803 875 

2025 Summer 327 (284) -43 0 72 803 875 

Winter 327 (284) -43 0 72 803 875 

2026 Summer 327 (284) -43 0 72 803 875 

Winter 327 (284) -43 0 72 803 875 

2027 Summer 327 (284) -43 0 72 803 875 

Winter 327 (284) -43 0 72 803 875 
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IPP Debt Service and O&M, and Generation Expenses 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

Principal (MIl) 

Regular Subord, Total 

$104,5 S340 $138,5 

$128.3 $804 $208.7 

$95,5 $104,2 $199.7 

$104,0 S686 $172,6 

$137,6 $76,8 $214.4 

$130,9 S73,2 $204,1 

$154,0 $90,5 $244,5 

$98.4 $26,9 $125.3 

$152.2 S53.3 $205,5 

$113.8 $124,7 $238,5 

$61.3 $161.2 $222.5 

$66,0 S1585 $224,5 

$102,9 $73,1 $176,0 

$53.0 $73,9 $126,9 

$7.1 S62 $13,3 

$0,0 $0,0 $0,0 

$0,0 SO,O $0,0 

$0,0 $0,0 $0,0 

Demand Response Schedule 

nterest (M$) 

Regular Subord, Total 

$57,6 $59,6 $117,2 

S51.1 $56,0 $107,1 

$45,8 $49,5 $95.3 

$42,0 $404 $824 

S381 $38,1 $76,2 

$34,2 $32,6 $66,8 

$30,2 $32,2 $624 

S256 $29,5 $55,1 

$19,2 $30,5 $49,7 

$12,7 $24,2 $36,9 

$9,2 $15,6 $24,9 

$7,6 $64 $14,0 

S4,9 $2,6 $7,5 

$1.8 -$2,5 -$0,7 

$0,2 $0,0 $0,2 

SOO $0,0 $0,0 

$0,0 $0,0 $0,0 

$0,0 $0,0 $0,0 

Dlbt Service (MIl) 

Prilcipal Interest Total 

$310,2 

$271.2 
$138,5 S1172 $255,7 

$208.7 $107,1 S315,9 

$199.7 $95.3 $295,0 

$172,6 S824 $255,0 

$2144 $76,2 S2906 

$204,1 S66,8 $270,9 

$244,5 $624 $306,9 

$125.3 $55,1 S1803 

$205,5 S49,7 $255,2 

$238,5 $36,9 $275.4 

$222,5 $24,9 $2474 

$224,5 S140 $238.4 

$176,0 $7,5 S183,5 

$126,9 -$07 $126,2 

$13.3 S02 $13.5 

$0,0 $0,0 SOO 

$0,0 SO,O $0,0 

$0,0 $0,0 $0,0 

(M$) 

$174.7 

$156,3 

$167.3 

$170,8 

$167,8 

$171.1 

$174,6 

$178,0 

$181.6 

$185,2 

$188,9 

$192.7 

$196,6 

$200,5 

$204,5 

$208,6 

$212,8 

$217,0 

$221.4 

$225,8 

(M$) 

$484,92 

$42747 

S423 03 

$486,69 

$462,78 

S42611 

$465,20 

S448,95 

$488,52 

$365,57 

S444,16 

$468,11 

$443,94 

S43894 
$388,02 

$334,78 

S22627 

$217.04 
$22138 

$225,81 
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(M$) 

$283.1 

$2444 

$250,5 

$292.7 

$283.8 

$259.7 

$283.5 

$273.6 

$298,5 

$222,8 

$270.7 

$285.3 

$271.3 

$267,5 

$233.6 

$189.7 

$117,1 

$105,5 

$107,6 

$109,8 

CY 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 

MW 0 5 1 0 20 40 75 1 00 150 200 250 300 350 400 450 500 

Cost ($/KW/yr) 45 45 45 45 45 45 45 45 45 14.6 14.6 14.6 14.6 14.6 14.6 
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LADWP Solar Program 

Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

SBl Solar Rooftop Program 

Annual Install Cumulative Effective 

Target (MW AC) Install (GWh) 

33 

63 

114 

141 

160 
180 
202 

210 

213 

228 

238 

250 

261 

274 

287 

302 

317 

332 

349 

365 

382 

Expenditure 

($/MWh) 

280 

210 

170 

170 

170 

170 

150 

150 

150 

140 

140 

130 

130 

120 

120 

120 

110 

110 

100 

100 

100 

__________________________________ ~~~~_~!!I_:!'~!:~!!_~_~~~~_~_~~!:~_~___________ _ ___________________ J 
Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

Annual Install Cumulative Effective 

Target (MWAC) Install (GWh) 

150 

150 

10 

33 

75 

124 

136 

148 
160 
171 
193 

195 

206 

217 

229 

240 

239 

238 

237 

235 
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Expenditure 

($/MWh) 

340 

320 

240 

200 

190 

180 

180 

180 

180 

180 

180 

170 

170 

170 

170 

170 

170 

170 

170 

Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

DWP Build In Basin Solar Program 

Annual Install Target Cumulative Effective 

(MW AC) Install (GWh) 

12 

21 

37 

54 

71 

88 

101 

101 

100 

100 

99 

99 

99 

98 

97 

97 

11 

16 

22 

38 

67 

97 

128 

158 

132 

lB2 

180 

130 

178 

178 

176 

176 

175 

175 

270 

270 

270 

250 

230 

220 

210 

200 

190 

190 

190 

180 

180 

180 

180 

180 

180 

180 

180 

180 

180 
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2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

Annual Install Target Cumulative Effective 

(MWACj In::.tall (GWh) 

50 

100 

150 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

110 

220 

330 

440 

438 

436 

433 

431 

429 

427 

425 

423 

421 
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Expenditure 

($/MWh) 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 

153 
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Cy 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

DWP Build Out Basin Solar Program 

Annual Install 

Target (MWAC) 

Cumulative 

Effective In::.tall 

(GWh) 

15 

37 

37 

37 

37 

37 

37 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

Expenditure 

($/MWh) 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 

150 
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Once-through Cooling Costs 

2029 Plan· No OTC FY10/1 1 FY11 /12 FY 121 13 FY 13/14 FY1 4/15 

HnGS Units 5&6 Repowenng 175.9 357.3 128.6 10.9 

SGS Unlt 3 Repowenng 3.7 5.9 265.2 377.4 101.8 
SGS Units 1&2 Repowerlng 1.5 

HnGS Units 1&2 Repowenng 
HGS Unit 1,2 & 5 Repowenng 
HnGS Unlt8, 9, &10 Repowenng 

TOTAL CAPITAL EXPENDITURES 179.6 363.2 393.8 388.3 103.3 

CO2 Allocations and Costs Assumptions 

Year 2013 2014 2015 2016 2017 
Bectncal Sector Total 95.8437 94.0851 92.=288 90.3725 88.6139 

DNPfactor 0.14183509 0.14189282 0.14008639 0.14434701 0.14914139 

DNP Allocation (MM1] 13.594 13.350 12.920 13.045 13.216 

Cost AssurrjJtlon ($/ton) $24.0 $270 $30.0 $33.0 $36.0 

Aosumed GHG Em ission. A llowed Pri.e.IS/ton) 

"" ,., 
'" '" c 
,2 ~5 
u 

i: '" :;; 
~ l!> 
"ii 
c 

.~ ,OJ 

Z 1, 

10 

2029 eTC Cost Estimates 

FY 15116 FY 16/17 FY 17/18 FY 181 19 FY 19/20 FY 20/21 

23.3 
4.2 71.0 124.2 143.0 136.5 74.7 
1.0 2.2 2.7 3.5 36.0 36.0 

1.2 

28.5 73.2 126.9 146.5 172.5 111 .9 

2018 2019 2020 2021 2022 
88.7576 84.9013 83.1427 83.1427 83.1427 

0.15281658 0.14963257 0.14048137 0.14048137 0.14048137 

13.258 12.704 11.680 11.580 11.580 

$39.0 $42.0 $45.0 $45.0 $45.0 

lUll 2011 20Ll lU14 lUl~ 201& 2017 2018 1019 2020 2021 2022 l OB 2014 202, lU2u lOll 2018 1019 2030 

Year 
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307.3 260.9 58.0 
2.6 3.1 5.2 312.1 104.0 57.2 

1.0 2.0 3.0 4.0 34.4 357.7 320.0 165.0 120.0 

310.9 266.0 66.2 316.1 138.4 414.9 320.0 165.0 120.0 

2023 2024 2025 2026 2027 2028 2029 2030 
83.1427 83.1427 83.1427 83.1427 83.1427 83.1427 83.1427 83.1427 

0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 0.14048137 

11.680 11.680 11.680 11.680 11.680 11.680 11.680 11.680 

$45.0 $45.0 $45.0 $45.0 $45.0 $45.0 $45.0 $45.0 
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Appendix N Public Outreach 

N.1 Overview 

This section outlines the public outreach that will be carried out as part of the 2010 IRP process 
to provide information and increase awareness ofLADWP's long-term power resource plans. 

N.2 Community workshops 

A series of regional public workshops are being scheduled in mid-July 2010 throughout Los 
Angeles. 

Workshops will be publicized through newspaper advertisements, press releases, a dedicated 
Website and social media. 

A dedicated, interactive Website, www.LAPowerPlan.org, will be established and will enable 
visitors to provide comments directly online. 

The workshops will be professionally facilitated. 

Following the workshops, LADWP will summarize feedback and post frequently asked 
questions and responses on the Website. 

N.3 Public Comments 

This section will address comments received during the Public Outreach effort related to the 
2010 Integrated Resource Plan. 

N.4 Questions and Answers 

This section will address questions received during the Public Outreach effort related to the 2010 
Integrated Resource Plan. These will be posted on the Website as well as presented to the Board 
of Water and Power Commissioners. 
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Report Overview 

This report provides a summary of input received through the community outreach program 
conducted for the Los Angeles Department of Water and Power's (LADWP's) 2010 Power 
Integrated Resource Plan (IRP). The community outreach program consisted of a series of 
regional public workshops, a website (www.1apowerplan.org), and an online survey, along 
with stakeholder meetings, which were intended to inform the public about the 2010 IRP and 
to solicit feedback. 

The kickoff public workshop was held on August 12, 2010, at the LADWP headquarters in 
downtown Los Angeles. Seven regional workshops were held between September 11, 2010, 
and September 30,2010. The regional workshops were held throughout Los Angeles to 
gather input that reflects the City of Los Angeles' geographic and demographic diversity and 
to maximize participation opportunities. A website was also created for the 2010 IRP; it 
included an electronic version of the 2010 IRP and associated documents, promoted the 
public workshops, and provided an interactive online survey consisting of questions similar 
to the workshop discussion questions. All the presentation materials from the public 
workshops were also made available on the website. A series of stakeholder meetings were 
also held in August through October, 2010, with representatives from business and 
environmental groups with a specific interest in the 2010 IRP. 

This summary is arranged into four sections: Report Overview, Community Outreach 
Program, Discussion Theme Synthesis, and Exhibits. The information contained in each of 
the remaining sections is described below: 

• Community Outreach Program: Provides an overview of all aspects of the outreach 
related to the 2010 IRP, including the public workshops, website, stakeholder meetings, 
and elected/appointed official briefings. 

• Discussion Theme Synthesis: Contains a summary of the input contributed during the 
community outreach program. The input has been synthesized to reflect the breadth and 
depth of the input received and incorporates reoccurring themes that were expressed by 
participants. 

• Exhibits: Includes the project fact sheet, a transcription of the notes from the public 
workshops, comment cards submitted at the workshops and through the website, and 
online survey results, as well as other comments collected as part of the community 
outreach program. 
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Community Outreach Program 

Purpose 

The community outreach program was designed to collect broad input on issues, ideas, and 
concerns related to the 2010 IRP. Input was collected with the intention of providing 
guidance to LADWP staff in the formulation of a final long-term strategy, and to inform the 
LADWP Board of Commissioners prior to adoption of a final document. An overview of the 
2010 IRP is provided in Exhibit A, Project Fact Sheet. 

Specific objectives of the community outreach program were to: 

• Prioritize transparency and inclusiveness in the 2010 IRP process. 
• Receive feedback and public comments to be incorporated into the Final 2010 IRP 

document. 
• Educate and create awareness about the 2010 IRP among stakeholders and 

community members. 
• Communicate strategies for reducing carbon emissions and integrating renewable 

resources, while meeting forecasted demand, maintaining reliability, and keeping 
costs as low as possible. 

• Communicate the potential impact on costs and customer rates for various alternative 
cases analyzed in the 2010 IRP. 

To achieve these objects, LADWP developed a multi pronged outreach approach to allow 
community members and stakeholders different opportunities to provide input on the 2010 
IRP. Community involvement opportunities were provided through a website, stakeholder 
meetings, and a series of public workshops. Elected and appointed official briefings were 
also held to keep local representatives abreast of outreach opportunities and the community's 
contributions. Input collected through each of these programs is considered of equal 
importance when considered by LADWP staff. 

Public Workshops 

The public workshops were held in different locations throughout the city to reflect the 
geographic and demographic diversity of Los Angeles. Workshops were also held on various 
days of the week at different times to allow many options for participants to find a 
convenient workshop schedule. 

Workshop Schedule and Location 
A kick-off workshop was held in Downtown Los Angeles on August 12,2010, in the 
LADWP headquarters. Seven regional workshops were held between September 11,2010, 
and September 30,2010, throughout Los Angeles. Table 1 shows the meeting location and 
schedule. 
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Table 1: Location and Time of Community Workshops 

Downtown East Valley 
Thursday, August 12,2010 Saturday, September 11,2010 
7:00 pm - 9:00 pm 10:00 am- 12:00 pm 
LADWP John Ferraro Building Los Angeles 1vfission College 
III N. Hope Street 13356 Eldridge Avenue 
Los Angeles, CA 90012 Sylmar, CA 92342 

South LA East LA 
Tuesday, September ].I, 2010 Wednesday, September 15,2010 
6:00 pm - 8:00pm 6:00 pm - 8:00 pm 
California African American California State University 
Afuseum-Exposition Park 5151 State University Drive 
600 State Drive Los Angeles, CA 90032 
Los Angeles, CA 90037 

West Valley Northeast LA 
Wednesday, September 22,2010 Thursday, September 30,2010 
6:00 pm - 8:00 pm 6:30 pm - 8:30 pm 
Holiday Inn Warner Center Glassel! Park Senior & 
21101 Ventura Blvd Community C-:enter 
Woodland Hills, CA 91364 3750 Verdugo Road 

Los Angeles. CA 90055 

Attendance 

West LA 

AppendixN 
Public Outreach 

Monday, September 13,2010 
6:00 pm - 8:00 pm 
Stephen Wise Temple 
15500 Stephen S Wise Drive 
Los Angeles, CA 90077 

Ha.·bor 
Monday, ,~'eptember 20,2010 
6:00 pm - 8:00 pm 
Crowne Plaza Los Angeles 
Harbor 
601 South Palos Verdes Street 
San Pedro, CA 90731 

Attendance varied between each of the public workshops as shown in Table 2. Most 
attendees identified themselves as customers ofLADWP when they signed in, although 
individuals were not required to be customers to attend the meetings and provide input. 
Several attendees also identified themselves as being associated with industry groups or 
environmental organizations, such as solar developers or the Sierra Club. There were also a 
number of people who attended multiple meetings. 

T bl 2 W k h Att d b L cation a e : or s op en ance Iy 0 

Meeting Attendees 
Downtown 96 
East Valley 41 
West LA 34 
South LA 38 
East LA 17 
Harbor 19 
West Valley 50 
Northeast LA 17 
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LADWP conducted extensive publicity to maximize inclusiveness and diversity among 
participants. To publicize the workshops, meeting information was detailed on the project 
website, advertisements were placed in local and regional newspapers, and press releases and 
Twitter messages were issued. Targeted outreach was also conducted to inform the Council 
Districts and engage the Neighborhood Councils. 

Web, Email, and Social Networking 

LADWP placed electronic advertisements on the City Watch Website, which averages 
between 220,000 and 500,000 hits daily, beginning August 23 and running through the final 
workshop September 30. LADWP also used Twitter to send messages ("tweets") about the 
entire workshop series and to promote each individual workshop; issued Neighborhood 
Council and stakeholder email blasts; and included the workshop series in customer e
newsletters (LADWP at Work and At Home), which are emailed to all LADWP residential 
and commercial customers. 

Media 

Advertisements that featured the locations and dates of all workshops were placed in 
community and regional newspapers, including: 

• Daily News 
• Daily Breeze 
• L.A. Watts Times 
• L.A. Sentinel 
• Korean Daily 
• Chinese Daily 
• La Opinion 
• Philippine Media 
• Dmvntown News 
• Korean Times Daily 
• Beverly Press/Park La Brea News 
• Larchmont Chronicle 
• Tolucan Times 
• L.A. Business Journal 
• San Fernando Valley Business Journal 
• Wave/IndependentlEqual Access Media 
• Eastern Group Publications 

A general news release was issued to announce the first workshop followed by a second 
release announcing the entire workshop series, emphasizing the desire for public feedback on 
the 2010 IRP, which included an invitation to the IRP website to take the online survey. 
Media advisories were also issued the morning of each workshop. 
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Additional Outreach 

To reach additional members of the public, LADWP distributed flyers at public libraries 
throughout the city. Flyers announcing the workshops, along with fact sheets, were 
distributed to all Council District field offices, at the Mayor' Office, and at the Council 
District 2 National Night Out Finale community event at Valley Plaza Park. 

LADWP conducted extensive outreach to engage Neighborhood Councils, including 
announcements at Neighborhood Council meetings, distribution of flyers, and email blasts, 
which encouraged Neighborhood Councils and community members to attend the regional 
workshops. LADWP staff also made announcements about the regional workshops to over 
30 Neighborhood Council meetings throughout the city in August and September. 

Workshop Format 
The community workshops consisted of four main components: (1) a presentation on the 
2010 IRP by Michael Webster, LADWP Assistant Director of Power System Planning and 
Development; (2) small group discussions led by facilitators; (3) report back and workshop 
wrap up; and (4) written comment cards. Please see Exhibit B for the workshop agenda. 

Presentation 

The workshop presentation established a foundation for the community to get a better 
understanding of the 2010 IRP. Important contextual information was presented, which 
provided a historical overview ofLADWP's mission, operations, and vertical approach to 
service; background and objectives of the IRP; and challenges of balancing the objectives. 
The presentation also outlined specific strategies for reducing carbon emissions and 
integrating renewable resources, while meeting forecasted demand, maintaining reliability, 
and keeping costs as low as possible. A video of the presentation was posted on the project 
website for all community members to view the presentation outside of the workshops. 

Small Group Discussions 

After the presentation, participants joined smaller breakout sessions ranging from 10 to 15 
people, depending on the number of attendees. Through a guided discussion, the small 
groups provided a forum for participants to provide input and identify issues, share ideas, and 
voice concerns related to the 2010 IRP. The small groups were also designated to make the 
complex and technical information in the IRP more accessible by creating an environment 
where all attendees felt comfortable asking questions and sharing thoughts about the complex 
technical information in the long-range plan. 

Each group was led by a facilitator and an LADWP staff member familiar with the details of 
the 2010 IRP. Each of the group discussions began by having the group's LADWP staff 
member lead attendees through the 2010 IRP Executive Summary, which was distributed to 
each participant as they entered the meeting. The staff member presented the details for each 
of the six case options, including the mix of resources, estimated costs, estimated reduction 
in greenhouse gas emissions, and the potential impact on customer rates. This overview was 
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followed by a question and answer period. The LADWP staff member answered technical 
questions and provided clarification on the 2010 IRP. 

Following the LADWP staff presentation and the question and answer period, participants 
were then given the opportunity to share their perspectives related to the 2010 IRP. 
Participants were eager to express viewpoints on many issues during the group discussion 
seSSlOn. 

Discussion Questions 

The facilitator assisted the group in communicating priorities, issues, and concerns related to 
the 2010 IRP by asking the following questions: 1 

]. What priorities does LADWP need to consider when making a recommendation on 
the IRP long-term strategy? 

2. How much more per bill are you willing to pay to implement some of the types of 
concepts in the IRP? 

• 5%? 
• 15%? 

• 25? 
• 0% (Nothing)? 

3. Are there any other comments or ideas you would like LADWP to consider related to 
the 2010 IRP? 

The facilitator maintained a record of the participant responses to each question. After a 
period of sharing the priorities that were important for consideration in the 2010 IRP as part 
of the discussion on Question 1, four sticky dots were distributed to each member of the 
group. Group members were asked to use the dots to identify the priorities, or priority, that 
were most important to them out of those that were shared among the group. Each dot 
represented an identification of a priority, and participants were allowed to place multiple 
dots on a priority to indicate relative importance of a topic over another. The priorities 
identified by each group were considered in the development of the Discussion Themes. 

Exhibit C contains detailed transcriptions of all the notes collected during the discussion 
group for each public workshop, as well as the results of all the input collected during the dot 
prioritization exercise. 

1 The following questions were asked at the August 12, 2010, meeting and modified in subsequent workshops: (1) What priorities does LADWP 
need to consider when making a reconunendation on the IRP long-term strategy? (2) What level and mix of renew abies should LADWP strive for 
(solar, wind, geothermal, etc.)-and at what cost? (3) How should LADWP transition away from high carbon emitting resources-and at what 
cost? (4) Are there any other comments or ideas you would like LADWP to consider related to the 2010 IRP? The questions were modified to 
eliminate redundancy between Questions 2 and 3, and because oflime limitations. 
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Additional Notes on Question 2 

After the group members finished with the prioritization exercise, the facilitator asked 
Question 2. Participants were asked if they were willing to pay 5%, 15%,25%, or 0% 
(nothing) more per bill to implement some of the types of concepts in the IRP. Attendees 
were asked to raise their hand to indicate support for any amount they felt comfortable 
supporting. Some group members were uncomfortable answering the question and asked to 
provide comments instead of, or in conjunction with, raising their hand. This question was 
intended to understand group members' sentiment about costs. There is no statistical 
significance associated with the informal poll that was taken during each group discussion. 
Instead, this question is more appropriately understood as feedback from a focus group that 
identified larger opinions and attitudes of group members that relate to costs, as well as the 
priority participants placed on renewable energy development? 

Report Back and Wrap Up 

To allow participants to get a sense of the discussions that occurred in the other groups, 
participants reconvened as an audience at the conclusion of the breakout session, where a 
representative from each group recapped his/her group discussion. To accomplish this, a 
volunteer from each group reported back on the top three priorities that were collectively 
identified by the group as the topics with the most dots from the prioritization exercise. 

The workshops concluded with an explanation of how workshop input and input collected by 
other outreach programs would be documented into a summary. It was also explained that 
the summary would be considered by the project team in formulating the 2010 Final IRP that 
would be presented to the LADWP Board of Commissioners, and posted on the project 
website. 

Written Comment Cards 

At the beginning of the meeting, attendees were also provided a comment card with 
questions that mirrored the small group discussion questions. The comment card provided a 
medium for detailed written comments to be submitted. The comment cards were collected 
at the conclusion of the meeting or could be mailed afterwards to LADWP. In addition, 
participants were invited to submit additional comments through the website or directly to 
LADWP. All comment cards, letters, and other input received electronically can be found in 
Exhibit D. 

2 To provide some context to Question #2, the following statement was made to participants at each of the regional meetings: 

As the LADWP staffmember one of this public outreach process is to gauge how much more you would be willing to pay 
to increase renewable energy emissions. The graph on P.12 [of the Executive Summary] indicates that LADWP 
electric rates will go up a certain percentage over the next 20. years under all six cases. However. let me emphasize that these are hypothetical 
outcomes based on all the various assumptions used to model the cases. Also it should be noted that energy conservation can 
reduce your bill. No matter what happens with the rates, you can choose to use energy more effiCiently -buy energy refrigerators and 
other appliances, or use energy during "offpeak" hours. All these can help you reduce costs. The Department is only 
interested in getting your feedback; your "vote" is NOT an endorsement rate increase. Think as part of a(ocus group. A1aybe 
you are willing to pay a little more steadily over 20. years to help the DWP get off of coal power by 20.20. Or maybe you prefer not to pay 
anything now because of financial issues. You can pick 5%, 15%,25%, or 0.% (nothing). Or. you can choose not to vote at all. The main thing is 
to let LADWP know how you feel regarding this issue. 
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A project website (www.1apowerplan.org) was created specifically for the 2010 IRP. The 
website provided access to a complete version of the 2010 IRP and associated technical 
appendices, as well as a stand-alone version of the Executive Summary, which was formatted 
to improve readability for the public. A fact sheet about the IRP, which was prepared to 
convey the complex material in visual and written format, was also made available on the 
website. The website included a schedule of public workshops, and a section that allowed the 
public to submit comments and questions about the plan online. Comments submitted 
through the website can be found in Exhibit D. 

In addition, the website contained an online survey that mirrored the questions asked in the 
public workshops, as well as the comment card distributed during the workshops. Members 
of the public who were unable to attend a public workshop were given the same opportunity 
to provide input on the 2010 IRP through the website survey. There were 55 responses to the 
online survey, all of which can be found in Exhibit E. 

Stakeholder Meetings 

LADWP conducted meetings targeting specific stakeholders, including business and industry 
representatives, as well as environmental groups. These meetings were conducted in a 
similar fashion as the public workshops. Input collected at these meetings is included in the 
discussion themes found in the next section of this document, and discussion notes can also 
be found in 
Exhibit C. 

Business and Industry 
LADWP offered presentations for the following business and industry stakeholders: 
• Central City Association - meeting on September 21,2010 
• LA Business Council- meeting on September 24,2010 
• Large Commercial Customers - meeting on September 30,2010 
• Valley Industry and Commerce Association - meeting on October 6,2010 

Environmental Groups 
Representatives of key environmental groups-including the Sierra Club, National Resources 
Defense Council, Environment Now and the Green L.A. Coalition-were invited to briefings 
and contacted directly to attend the kick-off workshop and regional workshops. 

Elected/Appointed Officials Briefings 

LADWP also met with various elected and appointed officials to provide an overview of the 
contents of the 2010 IRP and to inform them about the community outreach process. The 
briefings were intended to inform decision makers about the 2010 IRP and the process, and 
are not reflected in the discussion themes found in the next section of this document. 
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• Board of Water and Power Commissioners - Presentation to Board, July 22, 2010. 
• Briefings were conducted for staffs of City Council members, Mayor's office, Chief 

Legislative Analyst (CLA), and Chief Administrative Officer (CAO) on August 12, 
2010, and September 16, 2010. A follow-up briefing will be scheduled in October. 

• Neighborhood Council Memorandum of Understanding Oversight Committee
briefing August 7,2010. 

• Additional Outreach: 
- A summary of the first workshop was emailed to Council staff 
- An additionallRP summary after the first week of regional workshops was 

emailed to Council staff 
- LADWP requested a special IRP briefing with Council members (Energy & 

Environment Committee), Mayor, CLA, CAO. 
- LADWP requested to have a special IRP outreach meeting with stakeholders 

selected by Council members. 
- LADWP requested that the lRP workshop schedule be placed in individual 

Council community newsletters (it was placed in newsletter of Councilmember 
Bernard Parks. 

- A finallRP analysis will be provided to Mayor/CouncillCAOICLA staff 
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The public workshops, stakeholder meetings, online survey, and comment cards yielded a 
significant amount of information from LADWP customers related to the 20] 0 IRP. This 
information has been synthesized into a set of discussion themes that reflect the major ideas 
provided by participants during the community outreach program. 

Methodology for Identifying Discussion Themes 
During the community outreach program, attendees provided broad input about issues, ideas, 
and concerns related to the 2010 IRP. The discussion themes provide a synopsis of this input 
and represent expansive discussion topics for the community outreach program. For a 
comprehensive understanding of the richness and range of input, the maj or discussion themes 
should be reviewed in conjunction with the transcription of the notes from the small group 
discussions and stakeholder meetings, the comment cards, and responses to the online 
survey. 

An initial series of broad themes was first identified to categorize aU of the statements 
gathered during the public outreach program. Coding strategies were then used to validate 
and refine the themes.3 Using AtlasTI, a computer software program for qualitative data 
analysis, codes were established for each theme and applied to all of the public input that was 
collected through the community outreach program. Codes were applied to individual 
comments and enabled comparison between different comments relating to the same topic. 
For example, a statement such as "Educate consumers about how to conserve," was 
ultimately coded as (1) "Energy Efficiency and Conservation" because it was one of many 
statements provided by workshop participants that related to using less energy or using 
energy more efficiently, and (2) "Education and Community Outreach" because it relates to 
efforts by LADWP to inform and engage the community. 

After coding all the input, the initial set of themes was refined. A narrative on each theme 
was also created to provide context and understanding. The narrative is based upon the 
comments that were tagged with a code relating to specific themes. The comments were 
reviewed to understand the frequency of certain discussion topics, the breadth of all 
discussion topics, and the relationships between the topics. 

Discussion Themes 
The discussion themes listed below are not representative of the city at-large, and only 
encompass input from participants in the public workshops, attendees at the stakeholder 
meetings, and members of the public who completed the online surveyor comment card. All 
the ideas that were prioritized during the public workshops are included within the discussion 
themes; however, each theme is considered to be of equal importance, and the themes are not 
Ii sted in any order of pri ori ty . 

3 For more infonnation on the methodologies employed to identify themes, please see Ryan, Gery W. and H. 
Russell Bernard. 2003. "Techniques to Identify Themes." Field Methods 15(1):85-109. 
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Emphasize a Variety of Energy Sources 

Many participants were supportive of the resource strategies presented in the 2010 IRP. 
Recognizing that overreliance on a single energy source could lead to instability, attendees 
advocated for a strategy that integrates a variety of resources. In particular, participants were 
concerned that natural gas was especially subject to fluctuations in price and relied heavily 
on delivery pipelines, which could jeopardize reliability. Some attendees expressed a desire 
to see a wider variety of energy sources beyond wind and solar. Some of the suggested 
energy sources included: 

• Algae 

• Biofuels 

• Fuel Cells 

• Geothermal 

• Hydroelectric 

• Natural Gas 

• Nuclear 

• Solid Waste 

• Wave 

The discussion of these other energy sources varied greatly. Nuclear and geothermal sources 
were mentioned by various participants. Many attendees indicated that LADWP should stay 
on the forefront of new advancements, and all viable sources of energy should continually be 
evaluated as modern technology evolves. 

Maximize Energy Efficiency and Conservation 
to Meet Future Energy Needs 

Energy efficiency and conservation efforts were strongly supported by participants and were 
recognized as necessary components in meeting the future energy needs of Los Angeles. 
Participants expressed that LADWP could use several strategies to encourage customers to 
use less energy, as well as take steps to make the entire power system (both customer-side 
and utility-side) more energy efficient. 

Many participants recommended that LADWP incorporate additional financial incentives to 
customers who use less energy. Suggestions included the installation of smart meters to 
provide information about real-time energy use, enabling customers to make smarter 
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decisions about how they use power. In addition, some attendees believed that an increase in 
energy rates would also lead to an overall reduction in energy consumption. Participants also 
suggested that charging higher prices during peak periods than during off-peak periods could 
encourage conservation when demand is highest, and could potentially shift energy use to 
periods with a lower demand. 

Participants also emphasized the need for education programs for customers on the 
importance of conservation and ways to conserve energy. Political and cultural challenges in 
encouraging energy efficiency and conservation were identified as well. 

In addition, many participants recommended that LADWP look for ways to improve the 
efficiency of the power system as a whole. This included suggestions to improve the 
efficiency of generating and transmitting energy. Several attendees also commented that 
technical improvements on the customer-side could lead to more efficient energy use, such as 
using more energy-efficient appliances. There was support for requirements that newly 
constructed buildings be designed for energy efficiency and it was suggested that older 
buildings should be retrofitted. Participants also proposed that LADWP provide/expand 
energy audits to demonstrate to customers what changes or improvements could be made in 
homes or businesses to use less energy. 

Eliminate Coal from LADWP's Energy Portfolio 

Many participants expressed concern over the continued use of coal, recommended its 
removal from LADWP' s energy portfolio, and suggested that it be replaced with renewable 
energy sources as much as possible. These participants noted that the elimination of coal 
would reduce greenhouse gas emissions and improve air quality, and some said that replacing 
coal with natural gas would not be a significant improvement. Other participants believed 
that the secondary costs of coal were not totally being accounted for, and that impacts to the 
environment and public health have a cost not always reflected in energy prices. 

In addition, there was some discussion of the need to insulate the energy portfolio from 
anticipated cost increases of coal, such as compliance with new regulatory requirements 
including a cap and trade program. It was recommended by some attendees that this 
insulation should be created by the development of renewable sources because the cost of 
natural gas is also predicted to increase. Furthermore, some participants recognized that the 
proactive development of renewable sources could stabilize cost increases, and avoid 
potential market-driven/investor-influenced cost spikes. 

Finally, some attendees said developing more renewable sources now will allow LADWP to 
hedge against future uncertain energy market fluctuations and experience lower renewable 
development prices from early market entry. Other suggestions included increasing the 
renewable sources in the near-term portfolio while high-yield development sites are still 
available. 
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There was widespread support for LADWP to expand solar power generation in-basin. 
However, out-of-basin solar generation was also viewed favorably. Many participants noted 
that in-basin solar has environmental benefits because of the decreased need for transmission 
facilities. In addition, some participants felt that distributed, in-basin generation would 
improve reliability, especially on summer days when both energy demand and solar radiation 
are typically high. In-basin solar had an additional perceived benefit of creating local jobs 
and improving the local economy. 

Participants suggested that LADWP offer additional incentives to promote small-scale, in
basin photovoltaic systems, which could include subsidized loans to offset construction costs 
and/or feed-in tariff programs. Some attendees suggested that LADWP advance initiatives to 
install solar panels on roofs throughout Los Angeles, including on public buildings and 
parking lots. 

Some participants expressed frustration over the current billing system related to individual 
solar systems, and an owner's inability to sell energy back to LADWP for cash. It was 
suggested that LADWP consider reevaluating this program and the way in which credits are 
applied. 

Avoid Adverse Impacts to Vulnerable Communities 

A number of participants expressed concern over the possibility that some communities in 
the region may experience unequal impacts from implementing particular components of the 
IRP. Low-income households, seniors, disabled persons, and others on a fixed income were 
identified as populations that may be impacted financially by potential costs associated with 
repowering. There was support for LADWP continuing to provide some protection against 
overly burdensome costs of electricity to customers who are economically disadvantaged. 
Many participants believed that costs could also be minimized through incentive programs 
that encourage energy efficiency. Additionally, some participants voiced opinions that 
communities with a disadvantaged socioeconomic status have historically received more than 
their fair share of maj or infrastructure and suggested that equal distribution of facilities 
throughout the city should be prioritized. 

There was also concern on how facilities would impact communities outside of Los Angeles. 
Some participants questioned if it is ethical to allow out-of-basin communities to bear 
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the environmental impacts of providing power to Los Angeles and expressed a desire to see 
out-of-basin generation minimized. However, most understood the benefits of out-of-basin 
generation, such as greater resource diversity and reliability, and recognized continued 
collaborative relationships with other out-of-basin utilities. 

Clarify Costs of IRP Implementation and Potential Impacts 
to Ratepayers 

Nearly all participants felt there was a need to clarify costs ofIRP implementation and the 
potential impacts to ratepayers. Many participants thought that clarifying the different costs 
associated with generation, transmission, and distribution would provide a more accurate 
assessment of the overall costs associated with the IRP. Others considered it important to 
clarify labor and administrative costs ofLADWP operations and their relation to the IRP. 
There was also discussion of the need to demonstrate the relationship between the costs 
associated with the IRP and LADWP' s Strategic Plan. 

The relative costs of different energy sources were also of interest to attendees. Many 
participants were concerned with the externalities associated with the IRP, including the 
secondary costs of the different case options. Secondary costs of interest to participants 
include the environmental and public health impacts, which were perceived by many to be 
costs incurred by the community but not reflected in energy rates. In contrast, other 
participants suggested that implementing the IRP would create local jobs and provide an 
economic benefit. 

Some participants were adamantly opposed to potential future increases in their energy bills, 
while others supported an increase with caveats such as the need for improved transparency 
and accountability, or that additional revenues would be used exclusively for providing more 
renewable energy and/or getting off coal early. Participants who supported a potential 
increase often argued that an increase could be offset by reduced energy consumption, which 
could ultimately lower bills. There was also a desire to avoid any adverse impacts that a 
potential increase would have on low-income communities and individuals with a fixed 
income. Many people expressed concern that increasing energy costs would be detrimental to 
businesses in Los Angeles, especially during the current economic climate. 

Reduce Environmental Impacts 

Environmental protection was a priority for many participants. Some participants expressed 
a general concern for the environment, while other participants were interested in specific 
impacts to wildlife and landscapes, water quality, and aesthetics, as well as the storage of 
nuclear waste. Many attendees indicated that their concern for the environment extended 
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beyond air quality and global warming/climate change issues. 

The environmental impacts of construction, maintenance, and operation of generation, 
transmission, and/or distribution facilities were all among the activities that participants were 
concerned about. It was noted that environmental impacts could be reduced by maximizing 
existing infrastructure and locating new facilities on already disturbed sites, such as rooftops 
and brownfields, where possible. 

Provide Proactive Leadership and Transparency 

Participants saw an opportunity for LADWP to take proactive steps to educate the public 
about existing LADWP programs and incentives, ways to improve energy efficiency and 
conservation, and the power system in general. Some participants advocated LADWP to 
make information easily accessible and clearly identify the decision-making process. 

Some participants felt that LADWP needed to lead-by-example with their operations and 
facilities, invest in research and development, and demonstrate the viability of new 
technologies. Participants supported LADWP continuing outreach to the public by 
partnering with existing local groups, schools, and other institutions to disseminate important 
information, especially related to energy efficiency and conservation. Suggestions were also 
expressed that clear and accessible information about LADWP' s power system be made 
readily available to the public. 

Organizational transparency and accountability were important to participants. Participants 
emphasized that the planning and facility development process continue to involve the 
public. There was also support for an independent ratepayer advocate to provide 
transparency and accountability in LADWP's finances and promote the interest of ratepayers 
in decisions. Some participants felt that billing statements should explicitly separate water 
and power costs and provide clear information and education on how bills are calculated. 
There were also suggestions that a program be established to monitor progress in achieving 
goals outlined in the IRP. 
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To view these exhibits, please visit www.lapowerplan.org. 
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Appendix 0 Abbreviations and Acronyms 

0.1 Overview 

This appendix presents acronyms for agencies and other entities, facilities and locations, electric 
industry terms, miscellany, and units of measure. 

0.2 

APS 
BPA 
BOS 
CAISO 
CARB 
CEC 
City 
CPUC 
DOD 
DOE 
EPA 
EPRI 
FERC 
FSO 
lID 
IOU 
IPA 
IPCC 
IPPCC 
ISDA 
JPL 
LADWP 
NAESB 
NASA 
NERC 
NPC 
NREL 
PG&E 
PwC 
RTO 
RWQCB 
SCAQMD 
SCE 
SCPPA 
SoCal 
SRP 
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Agencies and Other Entities 

Arizona Public Service Company 
Bonnerville Power Administration 
Bureau of Sanitation 
California Independent System Operator 
California Air Resources Board 
California Energy Commission 
City of Los Angeles 
California Public Utilities Commission 
US. Department of Defense 
US. Department of Energy 
U S. Environmental Protection Agency 
Electric Power Research Institute 
Federal Energy Regulatory Commission 
LADWP Financial Services Organization 
Imperial Irrigation District 
California investor owned utilities 
Intermountain Power Agency 
Intergovernmental Panel on Climate Change 
Intermountain Power Project Coordinating Committee 
International Swaps and Derivatives Association 
NASA Jet Propulsion Laboratory 
Los Angeles Department of Water and Power 
North American Energy Standards Board 
National Aeronautic Space Administration 
North American Electric Reliability Corporation 
Nevada Power Company 
National Renewable Energy Laboratory 
Pacific Gas and Electric Company 
PriceWaterhouse Coopers 
Regional Transmission Organization 
Regional Water Quality Control Board 
South Coast Air Quality Management District 
Southern California Edison 
Southern California Public Power Agency 
Southern California Gas Company 
Salt River Project 
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SWRCB 
TEC 
UCLA 
UCSD 
USC 
WAPA 
WECC 

0.3 

BPA 
BBRTP 
BRSS 
COB 
COl 
EOR 
HSS 
IGS 
IPP 
NOB 
NTS 
PACI 
PDCI 
PTWPP 
PVD2 
PVNGS 
SHARE 
SRP 
STS 
UGPP 
US 
WREZ 
WOR 
WSPP 

0.4 

AlC 
AC 
AEDP 
AMI 
AQMP 
BACT 
BIGCC 
BPJ 
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State Water Resources Control Board 
Tucson Electric Company 
University of California at Los Angeles 
University of California at San Diego 
University of Southern California 
Western Area Power Administration 
Western Electricity Coordinating Council 

Facilities and Locations 

Bonnerville Power Administration 
Barren Ridge Renewable Transmission Project 
Barren Ridge Switching Station 
California-Oregon Border 
California-Oregon Intertie 
East-of-the-River 
Haskell Switching Station 
Intermountain Generating Station 
Intermountain Power Proj ect 
Nevada-Oregon Border 
Northern Transmission System 
Pacific AC Intertie 
Pacific High Voltage Direct Current Intertie 
Pine Tree Wind Power Project 
Palo Verde-Devers Line No.2 
Palo Verde Nuclear Generating Station 
Scattergood-Hyperion Alternative Renewable Energy Project 
Salt River Project 
Southern Transmission System 
Upper Gorge Power Plant 
United States 
Western Renewable Energy Zone 
West-of-the-River 
Western Systems Power Pool 

Electric Industry Terms 

air conditioning 
Alternating Current 
Advanced ESS Demonstration Project 
Advanced Metering Infrastructure 
Air Quality Management Plan 
Best Available Control Technology 
Biomass Integrated Gasification Combined Cycle 
Best Professional Judgment 
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CAES 
CAMR 
CAP 
CCC 
CH4 

CHP 
CLEO 
CNG 
CLFR 
CO2 

CSP 
CY 
DC 
DC&M 
DG 
DNI 
DR 
DSM 
E&L 
ECAF 
EDS 
EE 
EHV 
ESPs 
ESS 
ETD 
FAR 
FES 
GHG 
GHGs 
GREEN 
GWP 
HHV 
HRSG 
HVAC 
ICEs 
IGCC 
1M 
LCOE 
LF 
LFG 
LNG 
LPG 
LSE 
NaS 
NEL 
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compressed air energy storage 
Clean Air Mercury Rule 
Climate Action Plan 
closed cycle cooling 
methane 
combined heat and power 
Commerical Lighting Efficiency Offer 
compressed natural gas 
compact linear frenal reflector 
carbon dioxide 
concentrating solar thermal power plants 
calendar year 
Direct Current 
Distribution Construction and Maintenance 
distributed generation 
direct normal insolation 
Demand Response 
Demand Side Management 
Environment and Lands 
Energy Cost Adjustment Factor 
Energy Dissipation Station 
Energy Efficiency 
Extra-High Voltage 
energy service providers 
energy storage system 
Electric Trouble Dispatch 
Firm Access Rights 
flywheel energy storage 
greenhouse gas 
greenhouse gases 
Green Power for Green LA Program 
global warming potential 
higher heating value 
heat recovery steam generator 
heating, ventilating, and air conditioning 
internal combustion engines 
integrated gasification combined cycle 
impingement mortality 
levelized cost of energy 
Load Factor 
landfill gas 
liquefied natural gas. 
propane 
loadserving entities 
sodi urn -sulfur 
Net Energy for Load 
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N 20 
N02 

NOx 
NPDES 
NPHR 
O&M 
OASIS 
OATTS 
OTC 
PFCs 
PHEV 
PHS 
PMU 
POUs 
PTC 
PV 
QRAs 
RASS 
RECLAIM 
RETI 
RPS 
RS 
RTCs 
Rule 
SAIDI 
SAIFI 
SAS 
SCADA 
SEC 
SES 
SF(, 
SMES 
SNCR 
SOx 
T&T 
UES 
VRB 
WEC 
XRT 
ZITA 
ZNE 
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nitrous oxide 
nitrogen dioxide 
oxides of nitrogen 
National Pollutant Discharge Elimination System 
net plant heat rate 
operations and maintenance 
open-access same-time information systems 
open-access transmission tariffs 
once-through cooling 
perfluorcocarbons 
plug-in hybrid electric vehicle 
pumped-hydro storage 
power measurement units 
publicly-owned electric utilities 
production tax credit 
photovoltaic 
Qualified Resource Areas 
Residential Appliance Saturation Survey 
Regional Clean Air Incentive Market 
Renewable Energy Transmission Initiative 
Renewable Portfolio Standard 
receiving station 
RECLAIM Trading Credits 
Cooling Water Intake Structure Rule 
System Average Interruption Duration Index 
System Average Interruption Frequency Index 
Substation Automation System 
supervisory control and data acquisition 
Standard Energy Credit 
super capacitor energy storage 
sulfur hexafluoride 
Superconducting Magnetic Energy Storage 
selective non-catalytic reduction 
sulfur oxide 
transmission and delivery 
ultra capacitor energy storage 
Vanadium Redox Battery 
Wave Energy Converter 
experimental demand response contract 
Zone Identification and Technical Analysis 
Zero Net Energy 
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0.5 
A 
AB 
AMR 
CFL 
CI 
CIS 
CS 
CSA 
ECC 
EIR 
F 
FM 
GDP 
JFB 
LED 
MFR 
NLC 
OR 
QRAs 
RF 
RFP 
SB 
SBDI 
SFR 
UG 

0.6 

BTU 
GWh 
kV 
kW 
MMBtu 
MMT 
MMTC02E 
MVA 
MW 
MWhs 
TWh 
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Miscellany 
Category of Flow Meter 
Assembly Bill 
Automatic Meter reading 
compact fluorescent light 
commercial/industrial 
Customer Information System 
Customer Service 
Candidate Study Aras 
Energy Control Center 
Environmental Impact Report 
Category of flow meter 
Category of flow meter 
gross domestic product 
John Ferraro Building 
light-emitting diode 
multi-family residence 
net levelized cost 
overhead 
Qualified Resource Areas 
Radio Frequency 
Request for Proposal 
Senate Bill 
Small Business Direct Install 
single family residence 
Underground 

Units of Measure 

British thermal unit 
gigawatt-hour 
kilovolt 
kilowatts 
Million British thermal units 
million metric tons 
million metric ton C02 equivalent 
mega volt amperes 
megawatt 
megawatt hours 
terawatt hour 
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Executive Summary 

Executive summary will be included following public review. 

Presentation at February 2011 public workshops provides an 
overview of the Urban Water Management Plan findings. 
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1.0 Overview 

DRAFT Chapter One 
Introduction 

The availability of water has significantly contributed towards the tremendous growth and development of the City of Los 
Angeles (City). Since 1902, when the City's population was approximately 102,000, the Los Angeles Department of Water and 
Power (LADWP) has supported the City's transformation into the nation's second largest city with over 4 million residents, 
encompassing a 464 square mile area, and comprising the world's sixteenth largest economy. The largest municipal utility in 
the nation, LADWP was established in 1902 to deliver safe and reliable water and electricity supplies at an affordable price to 
the residents and businesses of Los Angeles. 

With increasing demands for additional water supplies, LADWP along with all other water agencies in Southern California, are 
faced with the challenge of providing a reliable water supply for a growing population. LADWP will meet the City's water needs 
through the following actions: 

• Pursue cost-effective water conservation, stormwater capture and recycling projects to increase supply reliability. 

• Ensure continued reliability of the City's supplemental water supplies from the Metropolitan Water District of Southern 
California (MWD) through active representation of City interests on the MWD Board 

• Protect existing groundwater supplies from contamination and provide treatment to optimize their use 

• Maintain the operational integrity of the Los Angeles Aqueduct and in-City water distribution systems 

• Meet or exceed all Federal and State standards for drinking water quality 

1.1 Purpose 
The LADWP 2010 Urban Water Management Plan (UWMP) serves two purposes: (1) achieving compliance with requirements 

of California's Urban Water Management Planning Act (Act); and (2) serving as a master plan for water supply and resources 
management consistent with the City's goals and policy objectives. 

1.1.1 UWMP Requirements and Checklist 

This 2010 Urban Water Management Plan (UWMP) complies with Sections 10610 and 10657 of the California Water Code, 
Urban Water Management Planning Act (Act), and details how LADWP plans to meet all of the City's customer water needs. 
The Act became effective on January 1, 1984 and requires that every urban water supplier that provides municipal and 
industrial water to more than 3,000 customers (or supplies more than 3,000 acre-feet per year) prepare and adopt an Urban 
Water Management Plan, in accordance with prescribed requirements, every five years. Appendix A contains the Act. 

The Act was originally developed due to concerns for potential water supply shortages throughout the State. Therefore, it 
required information that focused primarily on water supply reliability and water use efficiency measures. Since its original 
passage in 1983, there have been several amendments added, the most recent adopted in 2009. Some of the recent 
amendments include: providing assessment of present and proposed future demands to achieve per capita water use 
reductions by 20 percent by 2020, projecting water use for low-income single family and multi-family residential housing, and 
the addition of "indirect potable reuse" to the list of recycled water uses. A copy of the 2010 UWMP Act requirements is 
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provided in Appendix B. A checklist of the Urban Water Management Plan cross-referencing Act requirements to applicable 
pages in this UWMP is provided in Appendix C. 

With the passage of Senate Bills 610 and 221 in 2001, Urban Water Management Plans took on even more importance. SB 
610 and 221 require that counties and cities consider the availability of adequate water supplies for certain new large 
developments. These statutes require written verification of sufficient water supply to serve these new developments, and 

Urban Water Management Plans are identified as key source documents for this verifioation. Based on this statute the 
LADWP prepares individual Water Supply Assessments for these new large developmerJts 

LADWP's 2010 Urban Water Management Plan is not only designed to meet t e eurr-ent r-equirements of the Act, but also 
serves as the City's master plan for water supply and resource management. he UWMP is net only intended for officials in 
Sacramento, but also helps guide policy makers in the City and the Metropolitan Water District of S0uthern California (MWD), 
as well as providing information to the citizens of Los Angeles. The WMP pr vides the basic policy principles that guide 
LADWP's decision-making process to secure a sustainable water s PRly for Los Angeles. 

1.1.2 Water Supply Action Plan 

LADWP has a long history of working to ensure that its customers have enough water. These efforts go back to the early 20th 

century with the building of the Los Angeles Aquedost. Investments in water righ s, aqueducts, reservoirs, conservation and 
more recently recycled water and stormwater capture have allowed Angelinos to enjoy a water supply that they can rely on. 
Sound planning and timely investments in water have played a critical role in meeting the water needs of the City despite the 
fact that Southern California is a semi-arid region 

In May of 2008, LADWP's WateF Supply £\ction Plan (Plan , " ecuring LA's Water Supply", was released to address a 
number of critical water supply reli~ssues These water s pply issues included: (1) the lowest snowpack on record in the 

imported water available from the San FC8rJsisco Bay Belta due tel drought and regulatory restrictions; (4) local groundwater 
contamination il'l the San Fernando basin, restricting the abjjjty to fully utilize this local resource; (5) Los Angeles Aqueduct 

The convergence of t ese critical issues has far-reaching implications for the City of Los Angeles' water supply that requires 
long-range planning 0 sustain a reliable supply of water to meet current and future demand. The Plan was a blueprint for 
creating sustainable w} e[ resource to serve the future needs of the City, and outlined responsible water management and 

long-term planning. By 2028, the Plan envisioned a six-fold increase in recycled water supplies to a total of 50,000 AFY. 
Similarly, by 2030, an increase of 50,000 AFY was planned for conservation. As described in the Plan, this aggressive 
approach included: investments in state-of-the-art technology; a combination of rebates and incentives; efficient clothes 
washers, and urinals; and long-term measures such as expansion of water recycling and remediating contaminated 
groundwater supplies. A multi-faceted approach to developing a locally sustainable water supply was developed incorporating 
the following key short-term and long-term strategies: 
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Short-Term Conservation Strategies 

• Enforcing prohibited uses of water 

• Expanding prohibited uses of water 

• Extending outreach efforts 

• Encouraging regional conservation measures 

Long-Term Strategies 

• Increasing water conservation through reduction of outdoor 

• Maximizing water recycling 

• Enhancing stormwater capture 

• Accelerating groundwater basin clean-up 

• Expanding groundwater storage 

• 

1.2 

Chapter 1 
Introduction - January 2011 Draft 

The City of Los ngeles is comprised of approximately 302,165 acres. Residential development constitutes over 51 percent of 
the total land use with~ the City. Within the residential land use category, single-family residential is the largest at 
approximately 121,508 acres or 40 p'ercent of the total land use within the City. Multi-family residential is approximately 
34,000 acres or 11 percef1t 0 toe t0tal land use within the City. Open space/parks is the second largest land use within the 
City occupying approximately 1 percent of the total land use. Commercial and manufacturing land uses combined account for 
approximately 18 percent of total. Commercial land uses are inclusive of public facilities, such as libraries, public schools, and 
other government facilities. Exhibit 1A provides a breakdown of the land uses within the City of Los Angeles. The "Other" 

category includes specific plans, transportation, freeways, rights of way, and other miscellaneous uses that are not zoned. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
1-3 

AR0071500 



Chapter 1 
Introduction - January 2011 Draft 

Exhibit 1A 
City of Los Angeles Land Uses 

• Si ngle-fa m i Iy Res ident ia I • Open Space/Parks 

• Mu lt i-fami ly Res id ential • Comm erc ia I 

• Manufacturing • Oth er 

The population within LADWP's service area increased from 2.97 million in 1980 to 4.1 million in 2009, representing an 
average annual growth rate 1.3 percent. The total number of housing units increased from 1.10 million in 1980 to 1.38 
million in 2009, representing an average annual growth rate of 0.9 percent. During this time, average household size 
increased from 2.7 persons in 1980 to 2.9 persons in 2009. Employment grew by about 1.0 percent annually from 1980 to 
1990, but declined from 1990 to 2000 as a result of an economic recession that started in 1991. Another decline began in 
2008 reflecting the recent economic recession. Overall, employment increased by about 0.3 percent annually from 1990 to 
2009. Exhibit 1 B summarizes the historical demographics for the LADWP service area. 
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Exhibit 18 
Historical Demographics for LADWP Service Area 

Housing Employment 

1,100,000 1,692,000 

1,243,022 1,813,615 

1,290,440 1,773,895 

1,376,013 1,812,926 

approximately 67,300 new residents over the next 25 years. According to SCAG's 2008 RTP, housing is expected to grow 
faster than population ov.er the next 25 years at 0.7 percent annual growth versus 0.4 percent annual growth for population, 

2035 the average household size will decrease to 2.65 persons per household. Throughout the 
projection period, multi-family housing units are expected to increase at slightly less than twice the rate of single-family 
housing units (0.93 percent annual growth vs. 0.47 percent annual growth). 

Employment is expected to increase by 0.4 percent annually throughout the projection period. This growth is primarily driven 
by the current and long-term opportunities available from the economic base within the five-county metropolitan region of 
Southern California. The economic base is wide-ranging and includes services, wholesale and retail trade, manufacturing, 
government, financial service industries, transportation, utilities, construction, education, and tourism. Over the 25 year 
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forecast period, industrial growth is expected to decline and experience a subtle annual negative growth of -0.4 percent, while 
commercial employment is expected to increase by about 0.5 percent annually. 

Exhibit 1C 
Demographic Projections for LADWP Service Area 

Demographic 2010 2015 2020 2025 ~r~2030 2035 
Population 4,100,260 4,172,760 4,250,861 14"?' l ~ 4,326, Cl1 2 4,398,408 4,467,560 

Housing /~ \ 
Single-Family 627,395 646,067 665,261 / 6(78,956 , ' 691,703 701,101 

Multi-Family 764,402 804,013 846,257~ 'alSO 580 , , 91'4 ,125 942,846 

Total Housing 1,391,797 1,450,080 1,51 14 8- 1~~559 ,536 1,M 5,828 1,643,947 
Persons per ~.75 :\. "'-~2.65 Household 2.88 2.81 '" 2.71 2.67", 

Employment '"' " )" ,/ 
Commercial 1,674,032 1,724,106 1 ,754;-99~ 11 gD)gg 1,828,765 1{,865,156 

Industrial 163,382 157,652 ~. 155,01 2~ ( 152,426 150,009 147,508 

Total Employment 1,837,415 t,-881,758 1,910,010 l'-t 94'3,224 1,978,773 2,012,664 
~. .::<,. ...... Source. SCAG Regional Transportation Plan (2008), modified uSing MWD s lanCl use Rlannlng to represent 

LADWP's service area. 

Additionally, MWD has further aqjus ed the se ic area boundaries based on LADWP input. Exhibit 1 D shows the differences 
between the SGAG demographic pwjeotions for the RTP in 2004 and 2008. 

For the for~ear 2030 population was projected to be 4.30 million under the SCAG 2004 RTP and 4.40 million under the 
2008 RTP, a difference of about 100,000. Housing was projected to be 1.60 million in 2030 under SCAG 2004 RTP and 
slightly more under the SCAtS 2008 JP at 1.61 million. Employment was forecast to be less in 2030 under the newest RTP. 
It is projected to be 2.20 million u der the SCAG 2004 RTP versus 1.98 million with the 2008 RTP. It is important to recognize 
that projected total employme t under both the 2004 RTP and 2008 RTP continue to increase from 2010 to 2035. The 2008 
RTP simply projects a lower rate of increase than does the 2004 RTP. Conversely, the rate at which the population increases 
is expected to be higher with the 2008 RTP as compared with the 2004 RTP. 
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1.2.3 Climate 

Exhibit 1D 
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Comparison of SCAG Demographic Projections for LADWP Service Area 
Between 2004 and 2008 RTP Forecasts for Year 2030 

5.0 

4.5 

4.0 • SCAG RTP-2004 • SCAG RTP-2008 

3.5 

Vl 
c: 3.0 
0 

2.5 

~ 2.0 

1.5 

1.0 

0.5 

0.0 

Population Housing Employment 

6 degrees Fahrenheit based on the period of 1990-2010. This is based 

Los Angeles area ~ 0.29 inches per year. ETo measures the loss of water to the atmosphere by evaporation from soil and 
plant surfaces and tra Spl ation from lants. ETo serves as an indicator of how much water plants need for healthy growth. 
Total precipitation averages 4.8 ir-lcbes per year, with over 90 percent of the total amount typically falling during the period of 
November through April. 
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Exhibit 1E 
Average Climate Data for Los Angeles 

Average Climate Data for Los Angeles 1990-2008 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Maximum 
Temperature 91 95 97 102 101 112 101 
eF)1 
Average 

Maximum 82 83 85 89 89 90 93 
Temperature 
(oF) 1 

Average 
Precipitation 3.73 4.30 2.48 0.74 0.37 0.08 
(inches) 1 

Average Eto 
(inches)2,3 1.98 2.26 3.66 4.96 5.46 
1. 1990-2008, Los Angeles Downtown 
USC Weather Station ID 5115 
2. Average of Hollywood Hills (Station Id. 73), Glendale (Station Id. 
Beach (Station Id. 174) 

3. www.cimis.water.ca.gov/cimis/welcome.jsp 

104 104 107 99 88 112 

87 81 89 

15.26 

50.29 

as little sDoWfal1 in the easter- SieF~ Nevada Mountains, will result in an increased reliance on another resource, such as 
MWD~p ies available from each source are determined using various computer models in an attempt to balance total 
projected stJRplie with projected demaJilds, Exhibit 1 F illustrates historical water supplies from 1980 to 2010, As a result of 
supply shortages, overall demands deoreased by over 124,000 AFY in 2009-10 as compared to 2006-07, In 2009-10, 

approximately 36 percent of the water s~ pply was from the LAA, 14 percent from local groundwater, 48 percent from MWD, 
and 1 percent from recyclea ~ater, rom 2005-06 to 2009-10, the five-year average of the water supply portfolio was divided 
into the following percentage~ percent LAA, 11 percent local groundwater, 52 percent MWD, and less than 1 percent 
recycled water, The imported ater (LAA water plus MWD water) supplied on average approximately 88 percent of demands, 
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City of Los Angeles Sources of Water Supply 
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2.0 Overview 

Chapter Two 
Water Demand 

In order to properly plan for water supply, it is important to understand water demands and the factors that influence demands 
over time. LADWP maintains historical water use data separated into the following categories: single-family residential, 
multifamily residential, commercial, industrial, government, and non-revenue water. This categorization of demands allows 
better evaluation of trends in water use over time and more precise targeting of water conservation measures. 

2.1 Historical Water Use 
Exhibit 2A presents the historical water demand for LADWP. As seen in this exhibit, total water demand varies from year to 
year and is influenced by a number of factors such as population growth, weather, water conservation, drought, and economic 
activity. In 1991 mandatory conservation imposed on LADWP's customers in response to a six year drought resulted in water 
use dropping by 8 percent. An economic recession and wet weather in 1992 caused water use to continue to decrease 
another 12 percent. In 2009 a 3-year water supply shortage coinciding with an economic recession required LADWP to 
impose mandatory conservation. In 2010 mandatory conservation continued and the economic recession became more 
severe. This resulted in 2009-10 water use decreasing by 19 percent from 2006-07 levels. 
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Exhibit2A 
Historical Total Water Demand in LADWP's Service Area 
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Chapter 2 January 2011 Draft 
Water Demands 

Prior to 1990, population growth in Los Angeles was a good indicator of total demands. From 1980 to 1990, population in the 
City grew at 1.7 percent annually. Water demands during this same ten year period also grew at 1.7 percent annually. 
However, after 1991, LADWP began implementing water conservation measures which prevented water demands from 
returning to pre-1990 levels. Average water demands in the last five years from 2004-05 to 2009-10 are about the same as 
they were in 1980-81 despite the fact that over 1.1 million additional people now live in Los Angeles. This is evidenced by 
examining per person (or per capita) water use since 1980 (see Exhibit 2B). In 1989-90, per capita water use was 173 gallons 
per day (gpd). By 1999-00, per capita water use fell to 159 gpd (or a 10 percent reduction from 1990). In 2009-10, per capita 
water use is estimated to be 117 gpd - but it is important to note that mandatory conservation and a severe economic 
recession were occurring at this time. 
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Water Use by Sector 

Exhibit 28 
Historical Per Capita Water Use in LADWP's Service Area 

1989-90 1999-00 
Fiscal Year 

2009-10 

Exhibit 2C shows the breakdown in average total water use between LADWP's major billing categories and non-revenue 

water in five-year interval for the past 25 years. Non-revenue water, which is the difference between total water use and billed 
water use, includes water for fire fighting, reservoir evaporation, mainline flushing, system losses, and theft. Single-family 
residential water use comprises the largest category of demand in LADWP's service area, representing about 36 percent of 
the total. Multifamily residential water use is the next largest category of demand, representing about 29 percent of the total. 
Industrial use is the smallest category, representing only 4 percent of the total demand. Although total water use has varied 
substantially from year to year, the breakdown between the major billing categories of use has not. 

Non-revenue water has significantly decreased in recent years. Historically, non-revenue water has averaged 7 percent of 
total water demand. Since 2005, non-revenue water levels have averaged 5 percent. This may be attributed to a number of 
steps that LADWP has taken to improve its water system. In 2001, LADWP began replacing its large and intermediate meters. 
Work was focused on improving accuracy of the meters as well as their strategic placement. In fiscal year 2007-08, an 
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accelerated mainline replacement program was launched to repair and replace deteriorating pipelines, In addition, work to 
replace smaller customer meters was finally completed in fiscal year 2009-10 which also contributes to water loss control. 
Furthermore, LADWP's ongoing program to remove or cover large open-air reservoirs reduces water loss due to evaporation 
and infiltration, 

Exhibit2C 
Breakdown in Historical Water Demand for LADWP's Service Area 

Fiscal Year Si ngle-F amily Multifamily Commercial Industrial Govemment Non-Revenue Total 
Ending AF % AF % AF % AF % AF % AF % AF 

1986-90 Avg 238,248 35% 197,312 29% 123,324 18% 30,502 4% 43,378 6% 52,830 8% 685,594 
1991-95 Avg 197,322 35% 177,104 31% 110,724 19% 21,313 4% 38,600 7% 24,100 4% 569,164 
1996-00 Avg 222,748 35% 191,819 30% 111,051 18% 23,560 4% 39,830 6% 43,617 7% 632,626 
2001-05 Avg 239,754 36% 190,646 29% 109,685 17% 21,931 3% 41,888 6% 58,299 9% 662,203 
2005-10 Avg 236,154 38% 180,279 29% 106,955 17% 23,201 4% 42,940 7% 31,929 5% 621,458 

25-yr Avg 226,845 36% 187,432 29% 112,348 18% 24,101 4% 41,327 6% 42,155 7% 634,209 

Indoor and Outdoor Water Use 

In order to assess the potential for water use efficiency and target conservation programs, it is important to characterize water 
use in terms of indoor and outdoor demands, As with most water utilities, LADWP does not have separate irrigation meters 

for most of its customers, Only a small fraction of LADWP's customers, mostly parks and golf course, have designated 
irrigation meters, Therefore, measuring indoor vs, outdoor water demands involves the use of other data and assumptions, 

There are two methods that LADWP uses to estimate total outdoor water use: (1) estimation of supplemental water needed for 
landscape irrigation in accordance with the California Model Water Efficient Landscape Ordinance; and (2) comparing 
wastewater flows to total water consumption, The first method uses the following formula to estimate the water needed to 
supplement outdoor landscape irrigation beyond the effect of natural precipitation: 

LW = (Eto -Eppt) x 0,62 x A x ETAF 

Where: 

LW = Estimated total slJl?plemental water needed for landscape irrigation; 
5to - Reference evapotrans~iration for the City of Los Angeles; 
Eppt = Effective precipitation (25% of monthly precipitation); 

In 2007, an infrared analys's of the City was conducted as part of the City's Million Trees Program to determine tree canopy 
and landscape coverage, The iRfrared analysis methodology used two types of remotely sensed data, infrared imagery and 
aerial imagery, to determine the total greenscape areas within the City, Results of this effort indicated there is approximately 
83,699 acres of greenscape area in Los Angeles, The ETAF (or Et adjustment factor) of 0,8 for the City was derived from 

types of plants to be irrigated and an assumed irrigation efficiency, It is consistent with the ETAF for non-rehabilitated 
landscapes as defined in the California Model Water Efficient Landscape Ordinance, The 2004-2007 average total water 
demand was selected as the basis for calculating outdoor water use percentage, This period was considered to be about 
average in terms of weather for Los Angeles and had no water restriction implemented by the City, Using the formula 

described previously, the supplemental water for outdoor landscaping in the City was estimated to be 249,000 AFY, During 
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this same period, total water demand averaged 647,000 AFY. Therefore, the City's total outdoor water use represents 
approximately 39 percent of the total demand. 

Comparing wastewater ftows to total water consumption is another useful method to assess overall outdoor water use. Since 
wastewater flow represents indoor water use that flows into the sanitary sewer system, the difference between total water 
consumption and wastewater flows represents outdoor water use. However, groundwater infiltration and wet weather runoff 

may enter sanitary sewer systems through cracks and/or leaks in the sanitary sewer pipes or manholes and results in 
overestimation of the indoor water use. To reduce their impact, only summer months were used to estimate average monthly 
wastewater attributable to indoor water use. In Los Angeles, the summer months typically have little or no measurable rainfall. 
Using the same pre-water restriction period of 2004-2007 selected in the first method, the average monthly wastewater flow 
(only the months of June through September) yields approximately 365 million gallons per day (MGD) or 403,000 AFY of 
estimated indoor water use. Subtracting this estimated indoor water use from the total water consumption of 647,000 AFY 
results in an estimated total outdoor demand of 244,000 AFY or 38 percent, which is similar to the 39 percent obtained with 
the landscape irrigation method. Therefore, two entirely different methods produced very similar results in estimating the total 
outdoor water use for the City. 

To obtain an estimate of indoor vs. outdoor water use for each major billing category, a minimum-month method was used. 

Monthly water use for single-family, multifamily, commercial, industrial and government was obtained for 2004-2007. The 
water use in the minimum month, usually one of the cool/wet winter months, is assumed to be mostly indoor use. The 
difference between any month and the minimum month is all attributed to outdoor water use. But based on the two prior 
methods, a certain amount of outdoor water use occurs even in the minimum month for some customers. Estimates of the 
outdoor water use that occurs in the minimum month were developed for each major billing category. Then the outdoor use of 
each major billing category was summed up to compare with the total outdoor water use obtained from the previous two 
methods. Exhibit 2D presents the estimated indoor and outdoor water use for the City using all three methods. 
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Exhibit 20 
Indoor VS. Outdoor Water Use in LAOWP's Service Area 
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2.2 Quantification of Historical Water Conservation 
LADWP has invested hundreds of millions of dollars in water conservation since 1990. These conservation investments 
include various active programs such as high efficiency toilet rebates, commercial/industrial water audits, education and public 
outreach and much more. During periods of water shortage, public education and outreach is especially important and has 
contributed to significant reductions in water use. In an effort to quantify its water conservation efforts, LADWP developed a 
statistical Conservation Model that correlates total monthly water use in the City with population, weather, the presence of 
mandatory water conservation, and economic recessions. The model can be used to predict what the water demand would be 
under actual weather conditions, population growth and economy; but without active or drought water conservation in place. 
This modeled water consumption without conservation is then compared to actual water consumption-with the difference 
being attributed to water conservation. In order to assess the model's accuracy, the model is used to "back cast" the period 
1980 to 1990 when conservation was not implemented. In this case, the modeled water consumption should be very close to 
the actual water consumption. After 1990, it is expected that the modeled water consumption will be greater than actual water 
consumption as LADWP has implemented increasing levels of water conservation measures. Exhibit 2E presents modeled 
and actual monthly water consumption from 1980 to 2009. As seen, the Conservation Model is performing as expected. The 
modeled water consumption (red line) is nearly identical to the actual water consumption (blue line) up until 1990. After 1990, 

the modeled water consumption is greater than actual water consumption. 
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Exhibit 2E 
Modeled VS. Actual Monthly Water Consumption for LADWP 
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Exhibit 2F summarizes the annual estimated water conservation using the Conservation Model. During periods of water 
shortage, even when mandatory water conservation is not in place, there is more conservation occurring due to extensive 
public education and outreach. Water conservation in 2009 represents the highest levels of conservation so far, which reflects 
a combination of active conservation programs, heightened public education and outreach, and mandatory conservation 
measures. 

Exhibit 2F 
Estimates of Total Water Conservation in LADWP's Service Area 
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Fiscal Year 15% 21% 16% 16% 17% 16% 13% 14% 15% 9% 10% 12% 12% 12% 18% 20% 20% 20% 25% 

2.3 Water Demand Forecast 

Demand Forecast Methodology 

LADWP has developed a water demand forecast for each of its major categories of demand. This allows the City to better 
understand trends in water use and target conservation programs. The methodology used for the demand forecast is called a 
modified unit use approach. The following steps are used in this approach: 
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Step 1: Estimate baseline per unit water use - take each billed category of water demand (e.g., single-family, industrial, etc.) 

for a base (or starting) period and divide by associated demographic driver (e.g., number of single-family homes or 
number of industrial employees). This yields for instance, a baseline of 359 gallons used each day in a single-family 

residence. 

Step 2: Modify the estimated baseline per unit water use to account for future changes in the following socioeconomic 

variables: price of water, personal income, family size, economy, drought conservation effect, and passive water 
conservation (which accounts for efficiencies in water use from state and local plumbing codes and ordinances). 

Step 3: Multiply modified per unit water use for each category in Step 2 by the associated projected demographic drivers (see 
Exhibit 2G) in order to obtain projected water demands by billed category that does not include active water 

conservation (which is defined as conservation that LADWP incentives through rebates and programs). 

Exhibit2G 
Projected Demographic Drivers 

(Based on MWD allocated 2008 SCAG forecast data with corrected service area boundary, 5-17-2010) 

Single- Multi- Commercial/ Fiscal 

Year 

Ending 

Family Family Government Industrial Landscaping NRW* 

(# Homes) (# Homes) (# Employees) (# Employees) (# of MF Homes) (%) 

627,395 764,402 1,674,032 163,382 764,402 6.9% 
.----------------1------'----1.---------------------- ---------------------- ---------------------- ----------------------- .----------------------

2010 

2015 646,067 804,013 1,724,106 157,652 804,013 6.9% ._---------------1------'----1._--------------------- ---------------------- ---------------------- ----------------------- .----------------------
6.9% 2020 665,261 846,257 1,754,998 155,012 846,257 

.----------------1------'---1.---------------------- ---------------------- ---------------------- ----------------------- .----------------------
6.9% 2025 678,956 880,580 1,790,798 152,426 880,580 

.----------------I-----:-:--'-.,....,.-;:l.---------------------- ---------------------- ---------------------- ----------------------- .----------------------
2030 691,7031 914,125 1,828,765 150,009 914,125 6.9% .----------------I-----....;....,-;......".-t.---------------------- ---------------------- ---------------------- ----------------------- .----------------------

701401 942,846 1,865,156 147,508 942,846 6.9% 2035 L-___ ....l .• ______________ ________ L..-___ .....:....._L..-__ ..:....-.....:....._L..-___ .....:....._L..-___ .....:....._L..-____ ---l 

* Calculated from difference between historical production and billing data 

Step 4: Estimate non-revenue water (the difference between total water consumption and billed water use) by applying a non-

Step 5: Subtract future projections of active water conservation from the total water consumption in Step 4 in order to 
dete[mine the water demana forecast tha is fully inclusive of both passive and active water conservation. 

In Step 1 of this methoGl, historical water demands for single-family, multifamily, commercial/government, and industrial were 
averaged from 2005 to 20G8 to Gletermine the baseline. This period was used because on average, it represented normal 

weather conditions, and it was efore mandatory water use restrictions that occurred in 2009 and 2010. For each of these 
categories, the water deman was divided by a demographic driver that could be projected into the future. The result of this 

calculation is a water demand expressed as a unit use water rate. Exhibit 2H presents this unit use calculation for the 

baseline. 
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Demand 
Category 

Single-Family 

Multifamily 

Commercial/Gov 

Industrial 

Exhibit 2H 
Baseline Unit Use Water Rates (2005-2008) 

Average Water Average Demographic 
Demand (AFY) Driver * 

244,407 607,301 (homes) 

184,428 734,461 (homes) 

153,199 1,631,896 (employees) 

23,613 160,328 (employees) 

Average Unit Use Rate 
(gallons/day/driver) 

359 

"'-. 224 

84 

132 

* Source: California Department of Finance and Employment Development Department 

Step 2 in the methodology involves modifying these baseline unit use rates to account for changes in the following 
socioeconomic variables: price of water, personal income, family size, economy, drought conservation effect and passive 
water conservation. MWD has developed an econometric water demand model as part of its 2010 Integrated Water 
Resources Plan that is able to account for the impact that personal income, family size and price of water have on water 
demands. For each of these factors, a statistical coefficient or elasticity was estimated from MWD's Econometric Water 

Demand. The elasticity is generally interpreted as a percent change in water use resulting from a percent change in the 
socioeconomic variable. For example, a price elasticity of -0.131 would imply that a 10 percent increase in the real price of 
water would result in a 1.24 percent decrease in water demand (e.g. 1.24% = 1-(1+10%)-0131). The following elasticities used in 
MWD's econometric water demand model were also used for LADWP's water demand forecast: 

Price of Water Income Famil~ Size 
Single-F amily -0.131 +0.270 +0.550 
Multifamily -0.109 +0.310 +0.450 
Commercial/Government -0.107 

Industrial -0.107 
Source: MWD 2010 Integrated Water Resources Plan Update Appendix A.1 Demand Forecast 

The price elasticities reflect a reduction of approximately 1/3 from those tabulated in MWD's 2010 IRP. However, MWD's 
2010 IRP Appendix A.1 states that consumers respond to price increase by installing water-conserving fixtures and 
appliances. As more water efficient fixtures are installed, the impact of changing water-using behavior through rates is 
reduced. This is known as "demand hardening". Reducing the price elasticity is to avoid double-counting conservation savings 

and to account for demand hardening. 

Exhibit 21 presents the modified per unit water use over time that incorporates future real increases in the price of water, 
personal income, and projected changes in family size. Also incorporated are the residual drought conservation effect from the 
significant public education and mandatory water restrictions that occurred during the drought period of 2009 through 2010, 
and the effect of passive conservation due to mandated efficiencies from plumbing codes and ordinances. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
2-8 

AR0071515 



Chapter 2 January 2011 Draft 
Water Demands 

400 

350 

300 
>: 
I'll 

"'C 
"-
OJ 
Co 250 
III 
c: 

oS! 
"'iij 
~ 200 
OJ 
III 
::J 
"-
OJ .... 

150 I'll 

S .... 
'c 
::J 
"- 100 
OJ c.. 

50 

0 

Exhibit 21 
Baseline Unit Use Water Rates (2005-2008) 

Baseline 2015 2020 2025 2030 2035 

for LADWP (se Cnal?ter 1), then ad ing non-revenue water, and subtracting projected active water conservation (that is 
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Exhibit 2J 
Water Demand Forecast and Conservation Savings Under Average Weather 

Demand Forecast with 

Passive Water Conservation 
2010 2015 2020 2025 2030 

Single-Family 208,099 229,115 241,977 249,528 257,693 

Multifamily 158,238 179,653 194,724 205,136 216,054 

Commercial/Gov 129,708 143,081 149,597 153,791 158,628 

Industrial 19,861 20,524 20,726 20,532 20,408 

Non-Revenue 38,236 42,421 44,989 46,617 48,380 

Total 554,140 614,794 652,013 675,604 701,164 

Demand Forecast with Passive & 
Active Water Conservation 

2010 2015 2020 2025 2030 

Single-Family 206,154 225,699 236,094 241,180 246,879 

Multifamily 157,749 178,782 193,220 202,999 213,284 

Commercial/Gov 125,094 135,112 133,597 129,761 126,567 

Industrial 18,729 18,600 16,852 14,708 12,634 

Non-Revenue 37,630 41,370 42,969 43,627 44,421 

Total 545,355 599,563 622,733 632,275 643,786 

Active Water Conservation 

Savings 
2010 2015 2020 2025 2030 

Single-Family 1,944 3,416 5,882 8,349 10,815 

Multifamily /" 489 871 1,504 2,137 2,770 

Commercial/Gov /l 4,614 7,969 16,000 24,030 32,061 

Industrial (~'", 1,132 1,924 3,874 5,824 7,774 

Non-Revenue "" 606 1,051 2,020 2,990 3,959 

Total 8,785 15,231 29,280 43,329 57,379 

Water Demand Forecast with Average Weather Variability 

2035 

259,904 

221,912 

160,049 

19,852 

49,042 

710,760 

2035 

247,655 

218,762 

120,420 

10,513 

44,272 

641,622 

2035 

12,249 

3,150 

39,629 

9,339 

4,771 

69,138 

Using the weather coefficients from the statistical water conservation model (see Exhibit 2E), annual weather adjustment 
factors can be derived to determine the range in forecasted water demands due to historical weather variability. This is 
accomplished by projecting water demands assuming long-term normal weather, and then comparing this normal-weather 
demand to actual demands. After adjusting for economy and drought conditions, projected water demands can vary by 
approximately ± 5 percent in any given year due to average historical weather variability. Meaning that water demands under 
cool/wet weather conditions could be as much as 5 percent lower than normal demands on average; while water demands 
under hoUdry weather conditions can be as much as 5 percent higher than normal demands on average. Exhibit 2K presents 
LADWP's historical and forecasted total water demands with both passive and active conservation, under the full range of 
historical weather variability. 
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Exhibit 2K 
Water Demand Forecast with Average Weather Variability 
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used aoout 20 percent less wate[ pe~ household ttial'1 overall single-family customers. To forecast low-income single-family 
water demar-ld, the 6.6 percent ratio of low-income to total single-family homes was applied to the total projection of single
family homes for. a pr-ojection of low-i l\lcome single-family homes. The system wide per unit water use for single-family homes 
was reduced by 20 perce~d multip,lied by the projection of low-income single-family homes. 

Because the water services of LADWP's multifamily residential customers are mostly not individually metered-meaning a 
multifamily water account can represent 2 or even 100 homes-a different approach was used. LADWP's power system does 
individually meter multifamily homes and also classifies homes as low-income for rate relief purposes. Therefore, the ratio of 
current low-income to total multifamily homes in the City was applied to the total projection of multifamily homes in order to get 

a projection of low-income multifamily homes. For the fiscal year 2009 - 2010, approximately 16.3 percent of the total number 
of multifamily homes in the City was classified as low-income. Assuming that low-income multifamily homes also use 20 

percent less water than overall multifamily homes, an adjusted per unit water use for multifamily homes was multiplied by the 
projection of low-income multifamily homes. Exhibit 2L presents the water demand forecast for low-income residential water 
customers. 
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Exhibit 2L 
Water Demand Forecast for Low-Income Residential Customers 

low-Income Single-Family Customers 2015 2020 2025 
Number of Homes 42,640 43,907 44,811 

Household Water Use (Gallons/Day)* 250 253 254 

Demand Forecast (Acre-Feet/Year) 11,917 12,466 12,734 

low-Income Multifamily Customers 2015 2020 2025 
Number of Homes 131,054 137,940 143,535 

Household Water Use (Gallons/Day)* 159 163 165 

Demand Forecast (Acre-Feet/Year) 23,313 25,196 26,471 
Total low-Income Residential Customers 2015 2020 2025 

Demand Forecast (Acre-Feet/Year) 35,230 37,662 39,205 

* Assumes same percent conservation as system for Single-family and multifamily homes. 
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DRAFT Chapter Three 
Water Conservation 

Multiple factors are increasingly restricting LADWP's traditional water supply sources. The City of Los Angeles has long 
recognized water conservation as one of multiple methodologies to reduce demands and 'r:nprove overall water supply 
reliability. In May of 2008, LADWP's Water Supply Action Plan (Plan), "Securing ~ . A.'s Water Supply", was released in 
response to factors impacting LADWP's major water supply sources beginning in 2QQ . This plan calls for reducing potable 
water demands by an additional 50,000 AFY by 2030 through conservation, w~rultiple conservation strategies to increase 
the sustainability of LADWP's water supply. ... "'\ 

One of LADWP's most effective conservation tools is its customers. During past d~ghts and water shortages, residents and 

businesses have aggressively implemented conserva ion to achieve demand r-eduetions. During FY 09/10, water use was 
below 1979 water use levels thanks to extraordinary conservatio efforts by LADWR customers. Specifically, water use in FY 
09/10 was almost 20% lower than water use in FY 06/07 w~h single- amily residential water use 25% lower, multi-family water 
use 11 % lower, commercial water use 16% lower, industria water use ~ 5% lowe~ governmental water use 33% lower. 

LADWP has continually invested 'n water conservation progf rns and meas4J:es targeting cost-effective reductions in water 

use. Los Angeles w s ODe of the cities in southern California to invoke mandatory water rationing during the 1976 through 
1977 drought. While severe, the two-y'ear drought resulted in only a temporary reduction in water use, as a subsequent series 
of wet years erased memor-ies of the water shortage experienced during the brief drought period. However, it was the drought 
that followed the 1978 throug ln 1986 wet cycle that would prove to be the turning point in Los Angeles' water use awareness. 

The drought of 1987-1992 left a permanent imprint on Los Angeles water customers. In response to this drought, LADWP 

expanded a voluntary water conservation program in 1990. Prompted by an extensive public awareness program and 
education campaign, LADWP customers responded not only with water saving practices but also by installing conservation 
measures in their homes and businesses. Devices such as low-flow showerheads and ultra-low-flush (ULF) toilets replaced 
existing non-water saving devices. These hardware changes, coupled with more responsible use habits, have significantly 
reduced the amount of imported water that the City would have to otherwise buy as the City's population and commerce has 
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continued to grow. In response to the current water shortage conditions the City has reinitiated its extensive public awareness 
campaigns in addition to campaigns launched by MWD to encourage water saving practices and installation of conservation 
devices in homes and businesses. 

With the recent water supply shortage and reduced deliveries of imported water from MWD, residential customers have 
repeated conservation levels exceeding 20 percent in the period between 2007 and 2010 as a result of mandatory 

conservation. During the current water supply shortage, the City has updated its ~ergency Water Conservation Plan 
Ordinance with enforceable water waste provisions and implemented mandatory outdo0r wate~estrictions. In addition, the 
City has implemented water shortage year rates reducing Tier 1 water allotments fm Gusto~rs by 15%. Since July 2007, 63 
billion gallons of water were saved through conservation. As a direct result o~onservation, i~orted water purchases from 
MWD are 23% below baseline allocations for fiscal year 2009/2010. In respGnse to recently e acted State laws, LADWP has 
developed new water conservation goals which aim to reach approximately 64,000 'AFY in hardware Gonservation savings by 
2035. 

Conservation has had a tremendous impact on Los Angeles' water use patterns and has become a pejpJClnent element of 
LADWP's water management philosophy. Water usage in the City in 2010 was less than It was in 1979 d~spite an increase in 
population of over 1,000,000 people (see Exhibit 3A). Exhibit 38 shows histo[ical conservation savings from fiscal year 

1990/1991 through 2009/2010 based on installation of aistributed conservation aevices and rebates/incentives claimed as well 
as conservation achieved through customers' behavior 

yearly savings for the period total 223,593 AFY. 
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Fiscal Year 
Prior to 

1990/1991 

1990/1991 

1991/1992 

1992/1993 

1993/1994 

1994/1995 

1995/1996 

1996/1997 

1997/1998 

1998/1999 

1999/2000 

2000/2001 

2001/2002 

2002/2003 

2003/2004 

2004/2005 

2005/2006 

2006/2007 

2007/2008 

2008/2009 

2009/2010 

Exhibit 38 
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Historical City of Los Angeles Conservation 
Additional Yearly 

Hardware Installed Cumulative Yearly Annual Non-Hardware Annual Total 
Savings (AF) Hardware Savings (AF) Savings (AF) 1 Savings (AF) 

30,260 30,260 - -

3,908 34,168 78,098 A 112,267 

7,456 41,624 108,55Q/~ I~ 150,179 

4,583 46,207 60,210 <- 106,417 

4,210 50,417 ~~j.3~ , 113,761 

4,761 55,178 \6~,780 " , 118,958 

4,116 59,294 /~5ls71 " 
, 

114,164 

3,283 62,576 / '/ 3 5,036 1'-.. ' 97,612 

2,650 65,227 /' 3~,,.737 '-.. 9~ge4! 
2,721 67,948 r, 

" 3~,~6 11»7/,61 4 

3,038 70,986 " ~(406' (6,580 

3,565 74,552 " ~,038 72,513 

2,263 \i6~-814 ' 'l6:588 93,502 

2,507 7\ ,32j ~ 1D:405'-f 89,726 

3,047 82,\~8 ~ ... '- 14,99~ / 97,366 

3,124 85,4~s:?\ /" " ········-4 g, 93~ 134,423 

3,030 ~ ........ 88, 522\\#' " p{ 664 152,186 

2,19 1'~ \ 90,719 \\ V 77,982 168,701 

~fB2 ' , , 
91,501 \\ 65,587 157,088 

""3,1 27, , ) l 94,628 \~I 106,307 200,935 

4,269 '-.. "-.+---~897---r 124,696 223,593 

1. Negative non-har~re savingsare due to ~erestimation in ~are savih9s due to years with extreme wet weather conditions. 

Conserva ion benefits the Cit b im rovin Y Y. fJ. g water su < I reliabilit and reducin y g embedded ener gy use for water trea tment 
and pumping. ~onserving customers see a tan!!l ible benefit as well through monetary savings on their water bill. Another 
ancillary benefit of conserving water is tll1 at the need for costly sewer facility expansions is deferred by reducing wastewater 
discharge into the sewer collection ana t ,eatment systems, thus increasing the lifespan of current sewer infrastructure. Water 

water supplies to and wit in tbe L1\0 P service area. In the end, the primary beneficiaries of conservation are the water 
customers and the environment from where the sources of supply originates. Furthermore, increased conservation will result 
in decreased dry weather rU la0ff which will decrease the amount of pollutants flowing into the rivers and oceans. 

Los Angeles has been implementing permanent conservation since the 1980's. In 1988, the City adopted a plumbing retrofit 
ordinance to mandate the installation of conservation devices in all properties and to require water-efficient landscaping in new 
construction. The ordinance was amended in 1998, requiring the installation of ULF toilets and water saving showerheads in 
single-family and multi-family residences prior to resale. A new ordinance adopted in 2009, the Water Efficiency Requirements 
ordinance, establishes water efficiency requirements for new developments and renovations of existing buildings by requiring 
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installation of high efficiency plumbing fixtures in all residential and commercial buildings. LADWP's past water conservation 
programs have assisted customers affected by the ordinances by offering free ULF toilets and showerheads, free installation 
of ULF toilets, showerheads and faucet aerators, as well as rebates for ULF toilets purchased and installed. Current water 
conservation programs co-sponsored by MWD through the SoCal Water$mart Program for residential customers and the 
Save Water Save a Buck Program for CII customers continue to assist customers in complying with ordinances and reducing 
overall water demands. 

3.1 Water Conservation Goals 
Water conservation reduces demand that typically rises over time with growth iR p0Ruiation and commerce. By mitigating 
those increases in demand, water supply reliability is improved while costs are educea. In the early 1990s, City residents 
responded with conservation levels exceeding 20 percent due to increasingly drier. conditions and mandatory conservation. As 
normal water supply conditions returned and with continuation of k;t\IaW!3's conservation pfOgra , conservation levels 

stabilized at approximately 15 percent. With the recent drought ana reduced deliveries of impmte water from MWD, 
residential customers have repeated conservation levels excee > iQg 2~ercent r the period between oor fitd 2010 as a 
result of mandatory conservation. Since July 2007, 63 billion gallons of water were saved through conse[~on. As a direct 
result of conservation, imported water purchases from MWD are 23% b~0w oaseline allocations for fiscal year 2009/2010. In 
response to the goals provided in the Plan and recentl}! enacted State laws, l)\DWF.,> has developed water conservation goals. 

3.1.1 Water Supply Action Plan Conservation Goal 
To continue increased conservation levels once mandatolY outdoor watering restrictio s are lifted, LADWP has set a water 
conservation goal in the Water Supply Action Plan of reducing potaBle water demands by an additional 50,000 AFY by 2030. 
This conservation level will further lessen the City's reliance Q imported water while providing a drought-proof resource that is 

awareness, financial incentives for t~ installation of a variety of conservation measures, free water saving showerheads, 
Techolcal Assistance Program (TAE» incentives for business and industry, and large landscape irrigation efficiency programs. 

a key component of LAIDWP's water resource planning efforts and will continue to be implemented over the 

The Water Conservation Act of 2069, Senate Billx7-7, requires water agencies to reduce per capita water use by 20% by 2020 
(20x2020). This includes inc asing recycled water use to offset potable water use. Water suppliers are required to set a water 
use target for 2020 and an interim target for 2015 using one of four methods. The 2020 urban water use target may be 
updated in a supplier's 2015 UWMP. Failure to meet adopted targets will result in the ineligibility of a water supplier to receive 

water grants or loans administered by the State unless one of two exceptions is met. Exception one states a water supplier 
may be eligible if they have submitted a schedule, financing plan, and budget to DWR for approval to achieve the per capita 
water use reductions. Exception two states a water supplier may be eligible if an entire water service area qualifies as a 
disadvantaged community. 
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Four methodologies are stipulated for calculating the water use target. Three of the methods are listed in Water Code § 
10608.20(a)(1). The fourth method was developed by DWR. The four methodologies are: 

• Method 1 - Eighty percent of the water supplier's baseline per capita water use 

• Method 2 - Per capita daily water use estimated using the sum of performance standards applied to indoor 
residential use; landscape area water use, and commercial, industrial, and institutiGnal uses 

• Method 3 - Ninety-five percent of the applicable state hydrologic region target as stated in the state's draft 20x2020 
Water Conservation Plan. 

• Method 4 - Description to be added at end of 2010 once developed by DWR 

use estimates are required to be reported in gallons per capita per day (gpcd). 

For consistent application of the Act, DWR produce Methodologies for Ca/Gulatiqg Baseline and Compliance Urban Water 
Per Capita Use in October 2010. Following requirements Rrovided in the doctJment, LADWP has calculated baseline per 

Exhibit 3C presents results of the calculations. Calculations and technical bases fer the calculations are presented in Appendix 
X. 
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Exhibit 3C 
20x2020 Base and Target Data 

Gallons Per Capita Per Day 
20x2020 Required Data (GPCD) 

Base Per Ca ita Daily Water Use 

10-Year Average1 

5-Year Avera e2 

95% OF Base Daily Capita Water Use 5-Year 
Average (146 g cd) 

2015 Interim Target 

3. Methodology requires smaller of two results to be actual water 
water use target. 

3.2 Existing Programs, Practices, 
Conservation 

The Water Conse~ation in Landscaping Act of 2006, Assembly Bill 1881, reduces outdoor water waste through improvements 
in irrigation efficie~ ana selection Gf plants requiring less water. The Act required an update to the existing Model Water 
Efficient Landscape Ordil'1ance~d a· option by location agencies or an equivalent ordinance no later than January 1, 2010. If 
any agency failed to adopt he (Ordinance or its equivalent then the ordinance was automatically adopted by statute. The 

ordinance requires developn:Jent of water budgets for landscaping, reduces erosion and irrigation related runoff, utilization of 
recycled water if available, irrigation audits, requirements for landscape and irrigation design, and scheduling of irrigation 
based on localized climate for new construction and redevelopment projects. 

In 2009, Assembly Bill 1465, Urban Water Management Planning, was approved to include language in the UWMP Act that 
deem water suppliers that are members of the California Urban Water Conservation Council (CUWCC) and comply with the 
"Memorandum of Understanding Regarding Urban Water Conservation in California," dated December 10, 2008, as it may be 
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amended, to be in compliance with the requirement to describe the supplier's water demand management measures in its 
urban water management plan. A more detailed discussion of the CUWCC and BMP compliance is provided in Section 3.2.3. 

Assembly Bill 1420 links state funding for water management by urban water suppliers to implementation of water 
conservation measures. Urban water suppliers are required to be in compliance with the CUWCC MOU to be eligible for water 
management grants or loans. Senate Bill X7 -7 further clarifies the grant funding conditions required by AB 1420 are repealed 

on July 1, 2016 and replaced with eligibility determined by compliance with 20x2020 targets. 

In the recent years there has been a lot of regulations approved increasing the water use efficiency requirements of plumbing 
devices, specifically, Assembly Bill 715 (2007), Senate Bill 407 (2009), and tile CAL reel'l Building Standards. AB 716 
requires that all toilet and urinal fixtures sold through retail or installed in ex'sting nd new residential and commercial building 
meet the high efficiency standards by January 1, 2014. SB 407 doe~ t aGlar-ess the sale of'plumbing fixtures but adds a 
requirement that beginning in January 1, 2017 all residential and co ' rcial property sales must dis lose all non-efficient 

all new construction and renovations of residential and commercial pm erties. 

City Ordinances 

Los Angeles has utilized ordinances as a tool to reduce water waste since 1988, begiFming with the adoption of its first version 
of a plumbing retrofit ordinance. The ordinance mandated installation of conservation ael.deBS in all existing residential and 
commercial properties and installation of water-efficient landscaping in al~w construGtion. Toilets were required to use less 
than 3.5 gallons per flush (gpf), urinals less than 1.5 gpf, ana shower €lads less than2 .' gallons per minute (gpm). Customers 
with three acres or more of turf were Fequired to reduce water- c0nsumption by 10 percent from 1986 levels or face a 100 
percent surcharge on their water bills. 

andates in 2009 with adoption of the Water Efficiency Requirements 
ordinance. ([his ordinance establishes water e Iciency requirements for new developments and renovations of existing 

buildings by requinn§l installation of ~ig efficiency plumbing fixtures in all residential and commercial buildings. Exhibit 3D 
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Exhibit 3D 
Water Efficiency Requirements Ordinance Summary 

Device Requirement 

High Efficiency Toilets 1.28 gallons er flush 

Urinals 0.125 gallons er flush 

Faucets 

Public Use Lavato Faucets 1 

Showerheads 

Dishwashers 

Cooling Towers 

Single-Pass Cooling Systems 

the effective dates of the ordi~ce. As of early June 2010, b.AQWP is 57 per-cent complete in upgrading its 600 buildings to 
high efficiency faucets, toilets, ~ owers, flexible hose connectors, angle valves, as well as correcting leaks and 

ecame effective with an overarching goal to improve the 

LADWP first aaQ ted an Emergency, Water Conserva ion Plan ordinance in the early 1990's in response to drought conditions. 

Subsequently i t e current water shor age LADWP has adopted two amendments expanding prohibited uses, increasing 
penalties for violating the ordinance, and modifying water conservation requirements. Five phases of water conservation are 
incorporated into the Rlan with proy bitions and water conservation measures steadily increasing by phase. Regardless of 
water supply availability, t a ~i kim Phase I conservation requirements are in effect unless a more stringent phase is in 
effect. In response to the ongoing drought conditions, LADWP implemented Phase III restrictions on June 1, 2009, allowing 
outdoor irrigation only two days per week. Upon the recent ordinance amendment, Phase II implementation began on August 
25, 2010 which allows outdoor watering three days per week. Exhibit 3E summarizes the five phases as defined in the latest 
amendment approved in August 2010. 
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Exhibit 3E 
Emergency Water Conservation Plan Ordinance Restrictions by Phase 

Restrictions 

No use of a water hose to wash aved surfaces 

No use of water to clean, fill, or maintain levels in decorative fountains, ponds, lakes or similar structures 
used for aesthetic purposes unless a recirculating system is used 

No drinking water shall be served unless expressly requested in restaurants, botels, cafes, cafeterias, or 
other public laces where food is sold, served, or offered for sale 

No leaks from any pipes or fixtures on a customer's premises; failure or lef sal to fix leak in a timely 
manner shall subject the customer enalties for a rohibited use of wa er 

No washing vehicles with a hose if the hose does not have a self-c osfng water sAklt-off device attached 
or the hose is allowed to run continuously while washing a vehicle 

No irrigation during rain 

No irrigation between 9am and 4pm, except for public an«l private golf courses and professio al sports 
fields to maintain play areas and event schedules. System testing a ' d repair is allowed if slgna§e i 
displayed. 

No landscape ir. igatioA shall be permitted on any day other than Monday, Wednesday, or Friday for odd
numbered st[eet address and Tuesday, Thursday, or Sunday for even-numbered street addresses. If a 
street address end In 1/2 or any fraction it shall conform to the permitted uses for the last whole number 
in the address. F.er non-conserving nozzles (spray head sprinklers and bubblers) watering times shall be 
limited to no more than 8 minutes per watering day per station for a total of 24 minutes per week. For 
conserving nozzles (standard rotors and multi-stream rotary heads watering times shall be limited to no 
more than 15 minutes per cycle and up to two cycles per watering day per station for a total of 90 
minutes per week. 

Irrigation of sports fields may deviate from non-watering days to maintain play areas and accommodate 
event schedules with written notice from LADWP. However, a customer must reduce overall monthly 
water use by LADWP's Board of Water and Power Commissioners adopted degree of shortage plus an 
additional 5% from the customer baseline water usa e within 30 da s. 
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If written notice is received from LADWP, large landscape areas may deviate from the non-watering days 
if the following requirements are met: 1) approved weather-based irrigation controllers registered with 
LADWP 2) Must reduce overall monthly water use by LADWP's Board adopted degree of shortage plus 
and additional 5% from the customer baseline within 30 days 3 Must use recycled water if available 

These restrictions do not apply to drip irrigation supplying water to a food source or to hand-held hose 
watering of vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed 
everyday during Phase II, except between the hours of gam and 4pm. 

III All prohibited uses in Phases I and II shall apply, except as provided. 

IV 

V 

Specific proGedures for determioing the initiation of a p ase and termination of a phase are provided in the Emergency Water 
Conse vation Plan Ordinance. Phases are initiated tI'lrough recommendations provided by LADWP to the Mayor and City 
Council (Co~ncil). 

3.2.2 Conservation Pricing 
In 1993, Los Angeles es fuctured it water rates to provide customers with a clear financial signal to use water more 
efficiently. It was the first ti e 111 t AIJWP's history that an ascending tiered rate structure was used. This conservation-based 

rate structure remains in use a d applies a lower first tier rate for water used within a specified allotment, and a higher second 
tier rate for every billing unit (748 gallons) that exceeds the first tier allotment. A unique feature of the rate structure is that the 
first tier allotment considers factors that influence individual residential customer's water use patterns (i.e. lot size, climate 
zone, and family size), 

The goals of LADWP's two-tiered water rate structure are to: 

• Use price as a signal to encourage the efficient use of water 
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• Provide basic water needs at an affordable price 

• Provide equity among customers 

• Use price to stabilize water use during a shortage 

• Generate adequate revenue for maintaining and upgrading the water system 
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provides appropriate signals to encourage efficient water use has become a necessi fer m i:ly areas, including Los Angeles. 

The substantial investments required for water quality improvements, se ur-ity, 
raised the cost of delivering water. As rates increase, water agencies have noficed a change in use atterns. Because there is 
a known correlation between price and use, agencies use rates to encourage conservation activities aRd to RostRone the need 
to construct new facilities or purchase even larger quantities of i Flo tea water. 

LADWP's tiered rate structure, first implemented in 1993 with assistance fwm a laroad-based group of stakeholders, applies a 

lower tier block rate for responsible water use withi~a specified amount of water, a~ a much higher rate for every billing unit 
above this block. The higher block rate reflects the 'margii:lal cost," or the projectea cost for additional water that would be 
required to meet these needs. 

ater used. This eliminates the inclusion 
of fixed charges. There are automatic adjustments triggered woe a water shQrtage exists. In June 2009 shortage year rates 
went into effect reducing first tier allotme ts fc~ all customers by! 15%. These aCljustments are based on the actual water use 
patterns that occurred d~he 1991 period of mandatory water rationing. The purpose of these adjustments is to use price 
to encourage additional conservati0 and tGl provide LADWP witti the revenue necessary to operate the system efficiently 
during a shortage. 

The cuwce; is the voice of ur-ban ater cORservatior,} in California, and LADWP has been active in the CUWCC since its 
inception i 1991. Instrumental in the aevelopment 0 the MOU, LADWP was also one of the original signatories. The MOU 
identifies BMRs as roven conservation measu~es as determined by the CUWCC. The most recent amendment to the MOU 
was adopted on 8une 9, 2010 updating compliance alternatives with the adopted BMPs. A water agency can now comply with 
the MOU through one of th ee method~ogies: BMP compliance, accomplishing water conservation through a set of measures 
equal or greater than th wa er savin@s provided by the BMPs (Flex Track Menu), or accomplishing water conservation goals 
as measured in gpcd. All Gmup One (water suppliers) signatories to the MOU are committed to implement the BMPs. 

Over the last 19 years, LADWP has played a significant role in the governance and policy making at the CUWCC, holding a 
seat on the Board of Directors, Strategic Planning Committee, By-Laws Committee, Research and Evaluation Committee, CII 

Committee, co-chair of the Membership Committee, and chair of the Group 1 Representation Selection Committee. LADWP 
also has been actively involved in all of the revisions that the MOU has undergone to date. 
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One of the obligations as a signatory to the MOU is to submit a Best Management Practices Retail Water Agency Report to 
the CUWCC. Previously submitted annually, this report is now submitted biennially and details progress in implementing the 
foundational and programmatic BMPs as currently specified in the MOU. LADWP actively implements the BMPs and the 
CUWCC BMP reports are available for review through the internet by accessing CUWCC's website at www.cuwcc.org. 

In the early 1990s, the State Water Resources Control Board identified urban water conservation as a major means for 

resolving problems in the Bay-Delta. Large water agencies, including LADWP, actively participated in work groups to develop 
conservation strategies. The result of this effort is in the aforementioned MOU. 

The MOU commits signatory water suppliers to develop comprehensive conservati0n programs using sound economic criteria 
and to consider water conservation on an equal footing with other water management option . The MOU established the 
CUWCC to monitor implementation of the BMPs and to maintain the list 0f Ml:;>s. 

A BMP is defined as: 

water. 

(b) A practice for which sufficient data are available from existing water conse a i0n ~ects to indicate that significant 
conservation or conservation-related benefits can be ac ieved; that the practice is technically and economically reasonable 

to carry out. 

only to wholesale water agencies Foundational BMPs are considered as essential BMPs for any water utility and are ongoing 
practices not subject to time II ·tati 0~. Progr mmatic BMPs are mi~al activities required to be completed by each utility 
within the timeframe of the implementati00 SG edules provide in the MOU. A listing of the BMPs is shown in Exhibit 3F. 
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CUWCC BMPs and Implementation Status 

Category 

Utility Operations 

Education 

Sub-category 

Operations 
Practices 

Water Loss Control 

Metering with 
Commodity Rates 

Conservation 
Pricing 

Public Information 
Programs 

School Education 
Programs 

Residential 

Practices 

Foundational 

Maintain the position of a trained conservation 
coordinator 

Prevent water waste - enact, enforce or SUPP- Q)'fi: 
legislation, regulations, and ordinances 

Wholesale agency assistance programs 

Conduct Standard Water Audit and Wate 

100% of existing unmetered accounts to be metered 
and billed by volume of use 

Status 

Implemented 

Implemented 

1m lemented 

Implemented 

1m lemented 

1m lemented 

Implemented 

1m lemented 

1m lemented 

Implemented 

LADWP develops cost ffeotive programs to achieve multiple goals of cost-effective demand reduction, customer service, 
environmental responsibility an compliance with CUWCC BMPs. Conservation potential is considered in determining 
program approach and dura~()R. Some types of conservation programs result in savings that are more easily measured than 
others. LADWP's programs Include traditional demand-side management measures, as well as infrastructure improvement 
programs that contribute to water waste reductions. Demand-side management programs, like the rebate programs for water
saving toilets and high-efficiency washing machines, produce results that are measurable. Public information, education, and 
other general conservation awareness programs are intended to alter customers' behavioral patterns on water use and thus, 
are more difficult to quantify. It is such behavioral change in water use, however, that the City can point to as the primary 
reason for significant reduction in water consumption during drought periods. Combined with LADWP's conservation pricing 
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structure discussed in Section 3.2.2, these programs increase system reliability and efficiency and will provide a secondary 
benefit of reducing runoff. 

Specific conservation programs (past and present) associated with these categories are broken down in Exhibit 3G, and are 
fully discussed below. Appendix XX contains the latest biennial reports provided to the CUWCC. 

Exhibit 3G 
Current and Past Conservation Programs ~ 

CUWCC Category Conservation MeaLes "-

Awareness/Support /( '" Pricing A"'- '" Utility Operations - PricinQ and Operations Tiered Rate Structure/~ ". 

'" Utility Operations - Metering Full Metering ang,.,101'Gmetric Pricing " Utility Operations - Pricing Sewer Charge:UsLng" Yolumetricl'ricing 

Public Infor~atio~ , /~ 
Drought Response Q"Qtre~tl" 
\~~el &. Restaurant Wate~a,rvation 

CamRalgn 

Ut.FI C~omer Satisfaction S1l1ve~ ~ 
Ad-1~i~' , \/ 
Billln~~rts )" ............. 

....... ' Brochu~~~~ ,/ 
Commun~<nvolvement p~(g ram 

Education - Public Information tograms t Exhibits \\ 
Hotline \'-f 

--Speakers Bu r.~fu' 
/-- SCt,oeLEdud't ion 

LAUSD MOU 
~J..h School in concert with the Environment -

Student Home Water/Energy Survey 

X ower Elementary 

Upper Elementary 
) Junior High 

'" )1 Residential 

~'7 Residential Drought Resistant Landscape Incentive 
Residential Program 

Residential J' High Efficiency Clothes Washer Incentive Program 
Better Idea/Neighborhood Bill Reduction Service 

Residential Program --Showerhead installation 

Community-Based Organization Toilet Distribution 
Residential Centers, Direct Install 

Residential High Efficiency Toilet Rebate 

Residential Home Water Surveys 

Residential Retrofit Kits Distribution 
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Commercial/Industrial/Government 
Commercial/Industrial Drought Resistant Landscape 

Commercial/I ndustrial/I nstitutional Incentive Program 2009 

Commercial/I ndustrial/I nstitutional Water Efficiency Requirements Ordinance 2009 

Commercial/I ndustrial/I nstitutional General Services Dept. MOU to Retrofit Plumbing 2009 
Public Agency Plumbing Audit and Training 

Commercial/I ndustrial/I nstitutional Program A 2009 

Education - Public Information Programs Targeted Literature Mailing /~ 1993 

Commercial/Industrial/Institutional Commercial/I ndustrial conservatioryG"u·G'ebook '" 1992 

Commercial/Industrial/Institutional Cooling Tower Manual and WOj:~bPS , 1992 

Commercial/I ndustrial/I nstitutional Commercial Rebate Program< ( 

"" 
1991 

Commercial/I nd ustrial/I nstitutional Interior Water Use Audits~ " "" 1991 

Commercial/I ndustrial/I nstitutional Technical Assistance1ro:qra~TAP) "-'II. I" 1991 

Landscape; Commercial/Industrial/Institutional Typical Audits / ( ~ " ,~ 1991 

Land#Cape ' )' \/ 
Landscape Recreation and Park}ry13b",/~ I' 2007 
Landscape Large Turf Irrigation Cont r-olle( Pilot Program 2000 

Landscape 
Pro~tir~ del Agua -- EngliSh~d .. ~anish 
La rq Qu e Workshops 1995 

Landscape 
Imp~v'n~~ati~rfOrmance~M~'uar 
WorkshQp 1993 

Landscape Large Tut.f Audit5"and Alh:J it.,Training¥ 1993 
Education - Public Information Programs Lawn W~t~r Gujd~~Di;:ect ... Mai~(1s~ requested) 1989 

Education - Public Information PJogrE;~ Demonstr~j~n" e3ardens ')/ 1988 
Landscape /r, \ Ten Percent' L'arge TurfWattr' Reduction Program 1988 

/, \ System Mainten\~ce Measures 

Utility Operations - Wat:r Lo~"C~trol J l Fire Hydrant Sh~t~ 1991 

Utility Operations - Water Loss C}fltr~ ~RepJacerdfnt Program 1988 

Utility Operati0~ Wate~s Cont~I' , C~t Mo..r;t' Lining of Pipelines x 

Utility op,e~trrns - Wat~oss ?or:1trol '" " Corrosion/Cathodic Protection x 

Utility,.opefations - Water Los~on~1 " ~rattructure Program x 

.. ~". .\\ y 
Awareness/Supp,ort Measures 

Awareness/support measures can be active or passive. Active components include full metering of water use, assessment of 
volumetric sewer charges, and a conservation rate structure. Passive components typically include providing educational 
materials for schools, commu it}' and customer presentations, maintaining a conservation hotline, and a wide range of 
information distributed thro t:lgh customer bills, advertising in public venues, LADWP's website, and direct mail. Passive 
awareness/support measures provide the foundation for the conservation movement to build upon by raising water use 
awareness, water conservation program visibility, and encouraging community involvement. 

In 2008, LADWP entered into an MOU with the Los Angeles Unified School District to further improve our water conservation 
outreach program. In fiscal year 2009/2010 LADWP budgeted approximately $500,000 in funding for educational programs 
within area schools. Programs included: 
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• Los Angeles Times in Education - provided newspapers to 50,000 students in grades 4-12 and lesson packages for 
teachers on supply sources and conservation 

• "Thirsty City" Live Performances - Play presented to more than 4,300 students introducing students to water supply 
sources, water supply challenges, and conservation 

• Renewable Energy and Conservation Curriculum - 660 teachers were trained in an extensive model conservation 
program reaching approximately 50,000 6th grade students 

• Renewable Energy and Conservation Center - Funding was provided for 
establish a Renewable Energy and Conservation Center with students 
focusing on conservation and renewable energy 

• Outdoor Education Multi-Day Environmental Experiences - Approximately ~O students in 20 G asses in grades 4-12 
attended two or three days of outdoor education experienees fQcusii:lg on enviroomental measures, Ihlcl ding lessons on 
energy and water 

• Eastern Sierra Institute - Training of 25 teachers over three days aboCJ 
Sierra 

• Teacher Fellowships - Ten math and science teachers from middle ai:ld high schoIDI served in fellowships at LADWP for 

• 
conditions 

imple en ed a media campaign that inGluded radio, }\'l, and newspaper advertisements, billboards, outreach to Neighborhood 

Another aspect of awareResslsupport is that of advocacy. LADWP has been instrumental in the development of more stringent 
standards for toilets (e.g. S Rplemen ary Purchase Specification for ULF toilets) that are in use within the City as well as by 
other water agencies in Califor ia and other areas. LADWP also assisted in the adoption of higher residential clothes washer 
efficiency standards by the California Energy Commission. Recognizing the importance of this activity, LADWP actively 
participates in advocating local and statewide conservation research and planning. 

Residential Category 

Multiple residential conservation programs were first developed and launched by LADWP during the drought of 1987 through 
1992. In 1990, the ULF Toilet Rebate Program was initiated, followed two years later by the ULF Toilet Distribution Program. 
In 2003, a well-received free installation service component was added to the ULF Toilet Distribution Program that included 
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free water-saving showerheads, faucet aerators and replacement toilet flapper valves. Today distribution of free faucet 
aerators and showerheads continues for all single-family, multi-family, and commercial customers. 

In 2008 MWD initiated the region-wide SoCal Water$mart Program for residential water conservation replacing previous 
LADWP rebate programs and rebate programs offered by individual water service providers throughout the MWD service 
area. This program sponsored by MWD sets uniform rebate requirements across the MWD service area and provides a 

clearinghouse for processing rebates for all MWD member agency customers. Loeal a§lencies have the option of 
supplementing baseline rebate amounts to their customers through the program. LADW ~eased baseline rebates for 
several of the qualifying products. Eligible customers include residential customevs esidiflg in single-family and multi-family 
homes, even if multi-family residents do not receive a water bill. 

Although the SoCal Water$mart Program has discontinued rebates for i§lR efficiency toilets (HEj;), LADWP continues to 
provide local funding for rebates for its customers of $100 per HET w ich has proven to be highly s ccessful with over 1900 
units installed in fiscal year 09/10 which equates to over 80 AFY savin§ls. 

Prior to the SoCal Water$mart Program, LADWP was assisted by cQmmt,Jpit -oase 

milestone of more than 1.27 million toilets installed through December 31, 2006 CBOs were integral to LADWP's success, 

were increased in Jal=ll-Jal:¥, 1, 2004, resul ing in the promotion of oigher efficiency models. Initial co-funding of the program was 

provided by the City's bJeQartme~ublic Works Bureau of-Sanitation, and by the Southern California Gas Company. 

In Fe~ a.z 0~009 the High Efficiency Washer- Rebate Program transferred from LADWP to the SoCal Water$mart Program 
with co-funding provided by MWD. Since the inception of the SoCal Water$mart Program and through June 2010, over 11,800 
rebates for washin ~chines were rssued to LADWP customers with a total annual savings of 368 AFY. Generally rebates 
are $300 per washing machine with a water factor (a measure of efficiency) of 4.0 or less. As of April 22, 2010 an additional 
$100 rebate was available fQr a limitea time through the California Cash for Appliances program for a total rebate of $400 per 
washing machine. 

A sprinklerhead rotating no lie retrofit rebate of $8 per nozzle is available through the SoCal Water$mart Program for a 
minimum of 25 nozzles. Replacing standard sprinkler heads with rotating nozzles can use up to 20% less water. Rotating 
nozzles are able to distribute water in a water-efficient manner more uniformly across a landscape than standard sprinklers. 

Spray from rotating nozzles is less likely to result in misting conditions, misdirection from winds, and reduces runoff onto 
pervious surfaces thus reducing dry-weather runoff. Between March 2009 and June 2010 2,878 rotating nozzle rebates were 
issued to LADWP customers saving approximately 12.7 AFY. 
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Rebates for installation of weather-based irrigation controllers are also available through the SoCal Water $mart Program. 

Rebates amounts are $200 per controller for landscape areas of less than one acre and $25 per station for landscape areas 
greater than one acre. Weather-based irrigation controllers provide customized irrigation schedules based on local site 
conditions and in response to weather changes. These smart controllers receive weather updates to automatically adjust the 
schedule and amount of water applied. Between March 2009 and June 2010 81 LADWP customers received rebates for 
installation of the controllers saving approximately 6.2 AFY. 

Initially a synthetic turf rebate program was offered through the SoCal Water$mart Program, but nas been discontinued as of 
June 1, 2010. The program provided rebates of $1.00 per square foot. ApproximHtel~ 316,547 square feet of synthetic turf 
was installed by LADWP customers between February 2009 and June 2010 saving approximately 44.3 AFY. 

LADWP through the SoCal Water$mart program is offering turf removal Feoates of $1 per square foot up to $2,000 per 

rogram and is offering free residential 

Water-saving showerheads and fatJGe aerators remain available to LADWP customers, free of charge, upon request. 
Approximately 12,124 showerheads and 14,792 faucet aerators were distributed between July 2007 and June 2010 saving 

Another element of l) \DWR's past e orts was a toilet flapper valve replacement pilot program. Although long-term water 

savings from ULF toilets a e predicated on timely replacement of leaking toilet flapper valves with appropriate replacement 
units, findings from the pilot rogram indicate a small incidence of leaking flapper valves in toilets rebated or distributed by 
LADWP. However, toilet leaR testing and flapper valve replacement was added to the past ULF Toilet Distribution Program's 
installation service component for toilets not replaced through the program. 

Commercial/industriai/l nstitutional Category 

This category represents some of the largest volume water users in LADWP's customer base, and represents a great deal of 
conservation potential. LADWP, in partnership with MWD, developed and has implemented a commercial rebate program, 
Save Water Save a Buck Program, designed specifically for customers in the CII sector and multi-family residences with five 
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or more units represented by a homeowners association. In the CII sector, the program provides rebates for water saving 
plumbing fixtures, food service equipment, and landscaping equipment. Within the multi-family sector the program provides 
rebates for high efficiency washers, high efficiency toilets, and landscape equipment. In addition, packaged water use 
efficiency solutions are being developed for specific business sectors. Efforts are also underway to better promote the 
financial incentives available that make water conservation retrofits more cost effective for business and industry. LADWP 
takes full advantage of regional programs offered through MWD for the CII sector and for many product rebates, provides 
supplemental funding to boost the base rebate provided by MWD. 

The Save Water Save a Buck Program was launched in 2001 to provide menu-based eoates for water conserving measures 
applicable to many types of CII facilities. Categories of products eligible for rebates, rebate amounts, number of rebates for the 
LADWP service area, and estimated savings are provided in Exhibit 3H fo the period July 2 07 t~ough June 2010. During 
the period, an estimated annual savings of 6,585 AFY, inclusive of LAid P inR0use programs a d the Technical Assistance 
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Exhibit 3H 
CII Conservation Programs and Savings July 2007 through June 2010 

Rebate Amount Devices Estimated Annual 
Device Type Retrofit Installed Savings (AFY) 

Save Water Save a Buck Program 

Current Programs 

$150 each ($50 new 58'43~ I' High Efficiency Toilets (1.28 gpf or less) construction) 2,408.6 

$500 each ($250 new M6~" Zero and Ultra Low Water Urinals construction) 630.9 

Cooling Tower pH Conductivity 

'\( 41 " [" Controller $3000 each ~ 79.7 

Cooling Tower Conductivity Controller $625 each /"... ~ --' 57 I, ' 36.7 

Air Cooled Ice Machine $300 each /,,/ 0 
" ' O,0 

Connection less Food Steamer $600 compa / ment' "-23 ' 5.8/ 

Dry Vacuum Pump (maximum 2.0 
$125 per 0.5 horsep~; vf7' J{; 

horsepower) 

Water Broom ,... $150 each 
"' " 73 

11.2 

Weather Based IrriQation Controller \so.-per station 
" ~91 127.1 

Central Computer Irrigation Controller $5 0\ per ~tio t1.. ~ '-' 0.0 

Rotating Nozzles for Pop-up Spray )~~~ ........ 22)r. Heads (25 minimum) 99.1 

High Efficiency Spray NOZZle/ barg, $13P~V. 
-....... 

J A'558 Rotary Sprinklers 308.1 

Past Programs // " \ \\ 
High Efficiency Coin Ol~thes ~asher , I - \'-A 1,738 186.8 

Pre-Rinse Sprayhead '" ) '---- - )/ 5 0.8 

Steam Sterilizer ... Retfofit ,,~ I~ ----. - ~ 6 7.8 

X-Ray Proc(ssor Reci (cu i;rtlbr.l syst~rll '" I, ~ 1 3.2 

synthefu;rf Urf (square f~)~ , "' , - 15,177 2.1 

h S'hbtotal Save a Buc·~\Pro~ram ,7 - 3,908.7 

'" " \ LAbWP Inhouse Programs 

Commercial S~w~heads \ - 5,180 85.3 

Commercial Fauc~Ae~tors } I - 20,844 96.5 

Water Brooms 

"" 
// - 262 40.2 

CII Landscape Program T~r-f R"tr:rfo"val2 - 1,251,043 95.6 

Technical Assistance progr! m3 - - 2358.4 

Subtotal LADPW Inhouse - 2676.0 

Total Gil - 6584.8 

1. Synthetic Turf rebates as of June 1,2010 are available through LADWPs Technical Assistance Program. 

2. Rebate amount varies and is determined during pre-approval process. 

3. Rebates for Technical Assistance Program are $1.75 per 1 ,000 gallons saved over a two year period with a cap not to exceed the 
actual cost of the project. Devices installed vary per project. 
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LADWP created the Technical Assistance Program (TAP) in 1992 to provide custom-type incentives for retrofitting water
intensive equipment. Different from the Save Water Save a Buck Program, the TAP encourages site-specific projects and TAP 
incentives are based on a given project's water savings. Financial incentives up to $250,000 are available for products 
demonstrating water savings. Incentives are calculated at the rate of $1.75 per 1,000 gallons saved over a two-year period 
with a cap not to exceed the actual cost of the installed product. Projects must save a minimum 0) 150,000 gallons over a two
year period and operate for a minimum of five years. Eligible customers are CII or multi-family resiClential customers. Past TAP 
projects include cooling tower controller upgrades and x-ray processor recirculatior,) systems. The estimated unit cost for TAP 
overall is about $228 per acre-foot saved with an annual savings of 2,358.4 AF basetl on projects installed between July 
2007 and programs until June 2010. 

Similar to the residential turf removal program, LADWP has a turf re elval program for commercial I2roperties. This program 
started in September 2009 and the rebate is $1.00 per square fQ(;)t of t~ with the t0tal project rebate amount as elefined in the 

, ith potable water 

(recycled water is ineligible) via automatic sprinkler valves when a project app val letter is provided by LADWP. Converted 
areas must contain enough plants to create at least 30% landscape coverage at maturity. Converted areas may not contain 

turf or synthetic turf (synthetic turf rebates are available through the TAP). All reRlacement materials must be permeable and 
plants must be drought tolerant or California native plants. minimum of 250 square feet m st be converted to be eligible for 
a rebate. No invasive plants are permitted and all exposed soil us be covered wit~ree inches of mulch. If an irrigation 
system is used it must be a low flow drip or bubbler system. ApRlicants are requi[e~o maintain the converted area for 15 
years. 

Recognizing hat a substantial amount of water is used outdoors for irrigation, LADWP continues to invest in landscape 
irrigation efficiency pmgrams and projea:ts. In addition to the previously discussed landscape ordinances (Section 3.21.), 
LADWP has sponscred free training c t rses specifically targeting the City's large turf customers to help these customers 
comply with the landscap'e Qrdinal:lce. To further assist this group, LADWP developed a guidebook, "Improving Irrigation 
Performance" to demonstrate ways for enhancing existing irrigation systems. 

LADWP has also sponsore~ervation and garden expos to highlight various aspects of efficient outdoor water use and 
planting practices, and emphasizing native, drought-tolerant plants. Funding was provided for three demonstration gardens to 
showcase the use of drought-tolerant plants and flowers, including the landmark Lummis Home in Highland Park. Lawn 
watering guides were mailed to all single-family and duplex residences. Planting guides for native and drought-tolerant plants 
are also available upon request. Additionally, to demonstrate the beauty and appeal of a water-conserving landscape, 
LADWP's John Ferraro Building facility (below) has a drought-tolerant garden that is open to visitors year-round. 
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In addition to the Residential and Commercial Landscape Incentive Programs for turf removal, other types of landscape 
irrigation improvement projects are also funded through the TAP, with incentives calculated on the basis of a project's water 
savings. LADWP staff includes certified landscape auditors, and large landscape audits are available upon request. 

LADWP is also investigating new programs using data obtained through pilot program efforts. A pilot program was conducted 
to determine the effectiveness of weather based irrigation controllers in large landscape applications. On the basis of the pilot 

program results showing water savings, financial incentives are available to LAD WP.~ers for the purchase and 
installation of weather based irrigation controllers through the SoCal Water$mart and ave Water Save a Buck Programs. 
Additional efforts are being undertaken to make available a landscape irrigation eaucation program for homeowner 
associations and other large landscape customers. This program would focus on C0mmon gree~reas in multi-unit complexes 
to improve irrigation efficiency, including irrigation system maintenance and repair, and plant selection. 

LADWP has been implementing an internal program to retrofit outdoor landscaping at depart e t-owned facilities to 
California-friendly and native plantings with efficient irrigation lte~s. Additionaliy-, a joint effort between the [department of 
Recreation and Parks and LADWP is targeting public parks t rough the City Park Irfigation Efficiency ~gram. City parks 
with inefficient irrigation systems, leaks, and runoff problems are i~t'fiea and upgraded with water efficient distribution 
systems and sprinkler heads, installation of smart irrigation controllers, an lantiog of California-friendly landscaping. Since 

the program began in 2007, seven parks have been completed and 4 new wea her stations have been installed. An additional 
benefit of this program is the educational, trade training, and employment opportu~y iv n to the youth of Los Angeles. 

There is also potential for the use of non-potable water for i~igatiol), w icti cao~ extend the utility of the City's traditional 
water supplies. Through increased stQrmwater capture, groundwater recharge with captured storm and irrigation runoff, and 
recycled water, imported surface wate~ and local groundwater used for landscape irrigation can be conserved. The potential to 

For over a decaae, TreePeople has demonstrated that rainwater is a viable local water resource. The Open Charter 

installed in Los Angeles. (5)the ex mples include: the Center for Community Forestry which harvests rainwater from its entire 
hardscape into a 216,000 gallo underground cistern for landscape irrigation use; a retrofitted single family residential home in 
South Los Angeles that capttJres a 100 year storm event on site; a 7,600 square foot subsurface stormwater infiltration gallery 
on the Broadous Elementary School campus in Pacoima. Most recently, TreePeople partnered with the Los Angeles and San 
Gabriel Rivers Watershed Council, LADWP, and other state and federal agencies to retrofit an entire residential block on 
Elmer Avenue in Sun Valley. This project now intercepts stormwater from 40 acres upstream and infiltrates it back to the 
aquifer while also demonstrating effective distributed stormwater BMPs on residential homes. 
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In partnership with the Los Angeles County Department of Public Works, TreePeople was instrumental in developing the Sun 
Valley Watershed Management Plan: an alternative stormwater management plan that prioritizes green infrastructure and 
multi-benefit stormwater capture projects instead of stormdrains. Many projects have been completed, and more are 
scheduled for construction. These activities create the foundation that will lead to further landscape water conservation and 
stormwater capture to enhance the City's limited water supplies. 
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CASE STUDY: 
Los Angeles River Revitalization and 

the North Atwater Park Project 
Background 
The Los Angeles (LA) River flows 51 miles through 
some of the most diverse communities in Southern 
California-its first 32 miles are within the City of 
LA. The River has a year-round low flow due to 
contributions from upstream wastewater treatment 
plants, urban runoff, groundwater inflow, and 
natural springs, but can become a torrent of racing 
flows during the rainy season. The River is almost 
entirely concrete-lined except for a few reaches. 
Although the design of the River has served its 
flood control purpose, the River holds far greater 
potential to serve as a focal point for environmental 
restoration, economic growth, community 
revitalization, and recreation. 

Realizing that the River should stand as a symbol 
of pride for the City of LA and its residents and that 
it should be a landmark for the public to enjoy and 
admire, the LA City Council established the Ad Hoc 
Committee on the River in 2002 and adopted the 
LA River Revitalization Master Plan (LARRMP) in 
2007 (www.lariver.org). Led by the City's Bureau of 
Engineering and funded by the LA Department of 
Water and Power, the LARRMP was created 
through a collaboration of elected officials, city 
departments and agencies, residents, multi
disciplinary experts, and a wide variety of private 
and non-profit environmental and recreational 
groups as the 25-to-50 year blueprint for 
transforming the City of LA's stretch of the River 
into an extensive network of parks, walkways, bike 
paths, and diverse land uses that will ensure the 
growth and sustainability of healthy communities. 

Key Features 
In October 2010, the City celebrated the 
groundbreaking of the North Atwater Park 
Expansion and Creek Restoration project as the 
first project to emerge from the LARRMP, which is 
expected to be open to the public by December 
2011. The project was undertaken in connection 
with the settlement of two Clean Water Act 
enforcement action, Santa Monica Baykeeper v. 
City of Los Angeles and United States, and State 
of California ex. ReI. California Regional Water 
Quality Control Board, Los Angeles Region v. City 
of Los Angeles and also funded in part by 
Proposition 50 through the California Resources 
Agency to improve River Parkways and the 
Integrated Resources Water Management. The 
project will use both structural and natural 

solutions to restore a degraded creek that is a 
tributary of the River while also expanding River
adjacent parkland with multiple recreational, wildlife 
habitat, and water quality benefits. The project will 
add nearly 3 acres to an existing 5-acre City park, 
connecting it to the River, where visitors will enjoy 
watching a wide variety of bird species that 
presently live in that soft-bottomed stretch of the 
River, framed by stunning views of Griffith Park in 
the distance. Some of the project's highlights 
include: 

Outdoor Classroom 
The project will encourage young children to 
explore nature via an educational gathering space 
near the LA River. This "outdoor classroom" will 
feature a nature-based art area for independent 
and guided activities-designed particularly for 
local students to learn about nature, native plants, 
and the opportunities and challenges associated 
with revitalizing the LA River. 

Native Demonstration Garden 
The park's central focus will be a demonstration 
garden, which will contain a variety of native plants 
that are used throughout the park, with interpretive 
displays to educate visitors about the plant species' 
characteristics, care, and relationship to water 
conservation. The park will only include native 
plants because they are considered "drought
tolerant" given their abilities to thrive in Southern 
California's climate, requiring much less water than 
other plants. The park's landscape design aims to 
set an example in the use of such plants, but also 
to educate the public on the merits of embracing 
native vegetation as an important component of 
solving the region's water crisis. 

Creek Restoration 
North Atwater Creek currently conveys polluted 
runoff to the River from an upstream stormdrain 
system that receives flow from a 40-acre urban 
area. The Creek will be restored and landscaped 
with native plants to prevent erosion and to 
naturally filter stormwater before it is discharged to 
the River, featuring a 1000-foot-long meandering 
streambed sustained by intermittent street runoff 
flows. Water quality improvements will include 
installation of a device at the entrance of the creek 
to intercept and capture trash and bacteria and 
special treatment of flows from adjacent equestrian 
facilities. 
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NORTH ATWATER PARK 

Accommodating Visitors 
While the park's landscape design capitalizes on 
the opportunity to educate visitors about the many 
connections between urban life, nature, and water, 
its structural features do also. For example, the 
parking lot will be transformed by installing a 
gravel bioswale along the borders and replacing 
existing parking spaces with permeable surfaces. 
These changes will not only address surface water 
contamination, but also allow stormwater to 
infiltrate so that it will assist with groundwater 
augmentation. 

Summary 
The North Atwater Park project will utilize 
innovative Low Impact Development (LID) and 
Best Management Practice (BMP) technologies to 
simultaneously achieve a variety of benefits, 
including responsible water conservation, 
improved water quality, expanded wildlife habitat 
connectivity, co-located multi-generational 
recreation, and public education. 

The park's goals recognize that, while it is 
important to transform the existing park into a 
beautiful, scenic landmark and natural resource, it 
is equally important to educate the public about 
the huge potential such achievements have in 
encouraging wiser water use practices. 
Fundamentally, the park is about water
respecting LA's water supply and celebrating the 
River-by simultaneously improving the 
survivability of our wildlife and human habitat. 
North Atwater Park is an example of what can 
happen when public agencies and residents tackle 
complicated problems with creative planning and 
successful collaboration. 

ro 

Chapter 3 - January 2011 Draft 
Water Conservation 

j 

"The LA River cause is reaching more and more 
people every day. We are incredibly encouraged 
by the USEPA's July 2010 decision regarding the 
River's federal protection status and particularly 
because of the context in which it was 
announced-President Obama's America's Great 
Outdoors initiative is exactly the kind of support we 
need now and the visit of so many distinguished 
Administration officials to the River reinforces the 
belief that the River is important to millions of 
people here and across the country." 

Carol Armstrong, PhD., Environmental 
Supervisor, Project Manager, LA River Project 
Office 

"The City's commitment to LA River revitalization 
has only gained in momentum over the years and 
we have now reached an important crossroads for 
answering the big questions-such as how to 
capture and reuse storm flows, how to expand our 
recycled water uses, how to ensure we have 
enough water to maintain critical wildlife habitat, 
and how much flood capacity can we add? The 
River is central to each and every one of the 
answers." 

Larry Hsu, P.E., Senior Civil Engineer, Project 
Manager, LA River Project Office 
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System Maintenance Category 

Maintaining system infrastructure reduces water waste and allows for greater water accountability. Infrastructure maintenance 
is a high priority for LADWP. On-going programs such as pipeline replacement, pipeline corrosion control, and meter 
replacement preserve the operational integrity of City water facilities, and aims to reduce unaccounted water losses. 

In recent years, the LADWP has ramped up its pipeline replacement program from 70,000 LF annually to 130,000 LF 
annually. LADWP has also made significant progress in replacing and/or retrofitting water meters through its meter 
replacement program that started in 1988. As a result of extended flow or usage, the moving parts in a water meter can wear 
down and begin to under-register the actual water consumption. The meter rep acemeAt program has been valuable in 
ensuring the accuracy of the approximately 700,000 meters within the City. Recently, all f the large-sized meters (3-in and 
larger) in the system were replaced as part of a Large Meter Replacement IDrogram, and the bADW is also replacing 35,000 
small meters annually. 

3.3 

LADWP, on its own, and in cooperation with other agencies continues to Investigate future programs, practices, and 
technology to improve water conservation. 

3.3.1 Graywater 
As defined by State regulations, graywater is untreate as not come into contact with toilet 
waste or unhealthy bodily wastes. It includes water sources from i?JathtoDs, snower-s, athroom wash basins, and water from 
clothes washing machines and laurrdry tubs. It specifically exclld es water fromtitc' n sinks and dishwashers. Graywater is a 
drought-proof source of supply for~ubsu Fface landscape irrigat'on. Graywater regulations do not allow for its application using 

maintenal'1ce. f o address the current water shortage and reduce water demands, emergency graywater regulations added 
Chapter 16}\ (Part I) "Non potable Water Reuse Systems" to the 2007 California Plumbing Code. These regulations were 

approved by California Building StanGi ardls Commission in 2009 and became effective on August 4, 2009. Further revisions 
were made to the reSlulati 0ns and the regulations became permanent on January 12, 2010 with an effective date of January 
20, 2010. These new COG change a low the use of certain types of untreated graywater systems as long as specific health 
requirements are met as de Ined by the authority having jurisdiction. The ordinance can be acquired from the City of Los 
Angeles Department of Buildir-1g and Safety (LADBS) website at the following link. 

http://ladbs.org/LADBSWeb/LADBS Forms/lnformationBulietins/IB-P-PC200B-012Graywater.pdf 

Graywater systems in residential buildings are regulated by LADBS. LADBS requires a plumbing permit prior to construction, 
reconstruction, installation, relocation, or alteration of any graywater systems, treated or untreated. As of fiscal year 2009-10, 
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LADWP does not offer any rebates or incentives for graywater systems, but continues to assess the potential for this water 
conservation technology. 

Untreated Graywater Systems 

Untreated graywater systems are systems where graywater is collected from non-toilet and non-kitchen sources and is utilized 

without treatment, for uses such as landscape irrigation. According to a 1999 study prepared by the Soap and Detergent 
Association, the average untreated graywater system in the US uses 6.3 gallons per day In a 2~0 White Paper prepared by 
Bahman Sheikh, for the WateReuse Association, Water Environment Federation, and A erican Water Works Association the 
potential for graywater generation in 2030, adjusted for conservation devices, is estimatea at approximately 75.5 gallons per 
household per day. Potentially 50 percent of indoor potable water use could be re-used as gray,water. Multiple manufacturers 
have developed untreated graywater systems and many households have iRstalled such systems. However, these systems 
are not typically monitored, thus health and safety risks associated wit t e prod cts have not bee determined. 

modification of existing plumbing. Multiple requirements must be met for 
not limited to: 

• 
• Designs shall incorporate a means to allow the user to eJivert flow to the disl20sal ar-ea or the building sewer; 

• 
• 
• 
• 
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CASE STUDY: 
Single-Family Home Graywater System 

As a community environmental leader, Janie Thompson is 
taking extraordinary steps in efficient use of water and 
conservation. With the help of her husband, her household 
has become an excellent example of a rainwater capture 
residence, catching rain in 18 separate rain barrels with 60 
gallons each. To save even more water, the couple is 
installing an impressive graywater network, distributing water 
to the furthest extent of their large 14,850 square foot 
property. 

"In June 2009, when the Mayor announced the 
ordinance limiting watering to two days per week, we 
freaked out, and originally thought most of our 
landscaping would die. With all of our conservation, 
rainwater capture, and use of graywater, our usage 
has dropped from 117 hcf to around 54 hcf per month 
in the summer months. We couldn't be happier. It just 
goes to show you how much most people in the City 
over water." - Janie Thompson 

Their existing graywater system currently uses the drainage 
pump from the clothes washer to pump water slightly up 
grade to tree and flower areas of the backyard. Upon exiting 
the washer, a 3-way valve reserves the option to divert 
washer effluent to the sewer system. The graywater piping 
travels beneath their raised foundation home, into the subsoil, 
and onto the areas it serves. Once construction is complete, 
all piping (left) will be buried with existing soil or mulch. 

When the stream is pumped to the highest point of the yard, it 
is sent to numerous subsoil infiltration chambers, through a 
distribution system of 1" HOPE (High-density polyethylene) 
pipe. The infiltration chambers are made from 1 gallon paint 
buckets turned upside down with holes cut in the bottoms 
(below). The chambers allow for unobstructed exit flow and 
appropriate soil surface area for infiltration. In addition, they 
provide a significant volume for water storage during the 
surge of a pumped load of laundry. Plant roots are attracted 
toward these water outlets, essentially feeding on nutrients 
and organics in the graywater. The tops of the chambers are 
cutout for frequent access, and covered with mulch or 
stepping stone. The pipe exits can be checked as necessary 
to ensure free flow. 

The next steps in the construction are connection of the 
bathtub and bathroom sinks. Effluent from these water 
sources will enter a surge tank and float switch assembly. A 
graywater dedicated pump will then automatically push water 
to existing and newly installed infiltration chambers throughout 
the yard. 
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Graywater used from these indoor sources will provide two 
main benefits. It will displace water used for irrigation and 
prevent additional water from entering the sewer. This 
decreases the load on the City sewer system lowering the 
overall cost of treatment for the Bureau of Sanitation. 

The water savings are approximated in the following table. 
Please note that the clothes washer is a high efficiency front 
loading model. Showers are estimated at 10 minutes long with 
a head using 2.5 gallons per min. 

Yearly Water Savings 

Washer 14 gal/use 
10 140 7,280 

uses/wk gal/wk gal/yr 

Bathtub 40 3 840 43,680 
gal/person/day people gal/wk gal/yr 

Bath 2 3 42 2,184 
Sink gal/person/day people gal/wk gal/yr 

Total 53,144 
gal/yr 
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Treated Graywater Systems 

Treated graywater systems treat water collected from non-kitchen and non-toilet sources for nonpotable reuse indoors and 

outdoors. Treated graywater systems for indoor use of graywater are not currently permitted by LADBS as there are no water 
quality standards nor mean to certify onsite treatment systems. Testing agencies are working to address safety concerns while 
manufacturers are working to improve the technology gap in the systems. Both manufacturers and testing agencies are 
working together to address gaps in standards to allow the future use of treated graywater fQr outdoor surface irrigation and 

for indoor uses in toilets and urinals. 

The National Center for Disease Control and Prevention in conjunction with North Carolina State University is developing a 
program to examine the public health values and impacts associated with decentralized water reuse at eight project sites 
across the country. Under this program wastewater from homes would be reate to Title 22 standards as required by local 
health regulators. One of the proposed sites is located in Los Angeles County. 

and NSF International are the two testing agencies working to develop standar-ds for uniform treated graywater systems 
applicability in the US. LADWP is closely following the develo~ent of the NSF Standard 350 and IAPMO standards to ensure 
that once a set of standards have been approved by mod I codes and adopted by the B~ing Standards Commission, the 
citizens of Los Angeles can safely install treated graywater syste s to maximize wate~ reuse without any health and safety 
risks. 

3.3.2 
Although LADWP regula~ssesses new water conservation opportunities, conservation programs may, at some point in 
time, diminish a customer's aBility 0 further c~~e water, in pa tiC lar during short-term water supply shortages caused by 
droughts or other emergencies. This ph~o en on is known as "demand hardening." The California Urban Water Agencies 
defines demand naraenlng as, "the diminished ability or- w'llingoess of a customer to reduce demand during a supply shortage 

hardwme c0nservation measures, such as t e installation of high efficiency toilets and behavioral conservation, such as 
water-i ng tluring specified periods of the day. 

Demand hardeni r-lg oecurs when opti (]lns available for reducing water use are limited as the customer base is saturated with 
hardware conversions catJsing efficielil t water usage patterns to prevail. During "dry" years, utility customers who have actively 
participated in water cons~rvat~ro@rams can be disproportionately impacted by water reductions as there is a limited ability 
for further conservation. The im act of demand hardening would be most prevalent during water supply shortages where 
customers have already beel'1 implementing long-term water conservation measures. Proponents of demand hardening 
believe that implementation and saturation of new hardware-based conservation devices would generally not occur rapidly 
enough during a water supply shortage, such as a drought, to reduce short-term water use. 

However, it can be argued that hardware-based conservation devices will continue to be developed, piloted and implemented, 
such as the previously discussed weather based irrigation controllers, thus improving the ability to further conserve in the 
future. During droughts, consumers will respond to the call for more conservation by behaviorally adjusting their water use 
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through methods such as not leaving water running and taking shorter showers. Additionally, full saturation of current 
conservation devices has not occurred. For these reasons, others believe demand hardening is irrelevant and there is a 
continued need for aggressive conservation programs. 

Full implementation of current conservation measures, including reducing leaks, has the potential to reduce per capita water 
demands even further. Past water conservation efforts have reduced water use within LADWP's service area even though the 

population has continued to expand as illustrated in Exhibit 3A. It is expected that fut re water conservation efforts will 
continue this trend as increased saturation of water saving hardware devices occ rs and new hardware devices are 
developed. 

hardware devices combined with potential demand hardening have the a~lity to impact demand forecasts. As a worst case 
scenario, demand hardening and its effects are considered in LADW ' water demand forecasts to e sure that the 
appropriate supply of water is planned for. However, LADWP will contlflue to maintain its aggressive water cOflservation 
program discussed within this section. In the future, LADWP's water (jema~orecasts will continue to be examined and 
adjusted accordingly to compensate for additional implementation of long-term water conservation measures as saturation 
increases and new technology results in new hardware devices. 

Exhibit 31 

Acre-feet per Fiscal Year 

2014/2015 2019/2020 2024/2025 2029/2030 

3,416 5,882 8,349 10,815 

871 1,504 2,137 2,770 

7,969 16,000 24,030 32,061 

Industrial 1,924 3,847 5,824 7,774 

Total Active Conservation Projections 14,180 27,260 40,340 53,420 
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To determine potential conservation savings for indoor water use in the CII sector, LADWP conducted a high-level study to 

first estimate CII water use for each subsector (e.g. hospitals, refineries, schools, business parks, restaurants, etc.) and indoor 

end-use (e.g., toilets, showers, kitchen, laundry, food processing, coolinglheating, etc.), and second determine the potential 

for indoor water savings for each subsector and end-use. This study involved a sample of water use for approximately 150 of 
LADWP's largest CII customers to estimate total sector water use, along with employment data from Dunn & Bradstreet. 

Additional data sources listed below were used to determine indoor end-use estimates for each subsector, as well as the 

potential for water savings. : 

• BMP 9: A Handbook for Implementing Commercial Industrial & Institutk'Jnal Conservation Programs. (2001). 
California Urban Water Conservation Council. 

• Commercial and Institutional End Uses of Water. (2000) 
Foundation. 

• 

• 

• Watersmart Guidebook---A Wate/1l:)se Efficiency Plan-Review 
Municipal Utility District. 

• 

• 

• Water idse Efficiency comp.rt nsive Evaluation. (2006). CALFED Bay-Delta Program. 

The study concluded that by targeting just the top 1QO or so largest CII users, approximately 4,600 AFY of water could be 

saved (representing aBout ;3 Rercent of total CII watef use). The study also found that the subsectors that use the most water 

product anufacturing (5%), textile mills (5%), amusement (4%), and food manufacturing (4%). The study also concluded 

that tbe pQtential for indoor water Gonservation was approximately 23,000 AFY or 15 percent of total CII water use. Exhibit 3J 
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Exhibit 3J 
Breakdown of Estimated Cllindoor Water Conservation Potential of 23,000 AF 

Percent Water Saved per Subsector 

_ Accommodation (Hotel/Motel) 

o Education (Schools and Colleges) 

o Faucets/Rinsing 

o Kitchen/Oishwashing 
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Outdoor water use as a percentage of water use was approximated using three methodologies to determine the potential for 
outdoor water conservation savings. The methodologies and percent outdoor water use determined for each methodology are: 

• Minimum-Maximum Methodology (outdoor water use is approximately 39.98%) - based on the premise that during wet 

months outdoor water use is minimal and during dry months outdoor water use is at its peak 
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• Wastewater Treatment Plant Influent Methodology (outdoor water use is approximately 38.32%) - based on determining 
the average monthly influent flows to the City's four wastewater treatment plants during the dry-weather months of June 
through September and adjusting for contract agency flows and dry-weather stormwater diversions 

• Infrared Analysis Methodology (outdoor water use is 39.67%) - based on an infrared analysis of the City to determine tree 
canopy and landscape coverages for use in estimating applicable water use requirements for greenscapes based on 

rainfall data, plant factors, evapotranspiration rates, and irrigation efficiencies 

The resultant range between the low and high outdoor water use percentage is appro~imately 1.35%. This narrow range 
resulting from the three methodologies confirms the methodologies are fairly ac~ate. 

Greenscape areas related to commercial and residential land uses are the ost likely areas 0 De targeted for outdoor water 
conservation. Rehabilitation of these areas to meet or exceed the ;ra,otranm>iration adjustment factor (ETAF) of 0.7 as 
required in the Model Water Efficient Landscape Ordinance would result in significant savings ranging from 21,774 to 165,870 
AFY. Currently, these savings are not represented in the projectea act~e conservation in Exhibit 31. E'~b iblt K illustrates the 
potential savings under three scenarios by customer sectors. scenario-...~epresents an improvement in average irrigation 
efficiencies and/or installation of less water intensive vegetation to aGhieve and ETAF of 0.7. Scenario 2 represents an 
improvement in average irrigation efficiencies and/or replacement of high water use vegetation with less water intensive 
vegetation in the moderate to low water use range to achieve an ETAF of 0.49. Scenario 3 represents an improvement in 
average irrigation system efficiency and replacement of all vegetation with very ow water. use vegetation almost entirely 
dependent upon effective precipitation to achieve an ETAF of 0.07. :r~would require i~entive programs, such as cash for 
grass programs. Other large greenscape area, includin~ p'arks, cemeteries and golltcourses, were not considered in the 
analysis as they would more than likely be preserved as tu M' 0r tree oanopy areas to retain quality of life benefits. These areas 
are likely to be targets for recycled water use. 

Scenario 2 Scenario3 

(AFY) 

42,464 100,901 

5,956 19,095 45,371 

2,573 8,247 19,597 

21,774 69,806 165,870 

3.4 
The average cost of conservation rebates, incentives, and hardware installation programs ranges from approximately $325/AF 
to $400/AF based on curren l ADWP conservation programs. More than $200 million has been invested in water conservation 
since 1991. Conservation is the cornerstone of LADWP's water demand management activities and ongoing investments will 
be made in viable programs, subject to funding availability and LADWP's ability to implement such programs. Outside sources 

of funding are sought to complement the City's resources. A stronger commitment is also being made to acquire outside grant 
funding for City conservation projects. 

Currently, the funding sources for conservation are: 
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• Water Rates - Water conservation programs are primarily funded through water rates. 

Chapter 3 
Water Conservation 

• MWD Conservation Credits Program - MWD offers both commercial and residential rebates to member agency 
customers that install specified conservation devices. The rebates equate to $195 per AF of water saved, or half the 
project cost. In addition, MWD reimburses the LADWP for pre-approved projects when completed. In 2009 MWD 
reimbursed the Department $139,000 for a water broom distribution program. LADWP also expects to be reimbursed in 

2011 through the MWD Member Agency Administered funding program for $968,000. The monies are reimbursement for 
22.2 acres of turf reduction projects through the Department's Commercial/lndld 
Incentive Program. 

• Outside Agency Co-Funding - Other agencies realizing benefits from conseliVation programs are solicited for co-funding 
of program costs. 

• 

• 

• 
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LADWP is committed to significant expansion of recycled water in the City's water supply portfolio. Realizing multiple factors 
are decreasing the reliability of imported water supplies, LADWP released the City of Los Angeles Water Supply Action Plan 

(Plan), "Securing LA's Water Supply" in May of 2008. The Plan established the goal of using 50,000 AFY of recycled water to 
offset demands on potable supplies. In order to meet this goal, LADWP, in conjunction with the Department of Public Works 
Bureau of Sanitation (BOS), are working together to develop a Recycled Water Master Plan (RWMP). Opportunities to expand 
the water recycling program are being studied through development of the RWMP. These include expanding the recycled 
water distribution system for Non-Potable Reuse (NPR) such as for irrigation and industrial use, along with replenishment of 
groundwater basins with highly purified recycled water. Beyond 50,000 AFY, LADWP expects to increase recycled water use 
by approximately 1,500 AFY annually, bringing the total to 59,000 AFY by 2035. 

LADWP's water recycling program is dependent on the City's wastewater treatment infrastructure. Wastewater in the City of 
Los Angeles is collected and transported through some 6,500 miles of major interceptors and mainline sewers, more than 

Exhibit4A 
11,000 miles of house-sewer connections, 46 pumping plants, and 

City Wastewater Plants and Sewersheds four treatment plants. BOS is responsible for the planning and 
operation of the wastewater program. The City's wastewater 
system serves 515 square miles, of which 420 square miles are 
within the City. In addition to the City, service is provided to 29 non
City agencies through contract services. Exhibit 4A shows the 
City's four wastewater treatment plants and seven sewersheds that 
feed those plants. 

O Hyperion-Coastal 
Sewershed 

f} Hyperion-Metro 
Sewershed 

a Los Angeles-Glendale 
~ Sewershed 

o VSL~A Sewershed 

41) Tillman Sewershed 

£;I> Terminal Island 
\:Il Sewershed 

o Tunnel Sewershed 

-City of Los Angeles 
Boundary 

A portion of the treated effluent from the wastewater plants is 
utilized by LADWP to meet recycled water demands. 

As early as 1960, the City recognized the potential for water 
recycling and invested in infrastructure that processed water to 
tertiary quality, a high treatment standard for wastewater. This 
resulted in the building of tertiary wastewater treatment plants 
upstream instead of enlarging the two existing terminus treatment 
plants. These system enhancements brought about the City's 
expanded recycled water projects, which now supplement local and 
imported water supplies. The original policy allowing the use of 
recycled water was adopted by the State Legislature in 1969. 

In 1979, LADWP began delivering recycled water to the 
Department of Recreation and Parks for irrigation of areas in Griffith 

Park. This service was later expanded to include Griffith Park's golf courses. In 1984, freeway landscaping adjacent to the 
park was also irrigated with recycled water. In addition, the Japanese Garden, Balboa Lake and Wildlife Lake in the Sepulveda 
Basin now utilize recycled water for environmentally beneficial reuse purposes. The Greenbelt Project, which carries recycled 
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water from the Los Angeles-Glendale Water Reclamation Plant to Forest Lawn Memorial Park, Mount Sinai Memorial Park, 
Lakeside Golf Club of Hollywood and Universal Studios, began operating in 1992, and represents LADWP's first attempt at 
water recycling. LADWP continues to successfully implement the use of recycled water for various purposes. In 2009 phase 1 
of the Playa Vista development began receiving recycled water. Playa Vista is the first planned development in the City that 
uses recycled water for all landscape needs. Future recycled water projects will continue to build on the success of these prior 
projects so that recycled water becomes a more prominent component of the City's water supply portfolio. 

The City's water recycling projects seek to displace the use of potable water with recycled water for non-potable uses where 
infrastructure is available. In compliance with Chapters 7.0 and 7.5 of the California Water Code, the quality of LADWP's 
Recycled water meets all of the following conditions: 

• The source of recycled water is of adequate quality for those uses; 

• The recycled water may be furnished for these uses at a reasonable cost to the user; 

• The use of recycled water from the proposed source will not be detrimental to public health; and 

• The use of recycled water will not adversely affect downstream water rights or degrade water quality. 

In addition, the California Water Code requires public agencies, such as the LADWP, to serve recycled water for non-potable 
uses if suitable recycled water is available. 

LADWP is expanding irrigation, industrial/commercial, and studying groundwater replenishment uses of recycled water. 
Demand for recycled water is driven by customer acceptance of recycled water as a viable alternative to traditional potable 
supplies. Outreach efforts designed to educate the public on the viability of recycled water and its potential uses are an 
essential part of the process as the City's recycled water program expands. 

4.1 Regulatory Requirements 
Recycled water use is governed by regulations at the State and local levels. These regulations are based on multiple factors 
including the type of use and water quality. LADWP currently uses recycled water for non-potable reuse and is pursuing in
direct potable reuse through groundwater replenishment (GWR) using advanced treated recycled water. Requirements for 
these two categories of recycled water use are different. This section provides a summary of the complex recycled water 
regulations, a more in-depth description of these regulations will be included as part of the RWMP. 

4.1.1 Non-Potable Reuse Regulations 
Non-potable water reuse (NPR) regulations in the City of Los Angeles are governed by the California Department of Public 
Health (CDPH), State Water Resources Control Board (SWRCB), Los Angeles Regional Water Quality Control Board 
(LARWQCB) and the Los Angeles County Department of Public Health (LACDPH). 

California Department of Public Health 
Criteria and guidelines for the production and use of recycled water were established by the CDPH in the California Code of 
Regulations, Title 22, Division 4, and Chapter 3 (Title 22). Title 22, also known as Water Recycling Criteria, establishes 
required wastewater treatment levels and recycled water quality levels dependent upon the end use of the recycled water. 
Title 22 additionally establishes recycled water reliability criteria to protect public health. 
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Title 22 specifies recycled water use restrictions based on the potential degree of public exposure to the water and the 
distance of drinking water wells and edible crops from the area of intended use. Recycled water use applicability also depends 
on the different levels of treatment. A higher quality water will have a wider variety of applicable uses than a lower quality 
water. At a minimum, secondary treatment of wastewater is required for recycled water use. In the City of LA, however, all 
recycled water used is treated, at a minimum, to tertiary levels with additional disinfection. Wastewater treatment levels are 
discussed in detail in subsection 4.2 of this chapter. Title 22 allows for other treatment methods, subject to CDPH approval. 
The reliability of the treatment process and the quality of the product water must meet the Title 22 requirements specified for 
each allowable treatment level. Exhibit 4B provides a summary of the currently approved recycled water uses. 

'" v 

Exhibit4B 

"':""""" Allowable Title 22 Recycled Water Uses 
'" '" 

Irrigation Uses 

Food crops where recycled water contacts the edible portion of the crop, including all root crops 

Parks and playgrounds 

School yards // ~ """ "'. c"' 
Residential landscaping 

~, 

'" }~ 
, ~ 

l 

Unrestricted access golf courses "- ", '..) ~ 

Any other irrigation uses not prohibited by other provisions of the California Code of Regulations 

Food crops, surface irrigated, above ground edible portion, and not contacted by recycled water 

Cemeteries 

\ 
" 

J Freeway landscaping .~, '" 

Restricted access golf course \ / " 

Ornamental nursery stock and sod farms with unrestricted public access 

Pasture for milk animals for human consumption 

Non edible vegetation with access control to prevent use as park, playground or school yard 

Orchards with no contact between edible portion and recycled water 

Vineyards with no contact between edible portion and recycled water 

Non food bearing trees, including Christmas trees not irrigated less than 14 days before harvest 

Fodder and fiber crops and pasture for animals not producing milk for human consumption 

Seed crops not eaten by humans 

Food crops undergoing commercial pathogen destroying processing before consumption by humans 

Supply for impoundment 

Non restricted recreational impoundments, with supplemental monitoring for pathogenic organisms 

Restricted recreational impoundments and publicly accessible fish hatcheries 

Supply for Impoundment Uses 

Non restricted recreational impoundments, with supplemental monitoring for pathogenic organisms 

Restricted recreational impoundments and publicly accessible fish hatcheries 

Landscape impoundments without decorative fountains 

Supply for cooling or air conditioning 

Industrial or commercial cooling or air conditioning involving cooling tower, evaporative condenser, or 

spraying that creates a mist 

Industrial or commercial cooling or air conditioning not involving cooling tower, evaporative 
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condenser, or sprayinQ that creates a mist 

Other Uses 

Dual plumbing systems (flushing toilets and urinals) 

Priming drain traps 

Industrial process water that may contact workers 

Structural fire fighting 

Decorative fountains /', 
Commercial laundries /.,/ ',~ 

Consolidation of backfill material around potable water pipelines /'" " 
Artificial snow making for commercial outdoor uses 

/ ./ '" 
, 

Commercial car washes, not heating the water, excluding the general public from washing process 

Industrial process water that will not come into contact with workers 

Industrial boiler feed """ " 
Nonstructural fire fighting h--... ...... \ .... "' .... -;/ 
Backfill consolidation around non potable piping ~ ...... // .::::.:~. .{. ..... 

Soil compaction 
~ .A/ 

Mixing concrete ~ "" " 
Dust control on road and streets 

' .. 

'" ' .... 

Cleaning roads, sidewalks and outdoor work areas "". 
:: .. , 

Flushing sanitary sewer ") '~'" ;../ 
Groundwater recharge 

\ / "~, ':.' 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Non-Potable Reuse Regulatory 
and Policy Assessment TM, September 8, 2009 

Areas where recycled water is used occurs within defined boundaries. Title 22 stipulates use area requirements to protect 
public health. Use area regulations include requirements addressing recycled water application methods and runoff near 
domestic water supply wells, drinking fountains, and residential areas. Other requirements include posting signs notifying the 
public where recycled water is being used, utilization of quick couplers instead of hose bibs, and the prohibition against 
connecting recycled water systems with potable water systems. Dual plumbed recycled water systems in buildings are also 
addressed; these systems must meet additional reporting and testing requirements. 

To protect public health, Title 22 requires reliability mechanisms. During the design phase, a Title 22 Engineering Report is 
required to be submitted to CDPH and the local Regional Water Quality Control Board (RWQCB) for approval. Contents of the 
report include a description of the system and an explanation regarding how the system will comply with Title 22 requirements. 
Redundancy in treatment units or other means to treat, store, or dispose of recycled water are required in case the treatment 
unit is not operating within specified parameters. Alarms for operators are required to indicate treatment plant process failures 
or power failures. In case of power failures, either back-up power, automatically activated short-term or long-term recycled 
water storage, or a means of disposal is required. Furthermore, system performance must be monitored by water quality 
sampling and analyses. 

As mentioned previously, cross-connections between the potable and recycled water systems are not permitted. The 
California Code of Regulations, Title 17, Division 1, Chapter 5, Group 4 prevents cross-connections between potable water 
supply systems and recycled water supply systems. Title 17 specifies that water suppliers must implement cross-connection 
control programs and backflow prevention systems. 
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In addition to Title 22 and Title 17 requirements, CDPH has additional regulations and guidance established in the following 
documents: 

• Guidelines for the Preparation of an Engineering Report for the Production, Distribution, and Use of Recycled Water 
(2001 ) 

• Treatment Technology Report for Recycled Water (2007) 

• Guidance Memo No. 2003-02: Guidance for the Separation of Water Mains and Non-Potable Pipelines (2003) 

State Water Resources Control Board and Los Angeles Regional Water Quality Control 
Board 
In May 2009, the SWRCB adopted "Recycled Water Policy" developing uniform standards across all Regional Water Quality 
Control Boards for interpreting the "Anti-Degradation Policy". When planning and implementing recycled water projects the 
following must be taken into consideration: 

• Mandate for recycled water use - encourages recycled water use and establishes targets to increase use 

• SalUnutrient management plans - requires submittal of salUnutrient management plans by 2014 

• Landscape irrigation projects' control of incidental runoff and streamlined permitting - addresses controlling incidental 
runoff and streamlining permit processes for recycled water use in landscape areas 

• Groundwater recharge - establishes requirements for groundwater recharge projects 

• Anti-degradation - establishes that salt and nutrient management plans can address groundwater quality impacts 

• Chemicals of emerging concern - establishes a blue-ribbon advisory panel to develop a report on chemicals of 
emerging concern and update the report every five years. 

Water Recycling Requirements (WRR) for each of the City's applicable wastewater treatment plants engaged in water 
recycling are issued by the LARWQCB. These requirements specify end-users of recycled water and enforce treatment and 
use area requirements. 

In July 2009, the SWRCB adopted a general landscape irrigation permit, "General Waste Discharge Requirements for 
Landscape Irrigation Uses of Municipal Recycled Water" (General Permit). The General Permit streamlines the regulatory 
approval for landscape irrigation using recycled water. Agencies with existing WRRs, such as the City, are not required to 
apply for the General Landscape Irrigation Permit. 

Earlier in April 2009, the LARWQCB adopted a general region-wide permit, "General Waste Discharge and Water Recycling 
Requirements for Non-Irrigation Uses over the Groundwater Basins Underlying the Coastal Watersheds of Los Angeles and 
Ventura Counties" for non-irrigation uses of recycled water. Similar to the General Permit, this permit streamlines the 
permitting process and specifies the application process for qualifying projects. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
4-5 

AR0071560 



Chapter 4 
Recycled Water - January 2011 Draft 

Los Angeles County Department of Public Health 

Title 22 and Title 17 water use regulations are enforced by the LACDPH, Environmental Health Division. LACDPH has 
published "A Guide to Safe Recycled Water Use, Pipeline Construction and Installation" requiring compliance with Title 22, 
CDPH, and LARWQCB requirements. After CDPH has approved the plans and specifications and the City has an agreement 
to serve the customer, LACDPH reviews and approves all plans and specifications prior to construction. After construction 
LACDPH inspects the systems and conducts cross-connection, pressure, and back-flow prevention device tests. Recycled 
water use must occur in compliance with the Los Angeles County Recycled Water Advisory Committee's "Recycled Water 
Urban Irrigation User's Manual". Each site must also have a site supervisor responsible for recycled water use. 

City of Los Angeles 
Recycled water responsibilities of the City of Los Angeles include complying with all LARWQCB permits for the wastewater 
treatment plants and production of recycled water, approving recycled water use sites, conducting post-construction 
inspections, and periodically inspecting use areas and site supervisor records. 

LADWP customers are permitted to use recycled water when service is available and per LADWP Ordinance No. 170435 
(subsequently amended by Ordinance No. 178902 in 2008). Users are responsible for operations and maintenance of their 
recycled water systems up to the connection point with LADWP. Users are required to use recycled water in accordance with 
Titles 22 and 17 and the "Recycled Water Urban Irrigation User's Manual". If a customer is violating these requirements, 
LADWP may stop providing recycled water to the customer. 

4.1.2 Groundwater Replenishment Regulatory Requirements 
The regulations governing recharge of groundwater or groundwater replenishment (GWR) with recycled water are established 
by the CDPH and LARWQCB. Additional approval is required by the SWRCB and California Department of Fish and Game 
(DFG) if flows will be diverted from surface waters, such as in Los Angeles where recycled water is currently discharged by 
two treatment plants into the Los Angeles River. The City's GWR project as described in section 4.4.3 will be subject to these 
regulations. 

For groundwater replenishment, LADWP will implement advanced treatment that includes reverse osmosis, 
microfiltration, and advanced oxidation. This level of treatment will address water quality concerns for the health of 
the basin along with emerging contaminants of concern. 

California Department of Public Health 

Regulatory oversight of groundwater recharge projects is provided by the CDPH. CDPH regulates groundwater recharge 
projects under Title 22 requiring the CDPH to make recommendations on a case by case basis after a public hearing. 
Requirements for recharge are not provided in Title 22. Draft Groundwater Recharge Reuse Criteria, released in August 2008, 
are used by the CDPH to evaluate projects for approval or denial. The draft regulations are designed to protect public health 
through the establishment of stringent requirements by: 

• Requiring recycled water to meet maximum contaminant levels (MCLs) established for drinking water; 

• Establishing the volume of recycled water used based on Total Organic Carbon (TOC), dilution, and treatment levels; 

• Requiring retention of groundwater for six months before reaching a well used for drinking water with validation by a 
tracer study; 
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• Monitoring on a quarterly basis for specified pollutants and chemicals and yearly monitoring of constituents indicating 
the presence of wastewater in produced recycled water and in downgradient monitoring wells; 

• Implementing a source control program; and 

• Establishing additional requirements for projects with recycled water contributions greater than 50%, including a 
review by an Independent Advisory Panel. 

Similar to non-potable reuse, project proponents must submit a Title 22 Engineering Report to the CDPH and LARWQCB for 
review. After completion of the report, the CDPH holds a public hearing followed by issuance of Findings of Fact and 
Conditions for submission to the LARWQCB. 

Los Angeles Regional Water Quality Control Board 

Prior to the issuance of a permit, the LARWQCB reviews CDPH's Findings of Fact and Conditions and considers provisions in 
the adopted Los Angeles Basin Plan (Basin Plan) for the LARWQCB region, applicable State policies (including the SWRCB 
Recycled Water Policy), and applicable federal regulations if recycled water is discharged to water of the US. The Basin Plan 
establishes water quality objectives for surface water and groundwater to protect beneficial uses. The LARWQCB then holds a 
public hearing to consider the permit. Ultimately, if approved, the LARWQCB issues permits in the form of water reclamation 
requirements and waste discharge requirements. 

4.2 Wastewater Treatment Plants 
There are four wastewater treatment plants owned and operated by the BOS. City wastewater treatment consists of a series 
of processes that, at a minimum, remove solids to a level sufficient to meet regulatory water quality standards. During the 
preliminary, primary, secondary, and tertiary treatment processes, progressively finer solid particles are removed. Preliminary 
treatment removes grit and large size particles through grit removal basins and screening. Primary treatment relies on 
sedimentation to remove smaller solids. With most of the grit, large sized particles, and solids already removed, secondary 
treatment converts organic matter into harmless by-products and removes more solids through biological treatment and further 
sedimentation. At the end of secondary treatment, most solids will have been removed from the water. Tertiary treatment 
follows secondary treatment to eliminate the remaining impurities through filtration and chemical disinfection. At this stage, 
sodium hypochlorite (the chemical contained in household bleach) provides disinfection. All recycled water used within the 
City is given, at a minimum, tertiary treatment and disinfection. In the Harbor, recycled water is also given advanced treatment 
with microfiltration/reverse osmosis (MF/RO). MF/RO is a two-stage process using high-pressure membrane filters to remove 
microscopic impurities from the source water. Exhibit 4C summarizes the treatment levels, capacity, and average flows at the 
four plants. 
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Exhibit4C 
Wastewater Treatment Plants Summary 

Average 
Capacity Flows 

WastewaterTreatment Plants Treatment Level (mgd) (mgd)1 

Donald C. Tillman Water Reclamation Plant 
Tertiary to Title 22 standards with 80 53 
Nitrification/Denitrification 

Los Angeles - Glendale Water Reclamation Plant 
Tertiary to Title 22 standards with 20 17 
Nitrification/Denitrification 

Terminal Island Water Reclamation Plant 
Tertiary; Advanced treatment 30 15 
(MF/RO) of 5 mgd 

Hyperion Treatment Plant Full secondary2 
/ ,. .......... 450 320 

1. Average dry weather flows 2008, except for OCT January 2005 through December 2008. 

2. 31 mgd of full secondary treated water delivered to West Basin Water Reclamation Plant operated by West Basin Municipal Water 
District. Water treated to Title 22 standards for recycled water use. 

Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, OCT Data Summary, January 29, 2010 

City of Los Angeles Recycled Water Master Plan Technical Memorandum, Wastewater Treatment, November 2,2009 

4.2.1 Donald C. Tillman Water Reclamation Plant 
In service since 1985, the Donald C. Tillman Water Reclamation Plant (OCT) has an average dry-weather flow capacity of 80 
million gallons per day (mgd) and currently treats about 53 mgd. During wet weather, treatment capacity is limited to 40 mgd 
to prevent downstream infiltration surcharges on the sewer system while utilizing the remaining capacity for limited wet 
weather storage. Currently, the Bureau of Engineering (BOE) is designing wet-weather storage basins to allow year around 
operation at 80 mgd. The current level of treatment is Title 22 (tertiary) with nitrogen removal (nitrification/denitrification (NdN). 
Currently, this plant is providing recycled water to the Japanese Garden, Wildlife Lake, Lake Balboa, treatment plant reuse, 
irrigation, and industrial uses. Irrigation uses in the adjacent areas include golf courses, parks, and a sports complex. 
Industrial uses include the Valley Generating Station. The remaining tertiary-treated water is discharged into the Los Angeles 
River, The city intends on implementing a groundwater replenishment project supplied with tertiary treated Title 22 recycled 

water from OCT that is purified through advanced treatment to recharge the San Fernando Groundwater Basin. The project 
will initially recharge 15,000 AFY with the eventual goal of achieving 30,000 AFY. 

4.2.2 Los Angeles-Glendale Water Reclamation Plant 
The Los Angeles-Glendale Water Reclamation Plant (LAG) is a joint project of the City of Los Angeles and City of Glendale. 
LAG began treating wastewater in 1976. Originally the plant was designed without considering nutrient removal. Its average 
dry-weather flow design capacity is 20 mgd and it currently treats about 17.7 mgd. Each city is entitled to 50 percent of the 
plant's capacity. The City of Pasadena purchased rights to 60 percent of Glendale's capacity but has not yet exercised these 
rights. The current level of treatment is Title 22 (tertiary) with nitrogen removal (NdN). Recycled water from the LAG provides 
landscape irrigation to Griffith Park and the Los Angeles Greenbelt Project, including Forest Lawn Memorial Park, Mount Sinai 

Memorial Park, Universal Studios, and the Lakeside Golf Course. The City of Glendale retains the right to half of the recycled 
water produced at the plant and serves a number of customers in their service area. As with the OCT, the remaining tertiary
treated water from LAG is discharged into the Los Angeles River. 
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4.2.3 Terminal Island Water Reclamation Plant 
Originally built in 1935, the Terminal Island Water Reclamation Plant (TIWRP) has been providing secondary treatment since 
the 1970s. Tertiary treatment systems were added in 1996. The current average dry-weather flow capacity is 30 mgd with 
average flows of about 15 mgd. Recent completion of the Advanced Wastewater Treatment Facility added MF/RO treatment 
to a portion of the wastewater effluent producing approximately 3.0 mgd of recycled water. Recycled water is supplied to the 
Dominguez Gap Seawater Intrusion Barrier to reduce seawater intrusion into drinking water aquifers and to LADWP's Harbor 

Generating Station for landscape irrigation. Effluent in excess of the MF/RO component is discharged to the Los Angeles 
Harbor. Future recycled water use is expected to increase to more fully supply the Dominguez Gap Seawater Intrusion Barrier 
along with other potential customers in the Harbor Area. 

4.2.4 Hyperion Treatment Plant 
Operating since 1894, the Hyperion Treatment Plant (HTP) is the oldest and largest of the City's wastewater treatment plants. 
Its $1.2 billion construction upgrade, completed in 1999, allows for full secondary treatment. The current average dry-weather 
flow capacity of HTP is 450 mgd during dry weather, with an average wastewater flow of 342 mgd. A majority of the treated 
water is discharged through a 5-mile outfall into the Santa Monica Bay, and the rest, approximately 31 mgd, is delivered to the 
West Basin Water Reclamation Plant to meet recycled demands in the West Basin Municipal Water District (WBMWD) service 

area and parts of the City of Los Angeles. As of 2008, approximately 37,000 AFY of water from HTP Plant is sold to West 
Basin for additional treatment. A portion of this water is sold back to LADWP for the Westside Water Recycling Project, and 
the rest is then used to meet recycled water demands in West Basin's service area. Users of the Westside Water Recycling 
Project include Loyola Marymount University and Playa Vista. 

4.2.5 Projected Wastewater Volume 
Average dry-weather wastewater influent projections for the City's wastewater treatment plants are expected to increase by 
approximately 20 percent over the next 25 years. Projections include 29 agencies outside of the City with contracts for 
wastewater treatment. Wastewater effluent that is not recycled is discharged to either the Los Angeles River to the Pacific 
Ocean or outfalls leading directly to the Pacific Ocean. Wastewater treatment projections for average dry-weather flows to 
2035 and disposal methods are provided in Exhibit 4D. 

Exhibit 4D 

vr" Wastewater Treatment Plant Average Dry-Weather Flows, Reuse and Dischargel Method 

Reuse and Average Dry-Weather Flow Projections (AFY) 
Wastewater Treatment Plants Discharge Method 2010 2015 2020 2025 2030 2035 

Donald C. Tillman Water 
Recycling and 

Reclamation Plant 
Pacific Ocean via 82,779 84,347 85,915 87,483 90,283 93,084 
Los Angeles River 

Los Angeles - Glendale Water 
Recycling and 
Ocean via Los 23,299 25,427 27,331 29,460 31,588 33,716 

Reclamation Plant 
Angeles River 

Terminal Island Water Recycling and 
18,258 18,594 18,818 19,154 19,715 20,163 

Reclamation Plant Outfall to Ocean 
Conveyance to 

Hyperion Treatment Plant 
WBMWD for 

333,690 339,739 345,788 362,814 366,063 400,899 
Recycling and 
Ocean outfall 

Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Wastewater Flow Projection, September 30, 2009 
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4.3 Existing Recycled Water Deliveries 
The City has several recycled water projects currently providing recycled water for landscape irrigation, industrial, and 
commercial uses spread throughout four service areas: 

• Harbor - located in the southern portion of the City and currently served from the water reclamation plant at the 
TIWRP 

• Central City (Metro) -located in the central/eastern portion of the City and is served by LAG 

• San Fernando Valley -located in the northern portion of the City and is served by DCT 

• Westside -location in the central/western portion of the City and is served by HTP through the WBMWD West Basin 
Water Reclamation Plant 

Locations of the service areas are depicted in Exhibit 4E. Recycled water service areas coincide with potable water service 
areas. Recycled water deliveries for 2009 were 35,939 AFY, inclusive of municipal and industrial, environmental, and in-plant 
reuse. Estimated annual demands for online projects were 38,614 AFY. 
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4.3.1 Harbor Area 

Exhibit 4E 
Recycled Water System 
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Recycled water in the Los Angeles Harbor area is currently produced at the Advanced Water Treatment Plant (AWTP) located 
at the TIWRP. The AWTP was online in 2002 with first deliveries to customers commencing in 2006. This project was 
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developed jointly by LADWP, BOS, and BOE. Operations and maintenance is provided by BOS with funding from LADWP. 
Recycled water, treated using microfiltration and reverse osmosis, is currently used for landscape irrigation and groundwater 
injection with current demands of approximately 3,050 AFY. Treatment capacity of the AWTP is approximately 5,600 AFY. 
Excess recycled water is discharged into the Los Angeles Harbor. Exhibit 4F summarizes typical annual demands in the 
Harbor area. Currently two customers are served; LADWP's Harbor Generating Station and the Water Replenishment District 
(WRD). 

Exhibit 4F 
H b R r ar or ecyc mg 

Existing Annual Demand 

Program (AFY) 

Irrigation / 

Harbor Generating Station 
/' 

50 " "-
Subtotal Irrigation 50 """ 

Groundwater Barrier ...... 

Dominguez Gap Barrier (Water Replenishment District) 3,000 

Subtotal Groundwater Barrier 3,000 

Total Harbor Water Recycling Project 3,050 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Harbor Generating Station 

The Harbor Generating Station's demands that could potentially be met with recycled water are approximately 50 AFY 
including industrial cooling and landscape irrigation. Initially, recycled water was intended for use in the station's cooling tower 
and boiler make-up feed system components, however, recycled water is not used for these purposes currently as a result of 
concerns about potential incompatibility between recycled water and these systems. Connections have been installed for 

recycled water use in these systems and future use will be further investigated as part of the Recycled Water Master Plan. 

Water Replenishment District 

The WRD's recycled water demands are approximately 3,000 AFY for groundwater injection in the Dominguez Gap Seawater 
Intrusion Barrier. A blend of 50 percent recycled water and 50 percent imported water is injected into the barrier. The 
Dominguez Gap Barrier protects the West Coast Groundwater Basin from seawater intrusion. 

LADWP is currently expanding recycled water infrastructure in the Harbor area that will increase recycled water usage at least 
9,300 AFY by 2014/2015. 

4.3.2 Metro Area 
The Metro Recycled Water System has supplied the Metro Service Area with recycled water produced at LAG to irrigation 
customers since 1979. LAG provides recycled water treated to a tertiary level meeting Title 22 standards with Nitrogen 
removal to customers in the eastern San Fernando Valley. As previously stated, recycled water produced at LAG is equally 
split between the cities of Los Angeles and Glendale. Current recycled water demands for the Metro Service Area are 1,933 
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AFY. Unused recycled water is discharged to the Los Angeles River. Exhibit 4G summarizes current demands for Metro 
Recycled Water System. Currently 11 customers are served by the Metro Recycled Water System. 

Exhibit4G 
Metro Recycling 

Existing Annual Demand 

Program (AFY) 

Irrigation .'~,:: 

Greenbelt Project 1120 

Griffith Park 720 "'" 

Taylor Yard Project 93 

Total Irrigation 1,933 
Source: City of Los Angeles Recycled Water Master Plan Technical 
Memorandum, Draft Existing and Tier 1 Recycled Water Systems TM, December 
14, 2009 and LADWP Water Recycling Staff 

Griffith Park Project 

Started in 1979, the Griffith Park project was the City's first recycled water project. Recycled water is used to irrigate two golf 
courses, parkland, The Los Angeles Zoo Parking Lot, and a seven-mile stretch along the Golden State Freeway (Interstate 5) 
adjoining the park. Current demands in the Griffith Park Project's service area are 1,120 AFY. 

Greenbelt Project 

Dedicated in 1992, the Los Angeles Greenbelt Project was the City's first commercial recycling project. Recycled water is 
used for landscape irrigation at Forest Lawn Memorial Park-Hollywood Hills, Mount Sinai Memorial Park, Lakeside Golf 
Course and Universal Studios. Current demands in the Greenbelt Project's service area are 720 AFY. 

Taylor Yard Project 

Rio de LA State Park was connected as the first Taylor Yard project in July 2009. Recycled water is used for landscape 
irrigation on the park. Current demands in the Taylor Yard Project's service area are 93 AFY. 

4.3.3 San Fernando Valley Area 
The Valley Recycled Water System receives water from DCT to satisfy irrigation, environmental, and industrial demands. 
Recycled water is treated to a tertiary level meeting Title 22 standards with Nitrogen removal. Water for in-plant uses at DCT 
and for environmental uses is dechlorinated. Current estimated recycled water demands for the San Fernando Valley Area are 
33,594 AFY. Recycled water produced in excess of demand is discharged to the Los Angeles River providing added 
environmental benefits. Exhibit 4H summarizes current demands for the Valley Recycled Water System. The East Valley 
trunkline, a 54 inch diameter pipeline, was previously constructed as the initial backbone of the Valley Recycled Water 
System's distribution system to deliver water throughout the San Fernando Valley for irrigation, commercial, and industrial 

use. Eleven customers are currently served by the Valley Recycled Water System, excluding DCT reuse and environmental 
use. 
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Exhibit 4H 
Valley Recycling 

Existing Annual Demand 

Program (AFY) 

Irrigation 

Sepulveda Basin Project 1570 

Van Nuys Area Project 14 

Subtotal Irrigation 1,584 

Industrial / 
Hansen Area Project 

./ ". " 
Valley Generating Station 2,100 

DCT Reuse1 / 2,920 ~ 
Subtotal Industrial 5,020 ", "-

Environmental Use2 .... 

Japanese Garden 4,590 

Wildlife Lake ....... 7,700 

Balboa Lake 14,700 

Subtotal Environmental Use 26,990 

Total Valley Recycled Water System 33,594 

1. Based on 2006-2008 actual use, use varies year to year. 

2. Does not include environmental benefits provided to Los Angeles River. 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Sepulveda Basin Project 

LADWP began serving recycled water to portions of the Sepulveda Basin area in 2007. The latest project was added in 2010. 
Current recycled water customers in the Sepulveda Basin recreation area include Woodley Golf Course, Balboa Golf Course, 
Encino Golf Course, Anthony C. Beilenson Park, Van Nuys Golf Course and the Balboa Sports Complex. Current demands in 
the recreation area are 1,570 AFY. 

Van Nuys Area Project 

The Van Nuys Area project currently provides recycled water for irrigation purposes to St. Elisabeth's Church, the First 
Foursquare Church of Van Nuys, Van Nuys High School, and LADWP's Power Distribution Station 81. Current Van Nuys Area 
Project demands are 14 AFY. 

Hansen Area Project 

The Hansen Area project currently provides recycled water for industrial purposes to the Valley Generating Station. Recycled 
water service began in 2008 and demands are approximately 2,100 AFY. Recycled water is used in a cooling tower for one of 
the generation units at the power generating facility. 
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Recycled water is used at DCT for in-plant purposes. Demands vary from year to year based on needs. Between 2006 and 
20082,920 AFY were used on average. 

Environmental Use 

Recycled water from DCT has provided environmental benefits since 1984 commencing with deliveries to the Japanese 

Garden followed by Balboa Lake in 1990 and Wildlife Lake in 1991. Approximate demands are 26,990 AFY. Overflows from 
these facilities are discharged to the Los Angeles River providing additional environmental benefits in conjunction with unused 
recycled water discharges to the river. 

Japanese Garden 

The 6.5 acre Japanese Garden is located at the Sepulveda Dam Recreation Area. The Garden receives more than 10,000 
visitors per year. DCT provides about 4,590 AFY of recycled water for the lake and landscaping at the Japanese Garden. 

Wildlife Lake 

Located in the Sepulveda Basin, the Wildlife Lake uses about 7,700 AFY of recycled water from DCT for wildlife habitat 

management. 

Lake Balboa 

Lake Balboa is the centerpiece of the Sepulveda Dam Recreation Area and is a popular recreational facility located in Anthony 
C. Beilenson Park. About 14,700 AF per year of recycled water is provided for this lake from DCT. 

4.3.4 Westside Area 
Recycled water supplied to the Westside Recycled Water System is provided by WBMWD via the Edward C. Little Water 
Recycling Plant (WBWRP), located in the City of EI Segundo, for irrigation and commercial (toilet flushing) demands. The 
WBWRP further treats secondary-treated effluent received from HTP to a tertiary level meeting Title 22 standards. Under an 

agreement between WBMWD and the City, WBMWD purchases secondary-treated effluent from HTP and LADWP has a right 
to purchase up to 25,000 AFY of recycled water following tertiary treatment at the WBWRP. Approximately 37,300 AFY of 
secondary-treated effluent was purchased from HTP in 2008 and LADWP purchased 380 AF of recycled water to serve the 
Westside of Los Angeles. The WBWRP can treat up to 40 mgd. Recycled water not purchased by LADWP is sold to users 
within WBMWD's service area. 

Deliveries of recycled water from the Westside Recycled Water System first began in 1996. To increase the use of recycled 
water on the Westside, LADWP has constructed more than five miles of distribution trunk lines to serve the Westchester, Los 
Angeles International Airport, and Playa Vista development areas. Current estimated recycled water demands for the 
Westside Area are 676 AFY as shown in Exhibit 41. Currently 106 customers are served by the system. 
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Exhibit 41 
Westside Recycled Water System Estimated Existing Annual Demand 

Estimated Annual 
Demand 

Program (AFY) 

Irrigation 

Playa Vista Phase 1 (95 customers) 205 

Coldwell Banker 2 

Cal Trans at Playa Vista / 5 

Los Angeles International Airport /"" 158 

Westchester Golf Course 62 

Loyola Marymount University .- ., 64 " 
Westchester Park /r .. 43 ~ 
Scattergood Generating Station /// 31 """. 

Carl Nelson Youth Park /- " 16 

The Parking Spot '" .. ' ",: 1 

Street Medians ..... 4 

Hyperion Treatment Plant1 \ 85 
\ 

Subtotal Irrigation 676 

Total Valley Recycled Water System "-. 676 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing 
and Tier 1 Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Playa Vista, Phase 1 

, 

Playa Vista is the first planned development in the City to use recycled water for irrigation of all of its landscaping including 
residential outdoor use. This project began receiving recycled water in 2009 as part of Phase 1. Phase 2 is considered as a 
"Near-Term" project (or "Tier 1" use), which are projects to be implemented by the year 2015. Outdoor recycled water is 
required under the development's mitigation requirements established during the environmental review process. Recycled 
water is additionally used for toilet flushing in commercial buildings. Annual demands are approximately 200 AFY for Phase 1. 

Los Angeles International Airport 

Los Angeles International Airport began using recycled water in 1996 for landscape irrigation purposes along its boundaries. 
Current demands for the airport are 158 AFY. 

Westchester Golf Course 

Westchester Golf Course began using recycled water in 2009 for irrigation. Current demands for the airport are 62 AFY. 

Loyola Marymount University 

Loyola Marymount University has been connected to the Westside system since 1996. Recycled water is used to irrigate a 
portion of the campus landscaping area. Average annual demands are approximately 65 AFY. In 2006, Loyola Marymount 
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University installed an on-site disinfection system using hydrogen peroxide to address odor problems related to stagnant water 
in an oversized pipeline servicing the university. 

Westchester Park and Carl Nelsen Youth Park 

Westchester and Carl Nelsen Youth Parks both use recycled water for irrigation purposes. Both parks were connected to the 
system in 1996. Westchester Park demands are approximately 43 AFY and Carl Nelsen Youth Park demands are 16 AFY. 

Scattergood Generating Station 

Scattergood Generating Station operated by LADWP and located in EI Segundo receives recycled water to meet irrigation 
demands. Average annual demand is approximately 31 AFY. The pipeline servicing the facility is oversized to potentially 
provide cooling water in the future. 

Street Medians and The Parking Spot 

Street medians on Manchester Avenue and The Parking Spot were connected to the recycled water system in 2008 and 2003, 
respectively. Recycled water is served to both facilities to meet irrigation demands. The Parking Spot is a commercially 
operated parking facility near Los Angeles International Airport. Demands for The Parking Spot are approximately 1 AFYand 

demands for the street medians are approximately 5 AFY. 

Hyperion Treatment Plant 

HTP uses recycled water for both landscaping and toilet flushing within the administration building. HTP was connected to the 
system in 1996. About 65 AFY of recycled water are provided to HTP per year. HTP also provides additional treatment for 
recycled water use onsite similar to Loyola Marymount University to address odor problems associated with stagnant water in 
an oversized supply pipe. The pipeline to HTP was oversized to accommodate expanded deliveries to the Scattergood 
Generating Station in the future. HTP uses filters and disinfection to treat the water prior to its use onsite. 

4.3.5 Comparison of 2010 Projections Versus Actual Use 
LADWP has made substantial progress in increasing recycled water use in the interim period between completion of the 2005 
and 2010 UWMPs. Municipal and industrial recycled water use between 2005 and 2010 increased from 4,870 AFY to 10,651 
AFY. The 2005 UWMP projected municipal and industrial recycled water use in 2010 would be approximately 19,870 AFY, 
however actual use was lower than estimated as shown in Exhibit 4J. Environmental water use of recycled water fluctuates 
slightly year to year based on lake levels, but is typically 26,990 AFY. For 2010 actual use was 25,129 AFY, or approximately 
7 percent less than estimated. Overall total recycled water use in 2010 was approximately 23 percent less than projected. 
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Exhibit 4J 
2005 UWMP Recycled Water Projections for 2010 versus Actual Use 

09/10 Actual 
2005 Projection for 2010 Use 

Program (AFY) (AFY) 

Municipal & Industrial Purposes 
1 19,870 6,864 

Environmental Use
2 26,990 25,008 

Total 46,860 31,872 

1. These recycled water supplies offset the demand for imported water within LADWP's 
service area and include OCT reuse of 2,920 AFY, but do not include deliveries to WBMWD 
of 34,000 AFY. OCT reuse was not included in 2005 UWMP projections for 2010. 

2. Water is ultimately discharged into the Los Angeles River, providing additional 
environmental benefit. 2005 UWMP projections for 2010 is based on average demands. 
Sources: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft 
Existing and Tier 1 Recycled Water Systems TM, December 14, 2009; 2005 Urban Water 
Management Plan for the Los Angeles Department of Water Power, and LADWP Water 
Recycling Staff 

Although LADWP did not meet the 2010 recycled water projection, significant progress has been made including the 

completion of multiple projects since 2005 as described in Section 4.3.1 through 4.3.4. Additional projects that are proposed 
for construction in the near future are described in Section 4.4, Recycled Water Master Planning Documents. Additionally, 
LADWP in conjunction with the BOS is currently developing the City's Recycled Water Master Plan (RWMP) to guide future 
optimization of this supply source with the goal of increasing municipal and industrial use of recycled water to 50,000 AFY, 
inclusive of indirect potable reuse. 

4.4 Recycled Water Master Planning Documents 
LADWP in partnership with BOS is developing the RWMP Documents to replace 50,000 AFY of potable water supplies with 
recycled water by 2029 and to plan for long-term recycled water use. As previously discussed, the City of Los Angeles' Water 
Supply Plan, "Securing LA's Water Supply", the City has established a goal of 50,000 AFY with recycled water to reduce the 
need for potable water and diversify LADWP's available water supply options. Exhibit 4K summarizes LADWP's timeline to 
achieve the goal of recycling 50,000 AFY by fiscal year (FY) 2029. This goal can be achieved sooner if additional funds are 
made available such as state and federal grants. The RWMP efforts were initiated in 2009 and are forecast for completion by 
the middle of 2011. To meet near-term challenges and plan for long-term recycled water the following major tasks were 

outlined for inclusion in the RWMP Documents: 

• Groundwater Replenishment Report; 

• Non-Potable Reuse Report; 

• Groundwater Replenishment Treatment Pilot Study; 

• Max Reuse Concept Report; 

• Satellite Feasibility Concept Report; 

• Existing System Reliability Concept Report; and 
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Within these tasks the RWMP Documents will determine where the existing recycled water system (purple-pipe network) 
should be expanded to satisfy needs of new customers. A cost benefit analysis will be conducted to identify potential 
customers considering location and projected use. A review of the wastewater treatment plants will be performed to determine 
which plants can supply the recycled water and the treatment technologies required. The RWMP Documents will also review 
available options for maximizing reuse through a combination of alternatives including expansion of non-potable uses, 
groundwater replenishment with advanced treated recycled water, and/or injection of recycled water as a seawater intrusion 
barrier. A set of alternatives will then be developed and analyzed for both the near-term and long-term goals. Alternatives will 

be evaluated as part of an integrated analysis. 

The RWMP Documents will include Near-Term recycled water projects (projects to be implemented through 2015 to achieve 
20,000 AFY of recycled water use), expansion of the non-potable distribution system beyond 20,000 AFY, and groundwater 
replenishment with advanced treated recycled water options. When combined with existing reuse, these options are expected 
to result in 50,000 AFY of reuse by FY 2029, exclusive of environmental reuse, DCT in plant reuse, and sales to WBMWD. 
Exhibit 4K provides a timeline for projects featured in the RWMP Documents. 

Exhibit4K 
Recycled Water Master Planning Documents Implementation Timeline 

Reuse Volume1 

Timeline (AFY) Description 

Existing demands already being 
Existing as of Fiscal Year 2009/2010 6,700 served 

Near-Term projects already identified 
Recycled Water Use by 2015 20,000 for implementation by 2015 

New groundwater replenishment 
opportunities as identified as part of 

Groundwater Recharge by 2021 15,000 the Groundwater Master Plan task 
New projects identified between 2015 
and FY 2029 to serve existing potable 

Non-Potable Reuse Recycled Water customers as part of the non-potable 
by 2029 Up to 15,000 reuse master plan 

1. Volume to offset municipal and industrial potable water demands. Does not include environmental use, OCT 
plant reuse, and sales to WBMWD. 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Tier 1 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Recycled water projections in five year increments beginning in 2015 through 2035 are presented in Exhibit 4L. Total recycled 
water production is estimated to increase by 42,000 AFY over the projection period or 84 percent. Environmental reuse and 
seawater intrusion barrier water are expected to remain constant at 26,990 AFY and 3,000 AFY, respectively. Municipal and 
industrial use, inclusive of DCT reuse, is expected to increase by 27,000 AFY or approximately 136 percent. Indirect potable 
reuse (groundwater recharge) with advanced treated recycled water is forecast to provide 15,000 AFY of groundwater 

recharge beginning in 2021. Recycled water use up to 2025 is inclusive of the near-term options under development in the 
RWMP. Projections for 2030 and 2035 assume that long-term options being developed as part of the RWMP will increase 
recycled water use by approximately 1,500 AFY annually beyond FY 2029. Once the alternatives for the RWMP are finalized, 
the allocation of recycled water use by the municipal, industrial, and groundwater recharge categories may change to achieve 
the RWMP's recycled water goal of 50,000 AFY. 
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Exhibit 4L 
Recycled Water Use Projections 

Projected Use (AFy)1 

Category 2015 2020 2025 2030 2035 

Municipal and Industrial 20,000 20,400 27,000 29,000 29,000 

Indirect Potable Reuse (Groundwater Recharge) 0 0 15,000 22,500 30,000 

Subtotal2 20,000 20,400 42,000 51,500 59,000 

Environmental
3 26,990 26,990 26,990 26,990 26,990 

Seawater Intrusion Barrier (Dominguez Gap 
Barrier) 3,000 3,000 3,000 3,000 3,000 

Total 49,990 50,390 71,990 81,490 88,990 

1. Projected use by category is subject to change per completion of Recycled Water Master Plan, but overall total 
will not change. Does not include deliveries of 34,000 AFY of secondary treated water to WBMWD for further 
treatment to recycled water standards. 

2. To offset potable use and included in supply reliability tables in Chapter 11. 

3. Environmental use includes Wildlife Lake, Balboa Lake, and the Japanese Gardens. Additional environmental 
benefits associated with recycled water discharges to the Los Angeles River are not included. 

Estimates of projected use and implementation timelines in the tables above as well as the annual demands and service dates 
for individual customers in the following sections may be affected by varying usage patterns of potential customers, timelines 
to reach agreements, as well as potential financial constraints and changing regulatory requirements. 

4.4.1 Near-Term Projects through 2015 
"Near-Term" projects are classified in the RWMP Documents as projects that will result in recycled water service between July 
1,2009 and 2015 to achieve 20,000 AFY of recycled water use to displace potable water. All Near-Term projects are either in 
the planning, design, or construction stage. Near-Term target customers have already been identified as potential recycled 
water users with a total demand of 15,021 AFY. Implementation of Near-Term projects will result in the connection of 
approximately 40 additional recycled water customers adding to the existing 130 customers. Full implementation of Near-Term 
projects with existing projects will result in annual recycled water demand of 20,000 AFY, exclusive of both environmental use 
and DCT in-plant use (26,990 and 2,920 AFY, respectively). Near-Term reuse is the largest in the commercial/industrial sector 
followed by the irrigation sector. 

Harbor Area 

Two projects are planned to meet Near-Term demands in the Harbor area, the Harbor Refineries Water Recycling Project 
(HRWRP) and the Port of LA Harry Bridges Development, for an estimated total demand of 9,461 AFY. Uses include 
industrial, irrigation, and toilet flushing in commercial facilities. Most of the recycled water, approximately 9,520 AFY, will be 
used for industrial purposes, including cooling towers and boiler make-up water at oil refineries. Exhibit 4M summarizes Near

Term demands for the Harbor area. 
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Harbor Area Near-Term Estimated Demands 
Estimated Annual Estimated 

Demand Service 

Type (AFY) Date 

Harbor Irrigation 300 2014 

Port of LA Irrigation/Commercial/Industrial 220 2015 

Harbor Commercial/Industrial 9,000 2014-2015 

Total Harbor Area Near-Term Demands 9,520 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near
Term Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Meeting demands in the Harbor Area will require construction of additional infrastructure. Approximately 12 miles of 8 to 30-
inch diameter pipeline and a 1 million gallon storage tank are proposed. All infrastructure to serve the Port of LA Harry Bridges 
Development will be constructed by the Los Angeles Harbor Department. 

Through an agreement with WBMWD, LADWP intends on acquiring nitrified Title 22 water from the WBMWD Juanita 
Millender-McDonald Water Treatment Plant (JMMWTP) to supply recycled water to these customers. 

Metro Area 

Nine water recycling projects and connection of three miscellaneous customers are planned in the Metro Area with annual 
demands of approximately 1,813 AFY. Almost all recycled water customers propose to use recycled water for irrigation. 
Commercial uses of recycled water include street sweeping, vehicle washing, train washing, and laundry. LAG will continue to 
meet all recycled water demands in the Metro area. Exhibit 4N summarizes Near-Term demands for the Metro area. 

Exhibit 4N 
/ ... - Metro Area Near-Term Estimated Demands 

."'~ 
Estimated Annual Estimated 

Demand Service 

Type :.' (AFY) Date 

, \ 1 ... 
Irrigation 1,713 2010-2015 

Commercial/I nd ustrial 100 2011-2013 

Total Metro Area Near-Term Demands 1,813 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 

Multiple facilities are required in the Metro area to meet near-term demands. Approximately five pump stations ranging in size 

from 600 to 1,800 gallons per minute are planned for construction. Three water tanks with a combined capacity 4.75 million 
gallons, including the conversion of an abandoned potable water tank in Griffith Park into non-potable water storage tank, are 
necessary to meet demands. Pipeline construction will consist of 10 additional miles of pipeline ranging from 8 to 30-inch 
diameters, including conversion of an existing 16-inch pipeline to a 30-inch pipeline beneath Forest Lawn Road. 
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Valley Area 

In the Valley area OCT will provide the potential Near-Term annual demands approximating 769 AFY. Almost all Near-Term 
use, except for 75 AFY, will be for irrigation purposes. These users are all located within close proximity to the existing 
recycled water system. Exhibit 40 summarizes the potential Near-Term demands for the Valley area. 

Exhibit 40 
Valley Area Near-Term Estimated Demands 

Estimated Annual Estimated 
Demand Service 

Type (AFY) Date 

Irrigation / 769 2010-2013 

Commercial/Industrial 75 2010-2013 

Total Metro Area Near-Term Demands 844 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling staff 

Only minor facilities will be required to connect near-term users to the existing system. Over 2 miles of pipeline ranging from 
16 to 20-inch in diameter are proposed. Additionally, 1 storage tank between 1 to 1.5 million gallons and a pump station of an 
undetermined volume will be required to meet demands. 

Westside Area 

LAOWP will continue to acquire recycled water from WBMWO to serve Near-Term demands of approximately 350 AFY in the 
Westside area. Near-Term demands include increasing use at Playa Vista and LAX and adding five new customers. 

Approximately two-thirds of the water will be for irrigation purposes and one-third for commercial/industrial uses in cooling 
towers located at LAX. Exhibit 4P summarizes Near-Term demands for the Westside Area. 

! 

Exhibit 4P 
.. /" '. Westside Area Near-Term Estimated Demands 

1//::/' "-. Estimated Annual Estimated 
Demand Service 

" Project (AFY) Date 

) Irrigation 

Playa Vista Phase 2 
\ 

I 100 2015 

Westchester High School 10 2012 

Subtotal Irrigation 100 

'</ Commercial/Industrial 

LAX Cooling Towers 240 2015 

Subtotal Commercial/Industrial 240 

Total Metro Area Near-Term Demands 350 

Source: City of Los Angeles Recycled Water Master Plan Technical Memorandum, Draft Existing and Near-Term 
Recycled Water Systems TM, December 14, 2009 and LADWP Water Recycling Staff 
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Serving Near-Term demands will require limited expansion of the existing recycled water system in the area as additional 
users will connect to the existing system. Connection of the cooling towers at LAX will require construction of an additional 0.7 
miles of 12-inch diameter pipeline. 

4.4.2 Non-Potable Reuse (NPR) Projects to be completed between 2015 - 2029 
NPR projects to be completed between 2015 - 2029 are being identified through the development of the RWMP. These 
projects will make up the balance of recycled water demand up to 15,650 AFY to achieve the overall city goal of 50,000 AFY 
of recycled water displacing potable water uses. 

As presented in Exhibit 4Q, the project options will have a total demand of approximately 23,100 AFY, inclusive of demands 
greater than 5 AFY, which is larger than the goal of up to 15,650 AFY and larger than the initial targeted customer demand of 
14,390 AFY. Ultimately, an implementation plan will be developed for the recommended project options with a goal of 
beginning operations for all projects included in the implementation plan by FY 2029. 

Proj ect Selection 

Exhibit4Q 
Project Option Demands by Service Area ... 

Total Demand1 

Service Area (AFY) 

Harbor 3,300 

Metro 6,100 "-
Valley ~~ 10,100 

Westside 3,600 

Total 23,100 

1. Includes customers with non-potable demand estimates 
greater than 5 AFY. 

) .. , 

Source: City of Los Angeles Recycled Water Master Plan 
Technical Memorandum, Draft Tier 2 Non-Potable Reuse Project 
Options, February 26, 2010 

An initial step for evaluating these projects involves identification of potential potable customers that can utilize recycled water. 
These customers need to have sufficient demand and a viable use for recycled water. A preliminary list of potential of 
customers and associated demands was completed, identifying targeted customer demands of 14,390 AFY. Irrigation-only 
demands were focused on first as it is generally easier to convert irrigation-only customers to recycled water use than 
commercial or industrial users. As described below, during development of the project options potential additional recycled 
water customers were identified based on their non-potable water demands and distance from recycled water sources. 

Next, recycled water project options were developed to meet the goal of maximizing recycled water use, while promoting cost 
efficiency as well as implement ability and adaptability. Two primary steps were utilized to develop recycled water project 
options: 

• Identification of project segments to serve each customer with non-potable demands in excess of 50 AFY 

• Identification of project options combining project segments that are linked and have similar unit costs 
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The first step in the development of project options was to define general project areas based on customers with non-potable 
demands in excess of 50 AFY. In the project areas, transmission pipeline alignments (backbone alignments) and laterals were 
defined to connect customers with demands greater than 50 AFY to existing recycled water infrastructure. Alignments were 
then redefined to connect demand clusters of less than 50 AFY, but large enough for consideration as a large demand. 
Finally, distribution pipeline (laterals) alignments were determined to connect customers with demands less than 50 AFY to 
backbone alignments. 

Initial projects options and unit costs are being identified in the current phase of the RWMP. Refinement of these options will 
occur prior to development of the integrated alternatives for near-term recycled water use. Options for non-potable reuse 
transmission (purple) pipelines are considered in conjunction with options developed for groundwater replenishment (see 
section 4.4.3), maximizing reuse, and satellite plants to develop integrated alternatives. Additional information on recycled 
water unit cost is presented in section 4.4.5 - RWMP Cost and Funding. 

Recycled Water Supply Sources 

Recycled water availability varies by service area. Additional supplies may be required to meet longer term demands between 
2015 - 2029 that may require a combination of expanding existing facilities, service connections to neighboring agencies 
outside the City, new facilities, and satellite treatment facilities. Satellite treatment facilities are being investigated in the Metro, 
Valley, and Westside service areas. The RWMP is investigating options to ensure adequate supplies are available for each 
service area. As part of the RWMP, LADWP met with neighboring agencies in 2009 to explore potential opportunities for 
regional development of recycled water reuse facilities. These agencies are listed in Exhibit 4T, in section 4.4.6, Stakeholder 
Process and Agency Coordination. 

4.4.3 Groundwater Replenishment 
As part of the RWMP, LADWP is pursuing a Groundwater Replenishment Project (GWR), also known as indirect potable 
reuse, using highly purified advanced treated recycled water from DCT for spreading in existing spreading basins in the San 
Fernando Valley area. A minimum goal of 15,000 AFY by 2021 has been set for recharging the San Fernando Basin, a major 
potable water supply for LADWP. The city anticipates having the ability to eventually deliver greater amounts of up to 30,000 
AFY to the GWR. The RWMP includes a groundwater recharge plan providing a capital improvement program and outlines 
regulatory approval steps required to complete the "Phase 1". Additionally, the RWMP outlines various operational and 
infrastructure improvements required to meet the goal. When complete the RWMP will contain a recommended GWR 
alternative. Regulatory requirements for groundwater recharge are discussed in sub-section 4.1.2, Groundwater Recharge 
Regulatory Requirements. 

Currently, LADWP uses multiple spreading grounds located in the eastern portion of the San Fernando Basin to recharge the 
underlying San Fernando Basin with stormwater and imported water. A detailed discussion of the San Fernando Basin and 
existing recharge operations is provided in Chapter 6, Local Groundwater. This project would recharge a minimum of 15,000 
AFY of advanced treated water in the existing Hansen Spreading Grounds and possibly Pacoima Spreading Basins by 
allowing the water to percolate into the aquifer. It is expected that native stormwater recharge would continue to occur at the 
spreading grounds in conjunction with the project. 

Infrastructure improvements are required to implement the groundwater replenishment program including an advanced water 
treatment facility and pipelines to convey the product water to the spreading basins. 
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An advanced water treatment facility is necessary to further treat tertiary effluent from DCT to produce highly purified recycled 
water for recharge. Goals for the advanced water treatment plant include as described in the RWMP are: 

• Minimum capacity of 15,000 AFY; with the potential to expand to 30,000 AFY 

• Initially in service by 2021; 

• Utilization of proven technologies that have demonstrated effective removal of regulated chemicals, constituents of 
emerging concern, and microorganisms; additional removal of constituents of wastewater origin of interest to CDPH, 
including pharmaceuticals, personal care products, and endocrine disrupting compounds; and 

• Product water shall comply with requirements from the CDPH, RWQCB, and SWRCB and be suitable for indirect 
potable reuse. 

To develop and implement the project within the short-time frame, the advanced wastewater treatment plant will be based on 
the recently permitted Orange County Water District Groundwater Replenishment System Project. This system provides 
product water for indirect potable reuse by recharging a groundwater basin used for potable water and preventing seawater 
intrusion. Proposed technologies include microfiltration or ultrafiltration, reverse osmosis, advanced oxidation using ultraviolet 
light with hydrogen peroxide, and post-treatment for product water stabilization. 

As a by-product of advanced water treatment brine is created. Multiple brine disposal alternatives are presented in the RWMP 
and a final alternative will be selected upon completion of the plan. 

Pipelines to convey water to the Hansen spreading grounds are already in place and were constructed as a part of the 
previous recycled water initiatives for the East Valley Water Recycling Project. However, if the Tujunga spreading basin will 
also receive water for spreading then additional pipeline infrastructure will be required. 

LADWP is working closely with BOS and regulatory agencies to expedite completion of the project by 2021. Current ongoing 
tasks include completion of the RWMP, public outreach, pilot testing of processes, and formation of an independent advisory 

panel. Environmental documentation is expected to be initiated in 2011 and completed in 2013. 

Independent Advisory Panel 

GWR projects typically have the involvement of an independent third party with scientific and technical expertise to provide 
expert peer review of key aspects of the project, which can ensure the technical viability of the GWR and facilitate the 
regulatory process. To accomplish this, LADWP awarded a contract with National Water Research Institute (NWRI) to form an 
Independent Advisory Panel (lAP) to provide expert peer review of the technical, scientific, regulatory, and policy aspects of 
the proposed groundwater replenishment project, pilot project testing, and other potential groundwater replenishment projects 
to maximize reuse as part of the LADWP Recycled Master Planning Documents. The lAP process will provide a consistent, 
thorough, and transparent review of any proposed GWR projects and pilot testing during their critical formation phase, as well 

as during the long- term implementation phase. 

NWRI has vast experience in the organization and administration of the lAP processes for other agencies such as the Orange 
County Water District Groundwater Replenishment System Project. NWRI will assist the lAP process by assembling the lAP 
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members, developing a detailed scope and approach for the lAP's review, coordinating and facilitating meetings, and 
preparing lAP reports. 

Some of the immediate activities that have been identified for the lAP to address during the initial participation include, but are 
not limited to review of the following: 

• General approach for Recycled Water Master Planning 

• Hydrogeology (in-basin groundwater blending) 

• Treatment (barriers to replace the fifty-percent blend criteria) 

• Reliability features of the Advanced Water Treatment Facility 

• Source Control Evaluation for groundwater replenishment 

• Draft Engineering Report for groundwater replenishment 

• Response to technical concerns raised by regulators and the public 

The "Independent Advisory Panel for the City of Los Angeles Groundwater Replenishment Project" consists of 13 members 
with scientific and/or professional expertise in issues related to the implementation of groundwater replenishment projects. 
Members with different areas of expertise are based on the requirements of the California Department of Public Health Draft 
Groundwater Recharge Reuse Regulations dated August 2008, as well as the composition of panels used by the Orange 
County District and the City of San Diego for the implementation of similar groundwater replenishment projects. 

NWRI convened the Independent Advisory Panel for the first time in October 2010 to receive introductory information about 
the recycled water program and groundwater replenishment project. The Panel is expected to be involved throughout the 
planning, permitting, design, environmental documentation, and implementation of the groundwater replenishment project. 

4.4.4 Efforts Beyond 50,000 AFY 
As part of the RWMP, LADWP is developing long-term alternatives to maximize recycled water use beyond 50,000 AFY. After 
2029 and through 2035 LADWP expects to increase recycled water use by approximately 1,500 AFY anually. To maximize 
recycled water use LADWP is investigating the following options in its RWMP: 

• Recycled water satellite treatment facilities; 

• Expansion of recycled water systems; 

• Increasing treatment levels at HTP to tertiary and advanced treatment;; 

• Reviewing opportunities for partnerships with agencies within the City and outside the City 

• Treatment plant upgrades at DCT and LAG; and 

• Methods to increase reliability of the system. 
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Additionally, the RWMP will identify how the city can maximize recycled water usage unto the future beyond the 50,000 AFY 
goal. The long-term recycled water alternatives analysis as part of the RWMP has not been completed. However, LADWP 
forecasts that in 2035 municipal and industrial recycled water demands along with groundwater replenishment will be 
approximately 59,000 AFY. In addition to this, 26,990 AFY will also be used for environmental beneficial reuse. 

4.4.5 RWMP Cost and Funding 
The capital cost of expanding the recycled water system to achieve the initial goal of 50,000 AFY to displace the need of 
potable water was initially estimated to cost approximately $1 billion. Exhibit 4R summarizes the initial estimated capital costs 
for the RWMP. However, these estimates are being refined as part of the RWMP that are expected to be updated by early 
2011. 

Exhibit4R 
sima e apl a os RWMP Eft d C 't lets 

Capital Cost 1 

Phase ($ million 2008) 

Near-Term projects through 2015 $ 265 

Long-Term projects through 2029 $ 
/ 

435 

Groundwater Recharge Project $ '" 300 

Total RWMP Capital Cost $ "- 1,000 

1. Capital costs will be updated and refined as part of the RWMP. 

Unit Cost 

Non-Potable Reuse (NPR) and Groundwater Replenishment (GWR) projects are diverse, and result in a wide range of costs 
to implement and sustain. NPR projects present numerous challenges including distance from treatment plant and the 
associated transmission pipeline construction costs. This factor is weighed against customer size as well as the adaptability to 
a particular commercial site or process. For GWR projects, nearby spreading grounds must be acquired, along with the 
construction of a conveyance pipeline. I nitial findings of the RWMP have determined the approximate range of unit cost for 
recycling to be from $600 - $1,500/ AF. This approximation includes capital, operation and maintenance costs. 

Funding 
Capital costs for RWMP projects will be covered by the sources identified below, as well as other sources as they become 
available. 

• Water Rates - LADWP water rates are the primary funding source for the recycled water program. 

• Federal Funding - LADWP will pursue federal funding as it becomes available. In the past LADWP has received 
funding for recycled water projects from the Federal Water Project Authorization and Adjustment Act of 1992, Public 
Law 102-575 (HR429), and the United States Bureau of Reclamation Title XVI Program. 

• State Funding - LADWP will pursue state funding as it becomes available, through the SWRCB and DWR for 
recycled water projects. Propositions 13 and 50 had funds specifically marked for recycled water projects. Funding is 
available through Proposition 84, Integrated Regional Water Management, for implementation projects, including 
recycled water projects. Low-interest loans are available through the SWRCB for eligible projects. 
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• MWD Local Resources Program Incentive - The Local Resources Program provides funding for water recycling and 
groundwater recovery projects that prevent a new demand on MWD or displace an existing demand on MWD. 
Financial incentives up to $250 per acre-foot are available dependent upon MWD water rates and projects costs. 
Funding is not received until production occurs and terminates upon the expiration of the funding agreement for the 
project. 

4.4.6 Stakeholder Process and Agency Coordination 
Stakeholder outreach and coordination with agencies plays a key role in LADWP's recycled water program and the RWMP. 

Stakeholder Process 

To encourage input as recycled water strategies are developed over the next few years in conjunction with the RWMP, 
LADWP has initiated an extensive stakeholder process. LADWP has developed two formats for participation of stakeholders, 
a more intensive Recycled Water Advisory Group (RWAG) and a less intensive Recycled Water Forum. 

Over 200 stakeholders were invited to participate in the RWAG representing broad interests across the City, including 
community groups, environmental groups, neighborhood councils, homeowners' associations, and others. Approximately 60 
stakeholders are participating in the process. The RWAG first met in 2009 and will continue to have approximately 5 
workshops per year over the next 3 to 4 years. Through the RWAG, stakeholders are provided the opportunity to represent 
their respective organizations and share input with LADWP and BOS and convey they knowledge gained to their 
organizations. Two main roles of the RWAG are: 

1) Allow stakeholders to provide input on recycled water options from technical, environmental, financial, and social 
viewpoints 

2) Consider key project issues and discuss implementation challenges and acceptability. 

Less intensive stakeholder participation opportunities are available through the Recycled Water Forums. The Recycled Water 
Forums will provide stakeholders the opportunity to hear briefings on recycled water efforts through several weekend or 
evening meeting throughout the year held within local communities. Stakeholders will have the opportunity ask questions and 
provide comments and suggestions. 

Agency Coordination 

To maximize recycled water use and move forward with RWMP efforts, LADWP closely coordinated with agencies at the local 
and state levels. Coordination is necessary to ensure adequate funding, identification of end-users, adequate availability of 
supplies, permitting and regulatory approvals, and regional cooperation. If federal funding opportunities become available, 
LADWP will also coordinate with the applicable federal agencies. Exhibit 4S provides a summary list of agencies LADWP is 
currently coordinating with to maximize recycled water use. LADWP also coordinates recycled water end use with potential 
customers by assisting with facility retrofits, providing financial incentives, and public education. 
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Recycled Water Agency Coordination 

Burbank Water and Power1 Los Angeles County Department of Public Works 1 

Central Basin Municipal Water District1 Metropolitan Water District of Southern California 1 

Glendale Water and Power1 Pasadena Water and Power1 

Los Angeles County Sanitation Districts 1 Water Replenishment District of Southern California 1 

Long Beach Water Department1 West Basin Municipal Water District1 

Las Virgenes Municipal Water District1 Los Angeles Regional Water Quality Control Board 

State Water Resources Control Board Los Angeles County Department of Public Health 

City of Los Angeles Department of Public Works, Bureau City of Los Angeles Department of Public Works, Bureau 
of Sanitation, Watershed Protection Division of Sanitation 

California Department of Public Health "\" ~ ...... 
., 

1. Met with agencies individually to discuss potential regional recycled water use . ~, . 4.4.7 Recycled Water QualIty 
All recycled water provided by LADWP meets at minimum Title 22 standards. Title 22, Chapter 4, of the California Code of 
Regulations establishes water quality standards and treatment reliability criteria for water recycling to ensure public safety as 
discussed in Section 4.1. Title 22 standards are achieved with tertiary treatment and disinfection. 

Advanced wastewater treatment is currently provided at the TIWRP by the AWTP. Advanced treatment, which includes 
microfiltration and reverse osmosis, removes many of the impurities remaining after tertiary treatment and disinfection. Water 
treated with advanced treatment techniques has the potential to be used for seawater barriers and groundwater recharge. As 
part of the RWMP, advanced treatment is proposed for DCT to provide indirect potable reuse through groundwater recharge. 
Exhibit 4C, located in Section 4.2, summarizes the level of treatment provided by each of the City's wastewater treatment 
plants. 
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5.0 Overview 
Water has been an integral part of the City's history. The City's population and economy was initially supported through a 
combination of local surface flows primarily from the Los Angeles River, and groundwater pumping primarily from the San 

Fernando Basin. When it became apparent that much of the local groundwater supply and local surface flows were fully 
utilized, the citizens of Los Angeles under the leadership of William Mulholland, then Chief Engineer of the Los Angeles Water 
Bureau, approved by a 10 to 1 margin a $23 million bond measure to construct the First Los Angeles Aqueduct in 1913. This 
investment was equal to 12 percent of the entire City's assessed valuation at that time. Then in 1940, an additional $40 
million was spent to extend the first aqueduct 40 miles north from the Owens River to streams that were tributaries to Mono 
Lake, see Exhibit 5A. 

Finally, to meet the additional water needs of its population, the City 
decided to construct the second barrel of the Los Angeles Aqueduct 
in 1963, later to become known as the Second Los Angeles Aqueduct. 
Construction of the Second Los Angeles Aqueduct was completed in 

1970. The second aqueduct increased the City's capacity to deliver 
water from the Mono Basin and the Owens Valley to Los Angeles from 
485 cubic feet per second (cfs) to 775 cfs. 

The value of the City's historical investment in the Los Angeles 

Aqueduct System is substantial. For nearly a century, the City has 
benefited from the delivery of high-quality, cost-effective water 
supplies from the eastern Sierra Nevada. 

Over time, environmental considerations have required that the City 
reallocate approximately one-half of the Los Angeles Aqueduct (LAA) 
water supply to environmental enhancement projects. As a result, the 
City has used approximately 205,800 AF of water supplies for 
environmental enhancement in the Owens Valley and Mono Basin 
regions in 2010, which is in addition to the almost 107,300 acre-ft per 
year (AFY) supplied for agricultural, stockwater, and Native American 
Reservations. Limiting water deliveries to the City from the LAA has 
directly led to increased dependence on imported water supply from 
the Metropolitan Water District of Southern California (MWD). LADWP 
purchase of supplemental water from MWD in 2008-09 is at an all time 
high. 

As indicated in Exhibit 5B, LAA deliveries comprise 39 percent of the 
total runoff in the Eastern Sierra in an average year. The vast majority 
of water collected in the Eastern Sierra stays in the Mono Basin, 
Owens River, and Owens Valley for ecosystem and other uses. 

Exhibit SA 
Los Angeles Aqueduct System 
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Exhibit 5B 
Mono Basin and Owens Valley Water Use Allocations 
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• Losses due to Evaporation & Infiltration 
(14%,91,800 AF) 

• Irrigation, Stockwater, & Native American 
Reservations (16%, 107,300 AF) 

• Environmental Enhancements (31%, 
205,800 AF) 

D Export to Los Angeles (39%, 254,000 AF) 

o~--------------------, 

5.1 Historical Deliveries 

'th certai y, and thus, deliveries from the LAA system are subject to significant 

The impact to LM water supplies tlue to varying hydrology in the Mono Basin and Owens Valley is amplified by the 
requirements to release water for envirolilmental restoration efforts in the eastern Sierra Nevada. Since 1989, when City water 
exports were significantly reGJuced to estore the Mono Basin's ecosystem, LAA deliveries from the Mono Basin and Owens 
Valley have ranged from 188,503 AF in 2008-09 to 466,584 AF in 1995-96. Average LAA deliveries since 1989-90 have been 

approximately 264,799 AF, aool1t 42 percent of the City's total water needs. 

The cyclical nature of hydrology is exhibited best by Los Angeles Aqueduct (LAA) deliveries over the last ten years. This 

general period was characterized by a series of wet years, followed by a series of dry years. From 2000-01 through 2009-10, 
LAA deliveries supplied an average of 36 percent of the City's water needs. The reliability impact of hydrologic cycles on LAA 
supplies is evident through historical deliveries. A broader look at how deliveries from the LAA have fluctuated from year to 
year is shown in Exhibit 5C. 
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Exhibit 5C 
Historical Los Angeles Aqueduct Deliveries 
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Fiscal Year 

A long term perspective of the general cycle of wet and dry years for the Owens Valley is evident in Exhibit 5D, particularly 
since the late 1960s. As illustrated, reliance solely on one water supply source is not practical. Therefore, the City relies on the 
LAA in combination with the Colorado River Aqueduct and the State Water Project as the City's primary imported water 
sources. These imported sources combined with local groundwater, recycled water, and conservation make up the City's total 
water supply portfolio. This portfolio of water resources is fundamental to LADWP's ability to deliver a reliable water supply to 
meet the needs of over 4 million residents of Los Angeles. 
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Exhibit 50 
Eastern Sierra Nevada Runoff Owens Valley - Percent of Normal 
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- = Above Average 
29 years 41% 

LADWP regulates system output throug storage oontrol at seven reservoirs, beginning with Grant Lake Reservoir to the north 
and ending with Bouquet Reservoir tGl the south. The total combined reservoir storage capacity of the system is 300,560 AF. 
Hydroelectric power. is a~ generatea rom 12 power plants along the LAA. Combined maximum capability of the power 
generation facilities is 205 mega-w~s. Water-gathering activities for the LAA have a junior priority to meeting the Owens 
Valley and Mono Basin water obligations for environmental, domestic, agricultural, and recreational water needs. 

The LAA is fed by runoff from the eastern slope of the Sierra Nevada. Runoff from the eastern slope reaches its maximum in 
the late spring and summer, after most of the year's precipitation has already occurred. The snowpack in the eastern Sierra 

Nevada provides natural storage for the LAA system. This snowpack storage is necessary in light of the minimal primarily 
regulatory storage capacity along the LAA system. 
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The City's export of water from the eastern Sierra Nevada is based on 166 Pre-1914 and 16 Post-1914 water right diversion 
licenses on various streams in the Mono Basin and Owens Valley. The majority of the City's water rights were filed prior to 
1914 with the Counties of Mono and Inyo Recorder's Office. All Post-1914 licenses were granted by the State Water 

Resources Control Board. The most significant basis for export of surface water from the Eastern Sierra Nevada is an 
appropriation claim in 1905 to divert up to 50,000 miner's inches (1,250 cubic feet per second) from the Owens River at a 

location approximately 15 miles north of the town of Independence into the LAA for transport to Los Angeles. The City has 
since filed Supplemental Statements of Water Diversion and Use forms with the State Wate Resources Control Board 
(SWRCB) for all LADWP diversions and licenses. 

The City's water right licenses in the Mono Basin were amended by the SW 

Right Decision 1631. Currently, water export from the Mono Basin is limited to~,GOO AF per year based on a court order to 
raise the target elevation of Mono Lake and restore four streams that flow to Mono Lake. 

The primary groundwater right through which Los Angeles h@s aevelo~ed grou l7lawater resources in the Gwens Valley is 
based on ownership of a majority of the land (approximately 314,000 aeres) and associated water rights ifthe Owens Valley. 
Management of the groundwater supply in the Owens Valley is according to a 1991 agreement between Inyo County and 
LADWP. The goal of this agreement is to avoid defined decreases and changes i'lvegetation, and to cause no significant 
effect on the environment which cannot be accepta~y, mitigated, while providing a r8fiable supply of water for export to Los 
Angeles and for use in Inyo County. 

5.3 Environmental Issues and Mitig 

project diversion are in addition to ater that pro i es environmental benefits in the Mono Basin and Owens Lake. 
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Exhibit 5E 
Mono Basin and Owens River Environmental Enhancement Commitments 

• Lower Owens River Project • Recreation and Wildlife Projects 

• Mono Basin Releases • Owens Lake Dust Mitigation 

Enhancement and Mitigation 

10,400 

74,000 

95,000 

10,700 

205,800 

Currently, Mono Basin exports will remain at no more than 16,000 AF per year until Mono Lake reaches its target elevation of 
6,391 feet atl0ve mean sea level. Exhibit 5F provides the maximum export levels from the Mono Basin under specified 
conditions as defi'f1ed if! the State Water Resources Control Board Decision 01631 that was issued on September 28, 1994. 
Since the long-term average of Mon0 Basin exports before 1994 was approximately 90,000 AFY, the net reduction in water 
exports in the Mono BaslFi is stimated at 74,000 AFY of water mainly from Grant Lake Reservoir, Lee Vining Creek, Walker 
Creek, Parker Creek, and Rosh ereek. As of January 2010, Mono Lake is at elevation 6,381 feet. Extensive restoration and 
monitoring programs in the Mono Basin have improved the streams, riparian, fishery, and waterfowl habitats. With reduced 
diversions from the basin, Mono Lake's elevation has risen, but has also been fluctuating due to lack of runoff as illustrated 
during the period of 2000 to 2005 on Exhibit 5F. 
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Exhibit SF 
Historical Mono Lake Elevations 

Mono Lake Elevation 
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4/1/2005 4/1/2010 

summarizes the base and peak flow require~nts for ~Qwer Rush Creek, Base and peak flow requirements vary in relation to 
seven hydrologic conditions ranging from dry to extreme wet as identified by forecasted runoff for Mono Basin, Mono Gate 
One was originally constructed to release eXGess water from the aqueduct system during high flows by diverting water into 
Lower Rush Creek with a system of diversion boards, However, it had no monitoring or flow control capabilities and was not 
designed for precise flow metering or full-time diversion, Construction completed in the fall of 2009, the new Mono Gate has 

enabled LADWP to greatly improve measuring and flow capabilities, satisfying one of the operational requirements of the 
SWRCB, 
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Exhibit 5G 
Lower Rush Creek Base and Peak Flow Requirements 

Base Flow (cfs) 
Hydrologic Condition Apr May - Jul Aug - Sep Apr - Sep Oct- Mar May - Aug Sep - Mar Peak Flows (ets) 

Dry (runoff,; 83,665 AF) N/A N/A N/A 31 36 N/A N/A None 
Dry-Normal I (runoff 83,655 - 91,590 AF) N/A N/A N/A 47 44 N/A N/A 200 for 7 days 
Dry-Normal II (runoff 91 ,590 - 100,750 AF) N/A N/A N/A 47 44 N/A N/A 250 for 5 days 
Normal (runoff 100,750 - 130,670 AF) N/A N/A N/A 47 44 N/A N/A 380 for 5 days follows 300 for 7 days 
Wet-Normal (130,760 - 166,700 AF) N/A N/A N/A 47 44 N/A N/A 400 fOl",5 days followed by 350 for 10 days 
Wet(166,700-195,400AF) N/A N/A N/A 68 52 N/A N/,;. ... 450for5~aysfollowedby400for10days 

Extreme Wet (runoff> 195,400 AF) N/A N/A N/A 68 52 N/A !\ItA o(" 500 for 5 days followed 400 for 10 days 

Source Mono Basin Operations GUidelines A-G ""-~ "-

Lower Owens River Project ~ '~I~~~~ 
Beginning December 2006, the Lower Owens River Project, depicte~n Exfiibit §H, releases water fmm the LAA to create a 
warm water fishery along a 62-mile section of the Owens River, Water is released near the LAA intake facility and a pump 

b~ck station is located downstream to, return flows to the LAA OF 0 Owe~ Dry L~e for dust control, measures, In accordance 
with the Memorandum of Understanding between LADWP and Inyo (S unty~ the a roved EnVIron me tal Impact Report, 
annual monitoring reports are to be prepared to measure project success, Tile first Lower Owens River Project Annual 
Monitoring Report was prepared in 2008, 

The MOU prescribes requirements for project flows, oth base flows and seasonal{abitat peak flows are required by the 
project A flow schedule is provided in Exhibit 51, Seasonal nabitat peak flows vary etween 40 cfs (zero additional flows 
beyond the base flow requirements) to 200 cfs, For below average unoff years, seasonal habitat flows may be incrementally 
lowered from the average runoff year reqtJi[ements of 200 cfs to 40 cfs (base flow) rn proportion to the forecasted runoff flows 
in the watershed, Base flows are eonstant at 40 cfs regardless of forecasted runoff flows, It is estimated that the long-term use 
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Exhibit 5H 
Lower Owens River Project Area 
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1. R~ forecast determined by LADWP's Runoff Forecast Model for Owens 
River Basin based on April 1st snow survey. 

2. Peak season habitat flows are proportionately ramped up from 40 cfs to 200 
cfs based on the percent of average runoff forecasted greater than 50 percent 
and less than 100 percent. 
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5.4 Owens Lake Dust Mitigation 
Historically, the Owens River was the main source of water for Owens Lake. Diversion of water from the river, first by farmers 
in the Owens Valley and then by the City, resulted in the lake being reduced to a small brine pool. The exposed lakebed 
became a major source of windblown dust resulting in the United States Environmental Protection Agency (EPA) classifying 
the southern Owens Valley as a serious non-attainment area for particulates (dust) also known as PM1Q emissions in 1991. 

As a result of PM1Q emissions exceeding regulations, the EPA required California to prep'are a State Implementation Plan 
(SIP) to bring the region into compliance with Federal air quality standards by 2006. In duly 1998, LADWP entered into a 
Memorandum of Agreement with the EPA that: 1) delineated the dust producing areas on the lakebed that needed to be 
controlled; 2) specified what measures must be used to control the dust; and 3) eJutlinea a timetable for implementation of the 
control measures. The Memorandum of Agreement was incorporated into ~ormal air quality cOl:ltrol SIP by the Great Basin 
Unified Air Pollution Control District (District). The plan was approved by the ~ in 0ctober 19(99. 

LADWP's water use for Owens Lake Dust Mitigation has been . aQually increased over the years. Exhibit 5J summarizes 
yearly water use for the Owens Lake Dust Control Project. The 2005 UWMP estimated that up 55,000 AP¥ 0 water would be 
all that was required for the Project. Currently, up to 95,000 AF per year of wa~ is expeoted to be diverte from the Aqueduct 
for dust mitigation at the Owens Lake. 

Since 2001, LAI)W ~s diverted water from the LAA for the Owens Lake Dust Control Project. A combination of shallow 
flooding, managed vegetation, and a small amount of gravel are used at various lakebed locations as Best Available Control 
Measures (BACM) for dus control itigation on almost 40 square miles. Exhibit 5K provides a description of the best 
accepted control methods. LADWF,l has completed 9.2 square miles of shallow flooding, 0.5 square miles of modified shallow 
flooding, and 0.4 square miles of sand fence as part of the Phase 7 project in accordance with the 2008 SIP. However, 
LADWP had proposed 3.1 square miles of a new waterless dust control measure called Moat and Row which was disallowed 
by the California State Lands Commission in April 2010. LADWP is working with the District to develop an alternative solution 

for the areas originally proposed for Moat and Row. LADWP has been ordered to complete an additional 2 square miles of 
dust control known as the Phase 8 project. LADWP is seeking a lease from the California State Lands Commission to 
construct Gravel BACM for Phase 8 as it does not require water for operation. 
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Dust Control Mitigation Measu res 
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As part of an Interim Management Plan, LADWP and Inyo County have agreed to conduct a joint study to explore the 
feasibility of extracting and utilizing groundwater beneath Owens Lake to supplement the water supply necessary for dust 

mitigation activities. This feasibility study is scheduled for completion by November 2011. If groundwater pumping is 
considered feasible and acceptable, LADWP will first need to obtain required approval from Great Basin Unified Air Pollution 
Control District, California State Lands Commission, California Department of Fish and Game, and Inyo County. 
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5.5 Water Quality 
As land owners of much of the Mono Basin and Owens River watersheds, LADWP has placed strict limits on the extent of 
development impacting the City-owned watersheds. Snowmelt from the eastern Sierra Nevada contains low total organic 
carbon (TOC), bromide concentrations, and other constituents that can form disinfectant byproducts during the water 
treatment process. LADWP conducts routine monitoring of all of its water supplies for over 170 constituents and contaminants. 
Ninety-eight of the constituents and contaminants have enforceable standards. 

The LAA supply is the main source of arsenic in LADWP's water supply. Arsenic is colleGted as the Owens River makes its 
way down through volcanic formations in the vicinity of Hot Creek in Long Valley. Geother~1 springs in these areas have 
arsenic concentrations of around 200 parts per billion (ppb). Concentrations are dramatically reduced as water in the area 
mixes with snow melt and other pristine water sources. Historic untreated LAA water arsenic concentrations have ranged from 
10 to 74 ppb. During the latest 3-year routine compliance monitoring cyclei ro 20071 to 2009, the highest arsenic 
concentration after treatment was 8.1 ppb, while the average arsenic eor-1Centration within LADWP's water, distribution system 
was 3.3 ppb, well below the current Federal and State drinking water standard of 50 ppb. In light of pote tia, more stringent 

treatment. 

LADWP completed an evaluation and preliminary design report for enhanced cGagulation at the Los Angeles Aqueduct 
Filtration Plant in December 2006 as a means of addressing ftJt~water quality reg latiGns faced by LADWP, including 
arsenic. An enhanced coagulation facility using the process a outlined in the report is pia fled as part of the treatment 
process at the Los Angeles Aqueduct Filtration Plant by 2(i)2j . 

To comply with the Stage 2 Disinfectants and Disinfection Byprooocts Rule, anGl her water quality improvement effort being 

Near-term water deli~ries are forecasted for the LAA using two models, the Runoff Forecast Model and the Los Angeles 
Aqueduct Simulati0 M0del (LAASM). These two models used jointly and accurately predict the amount of water available 
from this the LAA. 

The Runoff Forecast Model is used to predict total Owens Valley and Mono Basin stream runoff. The model's estimating 
equations were developed u$ing historic rainfall and snowfall, as well as streamflow data of each year. Model input consists of 
6 months of antecedent rainfall and streamflow data, as well as the final snowpack levels on April 1st . The model's output is 
the forecasted runoff for the Owens Valley and Mono Basin during the twelve month period following April 1st, assuming that 
median rainfall occurs during those twelve months. 

Runoff flows from the Owens Valley to the City of Los Angeles are modeled by the LAASM. LAASM uses the output of the 
Forecast Model as input, along with estimates of various uses within the Owens Valley. LAASM uses historically derived 
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estimating equations to forecast various losses, including evaporation and infiltration, as well as other inflows such as 
unmetered springs. The final output from LAASM is the volume of LAA water projected to be delivered to the City of Los 
Angeles. 

Taking the foreseeable factors discussed earlier in this chapter into consideration, the average annual long-term LAA delivery 
over the next 25 years is expected to be approximately 254,000 AFY and gradually decline to 244,000 AFY due to climate 

change impact. Deliveries for a series of dry years, using 1988/89 through 1992/93 hydrology, are expected to range from 
approximately 48,520 AFY to 105,770 AFY. A single dry year minimum of 48,520 AFY is expected with a repeat of the 
1990/91 hydrology. Detailed LAA projected deliveries by year are provided in Chapter 11, Water Service Reliability 
Assessment. 

5.7 LAA Delivery Cost 
The costs associated with LAA water supply are primarily operation and maintenance costs. Therefore, the unit cost of 
exporting water from LAA to the City varies mainly with the quantity of water delivered and is highly dependent on hydrological 
conditions. During dry years, the amount of water delivered to the City decreases, which results in an increase to the unit cost. 
Over the years, eastern Sierra Nevada environmental enhancement projects also contributed to the overall LAA delivery cost, 
with increasing expenditures when the Owens Lake Dust Mitigation and Lower Owens River Project were initiated. Exhibit 5L 

summarizes the historical unit cost of treated water from LAA. The peaks occurred when LAA deliveries significantly 
decreased during fiscal years 1990-91, 2002-03, and 2008-09 with the LAA deliveries of 130,300 AF at $499/AF; 203,400 AF 
at $419/AF; and 108,500 AF at $1,003/AF respectively. 

Exhibit 5L 
Historical Cost of LAA Treated Water 

LOS ANGELES AQUEDUCT TREATED WATER 
UNIT COST OF WATER 

1200 .---~--~~----~--------------------------------------------, 

200+-----------------4-----------~----~~--------------------__4 

Fiscal Year 
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Exhibit 5M shows the unit cost of LAA treated water from 2005/06 to 2009/10. The 5-year average was $563/AF. The sharp 
increase in 2008/09 was due to LAA delivery being the lowest on records. 

Exhibit 5M 
Annual Unit Cost 
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6.0 Overview 

DRAFT Chapter Six 
Local Groundwater 

A key resource that the City has relied upon as the major component of its local supply portfolio is local groundwater. Over the 

last ten years local groundwater has provided approximately 12 percent of the tota~er supply for Los Angeles, and 
historically has provided nearly 30 percent of the City's total supply during droug ts ~en imported supplies become 
unreliable. In recent years, contamination issues have impacted LADWP's ability- to fully utilize its local groundwater 
entitlements. Additionally, reduction of natural infiltration due to expanding ur an har-dscaRe and channelization of stormwater 
runoff has resulted in declining groundwater elevations. In response to contamination issues and declining groundwater levels, 
LADWP is working clean-up of the San Fernando Groundwater Basin, and is making investments to recharge local 
groundwater basins through stormwater recharge projects, 
deteriorating facilities. 

6.1 Groundwater Rights 
The City owns water rights in the San Fernando, Sylmar, Eagle Rock, Cel:ltral, and West Coast Basins. Combined, these 
water rights total approximately 107,408 AFY. Water rights in the Upper Los ngeles River Area (ULARA), which comprises of 
the San Fernando, Sylmar, and Eagle Rock basins, total approximately 90,905 AEY: which translates into approximately 
87,000 AFY in the San Fernando Basin (SFB), 500 f:\FY in the Eagle Rock Basin, a d 3,405 AFY in the Sylmar Basin. Water 
rights in the Central and West Coast Basin are 15,000 AFY and 1,503 AFY resp'ectively. However, LADWP does not exercise 
its pumping rights in Eagle ROGk Basin and West Coast Basin at this ime. Exhibit 6A summarizes the City's annual local 
groundwater entitlements by basin. Superior Court ments for the SaR Fernando, Sylmar, Eagle Rock, Central, and West 

Sylmar 
3,255 AF 

Central 
15,000 AF 

West Coast 
1,503 AF 

respectively. 

Eagle Rock 
500 AF 

Total: 107,258 AF per year 

San Fernando 
87,000 AF 
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The ULARA Groundwater Basin Adjudication 
The City's entitlements in the San Fernando, Sylmar, and Eagle Rock Basins were established in a Judgment by the 
Superior Court of the State of California for the County of Los Angeles in Case No. 650079, The City of Los Angeles, 
Plaintiff, VS. Cities of San Fernando, et. al., Defendants, dated January 26, 1979 (San Fernando Judgment) and the 1984 
Sylmar Basin Stipulation (1984 Stipulation). _ contains the Judgment and 1984 Stipulation. The Judgment was 
based on maintaining a safe yield operation for the basin, whereby groundwater extractions over the long-term will be 

maintained in a manner that does not create an overdraft condition in the basin. The City has no entitlement in the Verdugo 
Basin but may have the right to recapture a portion of its import return waters upon aPRlication to the Watermaster and 
issuance of an order after a hearing by the Court. The Judgment and 1984 Stipulation limit groundwater extraction from all 
four groundwater basins and establish a court-appointed Watermaster and an Ad inistrative Committee made up of a 
representative from each of the five water supply agencies overlying the ULARJ,X Basins. The five public agencies are the 
City of Los Angeles, the City of Glendale, the City of San Fernando, the Git¥. of Burbank, aRd t e Crescenta Valley County 
Water District. 

The Watermaster assists the Court in 
Stipulation. Among other duties, the Watermaster monitors grounawate~ levels, recharge operations, " oycled water use, 
extractions, water imports and exports, and reports all significant watef'- elate events in the Basin to the Court and to the 

parties to the Judgments. The activities of the Watermaster are key com, onents for the effective management of the 
groundwater resources in the ULARA Basins. Key tasks of the Watermaster for the 8m include: 

• 
• 

contamination sites 

• 

• 
• To contintle to work with the Los ! ngeles Department of Public Works, Bureau of Sanitation, Watershed Protection 

Division, to enhance groundwater recharge of local basins via the Standard Urban Stormwater Mitigation Plans 
(SUSMP) procedtl es for stormwater infiltration at new development and redevelopment project sites; and 

• To work with local purveyors in an effort to increase the quantity and quality of the groundwater database for the entire 
ULARA basin. 

Historical Groundwater Production 
On average over the past five years, about 83 percent (58,575 AFY) of the City's local groundwater supply was extracted 
from ULARA groundwater basins, while the Central Basin provided 17 percent (12,512 AFY). Exhibit 6B summarizes the 
City's local groundwater production by basin over the last five years. 
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Exhibit 6B 
Local Groundwater Basin Supply 
Fiscal Year (July through June in AF) 

Groundwater Basin 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 Average Percentage 

San Fernando 35,486 75,640 57,060 49,106 62,218 55,902 79% 

Sylmar 1,844 3,901 4,046 576 2,998 2,673 4% 

Central 13,290 13,358 12,207 11,937 11,766 12,512 17% 

Total 50,620 92,899 73,313 61,619 76;~82-':: ~ 71,087 100% 
..... 

.L( .. . 
Historically, LADWP operates groundwater production by utilizing conjunctive use Qf smface water and groundwater to 
optimize the supply and demand balance. Through conjunctive use, the timiR of groun6lwater extractions can be used to 
meet varying demands. Furthermore, in the past, LADWP prevented against §lro dwater overdraft during multiple dry years 
through strategic pumping. When successive dry years occur, LADW pomped at greater than average rates for the first few 
years of the drought, and then pumped at lower rates in subsequent )(ears. 

However, since 2007, groundwater contamination issues in the SFB ave great ly Ii 

groundwater entitlement. As a result, LADWP has been pumping the maximum amount capable that is not impacted by 
contamination sources, and therefore, has not been able to utilize its cQnjunctive use strategies for its groundwater 
operation. When the clean-up of the SFB is complete, LADWP will be able to ret rn to these strategies to ensure reliability 
and protect from groundwater overdraft. 

6.1 San Fernando Basin 

wellfields, LA[)WP is currently not pu ping at eadworks. These wells were generally installed over a period spanning from 
1924 to 1991, with he most recent installations being the Rinaldi-Toluca Wellfield in 1988 and the Tujunga Wellfield in 1991. 
Collectively these ten wellfields have the ability to pump and serve approximately 547 cubic feet per second (cfs) of water, of 
which the recent Rinaldi-Toluca an Tujunga wells comprise about 38 percent or 210 cfs. 

Groundwater Rights 
In accordance with the 1979 San Fernando Judgment, the City has the right to all native water within the SFB, based on its 

Pueblo Rights, and the right to imported water that is delivered and returned to the SFB by the City. With the native safe 
yield being fixed at 43,660 AFY and the return of imported water averaging approximately 43,000 AFY, the combined total 
equates to an average SFB entitlement for the City of approximately 87,000 AFY. The return of imported water right for 
LADWP is based on 20.8 percent of all water delivered within the San Fernando Basin including recycled water. The 
Judgment provides for storage of water within the basin when the amount pumped is less than the annual entitlement, and a 
portion of these stored water credits can be pumped in future years to supplement the City's water supply. The direct 
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spreading of both imported or recycled water receives 100 percent stored water credit. Increased groundwater pumping due 
to stormwater capture activities will require an amendment to the Judgment to increase LADWP's groundwater pumping 
rights based on a demonstrated increase in groundwater levels. 

In September 2007, the Cities of Los Angeles, Glendale and Burbank entered into a ten-year Interim Agreement for the 
Preservation of the San Fernando Basin Water Supply (Interim Agreement). The Interim Agreement is intended to address 
the overall long-term decrease in stored groundwater within the basin. The Interim Agreement restricts withdrawal of stored 
water credits and incorporates basin losses into groundwater basin accounting. 

Under the Interim Agreement, stored water credits will be reduced for each partY. b 1 percent annually to account for 
outflow from the basin. Additionally as described in the Interim Agreement, a pro ortion of stored water credits available for 
use during a water year will be calculated for each year, and proportio~ot vailable for use during a given year will be 
reserved for later use. As of October 1, 2009, the City had a stored wate~ Gr-e~ of nearly 406, 13 AF in the SFB, however 
LADWP's Available Credit or maximum allowable withdrawal of stored water credits for the year beginning October 1 was 
108,574 AF. LADWP's Reserve Credits total was 321,316 AF. eserve Credits (stored water credits minus, ailable stored 
water credits) will not be available until groundwater levels In the basin recover to a level that will l 0w for their safe 
withdrawal. Total Reserve Credits held by all parties in the basin were 3'1 ,433'A as 0 October 1, 2009. 

Water Quality 
During well testing in the SFB, trace levels of the contaminants trichloroethylene (TCE), perchloroethylene (PCE), and other 
volatile organic compounds (VOCs) were detected in the past. The presence of these contaminants is due to improper 
chemical disposal practices historically conducted by numerous companies in the San Fernando Valley utilizing such 
materials. Additionally, in the 1990s, detectable amounts of hexavalent chromium and perchlorate were found in various 
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wells within the SFB. Since the 1990s, SFB wells have also shown a trend of increasing nitrate levels. The source of nitrates 
is the result of decades of agricultural activity in the San Fernando Valley. 

While LADWP is permitted to withdraw its allotted entitlement of 87,000 AFY from the SFB including a portion of its 
additional stored water, 2007 was the first year LADWP was unable to pump its allotted entitlement due to contamination 
impacts. LADWP has 115 wells in the SFB of which 54 wells have been inactivated due to contamination. These inactive 

wells represent a lost pumping capacity of approximately 221 cfs or 40 percent of LADWP's pumping capacity. Of the 
remaining 61 active wells, with a combined pumping capacity of approximately 326 cfs, 44 a e recorded concentrations for 
various contaminants above the Maximum Contaminant Level (MCL). Most notable a0ng these contaminants of concern 
are the VOCs (especially TCE, PCE, and carbon tetrachloride), nitrates, and perchlorate. The remaining 17 wells have 
recorded marginal levels of contamination, mostly due to VOCs. Hexavalent c omium thr tens to be a significant future 
risk to LADWP's wells. Lastly, LADWP's two largest wellfields, Tujunga af1d Ri aldi-Toluca, wtiiGh were the most recently

installed wells in an area believed to be outside the known contamlr-1atioR areas, are being significantly impacted by 
unknown contamination sources. 

LADWP has developed programs to accelerate clean-up of the San F:ernando Basin which includes a comprehensive 
Groundwater System Improvement Study, installing monitoring wells inteRm wellnead treatment, and working with 

regulatory agencies and government officials to hold individuals responsible for the contamination responsible to help clean
up efforts. 

Agency Cooperation of SFB Remediation 
LADWP actively coordinates with the California Department of Public Health (CDPH), Los Angeles Regional Water Quality 
Control Board (LARWQCB), C;llt0rnia Department of Joxic Substanee COf1trol (CDTSC), and the United States 
Environmental Protection Agency (lJSEPA) to pursue prGltective and re.[F1edial measures for the SFB. The CDPH, 

sources. 

In 1987, 

million in Federal grants from the USEPA's SURerfund Program to carry out: (1) construction, operation, and maintenance of 
the North Hollywood Operable Unit, which consists of a groundwater treatment facility and a system of eight production wells 

monitoring wells that were de,,0ped to monitor contamination plumes of TCE, PCE, and nitrates in the SFB; (b) the 
development of a groundwater flow model (Flow Model) and the preparation of the RI report that was completed for the 
USEPA in 1992; and (c) on-going monitoring for TCE, PCE, nitrates, and emerging contaminants. 

The Flow Model is a three-dimensional computer simulated model of the SFB based on the MOD FLOW model program 
code that was developed by the United States Geological Survey. It consists of four layers that represent the various depth 
zones of the SFB. Geologic and hydrogeologic data for the basin, which was generated through field investigation, was 
analyzed to develop the physical site characterization of the basin for the MOD FLOW Flow Model. The Flow Model 
produced simulated groundwater levels, gradients, and their fluctuations as a function of time. Based on field monitoring and 
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Flow Model simulations, groundwater production strategies are reviewed and adjusted monthly to balance the City's water 
supply need with SFB management. 

San Fernando Basin Contamination Clean-Up Programs 
In coordination with other agencies, LADWP has completed or is planning various projects to maintain its rights to use the 
SFB as a reliable local water supply for the City. The following are some of LADWP's completed, current, and planned 
projects for the SFB. Recharge projects are discussed separately in Chapter 7, Watershed Management. 

Groundwater System Improvement Study 
LADWP is working on a 6-year, $19.0-million Groundwater System Improvement St a 
vital information to assist in developing both short- and long-term projects to maxi mile the tJse of the SFB. The $11.5-million 

GSIS professional service contract was awarded to Brown and Caldwell in Fesruary 2009. 

The GSIS will aim to cover the following main objectives: 

• Provide an independent study to identify, characterize, a 
Fernando Basin. 

• Provide an independent expert evaluation 0 LADWP's existing gmunawater facilities and its current operational 
strategies to address current issues on water quality regulations and groundwater treatments. Provide expert advice on 
the need of refurbishing existing groundwater wells. 

• 
constituents of concern. 

• 

• improvement 

that will include treatment facilities in the vicinity of lADWP's North Hollywood, Rinaldi-Toluca, and Tujunga Well Fields. It is 
anticipated that construction of the Groundwater Treatment Facilities could begin as early as July 2015. Construction of the 
Groundwater Treat ent Facilities will greatly reduce LADWP's reliance on costly and scarce imported water supplies and 
will compliment LADWI?'s §~tegies f0r securing the City of Los Angeles' future water supply through sustainable means. 
The Groundwater Treatment Faeilities will also enable LADWP to benefit from its activities to enhance local supplies through 
groundwater recharge and stor-mwater projects. An integral part of LADWP's Groundwater Treatment Facilities will be to 
work closely with the USEPl\ and the Cities of Burbank and Glendale to ensure that the facilities operations do not adversely 
affect the on-going cleanup activities being conducted by the aforementioned agencies. Towards this end, LADWP plans to 

enter into a Groundwater Management Plan with the USEPA. 

As of November 2010, the work progress has included a technical review of USEPA's Focused Feasibility Study for the 
North Hollywood Operable Unit, preparation of conceptual layouts and renderings for the proposed Groundwater Treatment 
Facilities in the vicinity of the North Hollywood, Rinaldi-Toluca and Tujunga Well Fields, providing assistance in the planning 
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aspects for the installation of approximately 40 new monitoring wells in the San Fernando Basin, and providing an 
independent study to identify, characterize and evaluate emerging water constituents. 

Tujunga Wellfield Joint Project. LADWP and MWD have developed a joint project utilizing simple liquid-phase granular 
activated carbon (GAC) to recover the use of two of the City's contaminated groundwater production wells in the Tujunga 
Wellfield. The total estimated cost of this project was approximately $7.0 million and was completed in November 2009. 

LADWP received the permit from the Department of Public Health in May 2010 and started to discharge into the distribution 
system on May 18,2010. 

Tujunga Wellfield Contamination. The Initial Discovery of the source of contaminatiQn at the Tujunga Wellfield by the 
USEPA and CDTSC is ongoing. Phase I is completed and has not conclusively / entified the source of the contamination. 
The next phase will involve drilling 4-7 deep monitoring wells immediately lJp\ gradient 6) Hie wellfield to determine the 
direction of the contamination plumes. The well drilling is expecteV,0 be Qmpleted late 2Q11. LADWP is intending to 
construct up to 22 additional monitoring wells near other wellfields south of the Tujunga Wellfiela. Water quality data from 
the new monitoring wells will assist with further characterizin~h; groundwater ontamination in the SFB. Q iTling of these 
additional wells is expected to begin in Fall 2011 and continue ntil W'nte~ 2012 . .......,____. 

North Hollywood Operable Unit. In 1989, the North Hollywood Operable lJRit (NHOU) was placed into service with a 
capacity of 2,000 gallons per minute (GPM), or 3,230 AF per year. This facilit ~as one aeration tower with vapor-phase 

remediated. In Water Year 2008-2009, ~,038 AF of VOC contarJ'l'ioated groundwater was treated. 

concentrations of VOCs, chromiCJ , a~ Sother conta~cern. The USEPA issued the Record of Decision (ROD) 
in December of 2Q89. fhe first tec Ric~~eting with the potentially responsible party was held in July 2010. A consent 
decree is expected in early- 2011. The ROD recommends more than doubling the capacity plus adding liquid phase GAC (a 
second,f4eatment), constmction Qf 37 monito iog w lis, three new extraction wells, deepen existing abandoned well #1, 
rehabilitation of existing wells, anlsl treatment of chromium and 1-4 Dioxane. As of 2010, Honeywell is continuing its removal 
of chromium plume at the source of contamination. 

Chromium Treatment Research. A cost-effective treatment technology to remove low levels of hexavalent chromium from 

water does not exist fO[ la ge s, e applications. In 2001, LADWP, along with the Cities of Burbank, Glendale, and San 
Fernando, and the National Water Research Institute, entered into a research partnership with the American Water Works 
Association Research Foun ation to identify and bench-test new technologies that can remove hexavalent chromium to 
extremely low levels. This research is being conducted in anticipation of a new standard for hexavalent chromium. 

Pollock Wells Treatment Plant. In 1999, the Pollock Wells Treatment Plant was constructed and placed in service. This 
project was funded by LADWP, and it includes a groundwater treatment facility with four liquid-phase GAC units. Over 3,000 
gallons per minute (4,840 AF per year) of groundwater is treated by direct adsorption with GAC to remove VOCs before 
delivery to customers. 
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Remedial Investigation. In 1992, the Remedial Investigation to characterize the nature and extent of groundwater 
contamination in the SFB was completed for the USEPA. The Remedial Investigation activity included the construction of 88 
shallow and clustered monitoring wells, which were developed to monitor contamination plumes of TCE, PCE, and nitrates 
in the SFB. These monitoring wells are also being used to monitor for emerging chemicals. Updated information and reports 
can be found on USEPA Region 9 Superfund web page. 

Biological Treatment Pilot Test. LADWP will be studying the effectiveness of biological treatment on removal of VOCs 
contaminants from the Tujunga Wellfield groundwater. Biological treatment is a proveR technology for removal of 
perchlorate and nitrate contaminants from groundwater which are also present in the 1ujunga Wellfield groundwater. If 
biological treatment can also effectively remove VOCs from the groundwater, LADW cafl significantly reduce the capital as 
well as future operations and maintenance costs associated with cleanup aQ 
Wellfield groundwater. 

Pilot Test of Advance and Emerging Groundwater Treatment ecllnologies. LADWP is investigating the utilization of 
other advance and/or emerging groundwater treatment technologies for removal Qf VOCs and perchiorate fer possible pilot 
study(ies) at the Rinaldi-Toluca Wellfield within the next few years. 

6.2 Sylmar and Eagle Rock Basins 
The Sylmar Basin has provided slightly over 4 percent of tbtCity's local groundwate~anging from 576 AF to 4,046 AF from 
Fiscal Year 2005-2006 through Fiscal Year 2009-2010. 4:he Sylmar Basin, in the nortnem art of ULARA, consists of 5,600 
acres and comprises 4.6 percent of the valley in ULARA. It is bQunded Q the north a~east by the San Gabriel Mountains; 
on the west by a topographic divide in the valley fill between the Mission ills and tile San Gabriel Mountains; and on the 
south by the Little Tujunga syn~e, wllich separates it from tile SFB. (U ARA Watermaster Service Report, Water Year 
2008-2009) LADWP originally': had a total of 3 production wells installed in tHe Sylmar Basin between 1961-1977. One of 

private par aj:)d LADWP is reimbursed for sucymPing in accordance with the San Fernando Basin Judgment. 

Groundwater:.. Rights 

In 1996 upon the recom endation of the Watermaster, the ULARA Administrative Committee approved a temporary safe 
yield increase for the Sylmar Basil] t us temporarily increasing LADWP's rights from 3,105 AFY to 3,255 AFY for a ten-year 
period. Per the 1984 Stipulation, tile safe yield minus private party overlying rights are to be equally split between LADWP 
and the City of San Ferna do. In 2006, a subsequent evaluation of the safe yield was conducted and completed in 
accordance with Section 8.2.10 of the 1984 Stipulation. Upon recommendation of the parties, the Court approved a new 

stipulation further increasing the temporary safe yield of the basin and resulting in a temporary increase in LADWP's rights 
to 3,405 AFY subject to multiple conditions. Conditions imposed on LADWP and the City of San Fernando include installing 
groundwater monitoring wells to assist in determining basin outflows. This new stipulation became effective on October 1, 
2006 and is set to expire on October 1, 2016. As required by the 2006 Stipulation, the safe yield will be re-evaluated by 
October 1, 2011 and may result in a recommendation for additional changes to the safe yield of the Sylmar Basin. 
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Stored water credits accumulated in the basin are determined by adding the previous years stored water credit and the 
extraction right for the previous year together and then subtracting the actual extractions for the previous year. As of October 
1,2009, LADWP has accrued 9,423 AF of stored water credits in the Sylmar Basin. In 2006, the Watermaster recommended 
LADWP begin pumping these rights due to the large amount of stored water credits. LADWP has proposed the Mission 
Wells Improvement Project to initiate pumping the credits and to replace the existing wells that have significantly 
deteriorated. As proposed, the project consists of constructing a water tank, three wells, and other operational facilities at 
the Mission Wellfield. Phase 1 was completed in February 2009 and involved replacement~e water tank that was beyond 
its useful life. Phase 2 is in the planning stages and consists of three new wells with operatio al facilities and is forecast for 
completion in August 2014. These new facilities will allow LADWP to pump its current entitlement of 3,405 AFY on an annual 
basis and draw from its existing stored water credits. 

Water Quality 

Groundwater quality issues have occurred in the Sylmar Basin related to TeE ontamination at one of the two production 
wells. The effluent from the wellfield is managed in such a way- bat the groundwater quality me ts 0 surr;>asses water 
quality standards. Primary limitations on pumping are related to tl:1e{,eterioration CSlf Rumping facilities and no eontamination. 
However, the Mission Wells Improvement Project as previously discu ssed, will replace the deteriorated wells and increase 
production capacity to allow LADWP to pump its annual water rights. 

6.3 Central Basin 

Two LADWP facilitiet provide groun water supplies in the Central Basin, the Manhattan Wells and the 99th Street Wells. The 
active Manhattan Wells were installea Between 1928-1974 and have a production capacity of 16.9 cfs. Wells at the 99 th 

Street location were installed between 1974-2002 and have a production capacity of 7.4 cfs. While the 99th Street Wells are 
newer and have relatively litt e ectianical or other problems, the Manhattan Wells are much older and have experienced 
maintenance problems and are approaching the end of their useful life. To restore the City's pumping capacity, LADWP is 
working on plans to install two new production wells, replace two deteriorated wells, and improve other related facilities at 
the Manhattan site. 

Groundwater Rights 

More than 50 years ago, groundwater overdraft and declining water levels in the Central Basin threatened the area's 
groundwater supply and caused seawater intrusion in the southern part of the Basin. However, timely legal action and 
adjudication of the water rights halted the overdraft and prevented further damage to the Basin. Today, groundwater use in 
the Basin is restricted to the allowed pumping allocations by a 1966 Superior Court Judgment and is monitored by a court-
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appointed Watermaster, the Department of Water Resources (DWR). Annually, the Watermaster prepares a Watermaster 
Service Report indicating groundwater extractions, replenishment operations, imported water use, recycled water use, 
finances of Watermaster services, administration of the water exchange pool, and significant water-related events in the 
Basin. 

The City's entitlement in the Central Basin of 15,000 AFY was established in a judgment by the Superior Court of the State 

of California for the County of Los Angeles through the Central Basin Judgment (Case No. 786,656 -second amended 
judgment). In addition to its annual entitlement, the Central Basin Judgment allows for cmryove of unused water rights up to 
a maximum total cumulative amount of 20 percent of the purveyor's pumping allocatiol'l and also allows for over extraction of 
an additional 20 percent under emergency situations that would be debited against be p r-.veyor's following year entitlement. 
The City uses its carryover storage right for operational flexibility and conjurftive use L:ADWP has allowable carryover 
storage of 3,000 AF into Fiscal Year 2010-2011. 

conjunctive use groundwater storage in 
groundwater storage. 

Water Quality 

standards. 

Water from 99th Street W1:llfielQ complies witti the National Primary Drinking Water Regulations, but requires treatment to 
comply with the Nationa1"'SeGonoa(y Drinking Water Regulatio li1s fo manganese and iron. These contaminants are not 
considered to present a risk to hI] an ~Ith, Dut at existing coneentrations the contaminants may present taste, color, and 
odor problems. Corrosion control treatment using zinc orthophosphate as a sequestering agent and sodium hypochlorite to 

LADWP has not been able~ p its water entitlement from the West Coast Basin since 1980 due to localized 
groundwater contamination 'ssues and deterioration of the wells at the Lomita Wellfield. The West Coast Basin underlies 

160 square miles in the so t western part of the Los Angeles Coastal Plain in Los Angeles County. The Basin is bounded 
on the west by Santa Monica Bay, on the north by Ballona Escarpment, on the east by the Newport-Inglewood Uplift, and on 

the south by San Pedro Bay and the Palos Verdes Hills. Twenty incorporated cities and several unincorporated areas overlie 
the Basin (West Coast Basin Watermaster Service Report, Fiscal Year 2009-2010). 

Groundwater Rights 

In 1945, when intrusion of sea water caused by declining water levels threatened the quality of the groundwater supply, legal 
action was taken to halt the overdraft and prevent further damage to the West Coast Basin. In 1955, the Superior Court of 
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Los Angeles County appointed the DWR as the Watermaster to administer an Interim Agreement, and in 1961, the Court 
retained the DWR as the Watermaster of the Final West Coast Basin Judgment (Case No. 506,806 -amended judgment). 
Similar to the Central Coast Basin, an annual Watermaster Service Report is prepared. The West Coast Basin Judgment 
provided the City with a right to 1,503 AFY of groundwater. 

Water Quality 

Groundwater quality problems in the West Coast Basin were previously related to high levels of total dissolved solids and 
chlorides. LADWP abandoned operations in the basin in September of 1980 with closure of the Lomita Well Field, and 
intends to study the feasibility and cost of restoring groundwater pumping. 

6.5 Water Quality Goals and Management 
The groundwater management efforts that LADWP has undertaken hav),lesulteo in all grolJ dwater delivered to customers 
meeting or exceeding all water quality regulations. As part of its regulatory Gompliance effor-ts, M DWP works with the 
California Department of Public Health (CDPH) to perform water qu 

Groundwater Monitoring 

LADWP conducts nearly 250,000 field and laboratory tests on more thaR 2~OQO samples collected throughout the year for 
hundreds of different chemicals such as arsenic, Gnromium, lead, and disinfectio by-products to ensure that they are will 
within the safe levels before we serve the water to our customers 

LADWP has established operating goals for TlSVI2'CE, nitrates, perchlorate, and total chromium that are more stringent 
than the maxi um contaminant levels ~MCLs) permitted by Federal or State regulations. These stricter operational goals 
provide an additl0 al safety margin from these contaminants for City customers. Exhibit 6D summarizes these water quality 

requirements. 
teState-regulated requirements, which are generally more stringent than Federal 
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Compound 

Perchlorate (CI04) 

Total Chromium 

Exhibit 60 
Operatin Limits of Re ulated Compounds 

State of California 
Limit 

5 ppb 

5 b 

45 ppm 

6 ppb 

50 ppb 

LADWP 
Operational Goals 

3 ppb 

3 b 

30 ppm 

4 ppb 

LADWP Added 
Safety Margin 

40% 

40% 

33% 

(ppm). A single exceedence of the nitrate standard is classified as an acute violatioA re~ uiring immediate public notification. 

Treatment for nitrates may eventually become necessary for affected City grour:1dwater supplies. 

In October 2007, a MCl was adopted for perchlorate of 6 ppb. Perchlorate is an 'norganic compound that is most commonly 

Managing Emerging Contaminants of Concern 

lADWP addresses emergiog contami ants on many Ie els: 1) by e couraging the development of standardized 
testing to enable early detectior-l, and Suppo[ting the regulatory framework by providing early occurrence data, 2) by 

advocating good science and a balanced approach to risk assessment, 3) by seeking to gain a risk perspective with other 
existing contaminants to manage Hie emerging contamlQg,ot In the absence of regulations, 4) by supporting early 

interpretation of emerging GCl~inants in collaboratioA with research and regulatory agencies, and 5) by supporting the 
research to>develop cost-effective t\ meAt for the removal and management of these emerging contaminants. 

An examp e of how lADWP aadresses an e erging contaminant is chromium VI (otherwise known as hexavalent 
chromium). rle a a!{nt chromium does not ha\Ye an enforceable drinking water standard at this time. However, hexavalent 
chromium is inc bldea ~ the State total chromium standard of 50 ppb. CDPH is expected to establish drinking water 
standards for the compOtmd in the ear future. Chromium is a heavy metal that has been used in industry for various 
purposes including electwpl ting~eather tanning, and textile manufacturing, as well as controlling biofilm formation in 
cooling towers. lADWP began !Ow level monitoring of hexavalent chromium long before monitoring was required by 
regulators. lADWP supporte new health-effects research needed to support risk assessment, and advocated a balanced 
approach to risk management. lADWP funded research to develop new treatment technologies to reduce hexavalent 

chromium detection levels. 

Most recent among emerging contaminants are pharmaceutically active compounds and personal care products that are 
finding their way into rivers, lakes, and waterways from urbanized areas. There are concerns about the occurrence and 
effects of endocrine disrupters, hormone-shifting compounds, and pharmaceuticals. Technology now allows the detection of 
compounds down to the parts per trillion levels, thus some of these compounds are now being detected. The risk 
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assessment field is finding it difficult to keep pace with advances in analytical technology. The question of these 
contaminants posing a health risk at low levels needs more investigation. LADWP will continue to proactively address 
emerging contaminants through early monitoring and utilization of a balanced approach to risk management. 

LADWP will be incorporating appropriate treatment processes into future groundwater treatment facilities. LADWP has and 
will continue to solicit input from stakeholders to properly plan and develop processes for removal and treatment of emerging 
contaminants. LADWP's Recycled Water Advisory Group (RWAG) is an example of ongoing efforts to solicit input. 

6.6 Groundwater Pumping Cost 
The costs associated with groundwater pumping are primarily operation and maintenance costs. Therefore, the unit cost of 
groundwater pumping varies mainly with the quantity of water delivered. Exhibit 6F summarizes the historical unit cost of 
groundwater pumping. 

ping 

GROUNDWA~E-R PliMPING 

$500 .-------------------------------------~~~~----------------------~ 

$450r-------------------------~~------------~~~--------------------~ 

$400r---------------------------~~=_-=~--------~~T_----------------~ 

$350r-----------------------------~--~7_~~-=~T_--------------------~ 

j $300 

~$250r--------1~~~~--~-T----------~~r---------~~----------------~ 

~ 

$50r---~_;~------~_+------------------------------------------------~ 

Fiscal Year 

Exhibit 6G shows the unit cost of groundwater pumping from fiscal year 2005/06 to 2009/10. The 5-year average was 
$215/AF. 
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Fiscal Year 

Unit Cost 

2005-06 

$270 

Exhibit 6G 
Annual Unit Cost 

2006-07 2007-08 

$160 $200 

6.7 Groundwater Production Projections 

2008-09 

$230 

Historically, with conjunctive use management of groundwater, storing imported water- i 

2009-10 

$216 

and normal years, groundwater production can actually be increased during dr~ years. LADWP operated its groundwater 
resources in this manner. On average, LADWP pumped its adjudicated right of. approximately 107,000 AFY, but in dry years 
LADWP could pump larger quantities of groundwater. For the purposes of an ave age, single-dry, and multi-dry year drought 
analysis, after the implementation of the purification complex for SFB al1 GElfT-1pleting the constr6l ctio~f new wells in Sylmar 
and Central Basins, 110,405 AFY is assumed to be the City's local-'QJoundwater production in 2035 Aftel completion of the 
purification complex for the SFB, if successive dry years occur, ~f\DWI? would Ii ely' pump at greater-than-ave age levels for 
the first few dry years, then start pumping at lower levels in order to prevent groundwater overdraft. LAElWP would then 
replenish the groundwater in wet or normal years following the successive (jry perioa. Exhibit 6E provides groundwater 

pumping projections by basin between 2010 and 2035 for average, single-of){, a d multi-year dry weather conditions in five
year increments. 

Basin FY 2029-30 FY 2034-35 

San Fernando 92,000 92,000 92,000 

4,500 4,500 3,405 

15,000 15,000 15,000 

111,500 111,500 110,405 

Not included in the fig res above is i Greased groundwater pumping due to groundwater replenishment of advanced treated 
wastewater, as well as ennaflced stormwater recharge. This Urban Water Management Plan projects increased 
groundwater pumping throug groundwater replenishment of advanced treated wastewater of 15,000 AFY, and increased 
groundwater pumping throug enhanced storm water recharge of and additional 15,000 AFY, both by 2035. 
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This Urban Water Management Plan projects stormwater capture providing increased groundwater pumping rights in the 
San Fernando Basin of 15,000 AFY, and 10,000 AFY of additional water conservation from capture and reuse solutions 

such as rain barrels and cisterns, for a total of 25,000 AFY by fiscal year ending 2035. Tb~water Capture Master Plan 
(refer to Section 7.3 below) will comprehensively evaluate stormwater capture potential within the City. 

Stormwater runoff from urban areas is an underutilized resource. Within the Ci ty of Los Ange~s, the majority of stormwater 
runoff is directed to storm drains and ultimately channeled into the oceaR tlnused stor wate, eaching the ocean also 
carries with it many pollutants that are harmful to marine life. In additiEm, local groundwater a uifers that should be 
replenished by stormwater are receiving less recharge than in t e lQast due to increased urbanizatloR. Urbanization has 

In addition, development has encroached onto the floodplains requirll'1g tee anneli ation of large waterways that once 
recharged the groundwater aquifers with large volumes of stormwater runoff. When the floodplains were undergoing rapid 
development, LADWP and the Los Angeles County ElooEl Control District (LAC~CD) reserved several parcels of land for use 
as spreading facilities, which are adjacent to some of the largest tributaries of the h OS Ar-lgeles River, and the Pacoima and 
Tujunga Washes. 

With the increased attention being placed on stormwater capture, other challenging conditions beyond imperviousness and 
climate patterns have eeR identified. These include antiquated spreading facilities, landfills adjacent to spreading, 
floodplain encroachment, s bstructrres, and other man-made conditions that limit the ability to capture stormwater for later 
use. Some conditions such as the antiquated delivery systems at the spreading facilities can easily be retrofitted with new 
gates and telemetry. Whereas other conditions such as the presence of large sanitary landfills adjacent to recharge 
facilities, are more difficult to rectify. 

In January 2008, LADWP created the Watershed Management Group which is responsible for developing and managing the 
water system's involvement in emerging issues associated with local and regional stormwater capture. The Watershed 
Management Group coordinates activities with other agencies, departments, stakeholders and community groups for the 
purpose of planning and developing projects and initiatives to improve stormwater management within the City. The Group's 
primary goal is to increase stormwater capture by enhancing existing centralized stormwater capture facilities and promoting 
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distributed stormwater infiltration systems to achieve the City's long-term strategy of enhancing local stormwater capture. 

While working to increase stormwater capture for improving long-term groundwater reliability, other watershed benefits can 
be achieved including increased water conservation, improved water quality, open space enhancements, and flood control. 

Additionally, the City is investigating recharge of the San Fernando Basin (SFB) with advanced treated recycled water. A 
more in-depth discussion of efforts to maximize groundwater recharge with advanced treated recycled water is provided in 

Chapter 4, Recycled Water. 

7.1 Importance of Watershed Management to Groun 
Managing native stormwater is a necessary step towards maintaining groundwater elevatiG~ in the underlying groundwater 
basin. Urbanization and its associated increase in impervious surfaces has altered tile aBil'ty of groundwater basins to 
naturally replenish pumped groundwater. Stormwater systems in the City. were) esigned primaril for flood control to convey 
stormwater runoff to the Pacific Ocean as quickly as possible, there 0re minimiz:ing the potentlat~r flooding or damage to 
structures while maximizing land available for development. Wit'; ADWP's se~ice area, the SFB'is Hi mos amenable to 
regional stormwater capture and recharge through spreading oasins @ecause or-i~redominantlY sandy soils. However, 
stormwater once percolated into the groundwater in the underlying S B is being channeled across impe 'ious surfaces then 
through concrete-lined canals or conduits to areas outside of the San Fernando Valley. 

The essential task of watershed management is to retain as much stormwater rbl 0 as possible for groundwater recharge. 

operatiGns at the Branford, Hansen, Lopez, ana P.acoima Spreading Grounds. The Tujunga Spreading Grounds are 
operated by, L:ACFCD in partnership with LADWP. LADWP has the ability to spread imported supplies at the Tujunga 
Spreading Grounds and the Pacoim Spreading Grounds for storage in the SFB, but LADWP has not utilized imported water 
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Exhibit 7A 
SFB Spreading Grounds Operations Data 

Annual Spreading (AF 

Facility Location Average1 

Branford Mission Hills, CA 549 

Hansen Sun Valley, CA 

Lopez Lake View Terrace, CA 

Pacoima Pacoima, CA 

Tujunga Sun Valley, CA 

Total 
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Watershed management provides additional important benefits to the City of Los Angeles, including surface water quality 
improvements, water conservation, open space enhancements, and flood control. 

Water quality improvements are necessary because stormwater runoff is a conveyance mechanism that transports 
pollutants from the watershed into waterways and ultimately the Pacific Ocean. Pollutants include, but are not limited to, 

bacteria, oils, grease, trash, and heavy metals. The City must also comply with adoptea Total Maximum Daily Loads 
(TMDLs) for pollutants. TMDLs set maximum limits for a specific pollutant that can be ischarged to a water body without 
causing the water body to become impaired or limiting certain uses, such as water od contact during recreation. In 2008, 
the Los Angeles Board of Public Works adopted the Water Quality Compliance Master Rlan for Urban Runoff (WQCMPUR). 
This 20-year plan provides a strategy for cleaning stormwater and runoff to f9 0tect the (S'ty's waterways and the Pacific 
Ocean. Capturing stormwater runoff for groundwater recharge removes a Flo~on of the pollutant eonveyance mechanism 
reducing downstream pollution thereby assisting the City with water quality compliance and improving the overall health of 
its waterways. 

cisterns. 

typically provide additional open 
space areas that may include passive and/or active recreation, educational oppQ[trmities, and habitat restoration. Most 

The Stormwater Capture Master Plan (Master Rlan) will investigate potential strategies for advancement of stormwater and 
watershed management in the City. The Master Plan will be used to guide decision makers in the City when making 
decisions affecting ow the City will ~eveloP both centralized and distributed stormwater capture goals. The Master Plan will 
include evaluation of existin§ stormwater capture facilities and projects, quantify the maximum stormwater capture potential, 
develop feasible stormwater caRt~re alternatives (i.e., projects, programs, potential policies, etc.), and provide potential 
strategies to increase stormwater capture. The Master Plan will also evaluate the multi-beneficial aspects of increasing 
stormwater capture, including potential open space alternatives, improved downstream water quality, and peak flow 
attenuation in downstream channels, creeks, and streams such as the Los Angeles River. 

The Master Plan will recommend stormwater capture projects, programs, policies, and incentives for the City of Los 
Angeles. 

Benefits of the Master Plan include: 
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• Investigate stormwater capture models such as the Groundwater Augmentation Model and the Watershed 
Management Modeling System to identify maximum potential groundwater recharge 

• Increased water conservation 

• Improved water quality 

• Reduced peak flow in the Los Angeles River 

Project partners and supporters include: 

• City of Los Angeles Department of Water and Power 

• City of Los Angeles Department of Public Works 

• County of Los Angeles Department of Public Works 

• TreePeople, Inc. 

TreePeople's experience in public education and agency': ~teg['0n to further the long-term sustainability objectives of 
LADWP. Specifically, LADWP ,d TreePeople are working togetller to research opportunities within LADWP's facilities and 
operations for widespread grooodwater recharge. This reseamh includes an educational component wherein LADWP and 
TreePeople learn about each other's initiatives and core business. Ultimately, this exchange of ideas will help the two 

desigA wO[ksn0ps for public agencies. TreePeo Ie has also been integral to the construction and management of three 
demonstration~tes -- a single-family' home (Hall House) retrofitted to capture all the rainwater onsite, and two elementary 
schools (Broadous and Open Charte ) tll1at feature strategic landscaping and a cistern or underground infiltrators. LADWP 
has supported public tours and educational materials for Hall House, and is a key partner in the school projects which were 
partially funded through the CGol Schools and Sustainable Schools programs. 

The overlap between the oQJectives of LADWP and those of TreePeople is notable in the Tujunga Wash and Sun Valley 
watersheds, where both have been especially active. Stakeholder processes where the two have worked successfully to 
further mutual goals including the City's Integrated Resources Plan, the Integrated Regional Water Management Plan, and 

objectives of the California Urban Water Conservation Council. 

7.5 Centralized Stormwater Capture Projects 
Existing stormwater capture facilities are inadequate for capturing runoff during very wet years. Weather patterns vary 
dramaticly in Los Angeles with very wet years and very dry years. Therefore, new projects are necessary to expand the 
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capability to capture a larger portion of stormwater flows during wet years. LADWP is working proactively in close 

partnership with LACFCD on multiple stormwater projects, as listed in Exhibit 7C. These projects will increase centralized 

stormwater recharge capacity by approximately 26,000 AFY in the SFB, raising groundwater levels and ensuring the future 

water supply reliability of the SFB. These projects are designed to maximize groundwater recharge into the basin by 
increasing the total average recharge to approximately 51,700 AFY. 

Multiple opportunities exist to develop new recharge projects and improve existing recharge pmjects in the SFB. LADWP, in 
collaboration with LACFCD has supported and contributed resources toward the desigl:J, onstruetion, and implementation of 

a variety of projects to increase groundwater recharge of the SFB. AdditionaIIY'J,tJlti p e agreements between LADWP and 

LACFCD have been approved to facilitate preparing recharge studies, design wor-K, an construction of projects in the SFB 

for groundwater recharge flood protection and other benefits 

Exhibit 7C , , . ~~ 
Planned LADWP Centralized Stormwater Cap,.: rojects ant Expected Annua, Recl!a ge 

Current Increased ~ede<L ~Qated Tot" / 
Annual LADWP Annual Annual Project Project 

Recharge Capture! 
Recharge, ' Project Cost 

Share 
~Charge " o,,-Ietion (millions) (AFY) 

(A FY-l ....... 
(AFY) (millions) 

Sheldon-Arleta Gas Collection 4 'obCl(1, .~ Complete 
$8.2 $6.3 System - ,J\\ Nov 2009 

Big Tujunga Dam 4,5~~ ~ 
,f' 

$105.7 $9.0 Rehabilitation (3) 
- - ;>ep 2011 

-
Hansen Spreading Groun~ ~ 1,200\( 17,284 (2);' 

r 
Dec 2011 $9.3 $4.8 Upgrade l-t~83\ 

Tujunga Spreading Gr~, 
Upgrade 4,4\ 9 ) 8,000 '~~69(4) \' ' 

2015 $24.0 $24.0 

Pacoima Spreading Grounds"'- ' 6 4~3 --" --2,000 Ys ,453 2015 $32.0 $16.0 Upgrade ~ I" '7~ -
Lopez spr,'trf.9.-Grounds,,-
Upgrade V -....... ~~, 750-/ 1,277 2016 $8.0 $4.0 

Strat~!n W~tlands Park " 1\ -,,' '-1900 900 (5) 2016 $46.0 $4.0 

Hansen Dam w, er 1\ \ - ) / 3,400 3,400 2017 $5.0 $2.5 Conservatiofl. 
Valley Generating 8, n 
Stormwater Captu ce J } - 700 700 2018 $9.7 $9.7 

Branford spreading'B~fl, 
Upgrade .-/ If' 549 500 1,049 2018 $4.0 $2.0 

Total Estimated Yield V 25,782 25,950 51,732 $251.9 $82.3 
....-

Total Expenditure-to-date $18.6 

Total Expenditure Remaining $63.7 

1. This will allow increased collection of 4,000 AFY at Tujunga Spreading Grounds. 

2. Includes 1/2 benefits from Big Tujunga Dam Rehabilitation Project. 

3. No recharge occurs at the facility. All additional capture has been divided between Hansen & Tujunga Spreading Grounds. 

4. Including benefits from Sheldon-Arleta Project and 1/2 benefits from Big Tujunga Dam Rehabilitation Project. 

5. To be recharged at Sun Valley Park. 
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Sheldon-Arleta Methane Gas Collection Project. In 1998, a Task Force comprised of representatives from LADWP, other 
City Departments (Bureau of Sanitation (BOS), Bureau of Engineering, and Environmental Affairs) and the Upper Los 
Angeles River Area Watermaster was formed to review the issues surrounding the recharge of groundwater through 
spreading at the Tujunga Spreading Grounds. The objective of this Task Force was to maximize water spreading at the 
Tujunga Spreading Grounds without causing off-site landfill gas migration. An outcome of the Task Force was the Sheldon

Arleta Methane Gas Collection Project. The project is designed to restore the original Tujunga Spreading Grounds capacity 
of 250 cubic feet per second (cfs) with the potential for future enhancement by bringing the Tujunga Spreading Basins 
closest to the Sheldon-Arleta landfill back online. The Tujunga Spreading Grounds e located adjacent to the closed 
Sheldon-Arleta Landfill. During spreading operations, water displaces air from the ground potentially increasing migration of 
methane gas generated by the landfill. In the past, elevated levels of methane gas nave een detected in the surrounding 
communities. Therefore, restrictions were enacted curtailing spreading operat'o s to 20 perce~ of their original capacity. 
This project is a joint effort between LADWP and BOS to replace the methane gas collection system within the landfill and 
thereby contain methane gas onsite. The project is being implementeo ~P through LABGS's P.~position "0" Clean 
Water Bond program. Proposition "0" funded approximately $3 illia of the $9 illion cost. Constructi n bega~> in 2007 and 
was completed in November 2009. 

Big Tujunga Dam - San Fernando Groundwater Enhancement Project. l!ADWP and LACFCD approved Cooperative 
Agreement No. 47717 on September 18, 2007 for tli e Big Tujunga Dam -San Eernando Groundwater Enhancement Project. 
This Project will increase stormwater capture and provide other benefits incl~ i IrFll?rovements in flood prevention and 
environmental enhancement through seismically retrofitti ~g the dam and spillway. Ar-1nual stormwater capture will increase 
by 4,500 AFY for a total capture amount of 6,000 AFY. ifhe project is integrated witb the following projects in this section: 
Hansen Spreading Grounds Enhance~ Project, Tujunga Sp eading Grounds Enhancement Project, and the Sheldon
Arleta Methane Gas Collectioo P.r-Qject. Both the Integrated Regional Watershed Management Plan for the Upper Los 

storage capacity thereby improving groundwater- recharge, flood protection and water quality while providing recreational 
benefits and narve habitat improvements. To accomplish the goals of the project, a phased approach is being proposed. 
Phase 1A will deepen Rd reconfigu ~e the existing basins; Phase 1 B will improve the intake capacity by replacing a radial 
gate with a new rubber dam and telemetry system; and Phase 2 will develop other compatible uses such as recreational 
trails and native habitat fo r. the cQmmunity. Estimated recharge is 17,284 AFY, and estimated cost of this project is $10 
million of which LADWP will) mo $5 million. The reconstruction of the spreading grounds was completed in December 2009 
and the intake structure will be completed in December 2011. 

Tujunga Spreading Grounds Enhancement Project. The Tujunga Spreading Grounds Enhancement Project is designed 
to increase average annual stormwater capture by 8,000 AFY through relocating and automating the current intake structure 
on the Tujunga Wash, installation of an automated intake structure on the Pacoima Wash, and reconfiguration of the 
Tujunga Spreading Basins. Other multiple benefits include habitat improvements, passive recreation, educational 
opportunities, flood protection, and water quality improvements. Owned by LADWP, the Tujunga Spreading Grounds are 
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operated by LACFCD in conjunction with other facilities along the Tujunga and Pacoima Wash Channels. Construction is 
expected to begin in 2012. 

Valley Generating Station Stormwater Capture Project. LADWP is leading efforts to capture and infiltrate stormwater 
from the Valley Generating Station, from adjacent streets, and from the Tujunga Wash Channel. Phase 1 will capture and 
infiltrate all stormwater from the Valley Generating Station. Phase 2 will divert water from the Tujunga Wash Channel for 

infiltration at the abandoned gravel pit at the generating station. Total stormwater capture is estimated at 700 AFY. Project 
designs are expected to be completed at the end of 2011. 

Pacoima Spreading Grounds Enhancement Project. LADWP in conjunction 

protection, water quality improvements, and passive recreation. 
completion date by the end of 2012. 

Lopez Spreading Grounds Enhancement 
deepening the existing Lopez Spreading Grounds and improving the Illtak 
agency for the project. Additional groundwater recnarge to the SFB of approxi 
Project designs are anticipated to begin in 2013. 

Four sc, an0s. are re.commended ~ith additit:>~ ~ 1 stor~water capture amounts of up to 3,400 AFY depending on the 
selected sce~DeSlgnS for the project are a tlclpated In 2013. 

Pacoima Dam Reservoir Sediment Removal Project. The Pacoima Dam Reservoir Sediment Removal Project involves 
removing sedimel'1t from behind Pacoirma Dam to increase storage volume. The sediment build-up behind the Dam has 
decreased the capaoit tt:> about 3,300 acre-feet. In the fall of 2009 approximately 80 percent of the Pacoima Dam 
watershed was burned. <[his damage will likely increase sediment flow into the reservoir above the estimates provided 

based on 2005 topography. he Project will involve excavating 5 million cubic yards of sediment and increasing the storage 
volume by 3,000 acre-feet. rncreased storage would decrease the number of reservoir spill events and increase the 
available recharge flow for the Pacoima and Lopez Spreading Grounds. The excavation will extend over 7,000 feet 
upstream of the existing dam. The project will produce an additional annual water recharge benefit of 670 AFY. 

Branford Spreading Basin Upgrade. The Branford Spreading Basin Project will remove fine silts from the basin and install 
new pumps to drain the basin. These pumps could be used to drain the existing facility into the Tujunga Spreading Grounds. 
The expected additional recharge for this project is approximately 500 AFY. 
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7.6 Distributed Stormwater Capture 
Throughout the City of Los Angeles there are opportunities to capture localized dry and wet weather runoff for local reuse. 
However, Los Angeles' storm drain systems have historically been designed to protect life and property from flood impacts 

by quickly redirecting rainfall and runoff from impervious surfaces into the City's storm drain system and ultimately the 

Pacific Ocean without regard to water quality impacts. The September 2, 2002 Municipal Stormwater National Pollutant 

Discharge Elimination System Permit (NPDES Permit No. CAS004001) for the Los Angeles region requires all new 

development or redevelopment projects to develop and comply with a Standard Urban Stor-mwater Mitigation Plan (SUSMP) 

to reduce runoff leaving the project site and to improve the project's water quality impacts. 

Recently the City has taken initial steps towards promoting distributed capture an infiltratiGn of runoff through development 

of a suite of distributed runoff demonstration projects. Distributed stormwater capture '(also known as decentralized 

stormwater capture) is defined as any groundwater recharge syste~~n 500 af or any tll~ct stormwater capture 
system capturing less then 10 af. In addition, the City is developing a [ ow Impact Development (LI S) ordinance requiring 

retention of stormwater onsite for new and redevelopment !;>rojects which ,extends beyond SLJSMP ~glations. The 

Watershed Management Group is working with the Los Angeles a d San Gabriel Rivers Watershed CounGi (LASGRWC), 
TreePeople, Los Angeles Department of Public Works Bureau of Sanitation (@OS), Department of <@~ding and Safety 

(DBS), Los Angeles County Department of Public Works (LACDPW), The Rive Project and others to evaluate and study the 
impacts of localized stormwater capture and source control within the City. 

inefficient irrigation systems, overwatering, and other wasteful outdoor water l!Jse practices. Wet weather runoff represents a 

significantly larger volume of water than ry weather runoff. Exhibit 7D summarizes the potential water yield and average 

determine e benefits of impleme~ng a b oaa-based approach to stormwater infiltration within the Los Angeles Region. 

The st a~ was led by the Los Angeles & San Gabriel Rivers Watershed Council in partnership with local, state, and federal 

agencies an organizations, with major support f elm the federal Bureau of Reclamation. LADWP assisted in the funding and 

creation of the stud r-eport as part of the Technical Advisory Committee. 

While centralized strategies such as spreading basins and dams are reliable and effective methods to capture stormwater, 
increased urbanization, nigh land eosts, and scarcity of imported water for recharge signal the need to pursue additional 

stormwater capture methods. urthermore, centralized stormwater infiltration is unable to capture the entire watershed 

which leaves a large quantity of additional stormwater to be tapped into. The WAS research has concluded that 

decentralized strategies (distributed stormwater capture such as rainbarrels & cisterns) would provide a local and reliable 

supply of water that would not negatively impact groundwater quality. Distributed stormwater capture and infiltration systems 

techniques provide a viable means of augmenting groundwater recharge and reducing the overall cost of treating urban 

runoff. Based on the findings of this study, the WAS partnership moved forward on a demonstration project in a 24-single 

family residential home neighborhood in northeast San Fernando Valley to validate study findings. 
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CASE STUDY: 
Elmer Avenue Neighborhood Retrofit Project 

The Background 

Initiated in 2000, the Los Angeles Basin Water 
Augmentation Study (WAS) is a long-term research 
project led by the Los Angeles & San Gabriel Rivers 
Watershed Council in partnership with eight local, state, 
and federal agencies of which LADWP is an active 
partner. The study is evaluating the practical potential to 
improve surface water quality and increase local 
groundwater supplies through infiltration of urban 
stormwater runoff. 

Based on positive findings of the study, the WAS 
partnership moved forward with a demonstration project 
to display an integrated and comprehensive approach to 
water management by retrofitting a neighborhood with 
strategies to address water conservation, pollution 
reduction and treatment, flooding, and habitat 
restoration. The Elmer Avenue Neighborhood Retrofit 
Project was chosen after an extensive selection process 
that evaluated neighborhoods based on more than 80 
criteria. 

The Project 

The Elmer Avenue Neighborhood Retrofit Project 
commenced in July 2009 and was completed in June 
2010 and cost approximately $2.5 million. Elmer Avenue 
receives stormwater runoff from approximately 40 acres 
of upstream residential area causing flooding in most 
storms. To address these 40 acres, the project 
encompasses improvements to both the public right-of
way as well as the private residences. As such, the 
project required active interaction and cooperation 
between the WAS partnership and the residents to work 
together and come up with a solution for the 
neighborhood. 

Public Right-of-Way Improvements: 

Infiltration Gallery-

A large infiltration gallery was installed underneath the 
street right-of-way which is estimated to infiltrate 16 
acre-feet annually. The gallery is a sub-surface 
groundwater collection system, shallow in depth, 
constructed with perforated pipes where runoff water 

flows into and then is allowed to infiltrate into the ground 
to recharge the local groundwater basin. 

Bios wale-

The newly installed sidewalks include bio-swales in the 
parkways to capture and treat stormwater runoff from 
the local sub-watershed mostly from residentiallanduse. 
The bioswales are open shallow channels with gently 
sloped sides and bottoms filled with vegetation and rip 
rap where stormwater runoff is collected. Bioswales help 
reduce the flow velocity and treat stormwater runoff 
through filtering by the vegetation in the channel, 
through the subsoil matrix, and/or into the underlying 
soils. In addition, bioswales trap particulate pollutants 
(suspended solids and trace metals), promote infiltration 
and serve as part of the whole stormwater drainage 
system installed for this project. 
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Private Residence Improvements: 

Numerous improvements were offered to 
residents who chose to participate to help reduce runoff 
as well as exercise better outdoor water conservation 
such as porous pavers, rain gardens, rain barrels, and 
drought-tolerant and native landscaping. 

The Benefits 

The finished project incorporates a mixture of strategies 
to produce multiple levels of benefits (to the 
neighborhood but also to the local, regional, and national 
community whom can take this work as an encouraging 
model): 

• Capture stormwater and dry-weather runoff to 
prevent flooding and decrease pollution of local 
rivers and oceans 

• Reduce impermeable surfaces and increase 
groundwater recharge 

• Improve neighborhood aesthetics through increased 
green space and public right-of-way improvements 

• Increase community awareness of watershed issues 
• Encourage community awareness to being more 

water and environmentally responsible. 

As a result of the success and positive feedback from 
citizens for the Elmer Avenue Neighborhood Retrofit 
Project, a second phase is currently underway to Elmer 
Avenue to retrofit its alleyway. These small projects aim 
to spark large change by showing citizens and other 
communities that they too can make changes and 
improve their neighborhoods to be more water and 
environmentally friendly. 

"By turning our yards into rain gardens and our streets into 
water recharge facilities, we can ensure clean water for the 
future. In contrast to a typical urban street, Elmer Avenue now 
reduces flooding and water pollution, improves water quality, 
replenishes groundwater supplies, and increases native 
habitat." 

Nancy Steele, Executive Director 
Los Angeles and San Gabriel Rivers Watershed Council 

"This project is a prime example of how homeowners and the 
city can work together on a project that demonstrates smart 
watershed management through stormwater capture and 
water conservation measures that are beautiful and effective" 

Edward Belden, Water Programs Manager 
Los Angeles and San Gabriel Rivers Watershed Council 
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As part of the City of Los Angeles Integrated Water Resources Plan (I RP), further described in Chapter 10, the City 
investigated the beneficial reuse of urban runoff for both dry and wet weather conditions. 

7.6.2.1 Dry Weather Runoff Options 

The beneficial use option for dry weather runoff consists of runoff capture, treatment, and reuse. For dry weather flow, most of 
the runoff could potentially be diverted directly for beneficial use, particularly during the months when demands for 
non-potable water are high (due to the higher irrigation demands in the summe of treatment of the runoff 
before being beneficially used would be determined by the ultimate use of the 

A computer modeling analysis was performed during development of the II-<f-J~: t');:l:f::ed 

Angeles and the available dry weather runoff. Based on the data, the 
could be realistically met through treated runoff. The dry weather runQJI:~~:.;JaiiaIDIB> 
97 mgd (approximately 26,000 million gallons per year). Exhib 
treatment, be used to meet the recycled water demands. 

Service Area 

Aliso Wash 

Canoga 

Reseda 

100 

9,600 

48,200 

Resources Plan. Facilities Plan. Volume 3 Runoff Management 

7.6.2.2 Wet Weather .... "'nnH' 

Rain Barrels 

l'ec'vclEld water demands in Los 
recycled water demands 

City is estimated at 
could, after 

1,050 

950 

2,950 

360 

2,770 

470 

3,530 

30 

3,130 

15,700 

Rain barrels are distributed stormwater capture devices used to store rainwater collected from roofs via roof rain gutter 
systems. Harvested water can be used for outdoor irrigation at a later time. Rain barrels vary in size with a typical rain barrel 
holding approximately 55 gallons that can be readily installed under any residential roof gutter downspout. Installation of rain 
barrels at residences throughout Los Angeles, assuming 400,000 residences, could potentially capture 6,400 AFY assuming 
an annual average rainfall of 17.8 inches, one 55-gallon rain barrel installed per residence, and an average roof area of 500 
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square feet. If overflow infiltration is provided, and/or greater roof area is utilized, annual rainfall volume captured can be 
significantly greater. 
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Case Study: 
Ballona Creek Watershed Rainwater Harvesting Pilot Program 

Funded by the Safe Neighborhood Parks, 
Clean Water, Clean air and Coastal Protection 
Bond Act of 2000 (Prop 12) through the Santa 
Monica Bay Restoration Commission and the 
California Coastal Conservancy, the City of Los 
Angeles, Department of Public Works, Bureau of 
Sanitation, Watershed Protection Division 
(Stormwater Program) began the City's first free 
Rainwater Harvesting pilot program in July 2009. 
The goal of this program is to engage as many 
property owners as possible, and limiting the 
installation to one downspout per property allows 
the City to reach the maximum number of 
residences. 

Liz Herron, Land Use Chair of Mt. 
Washington Association, supports rainwater 
harvesting systems: "Rain barrel systems serve 
environmental purposes by allowing homeowners 
to collect the rainwater for personal irrigational 
purposes. It also reduces the amount of rainwater 
entering into the streets and ocean. These 
residential systems are successful programs that 
save water and prevent pollution." 

Designed to conserve potable water and 
reduce the amount of polluted rainwater that runs 
untreated into the ocean, the $1-million pilot plan 
has enough funds to install 490 residential rain 
barrels, disconnect 100 barrels implemented with 
consultation on rain gardens, and provide one 
custom-made commercial planter box for each of 
ten businesses. It is estimated to save 584,100 
gallons of water each year. The City estimates 
there are roughly 18 rain events in LA each year 
filling each barrel at least once each tir:ne. 

In a typical year, about 9,600 gallons of water is 
generated on an average 1,000-square foot residential 
LA roof top. If each of the 400,000 residential parcels in 
LA were to install a single rain barrel, the City estimates 
that about 400 million gallons of water would be saved, 
which would reduce the demand for water. An evaluation 
of the program is scheduled for completion in Spring 
2011. 

The 55-gallon capacity rain barrel was chosen because 
the weight of 200 pounds is relatively manageable. The 
rain barrels are also made from food-grade plastic, 
repurposed from containers in case the harvested 
rainwater is used to grow food. They are equipped with 
mesh netting to keep out debris and mosquitoes and 
connected to the downspouts by a trained rain barrel 
installation specialist. 

Planter boxes that businesses are eligible for will be 
custom-made to fit the layout and dimensions of the 
property. The City will be working with the business to 
make sure they are content with the presentation of the 
planter box . ....--______ ...... 

The program addresses the City's broad problems of 
water scarcity and stormwater pollution. Currently 
outdoor water usage accounts for 1/3 of the average 
family's overall water consumption. The Rainwater 
Harvesting program helps to meet the City's water 
conservation goals by reducing the amount of potable 
water used for irrigation and other outdoor purposes. 
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Cisterns 

Cisterns are larger than rain barrels and can range from 100 to 10,000 or more gallons. They store diverted runoff from roof 
areas and other impervious surfaces. This stored runoff can provide a source of untreated water for gardens and compost, 
free of most sediment and dissolved salts. Because residential irrigation can account for up to 40 percent of domestic water 
consumption, water conservation measures such as cisterns can be utilized to reduce demands, especially during hot summer 
months. 

An analysis of the effect of installing cisterns in all single family and multi-family residences in the City was conducted as part 
of the IRP, which was based on projected household demands, irrigation needs, and historical rainfall data. The results 

until the demand exists. This can be done through a regional and/or a localizea approach. A regional approach to seasonal 

storage could include the use of out-of-service reservoirs for seasonal storage. h. localized approach would be to construct 
distributed underground storage facilities, located in open sRaces, parks, schools, etc. throughout the City. 

per acre of water storage potential. The 

(Photo courtesy of TreePeop/e) 

. -.I 

./ 
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According to studies conducted during the development of the IRP, the City currently has an estimated open space area of 
6,000 acres, which includes parks, open space, and vacant lots. School sites are also a potential option for installing modular 
storage media under playgrounds and athletic fields. The total school area in the City is approximately 6,000 acres. Assuming 
that only 25 percent of this area has no buildings or other structures, this equals approximately 1,500 acres of potentially 
suitable land. Additionally, there are approximately 900 abandoned or no longer maintained alleys of various unknown 
dimensions that could potentially be converted to underground storage facilities. Exhibit 7G summarizes the approximate 
underground storage potential throughout the City. 

Total 

Note 1. Maximum storage potential shown assumes 
Source City of Los Angeles Integrated Resources I 

to meet the potential future surface 
water quality regulations if the underground storage optilor'1 ~?\w~3r§l'1ttirize·(L • ..[Tlhi c"'C"t.("'f2:.rl water could then be drawn down and 
beneficially used during the dry lAfo.·"th,~r 

Rain Gardens 

scalle ' lraiJllwater harvesting. As gardens or depressions, usually 
'sQl all'Ir.~teiAtiC).u!~lercolatiQns-b~ifsi rls for rainwater collection. Not only do they provide for an 

andl~gdfp.§., .• bl!lJr1e\l"'<llrO eltectiv"e in'-tlrA;:Jltinn <lM ' i",fillk6ting stormwater for local groundwater recharge. 

While Oyt,r'Am'~'I\I 

Many <~itiA)::~ :~nrl'~t~ltA~ 

Iv"'v,,-arl·e·'b,a:siccllltll:tlgIJlm~g.alrdens and can be designed to fit well into the surrounding landscape. 
sive rain garden programs, and years of research have gone into their 

\bicl~retenlti 6f1 systems, rain gardens treat runoff naturally as it seeps underground. In the 
de developments, rain gardens are typically installed with impermeable liners and 

Unit cost of rain gardens ar to that of rain barrels, as the mechanism for collecting water is the same. Cost is 
dependent upon the form andlrsxtent of construction and on the type and quantity landscape used, as well as the associated 
maintenance. Installation of rain gardens at residences throughout Los Angeles, assuming 400,000 residences, could 
potentially capture 6,400 AFY assuming an annual average rainfall of 17.8 inches, and an average roof area of 500 square 
feet. Under these conditions, assuming a 10-15 year lifespan, the cost of rain gardens varies from $308-$5,000/ AF. 

Neighborhood Recharge 

Neighborhood recharge involves installing recharge facilities in portions of vacant urban lots, abandoned alleys, and City 
parklands, where the soil is highly permeable. This option involves installing underground storage (such as a honeycomb 
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shaped device shown in Exhibit 7F, but without the lining to allow infiltration). This would allow the runoff to be stored 
underground, while still maintaining a safe area above ground for human activity. The runoff would be pumped or would flow 
by gravity to the site where it would be collected temporarily until it is able to infiltrate. 

The amount of runoff that could be managed by neighborhood recharge was determined as part of the IRP by assuming that 
only the east San Fernando Valley area has predominantly permeable soils appropriate for infiltration (though there may be 
other areas within the City that could be usable for recharge with smaller-scale projects). Based on an analysis of the City's 
Geographical Information System, the maximum total area available for neighborhood rec elrge acilities is approximately 831 
acres, which includes vacant urban lots, abandoned alleys, and 25 percent of City parRlands. Assuming an infiltration rate of 2 
feet per day, the maximum runoff that could potentially be managed by recharge ,acilities would be 550 million gallons per day 

(mgd). 

7.6.3 Distributed Stormwater Capture Projects 

IRP to actual identified projects in the City which infiltrate wet weather rtJnoff as close as possible to the Roi t of origin. A few 
of the identified projects are highlighted here. 

Whitnall Highway Power Line Easement Stormwater Capture Project. This pr-qject involves the capture, treatment, and 

MWD, Water Replenishment District of Southern California and LADWP. Construction was 

Woodman Ave u Median Retrofit Demonstration Project. LADWP in partnership with the BOS Watershed Protection 
Division and The River Project, a non-profit organization, are developing the Woodman Avenue Median Retrofit 
Demonstration Project 0 caRture, treat and infiltrate stormwater runoff along a portion of Woodman Avenue. The Project will 
replace the existing media itb Rre-treatment devices, a vegetated swale, and an underground retention system. Project 
benefits include reductions in 0calized flooding, open space enhancements, groundwater recharge, and native habitat 
enhancement. The CalFed ' atershed Program awarded the project a $1.6 million grant. Construction is expected to be 

completed by the end of 2012. 

North Hollywood Alley Retrofit BMP Demonstration Project. The Project's goal is to demonstrate the ability to infiltrate 
stormwater near the point of origin while increasing groundwater recharge, reducing flooding, and improving water quality. 
Four segments of alleyways in the San Fernando Valley are proposed to be retrofitted with pervious surfaces and diversion of 
flows from intersecting streets into these alleyways. Construction is anticipated to begin in early 2011. 
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Laurel Canyon Parkway Infiltration Swale Project. Construction of the Laurel Canyon Parkway Infiltration Swale Project will 
involve construction of an infiltration trench and parkway swale between the street curb and sidewalk near LADWP's Tujunga 
Spreading Grounds in the San Fernando Valley. Stormwater will be collected and infiltrated into the groundwater from the 
local residential neighborhood. Construction of the project is anticipated to occur in late 2011. 
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CASE STUDY: 
Woodman Avenue Multi·Beneficial Storm Water Capture Project 

Originally proposed by the local Panorama City 
Neighborhood Council for the Tujunga-Pacoima Watershed 
Plan, the Woodman Avenue project represents an 
innovative example of stormwater capture, which includes 
extensive benefits for the environment, the City's 
groundwater basin, and the surrounding community. The 
Woodman Avenue median is located along the west side of 
Woodman Avenue from Lanark Street to Saticoy Street. 

The Project's construction will be relatively simple but 
effective. The Project will capture surface runoff from 
approximately 130 acres that currently flows along street 
gutters to storm drains, through the Tujunga Wash and 
ultimately down the Los Angeles River and into the Pacific 
Ocean. Instead flows will now be directed through pre
treatment devices into a vegetated swale and an 
underground retention system for groundwater basin 
infiltration. The vegetated swale and underground 
retention/infiltration system will replace an existing 16-foot 
wide, 3,500-foot long concrete median. After construction of 
the project, participants will conduct active monitoring of 
water flows, water quality, and vegetation for approximately 
three years. This data should provide valuable information 
to facilitate the development of future projects, and optimize 
system processes. 

The direct water resource related benefits from this project 
are three fold. First, the additional water captured will 
recharge the San Fernando Groundwater Basin with 
approximately 80 AF per year. This replenishes the City's 
local groundwater supply, and helps protect pumping rights 
for City, which ultimately guarantees a more reliable water 
supply. Secondly, diverted flow alleviates local flooding, 
particularly during sizable rain events. Finally, the infiltration 
prevents contaminant carrying runoff and debris from 
entering local waterways and ultimately coastal areas. 

Also recognized are the Community benefits associated 
with this project. These include creation of open space 
enhancements such as improved aesthetics and pedestrian 
access near schools, a walking path, benches, and native 
vegetation. The River Project will be running an active 
education program with the local community, including 
workshops with nearby business owners/residents and the 
introduction of a curriculum for students at the local 
elementary school. The organization's goal is to get the 
students involved in monitoring and maintenance of the 
project as part of their service learning requirements. 
Establishing knowledge of sustainable water supplies with 
the City's youth is an investment in constituent water use 
practices for generations to come. 

Project participants include the Panorama City 
Neighborhood Council, Council District 6, the Los Angeles 
Bureau of Sanitation, the Los Angeles Bureau of Street 
Services, the State of California Water Resources Control 
Board (SCWRCB), The River Project, and LADWP. This 
cooperative partnership is anticipating the project's 
construction to be completion around the end of 2012. 

State funding used for the project is provided through 
Proposition 50. SCWRCB has dedicated $1.6 million 
through the CALFED Watershed Grant Program, which 
covers roughly half of the overall project cost. 

Melanie Winter from The River Project speaks positively of 
this stormwater capture project: "The community's 
involvement in the watershed planning process helped 
them identify a prime opportunity site that maximizes all the 
potential benefits. It helps reduce our dependence on 
imported supplies, addresses peak flows, improves water 
quality, and re-establishes habitat. It's gratifying to receive 
State funding to work in a well-rounded partnership to 
implement this integrated watershed project conceived at 
the grassroots level." 

I NrIL"1"'RJ!,.T1ON SWALE 5V5T!SM 
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LADWP, in conjunction with other City Departments, is developing programs to highlight water conservation through Low 
Impact Development (LID) and installation of BMPs. Low Impact Development (LID) is a stormwater management strategy 
that has been adopted by many localities across the country for the past several years. It is a stormwater management 
approach that is designed to reduce runoff of water and pollutants from the site(s) at which they are generated. 

The past few decades of stormwater management have resulted in the current convention of GOntrol-and-treatment strategies. 

They are largely engineered, end-of-pipe practices that have been focused on controlling ReaK fi El)6' rate and suspended solids 
concentrations. Conventional practices, however, fail to address the widespread and cumulative hydrologic modifications 
within the watershed that increase stormwater volumes and runoff rates and cause excess've erosion and stream channel 
degradation. 

In general, implementing integrated LID practices into new developmePlt and retrofit of existing facilities can result in enhanced 

management approaches. 

According to the USEPA, infrastructure costs associated with LID practices as compared to traditional stormwater treatment 

practices result in significant cost savings ranging between 15 percent and 80 per-cent less than traditional practices. BMPs 
consist of practices designed to infiltrate runoff for g ounaw ter recharge, reduce r Roff volume, and capture rainwater for 
reuse. Programs under development include pilot projects, retrofittiRg of existing facilities, new development standards, and 
assistance in ordinance development. 

Retrofit of LADWP Facilities to Meet LID StandaF< s 

LADWP is assessing its existiPlg facilities fEl potential retrofits ~slng LID BMPs. LID BMPs under consideration include 
pervious pavement, stor~ater caRture, curb c ts, bioretention ce Is, aod amended soils. Expected benefits include: 

• 
• 
• 
• 
• 
• Increased awareness of ID and provide examples for residents; and 

• Compliance with Model Water Efficient Landscape Ordinance. 

New LADWP Facility Development Using LID Standards 

LADWP's Watershed Management Group is developing a framework for implementation of LIDs and BMPs during the new 
facility development process. Within the framework, LID and BMPs are taken into consideration during the planning, design, 
implementation, and maintenance processes associated with new LADWP facilities. Benefits include: 
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• Reductions in costs associated with stormwater infrastructure and landscape maintenance; 

• Reduced costs for grading by using natural drainage; 

• Reduced sidewalk costs by using narrower sidewalks; 

• Increased groundwater recharge; 

• Reduced runoff volume and pollutant loading; 

• 
• Reduction in life cycle costs of replacing or rehabilitating pipe and belQw g ound infrastructtJre. 

Assistance in Ordinance Development 

LADWP is represented on the City of Los Angeles Landscal1le & Stream Proteo:ti0 Ordinances Joint Meeting Committee 
through the Watershed Management Group. Other committee members in cl~ t e De artment of Parks and Recreation, the 

Department of Public Works, the Department of Environmental Affairs, the Department of City Planning, and the Department 

of Building and Safety. The committee is tasked wi tA developing ordinances f0 city-wide implementation that in combination 

reduce water use and improve groundwater recharge among otber multiple benefits Ordinances under review include the: 

• in Energy and Environmental Design 

• LID Ordinance to incorR0rate improvements in stormwater management at the point of origin; 

• Stream protectio6ai ance to incorr:)orate methodologies foffmproving surface and groundwater quality; 

• 
a5m1e. 

7.6.5 Future Qistributed Stormwater Programs 

LADWP continues to investigate the potential for implementation of future distributed stormwater programs. Through its 

Watershed Management Group, L ElWP will continue to develop partnerships and programs to improve utilization of 

stormwater runoff for outdoor water se and groundwater recharge. Potential programs that could be considered in the future 

include rain barrel/cistern rebates and retrofit incentives for installation of LID BMPs. 

7.7 Integrated Regional Water Management Plan (IRWMP) Program 
LADWP is a participating agency for the IRWMP which encompasses 92 cities in the Greater Los Angeles County Region. 

The IRWMP aims to address the water quality, resource, and supply issues of the region. A final plan was adopted on 

December 16, 2006. 

Highlights of the plan that pertain to Watershed issues include: 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
7-22 

AR0071635 



Chapter 7 - January 11 Draft 
Watershed Management 

• Short and long term objectives to comply with water quality regulations (including TMDLs) by improving the quality of 
urban runoff, stormwater, and wastewater 

• Optimize local water resources to reduce the Region's reliance on imported water 

• Long term priority to protect groundwater supplies through stormwater recharge 

• Target goal to reduce and reuse 150,000 AFY (40%) of dry weather urban runo f. a 
170,000 AFY (50%) for a total target of 90% 

• Target goal to reduce and reuse 220,000 AFY (40%) of stormwater r noff fro 
treat an additional 270,000 AFY (50%) for a total of 90% 

For more detailed information on the IRWMP, please refer to Ch cmt,e:>r"1LI' 

7.8 Cost Analysis 

Exhibit 7H compares side by side the various watershed management opl'-'v',,~u, ""."''' 
to add to its water portfolio. 

on LADWP's current planned centralized stormwater capture projects 
cenirali,:ed 13torjnwalter capture potential will be identified once the Stormwater Master Plan is 

~~n~ ;;l~.+n year project life 

SOIJrr.p. '-CS iRI otl1is'l'Inop.lp.s Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
LA-Riverside-Orange County MSA 

I Assumes 10 -15 year life, 55 gallon barrels, 1 barrel per residence, 17.8 in annual 
rainfall, per barrel installed, average used roof area 500 square feet, and 400,000 residences for 
yield (AFY); 2010 dollars 

4. Source City of Los Angeles Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
annual CPI index for LA-Riverside-Orange County MSA; capturing and reusing stormwater on-site for schools 
and government only 

5. Source Tree People Assumes 10- 15 year life, 17.8 in annual rainfall, $3.30 - $25.66 / ft2 for rain garden 
construction, average used roof area 500 square feet, and 400,000 residences for yield (AFY); 2010 dollars 

6. Source City of Los Angeles Integrated Resources Plan (2004); updated from 2004 to 2009 dollars using 
annual CPI index for LA-Riverside-Orange County MSMSA 
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It is important to note that the centralized stormwater capture values are based on the planned projects listed in Section 7.5. 
LADWP is currently compiling a Stormwater Master Plan (see Section 7.3) which will investigate the maximum potential for 
stormwater capture within the City (for both centralized and distributed capture). Nevertheless, even with this fraction of the 
potential, it is clear that centralized stormwater capture is a very cost effective, plentiful water supply asset to be pursued. 
Recognizing its great potential, LADWP will proceed with its efforts on the centralized stormwater capture projects listed in 
Section 7.5, and closely monitor findings of the Stormwater Master Plan to determine future potential centralized stormwater 
capture projects. 

Distributed stormwater capture values are based on the maximum potential achieva Ie by the City. While the cost listed is 
high, distributed stormwater capture options are highly variable based on a var.iety of fact0rs such as the magnitude of the 
overall program, project locations, etc. Furthermore, distributed stormwater ca ture projectiyield additional benefits to the 
public outside of water supply generation such as community beautification, pu t;) ·c right of'way improvements, as well as 

private residence safety and aesthetic improvements. LADWP will continue to Investigate these GRtions to evaluate the best 
approach to establish a cost effective program that will help add to LADWP's water portfolio. 
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8.0 Overview 
As a member agency, the City of Los Angeles purchases water from the Metropolitan Water District of Southern California 
(MWD) to supplement its supplies from local groundwater, LAA deliveries, and recycled water. LADWP has historically 

purchased MWD water to make up the deficit between demand and other City supplies. As a percentage of the City's total 
water supply, MWD water varies from 4 percent in 1983-84 to 71 percent in 2008-09 with the 5-year average of 52 percent 
between 2005-06 and 2009-10. Exhibit 1 F in Chapter 1 illustrates the City's reliance on MWD water during dry years and 
increasingly in recent years when LAA supply is being cut back for environmental enhancement projects. Although the City 
plans to reduce its reliance on imported water including LAA and MWD supplies, it has made significant investments in MWD 
and will continue to rely on the wholesaler to meet its current and future supplemental water needs. 

MWD is the largest water wholesaler for domestic and municipal uses in California providing nearly 19 million people with on 
average 1.7 billion gallons of water per day to a service area of approximately 5,200 square miles. MWD was formed by the 
MWD Act, and exist pursuant to this statute which was adopted by the California legislature in 1927. MWD's adopted purpose 
is to develop, store, and distribute water to southern California residents. Additionally, the MWD Act allows MWD to sell 

additional water when it is available for other beneficial uses. In 1928 MWD was incorporated as a public agency following a 
vote by residents in 13 cities in southern California. Operating solely as a wholesaler, MWD owns and operates the Colorado 
River Aqueduct (CRA), is a contractor for water from the California State Water Project (SWP), manages and owns in-basin 
surface storage facilities, stores groundwater within the basin via contracts, engages in groundwater storage outside the 
basin, and conducts water transfers to provide additional supplies for its member agencies. Today MWD has 26 member 
agencies consisting of 11 water districts, one county water authority, and 14 cities, including the City of Los Angeles. 

This Urban Water Management Plan projects LADWP's reliance on MWD water supplies will be reduced by half; from the five
year average of 52 percent of total demand between 2005-06 and 2009-10, to 24 percent by 2034-35 under average weather 
conditions. 

8.0.1 History 

Initially formed to import water into the southern California region from, MWD's first project was to build the CRA to import 
water from the Colorado River. The City of Los Angeles originally provided the capital dollars to initiate and complete land 
surveys of all proposed alignments for the project. Construction was financed through $220 million in bond sales during the 
Great Depression. Ten years after initiating construction Colorado River water reached southern California in 1941. To meet 
further water demands in the southern California region, MWD contracted with the SWP in 1960 to deliver almost half of the 
SWP's water from the San Francisco Bay-Delta region via the California Aqueduct into southern California. After completion of 
the California Aqueduct, deliveries of SWP water were first received in 1972. 

8.0.2 Governance 

MWD is governed by a Board of Directors composed of 37 individuals with a minimum of one representative from each of 
MWD's 26 member agencies. The allocation of the directors and voting rights are determined by each agency's assessed 
valuation. The city of Los Angeles has four Directors on MWD's Board and controls 19.44 percent of the vote. MWD's 

Administrative Code defines various tasks which the Board has delegated to MWD staff. A General Manager oversees MWD 
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staff. The General Manager, General Auditor, General Counsel, and Ethics Officer serve under direction and authority given 
directly by the Board. 

8.0.3 Service Area 

Originally serving an area of 675 square miles in 1928, MWD's service area has grown to approximately 5,200 square miles 
serving 19 million people via its 26 member agencies. MWD's service area covers portions of Los Angeles, Ventura, Orange, 
Riverside, San Bernardino, and San Diego counties as depicted in Exhibit 8A. MWD member agencies serve 152 cities and 
89 unincorporated areas. Member agencies provide wholesale, retail, or a combination of wholesale/retail water sales in their 
individual service territories. 

Exhibit SA 
MWD Service Area 

THE METROPOLITAN WATER DISTRICT OF SOUTHERN CALIfORNIA 

D 

• METROPOLITAN'S, MEMBER AGENCIES 
LEGEN D 

- D.pill'lm~ .. 1 of III,,,,, lI.sou""",· V"lifJomi. AquedlJd 

- M.trop~fiI~'. CoI~~IID Ri.", Aq-uoadu:d 
o 1IIlI1 ... T're,iImnt PliJIlts 

www.mwdh2o.com 

8.0.4 Major Infrastructure 

MWD delivers approximately 6,000 AF per day of treated and untreated water to its member agencies through its vast 
infrastructure network. Major facilities include the CRA, pumping plants, pipelines, treatment plants, reservoirs, and 
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hydroelectric recovery power plants. A summary of the major facilities and capacities are provided in Exhibit 88 and Exhibit 8e 

illustrates the geographic locations of the facilities. 

Exhibit 88 
aJor aCllles M· MWD F Tf S ummary 

Facility Units Capacity 

Colorado River Aqueduct 

Aqueduct 242 miles 1.3 million AFY 

Pumping Plants 5 plants 1,617 feet of total lift 

Pipelines 819 miles 

Water Treatment Plants """ 

Joseph Jensen 750 mgd "" 

Robert A Skinner /<. 630 mgd 

FE Weymouth /' 520 mgd 

Robert B. Diemer ~~ 520 mgd 
.... 

Henry J. Mills 220 mgd 

Total Treatment Capacity 2,640 mgd 

Reservoirs 

Diamond Valley Lake 810,000 AF 

Lake Matthews ',~ 182,000 AF 

Lake Skinner //- 44,000 AF 

Copper Basin '.// 24,200 AF 

Gene Wash 6,300 AF 

Live Oak 
\. 

2,500 AF 

Garvey 
r \ c_ 

1,600 AF 1 

Palos Verdes 1,100 AF 

Orange County 212AF 

Total Reservoir Capacity 1,071,912 AF 

Hydroelectric Recovery Plants 16 plants 122 megawatts 
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8.1 Supply Sources 

Exhibit Be 
Major MWD Facilities 

I 
/ 
I , 

I , 

Colorado River supplies, State Water Project supplies, In-Basin Storage, Outside-Basin Storage, and Water Transfers 
together comprise MWD's total system water supply sources. These sources provide supplemental water to meet the 
demands in Venture, Los Angeles, Riverside, Orange, San Bernardino and San Diego Counties. 

8.1.1 Colorado River 

The Colorado River forms California's border with Arizona to the east. The drainage area in California that contributes water to 

the Colorado River is relatively small and has an arid climate. Accordingly, California has no major tributaries contributing 
water to the Colorado River. 
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The Colorado River Board of California (CRB) is the California state agency given authority to protect the interests and rights 
of the state and its citizens in matters pertaining to the Colorado River. The Board is comprised of 10 gubernatorial appointees 
representing the LADWP, MWD, San Diego County Water Authority, Palo Verde Irrigation District, Coachella Valley Water 
District, Imperial Irrigation District, Department of Water Resources, Department of Fish and Game, and two public members. 

8.1.1.1 The Law of the River 

The Secretary of the Interior (Secretary) is vested with the responsibility to manage the mainstream waters of the Colorado 
River pursuant to applicable federal law. This responsibility is carried out consistent with a body of documents referred to as 
the Law of the River. Water rights to Colorado River water are governed by a complex collection of federal laws, state laws, a 
treaty with Mexico, other agreements with Mexico, Supreme Court decrees, contracts with the Secretary, interstate compacts, 
state, and administrative actions at the federal and state levels. Collectively, these documents and associated interpretations 
are commonly referred to as the "Law of the River" and govern water rights and operations on the Colorado River. 

Particularly notable among these documents are: 

1) the Colorado River Compact of 1922, which apportioned beneficial consumptive use of water between the Colorado 
River Upper Basin and Lower Basin; and defined the term "States of the Lower Division" to mean the States of 
Arizona, California, and Nevada. Serving as the basis of the "Law of the River" the Compact apportioned water to 
each basin in anticipation of a dam on the Colorado River. The Upper Basin is the portion of the Basin upstream of 
Lee Ferry, Arizona, while the Lower Basin is downstream of this point. Each basin was apportioned 7.5 million MAF 
annually and the Lower Basin received the option to an additional 1 MAF annually based on excess flows. California 
is within the Lower Basin along with Arizona and Nevada; 

2) the Boulder Canyon Project Act of 1928 was enacted by Congress to authorize construction of Hoover Dam and the 
All-American Canal, the Act required that water users in the Lower Basin have a contract with the Secretary, and 
established the responsibilities of the Secretary to direct, manage, and coordinate the operation of Colorado River 
dams and related works in the Lower Basin. The Act stipulated conditions, one of which required California to limit 
Colorado River water use to 4.4 MAF annually plus one-half of the excess water unapportioned by the Colorado 
River Compact. To satisfy the condition, the California Legislature enacted the Limitation Act in 1929 limiting its use 
of Colorado River water to the basic apportionment of 4.4 MAF; 

3) the California Seven Party Agreement of 1931 was developed in response to the Limitation Act and through 
regulations adopted by the Secretary, established the relative priorities of rights among major users of Colorado 
River water in California. The Seven Party Agreement apportioned California's share of Colorado River water to 
California contractors. Within the agreement priorities were established for each of the four agencies holding 
contracts for Colorado River Water with the U.S. Bureau of Reclamation. These priorities are shown in Exhibit D. 
Seven priorities were established with the first four priorities satisfying California's allocation of 4.4 MAF annually and 
the fifth and sixth priorities relating to California's share of excess Colorado River flows. MWD holds the fourth and 
fifth priorities. The fourth priority allocates 550 thousand acre-feet (TAF) of California's apportionment to MWD and 
the fifth priority allocates 662 TAF of California's share of excess flows to MWD. 

4) the 1944 Treaty (and subsequent minutes of the International Boundary and Water Commission) related to the 
quantity and quality of Colorado River water delivered to Mexico. The Treaty guaranteed an annual quantity of 
1.5 MAF to be delivered in accordance with the provisions of the Treaty. 
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5) the 1963 United States Supreme Court Decision in Arizona v. California which confirmed the Lower Basin 
mainstream apportionments of: 

2.8 million acre-feet per year (AFY) for use in Arizona, 
4.4 million AFY for use in California, and 
0.3 million AFY for use in Nevada; 

provided water for Indian reservations and other federal reservations in Arizona, California, and Nevada; and 
confirmed the significant role of the Secretary in managing the mainstream Colorado River within the Lower Basin; 

6) the 1964 United States Supreme Court Decree (Decree) in Arizona v. California which implemented the Supreme 
Court's 1963 decision; allocated 50 percent of the surplus water available for use in California; and allowed the 
Secretary to release water apportioned to but unused in one state for use in the other two states; the Decree was 
supplemented over time after its adoption and the Supreme Court entered a Consolidated Decree in 2006 which 
incorporates all applicable provisions of the earlier-issued Decrees; and 

7) the Colorado River Basin Project Act of 1968, which authorized construction of a number of water development 
projects including the Central Arizona Project (CAP), provided existing California, Arizona, and Nevada water 
contractors a priority over the CAP and other users of the same character in Arizona and Nevada whenever less 
than 7.5 million afy is available, and required the Secretary to develop the Long Range Operating Criteria and 
issue an Annual Operating Plan for mainstream reservoirs. 

Exhibit 8D 

Listing of Priorities - Seven Party Agreement 

Beneficial 
Priority Number Agency and Description of Service Area Consumptive Use 

(Acre-feet/year) 

1 '" Palo Verde Irrigation District - 104,500 acres 

Yuma Project, California Portion, not exceeding 
1.....-- 2 25,000 acres 

/' . I ~ 3(a) Imperial Irrigation District 

3(b) Palo Verde Irrigation District - 16,000 acres 3,850,000 

~ Metropolitan Water District, City of Los Angeles 

4 and/or others on the coastal plain 550,000 

'" 
Metropolitan Water District, City of Los Angeles 

5 and/or others on the coastal plain 662,000 

6(a) Imperial Irrigation District 

Palo Verde Irrigation District - 16,000 acres of 

6(b) adjoining mesa 300,000 

Total 5,362,000 

8.1.1.2 Colorado Supply Reliability 

Reliability of CRA water for MWD has decreased overtime as a consequence of multiple events. Historically California had 
used up to 5.4 million afy as Arizona and Nevada were not using their normal apportionments of Colorado River water and 
surplus water was made available by the Secretary. The 1964 Decree and the 2006 Consolidated Decree of the US Supreme 
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Court in Arizona v. California confirmed California's allocation was limited to 4.4 MAF annually. As a result MWD can now only 

rely on its fourth priority allocation of 550 TAF annually. Prior to this, MWD was able to satisfy its fifth priority allocation with 
Nevada and Arizona's unused water. However, in 1985 Arizona began increasing deliveries to its Central Arizona Project 
reducing the availability of unused apportionment to fill MWD's fifth priority. 

Because of dry years on the Colorado River system and Arizona and Nevada using their full apportionment, the U.S. 

Secretary of Interior asserted that California must come up with a plan to live within its 4.4 MAF apportionment. Therefore, 
users from California have developed California's Colorado River Water Use Plan (California Plan). The users included: MWD, 
Palo Verde Irrigation District (PVID), Imperial Irrigation District (lID), and Coachella Valley Water District (CVWD). This plan 
identifies actions that California will take to operate within its 4.4 million acre-foot entitlement. 

California currently consumes its normal apportionment of 4.4 million AFY, Exhibit 8E and Exhibit 8F illustrate the order of 
priority, is as follows: 

1. PVID - gross area of 104,500 acres of land in the Palo Verde Valley. 
2. Yuma Project-Reservation Division - not exceeding a gross area of 25,000 acres in California. 
3(a). liD -lands in the Imperial Valley served by the All-American Canal. Export out of basin, primarily agricultural 

usage. Also, second 63,000 AF in priority 6(a) and balance of any remaining priority 6(a) and 7 water available. 
3(b). CVWD -lands in the Coachella Valley served by the Coachella Branch of the All-American Canal. Export out of 

basin, agricultural usage. Also third 119,000 AF in priority 6(a) and balance of any remaining priority 6(a) and 7 
water available. 

3(c). PVID -16,000 acres of land on the Lower Palo Verde Mesa, also priority 6(b). 
4. MWD - 550,000 af, also 662,000 af in priority 5, and first 38,000 af in 6(a) 

Exhibit 8E 
Historical Total Colorado River Basin Storage 

70 
Maximum usable capacity (60.345 mat) MUC (59665 mal) 

60 -.~----~~~~~~~~~------------~~~~~~~ 

50 

40 

30 

20 Minimum operation level storage (16.065 mal) MOL (15.936 maf) 

10 
Excess deliveries to Mexico for year ---.. 
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I I I 1 
1 I 
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Exhibit SF 
Historical Lake Mead Elevation 
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The bathtub ring at Lake Mead, August 2010, lake elevation 1,087 feet. 
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A component of the California Plan was completion of the Quantification Settlement Agreement (QSA) in 2003, which 
established baseline water use for each California party with Colorado River water rights. Key to the agreement is the 
quantification of liD at 3.1 MAF, and CVWD at 330 TAF. Completion of the QSA facilitates the transfer of water from 
agricultural agencies to urban water suppliers by allowing water conserved on farm land to be made available for urban use. 
As a result of litigation, the QSA and eleven other agreements were ruled as invalid on February 11, 2010. MWD in 
conjunction with, CVWD and the SDCWA, have appealed the court's decision. Ultimately, the total impact of the court's 
decisions on MWD's Colorado River supplies cannot be determined at this time pending the outcome of the appeal. However, 
MWD's existing conservation, land fallowing, and transfer programs for Colorado River supplies are independent of the QSA 
and will not be impacted by the QSA lawsuit. 

Along with MWD's apportionment, MWD has developed a number of water supply programs to improve reliability of Colorado 
River supplies, such as agricultural water transfers and storage programs, and has multiple programs under development as 
listed in Exhibit SF. Developed programs in conjunction with MWD's apportionment will provide MWD with approximately 1.14 
MAF in 2035 under an average year (1922 - 2004 hydrology). Proposed programs under development could add another 1S2 
TAF per year. Non-MWD supplies conveyed through the CRA are forecast at 296 TAF for a total CRA supply capability of 1.61 
MAF. However, the CRA has a supply capacity constraint of 1.25 MAF. After subtracting MWD's conveyance obligation of 
non-MWD supplies, MWD's supplies for 2035 under average year, single-dry year (1977 hydrology), and multi-dry year (1990 
- 1992 hydrology) scenarios are all forecast at 954 TAF. Exhibit SG summarizes the CRA supply forecast for 2035 under an 

average year. 

Exhibit 8G 
MWO's eRA Forecast Supplies in 2035, Average Year (1922 - 2004 Hydrology) 

-~~ '-' Supply 

/" Program (Thousands of AF)/ Year 
f· """ 

Current 
.... 

i -
Basic Apportionment - Priority 4 

Imperial Irrigation DistrictlMWD Conservation Program 

Priority 5 Apportionment (Surplus) 

Palo Verde Irrigation District Land Management Crop Rotation and Water Supply 
Program 

Lower Colorado Water Supply Project t;/ 

Lake Mead Storage Program 

Quechan Settlement Agreement Supply 

Forbearance for Present Perfected Rights 

Coachella Valley Water District State Water Project/QSA Transfer Obligation 

Desert Water Agency and Coachella Valley Water District SWP Table A Obligation 

Desert Water Agency and Coachella Valley Water District SWP Table A Transfer 
Callback 

Desert Water Agency and Coachella Valley Water District Advance Delivery Account 

Drop 2 Reservoir Funding 

Southern Nevada Water Authority Agreement 

Subtotal of Current Programs 

Programs Under Development 
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Additional Palo Verde IrriQation District Transfers 

Arizona Programs - Central Arizona Project 

California Indians/Other Agriculture 

ICS Exchange 

Agreements with Coachella Valley Water District 

Hayfield Groundwater Extraction Project 

Subtotal of Proposed Programs 

Additional Non-MWD CRA Supplies // 

San Diego County Water Authority/ Imperial Irrigation District Transfer ...... 

Coachella and All-American Canal Lining ,/ /' " 
To San Diego County Water Authority / '\" 

To San Luis Rey Settlement Parties 1 /." '~' .. , 
Subtotal of Non-MWD CRA Supplies 

... / 

Maximum CRA Supply Capabilitl 

Minus Supply CRA Capacity Constraint of 1.25 MAF Annually 

Maximum Forecast CRA Deliveries 

Minus Non-MWD Supplies3 

Maximum MWD Supply Capabilitl 

62 

50 

10 

25 

35 

0 

182 

" 
200 

...... 80 
'.... ". 16 

........ 296 

1,614 

-364 

1,250 

-296 

954 

1. Subject to satisfaction of conditions specified in agreement among MWD, the US, and the San Luis Rey Settlement Parties 

2. Total amount of supplies available without taking into consideration of CRA capacity constraint of 1 .25 MAF annually. 

3. Exchange obligation for San Diego County Water Authority - Imperial Irrigation District transfer and the Coachella and AII
American Canal Lining Projects 

4. The amount of CRA water available to MWD after meeting exchange obligations. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.1.3 Water Quality Issues 

Water quality issues for Colorado River supplies encompass high salinity levels, perchlorate, nutrients, uranium, chromium VI, 
N-nitrosodimethlamine (NDMA), and pharmaceuticals and personal care products (PPCPs). High salinity levels present the 
most significant issue and the only foreseeable water quality constraint for the Colorado River supply. MWD expects its source 
control programs for the CRA to adequately address the other water quality issues. MWD has also bolstered its water security 
measures across all of its operations since 2001, including an increase in water quality tests. Details of MWD's water quality 
initiatives are available in MWD's 2010 Regional Urban Water Management Plan (RUWMP). 

Salinity 

Water obtained from the Colorado River has the highest salinity levels of all MWD supply sources averaging 630 mg/L since 
1976. Salts are eroded from saline sediments deposited in prehistoric marine environments in the Basin, dissolved by 
precipitation, and conveyed into the Basin's water courses. 

Salinity issues have been recognized in the Basin for over 30 years. The seven basin states formed the Colorado River Basin 
Salinity Control Forum (Forum) to mutually cooperate on salinity issues in the Basin. The Forum recommended the U.S. 
Environmental Protection Agency (USEPA) to act upon the Forum's proposal and in response the USEPA approved water 
quality standards and established numeric criteria for controlling salinity increases. Each Basin State adopted the water quality 
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standards, which are designed to limit the flow-weighted average annual salinity level to 1972 levels or below. An outgrowth of 
the Forum was the Colorado River Basin Control Program. At the core of the program is the reduction in salts entering the 
river system by intercepting and controlling non-point sources, wastewater, and saline hot springs. Salinity reduction projects 
have reduced salinity concentration of Colorado River water by over 100mg/L approximating $264 million per year, in 2005 
dollars, in avoided damages. 

MWD adopted a Salinity Management Policy in 1999 with the goal of achieving salinity concentrations of less than 500 mg/L 
at delivery. To reduce salinity levels, Colorado River supplies are blended with SWP water supplies to achieve the salinity 
target in seven out of ten years. In the other three years the target is not possible to achieve as a result of hydrologic 
conditions that increase salinity on the Colorado River and less SWP water is available for blending. Additionally, to maximize 
the use of recycled water in agriculture, MWD is trying to obtain lower salinity imported water during the spring/summer 
months to reduce salinity levels in recycled water. 

Perchlorate 

In 1997 perchlorate was first detected in the Colorado River attributed to an industrial site upstream of the Las Vegas Wash in 
Nevada, ultimately draining to the river. Subsequently, an additional groundwater plume was found to be migrating from an 
additional industrial site, but had not reached the Las Vegas Wash. Since the initial discovery of contamination, remediation 
efforts have significantly reduced perchlorate loading from the Las Vegas Wash. At Lake Havasu, downstream of the 
convergence of the Las Vegas Wash and Colorado River, perchlorate levels have decreased from 91Jg/L at their peak in 1998 
to less than 6 IJg/L in October 2002. Since June 2006 typical levels have been less than 2 IJg/L. 

Nutrients 

Excessive nutrient levels in water can stimulate algal and aquatic weed growth leading to taste and odor concerns. Nutrients 
include both phosphorous and nitrogen compounds. Other impacts of algal and aquatic weed growth include reductions in 
operating efficiencies and potentially provide an additional food source for invasive aquatic species, such as quagga and 
zebra mussels. 

Naturally, the Colorado River system has relatively low concentrations of phosphorous. Additional loading to the system as 
upstream urbanization increases has the ability to increase phosphorous concentrations and impact MWD's ability to blend 
low nutrient concentration CRA water with high nutrient concentration SWP water. MWD continues to work with agencies 
located along the lower Colorado River to improve their wastewater management to reduce phosphorous loading. 

Uranium 

Near Moab, Utah a 16-million ton pile of uranium tailings located approximately 750 feet from the Colorado River is a potential 
source of uranium loading to the river. In 1999, the US Department of Energy began remediating the site by removing tailings 
and treating contaminated groundwater. Complete removal of the pile is expected by 2025 or 2019 if additional funding is 
secured. MWD is tracking clean-up progress and continues to support rapid clean-up of the site. 

To address recent uranium mining claims in the vicinity of the Colorado River and the Grand Canyon Area, MWD has sent 
letters to the Secretary of Interior to highlight MWD's concern of source water protection and recommended close federal 
oversight. In 1999, the Department of Interior placed a two-year hold on mining claims for 1 million acres adjacent to the 
Grand Canyon area to conduct additional analyses and H.R. 644, Grand Canyon Watersheds Protection Act, was introduced 
in 2009. H.R. 644, if approved, would prohibit new mining activities around the Grand Canyon area. 
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Chromium VI 

Chromium VI has been detected in a groundwater aquifer in the vicinity of the Colorado River near Topock, Arizona. The 
source of the contamination is a natural gas compression site operated by Pacific Gas and Electric (PG&E) that previously 
used chromium VI in its operations. Currently, PG&E is engaged in interim clean-up operations to protect the Colorado River. 
A final treatment alternative is anticipated to be released in 2010. Monitoring upstream and downstream of the site range from 
non-detect (0.03 iJg/L) to 0.06 iJg/L which are considered within the background range for the river. MWD is actively involved 

in the corrective action process through its participation in stakeholder workgroups and partnerships with State and federal 
regulators, Indian tribes, and other stakeholders. 

NDMA and Pharmaceuticals and Personal Care Products 

N-nitrosodimenthylamine is a by-product formed by secondary disinfection of some natural waters with chloramines. MWD is 
involved with projects to understand the potential sources of NDMA precursors in its source watersheds and to develop 
treatment strategies to minimize NDMA formation at its water treatment facilities. In 2007, MWD initiated monitoring efforts to 
measure Pharmaceuticals and Personal Care Projects (PPCPs) in its source supplies. PPCPs have been detected at very low 
levels (low ng/L level; parts per trillion) consistent with monitoring results from other utilities. MWD is involved with programs to 
improve analytical testing methods, characterize PPCP in drinking water sources in California, and effects of PPCPs on 

groundwater recharge and recycled water use. 

8.1.2 State Water Project 

MWD began receiving water from the State Water Project (SWP) in 1972. MWD is the largest of 29 contractors for water from 
the SWP, holding a contract for 1.912 MAF per year, or 46 percent of the total contracted amount, of the 4.173 MAF ultimate 
delivery capacity of the project. Variable hydrology, environmental issues, and regulatory restrictions in the San Francisco 
Bay/Sacramento-San Joaquin River Delta (Bay-Delta) have historically reduced the quantity of water that the SWP delivers to 
MWD. 

8.1.2.1 Major State Water Project Facilities 

The SWP is owned by the State of California and operated by the Department of Water Resources (DWR) delivering water to 

two-thirds of the population of California and 750,000 acres of farmland. Major facilities in the SWP system consist of 701 
miles of aqueduct, 34 storage facilities totaling 5.S MAF of storage, five hydro-electric power plants, four pumping-generating 
plants, 17 pumping plants, and three pump stations. Exhibit SH illustrates the location of major SWP facilities. SWP facilities 
originate in Northern California at Lake Oroville on the Feather River. Water released from Lake Oroville flows into the Feather 
River, goes downstream to its confluence with the Sacramento River, and then travels into the Bay-Delta. Water is pumped 
from the Bay-Delta region to contractors in areas north and south of the San Francisco Bay and south of the Bay-Delta. SWP 

deliveries consist solely of untreated water. In addition to delivering water to its contractors, the SWP is operated to improve 
water quality in the Delta region, control flood waters, and provide recreation, power generation, and environmental 
enhancement. 

MWD receives SWP water at three locations, Castaic Lake in Los Angeles County, Devil Canyon Afterbay in San Bernardino 

County, and Box Spring Turnout at Lake Perris in Riverside County. In addition, MWD has flexible storage rights of 65 TAF at 
Lake Perris at the terminus of the East Branch of the SWP and 153.95 TAF at Castaic Lake at the terminus of the West 
Branch. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
8-12 

AR0071649 



Chapter 8 - January 2011 Draft 
Metropolitan Water District Supplies 

8.1.2.2 Contract Allocations 

Contract allocations, also known as entitlements, for SWP contractors are provided by DWR in a table commonly referred to 
as Table A. Allocations are based on the original projected SWP maximum yield of 4.173 MAF. Table A is a tool used by DWR 
to allocate fixed and variable SWP costs and yearly water entitlements to the contractors. Table A contract amounts do not 
reflect actual deliveries a contractor should expect to receive. MWD has a Table A contract amount of 1.912 MAF. MWD's full 
Table A contract amount was made available to MWD for the first time in 2006. 

Table A Maximum Annual SWP Amounts (acre-feet) 

Contractor Maximum SWP Table A 

North Bay ~. 

Napa County Flood Control and Water Conservation District 29,025 

Solano County Water Agency ..- .' 47,756 

Subtotal . .' 76,781 

South Bay )" , 
Alameda County Flood Control and Water Conservation '-~' I > 

District, Zone 7 .... 80,619 

Alameda County Water District '" 42,000 

Santa Clara Valley Water District "' 100,000 

Subtotal .......... 222,619 

San Joaquin Valley 

Oak Flat Water District , ') 5,700 

Kings County \ 
.... 

9,305 

Dudley Ridge Water District \ " 57,343 

Empire West Side Irrigation District 1 3,000 

Kem County Water Agency 998,730 

Tulare Lake Basin Water Storage District 95,922 

Subtotal 1,170,000 

'" Central Coastal 

San Luis Obispo County Flood Control and Water Conservation 

District 25,000 

Santa Barbara County Flood Control and Water Conservation 

District 45,486 

Subtotal 70,486 

Southern California 

Antelope Valley-East Kem Water Agency 141,400 

Castaic Lake Water Agency 95,200 

Coachella Valley Water District 121,100 

Crestline-Lake Arrowhead Water Agency 5,800 

Desert Water Agency 50,000 

Littlerock Creek Irrigation District 2,300 
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Mojave Water Agency 

Metropolitan Water District of Southern California 

Palmdale Water District 

San Bernardino Valley MWD 

San Gabriel Valley MWD 

San Gorgonio Pass Water Agency 

Ventura County Flood Control District 

Subtotal 

Delta Delivery Total 

Feather River 
Butte County 

,,/ 

« ... 

Plumas County Flood Control and Water Conservation District 

Yuba City f ., 
Subtotal ~.-~., ) 

Total "" 
j~/ 

" 

75,800 

1,911,500 

21,300 

102,600 

28,800 

17,300 

20,000 

2,593,100 

4,132,986 

27,500 

2,700 

9,600 

39,800 

4,172,786 

DWR annually approves the amount of contract allocations SWP contractors will receive. The contract allocation amount 
received by contractors varies based on contractor demands and projected available water supplies. Variables impacting 
projected water supplies include snowpack in the Sierra Nevada, capacity available in reservoirs, operational constraints, and 
demands of other water users. Operational constraints include pumping restrictions related to fish species listed as either 
threatened or endangered under the federal or state Endangered Species Acts. Contractors' requests for portions of their 
entitlements cannot always be met. In some year there are shortages and in other years surpluses. In 2008 and 2009 SWP 
contractors received only 35 percent and 40 percent, respectively, of their SWP contract allocations. In 1991 and 1992 MWD 
received 391 TAF and 710 TAF, respectively, less than their requests. 

DWR bi-annually prepares the State Water Project Delivery Reliability Report to provide contractors with current and projected 
water supply availability for SWP. The 2009 draft released in January 2010 indicates expected deliveries for multiple-dry year 
periods will vary from 32 to 38 percent of maximum Table A amounts and for multiple-year wet periods 72 to 94 percent of 
maximum Table A amounts. Overall the report shows increased reductions in water deliveries on average when compared to 
the previous 2007 report. Factors impacting deliveries include environmental constraints and hydrologic changes as a result of 
climate change. 
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State Water Project Major Facilities 
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... Power Plant (P) 
o Pumping Plant (PP) 
o Pump Generation 

Powerplant (PGP) 
• Pump Sution (PS) 

State Water 
Project Facilities 

Hyatt PGP 

2 Thel"malito 
D iversion Dam P 

3 Thermalito PGP 

4 Barker Slough PP 

5 Cord"li. PP 

6 Banks PP 

7 South Bay PP 

8 Del Va ll e PP 

9 Gianelli PGP 

10 Dos Amigo, PP 

II las Peril I .. PP 

12 Badger Hill PP 

13 Devil' , Den PP 

14 Bluesto ne PP 

15 Polonio p"" PP 

16 Bu"n. Vista PP 

17 T eel"ink PP 

18 ChrISman PP 

19 Edmonston PP 

20 Alamo P 

21 Oso PP 

22 Warne P 

23 Castaic PGP 

24 Pearblossom PP 

25 Mojave Siphon P 

26 Devi l Canyon P 

27 GI"eenspot PS 

28 Cr"fton Hills PS 

29 Cherry Va lley PS 
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In addition to MWD's Table A amount, MWD has long term agreements in place to obtain additional SWP supplies through 
four other programs: 

• Article 21 

• Turnback Pool 

• Yuba River Accord 

• San Luis Carryover Storage 

• Desert Water Agency and Coachella Valley Water District Table A Transfer. 

Article 21 is in reference to a provision in the SWP contract with DWR that allows SWP contractors, such as MWD, to take 
additional water deliveries in addition to Table A amounts. Article 21 water is only available under certain conditions as 
outlined in Article 21. SWP Article 21 of the contracts permits delivery of water excess to delivery of SWP Table A and some 
other water types to those contractors requesting it. SWP Article 21 water is apportioned to those contractors requesting it in 

the same proportion as their SWP Table A. 

Turnback Pool (Pool) water allows a contractor that has been allocated Table A annual entitlement that the contractor will not 
use to sell that water to other SWP Contractors through the Pool. If there are more request from contractors to purchase water 
from the Pool than the amount in the Pool, the water in the Pool is allocated among those contractors requesting water in 
proportion to their Table A entitlements. If requests to purchase water from the Pool total less than the amount of water in the 
Pool, the sale of water is allocated to the selling contractors in proportion to their respective amounts of water in the Pool. 

In 2007, MWD and DWR signed an agreement allowing MWD to participate in the Yuba Dry Year Water Purchase Program. 
Under this program, transfers are available from the Yuba County Water Agency during dry years up to 2025. MWD 
completed purchases of 26.4 TAF and 42.9 TAF in 2008 and 2009, respectively. 

As part of the Monterey Amendment, which modified the contractors' long term contracts with DWR, the use of carryover 
storage by contractors was permitted in the San Luis Reservoir for use during dry years. Carryover storage is curtailed if it 
impedes with the storage of SWP water for project needs. 

MWD entered into a transfer agreement with the Desert Water Agency (DWA) and Coachella Valley Water District (CVWD) for 
their Table A contract amounts in exchange for an equal amount of water from the CRA. Both DWA and CVWD are SWP 
contractors, but have no physical connections to obtain SWP water. MWD is able to transfer CRA water to both agencies as a 
result of their locations adjacent to CRA facilities. DWA and CVWD have a combined Table A amount of 1.912 MAF per year. 
MWD additionally can provide DWA and CVWD with deliveries of MWD's other SWP water supplies and non-SWP supplies 
utilizing SWP facilities, thus allowing MWD additional flexibility in managing its water supply portfolio. 

MWD also engages in short-term transfer agreements using SWP facilities to bolster supplies as opportunities become 
available as discussed in the Groundwater Storage and Transfers sub-section. Historically, MWD has obtained transfers 
through the Governor's Water Bank, Dry-Year Purchase Programs, and the State Water Contractors Water Transfer Program. 
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MWD expects to receive 2.046 MAF through its SWP supplies in 2035 under average conditions (1922 - 2004 hydrology). 
Exhibit 81 summarizes MWD's SWP supplies by program. Current programs are expected to result in 1.441 MAF and 
programs under development are expected to add an additional 605 TAF. Under multi-year dry conditions (1990 -1992 
hydrology), MWD expects to receive only 956 TAF and 1,003 TAF under a single-dry year (1977 hydrology). 

Exhibit 81 
MWD Forecast Supplies of SWP Water in 2035, Average Year (1922 - 2004 Hydrology) 

Supply 

Program ,//(' 
(Thousands of AF) 

Current /<,,/~ 

MWD Table A 
..: " 1,026 

Desert Water Agency and Coachella Valley Water District SWP Table A Transfer ..... 155 

San Luis Carryover Storage 1 
"- 208 

Article 21 Supplies / ,,'\.. 52 

Yuba River Accord Purchase 
~,-~., )"-. 0 

Subtotal of Current Programs2 '\. /"," .... \ 
1,441 

Programs Under Development 

Delta Conveyance Improvements 605 

Integrated Resources Plan SWP Targee \ .~. ~ 0 

Subtotal of Proposed Programs2 \ ". \, 
605 

Maximum SWP Supply Capabilitl 2,046 

1. Includes carryover water from Desert Water Agency and Coachella Valley Water District. 

2. Does not include transfers and water banking associated with SWP. 

3. Remaining supply needed to meet Integrated Resources Plan target. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.2.3 Water Quality Issues 

Water quality issues for SWP supplies include total organic carbon (TOC), bromide, arsenic, nutrients, NDMA, and 
pharmaceuticals and personal care products (PPCPs). TOC and bromide in SWP water present the greatest water quality 
issues and have restricted MWD's ability to use SWP water at various times as the contaminants form disinfection byproducts 
during water treatment processes. MWD has initiated a process to upgrade its treatment processes to ozone disinfection to 
reduce formation of disinfection byproducts and lift potential restrictions on SWP water usage. MWD requires low salinity 
levels of SWP water to meet blending requirements for CRA water, therefore any increase in salinity levels in SWP supplies is 
a concern to MWD. 

MWD supported DWR in the establishment of a policy regarding water quality of non-SWP water transported through the SWP 
system and in the expansion of Municipal Water Quality Investigations Programs to include additional monitoring and 

advanced warnings to Contractors that may impact water treatment processes. 

MWD is utilizing its water supply portfolio options to conduct water quality exchanges to reduce total organic compounds and 
bromide MWD has stored SWP water during periods of high water quality in groundwater storage basins for later use when 
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SWP is at a lower water quality. These storage programs were initially designed to provide water during dry SWP conditions, 
but a few of these programs are now operated for dual-purposes. 

TOC and bromide in high concentrations lead to the formation of disinfection byproducts when source water is treated with 
disinfectants, such as chlorine. Agricultural drainage to the Delta and seawater comingling with Delta supplies increases these 
contaminants. The Bay Delta Conservation Plan (BDCP) has outlined multiple options to improve the water supply reliability 
and habitat protection, which is being prepared through a collaboration of state, federal, and local water agencies, state and 
federal fish agencies, environmental organizations, and other interested parties. The overall goal of BDCP is identifying water 
flow and habitat restoration actions to both improve water supply reliability and recover endangered and sensitive species and 
their habitats in California's Sacramento-San Joaquin River Delta. MWD is in the process of computing upgrades to its water 
treatment plants to use ozone as the primary disinfectant. Ozone disinfection is very effective treatment for control of bromate 
formation and will allow MWD to treat higher quantities of SWP supplies without blending those supplies with CRA water. 

Arsenic 

SWP supplies not banked in MWD's SWP groundwater storage programs naturally contain low levels of arsenic ranging from 
non-detect to 4.0 IJg/L and do not require additional treatment for arsenic removal. SWP supplies banked in at least one of 
these groundwater storage programs contain arsenic levels close to or at the regulatory threshold of 10 IJg/L requiring 
additional treatment for arsenic removal. Historically, MWD has at times restricted flows from one groundwater storage 
program as a result of arsenic levels. One groundwater storage partner has initiated a pilot arsenic removal program, albeit 
raising the cost of the groundwater storage program. Arsenic can also be removed at water treatment plants by increasing 
coagulant doses. To handle arsenic removed during water treatment processes, MWD has had to invest in solids handling 
facilities. 

Nutrients 

Nutrient levels in SWP water are significantly higher than in Colorado River water. Both phosphorous and nitrogen compounds 
are a concern in SWP water, but similar to CRA supplies phosphorous is the limiting nutrient. Nutrient sources in SWP water 
include wastewater discharges, agricultural drainage, and sediments from nutrient rich soils in the Delta. MWD reservoirs have 

been temporarily by-passed at times as a result of taste and odor events related to nutrients leading to short-term supply 
impacts. 

MWD is working with other water agencies also receiving SWP water from the Delta region to reduce the impact of nutrient 
loading from wastewater plants discharging to the Delta. To assist in managing its operations, MWD has implemented an 
algae monitoring and management program designed to provide warnings in advance of algae and taste and odor issues at its 
reservoirs allowing adjustments in other system operations. 

NDMA and Pharmaceuticals and Personal Care Products 

Similar to all of its water supply sources, NDMA and PPCPs are constituents of emerging concern. As described above for 
Colorado River supplies, MWD is involved with efforts to address both NDMA and PPCPs. 

Salinity 

Over the long term salinity concentrations in SWP water are significantly lower than in CRA water, but the timing of supply 
availability and TDS concentrations can vary in response to hydrologic conditions. Additionally, salinity concentrations vary in 
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the short term in response to seasonal and tidal flow patterns. MWD requires lower salinity SWP water to blend with CRA 
water to meet salinity requirements for its member agencies. MWD's blended salinity objective is 500 mg/L. 

Environmental constraints also impact MWD's ability to meet its salinity objective. Since 2007 pumping operations in the Bay
Delta have been limited to prevent environmental harm (as discussed in the Delta Issues subsection below). MWD must rely 
on higher salinity CRA water resulting in an exceedance in MWD's salinity objective at times. 

SWP salinity concentrations as specified in the SWP Water Service Contract have not been met. Article 19 of SWP Water 
Service Contract specifies ten-year average salinity concentrations of 220 mg/L and a monthly maximum of 440 mg/L. MWD is 
working with DWR and other agencies to reduce salinity in SWP Delta supplies through multiple programs. These programs 
include modifying agricultural drainages and completing basin plans on the San Joaquin River, modifying levees around 
flooded islands in the Delta, and installing gates to reduce transportation of salts from seawater. 

8.1.2.4 Bay-Delta Issues 

The San Francisco Bay-Delta is a major waterway at the confluence of the Sacramento and San Joaquin rivers serving 
multiple and at times conflicting purposes exacerbated during dry years when water to meet the needs of both people and the 
environment is in short supply. Approximately two-thirds of Californians receive at least a portion of their water from the Bay

Delta. Almost all water delivered via the SWP to southern California must pass through the Bay-Delta. Runoff from more than 
40 percent of the State is also conveyed through the Bay-Delta forming the eastern edge of the San Francisco bay's estuary. 

A large portion of the Bay-Delta region lies below sea level and is protected by more than 1,100 miles of levees to prevent 
flooding. Deterioration of the Bay-Delta ecosystem coupled with infrastructure concerns, hydrologic variability, climate change, 
litigation, regulatory restrictions, and previously discussed water quality issues have resulted in supply reliability challenges for 
SWP contractors who depend upon the Bay-Delta for water supplies. 

Environmental 

As an estuarine environment, the Bay-Delta provides habitat for migratory and resident fish and birds, including those placed 
on the threatened or endangered species list under the federal or California Endangered Species Act (ESA). Five fish species 

residing in the Bay-Delta were listed as endangered under the ESA, and one additional species was listed as threatened in 
2009 under the California ESA. As a result of a combination of lawsuits regarding the ESA listed species and biological 
opinions and incidental take permits (permits for inadvertently harming ESA listed species) from the U.S. Fish and Wildlife 
Service and National Marine Fisheries Service, SWP exports and pumping operations in the Bay-Delta have been significantly 
curtailed. However, DWR prepared a Water Allocation Analysis in 2010 indicating that MWD could receive 150 to 200 TAF 
less water than forecast for 2010 under average hydrologic conditions. Ongoing litigation, additional species listing, and 
regulations could further curtail pumping operations and have an additional adverse impact on MWD's supplies and reserves. 
MWD has filed a lawsuit in conjunction with other SWP contractors challenging one of the biological opinions. As discussed 
below under the Delta Plan, the Delta Vision process is designed to develop long term solutions to these issues. 

I nfrastructu re 

Bay-Delta channels are constrained by a levee system to protect below sea level islands in the Bay-Delta from flooding. Land 
in the Bay-Delta subsides mainly from ongoing oxidation of aerated peat soils. Some islands are presently twenty feet or more 
below sea level. Land subsidence is expected to continue increasing the risk of levee failure and island flooding. Many of the 
levees are old and do not meet modern engineering standards. A catastrophic earthquake could cause widespread levee 
failure shutting down SWP operations for an extended period of time. Following a levee failure he flow of water onto an island 
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can pull saline water fro the San Francisco Bay into the central Delta area and if coupled with pumping in the south Delta draw 
saline water into the south Delta area. Therefore, pumping in the south Delta may need to be stopped or slowed down for an 
extended period, and additional flows may need to be released from Lake Oroville to flush saline water out of the Delta. Any 
salinity introduced into Delta may also impact Delta water quality for an extended period of time. 

Recognizing the need for protecting these vulnerable Delta levees, the Bay-Delta Levees Program was formed to coordinate 

improvements to and maintenance of the Delta levees. Over the next few years the DWR and other agencies will conduct a 
Comprehensive Program Evaluation. This Program will supplement existing risk studies, develop a strategic plan, recommend 
priorities, and provide estimates for the Bay-Delta Levees Program. 

8.1.2.5 Delta Plan 

Former California Governor Arnold Schwarzenegger established the Delta Vision Process in 2006 to address ongoing Bay

Delta conflicts through long-term solutions. The independent Blue Ribbon Task Force completed their vision for sustainable 
management of the Bay-Delta in 2008. After delivery of the Delta Vision recommendations and goals, the State Legislature 
initiated the process to conduct information hearings and draft legislation. Ultimately, the Governor called the Seventh 
Extraordinary Session to address the Delta and water issues in the State. Resulting legislation included the approval of SB 1 
X7 addressing Delta policy reforms and governance of the Delta. 

A key concept of SB 1 X7 is the formation of a Delta Stewardship Council (Council). The Council is an independent State 
agency tasked to equally further the goals of Delta restoration and water supply reliability. One of the Council's first major 
tasks is to develop, adopt, and begin implementation of a Delta Plan by January 1, 2012. Key requirements of the plan as 
summarized in the MWD RUWMP are: 

• Further the coequal goals of ecosystem restoration and water supply reliability; 

• Attempt to reduce risks to people, property, and State interests; 

• Promote Statewide water conservation, water use efficiency, and sustainable use of water to achieve the coequal 

goals; 

• Improvements to water conveyance/storage and operations of such facilities to achieve the coequal goals; 

• Consider including the Bay Delta Conservation Plan (BDCP) into the Delta Plan and allow the BDCP to be eligible for 
State funding if specific conditions are met. 

The BDCP is a joint effort of State and federal fish agencies; State, federal, and local water agencies; environmental 
organizations; and other parties with the goal of providing for both improvements in water reliability through securing long-term 
permits to operate the SWP and species/habitat protection in the Delta. MWD is a member of the Steering Committee. An 
outcome of the plan will be the identification of water flow and habitat restoration actions that assist in recovery of ESA listed 

and sensitive species and their associated habitats in the Bay-Delta. A range of options to accomplish the outcome will be 
carried forward to the environmental review phase. 
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8.1.3 In-Basin Storage 
In basin-storage facilities playa key role in maintaining MWD's reliability during droughts or other imported water curtailments 
and emergency outages. In-basin storage facilities consist of surface reservoirs and contracted groundwater basin storage. 
Conjunctive use of surface reservoirs and groundwater basins was first initiated by MWD in the 1950's. Long term storage 
goals for in-basin storage facilities were established in MWD's Water Surplus and Drought Management Plan (WSDM). The 

WSDM plan allows storage for hydrology variances, water quality, and SWP and CRA issues. 

MWD has established emergency in-basin storage requirements based on a major earthquake that could potentially cutoff all 
supplies for six months from the all aqueducts serving the region, the CRA, both SWP branches, and LADWP's LAA. Under 
this scenario, MWD would maintain deliveries by suspending interruptible deliveries, implementing mandatory water use 
reductions of 25 percent of normal-year demands, water would be made available from surface reservoir and groundwater 
supplies stored as part of MWD's interruptible supply program, and full local groundwater production would occur. MWD's 
emergency storage requirement is a function of projected demands and varies with time. 

8.1.3.1 Surface Reservoirs 

MWD owns and operates seven in-basin surface storage reservoirs. Four of the reservoirs, Live Oak, Garvey, Palos Verdes, 
and Orange County, are used for regulatory purposes and do not provide drought or emergency storage. Additionally, MWD 
owns and operates two reservoirs, Copper Basin and Gene Wash, along the CRA outside of the basin for system regulation 
purposes. Outside its basin, MWD has 1.45 MAF storage rights in Lake Mead on the Colorado River pursuant to its 
intentionally created surplus agreement with the U.S. Bureau of Reclamation. MWD also has storage rights in DWR's SWP 
terminal reservoirs, Lake Perris and Castaic Lake, as previously discussed. The total capacity of all in-basin surface 
reservoirs, inclusive of the rights in the terminal reservoirs, is 1.26 MAF, as listed in Exhibit 8J. 

Exhibit 8J 
""""" Major MWD Facilities Summary 

Reservoir Capacity (AF) 

Dry Year/Emergency/Seasonal 
Storage Purposes 

Diamond Valley Lake 810,000 

Lake Matthews 182,000 

Lake Skinner 44,000 

Lake Perris (Storage Rights)1 65,000 

Castaic Lake (Storage Rights) 1 153,940 

Subtotal 1,254,940 

Regulatory Purposes 

Live Oak 2,500 

Garvey 1,600 

Palos Verdes 1,100 

OranQe County 212 

Subtotal 5,412 

Total Reservoir Capacity 1,260,352 

1. MWD holds storage rights for flexible use in DWR terminal 
storage facilities, Lake Perris and Castaic Lake. In addition, MWD 
has emergency storage of 334 TAF in DWR's reservoirs. 
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MWD operates its three main storage reservoirs, Diamond Valley Lake, Lake Skinner and Lake Matthews, for dry-year, 
emergency, and seasonal storage. MWD has identified a dry-year storage capacity goal of 620 TAF by 2020. To date this goal 
has been met and will be sustained with storage at Diamond Valley Lake and the two terminal reservoirs. Under an average 
year scenario for 2035 (1922-1994 hydrology), 576 TAF per year of in-basin surface storage is projected to be available, 

exclusive of emergency supplies, as summarized in Exhibit SK. 

Exhibit 8K 
MWD Forecast Supplies of In·Basin Surface Storage Supplies in 2035, Average Year (1922 - 2004 

H d I ) IYI ro o9Yl 
'\ '" Supply 

I' (Thousands of 
Program AF)/Year 

In-Basin Surface Storage (Diamond Valley Lake, Lake Skinner, Lake Matthews) 444 

Lake Perris and Castaic Lake MWD StoraQe RiQhts 132 

Maximum MWD Supply Capability 576 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

MWD reserves a portion of its in-basin surface reservoir storage capacity for emergencies. MWD's emergency surface 
reservoir storage portfolio is split between storage in its three main reservoirs and DWR reservoirs. MWD's emergency 
storage capacity, based on demands for 2030, is forecast to be approximately 610 TAF. Approximately 276 TAF is projected 
to be stored in MWD's facilities and the balance of 334 TAF in DWR's facilities. The balance of available storage capacity, 975 
TAF, is for dry-year and seasonal storage. 

Any additional reservoir capacity is used for seasonal storage and system operations. Seasonal storage is required to meet 
peak demands. MWD incorporates reserves of 5 percent into reservoir operations to account for imported water transmission 

infrastructure maintenance that would restrict or temporarily halt imported water flows. 

8.1.3.2 Contracted Groundwater Basin Storage 

To improve reliability MWD engages in contracted groundwater basin storage within the basin area. By 2020 MWD aims to 
develop an annual dry supply of 300 TAF. To meet this goal MWD has worked with local water agencies to increase 
groundwater storage. Groundwater storage occurs using the following methods: 

• Direct delivery - Water is delivered directly by MWD to local groundwater storage facilities including through the use 
of injection wells and spreading basins. 

• In-lieu delivery - Water is delivered directly to a member agency's distribution system and the member agency uses 
the delivered water and forgoes pumping allowing water to remain in storage. 

MWD engages in three main types of contracted storage programs, replenishment, cyclical, and conjunctive use. These 
programs are designed to deliver water to agencies prior to the actual need for the demands allowing MWD to store supplies 
for use in dry years. Since 2007 MWD has used these programs to address SWP shortages. MWD provides financial 
incentives and funding to assist agencies to assist with developing contracted storage programs. 
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Replenishment programs provide water to agencies at a discounted cost and can be withdrawn by the recipient after one year. 
Cyclic storage contracts allow surplus imported water to be delivered for recharge in advance of the actual water purchase. 
The delivered water is in excess of an agency's planned and budgeted deliveries. The agency purchases the water at a later 
time when they have a need for groundwater replenishment deliveries. 

Conjunctive use contracts allow MWD to request an agency to withdraw previously stored MWD water from storage during dry 

periods or emergencies. Agencies must pay MWD the current water rate when they are requested to withdraw water from 
storage. Water withdrawn from storage allows MWD to temporarily curtail delivers by an equal amount. MWD currently has ten 
conjunctive use programs with a combined storage capacity of 421.9 TAF and a dry-year yield of 117.3 TAF per year as 
summarized in Exhibit SL. 

Exhibit 8L 
n· asm onJunc Ive se IB"C f U P roc Irams 

Storage Capacity Dry-Year Yield Balance 12/31/09 

Program (Thousands of AF) (Thousands of AF/Year) (Thousands of AF) 

Los Angeles County 

Long Beach Conjunctive Use Project 13 4.3 6.4 

Foothill Area GW StoraQe Proiect 9 3.0 0.6 

Long Beach Conjunctive Use Project: Expansion 
.... 

"" in Lakewood " 4 1.2 1.8 

City of Compton Conjunctive Use Program 2 0.8 0.0 

Upper Claremont Heights Conjunctive Use \. 3 .? 1.0 0.0 
" Orange County 

Orange County GW Conjunctive Use Program 66 22.0 8.6 

San Bernardino County 

Chino Basin Programs "- ", J 100 33.0 23.0 . 

Live Oak Basin Conjunctive Use Project , 3 1.0 0.7 

Riverside County 

Elsinore Groundwater Storage Program 
......... 

12 4.0 0.0 

Ventura County ---

North Las Posas Groundwater Storage Program 210 47.0 43.5 

Total 421.9 117.3 84.6 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

MWD prepared a Groundwater Assessment Study in 2007 in conjunction with local agencies and groundwater basin 
managers. As indicated in the report there is substantial groundwater storage available in the basin, but there are multiple 
challenges that must be met to utilize the identified storage. Challenges include infrastructure limitations, contamination, legal 
issues, and funding. 

To further increase the availability of in-basin groundwater storage, MWD has identified nine potential storage programs in the 
basin and an additional two programs are under development. The Raymond Basin Conjunctive Use Program and the 
LADWP Groundwater Recovery Project are expected to add an additional 34 TAF per year in 2035 under an average year 
(1922 - 2004 hydrology). 
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In 2009 a reconnaissance-level analysis was prepared for analyzing the potential for using recycled water as a supply source 
for a conjunctive use program. The study concluded up to 100 TAF of groundwater storage and production could be 
potentially developed in four major groundwater basins using Los Angeles County Department of Sanitation supplies. MWD 
initiated a formal study in 2010 to further study. This concept along with the potential to use City of Los Angeles recycled water 
supplies from the Hyperion Waste Water Treatment Plant as an additional source. 

Exhibit 8M provides a summary of forecast groundwater storage supplies available in 2035 under an average year (1922 -
2004 hydrology). Approximately 289 TAF per year are forecast to be available. 

Exhibit 8M 
MW D Forecast Supplies of In·Basin Groundwater Storage in 2035, Average Year (1922 - 2004 Hydrolo ~ y) 

Supply 

<./ (Thousands of 
Program AFNear) 

Current ~ 

Conjunctive Use }~ 115 

Cyclic Storage '" ........ .~ 

139 

LADWP Tujunga Well Field Groundwater Recovery Project '" 12 

Subtotal of Current Programs '" 266 

Programs Under Development "'-
Raymond Basin Conjunctive Use - '1 22 

Subtotal of Programs Under Development 
\ / 

34 

Maximum MWD Supply Capability 288 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 

8.1.4 Groundwater Storage and Water Transfers 
MWD engages in groundwater storage outside of the basin and water transfers to increase the reliability of SWP dry-year 

supplies. Groundwater storage and water transfers were initiated by MWD in response to concerns that MWD's supply 
reliability objectives could not be met by the SWP. Groundwater storage and transfer programs were developed to allow MWD 
to reach its SWP reliability goal. All groundwater storage and water transfer programs designed to bolster SWP reliability are 
located within the vicinity of the SWP or Central Valley Project (CVP) facilities to facilitate the ultimate deliver of water to 
MWD. Groundwater storage programs involve agreements allowing MWD to store its SWP contract Table A water in excess of 
MWD demands and to purchase water for storage. MWD calls for delivery of the stored water during dry years. Transfers 
involve purchases by MWD from willing sellers during dry years when necessary. 

Exhibit 8N summarizes MWD's out of basin groundwater storage and transfer programs supplies in 2035, under an average 
year (1922 - 2004 hydrology). Current programs are expected to deliver 293 TAF in 2035. Five programs under development 
are forecasted to deliver an additional 110 TAF for a total of 403 TAF in 2035. 
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Exhibit 8N 
MWD Forecast Supplies of Groundwater Storage and Transfers in 2035, Average Year (1922 - 2004 

Hydrology) 

Supply 

Program (Thousands of AF/Year) 

Current 

San Bernardino Valley MWD Minimum Purchase 20 ~, 

San Bernardino Valley MWD Option Purchase // 29 

Central Valley Storage and Transfers '".'" 
Semitropic Water Banking and Exchange I ....... 

Program ", 69 

Arvin-Edison Water Management Program 
" .. 

75 ~ ...... 

San Bernardino Valley MWD Program 50 ~ 
Kern Delta Water Management Program '~ 50 ~ 

Subtotal of Current Programs ." 293 

Programs Under Development 

Mojave Groundwater Storage Program 43 

North of Delta/In-Delta Transfers "'- 33 

San Bernardino Valley MWD Central Feeder ... "', 5 

Shasta Return .I ~ 18 

\/ - .' 
Semitropic Agricultural Water Reuse 11 

. -
Subtotal of Proposed Programs 110 

Maximum Supply Capability 403 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of 
Southern California 

8.1.4.1 Groundwater Storage 

I··, 

MWD has four Central Valley groundwater storage programs with a fifth program under development as described below. 

The Semitropic Water Banking and Exchange Program is a partnership formed in 1994 between Semitropic Water Storage 
District (SWSD) MWD, and five other banking partners. The bank has a total storage capacity of 650 TAF, of which MWD has 
350 TAF of storage volume. During years of excess SWP deliveries, beyond MWD's demands, a portion of MWD's SWP 
entitlement water is stored for withdrawal during dry years. Deliveries for storage are transferred via SWP facilities for direct 
use by agricultural users that in turn forgo pumping an equal volume of water. In dry years water is pumped from storage to 
SWP facilities for delivery to MWD or entitlements are exchanged. MWD's average annual supply capability for a dry year 
(1977 hydrology) is 125 TAF and for multiple dry years (1990 - 1992 hydrology) 107 TAF. By the end of 2009, MWD had 45 

TAF in storage. 

Since 1997 MWD has had an agreement with Arvin-Edison Water Storage District to use 350 TAF of storage in their 

groundwater basins. The agreement was amended in 2008 to include the South Canal Improvement project to deliver higher 
quality water to MWD. During wet years MWD delivers SWP water in excess of its demands for storage and receives return 
water in dry years in a similar manner as the Semitropic program, except a combination of SWP and CVP facilities are used to 
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transfer the water and water can be stored by a combination of direct spreading or in lieu use by agricultural users. MWD's 
average supply capability is 75 TAF for either a single dry year (1977 hydrology) or multiple dry years (1990 - 1992 
hydrology). In 2009 MWF had 95 TAF in storage. 

The San Bernardino Municipal Water District Program allows for the purchase and storage of SWP water on behalf of MWD. 
MWD has a minimum purchase agreement with San Bernardino Municipal Water District (SBMWD) of 20 TAF per year of 

SBMWD's SWP Table A amount. Additionally, MWD has the option to purchase SBMWD's additional SWP allocation when 
available and the first right-of-refusal to purchase additional SWP supplies available to SBMWD beyond the minimum and 
option agreements. If MWD does not require the minimum purchase amount for operations, MWD can store up to 50 AF for 
future use in dry years within SBMWD's groundwater basins. Water is delivered to MWD via SWP facilities and groundwater 

pumping conveyed through local connections to MWD's service area. MWD's average annual supply capability for a dry year 
(1977 hydrology) is 70 TAF and for multiple dry years (1990 - 1992 hydrology) 37 TAF. By the end of 2009, MWD had no 

water in storage and deliveries have been suspended upon a mutual agreement between MWD and SBMWD. 

MWD entered into an agreement with the Kern Delta Water District (Kern-Delta) for the Kern-Delta Water Management Plan in 

2001 to allow up to 250 TAF of groundwater storage. During wet years MWD delivers SWP water in excess of its demands for 
storage and receives return water in a similar manner as the Semitropic program, except the water can be stored by direct 

recharge or in lieu use by agricultural users. Per terms of the agreement MWD can potentially store beyond 250 TAF. In dry 
years water is pumped from storage to SWP facilities for delivery to MWD or entitlements are exchanged. When the project is 
completed 50 TAF per year of dry year supply can be withdrawn. At the close of 2009 MWD had 10 TAF in storage and 
expects to fully withdraw the amount in 2010. 

The Mojave Groundwater Storage Program is currently a demonstration project between MWD and Mojave Water Agency. 
Similar to the other groundwater storage programs, MWD's excess SWP water will be stored during wet years for withdrawal 
during dry years. When fully operational, the program is expected to have a dry year yield of 35 TAF. 

8.1.4.2 Transfers 

MWD utilizes Central Valley water transfers to obtain additional supplies originally destined for agricultural users on an as 

needed basis. Past transfer agreements have used both spot markets and option contracts. Spot markets occur when there 
are willing sellers and buyers. Option contracts lock-in MWD's ability to have the option to purchase supplies if needed. 
Additionally, MWD has multiple long-term transfer programs under development. MWD's ability to conduct transfers and the 
amount of water to be transferred using SWP facilities are a function of hydrologic conditions, market conditions, and pumping 
restrictions in the Bay-Delta region. Transfers may require the use of the Bay-Delta for conveyance dependent upon the origin 
of the water. Historic transfers, as listed in Exhibit 80, indicate MWD is capable of negotiating contracts with agricultural 
districts and the State's Drought Water Bank to obtain transfers. MWD also has demonstrated it can work with DWR and the 
U.S. Bureau of Reclamation (USBR). Cooperation of both agencies is required as transfers use a combination of DWR's SWP 
and USBR's CVP facilities. Transfers from north of the Delta result in the loss of 20 percent of the water during conveyance 
while transfers via the California Aqueduct to MWD's service area result in the loss of 3 percent water during conveyance. 

During dry years and when pumping capacity in the Bay-Delta is available, MWD expects to be able to transfer 125 TAF 
through SWP facilities. 
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Exhibit 80 
MWD Historic Central Valley Water Transfers 

Purchases by MWD1 

Program (AF/Year) 

1991 Governor's Water Bank 215,000 

1992 Governor's Water Bank 10,000 ., 

1994 Governor's Water Bank 100 

2001 Dry Year Purchase Program /.. 80,000 

2003 MWD Transfer Program 126,230 
,;, 

"<> ....... 2005 State Water Contractors Water Transfer 
Program2 

/ 0 

2008 State Water Contractors Water Transfer 
.' 

~ 
""""" 

Program 26,621 
"'- J 

2009 Governor's Water Bank 36,900 

1. Transfers requiring use of Bay-Delta result in a water loss of 20 percent. Transfers requiring 
the California Aqueduct for delivery to MWD's service area result in a 3 percent water loss. 

2. 127,275 in options were secured, but not needed. 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of 
Southern California 

8.2 MWD Supply Reliability and Projected LADWP Purchases 

I"" 

MWD's 2010 Integrated Water Resources Plan (lRP) Update serves as the foundation for supply forecasts discussed in the 
RUMWP and continues to ensure system reliability for its member agencies, The 2010 IRP update concluded that the 
resource targets identified in previous updates, taking into consideration changed conditions identified since that time, will 
continue to provide for 100 percent reliability through 2030, MWD's subsequent evaluation to extend the resource targets by 
an additional five years through their 2010 draft RUWMP also concluded the same full reliability during average (1922 - 2004 
hydrology), single dry (1977 hydrology), and multiple dry years (1990 - 1992 hydrology), For each of the scenarios there is a 
surplus in every forecast year, Exhibit 8P summarizes MWD's reliability in five year increments extending to 2035, 

The City purchases MWD water to make up the deficit between demand and other City supplies, Whether LADWP can 
provide reliable water services to the residents of Los Angeles is highly dependent on MWD's assurance on supply reliability, 

However, the recent water supply shortage caused by dry weather and pumping restrictions in the Delta prompted the City to 
develop a more sustainable water supply portfolio with emphasis on local water supplies such as recycled water, groundwater 
cleanup, stormwater capture, and conservation, LADWP's reliance on MWD water supply is projected to be cut in half from the 
five-year average of 52 percent of the total demand between 2005-06 and 2009-10, to 24 percent by 2034-35 under average 
weather conditions, 

The reliability of MWD's water supply is more fully discussed in Chapter 10, Integrated Resources Planning, The projected 

LADWP water purchase is further discussed in Chapter 11, Water Service Reliability Assessment under various weather 
scenarios, 
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Exhibit 8P 
MWD System Forecast Supplies and Demands, Average Year (1922 - 2004 Hydrology) 

Supply (Thousands of AF per Year) 

Forecast year 2015 2020 2025 2030 2035 

Current Programs 
In-Basin Surface Reservoir and Groundwater 
Storage 685 931 1,076 964 830 

State Water Project1 1,550 1,629 1,763 1,733 1,734 

Colorado River Aqueduct 

Colorado River Aqueduct Supply2 1,507 1,529 1,472 1,432 1,429 

Aqueduct Capacity Limie 1,250 1,250 1,250 1,250 1,250 

Colorado Aqueduct Capability 1,250 1,250 1,250 1,250 1,250 

Capability of Current Programs 3,485 3,810 4,089 3,947 3,814 

Demands 

Firm Demands on MWD 1,826 1,660 1,705 1,769 1,826 

Imperial Irrigation District - San Diego County Water 
Authority Transfers and Canal Linings4 180 273 280 280 280 

Total Demands on MWD 2,006 1,933 1,985 2,049 2,106 

Surplus 1,479 1,877 2,104 1,898 1,708 

Programs Under Development 
In-Basin Surface Reservoir and Groundwater 
Storage 206 306 336 336 336 

State Water Project1 ,"/, ',,- "\ 382 383 715 715 715 

Colorado River Aqueduct \ 
Colorado River Aqueduct Supply } 187 187 187 182 182 

Aqueduct Capacity Limit2 0 0 0 0 0 
.~ 

Colorado Aqueduct Capability 0 0 0 0 0 

Capability of Programs Under Development 775 876 1,238 1,233 1,233 

Maximum MWD Supply Capability 4,260 4,686 5,327 5,180 5,047 
/. Potential Surplus 2,254 2,753 3,342 3,131 2,941 

1. Includes water transfers and groundwater banking associated with SWP. 

2. Includes 296 TAF of non-MWD supplies conveyed in CRA for Imperial Irrigation District - San Diego County Water Authority 
Transfers and Canal Linings 

3. CRA has a capacity constraint of 1 .25 MAF per year. 

4. Does not include 16 TAF subject to satisfaction of conditions specified in agreement among MWD, the US, and the San Luis Rey 
Settlement 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern California 
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8.3 MWD Rate Structure and LADWP's Purchased Water Costs 

8.3.1 MWD Rate Structure 
MWD's rates are structured on a tier-based system with two tiers and a surplus category. Nine major elements determine the 
actual price a member agency will pay for deliveries. All of the elements are volumetric based except for two fixed rates, the 
Readiness-to Serve Charge and the Capacity Charge. 

Tier 1 rates are reflective of actual costs of existing supplies and are designed to recover most of the supply costs. Member 
agencies are allocated a specified volume of Tier 1 water that can be purchased within a given year. In 2011 LADWP's Tier 1 
limit is 304,970 AF. Any purchases above this are charged at the Tier 2 rate. MWD has instituted a temporary Delta surcharge 
to recover costs associated with lower SWP deliveries related to pumping restrictions. The surcharge will remain in effect until 
SWP yields improve. 

Tier 2 rates send a price signal associated with MWD's costs of developing additional long-term firm supply options. Member 
agencies with growing demands on MWD will have a higher proportion of deliveries within the Tier 2 range. 

Surplus water is water in excess of consumptive municipal and industrial demands. Surplus water is available at two 
discounted levels dependent upon the end use. Replenishment Program water is discounted for replenishing local agency 
supplies. The program has been suspended as a result of dry conditions and uncertain future supplies. The Interim 
Agricultural Water Program (IAWP) provides discounted water for agricultural use. This program is being phased out and will 
terminate beginning in 2013. 

Exhibit 8Q summarizes the rates and charges for member agencies effective on January 1 of 2010, 2011, and 2012. 
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Exhibit 8Q 
MWD R t d Ch a es an 

Rates and Charges 

Tier 1 Supply Rate ($/AF) 

Delta Supply Surcharge ($/AF) 

Tier 2 Supply Rate ($/AF) 

System Access Rate ($/AF) 

Water Stewardship Rate ($/AF) 

System Power Rate ($/AF) 

Full Service Untreated Volumetric Cost ($/AF) 

Tier 1 

Tier 2 

Replenishment Water Untreated ($/AF) 

Interim Agricultural Water Untreated ($/AF) 

Treatment Surcharge ($/AF) 

Full Service Treated Volumetric Cost ($/AF) 

Tier 1 

Tier 2 

Treated Replenishment Water ($/AF) 

Treated Interim Agricultural Water Program ($/AF) 

Readiness-to-Serve Charge ($/M) 

Capacity Charge ($/cfs) \\ 

arges 
Effective Rate January 1 

2010 2011 2012 

101 104 106 

69 51 58 

280 280 290 

154 204 217 

41 41 43 

119 127 136 

484 527 560 

594 652 686 

366 409 442 

416 482 537 

217 217 234 

701 744 794 

811 869 920 

558 601 651 

615 687 765 

114 125 146 

7,200 7,200 7,400 

Source: 2010 Regional Urban Water Management Plan, Metropolitan Water District of Southern 
California 

8.3.2 LADWP's Purchased Water Costs 
MWD's water rates vary from $484 per AF of tier 1 untreated water to $811 per AF of tier 2 treated water in 2010. The average 
unit cost of MWD water supply depends on the proportions of treated water and untreated water, tier 1 water and tier 2 water 
purchased in a given period. From 2003 to 2009, LADWP purchased 88 percent tier 1 water and 12 percent tier 2 water, and 
70 percent untreated water and 30 percent treated water on average. The tier 2 water purchase varied from no purchase in 
2005 and 2006 to 29 percent in 2007 and 2008. The treated water purchase varied from 20 percent in 2007 to 46 percent in 
2005. Exhibit 8R illustrates the various combinations. 

The Readiness-to-Serve Charge and Capacity Charge are predetermined fixed charges for each member agency and not 
affected by the quantity of MWD water purchased. However, they add on to the unit cost of the City's MWD water purchase. 
The City's current share of the Readiness-to-Serve Charge is 15.12 percent or $17.24 millions in 2010. The Capacity Charge 

is calculated based on the summer daily peak flow from the previous three years. LA's 2010 Capacity Charge is $5.9 millions 
based on the daily peak flow of 822 cfs in 2008 summer. Both charges added an additional $110 per AF to the unit cost of 
LADWP's MWD water purchase in 2010. 
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Percentage of LADWP's Purchased Water in Various MWD Rate Categories 

MWD 
Tier 1 Tier 2 

Deliveries Total Tier Total Tier 
1 2 

Untreated Treated Untreated Treated 
Calender Year 

% % % % % I,' % 

2003 73% 22% 4% 2% 95% 5% 

2004 71% 25% 3% 1% 96% 4% 

2005 54% 46% 0% 0% 100% 0% 

2006 58% 42% 0% 0% 100% 0% 

2007 56% 15% 25% 5% 71% 29% 

2008 48% 23% 23% 6% 71% 29% 

2009 67% 20% 10% 3% 87% 13% 

Average 61% 28% 9% 2% 88% 12% 
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9.0 Overview 

DRAFT Chapter Nine 
Other Potential Water Supplies 

LADWP continually investigates other potentially feasible water supplies to ensure the sustainability of water supply for the 
City of Los Angeles. In recent years, LADWP has actively pursued and investigated var-ious s~l?ply options including water 
transfers and banking and seawater desalination. Evaluating the viability of these ,d other water resource options is a key 
element to ensuring the City's future water supply reliability. Such options, with proper planni~, can contribute toward fulfilling 
future demand under various conditions. Future water resource challenges, whic include i creased demand that must be met 
without increasing imported supply, warrant thoughtful consideration of mese and other PQtentially feasible water supply 
resources. 

entation are also 
discussed, as well as advances that facilitate development of the resource option. 

9.1 Water Transfers and Banking 
Water transfers involve the lease or sale of water or ater rigllts between consen iRg par-tie§: Water Code Section 470 (The 
Costa-Isenberg Water Transfer Act of 1986) states that voluntary water, transfers between water users can result in a more 

efficient use of water, benefiting both the buyer and the se~er. The State LegiSlatur~trther declared that transfers of surplus 
water on an intermittent basis ca~elp alleviate water shorfages, save capital outlay development costs, and conserve water 
and energy. This section of the Water 80de also obligates the California Department of Water Resources (DWR) to facilitate 

specifically regaraing water transfers: 

• There can be no injtJl}' to any legal user of water; 

• There can be no unreasonable effect to fish and wildlife; and 

• There can be no unreaso able economic effects to the economy of the county of origin. 

Water banking, a form of conjunctive use, is the storage of water in groundwater basins for future use. Typically, during wet 
periods water is stored or banked within groundwater basins for potential extraction during dry periods. Water banking sets up 
accounts to track the volumes of water recharged and extracted per terms of contract agreements between water agencies. 
Water banking may occur outside of a water agency's service area. If the water agency's own conveyance facilities are not 
directly adjacent to the water bank, stored water can be extracted and transferred through wheeling and exchange via other 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
9-1 

AR0071670 



Chapter 9 - January 11 Draft 
Other Potential Water Supplies 

conveyance and storage facilities. Such movements of water involve institutional transfer agreements among water users and 
agencies. 

9.1.1 LADWP Opportunities 

LADWP is considering opportunities to acquire water through transfers to replace a portion of LAA water used for 
environmental enhancements in the eastern Sierra Nevada. The City would purchase water when available and economically 
beneficial for storage or delivery to LADWP's transmission and distribution system. The City- is seeking non-State Water 

Project water to replace the reallocation of LAA water supply for environmental enhancements MWD holds an exclusive 
contractual right to deliver State Water Project entitlement water into its service terri o~ which includes the City of Los 
Angeles. Purchasing only non-State Water Project supplies will ensure the City's compliance ith MWD's State Water Project 
contract. 

To facilitate water transfers, LADWP is constructing an interconneetlon between the LAA and the State Water Project's 
California Aqueduct, located where the two aqueducts intersect in the Al<ltelope Valley (Neel'lacn, California). This 

State Water Project to the LAA System, as well as provide operational lexi il'ty i tile e\lent of a disruptiGln of flows along the 
LAA System. Construction of the NTPS required a four-way agreement between DWR, MWD, LADWP, and the Antelope 
Valley-East Kern Water Agency (AVEK). When the NTPS facility wil be owned by DWR but will be designated as 
an AVEK interconnection. The NTPS will be "nt:.r!lt,~rl\('n 

LADWP's current goal is to transfer u 
LADWP with the ability to replr -=:..:.z... .... _ 
projects. This will also nrrllviiilti 

A demonstration study 

the LADWP. MWD IS 'nvolved in the agreement to provide 

ities are in place. This will provide 
r;e,alloc:atE!d to environmental enhancement 

and the ability to yield cost savings. 

of operations; this study will include an evaluation 

Neenach Temporary Pumping Station, construction site, looking northerly, taken 
September 16, 2010, by Aqueduct Aerial Patrol. 
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To supplement water transfers, LADWP is also investigating the possibility of water banking. A request for proposal (RFP) was 
issued in 2008 and five proposals were received for evaluation to determine the most mutually beneficial agreement for a 
water banking program. However, LADWP has decided to not pursue full scale water banking projects at this time and has 
instead chosen to proceed with the Indian Wells Valley Water District's proposal to explore a potential water banking 
opportunity directly adjacent to the LAA. 

The City supports Statewide water transfer legislation that will ensure the efficient use of t~e State's limited water resources 
and provide safeguards to the environment, public facilities, water conservation effy s ana 10c~1 economies. LADWP will 
continue to develop a responsible water transfer program that can assist in replacing City supplies that have been reallocated 
to the environment in the Eastern Sierra Nevada. 

9.1.2 MWD Opportunities 

• Spot transfers make water available through a contract entered into the same year that the water is delivered. 

• Option transfers, through multi-year or single-year co tracts, allow MWD to 0btain water on an "as-needed" basis. 

• that convey sRecific water entitlement to MWD each 
year. 

• 
southern California. 

• 

importaot ele~nt of California's plan to live within its 4.4 million acre-feet per year entitlement to Colorado River water. 
These program ' have also helped ~WD adjust to regulatory restrictions on State Water Project pumping from the San 
Francisco Bar-Del a Current and potential MWD transfer, storage, and exchange agreements/activities include: 

• 
• Kern Delta Water District'Water Management Program 

• Arvin-Edison Water Transfer and Storage Program, Kern County 

• San Bernardino Valley Transfer and Storage Program 

• Desert Water Agency/Coachella Valley Water District Exchange Program 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
9-3 

AR0071672 



Chapter 9 - January 11 Draft 
Other Potential Water Supplies 

• Palo Verde Land Management, Crop Rotation, and Water Supply Program 

• Hayfield Groundwater Storage Project (under development) 

• Southern Nevada Water Authority and Metropolitan Storage and Interstate Release Agreement 

• Central Valley Water Transfers 

• Yuba Accord Dry Year Purchase Program 

• Lower Colorado Water Supply Project 

• Lake Mead Water Storage Program 

• Drop 2 Reservoir Funding 

• Arizona Exchange (under development) 

• Yuma Desalter Exchange (under develo 

• California Indians Exchange (under develnnrnt:>rlf\\ 

• 
• ICS Exchange Program (up lj.§L®..~'eI6PQ1E3nt) 

• Expansion of Palo ater Supply Program (under development) 

• development) 

• 
• ,,",V. ·, u, !_,v, development) 

• 
• Semitropic AgrictJltural Water Reuse Demonstration Project (under development) 

• San Bernardino Valley MWG Central Feeder Project (under development) 

• Chuckwalla Groundwater Storage Program (under development) 

• Coachella Valley Water District Agreement (under development) 

MWD's water rate structure is designed to allow water transfers using MWD infrastructure by establishing a water wheeling 

rate, which is a combination of the System Access Rate, Water Stewardship Rate, System Power Rate, and Treatment 
Surcharge. The wheeling rate applies to all water conveyed through MWD's infrastructure, regardless of the agency using the 
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system. MWD's unbundled rate structure and its associated wheeling rate encourage development of water markets by 
providing for competition at the supply level; MWD's member agencies can purchase supplies from any source and pay 
MWD's wheeling rate to transmit the water. MWD's current water rate structure establishes charges for each component on a 

per acre foot basis for all water moving through MWD's system. As of January 1, 2010, current wheeling rate charges are: 

• System Access Rate: $154/AF 

• Water Stewardship Rate: $41/AF 

• System Power Rate: $119/AF 

• Treatment Surcharge: $217/AF 

The System Access Rate recovers costs associated with convey:anGe and distribution capacit to meet average annual 
demands. The Water Stewardship Rate recovers the cost assoCiate with provid~ financial incentives fo~ i vestments in 
local water resources, such as water conservation and recycleo water pmgrams. if tie System Power Rate ecovers the cost 
for power to move water through MWD's system. The treatment surcharge applies 0 all water that is treated at one of MWD's 
five treatment plants. 

MWD's water rate structure also incorporates a tiered sUR Iy rate format. The first ier priGe aRplies to a fixed base quantity of 
price reflects the incremental cost 

LADWP's current water r,esource stra~egy does not include seawater desalination as a water supply. There are concerns with 
cost and the environmental impacts associated with the implementation of desalination. LADWP is primarily focused on 
enhancing recycling and cQnsefvati.0n. While someday desalination may be explored further, it currently remains as a supply 
alternative. 

9.2.1 Desalination Technology 

Technology to desalt seawater to produce potable water which meets or exceeds drinking water standards has been available 
for some time, but has not been widely implemented primarily due to its high cost. Although the cost to desalinate seawater is 
still more expensive than obtaining water from conventional sources, continued research and development, as well as large 
scale projects, are being implemented in the United States and other parts of the world to improve technology and further 
drive costs down. Additionally, increasing costs associated with new water supplies and existing supplies is reducing the cost 
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differential between desalinated water and other water sources improving the viability of desalinated water as a part of an 
overall water supply portfolio. 

The two basic seawater desalination processes are: 1) use of the distillation process to evaporate water from salts; and 2) use 
of semi-permeable membranes to filter the water while straining out the salts. While distillation has been the dominant 
seawater desalination technology (primarily in the Middle East), current worldwide desalination development is rapidly 

migrating toward membrane technology. Facilities using distillation are still prevalent in the Middle East. However, new plant 
installations are increasingly taking advantage of technological advancements (higher yiel ana 10 er energy requirements) in 
membrane-based process technology. Today, membrane filtration accounts for over i'lalf of the world's desalting capacity. 

9.2.2 DWR Desalination Efforts 

Recognizing the potential of seawater as a water resource, the DWR tbroug~ I~gislative mandate, convened a California 
Water Desalination Task Force in 2002. The task force was responsiBle for maKing recommendations to the Legislature on 
potential opportunities, impediments, and the State's role in furthe ing desalinatioRl technology. 

environmental, economic, permitting, engineering, plaA ing, and coordination. 

developing environmentally and economically acceptable 

• Each project should be considered on its own merits; 

• 
• 
• 
• 

• Key decision Roints (e.g., costs, environmental acceptability) should be identified to test the general feasibility of the 
project as early in the planning ppooess as possible. 

After establishment of the tasK force, desalination was added to the California State Water Plan as an alternative for 
consideration in regional water supplies. Furthermore, in 2008, DWR published the California Desalination Planning 
Handbook, building upon the Task Force efforts. The handbook provides guidance on determining appropriate conditions for 
desalination plants, addressing concerns, and building public trust. 

Proposition 50, Chapter 6, has provided funding for desalination research, feasibility studies, pilot projects, and construction of 
new facilities. Over $45 million was distributed under this proposition in two rounds of funding for both seawater and 
groundwater desalination. Fund recipients included LADWP. 
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With increasing demand for water and limited new supply options, the future value of seawater desalination as a part of 
California's water supply portfolio has become apparent. Within southern California, a range of 270,000 AFY to 422,000 AFY 
of desalinated seawater could be potentially produced based on current efforts (see Exhibit 9A). While this production 
represents less than five percent of the region's total water supplies, it is nonetheless considered by water planners as an 
important part of the region's water supply portfolio. 

9.2.3 MWD Desalination Efforts 

MWD first incorporated desalinated seawater as a potential new water supply source in 'ts 2003 Integrated Resources Plan 
Update. Subsequently in 2009, MWD's Board of Directors created a special committee on Desalination and Recycling to study 
MWD's role in regional efforts to develop desalination facilities. 

In response to a proposal solicitation in 2001, MWD received proposals oy five member agencies to provide up to 142,000 
AFY of potable water. To provide an incentive for the development of a.esalinate~ seawater, MWD 's offering subsidies of up 
to $250 for each acre-foot (326,000 gallons) of desalinated seawater produced LADWP, Long Beach Water. Department, 

of the desalination efforts in MWD's service area, including projects not in the eawater Desalination Program. Each of these 
agencies serves coastal areas, and is looking to desalination as a means to furt er aiversify their water supply sources. 

Status 

Pilot 
10,000 Study1 

28,000 On-hold 

Pilot 
16,000 - 28,000 Study 

Permitting 
56,000 Com lete 

Pilot 
20,000 Study1 

130,000 -142,000 

CDther Potential Projects in MWD Service Area 

Desalination 

Subtotal 

Total 

1. Full scale feasibility studies in progress. 

Municipal Water 
District of Orange 
Count 
San Diego County 
Water Authority 
San Diego County 
Water Authorit 

56,000 
Initiating 
Permittin 

56,000 - 168,000 Planning 
Feasibility 

28,000 - 56,000 Stud 

140,000 - 280,000 

270,000 - 422,000 

Source: Annual Progress Report to the State Legislature, Achievements in Conservation, Recycling, and 
Groundwater Recharge, February 2010. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
9-7 

AR0071676 



Chapter 9 - January 11 Draft 
Other Potential Water Supplies 

9.2.4 LADWP Seawater Desalination Efforts 
Scattergood Generating Station Seawater Desalination Plant 

LADWP initiated efforts in 2002 to evaluate seawater desalination as a potential water supply source with the goals of 
improving reliability and increasing diversity in its water supply portfolio. These efforts led to the selection of Scattergood 
Generating Station as a potential site for a seawater desalination plant. For the City, seawater desalination is a potential 

resource that could also offset supplies that had been committed from the LAA for environmental restoration in the eastern 
Sierra Nevada. LADWP has reallocated approximately fifty percent of its historical average rAft.. supplies to benefit the eastern 
Sierra Nevada environment. As an identified program in MWD's Seawater Desalination Program, the proposed full-scale 
project would have qualified for MWD's grant of $250 per acre-foot of water gro 61ceo. However, in May 2008, LADWP 
decided to focus on water conservation and water recycling as the primary strategies in creating a sustainable water supply for 
the City. 

While seawater desalination is not a potential water supply strategy at this time, studies performe~ to date have provided 
beneficial data that in the future can assist LADWP with any futtJre evaluations 0 seawater desalinatlo . Com leted studies 
include the LADWP Proposed Seawater Desalination Plant Site SelectiGln Fatal F aw Analysis (2002), LADWP Seawater 
Desalination Facility Feasibility Study for the Scattergood Generating Stat'on in ~I~' Rey (2004), Brine Dilution Study for 

the LADWP Desalination Project at Scattergood Generating Station (2005), a d Scattergood Seawater Desalination Pilot 
Project Preliminary Evaluation Report (2008). 

To determine the proper site location for a City desali 
Desalination Plant Site Selection Fatal Flaw Analysis evaluating three City-owned coastal power generating plants. Based on 

the Scattergood Generating Station. 

Optimum capacity of a M~esalting facility at the Scattergood G~ating Station was evaluated in the LADWP Seawater 
Desalination Facility Feasibility Stuay. Results of the study indicated a 25 mgd facility would be the most economical. 
Estimated capital costs for a 25mgd facility:: were apRroximatelyi{48.5 million in 2004 dollars with an annual operations and 
maintenance eost ef $289 million (2004 dollars) resulting in a total water cost of approximately $1,257 per acre-foot. The 
study also identified the five-mile yperion '["",eatment Plant Outfall, which is adjacent to the Scattergood Generating Station, 

In an effort to develop an environmentally compatible project, LADWP evaluated the feasibility of discharging the desalted 
concentrate into HYRenon Wastewate Treatment Plant's 5-mile outfall. The Brine Dilution Study for the LADWP Desalination 
Project at Scattergooa Generating Station performed by the Scripps Institute of Oceanography found that there are potential 
environmental benefits to t e Santa Monica Bay's marine biology due to improved salt balance if the effluent discharged by 
the Hyperion Wastewater Tre tent Plant were to include brine from a desalination facility. 

In March 2008 the Preliminary Evaluation Report of the Scattergood Generation Station Seawater Desalination Pilot Project 

was completed. This was the first task of multiple tasks that was to ultimately result in the operation of a pilot plant. Co-funded 
by the US Bureau of Reclamation and DWR through Proposition 50 funding the overall goal was to further investigate the 
viability of seawater desalination for LADWP. Recommendations on site specific technologies and processes were provided 
for carryover to the pilot plant design stage. Items for further study included subsurface intake evaluation, cooling alternatives 
for warm water, second pass RO, post treatment stabilization, and finished water blending strategy. 
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After completion of the first task, the other tasks were not initiated reflecting the City's new primary strategies of conservation 
and recycled water to create a sustainable water supply for the City. Studies completed to date and LADWPs other seawater 
desalination efforts discussed below have provided important data that can assist LADWP to move forward with seawater 
desalination in the future, if conditions are amenable. 

Other LADWP Seawater Desalination Efforts 

LADWP historically engaged in multiple partnerships to advance seawater desalination in southern California. Seawater 
desalination is hindered by multiple challenges including, but not limited to, capital eosts, oper-ating costs, environmental 
considerations, water quality, and public acceptance. To overcome these challenges, LAQWP has supported efforts to lower 
the capital and operating costs of producing desalinated ocean water. LADWP a?so pafticipa~d with California stakeholders 
through multiple venues, such as the MWD and the California Water Desa inatiolll Task For-ce to develop desalination study 
projects within southern California. 

LADWP, the Long Beach Water Department (LBWD), and the UlJited States Bureau of Reclamation ~tl>lered in the 
construction of a 300,000 gpd prototype seawater desalinatior-l facility to complete testing of LBWD's pfoRci etary two-stage 
nanofiltration process (using membranes that require lower operating pressures and thus, the potential or lower operating 
costs). LBWD successfully performed a 9,000-gpd bench-scale testing of th's teG~ology and began testing on a larger scale 
in October 2006 at LADWP's Haynes Generating Station in Long Beach. By Mmch 2010, LBWD has completed its testing and 
is currently preparing the final report. 

LADWP also partnered with the West Basin Municipal Water District and other agencies in the American Water Works 

In a joint study by LADWP, LBWD, a~ West Basin Municipal Water District, preliminary sampling of raw seawater quality was 
initiated at three potential seawater' esalinatio sites - SGatte[good Generating Station in Playa Del Rey, Haynes Generating 
Station in Long Beach, and EI Segundo Power Generatif1€l Statron. Water quality analysis on the seawater was performed at 

ater Supp,ly Yield and Cost 
The range of potentia~ater supply, the unit cost, risks, and other benefits besides reductions in water demands for these 
potential water supplies ar- preseRte ' in Exhibit 9B. 

LADWP recognizes the value of potential water supplies to offset unanticipated changes to supply or demand. Strategic water 
planning necessarily includes continuous monitoring of existing and future alternative water resources in preparation of these 
needs. 
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Other Potential Water Supplies 

Potential 
Water Supplies 

Seawater Desalination 1 

Water Transfer 

Potential 
Water Yield 

(AFY) 

25,000 

40,000 

For Comparison Purposes: 
Local Groundwater Pumping Unit Cost = $230/AF 

Exhibit 98 

Other Potential Water Supplies 

Average 
Unit Cost 

($/AF) 

$1,500-
$2,000 

$440-$5402 

Implementation 
Risks 

Environmental permitting 
may be difficult. 

Wheeling and other 
institutional issues must be 
addressed. 

MWD Treated Tier 2 Water Supply Unit Cost = $811/AF 

Notes 

Additional Benefits 

1. Source LADWP Seawater Desalination Facility Feasibility Study for the Scattergood Generating Station in P-Iaya Del Rey (2004); updated from 2004 to 2009 
dollars using annual CPI index for LA-Riverside-Orange County the ocean is a virtually unlimited sup~ly , yield shown here is the maximum given 
available land, outfall capacity, and other constraints. 
2. Cost includes cost of water and wheeling fees Treatment costs not i 
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Chapter Ten 
Integrated Resources Planning 

10.0 Overview 

January 2011 Draft 

Integrated resources planning is a process used by many water and wastewater providers to meet their future needs in the 
most effective way possible, and with the greatest public support. The integrated planning process incorporates: 

• public stakeholders in an open, participatory process; 

• multiple objectives such as reliability, cost, water quality, environmental stewardship, and quality of life; 

• risk and uncertainty; and 

• partnerships with other agencies, institutions, and non-governmental organizations. 

LADWP has been actively involved in integrated resources planning since 1993, when the Metropolitan Water District of 
Southern California (MWD) initiated the region's first Integrated Resources Plan (IRP). LADWP was an active member of the 

technical workgroup that oversaw the development of alternatives and recommendations from MWD's IRP. In 1999, the City 
of Los Angeles embarked on its first IRP for wastewater, stormwater and water supply. The LADWP was a partner in this 
effort, working with the City's Bureau of Sanitation (BOS). In 2006, the Greater Los Angeles County IRWMP was approved. 
LADWP is a member of the IRWMP Leadership Committee and serves as the chair of the of the Upper Los Angeles River 
Watersheds sub-region for the IRWMP region. 

10.1 City of Los Angeles Integrated Water Resources Plan 
Description and Purpose 

The City's Water Integrated Resources Plan (lRP) is a unique approach of technical integration and community involvement to 
guide policy decisions and water resources facilities planning. As part of the IRP development, an Environmental Impact 
Report (EIR) was prepared identifying the recommended alternatives for implementing the City's wastewater, runoff, and 
recycled water programs for 2020. On November 14, 2006, the City Council unanimously adopted the IRP recommendations 
and implementation strategy and certified the final EIR. The IRP development was a seven year stakeholder-driven process 
that at the time was an innovative approach to guide the City's policy decisions and facilities planning. The IRP recognizes 
the interrelationship of water, wastewater, and runoff management in forming a future vision for the City's water resources 
activities and functions. In the past, the City traditionally utilized single-purpose planning efforts for each agency, such as one 
plan for wastewater and a separate plan for water supply. With the IRP, the City can meet its 2020 needs in a more cost
effective and sustainable way by addressing and integrating all its water resources. Additionally, the IRP was designed to 
meet multiple objectives, including evaluation of innovative supply opportunities that were once thought of as being too 
expensive. The City's LADWP and BOS are partners in this effort, joined by public stakeholders and other agencies. 

The objectives for the IRP were developed by the City and public stakeholders, and represent the major reasons why the plan 
was developed. These objectives are: 

• Protect Public Health and Safety 

• Effectively Manage System Capacity 
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• Protect the Environment 

• Enhance Cost Efficiency 

• Protect Quality of Life 

• Promote Education 

The IRP was developed in three phases. The first phase set policy guidelines for managing the City's water resources for the 
next 20 years. The second phase had three main deliverables: (1) detailed facility plans for wastewater, stormwater, and 
recycled water; (2) comprehensive financial plans for wastewater and stormwater; and (3) a certified Environmental Impact 
Report (EIR). The third phase of the IRP, which is now underway, represents implementation of the facility plans and more 
detailed studies to support implementation. 

Integrated Watershed Approach 

8y taking an integrated watershed approach, the IRP identified opportunities that would normally not have been identified if 
water, wastewater, and stormwater were planned separately. The IRP recognized that all of the City's water resources are 
linked from a technical, social, and institutional aspect. 

The City's IRP has also assisted in identifying partnerships between City agencies for project implementation potentially 
leading to increases in outside funding from grants and low-interest loans. 

An example is the potential three-way partnership between the City's Recreation and Parks Department, 80S, and LADWP. 
Land reclamation of blighted industrial and warehouse uses allows the City to create more parks and recreational areas while 
simultaneously allowing for underground storage of wet weather runoff for subsequent beneficial reuse. With this integrated 
approach, the City can potentially obtain more parkland, assist 80S in reducing wet weather runoff to improve water quality, 
and assist LADWP in increasing water supplies. The integrated approach also allows the City to better position itself for 
grants and loans that typically prioritize projects that demonstrate multiple benefits (e.g., water quality, water supply and 
recreation). 

Stakeholder Involvement 

A key element of the IRP was involvement of stakeholders at the beginning and throughout the entire IRP process. 
Stakeholders represent a wide range of the City's interests including, but not limited to, community, business, and 
environmental organizations. Stakeholders were instrumental in development of the guiding principles and identification of 
innovative water resource opportunities. 

During Phase 2, stakeholders participated in a Steering Group. Steering Group members regularly attended scheduled 
workshops and provided on-going input on the technical, environmental, and financial development of the IRP. Members 
provided necessary feedback to keep the facilities planning efforts aligned with the decision-making process. The Steering 
Group also considered key project issues in regards to the development of alternatives, such as facilities siting, 
implementation risks, and acceptability of costs that will invariably arise during the project. 

IRP Alternatives 

The IRP evaluated a broad range of integrated alternatives. Each alternative represented different combinations of wastewater 
treatment options, wastewater collection system options, recycled water options, conservation options, and dry and wet 
weather urban runoff management options. 
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Twenty-one (21) preliminary alternatives were created with different focuses, allowing stakeholders and decision-makers to 
see trade-offs in key planning objectives. Based on the evaluation of the preliminary alternatives, nine (9) hybrid alternatives 
were created that incorporated the best elements from the preliminary alternatives in order to improve overall performance. 
City staff recommended the top-scoring four (4) hybrid alternatives to be carried through to the EIR process. Public 
stakeholders concurred with staff recommendations. 

In November 2006, City Council approved the staff-recommended alternative, which consists of "Go-Projects" , "Go-If
Triggered Projects" and "Go-Policy Directions". "Go-Projects" are projects recommended for immediate implementation 
because the flow and regulatory triggers have already been met. "Go-If-Triggered Projects" will only be implemented if or 
when additional information or circumstances, such as regulatory requirements, population growth, or increases in sewage 
flow are reached .. "Go-Policy Directions" are specific directions to City staff on the next studies and evaluations necessary to 
progress on programmatic elements. 

IRP Implementation Status 

The City's Department of Public Works (DPW) in partnership with the Department of Water and Power (DWP) has been 
working collaboratively along with other City departments on coordinating and implementing the various IRP 
recommendations. As part of the IRP implementation phase, the City has worked on keeping IRP stakeholders engaged 

through annual stakeholder meetings. Through these meetings, the City has provided updates on the IRP implementation 
and has obtained valuable input from stakeholders on IRP related issues. In addition, the Board of Water and Power and the 
Board of Public Works have held three public joint meetings to review the IRP progress and provide directions on policy 
issues. Since the adoption of the IRP by Council in November 2006, a number of initiatives have been undertaken by the City 
which fulfill the IRP goals, including the Green Streets and Green Alleys Committee, the development of a Low Impact 
Development Ordinance, Conservation Initiatives (Chapter 3), the Recycled Water Master Plan (Chapter 4), and Watershed 
Management (Chapter 7). Projects and policies in the IRP implementation strategy are detailed below. Some projects are 
currently being implemented, while others continue to be monitored for triggers or policy direction: 

Go Projects 

• Construct wastewater storage facilities at Tillman 

• Construct wastewater storage facilities at Los Angeles-Glendale Water Reclamation Plant (LAG) 

• Construct recycled water storage facilities at LAG 

• Construct solids handling and truck loading facility at Hyperion 

• Construct two new sewer lines, Glendale Burbank Interceptor Sewer (GBIS) and Northeast Interceptor Sewer (NElS) 
Phase II 

Go-If-Triggered Projects 

• Potential upgrades at Tillman to advanced treatment at current capacity (if triggered by regulations and/or decision to 
reuse Tillman effluent for groundwater replenishment) 
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• Potential expansion and upgrade of Tillman to 100 mgd (if triggered by an increase in population, regulations, and/or 
groundwater replenishment decision), In the unlikely event that the overall framework for recycled water changes to 
disallow its use, then Hyperion would be potentially expanded to 500 mgd instead. 

• Potential upgrades at LAG to advanced treatment at current capacity (if triggered by regulations and/or availability of 
downstream sewer capacity) 

• Design and construct additional secondary clarifiers at Hyperion to provide 450 mgd operational performance 

• Design and construct up to 12 solids digesters at Hyperion (if triggered by increased biosolids production in the 
service area) 

• Design/construction of Valley Spring Interceptor Sewer 

Of the "Go-Policy Directions" which provide specific directions to City staff on the next studies and evaluations necessary to 
progress on programmatic elements., those applicable to or with the potential to impact LADWP operations include: 

Recycled Water - Non-Potable Uses 

• Direct LADWP and Public Works to work together to maximize use and identify recycled water for non-potable uses 
in the Terminal Island Treatment Plant service area, west side, and LAG service areas. LADWP is to conduct 
additional Tier 1 and 2 customer analyses to verify potential demands and feasibility. Develop a long-range marketing 
strategy for recycled water that includes a plan for recruiting and retaining new customers. 

• Direct Building and Safety to evaluate and develop ordinances to require installation, where feasible, of dual 
plumbing for new multi-family, commercial and industrial development, schools, and government properties in the 
vicinity of existing or planned recycled water distribution systems in coordination with the LA River Revitalization 
Master Plan. Proximity and demand will be considered when determining feasibility. The dual plumbing will consist of 
separate plumbing and piping systems, one for potable water and the second for recycled water for non-potable 
uses, sucn as irrigation and industrial use 

• iJ irect Public Works aAd Lf\OWP to continue to coordinate, where feasible, the design/construction of recycled water 
distribution piping (purple pipe) with other major public works projects, including street widening, and LA River 
Revitalizat~n Master Plan project areas. Also coordinate with other agencies, including the Metropolitan Transit 
Authority ana Cal trans, on majon transportation projects. 

• Direct LADWP to develop a public outreach program to explore the feasibility of implementing groundwater 
replenishment with aafanced treated recycled water. 

Recycled Water - Environmental Uses 

• Direct LADWP and Public Works to continue to provide water from Tillman to Lake Balboa, Wildlife Lake, and the 
Japanese Garden at Sepulveda Basin, and the LA River to meet baseline needs for habitat. 
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Water Conservation 

• Direct DWP to continue conservation efforts, including programs to reduce outdoor water usage, including using 
smart irrigation devices on City properties, schools, and large developments (those with 50 dwelling units or 50,000 
gross square feet or larger), and to increase incentives to residential properties 

• Direct LADWP to work with Building and Safety in continued conservation efforts, including evaluating and 
considering new water conservation technologies, including no-flush urinal technology 

• Direct LADWP to continue conservation efforts, including working with Building and Safety to evaluate and develop a 
policy that requires developers to implement individual water meters for all new apartment buildings 

• Direct LADWP to continue conservation awareness efforts, including increasing education programs on the benefits 
of using climate-appropriate plants with an emphasis on California friendly plants for landscaping or landscaped 
areas developed in coordination with the LA River Revitalization Master Plan, and to develop a program of incentives 
for implementation. 

• Direct the Planning Department to consider development of a City Directive to require use of California friendly plants 
in all City projects where feasible and not in conflict with other facilities usage 

Runoff Management - Wet Weather Runoff 
• Direct Public Works to review SUSMP (Standard Urban Stormwater Management Plan) requirements to determine 

ways to require, where feasible, on-site filtration and/or treat/reuse, rather than treat and discharge, including in-lieu 
fees for projects where infiltration in infeasible 

• Direct Building and Safety to evaluate and modify applicable codes to encourage all feasible Best Management 
Practices (BMPs) for maximizing on-site capture and retention and/or infiltration of stormwater instead of discharge to 
the street and storm drain, including using porous pavement. 

• Direct Public Works and Planning to evaluate the possibility of requiring porous pavement in all new public facilities in 
coordination with the LA River Revitalization Master Plan, and large developments greater than one acre. Program 
feasibility should consider slope and soil conditions 

• Direct Planning to evaluate ordinances that would need to be changed to reduce the area of on private properties 
that can be paved with non-permeable pavement 

• Direct Public Works to evaluate and implement integration of porous pavements into sidewalks and street programs 
where feasible. 

• Direct Public Works, LADWP, and Recreation and Parks to prepare a concept report and determine the feasibility of 
developing a powerline easement demonstration project for greening, public access, stormwater management, and 
groundwater replenishment. 

• Direct Public Works and LADWP to work with the Los Angeles Unified School District to determine the feasibility of 
developing projects for both new and retrofitted schools, as well as for government/city-owned facilities, with 
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stormwater management BMPs (cisterns to store runoff for irrigation, reduce paving and hardscapes, add infiltration 
basins). 

• Direct Public Works, General Services, and Recreation and Parks, to identify sites that can provide on-site 
percolation of wet-weather runoff in surplus properties, vacant lots, parks/open spaces, abandoned alleys in the East 
Valley area, and along the LA River in the East Valley where feasible. Program feasibility should consider slope and 
soil conditions. 

• Direct Public Works, General Services, and the Department of Transportation to maximize unpaved open space in 
City-owned properties and parking medians using all feasible BMPs and by removing all unnecessary pavement. 

• In the context of developing Total Maximum Daily Load implementation plans, direct Public Works to consider 
diversion of dry weather runoff from Ballona Creek to constructed wetlands, wastewater system, or urban runoff 
plants for treatment and/or beneficial use. For inland creeks and storm drains tributary to the LA River, direct Public 
Works to consider diversion of dry weather runoff to the wastewater system or constructed wetlands or 
treatmenUretention/infiltration basins. 

• Direct General Services, in coordination with Planning and Public Works, to evaluate feasibility of all City properties 
identified as surplus for potential development of multiple-benefit projects to improve stormwater management, water 
quality, and groundwater recharge. 

Los Angeles River 

The IRP planning effort included the Los Angeles River (River). The Los Angeles River is a valuable resource to the City 
providing habitat as well as recreational ana economic opportunities. Since the City's water reclamation plants were built, 
recycled water has been release~River resulting in the development of significant environmental benefits from riparian 
habitat in the unlined porti AS of he River near Glendale, to regionally significant migratory shore bird habitat in Long Beach. 

revitalization. 

The IRP established that treated wastewate[ is needed for the operation of Lake Balboa, the Japanese Gardens, and the 
Wildlife L:ak&-in the Sepulveda Basin. '[reated wastewa er flows through these features and ultimately is released to the River 
from tile Dcnala C. Tillman Water Reclamation Plar-1t. The remainder of the treated wastewater produced by the City's water 
reclamation plaots is available for recycled water use and distribution to LADWP customers. 

Committee) was formed to address River revitalization. LADWP staff routinely attends Ad Hoc Committee meetings and 

LADWP also funded the preparation of a Los Angeles River Revitalization Master Plan which was approved in 2007. This 
plan addresses economic development opportunities, water quality, water resources, flood control, and recreation along the 

Los Angeles River. The plan also discusses opportunities to improve access to the Los Angeles River and increase 
community awareness and pride. 

In addition, LADWP staff also actively participates on the City Department Los Angeles River Task Force, which was formed in 
response to instructions by the Ad Hoc Committee to: 
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• inventory all current and future City Department projects, studies, and programs along the River; 

• assess opportunities for future funding, projects, and studies; and 

• coordinate River related activities of City Departments and other agencies. 

• partner with the United States Army Corps of Engineers for a Habitat Restoration Project Study 

LADWP recognizes the importance of the Los Angeles River as a resource that provides multiple benefits to the City. 

Agency Coordination 

LADWP was a partner with the Bureau of Sanitation (BOS) in developing the IRP along with public stakeholders and other 
agencies. As with any integrated plan that extends beyond traditional departmental boundaries and government jurisdictions, 
close coordination is required with multiple City, state, and federal agencies including but not limited to, the Cities of Burbank 
and Glendale, County of Los Angeles, Caltrans, United States Army Corps of Engineers, United States Bureau of 
Reclamation, and City Parks and Recreation Department. Since approval of the IRP, ongoing project implementation and 
"Go-Policy Directions" continue to require close coordination with City departments and with the agencies listed above. 

IRP Implications for City's Urban Water Management Plan 

One of the primary purposes for developing the IRP was to explicitly consider the relationship between wastewater facility 
planning and other water resources issues, such as water supply and urban runoff. Implementation of the IRP has and will 
continue to result in increased beneficial reuse of water, water conservation, and groundwater supplies. IRP alternatives 
examined ways in which to decrease potable water needs by expanding the City's recycled water program; increase water 
efficiency by installing smart irrigation and other water efficient devices that reduce irrigation and indoor water demands; and 
increase groundwater resources by using wet weather runoff to recharge the aquifer. All of these options will have to be tested 
from a technical, institutional, and public acceptance perspective. Ongoing work on programmatic elements identified in the 
"Go-Policy Directions" applicable to LADWP will continue to investigate means of increasing local water supplies, water 
conservation, and groundwater recharge opportunities in an integrated manner. The IRP has demonstrated that by integrating 
water resources planning for the City, more opportunities for water supply development can be identified. 

10.2 Greater Los Angeles County Integrated Regional Water Management 
Plan (IRWMP) 

Description and Purpose 

The Los Angeles County Department of Public Works led efforts to develop an Integrated Regional Water Management Plan 
(lRWMP) for the Greater Los Angeles County Region. Water quality, resource, and supply issues within the region are 
complex and managed by a myriad of government agencies subjected to a plethora of regulations. Exponential growth over 
the last century has required water managers to develop creative solutions to meet growing demands. Previously projects 
addressing water issues were designed to appease single-focused visions and solutions of organizations operating 
independently in silos. At the core of the plan a clear vision and direction for the sustainable management of water resources 
within the region for the next twenty years was formulated. Over 1,600 projects were collected and synthesized for inclusion 
in the plan bringing together hundreds of local government agencies all working cooperatively to develop cost-effective, 
sensible, and economically feasible solutions to address regional water issues. New partnerships were forged joining together 
potential funding partners from within and outside the region. An innovative partnership between agencies was formed 
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creating a new model of integrated regional planning to address competing water demands, water supply reliability, and 
project financing. 

An Interim Draft of the IRWMP was adopted by the Leadership Committee on June 28, 2006 with a final plan adopted on 
December 16, 2006. To date the plan has received $25 million from the Department of Water Resources (DWR) under 
Proposition 50, Chapter 8, for implementation of fourteen priority projects identified in the plan and $1.5 million from DWR for 
development of the IRWMP. Since completion of the document a revised Memorandum of Understanding (MOU) was 
executed by each of the sixteen agencies serving on the Leadership Committee for the purpose of developing, administering, 
updating, and implementing the IRWMP. 

Region 

The IRWMP region encompasses 92 cities, portions of four counties, and hundreds of government agencies and districts 
spread over 2,058 square miles. Approximately 10.2 million residents, or equivalent to roughly 28% of the population of 
California, reside within the region. To facilitate input, variations in geographic and water management strategies, and 
effective planning the region was further subdivided into five sub-regions: 

• Lower San Gabriel and Los Angeles River Watersheds 

• North Santa Monica Bay Watersheds 

• South Bay Watersheds 

• Upper Los Angeles River Watersheds 

• Upper San Gabriel River 

Mission and P11'rn,fl"~)# 

• Improve water sup lies 

• Enhance water ~y reliabili ty, 

• Improve surface water qldality 

• Preserve flood protection 

• Conserve habitat 

• Expand recreational access. 

IRWMP, "[TJo address the water resources needs of 

recognizes that in order to meet future needs water 

resIDunce:stf-alte~ies. Additionally, in a region with significant urban challenges, 

congestion, poor air quality, and quality of life issues, it is imperative to 

with other urban planning issues. The IRWMP's purpose is to 
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Stakeholder Involvement 

Over 1,400 invitations to participate in the IRWMP process were sent out to cities, counties, agencies, districts, disadvantaged 
communities, and community organizations. Stakeholders participated in workshops, project identification, and development 
of the IRWMP. Stakeholders were involved in plan development and through development of technical memorandums and 
participation in regional workshops, subregional workshops, and the Leadership Committee. Stakeholders assisted in the 
development of the following: 

• Development of the IRWMP mission and objectives 

• Refinement of procedures for incorporation of projects into the IRWM 

• Identification of implementation strategies 

• Recommendation of stakeholder workshop improvements. 

Recommended Projects 

Over 1,600 projects were submitted and analyzed for inclusion in the IRWMP. This list was narrowed down to fourteen priority 
projects that met the objectives and priorities established by the IRWMP process and assist in meeting the targets established 
for the planning region. Objectives and priorities were established to guide the project selection process. The IRWMP is a 
living document and will be updated as needed. Projects can continuously be submitted as they are identified by stakeholders. 

Objectives and Priorities 
Six objectives and six long-term priorities were developed through the stakeholder process to guide project selection based on 
stakeholder input and previously completed documents, including UWMPs, MWD's IRP, Common Ground, Santa Monica Bay 
Restoration Plan, and watershed plans for the major tributaries in the region. The objectives are: 

• Optimize local water resources to reduce the Region's reliance on imported water 

• Comply with water quality regulations (including TMDLs) by improving the quality of urban runoff, runoff, stormwater, and 

wastewater 

• Protect and improve groundwater and drinking water quality 

• Protect, restore, and enhance natural processes and habitats 

• Increase watershed friendly recreational space for all communities 

• Maintain and enhance public infrastructure related to flood protection, water resources, and water quality. 

Long term regional priorities are: 

• Maintain a regional and subregional structure to oversee plan implementation and assure continued stakeholder input 

• Optimize use of recycled water, groundwater, desalination, and stormwater to enhance water supply reliability 

• Reduce demand on imported water sources 
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• Protect groundwater supplies 

• Improve surface water quality to meet applicable water quality regulations, including TMDLs 

• Preserve open space, conserve and restore functional habitats, and protect special-status species. 

Targets 

Targets for the region were developed to assist in prioritizing projects. Targets include: 

• Increase water supply reliability by providing 800,000 AFY of additional water supply and demand reduction through 

conservation, including infiltration or reuse of 130,000 AFY of reclaimed water 

• Reduce and reuse 150,000 AFY (40%) of dry weather urban runoff an El capture and treat an additional 170,000 AFY 

(50%) for a total target of 90% 

• 

• Treat 91,000 AFY of contaminated groundwater. 

• 
• Restore 1,400 acres of functional wetland habitat 

• 
• 
Projects 

Fourteen priori ty projects were aevelopea for the greater Los Angeles County region. As a regional plan encompassing an 

area larger tnat LADWP's serviGe area, many of t e~MP projects do not directly benefit LADWP's service area, but rather 

provide be efits towards improving water resources in the region as a whole. However, for projects not within LADWP's 

service area M DW can utilize the resu ' s of otMer projects and apply the knowledge to potentially develop similar programs 

of the priority projects are provided below. 

Southeast Water Reliability P,oject 

The Southeast Water Reliab~ Project consists of an 11.4 mile recycled water transmission pipeline from the City of Pico 
Rivera to the City of Vernon to complete Central Basin Municipal Water District's recycled water transmission system. 
Recycled water will be mainly provided by the County Sanitation Districts of Los Angeles County via the San Jose Creek 
Water Reclamation Plant. 

Joint Water Pollution Control Plant Marshland Enhancement 

The Joint Water Pollution Control Plant Marshland Enhancement Project is designed to improve and maintain plant and 
wildlife habitat at the seventeen acre freshwater marshland located at the Joint Water Pollution Control Plant (JWPCP) in 
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Carson. As proposed the project will serve as a mitigation measure for upgrading the JWPCP to full secondary wastewater 
treatment. The JWPCP is operated by the County Sanitation Districts of Los Angeles County. 

Large Landscape Water Conservation, Runoff Reduction, and Educational Program (Central Basin) 

The Large Landscape Water Conservation, Runoff Reduction, and Education Program is an end use water management 
program to reduce runoff and address water/energy management associated with large landscapes, residential land uses, and 
street medians within the Central Basin Municipal Water District's Service Area. Weather-based irrigation controllers coupled 
with GIS to monitor runoff and two-way communication technologies will provide necessary information to address emergency, 
drought, and end use management challenges. 

Large Landscape Water Conservation, Runoff Reduction, and Educational Program (West Basin) 

West Basin Municipal Water District's Large Landscape Water Conservation, Runoff Reduction, and Educational Program is a 
four component project. The first component targets large landscape sites of 1 acre or more by providing centralized weather
based irrigation controllers with the goal of conserving 1 AFY per acre of land. The second component will provide 1,350 
rebates for the purchase of smart irrigation controllers for the top residential water users. A third component will consist 
developing and offering classes on residential landscaping for residences and businesses. The last component involves 
installing ten "Ocean Friendly" demonstration gardens throughout watersheds in the service area. 

Las Virgenes Creek Restoration Project 

The City of Calabasas is initiating the Las Virgenes Creek Restoration Project to restore 450 linear feet of a concrete-lined 
section of the creek to a natural function. Native vegetation will be planted in place of the concrete liner to establish 
connectivity between riparian habitat north and south of the existing liner. 

Malibu Creek Watershed Urban Water Conservation and Runoff Reduction Project 

As proposed the Malibu Creek Watershed Urban Water Conservation and Runoff Reduction Project seeks to conserve water 
and reduce runoff in the City of Westlake Village and within the Las Virgenes Municipal Water District (LVMWD) service areas. 
Irrigation controllers on city-owned land in Westlake Village will be replaced with weather-based irrigation controllers. Within 
the LVWMD service area indoor conservation will be addressed by continuing rebates for residential and multi-family 
customers to install water saving devices. This project will also continue existing efforts to reduce urban runoff and outdoor 
conservation in the LVMWD service area by targeting customers with persistent and substantial irrigation runoff in the vicinity 
of stormdrains. These customers are offered water efficient equipment rebates and free on-site assistance to upgrade 
irrigation systems to eliminate runoff. 

Morris Dam Water Supply Enhancement Project 

The Morris Dam Water Supply Enhancement Project would allow the capture of additional local runoff (5,720 AF) for 
groundwater recharge and extraction in the San Gabriel River watershed. This project would reduce the minimum pool 
required by the Los Angeles County Flood Control District to prevent sediment damage to the outlet works of the dam by 
modifying the dam valves and control systems. 

Pacoima Wash Greenway Project 

The Pacoima Wash Greenway will treat storm runoff from neighborhoods adjacent to the wash in a series of parks 
incorporating stormwater treatment best management practices along the wash. Project development will be a joint effort 
between the City of San Fernando and the Mountains Recreation and Conservation Authority. 
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San Gabriel Valley Riparian Habitat Arundo Removal Project 

Arundo donax a non-native plant classified federally and by California as noxious weed will be removed from approximately 30 
acres of riparian habitat in the San Gabriel Watershed. Removal will increase surface water flows to the Rio Hondo percolation 
basins and improve native habitat. 

Solstice Creek Restoration Project 

The Solstice Creek Restoration Project will restore side drainages of Solstice Creek an areas negatively impacting riparian 
habitat through sediment and invasive species introduction. This project is part of an overall larger project to restore Solstice 
Creek. 

South Los Angeles Wetlands Park 

Whittier Narrows Water Reclamation Plant UV Disinfection 

The Whittier Narrows Water Reclamation Plant UV DlsinfectiolJ project will convert current disinfection processes at the 15 
mgd plant to a UV disinfection process. Currently, tertiar- -tre ted ater is disinfected 0 Ti Ie 22 recycled water standards 
using chloramination resulting in the production of NDMI\ Dyproduets. 

As a compor1ent of the overall bos Angeles River evitalization efforts, the North Atwater Creek Restoration Project will 
resto r-e North Atwater Creek at Nor-th Atwater Pafk by providing stormwater runoff capture and treatment and the provision of 
habitat linkage to tbe Los Angeles River. Additio lJally, the project will provide an educational component and provide BMP 
implementation a a jacent horse stat:\les and riding trails. 

ADWP's Urban Water Management Plan 

P Leadership Committee and additionally serves as the chair of the of the Upper Los 
Angeles River Watersheds suo-region for the IRWMP region. As member of the Leadership Committee, LADWP is a signatory 
to the MOU for the IRWMP approved by the Board of Water and Power Commissioners on July 15, 2008. 

Participating agencies in the IRWMP coordinate and share information concerning water resources management planning 
programs and projects, share grant funding information, and improve and maintain overall communication among the 
participants. Coordination and information sharing assists LADWP and other agencies in achieving their respective missions 
and contribute to overalllRWMP goals. 
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10.3 MWD's Integrated Resources Plan 
In 1993, MWD and its member agencies embarked on a three year process to develop Southern California's first IRP. Six 
main objectives for this plan were defined as: 

• Supply and System Reliability 

• Affordability 

• Water Quality 

• Diversity 

• Environmental Issues 

• Institutional Constraints 

In order to meet these objectives, supply and conservation options that included everything from groundwater desalination, 
water transfers, Colorado River and SWP improvements, and new surface storage were evaluated. Complete portfolios, 
representing different combinations of supply and conservation options, were assembled. Based on extensive participation 
from water providers and other stakeholders as well as detailed evaluations, a "preferred resource mix" was recommended. 
The preferred resource mix balanced local and imported water supply projects with significant water conservation in order to 
best meet the needs of the region. This preferred resource mix also established regional targets for the development of water 
supply to be made by MWD, its member agencies, and retail water providers. 

The 20-year plan was designed so that MWD and its member agencies would be able to meet their full service demands 
through 2020. MWD's Board of Directors formally adopted the IRP in January 1996. 

MWD IRP 2004 Update 

In 2001, the MWD Board of Directors developed a work plan to update the 1996 IRP in order to accommodate changed 
conditions and extend the targets through 2025. Specifically, the IRP Update has three main objectives: (1) review the 
resource development targets and implementation achievements of the 1996 IRP; (2) identify significant changed conditions 
for water resource development since the adoption of the 1996 IRP; and (3) evaluate the reliability of the IRP Preferred 
Resource Mix through 2020, adjust targets as needed to reflect changed conditions, and extend resource targets through 
2025. 

The results of the IRP Update analysis demonstrate that the resource targets of the 1996 IRP, factored in with the changed 
conditions discussed in this report, provide for 100 percent reliability in 2020 and up to 2025 (MWD, 2004). Although the 
current targets provide 100 percent reliability in 2020 and up to 2025, the IRP Update recommends a 10 percent supply buffer. 
The "planning buffer" identified additional supplies, both imported and locally developed, that could be implemented to 
address uncertainty in future supplies and demands. The most significant changed conditions include: 

• Lower projected retail demands due primarily to conservation savings. 

• Higher projected local water resource development. 

• Lower projected dry-year MWD demands. 

• Board revised targets for the SWP and Colorado River Aqueduct (CRA). 
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• More stringent water quality regulations. 

• Recognition of implementation risks. 

MWD IRP 2010 Update 

In 2008, the MWD and its member agencies updated the 2004 IRP in order to accommodate changed conditions and extend 
the targets through 2035. The 2010 IRP Update has three main objectives: (1) develop an Emergency Response Plan for 

hydrologic, regulatory, and other types of uncertainties in the Sacramento-San Joaquin Delta; (2) identify energy-efficient and 
cost-effective energy management initiatives; and (3) evaluate the reliability of the IRP Preferrea esource Mix through 2035, 

adjust targets as needed to reflect changed conditions, and extend resource targets mrOUg~5. 

The IRP Update modified the resource targets to take into account the chaf1ged condi iGl s and recommended buffer. A 
summary of the 20041RP Update and 2010 Update targets are shown in hi it 1M. 

IRP Resource 20041RP Update 
Targets 2025 

Conservation 1,107,000 
Local Projects' 750,000 928,000 
Colorado River 1,250,000 1,250,000 
Aqueduct •• 

State Water Project 650,000 713,000 
Groundwater 300,000 
Conjunctive Use 

Central Valley/State 520,000 1,092,000 
Water ProjecJ 
Storage and 
Transfers 

0 620,000 
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Exhibit 10B shows regional water demands without conservation from 2015 to 2035 under dry weather. The graph 
also depicts the supply sources and water conservation identified in MWO's 2010 IRP Update. 

Exhibit 10B 
Meeting Regional Water Needs Through MWO's IRP 
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Stakeholder Participation 

MWD's 1996 IRP was developed in concert with its member agencies. A technical workgroup was established that consisted 
of MWD staff, member agency and local retail agency managers, and groundwater basin managers. This workgroup met 
frequently and spent hundreds of hours reviewing analyses and providing guidance. LADWP was an active participant in this 
workgroup. 

To provide more direct involvement of MWD in the IRP Process, the IRP Steering Committee was created. The IRP Steering 
Committee, consisting of five MWD directors who are also members of the Water Planning and Stewardship Committee, 
recommended policy options, reviewed proposed resource strategies, and managed public forums. 

In addition, regional assemblies were held at critical milestones of the IRP development that provided a platform to collectively 
discuss strategic direction and regional water solutions. Participants of these assemblies included Board members, water 
agency managers, local retail water providers, groundwater basin managers, and invited public stakeholders. Public forums 
and several member agency sponsored workshops attended by stakeholders from business, environmental, agricultural, and 
water interests were held throughout the IRP process. Finally, findings of the IRP 2010 Update were adopted in October 2010 
to a diverse group of stakeholders including elected officials, environmental groups, and the general public. 

Agency Coordination 

In preparation of MWD's IRP, all member agencies were closely involved, including LADWP. LADWP was involved with 
providing data and reviewing documents. Additionally, LADWP was an active member of the technical workgroup. 
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Funding MWO's IRP 

In accordance with MWD's Board adoption of the IRP Update, a revised Long-Range Finance Plan (LRP) was developed and 

approved by MWD's Board. The LRP (2010) identifies MWD's planned capital improvement program (CIP) and operating 

expenses from 2015 to 2035. 

The following summarizes the MWD's CIP and operating expenses needed to implement the IRP: 

• Core Resources (Fixed costs to maintain Delta habitat conservation and conveyance program, LRP contracts, 

CRA programs, and conservations funding) - costs for water supply will increase from the current $853/AF in 2015 to 

$1,484/AF in 2035. 

• 
• Capital Expenditures - costs for water supply will increase from $919/AF in 2015 to $1,844/AF iA 2035. 

• 
IRP Implications for City's Urban Water Management Rlan 

As LADWP evaluates its water supply options, it is imRortant to understand the signi Icance of a reliable and cost-effective 
water supply from MWD. The City's water supply reliability is direGtly linked to MWD's reliagility, and LADWP's local supply 
development uses the cost of MWD water as one of the benchmarks for feasibility eva~ion. Through the IRP Update, MWD 
has shown that it will be able to meet the supplemental needs of all its member age, es reliably through 2035, even during 
prolonged drought events. MWD has also developed a plan t implement ana finance the approved IRP targets. 
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11.0 Overview 
Providing for a reliable water supply in a semiarid climate with wet and dry years is challenging. This is mainly due to the fact 

that surface water supplies are imported from the LAA and MWD and vary substantially due to hydrology. LADWP has made 
significant investments in groundwater, recycled water, stormwater capture and water conservation. These supplies provide 
local water supplies that are more reliable due to variability of imported supply sources. 

11.1 Unit Cost and Funding of Supplies 

11.1.1 Unit Cost Summary of Supplies 

Unit costs play an important role in planning future water supply sources and determining where supply investments provide 
the greatest benefits to LADWP. Unit costs vary dramatically by water supply sources. Exhibit 11A summarizes the unit cost 
for each water supply source. 

Costs per acre-foot ranged from a high of $1,500 for certain recycled water projects to a low of $215 for locally produced 
groundwater among LA's existing and planned water supplies. Los Angeles Aqueduct supply has required operation and 
maintenance costs regardless of water availability. Therefore, hydrology and increased water for environmental commitments 
in the Eastern Sierras result in unit cost fluctuations year to year. Local groundwater supply is the least expensive source. 
However, its production is limited by contamination. Unit costs for MWD purchased water vary based on tier allocations. 
MWD's water rates vary from $484 per AF of tier 1 untreated water to $811 per AF of tier 2 treated water in 2010. LADWP has 
a Tier 1 allocation of 304,970 AF. Any purchases above this amount will be at the Tier 2 rates. Conservation is relatively 
inexpensive to offset water supplies that may otherwise be required to meet water demand. Conservation unit costs are based 
on costs of conservation rebate and incentive programs and their potential water use reduction. Recycled water cost is project 
specific and varies widely depending on the infrastructure requirements of each project. Water transfers using a future 

connection between the LAA and the California Aqueduct is planned. Its costs include the purchase price of water and 
conveyance fees. 

Unit costs for potential water supplies including stormwater reuse (harvesting) and increased groundwater production 
(stormwater recharge) are highly variable based on factors such as the magnitude of the overall program, project locations, 
etc. Centralized stormwater capture unit cost is based on LADWP's current planned centralized stormwater capture projects 
and distributed stormwater capture unit costs are from various sources as referenced in Chapter 7, Watershed Management. 
These projects are joint efforts among agencies, city departments, stakeholders and community groups and yield additional 
benefits beyond water supply. 

Seawater desalination unit costs are based on the estimate from MWD's 2010 IRP. Seawater desalination was a planned 
supply identified in the 2005 UWMP but is excluded from this 2010 UWMP. Its impacts to marine habitats and high energy 
consumption make seawater desalination less desirable comparing to options such as recycled water, conservation, and 
stormwater capture. 
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Exhibit 11A 
Unit Costs of Supplies 

Water Source 

Los Angeles Aqueduct1 

Groundwater1 

Metropolitan Water Districe 

Conservation 

Recycled Water 

Water Transfer 

Stormwater Capture 

Rain Gardens 
N. _ ___ • _ _ __ • ___ . N •••• N . __ ••• •• N •• ___ •••• N •••••••••••••••••••• N ••••• _ ••••••••••• __ ••••• N ••••• N ••••••• • • N ••• __ ••••• N ••••• _ __ ••• __ ••• __ •••••• 

-- Neighborhood Recharge 

Seawater Desalination 

Exhibit 11A 

Chapter Reference 

Chapter 5 -
Los Angeles Aqueduct 
System 

Chapter 6 -
Local Groundwater 

Chapter 8 -
Metropolitan Water 
District Supplies . 

Chapter 3 - I-,~ 
Conservation '·/T 
Chapter 4-
Recycled Water " 
Chapter 9 -
Other Potential Supplies 

Chapter 7 -
Watershed Management 

Chapter 9 -
Other Potential Supplies 

1 Los Angeles Aqueduct supply and groundwater supply are based on FY2005-06 to FY2009-10 five-year average. 
2 MWD Water Rates effective on January 1,2010. 

11.1.2 Funding of Supplies 

\. 

Average Unit 
Cost ($/AF) 

$563 

$215 

$484 - $811 

$325 - $400 

$600 - $1,500 

$440 - $540 

$60 - $200 

$1,300 - $2,000 

Funding for water resource programs and projects are primarily provided through LADWP water rates, with supplemental 
funding provided by the Metropolitan Water District (MWD), and state and federal grants, Funding for water conservation, 

water recycling, and stormwater capture projects has increased significantly in recent years, Currently, approximately $100 
million is collected annually through water rates for these initiatives, The current level of annual expenditures is believed to be 

sufficient to achieve projected goals, 

Funding for groundwater cleanup will require water rate increases, LADWP will also seek reimbursement from potential 
responsible parties to assist with cleanup program costs, 
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Water Resource Project Funding 

• Water Rates - currently provides approximately $100 million annually for water conservation, water recycling, and 
stormwater capture programs. 

• MWD - Currently provides funding up to $250 per AF for water recycling through their Local Resources Program. 
MWD also provides some water conservation incentive funding. 

• State Funds - Funds for recycling, conservation, and stormwater capture have been available on a competitive basis 
though voter approved initiatives, such as Propositions 50 and 84. The proposed 2010 Water Bond, approved by the 
Legislature but not yet placed on the ballot, also includes potential funding for groundwater cleanup. Occasionally 
low or zero-interest loans are available though State Revolving Fund programs. 

• Federal Funds - Funding for recycling may be obtained through periodic Water Resource Development Act 
legislation. Also, LADWP has received recycled water funds through the Bureau of Reclamation Title XVI program. 

• Potentially Responsible Parties - LADWP may be able to recover some costs for groundwater cleanup through 
potentially responsible parties. 

Receipt of state or federal funding will allow water resource goals to be achieved sooner than projected, or allow for increased 
local supply development. 

11.2 Reliability Assessment Under Different Hydrologic Conditions 

11.2.1 Los Angeles Aqueducts 

Water supply from the LAA can vary substantially from year to year due to hydrology. In very wet years, LAA supply can 
exceed 500,000 AFY. During average year weather conditions the LAA supply is projected to gradually decrease from 
254,000 AFY to 244,000 AFY by 2035 due to climate change impact. Critical dry year (defined as a repeat of a 1990/91 
drought) supplies can be as low as 48,520 AFY. 

11.2.2 Groundwater 

Groundwater is also affected by local hydrology. However, with conjunctive use management of groundwater-storing 
imported water in the groundwater basins during wet and average years - groundwater production can actually be increased 

during dry years. During average weather conditions, LADWP projects it will pump approximately between 40,500 AFY and 
111,500 AFY of groundwater during the projection period to fiscal year 2035. These projections are based on the Purification 
Complex in operation in 2018-19 and storage credit of 5,000 AFY is used to maximize the groundwater production thereafter. 
Although in dry years LADWP can pump larger quantities of groundwater, a more conservative approach was adopted by 
assuming the same level of projected groundwater production for both single dry year and multi dry year analysis. 

11.2.3 Conservation 

LADWP has developed conservation goals in the Water Supply Action Plan to decrease water use in the City and to comply 
with the new State 20 percent by 2020 requirements. Multiple actions will be taken to increase water conservation including 
education, targeting the CII sector, reducing outdoor water use, and continuing participation in MWD's rebate programs. 
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LADWP is planning to increase water conservation levels during the projection period with an increase of over 60,000 AFY 
between 2010 and 2035, assuming average weather conditions. 

11.2.4 Recycled Water 

Recycled water is based on wastewater effluent flows, which do not vary significantly due to hydrology. Therefore, recycled 
water use is mainly limited by system capacities and demands. This makes recycled water a more reliable supply than 
imported water. As outlined in Chapter 4 on Recycled Water, LADWP is planning an extensive expansion of its recycled water 
system to not only include expansion of irrigation and industrial uses, but also groundwater replenishment. Under average 
weather conditions recycled water supply for irrigation and industrial purposes is projected to increase from 20,000 AFY in 
2015 to 29,000 AFY in 2035. Groundwater replenishment with recycled water is projected at 30,000 AFY in 2035. For a critical 
dry year available supplies would not change. 

11.2.5 Water Transfers 

Water transfers are being developed to replace a portion of the City's Los Angeles Aqueduct water that has been dedicated 
for environmental enhancement uses in the eastern Sierra Nevada. Water acquired through transfers helps increase water 
supply reliability for the City. The Los Angeles Aqueduct and California Aqueduct interconnection is under construction and 
estimated to be completed in January 2013. LADWP is expected to enter into agreements to obtain 40,000 AF per year under 
average weather conditions beginning in FY2013-14 and continuing throughout the projection period. 

11.2.6 MWD Imported Supplies 

Historically, water from MWD (like supplies from the LAA) has been subject to severe variability (i.e., 1976/77, 1987-1992, and 
the current water shortage). This is due to the fact that MWD's core sources of water supply are the Colorado River and SWP, 
both of which are highly affected by hydrology. More recently restrictions to protect threatened fish species have further 
decreased pumping from the Bay-Delta, and limiting SWP supplies available to MWD. After the 1987-1992 drought, MWD 
started to diversify its water supplies. Partnering with its member agencies, MWD launched the IRP in 1993 and most recently 
updated it in 2010. As a result of the resource targets in the IRP, MWD implemented a variety of projects and programs 
designed to reduce its dependency on imported water during water shortages and environmental related SWP pumping 
restrictions. Efforts have included: (1) providing financial incentives for local projects and conservation; (2) increased surface 
storage via Diamond Valley Lake and use of the SWP terminus reservoirs; (3) groundwater storage programs in the Central 
Valley, Imperial Valley, and Coachella Valley; (4) short- and long-term water transfers; and (5) contracted groundwater storage 
programs with participating member agencies. 

In the 2010 IRP Update MWD developed a three-part adaptive resource strategy: (1) meet demands by building on existing 
core resources to provide reliability under foreseen conditions; (2) implement a supply buffer of 10 percent of retail demand 
through multiple actions to adapt to short-term uncertainty; and (3) implement adaptive management through low-regret 
foundation actions, monitoring key vulnerabilities and bringing adaptive resources online, if required, and using a 
comprehensive approach to meet specific needs and degrees of shortages. The 2010 IRP adaptive management concept 
seeks to mitigate against supply uncertainty to further increase reliability. 

The 2010 IRP Update concluded that the resource targets identified in previous updates, taking into consideration changed 
conditions identified since that time, will continue to provide for 100 percent reliability through 2035. The 2010 RUWMP also 
concluded the same full reliability through 2035 during average (1922 - 2004 hydrology), single dry (1977 hydrology), and 
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multiple dry years (1990 - 1992 hydrology). For each of the scenarios there is a surplus in every forecast year (see Exhibit 

118). 

Exhibit 118 
MWD Supply Capability and Projected Demands (in AFY) 

Single Dry-Year MWD Supply Capability and Projected Demands 
Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 2,457,000 2,782,000 2,977,000 2,823,000 2,690,000 
Projected Demands 2,171,000 2,162,000 2,201,000 2,254,000 2,319,000 

Surplus 286,000 620,000 776,000 569,000 371,000 

Supplies under Development 762,000 862,000 1,036,000 1,036,000 1,036,000 
Potential Surplus 1,048,000 1,482,000 1,812,000 1,605,000 1,407,000 

Multiple Dry-Year MWD Supply Capability and Projected Demands 
'" Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 2,248,000 2,417,000 2,520,000 2,459,000 2,415,000 
Projected Demands 2,236,000 2,188,000 2,283,000 2,339,000 2,399,000 

Surplus 12,000 229,000 237,000 120,000 16,000 

Supplies under Development 404,000 553,000 733,000 755,000 755,000 
Potential Surplus 416,00Q 782,000 970,000 875,000 771,000 

Average Year MWD Supply Capability and Projected Demands 
Fiscal Year 2015 2020 2025 2030 2035 

Capability of Current Supplies 3,485,000 3,810,000 4,089,000 3,947,000 3,814,000 
Projected Demands 2,006,000 1,933,000 1,985,000 2,049,000 2,106,000 

Surplus 1,479,000 1,877,000 2,104,000 1,898,000 1,708,000 

Supplies under Development 588,000 689,000 1,051,000 1,051,000 1,051,000 
Potential Surplus 2,067,000 2,566,000 3,155,000 2,949,000 2,759,000 

Source MWD 2010 Regional Urban Water Management Plan Tables 2-9 to 2-11 

As part of the implementation of MWD's IRP, MWD and its member agencies worked together to develop MWD's Water 
Surplus and Drought Management Plan (WSDM Plan) in 1999. The WSDM Plan established broad water resource 
management strategies to ensure MWD's ability to meet full service demands at all times and provides principles for supply 
allocation if the need should ever arise. The WSDM Plan splits MWD's resource actions into two major categories: Surplus 
Actions and Shortage Actions. The Shortage Actions of the WSDM Plan are split into three sub-categories: Shortage, Severe 
Shortage, and Extreme Shortage. Under Shortage conditions, MWD will make withdrawals from storage and interrupt long
term groundwater basin replenishment deliveries. Under Severe Shortage conditions, MWD will call for extraordinary drought 
conservation in the form of voluntary savings from retail customers, interrupt 30 percent of deliveries to Agricultural Water 
Program users, calion its option transfer water, and purchase water on the spot market. Under Extreme Shortage conditions, 
MWD will equitably allocate supplies to its member agencies on the basis of agencies' needs. The overall objective of MWD's 
IRP and WSDM Plan is to ensure that shortage allocations of MWD water supplies are not required. 

If shortage allocations are required, MWD will rely on the calculations established in its Water Supply Allocation Plan (WSAP) 
adopted in 2008. The plan equitably allocates shortages among its member agencies based on growth, local investments, 
changes in supply conditions, demand hardening, and water conservation programs for each of its member agencies. 
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11.2.7 Potential Supplies 

Other planned and potential water supplies that LADWP is exploring include capturing stormwater for reuse and infiltration 

leading to increased groundwater production (see Chapter 7). Development of these supplies will offset water purchased from 
MWD. The beneficial reuse of stormwater presents significant opportunity. The City must reduce pollutants in impaired 

receiving waters (rivers, creeks, and beaches in the Santa Monica and Los Angeles watersheds) as required by the Clean 
Water Act. By managing urban runoff during dry and wet periods, pollution will be reduced. Traditional ways of managing 

urban runoff would be to divert the runoff into existing wastewater treatment plants and/or build satellite treatment plants 
specifically designed to treat urban runoff. 

During the City's IRP process, stakeholders expressed the desire to examine other ways to manage runoff that would reduce 
pollution and provide for other benefits such as water supply and open space. These methods involve local and regional 

storage of wet weather runoff for groundwater infiltration, on-site storage and recovery of wet weather runoff for irrigation using 
cisterns and other devices, and reuse of treated dry weather effluent for irrigation (much like recycled water). As an outgrowth 

of the IRP, neighborhood recharge concept efforts are moving from the conceptual stage visualized in the IRP to actual projects in 

the City to infiltrate wet weather runoff as close as possible to the point of origin with multiple projects either complete, under 
construction, or in final design. 

Under average weather conditions LADWP is projecting stormwater capture and reuse in 2015 will potentially be 2,000 AFY 
increasing to 10,000 AFY by 2035. Increased groundwater production as a result of stormwater infiltration will potentially be 15,000 

AFY in 2035. This potential is contingent on modifying the court judgment. If these resources reach fruition, LADWP will be able to 
reduce imported demands on MWD by 25,000 AFY in 2035 under average weather conditions. 

11.2.8 Service Area Reliability Assessment 

To determine the overall service area reliability, LADWP defined three hydrologic conditions: average (or normal weather); 

single dry year (such as a repeat of the 1990/91 drought); and multi-dry year period (such as a repeat of FY1988-89 to 
FY1992-93). 

The water supply reliability summaries are shown in Exhibit 11 C for the 5-year average from FY 2005-06 to FY 2009-10 and in 

Exhibit 11 D for FY 2034-35 under average weather conditions with new water conservation shown as a supply source. The 

exhibits show that the City's reliance on MWD supply will decrease from 52 percent to 24 percent by FY 2034-35 while the 
combined imported supplies of LAA and MWD water will decrease from 88 percent to 57 percent by FY 2034-35. The locally

developed supplies will increase from 12 percent to 43 percent by FY 2034-35. 
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Exhibit 11C 
LAOWP Supply Reliability FYE 2006-2010 Average 

FYE 2006 - 2010 Average 
Total 621,700 AFY 

LA Aqueduct 
221,288 

36% 

MWD 326,012 
52% 

Exhibit 110 

Local GW 
71,086 

11% 

Recycled 
5,072 
1% 

LAOWP Supply Reliability Under Average Weather Conditions in Fiscal Year 2034-35 

Fiscal Year 2034 - 35 
Total - 710,800 AFY 

LA Aqueduct 244,000 
33% 

MWD 
168,227 

24% 

Local GW 
110,405 

16% 

Recycled Water 
59,000 

8% 

Water Transfers Stormwater Capture 
40,000 25,000 

6% 4 % 
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Exhibits 11 E and 11 F tabulate the service reliability assessment for normal and single dry year conditions, respectively. 

Exhibits 11 G through 11 K show reliability assessments in five year increments from 2010 to 2035 with each five year period 

assuming that a multiple dry year condition occurs. For these reliability tables, existing water conservation has been already 

subtracted from projected demands, but new water conservation is included as a supply source. Under all scenarios all 
demands are met by the available supplies. 

Exhibit 11E 
Service Area Reliability Assessment for Average Weather Year 

Demand and Supply Projections FY2009-10 
Average Weather Conditions 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2015 2020 2025 2030 2035 

Total Demand 554,140 614,800 652,000 675,600 701,200 710,800 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 252,000 250,000 248,000 246,000 244,000 

Groundwater2 76,982 40,500 96,300 111,500 111,500 110,405 

Conservation 8,178 14,180 27,260 40,340 53,419 64,368 

Recycled Water 
- Irrigation and Industrial Use 6,703 20,000 20,400 27,000 29,000 29,000 

- Groundwater Replenishment 0 0 0 15,000 22,500 30,000 

Water Transfers (L 40,000 40,000 40,000 40,000 40,000 

Subtotal 291,602 366,680 433,960 481,840 502,419 517,773 

MWD Water Purchases 
With Existing/Planned Supplies 262,538 248,120 218,040 193,760 198,781 193,027 

Total Supplies 554,140 614,800 652,000 675,600 701,200 710,800 

Potential Supplies 
Stormwater Capture 
- Capture and Reuse (Harvesting) 0 2,000 4,000 6,000 8,000 10,000 
- Increased Groundwater Production 

(Recharge) (L (L 2,000 4,000 8,000 15,000 

Subtotal 0 2,000 6,000 10,000 16,000 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 246,120 212,040 183,760 182,781 168,027 

Total Supplies 554,140 614,800 652,000 675,600 701,200 710,800 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5.000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4.500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits. then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11F 
Service Area Reliability Assessment for Single Dry Year 

Demand and Supply Projections FY2009-10 
Single Dry Year (FY1990-91) 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2015 2020 2025 2030 2035 

Total Demand 554,140 651,700 691,100 716,100 743,200 753,400 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 48,520 48,120 47,720 47,330 46,940 

Groundwater2 76,982 40,500 96,300 111,500 111,500 110,405 

Conservation 8,178 14,180 27,260 40,340 53,419 64,368 

Recycled Water 

- Irrigation and Industrial Use 6,703 20,000 20,400 27,000 29,000 29,000 
- Groundwater Replenishment 0 0 0 15,000 22,500 30,000 

Water Transfers (L 40,000 40,000 40,000 40,000 40,000 

Subtotal 291,602 163,200 232,080 281,560 303,749 320,713 

MWD Water Purchases 

With Existing/Planned Supplies 262,538 488,500 459,020 434,540 439,451 432,687 

Total Supplies 554,140 651,700 691,100 716,100 743,200 753,400 

Potential Supplies 

Stormwater Capture 

- Capture and Reuse (Harvesting) 0 2,000 4,000 6,000 8,000 10,000 
- Increased Groundwater Production 

(Recharge) (L (L 2,000 4,000 8,000 15,000 

Subtotal 0 2,000 6,000 10,000 16,000 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 486,500 453,020 424,540 423,451 407,687 

Total Supplies 554,140 651,700 691,100 716,100 743,200 753,400 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11G 
Service Area Reliability Assessment for Multi-Dry Years (2011-2015) 

Demand and Supply Projections FY2009-10 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) Actual 
Fiscal Year Ending on June 30 

2011 2012 2013 2014 2015 

Total Demand 554,140 588,900 607,300 626,000 602,700 627,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 86,330 98,560 48,520 94,360 105,770 

Groundwater2 76,982 61,090 53,660 46,260 47,300 40,500 

Conservation 8,178 5,670 7,310 8,950 11,560 14,180 

Recycled Water 0 

- Irrigation and Industrial Use 6,703 7,500 8,300 9,000 15,500 20,000 
- Groundwater Replenishment 0 0 0 0 0 0 

Water Transfers (L (L (L 40,000 40,000 40,000 

Subtotal 291,602 160,590 167,830 152,730 208,720 220,450 

MWD Water Purchases 
With Existing/Planned Supplies 262,538 428,310 439,470 473,270 393,980 406,650 

Total Supplies 554,140 588,900 607,300 626,000 602,700 627,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 0 0 0 0 0 2,000 
- Increased Groundwater Production 

(Recharge) (L (L (L (L (L (L 

Subtotal 0 0 0 0 0 2,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 262,538 428,310 439,470 473,270 393,980 404,650 

Total Supplies 554,140 588,900 607,300 626,000 602,700 627,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant is expected 

in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. Sylmar Basin 

production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, then go back to its 

entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11H 
Service Area Reliability Assessment for Multi-Dry Years (2016-2020) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2016 2017 2018 2019 2020 

Total Demand 647,100 661,200 675,400 644,600 665,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 37,350 37,350 37,350 42,280 96,300 

Conservation 16,800 19,410 22,030 24,640 27,260 

Recycled Water 0 

- Irrigation and Industrial Use 
~ 

20,000 20,200 20,300 20,400 20,400 
- Groundwater Replenishment 0 0 0 0 0 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 200,480 215,520 168,200 221,680 289,730 

MWD Water Purchases 
With Existing/Planned Supplies 446,620 445,680 507,200 422,920 375,370 

Total Supplies 647,100 661,200 675,400 644,600 665,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 2,400 2,800 3,200 3,600 4,000 
- Increased Groundwater Production (Recharge) 400 800 1,200 1,600 2,000 

Subtotal 2,800 3,600 4,400 5,200 6,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 443,820 442,080 502,800 417,720 369,370 

Total Supplies 647,100 661,200 675,400 644,600 665,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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Exhibit 111 
Service Area Reliability Assessment for Multi-Dry Years (2021-2025) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2021 2022 2023 2024 2025 

Total Demand 683,000 694,500 706,100 670,900 689,100 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 111,500 111,500 111,500 111,500 111,500 

Conservation 29,880 32,490 35,110 37,720 40,340 

Recycled Water 0 

- Irrigation and Industrial Use 20,400 21,000 23,000 25,000 27,000 
- Groundwater Replenishment 15,000 15,000 15,000 15,000 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 288,110 318,550 273,130 323,580 339,610 

MWD Water Purchases 
With Existing/Planned Supplies 394,890 375,950 432,970 347,320 349,490 

Total Supplies 683,000 694,500 706,100 670,900 689,100 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 4,400 4,800 5,200 5,600 6,000 
- Increased Groundwater Production (Recharge) 2,400 2,800 3,200 3,600 4,000 

Subtotal 6,800 7,600 8,400 9,200 10,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 388,090 368,350 424,570 338,120 339,490 

Total Supplies 683,000 694,500 706,100 670,900 689,100 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was inc!!ased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
11-12 

AR0071707 



Chapter 11 
Water Service Reliability - January 2011 Draft 

Exhibit 11J 
Service Area Reliability Assessment for Multi-Dry Years (2026-2030) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2026 2027 2028 2029 2030 

Total Demand 707,900 720,100 732,400 696,100 715,200 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 111,500 111,500 111,500 111,500 111,500 

Conservation 42,960 45,570 48,190 50,800 53,420 

Recycled Water 0 

- Irrigation and Industrial Use 
~ 

27,500 28,000 28,500 29,000 29,000 
- Groundwater Replenishment 16,500 18,000 19,500 21,000 22,500 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 324,790 341,630 296,210 346,660 362,190 

MWD Water Purchases 
With Existing/Planned Supplies 383,110 378,470 436,190 349,440 353,010 

Total Supplies 707,900 720,100 732,400 696,100 715,200 

Potential Supplies 
Stormwater Capture 

- Capture and Reuse (Harvesting) 6,400 6,800 7,200 7,600 8,000 
- Increased Groundwater Production (Recharge) 4,800 5,600 6,400 7,200 8,000 

Subtotal 11,200 12,400 13,600 14,800 16,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 371,910 366,070 422,590 334,640 337,010 

Total Supplies 707,900 720,100 732,400 696,100 715,200 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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Exhibit 11K 
Service Area Reliability Assessment for Multi-Dry Years (2031-2035) 

Demand and Supply Projections 
Multiple Dry Years (FY1988-89 to FY1992-93) 

(in acre-feet) 
Fiscal Year Ending on June 30 

2031 2032 2033 2034 2035 

Total Demand 731,200 740,300 749,300 708,800 725,000 

Existing I Planned Supplies 

Los Angeles Aqueduct1 86,330 98,560 48,520 94,360 105,770 

Groundwater2 110,405 110,405 110,405 110,405 110,405 

Conservation 55,600 57,800 60,000 62,200 64,368 

Recycled Water 0 
- Irrigation and Industrial Use 4 29,000 29,000 29,000 29,000 29,000 

- Groundwater Replenishment 24,000 25,500 27,000 28,500 30,000 

Water Transfers 40,000 40,000 40,000 40,000 40,000 

Subtotal 345,335 361,265 314,925 364,465 379,543 

MWD Water Purchases 
With Existing/Planned Supplies 385,865 379,035 434,375 344,335 345,457 

Total Supplies 731,200 740,300 749,300 708,800 725,000 

Potential Supplies 
Stormwater Capture 
- Capture and Reuse (Harvesting) 8,400 8,800 9,200 9,600 10,000 

- Increased Groundwater Production (Recharge) 9,400 10,800 12,200 13,600 15,000 

Subtotal 17,800 19,600 21,400 23,200 25,000 

MWD Water Purchases 
With Existing/Planned/Potential Supplies 368,065 359,435 412,975 321,135 320,457 

Total Supplies 731,200 740,300 749,300 708,800 725,000 

1 Los Angeles Aqueduct supply is estimated to decrease 0.1652% per year due to climate change impact. 

2 North Hollywood/Rinaldi-Toluca Treatment Complex is expected in operation in 2019-20. Tujunga Groundwater Treatment Plant 

is expected in operation in 2020-21. Storage credit of 5,000 afy will be used to maximize the pumping in 2020-21 and thereafter. 

Sylmar Basin production was increased to 4,500 AFY from 2014-15 to 2029-30 to avoid the expiration of stored water credits, 

then go back to its entitlement of 3,405 AFY in 2030-31. 
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The Los Angeles City Municipal Code Chapter XII, Article I, Emergency Water Conservation Plan is the City's water shortage 
contingency plan. It was developed to provide for a sufficient and continuous supply of water in case of a water supply 
shortage in the service area. There are two scenarios that can cause a water shortage: 1) a severe hydrologic drought 
affecting surface and groundwater supplies and 2) a catastrophic event that severs major conveyance and/or distribution 
pipelines serving water to the City. The following discusses LADWP's compliance with the Act as outlined in Section 10632 (a) 
through (i) of the California Water Code. 

11.3.1 Stages of Action - 10632 (a) 

As set forth in the Emergency Water Conservation Plan, the City has phases or stages of action that can be undertaken in 
response to water supply shortages. Phase I prohibited uses of water are in effect at all times within the City. These prohibited 
uses, defined in article 10632 (d) (see section 11.3.4), are intended to eliminate waste and increase public awareness of the 
need to conserve water. There are further stages of compounding actions in addition to the Phase I prohibited uses that might 
be imposed. Phase II to Phase V progressively responds to different severity of shortage with the authority to implement 
additional prohibited uses of water in Phase V in order to cope with up to a 50 percent reduction in water supply. They are 
described as follows: 

Moderate Shortage, Phase II 

1. Should Phase II be implemented, uses applicable to Phase I shall continue to be applicable, except as specifically 
provided herein. 

2. No landscape irrigation shall be permitted on any day other than Monday, Wednesday, or Friday for odd-numbered street 
addresses and Tuesday, Thursday, or Sunday for even-numbered street addresses. Street addresses ending in Yz or any 
fraction shall conform to the permitted uses for the last whole number in the address. Watering times shall be limited to: 
(a) Non-conserving nozzles (spray head sprinklers and bubblers) - no more than eight minutes per watering day per 
station for a total of 24 minutes per week; (b) Conserving nozzles (standard rotors and multi-stream rotary heads) - no 
more than 15 minutes per cycle and up to two cycles per watering day per station for a total of 90 minutes per week. 

3. Upon written notice to LADWP, irrigation of sports fields may deviate from non-watering days to maintain play areas and 
accommodate event schedules; however, to be eligible for this means of compliance, a customer must reduce his overall 
monthly water use by LADWP's Board of Water and Power Commissioner's (Board) adopted degree of shortage plus an 
additional 5 percent from the customer baseline water usage within 30 days. 

4. Upon written notice to LADWP, large landscape areas may deviate from the non-watering days by meeting the following 
requirements 0) must have approved weather-based irrigation controllers registered with LADWP (eligible weather
based irrigation controllers are those approved by MWD or the Irrigation Association Smart Water Application 
Technologies (SWAT) initiative (2) must reduce overall monthly water use by LADWP's Board adopted degree of 
shortage plus an additional 5 percent from the customer baseline water usage within 30 days; and (3) must use recycled 
water if it is available from LADWP. 

5. These provisions do not apply to drip irrigation supplying water to a food source or to hand-held hose watering of 
vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed everyday during Phase II 
except between the hours of 9:00 am and 4:00 pm. 

Severe Shortage, Phase III 

1. Should Phase III be implemented, uses applicable to Phases I and II shall continue to be applicable, except as 
specifically provided herein. 
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2. No landscape irrigation shall be permitted on any day other than Monday for odd-numbered street addresses and 
Tuesday for even-numbered street addresses. Street addresses ending in Yz or any fraction shall conform to the 
permitted uses for the last whole number in the address. 

3. No washing of vehicles allowed except at commercial car wash facilities. 

4. No filling of residential swimming pools and spas with potable water. 

5. Upon written notice to LADWP, irrigation of sports fields may deviate from the specific non-watering days and be granted 
one additional water day (for a total of two watering days allowed). To be eligible for this means of compliance, a 
customer must reduce his overall monthly water use by LADWP's Board's adopted degree of shortage plus an additional 
10 percent from the customer baseline water usage within 30 days. 

6. Upon written notice to LADWP, large landscape areas may deviate from the specific non-watering days and be granted 
one additional watering day (for a total of two watering days allowed) by meeting the following requirements (1) must 
have approved weather-based irrigation controllers registered with LADWP (eligible weather-based irrigation controllers 
are those approved by MWD or the Irrigation Association Smart Water Application Technologies (SWAT) initiative (2) 
must reduce overall monthly water use by LADWP's Board adopted degree of shortage plus an additional 10 percent 
from the customer baseline water usage within 30 days; and (3) must use recycled water if it is available from LADWP. 

7. These provisions do not apply to drip irrigation supplying water to a food source or to hand-held hose watering of 
vegetation, if the hose is equipped with a self-closing water shut-off device, which is allowed everyday during Phase III 
except between the hours of 9:00 am and 4:00 pm. 

CriUc~ Shortage, Phase IV 

1. Should Phase IV be implemented, uses applicable to Phases I, II, and III shall continue to be applicable, except as 
specifically provided herein. 

2. No landscape irrigation allowed. 

Super Critical Shortage, Phase V 

1. Phase I, II, III, and IV shall continue to remain in effect. 

2. The Board is hereby authorized to implement additional prohibited uses of water based on the water supply situation. 
Any additional prohibitions shall be published at least once in a daily newspaper of general circulation and shall become 
effective immediately upon such publication and shall remain in effect until cancelled. 

11.3.2 Driest Three-Year Supply - 10632 (b) 
In the event that three consecutive dry-years curtailing the City's LAA System deliveries should follow the 2010 water supply 
conditions, LADWP will rely on increased groundwater pumping and purchases from MWD to meet City water demands. This 
particular sequence is quantified in Exhibit 11 L, including relevant assumptions. 
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Exhibit 11L 

Driest Three-Year Water Supply Sequence 

Followed by Repeat of Driest 

Demand and Supply Projections FY2009-10 
Three Consecutive Years 

FY1958-59 to 1960-61 Hydrology 
(in acre-feet) Actual Fiscal Year Ending on June 30 

2011 2012 2013 

Total Demand 554,140 588,900 607,300 626,000 

Existing I Planned Supplies 

Los Angeles Aqueduct1 199,739 104,530 50,849 59,382 

Groundwater2 76,982 61,090 53,660 46,260 
Conservation 8,178 5,670 7,310 8,950 
Recycled Water 
- Irrigation and Industrial Use 6,703 7,500 8,300 9,000 
- Groundwater Replenishment 0 0 0 0 

Water Transfers ~ ~ ~ 40,000 
Subtotal \"-. 291,602 178,790 120,119 163,592 

MWD Water Purchases ~ With Existing/Planned Supplies 262,538 410,110 487,181 462,408 

Total Supplies 554,140 588,900 607,300 626,000 

1. Driest three consecutive years on record in LAA watershed (FY1958-59 to FY1960-61) averaged 28 percent 
of normal runoff. 

2. LAA deliveries reflect increased releases for environmental restoration in the Owens Valley and Mono Basin. 

3. Dry year demands are 5 percent greater than normal year demands 

4. MWD's Water Surplus and Drought Management Plan actions sufficient to meet LADWP demands. 

During such severe drought periods, the City's supplemental water supplier, MWD, may use an allocation strategy that is 
consistent with the framework developed in its Water Surplus and Drought Management (WSDM) Plan. Developed by MWD 
with substantial input from its member agencies, the WSDM Plan provides for a needs-based allocation strategy, and 
establishes priorities for the use of MWD's water supplies to achieve 100 percent retail reliability. 

Following are actions that could be taken by MWD in accordance with their WSDM Plan to augment its water supplies prior to 
implementation of any drought allocation action: 

1. Draw on Diamond Valley Lake storage 

2. Draw on out-of-region storage in Semitropic and Arvin-Edison Groundwater Banks 

3. Reduce/suspend local groundwater replenishment deliveries 

4. Draw on contractual groundwater storage programs in MWD's service area 
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5. Draw on State Water Project terminal reservoir storage (per Monterey Agreement) 

6. Call for voluntary conservation and public education 

7. Reduce deliveries from MWD's Interim Agricultural Water Program 

8. Calion water transfer options contracts 

9. Purchase transfers on the spot market 

10. Allocate imported water if necessary 

In 2008 MWD adopted the Water Supply Allocation Plan (WSAP) designed to allocate supplies among its member agencies in 
a fair and efficient manner. The WSAP establishes the formula for calculating member agency allocations if MWD cannot meet 
firm demands in a given year. 

11.3.3 Catastrophic Supply Interruption Plan -10632 (c) 

LADWP has Emergency Response Plans (ERPs revised January 2010) in place to restore water service for essential use in 
the City if a disaster should result in the temporary interruption of water supply. Department personnel responsible for water 
transportation, distribution, and treatment have established ERPs to guide the assessment, prioritization, and repair process of 
City facilities that have incurred damage during a disaster. Citywide, an Emergency Operations Center (EOC) serves as a 
centralized point for citywide management of information about disasters and for coordination of all available resources. The 
EOC supports the City's Emergency Operations Organization to achieve its mission of saving lives, protecting property, and 
returning the City to normal operations in the event of a disaster. LADWP coordinates its efforts with the EOC and will utilize 
the EOC to resume water supply service after a catastrophic event. 

11.3.4 Mandatory Water Use Prohibitions -10632 (d) 

Phase I prohibited uses of the Emergency Water Conservation Plan contain 13 wasteful water use practices that are 
permanently prohibited for all City of Los Angeles customers. These prohibited uses are intended to eliminate waste and 
increase public awareness of the need to conserve water. During times of shortage, education and enforcement of the 
following provisions will be increased: 

1. No customer shall use a water hose to wash any paved surfaces including, but not limited to, sidewalks, walkways, 
driveways, and parking areas, except to alleviate immediate safety or sanitation hazards. This section shall not apply to 
LADWP approved water conserving spray cleaning devices. Use of water pressure devices for graffiti removal is exempt. 
A simple spray nozzle does not qualify as a water conserving spray cleaning device. 

2. No customer shall use water to clean, fill, or maintain levels in decorative fountains, ponds, lakes, or similar structures 
used for aesthetic purposes unless such water is part of a recirculating system. 

3. No restaurant, hotel, cafe, cafeteria, or other public place where food is sold, served, or offered for sale shall serve 
drinking water to any person unless expressly requested. 

4. No customer shall permit water to leak from any pipe or fixture on the customer's premises; failure or refusal to affect a 
timely repair of any leak of which the customer knows or has reason to know shall subject said customer to all penalties 
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for a prohibited use of water. 

5. No customer shall wash a vehicle with a hose if the hose does not have a self-closing water shut-off device or device 
attached to it, or otherwise to allow a hose to run continuously while washing a vehicle. 

6. No customer shall irrigate during periods of rain. 

7. No customer shall water or irrigate lawn, landscape, or other vegetated areas between the hours of 9:00 a.m. and 4:00 
p.m. During these hours, public and private golf courses greens and tees and professional sports fields may be irrigated 
in order to maintain play areas and accommodate event schedules. Supervised testing or repairing of irrigation systems 
is allowed anytime with proper sign age. 

8. All irrigating of landscape with potable water using spray head sprinklers and bubblers shall be limited to no more than 
ten minutes per watering station per day. All irrigating of landscape with potable water using standard rotors and multi
stream rotary heads shall be limited to no more than fifteen minutes per cycle and up to two cycles per watering day per 
station. Exempt from these irrigation restrictions are irrigation systems using very low drip type irrigation when no emitter 
produces more than four gallons of water per hour and micro-sprinklers using less than fourteen gallons per hour. This 
provision does not apply to Schedule F water customers or water service water service that has been granted the 
General Provision M rate adjustment under the City's Water Rates Ordinance, subject to the Customer having complied 
with best management practices for irrigation approved by the Department. The 9:00 a.m. to 4:00 p.m. irrigation 
restriction shall apply unless specifically exempt as stated in subsection 7 of the Emergency Water Conservation 
Ordinance. 

9. No customer shall water or irrigate any lawn, landscape, or other vegetated area in a manner that causes or allows 
excess or continuous flow or runoff onto an adjoining sidewalk, driveway, street, gutter, or ditch. 

10. No installation of single pass cooling systems shall be permitted in buildings requesting new water service. 

11. No installation of non-recirculating systems shall be permitted in new conveyor car wash and new commercial laundry 
systems. 

12. Operators of hotels and motels shall provide guests with the option of choosing not to have towels and linens laundered 
daily. The hotel or motel shall prominently display notice of this option in each bathroom using clear and easily 
understood language. LADWP shall make suitable displays available. 

13. No large landscape areas shall have irrigation systems without rain sensors that shut-off the irrigation systems. Large 
landscape areas with approved weather-based irrigation controllers registered with LADWP are in compliance with this 
requirement. 

11.3.5 Consumption Reduction Methods during Water Shortages -10632 (e) 
Short-Term Actions 

During a water shortage or emergency condition, LADWP's existing rate structure (enacted in 1993) serves as a basis for 
further reducing consumption. First tier water allotments are reduced during shortages by the degree of the shortage. For 
single-family residential users, the adjusted first tier allotments apply for the entire year. For other users, the adjusted first tier 
allotments apply only during the high season (June 1 through October 31). Details of LADWP's water rate structure are 
provided in Appendix X - Water Rate Ordinance. 
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Additional measures can be phased in as the dry cycle continues to provide some immediate demand reductions and increase 
public awareness of the need to conserve water. Included among these measures are water conservation public service 
announcements (through television and/or radio), billboard ads, flyer distributions, and conservation workshops. LADWP also 
actively participates in public exhibits to disseminate water conservation information within its service area. Conservation is a 
permanent and long-term application used within the City to counter the potentially adverse impacts of water supply 
shortages. 

State law further regulates distribution of water in extreme water shortage conditions. Section 350-354 of the California Water 

Code states that when a governing body of a distributor of a public water supply declares a water shortage emergency within 
its service area, water will be allocated to meet needs for domestic use, sanitation, fire protection, and other priorities. This will 
be done equitably and without discrimination between customers using water for the same purpose(s). 

Long-Term Actions 

LADWP's long-range water conservation program is driven by the need to continuously increase water use efficiency. This will 

reduce demand, extend supply, and therefore, provide greater reliability. Dry cycle experiences, public trust responsibilities, 
and regulatory mandates have raised the level of awareness within the City of Los Angeles of the need to approach demand 
reduction from a permanent and long-term perspective. 

LADWP will continue to maintain and increase its existing conservation programs and pursue the development of new and 
innovative programs as outlined in Chapter 3, Water Conservation with the goal of reducing potable water demands by 60,000 
AFY by 2035. Emphasis continues to be placed on structural conservation for the residential and CII sectors (HETs, high
efficiency washing machine rebates, etc.) which result in permanent per capita water use reduction. Substantial efforts are 
also being placed on landscape water use efficiency and CII conservation opportunities. It should, however, be recognized 
that the ability to achieve water reduction during shortages by requesting additional voluntary measures is likely to be more 
difficult in the future. As customers adjust to a conservation ethic and adopt permanent measures to reduce water use, their 
water demands harden and become less susceptible to voluntary conservation. 

11.3.6 Penalties for Excessive Use (Non-Compliance to Prohibited Use) -10632 (f) 

The Emergency Water Conservation Plan sets penalties for violations of prohibited uses outlined in Sections 10632 (a) and 
(d). The penalties vary by water meter size. For water meters smaller than two inches the following penalties shall apply: 

1. The first violation consists of a written warning 

2. The second violation within the preceding 12 month period will result in a surcharge in the amount of $100 added to the 
customer's water bill. 

3. The third violation within the preceding 12 month period will result in a surcharge in the amount of $200 added to the 
customer's water bill. 

4. The fourth violation within the preceding 12 month period will result in a surcharge in the amount of $300 added to the 
customer's water bill. 

5. After a fifth violation or subsequent violation within the preceding 12 month period, LADWP may install a flow-restricting 
device of 1 gpm capacity for services up to 1 Yz inches in size and comparatively sized restrictors for larger services or 
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terminate a customer's service, in addition to the aforementioned financial surcharges. Such action shall only be taken 
after a hearing held by LADWP. 

For water meters two inches and larger the following penalties shall apply: 

1. The first violation consists of a written warning 

2. The second violation within the preceding 12 month period will result in a surcharge in the amount of $200 added to the 
customer's water bill. 

3. The third violation within the preceding 12 month period will result in a surcharge in the amount of $400 added to the 
customer's water bill. 

4. The fourth violation within the preceding 12 month period will result in a surcharge in the amount of $600 added to the 
customer's water bill. 

5. After a fifth violation or subsequent violation within the preceding 12 month period, LADWP may install a flow-restricting 
device or terminate a customer's service, in addition to the aforementioned financial surcharges. Such action shall only be 
taken after a hearing held by LADWP. 

11.3.7 Analysis and Effects on Revenues and Expenditures of Reduced Sales during 
Shortages - 10632 (g) 

The City's Water Rate Ordinance, adopted in June 1995 and last amended in June 2008, provides a remedy to the impact of 
reduced water sales on revenues in the form of a Water Revenue Adjustment Factor (Adjustment). The Adjustment recovers 
any shortage in revenue due to variation in water sales. It is intended to support a fiscal year revenue target that is deemed 
sufficient to cover LADWP's essential expenses. The formula takes into account target and actual revenues as well as 
projected water sales to determine the appropriate Adjustment. 

The Adjustment is currently limited to $.18 per hundred-cubic-feet. It cannot exceed this limit unless the Board determines that 
a surcharge in excess of $0.18 per hundred-cubic-feet is financially required and approval from the Los Angeles City Council 
is obtained. The Board also has the authority to reduce the factor to less than the formula-calculated amount. 

A billing factor is calculated annually on January 1 and is added to the standard commodity charge. The factor is set to zero if 
a negative value is calculated. A Water Revenue Adjustment Account is maintained and updated each month by LADWP. This 
account is adjusted annually on July 1. 

The City's Water Revenue Adjustment Factor ensures that the required funds are available to fund Department activities 
aimed at providing continuous water service to Los Angeles water users, even during periods of low water sales. 

11.3.8 Water Shortage Contingency Resolution or Ordinance - 10632 (h) 

A draft water shortage contingency resolution is shown in Exhibit 11 M. Moreover, the City's Emergency Water Conservation 
Plan Section 121.07.B has the following conservation phase implementation procedures: 
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"The Department (LADWP) shall monitor and evaluate the projected supply and demand for water by its Customers monthly, 
and shall recommend to the Mayor and Council by concurrent written notice the extent of the conservation required by the 
Customers of the Department in order for the Department to prudently plan for and supply water to its Customers. The Mayor 
shall, in turn, independently evaluate such recommendation and notify the Council of the Mayor's determination as to the 
particular phase of water conservation, Phase I through Phase V, that should be implemented. Thereafter, the Mayor may, 
with the concurrence of the Council, order that the appropriate phase of water conservation be implemented in accordance 
with the applicable provisions of this Article. Said order shall be made by public proclamation and shall be published one time 
only in a daily newspaper of general circulation and shall become effective immediately upon such publication. The prohibited 
water uses for each phase shall take effect with the first full billing period commencing on or after the effective date of the 
public proclamation by the Mayor. In the event the Mayor independently recommends to the Council a phase of conservation 
different from that recommended by the Department, the Mayor shall include detailed supporting data and the reasons for the 
independent recommendation in the notification to the Council of the Mayor's determination as to the appropriate phase of 
conservation to be implemented." 

The City's Water Rate Ordinance No. 170435 also has specific provisions for LADWP's Board, through a resolution, to 
determine the degree of shortage and apply corresponding commodity charges in case of a water shortage (see Section 

11.3.5 and Appendix X - Water Rate Ordinance). If a water shortage is declared, certified copies of the resolution will be 
transmitted to the offices of the Mayor and of the Los Angeles City Clerk, and the Los Angeles City Council for final approval. 
This particular water shortage act is included under Section 3 - General Provisions, Article R - Shortage Year Rates of the 
City's Water Rate Ordinance. 
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Exhibit 11M 
Draft Water Shortage Contingency Resolution 

BE IT RESOLVED that the Board of Water and Power Commissioners (Board) recognizes that a Water 
Shortage Contingency Plan has been prepared and incorporated into the City of Los Angeles 2010 Urban 
Water Management Plan pursuant to the Urban Water Management Planning Act; the Urban Water 
Management Plan is on file with the Secretary of the Board; this Board has reviewed and considered the 
information and recommendations contained in this document, and makes the following findings and 
determinations: 

1. The water supply available to the City of Los Angeles is insufficient to meet the City's normal 
water supply needs; and 

2. The Department of Water and Power has developed a Water Shortage Contingency Plan for 
the City of Los Angeles that compiles with all the requirements of the Urban Water 
Management Planning Act; and 

3. The Urban Water Management Plan has been developed, adopted, and implemented pursuant 
to Article 3, Sections 10640 through 10645 of the Urban Water Management Planning Act; 
and 

4. The Water Shortage Contingency Plan includes stages of action that can be taken in response 
to water supply shortages, including up to a 50 percent reduction in water supply, a driest 
three-year water supply scenario, mandatory water use prohibitions, and penalties for non
compliance; and 

5. The Water Shortage Contingency Plan identifies both short-term and long-term actions to 
maximize water use efficiency and minimize the effects of the current water shortage as well 
as future water supply shortages. 

BE IT FURTHER RESOLVED that this Board has adopted the Water Shortage Contingency Plan as 
incorporated in the Urban Water Management Plan, and declares the provisions of the Water Shortage 
Contingency Plan in full force and effect during the duration of this period of water shortage. 

I HEREBY CERTIFY that the foregoing is a full, true, and correct copy of the resolution adopted by the 
Board of Water and Power Commissioners of the City of Los Angeles at its meeting held 

" \ 
11.3.9 Methodology to Determine Actual Water Use Reductions during Shortages -
10632 (i) 

Water use is monitored closely by LADWP throughout its service area regardless of the supply conditions. With 100 percent of 
its over 700,000 service connections metered, there is a high degree of accountability on the quantity of water used within the 
Los Angeles service area. Information from meter reads is collected for billing and accounting purposes, with reports prepared 
on a monthly basis from the data compiled. 

LADWP also used a conservation model to estimate conservation efforts within the City since the early 1990s. The model 
estimated City water demand without conservation efforts using population and weather variables. A new conservation model 
was developed in 2010 to account for additional factors such as economic recession and drought conservation is discussed in 
Chapter 2, Water Demand. The conservation effort is derived by comparing estimated pre-conservation demand with actual 
demand. Conservation efforts derived from this model are shown in Chapter 3, Water Conservation. 
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11.4 Water Supply Assessments 

Background 

In 1994, the California Legislature enacted Water Code section 10910 (Senate Bill 901), which requires cities and counties, as 
part of the California Environmental Quality Act (CEQA) review, to request the applicable public water system to assess 
whether the system's projected water supplies were sufficient to meet a proposed development's anticipated water demand. 
The intent was to link the land use and water supply planning processes to ensure that developers and water supply agencies 
communicate early in the planning process. However, a study of projects approved by local planning agencies revealed that 
numerous projects were exempted due to loopholes in the statute, and that the intent of the legislation has largely gone 
unfulfilled. 

Subsequently, California Senate Bill (SB) 610 and SB 221, modeled after SB 901, amended State law effective January 1, 
2002, to ensure that the original intent of the legislation is fulfilled. SB 610 and 221 are companion measures which seek to 
promote more collaborative planning between local water suppliers and cities and counties. These bills improve the link 
between information on water supply availability and certain land use decisions made by cities and counties. Both statutes 
require detailed information regarding water availability to be provided to the city and county decision-makers prior to approval 
of specified large development projects. Both statutes also require this detailed information be included in the administrative 
record that serves as the evidentiary basis for an approval action by the city or county on such projects. Both measures 
recognize local control and decision making regarding the availability of water for projects and the approval of projects. 

Under SB 610 a water supply assessment (WSA) must be furnished to local governments for inclusion in any environmental 
documentation for certain development projects subject to the CEQA. Specifically, SB 610 requires that for certain projects, 
the CEQA lead agency must identify any public water system that may supply water to the proposed project and request the 
public water system to determine the water demand associated with the project and whether such demand was included as 
part of the most recently adopted UWMP. If the projected water demand associated with the proposed project was accounted 
for in the most recently adopted UWMP, the public water system may incorporate the supporting information from the UWMP 
in preparing the elements of the assessment. If the proposed project's water demand was not accounted for in the most 
recently adopted UWMP, the WSA for the project shall include a discussion with regard to whether the public water system's 
total projected water supplies available in normal, single dry, and multiple dry water years during a 20-year projection will meet 
the proposed project's water demand. 

Per Section 10912 of the California Water Code, a project which is subject to the requirements of SB 610 includes: (1) a 
proposed residential development of more than 500 dwelling units; (2) a proposed shopping center or business establishment 
employing more than 1,000 persons or having more than 500,000 square feet of floor space; (3) a proposed commercial office 
building employing more than 1,000 persons or having more than 250,000 square feet of floor space; (4) a proposed hotel or 
motel, or both, having more than 500 rooms; (5) a proposed industrial, manufacturing, or processing plant, or industrial park 
planned to house more than 1,000 persons, occupying more than 40 acres of land, or having more than 650,000 square feet 
of floor area; (6) a mixed-use project that includes one or more of the projects specified in this subdivision; or (7) a project that 
would demand an amount of water equivalent to, or greater than, the amount of water required by a 500 dwelling unit project. 

The assessment would include an identification of existing water supply entitlements, water rights, or water service contracts 
relevant to the identified water supply for the proposed project and water received in prior years pursuant to those 
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entitlements, rights, and contracts. If the assessment concludes that water supplies will be insufficient, plans for acquiring 
additional water supplies would need to be presented. 

Under SB 221, approval by a city or county of certain developments requires an affirmative written verification of sufficient 
water supply; which is a "fail safe" mechanism to ensure collaboration on finding the needed water supplies to serve a new 
large development occurs before construction begins. 

Methodology 

During the years from 2005 to 2010, LADWP has been requested to develop over 40 WSAs. Each WSA performed by 
LADWP is carefully evaluated within the context of the current adopted UWMP and current conditions, such as restrictions on 
State Water Project (SWP) pumping from the Sacramento-San Joaquin Delta imposed by a Federal Court. The Metropolitan 
Water District of Southern California (MWD), from whom the City purchases its State Water Project and Colorado River water 
supplies, has also been actively developing plans and making efforts to provide additional water supply reliability for the entire 
Southern California region. LADWP coordinates closely with MWD to ensure implementation of MWD's water resource 
development plans and supplemental water reliability report prepared by MWD. 

LADWP's UWMP uses a service area-wide method in developing City water demand projections. This methodology does not 

rely on individual development demands to determine area-wide growth. Rather, the growth in water use for the entire service 
area was considered in developing long-term water projections for the City to the Year 2035. The driving factors for this growth 
are demographics, weather, and conservation. LADWP used anticipated growth in the various customer class sectors as 
provided by MWD who reallocated projected demographic data from the Southern California Association of Governments 
(SCAG) into member agencies' service areas. The data used was based on SCAG's 2008 Regional Transportation Plan 
Forecast. 

As governed by City Charter Sections 673 and 677, LADWP can serve surplus water supplies to areas outside of the City 
boundaries. There are approximately 4,500 services for customers outside of the City, with a combined annual water use less 
than 1 percent of all water delivered. Water served outside of the City includes a surcharge to account for the increased MWD 
purchased water. 

The water demand forecast model in the UWMP was developed using LADWP total water use, including the water served by 
LADWP for use outside of the City. The service area reliability assessment was performed for three hydrologic conditions: 
average year, single dry year, and multiple-dry years; and a Shortage Contingency Plan was developed to provide for a 
sufficient and continuous supply in LADWP's service area. This Shortage Contingency Plan included water provided for use 
outside of the City. 

An important part of the water planning process is for LADWP to work collaboratively with MWD to ensure that anticipated 
water demands are incorporated into MWD's long-term water resources development plan and water supply allocation 
plan. The City's allotment of MWD water supplies under MWD's water supply allocation plan is based on the City's total water 
demand which includes services to areas outside the City. The ongoing collaboration between LADWP and MWD is critical in 
ensuring that the City's anticipated water demands are incorporated into the development of MWD's long-term Integrated 
Resources Plan (lRP). MWD's IRP directs a continuous regional effort to develop regional water resources involving all of 
MWD's member agencies. Successful implementation of MWD's IRP has resulted in reliable supplemental water supplies for 
the City from MWD. 
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In summary, the WSAs are performed to ensure that adequate water supplies would be available to meet the estimated water 
demands of the proposed developments during normal, single-dry, and multiple-dry water years, as well as existing and 
planned future uses of the City's water system. LADWP will continue to perform WSAs as part of its long-term water supply 
planning efforts for its service area. 

WSA Procedure 

The CEQA lead agency, such as the Department of City Planning or the Community Redevelopment Agency of the City of Los 
Angeles, evaluates the proposed project against the requirements for a WSA in accordance with the Water Code. If the 
proposed project falls within the requirements for a WSA, a formal request is submitted to LADWP to perform a WSA. 

In evaluating the proposed project's water demand, LADWP applies the Sewer Generation Factors (published by City of Los 
Angeles Bureau of Sanitation) to the development's project description for calculating indoor water use. Outdoor landscape 
water demand is calculated by using computer software which takes into account various factors such as landscape area 
square footage, location, and plant types. Historical billing records are used to establish existing baseline water demand on 
the property. 

LADWP also encourages all projects to implement additional water conservation measures above and beyond the current 

water conservation ordinance requirements. As an example, if the proposed development is near an existing or future recycled 
water pipeline system, commitment to use recycled water for irrigation, toilet flushing and cooling towers is highly 
recommended as part of the additional conservation measures for the proposed development. 

The net increase/decrease in water demand, which is the projected additional water demand of the development, is calculated 
by subtracting the existing baseline water demand and water saving amount from the total proposed water demand. 

The net increase/decrease in water demand, which is the projected additional water demand of the development, is calculated 
by subtracting the existing baseline water demand and water saving amount from the total proposed water demand. If the land 
use of the proposed development is consistent with the City's General Plan, the projected water demand of the development 
is considered to be accounted for in the most recently adopted UWMP. The City incorporates the projected demographic data 
from the SCAG in its General Plan. MWD utilizes a land use based planning tool that allocates SCAG's projected 
demographic data into water service areas for their member agencies, which was adopted for water demand projection in the 
UWMP. 

If the proposed land use is not consistent with the City's General Plan, the WSA will further evaluate if the projected supplies 
from the UWMP are able to accommodate the proposed project's water demand, which may include other resource options to 
offset the projected wate~ demand. 

All WSAs are subject to approval by the Board of Water and Power Commissioners. Upon approval, the lead agency is 
responsible for enforcing the requirements of the WSA as part of the approval for the project. 
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DRAFT Chapter Twelve 
Climate Change 

LADWP is considering impacts of climate change during development of its long-term water supply plan. Climate change is a 
global-scale concern, but is particularly important in the western United States where potential impacts on water resources 
can be significant to supplies for water agencies. Climate change can impact surface supplies from the LAA, imported supplies 
from MWD, and local demands. As a result, LADWP is completing a study to analyze the operational and water supply 
impacts of potential shifts in the timing and quantity of runoff along the LAA system due to climate change. Such potential 
shifts may require LADWP to develop, enhance, and modify management of local water resources. Projected changes in 
climate are expected to alter hydrologic patterns in the Eastern Sierra through changes in precipitation, snowmelt, relative 
ratios of rain and snow, winter storm patterns, and evapotranspiration. 

To understand some of the key issues surrounding climate change impacts, it is important to put it into the context of 
LADWP's water supplies. California lies within multiple climate zones. Therefore, each region will experience unique impacts 
to climate change. Because LADWP relies on both local and imported water sources, it is necessary to consider the potential 
impacts climate change could have on the local watershed as well as the western and eastern Sierra Nevada watersheds 
where a portion of MWD's imported water originates and LADWP's imported LAA supplies originate, respectively, and the 
Colorado River Basin where the remainder of MWD's imported supplies originate. 

Generally speaking, any water supplies that are dependent on natural hydrology are vulnerable to climate change, especially if 
the water source originates from mountain snow pack. For LADWP, the most vulnerable water sources subject to climate 
change impacts are imported water supplies from MWD and the LAA. However, local sources can expect to see some 
changes in the future as well. In addition to water supply impacts, changes in local temperature and precipitation are expected 
to alter water demand patterns. However, there is still general uncertainty within the scientific community regarding the 
potential impacts of climate change for the City of Los Angeles. LADWP will continue to stay abreast of developments in 
climate change to better understand its potential implications to the City's water supplies. 

12.1 Potential Impacts of Climate Change on Water Service Reliability 
Scientists predict future climate change scenarios using highly complex computer global climate models (GCMs) to simulate 

climate systems. Although most of the scientific community agrees that climate change is occurring and, as a result, mean 
temperatures for the planet will increase, the specific degree of this temperature increase cannot be accurately predicted. 
Predictions of changes in precipitation are even more speculative, with some scenarios showing precipitation increasing in the 
future and others showing the opposite. 

It is important to acknowledge that the predictions of the GCMs lack the desired precision due to the presence of uncertainties 
inherent in the analyses. The uncertainty to future emissions of greenhouse gases and the chaotic nature of the climate 
system leads to uncertain response of the global climate system to the increases in greenhouse gases. In addition, the 
science of climate change still lacks the complete understanding of regional manifestations that will result from global 
changes, thus restraining the projecting capacity of these models. However, these projections are consistent with the state of 
science today, and they help predict the manner of which hydrologic variables are likely to respond to a range of possible 

future climate conditions, and thus provide invaluable insight to water managers in their decisions pertaining to water supply 
reliability. 
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The regional areas of interest in assessing climate change impacts to LADWP include the local service area and sources of 
origination for imported water supplies in northern California, eastern Sierra Nevada Mountains, and the Colorado River Basin. 
Data regarding climate change impacts for the various regions of interest is provided in this section. 

12.1.1 Local Impacts 

Most scientific experts believe that because of the uncertainty involved with each model, several models should be used to 
test the potential impact of climate change. To downsize the global coarse-scale climate projections to a regional level 
incorporating local weather and topography, the GCMs are "downscaled". Future projections of precipitation and temperature 
were obtained for six GCMs under two greenhouse gas emission scenarios (A2 - higher and B1 -lower) for Los Angeles 
County. 1,2 Exhibits 12A and 12B plot the changes in projected average annual mean temperature and precipitation, 
respectively for the model scenarios. The bold line represents the running average of all six models for each emission 
scenario. The six models were also used in the preparation of the 2008 California Climate Change Scenarios assessment. 

Note Exhibits 12X and 12X are placeholders and are for illustrative purposes only of the type of data that will be presented for 
Los Angeles. The data in the figures represent data obtained from the Scripps Institute of Oceanography for the Pasadena 
area. Similar data has been requested for Los Angeles. 

Exhibit 12A 
Climate Change Impacts to Local Temperatures for Los Angeles (Placeholder) 
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1 Dan Cayan and Mary Tyree (University of California, San Diego, Scripps Institute of Oceanography) provided downscaled data for 
Pasadena under two emissions scenarios from six climate models: CNRM CM3, GFDL CM2.1, Miroc3.2 (medium resolution), MPI 
ECHAM5, NCAR CCSM3, NCAR PCM1. 
2 Note: These scenarios do not bracket the highest and lowest emission futures possible, but represent a status quo approach (A2) and a 
pro-active mitigation (81) approach to reduce carbon emissions. 
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Exhibit 128 

Climate Change Impacts to Local Precipitation for Los Angeles (Placeholder) 
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Local climate changes within the vicinity of the LADWP service area are expected to include: 

• An increase in average temperatures that will be more pronounced in the summer than in the winter with annual 
mean temperatures in 2100 increasing greater than 3°Fwhen lower greenhouse gas emission scenarios are used 
and may exceed 7°F when high higher emissions scenarios are used dependent upon the GeM utilized 

• An increase in extreme temperatures 

• An increase in heat waves and droughts that will extend for a longer duration 

• A decrease in precipitation with the potential for 30 year deficits of more than 10% below historical levels that, 
coupled with higher temperatures, will increase evaporation/transpiration 

• An increase in short-duration/high volume intense storm events during the winter 

The impact of these climate effects will likely be increased water demands for irrigation and cooling purposes earlier in the 
year and for extended periods coupled with decreased local surface runoff available to recharge groundwater basins. Other 
impacts might include increased fire events that could impact water quality and sedimentation, decreased groundwater 
recharge due to lower soil moisture, and sea level rise increasing seawater intrusion into coastal groundwater basins. 
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12.1.2 Los Angeles Aqueduct Impacts 

The LAA is one of the major imported water sources delivering a reliable water supply to the City of Los Angeles. The LAA 
originates approximately 340 miles away from snowmelt runoff in the eastern Sierra Nevada; hence LAA is subject to 
hydrologic variability associated with climate change. Since the majority of precipitation occurs during winter in the eastern 
Sierra Nevada watershed, water is stored in natural reservoirs in the form of snowpacks, and is gradually released into 
streams that feed into the LAA during spring and summer. More detailed information regarding the LAA is presented in 

Chapter 5, Los Angeles Aqueduct Systems. 

Higher concentrations of greenhouse gases in the atmosphere are often indications of pending climate change. These 
changes threaten the hydrologic stability of the eastern Sierra Nevada watershed through alterations in precipitation, 
snowmelt, relative ratios of rain and snow, winter storm patterns, and evapotranspiration, all of which have major potential 
impacts on the LAA water supply and deliveries. 

To address the possible challenges posed by climate change on the LAA, LADWP commenced a climate change study in 
2009 to evaluate the potential impacts of climate change on the eastern Sierra Nevada watershed and the LAA water supply 
and deliveries, and investigate opportunities to improve the LAA system as a result of these impacts over the next hundred 
years. In this study, future climate conditions are predicted using a set of sixteen GCMs and two greenhouse gas emission 
scenarios. 

The impacts of these climate change scenarios and the associated hydrology on the LAA's eastern Sierra Watershed includes 
an analysis of historical temperature, precipitation, water quality, and runoff records. Hydrologic modeling will be performed to 
estimate runoff changes from current conditions and an evaluation will be provided to determine their effects on the 
performance of the existing infrastructure with regards to storage and conveyance capacity to Los Angeles. As part of the 
evaluation of potential adaptation measures if existing infrastructures are inadequate, recommendations will be provided to 
modify the existing infrastructure and operations to accommodate these impacts. 

Preliminary results of the study are showing steady temperature increases throughout the 21 st century and are consistent with 
other prior studies performed in the scientific community. Exhibit 12C displays the time series of 30-year running means of the 

projected temperature of one of the greenhouse gas emission scenarios considered in the study, A2 (higher greenhouse gas 
emissions), averaged over the simulation area for each of the sixteen GCMs. All GCMs project temperature increases 
throughout the 21 st century. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
12-4 

AR0071725 



~ 
.3 
C1l 

OJ 
Q. 

E 
ClJ 
I-

C1l 
::J 
<= 
<= « 
<= 
C1l 
ClJ 

~ 
-0 

2:i 
~ 
::J 

E 
'Vi 

~ 
U 
1.9 

Exhibit 12C 

Chapter 12 
Climate Change - January 2011 Draft 

30-Year Time Series Projected Temperature Means for Eastern Sierra Nevada Watershed 
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On the other hand, forecasts for precipitation differ greatly between the GeMs. Some GeMs are projecting increases, but the 
majority of the model outputs are projecting decreases in precipitation over the study period. Exhibit 12D displays the time 
series of 30-year running means of the projected precipitation using the A2 greenhouse gas emission scenario (higher 
greenhouse gas emissions) averaged over the simulation area for each of the sixteen GeM models. 
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Exhibit 120 
30-Year Time Series Projected Precipitation Means for Eastern Sierra Nevada Watershed 
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Temperature is the main climate variable that is projected to rise significantly in the coming years and decades. The rise in 
temperature directly affects several variables including: 

• Whether precipitation falls as snow or rain; 

• The ground-level temperature determines the timing and rate of snowmelt; and 

• The temperature profile in the canopy that determines the rate of evapotranspiration. 

Preliminary results have shown that future predictions for the early-21st century suggested a warming trend of 0.9 to 2.7 of 
and almost no change in average precipitation. Mid-21st century projections suggested a warming trend of 3.6 to 5.4 of and a 

small average decrease in precipitation, approximately 5 percent. This warming trend is expected to increase by the end of 
21 st century, as the results suggest further warming of 4.5 to 8.1 of and a decrease in precipitation of approximately 10 

percent. In addition, preliminary results indicate an increase in the frequency and length of droughts in the end-of-century 
period. 

Projected changes in temperature (warmer winters) will change precipitation patterns to rain with larger fractions than 
historically encountered. Consequently, peak Snow Water Equivalent (SWE) and runoff are projected to undergo a shift in 
timing to earlier dates. 

At elevations of up to about 9,800 feet, the snowpack of the eastern Sierras is susceptible to earlier melt and less 
accumulation with a long term-shift in mean temperature of 3.6°F, especially in the southern Sierras. On average, mean 
temperature rises are in the range of 3.6 to 10.8 of resulting in about a 17 to 50 percent loss in snowpack storage, 

respectively. This vulnerability shows up in average to warm winters and will directly affect the stream levels and stream 
discharge. This raises potential concerns for LADWP in the areas of adequate storage and operations, especially the capacity 
of the LAA system to store the early runoff in surface reservoirs. 

The projected temperature and precipitation dataset form the basis of the hydrologic model projections for runoff, snow-water 

equivalent (SWE), and rain-to-snow ratio. To compare the future projections of these variables, the trends that dominated the 
second half of the 20th century are considered baselines for future trends. The baseline values for runoff, SWE, and rain-to
snow ratio are 0.6 million acre-feet (MAF), 15 inches, and 0.2, respectively. By Early 21 st century (2010 - 2039), preliminary 
results illustrate runoff is projected to undergo increases and decreases averaging between 0.5 to 0.85 MAF; SWE is 
projected to undergo decreases and increases ranging between 10.6 to 19.0 inches, and the rain-to-snow ratio is projected to 
increase between 0.24 to 0.33. By mid-century (2040 - 2069), the same trends are expected to dominate, with runoff ranging 

between 0.34 to 0.9 MAF, SWE ranging between 7.0 to 19.7 inches, and the rain-to-snow ratio increasing between 0.25 to 
0.43. These trends are expected to govern until the end-of-century (2070 -2099) with runoff ranging between 0.35 to 1.1 MAF, 
SWE ranging between 5.0 to 16.0 inches, and rain-to-snow ratio increasing between 0.28 to 0.54. Exhibit 12E summarizes the 
projections for runoff, SWE, and rain-to-snow ratio for the 21 sl century. 
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Projected Runoff, Snow-Water Equivalent, and Rain-to-Snow Ratio for Eastern Sierra Nevada Watershed 

Runoff April 1 SWE Rain/Snow 

(MAF) (Inches) Ratio 

Baseline (Second Halt ot 20th Century) 0.6 15.0 0.2 

Early 21 st-century (2010-2039) 0.5 - 0.85 10.6-19.0 0.24 - 0.33 

Mid-century (2040-2069) 0.34 - 0.9 7.0-19.7 0.25 - 0.43 

End-ot-century (2070-2099) 0.35 - 1.1 5.0 - 16.0 0.28 - 0.54 

Exhibit 12F displays the rain-to-snow ratio based on the projected precipitation and temperature for the 16 GeMs. The rain-to
snow ratio is projected to increase throughout the 21 st century, ranging between 0.24 to 0.33 by early 21 st century, between 
0.25 to 0.43 by mid-century, and between 0.28 to 0.54 by the end-of-century. 

Exhibit 12F 
Projected Rain to Precipitation Ratio Based on Projected Precipitation and Temperature 
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The increase of rain-to-snow ratio indicates the shift from snowfall to rainfall, specifically at low to moderate elevations, where 

the temperature tends to be warmer. This shift indicates more precipitation as liquid, and in turn, leads to loss of the 
snowpack. The snowpack is critical in providing seasonal storage for water that releases winter precipitation in spring and 
summer to provide the soil moisture and stream flow needed to sustain both ecosystems and human populations. The climate 
change study work is still ongoing with remaining analyses to be performed on potential climate change impacts to existing 
infrastructures, water quality, and recommended adaptation measures. 
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Although the results above are quantitative in nature, it is important to account for the uncertainties inherent in these 
predictions. The results of this study will help guide the water managers in planning and developing water supply and 
infrastructure to ensure the reliability and sustainability of adequate water supply and delivery. 

12.1.3 State Water Project Impacts 

To date, most studies on climate change impacts to California's water supply have been conducted for the Northern California 
region. In August 2010, DWR released the 2009 State Water Project Delivery Reliability Report, which specifically analyzes 
changes in volume of water available under various climate change scenarios. DWR projected that SWP deliveries could be 
reduced by as much as 15 percent in some cases as illustrated in Exhibit 12G. 

Exhibit 12G 
Projected Rain to Precipitation Ratio Based on Projected Precipitation and Temperature 
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To incorporate climate change into its reliability reports, DWR reviewed 6 GCMs for year 2050 projections using lower 
emission and higher emission scenarios contained in Using Future Climate Projections to Support Water Resources Decision 
Making in California prepared in April 2009 by DWR. DWR selected the model most representing median effects on the SWP, 
the MPI-ECHAM5 model run with a higher greenhouse gas scenario. 

Climate change has the potential to disrupt SWP source supplies, impact conveyance, and alter storage levels in reservoir 
carryover storage. Annual Bay-Delta exports to areas south of the Delta are expected to decline 7 percent for the lower 
greenhouse gas emissions scenario and 10 percent for the higher emissions scenario. However, it should be noted that for the 
six GCMs under the lower and higher emission scenarios the range varies from a 2 percent increase to a 19 percent decrease 
illustrating the variability in the various GCMs. 
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By 2050, median reservoir carryover storage is projected to decline by 15 percent for the lower emissions scenario and 19 
percent for the higher emissions scenario thereby reducing operational options if water shortages were to occur. Furthermore, 
by 2050 it is projected a water shortage worse than the 1977 drought could potentially occur in 1 out of every 6 to 8 years 
requiring acquisition of other supplies, reductions in water demands, or a combination. An additional 575 to 850 TAF would be 
needed to maintain minimum SWP operation requirements and meet regulatory requirements. The main supply reservoirs on 
the SWP must maintain minimum water levels to allow water to pass through their lower release outlets in the dams. However, 
the April 2009 report does not consider the SWP vulnerable to a system interruption such as this under current conditions. 

The primary effects of climate change on the SWP identified in the 2009 Reliability Report include, among others: 

• More precipitation will fall as rain than snow 

• Reductions in Sierra snowpack 

• Sea level rise threatening the Bay-Delta levee system 

• Increased salinity in the Bay-Delta due to sea level rise requiring releases of freshwater from upstream reservoirs to 
maintain water quality standards 

• Shifted timing of snowmelt runoff into streams - spring runoff comes earlier resulting in increased winter flows and 
decreased spring flows 

• Increased flood events 

The most severe climate impacts in California are expected to occur in the Sierra watershed, where the SWP supply 
originates. Therefore, imported SWP water is extremely vulnerable to climate change. 

12.1.4 Colorado River Aqueduct Impacts 

Although many research efforts are underway, there have not yet been any reports quantifying potential changes in supply to 
California from the Colorado River via the CRA. At this time, the assumption is that there would be similar patterns as the 
SWP impacts. 

12.2 Water and Energy Nexus 
It is widely believed in the scientific community that the increase in concentrations of greenhouse gases (GHG) in the 
atmosphere is a major contributing factor to climate change. As such, California is leading the way with laws that require 
reductions in greenhouse gas emissions and requirements to incorporate climate change impacts into long range water 
resource planning. 

Carbon dioxide emissions into the atmosphere and the emissions of other GHGs are often associated with the burning of 
fossil fuels like crude oil and coal in the generation of energy. As a significant amount of energy is required for the movement 
of water over long distances and elevations, a link was subsequently realized between water supply conveyance and 
corresponding GHG emissions through its energy consumption. An assessment of the GHG emissions, sometimes also 
known as carbon footprint expressed in units of tons C02, could be estimated for water. Once the size of a carbon 
footprint is known, a strategy can be developed to better manage and reduce its impact on climate change. 
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LADWP has taken the initiative to study the nexus between water and energy consumption and to evaluate the associated 
carbon footprint of its water system. The most energy intensive source of water for LADWP is water purchased from MWD, 
which imports SWP supplies via the California Aqueduct and Colorado River supplies via the CRA. LADWP also imports water 
via the LAA, which is a net producer of energy. Local sources of water for LADWP include groundwater and recycled water. 
Exhibit 12H outlines the sources of LADWP's water supply as well as the energy profiles of each facility that provides water to 
LADWP. For those sources of water operated by LADWP, the energy intensity has been computed by dividing the total energy 
consumed/generated by the total water produced or processed by that source. 

12.2.1 State Water Project Supplies 

Water Supplied to Los Angeles via the SWP originates from Northern California and the Bay-Delta and is conveyed along the 
444-mile long California Aqueduct to southern California. Six pump stations are required to lift the water to the point at which 
the California Aqueduct splits into two branches. At the zenith of the California Aqueduct in the Tehachapi Mountains, 
approximately 3,846 kilowatt hours per acre foot (kWh/AF) is required to lift the water from the start of the aqueduct. After the 
water passes through Edmonston Pumping Plant, the California Aqueduct separates into two branches, the West Branch and 
the East Branch. Along the West Branch, the water is lifted once more at the Oso Pumping Plant and then energy is recovered 
through hydro-electric generation at the Warne and Castaic Power Plants. By the time the West Branch reaches its terminus 
at Lake Castaic, the net energy consumed in transporting the water from the Bay-Delta is approximately 2,580 kWh/AF. Water 
supplied through the West Branch is provided to the San Fernando Valley, Western Los Angeles, and Central Los Angeles 
communities. 

Along the East Branch, the water generates power at the Alamo Power Plant, is lifted once more at Pearblossom Pumping 
Plant, and then used for generation at Mojave Siphon and Devil Canyon Power Plants. At the East Branch terminus at Lake 
Perris, approximately 3,236 kWh/AF of energy has been expended in the transport. Water conveyed through the East Branch 
is provided to the Eastern Los Angeles and Harbor communities. The water supplied from the SWP is the most energy 
intensive source of water available to LADWP. 
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Exhibit 12H 
Energy Intensity of LADWP's Water Sources 

Los Angeles Aqueduct2 

Colorado River Aaueduce 

l. Source: Methodology for Analysis of the Energy Intensity of California 's Water Systems. p. 27. 
2. Generation on the Los Angeles Aqueduct is not considered in LADWP's total energy intensity. 

Intake 
Pwnping 
Plant 
360 kWhlAF 

3. Energy intensities for the Colorado River Aqueduct pumping stations were derived by multiplying the total energy intensity 
for the aqueduct by the proportion of load for each individual pumping station in relation to the total load for all five pump 
stations. 

4. Positive numbers indicate power consumption due to pumping and negative numbers indicate power generation. 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
12-11 

AR0071732 



Chapter 12 
Climate Change - January 2011 Draft 

12.2.2 Colorado River Aqueduct Supplies 

Water supplied from the Colorado River is imported via the 242 mile CRA operated by MWD. From the start of the aqueduct at 
Lake Havasu to its terminus at Lake Mathews, the water is lifted approximately 1,617 feet. Five pumping stations along the 
aqueduct lift the water to MWD's service area requiring approximately 2,000 kWh/AF. CRA water is the second most energy 
intensive water source for Los Angeles and is supplied to the eastern Los Angeles and Harbor communities. Together SWP 
water and CRA water comprise the total imported provided by MWD to LADWP. MWD imported water is the most expensive 

water source for LADWP in terms of both cost and energy. 

12.2.3 Los Angeles Aqueduct Supplies 

The LAA provides water from the Eastern Sierra watershed and is entirely gravity fed. As a result, no energy is required to 
import LAA water, making it the most desirable source of water in terms of energy intensity. There are twelve power 
generation facilities along the aqueduct system. On average, the LAA generates approximately 6,848 kWh/AF from water 
directly used to generate power. This number was determined using the same methodology as was used to determine the 
energy intensity for the two branches of the SWP. The individual energy intensities for each individual generating facility were 
summed up to arrive at the total energy intensity for the water used to generate power. However, when considered from the 
perspective of total amount of water delivered to Los Angeles via the LAA, the energy generated along the aqueduct is 

approximately 2,456 kWh/AF. The variance between the numbers can be attributed to the fact that not all water wheeled 
through the aqueduct is used to generate power and the fact that a portion of the water is introduced into the aqueduct system 
at a point downstream of several of the power plants. For the purposes of determining LADWP's total energy intensity, the 
energy intensity of the LAA is considered to be zero since the power generated does not directly offset the energy required for 
other sources of water. However, in terms of supply the LAA is able to offset the more energy intensive sources of water, 
consequently reducing the overall energy intensity of LADWP's water supplies. As LAA flows to Los Angeles are decreased 
due to environmental enhancement efforts in the Owens Valley and Mono Basin, LADWP is forced to increasingly rely on 
energy intensive water purchased from MWD. LAA water currently supplies approximately 37 percent of the demand for Los 
Angeles. 

12.2.4 Local Groundwater Supplies 

Groundwater currently accounts for approximately 11 percent of LADWP's water supply and has an average energy intensity 
of approximately 530 kWh/AF. As LADWP continues with its cleanup of the contaminated water in the San Fernando Basin, 
groundwater will play an increasingly important role in Los Angeles' water supply. Although there is potential for a future 
increase in the energy required to produce groundwater due to the introduction of new treatment technologies, groundwater is 
expected to remain a low energy source of water when compared to imported supplies purchased from MWD. Increasing 
groundwater production will allow LADWP to offset the energy intensive MWD sources and reduce its overall energy intensity .. 

12.2.5 Recycled Water Supplies 

Recycled water is currently the smallest component of LADWP's water supply portfolio, with municipal and industrial uses 
accounting for less than 1-percent of total supplies. Currently, LADWP directly receives recycled water from three wastewater 
treatment plants operated by Bureau of Sanitation (BOS), two of which provide recycled water treated to a tertiary level: LAG 
and DCT. The TITP performs advanced treatment of recycled water in addition to tertiary treatment. LADWP also directly 
receives a small portion of recycled water from the West Basin Municipal Water District (WBMWD), which provides additional 
treatment of wastewater from the Hyperion Treatment Plant (HTP) in EI Segundo. Since all water at the plants directly 
supplying recycled water to LADWP is treated to at least a tertiary level regardless of disposal or reuse, the energy cost to 
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treat the water to this level is considered a sunk cost because the water would be treated whether it offsets potable use or not. 
The advanced treatment process at the Terminal Island Treatment Plant (TITP) is beyond the requirements for discharge and 
is therefore not considered a sunk cost. The incremental energy required to treat water from tertiary levels to advanced 
treatment levels at TITP requires approximately 2,200 kWh/AF. Since the treatment energy at the other two plants is not 
considered additional energy, only the pumping energy is included in the overall LADWP recycled water energy intensity. For 
the Los Angeles Glendale (LAG) Treatment Plant, the pumping requires approximately 690 kWh/AF, and for the Donald C. 
Tillman (DCT) Treatment Plant, the pumping requires approximately 450 kWh/AF. A weighted average of these values gives 
recycled water an energy intensity of approximately 1,139 kWhl AF. I n the future this number will likely change as the recycled 
water infrastructure is expanded. In addition to the municipal and industrial recycled water that is considered in LADWP's total 
supplies, the plants produce significant additional volumes of recycled water that is beneficially used. Beneficial uses include 
the seawater barrier for the Dominquez Gap using recycled water from TITP and the Japanese Garden and Los Angeles River 
from DCT. 

12.2.6 Treatment Energy 

Another factor in determining the energy intensity of LADWP's water is the energy required to treat water. All LAA water and 
nearly all West Branch SWP water purchased by LADWP are treated at the Los Angeles Aqueduct Filtration Plant (LAAFP). 
For the LAAFP, the average treatment energy intensity is approximately 34 kWh/AF. The East Branch SWP water and the 
CRA water are primarily treated at the Weymouth Treatment Plant in the San Gabriel Valley and the Diemer Treatment Plant 
in Orange County. Both of these treatment plants are operated by MWD. The average energy intensity for Weymouth 
Treatment Plant is approximately 42 kWh/AF and supplies water to the East Los Angeles Community. The average energy 
intensity for the Diemer Treatment Plant is 13 kWh/AF and supplies water to the Harbor Community. The mix of SWP East 
Branch water and CRA water that flows through these two treatment plants varies depending on the regional hydrology of the 
two sources, but on average approximately 55 percent SWP East Branch water and 45 percent CRA water flows through each 
of these MWD treatment plants. 

The proportion that each of the above mentioned sources contributes to the LADWP's total supplies is displayed below in 
Exhibit 121. Of note is the relationship that the volume of LAA flow has to the amount of SWP water imported into the system. 
In this case, the energy free LAA water is replaced by the energy intensive SWP water resulting in an increase in the overall 
energy intensity. 
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Exhibit 121 
Proportion of Volume Delivered and Total Energy Intensity (Inclusive of Treatment) 
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12.2.7 Distribution Energy 

LADWP benefits from the topography of its service area in that much of the hydraulic head required for water distribution is 
provided by gravity. With the major sources of LADWP's water entering the service area at higher elevation than the rest of 
the City, the energy required for distribution is lower than much of the region. The average energy intensity for LADWP water 
distribution is approximately 196 kWh/AF. 

Exhibit 12J shows the sum of the energy intensities for LADWP from each of the individual sources between 2003 and 2009. 
Exhibit 12K shows a graphical representation of the total energy intensity for LADWP for the same time period. An important 
detail is the influence that LAA water has on the total energy intensity for a given year. For those years with large volumes of 
LAA water, such as 2005 and 2006, the total energy intensity was correspondingly low. Alternatively, those years with low 
volumes of LAA water have high total energy intensity as a result of the energy requirements for imported MWD supplies 
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. Exhibit 12J 
LADWP Energy Intensity 2003-2009 

2003 2004 2005 2006 2007 2008 2009 

Volume (AF) 251,942 202,547 368,839 378,922 129,400 147,365 137,084 

Treatment 
Los Angeles Energy Intensity 34 34 34 34 34 34 34 

Aqueduct (kWh/AF)1 
(0 kWh/AF) Weighted Energy 

Intensity 13 10 20 20 7 8 8 
(kWh/AF) 

Volume (AF) 244,218 296,722 95,538 93,694 350,302 304,221 270,653 

State Water Treatment 

Project West Energy Intensity 34 34 34 34 34 34 34 

Branch (kWh/AF)1 

(2580 kWh/AF) Weighted Energy 
Intensity 961 1,161 408 386 1,384 1,237 1,258 
(kWh/AF) 

Volume (AF) 48,980 56,301 49,526 68,796 56,357 31,016 45,246 

State Water Treatment 

Project East Energy Intensity 27 27 27 27 27 27 27 

Branch3 (kWh/AF)2 

(3236 kWh/AF) Weighted Energy 
Intensity 241 275 264 354 278 157 262 
(kWh/AF) 

Volume (AF) 26,374 39,124 40,522 25,445 33,098 93,047 37,012 

Treatment 
Colorado River Energy Intensity 27 27 27 27 27 27 27 

Aqueduce (kWh/AF)2 
(2000 kWh/AF) Weighted Energy 

Intensity 80 119 134 81 101 293 133 
(kWh/AF) ~ 

Local 
Volume (AF) 90,835 71,831 56,547 63,270 89,018 60,149 64,996 

Groundwater Weighted Energy 

(530 kWh/AF) Intensity 72 57 49 53 71 50 61 
(kWh/AF) 

Recycled 
Water4 

Volume (AF) 1,759 1,774 1,401 4,890 3,639 7,081 7,489 

(1,139 Weighted Energy 
3 3 3 9 6 13 15 

kWh/AF) Intensity 

Volume (AF) 664,108 668,300 612,373 635,017 661,814 642,879 562,480 
Distribution Weighted Energy 

(196 kWh/AF) Intensity 196 196 196 196 196 196 196 
(kWh/AF) 

Total Volume Delivered (AF) 664,108 668,300 612,373 635,017 661,814 642,879 562,480 

Total Energy Intensity (kWh/AF) 1,567 1,820 1,074 1,098 
1. Los Angeles Aqueduct and State Water Project West Branch supplies are treated at the 
Los Angeles Aqueduct Filtration Plant 

2,043 1,954 1,934 

2. Colorado River Aqueduct and State Water Project East Branch supplies are treated at Weymouth and Diemer Filtration Plants 
operated by Metropolitan Water District of Southern California. The listed energy intensity is based on an average of the energy 
intensity for the two plants. 
3. Amount of SWP water and CRA water delivered is based on the reported average ratio of the two sources in Weymouth 
Treatment Plant and Diemer Treatment Plant effluent from MWD annual Water Quality Report 

4. Recycled water volume is based on use for municipal and industrial uses, not all beneficial uses. Energy intensity is a 
weighted average of energy used for pumping to customers and the incremental energy to treat from tertiary to advanced 
treatment. 
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Exhibit 12K 
LADWP Annual Energy Intensity 
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12.2.8 Carbon Footprint 

All of LADWP's water supply sources have an associated carbon footprint related to the energy required to pump the water, 
Exhibit 12L provides the annual carbon footprint by water source, Exhibit 12M shows a graphical representation of the total 
annual carbon footprint for the same time period, For imported sources, the 2007 CAMX California average carbon emission 

of 0}2412 Ibs C02/kWh was used to estimate the amount of carbon emissions produced per acre-foot of water imported, For 
local sources the C02 metric reported to the California Climate Action Registry in 2007 was used to estimate the carbon 
emissions released in the production of this water, LAA is a net producer of energy and produces only green hydropower, 
There are no carbon emissions associated with water imported through the LAA, 
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Exhibit 12L 
Annual Footprint by Carbon Source 

2003 2004 2005 2006 2007 2008 2009 

Volume Delivered (AF) 251,942 202,547 368,839 378,922 129,400 147,365 137,084 

Los Angeles 
Energy Intensity 
(kWh/AF) 

0 0 0 0 0 0 0 

Aqueduct Weighted Energy 
(0 kWh/AF) Intensity (kWh/AF) 

13 10 20 20 7 8 8 

Carbon Footprint (tons 
CO2)2 

5,259 4,228 7,699 7,909 2,701 3,076 2,861 

State Water 
Volume Delivered (AF) 244,218 296,722 95,538 93,694 350,302 304,221 270,653 

Project West Weighted Energy 
961 1,161 408 386 1,384 1,237 1,258 

Branch Intensity (kWh/AF) 

(2,580 kWh/AF) Carbon Footprint (tons 
CO2)3 

231,134 280,825 90,420 88,674 331,535 287,922 256,153 

State Water 
Volume Delivered (AF) 48,980 56,301 49,526 68,796 56,357 31,016 45,246 

Project East Weighted Energy 
241 275 264 354 278 157 262 

Branch Intensity (kWh/AF) 

(3,236 kWh/AF) Carbon Footprint (tons 
CO2)3 

57,865 66,514 58,510 81,276 66,580 36,642 53,454 

Volume Delivered (AF) 26,374 39,124 40,522 25,445 33,098 93,047 37,012 

Weighted Energy 
80 119 134 81 101 293 133 Colorado River Intensity (kWh/AF) 

Aquedud Carbon Intensity (Ibs 
0.72412 0.72412 0.72412 0.72412 0.72412 0.72412 0.72412 (2,000 kWh/AF) C02/kWh) 

Carbon Footprint (tons 
CO2)3 

19,356 28,713 29,739 18,674 24,290 68,287 27,163 

Volume Delivered (AF) 90,835 71,831 56,547 63,270 89,018 60,149 64,996 
Local Weighted Energy 

Groundwater Intensity (kWh/AF) 
72 57 49 53 71 50 61 

(530 kWh/AF) Carbon Footprint (tons 
29,556 23,372 18,399 20,587 28,964 19,571 21,148 CO2)2 

Volume Delivered (AF) 1,759 1,774 1,401 4,890 3,639 7,081 7,489 

Recycled Water Weighted Energy 
3 3 3 9 6 13 15 

(1,139 kWh/AF) Intensity (kWh/AF) 
Carbon Footprint (tons 

1,230 1,240 980 3,419 2,545 4,951 5,237 
~ 

CO2)2 

~ ." 

Volume Delivered (AF) 664,108 668,299 612,373 635,017 661,814 642,879 562,480 

Distribution Weighted Energy 
196 196 196 196 196 196 196 

(196 kWh/AF) Intensity (kWh/AF) 
Carbon Footprint (tons 
CO2)3 

79,911 80,415 73,686 76,411 79,635 77,357 67,682 

Total Volume Delivered (AF) 664,108 668,299 612,373 635,017 661,814 642,879 562,480 

Total Energy Intensity (kWh/AF) 1,567 1,820 1,074 1,098 2,043 1,954 1,934 

Total Carbon Footprint (tons CO2) 424,310 485,308 279,432 296,950 536,250 497,807 433,698 

1. Amount of SWP water and CRA water delivered is based on average of the proportion of the two sources delivered to MWD 
Weymouth Treatment Plant and Diemer Treatment Plant for the calendar year 

2. Based on 2007 CO2 metric of 1 .22789 Ibs C02/kWh reported to the California Climate Action Registry 

3. Based on eGRID 2007 CAMX (California Average) of 0.72412Ibs COjkWh 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
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Exhibit 12M 
Total Annual Carbon Footprint for Water Supply Portfolio 
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As Los Angeles increases its reliance on energy intensive imported supplies from MWD, its overall energy intensity will 
increase, Reductions in LAA flows due to environmental mitigation have the consequence of increasing Los Angeles' reliance 

on supplies imported through the SWP via the California Aqueduct, and Colorado River through the CRA 

12.3 Climate Change Adaption and Mitigation 
Climate change strategies fall under two main categories: adaptation and mitigation, For water resources planning, a climate 

change adaptation strategy involves taking steps to effectively manage the impacts of climate change by making water 
demands more efficient and relying on supply sources that are less vulnerable to climate change, A mitigation strategy 

involves proactive measures that reduce greenhouse gas emissions, such as placing a stronger emphasis on using water 
resources requiring less greenhouse gas emissions, Both LADWP and its wholesale supplier for imported water, MWD, are 
implementing adaption and mitigation strategies as they become aware of potential climate change impacts, 

It is imperative that supply options are carefully vetted and evaluated against both adaptation and mitigation goals, as they 
may conflict and work against each other, For example, desalination is a typical supply option that performs quite well in 
adapting to climate change impacts; however, due to the energy necessary to draw from and manage the supply source, it 
could result in higher greenhouse gas emissions if conventional energy sources are utilized, 

12.3.1 LADWP Adaption and Mitigation 

In the 2008 City of Los Angeles Water Supply Action Plan, LADWP and the City have outlined strategies to dramatically 
increase conservation and water recycling, Increasing conservation and water recycling encompasses both adaption and 
mitigation goals to address climate change, The Plan calls for reducing potable demands by an additional 50,000 AFY through 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
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conservation by fiscal year 2030 and 50,000 AFY through recycled water use. Additional adaption strategies under 
investigation by LADWP and the City includes beneficial reuse of stormwater as discussed in Chapters Seven and Nine, 
Watershed Management and Other Potential Water Supplies, respectively. 

Conservation has a double savings in terms of energy intensity because not only does it save energy in importing or producing 
the water, but it also saves energy through reduction of end use, such as heating water for a shower or for a dishwasher and 

wastewater treatment. The anticipated conservation savings will not only help to provide Los Angeles a secure and 
dependable water supply, but it will also reduce the energy footprint of the water supply, and consequently the carbon 
footprint. A further discussion regarding conservation is provided in Chapter Three, Conservation. 

Recycled water use reduces reliance on potable water imported through MWD and provides a year round drought resistant 
water supply source. While the energy consumption requirements to produce recycled water are greater than local and LAA 
supply sources, recycled water assists LADWP in bolstering its supply portfolio to address potential supply changes related to 
climate change. A further discussion regarding recycled water is provided in Chapter 4, Recycled Water. 

The climate change study work for the LAA is still ongoing with remaining analyses to be performed on potential climate 
change impacts to existing infrastructures, water quality, and recommended adaptation measures. Hydraulic models will be 
performed to determine impacts to the LAA conveyance capacity. Adaptation measures may include upgrades to treatment 
processes in order to address degradation in water runoff quality, and/or changes in operational procedures to address shifts 
in runoff timing and quantity. 

There is still general uncertainty within the scientific community regarding the potential impacts of climate change for the City 
of Los Angeles. LADWP will continue to stay abreast of developments in climate change to better understand its potential 
implications to the City's water supplies to assist in further developing adaption and mitigation strategies. 

12.3.2 MWD Adaption and Mitigation 

MWD is taking an active approach to adapt and mitigate against climate changes in its operations. Adaption and mitigation 
measures include: 

• Investments in local resources to diversify MWD's water supply portfolio 

• Tracking climate change legislation - MWD provides input and direction on legislation 

• Collaborating on climate change with state, federal, and non-governmental agencies 

• Monitoring state and local climate change actions 

• Investigating the water supply and energy nexus 

• Coordinating with large water retailers 

• Integrating climate change into integrated resource planning as discussed in Chapter 10, Integrated Resource 
Planning 

2010 Urban Water Management Plan for the Los Angeles Department of Water & Power 
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• Sharing climate change knowledge and providing support - founding member of Water Utility Climate Alliance, 

• Adopting energy management policies to support cost-effective and environmentally responsible programs, projects, 
and initiative 

MWD has also taken structural adaption measures including construction of the Inland Feeder. The Inland Feeder completed 
in 2009 connects SWP supplies with MWD's CRA supplies and allows delivery of SWP supplies to MWD's major reservoir, 
Diamond Valley Lake. In relation to climate change, the project will increase conveyance capacity allowing more rain to be 
conveyed as projected snowpack levels decrease and allow MWD to capture rain associated with projected short duration 
high intensity storms. 

2010 Urban Water Management Plan for Los Angeles Department of Water & Power 
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Student Generation Factor 

In determining the impact of ne\y development, the District is required to show how 

many students will be generated from the new developments. In order to enSUIe that new 

deVelopment i5 paying only for the impact of those students that arc being gem~rated by 

new homes and businesses~ the student generation factor is applied to the number of new 

housing units to determine development-related growth. The District may either us,~ the 

local student yield rate or the State-wide average student generation factor. 

The student generation factor identifies the number of students per h9using ll~lit and 

provides a link. between residential construction projects and projectiqns of increased 

t~nI'olIment The State--wide factor used by the Office of Public School C(I;t'l,.'Struction is 

0.70 for grades K-12. For the purposes of this report \\!e ytiU use tn¢.§tate factors to 

detennine the students gen~rated from new housing developments. Table :3 shows the 

stndent generation nlctors for the variou.sgr~~d~· gi:oupings" 

STUDENT GENERA TlON FACTORS 

Grades stUdents per Household 

K-6 004 

7-8 0.1 

0.2 

Total 0.7 
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N i:':W Residential Development Projections 

The Los Angeles Unified District has experienced an average new residential 

construction rate of approximately 5,121 units per year, Projecting the average rate 

Ionvard, we would expect that 25,605 units of residential housing will be built within the 

District boundaries over the next five years. 

To determine the impact of'residential development, an cmollment projection is done, 

Applying the student generation factor of(),7 to the projected 5,l21~ul1i~~.of residential 

housing,we expect that 17,924 studt;mts will be generated from tb,e:t1,t}w l;e:;;idential 

construction over the next five years. This includes 10,242 elementary school students, 

2,561 middle school students ft11d 5,121 high school students:' 

The Distriot is required to use the development:;bascd enrollmcintprojection for the 

purposes of this study. This is utilized as~the cost'b~is fotJleve1opmc:nt i:rnpact 

throughout this study) unless otherwise'llOted. 

Grades 
L 

Kto 6 

7 to 8 

9 t<>12 

SDC 

Totals 

Table 4 

LOS ANGE4ES UNIFIED 
Five ¥EAR.E~Rot[MENT PROJECTIONS 

Currer-lt 

Enrollment 

346950 

92250 

195645 

29388 

664233 

Development 
Projection 

10242 

2561 

5121 

17924 

Projected 

J:;nrollment 

357192 

200"f66 

29388 

682157 

PhQCQhiCT7 
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IV. Existing Facility Capacity 

To determine the need for additional school facilities, the capacity of the existing facilitit:$ 

lUttS! be identiiiedand compared to current and anticipated enrollments. The District's 

existing building capacity will be calculated using the Stille classroom loading standards 

shown in Table 6. The followiug types of"su'p'port~spaces" n~,ccssary for the conduct of 

the District's comprehensive educational program, f.l.fe not indnded as "teaching stations," 

commonly known as "classrooms" to the public: 

Table 5 

Los Angeles Unified School Distrl~l 
List of Core and Support Facmtl<~s 

Library 
Multipurpose Room .. 
Office Area . 
Staff I},! orkroom 

Resource Specialist 
G)4nnasiurn 
LunchRoom 
P;E. Facilities 

Because the District requires these types of support faoiliti0S as part of its existing facility 

and curriculum standards at itssphools, new developme11t's impact lUttS! not materially or 

adversely affect the continuanoc of these standards. TIlcrefore, new developm.ent oannot 

require that the District house students in these integral suppc,rt spaces, 

Classroom Loading Staridards 

Th~ following l11.l",xim\lffi classroom loading*factors are U$0(,1 to determine teachil1g

station "capacity," ill accordance \'I/ith ute State legislation and the State School Building 

Program .. Thes~ capacity calculations are also l.lsed in preparing and filing the baseline 

school capacity statemen!with the Office of Public School Construction, 

PaceS 
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Table 6 

State Classroom l.oading Standards 

Kindergarten 

Non Severe Special Ed 

Severe Special Ed 

Existing Fagilitv Canacitv 

25 Students/Classroom 

25 Students/Classroom 

25 Students/Classroom 

27 Smdents/Classt<;tom 

27 Students/G1d$sroom 

13 Stltdent~/Class:rQOnl,. 

9 Stuue:ntS/Cfas:;wom 

The State determines the baseline capae;ity by either loading all perrnanent teaching stations 

plus a rWiximnm nUl11.bex of portables equaUo 25% 9fthe numb~r ofpermanunt classrooms 

or by loading all pemtanent classroolllS and on:ly,portables that are owned Or have been 

leased fur over 5 years, As allowed by l;r~l and required by the State, facility capacities are 

calculated by identifying the llU1nberQfteaching stations at each campus, AU qualified 

teaching stations ,"vere included inthe calculation of the capacities. To account for activity 

and changes since the,bacselinewflS established, the student grants for new COI1S.tfuction 

projepJsfunderlbyOPSC have been~tdded, Using thes\! guidelilles the District's current 

&tatecalcul~tcd cap,wity is shown in Table 7, 

Table 7 

Page 9 
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LOS ANGELES UNIFlED 
Summary of Existing FacilIty Capacity 

Tote! $Wte 
Perrnsnenl Portable Chargabtfl Cr.argabl~ Loading 

Schoo! Facility Cla!;~room$ CIa ssro cnn 5 Portables Cia liliroom s Factor 

Gr.IdIilS K·6 9829 Ba$7' l4e3 13312 25 

Grades 7·B 1496 804 433 1929 27 

Gr'i(ltiltlC s.. '12 4294 1375 NO 6il34 27 

SDC N-S 20M 0 {J 2000 13 

SDC Severe 1005 0 0 1005 1) 

Totals 18624 8646 4<356 23280 

StQ(C District Total 
i"uncitXl Co< P<'lCity State 
P(ojects AcId~ Capacity 

35650 2€rrS ill' 125 

3'1428 7462 90963 

582.39 9261 203418 

104 0 261{)4 

0-- a 9045 

;125421 ' 19()88 /'00655 

As Table 7 shows, the tot,11 Stattl capacity of the District: fapilities<i,s:700;655 stndents. 

Unhoused Students by State HOllsin£!: Standards· 

This next chart c()mpares the capacity.with the space, needed to detemlin€: if there is 

available space for new students from the ,projected developments. The space needed is 

detenniued based on the maximum seats needed tphotlse the students within the existing 

homes, The historic and projec~ed enrollments were revie\ved to determine the space 

needed for each f,'!ade grou.ping. 

Table 8, 

LOS ANGELES UNIFIED 
Summary of Available District Capacity 

Stab;: Space Available 

School Facility Capacity Needed CapclGlty 

Grade-s K-6 371.125 364,086 7,039 

Grade:;; 7~e 90,96'3 100,009 (9,046) 

Grades 9~12 203,418 208,245 (4,821) 

SDC ~N~S 26,10.4 21,992 4,112 

SOC - Severe 9,045 7,396 1,649 

Totals 700,65..'3 701.728 0 

Q"OCO"IC'T7 

P(J.gf: 10 
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Since the enn)Ument spaee needed exceeds the District capacity there is no excess capacity 

available to house students from new developmecnt, 

Page 11 

FliliA -::tl:)\iri 

AR0071750 



Los .Angeles U l1ified School District 
2012 Developer Fee Justification Study 
Feb,rt1a'rv 9, 2012 

V. Calculation of'oevelopment's Fiscal lmpact on Schools 

This section of the study will demonstrate that a reasonable relationship exists b~t''\'ee:n 

residential, commercia1iindustrial development and thlj need for additional school 

facilities in the Los Angeles UnifIed School District .. To the ext!!ut this relation::;hip 

exists, the District is justified in levying devdoper fees as authoriz{'''<i by Education Code 

Section 17620. 

School Facility Constructknt CQsts 

for the purposes of estimating the cost of building schools we haye llsed the State School 

Building Program funding allowances. These amounts are shown tll·Table 9~ ,'in addition 

to the basic construction costs, thert: are site acquisition cos~s·of$3,547;Cl~3·per acre and 

appro:dmately $1,622.,689 per acre for al1o\'iableservice~site. utilitie.s,off~site and 

general site development costs. 

Table 9 

New Construetlcm,Costs 

Grade level 

elementary 

tvliddle 

High 

Average 

hnpact of Residential Development 

Construction CO$t 
Per Student 

$22,086 

$23,408 

$29,700 

$24,632 

This next table compares the development-related enrollment projection to the available 

district capacity for each grade level and then multiplies the unhoused students by the 

new school construction costs to determine the total school facility costs related to the 

impact of new residential. housing development:), 
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In addition, the State provides that each District shall be reimbursed for sitt: acquisition 

costs, including appraisals, surveys and title reports, The District needs to acquire 110,89 

acres to mei.~t the needs of the students projected from the ue,,, developments, 

School Development 
Faclli~'I Projection 

Elementary '10242 

Middle 2561 

High 8; Cont. 512'1 

Site Purchase: 110.89 acres 

Site Development: 

Table 10 

LOS ANGELES UNIFIED 
Summary of Residential Impact 

Available 
Space 

o 

o 
o 

Net 
Unhoused 

10,24:2 

2.56'1 

5,121 

Construdlon Cost 
Per Student 

$22,086 

$29,700 

. N~ Construction Needs: 

TOTAL NEEDS: 

Average cost per ~1:udent: 

Total 
Facllity 
Costs 

$226,204 ,$ 12 

$59,947,688 

$152.093,700 

$393,334.;U46 

$179,938,551 

$1,011,518,997 

$0 

51,011 ,518,997 

$56,434 

The total need for school facilities based on the impact of the 25,605 new housing units 

prcdect~d'a.ver the llt:xtfive years totals $1,011,518,997, To determine the impact per 

s<ty.a:re toot ot'residential development, this amount is divided by the total square feet of 

the projected developments. As calculated fTom the histodo Developer Fee Permits, the 

average siz¢home built has averaged 1,585 square feeL The total al'~a t()f 25,605 new 

homes would therefore b~ 40,583,925 square feet. The total rcsid.mtiaI fee needed to be 

f4ble to (:o11ect $1,0 11,51 g~997 would be $24.92 per square foot. Since the State 

Maxinnlln Fee is currently 33.20 for residential construction, the District is justified in 

collecting the maXimtlU1 fee. 
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Irrmact of COIXllTIl:.;rcialJlndl1strial Development 

There is a correlation between the growth of com:cnercial/industrial fIrms/facilities within a 

commllllity and the generation of school students \vithin. most b1;tsiness service areas. Fees 

for commercial/industrial can only be imposed if the residential fees will 110t fully mitigate 

the cost of providing school facilities to students from m:w development. 

11lt~ approach utilized in this section is to apply statutory standards, D.S. Census employment 

statistics, and local statistics to detltrnllm': the impact of futnre connnerci<):l/industrial 

development projl~C!S on the District. Many of The factors used in thi,s aaalysis were taken 

from the U.S. Census, which remains the most complete and authorit~rtive source of 

information on tlw community in addition to tht~ "1990 SanD)\:GTraffic'(Jenerators Report", 

Employees per Square Foot of Commercial Development 

Results from a s'\..U"\!ey published by the Sanbi~g6A.sso~iati?n of Governnlents "1990 San 

DAG Trame Generatol's"are used to' es~blish numbers of employees: per square foot of 

building area to be anticipated in new commercial C}rlndusrlial development projects. The 

average number of workers per 1,000 square fe~t 6farea ranges from 0.06 fox Rental Self 

Storage to 4,79 fur Standard Cornml;)l"cial Offices. The generation factors from that r~port 

are shown in the following table. 

Table 11 

. Comm~rcia!llrid.lI$tlial Average Square Foot Employees Per Average 
Category Per Employee Square Foot 

Sanks 354 0.00283 ---
Community Shoppif'lQ Centers 662 0.00153 
Neighborhood Shopping Centers 369 0,00271 
Industrial 8uslne:s$ Parks 284 0,00362 
Industrial Parks 742 0,00136 
Renta! Setf Storage 15541 0.00006 
Sdent!flc Research & Development 329 0.00304 
Lodging 882 0.00113 
Standard Commercial Office 209 0.00479 
Large High Rlse Corrirne'rc'ial Office 232 

-, 
0.00431 

Coroorate Offices 372 0.00269 
" 

Medical Offices 234 0.00427 . Source: 1990 SanDAG Traffic Generators report 
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[ '[ ! II 3~)\jd 

£!tJ£~ents per Emplovee; 

The number of students per employee is d~term.ined by u.sing the 2010 U.s, Census data .for 

the City of Los Angeles. According to the census,. there were 1,494,895 employees: in the 

City and a total of 1,739,S02 in the district.. There were 641,240 school age children iu the 

District. This is a ratio of 0.3686 sUldents per employee. This ratio, however, must be 

reduced by including only the percentage of employees that worked inlheir community of 

residence (73%) because only those employees living in the District will impact the 

District's school facilities with their children, Thl.! actual ratio ofstnciellts,per employee in 

the district is 0.2691. 

School Facilities Cost per Student 

State costs for hOllsing commercially generated srudents.areA:ne sam~ . .as those used for 

residential construction.. The cost factors used to assess the impaotfrom cOtrul1crcial 
. '..-, 

deveiopm.ent projects are contained in Table 10,· 

Residential Offset 

\Vhen additional employees ar~ g!C:.nerated in the Distnct as a rcsu.lt ofuew 

commerciailindus1Tial developmen~1 fees will also be charged on the residential units 

necessary to provide housing tOr the employees living in the District. To prevent a 

cOlnmercial or indu*tr.ial d'evelolm.1eflt from paying for the portion of the impact that will be 

covered by the residential fee, this amount has been calculah.:d and deciu()cted from each 

cate~ory, The residential offset amount is calculated by multiplying the following factors 

toge!her fm(htividingby 1,000 (to convert from cost per 1)000 square feet to cost per 

square foot). 

.. Emplpyecs per 1,000 square fl)et (varies from a low .of 0,06 tbr rental self storage to 

a high of 4.79 for office building). 

• Pt~rcentage of employees that worl,,-ed in their comrmmity of residence (73 percent), 

This \\/11S derived from 2010 Census data foT the District 

• Housing mllts per erl1ployee (0.9459). This \'vas derived from 2010 census data for 

the District, \vhich indicates there \vere 1)413,995 housmgltrJits and 1,494,895 

empioyt)cs. 
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.. Average square feet per dwelling unit (1,585). 

• Residential fee charged by the District ($3.20 per square foot). 

The :followillg table shows the calculation of the school facility costs generated by a square 

foot of new connnercial/industrhi.i development for each category of development. 

Table 12 

LOS ANGELES UNIFIED 
Summa!'y of Commercial and Industrial Uses 
Emp!o»\:!;~ 

Banks 
Commul'Jty Sh()Q~l'lg Centers 
NelgiIDarhOod Shoppin9 Cerners 
!ndustrlal Busin6S::l Pams 
IndtiSlriai ParKs 
Rafllaj Self Storage 
Soientific Resoorch & Cfflw>llopmt.'flt 
Lodging 
Standard Com me rcli.l I Office 
lat!Jli: High FIj~" Commercial Offjc~ 
C OIpor ate Office 5 
Medical Office::; 
Parking StrUC'!utes 

peI1,000 
$g, Ft 

2.83 
1,(',3 
2i'1 
3,52 
1,3!'l 
0.013 
3.04 
1.13 
4.79 
4.31 
2,69 
4,27 

0,0833 

Net Cost perSgum:e Fo'o~ 
, . 

SllJdents 
pet 

EmQIQ:if19 

0,2691 
0.2691 
0.2691 
0.269:1 
0,2691 
0,2691 
a2€91 
Oi.2ee1' 
0.2001 
0,2691 
0,2691 
0.2001 
Q.~fI91 

Stud en ls AI/emge 
PM Co,., p{l( 

1,oon SQ. Ft ,$.i!J.9.QQ!, .' 

0.7131 $56,434 
0,412 $5~,434' 
0,729 $56.434 
0.94'i' 556..434 

" 0:'363 $56,434 
Q,O'Hl $56.434 
0.818 SSS,4J4 
0.304 $56,434 
1.289 $51:),434 

.).160 $58,434 
0.724 $56,'134 
1,14U' $56.434 
0.022 $56,434 

cpst. File sidO.1 Nei. COSt 
per offset ~r per 

§g, f't ", ~ S9. ~t 

S42:lir. $9.91 $33.00 
'$2.3.2;3 $5.36 Sl'nrr 
.$41.15 $9.49 $31,66 
55&45 $12,33 $41 :12 
$~05Q $4.73 $15.77 
SO.!)1 $0,21 $0.70 

$46, it, $10,65 $15.51 
$17.16 $~Ul6 $1320 
srns $16.78 555.96 
$65A4 515,00 $50.35 
$40,84 $9,42 S3iA1 
$64,84 $'14,95 $49,88 
$1.2e $0,29 $0.97 

Since th,ClStatc Maxininm Fee is now $0.51 fot commercial/industrial construction. the 

District is justified'in collecting the maXimU111 fee for aU categories 

VeritVing the St;tfficiencv of the Development Impact 

F"dueation Code Section 17620 requires districts to kind that fee ri.':venues will not excet:d 

the cost of providing school facilities to the students generated by the development paying 

the fees. This section slIm;",s that the tee revenues do not exceed the impact of the new 

development. 

Page 16 
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Los Angeles U nlfi. ' .. 
"019. D" led School District 
Feb"'" ge~eOl~per Fee Justification Study 

ruary ,.., 1~ 

The total need for school facilities totals S 1 ,011,518,997, The amount the District would 

collect over the five year period at the rnaxin:nnn rate of 53.20 for resideI1lial and $0.51 f'lx 

commercial/industrial development would be as follows: 

$3.20 x 25,605 homes x 1~585 sq ft per home·,;:: $129,868,560 for Residential 

$0.51 x 3,300,000 sq it per year x 5 years :::: $8,415,000 for Conunercia1l1ndustrial 

Total projected 5 ye,ll' income: $138,283,560 

TIle income is less than the projected needs. 

Pcvte 17 
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C.1 Residential Student Generation Impacts 

In order to analyze the impact on the School District's student enrollment 
from future residential units, Dolinka Group utilized SGRs calculated in 
the SGR Study prepared by Do!inka Group_ The SGR Study calculated 
SGRs for SFD units, SFA units (e.g. condominiums, townhomes) and MF 
units (e.g. apartments, duplexes, triplexes). The SFA and MF categories 
of the SGR Study were combined to create the MFA category for this 
Study. The process of calculating SGRs involved cross-referencing the 
School District's enrollment data against the County Assessor's 
residential data (see the Residential Study for more information). The 
resulting SGRs are shown in Table 8. 

Table 8 

To blend the SGFs of the two (2) land uses into a single SGR for each 
school level, the land uses were weighted in proportion to each type's 
percentage of the future residential units to be constructed within the 
School District. Applying these weighting factors yields the following 
blended SGRs. 

Table 9 
Blended Student Generation Rates 

C.2 Total Student Generation Impacts 

Multiplying net school district household impacts shown in Table 7 by the 
blended SGFs shown in Table 9 results in the average student generation 
impacts per 1,000 square feet of CID. These average student generation 
impacts are shown by school level in Table 10. 

Los Angeles Unified School District 
Commercial/Industrial Development School Fee Justification Study 
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How to Determine Quantities 

Download Quantity Calculator 

Measuring a Pavement Job. 

To determine the amount of Rectangle I 

asphalt you will need for a paving ~ Area'" length x Width 

job you first need to know the area 
;;t 

to be paved. This may be Simple if 

the area to be paved is square, Triangle 

rectangular or constant width of Are<l '" length x Width ... 2 

road. However, this is seldom the ~--., 
Base 

case since there may be planters 

in the area to be paved, the width Circle 
Area'" D lameler

2 
.,. 4 x 3.14 of the road may vary or there are 

CUl-de-sacs. This may seem 10 be 

impossible in some cases, but by 

dividing the pavement area into Hallelrcle Area'" Dlameler2
.,. 8 x 3.14 

simple geometric shapes and 

adding and subtracting these 

areas the area to be paved can be 
Fillet « quickly determined. The following 

are basic formulas for calculating Area = 0.215 x length
2 

the area of different geometric 

shapes. 

lets look at the parking lot in Figure 1, since they often have many features that complicate 

the calculation of area. 

When you first look at this it may seem complicated since it is not a square, triangle or circle. 

However, it is a combination of squares triangles and circles as can be seen in Figure 2. 

Figure 1: Parking lot 
Figure 2: Parking Lot Divided into 

Geometric Shapes 

By dividing a project into these simple shapes you can now easily calculate the area to be 

paved. 

PUBLICATIONS 
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Area A is a rectang Ie 100' >< 1 00' = 10, 000 square feet 

Area B is a triangle 30'><100'+2 = 1,500 square feet 

Area C is a rectangle 20'x120' = 2,400 square feet 

Area D is a circle 702 + 4 x3.14 = (70)<70) + 4 ><3.14 = 3,846.5 square feet. 

To determine the total area of paving all we have left to do is add the areas together with one 

exception, the planters in the middle of the parking area. All we have to do here is calculate 

the area of the planters and subtract that area from the sum of the other areas. But I'm tired 

now so I will leave the calculation of the planter areas up to you. Just remember the planter 

areas are just rectangles with semi-circles at each end. 

Therefore. the total paved area is: 

10,000 + 1,500 + 2400 +3846.5 - (Planter Area) = 17,257 square feet. 

OK, I did calculate the planter area, I just wanted you to have a try at this. I also rounded off 

to the nearest whole number. This is all the accuracy you will likely ever need on a paving 

job. 

You may notice that there are small areas around the curb returns at the cul-de-sac that were 

not calculated. In this case the areas are small and will not make a Significant difference in 

the total areas. If you have many areas like this on a project it would probably be best to 

draw the area to scale on graph paper and estimate the area by counting the number of 

squares and multiplying the number of squares by the area of each square. For example if 

you drew the area at a scale of 1"=20' and the graph paper was divided into 0.10" increments 

each square would have an area of 4 square feet (2)<2). If you counted 20 squares, the total 

area would be 80 square feet (20x4). 

Figure 3 illustrates an example of this. In this case there are approximately 20 squares. One 

of the tricks is to combine partial squares. For example if 3/4 of one square is covered by the 

area and 1/4 of another square is also covered by the area they can be combined and 

counted as a full square. 

Figure 1: Graph Paper Method for Determining Area 

Now that you have the area calculated, you next need to calculate the quantities. Quantities 

are usually specified by weight (tons) or volume (cubic yards). No matter how it is specified 

you will first need to calculate the volume. Volume is easy to calculate since it is simply Area 

x Thickness. One of the keys in calculating volume is to always use the same dimension. 

Therefore, if we measure the area in square feet we have to convert thickness measurement 

to feet also. For example if you are placing 6" of aggregate base the thickness would be 

converted to: 

6"+12"/foot = 0.5 feet. 

To compute the volume we simply multiply this thickness by the area previously computed. 

Volume = Area x Thickness = (17,257 square ft.) x (0.5 feet) = 8628.5 cubic ft. 

AR0071761 



National Asphalt Pavement Association http;llwww.asphaltpavement.orgiindex.php?option=com_content&ta ... 

30f4 

Aggregate base and other material are often specified or purchased by the cubic yard; 

therefore, you need to convert cubic feet to cubic yards. Since there are 27 cubic feet per 

cu bic yard (3'/ yard x 3'/ yard x 3'/ yard) you would need to divide the cubic foot volume by 27. 

Volume = 8628.5 cubic ft . .;. 27 cubic ftfcubic yd. = 320 cubic yds. 

To calculate the weight of material needed for a project you will need to know the compacted 

density of the material. Density is the weight of material per volume. For example pounds per 

cubic foot. The density of Hot Mix Asphalt (HMA) does vary depending on mix proportions 

and type of aggregate. If you do not know the in-place density of mixes you use ask your 

supplier. 

To determine the weight of material multiply the volume by the density of material: 

Weight = Volume x Density 

Using the previous example and assuming an HMA density of 145 pounds per cubic foot 

(pct) and a thickness of 4" we would perform the following calculations. 

Volume = 17,257 sq. ft." (4"+12"fft) = 5,752 cu. ft. 

(notice that the thickness was converted from inches to feet) 

2 Weight = 5,752 cu. ft. x 145 pcf = 834,040 Ibs. 

3 Convert to tons = 834,040 Ibs. -;. 2,000 Ibs/ton = 417 tons 

Now it's your turn to try your new skills. Using the paving area in Figure 2, calculate the cubic 

yards of aggregate base and tons of HMA needed assuming the following. 

Areas A & B are to be paved using 4" of Aggregate Base and 3" of HMA.) 

2 Areas C & D are to be paved using 6" of Aggregate Base and 4" of HMA. 

Answers: Areas A & B: Agg. Base = 136 cu. yds; HMA = 200 tons 

Areas C & D: Agg. Base = 116 cu. yds: HMA = 151 tons 

A note about measuring areas of roadways with curves 

When determining the area of a roadway with a curve it is important that the length be 

measured along the centerline of the road. By dOing this the area is simply the length of the 

arc along the centerline times the width. 

Download Quantity Calculator 

Visit our related organizations 

Beyond Roads I Own Your Road I Warm Mix I Pave Green I Asphalt Alliance I Asphalt Jobs 
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Instructions Area Calculations 
A. Divide area into basic shapes as shown in figures.(see "Area Calculations" Word document) 
B. Enter a basic description of the area for your reference. 
C. Pick the basic shape of the area from the drop-down menu in the Shape column 
D. Enter the dimension(s) in feet in A and/or B. (Some shapes only require one dimension) 

E. If more than one area has the same shape and dimension(s) enter the number of areas with the same shape 
and dimension. (i.e. parking lots will often have many planters with the same dimensions) 

F. In the "+ or -" column choose plus (+) if the area is part ofthe paving area or minus(-) if the area will be 
subtracted from the paving area (i.e. planters) 

Area Calculation 

n Parki 9 
n Parkl 9 

'flay 

n1er 
n1er 

ITotal 

ia 19le 
I~ 
rcle 

alf Circle 

1< 100 10 1+ 101 

~lO ___ ~~ ____ ~I+ ____ +-~~~ 1 1+ 19 
38, 1+ 384 

9.B -39 

Total 14.001 

Instructions Volume and Weight Calculations 
The volumes and weights are calculated based on the total area calculated above. To calculate the weights 
and/or volume for a given. layer enter the thickness (in inches) and unit weight (pounds per cubic foot) in the 
appropriate columns. The unit weight must be the target density of the compacted material. For instance if your 
target density is 93% of the Gmm, and the Gmm is 2.500. The target density would be 93% x 2.500 x 62.4 pcf = 145 
pcf. The Target Density Calculator can be used to determine your target density based on any reference density 
such as Gmm or lab compacted density (pef). You must select whether the density is a specific gravity or is in pcf 
in the box to the right of the Ref. Density input box. 

IIA 
8 

Rectangle 

AI~ 
• • 

B 
Triangle 

AI~ 
4 • 

A 
Fillet 

T arget D ·t C I I t enSlty a cu a or 

J 

8 
Circle 

Q 
Half Circle 

Ref. Density (Gmm, Lab, etc) 2.5 Sp. Grav. I 
% Ref. Density 
Target Density, pcf 
Spread Rate, Ibs.lSY-inch 

Note on Unbound Granular Materials - Unbound granular materials such as aggregate base or fill may be 
purchased or sold on a cubic yard basis. Note that the volume computed here is the compacted volume and will 
less than the loose volume of the material. When ordering material on a cubic yard basis, check with your 
supplier as to the basis for their measurement 

Also the target density of unbound materials is usually based on dry weight. Since unbound materials, when 
shipped, normally Include moisture you may need to account for this moisture when ordering material. 

93.0% 
145.1 
108.8 
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TIlls chapter provides a definition of accessible pedestIian signals and an overview of 

their use. This chapter also includes an overview of accessible pedestIian signal (APS) 

standards development in the United States and current guidance on the use of APS 

devices. 

Appendix A includes the portions of the Manual on Unifonn Traffic Control Devices 

(1) and the Draft Public Rights-o,rWay Accessibility Guidelines (2) that pertain to APS. 

Accessible Pedestrian Signals 

What Is an Accessible Pedestrian Signal? 

According to the Manual on Uniform Traffic Control Devices (MUTCD), an 

accessible pedestrian signal (APS) is a device that communicates infonnation about 

pedestIian timing in nonvisual fonnat such as audible tones, verbal messages, andlor 

vibrating surfaces (1, Section 4A.02). 

According to the Draft Guidelinesfor Accessible Public Rights-of-Way (Draft 

PROW AG), an APS is a device that communicates infonnation about the "Walk" phase 

in audible and vibrotactile formats (2, RlOS.S). 

Note that the Draft PROWAG definition states that an APS provides information in 

both audible and vibrotactile formats, while the MUTCD says an APS provides 

information in audible formats "and/or" vibrating surfaces. 

Page 1-2 
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Figure 1-1. Examples of pushbutton-integrated accessible pedestrian signals from 

various manufacturers. 

APS devices are known by different names in different countries, including the 

following: 

• Acoustic signals, 

• Audiotactile signals, 

• Audible pedestrian signals, 

• Audible traffic signals, 

• Audible pedestrian traffic signals, and 

• Audible crossing indicators. 

Major Functions of APSs 

APSs can provide information to pedestrians about 

• The existence and location of the pushbutton that activates the "Walk" signal (Figure 

1-1), 

• The beginning of the walk interval, 

• The direction of the crosswalk and the location of the destination curb, 

• Intersection street names in braille, raised print, or speech messages, 

• Intersection signalization with a speech message, and 

Page 1-3 
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• Intersection geometry through tactile maps and diagranls or through speech messages. 

Benefits of APSs 

Research has found that APSs improve crossing performance by blind pedestrians. 

The devices 

• Allow more accurate judgments of the onset of the walk interval, 

• Reduce the number of crossings begun dming the "Don't Walk" interval (flashing 

"Don't Walk"), 

• Reduce delay, and 

• Result in significantly more crossings being completed before the signal changes. 

In addition, sighted pedestrians also begin crossing faster at intersections with APSs. 

(See Appendix C for details of research.) 

Use in the United States 

Although audible crossing indicators have been available for more than 25 years, they 

have not been commonly installed in the United States. This is probably attributable to 

the following two factors: 

• Disagreement among blind people on the need for, and effectiveness of, audible 

pedestrian signals, and 

• Noise pollution and consequent community opposition. 

In the past 10 years, changes in intersection design and signalization (see Chapter 3) 

have affected the traditional street crossing techniques used by blind pedestrians, making 

the pedestrian phase harder to recognize for those who cannot see the visual pedestrian 

signal. In addition, it has become essential to cross during the pedestrian phase at many 

intersections. These changes have led to more requests for accessible pedestrian signals 

and to increased advocacy for their installation in recent years. 

In addition, developments in technology have occurred. New types of accessible 

pedestrian signals, which provide more information and address some of the noise 

concerns, are now available in the United States. 

Page 1-4 
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In Japan, Australia, and some European countries, APS devices have been routinely 

installed at many intersections for at least 20 years. Information about policies in those 

countries is induded in Chapter 10. 

History of Accessible Pedestrian Signals in the United States 

Although there are reports of audible pedestrian signals in the United States as early 

as 1920, they were not induded in U.S. standards and regulations until the MUTeD 2000 

(3). Typical devices were bells or buzzers designed by engineers in response to requests 

from individuals who were blind. The earliest reported installations were near schools for 

the blind. 

Mass marketing of accessible pedestrian signals first occUlTed in the 1970s, when 

cuckoo/chirp signals were mounted on pedestrian signal heads (pedhead-mounted APS). 

These signals, based on a Japanese system, emitted sound from an overhead speaker only 

during the walk interval, and the speakers were typically aimed toward the opposite end 

of the crosswalk (Figure 1-2). 

Other types of devices that had been developed in Europe and Australia were not 

marketed in the United States (see sections on Sweden and Australia in Chapter 10). 

Page 1-5 
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Figure 1-2. Pedhead-mounted APS. The speaker is mounted on top of the pedestrian 

signal head. 

Controversy Over the Use of Accessible Pedestrian Signals 

Early installations of APSs generated complaints about noise from residents living 

near the signals. In addition, the two main consumer groups representing blind people

the American Council of the Blind (ACB) and the National Federation of the Blind 

(NFB)-disagreed about the need for accessible pedestrian signals. Until the early 1990s, 

ACB supported use of APSs as a means of providing additional information at all 

intersections, while NFB opposed all use of APSs. 

Each of these consumer groups has a membership of approximately 25,000 people, 

which combined represents less than 1 % of people who are blind or who have low vision 

in the United States. Their disagreement was often very confusing to community officials 

who were trying to determine the best course of action. Although NFB now states that 

APSs should be used in some situations, the organization is still opposed to "wholesale" 

installation at every intersection. 

Page 1-6 

AR0071777 



Problems with Pedhead-Mounted APS 

Pedhead-mounted APS devices provide limited illfonnation. The two-sound system 

(cuckoo/chirp) provides an ambiguous indication of "Walk", and it requires blind 

pedestrians to know their direction of travel at all times. 

The devices also only provide sound dUling the walk interval. While the signal sound 

is loud and is intended to provide directional guidance across the street, the short duration 

of the walk interval at most locations means that the sound ends before pedestrians have 

completed crossing. 

The devices also fail to provide any information about the presence or location of the 

pushbutton that activates the signal. 

See Appendix C for more infOlmation about the research results. 

Pushbutton-Integrated Devices 

In the mid 1990s, accessible pedestrian signals that were integrated into the 

pushbutton, similar to European and Australian systems, began to be available in the 

United States (Figure 1-3). These signals provide audible indications at a relatively low 

volume, which are intended to be heard at a distance 6 to 12 ft from the pushbutton. 

Additional features of the devices include the following: 

• Vibrotactile "Walk"indication, in addition to audible "Walk"indications; 

• Pushbutton locator tone, which repeats constantly at once per second to provide 

infonnation about the presence and location of a pushbutton; 

• Tactile arrow that points in the direction of travel on the crosswalk; and 

• Automatic volume adjustment, allowing the APS to respond to ambient sound and 

provide louder indications when the traffic is louder and quieter indications when the 

traffic is quiet. 
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Figure 1-3. Pushbutton-integrated APS. 

Proper Location 

The functioning of a pushbutton-integrated APS is based on proximity to the 

crosswalk location. The closer the APS is located to the departure location, the quieter it 

can be. In addition, the vibrotactile indication and tactile arrow are not usable when 

located too far back from the street. Figure 1-4 illustrates installation recommendations. 
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Figure 1-4. Ideal Installation of a pushbutton-integrated APS-within 5 ft of the 

crosswalk extended, within 10 ft of the curb, and separated by more than 10 ft from 

other APSs on the corner, adjacent to a level landing. 

Changes in intersection design, traffic, and signalization have atTected the ability of 

pedestrians who are blind to cross streets using traffic sounds, as discussed in detail in 

Chapter 2. 

Accessible Pedestrian Signals Currently Available in the United States 

Accessible pedestrian signals provide an auditOlY (tone or speech) indication of the 

walk interval. Vibrotactile indication of the walk interval is required by the Draft 

PROW AG, but not all APS devices are capable of providing vibrotactile indications. 

Numerous other features are available, and detailed descliptions of the various features 

can be found in Chapter 4. 

In the previous version of this document, accessible pedestrian signals were described 

as one of four design types: pedhead mounted, pushbutton integrated, vibration only, and 

receiver based (4). These device design types were mainly categorized by the location 

and type of "Walk"indication provided, although there were characteristic differences in 

other features at that time. As technology has developed, several combinations of these 

different types have emerged, and modifications have been made that prevent easy 

grouping of devices into four "types." A discussion of accessible pedestrian signals and 
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their features using those tenns becomes confusing. This guide, the Draft PROW AG, and 

the MUTCD all recommend accessible pedestrian signals that have audible and 

vibrotactile "Walk"indications, which are only available when APS is integrated into the 

pushbutton. However, other features, such as additional beaconing speakers, may also be 

provided. 

In this guide, the labeling of types of accessible pedestrian signals has generany been 

dropped, except in this chapter and in Chapter 9. The types are described here for 

clarification and as background information. Some manufacturers and distributors may 

continue to use these tenns to describe available products. 

Pushbutton-integrated APS devices have the fonowing characteristics: 

• They are common in Europe and Australia and are rapidly becoming common in the 

United States. 

• The speaker and vibrating surface are located at the pushbutton. 

• A regularly repeating quiet locator tone provides information about the presence of 

the pushbutton and its location (during the flashing and steady "Don't Walk" 

intervals). 

• The pushbutton locator tone and "Walk" indication volumes respond to ambient 

sound. 

• The volume is typically adjusted so it can be heard only at the begimring of 

crosswalk. 

• They may provide other infoffilation about the nanle of streets, the geometry of the 

intersection, or signalization. 

Pedhead-mounted accessible pedestrian signals can be described as follows: 

• They are the most common type installed between 1960 and 2000 in the United 

States. 

• The speaker is mounted on top of the pedestrian signal head. 

• A bell, buzzer, cuckoo, chirp, tone, or verbal message is audible during the walk 

interval only. 

• Because it is usually intended to be heard across the street and to act as a beacon, it is 

thus relatively loud. 
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Receiver-based APS devices typically have the following features: 

• The message is transmitted by infrared or LED technology from the pedestrian signal 

to a personal receiver held by the individual. 

• Blind pedestrians must have and use the appropriate receiver for the technology 

installed. 

• It may provide other information about the nanle of streets, geometry of the 

intersection, direction of travel, and address infonnation. 

With vibrotactile-only accessible pedestrian signals, either the an-ow on the 

pushbutton housing or the pushbutton itself vibrates during the walk interval. Such 

devices are no longer available in the United States, and they do not conform to the Draft 

PROWAG. 

u.s. Legislation, Standards, and Guidance Applicable to APS 

Transportation Equity Act for the 21st Century 

The Transportation Equity Act for the 21st Century (TEA-21) states that pedestrian 

safety considerations should be included in new transportation plans and projects. 

Section 1202(g)(2) of the act directed that safety considerations" ... shall include the 

installation, where appropriate, and maintenance of audible traffic signals and audible 

signs at street crossings." 

TEA-21 also required the Federal Highway Administration (FHWA) to develop 

guidance on pedestrian and bicycle facility design. The resultant Policy Statement on 

Accommodating Bicyclists and Pedestrians in Transportation Projects includes the 

following statement: "Sidewalks, shared use paths, street crossings (including over- and 

undercrossings), pedestrian signals, signs, street fumiture, transit stops and facilities, and 

all connecting pathways shall be designed, constructed, operated and maintained so that 

all pedestrians, including people with disabilities, can travel safely and independently" 

(5). 
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MUTeD 

The MUTCD includes two sections on accessible pedestrian signals-Section 4E.06, 

Accessible Pedestrian Signals, and Section 4E.09, Accessible Pedestrian Signal 

Detectors. In addition, Section 4D.03, Provisions for Pedestrians, addresses the need for 

accessible pedestrian signals in the fonowing standards and guidance: 

" Standard: 

The design and operation of traffic control signals shall take into 

consideration the needs of pedestrian as well as vehicular traffic. If 

engineering judgment indicates the need for provisions for a given 

pedestrian movement, signal faces conveniently visible to pedestrians 

shall be provided by pedestrian signal heads or a signal face for an 

adjacent vehicular movement. 

Guidance: 

Safety considerations should include the installation, where appropriate, of 

accessible pedestrian signals (see Sections 4E.06 and 4E.09) that provide 

information in nonvisual format (such as audible tones, verbal messages, 

and/or vibrating surfaces)." (1) 

Section 4E.06 includes standards for APS use, guidance on installation of APSs, and 

standards and guidance on "Walk"indications and features of APS. Section 4E.09 

provides standards and guidelines that address features and locations of accessible 

pedestrian signal detectors (pushbuttons), pushbutton locator tones, and volume of 

signals. 

The Federal Highway Administration publishes the MUTCD, with revisions made on 

a regular basis. Major input to the MUTCD is provided by the National Committee on 

Uniform Traffic Control Devices (NCUTCD), which meets twice a year to consider 

revisions. 

Changes to the MUTCD are published in the Federal Register as a Notice of 

Proposed Rulemaking, which is followed by a comment period and other standard federal 

rulemaking procedures. The next major revision of the MUTCD is expected to be 

completed in 2009, and the NCUTCD has recommended major revisions to the sections 
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on APSs for that edition. A Notice of Proposed Amendments was published in January 

2008 (6). 

The CUlTent MUTCD sections on APSs and the revisions proposed by the NCUTCD 

are included in Appendix A. 

Section 504 of the Rehabilitation Act of 1973 

The requirement for nondiscrimination on the basis of disability dates from well 

before the 1998 TEA-21 or the 1990 Americans with Disabilities Act. Section 504 of the 

Rehabilitation Act of 1973 prohibits discrimination on the basis of disability in programs 

and activities receiving or benefiting from federal financial assistance. 

"No qualified handicapped person shall ... be denied the benefits of. .. any 

program or activity that receives or benefits from Federal financial 

assistance administered by the DOT." (Rehabilitation Act, 1973) 

The act specifically requires the installation of curb ramps on federally funded 

projects. 

Americans with Disabilities Act of 1990 

The Americans with Disabilities Act (ADA) is a landmark law that protects the civil 

rights of persons with disabilities. It prohibits discrimination on the basis of disability in 

employment, state and local government services, transportation, public 

accommodations, commercial facilities, and telecommunications. The ADA has five 

parts, as follows: 

• Title I-Employment 

• Title II-Public services 

• Title III-Public acconnnodations and commercial facilities 

• Title IV-Telecommunications 

• Title V-Miscellaneous 

The ADA applies to all programs and facilities of state and local government, 

regardless of funding source. Guidelines for implementation of each part of the ADA 

were developed by the agencies charged with that responsibility. 
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The U.S. Access Board (fornlerly known as the Architectural and Transportation 

Barriers Compliance Board), an independent federal agency devoted to accessibility for 

people with disabilities, develops and maintains accessibility guidelines for buildings, 

facilities, technologies, and transit vehicles covered by Titles II and III of the ADA. 

These guidelines are known as the ADA Accessibility Guidelines (ADAAG) (7). 

The ADAAG serves as the basis of enforceable standards issued by the U.S. 

Department of Justice (DOl) and the U.S. Depmtment of Transportation (USDOT) 

The implementing regulations for Title II of the ADA require state and local 

government programs and properties to be accessible to persons with disabilities. 

ADAAG provides minimum technical provisions for access. The guidelines 

implementing the ADA were published in 1991 and were adopted as final rule (an 

enforceable standard) by the DOl and USDOT in 1992. Section 14, Public Rights-of

Way, was not, however, issued as a final rule at that time. 

ADA Standards Development Process 

The development of accessibility standards is a long process, with numerous 

opportunities for public input and comment. The development of public rights-of-way 

standards is under way, but will probably not be completed for several more years. The 

following steps are involved in developing accessibility standards for public rights-of

way: 

• A Public Rights-of-Way Access Advisory Committee (PROWAAC) was fornled by 

the Access Board in 1999 to develop recommendations for public rights-of-way. 

• Recommendations were provided in a 2001 report to the Access Board, Building a 

True Community: Final Report-Public Rights-of Way Access Advisory Committee 

(8). Discussion and advisory notes in that document may be helpful in understanding 

some of the provisions in the Draft PROW AG. 

• The Access Board took the PROW AAC recommendations and developed the Draft 

PROWAG, which was first published on June 17,2002, for comment. A revised draft 

was published on November 23, 2005. The APS sections of the Draft PROW AG are 

included in Appendix A. 
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• TIlls draft will be followed by a regulatory analysis of the cost of implementing the 

rule and development of text, commentary, figures, and preamble of guidelines. After 

approval of a rule by the Access Board, the regulatory analysis and rule will be 

reviewed by the Office of Management and Budget before release for publication. 

• A Notice of Proposed Rulemaking (NPRM) will be published in the Federal Register. 

After publication of the NPRM, cmmnents will be solicited from the public, and staff 

and the Access Board will evaluate the comments and propose any changes deemed 

necessary. After that, final guidelines will be approved and issued by the Access 

Board and eventually adopted as standards by DOJ and USDOT. 

Infomlation about the process and progress of development of the guidelines is 

available at www.access-board.gov, under "Public Rights-of-Way." 

Responsibility under ADA Implementing Regulations 

ADA implementing regulations require programs of state and local governments to be 

accessible. Barden v. Sacramento, a 2004 court decision, defined sidewalks and street 

crossings as programs and facilities of state and local government; thus, they must be 

accessible under Title II of the ADA. 

Several specific sections of the ADA implementing regulations require accessibility: 

• Section 35.151, New Construction and Alterations, states that "Each 

facility ... constructed by, on behalf of, or for the use of a public entity shall be 

designed and constructed in such manner that the facility .. .is readily accessible to and 

usable by individuals with disabilities ... " 

• "Readily accessible to and usable by" means that it can be approached, entered, and 

used easily and conveniently by individuals with disabilities (including mobility, 

sensory, and cognitive impaimlents). As stated in the preamble to the regulation, "To 

the extent that a particular type or element of a facility is not specifically addressed 

by the standards, [the above] language .. .is the safest guide" (9). 
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• Section 35.160, General, states: "A public entity shall take appropriate steps to ensure 

that communications with ... members of the public with disabilities are as effective as 

communications with others." 

The bottom line is that ADA requires newly constructed facilities to be accessible 

even if there are no specific guidelines covering that type of facility. ADA compliance is 

a civil rights issue. 

Draft PROW AG Sections on APS 

Section R208 of the Draft PROW AG requires accessible pedestrian signals be used 

where pedestrian signals are installed. Section R306 provides specifications regarding 

walk interval indications, location of devices, volume, pushbutton locator tones, 

pushbutton operation, size and contrast, signs and tactile arrows, and optional features. 

Further description and details can be found in Chapter 6 of this guide.) 

In a memo published January 26, 2006, FHW A states the following: 

The Draft Guidelines are not standards until adopted by the U.S. 

Department of Justice and the U.S. Department of Transportation. The 

present standards to be followed are the ADA Accessibility Guidelines 

(ADAAG) standards. However, the Draft Guidelines are the currently 

reconnnended best practices, and can be considered the state of the 

practice that could be followed for areas not fully addressed by the present 

ADAAG standards. Further, the Draft Guidelines are consistent with the 

ADA's requirement that all new facilities (and altered facilities to the 

maximum extent feasible) be designed and constructed to be accessible to 

and useable by people with disabilities.(JO) 

Note: The "Draft Guidelines" to which the FHW A memo refers are referred to as 

"Draft PROW AG" throughout this guide. 
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CHAPTER 2 

Travel by Pedestrians Who Are Blind or Who Have 

Low Vision 

Blindness and Vision Loss ............................................................................................................................ 2 

Travel Tools and Techniques of People Who Are Blind or Who Have Low Vision ................................ 6 

How People Who Are Blind or Visually Impaired Cross Streets .............................................................. 9 

Changes in the Travel Environment. ......................................................................................................... 12 
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TIlls chapter provides demographic infonnation about individuals who are blind or 

who have low vision, as well as infonnation about types of vision loss. Travel techniques 

are explained, and the effect of changes in traffic control and signalization on the travel 

of pedestrians who are blind or visually impaired is discussed. 

Blindness and Vision loss 

Definitions 

Visual impainnent is defined as a functional limitation in seeing, including 

"non severe limitation" (difficulty seeing words and letters), and "severe limitation" 

(unable to see words and letters). 

Legal blindness is a level of visual impairment defined in law, which is used to 

detennine eligibility for government disability benefits. Legal blindness refers to a central 

visual acuity of 20/200 or less in the better eye with the best possible conection, as 

measured on a Snellen vision chart, or a visual field of 20 degrees or less. 

Vision conectable to 20/20 with at least 180-degree field is considered "nornml" 

vision. A simplified explanation of visual acuity is that a person who is legally blind with 

20/200 vision sees at approximately 20 ft what a person with 20/20 vision sees at 200 ft. 

A person with a visual field of 20 degrees or less is able to see no more than a 20-degree 

field without scanning. 

Types of Vision Loss 

General types of vision loss include 

• Reduced acuity, 

• Restricted fields (central or peripheral), 

• Combination of reduced acuity and restricted fields, and 

• Total blindness, or light perception only. 

Reduced acuity can refer to a large range of functional vision, from vision tested as 

20/20 to totally blind. Lighting and contrast affect functional vision and are not reflected 

in the clinical measurements. 
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The general category of restricted fields can be further divided into central field loss 

and peripheral field loss. 

Reduced Acuity 

Figure 2-1 represents a street crossing as it might be seen by a person with general 

reduced visual acuity. An overall loss of acuity, sensitivity to glare, and loss of contrast 

sensitivity is common in the elderly population. 

Figure 2-1. A street crossing as might be seen by a person with general reduced 

visual acuity. 

Central Field Loss 

Individuals with a central field loss usually will have difficulty seeing pedestrian 

signals, some signs, and details directly in front of them (Figure 2-2). Central field loss is 

typical of macular degeneration, the leading cause of blindness in those over 60. 
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Figure 2-2. The same street crossing as in Figure 2-1, but now as might be seen by a 

person with central field loss. 

Peripheral Field Loss 

Individuals with peripheral field loss, sometimes referred to as tunnel vision, may 

clearly see details directly in front of them, but have difficulty with objects and signs off 

to the side. In addition, depth perception is often impaired (Figure 2-3). Glaucoma and 

retinitis pigmentosa are the main causes of peripheral field loss. 

Figure 2-3. A street crossing as might be seen by a person with peripheral field loss. 
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Decrease in Attentional Field 

Research by Brabyn et al. demonstrated that over age 60 the prevalence of problems 

detecting objects in the peripheral visual field increases dramatically (11). This is known 

as a decrease in attentional field, and it may be present with or without other types of 

visual impainnent. By age 90, 40% of people have an attentional field of less than 10 

degrees left and right. Thus, if they are looking at a pedestrian signal head, they are likely 

to be visually unaware of vehicles that may be turning across their path of travel until it is 

too late to take appropriate action. 

Total Blindness or Light Perception 

Individuals who are considered totally blind usually cannot see any difference in light 

and dark. Individuals who have light perception may be able to tell if it is dark or light 

and to detemline the direction of a bright light source, but they do not have vision that is 

usable for discerning objects or a travel path. 

Prevalence of Blindness 

Different sources provide different estimates of the prevalence of blindness in the 

United States. TIlere is no registry of individuals with vision loss, and different 

methodologies are used to derive estimates. 

Adams et al. estimate that 8.3 million (3.1 %) Americans of all ages are affected by 

some degree of vision impairment (12). 

According to the Centers for Disease Control and Prevention (CDC), more than 1 

million Americans are legally blind, and 12 million are visually impaired. The number of 

blind and visually impaired people is projected to double by 2030 (13). 

A Lighthouse National Survey found that 8.7 million (9%) Americans age 45 and 

older report a severe vision impairment, defined as an inability to recognize a friend at 

aIm's length even when wearing conective lenses, an inability to read ordinary 

newspaper print with cOlTective lenses, poor or very poor vision even when wearing 

conective lenses, or blindness in both eyes (14). 

A survey by Statistics Canada reported that 635,000 Canadians identified themselves 

as having a "seeing disability" (15). Of those CanadiaIIS reporting a seeing disability, 

• 511,000 were adults living in households, 
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• 94,000 were adults living in institutions, and 

• 30,000 were children age 14 and under. 

Area of Residence 

Of people with vision impainnents, 33% live in cities, 37% live in suburbs, 28% live 

in nonmetropolitan areas (e.g., small towns), and 1 % live in farm areas (16). In 

comparison with the general population, persons who are visually impaired are somewhat 

underrepresented in the suburbs (i.e., 48% of the general population lives in suburbs 

versus 37% of the visually impaired) and overrepresented in cities. 

Travel Tools and Techniques of People Who Are Blind or Who Have Low 

Vision 

People who are blind or visually impaired make choices when it comes to traveling. 

At any given time, they can travel using 

• A human guide, which involves holding onto someone's ann; 

• A long white cane that identifies and helps avoid obstacles or elevation changes; 

• A guide dog; 

• Special optical or electronic aids; or 

• No additional aid. 

The choice of tools depends on the extent and nature of visual impainnent, personal 

preference, lighting, and familiarity with the area. 

To travel independently, people with visual impainnents use whatever vision they 

have, auditory and tactile infonnation, and any gathered knowledge of an area to keep 

track of their location and make travel decisions. 

Human Guide 

At one time or another, most people who are blind will make use of the human guide 

teclmique (sometimes referred to as a sighted guide), in which a person with sight serves 

as a guide to a person who is blind or visually impaired. 
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Long White Cane 

Many individuals who are blind or visually impaired use a long white cane as a 

mobility device. In the most common technique, the cane is extended and swung back 

and forth across their body in rhythm with their steps to provide information about the 

environment directly in front of them, such as elevation changes or obstacles (Figure 2-

4). 

In another technique, often used by people with low vision, the cane is held 

diagonally across their body, with the tip about an inch above the ground. When those 

individuals are unsure about what they are seeing, they use the cane to check the object or 

sidewalk surface. 

Figure 2-4. Pedestrian with long white cane. 

Guide Dogs 

Guide dogs are carefully trained service animals used as travel tools by approximately 

2% of people who are blind (Figure 2-5). The dog responds to the commands of its 

handler, such as "right," "left," and "forward." The dog guides the handler around 

obstacles and stops at curbs or stairs. The handler must, however, know where they are 

going and must make decisions about the proper time to begin a street crossing. Dog 

guides move in response to directions from their handlers, but may disobey commands to 

avoid danger. 
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Figure 2-5. Pedestrian with guide dog. 

No Aid 

Not all persons considered blind use a long white cane or a guide dog. People who are 

visually impaired often rely on their remaining sight and auditory and tactile cues in their 

surroundings for orientation and travel. Some may also use aids such as telescopes for 

specific tasks. 

Orientation and Mobility Training 

Many pedestrians who are visually impaired or blind have received orientation and 

mobility (O&M) training from an O&M specialist (Figure 2-6). O&M specialists usually 

have an undergraduate or graduate degree in teaching travel skills to persons who have 

visual impairments. 

Orientation is the ability to understand where one is located in space, and mobility 

refers to being able to travel through that space safely. The goal of most O&M training is 

to prepare a person who is visually impaired to travel in a variety of environments, both 

familiar and unfamiliar, and to assess new intersections and travel new routes (Figure 2-

6). It is important to note that orientation training and assistance is not provided for every 

route that a person who is blind needs to travel. 
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Figure 2-6. Visually impaired pedestrian crossing street with O&M specialist. 

How People Who Are Blind or Visually Impaired Cross Streets 

Techniques and cues used in crossing streets are diverse and vary by the type of 

location and by the individual and his or her level of vision. Individuals who are blind or 

visually impaired often travel to unfamiliar areas and intersections, and they gather 

information from available sources in order to travel safely. 

The following discussion describes typical techniques used at unfamiliar 

intersections. Although pedestrians who are blind probably travel mostly on routes with 

which they are familiar, it is not uncommon for bus drivers or taxi drivers to provide 

incorrect information about a location or to drop off a person at a slightly different 

location than expected. It is thus necessary for blind pedestrians to regularly confirm 

location and other information using nonvisual techniques. 

Once pedestrians who are blind are familiar with an intersection, they do not usually 

need to analyze the intersection and traffic control system at length every time. They may 

still, however, need to listen long enough to determine that they are at the correct location 

and that the signal is functioning as usual. They will still need to detect the street, align to 

cross, identify the walk interval, and maintain alignment while crossing. Accessible 

pedestrian signals can particularly assist with the task of identifying the walk interval 

both at familiar and unfamiliar locations. 
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Detecting the Street 

The information first needed by pedestlians who are blind is "Have I arrived at a 

street?" People who are blind or visually impaired use a combination of cues to 

recognize the street edge. These may include 

• Curb or the slope of the ramp, 

• Truncated dome detectable warnings, if available, 

• End of building line and open sound of the intersection, 

• Sound of traffic on the street beside them (the parallel street), 

• Sound of traffic stopping on the street they are approaching (the perpendicular street), 

• Presence of pedestrians, and 

• Presence of an intersecting sidewalk. 

Identifying the Street 

The information next needed for decision malGng at unfamiliar intersections is 

"Which street is this?" This infomlation is only occasionally provided in an accessible 

format. 

Pedestrians who are visually impaired develop a mental map and keep track of where 

they are within that map, usually by counting blocks and street crossings. Where 

necessary and available, assistance is sometimes sought from other pedestrians. 

Analyzing Intersection Geometry 

The next information needed is "What is the geometry of this intersection?" The 

pedestrian needs to know the answers to the following questions: 

• Is my destination curb straight in front of me, or must I angle to the left or right to 

reach it? 

• How many streets intersect here? 

• How wide is this street? 

• Should I expect to encounter any islands or medians as I cross this street? 

• Am I standing within the crosswalk? 
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TIlls information may be immediately available to pedestrians having full vision, but 

pedestrians who are blind may find it impossible to deternline this infonnation by 

listening to traffic patterns. Incorrect or missing answers to any of these questions may 

result in the pedestrian missing the destination curb or median. 

Analyzing the Traffic Control System 

Next, pedestrians with visual impainnents need to know "What is the type of traffic 

control system at this intersection?" They must be able to determine answers to the 

following questions: 

• Is this a signalized intersection? 

• Do I need to push a button to actuate the walk interval? If so, where is the button? 

• Is the button close enough to the crosswalk that I will have time to push the button, 

position myself correctly at the crosswalk, and reestablish my alignment facing the 

destination curb before the onset of the walk interval? 

• Which button controls the walk interval for the street I want to cross? 

• Does it stop traffic on one street, or all traffic? 

• Do cars still tum during the walk interval? 

• Is there a second button on the median or crossing island that I must push? 

• Will there be a surge of parallel traffic telling me the walk interval has begun? Will I 

be able to hear it over other, conCUlTent traffic sounds? 

Techniques for gathering this infornlation include listening to traffic patterns through 

several signal cycles and searching the sidewalk area for poles with pushbuttons. Missing 

information for any of these questions may result in failure to use pedestrian pushbuttons, 

not beginning the crossing during the walk interval, not completing the crossing before 

perpendicular traffic begins moving, and crossing at times other than the pedestrian 

phase. 

Aligning to Cross 

Before starting to cross, the pedestlian must align to cross or choose a heading for the 

crossing. Typical techniques for this task include maintaining the alignment used on the 

approach to the intersection and listening to parallel traffic through a signal cycle to 
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confirm aligmnent to parallel traffic. The need to use pedestrian pushbuttons often 

prevents the use of parallel traffic for alignment. After pushing the button, the pedestrian 

must cross on the next pedestrian phase, which is usually the next time that traffic begins 

moving parallel to the pedestrian's crosswalk. 

Identifying the Walk Interval 

After determining the geometry of the intersection, aligning to face the destination 

curb, detemuning that the intersection is signalized, and having pushed a button, where 

necessary, pedestrians who are blind need to know "When does the walk interval 

begin?" 

In the most cornmon technique for crossing at signalized intersections, pedestrians 

who are blind or visually impaired begin to cross the street when there is a surge of traffic 

on the street parallel to their direction of travel. This technique is dependent on the 

presence of traffic and on consistent signal phasing. V mious types of phasing mld 

intermittent or low volumes of traffic traveling parallel to the pedestriml may affect the 

reliability of the technique. 

Maintaining Crossing Alignment 

Once the pedestrian who is blind has begun to cross the street, the next question is 

"Am I headed straight towards my destination curb?" 

Traffic going in the SaIlle direction on the parallel street, if present, provides helpful 

auditory guidance. In addition, pedestrians who are blind may use traffic waiting on the 

perpendicular street as a partial alignment cue. 

Turning traffic can, however, make it difficult to hear and align with the trat1ic 

traveling straight through the intersection. 

In the absence of traffic on the parallel street, pedestrians who are blind are more 

likely to veer toward or away from the intersection. 

Changes in the Travel Environment 

In the past 20 years, significant changes in intersection geometry, signalization, driver 

behavior, and the automotive technology have affected the ability of blind travelers in the 

United States to use the above-mentioned techniques. 
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Intersection Design Changes and Their Effect on Travel Techniques 

Intersection design changes have had the following effects on travel techniques: 

• Wider streets req uire more precise alignment. 

• Large radius corners make alignment more difficult and increase crosswalk length. 

• Curb ramps and depressed comers make street detection and alignment difficult. 

• Medians and islands complicate wayfinding and alignment. 

• Presence of slip lanes and splitter islands requires crossing in gaps in traffic even at 

signalized intersections. 

• Crosswalk alignment is not consistent. 

• Curb extensions, also called bulb-outs or intersection chokers, sometimes complicate 

wayfinding. 

• Raised crosswalks and tabled intersections may obliterate the sidewalk/street 

boundary. 

Driver Behavior and Automotive Technology 

Changes in driver behavior and vehicle technology also effect travel techniques, as 

follows: 

• Aggressive and inattentive drivers are moving faster and are less likely to stop for 

pedestrians. 

• Automotive technology, including hybrid and electric cars, has become quieter, 

making vehicles harder to hear by pedestrians. 

• There is less pedestrian traffic in many areas, and drivers are less aware of 

pedestrians. 

Signalization Changes 

Intersection signalization has become more complex. Details on signalization and the 

effect on travel by pedestrians who are blind are provided in Chapter 3. 
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TIlls chapter provides a description of the terminology and characteristics of traffic 

signals and intersection design. It is intended to educate O&M specialists who must 

interact with the travel environment and with traffic engineers, but who may not be 

familiar with all the terminology and design techniques. 

Intersections and signals have become more complex, and it is important that O&M 

specialists and blind travelers understand these changes. Skills and strategies used by 

pedestrians who are blind or visually impaired to cross streets at signalized intersections 

were developed at intersections that had pretimed signals, which meant the signal 

changed on a regular basis. Signalization has become more complex with the introduction 

of vehicular and pedestrian actuation and multiple signal phases. This increased 

complexity has made some previously accessible intersections now inaccessible for 

pedestrians with visual impainnents. 

It is essential that O&M specialists understand these changes so that the changes can 

be incorporated into the curriculum, instructional techniques can be adapted in response 

to these changes, and O&M specialists can better advocate for their consumers' needs. 

MUTeD Warrants and Signalization 

What Is a Signal Warrant? 

A warrant is a condition that an intersection must meet to justify a signal installation. 

TIle MUTCD specifies eight "traffic control signal needs studies," known as warrants. 

The MUTCD advises, however, that "the satisfaction of a traffic signal warrant or 

warrants shall not in itself require the installation of a traffic control signal" (l, 4C.01). 

The final decision is to be made based on the traffic engineer's judgment. 

Process to Determine if a Signal Is Warranted 

To determine whether or not an intersection warrants a traffic control signal, the 

traffic engineer analyzes vehicle traffic volume, pedestrian activity, intersection crash 

history, and the physical environment. The intersection analysis may include a review of 

the following factors: 

• Number of vehicles entering the intersection from all directions during 4-hour and 8-

hour periods; 
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• Vehicular volumes during peak hours, classified by vehicle type for traffic movement 

in all directions; 

• Pedestrian volume on each crosswalk in all directions, including children, the elderly, 

and/or persons with disabilities, during each hour of the day; 

• Requests from participants attending nearby facilities and activity centers that serve 

the young, elderly, and/or persons with disabilities; 

• Posted speed limit; 

• Physical layout; and 

• Crash experiencelhistory. 

Different warrants require detailed analysis of different aspects of the above 

infonnation. 

The cunent MUTeD can be downloaded from http://mutcd.fhwa.dot.gov. 

Examples of Signal Warrants 

Information on two of the signal wanants is included below to illustrate some of the 

considerations. 

Warrant 1- 8-Hour Vehicular Volume 

Engineers evaluate the number of vehicles traveling through the intersection per hour; 

a certain volume must be met in order to justify installation of a traffic signal. A complex 

table is used, which includes the number of lanes of moving traffic for each approach, 

vehicles per hour on the major street, and vehicles per hour on the higher volume minor 

street approaches. 

According to the MUTCD: 

Standard: 

The need for a traffic control signal shall be considered if an 

engineering study finds that one of the following conditions exist for each 

of any 8 hours of an average day: 

A. The vehicles per hour given in both of the 100 percent columns of 

Condition A in [Table 3-1] exist on the major-street and the 
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higher-volume minor-street approaches, respectively, to the 

intersection; or 

B. The vehicles per hour given in both of the 100 percent columns of 

Condition B in [Table 3-1] exist on the major-street and the higher

volume minor-street approaches, respectively, to the intersection. 

In applying each condition the major-street and minor-street volumes 

shall be for the same 8 hours. On the minor street, the higher volume shall 

not be required to be on the same approach during each of these 8 

hours .... 

Option: If the posted or statutory speed limit or the 85th-percentile 

speed on the major street exceeds 70 kmlh or exceeds 40 mph, or if the 

intersection lies within the built-up area of an isolated community having 

a population of less than 10,000, the traffic volumes in the 70 percent 

columns in [Table 3-1] may be used in place of the 100 percent columns. 

(l, Section 4C.02) 
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Table 3-1. Example of Signal Warrant 1. 

Condition A-Minimum Vehicular Volume 

Number oflanes for Vehicles per hour on Vehicles per hour on higher-volume 

moving traffic on each major street minor-street approaches 

approach (total of both approaches) (one direction only) 

Minor 
80%b 80%b Major Street lOO%a 70%c lOO%a 70%c 

Street 

1 1 500 400 350 150 120 105 

2 or more 1 600 480 420 150 120 105 

2 or more 2 or more 600 480 420 200 160 140 

1 2 or more 500 400 350 200 160 140 

Condition B-Interruption of Continuous Traffic 

Number oflanes for Vehicles per hour on 
Vehicles per hour on higher-

volume 
moving traffic on each major street 

minor-street approaches 
approach (total of both approaches) 

(one direction only) 

Minor 
80%b 80%b ~fajor Street lOO%a 70%c lOO%a 70%c 

Street 

1 1 750 600 525 75 60 53 

2 or more 1 900 720 630 75 60 53 

2 or more 2 or more 900 720 630 100 80 70 

1 2 or more 750 600 525 100 80 70 

aBasic minimum hourly volume. 

bU sed for combination of Conditions A and B after adequate trial of other remedial measures. 

CMay be used when the major-street speed exceeds 70 km/h (40 mph) or in an isolated 

community with a population of less than 10,000. 

Warrant 4-Pedestrian Volume 

Engineers evaluate the level of pedestrian activity at an intersection to see if a signal 

is walTanted. The MUTCD describes Warrant 4 as being "intended for application where 
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the traffic volume on a major street is so heavy that pedestrians experience excessive 

delay in crossing the major street" (1, 4C.05). 

As cunently written, the wanant requires a fairly large volume of pedestrians 

crossing at a location: 

The need for a traffic control signal at an intersection or mid-block 

crossing shan be considered if an engineering study finds that both of the 

following criteria are met: 

A. The pedestrian volume crossing the major street at an intersection 

or mid-block location during an average day is 100 or more for 

each of any 4 hours or 190 or more during any 1 hour; and 

B. There are fewer than 60 gaps per hour in the traffic stream of 

adequate length to allow pedestrians to cross during the same 

peliod when the pedestrian volume clitelion is satisfied. Where 

there is a divided street having a median of sufficient width for 

pedestrians to wait, the requirement applies separately to each 

direction of vehicular traffic (1, 4C.05). 

In addition, "the Pedestrian Volume signal wanant shall not be applied at locations 

where the distance to the nearest traffic control signal along the major street is less than 

90 m (300 ft), unless the proposed traffic control signal will not restrict the progressive 

movement of traffic" (1, 4C.05). 

However, "the criterion for the pedestrian volume crossing the major roadway may be 

reduced as much as 50 percent if the average crossing speed of pedestrians is less than 

1.2 m/sec (4 ft/sec)" (1, 4C.05). 

Intersection Signalization and Timing Plans 

Intersection Signalization 

Intersections are generally designed to provide optimal vehicle traffic flow. Timing 

plans may be of the following two general types: 

• Fixed time (or pretimed), or 

• Actuated. 
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A signal at a given intersection may be designed to change from actuated to pretimed 

to flashing mode depending upon the following factors: 

• Time of day (peak: periods versus nonpeak periods), 

• Day of week, and 

• Malfunctions due to power outages. 

It is important that O&M specialists understand signal design and tenninology so they 

might teach these concepts to their students. 

There is some variability in timing plans in different municipalities and in different 

locations, depending on the roadway needs and local practices. 

Signal Design Terms 

Phase-The right-of-way, yellow change, and red clearance intervals in a cycle that 

are assigned to an independent traffic movement or combination of movements 

Interval-The part of a signal cycle during which signal indications do not change. 

• In other words, a phase is the time allotted to a specific movement, such as 

northbound traffic, whereas an interval is how long the light stays green, yellow, or 

red for vehicles or "Walk," flashing "Don't Walk," or "Don't Walk" for pedestrians. 

• Busier intersections typically have separate phases for left-tum movements (i.e., 

protected left tums). When a major road intersects a minor road, the green intervals 

for the major road will be longer than those for the minor road to accommodate the 

heavier traffic on the major road. 

• Although the MUTeD gives specific definitions to "phase" and "interval," these 

tenns are often used interchangeably by traffic engineers. 

Cycle-Sum total of all phases at a signal. 

• A cycle is timed from the start of one phase to the time when that same phase starts 

again. 

• Larger, busier intersections will commonly have longer cycles. 

Pretimed (Fixed Time) Signals 

Pre timed intersections operate in predetenmned and predictable fashion. 
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• The sequence of phases (often 30 s or longer) is repeated regularly, regardless of 

traffic t1ow. 

• The length of phases may change at different times of day, based on a consistent 

timing plan; for example, one street may have longer phases at peak: hours than at 

nonpeak: hours. 

• Pre timed signals are still found in many locations, particularly in downtown areas. 

Actuated Signals 

Actuated signals change the length and/or the order of the phases in response to 

variations in vehicle or pedestrian traffic. Actuated signals are used where traffic volumes 

t1uctuate or where it is desirable to minimize intenuptions to traffic t10w on the major 

street. Detectors are often placed on minor roads and in tum lanes (see Figures 3-1 and 3-

2). 

• Detectors monitor traffic and send notifications to the traffic signal controller. 

Detectors are most often inductive loops (electric), though they may also involve 

magnetic, microwave, video, and other technologies. 

• Pushbuttons are most often used for pedestrian detection, although other "pedestrian 

sensing" teclmologies (microwave, infrared, piezoelectric) are also used. 

• Because vehicular actuation allows the cycle to skip phases, pedestrians with visual 

impairments cannot accurately predict, based on previous experience, when the 

pedestrian phase will begin in the cycle. 

• Some actuated signals may provide very short phases to accommodate a single 

vehicle, without provision of a pedestrian phase during that cycle. A pedestrian who 

is blind and crossing parallel to that vehicle may not realize that a pedestrian phase is 

not provided during that vehicle's movement. 

TIle extent of actuation is dependent on geometric and operational requirements, but 

is generally categorized as either semiactuated or fully actuated. 
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Figure 3-1. Vehicle detector loops in pavement. 

Figure 3-2. Vehicle detector loop in pavement. 
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Semiactuated Signals 

Semi actuated signals are common at the intersection of a main road and a minor side 

street. 

• TIle main roadway signal stays green until a side-street detection is received, causing 

the traffic signal to change (the "Walk" signal for crossing the main roadway may not 

come on unless the pedestrian pushbutton is pressed). 

• Vehicle detectors are in place only on the side street; pedestrian detectors are also 

installed only on the side street. 

• Pedestrian activation (usually with a pushbutton) tells the signal to provide a "Walk" 

interval for pedestrians crossing the major street. 

• The pedestrian signal for the site-street crossing may "rest in Walk" (give the "Walk" 

indication during the green signal for the major street) when no pushbutton is 

installed. 

Fully Actuated Signals 

Fully actuated signals are common at the intersection of two main roads (arterials). 

They are used when traffic volumes on each approach vary by time of day. Because they 

allow phases within a cycle to be skipped when vehicles are not present, they minimize 

delay. 

• All movements/phases are actuated. 

• Vehicle detectors are installed in all approach lanes. 

• Pushbuttons are used to activate the "Walk" signal at pedestrian crossings. 

• Changing traffic volumes can result in different timing and sequencing of phases for 

every cycle. 

Basic Turning Phases 

Protected Turn 

A protected tum is made when no opposing through vehicular traffic or pedestrian 

crossing is allowed. The protected tum is denoted by a green arrow (Figure 3-3). 

• It is typically activated by a vehicle detector. 
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• The signal phasing "protects" vehicles by prohibiting any opposing movements, 

including pedestrian movements. 

• Protected turns require a separate signal phase, which leads to multiphase 

signalization (more than two phases at the intersection). 

Figure 3-3. Protected left-turn signal. 

Permissive Turn 

A permissive tum is made across an opposing flow of through vehicles and/or 

pedestrians. This is the most common type of left-tum phasing at signalized intersections, 

and it is used both when left-tum volumes are not excessive and when adequate gaps of 

sufficient size exist in the opposing traffic to safety accommodate turns. 

• It is typically denoted by a circular green (green ball) signal (Figure 3-4). 

• The driver is "permitted" to cross the opposing through flow, but must identify 

and select an appropriate gap in the opposing traffic stream through which to tum. 

• The driver must also yield to pedestrians who are crossing lawfully within the 

intersection. 
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Figure 3-4. Permissive green ball signal. 

Design of Turning Movements 

Concurrent (Dual) Left Turns 

Concurrent, or dual, left turns are where two directions of turning traffic (e.g., 

eastbound and westbound) proceed together while the opposing through traffic (e.g., 

northbound and southbound) is stopped (protected left-tum phasing). 

Concurrent left-tum signals can be activated either before or after the opposing 

through flows have had their green phase. 

• If the left tum comes before the opposing through movement, it is called a "leading 

left tum." Leading left turns, which are much more common than lagging left turns, 

can create safety problems for blind pedestrians, since the surging left-tum traffic 

may be mistaken for the parallel through-traffic surge. 

• If the left tum comes after the opposing through movement, it is called a "lagging left 

tum." 

Split or Nonconcurrent Phasing 

Split phasing provides separate green time to vehicles on opposing approaches. In 

typical signal design, the northbound and southbound through movements run 

simultaneously, as do the eastbound and westbound through movements. 

• At offset intersections and locations where there are heavy tum movements, split 

phasing may be used to allow movements on each approach to move independently of 

other approaches. 
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• Pedestrian phases for parallel crosswalks will be activated at different times. The 

pedestrian phase for a crosswalk will coincide with the through traffic movement 

immediately adjacent to that crosswalk. 

• Where there is split phase timing, the surge of parallel vehicles beside the pedestrian 

could be mistaken as indicating the onset of the "Walk" interval, and blind 

pedestrians could thus cross into the path of left-turning vehicles. In addition, the 

heavy flow of turning traffic could be mistaken for the surge of traffic on the street 

beside the blind pedestrian, when the traffic is actually on the street the pedestrian is 

crossing. 

An example of northbound/southbound movements running under split phasing is 

shown in Figure 3-5. Northbound traffic, including traffic turning east and west, moves 

on one signal phase (southbound traffic and all traffic on the east-west street have a red 

signal at that point). The pedestrian phase usually is provided at this time for pedestrians 

on the east crosswalk. 

Northbound traffic then receives a red light while all southbound traffic, including 

turning traffic, is allowed to go. The pedestrian phase usually provided at this time is for 

pedestrians crossing on the west crosswalk. 
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Figure 3-5. Illustration of split phasing. 

Flashing Operation 

Signals may only operate during peak periods of the day, switching to flashing 

operation at nonpeak hours, late at night, or in response to a signal malfunction. 

• The signals no longer operate under stop-and-go sequencing. 

• The signals usually flash red for side streets and flash yellow for the main street, or 

the signals flash red for both streets. 

• The pedestrian signal heads ("WalklDon't Walk" signs) are dark, and the accessible 

pedestrian signals are silent. 

Coordinated Systems 

Coordinated systems provide automated control of signal timing at two or more 

signalized intersections. Instead of looking at an intersection in isolation, coordinated 

systems look at an entire arterial or network of intersections and make signal timing 

adjustments that benefit (optimize) the operation of the entire system. 
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System changes are a result of traffic volume and travel times. Most often, a central 

controller (computer) provides the primary control and communicates with individual 

controllers located at each intersection. 

Coordinated control has a number of advantages from a vehicle perspective: 

• Signals can be controlled from a central traffic management center. 

• The detection elements of the system can be used to predict future flows within the 

network and adjust the signal timing proactively instead of reactively. 

Signals in a coordinated system can, however, present problems for blind pedestrians: 

• The green time given for vehicles on the intersecting road (not the road whose signals 

are coordinated) may be less than nornml to fit into the timing scheme of the 

coordinati on. 

• This shorter time can be insufficient for pedestlians to cross the major road. 

Pedestrians who are blind will not know that there is insufficient time and may 

directly conflict with the approaching platoon of traffic on the major road. TIns 

demonstrates a need for accessible pedestrian signals at the intersection. 

Vehicular Signals and Timing 

Meaning of Signals 

TIle use and meaning of particular traffic signal colors and symbols are described in 

Part 4 of the MUTCD. Signs and pavement marking used at signalized intersections are 

covered in Parts 2 and 3 of the MUTCD, respectively. 

Although this section presents basic traffic laws concerning signals, O&M specialists 

should be well educated on the specific laws of the state of interest. Some laws, such as 

right tum on red arrow, vary from state to state. Most states provide a driver handbook 

that presents this sort of infommtion. 

Steady Green Signal 

Circular Green (Green BaH)-Traffic, except pedestrians, may proceed straight 

through or tum right or left except when prohibited by signs or markings. Vehicles 
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turning right or left shall yield the right-of-way to pedestrians lawfully within the 

intersection. 

Green Arrow-Traffic may make the movement indicated by the green anow. 

Opposing vehicle and pedestrian movements will be given a red signal or a "Don't Walk" 

indication. 

Pedestrian Movement-Pedestrians may cross unless a green anow indicates 

cont1icting traffic will cross into their path or a pedestlian signal indicates they may not 

cross. 

Steady Yellow Signal 

A steady yellow signals wams that the green interval has ended and the red signal 

will begin. Pedestrians should not initiate a crossing as they will not have enough time to 

complete their crossing before the signal turns red. 

Steady Red Signal 

At a steady red signal, traffic must stop at the stop line, before the crosswalk lines, or 

before the intersecting street. 

Right Turn on Red-Unless prohibited by local law or a sign, right tum on red is 

pennissible for vehicles, but they must first come to a complete stop before proceeding 

with the tum if a safe gap in traffic is available. Turning vehicles must yield to 

pedestrians and to traffic already in the intersection. Right tum on red makes it harder for 

blind pedestrians to determine the surge of traffic at the onset of the vehicular green 

phase on the street parallel to the crossing direction. Because blind travelers wait to hear 

a car traveling straight across the intersection in order to detenmne if the light has 

changed, they are frequently delayed in initiating crossing. 

Left Turn on Red-This maneuver involves a left tum from a one-way street onto 

another one-way street on a red signal (same procedure as stated above for right tum on 

red). This maneuver is not allowed in all states. 

Red Arrow-Vehicles must stop at a stop line, before the crosswalk lines, or before 

the intersection. Some states allow vehicles to tum right on red after stopping. 

Pedestrian Movements-Pedestrians should not enter the roadway in the direction 

of travel controlled by a steady red signal. 

Page 3-16 

AR0071816 



Flashing Yellow 

The flashing yellow signal should be treated like a "Yield" sign, and travelers should 

proceed with caution. 

Flashing Red 

The flashing red signal should be treated like a "Stop" sign; travelers must come to a 

complete stop and proceed only when safe to do so. 

Flashing Red Arrow and Flashing Yellow Arrow 

Flashing red arrows and flashing yellow arrows typically have the same meaning as 

flashing circular signal indications, except they apply only to vehicular traffic intending 

to make the movement indicated by the arrow. 

• In some states, flashing circular yellow and yellow arrow indications may be used 

during stop-and-go traffic signal operations for permissive left-turn indications (sanle 

control as a green ball for left turns). 

• In some states, flashing circular red and red arrow indications may be used during 

stop-and-go traffic signal operations for pernrissive left-tum indications 

Other Intersection Terminology 

A channelized turn lane (slip lane) (see Figure 3-6) is a tum lane that channels 

turning drivers to a position where they will either yield to oncoming traffic or they will 

complete a "free flowing" tum, which means the turning vehicles have a dedicated lane 

on the road they are entering and therefore do not need to stop or yield to traffic. 
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Figure 3-6. Channelized right turn lane. 

Pedestrian Signals and Timing 

Visual Pedestrian Signals 

Pedestrian signal heads instruct pedestrians when it is lawful to cross (see Figure 3-7). 

Pedheads are typically installed where there is a significant amount of pedestrian activity 

or when there are safety issues, such as the possibility of pedestrians being confused by 

the cues from the traffic signal. 

Pedestrian signals have three intervals: 

• "Walk" interval-A white "Walk" message or a white symbol of a person walking 

indicates that pedestrians should begin crossing, after yielding to any vehicular traffic 

still in the street. 

• Change interval-An orange flashing "Don't Walk" message or an orange symbol of 

a flashing hand indicates pedestrians should not begin a crossing because there is not 

enough time left in the phase for most pedestrians to get all the way across the street. 

Pedestrians who have already begun to cross should finish crossing. 

• "Don't Walk" interval-A steady orange "Don't Walk" message or a steady orange 

symbol of a hand indicates pedestrians are not supposed to be in the crosswalk. 
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One Section 

Two Section 

Figure 3-7. Typical pedestrian signal symbols. 

Some locations also use pedestrian countdown signals (see Figure 3-8), which 

provide a countdown, in seconds, of the time remaining in the change interval. 

• The countdown signal supplements the "WalkIDon't Walk" signals; it does not 

replace them. 

• MUTeD guidance stipulates that the countdown should only be displayed during the 

flashing "Don't Walk" interval because of inconsistencies of the countdown during 

the "Walk" interval at actuated signals. Nonetheless, many cities are still using 

signals that display the countdown during the "Walk" interval (see Figure 3-9). 

Pedestrians with low vision have had problems distinguishing the countdown 

numbers from the orange flashing hand symbol when they are displayed alongside the 

white symbol of a man walking. 
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Figure 3-8. Correct display of pedestrian countdown signal (counting down during 

flashing "Don't Walk"). 

Figure 3-9. Incorrect countdown display, showing countdown during the "Walk" 

interval. 

Pedestrian Signal Timing 

Pedestrian signal timing design deals with the length of the "Walk" and change 

intervals. The "Walk" interval is typically short (4 to 7 s). The change interval is 

designed to be long enough for a pedestrian to cross the street. This is typically calculated 

assuming a walking speed of 3.5 to 4 ft/s. Parking lanes are sometimes excluded from the 

calculation. 
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The green time for the parallel traffic movement is calculated based on the time 

necessary for a pedestrian to cross the street, as in the fonowing equation: 

Minimum 
Green = WALK interval + 
Time 

Crosswalk Length 

4.0 ftlsee 
\ } 

....... ~ ----------------------------"""-,/ ------------------------------"-\(/"--

Flashing DON'T WALK 

Figure 3-10, which is a typical signal timing diagram used by traffic engineers in the 

design of signal timing, illustrates how the vehicle and pedestrian phases overlap. Time is 

the horizontal axis in the figure. 

Veh 
G y R 

+--------------.... --- -+- -- -- -- -- -- -- -- -- -- .. 

Ped 
WALK Flashing DON'T WALK DON'T WALK -----..., --------------------+------------- .. 
4-7 sec Dxl4.0 

Figure 3-10. Illustration of the overlap of vehicle signal and pedestrian signal 

timing. 

Pedestrian Phase Actuation 

Some signals are designed so that the pedestrian phase is actuated by a pushbutton. 

• Pressing the pushbutton calls for a pedestrian phase that allows enough time for a 

pedestlian to cross at average walking pace. 

• If the button is not pressed, there may not be sufficient time progrmmned into the 

vehicle phase for a pedestrian to cross the street. Once the button is pressed, the 

pedestrian phase may begin immediately, or it may begin at a certain point during the 

following cycle. 
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• The extent of the delay before the beginning of the pedestrian phase will vary 

depending on the progranuning of the phases for that intersection and on when the 

button was pushed within the cycle. 

• Blind pedestrians have traditionally waited through a light cycle to assess and refine 

their heading by listening to vehicular trajectories; they then cross on the next 

pedestrian phase. At a pedestrian-actuated intersection, however, pedestrians have to 

cross on the next pedestrian phase after pushing the button. If they do not cross at that 

time, they will have to locate and push the button again (and then re-establish their 

aligmnent ). 

Passive Pedestrian Detection 

Pedestrians approaching a crosswalk area can also be detected passively (i.e., without 

having to push a button) through the use of microwave, infrared, or piezoelectric 

technologies. Future developments may atTect whether an accessible pedestrian signal 

with a locator tone is necessary at an intersection that uses passive detection. One issue 

for consideration is whether pedestrians realize they have been detected. 

Leading Pedestrian Intervals 

Leading pedestrian intervals provide a pedestrian 'Walk" interval 2 to 4 s before the 

vehicular green, giving pedestrians a head start so they are already in the intersection 

before vehicles begin moving. This can, however, be a disadvantage to blind or visually 

impaired pedestrians who rely on the surge of tratfic to indicate when the signal is green. 

If these pedestrians wait to begin crossing with the surge of parallel traffic at an 

intersection where a leading pedestrian interval is used, they will have less time to cross 

than designed. In addition, when pedestrians do not initiate their crossing at the onset of 

the "Walk" interval, drivers may interpret this to mean that the pedestrians do not intend 

to cross. 

Pedestrians who are blind or visually impaired will have no way of knowing about the 

leading pedestrian interval at an unfamiliar intersection unless there is an accessible 

pedestlian signal installed. 
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Exclusive Pedestrian Phasing 

During an exclusive pedestrian phase, all vehicles have a red light dming the "Walk" 

interval, and all crosswalks have the "Walk" signal at the same time. TIlls is typically 

done to increase pedestrian safety. At some locations, right tum on red is allowed during 

the pedestrian phase. For efficiency, pedestrian crossings may be made diagonally. 

• Exclusive pedestlian phasing may be followed by an extended time for one or more 

of the crosswalks. 

• Exclusive pedestrian phasing may be beneficial to pedestrians with mobility 

impainnents and cognitive disabilities as it allows for crossing when few or no 

vehicles are moving through the intersection. It is, however, a disadvantage for 

pedestrians who rely on traffic sounds to determine the signal phases. In addition, 

detenmning initial aligmnent and maintaining alignment during crossing may be 

difficult due to the absence of parallel moving traffic. 

Pedestrian Recall 

With pedestrian recall, the "Walk" indication is provided every cycle, regardless of 

whether the button has been pushed. 

Rest in "Walk" 

When a signal rests in "Walk," the pedestrian signal for crossing the minor street 

remains in "Walk" as long as the major street has the green signal and there is no call on 

the minor street. 

• When a vehicle approaching on the minor street is detected, the pedestrian signal to 

cross the minor street changes to flashing "Don't Walk." 

• Some APS manufacturers provide a switch on their devices that lilmts the length of 

the audible "Walk" indication to 7 or 8 s while the signal rests in "Walk," but recalls 

the audible and vibrotactile indications of the "Walk" message if the button is pressed 

when there is adequate clearance time remaining. 

Collaboration 

O&M specialists should contact local transportation professionals with responsibility 

for signal design and maintenance. Those professionals include traffic engineers, public 
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works personnel, signal technicians, and transportation planners. The ownership of the 

signal-whether township, county, city, or state-detennines who is in charge of the 

intersection. In some cases, consulting firms are contracted to provide operation and 

maintenance control of signalized intersections. 

Understand l\-'(unicipality Structure 

The structure varies from one municipality to the next. In some cases, engineering 

may be part of the public works department, and in other cases it may be a separate 

department. Intersection signals may be part of a state or county traffic management 

network, even if they are located within a town or city, or the signals may be managed by 

a consulting firm. 

• New intersection construction may be contracted out to a traffic engineering or 

electrical contractor. 

• Signals may be maintained by a department other than the one that installed them. 

• Find out if there is a local jurisdiction or statewide ADA coordinator and/or a 

DOT/public works department ADA coordinator. This coordinator may be 

responsible for ensuring that the local jurisdiction's streets, sidewalks, and facilities 

are accessible to pedestrians with disabilities. The coordinator may also have more 

int1uence in getting traffic engineers to install accessible signals than someone from 

outside the local jurisdiction. 

To learn about the structure of a city department, check the city website or a phone 

directory. 

Contact the Traffic Engineering Department 

The O&M specialist should call the department that manages traffic signals to find 

out who to talk to about a specific intersection. The O&M specialist should work 

collaboratively to develop a productive working relationship. 

• Call the transportation professional and explain what you do and why you are 

inquiring about the intersection (keeping in mind that the persons responsible for the 

traffic signals may not have considered all travel strategies and may not know that 

professionals are available to consult with about the travel needs of pedestrians with 
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visual impainnents).Ask for more infonnation about who does what and how to ask 

for infomlation. 

• Ask about signal phasing and timing plans at particular intersections and how 

pedestrians are accommodated. 

• Find out the procedure for requesting changes or modifications to an intersection. 

Talk with the transportation professional and familiarize yourself with the procedures 

for handling and accommodating your request. 

• Understand that additional parties and factors may be involved in addressing your 

request (because of funding, politics, etc). 

Attend Meetings 

O&M specialists should consider attending the following meetings: 

• Local pedestrian advisory/advocacy meetings. Many towns set up these groups to 

solicit feedback on pedestrian issues and to gather advice on potential solutions. 

• Local meetings of the Institute of Transportation Engineers or other engineering 

organizations. 

• Local disability advisory cOIIUnittee meetings. The disability advisory committee 

reports directly to elected officials (mayor, city council, and county board of 

supervisors) of the local jurisdiction. 

If the disability advisory committee has a physical access subcommittee, an O&M 

specialist may want to become a pennanent member in order to have an opportunity to 

advocate for and influence future installations of accessible signals. 

Participate in Public Hearings 

O&M specialists should also consider attending public hearings on state 

transportation improvement plans. The hearings provide opportunities to meet DOT staff, 

including traffic engineers, and they also provide opportunities to present comments on 

the needs of pedestrians. 
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Educate Yourself 

O&M specialists should familiatize themselves with APS installations in their area or 

nearby areas. They should also 

• Leam the language used by traffic engineers; 

• Familiarize themselves with state regulations and practices, such as in the MUTeD, 

ADA Title II, and Draft PROW AG; 

• Leam the desires of others in the cOIIlllmnity; 

• Remain informed on current APS technology; 

• Follow up on any requests for infonnation and not assume someone else is doing 

everything right; and 

• Learn where to report problems or malfunctions. 

Educate Students 

O&M specialists should teach their students about changes in signalization and 

intersection geometly. 

• Explain the necessity of using pushbuttons at actuated intersections. 

• Remind students that timing plans can vary, so the signal timing they identify when 

crossing the intersection at a specific time of day or day of week may be different the 

next time they travel the same intersection. 

• Assist students in requesting an accessible pedestrian signal. 

• Teach students how to use an APS. 

Advocate for Accessible Pedestrian Signals 

O&M specialists should serve as advocates for APSs, especially at intersections 

where 

• Pedestrians are unable to discern the "Walk" interval, 

• A pedestrian pushbutton controls the pedestrian crossing phase, 

• Signalization includes a leading pedestrian interval or an exclusive pedestrian 

phasing, and 

• Many electric or hybrid vehicles are present. 
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This chapter provides a description of APS features, including "Walk" indications. 

The features currently available on APS devices marketed in the United States and 

abroad and their use by pedestrians who are blind or who have low vision are discussed. 

Intersection geometry, signalization, and installation location can affect the features 

needed to provide adequate, unambiguous information to pedestrians who are blind or 

who have low vision. Poor installation can result in anlbiguous "Walk" infonnation from 

an APS. (More information on designing installations and detennining needed features is 

provided in Chapters 6 and 7.) 

Because APS technology is changing rapidly, additional choices or features may 

become available. Those making purchasing decisions should consider the background 

information provided in this chapter when evaluating new technology. 

Criteria for "Walk" Indications 

"Walk" Indication Is Critical 

The "Walk" indication provides critical safety information. It should be 

• Readily detectable in the presence of ambient vehicular sound, 

• Highly localizable, 

• Uniquely recognizable as a "Walk" signal, and 

• Unambiguous with regard to which crosswalk has the walk interval. 

Criteria 

In the United States, the MUTCD and the Draft PROW AG provide some specific 

criteria for walk interval indications: 

• There shall be audible and vibrotactile indications of the walk interval. Audible 

indication shall be tone or speech message (2, R306.2, Pedestrian Signals, and 

R306.2.3, Audible "Walk" Indication). 

• TIle information provided "shall clearly indicate which pedestrian crossing is served 

by each device" (1, 4E.06). 

• The audible tone(s) shall be audible from the beginning of the associated crosswalk 

(1,4E.06). 

Page 4-2 

AR0071828 



• The volume shall be 2 dB minimum and 5 dB maximum above the ambient noise 

level in standard operation (2, R306.2.3.2 Volume; 1, 4E.06). 

• The volume should be no louder than the associated pushbutton locator tone unless a 

louder audible beaconing feature is actuated (1, 4E.06; 2, Advisory R306.2.3.2 allows 

beaconing to exceed volume limits). 

• If the tone for the walk interval is similar to the pushbutton locator tone, the "Walk" 

interval tone shall have a faster repetition rate than the associated pushbutton locator 

tone (1, 4E.06). 

Appropriate APS Location 

The Draft PROWAG requires accessible pedestrian signals to be located at the 

pushbutton (i.e., pushbutton integrated) to enable use of the vibrotactile feature. The 

material presented in this chapter assumes that the APS device is integrated into the 

pushbutton, unless another mounting location is specifically discussed. 

There are a number of APS devices available that meet the above listed criteria; 

however, proper installation is also critical to their effective functioning. Chapter 6 

includes a detailed discussion of installation location requirements. 

Current Recommendations for "Walk" Indications 

Audible and Vibrotactile Indications Required 

Audible (speech or tone) and vibrotactile indications of the walk interval are required 

by the Draft PROW AG. 

The MUTCD does not currently provide specifications for audible "Walk" 

indications, but does caution about the use of tones that could be confused with birds or 

vehicle back-up beepers. 

"Walk" indications can be provided by the use of 

• Tones, 

• Speech messages (also referred to as verbal messages), and 

• Vibrating surfaces. 

More information about the use of each is provided on the following pages. 
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Recent research reconnnends tones be used in locations where the speakers for APS 

devices for two different directions of travel can be separated. Speech messages are 

recommended where the speakers must be located on the same pole or less than 10 ft 

apart. 

Associating Tones with Direction of Travel 

In the past in the United States, audible pedestrian signals have utilized two different 

tones, which are associated with two different crossing directions, broadcast from 

speakers mounted at the pedestrian signal head. The most common tones used were bird 

sounds, specifically "cuckoo" and "chirp," with the cuckoo used for north-south 

crosswalks and the chirp used for east-west crosswalks. Research since 1988, however, 

has documented that such a system is often ambiguous and confusing (see Appendix C). 

Using a different tone for each direction of travel is no longer recommended in the 

United States. 

Use of a Single Tone for Crossings in AU Directions 

In Europe and Australia, a single tone emanating from speakers located at the 

pedestrian pushbutton has been used successfully for years to indicate the walk interval. 

There is some variability in the tones used. Typically, the tone for "Walk" is the same as 

the pushbutton locator tone, but repeated at a faster rate (usually about 10 times faster). 

The same tone is used for all crossing directions. 

A single tone works because the standardized location of the pushbutton-integrated 

speaker in relation to the crosswalk provides information about which crosswalk has the 

"Walk" interval. Pedestrians are beside or within aim's reach of the appropriate APS 

device when they are waiting to cross and are at some distance from the APS for another 

crosswalk. Speakers located in this manner are now included in the Draft PROW AG. 

See the Chapter 6 discussion of installation decisions for more about the location of 

APS speakers and vibrotactile "Walk" indications. 
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"Walk" Indication-Tones 

Description 

A tone is provided during the walk interval. In the United States, the "Walk" 

indication for an accessible pedestrian signal has typically been provided by an audible 

signal, such as a beep, buzz, percussive sound, or cuckoo/chirp. Current 

recommendations are that the tone used to indicate the walk interval should be a ticking 

tone that repeats 8 to 10 times per second, otherwise known as a rapid tick. That tone 

emanates from the pedestrian pushbutton location. 

Additional Information 

The rapid tick tone (repeating at least 8 times per second) has been found to result in 

faster response than verbal messages or a two-tone system (cuckoo/rapid tick). Errors in 

responding to the correct signal were also reduced with the rapid tick tone, when two 

APS devices at a corner were separated by at least 10 ft and each was located close to the 

crosswalk it signaled. For infonnation about the research on tones, see Appendix C. 

The walk indication should also have a faster repetition rate than the pushbutton 

locator tone; the MUTCD specifies the repetition rate and duration of the pushbutton 

locator tone at once per second (see the section on pushbutton locator tones later in this 

chapter). 

Tones consisting of multiple frequencies, high and low, with a large component at 

880 Hz have been found to be highly detectable and localizable in the presence of traffic 

sound. Frequencies above 1 kHz are difficult for persons with age-related upper

frequency hearing loss to detect. For persons with nornml hearing, however, the presence 

of multiple higher harmonics aids localization. 

When to Use 

An audible "Walk" indication is needed on any APS device. 

Tone indications should be used where speakers are separated by adequate distance 

and are located close to the crosswalk they serve, so that it is clear which speaker is 

sounding. Generally, tone indications should be provided from pushbutton-integrated 

speakers, rather than from speakers mounted on pedestlian signal heads. 
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References 

Currently the MUTCD states "When accessible pedestrian signals have an audible 

tone(s), they shall have a tone for the WALK interval. The audible tone(s) shall be 

audible from the beginning of the associated crosswalk. If the tone for the WALK 

interval is similar to the pushbutton locator tone, the WALK interval tone shall have a 

faster repetition rate than the associated pushbutton locator tone." (J, 4E.06). Revisions to 

standards and guidance are anticipated in the 2009 edition of the MUTeD. 

The Draft PROW AG provides information on tones: "Tones shall consist of multiple 

frequencies with a dominant component at 880 Hz. The duration of the tone shall be 0.15 

s and shall repeat at intervals of 0.15 s" (2, R306.2.3.1 ). 

It is expected that the Draft PROW AG and the MUTCD will be harmonized in future 

revisions. 

Research has been completed on detectability and localizability of tones and on use of 

two different tones versus a single tone. See Appendix C for more infOlmation. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

The audible "Walk" indication provides a clear cue of the beginning of the pedestrian 

phase. Pedestrians will evaluate traffic and the intersection and listen for the "Walk" 

indication. Upon hearing the "Walk" indication, they typically check that traffic has 

stopped and that no cars are tuming across their path before beginning their crossing. 

"Walk" Indication-Speech Messages 

Description 

A speech message is provided during the walk interval, usually from a speaker 

located at the pushbutton. The message should follow the recommended model: "Maple, 

Walk sign is on to cross Maple." The recommended message for an intersection with an 

exclusive pedestrian phase is "Walk sign is on for all crossings." 

Additional Information 

The speech "Walk" message must be detectable, localizable, and recognizable, and it 

must also be correctly understood by all users. Speech messages from pushbutton

integrated APS devices seem very user friendly and have become popular in the U.S. 
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market. However, the words and their meaning must be correctly understood by all users 

in the context of the street environment where they are used. 

TIle use of speech messages will not automatically solve all ambiguity problems. In 

even moderate traffic conditions, people who have age-related or other hearing losses, 

people who are not native English speakers, and people with cognitive disabilities are 

likely to miss hearing some words or to misunderstand what they hear, possibly resulting 

in misinterpreting entire messages. 

Model messages have been determined through research (see Appendix C). 

Recommendations on word order and on wording of messages should be strictly 

followed. Where complete sentences are used in the models, complete sentences should 

also be used in actual messages. In the model messages, such words as street, avenue, and 

road are not used; however, in some locations, those words may be needed to avoid 

ambiguity. 

Pedestrians have to know the names of streets they are crossing in order for speech 

"Walk" messages to be unambiguous. In getting directions to a new location, travelers do 

not always get the name of each street to be crossed. They may only know, for example, 

that they have to cross four streets before looking for their destination. Therefore, the 

accessible pedestrian signal has to give the user the name of the street controlled by the 

pushbutton. This can be done by means of a pushbutton information message during the 

flashing or steady "Don't Walk" intervals. 

The user must then combine the infoffilation from the pushbutton infonnation 

message or a braille label, the tactile arrow, and the speech "Walk" message in order to 

correctly respond to the speech "Walk" message. It may be necessary to have all forms of 

information for the traveler to correctly identify the street and crossing interval at an 

unfamiliar intersection. This complex process is much more cognitively demanding and 

more liable to result in errors or delay than the use of a tone from a speaker located right 

beside the crosswalk. 

A speech and tone "Walk" indication may be combined (i.e., "Maple, Walk sign is on 

to cross Maple") and may be followed by rapid tick for the rest of the walk interval. 
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When to Use 

An audible walk indication is needed on any accessible pedestrian signal. Speech 

"Walk" messages are recommended only where more than one pushbutton speaker must 

be located on the same pole or where speakers are less than 10 ft apart. 

References 

The Draft PROWAG allows the "Walk" indication to be provided by speech 

messages but does not provide additional specifications (2, R306.2.3). 

The 2003 MUTCD provides minimal information regarding speech "Walk" 

messages. It states that "when verbal messages are used to communicate the pedestrian 

interval, they shall provide a clear message that the WALK interval is in effect, as well as 

to which crossing it applies. The verbal message that is provided at regular intervals 

throughout the timing of the WALK interval shall be the term "WALK sign," which may 

be followed by the name of the street to be crossed" (1, 4E.06), 

Revisions and additional language have been approved by the National Committee on 

Uniform Traffic Control Devices and recommended for inclusion in the 2009 MUTCD. 

Those revisions incorporate recommended messages. 

Recent research evaluated localizability and detectability of speech messages, 

developed recommended message wording, and detennined that response to speech 

messages was more accurate than responses to two different tones when pushbuttons 

were on the same pole (see Appendix C). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

The audible "Walk" indication provides a clear cue to the beginning of the pedestrian 

phase. Pedestrians who are blind or who have low vision will evaluate traffic and the 

intersection and then listen for the "Walk" indication. After healing the "Walk" 

indication, they typically check that traffic has stopped and no cars are tuming across 

their path before beginning their crossing. 

Page 4-8 

AR0071834 



Vibrotactile "Walk" Indication 

Description 

The pushbutton or a raised alTOW on the APS housing vibrates dming the "Walk" 

interval. 

Additional Information 

Vibrotactile infonnation is useful when pedestrians can be aligned and prepared for 

crossing while still keeping a hand on the accessible pedestrian signal. 

Those who are deaf or hard of hearing must also know where to find the device since 

the pushbutton locator tone is not helpful. 

When to Use 

TIle vibrotactile indication of the walk interval is needed at most locations and is 

required by the Draft PROW AG. However, it is useful only when the device is located 

close to the crossing departure location. 

It is important to note that Draft PROW AG requires audible infommtion in addition 

to vibrotactile indications of the walk interval. Without specific training on the device, 

blind pedestrians may not find or use the vibrotactile indication, particularly if it is not 

located on the actual pushbutton. 

References 

The MUTeD standard states that "vibrotactile pedestrian devices, where used, shall 

indicate that the WALK interval is in effect, and for which direction it applies, through 

the use of a vibrating directional alTOW or some other means" (1, 4E.06). Guidance states 

that the devices should be adjacent to the intended crosswalk. 

The Draft PROW AG requires a vibrotactile indication of the walk interval at each 

crosswalk with pedestrian signal indications (2, R306.2). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians will stand beside the pushbutton with their hand on the vibrating alTOW 

while waiting to cross (see Figure 4-1). The vibrotactile indication communicates to 

pedestrians who are deaf-blind that the walk interval is in effect, and at particularly noisy 
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intersections it may also provide confirmation of the walk interval to pedestrians who are 

blind. 

Figure 4-1. Pedestrian waiting to feel the vibrotactile "Walk" indication. 

Pushbutton Locator Tone 

Description 

A pushbutton locator tone is "a repeating sound that informs approaching pedestrians 

that they are required to push a button to actuate pedestrian timing and that enables 

pedestrians who have visual disabilities to locate the pushbutton" (1, 4E.09). 

The pushbutton locator tone is referred to by different names in manufacturer's 

brochures, including 

• Pole locator, 

• Locator signal, 

• Locator tone, 

• Locating tone, and 
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• Locator audible. 

Additional Information 

Pushbutton locator tones typically sound from the pushbutton during the flashing and 

steady "Don't Walk" signals. The locator tone infomls pedestrians of the need to push a 

button and provides an audible cue to the location of the pushbutton. During the street 

crossing, the locator tone may be audible in the last lane and thus provide a cue to the 

direction of the destination. 

In available products, the pushbutton locator tone varies from a click sound to a beep 

tone. Repetition rate and length of tone are standardized by language in the MUTCD: 

"Pushbutton locator tones shall be easily locatable, shall have a duration of 0.15 seconds 

or less, and shall repeat at 1-second intervals" (l, 4E.09). 

Volume of this slowly repeating tone should be adjusted to be heard no more than 6 

to 12 it (2 to 4 m) from the pushbutton or at the building line, whichever is less (1, 

4E.09). The Draft PROW AG states that the volume of the pushbutton locator tone is to 

be adjusted to between 2 dB and 5 dB above ambient sound levels in standard operation. 

(2, R306.3.2). Although these requirements may appear to be in contlict, both can 

generally be met. Perceived loudness can VaIY, depending on the environment near the 

sound source. 

Both the MUTCD and the Draft PROW AG allow an increased volume of the locator 

tone to provide audible beaconing in response to a request (see sections on extended 

button press and audible beaconing). 

The pushbutton locator tone typically has automatic volume control. A microphone or 

sensing device is installed in the APS device or in the pedestrian signal head to monitor 

intersection sound levels and adjust the volume of the locator tone. This technology is 

also used to adjust the volume of the "Walk" indication. (Sample locator tones are 

available at www.walkinginfo.org/aps.) 

When to Use 

The pushbutton locator tone can be useful whenever there is a pushbutton that a 

pedestrian should use. 
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References 

The Draft PROWAG requires a pushbutton locator tone wherever there is a 

pushbutton (2, R306.3.2). 

The MUTCD states that pushbutton locator tones may be used (1, 4E.09). 

Both the Draft PROWAG and the MUTCD have additional information regarding 

pushbutton locator tone volume. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians who are unfamiliar with an intersection will approach the intersection and 

take the following actions: 

• Upon hearing the locator tone, or two locator tones if there are two pushbuttons, they 

will realize that there is a pushbutton for the crossing. 

• They will probably continue to the curb or curb ramp location in order to become 

familiar with the comer, determine proper alignment, and become familiar with the 

intersection layout and sounds by listening to traffic. 

• They will return to, if they are not already standing next to, the pushbutton locator 

tone that is believed to be the correct pushbutton for the crossing and check that the 

tactile arrow alignment is parallel to the desired crosswalk, 

• They will push the button and return to the curb to realign themselves for crossing the 

intersection. 

• They may repeat this process if the pedestrian phase begins before they are properly 

aligned to cross. 

• If the pushbutton locator tone for the APS device on the opposite side of the street is 

audible as they cross the street, they may home in on the sound for verification of 

alignment. 

Tactile Arrow 

Description 

A raised (tactile) arrow may be part of the pushbutton, as seen in Figure 4-2, may be 

above the pushbutton (Figure 4-3), or may be on top of the device (Fig 4-4). It is used to 

communicate to pedestrians which crosswalk is controlled by the pushbutton. The tactile 
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arrow provides confirmation similar to the printed sign and arrow that are commonly 

provided for pedestrians who are sighted. 

The arrow should contrast with its background. On most APS devices, this arrow also 

vibrates during the walk interval. 

Figure 4-2. This accessible pedestrian signal has a high-contrast, raised tactile arrow 

on the pushbutton and a high-contrast, recessed tactile arrow on the sign above the 

button. 
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Figure 4-3. The tactile arrow above the pushbutton on this accessible pedestrian 

signal is superimposed on a larger visual arrow. 

Figure 4-4. The tactile arrow is located on top of this APS housing (note the lack of 

required color contrast between the arrow and housing). 
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Additional Information 

It is important that the arrow point in the direction of travel on the crosswalk, as it 

indicates which crosswalk is controlled by that pushbutton. Tactile arrows provide 

general aligmnent infonnation for all pedestrians. However, it is important to note that 

tactile arrows do not seem to enable the extremely accurate alignment required for blind 

and visually impaired pedestrians. To align the arrow properly, the installer needs to 

understand that pedestrians are expecting the arrow to be pointing toward the destination 

across the street-not toward the beginning of the crosswalk or toward the curb ramp 

location. Misalignment of the alTOW may cause a blind pedestlian to be directed into the 

center of the intersection. 

For arrows on the face of the device, the alignment is detennined by the installation 

of the pushbutton on the pole. Arrows on the top of the pushbutton housing are typically 

glued into place after the pushbutton is installed, and their alignment can be adjusted 

separately from the pushbutton. 

When to Use 

Tactile alTOWS are recommended at all locations with an accessible pedestrian signal. 

References 

Pushbuttons and alTOWS should be within 5 ft of the extended crosswalk lines (1, 

4E.09) and aligned in the direction of pedestrian travel controlled by the pushbutton (1, 

4E.09; 2, R306.4.1). 

Arrows should have good visual contrast with their background so that all users, 

including those with low vision, may readily see them (1, 4E.09; 2, R306.4.1). 

The Draft PROW AG provides specifications for the arrow: "Include a tactile arrow 

aligned parallel to the crosswalk direction. The arrow shall be raised 0.8 mm (.03 in.) 

minimum and shall be 4 mm (1.5 in.) minimum in length. The arrowhead shall be open at 

45 degrees to the shaft and shall be 33 percent of the length of the shaft. Stroke width 

shall be 10 percent minimum and 15 percent maximum of aITOW length. The arrow shall 

contrast with the background" (2, 306.4.1). 
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Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians who are blind use tactile arrows to determine and confinn whkh 

crosswalk the pushbutton controls and to determine the general direction of travel. Clues 

from traffk sounds are also used to confirm alignment and crossing direction. 

Blind pedestrians typically proceed in as straight a line as possible from the 

pushbutton to the curb of the perpendicular street in the direction of the anow. This 

means that the APS should be within or as close as possible to the crosswalk lines. 

Automatic Volume Adjustment 

Description 

Automatic volume adjustment is a term for volume control that is automatically 

responsive to ambient (background) sound. 

• A louder signal is produced when vehicle and other noise at an intersection is high (as 

during traffic surge or when a truck is passing). 

• A quieter sound is produced when background noise volume is lower (as during 

nighttime hours or a lull in traffic). 

• A microphone continuously samples the noise levels and varies the volume in 

response to the existing sound levels. The microphone may be incorporated into the 

pushbutton housing or located at the pedestrian signal head. 

Automatic volume adjustment is also known as automatic gain control (AGC) or 

ambient sound adjustment. 

Additional Information 

Some signals can be preset to vary volume within particular ranges. 

Most signals with automatic volume control have a minimum limit placed at about 30 

dB and a maximum linnt of about 90 dB. 

Some APS devices allow the installer to separately set the range of the locator tone 

and the "Walk" indication; others have one setting for both. 

A signal that is 2 to 5 dB above ambient sound, as perceived at the departure curb, is 

loud enough to be heard by pedestrians waiting at that location. If the microphone is 
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installed at the pedestIian signal head that is set back from the curb, the traffic volume 

sensed by the microphone is not as loud as that perceived by pedestrians waiting at the 

curb. Therefore, the setting may need to be adjusted at each installation, depending on the 

location of the microphone relative to pedestIians waiting to cross. 

Some APS devices have adjustments for microphone sensitivity, as well as "Walk" 

indication and pushbutton locator tone volume. 

When to Use 

Automatic volume adjustment is recommended at all locations with accessible 

pedestIian signals. 

References 

The MUTeD states: "Automatic volume adjustment in response to anlbient traffic 

sound level should be provided up to a maximum volume of 89 dBA. Where automatic 

volume adjustment is used, tones should be no more than 5 dBA louder than ambient 

sound" (1, 4E.06). 

The Draft PROWAG requires devices to be responsive to ambient sound (2, R306.3.2 

and R306.2.3.2). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Automatic volume adjustment provides t1exibility and allows APSs to adjust so they 

will not disturb neighbors at night or during times of low traffic volume. This is also 

helpful to blind or visually impaired pedestrians, as the accessible pedestIian signal does 

not drown out the tratTic sounds necessary for crossing. 

Actuation Indicator 

Description 

An actuation indicator is a light, a tone, a voice message, or a combination of audible 

and visual indicators that infonns pedestrians that the button has been pressed and that 

their desire to cross has been communicated to the controller. 

Audible indicators include a click, a beep, and the word "wait" when the pushbutton 

is pushed. 
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Additional Information 

If there is a light, it is at or near the pushbutton and remains illuminated until the walk 

interval begins (see Figures 4-5 and 4-6). The light is dark during the "Walk" and 

flashing "Don't Walk" intervals. A light may be helpful to persons with low vision, but 

persons who are blind require a tone. 

Figure 4-5. A red actuation light is near located just above and to the left of the 

pushbutton. 
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Figure 4-6. A red actuation indicator light is illuminated directly above the 

pushbutton. 

When to Use 

An audible indication is particularly useful to pedestrians who are blind when the 

pushbutton is a pressure-sensitive electromagnetic button that does not depress when 

pushed. 

References 

The MUTeD refers to a pilot light and specifies that the "pilot light or other means of 

indication installed with a pedestrian pushbutton shall not be illuminated until actuation. 

Once it is actuated, it shall remain illuminated until the pedestrian's green or WALKING 

PERSON (symbolizing WALK) signal indication is displayed" (1, 4E.08). 

Activation indicators are not mentioned in the Draft PROWAG. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

The indicator assures all pedestrians that the device is working, thereby encouraging 

pedestrians to wait until the onset of the "Walk" signal. 
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Extended Button Press 

Description 

Extended button press is an option that actuates additional accessibility features. The 

pushbutton must be pushed and held for more than 1 s to activate the features. 

Other names for this feature (as listed in manufacturers' literature) include 

• Button actuated timer (BAT), and 

• Extended push. 

Additional Information 

Possible features called by the extended button press include 

• Pushbutton information message, 

• Audible beaconing, and 

• An extended crossing time. 

Any or aU of these features could be called by pressing and holding the same button 

used by all pedestrians. 

Recent research (see Appendix C) has standardized the length of the button press at 1 

s or longer. Some devices have previously been installed with a 3-s press, but 1 s has 

been found to be adequate. 

When to Use 

An extended button press should be used whenever there are optional additional 

features provided at a crossing that should be available "on request." 

References 

The Draft PROW AG permits an extended button press to activate additional features 

(2, R306.3.4 Optional Features). 

The MUTCD states that "the audible tone(s) may be made louder (up to a maximum 

of 89 dBA) by holding down the pushbutton for a minimum of 3 seconds"(l, 4E.09) 

Draft language changing the minimum length to 1 s has been approved by the NCUTCD 

and is expected to appear in the 2009 revision of the MUTCD. 
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Use by Pedestrians Who Are Blind or Who Have Low Vision 

Use will depend on the feature(s) called by the extended button press. (See the 

sections on audible beaconing and pushbutton information messages for further 

discussion of the use of those features.) The intent is to allow individuals who are blind to 

have some choice in the use of the accessible features and to provide optional features 

upon request. 

As the extended button press feature becomes more common, pedestrians who are 

blind or visually impaired will be likely to hold the button longer at unfamiliar 

intersections in order to determine what features are installed before deciding how they 

want to cross the street. 

The extended button press allows for installation of additional features that are 

activated only occasionally rather than every time the button is pressed, thus minimizing 

irritation to neighbors. For example, individuals who are unfamiliar with an intersection 

can get intersection street name infonnation (the pushbutton information message), but 

the message is not played every time the button is pressed. In addition, pedestrians can 

decide which accessible features they want to use at an intersection. For example, a user 

may want to use audible beaconing only at certain times and with certain traffic patterns. 

Pushbutton Information Message 

Description 

A pushbutton information message is a recorded message that provides the name of 

the street and intersection with which that pushbutton is associated. It can also provide 

other information about the intersection signalization or geometry. 

Manufacturers refer to this feature by different names, including 

• Voice on location, 

• Informational message, 

• Verbal message, 

• Additional message, and 

• Instructionalllocation message. 
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Additional Information 

The pushbutton information message is provided from a speaker located at the 

pushbutton, and it sounds only during the flashing and steady "Don't Walk" intervals. 

The message is intended to be audible to pedestrians standing at the pushbutton location. 

Pedestrians may be able to access additional verbal messages by pressing the pushbutton 

for more than 1 s (see extended button press). 

The pushbutton infOlmation message, in conjunction with the tactile arrow, can 

clarify street names and the crosswalk controlled and signaled by the device. This is 

particularly important if speech "Walk" messages are used. To be effective, the 

pushbutton information message must indicate whkh street is actuated by the pushbutton, 

and the arrow must point in the direction of travel on the described crosswalk. 

A message that includes only the intersection street names, without clarifying which 

street is actuated by the pushbutton, provides ambiguous information. See 

recommendations below for pushbutton message wording. 

A combination of information formats, including raised characters, braille, and 

audible infonnation, will accommodate the most users. 

Message Wording 

Pushbutton information messages should be developed according to the following 

models (17) (see additional information in Appendix C): 

• Model pushbutton message: "Wait to cross Howard at Grand." 

• Model pushbutton message for intersections having an exclusive pedestlian phase 

with right turns on red prohibited: "Wait to cross Howard at Grand. Wait for red light 

for all vehicles." 

• Model pushbutton message for intersections having an exclusive pedestrian phase 

with right turns on red permitted: "Wait to cross Howard at Grand. Wait for red light 

for all vehicles. Right turn on red pennitted." 

• Model pushbutton message for angled crosswalks: "Wait to cross Howard at Grand. 

Crosswalk angles right." 
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• Model pushbutton message for crosswalks to medians where a second button push is 

required: "Wait to cross Howard at Grand. Short Walk phase. Raised [or cut-through] 

median with second pushbutton." 

• Model pushbutton message for signalized crosswalks to splitter islands: "Wait to 

cross right tum lane to island for Howard and Grand crosswalks." 

• Model pushbutton message for crosswalks at T-intersections: "Wait to cross Howard 

at Grand." (No different from standard intersection identification message.) 

Use "street," "avenue," etc., where needed to avoid ambiguity. 

Keep the word order illustrated in the above model messages. 

Some model messages have complete sentences for best comprehension. 

When to Use 

Pushbutton infOlmation messages are necessary where speech "Walk" messages are 

used. If pedestrians do not know the name of the street they are crossing, the speech 

"Walk" message does not clarify which street is being signaled. 

A pushbutton information message can be helpful in providing location information 

on demand to pedestrians who are blind or who have low vision. 

References 

The MUTeD states that "pushbuttons should clearly indicate which crosswalk signal 

is actuated by each pushbutton" (1, 4E.08). 

The Draft PROW AG requires APSs to include street name infonnation in braille or in 

audible format (2, R306.4.2). Pushbutton information messages can provide infonnation 

about the street name. 

An APS pushbutton should not be used for landmark information or to infonn 

pedestrians with visual impairments about detours or temporary traffic control, according 

to recent research (17). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians who are unfamiliar with an intersection or who wish to confirm their 

location will 
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• Locate and depress the pushbutton for 1 s or more, 

• Stand beside the pushbutton speaker to listen to the pushbutton information message, 

and 

• Push the button again, if desired, to hear the message repeated. 

At a location with two pushbuttons on the same pole and with speech "Walk" 

messages, it is particularly important that users understand and recognize the street name. 

Audible Beaconing 

Description 

Audible beaconing is the use of an audible signal in such a way that blind pedestrians 

can home in on a signal coming from the target comer as they cross the street. 

Building a True Community defined an audible beacon as "a permanently fixed 

source emitting sound for directional orientation" (8). The MUTeD and Draft PROWAG 

include recommendations that the beaconing be caned up by special actuation, rather than 

having the accessible pedestrian signal function in a louder mode all the time. The 

recommended fmm of special actuation is an extended button press (holding the 

pushbutton in for more than 1 s). 

Additional Information 

A minority of crosswalks require audible beaconing, in which the sound source 

provides directional orientation. Where audible beaconing is activated, the volume of the 

"Walk" indication and the subsequent locator tone during the called pedestrian phase is 

increased and may be operated in one of the following ways: 

• Increased sound comes from all speakers for the crossing. 

• A louder locator tone comes from the speaker at the far end of the crosswalk during 

the pedestrian phase. 

• The louder audible "Walk" indication and louder locator tone are broadcast from an 

additional pedhead-mounted speaker aimed at the center of the crosswalk. 

• The audible "Walk" indication alternates back and forth from speakers at each end of 

the crosswalk. 
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Audible beaconing speakers must be oriented in line with the relevant crosswalk. 

• If the speaker is not carefully oriented, the signal may give ambiguous infommtion 

about which street has the "Walk" interval and ambiguous information for traveling 

straight across the street. 

• Beaconing is enhanced by the presence of a locator tone that users can home in on as 

they approach the destination comer, island, or median having an accessible 

pushbutton. 

See Chapter 6, Designing APS Installations, for additional recommendations 

regarding audible beaconing. 

References 

The Draft PROW AG does not specifically mention audible beaconing, but provides 

for optional features (2, R306.3.4). 

The MUTCD states: "The audible tone(s) may be made louder (up to a maximum of 

89 dBA) by holding down the pushbutton for a minimum of 3 seconds. The louder 

audible tone(s) may also alternate back and forth across the crosswalk, thus providing 

optimal directional infommtion" (1, 4E.09). 

Revisions have been made in meetings of NCUTCD and are expected to be included 

in the 2009 revision of the MUTCD. Recommendations are that the beaconing be called 

up by special actuation, rather than the APS functioning in the louder mode all the time. 

The recommended foml of special actuation is an extended button press (holding the 

pushbutton in for more thans 1 s). 

When to Use 

Not all crosswalks at an intersection need beaconing. Audible beaconing can actually 

cause confusion if used at all crosswalks at some intersections. Audible beaconing is 

probably not appropriate at locations with channelized tUlllS or split phasing due to the 

possibility of the signal being heard at the wrong crosswalk. 

Audible beaconing should only be considered at the following locations: 

• Crosswalks longer than 70 ft, unless they are divided by a median that has another 

accessible pedestrian signal with a locator tone. 
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• Crosswalks that are skewed. 

• Intersections with irregular geometry, such as five or more legs. 

• Crosswalks where audible beaconing is requested by an individual with visual 

disabilities. 

• Other locations where a study indicates audible beaconing would be beneficial. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians may be able to home in on the signal to assist with maintaining alignment 

while crossing the street. 

Alert Tone 

Description 

An alert tone is a very brief burst of high frequency sound at the beginning of the 

audible "Walk" indication, which rapidly decays to the frequency of the "Walk" tone. It 

is intended to alert pedestrians to the beginning of the walk interval. 

Additional Information 

An alert tone may be useful if the "Walk" tone is not easily audible in some traffic 

conditions. As used in Australia, the alert tone is 14 dB above the ambient sound level. 

Australian engineers believe the alert tone encourages faster initiation of crossing, 

which decreases the likelihood of a conflict between pedestrians and turning vehkles. 

Also, when crossings are initiated faster, pedestrians clear the intersection faster. 

When to Use 

In locations with high anlbient noise levels, an alert tone may be particularly helpful 

in alerting pedestrians to the start of a speech "Walk" message or to a tone "Walk" 

indication. 

Reference 

TIle alert tone is not mentioned in the Draft PROW AG or the MUTCD. 
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Use by Pedestrians Who Are Blind or Who Have Low Vision 

The alert tone gets the attention of pedestrians at the beginning of the "Walk" 

indication. 

Tactile Map 

Description 

A tactile map is a raised schematic map showing what will be encountered as the 

pedestlian negotiates the crosswalk controlled by that pushbutton (Figure 4-7). This 

feature is currently available from one manufacturer. 

Additional Information 

Map information may include 

• Number of lanes to be crossed, 

• Whether the lanes are vehicular or bicycle lanes or trolley tracks, 

• Which direction traffic will be coming from in each lane, and 

• Whether there is a median. 

: ~ 
I-END 

·····.1 ~ 2 vehicle lanes (traffic from the right) , 
!_lmedian , 
1 ~ 2 vehicle lanes (traffic from the left) , 
.!-START 

Figure 4-7. This tactile map from a Swedish APS is read from the bottom to the top 

and indicates lanes as they would be encountered by pedestrians. 

Each map is made up of changeable "slugs" inselted into the side of the pushbutton 

housing. It must be set up for each crosswalk of an intersection The map information is 

for the crosswalk controlled by that signal only, rather than the entire intersection. 

The symbols used are not standardized in the United States, but one manufacturer has 

developed a standard set that is used in other countries. 
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When to Use 

A map of the crosswalk may be particularly useful at intersections with medians or 

islands. 

References 

The Draft PROWAG states that "where provided, graphic indication of the crosswalk 

shall be tactile" (2, R306.4.3). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians unfamiliar with the intersection or crossing hear the locator tone and 

locate the pushbutton and map. Standing facing the crossing, they "read" the map and 

they learn how wide the street is and what they will encounter in the crosswalk before 

they begin to cross. The map also indicates whether the pedestrian signal controlled by 

that pushbutton provides a crossing time for the entire crossing or only to a median or 

island; if the signal is just for a portion of the street, the map will show the crossing 

ending on a median, indicating that there is another crossing, either controlled or 

uncontrolled. 

Braille Signs 

Description 

Braille signs should indicate the name of the street that the pushbutton controls on the 

sign above the pushbutton housing (see Figure 4-8) 
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Figure 4-8. A braille street name is included on a sign above the pushbutton. The 

street name is also provided in high contrast large print (but not raised print) at this 

location. 

Additional Information 

Although braille signs may be helpful to some pedestrians who are blind, the signs 

and braille lettering may not be readily found by many blind pedestrians without 

orientation to the device. 

Many individuals who are blind do not read braille; however, those who do would 

prefer braille information that confirms which street is controlled by the pushbutton 

The street name on the device should be the name of the street whose crosswalk is 

controlled by the pushbutton. 

A combination of information formats, including raised characters, braille, and 

audible information, will accommodate the most users. 

References 

The MUTeD states: "Name of the street. .. may also be provided in accessible format: 

(1, 4E.08). 

The Draft PROW AG requires street name information in braille or in an audible 

format. (2, R306.4.2) 
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Use by Pedestrians Who Are Blind or Who Have Low Vision 

A pedestrian who is familiar with the installation of braille signs but unfamiliar with a 

particular intersection would search the sign for braille characters that would indicate or 

confirm the name of the street whose crosswalk is controlled by the pushbutton. 

Braille signs may be helpful to individuals who are deaf-blind and who would not 

benefit from audible pushbutton information messages. 

Raised Print or Large Print Signs 

Description 

The name of the street that the pushbutton controls is printed in high contrast raised 

print or large print on the sign above the pushbutton housing or on the pole (see Figure 4-

9). 

Figure 4-9. Example from Australia: a sign with raised print and braille characters 

is mounted vertically on a round pole to the right of an accessible pedestrian signal. 

The sign reads "GEORGE ST. 275-339R." 

Additional Information 

Some individuals who do not read braille may be able to read large print or raised 

print. However, raised print must be large enough to be read with fingertips. Imprinting 

the street name in the area available can be problematic. 

The street name on the device should be the name of the street whose crosswalk is 

controlled by the pushbutton. 

A combination of information formats, including raised characters, braille characters, 

and audible information, will accommodate the most users. 
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When to Use 

Raised print signs may be particularly useful in area with large numbers of senior 

citizens. 

References 

The MUTeD states: "Name of the street. .. may also be provided in accessible fonnat: 

(1, 4E.08). 

The Draft PROW AG provides specifications for raised characters on signs (2, 

R409.2) . However, at this time, directional information and signs are only required to 

comply with Section R409.3 (braille) or provide street name infornmtion in audible 

fonnat. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

A pedestrian who is familiar with the installation of raised or large print but 

unfamiliar with the particular intersection would search the sign to learn or confirm the 

name of the street that is controlled by the pushbutton. 

Passive Pedestrian Detection 

Description 

Passive pedestrian detection is sometimes used to call the pedestrian phase, and it can 

extend the clearance interval. The authors are not aware of U.S. installations of passive 

detection that include audible signals as well as visual signals, but the combination of 

passive pedestrian detection and audible signals is being used in the United Kingdom, 

Australia, New Zealand, and the Netherlands (see Figures 4-10 and 4-11). 

One available APS device provides the option of triggering the pushbutton locator 

tone through sensors (piezoelectric, infrared, or mjcrowave) when a pedestrian enters the 

detection zone. If a pedestrian is not detected, the locator tone is silent. 

Additional Information 

An example of passi ve pedestrian detection technology is the "pedestrian user

friendly intelligent" (PUFFIN) crossing in use in England since 1993 (18). PUFFIN 

crossings employ pedestrian detectors for both the pedestrian waiting area and the 
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crosswalk. Waiting area detectors consist of pressure mats with piezoelectric sensors, 

infrared or microwave detectors mounted on the signal pole, or video cameras serving 

remote sensor software. 

Figure 4-10. Detail of an APS at midblock crossing in Australia. Sign reads "Push 

button then wait on red mat." 

Figure 4-11. This midblock crossing has sensors in a specific area of the sidewalk. A 

red mat area is labeled "Push button then wait here." 
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References 

The MUTCD states: "Accessible pedestlian signal detectors may be pushbuttons or 

passive detection devices" (1, 4E.09) . 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

While passive detection of pedestrians for activating the locator tone may be helpful 

in reducing noise near the intersections, pedestrians who are blind may not approach the 

crosswalk or intersection within the detection zone. They also may not know about it 

unless they are familiar with the intersection. 

Pedestrians who are blind may also not stand or travel in the exact waiting or crossing 

area to trigger passive detection for the "Walk" signal or to extend the clearance interval. 

Remote Activation 

Description 

At least one manufacturer otTers the option of a handheld pushbutton that sends a 

message to the APS to call the pedestrian phase. It operates on a limited range 

radiofrequency (such as used with a garage door opener or car door unlocking device) 

within 100 ft of the signal. 

Additional information 

The manufacturer's information does not clarify how the device would differentiate 

between locations at the intersection or if using the device would place a pedestrian can 

for all crossings of the intersection. 

Reference 

Handheld pushbuttons are not mentioned in the MUTCD or the Draft PROW AG. 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

Pedestrians could place a pedestrian call as they approach the intersection, without 

having to travel to the pushbutton location. This would make it unnecessary to deviate 

from the travel path and may be particularly advantageous for wheelchair users. 
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Tones or Audible Messages During Clearance Interval 

Description 

A tone or other message sounds dming the pedestrian clearance interval at a different 

rate or tone or with a different speech message than the "Walk" indication or pushbutton 

locator tone. Thjs can include audible pedestrian countdowns. 

APS devices typically revert to the pushbutton locator tone during the flashing and 

steady "Don't Walk" interval. That is not considered to be a clearance interval 

indication/tone. 

Additional Information 

Clearance interval information is sometimes provided by accessible pedestrian signals 

in Japan and in some parts of Canada. 

• In Japan, a variety of alternatives are available, including a European emergency 

vehicle "ba-boo" sound and various melodies. 

• In Canada, clearance interval information may be provided by a tone that repeats at a 

faster rate than the "Walk" signal. For example, if the "Walk" signal is a "cuckoo" 

sounded at 1 time per second, during the clearance interval the "cuckoo" is sounded 2 

times per second. 

The advantage of tones or audible messages dming the clearance interval is that 

pedestlians who are visually impaired and who have begun to cross the street know that 

the clearance interval prevails. 

Disadvantages include the following: 

• TIle clearance interval sound might be mistaken for the "Walk" signal by persons 

who approach during the clearance interval, leading them to begin crossing during the 

flashing "Don't Walk" interval. 

• Pedestrians who are blind generally want to be able to hear traffic while crossing the 

street. The clearance tone or audible message could distract them from hearing traffic 

or mask the sound of traffic. The continuous nature of a speech countdown has more 

potential for masking other sounds than the shorter duration of the pushbutton locator 

tone. 
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• Additional cognitive processing may be required to interpret a verbal clearance 

interval message, such as an audible countdown. 

• For a blind person, knowing the remaining length of the flashing "Don't Walk" signal 

is not useful since they do not have infonnation about the remaining distance to the 

destination curb. 

References 

TIle MUTCD states that the accessible pedestrian signal shall indicate the walk 

interval and that the word "wait" must precede any message during the clearance interval 

(1,4E.06). 

Use by Pedestrians Who Are Blind or Who Have Low Vision 

This feature is not cunently used in the United States and is not recommended due to 

the potential confusion of the walk interval with the clearance interval. 

As noted in the disadvantages listed above, pedestrian countdown infonnation is 

unlikely to provide any advantage to the individual who is blind or visually impaired. 

Integrated Information Devices 

Description 

Personal pagers, cellular telephones, and other mobile digital communication devices 

could potentially receive transmitted pedestrian signal messages. The increased use of 

these devices suggests that there may be other technologies and methods to provide 

information to pedestrians and for pedestrians to call the walk interval in the future. 

Development is ongoing on an integrated handheld computer-type device to provide 

geographic, global positioning system (GPS), intersection layout, and real-tinle signal 

information to pedestrians who are blind. Communication of a pedestrian call is also 

being investigated. Such technology is, however, in the very early stages of development. 
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CHAPTER 5 

When to Install Accessible Pedestrian Signals 

Where Are Accessible Pedestrian Signals Required? ............................................................... 2 

Prioritizing APS Installations .................................................................................................... 4 
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TIlls chapter provides guidance on when and where accessible pedestrian signals should be 

installed. It contains information on requirements for installation and a tool for prioritizing APS 

installations. 

Where Are Accessible Pedestrian Signals Required? 

Current Practice 

CUlTently in the United States, APSs are typically installed upon request along a specific 

route of travel for a patticular individual or group of individuals who are blind or visually 

impaired. Various states and municipalities have established policies on installation of APS 

devices, some of which may not be in accordance with ADA requirements. 

Section 504 and ADA Requirements 

As discussed in Chapter 1, Section 504 of the Rehabilitation Act has since 1973 required 

nondiscrimination in all programs, services, and activities receiving federal financial assistance. 

The ADA requirements for state and local governments extend and increase the requirements in 

the Rehabilitation Act, requiring newly constructed or altered public facilities to be accessible, 

regardless of the funding source. 

Effective Communication 

TIle ADA requirement for effective communication was discussed in Chapter 1. A recent 

publication by the Federal Highway Administration specifically mentions accessible pedestrian 

signals as a means to communicate information: 

Implementing regulations for Title II of the ADA, which covers State and local 

governments, also address "communications and infonnation access," requiring 

'effective communications' with persons with disabilities. In the sidewalk/street 

crossing environment, this would include accessible pedestrian signals, markings 

and signage. (19) 

Where there are pedestrian signals, this may require the installation of accessible pedestrians 

signals to provide access to signal information for pedestrians who are blind or who have low 

vision. 
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ADA Standards for Public Rights-of-Way 

As discussed in Chapter 1, ADA standards that specifically address the public tights-of-way 

have not yet been finalized. The Draft PROW AG was published for comment on June 17, 2002, 

and was revised on November 23, 200S. These minimum technical standards would require 

accessible pedesttian signals at all newly constructed or reconstructed intersections where visual 

pedesttian signals are installed. 

Accessibility Still Required 

ADA accessibility guidelines are minimum guidelines for new construction or 

reconstruction, and they must be applied to the maximum extent feasible in alterations, 

renovations, or additions. 

While the ADA does not require going back and reconstructing all intersections and 

locations, it does require improving accessibility when work is perfonned at a location. When an 

intersection is being completely reconstructed, the expectation is that new construction 

guidelines can and will be met. (See the section in Chapter 6 on new construction for a 

desctiption of the elements covered by the Draft PROWAG.) 

When certain elements of an intersection are being upgraded, the accessibility features 

should also be upgraded to new construction standards to "the maximum extent feasible." The 

"maximum extent feasible" is explained in the Title II regulations issued by the Department of 

Justice. 

Self-Evaluation and Transition Plans 

When the ADA regulations were published in 1992, the Department of Justice extended the 

Section S04 requirement for transition plans and required a "self-evaluation" by all public 

entities (28 C.P.R, Part 3S.lOS, Self-Evaluation). The goal was that each service, facilit, and 

activity of the state or local government, when viewed in its entirety, would eventually be 

accessible to individuals with disabilities. If structural changes are required to existing facilities 

to provide program accessibility, a transition plan is required; the elements of a transition plan 

are discussed in 28 c.P.R., Part 3S.1S0(d). A summary from the FHWA Office of Civil Rights 

provides a short desctiption of requirements: 

A public entity may not deny the benefits of its programs, activities, and services 

to persons with disabilities because existing facilities are inaccessible. 
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• State and local governments of 50 employees or more were required to prepare 

a self-evaluation plan to identify program access issues (Rehabilitation Act (1973), 

section 504). 

• From this, a transition plan was to be developed to modify inaccessible services, 

policies and practices. This includes removing bauiers and inaccessible features. 

• Transition plan work was to have been completed by January 1995. 

• If work was not completed by that date, those entities are out of compliance. 

• Many states and localities are out of compliance and this makes them more 

susceptible to lawsuits. 

• Ways of complying with the law are to have an ongoing transition plan for 

improving existing facilities and providing a citizen's request program for 

accessible parking, curb ranlps, Accessible Pedestrian Signals CAPS) and removing 

sidewalk and street crossing bauiers. (20) 

APSs in Transition Plans 

Some municipalities have considered the addition of APSs at intersections part of their ADA 

transition plan, but many have not. As part of their compliance with ADA, municipalities may 

need to establish a plan to prioritize and make decisions about installation of APS at "unaltered" 

intersections 

• Where a request for APS is received, and 

• Where there is insufficient information for street crossing using nonvisual clues 

Prioritizing APS Installations 

The infonnation regarding priOlitizing intersections for installation of APSs is not intended to 

apply to new or reconstructed intersections. In new construction or reconstruction projects, it is 

appropriate to consider the Draft PROW AG as the best guidance available at this time (l0). In 

new construction, accessible pedestrian signals should be installed wherever pedestrian signals 

are installed. 

Where Are Accessible Pedestrian Signals Needed? 

When considering and plioritizillg crossings and intersections for retrofit with accessible 

pedestrian signals, consideration needs to be given to the infonnation available to pedestrians 
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who are blind and to which crossings are in greater need of a APS. A number of factors enter 

into that decision. 

MUTCD Guidance 

The MUTCD recommends the following: 

The installation of accessible pedestrian signals at signalized locations should be 

based on an engineering study, which should consider the following factors: 

• Potential demand for accessible pedestrian signals; 

• A request for accessible pedestrian signals; 

• Traffic volumes during times when pedestrians might be present; including 

periods of low traffic volumes or high tum-on-red volumes; 

• The complexity of traffic signal phasing; and 

• The complexity of intersection geometry. (1, 4E.06) 

Additional Considerations 

Locations that may need accessible pedestrian signals include those with 

• Vehicular and/or pedestrian actuation, 

• Very wide crossings, 

• Crossings of major streets where minor streets have minimal or intermittent traffic (an APS 

may be needed for crossing the major street), 

• T -shaped intersections, 

• Nonperpendicular or skewed pedestrian crossings, 

• Low volumes of through vehicles, 

• High volumes of tuming vehicles, 

• Split phase signal timing, 

• Exclusive pedestrian phasing, especially where right tum on red is permitted, and 

• Leading pedestrian intervals. 

Where these conditions occur, it may be impossible for pedestrians who are visually impaired 

or blind to determine the onset of the "Walk" interval by listening for the onset of parallel traffic. 

It would also be difficult to obtain usable orientation and directional infomlation about the 
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crossing from the cues that are available. Too little traffic is as great a problem for pedestrians 

who are blind as is too much traffic. In the absence of an APS, blind pedestrians must be able to 

hear a surge of traffic parallel to their direction of travel in order to know when the walk interval 

begins. 

Advisory Committee Involvement 

Some jurisdictions may wish to set up a process where ratings are reviewed by an advisory 

connnittee of stakeholders, including blind citizens, O&M specialists, and transportation 

professionals, who can assist the traffic engineeling department in the study process. 

In many of the cutTent systems used, crossings with the highest number of points are 

generally considered the highest priority. However, date of request, plans for other construction 

at the intersection, and other local issues may affect priority of installations. 

APS Prioritization Tool 

As discussed previously, prioritizing existing intersections for retrofit with accessible 

pedestrian signals should be done either in response to requests or when updating an ADA 

transition plan. Plioritization schemes should place only limited emphasis on factors related to 

frequency or likelihood of use by blind pedestrians. The information provided by an accessible 

pedestrian signal may be necessary at any time, along any route, by residents, occasional 

travelers, and visitors. Intersections having high pedestrian volumes are likely to have 

pedestlians whose vision is sut1iciently impaired so as to have difficulty using conventional 

pedestrian signals. 

Of greater importance in prioritizing crosswalks are factors related to determining whether 

sufficient acoustic infomlation exists-at all times-to pemnt safe crossing at a particular 

intersection or crosswalk. 

Past Rating Scales 

Several rating scales have been developed in cities across the country, some of which have 

been utilized for more than 20 years. These rating scales have been used in different ways in 

different cities. In some locations, they were developed as warranting schemes, and APSs were 

installed only if the intersection met a required nnnimum number of points. Other cities used 

rating scales only to aid in prioritization. 
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Generally, points are assigned to specific intersection features, as well as proximity to 

services for all pedestlians (such as transit, governmental offices, or shopping). The cities of San 

Diego, Los Angeles, and Portland and the state of Maryland have used point rating scales as pmt 

of their process. 

The parties responsible for rating the intersections vary according to the locality. In San 

Diego, a traffic engineer and an O&M specialist rate separate aspects of the intersections. In Los 

Angeles and Portland, the rating is conducted jointly by an O&M specialist and a traffic 

engineering depmtment staff member. In Maryland, the DOT engineer determines the rating. 

APS Prioritization Tool Overview 

The APS Prioritization Tool was developed as pmt of this research (21). The tool provides 

traffic engineers and other technical practitioners with the means to take observable 

characteristics of a pedestrian crosswalk and produce a rating that ret1ects the relative crossing 

difficulty for pedestrians who are blind, thus enabling prioritization of crosswalks for installation 

of accessible pedestrian signals. Practitioners can use this tool to determine these ratings for each 

crosswalk. The crosswalks with the highest ratings will have the highest priority for APS 

installation. While an overview of the tool and an example of use are shown in this chapter, the 

full instruction manual and blank PriOlitization Tool forms can be found in Appendix D. 

The Prioritization Tool calculates the prioritization score for a crosswalk based on 

characteristics of the crosswalk itself and the intersection at which it is located. Characteristics 

that cause a crosswalk to have a greater need for APSs are assigned higher point values. 

Intersection characteristics include the following: 

• Number of intersection legs, 

• Signal design (e.g., pretimed, actuated), 

• Proximity of transit facilities, 

• Proximity to facilities providing services for people who are blind or visually impaired, and 

• Proximity to major pedestrian attractors (e.g., SPOltS arena, downtown area.). 

Crosswalk characteristics include the following: 

• Crosswalk width, 

• Street speed limit, 
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• Approach and crosswalk geometrics (e.g., skewed crosswalks, large curb radii, islands or 

medians), 

• Pedestrian signal control (e.g., pushbutton actuation required for "Walk" signal, leading 

pedestrian interval), 

• Vehicle signal control (e.g., right tum on red, leading protected left tum phase), 

• Off-peak traffic presence, 

• Distance to alternative APS crosswalk, 

• Pedestrian pushbutton location, and 

• Requests for accessible pedestrian signals. 

APS Prioritization Tool Validation Process 

Although prior rating scales included many relevant factors, the point values assigned to 

these factors were not thoroughly tested in a field validation. The APS Prioritization Tool 

underwent validation through comparison with expert opinion from O&M specialists and blind 

pedestlian s. The steps in producing and validating the tool were as follows: 

1. The research team selected factors (e.g., crosswalk width, signal design) to include in the 

tool. Factors that made crossing more difficult for blind pedestrians were given higher point 

values. This produced the initial form of the prioritization tool. 

2. The team selected crosswalks in three cities (Cambridge, MA; Tucson, AZ; and Charlotte, 

NC). Each crosswalk was rated with the initial prioritization tool. The same crosswalks were 

then rated by O&M specialists and blind travelers, who ranked them in order of difficulty for 

blind pedestrians. 

3. The two sets of rankings were compared. The places where the prioritization tool results 

differed from the expert results showed where the tool's point values needed to be raised or 

lowered. 

This process produced a tool that was validated by comparison to expert opinion in real

world situations. 
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Example of the APS Prioritization Tool 

The following example shows how the Prioritization Tool would be used to score a 

crosswalk that would be relatively difficult (an additional example of a relatively easy crosswalk 

is included in Appendix D). 

This example rates a crosswalk at a large intersection of a major arterial and a minor side 

street. The crosswalk of interest is on the east leg (highlighted in Figure 5-1; shown at street level 

in Figure 5-2). 

Figure 5-1. Overhead view of example crosswalk (reprinted from Google Earth © 2005). 

Figure 5-2. Street view of example crosswalk. 

The first worksheet deals with the intersection characteristics (Figure 5-3). Points were given 

for the following reasons: 
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• The signal is actuated but also uses split phasing, which is a higher point value than 

actuation, so the intersection gets six points for split phasing. Split phasing is a less 

commonly used signal design, and the typically heavy turning movements make it harder to 

effectively use the traffic movement cue to detenmne signal changes. Accessible pedestrian 

signals would provide a definitive cue to the onset of the walk interval for pedestrians who 

are unable to see the pedestrian signal. 

• There is a single bus route on the main street, whkh earns another point. The presence of 

public transit increases the likelihood that visually impaired pedestrians will travel at this 

intersection, thereby increasing the priority for an APS .. 

There are no facilities specifically providing services for individuals who are visually 

impaired or major pedestrian attractors within 0.5 1m, so no points are given for those categories. 

The total intersection score is seven points. 
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Figure 5-3. Intersection worksheet for example crosswalk. 

The second worksheet deals with the crosswalk (Figure 5-4). Points were given for the 

following reasons: 

• The crosswalk width of 110 ft and the speed limit of 45 mph on the main street eam the 

crosswalk four and five points, respectively. Wider crosswalks and faster traffic increase the 
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crossing difficulty and risk to visually impaired pedestrians; an APS may help expedite their 

crossing. 

• The curb radius on one of the comers bordering the crosswalk is greater than 25 ft, so one 

point is given in the geometrics category. Larger curb radii create Olientation problems for 

visually impaired pedestrians that may be decreased with the use of an APS. 

• The signal requires pushbutton actuation for the pedestrian "Walk" signal, so four points are 

given for the pedestrian signalization category. An APS locator tone would help a pedestrian 

who is visually impaired recognize that there is a pushbutton at that crosswalk and help in 

locating the pushbutton. 

• Right tum on red (RTOR) is penmtted at the crosswalk, so two points are given in the 

vehicle signal control category. RTOR may produce misleading traffic cues, and an APS 

would provide a definitive cue of the approptiate time to cross. 

• During off-peak hours, there was enough parallel traffic to provide audible cues (two or more 

vehicles per cycle) about 75% of the time. This eams two points. 

• There is not an altemative APS crosswalk within 0.5 nri, so four points are given toward the 

prioritization of an APS installation at tills crosswalk. 

• The pedestrian pushbutton at one end of the crosswalk is located more than 10 ft from the 

curb, which is contrary to the recommendations in Section 4E.09 of the MUTeD. Three 

points are given for tills drawback, since a correctly installed APS would position the 

pushbutton closer to the curb, willch facilitates orientation alignment for blind and visually 

impaired pedestrians. 

The crosswalk worksheet score is 25 points. When added to the intersection score of 7 points, 

this yields a total crosswalk score of 32 points. In practice, tills score of 32 points would be 

compared with other crosswalks under consideration for APS installations. Those crosswalks 

with the highest scores would have the highest priority for installation of accessible pedestrian 

signals .. 
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Accessible pedestrian signal installations require engineering drawings and detailed specifi

cations. Complex intersections require complex decisions and engineering judgment. A number 

of factors must be considered in designing the installation. This chapter contains guidance on 

how to design an APS installation that works well for the user and the environment. 

Principles 

General principles in the decision to install an APS include the following: 

• Provide pedestrian signal information to those who camlot see the pedestrian signal head 

across the street. 

• Provide information to pedestrians about the presence and location of pushbuttons, if press

ing a button is required to actuate pedestrian timing. 

• Provide unambiguous infonnation about the walk indication and which crossing is being sig

naled. 

• Use audible beaconing only where necessary 

• Put as little additional sound in the environment as possible. 

• Avoid disturbing neighbors. 

• Allow pedestrians who are blind or visually impaired to hear the traffic sounds, as well as 

the APS. 

Features 

In many cases, a municipality or state will wish to purchase one style of APS device for all 

installations. However, there are engineering and design decisions in the installation of an APS, 

as well as in the choice of equipment. 

More latitude in specifications may be applied when the APS is an addition to an existing 

intersection. The ADA typically requires new construction to meet ADA guidelines, while it re

quires additions or alterations to existing intersections to meet the guidelines to the maximum 

extent feasible. Understanding the basic considerations is necessary to designing usable installa

tions in both new and retrofit situations. 

In new construction or reconstruction, where the APS can be located consistently, it is likely 

possible to use standardized device features and mounting locations for all installations. When 

retrofitting intersections with an APS, it may be necessary to use different features to provide 
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unambiguous infonnation at different intersections. (See Chapter 4 for a listing and description 

of APS features.) 

Device Location 

Device location is critical to the functioning of the APS and needs to be planned. The APS 

may provide ambiguous information if located incorrectly, just as pedestrian or vehicular signal 

heads can provide ambiguous, or even dangerous, infOlmation if located incorrectly. Engineering 

judgment is required to detennine the best way to install APSs at a given intersection and cross

ing. Differences in curb radius, width of right-of-way, presence of a parkway (grass buffer), curb 

ramp design and location, and existing infrastructure on comers make each installation different. 

Whenever possible, two poles should be installed for APS speakers to be located close to the 

pedestrian departure location and crosswalk, as described in detail below. Recommendations 

about location and the walk indication have been updated as a result of recent research. (See Ap

pendix C for research results.) 

Optimal APS Location 

The optimal location for a pushbutton-integrated APS is between the edge of the crosswalk 

line (extended) farthest from the center of the intersection and the side of the curb ramp. The 

APS should be between 1.5 ft and 6 ft from the edge of the curb, shoulder, or pavement, but no 

further than 10 ft from the edge of the curb, shoulder, or pavement. The control face and tactile 

arrow should be carefully aligned with the direction of travel on the associated crosswalk. In or

der to provide wheelchair users with access to the pushbutton, the pushbutton must be located 

adjacent to a level, all-weather surface. 
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Ideal 
placement 

(Hot to scale) 

-----------------------------------------------------] 

=CrosswalkB= 

- Pushbutton pole may 
be a stub pole, 01" may 
a Iso SUppOlt pedhead 

~ymbol Key_ 

\ \ r / Sound from pushbutton speaker 
~ Pedhead (not shown for clarity) 

El Pushbutton-integrated APS 

.. Pole 

Figure 6-1. Optimal location of pushbutton-integrated APS (two pushbuttons on one cor

ner, mounted on two separated poles; rapid tick "Walk" indication). 

The pushbutton and speakers for the APS need to be less than 5 ft from the edge of the 

crosswalk line (extended) farthest from the center of the intersection. At comers of signalized 

locations where two pedestrian pushbuttons are provided, the pushbuttons should be separated by 

a distance of at least 10 ft (see Figure 6-1). A rapid tick "Walk" indication is recoIllinended for 

installations following these guidelines for location. 

When pushbuttons are precisely and consistently located in this way, identification of which 

crossing is being signaled can be based solely on which pushbutton the "Walk" signal comes 

from. There is no need to remember a code (such as cuckoo for a north-south crossing and rapid 

tick for an east-west crossing) or to understand speech messages. Figure 6-2 provides examples 

of pole arrangements that meet the requirements for comers having different geometries. Figure 

6-3 demonstrates acceptable APS placement at a comer with an improper ramp design. 
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10 ft radius, 5 ft sidewalk, par

allelramps 

30 ft radius, 12 ft sidewalk, 

perpendicular ramps 

30 ft radius, 5 ft sidewalk, par

allel ramps 

10ft radius, 5 ft sidewalk with 

parkway, perpendicular ramps 

30 ft radius, 12 ft sidewalk, per

pendicular ramps 
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parkway, perpendicular ramps 

Legend 
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• APS pole 

Detectable warning 

Parkway 

Ramp indication 

.'" 

30 ft radius, 12 ft sidewalk, 

parallel ramps 

30 ft radius, 5 ft sidewalk with 

parkway, perpendicular ramps 
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30 ft radius, 5 ft sidewalk, sin- 20 ft radius, 5 ft sidewalk, single Right-angle right-of-way, 8 ft 

gle ramp, APS poles separated ramp, APS on single pole with sidewalk, perpendicular ramps 

by 10ft speech messages 

Figure 6-2. Examples of locations for APSs on corners with various geometries. 

Figure 6-3. Acceptable APS placement, but inaccessible ramp design (no level space for 

passage through the sidewalk). 

APS Installation Where Two Separated Poles Are Not Possible 

Where the only work being done is the addition of APSs to existing poles, or where it is tech

nically infeasible to install two APS devices on separate poles because of limited right-of-way, 

topography, or the location of other essential equipment, it may be necessary to install two APSs 

on a single pole. However, the APS features required for this situation are different from those 

where accessible pedestrian signals and their associated sounds are separated. 
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When it is necessary to mount two pushbuttons on one pole without a separation of 10 ft or 

nlOre, 

• Speech "Walk" messages, rather than tones, are recommended, and 

• Pushbutton information messages identifying the intersection and the street to be crossed are 

needed to ensure users know the street name to listen for in the "Walk" message. 

Research in Portland demonstrated that the pedestrian's identification of which crosswalk 

had the "Walk" signal was significantly more accurate when the APS provided speech "Walk" 

signals from both signals than when the APS used two tones-cuckoo and rapid tick (see Ap

pendix C). 

Need for Audible Beaconing 

Audible beaconing is the use of an audible signal in such a way that blind pedestrians can 

home in on the signal from the opposite comer to aid in alignment during the crossing. The need 

for audible beaconing may affect the type of device to be installed and the installation location. 

Not all devices are capable of providing audible beaconing. The need for beaconing should be 

evaluated and considered early in the design of the APS installation. A minority of crossings is 

likely to require beaconing; not all crosswalks at an intersection may need beaconing. Beaconing 

may actually cause confusion if used at some locations. (See Chapter 4 for suggested criteria for 

audible beaconing.) 

Signal Phasing Considerations 

Introduction 

Some signalization schemes, such as exclusive pedestlian phasing and split phasing, need 

careful adjustment and consideration to avoid confusing pedestrians who are blind. Crossings 

with pedestrian signals that rest in "Walk" may need special treatment. These issues must be 

considered in the design phase in determining type of device and location. hl addition, careful 

adjustment of APS volume after installation is essential. 

Split Phasing 

Split phasing is a signal design that gives a green phase for all vehicle movements in one di

recti on (e.g., northbound through, light, and left), followed by a phase for all movements in the 
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opposite direction (e.g., southbound through, right, and left). At a location with split phasing, an 

APS that can be heard from the parallel crosswalk provides incolTect, confusing, and dangerous 

infonnation. It is critical that the "Walk" indication be audible only from the ends of the cross

walk being signaled so that pedestrians at other crosswalks do not begin to cross at a time when 

vehicles are turning across their path in a protected vehicular movement. 

This can be accomplished by locating the APS very close to the crossing location so pedes

trians can readily determine which signal applies to their crosswalk. Careful adjustment of the 

APS volume at all times of the day and night, as well as careful aiming of the speakers, is criti

cal. Audible beaconing may not be appropriate at locations with split phasing due to the possibil

ity of confusion of signals. 

Possible strategies include the following: 

• An APS mounted at the pushbutton location with volume carefully set to be heard only at the 

crossing location (see photos and further discussion in Chapter 7). 

• A pushbutton that actuates the audible "Walk" indication only for the crosswalk that receives 

the pedestrian call. 

Actuated Turn Phasing 

In some timing plans for actuated tum phasing, traffic in one direction may be held longer to 

allow the opposing traffic to complete left turning movements. In many such cases, the pedes

trian phases on parallel crosswalks begin at different times. An APS that can be heard from the 

parallel crosswalk provides incorrect, confusing, and dangerous infonnation and could mislead 

pedestrians into crossing when vehicles are turning across their path in a protected vehkular 

movement. 

Possible strategies include the following: 

• An APS with speakers mounted at the pushbutton or pedestrian signal head, with carefully 

set volume and very careful placement and adjustment, to be heard only at the crossing loca

tion (see photos and discussion in Chapter 7). 

• A pushbutton that actuates an audible "Walk" indication only for the crosswalk that receives 

the pedestrian call. 

• Having the audible "Walk" indication sound only during that part of the "Walk" interval that 

is connnon to both of the parallel lanes, provided that the pedestrian clearance time remains 
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long enough to enable pedestlians crossing with audible cues to complete their crossing be

fore the end of the clearance interval. 

Exclusive Pedestrian Phasing 

Exclusive pedestlian phasing (also known as scramble phasing) is a signal phase in which all 

vehicle movements are stopped and all pedestrian crosswalks are given the "Walk" signal. This 

makes it difficult for pedestlians who are blind or visually impaired to recognize the onset of the 

walk interval, particularly at locations where light turns on red are permitted. In addition, there is 

no vehicle flow to aid in crossing straight to the destination comer. 

In some locations, pedhead-mounted accessible pedestrian signals have been installed on all 

comers, and two different sounds for different crossing directions have been set to sound duling 

the "Walk" indication. This is not recommended, as it is confusing to all pedestrians, and the as

sumption of pedestrians who are blind may be that the signals are broken. 

In a pilot project in Morgantown, West Virginia, a pushbutton information message, fol

lowed by a "Walk" tone, was used at an intersection with exclusive pedestrian phasing, in asso

ciation with a "Walk" tone. The pushbutton information message was modeled after the follow

ing phase: "Wait to cross Howard at Grand. Wait for red light for all vehicles. Right tum on red 

pennitted." During the walk interval, all pushbutton-integrated devices at the intersection emit 

the same, rapidly repeating tone. Only one APS may be installed on some comers, with a modi

tied tactile arrow installed on the top of the device, with arrows pointing in two directions. (See 

the Morgantown case study in Chapter 9.) 

Rest in ""Walk" 

At locations where the pedestrian signal to cross the minor street rests in "Walk," the "Walk" 

indication would sound constantly for that crossing. In many locations, that might prove to be 

irritating to neighbors. 

Some APS manufacturers provide a limit switch that restricts the length of the audible 

"Walk" indication to 7 or 8 s, but allows recall of the audible and vibrotactile indications of the 

"Walk" if the button is pressed when there is adequate clearance time remaining. The availability 

of that feature should be investigated in the installation planning. 
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APSs Where Pedestrian Timing Is Pushbutton Actuated 

Pushbutton-actuated pedestrian timing requires that a pedestlian locate the pushbutton and 

push it to request the pedestrian phase. A pedestrian who is blind needs to know a button-press is 

required to actuate pedestrian timing, and he or she needs to be able to easily find the pushbut

ton. The most approptiate way to convey that information is with a locator tone at the pushbut

ton. The Draft PROW AG requires that accessible pedestrian signals have a locator tone when 

there are pedestrian pushbuttons. Likewise, the MUTCD states that ''[APS] pushbuttons should 

be audibly locatable" (1, 4E.09). 

Location of APS Pushbuttons for Actuated Signals 

To be useful to pedesttians who are visually impaired, pushbuttons must be installed as near 

to the crosswalk as possible, preferably on the sidewalk within the width of the crosswalk con

nection or adjacent to the crosswalk, and as close to the curb as possible. 

Pedestrians who are blind must locate and push the pushbutton and then align themselves to 

cross, as discussed in Chapter 2. Even with an accessible signal, a pedestrian who is blind or 

visually impaired may not cross on the first "Walk" indication, but rather may need to listen to 

traffic and the accessible signal for a fun cycle to confirm alignment, signal functioning, and 

traffic direction before pushing the pushbutton again, realigning, and crossing on the following 

pedestrian phase. 

APS Where Pedestrian Timing Is Not Pushbutton Actuated 

When pedestrian timing is pretimed, on recall, or called by passive pedestrian detection, pe

desttians generally do not need to locate the pushbutton at the intersection. However, accessible 

pedestlian signals typically have the speakers, a vibrotactile "Walk" indication, and a tactile ar

row provided at the pushbutton location. At new or reconstructed intersections, wiring and poles 

can be added to install the poles and APS in the recommended locations close to the crosswalk 

and curb ramp. 

• When an APS pushbutton with a pushbutton locator tone is installed in a location that is not 

close to the crosswalk, blind pedesttians may have to deviate from their course of travel to 

push the button, potentially causing problems in otientation and alignment for the crossing. 
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• Many downtown areas with wide sidewalks have pre timed pedestrian phases. Poles are rarely 

located in optimal locations for installation of an APS with audible and vibrotactile "Walk" 

indications (see location recommendations in Figure 6-2 and 6-3). 

Other Options 

It may be appropriate to consider other options when the addition of the APS is the only 

change planned at an intersection with pretimed signals. The following suggestion does not apply 

at new or reconstructed intersections. If a pushbutton cannot be installed in a location where the 

tactile arrow and vibrotactile infommtion associated with the pushbutton are usable, it makes lit

tle sense to install an APS with those features. 

Note, however, that an installation without the tactile arrow and vibrotactile "Walk" indica

tion would not comply with the Draft PROW AG requirements for new construction. Such an in

stallation might be considered to be meeting those requirements "to the maximum extent feasi

ble" when existing conditions and stmctures prevent installation of additional poles for mounting 

the APS beside the crosswalk. 

In that case, a pedhead-mounted APS without a pushbutton or locator tone may be more ap

propriate. However, a "Walk" message or tone and volume levels should be carefully determined 

to avoid confusion to pedestrians and to prevent disturbance to neighbors. Unless audible bea

coning is detemuned to be necessary, the APS speaker should be oriented down toward the pe

destrian waiting location. Use of a small mast ann to locate the APS over the crosswalk location 

might be appropriate (Figure 6-4). 
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Figure 6-4. The mast arm is used in this installation in Toronto, Canada, to position the pe

destrian signal head and speaker closer to the crosswalk. 

Intersection Geometry Considerations 

Effect on Accessible Pedestrian Signals 

An APS that is audible at the wrong crossing location may lead a visually impaired pedes

trian to begin to cross at the incorrect time and place. Geometric features such as unsignalized 

and signalized right-tum lanes are recognized as situations of concern in the MUTCD. 

The type of accessible pedestrian signal may not be as important as the location of the sound 

source and the volume of the "Walk" indication. These issues must be considered in the design 

phase, when determining type of device and location. In addition, the APS volume must be care

fully adjusted after installation. 

Unsignalized Right-Turn Lanes and Splitter Islands 

An unsignalized right-tum lane can pose a problem if the APS for crossing the signalized 

main through lanes of the intersection is too loud. Pedestrians who are unaware of the existence 

of an unsignalized right-tum lane may reach the curb, hear the APS sounding, and cross the un

signalized lane, thinking that it is signalized. 

This concern is the reason that the MUTCD urges careful selection of tones at locations with 

free right turns (1, 4E.06). But tone selection does not really provide a solution; it is the volume 

of the sound and the placement of the speaker that are the important issues. 

Page 6-12 

AR0071886 



The APS must be adjusted so it is heard only from the location where the pedestlian is wait

ing to cross and is only audible for the crosswalk being signaled. It is generally not appropriate to 

use audible beaconing where there are splitter islands because the volume cannot be controlled 

precisely enough. As discussed in the section on split phasing, volume and placement of the 

sound source are cliticaI considerations in designing and installing the APS. 

A pedestlian standing on the comer at location A in Figure 6-5 should not be able to easily 

hear the APS that is located on the splitter island and that is intended for use by pedestrians 

crossing the through lanes. 

~ '-... 

'" "..... 
"- I" 

V &, 

Figure 6-5. APS at channelized turn lane. 

Signalized Channelized Right-Turn Lanes 

Where crosswalks from comers to splitter islands are signalized, the signals to cross to the 

island might not, depending on crossing location, be concurrent with traffic movement parallel to 

the pedestlian who is blind. The APS should be located precisely next to the associated cross

walks, and the volume should be carefully adjusted. Pedestlians waiting on the island must not 

confuse the "Walk" indication for the tum lane with the "Walk" indication for the through lanes 

of the intersection. Pedestlians approaching the comer can also be guided to the crosswalk by a 

locator tone in combination with curb ramp location. Because signalized light-tum lanes can be 

confusing for pedestrians who are blind, installation of APS with pushbutton locator tones at sig

nalized right-tum lanes should be given high priority. 
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Medians 

If the pedestrian clearance time is sufficient only to cross to a median having an additional 

pushbutton, it is very important that the pushbutton on that median be an APS with a locator 

tone. This will help inform the pedestrian who is visually impaired that a second button press is 

needed to complete the crossing, and it will aid in locating the median and the pushbutton. If 

only one APS device is on the median, the pushbutton should have a double-ended arrow. 

If the pedestrian phases for the two halves of the street are timed separately, then two 

pushbutton-integrated accessible pedestrian signals are needed on the median, separated by as 

much distance as possible and located as close to each crossing departure location as possible. In 

European and Australian cities, a fence and offset crosswalks are used, in addition to the locator 

tone of an APS, to alert all pedestrians about the need to stop on the median and wait for the next 

pedestrian phase. 

Figure 6-6. APS at median mid block crossing. 

At the median island in Ireland shown in Figure 6-6, an APS is provided for each crossing, 

and a fence prevents pedestrians from continuing straight across the street; instead, pedestrians 

must tum and walk to the location of the other crosswalk and pushbutton. 
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APS Design in New Construction 

Draft PROW AG 

The Draft PROW AG was released on November 23,2005 (2). Although the Draft PROW AG 

has not been published as a final rule, it should be considered as the best guidance available at 

this time (10). 

APS Characteristics 

The Draft PROWAG requires accessible pedestrian signals with the following features in 

new construction and reconstruction projects where pedestrian signals are installed (see Figure 6-

7): 

• APS devices integral with the pushbutton, 

• Audible and vibrotactile indications of the walk interval, 

• "Walk" indication by tone or speech message, 

• Pushbutton locator tone wherever there is a pedestrian pushbutton, 

• Pushbutton that is a minimum of 0.5 cm (2 in.) across in one direction and that contrasts 

vi sually with its housing or mounting, 

• Tactile arrow indicating the direction of travel on the crosswalk, and 

• Braille or verbal infommtion about the name of the street. 

Optional Features 

The Draft PROWAG states that an extended button press shall be permitted to activate addi

tional features. However, no information is provided that specifies what those features may in

clude (see Chapter 4 for discussion of extended button press and possible features). 

Location in New Construction 

The Draft PROW AG specifies that APS devices shall be located as follows: 

• In such a way that the vibrotactile feature can be contacted from the level landing of a curb 

ramp or from clear ground space in line with the crosswalk line adj acent to the vehicle stop 

line, 

• Within specified reach ranges from a level landing, 
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• 3 m (10 ft) minimum from other accessible pedestrian signals at the crossing, with an excep

tion to that distance for devices installed on medians, and 

• With control face of the device installed facing the intersection, parallel to the direction of 

the crosswalk it serves. 

In addition, clear floor or ground space at the pushbutton shall connect to, or overlap, the pe

destrian access route. 

Figure 6-7. APS installation in new construction. 

MUTeD-Recommended Locations 

The MUTCD does not specify locations for new construction in the same manner, but the 

recommendations are substantially the same as that required by the Draft PROWAG for new 

construction and reconstruction. The MUTCD states the following: 

Pushbuttons for accessible pedestrian signals should be located ... as follows: 
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• Adjacent to a level all-weather surface to provide access from a wheelchair, and where 

there is an all-weather surface, wheelchair accessible route to the ramp; 

• Within 1.5 ill (5 ft) of the crosswalk extended; 

• Within 3 ill (10 ft) of the edge of the curb, shoulder, or pavement; and 

• Parallel to the crosswalk to be used. (1, 4E.09) 

See Figures 6-8 through 6-13 for examples of proper positioning of accessible pedestIian sig

nals. 

Ideal 
placement 

Crosswalk 

~ ~ ~ ~ ~ 
(Not to scale) 
aps-int-03.dwg 

= Crosswalk B = 

Pushbutton pole may 
be a stub pole, or may 
also support pedhead 

~ymbol Key_ 

\ \ / / Sound from pushbutton speaker 

~ Pedhead (not shown for clarity) 

E:J Pushbutton-integrated APS 

• Pole 

Figure 6-8. Ideal placement for a pushbutton-integrated APS. 
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Acceptable 
placement 

~ ~ ~ ~ ~ 
Crosswalk A 

1111111111 

(Not to scale) 
aps-int-04.dwg 

= Crosswalk B = 

A----+ Locate push-
I button less 
than 5 ft from 

I crosswalk line 
I extended 

c~~ :::L 
~ ( Pushbutton pole may 

I"-'-''--------} ~ be a stub pole, or may 
.::::- -:::::- also support pedhead 

Locate ~ ~ymboIKey __ 

pushbutton I \ \ 1/ Sound from pushbutton speaker 

10ft max. -----t _ Pedhead (not shown for clarity) 

from curb line EI Pushbutton-integrated APS 

or edge of street '----=e __ P_o_le _______ ----' 

Figure 6-9. Acceptable placement for a pushbutton-integrated APS. 

Figure 6-10. The APS should be located on the intersection side of the pole, as shown in this 

photo. 
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Figure 6-11. The MUTeD states that the APS should be within 5 ft of the crosswalk line 

extended. 

10 Feet 
Maximum 

Figure 6-12. The APS should be within 10 ft of the curb. 
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Figure 6-13. APSs installed in this reconstruction location are in accordance with the Draft 

PROW AG in that they are beside a level landing and separated from each other by at least 

3 m. Both APS devices are located on the intersection side of their poles. 

APS Design at an Existing Intersection 

Application of New Construction Guidelines 

In retrofit situations, the ADA requires that new construction guidelines be followed to the 

maximum extent feasible, if compliance with those guidelines is technically infeasible. The de

termination of technical infeasibility will vary depending on the scope of the project and the ex

isting situation. 

The new construction guidelines, as described in the previous section, should be applied as 

much as possible given the constraints of the project and the site. 

The following sections provide guidance to assist the engineer/designer in understanding the 

effects of location and actuation on the usability of the information provided by APS. 
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A voiding Ambiguity 

The goal of the new construction location requirements and guidelines is to provide unambi

guous information about which crosswalk has the "Walk" indication and to make pushbuttons 

accessible to, and usable by, all pedestrians, including those with visual and mobility impair

ments. Poor location and installation can not only render APSs unusable by a pedestrian who is 

blind or mobility impaired, but can also provide the pedestrian with dangerously incorrect infor

mation. 

Pedhead-mounted and pushbutton-integrated APSs in the United States have typically been 

mounted on the same pole as the pedestrian signals for that crosswalk, regardless of whether the 

pedhead is the one closest to that crosswalk. This does not always provide unambiguous audible 

"Walk" indications. 

In Australia and some European countries, it is common to install a separate stub pole so as 

to mount the APS in a consistent location in relation to crosswalks. This consistent location 

makes it easy to determine which device the "Walk" indication is coming from and therefore 

provides unambiguous information regarding which crosswalk has the walk interval. The Draft 

PROW AG implements this strategy in new construction in the United States. 

Issues to Consider 

In designing retrofit installations, an understanding of the effect of certain intersection fea

tures on accessible pedestrian signals use will be helpful in making decisions. Another factor that 

becomes critical when adding an APS to an existing intersection is the location of existing poles 

and the possible need for new poles to position the APS close to the crosswalk. Details on these 

issues and recommended solutions are given in the following sections. 

Needs Assessment 

Strategies 

After an engineering study determines that APSs should be installed at an existing signal, 

strategies for integrating the APS into the sidewalk environment need to address certain issues 

and/or questions. Those in charge of installing an APS at an intersection must conduct a needs 

assessment to determine which features are suitable and to develop detailed installation plans. It 

is important that the installation designer visit the intersection to gain an understanding of the 
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particular issues that must be dealt with. Some manufacturers require detailed information about 

the location and infrastructure of the intersection where the APS will be installed in order to send 

equipment with appropriate arrows or other features (such as speech "Walk" messages or 

pushbutton information messages, if needed). 

Pushbutton and Pole Locations 

A high-priority part of the needs assessment is to detenmne how much of the existing infra

structure can be used and how much will have to be installed or modified. It is essential to look 

at each crossing and the anticipated location of the pushbutton in relation to the departure loca

tion. 

Questions to consider include the following: 

• Does the pushbutton and pole location fit within MUTeD and Draft PROW AG recom

mended locations? 

• Is existing wiring adequate for installation of the APS? The manufacturer's devices may have 

different wiring needs. Some require four wires to be available at the pushbutton, while oth

ers require two wires. There may be different requirements where audible beaconing is used. 

• Is it possible to separate the pushbuttons for two crossings on the same corner by at least 3 m 

(10 ft)? 

• Is the speaker nearer to the crosswalk it signals than it is to the other crosswalk? 

• Are the pushbuttons located adjacent to a level all-weather surface that is free of hazards and 

obstacles? 

• Is there sufficient tuming room for a wheelchair if the pedestrian must tum to push the button 

and then retum to the crosswalk? 

• If the existing pole is in a "poor" location, can a stub pole be installed? Or are there other 

poles nearby that are more appropriately located than the signal pole (e.g., utility poles or 

lamp posts)? 

• Depending upon the pushbutton or pole location, should tones or speech messages be util

ized? (If two pushbuttons must be installed on the same pole, speech messages should be 

used for the "Walk" indication.) 
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Intersection Geometry and Need for Audible Beaconing 

Audible beaconing is not needed at many intersections, although accessible pedestrian sig

nals in the United States have traditionally been installed with beaconing. 

The following questions should be considered: 

• Is audible beaconing needed at the intersection? (See discussion of audible beaconing in 

Chapter 4 for suggested criteria.) 

• Would audible beaconing create the potential for confusion? (Confusion is possible at an in

tersection with channelized right tUnIS or other free-t1owing lanes.) 

Preference and Requests 

When installation is in response to a request for an APS, the needs assessment should con

sider whether the needs of the individual making the request have been addressed. 

Pole location 

Existing Pole Location 

When the only change is the addition of an APS at an intersection, the existing pole location 

at the intersection often restricts the location of the APS components (such as pushbuttons, 

speakers, and tactile alTows), which can affect the device features needed. 

• The location of pushbuttons and tactile alTOWS and the location of speakers must be carefully 

engineered to provide accessible and usable infonnation to pedestrians with disabilities. 

• These issues must be considered in designing the installation and ordering the devices to en

sure that information provided by the APS will not be ambiguous. Before ordering devices, 

the designer needs to look at the poles available and determine the locations where devices 

will be installed. 

• Pole location may affect the type of "Walk" indication to be used. 

• If two accessible pedestrian signals are located on one pole, separate speech "Walk" indi

cations, additional mast arms, or other provisions will be necessary to separate the 

sounds. 

• APS loudspeakers may be located at the pushbutton location or on the pedhead. The loca

tion of the speakers can be critical. 
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Location of the Tactile Arrow 

If the poles are located too far away from the center of the intersection, outside the extension 

of the crosswalk lines, a pedestrian who is blind may attempt to cross at a location that is not 

within the crosswalk area. As discussed in Chapter 4, pedestrians typically align with the tactile 

arrow and proceed to the curb from that location. 

The installation shown in Figure 6-14 is far more than 5 ft outside the extended crosswalk 

lines. While the arrow does clarify which street the device controls, it provides misleading in

formation, which can be dangerous to pedestrians who cannot see. 

Figure 6-14. If pedestrians proceed directly to the curb from the pushbutton in this photo, 

they will be well outside the crosswalk area when beginning their crossing. 

Options for Intersections with No Existing Poles 

If there are no existing poles at the recommended locations, options to consider in retrofit 

situations, in order of decreasing desirability (from the standpoint of minimizing ambiguity), in

clude the following: 

• Reposition pedestrian signals and poles, or add stub pole(s) and associated conduit and wir

ing. 

• Install two accessible pedestrian signals with speech messages on a pole (see Chapter 4 for 

recommended wording of speech messages). 
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• Mount speakers on the pedestrian signal head, possibly with mast arms or other provisions in 

order to locate the "Walk" tone speakers as near to the associated crosswalk as possible 

Figure 6-15. Well-located pedestrian signal poles provide APS audible indications from the 

optimal location, close to the pedestrian waiting area. 

Reposition Pedestrian Signals and Poles or Add Stub Poles 

In some renovation projects, repositioning poles may be considered a major change, but may 

be less difficult when the addition of the APS is part of an upgrading of the curb ramp. The op

timal choice is positioning speakers and pushbuttons on poles that are located close to the cross

walk (Figure 6-15). Possible ways to accomplish this should be strongly considered before other 

options are explored. 

In some locations, the addition of stub poles may be fairly simple (Figure 6-16). Different 

jurisdictions have different wiring requirements. The wires to pushbuttons are low voltage wires, 

and it may be possible to run the wires in a saw cut to a pushbutton pole that is mounted with 

bolts to the sidewalk surface. Looking at the wiring and the use of stub poles in unconventional 

ways may provide acceptable solutions to problems. 
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Figure 6-16. APSs are positioned appropriately at this intersection by the addition of a stub 

pole for one crosswalk. The stub pole holding the APS for the crosswalk at right is simply 

bolted to the sidewalk. The other APS is mounted on the pole that supports the pedhead. 

Installing Two APSs on One Pole 

Many jurisdictions use a standard design of two pedestrian signal heads and pushbuttons on 

one pole. In new or reconstructed intersections, separate poles should be provided at the end of 

each crosswalk, so that the pushbutton can provide unambiguous APS information and be maxi

mally useful to all pedestrians. Where two APS pushbuttons are mounted on two separate poles 

at a comer, their arrows can be readily aligned with each crosswalk. Correct alignment can be 

difficult to accomplish with two APSs on the same pole, particularly at larger radius intersec

tions. 

However, if two pushbuttons must be on the same pole, it is essential that speakers be located 

as close as possible to the pedestrian waiting location and fit the following recommendations for 

installations of two APSs on one pole. 

• A speech "Walk" message is needed, so the user can determine which street has the "Walk" 

indication (see discussion of "Walk" indications in Chapter 4). 
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• A pushbutton message and tactile arrow are also needed so that pedestrians can know the di

rection of the crosswalk served by that pushbutton and the name of the street to be crossed. 

Without the pushbutton message, the name of the street in the "Walk" message may be am

biguous to pedestrians who are unfamiliar with the intersection. 

Positioning Pedhead-Mounted Speakers Near Crosswalk 

If the available pole is not close enough to the crosswalk location, pedhead-mounted speakers 

may be mounted to extend from the pole to provide the appropriate separation of sounds (see 

Figure 6-4). Provision of the "Walk" information at the proper crossing location, even when 

pushbutton and poles cannot be relocated, may provide some auditory guidance about the cross

walk location to a pedestrian who is blind. Because this type of installation may not provide the 

best location for tactile arrows and signs, the pushbutton, if used, should also provide a locator 

tone and tactile arrow. 

In Figure 6-17, the speakers are positioned on the outside of the pedheads, which somewhat 

separates the sounds, although more separation is preferred. In these photos the speakers are 

aimed across the street. In most instances, the speakers may be aimed directly down for commu

nicating the beginning of the "Walk" phase to the pedestrian who actuated the signal. When au

dible beaconing is needed, the speaker may be aimed toward the center of the street. 

Figure 6-17. Two pedhead-mounted speakers, aimed at right angles to each other, are sepa

rated by the width of the pedheads and the mounting pole. More distance is preferred and 

careful aiming and volume control is important. 
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Specifications 

When ordering APS units from the manufacturer, practitioners will need to be specific about 

the features and settings they desire or require. The level of detail required by the manufacturer 

varies depending on the company. 

Elements of a specification sheet should inform the manufacturer of the characteristics of the 

location where the APS will be installed, as well as which APS features will be required by the 

city or state. The following list contains suggested elements for a detailed specification sheet. 

APS units do not necessarily need to have all these features, but the practitioner should consider 

the appropriateness of all features and then specify which ones are required for the selected APS 

installation. 

• Type of "Walk" indication required (tone or speech message). 

• Text and nanle of street for speech "Walk" indication (if used). 

• Requirement for "extended button press" function and specification as to what this function 

would need to do (e.g., provide pushbutton infonnation message, provide louder "Walk" in

dication). 

• Requirement for vibrotactile arrow. 

• Requirement for pushbutton infonnation message. 

• Text for pushbutton information message (if used). 

• Requirement for audible, visual, and/or tactile feedback of pushbutton activation. 

• Orientation of tactile arrow for each unit. 

• Text to be encoded into braille for imprinting on pushbutton or infommtional sign. 

• Anticipated mounting (wood or metal pole). 

• Required location of control unit (pedhead or cabinet). 

• Required factory settings for 

• "Walk" indication volume (minimum and maximum and amount over ambient), and 

• Locator tone volume (minimum and maximum and anlOunt over ambient). 

• Electrical operating requirements (e.g., voltage). 

• Wiring requirements (e.g., number of wires, gauge). 

• Required operating temperature range. 

• Requirement for built-in "WalkfDon'tWalk" conflict detection. 
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• Warranty duration and coverage. 

• Follow-up support and assistance available from the manufacturer. 

It is also useful to include an intersection diagram showing 

• Crosswalks to be controlled, 

• Pushbutton locations, and 

• Speaker locations and angle (if pedhead-mounted speakers are desired). 

Mounting and Wiring Issues 

Location of Controller Boards and Wiring 

Wiring 

Pushbutton-integrated devices generally require an extra set of wires to power the audible 

indications. Those APSs with actuation indicators may need to receive an actual signal from the 

controller that the call has been accepted. If the conduit is not adequate for extra wiring, installa

tion plans may require conduit and wiring replacement. However, some manufacturers now pro

vide devices that can replace typical pushbuttons and require only two wires and an additional 

control unit in the controller cabinet. 

Some APSs manufactured abroad initially required 110 V AC power, rather than DC power, 

to the pushbutton. Those manufacturers now supply APS models to the U.S. market that have 

been adapted to provide DC power to the pushbutton. It may be necessary to specify that devices 

meet U.S. requirements. 

Traffic Signal Controllers 

APS devices work with current controllers used in the United States. In installations made 

between 2000 and 2003, some controller conflicts were reported, mainly related to a change in 

voltage that leads to the malfunction management unit (MMU) override. TIlese conflicts have 

been addressed by the manufacturers and seem to be resolved. In 2002, the Access Board funded 

a project to investigate problems, which found that many reported issues were due to incorrect 

installation or sound adjustment problems. The final project report is available on the Access 

Board website (www.access-board.gov). 
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Mounting APS Controller Boards 

Some APSs have a control board that is completely contained within the device. Other APSs 

require a separate control board that is mounted in the pedhead (see Figure 6-18), while still oth

ers require a control unit mounted in the controller cabinet. The control board often includes 

voice or sound chips and switches to control volume, microphone response, and other features. 

Figure 6-18. APS device with control board in pedhead (speaker opened for illustration). 

Some types of pedheads do not have adequate space to mount APS control boards. For ex

ample, incandescent, 12-in. over/under pedheads may not have adequate space. These pedestrian 

signal heads can be replaced. Other options may include the following: 
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• Manufacturers may be able to supply a separate case for the APS control board (see Figure 6-

19). 

• APS control boards may be mounted in the signal controller (Figure 6-20). However, the cor

rect gauge wires must be calculated to drive the speakers when wiring is extended across the 

street/intersection. Included wiring is usually only adequate to drive the speakers when run 

from the pedhead. 

Figure 6-19. External mount for controller board is visible on the left side of the pedestrian 

signal head. 

Figure 6-20. Controller board mounted behind IS-in. pedestrian signal head. 

If an area typically experiences high winds, it may be necessary to mount the APS speaker on 

a strong surface. Engineers in Nova Scotia found that speakers mounted on the plastic pedhead 

were prone to cracking during times of high wind. Their solution was to mount the speakers di

rectly to the metal pole, as shown in Figure 6-21. 
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Figure 6-21. APS speaker mounted directly to the metal pole provides more support during 

high wind. 

Vibrating Surfaces 

Vibration-only devices are not recommended. However, pushbutton-integrated APS devices 

should have a vibrotactile arrow that vibrates during the walk interval. The vibrotactile arrow can 

be useful in confirming the audible "Walk" indication and providing "Walk" signal information 

to individuals with impaired hearing. Designers/engineers and installers must remember that the 

vibrating surface will be usable only if it is installed within the width of the crosswalk, or very 

near the crosswalk, and near the curb line. Pedestrians must be in an appropriate position to be

gin their crossing while waiting with their hand on the vibrating surface. 

Orientation of Tactile Arrow 

The tactile arrow must be oriented parallel to the direction of travel on the crosswalk con

trolled by the pushbutton. Arrows on several manufacturers' devices are positioned by the in

staller; however, with some devices, the direction of arrow must be specified when ordering the 

units (Figure 6-22). The pole location in relation to the crosswalk can affect the direction of the 

arrow. 
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Figure 6-22. The direction of the cast-in-place arrow on this device must be specified when 

ordering. 

Wooden Poles 

In areas where pushbuttons are installed on wooden poles (Figures 6-23 through 6-25), the 

wiring usually runs within a conduit on the outside of the pole. A mounting bracket is needed on 

some devices for wiring the pushbutton. This bracket needs to be ordered with the APS. 
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Figure 6-23. When the APS is mounted on a wooden pole, an additional mounting bracket 

is installed to allow the wires to run from the conduit into the top of the pushbutton

integrated device. 
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Figure 6-24. Typical installation without extra mounting plate, with wire running from in

side the metal pole into the back of the device. 

Figure 6-25. This APS is mounted on a wooden pole by drilling a hole through the pole and 

running wires through the back of the device. 
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Pedestrians who are blind have expressed concerns about nails and staples that are common 

on wooden poles and that present a hazard when they are locating the button with their hands 

(see Figure 6-26). Innovative solutions include the use of a shield for the pole area near the 

pushbutton, as shown in Figure 6-27. 

Figure 6-26. Wooden pole with nails and staples that are a source of concern. 

Figure 6-27. Coated canvas shield used in Charlotte, NC. 

Stub Poles 

The use of stub poles for mounting pedestrian pushbuttons is common in some areas of the 

United States. They provide an opportunity to locate the pushbutton where it is most usable to 

pedestrians and may encourage pedestrians to more frequently use the pushbutton (see Figures 6-

28 through 6-31). 
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Figure 6-28. A stub pole is used to locate the pushbutton beside the sidewalk. 

Figure 6-29. Stub pole. 
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Figure 6-30. Stub pole installed near sidewalk signal box simplifies wiring and locates ped 

pushbutton by the crosswalk 

Figure 6-31. Stub pole example. 

Braille Labels and Signs 

Before ordering APSs with braille labels on the faceplate, you must know 

• The location of the pole, and 
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• Which side of the pole the APS will be mounted on. 

The direction of the faceplate and associated arrow is determined when the braille raised dots 

are added. The braille characters are generally just punched into the metal plate (see Figure 6-

32). 

Figure 6-32. Braille label is below the raised print street name. 

APS Microphones and Speakers 

As part of the automatic sound adjustment feature, some APSs require microphones be in

stalled for monitoring ambient sound. By measuring the sound levels, the microphones can ad

just the volume as necessary at the waiting location. If the microphone is mounted too far from 

the intersection, it will not adequately sample and adjust the volume levels, and the "Walk" indi

cation will likely be too quiet for a pedestrian at the curb to hear above the sound of traffic. 

Speakers for APSs may be pedhead-mounted or pushbutton-integrated. There are different 

issues to be considered, depending on the speaker location, though the majority of APS speakers 

are pushbutton integrated and the Draft PROW AG requires APSs to be integrated with pushbut

tons. Figures 6-33 and 6-34 indicate the different locations of speakers. 

Some manufacturers also provide the option of having a speaker at the pedhead in addition to 

a speaker at the pushbutton location. This may be particularly in focusing the audible beaconing 

signal. 
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Pushbutton-Integrated Speakers 

Sound Dispersion from Pushbutton-Integrated Speakers 

Although the speaker is usually built into the pushbutton-integrated device, different devices 

have slightly different speaker locations, which can affect the volume settings and the mounting 

of the device. 

If possible, particularly in a location with audible beaconing, the devices should have speak

ers oriented toward the street, as well as the sidewalk and pedestrian waiting location. Beaconing 

is unlikely to be successful when provided by a device without speaker openings on the curb 

side. The addition of a pedhead-mounted speaker may need to be considered in a situation requir

ing beaconing. Some manufacturers sell optional add-on speakers or baffles to control direction 

of sound, when needed. 

Figure 6-33. Speaker grille on side of APS. 
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Figure 6-34. Speaker grille on front and side of APS. 

H-Framefor Pushbuttons 

An H-frame is used for mounting pushbuttons in some northwestern states (see Figure 6-35), 

but not all APS devices work properly when mounted in this configuration. The type of device 

and the location of speaker components should be considered before ordering. The arrow of the 

APS is often part of the pushbutton and may not be oriented properly in the H-frame. In addition, 

the design of the frame makes it difficult to hear the sound of the locator tone from both the ap

proach direction and the crossing direction. 

Figure 6-35. Example of H-frame pushbutton. 

It can be helpful for pedestrians who are blind to hear the locator tone as they complete their 

street crossings, as the "Walk" indication is seldom still sounding by that time. In this type of 

mounting, the pushbutton locator tone is not audible from the street because the speaker is aimed 

back toward the building line. 
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If two pushbutton-integrated APSs in H-frames are mounted on a single pole, they will pro

vide ambiguous "Walk" indications because the APS closest to each crosswalk will be indicating 

the perpendicular crosswalk, not the closest crosswalk. 

PUSH 
BUTTON I 

FOR 
WALK 

SIGNAL 

~ 

Figure 6-36. H-frame APS mounted to pole. 

The speaker for the locator tone in Figure 6-36 is oriented toward the building line, rather 

than toward the street (in the location shown in the photo, the "Walk" indication comes from an 

overhead speaker). One of the arrows points toward the pole and the other device, as well as to

ward the street, but it would be hard to use the arrow for direction when standing on the sidewalk 

side of the pole. 

Illustrations of Ideal, Acceptable, and Unacceptable Locations of Pushbutton-Integrated Devices 

and Speakers 

The drawings on the following pages illustrate proper and improper positioning of pushbut

ton-integrated devices and speakers (Figures 6-37 through 6-42). In the following captions, "ret

rofit" refers to the installation of APSs at existing intersections. A retrofit might involve some 

constraints on the installation process, such as the inability to have two separate poles on a single 

comer. It is assumed that the sidewalk beside the pushbutton is firm and level, as required by the 

Draft PROW AG. 
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Figure 6-37. Ideal placement for pushbutton-integrated APS. 
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Figure 6-38. Acceptable placement for pushbutton-integrated APS. 
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Acceptable 
placement, 
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- requires 
speech WALK 
message 

mm 
! Crosswalk A 
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-------------------------------------------------------] 
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supports pedhead 
(Pedhead not shown) 
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APS Speaker 
Pedhead 
Pushbutton-integrated APS 
Pole 

Figure 6-39. Acceptable placement for pushbutton-integrated APS, only when installing in 

a retrofit situation on an existing pole (if APSs cannot be separated, there will need to be a 

speech pushbutton information message and speech "Walk" message to prevent ambigu-

ity). 
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(Not to scale) 
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Figure 6-40. Acceptable placement for pushbutton-integrated APS, only when installing in 

a retrofit situation on an existing pole (if APSs cannot be separated, there will need to be a 

speech pushbutton information message and "Walk" message to prevent ambiguity). 

Page 6-46 

AR0071920 



Unacceptable 
placement 

(Not to scale) 
aps-09-int-09.dwg 

Lm Crosswalk B = 

.,,,,,,,,,,,,,,,,,,,"',, 
"""""".,00000 
" .. """ .... "0000 " .. """0" ...... 00 a.,aQa.,o.,.,,,.,., 

" /' 

__ ------I" \~-f ~ 
11\\ 

APS give confusing and 
dangerous information 

~ymbol Key_ 

\ \ / I Sound from pushbutton speaker 

~ Pedhead (not shown for clarity) 

El Pushbutton-integrated APS 

• Pole 

Figure 6-41. Unacceptable placement of APS speakers (the positioning provides ambiguous 

information). 
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Figure 6-42. Unacceptable placement for pushbuttons and tactile arrows of an APS (not 

reachable from level all-weather surface). 

Pedhead-.Mounted Speakers 

Soundfrom Pedhead-Mounted Speakers 

The sound from pedhead-mounted speakers is not very useful for providing guidance about 

the location of the opposite curb. Unless audible beaconing is required, speakers should be aimed 

down, toward the pedestrian waiting location (see Figure 6-43). 

Speakers may be aimed toward the center of the street at crosswalks where beaconing is 

needed. With pedhead-mounted speakers, sound will travel farther the more nearly horizontal the 

radiation pattern of the speaker is. 

• Where beaconing is not needed, speakers should be pointed down toward the location of pe

destrians waiting to cross the associated crosswalk, which will also minimize noise in 

neighborhoods. 
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• Where beaconing is needed, the speaker must be pointed toward the middle of the associated 

crosswalk (centerline of the road). A side effect of this design is that the APS will produce 

more noise in the neighborhood. 

Figure 6-43. This photo shows a view from below of a speaker attached to the pedhead 

support and aimed straight down. 

Speaker Location 

While the direction of the speaker does make a difference, overhead speakers attached to 

pedheads commonly provide ambiguous information. Figure 6-44 illustrates such a speaker and 

pedhead placement. In both cases, the mounting is problematic because the speakers are mounted 

on a pedhead that is not over the departure location of the crosswalk they signal. 
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N/S Crosswalk APS 
Speaker and 
Pedhead Signal 

Figure 6-44. The pedhead and APS speaker for the north-south crosswalk is located over 

the pushbutton for the east-west crosswalk. 

The speaker in Figure 6-44 is located on the side of the pedhead and sounds for the north

south crosswalk. It is situated directly over the waiting area to cross to the east and some distance 

from the north-south departure point. This configuration can be very confusing to pedestrians 

who are blind. 

Acceptable and Unacceptable Locations of Pedhead-Mounted Speakers 

The drawings on the following pages illustrate proper and improper positioning of pedhead

mounted devices and speakers (Figures 6-45 through 6-51). 
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Figure 6-45. Possible placement for APS speakers mounted on the pedestrian signal head at 

pretimed signals; no beaconing. 
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Figure 6-46. Recommended placement for pedhead-mounted speakers where beaconing is 

needed. 

Page 6-52 

AR0071926 



Possibly 
acceptable 
placement 

(Not to scale) 
aps-int-ll.dwg 

= Crosswalk B = 

Speakers should be 
oriented down toward 
pedestrian waiting area 
or out into crosswalk, 
depending on whether 
beaconing is needed 

APS are mounted with as 
_/ much separation as possible 

- Use of mast arms may 
provide additional separation 

\ \ / / ~ymbol Key_ 
"V APS Speaker 

_ Pedhead 

B Pushbutton (not shown) 

• Pole 

Figure 6-47. Possibly acceptable placement for pedhead-mounted APS on the outside of the 

pedheads. Provide as much separation as possible. 
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Figure 6-48. Possibly acceptable placement for pedhead-mounted APS using mast arms to 

provide additional separation. 
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Figure 6-49. Unacceptable placement for pedhead-mounted speakers, regardless of how 

speakers are aimed. 
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Figure 6-50. These APS speaker placements are unacceptable, regardless of how speakers 

are aimed. 
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Figure 6-51. These APS placements are unacceptable, regardless of how speakers are 

aimed. 

Summary of Recommended Features and Installation Practice 

APS Installation in New Construction 

Recommended Features 

• Rapid tick "Walk" indication, no more than 2 to 5 dBA above ambient sound. 

• Vibrotactile "Walk" indication. 

• Speaker and vibrotactile indication located at pushbutton. 

• Pushbutton locator tone. 

• Tactile an-ow on each device aligned in direction of travel on the crosswalk. 

• Braille or audible street name. 

Recommended Installation 

• Precise location of the APS is very important to prevent ambiguity about which crosswalk is 

being signaled. 
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• APS should be reachable from the level landing of the curb ramp for the crossing or from a 

level surface with an accessible path to the ranlp (Draft PROW AG). 

• APS should be within 5 ft of the extension of the crosswalk lines and within 10 ft of the curb 

(MUTeD). 

• Tactile arrow should be aligned with the direction of travel on the crosswalk. 

• Face of the device toward the intersection CAPS should be located on the intersection side of 

the pole). 

• APSs on the same comer should be a minimum of 3 m (10 ft) apart. 

• Pushbutton should be located within reach range of wheelchair users. 

APS Installation at Existing Locations (Not New Construction) 

New construction guidelines should be met to the maximum extent feasible. 

• Pushbutton-integrated APSs must be located close to the crosswalk (see section in this chap

ter on optimal APS location). 

• If it is not possible to mount two APSs a minimum of 10 ft apart on the same corner, an APS 

providing a speech message dming the walk interval, as well as a pushbutton message, is 

recommended. 

• If a pedhead-mounted APS speaker is used, it must be above the waiting location of the 

crosswalk being signaled (see section on pedhead-mounted speakers in this chapter). 

Configuration-Specific Recommendations 

Below are listed some specific situations in which there are installation recommendations in 

addition to the ones listed above for new construction and existing construction. The recommen

dations listed for each situation below are only the areas where they differ from the general rec

ommendations listed above. Unless othelwise specified, all other above recommendations apply 

to each situation. 

APS Installations Where Beaconing Is Needed 

APSs at intersections where beaconing is needed should have certain features, whether they 

are used in connection with pretimed or actuated signals. 

• Loud locator tone during the flashing "Don't Walk" of the subsequent pedestrian phase only, 

in response to an extended button press, from speakers at the pushbutton or pedestrian signal 
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head. If mounted high, speakers should be aimed diagonally down and out into the center of 

crosswalk indicated by that APS. If possible, beaconing sound should come from the far-side 

speaker only (this requires special equipment and wiring). 

• Sound should be increased only for the requested crosswalk. 

• Location of all speaker components of the APS within the width of the crosswalk is essential, 

as users will direct their travel toward the source of the sound (see Figures 6-46 through 6-51 

for examples). 

APS at Pretimed Intersections Where Beaconing Is Not Needed (Not New Construction) 

If a pushbutton-integrated APS cannot be located at the pedestrian waiting area, pedhead

mounted APSs (which do not provide vibrotactile indications) must be above the waiting loca

tion of the crosswalk being signaled and should be aimed down toward the waiting location. 

APS at Corners Where Two Pushbuttons Must Be Mounted on the Same Pole (Not New Con

struction) 

If two pushbuttons must be mounted on the same existing pole (see Figure 6-52), then 

• A speech "Walk" indication should be 2 to 5 dBA above ambient sound, 

• A pushbutton-generated infonnation message should provide intersection and crosswalk 

identification information, and 

• Speech messages should fonow the recommendations for wording, and the APS should be 

positioned within 10 ft of the curb (see Figures 6-39 through 6-41 and Figures 6-47 and 6-

48). 
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r: 

-
Pushbutton message: 'Walt to cross Howard at Grand, Waft. 

Figure 6-52. Example of pushbutton information messages and speech "Walk" messages 

for two APSs located on the same pole. 
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This chapter provides guidance for signal technicians who will work directly on the 

installation of the APS units. In many places, this chapter refers to illustrations in Chapter 6, so 

readers should have access to both chapters. Lessons learned from project research are included. 

Review of Design Guidance 

Current Guidance 

Section 4E.06 of the MUTCD recommends the following: 

The installation of accessible pedestrian signals at signalized intersections should be 

based on an engineering study, which should consider the following factors: 

• Potential demand for accessible pedestrian signals. 

• A request for accessible pedestrian signals. 

• Traffic volumes dming times when pedestrians might be present; including periods of 

low traffic volumes or high tum-on-red volumes. 

• The complexity of traffic signal phasing. 

• The complexity of intersection geometry. (1) 

The Draft PROW AG requires audible and vibrotactile indications of the walk interval when 

new pedestrian signals are installed (see Chapter 5). 

Principles 

When installing an APS, there are several guiding principles that should be kept in mind. The 

APS installation should 

• Provide pedestrian signal information to those who cannot see the pedestrian signal head 

across the street; 

• Provide information to pedestrians about the presence and location of pushbuttons, if 

pressing a button is required to actuate pedestrian timing; 

• Provide unambiguous information about the "Walk" indication, as well as which crossing is 

being signaled; 

• Use audible beaconing only where necessary; and 
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• Put as little additional sound into the enviromnent as possible to avoid disturbing neighbors 

and to allow pedestrians who are blind or visually impaired to hear the traffic sounds, as well 

as the APS. 

New Construction-Ideal Installation 

Providing audible and vibrotactile indications of the walk interval, as specified in the Draft 

PROW AG, means that devices should be integrated into a pushbutton unit in order to provide 

vibrotactile "Walk" indications. The vibrotactile feature is usually a tactile arrow incorporated 

into the pushbutton device. 

The ideal location for a pushbutton-integrated APS is between the edge of the crosswalk line 

(extended onto the sidewalk) farthest from the center of the intersection and the side of the curb 

ramp. If at all possible, the APS should be between 1.5 ft and 6 ft from the edge of the curb, 

shoulder, or pavement. To allow wheelchair access to the pushbutton, the pushbutton must also 

be located adjacent to a level all-weather surface. The control face and tactile arrow should be 

carefully aligned with the direction of travel on the associated crosswalk. 

At comers of signalized locations where two pedestrian pushbuttons are provided, the 

pushbuttons should be separated by a distance of at least 10 ft (see Figure 7-1). A rapid tick 

"Walk" indication is recommended for installations that follow these location guidelines. 

Page 7-3 

AR0071937 



Ideal 
placement 

(Not to scale) 
aps-int-03.dwg 

---------------------------------------------------------------------1 

Lm Crosswalk B = 

,,, .. ,,,"oo<)ODCOO 
: ...... "0000' .. '00 

10000000""""" 
1000000""0000 

iooo"o<>oooooo 

....... Pushbutton pole may 
be a stub pole, or may 
also support pedhead 

~ymbol Key_ 

\ \ 1/ Sound from pushbutton speaker 

.. Pedhead (not shown for clarity) 

8:] Pushbutton-integrated APS 

• Pole 

Figure 7-1. Ideal placement for pushbutton-integrated APS in the top corner of the flare of 

the curb ramp, next to the level landing. 

Retrofit Installation-Constraints and Acceptable Solutions 

Many APS installations will be a retrofit situation (i.e., they are being installed at an existing 

signalized intersection that is not being completely reconstructed). There will likely be 

infrastructure constraints that will make an ideal installation difficult. 

If there are no poles at the recommended location, the following options should be 

considered, in order of decreasing desirability from the standpoint of ambiguity: 

• Reposition the pedestrian signals and poles or add a stub pole(s) and associated conduit and 

wiring. 

• Install two APSs on a single pole with speech messages for the "Walk" indication, and 

provide the additional features that are required with speech messages. 

• Use pedhead-mounted speakers, possibly with mast arms or another provision, to locate the 

"Walk" indication speakers as near to the associated crosswalk as possible. 
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Installation 

Wiring 

Wiring needs and availability should be considered before ordering devices because some 

devices and features require additional wires between the pedestrian signal head, the pushbutton, 

and the controller. APSs typically require an additional control board in the pedestrian signal 

head or in the controller cabinet. 

The manufacturer's instructions should be reviewed, as wiring may be more complex than 

expected due to additional features such as the vibrotactile "Walk" indication (vibrating surface) 

and additional messages or tones. Other potential wiring issues are as follows: 

• Additional wire may be needed, beyond what is provided with the APS. 

• Wire types may range from phone-type wire to stranded wire. 

• APSs that require four wires may need to have extra wiring installed at the pushbutton poles. 

• Some manufacturers provide a two-wire APS model that uses the existing wiring from 

previously installed standard pushbuttons. For those installations, a control unit is installed in 

the controller cabinet. Wiring thjs device requires COlTect connection of wires from 

pedestrian signal heads, particularly where two parallel crosswalks do not operate 

concurrently to provide accurate messages. In addition, replacing standard pushbuttons witll 

APSs may not be as easy as it appears. New holes will have to be drilled so that the APS will 

be mounted in a correct position, if the previous pushbutton was not positioned correctly 

(e.g., the previous pushbutton was angled toward the center of the intersection instead of 

parallel to crosswalk). 

• APSs that provide audible beaconing from the far side only (opposite end of crosswalk from 

where the button was pressed) may require additional wiling to provide proper signals 

between the pedestrian signal and the beacon controller. 

APS Control Units 

As mentioned above, APSs often have control units that must be installed in the pedhead or 

in the traffic signal controller. An example of a control board being installed in the pedhead is 

shown in Figure 7 -2. As can be seen in the photo, the technician found a bungee cord to be 

helpful in holding the pedhead lens while he was installing and adjusting the APS control unit. 

(Additional photos and infonnation on control units can be found in Chapter 6.) 
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Figure 7-2. Technician installing APS control board in pedhead. 

Traffic Signal Controllers 

As stated earlier, APS devices work with current controllers used in the United States. While 

malfunction management unit (MMU) problems seem to have been solved by manufacturers, 

functioning of the intersection and devices should be carefully checked after installation. 

Push buttons, Tactile Arrows, Vibrating Surfaces, and Signs 

Height of Pushbuttons 

The pushbutton must be within accessible reach range of a level landing to allow it to be used 

by someone in a wheelchair (see Figures 7-3 and 7-4). The MUTeD specifies 42 in. for the 

mounting height, which is well within the reach ranges specified by the Draft PROW AG. 
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Figure 7-3. This pushbutton may be 42 in. from the bottom of the pole, but it is almost 60 

in. above the landing, making it inaccessible to a wheelchair user and not likely to be 

located by a person who is blind. 

Figure 7-4. Not only is the pushbutton in the bushes and out of reach range from the 

sidewalk, but construction barriers have been stored against the pole, preventing all 

pedestrians from reaching the pushbuttons. 
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The Draft PROWAG (2, R306.2.2) requires APS pushbuttons to be installed within specified 

reach ranges of the curb ramp landing or of a level surface with an accessible path to the curb 

ramp. A level surface is defined as a surface with less than 2% slope in any direction. This 

allows a person in a wheelchair to push the button without having to hold the wheelchair steady 

on a slope. 

Reach ranges in AD A guidelines are described as forward reach or side reach and 

unobstructed or obstructed. Forward or side reach refers to the position in relation to a level 

surface and whether the pushbutton can be approached directly (forward) or must be approached 

from the side. Obstructed or unobstructed desctibes whether the wheelchair can be pulled 

immediately next to the pushbutton mounting surface or whether the user has to reach over an 

obstruction, such as a wall, pole base, or an uneven or dirt surface, to access the pushbutton from 

a wheelchair. 

Reach depths (distance from level smface) are specified at 25 in. maximum for forward reach 

and 24 in. maximum for side reach. For unobstructed forward or side reach, the Draft PROW AG 

allows the pushbutton to be mounted between 15 in. and 48 in. above the level surface. 

Obstructed high reach varies depending on the depth of the obstacle, but ranges from 42 to 46 in. 

Locations that are "convenient" to the installer may not be usable by an pedestrians. 

Vibrating Surfaces 

Vibrotactile "Walk" indication should be provided during the associated walk interval by 

each APS equipped with a vibrating surface. The vibrating surface (arrow) will be usable only if 

it is installed within the width of the crosswalk, or very near the crosswalk, and near the curb 

line. Pedestrians must be able to wait to cross while keeping a hand on the vibrating surface. 

When two APS pushbuttons with vibrotactile indications are installed on the same pole, they 

may require insulation and a rubber gasket to prevent the user from feeling vibrations generated 

from the other pushbutton. 

Shape and Type of Mounting Pole 

Municipalities in the United States use a great variety of poles for mounting pedheads and 

pushbuttons. When the tactile arrow is part of the pushbutton and located on the face of the 

pushbutton-integrated device, the orientation of the device on the pole determines whether the 

tactile arrow is aligned with the crosswalk. A new mounting hole may need to be dtilled for the 
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pushbutton in order to be sure the arrow points in the correct direction. A person who is blind 

may attempt to determine their heading for crossing based on the arrow. The arrow should thus 

point toward the destination comer. 

Figure 7-5. Well-located APS on a square pole. 

Most pushbutton-integrated devices are designed to be installed on round poles. Poles that 

are not round may require a special mounting bracket or shim to orient the arrow correctly (see 

Figures 7-5 and 7-6). 
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Figure 7-6. A mounting bracket or shim is needed on this square pole to properly orient the 

arrow. Without it, the arrow points to the center of the intersection. 

Location and Orientation of Tactile Arrows 

Before devices are ordered, the pushbutton and tactile arrow (vibrating surface) location 

should be determined and specified. Any adjustment from the intended design must be carefully 

considered. If poles are located too far away from the center of the intersection, outside the 

extension of the crosswalk lines, a pedestrian who is blind may attempt to cross at a location that 

is not within the crosswalk area. (An example of a poorly placed pole is shown in Figure 6-14 in 

Chapter 6.) 

Pushbuttons should be within reach from a level landing, within 5 ft of the crosswalk lines 

extended and within 10 ft of the curb. Specifications on pushbutton location are provided in 

Chapter 6. 

The tactile arrow must be oriented parallel to the direction of travel on the crosswalk 

controlled by the pushbutton. It may be helpful to stand behind the unit and look across the street 

to check the orientation before and after installation. The arrow should point to a location within 

the crosswalk along the opposite curb. Arrows on several manufacturers' devices can be turned 

or repositioned by the installer. However, with other devices the direction of the arrow must be 

specified when ordering the unit. Pole location in relation to the crosswalk can affect the arrow 

direction. 

Where speech messages are used for the "Walk" indication or where there is a pushbutton 

information message, the installer should check that arrow direction and speech messages agree. 
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APSs have accidentally been installed with the message providing notification about the wrong 

street. 

Figure 7-7. A misaligned APS, with the arrow pointing into the bushes. 

The fluted pole in Figure 7-7 made correct alignment more difficult. The installer said he had 

to orient it that way because he did not have any shims. The specifications given to the 

manufacturer for this unit should have included shims to allow for the necessary angle 

adjustment. 

Wooden Poles 

In areas where pushbuttons are installed on wooden poles, the wiring usually runs in a 

conduit on the outside of the pole. A mounting bracket, which must be ordered with the APS, is 

needed on some devices for wiring the pushbutton. Other options are discussed in Chapter 6, in 

the section on mounting and wiring issues. 

Braille Labels and Signs 

The direction of the face plate and associated arrow is determined when the raised dots of 

braille characters are added. Braille characters are generally punched into the metal plate. Printed 

street names may not be provided on the APS, since printed street signs may already be available 

at the intersection. Typically, the faceplate can be flipped to show a right arrow or a left arrow, 

and the manufacturer includes a printed label on the faceplate that translates the braille characters 
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for installers, so that they can install the sign at the appropriate location. The printed label should 

be installed on the inside of the faceplate (facing the pole), not on the outside (see Figure 7-8). If 

the braille sign has been installed correctly, the braille dots will be raised to the touch. An 

example of an incorrect installation is shown in Figure 7-8. 

Figure 7-8. The faceplate at this location was mounted backwards, with the braille 

characters indented rather than raised and the small paper label, intended for translating 

the braille for the installers, is on the outside rather than the inside. 

APS Microphones and Speakers 

Microphone Location 

Some APSs require microphones be installed to monitor ambient sound as part of the 

automatic sound adjustment feature. The microphones measure the sound levels to adjust the 

volume at the waiting location, and they are usually mounted in the pedhead or are part of the 

pushbutton unit. If the microphone is mounted too far from the intersection, it will not 

adequately sample and adjust the volume levels, which will result in a "Walk" indication that is 

too quiet for a pedestrian to hear above the sound of traffic. 
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APS Speakers 

The speakers for an APS may be mounted on the pedhead or located in the pushbutton unit. 

111ere are different issues to be considered, depending on the speaker location. If possible, APS 

devices should have speakers oriented toward the street, as well as the sidewalk and pedestrian 

waiting location. In locations with audible beaconing, a speaker oriented toward the middle of 

the crosswalk is needed. The addition of a pedhead-mounted speaker may need to be considered 

in that situation; some manufacturers sell optional add-on speakers. One manufacturer provides 

baffles to better control the direction of sound. 

An H-frame is used for mounting pushbuttons in some northwestem states. The design of the 

frame makes it difficult to hear the sound of the locator tone from both the approach direction 

and the crossing direction. 

Soundfrom Pedhead-Mounted Speakers 

Unless audible beaconing is needed, speakers should be aimed down toward the pedestrian 

waiting location. Speakers may be aimed toward the center of the street at crosswalks where 

audible beaconing is needed. For pedhead-mounted speakers, sound will travel farther the more 

nearly horizontal the radiation pattem of the speaker. 

Installation of Speakers and Microphones 

Confirming Speaker Location and Orientation 

Speaker location and orientation should be checked against the specifications. Installers 

should make no change in speaker location or orientation without checking with the responsible 

signal engineer. Poorly located speakers can result in 

• Ambiguous information about which crosswalk has the walk interval; 

• Failure of blind pedestrians to begin or end crossings within the crosswalk; and 

• Veering of blind pedestrians outside the crosswalk, possibly into conflicting traffic. 

For more infOlmation on the effects of speaker location and orientation, see Chapter 6. 

Speaker Location 

Incorrect speaker location can make a difference in the ability of pedestrians who are visually 

impaired or blind to discem which APS is sounding. 
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• Each APS speaker at a comer must always be closest to the crosswalk it signals. 

• For pedhead-mounted APSs, speakers should not be automatically located on the pedhead 

that signals the same crosswalk. The pedhead closest to one crosswalk may signal the 

perpendicular crosswalk. In this case, speakers must be mounted on the pedhead for the 

perpendicular crosswalk. 

Speaker Orientation 

The speakers should be adjusted so the pushbutton locator tone can be heard by a pedestrian 

approaching the comer from both the sidewalk side and the street. However, it is most critical 

that the "Walk" indication be heard at the beginning of the crosswalk. 

Precise orientation of the APS speaker is especially critical at locations with audible 

beaconing. If a speaker or transmitter is oriented even a few degrees out of alignment with the 

associated crosswalk, pedestrians may inadvertently travel out of the crosswalk, perhaps into the 

path of vehicular traffic. 

Pedhead-mounted speakers in existing installations are often mounted in positions that make 

the messages more anlbiguous. See more information on correct mounting of pedhead speakers 

in Chapter 6 in "APS Microphones and Speakers." 

For pushbutton integrated devices, the speaker is in the pushbutton housing. Location of the 

pushbutton and orientation of the speaker can be critical to hearing the "Walk" indication at the 

crosswalk. If the speaker is located too far from the crosswalk location, pedestrians who are 

blind may not hear the "Walk" indication. 

Adjustments 

Introduction 

Devices should be carefully adjusted in the field and evaluated after installation to be sure 

they are working properly from an engineering perspective and from the perspective of 

pedestrians who are visually impaired. 

• If the APS has been added in response to a request from a pedestrian who is blind or visually 

impaired, that individual should also be involved in the post-installation evaluation. 

• Because installers may be unfamiliar with new types of APS devices, extra attention and 

supervision will be required during the first few installations by any crew or contractor. 
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• Even when carefully specified, installations sometimes do not match the specifications 

because installers do not understand that failure to exactly follow specifications may lead to 

an installation that cannot be accessed by pedestrians who use wheelchairs or that could 

cause a pedestrian who is blind to push the wrong pushbutton, veer from the crosswalk, or 

mistake which crosswalk has the walk interval and start crossing at an unsafe time. 

The sound level of the speakers must be carefully set and evaluated at the time of installation 

and then checked when traffic volumes are different to ensure that the settings are correct. It is 

better to install an APS with volumes that may be too low and adjust upwards as needed. If 

volumes are set too high initially, problems can arise with neighboring residents and businesses 

that could lead to the removal of the APS and difficulties for future installations. 

Setting and Evaluating Sound Levels 

How to Adjust APS Sound Levels 

The controls for adjusting the settings of the APS vary among the different manufacturers. 

The settings may be adjusted by 

• Screws on a control board, which may be mounted in the pedhead or in the APS speaker unit, 

or 

• A remote handheld device, using infrared communication, which must be used in close range 

to the APS (Figure 7-9). 

Figure 7-9. Resetting APS settings with handheld device supplied by manufacturer. 
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Settings 

Most devices require the following controls be set: 

• Microphone sensitivity or automatic gain control (AGe) sensitivity. 

• Volume of the pushbutton locator tone. 

• Volume of the "Walk" indication. 

The microphone sensitivity or AGe controls how the other tones/message volumes respond 

to ambient noise levels. The setting must be adjusted by the installer to provide output at one of a 

number of ranges between the maximum and minimum. TIle number and width of ranges varies 

by manufacturer. 

How Loud Should the Sound Be? 

In general, installers have a tendency to set volume levels too loud. Loud overhead audible 

signals have caused problems for neighbors of APS installations. In addition, the loud sound of 

the signal may prevent pedestrians who are visually impaired from 

• Heating critical traffic sounds used for alignment, 

• Detennining that cars have stopped, 

• Heating cars that may be turning across their path, and 

• Localizing on the signal source. 

Installers should set volume levels according to the following guidance: 

• The "Walk" indicator must be audible from the beginning of the associated crosswalk (1, 

4E.06 Standard). 

• The MUTeD states that the locator tone and the "Walk" tone of an APS should be at the 

same volume (except by special actuation, providing a louder tone for a single pedestrian 

phase) and specifies that the locator tone should be audible 6 to 12 ft from the pushbutton or 

to the building line, whichever is less (1, (4E.06 and 4E.09 Guidance). 

• Manufacturers typically set a default maximum and minimum output level on APS devices. 

TIle settings should be checked to ensure that the device is set for 30 dB minimum and 89 dB 

maximum. 
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• At no time should the sound be more than 5 dB above ambient sound (except by special 

actuation for audible beaconing). The sound level should be between 2 and 5 dBA above 

ambient sound (1, 4E.06 and 4E.09 Guidance; and 2, 2.5.2.2 G). 

Volume Level Considerations 

The COlTect setting will vary depending on whether there are buildings close to the APS and 

whether there is split phasing or slip lanes. 

• When buildings are close to the APS, the sound reflected from the buildings will make the 

sound seem louder. The reflected sound may also influence the microphone and AGe such 

that the APS will sound louder than if the APS, at the same setting, was in an open area. 

• At intersections having split phasing, APSs at parallel crosswalks must not be audible across 

the street (at the other parallel crosswalk), else users may begin crossing with the wrong 

"Walk" signal. Check this at times of low ambient sound, as well as at times with nonnal 

sound. In Figure 7-10, the APS giving the "Walk" indication on comer B should not be heard 

by someone standing on comer A. 

• APSs at intersections having channelized tum lanes must not be audible from the comers of 

the intersection. If an APS on the splitter island is too loud, pedestrians who are blind may 

believe the tum lane is signalized or that the intersection crosswalk extends all the way to the 

comer. If the volume is too loud, pedestrians might assume that they have a "Walk" 

indication to begin crossing, when, in fact, they may be entering an uncontrolled slip lane, 

yield or stop sign controlled slip lane, or a separately signalized tum lane. In Figure 7-11, a 

pedestrian standing on the comer at location A should not be able to easily hear an APS 

located on the splitter island. 
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Figure 7-10. Illustration of pedestrian signals at an intersection with split phasing. 
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Figure 7-11. Channelized turn lane illustration. 
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Automatic Volume Adjustment 

Preset automatic volume adjustment or automatic gain controls cannot ensure that the volume 

meets the criterion for distance at which the APS should be audible. Similar automatic volume 

adjustment settings on APS devices by different manufacturers may seem to provide quite 

different levels of loudness, as judged by listeners. 

• Automatic volume adjustment technology used by different manufacturers varies in the rate 

of sampling of ambient sound and in the speed with which output adjusts to changes in 

anlbient sound. 

• Some APS devices and some installations will be more subject to responding to their own 

noise than others. For example, as the "Walk" signal continues throughout the walk interval, 

the signal may get louder and louder in response to its own noise. 

• Different tones or speech will seem louder or quieter depending on their frequency content, 

although they may measure the same on the dBA scale. 

Measuring the Sound Level 

Due to the short duration of the pushbutton locator tone and "Walk" tone pulses, 

conventional analog or digital sound level meters are not able, in the crosswalk environment, to 

accurately measure the absolute sound level (dBA) of APS tones or the sound level of APS tones 

relative to ambient sound. 

At present, setting and evaluating APS sound level is typically done by ear. There can be 

enors in making the sound too quiet or too loud. It is critical that the "Walk" indication be loud 

enough to be audible at the crosswalk waiting location. Both the locator tone and "Walk" 

indication should be audible within 10 to 12 ft of the device, but not beyond that distance. It has 

been the authors' experience that many APS installations have been set louder than was optimal 

either for blind pedestrians or nearby neighbors. 

Measuring Sound Where Audible Beaconing Is Needed 

At crosswalks where audible beaconing is needed, the sound level should be evaluated from 

the middle of the street, when the loud "Walk" indication has been called, to be sure beaconing 

will be provided throughout the crossing. However, cunent MUTeD language limits the 

maximum output of an APS to 89 dB, and most manufacturers preset this maximum. Therefore, 

at exceptionally wide crossings, and when and where there is high ambient sound, there may be a 
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point in the middle of the crosswalk where the beaconing is not readily heard. Changes to the 

MUTCD limits have been recommended by NCUTCD and may be incorporated into the 2009 

edition. 

Microphone Location and Effect on Perceived Loudness 

APS devices that respond to ambient sound have microphones to pick up ambient sound. 

• Microphones for pedhead-type devices are typically in or on the pedhead, incorporated into 

the APS. 

• Pushbutton-integrated devices may have microphones at the pedhead, or the microphones 

may be incorporated into the pushbutton housing. 

An APS microphone should be mounted as close as possible to the position of the pedestIian 

who is waiting to cross the associated crosswalk, because sound pressure is halved for each 

doubling of the distance from the sound source in a free field. 

The farther from that ideal position the microphone is for a given APS device, the greater 

will be the following problems. 

• The ambient traffic sound when a microphone is located on a signal pole 10 ft from the curb 

line will be quieter at the microphone than at the street; therefore, the resulting output will be 

quieter than it would be if the anlbient sound were measured near the street. 

• The "Walk" indication, if it comes from the same pole location, may already be too quiet 

because the ambient sound level has been measured too far from waiting pedestrians, and it 

will be quieter still when its sound reaches the ears of pedestIians waiting at the crosswalk 

because the sound has traveled farther to reach them. 

• If the microphone is closer to the intersecting street than to the street the pedestIian is waiting 

to cross, or if the microphone is oIiented toward the intersecting street, it will respond to the 

traffic sound on that street instead of the street the pedestrian is waiting to cross. This may 

result in "Walk" signals that are too loud or too quiet, as perceived by pedestIians waiting to 

cross. 

Ideal Microphone Location 

The best location for the microphone is as close as possible to the position of pedestIians who 

are waiting to cross the associated street. This results in pedestIians being clearly able to hear 
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APS signals with no need to set the automatic volume adjustment so high that sound levels will 

be too high or that APS neighbors will be annoyed. 

Post-Installation Checklist 

Checklist 

Once installation is complete, the installer should pertorm the following steps (detailed in 

sections below) (a checklist is shown in Figure 7 -12). 

• Evaluate and adjust the locator tone volume. 

• Evaluate and adjust the "Walk" indication volume. 

• Evaluate and set the sensitivity level of the automatic volume adjustment. 

• Confinn proper functioning of the "Walk" indicators. 

• Check height and location of pushbutton. 

• Check the tactile alTOw. 

• Check optional features. 

• Check audible beaconing. 

• Recheck the functioning at a later time. 

Locator Tone Volume 

Evaluate and adjust locator tone volume. 

• Approach the intersection from both directions along the sidewalk and note when the 

pushbutton locator tone is audible. If there are two pushbutton locator tones at the comer, 

each should be audible. The pushbutton locator tone should be audible 6 to 12 ft from the 

pushbutton or at the building line, whichever is closer to the pushbutton. 

• Approach the comer from the crosswalk and note when the pushbutton locator tone is 

audible. The pushbutton locator tone should be audible at 6 to 12 ft (or approximately one 

lane) from the pushbutton. 

• Listen through several cycles at times when traffic is noisy and at times when traffic is quiet. 

• Adjust the locator tone volume as necessary. 

"Walk" Indication Volume 

Evaluate and adjust the volume of the "Walk" indication. 
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• Stand at the curb or end of the curb ramp at the crosswalk and listen for the "Walk" 

indication. It should be audible from the crossing location. 

• Confiml that the "Walk" indication for each crosswalk sounds closer than the "Walk" 

indication for the perpendicular crosswalk. 

• Listen through several cycles at times when traffic is noisy and at times when traffic is quiet. 

• Adjust the "Walk" indication volume as necessary. 

Automatic Volume Adjustment 

Evaluate and set the sensitivity level of the automatic volume adjustment. 

• If volumes are adequate in quiet conditions, but do not increase enough or quickly enough 

when ambient noise increases, the microphone sensitivity, or automatic gain control, may 

need to be increased. 

• Increase the microphone sensitivity in 10% to 20% steps until the response is as desired. 

• It might be necessary to readjust the volume of the locator tone and "Walk" indications after 

the microphone is adjusted. 

Confirm Proper Functioning of the "Walk" Indication 

Detemline if the vibrating surface, speech messages, or other features of the "Walk" 

indication work properly. 

• Press the button and wait for the "Walk" indication. The tactile arrow or vibrating surface 

should vibrate rapidly only during the walk interval. 

• The "Walk" indication (tone or speech message) should sound for the duration of the walk 

interval, unless there is a special setting due to a rest in "Walk" situation. 

• If the "Walk" indication is a speech message, confiml that it refers to the correct street and is 

appropriately worded and understandable. 

Check Height and Location of the Pushbutton 

Confiml that pushbutton height and location confoml to specifications and can be reached by 

a person in a wheelchair, from a level landing. 

Check Tactile Arrow 

Examine the tactile arrow. 
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• Check that it is aligned in the direction of travel on the crosswalk. 

• Confinn that it points to the street that is controlled by that pushbutton. 

Check Optional Features 

Confinn that optional features, if ordered, are present and functioning correctly. 

• Confinn that braille dots are raised to the touch. If possible, have a person who reads braille 

confiml that it is the correct label. 

• Press the pushbutton for an extended button press to see if the pushbutton infonnation 

message plays and that it accurately identifies the crossing controlled by the pushbutton and 

that other information, if provided, is accurate. 

• Confinn that a tactile map accurately represents the crossing features. 

Check Audible Beaconing 

If the intersection requires audible beaconing, 

• Press the pushbutton for an extended button press and confinn that the sound is boosted 

during the following pedestrian phase for the "Walk" tone and for the locator tone, and 

• Walk across the street during the pedestrian phase and evaluate placement and aim of devices 

for providing sound in the crosswalk area. 

Recheck Device Functioning at a Later Time 

Follow up during the first few weeks after installation, checking device and volume at 

different times of day to ensure proper functioning. 

Designate a person and phone number to call and report any malfunctioning device. Share 

that infonnation with agencies serving individuals who are blind and with community 

organizations of individuals who are blind. 
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APS Post-Installation Checklist 

Evaluate and adjust the locator tone volume 

Evaluate and adjLlst the WALK indication volume 

Evaluate and set the sensitivity level of the automatic volume adjustment 

Confirm proper functioning of the WALK indicators 

Check height and location of pushbutton 

Check the tactile arrow 

Check optional features 

Check audible beaconing 

Recheck the functioning at a later time 

Figure 7-12. APS post-installation checklist. 

APS 1 APS 2 APS 3 APS 4 APS 5 APS 6 APS 7 APS 8 

Page 7-24 

AR0071958 



Maintenance 

When and How Often the APS Installation Should Be Checked 

As with any complex device, an APS has many features that could malfunction or fail in the 

course of its operation. If features such as "Walk" indication, locator tone, or signal interaction 

fail to work correctly, the resulting lack of information or misinfonnation can be dangerous for 

pedestlians who are blind. It is important that municipalities who have taken steps to install these 

devices also take steps to ensure correct functioning through the years. 

TIle overseeing agency should conduct an audit or checkup of the APS installations on a 

regular basis. Checkups should be conducted frequently if factors such as harsh weather may 

have affected the devices. At the very least, the APS should be checked 

• Every 6 months; 

• After any repairs to the intersection signals, poles, or controller; and 

• After any changes to signal timing. 

What Should Be Checked 

On each regular visit to conduct a checkup of the APS units, the evaluator should recheck 

each of the items on the original post-installation checklist (see previous section). The following 

list comprises some of the most common failures that have been observed on installed APS 

devices: 

• Vibrating arrowlbutton-may stop working or have very weak vibration. 

• "Walk" indication-tone or speech message may have stopped working or be delayed in 

sounding after the walk interval begins. 

• Raised arrow-may be missing or pointing in the wrong direction. 

• Pushbutton-may be jammed or malfunctioning. 

• Ambient noise response-may be slow to respond or have ceased responding at all. 

These items should be specifically checked since some may not be obvious at a cursory 

glance. 
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Other Operation and Maintenance Issues 

Repairing an APS After a Crash 

It is essential that all maintenance personnel understand the functioning of the APS and 

consider it when making any repairs to the APS location. 

One municipality had a problem when the pole holding the APS was knocked down in an 

accident and the repair team that replaced the pole oriented the APS toward the wrong street (see 

Figure 7-13). Because the speech message and arrow did not match up; pedestrians heard "Walk 

sign is on to cross Harford Road" (at the correct time), but the arrow on the device pointed 

toward Taylor Avenue. 

In another instance, an APS was damaged by a car that left the roadway. The APS was just 

strapped back onto the pole with no attention to the alignment of the tactile arrow. The APS 

continued to function, but was pointing to the center of the intersection, rather than being aligned 

with the appropriate crosswalk. 

Figure 7-13. The APS was temporarily replaced on the pole, but the tactile arrow points to 

the center of the intersection, rather than being aligned with the direction of travel on the 

crosswalk. 

Lessons Learned from APS Installations 

New Technology 

Not unlike any new technology, the first installations of new types of APS devices did not 

always operate flawlessly. There were sometimes issues that had to be resolved. In addition, 
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reports from older installations sometimes brought up recurring problems that had to be 

addressed in the installation. All of the issues were easily solvable. 

The following list of issues should provide information that will prevent such problems from 

reoccurring: 

• Wiring to pedhead andlcontroller, 

• Pushbutton installation, 

• Signal phasing, 

• Volume adjustment, 

• Use and wording of speech messages, 

• Pushbutton and pole location, 

• Tactile arrow location and position, 

• Speaker positioning and volume, and 

• Braille signage and correct installation. 

Wiring 

Some minor problems have been experienced with wiling and color code. 

• Prisma, a Swedish company, uses a European wire color standard. Since this standard is not 

consistent with the U.S. NEMA color code standard, some wiring problems were created. 

Installers of these products should take care to be certain the devices are wired correctly. 

• PIisma APSs have also drawn concern from signal technicians over the voltage (120 V AC) 

sent to the pushbutton location. Technicians are concerned about pedestlian safety if the 

pushbutton is damaged or removed by a passing vehicle and a pedestlian comes in contact 

with the live wires or the electrically charged metal pole. Step-down transformers for 

mounting in the pedhead are provided upon request for U.S. installation. 

Other problems may be related to incorrect wiring of the pushbutton units. 

• In one location, the technician attached the vibration wire to the speech "Walk" indication. 

Instead of the speech "Walk" indication and the vibration of the arrow that were expected, 

there was a rapid buzzing sound from the unit duIing the walk interval and no vibration of 

the arrow. This was easily corrected by switching the wires, once the problem was noticed 

and diagnosed. 
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• At another location, wires from the parallel crosswalks were switched when attached to the 

control unit in the controller. Those units were programmed for the extended button press to 

call audible beaconing on the crosswalk, but the sound came from the APS on the parallel 

crosswalk, rather than from the other end of the called crosswalk. This problem could lead 

blind pedestrians to cross the intersection diagonally. 

Pushbutton Installation and Vibrotactile Indication 

When two APS pushbuttons with vibrotactile indications are installed on the same pole, they 

may require insulation and a rubber gasket to eliminate vibrations generated from the other 

pushbutton. 

A problem was experienced when two pushbuttons were on the same pole with no vibratory 

insulation (Figure 7-14). Pedestrians were unable to determine which pushbutton was vibrating, 

since it appeared that both were. Proper insulation of the pushbutton will prevent this problem 

from occurring. 

Figure 7-14. Incorrect installation of two APSs on a single pole (no vibratory insulation). 

Phasing 

An installation had a problem when the signals went into flash mode and the APS device 

remained in "Walk" mode. This scenario presented an unsafe condition and message for 

pedestrians. This problem was resolved by correctly wiring the APS device into the 
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controller/signal system so the controller logic and conflict monitor detected and changed the 

pedheads to the appropriate indications 

Volume Adjustment 

Although current standards call for the APS volume to only be 2 to 5 dB above ambient 

sound and for the locator tone to be heard at a distance of 6 to 12 ft from the pushbutton, the 

volume is often set much louder than that. 

• Installers used to devices using audible beaconing think that APSs are supposed to be loud 

enough to hear across the street. 

• There is no easy way to measure the volume of the locator tone and the "Walk" indication 

because of the short duration of the tones or messages, the requirement to measure relative to 

anlbient sound, and the signal's quick response to ambient sound. 

• For pushbutton-integrated devices, the speaker is in the pushbutton housing. Location of the 

pushbutton and orientation of the speaker can be critical to hearing the "Walk" indication at 

the crosswalk. 

One installation experienced a different problem in adjusting the volume of an APS unit. 

They had used the pushbutton control units that install in the cabinet (as opposed to those that 

install in the pedhead). The wiring was too small of a gauge to dlive the speaker to provide a 

loud enough message (compounded by the pole and speaker being more than 10 ft back from the 

crosswalk). 

The manufacturer's guidelines and specifications should be followed for proper operation. 

Speakers can be provided for each control unit. 

Speech l\r1essages 

The speech messages used for the "Walk" indication, as well as the descriptive pushbutton 

message, must be understandable. 

• In one case, poorly recorded "Walk" messages, by an individual with a strong accent, made 

the street names indistinguishable ("Pratt" and "Calvert"). 

• Use of a standard message, "Walk sign is on," at locations with two pushbuttons on the same 

pole can be confusing, as a pedestrian waiting to cross and who is unable to see the "Walk" 

signal cannot tell which "Walk" message is being conveyed. 
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• A speech message that does not have additional infonnation clarifying which street the 

pushbutton applies to can be confusing to pedestrians unfamiliar with the intersection. For 

example, at the intersection of Harford and Taylor Streets, the pushbutton infonnation 

message for all devices said "Harford" and "Taylor" If the pedestrians do not know which 

street they are facing, the message "Walk sign is on for Taylor" is ambiguous. 

• One jurisdiction wanted to use a male voice for one crossing direction and a female voice for 

the other direction to distinguish crossing directions and add to the safety of the crossing. 

Most APS devices provide only a male voice; however, all APS devices use messages 

recorded on speech chips, and a different voice can be specified. Most devices now provide 

capabilities for self-recording messages. However, care should be taken to provide clear and 

understandable messages. 

• Speech "Walk" indications should be in the fonn, "Maple, Walk sign is on to cross Maple .. 

Some problems have resulted from using different message wording. 

Pushbutton and Pole Location 

Some problems have been observed with pushbutton and pole location for APS devices: 

• Poles that are more than 10 ft from the curb line create real problems for blind pedestrians 

who must find the pushbutton and then realign to cross the street. 

• Pushbuttons are often placed where they are not reachable from the sidewalk area, are in the 

bushes, or are behind a fence. 

Tactile Arrow and Position 

The tactile arrow is supposed to point in the direction of pedestrian travel on the crosswalk, 

and the face of the device is supposed to be parallel to the crosswalk it controls. 

Installation issues include the following: 

• If the pole is in a poor location, the arrow may be pointing at the street and crosswalk 

direction, but may not be within the crosswalk area. 

• If installers do not understand the purpose of the an·ow, they may install it angled in the 

wrong direction. For example, if they use the holes from a previous pushbutton, the arrow 

may be pointing diagonally across the intersection rather than in line with the crosswalk. 
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Speaker Positioning 

Pedhead-mounted speakers in existing installations are often mounted in positions that make 

the messages more ambiguous. (See examples in Chapter 6 and also earlier in this chapter.) 

For pushbutton-integrated devices, the speaker is in the pushbutton housing. Location of the 

pushbutton and orientation of the speaker can be critical to hearing the "Walk" indication at the 

crosswalk. If the speaker is located too far from the crosswalk location, pedestrians who are 

blind may not hear the "Walk" indication. 

Figure 7-15. APS pushbuttons installed incorrectly. 

As shown in Figure 7 -15, the pushbuttons are installed incorrectly; as a result, the APS is too 

far from the crosswalk it signals, and the sound for the other crosswalk at the intersection comes 

from a speaker closer to the crosswalk. 
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Figure 7-16. APS pushbuttons installed correctly. 

In Figure 7-16, the APSs are installed correctly (close to the crosswalk they signal) and 

provide accurate information through proximity to the crosswalk. 

Braille Signing and Location 

Braille indications on pedestrian signals have sometimes been mounted backwards; in other 

cases, the braille sign has been installed at the wrong street. 

• Manufacturers ship braille signs with a label to clarify positioning for nonbraille-readers. 

However, technicians might later make adjustments to the sign and reverse or mix up the 

braille plaques. 

• When a braille message is added, the sign cannot later be turned around without reversing the 

braille, which would make the braille dots depressed, rather than raised. The braille 

characters must remain raised to the touch. If the original specification was not correct, the 

arrow cannot be turned without making the braille characters unreadable. 
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This chapter provides instruction on methods and materials for providing the public with 

appropriate educational information about APSs. 

Need for Education 

Many people in the United States have had no experience with the newer types of APSs. It is 

important that pedestrians, both blind and sighted, have some understanding of the functioning of 

an APS, as well as the various features of the APS installed at a location. In particular, it is 

important that pedestrians know and understand the difference between the pushbutton locator 

tone and the "Walk" indication. 

Individuals who live close to newly installed APSs may not be aware of how useful an APS 

is for pedestrians who are visually impaired. Advance publicity about the APS to be installed 

will help people understand the need for the device and may result in a higher level of 

neighborhood acceptance. Many individuals are not familiar with pushbutton locator tones and 

may benefit from an explanation of how they are used by pedestrians who are blind or who have 

low vision. 

Education Needs Documented by Research Project 

Research completed as part of this project indicates that education is needed to give blind 

pedestrians a better understanding of pushbutton locator tones, response to ambient sound, and 

"Walk" indications. 

Some participants thought that the increase in volume of the locator tone, in response to 

anlbient sound, was a new kind of "Walk" indication. 

In addition, most participants were not familiar with the need to use pushbuttons. Most of the 

pedestrians who were blind stated that they did not use pushbuttons, unless they knew the 

pushbuttons were present and knew where they were located. They were unclear on the purpose 

or function of the pedestrian pushbuttons. Pushbutton locator tones should provide more 

information. All pedestrians seem to need more education about the use and function of 

pushbuttons. 

It is important that pedestrians who are blind understand the placement of an APS. The 

MUTeD 2000 (3, 4E.08) provided more specific location guidance for APS pushbuttons. It was 

noted in this research project that many of the blind pedestrians were unfanliliar with arrows and 

were unable to immediately detennine which direction the tactile arrow was pointing. An 
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explanation that includes actual hands-on expeIience with the APS and pushbuttons can be 

helpful. 

Providing Information to the Public 

Infommtion about APSs is commonly distIibuted through radio and TV publicity, which 

reaches many people, including those who are blind or who have low vision. Newspaper articles, 

in contrast, may not reach individuals who are blind or visually impaired, particularly those in 

the growing elderly blind population. 

Radio reading services, which provide free spots and informational programs aimed at 

individuals who are blind or who have low vision, function in many cities. Radio reading 

services broadcast the reading of newspapers and books and magazines to the blind, physically 

impaired, and those who have difficulty reading small pIint. Because of copyIight law, reading 

service radio broadcasts are restricted to a closed channel that is not available to the general 

public. Listeners can usually hear the service only by ordeling a special "subchannel" radio, 

through special cable service, or through a subscIiption webstream service. 

The radio reading service serving a specific area can usually be found through an internet or 

phone book search. 

Rehabilitation centers that provide services to individuals who are blind or who have low 

vision are located in many cities. These centers may have telephone- or email-based bulletin 

boards providing news of interest to individuals who are blind. Usually the posting information 

or notices is free. Centers may also provide meeting space or facilitate regular support group 

meetings. 

There are two main consumer groups of individuals who are blind and who have low 

vision-AmeIican Council of the Blind and National Federation of the Blind. Each organization 

has affiliate groups and local chapters that usually meet monthly. Speaking at a group meeting is 

an excellent way to reach a number of individuals who are blind or who have low vision. 

Infonnation about local chapters and contact infornlation for each chapter is available from the 

national office and is usually listed on the national organization web pages (www.acb.org and 

www.ntb.org). 

OffeIing to provide information and speakers at vaIious community organizations, ranging 

from Parent Teacher Association meetings to business association meetings, can be another 
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avenue for educating individuals in the community where APSs are being installed. Individuals 

who are blind or who have low vision are often members of these groups as well. 

One-Page Flyer about APS Installation 

Public agencies may find it useful to disttibute flyers to inform the public about APSs. The 

following sections list important information to include on the flyer, as well as some suggested 

text for each topic. Notes in italics are for the flyer designer and should not be included on the 

flyer. 

[SAMPLE FLYER} 

New accessible pedestrian signals are being installed at [list intersections] 

[Insert a photo of an APS of the type being installed.} 

The accessible pedestrian signals provide audible and vibrotactile "Walk" indications that 

help people who have trouble seeing the pedestrian signal. The sounds come from the pushbutton 

and automatically adjust to ambient sound so they will be louder when the traffic is loud and 

quieter when traffic is quiet. 

Audible and vibrotactile "Walk" indications tell a visually impaired pedestrian that the 

"Walk" signal is on, but it is still important that they check traffic before crossing to be sure that 

cars are not running the red light or turning across the crosswalk. 

Each accessible pedestrian signal has the following features: 

• Pushbutton locator tone-a tone that constantly sounds once per second from each 

pushbutton to help people who are blind or who have low vision find the pushbutton. 

• Audible and vibrotactile "Walk" indications-a sound and vibration during the "Walk" 

signal. 

[Insert applicable "Walk" indication description} 

• Rapid tick "Walk" indication-a rapidly repeating tick from the pushbutton location to 

indicate that the "Walk" signal is on. 

• Speech "Walk" message-provides the name of the street to be crossed, then "walk sign 

is on to cross" and the street name again. For example, "Haywood, Walk sign is on to 

cross Haywood." 
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• A tactile arrow either on the pushbutton or above the pushbutton points in the direction of 

travel on the crosswalk. The arrow vibrates during the "Walk" signal. 

• Actuation indicator-a tone, a click, or a spoken "wait" that is generated when the 

pushbutton is pushed to confinn the button has been pushed. 

• Braille street name-the name of the street with the crosswalk that the pushbutton controls is 

listed in braille on the plate above the pushbutton. 

[Ifoptionalfeatures are installed, add the applicable text below} 

• Optional features when you hold the pushbutton in for more than 1 second: 

• Pushbutton infonnation message-names the street that the pushbutton controls and the 

other streets at the intersection. Example: "Wait to cross Vennont at Haywood." 

• Audible beaconing-The volume of the locator tone is boosted during the flashing 

"Don't Walk" interval to allow a person who is blind to home in on the opposite comer 

of the street. 

[Provide contact information for questions or concerns.} 

Techniques to be Used by Pedestrians Who Are Blind at Intersections Equipped 

with APSs 

The fonowing section, intended for O&M specialists, is adapted from Crossroads: Modern 

Interactive Intersections and Accessible Pedestrian Signals (22). 

It is particularly impOltant to recognize that the APS information is supplemental to traffic 

and environmental cues and only provides information about the status of the signal. The APS 

"Walk" indication indicates that the "Walk" signal is on, not that it is safe to cross. Cars can still 

be turning across the crosswalk or might be running a red light. The APS "Walk" sound can be 

compared to the "on your mark" instruction at the beginning of a race; though it means that the 

signal has changed, it is still important to "get set" (assess the traffic) and then "go" (begin to 

cross). 

Suggested Techniques in Using APS 

The only place in the O&M literature where specific techniques are suggested for crossing at 

intersections using APSs is a section in a curriculum on APS developed for Easter Seals Project 

ACTION (22). Based on the experience of the authors and the Project ACTION curriculum, the 

following techniques are suggested: 
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• Approach the intersection and stop at the curb or curb ramp/street edge, maintaining initial 

alignment; check alignment for crossing by listening to traffic. Even if a pushbutton locator 

tone is noticed during approach, continue to the curb or edge of street first. 

• Deternline the starting location for crossing and identify tactile cues for use in realigning 

after pressing the pushbutton, because once the button is pushed, there may be insufficient 

time to listen for parallel traffic and realign before the next "Walk" signal. 

• Listen and evaluate the intersection. Determine traffic patterns and intersection geometry and 

listen for a pushbutton locator tone or for a tone or speech "Walk" indication (it is important 

that students/clients understand and can recognize the difference between a pushbutton 

locator tone and typical "Walk" indications). 

• Search for a pushbutton using a systematic pattern. Even where there is a pushbutton locator 

tone, a systematic search pattern is needed to maintain orientation. Because guide dogs 

guides are trained to avoid obstacles, they may be reluctant to approach a pole supporting a 

pedestrian pushbutton. It may be more efficient for the handler to initially use a cane to 

search before teaching the dog to locate the pole. 

• Once the APS is located, explore the device and its functioning, including locating the tactile 

arrow to confirnl that the arrow is pointing in the direction of the street being crossed. 

• Hold the pushbutton down for more than 3 s and listen if more infonnation is provided. 

• Listen to APS and traffic for a full cycle to make sure that the tones or speech messages 

correspond with traffic information. 

• Press the button and return to the predetermined spot at the curb, realign, and prepare to 

cross. 

• When the "Walk" indication is heard, confirm that traffic on the perpendicular street is 

stopping or stopped and listen for initial parallel traffic movements, when available. Traffic 

may still be legally cleming the crosswalk when the "Walk" begins, so careful listening is 

important. 

• Cross the street using typical alignment techniques (traffic, straight line travel, etc.) while 

continuing to listen for turning cars. In many cases, cars can tum right and left across the 

crosswalk during the pedestrian phase. Although drivers are supposed to yield to pedestrians, 

they often do not. 
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• Be aware that a locator tone on the destination curb may provide additional wayfinding 

information. 

• Continue to be vigilant of traffic even though the "Walk" indication is on. 

Requesting an APS 

The following was copied from the website of the Environmental Access Committee of the 

Orientation and Mobility Division of the Association for Education and Rehabilitation of the 

Blind and Visually Impaired (23). A sample letter for requesting an APS is also reptinted. 

• Educate yourself about types of APS available and the applicable regulations. 

• Find out who controls the intersection where you're making the request. 

Sometimes it's a city department of traffic engineering, sometimes it's the 

county, and sometimes, ifit's a state or federal highway, it's the state 

Depattment of Transportation. You can just call the number listed in the phone 

book for traffic engineering or public works and ask who you need to contact 

about the traffic signals at that intersection. Get a natne, address atld phone 

number. If you get to talk to someone on that phone call, ask what their policy is 

on APS. 

• The request for an APS is strongest if it comes from a consumer who is blind or 

visually impaired. So, the consumer should make the actual request for 

modification in a letter to the individual in the traffic engineering department 

that manages that intersection. (A sample letter is below.) 

• Include wording in the first letter about the need for "access to infomlation" 

about the status of the pedestrian signal. If you have to, you can refer back to 

the ADA and requirements to make the right of way accessible if they refuse or 

delay installation. 

• With the consumer's pennission, follow their letter with a letter of support on 

your professional letterhead, restating the reasons for the need for the APS at 

that intersection. 

• Follow up with a phone call about a week later to the person who is responsible 

for that intersection. Remember that most traffic engineers will never have 

heard of an Orientation and Mobility Specialist (and O&M in traffic engineering 
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terminology is Operations and Maintenance, so don't shorten your title) and 

may not have thought about a blind person crossing an intersection 

independently. Remind them of the letter of request and see how they respond. 

If they have no idea about APS and where to get them, share that you have a list 

of manufacturers and would like to meet with them to discuss solutions. 

• If you can get the engineer to meet you and the consumer on the street corner, 

and discuss it there, do it. Be sure to include the consumer at that time. 

Demonstrate the problems and talk about what the APS would do to help. 

• If you have not talked to the engineer within two weeks after they should have 

gotten the letter, you or the consumer should send a followup letter asking them 

to contact you. 

• If you need to send a third letter, it needs to be copied to the department head, 

the city ADA coordinator, and a local elected official. 

• If they refuse to meet with you or refuse to put in the APS, ask them to send a 

letter to that effect to the client with a copy to you. Say it nicely, but they'll 

know why you're asking and don't settle for a non-response. Documentation can 

be useful if you have to file an ADA complaint. You and the client should 

document any phone conversations (date, who, what they said, etc.) Hopefully, 

you won't need that infonnation later, but just in case, keep track. (23) 

Sample letter requesting an APS: 

[Date] 

[Address to traffic engineer in charge of the intersection] 

This letter is to request the installation of an Accessible Pedestrian Signal CAPS) at 

the intersection [insert street names]. As a pedestrian who is blind, I am unable to 

use the visual pedestrian signals currently installed at this location and need access 

to the infonnation in order to cross the street. As you may be aware, there is a bus 

stop at this intersection; I must cross the street daily to reach the bus stop. [change 

that last sentence to fit the specifics of the intersection, particularly if there are some 
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issues that make it particularly hard to cross such as poor traffic sounds, lots of right 

tuming traffic, T-intersection, etc.]. 

I would like to meet with you or someone from your department at the intersection 

in question to discuss appropriate modifications. I would also like for [insert O&M 

instructor name], an orientation and mobility specialist at [insert agency nanle] to 

join us. You may contact me at [insert phone number or address] or [insert O&M 

instructor name] at [insert phone number] to set up an appointment. Thank you for 

your attention to this matter. 

Sincerely, 

r signature] 

cc: [O&M specialist name, agency affiliation] 
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Case Study-Montgomery County, Maryland 

Date: May 2003 

History and Background 

The intersection of Fenton Street and Wayne A venue is the first of 11 locations in the Silver 

Spring central business district (CBD) to be equipped with APS under a pilot program initiated 

by the county executive. 

Process and Procedure 

There is no formal procedure to request an APS. A connnittee was formed, in coordination 

with the Montgomery County Cmmnission on Persons with Disabilities, to make decisions about 

type and features of APS to be installed. 

Most signalized intersections in the county are on state roads, so final decisions of the State 

Highway Adlninistration on APS policy will affect installation at those locations. 

Funding 

Costs for the pilot project are absorbed as part of the traffic engineering department budget. 

An additional line item for APS installation was requested in the budget but was not funded. 

Description of Intersection 

These traffic signals are being rebuilt as part of the redevelopment of the CBD. Fenton Street 

and Wayne Avenue was the first one to be rebuilt and hence the first to receive APSs. All 

intersection legs are four lanes wide. Fenton Street runs approximately north-south and Wayne 

Avenue runs east-west. There is a leading left turn phase from westbound Wayne to southbound 

Fenton. 

Date Installed 

September 2001 

APS Type and Features 

Pushbutton-integrated devices from Polara Engineering. 
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The intersection is pretimed, with walk intervals associated with each crossing being 

provided each cycle, but the APSs are actuated (audible and vibrotactile "Walk" indications are 

not provided unless the pushbutton is pushed). 

APS features: 

• Speech "Walk" message. 

• Vibrotactile "Walk" indication. 

• Pushbutton locator tone. 

• Tactile arrow. 

• Pushbutton infommtion message called by extended button press. 

• Automatic volume adjustment in response to ambient sound. 

• Speech "Walk" message: "Walk sign is on to cross Fenton Street" (or Wayne Avenue). 

• Pushbutton information message, provided after an extended button press (3-s depression of 

pushbutton) : 

• Includes both street names. 

• Clarifies to which crossing the button applies. 

• Example: "Crossing Wayne Ave at Fenton St." 

APS Installation 

Devices are installed on all four comers, using stub poles for all in order to place the 

pushbuttons and APS at the top of the ramp for each direction, separated by at least 10 ft (see 

Figures 9-1 and 9-2). 
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Figure 9-1. Pushbutton-integrated APS located on a stub pole beside the level landing of 

the curb ramp. 

Figure 9-2. Pedestrian with guide dog at an APS located in line with crosswalk. 

Each pole is approximately 5 ft tall with a substantial base; locations vary somewhat but are 

generally 

• Within 5 ft of the crosswalk lines extended, and 

• 6 t010 ft from the curb (except on the northwest comer, where further construction is 

planned; thus those poles were located farther from the curb). 
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The Polara control unit and the microphone, which monitors sound for the automatic volume 

adjustment, are typically installed inside 18-in. pedestrian traffic signal heads. At this location, 

which had 12-in. pedestrian signal heads, the control units were installed in an exterior box 

attached to the top of the pedestrian traffic signal heads. The microphone was attached to the 

box, which located it much higher than usual; however, that placement seems acceptable. 

Installation Issues 

There were no real problems with the installation. However, locating the poles and APS 

properly in relation to the curb ramp and as recommended in the MUTCD is difficult. While it 

may be less of a problem in new construction, it requires thought and planning, as well as extra 

poles, conduit, wiring, and construction in retrofit situations. 

Maintenance 

Except for some minor adjustments after installation, there have been no maintenance issues 

or failures. 

Evaluation 

No fOlmal evaluation has been conducted. Connnittee members visited the installation and 

were generally pleased with the functioning. 

Contact 

Bruce Mangum, Senior Engineer 

Transportation Systems Management Section 

Division of Public Works and Transportation 

Montgomery County Mmyland 

101 Monroe Street, 11th Floor 

Rockville, MD 20850 

Phone; 240-777-8778 - Fax: 240-777-8750 

E-mail: bruce.mangum@montgomerycountymd.gov 

Case Study-Portland, Oregon 

Date: July 2003 
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History and Background 

The City of Portland has had some form of audible pedestrian signal for over 20 years. In 

installing these devices, staff worked closely with the requester to identify specific needs. 

• In the late 1970s, city staff installed buzzer-like devices at three intersections on request 

basis. These buzzers were inexpensive devices purchased from a local electronics store. The 

buzzer was only activated with a normal pedestrian pushbutton call. 

• During the late 1980s the city began using an inexpensive Mallory chime as an audible 

device. It was installed in some fixed time intersections, as well as actuated intersections. 

• By 1995 the city had 10 signalized intersections with audible devices. 

• In 1996 the city decided that a more formal policy was necessary and a process was 

implemented, which was revised by a Citizens Advisory Committee in 1999. 

During the past 5 years the city has greatly expanded its program. By mid-2003, Portland had 

53 signalized intersections with some form of audible signal (Figure 9-3). 

The City of Portland was awarded a Pedestrian Project Award for 2003 from the Institute of 

Transportation Engineers and the Partnership for a Walkable America. The award, in the elderly 

and mobility category, recognized Portland's project to retrofit existing signals with APSs. 

Figure 9-3. An APS mounted over 12 ft high on the pole broadcast speech messages at this 

location in Portland. City engineers expressed concerns about intelligibility of the message. 

Process and Procedure 

A formal policy was established in 1996. 
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• City staff assembled a stakeholders group, which included representation from the Oregon 

Council of the Blind, the National Federation of the Blind, the Oregon Commission for the 

Blind, Independent Li ving Resources, and other groups representing both the visually 

impaired community and mobility instructors. 

• The policy was developed over a series of three meetings. 

Key points of that policy include the following: 

• Audible signals are installed only on a request basis. 

• The intersection has to have some unique or unusual charactetistics that walTant the addition 

of an audible signal. 

• Refenal to a mobility specialist is required; this service is provided through an agreement 

with Oregon Connnission for the Blind. In some instances the crossing problems may be 

related to a lack of user skills that might be better addressed by further training. 

In lnid-1999 the requests for audible signals outstripped city resources for the program. A 

citizens advisory committee (CAC) was activated to review and rank the requests. 

• The CAC and city staff started with a ranking process similar to that used by the City of Los 

Angeles. 

• Staff applied the criteria to 10 intersections on the request list. The CAC made some 

revisions to the scoring criteria (see Appendix D). 

• Scoring materials were developed. The electrician responsible for the installations and a 

mobility instructor from the Oregon Commission for the Blind meet with the requester at the 

candidate intersection to better understand the user's needs and concerns. After agreeing that 

some SOlt of audible signal is a viable solution, the city staff person and the mobility 

instructor complete field aspects of the sCOling form. Information such as volumes and 

accidents is gathered by office staff from existing city records and added to the scoring form. 

• The CAC meets semiannually to rank the requests. 

Funding 

From 1996 through 2000, the city used approximately $150,000 in general transpOltation 

funds to install APSs. That funding source for APS has since been lost. To continue with new 
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installations, the city received over $200,000 in transit mobility funds from the local transit 

agency. However, that grant expires in July 2004 and no replacement funding source has yet 

been identified. 

APS Types and Features 

Pedhead mounted at numerous intersections. Pushbutton-integrated at two intersections. 

Pedhead-mounted devices manufactured by Novax and Mallory. 

Pedhead-mounted APS features include 

• "Walk" indication-cuckoo/chirp, beep, or chime, and 

• Extended button press to call accessible features on some devices (no locator tone is used.). 

Pushbutton-integrated devices, manufactured by Polara Engineering and Campbell Company, 

have been installed recently with locator tones and additional features. 

The City of Portland has also evaluated the Vibrawalk pushbutton manufactured by Novax 

Industries (see Figure 9-4). 

Figure 9-4. Vibrawalk pushbutton installed in Portland includes a locator tone. The arrow 

vibrates during the walk interval and a "Walk" indication is provided from the pushbutton 

or speaker mounted on the pedhead. 

Special Features 

Portland staff has worked with manufacturers on developing device features. 

• After 1996, in deference to requests of members of the National Federation of the Blind, a 

technology was used that requires the user to hold the button for at least 1 s to place a call for 

an audible signal to make the technology "refusable." The button actuated timer, from Novax 
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Industries of British Columbia, requires that the button be depressed for at least 1 s to call the 

audible indication. 

• Staff worked with Novax and McCain to take the speaker and electronics out of the exterior 

Novax housing and mount them directly in the pedhead to afford more protection from 

vandalism and to place the speaker closer to the users' ears. 

In 1999, the CAC and city staff expressed a desire to find lower cost options so that more 

intersections could be treated. City staff received approval from the CAC to install lower cost 

Mallory devices. Since the Mallory device has neither automatic volume adjustment nor the 

button activated timer, city staff is careful to use the device only in locations that are that are not 

close to residences. 

Date Installed 

Between 1970s and present. 

Installation 

Installation varies greatly from intersection to intersection. Portland transportation 

engineeling staff report that the largest problem faced is with existing infrastructure. The aging 

transportation system makes installing new wires in old, undersized conduits a challenge. The 

location of existing poles also poses a problem. As intersections evolve throughout their life 

span, poles for pushbutton locations are often located in areas that are less than desirable for 

accessible pedestrian installations. 

Obstructions, such as utility and sign poles, are also a significant challenge. These obstacles 

often make placement of pushbutton locations difficult, translating into higher installation costs. 

Proximity of poles, in relation to one another, also has to be taken to account. Volume level 

of the "Walk" cue and locator tone must be loud enough to tell pedestrians to go, but quiet 

enough to not give a false "Walk" cue to someone at a conflicting pedestrian lane. This can be 

difficult at intersections with odd configurations, such as islands with separately actuated 

pedestrian lanes. 
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Maintenance 

Maintenance of equipment has been almost a nonissue. There have been few maintenance 

problems, although it should be noted that most of the equipment with electronics mounted in the 

pedhead or pushbutton is relatively new. These installations are only 1 to 6 years old, so there is 

not a long maintenance history on those devices. 

Evaluation 

Portland tested a variety of "Walk" indications. 

• The earliest sounds for the walk interval were a buzzer and Mallory chime. 

• A trial installation used voice messages. The voice message typically said "The Walk light is 

now on to cross 41 st Street." Although equipped with ambient sound adjustment to increase 

the output as background noise increased, the voice message was often difficult to hear. 

• Tones seem to be better for cutting through background noise in an urban street environment. 

After the initial test with voice and tones, the city decided to use the cuckoo and chirp 

sounds. 

The community had the following reactions to the APS: 

• Buzzer-Staff received some calls regarding the aImoying sound and usually responded by 

placing some sort of baffling material around the buzzer. 

• Mallory chime-The chime was a more pleasing sound and the city seldom received any 

noise complaints, even though the chime was installed in some fixed time intersections. 

Contacts 

Bill Kloos, Signal aIld Street Lighting Manager 

Portland Department of Transportation 

1120 SW 5th Avenue / Suite 800 

Portland, OR 97204-1971 

Phone: 503-823-5382 

E-mail: Bill.Kloos@pdxtrans.org 

Jason McRobbie, District Electrician 

Portland Department of Transportation 
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1120 SW 5th Avenue / Suite 800 

Portland, OR 97204-1971 

Phone: 503-823-1773 

E-mail: J as on. McRobbie @pdxtrans.org 

Case Study-Newton, Massachusetts 

Date: July 2003 

History and Background 

Accessible pedestrian signals were installed at major intersection in Newton, Massachusetts, 

in 2001, as part of a major signalization upgrade project and at the recommendation of the 

Mayor's Committee for People with Disabilities (Mayor's Committee). This is Newton's first 

experience with this signal type. 

Process and Procedure 

New Construction and Signal Upgrades 

When new signals are installed in Newton, the Mayor's Conmuttee considers whether they 

should have accessible pedestrian signals. Their recoIllinendation is then refelTed to the 

Departments of Public Works and Planning. For example, when signalization at an intersection is 

being upgraded from a flashing beacon to full signalization, input is obtained from the Mayor's 

Committee. 

Handling Individual Requests 

Individual requests are referred simultaneously to the Mayor's Committee and to the Traffic 

Council. The Traffic Council is required to respond to requests by making a decision witmn 12 

weeks. 

Consultation with Local Agency for the Blind 

The City Traffic Engineer also consults with an orientation and mobility specialist at the 

Carroll Center for the Blind regarding the need for APS and for suggestions regarding the most 

appropIiate type of APS for a particular intersection. 
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Funding 

APS installations in Newton were funded jointly by the Departments of Public Works and 

Planning, with a portion of the cost being covered through the Community Development Block 

Grant program. 

TIle City of Newton currently has $lO,OOO/year earmarked for APS installations. 

Description of Intersection 

The APSs were installed at a complex intersection with high pedestrian and vehicular traffic 

counts. At this intersection, three crosswalks share the same exclusive pedestlian phase timing: 

• One is a midblock arterial crossing (Figure 9-5); 

• One is a minor street intersecting the arterial in a "T," near the mid-block crossing (Figure 9-

6); 

• TIle other is across a third street that enters the arterial diagonally, close to the T-intersection 

of the minor street. 

Because of abundant tuming traffic during all vehicular phases, there is no safe crossing time 

for pedestrians, except during the exclusive pedestrian phase. 

APS Type and Features 

Pushbutton-integrated APS manufactured by Bob Panich Consultancy. 

APS features include the following: 

• "Walk" indication-audible rapidly repeating tones, 

• Vibrotactile "Walk" indication, 

• Pushbutton locator tone, 

• Alert tone, 

• Tactile arrow, and 

• Automatic volume adjustment in response to ambient sound. 
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Figure 9-5. Panich APS at midblock crossing, Newton, MA. The APS should have been 

mounted on the side of pole closest to the crosswalk, with the arrow parallel to the 

crosswalk rather than pointing up. 

Figure 9-6. Panich APS for crossing the stem of aT-intersection. 

APS Installation 

At another intersection at which APS devices were added, a stub pole was installed in order 

to locate the pushbutton properly for one crosswalk (Figure 9-7). 
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Figure 9-7. Panich APS on stub pole in Newton, MA. Arrow oriented parallel to crosswalk. 

Installation Issues 

Installation presented no technical difficulties. 

Initially, the APS volume was set so loud at one location that the "Walk" signal was audible 

from a nearby intersection, possibly leading pedestrians at that intersection to incorrectly believe 

they had the walk interval. The volume was turned down several months after the APSs were 

installed. 

Although the basic requirement for conduit in public rights-of-way in Newton is a 36-in. 

trench, actual construction may be less than 36 in. depending on site conditions. It is important 

that such an installation be based on direct field knowledge, rather than be designed in the shop. 

Maintenance 

No maintenance, except for volume adjustment, has been necessary since the audio-tactile 

pushbuttons were installed. Weather does not seem to affect their performance, and there has 

been no vandalism. 

Evaluation 

The APSs have been well-received by blind users, and there have been no objections from 

neighbors. 

The APSs are located in a small business area, not close to any residences. 

Contact 

Roy Lamotte 
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City Traffic Engineer 

City of Newton, MA 

Phone; 617-796-1020 

E-mail: rlamotte@ci.newton.ma.us 

Case Study-New Jersey DOT-Washington, New Jersey 

Date: July 2003 

History and Background 

The New Jersey Department of TranspOltation (NJDOT)has been sensitive to the needs of 

the visually impaired. The first vibratory pushbuttons (with raised directional arrow) in New 

Jersey were installed in 1992 at the Rowan College signalized pedestrian crossing across Route 

322. As of August 2000, NJDOT had installed APS devices at four intersections. The devices at 

the location described here and pictured in Figure 9-8, Route 31 and Route 57, were installed in 

the fall of 2000. NJDOT has recently installed APS devices at other intersections and expects to 

install more devices. 

A project involving the installation and evaluation of four types of APS devices at 

intersections in Monistown, NJ, was funded by NJ Highway Traffic Safety and was conducted 

by Edwards and Kelcey in cooperation with The Seeing Eye. (More information is provided in 

the Appendix.) 

Process and Procedure 

There is no fonnal process for deciding to install an APS. 

These APS devices were installed at the request of a blind person in conjunction with 

reconstruction of the intersection. An O&M specialist provided infOlmation useful in making the 

decision about the type of APS selected. 

Funding 

The APSs are funded under the general state fund, with no special funding sources. 

The devices cost $400 per device to NJDOT, plus installation by NJDOT forces. NJDOT 

went out to bid for the devices. 
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Date Installed 

Fall 2001 

Description of Intersection 

Route 31 and Route 57 is a major intersection of a four-lane undivided road and a two- and 

three-lane road with a parking lane at the edge of small downtown CBD. There are four traffic 

islands, with signalized crossings to the islands. Pushbuttons were installed at all crossings for a 

total of 12 devices at the intersection. 

APS Type and Features 

Pushbutton-integrated APS manufactured by Polara Engineering. 

APS features include 

• Vibrotactile "Walk" indication, 

• Pushbutton locator tone, 

• Tactile arrow, 

• Braille street name, and 

• Actuation indicator-tone. 

APS Installation 

Figure 9-8. Installation of two pushbuttons on a single pole (only a single pushbutton is 

visible in the photo). Although the pushbutton is in line with the crosswalk, the pedestrian 

must travel more than 10 ft before reaching the street and the beginning of the crosswalk. 
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APS devices were installed at all crosswalks to provide the signal infonnation at all possible 

crossings used by the blind person. It is a state standard to put two pushbuttons on the same pole, 

with no standalone pole for the APS. TIris meant that some devices were located a distance from 

the beginning of the crosswalk. Because the only "Walk" indication was vibrotactile, the walk 

interval was lengthened to provide time for a pedestrian who is visually impaired to reach the 

departure curb after the "Walk" signal began. 

TIlese devices were installed as a retrofit before various recommendations and guidelines 

were issued. CUlTently, recommendations of PROW AAC and the Draft PROW AG state that 

devices should provide audible and vibrotactile infonnation about the walk interval. These APSs 

are vibrotactile only and thus do not confonn to those recommendations. The MUTCD and Draft 

PROW AG recommendations also encourage installation of devices on two poles separated by at 

least 3 m. If separation is not possible, the Draft PROW AG recommends speech messages for 

the walk interval; vibrotactile indication was used here. 

Installation Issues 

No major installation issues. 

Maintenance 

There have been no reported maintenance problems, except for the vibrating arrows on a 

couple of devices that got stuck and stopped vibrating. 

TIlere has been no vandalism. 

Evaluation 

There are no reports of complaints or comments received from the general public or 

individuals in the community. With other installations, there have been complaints due to the 

locator tone increasing in response to the traffic noise and bothering persons who live close to 

the intersection. 

There were complaints at first from a blind woman regarding placement of the devices and 

inability to line up and cross while keeping her hand on the vibrating arrow. After she was 

trained by an O&M specialist, however, she was able to adequately use the APS (see Figure 9-9). 
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Figure 9-9. APS mounted on signal pole for crossing signalized right-turn lane. A 

pedestrian who is blind is waiting with her hand on the pushbutton for the vibrotactile 

"Walk" indication. After the "Walk" indication begins, she must turn and cross the 

sidewalk before beginning to cross the street. 

Placement is problematic for a device that is vibrotactile only. In order to keep her hand on 

the device, the user must stand back from the crosswalk and then tum toward the crosswalk after 

the "Walk" indication begins. 

There has been no research or evaluation regarding the APS either before or after installation. 

Contacts 

Tim Szwedo 

Traffic Safety and Engineering 

NJ Dept. of Transportation 

P.O. Box 613 

Trenton, NJ 08625 

Phone: 609-530-2601 

E-mail: Timothy.Szwedo@dot.state.nj.us 
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Paul Vetter 

Director, Traffic Engineering 

Edwards and Kelcey 

E-mail: pvetter@ekmail.com 

Case Study-West Virginia Division of Highways-Morgantown, West Virginia 

Date: July 2003 

History and Background 

APSs were installed in 2002 at the request of blind citizens. These are the first APSs that 

have been installed in the state. 

Process and Procedure 

Morgantown does not have a process or procedure for detennining which intersections will 

be equipped with APS. Typically, all traffic signal installations in West Virginia are done by 

contractors working under the purview of the West Virginia Division of Highways. 

Funding 

This demonstration project was fully funded by the West Virginia Division of Highways. 

Description of Intersections 

APSs were installed at two downtown intersections that have pedestrian actuation and 

exclusive pedestrian phasing with right tums on red permitted. 

APS Type and Features 

Pushbutton-integrated APS manufactured by Prisma Teknik (model TS-903). 

APS features include 

• Tone "Walk" indication-fast tick, a rapid repetition of the pushbutton locator tone for 

crossing in both directions, 

• Pushbutton locator tone, 

• Tactile arrow, 

• Actuation indicator, 

• Tactile map of crossing, and 
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• Automatic volume adjustment in response to ambient sound. 

Signals are being modified to include pushbutton information messages modeled after "Wait 

to cross Willey St. at High St. Wait for red light for all vehicles. Right tum on red permitted." 

APS Installation 

Two pushbuttons have been mounted on some comers so the standard single arrow can be 

correctly oriented in the same direction at each crosswalk (Figure 9-10). This was necessary 

where the two crosswalks at a comer were not at right angles to each other. 

Since these locations used exclusive pedestrian phases, a right-angle, double-ended arrow 

was installed so that a single pushbutton could be located on one comer or quadrant, controlling 

the "Walk" signal for two crossing directions. The right angle arrow will be installed where both 

crossings are 90 degrees from a particular quadrant. 

Figure 9-10. Mounting of two Prisma pushbutton units on a single pole. See arrows on 

insert detail for the orientation of the tactile arrow on the top of each unit. Both devices 

make the same sound during the "Walk" indication, which is acceptable in this installation 

since there is exclusive pedestrian phasing. 
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Installation Issues 

Wiring of the APS was little different than typical (non-APS) pushbuttons. APSs are 

mounted to signal uprights using two 0.25-in. stainless steel screws. In the future, stainless steel 

bands may be placed at the top and bottom sections of the APS in high-vandalism areas. 

Diligence is needed in the initial design of a complete intersection so as to correctly locate 

APS according to the MUTCD. 

Maintenance 

No weather-related maintenance issues have been reported. 

Cabinets and signals are well guarded against transient voltage surges, including high-speed 

surges that are accompanied by lightning. 

To date, APSs have been installed at six intersections in West Virginia. At one intersection in 

downtown Charleston in a high vandalism area, three APSs have been knocked off the signal 

upright. 

Evaluation 

The APSs have performed as expected according to manufacturer's literature. 

Negative comments have been received from nearby businesses about the noise level of the 

locator tone. The entrance to one business is less than 10 ft from the pole on which two APSs are 

mounted. 

Blind users have objected to the location of some APS units (in some cases at a distance of 

about 20 ft from the crosswalk). 

Positive comments have been received about the proactive installation of APS. 

Contacts 

Barry Warhoftig 

Traffic Engineering Division 

West Virginia Div. of Highways 

Building 5, Room 550 

1900 Kanawha Blvd, E. 

Charleston, WV 25305 

Phone: 304558-3722 
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E-mail: BWarhoftig@dot.state.wv.us 

Bruce Kenney 

Traffic Engineering Division 

West Virginia Div. of Highways 

Building 5, Room 550 

1900 Kanawha Blvd, E. 

Charleston, WV 25305 

Phone: 304558-3063 

E-mail: Bkenlley@dot.state.wv.us 

Case Study-Dunedin, Florida 

Date: July 2003 

History and Background 

There are two downtown intersections and one at Patricia Avenue and Beltrees in Dunedin 

where APSs have been installed at the request of citizens who are blind. 

The City of Dunedin received the Inspired Leadership Award for 2003 from the Florida 

Alliance for Assistive Services and Technology (FAAST) for their APS installations. 

Process and Procedure 

Requests for APSs are received by the City of Dunedin ADA coordinator and reviewed and 

reconnnended by the ADA Committee appointed by the city manager. 

APSs were requested by one person who is blind and who also has limited hearing in one ear. 

She consulted with an O&M specialist and requested pushbutton-integrated devices, and she also 

worked with the engineer on installation details. 

Funding 

The intersection modifications were part of a redevelopment project. 

Description of Intersections 

One of the downtown intersections, Douglas and Main Streets, is a fairly small square 

intersection of two-lane streets with a pushbutton actuated exclusive pedestrian phase. 
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The other downtown intersection is at Broadway and Main, which is a more complex 

intersection where a very busy state road intersects with the city's Main Street. 

The third intersection, at Patricia and Beltrees, is a T-intersection of a minor street with very 

busy street with a right tum lane. 

APS Type and Features 

Pushbutton-integrated devices from Polara Engineering. 

APS features include the following: 

• Speech "Walk" message: 

• At Douglas and Main (with exclusive pedestrian phasing): "Walk sign is on." 

• At Broadway and Main: "Walk sign is on to cross Main" or "Walk sign is on to cross 

Broadway." 

• Vibrotactile "Walk" indication. 

• Pushbutton locator tone. 

• Actuation indicator-tone. 

• Tactile arrow. 

• Automatic volume adjustment in response to ambient sound. 

• Extended button press-increases the volume of the "Walk" indication and locator tone. 

Figure 9-11. Two pushbuttons are located on fluted pole at this location with exclusive 

pedestrian phasing. Tactile arrow of each device points in the direction of travel on the 

crosswalk. 
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APS Installation 

Two APSs were mounted on each pole. 

At one crossing the APSs were about 15 ft back from the crosswalk location and 

approximately 5 ft toward the intersection from the extension of the crosswalk lines. The volume 

of the locator tone and the "Walk" message was quite loud. 

At the Patlicia and Beltrees location, APSs were installed on only one crosswalk, for crossing 

the through street, as needed and requested by the person who lived near the intersection. 

Installation Issues 

Installers stated that they had difficulty figuring out the new devices, but that the devices 

seemed to work fine after they figured them out. 

Fluted poles were used in the redesign, which made it difficult to align the tactile arrow (see 

Figure 9-11). 

lVlain tenance 

No maintenance issues have been reported except for the need to adjust volume levels. 

Evaluation 

The installation generated complaints from patrons of a restaurantlbar with outdoor seating at 

one corner of the intersection. The locator tone was loud enough to hear from more than 30 ft 

away. 

The woman who requested the installation was initially unhappy with some parts of the 

installation. The original plans included a stub pole close to the crosswalk, but the stub pole was 

not installed at first. Even with the signal adjusted to the maximum volume, the woman was 

unable to hear the "Walk" indication when she was standing at the crosswalk location. A stub 

pole was later installed that allows a reduction in volume of the device and diminishes problems 

for neighbors as well. 

Contacts 

Barbara Fidler, ADA Coordinator 

City of Dunedin 

542 Main Street 

Dunedin, FL 34698 
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Phone: 727-298-3010 v/tdd 

Fax: 727-298-3012 

E-mail: bfidler@dunedinfl.net 

Michael Gust, P.E. 

Division Dir. of Traffic Control 

City of Dunedin, Traffic Division 

822 Lake Haven Road 

Dunedin, FL 34698 

Phone: 727 -298-3224 

Fax: 727-298-3219 

E-mail: mgust@dunedinfl.net 

Case Study-Maryland DOT 

Date: July 2003 

History and Background 

During the 1980s and 1990s, Maryland installed APSs of the cuckoo/chirp type at some 

locations throughout the state, including in Montgomery County, Frostburg, Lutherville, and 

Towson. 

In response to concems about mobility for persons who are visually impaired traveling 

through unique intersections, such as roundabouts, and the addition of the APS section in the 

MUTCD, Mmyland DOT convened a committee in November 2000 to develop criteria for 

installation and prioritization plans for installation of APSs. 

The committee consisted of representatives of the visually impaired cOIllinunity, traffic 

engineers, O&M specialists, local ADA coordinators, and DOT staff. The goals of the committee 

included 

• Identifying factors affecting mobility of the visually impaired through intersections, 

• Identifying and reconciling differences of approach to mobility issues within the visually 

impaired community, and 

• Developing a rating and prioritizing process for APS. 
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Process and Procedure 

The committee developed a priOlitization checklist. This checklist has been used at 

approximately 40 intersections to date, with scores ranging from 14 to 46 out of a possible total 

of 60. While each crossing receives a rating, the highest rating for any crossing is used for the 

intersection. 

At this time, Maryland is considering any intersection with a rating greater than 36 to be a 

high priority. Eleven intersections are rated at this level and either have had APS installed or are 

under design for installation. 

Funding 

Maryland considers an APS to be a traffic control device, and as such, funding comes from 

traffic control, highway construction, and federal funds. 

Type of APS Used 

Pushbutton-integrated APS manufactured by Polara Engineering. 

APS features include 

• Speech "Walk" message, with option of cuckoo/chirp if desired for a specific location; 

• Vibrotactile "Walk" indication; 

• Pushbutton locator tone; 

• Tactile arrow; 

• Actuation indicator; 

• Pushbutton information message in response to extended button press; and 

• Automatic volume adjustment in response to ambient noise levels. 

Maryland is also testing and evaluating equipment from other manufacturers. 

First Intersection with APS Example 

The first installation example, Loch Raven and Taylor, is a large intersection with right-tum 

islands, heavy traffic volumes, and left-tum lanes on all approaches (Figures 9-12 and 9-13). 

Existing poles were used at tlns location with channelizing islands and uncontrolled right

tum lanes in three of the four quadrants. 
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The "Walk" indication is a speech message. The volume levels of the APS were carefully 

adjusted to prevent the "Walk" indication from being audible to pedestrians before they crossed 

the right-tum lane. The speaker is blocked on the side away from the intersection. However, 

wind, humidity, and large trucks can affect the sound levels, and the signals may be audible from 

the sidewalk under certain conditions. In this case, the person who requested the signals is 

familiar with the geometry. 

Figure 9-12. Two APSs are mounted on the existing pole on this island. 

Figure 9-13. APS as seen from right-turn lane crossing. 

Second Intersection with APS Example 

The second installation, Loch Raven and Glen Keith, is an intersection with low side-street 

volumes. The APS is for crossing the major street (Loch Raven) only. There are no pedestrian 

indications to cross the minor street (Glen Keith); thus, APSs were not installed for those 

crossings. The major street is quite wide, with a median island and a stop sign controlled service 

road along the west side of Loch Raven. Again, the volumes needed to be carefully adjusted. A 
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vehicular signal pole was used for one APS, but others were located close to the crosswalk on 

pedestrian signal poles (Figures 9-14 through 9-16). 

Figure 9-14 APS installed on pedestrian signal pole. 

Figure 9-15. View across Loch Raven toward two median islands and stop sign controlled 

service road. 
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Figure 9-16. APS installed on signal pole beside crosswalk waiting location. 

Installation Issues 

Edward Paulis of the Office of Traffic and Safety states that the location of pushbuttons and 

other APS equipment is of high importance in providing a properly operating system for 

pedestrians who are visually impaired. In many cases, it is not desirable to use only existing 

poles for the installation of APS. The installation of additional pedestal poles is often necessary 

to ensure the proper location of APS relative to crosswalks and curb cuts. 

Adjusting the initial volume levels has been an issue. Obtaining the proper balance between 

the needs of the persons who are visually impaired and the surrounding community, while not 

presenting misleading information to pedestrians, has proved to be difficult. Complicating the 

process are uncontrollable factors-namely, traffic noise and weather conditions, such as wind 

and rain. 

Maintenance 

There have been some failures of the control boards, but these may not be excessive when 

considering that the equipment is a new and of relatively recent design, and that new technology 

often has growing pains. 

Evaluation 

No formal evaluation has been conducted of installations. Most individuals who have 

requested the installations seem to be pleased. 

Page 9-29 

AR0072004 



Contacts 

Edward T. Paulis, Jr., Office of Traffic and Safety 

Maryland State Highway Administration 

7491 Connelley Drive 

Hanover, MD 21076 

Phone: 410-787-4092 

E-mail: epaulis@sha.state.md.us 

Case Study-Charlotte, North Carolina 

Date: July 2003 

History and Background 

Charlotte began installing pushbutton-integrated APSs in 1999 after discussions with the 

CharlottelMecklenburg Advocacy Council of People with Disabilities Committee. 

Approximately 12 intersections are now outfitted with 42 pushbutton-integrated APS devices. 

Before that, pedhead-mounted APSs had been installed upon request; current staff are not sure 

when those devices were installed or how the decision was reached to install them. They state 

that they are replacing current "chirpers" with pushbutton-integrated devices. 

O&M specialists helped evaluate APS products in advance and made recommendations to 

engineers. 

Figure 9-17. An early Polara installation in Charlotte. 
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Process and Procedure 

APSs are requested by citizens and installed after review by statT of Metrolina Association 

for the Blind. In general, devices are installed in the order of request, depending on how much 

construction is involved. 

The CharlottelMecklenburg Advocacy Council for People with Disabilities Committee and 

the Metrolina Association for the Blind serve as liaisons between the person who is visually 

impaired and the city. 

Funding 

The city council approved $95,000 in a restricted fund that is canied over year to year for 

purchase of equipment. TIle installation cost is covered in the nonnal budget. TIle public and 

individuals who are blind were involved in making the request for funding and getting it 

approved. 

APS Type and Features 

Pedhead-mounted devices before 1999. 

Pushbutton-integrated devices from Polara Engineering since July 1999 (see Figure 9-17). 

APS features (pushbutton-integrated device installations) include 

• Speech "Walk" indication., 

• Vibrotactile "Walk"indication, 

• Pushbutton locator tone, 

• Tactile alTOW, 

• Actuation indicator, 

• Pushbutton information message in response to an extended button press, and 

• Automatic volume adjustment in response to ambient sound. 

Installation Issues 

The first generation Polara device did not accommodate pretimed or "ped recall" locations. It 

was designed to look for a logic common signal from the controller. Using instructions provided 

by Polara, city technicians in the signal shop modified the printed circuit board, including adding 

a resistor and two jumpers. This being done, the devices were usable in those situations. 
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A simple jumper setting has addressed this problem with the newer Polara product. The first 

generation Polara (installed at four locations) was also more labor intensive to install. Installers 

drilled holes in the top of the device to accept conduit on wood pole locations. 

The newer version Polara Navigator has addressed all installation concerns (Figure 9-18). 

Figure 9-18. Recent Polara Navigator installation. 

When it is necessary to install new poles to locate the device more appropriately, it takes 

longer and requires more funds because traffic engineering has to coordinate with various 

departments to fix curb ramps and work around other utilities. Installation can be time

consuming when a new pole is needed. 

Maintenance 

No problems reported. 

In early installations where two devices were on the same metal pole, it was possible to feel 

the vibration during the "Walk" signal on both devices at the same time (separate walk phases). 

This was solved by insulating between the device and pole. A speaker problem was resolved by 

improving the installation method through the efforts of the city electronics tech and the 

manufacturer. 
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Evaluation 

The Public Service Department has no complaints regarding the devices. However, the staff 

of Metrolina Association for the Blind received some complaints about the noise level of the 

locator tones, especially in residential areas. The volume can easily be adjusted. 

The City of Charlotte placed in the top 10 U.S. cities in the Accessible America contest a 

year ago and in the top seven this past year. Metrolina Association for the Blind has provided 

very favorable input and review of this project. Communication between all agencies involved 

has made this project a success. 

Contacts 

Tamara (Tammy) Drozd, Signal System Specialist 

City of Charlotte NC 

600 East Fourth Street, Charlotte, NC, 28202-2858 

Phone: 704-336-4385 

Fax: 704-336-4400 

E-mail: tdrozd@ci.charlotte.nc.us 

Case Study-Atlanta, Georgia 

Date: May 2003 

History and Background 

Atlanta has installed APSs upon specific request since 1992. Until April 2003, all devices 

installed had been pedhead-mounted devices. The city is evaluating pushbutton-integrated 

devices as part of a research project. There have been requests from citizens who are blind for 

devices with pushbutton locator tones at pushbutton actuated locations; however, the city has not 

generally installed them to date. 

Process and Procedure 

Individuals who are blind or visually impaired make a request to the traffic engineering 

department. The engineer evaluates the intersection and current timing and signalization. He may 

meet the blind person and an O&M specialist (usually from the Center for the Visually Impaired) 

at the intersection to di scuss the problems. 

Requests are prioritized by date of request and volume of traffic. 
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If the request is for an APS at a signalized intersection and devices are in stock, they can 

usually be installed in less than a month. 

Funding 

Funding comes from city traffic engineering funds; however, some private developers have 

paid for street improvements as part of a development project. 

APS Type and Features 

Pedhead-mounted devices from IDCfUS Traffic are installed at approximately 15 

intersections (Figure 9-19). 

APS features include 

• "Walk" indication-cuckoo/chirp, 

• No pushbutton locator tone, and 

• No automatic volume adjustment. 

Atlanta has recently installed pushbutton-integrated APSs from Polara Engineering and a 

receiver-based system from Relume as part of a research project. 

Figure 9-19. Pedhead-mounted speaker mounted on the pole as typically installed in 

Atlanta. 

Date Installed 

1992 to present 

Installation Issues 

Pedhead-mounted devices are simple to wire and install on the pole or on the pedhead. 
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The signal shop found the pushbutton-integrated device to be very difficult to install, 

requiring additional wiring and careful adjustment. After installation, the control unit of one APS 

was malfunctioning and the device was not sounding; the manufacturer replaced the unit. 

Maintenance 

Many pedhead-mounted units have been functioning for 5 to 10 years or more without 

problems. Recently, two units failed two consecutive times until engineers found that water was 

getting into the devices, probably through the speaker holes. They recommend doublechecking 

the seals and mounting the speakers under the pedheads to protect them from the impact of heavy 

rain. 

In general, Atlanta's traffic engineering department considers pedhead-mounted devices very 

reliable and serviceable. Vandalism has not been a problem. 

Evaluation 

The traffic engineering department has received some complaints about the noise levels of 

pedhead-mounted speakers (ones cunently installed do not have automatic volume adjustment), 

but complaints have usually stopped a couple weeks after installation. At times, the department 

has adjusted the volume after installation. 

The city looked at pushbutton-integrated devices with locator tones to address concerns about 

finding the pushbuttons by persons who are blind. However, the signal maintenance department 

prefers to install the pedhead-mounted devices, as long as there are no complaints. 

Contacts 

Santana Henera, Traffic Systems Engineer 

City of Atlanta Traffic and Transportation 

68 Mitchell Street, SW 

4900 City Hall South, Atlanta, GA 30303 

Phone: 404-330-6501 

E-mail: shenera@ci.atlanta.ga.us 

Case Study-Halifax, Nova Scotia 

Date: April 2005 
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History and Background 

Halifax has been using pedhead-mounted APSs since 1998. Pushbutton-integrated units were 

introduced in 2003 and are now in operation at five intersections. The APS units were installed 

in response to requests from the Canadian National Institute for the Blind (CNIB). All 

installations were retrofits to existing signals and were perfomled by a contractor. 

Process and Procedure 

Requests for APS installations come from the CNIB, which typically provides the city with a 

list of intersections where they would like APS installed. The city reviews the list and selects 

intersections for APS installations based on design of the intersection and available funding. If 

an intersection is suitable for pushbutton-integrated units, Novax Vibrawalks are installed in 

addition to the overhead speaker. Factors that affect the decision about pushbuttons include 

suitability of pole location and availability of wiring. 

Funding 

APS installations in Halifax were funded by the capital budget from a specified fund for 

pedestrian safety issues. There was also a federal 50-50 funding match in 2004 for APS 

installations. 

APS Type and Features 

Pedhead-mounted and pushbutton-integrated devices from Novax Industries (DS2000 for 

overhead speaker units and Novax Vibrawalk for pushbutton). 

APS features (at installations where pushbutton-integrated devices are installed) include 

• Vibrotactile "Walk" indication; 

• Audible "Walk" indication, only in response to an extended button press; 

• Pushbutton locator tone; 

• Tactile arrow; 

• Actuation indicator; and 

• Automatic volume adjustment, in response to ambient sound. 

Installation Issues 

The APS speaker is mounted on top of the pedestrian head and faces across the street. A 

typical configuration for a crossing in Halifax involves two APS speakers, one at each end of the 
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crossing. The volume is adjusted so the sound only reaches three-fourths of the way across the 

street; this is intended to enable the user to detect the second APS when part way across the 

street, which will provide guidance on the proper direction. Setups with only one APS per 

crossing generated numerous noise complaints because the volume has to be higher to be heard 

across the street. 

Most APSs are installed on aluminum poles, but some locations have wooden poles, as 

shown in Figure 9-20. The overhead APS devices on wooden poles are clanlped to the signal mID 

or pedestrian head. Novax pushbuttons typically are wired through the back of the device. To 

wire the pushbuttons, O.S-in. PVC conduit is strapped to the wooden pole, and an LB or liquid 

tight t1ex pipe runs into a hole drilled into the bottom of the pushbutton. 

The overhead speakers are typically mounted to the pedestrian signal head. When the APS 

speakers were mounted into plastic (polycarbonate) signal heads, strong winds would push on 

the speaker and crack off the thin plastic of the signal head into which the speaker was mounted. 

Where there were plastic pedestrian signal heads, the speaker was mounted on the pole or some 

other metal or wood surface, as shown in Figure 9-21. Pedestrian signal heads made of 

aluminum did not have this issue. In areas with less of a problem with strong winds, this may not 

be aconcem. 

Availability of wiring at the pole is an important issue. If sufficient wiring is installed with 

the signal, installing an APS later is much easier. Pulling wire later can become prohibitively 

expensive. 
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Figure 9-20. APS pushbutton mounted on wooden pole, showing conduit installed into the 

bottom of the pushbutton device. 

Figure 9-21. APS speaker mounted on signal head support arm. 

Maintenance 

The city handles the maintenance of the devices. As the city is near the ocean, moisture and 

salt in the air is a problem, as is salt placed on the roads for deicing. The overhead speakers 

generally start having problems at the 5-year mark as a result of salt and moisture. The speakers 

usually last from 5 to 10 years. The Vibrawalk pushbutton devices have not evidenced any 

problems during the 2 years they have been in service. 
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Cold Weather Issues 

Snow is a constant problem in the Halifax climate. Snow banks, when not cleared properly, 

can prevent access to the pushbuttons. Pole placement is an important issue at intersections 

where pushbuttons are used, so that all pedestrians can reach the pushbutton. If pushbuttons are 

located to the immediate left or right of the crosswalk, there is a better chance pedestrians will be 

able to reach the button and that the sidewalk near the button will be cleared properly. Because 

Halifax uses miniplows for clearing sidewalks, the city believes the action of clearing snow 

could cause problems for stub poles (e.g., knocking them over); the use of stub poles is thus 

generally avoided. 

Other problems are caused by freezing temperatures. Pulling additional wire for a retrofit 

installation cannot be done in the winter due to ice in the wire conduits. Extreme cold can cause 

some signals cabinets to fail and thus the APS to fail. 

Evaluation 

TIle initial installations of pedhead-mounted APS installations were configured to give the 

audible "Walk" tone at every cycle. The city received complaints about noise, especially in the 

summer months when people had their windows open. Because of concerns about noise, these 

units were set to be off (give no audible indication) from 11 :00 pm to 6:00 am. 

The pushbutton-integrated installations, as installed in Halifax, can be accessed 24 hours per 

day; the "Walk" indication is provided only when the button is held for 3 s or more. No feedback 

on the pushbutton-integrated devices was reported. 

Contact 

Michael Filippone 

Traffic Signal Supervisor 

City of Halifax, Nova Scotia 

Phone: 902-490-4971 

Email: filippm@halifax.ca 

Case Study-Waukesha, Wisconsin 

Date: April 2005 

Page 9-39 

AR0072014 



History and Background 

Waukesha has been using pushbutton-integrated APS devices with speech messages since 

2002. Prior to that, they used overhead speaker units that provided a cuckoo or chirp, but that 

were not activated by pushbutton. There are approximately 84 pushbutton-integrated APSs in 

service in Waukesha, most of which were installed during sunnner 2004. The move to 

pushbutton-integrated devices was motivated by requests from the local blind community and the 

Sight Loss Network Support Group, who introduced the city to the speech message capability of 

new types of APSs. 

Process and Procedure 

The initial APS installations were done in one large campaign in the summer of 2004. These 

installations were scattered about town, but mainly focused on center city intersections. Another 

installation campaign-of approximately 100 units-is planned, which will focus on installing 

devices at the rest of the center city intersections and moving outward from there. Current 

Waukesha policy states that any new signal installation will include an APS. 

Funding 

APSs in Waukesha are currently fully funded by the Waukesha County Community 

Development Block Grant Program, up to a specified amount per year. This funding includes 

time and materials. 

APS Type and Features 

Pushbutton-integrated devices from Polara Engineering (Navigator four-wire devices with 

remote configuration capability). 

APS features include 

• Speech "Walk" indication; 

• Vibrotactile "Walk" indication; 

• Pushbutton locator tone; 

• Tactile arrow; 

• Actuation indicator-click and light; 

• Pushbutton information message, called by extended button press; and 

• Automatic volume adjustment in response to ambient sound. 
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Installation Issues 

Installation of the devices is done by city staff. If a signal to be retrofitted already has 

pushbuttons, this greatly facilitates the APS installation. However, the four-wire models still 

necessitate pulling extra wire. 

Most of the signal poles are steel and accommodate the APS devices fairly easily. The city 

attempts to have two poles per comer for every intersection. Sometimes stub poles are necessary, 

if the signal poles are not close enough to the crosswalk. In one case, a lamppost was used 

successfully as a mount for an APS unit (Figure 9-22), since aesthetics of the area placed 

restrictions on installing additional poles. 

All but one of the existing APS installations were retrofits. However, all new signals will 

include APS devices. 

Figure 9-22. APS mounted on lamppost. 

Maintenance 

There have been no maintenance issues for the APS units in their first year of service. 
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There have been no significant issues related cold weather. Waukesha uses miniplows for 

removing snow from sidewalks, and the manager of city snow plowing has, however, expressed 

concern that stub poles may be damaged by these plows. 

Evaluation 

Devices in residential areas initially drew noise complaints. The city had been leaving the 

sound settings at the factOlY default. Once the volume was turned down, there were no 

complaints. 

Contact 

Cheri Shook 

City of Waukesha, Wisconsin 

Phone: 262-524-3590 

Email: cshook@ci.waukesha.wi.us 

Case Study-Ann Arbor, Michigan 

Date: April 2005 

History and Background 

Ann Arbor has been using pushbutton-integrated APSs since 2001. Five were installed that 

year, and none have been added since then. 

Process and Procedure 

APSs are installed on the basis of recommendations from the Ann Arbor Commission on 

Disability Issues. 

Funding 

Funding approval for APS devices comes through the City Council. TIle money is budgeted 

from the Major Street Fund, which is a transportation fund. CUlTently, $50,000 is designated for 

the purchase, installation, and maintenance of five APS devices. 

APS Type and Features 

Pushbutton-integrated devices (Navigator) from Polara Engineering. 
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APS features include 

• "Walk" indication-speech message, 

• Vibrotactile "Walk"indication, 

• Pushbutton locator tone, 

• Tactile arrow, 

• Actuation indicator-tone and light, 

• Pushbutton infommtion message called by extended button press, and 

• Automatic volume adjustment in response to ambient sound levels. 

Installation Issues 

All APS installations were retrofits to existing signals on steel poles, and existing wiring was 

sufficient to accommodate the APS installations. Some units are installed on pedestrian signal 

poles, and some are mounted on the vertical pole of a signal mast arm. 

Maintenance 

When many of the APS units began to malfunction in 2004, the city sent them back to the 

manufacturer for repair/replacement. The problem was observed to be rusting of the devices. 

Vandalism was also an issue. There were several instances where the unit was knocked otT 

the pole. The attachment bolts were replaced with bigger diameter bolts. 

Little direct effect was seen from cold weather conditions. However, the use of salt may have 

contributed to rust that was experienced. The city engineers do not believe that the winter 

conditions contributed much to the problems. 

Evaluation 

There were several complaints about the noise of the locator tones, especially in the SUIlliner 

when people keep windows open. The locator tone volume was lowered in response, and where 

there were two APS units on a single pole, one of the locator tones was switched otT to control 

noise. To explain how the APS devices work, the city publicized the devices through a 

newspaper article and local cable broadcast. 

Contact 

Les Sipowski 

Senior Project Manager, City of Ann Arbor Public Services Department 
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Ann Arbor, Michigan 

Phone: 734-996-3286 

Email: LSipowski@ci.ann-arbor.mi.us 
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The infonnation in this chapter is based pIimarily on visits Janet Barlow and Billie 

Louise Bentzen made duIing 2001 to four countlies whose use of APSs has been long 

tenn, extensive, systematic, and positively accepted by blind pedestrians and traffic 

engineers. Many other countIies have a long history of using accessible pedestIian 

signals. This chapter is not an attempt to review all international expeIience. 

During trips to Japan, Sweden, Australia, and Denmark, the authors met with tratTic 

engineers, O&M specialists, APS manufacturers, and representatives of consumer groups 

to discuss APSs. Installations were observed and photographed. At times Barlow and 

Bentzen, both of whom have unimpaired vision, traveled under blindfold and crossed 

unfamiliar intersections using typical O&M techniques and APSs. 
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Japan 

Functioning of Pedestrian Signals 

• A "red man, green man" signal is used (Figure 10-1). 

• Pedestrian signal timing: 

• "Walk" or "green man" timing is figured based on walking time of 1 mls and is 

calculated to the centerline of the intersection. 

• Flashing "Don't Walk" timing was reported to be based on a walking speed of 1 

mls; however, this timing seemed to average about 3 s regardless of the width of 

streets. 

Figure 10-1. "Red man, green man" type signal used in Japan. 

• Mr. Sugimoto at the Japanese National Police Agency (JPNA), which manages all 

intersections, stated that intersection timing always includes a pedestrian phase, and 

at locations with vehicular actuation, pedestrian buttons are provided to lengthen the 

phase and/or actuate an audible signal. 

• Many intersections have pretimed signalization. 
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Intersection Geometry 

Streets are generally wide. Driving is on the left. 

Even where there is a very wide median, it is not considered or used as a pedestrian 

refuge. 

Most intersections have pedestrian crosswalks; a fence is typically used where 

crossing is prohibited. 

At areas with high levels of pedestrian traffic, there may be exclusive pedestrian 

phasing. Most intersections with exclusive pedestrian phasing have audible signals. 

Japan has very few non signalized tum lanes or pork-chop-type islands. 

Tactile walking surface indicators, such as "dot tiles" (called detectable warnings in 

the United States) are ubiquitous in urban areas and have been in use since the 1960s to 

indicate danger or a need to make a travel decision. Dot tiles are used in combination 

with "bar tiles," a directional surface (Figure 10-2). Together they provide a continuously 

demarcated route for pedestrians who are blind. 

Figure 10-2. At this intersection, a chain fence is used where crossing is prohibited, 

and bar tiles indicate a travel route. 

N umber of APSs 

Japan has 170,000 signalized intersections, 10,570 of which have APSs. 

There are a variety of APS systems, most with sound broadcast from the pedestrian signal 

head (pedhead). A number of melodies and tones are used to indicate the walk interval. 
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The tone or melody varies from municipality to municipality; each is allowed to 

choose its own. JPNA has also developed a receiver-based system called PICS. 

• 7,978 intersections have cuckoo or chirp sounds from the pedhead during the walk 

interval (Figure 10-3). 

• 2,592 intersections have melodies from the pedhead during the walk interval. 

• 300 intersections in 20 cities have an infrared APS system (PICS-A) compatible with 

the Smith-KettlewellfTalking Signs standard, as developed and evaluated under the 

direction of JPNA. 

Figure 10-3. Pedhead with APS speaker is mounted on a mast arm overhanging the 

crosswalk below. 

Functioning of Broadcast APSs 

Cuckoo/Chirp 

• Cuckoo and chirp are the most common sounds for a walk interval. 

• An alternating signal is now the recommended signal and costs a "trivial amount" 

more than a nonalternating signal. The signal usually uses birdcalls. They are 

beginning to install alternating signals with different sounds (chirp and chirp-chirp) 

on different sides of the street, to improve beaconing. 
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Melody 

• A variety of melodies is broadcast into the intersection, with a change in melody 

during the clearance interval. 

• The sound was often quite loud; sometimes it is possible to hear the melody of one 

intersection from a block away. 

Speech Message 

• The speech message was "Walk" followed by the street name in Japanese. 

• The speaker in the pedestrian signal head may be pointed straight down toward the 

pedestrian below (Figure 10-4). 

Other Characteristics 

• Some APSs in Tokyo used increased repetition rate of cuckoo or chirp during the 

clearance interval. 

• Very few APSs had locator tones at the pushbutton. 

• The APS may have a sound for the pedestrian clearance interval. Yokohama used a 

sound like that of an emergency vehicle. 

• It is fairly common in Tokyo to center the APS speaker over the crosswalk on a mast 

arm extending from the pole. 

• The APS sound is usually turned off at 8:00 p.m. because nearby residents are 

bothered by the noise. 

Figure 10-4. Japanese pedhead with APS speaker pointing straight down toward the 

pedestrian below. 
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Functioning of PICS System 

The PICS system is being developed, evaluated, and installed under the direction of 

JPNA. 

• The system communicates from an infrared transmitter called an "IR station" and a 

short-range radio transmitter installed at the intersection to a receiver carried by 

pedestrians. 

• There are two types of PICS systems: PICS-A and PICS-B. 

PICS-A Speech System 

The PICS-A speech system (Figure 10-5) provides visually impaired pedestrians with 

pedestrian traffic signal information and location information about bus stops and public 

facilities. As the traveler approaches within 10 m of the intersection where the PICS-A 

system is installed, an PM radio message is received by the hybrid radiolIR receiver in 

either a speech or vibration mode. The vibration alerts users to the presence of the 

transmitted signal. The speech message identifies the intersection. When pedestrians 

arrive at a comer and are within the crosswalk, they aim the receiver aimed toward the 

infrared transmitter on the opposite comer to receive IR-transmitted speech information 

about the status of the pedestrian signal. A third function extends the pedestrian phase 

when a button on the receiver is pushed. 

-11111111111111 

Figure 10-5. The PICS-A system is shown with four infrared transmitters mounted 

on a horizontal mast arm. 
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PICS-B Image System 

The PICS-B image system extends green lights and provides route guidance and 

information about the surrounding area on a visual display for people with mobility or 

hearing impairments. Portable receivers (transceivers) are pointed at IR stations located 

near pedestlian traffic signals to extend the pedestdan signal timing, make emergency 

contacts, and obtain route guidance and information about the surrounding area. 

Comments 

The authors found the vadety of overhead speakers loudly broadcasting musical 

sounds or birdcalls to be confusing and distracting. Although these systems have been in 

use in Japan for about 40 years, there is growing concern in Japan about the noise 

pollution they cause. 

The PICS-A system provided signal and directional guidance quite efficiently. Radio

transmitted information was useful for general intersection information on approach. A 

large array of transmitters is required for this system, as shown in Figure 10-5. 

• A head-mounted receiver has now been developed by Mitsubishi Precision Corp. 

Barlow and Bentzen used this receiver at one intersection and found it effective. 

• The standard receiver is handheld and can hang on a neck cord or be stored in a 

pocket when not in use. 

Sources of information 

Kunio Kurachi, Mitsubishi Precision Co., Ltd, Tokyo 

Takabun Nakamura, Okayama Prefectural University, Okayama 

Hirohiko Ohkubo, Mitsubishi Precision Co., Ltd., Tokyo 

Michiko Shimizu, Odentation and Mobility Specialist, Tokyo 

Osamu Sueda, Rehabilitation Engineering Society of Japan and University of 

Tokushima 

Mikio Sugimoto, National Police Agency, Government of Japan, Tokyo 

Masaki Tauchi, Okayama Prefectural University, Okayama 
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Australia 

Functioning of Pedestrian Signals 

Pedestrian Signals 

• Red and green man signals are used, with the red man set to flash during the flashing 

"Don't Walk" interval. 

• All pedestrian pushbuttons were located in very standardized locations, on the side of 

the crosswalk away from the parallel street, aligned with the crosswalk line, about 0.5 

to 1.0 m from the curb line (Figure 10-6). Most fixed time intersections in downtown 

Sydney had pushbuttons with audible and vibrotactile features. 

Pedestrian Signal Timing 

The "Walk" and flashing "Don't Walk" were similar to the U.S. system, with 

clearance interval timed at 1 mls. 

Intersection Geometry 

Streets can be wide and complex, sometimes having narrow medians and channelized 

tum lanes, which were signalized in some locations. 

Roundabouts are used extensively, and O&M specialists and blind travelers state that 

roundabouts are a barrier to travel. 

Detectable warnings or "TWSIs" (tactile walking surface indicators) are used to 

define the edge of the street on the curb ramp, but they are not consistently installed from 

state to state. The edge of the TWSI is intended to be aligned perpendicular to the 

crosswalk direction, to provide additional directional information to blind pedestrians. 
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Figure 10-6. Signalized left-turn lane with APS mounted close to the crosswalk 

locations. Three APSs are on the splitter island, one for each crossing. 

N umber of APSs 

Each state is responsible for its own area. 

The overall number was not available. 

Since the 1980s, APSs have been fairly extensively installed in areas where there is 

pedestrian traffic. 

APS Functioning 

A pushbutton integrated type of signal is used. The pushbutton and sound are 

standardized nationally. 

There are several APS manufacturers in the Australian market, but the pole mounted 

control box overhead was the only visible difference. All pushbuttons looked identical, 

whether they had APS or not, except that those with APS features had an additional 

raised bar on the arrow to indicate that they had APS (Figure 10-7). All pushbuttons with 

audiotactile features functioned identically. 
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Figure 10-7. This APS has a tactile arrow within a larger visible arrow. A raised bar 

on the tactile arrow indicates that this is an APS. Other features include a locator 

tone and audible and vibrotactile "Walk" indication. 

Locator Tone 

The locator tone has a repetition rate of once every 2 s. 

The "Walk" indication has the following characteristics: 

• Fast repetition of low-frequency thumping sound during the walk interval. 

• May have the capability to be set so that the "Walk" sound is limited to 8 s even when 

the "Walk" indication is longer. 

• The alert tone at the beginning of the "Walk" indication is set to sound at 14 dB 

above ambient sound. 

• All devices respond to ambient sound, both for the locator tone and the "Walk" 

indication. 

• Vibrotactile information at the arrow panel pulses at the same rate as the audible tone. 

• Placement has been standardized at the line of the crosswalk away from the center of 

the intersection. The orientation of the face of the APS varied (Figure 4-9). The 

speaker for the APS is at face of the arrow, so sound emanates from the face of the 

unit. Orientation of the device can make a difference in hearing the APS when 

approaching or from the street. 
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• APSs are sometimes turned off at night due to neighbors' complaints about noise. 

Comments 

The standard location of the pushbutton, located beside the waiting location for the 

crossing, provided a clear indication of which crossing the APS was signaling (Figure 10-

8). There was no need for different sounds for different directions of travel. Even on 

pork-chop-type islands with three devices sounding, it was possible to distinguish the 

location and crossing being signaled. 

The placement of the tactile arrows was inconsistent, which caused confusion in some 

cases (Figure 10-9). 

Figure 10-8. Typical APS location in relation to the crosswalk and sidewalk. 

Australian curb ramp standards allow a steeper slope than allowed by U.S. 

standards. 
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Figure 10-9. Installation of tactile arrows was not consistent and provided 

misleading information in some cases. 

Sources of Information 

George Camazolla, Transport SA, Adelaide 

Gayle Clark, Orientation and Mobility Specialist, Guide Dogs Association of SA and 

NT, Inc., Adelaide 

Susan Lockhart, Orientation and Mobility Specialist, Sydney 

Murray Mountain, Access Design Solutions, Melbourne 

Bob and Jelena Panich, Bob Panich Consultancy, Ryde (Sydney) 

Stephen Purtill, Specifications and Standards, VIC Roads, Melbourne 

John Samperi, Signal Engineer 

Roley Stuart, Client Services Manager, Guide Dogs Association of SA and NT, Inc., 

Adelaide 

Jack Vankuyk, Traffic Signals Supervisor, RTA Operations, Sydney 
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Sweden 

Functioning of Pedestrian Signals 

Pedestrian Signals 

• Sweden uses a "red man, green man" symbol signal. 

• Use of a flashing or clearance interval seems to be a local decision. In Goteborg, there 

is no flashing interval, while in Skovda, a flashing "red man" is used. Pedestrian 

actuation is common, and the location of the pushbutton is fairly standard, 

approximately 0.5 to 1.0 m from the curb line and near the farthest crosswalk line 

from the center of the intersection. 

Pedestrian Signal Timing 

• Pedestrians rarely had to cross more than two lanes without coming to an island or 

median. 

• The walk interval is timed according to the width of the street, using 1 mis, with a 

change interval of about 4 s. 

Intersection Geometry 

In cities, streets were generally narrow, with lots of islands. In general, medians or 

islands separated traffic. Most chmmelized tum lanes were signalized. 

Arterials typically have bicycle lmles on both sides of the street (Figure 10-10). 

Bicycle lanes are usually signalized separately, using small ball signals and separate 

pushbutton actuation. 
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There are no curb ramps as such; all curbs at comers are typically 3 to 4 cm high, 

which is said to be acceptable to persons with mobility impairments. 

Figure 10-10. This intersection in Goteborg, Sweden, has a bike lane (seen on left 

side of photo) with its own signal head, and an APS is mounted on the same pole. 

N umber of APSs 

The overall number of APSs was not available. APSs have been in use in Sweden 

since the 1960s and are APSs are fairly extensively installed in downtown areas. In 

suburban areas, signals are installed at the request of persons who are blind or visually 

impaired and may be installed only at some crosswalks of the intersection, depending on 

the request. 

APS Functioning 

There is no Swedish standard for APSs, but most APSs have a ticking sound that 

repeats at 60 pulses per minute for the locator tone and 600 pulses per minute for the 

"Walk" interval. 

The APS is typically placed on a signal pole or stub pole near the edge of the 

crosswalk furthest from the intersection, about 0.5 m from the curb. 

Signal volume is typically set to be audible 3 m from the pole. Signals respond to 

ambient sound, within a range set by the installer. APS can also be set to a constant 

volume. 
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Each intersection had a number of APSs and pedestrian signal heads because there 

was an APS on each island/median; many medians had an additional pedhead as well 

(Figure 10-11). 

The APS is differentiated from the standard pedestrian pushbutton by different 

colored panels on the side of the device. 

A raised tactile arrow on top of the device points across the crosswalk (Figures 10-12 

and 10-13). At median locations where the signal actuated a simultaneous "Walk" for 

pedestrians crossing in both directions from the median, arrowheads were on both ends of 

the shaft. 

Signals were of a type that could include vibrotactile information through a separate 

button on the bottom of the device. However, that feature was not commonly provided. 

Figure 10-11. This street crossing in Goteborg, Sweden, includes two islands and 

numerous APSs (indicated in the photo by circles or half-circles). 
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Figure 10-12. The Swedish APS displays a tactile map on one side. 

Figure 10-13. A pedestrian uses the tactile map. 

Additional information 

Most devices had a crosswalk map feature on the side of the device, indicating the 

number of vehicular or bicycle lanes to be crossed and, where present, the locations of 

islands or transit rails across the crosswalk. However, Kaj Nordquist of the Swedish 

Blind Association stated that most blind people in Sweden only travel on familiar routes 

so the tactile maps are not used much. He stated that orientation to new routes is 

generally available to blind citizens of Sweden. 
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Comments 

Although there were a number of APSs at each intersection, it was possible to locate 

the devices and use the "Walk" indication of the device to cross efficiently. 

Because of the precise location of each APS, the information provided was 

unambiguous as to which crosswalk had the walk interval. 

A pedestrian waiting to cross could always be within ann's reach of the APS, so there 

was no question regarding which APS was sounding during the walk interval. 

Sources of Information 

Jan Lund, Prisma Teknik, Tibro 

Roger Peterson, Prisma Teknik, Tibro 

Bengt Ekdahl, Traffic Engineering, Goteborg 

Kaj Nordquist, Swedish Blind Society, Stockholm 

Denmark 

Functioning of Pedestrian Signals 

Denmark uses a "red man, green man" symbol signal. 

The length of the walk interval varies by time of day. The walk interval is usually 

calculated using a walking speed formula of 1.3 mis, but up to 1.5 mls can be used. 

There is no flashing clearance interval. 

Most of the central business district has fixed time signals. 
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Intersection Geometry 

Streets typically were narrow (by U.S. standards) with a great deal of pedestrian and 

bicycle traffic. Streets included wide bike lanes, often slightly raised from the street level. 

There are no unsignalized right-tum lanes for cars, but there are right-tum lanes for 

bicycles. 

Curbs are typically 3 to 4 cm high, which is said to be acceptable to persons with 

mobility impairments. 

Detectable warning surfaces are installed in some locations at the curb, usually in a 1-

ft band. There are no detectable warnings at edges of cut-through medians. 

N umber of APSs 

APSs are very common in central business districts; outside of the central business 

district, APSs are installed at the request of the Danish Blind Association and only at 

requested crosswalks. 

Tactile arrows are installed on the top of the APS (Figures 10-14 and 10-15). 

Figure 10-14. Illustration of tactile arrow. 
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Figure 10-15. The tactile arrow on the APS in Denmark was on top of the device, 

which was located on a pole near the crosswalk line. Most intersections were 

pretimed, so no pushbutton was included on this device. 

APS Functioning 

Most installations have audible signals coming from devices at pushbutton height, 

whether they have pushbuttons or the signals are fixed time; overhead beaconing speaker 

devices are currently installed in combination with pushbutton locator tones at a few trial 

locations. 

Signals must conform to a national standard. 

The locator tone and "Walk" indication have the following characteristics: 

• Both are 880-Hz square or sawtooth wave tones. The locator tone is pulsed at 30/min, 

and the "Walk" indication pulsed faster. 

• The Danish standard requires that the "Walk" indication be five times the rate of the 

locator tone. 

• The pulse length of the locator tone is 400 ms, and the pulse length of the "Walk" 

tone is 200 ms. 

Volume 

All APSs respond to ambient sound, unless special permission is received to set the 

signal to a constant low level. 
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• Although the standard for setting the volume is that the signal should be audible 3 m 

from the pole, the signal was quite often audible as far as 10m from the pole. 

• The installer detemlines the volume by listening. 

Additional Information 

Location 

TIle APSs were located consistently at the end of the crosswalk line so the locator 

tone could be used to line up for crossing. 

The consistency of location is considered very important; the APS is installed no 

more than 0.6 m from the curb line, and the horizontal distance from the crosswalk line is 

not more than 0.3 m. 

Stub poles are installed if signal poles are not available in the appropriate location. 

Crosswalk lnfonnation 

A knob on the end of the bar indicates the far side of the street, and additional knobs 

indicate the number of islands or medians that will be encountered prior to the far side. 

All APS devices have a bar aligned with the crosswalk, which functions as an arrow, 

on top of the device (Figure 10-16). 

Other 

Where there is a pushbutton, it is usually located on the backside of the APS, toward 

the pole, with sufficient space for fingers to reach between the APS and the pole. 

In general, there is no need to push a button, as most intersections have pretimed 

pedestlian phases. 
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Figure 10-16. Danish APS with tactile bar (arrow) mounted on the top. The bar is 

aligned with the crosswalk, and two knobs at the end of the bar indicate a median 

and the far side of the street. 

Comments 

The locator tone was same tone as the "Walk" interval tone and of the same intensity. 

Repetition rates at some locations in Copenhagen did not seem to conform to the 

published standard. 

At a multileg intersection, the APSs were very useful for crossing and alignment. 

• APSs were very consistently located in relation to the crosswalk. 

• The directional bar (arrow) was useful, as were the crosswalk maps on the side of the 

signals. 

• Medians were cut through, without detectable warnings, but the sound of the APS at 

the median gave some information about the median location. 

The representative of the Danish Blind Association mentioned that some people have 

expressed concerns that the signals were too loud, causing noise pollution. 

Contact 

Mohammed Abazza, Traffic Engineer, Copenhagen 

Neils Christian Johanneson, Siemens 

Inge Kyhl, Orientation and Mobility Specialist, Institute for the Blind and Partially 

Sighted in Denmark 

Mehta Rohe, Danish Blind Association 

J om Vammen, Signals Engineer, Danish Department of Transportation 
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O&M-Olientation and mobility 
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Appendix A-Current Guidelines 

For the convenience of the reader, this appendix contains excerpts from the MUTCD 

(current and proposed language) and Draft PROWAG concerning guidance on accessible 

pedestlian signals (1, 2). The organization of this appendix is as follows: 

Document Dated Sections Included in Starting Page in 

this Appendix this Appendix 

MUTCD2003 November 2004 sections 4D.03, 4E.06, A-2 

and 4E.09 

NCUTCD approved June 30, 2006 sections 4A.02, 4D.03, A-9 

changes to the next 4E.06, 4E.08, and 4E.09 

version of the MUTCD 

Draft PROW AG November 23,2005 Chapters Rl through R4 A-26 
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Excerpts from MUTeD - 2003 Edition with Revision No.1 Incorporated, 

dated November 2004 

Section 4D.03 Provisions for Pedestrians 

Support: 

Chapter 4E contains additional infonnation regarding pedestlian signals. 

Standard: 

The design and operation of traffic control signals shaH take into consideration 

the needs of pedestrian as well as vehicular traffic. 

If engineering judgment indicates the need for provisions for a given pedestrian 

movement, signal faces conveniently visible to pedestrians shall be provided by 

pedestrian signal heads or a signal face for an adjacent vehicular movement. 

Guidance: 

Safety considerations should include the installation, where appropriate, of accessible 

pedestrian signals (see Sections 4E.06 and 4E.09) that provide infonnation in nonvisual 

fonnat (such as audible tones, verbal messages, and/or vibrating smfaces). 

Where pedestrian movements regularly occur, pedestrians should be provided with 

sufficient time to cross the roadway by adjusting the traffic control signal operation and 

tirmng to provide sufficient crossing time every cycle or by providing pedestrian 

detectors. 

Option: 

If it is desirable to prohibit certain pedestrian movements at a tratTic control signal, a 

PEDESTRIANS PROHIBITED (R9-3) or No Pedestrian Crossing (R9-3a) sign may be 

used (see Section 2B.44). 
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Section 4E.06 Accessible Pedestrian Signals 

Support: 

The primary technique that pedestrians who have visual disabilities use to cross 

streets at signalized locations is to initiate their crossing when they hear the traffic in 

front of them stop and the traffic alongside them begin to move, corresponding to the 

onset of the green interval. This teclmique is effective at many signalized locations. The 

existing enviromnent is often sufficient to provide the information that pedestrians who 

have visual disabilities need to operate reasonably safely at a signalized location. 

Therefore, many signalized locations will not require any accessible pedestrian signals. 

Guidance: 

If a particular signalized location presents difficulties for pedestrians who have visual 

disabilities to cross reasonably safely and effectively, an engineering study should be 

conducted that considers the safety and effectiveness for pedestrians in general, as well as 

the infommtion needs of pedestrians with visual disabilities. 

Support: 

The factors that might make crossing at a signalized location difficult for pedestrians 

who have visual disabilities include: increasingly quiet cars, right tum on red (which 

masks the beginning of the through phase), continuous right-tum movements, complex 

signal operations, traffic circles, and wide streets. Further, low traffic volumes might 

make it difficult for pedestrians who have visual disabilities to discern signal phase 

changes. 

Local organizations, providing support services to pedestrians who have visual and/or 

hearing disabilities, can often act as important advisors to the traffic engineer when 

consideration is being given to the installation of devices to assist such pedestrians. 

Additionally, Olientation and mobility specialists or similar staff also might be able to 

provide a wide range of advice. The U.S. Access Board's Document A-37, "Accessible 

Pedestrian Signals," provides various techniques for making pedestrian signal 

infonnation available to persons with visual disabilities (see Addresses for the address for 

the U.S. Access Board). 
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Accessible pedestrian signals provide infOlmation in nonvisual format (such as 

audible tones, verbal messages, and/or vibrating surfaces). 

Information regarding detectors for accessible pedestrian signals is found in Section 

4E.09. 

Standard: 

When used, accessible pedestrian signals shall be used in combination with pedestrian 

signal tinring. The information provided by an accessible pedestrian signal shall clearly 

indicate which pedestrian crossing is served by each device. 

Under stop-and-go operation, accessible pedestrian signals shall not be limited in 

operation by the time of day or day of week. 

Guidance: 

The installation of accessible pedestrian signals at signalized locations should be 

based on an engineering study, which should consider the following factors: 

A. Potential demand for accessible pedestrian signals; 

B. A request for accessible pedestrian signals; 

C. Traffic volumes during times when pedestrians nright be present, including periods of 

low traffic volumes or high tum-on-red volumes; 

D. The complexity of traffic signal phasing; and 

E. The complexity of intersection geometry. 

Support: 

Technology that provides different sounds for each nonconcurrent signal phase has 

frequently been found to provide ambiguous information. 

Standard: 

When choosing audible tones, possible extraneous sources of sounds (such as wind, 

rain, vehicle back-up warnings, or birds) shall be considered in order to eliminate 

potential confusion to pedestrians who have visual disabilities. 
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Guidance: 

Audible pedestlian tones should be carefully selected to avoid misleading pedestrians 

who have visual disabilities when the following conditions exist: 

A. Where there is an island that allows unsignalized right turns across a crosswalk 

between the island and the sidewalk. 

B. Where multileg approaches or complex signal phasing require more than two 

pedestrian phases, such that it might be unclear which crosswalk is served by each 

audible tone. 

C. At intersections where a diagonal pedestrian crossing is allowed, or where one street 

receives a WALKING PERSON (symbolizing WALK) signal indication 

simultaneously with another street. 

Standard: 

When accessible pedestrian signals have an audible tone(s), they shaH have a tone 

for the walk interval. The audible tone(s) shaH be audible from the beginning of the 

associated crosswalk. If the tone for the walk interval is similar to the pushbutton 

locator tone, the walk interval tone shaH have a faster repetition rate than the 

associated pushbutton locator tone. 

Support: 

A pushbutton locator tone is a repeating sound that informs approaching pedestrians 

that they are required to push a button to actuate pedestrian timing, and that enables 

visually impaired pedestrians to locate the pushbutton (see Section 4E.09). 

Guidance: 

The accessible walk signal tone should be no louder than the locator tone, except 

when there is optional activation to provide a louder signal tone for a single pedestrian 

phase. 

Automatic volume adjustment in response to ambient traffic sound level should be 

provided up to a maximum volume of 89 dBA. Where automatic volume adjustment is 

used, tones should be no more than 5 dBA louder than ambient sound. The A-weighted 

sound pressure level should conform to the requirements of "ISO 1996-1: 1982" and "ISO 
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1996-2: 1987" (see Addresses for the address for the International Organization for 

Standards ). 

Standard: 

When verbal messages are used to communicate the pedestrian interval, they 

shaH provide a clear message that the walk interval is in effect, as wen as to which 

crossing it applies. 

The verbal message that is provided at regular intervals throughout the timing 

of the walk interval shall be the term "walk sign," which may be followed by the 

name of the street to be crossed. 

A verbal message is not required at times when the walk interval is not timing, 

but, if provided: 

A. It shaH be the term "wait." 

B. It need not be repeated for the entire time that the walk interval is not timing. 

Option: 

Accessible pedestrian signals that provide verbal messages may provide similar 

messages in languages other than English, if needed, except for the ternlS "walk sign" and 

"wait. " 

Support: 

A vibrotactile pedestrian device communicates infonnation about pedestrian timing 

through a vibrating surface by touch. 

Standard: 

Vibrotactile pedestrian devices, where used, shaH indicate that the walk interval 

is in effect, and for which direction it applies, through the use of a vibrating 

directional arrow or some other means. 

Guidance: 

When provided, vibrotactile pedestrian devices should be located next to, and on the 

same pole as, the pedestrian pushbutton, if any, and adjacent to the intended crosswalk. 
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Section 4E.09 Accessible Pedestrian Signal Detectors 

Standard: 

An accessible pedestrian signal detector shall be defined as a device designated 

to assist the pedestrian who has visual or physical disabilities in activating the 

pedestrian phase. 

At accessible pedestrian signal locations with pedestrian actuation, each 

pushbutton shall activate both the walk interval and the accessible pedestrian 

signals. 

Option: 

Accessible pedestrian signal detectors may be pushbuttons or passive detection 

devices. 

Pushbutton locator tones may be used with accessible pedestrian signals. 

Guidance: 

At accessible pedestrian signal locations, pushbuttons should clearly indicate which 

crosswalk signal is actuated by each pushbutton. Pushbuttons and tactile alTOWS should 

have high visual contrast as described in the "Americans with Disabilities Act 

Accessibility Guidelines for Buildings and Facilities (ADAAG)" (see Section IAl1). 

Tactile arrows should point in the same direction as the associated crosswalk. At comers 

of signalized locations with accessible pedestrian signals where two pedestrian 

pushbuttons are provided, the pushbuttons should be separated by a distance of at least 3 

ill (10 ft). This enables pedestrians who have visual disabilities to distinguish and locate 

the appropriate pushbutton. 

Pushbuttons for accessible pedestrian signals should be located (see Figure 4E-2) as 

follows: 

A Adjacent to a level all-weather surface to provide access from a wheelchair, and 

where there is an all-weather surface, wheelchair accessible route to the ramp; 

B. Within 1.5 m (5 ft) of the crosswalk extended; 

C. Within 3 ill (10 ft) of the edge of the curb, shoulder, or pavement; and 
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D. Parallel to the crosswalk to be used. 

Figure 4E-2 Recommended Pushbutton Locations for Accessible Pedestrian Signals 

Figure 4E-2. Recommended Pushbutton Locations 
for Accessible Pedestrian Signals 

1.5 m {5tt) 
MAX 

.....,...-fL+------.~ 
3m(10ft) MAX. 

j 

Two Curb-Cut Ramps 

1.S m (SIt) 
.. MAX 

~ 
;:I m (10 11) MAX. 

j 

Legend 

"" . Pf/dQstrian PushbLlfton 

One Curb·C ut Ramp 

If the pedestrian clearance time is sufficient only to cross from the curb or shoulder to 

a median of sufficient width for pedestrians to wait and accessible pedestrian detectors 

are used, an additional accessible pedestrian detector should be provided in the median. 

Standard: 

When used, pushbutton locator tones shall be easily locatable, shall have a 

duration of 0.15 seconds or less, and shall repeat at I-second intervals. 
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Guidance: 

Pushbuttons should be audibly locatable. Pushbutton locator tones should be intensity 

responsive to ambient sound, and be audible 1.8 to 3.7 m (6 to 12 ft) from the pushbutton, 

or to the building line, whichever is less. Pushbutton locator tones should be no more 

than 5 dBA louder than ambient sound. 

Pushbutton locator tones should be deactivated during flashing operation of the traffic 

control signal. 

Option: 

At locations with pretimed traffic control signals or non actuated approaches, 

pedestrian pushbuttons may be used to activate the accessible pedestrian signals. 

The audible tone(s) may be made louder (up to a maximum of 89 dBA) by holding 

down the pushbutton for a minimum of 3 seconds. The louder audible tone(s) may also 

alternate back and forth across the crosswalk, thus providing optimal directional 

information. 

The name of the street to be crossed may also be provided in accessible format, such 

as Braille or raised print. 
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National Committee on Uniform Traffic Control Devices (NCUTCD) 

approved changes to the next version of the MUTCD 

As approved by the National Committee June 30, 2006. 

TECHNICAL COMMITTEE RECOMMENDATION 

TECHNICAL COMMITTEE: 

DATE OF ACTION: 

TOPIC: 

ORIGIN OF REQUEST: 

DISCUSSION: 

Signals Technical Committee 

January 19, 2006 

Sections 4A.02 Definitions Relating To Highway 

Traffic Signals, Section 4D.03 Provisions for 

Pedestrians,_Section 4E.06 Accessible Pedestrian 

Signals, Section 4E.08 Pedestrian Detectors, and 

Section 4E.09 Accessible Pedestrian Signal Detectors 

Signals Technical Committee 

The STC has been working for over six years to incorporate the results of research 

and practice regarding accessible pedestrian signals (APS) into the MUTCD. The 2000 

MUTCD included new sections on APS (4E.06) and Accessible Pedestrian Detectors 

(4E.08-now 4E.09). TIle language in these sections was revised in the 2003 MUTCD, 

based on research results available at that time. Recommended modifications to the 2003 

MUTCD have been reviewed and approved by the NCUTCD. Additional changes are 

now proposed based on results of research, practice, and technical development of APS. 

Both the Rehabilitation Act of 1973 (Section 504) and the Americans with 

Disabilities Act of 1990 require that facilities, programs and services be accessible to 

persons with disabilities. Both require that all new construction and alterations be 
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accessible to persons with disabilities. This requirement means that pedestrian signals in 

new construction and alterations must be accessible to persons with disabilities, including 

vision impairment, vision and hearing impairment, cognitive impairment, and mobility 

impairment. Pedestrian signals are required to communicate WALK signal information 

in both audible and vibrotactile modes so they are usable by pedestrians with vision, and 

vision and hearing impainnent. Pushbuttons to actuate pedestrian signals must be able to 

be located by persons with vision inlpairments and able to be actuated by persons with 

mobility impairments. Proposed changes have been demonstrated to result in accurate 

communication of pedestlian signal infonnation to pedestrians having vision, vision and 

hearing, or cognitive disabilities. Proposed changes also result in making accessible 

pedestrian detectors easy to locate and actuate by persons with visual or mobility 

impairments. 

Proposed changes to 4A.02, 4E.06, 4E.08, and 4E.09 are based primarily on 

additional research conducted under NCHRP 3-62 Accessible Pedestrian Signals, and a 

5-year project sponsored by the National Institutes of Health, National Eye Institute, 

Blind Pedestrians' Access to Complex Intersections. Major changes are the following. 

• Standards for the nature of audible and vibrotactile WALK indications 

• Change from Guidance to Standard for volume of audible WALK indications 

• Guidance on accessible pedestrian signal timing when pedestrian signals rest in walk 

• Standard restricting the use of speech WALK indications to locations in which it is 

not technically feasible to locate two accessible pedestrian signal devices on separate 

poles at a comer 

• Guidance on the use of audible beaconing to aid users in maintaining a straight 

direction of travel across a crossing 

• Standards for ways to provide audible beaconing; Standard for location of tactile 

arrows on devices 

• Change from Guidance to Standard requiring an additional accessible pedestrian 

detector on a median where pedestIian tinring is sufficient only to cross from a curb 

or shoulder to a median 

• Options for an alert tone at the onset of the walk interval and for a tactile map of the 

crosswalk 
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Additional changes clarify the intent of existing language, reduce redundancy, or 

provide more logical organization. 

Since the 2000 MUTCD, 4E.06 has required that "The infonnation provided by an 

accessible pedestrian signal shall clearly indicate which pedestrian crossing is served by 

each device," however at that time there were no Standards and little Guidance on how 

this should be accomplished. Research has documented that requirements for both the 

nature of the tone or speech message provided by an accessible pedestlian signal, and the 

location of accessible pedestlian signal devices are needed to avoid ambiguity in 

detennining which crosswalk has the WALK signal. Further, a tactile alTOW is necessary 

for pedestrians who are blind to detemline which pushbutton should be used to actuate 

the WALK signal at a particular crossing. 

Under NCHRP 3-62, research was conducted to detennine which device features best 

facilitated safe and independent street crossings by pedestrians who are blind. Four 

different types of pushbutton-integrated APS were used at one intersection in each of two 

cities. (Only pushbutton-integrated APS make pedestlian signal information accessible to 

the large proportion of people who are blind and who also have hearing impainnents.) 

An devices had a pushbutton locator tone, an audible actuation indicator, an audible 

WALK indication, a tactile arrow that vibrated during the walk interval, and automatic 

volume adjustment. Acoustic characteristics of the locator tone, the WALK signal, and 

the actuation indicator valied across devices, as did style of pushbutton and tactile arrow. 

In each city 20 blind participants made two or three crossings using each device. 

Objective data included participants': location at the onset of crossing and at the end of 

crossing, with relation to the location and direction of the crosswalk; heading at the onset 

of crossing; intervals during beginning and ending of crossing; starting delay; searching 

for, locating and using pushbuttons; use of particular device features; and independence 

in crossing. 

Results of NCHRP 3-62, supplemented by research sponsored by the National Eye 

Institute, demonstrate that for pedestlians with varying amounts of visual impainnent and 

varying types of cognitive impainnent, the least ambiguous infommtion was provided 

when two APS on a comer were located on separate poles close to the curb that were 

separated by a distance of at least 10 feet. Both speed and accuracy in detemlining which 
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crosswalk had the walk interval were also significantly better when both APS on a 

comer, located as described above, had the same rapid tick tone as compared with two 

different tones. Although subjective preference for WALK indications revealed that 

speech WALK signals were preferred, in the interest of minimizing the occasions on 

which pedesttians who have visual or cognitive impairments begin crossing with the 

wrong signal, the Final Report for NCHRP 3-62 recommends that the WALK indication 

should be a rapid tick. 

Nonetheless, it is not always possible to locate APS on two different poles at a comer. 

NCHRP 3-62 results indicated that where two pushbuttons were located on a single pole, 

speed and accuracy in determining which crossing has the WALK signal were greater 

when the WALK indication was a speech message providing the name of the street being 

crossed than when a different WALK tone was provided by each of the two APS on one 

pole. When it is technically infeasible to locate APS on two different poles, the only way 

to provide unambiguous information regarding which crossing has the WALK signal is a 

speech message. However, speech messages are not understandable to all pedestrians 

under all ambient sound conditions. Therefore the use of speech WALK indications 

should be restlicted to those situations in which it is necessary to locate two pushbuttons 

on a single pole. 

Devices having the vibrating tactile arrow located on the pushbutton were used more 

quickly and accurately, and were preferred over devices in which the vibrating arrow was 

not incorporated into the pushbutton. 

Research on APS sponsored by the National Eye Institute indicates that safety and 

independence of pedesttians with visual impairments at street crossings is enhanced by 

some form of audible beaconing at some crossings having complex geometry. Sixteen 

blind pedestrians in each of four cities made crossings at two complex signalized 

intersections before and after installation of APS having different means of providing 

beaconing. Objective measures included participants' accuracy in locating the crosswalk, 

aligning for crossing, crossing within the crosswalk, starting within the walk interval, and 

completing crossings within the pedestrian phase, as well as completing crossing 

independently. 
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Based on results of this research, Guidance is proposed for identifying those crossings 

where audible beaconing should and should not be used. There are currently four 

potential ways of providing audible beaconing. Thus a Standard requiring the use of one 

of these four ways to provide beaconing is proposed, where audible beaconing is needed. 

All of the ways to provide beaconing require increased signal volume. To minimize the 

impact of increased signal volume on neighbors, while making it available to persons 

who need it, audible beaconing is provided only in response to an extended button press. 

Also, the use of the term "speech" instead of "spoken" or "verbal" is recommended 

when referring to accessible pedestrian signals and has been incorporated into the 

proposed changes. 

The Signals Technical Committee recommends that the National COIIUnittee subrmt 

the following proposed MUTCD changes to sponsors for comments. 

COMMITTEE ACTION: 

VOTE: 

Opposed 

Abstentions 

REFERENCE TO AFFECTED 

PAGE NUMBERS IN MUTCD: 

See following pages for proposed text. New text is shown 

in underline. Deleted text is shown as ~ 

striketflnl ~gh. 

For 

-0 

-0 

- 25 

Pages 4A-l to 4A-3, 4D-2, and 4E-3 to 4E-7, 2003 

Edition of MUTeD, Rev. 1 
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Section 4A.02 Definitions Relating to Highway Traffic Signals 

Standard: 

Accessible Pedestrian Signal-a device that communicates information about 

pedestrian timing in nonvisual format such as audible tones, "eFeal speech 

messages, and/or vibrating surfaces. 

Pedestrian Change Interval-an interval during which the flashing UPRAISED 

HAND (symbolizing DONT WALK) signal indication is displayed. 'NRsn a 

'JEll Feal message is pn,wigeg at an aGGessiele pegestFian signal, tRe '1eFeal 

message is "wait" 

Pushbutton Locator Tone-a repeating sound that informs approaching 

pedestrians that tRey aFe FeqloliFeg te PIoISR there is a pushbutton to actuate 

pedestrian timing or to receive additional information and that enables 

pedestrians who have visual disabilities to locate the pushbutton. 

Vibrotactile Pedestrian Device a gS'IiGS an accessible pedestrian signal 

feature that communicates, by touch, information about pedestrian timing 

using a vibrating surface. 

Section 40.03 Provisions for Pedestrians 

Guidance: 

Safety considerations should include the installation, where appropriate, of 

accessible pedestrian signals (see Sections 4E.06 and 4E.09) that provide information in 

nonvisual format (such as audible tones, ~ speech messages, and/or vibrating 

surfaces). 
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Section 4E.06 Accessible Pedestrian Signals 

Support: 

The primary technique that pedestrians who have visual disabilities use to cross streets at 

signalized locations is to initiate their crossing when they hear the traffic in front of them stop and 

the traffic alongside them begin to move, @@ff@81'HmEling which often corresponds to the onset of 

the green interval. This t@elUUe[li@ i8 @ffeetiv @ at ffttUlY signaliz@€l1@eati@n8. The existing 

environment is often not sufficient to provide the information that pedestrians who have visual 

disabilities need to @fl@fat@ gOlfe)) cross a roadway at a signalized location. Th@f@f@f@, nan) 

signaliz@€ll@eati@lls will n@t r@€lUir@ an)' a@@@ssiel@ fl@El@strian signals. 

Guidance: 

If a particular signalized location presents difficulties for pedestrians who have visual 

disabilities to cross gafeI) allEl @ff@cti @l) the roadway, an engineering study should be conducted 

that considers the safety ana @ffll@tiv@n@ss fer needs of pedestrians in general, as well as the 

infonnation needs of pedestrians with visual disabilities. The engineering study should consider 

the following factors: 

A. Potential demand for accessible pedestrian signals; 

B. A request for accessible pedestrian signals; 

C. Traffic volumes during times when pedestrians might be present, including periods of 

low traffic volumes or high tum-on-red volumes; 

D. The complexity of traffic signal phasing (such as split phases, protected tum phases, 

leading pedestrian intervals, and exclusive pedestrian phases); and 

E. The complexity of intersection geometry. 

Support: 
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The factors that ~ make crossing at a signalized location difficult for pedestrians who 

have visual disabilities include: increasingly quiet cars, right turn on red (which masks the 

beginning ofthe through phase), continuous right-turn movements, complex signal operations, 

traffic circles, and wide streets. Further, low traffic volumes might make it difficult for 

pedestrians who have visual disabilities to discern signal phase changes. 

Local organizations, providing support services to pedestrians who have visual and/or hearing 

disabilities, can often act as important advisors to the traffic engineer when consideration is being 

given to the installation of devices to assist such pedestrians. Additionally, orientation and 

mobility specialists or similar staff also might be able to provide a wide range of advice. The 

U.S. Access Board's Q€HlNmtmt A 37, ., A eeessillle Peaegtrilm Sigllals," (www.access-board.gov) 

provides various techniques for making pedestrian signal infornlation available to persons with 

visual disabilities (see Page i for the address for the U.S. Access Board). 

Accessible pedestrian signals provide information in nonvisual format (such as audible tones, 

~ speech messages, and/or vibrating surfaces). 

Information regarding detectors for accessible pedestrian signals is found in Section 4E.09. 

Standard: 

When used, accessible pedestrian signals shall be used in combination with pedestrian 

signal timing. The information provided by an accessible pedestrian signal shall clearly 

indicate which pedestrian crossing is served by each device. 

Under stop-and-go operation, accessible pedestrian signals shaH not be limited in 

operation by the time of day or day of week. 

1he illstallati€lll €lf tl!leessffile l'leElestftlm sigllllls at sigllaligeEll€leati,ms sft€lllEllJelJaseEl €lft 1m 

ellgilleeEllg sruEl)" wfti@h sft€lNl€l @€lllsiElefthe fell€lwillg ¥a@t€lfS: 
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C. 'fl'af:k@ YehlHl€!S OOflllg tim€!s wlum fl€!Ei€!StflOOS might e€! fll'€!S€!llt, ill€lhiEiillg fl€!fleEis €If 

Ie traf:k€! elltlll€!8 erhigh rum en r€!Ei ehlll1:@S; 

Support: 

Accessible pedestrian signals that are located as close as possible to pedestrians waiting to 

cross the street provide the clearest and least ambiguous indication of which pedestrian crossing 

is served by a device. Technology that provides different sounds for each nonconcurrent signal 

phase has frequently been found to provide ambiguous information. 

~Research indicates that a rapid tick tone for each crossing on separated poles located close 

to each crosswalk provides unambiguous infoffi1ation to pedestrians who are blind or visually 

impaired. Vibrotactile indications provide information to pedestrians who are blind and deaf and 

are also used by pedestrians who are blind or who have low vision to confirm the walk signal in 

noisy situations. 

Standard: 

';l/Ium dloosing audihh~ ton@s, J)ossihl@ @Jftran@ous sour@@s of sounds (SUdl as "ind, rain, 

• @hid@ ba@h UJ) "arnings, or birds~ shaH b@ @onsid@r@d in ord@r to @liminat@ J)ot@ntial 

@enmsien te pedestrians .. he Ita. @ • isual disabilities. 

Accessible pedestrian signals shall have both audible and vibrotactile walk indications. 
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Accessible pedestrian signals shall have an audible walk indication during the walk 

interval only. The audible tone(s) shall be audible from the beginning of the associated 

crosswalk. 

Accessible pedestrian signals shaH not provide an audible pedestrian change interval 

indication. 

Audible walk indications shaH be a percussive tone. Audible tone walk indications shall 

repeat at 8 to 10 ticks per second. Audible tones used as walk indications shall consist of 

multiple frequencies with a dominant component at 880 Hz. 

Vibrotactile walk indications shall be provided by a tactile arrow on the pushbutton 

which vibrates during the walk interval (see Section 4E.09). 

Guidance: 

The sound level of audible pedestrian ~ indications should be adjusted to be low enough 

@af@mHy 8@1@@t@€l: to avoid misleading pedestrians who have visual disabilities when the following 

conditions exist: 

A. Where there is an island that allows unsignalized right turns across a crosswalk between 

the island and the sidewalk. 

B. Where multi leg approaches or complex signal phasing require more than two pedestrian 

phases, such that it might be unclear which crosswalk is served by each audible tone. 

C. At intersections where a diagonal pedestrian crossing is allowed, or where one street 

receives a WALKING PERSON (symbolizing WALK) signal indication simultaneously 

with another street. 

Standani: 
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When aeeessihie ~edestrian signals ha. e an audihle tsne(s), the) shall ha. e a tsne &sr 

the" alb inter. al. The audihle tsne(s) shaH he audihle &rsm the heginning 0& the assoeiated 

ersss" all'"- Ii' the tsne &sr the" alii: inter. al is similar ts the ~ushhuttsn h,eatsr tsne, the 

.. all. inter. al tsne shall ha. e a &aster re~etitisn rate than the assseiated ~ushhuttsn Iseatsr 

Support: 

A pushbutton locator tone is a repeating sound that infonns approaching pedestrians that ~ 

al'Ell'El€fllirEl€l: hl tHigh there is a pushbutton to actuate pedestrian tin ling or to receive additional 

infonnation, and that enables VigliaHy i~ainl€l: pedestrians who have visual disabilities to locate 

the pushbutton (see Section 4E.09). 

C'li@atlgg Standard: 

TllEl aggElssillb alk sigNal hmEl slulld@ II El NO l!m@twthaN thEllegatef teN@, @?Hl@IJt h@N th@f@ 

is @IJti!mru !leti ati@ft t@ IJf@ i@@ a l@ll@@r signal t@ng ffir a siftg]@ PEl@@striatl phasg. 

Autsmatie • slume acijustment in res~snse ts amhient tra&He ssund Ie. el shsuld he 

~rs. ided u~ ts a maximum • slume s& 89 dRA. '¥here autsmatie • slume acijustment is 

~ Tones ~ shall be set to be no more than 5 dBA louder than ambient sound except 

when a louder signal is provided in response to an extended button press. Automatic volume 

adjustment in response to ambient traffic sound level shall be provided up to a maximum 

volume of 100 dBA. The 1 ,,@ighted sound ~ressure l@.el should be measured aeellrding til 

"HiO 19% 1:1982" and "I~O 199{} 2:1987" at a distanee s& 1 m (J.J i't) &rsm the transmitter 

(see Page i hI' the address hI' the International Organiution hI' Standards). 

The accessible walk signal shall have the same duration as the pedestrian walk signal 

except when the pedestrian signal rests in walk. 

Guidance: 

When the pedestrian signal rests in walk. the accessible walk signal should be linlited to the 

first 7 seconds ofthe walk interval. The accessible walk signal should be recalled by a button 
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press during the walk interval provided that the crossing time remaining is greater than the 

pedestrian change interval. 

Option: 

An alert tone, which is a very brief burst of high frequency sound at the beginning of the 

audible walk indication which rapidly decays to the frequency of the walk tone, may be used to 

alert pedestrians to the beginning of the walk interval. An alert tone may be particularly useful if 

the walk tone is not easily audible in some traffic conditions. 

Support: 

Sp@k@il Speech messages conmmnicate to pedestrians which street has the walk interval. 

Sp@k€Hl Speech messages might be either directly audible or transmitted, requiring a personal 

receiver to hear the message. To be a useful system, the words and their meaning must be 

correctl y understood by all users in the context of the street environment where they are used. 

Because of this, tones are the preferred means of providing audible walk indications. 

Where speech messages are used. pedestrians have to know the names of streets they are 

crossing in order for ~ speech walk messages to be unambiguous. In getting directions to 

travel to a new location, pedestrians who are blind do not always get the name of each street to be 

crossed. Therefore, it is desirable to give users of accessible pedestrian signals the name of the 

street controlled by the pushbutton. This can be done by means of a speech pushbutton 

infonnation message during the flashing or steady don't walk intervals, or by raised print and 

Braille labels on the pushbutton housing. 

Users must combine the infonnation from the pushbutton message or Braille label, the tactile 

arrow aligned in the direction of travel on the relevant crosswalk, and the ~ speech walk 

message, in order to correctly respond to ~ speech walk messages, particularly ifthere are 

two pushbuttons on the same pole. 

Standard: 
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When Sfl81i1'ln speech messages are used to communicate the pedestrian interval, they 

shall provide a clear message that the walk interval is in effect, as well as to which crossing 

it applies. Speech walk messages shall be used only at intersections where it is technically 

infeasible to install two accessible pedestrian signals at one comer separated by a distance 

of 3 m no ft). 

When sfl81<en speech messages are used during the walk interval at intersections having 

concurrent pedestrian phasing they shall be patterned after the model: "Broadway. Walk 

sign is on to cross Broadway." 

When sfHlhen speech messages are used at intersections having exclusive pedestrian 

phasing they shall be patterned after the model: "WALK sign is on for all crossings." 

Walk interval messages shaH not contain any additional information, except they shaH 

include designations such as "Street or "Avenue" where this information is necessary to 

avoid ambiguity in a particular locale. 

The sfl8h-en message shall he refleateiJ &81' the Hrst 7 see8niJs 8& the" alb inter. ai, unless 

the "alb initH" al is less than 7 selwniJs in "hieh ease the sfl flben messa",e shall he refleateiJ 

&8r the iJurati8n 8& the" alh inter. at PeiJestrian aetuati8ns 8eeurring iJuring "alii: inter. als 

8& 18nger than 7 see8niJs shall eause the sfl8i<en message t8 he refleateiJ &8r Ufl t8 7 see8niJs. 

Guidance: 

Messages should not be worded in a way that seems to provide a conmland to the pedestrian, 

such as "cross Broadway Street now". Messages should not tell users that it is "safe to cross." It 

should always be the pedestrian's responsibility to check actual traffic conditions. 

Standard: 

A sflflhen speech message is not required at times when the walk interval is not timing, 

but, if provided: 

A. It shall begin with the term "wait." 
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B. It need not be repeated for the entire time that the walk interval is not timing. 

Support: 

Section 4E.09 contains additional mattlrial information regarding ~ speech pushbutton 

infonnation messages when the walk interval is not timing. 

Option: 

Accessible pedestrian signals that provide ~ speech messages may provide similar 

messages in languages other than English, if needed, except for the terms "walk sign" and "wait." 

r\ villF@tagtiltl j§ltl@tlstrian @tlvigtl g@HlHHJRig!ittls infiumati@n all@lIt j§ltl@tlstrian timing tllXWlglt a 

ill rating strrfatltl ll) hmtlh. 

Vihrataetile fle€lestrian €Ie. iees, '1'1 here "se€l, shall in€lieate that the '1'1 all. inter. al is in 

effed, an€l hI''' hieh €Iireetitln it aflfllies, thrtl"gh the "se tlf a • itirating !iireetitlnal arl'tl'l'l tll" 

same ather means. 

U/Jltln j§lF@vi@tl@, J~llF@tagtiltl j§ltl@tlstrian @Iwigtls sh@lIl@lle l@gate@ Re?<f t@, an@ "Ill tbtl 8anle 

p@le as, tbtl ptl@tlstrian plIsblmtt@n, if any, ana aajagtlnt 1@ tlltl inttlnatl@ gr€lsswalk. 

Pedestrians may be provided with additional features such as increased crossing time, audible 

beaconing, or a pushbutton information message as a result of an extended pushbutton press. 

A-23 

AR0072068 



Standard: 

If an extended pushbutton press is used to provide any additional feature(s), such as 

audible beaconing, a pushbutton press of less than one second shall actuate only the 

pedestrian timing and any associated accessible WALK signal, and a pushbutton press of 

one second or more shall actuate the pedestrian timing, any associated accessible WALK 

signal, and any additional feature(s). 

Support: 

Audible beaconing is the use of an audible signal in such a way that blind pedestrians can 

home in on the signal from the target corner as they cross the street. 

Not all crosswalks at an intersection need audible beaconing; audible beaconing can actually 

cause confusion if used at all crosswalks at some intersections. Audible beaconing is not 

appropriate at locations with channelized turns or split phasing, because of the possibility of 

confusion. 

Guidance: 

Audible beaconing should only be considered following an engineering study at: 

A. Crosswalks longer than 21 m (70 ft), unless they are divided by a median that has another 

accessible pedestrian signal with a locator tone; 

B. Crosswalks that are skewed; 

C. Intersections with in-egular geometry such as mUltiple legs; 

D. Crosswalks where audible beaconing is requested by an individual with visual 

disabilities; or 

E. Other locations where a study indicates audible beaconing would be beneficial. 
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Option: 

Audible beaconing may be provided in several ways. any of which are initiated by an 

extended button press. 

Standard: 

If audible beaconing is used, the volume of the locator tone during the pedestrian 

change interval of the called pedestrian phase shall be increased and operated in one of the 

following ways: 

A. The louder locator tone comes from the target corner, as pedestrians cross the 

street; or 

B. The louder locator tone comes from both ends of the crosswalk; or 

C. The louder locator tone comes from an additional pedestrian-signal-head-mounted 

speaker aimed at the center of the crosswalk. 

Section 4E.08 Pedestrian Detectors 

Support: 

The following guidance places pushbuttons within easy reach of pedestrians who are 

intending to cross each crosswalk and makes it obvious which pushbutton is associated with each 

crosswalk. This location also positions pushbutton poles optimally for 800g§€!lltmt installation of 

accessible pedestrian signals. Guidance regarding reach ranges can be found in the "Americans 

with Disabilities Act Accessibility Guidelines for Buildings and Facilities (ADAAG)" (see 

Section IA.Il). 

Gllieioo§§ Standard: 

A-25 

AR0072070 



When pedestrian actuation is used, pedestrian pushbutton detectors sfteuW shall be 

capable of easy activation and conveniently located near each end of the crosswalks. Except 

as described in the Of)tiSR Guidance below, pushbuttons sfteuW shall be located to meet all 

of the following: 

A. Unobstructed and adjacent to a level all-weather surface to provide access from a 

wheelchair; 

B. Where there is an all-weather surface, a wheelchair accessible route from the 

pushbutton to the ramp; 

c. Between the edge of the crosswalk line (extended) farthest from the center of the 

intersection and the side of a curb ramp (if present), but not greater than 1.5 m (5 

ft) from said crosswalk line; 

D. Between 0.45 m (1.5 ft) and 1.8 m (6 ft), hut RBt gl'@at@1' thaR :; m (10 ft~ from the 

edge of the curb, shoulder, or pavement; aOO 

E. With the @BRtI'BI !5Ul'fa@@ face of the pushbutton parallel to the crosswalk to be used; 

and 

F. At a maximum mounting height of 1.2 m (4 ft) above the sidewalk. 

Guidance: 

Where there are constraints that make it infeasible to place the pedestrian detector adjacent to 

a level all-weather sUlface, the surface should be as level as feasible. 

Where there are constraints that make it infeasible to place the pedestrian detector between 

0.45 m (1.5 ft) and 1.8 m (6 ft) from the edge of curb, shoulder, or pavement, it should not be 

further than 3 m (10 ft) from the edge of curb, shoulder, or pavement. 

A mounting height of approximately 1.1 m (3.5 ft) above the sidewalk should be used for 

pedestrian pushbutton detectors. 

A-26 

AR0072071 



At comers of signalized locations where two pedestrian pushbuttons are provided, the 

pushbuttons should be separated by a distance of at least 3 m (10 ft) (see Figure 4E-2). 

Option: 

Where there are constraints that make it iInfll'Ii€ltie!H infeasible to meet the Guidance on 

pedestrian detector separation in this Section, on a comer requiring pedestrian actuation of signals 

for two crosswalks, a single pole may be used. 

Guidance: 

Where two accessible pedestrian €l€!t€!€ltimi pushbuttons are used at €l8ftl€!l'8 lUPliag on a single 

pushbutton pole, the accessible pedestrian .h~b~€lt@l'g pushbuttons should have the features 

described in Section 4E.09 for this situation. 

Option: 

Pedestrian signal detectors may be pushbuttons or passive detection devices. 

Standard: 

Signs (see Section 2B.44) shall be mounted adjacent to or integral with pedestrian 

pushbutton detectors, explaining their purpose and use. 

Option: 

At certain locations, a sign in a more visible location may be used to call attention to the 

pedestrian detector. 

C~iEi!la€l€l Standard: 
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If tVi 8 H8SS" alios, 8rieRteEi iR Eli~~ereRt Elireeti8RS, eREI at 8r Rear the same 18eati8R, The 

positioning of pedestrian detectors andffit. the legends on the pedestrian detector signs 

~ shall clearly indicate which crosswalk signal is actuated by each pedestrian detector. 

~taR Elan!. 

If the pedestrian clearance time is sufficient only to cross from the curb or shoulder to a 

median of sufficient width for pedestrians to wait and the signals are pedestrian actuated, 

an additional pedestrian detector shall be provided in the median. 

Guidance: 

The use of additional pedestrian detectors on islands or medians where a pedestrian might 

become stranded should be considered. 

r\ m€llultiHg Relight sf aflflfsJI,iInatElly 1.1 111 (3.5 ft) a9SYEl tHEl 8ieElwalk 8hsYM eElY8Ele fer 

pElsElstrioo pllsh13ltthlH SElhHlhlfls. 

Ifused, special purpose pushbuttons (to be operated only by authorized persons) should 

include a housing capable of being locked to prevent access by the general public and do not need 

an instructional sign. 

Standard: 

If used, a pilot light or other means of indication installed with a pedestrian pushbutton 

shall not be illuminated until actuation. Once it is actuated, it shall remain illuminated until 

the pedestrian's green or WALKING PERSON (symbolizing WALK) signal indication is 

displayed. 

If a pilot light is used at an accessible pedestrian signal location, each actuation shall be 

accompanied by the speech message "wait". 

Option: 
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At signalized locations with demonstrated need and subject to equipment capabilities, 

pedestrians with special needs may be provided with additional crossing time by means of an 

extended pushbutton press. 

Section 4E.09 Accessible Pedestrian Signal Detectors 

Standard: 

An accessible pedestrian signal detector shall be defined as a device designated to assist 

the pedestrian who has visual or physical disabilities in activating the pedestrian phase. 

At accessible pedestrian signal locations with pedestrian actuation, each pushbutton 

shaH activate both the walk interval and the accessible pedestrian signals. 

An accessible pedestrian pushbutton shaH incorporate a locator tone. 

Pushbutton locator tones shall have a duration of 0.15 seconds or less, and shall repeat 

at I-second intervals. 

Pushbutton locator tones shall be intensity responsive to ambient sound, and be audible 

1.8 (6 ft) to 3.7 m (12 ft) from the pushbutton, or to the building line, whichever is less. 

Pushbutton locator tones shall be no more than 5 dBA louder than ambient sound. 

Pushbutton locator tones shaH be deactivated during flashing operation of the traffic 

control signal. 

Option: 

Accessible pedestrian signal detectors may be pushbuttons or passive detection devices. 

Standard: 
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At accessible pedestrian signal locations, push buttons shall clearly indicate by means of 

tactile arrows which crosswalk signal is actuated by each pushbutton. ll} m@afts of Tactile 

arrows shall be located on the pushbutton, ha. iftg have visual contrast (light on dark or 

dark on light), and Taetil@ arnn'l s shall be aligned parallel to the direction of travel on the 

associated crosswalk. 

Guidance: 

At comers of signalized locations with accessible pedestrian signals where two pedestrian 

pushbuttons are provided, the pushbuttons should be separated by a distance of at least 3 m (10 ft) 

such that they clearly indicate which crosswalk has the WALK indication. 

Pushbuttons should be located as close as possible to the crosswalk line farthest from the 

center of the intersection and as close as possible to the curb ramp. 

Standard: 

Where it is impractical to install accessible pedestrian detectors on two separate poles at 

a comer, each accessible pedestrian detector shall have the following features, in addition to 

the pushbutton locator tone and tactile arrow: flushlnlti!lft l!l@at!lr t!lft@, a ~ speech 

walk message for the WALK indication (see Section 4E.06), taetil@ an!l" aligft@d flarall@1 tEl 

th@ dil'@@ti{Jft {Jetra. @l {Jft th@ @1'{J8!m alh, and a speech pushbutton information message. 

If the pedestrian clearance time is sufficient only to cross from the curb or shoulder to a 

median of sufficient width for pedestrians to wait and accessible pedestrian detectors are 

used, an additional accessible pedestrian detector ~ shall be provided in the median. 

Wh@ft us@d, flushlluti!lft l!leat!lr t!lft@S shall ll@ @asil} l!leatalll@, shall ha. @ a durati!lft Elf 

0.15 s@@{Jftds {Jr l@ss, aftd shaH r@)'I@at at 1 s@@{Jftd ifttH' als. 
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PliIslMmthms sluHdEl 13@ aIilEli131) 1@efita131@. Pttsh13lttt@ft Ie efit@r t@ft@S sh@ltlEl 13@ im@ftsit) 

fmsp,msi @ tel amlli@nt §@IiIIlEl, aIlEl 13@ !HIEli131@ 1.8 t@ 3.7 11 Hi t@ 13 ft) ff@m tll@ p 1i18111HlttlH1, Elf t@ 

tll@ l;milEliftg lill@, w-hi€lheyef isl€!ss. Pttsh13littell l@€lfit@ft@lles sh@lilEl @€! lle 111€lf€! tllan 5 elBA 

I@liEl@f tllan amlli@ftt S@ltftEl. 

Option: 

At locations with pretimed traffic signals or nonactuated approaches, pedestrian pushbuttons 

may be used to activate the accessible pedestrian signals. 

p@Qegtriam; rmy 13e pf€lJ~Q€!Q nritll Additional features may be provided for pedestrians such 

as increased crossing time, audible beaconing, or a speech pushbutton information message as a 

result of an extended pushbutton press. 

Standard: 

If an extended pushbutton press is used to provide any additional feature(s), a 

pushbutton press of less than one second shaH actuate only the pedestrian timing and any 

associated accessible WALK signal, and a pushbutton press of one second or more shall 

actuate the pedestrian timing, any associated accessible WALK signal, and any additional 

feature(s). 

Option: 

The name ofthe street to be crossed may also be provided in accessible format, such as 

Braille or raised print. 

Tactile maps of crosswalks may be provided. 
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Sl'H~lam Speech pushbutton information messages may be made available by actuating the 

accessible pedestrian signal detector when the walk interval is not timing. These messages may 

provide intersection identification, as well as infonnation about unusual intersection signalization 

and geometry, such as notification regarding exclusive pedestrian phasing, leading pedestrian 

intervals, split phasing, diagonal crosswalks, and medians or islands. 

Standard: 

If S~8"@R speech pushbutton information messages are made available by actuating the 

accessible pedestrian signal detector, they shall only be actuated when the walk interval is 

not timing. They shall begin with the term "Wait," followed by intersection identification 

information modeled after: "Wait to cross Broadway at Grand." If information on 

intersection signalization or geometry is also given, it shall follow the intersection 

identification information. 

Guidance: 

Sl'H~l;:gR Speech pushbutton information messages should not be used to provide landmark 

infonnation or to inform pedestrians with visual impairments about detours or temporary traffic 

control situations. 

Support: 

Additional information on structure and wording of pushbutton messages is included in ITE's 

"Electronic Toolbox for Making Intersections More Accessible for Pedestrians Who Are Blind or 

Visually Impaired", which is available at ITE's website. 
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Excerpts fram Draft Public Rights-af-Way Accessibility Guidelines (Draft 

PROWAG) 

November 23, 2005 

Updates are expected. Please check www.access-board.gov for latest information. 

Sections on Accessible Pedestrian Signals 

CHAPTER RI: APPLICATION AND ADMINISTRATION 

RIOI Purpose 

RI01.1 General. This document contains scoping and technical requirements for 

accessibility to facilities for pedestrian circulation and use located in the public right -of

way. Advisory notes are for infonnational purposes only. These requirements are to be 

applied during the design, construction, additions to, and alterations of facilities in the 

public right-of-way to the extent required by regulations issued by Federal agencies. 

Advisory RlOl.1 General. Access requirenlents are also addressed in the Manual on 

Uniform Traffic Control Devices (MUTCD), FHWAIUS DOT, 2003 

(http://mutcd.fhwa.dot.gov). MUTCD is a reference standard in this guideline. 

Key transportation industry guidance documents also address accessibility in the public 

right-of-way and can provide useful information on design and construction. They 

include 'Guide for the Planning, Design, and Operation of Pedestrian Facilities', 

American Association of State Highway and Transportation Officials, July 2004 

(www.aashto.org) and 'Designing Sidewalks and Trailsfor Access', FHWAIUS DOT 

September 2001 (http://www.jhwa.dot.gov/environment/sidewalk2/index.htm). 

RI01.2 Effect on Existing Facilities. This document does not address existing facilities 

unless they are included in the scope of an alteration undertaken at the discretion of a 

covered entity. The U.S. Department of Justice and U.S. Depmtment of TranspOltation 
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have issued and enforce separate regulations for existing facilities subject to their 

requirements for program accessibility under the Americans with Disabilities Act. 

Advisory R101.2 Effect on Existing Facilities. The U.S. Department of Justice ADA 

regulations require that the usability ~laccessible features be maintained (28 CFR 

§35.133 and §36.211). 

Federal agencies and entities receiving federal funds may also have an obligation for 

program accessibility under section 504 ~lthe Rehabilitation Act of 1973 as amended. 

For example, state departments ~ltransportation that receive Federal-aid Highway funds 

must comply with program accessibility requirements issued by the u.s. Department ~l 

Transportation at 49 CFR part 27. 

RI02 Equivalent Facilitation Nothing in these requirements prevents the use of designs, 

products, or technologies as altematives to those prescribed, provided they result in 

substantially equivalent or greater accessibility and usability. 

RI03 Conventions RI03.1 Dimensions. Dimensions that are not stated as "maximum" 

or "minimum" are absolute. 

RI03.1.1 Construction and Manufacturing Tolerances. AU dimensions are subject to 

conventional industly tolerances except where the requirement is stated as a range with 

specific minimum and maximum end points. 

Advisory R103.1.1 Construction and Mamifacturing Tolerances. Conventional industry 

tolerances recognized by this provision include those for field conditions and those that 

may be a neceSSalY consequence of a particular manufacturing process. Recognized 

tolerances are not intended to apply to design work. 

Information on specific tolerances may be available from industry or trade organizations, 

code groups and building ~fficials, and published references. 
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[Sections RI03.2 - RI03A not included] 

RI04 Referenced Guidelines and Standards 

RI04.1 General. The guidelines and standards listed in R104.2 are incorporated by 

reference in this document and are part of the requirements to the prescribed extent of 

each such reference. The Director of the Federal Register has approved these guidelines 

and standards for incorporation by reference in accordance with 5 U.s.c. 552(a) and 1 

CPR part 51. Copies of the referenced guidelines and standards may be inspected at the 

Architectural and Transportation Baniers Compliance Board, 1331 F Street, NW, Suite 

1000, Washington, DC 20004; at the Department of Justice, Civil Rights Division, 

Disability Rights Section, 1425 New York Avenue, NW, Washington, DC; at the 

Department of Transportation, 400 Seventh Street, SW, Room 10424, Washington DC; 

or at the National Archives and Records Administration (NARA). For information on the 

availability of this material at NARA, call (202) 741-6030, or go to: 

www.archives.gov/federal_register/code_oCfederal_regulations/ibr_locations.htm!. 

RI04.2 Referenced Guidelines and Standards. The specific edition of the guidelines 

and standards listed below are referenced in this document. Where differences occur 

between this document and the reference, this document applies. 

RI04.2.1 MUTeD. Manual on Uniform Traffic Control Devices for Streets and 

Highways (MUTCD), 2003 edition. Copies of the referenced standard may be obtained 

on-line from the Federal Highway Administration at mutcd.fhwa.dot.gov. (see R205 and 

R302.4). 

(Sections 104.2.2 -104.2.3 not included] 

RI05 Definitions 

RI05.1 General. For the purpose of this document, the terms defined in R105.5 have the 

indicated meaning. 

RI05.2 Terms Defined in Referenced Guidelines and Standards. Terms not defined in 

RI05.5 or in regulations issued by Federal agencies, but specifically defined in a 
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referenced guideline or standard, shall have the specified meaning from the referenced 

guideline or standard unless otherwise stated. 

R105.3 Undefined Terms. The meaning of terms not specifically defined in R105.5 or in 

regulations issued by Federal agencies or in referenced guidelines and standards shall be 

as defined by collegiate dictionaties in the sense that the context implies. 

R105.4 Interchangeability. Words, terms and phrases used in the singular include the 

plural and those used in the plural include the singular. 

R105.5 Defined Terms. 

Accessible. Describes a facility in the public tight-of-way that complies with this part. 

Accessible Pedestrian Signal. A device that communicates infonnation about the 

WALK phase in audible and vibrotactile formats. 

[Rest of Section 105.5 not included] 

CHAPTER ru: SCOPING REQUIREl\lIENTS 

ruOl Application 

ru01.l Scope. All newly designed and newly constructed facilities located in the public 

tight-of-way shall comply with these requirements. All altered portions of existing 

facilities located in the public right-of-way shall comply with these requirements to the 

maximum extent feasible. 

Advisory R201.1 Scope. This document (see RIOl.lGeneral) coversjacilitiesjor 

pedestrian circulation and use in the right-oj-way. Examples ojjacilities include, but are 

not limited to, walkways and sidewalks, street or highway shoulders where pedestrians 

are not prohibited, crosswalks, islands and medians, overpasses and underpasses, on

street parking spaces and loading zones, and equipment, signals, signs, streetjurniture, 

and other appurtenances providedjor pedestrians. Examples ojjacilities not included are 

I1wnholes and utility vaults. 
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These requirements are to be applied to all areas of a facility ·within the scope or limits of 

the planned project unless expressly exempted or limited with respect to the nUlnber of 

multiple elements required to be accessible. For example, not all benches are required to 

be accessible; those that are not required to be accessible are not required to comply 

with these requirements or to be senJed by a pedestrian access route. 

m01.2 Temporary and Permanent Facilities. These requirements shall apply to 

temporary and permanent facilities. 

Advisory R201.2 Temporary and Permanent Facilities. Temporary facilities covered by 

these requirements include, but are not limited to, temporary routes around work zones, 

portable toilets in the public right-of-way, sidewalk vending facilities, streetfair booths, 

performance stages and reviewing stands, and the pedestrian access routes that serve 

them. As pennitted in R203.1.1, structures and equipment directly associated with the 

actual processes of construction are not required to be accessible. 

[rest of 201.2 advisory and section 201.3 not included] 

m02 Alterations and Additions to Existing Facilities 

m02.! General. Additions and alterations to existing facilities shall comply with R202. 

Advisory R202.1 General. Alterations include, but are not limited to, renovation, 

rehabilitation, reconstruction, historic restoration, resurfacing of circulation paths or 

vehicular ways, or changes or rearrangement of structural parts or elements of a facility. 

[Rest of sections m02 - m07 not included] 

ru08 Accessible Pedestrian Signals (APS) Where pedestrian signals are provided at 

pedestrian street crossings, they shall comply with R306. 

[Sections m09 - m22 not included] 

CHAPTER R3: TECHNICAL PROVISIONS 
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[Sections R301- R305 not included] 

R306 Accessible Pedestrian Signals (APS) 

R306.1 General. Pedestrian signals shall comply with R306. 

R306.2 Pedestrian Signals. Each crosswalk with pedestrian signal indication shall have 

an accessible pedestrian signal which includes audible and vibrotactile indications of the 

WALK interval. Where a pedestrian pushbutton is provided, it shall be integrated into the 

accessible pedestrian signal and shall comply with R306.2. 

Advisory R306.2 Pedestrian Signals. Signals should generally sound and vibrate 

throughout the WALK interval. Where signals rest in WALK, audible operation may be 

limited to a repetition at short intervals rather than continuous sounding for several 

minutes. 

R306.2.1 Location. Accessible pedestrian signals shall be located so that the vibrotactile 

feature can be contacted from the level landing serving a curb ramp, if provided, or from 

a clear floor or ground space that is in line with the crosswalk line adjacent to the vehicle 

stop line. 

R306.2.1.1 Crossings. Accessible pedestrian signal devices shall be 3.0 m (10.0 ft) 

minimum from other accessible pedestrian signals at a crossing. The control face of the 

accessible pedestrian signal shall be installed to face the intersection and be parallel to the 

direction of the crosswalk it serves. 

R306.2.1.2 lVledians and Islands. Accessible pedestrian signals located in medians and 

islands shall be 1.5 m (5.0 ft) minimum from other accessible pedestrian signals. 

R306.2.2 Reach and Clear Floor or Ground Space. Accessible pedestrian pushbuttons 

shall be located within a reach range complying with R404. A clear floor or ground space 
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complying with R402 shall be provided at the pushbutton and shall connect to or overlap 

the pedestrian access route. 

R306.2.3 Audible Walk Indication. The audible indication of the WALK interval shall 

be by tone or speech message. 

R306.2.3.1 Tones. Tones shall consist of multiple frequencies with a dominant 

component at 880 Hz. The duration of the tone shall be 0.15 s and shall repeat at intervals 

of 0.15 s. 

Advisory R306.2.3.1 Tones. Many new accessible pedestrian signal installations in the 

US use speech messages, which are perceived as being more userJriendly than tones. 

However, such messages may not be intelligible under high-ambient-noise conditions or 

to non-English speakers. Electronic tones are more universal and unambiguous. Section 

4E.06 of the MUTeD spectfies content of speech messages. 

R306.2.3.2 Volume. Tone or voice volume measured at 92 cm (3.0 ft) from the 

pedestlian signal device shall be 2 dB minimum and 5 dB maximum above ambient noise 

level in standard operation and shall be responsive to ambient noise level changes. 

Advisory R306.2.3.2 Volume. Where additional volume or beaconing features are 

available on pedestrian activation, they will momentarily exceed volume limits. 

R306.3 Pedestrian Push buttons. Pedestrian pushbuttons shall comply with R306.3. 

R306.3.1 Operation. Pedestrian pushbuttons shall comply with R405.4. 

R306.3.2 Pushbutton Locator Tone. Pedestrian pushbuttons shall incorporate a locator 

tone at the pushbutton. Pushbutton locator tone volume measured at 92 cm (3.0 ft) from 

the pushbutton shall be 2 dB minimum and 5 dB maximum above ambient noise level 

and shall be responsive to ambient noise level changes. The duration of the locator tone 

shall be 0.15 s maximum and shall repeat at intervals of one second. The locator tone 
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shall operate during the DON'T WALK and flashing DON'T WALK intervals only and 

shall be deactivated when the pedestrian signal is not operative. 

R306.3.3 Size and Contrast. Pedestrian pushbuttons shall be a minimum of 0.5 cm (2 in) 

across in one dimension and shall contrast visually with their housing or mounting. 

R306.3.4 Optional Features. An extended button press shall be permitted to activate 

additional features. Buttons that provide additional features shall be marked with three 

braille dots fonning an equilateral triangle in the center of the pushbutton. 

R306.4 Directional Information and Signs. Pedestrian signal devices shall provide 

tactile and visual signs complying with 306.4 on the face of the device or its housing or 

mounting to indicate crosswalk direction and the nanle of the street containing the 

crosswalk served by the pedestrian signal. 

R306.4.1 Arrow. Signs shall include a tactile an'ow aligned parallel to the crosswalk 

direction. The an-ow shall be raised 0.8 nun (.03 inch) minimum and shall be 4 mm (l.5 

in) minimum in length. The arrowhead shall be open at 45 degrees to the shaft and shall 

be 33 percent of the length of the shaft. Stroke width shall be 10 percent minimum and 15 

percent maximum of arrow length. The arrow shall contrast with the background. 

R306.4.2 Street Name. Accessible pedestrian signals CAPS) shall include street name 

information aligned parallel to the crosswalk direction and shall comply with R409.3 or 

shall provide street name infonnation in audible fonnat. 

R306.4.3 Crosswalk Configuration. Where provided, graphic indication of crosswalk 

configuration shall be tactile. 

[Sections R307 - R309 not included] 
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Sections referenced in R306.2.2 Reach and Clear Floor or Ground Space: 

R402 Clear Space 

R402.1 General. Clear space at accessible pedestrian signals CAPS), street fumiture, and 

operable parts shall comply with R402. 

R402.2 Surface Characteristics. Surfaces of clear spaces shall comply with R301.5 and 

shall have a slope and cross slope of 2 percent maximum. 

R402.3 Size. TIle clear space shall be 760 mm (30 in) minimum by 1220 mm (48 in) 

minimum. 

R402.4 Knee and Toe Clearance. Unless otherwise specified, clear space shall be 

permitted to include knee and toe clearance complying with R403. 

R402.5.Position. Unless otherwise specified, clear space shall be positioned for either 

forward or parallel approach to an element. 

R402.6 Approach. One full unobstructed side of the clear space shall adjoin a pedestrian 

access route or adjoin another clear space. 

R402.7 Maneuvering Space. Where a clear space is located in an alcove or otherwise 

confined on all or part of three sides, additional maneuvering space shall be provided in 

accordance with R402.7.1 and R402.7.2. 

R402.7.1 Forward Approach. Alcoves shall be 915 mm (36 in) wide minimum where 

the depth exceeds 610 mm (24 in). 

R402.7.2 Parallel Approach. Alcoves shall be 1525 mm (60 in) wide minimum where 

the depth exceeds 380 mm (15 in). 
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R404 Reach Ranges 

R404.1 General. Reach ranges shall comply with R404. 

R404.2 Forward Reach. 

R404.2.1 Unobstructed. Where a forward reach is unobstructed, the high forward reach 

shall be 1220 mm (48 in) maximum and the low forward reach shall be 380 mm (15 in) 

minimum above the finish surface. 

R404.2.2 Obstructed High Reach. Where a high forward reach is over an obstruction, 

the clear space shall extend beneath the element for a distance not less than the required 

reach depth over the obstruction. The high forward reach shall be 1220 nnn (48 in) 

maximum where the reach depth is 510 mm (20 in) maximum. Where the reach depth 

exceeds 510 mm (20 in), the rugh forward reach shall be 1120 mm (44 in) maximum and 

the reach depth shall be 635 mm (25 in) maximum. 

R404.3 Side Reach. 

R404.3.1 Unobstructed. Where a clear space allows a parallel approach to an element 

and the side reach is unobstructed, the high side reach shall be 1220 mm (48 in) 

maximum and the low side reach shall be 380 mm (15 in) minimum above the finish 

suli'ace. An obstruction shall be pennitted between the clear space and the element where 

the depth of the obstruction is 255 mm (10 in) maximum. 

R404.3.2 Obstructed High Reach. Where a clear space allows a parallel approach to an 

element and the high side reach is over an obstruction, the height of the obstruction shall 

be 865 mm (34 in) maximum and the depth of the obstruction shall be 610 nnn (24 in) 

maximum. The high side reach shall be 1220 mm (48 in) maximum for a reach depth of 
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255 mm (10 in) maximum. Where the reach depth exceeds 266 mm (10 in), the high side 

reach shall be 1170 mm (46 in) maximum for a reach depth of 610 mm (24 in) maximum. 

Section referenced in R306.3.1 Pedestrian Push buttons, Operation: 

R405.4 Operation. Operable parts shall be operable with one hand and shall not require 

tight grasping, pinching, or twisting of the wrist. The force required to activate operable 

parts shall be 22 N (5 Ibs) maximum. 

Section referenced in R306.4.2 Street Name 

R409.3 Braille. Braille shall be contracted (Grade 2) and shall comply with R409.3 and 

R409.4. 

R409.3.1 Dimensions and Capitalization. Braille dots shall have a domed or rounded 

shape and shall comply with Table R409.3.1. The indication of an uppercase letter or 

letters shall only be used before the first word of sentences, proper nouns and names, 

individual letters of the alphabet, initials, and acronyms. 

R409.3.1 Braille Dimensions 

Measurement Range Minimum in Millimeters 

lUaximum in l\liHimeters 

Dot base diameter 1.5 mm (0.059 in) to 1.6 nun (0.063 in) 

Distance between two dots in the same 2.3 mm (0.090 in) to 2.5 mm (0.100 in) 

cell * 

Distance between corresponding dots in 6.1 mm (0.241 in) to 7.6 mm (0.300 in) 

adjacent cells* 

Dot height 0.6 mm (0.025 in) to 0.9 mm (0.037 in) 

Distance between corresponding dots from 10 mm (0.395 in) 10.2 mm to (0.400 in) 

one cell directly below* 
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* Measured center to center 

R409.3.2 Position. Braille shall be positioned below the corresponding text. If text is 

multi-lined, braille shall be placed below the entire text. Braille shall be separated 9.5 

mm (.375 in) minimum from any other tactile characters and 9.5 mm (.375 in) minimum 

from raised borders and decorative elements. Braille provided on elevator car controls 

shall be separated 4.8 mm (.1875 in) minimum and shall be located either directly below 

or adjacent to the corresponding raised characters or symbols. 

R409.4 Installation Height and Location. 

Signs with tactile characters shall comply with R409.4. 

R409.4.1 Height Above Finish Floor or Ground. Tactile characters on signs shall be 

located 1.2 m (4.0 ft) minimum above the finish floor or ground surface, measured from 

the baseline of the lowest tactile character and 1.5 m (5.0 ft) maximum above the finish 

floor or ground surface, measured from the baseline of the highest tactile character. 

Tactile characters for elevator car controls shall not be required to comply with R409.4.1. 
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Introduction 

Infomlation on accessible pedestrian signal CAPS) manufacturers was obtained 

directly from manufacturers and manufacturers' websites and is accurate as of May 2007. 

Be sure to confinn features, functioning, and installation requirements of APS with the 

manufacturer before purchase, as APS product offerings are constantly changing. New 

manufacturers may enter the U.S. market at any time; this appendix lists ones that authors 

of this report are aware of at the time of publication. 

Leader Dogs for the Blind in Rochester, Michigan, has plans to develop an APS 

based on the previously available Relume system. Talking Signs and Mitsubishi are 

continuing development and testing of their product for street crossings devices in Japan. 

Talking Signs is working with Polara on a combined system for U.S. installation. There 

are a number of companies manufacturing and distributing APS in other countries, and 

more development can be expected. 

The descriptions of features of APS, as well as how these features are used by 

pedestrians who are blind and visually impaired, can be found in Chapter 4. If the 

manufacturer uses a tenn different from the temlS connnonly used in this document for a 

feature, the manufacturer's tenn is listed in parentheses. 

In the descriptions of each product, "standard features" refer to features that are 

included in the standard price or on all models. "Optional features" refer to features that 
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must be ordered extra or need special specifications on ordering (i.e., speech messages or 

pushbutton information messages that may need to be recorded by the manufacturer). 

Campbell Company 

221 West 37th Street, Suite C 

Boise, Idaho 83714 

Phone: 208-345-7459 

Fax: 208-345-7481 

www.pedsafety.com 

Models 

• Advisor Fully integrated Pedestrian Station - Advisor FIPS 

• Advisor Base Broadcast Unit - BBU 

• Vibrotactile Only - VTO 

Photos 

PUSH 
BUTTON 
:. FOR .: ... . .. .... . ... 
:::::: ,,- :::::: ...... . .... . ...... . .... . ...... . .... . ...... . .... . ... ... . .... . ...... . .... . ..... . ... . .... . .. . 
;: .... :; 

Figure B-1. Advisor FIPS 57. 
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PUSH 
BUTTON 

FOR 

I 
Figure B-2. Advisor FIPS H. 

Figure B-3. VTO Unit. 

Figure B-4. BBU, showing speaker mounted on bottom of pedestrian signal head. 

Standard Features 

Advisor FIPS 

"Walk" Indication: 
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• Speech Message or Cuckoo/Chirp. 

• Vibrotactile Arrow. 

Other: 

• Speaker at pushbutton. 

• Pushbutton Locator tone. 

• Tactile arrow. 

• Automatic volume adjustment. 

• Actuation indicator: tone, message (acknowledgement tone or message), LED (visual 

feedback). 

BBU 

"Walk" Indication: 

• Cuckoo/chirp 

Other: 

• Speaker in pedestrian signal head 

VTO 

"Walk" Indication: 

• Vibrating arrow 

Other: 

• No speaker; vibrotactile only. 

Optional Features: 

• Also available in H-frame style (used mainly in Northwest U.S. states). 

• Custom tones and messages. 

• Fixed audible walk time for use with rest in "Walk". 

• Braille street names. 

• Extended button push functions: 

• Pushbutton infonnation message (pushbutton message), 
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• Volume increase, and 

• APS actuation. 

Installation Notes: 

• Advisor control unit (driver) typically mounts in the pedestrian signal head or 

separate enclosure (available on request) to existing screw, or with industrial hook 

and loop. 

• Volume adjustments are on the control unit board which mounts in the pedestrian 

signal head 

• Sound dish mounts to pedhead and plugs into driver board 

• Factory made cable pugs into driver and back of pushbutton. 

Comments 

Advisor FIPS provides both audible and vibrotactile indications and other features, as 

required in Draft PROW AG. 

BBU provides an audible "Walk" indication only, and VTO units provide vibrotactile 

indications only. 

Mallory Sonalert 

4411 S. High School Rd. 

Indianapolis, IN 46241 

Phone: 317-612-1000 

www.mallory-sonalert.com 

Models 

• VSB 110 

Photo 

Figure B-S. Mallory Sonalert unit. 
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Standard features 

VSB 110 

"Walk" indication: 

• Cuckoo-800 Hz and 1200 Hz, every 1.5 s. 

• Chirp-2000 Hz, every 1 s. 

Other: 

• Speaker intended for mounting in pedestrian signal head. 

Optional Features 

None 

Installation Notes 

Usually mounted inside the pedestlian signal head and directly wired to the "Walk" 

indication. 

Comments 

No pushbutton locator tone, vibrotactile indication, or automatic volume adjustment, 

which are features required by Draft PROW AG (2). 

Mallory also sells sound generators in various beeps, siren and chime sounds; these 

are not recommended sounds for use as APS. 

Novax Industries 

658 Derwent Way 

New Westminster, BC, Canada V3M 5P8 

Phone: 866-977 -4APS (1-866-977-4277) 

Phone: 604-525-5644 

Fax: 604-525-2739 

www.novax.com 

Models 

• DS100 
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• DS3000 

Additional components for DS3000: Vibrawalk, with functions of pushbutton and 

vibrating arrow integrated. 

Photos 

Figure B-6. The DSIOO mounted on pedestrian signal heads. 

Figure B-7. The Vibrawalk2 unit for use with the DS3000 to provide a pushbutton 

locator tone and a vibrotactile arrow. 
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Figure B-S. DS3000 is the company's newest product. 

Standard Features 

DSIOO 

"Walk" indication: 

• Two or four tones standard, cuckoo and chirp (peep-peep) and two additional custom 

tones. 

Other: 

• Speaker unit mounts on pedestrian signal head. 

DS3000 

"Walk" indication: 

• Two or four tones standard: cuckoo, chirp, short beep, and long beep. 

• Dip switch setting to provide either concurrent sound from both ends of the crosswalk 

or sound that alternates from each end of the crosswalk. 

• Optional additional unit (VibraWalk) to provide vibrotactile indication. 

Other: 

• Typically mounted on pedestrian signal head. 

• Automatic volume adjustment (dynamic proportional volume compensation). 

• Separate volume settings for locator tone and "Walk" signal. 

• External sound adjustment screws. 
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• Separate circuit to drive the optional vibrating tactile feature. 

Optional Features 

• VibraWalk2 unit, which provides pushbutton locator tone, actuation indicator (button 

lamp indicator, BLI), pushbutton infomlationmessage (pedestrian acknowledge), and 

vibrotactile arrow at pushbutton 

• Custom speech messages for DSlOO (up to 15 s) and DS3000 (up to 32 s). 

• Sound inhibit interacts with traffic signal controller to disable audible indications as 

required. 

• Maximum walk timer for rest in "Walk" intersections. 

• DS3000i option provides a control board, which is mounted inside the pedestrian 

signal head, to drive VibraWalk2 unit and provide all sounds from pushbutton, or for 

use with optional additional beaconing speaker. 

Installation Notes 

4 wire 20 gauge. 

120 V AC derived from "Walk" and "Don't Walk" indicator 

Comments 

Optional Vibra Walk unit is needed to provide pushbutton locator tone, tactile alTOW 

and vibrotactile "Walk" indications, as required by Draft PROWAG. 

Bob Panich Consultancy 

PO Box 360 

Ryde NSW 1680 

Australia 

Phone: 61 298096499 

Fax: 61 29809 6962 

www.bobpanich.com.au/ 

Models 

• BPC 
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Photos 

Figure B-9. Panich BPC. 

Figure B-IO. Driver unit for Panich BPC. 

Standard Features 

"Walk" indication: 

• Tone-500 Hz with a repetition rate of 8.5 Hz-series of rapid thump sounds. 

• Vibrating arrow. 

Other: 

• Pushbutton locator tone (locating tone)-880 Hz with a repetition rate of 1 Hz for US 

market or 1000 Hz with a repetition rate of 0.55 Hz for Australian market. 

• Tactile arrow. 

• Automatic volume adjustment, with three standard settings for response. 
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• Alert tone (transitional tone )-brief burst of 3500 Hz tone, decreasing exponentially 

to 700 Hz, and then going to 500 Hz "Walk" tone. 

Optional Features 

• Cuckoo and chirp or other sounds. 

• Fixed "Walk" message length of 8, 16, or 32 s or "Walk" message can be on during 

the full "Walk" interval 

• Actuation indicator (demand indicator/demand tone)-light and tone. 

• Long button press-allows pedestrians to request a "Walk" tone at 12 dB above the 

sound of the locator tone (higher volume demand, HVD). 

Installation Notes 

Driver unit is mounted in a housing on the pole near the pedhead, wired to the 

pedhead. 

Automatic gain control level is set during installation. 

Comments 

Complies with specifications of the Australian standard; standard pushbutton in 

Australia. 

Polara Engineering 

4115 Artesia Avenue 

Fullerton, CA 92833 

Phone: 888-340-4872 

Phone: 714-521-0900 

Fax: 714-521-5587 

www.polara.com 

Models 

Navigator 
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Photos 

Figure B-ll. Polara Navigator APS mounted on pole. 

Standard Features 

"Walk" indication: 

• Speech message or cuckoo/chirp 

• Vibrating tactile arrow 

Other: 

• Speaker at pushbutton. 

• Pushbutton locator tone (locating tone). 

• Tactile arrow. 

• Automatic volume adjustment-60 dB range. 

• Separate minimum and maximum volume settings for pushbutton locator tone (locate 

sound), clearance, and "Walk" sounds. 

• Actuation indicator - tone, LED light, and tactile bounce back. 

• Depression in the arrow enables pushbutton operation with a head stick. 

• Push button failures or system failures default to transmitting a constant pedestrian 

call. 
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Optional Features 

• Custom speech messages. 

• Fixed "Walk" message timing or "Walk" message can be on during full interval. 

• Braille street name on the faceplate. 

• Face plate with infonnational sign. 

• Optional clearance sounds or audible countdown of remaining seconds during 

clearance available. 

• Direction of travel message. 

• Extended pushbutton functions: 

• Pushbutton infOlmation message (pushbutton message). 

• Audible beaconing-volume increase of "Walk" indication and pushbutton 

locator tone during the subsequent pedestrian phase. 

• Extended push priority (mutes entire intersection except selected crosswalk to 

minimize confusion caused by other sounds). 

• Talking Signs receiver-based system available as additional option. 

Installation Notes 

Two- Wire System 

Operates with only two wires from the intersection traffic control cabinet to the 

pushbutton and is programmable after installation by the installer using a handheld PDA 

type device. Control unit is mounted in the signal controller. Numerous options 

progrannnable with PDA. 

Four- Wire System 

U sed when pushbutton wires from the traffic control cabinet to each button location 

do not exist. Two pair of 18-22 gauge wires run from the control unit that mounts in the 

pedestrian signal head to the pushbutton unit. All features progrannned after installation 

by the installer using a handheld PDA type device. 
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If Navigator is used in combination with Talking Signs transmitter, the transmitter 

must be carefully positioned to provide infonnation only within the width of the 

crosswalk. 

A PDA-type device called a Configurator is an additional piece of equipment that is 

needed for setting the features and volume of their two-wire and four-wire APS. 

Jurisdictions will need to purchase one or two for technician use. (See Figure 7 -9 in 

Chapter 7 for an example of use of the PD A.) 

Comments 

Combination of Polara Navigator with Talking Signs transmitter can transmit 

messages to a handheld receiver to provide orientation and alignment infOlmation. 

Prisma Teknik 

Box 5 Mariestadsvagen 28 

54321 TIBRO, Sweden 

Tel: +46 (0)504 400 40 

Fax: +46 (0)504 141 41 

www.prismateknik.se 

Models 

• TS-903F, TS-904F, TS-907F, TS-908F very similar with slightly different features. 

• Digital Acoustic Pedestrian Signal, DAPS. 
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Photos 

Figure B-12. Prisma TS-907F. 

Figure B-13. Prisma TS-995 pedhead-mounted beaconing loud speaker. 

Standard Features-TS-903F, TS-904F, TS-907F, TS-90SF 

"Walk" indication: 

• Rapidly repeating percussive tone. 

• Vibrating arrow on TS-907 and TS-908 only. 

Other 

• Speaker at pushbutton. 

• Pushbutton locator tone. 

• Tactile arrow. 

• Automatic volume adjustment within range of 55-95 dB. 
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• Actuation indicator-light and tone-Dn TS-903 and TS-907 only. 

• Crosswalk tactile map (braille map). 

• Fault indicator. 

Optional Features 

• 10 different tones available. 

• Night switch to deaden sound. 

• Double-ended arrow available for use on medians and right-angle alTOW available for 

use with exclusive pedestrian phasing, where there is a single pushbutton on a comer. 

Standard Features-DAPS 

"Walk" indication: 

• Rapidly repeating percussive tone. 

• Vibrating arrow. 

Other 

• Speaker at pushbutton. 

• Pushbutton locator tone. 

• Tactile arrow. 

• Automatic volume adjustment within range of 55- 95 dB. 

• Actuation indicator-light and tone. 

• Crosswalk tactile map (braille map). 

• Fault indicator. 

Optional Features 

• 10 different tones available by setting with PDA. 

• Custom speech "WALK" messages, recorded and programmable with PDA. 

• Additional beaconing speaker (TS-995) for mounting at overhead location. 

• Night switch to deaden sound. 

• Double-ended alTOW available for use on medians and right-angle alTOW available for 

use with exclusive pedestrian phasing, where there is a single pushbutton on a comer. 
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• Extended button press features: 

• Pushbutton infonnation message 1-16 s. 

Installation Notes 

Numerous features of DAPS model are programmable with PDA. 

Volume minimax levels are adjustable by installer. 

Step-down transfonner available for mounting in the pedestlian signal head for U.S. 

installation. 

Tactile an-ow is mounted horizontally on top of device, allowing some latitude in 

placement of APS on pole, while still making it possible to align the arrow parallel with 

the associated crosswalk. 

Wiring colors may conform to European standards rather than U.S. standards. 

u.s. Traffic Corporation 

9603 John Street 

Santa Fe Springs, CA 90670 

Phone: 800-733-7872 

Phone: 562-923-9600 

Fax: (562) 923-7555 

www.ustraffic.net 

Model 

• APS-lO 

Photos 
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Figure B-14. APS 10 from U.S. Traffic Corporation. 

Standard Features 

"Walk" indication: 

• Cuckoo or chirp (peep-peep). 

Other 

• Speaker unit mounted on the pedestrian signal head. 

• Volume adjustment-self-switchillg to one of two output levels depending on 

ambient noise conditions. 

Optional Features 

None 

Installation Notes 

Speaker is mounted on the pedhead and wired to the "WALK" indication. 

Comments 

No pushbutton locator tone, vibrotactile indication, or automatic volume adjustment 

as required by Draft PROWAG. 

Manufacturer is developing a device that provides audible countdown information. 

Wilcox Sales 

1738 Finecroft Dr. 

Claremont, CA 91711-2411 

Phone: 909-624-6674 

Fax: 909-624-8207 

www.wilcoxsales.com 

Model 

• PSIA 10 
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Photos 

Figure B-15. Wilcox APS unit mounted on pedhead. 

Figure B-16. Wilcox APS units. 

Standard Features 

"Walk" indication: 

• Cuckoo and chirp (peep-peep). 

Other: 

• Speaker unit mounted on the pedestrian signal head. 

Optional Features 

None 

Installation Notes 

Fixed volume is adjusted by installer. 
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Comments 

No pushbutton locator tone, vibrotactile indication, or automatic volume adjustment, 

which are features required by Draft PROW AG. 
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Introduction 

TIrroughout the preceding chapters of this guide, references were made to various studies to 

support the recommendations given in those chapters. Interested readers may wish to see more 

details on the studies underlying these recommendations. This appendix was designed for such 

readers. This appendix reviews the research literature on APS including 

• Research on problems of blind pedestrians, 

• Effects of APSs on particular street crossing tasks, 

• Effects of APSs on independence and confidence, 

• Effects of "Walk" signal characteristics, 

• Accuracy and speed in identifying "Walk" indication for a given crossing, 

• Research on source of the "Walk" signal, 

• Research on other APS features, 

• Other concerns and needs, and 

• Need for additional research. 

Research on Problems of BI ind Pedestrians 

Introduction 

Although APSs have been widely used in Japan and Sweden since the 1960s, the early 

development of APS in those countries was not, as far as these authors have been able to 

ascertain, based on research. Nor was there any research basis for the "cuckoo/chirp" APS that 

has been most commonly used in the U.S. 

TIle first substantial research on APS appears to have been done in 1976 by Frank Hulscher, 

an electrical engineer with the Department of Motor Transport, New South Wales, Australia. 

Hulscher's research was the basis for the well developed, fully standardized, and highly 

successful APS system in use in Australia today. 

Substantial research on APS in the U.S. began with a project undertaken by the San Diego 

Association of Governments in 1988. The results of this project were the basis for a policy of 

implementing standard signals at intersections in San Diego where a city access committee 

recommended them, following a systematic evaluation. 
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Since 1996, there has been a concerted research effort related to APS. Several research 

studies and surveys have documented problems of pedestrians who are blind or who have low 

vision at signalized intersections without APSs (Barlow, Bentzen, and Bond, 2005; Bentzen, 

Barlow and Bond, 2004; Bentzen, Barlow, and Franck, 2000; CalTon and Bentzen, 1999; 

Murakami, Ishikawa, Ohkura, Sawai, Takato and Tauchi, 1998; San Diego Association of 

Governments, 1988). Several studies in the United States have compared travel by blind 

pedestrians with and without APS. (Barlow, Bentzen, Bond and Gubbe, 2006; Crandall, Bentzen 

and Myers, 1998; Crandall, Brabyn, Bentzen, and Myers, 1999; Crandall, Bentzen, Myers and 

Brabyn, 2001; Marston and Golledge, 2000; Uslan, Peck and Waddell, 1988; Williams, Van 

Houten, Fenaro, and Blasch, 2005). In these studies, some of the APSs have been signals 

mounted on the pedestrian signal head, while others have been receiver-based systems, and 

others been pushbutton-integrated devices. Infonnation in this section is drawn from these 

studies. A brief summary of each follows. 

Surveys of Blind Pedestrians and Orientation and Mobility Specialists 

The San Diego Association of Governments (1988; and Szato, Valerio, and Novak, 1991a, b, 

c, hereafter refened to collectively as San Diego research) surveyed 71 national, regional, and 

local organizations representing andlor serving elderly persons and persons who were visually 

impaired to detenmne their involvement in installation of audible signals and the level of support 

for audible signals; 36 responses were received. A separate survey was also sent to members of 

California Association of Orientation and Mobility Specialists to gather infonnation about their 

experience with audible signals. Surveys were mailed to 67 members, and 27 responses were 

received. 

In 1998, the American Council of the Blind (ACB) and the Association for Education and 

Rehabilitation of the Blind and Visually hnpaired (AER) conducted similar surveys to detennine 

problems experienced by blind pedestrians during street crossings. Problems with audible signals 

cunently installed were also identified by the surveys. 

• ACB survey (Carroll and Bentzen, 1999, hereafter refened to as ACB survey)-Surveys 

were administered orally, in groups, to 158 pedestrians who were visually impaired. 

• AER survey (Bentzen, Barlow, and Franck, 2000, hereafter refened to as AER survey)

Surveys were mailed to 1000 orientation and mobility specialists; 349 surveys were returned. 
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Murakami et al. (1998) conducted a survey of 50 blind pedestrians in Japan. 

More details about the survey results, and references to studies which support the results, are 

provided in the section on crossing problems. 

Crossing Data 

Uslan, Peck, and Waddell (1988) compared crossings by 27 legally blind pedestrians at three 

intersections in Huntington Beach, California, having "bird call" signals and one control 

intersection without APS. 

In research by the Smith-Kettlewell Eye Research Institute (Crandall, Bentzen, and Myers, 

1998; Crandall, Bentzen, Myers and Brabyn, 2001; Crandall, Brabyn, Bentzen, and Myers, 1999; 

hereafter refelTed to collectively as SKERI research), 20 blind participants made a total of 80 

crossings at four fixed-time signalized intersections in downtown San Francisco, both with and 

without Talking Signs, which are receiver-based APSs. Intersection signal phases were pretimed, 

so no pushbutton was required. There were nine measures, including measures of crossing timing 

(safety), orientation (precision), and independence. 

Marston and Golledge (2000) compared crossings by blind participants with and without 

APSs, using the receiver-based APS system, Talking Signs, in a study investigating the use of 

Talking Signs remote infrared audible signs for a number of transit tasks. 

The effects of a pushbutton-integrated APS, a receiver-based APS manufactured by Relume, 

and typical visual pedestrian signals without APS on the street crossing behavior of 24 totally 

blind participants were compared by Williams, Van Houten, Ferraro, and Blasch (2005). 

As part of a project on blind pedestrians at complex intersections, which was funded by the 

National Eye Institute of the National Institutes of Health, a series of studies on crossings by 

blind pedestrians with and without APS is in progress in four cities-Portland, Oregon; 

Charlotte, North Carolina; Tucson, Arizona; and Canlbridge, Massachusetts. Objective data on 

measures of street crossing peliormance by 16 participants who were blind was obtained at two 

complex signalized intersections in each city. Measures were similar to those used in the SKERI 

research, including nine broad measures of crossing timing, orientation, and independence. 

Results from all four cities are not yet analyzed, but slightly different analyses have been 

reported in several articles. Results from preinstallation testing in two cities, Portland and 

Charlotte, are reported by Bentzen, Barlow, and Bond (2004), hereafter refelTed to as NEI-2 
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cities, and reports on three cities-POltland, Charlotte, and Cambridge-are reported by Barlow, 

Bentzen, and Bond (2005), hereafter referred to as NEI-3 cities. Barlow, Bentzen, Bond, and 

Gubbe (2006), hereafter referred to as NEI Portland pre-post, compare results of testing with and 

without APS in Portland. 

Problems with Specific Tasks at Signalized Intersections 

Locating the Crosswalk 

Pedestrians who are visually impaired use a variety of nonvisual cues and strategies to locate 

crosswalks, none of which is absolutely reliable. Cues include proximity to the comer or to 

traffic on the street parallel to the pedestrian's direction of travel, location of curb ramps when 

present, location of idling cars on the street to be crossed, and presence of other pedestrians. 

When APSs are present, they may also be used as an indication of the location of crosswalks. 

ACB and AER surveys did not include specific questions about locating the crosswalk. In the 

Japanese survey, 78% of individuals indicated that locating the crosswalk was difficult at 

intersections without APSs. 

In the SKERI research, at locations without an APS, participants requested assistance in 

locating the crosswalk at 19% of street crossings. Participants were pemlitted to begin a crossing 

from any location that satisfied them, whether or not it was actually within the crosswalk lines. 

On 30% of trials, subjects who located the crosswalk independently began crossing from outside 

the crosswalk. (Participants were pennitted to start crossing from any location so long as they 

were in no immediate danger.) 

The NEI-3 cities results indicated that pmticipants started from outside the crosswalk area on 

28.3% of crossings and requested or required assistance locating the crosswalk on 15% of 

crossings. 

Orientation (Aligning to Cross and Maintaining Alignment While Crossing) 

Pedestrians who are visually impaired typically use a number of clues to help them align to 

face the direction of travel on the crosswalk before beginning to cross. These include vehicular 

sounds such as the direction of parallel tratTic flow and the location of idling traffic on the street 

to be crossed. Another good cue, or strong predictor, of the direction of the destination comer is 

the direction pedestrians are traveling before they anive at the starting comer. Additional cues 
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that are useful in familiar locations are walls, fences, hedges, grass lines, and objects near the 

curb that have a straight surface that is either parallel or perpendicular to the direction of travel 

across the crosswalk. The direction of slope of the curb ramp and the alignment of a truncated 

dome detectable waming near the bottom of the curb ramp are not reliable indicators of the 

direction of travel on the crosswalk, and when used either intentionally or inadvertently, they 

may lead pedestrians who are visually impaired into the center of an intersection. Although there 

are numerous clues to the direction of travel on the crosswalk, none of them alone or in 

combination provide a definitive direction to pedestrians who are crossing at unfamiliar 

crosswalks. 

Two clues used to help pedestrians who are blind maintain their alignment while crossing are 

the distance and direction of parallel traffic flow and the location of idling vehkles on the 

perpendicular street. Even at familiar crossings these clues may not be sufficient to provide 

positive guidance to pedestrians who are blind as they are crossing a street. 

In the AER survey, 97% of O&M specialists who responded indicated that their students had 

difficulty aligning to cross the street, while 66% indicated that their students sometimes had 

difficulty knowing where the destination comer was. The most important reasons stated were 

that traffic was intermittent or the intersection was offset. In the ACB survey, 79% of 

respondents indicated that they sometimes have difficulty figming out where the destination 

comer is. 

Respondents to the Japanese survey indicated that "direction taking at the starting position" 

and "keeping direction while walking in the crosswalk" were a problem, even with an APS. 

The broadcast sound from speakers mounted on the pedestrian signal head has not seemed to 

provide usable directional infonnation. ACB and AER surveys indicated that pedestrians who 

are blind are sometimes not able to localize the sound of an APS in order to use it for guidance 

across the street (ACB, 6%; AER, 39%). Eighty-five percent of ACB respondents indicated that 

they were sometimes confused by unexpected features such as medians or islands, while 64% of 

O&M respondents indicated that their students had difficulty with medians or islands. 

In the SKERI research, participants started crossing from an aligned position at 48 % of 

crossings without an APS and completed their crossings within the crosswalk on 58% of 

crossings. In the NEI-3 cities research (without APS), participants started from an aligned 

position on 73.4% of crossings. Participants requested assistance or required intervention for 
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safety while aligning to cross on 10% of crossings. Of participants who aligned independently, 

58.4% completed their crossings within the crosswalk:. 

Using Pushbuttons 

At 90% to 95% of signalized intersections today, signal tinllng is constantly adjusting to 

accommodate current vehicular and pedestrian traffic, and pedestrians are required to push a 

button to actuate a pedestrian timing to cross the street. Unless a pedestlian pushes the button, 

the "Walk" signal will not come on, and, when there is a green signal for parallel traffic, it is 

timed to accommodate vehicular traffic, not pedestrians. A pedestrian who does not push the 

button and who crosses with the green signal for parallel traffic may not have enough time to 

cross the street. The vehicular signal timing may be as much as 20 s less than the pedestrian 

signal timing (Barlow and Franck, 2005). Therefore it is very important that pedestlians who are 

visually impaired use pushbuttons. 

Blind pedestrians experience a number of problems with pushbuttons. 

In the ACB and AER surveys, many respondents indicated that they or their students had 

difficulty with pushbuttons (ACB, 90%; AER, 94%). The following reasons were given: 

• Users couldn't tell whether they needed to push a button. 

• Users had difficulty locating the button. 

• Users couldn't tell which crosswalk: was actuated by the button. 

• TIle pushbutton was so far from the crosswalk: that users couldn't push the button and then 

return to the crosswalk: and align to cross before the walk: interval began. 

Uslan et al. (1998) also found that, with "bird call" type APSs, 27 legally blind participants 

had major problems locating the pole and the pushbutton and deternlllllng which pushbutton was 

for which crosswalk:. Participants traveling with guide dogs experienced the most difficulty 

locating the pole. Sometimes participants first located the incorrect button and subsequently 

located and pushed the correct button after waiting and listening through one or more cycles. 

The San Diego research also identified problems with locating the pushbuttons and poles 

(Szeto et al. 1991a). Gallagher and Montes de Oca (1998) also noted this in research on 

vibrotactile-only APSs. 
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In the NEI-2 cities results, at crossings where pushbutton-actuation was required, participants 

looked for, found, and pushed the button on only 16.3% of these crossings in Portland and none 

(0%) of the crossings in Charlotte. 

In research under NCHRP 3-62 (see NCHRP 3-62 Final Report and Bentzen, Scott and 

Barlow, 2006), blind participants crossing at signalized intersections with APS in Tucson, but 

without having any instruction in use or purpose of the APS, failed to even search for 

pushbuttons at 29% of crossings. 

Identtfying the Onset a.fthe Walk Interval 

In the absence of an APS, pedestrians who are visually impaired rely on the stopping of 

perpendicular traffic, followed by the onset of parallel traffic, to indicate the onset of the walk 

interval. Pedestrians who do not quickly and accurately identify the onset of the walk interval are 

likely to be delayed in starting to cross, may miss crossing on the first pedestrian phase, or may 

begin crossing when the walk interval is not in effect. Complex geometry and intersection 

signalization make the use of traditional clues to the onset of the walk interval unreliable. 

Many respondents to the surveys indicated that they or their students sometimes had 

difficulty knowing when to begin crossing (ACB, 91 %; AER, 98%). The following reasons were 

identified. 

• The surge of traffic was masked by right turning traffic. 

• Tramc flow was intemlittent. 

• The intersection was too noisy. 

• The surge of traffic was too far away. 

In the AER survey, 79% of respondents indicated that blind students sometimes had 

difficulty detennining the onset of the walk interval at intersections having exclusive pedestrian 

phasing. 

In the Japanese survey, 46% of respondents stated that "to take a tinling to start" was difficult 

without APS. 

U sIan found that, at the control intersection without APS, which was considered the easiest to 

cross without APS, 4 out of 15 participants began crossing during the "Don't Walk" interval. 
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In the SKERI research, on 24% of tIials when APS infOlmation was not available, blind 

pedestIians requested assistance in knowing when to start crossing. On 34% of trials on which 

they independently initiated crossings, participants began crossing during the flashing or steady 

"Don' t Walk." 

TIle NEI-3 cities research found that pedestIians who were blind began crossing 

independently duIing the walk interval on only 48.6% of crossings and completed crossings after 

the onset of perpendicular traffic on 26.9% of crossings. The need for pushbutton actuation of 

the walk interval affected the likelihood that participants would begin crossing duIing the walk 

interval. On the pedestrian actuated crossings, participants began crossing during the walk 

interval on only 19.5% of the crossings, compared with 71.7% of crossings where the pedestIian 

phase was on recall (i.e., the pedestIian phase was included in every cycle). 

Mean latency in beginning crossing (the time between onset of the "Walk" signal or near

side parallel traffic and the participant begimling to cross) was 6.41 s. 

Problems with APS 

The ACB and AER surveys were not limited to infonnation about crossings that did not have 

APS; they also had questions about APS volume and about confusion of tones. 

Volume-TIle 1998 ACB and AER surveys reported the experience of pedestIians with 

visual impainnents in using APS that had "bird call" signals, bells and buzzers. There were 

problems both with APS being considered too quiet and too loud. In the ACB survey, 45% of 

participants considered signals to be too loud, while 71 % considered them too quiet. In the AER 

survey, 24% of participants considered signals to be too loud, while 52% reported that the 

signals were too quiet. 

When APS are too loud, and are at intersections that are close together, the APS for one 

intersection may be heard from another, leading some pedestIians to inconectly think they have 

the walk interval. The surveys noted this problem (ACB-19%; AER 25%). 

In addition, complex phasing can contribute to problems with APS volume. U sIan et al. 

(1988) found that at one intersection with split phase tinnng, where the bird call signals for 

parallel crosswalks had separate timing, three of 15 blind participants initiated their crossings 

with the signal for the parallel crosswalk, walking into the paths of left-tuming vehicles. 
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Problems with APS: Knowing Which Street Has the "Walk" Signal-Researchers 

particularly evaluated data from the AER and ACB surveys of blind pedestrians and O&M 

specialists from Califomia, whose experience with APS is almost exclusively with "bird call" 

signals that are intended to provide unambiguous infommtion regarding which street has the 

walk interval. Many respondents indicated that they or their students sometimes did not know 

which crosswalk had the walk interval (ACB, 68%; AER, 72%). The reasons cited included the 

following. 

• Users forgot which signal was associated with which crossing direction, 

• Users didn't know which direction they were traveling, and 

• The intersection was not aligned with primary compass directions. 

The San Diego research also indicated that blind pedestrians had difficulty remembeling 

which sound was for which crossing direction. 

Recent research in the NEI project and the NCHRP Project 3-62 addressed this issue. (See 

Chapter 3 in this guide.) 

Problems with APS: Confusion of Tones with Other Sounds-Anecdotal evidence has 

existed for some time that some birds in the United States have calls that are like the cheep sound 

of some APSs, and that other birds may mimic this sound. This has led to confusion between 

APS sounds, particularly the cheep sound and the sounds of birds. 

AER and ACB surveys confinned that blind pedestrians really do confuse the sounds of birds 

with APS sounds. In the AER survey, 11 % of respondents stated that their students had crossed 

the street with an actual bird, and 10% stated that their students had not crossed because they 

thought the signal was a bird. Uslan et al. (1988) and the San Diego research also noted this as a 

problem. 

Pedestrian Crashes 

To obtain a rough measure of the incidence of intersection crashes and near crashes for 

pedestrians who are visually impaired, the ACB survey asked respondents whether they had been 

struck by a car at an intersection or whether their long canes had been run over. In the ACB 

survey, 12 of 158 (8%) of respondents had been struck by a car at an intersection, and 45 (28%) 

had had their long canes run over. 
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Effect of APSs on Specific Crossing Tasks 

Introduction 

Since it is known that pedestrians with visual impairments have difficulty with many of the 

tasks that, taken together, compose the action of crossing a street, it would be desirable to think 

that APSs improve all measures of crossing at signalized intersections. To determine the extent 

to which this is true, a number of research projects have obtained objective data comparing street 

crossing with and without APSs on one or more of the fonowing measures. 

• Locating the crosswalk, 

• Aligning to cross and maintaining aligmnent while crossing, 

• Use of pushbuttons, 

• Identifying the walk interval, 

• Delay before beginning to cross, and 

• Independence in any or all crossings tasks. 

Projects that have already been mentioned are SKERI research, NEI Portland pre-post, U sIan 

et al. (1988), Marston and Golledge (2000), and Williams et al. (2005). 

There are several additional studies that shed light on this topic. As part of NEI research, in 

three different experiments, blind and blindfolded sighted participants made crossings at a 

simulated intersection, in the presence of recorded traffic sound, to detennine the effect on 

crossing accuracy with signals composed of bird calls, percussive "toks," a click train, or a 

female voice (Wall et al. 2004). The signals, all of which were mounted at a height of 8 ft, came 

either simultaneously from both ends of a crosswalk (typical practice), alternated from one end 

to the other, or came from the far end of the crosswalk only. These researchers also compared 

crossing accuracy when signals came from two parallel crosswalks (typical practice) or from a 

single crosswalk. A further comparison was between "Walk" signals with a typical 7 -s duration 

versus a 7-s "Walk" signal followed by a locator tone. 

Hulscher (1976) reported an estimate by Leith (personal communication) comparing starting 

delay pre- and post-APS installation. 

Wilson conducted a pre- and post-APS installation study of behavior of adult, nondisabled 

pedestlians at one intersection. 
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Further, the research undertaken for NCHRP 3-62 contributed to the understanding of the 

effects of APSs on specific crossing tasks. 

Results of Research 

Locating the Crosswalk 

SKERT research found that starting crossing from within the crosswalk increased from 70% 

to 97% with use of an APS. 

NET Portland pre-post research found significant increases in participants' ability to begin 

crossings from within the crosswalk at locations where pushbutton use was required and 

pushbutton locator tones were installed. Preinstallation, 77% of crossings began from within the 

crosswalk; postinstallation, 97% of crossings began withln the crosswalk, indicating that locating 

the crosswalk was significantly improved by the presence of a pushbutton-integrated APS 

(Barlow, Bentzen, Bond and Gubbe, 2006) 

Orientation (Aligning to Cross and Maintaining Alignment While Crossing) 

APSs have some affect on aligning to cross, but results have not been as positive as desired. 

On 48% of crossings in the SKERT research, where APS information was not available, blind 

pedestrians were not facing directly toward the opposite comer when they started their crossing; 

rather, they were facing somewhat toward or away from the center of the intersection. With the 

use of receiver-based APSs, participants were well aligned when beginning 80% of crossings. 

However, in NET Portland pre-post research, alignment showed only a very small trend 

toward improvement, with 70% of independent crossings starting from an aligned position 

preinstallation and 84% postinstallation. 

NET research (Wall et al. 2004) found the presence of a locator tone during the second half of 

the crossing had a positive effect on alignment. 

In the NCHRP 3-62 research on device features, statistical analyses revealed no differences 

in orientation attributable to device in Tucson, and only a few minor differences in Charlotte. 

These differences are easily explained by unique characteristics of the given intersection or pole 

placements, and taken together with the lack of findings in Tucson they suggest that none of the 

differences in APS device features on different manufacturer's APS had an important impact on 

pedestrian orientation. (See NCHRP 3-62 Final Report, and Bentzen et aI, 2006.) 
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Various means of beaconing and providing directional information to blind pedestrians are 

being investigated in the NEI research, including increasing the volume of the locator tone and 

providing it from a directional speaker, and providing an orientation tone that involves increasing 

the volume of the locator tone on the opposite end of the crosswalk before the crossing interval, 

in response to a request. Data collection and analysis of results from these experiments are not 

complete. 

Using Pushbuttons 

Data reported in NEI pre-APS installation testing (NEI-2 cities, NEI-3 cities) indicated that 

blind pedestrians typically didn't search for and use pedestrian pushbuttons at unfamiliar 

intersections. In Portland, after installation of APS with locator tones (NEI Portland pre-post), 

participants were not instructed to use the pedestrian pushbuttons, nor were they provided with 

instruction about the fact that pushbuttons were needed to call the walk interval at some of the 

crossings. However, the addition of pushbutton locator tones and the knowledge that an APS 

might be installed resulted in participants looking for the pushbuttons on over 98% of crossings, 

although looking for the pushbutton did not always result in finding and using the correct 

pushbutton. Participants independently looked for and used the pushbuttons on 93% of the 

crossings after pushbutton locator tones were installed. In the pretest situation, pedestrians had 

looked for and used pushbuttons on only 16% of crossings. 

NCHRP 3-62 research (see NCHRP 3-62 Final RepOlt and Bentzen et aI., 2006) reported that 

while pedestrians who are blind do not typically use pushbuttons when making unfamiliar 

crossings, after being made aware of the function of the pushbuttons to call the walk interval, and 

hearing the demonstrator locator tones, 100% of participants in Tucson and Charlotte searched 

for the pushbutton. Pmticipants in both cities said they used the locator tone when locating the 

pushbutton on most trials, regardless of device. However, the presence of a pushbutton locator 

tone did not guarantee that patticipants would find and push the correct pushbutton. Errors in 

finding the correct pushbutton were reported, leading to recommendations for instruction in 

understanding and using tactile arrows, as well as maintaining orientation while looking for 

pedestrian pushbuttons. 
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Initiating the Crossing 

APSs have been found to positively affect measures of delay in beginning to cross, starting 

crossing during the walk interval, and completing crossings before the onset of perpendicular 

traffic. 

Delay in Beginning to Cross-Hulscher (1976) cites a personal communication from Leith 

(1975) in which Leith estimated that, following APS installation, delay in beginning crossings 

was reduced an average of 2 to 3 s for all pedestrians. 

Wilson (1980) in a pre- and post-APS installation study of adult nondisabled pedestrian 

behavior at one intersection, found the following results: 

• For pedestrians using the pushbutton, delay in beginning crossings was reduced by 20%, 

from 2.7 s to 2.1 s. 

• The time taken to cross by persons who started during the walk interval decreased by about 

5%; crossing time for other pedestrians was unchanged. 

• For pedestrians who arrived at the crossing during the flashing or steady "Don't Walk" and 

who waited to cross until the onset of the walk interval, the proportion who failed to 

complete their crossings before the onset of opposing traffic was reduced by one-half, from 

22% to 11 %. 

Willianls et al. (2005) found that mean latency in beginning crossing without APS was more 

than 5 s, which was reduced to 2.2 s with a receiver-based APS device with a tone "Walk" 

indication and 3.8 s with a pushbutton-integrated APS using speech messages. 

In NEI Portland pre-post research, in 144 crossings at two intersections, the weighted mean 

starting delay for blind pedestrians without APS was 5.1 s, and after APS installation, the delay 

was reduced to 2.9 s. Uslan et aI, (1988) also found significant differences between speed of 

crossing at control intersection and intersections where APS were installed; crossings at locations 

with APS were completed faster. 

Williams et al. (2005) assessed participants on total number of signal cycles missed before 

crossing. Without APS, mean wait time was ahnost 2 full cycles, while with either type of APS, 

the mean wait time was just over half a cycle. 

In NCHRP research, different "Walk" indications have been found to affect latency to begin 

crossing. (See NCHRP 3-62 Final Report, Chapter 2.) 
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Starting During "Walk" and Completing Crossing Before the Onset of Perpendicular 

Traffic-In SKERI research, participants began crossing during the walk interval on only 66% 

of crossings without APS, but on 99% of crossings with APS. 

In NEI Portland pre-post research, without APS the pedestrian-actuated crossings were 

highly problematic for pedestrians who are blind. Preinstallation, participants began crossing 

during "Walk" on only 25% of crossings. Postinstallation, there was dramatic improvement in 

participants cOlTectly determining the appropriate time to start crossing, with 84% of crossings 

initiated during "Walk." Similarly, participants completed crossing after the onset of 

perpendicular green on 50% of crossings preinstallation, with a significant decrease, 

postinstallation to 12% of crossings completed after the onset of perpendicular green. 

FurthemlOre, only 77% of decisions about when to start crossing were made independently 

preinstallation, as opposed to 95% postinstallation. Preinstallation, the total number of crossings 

where the individual independently determined a start time and actually began crossing during 

the walk interval was less than a quarter of crossings. Postinstallation, with the addition of the 

APS, there was a significant increase both in independence and in beginning to cross at the 

appropriate interval. 

For crosswalks where the pedestrian phase was on recall, the APS sounded at the beginning 

of the walk interval, regardless of whether the pushbutton was used or not. The "Walk" 

indication only sounded for the first 7 s of the walk interval, unless the pushbutton was pushed 

again. Preinstallation, 70% of independent crossings began during the walk interval; 

postinstallation, this increased to 100%. 

Marston and Golledge (2000) found that at crossings without an APS, almost half (48 %) of 

the participants attempted to cross during the steady "Don't Walk" interval, a time recorded as 

unsafe by the researcher. With access to the pedestrian signal infonnation provided by an APS, 

no participant started crossing at an unsafe time. 

Effect of APSs on Independence and Confidence 

Both independence and confidence affect the likelihood that people who are blind will cross 

streets independently. Lack of independence and low confidence in ability to cross safely result 

in lack of participation in nonnal connnunity life. 
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Independence 

Both the NEI research and the earlier SKERI research on which the method was based 

measured independence on three street-crossing tasks both with and without APS-i.e., locating 

the crosswalk, starting to cross within the walk interval, and completing the crossing. The NEI 

research also measured independence on aligning to cross. The percent of crossings on which 

participants were independent on each task is shown in Table C-1. 

Task WithoutAPS With APS 

SKERI NEI SKERI NEI 

Locating crosswalk 81% 81% 99% 95% 

Aligning to cross NA 94.5 NA 97% 

Starting to cross during WALK 76% 79% 100% 92% 

Completing the crossing 81% 86% 97% 96% 

Table C-l. Percentage of crossing tasks on which participants were independent. 

Confidence 

Marston and Golledge (2000) measured confidence in street crossing at intersections with 

and without APSs. The range of responses for the no APS condition, by street crossing task, was 

2.7 to 3.5 (5 pt. scale; 1 = no confidence, 5 = very confident), while the range of responses by 

task for the APS condition was 4.8 to 5.0. 

Effect of "Walk" Signal Characteristics 

Introduction 

Both the Access Board Draft Guidelines for Accessible Public Rights-of-Way (revised 

2005) and this APS Guide recommend using a rapid tick "Walk" indication. Research on 

"Walk" signal characteristics, described in this section, formed the basis for that 

recommendation. 

It is importmlt that any audible "Walk" signal be detectable and localizable, and, if it is a 

speech message, it must also be intelligible. Two factors make it difficult to satisfy these 

requirements. First, both detection and localization are influenced by ambient sound, especially 

the sounds of vehicles. Second, any degree of hearing impaiIment makes it more difficult to 
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detect and localize sounds and to understand speech. One might think that simply making the 

"Walk" signal loud enough would overcome both problems. However, the problems are much 

more complex. 

Not only volume, but also the nature of the sound (that is, the spectral and temporal 

characteristics) must also be taken into account. A body of research, reported below, describes 

efforts to identify the characteristics of sounds or messages that make them detectable, 

localizable, and intelligible. Some of this research particularly addresses detectability, 

localizability, and intelligibility for people with hearing impairments. 

There are also important limits to the amount of "Walk" signal noise that will be tolerated in 

neighborhoods, and limits to signal volume that are based on Occupational Health and Safety 

Administration (OSHA) requirements. Furthemlore, if the "Walk" signal is too loud, it may 

make it difficult for pedestrians who are blind to hear the sound of vehicles that are about to 

cross their path. 

APS devices available today respond to ambient sound, providing "Walk" signals that are 

louder when the ambient sound is high, such as when a large truck accelerates, and quieter when 

the ambient sound is low, such as at night. This greatly increases the public's acceptance of 

APSs. 

APS users must not only be able to detect the "Walk" signal and localize it, they must also be 

able to quickly and uneningly detemline which crosswalk the signal is for. The nature of the 

signal and its location are critical in the performance of this important Palt of the street-crossing 

task. 

Results of Research 

Hearing Loss and Blind Pedestrians 

A majority of persons who are severely visually impaired are age 65 or older, and they 

typically also have some amount of upper frequency, age-related healing loss. In addition, the 

incidence of hearing loss in people with visual impairments is higher than for the general 

population because a number of causes of blindness also result in hearing loss. 

Upper frequency hearing loss results in a decrease in the ability to localize sound and to 

understand speech, particularly in noisy environments (Wiener and Lawson 1997). 
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Characteristics of Traffic Sounds 

The sound produced by vehicular traffic is concentrated in the low frequencies, especially for 

vehicles that are accelerating from a stop. The noise produced by accelerating vehicles is 

approximately 10 dB louder than that of vehicles traveling at a constant rate of speed. The mean 

intensity of accelerating traffic, measured from the position of a pedestrian waiting to cross 

streets in residential and small business areas, was found by Wiener and Lawson (1997) to be 89 

dB, equal to the maximum APS volume cunently pennitted by the MUTCD. (The 89 dB 

maximum in the MUTCD was based on OSHA 8-hour exposure limits.) This means that signals 

at their maximum permitted volume will sometimes be difficult to hear. 

Detectability 

Hulscher (1976) found that, because of the masking of high frequency signals by 

predominantly low frequency traffic noise, and because a majority of blind pedestrians have 

some upper frequency hearing loss, the optimal fundamental frequency of the "Walk" tone is 

between 300 Hz and 1000 Hz, and the tone should be composed of multiple short bursts of sound 

to aid localization. 

Staffeldt (1968), in research cited by Hulscher (1976), conducted extensive testing of APSs 

at crossings where they were mounted on the pedestrian signal head and found that an 880 Hz 

signal was most detectable in a background of traffic noise. 

Hulscher's recommendation and Staffeldt's result was supported by Poulsen (1982), who 

compared the noise spectrum of traffic as attenuated by windows to arrive at a recommended 

signal frequency (880 Hz) that would not be largely masked by traffic noise, but would also not 

transmit through windows and become a public arllioyance. 

In San Diego research, laboratory measurements of "birdcall" signals from Nagoya Electric 

Works of Japan found that neither signal was highly directional. However, the cheep was more 

detectable than the cuckoo. The cheep was produced by a continuous frequency variation with a 

fundaIllental frequency base of 2800 Hz, and the cuckoo consisted of two frequencies with a 

combined frequency base of 1100 Hz. (Currently available "cuckoo/cheep" signals may vary 

from this manufacturer's standard.) 

Hall, Rabelle, and Zabihaylo (1996) worked with audiologists to develop a signal that 

provided the most localizable melody for an accessible signal and recommended a melody that 
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was composed of fundamental frequencies between 300 Hz and 1000 Hz, but including 

hannonics extending to 7000 Hz. 

In NEI research (unpublished data), Wall, Ashmead, Barlow, and Bentzen carried out a series 

of experiments on detectability of "Walk" signal indications in a laboratory setting. Expeliment 1 

evaluated the detectability of signals in white noise, Experiment 2 evaluated the detectability in 

traffic noise, and Experiment 3 evaluated detectability in traffic noise for subjects with age

related hearing loss. Signals evaluated were an 880-Hz square wave, a bird chirp, a cuckoo, two 

click trains, two percussive signals ("bink" and "tok"), a four-tone melody, and female and male 

voice signals. 

Results indicated that audible signals of a more percussive nature with predominantly lower 

frequencies were best heard in background traffic noise. In addition to one of the percussive 

signals, participants with age-related hearing loss were better able to detect male voice signals. 

Signals with a simple percussive nature tended to need less gain to be heard in noise, relative to 

the levels necessary to be heard in quiet. In other words, percussive signals were more detectable 

at lower volumes. 

When asked their preference, most participants liked voice signals best, but all of the voice 

signals needed more gain to be heard. Note that the measurement in these studies was the point at 

which the signal was detected, not the point at which the message was easily understandable. 

Intelligibility of voice messages was not evaluated or assessed by participants. The cuckoo and 

chirp, most commonly used in the U.S. as an audible signal at the time of the study, required the 

most gain to be detectable amidst background noise. 

Locali::ability of "Walk" Signal 

An additional factor, if audible pedestrian signals are to be used as beacons to guide 

pedestrian with visual impaiIments across a street, is how well signals can provide directional 

infonnation. Laroche, Giguere, and Poirier (1999) compared localization of cuckoo and cheep 

signals to localization of 4 four-note melodies varying in fundamental frequencies, hatmonics, 

note duration, and temporal separation between notes. In combined objective and subjective 

testing, the cheep atld a melody with minimal harmonics were found to be less localizable thatl 

the cuckoo and the other three melodies. In a follow-up study, Laroche, Leroux, Giguere and 

Poirier (2000) compared the typical cuckoo-cheep sounds used in Canada with a cuckoo having a 
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lower fundamental frequency and the melody that was reconnnended as a result of their 1999 

research. In both studies, the signal was 36 s long (much longer than typical U.S. "Walk" 

indications) and the measurements were in a simulated pedestrian corridor in a quiet 

environment. In situations with actual traffic sounds, the cheep was found to result in 

significantly greater veering and longer crossing times than any of the other signals, which did 

not differ from each other. 

In NET research, Wall, Ashmead, Bentzen, and Barlow (2004) found no significant 

differences in localizability among several disparate signals including cuckoo, chirp, "tok," and 

voice messages when tested in research that involved multiple crossings of a simulated street, in 

the presence of recorded vehicular sound. The five signals used were representative of signals in 

wide use or that showed promise for directional beaconing. None of the analyses indicated any 

systematic differences between the five signals. Further experiments focused on presentation 

mode and signal location, rather than signal sound characteristics. 

Speech "Walk" Indications 

Several APS systems used in the United States are capable of producing directly audible 

speech messages, either from a speaker that is integrated into the pushbutton housing or from a 

speaker at the pedestrian signal head. When demonstrations are given indoors, to an audience for 

whom English is the predominant first language, APSs with speech messages are considered by 

many people to be especially user friendly. However if messages are not correctly understood by 

users, APSs with speech messages, especially speech "Walk" indications, can lead to 

catastrophe. 

Intelligibility of speech messages is influenced not only by the relationship between signal 

volume and ambient sound, but also by the nature of the message, how familiar the hearer is with 

the English language, and any kind of hearing impairment that the user may have. 

Understanding Speech in Noise-Listeners with nomml hearing require that speech be 15 

dB louder than background noise for intelligibility to reach 90% (Killion 1999). This means that, 

in order to be intelligible, speech messages should be louder than tone indications. The effect of 

that louder sound level on the ability of blind pedestrians to hear other sounds in the intersection, 

or the effect of the louder sound level on nearby neighbors, may limit the acceptability of speech 

messages. At this time, the MUTeD and Draft PROW AG limit the output of APSs to 5 dB 
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above ambient sound, except when special actuation requests a louder beaconing signal for a 

single pedestrian phase. As noted in the section on detectability, speech messages can be 

detected in traffic sounds, but that does not guarantee that they can be understood. 

Speech "Walk" Message Structure and Wording-Bentzen, Barlow and Franck (2000) 

conducted research to obtain information from stakeholders regarding the structure and content 

of speech messages for APS "Walk" messages and for "pushbutton information messages" that 

are available only during t1ashing and steady "Don't Walk." "Walk" messages convey that the 

"Walk" signal is on and provide the name of the street being crossed. Pushbutton messages 

provide intersection and crosswalk identification infonnation, and may also provide infOlmation 

about unusual intersection signalization and geometry. 

The research utilized an expert panel of stakeholders, who prepared a survey composed of 

sample messages to rate, as well as items to detennine respondent understanding of messages. 

The survey was administered to people who are visually impaired, O&M specialists, 

transportation engineers, and APS manufacturers. 

Speech "Walk" messages should provide pedestlians who are blind with infonnation that is 

similar to the infonnation being provided to pedestrians who are sighted. The message should 

not be worded in a way that seems to provide a "command" to the pedestrian. For example, 

"Cross Howard Street now" would not be an appropriate message. 

Messages also should not tell users that it is "safe to cross." 

Research resulted in recommended messages for the walk interval, which include beginning 

with the name of the street being crossed-for example, "Broadway, Walk sign is on to cross 

Broadway." Recommended messages are included in Chapter 4 of this guide. 

Effect of Speech Messages on AU Pedestrians-Van Houten, Malenfant, Van Houten, and 

Retting (1997) found that redundant infonnation conveyed by audible pedestrian signals 

increases the attention of all pedestrians to tuming traffic and may contribute to a reduction in 

pedestrian-vehicular conflicts and crashes at signalized intersections. Their research in 

Clearwater, Florida, used prototype speech message technology in whkh speech messages were 

broadcast from the pedestrian signal head. When the pedestrian pushbutton was pressed, the 

message was "Please wait for 'Walk' signal." The message "Look for tuming vehicles while 

crossing [street name]" began 200 ms before "Walk" signals were illuminated. 
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The signal also gave participants who were blind precise information about the onset of the 

walk interval and about which street had the walk interval. 

Accuracy and Speed in Identifying "Walk" Indication for a Given Crossing 

Introduction 

Both the Access Board Draft PROW AG and this guide emphasize the importance of 

installation location for APS. Installation location is critical for accurate and fast 

identification of which crosswalk has the "Walk" signal. Research on the "Walk" signal 

location and tone, described in this section, was the basis for that recommendation. 

APSs must provide unambiguous infomlation regarding which crosswalk has the "Walk" 

indication. A pedestrian who mistakes the signal for one crossing at a comer for a signal for the 

other crossing is at risk of making a crossing when vehicular traffic has the right-of-way and 

pedestlian crossing is not permitted. A two-tone system such as cuckoo/cheep has long been 

assumed to provide unambiguous information; however, San Diego surveys and U sIan et al. 

(1988) noted problems with such systems. ACB and AER surveys confinned that there were 

numerous problems with it. 

Speed in identifying the "Walk" signal for the desired crossing is related to delay in starting 

to cross. The most desirable signal from this perspective is one that is quickly identified, 

enabling users to initiate crossings promptly, and to finish crossing before the onset of 

perpendicular traffic. 

Results of Research 

In NEI research, Ashmead, Wall, Bentzen, and Barlow (2004) investigated the effects of 

location of APS speakers on accuracy and speed in identifying the correct crosswalk (see Figure 

C-l for APS positioning used in research), using typical placements seen in the United States. 
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Figure C-l. Positions and headings ofloudspeakers and pedestrians at each corner in NEI 

research. (Figure from Ashmead et aI., 2004) Note: The question to the pedestrian always 

was, "Which has the "Walk" signal, the crosswalk straight in front of you or the one to 

your right?" Corner 1: loudspeakers near curb, on outside of crosswalk line. Corner 2: 

loudspeakers near back edge of sidewalk, on outside of crosswalk line. Corner 3: 

loudspeakers near curb but facing across pedestrian's position. Corner 4: loudspeakers 

near back edge of sidewalk mounted on the same pole. (Figure is not drawn to scale.) 

Under the most typical signal mode, simultaneous presentation from both ends of the 

crosswalk, the most accurate performance occuned when signals were placed close to the curb 

line, near the side of the crosswalk that was furthest from the center of the intersection (see 

Corner 1 in Figure C-l). The pedestrian could easily tell which of the two loudspeakers at the 

corner was active because each loudspeaker was close to the position of the pedestrian waiting to 

cross at the associated crosswalk. Note that this was true despite the fact that both signals on the 

comer had the same sound. Other alTangements of loudspeakers resulted in somewhat worse 

performance. Accuracy at Corner 3 was poor, with participants answering conectly on only 25% 
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of trials in the simultaneous presentation condition and 50% of trials in the alternating 

presentation condition. 

There was no evidence that response time differed across the four comers-that is, for 

different speaker anangements. This suggests that the inaccurate judgments made from Comer 3 

about which crosswalk had the "Walk" signal did not reflect uncertainty, but rather were 

mistakes of which the participants were largely unaware. 
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\\ 1/ Sound from pushbutton speaker 

IIIIiIiIiil Pedhead (not shown for clarity) 

Fl Pushbutton-integrated APS 

Pole 

Figure C-2. Optimal location of pushbutton-integrated APS. 

Figure C-2 illustrates the recommended placement of APS devices in relation to the 

crosswalk provided in the APS synthesis in 2003. This anangement was based on the NEI 

research described above. However, the panel for the NCHRP Project 3-62 asked for additional 

research to determine if use of two poles at each comer was necessary, or if installation of two 

devices on one pole could result in accurate and fast identification of which crosswalk had the 

"Walk" indication. 

Both the location of pushbutton-integrated APS and various associated signals were 

investigated under NCHRP Project 3-62 at an intersection in Portland, Oregon. (See Figure C-3 

for the location of APSs on each corner and the sounds associated with each.). Ninety 

participants who were blind, who had low vision, or who had cognitive disabilities made all eight 
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approaches to a four-way intersection, were asked to push the button for to cross the street in 

front of them, and then to indicate when the "Walk" signal came on for the street in front of 

them. (Participants did not cross the street except as they were guided from one comer to the 

next.) (See NCHRP 3-62 Final Report and Scott, Myers, Barlow, and Bentzen, 2006.) 
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Figure C-3. Locations of pushbutton-integrated APS and associated "Walk" signals in 

NCHRP 3-62 research. 

Results indicated that where pushbutton-integrated APSs were mounted on separate poles, 

near the crosswalk line furthest from the center of the intersection, approximately 3 ft from the 

curb line, and approximately 10ft apart, accuracy in judging when the COlTect crosswalk had the 

"Walk" signal was significantly better than when APSs were located according to other criteria 

(see Comer C, Figure C-3). On Comer C, participants in the totally blind and legally blind 
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subgroups indicated that the street in front of them had the "Walk" signal, when in fact the 

"Walk" signal was to cross the street beside them, in only 7.55% of trials. For all other tested 

arrangements, the same participants made this type of error in at least 26.9% of trials. Responses 

to the onset of the correct "Walk" signal were also significantly faster at Comer C. 

For the two subgroups with the least vision, use of two different tones, when APS speakers 

were located on the same pole, resulted in errors in detennining which street had the "Walk" 

interval on 50% of trials. Even when APSs were located on two separated poles, accuracy in 

identifying the onset of the correct "Walk" signal was significantly greater when both APSs on 

the same comer used the same tone (rapid tick) than when the two APSs used two different tones 

(cuckoo and rapid tick). 

Speech "Walk" messages, when two APSs were located on the same pole, were also 

evaluated in this research. Speech messages resulted in a much lower error rate than two tones 

(19% versus 50%); however, locating the APSs on two separate poles and using the same tone 

on each for the "Walk" indication resulted in an error rate of less than 4%. Locating the APS 

speakers close to the crosswalk being signaled resulted in much better accuracy in identifying 

which street had the walk interval than variation in "Walk" indications. 

The research recommended use of the rapid tick "Walk" indication because it produced the 

fastest and most accurate responses regarding which crosswalk has the "Walk" indication. This 

recommendation was in conjunction with recommendations for specific locations for the APS. 

Participants who had enough vision to see the pedestrian signal (identified in the study as 

persons with low vision or cognitively impaired) reported that they used the visual signal. 

However, the results for these groups are in the same direction as the results for the two 

subgroups with the least vision. It thus appears that the participants who could see the visual 

pedestrian signals might nonetheless have been influenced by the APS pole arrangement and 

signal sound. 

In research comparing devices having various features, conducted in Tucson and Charlotte 

under NCHRP Project 3-62, (see NCHRP 3-62 Final Report; Barlow et aI., 2005; Bentzen et aI., 

2006), there were three types of "Walk" indications used in the devices-speech messages, 

birdcalls (cuckoo-cheep), and the rapidly repeating tone indication (rapid tick). Once pedestrians 

understood the crossing signal, the rapid tick provided the best cue in terms of starting to cross 

quickly in both cities. The faster response to the rapid tick signal confirms results of previous 
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research on pushbutton location and nature of "Walk" signal, in which responses were faster to 

the tick than to two different tones or to speech messages. 

Research on Source of "Walk" Signal 

Introduction 

Signals typically installed in the United States have provided a loud beaconing "Walk" 

indication simultaneously from both ends of the crosswalk, and usually from two parallel 

crosswalks at the same time. As shown in the ACB and AER surveys, pedestrians who are blind 

often have difficulty if they try to use the APS to indicate the direction of travel on the associated 

crosswalk. Research has taken place in Canada, Japan, and the United States on the effect of 

source of the "Walk" signal on accuracy of aligning to cross and of making actual crossings. 

Results of Research 

Presentation Mode-Simultaneous, Alternating, and Far Side 

Stevens (1993) and Tauchi, Sawai, Takato, Yoshiura and Takeuchi (1998) tackled the 

problem of improving localization of "Walk" signals (beacons) by varying the source of the 

sound. They found that blind pedestrians could cross more quickly and with less veering when 

the "Walk" signal alternated back and forth from one end of the crosswalk to the other. 

Laroche et al. (2000) confirnled the superiority and subjective preference for an alternating 

signal for beaconing at a simulated intersection, but found no advantage of the alternating signal 

when data were collected at an intersection with steady traffic on both streets. TIns was true for 

all tones tested (chirp, cuckoo, low cuckoo, and melody). It may have been that blind participants 

had good directional information from vehicular sound at the intersection or it may have been 

related to the shorter duration of the APS sound when installed at the intersection. In the 

previous testing at a simulated intersection (in quiet), the "Walk" signal continued for 36 s, more 

than the time required for participants to complete the entire crossing. Testing at the simulated 

intersection was also in a quiet environment. 

Poulsen (1982) reported more accurate walking in a simulated crossing setting with a far end 

signal, than when a signal came simultaneously from both ends, and that far end signal was 

regarded favorably by a group of blind pedestrians in a field test at a real intersection. 

C-27 

AR0072136 



Tauchi, Takami, Suzuki, Kai, Takahara, and Jajima (2001) examined the effects of 

alternating "Walk" signals in which the sounds from both ends of a 60-ft-Iong crosswalk at the 

top of a T-intersection with alternating "Walk" signals were different. Patticipants were better 

aligned and maintained alignment better with the APS with different tones at the end of the 

crosswalk than with the APS having the same tone at the end of the crosswalk. 

Wall et al. (2004) compared the usefulness of auditory signals in guiding crossing behavior 

in three signal presentation modes-simultaneous, alternating, and far side only. In several 

experiments, blind adults and blindfolded sighted adults crossed a simulated crossing with 

recorded traffic noise approximating street sounds. Audible signals were presented 

simultaneously from both ends of the crosswalk, alternating from one end to the other, or from 

the far end of the crosswalk only. The signals continued only for the typical U.S. "Walk" interval 

of 7 s, stopping when participants were approximately halfway across the simulated street. 

The principal findings were the same for blind and sighted patticipants and applied across a 

range of specific signals (e.g., chirps, clicks, voices). Crossing was more accurate when audible 

signals came only from the far end of the crossing, rather than the typical practice of presenting 

signals simultaneously from both ends. Alternating the signal between ends of the crossing was 

not helpful. However, providing a locator tone at the end of the crossing during the pedestrian 

clearance interval improved crossing accuracy. These findings offer less promise for the 

usefulness of the alternating signal mode, especially when the findings for single versus dual 

crosswalks are considered. In previous studies, only one crosswalk was signaled, but this 

research compared signaling a single crosswalk versus two parallel crosswalks in two 

experiments. Errors were lower in the alternating mode than the simultaneous mode, but only 

when a single crossing was signaled. The customary practice of signaling two parallel crossings 

at the same tinle seemed to draw participants somewhat toward the center of the intersection. 

Research on Other APS Features 

Previously described research has also looked at other specific features of APSs, 

including the pushbutton locator tone. The following sources are referred to: NCHRP 

Project 3-62 research; Barlow et at 2005; Bentzen et at, 2006; Poulsen, 1982; San Diego 

research; and Williams et at, 2005. 
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Pushbutton Locator Tones 

Pushbutton locator tones are a standard feature of almost all pushbutton-integrated APSs in 

use worldwide. In the United States, they are standardized to repeat once per second, and are to 

be audible only 6 to 12 ft from the pushbutton unless there is special actuation to raise the 

volume during the following pedestrian phase (Manual on Unifoml Traffic Control Devices 2003 

4E.09; Guidelines for Accessible Public Rights-of-Way, revised 2005). Pushbutton locator tones 

inform blind pedestrians that they need to push a button to actuate a "Walk" signal andlor 

pedestlian timing. Because the sound comes from the pushbutton, it indicates the location of the 

pushbutton. 

Bentzen, Barlow, and Gubbe (2000) compared the speed of blind pedestrians on locating and 

walking to an APS with a pushbutton locator tone (880 Hz square wave, with multiple 

harmonics, 3 ms attack time, 15 ms sustained tone) at three repetition rates and three loudness 

levels relative to traffic sound along an eight-lane artery in Los Angeles. Best performance was 

with a repetition rate of once per second and loudness of 2 to 5 dBA above ambient sound 

measured at 1 m from the locator tone speaker. 

Tactile Arrow 

Tactile arrows aligned in the direction of travel on the associated crosswalk are features of all 

known pushbutton-integrated APSs in use worldwide. Arrows vary in size and location on the 

APS. Some are on the pushbutton, some are on the vertical face of the housing, and some are on 

the top (horizontal) surface. The length of the arrow varies from approximately 1.5 in. to 2.5 in.; 

stroke thickness varies from approximately 0.09 in. to 0.25 in.; height above the sUlface varies 

from approximately 0.16 in. to 0.25 in. 

The only research on usefulness of the tactile arrow for establishing crossing alignment was 

done in Denmark by Poulsen (1982). The "arrow" tested was a rod on top of the APS that was 

approximately 2.5 in. in length, 0.25 in. in width, and 0.25 in. high, with a bump indicating the 

far side of the crossing and additional bumps indicating the presence of islands or medians, if 

any. Aligmnent was equal with or without use of the arrow. The size and graspability of this 

unique arrow, as well as its location on the top of the APS, are thought to make it a better 

indicator of direction than smaller, nongraspable arrows and those mounted on the vertical face 
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of the APS. The failure to find any positive effect on alignment indicates that such an arrow (or 

probably any arrow) should not be considered a primary cue for alignment. 

Nonetheless, tactile anows do serve the important purpose of indicating the crosswalk with 

which a particular APS is associated. Research under NCHRP 3-62 (See Final Report and 

Bentzen et aI., 2006) found that increased familiarity with tactile anows in Tucson and Charlotte 

resulted in an increase in use of tactile anows, with arrows actually on the pushbutton being used 

more frequently than anows that were not on the pushbutton itself. While participants looked at 

the inconect (not desired crossing) anows at 28 trials in Tucson, after extensive familiarization, 

they then found and pushed the conect pushbutton on all of these trials. In Charlotte, while there 

was a decrease in use of the wrong pushbutton following extensive familiarization, use of the 

wrong pushbutton on some trials remained. Under the same research, subjective responses 

indicating preference for various features indicated strong SUppOlt for use of a tactile anow to 

identify the conect pushbutton. 

Vibrotactile Indications 

Most pushbutton-integrated APSs worldwide have vibrating tactile anows or other surfaces 

that vibrate during the "Walk" interval. The vibration is required by pedestrians who are deaf

blind to infonn them that the "Walk" signal is on. It is also used by some pedestrians without 

hearing loss to confinn which crosswalk has the "Walk" signal, especially in very noisy 

conditions. 

Because it is necessary for pedestrians who are deaf-blind, as well as helpful for blind 

pedestlians in some situations, a vibrotactile "Walk" indication is required along with an audible 

"Walk" indication in the Draft Guidelines for Accessible Public Rights-of-Way. A signal having 

vibrotactile indication only is not permitted. An APS that is vibratory only gives no indication of 

whether there is a pushbutton, or where the pushbutton is located, and it gives no audible 

directional guidance. 

Gallagher and Montes de Oca (1998) surveyed blind pedestrians who were familiar with 

vibrotactile signals that did not have audible "Walk" indications and on which a vibrating anow 

was located on a hOlizontal sUlface above the pushbutton. They found the vibrotactile signal to 

be well liked. In field research, they also found that use of the vibrotactile indication resulted in 

accurate crossing tin1ing. 
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Tactile Map of the Crosswalk 

Maps of the crosswalk are standard features of pushbutton-integrated APSs in Sweden, are in 

wide use in countries where Swedish devices are used, and are required in Austria for an APSs 

regardless of the equipment manufacturer (see Chapter 4 for photos and more information). 

There does not appear to be any research on the legibility or effectiveness of these maps of the 

crosswalk, but they do have the potential to enable users who are unfamiliar with a particular 

crosswalk to anticipate such characteristics as the number of vehicular lanes in each direction, 

and the presence of islands or medians, rail tracks, and bicycle lanes. 

In NCHRP 3-62 research (see final report and Bentzen et aI., 2006), one of four devices 

compared had a tactile map of the crosswalk. Mean ratings of participant agreement in Tucson 

and Charlotte with the statement "The crossing map was useful and easy to understand" were 

4.00 and 4.17, respectively, on a 5-point scale (5 = strongly agree). However, even when they 

were thoroughly fanriliar with the map, only 9 of 40 pmticipants used it across the two cities. 

Pushbutton Information Message 

On some pushbutton-integrated APSs, an optional feature is a speech message that comes 

from the pushbutton either whenever the button is pushed, or whenever the button is pushed and 

held for an extended time (see extended button press, above). This message always begins with 

the word "Wait," as it comes on only during the flaslring and steady "Don't Walk" intervals. The 

next information identifies the intersection and the street to be crossed. The recommended format 

for this message is "Wait, to cross Howard at Grand." Additional information may be provided 

regarding unusual signalization (e.g., split phasing) or geometry (e.g., narrow median in the 

roadway). 

In research conducted under NCHRP 3-62 (NCHRP 3-62 Final Report, Chapter 3; Bentzen et 

aI., 2006), three of four devices used in field research in Tucson and Charlotte had pushbutton 

information messages. On all three devices, the pushbutton had to be depressed for at least 3 s to 

actuate the full pushbutton information message. One device did not have the standard 

pushbutton infonnation message when used in Tucson. The objective measure most closely 

related to the pushbutton infonnation message was only whether participants used the extended 

button press, which actuated the pushbutton information message; it was not possible to observe 

whether participants actually understood or used the information provided by the pushbutton 
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information message. However, when asked to rate the extent of their agreement with the 

statement "The pushbutton information message was easy to understand," the mean ratings for 

each city were above 4.0 on a 5-point scale (5 = strongly agree), indicating that the message was 

usually understood. 

Extended Button Press 

Additional features on pushbutton-integrated APSs may be actuated by an extended button 

press. These features include a pushbutton information message, a louder (beaconing) signal, and 

extended crossing time. 

Noyce and Bentzen (2005) found that it was unusual for pedestrians to push pushbuttons for 

as long as 1 s. Therefore an extended button press of only 1 s is being standardized to actuate any 

optional features that are available at an APS. 

In NCHRP 3-62 research (NCHRP 3-62, Final Report, Chapter 3; Bentzen et aI, 2006) the 

extended button press feature was included on three of four types of APSs. The extended button 

press was little used except following familimization with each device. The extended button 

press was used on 65% to 85% of crossings in Tucson and Charlotte following fatniliarization to 

device features. This may indicate that specific infonnation and training m'e necessm'y for 

pedestrians who are blind, if use of the extended button press is expected. Desirability of a 

pushbutton infonnation message as well as beaconing, both of which were actuated by an 

extended button press, was supported by subjective data. 

Audible Beaconing 

An optional feature on some currently available APSs is audible beaconing, which is usually 

actuated only by an extended button press. Beaconing is provided by a louder signal during the 

next pedestriml phase. The beacon is intended to aid initial alignment mld crossing within the 

crosswalk. 

In NCHRP 3-62 research (NCHRP 3-62 Final Report, Chapter 3; Bentzen et aI, 2006), one of 

four devices tested had the audible beaconing feature. On this device, the "Walk" signal and 

subsequent locator tone increased in volume for the next pedestrian phase following a button 

press of at least 3 s. No objective measure of the use of audible beaconing could be made. The 

only measure possible was use of the extended button press feature that also actuated a 

pushbutton information message. However, when asked to rate the extent of their agreement with 

C-32 

AR0072141 



the statement "TIle louder signal was helpful," the mean responses for Tucson and Charlotte 

were 3.86 and 4.00, respectively, on a 5-point scale (5 = strongly agree), indicating that tlns 

feature is desirable. 

Additional research on the usefulness of APS for alignment and crossing within the 

crosswalk is provided in the section on effect of APS on specitlc crossing tasks (results of 

research: orientation). 

Other Concerns and Needs 

Engineering Concerns 

Noyce & Barlow (2003) investigated problems reported with the interface between APS 

devices and signal controllers to determine whether there were systenlic problems with the 

APS/controller interface. Most problems were found to be installer errors or wiling problems that 

had already been conected by the manufacturer by the time research was conducted. 

While the adjustment of the volume of the APS is critical for neighborhood acceptance and 

for usability by pedestrians who are blind, it continues to be an issue in many jurisdictions. In 

NCHRP 3-62 research on effect of device features (NCHRP 3-62 Final Report) researchers 

found that it was not possible to adjust all devices to have the same perceived loudness, despite 

extensive efforts and adjustments and involvement by manufacturers' representatives. Perceived 

loudness is not amenable to objective measurement and is influenced by conditions such as wind, 

hunlidity, precipitation, and nearby reflective surfaces. 

APS devices, as with much new technology, have continued to generate maintenance and 

engineering concerns. As part of NCHRP 3-62 research, devices tllat were installed for human 

factors testing were monitored for a year by signal maintenance staff (see NCHRP 3-62 Final 

Report, Chapter 7). Concerns were expressed about more failures than expected, particularly of 

the vibratory feature of the devices. Manufacturers were said to be responsive to concems and 

were continuously modifying devices to provide better durability. 

Case studies of devices installed in cold weather areas were also developed as part of Project 

3-62 (see NCHRP 3-62 Final Report, Chapter 6). 
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Training Needs 

In NCHRP 3-62 research in Tucson and Charlotte, experimenters observed that some 

participants did not have adequate infonnation or techniques for using pushbuttons and APS 

devices in crossing streets and many did not have good infonl1ation and understanding about the 

complexity of intersection signalization. Of concern to researchers were comments from some 

participants (prior to any explanation or training in the use of APS) who seemed to be trying to 

use the fact that the locator tone was sometimes louder in response to ambient sound as a "Walk" 

indication. These participants generally did not look for or push the pushbutton, but heard the 

audible locator tone and, without knowledge of locator tones and their function, made an 

assumption that it was some kind of "Walk" indication. This misunderstanding of ambient sound 

adjustment and the locator tone could lead to dangerous crossings. Where APSs with locator 

tones are installed, it may be necessary to make a concerted effort to provide information about 

the devices to individuals in the community. 

The major reason for the tactile arrow is to enable users to identify which street the 

pushbutton controls. Many participants in NCHRP 3-62 research and in NEI research needed to 

be shown the anows on the devices to understand which way the anow pointed. Use of the 

tactile arrow and the inconect pushbutton presented a very different picture in Charlotte than in 

Tucson. In Tucson, participants who looked at the anow on the inconect pushbutton always 

conectly rejected the inconect pushbutton. However, in Charlotte, even after familiarization, 

participants looked at the anow on the inconect pushbutton and failed to reject it in 20% of 

trials. This confusion in using the conect pushbutton seemed to be related to participants' lack of 

strategies to maintain their orientation; some would completely turn to face the street parallel to 

their travel path while examining the anow on the device, then push the button and line up to 

cross the parallel street. Strategies for looking for pushbuttons and aligning to cross need to be 

taught. 

Need for Additional Research 

At a meeting in September 2005, the project panel for NCHRP 3-62 developed the following 

list of issues for additional research: 

• Guidance on the need for pushbutton APS on side streets. 

• Wayfindinglbeaconing (NEI project may address tlns need). 
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• Location/size/color of tactile arrow. 

• Speech message clarity (consistency, programming and downloading messages, standardized 

library). 

• Tactile map (consistency, availability, info on median refuge, guidelines). 

• Cold weather issues (future follow-up on case studies, comparison study). 

• Tone types (acceptability to nearby residences, which are appealing). 

• APS effect on general pedestrian population (perhaps tie-in to tone acceptability study). 

• Sound volume (best response to ambient sound, range and speed of response, range of 

decibel levels). 

• Beaconing (volume, duration after press). 

• Combining speech message and tones. 

• Audible message during flashing "Don't Walk" (tone versus speech, countdown). 

• Design of curb ramps (use in orientation/wayfinding, integration with signal design, effects 

on pole location). 
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Purpose of the Prioritization Tool 

Municipalities responsible for the installation and operation of traffic signals are often 

required to make decisions about the use of accessible pedestrian signals. In many cases, there is 

a need to plioritize existing signalized intersections for APS installations. Two such cases 

include 

• where the number of requests exceeds the funding available in a given fiscal year, and 

• where transition plans for making intersections accessible are being completed and decisions 

must be made about the order of installations. 

This priOlitization tool provides practitioners with the means to take observable 

characteristics of a pedestrian crosswalk and produce a score that reflects the relative crossing 

difficulty for pedestrians who are blind or visually impaired. This scoring system enables a 

prioritization of APS installations within a jurisdiction. 

The infonnation regarding prioritizing intersections for installation of APS is not intended 

for application to new or reconstructed intersections. In new construction or reconstruction 

projects, it is appropriate to consider the Draft PROW AG as the best guidance available at this 

time. This guidance states that in new construction, APSs should be installed wherever 

pedestrian signals are installed. 

Understanding How Blind Pedestrians Cross at Signalized Intersections 

Before discussing hmv intersection and crosswalk characteristics affect the travel of blind 

pedestrians, it is important to understand how blind and low vision pedestrians travel. This 

section gives an overview of this issue. 

At any given time, people who are blind or visually impaired can travel and cross streets 

using a human guide; a long, white cane to identify and avoid obstacles; using a guide dog guide; 

special optical or electronic aids; or no additional aid. Whatever aid is used, street crossing is 

composed of a number of tasks. 

1) Locating the Street -First, pedestrians who are blind must determine when they reach a 

street. This is typically accomplished using a combination of cues, including the curb or slope of 

the ramp, tratTic sounds, and detectable warnings. 
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2) Street Recognition -Next, blind pedestrians recognize or detennine which street they 

have come to. This information is only occasionally provided in any accessible fommt, so 

pedestrians who are visually impaired develop a mental map and keep track of where they are 

within that map, usually by counting blocks and street crossings. Assistance may be sought from 

other pedestrians. 

3) Intersection Assessment-Next, pedestrians who are blind obtain critical infonnation 

about intersection geometry, including the location of the crosswalk, the direction of the opposite 

comer, the number of intersecting streets, the width of the street to be crossed, and whether there 

are any islands or medians in the crosswalk. Vehicular sounds, where there is a stream of traffic 

on each street at the intersection, are used to infer intersection geometry. 

Pedestrians with visual impairments also need to identify the type of traffic control system at 

an intersection. This may be detennined by listening to traffic patterns through several light 

cycles and searching the sidewalk area for poles with pushbuttons. However, it has become 

difficult or impossible to determine the type of traffic control at many intersections by listening. 

The inability to determine whether a crosswalk is pedestrian actuated may result in failure to use 

pedestrian pushbuttons and in crossing at times other than the pedestrian phase. 

4) Cross the Roadway -After detennining the geometry of the intersection, aligning to face 

towards the destination curb, determining that the intersection is signalized, and having pushed a 

button (where necessary), pedestrians who are blind must recognize the onset of the walk 

interval. In the most corrnnon technique utilized for crossing at signalized intersections, 

pedestlians who are blind begin to cross the street when there is a surge of through tratTic on the 

closest side of the street parallel to their direction of travel. Once pedestrians who are blind have 

begun to cross the street, they must maintain a heading toward the opposite comer. Turning 

traffic can make it difficult to establish a conect initial heading, and in the absence of traffic on 

the parallel street, pedestlians who are blind may veer toward or away from the intersection. 

Optimal crossing conditions occur when crossing right angle signalized intersections with a 

moderate but steady flow of traffic through the intersection on each leg with a minimum of 

turning movements. 

Pedestrian actuation requires blind pedestlians to locate and push a pushbutton and then cross 

on the next pedestrian phase to be assured of having enough time to cross. Blind pedestrians 

have three types of problems at these locations: 
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• They cannot wait through a light cycle to assess and refine their heading by listening to 

vehicular trajectories before crossing at the next pedestrian phase, because they have to 

locate and push the button again (and reestablish their heading). 

• At a location with little vehicular traffic, even if pedestrians who are blind know there is a 

pushbutton and use it, they may not be able to detect the onset of the walk interval if there is 

no through traffic on the street parallel to their crossing. 

• Blind pedestrians may not be aware that there is a pushbutton and/or they may be unable to 

locate the pushbutton. In addition, some locations do not include a pedestlian phase, and at 

times when vehicular volume is low, there may not be enough time to cross the street. 

In the past 20 years, significant changes in intersection geometry, signalization, driver 

behavior, and automotive technology have affected the ability of blind travelers in the United 

States to obtain the information they need to cross streets independently and safely. Traffic 

clearing the intersection also commonly overlaps the pedestrian phase by as many seconds as the 

duration of the walk interval. In such cases, blind pedestrians will first perceive the pedestrian 

phase, and then initiate crossing after the onset of the pedestrian change interval. These changes 

have increased the requests for APSs by blind pedestrians. Municipalities and states need a 

documented procedure to respond to such requests as required by the progranl access 

requirements of the Americans with Disabilities Act. 

Overview of Prioritization Tool Worksheets 

The prioritization tool includes three separate worksheets that should be used for rating each 

intersection (blank fomls included are included later in this appendix). The first worksheet is the 

intersection worksheet and is used for describing characteristics of the intersection as a whole, 

including space for a sketch of the intersection. The second worksheet is the crosswalk 

worksheet and is used for describing the features associated with each crosswalk at the 

intersection. A separate crosswalk worksheet should be completed for each crosswalk at the 

intersection. Each of these forms includes vmiables that either provide an assessment of level of 

difficulty that may be present for pedestrimIs who are blind or provide an indicator of the level of 

pedestrian activity in the vicinity of the intersection. The variables are further defined in the 

latter sections of this document. Each form also includes space for additional comments to be 
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provided. Finally, a supplementalJorm is provided for those locations where more drawings or 

additional notes may be required. 

Scoring System 

The APS prioritization tool provides a score for an individual crosswalk. Higher scores 

indicate a greater priority for APS installation. Lower scores indicate a lower priority for APS. 

There is no patticular score that indicates whether APS should be installed or not. The scores are 

intended to provide a relative prioritization scheme among a group of crosswalks. 

The system of scoring is based on the premise that it is the individual crosswalk that is 

critical, as opposed to the intersection as a whole. Therefore, priorities for installation 

should be established on the basis of individual crosswalks, rather than complete 

intersections. Jurisdictions may choose to install APS at all crosswalks of an intersection when 

installing them at one crosswalk. However, the intent is to rank and consider each crosswalk 

separately. If a scoring system were used that is based on the combined score of all crosswalks at 

an intersection, a very difficult crosswalk for blind pedestrians combined with three crosswalks 

that are relatively easy could result in low ranking for the intersection as a whole. Such an 

intersection-based system could result in critical crosswalks being missed on a priority list. 

TIle total score for a crosswalk is calculated as the sum of the individual crosswalk score and 

the intersection score. The intersection worksheet includes the intersection worksheet score in 

the bottom right comer. The total crosswalk scores are found in the bottom right comer of each 

of the crosswalk worksheets. Each crosswalk worksheet includes the crosswalk worksheet score 

and the intersection worksheet score (transferred from the intersection worksheet), which are 

added together to get the resulting total crosswalk score. The total crosswalk scores can be listed 

on the cover sheet for quick reference. 

Intersection Worksheet Sketch 

The intersection worksheet includes space for a simple sketch of the intersection being rated. 

At a minimum, the sketch should capture the following: 

• Crosswalk location and orientation, including skew and any change in direction (each one 

should be labeled-e.g., A, B, C, and D) for correct reference to the crosswalk worksheets. 

• Location of pushbuttons and other signal features. 

• Geometrics, such as islands and lane configuration. 
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Additional sketches and notes, as required, should be recorded on the wupplemental 

worksheet. 

Intersection Worksheet Variables 

Configuration 

PedestIians who are blind or visually impaired use the sound of traffic moving beside them 

as an alignment cue and as a cue for determining when the traffic signal changes. Therefore, the 

number of approaches to an intersection and the geometlic configuration affects the difficulty of 

crossing. A standard four-leg intersection with perpendicular approaches is the easiest 

configuration. If those approaches are offset while still controlled by the same signal, the 

crossing becomes more difficult as it becomes harder to recognize the parallel traffic now from 

the minor street. T-intersections are more difficult for similar reasons. Crossing the top of a T

intersection can be problematic due to the fact that the simultaneous traffic now is from the stem 

of the T and is either tuming right or left. Intersections with more than four legs can also result in 

ambiguous traffic now cues for pedestIians with visual impaimlents. 

Mid-block signalized locations are most difficult for blind pedestrians because there is no 

traffic stream parallel to the crosswalk to provide an audible cue. Given this, signalized mid

block crosswalks receive the highest point value in the configuration category (14 points). Since 

completing the remainder of the worksheets for a mid-block crossing may prove confusing, the 

categories that apply to a mid-block crossing have been listed in Table 1 . 
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Table 1. Applicable Variables for Mid-Block Crrssings 

Applies to Mid-Block 

Intersection Worksheet Variable Crossing? 

Configuration Yes 

Signalization Yes, Actuated 

Transit Facilities Yes 

Distance to Facilities for Visually Impaired Yes 

Distance to Major Ped Attraction Yes 

Applies to Mid-Block 

Crosswalk Worksheet Variable Crossing? 

Crosswalk width Yes 

Posted Speed Limit Yes 

Curb radius> 25 feet No 

Islands or medians Yes 

Transverse slope No 

Apex curb ramp No 

Channelized right tum island No 

Skewed crosswalk No 

Pushbutton actuation required • Yes 

Non-concurrent WALK interval No 

Leading Pedestrian Interval No 

Timed for crossing to median island Yes 

RTOR permitted No 

Leading protected left tum No 

Protected right tum overlap No 

Channelized right tum under signal No 

Off-Peak: Traffic Presence Yes 

Pushbutton location Yes 

Requests for APS Yes 
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Signalization 

The sequence of phases at a signalized intersection and other features of the signal operation, 

such as interval lengths and actuation-only phases, affects the ability of a blind pedestrian to 

deternune when it is appropriate to cross. This infonnation is captured in two places. The 

signalization variable captures infonuation about the general signal operation that may affect the 

difficulty of crossing any or all streets. The crosswalk signalization variable on the crosswalk 

worksheet captures details about the signal operation that impact a patticular crosswalk. 

The following signalization options are given on the fonn. The user should select the option 

that has the highest point value AND applies to the intersection of interest. For example, if an 

actuated intersection has an exclusive pedestrian phase, then the user should select only 

"exclusive pedestrian phase", since that option has a higher point value than actuation. 

Pretimed -Pretimed signalized intersections are the easiest for a blind pedestrian to 

understand, since the phase sequence and intervals remain the same in every cycle. 

Actuated -Actuated signals are more difficult for blind pedestrians since the interval timing 

may change or phases may be skipped on each cycle. In addition, some actuated signals require 

the pedestrian to find and push a pushbutton to obtain a "Walk" interval. Note: This intersection 

signalization variable is intended to capture actuation associated with vehicular traffic. 

Pedestrian actuation is captured within the crosswalk signalization variable on the crosswalk 

worksheet. 

Split phasing (on either street) -The auditory cues of split phasing can provide confusing 

information. Split phasing on the street parallel to the crosswalk can lead a blind pedestrian to 

believe they have the "Walk" interval because the cross street traffic is stopped and they hear a 

surge on the parallel street, not knowing that left-turning vehicles may be present. 

In the image on the left in Figure D-l, a pedestrian going nOlth on the east crosswalk (bottom 

right comer) will have the "Walk" indication. A pedestrian going north on the west crosswalk 

(bottom left comer) will have "Don't Walk" since the northbound left tuming traffic has a 

protected tum. Without APS, if a blind pedestrian on the bottom left comer hears the northbound 

through traffic, they might assume that they have the "Walk" indication and cross the street

presenting a potentially dangerous conflict with northbound left-turning traffic which has a 

protected tum. 
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Figure D-l. Split phase illustration. 

Split phasing on the street to be crossed can also be confusing in that the left-turning traffic 

onto the parallel street may be mistaken for the parallel street traffic surge. This variable does not 

include leading protected left turns; that signal feature is covered as a crosswalk-level variable. 

Exclusive pedestrian phase -An exclusive pedestrian phase forces all vehicular traffic at an 

intersection to stop. It is much more difficult for a blind pedestrian to deternline the onset of a 

walk interval when there is no vehicular movement and thus no surge of traffic. A lull in traffic 

flow may be perceived as the onset of the "Walk.". However, a lull in traffic may also be 

perceived as gaps in traffic or changes between phases, rather than the onset of an exclusive 

pedestlian phase. 

Where RTOR is pernlitted in combination with exclusive pedestlian phasing, an intersection 

may never be quiet enough for pedestrians who are blind to be sure that the pedestrian interval 

has begun. If they cross at such intersections independently, they are likely to begin crossing 

well into the pedestrian clearance interval. Additional points should be added for RTOR 

(separate variable described below) when present. 

D-9 

AR0072158 



Transit Facilities Within a Block (~ 0.12 mi) of Intersection-Any Leg 

The availability of transit facilities within close proximity to an intersection will increase the 

likelihood of blind pedestrians, as well as sighted pedestrians, crossing at that intersection. The 

probability increases as the number of stops and routes increases, with the greatest probability 

occurring when there is a major transfer facility present, such as a transit mall or rail station. The 

levels on the prioritization tool account for transit activity by recording the number of routes that 

have stops within a block of the intersection. A single route will most likely be on the major 

street of an intersection. Multiple routes may include multiple major-street routes or a 

combination of major- and minor-street routes. 

Distance to Facility Providing Services to the Blind or Visually Impaired 

The closer a facility for persons who are visually impaired is to an intersection, the more 

likely it is that pedestlians who are blind or visually impaired will need to cross at that 

intersection. Facilities that fall into this category include an adult rehabilitation center, library for 

the blind, residential school for the blind, offices of rehabilitation counselors, and other centers 

providing services for people who are blind or visually impaired. 

Knowing the locations of these facilities will be difficult for any transportation department 

without good communication with the blind community. It is the responsibility of the department 

and the blind community to maintain a working relationship with each other. Organizations such 

as regional associations for the blind would be able to illfonn the department of any new schools 

or facilities that provide services to persons who are blind or visually impaired. 

Distance to l\r1ajor Pedestrian Attractions 

The intent of this variable is to serve as a surrogate measure for pedestrian usage at the 

intersection without having to make pedestrian counts. Most agencies simply do not have such 

counts or the resources to acquire such. Major pedestrian attractions include, but are not limited 

to major shopping areas, major cultural venues, educational campuses, recreational areas and 

medical facilities. The designation of "major attraction" will depend on the characteristics of the 

municipality. The idea behind this variable is that higher pedestrian activity will increase the 

chance of blind or visually impaired pedestrians crossing at the intersection, which would 

increase the need for APS. 
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Crosswalk Worksheet Variables 

Crosswalk Width 

Crosswalk width is defined as the curb-to-curb measurement taken at the midpoint of the 

crosswalk. A longer crosswalk increases the potential that pedestrians who are blind will veer 

out of the crosswalk, as well as making it more critical for the blind pedestrian to start as quickly 

as possible after the onset of the walk interval. In the case of a channelized right tum island, the 

crosswalk length should be measured from curb to island (Figure D-2). Widths less than 40 ft 

receive no points. 
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Figure D-2. Diagram A demonstrates the crosswalk width measurement of a standard 

crosswalk. Diagram B demonstrates crosswalk width measurement of a crosswalk at a 

channelized right turn lane. 

Speed Limit (Street Being Crossed) 

The higher the speed of the vehicles on the street being crossed, the lower the probability of 

avoiding an incident should a visually impaired pedestrian mistakenly step into the street, and the 

higher the probability of injury should a crash occur. Since operating speeds are not always 

available, the posted speed limit can be used as a surrogate measure. Speed limits of 20 mph and 

lower receive no points. 
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Approach/Crosswalk Geometries 

There are several geometric factors at a crosswalk that can negatively impact upon the ability 

of a blind pedestrian to safely cross the street. Each of the factors on the fonn under this heading 

is defined below. 

Curb Radius> 25 ft (Either Corner) 

It is more difficult to establish an initial conect heading where curb radii are wide. Inconect 

headings can result in pedestrians who are blind walking toward the center of the intersection. 

Islands or Medians 

Raised or painted crossing islands and medians can confuse blind pedestrians during their 

crossing, slow or delay their crossing, affect crossing alignment, and generally make the crossing 

more difficult. Points should be added for any median or island, painted, raised, or cut-through, 

that crosses the crosswalk, particularly when the crosswalk changes direction at the island. 

Islands that are present for channelized right turns are taken into account in the 

"channelized right turn island" factor. 

Transverse Slope on Crosswalk (Cross Slope) 

Crosswalks with a severe cross slope (> 5 %) can lead to veering toward the downhill side by 

a blind pedestrian during the crossing. Depending on the direction of the cross slope, they could 

either veer into the intersection or into the approach leg. A beaconing APS may counter this 

tendency to veer. 

Apex (Diagonal) Curb Ramp (Either Corner) 

Where the slope of the curb ramp is not aligned with the direction of travel on the crosswalk, 

blind pedestrians may misalign for the crossing and walk into the now of parallel traffic. This 

misalignment most connnonly occurs with "apex" curb ramp configurations (Figure D-3). This 

apex configuration occurs when the comer only has one ramp that points toward the center of the 

intersection, usually for the purpose of serving two perpendicular crosswalks. If the comer has 

two ramps that each serves one crosswalk, the comer has a perpendicular ramp configuration 

(Figure D-4). 

D-12 

AR0072161 



Figure D-3. Photo and sketch of an apex ramp configuration. 
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Figure D-4. Photo and sketch of a perpendicular ramp configuration. 

Channelized Right-Turn Lane Island 

Crossings at a channelized right-tum lane normally require the pedestrian to cross to the 

island in one direction, reorient themselves, and then complete the crossing in a different 

direction (see Figure D-5). This direction change is potentially confusing to blind pedestrians. 

Most of the right-tum lanes where such islands are present are un signalized. Therefore, an APS 

will not be installed for the right-tum lane crossing unless a traffic signal is being added. The 

APS installation that should be considered at these locations is on island for the crosswalks that 
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cross the through travel lanes. The locator tones, as well as the "Walk" interval tones and speech 

messages, on an APS device under these conditions may assist the visually-impaired pedestrian 

with the reorientation that is required to find the COlTect crosswalk. 

Note: Islands and medians separating traffic lanes in the middle of the road are taken into 

account by the "islands or medians" variable. If the right-turn lane is signalized, refer to 

the "channelized right turn lane under signal control" variable. 

Figure D-S. Crosswalks at a channelized turn island. 

Skewed crosswalk 

If the direction of travel on a crosswalk is different from the direction of travel on the 

approaching sidewalk (is skewed), the consequence of failure to establish a heading toward the 

opposite comer is often that blind pedestrians will walk toward the center of the intersection and 

into the path of parallel traffic. 

The degree of skew can vary from crosswalk to crosswalk. Skew, in this case, is not defined 

by the angle at which the streets intersect. If a blind pedestrian walking a straight line from the 

approaching sidewalk is headed toward parallel traffic lanes, the crosswalk is skewed (see 

crosswalk A in Figure D-6). If the blind pedestrian would end up deviating from the crosswalk 

but would still anive at the opposite comer, the crosswalk is not defined as skewed for this rating 

tool (see crosswalk B in Figure D-6). 
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Figure D-6. Crosswalk A is defined as skewed because a pedestrian following the sidewalk 

line is headed toward the parallel traffic Crosswalk B is not skewed because a pedestrian 

following the sidewalk line is headed toward the opposite corner. 

Skewing can also occur at crosswalks where the pedestrian walk signal only gives enough 

time for the pedestrian to reach a median. In this case, the blind pedestrian must be able to find 

the median to wait for the next signal cycle. A skewed or bent crosswalk may cause the 

pedestrian to miss the median. In this situation, the crosswalk is defined as skewed (Figure D-7). 

Figure D-7. This crosswalk is defined as skewed because it is timed for median crossing 

(two-stage), and a blind pedestrian might miss the median due to the bent crosswalk. 
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Detenmnation of skew should not consider the island of a channelized right tum (Figure D-

5). Although crossing from curb to curb may involve a crooked path due to a direction change at 

the island, this disadvantage is already accounted for in the fields relating to chmmelized tum 

islands. 

Pedestrian Signal Control 

TIle ability of a pedestrian who is visually impaired to safely cross at a crosswalk can be 

impacted by the walk interval timing and other pedestrian signal control features. Each of these 

factors is defined below. 

Pushbutton Actuation Requiredfor "Walk" 

At unfamiliar intersections, pedestrians who are blind have no way to know pedestrian 

actuation is required unless there is an APS with a locator tone. TIIerefore, pedestlians who are 

blind are unlikely to use pushbuttons at unfmnilim' intersections and are more likely to cross 

relying only on the cue of traffic surge, whether or not it corresponds to the onset of the walk 

interval. Even if the parallel traffic surge is interpreted correctly, the green phase timing may not 

be sufficient to allow a pedestrian to safely cross the street. TIle problem is compounded when 

the pushbutton is not right beside the probable location of a pedestrian who is waiting to cross; 

this may require pedestrians who are blind or visually impaired to repeatedly leave their chosen 

starting location mId heading and push the button again, and then retUl1l to their chosen starting 

location mId reestablish their heading. 

Nonconcurrent Walk Interval 

Some signal timing plans at multileg intersections display the pedestrian "Walk" signal at a 

different time than the green phase for adjacent parallel traffic ( 

Figure D-8). Pedestrians who are blind or visually impaired will typically assume that the walk 

interval will begin with the onset of through traffic on the parallel street. Without an APS, they 

will not know the appropriate time to cross at such locations. 
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Traffic with green is 
not parallel to 
pedestrian's path 

Adjacent parallel traffic is 
stopped for red and does 
not provide audible cue for 
pedestrian 

WALK signal is on 
for pedestrian 

Figure D-S. Pedestrian crosswalk with nonconcurrent "Walk" interval. 

Leading Pedestrian lnterval-LPI (with Parallel Street Green) 

The LPI permits pedestrians parallel to a traffic stream to move pIior to the vehicles 

receiving a green signal, with a goal of allowing pedestIians to "claim" the crosswalk space prior 

to vehicles that may be turning right (Figure D-9). Unfortunately, this treatment creates a 

scenario in which blind pedestIians are unable to detect the beginning of the walk interval if 

there is no audible indication. Subsequently, they may begin crossing only when the parallel 

traffic starts, which may be too late in the pedestrian phase and at a time when dlivers are not 

expecting them. 
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Figure D-9. Leading Pedestrian Interval (source: Insurance Institute for Highway Safety). 

Timedfor Crossing to Median Island 

On wide streets with medians or crossing islands, blind pedestrians cannot easily determine 

whether the "Walk" signal is intended to allow them to cross the entire street or only to the mid

point. Without an APS providing an audible cue at the median, blind pedestrians are unable to 

recognize that they must stop there, which may place them in a high-risk situation. The MUTCD 

states: "Where the pedestrian clearance time is sufficient only for crossing from the curb or 

shoulder to a median of sufficient width for pedestrians to wait, additional measures should be 

considered, such as median-mounted pedestrian signals or additional signing. " (MUTCD 2003) 

Vehicle Signal Control 

The types of signal phases available for vehicle traffic can greatly impact upon the ability of 

the pedestrian who is visually impaired to understand the audible cues from the traffic surges of 

various movements and make correct decisions about when it is appropriate to cross the street. 

Each type of signal phasing that may lead to this ambiguity is defined below. 
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Right-Turn-On-Red (RTOR) Permitted (on Parallel Street) 

The allowance ofRTOR on the parallel street may create a false audible cue for the blind 

pedestrian 

( 

Traffic perpendicular 
to the pedestrian path 
has the green \ 

Vehicle making a right turn on red 
gives the false impression that the 
pedestrian's parallel traffic has the 
green 

Pedestrian phase is 
DotHI/vALK 

Blind pedestrian might 
begin crossing while 
cross street traffic has 
the green signal 

Figure D-lO). Vehicles tuming right after stopping may be interpreted as indicating the onset of 

the parallel green phase, and pedestrians who are blind or visually impaired may begin to cross 

the street at the wrong time. RTOR vehicles also make it harder to audibly recognize the onset of 

the parallel traffic movement. 

Traffic perpendicular 
to the pedestrian path 
has the green 

\ 

Vehicle making a right turn on red 
gives the false impression that the 
pedestrian's parallel traffic has the 
green 

Pedestrian phase is 
DONTWALK 

Blind pedestrian might 
begin crossing '#hile 
cross street traffic has 
the green signal 
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Figure D-IO. Right turns on red can mislead blind pedestrians. 

The allowance ofRTOR during an exclusive pedestrian phase also sends mixed signals. If 

vehicles are turning, blind pedestrians may not be aware that they have a walk interval. If they do 

recognize it, there may be a delayed initiation of crossing which means they may not begin 

crossing on the walk interval and may still be in the street during the "Don't Walk" interval. 

Leading Protected Left-Turn Phase (on Parallel Street) 

It can be difficult for a blind pedestrian to audibly distinguish between the surge of traffic at 

the beginning of a protected left-tum phase and the beginning of the through traffic phase 

( 

Pedestrian phase is 
DO~H \IV P,LK 

~f 
~--~----~----

Traffic surges from leading left 
turns give the false impression 
that pedestrian's parallel 
through traffic has the green. 

Blind pedestrian might 
begin crossing while left 
turning traffic has the 
protected green 

Figure D-l1). The moving cars of the leading left-tum phase may also mask the sounds of the 

parallel through traffic beginning to move, particularly if the protected left-tum interval is 

followed by a permissive left-tum interval. 

Note: Points are not given for lagging left-tum phases, which are much better for a blind 

pedestlian. With a lagging left-tum interval, the through traffic on the parallel street is the first 

vehicular maneuver after traffic stops on the cross street. The onset of the walk interval usually 

occurs at the same time and allows all pedestrians, including blind pedestrians to initiate the 

crossing. The pedestlians are then typically clear of the intersection by the time the lagging left

tum interval begins. 
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Traffic surges from leading left 
turns give the false impression 
that pedestrian's parallel 
through traffic has the green. 

\ , 
......... 

Pedestrian phase is 
OmHW/\LK 

t ~. ,-B-li-nd--p-e-de-s-t-ria-n--m-ig-h-t----~ 
begin crossing \Nhile left 
turning traffic has the 
protected green 

Figure D-l1. Leading protected left turns can mislead blind pedestrians. 

Protected Right-Turn Only Phase (on Parallel Street) 

TIle surge of tratTic by right-tuming vehicles using a protected right-tum phase may be 

inconectly interpreted as the begimling of the parallel through traffic surge and the simultaneous 

onset of the walk interval (Figure D-12). 
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Left-turning vehicle has 
a protected turn arrow 

Vehicle turning on 
protected right turn gives 
false impression that the 
pedestrian's parallel 
traffic has the green 

/ 

Pedestrian phase is 
DON'T WALK 

/ '----------" 

Blind pedestrian 
might begin crossing 
while left turning 
traffic has the 
protected green 

Figure D-12. Protected right turn phase can mislead blind pedestrians. 

Channelized Right-Turn Lane under Signal Control 

Turning vehicles at channelized turns are typically under yield controL They must stop only 

if there is tratTic approaching intersection the cross street or if a pedestrian is in the crosswalk. 

However, at some charmelized right-tum lanes, vehicles are controlled by a signal that prohibits 

turns if the signal is red (Figure D-13), Without an audible indication, a blind pedestrian will not 

know that traffic at the channelized tum lane is under signal control and may attempt to cross 

when the traffic has a green signaL This confusion of priorities may lead to an unsafe crossing, 
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Channelized turn 
lane is controlled 
by signal head 

Figure D-13. Channelized turn lane under signal control. 

Note: The point values for this factor are for the "signalization" component only. A 

channelized right-turn lane that is signalized will also receive points under "Channelized 

right turn island". 

Off-Peak Traffic Presence 

Tramc volume may impede or assist visually impaired pedestrians. Traffic t10w that is very 

light or erratic (which most often occurs in off-peak periods) makes it difficult to use traffic 

sound to recognize signal changes. In such cases, audible signals can help to detemline the onset 

of the walk interval. While many municipalities may have tuming movement counts or average 

daily tramc counts, it is not a simple or uniform process to translate these numbers into a 

meaningful measure for assessing off-peak traffic presence. Instead, this vaIiable is scored on the 

basis of the proportion of time that at least two vehicles are present at the beginning of a green 

phase in through lanes that are parallel to the path of the pedestrian. 

Note that traffic presence in this category refers to traffic that is parallel to the crosswalk and 

passes straight through the intersection. If there is no through traffic at the intersection (no lanes 

continuing straight), there is no reliable traffic available for the blind pedestrian to use as a cue 

that the walk interval has begun, and the crosswalk would get a rating of "None" and receive the 

maximum number of points. An example of such a configuration is a T-intersection (Figure D-

14). 
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Figure D-14. Crosswalks A and B, across top of the T, at a T-intersection, have no parallel 

through traffic. In contrast, Crosswalk C has parallel through traffic. 

Noting the number of signal cycles with two or more through vehjcles over 5 to 10 cycles 

during the off-peak should be sutlicient for detemlining the percentage for scoring this variable. 

The levels provided on the worksheet reflect the results that may be acquired in such an exercise. 

Distance to Alternative APS Crossing 

If there is another signalized crosswalk with APS in close proximity to the intersection being 

rated, the intersection should receive a lower score (lower priority for APS) than a similar 

intersection where there is no nearby crossing altemative. 

If an altemative accessible crossing is present and scored as such, care must be taken to 

ensure that the alternative crossing meets the need of the blind traveler by getting them to/from 

the destination. Just because a crossing is close, it may not always be in a location that helps get 

the person to their destination. A local orientation and mobility specialist or a pedestrian who has 

requested an APS can assist with making this determination. 

Pedestrian Pushbutton Location (Either Corner) 

Section 4E.09 of the MUTeD provides guidance on where pedestlian pushbuttons with APS 

should be located as follows: 

A. Adjacent to a level all-weather surface to provide access from a wheelchair, and where there 

is an all-weather surface, wheelchair accessible route to the ramp; 

B. Within 1.5 m (5 ft) of the crosswalk extended; 

C. Within 3 m (10 ft) of the edge of the curb, shoulder, or pavement; and 
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D. Parallel to the crosswalk to be used. (MUTCD 2003) 

The crosswalk worksheet provides for points to be added if the location of pedestrian 

pushbuttons on either side of a crosswalk does not meet either B or C above. In essence, this 

variable will give an intersection with poorly located pushbuttons a higher priority for the 

installation of APS over an intersection with properly located pushbuttons (assurmng all other 

characteristics of the two intersections are the same). Poorly located pushbuttons create much 

greater difficulty for blind pedestrians in temlS of being easily accessible, being positioned in a 

manner to provide aligmnent cues, and being located close enough to the curb to be pushed and 

then cross on the same cycle. 

Requests for an APS 

Requests for an APS may come from a pedestrian who is visually impaired or from an 

Olientation and mobility professional. These requests are usually very specific-the individual 

needs to travel from their home to their workplace and needs to cross this street using this 

crosswalk. Such requests should increase the priority for APS. 
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Blank Prioritization Tool Worksheets 

On the following pages are blank fonns that may be reproduced for use in the field when 

evaluating intersections and crosswalks. There are three separate fonns to be used at all 

intersections-an intersection worksheet, crosswalk worksheet, and supplemental fOrln-as well 

as a cover sheet for easy reference of the crosswalk scores. 
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Prioritization Tool for Installation of Accessible Pedestrian Signals 
Cover Sheet 

Location: 

Evaluator: 

Evaluation Date: 

Crosswalk A Total Score: 

Crosswalk B Total Score: 

Crosswalk C Total Score: 

Crosswalk 0 Total Score: 

Crosswalk E Total Score: 

Crosswalk F Total Score: 

Crosswalk G Total Score: 

Crosswalk H Total Score: 

F or each crosswalk, the total score is the 
intersection score added to the score 

from the individual crosswalk worksheet. 

Draft Version 

P,Jational Cooperative Highway Research Program 
Projec;t 3-62." Guidelines for llc;c;essible Pe{jestrian Signals 

2006 

Figure D-15. Cover Sheet of APS prioritization tool. 
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Pr ioritization Tool for Installation Qf Accessillie Ped.estriilI1 S i!lllals, 1'.ICHIn' 3-62, 2006 

fntersectiol1 Worksheet 
Location: 

Sketch: See instructions for information to include. Label 
crosswalks fts.A, B, C; D, etc. 

o 
Indicat.e North 

Other Intersection Level Issues 

• The accompanying instrl./ct/ons are essential fOr 
accurate completion of this form 

select onel 

Si . nilli zll.f ion ' (select one) 
Pre-timed 

:.~.C: ............................................................................... . 

Transit FaC ilit ies within a 
bloc;l<. (- 1/8 mile of the. 
intersection - a ll legs fselect 

Points Score 

3 
3 

onel Score 

.t>J.g ... ~r..9..t}.~.it.tg.~.i.I.!~.i.~.~ ................................................. ............................... .. . 

. §i.t}9.I.~ _ bus ro Lite 
J0.l,l.I~i.P..l.e bus routes. 
Transit mall/rail station 

< 2600 it -1/2 mile 

.S ... ~ .. ~.Q.9.J1: . .t:: .. 1/4 ... t!l.i.I.~) ... 
<;:§?Ql't(:1!~t!lil~L 
< 300 rt 5 

- S elect the option with the highest point value 
thai applies /n the situation. 

Figure D-16. Intersection worksheet of APS prioritization tool. 
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PriQritiziltiQIl Tool f or IflmillliltiQn of Accessible Pedestri:m Sign~ls. IICHRP 3-62, ?Olli. 

Location: 
Cmssmlk Width (select one) 
< 40 ft. 

Crosswalk Worksheet 
(Camp/ete. one sJ/I~et tor e.."c/l ctoss:walk) 

Points Score 
o 

2 

Icrosswa lk Labe l: 
Postell Spe.ed Unlit (select one) 

.5..?.9 ... t'.1.r.~ ..... 
.?? .. t!.lph 
~.9 ... tIJ.p..~ ..... 

Poiht~ S.core: 
p 

2 
40 - .59 ft 
60 - 79 ft 
80 - 99 ft 
100- 119 ft 

3·5mh 3 

............... P... ..r:'::':":':"i:.::.: .. :.: .. :.:r:.: .. :.: .. :.::.:.::.: .. : ... : 
4 

? g9~ 

Appwi1 chJCmsswl1 lk Geometries (select illl that ap-ply) 
Qu r~r}~ i ~s???:~(~ith~rc.?rn~r). 

+9 ... tIJ.P..~ .................................................................................... . 
?A?t!.lph 

P·oints: Score 

1.~.I.~.~:~.~ ... ~.r ... tJI. ~J:J.i.~.~ .~ ... (p' .~.i.~.t.~.~ .. , ... r.~.i.~.~.~ .. gr. .. ~.~.t.~.t.h.rg~.9.h). . .. 1 
Tr~~.~y.~.r.~~j~rg~.~J..~.I,?,p"~.g~ ... ~.r.~.~~'0.'~.I.~ ................................ ................................................................................................. , ............................ + ......... 1 ............ + ................... i 
6p..~~ .. (~i.~~gg~.~.I) .. ~.~.r.~ ... r.~.tIJ.p. .. (~.i!.~.~.r ... ~.~.r.~.~.r) . ... 2 
.~h.~.~.~.~.I.i.~.~.~ ... r.i.gh.t ..t.~.rD . .i.~:I~~.~ ......................... ......................................................................................................................................................................... ::'2 .............................. i 
Skewed cmsswalk 7 ................................... ................................................................................ 

Pedestrian Sjgll<ll Co ntrol (selecfilll that ~lpplyl Points: Score 

Vehicle Si.qnal Co ntrol (select all tlmt apply) Points. Score 

.13.i9.~t.~I~,r.~ :.9.~.~R·.~~ .. P..~.r.tIJ.i!!.~.~..c~.~.P..~.r~ I .I.~.1 .. ~!.r.~.~!L ......................................................................................................................................... ; ......... ::;:2 ............................ 1 
.~~.~.~.i.~.9. .. p..r.~.t.~.~.t.~.9 ... I .~.~~!.~. r.~ .. P..h.~.~~:.,(~~ .. .E.~.r.~.II.~.I .. :~.t.r.~.~.tJ.... 3 
Prot~ct~.~ ... ri.9.ht .. !.~.r.n.P..h.~.~.~ .. / .. ri.9.h! .. t~ rn .. gyerl~p. .. (~ n .. P..~ra.lI~ I .. ~!r~~t) .... 7 
r::;.h.~ n.n.. ~I~i ~.~d .. r.i.9.h! .. !.~.r.~ .. J~n.~ ... ~.~.~.~.r . ..?i.9.~.~.I.E·~.~.t.r.~.I.... 8 

Off-Peak Trafflc Presence - -at least Z vehicles present 011 pmallel street (select one) Points . ScorE!" 
c:;: ~.~~!.~.~~: .. (;, .. ~.9 .. E~.r.~: ~.~.t ... ~f..t~.~: .. ~Y..~.I.~.~1... 1 

.1j.~.~~yJ!..9 .. : .. ~q.P..~.r~.~.~.t) .................................... .............................................................................................. 2 

~g.~.~.r.~.t.~ .. (:;.9 .. :::: .. f:iq .. p.~.r.~.~.~!).... 3 
.~.i.gh.t...@q .. ~.4.9 .. P..~.r.~.~.~tL................................... .............................................................................................. 4 
q.~.~.~.~.i.~.~.~.lj~ .. }q .. p.~r.~.~.~U ................................................................... ......................................................................... : ....... :: .............................................. ( ...... ~ ........ : .............. .. 
. ~g~.~ji: .. ~.: ! .. ~g .. t.h.rg~.g.h .. I.~.~.~.~ .. .P.r.~.~.~.~!.!~ .. P~.~!.~ ... ~.~. r.9.~ .. ~gi~~ .. ~ .. ~.:.g .. !~ ... s= .. t.=~m= ..... :::::.g=f=.T=::i.n:: .. !::.~~rs::::. e::::ct=io=n=·) ====~.L= ....... '::'= ....... ~ ... L.= ........ ~ ....... . 
Distance to Alternative APS 
CrossWtl lk (select one) Points Score 
< 300 ft. 0 

.<$?9 .. ~ ... (::' .. 1.@ ... rr i! ~)·············rTr . 
5,..1}Q.9. .. ~j: .. Y4 .. ~.i·'~J...... .... · ........ · ........ i ........ ··J .. · ...... ·i ...................... 1 

.2 .. ?e6..9q .. ~ .. t:: . ..1.g ... t)1.i.I.~) , ... , .. , .. , ... , .. ,... .................... 3 
> 2600 f! (- 1 f2 mile) 4 

Othe r Crosswa lk Level Issues 

.. , The ac:comIJat1ying insU"lIcrioJIs- are eS'!remial for 
accmate eOlllp ietioJl of this form .Id, 

Pedestrian Pus lll)Utton Location -
eitJler corner (se leGt:<I11 that 
apply) p'oints S.core 

Re(IUests for APS (select one) Point-s Score-
n~ ... r.~: g.~.~.~.t.~.... 0 
1 or mo re requests 6 

Crosswa lk Worksheet Score : r--
(score from thi s page) ~ 

Ihte~ecti on Worksheet Score: ,---
(score from i ntersection form) 

Total Crosswfil lk Scme: 
(a dd the 1wo ab ove scores) 

Figure D-17. Crosswalk worksheet of APS prioritization tool. 
D-29 

AR0072178 



Prioritization TO'll for Installation of Acces\Sihle Pedestrian Si~Jmll~, tlCHRP 3-62, 2(106 

Supplemental Worksl1eet 
Location: 

Supplemental Sketch 

Supplemental Notes 

Figure D-18. Supplemental worksheet of APS prioritization tool. 
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Examples of Completed Prioritization Tool Worksheets 

The following two examples show how the prioritization tool would be used to rate two 

crosswalks. The first example is a crosswalk that would be relatively easier for pedestrians who 

are blind or visually impaired. The second example is a crosswalk that would be relatively 

difficult. 

Example Crosswalk 1 

This example uses the APS prioritization tool to rate a crosswalk at an intersection in a dense 

urban area. Both streets of the intersection are fairly narrow and have 35 mph speed limits. The 

signal is pretimed. Figure 5-1 shows an overhead view of the intersection, with the crosswalk of 

interest outlined. 

Figure D-19. Overhead view of Crosswalk 1 (© Google Earth 2005). 

The first worksheet deals with the intersection characteristics (Figure D-20). The total 

intersection score was zero, since the intersection was a simple four-legged configuration with a 

pretimed signal and was not located near transit facilities, facilities for the visually impaired, or 

major pedestrian attractions. 
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p·rto~$~.lzat::~.n Tool tfJ'1' ~n~t~i~oors tl'f M.ce~tj,lll~~ P~MF~an ~;lgF>;9~~, NCHRP STE.~~., :.1l:00~.3 

Intersection Worksheet 

.. 7h" "ceomp"lIyf"rJ 11I"",."c!ia",. D.W """",,,11,,/ fot· "ceu,,,'" 
compltd/(:>t) or this farm " 

.~~:~ ... w~~~~.......................................... .... . .. ~. 0 ... Q ... 
}I.\ct:i.,mted (SBlm,: 01-' ~uUy} 

13,fliitPh1\Sin~L ............ . 
E;(du.s.ive pe~j ph~~5~ 

Transit Fael!it!as wltIJlna-;:"b:'::Io"::'(lk"' -,---,--1 
{-lill mile} "r il1~ 'nwroocli<:m· 
aill<l1ls I.s~!oot ()!)() 

mSlllllee to 1"1lclUIy for Visually 
!m· ,n"dserocl 0"''') I"{,inl~ S~<'r'" 

Disisnc"" t<:> Majorpoooolr'lll1 
seloot¢M\ 

g 

Pok9t~ &x~m 

{l 

~ FCW~:1tOM~·di(to;) on~y-, 8iW~<~I~i~~~~d mj.jhk~ .. ;*- !(.'::(:{:ukJiI$ 

.$ffB {iCC:O~'l?too {or ;jj",dC!r C,:}.~{iguraiia·r~,. 

:1"'" S-vlt.»...~1 tr~,t:} t-1-~m){i WiUi !h(..,~ r~-;'ghm;,~t p<.'X:U W3f1!G m,m 
l.app?~'(::..<:f. !o if'l(~ S.?~·(N*~h;.}n 

I 
Inmrs",ctloft Worksh", .. ! Seore: r····;:;"',,· 

(sum ot s{:>::>res or~ H)l:s p~3.("n) V 

Figure D-20. Intersection worksheet for Crosswalk 1. 

TIle second worksheet deals with the crosswalk (Figure D-21). Points were given for the 

following reasons: 

• The crosswalk width is 50 ft. The worksheet range of 40-59 ft earns one point. 

• The posted speed limit on Prospect (the street being crossed) is 35 mph. TIlls earns three 

points. 

• The traffic on Broadway (the parallel street) is constant, thereby giving constant audible cues 

for the pedestrian. This variable earns only one point. 

• There is another APS-equipped crosswalk within 0.25 mi. Thus, the crosswalk being rated 

earns two points in this category. 
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Ifl 14()m~ 
2~(c;::C--~"""ww------------------------_wm~_~-"--; ;-------!-----~~ kr:~4;5;C,~pn~------------"-"-""---------------------------;-----;---;-----------1 

-----,----~ 

"'**~ ;I:rh,.!l S!MI Cotllrol , 5e1eelai! !bat apply) 
,,-~h 

~tji;accomp,myin!1 {n,.tr",;:ll"'flJl tim a"!renr/a/ for 
aCI;lJtl!Ite camp/ello" of 111/$ form" 

I'i)M~ SCi)",~ 

! 

Inler"eetion Worksheet $"",,,,: 
(:.ux~t~ tt'om jfl1f2r$~ct!(m fc·m:} 

Total C",,,,,w,,lk Sw",: 
(a.dd ::t:.~ l>,~O ::lbove SCDt~S~ 

Figure D-21. Crosswalk worksheet for Crosswalk 1. 

TIlere are no characteIistics of this crosswalk that would qualify under the sections for 

"Approach/Crosswalk GeometIics," "PedestIian Signal Control," or "Vehicle Signal Control." In 

addition, the pushbutton poles are located close to the curb and within the crosswalk lines 

extended and there have been no requests for an APS at this crosswalk; both receive zero points 

on the ptioritization scheme. 

TIle crosswalk worksheet score is seven points. When added to the intersection score of zero 

points, this yields a total crosswalk score of seven points. In practice, this score of seven points 

would be compared to other crosswalks under consideration for APS installations. Those 

crosswalks with the highest scores would have the highest ptiority for APS. 

D-33 

AR0072182 



Example Crosswalk 2 

This example rates a crosswalk at a large intersection of a major arterial and a minor side 

street. The crosswalk of interest is on the east leg (highlighted in Figure D-22; shown at street 

level in Figure D-23). 

Figure D-22. Overhead view of Crosswalk 2 (©Google Earth 2005). 

Figure D-23. Street view of Crosswalk 2. 

The first worksheet deals with the intersection characteristics (Figure D-24). Points were 

given for the following reasons: 

• The signal is actuated but also uses split phasing, which is a higher point value than 

actuation, so the intersection gets the six points for split phasing. Split phasing is a less 

commonly used signal design, and the typically heavy turning movements make it harder to 

D-34 

AR0072183 



effectively use the traffic movement cue to detennine signal changes. APS would provide a 

definitive cue to the onset of the walk interval for pedestrians who are unable to see the 

pedestrian signal. 

• There is a single bus route on the main street, which earns another point. The presence of 

public transit increases the likelihood that visually impaired pedestrians will travel at tills 

intersection, thereby increasing the priority for APS. 

There are no facilities specifically providing services for individuals who are visually 

impaired or major pedestrian attractors within 0.5 mi, so no points are given for those categOlies. 

The total intersection score is seven points. 
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Location: 

1:Mtm'ooction P:!forB:!lCiUll~ Tool "~f;.It hrst~H~Uo:"J. 0~" Aooo~!~~r:l' Pedestr~<:jfi Sisna!s, NCHRP 3--52, :woo 
Intersection Worksheet 

K.}~. $ <) ~}, ~~, ~A~': 

.. ~S 

Othe, I"te""emit", Leve! 1$""<>$ 

., (seleot an,,),' 

Tr"Msit F" .. ilili",. wi~"in ;l; bl<;>ck 
(, 1/!! mHe) of til<> ;nl"""""lio .... 
nil 'l!!Igs .(s~!!!Ict om~) 

8 

.. FOf i.rn'e:Sf'(':-til)l"iS on.iy. S!g(;$;tiiZ$O mkib·;'ock !o.r.atiQ:nf~ 
atl;l (1'CCGil,ti t&d for tinder C.";r::d(qi.J.:~!io{; 

,.."," S:skx:t ~f;~;: QNJo·'1 Wtih thEt t"dghsM polo! ~'aII;,* tt!,~~ 
~ppH;!;!$ it) t),E1 :Hli.J;'~riorf 

Intersection W <",I<shoot SC;)''': 
(sl.kn n~ !;.cQ:r~~ f).:1 i'his paQ-$) 

Figure D-24. Intersection worksheet for Crosswalk 2. 

The second worksheet deals with the crosswalk (Figure D-25). Points were given for the 

following reasons: 

• The crosswalk width of 110 ft and speed limit of 45 mph on the main street earn the 

crosswalk four and five points, respectively. Wider crosswalks and faster traffic increase the 

crossing difficulty and risk to visually impaired pedestrians, and an APS may help expedite 

their crossing. 

• TIle curb radius on one of the comers bordering the crosswalk is greater than 25 ft, so one 

point is given in the geometries category. Larger curb radii create orientation problems for 

visually impaired pedestrians that may be decreased with the use of an APS. 
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• The signal requires pushbutton actuation for the pedestrian "Walk" signal, so four points are 

given for the pedestrian signalization category. An APS locator tone would help a pedestrian 

who is visually impaired recognize that there is a pushbutton at that crosswalk and help in 

locating the pushbutton. 

• Right-turn-on-red (RTOR) is permitted at the crosswalk, so two points are given in the 

vehicle signal control category. RTOR may produce misleading traffic cues, and an APS 

would provide a definitive cue of the approptiate time to cross. 

• During off-peak hours, there was enough parallel traffic to provide audible cues (two or more 

vehicles per cycle) about 75% of the time. This earns two points. 

• There is not an alternative APS crosswalk within 0.5 mi, so four points are given towards the 

prioritization of an APS installation at tills crosswalk. 

• The pedestrian pushbutton at one end of the crosswalk is located more than 10 ft from the 

curb, which is contrary to the recommendations in Section 4E.09 of the MUTeD. Three 

points are given for this drawback, since a correctly installed APS would position the push 

button closer to the curb which facilitates orientation alignment for blind and visually 

impaired pedestrians. 

The crosswalk worksheet score is 25 points. When added to the intersection score of seven 

points, this yields a total crosswalk score of 32 points. In practice, this score of 32 points would 

be compared with scores for other crosswalks under consideration for APS installations. Those 

crosswalks with the highest scores would have the highest priority for APS. 
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It'O 

eros.sing Worksheet 
(Complete one sheet far each crossing) 

o()iS8 • !l.g .. st",m "f 

Pedcstrian Pushbl./tlon Locatkm· 

5 
6 

j 

Oistance \0 AH~ma.tl"e AI'S Crossing 
, ISeieet one) eltMr COrl1ll't (selec! aillhlll apply) POints Score 
k lon 

? 2lOC : ( .. 112 rn:le) 

r.O"'t""!1-er-C-::~-ro-S-s.""ln-!l"7L!l-V-!l"'I""IS-S-U-;·-~S - .... -.-... - ... - ........... --.----

Loeah.::.d :::.- 10ft ftom'curb'~~~ ~3 .. L.:~ ... 
h~~g_~~fu~~Li_~~_~tttiQ6jt~~Lg~~_~~:~t~l _·_·_·_·_·_·_·_·_·_'L.·.·.·.'.'.;r'.' 

Requests for APS 'select one 
Nt) fC:H),ua,;g~.s o " for IT,:;;;;;' requests 6 

Crossing Worksheet Score: 
{sc'ore from mi$ page) 

IlIlersccllon Works heel Score: 
\ SetH'$' from intersecth)n jam:) 

Tolal Crossing Score: 
(add the two above sco"ls) 

~ 
'~''''f 

~ 
'32 

Figure D-25. Crosswalk worksheet for Crosswalk 2. 
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Appendix: E - Glossary 

In the following list, MUTCD refers to 
definitions taken from Section 4A.02 
Definitions Relating to Highway Traffic 
Signals of the Manual on Uniform 
Traffic Control Devices. 

Accessible pedestrian signal (APS). 
A device that communicates 
information about pedestrian timing in 
nonvisual format such as audible 
tones, verbal messages, and/or 
vibrating surfaces. (MUTCD) 
Actuated operation. A type of traffic 
control signal operation in which some 
or all signal phases are operated on 
the basis of actuation. (MUTCD) 
Actuation. Initiation of a change in or 
extension of a traffic signal phase 
through the operation of any type of 
detector. (MUTCD) 
Actuation indicator. Either a light, a 
tone, a voice message, or both audible 
and visual indicators that indicate to 
pedestrians that the button press has 
been accepted. 
Alert tone at onset of WALK interval. 
A very brief burst of high frequency 
sound, rapidly decaying to a 500 Hz 
WALK tone, to alert pedestrians to the 
exact onset of the WALK interval. 
APS. See Accessible pedestrian 
signal. 
Audible beacon. Use of a sound 
source to provide directional 
orientation and alignment information. 
Automatic volume adjustment. An 
APS volume control that is 
automatically responsive to ambient 
(background) sound; automatic gain 
control. 
Braille street name. Provision of the 
name of the associated street in Braille 
above the APS pushbutton. 

Appendix E - Glossary 

Button actuated timer (BAT). See 
Extended button press. 
Clearance interval indicator. Tones 
sounding during the pedestrian 
clearance interval that are 
differentiated from the WALK interval 
indicator (tones). 
Controller unit. That part of a 
controller assembly that is devoted to 
the selection and timing of the display 
of signal indications. (MUTCD) 
Crosswalk. (a) that part of a roadway 
at an intersection included within the 
connections of the lateral lines of the 
sidewalks on opposite sides of the 
highway measured from the curbs or in 
the absence of curbs, from the edges 
of the traversable roadway, and in the 
absence of a sidewalk on one side of 
the roadway, the part of a roadway 
included within the extension of the 
lateral lines of the sidewalk at right 
angles to the centerline; (b) any portion 
of a roadway at an intersection or 
elsewhere distinctly indicated for 
pedestrian crossing by lines or other 
markings on the surface. (MUTCD) 
Crosswalk map. See Tactile map. 
Cycle Length. The time required for 
one complete sequence of signal 
indications. (MUTCD) 
Detectable warning. A standardized 
surface feature built in or applied to 
walking surfaces or other elements to 
warn visually impaired people of 
hazards on a circulation path. 
Detector. A sensing device used for 
determining the presence or passage 
of vehicles or pedestrians. (MUTCD) 
Extended button press. On APS, 
holding the ped button down between 
1-3 sec. may activate special features, 
including audible beaconing and 
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extended pedestrian clearance 
interval. 
Fixed time operation. See Pretimed 
operation. 
Flashing (flashing mode). A mode of 
operation in which a traffic signal 
indication is tumed on and off 
repetitively. (MUTeD) 
Full-actuated operation. A type of 
traffic control signal operation in which 
all signal phases function on the basis 
of actuation. (MUTeD) 
Intersection. (a) the area embraced 
within the prolongation or connection 
of the lateral curb lines, or if none, the 
lateral boundary lines of the roadways 
of two highways that join one another 
at, or approximately at, right angles, or 
the area within which vehicles traveling 
on different highways that join at any 
other angle may come into conflict; (b) 
the junction of an alley or driveway with 
a roadway or highway shall not 
constitute an intersection. (MUTeD) 
Interval. The part of a signal cycle 
during which signal indications do not 
change. (MUTeD) 
Interval sequence. The order of 
appearance of signal indications during 
successive intervals of a signal cycle. 
(MUTeD) 
Locator signal. See Pushbutton 
locator tone. 
Long button press. See Extended 
button press. 
Long cane. A cane individually 
prescribed to provide safety and 
orientation information to persons who 
are blind or visually impaired; typically 
much longer than a support cane and 
not intended for support; typically has a 
white, reflective surface. 
Major street. The street normally 
carrying the higher volume of vehicular 
traffic. (MUTeD) 
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Minor street. The street normally 
carrying the lower volume of vehicular 
traffic. (MUTeD) 
Passive pedestrian detection. A 
feature that uses sensors (piezo
electric, infrared, microwave, or video 
camera serving remote sensor 
software) to trigger, cancel, or lengthen 
pedestrian timing, or to trigger the 
pushbutton locator tone when the 
pedestrian enters the detection zone. 
Pedestrian. People who travel on foot 
or who use assistive devices, such as 
wheelchairs, for mobility. 
Pedestrian change interval. An 
interval during which the flashing 
UPRAISED HAND (symbolizing DONT 
WALK) signal indication is displayed. 
When a verbal message is provided at 
an accessible pedestrian signal, the 
verbal message is "wait." (MUTeD) 
Pedestrian clearance time. The time 
provided for a pedestrian crossing in a 
crosswalk, after leaving the curb or 
shoulder, to travel to the center of the 
farthest traveled lane or to a median. 
(MUTeD) 
Pedestrian phase (or ped phase). 
The cycle of pedestrian timing 
consisting of three parts: (1) The 
WALK interval (WALK SIGN); (2) the 
pedestrian clearance interval (flashing 
DONT WALK); and the pedestrian 
change interval (steady DONT WALK). 
Pedestrian signal head. A signal 
head, which contains the symbols 
WALKING PERSON (symbolizing 
WALK) and UPRAISED HAND 
(symbolizing DONT WALK), that is 
installed to direct pedestrian traffic at a 
traffic control signal. (MUTeD). 
Pedhead. See Pedestrian signal 
head. 
Permissive mode. A mode of traffic 
control signal operation in which, when 
a CIRCULAR GREEN signal indication 
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is displayed, left or right turns may be 
made after yielding to pedestrians 
and/or oncoming traffic. (MUTeD) 
Preemption control. The transfer of 
normal operation of a traffic control 
signal to a special control mode of 
operation. (MUTeD) 
Pretimed operation. A type of traffic 
control signal operation in which none 
of the signal phases function on the 
basis of actuation. (MUTeD) 
Priority control. A means by which 
the assignrnent of right-of-way is 
obtained or modified. (MUTeD) 
PROWAAC. Public Rights of Way 
Access Advisory Committee of the 
U.S. Access Board, that includes 
advocates, engineers, architects, and 
public works officials. 
Protected mode. A mode of traffic 
control signal operation in which left or 
right turns may be made when a left or 
right GREEN ARROW signal indication 
is displayed. (MUTeD) 
Pushbutton. A button to activate 
pedestrian timing. (MUTeD) 
Pushbutton locator tone. A 
repeating sound that informs 
approaching pedestrians that they are 
required to push a button to actuate 
pedestrian timing and that enables 
pedestrians who have visual 
disabilities to locate the pushbutton. 
(MUTeD) 
Pushbutton message. A speech 
message that provides additional 
inforrnation when the APS pedestrian 
pushbutton is pushed. 
Remote activation. A handheld 
pushbutton device allowing a 
pedestrian to send a message over a 
short distance to call the ped phase. 
Semiactuated operation. A type of 
traffic control signal operation in which 
at least one, but not all, signal phases 
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function on the basis of actuation. 
(MUTeD) 
Signal head. An assembly of one or 
more signal faces together with the 
associated signal housings. (MUTeD) 
Signal indication. The illumination of 
a signal lens or equivalent device. 
(MUTeD) 
Signal phase. The right-of-way, 
yellow change, and red clearance 
intervals in a cycle that are assigned to 
an independent traffic movement or 
combination of movements. (MUTeD) 
Signal section. The assembly of a 
signal housing, signal lens, and light 
source with necessary components to 
be used for providing one signal 
indication. (MUTeD) 
Signal timing. The amount of time 
allocated for the display of a signal 
indication. (MUTeD) 
Signal warrant. A threshold condition 
that, if found to be satisfied as part of 
an engineering study, shall result in 
analysis of other traffic conditions or 
factors to determine whether a traffic 
control signal or other improvement is 
justified. (MUTeD) 
Steady (steady mode). The 
continuous illumination of a signal 
indication for the duration of an 
interval, signal phase, or consecutive 
signal phases. (MUTeD) 
Tactile. An object that can be 
perceived using the sense of touch. 
Tactile arrow (aligned in direction of 
travel). A raised (tactile) arrow in an 
APS pushbutton that helps users know 
which crosswalk is actuated by the 
pushbutton. 
Tactile map. A raised schematic map 
(located on an APS pushbutton 
housing) that shows what will be 
encountered as the pedestrian 
negotiates the crosswalk controlled by 
that push button. 
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Traffic control signal (traffic signal). 
Any highway traffic signal by which 
traffic is alternately directed to stop and 
permitted to proceed. (MUTeD) 
Vibrotactile pedestrian device. A 
device that communicates, by touch, 
information about pedestrian timing 
using a vibrating surface. (MUTeD) 
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WALK interval. An interval during 
which the WALKING PERSON 
(symbolizing WALK) signal indication is 
displayed. When a verbal message is 
provided at an accessible pedestrian 
signal, the verbal message is "WALK 
sign." (MUTeD) 
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Summary 

In 2000, two sections on APS were added to the A1anual on Uniform Traffic 
Control Devices (MUTCD), which became the first set of national standards for APS in 
the US. The MUTCD defines an APS as" ... a device that communicates information 
about pedestrian timing in nonvisual format such as audible tones, verbal messages, 
and/or vibrating surfaces" (1). The rest oftheA1UTCD language provides standards, 
guidance and options, but does not specify walk messages or address many possible 
device features. In 2002, the US. Architectural and Transportation Barriers Compliance 
Board (Access Board) published draft recommendations and requirements for APS 
installation in Draft Guidelines for Accessible Public Rights-of-Way (2). The Draft 
Guidelines call for the use of pushbutton-integrated signals that provide audible and 
vibrotactile indications of the walk interval. 

The objective of this research was to develop guidelines and training materials for 
implementation of accessible pedestrian signals (APS). The guidelines explain how APS 
provide optimal information through media such as tones and tactile or verbal indicators, 
and under what circumstances their installation is recommended. The training materials 
are intended to facilitate application of the guidelines and installation and operation of 
APS. This training is oriented toward technical issues and public education. 

Two separate research experiments were undertaken in this project to develop the 
recommended guidelines for APS features and APS installation. The purpose of first 
study was to determine the effect of APS features, which are commonly found on most of 
the APS equipment marketed in the US., on the ability of pedestrians who are blind to 
locate and use pushbuttons, determine time to cross, determine appropriate heading for 
crossing, and maintain alignment while crossing. The second study was conducted to 
evaluate the effects of pole location, number of poles used in relation to number of APS 
devices, and type of WALK indication on the ability of pedestrians with visual or cognitive 
impairments to determine which crosswalk at a corner had the WALK signal. In addition to 
these two research studies, additional information about APS performance was gleaned 
from an engineering evaluation of the equipment installed during this research study, as 
well as from a series of cold weather case studies. 

This research was the basis for more precise and well-supported standards and 
guidance on APS for inclusion in theA1UTCD and the US. Access Board Guidelines. 
The research results have been forwarded to the Signals Technical Committee of the 
NCUTCD and to the Federal Highway Administration (FHW A) as background and 
support for changes in Part 4 of the MUTCD, as well as to the US. Access Board. 

The training materials consist of a set of Power Point presentations that comprise a 
one-day training course and a companion resource document, Accessible Pedestrian 
Signals: A Guide to Best Practice. These materials are available at 
www.walkinginfo.org/aps and provide guidance on where and how APS should be 
installed. The training is directed at three main audiences - traffic engineers, orientation 
and mobility (O&M) instructors, and signal technicians. 

One of the first questions that must be answered by local engineers and others 
responsible for the installation of APS devices is when and where is it appropriate to 
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install such devices in other than new construction and alteration/reconstruction. In many 
cases, there is a need to prioritize intersections for APS installations. The MUTCD 
currently provides some guidance on this matter, but a more definitive approach is 
needed by practitioners. As part of this research effort, an intersection prioritization tool 
was developed, applied by practitioners, and then validated by comparing the objective 
ratings achieved with the tool to the subjective ratings of pedestrians with visual 
impairments and O&M specialists. The tool itself, which includes a set of instructions for 
application, is also available on the web at www.walkinginfo.org/aps. 

The results of this research have produced a set of recommended guidelines for 
APS installation and operation that will make it easier and safer for pedestrians with 
visual impairments to cross streets at signalized intersections. In time, the results will 
make their way into the MUTCD and other guides, which will lead to greater uniformity 
in the field. 
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CHAPTER! 

INTRODUCTION 

SUMMARY OF THE PROBLEM 

All pedestrians, including those with visual impairments, must accomplish five primary 
tasks to safely cross a street at a signalized intersection: 

1) Locate the street and the crosswalk, 
2) Determine the form of signal actuation for the walk interval (and locate the pushbutton if 

required), 
3) Establish the appropriate heading (alignment) for initiating the crossing, 
4) Identify the time at which it is legal and safe to begin crossing, and 
5) Maintain the appropriate heading during the crossing. 

In the technique most often utilized for crossing at signalized intersections, pedestrians 
who are blind or visually impaired begin to cross when they hear a surge of traffic parallel to 
their direction of travel. While many intersections pose little difficulty, some intersection 
geometries and traffic conditions make it very difficult for persons with visual impainnents to 
cross safely and independently. To assist visually impaired pedestrians and make street crossings 
a task that can indeed be done independently and safely, pushbuttons and audible signals have 
been used in this country with varying degrees of success. In fact, the Transportation Equity Act 
for the 21st Century (TEA-21) modified 23 USC 217(g) by directing that pedestrian safety 
considerations be accounted for in transportation plans and projects, including installation of 
audible traffic signals and signs at street crossings where appropriate. However, research 
indicates that some of the current audible signals, widely used in some parts of the United States, 
have a number of problems, including the fonowing: 

a) Users did not know whether a pushbutton was present. 
b) Users found it difficult to locate the pushbutton. 
c) Users could not tell which signal (crosswalk) was actuated by the button. 
d) Users could not push the button and return to the point of crossing before the Walk 

interval began due to the long distance between the button and the intersection comer. 
e) The signal was too quiet or too loud. 
£) Users could not localize the sound and use it for guidance across the street. 
g) Where the "chirp" or "cuckoo" sounds were used, users crossed against the signal 

when they heard a bird rather than the signal, and 
h) Users failed to cross with the signal due to thinking it was an actual bird. 

The research undertaken in this project, in coordination with research on accessible 
pedestrian signals (APS) that was conducted under concurrent related projects, discovered or 
developed solutions to most of the user-oriented problems identified above. In addition, guidance 
for design and installation of APS that provide infonnation for pedestrians who are deaf-blind 
was developed. The research under this project also obtained engineeling data and knowledge 
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required for addressing issues such as general installation requirements, and physical installation, 
operation, and maintenance requirements. 

This research was the basis for more precise and well-supported standards, guidance and 
support on APS for inclusion in the Manual on Uniform Traffic Control Devices (MUTCD) and 
in the Guidelines for Accessible Public Rights of Way (the Access Board rule providing 
minimum design guidelines implementing the ADA in public rights-of-way) (1, 2). The research 
results were forwarded to the Signals Technical Connnittee of the National Connnittee on 
Uniform Traffic Control Devices (NCUTCD) and to the Federal Highway Administration 
(FHWA) as background and support for changes in Part 4 of the MUTCD, as well as to the U.S. 
Architectural and Transportation Baniers Compliance Board (Access Board). The NCUTCD 
approved revisions to Part 4E of the MUTCD, which would implement the recommendations of 
this report at their June 2006 meeting, and sent them to FHWA for their consideration for the 
next MUTCD edition. 

The results and products of this research may be used to increase the safety and mobility 
of pedestrians at signalized intersections, including those persons who are blind or visually 
impaired as well as those persons who are both visually and hearing impaired, by providing them 
with standardized infonnation functionally equivalent to that provided to other pedestrians. 

OBJECTIVE 

The objective of this research was to develop guidelines and training materials for 
implementation of accessible pedestrian signals (APS). The guidelines explain how APSs 
provide optimal infonnation through media such as tones and tactile or verbal indicators, and 
under what circumstances their installation is reconnnended. The training materials are intended 
to facilitate application of the guidelines and instanation and operation of APS. This training is 
oriented toward technical issues and public education. 

ORGANIZATION OF REPORT 

This report provides a summary of prior research on APS, documents the results of all 
human subject experiments and other evaluations conducted, and provides recommended 
guidelines for APS installation and operation. The components of this report are as follows: 

>- Chapter 2 - Research Synthesis - includes a summary of research on APS that was used 
in designing the trials in this project and developing the recommendations 

>- Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features - includes the 
trials conducted in Tucson and Charlotte, which included an evaluation of multiple 
pushbutton-integrated APS devices and their effects on crossing behaviors by pedestrians 
with visual inlpairments. 

>- Chapter 4 - Experimental Trials on Pushbutton Location and WALK Indicator - includes 
the trials conducted in Portland to specifically evaluate the effect of number of poles and 
pole placement, as well as type of WALK indicator, on crossing behaviors by both 
visually impaired and cognitively impaired pedestrians. 
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>- Chapter 5 - Cold Weather Case Studies - includes a summary of the case studies 
prepared as related to the installation, operation, and maintenance of APS in cold weather 
environments. 

>- Chapter 6 - Engineering Evaluation - includes the results of the engineering evaluation 
that has been completed to date. 

>- Chapter 7 - Recommended Guidelines - provides a discussion of the guidance 
recoIllinended on the basis of the experimental results. 

>- Chapter 8 - Intersection Prioritization Tool - includes a discussion of the effort to 
develop a tool for assessing and prioritizing intersections with respect to crossing 
difficulty by pedestrians with visual impairments. 

>- Chapter 9 - Training and Resources - provides a discussion of the plans for the 
development of the training materials in the next phase of the study and includes an 
outline for the materials. 

>- Chapter 10 - Conclusions - includes a sUIllinary of the study objectives, project findings, 
and recommended guidelines. 

ADDITIONAL RESOURCES 

• Accessible Pedestrian Signals: A Guide to Best Practice - This companion document 
(referred to hereafter as the Guide) provides training information for engineers, 
orientation and mobility specialists, and signal technicians on when, where, and how to 
install APSs. See more infoffilation on the Guide in Chapter 9. 

• PowerPoint Presentations - these presentations are the materials for a one-day training 
course that covers the most critical information in the Guide. The presentation files 
include scripts to ensure that they can be read and understood outside of the course. See 
more infOlmation on the presentations in Chapter 9. 

• Web site (www.walkinginfo.org/aps) - This site includes all of the materials produced as 
part of this project, including this report, the Guide, the PowerPoint presentations for 
training, and the Intersection Prioritization Tool to assist practitioners in pIiOlitizing 
locations for APS installation. 
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CHAPTER 2 

Research Synthesis 

Provided in this chapter is a summary of the APS research that is related to the research 
undertaken in this effort. A more comprehensive synthesis of this research can be found in 
Appendix C of the Guide. 

INTRODUCTION 

Although APSs have been widely used in Japan and Sweden since the 1960s, the early 
development of APS in those countries was not, as far as these authors have been able to 
ascertain, based on research. The first substantial research on APS appears to have been done in 
1976 by Frank Hulscher, an electrical engineer with the Department of Motor Transport, New 
South Wales, Australia. Hulscher's research was the basis for the well developed, fully 
standardized, and highly successful pushbutton-integrated APS system in use in Australia today. 

Substantial research on APS in the US. began with a project undertaken by the San 
Diego Association of Governments in 1988 to investigate the "bird call signals" widely used in 
Japan, and being imported into the US. at that time. The results of this project were the basis for 
a policy of implementing standard signals at intersections in San Diego where a city access 
connnittee recommended them, following a systematic evaluation including use of a rating scale. 

Since 1996, there has been a concerted research effort related to APS. Several research 
studies and surveys have documented problems of pedestrians who are blind or who have low 
vision at signalized intersections without APS (3, 4, 5, 6, 7, 8). Several studies in the US. have 
compared travel by blind pedestrians with and without APS (9, 10, 11, 12, 13, 14, 15). In these 
studies, some of the APSs have been signals mounted on the pedestrian signal head, while others 
have been receiver-based systems, and others been pushbutton-integrated devices. Methods of 
these studies are described below; results and conclusions are cited topically. 

San Diego Association of Governments surveyed 71 national, regional, and local 
organizations representing and/or serving elderly persons and persons who were visually 
impaired to deternline their involvement in installation of audible signals and the level of support 
for audible signals; 36 responses were received (8, 16, 17, 18, hereafter referred to collectively as 
San Diego research). A separate survey was also sent to members of California Association of 
Orientation and Mobility Specialists to gather infonnation about their experience with audible 
signals. Surveys were mailed to 67 members, and 27 responses were received. 

In 1998, the American Council of the Blind (ACB) and the Association for Education and 
Rehabilitation of the Blind and Visually Impaired (AER) conducted similar surveys to detennine 
problems experienced by blind pedestrians during street crossings. Problems with audible 
signals currently installed were also identified by the surveys. 

• ACB survey - surveys administered orally, in groups, to 158 pedestrians who are 
visually impaired (6, hereafter referred to as ACB survey) 

• AER survey - mailed to 1000 orientation and mobility specialists. 349 surveys 
returned (5, hereafter referred to as AER survey). 
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Murakami et al. conducted a survey of 50 blind pedestrians in Japan (7). Uslan et al. 
compared crossings by 27 legally blind pedestrians at three intersections in Huntington Beach, 
California, having "bird call" signals and one control intersection without APS (14). 

In research by The Smith-Kettlewell Eye Research Institute, 20 blind participants made a 
total of 80 crossings at 4 fixed-time signalized intersections in downtown San Francisco, both 
with and without Talking Signs® (l0, 11, 12, hereafter referred to collectively as SKERI 
research). Talking Signs is a receiver-based APS. Intersection signal phases were pretimed, and 
pushbutton use was not required. There were nine measures, including measures of crossing 
timing (safety), orientation (precision), and independence. 

Marston and Golledge compared crossings by blind participants with and without APS, 
using the receiver-based APS system, Talking Signs, in a study investigating the use of Talking 
Signs remote infrared audible signs for a number of transit tasks (13). 

The effects of a pushbutton-integrated APS, a receiver-based APS manufactured by 
Relume, and typical visual pedestrian signals without APS on the street crossing behavior of 24 
totally blind participants were compared by Williams, Van Houten, Ferraro, and Blasch (15). 

As part of a project on blind pedestlians at complex intersections, funded by the National 
Eye Institute, National Institutes of Health, a series of studies on crossings by blind pedestrians 
with and without APS is in progress in four cities, Portland, Oregon; Charlotte; Tucson; and 
Cambridge, Massachusetts. Objective data on measures of street crossing perfonnance by 
sixteen participants who were blind was obtained at two complex, signalized intersections in 
each city. Measures were similar to those used in the SKERI research, including nine broad 
measures of crossing timing, orientation, and independence. Results from all four cities are not 
yet analyzed, but slightly different analyses have been reported in several articles. Results from 
pre-installation testing in two cities, Portland and Charlotte, are reported in Bentzen et al. (4, 
hereafter referred to as NEI-2 cities) and Barlow et al. (3, hereafter referred to as NEI-3 cities) 
reports on three cities, Portland, Charlotte, and Cambridge. Barlow et al. (9, hereafter referred to 
as NEI Portland pre-post) compares results of testing with and without APS in one of these 
cities, Portland, Oregon. 

PROBLEMS WITH SPECIFIC TASKS AT SIGNALIZED INTERSECTIONS BY 
PEDESTRIANS WHO ARE BLIND OR WHO HAVE LOW VISION 

Locating the Crosswalk 

In SKERI research and NEI research-3 cities, research participants requested assistance 
in locating the crosswalk on about 17% of street crossings. On approximately 29% of crossings 
in both studies, subjects who located the crosswalk independently began crossing from outside 
the crosswalk. 

Establishing and Maintaining the Correct Heading 

In the AER survey, 97% of O&M specialists who responded indicated that their students 
had difficulty aligning to cross the street, while 66% indicated that their students sometimes had 
difficulty knowing where the destination comer was. 

In SKERI research, participants started crossing from an aligned position on 48% of 
crossings without use of APS, and completed their crossings within the crosswalk on 58% of 
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crossings. In the NEI-3 cities research (without APS), participants started from an aligned 
position on 73.4% of crossings. Participants requested assistance or required intervention for 
safety while aligning to cross on 10% of crossings. Of participants who aligned independently, 
58.4% completed their crossings within the crosswalk. 

The broadcast sound from speakers mounted on the pedestrian signal head has not 
seemed to provide usable directional information. ACB and AER surveys indicated that 
pedestrians who are blind are sometimes not able to localize the sound of an APS in order to use 
it for guidance across the street. ACB - 6%; AER - 39%. 85% of ACB respondents indicated 
that they were sometimes confused by unexpected features such as medians or islands, while 
64% of O&M respondents indicated that their students had difficulty with medians or islands. 

Finding and Using Pushbuttons 

In the ACB and AER surveys, many respondents indicated that they or their students had 
difficulty with pushbuttons (ACB - 90; AER - 94%). Reasons were: 1) they couldn't tell 
whether they needed to push a button; 2) they had difficulty locating the button; 3) they couldn't 
tell which crosswalk was actuated by the button; or 4) the pushbutton was so far from the 
crosswalk that they couldn't push the button and then return to the crosswalk and establish a 
heading before the WALK interval began. 

U sIan et al. also found that the major problems 27 legally blind pmticipants had with 
"bird call" type APSs were in locating the pole and the pushbutton and detennining which 
pushbutton was for which crosswalk (14). Participants traveling with guide dogs experienced the 
most difficulty locating the pole. Sometimes participants first located the incorrect button and 
subsequently located and pushed the correct button after waiting and listening through one or 
more cycles. 

This replicated the findings of San Diego research (16). Gallagher and Montes de Oca 
also noted this problem in research on vibrotactile-only APSs (19). 

In the NEI-2 cities results, at crossings where pushbutton-actuation was required, 
pmticipmIts looked for, found, and pushed the button on only 16.3% of these crossings in 
Portland, and none (0%) of the crossings in Charlotte. 

Identifying the Onset of the WALK Signal 

In the surveys conducted by ACB and AER, many respondents indicated that they or 
their students sometimes had difficulty knowing when to begin crossing (ACB - 91 %; AER-
98%). Reasons were: 1) the surge of traffic was masked by right -turning traffic; 2) traffic flow 
was intermittent; 3) the intersection was too noisy; and 4) the surge of traffic was too far away. 
In the AER survey, 79% of respondents indicated that blind students sometimes had difficulty 
determining the onset of the WALK interval at intersections having exclusive pedestrian phasing. 

On 24% of trials in SKERI research, blind pedestrians requested assistance in knowing 
when to stmt crossing at crosswalks where they did not use APS. On 34% of trials on which 
they independently initiated crossings, they began crossing during the flashing or steady DON'T 
WALK. 

In the Japanese survey, 46% of respondents stated that "to take a timing to start" was 
difficult without APS, mId U sIan found that, at the control intersection without APS, which was 
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considered the easiest to cross without APS, 4 out of 15 participants began crossing during 
DON'T WALK. 

The NEI-3 cities research found that pedestrians who were blind independently began 
crossing during the walk interval on only 48.6% of crossings and completed crossings after the 
onset of perpendicular traffic on 26.9% of crossings. The need for pushbutton-actuation of the 
walk interval affected the likelihood that participants would begin crossing during the walk 
interval. On the pedestrian-actuated crossings, participants began crossing during the walk 
interval on only 19.5 % of the crossings compared to 71. 7 % of crossings where the pedestrian 
phase was on recall (the pedestrian phase was included in every cycle). Mean latency in 
beginning crossing (the time between onset of the WALK signal or near-side parallel traffic and 
the participant beginning to cross) was 6.41 seconds without APS. 

Common Problems with APS in the United States 

ACB and AER surveys reported the experience of pedestrians with visual inlpairments in 
using APS that had "bird call" signals, bells, and buzzers. There were problems both with APS 
being considered too quiet and too loud. U sIan et al. found that at one intersection with split 
phase timing, where the bird call signals for parallel crosswalks had separate timing, three of 15 
blind participants initiated their crossings with the signal for the parallel crosswalk, walking into 
the path of left-tuming vehicles (14). 

These surveys also looked at data from blind pedestrians and O&M specialists from 
Califomia, whose experience with APS is almost exclusively with "bird call" signals that are 
intended to provide unambiguous infonnation regarding which street has the WALK interval. 
Many respondents indicated that they or their students sometimes did not know which crosswalk 
had the WALK interval (ACB - 68%; AER -72%) Reasons were: 1) users forgot which signal 
was associated with which crossing direction; 2) users didn't know which direction they were 
traveling; and 3) the intersection was not aligned with primary compass directions. 

U sIan et al. found that on many trials blind participants failed in their attempts to cross 
streets because of indecision regarding the pole or button, even though all participants were fully 
familiar with the "bird call" signal, they knew what to listen for at each intersection, and they 
could listen through as many cycles as they desired (14). Sometimes participants located the 
incolTect button and then pushed the COlTect button after waiting and listening through one or 
more cycles. 

AER and ACB surveys confirmed that blind pedestrians really do confuse the sounds of 
birds with APS sounds. These surveys also indicated that many blind pedestrians are sometimes 
unable to localize the sound of an APS and use it for guidance across the street. FurthemlOre, 
when APSs are too loud, and are at intersections that are close together, the APS for one 
intersection may be heard from another, leading some pedestrians to incorrectly think they have 
the WALK interval. 

Respondents to the Japanese survey indicated that "direction taking at the starting 
position" and "keeping direction while walking in the crosswalk" were a problem, even with 
APS. 
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EFFECT OF APS ON STREET CROSSINGS BY BLIND PEDESTRIANS 

Since it is known that pedestrians with visual impainnents have difficulty with many of 
the tasks that, taken together, comprise street crossing, it would be convenient to assume that 
APS would improve all measures of crossing at signalized intersections. To detenmne the extent 
to which this is true, a number of research projects have obtained objective data comparing street 
crossings with and without APS on one or more of the following measures. 

• Locating the crosswalk. 

• Aligning to cross and maintaining alignment while crossing. 

• Use of pushbuttons. 

• Identifying the walk interval. 

• Delay before beginning to cross. 

• Independence in any or all crossings tasks. 

Projects that have already been mentioned are: SKERI research; NEI Portland pre-post; 
Uslan et al. (14); Marston and Golledge (13); and Williams et al. (15). There are several 
additional studies that shed light on this topic. Hulscher reported an estimate by Leith (personal 
communication) comparing starting delay pre- and post-APS installation (20). Wilson conducted 
a pre- and post-APS installation study of behavior of adult, non-disabled pedestrians at one 
intersection (21). As part of NEI research, in three different experiments Wall, Ashmead, 
Bentzen and Barlow, blind and blindfolded sighted participants made crossings at a simulated 
intersection, in the presence of recorded traffic sound to detemllne the effect on crossing 
accuracy with signals comprised of bird calls, percussive "toks," a click train, or a female voice 
(22). The signals, all of which were mounted at a height of eight feet, came either 
simultaneously from both ends of a crosswalk (typical practice), altemated from one end to the 
other, or came from the far end of the crosswalk only. These researchers also compared crossing 
accuracy when signals came from two parallel crosswalks (typical practice), or from a single 
crosswalk. A further comparison was between Walk signals with a typical 7 sec. duration versus 
a 7 sec. Walk signal followed by a locator tone. 

Locating the Crosswalk 

SKERI research found that starting crossing from within the crosswalk increased from 
70% to 97% with use of the APS. 

NEI Portland pre-post research found significant increases in participants' ability to begin 
crossings from within the crosswalk at locations where pushbutton use was required, and 
pushbutton locator tones were installed. Pre-installation, 77% of crossings began from within 
the crosswalk; post-installation, 97% of crossings began within the crosswalk, indicating that 
locating the crosswalk was significantly improved by the presence of pushbutton-integrated APS. 
(9) 

Orientation (Aligning to cross and maintaining alignment while crossing) 

On 48% of crossings in SKERI research, where APS infonnation was not available, blind 
pedestrians were not facing directly toward the opposite comer when they statted their crossing; 

11 

AR0072210 



Chapter 2 - Research Synthesis 

they were facing somewhat toward or away from the center of the intersection. With the use of 
receiver-based APSs, participants were well aligned when beginning 80% of crossings. 

However, in NET Portland pre-post research, alignment showed only a very small trend 
toward improvement, with 70% of independent crossings starting from an aligned position pre
installation and 84% post-installation. NET research at a simulated crossing found the presence 
of a locator tone during the second half of the crossing had a positive effect on alignment (22). 

Using PushbuUons 

Data reported in NET pre-APS installation testing indicated that blind pedestrians 
typically didn't search for and use pedestrian pushbuttons at unfamiliar intersections without 
APS (3, 4). However, the addition of pushbutton locator tones and the knowledge that an APS 
might be installed resulted in participants looking for the pushbuttons on over 98% of crossings, 
although looking for the pushbutton did not always result in finding and using the correct 
pushbutton. Participants independently looked for and used the pushbuttons on 93% of crossings 
after pushbutton-integrated signals with locator tones were installed (9). 

Initiating the Crossing 

Delay in beginning to cross 

Hulscher cites a personal communication from Leith in which Leith estimated that, 
following APS installation, delay in beginning crossings was reduced an average of 2-3 seconds 
for all pedestrians (20). 

Wilson, in a pre- and post-APS installation study of adult non-disabled pedestIian 
behavior at one intersection, found the following results (21): 

• For pedestrians using the pushbutton, delay in beginning crossings was reduced by 
20%, from 2.7 sec to 2.1 sec. 

• The time taken to cross by persons who started duIing the walk interval decreased 
by about 5%; crossing time for other pedestIians was unchanged. 

• For pedestrians who arrived at the crossing duIing the flashing or steady Don't 
Walk and who waited to cross until the onset of the walk interval, the proportion 
who failed to complete their crossings before the onset of opposing traffic was 
reduced by one-half, from 22% to 11 %. 

Williams et al. found that mean latency in beghming crossing without APS was more 
than 5 seconds, which was reduced to 2.2 seconds with a receiver-based APS device with a tone 
WALK indication and 3.8 seconds with a pushbutton-integrated APS using speech messages (15). 
Williams also assessed participants on total number of signal cycles missed before crossing. 
Without APS, mean wait time was almost 2 full cycles, while with either type of APS the mean 
wait time was just over a half a cycle. 

In NET Portland pre- post research, in 144 crossings pre- and post-APS installation at two 
intersections in Portland, Oregon, the weighted mean starting delay for blind pedestrians without 
APS was 5.1 seconds, and after APS installation, the delay was only 2.9 seconds. Uslan et al. 
also found significant differences between speed of crossing at a control intersection and 
intersections where APS were installed; crossings at locations with APS were completed faster 
(14). 
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Starting during WALK, and completing crossing before the onset of perpendicular traffic 

In SKERI research, participants began crossing during the walk interval on only 66% of 
crossings without APS, but on 99% of crossings with APS. 

In NEI Portland pre-post-installation, pre-installation, the pedestrian-actuated crossings 
were highly problematic for pedestrians who are blind. Pre-installation, participants began 
crossing during WALK on only 25% of crossings. Post-installation, there was dramatic 
improvement in participants correctly detennining the appropriate time to start crossing, with 
84% of crossings initiated during WALK. Similarly, participants completed crossing after the 
onset of perpendicular green on 50% of crossings pre-installation, with a significant decrease 
post-installation to 12% of crossings completed after the onset of perpendicular green. 

FurthelIDore, only 77% of decisions about when to start crossing were made 
independently pre-installation as opposed to 95% post-installation. Pre-installation, the total 
number of crossings where the individual independently detennined a start time and actually 
began crossing during the walk interval was less than a quarter of crossings. Post-installation, 
with the addition of the APS, there was a significant increase both in independence and in 
beginning to cross at the appropriate interval. 

For crosswalks where the pedestrian phase was on recall, the APS sounded at the 
beginning of the walk interval, regardless of whether the pushbutton was used or not. However, 
the WALK indication only sounded for the first seven seconds of the walk interval, unless the 
pushbutton was pushed again. Pre-installation, 70% of independent crossings began during the 
walk interval; post-installation, this increased to 100%. 

Marston and Golledge found that at crossings without APS, almost half (48%) of the 
participants attempted to cross during the steady don't walk interval, a time recorded as unsafe 
by the researcher (J 3). With access to the pedestrian signal information provided by APS, no 
participant started crossing at an unsafe time. 

Effect of APS on Independence and Confidence 

Both the NEI research and the earlier SKERI research on which the method was based 
measured independence on three street-crossing tasks both with and without APS: locating the 
crosswalk; starting to cross within the walk interval; and completing the crossing. The NEI 
research also measured independence on aligning to cross. The percentage of crossings on 
which participants were independent on each task is as follows. 

Task WithoutAPS WithAPS 
SKERI NEI SKERI NEI 

Locating crosswalk 81% 81% 99% 95% 
Aligning to cross NA 94.5 NA 97% 
Starting to cross dming WALK 76% 79% 100% 92% 
Completing the crossing 81% 86% 97% 96% 

Table A-I. Percentage of crossrng tasks on WhICh partIcIpants were rndependent. 

Marston and Golledge measured confidence in street crossing with and without APS (J 3). 
The range of responses for the no APS condition, by street crossing task, was 2.7 -3.5 (5 pt. scale; 
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l=no confidence, 5=very confident), while the range of responses by task for the APS condition 
was 4.8-5.0. 

DetectabHity of WALK Signal 

Hulscher found that, because of the masking of high frequency signals by predominantly 
low frequency traffic noise, and because a majority of blind pedestrians have some upper 
frequency hearing loss, the optimal fundamental frequency of the WALK tone should be between 
300 Hz and 1000 Hz, and the tone should be comprised of multiple short bursts of sound to aid 
localization (20). 

Staffeldt, in research cited by Hulscher, conducted extensive testing of APS at crossings 
where they were mounted on the pedestlian signal head, and found that an 880 Hz signal was 
most detectable in a background of traffic noise (20). 

Hulscher's recommendation and Staffeldt's result was supported by Poulsen, who 
compared the noise spectrum of traffic as attenuated by windows to arrive at a recommended 
signal frequency (880 Hz) that would not be largely masked by traffic noise, but would also not 
transmit through windows and become a public annoyance (23). 

In San Diego research, laboratory measurements of "birdcall" signals from Nagoya 
Electric Works of Japan found that neither signal was highly directional; however, the cheep was 
more detectable than the cuckoo. The cheep was produced by a continuous frequency variation 
with a fundamental frequency base of 2800 Hz, and the cuckoo consisted of two frequencies with 
a combined frequency base of 1100 Hz. (CulTently available "cuckoo/cheep" signals may vary 
from this manufacturer's standard.) 

Hall, Rabelle, and Zabihaylo worked with audiologists to develop a signal that provided 
the most localizable melody for an accessible signal and recommended a melody that was 
composed of fundamental frequencies between 300 Hz and 1000 Hz, but including harmonics 
extending to 7000 Hz (24). 

In NEI research (unpublished data), Wall, Ashmead, Barlow, and Bentzen carried out a 
series of experiments on detectabiIity of WALK signal indications in a laboratory setting (25). 
Experiment 1 evaluated the detectability of signals in white noise, Experiment 2 evaluated the 
detectability in traffic noise, and Experiment 3 evaluated detectability in traffic noise for subjects 
with age-related hearing loss. Signals evaluated were an 880 Hz square wave, a bird chirp, a 
cuckoo, two click trains, two percussive signals ("bink" and "tok"), a four-tone melody, and 
female and male voice signals. Results indicated that audible signals of a more percussive nature 
with predominantly lower frequencies were best heard in background traffic noise. In addition to 
one of the percussive signals, participants with age-related hearing loss were better able to detect 
male voice signals. Signals with a simple percussive nature tended to need less gain to be heard 
in noise, relative to the levels necessary to be heard in quiet. In other words, percussive signals 
were more detectable at lower volumes. When asked their preference, most pmticipants liked 
voice signals best, but all of the voice signals needed more gain to be heard. Note that the 
measurement in these studies was the point at which the signal was detected, not the point at 
which the message was easily understandable. Intelligibility of voice messages was not 
evaluated or assessed by pmticipants. The cuckoo and chirp, most commonly used in the U.S. as 
an audible signal at the time of the study, required the most gain to be detectable amid 
background noise. 
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Localizability of WALK Signal 

An additional factor, if audible pedestlian signals are to be used as beacons to guide 
pedestrians with visual impainnents across a street, is how well signals can provide directional 
infonnation. Laroche, Giguere, and PoiIier compared localization of cuckoo and cheep signals 
to localization of 4 four-note melodies varying in fundamental frequencies, hannonics, note 
duration, and temporal separation between notes (26). In combined objective and subjective 
testing, the cheep and a melody with minimal harmonics were found to be less localizable than 
the cuckoo and the other three melodies. In a follow-up study, Laroche, Giguere, and Leroux 
compared the typical cuckoo-cheep sounds used in Canada with a cuckoo having a lower 
fundamental frequency, and the melody that was recommended as a result of their 1999 research 
(27). In both studies, the signal was 36 seconds long (much longer than typical U.S. WALK 
indications) and the measurements were in a simulated pedestrian conidor in a quiet 
environment. In situations with actual traffic sounds, the cheep was found to result in 
significantly greater veeling and longer crossing time than any of the other signals, which did not 
differ from each other. 

In NEI research, Wall, Ashmead, Bentzen, and Barlow found no significant differences in 
localizability among several disparate signals, including cuckoo, chirp, "tok" and voice 
messages, when tested in research that involved multiple crossings of a simulated street, in the 
presence of recorded vehicular sound (22). The five signals used were representative of signals 
in wide use or that showed promise for directional beaconing. None of the analyses indicated 
any systematic differences between the five signals. Further experiments focused on 
presentation mode and signal location, rather than signal sound characteristics. 

Speech WALK Indications 

Listeners with nonnal hearing require that speech be 15 dB louder than background noise 
for intelligibility to reach 90% (28). This means that, in order to be intelligible, speech messages 
should be louder than tone indications. The effect of that louder sound level on the ability of 
blind pedestrians to hear other sounds in the intersection, or on near neighbors, may limit the 
acceptability of speech messages. 

Bentzen, Barlow and Franck conducted research to obtain information from stakeholders 
regarding the structure and content of speech messages for APS WALK messages and for 
"pushbutton messages" that are only available dming the flashing and steady DON'T WALK 
intervals (29). WALK messages convey that the WALK signal is on and provide the name of the 
street being crossed. Pushbutton messages provide intersection and crosswalk identification 
information, and they may also provide infonnation about unusual intersection signalization and 
geometry. The research utilized an expert panel of stakeholders, who prepared a survey 
comprised of sample messages to rate and items to detennine respondent understanding of 
messages. The survey was administered to people who are visually impaired, O&M specialists, 
transportation engineers, and APS manufacturers. The resultant recommended model messages 
are contained in the Guide. 

Van Houten, Malenfant, Van Houten, and Retting found that redundant infonnation 
conveyed by audible pedestrian signals increases the attention of all pedestrians to tuming traffic 
and may contribute to a reduction in pedestrian-vehicular conflicts and crashes at signalized 
intersections (30). This signal also gave participants who were blind precise infonnation about 
the onset of the walk interval and which street had the walk interval. 
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Accuracy and Speed in Identifying WALK Indication for a Given Crossing 

In NEI research, Ashmead, Wan, Bentzen, and Barlow investigated how location of APS 
speakers in different positions relative to the crosswalk affected the accuracy and speed of 
identifying the correct crosswalk (see Figure 2-1 below for APS positioning used in research), 
using typical placements seen in the U.S. (31) . All loudspeakers emitted the same WALK 
indication. 

Note: The question to the pedestrian always was, "Which has the WALK signal, the 
crosswalk straight in front of you or the one to your right?" 

Corner 1: loudspeakers near curb, on outside of crosswalk line. 
Corner 2: loudspeakers near back edge of sidewalk, on outside of crosswalk line. 
Corner 3: loudspeakers near curb but facing across pedestrian's position. 
Corner 4: loudspeakers near back edge of sidewalk mounted on the sanle pole. 

Under the most typical signal mode, simultaneous presentation from both ends of the 
crosswalk, the most accurate perfonnance occurred when signals were placed close to the curb 
line, near the side of the crosswalk that was furthest from the center of the intersection (see 
corner 1 in Figure 2-1). The pedestrian could easily tell which of the two loudspeakers at the 
corner was active because each loudspeaker was close to the position of the pedestrian waiting to 
cross at the associated crosswalk. Note that this was tme despite the fact that both signals on the 
corner had the same sound. Other arrangements of loudspeakers resulted in somewhat worse 
perfonnance. Accuracy at corner 3 was poor, with participants answering correctly on only 25% 
of trials in the simultaneous presentation condition and 50% of trials in the alternating 
presentation condition. 

There was no evidence 
that response time differed across 
the four corners, that is, for 
different speaker arrangements. 
This suggests that the inaccurate 
judgments made from corner 3 
about which crosswalk had the 
walk signal did not reflect 
uncertainty, but rather were 
mistakes of which the 
participants were largely 
unaware. 

Figure 2-2 illustrates the 
recommended placement of APS 
devices in relation to the 
crosswalk provided in the APS 
Synthesis in 2003. This 
arrangement was based on the 
NEI research described above. 
The NEI research was the basis 
for additional research on 
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Figure 2-1. Positions and headings of loudspeakers and 
pedestrians at each corner in NEI research. (Figure from 
Ashmead, et al., 2004). Thefigure is not drawn to scale. 
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pushbutton location within the current project. 

Research on Source of WALK Signal 

A number of investigators have tackled the problem of improving localization of WALK 
signals (beacons) by varying the source of the sound. All investigators used some measure of the 
straightness of the path of travel from one end of the crosswalk to the other; some also measured 
initial heading. 

Stevens (41) and Tauchi, Sawai, Takato, Yoshiura, and Takeuchi (32) found that 
alternating acoustic signals result in performance superior to that of simultaneous signals, as did 
Laroche et al. (27). However, when Laroche et al. compared simultaneous and alternating 
signals at a real intersection there was no significant difference. Tauchi, Takami, Suzuki, Kai, 
Takahara, and Jajima found better perfonnance when the alternating signals at each end of the 
crosswalk were different (e.g. "chirp" vs. "chirp, chirp") than when they were the same (e.g. 
"chirp" and "chirp") (33). 

Poulsen compared simultaneous acoustic WALK signals with signals at the far end of the 
crosswalk and found superior performance with signals at the far end (23). Wall et al. compared 
simultaneous, alternating (sanle sound), and far end signals, and found the far end signals 
resulted in significantly better performance than either simultaneous or alternating signals, which 
were equal (22). 
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CHAPTER 3 

Experimental Trials on Accessible Pedestrian Signal 
Features 

INTRODUCTION 

The most commonly used accessible pedestrian signals (APSs) in the US. have been 
pedhead-mounted devices, where speakers are attached to the visual pedestrian signals. These 
APSs can make a variety of sounds, but commonly use birdcalls (cuckoo and cheep). A different 
type of APS, known as a pushbutton-integrated APS, has been used in much of Europe and in 
Australia and is now becoming more common in the US. On pushbutton-integrated APSs, the 
speaker is located in the pushbutton housing, and the device typically provides a pushbutton 
locator tone in addition to an audible WALK indication. The pushbutton locator tone repeats 
constantly, at one-second intervals to tell pedestrians that there is a pushbutton and to help them 
locate and use the pushbutton. Tactile arrows are also a standard feature to help blind pedestrians 
determine which street the device serves (see Figure 3-1). The arrow vibrates during the walk 
interval to communicate walk signal information to pedestrians who cannot hear or who want to 
tactually confirm audible signal information. Various other features are currently available on 
some devices. 

Until 2000, when two sections on APS were added to the MUTeD, there were no 
national standards for APS in the US. The 
MUTeD now defines an APS as " ... a device 
that communicates information about 
pedestrian timing in nonvisual format such 
as audible tones, verbal messages, and/or 
vibrating surfaces" (1) The rest of the 
MUTeD language provides standards, 
guidance and options, but does not specify 
walk messages or address many possible 
device features. In 2002, the US. Access 
Board published draft recommendations and 
requirements for APS installation in Draft 
Guidelines for Accessible Public Rights-of
Way, which were further updated in 
November 2005 (2). The Draft Guidelines 
call for the use of pushbutton-integrated 
signals that provide audible and vibrotactile 
indications of the walk interval. 

Research was needed to expand upon 
or modify the APS guidance now available 
to ensure that the information being 
provided to pedestrians who are blind or 
who have low vision (including those with 
hearing loss) is consistent among 

Figure 3-1. Pushbutton-integrated APS with 
tactile arrow. 
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intersections and will allow users to safely, efficiently, and independently cross at signalized 
intersections. The purpose of the study documented in this chapter was to detenmne the effect of 
APS features, which are available on devices of the type recommended in the Access Board's 
Draft Guidelines, on the ability of pedestrians who are blind to locate and use pushbuttons, 
determine time to cross, determine appropriate heading for crossing, and maintain alignment 
while crossing. 

In this experiment, four pushbutton-integrated APSs were evaluated in comparison to 
each other. APSs from each of four manufacturers were installed at all crosswalks at one of four 
intersections in each of two cities. Psychophysical data on street crossings by approximately 20 
blind pedestrians were obtained for each manufacturer's APS installed with their "standard 
features" in each city. These technologies differed from one another in interface designs and 
features, such as the pushbutton locator tone, pushbutton size and shape, design, and location of 
tactile arrow, type of actuation indicator/confirmation tone (speech, tick, tones), type of walk 
indication (speech message, rapid tick, bird call tones), and availability of additional features 
such as tactile map of the crosswalk, additional information about the intersection or audible 
beaconing. APS features are described in detail in the Guide. The following descriptions of 
features are condensed from that report. 

• Pushbutton locator tone: "A repeating sound that informs approaching pedestrians that 
they are required to push a button to actuate pedestrian tilning and that enables 
pedestrians who have visual disabilities to locate the pushbutton." (MUTCD 2000; 4E.08) 
(1). Pushbutton locator tones sound during the flashing and steady DONT WALK intervals. 
The locator tone infomls pedestrians of the need to push a button, provides an audible cue 
to the location of the pushbutton, and may provide a clue as to the destination comer 
when approaching on the crosswalk. In available products, the pushbutton locator tone 
varies from a click sound to a beep-type tone. MUTCD standard requires that " ... the tone 
shall repeat at 1 second intervals and shall have a duration of 0.15 seconds or less" (1) 
The pushbutton locator tone typically has automatic volume control that adjusts the 
volume according to changes in ambient sound level. 

• Pushbutton size and shape: Pushbuttons are required by the Draft Guidelines to be at least 
2 inches in diameter and to require less than Sibs force to push (2). 

• Tactile an-ow: A raised (tactile) an-ow is incorporated into the device to help users know 
which crosswalk is actuated by the pushbutton. The arrow may be part of the pushbutton, 
above the pushbutton, or on top of the device. TIns arrow also vibrates during the WALK 
interval. 

• Actuation indicator: A tone or voice message indicates to pedestrians that the button has 
been pushed and a WALK signal requested. 

• Additional intersection infonnation (pushbutton information message): A pushbutton 
information message is a speech message that provides additional infonnation when the 
pedestrian pushbutton is pushed during the flashing or steady DONT WALK intervals. 
When used, this message identifies the intersection, provides the name of the street that 
the pushbutton controls, and may provide other intersection geometry or signalization 
information. The message is intended to be audible when standing at the pushbutton 
location. Pedestrians may be required to press the pushbutton for approximately three 
seconds (see extended button press) to call up this additional speech message. Recent 
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research indicates that pressing the button for one second or longer is optimal timing 
(34). 

• Walk indication: The walk indication provides an audible and vibrotactile indication of 
the WALK interval. The audible indication can be provided by tones or speech messages 
and generally repeats for the entire WALK interval. Different manufacturers currently 
provide different walk indications, but any of the devices could provide any of the sounds 
used. In this research, one manufacturer provided bird calls (cuckoo-cheep), one provided 
a rapidly repeating tone, and two provided speech messages. The MUTeD and Draft 
Guidelines recommend that the walk indication be the same volume as the locator tone, 
and no more than 5 dB above ambient sound levels, unless there is special activation of 
audible beaconing. The vibrotactile indication of the WALK interval is typically provided 
by a tactile arrow on the pushbutton device that vibrates during this interval. 

• Audible beaconing: Beaconing is the use of an audible signal in such a way that blind 
pedestrians can home in on the signal from the opposite comer as they cross the street. 
This is intended to provide directional orientation. APS currently provide audible 
beaconing in one of two ways: from pedhead-mounted speakers aimed in the center of the 
crosswalk approximately one-third of the way across the street, and by using pushbutton
integrated speakers that elevate the volume of the walk indication and the subsequent 
locator tone for one pedestrian phase, which is called by an extended button press. 

• Crosswalk map: One manufacturer's signal incorporates a rai sed schematic map showing 
what will be encountered as the pedestrian negotiates the crosswalk controlled by that 
pushbutton. The map shows just the crosswalk controlled by that signal, not the entire 
intersection, and includes: number of lanes to be crossed; whether these are vehicular or 
bicycle lanes or tracks for rail vehicles; which direction traffic will be coming from in 
each lane; and whether there is a median. 

METHOD 

Overview 

Data were collected in two cities (Tucson, Arizona, and Charlotte, North Carolina) for 40 
visually impaired participants (20 in each city) crossing at four intersections. Each intersection 
was equipped with pushbutton-integrated APS devices from a different manufacturer. The full 
range of features currently in use on pushbutton-integrated devices in the U.S. was represented 
across these four manufacturers. In each city, participants crossed at the same intersections two 
or three times under two or three infonnation conditions designed to represent typical 
experiences of pedestrians who are blind. 

One infonnation scenario, defined as the "no infOlmation" condition, represented the 
situation in which pedestrians who are blind know that there will be an APS at the intersection, 
but do not have any infonnation about the APS features and probably have not had previous 
experience with pushbutton-integrated APS. This condition was only used in Tucson. The 
"general infOlmation" condition represented the situation in which the participants had heard a 
general description of the devices. They knew there would be a new type of APS at the 
intersection and had been told about possible features of APS devices, similar to someone who 
has heard or read about new types of APSs, but has had no experience with them (Tucson and 
Charlotte). A third information condition, defined as the "specific information" scenario, 
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represented the situation in which a blind pedestrian knows the intersection will have an APS 
and knows from prior expelience and instruction with the APS device how it will function and 
what features it will have (Tucson and Charlotte). Duling the break between the general 
information and specific infonnation conditions, participants were shown a working 
demonstration unit of each device and given the opportunity to manipulate it and to expelience 
all the types of infonnation that it provided. Immediately before beginning each crossing in the 
specific infonnation condition, participants were told which of the devices would be present at 
that crossing, and the features of the device were reviewed. 

In Tucson, each participant crossed at each intersection 3 times, once for each condition, 
for a total of 12 crossings. In Charlotte, the no infonnation condition was dropped due to the 
amount of time required to travel between intersections, so each participant made eight 
crossings, two at each intersection. Although participants returned to each intersection two or 
three times, several procedures minimized the possibility of learning about specific intersections 
or about the APS at specific intersections. Pmticipants were not told that they would be returning 
to the same intersections; order of intersections was different in each block of crossings; each 
approach to the intersection was ditTerent; and parking locations were usually different. Few 
participants indicated that they recognized that they were returning to the same intersections. 

Measures recorded included speed and accuracy in locating and pushing the correct 
pushbutton, speed and accuracy in beginning crossing duling the WALK interval, crossing 
alignment and crossing path. Data on the tratfic sound levels and movement were also collected. 
After each crossing, a series of questions was asked to learn what information participants used 
to make the crossing and to obtain their perceptions about the APS at that crossing. 

Participants 

Twenty participants who are blind were tested in each city. All had insufficient vision to 
see crosswalk lines, pushbutton poles, or pedestrian signals. All participmlts were accustomed to 
crossing independently at signalized intersections using a long cane or guide dog and none were 
fmniliar with the intersections being used for testing. Ages were similar across cities, ranging 
from 24 to 70, with a mean age of 44. There were 24 male mld 16 female participants. The 
majolity of participmlts used a long cane as their travel aid, with only four in each city using a 
guide dog. Thirty-nine of the pmticipants rated themselves as good to excellent travelers; one 
participmlt rated his travel ability as fair. Thirty-two (16 in each city) of the participants stated 
that they traveled independently more than 5 times a week. 

An attempt was made to recruit up to five pmticipants in each city who met the cliteria 
for vision loss mld independent street crossing, and who also had moderate to severe hearing 
loss. Recruiters were unable to obtain this number of deaf-blind persons in each city who cross 
streets independently. In Tucson, two participants were identified with mild healing loss and one 
other had moderate to severe healing loss, with bilateral hearing aids. Only one participmlt in 
Charlotte reported mild healing loss; three others may have had some hearing loss, based on 
researcher observations and notes, but such loss was not diagnosed or self-reported in participant 
interviews. 
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Location 

Cities and Intersections 

Several cities were considered to participate in this study, including Boston, MA; 
Cambridge, MA; Charlotte, NC; Milwaukee, WI; Minneapolis/St. Paul, MN; Portland, OR; San 
Diego, CA; and Tucson, AZ. Charlotte and Tucson were selected for participation as field sites 
on the basis of meeting the following criteria: 

• Availability of appropriate intersections (see criteria for intersections below). 

• Willingness to temporarily install APSs at four intersections. 

• Ability to provide necessary technical support for data collection during human factors 
testing. 

• Ability to provide engineering evaluation of the different technologies. 

• Willingness to provide infonnation on installation and maintenance of the equipment. 

• Population that enabled the recruitment of 20 blind or deaf-blind participants. 

• Availability of a local orientation and mobility specialist who is capable, willing and able 
to participate in subject recruitment, scheduling, and data collection. 

Four intersections were selected for APS installation in each city. The criteria originally 
established for these locations included: 

• Semi-actuated or fully-actuated, with pedestrian push buttons for each crossing direction. 

• Concunent pedestrian signal phasing. 

• Four-way intersection of a busy arterial and a minor street with little traffic. 

• Arterial with four travel lanes and minor street with two travel lanes. 

• Similar geometric and operational characteristics. 

• Similar pedestrian signal head and push button configurations (each pole and pushbutton 
controls the signal for one crosswalk). 

• Within easy walking distance of each other (i.e., walking the circuit can be completed 
within 1 hour). 

Upon visiting the various cities and examining sites, it was detennined that the last 
criterion could not be met. In order to obtain locations with enough similarities, it was necessary 
to use intersections that were not within walking proximity. Thus the subjects were transported 
between sites by vehicle. The other criterion that was adjusted was the number of lanes and 
traffic volume on the minor street. Infomlation on the number of lanes and traffic volumes is 
provided below, in the descriptions of intersections in each city. Controllers and wiring also had 
to be capable of accommodating the pushbutton-integrated APS equipment. 
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Tucson 

Intersections used in Tucson were quite wide and relatively busy. Major street volumes 
were between 30,000 and 40,000 vehicles per day. Traffic counts were not available on the 
minor streets at each intersection. Each intersection had two phase signalization, fully actuated, 
with a 7 second WALK signal. The major street crossings required the traversal of four through 
lanes and a left turn lane; total crossing widths varied from approximately 60 ft to 78 f1. The 
minor street configuration required crossing one through lane and a left tum lane; total crossing 
widths ranged from approximately 41 ft to 58 ft. Curb ramps were diagonal and pedestrian 
pushbutton poles were fairly consistently located near the outside line of each crosswalk:. 
Location in relation to the sidewalk (back of sidewalk or on street side) varied. An illustration of 
one of the Tucson intersections is shown in Figure 3-2. 

One site had a right-tum-only lane (northbound to eastbound) from the minor onto the 
major; crossings in both the general and specific infornlation conditions were made on the west 
crosswalk of the major street to keep all crossings as comparable as possible and to avoid 
possible conflicts and auditory confusion. At this crosswalk, one crossing was made in one 
direction, and one was made in the other direction, which minimized learning about the specific 
crosswalk or corners. 
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Figure 3-2. Intersection of Campbell Avenue (major street) and Glenn Street (minor street) in 
Tucson, AZwhere APS devices were installedfor the experiments. 
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Charlotte 

Intersections selected in Charlotte were, on average, somewhat narrower than the Tucson 
intersections. Major street crossings at three sites required traversal of four through lanes and 
ranged in width from 49 feet to 83 feet. The fourth intersection (with approach widths of 79 and 
83 ft) had parking lanes on each side of the street and an exclusive left-tum lane on both 
approaches. Minor street crossings were 34 to 53 ft in width. Traffic volumes on the major roads 
ranged from 20,000 to 25,000 vehicles per day, while minor street volumes ranged from 3,000 to 
6,000 vehicles per day. Most curb ramps were in line with the crossing. Originally, pushbuttons 
were provided only for the major street crossing or two pushbuttons were located on the same 
pole. Additional stub poles were installed in order to provide separation of the APS. An 
illustration of one of the Charlotte intersections is shown in Figure 3-3. At two intersections, 
sidewalk location or street geometry made it impossible to install separate poles on one of the 
intersection comers. That comer of each intersection was used as a destination comer only 
dming the experimental trials. 

APS Device Features 

Four manufacturers (Campbell Company, Novax Industries Corporation, Polara 
Engineering, Inc., and Prisma Teknik) of pushbutton-integrated APS were asked to provide 
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Figure 3-3. Intersection of Hawthorne Boulevard (major street) and 5th Street (minor street) 
in Charlotte, NC where APS devices were installed for the experiments. 
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devices with their 'standard features' for the project. The devices provided and tested are shown 
in Figure 3-4. These four APSs represented all that were being actively marketed in the U.S. at 
the onset of this research. While all pushbutton-integrated APS devices are capable of providing 
most of the features evaluated in this project, some manufacturers provide certain features as 
standard and others as optional. All APS had a pushbutton locator tone, an audible actuation 
indicator, an audible walk indication, a tactile arrow that vibrated during the walk interval and 
automatic volume adjustment. Because more than a year elapsed between data collection in 
Tucson and Charlotte, the manufacturers of devices B and C had developed new models, so the 
devices used in the two cities were not identical. 

In the analysis that follows, the results are presented in terms of APS A, B, C and D. The 
purpose of the project was NOT to assess each product, but rather to determine the effectiveness 
of the specific features (e.g., pushbutton style, locator tone, etc.) on the ability of a pedestrian 
with visual impairments to safely cross the street. The recommended guidelines developed as a 
result of the research discuss the required features, which may be provided by multiple 
manufacturers. 

Figure 3-4. Pushbutton-integrated APS unitsfromfour manufacturers were deployed for the 
experiments. 
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APSA 

The locator tone was a bright beep (same tone as APS C) from a speaker at the 
pushbutton. The APS pushbutton unit was a rectangular box approximately 4 in wide x 11 in 
high x 2.5 in deep, with a 2-inch diameter rounded plastic pushbutton, a speaker below the 
pushbutton, and an arrow above the pushbutton. Apertures for the sound were located on the 
front and the side of the pushbutton speaker unit. There was an additional speaker attached to the 
pedestrian signal head. The tactile alTOW was on a panel above the pushbutton, inside a raised 
circle. A relatively loud pushbutton actuation tone sounded when the button was pushed. The 
WALK indication was a cheep or a cuckoo that came from an overhead speaker installed on the 
pedestrian signal head. The alTOW also vibrated during the WALK signal. 

APSB 

This APS had an electronic sounding locator tone. In Tucson, this unit had a 2-inch 
diameter, rounded metal pushbutton which protruded out at the bottom of the device below a 
rectangular sign (pedestrian symbol and print arrow); the tactile arrow was on the sign above the 
pushbutton. In Charlotte, the pushbutton was still rounded and at the bottom of the device, but it 
was plastic and the arrow was part of the pushbutton itself. A speech message, stating "Wait," 
sounded in response to pushing the button as a pushbutton actuation tone. If the pushbutton was 
held for three seconds or longer, additional information about the crossing was provided by a 
speech message "Wait to cross [street name] at [street name]." When the WALK signal was 
illuminated, a speech message "[Street name], Walk sign is on to cross [street name]," which was 
repeated approximately three times. The alTOW vibrated during the WALK interval in both cities, 
but had a noticeable clicking sound in Charlotte. 

APSe 

APS C had a beeping locator tone (very similar or identical to tone of APS A). The APS 
was a combination pushbutton and pedestrian sign, available with either a print pedestrian 
symbol and arrow or an informational plaque. It was basically rectangular with a rounded bottom 
and measured 14 in high x 6 in wide x 2 in deep. The pushbutton was in the middle of a flat 
tactile circle near the bottom of the device, and there was a raised tactile alTOW on the 
pushbutton. A quiet click tone indicated to users that they had successfully pushed the button; the 
button was electromagnetic and did not seem to move or push. If the pushbutton was pressed for 
three or more seconds, it provided additional information about the crossing following the same 
model as APS B. The WALK signal was a speech message following the same model as used in 
APS B. The arrow on the pushbutton vibrated when the walk signal came on. Also, in response 
to an extended button press, the WALK signal and subsequent locator tone increased in volume for 
that pedestrian phase to provide beaconing. The housing of the device was slightly different in 
Charlotte than the Tucson devices. 

APSD 

APS D had a clicking locator tone. The entire flat smooth front panel of the rectangular 
box-like device was the electronic pushbutton. The tactile arrow was on top of the pushbutton 
device. There was a short beep to indicate that the button had been pushed to request a WALK 
signal. When the pushbutton was held in for three or more seconds, a pushbutton infonnation 
message was heard. In Tucson, the pushbutton information message did not use the same fonnat 
as the others. The message was "We want to help you cross the street." In Charlotte, the 

27 

AR0072226 



Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features 

infonnation message followed the fonnat described in description of APS B. The WALK signal 
was a rapid ticking sound and the arrow on top of the device vibrated during the WALK. There 
was a tactile crosswalk map made up of raised symbols, on the side panel of the device, on the 
side away from the street. 

APS Installation and Sound Adjustment 

General Description 

Although an attempt was made to find four intersections in each city with comparable 
features, it was impossible to find four that were truly identical, even within one city. Because 
APS were being installed at existing intersections, there were slight differences in location in 
relation to the crosswalk, curb ramps and sidewalk configuration at each intersection. APSs were 
installed on poles that were present at the intersection where possible. In general, Tucson uses 
mast aIms for signal installation, while Charlotte typically uses span wire installations. This 
results in differences in pole and APS location. Tucson already had two pushbuttons on each 
comer, mounted on poles separated by at least 10 feet, usually beyond the outside crosswalk 
lines. Most poles were behind the sidewalk, although some were on the curb side of the 
sidewalk. In Charlotte, 15 additional poles were installed to locate the APS so the pushbuttons 
(and APS speakers) were sepaI°ated by at least 10 feet on all comers on which participaIltS began 
their crossings (two target comers had two APS on SaIne pole). This separation was created in 
order to follow the Guidance in MUTeD 4E.09 (1). Most APSs were in line with the crosswalk 
lines and between one foot and 10 feet from the curb line. 

Signal technicians were not faIniliar with all the devices to be installed. There was a 
leaIning curve in understanding the installation specifications and other requirements. 
Adjustments were also made after researchers arrived in each city to ensure all devices were 
installed and operating as designed. Particular attention was paid to alignment of arrows and 
speakers and adjustment of volume of the WALK messages and locator tones. 

Sound Levels 

There are two criteria for sound level. One addresses the distance from which sounds 
should be audible, and the other addresses the difference in sound between ambient sound and 
signals. MUTeD 4E.06 Guidance reads "The accessible walk signal tone should be no louder 
than the locator tone, except when there is optional activation to provide a louder signal tone for 
a single pedestrian phase." MUTeD 4E.09 Guidance reads "Pushbutton locator tones should be 
intensity responsive to ambient sound, and be audible 1.8 to 3.7 m (6 to 12 ft) from the 
pushbutton, or to the building line, whichever is less. Pushbutton locator tones should be no more 
than 5 dBA louder than ambient sound" (1) There are several problems with implementation of 
this guidance, although, in practice, when attended to, it works fairly well. 

The distance at which a signal is audible call1lot be objectively measured. This is always a 
subjective measure, so the distance at which signals are heaI°d is always subject to individual 
differences in perception by the individual who installs or adjusts the volume on any APS. 
Furthennore, audible distance is influenced by humidity, atmospheric pressure, and reflective 
surfaces such as buildings or controller boxes nearby. Therefore, it is never a constaIlt even for 
the SaIne individual. A locator tone that can be heard no more than 6 feet away by one person on 
a still day, may be heard more thaIl 20 feet away by the same individual on a windy day. 
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Humidity, reflective surfaces nearby, and obstacles between the APS and the pedestrian can also 
affect the ability to hear the locator tone or signal from particular positions. 

Another difficulty is that the automatic volume adjustment response is not very precise 
and varies among the devices because manufacturers use different algorithms. The rate of 
response to changes in anlbient sound can greatly affect differences in perceived loudness. For 
example, if a loud truck passes by and there is a slight delay in the response to this loud anlbient 
sound, the signal will still be heard as loud after the truck is well away from the intersection and 
the ambient sound level is lower. 

In addition, the anl0unt by which ambient sound and signal volume differ is not capable 
of easy measurement in the field because the individual bursts of signal sound are too short to be 
accurately measured by nonnal sound level meters. Optimal volume adjustment has not yet been 
adequately researched. An infonnal survey of jurisdictions having experience installing APS, as 
well as of APS manufacturers, indicates that in practice, technicians typically adjust the volume 
by listening to it in the relevant environment (35). 

An APS may need to be carefully adjusted before the volume is perceived as loud enough 
by most users who are blind or who have low vision, but not too loud to be tolerated within the 
neighborhood. After installation of devices, researchers went to each intersection with the traffic 
signal technicians to check and adjust the volume on all devices. In general the volume was 
adjusted downward in an attempt to meet the reconnnendations of the MUTeD. Standing at each 
crosswalk departure location, researchers listened to each device while the signal technician 
adjusted the volume and consensus was reached on the volume level. APS A and APS B require 
adjustments at the pedestrian signal head; at times the volume would seem to change after the 
pedestlian signal head was reassembled. APS C and APS D are adjusted with handheld PDA 
type devices from the ground. 

Manufacturers were available during the installation and final adjustments and provided 
invaluable assistance in getting devices adequately adjusted. In Tucson, all were in contact by 
phone or email. In Charlotte, three manufacturers sent representatives to work with the signal 
technicians and researchers on final adjustments. Despite every effort, there were differences in 
perceived loudness between devices, between intersections, and between cities. 

Device Functioning 

Tucson 

APS A did not seem to respond well to ambient sound, although the manufacturer's 
representative suggested that their adjustments were so subtle that it was imperceptible to 
individuals listening to the signal. 

The adjustment for ambient sound also did not seem satisfactory in APS B. The locator 
tones seemed quite loud at all times, audible as much as 50 feet away from the devices, despite a 
great deal of time spent attempting to adjust the devices. 

There were some variations in the functioning of APS C, which were not completely 
diagnosed and were inconsistent. The devices installed in Tucson were prototypes of the new 
model and that may have caused some problems. Automatic volume adjustment seemed to work 
well. However, at times, the locator tone seemed to shut off at one of the devices. There was also 
a slight delay in the beginning of the speech walk message after the visual WALK signal was 
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displayed. The WALK and green ball for vehicles would be displayed for approximately a 
second before the speech walk message began; the reason for this could not be detenmned 
although a controller or wiling issue was suspected. Near the end of the experimental trials, it 
was determined that the beaconing function was not working because the devices were not wired 
correctly for it to function. 

It was necessary to change some of the settings of APS D so the locator tone would 
sound during flashing DONT WALK. Some devices were not functioning properly, but the 
experimental trials could be conducted with the devices available. TIle automatic volume 
adjustment seemed to work well. 

Charlotte 

Even after numerous adjustments with the manufacturer's representative, APS A didn't 
seem to respond to ambient sound but was quite loud all the time. The locator tone could be 
heard from 50 feet away. 

APS B was really adjusted to be too quiet due to complaints from an office/residence on 
one comer. Baffles were installed to block sound traveling back toward the residential 
neighborhood. It was very hard to hear the locator tone when approaching the intersection along 
the sidewalk, although it could be heard when standing at the street waiting to cross. The APS 
did adjust to ambient sound within a narrow range (low maximum volume). 

The locator tone of APS C seemed somewhat louder than other devices. It did vary with 
ambient sound but could be heard from 50 feet away as the intersection was approached. There 
was a building on one comer and controller on same comer that reflected the sound. 

APS D needed some changes in the settings but seemed to respond wen to ambient 
sound. 

Procedure 

Participants were tested in individual sessions lasting approximately four hours. Much of 
the time was used in traveling between intersections in an air-conditioned vehicle, so the session 
was not excessively strenuous or stressful. Each block of trials consisted of the following: 

• Participant and three researchers traveled by passenger car to the first intersection. 

• After parking about Y2 block from the intersection, participant and researchers walked to 
the starting point for each crossing (a randomized distance of 50-100 feet from the 
comer), where instructions were given to the participant. 

• Participant made one street crossing with O&M specialist monitoring for safety, using 
typical O&M procedures. 

• Participant and O&M specialist returned across the street. 

• All returned to the car and proceeded to the second intersection. 

• While riding to the next intersection, O&M specialist obtained subjective data about the 
pmticipant's experience with the previous crossing. 

• The same process was repeated at each of the four intersections. 
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A minimum of a half-hour refreshment break was taken between the general information 
and the specific information conditions. During the break, participants were familiaIized with 
demonstration units of each type of APS. 

At each intersection, participants made one crossing of the major street in a 
counterclockwise direction (with the street and parallel traffic on the left), and one crossing of 
the major street in a clockwise direction. In the no information condition, participants in Tucson 
made one crossing of the minor street in a counter-clockwise direction. (The no infonnation 
condition crossing was always a minor street crossing.) Order of intersections and approach 
(clockwise or counterclockwise) were counterbalanced so each participant made two clockwise 
and two counterclockwise crossings in each block of trials, and crossed the major street 
clockwise and counterclockwise with each type of APS. No two crossings were identical. 

Before begilming the expelimental tIials, after review of the consent form, the following 
information was provided to participants: 

We're going to be traveling to different intersections. At each intersection, you 
will make one street crossing; then ·we'll go on to another intersection. 

This was followed by the following instructions, according to the information condition. 
For the no infomlation condition, participants were given the following instructions before each 
crossing: 

There is a street in front of you. When you come to the street, cross it the way that 
you usually do. If you think you don't have enough information to I1wke the 
crossing please ask mefor assistance. You may request assistance for any part of 
the street crossing task. For instance you might like to have help locating the 
crosswalk, aligning to cross, or knowing when the ·walk interval begins, or you 
may request to be guided for the entire task. ff you think you'd ask another 
pedestrian for assistance, just ask me. I will intenJene only ~fnecessary for your 
safety. 

Researchers (names of those on site provided) will be recording information 
about the traffic at the intersection, your use of the pushbutton, where you begin 
crossing from, when you begin your crossing and where you end your crossing. 
We will ask you about what information you used to cross the street after you 
complete the crossing. 

Before the general information condition, a description of the features of the pushbutton-
integrated APS used in the study was read. The script for this descIiption was as follows: 

At each of these intersections, new types of Accessible Pedestrian Signals or APS 
are installed. These APS have some features that you might not have experienced 
before. 

First, all of them have what is called a locator tone. Locator tones are intended to 
notify you that there is a pushbutton at the intersection and to help you in finding 
the pushbutton. Some individuals have found that they are able to hear the locator 
tone while crossing, as they approach the other side of the street, and use Ufor 
directional assistance. The locator tones on these APS are d~fferent tones, but 
have one quality that is standardized: they repeat at a repetition rate of once per 
second. 
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The WALK indication on these APS may be provided by a speech message, or a 
rapidly repeating tone that isjust a faster version of the locator tone, or a cuckoo 
or chirp. Both the walk indication and the locator tone may get louder or softer, 
depending on the sound of traffic. Each device also has an arrow that points 
toward the crosswalk it controls and in the direction of travel on the crosswalk. 
That arrow vibrates when that crossing has the WALK signal. That may be useful 
when you are having trouble hearing the WALK indication. 

There are some otherfeatures that these APS may have; not all o.fthem have all 
of these. They may provide a tone or a speech message to let you know that the 
button has been pushed. There may be a tactile map of the crosswalk on the side 
of the device. 

They may have afeature called extended button press that calls additional 
features when the button is pressedfor three seconds or more. {fyou hold the 
button in, you may get a louder signal and/or a speech message that provides 
additional information about the crossing. 

The whole description, or any part of it, was read again if participants had questions, or 
requested a review. 

Before each crossing in the general infonnation condition, the following instructions 
were provided to each participant: 

There is a street in front of you. At all of these crossings, it is necessary to push 
the pedestrian pushbutton to get the walk signal. There is an accessible 
pedestrian signal for the crosswalk. Do your best to figure it out and use its 
information to help you make your crossing. 

If you think you don't have enough injormation to make the crossing, please ask 
mefor assistance. You may request assistance for any part of the street crossing 
task. For instance you might like help locating the crosswalk, aligning to cross, or 
knowing when the walk interval begins, oryou may request to be guidedfor the 
entire task. {fyou think you'd ask another pedestrian for assistance, just ask me. I 
won't tell you how to use the Accessible Pedestrian Signal, but will help you with 
other aspects of the crossing if you ask. I will intervene only {fnecessary jor your 
safety. 

Researchers (Barlow and Huang or Barlow and Carter) will be recording 
information about the traffic at the intersection, your use o.f the pushbutton, where 
you begin crossing from, when you begin your crossing and where you end your 
crossing. We will ask you about what you used to cross the street after you 
complete the crossing and ask questions about your perception of the APS at this 
intersection. 

Before beginning the crossings in the specific infonnation condition, participants and 
researchers took a break in a quiet room with refreshments. During this time, each participant 
was familiarized with functioning demonstration units of each APS installed for the research. A 
description of the pushbutton, rather than device labels or manufacturers' names, was used in 
discussing the devices. APS A was refened to as the one with the round plastic pushbutton; APS 
B was the one with the round metal pushbutton in Tucson and one with the plastic pushbutton 
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with the anow on it in Charlotte; APS C was the one with the flat metal pushbutton with the 
anow on it and APS D was the one with the flat panel pushbutton. Participants were allowed to 
examine each device, and they were shown the pushbutton, the tactile anow, and the tactile map 
of the crosswalk (if available). They could hear the actuation indicator tone or message, the 
pushbutton locator tone, the walk indication, and the pushbutton information message (if 
available). The ambient sound response of the devices was explained and demonstrated. The 
researcher also confirmed participants' understanding of the tactile anow, by asking each person 
to point in the direction the anow was pointing. Those who were inconect were shown the 
conect orientation of the anow and demonstrated their understanding. They were encouraged to 
ask questions about the devices and their features. 

Before each crossing in the specific infonnation condition, each participant was told 
which type of APS was installed at that crossing, and the features of that type of APS were 
reviewed. 

There is a street in front of you. There is an Accessible Pedestrian Signal for the 
crosswalk. You've now been introduced to the various signals and I'll just review 
briefly some of the features of this one. As at previous crossings, if you need 
assistance ·with any part of the task, just ask me. I ·will intervene only if necessary 
for your safety. We will ask you about what you used to cross the street after you 
complete the crossing and ask questions about your perception of the APS at this 
intersection. I'll briefly review the features of the device installed here: (followed 
by appropriate description from script). 

Each description was different to fit the device installed at that intersection. For example: 

• This is the one ·with the flat panel pushbutton 

• It has a tapping or clicking locator tone. 

• The entire flat front panel is the pushbutton. The raised part at the bottom is a 
light that lights up when the button has been pushed. You will hear a short 
beep to indicate that you have pushed the button. 

• There is an arrow on top of the pushbutton device that indicates the direction 
of the street that it controls and vibrates during the walk phase. 

• There is a tactile crosswalk map on the side panel of the device, on the side 
away from the street. 

• If you hold the pushbutton in for more than three seconds, you will hear a 
speech pushbutton information message. 

• When the ·walk signal comes on, you will hear a rapid ticking sound. 

Following completion of all crossings, participants were asked to use a Likert scale to 
rate the extent of their agreement with four questions. These subjective data allowed for 
comparing the four APS types in terms of interface issues, special features, and beaconing. 

In Tucson, in the no information condition, all crossings were of the minor street. Traffic 
on the major street was relatively steady even in off-peak hour conditions. In Charlotte, it 
became clear during piloting that the distance and travel time between intersections was too great 
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to complete crossings in all three conditions in less than five hours. The no infonnation condition 
was dropped due to these time constraints. 

RESULTS AND DISCUSSION 

Results have been organized according to: 1) use of the pushbutton, 2) results most 
closely associated with crossing tinTIng, 3) results most closely associated with wayfinding, and 
4) subjective results. Within the first three sections, results are also broken down by infonnation 
condition and city, and by device and city. 

As previously discussed, there were differences between Tucson and Charlotte in 
intersection characteristics such as the volume of traffic, width of streets, location of pedestrian 
pushbuttons, as well as minor differences in some of the devices installed in the two cities. There 
were also differences in the procedure followed. Therefore, data were analyzed separately for 
each city, and not combined. Any statistical comparison between cities would be confounded by 
these differences; therefore no inferential analyses of differences between cities were conducted. 

Inferential analysis of all measures of all levels of all factors was made difficult by a 
large amount of systematically nTIssing data. For example, if 16 of 20 participants searched for 
the pushbutton at a given intersection, and 10 found it, there were data on use of the pushbutton 
features for the 10 participants who found the pushbutton. If 4 participants asked for assistance in 
finding the pushbutton (i.e., did not find it independently), there was infommtion on the use of 
the tactile an-ow and use of the extended button press for 14 participants, those 4 in addition to 
the 10 participants who found the pushbutton independently. For the 2 who searched and did not 
find a pushbutton or request assistance finding one, and for the other 4 participants who did not 
search for the pushbutton, there is no pushbutton related data available. 

The data were analyzed in three primary ways. For those variables that provided interval 
level data (e.g., latencies), median replacement was used to replace n1issing data. Appropriate 
inclusion criteria were then detemTIned for investigating each question of interest. For example, 
in order to ask which of the various devices allowed for more rapid onsets of crossing following 
the audible signal, it was statistically appropriate to include only those pmticipants who had used 
all of the pushbuttons in a given infonnation condition and thus had audible WALK infommtion to 
use at each intersection in that information condition. Listwise deletion was used to eliminate 
those individuals from the analysis who did not meet the inclusion criteria, and paired-samples t
tests or repeated-measures ANOVAs were conducted. 

A second method was used to analyze data pertaining to infonnation condition (ignoring 
device differences) or device differences (ignoring infonnation condition). In order to detenIDne 
whether observed differences were statistically significmlt, it was necessary first to transfonn the 
data into interval level. The following is an exanlple of how this was done. In order to investigate 
whether or not participants were more likely to use the tactile anow feature on one device than 
another, a new variable was calculated for each device type. Imagine that for a given device type 
a participant did not use the feature in the 'no infonnation condition,' but did in the 'general' and 
'specific information' conditions. This individual thus used the feature two-thirds (67%) of the 
time for this device. Percentages were calculated in this way for each device and for each 
participant. The data could thus be treated as interval level, and either a repeated-measures 
ANOY A or a paired-samples t-test could be used to look for differences between the devices. 
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Finally, basic descriptive statistics are provided for many of the categOlicallevel 
variables. Once again inclusion criteria were established for each category (e.g., only those 
participants who searched for the pushbutton) and then percentages were calculated for the 
number of those participants who used a certain feature or performed in a given way. 

Interpretation of data across infonnation conditions is always confounded somewhat by 
the possibility of leaming about the particular intersections. The no information, general 
infonnation and specific information tlials could logically only take place in that order; that is, 
order could not be randomized or counterbalanced. However, procedures were used that 
minimized the likelihood that participants leamed specific crosswalk or intersection 
characteristics, or the locations of APS at particular corners. Therefore significant differences 
across information conditions are most likely due to the effect of the level of infOlmation with 
APS devices unless otherwise noted. In the general information condition, those participants 
(most of them) who used the APS at most of the crossings, gained some hands-on familiarity 
with the APS. In the specific infonnation condition, this was supplemented by participants' use 
of demonstration devices of each APS, as well as by knowing which APS would be present at 
each crossing, as they prepared to make that crossing. The additional infonnation was consistent 
with the intent of that condition, which was to represent the common situation in which 
pedestrians who are blind or visually impaired know what kind of an APS they will find at a 
crossing, and know its features. While many pedestrians who are blind or who have low vision 
travel novel routes at least occasionally, most travel by these pedestrians, like travel of 
pedestrians who have unimpaired vision, is on familiar routes. Also, many jurisdictions prefer to 
work with certain manufacturers and may have installed a number of devices with similar or 
'standard' features in their jurisdiction, so it is not unusual for pedestrians who are blind to have 
had experience with the type or types of devices installed in their area. 

Use of the Pushbutton 

Finding and Using Pushbutton 

Data were collected on searching for the pushbutton, time to find and use the pushbutton, 
using the wrong pushbutton, correctly rejecting or incorrectly using the wrong pushbutton, use of 
the tactile arrow, use of the tactile map, use of the extended button press feature, and listening to 
the intersection information message resulting from the extended button press. Results are 
reported for only the most informative measures, including searching for the pushbutton, finding 
the pushbutton, using the wrong pushbutton, use of the tactile arrow, use of the extended button 
press feature and use of the tactile map. 

In Tucson, at many intersections throughout the city, signals are installed on mast arms 
and each corner has two pushbuttons on poles that are separated, and located near the end of each 
crosswalk. Use of a pushbutton is required to actuate the WALK signal for both the major and 
minor streets at most signalized intersections. Thus, participants should have had prior 
experience crossing at intersections where pushbuttons were installed in predictable locations. 
However, participants were asked, at the end of all trials, whether they usually use pushbuttons 
when they are present. Nine of 20 said they usually do not use pushbuttons, while six said that 
they usually do, and the other fi ve said they use pushbuttons only when they know that the 
pushbuttons are there or it is a particularly difficult intersection. 

In Charlotte, which has many curving streets resulting in skewed intersections, it is very 
common to have two pushbuttons on the sanle pole, or to require pushbutton actuation for only 
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the major street at an intersection. Two pushbuttons on one comer are occasionally mounted on 
two separate poles, one at the end of each crosswalk, but that is not common. Therefore 
participants may not have had expeIience with consistent pushbutton placement, and may have 
been familiar with situations where pushbutton actuation was not necessary for all crossings. 
Because no data was collected in the no-information condition in Charlotte, we have no data 
indicating use of pushbuttons. However, following all expeIimental tIials, participants were 
asked whether they typically used pushbuttons when crossing streets. Seven out of 20 said they 
usually do not use pushbuttons, six said that they usually do, and the other seven said they do 
only when they know that the pushbuttons are there. Also, in related research in Charlotte, (NEI) 
sixteen blind participants crossing at complex, unfamiliar signalized crossings, without APS, did 
not look for pushbuttons on any of the 64 crossings at which pushbutton actuation was necessary. 

Information Condition 

Tucson - Based upon participants' reports of their typical pushbutton use, it is not 
surprising that in the no-infomlation condition in Tucson, only five participants looked for the 
pushbutton on every crossing, and at each of three intersections, one additional person (different 
people) looked for the pushbutton. Of the 28.8 % of 80 tIials on which participants looked for the 
pushbutton, the correct pushbutton was found and used on 83% of trials, while the incorrect 
pushbutton was used on 13% of tIials (see Table 3-1). A few participants requested assistance in 
finding the pushbutton, and then pushed it. So the button was pushed on more tIials than it was 
found independently. 

Information condition appears to have had a significant effect on participants' choosing 
to search for the pushbuttons. In tIials following general infonnation, participants searched on 
97.5% of tIials, and participants searched on 100% of tIials following specific infonnation. The 
overall analysis is significant (F(2,38) = 51.37, p<.OOl), as is the compaIison between no 
information and general information conditions (F(l, 19) = 49.76, p<.OOl) 

There are several likely explanations for the large increase in looking for pushbuttons 
between the no information and general infommtion conditions. First, a possible cause of the low 
incidence of looking for the pushbutton in the no information condition may have been that all 
crossings in this condition were across the minor street. Because pedestIian timing was 
concurrent, and because there was always adequate traffic on the parallel street, there was 
sufficient information from vehicular flow for participants to cross without using the pushbutton. 

TABLE 3-1 Pushbutton measures by information condition - Tucson 

No 
information 

Looked for Pb 
Found Correct PB 
Used Tactile 
Arrow 
Used Wron~ PB 
Used Extended 
Push 
* Significant at p < 0.05 
** Significant at p < 0.001 

28.8 

General 
information 

97.5 
80.6 

68.8 
18.8 

38.8 

Specific 
information Fort 

100.0 F(2,38) = 51.370** 
79.2 t(17) = 0.223 

72.9 t(11) = 0.432 
14.1 t(15) = 0.764 

77.8 t(11) = 2.759* 
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Second, prior to the general infoffilation trials, participants were told that pushbuttons were 
needed to actuate the WALK signal and its associated timing at every crossing. Finally, prior to 
the general information trials, participants were told that all pushbuttons would have a locator 
tone coming from the pushbutton, so they knew they could use the sound of the locator tone to 
help them find the pushbutton. Therefore, the increase in looking for the pushbutton (as well as 
in use of the pushbutton-see below) was likely atttibutable to several factors, most of which are 
amenable to increased training in the function of signalized intersections, with emphasis on the 
use of a pushbutton, which is often required to actuate a pedestrian tinTIng of adequate length. 
The presence of a locator tone to infonn pedestrians of the presence of a pushbutton and its 
location may also influence the use of pushbuttons, since five participants in Tucson and seven in 
Charlotte said they only used pushbuttons if they knew they were there and where to find them. 

The looking for the pushbutton variable was used as an inclusion variable for analysis of 
the use of the wrong pushbutton, and the interaction with the pushbutton variable (i.e., those who 
found the pushbutton with or without assistance) was used as an inclusion variable for the 
analyses of specific pushbutton features (i.e., use of arrow, extended push). Where these criteria 
were applied across all three levels of information, the result was too few participants to provide 
sufficient power. This is the result of having so few participants look for the pushbutton in the no 
information condition. Using the same inclusion criteria but restricting the analysis to the general 
infonnation and specific information conditions where the number of participants who searched 
for the pushbuttons is much higher, there was no significant difference in participants' looking 
for the pushbutton, finding the pushbutton, using the wrong pushbutton, or using the tactile 
arrow. However, the increase in use of the extended button press, from 38.8% to 77.8% was 
significant (t(11) = 2.759, p<.05). 

Although there was no significant difference between the general and specific 
information conditions with regard to the number of participants who pushed the wrong 
pushbutton, it is nonetheless interesting to consider the implication of the use of the wrong 
pushbutton. The primary reason for inclusion of the tactile arrow on APS is to enable pedestrians 
who are blind or who have low vision to accurately detennine which pushbutton controls which 
crosswalk. In Tucson, across the general and specific infonnation conditions, participants looked 
at the arrow on the incorrect pushbutton on 28 trials. However, on 100% of these trials they 
correctly rejected the incorrect pushbutton (see Table 3-2). 

Charlotte - In Charlotte, where no data was collected in the no-information condition, 
increasing faIniliarity from general infoffilation to specific infonnation condition had no effect 
on participants' looking for the pushbutton. With one exception, every participant searched for 
the pushbutton on every trial. This was silnilar to the result from Tucson. However, increasing 
information between the general infoffimtion and specific infonnation conditions did lead to 
participants finding the pushbutton on a greater percentage of trials, which was not the case in 

TABLE 3-2 Percentage and proportion of trials on which participants correctly 
rejected the incorrect pushbutton (i.e., checked the tactile arrow on the incorrect 
pushbutton, and then chose not to push that button), by information condition 

City General Information ! Specific Information 
Tucson 100% (12112) ! 100% (16116) 
Charlotte 52% (17/33) ! 80% (24/30) 

! 

! 
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Tucson. As shown in Table 2-3, 19 participants searched for the pushbutton on every tlial, and 
participants found the button on average 67.1 % of the time following general information, while 
the same participants found the button on average 84.2% of the time following specific 
information (t(18) = 2.233, p<.05). 

There was a trend towards increasing information leading to lower use of the incorrect 
pushbutton. Following general descliption, participants used the wrong pushbutton on average 
25% of the time. Following specific infornlation, participants used the wrong pushbutton only 
10.3% of the time. This difference approaches significance (t(16) = 1.975, P = .066). 

Use of the incorrect pushbutton presented a very different picture in Charlotte than in 
Tucson (see Table 3-2). In Tucson, participants looked at the arrow on the incorrect pushbutton 
on 28 tlials, but they always correctly rejected the incorrect pushbutton. However, in Charlotte, 
pmticipants looked at the arrow on the incorrect pushbutton on 63 tlials, and correctly rejected it 
on only 41 trials (65%). While the improvement in overall use of the wrong pushbutton from the 
general to the specific infonnation condition approached significance, participants still failed to 
reject the incorrect pushbutton on 20% of tlials (6/30) following specific infornlation. To 
observers, participants in Charlotte seemed less skilled, pmticularly in olientation, which may 
have related to the generally curving and hilly streets of the area as contrasted to Tucson's square 
flat glid pattern. The confusion of pushbuttons seemed to be related to the participants' lack of 
strategies to maintain their orientation; some would completely turn to face the street parallel to 
their travel path, while examining the arrow on the device and then push the button and line up to 
cross the parallel street. 

The increased infonnation also led to significantly greater use of the tactile arrows from 
86.7% of tlials following general information, to 100% of ttials following specific 
familiarization (t(14) = 2.48, p<.05). Increased information also resulted in a significant increase 
in use of the extended button press feature from 17.7% to 71.1 % (t(14) = 6.804, p<.OOl). 

Devices 

Tucson - When considering APS devices with regard to locating and using pushbuttons, 
and when collapsing across infonnation conditions, there is a slight trend such that the 
percentages of participants finding the correct pushbutton was higher for APS A and B than for 

TABLE 3-3 Pushbutton measures by information condition - Charlotte 

General Specific 
Information Information T 

Looked for pushbutton 95.0 100 T(l9) = 1.00 
Found Correct PB 67.1 84.2 T(l8) = 2.233* 
Used Arrow 86.7 100 H14) = 2.477* 
Used Wrong PB 25.0 10.3 T(16) = 1.975 
Used Extended Push 17.7 71.1 T(14) = 6.804** 
* Slglllficant at p < 0.05 
** Significant at p < 0.001 
Example: On average, each participant used the anow on 86.7% of crossings in the general 
information condition. 
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APS C and D. TIlls difference did not appear following the specific infonnation condition (see 
Table 3-4). Additionally, a slight trend in Charlotte was in a different direction. 

APS D resulted in the highest rates of using the wrong pushbutton in the specific 
information condition; however there were not large ditTerences in this regard, and there were no 
trials on which participants failed to reject the incon-ect pushbutton after checking the an-ow, so 
the anow was apparently well-understood. These results may suggest that it was more difficult to 
locate the arrow on APS D than on the other APS, but not more difficult to "read" the an-ow. The 
an-ow was on top of the APS, while it was on the front surface of all the other APS. The high rate 
of using the wrong pushbutton, attributable entirely to participants who did not reference the 
an-ow, may also reflect the location of one APS D device in Tucson, for the parallel (incon-ect) 
street, which was on a pole that was within the approach sidewalk rather than at the back of the 
sidewalk as most others were. 

A fairly clear trend emerges when examining the data for use of the tactile an-ow on the 
COlTect device. In the general information condition, participants used the tactile alTOW 76% and 
89% of the time on APS A and APS C, respectively. On APS Band APS D, the equivalent rates 
were 61 % and 56%, respectively. In the specific information condition, this trend continued. 
APS A and C both resulted in 89% using the tactile an-ow, while APS Band D resulted in 68% 
and 56% using the tactile anow. TIlls trend does not appear in the Charlotte data, suggesting that 
an-ow use is therefore unlikely to be due to differences in device characteristics. However, the 
an-ow position on APS B was different between the two cities and may help explain the much 
higher rates of use in Charlotte. Furthermore, although an-ow use for APS D was higher in 
Charlotte than in Tucson, it remained to lowest between devices within Charlotte. 

It was possible to use the data on use of the tactile an-ow to compute inferential statistics 
regarding device differences by collapsing across the general and specitic information 
conditions, as described near the beginning of the results section. TIlls required using only those 
participants who interacted with all four pushbuttons in both conditions, providing a sanlple of 
12 participants. The resulting analysis is significant (F(3,33) = 4.64, p<.01). The average 
percentages match the frequency analysis from above quite well; APS A 83.3%, APS C 87.5%, 
APS B 66.7%, and APS D 50.0%. A comparison of the two devices with the greatest difference, 
APS C and APS D, is significant (F(1,l1) = 9.00, p<.05). APS C was only marginally better than 
APS B (F(1,ll) = 4.66, P = .054). However, it is unclear if there is a meaningful difference 
between device characteristics, as an identical pattem of results did not appear in the Charlotte 
data. 

There is no clear picture with regard to the use of the extended pushbutton features of the 
three devices in which they were present. 

On the whole, the Tucson data associating devices with use of the pushbutton does not 
present a very clear picture. There were not large differences in the numbers of participants 
finding the vatious APS devices under the general or specific information conditions. The one 
clear conclusion is that the tactile an-ow was more likely to be used on the APS C devices than 
on APS B, and the trend suggests more so on both APS C and A devices than on APS B and D. 
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TABLE 3-4 Pedestrian interaction by device and information condition - Tucson 

APSA APSB APse APSD 
No information condition 
% that searched for PB* 25% (5/20) 30% (6/20) 30% (6/20) 30% (6/20) 
Of the # that searched for the PB 

% that found the PB** 100% (5/5) 100% (6/6) 67% (4/6) 67% (4/6) 
% used wrong PB 0% (0/5) 17% 0/6) 17% 0/6) 17% 0/6) 

Ofthe # that interacted with the 
correct PB 

% that used tactile 40% (2/5) 0% (0/6) 50% (2/4) 25% (1/4) 
arrow*** 

~tll(ltll~~~~)(t~ll~~~J?llSll I NA ()~(Q!§) 25% 0/4) ()~(Q!~) ---+----- -------------------------------- ------------

% that used tactile map NA NA NA 0% (0/4) 

General information condition 
% that searched for PB* 90% (18/20) 100% 100% 100% (20/20) 

(20/20) (20/20) 
Of the # that searched for the PB 

% that found the PB 83% (15118) ...~§~(17!?Q) ... ?§~(1~!?Q) ...?()~(1~!?Q) 
% that used wrong PB r17%(3718) 10% (2/20) 20% (4/20) 21 % (4119)**** 

Of the # that interacted with the 
correct PB 

% that used tactile arrow 
i 

76% (13117) 61 % (11118) 89% (16118) 56% (9116) 
% that used extended push 

i 

NA 50% (9118) 39% (7118) 38% (6116) 
% that used tactile map NA NA NA 13% (2116) 

Specific information condition 
% that searched for PB * 100% 100% 100% 100% (20/20) 

(20/20) (20/20) (20/20) 
Of the # who searched for the PB 

% that found the PB L~§~(1Z!?Q) ... ?§~(1~gg) ... ?§~(1~gg) ...?()~(1~gg) 
% that used wrong PB 5% (1120) 10% (2/20) 12% 25% (5/20) 

(2117)**** 
Of the # that interacted with the 
correct PB 

% that used tactile arrow 89% (17119) 68% (13119) 89% (16118) 56% (10118) 

£}btll(ltlls~~~)(t~ll<l~~Pll~ll NA ?~~(1~!1~) ...~~~(1§!1~) ...?~~(1~!1~) 
rNA 

-------------------------------

% that used tactile map NA NA 17% (3118) 

* PB = pushbutton 
** Of the 25% who looked for the pushbutton in the No information condition, 100% found the 
pushbutton (5 of 5) 
*** Of the 100% who found the pushbutton in the No information condition, 40% used the tactile arrow 
(2 of 5) 
**** Missing data 
NA Feature not available on device 
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The alTow on APS C was on the pushbutton and the alTOW on A was large and the main feature 
on the front of the device. 

Charlotte - In Charlotte, it is also difficult to say anything about differences in rates of 
finding the pushbutton attributable to device (see Table 3-5). By the time participants were 
familiarized with the devices, the rates were fairly similar. In the general infonnation condition, 
APS C led to the highest rates of finding the pushbutton (79%), while APS A resulted in the 
lowest (53%). These differences may be attributable to the large numbers of participants who 
found and used the incolTect pushbutton at APS A and quit looking for a pushbutton, even when 
they checked the alTOW and it pointed the wrong way. In the specific information condition, all 
devices resulted in rates of finding the COlTect pushbutton between 80% and 90%. There were 
unavoidable differences in volume setting between devices in Charlotte. The locator tones of 
APS A and C were louder than the others, and several participants complained about the sound 
of APS C echoing off of a nearby building. 

In the general information condition, about 20% of participants used the wrong 
pushbutton when at intersections with APS D, Band C, and 42% of the time when using APS A. 
The intersection with APS A was also the one with the lowest rates of use of the COlTect 
pushbutton. This may have been due to an idiosyncrasy in locations of APS A devices at this 
intersection; one was close to the controller, making the sound echo, and the other was behind 
the sidewalk. 

However, by the time the participants had received specific infomlation, no more than 
two participants used the wrong pushbutton at any given intersection. The most noteworthy thing 
that appears from the data following the specific information is that some participants who 
checked the tactile aITOW nonetheless pushed the incolTect button. The fundamental problem here 
may be a lack of understanding of alTOWS, even with the demonstration of aITOWS that was 
provided. It could also be because the demonstration was in a room, not on a comer, and no 
information was provided regarding the usual geometric relationships between comer, crosswalk, 
and pushbutton. Some participants seemed to decide that the con"ect pushbutton was always on 
the right, or always on the left, when, in fact, the side of the pedestrian on which the pushbutton 
was located was detennined by whether the parallel street was to participants' left or right and 
varied depending on whether the pedestrians was making a clockwise or counterclockwise 
crossing (part of the counterbalancing scheme). 

Possibly of more interest is the difference in OCCUlTence of situations in which 
participants checked the wrong pushbutton and then decided it was incolTect (colTect rejection). 
Following general information, the APS D devices led to an 80% COlTect rejection rate, APS B a 
57% rate, and the APS C and A devices around 30%. Following specific information, the results 
did not closely match those following general infOlmation. Although APS C had the lowest rate 
of COlTect rejection, there were only 3 participants who ever checked the wrong pushbutton and 
thus this is not a stable measure. For the other three devices, the rates were at or above 75%, with 
APS A leading the category with 90% COlTect rejections. 

It should be noted, in examining these results and comparing to Tucson, that APS B had 
been significantly redesigned and the alTOW was actually on the pushbutton rather than above the 
pushbutton in Charlotte. This seems to have affected the use of the tactile alTOW on the device. 
With regard to tactile alTOW use following general description, APS A, B, and C resulted in 88% 
or higher rates of use. Only 65% of participants used the feature on APS D. Following specific 
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TABLE 3-5 Pedestrian interaction by device and information condition - Charlotte 

APSA APSB APse APSD 
General information condition 
% that searched for PB * 95% (19/20) 95% (19/20) 95% (19/20) 100% 

(20120) 
Of the # that searched for the PB 

% that found the PB ~~~J1Q/l~) ....~~~(1}!12) .... !~~(1.?!12) ....~~~Jl}!~()) -----------------------

% that used wrong PB 42% (8119) 21%(4119) 21%(4119) 15% (3/20) 
Of the # that interacted with the 
correct PB 

% that used tactile arrow 88% 100% 89% 65% (11117) 

------------------------------------------------------------------------------------------------------------------- (1.5!lD~~~~ ------
(l 2/1 2) 

---------------------
(l(j/18)~~~~ 

% that used extended push NA 22% 26% (5119) 6% (1/17) 
(4118)**** 

% that used tactile map NA NA Na 0% (0117) 

Specific information condition 
% that searched for PB * 100% 100% 100% 100% 

(20120) (20120) (20120) (20120) 
Of the # who searched for the PB 

% that found the PB 80% (16120) 80% (16/20) 90% (18/20) 90% (18/20) 
% that used wrong PB 5% (1120) 10% (2120) 5% 11% 

(1/19)**** (2/18)**** 
Of the # that interacted with the 
correct PB 

% that used tactile arrow 100% 100% 100% 95% (19/20) 
(18/18) (20120) (20120) 

% that used extended push NA 65% (13/20) 80% (16/20) 65% (13/20) 
% that used tactile map NA NA Na 28% 

(5118)***** 
* PB = pushbutton 
** Ofthe 95% who looked for the pushbutton in the general information condition, 53% found the 
pushbutton (10 of 19) 
*** Ofthe 53% who found the pushbutton in the general information condition, 88% used the tactile 
mTOW (15/17) 
**** Missing data-l participant 
***** Missing data-2 participants 
N A Feature not available on device 

familiarization, the rate on APS D was up to 95% and all other devices resulted in 100% usage 
rates. This may indicate that when pedestrians who are blind or visually impaired know what 
kind of arrow they will encounter, they are quite likely to use it at unfamiliar crossings, or it may 
simply be that following specific information, they understood arrows better and were more 
inclined to check them out. The rate of alTOW usage in Charlotte appears to be somewhat higher 
than that for Tucson, but pushbutton location was fairly consistent in Tucson. In Tucson, some 
participants may have decided that they could be sure which crosswalk was controlled by the 
pushbutton solely on the basis of location of the pushbutton. However, even with the higher rate 
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of anow usage in Charlotte, participants pushed the wrong button, after using the aITOW, on more 
trials in Charlotte than in Tucson (see Table 3-3 above). 

The rates of use for the extended pushbutton feature look similar to those for the tactile 
arrow. In the general infomlation condition, 6% of participants (1 participant) used the extended 
press feature on APS D, while 22% and 26% used the feature on APS B and C, respectively. 
Following specific infornlation, the rates of use were equivalent for APS Band D(65%), but 
were used slightly more on APS C (80%). 

Latency to Find and Use Correct Pushbutton (Pushbutton Latency) 

Tucson 

With regard to time to locate the pushbutton in Tucson, there were so few participants 
who looked for and found the pushbutton in the no information condition, that no statistical tests 
could be done for either information condition or device. 

In the general information condition, median replacement resulted in the replacement of 
four to six data points for each device. (Since all analyses were conducted using paired-samples 
or repeated-measures methods, the estimates of enor used in the t-tests and ANOVAs are not a 
matter of variability around the mean but rather a measure of covariability across conditions. 
Therefore, this method of data replacement does not artificially inflate power.) The subsequent 
ANOV A revealed significant differences attributable to device. The mean amount of time to 
locate and use the conect pushbutton varied between 29 and 50 seconds, with the times for APS 
A and B being similar 28.95 and 29.55 seconds, and those for APS C and D being longer, 50.30 
and 45.50 seconds. The overall analysis was significant (F(3,57) = 3.56, p<.05). A comparison 
between the averaged latencies on APS A and B devices, and the averaged latencies on APS C 
and D revealed a significant difference, (F(1, 19) = 11.12, p<.Ol). Finally, no statistically 
significant difference was found between APS C and APS D (see Figure 3-5). The difference 
between these two pairs of devices, in time to locate and push the conect pushbutton, may be 
that APS A and APS B had very typical, rounded, pushbuttons, while the pushbuttons of APS C 
and APS D were unique. Although it is impossible to differentiate, it is possible that participants 
found all devices in approximately equal anlOunts of time, but it then took longer to find the 
actual button for APS C and D. 

In the specific information condition, the use of median replacement resulted in the 
replacement of between three and six data points per device, and the ANOV A revealed no 
significant differences between latencies (F(3,57) = 2.106, p>.05). The lack of significance 
clearly differs from the analysis in the general infonnation condition, and furthermore, a closer 
look at the means reveals a different pattern than was present in the general infonnation 
condition as well. With specific infonnation, the means for the APS A, B, and C are very similar, 
and APS D had a trend towards faster latencies (see Figure 3-6). 

Looking from one Tucson figure to the other, it appears that there is a considerable 
improvement for the APS C and D buttons between the general information and specific 
infonnation conditions. For the APS C and D, this does represent a significant improvement 
(t(19) = 2.32, p<.05, and t(19) = 4.85, p<.OOl, respectively). Furthermore, it appears that the 
average latency to find the pushbutton has decreased between the general information and 
specific information blocks. This is statistically confirmed (t(19) = 4.147, p<.OOl) and reveals 
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Figure 3-5. Latency to use the pushbutton: general information condition - Tucson. 
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Figure 3-6. Latency to use pushbutton: spec{fic information condition - Tucson. 
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that the average amount of time to use the pushbutton in the specific information condition 
(25.70 sec) is faster than that in the general infOlmation condition (38.58 sec). 

The measure of latency to find and push the correct pushbuttons includes any time taken 
to use the tactile arrow on the incorrect APS and to reject it and to find and push the pushbutton 
on the device. Therefore the improvement in latency for APS C and D may not indicate a 
decrease in latency for finding the pushbutton pole and the device, but a decrease in time taken to 
actually locate and push the button on the device. APS C and D both had unique pushbuttons, so 
until participants had specific hands-on familiarization, and knew what sort of pushbutton they 
would encounter at each intersection, they took some time in deciding what part of the device to 
actually push. This was particularly evident to researchers in the case of the t1at-panel 
pushbutton of APS D. 

Charlotte 

With regard to time to locate the pushbutton in Charlotte, although more than 50% of 
pmticipants found each pushbutton individually, only four pmticipants found all four 
pushbuttons. Thus, the limited amount of latency data available in the general infonnation 
condition makes running any within subjects statistical tests inappropriate. 

Analysis of data from the specific information condition required median replacement of 
up to four missing values per device mId revealed no significant differences attIibutable to device 
(F(3,57) < 1.00) - (see Figure 3-7). The average amount of time to use the pushbutton following 

Charlotte Specific Information Condition: 
Latency to Use Pushbutton 
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Device 

F(3,57) < 1.00, N=20 
Figure 3-7. Latency to use pushbutton: specific information condition - Charlotte. 
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the specific information was similar between the two cities (22.4 seconds in Charlotte and 25.7 
seconds in Tucson). 

In compating the specific information results across the two cities, both analyses are non
significant, and the trends are not the same, but the average amount of time to find the 
pushbuttons is rather similar. One reason for the difference in trend may be that pushbutton
integrated APS were more fanliliar to the Charlotte participants; there are a number of 
pushbutton-integrated APS in Charlotte, and none in Tucson. 

Crossing Timing 

Measures associated with crossing timing included time to begin crossing (Starting 
Latency), interval during which participants began crossing (Start Interval), interval during 
which participants finished crossing (Finish Interval), and whether participants finished crossing 
before the onset of perpendicular traffic (Fhlish Before Perpendicular). The longer participants 
delayed starting to cross, the greater was the likelihood that they would still be in the crosswalk 
when perpendicular traffic received a green signal. 

Information Condition 

Tucson - There was only one participant who began each crossing without assistance 
and who had the audible WALK signal for an 12 crossings. FurthemlOre, there were only four 
participants who had the audible WALK and crossed independently at each of the eight crossings 
in the general and specific information blocks. Therefore, analyses of starting latency were 
undertaken with all 20 participants wllile keeping in mind the potential confounds. There are 
differences in measures of crossing timing across information conditions; these significant 
differences are exclusively between the no illfonnation condition and both the general 
information and specific infonnation conditions, which did not differ from one another on any of 
these measures. 

The overall analysis of differences in starting latency across infonnation conditions, 
using 19 participants (one instance of missing data), is significant (F(2,38) = 11.580, p<.OO1). No 
information differs from both general information (F(l,19) = 9.699, p<.01), and specific 
information (F(l,19) = 16.701, p<.OO1), which are not significantly different from one another 
(see Table 3-6). 

TABLE 3-6 Measures of crossing timing by information condition - Tucson (N = 19) 

No General Specific 
Information Information Information F (2,36) 

Starting latency in sec. ** 5.36 3.53 3.21 11.580* 
Started during WALK 1\ 18.42% 64.05% 72.84% 21.297* 
Completed during WALK 
or FDW 1\ 7.89% 31.58% 42.11% lO.926* 
Completed before 

" _1 Green 1\ 97.37% 93.84% 94.74% < 1.00 plod 

* Significant at p < 0.001 
** Latency in seconds measured from the onset of WALK. 
1\ Each value represents the average percentage of trials within the gi ven block in which each 
participant periormed accordingly. 
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There are no significant differences on measures of crossing timing between the general and 
specific infonnation conditions, and the improvement in all measures of crossing timing between 
the no infonnation and the general and specific infonnation conditions is likely attributable to 
increasing use of the pushbutton and thus presence of the audible WALK signal. In the no 
information condition, in 80 possible trials, participants used the pushbutton on only 16 trials. By 
the general infonnation condition this had increased to 66 of 80 trials. However, in the no 
infonnation condition, participants were always crossing a minor street and had good traffic cues 
indicating the onset of vehicular green, which was concurrent with the WALK signal if it had 
been present. In the absence of the WALK signal, the length of the parallel vehicular green 
nonetheless allowed ample time for most participants to complete their crossings before the onset 
of perpendicular green. The picture might have been different if participants were crossing a 
major street instead of a minor street on crossings in the no information condition. Note, 
however, that latency in the no infonnation condition was more than five seconds, even though 
participants were crossing the minor street in the presence of good vehicular cues. If greater use 
of the pushbutton, and consequent presence of the WALK signal, accounts for increased starting 
during the WALK interval, starting during the WALK interval may be increased by participants 
knowing there is a pushbutton and being able to find the pushbutton and the same training as 
suggested under Use of the Push button. 

Of concern to the researchers in the no infonnation condition were connnents of some 
participants who seemed to be trying to use the locator tone changes in volume (in response to 
ambient sound) as a walk indication. These participants generally did not look for or push the 
button, but heard the audible pushbutton locator tone, and without knowledge of locator tones 
and their function, made an assumption that it was some kind of walk indication. This 
misunderstanding of the ambient sound adjustment and of the locator tone could lead to 
dangerous crossings. Where pushbutton-integrated devices with locator tones are installed, a 
concerted effort should be made to provide information about the devices to individuals in the 
community. 

Charlotte - In Charlotte, there were nine participants who crossed independently and 
had audible WALK signals at every crossing. Analysis of crossing timing measures with these 
nine individuals revealed no significant differences attributable to level of infonnation (see Table 
3-7). 

TABLE 3-7 Measures of crossing timing by information condition - Charlotte (N=9) 

General Specific 
information information t(8) 

Starting latency in sec. ** 3.19 2.81 1.214 
Started during WALK 1\ 86.11% 94.44% 1.155 
n _1 

_1 during WALK or FDW 1\ 63.89% 77.78% 1.170 
Completed before perpendicular 
Green 1\ 91.67% 97.22% 1.512 
* Slgmficant at p < 0.05 
** Latency in seconds measured from the onset of WALK. 
1\ Each value represents the average percentage of trials within the given information condition 
in which each participant perfOlmed accordingly. 
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When analyzing measures of crossing timing, including all 20 participants, as was done 
with the Tucson data, keeping in mind the possible confounds, all measures showed significant 
differences (results not presented here). TIns lends support to the hypothesis that significant 
differences present in the Tucson analysis were the result of participants' increasing use of the 
pushbuttons and thus higher rates of audible WALK signals, rather than increasing 
understanding of the APS features. 

Device 

Tucson - Data were not analyzed by device for the no infoffilation condition, as there 
was little use of APS. However, data for the general information condition was analyzed using 
the presence of audible WALK information at each intersection as the inclusion criterion, which 
resulted in only seven participants. The overall analysis failed to acrueve significance (F(3,18) = 
1.390, p>.05) - (see Figure 3-8). 

In order for comparisons between devices to be meaningful, it is important that the 
conditions be as sinlilar as possible in every other respect. Therefore, participants who were 
included in the analyses of measures of crossing timing entered all four streets independent of 
assistance in detennining crossing timing and had the audible WALK signal from each of the 
four devices during the given infOlmation condition. This resulted in an analysis of data from 7 
participants in the general infoffilation condition and 17 participants in the specific infonnation 

Tucson General Information Condition: 
Latencies to Begin Crossing 
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Figure 3-8. Latency to begin crossing by device: general infonnation condition - Tucson. 
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condition. Occasionally, one of these individuals would be missing a piece of data, and 
descriptive statistics were calculated from the remaining individuals (see Table 2-8). 

The numbers above represent those who had APS at all four intersections and entered all 
four without assistance. But consider for a moment if we just look at the assistance with crossing 
timing variable (one of two inclusion criterion variables). In the general infonnation block the 
number of participants who began crossings without assistance for APS A, B, C, and D were 18, 
20, 18, and 13 respectively. In the specific infonnation block, they were 20, 20, 20, and 19. 
When we consider the numbers of participants who had the APS and entered independently, they 
are 14,18,16, and 10 in the general infonnation condition, and 19,19,18, and 18 in the specific 
information condition. The fewer number of participants included in the above calculations (7 
and 17) is a result of the specific effects of the listwise deletion procedure necessary for 
meaningful comparisons. 

Although most participants did perfoml the majority of their crossings independently and 
with audible WALK information, the relatively low number of participants who did so at the 
intersection with APS D in the general infOlmation condition (n=lO) greatly limited the number 
of participants included in the full analysis. Participants had a great deal of difficulty locating 
and pushing the pushbutton on APS D in the general infonnation condition and some were 
observed to be quite frustrated and requested assistance with starting crossing. In addition, some 
seemed confused on hearing the rapid tick walk indication and asked for confimmtion from the 
orientation and mobility specialist (which was recorded as a request for assistance on the 
crossing). Interestingly considering the trouble discussed here, starting latencies were faster for 
APS D than for the other three APS in both information conditions (statistically confinned in the 
specific infonnation condition only; see below). 

Following specific familiarization, the majority of participants were using the APS 
devices and thus the sample size for the analysis of latency following listwise deletion is 17. In 
this case, the analysis of latency to begin crossing by device is significant (F(3,48) = 3.466, 
p<.05). The means look rather similar between APS A, Band C; 3.35, 3.59, and 3.71 seconds, 
respectively. The mean amount of time to begin crossing with the APS D was 2.24 seconds. A 

TABLE 3-8 Measures of crossing timing by device and information condition - Tucson 

Measure 
Information Condition 
Starting latency in sec. * 
Started during W ALK** 
Completed during WALK 
orFDW** 
Completed before 
perpendicular green * * 

General information: n = 7 
Specific information: n = 17 

A 
G 

4.43 
57% 

14% 

100% 

B 
S G 

3.35 3.14 
88% 71% 

53% 29% 

100% 100% 

C D 
S G S G*** S*** 

3.59 3.14 3.71 2.86 2.24 
65% 86% 59% 71% 94% 

41% 29% 29% 43% 75% 

94% 100% 88% 100% 94% 

* latency in seconds after the onset of WALK. Latency was measured from the onset of WALK. 
** % of partici pants who started or ended their crossings under the listed parameters. 
*** G = general infomlation; S = specific information 
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comparison between the averaged latencies for APS A, B and C, and APS D, shows that the 
average amount of time to begin crossing for these three APS was significantly slower than for 
APS D (F(1, 16) = 41.86, p<.OOl), and the various devices each produced slower responses than 
APS D when compared directly (see Figure 3-9), confirming the results of our previous research 
finding that the fastest response to the COlTect WALK signal was when it consisted of rapid 
ticks.(5,6) 

Looking back at general information (see Figure 3-8), there was a similar trend amongst 
the means even though there were not significant differences. APS D resulted in the fastest 
latencies (but keep in mind the large amount of missing data), APS C and B had identical 
latencies (to a hundredth of a second). The exception was that APS A resulted in the slowest 
latencies following general infOlmation. APS A was the device with pedhead-mounted walk 
indications and participants may have been momentarily confused by the fact that the WALK 
signal was coming from a different place than the locator tone. On the other hand, participants in 
Tucson were somewhat more familiar with cuckoo/cheep pedhead-mounted APS than they were 
with the other types, since APS having cuckoo/cheep WALK signals are cOIllinonly installed 
there. 

It should be expected that the faster starts in response to the APS D devices will result in 
other positive consequences related to the crossings. An analysis of the frequencies for a number 
of other measures of crossing timing following specific infomlation supports this notion. 
Participants at the intersection with APS D devices were equivalently or more likely to begin 
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latency to Begin Crossing 

5 

-tJ) 4 "C 
c: -A 0 
0 3 Cl) DB tJ) -->- 2 Iillle 0 
c: 

~D Cl) -m 1 ..J 

0 
Device 

F(3,48) = 3.466, p<O.05, N= 17 

Figure 3-9. Latency to begin crossing by device: specific information condition - Tucson. 

50 

AR0072249 



Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features 

crossing during the WALK signal than at other intersections. These individuals finished their 
crossings during the WALK or flashing DON'T WALK 75% of the time versus 53% for APS A, 
41 % for APS B, and 29% for APS C. There was very little variability between devices in the 
number of participants failing to complete crossings before the onset of perpendicular traffic, 
with no more than 2 participants remaining in the crosswalk at the end of the WALK phase for 
any device. APS A also faired well in this analysis, with 88% of participants entering during the 
WALK signal, and 53% completing during the WALK or flashing DON'T WALK. There was 
no one left in the crossing when opposing traffic began to flow at intersections where APS A 
were installed. APS C resulted in the worst scores on all measures, however the poor 
performance may have been caused by inegularities in the functioning of APS C that were 
observed by the researchers in Tucson (see discussion of devices in Method). Following specific 
familiarization, participants were slowest to respond to APS Band C, the two devices with 
speech walk messages. Participants were fastest with the walk signal of APS D. Furthermore, 
this analysis matches up well with the frequency analysis such that the faster responses lead to 
more starting during walk interval, and higher rates of crossing completion before the end of the 
flashing don't walk interval. 

Charlotte - Conducting analysis of starting latency, by device, following general 
information was based on a sanlple size of only 10 participants who were presented with WALK 
signals for each device, and who independently initiated all four crossings. The overall analysis 
failed to achieve significance, F < 1.00. (see Figure 3-10 and Table 3-9) 

Following specific infomlation, the majority of participants were using the APS and thus 
the sample size improved to 18. However, the analysis oflatency to begin crossing was once 
again non-significant (see Figure 3-11). 

In addition to having mean latencies in each information condition which were not 
significantly different from one another, the relative orders from fastest to slowest between the 
two infonnation conditions was not the same. For eXanlple, following general infOlmation, the 
slowest mean response latency was at the intersection with the APS D (3.70 seconds), but in the 

TABLE 3-9 Measures of safety by device and information condition - Charlotte 

Measure 
Information Condo 
Starting latency in sec. * 
Started during W ALK** 
Completed during WALK or 
FDW** 
Completed before perpendicular 
green** 

General information: n = 10 
Specific information: n = 18 

G*** 
3.30 
80% 

70% 

90% 

A 
S*** G 
3.11 2.80 
89% 80% 

72% 50% 

100% 90% 

B C 
S G S G 

3.39 2.60 3.11 3.70 
94% 90% 94% 80% 

59% 70% 65% 60% 

94% 80% 100% 100% 

D 

* latency in seconds after the onset of WALK. Latency was measured from either the onset of 
WALK, or the onset of parallel through traffic when there was no WALK signal. 
** % of trials on which participants started or ended their crossings under each condition 
*** G = general information; S = specific information 

S 
2.28 
89% 

88% 

94% 
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Charlotte General Description Condition: 
Latency to Begin Crossing 

5 

>-
g 2 
Cl) -m 
..J 1 

o 
Device 

F(3,27) < 1.00, N=lO 

-A 
DB 
me 
~D 

Figure 3-10. Latency to begin crossing by device: general description condition - Charlotte. 
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Figure 3-11. Latency to begin crossing by device: specific information condition - Charlotte. 
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specific information condition, this intersection had the fastest mean latency (2.28 seconds). In 
the general information condition, participants in Charlotte were observed to hesitate more on 
first hearing the rapid tick WALK signal at APS D, possibly to decide if what they were hearing 
was really the WALK signal. However, in the specific information condition, the pattern in 
Charlotte is very similar to that in Tucson; that is, the fastest responses were for APS D while 
responses to the other APS were similar to one another. 

There was very little variability in the percentage of individuals who began crossing 
dUling the WALK signal (80-90%--general information, and 89-94%--specific information), or 
the percentage of participants who completed their crossings before the onset of perpendicular 
green (80-100%--general information, and 94-1 OO%--specific infornmtion). There was slightly 
more variability in the percentage of individuals who finished during the WALK or flashing 
DON'T WALK (50-70%--general information, and 59-88%--specific infornlation). 

In compating perfommnce on latency to cross in the general infornmtion condition, the 
patterns between Tucson and Charlotte are not the same. In Tucson, the speech messages and 
rapid tick signal all produced equally fast starts ( ~ 3 seconds), while in Charlotte the rapid tick 
resulted in the slowest mean start, and the two speech messages provided the most rapid starts. 
Recall that within each city, these were not significant differences and no statistical tests were 
computed between the cities. 

WAYFINDING 

Measures associated with wayfinding were whether participants 1) were within the width 
of the crosswalk when they began crossing (Began Within), 2) were correctly aligned so that 
they were facing directly parallel to the crosswalk when they began crossing (Correctly Aligned), 
3) traveled within the crosswalk lines at all points in the crossing between the beginning and 
ending (Crossed Within), and 4) ended the crossing within the crosswalk lines (Ended Within). 

Information Condition 

Tucson 

Table 3-10 shows the percentages of all participants who performed in the given way on 
each measure, divided out by both device type and infOlmation condition, without concern for 
whether or how each participant used each device. There is no systematic difference attributable 
to information condition that is apparent in the data. Between general and specific conditions, 
performance for some devices improved slightly for one or two measures, but declined for other 
measures. Inferential analysis was conducted to reveal any significant differences attributable to 
device or an interaction between device and information condition (see below under Device). 

Charlotte 

Again, there are no systematic differences attributable to infonnation condition that are 
apparent from the data. Between general and specific conditions, performance for some devices 
improved for one or two measures, but declined for another measure or two (see Table 3 -11). 
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Because of observations in Tucson, it was noted in Charlotte if participants were 
standing innnediately beside the pushbutton to begin their crossing, this sometimes resulted in 
their being outside the crosswalk lines when beginning. Therefore this table includes percent of 
participants who either began within the crosswalk or at the pushbutton. When that is considered, 
almost all participants began at one of those locations. This behavior has some implications for 
placement of pushbuttons closer to, or within, the extension of the crosswalk lines. 

TABLE 3-10 Measures of way finding by device and information condition - Tucson 

Measure APSA APSB 
Information 
Condition G S G 
Began within 83% 84% 78% 

l~{)~~~~tly~ligned 79% 78% 70% 
i Crossed within 69% 58% 53% 

l Ended within 69% 74% 42% 
G = general infonnation; S = specific information 
N=20 

S 
78% 
79% 
58% 

58% 

APSC APSD 

G S G S 
75% 65% 72% 82% 
84% 85% 63% 74% 
53% 79% 80% 79% 

37% 68% 80% 68% 

TABLE 3-11 Measures of way finding by device and information condition - Charlotte 

Measure APSA APSB APSC APSD 
Information Condition G S G S G S G S 
Began within * 84% 67% 90% 79% 77% 74% 88% 70% 

100 100 100 100 
Began within or at PB * 100% 94% % 100% % % % 95% 

100 
n _. _. 

79% 77% 95% 80% 78% 79% 88% % y 

Crossed within 84% 79% 95% 100% 85% 95% 69% 80% 

i Ended within 80% 74% 84% 95% 78% 84% 56% 65% 
* In many cases, participants stayed near the pushbutton to either use the vibratory signal or to better 
be able to hear the signal. More lining up at the pushbutton occurred in the specific infonnation 
condition than general information condition shown by the reduction in participants who began within 
the crosswalk. 
G = general infonnation; S = specific information 
N=20 
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Device 

The measures of wayfinding are all categorical. To enable statistical analysis with regard 
to device, the categorical level variables were transfonned into interval level variables 
(percentages) collapsing across farniliarizationlevel using the method outlined near the 
beginning of the results section. 

Tucson 

Table 3-12 shows the average percentage of trials on which each participant perfonned 
accordingly for a given APS in Tucson. 

Collapsing across infonnation conditions, it doesn't appear that any APS reliably 
provided more useful information than any other with respect to wayfinding. Furthennore, no 
specific type of interaction (general interaction, use of tactile arrow, or use of extended message; 
not presented in these tables) shows reliable improvement or impoverishment of ability to find 
and align to the crossing. One can also look at a given APS following general infonnation and 
compare it with the same APS following specific infonnation to see if type of infonnation has 
specific effects on measures of wayfinding. There are no significant differences here, either. 

One-way ANOV As were computed in order to investigate whether the various devices 
produced differences in the percentage of trials participants began within the crosswalk, 
collapsing across information conditions, and no significant differences were found (F(3,S7) < 
1.00) , conectly aligned with the crosswalk (F(3,S7) = 1.S3, p> O.OS), traveled within the 
crosswalk (F(3,S7) = 1.86, P > O.OS), or ended within the crosswalk (F(3,S7) = 1.67, P > O.OS). 

Charlotte 

Table 3-13 shows the average percentage of trials on which each participant perfonned 
accordingly for a given APS in Charlotte. 

Device did not result in differences between the percentage of trials in which participants 
began their crossing within the crosswalk (F(3,S7) < 1.00). Some participants lined up at the 
pushbutton, with their hand on the tactile arrow as shown in Table 11, probably to use the 
vibration to confinn the WALK. In many cases, because of the location of the pushbuttons, this 
meant participants were not within the crosswalk when starting to cross. 

An analysis of alignment by device was significant (F(3,S7) = 2.79, P < O.OS). 
Participants aligned themselves conectly more often at the intersection with APS D than those 
with APS C (F(l,19) = S.63, p < O.OS) and APS A (F(1,19) = 7.107, P < O.OS). Better alignment 
at the intersection with APS D is probably attributable to the sidewalk and ramp configuration at 

TABLE 3-12 Participant performance by device - Tucson 

Measure APSA APSB APSC APSD F (3,57) 

Be~an within 86.65% 79.10% 77.55% 81.70% < 1.00 

~{)~~~~tly~ligl1~<l 83.40% 69.20% 81.75% 76.00% 1.53 
Crossed within 61.65% 56.70% 70.10% 71.75% 1.86 
Ended within 68.35% 51.70% 61.85% 63.30% 1.67 

p < 0.05 
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that intersection, rather than to a specific device feature since APS D had the lowest use of the 
tactile alTOW (see page 26). At that intersection, the approach to the crosswalk was straight, and 
confined by landscape strips, and pushbuttons were near the street. 

The analysis for travel within the crosswalk in Charlotte was also significant (F(3,57) = 
5.19, p < 0.01). Comparisons revealed that the percentage of trials the participants traveled 
within the crosswalk at APS D intersection was significantly lower than that for APS C, (F(1,19) 
= 7.027, p < 0.05), and APS B, (F(1,19) = 12.67, p < 0.01). This may seem surprising, given that 
alignment was very good at the intersection having APS D, however, that intersection had the 
widest crossing. FurthemlOre, the percentage of the trials that participants traveled within the 
crosswalk for APS A was significantly lower than that for APS B (F(1, 19) = 5.63, p < 0.05). The 
clockwise crossing at APS A had one diagonal curb ramp rather than two perpendicular ramps, 
which may have affected maintaining aligmnent as participants stepped off the curb. 

The analysis of percentage of crossings in which participants ended their crossing within 
the crosswalk was also significant, (F(3,57) = 3.95, p < 0.05). For crossings having APS D, 
participants ended their crossing within the crosswalk on 57.7% of trials, but in this case it was 
only significantly lower than crossings at APS B (85.0%, F(1,19) = 10.50, p < 0.01). A very 
small deviation, especially one occurring early in a crossing, can easily take the traveler outside 
the crosswalk at a wide crossing, or participants who had traveled within the crosswalk for most 
of the crossing and felt they should have completed their crossing (who thought the road was 
nalTower than it was) might correct by tuming away from their parallel street looking for the 
curb and thus veer out of the crosswalk. The crossings at APS D were the widest (79 ft and 83 ft) 
and one of the crossings at APS B was the narrowest in Charlotte (49 ft). The other crossing at 
APS B was in the middle (58 ft). 

The results regarding wayfinding in Charlotte are quite different from those in Tucson, 
where there were no significant differences attributable to device. It should be noted that almost 
all traffic in Charlotte tumed right or left at the intersections, so there were few traffic cues for 
aligmnent or for cOlTecting crossing alignment during crossing, while straight-through traffic was 
more plentiful in Tucson. Because of these differences in vehicular flow across cities, it is 
difficult to argue that specific infonnation was being used to guide pmticipants across the street. 
In Tucson, analyses of where participants traveled and where they ended their crossings were 
both non-significant, and the lowest percentages were both recorded at the intersection with the 
APS B. However, that intersection had the steadiest traffic on the minor roadway. These analyses 
seem to tell us little more than which intersections were particularly difficult with respect to 

TABLE 3-13 Participant performance by device - Charlotte 

Measure 

Be~an within 
<.:;() .... ~<:!ly~ligl1~() 
Crossed within 
Ended within 

* p < 0.05 
** p < 0.01 

APSA 

77.50% 
77.50% 
77.50% 
75.00% 

APSB APSC 

85.00% 75.00% 
87.50% 75.00% 
97.50% 90.00% 
85.00% 75.00% 

APSD F(3,57) 

80.00% < 1.00 
95.00% 2.79* 
67.50% 5.19** 
57.50% 3.95* 
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crossing within the crosswalk, and do not directly address the usefulness of the signals for 
guidance across the street. 

It was the observation of the orientation and mobility specialists involved in data 
collection that most participants did not use any type of consistent strategy to maintain their 
alignment when having to interact with a pushbutton, then realign to cross. Most deviated on 
their approach to the street to check any pushbutton and locator tone they heard, and some 
became completely disoriented and lined up to cross the wrong street. The most connnon 
techniques taught for aligning to cross streets involve maintaining initial approach alignment and 
utilizing traffic traveling through the intersection to align. Where pushbuttons are used, the 
individual often must tum off the approach path to push the button, and the crossing must be 
made on the next through traffic phase without waiting through a cycle to align, which prevents 
the use of those techniques. 

SUBJECTIVE RESULTS 

Likert Ratings 

In both cities and following each street crossing in all infonnation conditions, participants 
were asked to rate their level of agreement with four statements using a 5-poitlt Likert scale 
(l=strongly disagree; 5=strongly agree). Also in both cities, responses to an additional 11 
statements were recorded following completion of all crossings in the specific infonnation 
condition only. 

Questions Asked after Every Trial in Every Condition 

The four statements rated after all crossings in both cities were the following: 

1. It was easy to find the pushbutton 

2. I was sure I pushed the button for the street I wanted to cross. 

3. I was certain the signal was for the crosswalk I wanted. 

4. I used the signal to help me find the opposite comer. 

Questions 1 and 2 were not asked if participants had not used the pushbutton. Question 3 
was not asked if there was no WALK signal. Question 4 was asked after all crossings since the 
participant could possibly have used the pushbutton locator tone to find the opposite comer, even 
when there was no audible walk signal. 

In the no infonnation condition in Tucson (not conducted in Charlotte), so few 
participants interacted with the pushbutton that results are not infonnative. In the general and 
specific infonnation conditions, results by device and by city are quite similar, while across 
information conditions they vary (see Table 3-14 and Figure 3-11). For all but one statement, 
ratings were as favorable or more favorable following specific infonnation than following 
genera] infonnation. In both infonnation conditions in Tucson, 78% of participants replied agree 
or strongly agree in response to the statement, "It was easy to find the pushbutton." 

57 

AR0072256 



Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features 

Although there was little improvement in objective measures between the general and 
specific infonnation conditions, participants rated statements regarding their ability to use the 
APS more positively following specific infonnation. Thus, even though participants were not 
familiar with a specific intersection, having specific infonnation and experience with the APS at 
that intersection, and knowing whjch APS they would encounter, increased participants' 
perception of ease and confidence in interacting with the APS. 

Following specific infonnation, more than three fourths of participants generally felt that 
finding pushbuttons was easy, and most of the participants (approx. 90%) were confident that 
they pushed the correct button and started crossing with the correct WALK signal. Not nearly as 
many agreed that they used the signal to help them find the opposite comer. The lack of reported 
use of the signal to find the opposite comer is likely attributable to a number of factors. 
Participants who used dog guides (4 in each city) reported that they just followed their dog's 
guidance in the street. Others stated that they were using vehicles for their aligmnent cues or that 
they couldn't hear the locator tone of the APS until they were within a step or two of the 
opposite curb, so they didn't really use it. 

Two devices, APS C and A, were specifically designed to provide beaconing to the 
opposite comer. Beaconing by the APS C consisted of a louder WALK, followed by a louder 

TABLE 3-14 Range of mean response ratings for the various APS by question, 
collapsed across devices 

Tucson Charlotte 
Questions Range of Mean Range of Mean 

Response Ratings Response Ratings 
5. The locator tone helped me find pushbutton. 3.58 - 3.79 3.05 - 4.37** 

6.a The vibration during walk was helpful. 

7. The tactile arrow helped me know the pushbutton 3.83 - 4.17 4.42 - 4.47 
was for the correct street 
8. The tactile arrow helped me align for crossing. 2.00 - 2.57 3.38 - 4.00 

9. The tone or message helpful in letting me know the 3.58 - 4.58* 4.28 - 4.61 
button had been activated. 
10. The speech walk message easy to understand. 3.95 - 4.25 4.00 - 4.68* 

11. The pushbutton message easy to understand. 4.42 - 4.67 4.38 - 4.75 

12.b The crossing map useful and easy to 4.00 4.17 
understand. 
13.c The louder signal feature was helpful. 3.86 4.00 

a Insufficient data for statistical analysis 
b Only APS D had this feature, and only 3 (Tucson) and 6 (Charlotte) participants used it. 
COnly APS Chad thjs feature. 
* p < 0.05 
** p < 0.01 
*** p < 0.001 

58 

AR0072257 



Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features 

III 100 
!J) 
r::: 

:;::::; 80 III 
II: 

~ 60 
:;::::; 
'iii 
0 40 a. .. 
r::: 20 Q) 
() ... 
Q) 
a. 0 

It was easy to I was sure I I was certain 
find pushbutton pushed the the signal was 

button for the for the 
street I wanted crosswalk I 

to cross. wanted 

I used the 
signal to find 
the opposite 

corner 

Information 
Condition 

o General 

• Specific 

Figure 3-11. Percent of positive ratings (agree or strongly agree with statements) by 
information condition and statement, collapsing across devices and cities. 

locator tone for the duration of the pedestrian phase, a strategy that was expected to be beneficial 
based on the laboratory findings in related research (36). The beaconing feature on the APS C 
was available only after an extended button press. This feature was not working correctly on 
APS C in Tucson, due to some wiring problems that were not discovered until the end of data 
collection, however, it was functioning in Charlotte. APS A provided beaconing from overhead 
speakers aimed at the center of the crosswalk during the WALK signal only. Other research had 
not found this system to be very useful for the alignment task (22, 5). For most trials in which 
participants reported that they used APS signals to help them find the opposite comer, the signal 
available would have been the relatively quiet locator tone. 

The most interesting finding here is that, for each city and each information condition, the 
numbers of participants who reported using the APS to help them find the opposite comer are 
very similar for all devices. That is, even though the locator tone from only one device (APS C) 
became louder when the user used the extended button press (80% of participants used this 
feature in the specific information condition), there is no clear pattern that participants reported 
using the beaconing of APS C more than other devices. Researchers observed some participants 
altering their path to travel straight toward the pushbutton (and louder locator tone) of APS C in 
Charlotte, but participants did not seem to realize that they had done so. 
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In the general information condition, with regard to these first four measures, participants 
in Charlotte did not rate their experience using APS as highly as participants in Tucson for three 
of the four devices. This could have been attributable to having less experience with the 
experimental task than participants in Tucson, who had already had one block (no information 
condition) of testing (see Figure 3-12). 

The poorer ratings for the APS B in Charlotte, following general information, were 
probably because the volume of both the locator tone and the speech walk message were lower 
than those for any other device, with baffles preventing sound traveling back down the sidewalk. 
These volume restrictions were in response to a neighbor's objection. Nonetheless, following 
specific information and despite the low volume, its ratings increased to essentially equal the 
ratings in Tucson. With the exception of APS B, ratings following specific information were 
higher in Charlotte than in Tucson. 

The poor ratings for APS D in the general information condition in Charlotte may have 
been because the crossings at the intersection in Charlotte where APS D were installed were 
wider than those in Tucson, and there was initial confusion for some participants about whether 
the WALK indication was really the WALK indication. Following specific information, ratings 
for the APS D, like those for the APS B, increased markedly, to be even higher than comparable 
ratings in Tucson. 

Questions Asked During the Specific Information Condition Only 

After each crossing in the specific information condition only, participants were asked to 
state the extent to which they agreed with an additional nine statements (statements 5 - 13) using 
a 5-point Likert scale (l=strongly disagree; 5=strongly agree). 

100 

In 90 
C) 

80 c 
:;:::: 
CIS 70 a:: 
CI) 60 > ~ 

:;:::; 
50 'in 

0 40 a.. - 30 c 
CI) 
(.) 20 ... 
CI) 
a.. 10 

0 -
A 

-
f-- r---

f-- -

r-- - r--

f-- - f--

r-- - r--

f-- - f--

L.- - L.-

B c o 
General Information 

Information 

f--

f--

r--

f--

r--

f--

L.-

A B 

r---
-

- f--

- f--

- r--

- f--

- r--

- f--

L.- -

c o 
Specific 

DTucson 
• Charlotte 

Figure 3-12. Percentage of positive ratings (agree or strongly agree with statements) by 
information condition and device. 
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In order to be included in repeated-measures ANOVA testing for significant differences 
between devices within a given city, each participant had to have a valid response on the 
question of interest for each device. Questions were not asked if they were non-applicable (i.e., a 
paIticipant who did not use the tactile arrow would not be asked if the tactile arrow was helpful 
in aligning to cross). Thus, for analysis of subjective evaluations of device differences in the 
usefulness of the tactile arrows for aligning to cross, only those paIticipants who used the tactile 
arrow on each of the four devices were included. Similar inclusion criteria were used for each of 
the questions, thus resulting in varying sample sizes for the analyses of responses to statements 5 
- 13. Overall, there were few significant differences between the various APS for any question in 
either city (see Table 3-14). 

Regarding helpfulness of the locator tone for finding the pushbutton (Question 5), there 
was a significaIlt difference only in Charlotte (F(3,54)=4.88, p<O.01). The mean rating for APS 
B (3.05), was significantly worse thaIl for APS C (4.37; F(l,18)=7.58, p<0.05) aIld for APS A 
(4.32; F(l,18)=13.75, p<O.Ol). This was undoubtedly because of the low volume setting of APS 
B in Charlotte, which was also rated as having the volume too low (see question 14 below). The 
range of all other mean ratings across both cities was 3.21 to 3.79, indicating a generally positive 
view of the information provided by a locator tone. 

ParticipaIlts in Charlotte may have had greater exposure to locator tones due to a fair 
number of APS C devices installed elsewhere around the city, and the most positive ratings were 
obtained for APS C in Charlotte. When asked, 11 participants reported having used locator tones 
before, however other ratings of the usefulness of the locator tone for finding the pushbutton 
were fairly equivalent between the two cities. After completing crossings in which the 
participants located the pushbutton independently, participants were asked how they knew where 
to find the pushbutton. Collapsing across all device types and infOlmation conditions, 
participants in Tucson reported using the locator tone 95% of the time, while the rate was at 83% 
in Charlotte. The lower percentage in Charlotte is largely the result of low rates of locator tone 
use on APS B. As discussed below, there were some considerable volume concerns for the 
locator tone on APS B which may have been the primary cause of diminished reliance on the 
feature in Charlotte. 

Regarding helpfuhless of the vibratory walk signal (Question 6), across both cities, only 2 
participants used the feature at each of the four intersections, and thus no statistical analysis 
could be computed. Overall, the feature was used 11 times in Tucson and resulted in a mean 
response rating of 4.36, and it was used 27 times in Charlotte with a mean response rating of 
4.37. Use of the vibratory feature may have been by participants who wanted to be sure they 
knew which APS was providing the WALK signal or some participants may have been just 
trying out the vibratory feature. 

The mean rating for whether the tactile arrow was useful for knowing the pushbutton was 
for the street to be crossed (Question 7), collapsing across devices in both cities, was 4.34. There 
were no significant differences between the devices for either city. The high mean rating, 
however, indicates that participants regarded the tactile arrow as being very useful in 
deternlining which pushbutton was for which street. 

The mean rating for whether the tactile arrow was useful for crossing alignment 
(Question 8), also showed no significant differences between devices within each city, but the 
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mean ratings were all on the positive side of the scale in Charlotte and on the negative side of the 
scale in Tucson. 

With regard to the helpfulness of the activation tone or message (Question 9), mean 
ratings for each city were strongly positive. There were no significant differences between 
devices in Charlotte, but in Tucson differences were significant (F(3,S4)=2.90, p<O.OS). APS C 
was rated significantly worse (3.S8) than both APS B (4.S8, F(l,18)=6.33, p<O.OS) and APS D 
(4.26, F(I,18)=6.64, p<O.OS) devices. However, APS C, which had the lowest mean in Tucson, 
had the highest mean in Charlotte (4.61), perhaps because some participants in Charlotte had 
prior experience with APS C. The most important conclusion that can be taken from ratings on 
this question is, therefore, that a good activation tone or message was very important to 
participants. 

The speech walk message was available only on APS B and APS C (Question 10). The 
mean ratings, by city, indicate that participants found the speech messages quite understandable 
in both cities. In Tucson, there was no significant ditTerence between devices, but in Charlotte, 
APS C (4.68) was rated significantly higher than the APS B (4.00; t(18)=2.23, p<O.OS). 

The pushbutton infOlmation message was available on APS B, C and D (Question 11). 
There was no significant ditference between devices in either city, but mean ratings for each 
device in each city were all at or above 4.00, demonstrating participants' agreement that "The 
pushbutton information message was easy to understand," 

The tactile map was used by only 9 participants across both cities. The mean rating for 
the statement "The crossing map was useful and easy to understand," (Question 12) was 4.00 in 
Tucson and 4.17 in Charlotte, with all participants rating it 3.00 or above. There was insut1icient 
data for further analysis. Researchers observed that many participants seemed to like the tactile 
map feature during the indoor demonstration, but most did not use it during experimental trials. 

Regarding the helpfulness of the louder (beaconing) signal feature (Question 13), this 
feature was available only on APS C and only in response to an extended button press. 
Collapsing across both cities, 31 participants used the feature, giving it a mean response of 3.94 
across cities, with only 4 participants rating it on the negative side of the scale. 

Additionally, participants were asked to rate the volume of both the locator tone and the 
walk signal (items 14 & IS) on a S-point scale (1=too quiet; S=too loud). The means for the 
locator tone and WALK signal volumes in both cities were less than, but close to 3.00, halfway 
between too quiet and too loud (see Table 3-15). The two most extreme mean ratings regarding 
the volume of the locator tone were APS A (2.20--Tucson) and APS B (1.80--Charlotte). APS A 
did not seem to respond well to ambient sound, which might have contributed to the lower rating 
in Tucson, where traffic was quite noisy much of the time. In addition, one APS A device was 
installed several feet behind the stop line, so it was somewhat farther away from the approach 
sidewalk. The volume of the locator tone of APS B was very quiet in Charlotte with baffles 
installed on the approach side of the device due to neighbor complaints, so most of its sound was 
directed at the curb area and into the street, which was not very helpful in healing the locator 
tone when approaching on the sidewalk. The most extreme rating regarding the volume of the 
WALK signal was also on APS B (Charlotte), probably for the same reason; the speech message 
was very difficult to hear. On the whole, participants were comfortable with APS volumes, 
although they would have liked them slightly louder. 
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TABLE 3-15 Mean rating of satisfaction with the volume levels of devices by locator 
tone and WALK signal within each city - N = 20 (1=too quiet; 3=just right; 5=too loud) 

14. Level of 
locator tone 
Tucson 
Charlotte 

15. Level of 
WALK signal 
Tucson 
Charlotte 
'" p<0.05 
** p<O.Ol 
*** p<O.OOl 

APSA APSB 

2.20 3.05 
2.75 1.80 

2.80 2.50 
2.70 2.20 

APSC APSD F(3,57) 

2.75 3.00 4.23** 
2.75 2.25 13.08*** 

2.70 3.05 2.89* 
2.95 2.90 5.89*** 

Despite the relative similarity in ratings, there were nonetheless significant differences by 
device for the locator tone and the WALK signal volume in both cities. In Tucson, the analysis 
of locator tone volume was significant (F(3,57)=4.23, p<O.OI), with participants indicating that 
the volume was too quiet on APS A when compared to the nearly perfect ratings obtained on 
APS B (3.05; F(l,19)=S.99, p<O.Ol) and APS D (3.00; F(l,19)=S.94, p<O.01. The analysis of 
ratings for the WALK signal volume were also significant (F(3,57)=2.S9, p<0.05). The mean 
rating for the APS D (3.05) indicated that it was considered about right, while APS B (2.50) was 
considered somewhat quiet in comparison (F(l, 19)=S.SS, p<O.Ol). 

In Charlotte, mean ratings for both the locator tone and WALK signal indicate that 
participants considered them somewhat too quiet. The analysis of responses to the level of the 
locator tone was significant (F(3,57)=13.0S, p<O.OOI). The mean rating for APS B (1.S0) was 
significantly worse than for all others: APS D (2.25; F(1,19)=5.15, p<0.05); APS C (2.75; 
F(1,19)=31.32, p<O.OOl); APS A (2.75; F(l,19)=26.4S, p<O.OOI). This was to be expected 
considering APS B was set to a lower volume. Furthennore, the rating on APS D was 
significantly worse than that on the APS C (F(l,19)=7.31, p<0.05), and that on APS A 
(F(l,19)=1O.56, p<O.Ol). The analysis of responses to the level of the WALK signal was also 
significant (F(3,57)=5.S9, p<O.Ol). The mean rating for APS B is significantly worse than all 
others: APS A, F(l,19)=4.52, p<0.05; APS D F(l,19)=13.11, p<O.01; APS C F(l,19)=12.04, 
p<O.01. Once more, thjs was to be expected and no other significant differences emerged. 

Although there are significant differences in the ratings for locator tone and for WALK 
signal volumes in each city, the fact that the differences in rank order change order across cities 
and across locator tones vs. WALK signals, makes it difficult to draw any finn conclusion about 
volume. This variation probably is indicative of the difficulty of regulating the signals to have 
equivalent perceived loudness between each other, within each city, and of the fluctuation of 
volume of both locator tones and WALK signals according to an1bient sound. Although the 
accommodation to ambient sound is intended to make locator tones and WALK signals 
detectable and understandable in an enviromnent with changing sound, response time and decay 
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both vary somewhat across devices. In addition, all devices were subject to a maximum 
permitted volume of 89dB. Perceived loudness is affected by several other factors in addition to 
volume setting of devices and their response to ambient sound. These include the comparative 
spectrum of the signal to the ambient sound at any time, wind, humidity, and reflective smfaces. 

Subjective Responses 

After completing each crossing in the final block of trials, and after responding to all of 
the above discussed statements, participants were asked what they liked most and liked least 
about the devices at the intersection they had just crossed. Participants were not limited in the 
number of features that they could list in either of these two categories. 

In an attempt to quantify these responses, positive and negative comments for each 
device were categorized. By the time these questions were asked, most participants had had 
experience with pushbutton locator tones, the pushbuttons, the activation tones/messages, the 
tactile arrow, and the WALK signals. The vibrating alTOW was present on all devices, but used 
by few participants, so it had few comments. Features such as the crossing map, the extended 
button press, and the louder (beaconing) signal feature were not present on every device and 
were not used by all participants even when present, so these features drew few comments. 

Categories of positive comments were the following. 

• Location and Type of Button 

• Location and Type of Arrow 

• Walk Signal Type (Speech vs. Other) 

• Walk Signal Information Distinguishing Streets 

• Locator Tone 

• Pushbutton Activation Tone 

• Vibrating AlTOW 

• Pushbutton Information Message (after extended push) 

• Volume Increase Feature (beaconing) 

• Tactile Map 

• Responsiveness to Ambient Noise 

Categories of negative comments included the following. Note that there is some overlap 
between positive and negative comments. Some feature some participants liked, other 
participants disliked. 

• Location and Type of Button 

• Location and Type of Arrow 

• Walk signal type (speech vs. other) 

• Walk Signal is Confusing 

• Lack of Info. Distinguishing Streets 

• Difficulty Understanding the Walk Signal 

• Pushbutton Activation Tone or Volume 

• Locator Tone 
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• General Volume Complaints (Locator or Walk Signal) 

• Lack of Features (Info Message or Volume Increase) 

• Crossing Map Difficult to Read 

With one exception, in one city, an devices had more positive comments than negative 
comments. In Charlotte, the APS D had more negative responses. The number of total positive 
comments, by device, in Tucson was between 31 and 48, while in Charlotte, it was between 22 
and 29. The number of total negative responses, by device, in Tucson was between 18 and 37, 
while in Charlotte, it was between 14 and 20. APS B and C had more positive connnents in both 
cities than APS A and D. 

Across both cities, APS A and B had the location and type of pushbutton that garnered 
the most positive comments. Both of these devices have large, rounded pushbuttons, more 
closely resembling typical pushbuttons than those of APS C and D. Also across both cities, the 
pushbutton of APS D had the most negative comments. It was a flat panel electronic pushbutton 
on the face of the device. During experimental trials, researchers observed considerable 
exploration of APS D before the button was actually pushed. In fact, in the general infornmtion 
condition, researchers observed a number of incidents when the button was pushed by accident 
while participants were explOling the device and trying to figure out where the pushbutton was 
located. The lack of anything that felt like a pushbutton was clearly confusing to many 
paIticipants and they pushed on the light, map symbols, or the arrow while exploring the device, 
and often were not aware of what they pushed to get the confirmation tone. 

In Tucson, APS D also received the most negative comments regarding the type of arrow. 
The arrow was only 1.5 inches long, with a stroke width of 3/4 inch, while the next smallest 
arrow was that of the APS C device, at 2 inches long, with a stroke width of 1 inch. Also, the 
arrow of APS D was the only one located on the top (horizontal) surface of the device. In the 
objective data, in the general infonnation condition, the pushbutton and arrow of APS D 
appeared to be more problematic than the pushbuttons and aITOWS of the other devices. 
Following specific familiarization, this difference had largely disappeared, however. In Tucson, 
the location aIld type of arrow of APS C received more favorable connnents thaIl those of any 
other device. That arrow was the only one that was located on the pushbutton for the Tucson 
experiment; in Charlotte, APS B also had the arrow on the pushbutton. 

There were maI1Y connnents regarding the type of WALK signal (speech-APS B aIld C 
vs. bird calls-APS A vs. rapid tick-APS D). In Tucson, there were between 9 and 13 positive 
responses to the WALK signals of all devices, and no negative responses. The higher numbers of 
responses were for APS B (13) and APS C (11), which both had speech messages, although the 
difference in numbers may not be meaningful. However there were 7 (negative) comments 
categorized as "Walk signal is confusing," for both APS A and APS D, the two devices having 
tone signals. There was a similar pattern in Charlotte, for both positive and negative responses, 
although the number of responses was less. Therefore, the general trend is that participants 
preferred the speech messages to either type of tone signal. It should be recalled, however, that in 
objective measures of latency in starting to cross, there was some advantage to the rapid tick 
signals. Thjs pattern, in which subjective preference favors speech signals, but objective 
perfonnaI1Ce favors tone signals, was also found in research on pushbutton location aIld WALK 
signal conducted as part of this project (see Chapter 4) (37). 
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There was a notable preference for devices providing speech information to distinguish 
between streets having the WALK signal, that is, APS Band C, and a smaller number of 
negative connnents regarding the lack of this information from APS A and D. There were 
comments that the speech messages of APS B were difficult to understand, but no such 
comments for APS C. 

Something as simple as having a clear and audible tone to indicate that the pushbutton 
had been activated appears to be particularly appreciated by pedestrians who are blind, as this 
feature was mentioned positively by many participants. Both APS A and D received positive 
comments in both cities, and APS B also received positive comments in Charlotte. Those who 
commented positively regarding APS B specifically commented that they liked the "Wait" 
message (the pushbutton actuation indicator) that they heard immediately when they pushed the 
button during the flashing or steady don't walk intervals. There were a few negative connnents 
on the sound of the activation indicator, mentioning APS C and A. Over all, the actuation tone of 
APS A received the highest number of positive comments across both cities --12, and APS D 
next --7. 

Regarding locator tones, all devices across both cities received an approximately equal 
number of positive and negative comments. 

There were scattered positive comments about the pushbutton infonnation message and 
beaconing that could be actuated by an extended button press, the vibrating button or arrow, the 
tactile map, and the responsiveness to ambient sound. Negative comments regarding these 
features were all with regard to APS A, which lacked the pushbutton infOlmation message and 
the tactile map. In Tucson and Charlotte, APS A also did not seem to respond to ambient sound, 
although it has that capability. There were five positive comments about the tactile map, but 
three comments that it was hard to read. 

In addition to reporting which features they liked most and liked least for each device 
immediately following use of the device in the specific infonnation condition, participants were 
also asked a series of questions after completing all crossings. These questions were: 

1. Which locator tone did you like best? 
2. Which locator tone was easiest to horne in on? 
3. Which pushbutton was easiest to find? (after finding the device) 
4. Which walk signal gave you the best info for which street had the walk signal? 
5. Which walk signal was easiest to hear? 
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Participants were not limited to one device in answering the questions and could also respond 
with a "none" response (see Table 3-16). 

It appears that preference for locator tones was fairly well distributed, with a slight 
preference for the locator tone on APS C followed by APS D. Interestingly, APS A and C have 
use the same locator tone, which some participants noted. Ease of finding the pushbutton was not 
related to reports of usefuhless of the locator tone, as participants reported APS A to be the 
easiest to find, followed by APS B. This seems related to the rounded shape of the pushbuttons 
on those devices, about which many participants connnented favorably. The clearest picture 
emerges in reports of which WALK signal gave the best infonnation. Participants believed that 
those devices with speech messages (APS Band APS C) provided the least ambiguous 
information regarding the WALK signal. Finally, participants showed no clear preference for 
which walk signal was easiest to hear. APS A (bird calls) received the most votes across both 
cities, while APS C (speech) received nearly as many. 

Attempting to amass all of this subjective information, the most desirable APS would 
have the following features: 

• A locator tone (any) 

• A rounded pushbutton 

• A clear pushbutton activation tone 

• Responsiveness to ambient sound 

• A tactile arrow that is incorporated into the pushbutton itself 

• A speech walk signal that indicates the name of the street to be crossed 

TABLE 3-16 Frequencies of responses to questions on preference questionnaire 

None APSA APSB APSe APSD 
Which locator tone did you like the best? 

Tucson 2 7 6 8 10 
Charlotte 1 4 2 10 5 

Which locator tone was easiest to home in on? 
Tucson 4 3 3 8 8 

Charlotte 1 5 3 10 5 
Which pushbutton was easiest to find? 

Tucson 2 9 10 6 3 
Charlotte 0 12 4 4 5 

Which walk signal gave you the best info for 
which street had the walk MgUal? 

Tucson 2 4 14 15 1 
Charlotte 0 1 10 14 5 

i Which walk signal was easiest to hear? 
Tucson 1 10 6 5 8 

Charlotte 1 7 5 10 3 
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• Easily understood speech 

• Beaconing in response to an extended button press 

• A pushbutton information message 

SUMMARY AND CONCLUSIONS 

This research evaluated what features of pushbutton-integrated APS were useful to 
pedestrians who are blind and how much information or training was needed in order to enable 
them to make use of those features. The results do not present a focused picture of one device 
and set of features that will provide unambiguous information to pedestrians who are blind or 
who have low vision at a range of intersections. So many factors are involved in the street 
crossing tasks that it is difficult to determine what features atTected perfommnce. Among the 
devices, some features seemed more useful or to be used more frequently, but even this 
information seemed to vary between the two cities. The results seem to support that when 
pedestrians who are blind have used a device, and know what kind of APS they will use at an 
intersection, device characteristics or features, such as the physical design of the pushbutton or 
tactile arrow, do not make much difference. 

A fact that became clear in this research was that pedestrians who are blind do not have 
adequate infonnation about using pushbuttons and APS devices in crossing streets and many did 
not have good information about the complexity of modem intersection signalization. When 
participants had some general information about new types of APS, they performed better at 
locations with APS installed than they did when no information was given to them about the 
APS. Although there was little improvement in objective measures between the general and 
specific information conditions, participants' ratings regarding their ability to use the APS were 
more positive following after receiving specific information. Thus, even though participants 
were not familiar with a specific intersection, having specific information and experience with 
the APS at that intersection, and knowing which APS they would encounter, increased 
participants' perceptions of ease and confidence in interacting with the APS. 

Device Adjustments and Volume 

Despite all efforts by cities and researchers involved in this project, it was difficult to 
install devices within the existing infrastructure in locations that were truly comparable. Both 
cities made every effort to install the devices for this project in optimal locations, but slight 
differences in pole location, such as distance from the curb or sidewalk, or position in relation to 
the curb ramp, made some pushbuttons more difficult to find than others. Even when everyone 
was committed to good installations, it was impossible to locate all devices in accordance with 
cunent MUTeD guidance and the Draft Guidelines (1, 2). On one comer this was due to the curb 
radius and a fire hydrant. On another, the sidewalk and curb ramp would have had to be 
completely rebuilt to locate a second pushbutton pole. Many poles, and consequently 
pushbuttons, in Tucson were more than 5 feet outside the extension of the crosswalk lines, which 
may have contributed to some participants crossing outside the crosswalk, or to crossing 
alignment problems. These locations are examples of the real-world conditions that will be faced 
by engineers at most intersections. Unless the intersection is new or being completely rebuilt, it 
will often be difficult to achieve the optimum placement of APS. 
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The adjustment of the volume of the APS is critical for neighborhood acceptance and for 
usability by pedestrians who are blind. Even with ambient sound response, this is a difficult 
balance to strike. While most blind pedestrians felt the volumes were slightly too quiet, 
researchers thought some of them were too loud for neighborhood acceptance, particularly if 
they had been in residential locations. At one intersection in this research, volume of devices was 
turned down and severely baffled in response to a neighbor's complaints. Part of the problem 
may have been that the device had been installed and left over the weekend with the locator tone 
volume much too loud, due to a misunderstanding of the volume adjustment. Community 
objections to APS and locator tones are likely to affect the installation of APS, so proper volume 
adjustment is critical. In this research, the sound levels and ambient sound response of APS C 
and D were adjustable with handheld PDA-type devices and they seemed to be much easier to 
install and adjust. 

Development in placement of APS and refinements in techniques used by pedestrians 
who are blind may also change their expectations about the volume of locator tones. If 
pedestlians who are blind continue to the edge of the street, then listen for the locator tones, it 
may be easier to adjust the sounds to be heard in the street vicinity and not on the approach 
sidewalk. And location of pushbuttons closer to the street and crosswalk location allows the 
volume of the locator tone and walk indication to be lower. 

Use of Pushbutton 

The results regarding the use of pedestrian pushbuttons by pedestrians who are blind 
indicates that typically, pedestrians who are blind do not use pedestrian pushbuttons. In 
Charlotte, where it is common to require pushbutton actuation for only the major street crossing 
at an intersection, 7 out of 20 participants said they usually do not use pushbuttons, 6 said that 
they usually do, and the other 7 said they do only when they know that the pushbuttons are there. 
In related research in Charlotte, 16 blind participants crossing at complex, unfannliar signalized 
crossings, without APS, did not look for pushbuttons on any of the 64 crossings at which 
pushbutton actuation was necessary (36). Even in Tucson, where use of a pushbutton is required 
to actuate the WALK signal for both the major and minor street crossings at most signalized 
intersections, 9 of 20 participants said they usually do not use push buttons, 6 said that they 
usually do, and the other 5 said they do only when they know that the pushbuttons are there or 
the intersection is particularly difficult. In the Tucson experimental trials under the no 
information condition, only five participants looked for the pushbutton on every crossing, and at 
each of three intersections, one additional person (different people) looked for the pushbutton. 

Locating Pole/Device 

In the general and specific information conditions in both cities, most participants (98%) 
searched for the pedestrian pushbuttons, probably because they had been told that the pushbutton 
had to be used to actuate the APS, and the locator tone had been explained. In the no information 
condition, some were observed to wonder out loud about the locator tones that they heard, but 
few had actually investigated the pushbuttons or tried to determine where the tones were coming 
from. 

Two types of subjective data support the usefulness of locator tones. First, participants 
were asked, following each crossing for wInch they used the pushbutton, how they located the 
pushbutton. This was an open-ended question, pennitting multiple responses. Participants said 
they used the locator tone on most trials, regardless of device (Tucson 95%, Charlotte 83%). The 
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lower percentage in Charlotte is largely the result of low rates of locator tone use on one device, 
where the volume was too quiet. Furthermore, when asked following each trial on which they 
had specific familiarization and experience with the four APS devices, to rate their agreement 
with the statement "The locator tone helped me find the pushbutton." mean responses for each 
device in each city were all in the positive direction. An APS across both cities recei ved an 
approximately equal number of positive and negative comments, and no particular APS locator 
tone resulted in a higher percentage of participants finding the pushbutton. 

The presence of a locator tone to inform pedestrians of the presence of a pushbutton and 
its location may also influence the use of pushbuttons, since five participants in Tucson and 
seven participants in Charlotte said they used pushbuttons if they knew they were there and 
where to find them. 

However, the presence of a locator tone does not guarantee that pedestrians who are blind 
will find the pushbutton, even with specific infommtion about the type of APS. In the specific 
information condition when participants looked for the pushbutton on 100% of trials, they failed 
to find the conect pushbutton on 21 % of trials in Tucson and 16 % of trials in Charlotte. Possible 
reasons for this failure are that participants were not experienced at the task of looking for a 
pushbutton and maintaining orientation, so some found and used the wrong pushbutton (recorded 
as did not find pushbutton) or participants may have had difficulty locating the pushbutton and 
requested assistance (also recorded as did not find pushbutton). When data are exanlined for 
finding both conect and inconect pushbutton for a crossing, participants found a pushbutton on 
over 90% of trials in both the general and specific infomlation conditions. In the specific 
infonnation condition, participants found a pushbutton on 95% of trials in Tucson and 99% of 
trials in Charlotte. However, some still found and used the incorrect pushbutton while others 
found the inconect pushbutton and identified it as such without activating it, but then did not 
proceed to find the conect pushbutton. This may indicate the need for additional training and 
techniques for locating pushbuttons and recognizing the conect pushbutton, along with the 
provision of APS with locator tones. 

Of concern to the researchers in the no infonnation condition were comments of some 
pmticipants who seemed to be trying to use changes in the locator tone volume (in response to 
ambient sound) as a walk indication. These participants generally did not look for or push the 
button, but heard the audible locator tone, and without knowledge of locator tones and their 
function, made an assumption that it was some kind of walk indication. This misunderstanding of 
the mnbient sound adjustment and of the locator tone could lead to dmlgerous crossings. Where 
pushbutton-integrated devices with locator tones are installed, it may be necessary to make a 
conceIted effort to provide infOlmation about the devices to individuals in the community. 

Pushbutton Design and Features 

Pushbutton Style 

Indirect evidence for difficulty in finding the two pushbuttons that were atypical, the flat
panel pushbutton, and the flat recessed circular pushbutton, was found in the latency to find and 
push the correct pushbutton. The time included both the time to find the pole and the device, and 
the time to locate mld use the button on the device. In the condition in which participants only 
had a general description of APS features, the two unusual pushbuttons took significantly longer 
to locate and push than the two buttons that were typical. When participmlts had specific 
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information about and experience with the various pushbuttons, all differences in latency 
disappeared. 

Style of pushbutton was frequently mentioned when participants were asked what they 
like most and least regarding each APS. The two APS having two inch diameter rounded 
pushbuttons "that pushed" drew a number of positive comments to the open-ended question. 

On the basis of the objective latency results and the subjective preferences, it is 
recoIllinended that the APS have a clearly defined pushbutton that is tactually identifiable. While 
protruding buttons did receive positive comments from participants, there was not enough 
evidence to wanant such a recommendation. It is also important to remember that any 
pushbutton needs to be designed to deter vandalism. The greatest design in the world is useless if 
the button has become inoperable as a result of vandals. 

Tactile Arrow 

In Tucson, increased information did not significantly affect use of tactile anows. Almost 
69% of participants used the anow in the general information condition and 73% used it in the 
specific infonnation condition. However, in Charlotte, increased infonnation also led to 
significantly greater use of the tactile anows, from 87% of trials following general information 
to 100% of trials following specific familiarization. 

In Tucson, the tactile anow was more likely to be used on the APS C devices than on 
others. The tactile anow was on the pushbutton of APS C. It was also on the pushbutton of APS 
B in Charlotte and may have contributed to more use of the anow on APS B there. However, the 
increased usage of the anow on the pushbutton was not enough evidence to support a 
recommendation along these lines. While the anow may have been "identified" more often when 
located on the pushbutton, there was no evidence that it was used more often for wayfinding 
when compared to anows located at other places on various APS. 

One of the purposes of the tactile anow is to identify which street the pushbutton 
controls. Use of the tactile anow and the inconect pushbutton presented a very different picture 
in Charlotte than in Tucson. In Tucson, while participants looked at the anow on the inconect 
pushbutton on 28 trials, they always conectly rejected the incorrect pushbutton. However, in 
Charlotte, participants found the anow on the incorrect pushbutton on 63 trials, and correctly 
rejected it on only 41 trials (65%). While there was a decrease in overall use of the wrong 
pushbutton from the general to the specific information condition, participants still failed to 
reject the inconect pushbutton on 20% of trials (6/30) following specific infomlation. To 
observers, participants in Charlotte seemed less skilled, particularly in orientation. The confusion 
of pushbuttons seemed to be related to the participants' lack of strategies to maintain their 
orientation; some would completely tum to face the street parallel to their travel path, while 
examining the anow on the device and then push the button and line up to cross the parallel 
street. See additional connnents on this subject under wayfinding. 

Extended Button Press 

Additional optional features on pushbutton-integrated APS are activated by an extended 
button press. These features included street name information provided in the pushbutton 
information message and a louder signaling (beaconing) feature. Where speech messages are 
used for the walk indication, it may be necessary for pedestrians to know the street names in 
order to recognize which street is being signaled. This is particularly true at comers where two 
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pushbuttons are mounted on the same pole, although that situation was not included in this 
research. In both cities, the increase in use of the extended button press following specific 
information was significant, from 38.8% to 77.8% in Tucson, from 17.7% to 71.1 % in Charlotte. 
Tins may indicate that more specific infonnation and training is necessary if use of the extended 
button press is expected. 

Pushbutton Information Message 

The pushbutton infonnationmessage provided additional intersection infornlation (street 
names) in response to an extended button press during the flashing or steady don't walk 
intervals. As mentioned above, in the general infornlation condition, few participants used the 
extended button press that was required to actuate the message. However, following hands-on 
fanriliarization with each of the three APS having this feature, participants chose to use the 
feature on more than 70% of crossings in both cities. When asked to mention features they liked 
most or least on each APS, there were a number of positive comments regarding the pushbutton 
infonnationmessage, and there were no negative comments. Mean ratings for the statement "The 
pushbutton information message was easy to understand" were all at or above 4.0 (4=agree). 

Crossing Timing 

WALK Signals 

There was significant improvement in all measures of crossing timing between the no 
information and the general and specific information conditions in Tucson. The measures were 
latency (time to start crossing), starting dUling the walk interval, completing crossing during the 
flashing DONT WALK, completing crossing during the steady DONT WALK, and completing 
crossing before the onset of perpendicular green. Tins is likely attributable to increasing use of 
the pushbutton and thus presence of the audible WALK signal. If greater use of the pushbutton, 
and consequent presence of the WALK signal, accounts for increased starting during WALK, then 
starting during the walk interval may be increased by education and training of individuals who 
are blind about the use of pushbuttons and their effect on signal timing. In Tucson and Charlotte, 
there were no significant differences on measures of crossing timing between the general and 
specific infonnation conditions. 

There were three types of WALK indications used in the devices installed in this research
speech messages, bird calls (cuckoo-cheep) and the rapidly repeating tone indication (rapid tick). 
In Tucson, in the specific information condition, starting to cross was significantly faster at APS 
D (rapid tick) than at any of the other devices. Tile pattern was sinnlar in Charlotte, but did not 
reach significance. It appears that once pedestrians understood the crossing signal, the rapid tick 
crossing signal provided the best cue in telIDS of starting to cross quickly in both cities. The bird 
call tones and speech messages were all quite sinrilar in both cities. The faster response to the 
rapid tick signal is supported by results of research on pushbutton location and nature of WALK 
signal, conducted under tlns same project, in which responses were quicker to the rapid tick than 
to cuckoo/chirp tones or to speech messages (see Chapter 4) (37). 

BeaconinglLouder Signal 

One APS provided beaconing with a louder signal that was requested by the same 
extended button push that actuated the pushbutton infonnationmessage when it was present. 
Therefore data on use of the extended button press does not clearly indicate whether the 
extended press was used to actuate the pushbutton information message, the louder signal, or 

72 

AR0072271 



Chapter 3 - Experimental Trials on Accessible Pedestrian Signal Features 

both. When asked to rate the extent of their agreement with the sentence, "The louder signal 
feature was helpful," the mean rating was positive (3.94), with only four participants giving it a 
negative rating, possibly because they did not think the signal got loud enough. 

Another APS provided a pedhead-mounted speaker that was aimed toward the middle of 
the street and possibly provided beaconing during the WALK interval. However, for all signals, 
collapsing across cities and information conditions, less than 35% agreed that they used the 
signal to help them find the opposite comer. The most interesting finding here is that, for each 
city and each infonnation condition, the numbers of participants who reported using the APS to 
help them find the opposite comer are very similar for all devices. That is, even though APS C 
and A had beaconing features, there is no clear pattern that participants reported using those 
signals more than other devices to find the opposite comer. Researchers observed some 
participants altering their path to travel straight toward the pushbutton (and louder locator tone) 
of APS C in Charlotte, but participants did not seem to realize that they had done so. 

The lack of reported use of the signal to guide the pedestrian to the opposite comer is 
likely attributable to a number of factors. Participants who used dog guides (4 in each city) 
reported that they just followed their dog's guidance in the street. Others stated that they were 
using vehicles for their aligmnent cues, or that they could not hear the locator tone of the APS 
until they were within a step or two of the opposite curb, so they did not really use it. Ongoing 
research in another project is investigating additional beaconing options and may provide more 
insight in this area (36). 

Wayfinding 

Collapsing across infonnation conditions, it does not appear that any APS reliably 
provided more useful information than any other with respect to wayfinding. Furthermore, no 
specific type of interaction (general interaction, use of tactile arrow, or use of extended message) 
shows reliable improvement or impoverishment of ability to find and align to the crossing. 
Because of observations in Tucson, data were collected in Charlotte on whether participants were 
standing irrnnediately beside the pushbutton to begin their crossing. This sometimes resulted in 
them being outside the crosswalk lines when beginning their crossing. Almost all (97%) were 
either at the pushbutton or within the crosswalk when beginning their crossing. This behavior 
indicates that APS pushbuttons should be placed close to, or within, the extension of the 
crosswalk lines. 

It was the observation of the orientation and mobility specialists involved in data 
collection that most participants did not use any type of consistent strategy to maintain their 
alignnlent or to realign when having to interact with a pushbutton. Most deviated on their 
approach to the street to check any pushbutton and locator tone they heard, and some became 
completely disoriented and lined up to cross the wrong street. The most corrunon techniques 
taught for aligning to cross streets involve maintaining initial approach alignnlent and utilizing 
traffic traveling through the intersection to align. Where pushbuttons are used, the individual 
often must depart from the approach path to push the button, and the crossing must be made on 
the next through traffic phase without waiting through a cycle to align, which prevents the use of 
those techniques. Additional techniques and strategies are needed by blind pedestrians where 
pushbuttons are used. 
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Recommended Features of Pushbutton-integrated APS 

As noted at the beginning of this summary, the results do not present a completely 
focused picture of one device and set of features that will provide unambiguous information. 
However, they do provide insight into use of various features and the information needed by 
pedestrians who are blind to use the APS and their features efficiently. Based on the objective 
data recorded for the 40 participants who made crossings, as well as subjective information 
obtained from these individuals, the APS should have the following features at all installations: 

• Pushbutton locator tone (any) 

• Clearly defined pushbutton that is tactually identifiable 

• Tactile arrow (exact location on APS unit is not defined) 

• Audible WALK indication (see discussion below on speech vs. tones) 

• Vibrotacticle WALK indication 

• Responsive to ambient sound 

Subjective preference for speech WALK signals was much greater than for tones. 
However, it is impossible to make speech WALK signals understandable to all users, including 
the large population having age-related upper frequency hearing loss in addition to visual 
impairment, under all ambient sound conditions. FurthelIDore, other research conducted in this 
study and described in the next chapter showed that understanding of which crosswalk has the 
WALK indication is significantly more accurate with rapid tick walk indicators located close to 
the crosswalk than with speech signals or two different tone signals. Finally, response to the 
correct WALK indication was faster with the rapid tick signal, leading to less delay in starting to 
cross the street, and increasing the likelihood that crossings would be completed during the 
flashing DONT WALK interval. So despite the subjective preference, rapid tick is recommended 
for the WALK signal. Nonetheless, where two pushbuttons must be installed on the same pole, 
speech message WALK indications are needed to resolve ambiguity in which crossing has the 
WALK interval (see Chapter 3). 

Under certain circumstances, the following secondary APS features are also desirable: 

• Pushbutton information message 

• Louder signal (audible beaconing) 

• Tactile map of crosswalk 

The recommended guidelines in Chapter 7 provide more guidance on when these secondary 
features may be desired. 

74 

AR0072273 



Chapter 4 - Experimental Trials on Pushbutton Location and WALK Indicator 

CHAPTER 4 

Experimental Trials on Pushbutton Location and WALK 
Indicator 

INTRODUCTION 

It is critical that any APS system provide clear infonnation as to which crosswalk has the 
walk interval. Presently, APSs in the United States are not located at intersections in any 
consistent pattern, nor do APSs use consistent sounds to convey the WALK indication. 
Pedestrian pushbutton location is also not standardized in the United States, which makes it 
difficult to provide unambiguous audible WALK indications when an APS is added to an 
existing pedestrian signal. 

Many cities in the U.S install pedestrian pushbuttons for crosswalks in both directions on 
a comer on a single pole. There are various reasons for this practice: 

• Many installations use a single pole on a corner for span wires or mast arms to 
support traffic signals; money is saved by placing both pushbutton units on the same 
pole rather than installing additional poles with associated wiring and conduit. 

• Poles are sometimes installed at various locations on the corner due to limited right 
of way or infrastructure constraints (e.g., underground utilities). 

• AASHTO design guidelines discourage poles near the curb for vehicular safety 
reasons and to prevent turning trucks from danlaging poles. 

The Manual on Uniform Traffic Control Devices (MUTCD) 4E.08 reads "Pedestrian 
pushbutton detectors should be capable of easy activation and conveniently located near each 
end of the crosswalks"(l).However, poles where pushbuttons are located vary greatly in distance 
from the crosswalk. MUTCD 4.E.09 provides that "At corners of signalized locations with 
accessible pedestrian signals where two pedestrian pushbuttons are provided, the pushbuttons 
should be separated by a distance of at least 3 m (10 ft)", and pushbuttons for APS should be 
located "adjacent to a level an-weather smface to provide access from a wheelchair, and where 
there is an all-weather surface, wheelchair accessible route to the ramp; within l.5 m (5 ft) of the 
crosswalk extended; within 3 m (10 ft) of the edge of the curb, shoulder, or pavement; and 
parallel to the crosswalk to be used"(l). The U.S. Access Board's Draft GuidelinesJor 
Accessible Public Rights-oj-Way, applicable to new constmction and alterations, would also 
require that accessible pedestrian signals (APSs) be separated by at least 10 ft (2). 

This set of experiments was undertaken to build on the knowledge base of why APSs are 
needed and to understand the importance of appropriate installation techniques. The prinlary 
purpose of this study was to determine the effect of three factors on the ability of pedestrians 
with visual or cognitive impainnents to determine which crosswalk at a comer had the WALK 
signal. The factors under investigation were as follows: 

1) Whether there were significant advantages to installing two poles on a corner, 
each with its own pushbutton-integrated APS, over installing two pushbutton
integrated APSS on a single pole. 
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METHOD 

2) whether proximity of these poles to the curb influenced the ability of participants 
who had visual or cognitive impainnents to push the correct pushbutton and to 
know when the WALK signal came on for the street in front of them. 

3) Whether there were significant advantages to using the same sound, versus two 
different sounds, versus two speech messages to indicate the walk interval. 

Participants 

Participants for this effort were selected with the goal of comprising groups that included 
persons with a wide age-range, balanced according to frequency of independent travel and 
frequency of crossing at unfamiliar intersections. Altogether, there were 90 adults who were 
visually or cognitively impaired and who, by self-report, independently traveled outdoors on at 
least one route and crossed signalized intersections. Half of the participants had some degree of 
visual impairment, and half of the participants were cognitively impaired. 

Local recruiters having extensive knowledge of, and contacts within, agencies or 
organizations relevant to each group of participants were hired, and the participants were 
recruited by word of mouth, flyers, and distributed e-mails. Many participants were associated 
with one of the following agencies: the Oregon Commission for the Blind, the ARC (formerly 
Association for Retarded Citizens) of Multnomah and Clackamas Counties, Independent Living 
Resources, the Brain Injury Association of Oregon, Traumatic Brain Injury Club, Legacy Good 
Samaritan Hospital, and Medical Center Young Adult Support Group. 

The following information was gathered during personal interviews with persons with 
visual impairments who had expressed an interest in participating: date of birth, highest level of 
education, amount of vision (including ability to see walk/don't walk signs, poles, and crosswalk 
lines), etiology, date of onset of disability, additional disabilities, type of travel aid used, self 
rating of travel ability, frequency of independent travel, and frequency of crossing at unfamiliar 
intersections. Interviews with participants who were cognitively impaired gathered similar 
information: date of birth, highest level of education, amount of vision, date of onset of 
disability, additional disabilities including seizures, living situation, street crossing practices, 
frequency of independent travel, and frequency of crossing at unfamiliar intersections. 

Forty-five participants with visual impaiIments were divided into three subgroups, of 15 
participants each, based on their ability to see pedestrian signals, crosswalk lines, and poles. The 
group that had the least vision (referred to as totally blind) reported that they were totally blind 
or had only light perception and could not see pedestrian signals, crosswalk lines, or poles. This 
group ranged in age from 21 to 78, with a mean age of 47.6 years. Another group (referred to as 
legally blind) reported they were legally blind; some of them could occasionally see pedestrian 
signals and either occasionally or usually could see crosswalk lines and poles. This group ranged 
in age from 22 to 85, with a mean age of 51.6 years. A third group (referred to as low visual 
acuity) had visual impainnents, but they were not necessarily legally blind and could usually see 
pedestrian signals, crosswalk lines, and poles. This group ranged in age from 19 to 74, with a 
mean age of 48.6 years. Participants who normally used a long cane as a travel aid in all the 
subgroups used a long cane during the research. No participant used a guide dog as a travel aid. 
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Forty-five adults with cognitive disabilities were also divided into three subgroups of 15 
participants. One group was composed of people who had had head injmies. This group ranged 
in age from 22 to 57, with a mean age of 45.9 years. Another group was composed of people 
who had had strokes and whose vision and hearing might have been affected, but who were not 
legally blind. This group ranged in age from 35 t078, with a mean age of 52.5 years. A third 
group was composed of people who were developmentally delayed. This group ranged in age 
from 19 to 85, with a mean age of 49.1 years. All participants were cognitively capable of 
personally consenting to participation, and all said they independently crossed streets at 
signalized intersections. 

Location and APS Equipment 

TIle intersection of NE 7ID A venue and NE Multnomah Street in Portland, Oregon was 
equipped with eight pushbutton-integrated APS units that were mounted on temporary poles, 
with pushbuttons located 42 inches from the ground. In pushbutton-integrated APS, audible 
signals come from the pushbutton housing, unlike pedhead-mounted APS, in which the audible 
signals come from a speaker mounted in or on the pedhead. The pushbutton-integrated APS units 
used in this study included a pushbutton locator tone, automatic volume adjustment in response 
to ambient noise level, a tactile alTOW that vibrated during walk interval (aligned in the direction 
of travel on the associated crosswalk), an audible "click" sound and red LED to confirm that the 
button had been pressed, and an audible WALK indication that varied during the experimental 
conditions. 

TIle pushbutton locator tone is intended to aid approaching pedestrians with locating the 
pushbutton and to infoml them that they need to push a button to receive a pedestrian signal and 
the extended green time needed to cross the street. The tone repeated once per second and was 
adjusted to be audible only six to twelve feet from the pushbutton. The audible WALK indications 
varied during the experimental conditions and were changed by the researchers with the use of a 
handheld programming unit supplied by the manufacturer (Polara Engineering). 

Two APSs mounted on a single pole were used on two comers, and APSs mounted on 
two separated poles were used on the other two comers. On comers A and D (the northwest and 
northeast comers), the two APSs for crossing both streets at each comer were mounted on a 
single pole; on comers Band C (the southwest and southeast comers), the two APSs on each 
comer were mounted on two poles separated by at least 10 feet (see Figures 4-1 and 4-2), 
meeting the guidelines of the MUTeD as previously described. 

Distance of the poles from the street was also varied. On comer A, the pole was installed 
approximately 3 feet from each street, and on comer D, the pole was installed approximately 10 
feet from each street. The same was true for the comers with two pushbutton poles: on comer C, 
each pole was installed approximately 3 feet from the street, and on comer B, each pole was 
installed approximatelylO feet from the street. 

The choice of tones and speech messages used in the experiment was based on CUlTent 
practice and on recent laboratory research (38, 39). The single tone used was a rapid tick, as this 
tone has been found to be more highly detectable than other tones in use or proposed for APS. 
When two tones were used, they were the rapid tick and cuckoo. The cuckoo sound was selected 
over the chirp sound (both are often used together at an intersection) because it is not the same as 
any birdcall in the U.S., it is not mimicked by any birds connnon to the U.S., and it is more 
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Figure 4-1. Intersection diagram/or NE Multnomah Street and NE Seventh Avenue in 
Portland, OR. 

detectable than the chirp sound. However, the cuckoo sound is not as detectable and localizable 
as the rapid tick. 

There were two possible sound conditions on each comer. The audible WALK indication 
was set by the researchers for either: two different tones (cuckoo and rapid tick) or two same 
tones (rapid tick) on the comers having two poles. On the comers with just one pole (see Table 
4-1), the audible WALK indication was either two different tones (cuckoo and rapid tick) or two 
speech messages ("7 th

, walk sign is on to cross 7th
" or "Multnomah, walk sign is on to cross 

Multnomah)." 

The total duration of an audible and visual WALK indications was seven seconds. There 
was a 0.5 second pause between repetitions for all sound conditions. Each speech message 
repeated twice during each WALK interval, and the cuckoo and rapid tick messages repeated three 
times during each WALK interval. This variability was due to the length of the messages. Each 
speech message was approximately 3 seconds, and each repetition of the cuckoo or rapid tick 
was approximately 2 seconds. 

78 

AR0072277 



Chapter 4 - Experimental Trials on Pushbutton Location and WALK Indicator 

® / // ~ 
// 

t 
N 
I 

$f2'" [!]e ~ ", , ", //\" ", 
~ 
~~ ... 

II 

II II II 

2Yn1)Q1 Kev_ 
.... \1/ Sou nd from pU31 button speak er 

EI P ushbutt on-integ rate d ,IlP S 

• Pole -Pedhead 

[3] Curb Ramp 

• Sidewalk planter Boxes 

(Not to Scale) 

Figure 4-2. Diagram of Corner C (southeast corner of NE Multnomah Street and NE Seventh 
Avenue in Portland, OR). 

To reiterate, two sound conditions (two tones or two speech messages) were assigned to 
comers having a single pole (comers A and D), and two sound conditions (two different tones or 
same tone) were assigned to comers having two poles (comers B and C). Testing every sound 
condition at every comer would have resulted in an experiment that required two sessions. 
Additionally, testing the same tone from each APS at comers having a single pole would have 
been noninformative. If both APSs have the same tone coming from the same location, there is 
no cue to indicate which crosswalk is being signaled. However, on comers having two 
pushbutton poles separated by at least 10 feet, it may be possible to hear which pushbutton is 
sounding. Researchers recognized that either two different tones or speech messages could have 
been used in APSs at comers having two poles; both would have provided information that was 
redundant to the cue that was provided by the location of the APS. A decision was made to use 
the most commonly used strategy in the U.S., which is the use of two different tones. 

Procedure 

All 90 participants were individually tested in approximately one-hour sessions. First the 
participants were familiarized with a nonfunctioning demonstration unit of the APS that included 
the tactile arrow indicating the direction of the associated crosswalk. Participants then listened to 
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a tape recording of the various sounds that would come from the APS. The sounds included a 
locator tone and the three possible WALK indications. The participants were told that they were to 
identify the walk interval on the street in front of them by raising their hand. Participants were 
told that they could use the visual WALK signal if they could see it, the pushbutton sounds or 
messages, or the traffic. They were encouraged to use any information that they would normally 
use to determine when the WALK signal comes on. Then the participants were guided to the 
starting location for the first trial. 

Before the participant arrived at the comer, the APS devices were configured to one set 
of the possible WALK indication sound conditions. The APS devices on comers having two poles 
were randomly set to either the same tone condition (rapid tick - condition 1) or two tones 
condition (cuckoo and rapid tick - condition 2). While the starting settings were determined 
randomly, the two comers with two poles were always set up for the same condition (#1 or #2) 
for each block of trials. The two APS units on each comer having a single pole were randomly 
set to either the two-tones condition or the speech message condition. Both APSs on the single 
pole comers were always set for the same condition within a block of trials. (See Table 4-1.) 

Each participant completed 16 trials, which were conducted in two blocks of 8 trials with 
a short rest period (usually five to ten minutes) in between. For an intersection such as was used 
in this expeliment, a pedestrian can approach each of the four comers from two different 
directions. Therefore, as shown in the Table 4-1, there are eight possible unique 
approaches/crossings at the intersection. Each participant completed all eight approaches in a 
randomly determined order both prior to and after the rest period. During the rest period, the 

TABLE 4-1 Sound conditions and crossing direction 

Corner A - one pole close to the curb Sound condition Al: Sound condition A2: 
speech messages two tones 

APS for crossing southbound Multnomah, walk sign is Cuckoo 
on to cross Multnomah 

APS for crossing eastbound Seventh, Walk sign is on to Rapid tick 
cross seventh 

Corner B - two poles 10 feet from the Sound condition B 1: same Sound condition B2: 
curb tone two tones 
APS for crossing northbound Rapid tick Cuckoo 
APS for crossing eastbound Rapid tick Rapid tick 
Corner C - two poles close to the curb Sound condition Cl: same Sound condition C2: 

tones two tones 
APS for crossing northbound Rapid tick Cuckoo 

i APS for crossing westbound Rapid tick Rapid tick 
Corner D - one pole 10 feet from the Sound condition D 1 : Sound condition D2: 
curb .1- two tones 
APS for crossing westbound Seventh, WALK sign is on Rapid tick 

to cross Seventh 
APS for Crossing southbound Multnomah, WALK sign is Cuckoo 

on to cross Multnomah 

80 

AR0072279 



Chapter 4 - Experimental Trials on Pushbutton Location and WALK Indicator 

APS devices at each comer were reconfigured to use the alternate sound condition. 

For all trials, participants were positioned to start 30 feet from the pushbutton. For each 
tlial, participants were instructed as follows: 

"When I say Go, first, go push the button to cross the street in front of you. Then, 
stand where you would wait to cross the street. Raise your hand when the WALK 
comes on for the street in front of you, which is [street name}." 

When participants were 20 feet from the pushbutton, a stopwatch was started; it was 
stopped when participants pushed the correct pushbutton. If a participant pressed the incorrect 
pushbutton, but continued to search for the other APS, the time continued to run and was stopped 
if and when the participant pressed the correct pushbutton. On the other hand, when participants 
pressed the incorrect pushbutton and went and stood at the street demonstrating their belief that 
they had pressed the COlTect button, no time was recorded. In this instance, the expelimenter 
would then press the correct pushbutton, and the remainder of the trial would be recorded. A 
stopwatch was also used to time the delay between the onset of the correct WALK signal and 
when participants raised a hand indicating their judgment that the WALK signal had come on for 
the street in front of them. 

Once participants had pressed a pushbutton and taken up a position where they would 
nornlally wait to cross the street, one of the researchers always pressed the other pushbutton. By 
doing so, and in combination with beginning participants at certain times during the intersection 
phasing, the researchers attempted to ensure that on half of all trials, the first WALK signal to 
come on was that for the street in front of the participants while on the other half of the trials the 
first WALK signal was for the street beside participants. However, it was not entirely possible to 
achieve this balance given testing constraints. 

For every trial, as soon as participants raised their hands to indicate their belief that the 
WALK signal for the street in front of them had come on, the trial ended, and the experimenter 
directed or guided them to the next starting point. A trial was also ended if, after pressing the 
pushbutton, a participant waited through four consecutive WALK intervals without responding. 

Other information recorded on each trial included which pushbuttons the participants 
investigated and in which order, and which walk signal was the first to come on after the 
participants pressed the correct pushbutton. After the participants had completed all 16 trials, a 
short survey was administered to learn the attitudes and preferences of the participants towards 
the various pushbutton arrangements and sounds. The questiOlmaire addressed: 

• which comer was the easiest and hardest, 

• how easy it was to find and use the pushbuttons when the poles were near to or 
away from the curb and when the APS were on one pole or two poles, 

• whether the participant used the arrow to determine which crosswalk the button 
controlled, 

• which cues the participant used (i.e., visual signal, audible signal, or traffic) to 
decide when the WALK had come on, and 

• which walk indication was the participant's favOlite and least favorite. 
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Also included was the researcher's observation of what cue the participant seemed to be using 
during the trials. 

RESULTS 

The vast majority of significant findings, both practically and statistically, were found in 
the data collected from the two sub-groups having the least vision, referred to as totally blind and 
legally blind. Most of the results presented here will therefore focus upon these 30 participants. 
Relevant findings from the low visual acuity subgroup and the cognitively impaired group 
follow. Mean substitution was used to deal with all missing WALK signal response delays and 
pushbutton location times. For example, if a given totally blind subject was missing pushbutton 
location data on comer A-southbound approach-speech condition, the mean for the totally blind 
subjects on comer A-southbound approaches-speech condition was substituted). 

Accuracy in Recognizing Correct Walk Signal 

For the purposes of analysis and discussion, a correct response was one in which the hand 
raise occUlTed dUling one of the 7 -second periods in which the visual pedestrian signal for the 
street in front of them was in WALK. It was possible for a correct response to occur following 
either a correct or an incolTect pushbutton activation. This resulted from the fact that an 
experimenter always pushed whichever pushbutton the participant had not. This allowed 
response data to be collected on trials in which an incorrect button push had occurred. An 
incorrect response was defined a bit more narrowly than a correct response. An incorrect 
response was recorded when the hand raise occurred during the first WALK interval for the side 
street. That is, after the participants pressed a pushbutton and took up a position to wait to cross 
the street, the visual and audible WALK signal to cross the street beside them came on first, and 
participants mistook this information to mean the WALK signal had come on for the street in front 
of them. 

As explained in the procedure section, it was not possible to ensure that for each trial 
there would be an equal probability that the first WALK signal to come on would be for the street 
in front of the participant vs. the street beside the participant. Therefore, the number of trials in 
which an "error" was possible varies between comers and individual pushbutton position and 
sound conditions. The error rates presented in this section reflect the number of incorrect 
responses divided by the number of trials in which an error was possible (i.e., trials in which the 
first WALK signal after a pushbutton was pushed was for the street beside the participants). Error 
rates were calculated using a few different operational definitions of what constituted an error, 
and regardless of the method chosen the rank order of the comers remained the same. Therefore, 
this method for calculating error rates was chosen because the researchers felt that it best 
addressed the issue of whether or not the pole placements and sound conditions provided either 
ambiguous or unambiguous cues for the onset of the WALK signal. 

One of the most striking findings of this study was the very low error rate at the two-pole 
near the curb configuration of comer C (4/53, 7.55%); see table 4-2. No other pushbutton 
configuration resulted in less than a 26.9% error rate. Also, the other two pole configuration 
(comer B) resulted in a lower elTor rate than both of the single pole comers. However, due to a 
lack of independence of the measures (i.e., repeated measures design), no statistical test could 
confirm whether or not the two pole configurations resulted in overall lower error rates than the 
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TABLE 4-2 Error in recognizing correct WALK signal, by corner 

Corner # of incorrect responses/total possible instances error rate 
A 17/56 30.36% 
D 19/52 36.54% 
C 4/53 7.55% 
B 14/52 26.92% 

comers with a single pole. Nevertheless, the actual differences between error rates in most of the 
situations discussed here are quite substantial. 

For the comers with two poles, there were two possible audible signal conditions, same 
tone (sound condition 1) or two different tones (sound condition 2). In the same tone condition, a 
rapid tick indicated the onset of the WALK signal for both street crossings, while in the two 
different tone condition, a cuckoo signaled the northbound or southbound crossing and the rapid 
tick signaled the eastbound or westbound crossing. For the comers with a single pole, there were 
also two possible audible signal conditions, two different tones (condition 2) or two speech 
messages (condition 1). The two tone sound condition produced higher error rates on each comer 
than the corresponding same tone condition or speech message condition. (see Table 4-3). 
Overall, the two different tone/sound conditions resulted in a 36.27% error rate (371102). For the 
two pole APS arrangements at comers Band C, the two different tone sound condition resulted 
in 12 errors on 52 possible trials (23.08%), while the same tone sound condition resulted in half 
as many errors (6/53, 11.32%). On comer C (two pole near the curb configuration), the error rate 
was a mere 3.57% (1/28) for same tone condition. For the single pole APS arrangements at 
comers A and D, the two tone sound condition was especially troublesome, causing errors on 
50% of the possible trials (25/50). The speech message condition resulted in much reduced error 
rate of 18.97% (11/58). 

Walk Signal Response Delay 

For pedestrians to safely cross at signalized intersections, they should begin crossing 
during a walk interval for the street they wish to cross. It is also important that they begin 
crossing as soon after the onset of the WALK signal as possible to allow themselves adequate time 

TABLE 4-3 Error in recognizing correct WALK signal, by corner and 
sound condition 

Corner!sound # of incorrect responses! total Error Rate (%) 
condition possible instances 
AI/Speech 7/33 21.21 
A2 /2 Tones 10/23 43.48 
Dl / Speech 4/25 16.00 
D2 /2 Tones 15/27 55.56 
Cl / Same Tones 1/28 3.57 
C2/2 Tones 3125 12.00 
B 1 1 Sanle Tones 5/25 20.00 
B2/2 Tones 9/27 33.33 
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to cross the street before the 
onset of perpendicular traffic. 

WALK signal response 
delays (measured from the 
onset of the correct WALK 
interval) for totally blind and 
legally blind pmticipants were 
both low and consistent for 
the two-pole, near the curb 
pushbutton arrangement at 
comer C. Regardless of the 
sound condition (same tone 
vs. two different tones) or 
approach direction, it took 
participants approximately 2.0 
seconds to correctly respond 
to the onset of the WALK 
signal at comer C. PlmlIled 
comparisons revealed 
significantly faster responses 
to the signals at comer C than 
those at comer A 
(E(l,29)=8.598, p<O.OI), 
comer B (E(l,29)=6.156, 
p<0.05), and comer D 
(E(l,29)=31.459, p<O.OO1), 
(see Figure 4-3). 

It was discussed 
earlier that for comers with a 
single pole, the two speech 
messages condition resulted in 
a much reduced error rate 
compared to the two different 
tone conditions. The effect of 
the speech messages on the 
walk signal response delay is 
not as clearly defined or, in 
most instances, as positive. At 
comer A, the speech message 
WALK indication resulted in 
significantly faster responses 
than did the rapid tick WALK 
signal CE(l,29)=8.333, p < 
0.01), however, the mean 
response delay for the speech 
condition (2.3 sec) was slower 
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Figure 4-3. Mean WALK signal response delay by corner. 
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than that for the cuckoo WALK signal (1.9 sec, see Figure 4-4). TIlls difference did not however 
achieve significance CE(1,29)=1.694, p > 0.05). At corner D, the mean response delay for the 
speech message WALK signal was quite high (3.1 sec) and was slower than the mean response 
delays for the rapid tick WALK signal (2.7 sec) and for the cuckoo WALK signal (2.4 sec). TIle 
speech message WALK signal resulted in significantly slower responses than the cuckoo 
(.E(1,29)=6.976, p < 0.05), while the difference between response delays for the speech message 
and the rapid tick failed to reach significance CE(1,29)=2.407, p > 0.05). 

Pushbutton Location Times 

Another factor of particular 
interest is how quickly blind participants 
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were able to locate and press the 
appropIiate pushbutton given the 
different APS arrangements at the four 
corners of the intersection. The 
pushbutton location times were 
measured from the time the participant 
crossed a line that was 20 feet away 
from the appropriate pushbutton to the 
time that they pressed the correct 
pushbutton. Again, when participants 
were unable to find the correct 
pushbutton or pressed the incorrect 
pushbutton and stopped searchjng for the 
correct button, no pushbutton location 
time was recorded. On average, 
pushbutton location times were fastest at 
corners D (13.6 seconds) and A (14.95 
seconds, see Figure 4-5). While the 
difference between mean pushbutton 
location time at corners D and A was not 
statistically significant CE( 1 ,29)=2.497, 
p>0.05), the mean pushbutton location 
time at corner D was significantly faster 
than that at corners C (E(1,29)=4.838, 
p<0.05) and B (E(1,29)=20.156, 

Figure 4-5. Pushbutton Location Time by Corner. 

p<O.OOl). The mean pushbutton location time at corner A was significantly faster that that at 
corner B CE(1,29)=13.049, p<.01), but was not significantly faster than that at corner C 
CE(1,29)=1.395, p>0.05). 

One result of interest was the very large discrepancy in pushbutton location times 
between northbound approaches to corner C (12.0 seconds), and westbound approaches to the 
same corner (21.6 seconds). Figure 4-6 clearly shows that the mean pushbutton location time for 
the northbound approaches to corner C was amongst the fastest across all approaches and 
corners. Also, the mean pushbutton location tinle for nOlthbound approaches to corner C was 
significantly faster than the mean pushbutton location time for westbound approaches to the 

85 

AR0072284 



Chapter 4 - Experimental Trials on Pushbutton Location and WALK Indicator 

same comer CE(1,29)=81.968, p<O.OOl). Possible reasons for this discrepancy will be addressed 
in the discussion. 

Low Visual Acuity Subgroup 

TIle analysis of the data 
collected from participants with 
low visual acuity (the subgroup 
with the most vision) demonstrated 
very few statistically significant 
differences; however, the majOlity 
of the trends in the data matched 
those for the totally blind and 
legally blind sub-groups. While the 
overall error rate for the low acuity 
group was only 5.36% (61112), five 
of the six errors occurred on trials 
with the two different tone sound 
condition on comers A and D, the 
two most difficult conditions for 
the totally and legally blind 
participant sub-groups. Also 
similar to the analysis described 
above, mean WALK signal response 
delay at comer C (1.1 sec) was 
faster than those at all of the other 
comers (comer D, 1.2 sec; comer 
B, 1.3 sec; and comer A, 1.4 sec). 
The differences were moderately 
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Figure 4-6. Pushbutton Location Time by Corner and 
Approach. 

significant between mean WALK signal response delays at comers C and A (p=.066) and those at 
comers C and B (p=.077). It is of particular interest that although most members of this group of 
participants could see the visual walk signal, the same pattem of results as those obtained from 
participants with less vision emerges. This point will be addressed further in the discussion. 

Although the speech condition resulted in no errors with this subgroup, it did result in the 
slowest response times at both comers A and D. At corner A, the speech message resulted in 
significantly slower responses than did the cuckoo CE(1,29)=16.230, p < 0.01), but the mean 
WALK signal response delay for the speech message (1.6 sec) was not significantly slower than 
that for the rapid tick (1.4 sec). At comer D, no comparisons reached significance; however the 
mean WALK signal response delay for the speech message (1.3 sec) was slower than the delays 
for the cuckoo ( 1.1 sec) and the rapid tick ( 1.1 sec). 

One difference from the participants who are totally blind or legally blind is in the ability 
of the participants with low visual acuity to efficiently find the correct pushbutton. The low 
visual acuity participants had little difficulty finding the correct pushbutton for the westbound 
approach to comer C. As a result, the fastest pushbutton location times for this subgroup were 
obtained at comer C (6.6 sec), although all pairwise comparisons failed to reach significance. 
Mean pushbutton location times at comers A and D were again similar to one another (both were 
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7.2 seconds due to rounding), and the slowest pushbutton location times were again recorded at 
comer B (7.7 sec). 

Cognitively Impaired Group 

TIle analysis of the data collected from the 45 participants with cognitive impainnents 
similarly has few statistically significant differences; however the majority of trends in the data 
again matched those of the 30 totally blind or legally blind participants. The participants with 
cognitive impairments made very few errors (10/362) resulting in an overall error rate of 2.76%. 
The few errors committed did follow a pattern similar to those of the visually impaired 
participants. Only two of the ten errors occUlTed on comers with two poles (comers B and C), 
and more errors were committed in the two different tone conditions (6/10) than in the same tone 
or speech message conditions (4/1 0). Once again, the mean WALK signal response delay at comer 
C (0.9 sec) was faster than those at all of the other comers; however, there was no significant 
main effect for comer (F < 1.0) and all mean WALK signal response delays were less than 1.05 
sec. Once more, all of these participants had sufficient vision to be able to see the visual walk 
signal, and yet the pattern of results is again similar to the visually impaired participants. 

Mean pushbutton location times at comers D (6.19 sec) and C (6.22 sec) were both 
significantly faster than those at comers A (6.59 sec) and B (6.57 sec). The very small difference 
between the most extreme mean pushbutton location times (0.40 sec) does, however, qualify the 
importance of the significant differences. Once more, it is noted that for these participants the 
westbound approaches to comer C did not cause greater difficulty in finding the correct 
pushbutton than northbound approaches to the same comer. 

Survey Results 

The self-report questionnaire data is similar to the behavioral results in some ways and 
dissimilar in others. While comer C produced the most favorable behavioral results, the 45 
participants with visual impaimlents gave the single-pole-close-to-the-curb configuration 
(Comer A) the most votes as the overall easiest comer (27/45, 60.0%), while the two-poles-near
the-curb configuration (Comer C) received the second most votes (13/45, 28.9%). Comer B (the 
two-poles-further-from-the-curb configuration), which produced some of the worst pushbutton 
location times and walk signal response delays, received the most votes as the most difficult 
pushbutton arrangement (34/45, 75.6%). The survey questions that most conflicted with 
behavioral results assessed participants favorite and least favorite sounds. Even though the rapid 
tick resulted in the best response accuracies and consistently fast walk signal response delays, it 
only received 17.8% of the vote as the favorite sound (8/45), and received the most votes as the 
least favorite sound (25/45, 56.6%). The speech message was the most popular of the sound 
messages (29/45, 64.4%), and also received the least votes as the least favOlite sound (6/45, 
13.3%). 

DISCUSSION 

Safe and legal pedestrian crossings at signalized intersections require that pedestrians 
correctly identify which crosswalk has the WALK indication. Positive infonnation is provided by 
visual pedestrian signals and by APS (audible and vibrotactile) where they are available. Where 
pedestrian phasing is concurrent with vehicular phasing, the onset of the WALK signal can also be 
inferred by a surge of vehicular traffic going parallel to the crosswalk, from the lane/s closest to 
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the pedestrian. In the absence of APS, pedestrians who are unable to see visual pedestrian signals 
typically attempt to begin crossing with this vehicular surge. 

At complex, unfamiliar, signalized intersections without APS, pedestrians who are blind 
often fail to begin crossing within the WALK interval for the desired crosswalk (36). Even when 
APS are present, pedestrians who are blind sometimes find audible signal infonnation 
ambiguous in tenns of which crosswalk is being signaled (5). It is critical that any APS system 
provide unambiguous information. TIle results indicate that pushbutton location affects the 
ambiguity of WALK signal infonnation. 

Accuracy in Recognizing Correct Walk Signal 

On the comer having pushbutton-integrated APS on two poles near the street, participants 
in the totally blind and legally blind sub-groups indicated that the street in front of them had the 
WALK signal, when, in fact, the WALK signal was to cross the street beside them, on only 7.55% 
of possible trials. TIlls pole arrangement for APS devices corresponds to the arrangement that is 
required in some other countries, including Sweden, Denmark, and Australia (40). For all other 
pushbutton-integrated APS alTangements tested in this study, participants in the totally blind and 
legally blind sub-groups indicated that the street in front of them had the WALK signal, when it 
was actually the WALK signal to cross the street beside them, on at least 26.9% of trials. On those 
trials, if they had been crossing the street, they were likely to have started crossing at the onset of 
traffic on the street perpendicular to their direction of travel. 

Use of the configuration with two pushbutton poles with APS near the curb, both having 
the same tone, resulted in excellent accuracy by participants who were unable to use visual 
pedestrian signals (totally and legally blind sub-groups). TIlls pole configuration and use of same 
tone sound was also beneficial to participants having more vision (low visual acuity sub-group 
and cognitively impaired group), in detennining which crosswalk had the WALK signal. This 
corresponds to the pushbutton pole arrangement plus WALK signal system that is common in 
countries using pushbutton-integrated APS (40). 

TIlOse participants who had vision sufficient to see visual pedestrian signals (i.e. the 
cognitively impaired participants and the low visual acuity participants) were recorded by 
experimenters as having typically used the visual pedestrian signals to detemline the onset of the 
correct walk interval (and they also typically reported reliance on the visual pedestrian signals). 
It is therefore of interest that their results are in the same direction as those for the two sub
groups who were always or usually unable to see the visual pedestIian signals. It appears that, 
whether or not it was on a conscious level, or observable to experimenters, the participants who 
could see the visual pedestrian signal information were nonetheless influenced by both the 
pushbutton pole arrangement and the WALK signal sound. If they were not influenced by pole 
arrangement and the nature of the walk sound, accuracy would be expected to be the sanle under 
all pole arrangements and sounds. 

Walk Signal Response Delay 

Pedestrians who do not begin crossing promptly following the onset of the WALK interval 
may not complete their crossings before the onset of perpendicular traffic, at which time they are 
particularly at Iisk for crashes. Recent research on pedestIians who are blind making crossings at 
complex, unfamiliar, signalized intersections, found that on 51.4 % of trials, crossings were not 
initiated duIing the WALK interval, and on 26.9% of trials, crossings were completed after the 
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onset of perpendicular traffic (36). Therefore, it was of interest to measure the delay in response 
to the onset of the WALK signal for the correct crosswalk. 

In this study, for participants who were always or usually unable to see visual pedestrian 
signals (totally and legally blind sub-groups), responses to the onset of the WALK signal for the 
correct crosswalk were significantly fastest on the comer having two pushbutton poles with APS 
near the curb (comer C), and responses were uniformly fast at this comer regardless of sound 
condition. Although the overall mean walk signal response delay for this comer was 
approximately two seconds and well within the normal walk interval, delay would likely be 
longer if actually making crossings, as pedestrians who are blind typically require a little time to 
determine whether there are vehicles tuming across the crosswalk. Mean WALK signal response 
delay for blind pedestrians crossing at complex, unfamiliar signalized intersections without APS 
has been found to be 6.4 seconds (36). 

Responses to the correct WALK signal were also fastest at the comer having two 
pushbutton poles with APS near the curb for the participant groups who always or usually could 
see the visual pedestrian signal. Mean WALK signal response delays were lower for these groups 
than for the groups who were always or usually unable to see visual pedestrian signals. 

It appears that, whether or not it was on a conscious level, or observable to 
experimenters, the response delay of participants who could see the visual pedestrian signal 
information was influenced by the pushbutton pole arrangement. Installing pushbuttons on two 
poles near the curb seems to promote fast reaction time to the onset of the WALK signal, and is 
thus likely to promote faster initiation of crossings for pedestrians with visual and cognitive 
disabilities. 

Pushbutton Location 

By comparing the time to press the correct pushbutton at comers having pushbuttons in 
different pole configurations, we are able to infer the participants' ability to easily locate the 
correct pushbutton. This task includes deciding which pushbutton controls the street they are 
preparing to cross. Nearly all pmiicipants were observed to visually or tactually use the tactile 
and/or visual arrows on APS to confirm which crosswalk was associated with the APS, and 82 of 
90 participants (91 %) reported that they used the arrows. The results of this research, therefore, 
would not necessarily be applicable to pushbuttons that did not have tactile and visual arrows 
that were carefully aligned with the direction of travel on the associated crosswalk. 

For the pmiicipant sub-groups in this study who had the least amount of vision and who 
were rarely or never able to see visual pedestrian signals, time to press the correct pushbutton 
was marginally faster at the two comers having two pushbuttons on a single pole. The mean 
pushbutton location time for the comer having two pushbutton poles far from the curb was 
longest. However, any advantage in speed of pressing the correct push button is far outweighed 
in importance by the greater accuracy in identifying which crosswalk had the WALK signal. 
Errors in detennining which crosswalk has the WALK signal may result in crashes, while delay in 
locating the correct pushbutton does not typically have negative consequences for life safety. 

For the low visual acuity sub-group, unlike the sub-groups having even less vision, mean 
pushbutton location time was fastest for the comer having two pushbutton poles near the curb. 
However, as for the sub-groups having less vision, mean pushbutton location time was slowest 
for the comer having two pushbutton poles far from the curb. For the group having cognitive 
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impainnents, the comer having two pushbuttons near the curb resulted in one of the two fastest 
times, which were not statistically different from one another. 

Therefore, although the results for time needed to find and press the correct pushbutton 
are not as clear-cut or definitive as for speed and accuracy in identifying the crosswalk being 
signaled, having two pushbutton poles near the curb generally appeared to promote speed (and 
by inference, ease) of locating the correct pushbutton. 

Speed in locating the pushbutton appears to have been significantly influenced by the 
relationship between pushbutton location as designed to test the hypotheses of this experiment, 
and pushbutton location with relation to geometric idiosyncrasies at each comer. There may have 
been some difference attributable to slight differences in perceived loudness of each APS device 
as well. It was extremely difficult to make the perceived loudness of the APS signal the sanle 
from each device. Simply setting all devices the same for volume and ambient noise response is 
not sufficient because differences in the nature and distance of reflective surfaces at each comer 
also influence perceived loudness. At each corner, there was a significant difference in time to 
press the correct pushbutton depending on the direction from which the comer was approached. 

For example, at the comer having two pushbutton poles near the curb, comer C (see 
Figure 4-2), mean time for pushing the correct pushbutton on westbound approaches was much 
longer than northbound approaches to the same comer. When approaching westbound, 
participants passed very close to the pushbutton to cross the street beside them (the parallel 
street) and the locator tone of that APS was usually very audible to participants. They may have 
been able to hear the locator tone for the pushbutton to cross the street in front of them (correct 
pushbutton) when they approached the incorrect pushbutton, but the loudness of the sound would 
have been much less. (Recall that locator tones are only intended to be heard 6 to 12 feet from 
the pushbutton, and the pushbuttons were approximately 10 feet apart.) Therefore it commonly 
occurred that participants would check the arrow on the APS for crossing the parallel street 
before finding and pressing the pushbutton for the street in front of them. When approaching the 
comer northbound, participants did not pass quite as close to the pushbutton for the parallel street 
because the pushbutton pole was on a bulb-out in the curb line, so they did not delay to check the 
arrow for the parallel street before finding and pushing the correct button. 

Sound Condition 

The two different tone condition may have produced more errors than the same tone 
condition at all comers because some participants with visual impainnents had previous 
experience with cuckoo signals at other locations in the city and may thus have been primed to 
respond to the cuckoo, regardless of whether it was the correct signal. This could also explain 
why the cuckoo resulted in the fastest response rates at the single pole comers. Nonetheless, 
when pushbuttons were on two poles near the curb, accuracy was equally good with two tone 
and same tone condi tion s. 

The two different tone condition may have had particularly high error rates on the single
pole comers because there was no redundant APS location information to indicate which 
crosswalk was associated with which sound. The speech message condition resulted in lower 
error rates than the two tone condition, but mean WALK signal response delays for the speech 
message WALK condition were slower. This may reflect greater cognitive demand for processing 
the speech messages than the tones, or may reflect the different lengths of the sounds and 
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messages themselves. A single complete speech message lasted approximately three seconds, 
whereas a single cuckoo lasted somewhat over one second. 

Comparison of Objective Measures and Subjective Judgments 

Subjective judgments of paIticipants, recorded on the survey, were variance with 
objective measures in three important ways. First, corner A (one pole close to the curb) had the 
most preferred pole arrangement with comer C (two poles far from the curb) a somewhat 
distance second choice. This is in contrast to objective measures in which corner C produced the 
fastest and most accurate responses to the walk indication. Because accuracy in responding to the 
walk indication is essential to safe street crossing at signalized intersections, despite the 
subjective preference, the arrangement at corner C is recommended. 

Second, speech messages were used at the locations with two pushbuttons on a pole and 
resulted in better accuracy than two tones sound condition, but less accuracy thaIl the rapid tick. 
Speech messages also resulted in slower response times than the rapid tick indication. When it is 
possible to separate the poles, the rapid tick WALK indication is recommended. 

Third, the rapid tick was the least preferred WALK indicator, but it produced the fastest 
and most accurate responses to the walk indication. Because inaccuracy in responding to the 
WALK signal, that is, begimling the crossing when the wrong WALK signal comes on, has direct 
consequences for safety in crossing, the rapid tick is preferred over other WALK indications used 
in this research. Verbal messages may have been rated highly simply because participants were 
primarily native English speakers, because ambient sound was never excessively loud, and 
because it provided additional infOlmation, that is, the name of the street to be crossed. The 
cuckoo may have been rated more highly than the rapid tick simply because it was a more 
familiar walk indication to some participaIlts. Therefore despite some dislike of the rapid tick 
WALK indication, it is the recommended sound because it results in fast and more accurate 
decisions regarding which crosswalk has the WALK. 

RECOMMENDATIONS 

The recommended location for two pushbutton-integrated APS on a single corner is 
consistent with Guidance in MUTeD 4E.09. 

• Place each APS device on a separate pole, located as close as possible to the curb 
line. 

• Place each APS as close as possible to the line of the associated crosswalk that is 
fmthest from the center of the intersection. 

• Place the two APS at least 10 feet apart. 

The recoIllinended WALK indication for APS that are located according to these 
recommendations is a rapid tick, or percussive sound, at 10 repetitions per second. Both APS 
should have the same WALK indication. Where it is technically infeasible to install two 
pushbuttons on a corner on two separate poles, it is recommended that verbal WALK messages 
following the model "Multnomah. Walk sign is on to cross Multnomah" be used. Two different 
tones to indicate which crosswalk has the WALK interval at an intersection where there are two 
pushbutton-integrated APS on a single pole provides ambiguous infornmtion and may result in 
pedestrians crossing with the wrong signal. Speech WALK indications should be used sparingly, 
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however, as it is not possible to make them understandable under all ambient sound conditions, 
and to all pedestrians. In this experiment, speech messages were evaluated in a situation where 
all participants were told the name of the street that they were approaching. If the pedestrian is 
not familiar with the area or is confused about the street names, the speech message, which 
begins with the street name, will not clarify which crossing has the WALK. If speech messages are 
used, additional features may be needed on the device to provide street name information to the 
pedestrian who is unfamiliar with the intersection. These features would include a high-contrast 
tactile arrow oriented parallel to the direction of travel on the associated crosswalk, and a 
pushbutton information message that provides the name of the street controlled by the 
pushbutton. Braille street name information on the APS is also desirable. 

Jurisdictions desiIing to standardize the WALK indication should also standardize the location of 
APS so that they will provide unambiguous information regarding which crosswalk has the 
WALK interval. Where APS are installed in a variety of locations, engineering judgment is 
required to determjne, for each intersection, whether the rapid tick or a speech WALK indication 
will provide the most unambiguous information to pedestrians. 
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CHAPTERS 

COLD WEATHER CASE STUDIES 

INTRODUCTION 

Cold weather case studies were conducted in order to ensure that this research covered a 
wide variety of climates in the evaluation of APS devices. Cities in cold weather climates could 
potentially face unique issues due to cold temperatures, snow, ice, and removal methods such as 
snowplowing and salting. The goal of these case studies was to find out what effects these cold 
weather characteristics had on the installation, operation, and maintenance of the APS devices, as 
wen as the interaction with pedestrians who are visually impaired. The information acquired 
from these case studies will be used to develop additional recommendations for practitioners and 
will be part of the training materials to be developed later in this study. 

Selection of cities for these case studies was based on several criteria. A study city 
needed to have a climate that experienced freezing temperatures and received precipitation (snow 
and ice) that wananted removal methods, including snowplowing and salting. The APS units 
employed by the city needed to be pushbutton-integrated devices. A study city needed to have 
multiple APS installations, not just an isolated occunence. Since one of the goals was to find out 
the long-term effect of cold weather on the devices, cities with longer histories of APS use were 
prefened over those with shorter histOlies. 

The research team used their knowledge of APS installation locations to draw up a list of 
cities that would be potential study sites. To add to this list, the team contacted distributors for 
the various manufacturers to learn of cities with APS installations. Of the 36 contact attempts 
made, two cities were selected for site visits. Another city provided written feedback but was not 
visited. Other cities were excluded due to lack of appropriate APS devices, short histories with 
devices (l year or less), lack of sufficiently cold weather, and failure to establish contact with the 
appropriate individuals. 

The two cities that were visited were Halifax, Nova Scotia and Waukesha, Wisconsin. 
These cities primarily use Novax and Polara equipment, respectively. Pushbutton-integrated APS 
have been in service in these cities for 1-2 years. Cities with long maintenance histories are 
difficult to find, due to the fact that pushbutton-integrated APS models have not been on the 
market for long. The city of Ann Arbor, Michigan provided written feedback but was not visited 
by the research team. Their APS devices, which had been in service for 5 years, had been sent to 
the manufacturer due to malfunction and it was unknown when they would be reinstalled at the 
intersections. 

HALIFAX, NOVA SCOTIA 

History and Background 

Halifax has been using overhead-mounted Novax APS since 1998. Pushbutton-integrated 
units (Novax Vibrawalk) were introduced in 2003 and are now in operation at five intersections. 
TIle APS units were installed in response to requests from the Canadian National Institute for the 
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Blind (CNIB). All installations were retrofits to an existing signal and were performed by a 
contracted party. 

Process and Procedure 

Requests for APS installations come from the CNIB. They typically provide the city with 
a list of intersections where they would like APS installations. The city reviews the list and 
selects intersections for APS installations based on design of the intersection and available 
funding. If the intersection is suitable for pushbutton-integrated units, they install Novax 
Vibrawalks in addition to the overhead speaker APS units. Factors that affect the decision for 
pushbuttons include suitability of pole location and availability of wiring. 

Funding 

APS in Halifax were funded by the capital budget in a specified fund for pedestrian 
safety issues. There was also a federal 50-50 funding match in 2004 for APS installations. 

APS Type and Features 

Novax DS2000 Audible Pedestrian Signal for overhead speaker units 

Novax Vibrawalk for pushbutton 

APS features (pushbutton-integrated device installations): 

• Locator tone 
• Vibrotactile WALK indication 
• Extended button press - when button is held for 3 seconds, the audible cuckoo 

will sound at the next WALK phase. Otherwise there will be no audible 
indication of the WALK phase. 

Installation Issues 

The APS unit is mounted on top of the pedestrian head and faces across the street. A 
typical configuration for a crossing in Halifax involves two APS units, one at each end of the 
crossing. The volume is set up so that the sound only reaches % the way across the street. This 
enables the user to detect the second unit part way across the street and guide them in the proper 
direction. Setups with only one APS per crossing generated numerous noise complaints as the 
volume has to be higher to be heard across the street. 

Most units are attached to aluminum poles but some 
locations have wooden poles, as shown in Figure 5-1. The APS 
units on wooden poles are clamped to the signal arm or 
pedestrian head. To access the pushbuttons, Y2-inch PVC conduit 
is strapped to the wooden pole and an LB or liquid tight flex pipe 
provides access to the bottom of the pushbutton. 

The overhead speakers are typically mounted to the 
pedestrian signal head. Plastic (polycarbonate) signal heads gave 
problems with breaking when the APS speakers were mounted 
into them. Strong winds would push on the speaker and crack off 
the thin plastic of the signal head into which the speaker was 
mounted. In these cases, the speaker was mounted on the pole or 

Figure 5-1. APS mounted 
on wooden pole. 
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some other metal or wood surface, as 
shown in Figure 5-2. Pedestrian signal 
heads made of aluminum did not have 
this issue. In areas with less of a 
problem with strong winds, this may not 
be a concern. 

Availability of wiring at the pole 
is an important issue. If sufficient 
wiring is installed with the signal, 
installing an APS later is much easier. 
Pulling wire later can become 
prohibiti vel y expensive. 

Maintenance 

The city handles the 
maintenance of the devices. The APS 
overhead speakers generally will start 
having problems at the 5-year mark. 
They usually last from 5 to 10 years. 

Figure 5-2. APS overhead speaker mounted on 
signal head support arm. 

Damage is usually due to salt and moisture. The Vibrawalk devices have not shown any 
problems during the two years they have been in service. Halifax engineers have also noted that 
moisture and insects can cause pushbuttons to short out, thereby causing the APS to activate 
every cycle. 

Cold Weather Issues 

Snow is a constant problem in the Halifax climate. Snow banks can prevent access to the 
pushbuttons when not cleared properly. For intersections where pushbuttons are used, pole 
placement becomes an important issue so that the all pedestrians can reach the button. Poles with 
pushbuttons located to the immediate left or right of the crosswalk give a better chance of being 
reached by pedestrians and having the snow cleared properly. Halifax uses mini-plows for 
clearing sidewalks. They anticipate that this could be a problem with stub poles (i.e., knocking 
them over), so the use of stub poles is generally avoided. 

Being near to the ocean, moisture and salt in the air is a problem for Halifax, as is salt on 
the roads for de-icing. Current Novax APS units (overhead-mounted speakers) last about five 
years before problems arise. There have been no problems or failures with the Vibrawalks yet. 

Other issues are caused by freezing temperatures. Pulling additional wire for a retrofit 
installation cannot be done in the winter due to ice in the wire conduits. Extreme cold can cause 
some signals cabinets to fail and thus the APS to fail. 

Evaluation 

The initial installations of non-pushbutton-integrated APS installations were configured 
to give the audible WALK cuckoo at every cycle. The city received complaints about noise, 
especially in the summer months when people had their windows open. Due to concerns about 
noise, these units were set up to be off (give no audible indication) from 11 :00 pm to 6:00 am. 
Pushbutton-integrated installations, however, can be accessed 24 hours per day, but the audible 
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indication is given only when the button is held for three seconds. No feedback was reported on 
the pushbutton-integrated devices. 

Contact 

Michael Filippone 
Traffic Signal Supervisor 
City of Halifax, Nova Scotia 
Phone: 902-490-4971 
Email: filippm@halifax.ca 

WAUKESHA, WISCONSIN 

History and Background 

Waukesha has been using pushbutton-integrated APS with speech messages since 2002. 
Prior to that, they used overhead speaker units which gave a cuckoo or chirp but were not 
activated by pushbutton. There are approximately 84 Polara Navigator units in service in 
Waukesha, most of which were installed during summer 2004. The move to pushbutton
integrated devices was motivated by requests from the local blind community, the Sight Loss 
Network, who introduced the city to the speech message capability of the Polara Navigator. 

Process and Procedure 

The initial APS installations were perfonned in one large campaign in the summer of 
2004. These installations were scattered about town, but mainly focused on center city 
intersections. There is another installation campaign planned that will involve approximately 100 
units. This will focus on installing devices at the rest of the center city intersections and moving 
outwards from there. It is also current Waukesha policy that any new signal installation will be 
accompanied by an APS installation. 

Funding 

APS in Waukesha are cUlTent]y fully funded by Waukesha County Community 
Development Block Grant Program up to a specified amount per year. This funding includes 
time and materials. 

APS Type and Features 

Polara Navigator for pushbutton-integrated devices (the model type mainly in use has 
four wires for installation and a separate control board that is configured remotely) 

APS features: 

• Pushbutton locator tone 
• Vibrotactile WALK indication 
• Extended button press 
• Speech WALK indication 
• Pushbutton information message by extended button press 
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Installation Issues 

Installation of the devices is done 
by the city. If a signal to be retrofitted 
already has pushbuttons, this greatly 
facilitates APS installation. Even in these 
cases, however, the four-wire models still 
necessitate the pulling of extra wire. 

Most of the signal poles are steel 
and accommodate the APS devices fairly 
easily. They try to have two poles per 
comer for every intersection. Sometimes 
stub poles are necessary if the signal poles 
are not close enough to the crosswalk. In 
one case, a lamp post was used 
successfully as a mount for an APS unit 
(see Figure 5-3), since aesthetics of the 
area placed restrictions on the number of 
poles that could be installed. 

All but one of the existing APS 
installations were retrofits. However, all 
new signals in the future will have APS 
devices installed at the time of the signal 
installation. 

Maintenance 

There have been no maintenance 
issues for the APS units in their one year 
of service. 

Cold Weather Issues 

Figure 5-3. APS mounted on lamp post. 

There were no significant issues related to APS units in cold weather during their one 
year of service. Previous pushbuttons (non-APS) had an estimated life of 10 years. The problems 
were mainly corrosion at the wire connections due to salt and moisture. 

Waukesha uses mini-plows for removing snow from sidewalks. The manager of city 
snow plowing has expressed concern that stub poles may be damaged by these plows. 

Evaluation 

Devices in residential areas initially drew noise complaints. The city had been leaving the 
sound settings as the factory default. Once the volume was reduced, there were no complaints. 

Contact 

Cheri Shook 
City of Waukesha, Wisconsin 
Phone: 262-524-3590 
Email: cshook@ci.waukesha.wi.us 
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ANN ARBOR, MICHIGAN 

History and Background 

Ann Arbor has been using pushbutton-integrated APS since 2001. Five Polara Navigators 
were installed that year and none have been added since. 

Process and Procedure 

APS units are installed on the basis of recommendations from the Ann Arbor 
Connnission on Disability Issues. 

Funding 

Approval for APS funding comes through the City Council. The money is budgeted from 
the Major Street Fund, which is a transportation fund. Currently, $50,000 is designated for the 
purchase, installation and maintenance of five APS. 

APS Type and Features 

Polara Navigator (pushbutton-integrated unit) 

APS features: 

• Pushbutton locator tone 
• Extended button press 
• Speech WALK indication 
• Pushbutton information message by extended button press 

Installation Issues 

All APS installations were retrofits to existing signals. All poles were steel poles, and 
existing wiring was sufficient to accommodate APS installation. Some units are installed on 
pedestrian signal poles and some are mounted on the vertical pole of a signal mast ann. 

Maintenance 

Many of the APS units began to malfunction in 2004 and the city sent them back to the 
manufacturer. The problem was observed to be rusting of the devices. 

Vandalism was an issue. There were several instances where the unit was knocked otf the 
pole. The attachment bolts were replaced with bigger dianleter bolts. 

Cold Weather Issues 

Little direct effect was seen from cold weather conditions. However, the use of salt may 
have contributed to rust that was experienced. The city engineers do not believe that the winter 
conditions contributed much to the signal operation. 

Evaluation 

There were several complaints about the noise of the locator tones, especially in the 
summer when people keep windows open. The locator tone sound was lowered in response. 
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When there were two APS units on a single pole, the locator tone for one was switched off to 
control noise. 

To explain how the APS devices work, the city publicized the devices through a 
newspaper article and local cable broadcast. 

Contact 

Les Sipowski 
Senior Project Manager, City of Ann Arbor Public Services Department 
Ann Arbor, Michigan 
Phone: (734) 996-3286 
Email: LSipowski@ci.ann-arbor.mi.us 
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CHAPTER 6 

ENGINEERING EVALUATION 

INTRODUCTION 

The engineering evaluation was conducted to acquire feedback on the physical 
installation, operation, and maintenance of APS devices in the two cities where the primary 
experiments were conducted - Tucson, Arizona and Charlotte, North Carolina. This section 
comprises the notes made by the city staffers on the installation of the APS and subsequent 
monitoring of the operation and maintenance performance. The information in this chapter may 
be helpful to engineers and signal technicians who have not worked with APS before. It covers 
the installation process for both cities as well as approximately one year of post-installation 
observation for the Charlotte sites and one and a half years of post-installation observation for 
the Tucson sites. 

As with any technology, the design of APS is an ever-evolving field. Manufacturers of 
APS are constantly updating their products to address usability and design concems. TIns 
engineering evaluation presents issues that were known at the time of tills report and should be 
understood in that context. 

INSTALLATION 

Instructions 

• Instructions provided by the manufacturer were generally very good and helpful for 
installers who had not previously dealt with APS. Manufacturers and their representatives 
were also very helpful in answering questions and making personal visits to the sites to 
solve installation problems. 

Mounting 

• In some cases, installers were able to use some or all of the pre-drilled mounting holes in 
the APS pushbutton unit. In cases where this was not possible, new holes had to be 
drilled. 

Wiring 

• Some APS types required four wires at the pushbutton; others required only two. If four 
wires were not available at locations where they were needed, extra wire needed to be 
pulled, making the installation more difficult. 

• Some APS types had a central control board in the cabinet; others had individual control 
boards in the pushbutton or in the corresponding pedestrian signal head. 

• Some APS types required wiring between the pushbutton unit and the pedestrian signal 
head. This added another level of difficulty to the installation. Sometimes this extra wire 
was not included from the manufacturer, or the included wire was not long enough. 

• One APS type required the installation of a terminal block into each pedestrian signal 
head for the temnnation of wires. 
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Setup 

• Setting up the timing on units that use remote controllers (specialized remote control or 
PDA with special software) was fairly easy and user-friendly. Other types of APS 
required the setup to be done inside the pushbutton or overhead unit, which was more 
difficult. 

• One of the devices required a specialized screwdriver, which was sent later. 

Volume adjustment 

• For APS types that used remote control, adjusting the volume of the APS was fairly easy. 
• However, some APS types required that the volume adjustment be done on the control 

board in the overhead pedestrian signal, which was much more difficult. This process 
required the installer to tum a volume adjustment screw while on top of a ladder, then 
climb down to evaluate the volume at street level. This proved to be a time-consuming 
process. 

• TIle volume on most APS had to be adjusted after installation. The default settings from 
the manufacturer were typically too loud or no volume (silent). 

• Upon activation, one installation had a locator tone that was extremely loud. The solution 
from the manufacturer's representative was to muffle the sound by placing foam inside 
the speaker unit. 

OPERATION AND MAINTENANCE 

Observed failures 

• No response to ambient sound 
• Weak or no vibration 
• Malfunction of audible message or tone 
• Delay between onset of walk interval and start of speech message 
• Failure due to wire short going to the vibrator cover/pushbutton. 
• Mechanical failure of pushbutton magnetic switch 
• Failure of control board 
• Faulty ped dri ver 

Weather 

• The pushbutton of some units operated intemlittently since winter; possibly sensitive to 
temperature. 

Damage 

• One device was damaged by a turning vehicle but continued functioning. 
• One unit was knocked off the pole. 

Several of the directional arrow indicators came unglued and are missing. 
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CHAPTER 7 

RECOMMENDED GUIDELINES 

INTRODUCTION 

The best approach to installing APS would be to ensure that all installations are 
standardized, i.e., have the same features and placed at the same locations on every corner of 
every intersection. TIns approach should still the ultimate goal. Unfortunately, increasing 
complexity in intersection geometry and signalization make a 'one-size-fits-all' approach to 
specifying APS features and installation difficult in the U.S. In particular, variations in 
pushbutton location, variations in location and direction of slope of curb ramps, the presence of 
islands and medians, the presence of very wide, sometimes skewed crossings, and the presence 
of yield-controlled right-turn lanes, mean that the use of the same features on all APS will result 
in some crossings that have adequate information for most users, but others that have insufficient 
information for many users, and still others that are made more dangerous by the installation of 
APS whose volume is not properly adjusted. Engineering judgment is needed at APS 
installations to determine the appropriate features for the APS and the best location for the 
installation. The recommendations included in this chapter are intended to provide practitioners 
with the infonnation needed to choose the most appropriate APS features and make sound 
installation decisions. 

Guidelines suggested in this chapter are supported by the results of two experiments 
conducted as part of this project. Research was conducted to deternnne what features of 
pushbutton-integrated APS best promote safe and independent street crossings by pedestrians 
who are blind. Tllis research was conducted in Tucson, Arizona and Charlotte, North Carolina 
and is repOlted in full in Chapter 3. In addition, research was conducted to examine the effect of 
pushbutton location on the accuracy and speed of determining which crosswalk at a corner has 
the WALK signal. The research also examined the effect of type of WALK indication on accuracy 
and speed of detennining which crosswalk had the WALK signal. Tllis research involved groups 
of participants with varying levels of visual impairment and varying types of cognitive 
impainnent. All significant results were for the group whose participants were totally blind; 
however the findings for all other groups were consistently in the same direction. Tllis research 
was conducted in Portland, Oregon and is reported in full in Chapter 3. 

Fortunately, all the pushbutton-integrated APS currently marketed in the U.S. have most 
of the features mentioned below as either standard or optional features. Often it is a simple 
matter of programming the APS to add, cancel, or change a feature. APS installed with default 
settings at all crossings do not always provide accessible and usable infonnation to all 
pedestlians who are blind or who have low vision. Selection of features necessary at a particular 
crossing requires engineering judgment, and some intersections may require input from an 
orientation and mobility specialist and any individual who had requested installation of an APS 
at that crossing. While primary features are reconnnended on all APS, not all crossings at an 
intersection will need secondary features. For example, audible beaconing may be needed for the 
major street crossing, but unnecessary for the minor street crossing. 
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In countries such as Australia and Sweden, where the relationship between the crosswalk 
and the pushbutton is tightly controlled, and the curb ramp always slopes in the direction of the 
crosswalk, standard APS features and standard installation guidelines are very workable. This is 
not always the case in the U.S. The following sections on features and on installation guidelines 
will take into account the varied device and installation needs at crossings having different 
geometries and different signalization schemes. 

FEATURES OF PUSHBUTTON-INTEGRATED APS 

Tins section is divided into primary features and secondary features. Primary APS 
features are those that, on the basis of psychophysical research as well as subjective data, should 
be included in all pushbutton-integrated APS, regardless of intersection geometry or 
signalization. Secondary features are those that have been shown to facilitate crossings by some 
pedestrians who are blind, but whlch may 1) not be indicated for use at all intersections, 2) not be 
desired or needed by all pedestrians who are blind or who have low vision, or 3) have linrited 
research support. 

Primary APS features 

Pushbutton Locator Tone 

It is recommended that all pushbutton-integrated APS be required to have pushbutton 
locator tones that sound at one second intervals during t1ashing and steady DONT WALK intervals, 
as described in MUTCD 4E.09. No particular tone is recommended. Pushbutton locator tones are 
intended to notify pedestrians who are approachlng a crosswalk of the need to press a button to 
get a WALK indication (and pedestrian timing); they also help users locate pushbuttons. 

The strongest support for these recommendations is from two types of subjective data 
(see Chapter 3). First, participants were asked, following each crossing for which they used the 
pushbutton, how they located the pushbutton. TIlis was an open-ended question, pemntting 
multiple responses. Participants said they used the pushbutton locator tone on most trials, 
regardless of device (Tucson 95%, Charlotte 83%). Furthelmore, when asked following each 
trial on whlch they had specific familiarization and experience with the four APS devices, to rate 
their agreement with the statement "The locator tone helped me find the pushbutton," mean 
responses for each device in each city were all in the positive direction. 

It is not possible to clearly measure the effect of locator tones on finding the pushbutton. 
In the condition in whlch participants had no information about the crossing other than that it 
would have an APS, and they did not know that the APS would be of the pushbutton-integrated 
type and may have been completely unfanriliar with thls type of APS, participants searched for 
the pushbutton on very few trials. When they had general or specific infOlmation on the 
pushbutton-integrated APS, knew that there were pushbuttons at each crossing, and knew that 
each pushbutton had a locator tone, participants searched for pushbuttons on 98% of trials across 
both cities, suggesting that the locator tone was helpful in locating the pushbutton. 

Among the four APS installed for tIns research, there were three different tones used as 
locator tones, one was a click tone, and one was an 880 Hz electronic tone, and two were a bright 
beep tone, all repeating at once per second. All APS across both cities received an approximately 
equal number of positive and negative comments, and no particular APS locator tone resulted in 
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a higher percentage of participants finding the pushbutton. Participants said, after most trials, that 
they used the locator tone to help find the pushbutton, regardless of the nature of the locator tone. 

Pushbutton Style 

It is recommended that the APS have a clearly defined pushbutton that is tactually 
identifiable. Psychophysical tests provided no direct evidence of pelformance differences 
attributable to pushbutton style. However, style of the pushbutton was frequently mentioned 
when participants were asked what they liked most and least regarding each APS. The two APS 
having two inch diameter rounded buttons "that pushed" drew a number of positive comments to 
an open-ended question (see Chapter 3). It should be noted that APS with mechanical 
pushbuttons (providing the desired tactual feedback) may be more susceptible to vandalism than 
those with electronic (pressure-sensitive) pushbuttons. 

Indirect evidence for difficulty in finding the two pushbuttons that were atypical, the flat
panel pushbutton, and the flat recessed circular pushbutton, is found in the latency to find and 
push the correct pushbutton. In the condition in which participants only had a general description 
of APS features, the two unusual pushbuttons took significantly longer to locate and push than 
the two buttons that were typical. The time included both the time to find the pole and the device 
and the time to locate and use the button on the device. However, when patticipants had specific 
information about and experience with the various pushbuttons, all differences in latency 
disappeared. 

Tactile Arrow 

It is recommended that tactile arrows be required on all pushbutton-integrated APS as 
indications of which crosswalk is controlled by which pushbutton. Tactile arrows are typically 
also used as an aid to alignment, however most users are unable to align with precision to tactile 
arrows. Style of arrow, within the range of the four APS tested, did not consistently make a 
difference. Therefore there is no recommendation for a specific type of arrow or location of the 
arrow, particularly since the Draft Guidelines include some specifications of arrow size and 
shape. 

Results of subjective research (see Chapter 3) confirm that the tactile arrow is an 
impOltant feature for helping APS users know which crosswalk is associated with a pushbutton. 
All mean ratings were positive for the question "The tactile atTOW helped me know which 
pushbutton was for the correct street." 

The perfonnance measure that best indicates how effective the tactile arrows were at 
conveying which street was controlled by a pushbutton is the number of trials on which 
participants looked at the arrow on the incorrect pushbutton and correctly rejected it. In Tucson, 
although participants looked at the arrow on the incorrect pushbutton on 28 of 160 trials when 
general or specific infonnation was provided, they correctly rejected the incorrect pushbutton on 
100% of those trials. Participants in Charlotte looked at the arrow on the incorrect pushbutton on 
63 of 160 trials, and rejected the incorrect pushbutton on 65% of those trials. (The difference 
between cities was probably due to the different levels of participant skill in independent travel, 
observed by researchers as inefficient or ineffective strategies for some tasks.) Participants in 
Charlotte were more successful in rejecting the incorrect pushbutton when they had specific 
information about the APS they were to encounter. 
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An additional subjective measure of the effectiveness of tactile arrows in communicating 
which crosswalk was controlled by a pushbutton was the ratings of agreement with the statement 
"I was sure I pushed the button for the street I wanted to cross." Participants responded 
positively to the statement on 60% of tIials when they just had general information, and on 90% 
of tlials when they had specific information. The increase in confidence, as well as in 
pelfonnance, following specific infonnation was probably due to the bIief training participants 
received interpreting arrow direction during their specific familiaIization with demonstration 
devices. 

Thus, the inclusion of a tactile arrow on APS quite successfully conveys which crosswalk 
is controlled by which pushbutton when users are accustomed to using arrows and understand 
their meaning. The arrow is also highly regarded for identifying which crosswalk is controlled by 
which pushbutton. 

There were no significant differences attIibutable to style of anow, with regard to COlTect 
rejection of the incolTect pushbutton. There were also no subjective differences related to the 
style of the arrow. 

A different use of a tactile arrow is for aligning for crossing. However, mean ratings for 
the statement "The tactile anow helped me align for crossing" were negative for all devices in 
Tucson, and slightly positive in Charlotte, showing no clear pattem of support for use of tactile 
arrows for this purpose. The data for alignment showed no differences attIibutable to style of 
arrow. 

Precise alignment of tactile anows with direction of travel on the associated crosswalk is 
nonetheless essential, because researchers observed that, at many crossings in Tucson and 
Charlotte, participants who used the arrow not only used it to confiIm that the pushbutton was 
for the street they wanted to cross, but also used it as well as they could to align for crossing that 
street. 

Actuation Indication 

It is recommended that an audible actuation indication be required on pushbutton
integrated APS. This may be either a tone or a speech message. TIlere is no support for 
specifying the nature of the actuation indication at this time. 

The only data on the usefulness of the audible actuation indication is ratings of agreement 
with the statement "The tone or message was helpful in letting me know the button had been 
activated." Mean ratings were quite positive, ranging from 3.58 to 4.58 in Tucson and 4.28 to 
4.61 in Charlotte, indicating a strong desire for an audible actuation indication (see Chapter 3.). 
There were no meaningful differences in ratings attributable to differences in actuation 
indications in either city. However, the indication message "Wait" received a number of positive 
comments on the open-ended question regarding most and least liked features. It received no 
negative comments. 

Audible WALK Indication 

The recorrunended WALK indication is a rapid tick signal, a signal that differs markedly 
from the locator tone in its repetition rate, and should be on for the duration of the walk interval 
except where the pedestIian signal rests in WALK, in which case it may be limited to 
approximately seven seconds. The WALK indication should repeat at ten times per second, while 
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the locator tone repeats at once per second. However, accuracy in understanding which crossing 
is being signaled is dependent on excellent location of APS (see below) in which two APS at one 
comer are located on individual poles and spaced apart as described in MUTeD 4E.09. 

In retrofit situations where it is necessary to place two APS on the same pole or closer 
than recommended, the WALK indication should be a speech message with the following fonnat: 
"Oakdale, walk sign is on to cross Oakdale." The message should repeat for the duration of the 
walk interval (except where the pedestrian signal rests in WALK), and should be used in 
conjunction with a pushbutton information message. 

Prompt initiation of crossing in response to the WALK indication contributes to the 
likelihood that crossings will be completed before steady DONT WALK, so the choice of WALK 
indication should be one which promotes fast starting to cross. Equally important is accuracy in 
understanding which crossing is being signaled. A fast start across the wrong street can be 
deadly. It is therefore even more important that the WALK indication result in accurate 
understanding of which crossing has the WALK signal. Research in this project addressed both of 
these issues, and concluded that the rapid tick WALK indication provides for both the fastest starts 
and the most accurate judgment regarding which crossing has the WALK signal-provided that 
the APS is located optimally. (See General Installation Guidelines below.) 

There are three fundamental types of walk indications that are in use on pushbutton
integrated APS cUlTently in use in the U.S.: cuckoo/chirp signals; rapid tick signals; and speech 
messages. All were included both in the research in Charlotte and Tucson (Chapter 3) and in 
research in Portland (Chapter 4). In Portland, all three kinds of indications were produced by the 
same APS. (The indications were switched by a hand-held controller during the course of the 
experiment.) Because there were no other device differences in Portland, the results are free from 
confounds with other device characteristics. 

In Portland, both the location of pushbutton-integrated APS and APS WALK indications 
were explored. Cuckoo/rapid tick and rapid tick signals only were compared where two 
pushbuttons were located on two different poles at a comer, separated by approximately ten feet. 
Cuckoo/rapid tick and speech messages were compared where two pushbuttons were located on 
the sanle pole. Participants perfonned two tasks in preparation for crossings (but did not make 
crossings independently). They located the pushbutton to cross the perpendicular street, and they 
indicated when the WALK signal came on for that street. Measures that are meaningful in the 
context of specifying a WALK indication are speed and accuracy in indicating when the COlTect 
WALK indication appeared. 

There were significant differences in response time and accuracy attributable to the 
nature of the WALK. The rapid tick used on the two-pole comers produced the fastest and most 
accurate responses to the WALK indication. When two pushbuttons were on the same pole, the 
fastest responses were to cuckoo/rapid tick signals, but responses were more accurate to speech 
messages. 

Research in Tucson and Charlotte confirmed that when users knew the type of device 
they were going to be using, the fastest starts were for the APS having rapid ticks. In Tucson, 
initiation of crossings having the rapid tick WALK indication were significantly faster than 
crossings having other indications, the pattern was the same in Charlotte, although results were 
not statistically significant. There was no measure for accuracy in identifying the crossing being 
signaled by the WALK indication. 
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Vibrotactile WALK Indication 

It is recommended that every pushbutton-integrated APS have a vibrating alTOW to 
indicate the WALK interval to persons who have both vision and hearing impairments (deaf
blind). All the pushbutton-integrated APS cunently marketed in the US. have this feature, and it 
is the accepted means of providing pedestrian signal information to deaf-blind pedestrians in the 
US. 

It was the intent of this project to include a total of eight to ten participants who were 
deaf-blind and who traveled and crossed streets independently. However it was not possible to 
recruit this number of deaf-blind participants in the two cities involved. Nonetheless, there were 
seven participants who reported, or who were suspected of having, some degree of hearing loss 
in addition to blindness. 

Participants used the vibrotactile arrow on a total of 38 trials in the experiment. Some of 
this use was likely to have been by persons with no hearing loss who wanted to confinn which 
APS was providing the WALK signal. 

The mean subjective rating regarding the helpfulness of the vibratory WALK signal was 
6.36 in Tucson and 4.37 in Charlotte, both strongly positive. There were positive connnents 
regarding the vibrotactile anow in response to an open-ended question asking participants to 
identify what APS features they liked most and least. There were no negative comments. 

Ref>ponse to Ambient Sound 

All APS should be responsive to ambient sound. APS volume must be loud enough to be 
heard by users, but quiet enough to be tolerated by neighbors. Cunent Guidance provided in 
MUTCD 4E is the best that can be offered at this time. 

All pushbutton-integrated APS cUlTently marketed in the US. are responsive to ambient 
sound, according to guidance in MUTCD 2003 4E. 

4E.06 - The accessible walk signal tone should be no louder than the locator tone, 
except when there is optional activation to provide a louder signal tone for a single 
pedestrian phase. 

Automatic volume adjustment in response to anlbient sound should be provided up 
to a maximum volume of 89 dBA. Where automatic volume adjustment is used, 
tones should be no more than 5 dBA louder than ambient sound. 

4E.09 - Pushbutton locator tones should be intensity responsive to ambient sound, 
and be audible 1.8 to 3.7 m (6 to 12 ft) from the pushbutton, or to the building line, 
whichever is less. 

APS manufacturers differ in the ways in which they accomplish the automatic volume 
adjustment. First, the rates for sampling ambient sound vary. Second, the algOlithm varies for 
how fast the signal responds to increases in ambient sound and in how fast the increased volume 
decays. Third, sensitivity of the automatic volume adjustment differs. In addition, the 
microphone and its housing also affect response to ambient sound. 

It will never be possible to satisfy the volume requirements of all users, while causing 
minimal noise pollution. It was apparent in the research in Tucson and Charlotte that some 
participants found some sounds too loud, and others found them too quiet. The most connnon 
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response was that they were too quiet. Nonetheless one neighbor strongly objected to the sound 
of the APS on the comer where he lives, and it had to be tumed down. Differences in user need 
for APS volume make the possibility of individual actuation of a louder signal for one pedestrian 
phase appealing. APS can be adjusted to be very quiet, yet offer users the opportunity to elevate 
the volume when they desire it (see Louder Signal below). 

Secondary APS Features 

Pushbutton Information Message 

A pushbutton infommtion message is recommended, as it is particularly helpful to some 
users. A pushbutton information message is essential on APS where the WALK indication is a 
speech message. This is a message emitted from the APS when the button is pushed during 
flashing or steady DONT WALK intervals. The message should be "Wait, to cross Oakdale at 
North Avenue." (Emphasis and pause after Wait are intentional.) This message provides users 
with the name of the street controlled by that pushbutton and the name of the other street at the 
intersection. The message may come on with any button press dming DONT WALK intervals, but 
it may also come on only in response to an extended button press. The message should sound 
immediately if the pushbutton is depressed for one second or longer (34). 

In Tucson and Charlotte, dUling trials when they had only a general description of APS 
features, few participants used the extended button press that was required to actuate the 
pushbutton infonnation message. However, following hands-on familiarization with each of the 
three APS having this feature, participants chose to use the feature on more than 70% of 
crossings in both cities. When asked to mention features they liked most or least on each APS, 
there were a number of positive comments regarding the pushbutton information message, and 
there were no negative comments. Mean ratings for the statement "The pushbutton information 
message was easy to understand." were all at or above 4.0. 

Louder Signal (Beaconing Signal) 

The inclusion of the opportunity to obtain louder signals during the pedestrian phase is 
reconnnended. This feature may assist some pedestrians who are blind or who have low vision, 
including those who have healing loss, in locating the opposite comer. The louder signal is 
actuated by an extended button press, and operates only during the next pedestrian phase. It 
includes both the WALK signal and the subsequent locator tone for that pedestrian phase. Because 
it requires special actuation, and is operative for a single pedestrian phase, the louder signal is 
rarely obtrusive in the enviromnent, while it is available to users when they have need for it. 

Because the majority of pedestrians with blindness or low vision are over the age of 60, 
by which age they also have some upper frequency (age-related) hearing loss, and because the 
population of older pedestrians with vision impainnents is increasing, the availability of louder 
signals on request, is potentially useful to a great many pedestriallS who are blind or who have 
low vision. By 2010, it is estimated that there will be 20 million people in the U.S. over the age 
of 45 who are blind or who have low vision. 

In the Tucson and Charlotte research, there was only one APS that had a louder signal 
available at the time of the experiment. The louder signal was requested by the same extended 
button push that actuated the pushbutton infonnation message when it was present, so data on 
use of the extended button press does not clearly indicate whether the extended press was used to 
actuate the pushbutton information message, the louder signal, or both. Therefore the best 

109 

AR0072308 



Chapter 7 - Recommended Guidelines 

demonstration regarding the usefulness and desirability of the louder beaconing feature, available 
on request, is from subjective data. 

When asked to rate the extent of their agreement with the sentence, "The louder signal 
feature was helpful." the mean rating was positive (3.94), with only four participants giving it a 
negative rating. 

Tactile Map o.fCrosswalk 

A tactile map of what will be encountered in a crosswalk may be helpful to some 
pedestrians who are blind or who have low vision, at some crossings. Where used, it should have 
standard symbols. Refer to the Guide for recommended symbols for tactile crosswalk maps). 

A tactile map of the associated crosswalk was available on only one APS used in tlns 
research, and it was a feature that was totally unfannliar to all participants. Tactile maps, on the 
whole, are only moderately familiar to and are only occasionally used by people who are blind. 
Nonetheless, after participants were fanliliarized with tills feature, 17% chose to use the map in 
Tucson, and 28 % in Charlotte. 

Participants were asked to rate tlle extent of their agreement with the statement: "The 
crossing map was useful and easy to understand." Mean ratings were 4.0 in Tucson, and 4.2 in 
Charlotte, indicating that the map was relatively desirable and easy to read. With additional 
experience with this particular map, it is possible that many people would find it easy to read and 
understand. We have no data to indicate with certainty what proportion of users would choose to 
use such a map at unfamiliar crossings, and it is unlikely that it would be used when making 
familiar crossings. 

GENERAL INSTAllATION GUIDELINES 

As for selection of APS features, a single standard for installation is not workable in the 
U.S., particularly for retrofit situations. Engineering judgment is required to deternline the best 
way to install APS at a given intersection and crossing. Differences in curb radius, width of 
right-of-way, presence of parkway, curb ranlp design and location, and existing infrastructure on 
comers make each installation different. 

Described below are two different installation scenarios that will be applicable in most 
situations: 

• Two Pushbuttons on One Comer, Mounted on Two Poles - Rapid Tick Walk Indication 
This design will apply most often in new construction and alterations, particularly when 
other alterations are being done on a comer, two poles should be installed for pushbutton
integrated APS, as described in detail below. 

• Two Pushbuttons on One Comer, Mounted on a Single Pole - Speech Walk Indication 
Tills design will apply most often where it is technically infeasible because of linlited 
right-of-way, topography, or locations of other essential equipment on comers, to install 
two pushbutton-integrated APS on a comer on separate poles. However, the APS features 
required for tills situation are different than where each pushbutton-integrated APS is on 
its own pole. 
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Two Pushbuttons on One Corner, Mounted on Two Poles - Rapid Tick 

Optimal location for pushbutton-integrated APS is between the edge of the crosswalk line 
(extended) furthest from the center of the intersection and the side of the curb ramp. APS should 
be between 1.5 feet and 6 feet from the edge of the curb, shoulder, or pavement. The control face 
and tactile arrow should be carefully aligned with the direction of travel on the associated 
crosswalk. In order to provide wheelchair users with access to the pushbutton, all pushbuttons 
shall be located adjacent to a level all-weather smface. 

Pushbutton-integrated APS shall be a maximum of 5 feet from the edge of the crosswalk 
line (extended) farthest from the center of the intersection. They shall be a maximum of 10 feet 
from the edge of the curb, shoulder, or pavement. At corners of signalized locations where two 
pedestrian pushbuttons are provided, the pushbuttons should be separated by a distance of at 
least 10 feet (see Figure 7-2). 

A rapid tick WALK indication is recommended for installations following these guidelines 
for location and the use of two poles on a corner. 

The research conducted in Portland (see Chapter 4) found that where pushbutton
integrated APS were mounted on separate poles, near the crosswalk line furthest from the center 
of the intersection (approximately 3 feet from the curb line and approximately 10 feet apart), 
speed and accuracy in judging when the correct crosswalk had the WALK signal was significantly 
better than when APS were located according to other clitelia (see corner C, Figure 7-3). 
Moreover, accuracy in identifying the onset of the correct WALK signal was significantly greater 
when both APS on the same corner used the same tone (rapid tick) than when the two APS used 
two different tones (cuckoo and rapid tick). 

When pushbuttons are precisely and consistently located in this way, identification of 
which crossing is being signaled can be based solely on which pushbutton the WALK signal 
comes from. There is no need to 
remember a code (such as cuckoo 
for a nOlth/south crossing and rapid 
tick for an east/west crossing) or to 
understand speech messages. Figure 
7 -4 provides examples of pole 
arrangements that meet the 
requirements for corners having 
different geometries. 

Two Pushbuttons on One Corner, 

Mounted on a Single Pole - Speech 

When it is necessary to 
mount two pushbuttons on one 
pole, it is recoIllinended that they 
should be required to use speech 
message WALK signals rather than 
tone signals. Moreover, to be sure 
users know the street name to listen 
for in the WALK message, 

Ideal 
placement 

(~Jot to scale) 
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Figure 7-2. Optimal location oJpushbutton-integrated APS. 
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10 ft radius, 5 ft sidewalk, 
parallel ramps 

30 ft radius, 12 ft sidewalk, 
perpendicular ramps 

30 ft radius, 5 ft sidewalk, 
parallel ramps 

L 
10ft radius, 5 ft sidewalk with 
parkway, perpendicular ramps 

30 ft radius, 12 ft sidewalk, 
perpendicular ramps 

30 ft radius, 5 ft sidewalk with 
parkway, perpendicular ramps 

Legend 

D Level space 

• APS pole 

Detectable warning 

Parkway 

Ramp indication 

30 ft radius, 12 ft sidewalk, 
parallel ramps 

.. ". ~ 

\~::.~. 

;J' 
~.~~\,: 

30 ft radius, 5 ft sidewalk with 
parkway, perpendicular ramps 

Figure 7-3. Examples oflocationsfor pushbutton-integrated APS on corners having various 
geometries. 
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pushbutton information messages identifying the intersection and the street to be crossed should 
also be required. 

Research in Portland demonstrated that response to identifying which crosswalk had the 
WALK signal was significantly more accurate when the APS provided speech WALK signals from 
both APS than when the APS used two tones - cuckoo and rapid tick (see Chapter 4). The same 
tone (rapid tick) system was not used in the research when there were two pushbuttons on one 
pole because there would be no way for users to know which pushbutton was signaling, other 
than use of the vibrating an-ow. When two pushbuttons are on a single pole, and particularly 
when that pole is at the back of the sidewalk, it is not practical for the pedestrian who is blind or 
who has low vision to stand with a hand on the vibrating arrow while simultaneously preparing 
to cross. 

CAREFUL VOLUME ADJUSTMENT 

Volume adjustment of APS is both very important and somewhat difficult. The MUTeD 
provides guidance for APS (see above under Response to Ambient Sound} There is no evidence 
provided by this research that the cun-ent MUTeD guidance should be changed. But there was 
certainly evidence that sound level is closely related to such tasks as recognizing the presence 
and location of a locator tone, quickly responding to the onset of a WALK signal, and walking 
straight across the street. 

MUTeD guidance discusses a maximum sound level that a locator tone or walk tone 
should exceed ambient sound (5 dBA), and an absolute maximum sound level in decibels on the 
A scale (89 dBA). While manufacturers can limit devices to a maximum of 89 dBA, setting an 
automatic sound level adjustment system to consistently provide a signal that is approximately 5 
dBA above ambient sound is more art than science at the present time. Reasonably priced sound 
level meters, which are anlenable to use in the field, are not capable of accurately measuring the 
sound levels of very short bursts of sound in comparison with more persistent, but still widely 
varying, sound levels of vehicles. 

A more useful measure in the field is the guidance that APS sounds should be audible 6 
to 12 feet from the APS, or to the building line, whichever is less. However, audible distance is a 
subjective measure that is inevitably influenced by each listener's own hearing, and by such 
influences on the audible distance of sounds as wind, humidity, and nearby reflective surfaces. 
Fine-tuning of sound levels in the field should be planned for in every APS installation. Visits 
may need to be made in both peak and off-peak hours to get a setting that is appropriate in both 
situations. 

There are some intersection geometries that make careful attention to sound level settings 
critical. Where a signalized intersection has a right tum lane that is not signalized, it is velY 
important that an APS on a splitter island not be audible from across the unsignalized tum lane. 
If it the APS is heard from the opposite side of the unsignalized tum lane, a pedestrian who is 
blind or who has low vision may mistakenly believe that the APS indicates a WALK interval for 
the unsignalized lane. 

At intersections having split phasing, it is very important that APS signals not be audible 
across the street. For example, a northbound pedestrian who is blind or who has low vision is 
waiting to cross an east/west street, and the north/south street is to her left (she is at the east 
crosswalk). She hears the APS on the opposite side of the north/south street (for the west 
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crosswalk) and assumes that there is a pedestrian phase for all pedestrians crossing the east/west 
street. She may cross directly into the path of southbound vehicles tuming left across her path, 
which have a protected green left tum arrow. 

SUMMARY 

Experience with the installation and evaluation of APS indicates that particular attention is 
necessary in the installation process. Engineers and signal technicians need to take additional 
care in planning installations and making adjustments for the location of the pushbutton. For the 
devices to be effective for pedestrians with visual impainnents, details matter. For example, the 
APS needs to be carefully positioned on the pole so that the tactile arrows are aligned with the 
intended crossing direction. There is also a need to become familiar with adjusting volume levels 
of the various tones and messages. It may be necessary to reevaluate the sound level of devices at 
peak and off-peak hours to assure that the volume is properly adjusted. It is also important to be 
aware of the effect of installing an APS and not completing sound level adjustments before 
leaving. In one installation during this research, an APS was installed and became operational on 
Friday. The volume adjustment was not done until Monday, which resulted in a very loud locator 
tone operating over the weekend. By Monday, nearby residents were quite negative about the 
APS, which could have been avoided by either leaving it off until the technician had time to 
adjust the volume correctly, or adjusting the volume at the time of installation. 
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CHAPTERS 

INTERSECTION PRIORITIZATION TOOL 

INTRODUCTION 

One of the first questions that must be answered by local engineers and others responsible 
for the installation of APS devices is when and where is it appropriate to install such devices in 
other than new construction and alteration/reconstruction. In many cases, there is a need to 
prioritize intersections for APS installations. The MUTeD currently provides some guidance on 
this matter, but a more definitive approach is required to assist practitioners. 

Several cities in the U.S. have highly structured rating scales that they have found useful 
in making decisions about which intersections or crosswalks should have APS (40). Factors that 
are typically included are: 

• proximity to a facility for persons who are blind; 
• proximity to alternate crossings; 
• proximity to transit stops; 
• proximity to key facilities used by all pedestrians; 
• intersection geometry; 
• vehicle speed; 
• traffic volume (both heavy and light); 
• number of vehicles per surge per crosswalk 
• signal complexity 
• pedestrian crash records; 
• demonstrated need or user request; 
• presence of pedestrian push buttons; 
• surrounding land use and neighborhood acceptance; and 
• existence of a signal which is susceptible to retrofitting (consideration should be given to 

both the physical infrastructure and the operational parameters, i.e., phasing, splits, and cycle 
length). 

One of the weaknesses with the previous tools was a lack of validation with respect to the 
scoring system and the relati ve weights assigned to the different variables. In this project, an 
effort was made to develop a tool, have practitioners apply the tool, and then compare the 
objective ratings achieved with the tool to the subjective ratings of pedestrians with visual 
impairments and orientation and mobility (O&M) specialists. Provided in the remainder of this 
chapter is a discussion of the methodology used in the development of the tool. The tool itself, 
which includes a set of instructions for application, is provided in the companion document, 
Accessible Pedestrian Signals: A Guide to Best Practice, and is also available on the web at 
www.walkinginfo.org/aps. 
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FIELD DATA COLLECTION TABLE 8-1 Number of crossings rated 

In each of three cities (Cambridge, 
Tucson, and Charlotte), a project staff member 
and one or more local transportation engineers 
and/or planners applied the Intersection 
Prioritization Tool to rate crosswalks at ten 
intersections. The number of crossings in each 
city is shown in Table 8-1. These intersections 
were selected to capture the full range of 

in each city 

~ity i Number of Crossings i 

Charlotte,NCt33 
1 

-----------------------------------------------------------------+ -------------------------------------------------------------------------------~ 

Tucson, AZ 36 
Cambridge, M A 40 

crossing difficulty that may be experienced by a blind pedestrian, from very simple two-phase 
signals at relatively small intersections to large intersections with multiple phases and complex 
geometrics. The scores from the tool were used to rank -order the crossings from most difficult 
(and in need of an APS) to least difficult. 

A local O&M specialist and two blind pedestrians who were skilled independent travelers 
and who were selected by organizations of blind persons in that locale used their expert 
judgment to review each crossing and also prioritize the crosswalks in tenns of difficulty and in 
most need of an APS. Following the evaluation of all crossings in each city, the evaluators met to 
compare their results, discuss areas of agreement and disagreement with respect to what made 
each crossing easy or difficult, and to suggest ways in which the Intersection PriOlitization Tool 
could be revised to yield results more consistent with the subjective scores of the blind travelers 
and O&M specialists. 

CALIBRATION AND MODIFICATION 

The objective scores from the practitioners and the subjective scores from the blind 
pedestrians and O&M specialists were used to calibrate and modify the tool. The goal of this task 
was to create a tool that could take observable characteristics of a pedestrian crossing and 
produce a score that would reflect the relative crossing difficulty and subsequent need for APS. 
Appropriately designed, the tool would include higher point values for characteristics that 
indicated a greater need for APS. The resulting scores could then be used to develop a 
prioritization of crossings based on need for APS. 

The point values given to the various site characteristics included on the tool were 
initially drawn from the research team's knowledge of the relative importance of the 
characteristics and from the other similar tools that were previously mentioned. Statting with 
those initial point values, the calibration of the prioritization tool became an iterative process. 

The characteristics of each crossing, which were captured in the field on paper, were 
entered into an electronic version (Excel workbook) of the prioritization tool. These data 
included intersection-wide characteristics, such as the type of signalization, and crosswalk
specific characteristics, such as crossing width and curb ramp configuration. Once all 
characteristics were entered, the prioritization tool calibration followed the iterative process 
explained below. 

Step 1 - Use the Prioritization Tool to Calculate Scores for Each Crosswalk 

The prioritization tool assigns point values based on the influence of a particular vmiable 
on a blind pedestrian's travel on the crossing. Higher point values indicate a greater difficulty for 
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the blind individual and therefore a greater potential benefit from an APS installation. The score 
for a particular crosswalk is a sum of two scores - the score for the intersection at which the 
crosswalk is located and a score for the crosswalk itself. The variables included on each 
worksheet are as follows: 

Intersection Worksheet Variables 

• Configuration 
• Signalization 
• Proximity to transit facilities 
• Proximity to facilities for the visually impaired 
• Proximity to major pedestrian attractions 

Crossing Worksheet Variables 

• Crossing width 
• Speed limit 
• Approach/crossing geometrics 
• Pedestrian signal control 
• Vehicle signal control 
• Off-peak traffic presence 
• Proximity to alternative crossing with APS 
• PedestIian pushbutton location 
• Requests for APS 

Step 2 - Rank Crosswalks by Prioritization Tool Score 

The crosswalks are ranked from greatest to least according to the score from the 
prioIitization tool. 

Step 3 - Compare Prioritization Tool Rankings to Rankings Given by Evaluators 

It was then necessary to compare the pIioritization tool ral1kings to the evaluator rankings 
to detemIine how well the tool was emulating the subjective rankings of the visually-impaired 
pedestlians and O&M specialists. The calibration of the tool was performed by looking at the top 
group of sites (greatest need for APS) and the bottom group of sites (least need for APS) in each 
set of rankings. Since each evaluator has a different prioIity ranking of sites, it cannot be 
expected that the tool would match the evaluator rankings place-for-place. Instead, the 
calibration process seeks to have as many sites as possible in the top group of the pIioritization 
tool rankings also be found in the top groups of the evaluator rankings, and likewise for the 
bottom group. 

The method used in this calibration took each site in the priOlitization tool ranking and 
counted how many times the site appeared in the evaluator rankings. The sum of these counts 
reflected how well the pIioritization tool rankings compared to the evaluator rankings. The goal 
of the calibration was to maximize this sum. 
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Step 4 - Adjust Point Values; Repeat Steps 1 through 3 

To attempt to maxirruze the sum obtained at Step 3, the point value for a particular 
variable was sometimes adjusted. For instance, if the presence of islands or medians on a 
crosswalk was worth 3 points in the previous run, that value may have been increased to 4 to 
deternune what effect the point value increase had on the overall fit of the prioritization tool. 
Once any point value was changed, Steps 1 through 3 were run again. Point values for different 
characteristics were increased and decreased until the sum produced at Step 3 could not be 
increased. 

Adjustment of point values was guided in large part by the comments made by the 
evaluators on each crosswalk. For instance, if the evaluators made comments to the effect that 
the presence of a vehicular right-turn-only phase increased their concern about a particular 
crossing, then the point value for right-turn-only phase would be increased to better align the tool 
with the evaluator rankings. Point values for characteristics that were not mentioned by an 
evaluator were adjusted on an exploratory basis. 

Other Point Value Adjustments 

Some variables could not be included in the calibration process, due to lack of data or 
small sample size. In these cases, point values were assigned based on the team's assessment of 
the hazard of each vatiable with respect to other variables that had been calibrated. 

Data were not available for the following variables: 

• Proxinuty of transit facilities 
• Distance to facilities for visually impaired 
• Distance to major pedestrian attraction 
• Leading pedestrian interval 
• Distance to alternative APS crossing 
• Requests for APS 

There were too few crossings with the following characteristics to allow for point 
calibration: 

• Non-concurrent WALK signal 
• Channelized right turn lane under signal control 

SUMMARY 

The final, calibrated prioritization tool provides practitioners with a method for prioritizing 
locations for APS installation. The forms and instructions for the tool can be found in the 
companion document, Accessible Pedestrian Signals: A Guide to Best Practice. 
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CHAPTER 9 

TRAINING AND RESOURCES 

INTRODUCTION 

As APSs are being installed in more and more cities, there is a need for guidance for 
decision-makers and practitioners. To this end, training materials were developed to provide 
guidance on when, where, and how APS devices should be installed. The materials consist of the 
companion resource document and a set of PowerPoint presentations that can be covered in a 
one-day course. These materials were organized to meet the needs of three specific audiences: 

• Technicians, who are responsible for the installation, operation, and maintenance; 
• Engineers/Administrators, who are involved in making decisions about when and where 

APS devices are needed and the features required; and 
• Orientation and Mobility Specialists, who train pedestrians to use the devices and serve 

as advisors to the engineers. 

The companion document, Accessible Pedestrian Signals: A Guide to Best Practice, is 
intended as a stand-alone document that contains all the training infommtion developed in this 
project. It is also intended to be a resource document to accompany the one-day training course. 
While the course covers the basics of each topic area, the Guide contains more detail. In addition 
to the topics covered in the course (see below), the Guide also contains chapters on public 
education on APS, case studies in the U.S. and abroad, product-specific information, and an 
instruction manual for the APS Prioritization Tool. 

The training course developed as part of this project is intended to be a one-day session 
that will cover the issues related to travel by those who are blind; traffic signalization; and when, 
where, and how APS devices should be installed. The course makes use of images, drawings, 
videos, and in-class demonstrations, as well as examples from real-world installations. The 
PowerPoint presentations contain scripts of the instructors' dialogue so that they may be read and 
understood outside of the course. Provided below is an outline of the modules covered in the 
training course and a brief description of the content of each module. 

MODULE DESCRIPTIONS 

Module A 

Accessible Pedestrian Signals and Accessible Public Rights-of-Way (all audiences) 
• Purpose and Description of APS - why APS are needed, scope of problems addressed, 

terminology 
• History of Legislation and Current Guidance - TEA-21, MUTeD, 1973 Rehab Act, 

ADA, Draft PROW AG 
• Resources - Federal agencies (FHW A, Access Board), consumer groups (ACB, NFB), 

professional organizations, local agencies 
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Module B 
Travel Needs ofBlindlLow-Vision Pedestrians (targeted at engineers) 

• Blindness and Vision Loss - types of vision loss, definitions 
• Travel Techniques and Aids - types of aids (dog guides, canes, etc.), O&M training 
• Street crossings - analysis of situation, crossing techniques, crossing cues 
• Challenges and Problems - examples (split phasing, mid-block signals, etc.) 

Understanding Traffic Signals and Modern Intersection Design (targeted at O&M professionals) 
• Tenmnology (e.g., cycles, phases, etc.) 
• Signal Warrants (understanding why a signal may be installed) 
• Type of Operation (pretimed, semi-actuated, full-actuated) 
• Signal Timing (timing plans, walking speeds, understanding signal displays) 

Module C 

APS Features (all audiences) 
• APS Features - locator tones, WALK interval tones and speech messages, vibrotactile 

feedback, tactile arrow, ambient noise adjustment, tactile maps, etc. 
• Recommended Features - recommendations on type of WALK indication, etc (from 

project research) 

Module D 

When to Install APS (targeted at engineers) 
• Where APS are required - current guidance 
• Application of ADA - new construction, alteration projects, existing facilities (retrofit) 

APS Prioritization Tool (targeted at engineers) 
• Overview - intended use and audience for Prioritization Tool 
• Development - brief overview of the development and validation process 
• Intersection and Crosswalk Worksheets - walks through each variable that was included 

in the Tool 
• Example of Prioritization Tool use 

Module E 

Designing Installations (targeted at engineers) 
• General Considerations for Installations - pole location, intersection geometry 
• Design Guidance for New Installations - Draft PROW AG, MUTeD 
• Designing Installations in Retrofit Situations - how to conduct site evaluation and needs 

assessment; how to design in a non-ideal situation 

Design Exercises 
• Before/after photos of APS installations for group discussion 
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Module F 

Installation, Operation, and Maintenance (targeted at technicians) 
• Installation - infrastructure (poles, wiring, and other hardware), device mounting, 

adjustments (sound levels, ambient noise response, etc.) 
• Adjusting Sound Settings - how to set volume for locator tone, WALK indication, etc. 
• Post-Installation Checklist 
• Maintenance - what to check and when 
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CHAPTER 10 

CONCLUSIONS 

In 2000, two sections on APS were added to the Manual on Un~form Traffic Control 
Devices (MUTCD), which became the first set of national standards for APS in the U.S. The 
MUTCD defines an APS as " ... a device that communicates infommtion about pedestrian tirmng 
in nonvisual fonnat such as audible tones, verbal messages, and/or vibrating surfaces" (1). The 
rest of the MUTCD language provides standards, guidance and options, but does not specify 
walk messages or address many possible device features. In 2002, the U.S. Architectural and 
Transportation Baniers Compliance Board (Access Board) published draft recommendations and 
requirements for APS installation in Draft Guidelines for Accessible Public Rights-of-Way (2). 
The Draft Guidelines call for the use of pushbutton-integrated signals that provide audible and 
vibrotactile indications of the walk interval. 

This research was the basis for more precise and well-supported standards and guidance 
on APS for inclusion in the MUTCD and the U.S. Access Board Guidelines. The research results 
have been forwarded to the Signals Technical Committee of the NCUTCD and to the Federal 
Highway Administration (FHW A) as background and support for changes in Part 4 of the 
MUTCD, as well as to the U.S. Access Board. 

Two separate research experiments were undertaken in this project to develop the 
recommended guidelines for APS features and APS installation. The purpose of first study was 
to deterrnine the effect of APS features, which are commonly found on most of the APS 
equipment marketed in the U.S., on the ability of pedestrians who are blind to locate and use 
pushbuttons, determine time to cross, determine appropriate heading for crossing, and maintain 
alignment while crossing. TIle second study was conducted to evaluate the effects of pole 
location, number of poles used in relation to number of APS devices, and type of WALK 
indication on the ability of pedestlians with visual or cognitive impainnents to determine which 
crosswalk at a corner had the WALK signal. In addition to these two research studies, additional 
infonnation about APS perfOlmance was gleaned from an engineering evaluation of the 
equipment installed during this research study, as well as from a series of cold weather case 
studies. 

The result of these efforts is a set of recommended guidelines to help practitioners choose 
the most appropriate APS features to fit the needs of each application and make sound 
installation decisions. The recommendations are briefly summarized below; a more extensive 
description and justification for each can be found in Chapter 5. 

Primary APS Features 

Primary APS features are those that, on the basis of psychophysical research as well as 
subjective data, should be included in all pushbutton-integrated APS, regardless of intersection 
geometry or signalization. 

Pushbutton Locator Tone - It is recommended that all pushbutton-integrated APS be required to 
have pushbutton locator tones that sound at one second intervals dming flashing and steady 
DONT WALK intervals, as described in MUTCD 4E.09. No particular tone is recommended. 
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Pushbutton Style - Pushbuttons should be clearly defined and be tactually identifiable. 

Tactile Arrow - It is recommended that tactile arrows be required on all pushbutton-integrated 
APS as indications of which crosswalk is controlled by which pushbutton. There is no 
recommendation for changes to arrow specifications currently provided in the Draft Guidelines. 

Actuation Indication - It is recommended that an audible actuation indication be required on 
pushbutton-integrated APS. TIns may be either a tone or a speech message. 

Audible WALK Indication - The recommended WALK indication is a rapid tick signal, a signal that 
differs markedly from the locator tone in its repetition rate, and should be on for the duration of 
the walk interval except where the pedestrian signal rests in WALK, in which case it may be 
linlited to approximately seven seconds. TIle WALK indication should repeat at ten times per 
second, while the locator tone repeats at once per second. However, accuracy in understanding 
which crossing is being signaled is dependent on excellent location of APS (see below) in which 
two APS at one comer are located on individual poles and spaced apart as described in MUTCD 
4E.09. 

Vibrotactile WALK Indication - It is recommended that every pushbutton-integrated APS have a 
vibrating arrow to indicate the WALK interval to persons who have both vision and hearing 
impainnents (deaf-blind). 

Responsive to Ambient Sound - All APS should be responsive to ambient sound. APS volume 
must be loud enough to be heard by users, but quiet enough to be tolerated by neighbors. All 
pushbutton-integrated APS currently marketed in the U.S. are responsive to ambient sound, 
according to guidance in MUTCD 2003, Section4E, which remains the best that can be offered 
at this time. 

Secondary APS Features 

Secondary features are those that have been shown to facilitate crossings by some 
pedestrians who are blind, but which may 1) not be indicated for use at all intersections, 2) not be 
desired or needed by an pedestrians who are blind or who have low vision, or 3) have limited 
research support. 

Pushbutton Information Message - A pushbutton information message is recommended, as it is 
particularly helpful to some users. A pushbutton information message is essential on APS where 
the WALK indication is a speech message. This is a message emitted from the APS when the 
button is pushed during t1ashing or steady DONT WALK intervals. The message should be "Wait, 
to cross Oakdale at North Avenue." (Emphasis and pause after Wait are intentional.) This 
message provides users with the name of the street controlled by that pushbutton and the name of 
the other street at the intersection. The message is typically called with an extended button press, 
(pushbutton is depressed for one second or longer) during DONT WALK intervals (34). 

Louder Signal (Audible Beaconing) - The inclusion of the opp0l1unity to obtain louder signals 
during the pedestrian phase is recommended. This feature may assist some pedestrians who are 
blind or who have low vision, including those who have healing loss, in locating the opposite 
comer. The louder signal is actuated by an extended button press, and operates only during the 
next pedestrian phase. It includes both the WALK signal and the subsequent locator tone for that 
pedestrian phase. 
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Tactile Map of Crosswalk - A tactile map of what will be encountered in a crosswalk may be 
helpful to some pedestrians who are blind or who have low vision, at some crossings. Where 
used, it should have standard symbols (see Figure 5-1 for recommended symbols for tactile 
crosswalk Inaps). 

Installation Guidance 

A single standard for installation is not workable in the U.S., particularly for retrofit 
situations. Engineering judgment is required to detennine the best way to install APS at a given 
intersection and crossing. Differences in curb radius, width of right-of-way, presence of 
parkway, curb ramp design and location, and existing infrastructure on comers make each 
installation different. The recommendations summmized below apply to two types of installation 
scenarios and are intended to provide general guidance to the practitioner. For more details on 
and the justification for these recommendations, refer to Chapter 5. 

Two Pushbuttons on One Corner, Mounted on Two Poles - Rapid Tick 

This design will apply most often in new construction mld major alterations that result in 
reconstruction of the comers of the intersection (e.g., new sidewalks, curb raI11ps, signal poles, 
etc.). In this case, two poles should be installed on each comer with pushbutton-integrated APS 
on each pole. 

Optimal location for the pushbutton-integrated APS is between the edge of the crosswalk 
line (extended) furthest from the center of the intersection and the side of the curb ramp. APS 
should be between 1.5 feet mld 6 feet from the edge of the curb, shoulder, or pavement. The 
control face and tactile alTOW should be carefully aligned with the direction of travel on the 
associated crosswalk. In order to provide wheelchair users with access to the pushbutton, all 
pushbuttons shan be located adjacent to a level an-weather surface. 

Pushbutton-integrated APS shall be a maximum of 5 feet from the edge of the crosswalk 
line (extended) farthest from the center of the intersection. They shall be a maximum of 10 feet 
from the edge of the curb, shoulder, or pavement. In this two-pole scenario, the pushbuttons 
should be separated by a distance of at least 10 feet. 

A rapid tick WALK indication is recommended for installations following these guidelines. 
When pushbuttons are precisely and consistently located in this way, identification of which 
crossing is being signaled can be based solely on whjch pushbutton the WALK signal comes from. 
There is no need to understand speech messages or to remember a code (such as cuckoo for a 
north/south crossing and rapid tick for an east/west crossing). 

Two Pushlmttons on One Corner, Mounted on a Single Pole - Speech 

This design will apply most often where it is technically infeasible because of limited 
right-of-way, topography, or locations of other essential equipment on comers, to install two 
pushbutton-integrated APS on a comer on separate poles. However, the APS features required 
for this situation are different than where each pushbutton-integrated APS is on its own pole. 

For this one-pole scenario, it is recommended that the APS be required to use speech 
message WALK signals rather than tone signals. Moreover, to be sure users know the street name 
to listen for in the WALK message, pushbutton infonnation messages identifying the intersection 
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and the street to be crossed are also necessary. Wording of speech WALK indications and 
pushbutton infonnation messages should confoml to recommended fonnat (see Chapter 7: 
Recommended Guidelines). 

Volume Adjustment 

Volume adjustment of APS is both very important and somewhat difficult. The MUTCD 
Guidance discusses a maximum sound level by whjch a pushbutton locator tone or walk tone 
should exceed ambient sound (5 dBA), and an absolute maximum sound level in decibels on the 
A scale (89 dBA). While manufacturers can limit devices to a maximum of 89 dBA, setting an 
automatic sound level adjustment system to consistently provide a signal that is approximately 5 
dBA above anlbient sound is more art than science at the present time. 

A more useful measure in the field is the guidance that APS sounds should be audible 6 
to 12 feet from the APS, or to the building line, whichever is less. However, audible distance is a 
subjective measure that is inevitably influenced by each listener's own hearing, and by such 
influences on the audible distance of sounds as wind, humidity, and nearby reflective sUlfaces. 
Fine-tuning of sound levels in the field should be planned for in every APS installation. Visits 
may need to be made in both peak and off-peak hours to get a setting that is appropriate in both 
situations. 

INTERSECTION PRIORITIZATION 

One of the first questions that must be answered by local engineers and others responsible 
for the installation of APS devices is when and where is it appropriate to install such devices in 
other than new construction and alteration/reconstruction. In many cases, there is a need to 
prioritize intersections for APS installations. The MUTCD cUlTently provides some guidance on 
this matter, but a more definitive approach is needed by practitioners. 

As part of this research effort, a tool was developed, applied by practitioners, and then 
validated by comparing the objective ratings achieved with the tool to the subjective ratings of 
pedestrians with visual impainnents and orientation and mobility (O&M) specialists. The tool 
itself, which includes a set of instructions for application, is provided in the companion 
document, Accessible Pedestrian Signals: A Guide to Best Practice, and is also available on the 
web at www. walkinginfo.org/aps. 

TRAINING AND RESOURCES 

Training materials were developed to provide guidance on where and how APS should be 
installed. The training is directed at three main audiences - traffic engineers, O&M instructors, 
and signal technicians. The materials consist of a set of PowerPoint presentations that comprise a 
one-day training course and a companion resource document, Accessible Pedestrian Signals: A 
Guide to Best Practice. 

ADDITIONAL RESEARCH NEEDED 

The results of this research have produced a set of recommended guidelines for APS 
installation and operation that will make it easier and safer for pedestrians with visual 
impaimlents to cross streets at signalized intersections. In time, the results will make their way 
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into the MUTeD and other guides, which will lead to greater uniformity in the field. At the sanle 
time, this research discovered a number of issues requiring further investigation. Provided below 
is a list of topics to be considered for future research: 

);. Tone types (best accepted by nearby residents) 
);. Sound volume (best means of providing response to ambient sound, range and speed of 

response, range of decibel levels ) 
);. Speech message clarity (consistency, programming and downloading messages, 

standardized library) 
);. Combining speech message and tones 
);. Audible message dming flashing DON'T WALK (tone vs. speech, countdown) 
);. Use of APS to aid alignment before crossing and while crossing 
);. Beaconing (volume, duration after press) 
)i;> Guidance on the need for pushbutton APS on side streets. 
);. Location/size/color of tactile anow 
);. Tactile map (consistency, availability, guidelines) 
);. Cold weather issues (future follow-up on case studies, comparison study) 
);. APS effect on general pedestrian population (use of pushbutton; latency to begin 

crossing) 
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June 20, 1995 

FOR: 

Capital Records 
1750 N. Vine Street 
Hollywood, CA 90028 

Attn: Mr. John Piro 

Project Name/Address: 

Capitol Records 
First Fl. Crawl Space 
1750 N. Vine Street 
Hollywood, CA 90028 

Prepared by: 

Darrin McElroy 

17500 F<edhill Ave .. Ste. 240 1 Irvine, CA 92714 (714) 724-9979 FAX; (714)"'724-9968 

I n Co I iforn ia: 800-540-5802 
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June 20, 1995 

John Piro 

;+'!'> 1 Q i< 11 

i) 0 H S /I 70 

Capitol Records 
1750 N. Vine street 
Hollywood, CA 90028 

Asbestos &. L'Hld Abotomont Speciolists 

RE: Capitol Records, First Fl. Crawl Space, 1750 N. Vine Street, 
Hollywood, CA 90028. 

Job Description: Removal of 160 Ln. Ft. of TSI., completed on 
June 2, 1995. 

Dear Mr. Firo: 

QBI, INC. has successfully completed the above referenced project 
during the period noted. 

Enclosed please find QBI, INC.'s documentation of our act~vities 
for this project. Certain portions of this documentation,may 
have been replicated for your agent or third party monitoring 
firm. 

Should you have any questions regarding this submittal, please 
contact me at (714) 724-9979. 

Sincerely, 

17500 Redhill Ave" Ste. 240, Irvine, CA 92'714 (714) 72-4-9979 FAX: (714) 724-9968 

In California: 800-540-5802 
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SOUTH COAST AIR OUAUTY MANAGEMENT DISTRICT CSCAOMDt 
NOllflCA TION OF DEMOLITION OR ASBESTOS REMOVAL 

COMPLETED BY Ray Escobar COMPANY QUI, Inc. PBONP 14) 724-9979 1 

DATE 05/18/95 CHECK I FEE $ PROJECT I Capital Rec. /1 Fl. 

NOTIFICATION TYPE ORIGINAL X REVISION DATES REVISION OTUER III1GULIGIiTi CANCELLATION 

PROJECT TYPE DEMOLITION ORDERED DEMO RENOVATIONIREMOVAlI X EMERGENCY RENO PLANNED RENOIANNUAll 

REQUIRED ASBESTOS PRESENT? Yes ASBESTOS SURVEY? Yes ASBESTOS REMOVED? No 

SITE INFORMATION SITE NAME Capi tal Records 

ADDRESS 1750 N. Vine St. 

CITY Hollywoo-d STATE CA ZIP 90028 COUNTY Los Angeles 

DESCRIBE WORK LOCATION First floor crawl space 

BUILDING SIZE Isa Fl!} 2 , 000 NUMBER OF FLOORS 12 BUILDING AGE !YEARSI 39 NUMBER OF DWELLING UNITS 

PRESENT .. PRIOR USE I Office 

Sill: oWNER Capital Records ADDRESS 1750 N. Vine st. 

CITY Hollywood STATE CA ZIP 90028 CONTAcT PHONd2 13) 87 1-5116 

A~BESTOS AMOUNT TO PE REMOVED· FRIABLE CLASS I CLASS II DESCRIBE THE ASBESTOS MATERIALS 

ON PIPES lIN SOU.ARE fEET I 160 TSI 
.• 

SURFACE AREAS liN SQUAAE fEET • 

TOTALS I·ADD COLUMNS I 160 160 I GRAND TOTAL t.ADD flOWI 

FU IS !lASED oN ORAND TOTAL. SEE PAGE 2. TO CONVERT UN~.AR FEET TO SQUARE nn: SQUARE FEET - 3.'4.)( DIAMETER )( l.tNGTU 

REMOVAL DATES START 06/01/95 END 06/02/95 WORK SHIFT IM4IPMI AM 

PROJECT DATES START 06/01/95 END 06/02/95 WORK SHIFT IAMIPMI 

CONTRACTOR INFORMATION CSLB LICENSE' 519811 OSHA REG. 70 SCAOMD 10' 98805 

NAME QHI, Inc. ADDRESS 17500 Redhill Ave, Ste240 

CITY Irvine STATE CA ZIP 92714 SITEsUPVR B. Neeley PHONE (714) 724-9979 

WASTE TRANSPORTER '1 BDC LANDFILL Azusa Landfill 

ADDRESS 766 s. Ayon ADDRESS 1201 W • Gladstone st. 

STATE CA ZIP 91702 CITY Azusa STATE CA Zlp 91702 CITY Azusa 

_ Rille 1403 end NESHAP ,1\11"11"0. Notiflqadon Form REV 940506 PIIOI 1012. 

AR0072335 



I 
fl.' UI 

I , .J 

I 

WASTE STOnAGE SitE 

------~--------~------

AOOAESS ADDRESS 
1---------------------,----1-----------------------·--.. 

CITY STATE ZIP CITY STATE lit' 

~----------------~------------------------~------------------------------------------
CONTROLS: DEsCRIBe WORK rnAcllCES AND CONTROI.S TO 01:: USEIJ AT THE DEMOLITION ANO RENOVATION SirE. Fall ASOF.SlOS 
REMOVAL WORK,INDICATE nULE 1Ii03pnDCEDUm: II 1,2,3, ., on 5, on COMI:lINATlONS or PROCEDURES USED. fOR rnOCEDlInes 
4 ANO 5, SUBMIT PLANS Fon 5CAOMO APPROVAl. PROCEDURE ,: 

ul:---o&~d~--------------------------
ASBESTOS DETECTioN PROCI:DURE: DESCRIBE TUE MI:TIIODS AND PROCEDURES USED TO DETERMINE WHEHlER ASf:lESTos IS 

PRESENT AT iHE SITE, INCLUDING THE ANAL ¥TICAL MEtIlOIJS: 

rOR OnDEnED DEMOLITION SEND A COpy OF lHE ORDER AND GIVE rUE AGENCV NAME: 

AUTHORIZING PERSON: TITLE: 

DAlE OF ORDER: DATE ORDERED TO BEGIN: 

FOR tMEnOENCV REMOVAL GIVE DATI: AND UOUR OF EMERGENCV AND DEscmBE 11 IE SUODEN, UNEXpeCTED EVEN f: 

£XPlAIN HOW TUE EVENT WOULD CAUSE UNSAFE cONomONS, EOUIPMENT DAMAGE OR UNREASONlIIJlE nNANCIAL BUIUJEN: 

, \ . . 
CONTINGENCV PLAN: DtSCRIII~ ACTIONS AND I'I'IOC£OIIIU$ TO'Il£ rolloW£t\ Ir tmEx"~ct£D II!lIlES'OS IS tourlD IJUnlrfG IJtMOllf10U ontlOr~t",I\RI.[ ASElH:tO$ 

MATttI' ..... l!tr::OME!I enUMIIUD. rut VfRlUlJ, on REOucU> to 1'0\l\lt)ln. 

stop work, reevaluate materials and procedures before proceeding. 

tMINING CERtiFICATION: I c~nTlFY "'AT AN INOIV10IJAt 1 RAINED '" nIE I'nOIllSIO!lS ot IIEGUlAtlOn SCI\OMIl nUlE 140311.110 N~SIlI\I' 'MlllH onSiH OU/IIIIO 

litE IIEMoVAI. AND EVlO(NCf 111Ar ll1E III:OUln£O 1nf\INING 11M ,f: t II.CCOMrUSIlEO!lV 11 S I'EflSOft WIt E IWIIllIIBlE ron IIISr(CTIOII DURING NOnlillllIlUSUl£!lS IIIlS. 

DAnP5/1S/95 

. .1 
INFORMATION CERTIFICAtiON: tlclOSED lillY nHl\llnED 1\, rI\CIlM~NlS. 

UATEOS/1S!95 

THIS NOTIFICATION Wilt Not BE ACCEPTEO WITUoUT TUE REQUIRED ASBESTOS FEE ISCAOMD RULE 301 •. PlEASE MAKE CUEeK 

PAVABlE TO "SCAQMD~. nti:. fEE VARIES AND DEPENDS ON THE OMND TOTAL Of ASBESTOS AMOUNT TO BE m:MOVED. FEES 
AnE NOT.REFUNOABlE AND AnE AS fOLLOWS:. 

FROM 161 TO 1,000 SQUARE reEl 

r-nOM 1.001 to 6.000 SQUARE HET 

F=ROM 5,001 TO 10,000 SQUARE FEET 
MORE TIlAN 10,001 SQUARE FEET 

DEMOliTIONS 
ReVISIONS 

$10.12 
$15,90 

$117.10 

$279.30 

$25.30 

$10.12 

CANCELlATION OF NOTIFICATlONl;, REMOVAL PROJECTS AT OWNER-OCCUPIED SINGLE FAMll V DWElliNGS, ANO hEM OVAL 
PROJECT8.0F USB tHAN 190 SQUARE·FEET ARE EXEMPT FROM ASBESTOS FEES. 

Non: 

MAIL 10: IICAQMD~ RUlI':: 1403 ASBESTOS NOTIFICATIONS. P.O. BOX 4950, DIAP.~OND BAR, CA91165-0950 

TELEPHONE: 1909' 396 - 2339 

fi,.., ... ., ,..1 , 

AR0072336 
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TEMPORARYWORKSlTE NOTIFICA'l'ION FOR ASBESTOS 
and :METHYLENEDJANlLlNE-RELATED WORK 

COMPANY~MPLOYERNAME:~Q~H~I~,~I~n~e~. __________________________ ___ 

HEADQUARTERS ADDRESS: 17500 Redhill Ave, Ste240 Irvine CA 92714 

·CONTRACTOR'S STATE LICENSE BOARD LICENSE NUMBER: 519811 

DOSH-ACRU (CAL/OSHA) ·ASBESTOS REGISTRATION NUMBER: ___ 7 ..... 0 ___ _ 
and/or nREPORT O}-' USE" REGISTRY NUMBER: 

ADDRESS OF TEMPORARY WORKSITE and PRECISE LOCATION: Capital Ree. /1 Fl. 

1750 N. Vine St. Hollywood 

NEAREST INTERSEC'l'ION: Sunset 
~~~~-----------------------------

TYPEOFBUS~SS:~O~f~f~i~e~e ___________________________________ _ 

·NAME OF CERTIFIED SUPERVISOR: ___ B_i_l-".l_N_e_e_l_e .... y ___________ _ 

"NAME OF QUALIFIED PERSON IN CHARGE OF AIR MONITORING, 
LABORATORY WORK, AND RESPIRA'l'ORS: .:::B.:::i.:::l.:::l_N=ee:::..;l:;::..e~y'--___________ _ 

*NAME OF CERTIFIED CONSULTAN'!': . N I A 
~~------------------------------

PROJECTED JOB STARTING DATED 6/ 01/95 PROJECTED COMPLETION DATE: 06/02/95 

DESCRIBE'rYPE, SCOPE AND WORK PRACTICES OF JOB: Removal of 160 Ln. Ft. 

of TSI. 

EVALUATION OF POTENTIAL FOR EXPOSURE: ...,;l::,;e::,:s::..;s:.........;t:.,;;h=a;:;,::.n::..,.· ...:;0..:;1:-_______ -=--__ 

ESTIMATED NUMBER OF EMPLOYEES ON TillS JOB: ..... 3~ __________ _ 

ACCORDING TO THE TITLE 8 CCR SECTION 341.9 AND 1529(r) for ASBESTOS and 5200(p) for 
MDA, PLF.,ASE SEND TIDB COMPLETED NOTICE TO THE NEAREST DISTRICT COMPLIANCE 
OFFICE (SEE ATTACHED LISTING), NOT TO DOSH HEADQUARTERS OR TO DOSH 
CONSULTATION, PRIOR TO COMMENCEMENT OF ANY SUCH WORKACTNITY. 

NOTE: ANY CHANGE IN THE INFORMATION PROVIDED TO THE DISTRICT OFFICE BY 
'I'HE WRITTEN NOTICE SHALL BE REPORTED TO THE DISTRICT OFFICE 
WITHIN 24 HOURS OF SUCH CHANGE. 

... The star denotes asbestos inquiry only. 

(Rev. June, 1993) 
CAL/OSHA 188B 
May, 1998 
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S A F E T Y M E E T I N G Q H I , INC . 
PROJECT CA-;) ! 

r '-."-'" 

'VJD \ \d/ v--G- 17500 RED HILL AVE. J () C-- ~t:J---() £d S~ 
\ SUITE 240, IRVINE, 

LOCALE CALIFORNIA 92714 
714 I 724-9979 

AREAl PHASE ~r-.-: 'T' 
. J._ ~_(Yl u \ ) A{ MANAGER Do~cl i----DATE JOB #I-

SHIFT ~)I N I TIME : AM/PMI TO . AM/PM ~ I , IC(s -. 

CONDUCTED BY: /'Je} , Ja j c/ GUEST SPEAKER: ;AJ /4--
I 

TRANSLATED FROM :i:::j\.IL~ TO: Sj]I\.AJ TRANSLATOR I S NAME: ~v sm 50 $ 1\ 

J ,/ I / A T T E N D A N C E 

01 //~;/J / / 11 

02 'l ,/1 /:~ 
'-"fA ~ / -(":'Z-0/ 12 

03 (/ ~r ("1 e. /('() (' t? cf''- 13 

04//' {J 
/( ti.- L { tlI 'f' ~,.' r./ J/!. ,,'. w -t L 14 

05 15 

06 16 

07 17 

08 18 , 

09 19 

10 20 

TOPICS OF DISCUSSION-

- -L.o Uc P...::>J\-~ / t2.0 C.f:d V f2i:::.. ' (.:~. t-·_./ 

ODti..f2S -is'A-Fj--

PROJECT MANAGER I S SIGNATURE: /,/ PAGE 
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P R 0 J E C T S I G N - I N Q B I , I N C . 
. ,. .. PROJECT C:a1.ifo!:I.daMa"%" t 0l-j}(7tJ C f? (<,"_CeYea') 17500 RED BILL AVE. 

~- SUITE 240, IRVINE, , 
LOCALE 110 E. Ninth St., Los Angeles, CA 90079 CALIFORNIA 92714 

/-:s~:' rt:Yo1-1 d {M" ( 
714 I 124-9979 

AREA/PHASE .,Sp!':ift-ier Ret;p;ruH.t MANAGER M• Dodd -DATE JOB t-

SHIFT ~)I N I TIME /0 : Or': G§'lPM I TOe? :,3& AM6~ )&:, I I 19t-

INITIAL 
P R I N T EMPLOYEE j WORK IN 

OBI EMPLOYEE NAME SI~J~ IN OUT IN OUT CONTAIN. 

01 /V//1(',:D":'J 
... {)bd . ~/7/1'll !/OOD ;:::Soo '3~6 CjfO /1 ( 

02. T () l2C-y-t:. lJ~r;~hd r~ 11 tv1 () ;2A I1J /000 '3::.:le> 3"56 930 ~/) 
03 /)7/l<:":.L-Ov Ie' 1/ '~~ .J 

..4.: ~ -'"::"::~. /0..::>0 C}30 /1) " /.:JL vA t'z./:;,·c .. '~ ,.:;- - .. - .......... 'Sec> 330 

04. j··:-='Srr~ .L~x' j~ /OCJCl 930 A{ is 0 SA·,· 3DO 336 
F;/131::-0'O / ~ 

/Oa:;.") 13.:::>0 ' 4/ 05. . ·/1;4,..v6$ 3 "So 9',70 
(// 

/ 
~ 

I / 06. ( 

"" I 
--

----'~'~ .. """ 07. 
'", 

as. "'') ) 
09. /1 ,~ 

, .. -' 

I .. .' 

// 

10. /~/" 
. 

'. ' . . ", 

11. \ ) 
" 

12. 

13 .. 

14 .. 

15. 

16. 

17. 

18. 

19. 

20. 

//.// ) ~ 
FOREMAN·S SIGNATURE: / /// I j/j PAGE I OF I 

/ / / .1 / / 
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D A I L Y LOG Q B I I INC • 

PROJECT CA-OI'DL QJ::Lof20,) 17500 RED HILL AVE. 
SUITE 240, IRVINE, 

LOCALE CALIFORNIA 92714 
714 / 724-9979 

AREA/PRASE GLDu~ fl..A6: MANAGER D e&d{ -DATE JOB fi-

SHIFT (W/ N ITIME /0 :oo~/PMI TOq :)6 ~ c::, I I /95" 

1,1 
~~ 

" EQUIPMENT MOVEMENT AND/OR SET-UP OF WORK AREA ONLY TODAY? CD N • 

IDENTIFY SUB-CONTRACTORS WORKING TODAY: Nb~ N/A 

ANY PERSONS IN CONTAINMENT TODAY? dY N .{ INITIAL PROJECT SIGN-IN } 

NUMBER OF SAMPLES TODAY: ~ { INCLUDING THE MIN. 2 FIELD BLANKS } -
THE PERSON RESPONSIBLE FOR PERSONAL SAMPLES TODAY? fV\ . Do d. d 
POST RESULTS WITHIN 48.BOURSl DATE OF RESULTS POSTED TODAY: / / .' 

TIMES OF EVENTS II DETAIL II DESCRIPTION II OF II DAILY II EVENTS II 

Jd :oc;..@M) I PM 

· AM/ PM · 
)"1 ~S-@ /, 

:5 ::lX:J AM 

: AM I PM 

: 

~ W AM 

AM 

· AM · 
7 

ON PROJECT. MARK FOR SEPARATE PAGES ATTACHED:_"""';'_I 

PROJECT MANAGER MUST COMPLETE LOG AND SIGN: 

AR0072340 
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D A I L Y LOG Q B I , INC • 

PROJECT U fJOL, V,,£CDed. '5 17500 RED BILL AVE. 
~---------+~--~--------~------------------4SUITE 240, IRVINE, 
LOCALE CALIFORNIA 92714 

714 I 724-9979 
MANAGERvo4 DATE JOB # 

IME)O : C6 

EQUIPMENT MOVEMENT ANDloR SET-UP OF WORK AREA ONLY TODAY? 6)1 N • 

IDENTIFY SUB-CONTRACTORS WORKING TODAY: /VON£- NIA 

ANY PERSONS IN CONTAINMENT TODAY? ?i~ N .{ INITIAL PROJECT SIGN-IN } 

NUMBER OF SAMPLES TODAY: b { INCLUDING THE MIN.~FIELD BLANKS } 

THE PERSON RESPONSIBLE FOR PERSONAL SAMPLES TODAY? (V\ I OaA~ 

POST RESULTS WITHIN 48.BOURSJ DATE OF RESULTS POSTED TODAY: I I .. 

TIMES OF EVENTS II DETAIL II DESCRIPTION II OF II DAILY II EVENTS 1& 

,--, =5D AM I@ ~ DOL.)I\.) LoPr ~<2.k'A- OF Sf-lo (p..Jr. To 

AM I PM ~6Vt:e:, 6LDvf:.~~ {l.<!J~R'i-::S IN 

B =et:> AM I@ C\ /ii:.A1U - (...> 

8 =10 AM I@ 

AM I PM 

:'tJ AM I@ 

AM I PM AN """) 

· AM I PM · 
· AM I PM · 
· AM I PM · 

AM I PM 

DETAILS OF PROBLEMS ON PROJECT. MARK FOR SEPARATE PAGES ATTACHED: 

PROJECT MANAGER MUST COMPLETE LOG AND SIGN: 
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D A I L Y LOG Q HI, INC • 

PROJECT U-J)r-:r2/ L- KtcoMs 17500 RED HILL AVE. 
I SUITE 240, IRVINE, 

LOCALE CALIFORNIA 92714 
714 I 724-9979 

AREA/PHASE MANAGER\)o ~ cI -DATE JOB 1/-

SHIFT (fiJ N I TIME /2. :to ~~ TO . AM/PM c., / z /9':;-. 

EQUIPMENT MOVEMENT AND/OR SET-UP OF WORK AREA ONLY TODAY? ~{l N • 

IDENTIFY SUB-CONTRACTORS WORKING TODAY: ;V't?pV'e:. N/A 

ANY PERSONS IN CONTAINMENT TODAY?;et~ N .{ INITIAL PROJECT SIGN-IN } 

NUMBER OF SAMPLES TODAY: to { INCLUDING THE MIN. 2 FIELD BLANKS } 

THE PERSON RESPONSIBLE FOR PERSONAL SAMPLES TODAY? jYJ cD_Odd 
POST RESULTS WITHIN 4B.HOURSI DATE OF RESULTS POSTED TODAY: I / 

~ 

., 

TIMES OF EVENTS II DETAIL II DESCRIPTION II OF II DAILY II EVENTS II 

/2-:6(J AM I ~ 
AM / PM 

AM I 

/ :Lj{; AM 

. AM I . 
3. :00 AM / 

AM / 

AM PM 

PROJECT MANAGER MUST COMPLETE LOG AND SIGN: 
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Environmental Monitoring Group 

PHASE CONTRAST MICROSCOPY 
AN.A:LYTICAL REPORT 

.lENT NAME: QHI, INC. 
17500 Redhill ave. #240 
Irvine, CA 92714 

EMG #0872403 

tOJECT SITE: CAPITOL RECORDS Date Received: 06/08/95 
Date Analyzed: 06/08/95 

le sampling and analytical methods described below present the elements of 
~e available methods such as NIOSH 7400 method which OSHA considers to be 
;sential to achieve adequate employee exposure monitoring. All employers who 
~e required to utilize analytical laboratories' that use:this procedure for 
)llecting and analyzing samples. E.P.A recommends re-occupancy level of 
.01 f/cc or less before clean up is considered complete. If employees of 
.M.G company did not collect the samples, the flow rates 'and calibration 
lformation used to calculate the results were provided by the client. 

Lient 10 Sample 
r..ab ID Type 

7852 Blank 

!J79 

7853 Blank 

B80 

7854 P 

BB1 

7855 P 

BB2 

AIR SAlfPLB RESULTS 

Total Fibers Sample 
Date 

Location/ 
Work Area Volume Field/lOO 8/TWA 

06/01/95 Field Blank 

06/01/95 Field Bl'ank 

06/01/95 Jorge Moran 
Boiler Room 

06/01/95 Jorge Moran 
Boiler Room 

NA 

NA 

407.0 

407.0 

E~RONMENTALCONSULTANT 

0.0 

0 .. 0 NA 

19.5 0.009 

17.0 0.007 

PAGE: 1 

14211 EUCLID ST" SUITE ~O., GARDEN GROVE, CA 92643 * TEL: (714) 530-0779 FAX: (714) 530-1191 

f/ce 

NA 

NA 

0.024 

0.021 

AR0072343 



PHASE CONTRAST MICROSCOPY 
.AN"ALYTICA.:L REPO.RT 

ENG lOH72403 
'PROJECT SITE: CAPITOL RECORDS Date Received: 06/08/95 

Date Analyzed: 06/08/95 

AIR SAMPLE RESUl1J!S 

: Client ID Sample Sample Location/ Total Fibers 
Lab ID Type Date Work Area Volume Fieid/IOO 8/TWA f/ee 

37856 E 06/01/95 Jorge Moran 33.0 5.0 NA" <0.089 
Boiler Room 

." 3883 

~ 37857 P 06/01/95 Jorge Moran 180.0 12.0 0.006 0.033 
Boiler Room 

3884 

37858 Blank 06/02/95 Field Blank NA 0.0 NA NA 

38S5 

37859 Blank 06/02/95 Field Blank NA 0 .. 0 NA NA 

3886 

37860 p 06/02/95 Justo Sosa 180.0 14.5 0.007 0.040 
Crawl Space 

} 3887 

, 37861 E 06/02/95 Justo Sosa 30.0 5.5 NA <0.098 
Crawl Space 

3888 

PAGE: 2 

F.nvironmr:ntal MonirOlin-g Gronp 
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PHASE CONTRAST MICROSCOPY 
ANALYTICAL REPO.R'!P 

i~ 
I: PROJECT SITE: CAPITOL RECORDS 

.~ 

I'~ w 
AIR SAMPLE RESULTS 

ENG IQH7240J 
Date Received: 06/08/95 
Date Analyzed: 06/08/95 

JJ 
~ ---------------------------------------------------------------------------------
i Client 10 Sample 
l~ Lab 10 Type 

37862 p 

3889 

37863 p 

3890 

G Gross 
A = Half Face 
P = Personal 

Sample 
Date 

Location/ 
Work Area 

06/02/95 Justo Sosa 
Elec. Shop 

06/02/95 Justo Sosa 
Mail Room 

E = Excursion Limit 

Environmental Monllodng Group 
I' .... ----------.. 

Total 
Volwne 

200.0 

280.0 

Fibers 
Field/100 8/TWA 

14.0 0.007 

16.0 0.008 

f/ee 

0.034 

0.028 

Dr. Kiet 110 
Laboratory Administrator 

PAGE: 3 
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.,J:::. .-. 
Q) 

... CLIENTCAofToLi2.6!:LbI2.d<::. DATE b I' /.'1) PHASE ~ovk' F>{~f Q H It INC. 
17500 RED HILL AVENUE 
SUITE 240 IJOB # . TECH. NAME !11 J)"cld [PREWORK 1>1 REMOVE 

1-. ..;...... _____________ -.1-_-=--.;.. • .... ~=:=...;-7, -1..----1 [ CLEANUP [ ] CLEARANCE IRVINE,CA 92714-5629 
(7H) 724-9979 LOCALE ( OTHER [] SURVEY 

l----L A B--A N A L Y S I S,----l 

LOCALEIACTIVITY 
NAME / SS # 

~----~ICODE:--~----

TOTAL I TOTAL I TOTAL I ACTUAL I REPORT I METHOD AND/OR 
MIN. VOL.LIT. FIB.FIL. flee flee NOTES 

B LA-t-v4" 
1----..,..\+1 CODE 1"' ... " < 4< ,,' J 71 

L-----"'/ (~~ 

15 I 2 I: ~,~21 ~ 1 ~ I ~ 
I f' I Z. IN 2, "L 'z' s:l. \-, 

FN Z, 2. ~ ().) ......... 
I I 

IN 2 2 ~ I') , 
C'" Z FN fz.. -.. 

Z41 2 IFN-::-1 ~I ~ 
INDICATE-CODES-ABOVE 1. 1/2 FACE NEG. PRESSURE VERBAL OR FACSIMILE FEILD CALIBRATION 

PRS: PERSONAL SAMPLE. 2. FULL FACE NEG. PRESSURE TfANSMISSION OF DATA ACCEPTABLE 
(FULL NAME & 1?st) 3. P.A.P.R. 5. S.C.B.A. YIN 

TWA: TIME WEIGHTED AVERAGE. 4. TYPE "C" 
, 

'6. OTHER 1. LEAK CHECK 
STA: STATIONARY WORK AREA. ACCEPTABLE 
D/C: IN CLEAN ROOM OF ~ANALYSIS-DATES-PROMISE~ PH#/FAX#( ) YIN 

DECONTAMINATION CHAMBER. CALIB. 
C B: AT/NEAR CRITICAL BARRIER VERBAL 
REM: REMOTE TO WORK AREA. 

.. 1 I AM/PM 2. DATE 5 I/D/cr 
G/B: CLEAN AREA DUR~NG DECON., WRITTEN I / AMI PM PH#/FAX# ( ) ROTa #: ~8 loo? BAG REMOVAL .-

AFD: AT A.F.D. EXHAUST IIRELINQ.BY: 
.. 

DATE I / REP. SIGN: , 



» 
;;;0 
o 
o 
-.....J 
I'\) 
W 
.,J:::.. 
-.....J 

;y '\,.../ . . ,. 

,. 
CLIENT LA-P,io L W:<-c€.cJ<; DATE -b / Z Iff )" PHASE~v.cb~ Q H I, INC. 

17500 RED HILL AVENUE 
JOB # - TECH. NAME r¥l· Dodd [ ) PREWORK ( ) REMOVE SUITE 240 

TECH.SIGN.~~, ~~ 
r ] CLEANUP [ J CLEARANCE IRVINE,CA 92714-5629 

LOCALE [ ] OTHER [ ) SURVEY (714) 724-9979 

I F E I L o---L-D A "II A I I LAB--ANALYSIS I 
I I I 1 

SAMPLE LOCALE/ACTIVITY PUMP RESP LITERS/MIN TIME TOTAL TOTAL TOTAL ACTUAL REPORT METHOD AND/OR 
ID 4# NAME./ 55 # ID # TYPE INIT/FINAL OFF I ON MIN. VOL. LIT. FIB.FIL. flee flee NOTES 

?7S~ 
~ODE 

J / / / / jl 
1/ 

:> IN 

/1 J6LA0Ik. FN /' /1 hI 
" 

CODE I 
/ II IN /3 / 

V ; 
i8'T1 / / ~LA-}Jl< . FN / / 

~ODE -\.,... 
~ 7e-(oO :-:JiLS ,Tv$"IT.?_ IN 2.0 

"'"' 
, '5c:>'S A-.... 2 

. ""'t" 
~ 24- -.. \'1', 

CiLAwl)(J4c.r FN 2,0 ~ -' ....... 0' 
CODE \r\ E I JuCSTo : ...... ;~ IN 2,t? ~ \, .~ 

> 7geb J So'S A- 2.4 Z ~ ~ . -. 
I 

C f2l:}""" 5pA{~ PN 2t 0 '~ ~ "-.-..., 
CODE I Jf~~ ,~ ,'\r 

. 

· 760Z V 2:S"5.G$A 
IN 2,0 ~ 

Z. ~ ~ 
I 

fE Ltc. A!:: SHtJ /b~ , 2~. FN' 2.0 ~~ .-.... '""""-:::ODE ' h.' .~_ 
.~' 

IN .2~/) ~ ~ I?~ I 7v'Yr'" r.::J 
p7Eb; ~sc.~A. 2.4- Z. 

FN 2',-~:: ;~ ~ '"'t" 
/1111-1/ fM -

-,' 

INDICATE~OOES-ABOVE 1. 1/2 FACE NEG. PRESSURE VERBAL OR FACSIMILE- FEILD CALIBRATION 
PRS: PERSONAL SAMPLE. 2. FULL FACE NEG. PRESSURE TRANSMISS1:-QN--' OF DATA ACCEPTABLE 

(FULL NAME « S~it-l~; , J. P.A.P.R. 5. S.C.B.A. YIN 
TWA: TIME WEIGHTED. AVE -·GE. 4. TYPE "c" 6. OTHER 1. LEAK CHECK 
STA: §TATIONARY WORK AREA. ACCEPTABLE 
D/C: IN CLEAN ROOM OF ~ANALYSIS-DATES-PROMISEu PH#/FAX#( ) YIN 

DECONTAMINATION, ,CHAMBER. CALIB. 
e B: AT/NEAR CRITICAL BARRIER VERBAL / / AM/PM 2. DATE 5 / /O'{({ 
REM: REMOTE TO WORK AREA. 

~ 

G/B: CLEAN AREA DURING DECON., '. wR'ITTEN ' / '1'--"--' AM/PM PH#/FAX#{ ) ROTO # 1001 
BAG REMOVAL 

AFD: AT A.F.D. EXHAUST RELINQ.BY: , DATE / I REP. SIGN: 
PRE: PRE TEST 

RECEIV.BY: ICI~~ DATE 06/ or/I q(REP. E'tv? (':;r- SIGN: /0 -etf:;d. r" 1 J-J\~ CLR: CLEARANCE TEST 
,/ 

--- ,._-- -.- --

WHITE - FIELD CANARY -lABORATORY PINK - OFFlCE 



CITY OF Los ANGELES 
BOARD OF PUBLIC WORKS 

MEMBERS 

KEVIN JAMES 
PRESIDENT 

MONICA RODRIGUEZ 
VICE PRESIDENT 

MATT SZABO 
PRESIDENT PRO TEMPORE 

MICHAEL R. DAVIS 
COMMISSIONER 

BARBARA ROMERO 
COMMISSIONER 

Mr. Samuel Unger, Executive Officer 

CALIFORNIA 

ERIC GARCETII 

MAYOR 

June 27, 2014 

California Regional Water Quality Control Board 
Los Angeles Region 
320 West Fourth Street, Suite 200 
Los Angeles, CA 90013 

Dear Mr. Unger: 

BUREAU OF SANITATION 

ENRIQUE C. ZALDIVAR 
DIRECTOR 

TRACI J. MINAMIDE 
CHIEF OPERATING OFFICER 

VAROUJ S. ABKIAN 
ADEL H. HAGEKHALIL 
ALEXANDER E. HELOU 

ASSISTANT DIRECTORS 

VACANT 
CHIEF FINANCIAL OFFICER 

1149 SOUTH BROADWAY, 10TH FLOOR 
LOS ANGELES, CA 90015 · 

TEL: (213) 485-0587 
FAX: (213) 485-3939 
WWW.LACITYSAN . ORG 

... 
SUBMITTAL OF WATERSHED MANAGEMENT PROGRAM FOR THE CITY OF LOS 
ANGELES AREA IN JURISDICTIONAL GROUP 7 OF THE SANTA MONICA BAY 
WATERSHED 

Please find attached the Watershed Management Program (WMP) for the City of Los Angeles area in 
Jurisdictional Group 7 of the Santa Monica Bay watershed_ The City of Los Angeles, as lead agency 
for this area, has prepared this WMP on behalf of itself and the Los Angeles County Flood Control. 
District (LACFCD). LACFCD has reviewed the draft WMP prior to submission to the Regional 
Water Board, and we appreciate their collaboration in the preparation of the document. 

The City of Los Angeles and LACFCD originally intended to develop an Enhanced Watershed 
Management Program (EWMP) for the City of Los Angeles area in Jurisdictional Group 7, as 
indicated in our Notice ofIntentjointly submitted with the Notice ofIntent or Jurisdictional Groups 2 
and 3 on June 27, 2013. However, Regional Board staff requested the City of Los Angeles and 
LACFCD to develop a WMP instead of an EWMP because of antidegradation conditions in 
Jurisdictional Group 7 and limited opportunities for implementation of regional projects capable of 
capturing and retaining runoff from the 85th percentile storm event. Accordingly, the City of Los 
Angeles and LACFCD submitted a revised Notice of Intent for a WMP for the City of Los Angeles 
area in Jurisdictional Group 7 on December 16, 2013. 

The WMP for the City of Los Angeles area in Jurisdictional Group 7 mostly relies on implementing 
the Minimum Control Measures as provided by section VI.D of the new MS4 Permit (Order No. R4- ' 
2012-0175), because of the aforementioned antidegradation conditions and limited opportunities for 
regional projects with groundwater recharge. In addition, water quality data pertaining to this area 
and information of potential sources and quantities of urban runoff pollutants are very limited at this 
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Mr. Samuel Unger, Executive Officer 
June 27, 2014 
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time. Accordingly, implementation ofthe Coordinated Integrated Monitoring Program will indicate if· 
there is a need to identify additional structural watershed control measures through the adaptive 
management process for the WMP for the City of Los Angeles area in jurisdictional Group 7. 

We appreciate the discussions with and the input received from Regional Water Board staff during 
the development of this WMP and we look forward to the comments on the WMP by your staff and 
finalizing this document. 

Should you have any questions about this submittal, please contact me at 
Shahram.Kharaghani@lacity.org or phone (213) 485-0587, or your staff may contact Dr. Huub Cox 
at Hubertis.Cox@lacity.org or phone (213) 485-3984. 

SK:HC 
WPDCR9133 

Attachment 

Sincerely, 

bb--:l- ~f..' 
SHAHRAM KHARAGHANI, Ph.D., P.E., BCEE 
Program Manager 

cc: Renee Purdy, California Regional Water Quality Board, Los Angeles Region 
Ivar Ridgeway, California Regional Water Quality Board, Los Angeles Region 
Adel Hagekhalil, City of Los Angeles, Bureau of Sanitation 
Donna Chen, City of Los Angeles, Bureau of Sanitation 
Gary Hildebrand, County of Los Angeles, Department of Public Works 
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1.1 Background and Regulatory Framework 

1 
Introduction 

The National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm Sewer System 
(MS4) Permit No. R 4-2012-017 5 (Permit) was adopted November 8, 2012 by the Los Angeles Regional 
Water Quality Control Board (Regional Board) and became effective December 28,2012. The purpose of 
the Permit is to ensure the MS4s in Los Angeles County are not causing or contributing to exceedances of 
water quality objectives set to protect the beneficial uses in the receiving waters in the Los Angeles 
region. 

The Permit allows Permittees to customize their stormwater programs through the development and 
implementation of a Watershed Management Program (WMP) or an Enhanced Watershed Management 
Program (EWMP) to achieve compliance with receiving water limitations (RWLs) and water quality
based effluent limits (WQBELs). The City of Los Angeles (City) has been a participating agency of 
Jurisdictional Group 7 (JG7) of the Santa Monica Bay Watershed since the adoption of the Santa Monica 
Bay Beaches Bacteria Total Maximum Daily Loads (TMDLs) in 2003. However, the City of Los Angeles 
and the other MS4 permittees in JG7 could not reach an agreement for a collaborative approach to 
satisfying the requirements of the MS4 permit. Therefore, on November 26, 2013 the Regional Board 
requested that the City and the Los Angeles County Flood Control District (LACFCD), collectively 
referred to as the Santa Monica Bay JG7 WMP Group (SMB JG7 WMP Group), pursue a WMP instead 
of an EWMP. The primary reasons for this request included: 1) MS4 discharges to Santa Monica Bay are 
anticipated to be minimal due to the small contributing drainage areas; and 2) opportunities for structural 
best management practice (BMP) implementation are limited due to the geography of the WMP area (e.g., 
cliffs at outfalls, landslide and liquefaction hazards, etc.). In December of 2013, the 5MB JG7 WMP 
Group submitted a revised Notice of Intent to develop a WMP for the City of Los Angeles land area 
within the JG7 area to fulfill the requirements of the Permit. 

This WMP, in combination with the JG7 Coordinate Integrated Monitoring Program (CIMP), was 
prepared to satisfy Part C.l.f of the Permit, which includes the following tasks: 

1. Prioritize water quality issues resulting from stormwater and non-stormwater discharges from the 
MS4 to receiving waters within each Watershed Management Area (WMA); 

2. Identify and implement strategies, control measures, and BMPs to achieve the outcomes specified 
in Part VI.C.l.d; 

3. Execute an integrated monitoring program and assessment program pursuant to Attachment E -
MRP, Part VI to determine progress towards achieving applicable limitations and/or action levels 
in Attachment G; 

4. Modify strategies, control measures, and BMPs as necessary based on analysis of monitoring data 
collected pursuant to the monitoring and reporting program (MRP) to ensure that applicable 
WQBELs, RWLs and other milestones set forth in the WMP are achieved in the required 
timeframes; and 

5. Provide appropriate opportunity for meaningful stakeholder input, including but not limited to, a 
permit-wide watershed management program technical advisory committee (TAC) that will 
advise and participate in the development of the WMPs and EWMPs from month 6 through the 
date of program approval. 
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Introduction 

1.25MB JG7 WMP Group Geographical Area 

The 5MB JG7 WMP Group area is located within the southern portion of the Santa Monica Bay WMA, 
which encompasses an area of approximately 414 square miles and includes the Santa Monica Bay and 
land area that drains into the Bay. The boundary of the Santa Monica Bay. as defined for the National 
Estuary Program, extends from the Los Angeles/Ventura County line to the northwest, southeast toward 
Point Fermin located on the Palos Verdes Peninsula. The land area that drains into the Bay follows the 
crest of the Santa Monica Mountains on the north to Griffith Park: then extends south and west across the 
Los Angeles coastal plain to include the area east of BaHona Creek and north of the Baldwin Hills. South 
of Ballona Creek, the natural drainage is a narrow coastal strip between Playa del Rey and Palos Verdes 
(Regional Board, 2011). Figure 1-1 depicts the location of the 5MB JG7 WMP Group within the Santa 
Monica Bay Watershed. 

The full JG7 area includes the Cities of Rancho Palos Verdes. Palos Verdes Estate, Rolling Hills. Rolling 
Hills Estate, and the City of Los Angeles. This 5MB JG7 WMP only addresses the area owned by the 
City and LACFCD within JG7, which includes the following water bodies as listed in the Basin Plan: 

• Los Angeles County Coastal Nearshore Zone 
• Royal Palms Beach 
• Whites Point County Beach 

The 5MB JG7 WMP area, which consists of land owned by the City and includes any LACFCD 
infrastructure. totals approximately 977 acres, which is approximately 9% of the entire JG7 area within 
the Santa Monica Bay Watershed. Figure 1-1 illustrates the extent of the 5MB JG7 WMP Group Area. 
The geographical scope of the 5MB JG7 WMP Group area excludes areas of land totaling approximately 
47 acres for which the MS4 permittees do not have jurisdiction, including land owned by the Los Angeles 
Air Force Base Pacific Crest Housing Area. With the exclusion of these areas, the 5MB JG7 WMP area 
covers 907 acres. The majority of the land uses within the WMP area consist of residential 
(approximately 69%) and vacant/open space (approximately 26%), with the remaining area consisting of 
a mixture of commercial, educational, and industrial land uses. There are no designated transportation or 
agricultural land uses in the WMP area. The open space area includes 102 acres of restored coastal sage 
scrub habitat and hiking trails located within the White Point Nature Preserve Wild Park. 

Table 1-1 
5MB JG7 WMP Land Use Summary 

land Use % of Total 
Commercial 3% 
Industrial 0.1% 
Education 3% 
Multi-Family Residential 12% 
Single Family Residential 56% 
Open Space 26% 

Total 100% 

The City of Los Angeles JG7 WMP area includes 218 catch basins and seven storm drain outfalls owned 
and operated by either the City of Los Angeles or the LACFCD. The majority of the storm drain outfalls 
in the 5MB JG7 WMP area are circular pipes extending from the Cliffside, around one hundred feet 
above the rocky shoreline. The majority of the outfalls themselves are inaccessible at the pipe outlet. 
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The coastline along, and several inland sites within, the 5MB JG7 WMP area is characterized as being 
subject to landslide and liquefaction hazards (City of Los Angeles Bureau of Engineering, 2014). This 
characterization was exemplified by the destruction of the 5MB 7-7 TMDL shoreline monitoring site due 
to landslide in 2009. 
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Introduction 

1.3 Watershed Management Program Development Process 

The WMP for the 5MB JG7 WMP Group includes four major components, as follows: 

1. Water Quality Priorities: The identification of water quality priorities is an important first step 
in the WMP process. Water quality priorities, described in Section 2, are defined for individual 
constituents within a specific water body, termed as Water Body-Pollutant Combinations 
(WBPCs). Categories of the WBPCs are defined in the Permit. Priorities are assigned to the 
WBPCs based on the categorization. The water quality priorities will provide the basis for 
prioritizing implementation activities within the WMP. 

2. Watershed Control MeasureslMinimum Control Measures: Development of the WMP 
requires identification of control measures/BMPs, as described in Section 4, expected to be 
sufficient to meet receiving water and effluent limitations set forth in the MS4 Permit (Regional 
Board, 2012). BMPs vary in function and type, with each BMP providing unique design 
characteristics and benefits from implementation. The overarching goal of BMPs in the WMP is 
to reduce the impact of stormwater and non-stormwater runoff on receiving water quality. 

3. Reasonable Assurance Analysis: A key element of each WMP is the reasonable assurance 
analysis (RAA), described in Section 4, which is used to demonstrate " ... that the activities and 
control measures ... will achieve applicable WQBELs and/or RWLs with compliance deadlines 
during the Permit term" (Section C.S.b.iv.(S), page 63). The Permit prescribes the RAA as a 
quantitative demonstration that control measures, specifically BMPs, will be effective. In other 
words, the RAA not only demonstrates the cumulative effectiveness of BMPs to be implemented, 
but it also supports their selection. However, due to zero target load reductions and alternative 
compliance measures for the identified WBPCs, a quantitative analysis is not necessary at this 
time. Therefore, the 5MB JG7 WMP group has decided to present a qualitative RAA discussion, 
acknowledging that a quantitative RAA may become necessary in the future based on results of 
future CIMP monitoring. 

4. Adaptive Management Process: The WMP is intended to be implemented as an adaptive 
program as described in Section S. As new program elements are implemented and information is 
gathered over time, the WMP will undergo modifications to reflect the most current 
understanding of the watershed and present a sound approach to addressing changing conditions. 
As such, the WMP will employ an adaptive management process that will allow the WMP to 
evolve over time. 

1.4 Watershed Management Program Overview 

This WMP has been prepared to outline the steps that will be taken by the 5MB JG7 WMP Group in 
compliance with the requirements and deadlines set forth within the MS4 Permit. This document is 
organized into the following sections: 

• Section 1 - Introduction 
• Section 2 - Identification of Water Quality Priorities 
• Section 3 - Watershed Control Measures 
• Section 4 - Reasonable Assurance Analysis Approach 
• Section 5 - Adaptive Management Process 
• Section 6 - References 
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2 
Identification of Water Quality 

Priorities 

To develop the WMP, the Permit requires that 5MB JG7 WMP Group establish water quality priorities 
within their WMA. In accordance with the Permit Section IV.C.5(a), this section characterizes the water 
quality conditions within the 5MB JG7 WMP area, identifies water quality priorities, determines water 
body-pollutant classifications, and assesses pollutant sources. The water quality priorities identified in 
this section provide the basis for prioritizing project implementation; selecting and scheduling BMPs (if 
needed); and focusing monitoring activities developed in the CIMP. 

2.1 Water Quality Characterization 

Figure 2-1 identifies the receiving waters in the 5MB JG7 WMP Group area, as depicted in the Water 
Quality Control Plan, Los Angeles Region (Basin Plan) (Regional Board, 1995, Updated 2011). Table 2-
1 summarizes the beneficial uses for each of these water bodies, as designated in the Basin Plan. As 
beneficial uses designated as "potential" have not yet been established, these uses will not be evaluated 
further in the WMP. The 5MB JG7 WMP Group area includes the water bodies listed below. 

• Los Angeles County Coastal Nearshore Zone 
• Royal Palms Beach 
• Whites Point County Beach 

Beneficial use designations for these water bodies include the following: 

• Water Contract Recreation (REC-l): Uses of water for recreational activities involving body 
contact with water, where ingestion of water is reasonably possible. These uses include, but are 
not limited to, swimming, wading, water-skiing, skin and scuba diving, surfing, white water 
activities, fishing, or use of natural hot springs. 

• Non-Contact Water Recreation (REC-2): Uses of water for recreational activities involving 
proximity to water, but not normally involving body contact with water, where ingestion of water 
is reasonably possible. These uses include, but are not limited to, picnicking, camping, boating, 
tidepool and marine life study, hunting, sightseeing, or aesthetic enjoyment in conjunction with 
the above activities. 

• Industrial Services Supply (IND): Uses of water for industrial activities that do not depend 
primarily on water quality including, but not limited to, mining, cooling water supply, hydraulic 
conveyance, gravel washing, firs protection, or oil well re-pressurization. 

• Navigation (NA V): Uses of water for shipping, travel, or other transportation by private, 
military, or commercial vessels. 

• Commercial and Sport Fishing (COMM): Uses of water for commercial or recreational 
collection of fish, shellfish, or other organisms intended for human consumption or bait purposes. 

• Marine Habitat (MAR): Uses of water that support marine ecosystems including, but not 
limited to, preservation or enhancement of marine habitats, vegetation such as kelp, fish, 
shellfish, or wildlife (e.g., marine mammals, shorebirds). 

• Preservation of Biological Habitats (BIOL): Uses of water that support designated areas of 
habitats, such as Areas of Special Biological Significance (ASBS), established refuges, parks, 
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Identification of Water Quality Priorities 

sanctuaries, ecological reserves, or other areas where the preservation or enhancement of natural 
resources requires special protection. 

• Migration of Aquatic Organisms (MIGR): Uses of water that support habitats necessary for 
migration, acclimatization between fresh and salt water, or other temporary activities by aquatic 
organisms, such as anadromous fish. 

• Spawning, Reproduction, and/or Early Development (SPWN): Uses of water that support 
high quality aquatic habitats suitable for reproduction and early development of fish. 

• Shellfish Harvesting (SHELL): Uses of water that support habitats suitable for the collection of 
filter-feeding shellfish (e.g., clams, oysters, and mussels) for human consumption, commercial, or 
sports purposes. 

• Wildlife Habitat (WILD): Uses of water that support terrestrial ecosystems including, but not 
limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g., 
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources. 

• Rare, Threatened, or Endangered Species (RARE): Uses of water that support habitats 
necessary, at least in part, for the survival and successful maintenance of plant or animal species 
established under state or federal law as rare, threatened, or endangered. 

Table 2-1 
Beneficial Uses of Water Bodies and Coastal Features Designated in the Basin Plan 

Water Body (and Tributaries) 

Los Angeles County Coastal 
Nearshore Zone" 

Royal Palms Beach 

Whites Point County Beach 

E = Existing beneficial use 

P = Potential beneficial use 

..... . 
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e = One or more rare species utilizes all ocean, bays, estuaries, and coastal wetlands for foraging and/or nesting. 
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f = Aquatic organisms utilize all bays, estuaries, lagoons, and coastal wetlands, to a certain extent, for spawning and early 
development. This may include migration into areas that are heavily influenced by freshwater inputs. 

an = Areas of Special Biological Significance (along coast from Latigo Point to Laguna Point) and Big Sycamore Canyon and 
Abalone Cove Ecological Reserves and Point Fermin Marine Life Refuge. 

A = Nearshore is defined as the zone bounded by the shoreline or the 3D-foot depth contours, whichever is further from the 
shoreline. Longshore extent is from Rincon Creek to the San Gabriel River Estuary. 

2.1.1 Water Quality Objectives/Criteria 

The Clean Water Act (CWA) requires that the State Water Resources Control Board (SWRCB) and 
Regional Boards conduct a water quality assessment that addresses the condition of its surface waters 
[required in Section 305(b) of the CW A] and provides a list of impaired waters [required in CW A Section 
303(d)] that is then submitted to the U.S. Environmental Protection Agency (USEPA) for review and 
approvaL The 2010 Integrated Report and updated 303(d) list were approved by the SWRCB on August 
4, 2010 and by the USEPA on October 11,2011. The 2010 303(d)-listed water bodies and associated 
pollutants within the 5MB JG7 WMP Group area are summarized in Table 2-2. 
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Table 2-2 
2010 303(d)-listed Water Bodies in the 5MB JG7 WMP Group Area 

Water Body Pollutant Class Pollutant Notes 

Pathogens Coliform Bacteria Addressed by Bacteria TMDL 

Santa Monica Pesticides DDT Addressed by PCB/DDT 

Bay Beaches 
TMDL 

Other Organics PCBs Addressed by PCB/DDT 
TMDL 

Trash Debris 
Addressed by Trash TMDL 

Plastic Pellets 

Santa Monica Pesticides DDT (tissue & sediment) Addressed by PCB/DDT 

Bay (Los TMDL 

Angeles County 
Other Organics PCBs (tissue & sediment) Addressed by PCB/DDT 

Coastal TMDL 
Nearshore 
Zone) Toxicity Sediment Toxicity Addressed by PCB/DDT 

TMDL 

Miscellaneous Fish Consumption Advisory Addressed by PCB/DDT 
TMDL 

Water bodies are subject to water quality objectives in the Basin Plan, or Basin Plan Amendments, such 
as those to implement TMDLs. There are currently three TMDLs in effect for the water bodies within the 
5MB JG7 WMP Group area as listed in Attachment M of the Permit. These TMDLs are summarized in 
Table 2-3. 

Table 2-3 
Santa Monica Bay TMDLs 

TMDL Name Agency Effective Date 

5MB Beaches Bacteria TMDL, Reconsideration of Certain 
Not yet Technical Matters of the 5MB Beaches Bacteria TMDL, Resolution Regional Board 

R12-007a effective 

5MB TMDL for DDT and PCBs USEPA March 26, 2012 

5MB Nearshore Debris TMDL, Resolution R1 0-01 0 Regional Board March 20, 2012 

5MB Beaches Bacteria TMDL, Dry Weather, Resolution 2002-
004b Regional Board July 15, 2003 

5MB Beaches Bacteria TMDL, Wet Weather, Resolution 2002-
022b Regional Board July 15, 2003 

a .. 
This TMDL revIsion IS not yet approved by USEPA. 

b This TMDL was revised pursuant to Resolution R12-2007. 

Table 2-4 identifies the applicable WQBELs and/or RWLs established pursuant to TMDLs included in 
Attachment M of the Permit. The water quality objectives as listed in the Basin Plan are also applicable 
to water bodies based on the designated beneficial uses. The Trash TMDL final WQBELs are effective 
March 20, 2020. The effective date of the polychlorinated biphenyl (PCB) and 
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dichlorodiphenyltrichloroethane (DDT) final WQBELs will be specified later in this document, since the 
US EPA-developed TMDL lacks a compliance schedule. The Bacteria TMDL final WQBELs and RWLs 
are currently effective for both dry weather and wet weather l

. 

Table 2-4 
Final Permit RWls and WQBEls for 5MB TMDls 

Reference Parameter Effluent Limitation! 
Receiving Water Limitation 

5MB Trash - WQBEL Zero 
Nearshore 
Debris TMDL Plastic Pellets - WQBEL Zero 

TMDL for 
PCBs/DDTs 

DDT -WLA 27.08 g/yr (based on 3-year 
averaging period)2 

(for LA County 
PCBs-WLA 140.25 g/yr (based on 3-year 

MS4) averaging period)2 

Total coliform (daily maximum) - WQBEL 10,000 Most Probable Number 
(MPN)/100 mL 

Total coliform (daily maximum), if the ratio of fecal- 1,000 MPN/1 00 mL 
to-total coliform exceeds 0.1 - WQBEL 

5MB Beaches Fecal coliform (daily maximum) - WQBEL 400 MPN/1 00 mL 
Bacteria TMDL Enterococcus (daily maximum) - WQBEL 104 MPN/1 00 mL 

Total coliform (geometric mean 1) - WQBEURWL 1,000 MPN/1 00 mL 

Fecal coliform (geometric mean 1) - WQBELlRWL 200 MPN/1 00 mL 

Enterococcus (geometric mean 1) - WQBEL/RWL 35 MPN/1 00 mL 

The roiling 30-day geometric mean IS calculated based on the prevIous 30 days. The reopened 2012 TMDL, which has not yet 
been approved by USEPA, modified this to weekly calculation of a rolling six-week geometric mean using five or more samples, 
starting all calculation weeks on Sunday. 
2Group load-based WQBELs that apply to all 5MB MS4 dischargers; the individual load-based WQBELs for 5MB JG7 WMP Group 
members would be an area-weighted fraction of this. 
MPN/ml = most probable number of organisms per milliliter 

Grouped RWLs for the Santa Monica Bay Beaches Bacteria TMDL are also expressed in the Permit in 
terms of allowable exceedance days (AEDs), which vary by season and by Coordinated Shoreline 
Monitoring Plan (CSMP) monitoring station. AEDs applicable to 5MB 7-6 and 7-8 are summarized and 
discussed in Table 2-6, presented in the following Section 2.1.4. 

1 Per Resolution 2006-008, the J7 agencies elected to pursue a non-integrated water resources approach to 5MB Beaches Bacteria TMDL 
compliance, which results in a final wet weather compliance deadline of at most 10 years. or July 15, 2013. 
http://63 .199 .216.6/Iarwqcb_newlbpa/docs/2006-008/2006-008 _RB _RSLpdf 
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2.1.2 QA/QC Criteria 
Quality assurance/quality control (QAlQC) criteria have been established to verify that data referenced in 
this water body characterization are qualified for use. All data used have either been peer reviewed; were 
submitted as part of an official record, such as in an agency's Annual Report to the Regional Board; or 
have met QAlQC criteria established by another party, such as the County, City Environmental Health 
Division, Regional Board, or California Environmental Data Exchange Network (CEDEN), which 
includes the Bight Program. Data not meeting these criteria have not been used in this water body 
characterization. 

2.1.3 Detailed Data Analysis 
A detailed monitoring data analysis was conducted to: 

1. Evaluate the status of TMDL compliance; 
2. Evaluate the status of 303(d) listings (i.e., whether any WBPCs meet the SWRCB's 303[d] 

delisting criteria); 
3. Identify other WBPCs that meet 303(d) listing criteria; and 
4. Identify remaining WBPCs demonstrating exceedance(s) of applicable receiving water 

limitations. 

Monitoring data analyzed are summarized in Table 2-5, and existing monitoring stations are shown in 
Figure 2-1. It should be noted that the data presented are receiving water quality data and do not imply 
MS4 contributions. 

Table 2-5 
Existing Monitoring Programs 

Program Name Monitoring Monitoring Parameters Analyzed Frequency 
Period Locations 

Coordinated Shoreline Santa Monica Bay 
Varies by 

2004-2013 Bacteria site, weekly 
Monitoring Program Beaches 

or daily 

Southern California 
Santa Monica Bay 

General suite in 1995 
Bight Regional 1994 - 2013 and 1998; PCBs and Varies by site 
Monitoring 

Offshore/Nearshore 
DOTs in 2003 and 2008 

2.1.4 TMDL Compliance Status 
Table 2-6 summarizes the shoreline monitoring bacteria data for 2003 through 2013 with respect to the 
number of exceedance days (EDs) at 5MB-7-06 and 5MB-7-08, as defined in the TMDL (exceeding one 
of four single sample daily maximum REC-1 WQOs). Both sites are open beach locations, and as such, 
any exceedance is not necessarily directly attributable to the MS4. Compliance at 5MB-7-07 is not 
reported here because it was destroyed in a landslide in 2009 and is neither accessible nor monitored. 
Geometric mean exceedance days are not reported here. A summary of the average, median, minimum, 
and maximum water quality results from sampling at 5MB 7-06 and 5MB 7-08 is included in Attachment 
A. If follow-up samples were collected for weekly sites then those were included in this analysis, which 
may increase the number of reported EDs. As shown in Table 2-6, the summer dry weather AEDs have 
been exceeded eight out of the eleven years (73%) and three out of the eleven years (27%) between 2003 
and 2013 for stations 5MB-7-6 and 5MB-7-8, respectively. The winter dry weather AEDs have been 
exceeded six out of the eleven years (55%) and one out of the eleven years (9%) between 2003 and 2013 
for stations 5MB-7-6 and 5MB-7-8, respectively. The wet weather AEDs have been exceeded four out of 
the eleven years (36%) and two out of the eleven years (18%) between 2003 and 2013 for stations 5MB-
7-6 and 5MB-7-8, respectively. It should be noted that 2005 recorded the most annual rainfall in Los 
Angeles County history (34 inches), which likely contributed to the abnormal number of exceedances. 
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Table 2-6 
Summary of Exceedance Days 

(bold text signifies Exceedance Days> Allowable Exceedance Days) 

Station Season AEDs 
Number of Exceedance Days per TMDl Year 

(type) 2003 2004 2005 2006 

5MB-7-6 Dry-Summera 0 1 1 1 2 

(open Dry-Winterb 1 3 1 11 1 
beach) WetC 1d 1 1 28 1 

5MB-7-8 Dry-Summera 0 1 1 0 0 

(open Dry-Winterb 1 0 0 2 0 
beach) WetC 1d 0 0 13 0 

0 

Summer Dry Weather = April 1 - October 31 
b Winter Dry Weather = November 1 - March 31 
eWet Weather = November 1 - October 31, days with >=0.1 inches of rain and the three days following 
e 2012-2013 dataset is incomplete and ends on 9/18/2013. 

2007 2008 2009 2010 

0 2 0 1 

2 0 5 1 

0 2 1 3 

0 0 0 0 

0 0 1 0 

0 0 1 0 

2011 2012 2013 

0 1 1 

2 2 0 

2 1 0 

0 3 0 

1 0 0 

2 1 0 

d AEDs are based on weekly sampling. Exceedance days were calculated based on the raw data. For example, in cases where more than one sample was collected in a single week, 
those results were still compared against the weekly AEDs. This approach is consistent with annual monitoring reports, but overestimates actual exceedance weeks. 
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2.1.5 Other Water Body-Pollutant Combinations that meet 303(d) listing Criteria 
There were no WBPCs identified within the 5MB JG7 WMP geographical scope that were found to meet 
the 303( d) listing criteria. 

2.1.6 Remaining Water Body-Pollutant Combinations Demonstrating 
Exceedance(s) of Applicable Receiving Water limitations 

Water quality data were compared to WQBELs and/or water quality objectives to determine if 
exceedances occurred within the last five (5) years. Those constituents that either had no exceedances 
within the past five (5) years, or did not meet the 303(d) listing criteria for impairment, are discussed 
below but will not be considered in the prioritization process at this time. 

USEPA's Santa Monica Bay DDTs and PCBs TMDL (USEPA, 2012) relies on a limited dataset to 
establish stormwater load allocations, relying on a single study (Curren et al, 2011) from a single creek 
(Ballona Creek, which is outside the 5MB JG7 WMP area) to extrapolate MS4 wasteload allocations to 
other 5MB watersheds based on percent urban area. The Santa Monica Canyon, Ballona Creek, and 
Hermosa Beach watersheds combined represent 94% of the developed area draining to Santa Monica 
Bay. The TMDL does not present sufficient data to assign MS4 contributions to the DDT and PCB 
concentrations observed in Santa Monica Bay. 

The Bight Regional Monitoring program includes six2 offshore sampling locations within the 5MB JG7 
WMP geographical scope that were sampled between ] 994 and 2008. Two sites (1267 _SCBPP and 
B98_2389) were only sampled in 1994 and 1998, respectively, which is outside the range of recent data 
(10 years). The other sampling locations include sediment-based data from 2003 and 2008. The only 
TMDL sediment-based targets applicable to the 5MB JG7 WMP area are for DDTs and PCBs; therefore, 
DDTs and PCBs are the only analytes included in this analysis. The sampling sites containing these data 
from 2003 and 2008 were located between 0.5 and 2 miles off the coastline of the 5MB JG7 WMP Area. 
Table 2-7 summarizes the results from these sampling sites. 

2 There are eight station IDs; however, two of the locations include one Station ID from 2003 and one from 2008. Therefore, these four Station 
IDs represent two sampling locations, resulting in a total of six sampling locations during the entire monitoring period. 
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Table 2-7 
Bight '03 and '08 PCB and DDT Monitoring Results3 

Station ID Station Description Date PCBb DDTb 
(ug/kg OC) (ug/kg OC) 

B08-7324 
Approximately 0.5 miles off the coast 

7/24/2008 103 3,865 
of Point Fermin Park Beach 

8/19/2003 
B03-40421 Approximately 0.6 miles off the coast 

5,318 60,400 

B08-7321 of Point Fermin Park Beach 
7/24/2008 2,923 5,171 

B03-4170 
Approximately 0.75 miles off the coast 

8/21/2003 1,051 22,984 
of Point Fermin Park Beach 

8/20/2003 
B03-42021 Approximately 2 miles off the coast of 

9,419 111,497 

B08-7320 White's Point Beach 
7/24/2008 19,420 125,515 

a .. 
Bold text signifies an exceedance of the sediment targets (normalized to total organic carbon) set forth In the PCBs and DDT 

TMDL for Santa Monica Bay. These established targets are 2,300 ug/kg OC for total DDT and 700 ug/kg OC for total PCBs. 
b These are estimated values that assume one half of the method detection limit for all non-detect results. 

Since the Bight samples were collected 0.5 to 2 miles off the coast away from any MS4 outfalls, this does 
not represent sufficient evidence to establish potential linkage of MS4 discharges to observed sediment 
concentrations. 

2.2 Water Body-Pollutant Prioritization 

Based on the water quality characterization, the WBPCs identified in Table 2-8 have been classified into 
one of three categories, in accordance with Section IV.C.5(a)ii of the Permit. This categorization is 
intended to prioritize WBPCs in order to guide the implementation of structural and institutional BMPs. 
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Table 2-8 
Water Body Pollutant Prioritization 

(Listed in order of compliance deadline, interim and final are included, passed deadlines are shown in 
bold font) 

Category Water Body Pollutant Compliance Deadline 
Summer dry weather 

7/15/2006 for single sample AEDs 
bacteria 

5MB Winter dry weather 
7/15/2009 for single sample AEDs 

bacteria Beaches 
7/15/2013 for single sample AEDs1 

Wet weather bacteria 
7/15/2013 for geometric mean (GM}l 

3/20/2016 (20% load reduction) 
1 

3/20/2017 (40% load reduction) 
5MB 
Offshorel Debris 3/20/2018 (60% load reduction) 
Nearshore 

3/20/2019 (80% load reduction) 

3/20/2020 (100% load reduction) 

DDTs [No compliance deadline specified in TMDL]2 
5MB 

[No compliance deadline specified in TMDL]2 PCBs 

2 No Category 2 WBPCs have been identified at this time 

3 No Category 3 WBPCs have been identified at this time 
Per Resolution 2006-008, the J7 agencies elected to pursue a non-Integrated water resources approach to 8MB Beaches Bactena 

TMDL compliance, which results in a final wet weather compliance deadline of at most 10-years, or July 15, 2013. 
http://63.199.216.6/larwqcb_new/bpa/docs/2006-008/2006-008_RB_R8L.pdf 
2 Although the TMDL lacks a formal compliance schedule for the WLAs, Table 6-5 of the TMDL does specify a timeline for the 
DDT/PCB targets in water and sediment. Additionally, the WLA target was set at existing waste load, so antidegradation conditions 
exist. 

As part of the adaptive management process, categorization of future WBPCs may be adjusted based on 
data obtained from monitoring, source evaluations, and BMP implementation. Data collected as part of 
the approved CIMP may result in future Category 3 designations in instances when receiving water limits 
are exceeded and MS4 discharges are identified as contributing to such exceedances. Under these 
conditions, the appropriate agencies will adhere to Section VI.C.2.a.iii of the Permit. 

2.2.1 Category 1 - Highest Priority 

WBPCs under Category 1 (highest priority) are defined in the Permit as "water body-pollutant 
combinations for which water quality-based effluent limitations and/or receiving water limitations are 
established in Part VI. E and Attachments L through R lof the Permit1. " 

The WMPC of bacteria (wet and dry weather) at the Santa Monica Bay Beaches within the 5MB JG7 
WMP area (including Royal Palms Beach, White Point Beach, and Point Fermin Park Beach) fall within 
Category 1 because they are listed in the Santa Monica Bay Beaches Bacteria TMDL. 

Similarly, a Debris TMDL exists for Santa Monica Bay. Section VI.E.S.b(i) of the Permit states, 
"Pursuant to California Water Code section 13360(a), Permittees Inay comply with the trash [debris1 
effluent limitations using any lawful means. Such compliance options are broadly classified as full 
capture, partial capture, institutional controls, or minimum frequency of assessment and collection ... and 
any combination of these may be employed to achieve compliance. " While trash will not be modeled as 
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part of the RAA, the RAA will address how the 1G7 agencies will comply with the TMDL WQBELs by 
providing details on the planned implementation of the methods listed above, primarily through their 
Trash Monitoring and Reporting Program. 

Although a USEPA TMDL exists for DDTs and PCBs for Santa Monica Bay, the TMDL relies on a 
limited dataset outside of the 1G7 watershed area to establish stormwater load allocations. The TMDL 
mass-based waste load allocations for DDTs and PCBs are equivalent to the estimated existing 
stormwater loads (i.e., based on data used in the TMDL, zero MS4load reduction is required). As a result, 
it is anticipated that for the WMP RAA, no reductions in DDT and PCB loading from the 1G7 MS4s are 
required to meet the TMDL WQBELs. And while DDTs and PCBs cannot be modeled as a stormwater 
pollutant for the RAA (due to the lack of land use event mean concentrations and BMP performance 
data), it will be qualitatively evaluated. It is also noted that the implementation of future institutional 
and/or structural BMPs throughout the 5MB 1G7 WMP area will lead to a reduction in runoff volume and 
suspended sediment loading from the MS4s, thereby further reducing the existing mass load of any 
sediment-bound DDTs and/or PCBs to the Santa Monica Bay. For these reasons, while DDT and PCBs 
will be included as Category 1 pollutants, they will be prioritized lower than bacteria and debris within 
Category 1, and will continue to be evaluated further through the CIMP monitoring effort. 

2.2.2 Category 2 - High Priority 

Category 2 (high priority) WBPCs are defined as "pollutants for which data indicate water quality 
impairment in the receiving water according to the State's Water Quality Control Policy for Developing 
California's Clean Water Act Section 303(d) List (State Listing Policy) and for which MS4 discharges 
may be causing or contributing to the impairment. " 

There are no WBPCs within the 5MB 1G7 WMP area that currently qualify as Category 2. 

2.2.3 Category 3 - Medium Priority 

Category 3 (medium priority) designations are to be applied to WBPCs that are not 303(d)-listed but 
which exceed applicable receiving water limitations contained in the Permit and for which MS4 
discharges may be causing or contributing to the exceedance. 

There are no WBPCs within the 5MB 1G7 WMP area that currently qualify as Category 3. 

2.3 Source Assessment 

The following data sources have been reviewed as part of the source assessment for bacteria and 
DDTIPCBs in the Santa Monica Bay subwatersheds: 

• Findings from the Permittees' Illicit Connections and Illicit Discharge (IC/ID) Elimination 
Programs; 

• Findings from the Permittees' Industrial/Commercial Facilities Programs; 
• Findings from the Permittees' Development Construction Programs; 
• Findings from the Permittees' Public Agency Activities Programs; 
• TMDL source investigations; 
• Watershed model results; 
• Findings from the Permittees' monitoring programs, including but not limited to TMDL 

compliance monitoring and receiving water monitoring; and 
• Any other pertinent data, information, or studies related to pollutant sources and conditions that 

that contribute to the highest water quality priorities. 

Since the only receiving water in the 5MB 1G7 WMP area is the Santa Monica Bay, the following source 
assessment is broken down by pollutant. 
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2.3.1 Indicator Bacteria 

Wet weather runoff event mean concentrations (EMCs) for fecal coliform, based on the Southern 
California Coastal Water Research Project (SCCWRP) land use data for the Los Angeles region (Stein et 
al, 2007), indicate that the highest concentrations are expected from agricultural land uses (there are none 
in the 5MB JG7 WMP area), followed by commercial and educational, single family residential, multi
family residential, open space, industrial, and transportation. The SCCWRP study also found that in 
some cases the levels of fecal indicator bacteria at the recreational (horse) and agricultural land use sites 
were as high as those found in primary wastewater effluent in the United States. Tiefenthaler et al (2011) 
also found that horse stable sites contributed to significantly higher wet weather EMCs than other land 
use types. 

The Santa Monica Bay Beaches Bacteria TMDL for both dry and wet weather was the first bacteria 
TMDL adopted by the Regional Board in the State of California. The Santa Monica Bay Beaches Bacteria 
TMDL was recently opened for reconsideration, although the source assessment was not part of this 
update. As a result, the general findings from the original source assessment remain unchanged. These 
findings are summarized in the 2012 Basin Plan Amendment for the reopened Santa Monica Bay Beaches 
Bacteria TMDL (Attachment A to Resolution No. R12-007): 

"With the exception of isolated sewage spills, dry weather urban runoff and stormwater runoff 
conveyed by storm drains and creeks is the primary source of elevated bacterial indicator 
densities to beaches. Limited natural runoff and groundwater may also potentially contribute to 
elevated bacterial indicator densities during winter dry weather" (Regional Board, 2012). 

The Santa Monica Bay Beaches Bacteria TMDL source assessment maintains that dry weather urban 
runoff and stormwater runoff is the primary source of elevated bacteria concentrations at Santa Monica 
Bay beaches. Although definitive information regarding the specific sources of bacteria within the 
watershed is not presented, speculation provided in the dry weather staff report provides some insight into 
possible sources: 

"Urban runofJj'rom the storm drain system may have elevated levels of bacterial indicators due 
to sanitary sewer leaks and spills, illicit connections of sanitary lines to the storm drain system, 
runofffrom homeless encampments, illegal discharges from recreational vehicle holding tanks, 
and malfunctioning septic tanks among other things. Swimmers can also be a direct source of 
bacteria to recreational waters. The bacteria indicators used to assess water quality are not 
specific to human sewage; therefore, fecal matter from animals and birds can also be a source of 
elevated levels of bacteria, and vegetation andfood waste can be a source of elevated levels of 
total col~form bacteria, !>pecifically" (Regional Board, 2002). 

The 2010-2011 and 2011-2012 Los Angeles County Municipal Stormwater Permit Individual Reports3 for 
the JG7 agencies report that both sanitary sewer overflows and IC/ID, while eliminated shortly after being 
reported, do sometimes occur in their jurisdiction (but not necessarily within the 5MB JG7 WMP area). 

Additionally, information on non-MS4 sources of surfzone bacteria were compiled and based on a 
comprehensive review of Southern California published literature, as part of comments on the reopened 
Bacteria TMDL (City of Malibu, 2012): 

"A number of recent Santa Monica Bay studies have further identified and confirmed natural 
(non-anthropogenic) sources offecal indicator bacteria (FIB) including plants, algae, decaying 
organic matter, beach wrack and birdfeces - implicating these as potentially significant 
contributors to exceedances (Imamura et al, 2011; Izbicki et al, 2012). Beach sands, sediments 

3 The available Annual Reports were reviewed for 2010-2011 and 2011-2012. 
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and beach wrack have been shown to be capable of serving as reservoirs of FIB, possibly by 
providing shelter from ultra violet (UV) inactivation and predation by allowing for regrowth 
(Imamura et al, 2011;, lzbicki et al, 2012; Lee et al, 2006; Ferguson et al, 2005; Grant et al, 
2001; Griffith, 2012; Litton et al, 2010; Phillips et al, 2011; Jiang et al, 2004; Sabino et al, 2011; 
and Weston Solutions, 2010). Infact, enterococci include non-fecal or "natural" strains that live 
and grow in water, soil, plants and insects (Griffith, 2012). Thus, elevated levels of enterococci in 
water could be related to input from natural sources. The phenomenon of regrowth of FIB from 
either anthropogenic or natural sources has been suggested by several studies as a possible 
source of beach bacteria exceedances (Griffith, 2012; Litton et al, 2010; Weston Solutions, 2010; 
lzbicki et al, 2012; Weisberg et al, 2009). " 

Other sources of bacteria during wet weather are anticipated to include other non-MS4 permitted 
stormwater discharges such as Industrial General Permit sites, Construction General Permit sites, Phase II 
MS4 Sites (e.g., college campuses), State/Federal owned lands, non-MS4 open space areas such as 
wildlife habitat, and the California Department of Transportation (Caltrans). 

2.3.2 DDT and PCBs 

As stated previously, limited data are available to characterize DDT and PCBs within Santa Monica Bay, 
particularly since direct discharges of these pollutants from publically-owned treatment works (POTWs) 
have ceased. The largest concentration of DDT and PCBs within Santa Monica Bay is contained within 
the Palos Verdes shelf, which is being addressed by the USEPA as a Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) site. Loadings from the shelf to the Bay are large 
and have been well characterized (USEP A, 2012). 

With respect to stormwater, the TMDL does not specifically characterize MS4 loadings, though it does 
recognize that "DDT and PCBs are no longer detected in routine stormwater sampling from Ballona 
Creek or Malibu Creek." However, the TMDL also states that current detection limits used to analyze 
DDT and PCB concentrations are too high to appropriately assess the water quality. 

No other data or source information is available at this time. Once three years of water quality data are 
collected from Ballona Creek and Santa Monica Canyon Channel and evaluated consistent with the 
recommendations by USEPA in the TMDL to utilize a three-year averaging period4

, then further source 
assessment will be considered and the categorization and prioritization of PCB and DDTs as MS4-related 
pollutants of concern will be reevaluated. 

4 The three-year averaging period is recommended by the USEPA TMDL in Section 8.2, which reads, "We recommend that stormwater waste 
load allocations be evaluated based on a three year averaging period" (USEPA, 2012). Additionally, Permit Attachment M states that 
compliance with the PCB and DDT waste load allocations shall be determined based on a three-year averaging period. 
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3 
Watershed Control Measures 

The Permit specifies that control measures, also referred to as BMPs, shall be identified to ensure that 
stormwater discharges meet RWLs and WQBELs as established in the Permit and to reduce overall 
impacts to receiving waters from stormwater and non-stormwater runoff. 

BMPs are typically grouped into two broad categories, structural and institutional. Structural BMPs are 
physically-constructed control measures that alter the hydrology or water quality of stormwater or non
stormwater within the MS4 and are designated as either centralized or distributed based on their location 
within a watershed and size of contributing drainage area. Institutional BMPs are source control measures 
that prevent the release of flow/pollutants or transport of pollutants within the MS4 area, but do not 
involve construction of physical facilities. Minimum control measures (MCMs) are a subset of 
institutional BMPs. 

Due to the zero required load reductions and the 5MB JG7 WMP geography (outfalls are located on 
unstable cliffs and there are landslide and liquefaction hazards throughout the 5MB JG7 WMP area), 
there are currently no centralized or distributed BMPs planned in the 5MB JG7 WMP area at this time. In 
the event that CIMP monitoring demonstrates a need for quantitative RAA modeling and BMP 
implementation, BMPs may be selected based on performance data, subsurface conditions, land uses 
within the contributing drainage areas, and other relevant characteristics. 

3.1 Minimum Control Measures/Institutional BMPs 

The Permit requires the implementation of MCMs in Parts VI.D.4 through VI.D.lO. These MCMs are 
similar to the programs required under the previous MS4 Permit (Order No. 01-182). 

Although the previous MS4 Permit required implementation of MCMs, some of the key modifications 
introduced by the current MS4 Permit related to MCMs include: 

• The Permit calls for more outreach and education as part of the Public Information and 
Participation Program (PIPP). Permittees, for example, will be required to maintain a website 
with stormwater-related educational materials. 

• Permittees are expected to record additional information on industrial and commercial facilities 
within their jurisdiction as part of their Industrial/Commercial Facilities Program. For example, 
industrial/commercial facilities records will need to list receiving waters for which each 
respective facility is tributary to. 

• The Permit provides more detailed criteria on BMP sizing and specification for use in the 
Permittees' Planning and Land Development Program, formerly the Development Planning 
Program, and calls for annual reporting of implemented mitigation projects. 

• An Erosion and Sediment Control Plan (ESCP), which includes elements of a Storm Water 
Pollution Prevention Plan (SWPPP), replaces the Local SWPPP (L-SWPPP) as a required 
document for construction activities meeting certain criteria as a prerequisite to building/grading 
permit issuance. 

• The Permit also requires Permittees to use an electronic tracking system to track construction 
activities within their jurisdiction and mandates slightly more aggressive inspection schedules. 

• The Public Agency Activities Program remains largely unchanged with the exception of requiring 
Permittees to inventory existing developments for BMP retrofitting opportunities. 
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A comprehensive comparison between program requirements of the previous and current MS4 Permits is 
summarized in Table 3-1. Permittee activities under the Storm Water Management Program are 
summarized in the Los Angeles County Unified Annual Stormwater Reports; the report for the most 
recent reporting year is available at http://ladpw.org/wmd/npdesrsa/annualreport/index.cfm (Los Angeles 
County Department of Public Works, 2012). 

As required by the Permit, the agencies in the 5MB JG7 WMP group are continuing to implement the 
MCMs required under the 2001 MS4 Permit until the WMP is approved by the Regional Board. 
Applicable new MCMs will be implemented by the time the WMP is approved by the Regional Board. A 
brief description of each Program MCM and the tasks associated with each are summarized next. The 
implementation summaries of the Program MCM tasks identified are available in the Unified Annual 
Stormwater Report published by the Los Angeles County Department of Public Works. 

The agencies in the 5MB JG7 WMP group have also developed mechanisms for tracking information 
related to new development/re-development projects that are subject to post-construction BMP 
requirements in Part VI.D.7 of the MS4 Permit. 
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Table 3-1 
Comparison of Stormwater Management Program MCMs 

Program Previous Permit Current Permit 
Activity (Order No. R4-Element (Order No. 01-182) 2012-0175) 

Public Education Program - advisory committee meeting (once per year) X 
"No Dumping" message on storm drain inlets (by 2/2/2004) X 
Reporting hotline for the public (e.g., 888-CLEAN-LA) X X 
Outreach and education X X 
Make reporting info available to public X X 
Public service announcements, advertising, and media relations X X 
Public education materials - proper handling X X 

-gE Public education materials - activity specific X X 
ro ~ Educational activities and countywide events X X 
c Ol Quarterly public outreach strategy meetings (by 5/1/2002) X o 0 

'1ij 0: Constituent-specific outreach information made available to public X X E c 
Business Assistance Program X ..... 0 

~'1ij Educate and inform corporate managers about stormwater regulations X - 0.. 
u'13 Maintain storm water websites X il't 

Provide education materials to schools (50 percent of all K-12 children every two years) X X :::l ro 
0...0... Provide principle permittee with contact information for staff responsible for storm water 

public educational activities (by 4/1/2002) 
X X 

Principal permittee shall develop a strategy to measure the effectiveness of in-school X 
education programs 
Principle permittee shall develop a behavioral change assessment strategy (by X 
5/1/2002) 
Educate and involve ethnic communities and businesses (by 2/3/2003) X X 
Reporting hotline for the public (e.g., 888-CLEAN-LA) X X 
Track critical sources - Restaurants X X 
Track critical sources - Automotive service facilities X X 
Track critical sources - RGOs X X 
Track critical sources - Nurseries and nursery centers X 
Track critical sources - USEPA Phase I facilities X X 
Track critical sources Other federally-mandated facilities [40 Code of Federal X X 
Regulations (CFR) 122.26(d)(2)(iv)(C)] 
Track critical sources - Other commercial/industrial facilities that Permittee determines X 
may contribute substantial constituent load to MS4 
Facility information - Name of facility X X 
Facility information - Contact information of owner/operator Name only X 
Facility information - Address X X 
Facility information - North American Industry Classification System (NAICS) code X 

co co Facility information - Standard Industrial Classification (SIC) code X X 
'13 ~.~ ~ Facility information - Narrative description of the activities performed and/or principal X X CD products produced E OlEOl 
E e E e Facility information - Status of exposure of materials to storm water X 
00... 00... 

Facility information - Name of receiving water X ocnocn 
~~~~ Facility information ID whether tributary to 303(d) listed water and generates X 
tl '13 tl·13 constituents for which water is impaired 
:::l ro:::l ro 

Facility information - NPDES/general industrial permit status X X -oLL-oLL 
E E Facility information - No Exposure Certification status X 

Update inventory of critical sources annually X X 
Business Assistance Program Optional X 
Notify inventoried industrial/commercial sites on BMP requirement Once in 5 years 
Inspect critical commercial sources (restaurants, automotive service facilities, retail 

Twice in 5 years Twice in 5 years gasoline outlets and automotive dealerships) 
Inspect critical industrial sources (phase 1 facilities and federally-mandated facilities) Twice in 5 years Twice in 5 years" 
Verify No Exposure Certifications of applicable facilities X 
Verify Waste Discharge Identification (WDID) Number of applicable facilities X X 
Source control BMPs X X 
Provisions for Significant Ecological Areas (SEAs) (Environmentally Sensitive Areas X3 X 
(ESAs) 
Progressive enforcement of compliance with stormwater requirements X X 
Interagency coordination X 
Peak flow control (post-development stormwater runoff rates, velocities, and duration) X X" 

Hydromodification Control Plan 
In lieu of countywide 

peak flow control 
SUSMP (by 3/3/03) X 

E Volumetric treatment control (SWQDv) BMPs X X 
-0 ro Flow-based treatment control BMPs X X c 0, ro Require implementation of post-construction Planning Priority Projects as treatment -1 0 

X X -00... controls to mitigate storm water pollution (by 3/10/2003) c ...... 
ro c Require verification of maintenance provisions for BMPs X X Ol(l) 
c E California Environmental Quality Act process update to include consideration of .- 0.. X EJ2 potential stormwater quality impacts 
ro (I) 

CL6) General Plan update to include stormwater quality and quantity management X 0 considerations and policies 
Targeted employee training of development planning employees X 
Bioretention and biofiltration systems X 
SUSMP guidance document X 
Annual reporting of mitigation project descriptions X 
Erosion control BMPs X X 

c§ Sediment control BMPs X X 
(1)._ E 

Non-storm water containment on project site X X Et5 ro O":::l ..... 
Waste containment on project site X X 

~~e Require preparation of a Local SWPPP for approval of permitted sites X X 
~80... Inspect construction sites on as-needed basis X 

Inspect construction sites equal to or greater than one acre Once during wet Once every two 
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Program 
Element 

Activity 

Electronic tracking system (database and/or Geographic Information System) 
Required documents prior to issuance of building/grading permit 
Implement technical BMP standards 
Progressive enforcement 
Permittee staff training 
Public construction activities management 
Public facility inventory 
Inventory of existing development for retrofitting opportunities 
Public facility and activity management 
Vehicle maintenance, material storage facilities, corporation yard management 
Landscape, park, and recreational facilities management 
Storm drain operation and maintenance 
Streets, roads, and parking facilities maintenance 
Parking facilities management 
Emergency procedures 
Alternative treatment control BMPs feasibility study 
Municipal employee and contractor training 
Sewage system maintenance, overflow, and spill prevention 

:5 g Implementation program 
.- ___ MS4 Tracking (mapping) of permitted connections and illicit connections and discharges 

Previous Permit 
Current Permit 

(Order No. 01-182) (Order No. R4-
2012-0175) 

season weeks", monthly 
X 

L-SWPPP ESCP/SWPPP 
X 

X X 
X X 
X X 

X 
X 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X 

X 
X 
X X 
X X 
X X 
X X 

X 

~ 5:2.Q E Procedures for conducting source investigations for IC/IDs 

~~ ~·._I_ CL~~p_ro~c~e~d~u_re~s~fo~r~e~li_m_i_na~t~in~gL-IC~/_ID_S~--------------------------------------~----------------~--------------4 
~ ~ Procedures for public reporting of 10 
CuW 8 6 IC/ID response plan 

IC/IDs education and training for staff 
Tier 2 facilities may be Inspected less frequently If they meet certain criteria 

2 Subject to change based on approved JG7 WMP strategy 
3 For environmentally sensitive areas and impaired waters 
4 Maintain pre-project runoff flow rates via hydrologic control measures 
b Sites of threat to water quality or discharging to impaired water; frequency dependent on chance of rainfall 

X X 
X X 
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3.1.1 Customization of MCMs 

In lieu of the requirements of Parts VI.D.4 through VI.D.lO of the Permit, the 5MB JG7 WMP Group 
may customize MCMs within each of the general categories. The motivation for considering 
customization is made more apparent in the Regional Board's response to a comment that the Permit 
should establish criteria that will be used to support any customization of MCMs; the Regional Board 
responded with the following: 

The Order specifies that at a minimum, Permittees' programs shall be consistent with 40 CFR 
section 122.26( d)(2)(iv )(A)-(D). In response to comments that the Order is overly prescriptive, 
specifying criteria could restrict customization within these categories of minimum control 
measures. The criterion to allow customization is based on showing equivalent effectiveness, for 
example, a municipality who has identified a group of facilities within their jurisdiction as the 
largest source of constituents could be allowed to focus their inspection efforts on controlling the 
constituents from this subset of facilities. 
(http://www.waterboards.ca. gov/losangeles/water issues/programs/stormwater/municipallStormSew 
er/CommentLetters/E MCM%20Matrix%2010-26-12%20Final.pdD 

The opportunity for customization may provide benefit by allowing the 5MB JG7 WMP Group to assess 
the effectiveness of their current programs and to modify their programs to better serve local conditions 
and objectives. If an effectiveness assessment is conducted on a specific MCM activity and it can be 
reasonably shown that customization of the MCM would result in equal or improved effectiveness on 
attitudes or knowledge, behavior or implementation, load reduction, or water quality, then a defensible 
recommendation for modification of that activity can be made, resulting in greater resources available for 
more effective activities. 

The 5MB JG7 WMP Group is not planning to customize MCM activities at this time. However, in the 
event that MCM customization would be beneficial to the identified WBPCs or if CIMP results indicate 
adjustments would be beneficial and/or needed, the first step in customizing MCM activities would be the 
development of a framework to assess the effectiveness of each MCM in its current implementation. For 
each MCM that can be assessed in this manner, recommendations for customizations can be developed 
with reasonable assurance of impact to effectiveness. 

The California Stormwater Quality Association (CASQA) provides such a framework for the 
effectiveness assessment of Stormwater Management Programs (CASQA, 2006). The outcome is a 
hierarchy that categorizes the classification of outcome types (levels) that will allow MCMs to be placed 
into one or more categories for subsequent outcome assessment. The outcome levels, Level 1 through 
Level 6, are summarized in Figure 3-1. 
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Figure 3-1 
General Classification of Outcome types (adapted from CASQA) 

Level 4 - Load Reductions 

Level 3 - Behavioral Change and BMP 
Implementation 

Level 2 - Changes in Attitudes, Knowledge, and Awareness 

Levell - Compliance with Activity-Based Permit Requirements 

3.1.2 MCMs and Outcome Levels 

Benefits Limitations 

• Achieves ultimate goal • Very difficult to determine 
of protection of for specific MCMs 
receiving water • Sees influence from nOll-

MS4 sources 

• Indicates direct impact • Requires substantial 
on water quality monitoring 

• Controls the source 
• Valuable for making 

broad comparisons 

• Great first indicator of 
potential water quality 
improvement 

• Can provide the basis 
for measuring 
behavioral change 

• Easy to determine 
(reporting) 

• Requires development of a 
baseline to estimate 

• Requires observation and 
inspection 

• Many different factors 
influence levels of public 
invol vement 

Does not indicate direct 
impacts 

The outcome types in this effectiveness assessment framework are interrelated_ The Permit's stormwater 
management program is, by design, intended to improve the water quality in receiving waters_ The means 
by which this goal is intended to be met is through the implementation of compliance measures by the 
5MB JG7 WMP Group_ Compliance with these activity-based measures results in Level 1 outcomes_ 
Assessments of these activities can provide further understanding of the outcomes they have_ Ideally, each 
activity will contribute to the improvement at the Level 6 receiving water quality level; however, tracking 
effectiveness at this level is difficult 

A summary of the MCM activities of the agencies within the 5MB JG7 WMP Group is included in the 
2011-12 Annual Stormwater Report (Los Angeles County Department of Public Works, 2012)_ In 
addition to the standard reporting, the agencies answered a list of questions in an Assessment of Program 
Effectiveness_ This summary largely includes responses that may be considered as Level 1 outcomes 
(compliance) with Level 2, Level 3, and Level 4 outcomes for select MCMs_ Several obstacles inhibit the 
ability to achieve a Level 5 or Level 6 assessment, including: 

• Available budget; 
• Lack of comprehensive monitoring; 
• Timing of MCM activities and corresponding runoff events; and/or 
• General complexity of the hydrology and conveyance_ 

All 5MB JG7 WMP Group members were in compliance with the Permit during the 2011-12 reporting 
year (Level 1 outcome)_ Table 3-2 summarizes effectiveness assessment metrics and potential outcomes 
associated with select MCMs within each Program Element of the Storm Water Management Program 
The following is a brief description of the Program MCMs and outcome levels that can be achieved 
through the effectiveness assessment framework described_ 

3.1.2.1 Public Information and Participation Program 
The PIPP is intended primarily to reach out and educate the general public, students, business owners, 
facility operators, city staff, and others on stormwateL This outreach is accomplished in many ways; 
examples include "No Dumping" messages on storm drain inlets; public education materials; information 
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websites; community events; reporting hotlines; and specialized awareness programs, such as the used oil 
program. The program elements are intended to directly impact awareness and the behavior of different 
target audiences (Level 2 and Level 3 outcomes). Consequently, these behavioral changes may impact 
constituent loads to the MS4 indirectly, but the actual Level 4 through Level 6 impact of a specific MCM 
in this category may be difficult to quantify. 

3.1.2.2 Industrial/Commercial Facilities Program 
Permittees are required to conduct an Industrial/Commercial Facilities Program designed to prevent illicit 
discharges, reduce discharges of stormwater, and prevent industrial/commercial discharges to the MS4 
from causing or contributing to receiving water quality exceedances. These facilities are tracked and 
inspected to ensure use of BMPs to control stonnwater discharges. In addition, the program aims to 
contribute to the education of business owners and facility operators regarding SWPPP. The effectiveness 
of this program can be assessed leading to insight on how awareness (Level 2) and BMP implementation 
(Level 3) are affected. 

3.1.2.3 Planning and Land Development Program 
The Planning and Land Development Program involves developers early in the land development stage, 
with the integration of BMPs and Low Impact Development (LID) controls to reduce constituent loading 
to the MS4 and minimize runoff intensity generated from impervious areas. Behavioral change (Level 3) 
can be assessed through permitting staff observations. Also, it may be possible to assess constituent load 
reductions (Level 4) through land developer BMP choices and water quality of runoff entering the MS4 
(Level 5) if monitoring stations are considered during the planning stage of development and 
redevelopment. 

3.1.2.4 Development Construction Program 
Similar to the Planning and Land Development Program, the Development Construction Program 
establishes requirements for construction activities to eliminate illicit discharges and prevent water quality 
violations from stormwater discharges from the construction site. The Program establishes criteria for 
BMPs and controls through an Erosion and Sediment Control Plan, with elements of a SWPPP. The 
effectiveness of this program can be assessed through inspections to verify BMP implementation (Level 
3). Level 2 awareness outcomes can be assessed through the use of a website that inform." contractors on 
proper BMP selection and prerequisite checklists for permitting. 

3.1.2.5 Public Agency Activities Program 
Activities ranging from street sweeping, catch basin cleaning, public facility maintenance, and storm 
drain operation fall under the Public Agency Activities Program. These activities are essential MCMs that 
can also be measured for effectiveness. Level 3 through Level 5 outcomes (behavior, load reduction, MS4 
water quality) can all be assessed through appropriate evaluation metrics. The impact to receiving water 
quality (Level 6) may be possible to determine if appropriate monitoring is in place, with phased 
implementation of MCM activities to isolate performance evaluation. 

3.1.2.6 Illicit Connections and Illicit Discharges Elimination Program 
ICIIDs are controlled through the IC/ID Elimination Program and by implementing a procedure for 
reporting, tracking, and responding to reports of ICIIDs, as well as establishing protocols for the regular 
inspection of storm drains. The effectiveness of the reporting procedure can be assessed on a Level 2 
(awareness) basis, and response activities can have their effectiveness determined directly through 
monitoring of the MS4 water quality (Level 5). A quantitative analysis of behavioral change (Level 3) as 
a result of enforcement actions is also achievable. 

3.1.3 Next Steps to MCM Customization 

The assessment framework outlines the process to determine baseline MCM effectiveness, providing the 
foundation for customization. Pending the results of the approved CIMP, opportunities for modifying 
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MCM activities may be proposed by the 5MB JG7 WMP Group as part of the adaptive management 
process. 

It should be noted, however, that institutional BMPs (or MCMs) such as street and median sweeping 
implementations, drain inlet and conveyance system cleaning, pet waste program enhancements, etc. are 
anticipated to cumulatively result in a pollutant load reduction between 5% and 8%. Additionally, 
assuming past data also reflect future trends, it is anticipated that 0.1 - 0.2% of residential, commercial, 
and industrial properties will implement LID annually through development or redevelopment projectss. 
Although RWLs are currently being met, it is anticipated that implementation of LID will further enhance 
the water gualit y in this region. 

5 0.1 % annual estimate is based on a review of development/redevelopment projects within the 5MB JG7 WMP Group area over the past I () 
years assuming a 0.2 acre lot size. 0.2% annual estimate is based on the area-weighted projected development/redevelopment rate for residential. 
commercial. and industriallancl uses reported by the City in the Ballona TMDL Implementation Plan. 
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Table 3-2 
Effectiveness Assessment Measures for Various Activities under the Storm Water Management Program 

Program MCM Permittee Activity Possible Assessment Metric Outcome Level 

Public Information and Advertising I media campaigns (e.g., Used Oil I Year-over-year change in no. of impressions L2 
Participation Program Used Oil Filter Program) Survey results L2, L3 

Educational programs (e.g., Generation Earth, Year-over-year change in attendance L2 
Environmental Defenders, public workshops) Quiz results L2, L3 

E-Waste collection events Amount of Household Hazardous Waste/E-Waste L3, L4 

888-CLEAN-LA hotline Change in no. of calls L2 

www.888CleanLA.com No. of unique visitors I document downloads L2 

I ndustrial/Commercial Website on program details No. of unique visitors I document downloads L2 
Facilities Program Electronic tracking Inspections: change in no. of Notices of Violation L3 

(NOV) I non-compliance 

Planning and Land Pre-permitting assessment No. of developers incorporating BMPs and LID in L3 
Development Program early-stage 

Annual reporting % of stormwater capture L3, L4 

Integrated control measures Measure performance through planned monitoring L5 

Development Website on program details Number of hits I document downloads L2 
Construction Program Electronic tracking Inspections: change in no. of NOV I non-compliance L3 

Public Agency Activities Street sweepi ng Street sweeper fleet (technology) L3 
Program Year-over-year change in debris collected L3, L4 

Catch basin cleaning Year-over-year change in trash collected L3, L4 

Installation of trash receptacles Observations: cleanliness of public roadways L3 

Sanitary sewer overflow response Monitoring results of MS4 water quality L5 

IC/ID Elimination IC/ID reporting hotline Year-over-year change in no. of calls L2 
Program Termination of IC/ID Outfall monitoring: change in water quality L5 

Enforcement actions Change in occurrence L3 

Other Support for Senate Bill (SB) 346 (Brake Pad % of vehicles with reduced-copper-content brake L4 
Initiative) pads 
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4 
Reasonable Assurance Analysis 

Typically, an important component of the WMP is the RAA. The RAA is a process that is used to 
demonstrate that institutional and structural control measures are expected to be sufficient for achieving 
applicable WQBELs and/or RWLs for the water body pollutant combinations that have compliance 
deadlines within the Permit term. In addition to using the RAA as a means to determine the efficacy of 
existing and potential control measures, the RAA also facilitates the selection of BMPs as well as the 
prioritization of BMP implementation. 

For the 5MB JG7 WMP, there are currently zero required load reductions for the Category 1 WBPCs: 
bacteria at the Santa Monica Bay Beaches and PCBs/DDTs in the Santa Monica Bay. Compliance with 
the Trash TMDL is being demonstrated through retrofitting of catch basins as outlined in the Trash 
Monitoring and Reporting Program (City of Los Angeles Department of Public Works, 2012). No 
Category 2 or Category 3 WBPCs have been identified based on currently available monitoring data. 
Furthermore, it is anticipated that implementation of MCMs and related activities will progressively 
improve water quality. 

Therefore, no quantitative RAA modeling is required for this WMP. For purposes of completeness, 
however, each Category 1 WBPC is qualitatively discussed below. 

4.1 Bacteria 

The Implementation Plan for compliance with the Wet Weather Santa Monica Bay Beaches Bacteria 
TMDL for the larger JG7 documents historical monitoring at eight sampling locations between 1997 -
2000 for indicator bacteria. Based on the historical monitoring having fewer exceedances than the 
reference beach, the Implementation Plan concluded that "as IG7 already meets the baseline goals and 
only needs to implement provisions to prevent "backsliding"; the non-integrated approach will be 
selected. No milestones are proposed, as existing conditions are the equivalent of compliance with the 
TMDL" (Regional Board, 2012). As a result, the Implementation Plan states that JG7 should continue to 
implement BMPs, review the LA County Sanitation Districts' data, and perform investigations as 
necessary. Tables M-1 and M-2 of Attachment M to the MS4 Permit also show that the compliance 
monitoring locations within the 5MB JG7 WMP geographical area, 5MB 7-6 and 5MB 7-8 are subject to 
antidegradation conditions because the beaches have fewer exceedance days than the reference beach. 
Therefore, there is a zero required load reduction for bacteria, and reasonable assurance is demonstrated. 

As part of the adaptive management process based on monitoring data collected through the approved 
CIMP, structural and/or nonstructural BMPs may be proposed if needed. 

4.2 PCBs and DOTs 

The Santa Monica Bay TMDL for DDTs and PCBs developed WLAs for stormwater throughout the 
Santa Monica Bay watershed. Because the 5MB JG7 WMP group area is not distinctly defined in the 
TMDL, the WLAs assigned to the entire Santa Monica Bay WMA are being used for this discussion. 
Table 6-3 in the TMDL lists the existing annual DDT and PCB loads as compared to the annual 
maximum allowable loads. The existing estimated loads for all of Santa Monica Bay and most of the 
individual watersheds are lower than the maximum allowable loads. As such, the WLAs for the entire 
Santa Monica Bay WMA were set equal to the existing annual loads for DDTs and PCBs as 28 grams per 
year (g/yr) and 145 g/yr, respectively. Therefore, there is a zero required load reduction for PCBs and 
DDTs, and reasonable assurance is demonstrated. 
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As part of the adaptive management process based on monitoring data collected through the approved 
CIMP, additional structural and/or nonstructural BMPs may be proposed if needed. 

4.3 Debris, and Plastic Pellets 

Compliance with the Debris TMDL will be met through a phased retrofit of all 218 catch basins 
throughout the JG7 WMP area (182 City owned and 38 County owned) by 2016, ahead of the Regional 
Board implementation goals for 2020 completion date. Consistent with the City's Trash Monitoring and 
Reporting Plan (TMRP) (City of Los Angeles Department of Public Works, 2012), "vertical insert/s1 
with 5-mm openings and flow activated opening screen covers are the best suited for implementation 
within the City to achieve compliance with Trash TMDLs". 

There are no industrial facilities within the 5MB JG7 WMP area that use, store, transport, manufacture, or 
handle plastic pellets. Therefore, the City's Plastic Pellet Monitoring and Reporting Plan (PMRP) will 
only include an emergency response plan. 
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Adaptive Management Process 

The Notice of Intent submitted to the Regional Board in December 2013 provided a schedule of interim 
milestones for the development of the CIMP and WMP Plan. At this time, the 5MB JG7 WMP Group 
does not anticipate any deviations from the schedule. Completed milestones and projected completion 
dates for future milestones are presented in Table 5-1. The catch basin retrofit schedule, as provided in 
the TMRP, is also included in the table. 

Table 5-1 
WMP Schedule of Interim and Final Milestones 

Deliverable Planned Date 
of Completion 

Submit Final Draft WMP to the Regional Board June 2014 

Submit Final Draft CIMP to the Regional Board June 2014 

57 catch basin opening cover and/or insert retrofits (cumulative) (26%) December 2015 

161 catch basin opening cover and/or insert retrofits (cumulative) (100%) July 2016 

The WMP is intended to be implemented as an adaptive program. As new program elements are 
implemented and information is gathered over time, the WMP will undergo modifications to reflect the 
most current understanding of the watershed and present a sound approach to addressing changing 
conditions. As such, the WMP will employ an adaptive management process that will allow the WMP to 
evolve over time. 

5.1 Compliance Schedule 

The compliance deadlines in the Santa Monica Bay Beaches Bacteria TMDL are currently in effect for 
5MB 7-6 and 5MB 7-8. The TMDL for PCBs and DDTs does not include a compliance schedule for the 
WLAs for the Santa Monica Bay WMA, but because the WLAs were set based on the existing loads, the 
Santa Monica Bay WMA is considered to be in compliance, and therefore a compliance schedule for this 
TMDL is not being proposed at this time. The compliance schedule for the Santa Monica Bay Nearshore 
and Offshore Debris TMDL is provided in Table 5-l. 

Part VI.C.8 of the Permit details the adaptive management process to be included in the WMP that 
includes the following requirements: 

i. Permittees shall adapt the WMP to become more effective every two years from the date of 

program approval based on, but not limited to, a consideration of: 

(1) Progress toward achieving WQBELs and/or RWLs; 

(2) Permittee monitoring data; 

(3) Achievement of interim milestones; 

(4) Re-evaluation of water quality priorities and source assessment; 

(5) Non-Permittee monitoring data; 

(6) Regional Board recommendations; and 
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(7) Recommendations through a public participation process. 

ii. Permittees shall report any modifications to the WMP in the annual report. 

iii. Permittees shall implement any modifications to the WMP upon approval by the Regional 

Board or within 60 days of submittal if the Regional Board expresses no objections. 

The adaptations to the WMP as called for in the adaptive management process essentially include a re
evaluation of water quality priorities, an updated source assessment, an effectiveness assessment of 
watershed control measures, and a RAA. The CIMP will gather additional data on receiving water 
conditions and stormwater/non-stormwater quality to inform these analyses. This process will be repeated 
every two years as part of the adaptive management process. 

5.2 Re-Characterization of Water Quality Priorities 

Water quality within the 5MB JG7 WMP Group will be re-characterized using data collected as part of 
the approved CIMP. WBPCs may be updated as a result of changing water quality. Category 3WBPCs 
will be identified based on data collected as part of the approved CIMP. These classifications will be 
important for refocusing improvement efforts and informing the selection of future watershed control 
measures. 

Demonstration that MS4 discharges have caused or contributed to the exceedance of receiving water 
limitations will be made by meeting both of the following criteria: 

• Simultaneously collected water samples, as consistent with the CIMP, exceed the receiving water 
limitations as sampled in the receiving water and exceed the WQBELs, action levels as defined 
in Appendix G, or receiving water limits, in that order, at the MS4 outfall and 

• The number of simultaneous samples and simultaneous exceedances meet the criteria in Tables 
3.1 and 3.2 in California's Water Control Policy (Regional Board, 2004). 

5.3 Source Assessment Re-evaluation 

The assessment of possible sources of water quality constituents will be re-evaluated based on new 
information from the CIMP implementation efforts. The identification of non-MS4 and MS4 pollutant 
sources is an essential component of the WMP because it determines whether the source can be controlled 
by watershed control measures. As further monitoring is conducted and potential sources are better 
understood, the assessment becomes more accurate and informed. 

5.4 Effectiveness Assessment of Watershed Control Measures 

The evaluation of BMP effectiveness is an important part of the adaptive management process and the 
overall WMP. Implementation of the CIMP can provide a quantitative assessment of structural BMP 
effectiveness, if BMPs are implemented in the future, as it relates to actual pollutant load reduction to 
determine how selected BMPs have performed at addressing established water quality priorities. In 
addition, the adaptive management process is a required step for the customization of MCMs as detailed 
previously. Effectiveness assessment becomes important for the selection of future control measures to be 
considered. 

5.5 Update of Reasonable Assurance Analysis 

The RAA is an iterative process that depends on the continuous refinement and calibration of the 
watershed models when used. Data gathered as a result of the CIMP will support adaptive management at 
multiple levels, including (1) generating data not previously available to support model updates (if 
through the course of the CIMP, modeling becomes necessary in the 5MB JG7 WMP), and (2) tracking 
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improvements in water quality over the course of WMP implementation. This process is illustrated in 
Figure 5-1. 

Figure 5-1 
Adaptive Management Process 
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Attachment A: 
Table A 1 - Average, Median, Minimum, and Maximum of Results for Santa Monica Bay Shoreline Monitoring Data (SMB JG7 WMP Group Area) 

Analyte 
Event 

Station 
Average (MPNIlOOml) Median (MPNIlOOml) Min (MPNIlOOml) Max (MPNIlOOml) 

Type 2008 2009 2010 2011 2012 2013 2008 2009 2010 2011 2012 2013 2008 2009 2010 2011 2012 2013 2008 2009 2010 2011 2012 2013 
Total Dry-

82.6 34.2 42.9 28.1 102.1 94.7 12 18 31 18 36 59 1 3 3 1 1 4 950 140 240 120 1400 340 
Coliform Summer 
Total Dry-

21 391.1 29.2 131.3 91.1 39.3 8.5 30.5 16 19.5 33.5 18 3 1 1 4 5 8 160 3600 78 570 540 120 
Coliform Winter 
Total 

Wet 101.6 352.3 244.1 172.6 796.1 93.8 98 230 73 71 90 65.5 4 18 4 4 4 12 240 1000 1600 800 8000 310 
Coliform 
Fecal Dry-

24.8 9.6 9.3 11.6 41.3 14.2 2.5 3.5 4 5.5 9 6 1 1 1 1 1 1 580 50 56 72 580 110 
Coliform Summer 
Fecal Dry- 5MB 7-6 9.9 34 13.3 101.4 52.4 16.4 2 8.5 3.5 7 15.5 8 1 1 1 1 1 4 100 250 78 480 470 62 
Coliform Winter 
Fecal 

Wet 11.3 26.5 21.2 23.6 43 35.3 6.5 31.5 5 13 11 8 1 5 1 3 1 1 44 40 100 78 260 160 
Coliform 

Enterococcus 
Dry-

24.7 11.6 16.2 17.1 17.4 11.1 2 3 4 7.5 4 4 1 1 1 1 1 1 360 78 260 90 120 160 
Summer 

Enterococcus 
Dry-

11.1 197 38.5 158.1 34.5 12.8 4 16 14 7.5 10 4 1 1 1 1 1 1 44 2600 140 1700 190 62 
Winter 

Enterococcus Wet 119.4 75.8 82 99 141.8 6.8 46 69 24 14 42 6 1 12 1 1 1 3 560 170 270 1000 1200 16 

Total Dry-
53.4 23.2 12.3 47 460.8 46.2 9 4 6.5 10 18 12 1 1 1 1 1 1 1200 200 73 200 8800 600 

Coliform Summer 
Total Dry-

22.9 60.1 11.4 1210 102.6 97.9 15.5 12 8 35 14 27 1 1 1 1 1 1 120 600 36 13000 1000 410 
Coliform Winter 
Total 

Wet 73 126.2 59 230.3 95.5 193 55 82 36 115.5 54.5 27.5 1 18 1 1 3 8 200 290 200 1200 200 690 
Coliform 
Fecal Dry-

4.8 3.1 1.8 5.1 35.3 6.6 1 1 1 1 4 1 1 1 1 1 1 1 30 27 5 33 660 74 
Coliform Summer 
Fecal Dry- 5MB 7-8 6.8 16.4 1.8 2.4 3 2.8 4 1 1 1 2 1 1 1 1 1 1 1 20 170 4 8 8 15 
Coliform Winter 
Fecal 

Wet 4.6 16.5 6.9 25 13.5 10.4 5 11 3 4.5 4 3 1 4 1 1 1 1 9 46 36 200 100 50 
Coliform 

Enterococcus 
Dry-

5 5.2 2.9 6.7 32.5 2 1 1 1 1 1 1 1 1 1 1 1 1 44 62 19 97 780 19 
Summer 

Enterococcus 
Dry-

7.9 37.5 4 20.7 3.3 2.2 3 4 1 3 1 1 1 1 1 1 1 1 54 540 17 180 13 11 
Winter 

Enterococcus Wet 23 44.2 19.9 116.6 35.2 10.5 9.5 31 8 12 5.5 1.5 1 4 1 1 1 1 70 120 100 1100 280 49 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 
~' for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

ASSOCIATION of 110% Adjustment toward County Distribution .......... " ... """ .. ". 

% % above Number 01 Number of 
% very low 'Yo low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households % total households households households 

SCAG Region 23.7% 16.2% 18.1% 42.0% 100% 165,457 113,649 126,715 

Imperial Brawley city 24.5% 16.6% 16.0% 42.9% 100% 757 511 494 

Imperial Calexico city 24.6% 16.2% 15.7% 43.5% 100% 615 405 391 

Imperial Calipatria city 25.0% 16.0% 16.0% 43.0% 100% 50 32 32 

Imperial EI Centro city 24.8% 16.6% 16.1% 42.6% 100% 720 483 467 

Imperial Holtville city 25.4% 16.7% 15.9% 42.0% 100% 35 23 22 

Imperial Imperial city 26.0% 17.1% 16.3% 40,7% 100% 470 309 295 

Imperial Westmorland city 23.6% 16.5% 15.7% 44,1% 100% 61 42 40 

Imperial Unincorporated 24.7% 16.3% 15.7% 43.2% 100% 3,317 2,194 2,109 

Los Angeles Agoura Hills city 26.6% 16.5% 17.4% 39.4% 100% 29 18 19 

Los Angeles Alhambra city 24.5% 15.5% 16.8% 43.2% 100% 379 239 260 

Los Angeles Arcadia city 25.5% 15.8% 17.1% 41.5% 100% 549 340 368 

Los Angeles Artesia city 25.2% 15.3% 16.8% 42.7% 100% 33 20 22 

Los Angeles Avalon city 25.2% 15.0% 17.0% 42.9% 100% 37 22 25 

Los Angeles Azusa city 24.6% 15.4% 16.6% 43.3% 100% 184 115 124 

Los Angeles Baldwin Park city 24.9% 15.4% 16.5% 43.1% 100% 186 115 123 

Los Angeles Bell city 23.4% 14.9% 17.0% 44.7% 100% 11 7 8 

Los Angeles Bell Gardens city 24.0% 14.9% 16.5% 44.6% 100% 29 18 20 

Los Angeles Bellflower city 24.7% 15.4% 16.6% 43.3% 100% 263 164 178 

Los Angeles Beverly Hills city 25,5% 16.2% 17.6% 40.7% 100% 111 71 77 
Los Angeles Bradbury city 25.7% 17.1% 17.1% 40.0% 100% 9 6 6 

Los Angeles Burbank city 25.0% 15.8% 16.9% 42.3% 100% 947 597 642 

Los Angeles Calabasas city 26.4% 16.5% 17.8% 39.3% 100% 137 86 93 

Los Angeles Carson city 25.4% 15.8% 16.9% 41.8% 100% 461 287 307 

Los Angeles Cerritos city 26.6% 16.0% 17.0% 40.4% 100% 25 15 16 

Los Angeles Claremont city 25.6% 16.1% 17.4% 40.8% 100% 117 74 80 

Los Angeles Commerce city 23.8% 15.9% 15.9% 44.4% 100% 15 10 10 

Los Angeles Compton city 23.5% 14.7% 17.6% 44.1% 100% 16 10 12 

Los Angeles Covina city 25.1% 15.8% 16.9% 42.2% 100% 336 211 226 

Los Angeles Cudahy city 23.5% 14.9% 16.7% 44.9% 100% 94 60 67 

Note: There is a one unit rounding difference in some localities between the total housing need and the sum 01 the 4 Income groups. 

In such cases, communities may choose which of the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 

~< for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

ssocu,:noNof 
OVER.NMENTS 

% % above Number of Number of 
% very low % low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households % total households households households 

los Angeles Culver city 25.6% 15.8% 16.8% 41.8% 100% 129 80 85 

los Angeles Diamond Bar city 26.1% 16.4% 17.2% 40.3% 100% 284 179 188 

los Angeles Downey city 25.0% 15.7% 16.8% 42.4% 100% 277 174 187 

los Angeles Duarte city 25.1% 15.9% 17.1% 41.9% 100% 92 58 63 

los Angeles EI Monte city 24.1% 15.1% 16.8% 44.1% 100% 532 333 370 

Los Angeles EI Segundo city 26.2% 16.1% 16.7% 41.1% 100% 44 27 28 

Los Angeles Gardena city 24.4% 15.5% 17.0% 43.1% 100% 270 171 188 

los Angeles Glendale city 24.5% 15.7% 17.0% 42.8% 100% 767 491 534 

los Angeles Glendora city 25.7% 16.0% 17.1% 41.2% 100% 192 119 127 

los Angeles Hawaiian Gardens city 24.3% 15.3% 16.7% 43.8% 100% 35 22 24 

los Angeles Hawthorne city 24.1% 15.1% 16.8% 44.1% 100% 219 137 153 

los Angeles Hermosa Beach city 26.2% 16.5% 17.4% 39.9% 100% 147 93 98 

los Angeles Hidden Hills city 26.5% 17.6% 17.6% 38.2% 100% 9 6 6 

los Angeles Huntington Park city 23.7% 14.8% 16.8% 44.6% 100% 240 150 170 

los Angeles Industry city 33.3% 16.7% 16.7% 33.3% 100% 2 1 

los Angeles Inglewood city 24.0% 15.4% 16.8% 43.8% 100% 398 255 278 

los Angeles Irwindale city 23.9% 16.4% 16.4% 43.3% 100% 16 11 11 

los Angeles la Canada Flintridge city 26.2% 16.7% 18.0% 39.1% 100% 62 39 42 

los Angeles la Habra Heights city 26.7% 16.4% 18.1% 38.8% 100% 21 13 14 

los Angeles la Mirada city 25.8% 16.0% 17.3% 40.9% 100% 452 280 303 

los Angeles la Puente city 24.9% 15.4% 16.9% 42.9% 100% 201 124 136 

los Angeles la Verne city 25.8% 15.9% 17.3% 41.0% 100% 220 136 148 

los Angeles lakewood city 25.6% 16.0% 17.1% 41.2% 100% 172 108 115 

los Angeles lancaster city 24.6% 15.5% 16.9% 43.0% 100% 3,144 1,989 2,165 

Los Angeles lawndale city 24.8% 15.4% 16.5% 43.4% 100% 116 72 77 

Los Angeles Lomita city 25.1% 15.6% 16.8% 42.5% 100% 87 54 58 

Los Angeles Long Beach city 24.2% 15.5% 17.1% 43.2% 100% 2,321 1,485 1,634 

Los Angeles Los Angeles city 24.1% 15.5% 17.1% 43.3% 100% 27,238 17,495 19,304 

Los Angeles Lynwood city 24.4% 15.3% 16.4% 43.9% 100% 89 55 60 

Los Angeles Malibu city 26.1% 16.5% 17.8% 39.6% 100% 115 73 79 

Los Angeles Manhallan Beach city 26.4% 16.6% 17.9% 39.1% 100% 236 149 160 

Note: There is a one unit rounding difference in some localities between the total housing need and the sum of the 4 income groups. 

In such cases, communities may choose which of the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 

~ for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

ssaCIATION or 
OVERNMENTS 

% % above Number of Number of 
% very low % low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households %tolal households households households 

Los Angeles Maywood city 22.7% 13.6% 18.2% 45.5% 100% 5 3 4 

Los Angeles Monrovia city 25.1% 15.5% 16.9% 42.5% 100% 142 88 96 

Los Angeles Montebello city 24.5% 15.5% 16.9% 43.2% 100% 123 78 85 

Los Angeles Monterey Park city 24.6% 15.5% 17.0% 43.0% 100% 280 177 194 

Los Angeles Norwalk city 25.2% 15.5% 16.7% 42.6% 100% 75 46 50 

Los Angeles Palmdale city 25.0% 15.8% 16.9% 42.3% 100% 4,481 2,822 3,024 

Los Angeles Palos Verdes Estates city 26.4% 16.7% 18.1% 38.9% 100% 19 12 13 

Los Angeles Paramount city 24.4% 15.4% 16.6% 43.7% 100% 248 156 168 

Los Angeles Pasadena city 24.8% 15.8% 17.1% 42.3% 100% 711 452 491 

Los Angeles Pico Rivera city 24.6% 15.7% 16.7% 42.9% 100% 211 134 143 

Los Angeles Pomona city 24.5% 15.5% 16.8% 43.1% 100% 901 571 619 

Los Angeles Rancho Palos Verdes city 26.7% 16.7% 17.8% 38.9% 100% 16 10 11 

Los Angeles Redondo Beach city 26.0% 16.2% 17.3% 40.5% 100% 580 363 387 

Los Angeles Rolling Hills city 27.3% 18.2% 18.2% 36.4% 100% 6 4 4 

Los Angeles Rolling Hills Estates city 26.9% 15.4% 19.2% 38.5% 100% 7 4 5 

Los Angeles Rosemead city 24.3% 15.3% 16.8% 43.6% 100% 190 119 131 

Los Angeles San Dimas city 25.9% 16.1% 17.2% 40.8% 100% 162 101 107 

Los Angeles San Fernando city 24.7% 15.1% 16.7% 43.4% 100% 62 38 42 

Los Angeles San Gabriel city 24.9% 15.4% 17.0% 42.8% 100% 206 127 140 

Los Angeles San Marino city 26.9% 15.4% 19.2% 38.5% 100% 7 4 5 

Los Angeles Santa Clarita city 26.0% 16.2% 17.3% 40.5% 100% 2,494 1,560 1,657 

Los Angeles Santa Fe Springs city 25.0% 15.8% 16.7% 42.5% 100% 115 73 77 

Los Angeles Santa Monica city 24.8% 16.0% 17.2% 41.9% 100% 164 106 114 

Los Angeles Sierra Madre city 26.1% 15.9% 17.4% 40.6% 100% 36 22 24 

Los Angeles Signal Hill city 25.3% 15.9% 16.7% 42.0% 100% 56 35 37 

Los Angeles South EI Monte city 24.5% 15.0% 17.0% 43.5% 100% 49 30 34 

Los Angeles South Gate city 24.5% 15.1% 16.6% 43.9% 100% 322 198 218 

Lcs Angeles South Pasadena city 25.7% 15.8% 17.0% 41.5% 100% 43 26 28 

Los Angeles Temple city 25.3% 15.8% 16.8% 42.1% 100% 249 156 165 

Los Angeles Torrance city 25.6% 16.0% 17.1% 41.4% 100% 468 292 312 

L()~Angeles Vernon city 0.0% 0.0% 0.0% 0.0% 0% 0 0 0 
---- ----------------------

Note: There is a one unit rounding difference in some localities between the total housing need and the sum of the 4 income groups. 

In such cases, communities may choose which of the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 

~< for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

SSOCfATIOHI of 
QVEftNMEIfTS 

% % above Number of Number of 
% very low % low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households % total households households households 

Los Angeles Walnut city 26.1% 16.5% 17.9% 39.5% 100% 153 97 105 

Los Angeles West Covina city 25.6% 15.8% 16.9% 41.7% 100% 631 388 417 

Los Angeles West Hollywood city 24.4% 15.5% 16.9% 43.2% 100% 142 91 99 

Los Angeles Westlake Village city 26.9% 17.3% 17.3% 38.5% 100% 14 9 9 

Los Angeles Whittier city 25.2% 15.7% 17.0% 42.1% 100% 225 140 151 

Los Angeles Unincorporated 25.2% 15.9% 17.2% 41.7% 100% 14,425 9,073 9,816 

Orange Aliso Viejo city 22.6% 18.0% 19.4% 40.0% 100% 208 165 179 

Orange Anaheim city 20.8% 17.0% 19.7% 42.5% 100% 1,971 1,618 1,874 

Orange Brea city 21.5% 17.4% 19.7% 41.4% 100% 441 356 404 

Orange Buena Park city 21.0% 17.1% 19.5% 42.3% 100% 142 116 132 

Orange Costa Mesa city 21.0% 17.2% 19.6% 42.2% 100% 353 289 330 

Orange Cypress city 21.7% 17.5% 19.7% 41.0% 100% 98 79 89 

Orange Dana Point city 22.1% 17.6% 19.1% 41.2% 100% 15 12 13 

Orange Fountain Valley city 22.1% 17.7% 19.7% 40.5% 100% 103 83 92 

Orange Fullerton city 20.9% 17.2% 19.7% 42.2% 100% 398 329 376 

Orange Garden Grove city 20.7% 17.1% 19.6% 42.5% 100% 116 96 110 

Orange Huntington Beach city 21.7% 17.6% 19.8% 40.9% 100% 454 369 414 

Orange Irvine city 21.7% 18.0% 20.0% 40.3% 100% 7,735 6,408 7,139 

Orange La Habra city 20.7% 17.2% 19.5% 42.6% 100% 53 44 50 

Orange La Palma city 25.0% 18.8% 18.8% 37.5% 100% 4 3 3 

Orange Laguna Beach city 23.3% 16.7% 20.0% 40.0% 100% 7 5 6 

Orange Laguna Hills city 25.0% 12.5% 25.0% 37.5% 100% 2 1 2 

Orange Laguna Niguel city 22.4% 17.9% 19.9% 39.8% 100% 80 64 71 

Orange Laguna Woods city 18.7% 17.2% 20.1% 44.0% 100% 25 23 27 

Orange Lake Forest city 20.7% 17.2% 20.7% 41.4% 100% 6 5 6 

Orange Los Alam itos city 22.0% 17.1% 19.5% 41.5% 100% 9 7 8 

Orange Mission Viejo city 22.6% 17.8% 19.9% 39.7% 100% 33 26 29 

Orange Newport Beach city 22.0% 18.0% 20.3% 39.7% 100% 392 322 362 

Orange Orange city 21.4% 17.5% 19.8% 41.4% 100% 1,086 887 1,004 

Orange Placentia city 21.6% 17.5% 19.6% 41.2% 100% 21 17 19 

Orange Rancho Santa Margarita city 22.8% 17.9% 19.5% 39.8% 100% 28 22 24 

Note: There is a one unit rounding difference in some localities between the total housing need and the sum of the 4 income groups. 

In such cases, communities may choose which of the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 

M:\johnson\RHNA\RHNAFinal.xls 

Number of 
above 

moderate 
income 

households Total 

232 587 

1,026 2,461 

252 584 

20 52 

375 892 

23,862 57,176 

367 919 

4,035 9,498 

847 2,048 

286 677 

710 1,682 

185 450 

28 69 

189 466 

806 1,910 

238 560 

855 2,092 
I 

14,378 35,660 

110 258 

6 16 

12 30 

3 8 

141 355 

60 135 

12 29 

17 41 

59 147 

708 1,784 

2,102 5,079 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 
~A4 
~~ 

for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

SSOCIATION of 
OVERNMENT5 

% % above Number of Number of 
% very low % low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households % total households households households 

Orange San Clemente city 21.6% 17.6% 19.9% 40.9% 100% 126 103 116 

Orange San Juan Capistrano city 21.6% 17.7% 19.8% 41.0% 100% 229 188 210 

Orange Santa Ana city 20.5% 16.9% 19.6% 43.0% 100% 694 574 665 

Orange Seal Beach city 19.3% 17.5% 21.1% 42.1% 100% 11 10 12 

Orange Stanton city 19.9% 17.1% 19.7% 43.4% 100% 108 93 107 

Orange Tustin city 21.5% 17.2% 19.6% 41.6% 100% 512 410 468 

Orange Villa Park city 27.3% 18.2% 18.2% 36.4% 100% 3 2 2 

Orange Westminster city 20.5% 17.1% 19.9% 42.5% 100% 30 25 29 

Orange Yorba Linda city 22.6% 18.2% 20.2% 39.0% 100% 460 371 412 

Orange Unincorporated 22.3% 18.1% 20.0% 39.6% 100% 1,777 1,445 1,597 

Riverside Banning city 22.7% 16.1% 18.4% 42.8% 100% 873 618 705 

Riverside Beaumont city 22.4% 16.2% 18.7% 42.7% 100% 1,586 1,146 1,320 

Riverside Blythe city 22.7% 16.5% 18.5% 42.3% 100% 177 128 144 

Riverside Calimesa city 23.2% 16.2% 18.4% 42.2% 100% 528 367 419 

Riverside Canyon Lake city 25.0% 17.0% 19.0% 39.0% 100% 25 17 19 

Riverside Cathedral city 23.5% 16.3% 18.3% 42.0% 100% 782 542 608 

Riverside Coachella city 22.5% 15.6% 18.5% 43.5% 100% 1,288 893 1,059 

Riverside Corona city 24.8% 16.9% 18.5% 39.8% 100% 819 560 611 

Riverside Deserl Hot Springs city 21.8% 15.8% 18.9% 43.5% 100% 2,161 1,570 1,871 

Riverside Hemet city 22.1% 15.8% 18.5% 43.6% 100% 2,484 1,781 2,080 

Riverside Indian Wells city 24.8% 17.4% 19.4% 38.4% 100% 61 42 47 

Riverside Indio city 23.1% 16.1% 18.1% 42.7% 100% 955 667 752 

Riverside La Quinta city 24.6% 16.7% 18.4% 40.2% 100% 1,065 724 796 

Riverside Lake Elsinore city 23.5% 16.5% 18.6% 41.4% 100% 1,311 921 1,041 

Riverside Moreno Valley city 24.2% 16.6% 18.2% 41.0% 100% 1,806 1,239 1,362 

Riverside Murrieta city 24.9% 16.9% 18.6% 39.6% 100% 1,568 1,067 1,171 

Riverside Norco city 24.9% 17.1% 18.6% 39.4% 100% 236 162 177 

Riverside Palm Desert city 24.1% 16.5% 18.5% 40.9% 100% 1,105 759 847 

Riverside Palm Springs city 23.1% 16.2% 18.6% 42.1% 100% 523 366 421 

Riverside Perris city 23.2% 16.1% 18.0% 42.7% 100% 967 669 748 

Riverside Rancho Mirage city 24.3% 16.8% 18.8% 40.1% 100% 781 539 603 
,--,-- --,--

Note: There is a one unit rounding diiference in some localities between the total housing need and the sum of the 4 income groups. 

In such cases, communities may choose which of the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 

M:\johnson\RHNA\RHNAFinal.xls 
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income 
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24 
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4 

63 
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3,159 
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3,019 
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39 

1,397 

2,493 

1,317 

4,322 

4,898 

94 

1,769 

1,741 

2,316 

3,068 

2,497 

374 

1,875 

951 

1,778 

1,285 

584 

1,062 

3,393 

57 

544 

2,380 

11 
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2,039 

7,978 

3,841 

7,071 
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2,271 
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3,329 

5,733 

3,308 
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244 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1, 2006 - June 30, 2014) 

~ for Jurisdictions within the SiX-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

SSOCIATION of 
OVERNMEwrs 

% % above Number of Number 01 
% very low %Iow moderate moderate very low Number 01 low moderate 

income income income income income income income 

County City households households households households % total households households households 

Riverside Riverside city 23.6% 16.4% 18.4% 41.5% 100% 2,687 1,866 2,099 

Riverside San Jacinto city 22.5% 16.1% 18.3% 43.1% 100% 2,707 1,931 2,206 

Riverside Temecula city 24.8% 17.0% 18.5% 39.7% 100% 1,014 693 757 

Riverside Unincorporated 23.7% 16.4% 18.5% 41.4% 100% 13,343 9,267 10,428 

San Bernardino Adelanto cily 22.6% 16.0% 18.5% 42.9% 100% 1,908 1,344 1,561 

San Bernardino Apple Valley town 23.5% 16.1% 18.9% 41.4% 100% 912 627 736 

San Bernardino Barstow city 22.7% 16.3% 18.8% 42.2% 100% 1,018 728 842 

San Bernardino Big Bear Lake city 22.8% 16.1% 19.3% 41.8% 100% 113 80 96 

San Bernardino Chino city 24.3% 16.9% 19.1% 39.8% 100% 739 513 581 

San Bernardino Chino Hills city 25.2% 17.3% 19.7% 37.8% 100% 262 180 205 

San Bernardino Colton city 23.1% 16.1% 18.7% 42.2% 100% 854 595 693 

San Bernardino Fontana city 23.9% 16.4% 18.8% 40.9% 100% 1,365 932 1,073 

San Bernardino Grand Terrace city 24.2% 16.9% 19.0% 39.9% 100% 80 55 63 

San Bernardino Hesperia city 23.5% 16.2% 18.8% 41.6% 100% 2,135 1,469 1,707 

San Bernardino Highland city 23.3% 16.5% 19.0% 41.3% 100% 502 355 409 

San Bernardino Loma Linda city 23.1% 16.3% 18.9% 41.7% 100% 610 432 501 

San Bernardino Mo ntcl ai r city 23.5% 16.2% 19.0% 41.4% 100% 426 293 343 

San Bernardino Needles city 21.2% 16.7% 19.7% 42.4% 100% 14 11 13 

San Bernardino Ontario city 23.9% 16.2% 18.6% 41.3% 100% 1,828 1,243 1,425 

San Bernardino Rancho Cucamonga city 24.7% 16.8% 19.1% 39.3% 100% 317 216 245 

San Bernardino Redlands city 24.0% 16.5% 18.9% 40.6% 100% 682 469 539 

San Bernardino Rialto city 23.7% 16.2% 18.8% 41.4% 100% 1,023 700 812 

San Bernardino San Bernardino city 22.4% 16.1% 19.0% 42.6% 100% 1,275 913 1,079 

San Bernardino Twentynine Palms city 22.8% 15.6% 18.8% 42.8% 100% 702 480 578 

San Bernardino Upland city 23.9% 16.4% 19.2% 40.5% 100% 476 328 382 

San Bernardino Victorville city 22.9% 16.3% 18.9% 41.9% 100% 1,972 1,401 1,630 

San Bernardino Yucaipa city 23.3% 16.2% 19.0% 41.5% 100% 476 332 389 

San Bernardino Yucca Valley town 22.3% 15.9% 18.9% 42.9% 100% 560 399 474 

San Bernardino Unincorporaled 23.3% 16.1% 18.9% 41.7% 100% 4,802 3,324 3,899 

Ventura Camarillo city 21.8% 17.7% 20.6% 40.0% 100% 727 591 687 

Ventura Fillmore city 20.6% 17.3% 20.5% 41.6% 100% 203 170 202 

Note: There is a one unit rounding difference in some localities between the total housing need and the sum 01 the 4 income groups. 

In such cases, communities may choose which of the income categories il will adjust by one unit to mainlain consistency with the approved lolal housing need. 

M:~ohnson\RH NA \RHNAFinal.xls 
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28 
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809 

3,614 
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56,368 
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I 
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67 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1,2006 - June 30, 2014) 

~~ for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 
"1" 

~~50Cl"'TI()N of 
OYEA!dMENTS 

% % above Number of Number of 
% very low % low moderate moderate very low Number of low moderate 

income income income income income income income 

County City households households households households % total households households households 

Ventura Moorpark city 22.4% 18.1% 20.7% 38.8% 100% 363 292 335 

Ventura Ojai city 20.8% 17.1% 20.8% 41.3% 100% 90 74 90 

Ventura Oxnard city 21.0% 17.2% 20.4% 41.4% 100% 1,491 1,221 1,445 

Ventura Port Hueneme city 20.0% 17.2% 20.6% 42.2% 100% 36 31 37 

Ventura San Buenaventura (Ventura) 21.2% 17.5% 20.3% 41.0% 100% 849 703 816 

Ventura Santa Paula city 20.2% 17.4% 20.6% 41.8% 100% 453 390 462 

Ventura Simi Valley city 22.3% 17.9% 20.5% 39.3% 100% 754 605 694 

Ventura Thousand Oaks city 22.3% 18.0% 20.8% 38.9% 100% 411 333 385 

Ventura Unincorporated 21.7% 17.8% 20.7% 39.7% 100% 305 250 291 

Note: There is a one unit rounding difference in some localities between the total housing need and the sum of the 4 income groups. 

In such cases, communities may choose which 01 the income categories it will adjust by one unit to maintain consistency with the approved total housing need. 

M:~ohnson\RH NA \RH NAFinal.xls 

Number of 
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moderate 
income 

households Total 
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2,936 

76 
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Final Regional Housing Need Allocation Plan - Planning Period (January 1,2006 - June 30,2014) 

~~ :~~:~ '. 

for Jurisdictions within the Six-County SCAG Region (approved by the SCAG Regional Council on July 12, 2007) 

SSUCIA"nONof 
OVERNMENTS 

% % above Number of 
% very low % low moderate moderate very low 

income income income income income 

Counly City households households households households % total households 

Summary by County 

Imperial 24.8% 16.4% 15.8% 43.0% 100% 6,025 

Los Angeles 24.7% 15.7% 17.1% 42.6% 100% 70,117 

Orange 21.5% 17.7% 19.9% 40.9% 100% 17,733 

Riverside 23.4% 16.3% 18.5% 41.8% 100% 40,849 

San Bernardino 23.3% 16.2% 18.8% 41.6% 100% 25,051 

Ventura 21.4% 17.6% 20.5% 40.5% 100% 5,682 

SCAG 23.7% 16.2% 18.1% 42.0% 100% 165,457 

For information only 

Summary by Subregion 

% % above Number of 
% very low % low moderate moderate very low 

income income income income income 

County Subregion households households households households %tolal households 

Imperial IVAG 24.8% 16.4% 15.8% 43.0% 100% 6,025 

Los Angeles North LA 25.2% 15.9% 17.1% 41.8% 100% 18,499 

Los Angeles LA Cily 24.1% 15.5% 17.1% 43.3% 100% 27,436 

Los Angeles Arroyo Verdugo 24.9% 15.8% 17.0% 42.3% 100% 1,871 

Los Angeles San Gabriel Valley Assoc. 25.2% 15.7% 17.0% 42.1% 100% 10,690 

Los Angeles Westside Cities 25.4% 16.0% 17.2% 41.4% 100% 893 

Los Angeles South Bay Cities Assoc. 25.1% 15.8% 17.1% 42.0% 100% 3,450 

Los Angeles Gateway Cities 24.5% 15.4% 16.9% 43.2% 100% 6,914 

Los Angeles Las Virgenes, Conejo 26.3% 16.5% 17.7% 39.5% 100% 364 

Orange Orange 21.5% 17.7% 19.9% 40.9% 100% 17,733 

Riverside WRCOG 23.5% 16.4% 18.5% 41.7% 100% 30,798 

Riverside CVAG 23.1% 16.1% 18.6% 42.2% 100% 10,050 

San Bernardino SAN BAG 23.3% 16.2% 18.8% 41.6% 100% 25,051 

Ventura VCOG 21.4% 17.6% 20.5% 40.5% 100% 5,682 

SCAG 23.7% 16.2% 18.1% 42.0% 100% 165,457 

For information only 

M:\johnson\RHNA\RHNAFinal.xls 

Number of low 
income 

households 

4,000 

44,469 

14,566 

28,535 

17,420 

4,660 

113,649 

Number 01 low 
income 

households 

4,000 

11,661 

17,620 

1,187 

6,675 
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2,173 

4,360 

229 

14,566 

21,501 

7,034 

17,420 

4,660 

113,649 

Number 01 
Number 01 above 
moderate moderate 
income income 

households households Tolal 

3,851 10,451 24,327 

48,472 120,869 283,927 

16,380 33,653 82,332 

32,292 73,029 174,705 

20,275 44,797 107,543 

5,444 10,748 26,534 

126,715 293,547 699,368 

Number of 
Number 01 above 
moderate moderate 
income income 

households households Total 

3,851 10,451 24,327 

12,554 30,639 73,352 

19,443 49,199 113,698 

1,282 3,184 7,524 

7,220 17,893 42,478 

605 1,457 3,519 

2,345 5,765 13,733 

4,777 12,185 28,236 

246 548 1,387 

16,380 33,653 82,332 

24,208 54,625 131,133 

8,084 18,404 43,572 

20,275 44,797 107,543 

5,444 10,748 26,534 

126,715 293,547 699,368 
----------
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Regional Transportation Improvement Program 

PROGRAMS 8. PROJECTS 

C~~~~~~l~12eprl~L .;;, " :>;:;;;~!, 
QI~~Bcj!ie~ ", 

Regional Transportation 
Improvement Program (RTIP) 

Er:\viro,nmerit The Regional Transportation Improvement Program (RTIP) 

l. !TIoU~i,~,~, ... , ...,.. ' is a capital listing of all transportation projects proposed over 

• ,4'~G~I(piilfiles; .. ';,:. ,:l:! ,,',; ;:,; ~ i:~::ya;::;~~~:~~~: ~~:~, r:~i~~'d T:~s~~~~~:S~n~il~~e 
:; t~~i~gi"Iri~" • ,~', . 

occupancy vehicle lanes, Signal synchronization, intersection 

~Il.Q~~Q~IV.~;Pf~6,:;:~Ji),;i)",i improvements, freeway ramps, etc. In the SCAG region, a 

Federal Transportation 
Improvement Program 

'G~odS 1v1'o~em~nt Daltab.i~~,e 
,Integrated Growth F6f~C~S! 
; , - ,:' -. . - ,- -:< --;.t<.' 

lV1.aRph'~,~GIS " t ,,~'.~: 
, h~n~~Rr,~tto~~O,~~~.£Ig.~t~f~;' ;:'~~,:r;,: 
; Sgeri~rj.q~JIJ~r[1ing,f¥iS~el~(~;PM). 

MEDIA 8. COMMUNICATIONS 

biennial RTIP update is produced on an even-year cycle. 

The RTIP is prepared to implement projects and programs 

listed in the Regional Transportation Plan (RTP) and is 

developed in compliance with state and federal 

requirements, County Transportation Commissions have the 

responsibility under State law of proposing county projects, 

using the current RTP's policies, programs, and projects as a 

guide, from among submittals by cities and local agencies. 

The locally prioritized lists of projects are forwarded to SCAG 

for review, From this list, SCAG develops the RTIPbased on 

consistency with the current RTP, inter-county connectivity, 

financial constraint and conformity satisfaction, 

Annual Listing of Obligated Projects 

• 2011-2012 Annual Listing of Obligated Projects 

• State and Highway Projects 

• Transit Projects 

• FMIS Program Codes 

• 2010-2011 Annual Listing of Obligated Projects 

(Caltrans) 

• State and. Highway Projects 

• Tr?nsit Projects 

• FMIS Program Codes 

• 2009-2010 Annual Listing of Obligated Projects 

(Caltrans) 

• FMIS Program Codes 

Page 1 of3 

:2008 R'I'IE Amendments 

:2008 RTfP Home 

Status 

Proposed 

Currently Approv~d 

Adopted 

~CONTACT 

If you have any questions or 

comments, please contact 

Rosemary Ayala at (213) 236-

1927 or email 

ayala@scag.ca.gov. 
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Regional Transportation Improvement Program 

Powered by 

Go"S!e Translate 

• 2009-2010 .. An llual ListingofObligate.d Projects 

(SCAG) 

• Fund Codes 

• 2008-2009 Annual Listing of Obligated Projects 

(SCAG) 

• 2006-2007 Annual Listing of Obligated Projects 

• 2007-2008 Annual Listing of Obligated Projects 

(Caltrans) 

• 2007-2008 Annual Listing of Obligated Projects 

(SCAG) 

Complete/Deleted FTIP Project Listing 

2011 

• 2011 SCAG Completed/De.leted Project Listing 

2008 

• 2008 SCA.(;. Completed/Deleted Project Listing 

2006 

• 2006 SCAG Completed(Deleted Project Listing 

Links to Our Past RTIPs 

• 2006 Regional Transportation Improvement Program 

• 2004 Regional Transportation Improvement Program 

• 2002 Regional Transportation Improvement Program 

Page 2 of3 
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SOUT~ ERN CALIFORNIA ASSOCIATION OF GOVERNMENTS 

2008 
REGIONAL TRANSPORTATION PLAN 

a Ing the Connections 

ADOPTED 
MAY 2008 

AR0072404 



To the Region: 
The Regional Council of the Southern California Association of Governments (SCAG) proudly presents the 2008 
Regional Transportation Plan (RTP): Making the Connections, adopted on May 8, 2008. Success in transportation 
and transportation planning is about making the connections, whether it's connecting from bike to bus or truck to 
rail, relating the travel choices we make with environmental consequences, ensuring that land-use and transportation 
planning go hand-in-hand, or more equitably linking our transportation finance mechanisms to those who benefit 
directly from the use of the system. 

Southern California's transportation network is severely overburdened and underfunded. For at least the last two 
decades, we have consistently ranked as the nation's most congested metropolitan area. It is anticipated that over the 
next 25 years, the region's population will increase by 6 million people and cargo trade through our ports and airports will triple in the same time 
period, doubling our truck traffic. As a result, roadway speeds are expected to decrease and traffic delays to increase over the next 25 years, all 
changes that directly impact our environment and air quality. 

The 2008 RTP strives to provide a regional investment framework to address the region's transportation and related challenges. It is a $531.5 
billion Plan (in nominal or year-of-expenditure dollars) that emphasizes the importance of system management, goods movement, and innovative 
transportation financing. It looks to strategies that preserve and enhance the existing transportation system and integrate land use into 
transportation planning. 

The RTP was developed in collaboration with agencies from across the region, including our 14 subregions. We worked with county transportation 
commissions, subregional organizations, transit agencies, tribal nations, non-profits and advocacy groups, and other interested stakeholders. The 
majority of projects that you will see in the Plan were submitted by our region's five county transportation commissions and the Imperial Valley 
Association of Governments. 

Our region faces great challenges, and we cannot afford to try to solve them solely on a city or even county level. We must look at the bigger 
picture of Southern California as a region, to look at strategies and new transportation systems that will make this region function the best that it 
can, and at the end of the day, to make Southern California a place that we are all proud to call our home. 

Sincerely, 

53a t Qf2 
Gary Ovitt 

President, Southern California Association of Governments 

Fourth District Supervisor, County of San Bernardino, California 
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MISSION STATEMENT 
Leadership Vision Progress 

Leadership, vIsIon and progress which promote economic 

growth, personal well-being, and livable communities for all 
Southern Californians. 

The Association will accomplish this Mission by: 

• Developing long-range regional plans and strategies that provide for efficient 

movement of people, goods and information; enhance economic growth and 
international trade; and improve the environment and quality of life. 

• Providing quality information services and analysis for the region. 

• Using an inclusive decision-making process that resolves conflicts and 
encourages trust. 

• Creating an educational and work environment that cultivates creativity, 

initiative, and opportunity. 

Funding: The preparation of this document was financed in part through funds from the Federal Highway 
Administration and Federal Transit Administration. Additional financial assistance was provided by the California 
State Department of Transportation. 
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RESOLUTION NO. 08-497-2 
RESOLUTION OF THE SOUTHERN CALIFORNIA 
ASSOCIATION OF GOVERNMENTS APPROVING THE 
2008 REGIONAL TRANSPORTATION PLAN (2008 RTP) 
AND RELATED CONFORMITY DETERMINATION 

WHEREAS, the Southern California Association 
of Governments (SCAG) is a Joint Powers Agency 
established pursuant to Section 6500 et seq. of the 
California Government Code; 

WHEREAS, SCAG is the designated Metropolitan 
Planning Organization (MPO) pursuant to 23 U.S.C. 
§134(d) for the counties of Los Angeles, Riverside, 
San Bernardino, Ventura, Orange, and Imperial, and 
as such is responsible for preparing the Regional 
Transportation Plan (RTP) and Regional Transportation 
Improvement Program (RTIP) pursuant to 23 U.S.C. 
§134 et seq., 49 U.S.C. §5303 et seq., and 23 C.F.R. 
§450.312; 

WHEREAS, SCAG is the designated Regional 
Transportation Planning Agency (RTPA) under state 
law, and as such is responsible for preparing, adopting 
and updating the RTP pursuant to Government Code 
Sections 65080 et seq.; 

WHEREAS, the projects included in the RTP must 
be based on the continuing, cooperative, and compre
hensive transportation planning process mandated by 
23 U.S.C. §134(c) (3) and 23 C.F.R. §450.312; 

WHEREAS, on August 10, 2005, the Safe, 
Accountable, Flexible, and Efficient Transportation 
Equity Act: A Legacy for Users (SAFETEA-LU) was 
signed into law, Pub. L. No.1 09-59, Title VI, Section 
6001 (a), 119 Stat. 1839. SAFETEA-LU includes new 
and revised metropolitan transportation planning pro
visions and requires that all state and MPO actions on 
RTPs and RTIPs (including amendments, revisions or 
updates) comply with the SAFETEA-LU planning provi
sion beginning July 1 , 2007; 

WHEREAS, SCAG staff conducted an analysis 
of the 2004 Regional Transportation Plan (,,2004 
RTP") which was in place at the time of the enact
ment of SAFETEA-LU, and thereafter identified the 
key issues or "gaps" in the 2004 RTP which needed 

to be addressed in order to comply with SAFETEA
LU. The effort led to the Regional Council's adoption 
in March 1, 2007 of an Administrative Amendment 
to the 2004 RTP (hereinafter referred to as the 
"Administrative Amendment") addressing these gaps. 
The Administrative Amendment to the 2004 RTP also 
allowed SCAG to take advantage of the four-year 
update cycle under SAFETEA-LU such that SCAG can 
adopt the next RTP update by the spring of 2008; 

WHEREAS, in accordance with SAFETEA-LU, 
SCAG also approved and adopted a Public Participation 
Plan on March 1,2007, to serve as a guide for SCAG's 
public involvement process. This Public Participation 
Plan was further amended on October 4, 2007, to 
provide more explicit details as to SCAG's strategies, 
procedures and techniques for public participation on 
the RTP, RTIP and the Overall Work Program (OWP); 

WHEREAS, the Metropolitan Transportation 
Planning Final Planning Rule ("Final Rule") was pro
mulgated by the U.S. Department of Transportation 
Federal Highway Administration and Federal Transit 
Administration on February 14, 2007, and became 
effective on March 16,2007. The Final Rule included, 
among other things, more specific requirements relat
ing to the content of metropolitan transportation plans 
(also known as RTPs). 

WHEREAS, updates to the RTP must be consis
tent with all other applicable provisions of federal and 
state law including: 

(1) SAFETEA-LU (23 U.S.C. §134 et seq.); 

(2) The metropolitan planning regulations at 23 C.F.R. 
Part 450, Subpart C (i.e. the provisions of 23 C.F.R. 
§450.300 et seq. as set forth in the Final Rule); 

(3) California Government Code §65080 et seq.; Public 
Utilities Code §130058 and 130059; and Public 
Utilities Code §44243.5; 

(4) §§174 and 176(c) and (d) of the Federal Clean Air 
Act [42 U.S.C. §§7504 and 7506(c) and (d)]; 

(5) Title VI of the 1964 Civil Rights Act and the Title VI 
assurance executed by the State pursuant to 23 
U.S.C. §324; 
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(6) The Department of Transportation's Final 
Environmental Justice Strategy (60 Fed. Reg. 
33896 (June 29, 1995)) enacted pursuant to 
Executive Order 12898, which seeks to avoid 
disproportionately high and adverse impacts on 
minority and low-income populations with respect 
to human health and the environment; and 

(7) Title II of the 1990 Americans with Disabilities Act 
(42 U.S.C. §§12101 et seq.) and accompanying 
regulations at 49 C.F.R. §27, 37, and 38; 

WHEREAS, SCAG staff has been engaged in the 
preparation of the 2008 RTP update since the spring of 
2007, with a focus on maintaining and improving the 
transportation system through a balanced approach 
that considers system preservation, system operation 
and management, improved coordination between 
land-use decisions and transportation investments, 
and strategic system expansion to accommodate 
future growth through the year 2035; 

WHEREAS, the 2008 Draft RTP was released by 
SCAG's Transportation and Communications Committee 
(TCC) on December 6, 2007 for public review and 
comment, and a Notice of Availability was issued. The 
2008 Draft RTP included a financially constrained plan 
and a strategic plan. The constrained plan includes 
transportation projects that have committed, available 
or reasonably available revenue sources, and thus are 
probable for implementation. The strategic plan is an 
illustrative list of additional transportation investments 
that the region would pursue if additional funding and 
regional commitment were secured; and such invest
ments are potential candidates for inclusion in the con
strained RTP through future amendments or updates. 
For purposes of the 2008 RTP update, the strategic plan 
is provided for information purposes only and is not part 
of the financially constrained and conforming RTP; 

WHEREAS, the 2008 Draft RTP also included 
a financial plan identifying the revenues available 
to support the SCAG region's surface transportation 
investments. The financial plan was developed fol
lowing basic principles including incorporation of 
county and local financial planning documents in the 

region where available, and utilization of published 
data sources to evaluate historical trends and augment 
local forecasts as needed; 

WHEREAS, pursuant to 23 C.F.R. §450.316(b) 
(1)(iv), SCAG must provide adequate public notice 
of public involvement activities and time for public 
review and comment at key decision pOints, including 
approval of plans and transportation improvement 
programs. SCAG followed the provisions of its adopted 
Public Participation Plan and subsequent Amendment 
No. 1 regarding public involvement activities for the 
2008 RTP. For example, three duly-noticed public 
hearings were conducted within the SCAG region to 
allow stakeholders, elected officials and the public to 
comment on the 2008 Draft RTP; 

WHEREAS, the 2008 Draft RTP serves as the 
basis of the 2008 Final RTP, and addresses public 
comments and issues relating to projects and other 
relevant data which arose subsequent to the release of 
the 2008 Draft RTP. The public comment period for the 
2008 Draft RTP closed on February 19, 2008. SCAG 
received approximately 150 written comments. Staff 
has fully considered these comments in preparing the 
2008 Final RTP; 

WHEREAS, there were several comments relat
ing to the Growth ForecasttLand Use discussion in 
the 2008 Draft RTP. In part because of the public 
comments, the Regional Council on March 6, 2008, 
approved the Baseline Growth Forecast with a state
ment of advisory land use policies! strategies for the 
2008 Final RTP; 

WHEREAS, there were also project-specific com
ments made as part of the public comment period. 
Additional information was also provided regarding 
certain transportation projects that were included in 
the 2008 Draft RTP, contingent upon adequate docu
mentation that these projects meet the fiscal constraint 
requirements. Based upon staff's analysis as well as 
input from the TCC and Regional Council, the projects 
in the 2008 Final RTP represent projects which meet 
the fiscal constraint requirements of SAFETEA-LU and 
the Final Rule; 
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WHEREAS, in non-attainment and maintenance 
areas for transportation-related criteria pollutants, 
the MPO, as well as the FHWA and FTA, must make a 
conformity determination on any updated or amended 
RTP in accordance with the Federal Clean Air Act to 
ensure that federally supported highway and transit 
project activities conform to the purpose of the State 
Implementation Plan (SIP); 

WHEREAS, transportation conformity is based 
upon a positive conformity finding with respect to 
the following tests: (1) regional emissions analysis, 
(2) timely implementation of Transportation Control 
Measures, (3) financial constraint, and (4) interagency 
consultation and public involvement; 

WHEREAS, the 2008 Draft RTP included the 
Draft Conformity Report which concluded with a 
positive transportation conformity determination for all 
applicable non-attainment areas in the SCAG region. 
After the release of the Draft Conformity Report, SCAG 
was informed that the U.S. Environmental Protection 
Agency (EPA)'s review of the ozone and PM2.5 motor 
vehicle emission budgets for the South Coast Air Basin 
submitted by the California Air Resources Board (ARB) 
raised concerns such that the ARB was required to 
revise and resubmit the emission budgets to EPA. 
This requirement led to SCAG making appropriate 
revisions to the draft conformity analysis to reflect 
the new emissions budgets and release a subsequent 
Draft Conformity Report for an additional 30-day public 
review period ending April 28, 2008; 

WHEREAS, the Conformity Report contained 
in the 2008 Final RTP makes a positive transporta
tion conformity determination. Using the final motor 
vehicle emission budgets released by ARB and found 
to be adequate by EPA, this conformity determination 
is based upon staff's analysis of the applicable trans
portation conformity tests; 

WHEREAS, in accordance with the interagency 
consultation requirements, 40 C.F.R. 93.105, SCAG 
consulted with the respective transportation and air 
quality planning agencies, including but not limited to, 
extensive discussion of the Draft Conformity Report 

before the Transportation Conformity Working Group (a 
forum for implementing the interagency consultation 
requirements) throughout the update process; 

WHEREAS, SCAG is required to comply with 
the California Environmental Quality Act ("CEQA") 
[Cal. Pub. Res. Code § 21000 et seq.] in updating the 
Regional Transportation Plan; 

WHEREAS, SCAG released for public review and 
comment a Draft 2008 Regional Transportation Plan 
Program Environmental Impact Report ("Draft PEIR") 
on January 3, 2008; 

WHEREAS, the public comment period for the 
Draft PEIR closed on February 19, 2008. SCAG 
has fully considered these comments, and written 
responses to comments received are included in the 
Final PEIR Addendum; 

WHEREAS, prior to the adoption of this resolu
tion, the Regional Council certified the Final PEIR 
prepared for the 2008 Final RTP to be in compliance 
with CEQA; 

WHEREAS, the Final Rule stipulates that each 
project or project phase included in the RTIP shall be 
consistent with the approved RTP (23 C.F.R. Section 
450.324(g)); 

WHEREAS, this RTIP consistency requirement 
would be applicable with the Regional Council's 
adoption of the 2008 Final RTP. SCAG staff, therefore, 
amended the 2006 RTIP so as to be consistent with the 
2008 Draft RTP. Such amendment to the 2006 RTIP 
was referred to as "Amendment #06-13" to the 2006 
RTIP, and was released for public review by a Notice 
of Availability along with the 2008 Draft RTP and the 
Draft Conformity Report. The majority of changes to 
the 2006 RTIP included as part of RTIP Amendment 
#06-13 are modeling network changes (due to chang
es in project completion dates) and there are a few 
changes due to project description changes; 

WHEREAS, the Regional Council has had the 
opportunity to review the 2008 Final RTP and its 
related appendices, and consideration of the 2008 
Final RTP was made by the Regional Council as part of 

a public meeting held on May 8, 2008. SCAG region. 

NOW, THEREFORE BE IT RESOLVED, by the Regional 3. 
Council of the Southern California Association of 

In approving the 2008 Final RTP, the Regional 
Council also approves and adopts Amendment 
#06-13 to the 2006 RTIP, in order to address the 
consistency requirement of the federal law. 

Governments as follows: 

1. The Regional Council approves and adopts the 
2008 Final RTP for the purpose of complying with 
the requirements of SAFETEA-LU and all other 
applicable laws and regulations as referenced in 
the above recitals. In adopting this 2008 Final RTP, 
the Regional Council finds as follows: 

a. The 2008 Final RTP complies with all appli
cable federal and state requirements, including 
the SAFETEA-LU planning provisions. Specifically, 
the 2008 Final RTP fully addresses the require
ments relating to the development and content of 
metropolitan transportation plans as set forth in 23 
C.F.R.§450.322 et seq., including issues relating to: 
transportation demand, operational and manage
ment strategies, safety and security, environmental 
mitigation, the need for a financially constrained 
plan, consultation and public participation, and 
transportation conformity. 

b. The 2008 Final RTP represents the SCAG region's 
collective vision for addressing our transportation 
needs through 2035 within the constraints of com
mitted, available, and reasonably available revenue 
resources. 

2. The Regional Council hereby makes a positive 
transportation conformity determination of the 
2008 Final RTP. In making this determination, the 
Regional Council finds as follows: 

a. The 2008 Final RTP passes the four tests and 
analyses required for conformity, namely: region
al emissions analysis; timely implementation of 
Transportation Control Measures; financial con
straint analysis; and interagency consultation and 
public involvement. 

b. The effective date of the transportation conformity 
determination is deferred to the effective date of 
the adequacy findings made by the U.S. EPA 
regarding applicable emission budgets for the 

4. In approving the 2008 Final RTP, the Regional 
Council approves the staff findings as set forth in 
its reports and incorporates all of the foregoing 
recitals in this resolution. 

5. SCAG's Executive Director or his designee is autho
rized to transmitthe 2008 Final RTP and its confor
mity findings to the Federal Transit Administration 
and the Federal Highway Administration to make the 
final conformity determination in accordance with 
the Federal Clean Air Act and EPA Transportation 
Conformity Rule at 40 C.F.R. Parts 51 and 93. 

APPROVED AND ADOPTED by the Regional Council of 
the Southern California Association of Governments at 
a regular meeting this 8th day of May 2008. 

~tap 
Gary Ovitt 
President 

Fourth District Supervisor, 
San Bernardino County 

Attested by: 

Hasan Ikhrata 
Executive Director 

Approved as to Form: 

C(fw\15~ 
Joe Burton 

Chief Counsel 
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S
uccess in transportation and transportation planning is about making 

the connections, whether it's connecting from bike to bus or truck to 

rail; relating the travel choices we make with environmental conse

quences; ensuring that land-use and transportation planning go hand 

in hand, or more equitably linking our transportation financing mechanisms 

to those who benefit directly from use of the system. The 2008 Regional 

Transportation Plan (RTP) connects the six-county region of Imperial, Los 

Angeles, Orange, Riverside, San Bernardino, and Ventura Counties to a future 

vision in which innovative solutions address the daunting challenges we face 

today. 

The 2008 RTP presents the transportation vision for this region through the 

year 2035 and provides a long-term investment framework for addressing the 

region's transportation and related challenges. The Plan is the culmination 

of a multi-year effort focusing on maintaining and improving the transporta

tion system through a balanced approach that considers system preservation, 

system operation and management, improved coordination between land-use 

decisions and transportation investments, and strategic expansion of the sys

tem to accommodate future growth. 

Leadership, vision, and progress are three main components of the Southern 

California Association of Government's (SCAG) Mission Statement that ap

ply to the RTP development process. In demonstrating a commitment to 

leadership, SCAG identified regional goals that reflect a balanced approach 

to transportation planning and decision-making. In providing a vision, the 

SCAG Regional Council adopted policies to guide the development of the 

RTP and identified transportation priorities for the region. Lastly and most 

importantly, in its commitment to demonstrate progress, SCAG continues to 

rely extensively on performance measurement as a means to identify the most 

beneficial investments for the region (see Table 1). Together, these elements 

contribute to a strong and focused RTP. 

TABLE 1 RTP GOALS AND RELATED PERFORMANCE OUTCOMES 

RTP Goals 

Maximize mobility and accessibility for 
all people and goods in the region 

Ensure travel safety and reliability for 
all people and goods in the region 

Preserve and ensure a sustainable 
regional transportation system 

Maximize the productivity of our 
transportation system 

Protect the environment, improve air 
quality and promote energy efficiency 

Encourage land use and growth 
patterns that complement our 
transportation investments and improve 
the cost -effectiveness of expenditures 

Maximize the security of our transportation 
system through improved system monitor
ing, rapid recovery planning, and coordina
tion with other security agencies* 
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* SCAG does not yet have an agreed·upon security performance measure; therefore, it is not included in this table. 

This forward-looking Plan consists of two sections: a financially constrained 

plan and a strategic plan. While the constrained plan includes strategies that 

have committed, available, or reasonably available revenue sources, the stra-
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tegic plan identifies further needs that require further study and consensus 

building before difficult decisions can be made as to whether the region is 

willing to commit funds to include them in a future RTP's constrained plan. 

Transportation Planning Challenges 
The SCAG Region is one of the largest and most complex metropolitan areas 

in the nation, and its transportation challenges are equally large and complex. 

Growth trends and travel patterns in the SCAG Region pose difficult chal

lenges for our multimodal transportation system. 

THE SHAPE AND PATTERN OF FUTURE GROWTH 

Southern California is running out of land to support low-density future 

growth. The ocean and mountains pose natural barriers to development. En

vironmentally sensitive areas, such as coastal wetlands and natural habitat 

areas, hem in the region and dot the urbanized area. A significant amount of 

land is also owned by the state and federal governments for the public benefit 

12 EXECUTIVE SUMMARY 

and is off limits to development. The centrifugal force of growth continues to 

push the development footprint of the urbanized area outward. At the same 

time, pushing back on dispersed development are natural barriers, financial 

constraints to pay for outward expansion, and public resistance to unsustain

able "leap frog" growth into green fields and sensitive habitat areas. Nearly 

all natural locations for urban development have been consumed, leaving us 

with hard choices about how we are to grow and change to meet the demands 

of the future. 

The SCAG Region is the second-most populated metropolitan area in the Unit

ed States. Nearly one-half of all Californians live in the SCAG Region, and 1 

in 17 people living in the entire United States resides here. By July 1, 2007, 

the region's population had reached 18.6 million residents, having grown by 

2 million residents (12 percent) from just seven years ago. Furthermore, the 

region saw greater population growth between 2000 and 2007 (2 million resi

dents) than that which occurred throughout the 1990s (1.9 million residents). 

By the year 2035, the region is projected to be home to 24 million residents. 

As the region grows, the average person will be older due to aging "baby 

boomers," and Hispanics will become the majority ethnic group. These shift

ing demographic patterns will influence future travel behavior as the elderly 

tend to travel less and recent immigrants tend to use public transportation 

more than other population groups. 

MOBILITY CHALLENGES 

The projected growth is expected to place even greater demands on the trans

portation system. The SCAG Region is served by an extensive multimodal 

transportation system addressing all aspects of travel in the region, including 

commuters; shoppers; public transit patrons; truckers delivering goods both 

regionally and locally, such as groceries to the local supermarkets; as well as 

fire, police, and other emergency personnel. The roadway and freight rail net

works serve the largest maritime ports system in the United States (the Ports 

of Long Beach, Los Angeles, and Hueneme) and a number of large airports, 

including the fifth-largest airport in the world (Los Angeles International Air-

AR0072417 



port-LAX). But as impressive as this system may seem, it has not kept pace 

with population growth and transportation demand. 

Although the region's population has more than doubled since 1970, expendi

tures on the roadway system have actually decreased significantly since then. 

As a result, traffic delays have nearly tripled over the last twenty years, and 5.7 

million person-hours are lost each day to traffic delays. Additionally, traffic 

bottlenecks (caused by merges, weaves, lane drops, stalls, accidents, and other 

factors) result in reduced roadway productivity. This "lost" capacity in the 

AM peak period, attributable to a large extent to non-recurring incidents such 

as accidents, weather conditions, stalled vehicles, etc., could have the effect 

of the loss of approximately 286 lane-miles of freeway capacity when it is 

needed the most. The cost of physically adding this lost capacity by widening 

existing facilities would exceed $4 billion. 

Beginning in the 1980s, a major shift occurred away from building roadways 

and into transit projects and services. Between 2000 and 2005, regional tran

sit use increased by more than 16 percent, and in 2005, our region reached 

the highest ridership per capita in about 20 years. However, as we are far 

from having a "complete" public transportation system with frequent service, 

extensive coverage, and good connectivity, less than 3 percent of all trips and 

person-miles traveled are taken on public transit. 

AGING INFRASTRUCTURE 

The need to preserve our transportation assets adequately was brought to the 

nation's attention after the Minnesota I-3SW bridge collapse during the sum

mer of 2007. We must recognize that our roadway network and transit systems 

developed over the past decades are aging. These regional assets represent 

hundreds of billions of dollars of investments that must be protected in order 

to serve us and future generations. Without these assets, or even a portion of 

these assets, the region's mobility would be significantly compromised. 

Unfortunately, our region's roadways, especially the State Highway System, 

owned and operated by Caltrans, have not been maintained adequately due to 

constrained state and federal funding. Deferred maintenance leads to higher 

costs. Whereas pavement surface damage requires an investment of $64,000 

per lane-mile to bring it to a state of good repair, the costs escalate significantly 

if these investments are not secured in a timely manner. The costs for minor 

damage repair escalate more than fivefold to $387,000, and the costs for major 

damage repair escalate to an astronomical $900,000 per lane-mile. 

EXPLOSIVE GROWTH IN GOODS MOVEMENT 

The SCAG region's goods movement system serves as the gateway for both 

international and domestic commerce. Supported in part by its geographi

cal advantages such as deep-water marine ports, highly developed network 

of highways and railways, availability of transloading facilities, and its large 

internal market, goods movement is the fastest-growing segment of the re

gion's transportation sector. Every state in the nation receives goods that pass 

through Southern California, and the region is a cornerstone of the nation's 

global competitiveness. 

The San Pedro Bay Ports, which include the Los Angeles and Long Beach Ports, 

currently handle approximately 40 percent of the volume imported into the 

country and approximately 24 percent of the nation's exports, and one out of 

every seven jobs in Southern California depends on this trade. Container vol

ume processed by the San Pedro Bay Ports grew by almost 60 percent in volume 

between the years 2000 and 2006, and is expected to nearly triple by 2030. 

As the only deep-water port between Los Angeles and San Francisco, the Port 

of Hueneme in Ventura County is a major shipping point for automobiles, 

fresh fruit, and produce. Approximately $ 7 billion in cargo traverses through 

this Port annually, and trade-related activity generated by the Port contributes 

significantly to the local economy. 

Cross-border trade activity also contributes to the region's international trade 

growth, with the growth in Mexico's manufacturing industry increasing truck 

trips through Calexico East in Imperial County by 77 percent between 1994 

and 2005. 
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More than 75 percent of the containers processed by the ports in 2006 and 2007 

involved a truck trip within the SCAG Region, either to a rail intermodal facil

ity, a warehouse, or a transload facility. These trucks contribute to the existing 

congestion in the region and will contribute to future congestion even more, 

as the number of trucks is projected to more than double for several major 

freeways by 2030. 

Recent projections included in SCAG's Inland Empire Railroad Main Line 

Study suggest that the number of freight trains on most Burlington Northern 

Santa Fe (BNSF) and Union Pacific (UP) lines will more than double between 

2000 and 2025 in response to a tripling of container volume at the San Pedro 

Bay Ports. Freight rail poses serious quality-of-life issues for many communi

ties. Some towns and cities witness 100 trains per day that literally split their 

communities into two sections for extended periods of time. 

AVIATION CAPACITY AND GROUND ACCESS CONSTRAINTS 

The SCAG Region supports the nation's largest regional airport system in 

terms of number of airports and aircraft operations, operating in a very com

plex airspace environment. These airports support both growing passenger 

and freight movement, and there are significant challenges in meeting the 

future airport capacity needs of Southern California. Work on SCAG's 2004 

RTP concluded that an Aviation Decentralization Strategy is needed to meet 

the forecast doubling of air passenger demand by 2030, from the current 90 

million annual passengers (MAP) to 170 MAP (according to the 2004 RTP). 

This is because the four urban air carrier airports in Los Angeles and Orange 

Counties are all highly constrained. Their collective acreage amounts to 5,540 

acres, which is less than 17 percent of the 34,000 acres of Denver Interna

tional, and less than the 7,700 acres of Chicago O'Hare. At 3,500 acres, LAX 

is a very small international airport despite being the third-busiest airport in 

the country and fifth-busiest in the world in terms of passengers served. All 

of these urban airports have little room to expand because of severe encroach

ment by surrounding communities. 
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AIR QUALITY, CLIMATE CHANGE, AND ENERGY CHALLENGES 

The SCAG Region continues to have the worst air quality in the nation de

spite improvements gained in the last two decades. The recently documented 

health impacts of air pollution on people living in the South Coast Air Basin 

are staggering. Of all the people nationwide who are exposed to PM2.5 levels 

that exceed the federal health-based standard, 52 percent live here. Of all the 

people statewide who are exposed to these levels, 82 percent live here. This 

is estimated to result in 5,400 premature deaths and 980,000 lost work days 

per year. 1 

Much of the region continues to exceed the National Ambient Air Quality 

Standards (NAAQS) identified in the Clean Air Act. Most of the SCAG Region 

is classified as non-attainment areas for some criteria pollutants. Further, as 

demonstrated by the recent Air Quality Management Plan (AQMP)/State Im

plementation Plan (SIP) efforts of local air districts and the Air Resources Board 

(ARB), the region's efforts to attain the NAAQS continue to be challenging, as 

the South Coast Air Basin, the Ventura County portion of the South Central 

Coast Air Basin, the Western Mojave Air Basin, and the Riverside County por

tion (Coachella) and the Imperial County portion of the Salton Sea Air Basin 

will all be "bumping up" to worse ozone non-attainment designations since 

they cannot achieve the NAAQS in the time previously assumed. Further, 

the attainment plan to meet the ozone standard in the South Coast Air Basin 

includes undefined long-term ("black box") measures of approximately 200 

tons per day of nitrogen oxides (NOx), which is a daunting amount of as-yet

unidentified emission reductions. Of additional concern are the upcoming 

24-hour PM2.5 standards, which will require even greater reductions as well 

as possibly more stringent ozone standards. Consequently, the ARB, South 

Coast Air Quality Management District (SCAQMD), and SCAG are committed 

to producing a white paper that identifies strategies to address the shortfall 

issues. Furthermore, there are strategies and programs in this Plan that will be 

incorporated into the white paper. 

1 Personal Communication, Richard Bode, California Air Resources Board, 2007. 
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In addition to the aforementioned challenges, efforts to reduce greenhouse 

gases (GHG) will present another tremendous challenge to the transportation 

sector. Transportation is the largest source of GHG emissions in California, 

representing 38 percent of emissions, and emissions from the transportation 

sector have grown more rapidly than from other sources over the past ten 

years. 2 California is the second-largest emitter of GHG emissions in the United 

States and the twelfth-largest emitter in the world, exceeding most nations. 

At the same time, environmental and geopolitical factors are causing energy 

experts to question the long-term viability of a fossil fuel-based energy fu

ture. Travel demand forecasts generally assume that the future will include 

an abundant and relatively inexpensive supply of transportation fuels. If 

transportation fuel prices continue to increase, it would have a ripple effect 

on numerous areas including construction costs, gas tax revenue, travel and 

aviation demand, air emissions, mode choice and growth patterns. One area 

of uncertainty is how commuters may respond to higher gasoline prices. For 

example, a recent study suggests that with a ten percent increase in the gas 

price, there is a less than one percent change in gas consumption, while other 

data show that an increase in gas prices coincides with an increase in transit 

ridership. In addition, growth patterns may alter future demand for transpor

tation fuels. Mixed land uses (Le., residential developments near work places, 

restaurants, and shopping centers) with access to public transportation have 

been shown to save consumers over SOO gallons of gasoline per year.3 Energy 

uncertainty requires serious consideration and further study. 

TRANSPORTATION FINANCE CHALLENGES 

While this region does not lack the creativity and resolve to develop innova

tive solutions to our problems, we continue to face shortfalls in transportation 

funding. As the critical factor that often determines whether beneficial proj

ects can be implemented, transportation finance is perhaps the region's most 

imminent challenge. The following briefly describes current and projected 

2 United States Department of Transportation, Federal Highway Administration. Transportation 
and Global Climate Change: A Review and Analysis of the Literature. Gune 1998.) DOT-T-97-03. 

3 Victoria Transport Policy Institute. Transportation Demand Management Encyclopedia. 

challenges that are likely to impact transportation revenues within the 2008 

RTP time frame. 

Over the past four decades, transportation revenues (from gasoline taxes col

lected per gallon) in California have not kept pace with the state's ever-evolv

ing demographic characteristics. Indicators such as vehicle miles traveled, 

population, and personal income growth have all outpaced the rate of trans

portation revenue growth. In addition, gas taxes are collected in cents per 

gallon. Without periodic adjustment or indexing, these funds will not keep 

pace with needs. Although the passage and recent renewal of local "self-help" 

transportation sales taxes have greatly improved funding for transportation, 

gasoline tax revenues continue to decline in value due to inflation. 

The viability of the State Highway Account also remains a critical issue. The 

state's gasoline tax revenues are now exclusively dedicated to funding the 
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needs of the State Highway Operation and Protection Program (SHOPP)

at a level, however, that is considerably less than actual needs. Continued 

underinvestment in the rehabilitation and maintenance needs of the state 

highway system has serious ramifications-rapidly increasing the number of 

distressed lane-miles on the state highway system and eroding the condition 

of the state's bridges. In recent years, transportation has relied heavily on the 

State General Fund to pay for capacity-enhancing projects. Reliance on the 

State General Fund means that transportation funding is subject to the state's 

annual budget process, which can be lengthy and unpredictable. 

The need to establish a reliable and sustainable transportation funding source 

is even stronger, as the Federal Highway Trust Fund may not have enough 

resources to meet all of its obligations by the end of the decade. Expendi

tures authorized under SAFETEA-LU have outstripped revenues generated by 

the federal per-gallon gasoline tax. Accordingly, the viability of the Highway 

Trust Fund will be a critical issue in the discussions for the next round of the 

federal transportation reauthorization legislation, which will start in 2009. 

Finally, over the last four years, construction costs in California and the na

tion have increased at an unprecedented rate and much faster than general 

inflation. The recent run-up in construction prices is due to a variety of fac

tors, including a residential and commercial building boom as well as higher 

demand for construction materials in developing countries, most notably, 

China. Although these trends are likely to fluctuate, they have caused many 

transportation projects to exceed their budgets in the short term and made 

long-term project cost forecasting uncertain. 

Transportation Strategy 

SECURITY AND SAFETY FIRST 

The SCAG Region is vulnerable to many types of catastrophic events includ

ing earthquakes, floods, fires, hazardous material incidents, dam failures, civil 

unrest, transportation accidents, tsunamis and terrorism. Through hard expe

rience, California has in place an emergency and response structure designed 
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to be innovative for the different locations and types of emergencies. There 

are many agencies that will participate in the response to a disastrous event 

and ensure that their jurisdictions are prepared to respond to these hazards. 

This Plan details nine measures that SCAG, as a planning agency, will under

take to enhance the region's ability to achieve and sustain at-risk target levels 

of capability to prevent, protect against, respond to, and recover from major 

human-caused or natural events in order to minimize the threat and impact 

to lives, property, and the region. 

The mantra, "Safety First," applies to our transportation system no less than to 

any other sector of our region. When examined historically, fatal and injury 

collisions (rate per million vehicle miles traveled) have steadily decreased in 

California since the 1930s. As SCAG and Caltrans both recognize the con

tinuation of this positive trend as a priority, in 2007, the region fully funded 

highway collision reduction and emergency response needs, estimated at $317 

million and $110 million, respectively. In addition, this Plan forecasts expen

ditures of $10 billion for safety-related projects and services. Furthermore, 

in 200S, the Safe, Accountable, Flexible, Efficient Transportation Equity Act: 

A Legacy for Users (SAFETEA-LU) required that each state develop a Strategic 

Highway Safety Plan (SHSP), which this RTP must be and is consistent with. 

These actions emphasize the level of collaboration among SCAG, Caltrans, 

and its stakeholders to examine safety on a system basis so that the region can 

use all the tools available to decrease traffic injuries and fatalities. 

MANAGING OUR TRANSPORTATION SYSTEM WISELY 

Since our challenges are multifaceted, our approach to tackling them must 

be as well. The region recognizes that maintaining and improving mobility 

will no longer depend solely on expanding its transportation system. Instead, 

an integrated approach is needed to maximize mobility. State transporta

tion stakeholders have developed a tiered approach based on the idea that 

transportation investments would have more impact if they were prioritized 

strategically. Represented by the pyramid below, this approach frames the 

following discussion. 
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FIGURE 1 MOBILITY PYRAMID 

SYSTEM MONITORING AND EVALUATION 

First, it is imperative that we understand the problem in order to fix it. We 

must have an in-depth understanding of how our system performs and why 

it performs that way so that we can identify the optimal mix of strategies and 

projects that yield the highest returns on the region's investments. The base 

of the mobility pyramid, entitled "System Monitoring and Evaluation," is the 

foundation of sound system management. SCAG has developed performance 

measures to improve data collection and to track and monitor the progress 

of the transportation system so that the region can make informed decisions 

regarding transportation investments. For example, the Freeway Performance 

Measurement System (PeMS), developed by UC Berkeley, Caltrans, and the 

California Partners for Advanced Transit and Highways (PATH), has the abil

ity to measure freeway speeds, delay, and reliability for the regional freeway 

system. Additionally, transportation professionals and decision-makers have 

recently committed to improving the region's ability to properly fund the 

investments needed to comprehensively monitor and evaluate system per

formance. These investments include detection, closed-circuit television 

systems, bus global positioning systems, and automatic ridership counting 

systems. Although funding is modest for these activities, they lead to more 

informed decisions. 

MAINTENANCE AND PRESERVATION 

Over the decades, the region has invested hundreds of billions of dollars in 

our multimodal transportation system. Preserving these assets is a critical 

priority, especially as preservation needs have been historically underfunded 

in our region. On top of existing funding for preservation and maintenance, 

our highway system needs an additional $30 billion through 2035, and our 

arterial and transit system needs another $10 billion. 

Recognizing that every dollar expended today toward maintenance and pres

ervation will save much more in the future, this Plan commits $8 billion of 

new funding to preservation. 

INTEGRATED LAND USE AND DEMAND MANAGEMENT 

Integrated Growth Forecast 

The Baseline Growth Forecast sets the stage for a future regional growth sce

nario, as it ties housing to transportation planning, considering both needs si

multaneously in communities throughout the region. This approach ensures 

that the resulting assumptions are consistent with planned transportation 

infrastructure. Based on a combination of recent and past trends, reason

able key technical assumptions, and existing and new local policy options, 

the Baseline Growth Forecast provides the basis for developing the land use 

assumptions at the regional and small-area levels which build the 2008 RTP 

Plan Alternative. 
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• Plan for additional housing and jobs near transit 

• Plan for a changing demand in types of housing 

• Continue to protect stable existing single-family areas 

• Ensure adequate access to open space and preservation of habitat 

• Incorporate local input and feedback on future growth 

Travel Demand Management (TOM) 

In an effort to address travel demand, TDM strategies are designed to influence 

an individual's travel behavior by making alternatives to the single-occupant 

automobile more attractive, especially during peak commute periods, or by 

enacting regulatory strategies. Some examples of TDM strategies are carpools 

and vanpools, public transit, non-motorized modes, congestion pricing, and 

providing the public with reliable and timely traveler information. 

In total, this Plan dedicates over $1.3 billion to TDM investments. 

Increasing Rideshare (Carpool and Van pool) 

Advisory Land Use Policies and Strategies The SCAG Region continues to invest heavily in High-Occupancy Vehicle 

The 2008 RTP Plan Alternative incorporates the Baseline Growth Forecast (HOV) infrastructure that provides incentives for commuters to share rides 

and the approved transportation network. However, in the rapidly growing with others. While HOV utilization is growing over time, the percent of to

SCAG Region, these trends could be tempered, and in some cases bolstered, by tal travelers using carpools and vanpools is not. SCAG and its partners will 

policies and strategies designed to improve future travel patterns and vehicle strengthen their efforts to encourage this efficient mode, which reduces travel 

emissions. In response, SCAG adopted a set of advisory land use policies and time and improves air quality. 

strategies for future regional planning efforts and for localities to consider as 

they accommodate future growth. These policies and strategies were founded 

upon the principles developed through the regional growth visioning efforts 

begun in 2001. 

• Identify regional strategic areas for in fill and investment 

• Structure the plan on a three-tiered system of centers development 

• Develop "complete communities" 

• Develop nodes on a corridor 
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Increasing Work at Home 

Increasing the number of workers who work at home (self-employed, home

based business owners) or who telework/telecommute (wage and salary em

ployees conducting some or all of their work from home) decreases home

based work trips, vehicle-miles of travel, congestion, and vehicle emissions. 

National and regional surveys of those who telecommute indicate that it is 

a lack of support and trust from "management," rather than the provision 

of equipment or the desire of workers to telecommute, that hampers the 

growth of telecommuting. Therefore, this Plan recommends formalizing and 
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expanding partnerships among public- and private-sector stakeholders, and 

to promote telecommuting to increase opportunities for workers regionally to 

telecommute in lieu of daily commuting. 

Non-Motorized Transportation 

Bicycling and walking play an important role in our transportation system. 

According to the 2001 National Household Travel Survey, SO percent of all 

trips made nationwide in urban areas were shorter than 3 miles, and 28 per

cent of all trips were under 1 mile. These trips are ideal for biking, walking, 

and transit or a combination of those modes of travel. 

region has built a vast and expensive transportation system, which can be 

tweaked and modernized to carry more people and goods in a day or during 

peak commute conditions. Such investments include implementing advanced 

traffic control strategies such as signal coordination and ramp metering, im

proved incident management, and smaller physical infrastructure modifica

tions such as auxiliary lanes. 

Recognizing that funding productivity improvements provides a higher return 

on investments than most other transportation projects, this Plan allocates an 

additional $2 billion, representing 20 percent of the region's operations improve

ment shortfall. As these allocations are programmed and implemented, SCAG 

Regionwide, however, our average commute distance to work is 19.2 miles, hopes that the benefits will become apparent to decision-makers and the public, 

too far for many bicyclists and all pedestrians. However, the integration be- and that additional funding can be secured to address the remaining shortfall. 

tween bicycle and transit nodes offers the opportunity to extend the com

muting range of bicyclists. Bicycle transportation infrastructure has a role 

in regional mobility and air quality improvements. Every automobile driver 

that switches to an alternative transportation choice (walking, bicycling, us

ing transit) reduces air pollution, congestion, the need for increasing roadway 

capacity, and improves public health. 

Bicycle and pedestrian improvements are included as part of many larger 

street maintenance and construction projects, and should always be included 

in general plan updates, with which SCAG can assist in the development 

through the Compass Blueprint Program. These investments and the support

ing policies all aim to maximize the benefits of this efficient mode of transpor

tation. In addition, this Plan supports several policies that aim to work with 

local governments and increase the safety, convenience, and attractiveness of 

bicycling and walking as modes of travel. 

The RTP allocates over $1.8 billion for non-motorized transportation. 

MAXIMIZING TRANSPORTATION SYSTEM PRODUCTIVITY 

Beyond managing our travel demand, this region needs to invest in maximiz

ing the productivity of our existing system and increase its efficiency. The 

Strategic Transit Service Policies 

In an effort to maximize transit productivity, this Plan calls upon regional 

transit operators to address significant challenges to achieve better operation

al efficiency, maintain a discipline of cost recovery through a consistent fare 

policy, embrace the use of performance metrics to better serve their existing 

customer base, and attract new transit users. The Plan encourages the regional 

transit operators to work cooperatively to offer complementary services, with 

ease of transfer between modes and operators. It further encourages utiliza

tion of new intelligent transportation system (ITS) technologies that measure 

system performance and offer their customers reliable "on-time" performance 

and real-time information. 

SYSTEM COMPLETION AND EXPANSION 

Beyond the preceding strategies and improvements that have been evaluated 

thus far, the past and future growth in transportation demand calls for the 

expansion of our existing transportation system. As such, more than half 

of the available transportation revenues in the region are dedicated to the 

completion and expansion of our people and goods movement transportation 

systems. 
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Highway Improvements 

Major categories of highway improvements included in this Plan are HOV 

lanes and connectors, mixed-flow (or general purpose) lanes, toll facilities and 

High-Occupancy Toll (HOT) lanes, and strategic arterial improvements. A sig

nificant number of system expansion projects have already been committed 

through SCAG's Regional Transportation Improvement Program (RTIP) for the 

highway network. These priority projects close critical gaps in the system, 

relieve significant bottlenecks, and address inter-county travel needs. 

HOV Gap Closures and Connectors 

Southern California has invested heavily in HOV lanes, producing one of the 

nation's most comprehensive HOV networks and highest rideshare rates. Sev

eral experiments involving HOV lanes are being conducted throughout the 

region in an effort to improve the functionality of this already-proven TDM 

strategy. In 2007, the first continuous-access HOV lanes opened on SR-22 in 

Orange County. Since the HOV lane system is a regional network, operations 
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should be coordinated across jurisdictional boundaries to optimize perfor

mance and minimize confusion. SCAG supports further study and evaluation 

of these proposed operational changes to the HOV lane system to fully under

stand the mobility, safety, and air quality impacts, as well as any implications 

for a proposed regional HOT lane system. 

This Plan includes many additional investments to extend the HOV network, 

strategically close gaps in the HOV network, and construct additional direct 

freeway-to-freeway connectors to maximize the overall system performance 

by minimizing weaving conflicts and maintaining travel speeds. 

Mixed Flow 

Since mixed-flow lanes carry more traffic than any other component of our 

transportation system, mixed-flow capacity enhancements are also necessary 

to address traffic bottlenecks and relieve congestion on heavily traveled cor

ridors. This is especially true in areas outside of the urban core where transit 

service and the HOV network are not fully developed. This Plan includes a 

variety of mixed-flow lane additions, the majority of which are located out

side of Los Angeles County. 

Toll and High-Occupancy Toll (HOT) Lane Corridors and Facilities 

This Plan also includes the expansion of the existing HOT lane and toll road 

system in Orange County to address the congested commuter corridor be

tween housing-rich Riverside County and job-rich Orange County. Addition

ally, improvements to several major corridors in other parts of the region are 

proposed to be financed by tolls, including the SR-71O Gap Closure and the 

High Desert Corridor. 

Transit 

The RTP's Integrated Land Use and Transit policies and strategies work hand 

in hand to improve mobility and air quality. The investment in new rail and 

bus transit corridors has spawned investment throughout the region in new 

housing, retail, and business development at and near transit stations. Since 

2003, the region has experienced substantial growth in daily regional transit 
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trips as transit has become an increasingly integral mode of transportation for 

the movement of people to and from home, work, school, shopping, and cul

tural and recreational activities. 

This Plan recommends closing critical gaps in the transit system to improve 

service, and extending routes to serve a greater number of passengers. In ad

dition, the coordination of development in and around transit stations and 

corridors, improved service reliability and performance, and a highly focused 

transit capital investment program appear to yield the best results within the 

budget limitations that the region faces. 

Heavy and light rail projects are planned for Los Angeles County, while Orange 

County focuses on several new bus rapid transit (BRT) corridors. Riverside and 

San Bernardino Counties are planning a mix of new rail and BRT projects. 

Aviation 

SCAG's Regional Aviation Decentralization Strategy is very similar to the 2030 

decentralized regional aviation system adopted for the 2004 RTP. It respects 

all legally enforceable policy and physical-capacity constraints at urban air

ports. It also assumes much more willingness on the part of the airlines to 

invest in new flights at new and emerging airports, and a package of market 

and ground access incentives to promote decentralization at underutilized 

suburban airports. 

Airport Ground Access 

The Regional Aviation Decentralization Strategy calls for making substantial 

airport ground access improvements throughout the region, in both the short 

term and long term. 

The short-term program emphasizes relieving immediate bottlenecks around 

airports through arterial, intersection and interchange improvements, and 

increasing transit access to airports. To this end, SCAG is working with Los 

Angeles World Airports (LAWA) on planning and programming a regional 

system of FlyAways, based on the very successful Van Nuys flyAway, where 

passengers park their cars and take a bus to LAX. The locations of the pro

posed new FlyAways can be optimized by taking advantage of the region's 

developing HOV and light and heavy rail networks that can provide direct 

linkages to Ontario and Palmdale as well as LAX. Making seamless HOV and 

rail connections with enhanced service to those and other suburban airports 

will also compose SCAG's short- and medium-range airport ground access 

strategy. The flyAway, HOV and rail improvements to the suburban airports 

will help establish a pattern of decentralization, by attracting a critical mass of 

passengers and airline service at those emerging airports. 

In the long run, however, the region will need a high-speed rail system, dis

cussed below, to reach our adopted air passenger and air cargo forecasts. The 

high speed, reliability, and predictability of high-speed airport access will be 

needed to overcome the increasing unpredictable traffic congestion. For ex

ample, the Initial Operating Segment (lOS) of SCAG's proposed High-Speed 

Regional Transport (HSRT) system from West Los Angeles to Ontario will take 

only 33 minutes to travel from end to end. Therefore, the regional high-speed 

rail system is an integral component of the 2008 RTP Preferred 2035 regional 

aviation demand forecast. 

High-Speed Regional Transport (HSRT) 

SCAG has advanced a vision of regional transport based on high-performance, 

high-speed, and environmentally sensitive alternatives. An HSRT system has 

the potential for relieving both airport and freeway congestion in urbanized 

areas by providing an alternative to the automobile as well as making less-con

gested airports more accessible to air travelers, and providing alternative capac

ity for freight movement in the region. 

The HSRT system is a long-term vision connecting the region's ports, airports, 

and urban activity centers. The system can be constructed in multiple stages 

that can each be financially viable. The financial performance will be en

hanced as the system is extended throughout the region and the volume of 

users increases. The HSRT plan is constructed on three core components: a 

goods movement/logistics component to connect the San Pedro Bay Ports 
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investments. These investments integrate air quality mitigation into the 

goods movement system improvements, yielding substantial air quality ben

efits and reducing its current and long-term impacts on public health and the 

environment. 

Dedicated Lanes for Clean-Technology Trucks 

Over the past several RTP updates, the region has been exploring dedicated 

truck-lane facilities and continues to refine the concept of such user-support

ed corridors to improve the flow of goods. More recent effort has focused on 

adding dedicated truck lanes for clean-technology vehicles along truck-inten

sive corridors in Southern California. Operationally, such a corridor would be 

aligned to connect freight-intensive locations such as the Ports, warehousing/ 

distribution center locations, and manufacturing locations. These dedicated 

facilities would have fewer entrance/egress locations than typical urban inter
with an inland port facility via the high-speed, high-capacity link; an aviation states to smooth the flow of goods. 
system component to create a direct and reliable link capable of connecting 

airports and urban centers; and a surface transport system component to link 

urban activity centers throughout the region. 

Another high-speed regional transport project being studied is a magnetically 

levitated train between Las Vegas and Anaheim by the California-Nevada Su

per Speed Train Commission (CNSSTC) that would include a critical Anaheim

Ontario segment, which would further the airport decentralization strategy 

for the region. Also, the California High-Speed Rail Authority (CHSRA) is 

charged with planning, designing, constructing, and operating a high-speed 

steel wheels on steel rails train system that would connect Northern and 

Southern California. This system contains 210 miles planned in the SCAG 

Region, including a 30-mile segment between Orange County and LA Union 

Station. 

Goods Movement Strategies 

To enable the region to handle the dramatic growth in the goods movement 

sector, the Plan calls for approximately $13 billion in freight rail investments, 

nearly $18 billion in a freight HSRT system, and over $5 billion in highway 

22 EXECUTIVE SUMMARY 

This proposal has the potential to relieve many of the negative truck impacts 

in Southern California such as recurrent delay, pavement deterioration, safety, 

emissions, and design deficiencies. Dedicated truck lanes would also increase 

reliability in the freeway system. Despite these benefits, substantial finan

cial constraints as well as environmental impact considerations could hinder 

project implementation. Recognizing these challenges, the 2008 RTP funds 

the 1-710 segment as the first phase of a comprehensive system that addresses 

truck-related issues in the region. This segment includes roughly 78 lane

miles (two lanes in each direction) of dedicated lanes for clean-technology 

trucks along alignments extending from Ocean Blvd. in Long Beach to the 

intermodal railroad yards in Commerce/Vernon. This represents an invest

ment of over $5 billion. 

The region's longer-term strategic vision would include an east-west corridor 

and the 1-15 freeway, serving strategic distribution centers in Barstow. Major 

corridor studies have already been completed for 1-710, SR-60, and 1-15. An 

Environmental Impact Report/Environmental Impact Statement (EIR/EIS) and 

preliminary engineering are currently underway for the 1-710. The techni-
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cal analysis for the 2008 RTP assumes the implementation of dedicated lanes 

accommodating clean-technology vehicles along the 1-710 corridor until a 

preferred alternative is identified by the EIR/EIS. 

Regional Freight Rail Investment and Emission-Reduction Package 

Freight rail investments consist of additional mainline capacity, grade sepa

rations, and locomotive engine upgrades. About half of the rail-related in

vestments are for grade crossing separations, which reduce traffic congestion, 

improve safety, and reduce pollution. Substantial air quality benefits can be 

realized by accelerating fleet modernization with cleaner technologies. 

The UP and BNSF mainlines east of downtown Los Angeles will reach capac

ity before the end of the decade and will need to be triple-tracked or even 

quadruple-tracked in some segments. Investments in this Plan include $3.2 

billion in mainline rail capacity improvements, $6.0 billion to build an esti

mated 131 highway-rail grade separations east of downtown Los Angeles, and 

a total of $3.8 billion for accelerating upgrades to cleaner diesel locomotive 

engines-namely, Tier 4 engines. 

In March of 2007, the US Environmental Protection Agency (EPA) proposed 

new standards to reduce emissions from diesel locomotives: Tier 3 and Tier 4 ex

haust emission standards for newly built engines with high-efficiency catalytic 

after-treatment technology. Tier 3 engines will be available in 2009 and the 

associated estimated reduction in emissions is to less than SO percent of current 

conditions. The reduction in emissions from Tier 4 engines is estimated at 90 

percent of current conditions. This Plan assumes nearly $2 billion in federal 

EPA funding to subsidize the deployment of Tier 4 engines in the region. 

Alternative Technology-Based Goods Movement/Logistics 

The region is also exploring new alternative technology-based systems that 

can provide greater throughput and reliability with near zero emissions (the 

emissions would be only those associated with electricity generation). A recent 

analysis carried out by the lEI Group considered the application of an HSRT 

system for the movement of containers (logistics and systems technology) to 

and from the San Pedro Bay Ports. This container movement system would 

provide a high-capacity, fast, and efficient method of moving containerized 

cargo from the Ports to an inland port facility in San Bernardino. The system 

capitalizes on the inherent savings of multiple uses on a single infrastructure 

by operating on shared alignments with the HSRT passenger system. The 

technology permits operation of HSRT freight vehicles on a shared guideway 

with passenger vehicles even during peak hour service. Freight vehicle trips 

can be interspersed with passenger trips while still meeting required passen

ger vehicle headways. Additionally, full utilization of the freight line can be 

achieved during the passenger system's off-peak hours. The deployment of 

the HSRT system would create value in associated components which could in 

turn contribute to the HSRT's total financial performance. 

The connection for the HSRT system would begin at the Ports and join up 

with the IOS4 at a point just east of the Los Angeles Union Passenger Terminal 

(LAUPT). This alignment runs north-south and is assumed to follow a route par

allel to the 1-710/Alameda Corridor. After connecting to the lOS and other seg

ments, the freight-only service would be interspersed with passenger service. 

4 The Initial Operating Segment (lOS) is discussed in further detail in the supplemental HSRT 
Report and Appendices. 
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TABLE 2 SUMMARY OF SYSTEM COMPLETION AND EXPANSION 

PROJECT TYPES 

Project Type Cost 

Highway Improvements 

Mixed Flow Lanes and Interchanges/Ramps 

HOV 

Toll Lanes 

Arterial 

Transit Improvements 

Commuter Rail 

Heavy Rail 

Light Rail 

Bus Rapid Transit 

Bus 

Other Transit 

High-Speed Regional Transport 

Goods Movement Strategies 

Mainline Rail Capacity Improvements 

Highway-Rail Grade Separations 

Upgrade to Tier 4 Engines 

Alternative Technology-Based Goods Movement System 

Dedicated Lanes for Clean-Technology Trucks 

Truck Climbing Lanes 

Total 

$77.2 billion 

$26.2 billion 

$8.3 billion 

$25.6 billion 

$17.1 billion 

$44.0 billion 

$6.2 billion 

$5.7 billion 

$1.7 billion 

$0.9 billion 

$21.3 billion 

$8.2 billion 

$29.1 billion 

$36.4 billion 

$3.2 billion 

$6.0 billion 

$3.8 billion 

$17.9 billion 

$5.1 billion 

$0.4 billion 

$186.7 billion 

Figures reflect investments above current commitments in the Regional Transportation Improvement Program (RTIP). 
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MITIGATING ENVIRONMENTAL IMPACTS 

California law requires SCAG to prepare and certify a Program Environmental 

Impact Report (PEIR) prior to adopting the RTP. The PEIR evaluates the en

vironmental impacts of the RTP and proposes specific measures to mitigate 

impacts to the maximum extent feasible. Although this RTP, in and of itself, 

is a plan to mitigate the transportation-related effects of population growth, 

such as traffic congestion and poor air quality, because the transportation im

provements can result in additional growth, the PEIR goes further by recom

mending additional environmental mitigation at the program level for those 

resource areas that would be affected by the Plan (and associated growth) such 

as land use, open space, biological resources, water and energy. The section 

below summarizes the mitigation program. A list of all the mitigation mea

sures included in the 2008 RTP PEIR will be included in the Environmental 

Mitigation Report of the Final 2008 RTP. 

The general purpose of the mitigation measures included in the PEIR and 

summarized below is to identify how to protect the environment, improve 

air quality, and promote energy efficiency in concert with the proposed trans

portation improvements and related planning. They provide a framework 

through which implementing agencies and subregions can address the envi

ronmental impacts of RTP projects, while implementing RTP goals and poli

cies. The PEIR provides three different types of mitigation measures. The first 

type can be implemented by SCAG at the regional level. These measures are 

generally aimed at gathering additional information that can assist in measur

ing impacts and determining appropriate mitigation and promoting policies 

that reduce impacts. The second type of measures are to be implemented at 

the local level by implementing agencies, and individual cities and counties. 

These measures can strengthen planning documents to ensure for provision 

of mitigation in the planning process. The third type of measures are project 

specific and seek to reduce impacts for the myriad different types of projects 

anticipated in the region. As a programmatic document, many of the mea

sures in the PEIR refer to performance standards because site-specific condi

tions are not reasonably evaluated at the programmatic level. 
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SUMMARY OF THE ENVIRONMENTAL MITIGATION PROGRAM 
This Plan discusses mitigation for the following areas: 

• Open Space 

• Energy 

• Air Quality and Climate Change 

• Transportation 

• Population and Housing 

• Land Use 

• Aesthetics 

• Public Services 

• Biological Resources 

• Geology, Soils, and Seismicity 

• Cultural Resources 

• Water Resources 

• Hazardous Materials 

• Safety and Security 

• Noise 
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Financial Plan 
The 2008 RTP financial plan identifies how much money is available to sup

port the region's surface transportation investments including transit, high

ways, local road improvements, system preservation and demand manage

ment goals. It also addresses the need for investment in goods movement 

infrastructure. Improving ground access in and around major goods move

ment facilities, and enhancing major highways and railways are critical to 

maintaining the health of Southern California's economy. The 2008 RTP calls 

for traditional and non-traditional revenue sources for implementing a pro

gram of infrastructure and environmental improvements to keep both freight 

and people moving. 

The 2008 RTP financial plan identifies a number of new revenue sources to 

provide additional funding beyond existing transportation dollars. The SCAG 

Region's financially constrained plan includes a core revenue forecast of exist

ing local, state, and federal sources along with new funding sources that are 

reasonably available over the time horizon of the RTP. The plan also includes 

action steps to obtain the revenues necessary for implementing the region's 

transportation vision. 

In developing the financial plan, SCAG followed a few basic principles to 

guide its regional financial forecast: 

• Incorporate financial planning documents developed by local county 

transportation commissions and transit operators in the region where 

available; 

• Ensure consistency with both local and state planning documents; 

• Utilize published data sources to evaluate historical trends and augment 

local forecasts as needed; and 

• Recommend new funding sources that target beneficiaries of transporta

tion investments. 

26 EXECUTIVE SUMMARY 

REASONABLY AVAILABLE REVENUES 

There are several new funding sources that are reasonably expected to be avail

able. These sources will increase the revenues available for the 2008 RTP. The 

region also expects to leverage innovative financing strategies. 

Table 3 presents twelve categories of funding sources and financing techniques 

that were evaluated for the RTP. They were selected as a result of their use in 

other areas of the state, the burgeoning potential, historical precedence and 

likelihood of implementation within the time frame of the 2008 RTP. These 

funding sources are considered to be reasonably available and are included 

in the financially constrained plan. For each funding source, SCAG has ex

amined the policy and legal context of implementation and has prepared an 

estimate of the revenue potential. 
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TABLE 3 NEW REVENUE SOURCES AND INNOVATIVE FINANCING STRATEGIES (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Description Amount Actions to Ensure Availability Responsible Party 

Various techniques assumed: formation of special Pursue necessary approvals for special districts 
districts, including Benefit Assessment Districts, by 2012 (Benefit Assessment Districts require 
Mello-Roos Community Facility Districts, as well majority approval by property owners; Mello-Roos 
as tax increment financing and joint develop- tax requires two-thirds approval); work with pri- MPO, transit operators, local 

Value Capture Strategies 
ment to provide gap financing for specific transit 

$3.7 
vate entities for joint development opportunities; jurisdictions, property owners 

investments (Gold Line extension, Purple Line also, work with Caltrans to utilize proceeds from along project corridors, devel-
extension, and the HSRT system). SCAG also real estate sales to partially fill funding gap for opers, Caltrans 
assumes one-time proceeds from the sale of the SR-71 0 tunnel; pursue legislation to enable 
Caltrans-owned property within the SR-71 0 tun- sales and to establish escrow account for the 
nel vicinity. proceeds 

Local Option Sales Tax Exten- Half-cent sales tax measure extension for Impe-
$0.8 

Local sales tax measure to be placed on ballot by 
Imperial County 

sion rial County---existing Measure D expires in 2010 2010 

Region was granted authority under AB 1467 

Toll revenues generated from SR-710 tunnel, 
(2006) to impose tolls and work with private enti- MPO, local county transporta-

Highway Tolls (includes toll 
1-710 dedicated truck lanes, High Desert Corridor, $22.0 

ties for the financing of goods movement -related tion commissions (LACMTA, 
revenue bond proceeds) 

and CETAP Corridor 
facilities including the 1-710 dedicated truck SANBAG, RCTC), State Legis-
lanes; additional state legislative approval needed lature 
for SR-71 0 tunnel 

State and Federal Gas Excise Estimate equivalent to additional ten cent per gal-
Tax Adjustment to Maintain Ion gasoline tax imposed by the state and federal 

$17.0 Congressional and state legislative approval 
MPO, State Legislature, 

Historical Purchasing Power government starting in 2012-extrapolation of Congress 
historical trend 

Charge imposed on containerized cargo moving Ports, shippers, goods move-

Container Fees (includes con-
through the Ports of LAiLB (includes railroad user Negotiated by Ports, shipping community, regional ment stakeholders (MPO, 
fees for rail capacity improvement program); fees $41.5 stakeholders or state legislative approval (upon railroads, local county transpor-

tainer fee bond proceeds) 
are directly linked to specific goods movement passage of SB 974 or other legislative effort) tation commissions), State 
projects Legislature 

Public-Private Partnership arrangement whereby Region was granted authority under AB 1467 
MPO, local county transporta-

Private Equity Participation 
a private entity designs, finances, builds, oper-

$4.4 
(2006) to work with private entities for the financ-

tion commissions, private 
ates, and maintains a facility under a lease ar- ing of freight -related projects; additional state 

consortium, State Legislature 
rangement for a fixed period of time legislative approval needed for SR-71 0 tunnel 

2008 REGIONAL TRANSPORTATION PLAN 27 

AR0072432 



Revenue Source Description Amount Actions to Ensure Availability Responsible Party 

Interest savings from the issuance of tax-exempt 
$0.4 

Work with railroads and other regional stake hold-
MPO, freight railroads, local 

Private Activity Bonds (PAB) 
private activity bonds 

(included in container 
ers to receive federal PAB allocation 

county transportation commis-
fees) sions, US DOT 

U.S. Environmental Protection EPA subsidies to help mitigate locomotive emis-
Work with railroads, AQMD, ARB and US EPA for MPO, freight railroads, AQMD, 

Agency (EPA) funding for clean sions per the 2007 State Implementation Plan $1.9 
freight rail technology (SIP) 

federal clean technology funding allocation ARB, US EPA 

Interest earnings from toll bond proceeds (High 
Interest Earnings Desert Corridor, CETAP, SR-71 0 tunnel, and 1-710 $0.4 See Highway Tolls See Highway Tolls 

truck lanes) 

Riverside County Measure A 
Short-term debt to help fund the CETAP Corridor 
in anticipation of the sale of Measure A revenue $1.5 Issuance of debt subject to RCTC Board policy RCTC 

(Bond Anticipation Notes) 
bonds 

Transportation Infrastructure 
The TIFIA Loan program provides credit assis- Work with US DOT and RCTC to evaluate applica-

Finance and Innovation Act 
tance for transportation investments of national/ 

$0.9 
bility of the TIFIA loan program for the CETAP Cor-

MPO, RCTC, USDOTTIFIA Office 
(TIFIA) Loan 

regional significance; TIFIA loan assumed for the ridor; further feasibility work necessary to assess 
CETAP Corridor traffic and revenue potential on CETAP Corridor 

User-fee supported initiative for HSRT system. 
For the lOS: form JPA, finalize development of a 

HSRT Passenger System (Pri- Assumes private-sector development: design, 
$26.2 comprehensive business plan; work with private 

MPO, Private Consortium, local/ 
vate Contribution & User Fee) finance, build, operate and maintain. See HSRT 

entity to ensure commitment 
regional stakeholders 

Report for further details 
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SUMMARY OF REVENUE SOURCES AND EXPENDITURES 

The SCAG Region's financially constrained RTP includes revenues from both 

the core and reasonably available revenue sources. A summary of these fore

casted revenues and expenditures is presented in Figures 3 and 4. As shown 

in these figures, the SCAG Region's budget over the next 30 years totals an 

estimated $531.5 billion. 

As shown in Figure 2, transit and highway expenditures are roughly compa

rable at 41 and 36 percent, respectively, of the RTP costs for each category. 

About 12 percent of costs are attributable to an "other" category, reflecting 

proposed investments in HSRT systems as well as freight rail capacity and 

grade separation improvements. Consistent with historical practice, agencies 

in the region are expected to bond against future revenues to provide addi

tional funding in the early years of the plan. As a result, debt service equal to 

historical payments and future bonding needs has been included as part of the 

RTP. Anticipated debt service payments make up 11 percent of total costs. 

FIGURE 2 
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FIGURE 3 2008 RTP REVENUE SOURCES 
$531.5 BILLION (IN NOMINAL DOLLARS) FY2007-FY2036 

• State Revenues 
$83.4 
(16%) 

• Federal Revenues 
$41.6 

Note: Numbers may not add due to rounding 

• New Revenues 
$120.1 
(23%) 

• Local Revenues 
$286.5 
(54%) 

FIGURE 4 2008 RTP EXPENDITURE SUMMARY 

$531.5 BILLION (IN NOMINAL DOLLARS) FY2007-2036 

• Capital Projects 
$258.1 
(48%) 

• Debt Service 
$57.4 
(11%) 

• O&M (SHOPP) 
$43.5 

O&M (Local Streets & Roads) 
$8.1 
(2%) 

(31%) 
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TABLE 4 PERFORMANCE MEASURES 

Performance Measure Measure(s) Definition Performance Target Performance Outcome Summary 

Mobility 

Accessibility 

Reliability 

Productivity 

Safety 

Sustainability 

Preservation 

Cost-Effectiveness 

Environmental 

Environmental Justice 

Speed 
Delay 

Speed - experienced by travelers regardless of mode 
Delay - excess travel time resulting from the difference between a 
reference speed and actual speed 
Delay per capita can be used as a supplemental measure to account 
for population growth impacts on delay. 

Percent PM peak period work trips within 45 minutes of home 
Distribution of work trip travel times 

Percent variation in travel time 

Percent capacity utilized during peak 
conditions 

Accident rates 

Total cost per capita to sustain sys
tem performance at Base Year levels 

Maintenance cost per capita 
to preserve system at Base Year 
conditions 

Benefit-to-Cost (B/C) Ratio 

Emissions generated by travel 

Distribution of benefits and costs 
Accessibility 
Environmental 
Emissions 
Noise 

Day-to-day change in travel times experienced by travelers. Variabil
ity results from accidents, weather, road closures, system problems 
and other non-recurrent conditions. 

Transportation infrastructure capacity and services provided. 
Roadway Capacity - vehicles per hour per lane by type of facility 
Transit Capacity - seating capacity by mode 

Measured in accidents per million vehicle-miles by mode for: 
• Fatalities 
• Injuries 
• Property 

Focus is on overall performance, including infrastructure condition. 
Preservation measure is a subset of sustainability. 

Focus is on infrastructure condition. 
Subset of sustainability. 

Ratio of benefits of travel alternatives to the costs of travel including 
infrastructure, maintenance, travel time, environmental, accident, and 
vehicle operating costs. This can be used to evaluate impacts of mode 
split changes resulting from RTP investments. 

Measured/forecast emissions include CO, NOX, PM2.5, PM1 0, SOX, 
and VOC. C02 as secondary measure to reflect greenhouse gas 
emissions. 

Share of net benefits and costs by mode, household income, race/ 
ethnicity: 
• RTP expenditures 
• Taxes paid (e.g., income, sales & use, gas) 
• Access to jobs (see "Accessibility") 
• Travel time savings by mode 
• Environmental impacts from PEIR 
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Improvement over 
Base Year 

Improvement over 
Base Year 

Improvement over 
Base Year 

Improvement over 
Base Year 

"0" for all accident types 
and modes 

Improvement over 
Base Year 

Improvement over 
Base Year 

Improvement over 
Base Year 

Meet SIP Emission Budgets 
& Transportation Confor
mity requirements 

Equitable distribution of 
benefits and costs 

Between the Baseline and Plan scenarios: 
• Speed increases by 8 percent 
• Total daily person delay decreases by 16 percent 
• Daily delay per capita decreases by 16 percent 

Between the Base Year and Plan scenarios: 
• Accessibility increases by 2 percent 

Between the Base Year and Plan scenarios: 
• Percent variation decreases in both the AM and PM 

peak periods by approximately 10 percent 

Between the Base Year and Plan scenarios: 
• Lost lane-miles decreases in both the AM and PM peak 

periods by 20 percent 

Between the Base Year and Plan scenarios: 
• Fatalities, injuries, and property damage per million 

persons decrease by at least 4 percent 

Between the Base Year and Plan scenarios: 
• Reliability, productivity, safety, and preservation 

improve 

Between the Base Year and Plan scenarios: 
• Percent of lane-miles requiring rehabilitation decreases 

by 14 percent 
• Percent of bridges requiring rehabilitation decreases by 

45 percent 

The Plan provides $2.21 return for every $1.00 invested. 

The conformity analysis indicates a positive conformity find
ing for the Draft Plan based on the draft emission budgets 
received by the Air Resources Board and the other required 
tests. The formal conformity finding will be based on the 
finalized emission budgets analyzed in comparison to the 
RTP as prepared for adoption. 

The Plan results in no disproportionate negative impacts 
on the grounds of income, race, color, or national origin. 
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Plan Performance TRANSPORTATION CONFORMITY ANALYSIS 

This Plan follows the success of recent RTPs in the use of the following system Transportation conformity is required under the federal Clean Air Act (CAA) 

performance measures to demonstrate the effectiveness of this Plan: to ensure that federally supported highway and transit project activities are 

• Mobility 

• Accessibility 

• Reliability 

• Productivity 

• Safety 

• Sustainability 

• Preservation 

• Cost-Effectiveness 

• Environment 

• Environmental Justice 

Using quantifiable performance measures, three scenarios are compared to 

determine the performance of the Plan: 

• Base Year 2003 scenario-Existing conditions based on the transporta

tion network as of 2003 

• Baseline 2035 scenario-Future conditions in 2035 based on the existing 

transportation system and near-term constrained projects 

• Plan 2035 scenario-Future conditions in 2035 based on the existing 

transportation system, near-term constrained projects, and long-term 

constrained projects 

In every category, the Plan 2035 scenario shows improvement over the Base

line 2035 scenario (Table 4). 

consistent with ("conform to") the purpose of the SIP.S Conformity to the 

purpose of the SIP means that transportation activities will not cause new air 

quality violations, worsen existing violations, or delay timely attainment of 

the relevant NAAQS. Conformity applies to areas that are designated non

attainment, and those redesignated to attainment after 1990 ("maintenance 

areas") for the following transportation-related criteria pollutants: ozone, 

particulate matter (PM2.5 and PMlO), carbon monoxide (CO), and nitrogen 

dioxide (N02). 

This Plan must pass the following tests and analyses to meet the requirements 

for a positive conformity finding: 

• Regional Emission Analysis 

• Timely Implementation of Transportation Control Measures (TCMs) 

Analysis 

• Financial Constraint Analysis 

• Interagency Consultation and Public Involvement Analysis 

Due to recent litigation relative to U.S EPA's Eight-Hour Ozone Phase 2 Rule, 

EPA has instructed ARB to revise the established method of demonstrating 

Reasonable Further Progress (RFP) in ozone non-attainment areas that utilize 

reductions from other areas to demonstrate attainment (e.g., upwind areas). 

In the SCAG Region, such areas include the Ventura County portion of the 

South Central Coast Air Basin (SCCAB), the Western Mojave Desert Air Basin 

(MDAB) (Antelope Valley and a portion of San Bernardino County), and the 

Coachella Valley portion of the Salton Sea Air Basin (SSAB). Therefore, at this 

time, there are no AQMPs or SIPs and, thus, no 8-hour ozone transportation 

5 To comply with the CAA in achieving the NAAQS, the ARB develops SIPs for federal non-at
tainment and maintenance areas. In California, SIP development is a joint effort of the local 
air agencies and ARB working with federal, state, and local agencies (including the MPOs). 
Local Air Quality Management Plans (AQMPs) are prepared in response to federal and state 
requirements. 
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emission budgets for these areas. SCAG has worked closely with the ARB and 

EPA to resolve this issue. As agreed upon by ARB and EPA, ARB has adopted 

Early Progress Plans (Le., emissions inventories and transportation emission 

budgets) for areas that need upwind reductions to show RFP. The Early Prog

ress Plans establish the transportation emission budgets while EPA decides 

how to respond to the RFP issue raised by the litigation. EPA found these 

emission budgets adequate in April 2008. 

In addition, EPA's review of the South Coast ozone and PM2.S emission bud

gets raised concerns such that the ARB was required to revise and resubmit the 

emission budgets to EPA. This requirement dictated that SCAG make appro

priate revisions to the conformity analysis to reflect the new emission budgets 

and re-release the Draft Conformity Report. SCAG staff worked closely with 

the federal reviewing agencies regarding the emission budget adequacy and 

conformity approval review process timeline. From these efforts, all agencies 

confirmed they will expedite their respective reviews to allow for approval of 

SCAG's conformity finding before the current (2004) RTP conformity finding 

expires on June 7, 2008. 

The conformity analysis indicates a positive conformity finding for the 2008 

RTP. The detailed transportation conformity analyses for the 2008 RTP are 

included in the 2008 RTP Conformity Report. 

ENVIRONMENTAL JUSTICE 

As a government agency that receives federal funding, SCAG is responsible for 

implementing Title VI of the Civil Rights Act of 1964 and for conforming to 

federal Environmental Justice (EJ) principles, policies, and regulations. As part 

of meeting these requirements, SCAG has performed an EJ analysis to demon

strate responsiveness to potential imbalances caused by the development of 

the plans, programs, and policies in the 2008 RTP. 

SCAG's EJ analysis examined performance measures to determine any dispro

portionate negative impacts. Performance measures provide a way to quanti

tatively assess the impact of the Plan. In the development of the Plan, SCAG 
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utilized a number of performance measures designed to assess the overall eq

uity. An overview of the findings is listed below: 

• Accessibility to Employment: The results indicate that low-income and 

minority communities in the region will have higher levels of access to 

employment via local bus and rail with the 2008 RTP. The results indi

cate that on a regional scale, no disproportionate impacts are anticipated 

between income groups as a result of the Plan. 

• Accessibility to Parks: All income groups for the whole region will have 

greater park accessibility due to the infrastructure investments proposed 

in the 2008 RTP. However, a multi-agency effort must be undertaken in 

order to further address and remedy the issue of inequity of park access. 

• Distribution of Plan Expenditures (Investments): SCAG analyzed the dis

tribution of Plan expenditures based on mode usage information by in

come quintile. Under the Plan, approximately 28 percent of investments 

will go to modes predominantly used by the lowest quintile group, while 

16 percent will be invested in modes most likely to be used by the high

est income category (Quintile V). The current analysis also reveals that 

under the 2008 RTP, Plan investments will be distributed more equitably 

on the basis of system usage by ethnic/racial groups. In other words, 

transportation investments would go to modes likeliest to be used by 

low-income and minority households. 

• Taxes Paid: Overall, tax burdens are anticipated to fall heavily on higher 

income groups. The lower-income groups (Quintile I and Quintile II), 

which use bus and light rail as their primary modes of travel, are antici

pated to pay 22 percent of taxes. 

• Distribution of Transit Travel Time Savings: The results in the 2008 anal

ysis also reveal that the two lowest-income quintiles will pay just over 20 

percent of total taxes collected in the region, but will enjoy 6S percent 

of the local transit time savings. The two highest-income quintiles' share 

of taxes (60 percent) will exceed the benefits they receive in local transit 

time savings (16 percent), accounting for only 9 percent of total bus 

and light rail usage. The findings indicate that transit travel times for 
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lower-income groups for both work and non-work trips are expected to 

decrease due to the number of new bus and rail improvements proposed 

in the 2008 RTP. 

• Distribution of Auto Travel Time Savings: The amount of taxes paid by 

those in Quintile V (36 percent) will exceed their share of benefits (27 

percent). The lowest-quintile group will benefit the least, accounting for 

12 percent of auto usage and 11 percent of auto travel time savings. 

Higher-income groups are anticipated to have the most benefit in auto 

travel time savings, but will also incur the highest taxes. 

• Auto Travel Distance Reductions: The lowest quintile group is expected 

to have the least amount of benefits, accounting for 12 percent of auto 

usage and travel distance savings. They will also pay the least amount of 

taxes at 9 percent. The taxes paid by the highest-income group (35 per

cent) are anticipated to exceed their share of benefits (27 percent). Simi

lar to the findings for Auto Travel Time Savings, higher-income groups 

are anticipated to have the most benefits because their primary mode of 

travel will be the automobile. 

• Air Pollutant Emissions: Overall, the region as a whole will generally ex

perience an improvement in air quality via reductions in transportation

related emissions due to ongoing mobile source emission controls and 

investments in the Plan. On a regional scale, the analysis did not reveal 

any disproportionate impact between ethnic/racial categories. 

• Noise: The results in the 2008 RTP analysis indicate that low-income and 

minority groups will be disproportionately impacted by aviation and 

highway noise. 

Future Connections: The Strategic Plan 
The strategies in the Constrained Plan represent the region's collective vision 

for addressing our transportation needs within the constraints of committed, 

available, or reasonably available revenue sources. The Strategic Plan goes 

beyond the Constrained Plan, and includes projects that merit further con-

sideration for inclusion in the Constrained Plan in the future as consensus 

evolves and funding becomes available. 

Supplemental Reports (Appendices) 
Additional detail on the various topics discussed in this Plan is contained in 

18 standalone reports that also act as the appendices for the 2008 RTP. The 

reports include all backup data that support assumptions made in the devel

opment of the Plan, as well as additional information on areas of interest in 

regards to our regional transportation system. 
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S
uccess in transportation and transportation planning is about making 

the connections, whether it's connecting from bike to bus or truck to 

rail relating the travel choices we make with environmental conse

quences, ensuring that land-use and transportation planning go hand 

in hand, or more equitably linking our transportation financing mechanisms 

to those who benefit directly from use of the system. The 2008 RTP connects 

the SCAG Region to a future vision where innovative solutions address the 

daunting challenges we face today. 

The 2008 RTP presents the transportation vision for this region through the 

year 2035 and provides a long-term investment framework for addressing the 

region's transportation and related challenges. The Plan is the culmination 

of a multi-year effort focusing on maintaining and improving the transporta

tion system through a balanced approach that considers system preservation, 

system operation and management, improved coordination between land-use 

decisions and transportation investments, and strategic expansion of the sys

tem to accommodate future growth. 

The SCAG Region is economically, culturally, and ethnically one of the most 

diverse metropolitan regions in the world. It has a complex transportation 

system that includes extensive roadway, transit (bus and rail), and freight rail 

networks, along with major intermodal, seaport, and airport facilities. Exhibit 

1.1 shows the major transportation infrastructure in the SCAG Region. High

lights of our vision for our region and the regional transportation system in 

2035, embodied in this document, may be summarized as follows: 

• A well-maintained and managed roadway network free of potholes and 

other roadway hazards 

• A transportation system where most of the gaps have been addressed 

• A safe, secure, reliable, and equitable public transportation system 

• A seamless public transportation system that provides efficient access to 

jobs, shopping, recreation, education, health care and other activities 

• More travel choices in addition to solo driving and public transporta-

tion, such as improved access to non-motorized transportation 

• More people living closer to job centers and transit corridors and hubs 

• Improved air quality for all, and 

• A vibrant economy supported by an efficient goods-movement system 

The 2008 RTP, built on regional consensus, is flexible and recognizes the 

unique and complex nature of the region. The 2008 RTP is an update to the 

2004 RTP, and it replaces the 2004 RTP in its entirety. 

Leadership, Vision, Progress 
Leadership, vision and progress are three main components of SCAG's Mission 

Statement that apply to the Regional Transportation Plan (RTP) development 

process. In demonstrating a commitment to leadership, the region identified 

seven goals that reflect a balanced approach to transportation planning and 

decision-making. In providing a vision, the SCAG Regional Council adopted 
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policies to guide the development of the RTP and identified transportation 

priorities for the region. Lastly and most importantly, in its commitment to 

demonstrate progress, SCAG continues to rely extensively on performance 

measurement as a means to identify the most beneficial investments for the 

region. Together, these elements contribute to a strong and focused RTP. 

REGIONAL GOALS 

The goals of the 2008 RTP have expanded from 2004 to encompass transporta

tion security. These seven goals are in no particular order and demonstrate 

the need to balance many priorities in the most cost-effective manner. 

TABLE 1.1 RTP GOALS 

RTP Goals 

• Maximize mobility and accessibility for all people and goods in the region 

• Ensure travel safety and reliability for all people and goods in the region 

• Preserve and ensure a sustainable regional transportation system 

• Maximize the productivity of our transportation system 

• Protect the environment, improve air quality and promote energy efficiency 

• Encourage land use and growth patterns that complement our transportation investments 

• Maximize the security of the regional transportation system through improved system 
monitoring, rapid recovery planning, and coordination with other security agencies 

These priorities are identified in the following: 

• The region's vast investments in multimodal transportation infrastruc

ture must be protected. This infrastructure is maturing and requires at

tention and maintenance. The region cannot afford to replace the exist

ing infrastructure and must protect it for future generations. 
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• A maturing system dictates an increased operational focus that leverages 

technology to maximize the system's productivity. This same invest

ment will also increase reliability by minimizing the variations of travel 

time due to incidents, weather, and other factors. The region cannot 

expand the transportation system significantly, so the existing system 

must be utilized to its fullest. The vitality of the region's economy is 

inextricably linked to efficient and reliable transportation. The region 

must be able to respond to and recover from major human-caused or 

natural events in order to minimize the threat and impact to lives, prop

erty, the transportation network and the regional economy. 

• Air quality for the region's residents must be improved and meet federal 

regulations. Not doing so would undermine the health of our popula

tion and risk losing billions of federal funding to the region. 

• The investments in the RTP must address travel safety and modal bal

ance; recognize the importance of providing safe travel choices; meet 

the needs of the transit dependent and the goods movement commu

nity; and provide connections among the highway system, ports, and 

airports. 

• The RTP must also integrate land-use policies as a means to influence 

transportation performance and the economy. Without such integra

tion, transportation needs in the future will significantly outpace the 

ability to pay for them. 

• The RTP must address all these priorities in the most cost-effective man

ner so that outcomes/benefits can be maximized and so that users get 

the most for their expenditures. 

RTP GUIDING POLICIES 

The SCAG Regional Council (RC) adopted five policies to guide the development 

of the RTP (Table 1.2). These RTP policies, unchanged since 2004, emphasize 

the importance of tracking the Plan's performance through specific indicators. 
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TABLE 1.2 RTP POLICIES 

2 

3 

4 

5 

RTP Policies 

Transportation investments shall be based on SCAG's adopted Regional Performance Indicators. 

Ensuring safety, adequate maintenance, and efficiency of operations on the existing multi
modal transportation system will be RTP priorities and will be balanced against the need for 
system expansion investments. 
RTP land-use and growth strategies that differ from currently expected trends will require 
a collaborative implementation program that identifies required actions and policies by all 
affected agencies and subregions. 
HOV gap closures that significantly increase transit and rideshare usage will be supported 
and encouraged, subject to Policy #1. 
Progress monitoring on all aspects of the Plan, including timely implementation of projects, 
programs, and strategies, will be an important and integral component of the Plan. 

PERFORMANCE-BASED PLAN 

As with previous RTPs, this is an outcome-/performance-based plan. The first 

RTP policy requires that performance measures playa critical role in the plan 

development. Performance measures quantify the outcomes that are impor

tant to individuals, businesses, and the region. They quantify regional goals 

and provide a way to evaluate progress over time. This is SCAG's fourth per

formance-based RTP. Starting in 1998, SCAG was the first Metropolitan Plan

ning Organization (MPO) to rely extensively on performance measurement as 

a means to identify the most effective investments for the region. The perfor

mance indicators for the 2008 RTP represent an evolution that builds on earlier 

successes and adds specificity and technical depth to the original indicators. 

Assessing the degree to which the impacts of the 2008 RTP investments meet 

the regional goals requires complex technical analysis. Performance measure

ment is a critical part of this analysis, and is used for estimating the potential 

impacts of investments. The same measures will be used to monitor progress in 

meeting the performance expectations of the RTP. This monitoring will allow 

the region to correct its course over time as lessons are learned and new trends 

are established. Performance measures are closely tied to the broader goals to 

ensure that the implementation of this Plan moves us closer to achieving these 

goals. Table 1.3 depicts the relationship between the RTP goals and performance 

measures, while Table 1.4 describes the performance measures in greater detail. 

TABLE 1.3 RTP GOALS AND RELATED PERFORMANCE MEASURES 

RTP Goals 

Maximize mobility and accessibility for all 
people and goods in the region 

Ensure travel safety and reliability for all 
people and goods in the region 

Preserve and ensure a sustainable regional 
transportation system 

Maximize the productivity of our 
transportation system 

Protect the environment, improve air quality 
and promote energy efficiency 

Encourage land use and growth patterns 
that complement our transportation invest
ments and improve the cost-effectiveness of 
expenditures 

Maximize the security of our transportation 
system through improved system monitoring, 
rapid recovery planning, and coordination 
with other security agencies* 
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* SCAG does not yet have an agreed-upon security performance measure; therefore, it is not included in this table. 
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EXHIBIT 1.1 SCAG REGION 
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TABLE 1.4 PERFORMANCE MEASURES 

Performance Measure Measure(s) Definition Performance Target Calculation Data Sources 

Mobility 

Accessibility 

Reliability 

Productivity 

Safety 

Sustainability 

Preservation 

Cost -Effectiveness 

Environmental 

Environmental Justice 

Speed 
Delay 

Speed - experienced by travelers regardless of mode 
Delay - excess travel time resulting from the difference between a 
reference speed and actual speed 
Delay per capita can be used as a supplemental measure to account 
for population growth impacts on delay. 

Improvement over Base 
Year 

Percent PM peak period work trips within 45 minutes of home 
Distribution of work trip travel times 

Improvement over 
Base Year 

Percent variation in travel time 

Percent capacity utilized during 
peak conditions 

Accident rates 

Total cost per capita to sustain 
system performance at Base Year 
levels 

Maintenance cost per capita 
to preserve system at Base Year 
conditions 

Benefit-to-Cost (B/C) Ratio 

Emissions generated by travel 

Distribution of benefits and costs 
Accessibility 
Environmental 
Emissions 
Noise 

Day-to-day change in travel times experienced by travelers. Variability Improvement over 
results from accidents, weather, road closures, system problems and Base Year 
other non-recurrent conditions. 

Transportation infrastructure capacity and services provided. 
Roadway Capacity - vehicles per hour per lane by type of facility 
Transit Capacity - seating capacity by mode 

Measured in accidents per million vehicle-miles by mode for: 
• Fatalities 
• Injuries 
• Property 

Focus is on overall performance, including infrastructure condition. 
Preservation measure is a subset of sustainability. 

Focus is on infrastructure condition. 
Subset of sustainability. 

Ratio of benefits of travel alternatives to the costs of travel including 
infrastructure, maintenance, travel time, environmental, accident, and 
vehicle operating costs. This can be used to evaluate impacts of mode 
split changes resulting from RTP investments. 

Measured/forecast emissions include CO, NOX, PM2.5, PM10, SOX, and 
VOC. C02 as secondary measure to reflect greenhouse gas emissions. 

Share of net benefits and costs by mode, household income, race/ethnicity: 
• RTP expenditures 
• Taxes paid (e.g., income, sales & use, gas) 
• Access to jobs (See "Accessibility") 
• Travel time savings by mode 
• Environmental impacts from PEIR 

Improvement over 
Base Year 

"0" for all accident types 
and modes 

Improvement over 
Base Year 

Improvement over 
Base Year 

Improvement over 
Base Year 

Meet SIP Emission 
Budgets & Transportation 
Conformity requirements 

Equitable distribution of 
benefits and costs 

Travel demand model outputs 
AM peak, PM peak, Off-peak, Daily 
Link speeds, travel times, trips 

Travel demand model outputs 
• PM peak 
• OD travel times 
• OD person trips 

Highways - PeMS 
Transit - National Transit Database or triennial 
audit reports 

Highways - PeMS 
Transit - National Transit Database or triennial 
audit reports 

Highways - freeway accident rates from 
Caltrans 
Transit - National Transit Database or triennial 
audit reports 

Subregional submittals 
Regional population forecast 

Subregional submittals 
Regional population forecast 

Travel demand model outputs 
Revenue forecasts 
RTP project expenditures 
Other cost estimates 

Travel demand model outputs 
EMFAC2007 

Travel demand model outputs 
Revenue forecasts 
RTP project expenditures 
PEIR 
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WHY UPDATE THE RTP? 
SCAG is the federally designated MPO for the counties of Imperial, Los Angeles, 

Orange, Riverside, San Bernardino, and Ventura. As the MPO, SCAG develops 

the RTP and updates it every four years through a continuous, comprehensive 

and cooperative process. Transportation investments in the SCAG Region 

that receive state and federal funds or require federal approvals (such as envi
ronmental clearance) must be consistent with the RTP and must be included 

in SCAG's Regional Transportation Improvement Program (RTIP) when ready 

for funding. As the programming document for funds, the RTIP complements 

the corresponding years of the RTP. The RTIP is a six-year program and is 

coordinated with the State Transportation Improvement Program (STIP) every 

two years. Following are key reasons the RTP should be updated. 

REFLECT CURRENT CONDITIONS 

As the economy, demographics, finances, and other factors change, SCAG has 

a responsibility to modify the RTP to reflect the latest information and condi

tions. Factors that have changed since the 2004 RTP was adopted include: 

• New information on population and employment growth 

• New or reauthorized transportation funding sources 

• 2007 South Coast Air Quality Management Plan (AQMP) and new motor 

vehicle emission budgets and emission factors 

• Rapid increases in construction costs in the past four years, and 

• Other shifts in regional priorities determined by SCAG and the county 

transportation commissions (CTCs) 

COMPLY WITH FEDERAL REQUIREMENTS 

The Safe, Accountable, Flexible, Efficient Transportation Equity Act - A Legacy 

for Users (SAFETEA-LU) was signed into law in August 2005, and expands 

upon previous planning requirements. The federal requirements for metro

politan transportation plans include the following key provisions: 
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• An open, inclusive process that ensures public input and considers the 

needs of those traditionally underserved by the existing system 

• A plan horizon period of not less than 20 years into the future 

• The most recent assumptions for population, travel and congestion, 

land use, vehicle fleet mix, employment and economic activity 

• A financially constrained plan funded by revenues that are committed, 

available, or reasonably available over the time frame of the RTP 

• Conformity to State Implementation Plans (SIPs) for air quality 

• A discussion of potential environmental mitigation activities 

• Consistency with state and local planned growth and economic devel

opment patterns, and 

• Consideration of eight planning factors and strategies, in the local con

text, that address: economic vitality through global competitiveness, 

productivity and efficiency; safety; security; accessibility and mobility 

for people and freight; the environment, energy conservation, and the 

quality of life; integration and connectivity of the multi modal transpor

tation system; efficient system management and operation; and preser

vation of the existing transportation system 

COMPLY WITH STATE REQUIREMENTS 

The state, whose requirements largely mirror the federal requirements, has 

adopted extensive RTP guidelines. Key state requirements include: 

• Compliance with the California Environmental Quality Act (CEQA) 

• Consistency with the five-year STIP as incorporated into SCAG's six-year 

RTIP 

• Program-level performance measures that include objective criteria that 

reflect the goals and objectives of the RTP, and 

• A policy element (Chapter I), an action element (Chapter 3) and a finan

cial element (Chapter 4) 
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Our Approach 
The development of the 2008 RTP is based on a collaborative and bottom-up 

process involving numerous parties. Each of the six counties in the SCAG Re

gion has a transportation commission or authority, with the exception of Im

perial County, where the Imperial Valley Association of Governments (IVAG) 

serves as the countywide transportation agency. These agencies are charged 

with implementing countywide transportation planning activities, allocating 

locally generated transportation revenues and, in some cases, operating tran

sit services. 

Additionally, there are 14 subregions within the SCAG Region. These subre

gional councils of governments (COGs) are groups of neighboring cities and 

communities (sometimes an entire county) that work together to identify, 

prioritize and seek transportation funding for needed investments in their 

respective areas. 

The SCAG Region also includes all or part of thirteen air quality non-attain

ment or maintenance areas in five air basins. Federal law requires that trans

portation and air quality planning are coordinated in these non-attainment 

and maintenance areas. The SCAG Region further includes all of Caltrans 

Districts 7, 8 and 12, and the Imperial County portion of District 11. SCAG 

develops the RTP primarily in coordination and consultation with the county 

transportation commissions (CTCs), COGs, transit operators, Caltrans, air dis

tricts and other transportation stakeholders. Key stakeholders involved in the 

development and update of the RTP are identified in Table 1.5. 

TABLE 1.5 STAKEHOLDERS IN THE DEVELOPMENT OF THE 2008 RTP 

County Transportation Commissions/Agencies 
Imperial 
Los Angeles 
Orange 
Riverside 
San Bernardino 
Ventura 

Subregional Councils of Governments (COGs) 
Arroyo Verdugo Cities 
Coachella Valley Association of Governments 
Gateway Cities COG 
Imperial Valley Association of Governments 
Las Virgenes-Malibu-Conejo COG 
City of Los Angeles 
North Los Angeles County 
Orange County COG 
San Bernardino Associated Governments 
San Gabriel Valley COG 
South Bay Cities COG 
Ventura County COG 
Western Riverside County COG 
Westside Cities COG 

Local and County Governments 
Other Operators and Implementing Agencies 

California Department of Transportation (Caltrans) 
Airport Authorities 
Port Authorities 
Transit/Rail Operators 

Transportation Corridor Agencies 
Resource/Regulating Agencies 

US Department of Transportation - FHWA, FTA, FAA, FRA 
US Environmental Protection Agency (EPA) 
CAAir Resources Board 
CA Environmental Protection Agency (Cal/EPA) 
Air Districts 

Tribal Governments (See Exhibit 1.2) 
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EXHIBIT 1.2 FEDERALLY RECOGNIZED TRIBAL GOVERNMENTS IN THE SCAG REGION 
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TECHNICAL APPROACH 

The technical approach to the RTP update is depicted in Figure 1.1. The first 

step in the process, which was initiated over three years ago, starts with the 

review and update of the basic assumptions in the existing RTP, including the 

goals and objectives. It is important to validate the basic planning assump

tions and to ensure that the goals and objectives still speak to the region's 

needs, challenges, and aspirations. 

The second step is to ensure that all the data, including growth forecast, rev

enue forecast, cost information, project scope changes, etc., are updated. It is 

critical to involve key project sponsors, such as the CTCs, local jurisdictions, 

Caltrans, and transit operators during this step. Updating and validating the 

technical data and building the necessary consensus to move forward is a 

lengthy process. 

The third step in the RTP development process involves taking the updated 

data and reassessing system deficiencies, bottlenecks, and chokepoints in the 

system to identify system improvement needs. 

The fourth step targets improvements and strategies, including growth strate

gies, in developing alternative scenarios to be considered and tested against 

performance standards for potential inclusion in the updated Plan. Evalua

tion of the alternatives is based on a set of performance measures established 

through a consensus process. Additionally, fiscal reasonableness, transpor

tation conformity and programmatic environmental impacts of the alterna

tives are also assessed. The best-performing alternative is forwarded as the 

preferred alternative recommendation to SCAG's policy board if it meets all 

of the requirements. If it fails to meet any of the requirements, the alterna

tives are adjusted and reevaluated until a preferred alternative meets all the 

requirements. 

A Draft RTP that documents the preferred alternative as the Plan is then re

leased for public review and comments for a minimum of 4S days. Finally, all 

comments received and appropriate staff responses are documented prior to 

finalizing the Plan. The Draft Plan is adjusted if and as needed to address the 

comments and issues raised during this period before recommending its final 

adoption as the new RTP for the region. 

FIGURE 1.1 RTP UPDATE/DEVELOPMENT PROCESS 

PUBLIC PARTICIPATION 

A key component of the RTP development process is seeking public participa

tion. Public input helps SCAG prioritize and address transportation needs in 
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the region. SCAG seeks participation and comment on the RTP from an array 

of stakeholders, listed in Table 1.6. The RTP is developed in consultation with 

all interested parties, and SCAG ensures that they have a reasonable opportu

nity to comment on the contents of the RTP. 

TABLE 1.6 NON-GOVERNMENTAL GROUPS FROM WHICH SCAG SEEKS 
PARTICIPATION AND INPUT 

Participatory Non-Governmental Groups 

• Citizens 

• Public transit users 

• Pedestrians 

• Users of bicycle transportation facilities 

• Transportation agency employees 

• Freight shippers 

• Providers of freight transportation services 

• Private providers of transportation 

• Representatives of the disabled 

• Nonprofit organizations 

• Ethnic and minority groups 

• Older and retired persons 

• Special-interest nonprofit agencies 

• Environmental groups 

• Educational institutions 

• Women's organizations 

• Private sector 

To ensure compliance with federal and state requirements, SCAG implements 

a public involvement process to provide complete information, timely public 
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notice and full public access to key decisions, and to support early and continu

ing public involvement in developing its regional plans. Since its inception, 

SCAG has engaged in a public involvement process in developing its regional 

transportation plans and programs. As a result of changes in SAFETEA-LU 

in 200S, SCAG has broadened its current participation activities to engage a 

more extensive group of stakeholders in its planning and programming pro

cesses, as reflected in SCAG's Public Participation Plan adopted by the Re

gional Council in March 2007 and subsequently amended in October 2007. 

SCAG consulted with a range of interested parties as required by SAFETEA-LU 

in developing the public participation strategies, procedures and techniques 

noted herein. SCAG solicited comments and feedback from a diverse number 

of stakeholders through mailings, email correspondences, workshops, presen

tations, meetings, telephone communications and website postings. 

By using the feedback and comments received on SCAG's Public Participation 

Plan, SCAG has implemented the following techniques and strategies for RTP 

outreach: 

• Development of an Integrated Inter-Departmental Outreach Team that 

encourages innovative outreach efforts and is comprised of staff from 

various divisions, including Communications, Member Relations, and 

Transportation Planning 

• Development of presentation materials for the public in a variety of for

mats to reach broader audiences: translated materials into languages 

other than English; developed interactive PowerPoint presentations, fact 

sheets, surveys, brochures, and maps 

• Enhancement of website capabilities that allows SCAG to post all RTP

related information on its website to ensure that it is accessible and trans

parent to the public. The website is compliant with the 1990 Americans 

with Disabilities Act. 

• Coordination of outreach efforts with other stakeholder organizations 

to maximize outreach opportunities 
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• Development of an outreach schedule that notifies all individuals and RELATING OTHER PLANS AND PLANNING ACTIVITIES TO THE RTP 
groups of activities where SCAG will be presenting the RTP and encour-

ages attendance 

• Supporting multiple committees and task forces involving our partners, 

stakeholders, and interested groups that developed the key components 

of the Plan 

• Holding multiple public workshops before the release of the RTP to al

low direct participation by interested parties 

• Reaching out to traditionally underrepresented and/or underserved 

audiences 

• Considering comments received in the deliberations regarding proposed 

plans and programs 

• Evaluation of public participation activities to continually improve the 

outreach process 

RTP outreach consists of three phases: Pre-Draft (February 2007 to Novem

ber 2007), Post-Draft (December 2007 to February/March 2008), and Post

RTP adoption (March/April 2008 to July 2008). SCAG has developed an RTP 

hotline and email address exclusively for RTP inquiries at 213-236-1960 and 

RTPinfo@scag.ca.gov. 

In addition to these targeted outreach efforts, all regular and special meetings 

of the RTP task forces, the Transportation and Communications Committee 

(TCC) and the SCAG RC are publicly noticed and opportunities for public 

comment are provided. There are currently seven RTP task forces and key 

transportation subcommittees: Goods Movement, Transportation Finance, 

High-Speed Regional Transport, Aviation, Plans & Programs Technical Adviso

ry Committee (TAC), Regional Transit Technical Advisory Committee, and the 

Compass Blueprint Partnership. Also, federally required interagency consulta

tion is done through the monthly meetings of the Transportation Conformity 

Working Group (TCWG). Specific public comments on the RTP are being 

recorded and considered by SCAG in the development of the 2008 RTP. 

FIGURE 1.2 RELATIONSHIP OF PLANNING ACTIVITIES TO THE RTP 
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A number of SCAG planning activities directly impact the RTP development 

and update, as depicted in Figure 1.2. The Regional Comprehensive Plan 

(RCP) is a vision of how the region can balance resource conservation, eco

nomic vitality, and quality of life. The RTP Program Environmental Impact 

Report (PEIR) fulfills legal requirements by identifying potential environmen-
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policy document called the California Transportation Plan (CTP). SCAG must 

consider and incorporate the CTP in the update of the RTP. 

The CTCs are responsible for the development and administration of their re

spective countywide TIPs. Some also choose to develop county-specific long

range transportation plans even though they are not legally required to do so. 

SCAG must consider and coordinate such activities of the CTCs in developing 

and updating the RTP. 

Local governments, including city and county governments, are responsible 

for preparing, updating and administering their local General Plans. Existing 

General Plans serve as input to the growth forecast work, and the adopted RTP, 

in turn, should influence future updates of the General Plans. 

Finally, local air districts are responsible for developing Air Quality Manage

ment Plans (AQMP) for their respective air districts, which feed into the State 

Implementation Plan (SIP) and establish allowable emission budgets for crite

ria pollutants. The RTP serves as the input to the development of the AQMPs, 

and the emission budgets identified by the SIP through this process, in turn, 

establish the thresholds with which subsequent conformity analyses must 

comply. 

RTP Framework 
tal effects of the RTP Alternatives and identifying ways to mitigate the effects. 

Lastly, the Regional Transportation Improvement Program (RTIP) is the critical 

implementation document that provides funding for all major transportation 

projects in the region for the next six years. Federal planning and conformity rules require that a conforming RTP be fi

nancially constrained. It must demonstrate that all projects identified in the 
There are several other related planning activities initiated and managed out- constrained plan have adequate funding. A conforming RTP cannot simply 

side of SCAG by partner agencies. Caltrans is responsible for developing and be a wish list of projects. If we were to rely on existing funding sources, the fis

administering the Interregional Transportation Improvement Program (ITIP) cal reality is that our region would not have enough money to fund all of our 

and the State Highway Operations and Protection Program (SHOPP). These transportation needs. Figure 1.3 depicts the funding framework for this RTP. 
programs feed directly into SCAG's RTIP and form the basis of the baseline for 

the RTP. Furthermore, the RTIP is an integral part of the RTP and represents 

the first six years of the long-range plan. Caltrans is also responsible for devel

oping and updating a statewide Long-Range Transportation Plan, which is a 
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FIGURE 1.3 RTP FRAMEWORK 

At the core of the Plan is the RTIP, which not only represents the first six years 

of the Plan, but also represents ongoing operations and maintenance com

mitments. Every project that seeks federal, state or local funding for imple

mentation must be included in the RTIP. The first ring outside of the core, 

together with the core, represents the fiscally constrained plan that is used 

to demonstrate transportation conformity. These projects can be reasonably 

funded within the planning horizon of the RTP. 

The outer ring, called the Strategic Plan, represents projects of merit that cur

rently do not have sufficient funding or regional commitment. They should 

be considered for funding in the future as it becomes available. Projects typi

cally flow from the outer ring to the core, as funding and commitments for 

these projects materialize and as they continue to meet the performance crite

ria established for the Plan. 

Another way to look at the outer ring is to view projects in this domain as 

potential candidates for inclusion in the financially constrained RTP through 

future amendments. This helps streamline the RTP amendment process. 

However, given the time horizon of the RTP and the dynamic environment in 

which transportation projects get funded and implemented, it is foreseeable 

that there are current projects outside our vision that may warrant inclusion 

in future RTP amendments. This framework is flexible enough to allow for 

amending projects into the RTP that are not in the Strategic Plan. 

Overview of the Plan 
First and foremost, this Plan puts forth a collective vision for the future of 

our regional transportation system. Our vision is based on a careful analysis 

of our transportation system, the future growth of our region, our mobility 

needs, air quality improvement needs, and our need to preserve the environ

ment and mitigate harmful environmental impacts of the proposed transpor

tation improvements. 

The Plan carefully and deliberately articulates major challenges associated 

with our transportation system as well as achieving our vision. Key chal

lenges addressed in the Plan include dramatic growth as well as changes in the 

characteristics of our demographics, the aging infrastructure, and the unprec

edented demand on our goods movement system and our airports. The Plan 

also articulates our air quality and environmental challenges, and the con

straints that they will place on our ability to make necessary improvements to 

our transportation system, particularly our goods movement infrastructure. 

On top of all of this, the region will continue to face serious funding shortfalls 

that will challenge our ability to simply keep our system afloat if we were to 

do nothing to improve our transportation funding situation. 

Given our vision and the challenges, this Plan recognizes that our approach 

must be balanced, systematic, multimodal, and at the same time targeted to 

yield the best performance outcomes based on the established set of perfor

mance measures. Our integrated system investment approach is depicted by 

the Mobility Pyramid shown in Figure 3.3. According to this approach, our 

first priority is to invest in system monitoring and evaluation strategies so that 

decision-makers can better understand how the system performs and make 
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well-informed decisions on how to fix our problems. Next, we must preserve 

our multimodal transportation system, which has cost the region hundreds 

of billions of dollars to build. The next strategy recognized in this hierarchy 

is the tremendous potential of coordinating and integrating land use choices 

with transportation-investment decisions. Effective implementation would 

not only result in more efficient and effective utilization of available system 

capacity, but also in the preservation of our environment. We must also make 

sure that we are getting the most out of our available system by managing our 

system and our demand better. Such strategies are cost-effective, easy to im

plement, and environmentally superior to the more capital-intensive system 

expansion-options. Having monitored and maintained our existing system, 

and having maximized system efficiency and system productivity through 

system management, land use coordination, and demand management, the 

Plan recognizes that targeted system expansion will still be needed to accom

modate future growth. Therefore, the Plan proposes a balanced investment 

approach that would address all modes of transportation, including highways, 

the public transportation system, the goods movement system, non-motor

ized transportation, as well as airport ground access improvements. 
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Finally, while recognizing financial constraints, the Plan puts forth a suite of 

new and innovative funding strategies that are realistic, practical, and achiev

able within the time frame of the Plan. The Plan also recognizes that in spite 

of our best efforts, there simply will not be enough money to implement 

solutions to all of our transportation needs. The Plan includes a strategic 

component that identifies projects that cannot be funded at this point, but 

merit further consideration in future plan updates based on additional stud

ies, funding support, and stakeholder consensus. 
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T
he SCAG Region is one of the largest and most complex metropolitan 

areas in the nation, and its transportation challenges are equally large 

and complex. This chapter describes growth trends and travel pat

terns in the SCAG Region and the challenges that these trends and 

other factors pose for our multimodal transportation system. 

The Shape and Pattern of Future Growth 
Southern California is running out of land to support low-density future 

growth. The ocean and mountains pose natural barriers to development. En

vironmentally sensitive areas, such as coastal wetlands and natural habitat 

areas, hem in the region and dot the urbanized area. A significant amount of 

land is also owned by the state and federal governments for the public benefit 

and is off limits to development. 

Freeways provide access to farmland and grazing areas that could be used to 

accommodate future growth along the east-west axis of the region. There is 

little access to the north except through mountain passes that are choked 

with car and truck traffic. The centrifugal force of growth continues to push 

the development footprint of the urbanized area outward. At the same time, 

pushing back on dispersed development are natural barriers, financial con

straints to pay for outward expansion, and public resistance to unsustain

able "leap frog" growth into green fields and sensitive habitat areas. Nearly 

all natural locations for urban development have been consumed, leaving us 

with hard choices about how we are to grow and change to meet the demands 

of the future. 

Much of the urbanized area is fighting gridlock as 9S percent or more of the 

population drives back and forth to work to accomplish the tasks of daily 

living, and another 3 to S percent take transit or walk. Growth management 

strategies and ballot initiatives are aimed at preserving and protecting prime 

farm and grazing land from residential development pressures, while preserv

ing historic buildings, single-family neighborhoods and prime industrial land 

for economic development. 

Many are starting to realize that, as large as the region is in total area, it is 

running out of developable land to support a significantly unbalanced auto

oriented development pattern. There is an increasing need for reinvestment 

and increased development near public transit, along corridors and in-town, 

mixed-use urban centers. Southern California has the nation's largest bus rid

ership and an emerging metro, commuter, and light rail transit network that 

provides a better balance of transportation choices that can reduce auto travel 

and support more pedestrian, mixed-use and transit-oriented development. 

This section describes the population, employment, and demographic 

changes that happened in the recent past and may be expected in the SCAG 

Region over the next 30 years without a change in regional policy. These 

demographic and economic changes are an integral part of planning the 

transportation system to ensure that the users' needs are addressed. 

POPULATION GROWTH 

The SCAG Region is the second most populated metropolitan area in the 

United States. Nearly one-half of all Californians live in the SCAG Region, 

and 1 in 17 people living in the entire United States resides here. By July 

I, 2007, the region's population had reached 18.6 million residents, having 

grown by 2 million residents (12 percent) from 16.6 million people just seven 

years ago. The population growth (2 million residents) of the SCAG Region 

between 2000 and 2007 was higher than the population growth (1.9 million 

residents) that occurred throughout the 1990s. Figure 2.1 shows the growth 

pattern of population, households, and employment between 2000 and 2007. 

Population growth slows down in the middle 2000s (2004-2007), while both 

household and employment growth are much faster in the middle 2000s than 

in the early 2000s. 
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FIGURE 2.1 
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Source: California Department of Finance, California Employment Development Department, SCAG Employment Estimates 

Two major sources of population growth since the 2000 Census are natural 

increase (births minus deaths) and net foreign immigration (people who 

move here from foreign countries minus those who move away to foreign 

countries). Natural increase accounted for SS percent of the population gain 

in the region. Although the total fertility rate of women of child-bearing 

ages remains stable in recent years, Hispanic women still maintain a relatively 

higher total fertility rate. The life expectancy of Southern California residents 

increased while the death rate decreased. 

Net foreign immigration, mostly from Mexico, Central America, and Asia, ac

counted for 43 percent of the population gain in the region. Foreign immi

gration, including unauthorized immigrants, was not affected by the region's 

economic cycle. Southern California is still an attractive destination and a 

gateway for new immigrants, although international migration to the region 

has leveled off in recent years. 
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As ofJuly 1,2007, there is no racial or ethnic majority in the region. Hispan

ics constitute 44 percent of the region's population, followed by Non-Hispanic 

(NH) Whites at 36 percent, NH Asians and Others at 13 percent, and NH Blacks 

at 7 percent. Since 2000, Hispanics have increased their share of the popula

tion by 3 percent, while NH Whites have decreased their share by the same 

percentage. There has been little change in the share of other racial/ethnic 

groups between 2000 and 2007. The region is moving toward a Hispanic 

majority. 
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FIGURE 2.3 ETHNIC COMPOSITION OF POPULATION, 2000 AND 2007 
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The region shows an aging pattern of population growth between 2000 and 

2007. According to California Department of Finance (DOF) estimates, nearly 

80 percent of population growth occurred in the age group of 36 years old or 

older. Age groups of 4-10 years old and 27-35 years old declined by 6 percent 

and 8 percent, respectively, over the same period. The absolute decline of 

school-age children and younger adults raises a concern about future school 

construction needs and labor force in younger workers. 

TABLE 2.1 AGE COMPOSITION OF POPULATION, 2000 AND 2007 

Age 7/112000 7/112007 Change % Change 

0-3 1,017,000 1,078,000 62,000 6% 

4-10 1,977,000 1,868,000 (109,000) -6% 

11-26 3,885,000 4,528,000 642,000 14% 

27-35 2,413,000 2,227,000 (187,000) -8% 

36+ 7,333,000 8,860,000 1,526,000 17% 

Total 16,626,000 18,560,000 1,934,000 12% 

Source: SCAG Baseline Growth Forecast 

Los Angeles County accounted for 41 percent of the region's growth over the 

last seven years, adding 813,000 residents, while Riverside and San Bernardino 

Counties together added 804,000 residents. In terms of relative growth, the 

Inland Empire and Imperial Valley are the fastest-growing areas in the region. 

Riverside County grew by 40 percent, San Bernardino County by 19 percent 

and Imperial County by 22 percent. Nearly 46 percent of the region's growth 

occurred in areas outside of Los Angeles and Orange Counties. Los Angeles 

and Orange Counties were the slowest-growing counties, adding only 9 per

cent each to its populations during the same period. 

FIGURE 2.4 POPULATION GROWTH BY COUNTY, 2000-2007 
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FIGURE 2.5 PERCENT GROWTH IN POPULATION BY COUNTY, 2000-2007 
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Since the 2000 US Census, there was a net addition of 410,000 households, 

bringing the regional total to nearly 5.8 million in 2007. However, population 

growth outpaced household growth with only one household for every five 

persons added. The rapidly growing population is reflected in larger house

holds rather than in the formation of new households. The average persons

per-household ratio in the region has increased from 3.07 in 2000 to 3.19 in 

2007. The increasing household size may be caused by the cultural propensity 

of some groups such as recent immigrants to form large inter-generational 

families or by the limited supply of affordable housing units. Workforce hous

ing affordability and availability issues have affected the quality of life in the 

region. The insufficient supply of affordable housing in job-rich urban areas 

maintains existing trends in urban sprawl, longer commute patterns, congest

ed freeways and worsening air quality. 
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EMPLOYMENT GROWTH 

In 2006, the region's total employment, including self-employment, was esti

mated to be nearly 8 million, having grown by 500,000 jobs (7 percent) from 

2000. The region's economy is robust in terms of the number and the types 

of jobs available to residents looking for jobs, with the unemployment rate 

of the region at a historic low of 4.6 percent in 2006. The previous record in 

the region was 5 percent in 2000. The region's employment has been steadily 

growing since the recession of the early 1990s. The region experienced a 

net loss of 500,000 jobs during the recession period between 1990 and 1993, 

then overcame the recession by adding a net 780,000 jobs between 1996 and 

2000. After slow growth in jobs in 2002 and 2003, the region is regaining its 

economic strength by increasing new annual job growth beyond these early 

decade levels. 

The overall pattern of employment change is driven by the decline in manu

facturing sector jobs due to globalization. Between 2000 and 2005, the man

ufacturing sector jobs dropped from 1,023,000 jobs to 835,000 jobs, a loss 

of 188,000 jobs. The share of the manufacturing sector jobs declined by 3 

percent. Other significant economic sectors experiencing the absolute loss of 

jobs include 1) information, 2) agriculture and mining, and 3) transportation 

and warehousing, and utility. In contrast, 1) construction, 2) financial activ

ity, 3) leisure and hospitality, 4) retail trade, and 5) other service sectors added 

a significant number of additional jobs to the regional economy. The growth 

in the construction and financial activity sectors was caused by the strong resi

dential housing development. The increases in some service-sector jobs are 

directly associated with the increase in total population and an increase in the 

aged population in the region. The growth of service-sector jobs, in particular, 

population-serving jobs, is likely to continue in the future. 

The strong regional job growth directly influences domestic migration, be

cause it induces more domestic in-migration than domestic out-migration, 

while weak job growth causes more domestic out-migration than domestic 

in-migration. More net in-migration influences the job growth in the "popu

lation-serving" retail and service sectors. 
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TABLE 2.2 EMPLOYMENT BY SECTOR, 2000 AND 2005 

2000 2005 Change 
Sectors (NAICS) Change in % 

Number % Number % Number % Change . 
omts 

Agriculture & Mining 84,000 1% 78,000 1% (6,000) -7% 0% 

Construction 369,000 5% 465,000 6% 96,000 26% 1% 

Manufacturing 1,023,000 14% 835,000 11% (188,000) -18% -3% 

Wholesale Trade 374,000 5% 386,000 5% 12,000 3% 0% 

Retail Trade 770,000 10% 841,000 11% 71,000 9% 1% 

Transportation and 
354,000 5% 349,000 4% (5,000) -1% 0% 

Warehousing, and Utility 

Information 324,000 4% 278,000 4% (46,000) -14% -1% 

Financial Activities 415,000 6% 504,000 6% 89,000 21% 1% 

Professional and 
1,167,000 16% 1,197,000 15% 30,000 3% 0% 

Business Services 

Education and Health 
1,429,000 19% 1,546,000 20% 117,000 8% 1% 

Services 

Leisure and Hospitality 664,000 9% 746,000 10% 82,000 12% 1% 

Other Services 293,000 4% 313,000 4% 20,000 7% 0% 

Public Administration 217,000 3% 234,000 3% 17,000 8% 0% 

Total 7,482,000 1000A. 7,n1,000 100% 289,000 4% 0% 

Source: California Employment Development Department, SCAG Employment Estimates 

INCOME 

Income is one of most important indicators of economic well-being of resi-

dents in the region. In 1999, per capita income of the region, as a measure of 

the wealth of the residents, was approximately $21,000. By 2006, this amount 

grew to $25,000, an increase of 20 percent. After adjusting for inflation, per 

capita income of the region has declined from 1999 to 2006 (-5.7%). Per 

capita income of the region remains at the same level as the nation, but is 

lower than that of California by 6 percent. The relative income level of the 

region to the nation has declined from 1.27 in 1959 to 0.98 in 1999. Over 

the last three decades, the SCAG Region's per capita income ranking dropped 

from the 4th highest in 1969 to 7th in 1989, and 16th in 1999. The SCAG 

region continued to rank last in terms of per capita income among the 17 

largest metropolitan regions in the nation in 2005. 

Median household income increased by 22 percent from 1999 to 2006. How

ever, this increase was only about 80 percent of what was required to keep 

up with inflation. Thus, real median household income was down by 4%. 

In 2006, median household income of the region was 15 percent above the 

national average, but was lower than that of California by 1.5 percent. The 

relative income level of the region to the nation has remained 9 percent to 23 

percent above the national average for the periods of 1969, 1979, 1989, and 

1999. The relative median household income level of the region has increased 

from 1.09 in 1999 to 1.15 in 2006. 

Average income statistics, however, mask how much poverty is present in the 

region. In 2006, nearly 14 percent of the region's residents lived in poverty 

compared to around 13 percent for California and the nation as a whole. 

Around 18 percent of Imperial County residents live in poverty, followed by 

Los Angeles County at 15 percent. The poverty rates of Ventura, Orange, and 

Riverside County residents are lower than those of California or the nation. 

Partly because of the higher than national average poverty levels and partly 

because of the high cost of home ownership in California, the region lags the 

nation in homeownership rates. During the last decade, median home values 

in California and the most populous areas of the region have risen due to con

struction activity lagging population growth, low inventory and historically 

low interest rates. Median home values in California now reach the $462,000 

mark, which is more than double the national median. In 2006, 56.5 percent 

of regional residents owned their own home compared to 67.3 percent for the 

nation as a whole. 

PATTERNS OF FUTURE GROWTH 

A baseline growth forecast is a future snapshot of the most likely population 

and employment distribution without regional policy input. It reflects histor

ical trends, based on reasonable key technical assumptions and existing and 
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newly approved local or regional projects. Specifically, the baseline growth FIGURE 2.6 

forecast is a result of updating the 2004 RTP no-project growth forecast with 

the current demographic and economic trends, the latest land use changes, 

newly approved regionally significant projects, general plan or specific plan 25 

update, and/or zoning revisions. Also included are demand forecasts for cargo 

and passengers at the regional ports and airports. The port and airport de

mand forecasts include projects that improve operations and increase capac

ity. Intermodal expansion was assumed in terms of additional capacity at the 

ports for goods movement growth, and the trips associated therewith were 

assumed to be located in the Inland Empire. The VMT and related emissions 

regarding such trips are incorporated into the modeling analysis. 
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POPULATION AND EMPLOYMENT, 2005 AND 2035 
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Population Jobs According to the baseline growth forecast summarized in Figure 2.6, the re

gion will add 5.9 million people to reach 24 million people by 2035. Support

ing this population in 2035 will be a total of 10.3 million jobs in 2035 with 2.5 

million new jobs. This level of population and job growth is expected to yield 

2 million additional households in the region at an average of three persons 

per household. The substantial amount of projected growth will pose serious 

transportation and air quality challenges for the region. 

Source: California Department of Finance, California Employment Development Department, SCAG Employment Estimates, SCAG Baseline 

Growth Forecast 
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TABLE 2.3 SOCIOECONOMIC INDICATORS, 2005 AND 2035 

Total population ('000), % Change (2005-2035) 

Persons under 16 years old (%) 

Persons 16-64 years old (%) 

Persons 65 years old and over (%) 

Median age 

Total dependency ratio' 

Child dependency ratio 

Old-age dependency ratio 

Births per 1,000 population 

Total fertility rate (per woman) 

Deaths per 1 ,000 population 

Natural increase (%) (2000-2005, 2005-2035) 

Net migration (%) (2000-2005, 2005-2035) 

Non-Hispanic White persons (%) 

Non-Hispanic Black persons (%) 

Non-Hispanic Asian & Other persons (%) 

Hispanic persons (%) 

Households ('000), % Change (2005-2035) 

Total population per household (PPH) 

Householders 65 years old and over (%) 

Total employment ('000), % Change (2005-2035) 

Agriculture & Mining (%) 

Manufacturing (%) 

Service (%) 

% 
2005** 2035 Change Ch 

ange 

18,147 

24.4 

65.7 

9.9 

32.9 

52.1 

37.1 

15.1 

15.9 

2.05 

6.3 

55.0 

45.0 

36.0 

7.1 

13.8 

43.1 

5,687 

3.19 

17.3 

7,771 

1.0 

10.7 

88.3 

24,057 

21.4 

62.7 

15.9 

35.9 

59.5 

34.2 

25.3 

14.4 

2.02 

6.9 

84.0 

16.0 

21.9 

5.8 

17.0 

55.2 

7,711 

3.12 

26.5 

10,287 

0.8 

7.7 

91.5 

5,910 

-2.9 

-3.0 

6.0 

3.1 

7.4 

-2.9 

10.3 

-1.4 

-0.03 

0.7 

-14.1 

-1.2 

3.3 

12.0 

2,024 

-0.07 

9.2 

2,516 

-0.2 

-3.0 

3.2 

33% 

36% 

32% 

Notes: • A measure showing the number of dependents (aged 0-15 & over 65) per 100 working age population (aged 16-64). 

Dependents per 100 working-age population. 

n Model estimate 

Source: SGAG Baseline Growth Forecast 

Where will all these people come from? Approximately 85 percent of the re

gion's population growth in the future is due to natural increase. The region is 

expected to experience a net loss in domestic migration, but this will be more 

than offset by international immigration. As the region grows, the average 

person will be older, and Hispanics will become the majority ethnic group. The 

population in the region will become older because of aging "baby boomers" 

born between 1946 and 1964. The median age will rise from 32.9 years in 

2005 to 35.9 in 2035. The population aged 65 and older will grow four-and

a-half times faster than the working-age population (16-64 years old) between 

2005 and 2035. As a result, workers in the region will support a larger share of 

the older "baby boomer" population in 2035. 
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FIGURE 2.7 POPULATION AGE PYRAMID, 2005 AND 2035 
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Due to the retirement of "baby boomers," the region may experience severe 

shortages of skilled labor. The aging baby boomers may postpone the retire

ment or the female labor force may increase the labor force participation. 

If domestic migration does not make up the shortage of skilled labor, then 

more foreign immigration will be needed. The skills of the new labor force, 

particularly recent immigrants, will probably not match the requirements of 

the skilled jobs. This could depress the overall income level of the workers 

and households. Long-term strategies to achieve growth and equitable distri

bution of income should be considered, including appropriate and enhanced 

educational opportunities and a phased retirement system. 

Shifting demographic patterns will also influence travel behavior. The elderly 

people travel less than the younger population and the elderly workers tend 

to work at home. If necessary, they commute to work for a shorter distance. 

Recent immigrants tend to use public transportation much more than other 

population groups. Urban density levels may also increase since foreign-born 
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residents urbanize less land. Many SCAG Region foreign-born, Hispanic, and 

Asian residents have modest incomes, larger household sizes, and tend to 

double up in existing urban areas, thereby increasing population density. The 

socioeconomic characteristics and lifestyle choices associated with immigra

tion are consistent with a more compact urban form. 

The overall number of persons per household will be smaller in the region in 

2035 as downward pressures are exerted by aging "baby boomers" and lower 

birth rates, while there are upward pressures from increasing Hispanic popu

lations with relatively large households (especially recent immigrants). The 

number of persons per household may increase in some built-out areas over 

the projection horizon due to the limited availability of developable land. 

The racial and ethnic composition of households will reflect the population 

diversity and create demand for a wider variety of housing types than are most 

prevalent today. Specifically, there will be more need for close-in and infill 

housing, condominiums and multi-family housing. 

Jobs will be created across all employment sectors, except the manufactur

ing sector. The largest gains will be in service-sector jobs as the shift in the 

region from manufacturing jobs to service-sector jobs continues. Between 

2005 and 2035, service-sector jobs will lead in total growth and comprise the 

largest share of total jobs. The makeup of service sector jobs will also change, 

with different employment opportunities. Three top leading sectors include 

1) education and health services, 2) professional and business services, and 

3) construction. These fast-growing sectors are supported by the continued 

growth of population and demographic changes (e.g., aging of baby boom

ers). With continued globalization, the share of the manufacturing sector will 

continue to decline from 11 percent in 2005 to 8 percent in 2035. The manu

facturing sector still remains important and there are growth opportunities in 

the high-tech manufacturing sector. The decline of the manufacturing sector 

might result in the lower income level of workers and households. The policy 

strategies might focus on creating more high-wage and salary service sectors, 

which include 1) information, 2) public administration, 3) financial activities, 

4) wholesale trade, and 5) transportation and warehousing, and utilities. The 
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logistics sector, comprising wholesale trade, transportation, and warehous

ing, might become more important in the region's economic growth as the 

region's foreign trade activities continue to grow. The significant growth of 

the construction sector might influence the future traffic congestion in the 

region. The workers in the construction sector tend to commute to work for 

longer distances, but they use carpooling much more than other workers. 

TABLE 2.4 EMPLOYMENT BY SECTOR, 2005 AND 2035 

2005 2035 Change 
Sectors (NAICS) 

Number % Number % Number % Change Change in % 

Agriculture & Mining 78,000 1% 86,000 1% 8,000 10% 0% 

Construction 465,000 6% 687,000 7% 222,000 48% 1% 

Manufacturing 835,000 11% 792,000 8% (43,000) -5% -3% 

Wholesale Trade 386,000 5% 458,000 4% 72,000 19% -1% 

Retail Trade 841,000 11% 1,122,000 11% 281,000 33% 0% 

Transportation and 
349,000 4% 418,000 4% 69,000 20% 0% 

Warehousing, and Utility 

Information 278,000 4% 362,000 4% 84,000 30% 0% 

Financial Activities 504,000 6% 601,000 6% 97,000 19% -1% 

Professional and 
1,197,000 15% 1,770,000 17% 573,000 48% 2% 

Business Services 

Education and Health 
1,546,000 20% 2,299,000 22% 753,000 49% 2% 

Services 

Leisure and Hospitality 746,000 10% 1,027,000 10% 281,000 38% 0% 

Other Services 313,000 4% 366,000 4% 53,000 17% 0% 

Public Administration 234,000 3% 301,000 3% 67,000 29% 0% 

Total 7,771,000 101JOA. 10,287,000 100% 2,516,000 32% 0% 

Source: SGAG Baseline Growth Forecast 

The overall economic well-being of residents in the region improves during 

the planning period. The median household income of the region is expected 

to increase by one-half percent per year from $46,000 (in 1999 dollars) in 

2005 to $53,000 (in 1999 dollars) in 2035. The higher-income households 

with more than $100,000 (in 1999 dollars) increase two or three times faster 

than low- and middle-income households. The projected income level and 

distribution affects auto ownership, trip generation, and mode choice. For ex

ample, higher household income implies more cars available for travel, more 

trip generation, and more driving than transit use. 
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EXHIBIT 2.1 2003 POPULATION 
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EXHIBIT 2.2 2035 POPULATION 
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EXHIBIT 2.3 POPULATION INCREASE, 2003-2035 

Population Change 
2003 to 2035 
• 1 Dot = 1,000 People 
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Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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EXHIBIT 2.4 2003 EMPLOYMENT 

2003 Employment 
• 1 Dot = 750 Jobs 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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EXHIBIT 2.5 2035 EMPLOYMENT 

2035 Employment 
• 1 Dot = 750 Jobs 
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Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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EXHIBIT 2.6 EMPLOYMENT INCREASE, 2003-2035 

Employment Change 
2003 to 2035 
• 1 Dot = 750 Jobs 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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Table 2.5 summarizes the baseline growth forecast by county for 2035 popula

tion, households, and employment. The baseline growth represents a forecast 

based on current and expected demographic and economic trends, as well as 

previously adopted local land use policies within the SCAG Region. 

TABLE 2.5 2035 POPULATION, HOUSEHOLDS, AND EMPLOYMENT 
(THOUSANDS) 

Baseline 

County Population Households Employment 

Imperial 320 103 133 

Los Angeles 12,339 4,004 5,041 

Orange 3,654 1,118 1,982 

Riverside 3,597 1,183 1,414 

San Bernardino 3,134 973 1,255 

Ventura 1,014 330 463 

SCAG Region 24,057 7,711 10,287 

Source: SGAG Baseline Growth Forecast 
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Where do we live and work now, and where will we live and work in the 

future? The regional baseline forecasts are distributed to counties, subregions, 

and smaller geographies through an interactive collaborative process in which 

cities, subregions, regional agencies, experts, and stakeholders participated. 

Input from local jurisdictions plays an important role in determining the base

line growth distribution within their boundaries. Exhibit 2.1 shows where we 

lived in 2003 and Exhibit 2.2 shows where we are forecast to live in 2035. 

Exhibit 2.3 shows the difference between the two time periods. In terms of 

where we work, Exhibit 2.4 shows 2003 employment clusters, while Exhibit 

2.5 shows anticipated 2035 employment clusters. Exhibit 2.6 shows the dif

ference between the two time periods. 
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Mobility Challenges 
The projected growth in the region is expected to place even greater demands 

on the transportation system. The SCAG Region is served by an extensive 

multimodal transportation system addressing all aspects of travel in the re

gion, including commuters; shoppers; public transit patrons; truckers deliver

ing goods both regionally and locally, such as groceries to the local supermar

kets; as well as fire, police, and other emergency personnel. The roadway and 

freight rail networks serve the largest maritime ports system in the United 

States (the Ports of Long Beach, Los Angeles, and Hueneme) and a number 

of large airports, including the fifth-largest airport in the world (Los Angeles 

International Airport-LAX). 

The region has over 20,750 centerline miles and over 65,000 lane-miles of 

roadways, including one of the most extensive High-Occupancy Vehicle 

(HOV) lane systems in the country. Additionally, the region has a growing 

network of tolled lanes and High-Occupancy Toll (HOT) lanes. Regionally 

significant arterials provide access to the freeway system and often serve as 

parallel alternate routes; in some cases, they are the only major system of 

transportation available to travelers. 

The public transit network in the SCAG Region has been growing significantly 

over the last two decades, and this growth accelerated since the 2004 RTP. The 

region has approximately 640 bus routes and about SO local bus operators, 

four commuter express bus services, two subway lines and three light rail lines 

operating in Los Angeles County, and the Metrolink commuter rail network 

spanning five of the six counties and northern San Diego County. 

Despite this vast multimodal network, transportation in the SCAG Region is 

facing serious, unprecedented challenges. Although the first thought about 

Southern California transportation is congestion, other major related chal

lenges are equally (or more) serious. 

To truly understand these challenges, it is important to understand how we 

got to this point. How did we become the most congested metropolitan re-

gion in the country? Only by developing an in-depth understanding of the 

current situation and the factors that led to this situation can we try to de

velop consensus on the tough choices that are before us. 

ROADWAY CONGESTION 

The second-largest metropolitan area in the United States with over half of 

California's residents, the Southern California region is the most congested 

metropolitan area in the country. Over the past twenty years, traffic delays 

have nearly tripled in the region, and SCAG's Regional Transportation Model 

estimates the following alarming traffic delay statistics (defined as the differ

ence in travel time between free-flow conditions and actual conditions): 

• 3.9 million vehicle-hours of daily delay 

• 5.7 million person-hours of daily delay 

• 15 minutes of delay per capita during peak commute periods 

Almost as frustrating as daily recurrent delay is the variability of travel time. 

For example, trips that on average take 30 minutes often last much longer 

due to incidents, collisions, weather, special events, construction activities, 

or other difficult-to-predict conditions. The frequency of such unpredictable 

delays over and beyond the "normal" congestion has been increasing steadily 

on our roadways. The combination of increasing congestion and decreasing 

predictability of travel times has led to our region's status as the capital of 

congestion in the country. 

ROADWAY PRODUCTIVITY LOSSES 

Roadways are built to provide traffic capacity to vehicles. For instance, free

ways are generally built to provide a capacity of between 1,600 and 2,000 

vehicles per hour per lane. When a segment of the freeway provides this "de

sign" capacity, it is considered productive. However, the roadway system loses 

its productivity when it is unable to provide the capacity that it was designed 

to serve. This occurs at locations commonly referred to by transportation 

planners and engineers as bottlenecks and the queues building up behind 
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these bottlenecks (e.g., at freeway-to-freeway interchanges). The resulting FIGURE 2.8 

productivity losses of the system occur generally during peak demand peri-

PRODUCTIVITY RESULTS BY TIME PERIOD 

ods and are caused by merges, weaves, lane drops, stalls, accidents, and other 

factors. So, in effect, when demand is highest, system productivity actually 500 

decreases. Many freeway segments in the SCAG Region experience productiv-

ity losses and end up serving between 1,000 and 1,500 vehicles per hour per 

lane instead of the almost 2,000 vehicles per hour per lane for which they 

were designed. 

When these productivity losses are aggregated, they can be presented in terms 

of "Lost Lane-Miles," which reflect the equivalent capacity subtracted from 

the roadway system. Figure 2.8 presents the results of an analysis to estimate 

the lost productivity in the SCAG Region based on actual traffic data from the 

region's freeway system during the four major time periods of the day: AM 

Peak, PM Peak, Mid-Day, and Night. 

This "lost" capacity in the AM peak period, attributable to a large extent to 

non-recurring incidents such as accidents, weather conditions, stalled vehi

cles, etc., could have the effect of the loss of approximately 286 lane-miles of 

freeway capacity when it is needed the most. The cost of physically adding 

this lost capacity by widening existing facilities would exceed $4 billion. 
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SUPPLY NOT KEEPING UP WITH DEMAND 

-Night 

As mentioned previously, people are moving further away from established 

urban areas, at least partly because of housing costs. This creates incremental 

demand for travel. The size of the roadway system, however, has not kept 

pace with population and transportation demand. Figure 2.9 illustrates this 

problem. The figure shows that while California's population and total ve

hicle miles traveled have more than doubled since 1970, expenditures on this 

vital system have decreased significantly beginning in the early 1970s and 

still have not reached the level of investments made during the 1960s. Once 

the preservation and operations costs are subtracted from these expenditures 

and the high construction inflation is accounted for, it is easy to understand 

why the supply of roadways did not keep up with the demand growth for over 

three decades. 
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FIGURE 2.9 CALIFORNIA POPULATION, TRAVEL, AND HIGHWAY EXPENDITURE 
TRENDS* 
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Note that these trends were not altogether unintentional. In fact, starting in 

1980, a major shift occurred away from building roadways and into transit 

projects and services. This trend was planned and executed deliberately and 

understandably. 

GROWING, BUT STILL MODEST PUBLIC TRANSIT USAGE 

The investments in public transit since the 1980s have started to payoff. This 

success of transit is easily measured. Between 2000 and 2005, regional transit 

use increased by more than 16 percent, from 622 million annual unlinked 

passenger trips to more than 722 million, as shown in Figure 2.10. Transit 

person-miles traveled (PMT) increased by more than 24 percent to nearly 3.3 

billion person-miles in 2005. 

Continuing a trend of more per capita transit use that began in the mid-1990s, 

transit ridership per capita has reached nearly 40 boardings per person in the 

region by 2005. This rate had not been seen since the mid-1980s. Our re-

gional investments in new transit modes and innovative services are a signifi

cant factor in achieving this growth. Additionally, more people are traveling 

longer distances, as shown in Figure 2.10. The length of an average transit trip 

increased from under 4.3 miles in 2000 to more than 4.5 miles in 2005. This 

represents a seven percent increase. 

FIGURE 2.10 TRANSIT BOARDINGS AND PERSON-MILES TRAVELED, 
2000-2005 
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Source: Federal Transit Administration (FTA) National Transit Database 

However, regional transit operators still struggle to attract a significantly high

er share of the traveling public. Despite the increase in boardings and per 

capita transit use, SCAG's Regional Travel Demand Model estimates that in 

2003, less than 3 percent of all trips and person-miles traveled in the region 

were taken on public transit. A bright note is that since the rate of growth in 

transit use has outpaced growth in highway and arterial VMT by more than 

threefold since the year 2000, there are indications that regional investments 

may attract a greater share of the public in the future, especially with rising 

gasoline prices. 

The development of new rail and bus transit corridors has spawned invest

ment in new housing, retail, and business development at and near transit 
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stations. These changes in land use, as outlined in the Compass Blueprint 

program, primarily through transit -oriented development, may result in fewer 

auto trips and reduced VMT by creating urban environments that provide 

better access to jobs and services, which in turn encourages more walking, 

bicycling and transit use. 

AGING INFRASTRUCTURE 

The need to preserve our transportation assets adequately was brought to the 

nation's attention after the Minnesota I-3SW bridge collapse during the sum

mer of 2007. We must recognize that our roadway network and transit systems 

developed over the past decades are aging. These regional assets represent 

hundreds of billions of dollars of investments that must be protected in order 

to serve us and future generations. Without these assets, or even a portion of 

these assets, the region's mobility would be significantly compromised. 

Unfortunately, our region's roadways, especially the State Highway System 

that is owned and operated by Caltrans, have not been maintained adequately. 

Caltrans reports that 28 percent of its pavement requires rehabilitation (based 

on 2005 statistics). Regional arterial studies have concluded similar needs. 

Deferred maintenance leads to higher costs, as shown in Figure 2.11. Whereas 

pavement surface damage requires an investment of $64,000 per lane-mile to 

bring it to a state of good repair, the costs escalate significantly if these invest

ments are not secured in a timely manner. In fact, the costs for minor damage 

repair escalate more than fivefold to $387,000, and the costs for major damage 

repair escalate to an astronomical $900,000 per lane-mile. 
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FIGURE 2.11 
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PRESERVATION COST-EFFECTIVENESS 

Roadway: Patching,thin overlays ($64,500 / Lane Mile) 
Structural: Fix joints and bearings ($60,000/ Bridge) 
Drainage: Minor repairs to culverts ($21 ,000 per Culvert / Combined) 

Roadway: Thicker overlays ($387,000/ Lane Mile) 
./ Structural: Fix joints and bearings ($720,000/ Bridge) 

JtI" Drainage: Minor repairs to culverts ($115,000 per Culvert) 

Roadway: Major Rehabilitation ($900,000/ Lane Mile) 
Structural: Major Bridge Rehabilitation ($6M / Bridge) 
Drainage: Rehabilitation due to Failure ($550,000 per Culvert) 

Failed L-_ _______________ _ 

EXPLOSIVE GROWTH IN GOODS MOVEMENT 

The SCAG Region's goods movement system serves as the gateway for both 

international and domestic commerce. Supported in part by its geographical 

advantages such as deep-water marine ports, and highly developed network 

of highways and railways, availability of transloading facilities and its large 

internal market, goods movement is the fastest-growing segment of the re

gion's transportation sector. Every state in the nation receives goods that pass 

through Southern California, and the region is a cornerstone of the nation's 

global competitiveness. 

The San Pedro Bay Ports, which include the Los Angeles and Long Beach Ports, 

currently handle approximately 40 percent of the volume imported into the 

country and approximately 24 percent of the nation's exports, and one out 

of every seven jobs in Southern California depends on this trade. Figure 2.12 

reflects the explosive growth in container volume processed by the San Pedro 
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Bay Ports. It shows an almost 60 percent increase in volume between the 

years 2000 and 2006. Moreover, it also shows that this type of growth will 

continue, leading to an almost tripling of container volume by 2030. 

FIGURE 2.12 SAN PEDRO BAY PORTS CONTAINER VOLUME 
TREND AND PROJECTIONS 
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As the only deep-water port between Los Angeles and San Francisco, the Port 

of Hueneme in Ventura County is a major shipping point for automobiles, 

fresh fruit and produce. Approximately $ 7 billion in cargo traverses through 

this Port annually, and trade-related activity generated by the Port contributes 

significantly to the local economy. 

Cross-border trade activity also contributes to the region's international trade 

growth, with the growth in Mexico's manufacturing industry increasing truck 

trips through Calexico East in Imperial County by 77 percent between 1994 

and 2005. 

More than 75 percent of the containers processed by the ports in 2006 and 

2007 involved at least one truck trip within the SCAG Region, either to a rail 

intermodal facility, a warehouse, or a transload facility. These trucks con

tribute to the existing congestion in the region and will contribute to future 

congestion even more, as the number of trucks is projected to increase signifi

cantly for several major freeways, as shown in Table 2.6. 

TABLE 2.6 DAILY TRUCK VOLUMES BY CORRIDOR (THOUSANDS) 

Freeway 2003* 2035* 

1-110 21.1 27.8 

1-405 33.2 39.4 

1-10 26.3 47.0 

US-101 32.3 40.2 

1-105 20.8 30.8 

1-5 35.7 62.1 

1-710 38.6 63.3 

SR-60 30.6 43.2 

SR-111 1.8 6.2 
• Daily Truck Volumes based on the maximum volume for a segment per freeway 

Source: SGAG Model 

Recent projections included in SCAG's Inland Empire Railroad Main Line 

Study suggest that the number of freight trains on most Burlington Northern 

Santa Fe (BNSF) and Union Pacific (UP) lines will more than double between 

2000 and 2025 in response to a tripling of container volume at the San Pedro 

Bay Ports. Although freight rail does not add to freeway congestion, it does 

pose serious quality of life issues for many communities. Some towns and 

cities witness 100 trains per day that literally split their communities into two 

sections for extended periods of time. Exhibit 2.8 shows the Colton crossing 

and suggests how rail traffic can seriously affect the quality-of-life and safety 

of a community. 
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EXHIBIT 2.7 SCAG REGION REGIONAL AIR CARRIER SYSTEM 
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EXHIBIT 2.8 COLTON AT-GRADE RAIL CROSSING 

Source: Google Maps 

As the expanding goods movement sector continues to have a positive impact 

on our economy, it will also have critical and far-reaching impacts on our 

region's transportation system and public health. An essential element to 

improving the region's goods movement system will be to reduce its current 

and long-term impacts on public health and the environment. 

AVIATION CAPACITY AND GROUND ACCESS CONSTRAINTS 

The SCAG Region supports the nation's largest regional airport system in 

terms of number of airports and aircraft operations, operating in a very com

plex airspace environment. Exhibit 2.7 shows the SCAG regional air carrier 

airport system. The system has six established air carrier airports, including 

Los Angeles International (LAX), Bob Hope (formerly Burbank), John Wayne, 

Long Beach, Ontario and Palm Springs. There are also four new and emerging 

air carrier airports in the Inland Empire and North Los Angeles County. These 

include San Bernardino International Airport (formerly Norton Air Force Base 

[AFBD, March Inland Port (joint use with March Air Reserve Base), Southern 

California Logistics Airport (formerly George AFB) and Palmdale Airport (joint 

use with Air Force Plant 42). The regional system also includes 45 general 

aviation airports and two commuter airports (Oxnard and Imperial), for a to

tal of 57 public use airports. 

There are significant challenges in meeting the future airport capacity needs of 

Southern California. Work on SCAG's 2004 RTP concluded that an Aviation 

Decentralization Strategy is needed to meet the forecast doubling of air pas

senger demand by 2030, from the current 90 million annual passengers (MAP) 

to 170 MAP (according to the 2004 RTP). This is because the four urban air 

carrier airports in Los Angeles and Orange Counties-LAX, Bob Hope, Long 

Beach and John Wayne-are all highly constrained. Their collective acreage 

amounts to 5,540 acres, which is less than 17% of the 34,000 acres of Denver 

International, and less than the 7,700 acres of Chicago O'Hare. At 3,500 acres, 

LAX is a very small international airport despite being the third-busiest airport 

in the country and fifth-busiest in the world in terms of passengers served. All 

of these urban airports have little room to expand because of severe encroach

ment by surrounding communities. In addition, two of these airports-Long 

Beach and John Wayne-have strict limits on allowable flights that are legally 

enforceable (one is a city ordinance and the other is a court settlement agree

ment) since they predate the Federal Airport Noise and Capacity Act of 1990 

(ANCA). 

The challenge of meeting future aviation demand in the SCAG Region is inex

tricably tied to airport ground access, since in order to meet that demand the 

region will need to get future air passengers from the urban areas of Los An

geles and Orange Counties to available airport capacity in the Inland Empire 

and North Los Angeles County. The challenge is complicated by the fact that 

the regional roadway system will become increasingly unreliable, with daily 

delay on the system expected to more than double. This will place a great 
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burden on the air traveler, who will have to allow for more time to get to the of this plan will require vigorous effort and significant resources from both 

airport to catch his or her flight. It will make it difficult to expand the new public and private stakeholders. 

airports with available capacity, since until they fully mature they will have 

few alternative flights to offer air travelers who miss their flights because of 

unreliable ground access. Unless the regional airport ground access system is 

substantially improved, many potential air travelers will choose not to fly at 

all, which will translate to substantial economic loss to the region. 

Southern California airports playa crucial role in international trade, particu

larly with Pacific Rim countries, and to the regional economy. The value of 

airborne commodity exports out of the Los Angeles Customs District are about 

equal to waterborne exports, and airborne export values would be significantly 

greater if service exports, including impacts from tourism, were added to total 

export values. Therefore, the airport constraints our region faces pose a threat 

to our regional economy and well-being. A regional strategy is needed to help 

address this inter-regional mobility challenge. 

Air Quality Challenges 
The SCAG Region continues to have the worst air quality in the nation, even 

despite improvements gained in the last two decades. The recently docu

mented health impacts of air pollution on people living in the South Coast 

Air Basin are staggering. Of all the people nationwide who are exposed to 

PM2.5 levels that exceed the federal health-based standard, 52% live here. Of 

all the people statewide who are exposed to these levels, 82% live here. This is 

estimated to result in 5,400 premature deaths and 980,000 lost work days per 

year. 1 These impacts, and the fact that a substantial portion of emissions are 

outside of local and state control, led SCAG to urge via Resolution the declara

tion of a state and federal emergency to address the air quality health crisis. 

Subsequently, the South Coast Air Quality Management District (SCAQMD), 

the California Air Resources Board (ARB), and SCAG collaboratively complet

ed the difficult task of developing a plan to achieve the federal health-based 

PM2.5 and ozone standards in the South Coast Air Basin. Implementation 

1 Personal communication, Richard Bode, California Air Resources Board, 2007. 
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ATTAINMENT OF AIR QUALITY STANDARDS 

Much of the region continues to exceed the National Ambient Air Quality 

Standards (NAAQS) identified in the Clean Air Act. The table below summa

rizes the non-attainment and maintenance areas within the SCAG Region. 

TABLE 2.7 SCAG REGION NON-ATTAINMENT AND MAINTENANCE AREAS 

Ozone PM10 PM2.5 CO N0
2 

South Coast Air Basin (SCAB), 

Coachella Valley portion of Salton 
Sea Air Basin (SSAB), 

Ventura County portion of South 
Central Coast Air Basin (SCCAB), 

Western portion of Mojave Desert Air 
Basin (MOAB), 

Imperial County portion of SSAB 

SCAB 

Coachella Valley 
portion of SSAB 

San Bernardino 
portion of MOAB 

Imperial County 
portion of SSAB 

SCAB SCAB SCAB 
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Further, as demonstrated by the recent AQMP/SIP efforts of local air districts 

and the ARB, the region's efforts to attain the NAAQS continue to be chal

lenging, as the South Coast Air Basin, the Ventura County portion of the 

South Central Coast Air Basin, the Western Mojave Air Basin, and the Riv

erside County portion (Coachella) and the Imperial County portion of the 

Salton Sea Air Basin will all be "bumping up" to worse ozone non-attainment 

designations since they cannot achieve the NAAQS in the time previously 

assumed. Further, the attainment plan to meet the ozone standard in the 

South Coast Air Basin includes undefined long-term ("black box") measures of 

approximately 200 tons per day of nitrogen oxides (NOx), which is a daunting 

amount of as-yet-unidentified emission reductions. Of additional concern 

are the upcoming 24-hour PM2.S standards, which will require even greater 

reductions as well as possibly more stringent ozone standards. Consequently, 

the ARB, SCAQMD, and SCAG are committed to producing a white paper 

that identifies strategies to address the shortfall issues. Furthermore, there are 

strategies and programs in this Plan that will be incorporated into the white 

paper. 

AIR QUALITY IMPACTS AND PROJECT IMPLEMENTATION 

Another important consideration for air quality and transportation planning 

is the general inability of project sponsors to move proposed projects through 

the environmental review process. Community opposition is demanding 

mitigation of emissions from existing as well as future transportation facilities. 

Of equal concern, the failure to implement adequate SIPs for the region could 

result in federal sanctions, such as a ban on approval of new highway projects, 

loss of highway funding, and restrict our ability to spend local and private dol

lars, as well as more stringent emissions offsets for stationary sources. 

Given the challenges that lie ahead, increased public awareness and a rein

vigorated collaborative effort from all agencies and stakeholders are critical 

to bring this region into attainment of the federal air quality standards and 

to begin to address greenhouse gas (GHG) reduction targets. SCAG's contri

bution to this collaborative effort is essential, as emissions reductions from 

2008 REGIONAL TRANSPORTATION PLAN 75 

AR0072480 



goods movement, marine ports, aviation and land use have come to be front 

and center of the air quality challenge. 

Climate Change 
In addition to the aforementioned challenges, efforts to reduce GHGs will 

present another tremendous challenge to the transportation sector. Trans

portation is the largest source of GHG emissions in California, representing 

38 percent of emissions (Figure 2.13), and emissions from the transportation 

sector have grown more rapidly than other sources over the past ten years. 2 

California is the second-largest emitter of GHG emissions in the United States 

and the twelfth-largest emitter in the world, exceeding most nations. The 

Intergovernmental Panel on Climate Change of the United Nations has found 

overwhelming evidence that global climate change is occurring and is caused 

by human activity.3 Global climate change involves an increase in the average 

2 California Air Resources Board, Greenhouse Gas Emissions Inventory (November 2007); United 
States Department of Transportation, Federal Highway Administration. Transportation and Global 
Climate Change: A Review and Analysis of the Literature. (June 1998.) DOT-T-97-03. 

3 Intergovernmental Panel on Climate Change. (February 2007.) Fourth Assessment Report of 
the IPCC, Climate Change 2007: The Physical Science Basis, Summary for Policy Makers. 
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atmospheric temperature of the earth caused by an enhanced greenhouse ef

fect. Changes to the atmospheric temperatures would likely cause an increase 

in sea levels and alter weather patterns, thereby increasing the frequency and 

severity of extreme weather worldwide. Climate change also poses serious 

risks to our economy, water supply, biodiversity, and public health. 4 

These potentially catastrophic impacts have led to new efforts to reduce the 

amount of GHG emissions released into the atmosphere. In 2006, California 

passed the Global Warming Solutions Act, or AB 32, which requires a reduc

tion of the state's GHG emissions to 1990 levels by 2020. This emissions 

target is equal to a 25% reduction from current levels. Longer-term targets 

have also been set through Executive Order S-3-05, which calls for a reduction 

of GHG emissions to 80% below 1990 levels by 2050. These reduction targets 

will have implications on the transportation sector and alter the way we fuel 

our future. For example, California's Low Carbon Fuel Standard (Executive 

Order S-01-07) requires a reduction in the carbon intensity of California's 

passenger vehicle fuels by at least 10 percent by 2020. The California Air 

Resources Board identified the Low Carbon Fuel Standards as a discrete early 

action item under AB 32, with a regulation to be adopted and implemented by 

2010. Other transportation-related discrete early action items include green 

ports, Smart Way truck efficiency, and a tire inflation program.5 In addition, 

AB 1007 requires the development and adoption of a state plan to increase 

the use of alternative transportation fuels by establishing a roadmap to help 

reduce our dependence on foreign oil. The State Alternative Fuels Plan was 

adopted by the California Energy Commission on December 5,2007. 

4 California Energy Commission. Our Changing Climate: Assessing the Risks to Califor
nia (July 2006) CEC-SOO-2006-077. Retrieved March 26, 2007, from http://www.energy. 
ca.gov/2006publications/CEC-SOO-2006-077 /CEC-SOO-2006-077.PDF 

5 California Air Resources Board. Expanded List of Early Action Measures to Reduce GHG Emis
sions in California Recommended for Board Consideration. October 2007. 
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FIGURE 2.13 2004 CALIFORNIA CLIMATE GREENHOUSE GAS EMISSIONS BY 

SECTOR 

• Residential • Unspecified 

• Commercial 6% 
4% 

• Agriculture 3% 
6% 

• Electricity, 
Imports 
13% 

Electricity, 
In-State 
12% 

• Industrial 
20% 

Source: CalifomiaAir Resources Board, Greenhouse Gas Emissions Inventory (November 2007) 

• Transportation 
38% 

Energy 
Environmental and geopolitical factors are causing energy experts to question 

the long-term viability of a fossil fuel-based energy future. The 2008 RTP 

begins to recognize the uncertainty of petroleum-based future, and seeks to 

better understand the implications of potential energy constraints. Travel de

mand forecasts generally assume that the future will include an abundant and 

relatively inexpensive supply of transportation fuels. If transportation fuel 

prices continue to increase, it would have a ripple effect on numerous areas 

including construction costs, gas tax revenue, travel and aviation demand, 

air emissions, mode choice and growth patterns. One area of uncertainty is 

how commuters may respond to higher gasoline prices. For example, a recent 

study suggests that with a ten percent increase in the gas price, there is a less 

than one percent change in gas consumption/ while other data show that 

an increase in gas prices coincides with an increase in transit ridership.7 In 

addition, growth patterns may alter future demand for transportation fuels. 

Mixed land uses (Le., residential developments near work places, restaurants, 

and shopping centers) with access to public transportation have been shown 

to save consumers over SOO gallons of gasoline per year. 8 Energy uncertainty 

requires serious consideration and further study. SCAG, with input from 

stakeholders, will continue to research the relationship between transporta

tion, land use and energy uncertainty. The following issues have been recom

mended for additional study and deliberation prior to development of the 

next Regional Transportation Plan: 

• How the price and availability of transportation fuels affects revenues 

and demand 

• How increases in fuel efficiency could affect revenues and emissions 

6 Jonathan Hughes, Christopher R. Knittel, and Dan Sperling, "Evidence of a Shift in the Short
Run Price Elasticity of Gasoline Demand," February 14, 2007. 

7 California Energy Commission. Weekly Fuel Prices 1996-2007 and SCAG Transit Ridership 
data. 

8 Victoria Transport Policy Institute. Transportation Demand Management Encyclopedia. 
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• How the cost of commuting and personal travel affects mode choice and FIGURE 2.14 REVENUE AND DEMAND TRENDS IN THE SCAG REGION 

growth patterns 

• How the cost of goods movement affects international trade and em

ployment, and 

• How the escalation of fuel prices affects the cost of infrastructure con

struction, maintenance and operation 

Transportation Finance Challenges 

ONGOING FISCAL CHALLENGES 

The SCAG Region continues to face shortfalls in transportation funding. The 

following briefly describes current and projected challenges that are likely to 

impact transportation revenues flowing to the region. 

EROSION OF GASOLINE TAX REVENUES DUE TO INFLATION 

Over the past four decades, transportation revenues (from gasoline taxes col

lected per gallon) in California have not kept pace with the state's ever-evolv

ing demographic characteristics. Figure 2.14 shows how these tax revenues 

have fluctuated in real-dollar terms (adjusted for inflation) in relation to the 

steady growth in the demographic indicators. Indicators such as vehicle miles 

traveled, population, and personal income growth have all outpaced the rate 

of transportation revenue growth. The largest contributing factor is that the 

gasoline taxes are collected in cents per gallon. Without periodic adjustment 

or indexing, these funds will not keep pace with needs. Although the passage 

and recent renewal of local "self-help" transportation sales taxes have greatly 

improved funding for transportation, gasoline tax revenues continue to de

cline in value due to inflation. 
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• Gas Tax Revenue ($1970) • Population • Personal Income ($1970) • Vehicle Miles Traveled 
350 

1972 1976 1980 1984 1988 1992 1996 2000 2004 
Fiscal Year 

Sources: California Department of Transportation, California Department of Finance, U.S. Department of Labor 

STATUS OF THE STATE HIGHWAY ACCOUNT 

The viability of the State Highway Account remains a critical issue. The state's 

gasoline tax revenues are now exclusively dedicated to funding the needs of 

the State Highway Operation and Protection Program (SHOPP)-at a level, 

however, that is considerably less than actual needs. Continued underinvest

ment in the rehabilitation and maintenance needs of the State Highway Sys

tem has serious ramifications-rapidly increasing the number of distressed 

lane-miles on the State Highway System and eroding the condition of the 

state's bridges. In recent years, transportation has relied heavily on the State 

General Fund to pay for capacity-enhancing projects. For example, funding 

for the State Transportation Improvement Program (STIP) has been depen

dent on Proposition 42 transfers (sales tax on gasoline). Reliance on the State 

General Fund means that transportation funding is subject to the state's an

nual budget process, which can be lengthy and unpredictable. Although the 
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recently passed transportation bond measure (Proposition IB) serves as an FIGURE 2.15 

important down payment, reliable and sustainable funding sources for trans-

portation are necessary to meet the needs of a growing population. 

STATUS OF THE FEDERAL HIGHWAY TRUST FUND 

The need to establish a reliable and sustainable transportation funding source 

is even stronger, as the Federal Highway Trust Fund may not have enough 

resources to meet all of its obligations by the end of the decade. Expenditures 

authorized under SAFETEA-LU have outstripped revenues generated by the 

federal per-gallon gasoline tax. As a result, the viability of the Highway Trust 

Fund will be a critical issue in discussions for the next round of the federal 

transportation reauthorization legislation, which will start in 2009. 

CONSTRUCTION COST INCREASES 

300 

250 

~ 200 

~ 150 

100 

50 

1972 

CALIFORNIA HIGHWAY CONSTRUCTION COST & CONSUMER 
PRICE INDEX TRENDS 

• Consumer Price Index (CPI) • California Highway Construction Cost Index (CCI) 

1976 1980 1984 1988 1992 1996 2000 2004 
Calendar Year 

Source: California Department of Transportation and U.S. Bureau of Labor Statistics 

Over the last four years, construction costs in California and the nation have 

increased at an unprecedented rate and much faster than general inflation. 

Figure 2.15 shows increases in the California Highway Construction Cost 

Index since the 1970s compared to the Consumer Price Index. The recent 

run-up in construction prices is due to a variety of factors, including a resi

dential and commercial building boom as well as higher demand for construc

tion materials in developing countries, most notably, China. Although these 

trends are likely to fluctuate, they have caused many transportation projects 

to exceed their budgets in the short term and made long-term project cost 

forecasting uncertain. 
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T
he mobility challenges presented in Chapter II are linked to the con

tinued growth of the SCAG Region. The demographic, economic, and 

geographic constraints unique to our region exacerbate the condition 

of an already burdened transportation system. To address these chal

lenges, this chapter identifies the policies, strategies, and investments neces

sary to maintain, manage, and improve the region's transportation system 

through the year 2035. This vision reflects a regional consensus achieved over 

the last four years. 

This chapter is organized into three main sections. The first section discusses 

SCAG's efforts to enhance transportation security and safety measures in the 

region, and specifically lists SCAG's responsibilities in emergency prepared

ness. The second section describes the various transportation strategies the 

SCAG Region has agreed to fund and implement through 2035. Particular 

focus is given towards the regional goods movement system because of the 

critical impact it has on the region's mobility, economy, and public health. 

The complete listing of RTP investments is contained in the separate RTP Proj

ect List available at www.scag.ca.gov. The third and last section identifies the 

environmental impacts posed by the transportation strategies listed in this 

chapter, and describes feasible approaches to mitigate those impacts. 

Security and Safety First 

TRANSPORTATION SECURITY 

The SCAG Region is vulnerable to many types of catastrophic events includ

ing earthquakes, floods, fires, hazardous material incidents, dam failures, civil 

unrest, transportation accidents, tsunamis and terrorism. 

California, through hard experience, has in place an emergency and response 

structure designed to be innovative for the different locations and types of 

emergencies. There are many agencies that will participate in the response to 

a disastrous event and ensure that their jurisdictions are prepared to respond 

to these hazards. To assist in this effort, this chapter identifies SCAG's poten-

tial role and responsibility in regards to the relationship between transporta

tion and emergency preparedness. 

SECURITY AND EMERGENCY PREPAREDNESS 

SCAG's Regional Preparedness Goal is stated as, "to achieve and sustain at-risk 

target levels of capability to prevent, protect against, respond to, and recover 

from major human-caused or natural events in order to minimize the threat 

and impact to lives, property, and the region." 

SCAG'S ROLE 

SCAG does not intend to undertake a first response or emergency manage

ment role. As a metropolitan planning organization (MPO), SCAG is limited 

to essentially three roles: 

1. Provide a policy forum to help develop regional consensus and educa

tion on security policies and emergency response 

2. Assist in the planning and programming of transportation infrastructure 

repairs, and 

3. Leverage projects and planning functions (including Intelligent Trans

portation Systems, also known as ITS) that can enhance or provide ben

efit to transportation security efforts and those responsible for planning 

and responding to emergencies: 

• Integrate security into the regional ITS architecture, and 

• Become a central repository/mirror for regional Geodata that can be 

used for planning, training, response and relief efforts of law enforce

ment personnel and emergency responders 
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POLICIES 

Within the goal of transportation security, SCAG aims to help prevent, protect 

from, respond to, and recover from major human-caused or natural events in 

order to minimize the threat and impact to lives, property, the transportation 

network and the regional economy. 

Through stakeholder input, the Southern California Association of Govern

ments (SCAG) developed an action plan and constrained policies detailing 

nine measures that the agency will undertake in the region's transportation 

security planning. 

1. SCAG should help ensure the rapid repair of transportation infrastruc

ture in the event of an emergency. 

a. SCAG, in cooperation with local and state agencies, should identify 

critical infrastructure needs necessary for: a) emergency responders to 

enter the region; b) evacuation of affected facilities; and c) restoration 

of utilities. 

b. SCAG, in cooperation with CTCs, California, and the federal govern

ment, should develop a transportation recovery plan for the emer

gency awarding of contracts to rapidly and efficiently repair damaged 

infrastructure. 

2. SCAG should continue to deploy and promote the use of intelligent trans

portation system technologies that enhance transportation security. 

a. SCAG should work to expand the use of ITS to improve surveillance, 

monitoring and distress notification systems and to assist in the rapid 

evacuation of disaster areas. 

b. SCAG should incorporate security into the Regional ITS Architecture. 

c. Transit operators should incorporate ITS technologies as part of their 

security and emergency preparedness and share that information 

with other operators. 

d. Aside from deploying ITS technologies for advanced customer infor

mation, transit agencies should work intensely with ethnic, local and 
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disenfranchised communities through public information/outreach 

sessions ensuring public participation is utilized to its fullest. In case 

of evacuation, these transit-dependent persons may need additional 

assistance to evacuate to safety. 

3. SCAG should establish transportation infrastructure practices that pro

mote and enhance security. 

a. SCAG should work with transportation operators to plan and coor

dinate transportation projects, as appropriate, with the Department 

of Homeland Security grant projects, to enhance the regional transit 

security strategy (RTSS). 
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b. SCAG should establish transportation infrastructure practices that 

identify and prioritize the design, retrofit, hardening, and stabiliza

tion of critical transportation infrastructure to prevent failure; to 

minimize loss of life and property, injuries; and avoid long-term eco

nomic disruption. 

c. SCAG should establish a Transportation Security Working Group 

(TSWG) with goals of RTP consistency with RTSS, and to find ways 

SCAG programs can enhance RTSS. 

4. SCAG should establish a forum where policy-makers can be educated 

and regional policy can be developed. 

a. SCAG should work with local officials to develop regional consen

sus on regional transportation safety, security, and safety/security 

policies. 

s. SCAG will help enhance the region's ability to deter and respond to acts 

of terrorism and human-caused or natural disasters through regionally 

cooperative and collaborative strategies. 

a. SCAG should work with local officials to develop regional consen

sus on regional transportation safety, security, and safety/security 

policies. 

b. SCAG should encourage all SCAG elected officials to be educated in 

National Incident Management System (NIMS). 

c. SCAG should work with partner agencies and federal, state and local 

jurisdictions to improve communications and interoperability and to 

find opportunities to leverage and effectively utilize transportation 

and public safety/security resources in support of this effort. 

6. SCAG will work to enhance emergency preparedness awareness among 

public agencies and with the public at large. 

a. SCAG should work with local officials to develop regional consen

sus on regional transportation safety, security, and safety/security 

policies. 

7. SCAG should work to improve the effectiveness of regional plans by 

maximizing the sharing and coordination of resources that would allow 

for proper response by public agencies. 

a. SCAG should encourage and provide a forum for local jurisdictions 

to develop mutual aid agreements for essential government services 

during any incident recovery. 
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8. SCAG will help to enhance the capabilities of local and regional orga- jury collisions (rate per million vehicle miles traveled) have steadily decreased 

nizations, including first responders, through provision and sharing of in California since the 1930s. 

information. 

a. SCAG should work with local agencies to collect regional GeoData in 

a common format, and provide access to the GeoData for emergency 

planning, training and response. 

b. SCAG should establish a forum for cooperation and coordination of 

these plans and programs among the regional partners including first 

responders and operations agencies. 

c. SCAG should develop and establish a regional information sharing 

strategy, linking SCAG and its member jurisdictions for ongoing shar

ing and provision of information pertaining to the region's transpor

tation system and other critical infrastructure. 

9. SCAG should provide the means for collaboration in planning, com

munication, and information sharing before, during, or after a regional 

emergency. 

a. SCAG should develop and incorporate strategies and actions pertain

ing to response and prevention of security incidents and events as 

part of the ongoing regional planning activities. 

b. SCAG should offer a regional repository of GIS data for use by lo

cal agencies in emergency planning and response in a standardized 

format. 

c. SCAG should enter into mutual aid agreements with other MPOs 

to provide this data, in coordination with the California OES in the 

event that an event disrupts SCAG's ability to function. 

TRANSPORTATION SAFETY 

The safety of the region's multimodal system is a critical priority for SCAG 

and the California Department of Transportation (Caltrans), which owns and 

operates the State Highway System. When examined historically, fatal and in-
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While traffic fatalities in the SCAG Region are below the rest of California (the 

SCAG Region represents almost half of California's population), the number 

of fatalities has increased every year since 1999 after declining in the latter 

part of the 1990s. 

In 2005, just over 1,800 people in the SCAG Region were killed in traffic ac

cidents. Statewide, 4,304 were killed. Every year since 2002, the total number 

of traffic injuries in the SCAG Region has surpassed that in the rest of the state. 

Much of that can be attributed to the growth in vehicle miles traveled. 

Additionally, in 2005, 372 pedestrians and 66 bicyclists were killed in the 

SCAG Region, representing SO percent of pedestrians and 57 percent of bicy

clists killed in California. 

The 2008 RTP continues the commitment to improve safety for the region. In 

2007, the region fully funded highway collision reduction and emergency re

sponse needs, estimated at $317 million and $110 million, respectively. This 

was the only category that was fully funded. Activities within this category 

include the construction of median barriers and response to landslides, as 

depicted in Exhibits 3.1.1 and 3.1.2. 
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EXHIBIT 3.1.1 HIGHWAY COLLISION REDUCTION MEASURES 

AFTER 

EXHIBIT 3.1.2 EMERGENCY RESPONSE NEEDS 

Through 2035, the RTP forecasts expenditures of $10 billion for safety-related 

projects and services. This is in addition to safety standards considered as part 

of every project design. The scope of this RTP goes beyond specific funding 

for safety preparedness or emergency response. It emphasizes the collabora

tion among SCAG, Caltrans, and their stakeholders to examine safety on a 

system basis so the region can use all the tools available to decrease traffic in

juries and fatalities. The result of this collaboration is the California Strategic 

Highway Safety Plan. 

CALIFORNIA STRATEGIC HIGHWAY SAFETY PLAN 

In 2005, the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A 

Legacy for Users (SAFETEA-LU) was passed. The legislation required that each 

state develop a Strategic Highway Safety Plan (SHSP) and that all metropolitan 

long-range transportation plans should be consistent with the SHSP. 

When addressing transportation safety, the four Es are frequently referenced 

to describe the multidisciplinary nature of transportation safety planning. 

The four Es are Engineering, Education, Emergency Medical Services (EMS), 

and Enforcement. The area in which planners have the most ability to effect 

change is likely to be engineering and the development of physical improve

ments to the transportation system.1 

FIGURE 3.1 

Education 

THE FOUR "E" ELEMENTS IN TRANSPORTATION 
SAFETY PLANNING 

Engineering 

EMS 

Enforcement 

Additionally, a fifth E, or Evaluation, can be applied to this paradigm. Evalu

ation refers to monitoring and reviewing the effectiveness of the other four 

Es, allowing modifications where applicable. The California draft SHSP lists 

16 challenge areas designed to reduce accidents, fatalities and injuries. Figure 

3.2 presents the 16 Challenge Areas and resultant strategies that were devel

oped during several workshops held by Caltrans for various stakeholder agen-

1 Transportation Planner's Safety Desk Reference, Report No. FHWA-HEP-07-00S. 
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FIGURE 3.2 CHALLENGE AREAS AND THE CORRESPONDING REGIONAL RESPONSE AS OUTLINED IN THE STRATEGIC HIGHWAY SAFETY PLAN (SHSP) 

SAFETEA-LU requires that the region's plan be consistent with the California Strategic Highway Safety Plan 

SHSP Challenge Area 

• Reduce the Occurrence and Consequence of leaving 
the roadway and head-on collisions 

• Improve Driver Decisions about Rights of Way 
and Turning 

• Improve Intersection and Interchange Safety for 
Roadway Users 

• Make Walking and Street Crossing Safer 

• Improve Safety for Older Roadway Users 

• Improve Commercial Vehicle Safety 

• Improve Bicycle Safety 

• Reduce Impaired Driving Related Fatalities 

• Ensure Drivers are Licensed and Competent 

• Increase Use of Safety Belts and Child Safety Seats 

• Reduce Young Driver Fatalities 

• Reduce Speeding and Aggressive Driving 

• Improve Motorcycle Safety 

• Enhance Work Zone Safety 

• Improve Post Crash Survivability 

• Improve Safety Data Collection, Access and Analysis 
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RTP Discussion 

In 

Safety 

Chapter 

Outside 

of 

SCAG's 

RTP 
Role 

Regional Response 

• Identify projects that address safety in 
designated "hot spots" 

• Encourage transportation projects that 
specifically enhance safety or complement 
education, enforcement or EMS for each 
challenge area 

• Request RTP project submissions that identify 
the portion of the project that is applied to 
safety elements and/or project components for 
motorized and non-motorized users, including 
older drivers, bicyclists and pedestrians. 

• Endorse Cooperation with regional and local 
law enforcement, emergency response and 
education agencies as they address these 
transportation safety challenges. 

• Work with the state and county transportation 
commissions to determine if various project 
submissions have potential benefit to safety in 
these challenge areas. 
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des statewide, including SCAG. Each Challenge Area contains the following FIGURE 3.3 

elements: 

MOBILITY PYRAMID 

• Establishment of a goal for improving safety by 2010 

• Background information on the Challenge Area including a history of 

fatalities from 1995 - 2004 

• Strategies being considered for implementation to achieve the Challenge 

Area goal 

• Institutional and other issues that could affect the success of the 

implementation 

Separate security and safety reports elaborate on the contents of this table. 

Managing Our Transportation System Wisely 
The region recognizes that maintaining and improving mobility will no lon

ger depend solely on its ability to expand its multimodal transportation sys

tem. Instead, an integrated approach--based on the statewide GoCalifornia 

initiative--is needed to maximize mobility. Depicted in Figure 3.3, the five 

elements of the pyramid represent integrated strategies that work coopera

tively to maximize mobility. The pyramid depicts the idea that transportation 

investments would have more impact if they were prioritized strategically as 

suggested. System monitoring and evaluation is the basic foundation upon 

which the other strategies are built. System expansion and completion will 

provide the desired mobility benefits to the extent that investments in, and 

implementation of, the strategies below it achieve progress. An improvement 

in mobility will occur when strategic investments in each of the elements are 

coordinated between the elements. The mobility pyramid provides the frame

work for the discussion of the RTP's transportation investment strategies. 

Complementing our transportation investment philosophy is the perfor

mance-measures approach utilized in developing this Plan. While the pyra

mid approach ensures that our funding priorities are clear and rational, per

formance measures ensure that the best performing projects are included in 

the Plan for funding. 

SYSTEM MONITORING AND EVALUATION 

In order to be effective system managers, we must have an in-depth under

standing of how our system performs and why it performs that way. For 

instance, we all know congestion is a problem in the region. But we must also 

be able to quantify congestion and understand its various causes. Only by 

understanding these causes can we identify the optimal mix of strategies and 

projects that yield the highest returns on the region's investments. The same 

holds true for transit, goods movement, and aviation. 

The base of the mobility pyramid, entitled "System Monitoring and Evalua

tion," is the foundation of sound system management. It calls for the use of 
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performance measures to track and monitor the progress of the transportation PROTECTING OUR REG ION'S TRANSPORTATI ON ASSETS 
system so that the region can make informed decisions regarding transpor

tation investments. Transportation professionals and decision-makers have 

recently committed to improving the region's ability to properly fund the 

investments needed to comprehensively monitor and evaluate system per

formance. These investments include detection, closed-circuit television 

systems, bus global positioning systems, and automatic ridership counting 

systems. Although funding is modest for these activities, they lead to more 

informed decisions. Further discussion of system monitoring is contained in 

Chapter VI. 

As we move forward, our focus will evolve into a comprehensive system man

agement approach, which aims to protect, maximize the productivity of, and 

strategically expand our transportation system. 
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IIIIIIIIIIIiIII M A I N TE NAN C E 

....".. AND PRESERVATION 

Over the decades, the region has invested hundreds of billions of dollars in 

our multimodal transportation system. The system is now aging and requires 

immediate attention. Preserving our assets is a critical priority of this RTP. 

In a sense, the region must make up for past funding shortfalls. As discussed 

in Chapter II, roadway expenditures have not kept up with demand over the 

last three decades. As a result, we have not properly funded roadway preser

vation needs. The recent passage of the Infrastructure Bond injected much 

needed funding to highway preservation. However, SCAG estimates that an 

additional $30 billion is required to bring the system into a comprehensive 

state of adequate repair. 

SCAG also estimates that an additional $10 billion is required for arterials 

and transit preservation needs. The subsequent shortfall for highway, arterial, 

and transit preservation needs totals $40 billion. Deferring maintenance only 

increases this shortfall over time. 

Recognizing that every dollar expended today to address this shortfall would 

save much more in the future, the region committed $8 billion of new fund

ing to preservation, thereby addressing at least 20 percent of preservation 

needs. As more funding becomes available, additional commitments will 

be made. These additional investments will ensure that over the next thirty 

years, our infrastructure will be in a better condition than it is today. This also 
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means that user costs (e.g., vehicle maintenance costs) will decline compared 

to today. 

SCAG will continue to work with its stakeholders, particularly county trans

portation commissions and Caltrans, to prioritize funding for preservation 

and maintenance. 

IIIIIIIfIII.... INTEGRATED LAND USE 
.....".. AND DEMAND MANAGEMENT 

The next set of strategies on the mobility pyramid focus on better managing 

demand on the transportation system through the integrated growth forecast, 

a statement of advisory land use policies and strategies, and encouraging al

ternative modes of travel. 

INTEGRATED GROWTH FORECAST 

In February 200S, SCAG initiated the 2008 RTP Growth Forecast Update Pro

cess, now known as the 2008 "Integrated Growth Forecasting" process. The 

resulting Baseline Growth Forecast established the projected population, em

ployment, households and housing units for use in the 2008 RTP. 

The Baseline Growth Forecast sets the stage for a future regional growth sce

nario, as it ties housing to transportation planning, considering both needs si

multaneously in communities throughout the region. This approach ensures 

that the resulting assumptions are consistent with planned transportation 

infrastructure. Based on a combination of recent and past trends, reason

able key technical assumptions, and existing and new local policy options, 

the Baseline Growth Forecast provides the basis for developing the land use 
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assumptions at the regional and small-area levels which build the 2008 RTP 

Plan Alternative. A detailed description of the growth forecast methodology 

is available in the 2008 RTP Growth Forecast Report. 

Advisory Land Use Policies and Strategies 

The 2008 RTP Plan Alternative incorporates the Baseline Growth Forecast 

and the approved transportation network. However, in the rapidly growing 

SCAG Region, these trends could be tempered, and in some cases bolstered, by 

policies and strategies designed to improve future travel patterns and vehicle 

emissions. In response, SCAG adopted a set of advisory land use policies and 

strategies for future regional planning efforts and for localities to consider as 

they accommodate future growth. These policies and strategies were founded 

upon the principles developed through the regional growth visioning efforts 

begun in 2001. 

• Identify regional strategic areas for infill and investment 

Identify strategic opportunity areas for infill development of aging and 

underutilized areas and increased investment in order to accommodate 

future growth. This strategy makes efficient use of existing and planned 

infrastructure, revitalizes communities, and maintains or improves qual

ity of life. 

Strategic areas are primarily identified as those with potential for: 

• Transit-oriented development (TOD) 

• Existing and emerging centers 

• Small mixed-use areas 

• Structure the plan on a three-tiered system of centers development 

Identify strategic centers based on a three-tiered system of existing, 

planned, and potential, relative to transportation infrastructure. This 

strategy more effectively integrates land use planning and transporta

tion investment. 

• Develop "complete communities" 
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Create mixed-use districts or "complete communities" in strategic 

growth areas through a concentration of activities with housing, em

ployment, and a mix of retail and services, located in close proximity 

to each other. Focusing a mix of land uses in strategic growth areas cre

ates complete communities wherein most daily needs can be met within 

a short distance of home, providing residents with the opportunity to 

patronize their local area and run daily errands by walking or cycling 

rather traveling by automobile. 

• Develop nodes on a corridor 

Intensify nodes along corridors with people-scaled, mixed-use develop

ments. Many existing corridors lack the residential and commercial 

concentration to adequately support non-auto transit uses, without 

which the existing transit system cannot fully realize its potential for ac

commodating additional trips and relieving the transportation system. 

These nodes along the corridor also create vibrant, walkable communi

ties with localized access to amenities, further reducing reliance on the 

automobile for a variety of trips. 

• Plan for additional housing and jobs near transit 

Pedestrian-friendly environments and more compact development pat

terns in close proximity to transit serve to support and improve tran

sit use and ridership. Focusing housing and employment growth in 

transit-accessible locations through this transit-oriented development 

approach will serve to reduce auto use and support more multimodal 

travel behavior. 

• Plan for a changing demand in types of housing 

Shifts in the labor force, as the large cohort of aging "baby boomers" 

retires over the next 15 years and is replaced by new immigrants and 

"echo boomers," will likely induce a demand shift in the housing market 

for additional development types such as multi-family and in fill housing 

in central locations, appealing to the needs and lifestyles of these large 

populations. 
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• Continue to protect stable existing single-family areas 

Continue to protect stable existing single-family neighborhoods as fu

ture growth and a more diverse housing stock are accommodated in in fill 

locations near transit stations, in nodes along corridors and in existing 

centers. Concurrently, focusing growth in central areas and maintain

ing less development in outlying areas preserves the housing option for 

large-lot single-family homes, while reducing the number of long trips 

and vehicle miles traveled to employment centers. 

• Ensure adequate access to open space and preservation of habitat 

Ensure access to open space and habitat preservation despite compet

ing quality-of-life demands driven by growth, housing and employment 

needs, and traditional development patterns. Development patterns 

that focus growth in centers and corridors make the most efficient use of 

developed land and minimize encroachment on public open space and 

natural habitat. This approach would ensure improved access to exist

ing large-scale and neighborhood-scale open space. 

• Incorporate local input and feedback on future growth 

Continue public outreach efforts and incorporate local input through the 

Integrated Growth Forecast process. This innovative approach provides 

a more accurate forecast that integrates future land use and transporta

tion planning through growth projections for population, employment, 

households and housing units. Public workshops, scenario planning, 

and stakeholder outreach improve the accuracy and feasibility of pursu

ing regional plans at the local level. 

These policies have evolved since 2001, when SCAG initiated one of the first 

large-scale regional growth visioning efforts in the nation. Through its Com

pass Blueprint Growth Vision, SCAG sought to integrate land use and trans

portation through a consensus-built regional plan. Compass Blueprint was de

veloped with the goal of accommodating the six million additional residents 

expected by 2030, while improving mobility for all residents, fostering livabil

ity in all communities, and enabling prosperity for all people, and promoting 

sustain ability for future generations. The 2004 Growth Vision Alternative was 

approved and adopted by the Regional Council as the Preferred Growth Al

ternative for the 2004 Regional Transportation Plan. The Compass Blueprint 

principles that were established provide the foundation for the advisory land 

use policies and strategies adopted in the 2008 Regional Transportation Plan. 

These advisory policies and strategies encourage changes to the urban form 

that improve accessibility to transit and create more compact development, 

which yields a number of transportation benefits to the region, including re

ductions in travel time, vehicle miles traveled, vehicle hours traveled, and 

vehicle hours of delay, as well as increased transit use and mode share. All of 

these effects lead to tangible air quality improvements. 

SCAG's Compass Blueprint Program has become a model for turning regional 

vision into local reality. Since 2004, SCAG has used innovative planning tools, 

creative strategies and dynamic partnerships to expand its Suite of Services 

and Demonstration Project consulting services that are available to all local 

governments in the region, free of charge. 

As a voluntary program, SCAG provides these cutting-edge tools, analyses 

and comprehensive planning services to cities that seek additional technical 

expertise or strategic planning in order to implement a plan, ordinance or 

program consistent with the Compass Blueprint Principles. 

Popular tools in the Compass Blueprint Suite of Services include photo-morph 

and 3D video "fly-through" visualizations, a sophisticated "Tipping Point" 

return-on-investment tool that simulates a developer's pro forma for potential 

projects and the "Envision" GIS based land use scenario-building tool. Build

ing upon the Suite of Services, Compass Blueprint Demonstration Projects 

combine public participation, design and financial analysis to produce local 

plans that respond to community interests and are market feasible, i.e., plans 

that will be adopted and realized because of their benefits to all stakeholders. 

Demonstration Projects range from parcel-specific zoning analyses to county

wide plans around transit stations, and include an array of services including 

tipping point and business functionality analyses, design charrettes and com-
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munity workshops, housing prototypes and conceptual land use plans, park

ing studies, and transit-oriented development strategies. 

With an ever-growing portfolio of completed, documented Demonstration 

Projects, an expanding Suite of Services, and significant improvements to ex

isting tools, implementation efforts have seen sustained improvement since 

the Growth Vision was adopted. SCAG recently launched "Toolbox Tuesdays," 

a series of training seminars for local planning staff through which they can 

learn the skills and software capabilities necessary to build their own in-house 

capacities for using the Compass Blueprint-developed tools. This transferabili

ty is a cornerstone of the implementation strategy. Demonstration Projects are 

scoped to be just that -- examples for others to emulate. The Compass Blue

print website and annual Awards Program event are other important vehicles 

for sharing lessons learned. Services have been sought through the Compass 

Blueprint program for over SO sites in jurisdictions all over the region. 

• Azusa • Fontana • Lancaster • Rialto 

• Baldwin Park • Fullerton • Lawndale • Riverside 

• Brea • Glendora • Los Angeles • Rolling Hills 

• Coachella • Hawthorne • Los Angeles 
Estates 

• Colton • Hemet 
County • San Bernardino 

• Compton • Highland 
• Montclair • San Gabriel 

• Corona • Imperial 
• Moreno Valley • South Pasadena 

• Covina 
County • Ontario • Temecula 

• EI Centro 
• Irwindale • Perris • Upland 

• EI Monte 
• La Habra • Placentia • Ventura (City) 

• Fillmore 
• Lake Elsinore • Rancho • Ventura County 

Cucamonga 
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TRAVEL DEMAND MANAGEMENT 

Travel demand management (TDM) strategies are designed to influence an 

individual's travel behavior by making alternatives to the single-occupant 

automobile more attractive, especially during peak commute periods. There 

are two types of TDM strategies: voluntary, or "soft," strategies - such as 

preferential parking for carpoolers - that aim to lure some to alter their travel 

behavior in response to voluntary inducements; and "hard" strategies - such 

as congestion pricing - that shift the behavior of a large number of travelers 

by changing the price of travel. TDM also can include regulatory strategies, 

such as regional employer ride sharing mandates. 

TDM strategies that encourage the use of alternatives modes of transporta

tion to the single-occupant vehicle include rides hare (carpools and vanpools), 

transit (bus and rail), and non-motorized modes (bicycling and walking). Ad

ditional TDM strategies include alternative work-hour programs, such as com

pressed work-week programs, flextime (variable work schedules), and work 

at home (telework-part time and home-based businesses/self-employed-full 

time) and parking management (preferential parking for carpoolers and park

ing pricing). Providing the public with reliable and timely traveler informa

tion is an operational strategy that allows people to make better decisions 

about when and how to travel. Knowledge about current travel conditions 

on the transportation system can be used by travelers to select among alterna

tives to driving alone or by avoiding making the trip altogether, which is also 

known as congestion avoidance. 

The potential effectiveness of TDM now and in the future depends largely 

on social and institutional commitments that cause individual travelers to 

choose a mode of travel other than solo driving, as well as funding (market

ing and incentives that change travel behavior). If we were to do nothing 

beyond our current efforts, the region would not sustain the current levels 

of rides haring, non-motorized and telework/telecommute/work at home, let 

alone expand them over the 2008 RTP period. The region recognizes the 

importance of TDM strategies and includes a significant level of funding to 

meet the TDM goals. 
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The "soft" strategies identified in this Plan include increasing ridesharing, 

work at home, and non-motorized transportation. For rideshare, telecom

mute, and park-n-ride activities, the RTP provides investments of over $1.3 

billion through 2035. In the future, we will need to emphasize some of the 

"hard" strategies, especially parking and congestion pricing. This will require 

significant analysis, consensus building, and public education. However, pric

ing benefits have proven to be more sustainable over time and complement 

the integrated land use strategies adopted by the region. 

with others. While HOV utilization is growing over time, the percent of to

tal travelers using carpools and vanpools is not. SCAG and its partners will 

strengthen their efforts to encourage this efficient mode, which reduces travel 

time and improves air quality. These efforts will include: 

• Program public funds in the RTIP to help maintain the public sector 

share of the existing rides hare market and to increase the number of 

carpools 

• Provide "seamless" intra- and inter-county carpool services to the re

gional traveler 

• Formalize and expand partnerships among public- and private-sector 

stakeholders to improve delivery of van pool services regionally 

• Increase the number of commuter vanpools through more effective mar

keting and the provision of non-monetary public-sector incentives 

• Identify current dedicated funding sources and work with county trans

portation commissions and partners on identifying additional new 

funding sources 

• Expand the provision for vanpool services in the region by encourag

ing employers to offer incentives, and develop policies that encourage 

employers to provide such services 

• Maintain and sustain a regionally coordinated marketing strategy among 

the public and private sectors to enhance vanpool programs, increase 

ridership and improve outreach efforts 

Increasing Work at Home 

Increasing the number of workers who work at home (self-employed, home

based business owners) or who telework/telecommute (wage and salary em

ployees conducting some or all of their work from home) decreases home-

based work trips, vehicle-miles of travel, congestion and vehicle emissions. 
Increasing Rideshare (Carpool and Van pool) National and regional surveys of those who telecommute indicate that it is a 

The SCAG Region continues to invest heavily in High-Occupancy Vehicle lack of support and trust from "management," rather than the provision of 

(HOV) infrastructure that provides incentives for commuters to share rides equipment or the desire of workers to telecommute, that hampers the growth 
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of telecommuting. The 2008 RTP, therefore, recommends the following 

actions: 

• Formalize and expand partnerships among public- and private-sector 

stakeholders to increase opportunities for wage and salary workers re

gionally to telecommute in lieu of daily commuting 

• Promote telecommuting to increase opportunities for wage and salary 

workers regionally to telecommute in lieu of daily commuting. 

Non-Motorized Transportation 

Commuter trips within the region average a self-reported distance to work of 

19.2 miles, too far for many bicyclists and all pedestrians. However, the inte

gration between bicycle and transit nodes offers the opportunity to extend the 

commuting range of bicyclists. In addition to work trips, there are many ways 

that bicycling and walking are playing an important role in our transportation 

system. According to the 2001 National Household Travel Survey, in urban 

areas, 50 percent of all trips were less than 3 miles, and 28 percent of all trips 
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were less than 1 mile. These trips are ideal for biking, walking, and transit or 

a combination of those modes of travel. 

Bicycle transportation infrastructure has a role in regional mobility and air 

quality improvements. Every single percent of automobile drivers that switch 

to alternative transportation choice (walking, bicycling, using transit) reduces 

air pollution, congestion, the need for increasing roadway capacity, and, in 

the case of walking and bicycling, improves public health. 

Bicyclist and pedestrian improvements are included as part of many street 

maintenance and construction projects. These investments and the support

ing policies summarized below all aim to maximize the benefits of these ef

ficient modes of transportation. 

1. Decrease bicyclist and pedestrian fatalities and injuries in the state to 

25% below 2000 levels. Ways to address non-motorized safety were dis

cussed under Transportation Safety. 

2. Increase accommodation and planning for bicyclists and pedestrians: 

The needs of non-motorized travel (including pedestrian, bicyclists and 

persons with disabilities) need to be fully considered for all transporta

tion planning projects. 

3. Increase bicycle and pedestrian use in the SCAG Region as an alterna

tive to utilitarian vehicle trips: Create and maintain an atmosphere 

conducive to non-motorized transportation, including well-maintained 

bicycle and pedestrian facilities, easy access to transit facilities, and in

creasing safety and security. While pedestrian sidewalks are fairly well 

established in most areas, it is estimated that there are only 3,218 miles 

of dedicated bicycle facilities in the region, with an additional 3,170 

miles planned. 

4. Increase non-motorized transportation data: To make non-motorized 

modes an integral part of the region's intermodal transportation plan

ning process and system, reliable data for planning are needed. Non

motorized transportation data needs include, but are not limited to, 

comprehensive user statistics; user demographics; bicycle travel pat-
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terns/corridors; accident mapping; bikeway system characteristics; and 

sub regional improvement projects and funding needs. 

5. Bicyclists and pedestrians should always be included in general plan up

dates. SCAG also encourages the development of local Non-Motorized 

Plans. Also, Non-Motorized Plans that have been created or updated 

within the previous five years are eligible for bicycle transportation ac

count (BTA) funds. SCAG can assist in the development of these plans 

through the Compass Blueprint Program. 

6. Develop a Regional Non-Motorized Plan: SCAG will work with all coun

ties and their cities to coordinate and integrate all Non-Motorized Plans 

from counties and jurisdictions in the SCAG Region in a collaborative 

process, including interested stakeholders. 

The RTP allocates over $1.8 billion for non-motorized transportation. 

.. .. MAXIMIZING 
TRANSPORTATION 
SYSTEM PRODUCTIVITY 

The region has built a vast and expensive transportation system. Like any 

system, it can be operated to be much more productive. Just like a factory 

can be refined and modernized to produce more output per day or hour, our 

transportation system can be refined and modernized to carry more people 

and goods in a day or during peak commute conditions. 

Chapter II of this document discussed the lost productivity quantified in terms 

of "lost lane-miles" on the State Highway System. Similar productivity losses 

occur for all modes when they are not operated adequately. The investments 

needed to maximize the productivity of our system through 2035 total $308 

million, and include implementation of advanced traffic control strategies 

(e.g., signal coordination, ramp metering), improved incident management, 

and smaller physical infrastructure modifications (e.g., auxiliary lanes). Figure 

3.4 shows that originally planned investments in operational strategies for the 

highway system reflect a shortfall of approximately $190 million per year. 

FIGURE 3.4 
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SCAG REGION HIGHWAY OPERATIONS NEEDS VS. BASELINE 
FUNDING, 2007-2035 

Baseline Funding 

Source: SGAG estimates based on Gaitrans SHOPP and county transportation commission project submittals 

The shortfall through 2035 adds up to $8.4 billion once inflation is taken into 

account. Similarly, SCAG estimates a deficit of $1.6 billion through 2035 for 

implementing operational strategies for arterials of regional significance and 

transit. 

Recognizing that funding these provide a higher return on investments than 

most other transportation projects, this RTP allocates an additional $2 billion, 

representing 20 percent of the shortfall. As these allocations are programmed 

and implemented, it is SCAG's hope that the benefits will become apparent to 

decision-makers and the public, and additional funding is secured to address 

the remaining shortfall. 
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SCAG will work with stakeholders, particularly the county transportation com- of services. SCAG will seek funding in the next OWP (FY08-09) to conduct 

missions and Caltrans, to better determine the benefits and cost effectiveness this assessment. 

of operational strategies. SCAG will also continue to partner with Caltrans on 
corridor system management plans. Transit Service Levels 

Frequency of service is also a concern for transit customers. Long waits for 
Transit Operations service make transit service inconvenient and deter the use of transit. Poor 

In addition to funding for operations, the 2008 RTP highlights the following service levels limit the potential use of transit for non-work trips for social, 

policies to improve the performance of the regional transit system. retail, recreational, and tourism purposes. SCAG should work cooperatively 

with regional and local transit operators to develop service delivery policies to 
Strategic Transit Service Policies optimize transit service levels, including frequency, coverage, and hours of op

In an effort to maximize transit productivity, the 2008 RTP calls upon regional eration to achieve maximum potential use of our transit investments. SCAG 

transit operators to address significant challenges to achieve better operation- will seek funding in the next OWP (FY08-09) to conduct this assessment. 

al efficiency, maintain a discipline of cost recovery through a consistent fare 

policy, embrace the use of performance metrics to better serve their existing 

customer base, and attract new transit users. The Plan encourages the regional 

transit operators to work cooperatively to offer complementary services, with 

ease of transfer between modes and operators. It further encourages utiliza

tion of new intelligent transportation system (ITS) technologies that measure 

system performance and offer their customers reliable "on-time" performance 

and real-time information. 

Reliability and On-Time Performance 

On-time performance is the key to delivering the greatest customer satisfac

tion. Wait times are affected by service irregularities and therefore customers 

are more sensitive to unpredictable delays. Reliability can also be related to 

transfer times between buses or between modes (bus to train). When custom

ers experience long unscheduled gaps in service and if timely connections are 

not made, they are less likely to see transit as a viable alternative. 

The Plan recommends that SCAG and transit operators analyze and assess the 

use of ITS technologies to track, report, and improve on-time performance of 

transit systems. In addition, operators should utilize this data to identify the 

causes of delay and use it to improve performance of transit systems through 

operational improvements, rapid bus implementation, and better scheduling 
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Fare Policies, Fare Media, and Subsidies to Transit 

SCAG recommends that an analysis be conducted to identify and recommend 

appropriate adjustments to transit fares to maximize transit usage, including 

fare-free concepts. This includes utilizing new automated fare media to allow 

for ease of transit use; increasing subsidy levels to maximize transit usage; 

and analyzing regional transit fare policies to assess the proper level of fares, 

optimal fare media to allow for ease of connectivity among transit systems, 

appropriate subsidy policies, and appropriate mechanisms to assure stable 

operational funding to maximize transit use in the region. SCAG will seek 

funding in the next OWP (FY08-09) to conduct this assessment. 

Increase Transit Service Connectivity 

SCAG recommends that transit operators assess how to better restructure tran

sit services, as needed, to more effectively connect different urban centers 

and activities. SCAG also recommends that transit operators assess ways to 

enhance connectivity and ease of transfer between transit modes. In consul

tation with transit operators, SCAG will conduct an analysis of transit opera

tions; identify existing and emerging hubs and centers; and analyze how to 

more effectively ensure optimal coverage, access, and connectivity to regional 

centers. SCAG will also work with transit operators to develop service poli-
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cies and route structures that support the RTP land use concepts, facilitate 

intermodal transit connectivity, and maximize transit usage. SCAG will seek 

funding in the next OWP (FY08-09) to conduct this assessment. 

.. 
SYSTEM COMPLETION 

AND EXPANSION 

implementing agencies to piece together enough additional funding to de

liver the improvements. Voter approval of Proposition IB in November 2006 

brought much-needed revenue to the table, through programs such as the 

Corridor Mobility Improvement Account (CMIA). Much of the additional 

improvements recommended in the 2008 RTP, beyond those projects that are 

already in the delivery pipeline, have been committed through local sales tax 

revenues such as those recently approved by voters in Orange, Riverside, and 

San Bernardino Counties. The proposed projects and strategies are based on 

a performance framework established for the 2004 RTP and updated for the 

2008 RTP. 

Recently completed Regionally Significant Transportation Investment Studies 

(RSTIS) have helped to identify additional corridor improvements needed in 

the SCAG Region. These corridor projects provide capacity enhancements 

Despite the increases in funding commitments to both preservation and op- and mobility improvements to address rapidly growing inter-county travel, 

erations, more than half of the available transportation revenues in the region often on already congested facilities with few alternatives. These projects 

are dedicated to the completion and expansion of our people and goods move- have been incorporated into the RTP, and they will depend in part on finan

ment transportation systems. This section first summarizes the expansion cial contributions from the private sector for their construction, operation, 

investments for the SCAG Region by mode, and then presents additional re- and maintenance. 

gionally significant expenditures to facilitate and mitigate the movement of 
goods in the SCAG Region. HOV Gap Closures and Connectors 

HIGHWAY IMPROVEMENTS 

Major categories of highway improvements included in the 2008 RTP are 

High- Occupancy Vehicle (HOV) lanes and connectors, mixed-flow (or gen

eral purpose) lanes, toll facilities and High-Occupancy Toll (HOT) lanes, and 

strategic arterial improvements. 

A significant number of system expansion projects have already been com

mitted through SCAG's RTIP for the highway network. These priority projects 

close critical gaps in the system, relieve significant bottlenecks, and address 

inter-county travel needs. Recent extraordinary increases in the costs of con

crete and steel have resulted in substantial project cost increases and forced 

Southern California has invested heavily in HOV lanes, producing one of the 

nation's most comprehensive HOV networks and highest rides hare rates. The 

HOV projects proposed in the RTP focus on strategic gap closures and freeway

to-freeway direct HOV connectors to complete the system. The HOV lane net

work could eventually serve as the backbone of a regional HOT lane or man

aged lane system. Determining the feasibility of such a regional system will 

require further study and discussion before inclusion in a future RTP update. 

In 2007, the new SR-22 HOV lanes in Orange County opened as the first con

tinuous-access HOV lanes in Southern California. Monitoring and evaluation 

of these HOV lanes will conclude in 2008 and transportation officials will 

decide whether the continuous access will be made permanent. 
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EXHIBIT 3.2 HOV GAP CLOSURES AND CONNECTORS 

Lane Connector 
.--.-

Existing ;::::::! 
RTIP (Baseline) ......... 0 
RTIP (not Baseline) • 

Plan • 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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The HOV lane system is a regional network and operations should be coordi

nated across jurisdictional boundaries to optimize performance and minimize 

confusion. SCAG supports further study and evaluation of these proposed 

operational changes to the HOV lane system to fully understand the mobil

ity, safety, and air quality impacts, as well as any implications for a potential 

regional HOT lane system. 

Projects in the Pipeline 

The RTIP includes HOV gap closures and connectors as shown in Exhibit 3.2. 

• 1-405 in the Westside of Los Angeles 

• SR-91 in Riverside 

• 1-5 and SR-14 connecting the San Fernando Valley to North Los Angeles 

County 

• 1-5 and I-60S connecting Los Angeles and Orange Counties 

• 1-10 and SR-60 connecting Los Angeles and San Bernardino Counties 

• SR-60 and 1-215 connecting Riverside and San Bernardino Counties 

• US-101 connecting Ventura and Santa Barbara Counties 

• HOV connectors at 1-5/SR-14, SR-57/SR-60, SR-22/1-405, 1-405/1-605, and 

SR-60/l-215 

Additional Investments 

The 2008 RTP calls for additional investments to extend the HOV network and 

construct additional connectors, as shown in Table 3.1 and in Exhibit 3.2. It 

invests close to $8 billion for HOV improvements through 2035. These gap 

closures and connectors help users to maximize the overall system performance 

by minimizing weaving conflicts and maintaining travel speeds. 

CARPOOLS ONLY 
2 OR MORE PERSONS 

PER VEHICLE 

3·7PM .. MON -FRI 

I I I @ •• I· I 
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EXHIBIT 3.3 MIXED FLOW LANE ADDITIONS 

Lane Interchange 

RTIP(Baseline) ~ 0 
RTIP(notBaseline)0 0 
Plan • • 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

100 III. TRA N SPO RTATI 0 N STRATEGY 

N 

A 
San Diego 

AR0072505 



TABLE 3.1 HOV AND HOV CONNECTOR PROJECTS 

P . t C ty Implementation 
rOjec oun Schedule* 

1-5 (SR-19 to 1-710) Los Angeles 2035 

SR-14 (Ave P-8 to Ave L) Los Angeles 2030 

1-5/1-170 connector Los Angeles 2030 

1-5 1 1-405 connector Los Angeles 2030 

1-5 (Avenida Pico to Coast Hwy) Orange 2018 

1-5 (SR-55 to SR-57) Orange 2035 

SR-73 (1-405 to MacArthur) Orange 2035 

SR-73/1-405 connector Orange 2035 

1-15 (1-215 to SR-74) Riverside 2020 

1-215 (Nuevo to Box Springs) Riverside 2020 

1-10 (Haven to Ford) San Bernardino 2020 

1-10 (Ford to Riverside County) San Bernardino 2030 

1-10/1-15 connector San Bernardino 2030 

1-10/1-215 connector San Bernardino 2030 

1-15 (Riverside County to 1-215) San Bernardino 2020 

1-15 (1-215 to SR-18) San Bernardino 2020 

SR-210 (1-215 to 1-10) San Bernardino 2020 

1-215 (SR-210 to 1-15) San Bernardino 2030 

• Represents the Plan network year for which a project was analyzed for the RTP modeling and regional emissions analysi 

Mixed Flow 

Since mixed-flow lanes carry more traffic than any other component of our 

transportation system, mixed-flow capacity enhancements are necessary to 

address traffic bottlenecks and relieve congestion on heavily traveled corri

dors. This is especially true in areas outside of the urban core where transit 

service and the HOV network are not fully developed. The majority of mixed

flow projects in the pipeline and proposed in the 2008 RTP are located outside 

of Los Angeles County. 

Projects in the Pipeline 

The RTIP contains mixed-flow lane additions on the following routes (see 

Exhibit 3.3). 

• Brawley Bypass in Imperial County 

• 1-5,1-405, and SR-57 connecting Los Angeles and Orange Counties 

• SR-91 connecting Orange and Riverside Counties 

• CETAP Mid-County Parkway in Riverside County 

• SR-60 and 1-215 connecting Riverside and San Bernardino Counties 

• 1-15 and 1-215 connecting Riverside and San Diego Counties 

• US-395 in northern San Bernardino County 

• Completion of the 210 freeway in San Bernardino County 

• SR-23, SR-118, and US-101 in Ventura County 

Additional Investments 

The 2008 RTP invests $26.2 billion through 2035 for mixed-flow improve

ments and interchange ramps. Major mixed-flow improvements are listed in 

Table 3.2 and shown in Exhibit 3.3. 
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TABLE 3.2 MIXED-FLOW HIGHWAY PROJECTS 

P . t C t Implementation 
rojec oun Y Schedule* 

SR-111 (SR-98 to 1-8) Imperial 2030 

1-710 (Ocean Blvd in Long Beach to intermodal 
Los Angeles 2020 

railroad yards in CommerceNernon) 

1-5 (SR-73 to EI Toro) Orange 2035 

1-5 (SR-133 to SR-55) Orange 2030 

1-5 (SR-57 to SR-91) Orange 2030 

SR-55 (1-405 to SR-22) Orange 2030 

SR-57 (Orangewood to Katella) Orange 2018 

SR-57 (Lincoln to Orangethorpe) Orange 2020 

SR-91 westbound (SR-57 to 1-5) Orange 2018 

SR-91 eastbound (SR-57 to SR-55) Orange 2023 

SR-91 westbound (SR-241 to Gypsum Cyn) Orange 2018 

1-405 (1-5 to SR-55) Orange 2035 

1-10 (Monterey to Dillon) Riverside 2030 

1-15 (Bundy Cyn to 1-215) Riverside 2014 

SR-71 (SR-91 to San Bernardino County) Riverside 2035 

SR-91 (Pierce to Orange County) Riverside 2018 

1-215 (Murrieta Hot Springs to 1-15) Riverside 2014 

SR-210 (1-215 to 1-10) San Bernardino 2020 

1-215 (SR-30 to 1-15) San Bernardino 2030 

• Represents the Plan network year for which a project was analyzed for the RTP modeling and regional emissions analysis 

Toll and High-Occupancy Toll (HOT) Lane Corridors and Facilities 

The 2008 RTP proposes to expand upon the existing HOT lane and toll road 

system in Orange County to address the congested commuter corridor be

tween housing-rich Riverside County and job-rich Orange County. Addition-
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ally, improvements to several major corridors elsewhere in the region are pro

posed to be financed by tolls. 

Projects in the Pipeline 

The RTIP includes lane additions to each of the toll roads in Orange County 

and the construction of the Foothill South corridor connecting to 1-5 in San 

Diego County (see Exhibit 3.4). 

• SR-73 - San Joaquin Hills Corridor 

• SR-133/SR-241/SR-261 - Eastern Transportation Corridor 

• SR-241 - Foothill Transportation Corridor North 

• SR-241 - Foothill Transportation Corridor South (extension to 1-5) 

Additional Investments 

The recommendations from several recent major RSTIS efforts examining inter

county travel have been considered in the development of the 2008 RTP. First, 

the Riverside County to Orange County study completed in 2006 identifies a 

comprehensive set of improvements that includes extending the SR-91 Express 

Lanes into Riverside County and providing direct connections to and from the 

Express Lanes. Additionally, the study identifies two major new facilities, one 

parallel to the SR-91 and one on a new alignment further south. Secondly, 

a North Los Angeles County study completed in 2004 recommended a new 

east-west facility called the High Desert Corridor to connect the high-growth 

areas of Lancaster/Palmdale and Victor Valley. While the RSTIS provides input 

to the RTP on a locally preferred strategy, SCAG recognizes and respects the lo

cal processes that must continue to solidify community consensus and further 

refine each project. 

In 2006, MTA completed a technical feasibility study examining the potential 

for constructing the SR-710 Gap Closure between the 1-10 and 1-210 freeways 

as a tunnel. SCAG has further assessed the potential for the Gap Closure to 

be financed in part through a public-private partnership. A number of tolling 

structures were considered in the financial analyses, including both flat-rate 
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EXHIBIT 3.4 HOT LANES AND TOLL FACILITIES 

o Plan - HOT Connectors 

o Existing 

(;::::) RTIP (Baseline, 

N Plan 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

N 

A 
San Diego 

2008 REGIONAL TRANSPORTATION PLAN 103 

AR0072508 



and variable-toll rate structures. SCAG anticipates that structuring financing 

alternatives with lower-cost Private Activity Bonds (PABs) and 30- to SO-year 

-term bonds could help to improve shareholders' internal rate of return. 

Additionally, SCAG's current evaluations to date indicate that the project is 

feasible from a construction standpoint. Two 46-foot inner diameter tunnels 

could provide two levels of lanes. The upper level could include three lanes 

for passenger vehicles, and two lanes in the middle level could accommodate 

truck and high-occupancy vehicles. The SR-71O Gap Closure is estimated to 

cost $4.6 billion. 

The 2008 RTP invests $25.6 billion for toll and HOT lane facilities. These ad

ditional investments are listed in Table 3.3 and shown in Exhibit 3.4. 

TABLE 3.3 HOT LANES AND TOLL FACILITIES 

P . t C ty Implementation 
rojec oun Schedule* 

SR-710 Tunnel Gap Closure (710Nalley Blvd to 
Los Angeles 2020 

California Blvd/Pasadena Ave) 

High Desert Corridor (1-5 to US-395) 
Los Angeles/ 

2030 
San Bernardino 

SR-91/SR-241 HOT connectors Orange 2020 

CETAP Riverside County to Orange County 
Orange/Riverside 2035 

Corridor A (Parallel to SR-91 from 1-15 to SR-241) 

CETAP Riverside County to Orange County 
Corridor B (1-15/Mid-County Pkwy to SR-133/SR-

Orange/Riverside 
PE/EIR/EIS 

241) Preliminary Engineering and Environmental ONLY 
Impact Report/Statement 

SR-91 Express Lanes (extend east to 1-15) Riverside 2020 

1-15 HOT Lanes (SR-74 to San Bernardino County) Riverside 2020 

SR-91/1-15 HOT connectors Riverside 2020 

• Represents the Plan network year for which a project was analyzed for the RTP modeling and regional emissions analysis 
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Arterial Improvements 

Local streets and roads account for over 80 percent of the total road network 

and carry a high percentage of total traffic. In many cases, arterials serve as 

alternate parallel routes to congested freeway corridors. In mature urban areas 

there is often little right-of-way available for capacity enhancements. In the 

fast-growing suburban and exurban parts of the region, local jurisdictions en

sure that roadway capacity improvements keep pace with new developments 

by implementing mitigation fees. In all parts of the region, operational and 

technological improvements have the potential to maximize system produc

tivity in a more cost-effective way than simply adding capacity. Such strate

gic "smart street" improvements include spot widening, signal prioritization, 

driveway consolidation and relocation, and grade separations at high-volume 

intersections. The 2008 RTP invests approximately $17.1 billion for arterial 

system improvements as shown in Table 3.4. 

TABLE 3.4 ARTERIAL INVESTMENT SUMMARY 

County !~;:~~~~~~~~ billions, nominal dollars 

Imperial $1.0 

Los Angeles $1.5 

Orange $2.0 

Riverside $6.9 

San Bernardino $4.8 

Ventura $0.9 

Regional Total $17.1 

Note: Numbers may not add due to rounding 
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TRANSIT STRATEGIES 

Public transit has grown in recent years to become an increasingly integral 

mode of transportation for the movement of people to and from jobs, school, 

shopping, and cultural and recreational activities. The region has experienced 

substantial growth in daily regional transit trips since 2003, and anticipates 

the trend to continue. 

The goals of public transportation services are to ensure mobility for people 

without access to automobiles, and to provide attractive alternatives for drive

alone motorists or discretionary riders. The public transportation strategies 

and programs presented in the RTP are developed with these goals in mind. 

As listed previously in this chapter, these strategies target improving customer 

service and system reliability, achieving financial stability for operators, and 

enhancing the safety and security of the system for all riders and operators. 

Transit Expansion 

The RTP recommends closing critical gaps in the transit system to improve 

service, and extending routes to serve a greater number of passengers. Our 

regional transit investments in new modes and innovative services are a sig

nificant factor in achieving increased transit use. The development of new rail 

and bus transit corridors has also spawned investment in new housing, retail, 

and business development at and near transit stations. 

Projects in the Pipeline 

The transit projects that are programmed in the RTIP and ready for implemen

tation include expansions to the Bus Rapid Transit (BRT) system, commuter 

rail, and light rail. Refer to Exhibit 3.5 for an illustration of bus transit proj

ects, and Exhibit 3.6 for rail projects that are included in the 2008 RTP. 

Bus Rapid Transit (BRT) is designed to provide fast, high-quality bus service to 

passengers by taking advantage of signal priority at intersections, operating in 

mixed traffic or in a dedicated right-of-way, and providing improved bus stop 

spacing at planned stations. The following BRT projects are programmed in 

the RTIP: 

• Metro Rapid Bus Expansion (to 28 lines) in LA County 

• San Fernando Valley North-South BRT (Reseda/Sepulveda & Canoga 

Corridor) in LA County 

• Wilshire Metro Rapidway in LA County 

• Harbor Blvd. BRT (Fullerton to Costa Mesa) in Orange County 

• Westminster/17th BRT (Santa Ana to Long Beach) in Orange County 

• 28-Mile BRT (Brea Mall to Irvine Transportation Center) in Orange 

County 

• E Street Transit Corridor (San Bernardino to Loma Linda) in San Bernar-

dino County 

Metrolink is the commuter rail service that operates in five Southern California 

counties. The Southern California Regional Rail Authority (SCRRA) provides 

and maintains Metrolink services and facilities. The following commuter rail 

project is programmed in the RTIP. 

• Perris Valley Line (Riverside to Perris) in Riverside County 

Light Rail Transit (LRT) utilizes electric-powered vehicles that operate primar

ily on exclusive rights-of-way. The Metro Rail system comprises the Metro 

Blue, Green, Red, Purple and Gold Lines. LRT projects programmed in the 

RTIP include: 

• Gold Line Eastside Extension (Union Station to Atlantic) in LA County 

• Exposition Corridor Phase 1 (Downtown LA to Culver City - Washing

ton/National) in LA County 

• Exposition Corridor Phase 2 (Culver City - Washington/National to 

Santa Monica) in LA County 

• Gold Line Foothill Extension Phase 1 (Pasadena to Azusa-Citrus) in LA 

County 

• Crenshaw Corridor in LA County (may be BRT or LRT) 
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EXHIBIT 3.5 BUS RAPID TRANSIT PROJECTS 

_ Plan - Bus Rapid Transit 

_ Plan - Transit Technology TBD 
RTIP (not Baseline) - Bus Rapid Transit 
RTIP (Baseline) - Bus Rapid Transit 
Existing - Bus Rapid Transit 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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EXHIBIT 3.6 RAIL TRANSIT PROJECTS 

Kern 

"'-
-Ie 
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....-------------------..., co 

c::.:; Plan - Commuter Rail 
Plan - Light Rail 

=-= Plan - Subway 
_ RTI P (not Baseline) - Transit Technology TBD 

II. RTIP (Baseline) - Commuter Rail 
_ RTIP (Baseline) - Light Rail 

Existing - Commuter Ra il 

Existing - Amtrak 

Existing - Light Rail 

Exist ing - Subway 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

N 

A 
San Diego 
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Additional Investments 

The 2008 RTP invests over $44.0 billion in transit projects. Of this amount, 

nearly $23.3 billion is allocated to bus and intermodal facilities; nearly $6.2 

billion to commuter rail projects; and close to $14.5 billion to heavy rail, light 

rail, and other projects. The major projects included in the RTP that address 

system gaps and provide strategic corridor expansion are listed in Table 3.5. 
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TABLE 3.5 TRANSIT CORRIDOR PROJECTS 

P . t C ty Implementation 
rojec oun Schedule* 

Regional Connector LRT (Union Station to 7th StlMetro 
Los Angeles 2035 

Center) 

Gold Line Foothill Extension Phase 2 (Azusa-Citrus to 
Los Angeles 2020 

Montclair) 

Westside Extension (Metro Purple/Red Line Extension) Los Angeles 2020 

Green Line Extension (Mariposa/Nash to Century/Sep-
Los Angeles 2030 

ulveda LAX, technology TBD) 

Katella BRT (Orange Transportation Center to Long 
Orange 2014 

Beach/Blue Line) 

Edinger BRT (Tustin to Huntington Beach) Orange 2018 

Beach Blvd BRT (Huntington Beach to Buena Park) Orange 2012 

La Palma BRT (Anaheim to Buena Park) Orange 2018 

Great Park/Spectrum 5-Mile Transit System Orange 2012 

Western Riverside BRT (Magnolia Corridor Phase 1 City 
of Riverside; Moreno Valley Corridor Phase 2 City of Riverside 2018 
Moreno Valley) 

Coachella Valley BRT Riverside 2018 

Perris Valley Line Extension (Perris to San Jacinto) Riverside 2030 

Perris Valley Line Extension (Perris to Temecula) Riverside 2030 

Redlands Extension (4th StlMt. Vernon to Grove/Cen-
San Bernardino 2014 

tral, rail technology TBD) 

• Represents the Plan network year for which a project was analyzed for the RTP modeling and regional emissions analysis 
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AVIATION 

The SCAG Region supports the nation's largest regional airport system in 

terms of number of airports and aircraft operations, operating in a very com

plex airspace environment. The system has six established air carrier airports 

including Los Angeles International (LAX), Bob Hope (formerly Burbank), 

John Wayne, Long Beach, Ontario and Palm Springs. There are also four new 

and emerging air carrier airports in the Inland Empire and North Los Angeles 

County. These include San Bernardino International Airport (formerly Nor

ton AFB), March Inland Port (joint use with March Air Reserve Base), Southern 

California Logistics Airport (formerly George AFB) and Palmdale Airport (joint 

use with Air Force Plant 42). Southern California airports playa crucial role in 

international trade, particularly with Pacific Rim countries, and to the region

al economy. The value of airborne commodity exports out of the Los Angeles 

Customs District are about equal to waterborne exports, and airborne export 

values would be significantly greater if service exports, including impacts from 

tourism, were added to total export values. 

The aviation strategy is very similar to the 2030 decentralized regional avia

tion system adopted for the 2004 RTP. It respects all legally enforceable policy 

and physical-capacity constraints at urban airports. It assumes much more 

willingness on the part of the airlines to invest in new flights at new and 

emerging airports, and a package of market and ground access incentives to 

promote decentralization at underutilized suburban airports. 

The aviation strategy incorporates the HSRT system Initial Operating Segment 

(lOS) running from West Los Angeles to Ontario Airport, and extending west 

to LAX and east to San Bernardino International. The region is projected to 

reach 165.3 million annual passengers (MAP) in 2035 (190.7 MAP including 

San Diego). 

TABLE 3.6 2035 AIR PASSENGER ALLOCATIONS BY AIRPORT 

Commercial Airports Annual Air Passengers (in millions) 

Bob Hope 

John Wayne 

LAX 

Long Beach 

March Inland Port 

Ontario 

Palmdale 

Palm Springs 

San Bernardino 

So. Cal. Logistics 

Imperial* 

Oxnard* 

Region Total 

9.4 

10.8 

78.9 

4.2 

2.5 

31.6 

6.3 

4.1 

9.4 

2.9 

3.5 

1.7 

165.3 

• Existing commuter airport with potential to accommodate short-haul service 

Regional Aviation Policies 

New regional aviation policies have been developed for the 2008 RTP with 

input from both the SCAG Aviation Task Force and the SCAG Aviation Techni

cal Advisory Committee. They respond to changing circumstances and new 

priorities in the regional aviation system. The policies are divided into Avia

tion Guiding Principles and Aviation Action Steps, as follows: 

Aviation Guiding Principles: 

• Provide for regional capture of economic development opportunities 

and job growth created by the prospect of significant regional air traffic 

growth between now and 2035 
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• Distribute maximum opportunity to Southern California airports where 

population and job growth are expected to be strong and where local 

communities desire air traffic for economic development 

• Reflect environmental, environmental justice and local quality-of

life constraints at existing airports that operate in built-out urban 

environments 

• Reflect that each county should have both the obligation and the op

portunity to meet its own air traffic needs where feasible 

• Reflect that the region as a whole has an obligation to help pay the costs 

of airport environmental mitigation and ground access improvement 

in counties that serve a disproportionate share of regional air travel de

mand at their airports 

Aviation Action Steps: 

• Support capacity enhancements at existing and potential airports to 

handle anticipated increases in passengers and cargo volume where it 

is desired 

• Mitigate the effects of expanding airports and maximize air passenger 

and air cargo utilization of outlying airports in less-populated areas so 

that community impacts are minimized 

• Support the continued responsibility of SCAG for developing regional 

aviation and ground access plans for the region 

• Support the close cooperation between SCAG and other aviation orga

nizations to facilitate the implementation of adopted regional aviation 

plans prepared by SCAG 

• Support legislative, marketing and ground access initiatives that pro

mote the decentralization of aviation demand to underutilized suburban 

airports where it is desired 

• Support more flexible use of airport revenues for off-airport ground ac

cess projects 
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• Support giving priority to key airport ground access projects in the pro

gramming of transportation projects in the RTP and the RTIP 

• Support the development of a regional network of new FlyAways that 

connect to multiple airports via HOV, light rail and commuter rail fa

cilities, to help decentralize aviation demand to underutilized suburban 

airports where it is desired 

• Support efforts to redesign the regional airspace system that may be 

needed to reduce significant conflicts and delays associated with future 

air traffic in SCAG's adopted 2035 regional aviation forecast 

• Support a more active role by the federal government in developing sub

stantial incentives for airlines to upgrade their aircraft fleet to cleaner 

and quieter aircraft 

Air Cargo Forecasts 

The aviation strategy forecasts a total of almost 8.3 million tons of air cargo 

for the region's airports in 2035. The adopted 2030 air cargo forecast for the 

2004 RTP was 8,724 tons. There is a variety of reasons why the new air fore

cast is lower than the adopted forecast in the last RTP. These include more 

domestic cargo being transported by truck and train, more international air 

cargo over-flying the region on longer-range aircraft or flying the Arctic Circle 

route with a stop at Anchorage, and high value-to-weight goods such as com

puters forecast to be lighter per unit volume. The 2035 modeling results of the 

air cargo forecast are shown in Table 3.7. 
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TABLE 3.7 2035 TOTAL ANNUAL AIR CARGO TONNAGE BY AIRPORT 

(THOUSANDS) 

Air Carrier Airports Air Cargo Tonnage (thousands) 

Bob Hope 86 

John Wayne 45 

LAX 2,496 

Long Beach 134 

March Inland Port 1,130 

Ontario 1,959 

Palmdale 781 

Palm Springs 129 

San Bernardino 1,290 

So. Cal. Logistics 230 

Region Total 8,280 

Airport Ground Access updated with strong local input from airport, city and county transportation 

The 2008 RTP may have localized ground access impacts at a number of air- planners. 

ports. The RTP will result in significant increases in airport activities (people 

as well as cargo) at Ontario, San Bernardino International, and Palmdale Air

ports. Regional Airport Demand Allocation Model (RADAM) modeling for the 

Preferred Scenario shows that airport ground access deficiencies are concen

trated near airport areas but that background congestion affects both airports 

and local communities. 

SCAG's adopted Regional Aviation Decentralization Strategy calls for mak

ing substantial airport ground access improvements throughout the region, 

in both the short term and long term. The short-term program emphasizes 

relieving immediate bottlenecks around airports through arterial, intersec

tion and interchange improvements, and increasing transit access to airports. 

Many of these improvements were programmed in the RTIP, and have been 

SCAG is currently working with Los Angeles World Airports (LAWA) on plan

ning and programming a regional system of FlyAways, based on the very suc

cessful Van Nuys flyAway, where passengers park their cars and take a bus to 

LAX. The locations of the proposed new FlyAways can be optimized by tak

ing advantage of the region's developing high-occupancy vehicle (HOV) and 

light and heavy rail networks that can provide direct linkages to Ontario and 

Palmdale as well as LAX. Making seamless HOV and rail connections with en

hanced service to those and other suburban airports will also compose SCAG's 

short- and medium-range airport ground access strategy. The flyAway, HOV 

and rail improvements to the suburban airports will help establish a pattern of 

decentralization, by attracting a critical mass of passengers and airline service 
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at those emerging airports. SCAG is also working with the newly reactivated 

SCRAA in its ongoing efforts to restructure and redefine its mission, with the 

focus of helping to implement the Regional Aviation Decentralization Strat

egy through facilitating key airport ground access improvements. 

Over the long term, SCAG aviation demand modeling indicates that the re

gion will also need a system of high -speed rail to the suburban airports to 

reach our adopted air passenger and air cargo forecasts, which are moderate 

and even conservative when compared to other forecasts for the region such 

as those developed by the FAA. The high speed, reliability and predictability 

of high-speed airport access will be needed to overcome mounting and in

creasingly unpredictable traffic congestion. For example, the Initial Operating 

Segment of SCAG's proposed high-speed rail system from West Los Angeles to 

Ontario Airport will take only 33 minutes to travel from end to end, compared 

to over two hours by car in 2030. The regional high-speed rail system is an 

integral component of the 2008 RTP Preferred 2035 regional aviation demand 

forecast. 

Provision of high-speed rail service to the suburban airports would also pro

vide significant economic benefits to region. It is estimated that the regional 

aviation system with a full high-speed rail network would create an additional 

76,600 direct, indirect and induced jobs by 2035, compared to a system with 

no high-speed access. These would include an additional 28,900 jobs from 

high-speed access to Palmdale Airport, and an additional 27,100 jobs from 

high-speed access to San Bernardino International Airport. 

HIGH-SPEED REGIONAL TRANSPORT 

SCAG has advanced a vision of regional transport based on high-performance, 

high-speed, and environmentally sensitive alternatives. A High-Speed Re

gional Transport (HSRT) system has the potential for relieving both airport 

and freeway congestion in urbanized areas by providing an alternative to 

the automobile as well as making less-congested airports more accessible to 
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air travelers, and providing alternative capacity for freight movement in the 

region. 

The HSRT system is a long-term vision connecting the region's ports, airports, 

and urban activity centers. The system can be constructed in multiple stages 

that can each be financially viable. The financial performance will be en

hanced as the system is extended throughout the region and the volume of 

users increases. The HSRT plan is constructed on three core components: 

• Goods Movement/Logistics: 

Connect the San Pedro Bay Ports with an inland port facility via the 

high-speed, high-capacity link. This would provide capacity to handle 

containers, relieving a major constraint to port expansion, and facilitate 

efficient and environmentally sensitive goods handling in areas that 

have sufficient space outside of the urban areas. A detailed discussion 

on goods movement strategies is included in this chapter. 

• Aviation System: 

Create a direct and reliable link capable of connecting airports and 

urban centers. Continue use of LAX as a major hub and sharing de-
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mand with other regional airports such as Ontario International Airport 

(ONT) , Palmdale Regional Airport (PMD) and San Bernardino Interna

tional Airport (SBD) based on a high-speed connection via the HSRT. 

This would enable a higher level of service for airport access and con

necting passengers, improved operation of the aviation system for pas

sengers and airborne cargo, and optimize investment in aviation system 

infrastructure. 

• Surface Transport System: 

Link urban activity centers throughout the region, serving the needs of 

commuters while reducing the number of private vehicles on the road. 

This would lead to reduced traffic congestion, enhanced accessibility be

tween activity centers, as well as reduced air and noise pollution from 

automobiles. Additionally, enhanced accessibility at transit stations 

would enable intensification of land uses and thereby encourage more 

effective land use patterns. 

The SCAG HSRT system will ultimately grow to cover over 275 miles of cor

ridors in the SCAG Region, and will move up to 500,000 riders a day. When 

fully deployed, the HSRT system could complement the regional state high

way transportation system. The HSRT program also envisions a longer-term 

connection to San Diego and other southern airports in the SCAG Region, a 

connection between San Bernardino and Palmdale via a high desert align

ment, an LAX to Orange County route, and a San Bernardino to the Coachella 

Valley segment, intertwining with the proposed state high-speed rail system. 

The California High-Speed Rail Authority (CHSRA) has been commissioned 

to do preliminary development work on several north-south corridors. SCAG 

has supported the Antelope and San Joaquin Valley corridors (Resolution 

#96-357-1-B). The State of California should coordinate all high-speed rail

planning activities with SCAG and other stakeholders within the state, espe

cially with regard to HSRT, aviation, environment, growth, access, finance, 

and community development. SCAG is supportive of CHSRA's efforts to build 

a high-speed rail system in Southern California. 

Three phases have been developed to implement the HSRT deployment 

program: 

• Phase I, Pre-Deployment Analysis, was completed in October 2003 and 

includes right-of-way assessment on the freeway system and railroad 

corridors, assessment of ridership and interaction with other transporta

tion systems, Los Angeles Union Passenger Terminal (LAUPT) capacity 

analysis, stakeholder outreach, financial feasibility, public-private part

nership, technology transfer, and identification of an Initial Operating 

Segment (lOS). 

• Phase 2, Preliminary Engineering, was completed in 2006 for the lOS, 

and focused on defining the project to prepare preliminary engineering 

for the purpose of environmental assessment and analysis (EIR/EIS) for 

public-private investment. 

• Phase 3, Project Deployment Strategy, was initially done via a consul

tant study completed in 2007. It focused on an extended lOS with a link 

to the Ports of Los Angeles and Long Beach. The goal was to provide 

an initial investment quality analysis necessary to take the deployment 

program to the private market. The next step in this phase (date to 

be determined) will include an investment-grade ridership and revenue 

forecast, operation plans, a detailed financial plan, and creation of a 

public-private consortium for project deployment. 

In December 2002, SCAG's Regional Council approved the deployment of a 

54-mile lOS of the HSRT system that would connect West Los Angeles via 

LAUPT to Ontario Airport. It is a component of an 81-mile corridor between 

LAX and the San Bernardino Airport. In selecting the lOS, SCAG considered 

the RTP performance measures, stakeholder support and environmental is

sues. At the same time, SCAG's Regional Council approved the advance plan

ning of the LAX to Palmdale corridor and Los Angeles to Orange County cor

ridor (Orangeline). 

The feasibility studies for the four corridors demonstrated that the HSRT sys

tem could be constructed and deployed through a public-private partnership 
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structure administered through a public agency, a joint powers authority OPA), 

a public nonprofit (PNP), or a public-private partnership (PPP) format using a 

number of innovative and traditional funding mechanisms. 

A JPA is in the process of being formed for the express purpose of implement

ing the lOS (West Los Angeles/LAX to Ontario Airport). Voting members of 

the yet-to-be-named JPA are the City of Los Angeles, the City of West Covina, 

and the City of Ontario. SCAG would be one of several non-voting members 

of the JPA. 

TABLE 3.8 2008 RTP REGIONAL HSRT MILESTONES 

. Capi!al Cost (in Implementation 
Milestone nom mal dollars, S h d I * 

billions) c e u e 

IDS: Ontario - West Covina-LA Union Station - West 
$19 2020 

LNLAX 

IDS extension to San Bernardino $3.5 2020 

San Pedro Ports to the IDS $18 2020 

Anaheim - Ontario $6.7 2020 

California High-Speed Train $4.0** 2020 
(Union Station - Anaheim) 

• Represents the network year for which a project was analyzed for the RTP modeling and regional emissions analysis. 

n Assumes cost covered by state HSRT Bond Act. State bond revenues for HSRT are not included in the regional revenue forecast. 

Implementation and operation of the HSRT is being proposed on the basis 

of a business plan approach whereby it will be largely self-financed based on 

the goods movement, aviation, and commuter operations. The use of public 

rights-of-way is a critical component of the system as is some level of financial 

commitment from the public sector. The net performance of the HSRT will be 

further bolstered by related development in real estate property. A business 

and institutional structure for the movement of goods, movement of people, 

and associated development patterns has been developed by SCAG to serve as 

the basis for implementation of the movement systems. 
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The HSRT would enhance airport access and connections between regional 

airports by allowing passengers to bypass the congested highway network. 

It is envisioned that the HSRT would serve as the basis for a regional airport 

system and aviation system users would become a key component of HSRT 

passenger ridership. 

Next Steps: 

• Prepare preliminary engineering for the Ontario - West Covina-LA Union 

Station - West LA/LAX lOS for the purpose of preparation of the federal 

Environmental Impact Statement (EIS) and/or State Environmental Im

pact Report (EIR) to a level necessary for public-private investment. 

• Form a Joint Powers Authority OPAl for the lOS, and market projects to 

public-private stakeholders. 

• Secure federal, state and local funds to supplement private investment 

to complete deployment of the lOS and coalesce community support 

• Seek legislative support at the regional, state and federal levels for the 

HSRT deployment 

• Continue working on public-private partnerships (PPP) to fund HSRT 

projects and to fast-track institutional issues 

Anaheim-Ontario Maglev Segment 

The California-Nevada Super Speed Train Commission (CNSSTC) was formed 

in 1988 to promote the development of, and issue a franchise to build, a su

perspeed train system connecting Las Vegas with Anaheim and other points 

in Southern California. In 1991 the Commission selected Transrapid Interna

tional (TRI) Maglev technology for the corridor. 

The critical segment of this route for Southern California is the Anaheim to 

Ontario Airport link. This would further the airport decentralization strategy 

for the region and provide a viable transit system to help mitigate transpor

tation congestion/pollution caused by the jobs/housing imbalance between 

Orange and Riverside Counties. 
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EXHIBIT 3.7 lOS WITH EXTENSION TO SAN BERNARDINO AND LINK TO SAN PEDRO PORTS 

Passenger/Freight Shared Right-of-Way (ROW) 
(57 miles: Union Station - SB Airport) 

_ Goods Movement Component Only 

- Passenger Component Only 

Note: Capital costs in nominal dollars 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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EXHIBIT 3.8 PROPOSED HIGH-SPEED REGIONAL TRANSPORT SYSTEM 

o Station (Constrained) 

o Station (Unconstra ined) 

lOS plus N San Bernardino 
(by 2020) 

/)N'/ Anaheim to Onta rio 
(/'\J (2020)' 

N Ports to Hobart Yard 
- Freig ht only (2020) 

N Cal. High-Speed Train 
Constrained (2020) 

~/) Shared ROW between Wi Unconstra ined 
(/\/ Freight & Passenger Service / V (post 2020) 

Tht~fVIhjolm ~o Orrt4lf10 $ ... M'lIIlti~ noI $Mcttd"p''''ttrtdrotlt. ThtIWo) t~" I>ttrg O)MidW.,g •• lhI~lh. SR-9 1 
«JfII:jor 01 ~~ tI\oto SRO(;7 ,+'" 10, Tht SR-91 II Ilmtr.td on tr. ..... ~ 1$ Iht flip" .... ~ fOr 3CAG RTP"'~ IlU P')SU, 

Source: Southern California Association of Governments, ESRI StreetMap USA, Teleat/as 
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According to a feasibility study done by CNSSTC in 2000, the Anaheim to 

Ontario Airport segment will be 32 miles long and take 14.5 minutes with 

no stops between the two end points and 18 minutes with a station stop 

mid-route. The capital cost is estimated at $6.7 billion. Annual ridership 

projections are 13.9 million passengers per year (approximately 38,000 riders 

per day) with lO-minute headways. 

It is not yet determined whether the primary route for this segment will be in 

the SR-91 corridor or the SR-57. These routes need to be re-examined in future 

feasibility and planning studies. For modeling purposes, the SR-91 corridor 

was the selected route. 

CNSSTC is seeking funding for future studies and construction of the project 

from the u.s. federal government. 

In 2002, the Western States Maglev Alliance was formed between SCAG and 

the California-Nevada Super Speed Train Commission and was approved by 

the Regional Council. As a result of this alliance, the Plan supports continued 

analysis of the proposed Las Vegas to Anaheim Maglev, especially the segment 

from Anaheim to Ontario. 

California High-Speed Train 

Established in 1996, the California High-Speed Rail Authority (CHSRA) is 

charged with planning, designing, constructing, and operating a high-speed 

steel wheels on steel rails train system. The financing plan is to pass statewide 

bonds to pay for the capital infrastructure. The first bond to fund the project 

is $9.95 billion and is currently on the ballot for November 2008. 

The proposed system stretches from San Francisco, Oakland and Sacramento 

in the north -- with service to the Central Valley -- to Los Angeles and San 

Diego in the south. With bullet trains operating at speeds up to 220 mph, the 

express travel time from downtown San Francisco to Los Angeles is just under 

2 Vz hours. Intercity travelers (trips between metropolitan regions) along with 

longer-distance commuters would enjoy the benefits of a system designed to 

connect with existing rail, air and highway systems. 

In the SCAG Region there is a planned 210 miles of rail. One line covers 

30 miles from Orange County to Union Station and the other from Union 

Station veering east to Riverside and then down Interstate 15 (1-15) to San 

Diego. Northbound from Union Station, the route heads through Burbank 

to Palmdale and then to the Central Valley. If built out, the state system is 

planned to connect up with SCAG's HSRT system in Palmdale, Union Station 

and Ontario. Funding ($7 million) to begin a project-specific EIR/EIS in the 

Union Station to Orange County segment in the LOSSAN corridor is being 

provided to CHSRA from OCTA. 

SPOTLIGHT ON GOODS MOVEMENT 

The goods movement strategies identified in the 2008 RTP merit a focused 

discussion because of the critical and far-reaching impacts on our region's 

transportation system, economy, and public health. The goods movement 

sector of transportation is growing at a tremendous pace and will continue 

to do so over the time frame of the RTP. The San Pedro Bay Ports (Port of Los 

Angeles and the Port of Long Beach) forecast that by 2030 container volume 

could triple. The productivity gains that are realized by Southern Califor

nia's geographical advantage and the extraordinary logistics network of ports, 

warehouses and distribution systems are the primary reasons for this growth. 

Cross-border trade activity also contributes to the region's international trade 

growth. The growth in the manufacturing industry in Mexico has increased 

truck trips through Calexico East in Imperial County by 77 percent between 

1994 and 2005. Also, the Port of Hueneme plays an important role in facili

tating the movement of goods. Approximately $7 billion in cargo traverses 

through the Port annually, and trade-related activity generated by the Port 

contributes significantly to the local economy. 

To continue to provide this critical service, a combination of federal, state, 

local and private investment is needed. The 2008 RTP calls for approximately 

$13 billion in freight rail investments, nearly $18 billion in a freight HSRT 

system, and over $5 billion in highway investments to enable the region to 

handle the dramatic growth in goods movement. Rail investments consist of 
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additional mainline capacity, grade separations, and locomotive engine up- continuity between the California/Baja California border to Riverside County, 

grades. About half of the rail-related investments are for highway-rail grade ensuring smooth and reliable movement of goods through the border. 

separations, which reduce traffic congestion, improve safety, and reduce pol-

lution. Highway investments include the first phase of a dedicated, toll clean 

technology truck lane system and truck climbing lanes. Additionally, the 

proposed alternative technology system for freight includes a shared guide

way with passenger vehicles. Service would be operating between passenger 

intervals, effectively utilizing the available capacity of the system (see Exhibit 

3.8). 

An essential element of improving the region's goods movement system is 

reducing its current and long-term impacts on public health and the environ

ment. Accordingly, the 2008 RTP includes investments that integrate air qual

ity mitigation into the goods movement system improvements. Substantial 

air quality benefits can be realized by accelerating fleet modernization with 

cleaner technologies. 

Further, this Plan maximizes the utilization of the scarce land area near the 

ports, includes the development of inland port capacity, and has dedicated 

ground access systems that enable the region to protect communities and meet 

demand. Specific elements of this Plan are described in the following sections. 

PORT ACCESS IMPROVEMENTS 

Port access improvements include short-term initiatives to improve access to 

Terminal Island and to remove bottlenecks to truck movements. They include 

the replacement of the Gerald Desmond Bridge, SR-47 Truck Expressway/Heim 

Bridge replacement, I-llO/SR-47 Connectors Improvement Program, and the 

SR-47/Navy Way Interchange. These projects are programmed over the shor

term in the 2006 RTIP. 

To provide for the landside port access improvements in Imperial County, the 

2006 RTIP includes the Brawley Bypass project, which is a four-lane express

way connecting SR-78 and SR-lll. The completion of the project will provide 
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DEDICATED LANES FOR CLEAN TECHNOLOGY TRUCKS 

Over the past several RTP updates, the region has been exploring dedicated 

truck-lane facilities and continues to refine the concept of such user-support

ed corridors to improve the flow of goods. More recent effort has focused on 

adding dedicated truck lanes for clean technology vehicles along truck-inten

sive corridors in Southern California. Operationally, such a corridor would be 

aligned to connect freight-intensive locations such as the Ports, warehousing/ 

distribution center locations, and manufacturing locations. These dedicated 
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EXHIBIT 3.9 DEDICATED LANES FOR CLEAN TECHNOLOGY TRUCKS 

~ 1-71 0 Corridor 

- East-West Corridor and 1-15 Corridor (Strategic Plan) 

N 

A 
San Diego 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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facilities would have fewer entrance/egress locations than typical urban inter

states to smooth the flow of goods. 

This proposal has the potential to relieve many of the negative truck impacts 

in Southern California such as recurrent delay, pavement deterioration, safety, 

emissions, and design deficiencies. Dedicated truck lanes would also increase 

reliability in the freeway system. Despite these benefits, substantial finan

cial constraints as well as environmental impact considerations could hinder 

project implementation. Recognizing these challenges, the 2008 RTP funds 

the 1-710 segment as the first phase of a comprehensive system that addresses 

truck-related issues in the region (Exhibit 3.9). This segment includes roughly 

78 lane-miles (two lanes in each direction) of dedicated lanes for clean tech

nology trucks along alignments extending from Ocean Blvd. in Long Beach 

to the intermodal railroad yards in Vernon/Commerce. This represents an 

investment of over $5 billion. 

The region's longer-term strategic vision would include an east-west corridor 

and the 1-15 freeway, serving strategic distribution centers in Barstow. Major 

corridor studies have already been completed for 1-710, SR-60, and 1-15. An 

EIR/EIS and preliminary engineering are currently underway for 1-710. The 

technical analysis for the 2008 RTP assumes the implementation of dedicated 

lanes accommodating clean technology vehicles along the 1-710 corridor until 

a preferred alternative is identified by the EIR/EIS. 

REGIONAL FREIGHT RAIL INVESTMENT AND EMISSION 

REDUCTION PACKAGE 

Recent projections included in SCAG's Inland Empire Railroad Main Line Study 
suggest that the number of freight trains on most BNSF and UP lines will more 

than double between 2000 and 2025 in response to a tripling of container 

volumes at the San Pedro Bay Ports. Passenger train volumes are expected to 

experience similar volume growth. 
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The UP and BNSF mainlines east of downtown Los Angeles will reach capac

ity before the end of the decade and will need to be triple-tracked or even 

quadruple-tracked in some segments. Investments in the 2008 RTP include 

$3.2 billion for mainline rail capacity improvements, $6.0 billion to build an 

estimated 131 highway-rail grade separations east of downtown Los Angeles, 

and a total of $3.8 billion for accelerating upgrades to cleaner diesellocomo

tive engines-namely, Tier 4 engines. 
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In March of 2007, the US Environmental Protection Agency (EPA) proposed 

new standards to reduce emissions from diesel locomotives: Tier 3 and Tier 4 

exhaust emission standards for newly built engines with high-efficiency cata

lytic after-treatment technology. Tier 3 engines will be available in 2009 and 

the associated estimated reduction in emissions is less than 50 percent of cur

rent conditions. The reduction in emissions from Tier 4 engines is estimated 

at 90 percent of current conditions. The 2008 RTP assumes nearly $2 billion 

in federal EPA funding to accelerate the deployment of Tier 4 engines in the 

region. 

Exhibit 3.10 shows planned projects for regional rail capacity enhancement 

in Southern California. Most of the BNSF system south and west of Colton 

Crossing will need additional track by 2025, and several of these segments will 

require additional track as soon as 2010. By 2025 this line will require grade

separated crossings at junctions where the two railroads have lines crossing. 

North of Colton Crossing over the Cajon Pass to Barstow substantial addi

tional mainline capacity will be needed by 2010 as well as new connections 

to the system. In the UP system, most of the Yuma line will require double

tracking by 2025 and the San Gabriel line may require double-tracking over 

major segments during the same time frame. Also by 2025, UP will require 

several grade-separated junctions. 

Exhibits 3.11, 3.12, 3.13, and 3.14 show the grade separation projects by 

county planned in the region. Stakeholder agencies throughout the region 

have identified priority grade separations that were analyzed in the Inland 

Empire Railroad Main Line Study and it was determined that without addi

tional grade separations, motor vehicle delay at grade crossings will more than 

triple between 2000 and 2025. Analysis of vehicle delay from high-priority 

grade separations shows that these could reduce growth in vehicle hours of 

daily delay (VHDD), cutting delay in half by 2025. This will reduce motor 

vehicle idling delay and associated idling emissions, and by increasing train 

speeds, will reduce train emissions through more efficient operations. 

ALTERNATIVE TECHNOLOGY-BASED GOODS MOVEMENT/LOGISTICS 

The region is also exploring new alternative technology-based systems that 

can provide greater throughput and reliability with near zero emissions (the 

emissions would be only those associated with electricity generation). A recent 

TABLE 3.9 SBD CAPACITY SHARED GUIDEWAY WITH PASSENGER SERVICE - 9.2M TEU 

Operating Period Trains/Day/Direction Potential Capacity 

Hr/Day Trains/Hr/Direction Passenger Freight Per Day and Direction Per Year and Direction 

Passenger Freight Passenger Freight (24f7 Operation) 

20 ft 40 ft TEU TEU 

Peak 8 6 6 48 48 42,528 96 1,824 3,744 1,366,560 

Off-Peak 10 3 9 30 90 26,580 180 3,420 7,020 2,562,300 

Night 2 0 12 0 24 48 912 1,872 683,280 

Maintenance 4 0 0 0 0 

Total 24 9 27 78 162 69,108 324 6,156 12,636 4,612,140 

Total Passengers/Freight in Both Directions 138,216 648 12,312 25,272 9,224,280 

Source: IBI Group 
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EXHIBIT 3.10 PLANNED PROJECTS FOR REGIONAL RAIL CAPACITY ENHANCEMENT 

1B 

2A 

2B 

10 

Riverside 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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BNSF Orange/Los Angeles 4th main track, Hobart-Fullerton 
3rd main track, Placentia(Atwood) 

BNSF Orange 
- Yorba Linda(Esperanza), Prado 
Dam-Riverside, and Highgrove 
to MP 2.9 

BNSF Orange 
3rd main track, Fullerton-
Placentia(Atwood) 

BNSF Riverside/San Bernardino 4th main track, Riverside-Colton 

BNSF Riverside Flying Junction at Riverside 

BNSF San Bernard ino Colton Crossing to Barstow 
2nd main track, W. Riverside-

UP Riverside/San Bernardino 
Riverside (Streeter), Riverside 
(Arlington)-Pedley, Bon View-
Ontario(T ower) 

UP Los Angeles 2nd main track, Pomona(Oak)-
Montclair (Roselawn) 

UP Los Angeles 
2nd main track, Alhambra -
Walnut 

UP San Bernard ino 
Flying junction of Palmdale Line at 
West Colton (Rancho) 

UP Riverside/San Bernardino Colton Crossing to Indio 

San Bernard ino 
Grade Sep. @ Colton Crossing 
(Rail to Rail) 

at Pomona 

o Grade Separation 

t Pon 

Y'r ,. .... /gr Alrpor1 

l POIiotEnlry 

_ Fre.way 

- Highway 

o COunl'j 

o Junction 

/V Rail Roads 

-N Metrolink Service 

Rail Improvements 
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EXHIBIT 3.11 GRADE SEPARATION PROJECTS IN LOS ANGELES COUNTY 

~ 

Note: Grade sepa rations projects identified in th is exh i Mare 
specifioa ll y ass<xiated with reg ional rail oapacity expansion, 
Additional grade separation projects, while not depicted in th is 
exh ibit, are included in the RTP as part of t he county's lump 
sum grade sepa ration subm itta l in the Project Listing Report 

Los A ngeles County 

~:----T'_---- Orange County 

/"vI Rail Road 

/V Freeway 

O._-== ... 2i:::====4Miles /"--/ Highway 

Source: Southern California Association of Governments, ESRI StreetMap USA, Teleat/as 

,-----
/ 

/' 
// 

/ 
i 
L_~ , 

i 
i, 
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Nogales StreetiSP - Industry (Completed) 
Ramona Boulevard/SP - EI Monte 
East End Avenue/SP&UP - Pomona 
Reservoir StreetlSP&UP - Pomona 
Temple Avenue/SP - Pomona 
Brea Canyon Road/UP - Industry 
Sunset Avenue/SP - Industry 
Baldwin Avenue/SP - EI Monte 
Nogales StreetiUP - Industry 
Valley Boulevard/SP - Los Angeles 
Passons Boulevard/BNSF - Pico Rivera 
Valley View Avenue/BNSF - Santa Fe Springs 
Rosecrans Avenue/BNSF - Santa Fe Springs 
NorwalklBNSF - Santa Fe Springs/Gateway 
Durfee Avenue/UP - Pico Rivera 
San Gabriel Trench - San Gabriel 
Turnbull Canyon Road/UP - Industry 
Rose Hills/UP - Industry 
Puente Avenue/SP - Industry 
Fairway Drive/SP - Industry 
Fairway Drive/UP - Industry 
Montebello Boulevard/UP - Montebello 
Fullerton Road/SP - Industry 
Temple Avenue/SP - Industry 
Lemon Avenue/SP - Industry 
Brea Canyon Road/SP - Industry 
San Antonio Avenue/SP&UP - Pomona 
Lower Azusa Road/SP - Temple City 
Fullerton Road/UP - Industry 
Hamilton Boulevard/SP&UP - Pomona 
Park Avenue/SP&UP - Pomona 
Temple City Boulevard/SP - EI Monte 
California Avenue/SP - Industry 
Walnut Grove Avenue/SP - Rosemead 
Lemon Avenue/UP - Industry 
Vineland Avenue/SP - Industry 
Arden Drive/SP - EI Monte 
Stimson Avenue/UP - Industry 
Palomares StreetlSP&UP - Pomona 
Co swell Road/SP - EI Monte 
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EXHIBIT 3.12 GRADE SEPARATION PROJECTS IN ORANGE COUNTY 

Fullerton 

Orange County 

\naheim 

Note: Grade separations projects Identified in this exhibit are 
specWically associated with regional rail capacity expansion . 
Additional grade separation projects, wIlile not depicted in this 
exhibit. are included in the RTP as part of Ihe COU~IY'S l um~ r1 
~m ,ro" 00_00 ,-"" '" ". '""," ,~'"' """"'--.-.-J t 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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Orange 
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No Project Description 

Melrose Street Undercrossing (Completed) 

Bradford Avenue Closure (Completed) 

Imperial Highway Overcrossing 

State College Boulevard Undercrossing 

Placentia Avenue Undercrossing 

Kraemer Boulevard Undercrossing 

Orangethorpe Avenue Overcrossing 

Tustin Avenue/Rose Drive Overcrossing 

Jefferson Street Overcrossing 

10 Van Buren Avenue Overcrossing 

11 Richfield Road Crossing 

12 Lakeview Avenue Overcrossing 

13 Kellogg Drive Undercrossing 

m prove me nt 

-N Metrolink 

/'x./ Rail Road 

/'V Freew"y 

/V Highwa y 
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EXHIBIT 3.13 GRADE SEPARATION PROJECTS IN RIVERSIDE COUNTY 

r--------------~---~-------------

--~---j 

Note: Grade separations projects identified In this exhibit are 
specnically associated v.;th regiona l rail ca pacity e<pansion. 
Add itional grade separation projects. While not depicted in this 
exhibit, are included in the RTP as part of the county's lump 
sum grade separation submittal in the Project Listi ng Report 

) 

Moreno Va lley 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

UP 

N 

A 
15 

~""'iii_~~iiiiiiiiiiiiiiiiiiiiiii"~~~""""'I MIIeS 

No Project Description 
Avenue 50 - Coachella (Completed) 
Jurupa Road/UP - Riverside County 
Magnolia Avenue/UP - Riverside 
Riverside Avenue/UP - Riverside 
McKinley StreetlBNSF - Corona 
Magnolia Avenue/BNSF - Riverside County 
3rd StreetlBNSF - Riverside 
Chicago Avenue/BNSF - Riverside 
Columbia Avenue/BNSF - Riverside 
Iowa Avenue/BNSF - Riverside 
Sunset Avenue/UP - Banning 
Clay StreetiUP - Riverside County 
Jurupa Avenue/UP - Riverside 
Streeter Avenue/UP - Riverside 
Brockton Avenue/UP - Riverside 
Auto Center Drive/BNSF - Corona 
Smith Avenue/BNSF - Corona 
Tyler StreetlBNSF - Riverside 
Adams StreetlBNSF - Riverside 
Madison StreetlBNSF - Riverside 
Mary StreetlBNSF - Riverside 
7th StreetlBNSF - Riverside 
Spruce StreetlBNSF - Riverside 
Palmyrita Avenue/UP - Riverside 
Center StreetlBNSF - Riverside County 
22nd StreetiUP - Banning 
San Gorgonio Avenue/UP - Banning 
Hargrave StreetiUP - Banning 
Avenue 48/Dillon RoadAJP - Coachella'indio 
Bellgrave Avenue/UP - Riverside County 
Palm Avenue/UP - Riverside 
Panorama Road/UP - Riverside 
Railroad StreetlBNSF - Corona 
Buchanan StreetlBNSF - Riverside 
Pierce StreetlBNSF - Riverside 
San Timoteo Canyon Road/UP - Calimesa 
California Av/UP - Beaumont 
Avenue 52/UP - Coachella 
Avenue 62/UP - Coachella 
Avenue 66/UP - Coachella 

/"v< Rail Road 

/'V Freeway 

/v/ Highway 
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EXHIBIT 3.14 GRADE SEPARATION PROJECTS IN SAN BERNARDINO COUNTY 

.h / 
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Note: Grade separations projects identified in t~ is eX~ IM are AN i 
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exh i b~ . are included in the RTP as part of t he county's lump 
sum grade separation submittal in the Project Listing Report 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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1 •• 

No Project Description 

Grove Avenue Alhambra (UP) Line (Completed) 
Grove Avenue Los Angeles (UP) Line (Completed) 
Ramona Avenue Alhambra and Los Angeles (UP) Lines 
Monte Vista Avenue Alhambra and and Los Angeles (UP) Lines 
State/University Cajon (UP) Line 
Hunts Lane Yuma (UP) Line 

7 Milliken Avenue Alhambra (UP) Line 
8 Central Avenue Alhambra and Los Angeles (UP) Lines 
9 San Antonio Avenue Alhambra and Los Angeles (UP) Lines 
10 Sultana Avenue Alhambra and Los Angeles (UP) Lines 
11 Campus Avenue Alhambra and Los Angeles (UP) Lines 
12 Vineyard Avenue Alhambra (UP) Line 
13 Mt. Vemon Avenue Alhambra (UP) Line 
14 Vine Avenue Los Angeles (UP) Line 
15 Bon View Avenue Los Angeles (UP) Line 
16 Vineyard Avenue Los Angeles (UP) Line 
17 Archibald Avenue Los Angeles (UP) Line 
18 Milliken Avenue Los Angeles (UP) Line 
19 Valley Boulevard San Bernardino (BNSF & UP) Line 
20 Laurel Street San Bernardino (BNSF & UP) Line 
21 Main Street San Bernardino (BNSF & UP) Line 
22 Olive Street San Bernardino (BNSF & UP) Line 
23 Mt. Vemon Avenue San Bernardino (BNSF & UP) Line 
24 other Improvements: E Street, H Street San Bernardino (BNSF & UP) Line 
25 Palm Avenue Cajon (BNSF & UP) Line 
26 Glen Helen Parkway Cajon (BNSF & UP) Line 
27 Ranchero Road Cajon (BNSF & UP) Line 
28 Vista Road Cajon (BNSF & UP) Line 
29 Hinkley Road Cajon (BNSF & UP) Line 
30 Lenwood Road Cajon (BNSF & UP) Line 
31 Oro Grande (BNSF & UP) Line 
32 other Improvements: Indian Trail Cajon (BNSF & UP) Line 
33 Ranchero Road Cutoff (UP) Line 
34 Phelan Road Cutoff (UP) Line 
35 other Improvements: Johnson Road Cutoff (UP) Line 
36 Whittier Avenue Yuma (UP) Line 
37 Beaumont Avenue Yuma (UP) Line 
38 Alessandro Road Yuma (UP) Line 
39 Other Improvements: San Timoteo Canyon Road Yuma (UP) Line 

San Bernard ino 

Grade Separat ion 

Improvements 

/'../ Freeway 

/'v' Highway 

AR0072531 



analysis carried out by the lEI Group considered the application of an HSRT 

system for the movement of containers (logistics and systems technology) to 

and from the San Pedro Bay Ports. This container movement system would 

provide a high-capacity, fast, and efficient method of moving containerized 

cargo from the Ports to an inland port facility in San Bernardino. The system 

capitalizes on the inherent savings of multiple uses on a single infrastructure 

by operating on shared alignments with the HSRT passenger system. The 

technology permits operation of HSRT freight vehicles on a shared guideway 

with passenger vehicles even during peak hour service. Freight vehicle trips 

can be interspersed with passenger trips while still meeting required passen

ger vehicle headways. Additionally, full utilization of the freight line can be 

achieved during the passenger system's off-peak hours. The deployment of 

the HSRT system would create value in associated components which could in 

turn contribute to the HSRT's total financial performance. 

The connection for the HSRT system would begin at the Ports and join up 

with the IOS2 at a point just east of LAUPT. This alignment runs north-south 

and is assumed to follow a route parallel to the 1-710/ Alameda Corridor. After 

connecting to the lOS and other segments, the freight-only service would be 

interspersed with passenger service. 

As Table 3.9 shows, current estimates indicate that the HSRT container move

ment system is capable of moving over 9.2 million Twenty-foot Equivalent 

Units (TEUs) annually. The total freight component is estimated to cost nearly 

$18 billion in nominal dollars. 

For a more detailed discussion of the regional HSRT system and associated 

documentation on its financial performance, refer to the supplemental HSRT 

Report. Critical to the implementation of an alternative technology system, 

such as this HSRT system, the location of inland port facilities and associated 

costs need to be further evaluated. The development of inland ports served by 

the system would reduce truck VMT, lower emissions, and encourage efficient 

patterns of industrial development and land use. 

2 Initial Operating Segment, or lOS, is discussed in further detail in the supplemental HSRT Re
port and Appendices. 

Mitigating Environmental Impacts 

California law requires SCAG to prepare and certify a Program Environmental 

Impact Report (PEIR) prior to adopting the RTP. The PEIR evaluates the en

vironmental impacts of the RTP and proposes specific measures to mitigate 

impacts to the maximum extent feasible. Although the 2008 RTP, in and of 

itself, is a plan to mitigate the transportation-related effects of population 

growth, such as traffic congestion and poor air quality, because the transpor

tation improvements can result in additional growth, the PEIR goes further 

by recommending additional environmental mitigation at the program level 

for those resource areas that would be affected by the Plan (and associated 

growth) such as land use, open space, biological resources, water and energy. 

The section below summarizes the mitigation program. A list of all the miti

gation measures included in the 2008 RTP PEIR will be included in the Envi

ronmental Mitigation Report of the Final 2008 RTP. 

The general purpose of the mitigation measures included in the PEIR and 

summarized below, is to identify how to protect the environment, improve 

air quality, and promote energy efficiency in concert with the proposed trans

portation improvements and related planning. They provide a framework 

through which implementing agencies and subregions can address the envi

ronmental impacts of RTP projects, while implementing RTP goals and poli

cies. The PEIR provides three different types of mitigation measures. The first 

type can be implemented by SCAG at the regional level. These measures are 

generally aimed at gathering additional information that can assist in measur

ing impacts and determining appropriate mitigation and promoting policies 

that reduce impacts. The second type of measures are to be implemented at 

the local level by implementing agencies, and individual cities and counties. 

These measures can strengthen planning documents to ensure for provision 

of mitigation in the planning process. The third type of measures are project 

specific and seek to reduce impacts for the myriad different types of projects 

anticipated in the region. As a programmatic document, many of the mea

sures in the PEIR refer to performance standards because site-specific condi

tions are not reasonably evaluated at the programmatic level. 
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EXHIBIT 3.15 PROTECTED LANDS, NATURAL COMMUNITY CONSERVATION PLANS (NCCP) AND HABITAT CONSERVATION PLANS (HCP) 

~ -

_ Protected Lands 

Coachella Valley MSHCP 

D Lower Co lorado River Mult i·Species HCP 

D Orange County Central · Coastal NCCP/HCP 

_ Orange County Northern NCC P/HCP 

_ Orange County Southern 

_ Palos Verdes Peninsula NCCP 

D Western Riverside MSHCP N 

A 
Source: Southern California Association of Governments, ESRI StreetMap USA, Teleatias, California Legacy Project 2005 
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FIGURE 3.16 REGIONAL OPEN SPACE INFRASTRUCTURE 
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Summary of the Environmental Mitigation 
Program 
As required by SAFETEA-LU, the RTP includes an environmental mitigation 

program that links transportation planning to the environment. Building on 

its strong commitment to the environment as demonstrated in the 2004 PEIR, 

SCAG's mitigation program creates an implementation strategy to show vary

ing levels of authority (state, regional, and local). This mitigation discussion 

also utilizes documents created by the federal agencies to guide environmental 

planning for transportation projects. 

OPEN SPACE 

Section 6001(i) of SAFETEA-LU requires that long-range transportation plans 

such as the RTP include a discussion of potential environmental mitigation ac

tivities along with potential sites to carry out these activities. As a result of this 

expanded requirement, SCAG enhanced its Open Space Program to evaluate 

potential sites to mitigate the impacts associated with transportation activi

ties. The RTP includes two regional scale maps (Exhibits 3.15 and 3.16) that 

identify sensitive environmental resources, such as protected lands and sensi

tive habitats. As part of the open space planning effort undertaken for the 

Regional Comprehensive Plan, SCAG completed a comprehensive evaluation 

of open space resources in the region, including Kern and San Diego Counties. 

SCAG collected GIS data from existing sources to assist with and inform the 

evaluation of open space planning issues. SCAG then evaluated and analyzed 

the data to show the distribution of existing open space resources, levels of 

existing and planning protection, and areas of key habitat linkages. Con

current with this mapping effort, and as required under SAFETEA-LU, SCAG 

reviewed existing plans and programs to determine which areas were covered 

by conservation strategies. 

According to the Federal Highways Administration, there are more than 3.9 

million centerlane miles of public roads that span the United States. Each day, 

an estimated one million animals are killed on roads, making road kill the 
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greatest human cause of wildlife mortality in the country. The open space pro

gram seeks to minimize transportation-related impacts on wildlife, and also 

better integrate transportation infrastructure into the environment. 

Locations for Mitigation 

Exhibit 3.15 shows the distribution of protected and unprotected lands within 

the SCAG Region and its vicinity. It also shows the location of county-level 

conservation efforts such as Habitat Conservation Plans (HCPs) and Natural 

Communities Conservation Plans (NCCPs). Although portions of these areas 

fall within the "protected" category, large portions of habitat within these 

areas remain "unprotected" and therefore should still be considered for miti

gation activities. Beyond looking at just protected and unprotected lands, 

SCAG mapped locations of the protected and unprotected areas in relation to 

wildlife linkages, linkage design areas, park and recreation areas (from SCAG's 

2005 land use inventory), agricultural lands, and developed lands. Together, 

these form the region's open space infrastructure. Exhibits 3.15 and 3.16 dem

onstrate areas where project sponsors should consider directing mitigation 

activities. Specifically, those areas that are "unprotected" could be possible 

locations for mitigation. Although SCAG does not have the authority to pur

chase or manage lands, conservation of these areas will be achieved through 

already-established programs or through compacts facilitated by SCAG. 

Types of Mitigation Activities 

The mitigation program of the 2008 RTP generally includes strategies to reduce 

impacts where transportation and sensitive lands intersect and also encour

ages smart land use strategies that maximize the existing system and eliminate 

the need for new facilities that might impact open space and habitat. Poten

tial mitigation programs include better planning of transportation projects to 

avoid or lessen impacts to open space, recreation land, and agricultural lands 

through information and data sharing, increasing density in developed areas, 

and minimizing development in previously undeveloped areas that may con

tain important open space. 
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The mitigation program also emphasizes the importance of integrating con

sideration of wildlife and habitat into the design of transportation facilities 

in those areas where impacts cannot be avoided. SCAG encourages project 

sponsors to review Ventura County's Wildlife Crossing Guidelines and FHWA's 

Critter Crossings. Both documents provide examples of context-sensitive so

lutions (CSS) which is a way of involving all stakeholders to develop transpor

tation facilities that fit their physical setting and preserve scenic, aesthetic, 

historic and environmental resources, while maintaining safety and mobility. 

CSS is an approach that considers the total context within which a transporta

tion improvement project will exist. CSS principles include the employment 

of early, continuous, and meaningful involvement of the public and all stake

holders throughout the project development process. Additional information 

on CSS is available on FHWA's website at: http://www.fhwa.dot.gov/context/ 

index.dm 

In summary, the open space mitigation programs include the following types 

of measures: 

• Identifying open space areas that can be preserved and developing miti

gation measures such as mitigation banking, transfer of development 

rights (for agricultural lands), and payment in lieu of fees 

• Updating General Plan information from cities to provide the most re

cent land use data to the region 

• Coordinating with cities and counties to implement growth strategies 

that maximize the existing transportation network 

• Evaluating project alternatives and alternative route alignments where 

projects intersect with sensitive habitats 

• Integrating the planning of transportation facilities with context-sensi

tive design elements such as wildlife crossings 

ENERGY 

As the region continues to add more people, households and jobs, the demand 

for energy will continue to grow. Every day, the SCAG Region consumes over 

23 million gallons of oil and the SCAG Region's vehicle fuel consumption 

has increased 20 percent over the last ten years.3 In the face of this growth in 

energy demand and concerns about future oil supplies, there is the mounting 

realization that we are living in an energy-constrained world. As such, the 

2008 RTP includes strategies to reduce Vehicle Miles Traveled (VMT), and as 

a result, per capita energy consumption from the transportation sector. The 

PEIR also includes mitigation measures relating to energy designed to reduce 

3 California Department of Transportation, Division of Transportation System Information. 
(December 2006.) California Motor Vehicle Stock, Travel and Fuel Forecast. 
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consumption and increase the use and availability of renewable sources of 

energy in the region. 

The mitigation program in the PEIR generally includes opportunities to reduce 

petroleum vehicle fuel consumption and increase energy efficiency in the 

region. Potential mitigation programs include coordinating transportation, 

land use and air quality planning to reduce VMT, energy use and greenhouse 

gas emissions as well as increasing automobile fuel efficiency and construction 

of infrastructure to accommodate increased use of motor vehicles powered 

by alternative fuels. In California, efforts are underway to reduce petroleum 

use, reduce emissions from light-duty vehicles, reduce the carbon intensity of 

fuels, improve transportation energy efficiency, and encourage smart land use 

and intelligent transportation strategies. 

In addition to transportation strategies, building design and housing types 

also have a strong relationship to energy use and efficiency. The mitigation 

program generally includes energy-efficient building practices, smarter land 

use planning with a focus on access to public transportation, and participa

tion in energy efficiency incentive programs. All publicly owned utilities and 

most municipality-owned utilities that provide electric or natural gas service 

also administer energy conservation programs. These programs typically in

clude home energy audits; incentives for replacement of existing appliances 

with new, energy-efficient models; and provision of resources to inform busi

nesses on development and operation of energy-efficient buildings. 

In summary, the energy mitigation program includes the following types of 

measures: 

• Considering best practices and technological improvements that can re

duce the consumption of fossil fuels such as modernizing older engines 

and equipment 

• Developing programs to reduce single-occupancy vehicle trips such 

as telecommuting, ridesharing, alternative work schedules, and park

ing cash-out (offering employees a cash allowance in lieu of a parking 

space) 
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• Creating communities where people live closer to work, bike, walk, and 

take transit as a substitute for personal auto travel 

• Integrating green building measures into project design and zoning such 

as those identified in the u.s. Green Building Council's Leadership in 

Energy and Environmental Design, Energy Star Homes, Green Point 

Rated Homes, and the California Green Builder Program 

As stated above, energy experts have suggested that there is a potential for 

energy demand to exceed supply. Recommendations to reduce energy con

sumption are included in the EIR as mitigation measures. Over the next RTP 

planning cycle, as technology evolves, SCAG will continue to refine recom

mendations to reduce regional energy consumption. 

AIR QUALITY AND CLIMATE CHANGE 

The 2008 RTP includes programs, policies and measures to address air emis

sions including greenhouse gases. Measures that help mitigate air emissions, 

including GHG emissions, are comprised of strategies that reduce congestion, 

increase access to public transportation, improve air quality, and enhance 

coordination between land use and transportation decisions. SCAG's vision 

includes the introduction of a high-speed, high-performance regional trans

port system that may potentially reduce airport and freeway congestion and 

provide an alternative to the single-occupancy automobile. In order to dis

close potential environmental effects of the RTP, SCAG has prepared an esti

mated inventory of the region's existing GHG emissions, identified mitigation 

measures, and compared alternatives in the PEIR. The mitigation measures 

seek to achieve the maximum feasible and cost-effective reductions in emis

sions. There are difficulties in quantifying reductions in GHG emissions due 

to insufficient data. During the next RTP cycle, SCAG will focus on refining 

techniques to better estimate emission reductions associated with identified 

mitigation measures. 

The air quality mitigation program includes, but is not limited to, the follow

ing types of measures: 
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• ARB measures that set new on-road and off-road engine standards and 

accelerate turnover of higher emitting engines from the in-use fleet; 

• Project specific measure to reduce impacts from construction activities 

such as the use of water and dust suppressants and restrictions on trucks 

hauling dirt, sand and soil. 

• Encouragement of green construction techniques such as using the min

imum amounts of GHG emitting construction equipment; and 

• Incorporating planting of shade trees into construction projects where 

feasible 

In addition, the RTP includes Transportation Control Measures (TCMs), 

which are those projects that reduce congestion and improve air quality in 

the region. 

TRANSPORTATION 

The 2035 transportation model takes into account the population, house

holds, and employment projected for 2035, and therefore the largest demand 

on the transportation system expected during the lifetime of the 2008 RTP. In 

accounting for the effects of regional population growth, the model output 

provides a regional, long-term and cumulative level of analysis for the impacts 

of the 2008 RTP on transportation resources. The regional growth and thus 

cumulative impacts are captured in the VMT, VHT, and heavy-duty truck VHT 

data. 

Implementation of the 2008 RTP would include implementation of a series 

of projects which are described in the Regional Transportation Plan. The 

2035 transportation system performance is compared to the performance of 

the existing (2008) system for the purpose of determining the significance of 

impacts. 

The transportation mitigation program includes the following types of 

measures: 

• Increasing rideshare and work-at-home opportunities to reduce demand 

on the transportation system 

• Investments in non-motorized transportation and maximizing the ben-

efits of the land use-transportation connection 

• Travel Demand Management (TDM) measures 

• Goods movement capacity enhancements 

• Key transportation investments targeted to reduce heavy-duty truck 

delay 

POPULATION AND HOUSING 

Transportation projects including new and expanded infrastructure are neces

sary to improve travel time and can enhance quality of life for those traveling 

throughout the region. However, these projects also have the potential to 

induce population growth in certain areas of the region. Although SCAG 

does not anticipate that the RTP would affect the total growth in population 

in the region, the RTP has the ability to affect the distribution of that growth. 

In addition to induced population growth, transportation projects in the RTP 
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also have the potential to divide established communities, primarily through 

acquisition of rights-of-way. 

The population and housing mitigation program includes the following types 

of measures: 

• Develop advisory land use policies and strategies that utilize the exist

ing transportation network and enhance mobility while reducing land 

consumption 

• Require project implementation agencies to provide relocation assis

tance, as required by law, for residences and businesses displaced 

• Require project implementation agencies to design new transportation 

facilities that consider existing communities 

LAND USE 

The 2008 RTP contains transportation projects to help more efficiently dis

tribute population, housing, and employment growth. These transportation 

projects are generally consistent with the county- and regional-level general 

plan data available to SCAG. However, general plans are not updated consis

tently. In addition, the RTP's horizon year of 2035 is beyond the timeline of 

even the most recent general plans. 

The land use mitigation program includes the following types of measures: 

• Encourage cities and counties to update their general plans and provide 

the most recent plans to SCAG 

• Work with member cities to ensure that transportation projects are con

sistent with the RTP and general plans 

• Work with cities and counties to ensure general plans reflect RTP 

policies 
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AESTHETICS 

The SCAG Region includes several highway segments that are recognized by 

the State of California as designated scenic highways or are eligible for such 

designation. Construction and implementation of projects in the RTP could 

impact designated scenic highways and restrict or obstruct views of scenic re

sources such as mountains, ocean, rock outcroppings, etc. In addition, some 

transportation projects could add urban visual elements, such as transporta

tion infrastructure (highways, transit stations) to previously natural areas. 

In summary, the aesthetics mitigation program includes the following types 

of measures: 

• Require project implementation agencies to implement design guide

lines to protect views of scenic corridors 

• Require project implementation agencies to use construction screens 

and barriers that complement the existing landscape 

• Require project implementation agencies to complete design studies for 

projects in designated or eligible scenic highways 

• In visually sensitive areas, require local land use agencies to apply devel

opment standards and guidelines that maintain compatibility 

PUBLIC SERVICES 

Impacts to public services from the 2008 RTP generally include additional 

demands on fire and police services, schools and landfills. Additional police 

and fire personnel would be needed to adequately respond to emergencies 

and routine calls, particularly on new or expanded transportation facilities. 

The 2008 RTP's influence on growth could contribute to impacts on public 

schools, requiring additional teachers and educational facilities. Additional 

population growth could result in a greater demand for solid waste disposal 

facilities. Furthermore, collecting solid waste and transporting it to an avail

able disposal facility would impact roads and railways. 
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In summary, the public services mitigation program includes the following 

types of measures: 

• Require the project implementation agencies to identify police protec

tion, fire service, emergency medical service, waste collection and public 

school needs and coordinate with local officials to ensure that the exist

ing public services would be able to handle the increase in demand for 

their services 

• Require the project implementation agencies to identify the loca

tions of existing utility lines and avoid all known utility lines during 

construction 

• Encourage green building measures to reduce waste generation and re

duce the amount of waste sent to landfills 

• Encourage the use of fire-resistant materials and vegetation when con

structing projects in areas with high fire threat 

BIOLOGICAL RESOURCES 

Impacts to biological resources generally include displacement of native veg

etation and habitat on previously undisturbed land; habitat fragmentation and 

decrease in habitat connectivity; and displacement and reduction of local, 

native wildlife including sensitive species. Building new transportation routes 

and facilities through undisturbed land or expanding facilities and increasing 

the number of vehicles traveling on existing routes will directly injure wildlife 

species, cause wildlife fatalities, and disturb natural behaviors such as breed

ing and nesting. This will result in the direct reduction or elimination of 

species populations (including sensitive and special-status species) and native 

vegetation (including special-status species and natural communities) as well 

as the disruption and impairment of ecosystem services provided by native 

habitat areas. 

The biological resources mitigation program includes the following types of 

measures: 

• Planning transportation routes to avoid/minimize removal of native veg

etation, displacement of wildlife, and impacts to regionally and locally 

significant habitat types such as oak woodlands, vernal pools, estuaries, 

lagoons, and other riparian areas 

• Including provisions for habitat enhancement such as mitigation bank

ing, improving/retaining habitat linkages, preserving wildlife corridors 

and wildlife crossings to minimize the impact of transportation projects 

on wildlife species and habitat fragmentation 

• Conducting appropriate surveys to ensure no sensitive species' habitat 

or special-status natural communities is unnecessarily destroyed 

• Avoiding and minimizing impacts to wildlife activities (such as breed

ing, nesting, and other behaviors) during construction of the project by 

avoiding construction during critical life stages or sensitive seasons 

• Avoiding and minimizing impacts to habitat during project construc

tion through actions such as fencing off sensitive habitat, minimizing 

vehicular accessibility, and salvaging native vegetation and topsoil 

• Minimizing further impacts to wildlife and their habitats after project 

construction by replanting disturbed areas; providing vegetation buffers 

at heavily trafficked transportation facilities; and restoring local, native 

vegetation 

GEOLOGY, SOILS, AND SEISMICITY 

Impacts to geological resources generally include the disturbance of unstable 

geologic units (rock type) or soils, causing the loss of topsoil and soil erosion, 

slope failure, subsidence, project-induced seismic activity and structural dam

age from expansive soils. These activities, in addition to building projects on 

and around Alquist-Priolo Fault Zones and other local faults, could expose 

people and/or structures to the risk of loss, injury, or death. 

The geological mitigation program includes the following types of measures: 
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• Employing appropriate grading, construction practices, siting, and de

sign standards, such as adherence to the California Building Code and 

State of California design standards 

• Obtaining site-specific geotechnical data from qualified geotechnical 

experts 

• Complying with all relevant local, state, and federal construction and 

design requirements for structures located on or across Alquist-Priolo 

Fault Zones and other local faults 

CULTURAL RESOURCES 

Impacts to cultural resources generally include substantial adverse changes 

to historical and archaeological resources and direct or indirect changes to 

unique paleontological resources or sites or unique geological features. Ad

verse changes include the destruction of culturally and historically (recent or 

geologic time) significant and unique historical, archaeological, paleontologi

cal, and geological features. 

The cultural resources mitigation program includes the following types of 

measures: 

• Obtaining consultations from qualified cultural and paleontological re

source experts to identify the need for surveys and preservation of im

portant historical, archaeological, and paleontological resources 

• Implementing design and siting measures that avoid disturbance of cul

tural and paleontological resource areas, such as creating visual buffers/ 

landscaping or capping/filling the site to preserve the contextual setting 

of the resource 

• Monitoring construction activity in areas with moderate to high poten

tial to support paleontological resources and overseeing salvage opera

tions of paleontological resources 
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• Consulting local tribes and the Native American Heritage Commission 

for project impacts to sacred lands and burial sites 

WATER RESOURCES 

Impacts to water resources from the 2008 RTP include potential water quality 

impairment from increased impervious surfaces. Increased impervious sur

faces in water recharge areas potentially impact groundwater recharge and 

groundwater quality. Cumulative impacts from the projected growth induced 

by the RTP include increased impervious surfaces; increased development in 

alluvial fan floodplains; and increased water demand and associated impacts, 

such as drawdown of groundwater aquifers. Increased output of greenhouse 

gases from the region's transportation system impacts the security and reli

ability of the imported water supply. 

The water resources mitigation program includes the following types of 

measures: 

• Utilizing advanced water capture and filtration techniques, showing a 

preference for naturalized systems and designs, to control stormwater 

at the source 

• Avoiding any new construction of impervious surfaces in non-urbanized 

areas, such as wetlands, habitat areas, parks, and near river systems 

• Avoiding any new construction that provides access to flood-prone ar

eas, such as in alluvial fans and slide zones 

• Protection and preservation of existing natural flood control systems, 

such as wetlands and riparian buffers, and expansion of such systems in 

areas where they do not currently exist 

• Constructing projects according to Best Management Practices for water 

quality protection and water conservation, including low-impact devel

opment and green building standards 
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• Coordinating project development and construction efforts across ju

risdictional, agency, and departmental boundaries, to increase project 

benefits 

HAZARDOUS MATERIALS 

Implementation of the 2008 RTP would affect the transportation and handling 

of hazardous materials in the SCAG Region. Expected significant impacts in

clude risk of accidental releases due to an increase in the transportation of 

hazardous materials and the potential for such releases to reach neighbor

hoods and communities adjacent to transportation facilities. 

The hazardous materials mitigation program aims to minimize the significant 

hazard to the public or the environment that involves the release of hazard

ous materials into the environment. Potential mitigation programs include 

active coordination with regulatory agencies and first responders in order to 

ensure proper handling and transport of hazardous materials and their con

tainers. Mitigation measures also involve ensuring that the project implemen

tation agency complies with all applicable laws, regulations, and health and 

safety standards set forth by federal, state, and local authorities that regulate 

the proper handling of such materials and their containers and that the rou

tine transport, use, and disposal of hazardous materials does not create a sig

nificant hazard to the public or the environment. 

The hazardous materials mitigation programs include the following types of 

measures: 

• Coordinating with regulatory agencies and first responders in order 

to continue to govern goods movement and hazardous materials trans

portation throughout the region 

• Considering existing and known planned school locations when deter

mining the alignment of new transportation projects and modifications 

to existing transportation facilities 

• Encouraging project sponsors to consider published lists of contami

nated properties, which are continually updated, in order to identify 

cases where new development would involve the disturbance of con

taminated properties 

• Developing appropriate mitigation measures to assure that worker and 

public exposure is minimized to an acceptable level and to prevent any 

further environmental contamination as a result of construction 

• Ensuring that project implementation agencies comply with all appli

cable laws, regulations, and health and safety standards set forth by 

federal, state, and local authorities that regulate the proper handling of 

such materials and their containers and that the routine transport, use, 

and disposal of hazardous materials does not create a significant hazard 

to the public or the environment 

SAFETY AND SECURITY 

The SCAG Region is vulnerable to numerous threats that include both natural 

and human-caused incidents. A large-scale evacuation would be difficult in 

the SCAG Region. Impacts to safety and security resulting from the 2008 

RTP include: 1) impairment of transportation safety, security, and reliability 

for all people and goods in the region; 2) prohibiting the prevention, protec

tion, response to, and recovery from major human-caused or natural events 

that would create a significant hazard to the public, threatening and impact

ing lives, property, the transportation network and the region; and 3) expo

sure of people or structures to a significant risk of loss, injury or death involv

ing wildland fires. As such, the mitigation programs for Safety and Security 

in the 2008 RTP aim for extensive coordination, collaboration and flexibility 

among all of the agencies and organizations involved in planning, mitigation, 

response and recovery. 

The Safety and Security mitigation programs include the following types of 

measures: 
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• Continuing deployment and promotion of intelligent transportation 

system technologies that enhance transportation security 

• Establishing transportation infrastructure practices that promote and 

enhance security 

• Establishing a forum where policy-makers can be educated and regional 

policy can be developed 

• Helping to enhance the region's ability to deter and respond to terrorist 

incidents, and human-caused or natural disasters by strengthening rela

tionships and coordination with transportation agencies 

• Working to enhance emergency preparedness awareness among public 

agencies and with the public at large 

NOISE 

Some of the principal noise generators within the SCAG Region are associated 

with transportation (Le., airports, freeways, arterial roadways, seaports, and 

railroads). Additional noise generators include stationary sources, such as in

dustrial manufacturing plants and construction sites. Noise impacts resulting 

from the 2008 RTP generally include exposure of sensitive receptors to noise 

in excess of normally acceptable noise levels or substantial increases in noise 

as a result of the operation of expanded or new transportation facilities. As 

such, the noise mitigation program includes mitigation measures designed to 

minimize the impact of noise on sensitive receptors as a result of the imple

mentation of the 2008 RTP. 
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These mitigation measures include ensuring that project implementing agen

cies comply with all local sound control and noise level rules, regulations, and 

ordinances; utilizing the best available noise control techniques (including 

mufflers, intake silencers, ducts, engine enclosures and acoustically attenuat

ing shields or shrouds) in order to minimize construction noise impacts; and 

utilizing land use planning measures, such as zoning, restrictions on develop

ments, buffers, etc., to minimize exposure to sensitive receptors. 

The noise mitigation programs include the following types of measures: 

• Encouraging project implementing agencies to comply with all local 

sound control and noise level rules, regulations, and ordinances 

• Developing the best available noise control techniques in order to mini

mize construction noise impacts 

• Conducting a project-specific noise evaluation as part of the appropriate 

environmental review of each project 

• Encouraging project implementation agencies to maximize the distance 

between noise-sensitive land uses and new roadway lanes, roadways, 

rail, transit centers, park-and-ride lots, and other new noise-generating 

facilities 
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T
he financial plan identifies how much money is available to support 

the region's surface transportation investments including transit, 

highways, local road improvements, system preservation and de

mand management goals. It also addresses the need for investment 

in goods movement infrastructure. Improving ground access in and around 

major goods movement facilities, and enhancing major highways and rail

ways are critical to maintaining the health of Southern California's economy. 

The 2008 RTP calls for traditional and non-traditional revenue sources for 

implementing a program of infrastructure and environmental improvements 

to keep both freight and people moving. 

The 2008 RTP financial plan identifies a number of new revenue sources to 

provide additional funding beyond existing transportation dollars. The SCAG 

region's financially constrained plan includes a core revenue forecast of exist

ing local, state, and federal sources along with new funding sources that are 

reasonably available over the time horizon of the RTP. The plan also includes 

action steps to obtain the revenues necessary for implementing the region's 

transportation vision. The region has successfully secured the necessary re

sources to support transportation investments proposed in past RTPs and 

this plan will continue to meet the necessary milestones for implementation. 

Since 2002, three counties within the SCAG region (Riverside, San Bernardino, 

and Orange) reauthorized their local sales tax measures with overwhelming 

voter approval. More recently, the general electorate of California approved 

Proposition 1B, the Highway Safety, Traffic Reduction, Air Quality, and Port Se

curity Bond Act of 2006, which provides $19.9 billion in infrastructure bonds 

for transportation improvements throughout the state. Additionallegislative 

gains include the protection of Proposition 42 revenues (sales tax on gasoline) 

for transportation purposes with the passage of Proposition 1A. 

In 2006, the State Legislature also reviewed the potential for using public

private partnerships to facilitate project delivery. With the passage of AB 1467 

(Nunez, Chapter 32, Statutes of 2006), the state established a framework for 

moving forward with partnership demonstration projects. Further, AB 521 

(Runner, Chapter 542, Statutes of 2006) clarified the State Legislature's role in 

evaluating partnership proposals, mandating that the Legislature can only dis

approve of the proposals. AB 1467 authorizes two public-private partnerships 

related to goods movement in Southern California. The bill also authorizes 

the implementation of high-occupancy toll (HOT) lanes, which would allow 

the region to better utilize its High-Occupancy Vehicle (HOV) lanes and gen

erate toll revenues. Recent passage of AB 1467 and AB 521 provides a sound 

basis for SCAG's 2008 RTP financial strategies. 

In developing the financial plan, SCAG followed a few basic principles to 

guide its regional financial forecast: 

• Incorporate financial planning documents developed by local county 

transportation commissions and transit operators in the region where 

available 

• Ensure consistency with both local and state planning documents 

• Utilize published data sources to evaluate historical trends and augment 

local forecasts as needed, and 

• Recommend new funding sources that target beneficiaries of transporta

tion investments 

The rest of the plan outlines our financial strategies and provides documen

tation of the financial assumptions and methodologies used for forecasting 

revenues and expenditures. 

The Economic Outlook 
Overall economic conditions playa large role in determining the level of rev

enues available for transportation. Although it is difficult to predict the future, 

SCAG's financial model takes a conservative approach in forecasting the latter 

years of the RTP planning horizon. The approach also includes maintaining 

historical growth trends for key revenue sources, including locally generated 

sales tax revenues as well as both state and federal gas tax revenues. 
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INFLATION 

The effect of inflation over a long-range plan is significant, particularly in the 

last few years when inflation has had nearly 30 years to erode the value of 

money. This causes both costs and revenues to be higher in nominal dollar 

terms. Figure 4.1 shows inflation trends since World War II as measured by 

the Gross Domestic Product (GDP) Price Deflator. Inflation has varied consid

erably over the long term, but has trended between 2 and 4 percent, as illus

trated by the red line. In recent years, inflation has increased. SCAG's revenue 

model utilizes historical inflation trends as measured by the GDP Price Defla

tor - an approach consistent with that used by the Federal Office of Manage

ment and Budget in preparing the Budget of the United States Government. 

On the basis of this information, a 3.8 percent inflation rate is used to adjust 

revenue model data to nominal dollars (year-of-expenditure dollars). 
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CONSTRUCTION COST INCREASES 

While revenues can be eroded by inflation, construction costs in California 

and the nation have escalated considerably over the last four years. This has 

been a major impediment to delivering transportation projects. The recent 

large increase in construction costs is due to a variety of factors, including a 

building boom and higher demand for commodities in developing countries, 

especially China with construction for the 2008 Olympics. Figure 4.2 shows 

the increase in California highway construction costs. It is unlikely that costs 

will continue to increase at a such a rapid rate in the future. The increase over 

the last few years is unprecedented. The financial plan uses a 5.3 percent an

nual inflation factor to estimate future, nominal costs. 
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FIGURE 4.2 HIGHWAY PROJECT COSTS 
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Available land, population increases, and new retail locations are the biggest approach and assumes that fuel consumption will not increase over the RTP 

contributors to growth in retail sales. According to statistics from the Califor- planning horizon. 

nia Board of Equalization, retail sales grew by 2.3 percent in the SCAG region 
from FY1978 to FY2004, a period roughly equal in length to the 2008 RTP. STATUS OF THE FEDERAL HIGHWAY TRUST FUND 
Growth was uneven, ranging from 1.3 percent in Los Angeles County to 5.5 The Federal Highway Trust Fund provides federal highway and transit fund

percent in Riverside County. The financial plan assumes that uneven growth ing from a nationally imposed 18.3-cent-per-gallon gasoline tax. The Federal 

will continue, with retail sales growth ranging from 1.2 to 4.7 percent. Highway Trust Fund has grown by 3.4 percent annually due to historical in-

FUEL CONSUMPTION 

Taxes on gasoline and diesel fuels are the basis of many transportation rev

enue sources. These types of revenues are solely dependent on fuel consump

tion. Over the next several decades, fuel consumption will continue to be 

impacted by increases in vehicle-miles traveled, increases in conventional 

vehicle fuel economy, and the adoption of alternative fuel vehicles. While 

Caltrans estimates that fuel consumption statewide will increase by 1.7 per

cent between 2004 and 2030, the financial plan takes a more conservative 

creases in fuel consumption, but recently, a larger share is being devoted to 

transit, as shown in Figure 4.3. 

2008 REGIONAL TRANSPORTATION PLAN 143 

AR0072548 



FIGURE 4.3 STATUS OF THE FEDERAL HIGHWAY TRUST FUND 
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Many public officials and transportation professionals have become con

cerned about the health of the Federal Highway Trust Fund, as expenditures 

authorized under Safe, Accountable, Flexible, Efficient Transportation Equity 

Act: A Legacy for Users (SAFETEA-LU) have outstripped revenues generated by 

the tax. Figure 4.4 shows a chart from a recent Government Accountability 

Office (GAO) analysis of Federal Highway Trust Fund forecasts. Congressional 

leadership has shown concern over the problem and the SCAG 2008 RTP as

sumes that Congress will take action to ensure that the Highway Trust Fund 

maintains current funding levels. 
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FIGURE 4.4 
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before the Subcommittee on Highways, Transit, and Pipelines, Committee on Transportation and Infrastructure, GAO-06-572T 

STATUS OF THE STATE HIGHWAY ACCOUNT 

The viability of the State Highway Account remains a critical issue. The state's 

gasoline tax revenues are now exclusively dedicated to funding the State 

Highway Operation and Protection Program (SHOPP). As shown in Figure 

4.5, previous levels of funding have been considerably less than actual needs. 

Continued under investment in the rehabilitation and maintenance needs of 

the State Highway System has serious ramifications-rapidly increasing the 

number of distressed lane-miles on the State Highway System and eroding the 

condition of the state's bridges. 
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FIGURE 4.5 STATE HIGHWAY OPERATION AND PROTECTION PROGRAM 
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Statewide, the 2007 Ten-Year SHOPP Plan identifies $4.2 billion in annual 

needs, while fiscally constrained funding plan for the next four years are only 

$1.9 billion annually. The RTP assumes that the State Legislature will address 

this need through an adjustment in the state gas excise tax and that other 

revenues will continue to be available for capital projects. 

AIR QUALITY ATTAINMENT 

Air quality determines the amount of Congestion Mitigation and Air Quality 

(CMAQ) funding available to the SCAG region. The 2008 RTP assumes that 

the region will be in attainment for a number of pollutants. It also assumes 

the severity level for other pollutants will lessen as of 2020. As a result, CMAQ 

funding is halved. 

LOCAL SALES TAX MEASURES 

Most of the counties in the SCAG region impose a local sales tax to fund 

transportation projects. Ventura County is the only county in the region 

without a dedicated sales tax. In recent years, several local sales taxes have 

been renewed and the 2008 RTP reflects these additional revenues: 

• San Bernardino County renewed Measure I through 2040. 

• Riverside County renewed Measure A through 2039. 

• Orange County recently renewed Measure M through 2041. 

Los Angeles County levies a permanent 1 percent tax (a combination of two 

half-cent sales taxes). In Imperial County, Measure D will expire in 2010. 

However, the 2008 RTP assumes an extension of Measure D as part of new 

revenue sources. 

TRANSIT OPERATING AND MAINTENANCE (O&M) COSTS 

Future transit O&M costs are difficult to predict because they depend on a 

variety of factors, such as future revenue-miles of service, labor contracts, and 

the age of rolling stock. The addition of new transit service and capital proj-
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ects, such as the Mid-City/Exposition Corridor Light Rail Transit (LRT) , can 

add to ongoing O&M costs. Over the last decade, these O&M costs grew 1 

to 10 percent annually, depending on the transit operator (see Figure 4.6). 

Some of the differences in O&M growth are due to rapid expansion among the 

newer operators and outsourcing among the older operators. 

FIGURE 4.6 GROWTH IN TRANSIT OPERATING AND MAINTENANCE COSTS 
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• Antelope Valley Transit Authority 

• City of Los Angeles (LAD On 

For the 2008 RTP, transit O&M costs are estimated based upon historical 

increases: 

• The regional average increase (4 percent) is used for most operators. This 

assumes that some of the extraordinary increases for individual opera

tors due to rapid expansion will not continue into the future. 
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• For Los Angeles County, the financial plan relies on detailed forecasts 

from the county transportation commission. These forecasts are consis

tent with historical data and take into account large shifts in O&M costs 

due to major capital projects. 

DEBT SERVICE 

Local agencies in the SCAG region have historically relied on debt financing 

to ensure that revenues are available to meet the cash flow requirements of 

future expenditures. The Los Angeles County Metropolitan Transportation 

Authority (LACMTA - Metro) has a detailed county financial model that esti

mates debt service on a project basis. Other county transportation commis

sions prepare debt service forecasts for rating agencies and report current debt 

service in their comprehensive annual financial reports (CAFRs). The 2008 

RTP includes all outstanding commitments and interest payments on future 

bonds and commercial paper. Issued debt is expected to remain under debt 

ceilings. For counties without an established policy, debt service is assumed 

to be constrained to SO percent of revenues. 

Definition of Revenue Scenarios and 
Expenditure Categories 

CORE AND REASONABLY AVAILABLE REVENUE SCENARIOS 

For the 2008 RTP, SCAG prepared two types of revenue forecasts. Both are 

included in the financially constrained plan: 

• Core revenues 

• Reasonably available revenues 

The core revenues identified are those that have been committed or histori

cally available for the building, operations, and maintenance of the current 

roadway and transit systems in the SCAG region. Essentially, these revenues 

are existing transportation funding sources projected to FY2036. The core 

forecast includes neither future increases in tax rates nor extensions of tax 
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measures beyond their expiration date-unless already approved through bal

lot initiatives. These revenues provide a benchmark from which additional 

funding can be identified. 

The region's reasonably available revenues include new sources of transporta

tion funding likely to materialize within the 2008 RTP time frame. These 

new sources include adjustments to state and federal gas tax rates based on 

historical trends, extension of a local option sales tax, localized value capture 

strategies, container fees, as well as passenger and commercial truck tolls for 

specified facilities. Reasonably available revenues also include innovative fi

• Compare historical data to Short-Range Transit Plans and other agency 

documents 

• Work with the transportation commissions to modify assumptions and 

forecasts as needed 

The region's revenue forecast horizon for the 2008 RTP is FY2007 through 

FY2036. Consistent with federal guidelines, the 2008 RTP takes into account 

inflation and reports statistics in nominal (year of expenditure) dollars. Table 

4.1 shows these core revenues in five-year increments by county. 

nancing strategies, such as private equity participation. In accordance with TABLE 4.1 

federal guidelines, the plan includes strategies for ensuring the availability of 

CORE REVENUE FORECAST FY 2007-2036 

(IN NOMINAL DOLLARS, BILLIONS) 

these sources. 

EXPENDITURE CATEGORIES 

Transportation expenditures in the SCAG region can be summarized into 

three main categories: 

• Capital costs for state highways, regionally significant arterials, local 

streets and roads, as well as transit 

• Operating and maintenance costs for state highways, regionally signifi

cant arterials, local streets and roads, as well as transit 

• Debt service payments for current and anticipated bond issuances 

Core Revenues 
A regional revenue model was developed to forecast the revenues over the 

entire RTP time horizon. The revenue model is detailed and supports analysis 

by county or funding source. The basic process for developing the revenue 

forecast is as follows: 

• Build on the revenue forecasts provided by the county transportation 

commissions 

• Add assumptions based on historical data 

Imperial $0.4 $0.4 $0.3 $0.4 $0.4 $0.4 $2.3 

Los Angeles $29.1 $30.5 $32.8 $39.7 $45.3 $53.2 $230.6 

Orange $6.8 $7.8 $9.2 $11.5 $14.4 $17.9 $67.7 

Riverside $4.3 $5.3 $6.8 $9.0 $12.9 $18.5 $56.8 

San Bernardino $5.2 $5.7 $6.6 $7.1 $8.9 $11.4 $44.9 

Ventura $1.0 $1.1 $1.2 $1.5 $1.9 $2.4 $9.1 

Total $46.8 $50.7 $56.9 $69.2 $83.8 $103.9 $411.4 

Note: Numbers may not add due to rounding. 

As shown in Figure 4.7, the majority of revenues in the SCAG region come 

from local sources. The share of state sources (20 percent) has increased since 

the last RTP (15 percent) as a result of two propositions. Proposition lA pro-

tects funding from the state gasoline sales tax, and Proposition IB authorizes 

$19.9 billion in bonds over the next several years to fund existing and new 

statewide transportation-related infrastructure programs. 
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FIGURE 4.7 SCAG REGIONAL REVENUES 
(IN NOMINAL DOLLARS) $411.4 BILLION TOTAL 

Federal 
$41.6 (10%) 

Source: SGAG Revenue Model 2007 

Note: Numbers may not add due to rounding. 

• Local 
$286.5 (70%) 

• State 
$83.4 (20%) 

FIGURE 4.8 SCAG REGIONAL REVENUES, LOCAL SOURCES 
(IN NOMINAL DOLLARS) $286.5 BILLION TOTAL 

• other Local 
$20.0 (7%) 

• Mitigation Fees 
$15.9 (6%) 

• Highway Tolls 
$3.0(1%) 

Source: SGAG Revenue Model 2007 

Note: Numbers may not add due to rounding. 

• Farebox Revenue 
$41.2(14%) 

• Local Sales Tax 
$145.6 (51 %) 

Gas Tax Subvention 
$8.0 (3%) 

. TDA 
$52.7 (18%) 

Local option sales taxes provide the largest single source of local funding as FIGURE 4.9 
shown in Figure 4.8 and compose roughly a third (35.6 percent) of overall 

SCAG REGIONAL REVENUES BY COUNTY 
(IN NOMINAL DOLLARS) $411.4 BILLION TOTAL 

funding for the RTP. Local sales tax revenues have been boosted by the re-

newal of several local measures. 

Specifically, sales tax extensions have significantly increased the funding 

available in San Bernardino and Riverside Counties and their shares of overall 

regional transportation revenues. Figure 4.9 shows the breakdown of rev

enues by county. 
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• Los Angeles 
$230.6 (56%) 

Imperial 
$2.3(1%) 

• Ventura 
$9.1 (2%) 

Source: SGAG Revenue Model 2007 

• San Bernardino 
$44.9(11%) 

Orange 
$67.7 (16%) 

• Riverside 
$56.8 (14%) 
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State sources generate a larger share of revenues than in the 2004 RTP, mostly FIGURE 4.11 SCAG REGIONAL REVENUES, FEDERAL SOURCES 

due to the infrastructure bonds (Proposition IB) and state gasoline sales tax (IN NOMINAL DOLLARS) $41.6 BILLION TOTAL 

protection (Proposition IA). The infrastructure bonds and state gasoline sales 

taxes make up roughly 30 percent of the total $83.4 billion in forecasted state 

revenues (see Figure 4.10). 

FIGURE 4.10 SCAG REGIONAL REVENUES, STATE SOURCES 
(IN NOMINAL DOLLARS) $83.4 BILLION TOTAL 

• STIP 
$15.9 (19%) 

• other State 
$0.7 (1%) 

• Proposition 1 B 
(Infrastructure Bonds) 
$10.1 (12%) 

Source: SGAG Revenue Model 2007 

Note: Numbers may not add due to rounding. 

State Transit Assistance 
$9.1 (11%) 

• State Gasoline Sales Tax 
$14.3 (17%) 

As shown in Figure 4.11, federal sources are anticipated to remain steady and 

represent a small portion of overall transportation funds ($41.6 billion). One 

of the largest declines in federal funding will be due to the region achieving 

attainment for a number of pollutants by 2020. This will result in less CMAQ 

funding. 

. CMAQ 
$9.5 (23%) 

Other Federal 
$2.5 (6%) • FTA Discretionary 

$3.1 (8%) 

Note: Numbers may not add due to rounding . 

• RSTP 
$10.6 (26%) 

• FTA Formula 
$15.8 (37%) 
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Reasonably Available Revenues 
There are several new funding sources that will increase the revenues available 

for the 2008 RTP. The region also expects to leverage innovative financing 

strategies. 

Table 4.2 presents twelve categories of funding sources and financing tech

niques that were evaluated for the RTP. They were selected as a result of their 

use in other areas of the state, the burgeoning potential, historical precedence 

and likelihood of implementation within the time frame of the 2008 RTP. 

These funding sources are reasonably available and are included in the finan

cially constrained plan. For each funding source, SCAG has examined the 

policy and legal context of implementation and has prepared an estimate of 

the revenue potential. 
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TABLE 4.2 NEW REVENUE SOURCES AND INNOVATIVE FINANCING STRATEGIES (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Description Amount Actions to Ensure Availability Responsible Party 

Various techniques assumed: formation of special Pursue necessary approvals for special dis-
districts, including Benefit Assessment Districts, tricts by 2012 (Benefit Assessment Districts 
Mello-Roos Community Facility Districts, as well require majority approval by property owners; 
as tax increment financing and joint develop- Mello-Roos tax requires two-thirds approval); MPO, transit operators, local 

Value Capture Strategies 
ment to provide gap financing for specific transit 

$3.7 
work with private entities for joint develop- jurisdictions, property owners 

investments (Gold Line extension, Purple Line ment opportunities; also, work with Caltrans along project corridors, 
extension, and the HSRT system). SCAG also to utilize proceeds from real estate sales to developers, Caltrans 
assumes one-time proceeds from the sale of partially fill funding gap for the SR-71 0 tun-
Caltrans-owned property within the SR-71 0 tun- nel; pursue legislation to enable sales and to 
nel vicinity. establish escrow account for the proceeds 

Local Option Sales Tax Exten- Half-cent sales tax measure extension for Impe-
$0.8 

Local sales tax measure to be placed on ballot by 
Imperial County 

sion rial County---existing Measure D expires in 2010 2010 

Region was granted authority under AB 1467 

Toll revenues generated from the SR-71 0 tunnel, 
(2006) to impose tolls and work with private enti- MPO, local county transporta-

Highway Tolls (includes toll 
1-710 dedicated truck lanes, High Desert Corridor, $22.0 

ties for the financing of goods movement related tion commissions (LACMTA, 
revenue bond proceeds) 

and CETAP Corridor 
facilities including the 1-710 dedicated truck SANBAG, RCTC), State Legis-
lanes; additional state legislative approval needed lature 
for the SR-71 0 tunnel 

State and Federal Gas Excise Estimate equivalent to additional ten cent per gal-
Tax Adjustment to Maintain Ion gasoline tax imposed by the state and federal 

$17.0 Congressional and state legislative approval 
MPO, State Legislature, 

Historical Purchasing Power government starting in 2012-extrapolation of Congress 
historical trend 

Charge imposed on containerized cargo moving Ports, shippers, goods move-

Container Fees (includes con-
through the Ports of LAiLB (includes railroad user- Negotiated by ports, shipping community, regional ment stakeholders (MPO, 
fees for rail capacity improvement program); fees $41.5 stakeholders or state legislative approval (upon railroads, local county transpor-

tainer fee bond proceeds) 
are directly linked to specific goods movement passage of SB 974 or other legislative effort) tation commissions), State 
projects Legislature 

Public Private Partnership arrangement whereby Region was granted authority under AB 1467 
MPO, local county transporta-

Private Equity Participation 
a private entity designs, finances, builds, oper-

$4.4 
(2006) to work with private entities for the financ-

tion commissions, private 
ates, and maintains a facility under a lease ar- ing of freight -related projects; additional state 

consortium, State Legislature 
rangement for a fixed period of time legislative approval needed for the SR-71 0 tunnel 
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Revenue Source Description Amount Actions to Ensure Availability Responsible Party 

Private Activity Bonds (PAB) 

U.S. Environmental Protection 
Agency (EPA) funding for clean 
freight rail technology 

Interest Earnings 

Riverside County Measure A 
(Bond Anticipation Notes) 

Transportation Infrastructure 
Finance and Innovation Act 
(TIFIA) Loan 

HSRT Passenger System (Pri
vate Contribution & User Fee) 
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Interest savings from the issuance of tax-exempt 
private activity bonds 

EPA subsidies to help mitigate locomotive emis-
sions per the 2007 State Implementation Plan 
(SIP) 

Interest earnings from toll bond proceeds (High 
Desert Corridor, CETAP, SR-710 tunnel, and 1-710 
truck lanes) 

Short-term debt to help fund the CETAP Corridor 
in anticipation of the sale of Measure A revenue 
bonds 

The TIFIA loan program provides credit assistance 
for transportation investments of national/regional 
significance; TIFIA loan assumed for the CETAP 
Corridor 

User fee-supported initiative for HSRT system. 
Assumes private-sector development: design, 
finance, build, operate and maintain. See HSRT 
Report for further details 

$0.4 
(included in container 

fees) 

$1.9 

$0.4 

$1.5 

$0.9 

$26.2 

Work with railroads and other regional stake hold-
ers to receive federal PAB allocation 

Work with railroads, AQMD, ARB and US EPA for 
federal clean technology funding allocation 

See Highway Tolls 

Issuance of debt subject to RCTC Board policy 

Work with US DOT and RCTC to evaluate applica
bility of the TIFIA loan program for the CETAP Cor
ridor; further feasibility work necessary to assess 
traffic and revenue potential on CETAP Corridor 

For the lOS: form JPA, finalize development of a 
comprehensive business plan; work with private 
entity to ensure commitment 

MPO, freight railroads, local 
county transportation commis-
sions, US DOT 

MPO, freight railroads, AQMD, 
ARB, US EPA 

See Highway Tolls 

RCTC 

MPO, RCTC, US DOTTIFIA 
Office 

MPO, private consortium, local/ 
regional stakeholders 
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Summary of Revenue Sources and Expenditures 

TABLE 4.3.1 CORE AND REASONABLY AVAILABLE REVENUE PROJECTIONS (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Revenue Projection Assumptions Revenue Estimate 

lOCAL REVENUE SOURCES 

local Option Sales Tax Measures 

Transportation Development Act (TDA) - local 
Transportation Fund 

Gas Excise Tax Subventions 
(to Cities and Counties) 

Transit Farebox Revenue 

Highway Tolls (in core revenue forecast) 

Mitigation Fees 

local Agency Funds 

lOCAL SUBTOTAL 

Note: Numbers may not add due to rounding 

Description: locally imposed Y2 percent sales taxes in four counties (Imperial, Orange, Riverside, and San Bernardino). Permanent 1 
percent (combination of two Y2 cent sales taxes) in los Angeles. 
Assumptions: Sales taxes grow consistent with county transportation commission forecasts and historical trends. 

Description: local Transportation Funds (lTF) are derived from a 14 cent sales tax on retail sales statewide. Funds are returned to the 
county of generation and used mostly for transit operations and transit capital expenses. 
Assumptions: Same sales tax growth rate as used for local option sales tax measures 

Description: Subventions to counties and local jurisdictions in region from the California state gas tax. Revenues for the forecast are 
proportionate to the percentage of streets and roads that are regionally significant. 
Assumptions: Fuel consumption does not grow except in los Angeles and Orange counties where growth is less than historical trends 
and consistent with forecasts by local transportation commissions. Regionally significant streets and roads (37 to 50 percent of roads) 
are classified as either arterials or collectors. 

Description: Transit fares collected by transit operators in the SCAG region. 
Assumptions: Farebox revenues increase consistent with historic trends, planned system expansions, and operator forecasts. 

Description: Revenues generated from toll roads operated by the Transportation Corridor Agencies (TCA). 
Assumptions: Traffic does not grow (compared to historical growth of about 3.8 percent) in core revenue forecast scenario. 

Description: Revenues generated from development impact fees. 
The revenue forecast includes fees from the Transportation Corridor Agency (TCA) development impact fee program; the Riverside 
County's Transportation Uniform Mitigation Fee (TUMF) for both the Coachella Valley and Western Riverside County; and the San Bernar
dino County's Development Impact Fee (DIF) program. 
Assumptions: The financial forecast is consistent with revenue forecasts from Riverside County Transportation Commission (RCTC), 
and San Bernardino Associated Governments (SAN BAG). 

Description: Includes committed local revenue sources, such as transit advertising and auxiliary revenues, lease revenues, and inter
est and investment earnings from reserve funds. 
Assumptions: Revenues are based on financial data from transit operators and local county transportation commissions. 

$145.6 

$52.7 

$8.0 

$41.2 

$3.0 

$15.9 

$20.0 

$286.5 
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TABLE 4.3.2 CORE AND REASONABLY AVAILABLE REVENUE PROJECTIONS (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Revenue Projection Assumptions Revenue Estimate 

STATE REVENUE SOURCES 

State Transportation Improvement Program (STIP) 

State Highway Operation and Protection Plan 
(SHOPP) 

State Gasoline Sales Tax 

State Transit Assistance Fund (STA) 

Highway Safety, Traffic, Air Quality, and Port Secu
rity Bond Act of 2006 (Proposition 1 B) 

Other State Sources 

Description: The STIP is a five-year capital improvement program that provides funding from the State Highway Account (SHA) for 
projects that increase the capacity of the transportation system. The SHA is funded through a combination of state gas excise tax, the 
Federal Highway Trust Fund, and truck weight fees. The STIP may include projects on state highways, local roads, intercity rail, or pub-
lic transit systems. The Regional Transportation Planning Agencies (RTPAs) propose 75 percent of STIP funding for regional transporta
tion projects in Regional Transportation Improvement Programs (RTIPs). Caltrans proposes 25 percent of STIP funding for interregional 
transportation projects in the Interregional Transportation Improvement Program (ITIP). 
Assumptions: Funds are based upon the 2006 STIP program of projects. Long-term forecasts assume no growth in fuel consump
tion .. 

Description: Funds state highway maintenance and operations projects. 
Assumptions: Short-term revenues are based on overlapping 2004, 2006 and 2008 SHOPP programs. Long-term forecasts are con
sistent with STIP forecasts and assume no growth in the fuel consumption. 

Description: The state gasoline sales tax funds discretionary projects through the former Traffic Congestion Relief Program (TCRP). 
Proposition 42, recently restored by Proposition 1A, transfers future revenues to the Transportation Investment Fund, which distributes 
revenues to the STIP, local streets and roads, and transit. 
Assumptions: The financial forecast assumes that each county receives its fair share of state gasoline sales tax based upon county 
population. Future revenues are not expected to grow, with the exception of Orange County, which is expected to grow by a modest 
one percent. 

Description: STA is funded with 50 percent of State Public Transit Account (PTA) revenues, which come from diesel sales tax and 
"spillover" in the gasoline sales tax. Funding is distributed 50 percent by population share and 50 percent by revenue share of the 
transit operators. 
Assumptions: The forecast is based on current funding levels reported by the State Controller., except in Los Angeles and Orange 
counties, where growth is less than historical trends and consistent with forecasts by local transportation commissions. 

Description: Proposition 1 B authorizes $19.9 billion to be spent statewide over the next several years on existing and new statewide 
transportation-related infrastructure programs and projects. Several programs are included under Proposition 1 B. The California 
Transportation Commission has not yet established priorities and funding formulas for all categories. 
Assumptions: The forecast assumes that the SCAG region receives its fair share of funding under the categories with established fund
ing formulas. Other categories are assumed to be allocated according to population. 

Description: Other state sources include Service Authority for Freeways and Expressways (SAFE), Freeway Service Patrol, Air Quality 
Vehicle Registration Fee (AB 2766), Environmental Enhancement and Mitigation, and other miscellaneous state grants. The Clean Air 
and Transportation Improvement Act added Proposition 116 to use state general obligation bonds to finance rail infrastructure. 
Assumptions: The RTP uses forecasts provided by LACMTA for Los Angeles County for consistency with the LACMTA long-range trans
portation plan. These revenues are not estimated for other counties. 

STATE SUBTOTAL (State STIP funds include FHWA 1M and NHS funding categories) 
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$15.9 

$33.3 

$14.3 

$9.1 

$10.1 

$0.7 

$83.4 
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TABLE 4.3.3 CORE AND REASONABLY AVAILABLE REVENUE PROJECTIONS (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Revenue Projection Assumptions Revenue Estimate 

FEDERAL REVENUE SOURCES 

FHWA Non-Discretionary 
Congestion Mitigation and Air Quality (CMAQ) 
Program 

FHWA Non-Discretionary 
Regional Surface Transportation Program (RSTP) 

FTA Formula Programs 
5307 Urbanized Area Formula (Capital), 5310 
Elderly and Persons with Disabilities Formula, 
5311 Non-Urbanized Area Formula, 5309 Fixed 
Guideway Program 

FTA Non-Formula Program 
5309 New and Small Starts, 5309 Bus & Bus
Related Grants 

Other Federal Funds 

FEDERAL SUBTOTAL 

Note: Numbers may not add due to rounding 

Description: Program to reduce traffic congestion and improve air quality in non-attainment areas. 
Assumptions: Short-term revenues are based upon the Caltrans apportionment estimates. long-term revenues assume that the 
Federal Highway Trust Fund stays solvent, but revenues do not grow. CMAQ funding is assumed to be halved starting in 2020 due to 
improved air quality. 

Description: Projects eligible for RSTP funds include rehabilitation and new construction on any highways included in the National 
Highway System (NHS) and Interstate Highways (including bridges). Also, transit capital projects, as well as intracity and intercity bus 
terminals and facilities, are eligible. 
Assumptions: Short-term revenues are based upon the Caltrans apportionment estimates. long-term revenues assume that the 
Federal Highway Trust Fund stays solvent, but revenues do not grow. 

Description: This includes a number of FTA programs that are distributed by formula. 5307 is distributed annually to state urbanized 
areas with a formula based on population, population density and transit revenue miles of service. Program funds capital projects 
(and operations expenses in areas under 200,000 in population), preventative maintenance and planning activities. 5310 funds are 
allocated by formula to states for capital costs of providing services to the elderly and disabled. The 5311 program provides capital 
and operating expenses for rural and small urban public transportation systems. Section 5309 Fixed Guideway (FG) funds are also 
distributed to regions on an urbanized area formula. 
Assumptions: Formula funds are assumed to increase in proportion with the Federal Highway Trust Fund. As with the FHWA sources, 
the Trust Fund is expected to stay solvent, but not grow. For los Angeles and Orange Counties, the local transportation commissions 
have estimated formula allocations based on future increases in service and past allocations that yield results consistent with a no
growth assumption. 

Description: Capital projects include preliminary engineering, acquisition of real property, final design and construction, initial acquisi
tion of rolling stock for new fixed guideway systems or extensions, including bus rapid transit, light rail, heavy rail, and commuter rail 
systems. Capital investment grants of less than $75 million are considered "small starts." "Small starts" will have a separate funding 
category beginning in FY07. Program funds bus acquisition and other rolling stock, ancillary equipment and the construction of bus 
facilities. Also includes bus rehabilitation and leasing, park-and-ride facilities, parking lots associated with transit facilities and bus 
passenger shelters. 
Assumptions: Operators are assumed to receive FTA discretionary funds in rough proportion to what they have received historically. 
The Federal Highway Trust Fund is expected to stay solvent, but not grow. For los Angeles and Orange counties, the local transporta
tion commissions have estimated discretionary allocations based on future increases in service and past allocations. los Angeles 
expects discretionary allocations to remain constant in nominal terms, while Orange County expects discretionary allocations to grow 
slower than inflation. 

Description: Includes other federal programs, such as Regional Transportation Enhancements, Highway Bridge Replacement and 
Rehabilitation, Homeland Security Grants, Bus Preferential Signal Systems, Highway Earmarks, Hazard Elimination Safety, and Railroad/ 
Highway Grade Crossing Protection (Section 130). 
Assumptions: LACMTA provided forecasted revenues for these programs, which have been adopted in the RTP for los Angeles County. 
For other counties, Highway Bridge Program revenues are estimated in the short term using program allocations provided by the California 
Department ofTransportation through FY2010. longer-term estimates are based upon the no-growth assumption used for other federal 
funding sources. 

$9.5 

$10.6 

$15.8 

$3.1 

$2.5 

$41.6 
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TABLE 4.3.4 CORE AND REASONABLY AVAILABLE REVENUE PROJECTIONS (IN NOMINAL DOLLARS, BILLIONS) 

Revenue Source Revenue Projection Assumptions Revenue Estimate 

INNOVATIVE FINANCING & NEW REVENUE SOURCES 

Value Capture Strategies 

Local Option Sales Tax Extension 

Highway Tolls 

State and Federal Gas Excise Tax Adjustment to 
Maintain Historical Purchasing Power 

Container Fees 

Private Equity Participation 

Private Activity Bonds 

Federal (EPA) funding for clean freight rail 
technology 

Interest Earnings 
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Description: This strategy refers to capturing the incremental value generated by transportation investments through formation of 
special districts, joint development, and tax increment financing. Also includes sale of Caltrans-owned property. 
Assumptions: SCAG assumes the formation of special districts, including Benefit Assessment Districts, Mello-Roos Community Facili
ties Districts, as well as use of tax increment financing and joint development to provide gap financing for specific transit investments: 
Gold Line extension, Purple Line extension, and passenger HSRT system. SCAG also assumes one-time proceeds from the sale of 
Caltrans-owned property within the SR-71 0 tunnel vicinity. 

Description: Locally imposed Y2 percent sales tax measure extension for Imperial County-existing Measure D expires in 2010. 
Assumptions: Sales tax grows consistent with historical trends in county retail sales. 

Description: Toll revenues generated from SR-710 tunnel. Also, tolls assumed for the 1-710 dedicated truck lanes, High Desert Cor
ridor, and CETAP Corridor as well as SR-91. 
Assumptions: Toll revenues based on recent feasibility studies for applicable corridors. Also includes toll revenue bond proceeds. 

Description: Equivalent to additional ten cent per gallon gasoline tax imposed by the state and federal government starting in 2012 -
based on historical extrapolation. 
Assumptions: Forecast consistent with historical adjustments for both state and federal gas taxes. 

Description: Charge imposed on containerized cargo moving through the Ports of LAlLB and region (includes railroad user fees for rail 
capacity improvement program) and directly linked to specific goods movement projects. 
Assumptions: Container fees at $30 per Twenty-foot Equivalent Unit (TEU). Revenue total also includes railroad user fees assessed on 
a TEU basis for the rail capacity improvement program; revenue total includes bond proceeds. 

Description: Public Private Partnership arrangement whereby a private entity designs, finances, builds, operates, and maintains a 
facility under a lease arrangement for a fixed period of time. 
Assumptions: Private capital is assumed for the financing of a number of projects including the SR-71 0 tunnel, CETAP Corridor and 
the HSRT system (freight only component assumed in this total). See separate line-item for passenger HSRT. 

Description: Title XI Section 11142 of SAFETEA-LU amends Section 142(a) of the IRS Code to allow the issuance of tax exempt private 
activity bonds for highway and freight transfer facilities. States and local governments are allowed to issue tax-exempt bonds to 
finance highway and freight transfer facility projects sponsored by the private sector. 
Assumptions: Partial interest savings from the issuance of tax-exempt private activity bonds for freight rail investment package are 
assumed to offset some of the grade separation costs. 

Description: Federal funding to mitigate locomotive emissions. 
Assumptions: In accordance with the proposed 2007 State Implementation Plan (SIP), it is assumed that the federal government (US 
EPA) will provide subsidies to mitigate locomotive emissions; the severity of the region's PM2.5 problem and the attainment deadline 
make it necessary to mitigate locomotive emissions 

Description: Interest earnings from toll bond proceeds. 
Assumptions: Interest earnings are assumed from toll bond proceeds (High Desert Corridor, CETAP, SR-710 tunnel, and 1-710 truck 
lanes. 

$3.7 

$0.8 

$22.0 

$17.0 

$41.5 

$4.4 

$0.4 
(included in container fees) 

$1.9 

$0.4 

AR0072561 



Revenue Source Revenue Projection Assumptions Revenue Estimate 

Riverside County Measure A (Bond Anticipation 
Notes) 

TIFIA Loan 

HSRT Passenger System (Private Contribution & 
User Fee 

NEW REVENUE SOURCE SUBTOTAL 

Description: BANs are short-term debt financing strategies often used by local governments. The proceeds of a future issue are 
expected to cover anticipation notes. 
Assumptions: Short-term debt is assumed in the latter years of the RTP to help fund the CETAP Corridor in anticipation of the sale of 
Measure A revenue bonds. 

Description: TIFIA loan program provides credit assistance under flexible terms for transportation investments of national or regional 
significance. 
Assumptions: A TIFIA loan is assumed to facilitate financing of the CETAP Corridor; a direct loan is assumed to be repaid by project 
generated toll revenue. 

Description: User-fee supported initiative for HSRT system. 
Assumptions: Assumes private sector development including design, finance, build, operate, and maintain. See HSRT report for 
further details. 

$1.5 

$0.9 

$26.2 

$120.1 

GRAND TOTAL $531.5 

Note: Numbers may not add due to rounding 
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The SCAG region's financially constrained RTP includes revenues from both FIGURE 4.13 2008 RTP EXPENDITURE SUMMARY 

the core and reasonably available revenue sources. A summary of these fore

casted revenues and expenditures is presented in Figures 4.12 and 4.13. As 

shown in these figures, the SCAG region's budget over the next 30 years totals 

an estimated $531.5 billion. 

FIGURE 4.12 2008 RTP REVENUE SUMMARY 
$531.5 BILLION (IN NOMINAL DOLLARS) FY2007-FY2036 

• State Revenues 
$83.4 
(16%) 

• Federal Revenues 
$41.6 

Note: Numbers may not add due to rounding. 
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• New Revenues 
$120.1 
(23%) 

• Local Revenues 
$286.5 
(54%) 

$531.5 BILLION (IN NOMINAL DOLLARS) FY2007-2036 

• Capital Projects 
$258.1 
(48%) 

• Debt Service 
$57.4 
(11%) 

• O&M (SHOPP) 
$43.5 

O&M (Local Streets & Roads) 
$8.1 
(2%) 

(31%) 

As shown in Figure 4.14, transit and highway expenditures are roughly com

parable at 41 and 36 percent, respectively, of the RTP costs for each category. 

About 12 percent of costs are attributable to an "other" category, reflecting 

proposed investments in HSRT systems as well as freight rail capacity and 

grade separation improvements. Consistent with historical practice, agencies 

in the region are expected to bond against future revenues to provide addi

tional funding in the early years of the plan. As a result, debt service equal to 

historical payments and future bonding needs has been included as part of the 

RTP. Anticipated debt service payments make up 11 percent of total costs. 
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FIGURE 4.14 REVENUES COMPARED TO COSTS BY MODE 
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Note: Numbers may not add due to rounding 

• Transit • Flexible • Highway • other • Debt Service 

The following Table 4.4 provides details of the SCAG region's 2008 revenue 

forecast by source in five-year increments. This is followed by Table 4.5, 

which provides details of the region's expenditures by category in five-year 

increments. 
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TABLE 4.4 2008 REGIONAL TRANSPORTATION PLAN REVENUES (IN NOMINAL DOLLARS, BILLIONS) 

REVENUE SOURCES FY2007-11 FY2012-16 FY2017-21 FY2022-26 FY2027-31 FY2032-36 TOTAL 
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160 

Sales Tax 
- County 
- Transportation Development Act 

Gas Tax (Subvention to Cities & Counties) 

other Local Funds 

Transit Fares 
Tolls 

Mitigation Fees 

LOCAL TOTAL 
State Highway Operations and Protection Program (SHOPP) 

State Transportation Improvement Program (STIP) 
- Regional - RTIP 

- Interregional - ITIP 

Traffic Congestion Relief Program, Propositions 42 and lA 
State Transit Assistance (STA) 

Proposition 1 B 

other (1) 

STATE TOTAL 

Federal Transit 
- Federal Transit Form ula 
- Federal Transit Non-Formula 

Federal Highway & other 
- Congestion Mitigation and Air Quality 

- Surface Transportation Program (Regional) 

- other (2) 

FEDERAL TOTAL 
Private Equity Participation 

TIFIA Loans 

Value Capture Strategies 

HighwayTolls (including bond proceeds) 

Port Container Fee (including railroad fee and bond proceeds) 
Riverside Co. Measure A - BANs 

Federal EPA Funding for clean freight rail technology 

Interest Earni ngs 

HSRT passenger user fee & private contribution 
Private Activity Bonds (included in container fee estimate) 

State and Federal Gas Excise Tax Adjustment 

Local Option Sales Tax Extension (Imperial County) 

Thml ----------------------

REVENUE TOTAL 

$14.3 

10.7 
3.6 

1.1 

2.5 

3.1 
0.3 

1.3 

$22.6 
5.3 

2.9 

2.2 

0.7 

2.0 
0.8 

7.2 

0.1 

$18.3 

$2.9 

1.9 
1.0 

$3.0 

1.3 

1.1 

0.7 

$5.9 
1.1 

0.0 

1.0 

0.1 

4.0 

0.0 
0.0 

0.0 

8.7 
0.0 

0.0 

0.0 
$14.9 

$61.7 

$19.4 

14.4 
5.0 

1.2 

4.5 

4.5 
0.4 

1.7 
$31.7 

5.3 

2.2 

1.7 

0.6 

1.8 
1.0 

2.9 

0.1 

$13.3 

$2.5 

2.0 
0.4 

$3.1 

1.6 

1.3 

0.2 

$5.6 
1.5 

0.0 

1.4 

2.3 

9.4 

0.0 
0.8 

0.3 

8.7 
0.0 

3.4 

0.1 
$27.9 

$78.6 

$26.0 

19.3 
6.7 

1.3 

3.2 

5.7 
0.4 

2.3 
$39.0 

5.7 

2.4 

1.8 

0.6 

2.0 
1.3 

0.0 

0.1 

$11.4 

$2.9 

2.3 
0.6 

$3.6 

1.8 

1.5 

0.3 

$6.5 
1.8 

0.0 

1.4 

4.8 

7.8 

0.0 
1.1 

0.1 

8.7 
0.0 

3.4 

0.1 
$29.2 

$86.1 

$34.1 

25.1 
9.0 

1.4 

4.6 

7.3 
0.5 

2.3 
$50.3 

5.7 

2.5 

1.9 

0.6 

2.3 
1.6 

0.0 

0.1 

$12.2 

$3.2 

2.7 
0.5 

$3.5 

1.3 

1.9 

0.3 

$6.7 
0.0 

0.0 

0.0 

3.1 

6.3 

0.0 
0.0 

0.0 

0.0 
0.0 

3.4 

0.1 
$13.0 

$82.2 

(1) Service Authority for Freeways and Expressways (SAFE), Freeway Service Patrol, Air Quality Vehicle Registration Fee (AB 2766), Environmental Enhancement and Mitigation. 

$44.8 

32.8 
12.0 

1.5 

3.5 

9.3 
0.6 

3.4 

$63.0 
5.7 

2.7 

2.1 

0.7 

2.8 
2.0 

0.0 

0.1 

$13.3 

$3.3 

3.1 
0.2 

$4.2 

1.6 

2.2 

0.4 

$7.5 
0.0 

0.0 

0.0 

3.8 

6.3 

0.0 
0.0 

0.0 

0.0 
0.0 

3.4 

0.2 
$13.7 

$97.5 

(2) Includes other federal programs, such as Regional Transportation Enhancements, Highway Bridge Replacement and Rehabilitation, Homeland Security Grants, Bus Preferential Signal Systems, 
Highway Earmarks, local assistance, Hazard Elimination Safety, and Railroad/Highway Grade Crossing Protection (Section 130). 

Numbers may not add due to rounding. 

IV. FINANCIAL PLAN 

$59.7 

43.3 
16.4 

1.6 

1.6 

11.3 
0.8 

5.0 
$79.8 

5.7 

3.1 

2.3 

0.8 

3.4 
2.4 

0.0 

0.2 

$14.7 

$4.2 

3.8 
0.5 

$5.1 

1.9 

2.7 

0.6 

$9.3 
0.0 

0.9 

0.0 

7.8 

7.7 

1.5 
0.0 

0.0 

0.0 
0.0 

3.4 

0.3 
$21 .5 

$125.4 

$198.3 

145.6 
52.7 

8.0 

20.0 

41.2 
3.0 

15.9 
$286.5 

33.3 

15.9 

11.9 

4.0 

14.3 
9.1 

10.1 

0.7 

$83.4 

$19.0 

15.8 
3.1 

$22.6 

9.5 

10.6 

2.5 

$41.6 
4.4 

0.9 

3.7 

22.0 

41.5 

1.5 
1.9 

0.4 

26.2 
0.0 

17.0 

0.8 
$120.1 

$531.5 
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TABLE 4.5 2008 REGIONAL TRANSPORTATION PLAN EXPENDITURES (IN NOMINAL DOLLARS, BILLIONS) 

Arterials 3.9 3.8 3.3 3.6 3.7 6.5 24.8 

Grade Separation 2.6 4.5 0.2 0.1 0.7 2.1 10.2 

HOV 2.3 2.2 3.3 1.3 1.5 0.9 11.5 

Mixed Flow 6.7 8.0 8.0 7.8 11.1 2.7 44.3 

Toll Facilities 1.5 7.5 13.7 4.8 2.8 8.5 38.7 

ITS 0.4 0.3 0.4 0.6 1.2 0.1 3.0 

Transit 9.6 8.8 8.1 8.6 11.1 8.2 54.5 

High Speed Regional Transport - Passenger 9.7 9.7 9.7 0.0 0.0 0.0 29.1 

High Speed Regional Transport - Freight 2.0 2.3 2.4 3.2 3.6 4.4 17.9 

Other (1) 4.0 4.4 3.4 2.1 2.7 7.5 24.1 

Operations and Maintenance: $19.7 $24.8 $30.7 $37.5 $46.0 $57.2 $216.0 

Highway 5.5 6.4 7.3 7.6 8.1 8.5 43.5 

Transit 13.1 17.2 22.1 28.5 36.5 47.1 164.4 

Local Streets and Roads 1.2 1.2 1.3 1.4 1.5 1.6 8.1 

Debt Service $2.7 $5.3 $8.4 $10.8 $12.6 $17.6 $57.4 

COST TOTAL $65.0 $81.7 $91.5 $80.5 $97.1 $115.7 $531.5 

Note:: (1) Includes: Rail Capacity Expansion, Truck Climbing, Non-Motorized, TDM and contingencies. 
Numbers may not add due to rounding. 
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T
his chapter summarizes how well the 2008 RTP performs in meeting 

its adopted goals and satisfying state and federal requirements. Table 

5.1 summarizes goals and their related performance outcomes. One 

or more performance measures were developed for each of these out

comes to quantify the Plan's performance. These goals and outcomes were 

used successfully to develop the update to the 2004 RTP. 

TABLE 5.1 2008 RTP GOALS AND RELATED PERFORMANCE OUTCOMES 

RTP Goals 

Maximize mobility and accessibility for 
all people and goods in the region 

Ensure travel safety and reliability for 
all people and goods in the region 

Preserve and ensure a sustainable 
regional transportation system 

Maximize the productivity of our 
transportation system 

Protect the environment, improve air 
quality and promote energy efficiency 

Encourage land use and growth 
patterns that complement our 
transportation investments 

Maximize the security of our transportation 
system through improved system monitor
ing, rapid recovery planning, and coordina
tion with other security agencies* 
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* SCAG does not yet have an agreed·upon security performance measure; therefore it is not included in this table. 

PLAN INVESTMENT PERFORMANCE 

This section provides detailed information on each of the performance out

comes and related measures approved by the Regional Council in 2002. The 

basic concept for each criterion is to compare the performance of the Plan 

(2035) to both the Base Year (2003) and the Baseline scenario for 2035. The 

Plan is the selected strategy to guide the region's transportation planning over 

the next few decades. The Baseline represents "business as usual" and a fu

ture condition in which the Plan is not implemented. It assumes only the 

completion of projects currently under construction or right-of-way acquisi

tion, projects that have completed the National Environmental Policy Act 

(NEPA) process, or projects that come from the first year of the previous RTP/ 

RTIP. The data for the analysis is based on the SCAG Regional travel demand 

model results. 

MOBILITY 
The mobility performance outcome relies on two commonly used measures: 

speed and delay. Speed and delay were computed using SCAG's regional travel 

demand model. They are defined as follows: 

• Speed is the average speed experienced by travelers regardless of mode 

in miles per hour (mph) . 

• Delay is the difference between the actual travel time and travel time 

that would be experienced if a person traveled at the legal speed limit. 

This measure is reported as person-hours of delay, which is presented 

here as a total delay and as delay per capita. The latter measure balances 

the results with the expected population growth during the Plan period 

(Le., through 2035). 

Figure 5.1 compares the speeds of the three scenarios. It shows that the Plan 

improves average daily speeds by eight percent compared to the 2035 Baseline 

and represents a less than 4-mile-per-hour decline over 2003 Base Year results. 
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FIGURE 5.1 AVERAGE DAILY SPEED FIGURE 5.2 DAILY PERSON-HOURS OF DELAY 

35 12 

Base Year 2003 Baseline 2035 Plan 2035 Base Year 2003 Baseline 2035 Plan 2035 

Figure 5.2 compares delay results and shows that the Plan reduces total daily Figure 5.3 compares average daily delay per capita, which is a measure that 

person-hours of delay by 16 percent compared to the Baseline, but also rep- takes into account that there will be more people traveling on the Region's 

resents an increase of 76 percent over Base Year conditions. This increase transportation system by 2035. The results tell a different story. Whereas to

reflects the growth in the region and the resulting incremental travel. tal person delay for the Plan increases by 76 percent over Base Year conditions, 

164 v. PLAN PERFORMANCE 

each person in the region experiences only a 29 percent increase - less than six 

minutes per day on a per-capita basis. 
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FIGURE 5.3 AVERAGE DAILY DELAY PER CAPITA 
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Base Year 2003 Baseline 2035 Plan 2035 

FIGURE 5.4 AVERAGE DAILY HEAVY-DUTY TRUCK DELAY 

~600 
~ 
~500 
~ 

~ 400 

Base Year 2003 Baseline 2035 Plan 2035 

Finally, Figure 5.4 compares average daily Heavy Duty Truck delays, which Exhibits 5.1, 5.2, and 5.3 depict regional PM peak (3 p.m. to 7 p.m.) freeway 

shows an improvement of nearly 21 percent compared to the Baseline. This is speeds for Base Year 2003, Baseline in 2035, and Plan in 2035, respectively. 

an important statistic given the Plan's emphasis on the logistics industry and 

its importance to the regional economy. 
ACCESSIBILITY 

Accessibility measures how well the transportation system provides people 

access to opportunities. Opportunities can include jobs, education, medical 

care, recreation, shopping, or other activities that help improve people's lives. 

For the 2008 RTP, accessibility is defined as the percentage of the population 

who can travel between work and home within 45 minutes during the peak 

period. Access to employment is used as a reasonable proxy for access to all 

opportunities, since work trips make up a large percentage of total trips dur

ing commute periods. For people traveling by automobiles, this is defined as 

those who travel during the afternoon commute period, and for transit users, 

both the AM and PM commute periods are included to facilitate the modeling 

of transit trips. 
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EXHIBIT 5.1 BASE YEAR 2003 FREEWAY SPEED I PM PEAK 

SPEED (Miles per HourI 

N Less than 15 
N 15 - 24 

25 - 34 
N 35-54 
A./ 55 or Greater 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

166 V. PLAN PERFORMANCE 

I' 

N 

A 
San Diego 
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EXHIBIT 5.2 BASELINE 2035 FREEWAY SPEED I PM PEAK 

SPEED (Miles per Hour) 

N Less than 15 
N 15 - 24 

25 - 34 
A./ 35 - 54 
A./ 55 or Greater 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 

N 

A 
San Diego 
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EXHIBIT 5.3 PLAN 2035 FREEWAY SPEED I PM PEAK 

SPEED ~Miles per Hour) 

N Less than 15 
N 15 - 24 

25 - 34 
N 35 - 54 
A./ 55 or Greater 

Source: Southern California Association of Governments, ESRI StreetMap USA, Te/eat/as 
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Figure 5.5 compares the Plan to Base Year and Baseline, and presents the per

cent of work trips completed within 45 minutes for both automobiles and 

transit. The figure shows that automobile accessibility stays relatively con

stant over the 2035 Baseline period at around 77 percent, but the Plan im

proves automobile accessibility slightly to 79 percent. Transit accessibility is 

projected to decline from 43 percent currently to around 42 percent under 

the 2035 Baseline scenario. However, it will improve to 45 percent under the 

Plan. 

FIGURE 5.5 AUTO AND TRANSIT ACCESSIBILITY 
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The reliability outcome reflects the degree to which travelers experience varia

tions in their trip times from day to day. As such, it captures the relative 

predictability of the public's travel time. Unlike mobility (which measures 

how quickly the transportation system is moving people) and accessibility 

(which addresses how well the system provides access to opportunities, pri

marily jobs), reliability focuses on how much mobility and accessibility vary 

from day to day. 

The reliability measure is calculated by using the statistical concept of stan

dard deviation. The indicator is computed by dividing the standard deviation 

of travel time for a given trip by the average travel time of that trip, measured 

over many days and weeks. Table 5.2 shows how a traveler can use this in

dicator depending on the importance of arriving on time. For example, if a 

person's morning commute takes on average 26 minutes, but varies 15 percent 

from day to day, then he or she must plan the trip to account for additional 

time. Table 5.2 also shows that if this person wants to be 99 percent confident 

that he or she arrives on time, he or she must plan for 38 minutes of travel 

instead of 26. 

TABLE 5.2 VARIABILITY OF TRAVEL TIME: HYPOTHETICAL ILLUSTRATION 

. Average Variability Travel Time Based on Level of 
Time C f·d fA . . T· Trip . Travel of Travel on I ence 0 rnvmg on Ime 

Penod T· T· 

Hypothetical 
Commute 

Trip 

AM Peak 

PM Peak 

Off Peak 

Ime Ime 70% 95% 99% 

26 min. 

32 min. 

20 min. 

15% 

25% 

10% 

30 min. 

40 min. 

22 min. 

34 min. 

48 min. 

24 min. 

38 min. 

56 min. 

26 min. 

This indicator is relatively new in transportation planning and operations, 

and exact models to compute and forecast it are not available. However, by 

using existing travel time data and research results, it is possible to estimate 

the Plan's impact on reliability. Table 5.3 presents these results, which reflect 

the benefits derived from the investments that help respond more quickly and 

effectively to traffic accidents or provide traveler information. These improve

ments are conservatively projected in the 10 percent range. However, it is 

critical to continue to monitor this measure and improve the tools to forecast 

the impacts of such investments in future SCAG planning cycles. 
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TABLE 5.3 ESTIMATED IMPROVEMENTS IN TRAVEL TIME RELIABILITY 

Base Year 2005 Plan 2035 
Peak H Average Percent Average Percent 

Period our Variability of Variability of 
Travel Time Travel Time 

Morning 6 am to 7 am 16% 14% 

Peak Period 7 am to 8 am 22% 20% 
(6 am to 9 am) 8 am to 9 am 23% 21% 

3 pm to 4 pm 25% 23% 
Afternoon 4 pm to 5 pm 26% 23% 

Peak Period 
(3 pm to 7 pm) 5 pm to 6 pm 28% 25% 

6 pm to 7 pm 25% 23% 

Source: Gaitrans 

PRODUCTIVITY 
The productivity outcome reflects the degree to which the transportation sys

tem performs during peak demand conditions. It is a system efficiency mea

sure. The productivity indicator is defined as the percent utilization during 

peak demand conditions. 

As an example, freeways are typically designed to carry 2,000 vehicles per 

lane per hour. However, in many locations on the region's freeway system, 

vehicles weaving and merging in and out of traffic cause bottlenecks, which 
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lead to significant reductions in capacity utilization. Again, using freeways as 

an example, the carrying capacity of a freeway lane can drop by as much as 

50 percent, allowing only 1,000 vehicles per hour to pass. In effect, the system 

"loses" capacity, which can be estimated in terms of lost lane-miles. 

Figure 5.6 summarizes the current estimate for productivity losses on the re

gion's freeway system and the expected improvements due to Plan invest

ments. Maximizing the system's productivity is a critical goal of this RTP, and 

the overall system management approach aims to recapture lost productiv

ity. The incremental investment of over $2 billion to implement advanced 

operational strategies on our freeways and arterials is projected to recapture 

20 percent of the lost productivity. These projections are based on recent 

studies indicating that investments in ramp metering, arterial signal coor

dination, traveler information, and incident management can achieve such 

improvements. 

The Plan improves productivity by committing to investments in state high

way operations discussed in Chapter IV. Transit productivity will also improve 

through increased ridership, which maximizes the number of seats occupied 

during peak demand conditions. 

FIGURE 5.6 HIGHWAY SYSTEM PRODUCTIVITY (LOST LANE-MILES) 
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SAFETY 

Improving safety by minimizing accidents is a critical outcome of the RTP. The 

safety indicators used to measure and track safety-related performance are: 

• Fatalities per million persons 

• In juries per million persons 

• Property damage accidents per million persons 

State and regional transportation agencies dedicate funds to projects that spe

cifically address safety deficiencies. However, it is not possible to predict the 

reduction in accident rates resulting from these investments. Hence, the safety 

results presented here are estimated based on current accident rate trends for 

the different modes applied to projected levels of system use by mode. They 

represent a conservative estimate for safety benefits. 

Figure 5.7 compares safety indicators for the Base Year, Baseline, and Plan sce

narios. The overall improvement is estimated based on overall accident rates 

by mode (e.g., auto, bus, and rail) and facility (e.g., freeways and principal 

arterials) . 

FIGURE 5.7 ACCIDENT RATES 

'" co 
0 

~ 
co 
0 

~ 

'" c. 

~ 
II ,., 
"OJ 
Cl 

35 

30 

25 

20 

15 

10 

Base Year 
2003 

• People Killed • People Injured • Number of Accidents 

Baseline 
2035 

Plan 
2035 

SUSTAINABILITY 

A transportation system is sustainable if it maintains its overall performance 

over time with the same costs for its users. Sustainability, therefore, reflects 

how our decisions today affect future generations. The indicator for sustain

ability is the total inflation-adjusted cost per capita to maintain overall system 

performance at current conditions. 

The performance measures presented in this chapter show that the planned 

transportation system in 2035 will perform better in some cases (e.g., safety, 

preservation) and worse in others (e.g., delay per capita) compared to today. 

Moreover, the overall cost of the Plan represents a significant increase in 

nominal costs based on increased taxes to fund additional regional projects 

discussed in Chapter III as well as incremental preservation and operations 

investments. 

PRESERVATION 

The preservation outcome reflects how well the region is taking care of its 

multimodal transportation infrastructure. As discussed in Chapter II of this 

document, deferred maintenance investments end up costing much more in 

the future as the conditions of our assets (e.g., pavement) deteriorate. 

Figure 5.8 shows the benefits of the additional expenditures dedicated in this 

RTP over and beyond the historical trends. As of 2005,28 and 11 percent of 

the SCAG Region's roadways and bridges required rehabilitation, which are 

more intensive and expensive projects. As a result of the incremental invest

ments, these percentages are projected to fall to 24 percent for roadways and 6 

percent for bridges. Similar improvements are expected for regional arterials 

as well. 
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FIGURE 5.8 PRESERVATION IMPROVEMENTS 
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COST -EFFECTIVENESS 

Cost-effectiveness reflects the degree to which transportation expenditures in 

the Plan yield benefits that the transportation users experience. It attempts to 

measure how much "bang for the buck" is received from the Plan. The indica

tor for cost-effectiveness is the benefit-cost ratio. Benefits are divided into 

several categories as follows: 

• Delay savings 

• Safety improvements 

• Air quality improvements 

• Reductions in vehicle operating costs 

For each of these categories, models are used to estimate the benefits of the 

Plan compared to Baseline. The benefits are converted into dollars, added to

gether, and divided by the total incremental costs of the Plan's transportation 

improvements. Table 5.4 summarizes the results of the benefit-cost analysis. 
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TABLE 5.4 SCAG REGIONAL PERFORMANCE ANALYSIS BENEFIT/COST 
RESULTS 

Project Value of $1 Invested 

2008 RTP $2.21 

SCAG's 2008 RTP provides a $2.21 return for every dollar invested. For this 

analysis, all benefits and costs are expressed in year 2007 dollars. Benefits are 

estimated through the year 2035. The user benefits are estimated using meth

odologies consistent with the Cal B/C model adjusted to incorporate SCAG's 

regional travel demand model output. Costs include incremental public ex

penditures over the RTP time period. 

While $2.21 return on every dollar invested is an excellent return on invest

ment, it is lower than the $3.08 reported in the 2004 RTP. Several factors 

influence this outcome. First, project costs have skyrocketed over the past 

several years, negatively impacting the rate of return. Second, this Plan pro

poses significant investment increases in strategies that do not easily translate 

into readily quantifiable benefits based on currently available tools, namely 

SCAG's transportation demand model. Such investment categories include 

system preservation, system operation and management, and investments 

that are not captured in SCAG's demand model, such as rail improvements 

associated with goods movement. 

Transportation Conformity Analysis 
Transportation conformity is required under the federal Clean Air Act (CAA) 

to ensure that federally supported highway and transit project activities con

form to the purpose of the State Implementation Plan (SIP).1 Conformity to 

the purpose of the SIP means that transportation activities will not cause new 

1 To comply with the CAA in achieving the NAAQS, the ARB develops SIPs for federal non
attainment and maintenance areas. In California, SIP development is a joint effort of the local 
air agencies and ARB working with federal, state, and local agencies (including the MPOs). 
Local Air Quality Management Plans (AQMPs) are prepared in response to federal and state 
requirements. 
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air quality violations, worsen existing violations, or delay timely attainment 

of the relevant National Ambient Air Quality Standards (NAAQS). Conformity 

applies to areas that are designated non-attainment, and those re-designated 

to attainment after 1990 ("maintenance areas") for the following transporta

tion-related criteria pollutants: ozone, particulate matter (PM2.S and PMlO), 

carbon monoxide (CO), and nitrogen dioxide (N02). 

NON-ATTAINMENT/MAINTENANCE AREAS 

The boundaries of the federal non-attainment/maintenance areas in the SCAG 

Region are: 

• Ventura County portion of the South Central Coast Air Basin (SCCAB) -

The entire county is a non-attainment area for ozone. 

• South Coast Air Basin (SCAB) - The entire basin is a non-attainment or 

maintenance area for N02, CO, PMlO, PM2.S, and ozone. 

• Western MDAB (Antelope Valley portion of Los Angeles County and San 

Bernardino County portion of MDAB excluding Searles Valley) - This is 

a non-attainment area for ozone. 

• San Bernardino County portion of MDAB. 

• Searles Valley (situated in the NW part of the county) is a non-attain

ment area for PMlO. 

• San Bernardino County (excluding the Searles Valley area) portion of 

MDAB is a non-attainment area for PM10. 

• Riverside County portion of Salton Sea Air Basin (SSAB) - The entire 

Riverside County portion of SSAB (Coachella Valley) is a non-attainment 

area for PM10 and ozone. 

• Imperial County portion of SSAB - The entire Imperial County portion of 

SSAB is designated as a non-attainment area for ozone and PM10. 

CONFORMITY TESTS 

The 2008 RTP must pass the following tests and analyses to meet the require

ments for a positive conformity finding: 

• Regional Emission Analysis 

• Timely Implementation of Transportation Control Measures (TCMs) 

Analysis 

• Financial Constraint Analysis 

• Interagency Consultation and Public Involvement Analysis 

REGIONAL EMISSIONS ANALYSIS 

Regional emissions analyses, by non-attainment area and by pollutant, com

pare on-road emissions to the applicable on-road emissions budgets in the 

SIPs for the SCAG Region. The applicable emissions budgets are those found 

to be adequate for conformity determination by the u.S. EPA. In the absence 

of applicable emissions budgets, the regional emission tests for conformity 

finding are based on either a build/no-build or less-than-Base-Year scenario. 

Due to recent litigation relative to u.S. EPA's Eight-Hour Ozone Phase 2 Rule, 

EPA has instructed ARB to revise the established method of demonstrating 

Reasonable Further Progress (RFP) in ozone non-attainment areas that utilize 

reductions from other areas to demonstrate attainment (e.g., upwind areas). In 

the SCAG Region, these areas are the Ventura County portion of the SCCAB, 

the Western MDAB, and the Coachella Valley portion of the SSAB. Therefore, 

at this time, there are no AQMPs or SIPs and, thus, no 8-hour ozone transpor

tation emission budgets for these areas. SCAG has worked closely with the 

ARB and EPA to resolve this issue. As agreed upon by ARB and EPA, ARB has 

adopted Early Progress Plans (Le., emissions inventories and transportation 

emission budgets) for areas that need upwind reductions to show RFP. The 

Early Progress Plans establish the transportation emission budgets while EPA 

decides how to respond to the RFP issue raised by the litigation. EPA found 

these emission budgets adequate in April 2008. 
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In addition, EPA's review of the South Coast ozone and PM2.S emission bud

gets raised concerns such that the ARB was required to revise and resubmit the 

emission budgets to EPA. This requirement dictated that SCAG make appro

priate revisions to the conformity analysis to reflect the new emission budgets 

and rerelease the Draft Conformity Report. SCAG staff worked closely with 

the federal reviewing agencies regarding the emission budget adequacy and 

conformity approval review process timeline. From these efforts, all agencies 

confirmed they will expedite their respective reviews to allow for approval of 

SCAG's conformity finding before the current (2004) RTP conformity finding 

expires on June 7, 2008. 

TIMELY IMPLEMENTATION OF TCMS ANALYSIS 

This conformity test requires Transportation Control Measures (TCM) projects 

subject to reporting be fully funded and on schedule. In the SCAG Region, 

there are two areas for which SIPs contain TCMs: the ozone AQMPs/SIPs for 
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the SCAB, and for the Ventura County portion of SCCAB. SCAG works with 

the CTCs to ensure TCMs are on schedule or that steps are being taken to 

overcome obstacles. 

FINANCIAL CONSTRAINT ANALYSIS 

The 2008 RTP is financially constrained and is financed by federal, state, local 

and private sources. Detailed information on the financial analysis is included 

in Chapter IV. 

INTERAGENCY CONSULTATION AND PUBLIC INVOLVEMENT 

Throughout its development, the 2008 RTP has been discussed at meetings 

of various policy committees, working groups (including the Transportation 

Conformity Working Group), task forces, and technical advisory committees. 

SCAG's Transportation Conformity Working Group has served as a forum for 

interagency consultation, and additionally, there were many ad hoc meetings 

held between the involved agencies for this purpose. SCAG's RTP public out

reach effort is documented in a separate Public Participation report. Contin

ued interagency consultation and public involvement will occur throughout 

the public review process. 

CONFORMITY FINDING 

The conformity analysis indicates a positive conformity finding for the 2008 

RTP. The detailed transportation conformity analyses for the 2008 RTP are 

included in the 2008 RTP Conformity Report. 

Environmental Justice 
The environmental justice movement stems from Title VI of the Civil Rights 

Act of 1964. This title declares it to be the policy of the United States that dis

crimination on the grounds of race, color, or national origin shall not occur in 

connection with programs and activities receiving federal financial assistance, 
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and authorizes and directs the appropriate federal departments and agencies 

to take action to carry out this policy. Title VI of the Civil Rights Act of 1964 

provides a significant means by which the public can seek greater account

ability from transportation agencies. Title VI bars intentional discrimination, 

but also unjustified disparate impact discrimination.2 

SCAG'S ENVIRONMENTAL JUSTICE POLICY & PROGRAM 

Environmental Justice is an integral part of the planning process, which must 

be considered in all phases of planning. SCAG's environmental justice pro

gram includes two main elements: public outreach and technical analysis. 

ENVIRONMENTAL JUSTICE PUBLIC OUTREACH 

Public outreach efforts are intended to ensure that all members of the pub

lic have an opportunity to participate meaningfully in the planning process. 

SCAG's public outreach efforts include the following: 

• Compliance Procedure for Environmental Justice in the Transportation 

Planning Process - In October 2000, SCAG released the Compliance 

Procedure for Environmental Justice in the Transportation Planning Pro

cess, which provided a detailed description of SCAG's public outreach 

activities. Since its publication, SCAG staff has utilized this guidance 

document to ensure that it 1) includes traditionally unrepresented 

groups early and throughout the planning process; 2) carefully examines 

performance measures to determine any inequities of the RTP on any 

group; 3) and follows the self-evaluation procedure for public outreach 

and environmental justice analysis programs. 

• Public Workshops - SCAG holds workshops throughout the planning 

process and targets minority and low-income communities throughout 

the region. Follow-up workshops are held with groups that want to stay 

involved throughout the planning cycle. 

2 CommunityLink 21, Regional Transportation Plan: Equity and Accessibility Performance 
Indicators http://www.fhwa.dot.gov/environment/ejustice/case/case4.htm 

• Presentations - SCAG conducts presentations upon request to a variety 

of groups. These include Chambers of Commerce, community-based 

organizations, nonprofit groups, etc. Generally, these presentations pro

vide an overview of SCAG and its function as an MPO. 

• Website Dissemination - SCAG utilizes its website to provide informa

tion on the RTP. SCAG works to ensure that the information available is 

timely, easy to understand and accessible, and that the website is com

pliant with the 1990 Americans with Disabilities Act. SCAG's RTP and 

the EJ program have individual webpages dedicated to each.3 

• Documentation - Following each contact with the public, every com

ment and concern is recorded in writing regardless of source. Each com

ment is logged, categorized, and submitted to SCAG planning staff for 

review and consideration. 

TECHNICAL ANALYSIS 

The goal of the 2008 RTP environmental justice analysis is to ensure that 

when transportation decisions are made, low-income and minority communi

ties have ample opportunity to participate in the decision-making process and 

receive an equitable distribution of benefits and not a disproportionate share 

of burdens. 4 

Identifying Demographic Groups 

Executive Order 12898 and the DOT and FHWA Orders on Environmental 

Justice define "minority" as persons belonging to any of the following groups, 

as well as "other" categories that are based on self-identification of individu

als in the u.S. Census5
: Black, Hispanic, Asian, American Indian and Alaskan 

Native, and Native Hawaiian or Other Pacific Islander. SCAG bases its analy

ses on the latest census data for ethniclracial groups in the SCAG Region, by 

census tract and by transportation analysis zone (TAZ). 

3 RTP Website:http://scag.ca.gov/rtp2008/ 
EJ Website: http://scag.ca.gov/environment/ej.htm 

4 Caltrans. Desktop Guide: Environmental Justice in Transportation Planning Investments. 
January 2003. 

s http://www.fhwa.dot.gov/environment/ej2000.htm 
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Identifying low-income and minority populations is necessary both for con- TABLE 5.5 

ducting effective public participation and for assessing the distribution of ben-

DEMOGRAPHIC CATEGORIES USED IN SCAG ENVIRONMENTAL 
JUSTICE ANALYSIS 

efits and burdens of transportation plans and projects. For the purposes of this 

analysis, SCAG focused on all low-income groups and minority populations. 

The minority population in the SCAG Region comprises over 70 percent of 

the population. The predominant minority groups are Hispanics and Asian/ 

Pacific Islanders, which combine to account for 66 percent of the total minor

ity population within the SCAG Region. Poverty level is a federally established 

income guideline used to define persons who are economically disadvantaged, 

as defined by the u.s. Department of Health & Human Services guidelines.6 

The poverty level applicable to the SCAG Region is chosen on the basis of re

gional average household size for the census year. For example, for a regional 

mean of 2.98 persons-rounded to 3-per household, the threshold would 

consist of the sum of the value for the first person plus two additional people. 

The household counts in each income range are then used to determine the 

number and percentage of households in each census tract below the poverty 

level. In 2007, a family of three earning less than $17,170 was classified as 

living in poverty. 

In addition to complying with federal guidance, SCAG also conducts income 

equity analyses based on five income quintiles. A quintile, by definition, is a 

category into which 20 percent of the ranked population falls. For each new 

analysis, SCAG defines regional income quintiles based on the most recent 

census data on household income. Once the income quintiles are established, 

the incidence of benefits and costs can be estimated and compared across 

these income categories. Table 5.5 lists the demographic categories used in 

SCAG's EJ analysis. 

6 White House Council on Environmental Quality (CEQ). Environmental Justice Guidance 
Under the National Environmental Policy Act, December 1997. 
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Ethnic/Racial/Other Categories (persons) Income Categories (households) 

White (Non-Hispanic) 

African-American 

American Indian 

Asian/Pacific Islander 

Hispanic (Latino) 

Other 

Disabled/Mobility Limited 

Age 65 and Above 

The 2008 RTP Plan versus Baseline 

Below Poverty Level 

100%-150% of Poverty Level 

150%-200% of Poverty Level 

Income Quintile 1 (lowest) 

Income Quintile 2 

Income Quintile 3 

Income Quintile 4 

Income Quintile 5 

The comparison of the Plan versus Baseline is the primary focus of the envi-

ron mental justice analysis for the 2008 Regional Transportation Plan. The 

basic concept is to compare the performance of the Plan (2035) to the Baseline 

scenario for 2035. For the purposes of this analysis, the Plan represents the 

selected strategy to guide the Region's transportation planning over the next 

three decades and Baseline is defined as the set of all projects and investments 

currently underway or for which funds are already committed. Baseline repre

sents "business as usual" and assumes current land use trends and the comple

tion of projects currently under construction or with funding available for 

construction over the next few years. The data for the analysis is based on the 

SCAG Regional travel demand model results. 
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Performance Measures 

In the development of the Plan, SCAG utilized a number of performance mea

sures designed to assess the overall equity. 

• Accessibility (Employment Services and Parks) 

• Distribution of Plan Expenditures (Investments) 

• Taxes Paid 

• Auto Travel Time Savings 

• Auto Travel Distance Reductions 

• Environmental Impact Analyses (Air Emissions and Noise) 

Figure 5.9: Comparison of Employment Accessibility Improvements by Travel 

Mode and Income Category shows the percentage improvement between the 

Plan versus Baseline. It is projected that low-income communities in the re

gion will have better access to employment via local bus and rail compared to 

higher-income groups. This can be attributed to the number of system expan

sion projects proposed in the 2008 RTP, which includes a number of commut

er/light/heavy rail improvements and bus rapid transit expansion projects. 

Additionally, improvements in accessibility via automobile are expected to 

be lower than improvements via transit for any quintile group. The results 

indicate that on a regional scale, no disproportionate impacts are anticipated 

between income groups as a result of the Plan. 

These performance measures were intended to evaluate how low-income and FIGURE 5.9 COMPARISON OF EMPLOYMENT ACCESSIBILITY 

minority communities fared under RTP investments. The performance mea

sures and the results of the analysis are described in detail below. 

ACCESSIBILITY TO EMPLOYMENT SERVICES 

Accessibility is a foundation for social and economic interactions. As an indi

cator, accessibility is measured by the spatial distribution of potential destina

tions; the ease of reaching each destination; and the magnitude, quality and 

character of the activities at the destination sites. Travel costs are central: The 

lower the costs of travel, in terms of time and money, the more places that 

can be reached within a certain budget and, thus, the greater the accessibility. 

Destination choice is equally crucial: The more destinations and the more 

varied the destinations, the higher the level of accessibility.7 

Employment accessibility evaluates how well the transportation system is 

providing access to jobs for underrepresented populations. In this analysis, 

employment accessibility is defined as the percentage of total employment 

opportunities that can be reached within 30 minutes during the PM peak 

period. 

7 CommunityLink 21, Regional Transportation Plan: Equity and Accessibility Performance 
Indicators: http://www.fhwa.dot.gov/environment/ejustice/case/case4.htm 
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IMPROVEMENTS BY TRAVEL MODE AND INCOME CATEGORY 
(PLAN VS. BASELINE, 2035) 

• Auto Accessibility • Local Bus/Rail-Access by Auto • Local Bus/Rail-Access by Walking 

Quintile I Quintile II Quintile III Quintile IV Quintile V 

ACCESSIBILITY TO PARKS 

Numerous national parks, state parks, and local parks are all found within the 

SCAG Region. However, not all neighborhoods and people have equal access 

to these public resources. For the purposes of this analysis, three types of 
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parks were considered: 1) local parks; 2) state parks; and 3) national parks. The FIGURE 5.11 NATIONAL PARK ACCESSIBILITY BY TRAVEL MODE AND 

acreage of each park type in all TAZs was identified. Similar to the method in 

measuring job accessibility, park accessibility is defined as the percentage of 

park acreage reachable within a 30-minute off-peak travel time period via 1) 

automobile; 2) local bus/urban rail via automobile; and 3) local bus/urban rail 

via walking. Without a weekend regional transportation model system, the 

existing typical weekday model was utilized for the analysis. Because visits to 

parks are, by nature, leisure trips, off-peak travel time is used instead of peak 

travel time. For transit travel time, both the waiting time and the on-board 

time are included. 

FIGURE 5.10 PARK ACCESSIBILITY BY TRAVEL MODE AND INCOME 
CATEGORY (BASELINE 2035) 

• Auto Accessibility • Local Bus/Rail-Access by Auto • Local Bus/Rail-Access by Walking 

Quintile I Quintile II Quintile III Quintile IV Quintile V 

Figure S.10: Park Accessibility by Travel Mode and Income Category shows 

the access to parks in the Baseline scenario. Park accessibility by transit is 

much lower than that by automobile for all income groups. However, Quin

tiles IV and V will have moderately higher access to parks in the region via 

automobile. 
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INCOME CATEGORY (BASELINE 2035) 

• Auto Accessibility • Local Bus/Rail-Access by Auto • Local Bus/Rail-Access by Walking 
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FIGURE 5.12 STATE PARK ACCESSIBILITY BY TRAVEL MODE AND INCOME 
CATEGORY (BASELINE 2035) 
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Research has found a complete lack of public transportation services into na

tional parks,s but this also appears true for state parks. There is almost no 

8 Frescas, Ron, Chris Martin, and Christine Steenken. Public Transportation to Local National 
Forests. April 15, 2004. 
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access to national parks and very limited access to state parks by transit across 

all income groups in the Baseline scenario (see Figure 5.11: National Park Ac

cessibility by Travel Mode and Income Category, and Figure 5.12: State Park 

Accessibility by Travel Mode and Income Category). 

FIGURE 5.14 COMPARISON OF PARK ACCESSIBILITY IMPROVEMENTS 
BY TRAVEL MODE AND INCOME CATEGORY (PLAN VS. 
BASELINE, 2035) 

• Auto Accessibility • Local Bus/Rail-Access by Auto • Local Bus/Rail-Access by Walking 
FIGURE 5.13 LOCAL PARK ACCESSIBILITY BY TRAVEL MODE AND INCOME 100 

CATEGORY (BASELINE 2035) 

• Auto Accessibility • Local Bus/Rail-Access by Auto • Local Bus/Rail-Access by Walking 

Quintile I Quintile II Quintile III Quintile IV Quintile V 

The analysis also concluded that local parks are mostly accessible via the au

tomobile. Figure 5.13: Local Park Accessibility by Travel Mode and Income 

Category reveals that there is limited transit service that accommodates local 

parks and, regionwide, there is a marginal difference in accessibility between 

all income groups. 
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As shown in Figure 5.14: Comparison of Park Accessibility Improvements by 

Travel Mode and Income Category, park accessibility for all income groups by 

three travel modes is expected to improve under the Plan scenario. 
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FIGURE 5.15 COMPARISON OF PARK ACCESSIBILITY IMPROVEMENTS BY 
PARK TYPE AND TRAVEL MODE (PLAN VS. BASELINE, 2035) 
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Figure 5.15: Comparison of Park Accessibility Improvements by Park Type and 

Travel Mode displays the improvement of park accessibility by park type: na

tional park, state park and local parks. The results reveal that there will be 

significant improvements in accessibility to both state and local parks by all 

three travel modes. However, the accessibility to the national parks shows 

minor improvement, and even decreases for the mode of local bus/rail-access 

by auto. 

PLAN EXPENDITURES/INVESTMENTS 

SCAG reports expenditure distribution in several ways. First, SCAG estimates 

the share of total RTP expenditures allocated to each category of household 

income. This is done by totaling expenditures on each type of mode (bus, 

HOV lanes, commuter/high-speed rail, highways/arterials, and light/heavy 

rail). These expenditures are then allocated to income categories based on 

each income group's tendency to use these modes.9 

9 Caltrans. Desktop Guide: Environmental Justice in Transportation Planning Investments. 
January 2003. 
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SCAG analyzed the distribution of Plan expenditures based on mode usage 

information by income quintile. As illustrated in Figure 5.16: Distribution of 

Plan Expenditures by Income Category, approximately 28 percent of Plan in

vestments will be invested in modes predominantly used by the lowest quintile 

group, while 16 percent will be invested in modes used by the highest-income 

category (Quintile V). A total of 68 percent of transportation investments 

would go to modes likeliest to be used by the lower-three-income households 

in the 2008 RTP. 

FIGURE 5.16 DISTRIBUTION OF PLAN EXPENDITURES BY INCOME 
CATEGORY 

16.1% 
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16.2% 

• Quintile III 
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21.3% 

Figure 5.17: Distribution of Plan Expenditures by Ethnic/Racial Category eval

uates the allocation of transportation investments in modes used by various 

ethnic/racial categories. The current analysis reveals that under the 2008 RTP, 

Plan investments will be distributed more equitably on the basis of system 

usage by ethnic/racial groups. 
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FIGURE 5.17 DISTRIBUTION OF PLAN EXPENDITURES BY ETHNIC/RACIAL 

CATEGORY 
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TAXES PAID 

FIGURE 5.18 SHARE OF TAXES PAID BY INCOME CATEGORY* 

• Overall System Usage • Non-Motorized • Auto 
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• Bus/Light Rail • Commuter Rail Tax Paid 
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• The contents in this chart use both work and non-work trips; rail capacity uses only work trip data . 
• Share of Tax Paid includes sales and gasoline taxes. 

The 2008 RTP environmental justice analysis performed a comparative analy- DISTRIBUTION OF TRAVEL TIME SAVINGS 
sis of the amount of taxes (sales, gasoline, and income) paid by five income This analysis involved measuring the average travel time for both work trips 

groups. Figure 5.18: Share of Taxes Paid by Income Category, indicates that and non-work trips. SCAG assesses the distribution of travel time savings that 

tax burdens are expected to fall heavily on higher-income groups. The lower- are expected to result from the Plan's implementation. SCAG conducted this 

income groups (Quintile I and Quintile II), which use bus and light rail as analysis for transit (Le. bus and light rail) and automobile. These travel time 

their primary modes of travel, are anticipated to pay 22 percent of taxes. savings were reported as a proportion of the total travel time savings for each 

mode. 

Figure 5.19: Share of Transit System Usage, Transit Travel Time Savings, and 

Taxes Paid, shows the results for low-cost transit modes, such as local bus and 

light rail, for the five income groups. According to the 2008 RTP analysis, 

the two lowest-income quintiles will pay just over 20 percent of total taxes 

collected in the region, but will enjoy 65 percent of the transit time savings. 

The two highest-income quintiles share of taxes (60 percent) will exceed the 

benefits they receive in local transit time savings (16 percent) and account 

for only 9 percent of total bus and light rail usage. The findings indicate that 
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transit travel times for lower-income groups for both work and non-work trips 

are expected to decrease due to the number of new bus and rail improvements 

proposed in the 2008 RTP. 

FIGURE 5.20 SHARE OF AUTO USAGE, AUTO TRAVEL TIME SAVINGS, AND 
TAXES PAID 

• Auto Usage • Auto Travel Time Savings • Tax Paid 
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Results are also shown for trips made by automobile. Figure 5.20: Share of 

Auto Usage, Auto Travel Time Savings, and Taxes Paid, illustrates that the 

share of benefits is proportionate to the share of taxes paid. Higher-income 

groups are anticipated to have the most benefit in auto travel time savings, 

but will also incur the highest taxes. This can be attributed to the fact that 

higher-income groups (Quintiles IV and V) have higher access to private au

tomobiles and will use this as their primary mode of travel. However, that 

benefit comes at a steep price, as the two highest-income quintiles pay for 60 

percent of total taxes. 
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TRAVEL DISTANCE REDUCTIONS 

Another way of estimating benefits is to calculate savings in terms of person

miles traveled (PMT). These results indicate that the share of auto travel dis

tance savings, like that for time savings, generally resembles the share of usage 

and taxes paid. 

The underlying assumption for Figure 5.21: Share of Auto Usage, Auto Travel 

Distance Savings and Taxes Paid, is that the share of auto travel distance savings 

is generally proportionate to the share of taxes paid and transportation system 

usage between all income groups. The taxes paid by the highest,income group 

(36 percent) are anticipated to exceed their share of benefits (27 percent). The 

lowest,quintile group is expected to have the least amount of benefits, ac

counting for 12 percent of auto usage and travel distance savings. They will 

also pay the least amount of taxes at 9 percent. Higher,income groups are 

anticipated to have the most benefits because their primary mode of travel 

will be the automobile. 
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FIGURE 5.21 SHARE OF AUTO USAGE, AUTO TRAVEL DISTANCE SAVINGS 
AND TAXES PAID 

• Auto Usage • Auto Travel Distance Savings • Tax Paid 
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ENVIRONMENTAL IMPACTS 

Transportation projects can have both a positive or negative impact on the 

environment. On the one hand, investments can cause travelers to shift to 

less-polluting modes (e.g., bus, train, carpooling, or commuter rail). On the 

other hand, investments that increase traffic on a particular facility usually 

degrade air quality in the immediate vicinity of that facility.lO 

Air Pollutant Emissions 

Minorities and low-income groups may be particularly vulnerable to the ef

fects of air pollution. SCAG's analysis is based on emissions estimates for 

pollutants that have localized health effects: carbon monoxide (CO) and par

ticulate matter (PM). Analysis was also conducted for PM exhaust emissions 

from heavy-duty vehicles, an indicator for diesel toxic air contaminants. The 

results were computed based on the average emissions at the TAZ level and 

weighted according to the population of each ethnic or income group in that 

lOCaltrans. Desktop Guide: Environmental Justice in Transportation Planning Investments. 
January 2003. 

TAZ. This analysis focuses on air emissions and noise impacts generated from 

aviation and highway activity. 

It is important to note that total emissions of all pollutants in the region will 

decrease compared to existing conditions with or without the Plan, due to 

the combination of measures being taken to meet air quality standards. Since 

the Plan must demonstrate conformity with regional air quality management 

plans that call for reductions in emissions of air pollutants, the Plan itself will 

likewise result in reductions of pollutant emissions. This is generally because 

the Plan investments will alleviate roadway congestion and provide a greater 

range of alternatives to the use of a car. The following analysis, however, is 

based on a comparison of Plan to Baseline conditions, rather than a compari

son of Plan to current conditions. 

Since ambient pollutant concentration levels that are directly linked to lo

calized emissions could not be easily estimated, the geographic emissions 

distribution analysis presented here focuses on pollutants that tend to have 

localized effects which are generally proportionate to emissions-carbon mon

oxide (CO) and fine particulate matter (PMIO). The analysis does not cover 

pollutants that do not have localized effects proportionate to emissions, but 

are regionally distributed as a result of chemical interactions, photochemical 

reactions and meteorology (VOC, NOx, and SOx). 

In addition, this methodology assumes that all residents in a given TAZ are 

equally exposed. Generally, both CO and PMlO tend to impact those locat

ed closest to the source of emissions. Thus, in a TAZ containing a roadway, 

those closest to the roadway would experience greater emissions and potential 

health impacts than those located further away. This differential as it might 

exist within TAZs is not addressed by this analysis; only differences between 

the aggregate demographic totals of different TAZs are addressed. Notwith

standing these assumptions, the methodology presents a reasonable gross 

measure of air quality impacts of mobile sources in the region. 

2008 REGIONAL TRANSPORTATION PLAN 183 

AR0072588 



FIGURE 5.22 DECREASE IN AIR POLLUTANT EMISSIONS BY INCOME 
CATEGORY (PLAN VS. BASELINE, 2035) 
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FIGURE 5.23 DECREASE IN AIR POLLUTANT EMISSIONS BY ETHNICI 
RACIAL CATEGORY (PLAN VS. BASELINE, 2035) 
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Overall, the region as a whole will generally experience an improvement in 

air quality via reductions in transportation-related emissions. As illustrated 

by Figure 5.22: Decrease in Air Pollutant Emissions by Income Category, and 
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Figure 5.23: Decrease in Air Pollutant Emissions by Ethnic/Racial Category, on 

a regional scale, all income and ethnic groups will experience reductions in 

PMlO and CO under the Plan . 

Aviation Noise Impacts 

The SCAG Region supports the nation's largest regional airport system in 

terms of number of airports and aircraft operations, operating in a very com

plex airspace environment. One significant challenge is striking a balance 

between aviation capacity needs of Southern California with local quality-of

life constraints for the affected populations. 

Projected noise impacts from aircraft operations at the region's airports in 2035 

were modeled for inclusion in the PEIR for the RTP. For each airport, model

ing produced a contour or isoline for the 65 dB Community Noise Equivalent 

Level (CNEL), a measure of noise that takes into account both the number and 

the timing of flights, as well as the mix of aircraft types. The Federal Aviation 

Administration (FAA) considers residences to be an "incompatible land use" 

with noise at or above 65dB this CNEL level. 

To identify potentially impacted populations, the anticipated population 

within the 65 dB CNEL contour was calculated by the following steps: 

1. Calculating the percentage of TAZs that would lie within a 65 dB CNEL 

contour 

2. Assigning the SCAG projected population to the TAZ 

3. Applying the demographic breakdown of the TAZ as a whole to the pop

ulation within the 65 dB CNEL contour 

For the purposes of this study, Aviation Noise Areas are defined as areas that 

are adversely affected by aircraft and airport noise. Figure 5.24: Distribution 

of Households in Aviation Noise Areas by Income Category, demonstrates that 

there is a marginal disproportionate impact between each income group in 

the 2008 RTP, which is similar to the findings in the 2004 RTP. The dispar

ity between the lowest and highest quintile groups is approximately 7 per

cent. Each income quintile (by definition) contains 20 percent of the region's 
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households in 2035. Under the 2008 RTP, the lowest-income group (Quintile 

1) will represent 23 percent of the households impacted by noise above the 

65 dB CNEL. 

FIGURE 5.24 DISTRIBUTION OF HOUSEHOLDS IN AVIATION NOISE AREAS 
BY INCOME CATEGORY (PLAN VS. BASELINE, 2035) 
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FIGURE 5.25 DISTRIBUTION OF HOUSEHOLDS IN AVIATION NOISE AREAS 
BY ETHNIC/RACIAL CATEGORY (PLAN VS. BASELINE, 2035) 

• SCAG Region • Plan Aviation Noise Areas 
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Figure 5.25: Distribution of Households in Aviation Noise Areas by Ethnic/ 

Racial Category, indicates that the 2008 RTP is projected to have a dispropor

tionate aviation noise impact on minority groups. Although non-whites will 

comprise 77 percent of the region's population in 2035, they will make up 87 

percent of those affected by the 65 dB CNEL contour. In particular, 66 percent 

of the impacted population will be Hispanics, which is a 20 percent increase 

from the 2004 RTP . 

Although the gap between the income groups is projected to be a marginal 

difference, the environmental justice analysis results demonstrate that lower

income and minority residents still bear a disproportionate burden from avia

tion noise pollution with the 2008 RTP. 

Highway Noise Impacts 

Noise associated with highway traffic depends on a number of factors that 

include traffic volumes, vehicle speed, vehicle fleet mix (cars, trucks), as well 

as the location of the highway with respect to sensitive receptors. According 

to Federal Highway Administration (FHWA) guidance, noise impacts occur 

when noise levels increase substantially when compared to existing noise lev

els. For the purposes of this analysis, noise increases of 3 dB along highways, 

where noise levels are currently, or would be in the future above 66 dB, are 

considered to be significant, regardless of adjacent land use. 

The demographic characteristics of each impacted TAZ portion were aggregat

ed and compared with the regional demographics to determine if there would 

be any disproportionate impacts to any of the demographic groups identified. 

This approach identified a marginal disproportionate impact between each 

income group (see Figure 5.26: Distribution of Households in Highway Noise 

Areas by Income Category). The lowest-income group will account for 22 

percent of the affected population in 2035. There is a 6 percent difference 

between the lowest- and the highest-income quintiles. 
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FIGURE 5.26 DISTRIBUTION OF HOUSEHOLDS IN HIGHWAY NOISE AREAS 
BY INCOME CATEGORY (PLAN VS. BASELINE, 2035) 
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The 2008 RTP also found that minority populations were primarily affected by 

highway noise impacts. Figure 5.27: Distribution of Households in Highway 

Noise Areas by Ethnic/Racial Category, indicates that minority populations, 

specifically Hispanics, would be disproportionately impacted by highway 

noise. Approximately 59 percent of Hispanics would be residing in highway 

noise areas by 2035. 
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FIGURE 5.27 DISTRIBUTION OF HOUSEHOLDS IN HIGHWAY NOISE AREAS 
BY ETHNIC/RACIAL CATEGORY (PLAN VS. BASELINE, 2035) 
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The identification of these disparate highway noise impacts at the regional 

level can be attributed to the issue of incompatible land use, where high

polluting transportation projects, such as freeway construction, airport ex

pansions, or rail extension projects, are located in minority-populated neigh

borhoods. Corridor-level analysis should be conducted for proposed projects 

in areas where burdens are concentrated. In addition, the 2008 RTP proposes 

mitigating these impacts to the extent possible, for example, by requiring new 

soundwalls where freeway expansions are proposed. Furthermore, the RTP 

also proposes grade crossings, new technologies, and other clean technologies 

for goods movement corridors. 
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NEW SOCIAL EQUITY ELEMENTS 

In addition to the performance measures analyzed above, the 2008 RTP en

vironmental justice analysis has undertaken new components. Summarized 

below are the new initiatives that have either directly or indirectly resulted 

from the previous environmental justice discussions and comments received. 

• Accessibility: In the 2004 RTP environmental justice analysis, SCAG 

analyzed the percentage of jobs accessible within 4S minutes. The 2008 

RTP analysis instead used 30 minutes to calculate accessibility. SCAG 

determined that the 30-minute travel-time criterion was more indicative 

of accessibility to the locations of employment services. 

• Trips: In the 2008 RTP, both work and non-work trips were analyzed. 

Previous RTP environmental justice analysis included only work trips. 

In this analysis, both work and non-work trips were calculated for each 

TAZ. Incorporating non-work trips into the analysis provides a more 

accurate determination of allocation of benefits and burdens for each of 

the performance measures. 

• Access to Parks: In response to the comments on the draft 2008 RTP 

Environmental Justice analysis, SCAG conducted additional and new 

analysis on accessibility to parks from the perspective of the long-range 

regional transportation plan. 

• County Data: In response to the comments received on the draft 2008 

RTP Environmental Justice analysis, SCAG prepared additional and new 

analysis on a countywide level. This information is included as sup

plementary information. (See Environmental Justice Report, pages 26 

through 28.) 

CONCLUSION 

The 2008 RTP seeks to identify and address Title VI of the Civil Rights Act and 

any environmental justice implications of the planning processes and invest

ment decisions. It is critical for SCAG and policy-makers alike to ensure that 

their transportation programs, policies, and activities serve all segments of the 

region without generating disproportionately strong and adverse effects. 

Economic Impact Analysis 

DECLINE IN EMPLOYMENT GROWTH RATE 

As revealed in current and previous RTP growth forecasts, the region's employ

ment growth will slow down considerably after 2010, compared with historical 

trends. This sharp and unprecedented decline in job growth as well as under

lying changes in the makeup of the labor force in the region are due primarily 

to a large number of "Baby Boomers" starting to reach the age of retirement. 

The share of total population and households of elderly and retired persons 

in the region is projected to double from today. These households are more 

likely to be headed by minorities (Le., non-Hispanic White householders). 

Unlike the 1960-2000 period, the region will not have a large labor force to 

support a relatively small retired population. Instead, the region will experi

ence a situation in which a smaller labor force made up of minority house

holds will be supporting a relatively large retired population made up of non

minority households. Increased by immigration, these minority households 

will be larger, consist of multiple generations, and be headed by younger in

dividuals in the workforce. The size of our labor force as well as employment 

growth will be sensitive to these changes in demographics. 
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During the 2003-2035 forecast period, employment growth will be constrained FI GURE 5.28 HISTORICAL AND PROJ ECTED SCAG REGION 

by the size of the anticipated labor force. A major challenge for the region will EMPLOYMENT GROWTH RATES 

be to prepare and match younger workers with future jobs. Matching needed 

skills and education levels with new and especially better-paying future jobs 

will affect migration trends and immigration levels. These impacts will be felt 

the most after 2010. During the last 40 years (1960-2000), while the region 

expanded its job base at an annual compound growth rate of 2.4 percent, the 

region's job growth rate is now projected to be only 0.84 percent during the 

25-year period between 2010 and 2035 (Figure 5.28). 

This is about one-third of what was achieved in prior decades. The projected 

employment growth trends after 2010 suggest an imbalance between the size 

of the labor force, the retired population that employed workers must support, 

and the amount of job growth that can be achieved. As a result, the regional 

economy is expected to face tremendous downward pressure and may not be 

able to produce the jobs, wealth, and prosperity that it did in prior decades. 

The economic health of the region is tied to job growth, particularly the cre

ation of high-paying jobs that match the skills and education level of the 

region's future workforce made up primarily of households headed by minor

ity populations. 
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PUBLlC- AND PRIVATE-SECTOR INVESTMENTS 

The 2008 RTP proposes investing $234 billion in 2007 constant dollars (or 

$412 billion) from public funding sources between 2007 and 2035. In addi

tion, consistent with strategies laid out in previous SCAG RTPs, the 2008 RTP 

continues to emphasize using innovative financing tools, such as user-based 

fees and direct investment from the private sector to address challenges limit

ing transportation revenue growth, constraining transportation investments, 

and enlarging gaps in unmet transportation demand. The innovative funding 

revenues which are deemed reasonably available for the 2008 RTP planning 

horizon are projected to be around $75.6 billion in 2007 constant dollars (or 

$125 billion in nominal dollars)l1 between 2007 and 2035. 

The economic impacts from private-sector-funded projects are different from 

those funded by tax dollars. Since transportation projects funded by retail 

sales and gasoline tax revenues are simply extensions of past economic trends, 

most of their economic impacts are reflected either in the existing employ-

11 Including additional gas tax and sales tax of $12 billion in 2007 constant dollars 
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ment base, or in the baseline employment growth forecast. However, enabling TABLE 5.6 

private sector engagement in transportation investments through innovative 

AVERAGE ANNUAL ECONOMIC IMPACTS FOR 2008 RTP 
(DIRECT, INDIRECT AND INDUCED IMPACTS) 

financial arrangements will generate and create new economic activities not 

experienced before and not captured by past historical trends. As a result, 

private-sector investments in transportation infrastructure will work to boost 

regional economic and job growth above the Baseline growth forecast (Eco

nomic Impact Analyses for the 1998, 2001, and 2004 RTPs). 

The impacts of the RTP expenditures were estimated using the economic in

put/output model (IMPLAN) and are presented in Table 5.6. The implementa

tion of public-sector-funded infrastructure projects recommended in the 2008 

RTP is projected to account for almost 120,000 jobs annually, while projects 

proposed in the RTP funded through innovative financing would create a net 

additional 32,800 jobs annually during the planning period. 

AVrag~ Ann~al Employment Output Income 
(Mi~~:~S $;~07) (No. of Jobs) (Millions $2007) (Millions $2007) 

Public 
$8,540 119,600 $15,300 $4,200 

Sector 

Private 
$2,700 32,800 $4,890 $1,220 

Sector 

Source: Draft 2008 RTP & SGAG Input-Output Model 
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T
his section discusses how SCAG, as the MPO for the six-county region, 

monitors the implementation of the 2008 RTP and monitors its prog

ress in achieving its stated goals and system performance. 

As discussed in Chapter II, the 2008 RTP comes at a time of great chal

lenges. SCAG and its partners believe they have addressed these challenges 

from a planning perspective. However, as with any plan, its success or failure 

depends on the execution. 

SCAG intends to continue its longstanding role as the monitoring agency for 

Plan implementation in all its facets. 

Implementing the RTP 

REGIONAL TRANSPORTATION IMPROVEMENT PROGRAM (RTlP) 

The RTIP is the tool for the Metropolitan Planning Organizations (MPOs) to 

monitor and implement their RTP. The RTIP is updated every two years, the 

most recent being in 2006. 

county transportation improvement programs (TIPs). These Guidelines are 

consistent with SAFETEA-LU and the Metropolitan Transportation Program

ming final rule: 23 CFR Parts 450 and 500, and 49 CFR Part 613. 

The RTP non-motorized, rideshare, ITS, and TDM investments were developed 

in consultation with the county transportation commissions and the IVAG. 

These investments are annualized in the RTIP Guidelines in order to provide 

the county transportation commissions and IVAG with average yearly invest

ments. The investments are reflected in the RTIP Guidelines by category in 

order to facilitate monitoring and ensure RTP implementation. 

The RTIP Guidelines also contain the RTP constrained project listing. The 

counties need to program these projects for initiation within an appropriate 

time frame to ensure that they become operational during the time frame 

indicated in the RTP. 

The projects identified within the RTP and RTIP must be financially con

strained. The RTIP Guidelines provide the RTP funding forecasts for the pro

gramming years associated with the RTIP cycle under development. The CTCs 

and IVAG should program within the RTP forecasts. If a county programs 
The RTIP provides a listing of projects proposed for implementation in the Re- more in project costs than can be accommodated by the RTP financial fore

gion during the six-year period covered by the document. The RTIP projects casts, then appropriate justification must accompany the county TIP docu

are described in detail, including the funding amounts allocated by source mentation and be accepted by SCAG prior to TIP approval. 
and fiscal year. RTIP projects are categorized according to the transportation 

system to which they apply: state highways, local highways, or transit. 

The passage of SAFETEA-LU in 2005 has created additional requirements for 

the RTP and RTIP, including an expanded public participation plan with ex

panded consultation requirements, the use of visualization techniques, pub

lication of an annual list of obligated projects and the requirement that all 

regionally significant projects be listed individually. 

One of the first steps in RTP implementation is that during each RTIP devel

opment cycle, SCAG provides the county transportation commissions (CTCs) 

and Imperial Valley Association of Governments (IVA G) with RTIP Guidelines. 

The RTIP Guidelines are used by the counties in the development of their 

CONGESTION MANAGEMENT PROCESS 

The Congestion Management Process as implemented in the SCAG region 

provides for a comprehensive and integrated transportation planning process 

that links together the RTP, RTIP, and county-level Congestion Management 

Programs. 

BACKGROUND 

The United States Safe, Accountable, Flexible, Efficient Transportation Equity 

Act: A Legacy for Users (SAFETEA-LU) requires the development, establish-
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ment and implementation of a Congestion Management Process which is 

fully integrated into the regional planning process. 

The Federal Highway Administration defines the congestion management 

process as a "systematic approach required in transportation management 

areas (TMAs) that provides for effective management and operation, based 

on a cooperatively developed and implemented metropolitan-wide strategy, 

of new and existing transportation facilities eligible for funding under Title 

23 u.s.c. and Title 49 U.S.c., through the use of operational management 

strategies." 

SCAG's Congestion Management Process is a comprehensive strategy de

signed to relieve traffic congestion and maintain high levels of service on 

roadways within the Southern California region. SCAG has facilitated efforts 
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by counties and subregions to develop County-level Congestion Management 

Programs (CMPs) in cooperation with regional and subregional transporta

tion providers, local governments, Caltrans, and the South Coast Air Quality 

Management District. 

In the SCAG region, Los Angeles, Orange, Riverside, San Bernardino, and 

Ventura Counties are contained within Transportation Management Areas 

(TMAs). The Federal Highway Administration (FHWA) defines TMAs as the 

following: 

1. All urbanized areas over 200,000 in population, and any other area that 

requests such designation 

2. An urbanized area with a population over 200,000 (as determined by 

the latest decennial census) or other area when TMA designation is re

quested by the governor and the MPO (or affected local officials), and 

officially designated by the administrators of the FHWA and the PTA. 

The TMA designation applies to the entire metropolitan planning area(s) 

(23CFRSOO) 

The County Transportation Commission in each county also functions as a 

Congestion Management Agency (CMA) under California regulations. To 

meet the federal Congestion Management Process requirements, SCAG and 

the county CMAs have come together to develop a Congestion Management 

Process for the region. Under California law, the Congestion Management 

Programs (CMPs) are prepared and maintained by the respective CMAs: 

• The Los Angeles County Metropolitan Transportation Authority 

(LACMTA) 

• The Orange County Transportation Authority (OCTA) 

• The Riverside County Transportation Commission (RCTC) 

• The San Bernardino Associated Governments (SANBAG) 

• The Ventura County Transportation Commission (VCTC) 
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With the exception of small portions of Riverside and San Bernardino Coun

ties, all counties within the TMA are designated as ozone non-attainment ar

eas. SCAB covers the urbanized portions of Los Angeles, Orange, Riverside, 

and San Bernardino Counties. 

Federal funds may not be programmed in the carbon monoxide and ozone 

non-attainment areas of the Transportation Management Areas (TMAs) for 

any project that will result in a significant increase in single-occupant vehicle 

(SOV) capacity unless that project is addressed through a CMP. 

The CMPs work in collaboration with the AQMP in several areas, but most 

significantly through the TCMs. Most TCM projects identified in the RTIP 

are designed to help relieve congestion at the local level. Thus, implementa

tion of the AQMP helps local governments tackle congestion, which, in turn, 

reduces emissions from idling vehicles or the number of vehicles traveling on 

congested roadways, and also helps maintain service level standards. At the 

same time, the CMP process provides local governments with a mechanism to 

contribute to the regional effort toward attaining the NAAQS. 

REGIONAL CONGESTION MANAGEMENT ELEMENTS 

In compliance with the sections of the Metropolitan Planning Regulations [23 

U.S.c. 134 and 49 U.S.c. 5303- 5305], SCAG's Congestion Management Pro

cess comprises the following Regional Congestion Management Elements: 

• The Regional Transportation Plan (RTP) 

• The counties' Congestion Management Programs (CMPs) 

• The Regional Transportation Improvement Program (RTIP) 

The functionality of each element is described in the following sections. 

Regional Transportation Plan (RTP) 

SCAG's RTP establishes overall long-term mobility policies for the movement 

of people and goods, including congestion relief strategies for all regionally 

significant facilities and activities (projects and programs). 

Congestion Management Program (CMP) 

There are five CMAs in the SCAG region and each develops a CMP for their re

spective county. The degree of urbanization varies from one county to anoth

er and consequently the magnitude of congestion will also vary. The CMPs' 

efforts have been brought together on a regionwide basis and integrated into 

the SCAG regional planning process. 

SCAG's Regional Council and the Regional Transportation Agencies Coali

tion ensure consistency between the county CMPs and SCAG's RTP and RTIP, 

through project implementation. 

In 1995, SCAG and the CMAs developed the following criteria to ensure con

sistency and compatibility between the regional transportation planning pro

cess and the county congestion management process: 

• CMP consistency with the current RTP 

• Interregional (inter-county) coordination between the CMPs' goals and 

objectives 

• Consistency between countywide model!database and SCAG's model! 

database 

• All regionally significant CMP projects are to be modeled and incorpo-

rated into SCAG's Regional Transportation Modeling System (network) 

The purpose of these criteria is to hold each county CMP responsible for the 

goals and objectives of SCAG's RTP. Compliance with the above criteria is 

essential, particularly for CMP projects that are going to be programmed into 

the SCAG RTIP. 
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TABLE 6.1 CMPS IN THE SCAG REGION 

County ~:~~~;t~~~~)anagement Congestion Management Program 

2004 Congestion Management 

Los Angeles 
Los Angeles County Metropolitan Program for Los Angeles County 
Transportation Authority (LACMTA) (Updated Statement of Conformity 

issued in 2007) 

Orange County Transportation 
2007 Orange County Congestion 

Orange 
Authority (OCTA) 

Management Program (November 
2007) 

Riverside 
Riverside County Transportation 2006 Riverside County Congestion 
Commission (RCTC) Management Program 

San Bernardino 
San Bernardino Associated Gov- 2005 Congestion Management Pro-
ernments (SAN BAG) gram for San Bernardino County 

Ventura 
Ventura County Transportation 2005 Ventura County Congestion 
Commission (VCTC) Management Program 

All county CMPs share the same goal of reducing congestion and applying 

congestion relief strategies. However, there are different priorities in the selec

tion of related strategies based on the needs of each county. Therefore, each 

county CMP differs in form and local procedure. By state statute, all CMPs 

must perform the same functions outlined below and must be consistent with 

the federal requirements. 

Highway Performance - Each CMA monitors the performance of an identi

fied highway system. This allows each county to track how their systems, and 

their individual components, are performing in comparison to established 

standards, and how performance changes take place over time. 

MultiModal Performance - In addition to highway performance, each CMP 

contains an element to evaluate the performance of other transportation 

modes, including transit. 
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Transportation Demand Management (TDM) - Each CMP contains a TDM 

component geared to reducing travel demand and promoting alternative 

transportation methods. 

Land-Use Programs and Analysis - Each CMP incorporates a program to 

analyze the impacts of local land-use decisions on the regional transportation 

system. 

Capital Improvement Program (CIP) - Using data and performance measures 

developed through the activities identified above, each CMP develops a CIP. 

This becomes the first step in developing the County TIP. Under state law, 

projects funded through the Regional Transportation Improvement Program 

(RTIP) must first be contained in the CMP. 

Deficiency Plan - Despite the above-stated efforts, when unacceptable levels 

of congestion occur, the respective CMP contains a set of "deficiency plan" 
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provisions to address the problems. Deficiency plans may be developed for 

specific problem areas or on a countywide-system basis. Projects implement

ed through the deficiency plan must, by statute, include both mobility and 

air quality benefits. In many cases, the deficiency plan captures the benefits 

of the transportation projects beyond the SCAG RTIP such as non-federally 

funded/non-regionally significant projects. 

Information on the CMP activities and resulting data are updated on a bien

nial basis by each CMA and supplied to SCAG and the respective air quality 

management district. 

Regional Transportation Improvement Program (RTlP) 

All federally funded congestion relief strategies (projects and programs) are 

programmed into the RTIP in the SCAG region. Under state law, the CMP 

projects must be incorporated into the RTIP in order to receive federal and 

state funds. Under federal law, the RTIP must be updated every four years 

for funding. Note that the CMP documents list additional projects which are 

100% locally funded and not regionally significant, such as the transportation 

demand management (TDM) and bike lane projects, as these also cumula

tively help mitigate congestion. 

In non-attainment and maintenance areas, the RTIP projects as a whole, 

including congestion relief projects, must fulfill the Transportation Confor

mity requirements. In project-level analysis, the projects requiring federal 

action (funding or approval) are subject to Environmental Impact Study (EIS) 

through the National Environmental Policy Act (NEPA). This is an evaluation 

and analysis of the alternatives. The selected alternative will then be incorpo

rated into the RTP and RTIP for implementation. 

Regionally Significant Transportation 
Investment Studies 
Within the context of regional transportation planning, the first step toward 

strategy or program development is the Regionally Significant Transportation 

Investment Study (RSTIS), or a corridor feasibility study of alternatives includ

ing a National Environmental Policy Act (NEPA) "purpose and need" state

ment and preliminary environmental documentation. 

SCAG, in cooperation with other stakeholders, will approve the initiation and 

scope of an RSTIS. Before a project may be included in the RTIP for construc

tion, the project must be one of the alternatives in a completed RSTIS, and 

must have a completed project initiation document and cleared environmen

tal documents. 

Regionally significant alternatives must be evaluated by the RTP performance 

measures in order to be considered for incorporation in the RTP. RSTIS analy

ses are currently being performed for corridors in the region, including the 

South Orange County Major Investment Study and the Orange County/Los 

Angeles Intercounty Transportation Study. The 2008 RTP includes alterna

tive modes and technologies (intelligent transportation vehicle and highway 

systems), general alignment, number of lanes, the degree of demand manage-
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ment and operating characteristics. Furthermore, an RSTIS is required to eval

uate the effectiveness and cost-effectiveness of alternatives in attaining local, 

regional, state and national goals and objectives. This analysis considers the 

direct and indirect costs (of capital, operating and maintenance, and rights-of

way) of alternatives; benefits or impacts of mobility improvements; air quality 

requirements; social, economic and environmental impacts, including envi

ronmental justice; safety, operating efficiencies; financing (federal, state and 

private sources); energy consumption; and public outreach. The results of 

the RSTIS help shape decisions by SCAG, in cooperation with participating 

public and private organizations, on the design and scope of the investment 

for the RTP. The preferred alternative of an RSTIS must meet the performance 

and financial criteria established by the RTP, and it must be approved by the 

Regional Council before being included in the RTP and RTIP. 

An RSTIS is eligible for funds authorized under Sections 8, 9 and 26 of the 

Federal Transit Act, state planning funds, as well as planning and capital funds 

appropriated under Title 23, United States Code. 

RSTIS or other analyses are appropriate when regionally significant invest

ments in the RTP have not developed sufficient environmental analysis, de

sign concept and scope (mode and alignment not fully determined). In cases 

requiring further analysis, the RTP may stipulate either a set of assumptions 

concerning the proposed improvement or a no-build condition pending the 

completion of a corridor or sub-area analysis. In either case, the RTP provides 

enough detail to provide a plan conformity determination. 

Monitoring Our Progress 
As the designated MPO for the six-county region, SCAG monitors transporta

tion plans, projects and programs for consistency with regional plans. SCAG 

also monitors the performance of the transportation system. This perfor

mance monitoring is especially important to the planning process for future 

RTPs. It is impossible to solve our regional transportation problems unless we 

are able to identify and measure them effectively. 
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SCAG prepares the RTP using performance-based measures that help public 

officials to better analyze transportation options and trade-offs and make in

formed decisions. By examining the performance of existing systems over 

time, SCAG monitors trends and identifies regional transportation needs that 

may be considered in the RTP. Performance measurements help clarify the link 

between transportation decisions and eventual outcomes, thereby improving 

the discussion of planning options and communication with the public. This 

also helps determine which improvements provide the best opportunities for 

maximizing the system's performance within the defined constraints. 

SCAG has developed performance measures (see Chapters I and V) for the 

regional transportation system. New tools are also being developed that will 

help SCAG monitor system performance over time. The Freeway Performance 

Measurement System (PeMS), developed by UC Berkeley, Caltrans, and the 

California Partners for Advanced Transit and Highways (PATH), has the abil

ity to measure freeway speeds, delay, and reliability for the regional freeway 

system. SCAG monitors a number of performance measures through a bench

marking process in the annual State of the Region report. 
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Transportation planning for the region requires continually improved infor

mation on the condition and utilization of the transportation system. Special 

reports are required periodically from SCAG to show the condition of the 

highway infrastructure and to monitor the region's overall traffic. The High

way Performance Monitoring System (HPMS) is a federally mandated program 

designed by the Federal Highway Administration (FHWA) to assess the perfor

mance of the nation's highway system. Under the Clean Air Act, SCAG is also 

required to report periodically on vehicle miles traveled in each air basin to 

determine whether traffic growth is consistent with the projections on which 

the State Implementation Plans (SIPs) are based. 

The HPMS is one of the components of an Internet-based transportation sys

tem currently under development, the Regional Transportation Monitoring 

Information System (RTMIS). RTMIS is the source for real-time and historical 

transportation data collected from different local and regional transportation 

agencies as well as from private data sources. Based on a GIS mapping system, 

RTMS will be the main monitoring system for collection and distribution of 

highway and transit data, local and regional traffic information and activities, 

as well as hosting the subregional transportation monitoring programs. 

The following sections outline several of the significant tools used by SCAG to 

monitor regional progress in advancing the 2008 RTP. 

RTiP DATABASE MANAGEMENT 

To manage the RTIP process efficiently, SCAG has developed a web-based RTIP 

database. The new RTIP database serves as a listing for projects in the RTIP, as 

well as a mechanism for monitoring implementation of these projects. The 

new database includes a mapping component that allows the CTCs to view all 

the RTIP projects that have been modeled. The new database will playa piv

otal role in the creation of an audit trail for programmed projects. Moreover, 

it will also make it easier to submit the draft and final RTIP lists to Caltrans 

and the California Transportation Commission for their review and approval. 

The CTCs, Imperial Valley Association of Governments and SCAG staff are 

responsible for inputting this data into the RTIP database. Once the SCAG Re-

gional Council has approved the RTIP, the data is then transmitted to Caltrans 

for incorporation into the statewide database, or California Transportation 

Improvement Program System (CTIPS). 

CONFORMITY 

In federally designated non-attainment or maintenance areas, specific moni

toring procedures and tests for conformity are required under the federal 

Transportation Conformity Rule. At the time of conformity determination, 

the RTIP must be consistent with the RTP. At any given time, there is only one 

federally approved and conforming RTP and RTIP in place as the operating 

documents. During project implementation, sponsor agencies must imple

ment only those projects that are consistent with the conforming RTIP and 

RTP. The project design concept and scope also must be consistent with those 

reflected in the conforming RTIP. 

SCAG must be informed of any projects that are regionally significant and 

modeled, regardless of their funding sources. Project sponsors must also in

form SCAG (as the region's MPO) of any delay in implementing any TCM 

projects that are included in an approved SIP. In association with the CTCs 

and the TCWG, SCAG must report on the timely implementation of TCMs. 

The Timely Implementation Report is provided in the 2008 RTP Conformity 

Report. If a project cannot be implemented, the sponsor agency must of

ficially substitute or replace the affected TCM project. 

Additionally, SCAG monitors legal, legislative, and election processes that may 

impact the transportation conformity requirements, the implementation of 

any TCM or regionally significant projects. SCAG informs the sponsor agency 

of required actions to address any changes that may have been made. 

SCAG's TCWG and Modeling Task Force are two official forums used for in

teragency consultation. There may be additional ad hoc forums, if needed, to 

facilitate the required course of action. 
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HIGHWAY PERFORMANCE MONITORING SYSTEM (HPMS) 

HPMS is used as a transportation monitoring and management tool to de

termine the allocation of federal aid funds, to assist in setting policies and to 

forecast future transportation needs as it analyzes the transportation systems' 

length, condition and performance. Additionally, HPMS is used to provide 

data to the Environmental Protection Agency (EPA) to assist in monitoring 

air quality conformity, and its data is used in support of the Biennial Report 

to Congress on the Status of the Nation's Highways. In California, Caltrans 

implements the program annually. SCAG's responsibility is to assist Caltrans 

in collecting data from local jurisdictions, and in the distribution, collection 

and administration of all HPMS survey packages in the six-county region. 

VMT, EMISSION AND CONGESTION REPORT 

Six years after the enactment of the Clean Air Act Amendments of 1990, any 

state that contains serious and worse ozone non-attainment areas, or moder

ate and/or serious carbon monoxide non-attainment areas, is required to dem

onstrate whether current aggregate VMT, aggregate vehicle emissions, con

gestion levels and other relevant parameters are consistent with those used 

for the area's demonstration of attainment. As the region's MPO, SCAG is 

responsible for forecasting and tracking VMT, emissions and congestion, and 

submitting these reports to the ARB. VMT reports for ozone non-attainment 

areas are submitted every three years. 

TRANSIT SYSTEM PERFORMANCE ASSESSMENT 

Implementation of the RTP requires changes in the operating practices of 

transit agencies and the integration of the three tiers of transit into a single 

functioning system. The process of integration is the responsibility of the 

operators. SCAG will be evaluating the performance of selected operators to 

provide feedback and to transfer applicable lessons to other operators in the 
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region. The application of advanced transportation technologies applied to 

the scheduling and routing of transit will be evaluated. 

INTERGOVERNMENTAL REVIEW 

Under federal law, SCAG is designated as the Regional Clearinghouse for re

view of all submitted plans, plan changes, projects and programs for con

sistency with adopted regional plans and policies. Regionally significant 

transportation projects reviewed for consistency with regional plans are de

fined as: construction or expansion of freeways; state highways; principal 

arterials; routes that provide primary access to major activity centers, such 

as amusement parks, regional shopping centers, military bases, airports and 

ports; goods movement routes, including both truck routes and rail lines; in

termodal transfer facilities, such as transit centers, rail stations, airports and 

ports; and fixed transit routes, such as light and heavy rail and commuter rail. 

Any project involving transportation improvements is reviewed to determine 

whether such improvements are included in the RTIP. 

THE STATE OF THE REGION 

SCAG develops and publishes the annual State of the Region Report, which 

monitors the primary economic and transportation trends in Southern Cali

fornia and compares them to other major metropolitan regions in the country. 

The report helps to set goals for future RTP updates and provides indicators of 

regional progress from previous RTPs. 

Each report presents the major socioeconomic trends in the region, including 

population, employment, wages, and ethnic composition. It then presents a 

Report Card for a number of critical indicators, including air quality, modal 

share, transit ridership, congestion, and income based upon the actual trend 

and comparison results. The latest update of the Report will be released by 

the Regional Council in December 2007 and can be accessed via the SCAG 

website. 
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OTHER RELATED EFFORTS 

There are other efforts that SCAG partner agencies undertake that provide 

assistance with the overall monitoring of the RTP implementation. Data col

lected through these efforts can be used by agencies to make more informed 

decisions. These efforts include: 

Caltrans Highway Congestion Monitoring Program (HICOMP) - Caltrans 

compiles congestion information in an annual report that illustrates the 

trends in congestion in each Caltrans District. The report includes congestion 

magnitude, extent, and duration for the peak travel periods. 

Caltrans State Highway Operations and Protection Program (SHOPP) 10-

Year Plan - Caltrans updates their lO-year SHOPP Plan periodically, focus

ing on pavement conditions, safety, and operations. The Plan includes the 

programmed portion of the SHOPP as well as planned investments over a 

ten-year horizon. 

County-Level Congestion Management Program (CMP) Monitoring -

County Transportation Commissions monitor cities' performances regarding 

service levels on CMP systems and opportunities to mitigate the impacts of 

new development on the transportation system. 

County Long-Range Plans - Several County Transportation Commissions 

have developed 20-year Long-Range Plans that serve as input to the subse

quent RTP update. These plans are the blueprints for investments and ex

pected performance for the county. 

Transit Operator Short-Range Transit Plans - Transit operators also develop 

and publish short-range transit plans that define strategies and actions over 

the short term. 

Transit Operators' Performance Reports - Transit operators compile various 

performance data and submit their reports to the Federal Transit Administra

tion (FTA) annually. The PTA then compiles all the data provided by transit 

operators and stores them in the National Transit Database (NTD). The NTD 

provides a wealth of data that can be used to compare trends over time and 

among operators throughout the United States. 

Transit Operators' Triennial Audits - Transit operators undergo an audit ev

ery three years to ensure that they comply with state and federal regulations. 

The audit findings and recommendations are published and reviewed by Cal

trans and other agencies. 

Regionally Significant Transportation Improvement Studies (RSTIS) 

(formerly Major Investment Studies) Project sponsors develop these studies. 

SCAG monitors and assists the projects to ensure communication between the 

sponsors and SCAG, and to assure compliance with the RTP. 
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T
he RTP strategies discussed in Chapter III represent the region's collective 

vision for addressing our transportation needs within the constraints of 

committed, available, or reasonably available revenue sources. Despite 

the substantial commitments contained in the RTP, this level of invest

ment does not meet the overall needs identified through the RTP development 

process. If we truly want to address the needs set forth in this RTP, then we 

must look toward additional strategies and investments to get us there. Often 

this will entail controversial and difficult choices that will push the envelope 

and test the boundaries of what is politically acceptable. For now, these ele

ments are contained in the Strategic Plan with the recognition that they merit 

further study and that, over time and with further consensus building, these 

programs and policies may move forward into the constrained RTP. 

This chapter provides a brief illustrative overview of the additional strategies 

and investments that the region would pursue if additional funding were to 

become available, and after further consensus building to solidify commit

ment around specific projects and policies. It is envisioned that future up

dates or amendments to the RTP would draw from the projects contained 

in the Strategic Plan; exceptions would be handled on a case-by-case basis. 

While there is no funding strategy attached to the Strategic Plan, this chapter 

discusses additional potential funding sources that merit further study and 

evaluation. 

Unfunded System Preservation 
and Operations Needs 
Beyond the investments proposed in the 2008 RTP, there is a shortfall of $24 

billion in highway system preservation, and a shortfall of $8 billion in arterial 

and transit system preservation, through 2035. With the recognition that the 

costs of deferred maintenance could grow exponentially over time, invest

ment in preservation should be given priority for new funding sources beyond 

those identified in the 2008 RTP. 

Additionally, SCAG identified a shortfall of approximately $6.7 billion in high

way operations needs, and $1.3 billion in regionally significant arterial and 

transit operations needs, through 2035. SCAG, Caltrans, and our transporta

tion planning partners will continue to evaluate corridor-level performance, 

develop corridor system management plans, and incorporate the resulting 

recommendations into future Plans and Programs. 

Unfunded Capital Improvements 
There are approximately $273 billion in additional capital investment needs 

above what are identified in the financially constrained RTP. These projects 

address important transportation corridor needs in the region, but still face 

significant challenges in terms of local consensus on a preferred strategy, 

funding priority, or both, before potential inclusion in the RTP. For example, 

the proposed Orangeline project faces significant challenges in terms of right

of-way availability, funding commitment, and stakeholder consensus. In rec

ognition of the regional benefits the project may provide, it is being included 

in the Strategic Plan until such issues have been resolved. 

Regionally significant major corridor improvements in the Strategic Plan are 

identified in Table 7.1. A more complete list is contained in the RTP Project 

List report available at www.scag.ca.gov/rtp2008. 

Strategic Finance 
Recognizing that new sources of revenue over and above those already identi

fied in the RTP are required to help fund these unmet needs, SCAG will initi

ate a comprehensive study of congestion pricing strategies over the next year. 

A region wide congestion pricing strategy can be structured to help the region 

meet its transportation demand management and air quality goals while pro

viding a reliable and dedicated revenue source. The pricing mechanism could 

allow users of the transportation system to know the true cost of their travel, 

resulting in informed decision-making and more efficient use of the system. 

Potential pricing strategies can include a regional vehicle-miles-traveled fee 
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and/or a regional high-occupancy toll lane network. While promising, these 

strategies still face a number of significant hurdles-there is currently no leg

islative authority to implement such strategies, and there is no regional en

tity that exists to administer or implement such a comprehensive program. 

SCAG's study will attempt to address some of these hurdles by evaluating the 

feasibility of these strategies and coalescing regional consensus for potential 

input into the next update of the RTP. 

In addition to SCAG's regional congestion pricing initiative, a number of local 

efforts to study additional transportation revenues are underway or may be in 

the near future. The Los Angeles County Metropolitan Transportation Author

ity (MTA) is evaluating the feasibility of a Congestion Mitigation Fee as part 

of a proposed restructuring of its Congestion Management Program (CMP). If 

enacted, the fee would be imposed on new development and would generate 

new revenue to assist MTA in addressing congestion caused by growth. In 2004, 

the voters in Ventura County were asked to approve a local sales tax measure 

202 VII. FUTURE CONNECTIONS: THE STRATEGIC PLAN 

TABLE 7.1 MAJOR STRATEGIC PLAN PROJECTS 

Strategic Plan Project Description 

• Dedicated Lanes for Clean-Technology Trucks on an East -West Corridor connecting the 
Ports of LAlLB to and through the Inland Empire (1-710 to 1-15) 

• Dedicated Lanes for Clean-Technology Trucks on 1-15 (East-West Corridor to Barstow) 

• US-101 HOT Lanes (SR-23 to SR-134/SR-170) 

• CETAP Riverside County to Orange County (Corridor B from 1-15/Mid-County Pkwy to 
SR-133/SR-241) 

• Purple Line Extension to Century City and Santa Monica 

• Gold Line Extension to Ontario Airport 

• Metrolink and LOSSAN Strategic Plans 

• Santa Paula Branch Line 

• High-Speed Regional Transport - system extensions to Palmdale, Victorville, Coachella Valley, 
Imperial, Orange County, San Diego 

• High-Speed Regional Transport - California High-Speed Rail Authority (serving the SCAG 
region beyond the Union Station-Anaheim segment in the financially constrained RTP) 

• High-Speed Regional Transport - California-Nevada Maglev - Ontario Airport to Nevada State Line 

• Orangeline High-Speed Transit (Orange County - Union Station - Santa Clarita - Palmdale) 

for transportation. While the voters did not approve the sales tax increase, 

it remains a popular option for the region's counties to generate a significant 

amount of revenues dedicated to transportation. All of the other counties in the 

SCAG region have a local sales tax measure dedicated to transportation. 

Corridor Preservation 
For those corridor projects identified in the Strategic Plan, right-of-way pres

ervation should be undertaken to begin laying the groundwork for advancing 

these long-range improvements. The SCAG Region is pursuing an innovative, 

environmentally sensitive approach to considering future development and 

transportation projects. This approach envisions that transportation options 
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will be developed with consideration for environmentally sensitive land uses 

and habitat issues as part of the planning and design criteria. It would involve 

early and active involvement by all stakeholders at the local, state, and federal 

levels. 

This approach draws on the Community and Environmental Transporta

tion Acceptability Process (CETAP) undertaken in Riverside County, which 

serves as a template for other agencies and jurisdictions seeking to preserve 

rights-of-way for long-range transportation needs. The four CETAP corridors, 

two intra-county corridors-the Mid-County Parkway and the Winchester

Temecula Corridor-and two inter-county corridors-the Riverside County

Orange County Corridor (Corridor A) and the Moreno Valley-San Bernardino 

Corridor-are included in the financially constrained RTP. 

As Riverside County has shown, it is important to identify and preserve trans

portation corridors needed to expand or enhance transportation for future gen

erations. Local governments will find it difficult to obtain optimal locations for 

these corridors unless efforts to preserve them are made early. The American 

Association of State Highway and Transportation Officials (AASHTO) Report on 

Corridor Preservation states that early efforts provide the following benefits: 

• prevent inconsistent development 

• minimize or avoid environmental, social and economic impacts 

• prevent the loss of desirable corridor locations 

• allow for the orderly assessment of impacts 

• permit orderly project development, and 

• reduce costs 

Planners and policy-makers should start preparing strategies for preserving 

corridors now to prevent losing rights-of-way needed for transportation be

yond the year 2035. Rights-of-way preservation is a reasonable concern, par

ticularly in areas where development may block a long-range corridor. More 

opportunities to capitalize on preservation are available in less-urban areas, 

where local governments have an opportunity to obtain available land for 

new transportation facilities. 

The first step in this kind of planning is to identify potential long-range cor

ridors and determine if there is a need to preserve them. This will require 

intergovernmental coordination and should include a funding component. 

Next, criteria to evaluate and prioritize the selected corridors must be devel

oped. Once a corridor is selected, environmental studies will be needed. Tradi

tional preservation techniques include purchasing land or using government 

statutes to place a corridor alignment on a general plan land-use map. Other 

state and federal funds can be used to assist in acquiring land for long-range 

corridors. 
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GLOSSARY 

AASHTO American Association of State Highway and Transportation 
Officials - A nonprofit, nonpartisan association representing 
highway and transportation departments in the 50 states, the 
District of Columbia and Puerto Rico. 

AB 32 Assembly Bill 32 - Signed into law on September 26, 2006, it 
requires that the state's global warming emissions be reduced 
to 1990 levels by 2020. This reduction will be accomplished 
through an enforceable statewide cap on global warming emis
sions that will be phased in starting in 2012. In order to ef
fectively implement the cap, AB 32 directs the California Air 
Resources Board (CARB) to develop appropriate regulations and 
establish a mandatory reporting system to track and monitor 
global warming emissions levels. 

AB 169 Assembly Bill 169 - Provides for the sixteen federally recognized 
tribes in the SCAG Region to join the SCAG Joint Powers Author
ity OPA) to participate in the Southern California Association of 
Governments by voting at the SCAG General Assembly. 

ACE Alameda Corridor East - A 35-mile corridor extending through 
the San Gabriel Valley between East Los Angeles and Pomona 
and connecting the Alameda Corridor to the transcontinental 
railroad network. 

ADA Americans with Disabilities Act of 1990 - Guarantees equal op
portunity for individuals with disabilities in public accommo
dations, employment, transportation, state and local govern
ment services, and telecommunications. It prescribes federal 
transportation requirements for transportation providers. 

AJR Assembly Joint Resolution No. 40 - Introduced on August 23, 
2007, the Resolution calls upon the governor to declare a state 
of emergency in respect to the air quality health crisis in the 
South Coast Air Quality Basin related to emissions of PM2.5, 
and to direct steps necessary to address the emergency. 

ANCA Federal Airport Noise and Capacity Act of 1990 - Establishes a 
national aviation noise policy that reviews airport noise and ac
cess restrictions on operations for Stage 2 and Stage 3 aircraft. 
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Antelope Valley AQMD Antelope Valley Air Quality Management District - The air pol
lution control agency for the portion of Los Angeles County 
north of the San Gabriel Mountains. 

AQMP Air Quality Management Plan - Regional plan for air quality im
provement in compliance with federal and state requirements. 

ARB Air Resources Board - Refer to CARB, California Air Resources 
Board. 

ATIS Advanced Traveler Information Systems - Technology used to 
provide travelers with information, both pre-trip and in-vehi
cle, so they can better utilize the transportation system. 

ATMS Advanced Transportation Management Systems - Technology 
used to improve the operations of the transportation network. 

AVO Average Vehicle Occupancy - Calculated by dividing the total 
number of travelers by the total number of vehicles. 

Base Year The year 2003, used in the RTP performance analysis as a refer
ence point for current conditions. 

Baseline Future scenario which includes only those projects that are: 
existing, undergoing right-of-way acquisition or construction, 
come from the first year of the previous RTP or RTIP, or have 
completed the NEPA process. The Baseline is based upon the 
adopted 2006 RTIP. The Baseline functions as the "No Project" 
alternative used in the RTP Program EIR. 

BlS Bureau of Labor Statistics - The principal fact-finding agency for 
the federal government in the broad field of labor economics 
and statistics. 

BNSF Burlington Northern and Santa Fe Railway Company. 

BRT Bus Rapid Transit - Bus transit service that seeks to reduce travel 
time through measures such as traffic signal priority, automatic 
vehicle location, dedicated bus lanes, limited-stop service, and 
faster fare collection policies. 

AR0072609 



BTA Bicycle Transportation Account - Provides state funds for city 
and county projects that improve safety and convenience for 
bicycle commuters. 

CAA Clean Air Act (CAA) - 1970 federal act that authorized EPA to 
establish air quality standards to limit levels of pollutants in the 
air. EPA has promulgated such standards (or NAAQS) for six cri
teria pollutants: sulfur dioxide (S02), nitrogen dioxide (N02), 
carbon monoxide (CO), ozone, lead, and particulate matter 
(PMlO). All areas of the United States must maintain ambient 
levels of these pollutants below the ceilings established by the 
NAAQS; any area that does not meet these standards is a "non
attainment" area. States must develop SIPs to explain how they 
will comply with the CAA. The act was amended in 1977 and 
again in 1990. 

CAFR Comprehensive Annual Financial Report - Official annual fi
nancial report that encompasses all funds and financial compo
nents associated with any given organization. 

Cal B/C Model California Life-Cycle Benefit/Cost Analysis Model (Cal-B/C) -
Was developed for the California Department of Transportation 
(Caltrans) as a tool for benefit-cost analysis of highway and 
transit projects. It is an Excel (spreadsheet) application struc
tured to analyze several types of transportation improvement 
projects in a corridor where there already exists a highway facil
ity or a transit service (the base case). 

Caltrans California Department of Transportation - State agency respon
sible for the design, construction, maintenance, and operation 
of the California State Highway System, as well as that portion 
of the Interstate Highway System within the state's boundaries. 

CARB California Air Resources Board - State agency responsible for 
attaining and maintaining healthy air quality through setting 
and enforcing emissions standards, conducting research, moni
toring air quality, providing education and outreach, and over
seeing/assisting local air quality districts. 

GLOSSARY 

Catalytic Demand Additional aviation demand that is created by companies that 
locate in the proximity of expanding airports with developable 
land around them, to reduce airport ground access time and 
costs for their employees and clients. Catalytic demand is great
est for large hub airports, particularly international airports. 

CEHD Community, Economic and Human Development Commit
tee - A SCAG committee that studies the problems, programs 
and other matters which pertain to the regional issues of com
munity, economic and human development and growth. This 
committee reviews projects, plans and programs of regional 
significance for consistency and conformity with applicable re
gional plans. 

CEQA California Environmental Quality Act - State law providing cer
tain environmental protections that apply to all transportation 
projects funded with state funds. 

CETAP Community Environmental and Transportation Acceptability 
Process - Part of the Riverside County Integrated Project that 
is examining where to locate possible major new multimodal 
transportation facilities to serve the current and future trans
portation needs of Western Riverside County, while minimizing 
impacts on communities and the environment. 

CHSR California High-Speed Rail Authority - Agency responsible for 
planning, designing, constructing and operating a state-of-the
art high-speed train system in California. 

CIP Capital Improvement Program - Long-range strategic plan that 
identifies capital projects; provides a planning schedule and fi
nancing options. 

CMAQ Congestion Mitigation and Air Quality Program - Federal pro
gram initiated by ISTEA to provide funding for surface transpor
tation and other related projects that contribute to air quality 
improvements and reduce congestion. 
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CMIA Corridor Mobility Improvement Account - These funds would 
be allocated by the California Transportation Commission to 
highly congested travel corridors in the state. Projects in this 
category must be a high priority; be able to start construction 
by 2012; improve mobility in a highly congested corridor by 
improving travel times and reducing vehicle hours of delay; 
connect the State Highway System; and improve access to jobs, 
housing, markets and commerce. 

CMP Congestion Management Program - Established by Proposition 
111 in 1990, requires each county to develop and adopt a CMP 
that includes highway and roadway system monitoring, mul
timodal system performance analysis, transportation demand 
management program, land-use analysis program and local 
conformance. 

CNSSTC California-Nevada Super Speed Train Commission - Public-pri
vate Partnership developed to promote a high-speed link be
tween California and Nevada. 

CO Carbon monoxide - A colorless, odorless, poisonous gas formed 
when carbon in fuels is not burned completely. It is a byprod
uct of highway vehicle exhaust, which contributes about 60 
percent of all CO emissions nationwide. 

COG Council of Governments - Under state law, a single or multi
county council created by a joint powers agreement. 

COMPASS/Growth A planning process guided by input from the public and initiat
Visioning ed by SCAG to develop a regional strategy for addressing future 

growth in Southern California. 

Congestion Manage- Congestion Management Process - Systematic approach re-
ment Process quired in transportation management areas (TMAs) that pro

vides for effective management and operation, based on a co
operatively developed and implemented metropolitan-wide 
strategy, of new and existing transportation facilities eligible for 
funding under title 23 U.S.c. and title 49 U.S.c., through the 
use of operational management strategies. 

Congestion Pricing User fee imposed on vehicles during peak demand periods on 
congested roadways. 
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Constant Dollars Dollars expended/received in a specific year adjusted for infla
tion/deflation relative to another time period. 

Corridor In planning, a broad geographical band that follows a general 
directional flow or connects major sources of trips. It may con
tain a number of streets and highways, and transit lines and 
routes. 

CTC California Transportation Commission - A nine-member board 
appointed by the governor to oversee and administer state and 
federal transportation funds and provide oversight on project 
delivery. 

CTIPS California Transportation Improvement Program System - A 
project programming database system used to efficiently and ef
fectively develop and manage various transportation program
ming documents as required under state and federal law. 

CTP California Transportation Plan - A statewide, long-range trans
portation policy plan that provides for the movement of people, 
goods, services, and information. The CTP offers a blueprint to 
guide future transportation decisions and investments that will 
ensure California's ability to compete globally, provide safe and 
effective mobility for all persons, better link transportation and 
land-use decisions, improve air quality, and reduce petroleum 
energy consumption. 

CVO Commercial Vehicle Operations - Management of commercial 
vehicle activities through ITS. 

Deficiency Plan Set of provisions contained in a Congestion Management Plan 
to address congestion, when unacceptable levels of congestion 
occur. Projects implemented through the Deficiency Plan must, 
by statute, have both mobility and air quality benefits. 

DTIM Direct Travel Impact Model - A vehicle emissions forecasting 
model. 

EDF Environmental Defense Fund - A national nonprofit organiza
tion that seeks to protect the environmental rights of all people, 
including future generations. 
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EIR Environmental Impact Report - An informational document, 
required under CEQ A, which will inform public agency deci
sion-makers and the public generally of the significant environ
mental effects of a project, possible ways to minimize signifi
cant effects, and reasonable alternatives to the project. 

EIS Environmental Impact Statement (federal) - National Environ
mental Policy Act (NEPA) requirement for assessing the envi
ronmental impacts of federal actions that may have a signifi
cant impact on the human environment. 

EMFAC Emission Factor - Model that estimates on-road motor vehicle 
emission rates for current year as well as backcasted and fore
casted inventories. 

EPA Environmental Protection Agency - Federal agency established 
to develop and enforce regulations that implement environ
mental laws enacted by Congress to protect human health and 
safeguard the natural environment. 

FAA Federal Aviation Administration - Federal agency responsible 
for issuing and enforcing safety regulations and minimum 
standards, managing air space and air traffic, and building and 
maintaining air navigation facilities. 

FHWA Federal Highway Administration - Federal agency responsible 
for administering the Federal-Aid Highway Program, which pro
vides federal financial assistance to the states to construct and 
improve the National Highway System, urban and rural roads, 
and bridges. 

Financially Constrained Expenditures are said to be financially constrained if they are 
within limits of anticipated revenues. 

FRA Federal Railroad Administration - Federal agency created to pro
mulgate and enforce rail safety regulations, administer railroad 
assistance programs, conduct research and development in sup
port of improved railroad safety and national rail transportation 
policy, and consolidate government support of rail transporta
tion activities. 

GLOSSARY 

FlA Federal Transit Administration - The federal agency responsible 
for administering federal transit funds and assisting in the plan
ning and establishment of areawide urban mass transportation 
systems. As opposed to FHWA funding, most FTA funds are al
located directly to local agencies, rather than Caltrans. 

fliP Federal Transportation Improvement Program - A three-year list 
of all transportation projects proposed for federal transporta
tion funding within the planning area of an MPO. (Note: The 
FTIP is locally referred to as the 2006 RTIP.) 

FY Fiscal Year - The twelve-month period on which the budget is 
planned. The state fiscal year begins July 1 and ends June 30 of 
the following year. The federal fiscal year begins October 1 and 
ends September 30 of the following year. 

GAO Government Accountability Office - Congressional agency re
sponsible for examining matters related to the receipt and pay
ment of public funds. 

GARVEE Grant Anticipation Revenue Vehicles - A debt financing instru
ment authorized to receive federal reimbursement of debt ser
vice and related financing costs under Section 122 of Title 23, 
United States Code. GARVEEs can be issued by a state, a politi
cal subdivision of a state, or a public authority. 

GHG Greenhouse Gases - Components of the atmosphere that con
tribute to the greenhouse effect. The principal greenhouse gases 
that enter the atmosphere because of human activities are car
bon dioxide, methane, nitrous oxide, and fluorinated gases. 

GIS Geographic Information System - Powerful mapping software 
that links information about where things are with informa
tion about what things are like. GIS allows users to examine 
relationships between features distributed unevenly over space, 
seeking patterns that may not be apparent without using ad
vanced techniques of query, selection, analysis, and display. 

GNP Gross National Product - An estimate of the total value of goods 
and services produced in any specified country in a given year. 
GNP can be measured as a total amount or an amount per cap
ita. 
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Grade Crossing A crossing or intersection of highways, railroad tracks, other 
guideways, or pedestrian walks, or combinations of these at the 
same level or grade. 

HCP Habitat Conservation Plan - Established under Section 10 of the 
Endangered Species Act to allow development to proceed while 
protecting endangered species. 

HOT Heavy-Duty Truck - Truck with a gross vehicle weight of 8,500 
pounds or more. 

HICOMP Highway Congestion Monitoring Program (Caltrans) - A report 
that measures the congestion that occurs on urban area free
ways in California. 

Home-based work trips Trips that go between home and work, either directly or with an 
intermediate stop. Home-based work trips include telecommut
ing, working at home and non-motorized transportation work 
trips. 

HOT lane High-Occupancy Toll Lane - An HOV lane that single-occupant 
drivers can pay to drive in. 

HOV lane High-Occupancy Vehicle Lane - A lane restricted to vehicles 
with two (and in some cases three) or more occupants to en
courage carpooling. Vehicles include automobiles, vans, buses 
and taxis. 

HPMS Highway Performance Monitoring System - A federally man
dated program designed by FHWA to assess the performance of 
the nation's highway system. 

HSRT High-Speed Regional Transport - Transportation system that op
erates at very high speeds on an exclusive right-of-way. 

HUD U.S. Department of Housing and Urban Development - Federal 
agency charged with increasing homeownership, supporting 
community development, and increasing access to affordable 
housing free from discrimination. 

ICAPCD Imperial County Air Pollution Control District - Local air pollu
tion control agency mandated by state and federal regulations 
to implement and enforce air pollution rules and regulations. 
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IGR Intergovernmental Review Process - The review of documents 
by several governmental agencies to ensure consistency of re
gionally significant local plans, projects, and programs with 
SCAG's adopted regional plans. 

Infrastructure The basic facilities, equipment, services and installations need
ed for the growth and functioning of a community. 

lOS Initial Operating Segment. 

ISTEA Intermodal Surface Transportation Efficiency Act - Signed into 
federal law on December 18, 1991, it provided authorization 
for highways, highway safety and mass transportation for FYs 
1991-1997 and served as the legislative vehicle for defining fed
eral surface transportation policy. 

ITIP Interregional Transportation Improvement Program - The por
tion of the STIP that includes projects selected by Caltrans (25 
percent of STIP funds). 

ITS Intelligent Transportation Systems - Systems that use modern 
detection, communications and computing technology to col
lect data on system operations and performance, communicate 
that information to system managers and users, and use that 
information to manage and adjust the transportation system 
to respond to changing operating conditions, congestion or ac
cidents. ITS technology can be applied to arterials, freeways, 
transit, trucks and private vehicles. ITS include Advanced Trav
eler Information Systems (ATIS), Advanced Public Transit Sys
tems (APTS), Advanced Traffic Management Systems (ATMS), 
Advanced Vehicle Control Systems (AVCS) and Commercial 
Vehicle Operations (CVO). 

IVAG Imperial Valley Association of Governments - Council of Gov
ernments for Imperial County. IVAG is responsible for short
range transportation planning, including all projects utilizing 
federal and state highway and transit funds. 

JPA Joint Powers Authority - Two or more agencies that enter into 
a cooperative agreement to jointly wield powers that are com
mon to them. JPAs are a vehicle for the cooperative use of exist
ing governmental powers to finance and provide infrastructure 
and/or services in a cost-efficient manner. 
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LACMTA Los Angeles County Metropolitan Transportation Authority, 
more commonly referred to as the MTA - Agency responsible 
for planning and funding countywide transportation improve
ments, administering the county's transportation sales tax rev
enues, and operating bus and rail transit service. 

LAUPT Los Angeles Union Passenger Terminal, also known as Union 
Station. 

LAWA Los Angeles World Airports - Aviation authority of the City of 
Los Angeles. LAWA owns and operates Los Angeles Interna
tional (LAX), Ontario International, Van Nuys, and Palmdale 
Airports. 

LCVs Longer-Combination Vehicles - Includes tractor-trailer combi
nations with two or more trailers that weigh more than 80,000 
pounds. 

LEM Location Efficient Mortgage - Allows people to qualify for larger 
loan amounts if they choose a home in a densely populated 
community that is well served by public transit, and where des
tinations are located close together so that they can also walk 
and bike instead of driving everywhere. 

livable Any location in which people choose may be viewed as "liv-
Communities able." However, communities that contain a healthy mix of 

homes, shops, work places, schools, parks, and civic institutions 
coupled with a variety of transportation choices, give residents 
greater access to life's daily essentials and offer higher quality of 
life to a wider range of residents. 

LRT Light Rail Transit - A mode of transit that operates on steel rails 
and obtains its power from overhead electrical wires. LRT may 
operate in single or multiple cars on separate rights-of-way or 
in mixed traffic. 

LTF Local Transportation Fund - A fund which receives TDA rev
enues. 

MAGLEV Magnetic Levitation high-speed transportation system. 

MAP Million Annual Passengers - Used to quantify airport activity. 

GLOSSARY 

Market Incentives Measures designed to encourage certain actions or behaviors. 
These include inducements for the use of carpools, buses and 
other HOVs in place of single-occupant automobile travel. Ex
amples include HOV lanes, preferential parking, and financial 
incentives. 

MOAB Mojave Desert Air Basin - Area defined by state law as compris
ing the desert portions of Los Angeles, Kern, Riverside, and San 
Bernardino Counties. 

MOAQMO Mojave Desert Air Quality Management District - Local air 
agency mandated by state and federal regulations to implement 
and enforce air pollution rules and regulations; encompasses 
the desert portion of San Bernardino County from the summit 
of the Cajon Pass north to the Inyo County line, as well as the 
Palo Verde Valley portion of Riverside County. 

Measure A Revenues generated from Riverside County's local half-cent 
sales tax. 

Measure I Revenues generated from San Bernardino County's local half
cent sales tax. 

Metrolink Regional commuter rail system connecting Los Angeles, Orange, 
Riverside, San Bernardino, and Ventura Counties and operated 
by SCRRA. 

MIS Major Investment Study - The preliminary study, including pre
liminary environmental documentation, for choosing alterna
tive transportation projects for federal transportation funding. 
An MIS is a requirement, which is conducted cooperatively by 
the study sponsor and the MPO. 

Mixed Flow Traffic movement having autos, trucks, buses and motorcycles 
sharing traffic lanes. 

Mode A particular form of travel (e.g., walking, traveling by automo
bile, traveling by bus or traveling by train). 

Mode Split The proportion of total person trips using various specified 
modes of transportation. 

Model A mathematical description of a real-life situation that uses data 
on past and present conditions to make a projection. 
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MPO Metropolitan Planning Organization - A federally required plan
ning body responsible for transportation planning and project 
selection in a region. 

MTS Metropolitan Transportation System - Regional network of 
roadways and transit corridors. 

Multimodal A mixture of the several modes of transportation, such as tran
sit, highways, non-motorized, etc. 

NAAQS National Ambient Air Quality Standards - Targets established by 
the U.S. Environmental Protection Agency (EPA) for the maxi
mum contribution of a specific pollutant in the air. 

NAFTA North American Free Trade Agreement - An agreement between 
the governments of Canada, Mexico, and the United States to 
eliminate barriers to trade and facilitate the cross-border move
ment of goods and services. 

NCCP Natural Communities Conservation Plan - Program under the 
Department of Fish and Game that uses a broad-based ecosys
tem approach toward planning for the protection of plants, 
animals and their habitats, while allowing compatible and ap
propriate economic activity. 

NEPA National Environmental Protection Act - Federal environmen
tal law that applies to all projects funded with federal funds or 
requiring review by a federal agency. 

NIMS National Incident Management System - Nationwide template 
that enables all government, private-sector and non-govern
mental organizations to work together during a domestic in
cident. 

Nominal dollars Actual dollars expended/received in a specific year without ad
justments for inflation/deflation. 

NOx Nitrogen oxides - A group of highly reactive gases, all of which 
contain nitrogen and oxygen in varying amounts. NOx are a 
major component of ozone and smog, and they are one of six 
principal air pollutants tracked by the EPA. 

NTD National Transit Database - The Federal Transit Administration's 
(FTA) national database for transit statistics. 
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O&M Operations and Maintenance - The range of activities and ser
vices provided by the transportation system and the upkeep 
and preservation of the existing system. 

OCTA Orange County Transportation Authority - Agency responsible 
for planning and funding countywide transportation improve
ments, administering the county's transportation sales tax rev
enues, and operating bus transit service. 

OlDA Orangeline Development Authority - Joint exercise of powers 
authority developed by the cities located along the Orangeline 
corridor. 

OnTrac Orange-North America Trade Rail Access Corridor - Formed in 
April of 2000 to build and support the Orangethorpe Avenue 
Grade Separation and Trade Corridor project, a 5-mile-Iong rail
road-lowering project that will completely grade separate 11 rail 
crossings in the cities of Placentia and Anaheim. 

OWP Overall Work Program - SCAG develops an OWP annually, 
describing proposed transportation planning activities for the 
upcoming fiscal year, including those required by federal and 
state law. 

PATH Partners for Advanced Transit and Highways - Joint venture of 
Caltrans which includes the University of California, and other 
public and private academic institutions and industries. 

PEIR Program Environmental Impact Report - Environmental review 
process used to evaluate the potential environmental effects of 
large-scale plans or programs. 

PeMS Freeway Performance Measurement System - A service provided 
by the University of California, Berkeley, to collect historical 
and real-time freeway data from freeways in the state of Califor
nia in order to compute freeway performance measures. 

Person Trip A trip made by a person by any mode or combination of modes 
for any purpose. 
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PM10 Particulate Matter - A mixture of solid particles and liquid 
droplets found in the air, 10 micrometers or less in size (a mi
crometer is one-millionth of a meter). These coarse particles 
are generally emitted from sources such as vehicles traveling on 
unpaved roads, materials handling, and crushing and grinding 
operations, as well as windblown dust. 

PM2.5 Particulate Matter - A mixture of solid particles and liquid drop
lets found in the air, 2.5 micrometers or less in size (a microm
eter is one-millionth of a meter). These fine particles result 
from fuel combustion from motor vehicles, power generation, 
and industrial facilities, as well as from residential fireplaces and 
wood stoves. 

PMD LA/Palmdale Regional Airport - Regional airport located in 
Palmdale. 

PPP Public-Private Partnership - Contractual agreements formed be
tween a public agency and private sector entity that allow for 
greater private sector participation in the delivery of transporta
tion projects. 

PRC Peer Review Committee - An "informal" committee of technical 
experts usually organized and invited to review and comment 
on various technical issues and processes used in the planning 
process. 

Proposition 1A Passed by voters in 2006, Proposition lA protects transportation 
funding for traffic congestion relief projects, safety improve
ments, and local streets and roads. It also prohibits the state 
sales tax on motor vehicle fuels from being used for any purpose 
other than transportation improvements, and authorizes loans 
of these funds only in the case of severe state fiscal hardship. 

Proposition 18 Highway Safety, Traffic Reduction, Air Quality, and Port Security 
State of California - Passed in November 2006, Proposition IB 
provides $19.9 billion to fund state and local transportation im
provement projects to relieve congestion, improve movement 
of goods, improve air quality, and enhance safety and security 
of the transportation system. 

GLOSSARY 

Proposition 42 As of March 2002, placed in the State Constitution those provi
sions of current law requiring the use of state gasoline sales tax 
revenues for state and local transportation purposes. 

Proposition A Revenues generated from Los Angeles County's local half-cent 
sales tax. Los Angeles County has two permanent local sales 
taxes (Propositions C and A). 

Proposition C Revenues generated from Los Angeles County's local half-cent 
sales tax. Los Angeles County has two permanent local sales 
taxes (Propositions C and A). 

PSR Project Study Report - Defines and justifies the project's scope, 
cost, and schedule. PSRs are prepared for state highway projects 
and PSR equivalents are prepared for projects not on the State 
Highway System. Under state law, a PSR or PSR equivalent is 
required for STIP programming. 

PTA Public Transportation Account - The major state transportation 
account for mass transportation purposes. Revenues include a 
portion of the sales tax on gasoline and diesel fuels. 

PUC Public Utilities Commission - Regulates privately owned tele
communications, electric, natural gas, water, railroad, rail tran
sit, and passenger transportation companies. 

Railroad Siding A short stretch of railroad track used to store rolling stock or en
able trains on the same line to pass; also called sidetrack. 

RC Regional Council - Conducts the affairs of SCAG; implements 
the General Assembly's policy decisions; acts upon policy rec
ommendations from SCAG policy committees and external 
agencies; appoints committees to study specific problems; and 
amends, decreases or increases the proposed budget to be re
ported to the General Assembly. 

RCP Regional Comprehensive Plan (RCP) - Developed by SCAG, the 
RCP is a vision of how Southern California can balance resource 
conservation, economic vitality, and quality of life. It will serve 
as a blueprint to approach growth and infrastructure challenges 
in an integrated and comprehensive way. 
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RCTC Riverside County Transportation Commission - Agency respon
sible for planning and funding countywide transportation im
provements and administering the county's transportation sales 
tax revenues. 

RHNA Regional Housing Needs Assessment - Quantifies the need for 
housing within each jurisdiction of the SCAG Region based on 
population growth projections. Communities then address this 
need through the process of completing the housing elements 
of their general plans. 

Robust Flight Portfolio Providing a range of flight offerings in different haul length 
categories including short-haul, medium-haul, long-haul and 
international flights. 

ROG Reactive organic gas - Organic compounds assumed to be reac
tive at urban/regional scales. Those organic compounds that 
are regulated because they lead to ozone formation. 

RSTIS Regionally Significant Transportation Investment Study - In
volves identifying all reasonable transportation options, their 
costs, and their environmental impacts. RSTIS projects are gen
erally highway or transit improvements that have a significant 
impact on the capacity, traffic flow, level of service or mode 
share at the transportation corridor or sub-area level. 

RSTP Regional Surface Transportation Program - Established by the 
California state statute utilizing federal Surface Transporta
tion Program funds. Approximately 76 percent of the state's 
RSTP funds must be obligated on projects located within the 
11 urbanized areas of California with populations of 200,000 
or more. 

RTIP Regional Transportation Improvement Program - Refers to the 
share of capital outlay improvement funds controlled by re
gional agencies (75 percent of STIP funds). (Note: The FTIP is 
locally referred to as the 2006 RTIP.) 

RTMS Regional Transportation Monitoring System - Internet-based 
transportation monitoring system. The RTMS will be the source 
for real-time and historical transportation data collected from 
local, regional and private data sources. 
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RTP Regional Transportation Plan (RTP) - Federally required 20-year 
plan prepared by metropolitan planning organizations and 
updated every four years. Includes projections of population 
growth and travel demand, along with a specific list of proposed 
projects to be funded. 

RTSS Regional Transit Security Strategy - Strategy for the region with 
specific goals and objectives related to the prevention, detec
tion, response and recovery of transit security issues. 

SAFETEA-lU Safe, Accountable, Flexible, Efficient Transportation Equity 
Act: A Legacy for Users - Signed into law by President Bush on 
August 10, 2005, it authorized the federal surface transporta
tion programs for highways, highway safety, and transit for the 
5-year period of 2005-2009. 

SAN BAG San Bernardino Associated Governments - The council of gov
ernments and transportation planning agency for San Bernar
dino County. SANBAG is responsible for cooperative regional 
planning and developing an efficient multimodal transporta
tion system countywide. 

SANOAG San Diego Association of Governments. 

SB 45 Senate Bill 45 (Chapter 622, Statutes of 1997, Kopp) - Estab
lished the current STIP process and shifted control of decision
making from the state to the regional level. 

SB 79 Senate Bill 79 Transportation Trailer Bill - Provides transporta
tion funds on an ongoing basis to help the General Fund be
yond Fiscal Year 2008 

SB 974 Senate Bill 974 - Introduced by Senator Alan Lowenthal, SB 974 
would impose a $30 fee on each shipping container processed 
at the Ports of Los Angeles, Long Beach, and Oakland for con
gestion management and air quality improvements related to 
ports. 

SBO San Bernardino International Airport - International airport lo
cated in San Bernardino. 
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SCAB South Coast Air Basin - Comprises the non-Antelope Valley por
tion of Los Angeles County, Orange County, Riverside County, 
and the non-desert portion of San Bernardino County. 

SCAG Southern California Association of Governments - The metro
politan planning organization (MPO) for six counties including 
Los Angeles, Orange, San Bernardino, Riverside, Ventura, and 
Imperial. 

SCAQMD South Coast Air Quality Management District - The air pollu
tion control agency for Orange County and major portions of 
Los Angeles, San Bernardino and Riverside Counties in South
ern California. 

SCCAB South Central Coast Air Basin - Comprises San Luis Obispo, 
Santa Barbara, and Ventura Counties. 

SCRIFA Southern California Railroad Infrastructure Financing Author
ity. 

SED Socioeconomic Data - Population, employment and housing 
forecast. 

SHA State Highway Account - The major state transportation ac
count for highway purposes. Revenues include the state excise 
taxes on gasoline and diesel fuel and truck weight fees. 

SHOPP State Highway Operation and Protection Program - A four-year 
capital improvement program for rehabilitation, safety, and op
erational improvements on state highways. 

SIP State Implementation Plan - State air quality plan to ensure 
compliance with state and federal air quality standards. In or
der to be eligible for federal funding, projects must demonstrate 
conformity with the SIP. 

SOY Single-Occupant Vehicle - Privately operated vehicle that con
tains only one driver or occupant. 

SOX Sulfur oxide - Any of several compounds of sulfur and oxygen, 
formed from burning fuels such as coal and oil. 

SSAB Salton Sea Air Basin - Comprises the Coachella Valley portion of 
Riverside County and all of Imperial County. 

GLOSSARY 

STA State Transit Assistance - State funding program for mass transit 
operations and capital projects. Current law requires that STA 
receive 50 percent of PTA revenues. 

STIP State Transportation Improvement Program - A four-year capi
tal outlay plan that includes the cost and schedule estimates 
for all transportation projects funded with any amount of state 
funds. The STIP is approved and adopted by the CTC and is the 
combined result of the ITIP and the RTIP. 

STP Surface Transportation Program - Provides flexible funding that 
may be used by states and localities for projects on any federal
aid highway, bridge projects on any public road, transit capital 
projects, and intracity and intercity bus terminals and facilities. 
A portion of funds reserved for rural areas may be spent on rural 
minor collectors. 

TAC Technical Advisory Committee - A SCAG committee that pro
vides ideas and feedback on the technical integrity of the Re
gional Transportation Plan. 

TANN Traveler Advisory News Network - Provides real-time traffic and 
transportation information content to communications service 
providers and consumer media channels both nationally and 
internationally. 

TAZ Traffic Analysis Zone - Zone system used in travel demand fore
casting. 

TCC Transportation and Communications Committee (SCAG) -
Committee used to study problems, programs and other matters 
related to regional issues of mobility, air quality, transportation 
control measures and communications. 

TCM Transportation Control Measure - A project or program that is 
designed to reduce emissions or concentrations of air pollut
ants from transportation sources. TCMs are referenced in the 
state Implementation Plan (SIP) for the applicable air basin and 
have priority for programming and implementation ahead of 
non-TCMs. 
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TCRP Traffic Congestion Relief Program - Enacted by state legislation 
in 2000 to provide additional funding for transportation over a 
six-year period (later extended to eight years). The program is 
funded by a combination of General Fund revenues (one-time) 
and ongoing revenues from the state sales tax on gasoline. In 
March 2002 voters passed Proposition 42, which permanently 
dedicated gasoline sales tax revenues to transportation pur
poses. 

TCWG Transportation Conformity Working Group - Forum used to 
support interagency coordination to help improve air quality 
and maintain transportation conformity. 

TOA Transportation Development Act - State law enacted in 1971 
that provided a 0.25 percent sales tax on all retail sales in each 
county for transit, bicycle, and pedestrian purposes. In non
urban areas, funds may be used for streets and roads under cer
tain conditions. 

TOM Transportation Demand Management - Strategies that result in 
more efficient use of transportation resources, such as rideshar
ing, telecommuting, park-and-ride programs, pedestrian im
provements, and alternative work schedules. 

TEA-21 Transportation Equity Act for the 21st Century - The predeces
sor to SAFETEA-LU, it was signed into federal law on June 9, 
1998. TEA-21 authorized the federal surface transportation pro
grams for highways, highway safety, and transit for the six-year 
period 1998-2003. TEA-21 builds upon the initiatives estab
lished in ISTEA. 

TEU Twenty-foot Equivalent Unit, a measure of shipping container 
capacity. 
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TIFIA Transportation Infrastructure Finance and Innovation Act of 
1998 - Established a new federal credit program under which the 
US DOT may provide three forms of credit assistance-secured 
(direct) loans, loan guarantees, and standby lines of credit-for 
surface transportation projects of national or regional signifi
cance. The program's fundamental goal is to leverage federal 
funds by attracting substantial private and other non-federal 
co-investment in critical improvements to the nation's surface 
transportation system. Sponsors may include state departments 
of transportation, transit operators, special authorities, local 
governments, and private entities. 

TOO Transit-Oriented Development - A planning strategy that ex
plicitly links land-use and transportation by focusing mixed 
housing, employment and commercial growth around bus and 
rail stations (usually within liz mile). TODs can reduce the num
ber and length of vehicle trips by encouraging more bicycle/ 
pedestrian and transit use, and can support transit investments 
by creating the density around stations to boost ridership. 

TP&O Transportation Planning and Development Account - A state 
transit trust fund that is the funding source for the STA pro
gram. 

Trantrak RTIP database management system. 

TSWG Transportation Security Working Group - Advises the operating 
organizations on transportation safety matters associated with 
the transfer or shipment of hazardous materials. 

TUMF Transportation Uniform Mitigation Fee - Ordinance enacted by 
the Riverside County Board of Supervisors and cities to impose 
a fee on new development to fund related transportation im
provements. 

UP Union Pacific Railroad. 
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US DOT U.S. Department of Transportation - Federal agency responsible 
for the development of transportation policies and programs 
that contribute to providing fast, safe, efficient, and conve
nient transportation at the lowest cost consistent with those 
and other national objectives, including the efficient use and 
conservation of the resources of the United States. US DOT is 
comprised of ten operating administrations, including FHWA, 
FTA, FAA, and FRA. 

VCTC Ventura County Transportation Commission - Agency respon
sible for planning and funding countywide transportation im
provements. 

Vehicle Hours of Delay The travel time spent on the highway due to congestion. Delay 
is estimated as the difference between vehicle hours traveled 
at a specified free-flow speed and vehicle hours traveled at a 
congested speed. 

VHDD Vehicle Hours of Daily Delay - Hours of delay attributed to con
gestion for vehicles each day. 

VMT Vehicle Miles Traveled - On highways, a measurement of the 
total miles traveled by all vehicles in the area for a specified 
time period. It is calculated by the number of vehicles times the 
miles traveled in a given area or on a given highway during the 
time period. In transit, the number of vehicle miles operated on 
a given route or line or network during a specified time period. 

vac Volatile Organic Compounds - Organic gases emitted from a 
variety of sources, including motor vehicles, chemical plants, 
refineries, factories, consumer and commercial products, and 
other industrial sources. Ozone, the main component of smog, 
is formed from the reaction of VOCs and NOx in the presence 
of heat and sunlight. 

GLOSSARY 
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Growth Vision Report 

A GROWTH VISION FOR SOUTHERN CALIFORNIA 

Southern California is a diverse 
region in a variety of ways 
- including in its physical, 

cultural aud economic landscapes. 
The region boasts an enviable 
setting: a moderate climate with 
varied terrain that ranges from sandy 
beaches to rolling hills, to snow
capped mountains to captivating 
deserts. Its diverse cultural mix 
offers residents aud visitors alike a 
haven for community, entertainment 
and enrichment. As the 12th most 
productive economy in the world 
and one of the largest concentrations 
of employment, income, business, 

industry and finance, Southern 
California offers the potential for 
prosperity to everyone. 

Because of these, and many other 
reasons, millions of people continue 
to recoguize Southern California 
as a very desirable place to live. 

As the region continues to grow, 
it's important to move forward in 

preserving and enhaucing the area's 
laud, culture aud economy. 

The Southern California Association 
of Governments (SCAG) has taken 
the first steps in that stewardship. 
SCAG has embarked on a process 
that will create a vision of the 
future for the Southern California 
region. In au effort to maintain 
the region's prosperity, continue 
to expaud its economy, house its 
residents affordably, and protect its 
environmental setting as a whole, 

SCAG has brought together the ideas, 
hopes and dreams of interdependent 
sub-regions, counties, cities, 
communities aud neighborhoods. 

This process is called Southern 
California Compass, and the result is 
a shared Growth Vision for Imperial, 

A Growth Vision is important to preserve the quality of life for future generations. 
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Los Angeles, Orauge, Riverside, San 
Bernardino aud Ventura Counties. 

SCAG began Compass in 2002, 
spearheaded by the Growth Visioning 
Subcommittee, which consists of civic 
leaders from throughout the region. 
Creating a shared regional vision is 
au effective way to begin addressing 
issues, such as congestion and housing 
availability, which may threaten the 
region's livability. 

By definition, a successful Growth 
Vision must be driven by a wide 
array of input from the public and 
from various stakeholder groups. 

Such a process involves gathering 
a broad range of participauts aud 
stakeholders to gradually sculpt a 
consensus vision for the region. This 
includes administering a region-
wide citizen survey, developing aud 
refining a series of principles to 
guide the vision aud the process, 
crafting growth scenarios based on 
the principles and on detailed public 
input, evaluating each scenario based 
on objective benchmarks, developing 
a preferred growth scenario, aud 

gaining acceptauce aud endorsement 
of the preferred growth vision. 

In the short term, SCAG's growth 
visioning process has found common 
ground in a preferred vision for 
growth aud has incorporated it into 
immediate housing allocation and 
trausportation planning decisions. 
In the long term, the Growth 
Vision is a framework that will help 
local jurisdictions address growth 
mauagement cooperatively aud will 

help coordinate regional land use and 
trausportation planning. 
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THE ROLE OF 
THIS REpORT 

T his Growth Vision Report 
presents the comprehensive 

Growth Vision for the six-county 
SCAG region as well as the 
achievements of the Compass process. 
It details the evolution of the draft 
vision, from the study of emerging 
growth trends to the effects of different 
growth patterns on transportation 
systems, land consumption and other 
factors. 

This report begins with a general 
discussion of the challenges facing 
Southern California as it prepares to 
accommodate an estimated 6.3 million 
additional people by 2030. It studies 
historical trends in demographics, 
housing, jobs and other key aspects 
essential to understanding how the 
region will evolve and grow. Looking 
forward, the report explores how 
emerging trends and conditions will 
affect future growth in the region. 
It also discusses the challenges of 
continuously developing and refining 
the Growth Vision. 

The Growth Vision report then turns 
to the public and to the stakeholders 
within each sub-region. This section 
emphasizes the close connection 
between the Growth Vision and the 
public input that shaped it. The results 
of a comprehensive regional survey 
and focus groups also are presented. 
A detailed discussion of the Compass 
regional visioning workshops follows, 
including the major themes gleaned 
from the public workshops held 
throughout the region. Descriptions 
and findings of the ensuing sub
regional review sessions and policy 
dialogues then summarize how the 
Compass public process continued 
to refine the elements of the Growth 
Vision. 
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In the next step, the report outlines the 
PILUT (Planning for Integrated Land 
Use and Transportation) test scenarios 
and the Growth Vision scenario. The 
PILUT scenarios, along with other 
regional development scenarios in 
SCAG's Regional Transportation 
Plan (RTP) process, present essential 
lessons and challenges for coordinating 
development and transportation in 
the final Growth Vision. The major 
themes and organizing principles of 
the Growth Vision are then presented. 
The section concludes with an analysis 
of the Growth Vision scenario and 
discusses the modeled impacts and 
effects the Growth Vision scenario is 
likely to have on Southern California. 

The Growth Vision report concludes 
with a series of implementation steps 
- including tools for each guiding 
principle as well as overarching 
implementation strategies - that will 
guide Southern California toward its 
envisioned future. 

It should be noted that this report 
concentrates on the physical aspects 
of regional growth - where people 
andjobs locate, the type and quantity 
of buildings that may be constructed, 
and how people and goods move in 
the region. To truly address all of the 
Growth Visioning principles, SCAG, 
sub-regions and cities should continue 
to refine the social, economic and 
other components that are also crucial 
to the Vision's success, including: 
workforce housing, job training and 
education, prosperity that reaches 
everyone, and protection of key open 
spaces. 

A vision is not static but is constantly 
evolving. One goal of this report is 
that it will foster additional progress 
toward a vision of truly shared values 
- a vision that will evolve through 
well informed and wide debate about 
the direction the Southern California 
region should take as it embarks on 
a new era of challenges, growth and 
prosperity . 

DEVELOPING 
A VISION 

The Compass project develops a 
vision for the future of the region 
using the following components: 

Public Participation-
receive input from residents 
and community leaders through 
region-wide surveys, innovative 
workshops, and forums. 

Scenarios - build and evaluate 
scenarios to understand future 
possibilities and the strategies that 
seem to work best in them. 

Testing & Evaluation -
apply innovative modeling 
techniques to evaluate each 
scenario on objective benchmarks 
of success. 

The Growth Vision -
describe an attainable vision of the 
future that is the best achievable 
based on the shared values of the 
region. 

Strategies - outline the 
strategies that are key in 
attaining the vision, and build an 
implementation strategy around 
those main strategies. 

Benchmarks - establish 
key benchmarks, and develop a 
mon itori ng system so progress 
can be measured and adjustments 
made. 
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THE NEED FOR A 
REGIONAL VISION 

T he Southern California region 

is the second largest metropolis 

in the country aud one of the most 

diverse. While it contains one of the 

world's most dynamic economies, 
it also "boasts" some dubious titles, 

such as the most congested region 

in the country. At times it is also the 

national leader for air pollution. 

In addition, the SCAG region is 

challenged by both a high growth rate 

and substantial physical constraints. 

Part of the reason the region is so 

appealing is the proximity of beaches 

and mountains, yet the Los Angeles 

Basin is also confined by these same 

geographical barriers. What is not 

already developed is often regarded 

as a precious aud scarce open space 

resource. Examples include the 

agricultural lauds of Ventura County, 

the foothills that surround the Coastal 

Plain, and the unique habitats areas 

in the High Desert. 

Nevertheless, the region will grow 

aud change during the next 30 years, 

facing daunting challenges due to 

its physical land constraints. Some 

of these challenges cau be solved 

by community action - the people 

of this region acting together in 

their own enlightened self-interest. 

When a country or a state faces 

these kinds of challenges, there is 

a democratic government through 

which these solutions can be debated 

aud implemented. But regions have 

no common forum or process for 

debating and implementing these 

types of issues; instead, they rely on 

a patchwork of local aud regional 

governments. This approach can 

work when issues are fundamentally 

local in their impact and solution, 

The sOle region incorporates six diverse counties and covers 38,000 square miles. 

Growth Vision Report 

or when a specific regional problem 

is addressed by an entity with the 

necessary skills and authority. 

Increasingly, however, most regional 

challenges are complex, with causes 

and solutions intertwined across 

political authorities aud jurisdictions. 

Cooperation and coordination on 

a much wider scale than has been 

practiced in the past is required to 

address this complexity. 

The solution is for Southern 

Californiaus to debate solutions, 

propose ideas aud cooperate on 

important initiatives at both regional 

and sub-regional scales. Compass was 
begun for this reason - to develop a 

vision for the future that embodies 

the shared values of the Southland 

and details the actions necessary to 

preserve the livability of this region. 

"'ER." 
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THE PURPOSE 
OF A REGIONAL 

VISION 

T he word vision conjnres up some 
ethereal images - of saints aud 

mystics but not practical people. 

However, the word also represents the 

ability of people to imagine a reality 

that is not apparent in the immediate 

present. It refers to explorers of 

distant lands and of inventors who 

cau envision how their new machines 

will work. In fact, the presence of 

this kind of vision is essential for 

most creative and innovative work 
- if visions did not exist, nothing new 

or untried would ever be pursued, 

except by fortuitous accident. 

A regional vision is a special kind of 
practical vision - it is a shared vision. 

This is when a futnre is defined and 

agreed upon by a group of people. 

This kind of vision led the original 

colonists to fight for the independent 

democracy that became the United 

States. Their vision was described 

by authors such as Thomas Paine in 

the Common Sense pamphlets aud 

Thomas Jefferson in The Declaration 

of Independence. These documents 

pointed the way and set out key 

guiding principles. The futnre did 

not tnrn out precisely as envisioned, 

but the principles were used to adjust 

to new realities as they came to pass. 

The documents had the ability to 

inspire large numbers of people 

to work toward the same cause, to 

adhere to the same principles, and to 

express the purpose of their struggle. 

The regional Growth Vision is 

au attempt to develop the same 
kind of vision - one that expresses 

the common interests of multiple 

stakeholders as well as the desired 

end point: a sustainable Southern 

California with a high quality of life 

for everyone. 
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Scenario planning shows us that the future 
is not fixed - there are many possible 
outcomes. 

SCENARIO 
PLANNING: A NEW 

ApPROACH 

The way governments have 

converted visions into reality in 

the past has been through a fairly 

simple planning process. In part 

because city plauning has its roots in 

architectnre, landscape architecture, 

and engineering, the concept of 

laying out a plan for a city or town 
was au easy leap - if one can build a 

building or bridge, why not a town? 

This model often works well at the 

small scale, where there is a fair 

degree of control over key variables. 

However, regions, especially regions 

as large as Southern California, 

have millions of actors and countless 

variables that interact to produce 

the resulting metropolis. A better 

approach in this type of situation is to 

use a model called scenario planning. 

Scenario planning is widely used in 

business aud military settings. Given 

the complexity of issues faced in 

today's environment, the number of 

variables that have to be considered, 

and the 20 or 30-year time frame, 

it's apparent that getting the right 

prediction isn't really possible or 

even necessary. The better approach 

is to develop a method for outlining 

possible future scenarios. 

Scenarios are really stories about 

what might be. They are not forecasts, 

and they are not predictions. They 

are possible futures that are based 

on what already exists, on trends 

that are evident, aud on the values 

and preferences of a region aud on 

decisions that might shape futnre 

outcomes. Scenarios are fed by 

input received from the combination 

of public workshops, snrveys aud 

stakeholder meetings. The essential 

requirement of any scenario is that 
it be plausible - within the realm of 

what exists and what is now known. 

Usually three or four scenarios are 

built as a way to compare outcomes 

and learn about the forces that are 

shaping the futnre. The point of this 

is to find out which strategies work in 

which scenarios. If a strategy works in 
any scenario, it's deemed robust - or 

a safe bet. If a strategy works in only 

one scenario, it is fragile and should 

be approached cautiously, with a good 

knowledge of the possible downsides. 
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The scenarios for the SCAG region 

were developed from several sources, 

but they are all feasible. The purpose 

of this growth visioning process is to 

find out how to achieve our shared 

regional vision with strategies that are 

as robust as possible. 

MODELS 

M odels were used extensively in 

developing these scenarios. 

Models are representations of reality 

that are used to learn, teach and 

explore new possibilities. Architects 

build scale models of their projects 

to see how it might look before the 

real thing is built. A scale model of 

an airline cockpit, outfitted with a 

computer model of different flight 

scenarios, cau be used to teach pilots 

how to fiy. 

For Compass, three sophisticated 

computer models were used in 

preparing and evaluating the 

scenanos. 

The first is the SCAG forecasting 

model. This develops future 

demographic aud economic 

projections based on national aud 

international inputs and factors such 

as birth rates. It gives au internally 

consistent total for each scenario. 

The second is a laud use model, 

developed at a very fine level of detail 

for the 38,000- square-mile area of 

the SCAG region. This model not 

only maps existing conditions but also 

allocates future growth using various 

assumptions. The laud use model 

keeps a running inventory of how 

land resources are used and where 

people live aud work. 

Growth Vision Report 

Modeling is more than processing numbers in an equation. It is an iterative process with 
many feedback loops and complex cause-and-effect relationships. 

The third model is SCAG's 

transportation model, which is used to 

design future trausportation systems 

aud evaluate the consequences of 

these systems in terms of traffic 

congestion, pollution, time spent in 

traffic, trade-offs between cars aud 

public transportation, and much 

more. The transportation model 

used by SCAG is one of the most 
progressive in the country - sensitive 

to the impacts land use chauges 

have on trausportation and capable 

of considering separately the effect 

freight movement has on congestion. 

These models were used to evaluate 

the scenarios created for the SCAG 

region, allowing the use of objective 

measurements to understaud the 

scenarios and determine which would 

be best for the region. 
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GROWTH 
VISIONING 
PRINCIPLES 

T he underlying goal of the 
growth visioning effort is to 

make the SCAG region a better 
place to live, work, aud play for 
all residents regardless of race, 
ethnicity or income. To organize the 
strategies for improving the quality 
of life in the SCAG region, a series 
of principles was established by 
the Growth Vision Subcommittee. 
The four principles are intended 
to promote and maximize regional 
mobility, livability, prosperity and 

sustainability. Decisions regarding 
growth, trausportation, laud use 
aud economic development should 
support aud be guided by these 
principles. Specific policy aud 
plauning strategies also are provided 
as a way to achieve each of the 
principles. 
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PRINCIPLE #1 

Improve Inobility for all residents 

• Encourage transportation 
investments aud land use 
decisions that are mutually 
supportive 

• Locate new housing near 
existingjobs and new jobs 
near existing housing 

• Encourage transit-oriented 
development 

• Promote a variety of travel 
choices 

Providing transit options is a way to improve 
mobility for residents within the region. 

PRINCIPLE #2 

Foster livability in all communities 

Walkable communities help improve 
livability and promote a mix of uses . 

• Promote infill development 
and redevelopment 
to revitalize existing 
communities 

• Promote developments that 
provide a mix of uses 

• Promote "people-scaled," 
pedestriau-friendly 
communities 

• Support the preservation 
of stable, single-family 
neighborhoods 
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PRINCIPLE #3 

Enable prosperity for all people 

A variety of housing types enables prosper
ity for all people. 

• 

• 

• 

• 

• 

Provide a variety of housing 
types in each community to 
meet the housing needs of all 
income levels 

Support educational 
opportunities that promote 
balanced growth 

Ensure environmental justice 
regardless of race, ethnicity 
or income class 

Support local and state fiscal 
policies that encourage 
balanced growth 

Encourage civic engagement 

PRINCIPLE #4 

Promote sustainability for fUture generations 

• Preserve rural, agricultural, 
recreational and 
environmentally sensitive 
areas 

• Focus development in urban 
centers and existing cities 

• Develop strategies to 
accommodate growth that 
use resources efficiently, 
eliminate pollution, and 
significantly reduce waste 

• Utilize "green" development 
techniques 
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Open space is integral to the health of 
communities. 
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GROWTH 
VISIONING 

SUBCOMMITTEE 

S CAG's Growth Visioning 

Subcommittee consists of elected 
officials from around the region. 
It serves as the regional leadership 
body and is charged with leading the 
visioning process. The interaction 
between the regional leadership 
aud SCAG's sub-regions form the 

foundation of the visioning process. 
Localjurisdictions aud other local 
stakeholders provide input into 
the process at the sub-regional 
level. Regional stakeholders and 

the Compass Advisory Committee 
- which consists of participants 

from varied disciplines who 
generously donate their time and 
viewpoints - provide input into 

the process through the Growth 
Visioning Subcommittee. All results 
from surveys aud focus groups are 
presented to the Subcommittee for 
review aud feedback. 
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REGIONAL CHALLENGES 

To develop a common vision 
for the future, it's important 

to understand the challenges 
facing the Southern California region. 
Because the past often provides an 
indication of what is to come, this 
section summarizes the recent trends 
of the Southern California region -

those issues that historically have been 
a strnggle for the region. Then the 
section looks forward to 2030 to paint 
a picture of the challenges the region 
will encounter in the coming decades. 
It is precisely these challenges that 
a successful regional vision must 
address. 

California's biggest challenge is the 
extraordinary growth that it has 
experienced and will continue to 
experience. In recent years, Southern 
California has faced some of the most 
dramatic growth seen anywhere in the 
world for decades. The US. Census 
reports that between 1980 and 2000 
the overall population in the region 
grew by 5 million people, from 11.5 
million to 16.5 million. Projections 
indicate that 6.3 million more people 

will be added to the region between 
2000 and 2030, bringing the total 
population to 22.9 million. 

The dynamic interplay between 
immigration, out-migration, and 
natural increase (births minus deaths) 
accounts for the complexity of the 
population change. Immigrants 
- from around the world, but 

dominantly from Mexico, Central 
America and Asia - will continue 

to come to the region. But although 

immigration will continue to playa 
major role in the population change, 
the greatest portion of new growth 
is expected to come from natural 
increase - the children of people who 

are already here. At the same time, 

out-migration of various segments 
of the population will continue to 

rearrange the make-up of the region. 
The future will require planning and 
preparation for a more culturally 
diverse and varied population. 

LOOKING BACK 

Detnographics 

The SCAG region has experienced 

dynamic population change in the 
last decade. Primarily due to the 
recession that strnck the SCAG region 
from 1990-1993, 1.5 million people 
moved out of the region during the 
1990s. Most of the population loss 
was in Los Angeles County. However, 
this loss was part of a bigger picture 
of turnover. During the same 
period, many people were born or 
moved into the region, resulting in 

a net population increase of nearly 
1.9 million people. Most of the 

population increase was attributable 
to natural increase (more births than 
deaths in the existing population). 
A higher rate of births among the 
foreigu-born population in the region 
is a contributing factor. 

The population remains relatively 
young. The average age of the 
population in the SCAG region, 
between 1990 and 2000, increased 
at a slower rate than that of the state 
of California or the US. Overall, 
the region has a younger population 

than the state. The distribution, 
however, is varied. In San Bernardino 
County, the median age is 30, while 
in Ventura it is 34. All couuties in 
the region have a younger median 
age than the nation; only Ventura 
has an older median age than the 
state. Compared to the nine largest 
metropolitan regions in the country, 
Southern California is the second 
youngest in terms of median age. 
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From 1990 to 2000, the region's 
senior population (aged 65 years or 
over) increased slightly to 10 percent, 
which is below the national rate 
but slightly higher thau that of the 
state. In 2000, a total of 1.7 million 

seniors were counted in the region, 
up by nearly 220,000 from 1990. 
Only Riverside County had a higher 
senior population than the rest of the 
nation in 2000, while Sau Bernardino 
Conuty had the lowest number of 
seniors in the region. 

The ethnic makeup of the population 
also chauged siguificautly during the 
last decade. The region continues 
to be a maguet for immigrants. 
Between 1980 and 2000, the region's 
foreigu-born population increased 

by 3 million, from 2.1 million to 
5.1 million. In 2000, one out of 
every three Southern Californians 
(31 percent) was born in a foreigu 
country. In this regard it is now 
comparable to other immigrant 
destinations such as New York; 
Vancouver, B.C.; aud Toronto, 
Ontario. 

The age aud ethnic diversity of 
citizens in the SCAG region drives 
the demand for critical public services 

such as schools, job training, public 
transportation aud senior housing. 
Consequently, the study of current 
aud future trends in demographics is 
important to any long-range plauning 
effort. 
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Percent Hispanic Population 

1990 2000 

Red and dark purple represent a higher percent of Hispanic population in the census tract. 

Housing 

Recent trends and existing housing 
conditions point to an unmet demaud 

for a greater diversity of housing 
throughout the six-county region. 
During the 1990s, the overall supply 
of housing did not match increasing 
demaud in the SCAG region. Even 
as the population continued to grow, 
home constrnction lagged behind. 
The number of aunual building 
permits decreased by 20 percent 
between 1990 and 2000. Further, 
those units built were out of sync with 
the demaud for a broader array of 
housing choices from an increasingly 

diverse Southern California. 

Single-family detached homes 
account for about 60 percent of 
housing in the region, according to 
the U.S. Census Bureau, mirroring 
the proportion of single-family units 

constructed during the last decade. 
Aud while multi-family units acconut 
for a siguificaut proportion of the 
overall supply at about 40 percent, 
there were fewer multi-family building 
permits issued in 2000 than in 1990. 

As a result, as populations in need 
of multi-family housing increase the 
demaud for such housing is outpacing 
production. Immigrant populations 
and the 20-29 year-old aud senior 
populations - those most likely to 

want multi-family housing - are 

increasing faster thau the multi-family 
housing supply. 
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The cost of living has soared across 
the region, causing an affordability 
crisis for low-income households 

and increasingly for middle-income 
families wauting single-family homes. 
This is especially true in the coastal 

andjobs-rich areas of the region 
where vacaucy rates are low, housing 
costs are high, and new housing 
typically consists of single-family 
homes for people in upper-income 
brackets. Earning the mediau 
household income no longer qualifies 
families for the mediau mortgage 
payment. Households earning the 
Area Median Income (AMI) in 
Los Angeles, Orange, and Ventura 
Counties, for example, spend more 
than 50 percent of their income on 
housing. 

The increase in construction of 
townhomes also suggests that there 
are housing types that are becoming 
more in demand. While townhomes 
account for only 18 percent of the 
region's multi-family units, they 
accounted for more thau 40 percent 
of the growth in multi-family housing 
built from 1990 aud 2000. 

Although Los Angeles County still 
retains the bulk of the region's 

housing (approximately 60 percent), 
Census data show that the new 
housing is being constructed in equal 
proportions across Los Angeles, 
Orauge and Riverside Counties. 
Between 1990 aud 2000, about 25 
percent of housing in the region 
was built in each of these counties, 
with another 15 percent of the new 
housing in Sau Beruardino County. 
And while multi-family housing 
construction has increased in Los 
Angeles aud Orange Counties in the 

last couple of years, it still has not 
kept up with population growth, a 
situation exacerbated by the slump 
in multi-family housing construction 

in the 1990s. At the same time, 
Riverside and Sau Bernardino 
Counties are building single-family 
homes in greater proportion (85 
percent are single-family) thau what 
currently exists (75 percent). This shift 

in population away from existing job 
centers cau compound the lack of 
housing near jobs in the counties that 
already have the longest commutes in 
the region. 

Growth Vision Report 

The gap in unmet demaud for greater 
housing diversity will continue to 
grow without a regional long-term 
planning effort. In particular, the 
housing need for new employees 
entering the workforce aud senior 

housing must be addressed if 
the region is going to sustain 
economically viable and healthy 
communities. 
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When housing is built on land that is already developed, or on 
scattered small sites of undeveloped land, the process is called 
infill. The images to the right show where redevelopment and 
infill occurred in the 1990s. The fuchsia represents Census 
tracts in which all the development in the 1990s was through 
infill and redevelopment, while the lavender shows tracts 
in which some of the development in the 1990s occurred 
through infill and redevelopment. In the 1990s, 35 percent of 
the new housing developed in the region was built on already 
developed land. Most of the redevelopment occurred in the 
Los Angeles basin. This high redevelopment rate is a testament 
to the limited land supply and continuing strong demand for 
housing in the basin. 

Jobs 

The recession in the early 1990s hit 
the Southland hard. The employment 
growth rate in the SCAG region 
between 1990 and 2000 was only 8 
percent, about half of the 16 percent 
job growth experienced in California, 
and well below the national rate of 
20 percent. During the second half 

of the decade, however, the region's 
employment grew faster than the 
nation, at 14 percent. During the 
1990s, certain counties fared better 
than others. The Inland Empire 
experienced an explosive growth rate 
of 37 percent, followed by Ventura 
and Orange Counties at 19 percent 
and 18 percent respectively. Los 
Angeles County had a net loss of 
67,000 jobs during the 1990s. 

In the 1980s the manufacturing sector 

accounted for nearly one-quarter 
of the jobs in the region, but during 
the past two decades manufacturing 
jobs have declined and now represent 
only 14 percent of the employment 

.. G~comp.a 
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mix. Service sector jobs, on the other 
hand, have skyrocketed from 22 
percent in 1980 to 31 percent. Jobs 
were also added in government, trade, 
transportation and public utilities, 
and construction and mining between 
1990 and 2000. 

Most of the manufacturing decline 
occurred in Los Angeles County 
and was defense or aerospace 

related. While Orange County 
also experienced a net loss of 
manufacturingjobs from 1990 to 
2000, Riverside and San Bernardino 
gained about 39,000 manufacturing 
jobs. 

Since a healthy economy is the 
driving force behind a healthy 
community, it's important to plan 
for an equitable dispersion of 
employment opportunities throughout 
the region. Job location affects public 

services such as transportation, 
education and housing, making a 
regional coordinated planning effort 
key. 
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Transportation 

In the 1990s, the region experienced 
an infusion of transit infrastructure 
investment. Most notably, the Los 

Angeles County Metropolitan 
Transportation Authority (MTA) 
embarked on an ambitious process 
to improve existing systems, while 
also developing new light, heavy 
and commuter rail systems. The 
improved system has helped spawn 
development around major trausit 
stations, contributing to increased 
ridership along the lines. 

The region still depends heavily on the 
freeways to move people and goods. 

The MTA has also recently 
introduced "Metro Rapid" - a form 
of bus rapid trausit - along two 

major transit corridors. Additionally, 
many municipalities in the region 
have upgraded bus service. Worth 
mentioning is the Santa Monica Big 
Blue Bus, one of the most successful 
transit systems in the country. In 
the year 1998-1999, according 
to the Center for Neighborhood 
Technology, the Big Blue Bus moved 
more than 20 million passengers. 

Growth Vision Report 

The Wilshire Boulevard rapid transit bus has improved service along this busy corridor. 

Other trausit agencies made big 
strides in the 1990s as well. Orange 
County Transportation Authority 
increased ridership by nearly 10 
million trips between 1990 aud 1999. 
In the seven-year period from 1992 to 
1999, 100 percent more transit trips 
were taken on Foothill Transit, while 
ridership in Antelope Valley increased 
by more thau 200 percent in the 
1990s. 

The Santa Monica Big Blue Bus moved over 
20 million passengers from 7998-7999. 

During the 79905, transit use in Southern 
California increased more than vehicle 
miles traveled. 

Across the Southern California region 
as a whole, transit use increased by 20 
percent in 2000 - outpacing both the 

13 percent growth in population aud 
the 15 percent growth in the Vehicle 
Miles Traveled (VMT). 

In 2000, total unlinked transit trips 
in the region increased by more 

thau 40 million, or 7 percent since 
1999. However, even in a time of 
increasingly improved trausit access, 
the region is still encountering a 
number of trausportation-related 
challenges. 
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The mode choice to work in 

the region remained essentially 

nnchanged in the 1990s, contrary to 

the national trend. In 2000 the area 

had the highest share of workers that 

carpooled among the nine largest 

metropolitan regions and maintained 

a higher level of carpooling than the 

rest of the nation. 

Despite the fact that in 2000 23 

percent of commuters found 

alternatives to driving alone to 

work, congestion continues to be a 

problem in the Southern California 

region. In 2000, the Los Angeles 

metropolitan area (Los Angeles and 

Orange Counties) remained the most 

congested metropolitan area in the 

country in terms of hours of delay 

and congestion cost per person. 

From 1980 to 2000, VMT nearly 

doubled. The good news, though, is 

that VMT growth has slowed down 

considerably. Whereas between 1980 

and 1990 VMT increased three times 

faster than population growth, in the 

1990s persistent congestion played 

a factor in slowing VMT growth to 

nearly the same rate as the region's 

population growth. 

Between 1990 and 2000, the average 

time it took to commute to work 

increased in every county in the 

region. The region's average travel 

time to work increased from about 

26 to 29 minutes and continued to 

be higher than the state and national 

averages but siguificantly lower than 

other large regions. 

Transportation behavior is greatly 

affected by household, employment 

and service location. An aging 

population will change transportation 

mode choice, travel time and 

location. These changes affect future 

transportation decisions . 
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The dynamic interplay between past 
and cnrrent challenges will shape 
any vision for the Southland's future. 

A shared vision must anticipate 
the needs of a population that is 
simultaueously younger, older and 

more diverse. 

Reduction in the wage-earning 
population will affect revenue for 
public services, yet more public 
services will be demanded. The 
growing senior population will 
require more housing options close to 
shopping aud health care services, as 
well as alternatives to getting around 
by automobile. 

In addition, the limited laud supply in 
the basin will require new strategies 

for accommodating housing aud 
employment. 

The knowledge gained through 
observing these trends will enable the 
region to respond to these challenges 
and provide a rauge of options 
for accommodating the housing, 
transportation aud employment 
changes that will help the region grow 
and prosper. 

LOOKING 
FORWARD 

Changing Ethnicity 

In the next several decades, recent 
trends will persist, and the Southland 
will continue to become more diverse. 
While all ethnicities and races will 

experience an increase in numbers, 
the most dramatic gains will be 
among the Hispanic aud Asiau 
populations. By 2030 there will no 
longer be one race or ethnicity in 
the majority; the region will be truly 
in ternational. 
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These chauging demographics will 
provide the driving force for much 
of how the region will evolve. New 
housing markets will be opened as 
families look for cost-effective housing 
near jobs. Mauy people in the region 

will place a greater value on living 
close to family members and on 
proximity aud quality of schools. 
These preferences will encourage 
the creation of a wide variety of 
housing products aimed toward the 
different needs and wishes that occur 
throughout this diverse region. 

The increase in diversity also will 
fuel the natnral progression of 
the "international city." With a 

broad rauge of customs, lauguages 
aud international ties, Southern 

California will serve as the gateway 
for the majority of the country's 
commerce with Asia and Latin 
America. The ability to have a base 

Growth Vision Report 

in the prosperous and stable United 
States - but also tap into a workforce 

that is fluent in Spanish, Maudarin, 
Cantonese, Korean and other 
lauguages - will be a tremendous 

advantage in a global marketplace. 

The futnre population will demand 
more entry-level and mid-priced 
housing. It will place a premium on 
location and good access to work 
opportunities, services and family. 
It will be important to place a high 
priority on locating new housing aud 
job opportunities in areas that meet 
these criteria. Reinvesting in the 
region's corridors as mixed-use areas 

aud opening up housing opportunities 
through infill and redevelopment 
will provide needed options in 

communities that are well served by 
trausportation infrastructure and ripe 
with urban amenities. 
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Changing Workforce 

One of the greatest scientific 

achievements in the last several 

decades is the dramatic increase in 

an individual's lifespan. Many news 

segments, however, have depicted 

some of the worrisome aspects of an 

aging population - namely a growing 

number of people who are cared for 

through programs such as Medicare 

and Social Security. The Southland 

faces another daunting challenge. As 

our population ages and leaves the 

workforce, there will be a delay in 

filling their jobs until enough younger 

people become of working age. 

Currently, roughly two-thirds of the 

population in Southern California is 

of working age - the demographic 

generating the tax revenue that pays 

for public services that everyone 

uses. During the next 25 years, it is 

expected that the number of people 

over age 55 will increase by six times, 

while the number of children will 

also increase modestly. These two 

factors will interact to produce a 

situation in which the non-working 

population will increase from a mere 

11 percent today to nearly one-third 

of the population. In 25 years, it is 

projected that less than 40 percent of 

the population will be in the wage

earning workforce. 
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Southern California faces a shrinking workforce in the coming decades. 

Change inJob Types 

The region, as well as the nation, 

has seen a general decline in the 

manufacturing sector in recent years, 

resulting in the loss of a large number 

of living wage jobs. At the same time, 

the region is increasingly becoming 

dependent on the service sector. 

Service jobs are not as lucrative as 

union manufacturingjobs of past 

generations and often do not require 

a highly educated workforce. In many 

cases service jobs are located within 

communities whose home prices 

exclude service workers from living 

close to their workplaces. The shift to 

a service economy therefore intensifies 

the need for workforce housing 

close to jobs. To create prosperity 

for everyone and to diminish the 

impacts of long commutes, housing 

diversity and affordability will become 

increasingly important. 
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Land Supply 

Since the SCAG region covers more 
than 38,000 square miles, few would 
imagine the area could be short of 

undeveloped land. But the region 
does in fact face a severe limit on the 
amount of undeveloped land suitable 
for development, which hinders its 
ability to accommodate new housing 
and jobs. The Coastal Basin of Los 
Angeles and Orange Counties, along 
with the San Fernando Valley, is 
home to 77 percent of the region's 
jobs and 71 percent of its population. 
Under current general plans, capacity 
on vacant land accommodates only 
238,000 new households. That means 
that only 29 percent of the SCAG 

2030 growth projection for this area 
could be accommodated through new 
development on vacant land. 

Geography and the highly urbanized Coastal Basin constrain development opportunities. 

Accommodating growth through infill housing is one way of dealing with the limited land 
supply in the Coastal Basin. 
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With limited undeveloped land, 
developed land will become 
increasingly important in 
accommodating growth. Infill, or new 
development in already developed 
areas, will be the method used to 
construct nearly half of the new 
housing region wide. In the city of 

Los Angeles, infill development could 
accommodate up to 80 percent of the 
projection for this area. 

Another factor adding to the issue 
of a constrained land supply is the 
cost in time, money, and community 
building that is incurred by long 
commutes between the region'sjob 
centers and areas with plentiful land. 
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Provision Of Open 
Space 

VVhile some communities in the 

Southland provide au exceptional 

amount and quality of open space, 

other areas provide few opportunities 

for experiencing the outdoors. As the 

hillsides, once considered too steep 

for development, are now sprouting 

houses, there is a growing concern 

about natural areas that are not 

preserved by public or protective 

ownership. As the population grows, 

the pressure to develop environmental 

assets will only increase. Likewise, 

with a growing population there 

will be more demand to save these 

areas and to create more recreational 

opportunities. All the region's 

general plaus address open space in 

some fashion. Additionally, several 

innovative aud progressive projects 

are currently under way. Some of 

these programs, such as the Coachella 

Valley Habitat Conservation Plan, 

are taking place at the sub-regional 

level. Other notable efforts, such as 

the Ventura County SOAR initiative 

(Save Open Space aud Agricultural 

Resources) aud the Riverside County 

Integrated Project (RCIP), are being 

implemented through general plans 

at the county level. Too numerous 

to list are the varied efforts taking 

place among the mauy cities of the 

Southland. 
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These green hills of Ventura County are a natural feature worth preserving. 

Congestion 

Congestion will continue to pose 

a problem for the Southland. The 

increasing population in the region 

will cause vehicle miles of travel to 

rise. Without siguificant chauges in 

the way land uses are integrated with 

trausportation, congestion is predicted 

to worsen. If current trends continue, 

estimates are that congestion, in 

terms of regional daily vehicle hours 

of delay, will more thau double from 

1.6 million to 3.6 million in 2030. In 
Riverside County alone, vehicle hours 

of delay could more than triple. 

In a survey conducted by Compass, 
residents rated congestion as one of their 
top concerns . 
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Pollution 

Despite significant air quality 

improvements in the region in the 

last 30 years, the Southern California 

region is still, and will continue to 

be, challenged with air pollution. 

Maximum pollutant concentrations 

in the region still exceed the 

federal staudards for ozone, carbon 

monoxide and particulate matter 

(PMIO and PM2.5) significantly. In 
the last several years the downward 

trend of pollution production has 

reversed. Despite improved emission 

standards for passenger automobiles, 

big trncks and sport utility vehicles, 

which are exempt from fuel efficiency 

standards, have increasingly become 

the vehicle of choice. 

Daily vehicle miles of travel also are 

still very high, despite a slower rate of 

increase in recent years. Additionally, 

emissions from ships, locomotives, 

buses, trucks, other large vehicles, 

as well as mauy household chemical 

products, remain unregulated. 

Thus, the combination of increased 

emissions, the regional geography, 

and the hot climate encourages ideal 

conditions (temperature inversions) 

for increased pollutaut buildup aud 

reaction. As a result of these factors, 

the air quality in the region could 

continue to worsen nuless measures 

are taken aud policy is introduced to 

reduce pollution production. 

Managing freight effiCiently is a crucial part 
of maintaining a healthy Southern California 
economy. 

WlJrlt! R N <:" I. Ii N 1 it 
;. :s.o 1~ii' I'ON ~O'l il: N I 

Growth Vision Report 

Although technological advances have helped curb pollution in Southern California, it is still a 
big challenge for the region. 

Freight Managetnent 

Freight operation in the Los Angeles 

region originated next to the Port 

of Los Angeles at Long Beach 

in the early 20 th Century, when 

these ports were separate from 

other development in the region. 

Subsequent growth has surronuded 

the original industrial lauds and is 

currently constraining the expausion 

of operations needed to keep pace 

with increases in freight volume. 

Truck access directly to the ports 

contributes to severe congestion on 

the freeway system and to poor air 

quality in the region. The Alameda 

Corridor was built to alleviate some 

of the problems associated with truck 

access to the port. 

In addition to rail and trnck freight, 

the Southern California region is 

experiencing astonishing increases 

in air freight volume. During 

the next 30 years, conservative 

projections indicate that this market 

of high value shipments will triple in 

volume, despite the dramatic growth 

auticipated in other freight sectors. 

And because air freight shipments 

intended for the local market must 

be transferred to trucks for delivery, 

air freight relies upon the surface 

trausportation network, in the same 

way that other types of freight do. 

Even when air or rail networks are used for 
freight, trucks are still needed for collection 
and distribution. 
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PuBLIC INPUT & INVOLVEMENT 

The Compass process has 

defined a shared vision 

that can guide regional 

and local land use decisions, 

transportation improvements and 

housing development for the next 

30 years. The Growth Vision creates 

a goal toward which objectives and 

implementation strategies cau strive. 

Arriving at the goal consisted of 

an extensive public outreach and 

input process. The Growth Vision 

was formed and refined through 

public surveys, focus groups, public 

workshops, sub-regional review 

sessions aud policy dialogues held 

throughout Southern California. This 

section summarizes the process aud 

findings of each of these components 

of public involvement and discusses 

how the results are incorporated into 

the Growth Vision. 

SURVEY FINDINGS 

A t the beginning of the Compass 

process, SCAG conducted 

a survey that asked Southern 

Californiaus them about the region's 

"biggest problems," perceived 

impacts of population growth, aud 

trausportation priorities. 

Overall, the survey shows that while 

the results are diverse, Southern 

Californiaus hold collective concerns 

and hopes for growth in their 

region. The respondents waut a 

balanced approach to mauaging 

growth. Respondents support 

allocating tax money to a variety of 

trausportation improvements, from 

freeways to trausit to bike paths. 

They were receptive to higher density 

development aud redevelopment as 

long as it is coupled with preserving 

open space. Aud they believe that 

environmental protection must be 

balanced with economic growth. The 

summaries below provide a better 

understanding of why respondents 

are concerned with growth aud their 

openness to solutions to growth

related challenges. 

The Role of Planning 

The survey results indicate that the 

respondents are very concerned 

that growth aud its impacts will 

erode quality of life. In fact, 46 

percent of respondents in the region 

agree that "my local government 

should try to slow growth down." 

When respondents prioritized their 

top four growth-related concerns, 

overcrowding of schools, at 46 

percent, was of greatest concern. 

Traffic congestion was second, with 

38 percent of respondents identifying 

it as their first or second most 

siguificant concern. Housing costs 

aud increased air pollution were next 

on respondents' list of concerns. 

I 
-
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Despite the concern about growth, 

wide support for planning solutions to 

growth exists throughout the region: 

78 percent of the survey participants 

believe planning is necessary to 

maintain livability. The strongest 

support for planning exists among 

the most active voting population of 

citizens 55 and older. These survey 

results validate findings from previous 

focus groups. Balanced approaches to 

mauaging growth are also import aut. 

Respondents supported both transit 

and freeway expansion, allocating tax 

money to a variety of infrastructure 

(from freeways to bike paths), and 

they believe that environmental 

protection must balauce economic 

growth. This search for balauce 

and varied solutions means that any 

strategic policy or funding initiative 

is not likely to be widely supported 

if it focuses on just a single answer. 

Respondents also thought that it was 

both likely (78 percent) and desirable 

(61 percent) that Southern California 

will become more ethnically diverse. 
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The green bars show the proportion of survey respondents who were Somewhat 
or Very Concerned with each topic. 
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Transportation 

The survey, as well as web surveys 

aud earlier focus groups, reflected 

a strong desire among residents for 

balanced approaches to managing 

transportation. The results indicated 

that citizens view freeways as an 

integral part of the region's future 

aud dislike the current congested 

state of these roads. VVhen asked how 

future tax money should be spent 

on the transportation system in the 

Southern California region, nearly 

30 percent of respondents mentioned 

freeway improvements. 

Yet more thau two-thirds of the 

survey respondents believe transit 

is part of the solution to traffic 

congestion. Nearly 3 out of 5 found 

it desirable that transit trips would 

replace more and more automobile 

trips, aud a large minority (34 

percent) thought that it was likely 

as well. Survey respondents would 

allocate 37 percent of trausportation 

funds to public transit (high-speed aud 

bus) on average. They would allocate 

30 percent to freeway improvements 

aud 14 percent to surface streets. In 
total, respondents would allocate 54 

percent of transportation funding 
to non-automobile modes of travel. 

These allocations hold true across all 

the counties in the region, with the 

exception of San Bernardino and 

Riverside, where residents allocated 

more funds to street-widening thau 

bus service. Imperial County, despite 

its distauce from the major employers 

of the Coastal Basin, gave highest 

priority to trausit. 

Survey respondents' mean allocation of tax funds to 
transportation projects 
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.f.tWe should widen 
congested freeways and 

build new ones." 

.f.tBuilding more high 
quality, high speed transit 

is part of the solution 
to the traffic congestion 

problem." 
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Land Use 

Survey respondents showed a general 

concern for open space. More 

than 60 percent of respondents 

were somewhat or very concerned 

with urban sprawl and the loss of 

open space. And 56 percent of the 

respondents found it somewhat or 

very desirable that environmental 

protection will become more 

important than economic growth. 

Almost half (49 percent) of those 

surveyed believe this is likely to occur. 

The public was also receptive to the 

ideas of higher density development 

and redevelopment as long as they 

were combined with preserving open 

space. However, the same respondents 

were less amenable to higher density 

development or to new residents in 

their own neighborhoods. Overall, 

there was a general awareness of 

land use issues and little willinguess 
"to not plan" or "to believe that 

somehow there is enough space 

to accommodate unfettered 

development." On the issue of infill, 

only 25 percent thought that growth 

will be concentrated in existing 

cities in the future, while 43 percent 

thought that this concentration would 

be positive. 
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/,INew neighborhoods 
with higher density 

development are OK if 
they are carefully designed 
and provide open space.'/ 

/,IAreas of existing 
neighborhoods/business 

districts should be 
redeveloped instead 

of using up farm land 
or open space for 

deve/opment. N 
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/,IHigher density 
development in my 

neighborhood is OK if it 
is carefully designed and 
provides open spaces.'/ 

/,1/ am willing to have 
more people live in my 

neighborhood so that less 
open space will have to 

be deve/oped. N 
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SOUTHERN CALIFORNIANS ARE MORE 
ALIKE THAN DIFFERENT 

Southern Californians in different Counties showed that they are more alike 
than different. For example, between 84 and 90 percent of respondents in 
each of the Counties except Imperial were very or somewhat concerned 
with traffic congestion. Each County's survey respondents would allocate 
18 - 24 percent of transportation funds to high-speed transit, whi Ie 
the proportion for freeway improvements was 28 - 36 percent. Their 
prioritization of transportation fund allocations was the same across all 
Counties, with one small exception in Riverside and San Bernardino 
Counties. Respondents from Los Angeles, Orange, and Ventura Counties 
put greater priority on bus service than on widening major streets, while 
residents in Riverside and San Bernardino Counties preferred the reverse. 
The overall distribution of funds fell into three categories in the following 
order of priority: (1) freeway and high-speed transit, (2) increased bus 
service and wider streets, and (3) more sidewalks and bike paths. 

Respondents showed similarities toward general land use and planning 
issues as well. At least 70 percent of respondents in all Counties strongly 
or somewhat agreed that planning is necessary to keep the region livable. 
Nearly 80 percent agreed in five of the six Counties (70 percent agreed 
in Orange County). At least 70 percent of all Counties also agreed with 
the idea of higher density neighborhoods that are carefully designed and 
provide open space. 

While it is often said thatthe sub-regions of Southern California are very 
different - and in many respects they are - this survey reveals that when it 
comes to picking strategies and investments, people across the region are 
remarkably consistent in their preferences. This similarity is a key asset to 
building a shared regional vision and to implementing positive long-range 
strategies. 

Participants placed "chips" representing growth on this regional base map. 
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WORKSHOPS 

T he Compass workshops allowed 
Southern Californians to explore 

ideas about what the region will look 
like in the next 25 to 30 years. The 
workshops specifically asked the public 
how and where to accommodate 
the region's next 6 million people 
and 3 millionjobs. Nearly 1,300 
members of the public attended 13 
Compass workshops. Using maps 
of the entire region, Southern 
Californians experienced firsthand 
the interdependence of regional land 
use, transportation, economics, and 
environmental issues across political 
boundaries. 

The workshop participants came 
up with countless ideas, solutions, 
and plans, as well as more than 100 
maps - each a unique vision of the 

future. While land use, transportation, 
and development issues are often 
approached at a local level, each 
Compass workshop map created 
solutions to these regional challenges. 
The workshop results support both the 
survey findings and the Growth Vision 
principles. They reflect the need for 

balance and planning, with consistent 
concern for environmental protection 
as well as economic growth, for multi
family and single-family housing types, 
and for mixed-use centers as well as 

single-use districts. 

Workshop participants assess growth 
options . 
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Workshop Process 

Compass used workshop maps of 

three different scales to gather the 

greatest diversity of citizen input. 

At the kickoff workshop Southern 

Californians from arouud the region 

worked on the entire six-county 

SCAG region. The majority of 

workshops were conducted at the 
sub-area scale - smaller than the 

entire region but incorporating 

multiple counties. Different sub-areas 

overlapped so participauts had a 

choice of workshops. They were also 

formed based on commuting patterns, 

urbauized land and other geographic 
factors - not jurisdictional boundaries. 

Sub-area workshop participauts were 

given the opportunity to work at 

the regional scale as well. The final 

two workshops allowed participants 

to work at au even finer level of 

detail in the South Bay/Gateway 

Cities and the Four Corners/Inland 

Empire Focus Areas. Also, as a result 

of public input the latter workshops 

allowed participants to select from a 

menu of transportation improvement 
options - allowing them to coordinate 

regional laud use aud transportation 

while considering the costs of 

transportation infrastructure. 

Workshop participants sat at tables of 

eight to 12 people with people from 

diverse backgrounds. The diversity of 

each table allowed the participants to 

experience alternative points of view. 

Environmentalists and developers, 
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So that participants could work on a more meaningful scale, the entire region was broken into 
seven overlapping subareas. 

students and seniors, immigrants and 

California natives often sat at the 

same table. They frequently found 

that they agreed more often than they 
disagreed - despite their different 

backgrounds. Other times, they 

negotiated trade-offs aud developed 

successful compromises. 

Each workshop group was given a 

base map that included existing land 

uses, existing and plauned highways 

aud trausit lines, and environmental 

constraints (steep slopes, floodplains, 

aud wetlauds). The participants were 

also given regional trausportation, 

topographical, aud endaugered 
habitat maps - vital information 

that showed a regional context and 

with more detail thau feasible on a 

workshop base map. 

Participants first identified areas 

where they felt growth should not 

occur. These areas included stream 

aud trail corridors, environmentally 

sensitive areas, aud other siguificant 

natural features they thought should 

be preserved. The participants were 

then challenged to accommodate the 

base map area's projected growth 

in housing andjobs using various 

combinations of development-

type game pieces, or chips. The 

development types represent a 

rauge of ways in which jobs and 

housing could be accommodated. 

Each development type has a unique 

development pattern (from auto

oriented to pedestriau-friendly), 

number of households and jobs, 

density, aud combination of retail, 

office, aud residential space. They 

were modeled after communities and 

places in Southern California (See 

Appendix I: Workshop Development 

Types). 
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The workshop groups were given 
three to four "starter" sets of chips. 

Each chip set consisted of a different 

combination of 14 development 

types. The development types were 

either separate-use, auto-oriented 

or they were mixed-use, pedestrian

oriented. They also included different 

levels of redevelopment. By choosing 

a starter chip set, groups indicated the 

quality of development (auto-oriented 

vs. pedestrian-oriented) and the 

general quantity of redevelopment 

they wanted on their map. 

To accommodate the same growth 

increment, a chip set consisting solely 

of low-density, auto-oriented chips 

would consume more land than a set 

consisting of mixed-use, pedestrian

friendly chips. The workshops allowed 

participants to grapple with these 

tradeoffs. Each workshop group had 

to reach consensus on tradeoffs of 

low-density versus compact growth, 

redevelopment versus greenfield 

development, and other important 

development issues facing the region. 

As the exercise progressed, groups 

were allowed to trade chips if their 

preferences changed. In order to 

accommodate the region's projected 

growth, however, the final number of 

households andjobs had to remain 

constant after trading. 

In conjunction with land use decisions 

made by placing chips, workshop 

groups marked ideal improvements 
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1604 ch ps. 

and additions to the regional 

transportation system. This task 

serves as one example of how the 

workshops responded to the demands 

of its participants. As more and 

more workshop groups were eager 

to plan transportation improvements 

and modes, the final workshops 

provided participants with various 

colors of tape to delineate planned 

transportation improvements. 

Since the transportation options 

were described in detail (see 
Appendix I), participants could 

then coordinate development with 

appropriate transportation service 

and even calculate the costs of the 

transportation improvements. 

At the end of each workshop, the 

groups had the opportunity to 

present their own visions and ideas 

about growth. This exchange proved 

valuable, informative and enjoyable 

for the participants. 

A woman presents the results of her 
group's work to the rest of the workshop 
participants . 

Workshop Results 

The workshop maps were compiled 

into a Geographic Information 

System (GIS) database that identified 

and analyzed the location, type and 

number of chips placed on each 

workshop map. Composite maps 

also were made of the transportation 

networks and open space corridors 

envisioned by each workshop group. 

The composite maps then formed 

the basis of the draft Growth Vision 
scenario - an alternative for future 

regional growth shaped by the visions 

and wishes of Southern California 

residents. The following summaries 

outline the common land use 

and transportation characteristics 

among workshop maps, as well as 

key differences between the various 

workshops. 

Land Use 

Whether or not the criticism of 

Southern California as an area of 

sprawl is true, there is a limited 

amount of easily developable land left 

in the region. That means there will 

be little opportunity to sprawl in the 

future. With this trnth in mind, most 

of the workshop groups opted for 

higher degrees of infill development. 

The workshop participants showed 

a strong preference for development 
in mixed-use centers and corridors. 

A surprising m<yority of workshop 

participants chose the most intense, 

mixed-use starter chip set (Chip Set 

1). Chip Set 4 often approximated 

development trends from the 1990s or 

was slightly more compact. In most 

sub-areas, this chip set consumed all 

remaining undeveloped land. Of all 

the sub-area workshop groups, not 

one chose Chip Set 4. 
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The vast majority chose either Chip 

Set I or 2, both of which contained 

a majority of mixed-use, pedestrian

oriented development types. Through 

their chip selection, workshop 

participants indicated that they do not 

prefer one style of development over 

another. Instead, they seek choices 

and a wider array of options in 

building their future. 

In nearly every workshop, participauts 

demonstrated the importance of the 

region's transportation corridors. 

Through the placement of high 

intensity land uses and improved 

transit aud auto service, participauts 

assured a place in auy scenario for 

these importaut corridors. 

Conservation of existing parks and 

mountains was a high priority for 

many workshop groups. These groups 

sought to enhauce networks of green 

corridors through mountain rauges 

and along rivers, particularly the Los 

Angeles aud San Gabriel rivers, and 

worked to incorporate wildlife habitat 

corridors in their plaus. 

Tranportation 

Consistent with the surveys, 

the workshops illustrate that 

transportation networks are indeed 

on the public' mind. Workshop 

groups often complained of congested 

freeways and routes, but they also 

proposed mauy solutions to the 

problem. While mauy participauts 

advocated expanded capacity or 

new aliguments, the m<yority used 

laud use decisions and alternative 

means of transportation in addition 

to the more conventional mauners 

of addressing congestion. This again 

illustrates that people want a wider 

range of options in their quest to 

achieve better mobility. 

Workshop maps and comments also 

called for better access to transit 

aud more comprehensive transit 

systems that approximate commute 

flows rather thau remaining within 
political boundaries - most often with 

connections between Orauge aud 

Los Angeles Counties. Even residents 

who do not use transit supported 

upgrading trausit networks. Many 

called for greater access to local bus 

routes for students and seniors. 

Compilation map representing the sum of all 
land set aside for conservation by the more 
than 700 workshop groups. 
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Workshop Variation 

The development types that 

participants typically chose to 

accommodate growth were heavily 

influenced by where they lived. For 

example, participauts in the Downey 

workshop were much more likely to 

emphasize corridor reinvestment and 

intense, mixed-use centers thau were 

participants in Palmdale, or even in 
built-out areas such as Garden Grove 

aud the Sau Fernando Valley. 

While mauy of the workshop groups 

opted for redevelopment over 

greenfield development, the workshop 

exercise exposed the difficulty of 

redevelopment in accommodating 

projected growth in nearly built-out 

areas such as the Los Angeles Basin 

aud Sau Fernaudo Valley. While a 

strong desire to reinvest in the historic 

downtowns of San Bernardino and 

Orange Counties remained, interest 

in redevelopment was generally low 

in these counties compared to Los 

Angeles County. The High Desert 

cities incorporated more single-use 

development and fewer mixed-use 

centers than most other parts of 

the region. However, workshop 

participants continued to locate 

mixed-use development in High 

Desert city and town centers. 
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Residents in the Coachella Valley, the 

High Desert and other, more remote 

communities created more roads than 

other places. This is most likely due to 

the available land, recent growth, and 

the prevalence of automobile travel 

in these areas. VVhile new roads mean 

more travel options, they also hamper 

conservation measures envisioned by 

many participants. Imperial County 

generally prioritized transportation 

connections to San Diego over 

connections to Riverside or Orange 

Counties. 

The workshop participants 

encountered challenges in thinking 

regionally. Many were concerned 

with the effect of a regional scheme 

on other cities or neighborhoods on 

their maps. Similarly, others focused 

growth and improvements in areas 
they knew best - their own cities or 

neighborhoods - and did not attempt 

to change other areas. This stands in 

contrast to experience in other similar 

exercises where locals shun the idea 

of growth in their own neighborhoods 

and place disproportionate amounts 

of development in other communities . 
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Web-based Outreach 

Compass also has used the world

wide web extensively to maximize 

outreach to Southern Californians. 

The award-winning Compass website 

offers a range of valuable resources, 

including news articles and reports 

related to regional planning and 

growth. It also offered several ways 

to get involved in the Compass 

process. Since not everyone could 

attend a workshop, web-based access 

to workshop information was made 

available. A web-based survey also 

was conducted so that people could 

respond to the issues of regional 

growth at a convenient time and 

place for them. The web survey was 

consistent with the phone survey. The 

Southern California Compass website 

was the recipient of an American 

Planning Association award of 

excellence. 

TIn liN (,I;L RNlil 
O(JI."l' rIl)N 4-1l) il: NM ~ 1II 1 

AR0072655 



Growth Vision Report 

COORDINATING LAND USE WITH THE REGIONAL 
TRANSPORTION PLAN 

A a metropolitan planning 

organization, SCAG is 

reqnired by federal law to 

create a Regional Transportation 

Plan (RTP) that determines the needs 

of the transportation system and 

prioritizes proposed transportation 

projects. The RTP is also necessary 

to obtain and allocate federal funding 

for regional transportation projects. 

The RTP must be updated every 

three years to ensure that the plan 

adequately addresses future travel 

needs and is consistent with the 

federal Clean Air Act. While the 

Compass workshops were taking 

place, SCAG staff was working to 

update the 2004 RTP 

In keeping with the philosophy of 

scenario planning, a research project 

was undertaken in partnership with 

the SCAG RTP team to examine 

the effects of land use on regional 

transportation performance. Various 

regional development scenarios 
- alternative snapshots of land use 30 

years into the future - were created 

to measure the various impacts 

of land use on congestion, vehicle 

trips, transit use and air pollution. 

The research was undertaken 

with the understanding that the 

scenario analysis would inform both 

the RTP and the Growth Vision. 

Incorporating land use into a regional 

transportation model is nothing short 

of a paradigm shift in the way regions 

plan transportation. The outcome 

of this scenario analysis will have 

tremendous implications for future 

RTP cycles in Southern California 

and regions nationwide. 

To study the effect of alternative 

land use desigus on regional 

transportation performance, multiple 

regional development scenarios 

were created through SCAG's 

Planning for Integrated Land Use 

and Transportation (PILUT). Two 

"bookend" PILUT land-use scenarios 

were developed to compare variations 

on regional trend scenarios and the 

draft Growth Vision scenario. One 

bookend, PILUT 1, focused on infill 

development in existing cities while 

the PILUT 2 distributed growth 

over a broader area in newer cities. 

Comparing these two extremes to the 

Trend Scenario provided valuable 

lessons for the Growth Vision 

principles and the Growth Vision 

scenario. Below is a summary of the 

PILUT scenario analysis process and 

its findings. 

PILUT SCENARIO 
ANALYSIS 

How the Scenarios 
Were Modeled 

A detailed land use model can help 

create scenarios that more fully 

test the integration of land use 

and transportation than regional 

transportation models can alone. 

Through the use of robust computer 

planning tools, development types 

were combined to create the two 

PILUT scenarios. These scenarios 

were desigued to test two possible 

future outcomes. The PILUT 
scenarios were engineered not as 

draft visions but as studies that could 

help create a draft vision. Measures 

of the effects of the PILUT scenarios 

were then compared to the same 

measures of various baseline or 
trend-based scenarios. 

Both the PILUT 1 and 2 scenarios 

consist of the same population as the 

total projected by SCAG for the trend 

scenarios and approximately the 

same distribution among the counties. 

In defining the scenarios, SCAG 

provided a mix of housing andjobs 

for each of the seven modeling zones 

within the region. This allocation was 

broken down to include population, 

households and three categories of 

employment. 

The PILUT methodology 

incorporated many datasets from 

a variety of sources. The primary 

reference layers were from SCAG 

(regional land use 1993), satellite data 

(1992 and 2001), and Census data 

(1990 and 2000). Additional data 

included general plans for each of the 

counties, environmental layers, and 

derived layers from a digital elevation 

model. These layers were combined 

to create a database that could be 

queried to provide the most accurate 

land use information available. 

The overall strategy in developing the 

map layers was to identify developed, 

environmentally constrained, and 

committed (publicly owned or tax 

exempt) land. The model assumes 

that publicly owned land is not 

available for either development or 

redevelopment, and removes it from 

developed and vacant inventories. 

Environmentally constrained land 

was also removed from the vacant 

land inventories in order to leave it in 

its natural state as much as possible. 

The resulting inventories of vacant 

and developed land are assessed 

for snit ability for development and 

redevelopment, taking into account 

the land's proposed density and 

connection to infrastructure. 
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In addition to the detailed land use 

models that are used to both establish 

scenarios and monitor crucial themes 

(such as types of jobs and housing 

aud the amount of vacant land versus 

infill development), SCAG maintains 

transportation models that use these 

scenarios as inputs. These models are 

capable of measuring the chauges 

in laud use, aud in conjunction with 

current aud planned infrastructure, of 

determining how the region's travel 

will be affected by the future growth. 

The Trend Projection 

As part of the RTP update, SCAG 

performed a detailed analysis of 

the region's existing conditions. 

This inventory counted the location 

aud variety of the region's jobs, 

households and people. The modelers 

at SCAG then integrated this 

inventory with the trausportation 

system aud behavioral patterns to 

understand impacts on travel. Finally, 

the modelers developed a series of 

alternative laud use scenarios. 

One scenario, known as the Baseline 

alternative, represents what is likely 

to happen given the continuation of 

existing trends. Scenario planning 

relies on the idea of a Baseline 

alternative because it serves as a point 

of comparison for other alternatives. 

The Baseline is a prediction of 

where the future jobs aud people will 

locate within the region if policies 

remain the same. It represents the 

continuation of current development 

trends, with adjustments made based 

on local input. The Baseline scenario 

for the Compass project is known 

as the 2030 No Project scenario. In 
the RTP process, several trend-based 

scenarios were created. 

.. e~comp.a 
'I' 

The Trend Projection 

The process used to create the 

PILUT scenarios is very similar 

to the process participauts in the 

workshops used to create their plaus 

for the region's future. The scenarios 

were built by placing development 

types, representing a mix of land 

uses, throughout the region. The 17 

development types (See Appendix 

II: Scenario Allocation Development 

Types.) used to create the scenarios 

are more detailed aud refined than 

the ones used in the workshops, but 

they are similar in that they are based 

on places experienced by residents 

and workers alike. 

The components of the development 

types are "building types," which 

were established based on real world 

examples found within the Southland. 

The building types represent a wealth 

of data - from jobs aud housing types 

to the mix of laud uses to building 

height aud parking requirements 
- applied at the smallest level of 

geography available (about five acres). 

Each development type represents a 

unique grouping of building types. 

At their most basic level, development 

types represent households aud 

employees for a given amount of 

land. In addition to this simple 

representation of density, information 

can be associated with these 

development types indicating mauy 

factors, such as the amount of 

impervious surface, percentage of 

rental units, single-family aud multi

family mix, infrastructure costs, aud 

other derived assumptions. Scenarios 

were populated using development 

types, allowing for direct comparisons 

between them via evaluation 

criteria such as land consumption, 

comparative infrastructure costs, aud 

housing audjob profiles . 

The scenarios themselves also are host 

to a wealth of data that can be used 

for further modeling or analysis. The 

following is a description of the two 

PILUT scenarios and the results of 

the scenario aualysis. 

Developed Land 

Vacant Land 

Environmental Constraints 

In order to develop a land use model, 
developed and vacant land must be 
identified and environmental constraints 
removed. 
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PILOT SCENARIO 
ANALYSIS RESULTS 

PILUT 1 

This alternative is often referred to 
as the "infill" scenario. It's based on 

an intense realization of the growth 

potential of the Coastal Basin of 

Los Angeles and Orange Counties 

and the San Fernando Valley. In 
PILUT 1, bothjobs and housing 

growth would be focused on existing 

centers and corridors throughout the 

region. The m<yority of the workshop 

maps used similar strategies for 

accommodating growth. 

In this scenario the city of Los 

Angeles, building upon its growing 

multi-ethnic population, will be 

transformed into an international city 

rivaling any in the world. Los Angeles 

would be home to siguificant amounts 

of growth, with most of it occurring 

through infill development. The 

intensive network of transportation 

corridors would be the target of 

siguificant reinvestment, creating 

highly desirable places to live and 

work in the central city that are near 

excellent transit service. 

Beyond the Coastal Basin, cities 

would experience a siguificant 

amount of investment. To reduce 

trips and make transit more widely 

available, development that might 

currently locate along interchanges 

instead would be focused on the 

combination of existing well

connected road networks, transit 

access and services. This development 

would be mixed use, with close 

proximity to goods and services for 

new households. 
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A geographic representation of PILUT 7 shows intensity of development by TAZ. 

PILUT 2 

This alternative is often referred to as 
the "Fifth Ring" scenario. It is based 

on a broad distribution of future 

growth in the region. While the basin 

is still popular, an increasing share 

of growth will locate in newer cities. 

Places such as Palmdale and Ontario 

would become regional centers, with 

growth similar to that experienced by 

Orange County in the 1960s and 70s. 

Because most of the development 

In PILUT 2, outlying areas are a focus for growth. 

occurs at the edge of what is current 

development, many towns and 

cities that today are separate from 

one another will grow together. 

The growth of the outer ring cities 

will transform the region, bringing 

economic growth to areas that have 

seen mostly housing development 

over the last decade. The region will 

become even more polycentric, with 

Palmdale, San Bernardino/Riverside, 

and Los Angeles operating as the 

three large centers from which growth 

extends. 
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With the outward expansion in 

business growth, Los Angeles will 

not see the extent of growth seen in 

PILUT 1. With job growth focused 

around the Ontario airport, San 

Bernardino and Riverside will merge 

to become one unifiedjob destination. 
Palmdale will grow at a rate and 

density similar to Las Vegas during 
the last decade - minus the casinos. 

There will be a siguificant number of 

new jobs coming to these emerging 

areas as manufacturing finds its 

place among the new investments in 

airports and centers. Accompanying 

all of these jobs are thousands of new 

homes, ensuring a balanced mix of 

jobs and housing that will allow the 

transportation system to work most 

efficiently. 

Within the centers themselves, 

housing will playa smaller role, since 

commerce is more predominant. 

These areas will, however, be home 

to a siguificant number of homes, 

primarily multi-family with some 

small-lot, single-family housing at 

the edge. Redevelopment and infill 

will continue to playa role in the 

development of new housing, likely 

continuing at about the same pace as 

today. 

PILUT PerforlDance 

The two PILUT scenarios, using land 

use integrated with transportation, 

modeled siguificantly better than the 

conventionally created scenarios, the 

projected trend, and the composite 

of local plans. Specifically, with the 

same amount of investment, there 

was siguificantly less congestion and 

slightly more transit and walking than 

unaided. When the results are taken 

in whole, it is clear that either of the 

PILUT land use scenarios would be 
superior to the trend scenarios - and 

that they would achieve benefits 

equivalent to billions of dollars of 

PILUT 2 (right) places more growth in high desert areas such as Victorville 
compared with PILUT 7 (left) . 

.. e~comp.a 
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transportation investments. Clearly, 

smart land use choices are one of the 

best potential strategies that can be 

used today. It is interesting to note 

that while PILUT 1 and 2 have very 

different distributions, they have 

similar development patterns that 
were developed by SCAG's Growth 

Visioning Subcommittee. When 

these principles are implemented, 

transportation improves to some 

extent, regardless of the specific 

location of development in the 
region. This is a robust strategy - it 

works well in many scenarios. 

Toward the Growth 
Vision 

Both PILUT 1 and PILUT 2 are 

plausible scenarios in the long term. 
But because they are "bookends," 

neither scenario represents a story 

about growth that is readily feasible 

in the short term. Both require 

siguificant and immediate policy 

changes. PILUT 1 requires policy 

changes at the local level to focus infill 

in existing centers, in transportation 

corridors, and around areas with high 

quality transit service. While PILUT 
2 also would require siguificant policy 

changes to achieve its compact form, 

it also requires intensive investment 

in transportation facilities to spur the 

employment growth required in the 

High Desert. Based on results of the 

PILUT scenario modeling and the 

workshops, the team began to create 

the Growth Vision alternative. 
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PuTTING IT TOGETHER: THE GROWTH VISION 

The foundation of the 

Growth Vision is built on 

lessons learned from surveys, 

workshops, scenario modeling sub

regional review sessions and policy 

dialogues. 

Fundamental among the "lessons 
learned" from the PILUT scenarios is 

that the physical limits on developable 

land, from mountains and streams 

to existing development, will require 

finding new ways for the region to 

grow. Unable to rely on a never

ending supply of usable vacaut land, 

cities and developers will need to 

focus on mixed-use development aud 

on locating new jobs and houses in 

developed areas that are capable of 

supporting additional growth. 

The network of transportation corridors 
proVides a strong backbone for future land 
use in the Growth Vision alternative. 

The region is rich with efficient 
aud well-connected centers and 

corridors. These are prime areas 

where investment in infrastructure 

cau act as a catalyst to focus growth. 

Development in these areas provides 

residents with many options for 
travel - from foot to bus to car - and 

minimizes reliance on scarce vacaut 

laud. Modeling has shown that more 

intense development, along with 

a mix of uses in these areas, has a 

great effect on reducing regional 

congestion. 

Residents of the Southland cau be 

open to higher-density development, 

especially when it brings investment to 

areas in need or preserves the region's 

open space. There is increasing 

evidence that new forms of higher 

density housing, when combined 

with the proper amenities and urbau 

environment, are successful in the 

marketplace. 

The amount of laud that the region 

might consume does not depend 

on differing policy choices as much 

as it depends on the mauy smaller 

regions surrounded by rural land. 

Because there is such a limited supply 

of available laud near infrastructure, 

the amount of land consumed in the 

future is less importaut than how the 

laud is used. 

The strategy of combining compact, 

mixed-use development with housing 

audjobs near m<yor trausportation 

infrastructure proved to be of 

enormous benefit in accommodating 

future growth. There is much 

evidence that a reduction in vehicle 

driving occurs in areas where 

laud use aud transportation are 

integrated aud densities are higher. 

In a congested region such as the 

Southland, integration of land use 

aud trausportation has an even 

greater effect. 

Higher density hOUSing along the Wilshire 
Boulevard corridor. 
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FOUNDATION OF 
A VISION 

T he lessons outlined in the last 

section provide the basis for 
crafting a vision that uses the four 
Growth Visioning principles. 

Again, the foundational principles for 
developing the Vision are: 

~ Improve 1nobility for all 

residents 

~ Foster livability in all 

communities 

~ Enable prosperity for all 

people 

~ Promote sustainability for 

future generations 

The Growth Vision is based on a 
combination of inputs, namely: 

• The Growth Visioning principles 

• Composite of local government 

general plans aud input to SCAG 

• Pojected demaud for jobs and 
households 

• Compass workshops aud survey 
results 

• Lessons learned from the PILUT 
research 

• Sub-regional review sessions 

• Policy dialogues 

.. e~comp.a 
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Creating the Growth Vision 
alternative is one way to combine 
these principles into a viable and 
realistic alternative. It is important 
to note that there are mauy ways 
to configure the Growth Vision 

alternative aud still achieve the same 
(or better) results. The importaut 
decisions are the principles, strategies 
aud performance of the results. In 
crafting a practical Growth Vision 
for the region, the goal should be 
to achieve high performauce aud 
beneficial results - while tailoring 

the land use aud investments to local 
needs and wishes. 

Short-tertn Issues 

It was important to include SCAG's 
projections for 2010 into the Growth 
Vision process so that the two 

projects cau be folded into each 
effectively. While many of the policy 
chauges depicted by the Growth 
Vision scenarios were positive, it 
may take some time to incorporate 
them into local ordinances and local 
development practices. By building 
the Growth Vision alternative on 
top of the 2010 projections, a full 
six years is incorporated for "ramp
up," or adoption of new policies and 
acceptauce of new building styles. 
Further, the alternative was desigued 
to recoguize the local input received 

by SCAG during the RTP process. 
While the locations of jobs and 
housing are siguificautly different 
thau in the conventional models, for 
the most part the total projection is 
very close to that requested by the 
member jurisdictions of SCAG. 

I 
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Prosperity: EconolDic 
Drivers 

Southern California is au 
international center for freight , 

manufacturing, services aud artistic 
production. These traditional sources 
of job growth will be reinforced in the 
regional vision through investments 
and strategies that bolster the local 
economy. 

Southern California will continue 
to be both the cultural aud finaucial 
center of the western United States, 
with m<yor markets in Asia aud 
Latin America. With increased 
opportunities for work aud significaut 

reinvestment, the motto will surely be 
"place matters." M<yor employers and 
corporate headquarters, along with 
start-up aud creative-class businesses, 
all will be drawn to the region's core. 

In addition to a commercial and 
cultural core, the region depends 
on the free flow of goods from its 
ports to maintain a healthy economy. 
The Growth Vision will help ensure 
the movement of freight flows 
efficiently through the region. Its 
aim is to reinvigorate the economy 

in the short term with road aud rail 
improvements and to carryon long
term prosperity via the free flow 
of goods. The Growth Vision calls 
for upgrading much of the region's 
freight movement infrastructure. 
Dedicated trnckways would be built 
along mauy sections of busy freeways 
to improve the movement of freight 

truck traffic. Railway improvements 
along specific corridors would move 
freight more efficiently. A MAGLEV 
train would offer an alternative 

mode for regional travel, to reinforce 
the larger business centers, and to 
improve the connections between the 
region's airports. 

Growth Vision Report 

Prosperity will depend on efficient movement of goods into, through, and out of the region. 

The success of the Alameda Corridor 
has spawned numerous proposals 

for improvements that will benefit 
freight movement. An inland port 
in San Bernardino County, which 
capitalizes on the regional interface 
between trucking, rail, and air is key 
among these enhancements. The 
ultimate vision is to provide direct 
rail access between the port and this 
major intermodal facility that will 
intercept through-region shipments 
for repackaging before distribution. 
Shipments for local markets still will 
be distributed from Long Beach but 

will cause less congestion. 

The inlaud port intermodal facility 
will become a regionally significaut 
employer, cementing the area's role 
as both ajob and distribution center. 
In the process, a large number of 
currently underntilized industrial 
sites in the City of Los Angeles will 
become available for new uses. 

The Growth Vision will improve freight 
distribution from the port of Los Angeles. 

Air freight plays a significant role 
in the region's economy. While Los 

Angeles International Airport (LAX) 
currently haudles the m<yority of 
air freight in the region, the Growth 
Vision proposes shifting more cargo 
movement to Ontario International 
Airport to free LAX for passenger 
travel. Ontario International Airport 
has already become a major facility 
for United Parcel Service, handling 
most shipments arriving or departing 
from the West Coast. With the 
acceleration of Internet commerce, 
special delivery services can be 

expected to increase at a higher rate 
thau traditional shipping. Ontario 
Airport is planning au additional 
runway to increase capacity. 
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Employment in proximity to Ontario Airport. 

These strategies carry the potential 

to increase the hum of the region's 

economy. Investing in freight 

movement infrastructure will keep 

the region's ports healthy. Ports 
- the beginning points for trade 

and commerce - are at the heart 

of this region's economy. Ensuring 

free-flowing movement of goods is 

imperative to the region's economic 

prosperity. 

The Growth Vision depicts a region 

of many centers. The centers, in 

conjunction with the high intensity 

corridors that contain a significant 

amount of the region's commerce, 

will be filled with the vibrancy that 

comes from investment and additional 

people andjobs. While growth will 

be shared, variety will be intensified. 

These centers and corridors will 

continue to specialize, providing a 

home to unique business and cultural 

elements. The critical mass that 

can be attained through clustering 

of these uses will help cement the 

identities of places such as Burbank 

with the film industry, Los Angeles as 

a cultural center, andjob centers such 

as the harbor or inland port as centers 

of industry. 

.. e~comp.a 
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Beyond the Coastal Plain, the shape 

of new development will undergo 

change. Auto-oriented commercial 

uses, from stores to offices, will find 

vacant land with good auto access 

difficult to obtain. While there 

will continue to be areas that are 

dominated by auto-oriented business, 

redevelopment and its higher densities 

will become more common. Existing 

city centers and the remarkable 

network of corridors will become 

the choice location for new jobs, 

combining with existing employment 

to strengthen the centers. These areas 
are locations with well-connected 

street systems, a pedestrian-friendly 

street environment, efficient freeway 

access and many transit options. 

The cities and towns of the High 

Desert will make a name for 

themselves as they grow into unique 

new places. With a large supply of 

available raw land and a rapid rate 

of growth, these areas will have the 

unique opportunity to go from the 

planning stage to realization of a 

vision quickly. 

Ventura County will continue 

to embrace the value placed on 

agriculture and open space. The 

SOAR boundaries, drawn for 

preservation, will demonstrate their 

power in bringing land uses together 

and lessening the impact on the 

transportation system. As long as 

Ventura County can accommodate 

sufficient workforce housing to match 

its employment growth, the SOAR 

boundaries will have a beneficial 
impact on transportation - if the 

boundaries cause long commutes 

because of a lack of housing, 

they could exacerbate congestion. 

Communities in this area will grow in 

popularity, capitalizing on the scenic 

beauty and quality of life. 

Farthest from the Coastal Basin, 

Imperial County also will retain its 

strong agricultural heritage. Existing 

towns such as EI Centro will evolve as 

even more important commercial and 

cultural centers. Strong preservation 

of agricultural land will keep the 

cities from unnecessarily growing 

outward. Building on a compact 

urban form, residents will have ready 

access to jobs, goods, services, and 

cultural activities within a very short 

distance of their front doors. 

Livable COlDlDunities 

Along with the Basin's increase 

in employment, Los Angeles and 

Orange Counties will become 

significant magnets for housing 

growth. Long commutes to outlying 

areas will be discouraged by rising 

congestion and the availability of 

nearby jobs and services. With many 

new residents from areas with high 

urban densities, the new population 

will be more adapted to urban 

living. The new availability of old 

industrial sites within the Basin will 

provide a much needed increase in 

land available for housing. These 

areas will be transformed into new 

neighborhoods, complete with 

a range of housing options and 

excellent accessibility to the Basin's 
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Open space protected by general plans, government ownership, or other conservation 
management efforts. 

j obs, entertainment, and cultural 
opportunities. New housing will 
sprout at a rapid rate along the 
transpor tation corridors that define 
the area. This resurgence will provide 
housing for thousands of people 
through infill and redevelopment. 

Throughout the region , existing 
centers also will become the focus for 
new hou sing. Like the Basin, but on a 
smaller scale, these areas will to some 
extent replace the demand for today's 
subdivisions. People will choose to live 
closer to work, shopping and transit. 
Local businesses will prosper as 
people enjoy shopping close to home. 
For areas such as Ventura and EI 
Centro, as well as much of the region, 
this will mean a plethora of fresh 
local foods and quality local products. 
People living in the bustling urban 
core will find daily needs and cultural 
opportunities easily accessible. With a 
great variety of transportation choices 
as well, people living in commuter 
suburbs will also reap the rewards of 
a livable region. 

Suitable housing will be available 
to everyone, regardless of where 
they live in the region. There will 
be a wide variety of housing choices 
- from public housing to multi-family 
housing and single-family h omes 
- that are within the means of the 
majority of the labor force. Although 
many affordable housing units will 
be built through infill development, a 
fair sh are of workforce units will be 
located throughout the region , not 
just in the inner urban areas. 

The same growth strategy that helps 
the Growth Vision perform so well 
on transportation models also makes 
the Growth Vision more equitable. 
The Growth Vision's focus on 
balanced development - ensuring that 
workforce housing is built near job 
rich areas, and that both are served 
by good transit services - shortens 
commute trips and makes j obs and 
housing more accessible to people 
without cars. 

G rowt h Vis io n Repo rt 

The Growth Vision also depends 
on investment in important regional 
infrastructure and transit services that 
satisfy the tran sportation needs of the 
labor force throughout the region. 
Transit services that serve low-income 
residents are enhanced and upgraded 
in the Growth Vision. 

Sustainability 

Sustainable cities pay close attention 
to their environment - recognizing 
correctly that it contributes 
significantly to an area's quality of 
life and that it creates a sense of 
place and character. Humankind h as 
always modified the environment 
to meet its needs, but throughout 
m ost of history these ch anges 
h ave been, by m odern standards, 
rela tively modest adjustments to the 
landscape. It is only recently that such 
monumental attempts to control the 
landscape, as are commonly seen 
in American cities, have been made 
to develop land. Steep slopes, flood 
plains and wetlands are persistent 
features in the environment that h ave 
historically shaped development. 
Disregarding the risks involved in 
urbanizing them is potentially an 
enorm ous community liability, b oth 
financially and in terms of predictable 
community disruption. 

The Growth Vision seeks to 
accommodate growth while avoiding 
the development of sensitive open 
space resources. In developing the 
scen ario, development was avoided 
on steep hillsides, areas designated as 
open space in local plans, protected 
agriculture, and areas identified as 
potential future open space. Actually, 
the avoidance of these areas increased 
the beneficial transportation results 
by concentrating new housing and 
jobs closer together, and by providing 
access and views of the n atural areas 
of the region to its urban inhabitants. 

Camp! .8" 
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A depiction of the transportation network for the Growth Vision with Imperial subarea as the 
inset. 

Mobility 

The vast network of transportation 
corridors that help to define the 
Los Angeles Basin will undergo a 
transformation. Fueled by demand 
from new residents, the boulevards, 
with their high quality transit, will 
playa dominant role in people's daily 
lives. They will shine as a siguature to 
the health and vitality of the Basin. 
Transit will play an even greater role 
in serving people's daily needs. 

A combination of increased separate 
lane - or fixed guideway - bus and 

rail transit, along with growth in 
traditional buses, will enable quick 
and easy travel throughout the Basin. 
Los Angeles and Orange Counties 
will become part of a seamless transit 
network. For longer distances, high
speed trains and MAGLEV (trains 
that can go more than 240 miles per 
hour because they use maguets to 
hover over the guideway) will fill a 

role of ever increasing importance. 
This high-speed system will easily 
serve center-to-center regional travel 
as well as longer in-state trips. 

.. e~comp.a 
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The Ontario Airport will experience 
a unique type of growth as it is 
developed to an international 
standard. And by largely eliminating 
short distance flights, Los Angeles 
International Airport can shift 
to become more of a national 
and international airport without 
expanding the number of planes 
using it as a destination. These 
two airports will ensure Southern 
California's connection to the world 
and will further cement the region's 

position in the global marketplace. 

Smaller airports around the region 
will absorb the demand for some of 
the flights from the rest of California 
and other nearby states, while the 
m<yority of the short-haul trips will 
occur by rail. 

One of the keys to this strategy is 
promoting the use of freeways for 
long trips and local streets for short 
trips. The Southern California 
region has a good system of arterial 

streets that can replace the need to 
use freeways for short trips. In the 
Vision, many arterials are converted 
to boulevards, which are laid out 
in a web-like network or grid so 
that convenient access is provided 
to the greatest number of locations 
and multiple routes are available in 

times of congestion. The arterials 
will emphasize capacity and good 
desigu rather than speed, somewhat 
redefining the goals of mobility and 
accessibility. Only a small fraction 
of total daily trips in the region 

are longer than 15 miles, so the 
arterials are desigued to serve trips of 
moderate length (up to 30 minutes) 
at moderate speeds (30 mph). The 
Growth Vision emphasizes good 
transportation facilities closer in, 
connecting our existing communities 
with an arterial network and planning 
future growth areas near existing 
transportation infrastructure. 

Bus Rapid Transit 

Ontario Airport 

Maglev 
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Arterials Strategy 

To reduce congestion on key streets 

and make them a viable alternative 

to freeways for medium distance 

travel, the Growth Vision proposes 

community-friendly arterials. 

They are designed to be safe and 

convenient for pedestrians as well 

as cars, to promote a pedestrian

friendly pattern of land uses, and 

to encourage alternative modes of 

travel. 

Open spaces, landscaping, and sidewalks 
help make a safe walking environment. 

The Purpose of A Street 

Conventional highway and road 

planning and design has focused on 

efficient car movement, often at the 

expense of the adj acent business 

environment, community interaction, 

pedestrians, bicyclists, and others not 

in cars. Because of this, the word 

"arterial" often conjures up an image 

of wide roads, grit, traffic signals, and 

ugly roadside development. They are 

generally designed to have uniform 

speeds throughout their length, 

resulting in places that tend to look 

the same. 
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Multimodal streets focus on moving people, 
not just automobiles. 

Streets for Multiple Modes 

The Growth Vision views most 

roadways, from local streets to intra

regional arterials, as places that add 

to the quality of life of adjacent 

neighborhoods. Roads are not simply 

routes to move people and goods from 

place to place but have the potential to 

be quality places themselves. The focus 

of a roadway should be the people 

using it, not the cars and trucks moving 

through it. Roads have the potential to 

be many things and to accommodate 

a variety of travel modes. Seen in 

this light, a road can accommodate 

pedestrians as well as bikes and cars, 

while simultaneously serving as a 

community gathering place. 

Arterials should be multi-modal, or 

multi-purpose, balancing the needs of 

all types of travel, including walking, 

bicycling, and transit, so that people 

have choices in how they get from one 

place to another. This is important for 

at least two reasons. To start with, a 

roadway with a fixed width can move 

more people and goods - which will 

improve regional mobility - if forms 

of travel such as walking, bicycling, 

and transit are used in addition to 

automotive vehicles. These means of 

travel simply take up less space per 

person. 

An additional advantage is that 

walking, bicycling, and transit produce 

many positive qualities - they produce 

less pollution and noise, promote 

exercise and physical fitness, and spur 

development that is geared toward 

pedestrians. 

Growth Vision Report 

Consider Streets And Buildings 

Together 

The characteristics of each type of 

road suit some forms of development 

better than others. To take advantage 

of pedestrian-oriented land uses 

envisioned in the SCAG Growth 

Vision, a new circulation pattern 

to match these land uses must be 

developed - one that accommodates 

the car and transit and that reinforces 

pedestrian locations rather than 

isolating them. Instead of designing 

roads to be most convenient for 

cars and drivers, without regard to 

the resulting land use implications, 

it is important to consider the type 

of communities desired and to 

design roads to fit in and foster these 

communities. 

Strong arterial design also focuses 

on how the adjacent buildings 

are designed and used. Arterial 

streets should not be considered by 

themselves, because they are defined 

in part by the adjacent buildings and 

land uses. Streets are made up of the 

area where vehicles move, the area 

where pedestrians move, and the areas 

where buildings interface with the 

rest of the street. The Growth Vision 

calls for street design that considers 

the entire right of way - travel lanes, 

parking, bike lanes, medians, sidewalks, 

and street trees - and ensures it is 

appropriate for and complements the 

adjacent buildings. 

Since every trip begins and ends with 

walking, the pedestrian system is the 

primary transportation element that 

connects all travel modes. An arterial's 

pedestrian environment should move 

people and provide them access to 

adjacent land uses. A safe, comfortable 

and attractive environment includes 

a continuous system of sidewalks, 

wider sidewalks at congested locations, 

visible crosswalks, pedestrian signals, 

landscape buffers between sidewalks 

and streets, and a variety of public 

open spaces. 
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Regional Growth Vision 
_ Existing light RaillSubway 

Planned light Rai IISubway 

.",;.--..,... Potential light Rail links 

Existing Commuter Rail 
Potential Commuter Rail 
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Transitway 

Regional Center 

Town Center 

.. e~comp.a 
'I' 

+ 

Maglev Alignment 

Potential High Speed link 

Potential High Speed Transit 

Major Airports 

Public Open Space 

Other Publ ic lands 

Agricu Itural land 

Rural lands 

New Open Space 

New Development 

Industrial Centers 

Infill 

TIn liN (,I;L 
o (JI."I' rON 

RNlil 
4'0 il:NM ~ 1II1 

AR0072669 



Growth Vision Report 

IMPERIAL COUNTY 
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RESULTS 

T he Growth Vision alternative places most growth in the Los Angeles Basin, Riverside Connty, and the San Bernardino 

Basin. These modeling zones have existing infrastructure, particularly trausportation related, that allows growth to be 

absorbed with minimum adverse effects. 
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In the Growth Vision alternative, 
the Riverside and San Bernardino 
High Desert modeling zones absorb 
the most greenfield development 
- new development on vacant land. 

Ventura and Orange Counties have 
the least development on vacant 
land. Los Angeles Basin absorbs the 
most growth - both in households 
and employees - through infill, far 

more than any other modeling zone. 

Orange County also absorbs almost 
half of its households through infill. The eight transportation modeling zones. 
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The Growth Vision alternative has much higher transit ridership thau the Baseline alternative. Total daily trausit boardings 

increase 44 percent in the Growth Vision alternative over the Baseline. MTA bus boardings increase 24 percent over the 

Baseline and 53 percent over the current level. The Baseline increases only 23 percent over the current level. 

Total Daily Transit Boardings, 2030 MTA Bus Daily Transit Boardings, 2030 
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\Vhile the Baseline increases the current average travel time to work by 21 percent, the Growth Vision alternative actually 

decreases the average travel time by 2 percent. The Growth Vision alternative also decreases the average travel distance to 

work, while the Baseline increases average travel distance. The Growth Vision alternative decreases average travel distauce to 

work by 2 percent as compared to the Baseline. 

Home to Work Trips -Daily Travel Time 
per Person, 2030 

~ ~ j ,

ii= 
..!' . I 

- ~111 

~ 
I I , 

:ti: 
1111 

~ .. 

II! 
. iilp 

.. e~comp.a 
.. 

Home to Work Trips -Daily Travel Distance 
per Person, 2030. 

II. 

lill -'-~--'---."""'" 

TIn liN (,I;L RNlil 
O(JI.t;lI' rIl)N 4-1l) il: NM ~ 1II 1 

AR0072673 



Growth Vision Report 

The Growth Vision alternative decreases the average travel time for all trips by 7.5 percent, while the Baseline increases 

the average travel time by 12 percent, from 13.6 minutes to 15.2 minutes. The Growth Vision alternative decreases average 

travel time by 11 percent over the Baseline. 

All Trips -Daily Travel Time per Person, 2030 
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In both the Baseline as well as the Growth Vision alternatives, vehicle miles traveled per capita in the region decrease 

from the current level. However, the Growth Vision alternative represents a much greater decline - a 5 percent decrease 

compared to the decrease of less than 1 percent seen in the Baseline. 

The Growth Vision alternative performs even better when considering total vehicle hours of travel. While the Baseline 

increases hours of travel by 50 percent compared to the current level, the Growth Vision alternative only increases the hours 

of travel by 32 percent compared to the current level - reducing the hours of travel by 12 percent compared to the Baseline. 

Daily Vehicle Miles ofTravel per Person, 2030 Total Daily Vehicle Hours ofTravel, 2030 
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Vehicle hours of delay increase by 132 percent from the current level in the Baseline alternative. The Growth Vision 

alternative represents a reduction of 42 percent from the Baseline, limiting the increase from the current to 35 percent. 

Total Daily Vehicle Hours of Delay, 2030 

oo,~ ~--------------------------------

While the rate of people driving alone decreases siguificantly in both the Baseline and the Growth Vision alternatives, the 

Growth Vision alternative shows a greater increase in the trausit mode split. The percentage of people using transit to get 

from home to work or school increases from less than 5 percent currently aud in the Baseline to 7.4 percent in the Growth 

Vision alternative. This represents an increase of 54 percent. 

Home to Work/University Trips 
- Drive Alone Mode Choice, 2030 
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Home to Work/University Trips 
- Transit Mode Choice, 2030 
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Strategies & 
PerforlDance 

The transportation model results of 

the previous section indicate that the 

Growth Vision performed better than 

any other scenario. Transit mode 

split is increased while travel distance 

and time, vehicle miles of travel, and 

vehicle hours of delay all decrease. 

The obvious question is why: What 

makes the Growth Vision perform 

better than the Baseline scenario? 

What strategies contributed to the 

superior performance of the Growth 

Vision? 

The Growth Vision alternative was 

created by thoughtfully locating 

a mix of land uses around the 

region, while taking into account 

current development, vacant land, 

the current and proposed road and 

transit network, and environmentally 

constrained areas. In this way, certain 

guidelines could be followed: 

Locate growth in areas with 

robust existing 

transportation infrastructure 

(plenty of streets) 

Locate growth in centers 

and along transportation 

corridors 

Locate growth near transit 

corridors/ stations 

Locate jobs near housing 

and vice versa 

Locate heavy trip-generating 

development in areas with 

robust existing transportation 

infrastructure 

Avoid sensitive 

environmental features such 

as steep slopes, wetlands and 

stream corridors 
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DEVELOPMENT PATTERNS MAKE 
THE DIFFERENCE 

Adhering to the guidelines listed 
to the left resulted in the following 
development patterns, which 
the Compass team bel ieves to 
be the reason for the excellent 
performance of the Growth Vision: 

Compact, Corridors- and Centers
Focused Development 

The Growth Vision is much 
more compact than the Baseline 
Scenario. In the Growth Vision 
alternative, growth was located, 
as much as possible, in centers 
and along corridors. Growth was 
primarily located in existing centers 
and corridors, but if none existed, 
new centers and corridors were 
created. 

Locating growth in centers improves 
transportation performance in 
several ways. First, the centers 
themselves usually have a good 
street network. There are many 
streets, options, and routes for 
getting where you want to go, so 
that not everyone wi II need to use 
the same road at the same time. 
Secondly, centers usually are easy 
to access. They are usually near 
freeway exits or at the intersection 
of other important roadways. 
Finally, centers are usually 
accessible by transit, and transit 
may provide mobility within the 
center as well. These factors allow 
centers to absorb growth without as 
much strain on the transportation 
system. 

In addition, when employment 
and housing are located in centers 
and along corridors, trips become 
shorter. Housing, shopping, 
errands, recreation, entertainment 
and employment are more likely 

to be nearby. Even if housing or 
employment is elsewhere, the 
center or corridor encourages trip 
chaining for other needs such as 
shopping and errands. 

Mixed use development 

The Growth Vision employs mixed
use development, which ensures a 
mix of jobs and housing. Similar to 
the centers-focused strategy, mixed
use development brings daily 
errands within reach, shortening 
the two-thirds of trips that are non
commute trips. 

Transit-oriented development 

The Growth Vision located as much 
growth as possible near transit 
corridors and stations. In some 
cases, transit stations grew into 
mixed use, pedestrian-oriented 
centers, designed so that people 
can access them via transit and 
then wal k to all other desti nations. 

Centers-based, transit-oriented 
development is particularly 
important for employment. 
Dispersed employment is almost 
impossible to serve via transit, 
because it is too expensive and 
takes too long. For commuting by 
transit to be feasible, employment 
density is even more important than 
housing density. Dispersed housing 
can be served by park-and-ride 
facilities, but dispersed employment 
cannot. Destinations (employment) 
must be close to transit stations. In 
the Growth Vision, employment 
density near transit corridors/ 
stations was very high, in order to 
locate as many jobs as possible 
near transit and to make transit a 
viable commute option. 
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Sub-Regional Review 

Southern California Compass 

conducted review sessions with 

city planners, public officials and 

local experts in an effort to refine 

the Growth Vision scenario that 

arose from the PILUT scenarios 

aud workshop results. The SCAG 

region consists of 14 sub-regions, 

each of which operate as councils of 

governments in their own right. In 
au unprecedented effort to include 

sub-regional input and refine the 

draft Growth Vision based on local 

commentary, SCAG hosted review 

sessions in nearly every sub-region 
- often more thau once. Through 

reviewing the Growth Vision scenario 

maps with SCAG, with neighboring 

jurisdictions and with sub-regional 

coordinators, local planners, officials 

aud experts refined the public's ideas 

in finer detail and shaped the draft 

Growth Vision scenario to make it 

more consistent with sub-regional 

growth visioning efforts. In most 

cases the sub-regional review sessions 

confirmed the concepts behind the 

vision aud tailored the scenario 

to a level of detail that only local 

knowledge and experience could 

provide. 

The sessions showed consistencies 

aud differences between sub-regions 

aud the draft Growth Vision 

scenario. Open space provisions were 

consistent between the Growth Vision 

aud much of the local plauning 

initiatives in the region. Yet they 

also showed differing expectations 

concerning future housing, jobs aud 

development. Local plauners were 

concerned that entitled and recently 
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constructed projects were sometimes 

not shown in the Growth Vision 

scenario. Since the draft Growth 

Vision scenario was based on public 

aud regional input at the time of the 

review, local representatives were 

aware of new and pipeline projects 

that may not have been known by 

others. Other comments sought 
to better coordinate mixed-use 

centers with existing commercial 

developments. 

The sub-regional review sessions shed 

light on existing growth visions and 

opportunities for future collaborative 

visioning efforts. Just looking at 

the maps of the Growth Vision 

aud local plaus made apparent the 

local competition for commercial 

development aud opportunities for 

better laud use aud trausportation 

coordination between cities. At 

the same time, the sessions created 

the opportunity to coordinate the 

Compass Growth Vision with sub

regional visions already nuder way. 

Such visioning efforts have been a 

great success and, as shown later in 

the implementation section, local 

officials aud Compass agree that sub

regional visioning is key to achieving 

the goals of the Growth Vision aud 

a sustainable Southland. (Individual 
subregional review sessions are summarized 
in Appendix.) The Growth Vision and 

sub-regional review sessions also serve 

as valuable input to the Regional 

Trausportation Plan (R TP) aud are 

further discussed in the Coordination 

With the Regional Trausportation 

Plan section below. 
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NEXT STEPS: IMPLEMENTATION 

SOUTHLAND 
POLICY DIALOGUES 

A fter the ideas from the public 
workshops were refined into 

the Growth Vision aud the Growth 
Vision scenario was vetted in 
the sub-regional review sessions, 
Compass returned to the sub-areas 
where the map-based workshops 
were held to conduct five Southlaud 
policy dialogues in March 2004. 
By exploring the tools to make the 

vision a future reality, the dialogues 
represented an opportunity to "close 
the circle" from the map-based 

workshops. The dialogues aimed to 
achieve the following: 

Familiarize leaders across the 
region with the draft Growth 
Vision 

Help leaders to understand 
its implications for growth
related decisions within 
Southern California's sub-

reglOns 

Identify barriers (regional 
and local) to effective 
implementation of the 
Growth Vision 

Develop priorities on key 
implementation strategies for 
SCAG, local governments 
and other decision-makers 
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At the dialogues, a diverse array of 
public and private sector community 

leaders explored implementation 
strategies, with a particular emphasis 
on the programs aud policies needed 
to achieve the Growth Vision. 
Attendees at the dialogues included 
local civic leaders, government 
officials, business owners, developers 
aud representatives of state agencies. 
Nearly 200 local community leaders 
participated in the five dialogue 
seSSlOns. 

The dialogue participants were asked 
a series of questions within each of 
the Growth Vision's four categories of 

guiding principles: mobility, livability, 
prosperity aud sustainability. The 
questions were: 

1.) What changes in local, regional 
aud state decisions will need to be 
made in order to achieve the Vision? 

2.) What are the barriers to those 
changes taking place? 

3.) What policy and program 

strategies would help overcome those 
barriers? 

4.) Given the near-term state 
budget crisis and its implication for 
transportation aud conservation 
funding (as well as local government 
services) what needs to be defended 
to ensure that the longer-term policy 
aud program strategies are not 
impeded by near-term policy and 
funding decisions? 

Leadership Southern California 
Class XIV (a diverse group of 48 
leaders from across the region) 
assisted in organizing aud executing 
the dialogues. In addition to the five 
dialogues held throughout Southern 
California, a "pilot" Southlaud 

Growth Vision Report 

policy dialogue was convened with 
the participation of the 48-member 

Leadership Southern California 
(LSC) Class XIV This group provided 
invaluable feedback about the 
Dialogue presentation and discussion 
format. In addition, mauy LSC Class 
members and alumni attended the 
dialogue sessions. 

POLICY DIALOGUE 
FINDINGS 

K ey themes emerged from the 
dialogues in all sub-regions. 

(Summaries of the polir;y dialogues can be 
found in Appendix IV) 

Dialogue participants agreed that 
the region is likely to reach the 
population growth projected by 
SCAG for the Compass project (6 
million additional people), though 
when that will occur was debated. 
To achieve the goals of the Growth 
Vision in accommodating such 

growth, policy dialogue participauts 
came to some conclusions, disagreed 
on other issues, and asked more 
questions. While each of the policy 
dialogues produced unique ideas, 
three broad categories of ideas 
encompass the m<yority of the 
input. The first is the need for better 
collaboration aud coordination 
of plauning. The second theme is 
recoguizing the importance of, aud 
creating incentives for, the private 
sector and local decision-makers. 
Finally, there was siguificaut call for 

sustained education and consensus 
building. 
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Better Collaboration 
and Coordination of 

Planning: 

A primary theme of policy dialogue 

comments and ideas was better 

collaboration and coordination. 

Participants felt that SCAG and 

sub-regional agencies need to foster 

better coordination and collaboration 

among different levels of government, 

among the various agencies that affect 

land use, and between land use and 

transportation planning. 

The idea that "sub-regions matter" 

was a resounding message at the 

dialogues. Participants emphasized 

the importance of planning that 

is tailored to the particular needs 

of a sub-region. Through the 

collaboration of sub-regional 

visioning efforts and the Growth 

Vision, Compass has acknowledged 

this need and taken the first step to 

making the vision a reality at the sub

regional scale. The diversity of the 

Growth Vision Subcommittee and the 

multiple public workshops have also 

helped Compass address the diversity 

of issues inherent to such a large and 

variegated region. 

To continue along this path, better 

collaboration of the multiple scales 

of government and land use planning 

entities is necessary, according to 

dialogue participants. The principles 

need to be acknowledged and 

acted upon at the state, regional, 

sub-regional, local and community 

levels. For example, state agencies 

and regional agencies have 

tremendous impact on transportation 

infrastructure, while local entities 

have greater control over land use. 

With this understanding, participants 

expressed a desire for greater 

partnership with state agencies. At 

the same time, SCAG sub-regions are 

increasingly creating their own visions 
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of growth to coordinate between 

their cities. Community planning 

initiatives also shape the desigu of 

open space, main streets and local 

districts. Participants recoguized that 

these various jurisdictions exist and 

each has a unique role in land use and 

transportation planning. Achieving 

the Growth Vision therefore means 

relying upon and coordinating 

between each of these entities and 

levels of government. 

The policy dialogue participants also 

stressed the need for collaboration 

among the many local public 

agencies that make land-use 

decisions. Transportation agencies, 

school districts, utility districts, 

redevelopment authorities and others 

agencies all have an impact on land 

use and, consequently, transportation. 

Coordinating decisions between these 

public bodies is another essential step 

in the direction of the Growth Vision. 

As the Growth Vision principles are 

recoguized locally and regionally, 

better coordination of land use and 

transportation planning is necessary. 

The Growth Vision analyses showed 

the benefits the coordination of 

land use and transportation will 

have on congestion, air pollution 

and commute times. To ensure 

these benefits, dialogue participants 

called for linking land use plans and 

project approval with transportation 

investments. 

The hnportance of the 
Private Sector 

The policy dialogue participants 

recoguize the importance of business 

location decisions in achieving a 

better jobs-housing balance and 

making jobs more accessible to 

employees. However, many questions 

remain about how to influence such 

private sector decisions. Beyond 

the traditional strategies of shaping 

infrastructure and using the project

approval process to influence business 

development and location decisions, 

participants could not agree on 

how to best influence private sector 

decisions. However, acknowledging 

these "traditional strategies" while 

increasing collaboration between 

public entities will guide business 

location decisions while removing 

impediments to market forces 
- market forces such as the trend 

toward transit-oriented development 

or pedestrian-friendly main streets. In 
the end, local and regional agencies 

need to maximize choice through 

incentives for the private sector. By 

creating development incentives 

and making them clear to the 

private sector, Southern California 

can achieve the Growth Vision by 

enabling businesses to make their own 

decisions and by increasing choice in 

the marketplace. 
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Sustained Education 
and Consensus 

Building 

The final theme that em erged from 
the policy dialogues is the need for 
sustained efforts in public education 
and consensus-building related to the 
Growth Vision. 

The participants agreed that a mcy or 
step is to encourage local and regional 
officials to approve the Growth Vision 
principles and use them as guidance 
for local development and planning. 
Through this Growth Visioning 
process, Compass has taken the first 
step to listen, acknowledge and act 
upon the diverse ideas of elected 
officials, planners and citizens from 
throughout the region. 

At the same time, participants 
recognized the need to acknowledge 
differing opinions. Not everyone 
agrees on redevelopment, on solutions 
to congestion, and on what to create 
as incentives and how. Achieving 
the Growth Vision will require 
broad public understanding and the 
alignment of thousands of individual 
decisions made in both the public 
and private sectors over many years. 
Thus, participants said, achieving the 
Growth Vision is as much a "cultural" 
shift as it is a technical or policy 
challenge. 

In this sense, participants agreed it is 
necessary to sustain extensive public 
outreach and education campaigns to 
achieve the Growth Vision. Education 
curricula and worker training can 
encourage new and local ways to 
achieve vision goals. SCAG and sub
regions should promote exemplary 
projects and innovative policies that 
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support and complement the Growth 
Vision. With examples, discussion and 
popular support, the communities, 
developers and businesses that make 
land use decisions will be enabled to 
set the region 0.11 track toward the 
Growth Vision. 

IMPLEMENTING 
THE VISION 

As a result of the policy dialogues, 
sub-regional input, and a look 

at best practices around the country, 
Compass compiled the following 
implementation framework to turn 
the Growth Vision into a reality 
for Southern California. While 
Compass has succeeded in garnering 
citizens, planners and officials to 
create a shared regional vision, 
its true success will be measured 
over the time. Southern California 
can achieve maximum mobility, 
livability, prosperity and sustainability 
through a series of agreed upon and 
feasible implementation tools. What 
follows, therefore, is a framework for 
implementing the Compass Growth 
Vision at the regional, sub-regional 
and local levels. 

The Compass Growth Vision relies 
primarily on the four principles for 
a more livable future -- mobility, 
livability, prosperity and sustainability 
-- that were adopted by the Growth 
Visioning Subcommittee. These 
principles serve as the foundation 
for both the vision itself and for the 
strategies that will implement that 
vision and make it a reality. There 
are a number of implementation 
strategies that could be used, 
including some that are broad and 
over arching, thus applying to all the 
principles. Other implementation 
strategies are narrower and apply 
specifically to an individual principle. 

Growth Vi sio n Report 

General Strategies 

Develop a monitoring 
system to gauge local and 
regional success of the 
elements within the Growth 
Vision 

What gets measured gets done. 
One of the key advantages of a 
scenario planning approach is the 
reliance on monitoring, evaluation 
and adjustment of strategies based 
on success or failure. Without 
quality monitoring systems in place 
it can be difficult, even impossible, 
to accurately gauge the success 
of planning efforts. The RTP and 
Growth Vision both lend themselves 
well to detailed monitoring. The 
statements and policies about the 
future that will result from actions 
made today, tomorrow and the next 
few years can only be ensured if we 
can continually verify that we are 
on track. It is vital to measure our 
actions objectively to determine the 
level of performance being reached. 
This monitoring can provide an early 
warning system if things are not 
going according to plan. 0.11 the other 
hand, it can also alert us to early 
successes that provide valuable lessons 
and that further the plan's goals. 

Co 
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Of utmost importance in developing 
a monitoring system for the Growth 
Vision is that the measures and 
techniques to be used are developed 
through a collaborative process 
where all participating jurisdictions 

can agree on both the purpose and 
the method of monitoring. Once 
developed, this monitoring system 
should be used on a regular basis, 
resulting in a report that is shared 
with all member jurisdictions, which 
will help everyone understand how 
their policies and actions affect the 
collective goals of the vision. 

SCAG should begin by incorporating 
the Growth Visioning monitoring 
system into the annual State of the 
Region Report. The report should 

include benchmarks and indicators, 
which evaluate progress toward 
quantifiable goals derived from the 
Vision. This monitoring system 
also should be used to compare the 
differences between the 200 I and 
2004 Regional Transportation Plans 
to learn more about the effects of 
land use on transportation measures, 
such as reductions in congestion and 
emissions 
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Develop a legislative agenda 
to aid in the realization of 
the Vision 

Coordinate this agenda with the 
other regional governments in the 

state, such as ABAG/MTC, SACOG, 
and SANDAG, to change state law 
that hinders the a common regional 
approach. State policy affects a 
wide variety of issues including 
transportation policy, housing and 
even labor laws that may weaken 
the Southland's potential to attract 
manufacturing firms. 

Issues to be addressed at the state 
level include: 

Establishing priorities 
based on the Vision that 
can leverage funds for local 
governments. 
U sing housing allocation 
fnuds and discretional 
decisions at the state and 
federal level to reinforce and 
support the Vision. 
Complying with a regional 
vision of tangible benefit, 
such as shifting the burden 
of proof for EIR compliance 

from the city and developer 
to the plaintiff, once 
compliance with objective 
measures of a growth 
management strategy are 
attained. 

Use the Regional 
Cmnprehensive Plan as 
a tool to coordinate local 
plans and e1nbrace the 
Southland's 1nany unique 
local identities 

Experience suggests that SCAG, 
the sub-regions, and local 
jurisdictions can more easily achieve 

their collective goals by actively 
encouraging and empowering sub
regional planning and coordination 
within the context of a regional 
comprehensive plan. The Vision 
should be built on this type of 
cooperative partnership. The 
Vision will be implemented through 
everyday decisions made at the 
local level and will therefore only 
succeed if it helps to accomplish 
local desires. The effort required to 
implement the Vision will not fall on 

anyone jurisdiction. Cities, counties, 
transportation authorities and SCAG 
are partners, sharing the responsibility 
for making the Vision a reality for the 
residents of the Southland . 
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Create a targeted public 
relations strategy that 
emphasizes regional 
leadership and builds 
a sense of common 
interests among Southern 
Californians. Begin to 
develop a deeper respect for 
SCAG by the sub-regions 
and local jurisdictions 

Sub-regional groups have discussed the 

critical importance and lasting potential 

of a good public relations strategy. 

This outreach should take a variety 

of forms. Publicizing the regional 

planning activities under way with 

SCAG's partners and the public is the 

primary goal of a regional PR strategy. 

This could involve a speaker's bureaus, 

planning assistance, and various 

mediastrategies. Other regions have 

also found great success by preparing 

handbooks or tools to assist their 

member cities in achieving a shared 

VISIon. 

Education also is a key component 

of this outreach strategy. Education 

opportunities exist both in and out of 

the classroom. Conferences or symposia 

are an excellent way to bring important 

regional lessons to groups of elected 

officials, planners, and even students 

- our future leaders. Introducing 

regional planning into the schools 

themselves has also been a successful 

strategy. A first strategy might involve 

university-level course work through 

some of the many planning schools 

in the Southland. Further down the 

road, a program could be developed 

to educate high-school age students. 

For years Chicago had a mandatory 

class that taught children about their 

famed Burnham Plan of 1909. Getting 

children involved in the importance and 

quality-of-life benefits of planning at 

an early age helps to ensure that it will 

remain a topic of interest and concern 

as they become adults. 
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Establish a method to 
convene representatives 
from government, civic 
leaders and members of the 
development community to 
work together on issues and 
challenges that are shared 
by communities within the 
Southland 

Setting up periodic forums to 

bring these groups together can 

be extremely valuable in helping 

everyone understand different 

perspectives and goals. Solutions are 

more easily derived from a common 

understanding. This coordination will 

allow the private sector to build the 

type of products that jurisdictions and 

their citizens want. 

Growth Vision Report 
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hnpletnentation Tools 
by Principle 

PRINCIPLE #1 

• 

• 

• 
• 

Improve Inobility fir all residents 

Encourage transportation 
investments and land use 
decisions that are mutually 
supportive 

Locate new housing near 
existing jobs and new jobs 
near existing housing 

Encourage transit-oriented 
development 

Promote a variety of travel 
choices 

Providing transit options is a way to improve 
mobility for residents within the region. 

The 2004 RTP benefited fro1n the land use ele1nent that 
ca1ne out of the C01npass process. SCAG should begin each 
RTP process with scenarios based on land use to infor1n 
projections and transportation 1nodeling 

The 2004 RTP benefited from the land use element that evolved from the 
Compass process. This "bottom-up" approach has met with success during 
the Compass process. This includes incorporating input received locally from 
the sub-region and city review of the Growth Vision into a "starter Compass 
scenario" for the 2007 model runs, informed by the monitoring of key indicators 
in the interim. 

There is no reason to wait to model these virtual futures. Iterative scenario 
modeling coupled with a detailed monitoring system will allow SCAG and local 

jurisdictions to stay continually informed regarding the benefits of the various 
growth strategies they are employing . 
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The Regional 
Transportation Plan is 
now aligned with the 
principles of the Growth 
Vision. SCAG should 
prioritize transportation 
i1nprove1nents so that they 
parallel goals within the 
Vision 

Projects funded by the RTP could be 
evaluated using the Vision, and the 
Vision could provide incentives for 
implementation of key policies in the 
RTP The corridors described in the 

Vision and on the map are one of 
several items to explore. Corridors are 
the easiest places to make a case for 
using federal and state dollars to help 
cities with planning. Fully using the 
corridors will help focus the necessary 
land use changes into areas where 
change is both wanted and needed, 
protecting stable neighborhoods from 
siguificant impact. Increasing the 
housing and jobs in these corridors 
was one of the leading components 
of the Vision and led to many of the 
modeled transportation efficiencies of 

the 2004 RTP 
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Develop a diverse set of 
pilot corridor projects that 
show the Growth Vision in 
action 

Successful pilot projects can 

demonstrate progress in 

implementing some of the key 

principles of the Vision. These studies 

can help in understanding market and 

regulatory barriers that inhibit both 

economic growth and the provision 

of needed housing. Further, they 

can act as a catalyst, showing other 

developers, lenders, and jurisdictions 

the potential that can be achieved. 

POSSIBLE PILOT 
PROJECTS 

Below is an initial list of possible 
pilot projects for implementing the 
vision. 

• Gold line Extension 

• Exposition line 

• Valley Bus Way 

• Maglev lOS 

• San Jacinto line 

• Highway 30 

• 101 Corridor HOT lanes 

• Centerline 

• North los Angeles 
County to the High 
Desert 

• Other corridors with 
significant transportation 
and land use interaction 
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For each of the corridor pilot projects, the parties involved 
should engage in afulliand use and transportation study. 
Strategies would include 

Combining land use and transportation strategies, rather than holding 

land use constant and changing transportation investments on a case-by

case basis. 

Using scenario planning to investigate options and develop feasible 

strategies that allow the region to "plan without boundaries." 

Using a wide-ranging public awareness program, including workshops 

or charrettes to engage the public in developing scenarios and strategies. 

Developing a set of measurable criteria to evaluate different scenarios 

and using a consistent set of criteria to select a final strategy. 

U sing this process to help define options for developing the 

Environmental Impact Review. 

Work with county transportation conunissions to help 
coordinate inter-regional transit travel 

A recurring theme at the many Compass workshops was the difficulty many 

people face in using transit to travel across the region. Concerns ranged from 

varying fares, to head ways, and most importantly gaps in service that seem to 

correspond to jurisdictional boundaries. The needs of residents of the Southland 

transcend city and county borders. These boundaries must be removed from the 

thought process in planning for seamless travel. 
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PRINCIPLE #2 

Foster livability in all communities 

Walkable communities help improve 
livability and promote a mix of uses. 

• Promote infill development 
and redevelopment 

to revitalize existing 

communities 

• Promote developments that 
provide a mix of uses 

• Promote "people-scaled," 
pedestrian-friendly 

communities 

• Support the preservation 
of stable, single-family 

neighborhoods 

The Regional Housing Needs AsseSS'lnent process should be 
coordinated with visioning and planning at the regional level 
to identify areas of C01n1non interest and 1nutual bentiftt 

The Compass process should be used as a means of collaboration and 

compromise to revise the RHNA process to one that is less adversarial and more 

creative. As creator of the RTF, SCAG has the ability to bring about this change 

by facilitating a common understanding among local jurisdictions - one based on 

the demographic needs of the region. Building the process on top of a commonly 

held vision of the future can help focus the discussions on both regional and local 

needs while bringing consistency to the regional planning effort. 

Endow the sub-regions with greater responsibility in 
conducting their own visioning 

Use sub-regional efforts to guide the shape of regional plans and recognize 

that sub-regional, county and local collaboration is the cornerstone of 

implementation. SCAG's role would be to facilitate sub-regional efforts and 

help coordinate inter-jurisdictional planning projects. Building the Growth 

Vision from local planning efforts resonated well with the sub-regions and local 

jurisdictions that participated in Compass workshops, policy dialogues and 
. . . 

scenarIO reVIew seSSIOns . 

.. e~comp.a 
'I' 

Establish ele1nents of the 
Growth Vision scenario, 
such as centers and 
corridors and a well
dtiftned open space syste1n, 
with clear objectives for 
develop1nent, preservation 
and social equity 

Agencies may use these objectives 

in providing assistance to developers 

who want to further city goals with 

their projects. SCAG can work to 

ensure that the Vision and its concept 

map evolve to recognize the local 

implementation efforts and priorities 

that are discovered during the process. 

Offer planning assistance 
and cooperatively develop 
reco1n1nended 1nodel 
ordinances for those who 
wish to i1nple1nent specific 
parts of the regional Vision 

Model ordinances can make 

development that supports the vision 

the rule, rather than the exception. 

Through pilot projects, handbooks 

and partnerships, cities in the 

region have many resources at their 

fingertips to assist in planning and 

achieving the Vision. Research of 

pilot projects during the Compass 

project alone has shown that policies 

such as allowing for flexible building 

height standards and reductions in 

parking requirements for pedestrian

friendly areas can reduce costs by 

as much as 30 percent. Continued 

exploration and ongoing projects 

will provide the region with the 

tools necessary to properly use land 

use, specifically infill to enhance the 

transportation corridor efficiency. 
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PRINCIPLE #3 

Enable prosperity for all people 

A variety of housing types enables prosper
ity for all people. 

• 

• 

• 

• 

• 

Provide a variety of housing 
types in each community to 
meet the housing needs of all 
income levels 

Support educational 
opportunities that promote 
balanced growth 

Ensure environmental justice 
regardless of race, ethnicity 
or income class 

Support local and state fiscal 
policies that encourage 
balanced growth 

Encourage civic engagement 

Create a rich, c01nprehensive regional database for planning 
and econ01nic develop1nent 

SCAG should assemble and keep current a quality GIS inventory of: vacant and 
reuse opportuuity sites, local and regional open space plans and information 
that will help companies find locations within the Southland near their desired 
employees. This data should be shared with jurisdictions and the development 
commuuity. Such data sharing promotes jobs-housing balance, open space 
preservation and infill development and investment in areas that are largely 
developed. 

Foster greater cooperation between business, govern1nent 
and c01n1nunity organizations through training in public
private partnerships 

This effort opens the door to the creation of important partnerships with 

the development commuuity, learning from them how policies and practices 
both help and hinder the creation of products that support the vision. These 
developers will benefit as they work with the cities and couuties and will be able 
to act as ambassadors to their colleagues. 
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Accelerate e1nploY1nent 
bal~nce throughout the 
reglOn 

The natural progression of growth 
in the Southland during the past 

several decades has been to initially 
develop an area as a place for people 
to live who have either been priced 
out of the market where they work 
or are willing to commute farther 
in exchange for other housing or 
neighborhood amenities. This of 
course leads to an imbalance of too 
many households versus available jobs 
in the area. In the years that follow, 
manufacturing and professionaljobs 
often move to these areas in response 
to both land price and the availability 

of workers. 

During the next 25 years freight 
coming into the Southland is 
expected to nearly triple - threatening 

further congestion. A goods 
movement strategy that addresses 
this tremendous growth can playa 
vital role in enabling employers to 
locate in these housing rich areas. It 
is therefore important when planning 
for the region's transit and highway 
corridors to also focus on logistics 

and goods movement. Southern 
California is multi-centric. Creating 
efficient access and goods movement 
allows these centers to develop in a 
balanced fashion. Being locations for 
people to live, they also have the basic 
elements for prosperous job centers. 
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bnple1nent the techniques outlined in the 2004 Regional 
Transportation Plan's privately funded projects 

Jobs for people in the middle class are not as available as they should be. 

State policies and changing demands on infrastructure from the increases in 

distribution are hindering the region's competitive advantage for mauufacturing 

jobs. Addressing the infrastructure and location needs of the manufacturing and 

distribution sectors would allow more people to have access to these jobs. This 

would enable people in that cohort to more readily afford homes. 

Discussion has been initiated at the state level about a mauufacturing tax credit. 

SCAG could help increase economic security by using the Vision to create 

empowerment zones where employers would reap benefits for providing family 

wage jobs to people living locally. This can also be an assistance tool for areas 

that historically have been overlooked by new investment. 

.. e~comp.a 
'I' 

Engage a study to look at 
how public invest1nent such 
as transit facilities increase 
land value and what options 
1nay exist to use newly 
created wealth to increase 
opportunities for others and 
create 1nore transit-oriented 
develop1nents 

The increased value that comes 

with reinvestment in a specific area 

can often meau existing families are 

priced out of housing, or that it is not 

feasible for the market to produce the 

needed affordable housing. Cities are 

further trapped in that funds provided 

by the developers for city creation of 

affordable housing have diminishing 

purchase power with the success of 

the nearby developments. There may 

be avenues to explore in which the 

public could benefit from land value 

increases that occur because of new 

publicly-funded projects related to 

trausit. 
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PRINCIPLE #4 

Promote sustainability for fUture generations 

• Preserve rural, agricultural, 
recreational and 
environmentally sensitive 
areas 

• Focus development in urban 
centers and existing cities 

• Develop strategies to 
accommodate growth that 
use resources efficiently, 
eliminate pollution, and 
significantly reduce waste 

• Utilize "green" development 
techniques 

Open space is integral to the health of 
communities. 

Integrate the 1nany open space and habitat plans under way 
throughout the region into an open space ele1nent for the 
Growth Vision 

Much significant work in this arena has been completed or is under way 

throughout the region. The open space component of the Vision should 

be considered as important as urban centers and infrastructure. Through 

collaboration, SCAG should assemble the many planning efforts into a 

standardized inventory that can both inform the Vision and provide lessons 

to other jurisdictions interested in performing similar analysis. This green 

infrastructure should in no way hinder ajurisdiction's ability to accommodate 

needed housing or jobs. Instead, they should be rewarded for the extra effort 

of ensuring sustainability for the Southland. This inventory should be used to 

monitor sustain ability and livability goals and help neighbor cities plan for open 

spaces in a coordinated fashion. 

Offer trainingfor elected leaders, planning officials, and the 
develop1nent c01n1nunity in green planning and design 

As with planning for infill, handbooks, symposiums, and other education tools 

should be used to enable cities and counties to embrace the sustainable practices 

of green building. SCAG should act as a coordinating body to help the region 

determine a standard set of approaches. With SCAG helping to create these 

standards, the region's cities may face much less uncertainty at the state level as 

they work to implement the various techniques. 
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Identify or adopt a conflict 
resolution 1nechanis1n 
to assist with open space 
protection agree1nents 
already in place and work 
to enhance additional open 
space needs 

SCAG can use its position as a 

regional leader to bring together the 

many interests that have a stake in 

protection or enhancement of open 

space. During regional planning 

activities, SCAG should factor in the 

need for preservation of open space 

and natural areas when determining 

growth projections and housing 

needs. 
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Cities and counties with 
a well-dtiftned open space 
syste1n or urban li1nit 
lines have a reputation for 
beco1ning desirable and 
expensive. Offer planning 
assistance and 1nodel 
ordinances that will help 
preserve the environ1nent 
and enable inclusionary 
housing practices and 
housing choice 

Cities throughout the region grapple 
with deciding how to appropriately 
address growth for their community 
while preserving their cherished open 
space and productive agricultural 
areas. Some cities aud counties, for 

example, have adopted urban limit 
lines or growth boundaries. These 
tools cau be very successful; however, 
they cau also lead to unintended 
consequences. As a coordinating 
body, SCAG cau help to share the 
best practices and lessons learned 
by cities that have employed these 
sprawl preventive measures. These 
tools cau help ensure that the 
jurisdiction's goals are met and 
reduce the likelihood of problems 
arising. Cities across the country that 

have employed these preservation 
techniques have had to learn a few 
hard lessons before finally tuning the 
regulations to work as intended. By 
helping with these lessons learned, 
SCAG can help jurisdictions achieve 
their goals without facing the pitfalls 
that invariably come from trying 
something for the first time . 

.. e~comp.a 
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Calculate de1nand for water based on the Growth Vision 
projections and distribution 

SCAG can bring the cities, counties aud water providers together to better 
coordinate the availability of water with projections aud capacity calculations for 
housing audjobs throughout the region. 
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SCAG COMPASS REGIONAL VISION: 
WITHIN OUR REACH 

Public spaces will continue to be enjoyed by future generations. 

Fifty years ago, Southern 

California had a common 

vision of its future. The vision 

was based on a common set of values 

as well as the strategies to achieve that 

vision. In today's world, the problems 

and their solutions are much more 

complex. However, there are many 

efforts under way in the Southlaud to 

craft a viable solution that matches 

the values of the region today. 

Compass is only one such effort. All 

are working to identify solutions that 

will help the Southern California 

region move into the future with 

confidence aud optimism. 

While the solutions remain elusive, 

it is clear that there are common 

values in this region that cau form 

the basis of a common vision. Most 

people want a plan for the future that 

adheres to the principles adopted 

as the SCAG Growth Visioning 

principles. 

SCAG cannot implement this Growth 

Vision alone. It will require the efforts 

aud collaboration of hundreds of 

groups and thousands of leaders. 

However, SCAG brings a unique, 

region-wide perspective, as well as 

the energy aud the vision needed to 

solve regional problems that require 

a large-scale view. Conversations with 

residents of the region reveal what 
many other groups have found - some 

auxiety aud some dissatisfaction, but 

more importantly, a common core 

of support for ideas that will actually 

work. 

The sense of place in many areas will 
stren gthened. 

The key to success now is the most 
difficult - discovering the specific 

actions Southern Californiaus can 

agree on to make the region of their 

dreams come true. To this end, 

SCAG, its member governments, aud 

the hundreds of other organizations 

must contribute and work together 

in a trne regional partnership. SCAG 

stauds ready to contribute to this 

important effort. 

Southern Californians will maintain a high 
quality of life. 
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ApPENDIX I: WORKSHOP DEVELOPMENT TYPES 
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URBAN CENTER 

The Urban Center development 
type incorporates households, offices, 
retail, and civic uses into a walkable 
aud mixed-use environment. This 

type is modeled on downtown Los 
Angeles and serves as a commercial 

destination and employment center. 
The Urban Center development 
type also contains a diverse array of 
multi-family homes aud townhouses. 
The building types range from mid
rise residential buildings to mixed 
residential towers and commercial 
high-rise buildings. Interconnected 
street networks and a variety of 
amenities within walking distance 
make Urban Centers accessible by 
automobile, trausit, bicycle and 
foot. Civic aud open spaces lend to 
the walkability and diversity of uses 

in Urban Centers, they are lively 
throughout the day and evening. 
This development type is especially 
apt for infill in downtown Los 
Angeles. 

Urban Center 

Acres per Chip 160 

Households per Acre 110 

Employees per Acre 320 
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CITY 

The City development type 

incorporates a diverse mix of 

residential and employment uses, 

though at a lower density than the 

Urban Center. The City still serves as 

a siguificaut source of employment. 

Like Pasadena or Santa Monica, this 

development type has a walkable 

center at its core. It may require 

structured parking and is accessible 

via multiple modes of transportation. 

Cities include a greater proportion 

and diversity of housing than 

downtowns, including multi-family 

homes, single-family homes and 

townhouses. 

City 

Acres per Chip 640 

Households per Acre 35 

Employees per Acre 70 

.. e~comp.a 
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Town 

TOWN 

As with the Urban Center and City, 

Towns are also walkable because of 

their mix of uses and interconnected 

street network, but at a lower 

density. Towns primarily function as 

service destinations with a central 

Main Street rather thau centers of 

employment. Surface parking lots 

provide parking in Towns. Buildings 

on the Main Street typically stand 

two to four stories tall and include 

townhouses or apartments above 

storefronts. Most homes in a Town 

are detached single-family residences 

that are oriented towards the street, 

commercial areas and open space. 

Town 

Acres per Chip 640 

Households per Acre 20 

Employees per Acre 20 
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HIGH-INTENSITY CORRIDOR 

Similar to an Urban Center, High 
Intensity Corridors incorporate 
households, offices, and retail uses 
at a high density. However, High 
Intensity Corridors are stretched 
along one central Boulevard 
without the street connectivity 
and accessibility experienced in 
Urban Cores. Considered a high 
employment area, building types 
range from mid-rise residential 

to office high-rise tower, with less 
mixed-use than in other high
density development types. Wilshire 
Boulevard is considered a High 
Intensity Corridor. 

High Intensity Corridor 

Acres per Chip 480 

Households per Acre 65 

Employees per Acre 95 

.. e~comp.a 
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Medium 
Intensity Corridor 

MEDIUM-INTENSITY CORRIDOR 

Like a High-Intensity Corridor, 
Medium-Intensity Corridors are 
also stretched along one single 
Boulevard but experience less dense 
building types. Households, offices 
and retail uses are accommodated 
with a few high-rise towers but are 
primarily comprised of mid-rise 
building types. Pedestrian access is 
limited with transit generally only 
available along the Boulevard. The 

Medium-Intensity development 
type is patterned after Ventura and 
Sepulveda Boulevard. 

Medium Intensity 
Corridor 

Acres per Chip 480 

Households per Acre 25 

Employees per Acre 30 
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EDGE CITY 

An Edge City, such as Warner 
Center, is a central location for 
offices, retail uses and multi-family 
housing. Building types range from 
high-rise office towers to low to 
mid-rise residential. As an auto

oriented environment, surface 
parking lots are plentiful and transit 
options limited. Retail centers are 
located in strip malls with minimal 

walkability. Multi-family residential 
units are located on streets that 
lack connectivity and promote auto 
usage. 

Edge City 

Acres per Chip 640 

Households per Acre 30 

Employees per Acre 100 

.. G~comp.a 
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Activity Center 

ACTIVITY CENTER 

An Activity Center is an 

agglomeration of large-scale retail 

buildings, offices and multi-family 

housing such as South Coast Plaza 

aud Ontario Mills. The Activity 

Center development type contains 

a relatively dense mix of uses, 

comparable to a City. But, unlike 

the City, it is not pedestrian-friendly. 

Land uses are separated from each 

other by parking areas, freeways 

or arterials. Activity Centers are 

usually positioned at intersections 

of highways or arterials, sometimes 

along major transit corridors. 

Activity Center 

Acres per Chip 640 

Households per Acre 15 

Employees per Acre 15 
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Highway 
Commercial 

HIGHWAY COMMERCIAL 

This type is modeled after highway
oriented development. Like the 
Activity Center, it contains many 
residential units. But rather than 
being agglomerated at a highway 
intersection, Highway Commercial 
development takes a linear form 
along both sides of the highway. 
Connections in this development 
type consist mostly of highways and 
frontage roads. Housing is either in 

the form of multi-family apartments 
or residential subdivisions; both are 
typically auto-oriented. 

Highway Commercial 

Acres per Chip 480 

Households per Acre 10 

Employees per Acre 10 

.. G~comp.a 
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Employment Distria 

EMPLOYMENT DISTRICT 

Often considered to be an Office 
Park, Employment Districts are 
comprised of low to medium density 
office buildings surrounding by 
surface parking. Generally located 
near highways for easy auto-access, 
transit and walking options are 
limited. Employment districts 
lack residential or retail uses, thus 
increasing the number of auto trips 

needed. 

Employment District 

Acres per Chip 640 

Households per Acre 0 

Employees per Acre 40 

AR0072700 



Growth Vision Report 

INDUSTRIAL 

The Industrial development type 

is made up of a mix of low and 

medium density industrial buildings. 

They often consist of industrial yards 

and campuses separate from other 

uses due to the nature of industrial 

use. This development type is 

often near highways and accessed 

via automobiles with large surface 

parking for autos and trucks. Walking 

and transit options are severely 

limited. 

Industrial 

Acres per Chip 640 

Households per Acre 0 

Employees per Acre 20 

.. G~comp.a 
'I' 

TIn liN (,I;L RNlil 
O(JI."l' rIl)N 4-1l) il: NM ~ 1II 1 

AR0072701 



WlJrlt! R N <:" I. Ii N 1 it 
;. :s.0 1~ii' I'ON ~O'l il: N I 

Growth Vision Report 

Oty Neig hborhood 

CITY NEIGHBORHOOD 

City Neighborhoods are comprised 
of mid to low-rise multi-family, 
townhouses and small lot single
family dwellings. With the same 
number of residential units per 
acre as the Town development type, 
City Neighborhoods are medium
high density residential areas with 
a small number of service or office 
jobs. Street connectivity is favorable, 

allowing for a high degree of 
walkabililty and transit options. 

City Neighborhood 

Acres per Chip 640 

Households per Acre 20 

Employees per Acre 6 
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Residential Subdivision 

RESIDENTIAL SUBDIVISION 

Residential Subdivisions are 
comprised of single-family, detached 
homes and duplexes. Street networks 
are typical of post -World War II 
suburbs. Residential Subdivisions are 
desigued for automobile travel. Due 
to the extensive use of cul-de-sacs, 
street connectivity aud walkability 
are generally low. Examples include 
Santa Clarita aud parts of Sau 

Bernardino and Riverside Counties. 

Residential Subdivision 

Acres per Chip 640 

Households per Acre 10 

Employees per Acre 0 
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LARGE-LOT SUBDIVISION 

Large-Lot Subdivisions consist 
entirely of single-family, detached 
homes. This development type can 
be found in Orange and Ventura 
Counties as well as outlining areas. 
Large-Lot Subdivisions are typically 
isolated or far from employment 
aud retail services. Averaging two 
units per acre, this development 

type is characterized by very large 
residences without sidewalks. Street 
connectivity is low and travel to and 
from the Large-Lot Subdivision 
development type is usually by 
automobile. 

Large-Lot Subdivision 

Acres per Chip 5,760 

Households per Acre 2 

Employees per Acre 0 
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Rl.IIritll Housing 

RURAL HOUSING 

The Rural Housing development 

type consists of estate lots that 

amount to one unit per five acres. 

Rural Housing development provides 

residents with access to rural areas 

while being within reach of urban 

amenities. This development type 

consumes greater amounts of 

open space and tends to be farther 

from employment than Large-Lot 

Subdivisions. Street connectivity is 

also generally low among estate lots. 

Rural Housing 

Acres per Chip 5,760 

Households per Acre 0.2 

Employees per Acre 0 

.. G~comp.a 
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ApPENDIX II: SCENARIO ALLOCATION 
DEVELOPMENT TYPES 

Place3s tnethodology 

Planning for Community Energy, 

Economic aud Environmental 

Sustainability (Place3s) is a GIS 

ArcView3.2 extension used 

to simulate land-use patterns 

for scenarios. A geographic 

representation of each scenario 

is created in Place3s by locating 

different development types on vacaut 

and developed laud while limiting 

development in environmentally 

constrained areas. The geographic 

representation of development types 

for each scenario is the foundation 

for calculating benchmarks. The 

benchmarks are then used to evaluate 

the viability of each growth scenario. 

Downtown Center 
Downtown Residential 
City Center 
City Residential 
Town Center 
Town Residential 
City Neighborhood 
Residential Suburb 
Large Lot Residential 
Rural Cluster 
Activity Center 
Transit Station 
Transit Corridor 
Main Street 
Office Park 
Industrial 
Highway Commercial 

Similar to the workshop development 

type chip sets, the series of 

development types for Place3s 

are created from a set of building 

types that represent residential, 

employment aud mixed-use 

alternatives. Each building type 

has au associated employee and 

household density. The households 

aud employees per acre for each 

building type is multiplied by the 

percentage each building type 

represents within the development 

type to determine the employees 

aud households per acre for each 

development type. 

Because the development type 

densities are based on vacaut 

laud, a set of staudards is used to 

calculate the propensity of a certain 

development type to redevelop. Areas 

such as Downtown are more likely to 

redevelop thau Towns, while Centers 

are more likely to redevelop than 

Residential land. The redevelopment 

percent is then multiplied by the 

employees aud households per 

acre for vacaut laud to obtain a 

redevelopment density. 

Vacant Land Redevelo~ment 

Em~/acre HH/acre Em~/acre HH/acre Redev% 
367.88 30.64 91.97 7.66 25% 
46.03 119.19 9.21 23.84 20% 
54.67 15.63 10.93 3.13 20% 

8.95 31.98 1.34 4.80 15% 
17.14 11.24 2.57 1.69 15% 

3.53 13.79 0.35 1.38 10% 
0.53 9.07 0.03 0.45 5% 
0.22 1.25 0% 

0.25 0% 
0.41 0% 

12.66 10.27 0% 
12.70 20.29 3.81 6.09 30% 

7.06 16.91 1.41 3.38 20% 
8.24 12.99 1.65 2.60 20% 

39.69 0% 
14.86 0% 
6.62 5.85 0% 
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Development Types 
Downtown Center 
Downtown Residential 
City Center 

Citv Residential 
Town Center 
Town Residential 
City Neighborhood 
Residential Suburb 
Large Lot Residential 
Rural Cluster 
Activity Center 
Transit Station 
Transit Corridor 
Main Street 
Office Park 
Industrial 
Highway Commercial 

Development Types 
Downtown Center 
Downtown Residential 
City Center 
City Residential 
Town Center 
Town Residential 
City Neighborhood 
Residential Suburb 
Large Lot Residential 
Rural Cluster 
Activity Center 
Transit Station 
Transit Corridor 
Main Street 
Office Park 
Industrial 
Highway Commercial 

DT Mixed 

10% 
5% 

DT Office-HI 

40% 

Mixed-Use 

DT City Center Town Center Apartment/ 
Residential 

Tower Mixed Use Mixed Use Condo High 

15% 

65% 10% 10% 
50% 25% 

10% 5% 5% 10% 
50% 

10% 

10% 15% 10% 
5% 10% 5% 

15% 

Employment 

Office Park- Regional Mall Office Park Light Industrial 
Towers 

35% 

5% 

30% 25% 

10% 
5% 95% 

60% 

Building Type Proportions 

Residential 

Apartment / Apartment / Residential Residential 
Townhouse 

Condo Med Condo Low Small Lot Medium Lot 

10% 
10% 10% 

5% 15% 15% 35% 
30% 20% 

10% 15% 45% 20% 

10% 25% 35% 25% 

20% 25% 

15% 20% 25% 5% 

15% 20% 30% 10% 5% 

10% 25% 35% 5% 

15% 10% 20% 

Heavy 
Industrial 

Strip 
Commercial 

5% 

2% 

40% 
55% 

Residential Residential Rural 
Medium+ Lot Large Lot Housing 

0% 

38% 60% 

10% 90% 
30% 0% 

Rural 
Cluster 

70% 
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Growth Vision Report 

ApPENDIX III: BENCHMARKS 

AVERAGE TRAVEL DISTANCE 

VVhatdoesitnnean? 

The average travel distance is a measure of how well the transportation 

network in each scenario is performing in conjnnction with the placement 

of land uses. Travel distance is dependent on the locations of jobs, 

housing and services, which in turn influence the total distance traveled. 

If the jobs and housing balance is not favorable, distance traveled for 

each alternative increases. However, if jobs and housing are within close 

proximity, then the home-to-work average distance decreases. 

How was it nneasured? 

The demographic, travel behavior, and 

transport infrastructure data for each 

scenario are used as model input to calculate 

the travel distance for each type of trip based 

on the transportation network. The trip types 

are snmmed to determine average distance 

traveled by category. 

Average Travel Distance - Miles 

Home-To-Work Avg Travel Distance 

All Trip Type Avg Travel Distance 

2000 2010 Baseline Growth Vision 

12.72 

8.00 

12.57 

8.04 

12.77 

7.85 

12.50 

7.88 

Average Travel Distance - Miles 

14.0 

12.0 --- --- -- -- --- --- -- --- ---

10.0 
Home-To-Work Avg 

--- --- -- - ~ ~ ~ ~ - - - -- --- --- Travel Distance 

• All Trip Type Avg Travel 

8.0 Distance 

6.0 

4.0 

2.0 

0.0 
2000 2010 Baseline Growth 

Vision 
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AVERAGE TRAVEL TIME 

VVhatdoesitnnean? 

The average travel time is a measure of how well the 

transportation network in each scenario is performing as 

well as a measure of the effectiveness of designated laud 

uses for each scenario. Travel time is dependent on the 

locations of jobs, housing, aud services that influence the 

total distance traveled; shorter distances require less time 

spent for each trip. 

How was it nneasured? 

For each link in the transportation network, the model 

generates the amount of time it takes to travel that link 

given the average road conditions in each scenario. 

The demographic, travel behavior, and transport 

infrastructure data for each scenario are used as 

model input to calculate the travel time based on the 

transportation network. 

Average Travel Time - Minutes 

2000 2010 Baseline Growth Vision 

Home-To-WorkAvg Travel Time 21.6 22.1 26.1 21.2 

All Trip Type Avg Travel Time 13.6 14.0 15.2 13.5 

30.0 

20.0 

1 .0 

0.0 

Av "r g, Trav. I Tiim. - M;nut "" 
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VVhatdoesitnnean? 

Daily transit boardings is a measnre of the number of 

trips made on an average day by each type of transit 

service. The higher the transit ridership, the more 

capacity the roads will have to carry people and goods. 

Transit trips consolidate many travelers to a single 

vehicle with specific capacities depending on each 

transit mode. 

Growth Vision Report 

DAILY TRANSIT HOARDINGS 

How was it nneasured? 

The demographic, travel behavior, and transport 

infrastructnre data for each scenario are used as model 

input. The travel demand model uses these inputs, including 

the service characteristics of each mode, to calculate a 

probability of a trip choosing each type of transit. Choices 

are summed to determine the total probability of use by 

mode. 

Average Daily Transit Boardings 
2000 2010 Baseline Growth Vision 

Metrolink 32,615 45,315 92,904 98,258 

MTA Bus 1,241,561 1,429,990 1,525,716 1,893,678 

MTA Rail 211,327 266,275 325,698 608,896 

Others 710,459 844,675 922,003 1,062,540 

Maglev n/a n/a n/a 465,646 

TOTAL 2,195,962 2,586,255 2,866,321 4,129,018 

Average Daily Boardings by Transit Type 

2,000 

1,800 
CIl 
t:)() 1,600 c 

:.s 1,400 .. 
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0 1,000 
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EMPLOYMENT MIX & DISTRIBUTION 

VVhatdoesitnnean? 

The mix and distribution of employment types-retail, service, and other-is 

au indicator of the laud use pattern of an area, and cau have great effect on the 

efficiency of the transportation system. For example, au area with high service 

aud retail employment may serve shopping, entertainment, and recreational trips, 

while au area with a concentration of other type employment may only serve 

commute trips. Trausit use as well as trip-chaining--the term for combining 

many trips needs into one outing--work best when there is a mix of employment 

types concentrated in one area. 
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How was it nneasured? 

The forecasting department at SCAG 

provided control totals for the number 

of retail, service, and other employees 

in each subregion. For the Growth 

Vision alternative, these employment 

numbers were then distributed across 

each modeling zone by association 

with development types. 
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VVhatdoesitnnean? 

Housing mix indicates whether the 
housing in an area is single-family or 
multi-family. This measures the variety 
of housing types provided, as well as the 
density typical of new housing types. The 
2000 and 2010 projection data allow for 
comparIson. 
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HOUSING MIX 

How was it nneasured? 

Each scenario contains a different mix of development types. Each 
development type is defined as a certain mix of building types. Therefore, 
each development type contains a certain mix of single-family homes 
and multi-family homes. The number of acres of each development type 
in each scenario were multiplied by the single-family and multi-family 
percentages in each development type to come up with the number of 
single-family and multi-family households in each scenario. 
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NEW DEVELOPMENT OCCURRING THROUGH 
INFILL DEVELOPMENT OR REDEVELOPMENT 

VVhatdoesitnnean? 

Infill development or redevelopment indicates 

the extent to which a city is renewed on an 

ongoing basis. It indicates that older parts of the 

city are attracting new housing and investment. 

High percentages of infill development indicate 

that a larger proportion of growth is occurring 

where development has already occurred before, 

through recycling of older buildings. 

HI 

.. e~comp.a 
'I' 

How was it nneasured? 

For each scenario, a raster format map is made showing new 

development by development type. A raster map with the location 

of vacant land and one with developed land are also made, and the 

grid cells of each development type that fallon the vacant land can be 

summarized separately from those that fall on developed land. The 

number of redeveloped acres of each development type is multiplied 

by the number of households and employees per redeveloped acre to 

get new households and employees on developed land. 
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VVhatdoesitnnean? 

The ratio of jobs to households in each 

modeling zone cau be an importaut 

indicator of the health of a region. If 
there exists a large mismatch between 

employment aud housing in one or 

more modeling zones, then siguificant 

incommuting aud outcommuting 

will occur, putting pressure on the 

transportation system. 
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Growth Vision Report 

JOBS-HOUSING BALANCE 

How was it nneasured? 

For the Growth Vision alternative, a raster format map is created that shows 

the location of the various development types that comprise the scenario. 

Each development type represents a certain number of households and 

employees per grid cell. From the number of grid cells of each development 

type, the number of households and employees can be calculated for each 

modeling zone. The number of employees are divided by households to get 

jobs-housing balance. The 2000, 2010, and Baseline data are obtained at the 

TAZ level from the forecasters at SCAG and then summarized to the model 

zone level. 
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MODE SHARE 

VVhatdoesitnnean? 

The mode share is a measure of the percent of trips 

made on an average day that are made by the various 

modes-walking, transit, and auto. Trips may originate 

from home, work, university, school or other. Even small 

changes in the share of trips made by automobile can 

make a big difference in congestion levels for those who 

are driving, especially in areas of congested corridors. 

How was it nneasured? 

The demographic, travel behavior, and transport 

infrastructure data for each scenario are used as model 

input. The travel demand model uses these inputs, including 

the service characteristics of each mode, to calculate a 

probability of a trip choosing each mode. Choices are 

summed to determine the total probability of use by mode as 

well as categorized by the home base and trip destination. 

TOT AL Person Trips Mode Choice 
2000 2010 Baseline Growth Vision 

Drive Alone 26,461,571 29,464,117 35,710,642 35,406,343 
% Person Trips 48.0 47.3 47.7 46.7 

Carpool 22,206,444 25,265,296 30,550,236 30,227,403 

% Person Trips 40.2 40.5 40.8 39.9 

Transit 1,185,606 1,509,972 1,507,345 2,301,119 
% Person Trips 2.1 2.4 2.0 3.0 

School Bus 736,367 732,267 899,170 876,214 
% Person Trips 1.3 1.2 1.2 1.2 

Non Motorized 4,591,408 5,386,262 6,255,318 6,940,129 
% Person Trips 8.3 8.6 ] 8.3 , 9.2 

Mode Choice Distribution 

100% 

90% 
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70% 

60% Walk/Bike 
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40% • Auto 
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VEHICLE HOURS DELAYED 

VVhatdoesitnnean? 

The vehicle hours delayed is the amount of time travelers 

spend in congestion getting to their destinations over and above 

the amonut of time it would take traveling in uncongested 

conditions. This measure reflects spatial relationships between 

residence aud employment or other destinations as well as the 

efficiency of the road and transit network. The more hours in 

delay, the less time is allowed for work, recreation aud other 

activities. Lower vehicle hours of delay reflects more efficient 

transportation networks aud transit alternatives. 

How was it nneasured? 

The traffic speeds on each road network link are 

calculated using travel demaud modeling software. 

The demographic, travel behavior, aud trausport 

infrastructure data for each scenario are used as model 

input. Congested link speed values are divided by link 

length to determine the link travel time. Subtract the 

uncongested link travel time to determine the amount 

of time per link caused by delays. The sum of these 

links is the total vehicle hours of delay for the region. 

Vehicle Hours Delayed 
2000 1,516,109 
2010 =:J 1,989,824 
Baseline 3,523,369 
Growth Vision 2,053,128 

Vehicle Hours Delayed - Thousands 
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VEHICLE HOURS TRAVELED 

VVhatdoesitnnean? 

Vehicle Hours Traveled (VHT) is the total hours of travel for cars 

or trucks per year for the total region. This measure reflects spatial 

relationships between residences aud employment or other destinations 

as well as the efficiency of the transportation network aud resulting 

air quality. The more hours spent traveling, the less time is allowed for 

work, recreation aud other activities, aud the higher the environmental 

impacts. Lower vehicle hours traveled reflects additional trips by non

auto modes as well as trips eliminated due to jobs, residences, aud 

services within close proximity. 

How was it nneasured? 

The traffic speeds on each road network link 

are calculated using travel demaud modeling 

software. The demographic, travel behavior, 

and transport infrastructure data for each 

scenario are used as model input. The link 

speed and length are used to determine the link 

travel time. The link travel time is multiplied by 

the number of vehicles per link to obtain the 

vehicle hours traveled. 

Total Vehicle Hours Traveled 
2000 10,040,350 
2010 11,759,250 
Baseline 15,097,543 
Growth Vision 13,227,120 

Vehicle Hours Traveled - Thousands 
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VEHICLE MILES OF TRAVEL PER CAPITA 

VVhatdoesitnnean? 

Vehicle Miles Traveled (VMT) per person per day is the 

average distance traveled by a single person in a 24 hour 

period. This can reflect the spatial relationship between 

residence and employment or other destinations. Lower 

average VMT often reflects a better spatial match between 

residence and employment, while higher average VMT 

can indicate a spatial mismatch between place of residence 

and place of employment. VMT per person per day also 

will be lower when non-auto mode share (walk and transit) 

Increases. 

How was it nneasured? 

The traffic volumes on each road network link are calculated 

using travel demand modeling software. The demographic, 

travel behavior, and transport infrastructure data for each 

scenario are used as model input. Each link volume is 

multiplied by the average vehicle occupancy rate in the 

region. This value is multiplied by the length of each link to 

determine the person-miles traveled on each network link. 

All these values are added and then divided by the total 

regional population to determine the average VMT per 

person per day. 
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ApPENDIX IV: SOUTHLAND POLICY DIALOGUES 

Report on the Southern California Compass Project 
by 

The California Center for Regional Leadership 
May 2004 
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South Coast 
AIR QUALITY MANAGEMENT DISTR.ICT 
21865 E. Copley Drive, Diamond Bar, CA 91765-4182 (909) 396-2000 

MESSAGE FROM TIlE CHAIRMAN 
April, 1993 

The federal Oean Air Act. the California Oean Air Ad:, and the 1991 AQM:P revision have set forth 

an attainment program for this region to achieve the federal and state ambient air quality standards. 

Suc:c:ess in ac::hieving our goal lies in the cooperative efforts of all levels ofgovemment as well as public: 

support. Together. we have made the last three years the cleanest on record. But we have a long way 

to go to regain healthful air in this region. Our efforts will be challenged along the way by increases in 

population growth, the need to obtain emission reductions from more and smaller soUrces, and the 

need for technological breakthroughs. 

However, there are actions that local government planners and projea proponents can take to be 

proactive members of the clean air team. One of those actions involves the California Environmental 

Quality Act (CEQA) process. Only local governments have the ability to assess and mitigate the air 
qwility impacts of land development or redevelopment. This fifth edition of the District's CEQA Air 

Quality Handbook is intended to assist you in carrying out this objective. 

Without this extra effort by local government, new development could account for 43% of reactive 

organic: compounds and oxides of nitrogen generated by mobile sources in the year 2010. It is critical 

that -we reduce·these pollutants, as they are precursors to·the smoggy haze we see so frequently in our 

region. 

If past experience is any indication of our potential to solve this problem. then I am confident that our 

continued partnership will succeed and the resid~nts of this region will breathe healthful air by the year 

2010. 

ii 

/1-'7 tJ. 4kk 
HemyW. Wedaa, Chairman 

SCAQMD 
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PREFACE 

The South Coast Air Quality Management District (District) has prepared this CEQA Air Quality 
Handbook which replaces the District's 1987 Environmental Impact Report Handbook, This 
Handbook is intended to provide local gQVernments, project proponents, and consultants who prepare 
environmental documents with guidance for analyzing and mitigating air quality impacts of projects. 
This Handbook also descn'bes the criteria the District uses when reviewing and commenting on the 
adequacy of environmental doamients. Projects that are categorically or statutorily exempt from 
CEQA are not subject to these guidelines. This guidance document does not, nor does it intend to, 
supercede local jurisdictions' CEQA procedures. 

This Handbook is an advison' tool and it is hoped that, over time, voluntary use will lead to a 
standardized format for the preparation of air quality analysis in environmental documents for new 
development and a proactive ·procedure for mitigating potential air quality impacts from new projects. 
This Handbook is intended to address the identification, analysis and mitigation of air quality impacts. 
Other resources which may be impacted, such as water quality, ha7.ardous materials and light and glare 
are not addressed in this guidance. 

The Diistrict staff will initiate a training program aimed at providiDg technical assistance to those 
persons responsible for the preparation or review of an air quality analysis. Please contact the District 
Local Government - CEQA Review Section for information on the training schedule. 

The District will update sections of the CEQA Air Quality Handbook as new information and analysis 
methods become available. Purchasers of the Handbook will automatically be notified about annual 
subscriptions for these updates. (Subscription rates will cover costs of printing and distn'bution only.) 

The District recognizes that the CEQA Air Quality HandbOOk may affect environmental documents 
which are currently being prepared or undergoing revisions prior to release as a final document. It is 
not our intent that the release of the District's CEQA Air Quality Handbook impede the progress of 
these documents. The CEQA Air Quality Handbook should, however, be utilized as a guide to 
preparing any newly initiated environmental documents. 
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NOTICE TO SUBSCRIBERS 

If you purchased this copy of the 1993 CEQA Air Quality Handbook directly 
from the SCAQMD, you have automatically been recorded as a subscriber 
for all updates distributed in 1993. Thereafter, subscriptions for Handbook 
. updates will be offered on an annual basis· (rates cover costs of printing 
and distribution only). 
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
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(909) 396-3109 
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(909) 396-3109 
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(909) 396-3109 
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(909) 396-3108 

Transportation Program 
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Inland Empire 
(909) 396-3231 
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(909) 396-2600 
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Air Quality Evaluation 
(909) 396-3147 
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Technical Assistance 
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local govemment assistance 
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Information and assistance on air quality modeling 
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Anaheim Office 

SOUTH COAST AIR QUALItY MANAGEMENT DISTIUCT 

SCAQMD Headquarters 
21865 East Copley Drive 

Diamond Bar, Califomia 91765 
(909) 396-2001 
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IN'TRODUcrlON TO THE CEQA AIR QUALI1Y HANDBOOK 

CHAPTERl 

This California Environmental Quality Act (CEQA) Air Quality Handbook has been prepared by the 
South Coast Air Quality Management District (SCAQMD, or District) as guidance to assist local 
government agencies and consultants in developing the environmental documents required by CEQA. 
With the help of the Handboo~ local land use planners v.iU be able to mWyz.e and document how 
proposed and existing projects affect air quality and should be able to fulfill the requirements of the 
CEQA review process. 

It is within this framework of the CEQA review process that the air quality effects of proposed projects 
can be identifred., analyzed, and mitigated. The CEQA review process is structured to: 1) identify 
significant adverse environmental impacts of the project, and 2) identify ways that environmental 
damage can be avoided or significantly reduced, by requiring changes in a project through alternatives 
or mitigation measures that are found to be reasonable and feasible. 

1.1 Categories of Projects Reviewed by CEQA 

Any project that haS the potential to emit air pollutants should undergo some form of CEQA review. 
Generally, there are two categories of projects: (1) public, and (2) private. Public projects include 
those projects initiated by a loc::al agency in support of its responstbilities. For instance, a water distric:t 
may install water lines to provide customers with a water supply; a city or county may construct new 
roads, buildings, or other public infrastructure facilities; a local government may prepare a General 
Plan; or a school district may construct a Dew school In each case, the project will have air pollutant 
emissions during its construction and operation that should be evaluated under CEQA to del:ermine 
the potential for significant adverse impacts. . 

Private projects include private sector projects for which the local agency exercises its disc::retion in 
issuing a permit before each project can proc:eed. The most obvious examples of such projects include 
discretionary land use permits, (i.e., tentatiVe maps, conditional use permits, Specific Plans, and other 
types of private dev~lopment). 

1.2 Categories of Emil!isioos 

In referring to sources of air pollutant emissions, the District categorizes them as: 

o Stationary (area and point) sources 

o Mobile (on-road and off-road) sources 

Most sources produce emissions in ~ch of these categories. These categories of emissions, illustrated 
in FJgUre 1-1, are defmed and discussed below: 

Statioaary sources can be divided into two major subcategories: point and area sources.. Point 
SOUlUS consist of one or more emission sources at a facility with an identified location and are 
usually asSociated with manufacturing an~ industrial projects. Examples are refiDery boilers or 
combustion equipment that produces electricity or processes heat. Area sources are widely 
distributed and produce many small emissions. Examples of such sources are resideutial water 
heaters, painting operations, lawn mowers, agricultural fields, landfills, and consumer products 
such as barbecue lighter fluid or hair spray. 

1-1 
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Mobile sources refer toemissioDS from motor vehicles, including tailpipe and evaporative 
emissions, and are classified as either on-road or off-road. 

II On..road S01ll"lCeS are considered to be a combination of emissions from automobiles, trucks 
and mdirect SOW"CeS: 

mdired sources are defined as sources that by themselves may not emit air contaminants; 
however, they indirec::tly cause the generation of air pollutants by attracting vehicle trips or 
by COJWmting energy. Eamp1es of indirect sources include an office complex or 
commercial center that generates commuter trips and consumes energy resourc:es through 
the use of electricity for ligbtiDg and space heating Indirect sources include actions 
"prOposed by local government, such as redevelopment districts "and private projects 
involving either large buildings or tract developments. Indirect sources also include those 
emissions c::reated by the distances vehicles travel 

II OO-road S01ll"lCeS include aircraft, ships, trains, aDd self-propelled construction equipment. 

Some peOple are more likely to be affected by air pollution emissions as such, and are considered to be 
"sensitive." These include clilldren, the elderly, persons with pre-existing respiratory and/or 
cardiovascular illneSs, and athletes and others who engage in frequent exercise. Because these groups 
of people are sensitive to air pollution, their environment is given special consideration. Thus, 
residences, schools, playgrounds, clilld-care centers, convalescent centers. retirement homes, and 
athletic fields are defined as sensitive receptors, as shown in FJgUI'e 1-2 

The organization of this Handbook follows the steps of the local government project review proc:ess.-
The flow chart in FJgUI'e 1-3 setS out the organization of the Handbook and gives a simplified overview 
of the steps in the CEQA review process. Concurrently, the flow chart summarizes the different air 
qualitY impaCt categories and where each c::ategmy is discussed in this Handbook. A brief description 
of each step in the CEQA review process is desc:ribed below. 

BACKGROUND INFORMATION (Chapters 2 and 3) 

Chapters 2 and 3 give planners background information on air quality. Chapter 2 introduces the 
District and explains how the District manages air quality. Chapter 3 discnsses why the region has 
smog and the effects of air pollution on quality of life. 

INmAL CONSULTAnON (Chapters 4 and 5) 

The first step in the project review process is the initial consultation between local governments and 
project proponents. The purpose of the initial consultation is to identify projects that may have 
problemS with. (1) land use compatibility and (2) site design and planning The Handbook" provides 
planners with. suggestions for c::reating a local initial consultation process related to air quality. FmaDy. 
the HandbOOk discusses consultation between the District and the lead agency. 

1NI11AL STUDY AND DETERMINATION OF SIGNIFICANCE (Chapter 6) 

The next step in the Process is the "preparation of" the Initial Study and determination by the loc::al 
government as to the projec:t's significance. Projects with. emissions found to be environmentally 
insignificant are granted a Negative Declaration (NO). Projects with emissions that are determined 
sigWficant because one or more thresholds are exeeded will require a more in-depth environmental 
analJsis, and the preparation of either a Mitigated Negative Declaration (MND) (~en impacts can be 
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made insignificant due.to the imposition of mitigation measures) or an Environmental mipact Report 
(EIR). 

DOCUMENT PREPARATION (Chapters 7 through 13) 

~ ReviewJPreparaticm ofEDviroomentaJ AlWysis Components. This Handbook provides 
guidance on preparing the MND and EIR. with sections on establishing baseline, emissions 
caJntiatioDs, toxic:s, mitigation, and· consistency. The Handbook also gives iDsttuctions for using the 
Mobile Assessment for Air QuaJiI:y Impacts (MAAQI) model to analyze air quality (mobile sources 
and energy) for aU types of environmeDtal documents. Prior to completion of the EIR CEQA requires 
lead agencies to consult· with responsible agencies and provides for c::onsukation with any persons or 
agencies with special expertise (pRC Section 21153). 

'The District as a Respoasible Agency. The Handbook provides guidance in assessing the potential 
multi-media impacts for those cases when the environmental documentation will address both air 
quality and other environmental Dnpacts (e.g., water, waste disposal, etc.). 

PROJECT REVIEW (Chapter 14) 

District Review and Commenting Process. The District reviews and comments on the air quality 
analysis in environmental documents for projects exceeding the thresholds of significance. The 
Handbook describes the review process when the District is a responsible and/or commenting agency. 

MONITORING AND REPORTING (Chapters 15 and 16) 

Implementmg and MODitoriDg.Mitiption. State law requires that mitigation be monitored after the 
Em or MND is approved by the local government. The Handbook provides planners with suggestions 
for monitoring and enforcing air quality mitigation measures. 

Reporting on Project Disposition. Each year. it is necessary for the District to report to the California 
Air Resources Board (ARB) and the Federal Environmental Protedion Agency (EPA) on the progress 
made to date in reducing emissions. In order to credit loc::aJ government actions, local governments are 
reqUested to vohmtarily report information regarding CEQA documents to the District. Additional 
monitoring information may be requested by the Southern California Association of Governments 
(SCAG). The Handbook provides reporting forms. 

APPENDICES 

The Handbook appendices provide more detailed guidance information, including c:alc:ulation 
procedures, quantification formulas, screening tables, and background material, to assist in the 
preparation of CEOA-required environmental documents... 
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AiR QUALrIY MANAGEMENT AND THE DISTRICT'S ROLE 

CHAPrER2 

'!be South Coast Air Quality Muagemeut District (SCAQMD, or District) was created by the 1m 
Lewis-Presley Air Quality Management Act, wbic::h merged four county air pollution c:omrol bodies 
into one regional distric:t. Under the Act, the Dist:rid: is :responsible for briDging air quality in the areas 
under its jurisdiction into conformiI:y with federal and state air quality standards. To that end, the 
District is workmg systematically to: 

(1) Reduce present emissions to levels thai: will meet state and federal air quality standards" 
and 

(2) Ensure thai: future emissions will be within. state and federal standards. 

The area managed by the District includes Los Angeles. Orange. and Riverside Counties, and the non
desert portion of San Bernardino County. The four counties lie within two air basins: the South Coast 
Air Basin (SCAB). whic:b comprises Orange County and the non-desert portions of Los Angeles, San 
Bernardino, arid Riverside Counties, and the Southeast Desert Air Basin (SEDAB). which covers a 
large area of the desert portion of Riverside and Los Angeles County and includes the Coachella 
Valley. FJgUre 2-1 shows the relative orientation and size of the two air basins. 

Both Basins are named because their geograpbical formation is that of a basin. with the surroundiDg 
mountains containing the air and its pollutants in the valleys or "basins" below. In addition, each Basin 
has separate air quality problems. The SCAB -must deal primarily with the poDutants created by dense 
population centers, heavy vehic::ular traffic::, and industry; while in the Coac::heUa Valley and Antelope 
Valley portions of the SEDAB. pollution results primarily from dust raised by heavy construction, and 
travel on unpaved roads and paved roads with silty debris. Unfortunately. as its population increases, 
the Coachella Valley may also begin to have smog problems similar to those in the SCAB. 

2.1 Govenament Agencies ad Air Quality Management 

Air quality problems in the SCAB and SEDAB are addressed through the efforts of federal. state, 
loc:al, and regional government agencies, as seen -in FJgUre 2-2 These agencies work jointly as weD as 
individually to clean. up the air through legislation, regulations, policy making, education, and a variety 
of programs. These agencies include: 

o EnW-omnental Protection Agenc::y (EPA) 

o Ca.lifornia Environmental Protection Agency (Cal EPA) and California Air Resources Board 
(ARB) which is a part of Cal EPA. 

o Local governments 

o Southern California Association of Governments (SCAG) 

o Coac::hella Valley Association of Governments (CV AG) 

o South Coast Air Quality Management District (SCAOMD) 

In the following paragraphs, these agencies are further identified and their individual respoDSlbilities 
summarized. 

o Enmoammtal Protection ",c:y 

The federal Environmental Protection .Agency (EPA) is responsible for settlDg and enforcing the 
national standards for atmospheric poDutants. The EPA enforces these national standards and 

-also regulates emission sources that are under the exclusive authority of the federal government, 
suc::h as aircraft and c::ertain locomotives. The EPA has jurisdiction over emission sources outside 
state waters (outer continental sheJf), and establishes various emission standards, including those 
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for vehicles sold in states other than California.. Automobiles sold in California must meet the 
stricter emission standards established by the ARB. 

o Califomia Air Resources Board 

The State of California Air Resources Board (ARB), which became part of the California 
Environmental Protec:t:ion Agency (Cal EPA) in 1991, is responsible for ensuring 
implementation of the California Clean Air Act (CCAA), responding to the federal Oem Air 
Act (CAA). and for regWati,Dg emissions from motor vehicles and C::ODSUmer products. The 
ARB has established emission standards for vehicles sold in California and for various types of 
equipment avaiIable c::ommercially. The ARB also sets fuel speci6atiODS to further reduce 
vehicular emissions.. 

The Southern Califomia Association of Governments (SCAG) is a C::Olmci1 of govermnents for 
the following six southern California c::oumies: Imperial, Los ADgeles, ~ Riverside, San 
Bemardmo, and Ventura. SCAG is a regional planning agency and serves as a forum for 
regional. issues relating to transportation, the economy and community development, and the 
environment. SCAG also serves as the regional clearinghouse for projects requiring 
environmental documentarion UDder federal and state law. In this role, SCAG reviews proposed 
projects to analyze their impacts on SCAG's regional plans. . 

As the largest metropoIitan planning organization (MPO) in the Umted States, SCAG is 
primarily responsible for preparing the Regional Mobility Plan (RMP). and Growth 
Management Plan (GMP). The RMP and GMP form the basis for the land use and 
transportation c::ontrol portions of the Air .Quality Management Plan. SCAG is the region's 
state-desigDated transportation planDing agency and the federally designated MPO. As such, 
SCAG is responsible for developing the Regional Transportation Plan and the Regional 
Transportation Improvement Program and performing the c::oofomiity analysis for transportation 
plans and programs. "~ 

o Coachella Valley Association of Govel'Dl'JleDts 

The Coac:bella Valley Association of Governments (CV AG) is a c:o~ of governments 
composed of cities in the Coachella Valley. The CVAG plays a key role in the implementation 
of the Coachella Valley PMI0 Plan., wherein it is responsible for ooordinatiug and moDitoriDg 
local government efforts to reduce PMI0 emissions. 

o Local Govenmaents 

Loc::al governments have the authority and responsibility to reduce air voihttion through their 
police power and land use decision-making authority. Specifia1ly, local governments are 
responsible for the mitigation of emissions resulting from land use decisions and for the 
implementarion of transportation control measures as outlined in the Air Quality Management 
Plan (AOMP). . 

The AOMP assigns local governments certain respoDSibilities to assist the air basin in meeti.og 
air quality goals and policies. In general, a first step towards implementation of a local 
government's responsibilities will be accomplished through development of an enforceable local 
air quality implementation p~ or by amending a city's or c:oUDly's General Plan, or by 
preparing a free..standing Air Quality Element to its General Plan. Air quality policies need to 
be subsequently codified into zoning ordinances (or other legally eDforceable mechanisms) that 
will implement the AOMP. Such ordiwmc:es an encourage trip reduction, and be inc:orporated 
as design standards that may require bicycle racks, iandscapiD& etc. . 

Through capital improvement programs, local governments can fund infrastructure that 
contributes to improved air quality. by requiring such improvements as bus tumouts, energy~ 
efficient street lights, and synchronized traffiC sipak. Local govemments. can also take 
administrative adicms that redw::e air pollution, such as c:reatiDg a telec:ommmW::ation program /-.... 
for loc::al government employees that wiD enable them to work at- home. 
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1.2 South Coast Air Quality Managemmt Di.strid 

The California Cean Air Act (H &: S Sedion 40412) designates the South Coast Air Qwility 
Management District as the agency principally responsible for compre~ air ponution control in 
the South Coast Air Basin (SCAB) ami certain areas of the Southeast Desert Air Basin (SEDAB). To 
that end, the District, a regional agency. works directly with SCAG, CV AG. cowny trausportation 
commissions, local governments, and cooperates actively with an state and federal government 
agencies. The District develops rub and regulatioDs. establishes permittiDg requirements, inspects 
emission sourc:es, and enforces such measures through educational programs or fiDes, when necessary. 

The District is respomible for reducing emissions from stationary (area and point). mob&, and 
indirect sourc:es. The District works closely with the ARB. which· regulates mobile sources, and is in 
the process of developing programs such as limits on bus or truck idling and requirements for low
emission vebicle fleets.. The District works to reduce indirect sources through such measures as the 
-CarpooliDg Rule.: Regulation XV. F'mally. the District develops regulations and programs for 
reducing emissions from consumer products such as barbecue lighter fluid. 

Orpniptioo of the Distrid. The District operates and is organized in a mmmer simi1ar to local 
governments, as outlined in F'1gUre 2-3. The Governing Board is the decision-m a1cing body that adopts 
District rules and the Air Quality Management Plan much as a City Council approves its General Plan, 
ordiwmc:es, and specific projects. The twelve-member Governing Board is comprised of three state 
appointees and Dine elected officials who rq>reseDt local governments. 

There are several ~ committees tJw. review and recommend actions to the Governing Board. 
The Interagency Air Quality ManagemCIlt Plan Implementation Committee is made up of local 
government officials, trausportation commissioners, and wastewater agency representatives. This 
rommjttee offers local govemmCIltal agencies the opportunity to coPlment directly on the District's 
rulema1cing and planning processes 

'DIe Role ofSCAQMD m the CEQA Reftew PnJc:ess 

The Di.stric:t takeG an active Pm and a variety of roles in the CEQA review process. Pursuant to 
CEQA requirements, the District may act as a Jead agency, a responsible agency, or a commenting 
agency in. the process. 

lad Agmq: A lead agency is the public agency with the principle respcmsibiJity for carryiDg out or 
approving a project; in general a loeal government agency with jurisdiction over land use senes as lead 
agency. However. the District may serve as lead agency for its own projects, such as its own new rules 
and regulations. As a Jead agency. the District is responsible for deciding if an EIR or other 
enviToumcmtal doc:umem: must be prepared for these projects, and for causing the document to be 
prepared. In certain Jimited cirrnmstances (CEQA Guidelines Section 15052), the District may also 
assume the lead agency role or prepare a subsequent Enmonmcmtal Impact Report for impacts of 
permitted equipment for projects requiring a District permit, when prior environmental documentation 
is not adequate for the District to take action.. . 

RapmWbIe Ageney: A responsible agency is a public agency that proposes to carry out or approve an 
aspect of a proposed project for which a lead ageu.cy is preparing an environmemal dommem. The 
District serves as a respcmsible agency for those portions of a development project that require a 
District permit, or where the District has ImY other -approval power over the project. If the 
devdopment project does DOt require a District permit or approval, the District would be neither a 
lead nor ~ ageDcy. In its respcmsibJe agency capacity. the District provides comments to the 
lead agency OIl the project's impact OIl air quaJity and recommended feasible mitigation measures. 
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CommeDtiDg Asmc.r. In ac::cordmce with Health and Safety Code Section 40412, the District is the 
sole and exclusive local agency within the South Coast Air Basin with the responsibility for 
comprehensive air pollution control, and it shall have the duty to represent the cit.izens of the Basin in 
influencing the decisions of other public and private agencies whose adioWi might have an adverse 
impact on air quality in the Basin. As such, the District may comment on projects that have the 
potential to adversely affect air quality in the Basin and over which the District has DO discretionary 
permit authority. As when the District is a responsible agency. the District's comments are advisory to 
the lead agency, similar to those provided by other limited.purpose agencies such as flood control 
distriet:s. District comments are focused OIl ident:ifyiDg a projeCt's impact on air quality and 
rec::om.mendiDg potential mitigations for the lead agexac:y's c:onsideriWon. 

CombiDed ~/Commntl .. ApDey Role: The District caD simultaneously serve as both a 
l'espOnS1DIe and a commenting agenc.y for a proposed project. For example, the District would be a 
responsible agency for the aspects of a hospital development which require a Distrid: permit or 
~ The District would be a commenting agency for all other aspects of the project affecting air 
quality. 

Both federal and state Clean Air Acts require that each nOl'ulttainment area prepare a plan' to reduce 
air pollution to healthful leveJs. The 1989 AQMP was the first AQMP to define a comprehensive 
c:omml strategy, ac:bievable attainment dates, and an aggressive rulemaking schedule for 
implementation of the Plan. 

Even as the 1989 AOMP was being developed, unprecedented population growth aDd c::oncmrent 
emiromnental pollution precipitated passage of the 1988 Califomia·Qean Air Ad (CCAA), and 1990 
amendments to the fedetal Clean Air Act (CAA). Both of these laws :require stricter comois on 
pollutants aad attainment of the air quality standards within specified time frames. A revised AOMP, 
wbic::h reflected these new requirements from the federal and state government, was adopted on July 
12, 1991. . 

111 response to the 1988 CCAA, the 1991 AOMP proposed stricter control over emissions from 
industrial plants; e.nended the scope of District air poDution regulations to include the categories of air 
taxies, and global warming and Omne-depIetmg gases; and established an attai~ent schedule to 
approach the state requirement of a five percent per year reduction of emissions. DeWk reprdiDg the 
policies and strategies of the AQMP and theiT implementation are given in Chapter 3. 

The 1991 AQMP also· responds to some of the 1990 CAA amendments by settiDg requirements for 
dean motor fuels; tighteaiDg controls on mdustrial plants; identifying a wide variety of air tmic:s to be 
restricted; aDd in recognition of the threat of global warmiDg aDd ozone depletion, limiting 
c:hJorofiuorocarbon (CFC) and halon use. . 

The updated AOMP establishes a blueprint to achieve the federal and state health-based air quality 
standards within twenty years. F'maIly, the 1991 AOMP is the nation's mast advaneed air pollution 

. coDttol program, praridiDg a framework for future air poJlutjon control efforts that will assure clean air 
for the South Coast aad Southeast Desert Air Basins into the twenty-first century. 

:LA Odler AIr Quality Plus 

In accordance with federal CAA requirements, the State of California must submit State 
Implementation Plans (SIPs) which demc:mst:rate how nc.mattainment areas will meet a number of 
federal hea1th-based standards by specific dead1ines. The District has submitted specific attainment 
plans for carbon monoxide, mtrogen dioxide, aad PMlO amtabring control measures derived from the 
1991 AOMP, wbic::h are then incorporated into the state plans; each indmdual plan represents the 
cmrent formal attainm". strategy for that criteria polbmmt As part of CCAA requirements, the air 
quality status of cadl of these c:riteria polutants will be reviewed ill the 1994 AOMP submitted to the 
state. 
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Refenmca 

1991Air QualitJI MtlMgemmt Pltm. Available from the District Public Information Center. 
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BASIC AIR QUALnY INFORMATION 

CHAPTERl 

meets or Polluted AIr OB Baldi. 

The residents of Southem Califomia pay for ~ polluted ambiem air with: 

o Increased episodes of respiratory infed:icms aDd other illnesses 

o. Increased number of days of discomfort and missed days from work ad school 

o Inc::reased use of medications to relieve eye and throat initation, headache, nausea, aDd 
aggravated asthma 

o Increased mortality. 

Polluted air also damages agric:ultme, our utural" eDvironment and ma-made materia1s, and 
decreases visibility. Qe,aning up the air will result in improved pubJic bealth and economic benefits 
that will offset, in whole or in part, the costs of attaining clean. air. 

A ~ estimate of the beDefits derived from improved air quality in the District's fou.r-comlty 
region, 'When e:pres.sed in economic terms, is approxim arely 56.2 billion per year. This estimate tak.cs 
into acc:omtt the economic benefits that will ac:aue from: (1) the improved beahh that will accompany 
reduced ozone emMons, (2) fewer deaths from high fiDe-particulate amcentratioDS, and (3) fewer 
rest:ric:ted adivity days. There are may more health factors which have not been quantified (refer to 
FIgUre 3-1). 

3.1 ~ Pollutants 

The pollutants regulated by the Dean Air Acts and state law fall under three categories: 

o Criteria air pollutams 

o Toxic air poJlutams 

o Global warming ad ozone..depleting gases 

Each of these categories is monitored and dealt with differently. Criteria air pollutam levels are based 
OIl the measurement of their presence in the general atmosphere; toxic pollutant emissions are 
measured at their iDdividual sources and general atmosphere; and global warming aDd ozone-dep1eting 
gases are subject to federal and regioul policies that c::an for their reduction aDd eventual pbase-out. 

o Criteria AIr PoIIataD1s 

Criteria air pollutants are defined as those pollutants for which the federal aDd state gcm::mments ba'¥e 
est.abJished ambient air quality standards, or criteria, for outdoor conc:ent:rations in order to ~ 
public hea1th. The federal and state standards have been set at levels above which concenttations could 
be generally Iwmfu1 to human bealth and welfare. Table 3-1 compares existing regioul levels of 
c:riterla poJlutams with those levels set by federal and state standards. These standards are designed to 
protect the most sensitive perscms from illness or discomflJrt with a margin of safety. However, a 1986 
review of health information by.EPA's Office of Air Quality P1atming and Standards amcluded that the 
=istiDg one-bour ozone standard may not provide aD adequate margin of safety. 'The criteria 
po'IJnt;l!'Its listed in Table 3-1 amtribme to the smoggy.haze visible in the 'SCAB (also referred to as 
"Basin- hereafter). The state standard for visibility is also given in Table 3-1. 

Criteria air pollutant concentrations are higher in the Basin than any other area of the eomd:ry. This 
regicmal problem exists because of loc::al emisriotl sources which are the principal cause of elevated 
levels (e.g.. hea9y industry, ~ population. and dense vehicle traffic) within the SCAB. Table 
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3-2 lists the primary emission sources of these c:ritcria pollutants and some of their barmfuI effects. 
These . poIiu.taDts are. known to damage property. impa:re visibility, aDd cause damage to plants. 
Adverse effects upon human health, however. are of greatest c::oncem. 

.At the present time, six ambient air pollutants are of special wncem: sulfur dioxide (SOz). lead (Ph). 
arbon monoxide (CO). nitrogen dioxide (N~, ozone (OJ). aDd fine particulal:e matter (PM10). 
Akhough federal and state standards for suJfui dioxide are met within the SCAB, emissions of S92 
amtribute to 'Violations of the state sulfate standards. Atmospheric concemrations of the other five 
pollutants ·exc:eed both the state and federal standard. The SCAB also ~ the state visibility 
standards. 

The following paragraphs describe briefly the adverse bealth effects of the five criteria ponutants that 
exceed the air quality standards in the SCAB. The District pubtiaticm entitled "Where Does It Hurt?" 
provides additional bealth-re1ated iuformation on those pollutants. 

Lead in the atmosphere oams as particulate matter. The c:ombustion·of leaded gasoline is the primary 
source of lead emissicms in: the Basin. Other sources of lead include the manufact:uring of batteries, 
~ ink, ceramics, aDd amm.mUtion ami seamdary lead smelters. With the pbase-out of leaded 
gasoline, secondary lead smelters and battery recycling and manufacturing fac:ilities are becoming lead-
emission sources of greater concern. . 

Prokmged exposure to atmospheric: lead poses a serious threat to human health. Health effects 
associated with exposure to lead include ~ disturbances, anemia, kidney disease, and in 
severe cases, neuromuscular and neurologic: c:lysfImdioD. Of partieolar c:ou.cem are low-level lead 
exposures dw.iDg infancy and dWdhood. Such expo ISUrCS are associated with decremems in 
:neurobehavioraI perfomumce (including 10 perfomumc::e. psychomotor performance and reaction 
time) and growth. Lead is c:mreudy classified as a probable human carcinogen with an EPA weigbt-of
evidence dassific:ation of B2. 

Carbon MODemde (CO). The automobile and other types of motor vehicle are the main source of this 
polllWWt in the SCAB. This gas is colorless and odorless, which adds to its danger. In high 
c:onceDtratioDs, CO can cause physiologic:al and pathologic:al c:haDges, and ultimately death, by 
incapa~ the red blood cells and interfering with their ability to carry oxygen to body tissues. 

Nitroam Dimde (NOV is a by-product of fuel combuslicm. The· principal form of mtrOgen oxide 
produced by c:ombustioii is nitric oxide (NO). but NO reac:ts quickly to form N~ creating the mixture 
of NO and N~ commonly caned NOx. N"Jttogen dioxide ads as an ac::ut:e irritant and, in equal 
~ODS, IS more i:njmious than NO. At atmospheric concem:rations, however, N(h is oWy 
potentiaDy irritatiDg. There is some indiaWon of a relationship between N92 and chronic pUlmwwy 
fibrosis. Some inc:rease in brcmc1w s in cbildreD (two to three years old) his also been observed at 
roncentraticms below 0.3 parts per miDion (ppm). Nitrogen dioxide absorbs blue light; the result is a 
browDish-red cast to the atmosphere and reChic:ed visibility. N~ also amtributes to the formation of 
PMlO. 

1 In Disttict doc:umCDts, the inclusive term "reactive orgamc c:ompoads" (ROC) is gt"aduaD.y . 
replaciDg the separate terms reactive organic gases (ROC), volatile .OrPDiC compou:nds (V0Cs). 
and hydrocarboDs (HC)t ex=pt in cases where mc:h separation is useful 
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FiDe Particulate Matter (PMlO) consists of extremely small suspended particles or droplets 10 microns 
or smaller in diameter that can lodge in the hmgs coDttibutiDg to respiratory problems. PM10 arises 
from such sources as road dust, diesel soot, combustion products, abrasion of tires and brakes, 
CODStru~on operations, and wind storms. It is also formed in the atmosphere from NOz and SOz 
reactions with ammonia. PMlO scatters light and sigWfic::antly reduces visibility. 

Fmc partic:ulates pose a serious health hazard, alone or in cOmbination with other poDut.aDts. More 
than half of the smallest particles inhaled will be deposited in the lungs and can cause permanent hmg 
~. Fmc partic:ulates can also have a damaging effect on health by interfering with the body's 
mecbanism for clearing the respiratory tract or by acting as a curier of an absorbed toDe: substance. 

Since 1981, when EPA established air qnality standards for PMlO, efforts to reduce fugitive dust levels 
have focused more specificaDy on PMlO emissioDs While prior fugitive dust emission factors were 
developed for total suspended partic::ulates (TSP), both. EPA and ARB have developed -conversion
factors to convert TSP to PMI0 emission factors. AamdWgly, the CEQA Handbook uses PMI0 
emission factors. . 

o Toxic: Air CoDtaminants 

Toxic air poDutants are often termed "non-criteria- because ambient air standards have not been 
. established for them. This is so, not because they are fundamentally different from criteria poDututs, 
but because they are diverse, and because their effects on health tend to be local rather than regional. 
There are hundreds of air taxies, and exposure to these pollutaDts can cause or oontribute to cancer, 
birth defects, genetic damage. ud other adverse health effects. . 

The regulatory approach used in controlling toxic air pollutant levels relies on a quantitative risk 
2ssessmem proc:ess to determine allowable emissions from the source, rather than on ambient air 
conceDtrations. In addition, for carcinogenic air pollutants, there is DO safe c::onceDtration in the 
atmosphere. Loc::al concentrations can'pose a significant health risk and are termed -roxic hot ~. 

The state has imple~ented a loDg-term program. to identify, assess. and comrol ambient ~veJs of air 
toxic:s. Toxic air contaminants have been identified as carcinogens by ARB in conjunction with Cal 
EPA Office of Environ:meDtal ud Health Hazard Assessments (OEHHA, formaJIy DBS). After 
idenrificatic:m ARB may adopt u air tmics control measure to reduce ambiem c:oncentratioDs below a 
specified threshold based OD health effects, or to the lowest concentration achievable through the use 
of best available control teclmology (BACT). Based on a 1987 District report, the two toxic:s ~ 
appear to offer the greatest risk for the Basin's population are hexavalent c::hromium and benzene. 

Toxic air a;mtaminants have their sources in many aspects of our high-tec:h lifestyle. Studies have 
shown that the c::onc:entrat:im of many toxic air contaminants could be two to four times higher inside 
commuter vehicles than they are generally found outdOOrs. High conc::entrat:iom may also be foUDd in 
enclosed parking garages, office buildings, and gasoline stations. 

Toxic air pollutants may have both. chrome effects (Le., of long duration), and amte effects (I.e., severe 
but of short duration) on human health.. Acute health effects are due to sudden expos11I'C to high 
quantities of air toxics. These effects include nausea, skin irritation, respiratory illness, and in some 
c:ases, death. Chrooic health effects result from low-dose, lcmg-term exposure from routine releases of 
air toxies. The effect of major concern for this type of exposure is cancer, which requires a period of 10 
to 30 years after exposure to develop. 

o Global WarmiDg and OzoDe-DepietiDg Gases 

Stratospheric OZODe depletion refers to the slow destruction of naturally occ::urring ozone. -which lies in 
the upper atmosphere (called the stratosphere), and which protects the earth from the damaging 
effects of solar ultraviolet radiation. F"JgUfe 3-3 illustrates these reac::ticms. Certain gases in the 
atmosphere affect the Earth's beat balance by absorbing infrared radiahoa This layer of gases in the 
atmosphere f1mdions ma the same as glass in a greenhouse (Le., both prevent the escape of heat). 

AR0072766 



'I'his is why global warmiug is also mown as the -greenhouse effect.- The gases respoDSible for global 
warming, and their relative CODtribmion to the overall warmiDg effc::ct are: carbon dioxide (55%), 
chlorofluorocarbons (CPCs) (24%), methane (15%), and Ditrous oxide (6%). It is widely accepted that 
cxmtimted increases in greeuhouse gases. will cause global warming. although there is uncertainty 
roncemiDg the magnitude and timing of the warming trend. 

Certain compounds, includiDg CFCs, haloDs, c:arbcm tettacllloride, methyl cbloroform, and other 
halogenated compounds accumulate in the lower atmosphere and then gradually migrate into the 
stratosphere. In the stratosp~ these compounds partidpate in compa c:bemica1 reac:tioas to 
destroy the upper ozone layer. The role of these com.poonds in the depletion of stratospheric ozone 
was 'delineated by Molina and Roland in 1974 (MoliDa et at, 1974). Destruction of the ozone layer 
increases the peDetration of ultraviolet radiation to earth's surface, a mown risk factor that can 
increase the incidence of skin c::ancers and c:ataracts, amtribute to crop and fish damage, and further 
degrade air quality. 

Global warming gases and ozone..depletiDg gases include, but are not limited to, the following (Somc::e; 
Pic:cot, et at, 1991): 

Carbon DioDeIe - caused by fossil fuel combustion in stationary and mobile sources. CUbon 
dioxide aml:ributes to the greenhouse effec:::t, but not to stratospheric ozone depletion. In the 
Basin, approximately 48% of carbon dioxide emissions come from transportation, residential 
and uti1itY sources c:ontribute approximately 13% each, 20% come from industry, and the 
remainder comes from. a variety of other sources. 

CFCs (Chlorofluorocarboas) - emitted from blowing agents used in producing foam 
mwanon. They are also used in air cxmdit:ioners and refrigerators, and as solvem.s to clean 
e1eettonic mic:rocirc:uits. CFCs are primary c:omributors to stratospheric ozone depletion and 
also to global warming, Based on a ~ AQMD report, 63% of CFC emissions in the Sonth 
Coast Air Basin rome from the industrial sector. 

BaJ_ - used in fire eDiDguishers, and behave as both ozone.-dep1eting and greenhouse gases. 

BcrCs (Hydro-cldoroflooroearbons) - solvem:s, similar in use ·and c:hem.ic:al composition to 
CFCs. The hydrogen romponent makes HCFCs more chemically reactive than CFCs, 
allowing them to break down more quickly in the atmosphere. 

Methue - emitted from biogenic sources, incomplete rombustion in f~ fires, landfills, aDd 
leaks in natural gas pipelines.. Methane is a greenhouse gas and traps heat 40 to 70 times more 
effedively thaD earbon dimide. In the Basin, over SO% of human-induced methane emissions 
come from. natural gas pipelines, while landfills cxmtribute 24%. ' 

'I'CA (1,1,l,-Triebloroethane or Methyl Chloroform) - a solvent and cleaning agent commonly 
used by manufa.d.urers. It is less destructive of the environment than CFCs or HCFCs, but irs 
c:nntinned use will contribute to global warming and ozone depletion., 

3.2 Causes of Smog 

In the SCAB, two factors produce the region's high pollution ccmcentrations aDd smog: 

o Emissions 

o Meteorology 

EmissioDs. Emission sourc::es may be as small as in~ual resic:leDtial water heaters and as large as 
electrical power plants. FJgUre 3-4 illustrates typical emission sourc:es fomad in the SCAB. Appendix 3 
gives the perc:emages of emissions from. these sources. ROC and NOx are the priDwy precursors of 
smog. In 19S7, the base analysis year for the 1991 AQMP, emissions into the atmosphere of the SCAB 
from. statioDary, mobile, and indirect sources including consumer products added up to an average of 
10,000 tom of poJlubmts per day. 
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Vebic::uJar sources account for over 95% of the c::arbon monoxide emissions, approximately two-thirds 
of the oxides of sulfur emissions, three-fourths of the oxides of nitrogen emissions, and one-half of 
Roc. NOx (mdudiDg NO and NOV, Roc, and the ultraviolet energy from the sun are involved in the 
complex chemical readions that: form ozone, the primary constituent of smog. In 1990, the maximum 
ozone concentration was two and one-half times, and the maximum carbon monoxide was nearly twice 
the national standards set to protect public health. 

Stationary source emissions made up almost 95% of the partic::ulal:e emimons in 1987; however. two-' 
thirds of the stationary source 'particWate emissions eonsisted of road dust, which is categorized as a 
stationary source emission. Appro' i,nately half of this road dust qualified as fine paW."lates or PMlO. 
the basis of the particulate air quality standards. 

Meteoroiocy. Cor4pifed with other urban areas in the US .. metropolWm Los AngeJe.s. which lies in 
the c:entral SCAB, has a low average wind speed. Sea breezes carry 'pollutants inland, but the 
moumams act as a barrier restricting the horizontal dispersion of the pollution. 

An inversion layer is a layer of warm. air that lies over cooler, ocean-modified air. Over the SCAB, this 
layer acts as a lid, preventiDg air poll~ from escaping upward. In the summer, these temperature 
inversions are stronger than in wimer and prevent ozone and other pollutants from escaping upward. In 
the winter, a ground-level or surface inversion commonly fonns during the night and traps c:arbon 
monoxide emitted by vehicles during the morning rush hours. 

FJgUre 3-S illustrates the combination of these smog-producing factors. 

Episode ,Levels of Ozone Pond.. To proted: the public health, the District has initiated a system 
to warn the public of severe ponution levels in the au. At times. meteorological conditions are so 
adverse to pollutant dispersion that' concentrations of ozone exceed the state air quality standard by as 
mw:h as a factor of three. The California Air Resources Board (ARB) bas defined Episode Levels of 
ozone air pollution as follows: 

Health AcMsery Levels occm when hourly ozone conc::entiations equal or exceed 0.15 wm- At this 
!eve!, residents are advised to avoid prolonged, vigorous outdoor exercise, and persons with 
respiratory or coronary disease should avoid exercise. 

Stage 1 EpiSodes occur when hourly ozone concentrations equal or exeeed 0.20 ppm. At these 
_ times, persons with respiratory or coronary artery disease should be notified to take precautionS 
against exposure and should stay indoors as much as possible. Schools are also notified to advise 
against strenuous physical activity for their students. To this end, schools are in regular 
communication with the District. 

Stage 2 Episodes occur when hourly ozone concentrations equal or exceed 0.35 ppm. The District 
requires industry to take· prompt actions to reduce emissions at those times. Stage 1 and 2 

, episodes are less frequent in the SCAB today than a decade ago. Iia fact, no' Stage 2 episodes 
- oamred from 1989 through 1992. 

Stage 3 Episodes oc:c::ur when hourly ozone concentrations equal or exceed 050 ppm. The last 
Stage 3 episode oamred in the Basin in 1974; the total lack of Stage 3 episodes in nearly two 
dec::ades points to improved air quality and significant progress made in the SCAB attainment 
effort. 

The District reports air quality in terms of a Pollutant Standards Index (PSI). The PSI is a simplified 
method of forecasting and reporting air quality conditions on a numerical scale averaging from 0 to 
500. ,Good air quality is 0 to SO, while 400-500 PSI is a hazardous Third Stage Episode. Refer to 
FJgW'C 3-6, which describes the PSI gauging. 

3-S 
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3.3 SCAQMD Strat.e&r ucI Control Mt'.U1IftS 

On July 12., 1991, the SCAQMD GovemiDg Board adopted a ~ to the Air Quality Maugem.em 
Plan (AQMP). which respoDded to new demands and tightened amtrols of polhWmts specified. by both 
the federal and California state governmems. 

As disc,.ssed in Chapter 2, the 1988 California Clean Air Act (CCAA) requires the District to adopt a 
plan that seeks to attain the California AmbieDt Air Quality Standards and that will also meet a varjety 
of stare . performance standards; these include a five..pcrcem ammal reciudicm in emissicms, and 
achievemeDt of a 15-person average vehide oa:upanc.y (AVO) durmg commute periods by 1999. In 
aclditiou, the District must comply with the ~ stmdards set by the 1990 AmeDdments to the 
federal Clean Air Ad (CAA). The District seeks to do an of the abme through the 1991 AQMP, 

, which iDcludes a variety of strategies and CODtrol measures. The 1991 AQMP was designed to comply 
with state and federal requiremems, redu= the high level of poDutaDt emissioas in the. SCAB, and 
return clean air to the region by 2010. 

To aa:omplisb. its task, the AQMP relies on a multi-level part:nersbip of governmental agencies at the 
federal, state, regicmaJ, and local level These agencies (EPA, ARB, local governments, SCAG, and the 
District) are the cornerstones that implement the AQMP programs. . 

The c::omrol measures in the 1991 AQMP are categorized into three tiers: 

"l1er I includes measures that propose currently avallable technological applications and 
muagement practices t:b.m em be adopted within the next five years. . 

'I1er II measures are based on significant advancement of todays technological applications within 
the next ten to fifteen years. . 

ner m requires the development of new tedmologies that are c.mrentI.y in the researc:h stage and 
that will be implemented within the next twenty years. 

The AQMP provides an attainment p1mm.ing framework that sets specific: dates by which the SCAB will 
achieve the federal and state air quality standards. 

o Control or Criteria Pollutants 

The District has determined a sc::hedule 1.mc:ier which emissions of criteria pollutants must be reduced in 
order to attain stale and federal standards. Under the present attainment sc:bedule, the Plan calls for 
attaining federal standards by the years 2010 for ozone and 2006 for PM10. The deadlines for attaining 
federal and state standards for N~ and CO are earlier, as seen in Figure 3-7. . 

o CoDtroI ofTuie AIr CoJmmmams ad. Acutely IfaDrdoos EmJssIOIIS 

Comrol of toxic air poJlutmts is set out in Sec:tioilll2 of the federal Clean Air Act, which established 
the Naticma1 Emissions Standards for Hazardons Air Po1lut.ants (NESHAPs), and under which the 
EPA established emission standards for toxic air amtaminants 
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Air Toxks -Bot Spots- ·lDformatiOD ud Assessment Ad (AB 2588) requires operators of specified 
facilities to submit to the District comprehensive emissions inventory plaDs and reports by specified 
dates. The Disttict reviews the reports and then places the fae-Dties ioto high. intermediate, and low 
priority categories, based. upon the potency, toxicity. qwm1i1y and volume of hazardous emissions, ami 
the proximity of potential sensitive receptors to the facility. Fac:illiies designated as high ~ 
(category A) must: prepare a health risk assessment Those found to pose a significwJt risk are 
required to notify the smroWldiDg population. The emissions inventory data are to be updated every 
two years. This process is mtended to achieve the following goals: 

o To c::oUed emission inventories from facilities that use any of the 300 toxic: substances c:nrrem:J:y 
listed by CARB. 

o To develop health· risk assessments for designated fw1ities that have emissiom whic::h may 
result in adverse public: health impacts.. 

o To make information available to the public on the health risks from air toxic: emiscions 

Tcmc Emissicms Near Schools (AB 3205) requires new or modified sources of air contaminants 
located within 1,000 feet from the outer boundary of a school to give public notice to the parents of 
school c::hildren before an air pollution permit is granted. The Dist:rid: conducts field and data base 
surveys to identify all existing sources of air contaminants located within a quarter mile of a proposed 
school site. 

Air MOIlitoriDg Or Disposal Sites (AB 3374) requires owners of solid waste disposal sites to submit to 
the District a solid waste air quality assessment test report for evaluation. H the District determines 
that levels of specified air contaminants pose a health risk, remedial action must be ta.kcD.. 

District Rule 1401 (New Source Review of Carcinogenic: Air Contaminants) assesses and manages risk 
from new or modified sources of air toxies through the Distrid:'s permitting program. Rule 1401 also 
describes the risk assessment procedures to use in evaluating risks from sources that emit c::anc:er
causing substances. Further, it specifies the allowable risks for new and :modified statioWIIY sources. 

AmteIy Hazardous Emisslcms. Any facility that bandles, uses, or ttaDsports acutely hazardous 
:materials is required to develop a Risk· Management and Prevention Plan (RMPP). In:most 
jurisdictiODS, the rue Department is responsible for overseeing the preparation of the RMPPs. 

o Control or Global Warm.iDg ud Ozone-Depleting Gases 

The South Coast Air Quality Management District adopted a polic:y on global warming and 
stratospheric ozone depletion on April 6, 1990, that c:omm:its the District to consider global impacts in 
its rulemaking and m drafting revisions to the Air Quality Management Plan. The policy was updated 
in April 1992, and includes the following diredives: 

o Phase out the.use of chlorofluorocarbons (CFCs), methyl chloroform (1,1,1-tric:hloroethane or 
TCA), carbon tetradOOride, and halons by December 1995. 

o Phase out the Jarge-quantity use of hydrochloroftuoroc::arbons (HCFCs) by the year 2000. 

o lnclude strategies in the 1991 AOMP to reduce carbon dipXide and methane emisSions 

o Develop an emissions in'Yemory of ozone-depletiDg and global warming gases. 

o Support research funding and seek altemative teclmologies to c:ontrol pollutant emissimls 
c:oDtributiog to global enviromnent:al change. 

Since adopting the policy, the District has developed and adopted recycling rules to reduce CFC and 
halon emissions as wen as developed 1991 AOMP control strategies to reduce emissions of carbon 
dioxide and :methane: 
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3.4 ContNi of PMlO in the CoadIeDa Valley 

The latest AOMP revision also prOYides data on emission sources in that portion of the Southeast 
Desert Air Basin (SEnAB) umIer District jurisc:tidicm FJgme 2·1 m Chapter 2 shows the relaticmship 
between the two air basiDs 1mder the jurisdiction of the District. ' 

In much of the SEDAB, ozone aDd PMI0 standards are regularly fIl'C't".C"ded. Much of the ozone 
problem is the result of ozone transport from the South Coast Air Basin. The geographic 
characteristics of the Coachella Valley ~ make it a prime amdidate for a loc:aDy perated 
ozone problem in the future. Therefore, it is import.mtt at this time to mitipte cmissioDS that lead to 
the formation of ozone aDd contribute to the local vioIatioDs of ambieDt au: ~ standards. High 
PMlO conamtraticms, on ~ other hand, ~ strictly a bra1ked problcm resulting maiDly from fugitive 
dust emissions.. 

In December 1989, the District Govemiug Board adopted the State JmplementaUon PIu for PM!O 
for the portion of the SEDAB DOIMl as the Coachella Valley. Typical comol measures adopted 
include: ' 

o Using soil stabilizers to treat areas adjac:em to roadways 

o ErediDg mow-fence windbreak:s 

o PIamiDg vegetative and tree windbreaks 

o Remtmug aa::mnulated dirt from streets 

o TreatiDg lmpaved roads with chemical stabilizers 

o Covering loaded tmcks 

o Prohibiting CODStnlc:bon grading on windy days 

Implementation of the amtrol measures Contained in this Plan by lor:al govemmems, the District, aDd 
the Coachella. Valley Association of GoveiWiiems is expected to briDg the Coacb.eUa VaDey into 
compliance with the federal ambient air ~ standards for PMlO by the year 1995. 

Eighteen moDtbs after EPA dassifies the area as non-attainment for PMlO, a similar plan wiD. be 
developed for the Antelope Valley. " 

Fuwl Socio-Econ.omic Report for the 1991 AQMP. Avallable from the District's Public: Information 
Center. 

'Whe1e Does It Hurt? Pamphlet available &om the District's hb1ic IDfOi1WltioD Cemer. 

CotzchellIl Valley PMIO Pitm. Available from the District's Of6ce of pJamring ad Tedmology 
Advancement, PMlO/Global Warming/Ozcmc Depletion/foxics Seeticm 

Sumnuzty of.Air QlU1lity in OIiifomia's South eo. tmt1 Southust DesDt Air BtISins, 1987-1990. 
Available from the District's Public Information amter 
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rp 3-1. HelM Respoases to Criteria l1li Na<riteria Pallutl!r Exposures 
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Sourm: .Socio-Emnomk Report for 1991 AQMP, Ju~ 1991 
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Figure 3·3. Stratospheric Ozone Depietill1l11d Global WarmiDg 
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rspre'3-4. Typki (missioll So.cas 
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rp 3-5. Formation of Smog hom Emissioas Plus Meteor~Dgy 
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Figure 3-6. Smog Episodes ami PSI Gr_g 
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Figure 3 ... 7. Altainment Schedule for Criteria 'ollutants 
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~ 3-1. 1992 MaDIa ColcemafiOU ., Criteria Pclrtllts ill SCAB ad CoacWa Valley 

Lead 1.5 ug/ml 1.5 ug/ml ·0.11 ug/m3 
No (mIeitdar (3Q.Gay (quarterly :Jol 

(fib) quarter) average) 0.16 ug/I monitoring 

Sulfur .. 0.14 ppm 
0.25 ppm .0351: (24-hour) 

Dioxide (1..iJour) (no ays exceeded) No 

(S02) (24-boor) 0.05 ppm 0.15 ppm (l-bour) monitoring 
(24-bour) (00 days exceeded) 

Carbon 9.0 ppm 9.0ppro 18.8 ppm (8 hours) 2.4 ppm* (8 hou~) 
(8 hours) (8 hours) 31 dclys/fedeml (no days exceeded) 

Manoxile 35 ppm 20.0 ppm 36 days/state 5.0 ppm. n -hour) 
(CO) 

(1-hour) n-) 28~-hour) (no days exceeded) 
(5 . Slate) 

~ 0.0507 ppm (annual 0.0210* ppm 
Diufde O.OS3ppm 0.25 ppm avemge) average) 
(N02) 

(mmualaverage) n-hour) 0.30 ppm (1-hour) 0.09* ppm n-hour) 
1 day/slate (no days exceeded) 

Ozone OJ2ppm o.oD9ppm O~ O~ (118 I 21 ii I (~ n-hour) (l-hour) lMdays/smte) 69days/slale 

FiDe 649ug/m3 1= PmticuIate lSOug/ml So4tml (24-hour) 
Maner (24-hour) (2 our) 3%~1 

2% . 
(Pll0) 66% state 31% Istme 

Sulfate None 25~ml 22.6ug/m3 No 
(2 our) . (110 days exceeded) monitoring 

rasual None 10 miles (8 hour> 39%days* No 
Range w/humidity < 10% monitoring 
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Fine 
Particulate 

Maner 
(PM10) 

Table 3-2. Primly Sources lid EHeds of Criteria Pollut.ts 

. 3-17 

Ag~ioo of respimtory diseases (asthma, 
eij1ph~CI) . 

RedumCIlung function' 
Irritation of ~es 
Redumdvisibl'iIy 
Plant in;my 
Deteriornfion of metals, feXlnes, leather, 
finishes, eft 

~gravalioo of respiratory ainess 
ledumd visibilitY 
Reduced pIopf growth 
Formation of aCid rain 

~ion of respimtory and cardiovascular 

Irritation of es 
Impairment ~ amIiopuimonmy function 
PIOnt leaf iniury 

Redomd lung rundion 
AGotIMdioo of the effects of gaseous 

poDumms 
Aggrawfioo of respiratory lind cardio
respind~ diseaSes 

Increased cough cmd chest discomfort 

~ visibility . 
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INITW.. CONSULTATION 

CHAPTER 4 

i.ocal governments are encouraged to 'estabJish a formal consultation process for projeas at the earliest 
plam:W:lg stages. The purpose of this consultation is to identify C'.ODStrUdion procedures, air quality 
design standards., and reasonable mitigation measures that should be coDSidered for incorporation into 
the project from the c::mset, as wen as to discuss enviromnemaI documentation requirements. 

Project proponents who begin the planning process with an understanding of environmeDtal and air 
quality regulations will find it muc:h easier to avoid or to mitigate air quality impacts as wen as costly 
and 1mnecessary litigation. To make fimdameDtal' manges to a site plan, or to address land use 
compatibility issues or impacts on infrastmc:tm'e after the CEQA review process has begun, is time 
consuming and expensive for both loc::al government and the project proponent. 

For this reason, early contact and initial c:onsuhation between loc:al government planners and project 
proponents is vital, while the project is still in its conceptual phase. 

Early c:oDSUltation or informal :review will not replace thorough enviromneDtal analysis of a project, but 
can assist the project proponent in anticipating and preparing for the requirements of CEQA, The 
initial consultation is intended. to assist loc::a1 government planners in identifying air quality impacts 
before the formal CEQA review process begins, thereby allowing the project proponent to make the 
appropriate changes dming the initial design phase. 

An initial Consultation can be as simple as a discussion of air quality issues at the plmming counter with 
a project proponent, who is making inquiries about zoning and permits conceming a partic:u1ar piece of 
property. TypicaDy, the inquiries are focused on the zoning of the property, the land uses the zoning 
allows, and the discretionary permits that are needed to develop the property. This type of initial 
consultation can become more effective if government agencies and planners are well informed and are 
able to provide project proponents with up.to-date information on environmental issues and on loc::al 
and regional air quality policies. ' 

Effective initial consultation is largely dependent on loc::al government planners fllmi1iar with air quality 
policies and an ability to identify land use compati.bility issues and suggest mitigation measures. To 
that end, the District holds workshops and training sessions to assist: planners in st:a~ c:mrent with air 
quality issues. The District also plans to hold periodic meetings of the region's plam:Dng directors to 
discuss implementation of the Air QuaIity Management Plan (AOMP). F'many. teclmical assistance is 
always available &om the District through the telephone contacts listed in the Introduction to this 
Handbook. 

Local government can better c::ommuniate c:urrent information on air quality issues at the pJanniDg 
counter through the use of: 

o Handouts 

o Land use/zolling maps 

Baodouts. Handouts on local government lapel use policies and development standards can be 
expanded to include air quality issues. Handouts can include basic information on: 

o Compatible land use - Higher densities in transit corridors; supportive services in 
commercial districts 

o Incompatible . land use -l.oc:ation of sensitive receptors 

o Preparing the Initial Study - DeterminiDg significance of air quality impacts 
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Handouts can also explain how specific: measures improve air quality, such as: 

o I..andsc:apiDg requirements that reduce eledric:a1 energy use 

o Development standards such as those that require commercial developmems to provide 
bicycle raW, deQgnate carpool parkiDg spaces, ami place Werior bus tumouts 

o .Air qualhy mirigatim,:measures (refer to Tables 11-2, 11-3, 114, 11-6, and 11-7 in Chapter 
11) 

4.2 EsmblishIDg II FormallDitial Omsu.Itation Proeas 

. .An iWtial COJ:ISU1tation em be a formal, sc::heduled interview, requested by the pbmler or the project 
proponent. The District eac:ourages loc:a1 governments to incorporate a fomial initial consultation as 
part of the project review, especially for sipific:am projects (refer to Table 6-2 in Chapter 6), so that 
air quality issues and mitigation measures may be investigated early in the process. Upon request by 
the loc:a1 government, the District will participate in the initial OODS.ultation for signific:am projects. 
CoDtac:t the Distrk:t's Local Govcmmem: - CEQA Section to request the District's assistance. 

When estabJishiDg a procedur~ for a formal initial ooasuJtatiOD, the local jurisdic:rion may need to 
consider the f011owiDg: 

o Is there an existing process that em be expanded to encompass this inirial consnJtanoD, or 
does a DeW process Deed. to be created? 

o Should the consnJtarioo be mandatory or vohmtary? 

o Whic::h projects should. require em initial CODWtation? 

o Should a fee be charged to cover the cost of the consultaric:m? 

To stmamhe the initial com :nltation and focus on the key issues of development, a checklist of items 
to look for when reviewiag a project for air quality impacts is important..An example of such a che4-kfrst 
is given in rJgUre 4-1. 

4.3 Air QuJit)' Issues for Formal CoosuHatiOB 

Of parti.c:War interest to the project proponent are those po1icies that: 

o Could significamJy alter the project's design or scope 

o Require an in-depth air quality anaJ:,sis during CEQA review 

o Require coordination with the District aDd other agencies 

When a project is within 3: ~ mile of em _riDg land use that emits toxic ~ tbese issues 
should be diSCI'ssed more fWly. 
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o Land use/densities, site plan design, and building design 

o Land use incompatibility invoMng proximity to sensitive receptors of a (1) toxic air emission 
source, (2) objectionable odors, or (3) localized CO hot spots 

o Imergovemmenta1 ooordination for major stationary sources aDd impacts on infrast:ruc:tur 
that affect air quality " 

.u "Lad Use, Densities, Site PIu, BuUdiDg Desip 

Land use, deDSities, site plan design, and buildiDg desip are fundamental to the project's fuDdiOl1. 
Together these factors affect the number of wbicle trips that the "project may generate and, in tum, its 
transportation needs. .AccordiDg to the ARB document, GuidaN:e for the Development of Indirect 
Soun:e Control P1ogtums. a design incorporating mixed uses can potentially reduce trips by 20% to SO% 
if certain design strategies are" followed. A" site plan with a design sensitive to air quality that 
incorporates facilities such as bicycle racks, pedestrian paths, etc:., can be expected to reduce vehicle 
trips by 1% to 10% of the ARB estimate. Refer to ampter 9 for specific quantification est:imates. 

Other design-reIated issues that are fundamental to reducing air pollution include densities and land 
uses in transit c:orridors, along with building orientation to mmmire passive solar heating and cooliDg 
benefits.. 

The key items to look for in consideriDg the site plan md building design at the initial consultation are 
the following: 

Do the designs of public right-of-way and pedestrian walkways within the site encourage pedestrian 
traffic? 

Is on-site b:affic circulation designed to reduce vehicle queuing? 

Are dedications needed for transit,tbike pathways, in compliance with the Cirmlation Elemlmt of 
the Gcmera1 Plan? " 

Are links between the project and bike/pedestrian pathways adequate and will walking and 
bicycling, rather than driving, be factlitared? 

Are SUppoitNe land uses such as restaurants, banks, and a post office included in office and 
industrial parks? 

Do residential Specific Plans incmporate mixed uses? 

Is the building Or subdivision oriented to take advantage of natural heating and cooliDg patte:ms? 

Are landscaped treatments designed to reduce the energy needs of the buildiDg? 

Is the project accessible to transit facilities? 

" Do developments in transit corridors provide mstain;ilile densities to support transit ridership? 
(Refer to the SCAG Transportation Corridors map in Figure 4-2 and Chapter 5 for mformation on 
sustainable densities ) 

Could the project impact the levels of service on the Congestion Management "Program (CMP) 
transportation system? " 
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,4.5 Incompab"ble Land Uses 

o CO Bot Spots, Tak Sources, ad Seuitift Receptors 

An initial coosult:ation can be particularly importaDt when cxmsideriDg the sitiDg of sensitive receptors, 
such as nursery schools or long-term heahh care uC"litjes Placement of seDSitive receptors near 
localized cow:entta1ions of the criteria ponutaDt carbon monoxide (CO) is of conc:crn. Since the 
. automobile is the primary source of carbon monoxide, high leveJs of CO are associated with congested 
roadways, such as freeways and major intersections. Toxics are also of CODc:enL. For example, if a 
project wants to build a long-term health care facility next to a chrome plating shop, the initial 
coosult:ation should alert the developer to, the potemial public health risk issues associated with this 
proposed sWDg. The project proponent should be made aware of any emironmental documentation, 
mcluding a public health risk assessment that is necessary to assess the public health. impacts of the 
project. The project proponent should analyz.e publicly available information on public health risks 
posed. by nearby sources of toJic emissions. The District serves as a 'd.eariDghouse for publicly 
available iDformaUon on toxic emissions and associated public health risks. This information is 
compiled from documentation required of ~c emitters by Rule 1401 and the AS 2588 AiT Toxics Hot 
Spots Program. The applic::am: should also make a reasonable attempt to obtain toxic iDformation from 
any known sources that could potemwIy affect the project site which is not covered by Rule 1401 and 
AS 2588. Pmswmt to CEQA Guidelines Section '15151, if the information is not available, the 
sufficiency of the air toxies analysis should be determined in light of what: is reasonably available. 
Additionally, the project proponent should understand that, depending on the risk levels jdentified 
through the environmental process, the local government may determine that such a site is not an 
appropriate location for a particular sensitive receptor, e.g., in this eXample, a long-term health care 
facility. . 

These are the key items to look for when considering land use compatibility: 

o Are there any seDSitive receptors (defined in C1apter 1) that would be affected by the 
proposed siting of this facility? 

o Does a seDSitive receptor w.mt' to locate next to a congested roadway, wbick.is a source of 
carbon monoxide? (F'JgUI'C 54) 

o Are high CO levels projected to decrease at the project site to a.cceptable levels in the imme? 

o Can the seDSitive receptors be moved out of range of a CO hotspot on the same parc::e1? 

o WiD a seDSitive receptor be located within a quarter mile of an existing facility that emits toxic 
pollutants? (The quarter mile distance is for saeeDing only) , 

The initial consultation should determine if existing fatilities that emit toxic emissions will affect the 
semitive receptor and 'Whether or DOt further analysis is needed. Refer to Oaapler 5 for information on 
the initial saeemog for land use compatibility and District-reromm ende4 c:riteria for determiniDg when 
a public heakh risk assemmem is necessary . 

., Odor Issues 
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In most cases, odor issues QJl be resolved with addWcmal comrol equipment, a chaDge in sitiDg of the 
operation that is generating the odor, or process chaDge. The initial amsukation QJl be partic:u1arly 
useful in determining the appropriate location for equipmem: that produces odors, thereby lessening 
the potemial impacts on smrOUDding properties. The initial cxms'tkatiou can also identify existing 
sources of odors and assess their impact on projects proposing to locate downwind. Refer to Chapter 5 
for procedures to assess and mitigate potem:ial odors. 

4.6 :m~taI COOl'diDatlOD for Major Sou-ees ud ImpadS OIl IDfrastnldm'e 

During the initial commitation, planners have the oppottuuity to identify projects whose conditional use 
or building permits might require ime&gOfelDmem:al coordinatiaD One example of a prOject rcquiriDg 
intergovernmental c::oordination on a project's permits is the ~ of a major stationary source 
such as a cogeneraWm fac:llity, which would be mnWJered signifiamt by both the loc:al gmenunent and 
the District. At the initial mnsultation, the planner QJl also identify projects that could have an air 
quality impact due to increased demand on. or expansion of, the infrasttw::ture. In this example, the 
transportation and wastewater tteat:mem: infrastmcture are likely to be affected. Modifications to these 
systems involve coordination amcmg the cotmty tnmsportation mmmissilJDS, congestion managemem 
plan agencies, and wastewater treatmem distric:ts. . 

., ~or SUtiODal1 Sourees 

. In addition to obtaining local govemmem disc:retionary permits, new or modified stationary emission 
sources will Deed to obtain permits from the District to amstmc.:t and operate. Through the Dist:rict's 
permitting proc::ess, factors such as the aWilapnty of emission offsets and their ability to reduce 
emissions are addressed. Some District permits, like local govemmem permits that involve 
disaetionary approval, are subject to a CEQA aua1ysis. The District is a responsible agency for those 
permits c:cmsidered to be projects nnder CEQA that are DOt exempt or ministerial. As soon as the lead 
agency has determined that an IDitial Smdy will be required for the project, the lead agency should 
mnsult informally with aD. respcmsible agencies to obtain recommendations as to whether aD EIR or 
Negative Declaration should be prepared (CEQA GuideIiDes Section 1S063 (g». In addition, there are 
a number of hind use projects that could mnsiderably impact air quality. For these projects, the 
District is a commenting agency. The District should be c:onsuh:ed to ensure that potential impacts are 
adequately identified. 

Refer to Table 4-1 for a list of sources requiring intergovemmem:al coordination duriDg the initial 
consultation. This list is based on the emission threshold c:rit:eria defined in Chapters (; and 14, and is 
used by the District to determine if a projed: could have a significant impact, and if the Distric:t is to be 
mnsolted as a responsible agency nnder CEQA The projects in this table either have the poteDtial to 
signific:antly affect the air quality or require tedmical expertise to adequately assess impacts such as 
toxic:: sources. . 

Chapter 13 disClllSSes additicmal required. CODtents for environmcm.tal doc::oments when the Distrid: is a 
Jespc:msible agency. Any env.iro:umem:al doCIlIment that the project proponentimends to use to comply 
with CEQA for a District permit and local govemmem pennil should fonow Chapter 13 for aulyz.iDg 
the potential seamdary impacts of amtrol technologies proposed for use. 

Coordination between the Distrid: ~ local govemmems will enable local govemments to obtain 
informa1ioD about the facility's previous operation. The local govemmem will then be able to evaluate 
the requests of facllibes to relocate or ezpmd The 1oc::al govetumem am contact the District Office of 
Stationary Source Rules aDd Comp1iaDce at the numbers indicated in the Introduction. Table 4-2 
provides planners with information sources on specific types of permits. 
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In addition, this type of mtergovemmeuW coordination c:m be important to those loc:al govemmeDtS 
that have major stationary sources operating under outdated disc:rcticmary permits or with 
~ uses. In those cases, i:nte&gOVeIu:meutal coordiDation can provide lOcaI govemmeDtS 
with an additicma1 opportw:Uty to c:ommem and recommend mitigatiou on established projects to 
protect public heakh. 

4) Tnmsponatiou IDfl"astndul'e Impacts ad CougestiOD Managemeat Program (CMP) 

Projects affediDg the regiooal transportation system will also affect air quality. Developmem that 
briDgs additional traffic to already congested roadways will iac:rease Joea&zed carbon monoDde 
emissicms. Traffic deJayed by COftgNition will fwtber degrade regional air quality. siDce vehicles 
produce more emiscimLs when traveJiDg at lower speeds. (It is interesting to Dote that recent research 
indicates that vehicles also produce substantial emissions at speeds 'greater thaD 55 mph.) 

The requirements of CEQA ad the Congestion Management Program (CMP) are closely tiDked. 
UDder the CMP legislation. load governments are requiTed to adopt awl implement a program to 
aaalyz.e the impacts of land use decisions on their portion of the CMP traDsportaticm system. As such, . 
CEQA may be used to faM1itare the land use and trauspOrtation components of the CMP. ' 

., 
1'be initial c::oD.SUltation c:m identify local areas where Ii project or series of projects may briDg 
iru::ressed congestion to a segment of roadway identified in the CMP. If the project would cause service 
to ~e'below level of service (LOS) E (considerable c:cmgestion) or the leid established in the 
CMP, the resWtiDg c:oogestiou should be addressed by improvements, programs, or aClicms which 
either mitigate the deficiency or measurably improve the level of service of the system and c::om:ribut:e 
to signitkant impuwements in air quality. In fa~ the CMP IegisJaricm requires that the impact' be 
mitigated through the ~ of a de6cieaey plan. Chapter n provides further guidance on 
preparing site--specific: mitigation measures than can be used in deficien.ey plans. It is importaDt to note 
that if Ii roadway deteriorates to a lower LOS, causing a CO hot spot, the resukiDg Joca1ized CO hot 
spates) should be mitigated under CEQA. (Refer to Chapter 5.) 

In addition., as part of the CMP land use analysis element, most local govemments will require project 
proponeDts to prepare a traffic impact awdysis when, according to the initial study, the project is likely 
to impact the traDspOrtation system. 1'be traffic impact analysis can also become the startmg point for 
the anal}'sis of congestion and air quality impacts by providing project-specific transportation inputs 

, (assumptions) for glnjlaring pnDntmtt emissions. 

Mitigation measures that n::duce traffic and circulation also contribute to improved air quality. 
Therefore,. pWmers should use the initial ClC.'nsnJration process to determine where coordination of the 
CMP and m quality CEQA analysis is Deeded. 

4) Wute'nter Tratmmt Impads 

Developments that significantly mcrease demands on the wastewater treatment system of an area can 
aeate a situation where seniee demand would be in excess of the system's capacity. Population 
projecticms in the Regional Growth MaDagcment Plan serve as the basis for determining the capacity 
of a wastewater tteatmeDt system. These projections a1so form the basis for the air quality estimates in 
the Air Quality Management Plan (AQMP). Figure 4-3 lists projects that produce a substantial 
amount of wastewater, or that have the potential for ,toxic discharges. Project proponents of these 
projects should COJIS1.1hthe local wastewater treatment agency to determine if the project could ·affect 
C:m:ran wastewater tmatment c:apac:ity awl mcrease toxic:: emissions (e.g. sinc:e tteatiDg toxic:: wastewater 
muld iKrease toxic:: air emissions). . 

Ally clevdopment that would ==eel wastewater treatment ~ would thereby exceed the 
geographic:: area's popWa£ion projections in the AQMP. Subsequently, the future emissioDs forecast in 
the AOMP would be understated, ad without addwcma1 mwgati~ the region would Dot ad1ieve the 
federal and state air quality standards. Therefore, if the wastewater treatment facility Deeded to 
~ to provide services beyond the growth projections, the AQMP would need to be amended awl 
additicma1 sources would. have to be regulated to offset the inc:::reases in emissions due to populat:ioD 
growth. 
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SCAG 1989 Regional Mobility Plan: Info1tlwtion on. TranspoT'tlZliOn Corridors. Available from SCAG at 
(213) 236-1800. 
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figure 4-2. SCAG Transportation Corridors Map 

Refer to SCAG"s Regional Mobitrty Plan (RMP) for further detail 
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Table 4-1. I~OI' _CIS RequiiDg kIt.rgov_lIla! Cool_ation wftb tile Distrid 

Aerospace Pmieds 
.Airaaft~ 
• Airport Expansions 

Aggregate Mining 
Base Oosings 
Bulk Terminal Construdion 
(ement Plan. 
Chemical Plant 
Chemiml Woste Treatmen. facilities 
• For Organic Solvents and Adds 

(ogenemtion. Projeds 
• Usually Greater lian 1 MegowaH 

Food Manufacturing Plants 
. Hamrdous WIlSIe Treatmenf, Storage, Disposal and Incineralioo 
InfedimJs Waste Incineration 
landfill 
Military Bases 
00 and Gas Production 
Power Geoemting FoCl1ities 
PuIp!Poper Mills 
Refinery ~n/Modemmmoll Projects 
• Crude Od DistiILdion Units 
• CamIyfic Cmddng Units 
• Gasoline Blending Units 

Sewage lemmenf Plants 
Transportation Fdties (RaU, Highway, eft) 
Waste To Energy 
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Table 4-2. OperlliDg Pemits Guidcmce hr Local Government 

Chemical Pkmts, Aer0Crm Chemm, Rubber, Becmmics, 
Rubber Products Monu • 9, and Aerospace Operations (909) 396·2538 

·E1ectwnks 

Small Prinling anti Automotive Services, SmaH Coating (909) 396-3393 
(oaling Businesses and Printing 

Public FOOJmes, lmdh11s, POlWs, 
Public Facilities Medical Waste Disposal, Hospitals, (909) 396-3387 

Schools, & Ma1itary Bases 

Mechanical Processing, Mechanical Processing (909) 396·3122 
Raw Materials and Raw Materials 

Refinery Opemlions Refinery and oes Operofions (909) 396-3392 

Printing Operations, Furniture, 
Automotive Services, Smon Coating, .~ PIastkS Manufacturing, (909) 396-3393 

Other (ootings cmd Printing 

Gas and 8m Ulitl1ies, Gas and Bectric Utilities, and (909) 396·3394 
rlpennes and Oi1fields Pipelines and Od rlelds 

DIY. Cleaners, Charbroiers, 
ana Other Local Commercial Neighborhood Commerdal (909) 396·2391 
Businesses 

(Fe Wid Vapor Remvery Neighborhood Commercial (909) 396-2391 

To~ Ozone De~elors and Air 10xics Program and (909) 396·2740 
Gree oose Gases GIoOOl Climute Changes 
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SENSITIVE RECEPTOR SITING CRITERIA and DESIGN MmGATION 
MEASURES 

Prior to the formal sUbmittal of the project to the local govemmem:, there are two issues that plaJ:mers 
need to c:om.mm:aic::ate and whic:h project proponents need to address: . 

o Potential air quality impaas on sensitive receptors 

o Integration of site design features that will reduce emissiOns 

IUty project evaluation undertaken by local govemment plarmers should include these issues. 

5.1 Emnatlag_pads GIl SasItM Receptors 

Sensitive populations are more susceptible to the effects of air pollution tb.ul are the population at 
large. SeDsi.tive populations (sensitive receptors) who are in proximity to Jocalized sources of toxic:s 
and c:arbon mon01ide (CO) are of particular c::onc::em. (Refer to F'JgIU'e 5-1 for a list of land uses 
co~ to be sensitive receptors and to Table 5-1 for a list of land uses associated with toxic air 
emmgons) 

Local governments have a responsibility for c:IeterminiDg land use compatibility in the case of sensitive 
receptors. They also determine the type of land uses (sensitive receptors) and densities of use within 
their jurisdiction. The District has established standards through its rulemakiDg authority for 
carc:inogeDic and toxic air mntamm;mrs that are emitte.d by stationary sources which are designed to 
protect pubJic health. These standards are identified· in Section S.2. Loc::al govemments can use the 
District staDdaids to assist in makiDg their land use dec::isions. 

State law c:urremly requires school districts to· amsider the impact of siting a new fadIity within close 
proximity to existing fac:w1ities that emit taxies. This principle should be applied in sitiDg other sensitive 
receptors such as· rehabilitation centers. Furthermore, loc:al governments should be aware of the 
potential effects on the health of sensitive populations when a sensitive receptor is proposed to be 
situated adjac:em to a significant source of CO, such as a freeway or a major intersection. High levels 
of CO are associated with traffic congestion and with idling or slow-moving vehicles.. Depending on 
cD5ring baclgrouu.d ~ of CO, ~ have the potential to be CO hot spots. Therefore, 
projects with sensitive receptors or projects that could negatively impact Jevds of service (LOS) should 
utilize the screeWng proc::edmes in this chapter to determine the potential to create a CO hotspot. The 
responsibility for properly siting sensitive receptors rests with local governments.. . 

Another land use compatibili:ty issue involves so1m:es that emit odors. The District's compliance 
officers :may receive a number of odor complaints from residents surrounding a source. Many of these 
complaints could have been avoided if equipmem had not been located upwind of a sensitive receptor. 
or if the facilliy employed add-on mntrol equipment to reduce odorous emissious. 

ldeaJiy, as suggested in Clapter 4, these types of land use com1)atibi1ity issues would have been raised 
at an initial consultation. Otherwise, these siting issues Deed to "be identified early in the project review 
pr~ ~ly before projects are formally submitted to the jurisdiction. The three key air quality 
questions that affect land use compatibility and that should be considered for each sensitive receptor 
project are: 

o Is the proposed sensitive receptor located within a quarter mile of an msting facility that emits 
• .......11 ., 

tODC ~utan.ts. . 

o Is the proposed seDSitive receptor adjacent to a cxmgested. roadway or in an area with high 
~~~ofOO? . 

o Is the proposed sensitive receptor dowmrind of an existing source of odorous emissions, or is a 
proposed use associated with odorous emissions upwind of an msting sensitive receptor? 
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· :m adt.titioD, proposed projects that c:ould ~ly impact the adjacent roadway's LOS, and as such 
subject aD nisting seusitive receptor to high levels of CO, should also undergo the screening 
procedures in this chapter. . 

These questions should be used to ide!1tify projects where additional review is needed. 

5.2 EvaiutiDg SeuWw ~ forToDclmpiads 

The steps for evaluating toxic impaCts on sem;itive receptors are summarized in F"JgOre 5-2. F"mt, 
developmeDt pJus for se.nsitive receptor projects should be aceompaDie4 by a radius map. An example 
of the iDformation amtained in the radius map is illustrated in F"Jg1U'C 5-3. The plaaner can compare 
the uses idemified in the map with the Jist ofbmd uses associated with toxic air emissions in Table 5-1. 

If the map shows that there is aD existing industriaI sourc::e that emils toxic or c::arcinogeDic air 
pollutants whida may create a poteDtiaI human health hazard within a quarter mile of the proposed 
sew;itive receptor, p1aDners should confirm with the District that this facility emits the pollmams 
indicated. The Distri.ctis prepmDl& a databao;e of facilities that emit tm:ic emissious, and plumets can 
a:mtact the Taxies UDit at 909 396-3108. If the District CODfirms the location and type of emissions, 
then the Joca1 go"e.tJiII1eDt should include a public beaIth risk screening assessment as part of the 
wYiummem:ai uaIysis. It is the respcmsibility of the local goveIDment to determine if the risk is 
sipffic:aDt and/or acceptable. The District uses the standard of 1 in 1 million as the maximum 
iD.dMdual cancer risk and 10 in 1 million if the source of the tonc emissions uses best available control 
tcdmology for tmW::s (T -BACT) when approviDg permits for new or modified stationary sources.. 

If the site is to be pursued as a· poteD1ia110cati0n, then the toxic emissious from the existing nearby 
sources need to be identified (quantified to the eU= that such data is reasonably available, Section 
4.5) and a risk assessment perfolmed. Chapter 10 discusses proc:edures for quantifyiDg tcmic: emissions 
and making risk assesmnents. These assessments can be reviewed by the District prior to Iocal 
pemment ac:tion to ensure that the assessment is adequate and that the riSk is identified accurately. 

There are Xl? mitigation measures that sensitive receptors em employ to lessen the impact of siting 
D.e:It to a tOXIC sourc::e. . 

(1) 

(2) 

(3) 

State of California Health and Safety Code Section 2SS1O(k) and (cO requires 
bnsincsses that use ha.zardoos materials or that iD.volve a potemia1 threatefted release 
of aCDtely hazardous materials to submit a business pJm for emergency response as 
set forth in HeaJth and Safety Code Secticm 2SS03.5. 

:m most jurisdictions,. the local ~ county fire department is charged with overseeiDg 
CODlps'ation of a Hazardous Material BusiDess Pbm for bnsjncsses that store or use 
hazardous materials in reportable quantities The fire department wiD. have a 
doc:umc::ntation package that can be used to provide the nee ssary iDformatinn 

P1mmers can c:ontact the District's Toxic Source UDit to determine if a facility is 
opcratiDg under District permits and to learn the a:,pes of pollutants emitted by the 
facility. 

5-2 

AR0072799 



to the schedule set forth in the Act. After entering the program, facilities must submit. 
updated air toxies emissions inventories every two years. 

Based 00 (1) quantity and volume of emissions, (2) toxicity and potency of substances, and (3) 
prmimity to receptors, facilities are placed into one of three categories. The categories are: 

. Category A: Facilities that are required to submit risk ass~sments within 150 days of being 
placed in this category. , 

Category B: Facilities that may be required to submit risk assessments in a later year. 

Category C: Facilities that are not likely to be required to Submit health risk assessments. 

In addition, the Distric:t is developing "industry-wide" inventories and assessing risks of small business 
facilities with emissions that are easily cbaracterized.' Some of the facilities in the industry-:wide 
program include gas stations, small auto body shops. small dry cleaners, plating shopS, and fiberglass 
produc::t manufacturers. 

Currently planners and project proponents can request through a public:: records request to the DisI:rid: 
health risk assessments performed pursuant to AS 2588. The assessments identify impacts on nearby , 
receptors, includiDg existing sensitive receptors. That information can then be used as an initial 
screening tool to determine if a particular site is advisable for siting a sensitive receptor. 

Ukimately, this program will yield a database that wiD be made available to' local planners in 1993. The 
database will: 

(1) 

(2) 

Provide information necessary to assess health impacts from cumulative sources of 
toxic:: emissions. 

Provide information to planners on the amount and type of toxic emissions from a 
particular business and/or toxic hot spots that can then be identified on land 
use/zoning maps for future reference. 

Planners can contact the District's Toxies Unit to determine if a business bas already submitted a risk 
assessment that analyzes impacts on sensitive uses. If so, the risk assessment can be used to determine 
if the siting of a sensitive receptor within the impact area, is appropriate. A public:: health risk 
assessment. however~ may only be available for District 1401 permits (since Iune 1990) and AS 2855 
facilities at this time. 

5.3 EmaatiDg Projects for CO Impacts 

In order to evaluate a project and assess the localized CO impacts 011 sensitive receptors that are sited 
adjacent to congested roadways, the following screening procedures should be followed, and the 
roadway level of service (LOS) should be identified during the initial consultation, as desc::ribed in 
Chapter 4. 

(1) 

(2) 

Determine the "no project- ambient background CO cxmc::entrations based 011 

information from the air quality monitoriDg station loc::ated in the same source 
receptor area (SRA) as the project. If CO is not mODitored at the station in the same 
SRA as the project, the nearest or most ~ air mODitoring station data 
should be used. Contact the District (or assistance in· identifying the most 
representative station. Tables 5-2 (I-hour) and 5-3 (8-hour) may be used 1:0 
~ project future year CO ambient cxmc::entrations. . 

Estimate the projected I-hour and 8-hour CO c::o:nc:enttation le\Iels at the site. CO 
concentratio:ns may be determined based 011 roadway type and LOS. Table 5-4 
provides esl::imates of roadway and intersection emissions. To establish the projected 
8-hour c:oncentration.. the I-hour a:m.c:entraI:ion should be multiplied by the 
persistence factor (see Section 9.4). 
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(3) Add the "No Project" ambient c::oncemranon level to those generated by the project 
(Le .. total project impaa). 

(4) Compare the total project impact to the l·hom and 8-hour state ambient: CO 
standards (Chapter 3). -

(5) If a CO hot spot is anticipated, determine the extent of area impacted. This can be 
ac:complished by plotting the queuiDg distance from the intersection stopline (Q) as 
the X axis, and the distance from edge of roadway (A) as the Y axis. The area which 
falls within the XY coordinates is most likely impaaed with CO c::onc:entration levels 
which exceed the state standard (refer to FJgUre 5-4). Identify and determine CO 
OODc:em:ration levels for each seusitive receptor. 

(6) Compare the c::onc::entration levels of CO at the proposed site locations for sensitive 
receptors to the l·hour and S-hom- CO standards. 

This-analysis should be performed for each development phase of the project and project build-out. 

- There may be cases where the background c::onc.entratiOD already exceeds the state I-bour and S-hour 
CO SWldards. In thC$C cases, the analysis should determine if there will be a measurable increaSe at 
the project me. A measurable inc::rease is defined as one part per million (ppm) for the l·bom-CO 
standard and 0.45 ppm for the 8-bom standard (consistent with District Regulation xm definition of a 
significant impact). 

If it is determined that the project could be significant, there are a number of dispersion models that 
are available for site specific: analysis. The District recommends the use of CAJ.JNE4 or CAL3QHC to 
estimate the potemiaI for CO bot spots. These models are based on c::ontinuous line source emissions /-.., 
and therefore, can estimate roadway impacts. Both models are described in Section 9.7. 

UDlike toxic Wad use compatibility issues, CO excesses can be mitigated to some extent by increasing 
traffic speeds through methods such as traffic: ligbt synchronization, improved intersection 
clwme1izarion, . inclusion of left tum lanes, demand managetnent strategies or through site design 
measures which can considerably reduce the impacts of proximate CO due to dispersion. Expansion of 
the roadway by adding additional lanes may not be a preferable mjtigation measure because increased 
traffic volume may wipe out any redudions in CO gained from increasmg speeds. If the analysis 
demonStrates that the sensitive receptor will be affected and the state I-hour or 8-bour CO standards 
are exceeded., mitigation measures such as those given in Table 5-S should be employed _if the local 
government intends to approve the proposed project. However. the District does not reCommend 
siting sensitive receptors on those portions of a project site where the state I-hom or S-bour CO 
standard could be violated. 

5.4 Evaluatiq Projects for Odor Impacts 

Because both the District and loc:aI government are receiving an increasing number of formal 
complaiDts about offensive odors, poteutial sources of odors need to be identified from the standpoints 
of both the emitter ad of the downwind receptor. Preferably. this will be done while the project is still 
in its initial design phase. If poteDtiaI odor issues can be identified and mitigated before construction, 
later probJems with enforcement wiD be avoided. 

Assessing odor impacts depends upon such variables as wind speed, wind direction, and the sensitivities 
of receptors to different odors. By contacting either the District's Office of Stationary Source Rules 
and Compliance or the jurisdiction's code enforcement department, a planner can learn if any 
complaiDts about odors have been filed by property owners/oc:c:upants in the general vicinity of the 
proposed project site and thereby determine if a sensitive receptor could be affected by odors. 
Addirl~~ if the proposed project is in close proximity to a use identified in FJgme 5-S or is one of 
these uses, then potendal odor impacts should be addressed.. 
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For sensitive receptors, mitigation measures are limited. In fact, in some instances the only mitigation 
available to sensitive receptors is to relocate upwind or further downwind from the source. The facility 
that is. or will be, produciDg the odor can also relocate equipment so that fumes can be emitted at 
loc::alions to take the ~i. advantage of wind pattems. Projects that may cause odors can also change 
stack heights aDd add additional control tedmol~. In some cases, a project proponent for 
development of a sensitive receptor may be able to mitigate potential impacts by pa)'ing for mitigation 
at the source. 

When odors are an issue, the air quality analysis should include a 'qnantitative assessment of potential 
odors and meteorologic:al c:onditicms. A method of quantitatively assessing odors has been devised by 
the .American Society of Testimg Materials (ASTM, Standard Method D 1391), which considers how 
many times an air sample must be diluted with -dean- air before the odor is DO longer detectable to an 
a~ adult with average odor sensitivity. The number of dilutions needed to reach this threshold 
levellS referred to as a -dilution to threshold- (D m factor. An odor with aD IT of 2 (2 parts of fresh 
air to one part of odorous air) becomes faintly detectable to almost all receptors. At 5 Drr, people 
become consciously aware of the presence of an odor, and at 5 to 10 D rr, the odor is strong enough to 
evoke registered complaints. The standard to utilize in assessing off-site odor exposure is preferably 
below 5 D IT and aa::eptable below 10 D rr. . . 

In addition, ASTM, standard method E679-79 can be used to analyze odors. This method relies on the 
sensory responses of a selected group of individuals c:alled panelists. The threshold used in this method 
ranges from only detection that a very small amount of added substance is present but not necessarily 
recognized to rec:ognition of the nature of the added substanc:e. 

Determining which properties will be subject to odors requires meteorologic:al data, including a wind 
rose. A wind rose illustrates the different speeds and directions taken by the wind at different times 
during the day. With the information from the wind rose, measurements using the ASTM methods are 
to be taken from surrounding properties to assess the impact. Refer to Chapter 8 for information on 
developing meteorological information. 

s.s Site Plan Design aDd BuilctiDg Design Mitigation MeasuftS 

All projects should ~ mitigation measures that facilitate trip reduction, reduce energy use, and 
reduce PM10 by modifying the following project factors: . 

o Site plan design 

o . Building design 

o Land use/densities 

o Landscape design 

This Handbook provides a listing of mitigation measureS that pla.nners should make project proponents 
aware of before projects are designed. Ideally, these mjtigation measures are discussed during an 
initial consultation between planners and the project proponents, as outlined in Chapter 4. Table 5-5 
identifies the site plan/building desig:n mitiga.tion measures by type of land use. The District 
recommends that these mitigation measures. be employed by all projects to the extent feasible and 
CODSistem: with local land use policies. 

The mitigation measures relating to site plan design and building design can be divided into four 
categories: 

Support Facilities. Support facilities encourage modes of transportation other than. the 
antomobile, such as walling and bicycling. Support facilities include pedestrian pathways, showers 
and lockers for emplo)'eCS in office buildings, and bicycle racks. 

Trip Reduction 'I'hroogh Lod Use. Land uses, such as mixed uses, can reduce the number 
and/or length ofvehlcle trips by ensuring that supportive land uses are within walking distance of 
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one another. An example would be Ioc:atiDg neighborhood retail services, suc:h as food :markets 
and a post office, within walking distuce of a residential subdivision. In addition, increased 
deDSities m tran.sit cmridors (particularly within a quarter of a mile of a transit station, see Table 5-
6 for distances) can support tr.msit and carpooling levels. 

Reduction m Vehicle IdIiDg 'I'brOup Desip. Idling and slow-moving vehicles produce more 
emissions, partic:ularJy carbon monoxide (CO). than those that are moving more quickly. Enclosed 
parking facilities an also have high levels of carbon monoxic:ic. Consideration should be given to 
vehicle speeds and idling when. designing parking lots, egressfmgress areas, and drive-through 
fac:iIities, such as fast-food restaurants. 

RedudiOD m Energy Use. The amomtt of energy required. to maintain a building dePends upon 
sum design faaors as bWldiDg orientation, window treatments, and type of indoor lighting 
Through careful site pbnming. wise c:hoic:e of building materials, and shade-producing laD~iDg, 
energy requirements are greatly reduced; this in tum places less demand on power-generating 
facilities. 

Wactie m PMio. PMlO emissions an be reduced by requiring adequateJJ mamtained 
landscaping, inclusion of snow fences or trees as wind breaks in areas prone to dust storms, and 
ensuring an vehicle parking and maneuvering areas are paved. . 

In addition, the Loeal Government Commission (based in Sacramento) recem1y prepared a 
handbook, LImd Use Stnztegies fo1' MOI'e I.iveIlble PkK:es, that identifies site plan and building 
designs that are effective in mitigating air quafuy impacts. 

LtmtJ. Use Strategies for More Livelible Pkzces, June 1992 
The Loeal Government Commission, 909-l2th Street, Suite 205, Sacramento, CA 95814. 
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Figure 5-1.1.r1d Uses Cuiderell To Ie Sdve Receptors 

Long-lmn Heabh Care Fdties 
IehabiIiImion Centers 
Canwlesmnl Centers 

. Retirement Homes 
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fpe 5-4. Ex.pIe,f Sa" Aiiysis for SeUtive Receptors 

A = DisIaD from edge of roadway -~ y,-...........r.., 

Q = Dimmce from stop tine 

Stop Une---------

. I 

Note: Q and A distances are quantified in Table 54. 
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Agricullure (farming and livestock) 
WmfewOter Treedmenf Planf 
Food Processing Plants 
Chemical PIams 
(omposting 
Refineries 
Landfills 
Dairies 
Fiberglass Molding 

rpe S-S.laad Uses Assoamed with Odor Complaints 
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Tab~ 5-1. Examples of Toxic EmissiDIlS, By llid Use 

INDUSlIJAI. 
bIstic Ceiling, Asbestos Product, Blending Tunic with. Bughouse Asbeslos 
Cd, and Guske. ManufudUring 

Aerospace "'_aduring Chrome Plating Shop, Spray Booth, HexlIValent Chromium 
Aircraft Purls 

Asphalt Batch Plant, ~aIt and ~ Tunk, Asphah Mmwfaduring Asbeslos 
Paving (ontractar5, ASpfiaIf with BughOuse 
and ASphalt Producls Mfg. 

Brake Manufadtling Facility Arc Grinders Asbestos 

Brake Sb~ Rebuilders and letyders Brake Debonder with Afterburner Asbeslos 

Oaemical Mllnufaduting . Readion Tank Wastewater TreaJmenl ~~ddoride, 
Mixing Ta~ Him-Temperature 
Adhesive ., OOI1ll.ed Wax 

Carbon lenchloride Manufa:!1 Feedstock ~-----, 

Refrigerants fg. 

Chemical Plants Hazardous Wasle Hazardous Wasle Rotary Kiln BerYllium, Hexavalent 
Indneralar Incinerater Oiiomill'll, Benzene, 

Carbon Tetrachloride, 
Dioxjns, Dibenzofurans, 
Ethylene Dkholoride, 
rAtts, PCBs 

Chrome Plating Faci1y o.rome ~ ~ E'~oration Hexavalent Chromium, 
H;!em Chrome • Solifian, Cadmium 

.ePlating Shop ami Tali 

EJectricaI McmufaChAing Trmsf_~ Plating P(J~ Cadmium, Chromium, 
N" ., Trichlaroethyiene, 
l,4-Dioxane 

Demonic Mllnuiadurfng Plming, aching Cadmium, o.romium . 
l,4-DiolUM, Hitkel 
Trichloroethylene 
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'WIle 5-1. ExlDples of Toxic Emissions, By llld Use ([ontinue~ 

CcmmerciallWcal Equipment 
SIeriIimtian Fad&ty 

Fiberglass Mmaduring Machine Operafion wi1l1 Baghouse Styrene 

Glass Container Maoofaduring 

Graphite Mamiadurlng PoIymrbon GraphmzGlion Dioxins, ·Dibenzofurans . 

Industrial with Heating or Steam Fuel Oil Steam Generator Boder Ulit Cadmium, Hexavalent 
Needs Chromima 

Pelmleum lefi!wy Petroleum Product Slonge Tallk Benzene 
Wfimion/ElPansion Fuel Oil Slum Generator Benzene, Cadmium 

iJllkfaml iJllk Benzene 
COMMERCIAl 
Auto Machine Shop Arc Grinders Asbestos 
Brake Realignment Shop Arc Grindm Asbestos 

,~' GasStllfian teal Gas Station Benzene 
Medical Clinic and Laboratory ene Oxide Medical Stemizer ~neOxide 
DryOeaners Peid1loroe1l1y1ene 
Auto 
INsnnmOtw/PUBUC 

Cadmium, Hexavalent Callege/lhiveni1y Fuel ad Boiler Unit 
Ethylene Oxide Medical Sterilizer Chromilln, 

ahyIene OJ.ide 

Groundwater Clean-Up Aeration Tower Benzene, Perchcloroethylene, 
Wastewater Treatment Trichloroethylene 

Hospital Refuse Indnent::edic:aI Sterilim Dioxins, Debenzofurans, 
Sterilimion (bam r, Bailer Ulit Cadmium, 

E1hyIene Oxide 

I.amIfiII Landfill Gas Flare Benzene, Vinyl Chloride 

Biomedieallabora1ory Fllpe Emissions and Fume Hood lenze~ Carbon Tetrachloride, 
Eihaust Odor orm, formaldehyde, 

Methylene [blonde 
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Wastewater Treatment Fadlity 
(POTW) 

Wastewater Treatment Plant 

Tab~ 5-1. bcaples of Toxic Emissioas, By land Use (continued) 

Digesl~ Gas-fir~d Reciprocating 
&lames . 

Wastewater Treatment 

5-14 

Dioxins, Dibenzo~ 
Cadmium, Hexavalent 
Chromilln, 'MIs, Pas, 
Mercury 

Hexavalent Chromium, 
CHhers 

Benzene, Carbon Tetrachloride, 
EtI1Y!ene Dichloride, 
EtIWIene Dibromide, 
Chlarofam 
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1 -Los Angeles 11.0 10.2 95 81 8.0 71 6.4 S1 
2-WesllJ. 11.9 11.1 10.3 . . 95 81 7.9 7.1 6.3 
3-Hawlbcne 11.9 16.6 15.3 14.0 12.8 11.5 10.2 8.9 
4 - Long leach 10.9 10.2 9.4 8.6 7.9 7.1 6.3 5.5 " 
S - Pko Rivera 10.2 9.4 81 8.0 7.3 6.6 S.9 5.2 
6-Reseda 14.8 13.8 12.7 111 .10.6 9.6 8.5 " 75 
1-luW 15.6 14.5 13.4 12.3 11.1 10.0 8.9 7.8 
8-Pasadena 12.6 11.7 10.9 10.0 91 8.3 7.5 6.6 
9-Azusa 6.4 6.0 5.6 S.3 4.9 45 4.1 31 

10-Pomona 10.9 10.4 9.9 9.4 ,8.8 8.3 7.8 7.3 
H - Whinier 10.3 9.6 8.9 81 7.6 6.9 6.2 5.5 
12-lynwood 24.7 211 21.5 20.0 18.4 16.8 15.2 13.6 
13 - Stmm Cbita 10.1 91 9.2 8.8 B.3 7.8 7.4 6.9 
14 -!.master 10.6 10.0 9.5- 8.9 8.3 7.7 7.1 6.5 
16-laHabm 20.0 19.0 18.1 17.1 16.1 15.1 14.1 13.1 
11-Anaheim 1'.8 15.8 14.7 117 12.7 H.6 10.6 9.5 

~ 18 - (asia Mesa 12.9 12.1 11.3 10.5 9.7 8.9 8.1 7.3 
19-8ilro 8.5 8.4 8.3 8.2 8.0 7.9 7.8 7.7 
23-lubidon 10.2 9.8 9.3 8.9 8.4 8.0 7.6 7.1 

- Riverside Mag. 12.8 12.2 11.7 11.1 10.6 10.0 9.5 B.9 
33-UpIcmd 7.8 7.5 7.3 7.0 "61 6.4 6.1 5.8 
34-Ftmlaoo 5i 5.4 5.0 41 4.4 4.0 31 3.4 

- San Bemarcbno . 8.' 8.4 7.9 7.4 6.' 6.4 5.8 5.3 
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Table 5-3. Proieded Future Yecr 8-Hm CO Cmmratiou 

1 -Los Angeles 7J 71 6] 61 5.6 5.1 4.6 4.0 
2-WesfLA. 6.3 5.9 55 5.1 4.6 4.2 3.8 3.4 
3-Hnthcne 12.8 11.8 10.9 10.0 9.1 8.2 7.3 6.4 
4-l.ongBeada 7.9 7.3 6.8 6.2 51 5.1 4~6 4.0 
5 - Pieo Rivem 8.4 7J 7.2 6.6 6.0 5.4 4.9 4.3 
6-Reseda 11.6 .. 10.8 10.0 9.1 8.3 7.5 6.7 5.9 
7-BuW 10.8 10.1 9.3 85 7.7 7.0 . 6.2 5.4 
8-Pasadena 1.9 7.3 6.8 6.3 5.7 5.2 4.7 4.1 
9-Azusa 4] 45 41 3.9 3.6 3.3 3.0 2.1 

10-Pomona 6.3 6.0 5] 5.4 5.1 4.! 45 4.2 
ll-WhiHier 7.1 ·6.6 6.2 5.7 5.2 4.! 4.3 3.! 
12-Lynwuod 11.4 16.3 15.1 14.0 12.9 11.8 10.1 9.6 
13 - S. Clarita 4.6 4.4 4.1 . 3.9 3.7 35 3.3 3.1 
14 - Lancaster 6.8 6.4 6.0 51 5.3 4.9 45 41 
16-laHabm 8.9 85 8.0 7.6 7.2 6.1 6.3 5.! 
11-Ammeim 9] 9.1 85· 7.9 7.3 6.1 6.1 5.5 
18 - Costa Meso 10.2 9.6 9.0 8.3 7.7 7.1 65 5.8 /~ 

-19-ElToro 5.3 5.2 Sol 5.1 5.0 4.9 4.8 4.8 
23 - Rubidoux 8.8 8.4 8.0 7.6 1.3 6.9 65 6.1 

- Riverside Mag. 71 6.9 6.6 6.3 6.0 S.7 5.4 5.0 
33-Upiami S1 55 5.3 5.1 4.9 4.1 45 4.2 
34-Fomcma 4] 4.4 4.2 3.9 3.6 3.3 3.1 2.8 

- SmlBernardino 6.6 61. 5.8 5.4 .5.1 4.1 4.3 3.9 

5-16 

AR0072813 



Table H. SaeeDils ible to btbate (0 Coutmtioas from Roadways 

Freeway ( 20,400/50 12 0.0 4.0 3.1 2.2 
D 21,600/40 12' 0.0 4.3 3.3 2.4 
E 24,000/35 12 0.0 4.8 ,31 2J 

fO 21,120/30 12 0.0 51 4.4 3.2 
Fl 31,440/25 12 0.0 71 5.6 4.0 
F2 33,840/21 12 0.0 85 6.6 4.8 
F3 36,000/18 12 0.0 9.1 7.0 5.1 

( 13,200/50 8 0.0 3.2 2.4 1.8 
D 14,400/40 8 0.0 3.5 2.7 1.9 
E 16,000/35 8 0.0 3.7 2.8 2.0 

FO 18,OSO/30 8 0.0 4.3 3.3 2.4 
F1 20,960/25 8 0.0 5.4 4.1 2.9 
f2 22,560/21 8 0.0 6.4 4.9 35 
F3 24,000/18 8 0.0 6.8 5.2 3J 

~-, 

Arterial ( 6,375120 879.25 10.8 7.1 4.4 
D 6)50/15 931.75 12.5 ' 8.3 5.3 
E 7,125/10 980.96 17.5 11.7 7.6 

fO 8,051/1'0 1108.91 23.2 15.4 10.0 

( 255/25 36.09 1.2 0.9 0.7 
D ' 270/15 36.09 0.8 OJ 05 
E 285/10 39.37 0.9 OJ 05 

fO 322/10 ' 45.93 1.2 0.9 OJ 

,.. A:::: Distance .from edge of roadway. Q :::: Dis1twe from stop hne. 
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Tab~ 5-6. lad Use Deasities for Supportiag icmit Service in Corridors 

Minimum level of local bus service [20 4-5 du/aae (or 3,000-4,000 5-8 million SQ. ft. of floor 
d~ in each direction or 1 bus people/sq. mde) arell 
per l 

Intermediate level of local bus service 7 du/aae (or 5,000-6,000 8-20 milhon sq. ft. of floor 
(40 dailybips in eam diredicm Of people/sq. mde) area 
3O-minute tieadwayS) 

Fr.enrlml of bus service (120 15 du/aae (or 8,000-12,000 20-50 million sq. ft of floor 
dailY 1rips in each mredion or people/sq. mde) . area 
lO-minule headways) 

~ (j,ht rad transit (med"wm-mpadty of 9-12 do/acre 35-50 m~lion sq. ft. of Hoor 
2. 00-20,000 trmlm/haur) area 

Ummuler rail transit (be1vieen 1-2du/acre 100 mdhoo sq. ft. of floor 
suburban and Cen1ral Business District area 
(CBD)ams) 
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DETERMINING THE AIR QUAU1Y SIGNIFICANCE OF A PROJECT 

CHAPTER 6 

Section 1SOO2(g) of the state CEQA Guidelines defines a significant effect on the environment as 8a 
substmtiaI adverse c:haDge in the physical condition which e'J£ists in the area affected by the proposed 
project.. Further, the project is considered to be of statewide, regiooaJ. or area-wide significance if it, 
for example, interferes with attaining the federal or state air quality standards (CEQA Guidelines 
Sedion 1S206(b)(2». To determine the signi6cam:e of a project, CEQA requires the preparation of an 
Initial Study by the project proponent or lead agency. The Initial Study will evaluate the impact of the 
proposed project upon the environment, including air quality. From an air quality perspedive, the 
impact of the project is determined by examining the types and leveJs of emissions generated by the 
project and its impact on factors that affect air quality. As such, projeas should be evaluated in terms 
of air ponution thresholds established by the District. The thresholds of sigDificanc:e differ for the 
SCAB and the Coachella Valley. The scope of the evaluation and the exlem of the required CEQA 
review will depend upon the estimated extent of the impact as determined by the lead agency in the 
Initial Study. 

6.1 PrepariDg the Initial Study 

To assist local planners and project proponents in answering the questions in the IDitia1 Study. and 
thereby determining the air quality sipificance of a project, the key air quality issues to consider in 
each Initial Study category are sum.marized in Table 6-l. 

Beyond the obvious primary impact of specific emissions arising from the operation and c::onstrudion of 
a project, there is the potential for secondary effects. Secondary effeas include such thiDgs as: impacts 
on the earth, water, population, ~onf circ:Wation, energy futilities. human health, and public 
services, that affect air ~ indirectly. Amoog these secondary effects are, for example, high CO 
emissions from degradation in roadway level of senic:e and NOx from power plants producing energy. 
All of those emissions amtribute to air pollution, and need to be included in the project's emissions 
calculations. CEOA requires that in evaluating the significance of the environmental effect of a 
project, the lead agency shall consider both primaIy or direct and secondary or indirect c:onsequenc:es 
(CEOA Guidelines Section 15064 (d). The impact of a project needs to··be evaluated.m terms of. 
emisssion thresholds and other indicators of potential air quality impacts. 

6.l SCAB Air PoIIutioD'l1Ireshoids for 0peratiOO5 

As seen above, new and modified projects will affect regional air quality both directly and indirec:dy. 
To determine the extent of a proposed project's environmental impact and the significance of sum 
impact the project should be compared to established leveJs of significaDce The District has 
established two· types of air ponution thresholds to assist lead agencies in determ.iD.mg whether or DOt 
the operation phase· of a project is signifiamt These am be found in the following sections UDder: 1) 
emission thresholds; and 2) additional indicators. If the lead agency finds that the operational phase of. 
a project has the potential to exceed either of the air pollution thresholds, the project shoWd be 
amsidered sigDific:ut. 

o EmissiOD SipWamce'I'hn!shoids (Primary meets) 

The District has established these thresholds, in pUt. based on Section 182 (e) of the federal Clean Air 
Ad: which identifies ten tons a year of volatile organic gases as the significance level for stationary 
sources of emissions in extreme non-attainment areas for 0Z0De. The South Coast Air Basin is the 0Dly 
extreme non-anaimnent area in the UDited States. This emission threshold has been converted to a 
pounds per day threshold for the operational phase of a project. The Distrid: staff also evaluated the 
thresholds established by other air quality managemem agencies in California and has taken into 
aCCOUDt the effect the thresholds would have on local govemmems' work load. . 
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While Section 15064 (b) of CEOA Guide1iDes states that an ironclad de6nffion of a significant effect is 
not possible because the significance of an activity may vary with the sett:iD& the District believes that 
the setting as referred to in CEQA can be defined in this case. Under California state law (Health aDd 
Safety Code Section 404(2). the South Coast Air Basin is defined as a distinc:t geographic: area with a 
critical air pollution problem for which ambient air quality standards have been promuJgatcd to protect 
public. health. As such, the District believes that mfe1ficance thresholds can be established based on 
ScieDti& and factual data that is contained in the ederal ad stare Clean Air Acts. Therefore, the 
District recommends that these thresholds be used by lead agencies in making a determiD.ation of 
signific::am:e. However, the final determination of whether or not a project is sigDificant is within the 
purvieW of the lead agency purswwt to·Sedion 15064 (b) of the CEQA Guidelines 

Both direct and indirect emissions should be included when dete.rmiDing whether the project exceeds 
these thresholds. The following sigDific::am:e thresholds for air .quality have been established by the 
District for project operations: . 

55 pomcls per day of ROC 

55 po_cis per dayofNO:z: 

s50 po_cis per day of . CO 

150 pomads per day of PMlO 

150 pomds per day of SOx 

Ca. state I-hour 01" I-hour CO standard 

Projeds m the Souda Coast Air Basin (SCAB) with daily operaUOIHdatecl emissiou that exceed BY 
of abe aboft emission tbresholds should be c:oasidend to be sipUiaw. 

Plmmers and project proponents may determine if a project is likely· to be significant by screeniDg the 
project using Table 6-2. The land uses listed therein are based on.the mobile sowce emissions from 
projed:s. that have the potential to. exceed the emission thresholds. Table 6-2 does not cover all 
proposed projects or simatioDs. If site-specific information is available, the MAAQI model or emission 
c:aJrnlatioo procedures discussed in Chapter 9 of this· Handbook can be used to estimate emissions 
totals to determine significance Any emission reductions resulting from existing rules and ordinances 
should be c:alculated. as the project's non-m;tigated em;ssions aDd discussed in the project desai.ption. 

In addition, level of service can be used as a screeniDg method for dete.rmiDing when vehicle trips will 
impaa a roadway, thus violating the state I-how or 8-how standard, and c:reariDg a CO hotspot. Refer 
to Section 9.4. 

. 0 AdditioallHkaton of Potential Air Qadty Impacts (Semaduy meets) 

AddffiemaJ indicators should be used as screeniDg criteria incficating the Deed for further aWysis with . 
respect to air quality. Whenever possible, the project should be evaluated in a quaDtitame ~ 
otherwise a qualitative analysis is appropriate. The additional incticators are as follows: 

o Project c:ould interfere wjth the attainment of the federal or state ambient air qua1ity standards 
by either violating or c:ontrilmtiDg to an existing or projected air quality violation (refer to 
Chapter 12 and Appendi: G, Significant Efied:s, State CEOA Guidelines); 

o Project could result in popuIaDon increases within the regional staristica1 area whkh would be 
in CEeSS of that projeCted in the AOMP aDd in other than p1mmed locations for the project's 
bWJd..out year (refer to Chapter 12); 

o . Project could p~ vehicle trips that cause a CO hot spot (refer to Section 9.4); 
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o Project will have the potential to create or be subjected to an objec:tiooabIe odor over 10 
dilution to thresholds (D /T) (refer to Chapter 5) that could impact sensitive receptors; 

o Project will have hazardous materials on site (Table 10-4 and 10-5) and could result in an 
accidental release of air toxic emissions or ac:mely hazardous materials posing a threat to 
public health and safety (refer to Chapter 10); 

o Project could emit an air toxic contaminant regulated by District rules or that is on a federal or 
state air toxic list (refer to Appendix 10); 

o Projects could involve burning of hazardous, medical, or municipal waste as waste-to-energy 
facilities (refer to Chapters 10 and 13); 

o Projects could be occupied by sensitive receptors within a quarter mile of an mug facility 
that emits air taxies identified in Distric:t Rule 1401 (New Source Review of carcinogenic: air 
cootaminaDts) or near CO hot spots (refer to Chapters S and 10); 

o Project amId emit c:arcirlogeDic or toxic air cxmtamiyu.ntg that individually or c:mnulativdy 
exceed the maximum individual cancer risk of 10 in 1 million. 

If the project has significant air quality impacts, an Em should be prepared. If the impact of the 
project can be reduced below sigDffic:ant by the application of mitigation measures, then a Mitigated 
N~ Declaration (MND) can be prepared. The MND or EIR should quantify the level of 
enussicms usiDg the standards in this Handbook, and identify mitigation measures to lessen the project's 
impact to the greatest extent pOSSible. The District recommends that all projects apply feasible 
mitigation measures to reduee individually and cumulatively significam air quality impacts to less than 
sjgnificanL Refer to Chapter 11 for an identification of mjtigation measures, and the potential for 
emjssion reductions. 

6.3 SEDAB (UDder District JmisdidioD) Air PODUtiOD 'Thresholds for Opemtious 

The Coachella Valleyand.Antelope Valley, which are under the jurisdiction of the District, are in the 
SEDAB which has a distinctly different air ponution problem than the SCAB. The SEDAB is DOt 
dassified as an ememe DOD-attainment area for ozone and therefore, theDistric:t has DOt changed the 
significance thresholds for the Coachella Vaneyand Antelope Valley from the 1987 version of this 
Handbook. In determining whether or not a project exceeds these thresholds, the project emissiODS 
should be c::alcWated in the same manner as that for the SCAB (e.g. lIhlizjng the highest daily 
emissions). These thresholds are as follows: 

75 pounds per day of ROC 

100 poamds per day of NOx 

S50 pouBds per day of CO 

1!0 pouBds per day of PMIG 

1!0 poDDds per day of SOx 

Ca.. siate I-hour ad. 8-bour CO staDdani 

Projects in the CoadIeUa VaHey ad. Antelope VaDey portiOD or dae SEDAB with peak operaU ... 
:rdatecI emissions that exceed. amy of the above emissioo tbnsholds should. be eoDSidend sipi&aut 
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As with the signifiNlDce ~ defi:aed for' the SCAB, plamIers ad project propoDeDts may 
determiDe if a project is sipffieant by saeeDiDg the project using Table 6-2 or the ~ 
mentioned in Sec::tion 6.2 Level of service c::aD also be used for determiDiDg a likely violation of the 
state l-hom or 8-honr CO stud.ard for the Coachella Valley ad AIItelope VaHey. 

The additional indicators of potential air quality impacts ideDtified in Section 6.2 should also be used in 
determiDiDg if a project is significut in the CoacbeDa VaDcy aDd AIItelope VaDey. 

6A Coutnadi_ EmIssIGD 'lbrahokJs for SCAB uti Co1tdWIa VaDey 

Both the SCAB and SEDAB (that portion under the jurisdktioD. of the Distria) exceed the federal_ 
state PMlO standards. The 4lblem in these areas resuks from fugiti¥e dust distributed during 
~ from ttaDsport rdistwbed dust OIl roadways by ~ ad wind. However. since a 
project's impact is Jim.ited to the ~ pbase,. aDd level of mitigation. the procedure for 
detemWili:Ig sipific::anc:e is different·than that for a project's operaIioDaI impacts When estimating a 
project's c::oDStt'W:.':ton-related em.issioas, the emissions can be 1Il~' over a 3-mmd:h period to 
mclude only ac:mal working days. . 

The foDowmg sipificauce thresholds for air quality have been established by the District on a quarterly 
. basis: 

2.5 toils per ~ of ROC 

2.5 tOIlS per quarter ofNOx 

24.75 tons per qnarter or CO 

6.75 tOIlS per quarter of PMlO 

6.75 teas per quarter of SOx 

B~, if emisslou __ iIldhidualday m:eed '51bs a day for Roc, or ioo I. III day for NOs, or 
HOIbs III day for 00, or 150 Ibs III da,. for PMlO t dae proJect should._ c:mWd.end sipH'kaM ' 

ProjaU ba tile SCAB or SEDAB wlth ~ __ ODS ill III ~ periocl thataeeed 
.,. of dae emissi_ thresholds sUuld. be CODSideftd to _ sfpfflcaJlt 

Table 6-3 provides a ~ table for ~ when a project's ~ cm,;ssiou could 
exceed. the threshold of sigDifiamce. 

6.5 SeledIDg the Appropriate Dn«mnent 

Upon completion 'of the Initial Study, the lead agency in consu1tation with responP"Ne agencies 
determmes the :most appIOptWe type of enviromnental doc:umentatitm, (Leo, a N~ Dedaration 
(NO). a Mitigated Negative Declaration (MND), or an EnviromneDtallmpact Report (mR». Specific 
criteria for detem1iDiDg the appropriate emironmeDtal document with respect to air quality are 
described below. Table 6-4 provides a quick refcreuce for pWmers to deter:mme the appropriate 
envircm::mental documents for partic:War types of land use projects. 

., Neptift~ 

ANegati.vc Declaration (NO) is p:epared if the Idial Study idemifies no sigMicmt enW"(dJII·enta1 

impacts from the project. Before the re1case of the ND for the project, the lead ag=cy :must 
determme that there is DO substantial evideD= that the project without :mirigatYm :may have a 
significant acherse effect OIl the amronmcut. . Artide 6 of the Sta%e CEQA Guidelines ron"mS the 
require:meDts for the ND process ad the contents of an ND. 
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The District recommends that a ND be prepared for any project if it meets an of the below criteria: 

(a) The c::oostruc:tion or operation of the project will not exceed· the emission thresholds of 
signjfin",re as established by the District. 

(b) The project 'Will not cause a CO bot spot. 

(c) The project will not be occupied primarily by sensitive individ~ within a quarter mile of any 
facility that emits air toxic: contaminants which could result in a heahb risk for pollutants 
identified in District Rule 1401· or exposure to a CO hot spot. 

(d) The project could not result in the accidental release of air toxic: emissioos or acutely 
. hazardous materiaJs, posing a threat to the public: (Table 10-4 and ~0-5). 

(e) The project will not emit an air contaminant regWat:ed by the District, or found on a federal or 
state air toxic: fist, and which causes a significant health risk (see section 6.2). 

(f) The project does not involve the bUl'lling of municipal, hospital, or hazardous waste. 

(g) The project will not violate any ambient air quality standard, contribute substantially to an 
existing or projected violation or expose sensitive receptors to substantial pollution 
concentrations (Refer to Appendix G, Significant Effects, State CEQA Guidelines). 

(h) The project will not have a sigWfic:ant effect on the environment from a cumulative standpoiDt 
(Chapter 9). 

o Mitigated Negative Declarations . 

Although the State CEQA Guidelines do not explicitly identify a document called a Mitigated Negative 
Dedaration (MND), this term bas come into use to refer to a specific: type of environmental doc::umem. 
If an Initial Study is prepared for a project and sigDificant adverse· environmental impacts are 
identified. an MND may be prepared for that project if all potential impacts can be eliminated· or 
mitigated to a level of msignificanre. An MND is only appropriate for those projects that have been 
revised or modified by the applic:ation of mitigation measures. that reduce the impact below the level of 
significanc:e. Those mitigation measures then become part of the project description so that the project 
no longer hM a significant impact: and, therefore, may be addressed through a ND. The MND is 
subject to the same requirements as is an ND (see Article 6 of the state CEQA Guidelines). 

In order to determine if all impa.c:ts are mitigated, all emissions associated with the project as wen as 
the mitigation measures should be quantified through use' of either the·sereening table (Table 6-2), the 
emission c:alc:Wation procedures described in Chapter 9, or the MAAQI model In order to determine 
the net air quality impact after mitigation is applied, mitigation measures efficiency may be derived by 
using the data in Tables 11-2, 11-3. 11-4. 11-6. and 11-7; the c:aJnriation procedures desaibed in 
Chapter 11; or the MAAQI model. The Distrid:. recommends that an projects employ an feasible 
mitigatiOn measures to reduce individually and cumulatively significant air quality impacts caused by 
the project to less than significant. Refer to Chapter 11 for an identification of mitigation ~ 
and the potential for emission reductions. 

Agencies c:ertifyiDg MND must take affirmative steps to determine that approved mitigation measures 
are implemented subsequent to project approval. Specifically, a: mitigation monitoriDg and reporting 
plan must be prepared pursuant to Public: Resources Code 21081.6 for any mitigation measures 
incorporated into the project or imposed as a condition of approval. 

The District recommends that an MND be prepared forDY project if it meets all of the foDowiDg 
~ . . 

(a) The construction or operation of the project may result in the threshold m"issioos beiDg 
exceeded; however, quantifiable mkigation measures have been. prescribed that reduce· the 
emissions to below the significance thresholds. 
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(b) The project may cause a CO hot spot; however. quantifiable mitigation measures have been 
presc::ribed to prevent it. . . 

(c) The project will not violate any ambiem standard, cootribute substantial1y to an existing or 
projected vio1ation after mitigation or ~ sensitive rec::eptors to substantia) pollutant 
c:onceDtrations. (Refer toAppenm G, Significant Effects, State CECA Guidelines). 

(d) The project cOuld resu1t in the accideDtal release of air toxic emissious or acutely hazardous 
materials, posiug a threat to the ~lic ~:'Jes 10-4 and 10-5); however mitigation measures 
(e.g. safety ~ pradic::es) have . prescribed that reduce the risk of a release to 
msiguifjcance.. 

(e) The project could emit an air tonc CODWUinaut that is reguJated by the DistriCt, or is found on 
a federal or state air toxic list, aDd which causes a sigtill:'icant health risk (see Section 6.2); 
however, mitigation measures are employed which reduce the impact to msiguificam 

(f) The project dries not involve the bumiDg of municipal, hospital, or bazMdous waste. 

(g) The project may have . a siguificaut effect on the enviromne1lt from a cmnulative staIldpoiut 
(Chapter 9); however, mitigation measures have been prescribed that make the project's 
cumulative impacts insiguificant 

o EDviromnental Impact hports 

. If the Iuitial Study ideutmes . potential siguifieam adverse impacts from the project that amuot be 
mitigated below the siguificance thresholds, then the lead agency should prepare an EnvironmeutaI 
Impact Report for the project rather thau a Mitigated Negative Declaration. A lead agency may also 
e1ed: to prepare an EIR if there is serious public controversy over the enviroumental effects of the 
project. (Refer to CEQA Guidelines Sectionl5064(h)(l).) 

As with a Mitigated Negative Dedaraticm., an poteutial impacts should be quantified using the emission 
calailations procedures described in Chapter 9 for mitigation measures quautified pnrswmt to Chapter 
11. 

The Distrid: rec:ommeuds that an Environmental Impact Report be prepared for any project that can 
be characterized by any of the criteria listed below: 

(a) The CODStn.ld:ion or operation of the project may result in the emission thresholds being 
exceeded even with application of all possible mitigation measures. 

(b) The project will be occupied primarily by sensitive individuals within a quarter mile of a facility 
that emits an air toxic rontam;nant(s) whic::h could result in a b.e3lth risk for pollutants 
identified in District Rule 1401 or e:posure to a CO hot spot. 

(c) The project would create a a.CO hot spot. 

(d) The project could result in the accidental release of air toxic emissious or an acutely hazardous 
material (Tables 10-4 aDd 10-5) posing a threat to the public health and safety. 

(e) The project will emit an air toxic contaminant that is regulated by the Distric:t. or fODd em a 
federal or state air toxic list, and which causes a siguificant health risk (see Section 6.2). 

(f) The project involves the burning of m1micipal, or hospital, or hazardous waste. 

(I) The project will ~oJate my ambient air quality standard, comribute mbstantiaJIy to an existing 
or projected violati<m ~ ~ seusiIive receptors to substantial pollutant concentrat:icms 
(Refer to Appendix G, Significant Effects, State CEQA Guide1• ) 

(h) The project may have a significant effect em the environment from a c:mnnlative stau.dpoint ~, 
(Olapter 9). . 
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CEQA requires that immediately after deciding an Em is required for the project, the lead agency 
shall send to each responsible agency a Notice of Preparation (NOP). (Refer to CEOA Guidelines 
Section lS082.) The District will respond to NOPs and provide lead agencies with guidance in 
preparmg the EIR.. 

6.6 Use of Another Em for Air QuaHty AuIysis 

Prior to adoptiDgthe 1991 AQMP, the District prepared a compreheDsi\le program Em. to evaluate 
any adverse eJMronmental impacts that could be ~ by implementing the control measures and 
strategies contained in the 1991 AQMP. A prognun Em was prepared because the AQMP is 
composed of Strategies related to the "issuance of rules, regulations, plans, or general criteria to govern 
the conduct of a c:ominuiDg program.. (Refer to CEQA Guidelines Section 15168( a) (3).) . 

-The 1991 AQMP is a blueprint onilinmg the strategies identified for achieving clean air. Therefore, 
environinental impacts were analyz.ed in broad, general terms. The level of detaiJed analysis in the 
1991 AQMP Em. is commensurate with the degree of specificity of the strategies conta.ined therein. 
This degree of specificity is consistent with requirements "in the CEQA G~delines which recognize that 
the level-of detail of an environmental analysis is diredly related to the level of detail of the project. 

The AQMP prOYides valuable information for the preparation of the air quality sections of Ems, as 
well as information that c:anbe extracted or referenced. The AOMP Em prOYides an in-depth analysis 
of potential control measures. Using the AOMP EIR as a program. EIR and tiering other 
environmental documents after the AOMP EIR is appropriate for programs or projects which 
implement AQMP control measures; this includes District rules, local government Air Quality 
Elements, and ordinances that implement control measures. 

Although CEQA allows an EIR. from a previous project to be used for a later project (refer to CEQA 
Guidelines Section 15153), this c:an only oc::cw if -such projects are essentially the same in terms of 

~ • environmental impact.· Conseqnently, the 1991 AQMP EIR. should not be used as the EIR. for a 
Specific land use project because the level of detail of the analysis between the AQMP and a land use 
project is substantially different. Furthermore, the 1991 AOMP ElR did not analyze impacts from 
specific land use projects, therefore, it is unlikely that impacts resulting from the 1991. AQMP are 
essentially the same as impacts generated by land use projects. - The AQMP Em. is only appropriate 
for land use projects as a reference on regioual air quality issues and source for pollutant baseline 
emission levels. 

The program EIR or MND should identify impacts that are different than those identified at the 
regional level in the AOMP EIR, as well as any local impacts. The program. Em or MND should also 
include any appropriate mitigation measures identified in the AQMP EIR., and any additioual 
mitigation measures nec:essary to mitigate local impa.cts that were not identified in the AQMP. (Refer 
to Table 6-4 for a. list of mitigation measu.res identified in the AQMP Em for loc:al government 
implementation.) These EIRs or MNDs should also be seDt to the District for review and comments. 

1991 AQMP EIR. Available from the Distric:t's Environmental Analysis Unit, (909) 396-3109. 

CIllifomiaARB. T~ Perfomumce StlmdI:Irds of the CCAA. May 1991. Available from ARB 
Transportation Strategies Group. 
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Water 

lisle of 
Upset 

(continued on next page) 
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Pr:::r.:;~ signifiamt WIlSIe (solid, wstewaIer, lmanlous) Ibm increases 
for dispOsaffcdities whom disposal methods (1aI1dfdltmcinerotion) impact 

air quality 
Pmjeds generIJfing a si~ amount ofbmroous waste Ihm could produce 

emissions through acdaenmI release . 
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Table 6-2. SaeeniDg Table for Operafioa- Daily Thresholds of Potential SignifICance. for Air Quality 

RESIDENTIAL Single Fmm1y Housing 
~ents 
COndominiums 
Mobile Homes 
Retirement Comimmily 

EDUCAnON EIemen~ School 
HighSchool 
(ommunity (oUege 

'* University 

(OMMERCIAl '* Airport 
Business Park 
Day Un 

'* Discount Store 
Fast Food wlo Drive-Thru 
Fast Food wHh Drive-Thru 

'* Hardware Store 
Hotel 
Medical Office 
Motel 

'* Movie Theatre 
'* Car Sales 

Office (small, 10-100) 
Office (medium, 100-200) 
Office (Jarge, 200->) 

. Office Pork 
Racquet Qub 
Research Center 
Resort Hotel 
Restauroot 

'* Restaurant (high-tumover) 
Shopping Center (small, 10-S00) 
Shopping Center (medium, 500-1,000) 
Shopping Center (lorge, 1,000-1,600) 

166 units 
261 unfts 
297 units 
340 unils 
612 units 

220,000 sq. ft. 
1 n ,O~~ sq. ft. 
150,000 sg. ft. 

813 students 

15 Dany Commercial Rights 
136,000 sq. ft. 
26,000 sq. ft. 
32,000 sq. ft. 
3,500 sq. ft. 
2,800 sq. ft. 

28,000 sq. ft. 
213 rooms 

61,000 sq. fr.· 
220 rooms 

30,000 sq. ft. 
43,000 sq. ft. 
96,221 sq. ft. 

139,222 sq. ft. 
201,000 sq. ft . 
171,000 sq. ft. 
98,00Q sq. ft. 

245,000 sq. ft. 
199 moms 

23,000 sq. ft. 
9,000 sq. ft. 

22,000 sq. ft. 
50,ODO sq. ft. 
64,ODO sq. It. 

(continued on next page) 

NOTES: 
* Trip geaeraIion rates from the Sth Edition fiE iMam were based upon Win sample sizes. 

1ha size mDSlnldion projeds have the pollnlial to meed 1be daily emissioas sigaifimm thresholds. load 
penamenls should use these thresholds CIS saeeIIiIIg Iools wIw a project JII'OPOIIint first approaches Ihe lead 
ogay for II paid, to detennille wbe1her or IIOt the proposed iRied will be sigDifiamt. Moreove~ using 1bese 
'reshoWs, II pnljad pnlpoItllt should be advised to indude feasible mitigatioll mecsvres at 1M project design level 
rather than in Ihe later sfages of 'e project. 

DEFINITIONS: 
~. mecms 10 make goods and articles by hand or by rmchinel)', ohell 011 a large sade and with 
alYisioa of labor:. 
"Inday- maGIS ImY Imp.scaIe business adiYity or mmufuduring pmductiYe enterprises colledively, especially . 
as disfiaguihed from agriadtun. . 
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'Wale ~2. Saeeaiag TablefDf Operation ... Daily Thresholdntf Potential SigDificllce for Air Quality (continued) 

INDUS11W/ 
MINING 

87 fmployees 

12,500 sq. ft. 
216,000 sq. ft. 

1,284,000 sq. ft. 
216,000 sq. ft. 

** 

** 
** 
** 
** 

500,000 sq. ft. 
** 
** 
** 

94,000 sq. ft. 
83,000 sq. ft. 

176 Beds 
51,000 sq. ft. 

141 Beds 
26,000 sq. ft. 

All 
All 

All 
Beyond One Ramp 

** 
** 

All 
** 

** 
Hamrdous, Medical Dr Municipal Waste 

** 

** 

10& 
• iip~ __ ihe 5th EdiM mAlaD. urellased IIpoIIsmaII sample .. 
~ In ~ apansiGliS 01' ok dalp1lmt could result ill eniAas a-DB lb. sigllifiamct Wolds. 

n.. m ~ FOieds." po_hi to mMCIlhe ddtemissioas~ thrBokk. lGmI 
ptllIIMIIS_1d use bse WoWs IS SCII8IIiIg took .... a proi8cf propcnDf fist ~ Ihe lead 
f9IIItY W &I penniI, to de.-... « ROt lie proposed project mil be sigDifiamI. Ioreonz; IS1Ig ,_ 
~, II pntfed propouat should • acMsed to iIIdude faasiII miIigaIioa IIIICISUnIS at the !Ried design level 
mdaertl. it lie !mer sIages af Ihe projact. 

DRmIot& 
~riag. meCIIt5 io mab pels .. artidas by hand II' by ~ ahen on oiarge _ ood with 
divisioufWiot 
"IIaday- _ uy IargHmIe busiam DctMty 01' naaufaduring pmdmive enterprises collectively, apedaly 
Iis~ fromagriultm. . 
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$ingIe family Housing 
~ems 
Candominiums 
Mobile Homes 

EDUCATION Schools 660,000 sq. ft. GFA 

COMMEROAI. Business Park 559,000 sq. ft GFA 
Day Care Center 915,000 sq. ft. GFA 
Discount Store 915,000 sq. ft. GFA 
fast Food 915,000 sq. ft. GFA 
Government Office Complex 559,000 sq. ft. GFA 
HcmiwmeStore 915,000 sq. it. GFA 
Hotel 745,000 sq. ft. GFA 
Medical Offke 559,000 sq. ft. GFA 
Motel 745,000 sq. ft. GFA 
MoYie Theatre 915,000 sq. ft. GFA 
Office 559,000 sq. ft. GFA 
Resort Hotel 145,000 sq. ft. GFA 
Resmurcmr 915,000 sq. ft. GFA 
Shopping Center 975,000 sq. ft. GFA 
Supermarket 975,000 sq. ft. GFA . 

INDUmlAl. 1,1 02,520 sq. ft. GFA 

UNPAVED ROADS PmsencJft Vehicle . 1)50 Vehide Ml1es Traveled m 
1.00 ruck 430 Vehicle Miles TrMed (1) 

PAYmROADS LomIIoad 24,000 Vehide Miles Tmeled m 
CcmslrUdioo load 5,000 Vehicle Miles Tmeled m 

DEMOunON 23,214,000 Cubic Feet of Building . 

GRADING 171.00Ams 

NOm: 
(1) VITa a __ of -""1engIh _avemge doily .. 

..... mllSbdiDlI proieds lam" poladalto __ '-qucnd, ~ ~of".amce. lIeDl 

.......... sIaH .1ha tinsWdseSCl'lHillg 1Dok .. alRiedpropoa.t first • .-" Iaad 

..,_a .... to datermia"'orlOt6epropad ~."sipbL MoIWIII; riag '
,~ a proiId pm,... shnJd hi am.! to -. faiLle miIigaIioI maasum at" praied desiglllml .... ill" later stages of Ihe .. jed. 

For day"'~ IiMde lluesbolds by 65, lOt 91. 

.~ 
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/~ , 

Water 
(Demond) 

Tab~ H. 1991 AaMP Ell Mitigatioll Measures Identified for Local 
Government Implementation 

Positive mr quolity impacts.. 

Increased demand for mer os a 
fugitive dust suppressant during 

Use discretionary permit autho~, place. 
conditions 1m p'Diem to control erosion, 
set kmdscape stondords, etc. 

Im~ement indirect source mnkOl 
measurer. recydinjl programs; promote 
energy effidency for home appliances. 

Use reclaimed mer, non-toxic soil binders, 
pave dirt roods, eft 

PkmI and in plonf hobimls and animal £stabIish project setting procedures to 
Animol Life os 0 tesuh of manges in land preserve sensitive habfuit, proted animal 

I.mIdUse 

Noh/rol 
Resources 

Populcmon 

designation or poP'uimion ieJomtions. populations, and preserve ogrirulturolland. 
(Primarily the result of factors other than 
AQMP.) 

Regulate hours of construction. 

solar PtIlIeis for water heaters; Estoimsh budding smnds to screen panels 
linmmsed densily of industrial parks. ond to minimize glare to adjoining residients.1 

Ilnmmsed demand for notund resources, 
e.g. minerals, timber, etc., that will 
tac~tDJPOny iidrastrocture development 
ond dionges in land uses. 

Growth management and mode shihs 
resulting in porml- relomtion. 

6-13 

Zoning changes; mixed land uses. 

Estobish recyding progmms; promote 
conservmion measures. 

Careful designation of trmISit routes; 
incorporate Regional Housing Needs 
Assessment into General Pion housing 
elements; use lOning ond land use pJans. 

(continued on next page) 
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Table 6-4. 1991 'QMP DR litigatioa Mea5I'e5 IdeDb1ied far Lacal 
Govenaeat (continued) 

Housing Growth =:' nlides may affect ObmiD YMY redudion =t lSi mst cnI disIri ·on 0 hOUsing. measurefervide Dfforda e housing 
hgh waivers or subsidies. 

~ Positive effect. Transportation YIT reductions through lSi measures; 
liM congesticm reduction. im ..... transportation mcmocent 

~es; increase or expand u 
transit systems. ' 

, Public Service May. require new cmd/or expanded Work with .be District to obtain 
ImpadS semteS. techniml'and implementation support, 

secure new sources. 

Energy ~=m_leu~ 1m slfmdank for =regnfy 
10 energy SOOUIS of high energy .• 

ormmigas. r maior apjJIiollCe5 ond 
equipment, conservation programs; 
promote recycling. . 

Utilities-Solid ~Im limited affect on sotm waste Promote recyding and wmte minimimtion; 
Waste establish conservation programs. 

Aesthetics W'mdbreab to minimize ~e t: ~ architedural sffmdards for wind-
cmdd obsInxt smnic visfa; I· lion eab, e.g. height sIondards, use 
of_it sysIemS ~ visld ~ CIS mndbreak; use underground 
impads from IV wires. eledriml mbIes where possible. 

IeaeaIioD AWAP 1m limited offed, ~ any, 011 =:= local DC ~ plans; reaemirm resources. ' &~ent new. 
recreation dimes or maintain existing 
ones. 

CuhumI A~1m Bmifed affed, ~ any, OD EsmbIish bisto&ml'over1t 10= Resources m resources. or equivalent r cultural sig·· mnt 
~ 
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COMPONENTS OF THE AIR QUAUIY ANALYSIS FOR EIRs AND MNDs 

CHAPTER? 

Any project that amtributes emissions duriDg amstrucUon or o~on affects air quality. Therefore, 
the extent to which a project impacts air quality should be examined. If, duriDg the preparation of an 
IDitial Study, the impact of the project uPon air quality is determined to be sigDific:aDt (see Chapter 6) 
and the emissions cannot be mitigated below the level of significance, then an Em with an air quality 
analysis section should be prepared. The depth of the analysis will be in proportion to the level and 
significance of the emissions. .. 

This chapter and F"JgUre 1-3 (Chapter 1) are road maps to assist the p1a1mer in the preparation of the 
air quality analysis for an Em or other CEOA documentation Table 7-1 summarizes the steps for 
evaJnating air quality impacts. At the end of this chapter is a comprehensive cl1eckJist (Table 7-2) that 
provides the basis for preparing the required components of the air quality ~ 

?J. Baseline Air Quality lDformaticm 

CEQA requires an Em. to include "a description of the environment in the W:iaity of the project, as it 
exists before the commencement of the project, from both a local and regional perspedive.8 (Refer to 
CEQA, Section 15125.) The background, or baseline air quality information, should include a 
disalssion of the following points: . 

o Project settiDg and description 

o Climate and meteorological conditions 

o Existing regional and local air quality 

o Existing sensitive receptors 

o Existing toxic:s emission sources 

o ExteJtt of air basin affeaed, and applicable Plan (AOMP or PM10 Plan) 

o Transportation SJStem as it relates to air quality 

The air quality analysis of each Em and MND should provide a description of the existing regiODal and 
local environment. Such information is referred to as baseline information (see Appendix 3). BaseJ.me 
information can amsist: of a summary of air quality and references to readily available documents . 
which contain detailed information for regional analysis. 

Baseline information for the 1oc::al air quality analysis should include information obtained from the 
DCal'est or most appropriate District air quality monitoring station and any site-specific c:harac:teristi 
caused by such factors as congested roadwa,s or·ezjsting facilities that emit toxics. Generally, the most 
appropriate air quafuy monitoriDg station is the ODe located within the same source receptor area as 
the proposed project (refer to Source Receptor Map. FJgDre 8-3). Sedion 8.1 rontains specific 
iDform.ation regarding selecting appropriate air quality monitoriDg data. 

The baseline air quality data should be tailored to support the evaluation of the air quality impacts. 
For eumple, if odors are an issue, the ba.se1ine iDfmmation should include a wind rose, which is 
necessary for evaluating air qualliy impacts on SUfrolmdiDg properties. AlI FtiDent data should be 
included, or at least ~ if the detailed ba.scJine data necessary to c:mTobome the analysis are 
provided only through readily available reference documents. 

Data should be concise. Detailed data. unnecessary for assessing the impact should be omitted, SO that 
the di.sc:ossion of impacts can be readily identified by decision makers and the public. Chapter 8 

~ provides mare ~c iDformaticm on dewlopiDg baseline air quality iDformation. 
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7:J. Emission Soun::es: CoDStnldion and OperatioDal 

Emissions that can adversely affect air quality will originate from various actMties. A project generates 
emissions both duriDg the period of its ~ aDd through cmgoing daily operations. Emissions 
from both of these sources should be quantified in the Em. lD addition, the E.IR. should ;malyze the 
impact of emissioDs during each identified phase of project development aDd buUd-out year. As part of 
the impact analysis, e.mis.sKms Deed to be compared to the thresholds of sigDificance. The existing le\d 
of background emissioDS a:nd local air quality need also be taken moo account. 

lD the case of an MND. the analysis Deed not be as ~ as that: prepared for an Em. H the Imrial 
Study identified emissions from c:.onstructicm andlor operation as a poteDtially significant effect, then 
the MND should quantify those sources of emissions and perform an analysis similar to an EIR. 

~ Emissions. The Em and MND should idemify all emissions associated with 
construction ac::tirities, indudiDg site preparation, ~ of Dew' facilli:ies, or modificat:ion of an 
e:oftsting fadIity or site. Demolirion, clearing. gradiDg. excavating, using heavy equipment or trucks on 
unpaved surfaces and loadingfUDloadiDg of trucks creates large quamities of fugitive dust, and thus 
PMlO. Heavy equipment required for demolition, gracfin& and constmc:.tion generates and emits 
exhaust emissioos. The vehicles of commuting c:cmstmcticm workers and truc:ks hauling equipment or . 
materials (mobile source em.issious) are another source of emissions wbich should be quantified. The 
emissions from eJ.ectric power generators, architectural c:oatiDgs, traffic impacts, and stationary 
const:mc::rlon equipment must be quantified. In addition, any asbestos removal should also be 
quantified. Procedures for c:alMlhwng these various types of emissions are provided in Chapters 9 and 
Appendix 9. It is appropriate for an MND to utilize the screening tables in Chapter 9 as opposed. to 
the detail~ aulysis recommended for an BIR. 

Operatioul Emissions. After cxmstruction is completed, the project becomes operatimW. 
Operational emissions are produced by the occupancy of a facility or residential development and by 
both mobile and stationary sources c:mm.ected therewith. Stationary emissions result from naturaI.ga& 
c::ombusrion and the use of electricity and equipment for manufacturing processes Mobile emiAAioDS 
result from motor vehicles, airplanes. trains, ships. and CODStnlctkm equipment. A project may be an 
"ind.ired: source" of mobile emissions by the nature of its operation; for example, vehicles operating 
within a project, such as warehouse forklifts or tour trains. However, the most .~t indirect 
source emissions result from vehicles attracted to the project, suCh as shoppers VIsiting a mall or 
employees commuting to the work site. Proc:edures for cakulatIDg an of these emission sources are . 
provided in Chapter 9 and Appendix 9. It is appropriate for a MND to utilize the sc:reening tables in 
Chapter 9 if applic;ab)e as opposed to the detailed analysis reeommended for an EIR.. 

. H the District is a responsible agency and the stationary source' has the potential to have signifiamt 
enviromDemal impacts, the caJrn1ation procedmes in Appendix 13 should be unuted 

7.3 Auiysis ofToxk Emissioos ad Risk of Upset 

H a P!Oiect may emit toxic emissions that c:oold have an impact on sensitive receptors or risk of an OD
or ofI-site upset or spillage, then a ~ analysis should be perfcnmed using the guidelines 
provided in Qapter lO and Appendix 10. In these c:ases, the District may be a responsible agency if a 
Dis1rld: permit is required. In order for the environmemal doamlent to be used for the permiUiDg 
process, it must be found satisfactory by the District. 

The District recommends that if a project is a sensitive :receptor within a quarter mile of a source of 
toxic em:issicms, then a public health risk sc:reening assessment should be perfcnmed as part of the 
~ doeumentahOO Refer to Chapters 5 and 10 for information on performing this type of 
analysis. 
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7.4 Cummati'R Air Quality Impacts 

While ODe insignificant project may not affect air quality. the cumulative effect of n~ smaller 
projeCts may. In order to reduce cumulative impacts, the Disaiet recommcw:1s that aU projects should, 
to the greatest extent possible, employ feasible mitigation measures. CEOA requires that a proposed 
project be examinm:J within the scope of the Mimg settiDg and that the epminariou take into ac::Count 
new and pJamled simiIar,aDd ucarbY projects. 

7.5 Projed AItematives 

~ 01 Alternative ~ CEOA for EIRs requires that feasible altematives are to be 
evaluated for environmental impacts. The analysis for the project altema.tM:s does not aeed to be as 
cxteDsive as those for the prefeired ~ Analyses may be ~ for each altcmative usiDg 
either the MAAOI model or saeeDiDg tables aDd default assumptions. The results should be 
presented in comparative tables. The' comparative analysis more dearly defines the ~ 
impJications and benefits of each proposal In order to perform such aD analysis, the air' quality 
impacts of each altcmative should be quantified, to the extent possib1e . (See section 9.6.) 

Baaefidal Air QuIlty Altemativa. The seledion of feasible project altematives should take air' 
quality imo account when it isidemi6ed as a key environmental issue by either the lead agency or the 
Distrkt. Varying degrees or deusitics of site development, and the correspondiDg emission differences, 
are often considered as project altematives. Sigaific::ant mitigation measures am at times be offered as 
project akematives. An eumple is the inclu.sion of c::omm.erciaJ. or residential hmd uses within office 
complexes to reduce vemc::u.lar trips and emissions. Energy cogeneration is in some illstlDc:e5 aD 
altemative where introdUc::tiOl1 of an 0I1-sUe emission source am result in an overall rOOuctioo of 
emissions (waste heat produced dmiDg eledrlcal generation is used for heatiDg and c:001iDg Dear the 
power pIaDt)~ Industrial projc:ds should consider an feasible aItemative processes and their resultiug 
emissions The analysis of beneficial air qwW1y alternatives should be in addition to the "No Project" 
ahemative.' The proc::edures for calmJaring emissions are in Chapter 9 and Appendix 9. 

7.1j ~ Sipmc:uc:e with Emlssioo 'DIreshoids 

The EIR and MND should compare total project emissions both before and after 'the applic:atioo. of 
mitigation measures to the existing regional ~ local air quality settmg and the emimoo thresholds in 
Chapter 6. If the project is to be built out over a series of years, then the project emissions should be 
compared to the projected future ~e (without mitigation) for the years ~ to project 
pha5mg and/or build-out year. In addition, Chapter 6 identifi.es other indicators of potential air qaalliy 
impacts based on a project's seccmdary impacts. An analysis of the project should be performed for 
those iudic::.ators that relate to the project. These comparisons will provide the basis for a 
detem:-inaMu of siguifirance. If it is cietermmecl that the project wiD have sipifirant impacts on air 
quality. it is up to the lead agency to determine if the merits of the project outweish the adverse 
enviromDentaI effects mda that it chooses to approve the project. If such a project is apProved by the 
lead agency. then tb:e project should be mitigatecl to the greatest extem possible and a Statemeut of 
Overridiug Considerations should be prepared. 

7.7 Mitiptioa Masure 

M"wtigaticm. is cmcial to reduciug a project's euvinmmental impact. The question addressed in the 
aualysis is not whether mitigation is necessary, but rather how muda mitigation is required. Mitigation 
must be sufficient to reduce adverse impacts below the level of sipific::anc:e to the greatest extent 
possible. 
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A lead agency has the authority to require changes in any or all activities involved in the project to 
.lessen or avoid significant impac:ts. A responsible agency, such as the District, can also require 
changes in that part of the project the responsible agency will be called on to carry out or approve. 
(Refer to CEQA Guidelines Section 15041.) Further, it is the policy of the State of Califomia that 
agencies should not approve projects as propOsed if there ar.e feasible alternatives or feasible 
mitigation measures available which would substantia11y lessen the significant environmental effects of 
such projects (pRC Section 210(2). This aandtvv)1c identifies feasible mitigation measures that should 
be employed to reduce a project's impact on air quality. -

Qwm~ Eft'edivmess. The EIR and MND should quantify the extent. to which mirigatiou 
measures can be effective and can reduce a given impact. Chapter 11 provides a menu of mitigation 
measures and their effectiveness in reduciDg emissicms. Chapter 11 also includes caJm1arion 
proc:edm:es for those c:ases in which site-specl.fie quantification is desirable. It is appropriate for an 
MND to utilize the mitigation efficiency tables in Chapter 11 if applicable as opposed to the more 
detailed analysis recommended for EIRs. Projects should employ enough measureS to reduce the 
impact to a level of insignificance. 

In some cases, not all air quality impacts can be mitigated below a level of significance. In such ~ 
the District recommends that all feasible mitigation measures be applied to-the project to reduce the 
impact to the greatest extent possible. 

7.J CoasisteDcy with R.egioul Plus 

It is essential that the EIR analyz.e a project's consistency with regional plans that deal with large-scale 
cmirom:nental problems such as air quality as required by CEQA Guidelines Section 15125. The EIR 
should consider consistency of the project with all applicable plans, including: -

o Air Quality Management Plan or Coarhel1a Valley PMlO Plan 

o Regi~ Growth Management. Plan (population projections) . 

o Regional Mobility Plan (transportation projects) 

o Lorally adopted Congestion Management Plan (impacts on established levels of scmc:e and 
CO hot spots) 

o Air Quality Element. of the local General Plan (If adopted) or Air Quality P""dlicles integrated 
into several General Plan Elements 

o Any other plans that are applicable to the project 

Refer to Chapter 12 for adqmonal information on determining consistency/conformity of a project 
with the appropriate regional plans. _ 

7!) The District as a Responsible Agency 

During the preparation of the Initial Study and throughout the preparation and approval of the EIR, 
CEQA requires that the lead agency consult with responsible agencies regarding the scope and content 
of the analysis in the Em. The respcmsible agency should in tum review and comment·on the DoW:e of 
preparation of the EIR and the draft EIR, MND, 01' Negative Declaration (NO). If the responsible 
agency believes that the final EIR., MND. or ND is adequate for subsequent permit actions, the 
responsible agency may use that environmental documentation for its purposes. If the responsible 
agency does not believe the final document is adequate, CEQA requires a responsible agency to take 
one offoUl' actions (CEQA Guidelines Section 1S096(e»: 

o Waive its objections. 

o Prepare a subsequent EIR if permissible under CEQA Guidelines Section 15162. 
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o Assume the lead agency role if authorized pursuant to CEQA Guidelines Section 15052.. 

o Take the issue to court to seek a remedy. 

Under CEQA, the District is a responsible agency for those portions of a project subject to a District 
permit. Chapters 13 and 14, and Appendix 13 provide a summary of the steps for coordinating with the 
respmwble agency. Those same sections c:ontain information on the additional emissions analysis the 
EIR should contain. 

The thresholds of sigDificancc for Distric:t permits are identified in Chapter 13. Where District rules 
reduce project impacts below the level of signfficanc::e, the analysis should concentrate on secondary 
impacts and their mitigation. Sec:ondary impacts are those which result from the applic::ati.on of control 
technology. (Refer to Section 6.L) 

7.10 FlodiDp 

CEQA requires" the decision-maker to balance the benefits 'of a proposed project against its 
unavoidable environmental impacts in det~ whether to approve the project. If the lead agency 
determines that the benefits of the project outweigh the potential unavoidable adverse environmental ' 
impacts, the project may be approved (CEQA Guidelines Section 15093(a». In these types of.cases 
where the environmeDtal impacts of the project identified in the ElR are not mitigated to a level of 
insignjfjcanc::e, the agency must state in writing specific: reasons that support its action (Statement of 
OverridiDg Ccmsiderations). In approving such a project" the lead agency must make written findings, 
supported by substantial evidence in the record. Additionally, the lead agency may DOt make 6ndinsc, 
if the agency making the findings has conc:urrent jurisdiaion with another agency to deal with identified 
feasible mitigation measures or alternatives (CEQA Guidelines Section 15(91). 

One example of a case where a loc:al government might consider approving a project with merriding 
considerations is the siting of higb.-density housing in a transit corridor which is likely to adversely 
impact the adjac:cnt roadway system's level of service. In this case, the loc:al government should 
c:oDsider orientation of the project to the roadway and other applicable mitigation to minimize impacts 
of CO on a sensitive receptor. If the project is still. amsidered significant after application of the 
mitigation, then the loc:al government should consider the benefit the project would have in supportiDg 
transit servic:es in determining whether the benefits outweigh the environmental impact. 

7..11 MitiptiOD Monitoring 

As of January 1, 1989, lead agencies are required to prepare a mitigation. monitoring plan to ensnre 
implementation of mitigation measures in an ElR or Mitigated Negative Declaration. The Plan is to 
contain a list of all mitigation measures and to identify the agency responsible to ensure that the 
mitigation is c:arried out. In this way, proper follow-up is made, and all conditions ;pplyiDg to the 
project are fulfilled. Typic:aJly. a mitigation monitoring plan is completed after the draft EIR has been 
c:irc:ulated for review and before the project is approved. 

Mitipdem Monitoring and the Need· for District Review. The District requests that the draft portions 
of the mitigation monitoring plan pertaining to air quality be submitted for review. A copy of the 
respcmse to amunem.s, and a list of conditions of approval or other documentation indic:ating the 
mitigation measures included in the final approved ElR should also be forwarded to the Distrid:. It is 
recommeoded that these dOClJ'ments be submitted to the District within 60 days of approval of the 
project by the lead agency. All mitigation measures should identify the party responsible for 

. implementation and monitoring. Refer to Chapter 15 for a detailed discussion on monitoring of air 
quality mitigation measures. . 
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7.u Program EIRs ud EIRs for Geueral Pius 

Sedicm. 15168 of the CEQA Guidelines states that a program Em can be prepared on a series of 
actions that can be charac::terized as one large project and are related either: 

o geographicaD.y; 
o as individual parts of comemp1ated actions; 
o in c:onnedion with the issuance of ru.Ies., regu.lations, plans, or other general criteria; 

or, 
o as individuaI ac::tMties carried out under the same authorizmg statutory or regulatory 

authority and haviDg generally similar environmemal effects which can be·mitigate.d in 
similar ways. 

At a programmatic level, the air quality assesmw should be as compreheDSiYe as possible. There are 
some cases, such as amstruc::tion impacts of a General Plan, where specific infomwion may not be 
available. A best-effort approach to disclose all reasonably available information should be used. If 
the program Em was not sufficiently detailed so that all sipffiamt effects were evaJuatM, then such 
evaluation should be performed when subsequem adiWies inv~ site-speeifie ~ are 
comemplated. Additional analysis is aJso necessary whenever the prOject c:omd result in significant 
impacts not analyzed in or c:haDged from the program EIR. 

The emiromnental analysis for a General Plan Em provides an opporlWlity for a more exbanstWe 
a:msideration of effec::ts and aJtematives than womd be prac::tical for an Em. on a more spedfic action. 
Additiomilly, the program EIR for a General Plan can eDSUfC consideration of cumulative impacts that 
might be slighted when development projects are CODSidered on a c:ase-by-case basis. A program Em. 
aJso allows the lead agency to amsider broad policy alternatives and program-wide mitigation 
measures at an early time when the agency has greatest flexibility to deal With basic problems or 
cumulative impacts. 

Inclusion of air-quality-related goals, policies, and pr~ may act as mitigation for the overall 
General Plan build-out scenario, provided that specific objectives and actions are included and 
implemented within the time frame specified in the General Plan. 

7J.3 Em FonDat Ismes 

DuriDg the preparation of an Em, many questions regarding the preparation of the air qua1ity analysis 
arise. Amcmg the most preva1eDt are: . 

o What level of detail is necessary in the ~? 

o How must assumptions be documented? 

o What format should be used for reporrlDg emissions information? 

The air quality analysis should c:ontain sufficient det:a.il to support the c::onclu.sions reached in the 
analysis. If background information pertaining to the ualysis is readily available in separate 
documents, reference to those documents is adequate. The Em should cIoc::mDem ~ assumptions for 
~ emissions (or other impacts) and mitigation measures. To doc:ament assumptions and as a 
format for repoding emissions, the cakn1ation tables in Appendix 9 may be used. At the option of the 
pzepucr those tables may be iD.serted into the air quality section or placed in a technical appendix: to 
the E1R. AJ1 impacts and mitigation measures related to the project should aJso be smmnarlZed as part 
of the c:ondusion to the air quality sections. 

A practical format for documenting the project's impact is a tabular listing of estimated project 
emissicms, effectiveness of mitigation measures. and net total project impact for the proposed project 
and each alt:emative analyzed in the EIR. Concisely summarizing the amclusions of the air quality 
ualysis will permit decision makers to base their decisions on the final results of aJ1 ctkulations and 
ualysis. 
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1. lasetlle informatica: Describe existing regional ctmude and air qualify and cite 
specific ambient air qdIy from the Disirid monitoring smtionlomted in proied 
source receptor mea. 

2. identify and quantify all project emissioll sources (construction ond opemtionol). 

3. Identify ond assess toxic: SOlrce emissiolls ond risk of upset ~ opphcoble. 

4. Assess cumulative air quality impacts from potentially related projects. 

5. Identify and quOlltify proiect alternatives tbm may otfmn the gools of the project 
wHh suDstantial1y fewer or less significant impacts. 

6. Compare anticipated proiect emissions with thresholds of significallce Clnd existing 
regional and site-speCmc air quality. . 

1. Identify mitigation measures necessary to substantially reduce air qualify impacts. jmi~ !~~1i~ 

8. Assess cOllsistell~ of project with the AQMP. 

9. Integrate air quality mdysis requirements for diose projects where the District is a m ii~ 
~~~~aplI~. . 

10. MoIce _dillgs. 

11. Develop a mitigation mollitoriDg plan. 
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Table 1·2. Geck&st for an Air Quar~y Analysis Semon 

8.1 

RegionalOimme Has either a ~fioo or reRm 10 regional climate and 
ana Meteom- meteo{Ologiml dmO been included? In mses \Were odors or 10m 
logical ConOmons are an issue, have wind direction and speed been identified? 

Have most wmnf dam fa...eor lba(kg~und concentnrtions and 8.1 
numbers of days that state standards) from the A3 
Dearest District monito· . same source receptor areas 
as the project been ide 

Sensitive Receptors Are there toxic emitters within 1/4 mile of a sensitive receptor? 5.2 

Air Basin & .lOMP Is the project located in the SaB or Coachella VaDey? 

2. 9) 

Demotllion A9·10 

(confinued on next page) 

*The reference column of Ihis lable refers fo Ihe following portions of this Handbook: 
Reference Column Key: A = Appendix F = Figure T = Table 8.1, etc. = Chapter location 
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" 

Table 1·2. Chetk&st for II Air Quality Analysis Sediodconfinued) 

Determine Construction-Related £missions (amtinued) 

~Duty Have the number and type (weiglJt ami wheels) of beaYNlutt 9.1 
u_ equipment and mds on unpqvid roads thed are exped!d to A9 

operate on w been identified and PM10 emissions quantified? 

0ff..R00d Molle Have the number and JYpe (Le., fuel) of construction equipmenf 9.1 
Source &nmions been identified and taUpJPe emissions quantified? 
(mnslnldion 
equipnent) 

On-Road Mobile Are aJI mnmumon-related trjps (i.e., hau\igg, deWeries of 9.1 
Sourm Emissions materiab, trips, and non-worK trips) qUllnfifiid? 
fmduimg work 
q,s by COOSfnI[-

Iionem~ 
IIOMOik~1o 
Im,~cind 

~, tmdttrips 

Po_Usage Has total ~r usage (i.e., eledriml generation, natum! gos 9.2 
consumption) been esfimated? . 

I. Determine Have all opemtion-reioted emissions been quantified? 9.2 =1-
Ellissiou 

Statkl Area Have emissions from 1II111"SOurms ~ beaters, water heaters, 9.2 
Sources (Ymd. boilers) been identified and qua' • 
.. beam, 

Slam. Point Have emissions from point sources (smoke stacks, paint booths, etc.) 9.2 
Sourc:es (roo. been identified awl quantified? . . 
dmesubjed10 
District permits) 

*The reference column of this toble refers to the following portions of this Handbook: 
Reference Column Key: A::: Appendix F ::: Figure T ::: Table 8.1, elc. :: Chapter location 

~'.~----------------------------------------------~----~ 
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Tab~ 1·2. Check&srfor II Air Quality ADalysis Section (continued) 

Off-Road'Mobile Will the p"!ied generate any emissions from soUrtes such as ships, 9.2 
Soun:e Emissions trains, airp/anesL or Guxitmy operations? If so, have the emissions ,_ shi been quantified! ' 

- ng)p5, trams, etc. 

Fugitive Dust ' Will ':rmie9 generate any fugitive dust emissions from mining or 9.2 
(_ngmining unpav rOOds? If so, have the emissions been quantified? 
opemJio~D-paved etc.) 

Toxic Emissiou ad Risk cd Upset 10 aid 10} ~. 

Sensitive Has Ilnoiygs been pr:e~ to determine the risk of siting Il sensi- 5.2 
five receptor within 1 4 mile of Il toxic source? 

Effeds on Future Has an analysis been included de_~ implimtions of siting , 5.2 
LandU~ u sensUM receptor on land near future -nesses handling toxk 

sources or vice wrsu? 

Risk of Facilities if the p'm~ is Q toxic sourte, has Ihe general risk 10 the p'opuIafion 10.2 
Emitting Tolics to been iiIerifified? H risk of upset is an issu~ • due to the nature 10.4 
P~nof of 'em or due to ~ity to an ._fault 10.5 
Juiisdidion (AlquisJ.Priola moes), has an analysis _ included? 

4. Cumulative Air Quality Impacts (Clumpter 9) 

IeJatedPwieds Have emissions from related = fLe., ~ permitted, 95 
(under construe- ~ size~ either _mnslrodionor 
lion, or pro~ p~ 1-. . 
fnire projects) 

(continued on next page) 
*The reference column of this Ulble refers to the following portions of this Handbook: ' 

Reference Column Key: A:: Appendix F :: rsgure T:: Table 8.1, etc. :: Chapter Iomlion 
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c-lativeAir 

Analysis Con- Has the following information been provided? 9.5 
sistent with • A·1ist of aU posI, present and reasonably anticipated future 
CEQASedion ~. 
15130 · r iIDIIII:2j 01 == eavinJnneatI eIIeds; • A reIlSI) e ana • of relevant projeds induding mitigaflOJ1. 

Optional 
CUmul. 

Does the documentation provide: 9.5 

Im~ • An analysis com~ring ~llIiect with mitigation to determine Analysis if emissions wil be reau bY 1 % per year or 18% 
to the year 20101 

• An ana~ compari~ tbe ~iect with mifigalion to determine 
if it wiD ave a 1 AVR or AVO for tronsportation projects)? 

• An ana!vsis cO~ng the project with ~ation to determine 
if it will reduce t rate of growth in VMT and trips? 

~ 

5. Altematives 9) 

~Air . Have the air ~IIGIITY ~cts of the oIternQ!jves been determined 9.6 
Quality mpacts utilmng the cmdbOOk s emission calculation procedures? 
of AltemafIWS 

If air qualitY is a key environmental issue, have aitermtim been 9.6 
selected that reduce air quatlfy impacts? 

Isa 
ley_ 

6. Other lalators of Air 

.reProied Has the pro~ been mmpmed to the secondarY effects to 6.2 
to secondary determine Whether the project will need further analysis? 
Effeds 

*The reference column of tbis table refers to the following portions of this Handbook: 
Reference Column Key: A = Appendix F = Figure T = Table 8.1, etc. = Chapter location 
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Table 7-2. Checklst for em Air Quality Aaalysis Section (continued) 

1. 6) 

{cmpare Total Have the tOtal project emissions been co~ to the ~ce 6.2 
PrDifmissions thresholds to determine whether the project will have aSlgoifiwnt 
to . nificance impad 011 air quality? 
lb Ids 

Co .. e Changes Does the project have the potential to muse a (0 hot spot? 9.4· 
from the Project Will the project im~ sellSitiYe rece~ors? Wi111be project 
Baseime Air . resuit in a memuriJhJe monge in number or severity of 
Quality ambient air quatJty standards? . 
Information 

Analysis of Other WiIllhe project J_e odors? W"dIlhe project impact the level of 5.4 
ApprU~e service Oil the eMP sysIem? 4.6 
Impacts (i.e., 
odO~ etc.) 

I. Mffiptioll Measures (Chapter 11 ~ Appudix 1 n 

Have the emission reduction benefits from the app&cmion of 1be 
mitigation measures been quantified? 

11.3 
11.4 

11J 

Betemine Level Will the project still result in a signifimnt impact after mitigation? n 1-S 
of Impact after 
Mitigation 

*The reference column of tbis table refers to the following portions of this Handbook: 
Reference Column Key: A::: Appendix F ::: fagure T ::: Table 8.1, etc. ::: Chapter locofion 
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Tab~ 7-2. ChecUst for an Air Quality balysis Semel (continued) 

Determine the Is the ~~ consistent with AQMP and/or Coachella Valley 12.2 
Project's PlAID 01 
Consisten with 
AOMp:Uor 
PM10PIon 

Determine the If the project Wl11 resuh in increased jobs, bousi~Prpulation, 12.2 
Project's these meases consistent with the largets in the • 
Consistency with 
GMP 

Determinetbe If the pmjed is II tra~rtation project, is if consistent (use lOcation 12.2 
Project's and laDe miles) with the IMP? . 
Consistency with 
IMP 

Determme tbe If the ,eject will genemte trips that affect the CMP system bas a 12.2 
Project's Traffic ImPact ~t been com~eted and mitigation described? 4.6 
Consislen with CMP cy 

Determinetbe If the baI ,ovemment bas an Air Quatlfy Bement, is the projed 12.2 
Project's consis1ellt With its goals and objectives? 
Consistencyd 
AirQuor~ 
Bemento a 
Geneml Plan 

10. Requiremellts·witb the District IS II RespODSible Agacy (Qapter J 3) 

Determine If Is this pmied subject to District permitting requirements? 13 
the District Is 
a Responsible . 
AgenCy 

*The reference column of this table refers to the follOwing portions of this Handbook: 
Reference Column Key: A:: Appendix F :: figure T == Table 8.1, etc. :: Chapter location 
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Tah~ 7·2. CbecUst for II Air Quality Analysis Section (continued) 

~n.:l:·-~i~ Does an assessment indim1e if the pmjed exceeds signmmru:e 
oIIti IWI.,", standards for District permits? 

13.1 

~ Cross- If it is a signifiamt project, is an assessment of the cross-media 112 
Media impacts inCluded?· . A13 

11. Mitigation MolitoriDg ,Ima (Chapter 15) 

~~ the mitiottlion monitoring pragmm for air qualify measures 15.1 
RII respondS to each of themmponents been identified? 
Monitoring 
Program 

InM Haw the entities rocmllsible for implementation of the mititlafiDn 15.2 
Monitoring and measures ami moo"iirnnu been nolified? ... ~ 
Reporting 

*The reference column of this table refers to the following portions of Ihis Handbook: 
Reference Column Key: A = Appendix f = figure T = Table 8.1, etc. = Chapter lomtion 
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DEVELOPING Em BASELINE INFORMATION 

CHAPIER8 

When an environmental rJomment is required, the prepare!' should begin to ~ the baseline, or 
backgrmmd information necessary for the enviroomemal setting and the air quality ar.s"sment. 
BaseIiDe information for the emiromDC':!Ital setting should ideatify and describe the following: 

o Project desc::ription 

o Project setting 

o Regicmal and local climate and :meteorologic:.al conditions 

o E,cisting air quaJity at the site-specific Iocatiou of the project, iDd.Udiag anticipated toDc 
emjssic:ms . 

o Sensitive receptors 

o Identific:atiOll of the ;tppropriale m basin and air quality :management plan (AOMP or P~lO 
Plan) . 

o Regicma1 and local transportation system supporting the project 

1.1 ~d Air Quality lDformation 

Prior to determ.iDing the air quality impad:S of a proposed project, it is necessary to prepare a detajJed 
description of the eyjsting regional dimaI:e and site-specific air quality conditions. This will establish a 
basis for comparing the project's subsequent air quality impacts with the misting air quality settiDg. 

Project Description. To the extent that the information is available, the descri.ption of the project 
should be specific as to total project area, square footage, and use of buildings and structures. 'The 
amOWlt of developmem projected for each phase, approximate completion date for eac::b phase, and 
build-ont should also be defined. In addition, the project description should mclude a 1isting and 
expected emission reductions from D:istrict-required permits, as wen as any eyjsting JocaI govemm.ent 
ordinances that will. result in quantifiable emission reduc::tions. 

Project Setting The Em should contain a description of the local setting surrounding the project, 
including idmtificabon of ;my unique geographic elements. The project setting descri.ption should 
identify any elements that may cause or generate air ponutam: emissions (sw:b as WOItiItg ~ 
equipment or the number of acres d.istiJrbed). The ~on system which will support the 
project and existing levels of service (LOS) should also be identified in the Em. FJgUre 8-1 expJaiw; 
the IDS categories for freewaJS. In addition, any earthquake faults (Le., Alquist/Priola zones) that 
could result in a threatened release of air toDes should be idemified. 

RegiouJ Climate. Detailed desc::riptions of the regicmal climate are contained in Appendix 8. To 
stTM:mme the ermrcmmental document, a summary of the iDformation contained in Appendix 8 may 
be used to satisfy the regicmal dimate description. The Em. may also incorporate Appewtix 8 in full by 
reference. A wind rose, illustraI:ed in Fsgme 8-2, should be provided if toxic emissions or odors are 
issues. The District maintains a historical archive of wind roses. This information is available upc:m 
written request to the District's Meteorologic::al Section at the Distric::t's Diamond Bar HeadquartcIs. 
Identify in the wrrespoodencc thai: this infor.mati.on is for an environmental analysis and it will be given 
priority. . 

Evsthag Air Quality. To characterize the site-specific air quality setting, the CDironmental document 
should contaiD a summary of the :most c::u:rrent air quatity data. The data :must be c:lemed from the 
nearest District monitoring sta!ion located in the same source receptor area(s) (SRA) as the project 
(see map in Fpe 8-3). Some stations do not :monitor an poUut;mts In that mstann:. iDformatioD OIl 
the :remaining pollutants sboWd be drawn from the nearest upwind station which monitors the 
poDnt;mts Air quality data are prepared for each District air :mcmitoriDg station in table format (see 
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Appendix 3). These tables are updated atmually, generally in March of each year. MODitoring station 
data sho~d ~ used to proyide background conc:entration levels of criteria pollutants and. the n~ber 
of days m which the c:rtterta poIlutants exceeded state and federal sta.ndarcis. For trend information, 
refer to Appendix II-B of the 1991 AQMP dated July 1991. 

For projects located in more than one SRA, use the SRA most representative of the on-site conditiODS; 
or for transportation projects, analyze the project links in each SRA. In some unique cases, the air 
quality monitoring station within the SRA may not be represcmtative of project site dwacteristic:s. 
Project proponents may contact the District for a recommendation which monitoring stations would be 

. most c:barac::teristic of the project site. . 

As an alternative, a project proponent may perform on-site monitoring based on approved 
methodologies and monitoring procedures. Contact the District's Air Quality Monitoring Section for 
assistaDce in developing an adequate background concentration. 

lDformation on existing air quality is also needed to perform air quality modeling analyses required for 
environmental documents or for District permit applications. If the project is expected to generate 
toxic air contaminants, the lead agenc::y should contact the District to obtain information on the specific 
toxic air contaminant of concern for use in future land use decision-making 

Seuh:ift Reeepton. Special attention should be given to the effect of CO, toxic, and odor emissions 
on semWve receptors including: 

o Residences 

o Schools (children) 

o Pla~ounds 

o Child care centers 

o Conwlescent homes (senior citizens) 

o Retirement homes 

o Athletic facilitieS (athletes) 

When evaluatiDg air quality impacts on semWve reeeptors, planners should use the bac:kgroUDd data 
described. in this chapter to: 

(1) 

(2) 

Map the source of elevated CO, toxic, or odor emissions in relation to existing 
seDSit:iw receptor areas. 

Identify wind patterns, direction, and speed. using nearby wind rose information. 

Air QuU.ty Man. ! ... Pbm.. The federal and state. Clean Air Acts require that non-attaimnmt 
basins that do not meet federal or state clean air standards must prepare a plan for bringmg the area 
into compHance. The 1991 AQMP is the appropriate plan for that portion of the SEDAB mtder 
District jurisdidioD. Refer to FJgW'c 2-1 in Chapter 2 to determine in which air basin the project is 
located. . 

~_ System. The regional and local transportation SJStem that will serve the project should 
be identified In particular. the EIR should identify existing and proposed transportation ~ 
(I.e., &eeways, major arteries, rail and bus transit, etc.), that could in my way be used by v9icle tnf6c 
perated by or attracted to the project. SCAG's Regional Mobility Plan should be cxmsuked to 
determine location and mode of future ~ systems. Any significant roadways that sene the 
project should be idendfied., along with their levels of service (lOS). The general iDfmmation an 
dete1:winiug LOS for freeways is provided in FIgUre 8-L The colmly transportation comm~ 
Calmms, and local goveumamtsshould also be coasnlted when determining LOS for D=Ullays and 

AR0072853 



AR0072854 



ragan 1-1. LOS Catepies forFreenys 
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· Figure 8-2. W'md Rose 
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Figure 8 .. 3. SDurce ReceptDr Areas 
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EMISSION CALCULATION PROCEDURES 

CBAPTER9 

This chapter outlines District-recommended proc::edures for calc::ulating emlSS10DS that may be 
generated dmiDg project construction and operation. Dra.fti.Dg an EIR or preparing a Negative 
Declaration necessarily involves some degree of forecasting While foreseeing the unforeseeable is not 
possible, an agency must use its best efforts to find out and disclose all that it reasonably can (CEQA 
Guidelines Section 15144). The District recognizes that in all cases the information necessary for 
estimating emissions may not be available. However, in preparing the emission calculations, the lead 
agency should take a best-efi"ort approach. If quantification is not posSible, then a qualitative 
evaluation of project emissions may be acceptable to identify probable or likely emissions from 
coDStnlCtion and operational sources. 

The air quality impad: of the project is determined by. estimating the total emissions from the 
constm.ction and operation. of the projed:. Emissions estimates are also necessary for assessing 
cumulative impacts and for evaluating the air quality impaa of tbe.project alternatives. ' 

This chapter identifies the data needed to calculate the emissions estimates, describes the, various 
methods of c::aJndating estimates. and advises on the calc:ulation method appropriate for each type of 
emironmemal document. If other methodologies and/or data are used, the source should be 
documented so that all parties can reasonably evaluate and determine the adequacy of the procedures 
and data used in assessing air quality impacts. 

. 9.1 Coostmdioo Emissioos 

Emissions are a c:ause for concern beginning with the very first phase of projed: development. The first 
phase may include site preparation, c:onstrud:ion of new'fac:ilities, modific:ation of an existing facility or 
site, as well as demolition, renovation, and asbestos removal. These construction ad:ivities are 
responsible for the emissions of ROC and NOx produced by vehic::ular traffic, asbestos emissions 
associated with demolition work, and PM10 in the form of fugitive dust raised by earth-moving 
equipment. 

Emissions from construction, renovation, and demolition may be estimated by one of two methods: (1) 
screening tables, or (2) using the methodology and emission factors shown in Appendix 9. The 
saccniDg table is appropriate for c:stimatiDg em.issi0llS for a Negative Declaration (ND) and Mitigated 
Negative Declaration (MND), but should not be used for preparing an EIR.. The emissions estimates 
in screening Tables 9-1 (total construction emissions) and 9-2 (PMI0) are based on regional averages. 
To further break down constrnction emission sources, Tables 9-3 and 9-4 call out emission factors for 
construction workers' travel and materials handling, which are a subset of total c::onstmction emissions. 
This information will be useful when quantifying the effectiveness of mitigation measures, as disclIssed 
in Chapter 11. To estimate emissions with these tables: 

(ll Estimate daily emissions for each source category (i.e., on-road, off-road, and PMlO) 
separately. (Mitigation efficiencies are subtrad:ed from the applicable source categories.) 

(2) For each source category, determine the total area for each activity (m units specified in the 
screening tables). . 

(3) Multiply those totals by the emissions estimates provided in the saeeniDg tables. 

(4) Add the emissions from. each category to determine total CODSttuction impacts. 

Other sourc::es of emissions should be identified as appropriate for the project using the information in 
Appendix 9 and added to the fiiaa1 total of unmitigated project emissions. An example of how ,to 
account for emissions by ponutant and source category is provided in Table 9-5. . 
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rJgW'e 9-1 illustrates the process used to identify a project's unmitigated emissions Using the screening 
tables. As is shown in the shaded portion of the figure, once a projec:t's unmitigated emissions have 
been calculated, quantified mitigation measures can be applied to reduce the potential air quality 
impact. This process is desc:ribed in Chapter 11. Step-by-step instructions for using the sc:reeniDg 
tables to determine nnmitigated emissions are described in Table 9-6. These instructions Correspond 
with the UDShaded portion of FJgU1'e 9-1. 

Emissions estimates for an Em should be made following the methods and emission factors provided 
in Appendix 9 of this Handbook. All sources of emissions should be idem:ified (refer to FIgUre 9--2) 
and reasonably foreseeable significant environmental conseqncnc:es considered for an emissions 
foreamng Emissions estimates should be developed for each phase of development where 
amstmction, renovation, and/or demolition will oc::c:ur. The emissions estimates can be averaged over 
a 3-month period (for act:ual working days) when determini.Dg tons per quarter. Those estimates 
should then be reported for each applicable pollutant in polUlds per quarter for each year of 
construction. Where construction is scheduled to occ:ur over several years, emissions estimates should 
be provided for the base year (iuitial year of constmction), each development phase. and build-out. 
ADy emission reductions resllltjng from existing rules or ordinances 'should be c::alc::ulated as part of the 
project's non-mitigated emissions and included as part of the project desc:ription. 

Sources of c::onstructi.on-telated emissions, data needs, and emissions factors are discussed below. The 
emission caJcu1arion methodolOgy, emission factors, and assumptions are provided in Appendix 9. The 
Appenmxalso provides Worksheets for estimating emissions and emissions summary sheets. 

In order to estimate emissions, specific information about construction activity is needed. When 
specific information is not available such as in long range planning documents, reasonable estimates 
based on past experience may be used. All of the basic asSumptions for some of the other factors have 
also been formulated for this purpose and are provided in Appendix 9. All of the basic assumptions 
used to estimate CODStrudion emissions should be documented in the EIR.. Prior to the issuance of a 
building permit or grading permit, the assumptions used in the Em should be compared to the 
amstmction plan. -If the comparison shows that emissions will be greater, additional enviroDmental--------
analysis may be necessary. 

Emissions From CoDstrudion Equipment. Fugitive dust is generated not c:mJy by moving the earth, 
but by the heavy equipment that does the moving. The exhaust fumes of this equipment are a direct 
source ofPM10. NOx, and Roc. To estimate emissions from heavy-duty construction equipment, the 
following should be considered: 

o Emission factors for eac::h piece of equipment 

o Types and number of pieces of each kind of equipment 

o Volume of material to be moved 

o Number of hours of operation per average day 

o Number of days of operation in a 3-month period 

o Duration of each activity for each phase of the project 

This information can be calcW.ated using the tables provided in Appendix 9. 

PMlO and Asbestos. When fugitive dust enters the atmosphere, the larger particles Of=uicldy faIl 
.to the groUDd. The smaller particles, however, may remain suspended for long • and are 
referred to as total suspended particulates (TSP). WIthin TSP are those dust particles that are less 
than ten miaons in diameter and which are referred to as PM10. Because PMlO is respirable and can 
seriously damage the luugs, fugitive dust is a matter of conc:em. Therefore. sources of fugitive dust 
which can generate PM10 need to be qn anri6ed by identifying the amount of soil that will be disturbed 
by the following adivities: 
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o Grading 

o Excavation 

o Demolition 

o Heavy-duty cquipmenton unpaved roads 

o Loading and .unloading truclcs of sand, dirt, etc. 

The . EPA bas developed various emission factors which are provided in Appendix 9 for estimating 
PM10 emissions. When using these factors to estimate emissions,. the followiDg data are needed: 

o Grading ad Excavation 

Amount of soil to be disturbed 

~ons factors for disturbed soil (26.4 pounds of PM10 per day per acre) 

Duration of grading or excavation 

Number of days of grading in a 3-month period 

o Demolition 

o 

Cubic feet of buildings 

Emission factors for demolition (.00042 per cubic foot) 

Duration of demolition in a 3-month period 

Hea")'-Duty Equipment on Unpaved R.oads 

Length of the road 

Type of soil 

Type and number of pieces of equipment 

Average weight and number of wheels on the trucks 

Duration of activity in a 3-month period 

o LoadingfUmoadiDg Trucks 

Volume of material 

. - Approximate number of truck lOads during a 3-month period 

Type of material 

Vehicle speed 

In addition, any demolition or renovation Work involW:lg ubestos-amtaining material must be 
identified. An estimate of potemial asbestos emissions should be detenniDed usiDg the procedures in 
Appendix 9. Distrid: Rule 1403 (Asbestos Emissions From Demolition/RenoVation Ac::tiWies) should 
be identified as a :required permit in the Em.. (Compliance with Rule 1403 is considered to mitigate 
the emissions to a level of insigni6canc::e). . . 
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Energy Use. Temporary power is often utilized at the construction site to operate equipment. Power 
usage from temporary generators, natural gas hookups, existing power sources, and other sources 
should all be identified for the Em. Such calculations should be based on the fonowing factors: 

o Type of power source 

o Fuel used if power is provided by a generator 

o Duration of power usage 

o Estimated power demand over a 3-month period 

Ardlitedunl Coatmgs. Arcbitec:tural coatings applied to· a building either during or just after 
construction are a source of emissions that need to be quantified. In some cases specific: information 

. on arclW:ec:.tura1 c:oatings may not be available, and a good faith effort based on generalized factors 
would be appropriate. Examples of arclW:ec:tural coatings mclude painting the exterior walls, or 
coatings applied to windows and window casings at the construction site. To estimate these emissions, 
the following should be considered: 

o Total area to be covered by the arc:hitec:.tural coating 

o Estimated amount of material (arclW:ec:.tura1 coating) needed to cover the area 

o ROC (readiVe organic compounds) emitted by the coating material 

Vehicle Trips. Consttuction and 'development activities also contribute to mobile emissions generated 
by commute trips to and from the site, non-work trips associated with lunch or other errands, and 
tmc:ks hauling soil or c::onstmc::tion materials. To quantify these emissions, the following should be 
considered: 

o Number of employee-related work trips and non-work trips and average vehicle miles traveled 
(VMT). for each type of trip 

o Estimated total vehicle emissions based on number of trips, average'speed (lowest speeds 
should be used for assessing CO and higher speeds for NOx and ROC). and VMT (use 
worksheets in Appendix 9) 

o Number of construction trucks in fleet:, number of trips, and VMT averaged over a 3-month 
period . . 

o Estimated total vehicle emissions based on number of trips, average speed (lowest speeds 
should be used for assessing CO and higher speeds for NOx and ROC). and VMT (use 
worksheets in Appendix 9) 

o Estimated total mobile heavy-duty (gasoline- or diesel-powered) truck en:iissions based on 
number of trips, average speed, and VMT (use worksheet, Appendix 9) 

o Calculated emissions from. the above sources using the :most recent ARB emission factors. 

In some cases, CODStmdion vehicle trips are difficult to ac:c::urate1y quantify at the time environmental. 
doc::um.ems are prepared. In all c:ases, a good faith effort should be made to quantify emissions from 
these sources to the degree practicable. 

Trame: Impads. Other c::c:mstrudion impacts includ.e potential construction-related traffic: impacts. 
Such impacts are caused by congestion and the resulting reduction in level of senric:e (LOS) on nearby 
streets due to such c:onstruc:tion activities as Jane closures and parking for c:onstruc:t:icm persmmel 
and/or equipment. These impacts should be identified in the Initial Study. The subsequent 
environmental doc::um.em should estimate the impacts by consideri:ng the fonowing: 
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o EUsting local str~t level of service (LOS) based on existiDg volume 

o Implications of lane closureS and detours on local street LOS 

o Average leDgth of delays at strategic points on local streets within the construction areas 

o Determination of level of pollutant concentrations within const:ruc:tion areas 

9.2 Opemtiooal Emissions 

Dwing the life of the project, a variety of emissions are produced by its day-to-day operations. On-site 
equipment may emit reactive organic compounds (ROC) and nitrogen oxides (NOx). In addition, 
vehicle trips to and from the project produce Roc, CO and NOx. 

There are three methods available for estimating emissions from the operation of a fac:::ility: 

o Screening data through Tables ~ 7 and 9-8 

o Employing the Mobile Assessment for Air Quality Impacts (MAAQI) model for mobile 
emissions 

o Using the methodology and emission factors given in Appendix 9 

Tables 94 and 9-5 are adequate for estimating emissions when preparing a NO or a MND. but it 
should not be depended upon for estimates for an EIR. The emissions estimates shown in screening 
Tables 9-4 and 9-5 are based on regional "averages, and focus on emissions from vehicle trips and 
energy consumption. To estimate emissions with these screening tables: 

1) Estimate emissions for each source category (i.e .. on-road and area) separately. (Mitigation 
efficiencies are subtracted from the applicable source categories); " 

(2) Determine total square footage (or other appropriate unit and land use); 

(3) Multiply those totals by the emissions estim.ates provided in the tables; 

(4) Add the emissions from each category to determine total operation impacts; 

The District has developed a version of the Urban Air Shed model specific to the South Coast Air 
Basin (SCAB) called MAAQI. The MAAQI model will estimate emissions associated with vehicle 
trips, and energy use for residential areas. Planners can estimate emissions with relatively little site
specific information by using the county-wide defaults in the MAAQI model or by entering site-specific 
information if available. 

The MAAQI Model can be used to estimate emissions for the ND or MND; however, site-specific 
information should be developed to the fullest "extent possible for the EIR. Also, emissions from other 
sou:rc::es need to be identified in the EIR. (Appendix 9 provides calculation procedures for estimating 
emissions from these other sources.) The MAAQI model can only be used as a substitute for analyzi.Dg 
the motor vehicle emissions. " 

If through the Initial Study it is determined that a significant amoUl.'lt of emissions will. come from 
stationary sources, emissions estimates should be developed using the references provided in Appendix 
9. These should be added to the total emissions from the project. 

Emissions estimates for the EIR should follow the methodology and emissions factors provided in this 
Handbook. AD sources of emissions should be identified (refer to Figure 9-3), with reasonably " 
foreseeable significant environmental consequences addressed. Emissions estimates should be 
developed for each phase of development and reported in pounds per day for each applicable poUut.ant. 
The daily emissions estimate should be based on the highest day (mclnding weekdays and weekends). 
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This is because travel characteristics are different for weekdays and weekends. In addition. emissions 
estimates should be provided for the base year (initial year of operation). each development phase, and 
build-out, based on information available in the traftic impact study. Any emissions reductions 
resulting from existing ordinances and rules should be calc:ulated as part of the project's non-mitigated 
emissions. 

Sources of operation-related emissions, data needs, and emission fad:ars are discussed below. The 
emission c::alculation methodology, emission factors, and assumptions are provided in Appendix 9. The 
Appendix also provides emissions summary sheets. In order to estimate emissions, specific information 
about the operation of the fac:::ilil:y is needed. When specific information is not availab~ reasonable 
estimates based on past experience may be used. Assumptions for some of the factors have also been 
formulated for this purpose and are provided in the Appendix. All of the basic assumptions used to 
estimate operation emissions should be documented in the Em. 

Stationary Somus. There are two types of stationary sources: point and area. Point soura:s refer to a 
site that has one or more emission sources at a facility with an identified location (e.g., power plants, 
refinery boilers). Area sources comprise many sman ,emissions sources for which locations are not 
specific:ally identified, but for which emissions over a given area may be calculated using socioeconomic 
data (e.g.. water'heaters, painting and coatings, and fuel use and consumption). 

Emissions from new, modified, or relocated stationary source equipment are regulated extensively 
through the following: 

o District's Regulation XIll: New Source Review Program 

o District's Permitting Program 

o Compliance with the District's source-specific regulations 

Stationary source emissions can be calculated by determining the following: 

o Types and number of pieces of equipment 

o Rate and quantity of fuel consumption 

o Number of hours of operation per day 

o Phases and duration of operation 

o Estimated emissions assuming implementation of SCAQMD-adopted Rules and Regulations 
(which should be identified in the environmental documentation) 

If the number and types of equipment, or other necessary data, are not available when the 
environmental document is prepared, stationary source emissions may be estimated by using other 
indicators, such as emission rates per square foot of development. Refer to Appendix 9 for calculation 
tables. In addition. ARB source classification codes and EPA emission factors should be consulted.. 

Eaergy Use.. The generation of eled:ri.c energy and use of natural gas by facilities to power ,ligbts, 
appliances, equipment, etc. should be calculated. Usage factors for natural gas and eJedric generation 
are included in Appendix 9, and should be based on the highest daily usage. 

Vehicle Trips. M910r vehicles are the primary source of emissions associated with residential, 
commercial, professional, institutional, and some indust:rialland uses. 1'ypic:ally, these land uses do Dot 
directly emit sigWfic:am amounts of air pollutants from on-site ac:tivities.. Motor vehicle trips to and 
from these facilities do,however, emit pollutants adversely affecting air quality. 

Development projects and public infrastructure ~jects are classified as -indirect sources- of vehicle 
emiwons because of trips made to and from them. Quantifying and mitigating emissions from indirect 
sources poses ctifficn1t theoretical and meth~ issues. 

AR0072865 



When quantifying the emissions from indirect sources the issue of assignment 'and generation of vehicle 
trips should be amsidered. When assigning trips to a development there may be some circumstances 
where a proposed project might divert trips, decrease vehicle trips and/or vehicle miles, or not result in 
an increase to the eltent assumed when using standardized trip generation figures. 

For example, the issue of diverted trips arises when a city rejects a proposal to develop a new grocery 
store. The trips to and from the grocery store do not simply disappear from the region. Customers u:e 
likely to travel to another grocery store. Depending on the location of the grocery store's distance from 
the cnstomer or possible location on a more c:ongested road, VMT and emissions could mcrease or 
decrease. Schools are mother example of a situation where the c:oosttuc:tion of a neighborhood school 
designed to acc::ommodate existing student demand could reduce the number of vehicle miles that 

. students generate by commuting to school outside the neighborhood. 

Developers, occupams, and local governments have different abilities to reduce indirec::t source 
emissions. Eac:h of these parties can iDO.uence trip making, but not fully control trip making through 
their own actiOns. The Distrid: recommends that project propcmems and approving jUrisdictions adopt 
mitigation measures to discourage mobile source emissions whic:h, m the ci.rcnmstanc:es of the specific 
project as identified in the CEQA process, are feaslole and effective. 

F'maUy. land uses naturally evolve and shift ·with· economic and demographic trends in ways that are 
diffic:u1t to predict and model These dyumics can completely change commute pattems and related 
emissions. For example, in the last twenty years, Orange COunty evolved from a residential c::ounty to 
one with a substantial employment base. Employment centers that once had primarily industrial or 
manufac:turing firms now have mainly commercial and semce firms, whic:h have different residential 
needs and trip-making patterns. 

The major technical issue is the difficulty in correlating indirect source emissions from an individual 
development or infrastructure project with the projections of regional emissions used to develop the 
AQMP. The Building Industry believes that development and infrasttuc::tur projects typically 
ac:c:ommodate economic and demographic trends assumed in the AQMP, although they acknowledge 
that the projects also add to the cumulative impact that greater economic activity has by -inducing" 
additional trip-making and higher emissions. District staff believes that projects may stimulate as weD 
as respond to growth. 

This Handbook recommends the use of the 5th edition of the ITE Trip Generation Manual. The ITE 
Manual rec:ognizes that the issues of multi-use developments and quantifying capture rates for 
developments are limited by the specificity of the information provided. AddwonaUy, the fIE Manual 
discusses primary trips, pass-by trips and diverted linked trips and provides guidance; in the form of 
tecbnical methodologies, on estimating percentages of. eac:h . type of trip by land use type. The 
methodologies contained in the lTE Manual are based on actual data. Just as the CEQA Handbook 
provides default values for emissions c::alculatiODS based on county ave~ the fIE Manual provides 
traffic averages based on actual data. Additionally, both the CEQA Handbook and the rIE Manual 
recommend the utilization of the best available data to calculate impacts. Therefore, if project specific 
data is available it should be used to adjust the factors for calc:ulatiDg both the traffi.c: reports as 
recommended by the ITE Manual, and the project emissions. The District is committed to working 
cooperatively with other public agencies and private groups· to improve both the theory and 
methodologies for quantifying indirect source emissions. 

Mobile source emissions include vehicle emissions from work trips. non-work trips, and truck trips to 
and from the project site. Therefore, when estimating indirect source emissions the following should 
be considered: 
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o Types of land uses (ie .. commercial, industrial, residential, and/or institutional) 

o Size of land use project (Le .. square footage, number of units, and capacity) 

o Modes of transportation and fleet mix of trips associated with each land use category 

o Number of employees per land use category 

o Average number of dally trips associated with each type of trip (work, non-work, tmc:k trips) 

o Vehicle speed (liuked to roadway volume) and ambient temperature 

o Average vehicle miles traveled for each trip type 

Calculation of project-related trips should be based on the Trip Generation Manual (Fifth "edition, 
1991) published by the lD.stitute of Transportation EngineeTS (ITE). Trip geocration should be based 
on the highest day (either weekday or weekend) trips for each land use category. Trip generation data 
from other sources (Le .. traffic impact analysis) may be used if determined "to be more appropriate for 
a given project. In performing a traffic impact analysis, the procedures specified in the county CMP 
within which the project is located should be followed. It is presumed that alI trips attributed to project 
development are new trips unless it can be reasonably demonstrated that such trips are derived from 

"elsewhere. There may be some circumstances where a proposed project might decrease vehicle trips 
and/cit vehicle miles, or not result in an increase to the extent assumed when using standardized trip 
generation figures,; Schools are one example of a situation where the addition of an on-site dormitory 
design to acCommodate existing student capacity could reduce the number of vehicle miles that 
Students would generate by commuting to schooL Any such analysis in an environmental document 
should DOt: be based on speculative information Substantive data based on information from sources" 
such as site-specific and market studies needs to be available to agencies reviewing the enviroomental 
documentation to substantiate that trips atttibuted to the project are either not new trips or that the 
number or le~ of trips are less than that expected when using standardized trip information. The air 
quality analysis should utilize ARB emimoD factors.. Contact the District regarding the cmTeDt version 
of the EMFAC program. 

In addition, to identify mobile source emissions from trip generation, the impact of additional trips to 
and from the project site on the transportation system must be assessed In order to do this, the trips 
on the t:nmsport:ation network and the impact on level of service must be identified. In. particular. the 
analysis should calc::ulate change in vehicle speed and resulting emissions. Hot spots at intersections 
should also be assessed and the ARB CAl.INE4 model or EPA CAL3QHC model should be 
employed. " 

PMlG. Although fugitive dust is associated primarily With initial construction activity, many operational 
3spects of a faciIit.Y caD contribute to PM10 emissions. 1"hese include vehicles traveling on unpaved 
roads, tire wear based on vehicle miles traveled, as well as land use specific impacts from mining 
operations, outdoor storage of building materials such as sand and dirt, and landfills. In. order to 
estimate emissions. the fonowing factors will need to be determined: 

o Amount of material or soil 

o TJpe of material or soil 

"0 Emission factors for materials or disturbed soil 

o Duration of disturbance of material or soil averaged over 3 months 

o Length of road (for unpaved roads) 

o Average vehicle weight and number of wheels per vehicle (unpaved road) 
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9.3 AssessiDg Other mmaUors or Potential Air Quality Impacts (Secondary Impacts) 

In addition to primary emission thresholds of significance, Chapter 6 also identifies other indicators of 
potential air quality impacts. The analysis of a project's impact should include an evaluation of these 
indicators as appropriate for the project. For example, only projects that involve sensitive rec:eptors 
need to evaluaIe surrounding land uses within a quarter mile to determine if there are any sources of 
toxic emissions. 

The type of analysis [0 perform for eac:h indicator is discussed in the Handbook as follows: 

Chapter 5: Potential to create or be subjected to an objec:tionable odor over 10 dilution to 
threshold that could impact sensitive receptors; 

Chapter 5. 9: Generation of'Vebicle trips causing a roadway to be reclassified and create a CO hot 
spot; 

Chapter 5, 10: Emitting air toxic contaminants that are regulated by District rules or on a federal or 
state air toxic list; 

Chapter 5, 10: Sensitive receptors within a quarter mile of an existing: facility that emits air toxies 
identified in District Rule 1401; 

Chapter 10: Emitting carcinogenic or [oxiC air contaminants that individually or cumulatively 
exceed the maximum individual cancer risk of 10 in 1 million; 

Chapter 10, 13: Burning of hazardous, medical, or municipal waste in waste to energy fac::ilities; 

Chapter 12: 

Chapter 12: 

Interference with the attainment of the federal or state ambient air quality standards 
by violating or contributing to an existing or projected air quality violation; . 

Population increases in excess of that projected in the AQMP and in other than 
planned locations for the project's build-out year: . 

9.4 Goidan4!e for Assessing Carbon Monoxide Emissions 

Carbon monoxide (CO) is a Jocalized problem requiring additional anaJysis when a project is likely to 
impact a roadway's level of service (LOS), subject sensitive receptors to CO hot spots, or the project 
itself is the development of transportation infrastructure. For CEQA purposes, a CO analysis should 
be performed when air quality has been identified as having a significant impact. 

Whenever a land use project could have a significant impact on air quality as a result of vehicle trips, 
even after mitigation is included, a CO analysis should be performed Transportation projects that 
should be analyzed for localized CO problems include: park-and-ride lots, high-occupancy vehicle 
(HOV) lanes, mixed-flow lanes, designation of new transportation c:orridor, transportation plan or 
program, rail and bus transit projects, etc:. The methodologies contained in SCAG's Carbon Monoxide 
Transportation Project Protocol Technical Addendum Sections 1 through 14 (see Appendix 9) would 
be appropriate for use in a CEQA CO analysis. CEQA, however, :requires additional information 
beyond the disalssion contained in the CO Protocol The methodology discussed below is intended to 
assist in preparing a complete and adequate CEQA analysis for air quality. To assist planners in 
preparing a CO analysis and adequately evaluating the potential impacts, the following guidelines were 
developed 

Methodology. To assess CO emissions and evaluate the impacts, the following steps should be 
employed: 
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1. Determine "No Project- ambient concentration of CO emiSsions. Utilize Tables 5-2 
and 5-3 for future year ambient concentrations, or use Table 9-9 to adjust on-site 
momtoring data to reflect future year emissions. 

2. Estimate the CO emis.sioos from the project by modeling. 

3. Add the "No Project" ambient concentration level of CO emissions to those generated 
by the project (i.e., total project impact). 

4. Compare the total project impact lothe state I-hour and 8-hom CO standards. 

5. If modeling indicates a CO hot spot could oc::au, determine the area impacted and 
determine if sensitive receptors are located in that area. Identify and determine the 
level of CO emissions at sensitive receptors. (Refer to Section 53(5)' for 
methodology.) 

6. Compare the levels of CO emissions at sensitive receptors to the state I-hour and S
hour CO standards. 

7. Determine project significance. 

The analysis should be performed for the following years: each development phase and project bWld
ont. 

If the project causes the state I-hom·and 8-hour CO standards to be exceeded, then a ·CO hot spoe is 
aeated. As such, it is considered that the project is likely to cause or contribute to a CO en:eedance of 
a state air quality standard. There may be cases where the badcground concentration already exceeds 
the state I-hour and 8-hour CO standards. In these cases. the analysis should determine whether there 
will be a measurable increase at the project site. A measurable increase is defined as one part per 

. million (ppm) for the 1-hour CO standard and 0.45 ppm for the 8-hour standard (consistent with 
District Regulation xm definition of a significant impact). A measurable increase is Considered likely 
to increase the frequency or severity of an existing CO violation. 

There are a number of dispersion models that are available to estimate potential CO hot spots. Two 
such models, CAl3QHC and CAlJNE4. have been developed to estimate potential CO hOI: spots. The 
models are based on continuous line source emissions and therefore. can estimate roadway impad:S. 
The CAl3QHC model has been enhanced to analyze idling aDd queuiug from congestion and impacts 
011. sensitive receptors.. CAI..lNE4 is the model used by ARB ed CalTr.ms.. The District recommends 
CALINE4. Both models are described in Section 9.7 of this Chapter. 

EstablishiDg the -No Project" Ambient Cooc:entmtioa. Two options are available for establishing CO 
1-hom ambient background concentrations. Table 5-2 provides projected future year 1-hour CO 
conc::entrarions based on adopted rules or regulations. These projections may be utilized as the,future 
year ambient concentrations. These numbers will be revised as better modeling techniques are 
del'eloped and as nec::es.sary due to the results of the District's ODgoing monitoring. 

Planners or the project proponent may wish to utilize the second option and perform more site spedfie 
monitoring to determine the CO "No Project" ambient c:onc::entrations. On-site monitoring requires a 
minim'lmi of 4 months of continuous sampling during the winter CO season, November ~ugh 
February. Sampling and receptor siting for this option .should be in aceordance with 40 CFR 58 
mic::roscale criteria and achieve a miiUmum of 90% data completeness .The monitored data may be 
adjusted for future years nh1izWg the factors in Table 9-8. These adjustment factors are also based OIl 

implemented rules and regulations. 

The 8-hour CO conc::entration levels may be established in two ways.. Table 5-3 provides projected 
future year 8-hour ambient CO concentrations, adjusted to take into ac:c:ount adopted rules and 
regulatims For the second option the 8-hom CO concentrations are calculated from the I-hom levels 
diredly by a factor termed the Persistenc:e Factor. This factor is the ratio over the most recent three 
years between the highest annual maximum I-hour and 8-hour CO concentrations as measured at the 
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Dearest representative permanent monitoring station. If DO nearby 'monitoring statiOD data is available, 
the foBowmg factors are suggested: . 

0.6 
0.7 
0.8 

Attainment 
NOD-attaimDent 
Urban areas with persistent 
stagnation md/or congestion 

If a project is located in more than one source receptor area. the background concentration from the 
air monitoring station whic:h is most representative of the conditions at the project site should be used, 
or each source receptor area should be modeled separately. It is necessary to evaluate CO impacts 
based on the highest concentrations, or actual cxmc::entralioDs if they em be determined, because the 
state law mandates that violation of the CO standards at any location during the year results in the area 
being clasSified as DOD':aUainmem: for that pollutant. 

Relocation of CO Bot Spots. Occasionally, project development will cause emission patterns to shift 
or move, possibly resulting in the reduction or elimination of a hot spot at ODe location, and the 
initiation of a new hot spot at mother location. For example, if m extra lane for traffic:: flow is added to 
a roadway link wbich has a hot "spot, the hot spot may shift to the portion" of the roadway link where the 
extra lane ends. The hot spot is then caused by congestion from vehicles merging into a fewer number 
of lanes. It is acceptable in some instances to move a hot spot without it being considered as creating a 
Dew hot spot when the followiDg criteria are met: . 

o The relocated hot spot will Dot be within a quarter mile of sensitive receptors or it is 
demonstrated that a hot spot will not be created that will impact sensitive receptors; 

o "The CO emissions 'Will be equal to or less than the emissions at the original hot spot 
within the project impact area; and 

o .. The relocated hot spot will not result in a new CO violation. 

9.5 CumulatiYe Impact Ewuation 

CEOA defines cumulative impact as folio'\\'S: 

o Two or more individual effects which, when considered together, are considerable or 
which c::ompound or increase other environmemaI impacts (:refer to CECA Guidelines 
Section 15355), md 

o The change in the eDmonmem which results from the incremental impact of the 
project when added to other closely related past, present, or reasonably foreseeable 
future projects, and can result from individually minor, but colledivdy significant, 
projects taking place over a period of time (refer to CEQA Guidelines Sedion 
1S355(b) . 

Section 15130 of the CECA Guidelines specifies that cumulative impacts shall be discussed when 
sipific:mt. The discussion of cumulative impacts should reflect "the severity of the impacts and the 
likelihood of occurrence, but Deed Dot provide as great detail as needed to assess the effects of the 
project itself. CEQA requires that the following elements be dismssed when assessing cumulative 
impacts: 
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o A list of past, present and reasonably anticipated future projects producing rdated or 
c:umulative impaas, including those outside the control of the Agency or a summary 
of projections contained in an adopted General Plan or related planning document 
which. is designated to evaluate regional or areawide conditions. The discussion 
should be guided by the standards of practicality and reasonableness; and 

o A summary of the expected environmental effects to be produced by those projects; 
and 

o A reasonable anaIysis of the c::u:mulative impacts of relevant projects including the 
examination of reasonable options for m;tigating or avoiding any sjgnificant 
cumulative effect of the proposed project. 

The followiDg approach. has been developed by Dist:ric:t staff as a pOSSible means to determine the 
c::umulative significance of a land. use project. This approach is c::o~tent with the AQMP which 
contains performance standards and emission reduction targets necessary to attain the federal and state 
air quality standards. This approach is not mandatory under CEQA, and District staff is available to 
c:cmsult em the preparation of a cumulative impact analysis: 

The enviromncntaI docm:nentation could analyze the project according to the following assumptions (as 
applicable to the project): 

o 1% per year (or 18% over 18 years to the year 2010) reduction in project emission 
(ROC, NOx, CO, PM1O, SOX) 

The ma.Iysis can be performed by calculating the total project unmitigated m'issions 
using the procedures in Chapter 9, and then dividing by the redumons from the 
application of mitigation measures. This will provid~ the percent reduction in project 
emissions. (Refer to Appendix 9 for methodology.) . 

o 1.5 fJVeTIZge vehide Ti.tier.fhip (AVR), or average vehicle occupancy (AVO) if II 
I:J'ImSpo1'ttltion project 

The c:a1culation procedures in the District's Regulation XV shoUld be used for· 
c:ommerci.al and industrial land use projects in determining A VR. The AVO for 
transportation projects should be determined based OD ARB's guidance document for 
complying with the CCAA transportation performance standards. (Refer to 
Appendix 9 for methodology.) . . . . 

o Rd1.u:e the mte of growth in vehicle miles tmveled (V,MT) tmd trips 

Ac:cording to ARB's transportation performance standards, the rate of growth in 
vehicle miles traveled (VMT) and trips should be held to the rate of population or 
household growth. Compliance with this performance standard for residential 
projects. General Plan amendments, and Specific Plans is assessed by determining the 
population for the projected build-out year of the project. Planners should use 
population, vr, and VMT projec:tiODS disaggregated to the 1oc:al jurisdiction by 
SCAG that were conta;ned in the AOMP. The population increase from the project 
should then be divided by the population projection for the build-out year. This gives 
the acceptable rate of growth in VMT and trips. To determine the number of VMTs 
a project can generate, determine VMT and trips projection for the build-out year for 
the Jocal jurisdimon (after ronsnJtation with SCAG), and dMde by the acceptable 
rate of VMT and trip growth percentage. (Refer to Appendix 9 for m.ethodology.) 

If the ua1ysis shows that the project complies with the above assumptions, the project's cumulative 
impact could be considered insignificant. If the analysis shows that the project does not comply with 
the above assumptions, then cumulative impacts are considered to be significant, unless there is other ..-.... 
~ information to the contrary. 
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9.6 ~ Project Altematives 

CEQA requires that the project be compared to feaslole altematives, including a no-project alternative. 
CEQA Guidelines Section 15126(A) ( d) (3) states that the discussion of alternatives shall focus on 
a1temalives capable of elim~ any significant adverse environmental effects (such as air quality) or 
reducing them to a level of';nsigni6cance even if these alternatives would impede to some degree the 
attainment of the project objectives, or would be more costly. 

The Em should include an air quality impact analysis of all the project alternatives. For this type of 
assessment., it is appropriate to estimate emissions only for the build-out year and consider emissioos 
associated only with operations. CEQA does not require the same level of analysis for alternatives as it 
does for the project-specific analysis. This Handbook suggests that project alternatives should be 
quantified so that decision makers have the ability to determine which alternative is environmemaJ1y 
superior from an air quality perspective. Quantification may be done to a lesser degree, and does not 
need to be as ~ensive as that performed for the preferred altemative. For instance, jf a project is 
reduced in size, emissions can be proportionally reduc:ed.. If however an alternative site is considered, 
it may not be feasible to do a quantified air quality analysis. In addition, since there may not be project 
specific information developed for each of the alternatives, the MAAQI model with the county-wide 
default assumptions or the screening table may be used to quantify the alternatives. 

All of the alternatives, inclu~ the proposed project, should use the same' basic assumptions, except ' 
where a change in assumptions IS necessary due to the nature of the alternative. For example, a project 
alternative might involve electric: vehicles rather than gas-fueled vehicles so that the vehicle emission 
factors would be different. It is important that all appropriate assumptions be held constant so that it is 
possible to ascertain the difference in emissions as a result of the alternatives. The use of default 
assumptions from Appendix 9 is ac:ceptable for the alternatives (including the preferred project 
a1temative) in this analysis. This means that the emissions estimates used in the analyses for the 
alternatives:will be different than those used in estimating the impacts of the proposed project (e.g., 
preferred alternative). ' 

The emissions estimates for the proposed project and alternatives should be reported in the EIR aJoug 
with the basic underlying assumptions used in assessjng all of the alternatives. Also to be reported is 
an identification of differences in assumptions among the alternatives, for those cases where a change 
in assumpUODS is necessary due to the nature of the alternate. An example of a reporting format for 
the emissiODS estimates of the project alternatives is provided in Table 9-10. 

9.7 Air QwWty Modeling Tools 

There are a number of air quality modeling tools available to assess air quality impacts of projects. A 
few of the models that are available to planners and project consultants are described below. PlaImers 
and project amsuJtants are not limited to these models and can use other models, as appropriate, to 
perform the analysis. , 

The ac:cmacy from any model is directly dependent on the, accuracy of the input variables or 
assumptions. Meteorology, trip generation rates, and emission factors can vary widely, and in many 
situations there is a degree of unc::ertainty in their selection. The user should be confident with the 
input assumptions before they are used in the model Preferably, the inputs are based on research or 
case studies. It is recommended that the user comct the District's Modeliug staff prior to selecting 
meteorological parameters and estimating composite rwming and idling emission factors. For 
recommendations em other types of input assumptions, contact,the District's Local Govemmem-CEQA 
Section 

Mobile Assessment for Air Quality JmpadS (MAAQI). The MAAQI model is used to estimate CO, 
Roc, NOx, SOx, and PMlO emissions from the motor vehicles associated with new or modified land' 
uses (e.g., shopping c:emers, residential development., commercial mini-malls, etc). The District has 
developed MAAQI to include cmmty default assumptions (for trip length, speeds, temperature, etc.), 
energy use in residential developments, and quantification of mitigation measures. 
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The District's MAAQI model has been designed for planners wanting to assess the indircd: vehicular ~~ 
emissions associated With various projects, such as residential developments, shopping' c:enters. and 
offices. The program uses the euussion factors generated by the EMFAC7E.P model for on-road 
motor vehicles as input. The data needed to run the MAAQI model for a new or modified land use 
project can be as simple as the following: 

o Type of land use 

o Size of the project 

o Year of project operation 

The MAAQI model contains a nomber of built-in default values (values automatically iaserted by the 
program when project-specific data are unavailable). UDless project-specific information is available 
and documented, the default values for each of the four counties under the Disttic::rs jurisdiction are 
recommended for the following model inputs: 

o· Triprate 

o Percent cold starts 

o Vehicle fleet mix types 

o Tripspeed 

o Trip lengths 

Input values other than those recommended in MAAQI may be used for calculating commercial ami 
industrial emissions. Likewise, modified trip generation rates and percent work trips may also be used. 
However, if different values are used, full documentation and justification for the different inputs / .............. 
should be provided. If the MAAQI model is used to estimate emissions associated with land uses, the 
following non-vehicular emissions must be added to the estimate. . 

o Emissions from stationary sources 

o Emissions from other mobile sources (planes, trains, etc:.) 

o PMIO emissions 

o Emissions from traffic impacts 

CAUN'E4. The CAUNB4 is a computer' model used to predict CO. Dilrogen dioxide (NOZ), ami 
particulate concentrations n~ a roadway. CAUNE4 is an effective tool for forec:asring frec..flowiug 
mobile source emissions resultiDg from a proposed project and can be used to determine if a CO hot 
spot will be c:reated. The information obtained from CAllNE4 projections can also be used. to 
determine the project's effect on ambient air quality in loc:allzed areas. (Contact the CalTrans 
Technical Support Division for ~er information about the CAUNE4 modeL) 

CAl3QBC. The CAL3QHC is another computer model for predidiDg the level of carbon monoxide 
or other criteria pollutant: conc::entrations from motor vehicles near a roadway. The model is based on 
the assumption that vehicles near an interSection are either in motion or idliDg. Th.erefore, CAI.3QHC 
is effective at estimating mobile source emissions which are either free-flowing or id.Ung. DeW1s of the 
modeling app6carion.am be found in "User's Guide to CAL3OHC' (EPA, Contract No. 68-02-4394, 
1990). 
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The EMFAC7E.P model takes into account all ARB regulatioDS adopted up to January 1, 199L The 
District recommends that this version be used for all emissiODS estimates. These emissions factors or 
the most recent factors an be obtained by CODtac:tmg the ARB Teclmica1 Support Division or the 
Distrid:'s Local Govemment/CEQA unit. The emission factors contained in Appendix 9 for on-road 
mobile sources are generated from EMFAC7E.P. 

,.I Analyzing ad Reportb:ag Emissions 

Once the emissiODS from CODStmdion and O~ratiOD of the project have been estimated, the effect of 
District rules and local ordinances should be taken im:o account. Any reductions should be 
documented in the EIR. and calculated as part of the project's emissi.ODS prior to the inclusion of 
mitigation. This is because mitigation refers to ac:tions beyond those required by rules or ordinances. 
Then a quantitative assessment should be completed comparing the project emissicms to the thresholds 
in Chapter 6. In addition, qualitative assessments that compare the project with the existing setting 
described in Chapter 8 and with any potential impacts identified during the Initial Study need to be 
made. 

The environmental documentation should demonStrate clearly that the amount of emissions generated 
by the project have been compared to the thresholds of significance. (In this step. construdion and 
operation related emissions should be considered separately). While the aDalysis for the ND and MND 
may analyze emissiODS impacts based on the screening tables, the EIR must include a project specific:: 
analysis. 

The impacts of the project on the existing setting should be analyzed (e.g.. c::hanges to current traffic 
LOS, etc::.) and any other c:hangcs from current conditions noted. In addition, an analysis of any impacts 
relating to air quality identified during the Initial Study should also be. included (e.g.. changes in 
population projediODS, etc::.). . . 

All of the assumptions used in estimating future emissions must be doc:mnented in the EJR. EmissioDS 
estimates for eac::h source related to ooDStrUc::tion and operation ad:ivities along with total emissiODS 
from each applicable pollutant (e.g., tons or pounds of pollutant a day) should be reported. Emissions 
estimates should be reported for eac::h phase of build-out and project completion. 
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Figure '·1. FloW Chart fl' Estiaog Emissions from Proiects 
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• Stationary Area Sources (13'" energy use) 
• PM1D (mIISIrIJdioD, demolition, dust from iomrmg/unlooding 

mds, renovation, grading unpaved roads, 
and Slmcluml dismembemat) 

• Off· .. Mobile Sources (heavy_ 
~ equipment) 

• On-Ioad Mobile Sources (construction worker trips, 
Ddt trips mrryiDg materials, 
ad ~ trips to Inch) 

• Ccmgestion (mdfic impads) -... ;'BZI13 
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.. SIatiooary Point Sources (large boilers, etc.) 

.. ~mry Area Sources (OII-si1e energy use) 

.. PMl0 (unpaved roods, 
and Slmdund dismemberment) 

.. Off·1oad Mobile Sources 
(planes, bins, mips, etc.) 

.. Qn.RD Mobile Sources 
(m trips, 1mCk ., oon-wort Irips) 

.. Congestion 'mdfic impads) 
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RESIDENTIAl 
Single fmni1y Housing 1,000 sq. ft. GfA • 2166 347]4 75.62 
~ems 1,000 sq. It. GfA 21.97 322.90 10.22 
COndominiums 1,000sq. ft. GFA 21.30 312.97 68.06 
Mobile Homes 1 ft. GFA 21.30 312.97 68.06 

EDUCATION 
Schools 1,000 sq. ft. GFA 46.99 690.52 150.16 

COMMERCIAl. 
Business Park 1,000 sq. ft. GFA 55.44 814]2 177.17 
Day Care Center 1,000 sq. ft. GFA 31.87 466.91 101.55 
Discount Store 1,000 sq. ft. GFA 31.78 .,466.97 101.55 
fast Food 1,000 sq. ft. GFA 31.78 466.97 101.55 
Government Office Complex 1,000 sq. ft. GFA 55.44 814]2 177.17 
HanIwme Store 1,000 sq. ft. GfA 31.78 466.97 101.55 
Hotel 1,000 sq. ft. GfA 41.58 6n.04 132.87 
Medical Office 1,000 sq. ft. GFA 55.44 814.72 177.17 
Motel 1,000 sq. ft. GFA 41.58 6n.04 132.87 
Movie lbeatre 1,000 sq. ft. GfA 31.78 466.97 101.55 
Office 1,000 sq. ft. GFA 55.44 814]2 177.17 
Resort Hotel 1,000 sq. ft. GfA 41.58 611.04 132.87 
isunmt 1,000 sq. h. GfA 31.78 466.91 101.55 
Shopping Center 1,000 sq. h. GFA 31.18 466.91 101.55 
Supenmirlcet , 1,000 sq. h. GFA 31.18 466.97 101.55 

INDUSlRIAL 1,000 sq. ft. GFA 32.19 . 481.88 104]9 

··CansIrudicm emisions indude on-site mnstrudion equipment and workers' travel 

E = mProiect square fcotage/1,OOO] x crable 9-1 emission factor))/(Number of days to construct) 
E = Daily common emissions 

24.69 
22.93 
22.22 
22.22 

49.03 

57.85 
33.16 
33.16 
33.16 
57.85 
33.16 
4139 
57.85 
43.39 
33.16 
57.85 
43.39 
33.16 
33.16 
33.16 

34.22 

For an-siIe construction equipment and material handling construdion emissions, subtract emissions obtained by 
using screening Table 9-3. 

For an-siIe construmon equipment emissions, subtract emissions obtained by using screening Tables 9-3 and 9-4. 

Refer to AppemtlX 9 for methodologies and assumptions used in preparing this table. 

Jhese ~ ftl'e estimated using argy cmrsumpfiDIJ whm provided in Energy tmd lAbor in the 
~ SedDl; B. Htmncm.1. Stein, tmd D. Serbs; Science, 1978. 202:837-147. 
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UNPAVED ROADS 
~VeUIe Vehicle Miles Traveled (1) 5.56 

Tra Vehicle Miles meW (II 23.00 

PAYEDIOADS 
LDRoad Vehicle Miles Tmeled (I) 0.33 
~Ioad Vehicle Miles 'hveIed (I) 2.00 

DEMOlITION Cubic Foot 0.00042 

GIADING Aaes/Drr( 55.00 

ASBESTOS Cubic Foot 0.00006 

NOtES: . 
(I) ¥MT is II funclion of linear road IengIh and average daily trips. Any combinmicm Ibm equals or 

meeds the daily .. qumterly thresholds amid be sipifiamt.. . 
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ibIe 9-3. Scree_! Table fDr EstimatiDg Emissions from CoutnmDD Workers· inel 

1ES1Dmw. 
Single Family Ho • 1,000 sq. It. GFA .. O.OOS 0.007 0.096 
9ii1mems usmg 1,000 sq. It. GFA o.oos 0.007 0.101 
Condominiums 1,000 sq. It. GFA o.oos 0.007 0.101 
Mobile Homes 1 ft. GFA O.OOS 0.007 0.096 

mUCAJlON 
Schook 1,000 sq. ft. GFA 0.007 0.006 0.086 

COMMERCIAl 
Business Park 1,000 sq. ft. GFA 0.007 0.005 0.080 
Day Care Center 1,000sq. ft. GFA 0.005 0.004 0.060 
Dismunt Store 1,000 sq. ft. GFA O.OOS 0.004 0.060 
FC1SfFood 1,000 sq. It. GFA 0.007 0.006 0.090 
Government Office Complex 1,000 sq. It. GFA 0.009 0.007 0.104 
HardwareSmre 1,000 sq. ft. GFA O.OOS 0.004 0.060 
Hole! 1,000 sq. It. GFA 0.007 . 0.006 0.089 
Medicol Offire . 1,000 sq. It. GFA O.OOS 0.007 0.099 
Mole! 1,000 sq. It. GFA 0.007 0.006 0.089 
MoYie Theatre 1,000 sq. ft. G.FA 0.007 0.006 .0.08S· 
Office 1,000 sq. It. GFA 0.007 0.005 0.080 
Resort Hotel 1,000 sq. It. GFA ·0.007 0.006 0.089 
Restaurant 1,000 sq. ft. GFA 0.007 0.006 0.090 
Shopping Center 1,000 sq. It. GFA 0.005 0.004 0.060 
Supermarket 1,000 sq. ft. GFA 0.005 0.004 0.060 

INDUmw. 1,000 sq. It.GFA 0.003 0.003 0.042 

OJ Refer 10 Appendix , far me1hodoiDgies and mumpficms used in preparing 1his table. 

m Use tit. emissions til determine past-miligafioo emissions after applying percent mitigmion 
efficiencies applicable tmrds amstrudian mers'wvel emissions. 
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0.0007 
0.0007 
0.0007 
0.0007 

0.0006 

0.0006 
0.0004 
0.0004 
0.0007 
0.0008 
0.0004 
0.0006 
0.0007 
0.0006 
0.0006 
0.0006 
0.0006 
0.0007 
0.0004 . 
0.0004 

0.0003 
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1ES1Dmw. 
$ingIe family 1000 sq. ft. GFA • 3.38 49.63 10.19 3.51 
~ 1000 sq. ft. GFA 3.14 46.08 10.02 3.27 
COndominiums 1000 sq. ft. GFA 104 44.61 9]1 3.11 
Mobile Homes 1000 sq. ft. GFA . 3.04 44.61 9.11 3.11 

mUCA1ION 
Schools 1,000 54 ft. GFA 611 98.55 21.43 1.00 

COMMERCIAL 
Business Park 1,000 54 ft GFA 1.91 116.28 2i28 8.26 
Day Care Center 1,000 54 flo GFA 4.53 66.64 14.49 4.13. 
Discount Store 1,000 sq. ft. GFA 4.53 66.64 14.49 4.13 
hsHood 1,000 54 flo GFA 4.53 66.64 14.49 4.13 
Government Office Complex 1,000 54 ft. GFA 1.91 116.28 25.28 8.26 
Ibdware Store 1,000 54 It. GFA 4.53 66.64 14.49 413 
Hotel 1,000 54 ft. GFA 5.93 81.20 18.96 6.19 
MediwI Office 1,000 54 ft. GFA 1.91 116.28 25.28 8.26 
Motel 1,000 54 ft. GFA 5.93 81.20 18.96 6.19 
.Yie1hemre 1,000 54 ft. GFA 4.53 66.64 14.49 4.13 
Office 1,000 54 It. GFA 1.91 116.28 2i28 8.26 
IesortHotei 1,000 sq. It. GFA 5.93 81.20 18.96 6.19 
Iesbnnt 1,000 54 It. GFA 4.53 66.64 14.49 413 
SioppingCenter 1,000 54 fl GFA . . 4.53 66.64 14.49 413 
Supenmirkel 1,000 SCI- It. GFA 4.5l 66.64 14.49 413 

INDUSIIIAL 1,000 54 flo GFA 4.68 6811 14.96 4.88 

'1heSlllllissitms ",re •• 111'; usinl en«" amsumpti,m wlues prDvided in Energy _ Llhor in the 
Ctmstmctirm Stctor, B. HlJmrm, t Stein, lind D. Serbet; Science, 1978, 202:837-847 
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Table 9-5. Examples of Calculating Project Emissions 

Unmitigated Dally Constrvdiu Emissions 
ExhIWSf Emissions'" 6.66 97.93 21.30 7.01 

• ConsImdioo Workers' Travel 0.0028 0.0025 0.270 0.0002 
• ConsImdioo Material Hauling 0.95 13.98 3.04 0.9' 
• (CII1SImdicm Equipment 511 83.95 18.23 6.02 

FugiliYe Dust Emissions'" 37.93 tVA IVA NIA 
Tohll~E'" 6.66 91.93 21.30 44.94 

ConsIrudicn Significance Thresholds 75.00 100.00 550.00 150.00 
Signiftamt? No No No No 

Exhaust Emissions 5610 48.30 691.20 4.20 
£nergy . CUM 4.02 010 0.14 

Total Opemilm EmIssions 56.14 52.32 691.90 4.34 
Construction Significance Thresholds 15.00 100.00 550.00 150.00 
Signifimnt? No Yes 110 No 

r--, 

U_ltIgated Dally ConstnKtion Emissions 
ExhIWSf Emissions'" 40.36 593.09 128.97 42.11 

• CcnsIrudion Workers' Travel 0.0510 0.0364 0.5824 0.0044 
• Conmudion Material Hauling 5.23 . SOU5 18.40 6.01 
• Ccmtrudian &I.ent 35.01 508.41 109.99 36.10 

FugiIive Dust Emissicns** II/A HIA tVA 114 
T_I eanstrudion EmIssIons 40.36 593.09 128.91 49~5 

ConsImdian Significance Thresholds 75.00 100.00 550.00 150.00 
Ho Yes No lio 

Operation Emlssims 
Exhaust Emissions 51.00 32.30 560.:50 510 
mergy 0.05 5.27 D.92 US 

T~tal Opnt_ EmIssIons 51.05 31.51 561.42 5..88 
Constmdion Signifiamm Thresholds 55.00 55.00 550.00 150.00 
Signmmnf? Yes 110 Yes No 
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1. Determine if the project could be significant by comparing !he proiect to the !hresholds in Tables 
6·2.6·1 

2. Cakukde mnslrudion emissions using sueeoing Tables 9·1 fToml Canstrudion), 9·2 (Construction 
PM10), and '·3 (Camdion Workers' Tnmi) to determine total construction emissions. 

1 Cakulate operation emissioDS ling saeening Tables '·7 (Mobile Source) cmd ,-8 (Stationary 
Saurce) to determine total operation emissions. 

4. Compare proied mnstmdicm emissions to thresholds in Section 6.4 to determine signbce. 

5. Campen project operation emissions 10 !he thresholds in Semon 6.2 or 6.3 to determine 
signifiamm. 

6. ~e f the projed could be cumulatively signifimnt (Section' 5). 
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RESIDENTIAl. 
Single Family Housing DweI!ing Unit 0.27 0.23 3.32 0.02 
~ents pwegmgUnit 0.11 0.14 2.11 0.02 
Condominiums ~Unit 0.16 0.13 1.91 0.01 
Mobile Homes Dwelling Unit " 0.13 0.11 1.62 0.01 
lefirement Unit 0.07 0.06 0.90 0.01 

EDUOOJON 
Elementary School 1,000 sq. ft. GFA * 0.25 0.03 1.84 0.03 
High School 1,000 sq. ft. GFA 0.31 0.18 3.08 0.03 
CoiMmnily College 1,000 sq. ft. GFA 0.37 0.22 3.64 0.03 

Student 0.07 0.04 0.67 0.01 

(0MMEl0Al. 
Airport Commercial Ft~t 3.66 158 33.06 0.32 
Business Park .,000 sq. ft. FA 0.40 0.23 3.94 0.03 
Day en Center 1,000 sq. ft. GFA 2.10 0.91 19.03 0.19 
"DiDnt Store .,000 sq. ft. GFA 1.69 0.35 1124 0.17 
fast Food w/Drive-TIn 1,000 sq. ft. GFA 16.02 1.91 111.71 1.62 
fast Food wlo Drive-lin 1,000 sq. ft. GFA 19.21 2.29 141.26 1.94 
Government Office Complex 1,000 sq. ft. GFA 012 0.45 7.29 0.06 
Hardware Store 1,000 Sq. ft. GFA 1.99 0.41 15.58 0.19 
Hotel Ocwpied Room 0.26 0.06 2.01 0.02 
MeDICal Office 1,000 sq. ft. GFA 0.91 0.39 8.20 0.08 
Motel 0mrpi8d Room 0.25 0.06 2.01 0.02 
MevieTheatre 1,000 sq. ft SFA 1.88 0.39 14.68 0.18 
Car Sales 1,000 sq. ft. GFA 1.21 055 1150 0.11 
Office (small) "1,000 sq. ft. GFA 0.42 0.24 4.07 0.03 
Office (medium) 1,000 sq. ft. GFA 0.30 0.17 2.95 0.03 
Offke(!:r) 1,000 sq. ft. GFA 0.25 0.14 2.48 0.02 
OffkePa 1,000 sq. ft. GFA 0.32 0.18 3.13 0.03 
locquet Gob 1,000 sq. ft. GFA 056 0.04 4.00 0.06 
lesiarth Center 1,000 sq. ft. GFA 0.22 0.14 2.24 0.02 
Resort Hotel Ocwpied Room" 0.28 0.07 2.22 0.03 
leslaurcml 1,000 sq. ft. GFA 2.56 1.11 23.17 0.23 
lesmurcmt (high-turnover) 1,000 sq. ft. GFA 6.09 2.64 55.06 054 
Shopping Center (small) 1,000 sq. ft. GFA 1.32 0.27 10.31 0.13 

" Shopping Center (med"mm) 1,000 sq. ft. SFA 1.02 0.21 7.97 0.10 
Shopping (hrge) 1 sq. ft. GFA 019 0.16 6.16 0.08 

ft. GFA 4.43 1.21 36.56 0.42 

(continued on next page) 
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INDUS1I1A1. 
Ugnllndusfrial 1,000 sq. It. GFA * 0.20 0.12 1.91 0.020 
~Indusmal 1,000 sq. It. GFA . 0.04 0.03 0.42 0.004 
Industrial Park . 1,000 sq. It. GFA 0.20 0.12 1.91 . 0.020 
Mmaufaduring 1,000 sq. It. GFA 0.11 0.01 1.09 0.010 

INSmUTIONAVGOVERNMENTAl 
Clink 1,000 SCI- It. GFA 058 0]4 4.69 0.06 
Government Center 1,000 SCI- It. GFA 0.66 0.29 6.00 0.06 
~I Beds 0.31 . 0.14 2.83 0.03 
~ 1,000 SCI- It. GfA t08 0.18 8.20 0.11 
Nursing Home Beds 0.01 0.04 014 0.01 
U.s. POst Office 1,000 SCI- ft. GFA 2.14 053 11.19 0.21 
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EDUCAnON 
ElementarY School 
High School 
Community College 

INDUSIIIAl 

Dwefting 'UOO 
D~Unif 
~Unif 
·D~Unif 

Unit . 

0.00011 0.01916 0.00333 0.00061 
0.000110.02203 . 0.00333 0.00061 
0.00011 0.01916 0.00333 0.00061 
0.00011 0.01916 0.00333 0.00061 
0.00011 0.01916 0.00333 0.00061 

1,000 sq. It. GFA * 0.00011 0.01985 0.00345 0.00069 
1,000 sq. ft. GFA 0.00024 0.02173 0.00482 0.00096 
1,000 sq. It. GFA 0.00032 0.03655 0.00636 0.00121 

Student N/A NIA NIA MIA 

Commercial Riob. 
1,000 sq. ft. G'FA 
1,000 sq. ft. GFA 
1,000 sq. ft. GFA 
1,000 sq. ft. GFA . 
1,000 sq. ft. GFA 
1,000 sq. It. GFA 

Ocmpiid Room 
1,000 sq. It. GFA 

Occupiid Room 
1,000 sq. ft. GFA 
1,000 sq. It. GFA 
1,000 sq. ft. GFA 
1,000sq. ft. GFA 
Ocmpiidbm 

1,000 sq. It. GFA . 
1,000 sq. ft. GFA 
1,000 sq. It. GFA 

NIA NIA NIA 
0.00024 0.02773 0.00096 
0.00024 0.02173 0.00096 
0.00032 0.03118 0.00129 
0.00130 0.14903 0.00S18 
0.00024 0.02773 0.00096 
0.00032 0.03118 0.00129 
0.00019 0.02142 0.00015 
0.00024 0.02113 0.00096 
0.00019 0.02142 0.00015 
0.00032 0.03118 0.00129 
0.00024 0.02113 0.00096 
0.00024 0.02113 0.00096 
0.00024 0.02113 0.00096 
0.00006 0.00643 0.0011 0.00022 
0.00130 0.14903 0.02592 0.00518 
0.00032 0.03118 0.00641 0.00129 
0.00141 0.16195 0.02816 0.00563 
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Tah~ 9·9. Futile Ye. (0 A4ustment Flltors 

1 - las Angeles 0]8 0]3 0.68 0.62 0.51 051 0.46 0.41 
2- WesH.A. 0]9 0]4 . 0.69 0.63 058 053 0.48 0.42 
3-Hawthorne 0]8 0]2 0.67 0.61 056 050 0.44 0.39 
4-Looglm 018 013 0.67 0.62 056 051 0.45 0.40 
S .... limlivem 0]8 0]3 0.67 0.62 056 051 0.45 0.40 
6- Reseda 0]8 0]2 0.67 0.61 056 050 0.45 0.39 
7-Bwbcmk 018 0]2 0.67 0.61 056 050 0.45 0.39 
8- Pamdena 0]9 013 0.68 0.63 057 052 0.47 0.41 
9-Azusa 0.80 015 011 0.66 0.61 056 051 0.46 

10- Pomona 0.84 0.80 0]6 012 0.68 0.64. 0.60 0.56 
11- Whittier 019 0]4 0.69 0.63 058 053 0.48 0.43 
12-L~ 0.80 0]5 0.69 0.64 059 054 0.49 0.44 
13 - Santa Cbim 0.85 0.81 017 013 0.69 0.65 0.61 0.58 
14 - Imaster . 0.82 017 0]3 0.68 0.64' 059 055 050 
15'- Scm Gabriel Mountains 0.80 015 010 0.65 0.60 056 051 0.46 
16- l.aHcdn 0.83 . 019 0]5 011 0.67 0.63 059 055 
17-Anah.· 0.80 015 0.70 0.65 0.60 055 050 0.45 
18- CosmMem 0.80 0]5 0]1 0.66 0.61 056 051 0.46 
19 - 811m 0.95 0.93 0.92 0.91 0.89 0.88 0.87 0.85 
20 - (emmI Costal 0.84 0.80 0]6 0]1 0.67 0.63 059 055 
21 - Capistrano Vdey 0.87 0.84 0.81 0.78 0.74 0]1 0.68 0.65 
22- Norm 0.88 0.85 0.82 0.79 0.76 0]3 0.70 0.67 
23 - Rubidoux 0.85 0.82 018 0]4 0.70 0.67 0.63 059 

- Riverside Mag. 1.86 2.08 2.29 251 2.72 2.94 3.16 3.31 
24- Perris . 0.96 0.95 0.95 0.94 0.93 0.92 0.91 0.90 
25 - lab Bsiure 1.11 1.21 1.25 1.30 1.34 1.38 1.42 1.47 
26-~ 3.87 458 5.30 6.02 614 7.45 8.17 8.89 
27-_ 0.64 '055 0.46 0.37 0.28 0.19 0.10 0.01 
28- Hemet 1.03 1.03 1.04 1.05 1.06 1.06 1.07 1.08 
29-1~ 1.00 1.00 1.00 . 1.00 1.00 1.00 1.00 1.00 
30 - r. Springs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
31 - EaslIivd CnnIy 0.64 055 0.45 0.36 0.27 0.18 0.09 0.00 
32 - Norlhwest San lenDdino YaIIey 0]5 0.69 0.62 056 050 0.43 0.37 0.31 
33- Upland 0]9 014 0.68 0.63 058 052 0.47 0.42 
34-fcmt_ . 1.32 1.~1 1.49 1.51 1.65 1]3 1.81 1.89 

-'Scm lemardino 3.34 3.93 451 5.10 5.68 6.27 6.85 7.44 
35-1ed1uds 0.96 0.95 0.95 0.94 0.93 0.92 0.91 0.90 
36 - West Scm lernardino MOunlams 011 011 0.66 0.60 054 0.48 0.43 0.37 
37 - Crestline 0.97 0.96 0.95 0.94 0.94 0.93 0.92 0.91 
38 - Ems San Bernardino Muumaim 0.96 0.95 0.94 . 0.93 '. 0.92 0.91 0.90 0.89 

~~ 
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Tab~ 9·10. Ai 0uaIty Analysis for Asmsing Project Ahnatives • Fnat bllple 

Alternative A: 
co 
ROC 
HOx 
SOx 
PM10 
Alternative B: . 
CO 
ROC 
HOx 
SOx 
PM10 
Alternative (: 
CO 
ROC 
HOx 
SOx 
PM10 
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ASSESSING TOXIC Am. POLLUTANTS 

CHAFl'ER 10. 

During the past decade, c:xmcem has grown over certain air pollutants (other than the criteria 
ponutants) that may cause cancer or· otherwise harm human health and the ezmromnem:. Public:: 
interest and hence public policy clearly demand that air tomes and acutely hazardous materials be taken 
into ac:count. Chapter 3 provides background information on air toxic:&, defining and expJaining their . 
origins. Chapter S discusses the siting of sensitive receptors within a close proximity to toxic:: emission 
sourc:es. This chapter discusses three primary issues: 1) the analysis necessary for sources of air toxic:s, 
2) the analysis necessary to assess the siting of sensitive receptors within a quarter mile of a toxic 
source, aDd 3) the analysis necessary to assess risks from acutely hazardous materials. FlgUl'e 10-1 
illustrates the sequential flow of these analyses. . 

Projects emitting signifiCant levels of air toxics must be c:at'efully evaluated, since air toxic::s may cause 
harmful effects. Because of their known expected harmful effects, regulations adopted by the federal 
and state governments and limited purpose disttic:ts rest:rict the levels of air toxic::s that may be emitted 
from stationary sources (refer to Chapter 3 for background information. .. 

Cow::em about toxic::s introdw::es a new dimension into the environmental planning process. Planners 
moo DOW be aware of air toxics and what .is required to prevent their release. Historically, 
environmental plmmiDg for air quality has focused on criteria pollutants,· abom whic::h a great deal is 
mown and on which. information can be built into the planning process. -Safe- limits are established 
for criteria pollutants (ambieDJ: air quality standards), and thresholds for significant levels of emissions 
can be established relative to the air quality standards threshold levels. Release of criteria ponutants at 
levels exceeding the standards can cause reversible effects, such. as eye irritation and coughing. as well 
as irreversible health effects including deterioration of hmg function. When emissions are kept at or 
below the accepted. threshold levels, no adverse health effects are expected to ocaJr. 

. There are different types of toxics analysis depending on the type of toxic air pollutant and conditions 
of release [Le .. routine and accidental releases). Table 1()"1 provides an overview of the compounds 
that should be analyzed depending on whether there is a routine or accidental release. 

The state is required to compile and maintain a list of substances recognized by th~ state ARB as 
presenting a c::hrooic or acute threat to bealth when present in the ambient air, including, but not 
limited to, any neurotoxins, or c::hromc:: respiratory toxins. Table 1()"2 provides a list.o{ current state and 
federal designated toxic c;xmtaminants (AD 1807 and federal NESHAPs) that shoulcl be aualyzed for 
c::hrooic health hazards. Tab~e 1()"3lists District-recommended air dispersion models for risk 
assessment use. Table 10-4 provides a list of acutely bazardousmaterials that should be analyzed 
where there is a risk of accidental release. Table l()"S provides a list of air contaminants that should be 
analyzed for acute bealtb hazards during routine short-term releases. 

As California is part of a belt of earthquakes and volcanic:: activity that circles the Pacific, there is 
c::oncem in the Basin regarding. the siting of facilities that ~ acutely hazardous materials and their 
proximity to adive earthquake faults. The San Andr.eas fault, which extends almost the entire length of 
the state, is an area of high seismic activity. .. 

The US. Geological Survey (USGS) evaluates California earthquake probabilities. Its evaluations are 
based on a probability model that assumes increased probability with elapsed time since the previous 
major earthquake on a fault system. A report by FEMA (Federal Emergency Management Agency, 
1980) stated that a major earthquake in Southern· California comparable to the great earthquake of 
l8S7 (LA, 79 Ric::bter) bas a probability of occurrence greater that SO% in the next 30 years. The 
Working Group of the USGS found that the earthquake hazard on the South San Andreas fault is at 
least as high as that reported by FEMA. Planners should consult the Alquist/Priola maps to determine 
if a project proposes to locate near an earthquake zone. 
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10.1 Roles of the District ad Local GoVel'WDellts 

Both the District and local governments issue permits to sources that could emit toxic air or acutely 
haiardous contaminants The District regulates air toxics and acutely hazardous materials by issuing 
operatiDg permits which limit the amount of emissions. . Loc::al govemments amtrol the impact of air 
toxics on sensitive receptors through land use decisiODS. The District has adopted Rule 1401 which 
specifies limits for maximum individual cancer c:ases from new or modified stationary S01.U'c::es whic:h 
emit c::arcmogemc air toxic:s. l.oc:al governments grant discretionary permits for land uses emitting air 
toxics aDd issue building permits for the construction of such facilities. In some eases, the local 
governmem permit is for equipment that is directly related to a land use, such as a permit for a gas 
station. Other times the equipmeDt is an aa:essory to the primary land use, as would be the case with 
the extensive c:oosumption of gasoline fuels by intema1 combustion engines at a special activity center. 

The local government is the lead agency with respect to the land use decision and any discretionary 
permits that arc required. The District is the lead agency for the District permit to amstruct and 
operate. In both eases, the local governments and the District are the respec:tive responsible agencies. 
The lead agency must consult with responsible agencies. Refer to the from matter of this Handbook to 
identify the appropriate D:istric::t.number to c::onrac::t regarding environmental documentation. 

10.2 Local Goftl'lUlleDt I...ud Use Permits (for StatiolW')' Soun::es EmiUiDg ToXic Emissimas) 

Most likely. planners will only see those projects that fall into one of two categories: (1) those that 
involve a use DeW to the loea1 government, or (2) those for an expanding use that: is subject to a 
discretionary permit. The loc::al government's involvement for most existing uses, is often limited to 
issuing business licenses, and building· permits for minor alterations and equipment. When evaluating 
permits for :new uses, planners have the opportunity to focus on the land use implications of the 
proposed project. In considering air toxic::s, planners may use Table 5-1 which identifies land uses and 
equipment comm~ associated with signific::ant toxic emissions, to determine when public health risk 
assessment should be performed. Refer to Appendix :3 to obtain a full listing of toxic air contaminants ~~. 
under District Rule 140~ ARB (AB 1807). and EPA (NESHAPs). 

Planners can use the information in Table 5-1 to identify projects prior to consulting with District staff 
and prior to the completion of the Initial Study and the preparation of the draft Em. If the planner 
determines that the project c::ould have carcinogenic air toxics emissions, based on the District's 
iaformation, the Em should thoroughly analyze the air toxics emissions and include a dismssion of 
land use compatibility issues.. . 

In reviewing the Em, load governments should consider the potential for c::arcmogemc toxic emissions 
and threat of release of acutely hazardOus materials due to earthquakes from a.land use perspec::tive. 
Loc:al govemments should focus the analysis primarily on land use siting issues. As with toxics, the 
District adopts rules to regulate. emissions from. these sources. In granting a land use permit that 
involves carcinogenic: toxic emissions or amteiy hazardous materials, local government decision makers 
should ask the following: . 

o What is the health risk to the population surrounding the facility? 

o If a discretionary permit is granted to a significant source of toxic emissions, how will this 
affect land use in the future? . 

o What are the health risks associated with siting a sensitive receptor within a quarter mile of a 
source of toxic emissions? 

o What is the risk of upset from siting a facility using amtely hazardous materials near an 
earthquake zone? (I.e .. Alquist/Priola zone). 
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The ElR should provide technical informatlon that will assist loc::al governments in addressing these 
issues. The Distrid: staff is available to review any air toxic: analysis. The EIR does not need to address 
District permitting requirements for stationary sources, since the District is responsible for ensmiDg 
that emissions from both small and large sources are kept at acceptable levels. The Distrid: permitting 
process does not address land 1lSe compatibility or siting issues, which are the responsibility of local 
governments. 

Land use compatibility issues need only be addressed for: (1) projects that emit toxic air CODtammamts 
as identified in District Rule 1401, AB 1807, aDd NESHAPs (2). the siting of sensitive receptors that 
could be impacted by existing sources of toxic: emissions, and (3) projects that have a risk of releasing 
(either routmely or accidentally) acutely hazardous materials. Refer to Table 5-1 for an example of . 
land uses that could meet this criteria. In addition, if an existing source emitting toxic air CODtammants 

bas not obtained a Rule 1401 permit and if a sensitive receptor is to be located witbin a quarter mile of 
the existing source, the issue of land use compatibility should be considered. 

10.3 District Permits 

The District regulates levels of air taxies through a permitting process that covers both construction 
aDd operation. Both new and existing industries routinely use materials classified as air toxic:s. For 
both new and modified sources, the District has adopted Rule 1401, with which the project proponent 
must comply before the project c::an be c:onstmc:ted and put into operation. A permit, when issued, will 
allow the facility to operate and will specify the conditions, if any, that might limit its operation. The 
District permit is granted on the basis of an independent environmental.analysis conducted according 
to CEQA Guidelines. 

The District's CEQA Guidelines for permit processing consider the fonowing types of projects 
significant: 

o Any project involving the emission or threatened emission of a carcinogenic or toxic: air 
CODt amin8nt identified in District Rule 1401 that exceeds the maximum individual cancer risk 
of one in one million Or 10 in one million if the project is constructed with best available 
control teclmology for toxies (T -BACT) using the procedures in District Rule 1401 

o Any project that could accidentally release an acutely hazardous material (Table 10-4) or 
routinely release a toxic air contaminant posing an acute health hazard (Table 10:.5) 

o Any project that could emit an air contaminant that is not c::unently regulated by District rule, 
but that is on the federal or state air toxies list (see Appendix 3 and Table 1()"2) 

Under CEOA, the District is the lead agency for District permits involving projects meeting these 
criteria. The Distrid: will prepare a Negative Declaration when it is determined that the project does 
not have a significant adverse impact on the envir~ pursuant to Article 6 of the Distrid: CEQA 
Guidelines. The District will prepare a Mitigated Negative Declaration (MND) when it is determined 
that the project may have significant adverse impacts on the envircmment, but that the permit applicant 
can modify the project so as to eliminate an identified significant impacts or reduce them to a level of 
insignificance. The District will prepare an EIR when it is determined through substantial evidence 
that the project might produce significant adverse enviromnental impacts Pm:suaDt to Articles 7 and 9 
of the District CEOA Guidelines. . 

The local government within whose jurisdiction the proposed project is located will be c::onsidered the 
responsible agency. When the District prepares an Em for its permit, the District will circ:u1ate both 
the Notice of Preparation and draft Em to the appropriate local government. The District provides 
the local government, as responsible agency, the opportunity to review and comment on the EIR. 
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10.4 AssessiDg ToDcs/ Acutely HazardouS Materials 

Whenever a proposed project will likely entail the use of chemical compounds that: have been 
identified in District Rule 1401; have been placed on the ARB air taxies list pursuant to AB l807 or 
EPA's Naticmal Emissions Standards for Hazardous Air Pollutants (NESHAPs) (Table 10-2) aDd air 
toxic air oontamjnants of concern for acute exposure (Table 10-5); or will entail a facility using an 
acutely hazardous ma.teri.al (Table 10-4), the project proponent should anticipate that some level of risk 
assMSmW wiD be required. lD addition, if a facility is using awte1y hazardous materials near an 
earthquake zone or sensitive receptor, a risk assessment should also be performed.. The quantities 
involved for some projed's, and the actual release, may result· in insignjficaDt levels of risk. :m suc:b 
c::aSes, a very simple "worst case- screeniDg asSe5S""eut may make that case clear and allow permittiDg 
to move ahead. In others, the situation may be uncertain or poteutially result in unac::c:eptable risks. At 
that point, a refined risk assessment may be required. Additional information is available on how to 
prepare a risk assessment by referring to the SCAQMD documeut, "htx:eIJures for Prepming Risk 
Assessments to Comply with the Air Taxies Rules of the SCA.QMD," at the Public: Information Center. 

As required in the EIR, assessiDg taxies and acutely hazardous materials can be romplex and time 
ronsuming. It is important at the start to distinguish between those cases where some lesser level of 
analysis may be sufficient aDd where nothing less than the most thorough· assessment will serve the 
public: interest. Even with limited information, a sc::reening procedure may defiDe a "worst-case" 
estimate of risk. Simple screening procedures may also give the basis for a more detailed assessment. 
CoDtact the District local govemmem:s/CEQA U1'Iit if the P1mmer is UDSUI'e about the level of analysis 
necessary. 

A useful first step in the screening procedure is to fiDd out whether or not a risk assessment for the 
facility has been required and performed under AB 2588. A facility will only have aD AB 2588 
assessment if it is an meting facility. Such an assessment will have brought together most though not 
necessarily all of the information required for analysis. Information in all cases will include an estimate 
of the qnantities of materials that might be released based on: (1) data from emissions testing, (2) a 
mass balance c:alc:ulation, or (3) emission factors for types of processes. 

When the Dist:rict's screening procedure as detailed in the District's procedures for preparing risk 
assessments is used, some simplified assumptions are made: flat terrain in an urban area, uniform 
emissions throughout the operation schedule, a source close to the property line. If the project is at 
substantial ~ from these ronditions, the simple sc::reening procedure may not be accurate. 
Exposures to an urban population in a residential area are assumed to extend over the standard 
reference lifetime of 70 years. E.xposures in rommercial or industrial areas, presumably··limited. to 
working hours, can be ac:ijusted downward. -." 

The District's air tones compliance guide,listed in the references at the end of this c::hapter. will help an 
appliamt or amsultant work through the required screening procedure, leading to an estimated 
maximum canCer risk for each c:arc:inogeuic: air contaminant. Although the District does not c:u.rrently 
regulate non-c::arcinogens, the risks associated with exposure to these air tox:ic:s may be assessed 
following the guidelines established by the California Air Pollution Control Offic:ers Association 
(CAPCOA) for use in prepariDg risk assessments for the AS 2S88 program. 

In those c:ases where substantial poteDtial risk may be involved, or where the simpler sc::reeuiDg 
approach leads to a determination of significance, a more extensive refiDed risk assessment will be 
necessary. At that point, more detailed mformation will be required, suc:h as: 

Stack Height 
Stade Diameter 
Exhaust Gas Exit Velocity 
Exhaust Gas Exit Temperature 
Exhaust Gas Volume 
Dimensions of Building Structures Near the Source 
Dimensions of Area Sourc:es 
Land Use and Geograpbic:al Features Surrounding the Facility 
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It can be particularly important to have information available on land uses in the surrounding area, and 
information such as: population distribution in general and population distribution by, time of day; 
loc:ations of potentially sensitive receptors; location and availability of emergency services and their 
relative sophistication; and similar data. . 

EIRs for land uses that have the potential to emit taxies must address and identify potential risks 
associated with siting, including identifying risks to surrounding land uses. The potential for risk and 
impact on future land uses as well as impact on projects already in place should be c:onsidered. The 
Em should assist local government in making the land use decision that specific:ally will: 

(1) Identify the risk to the popnlation from the facility 

(2) Evaluate future land use implications 

(3) Incorporate mitigation measures when appropriate 

Sometimes facilities that emit taxies can apply mitigation measures such as: adjusting the location of 
equipment emitting taxies so that it is not upwind of sensitive receptors, and designating surrounding 
properties for industrial uses. ' 

The CEQA air toxic analysis is not a substitute for complying with Dist:rid: toxic regulations. The 
project will. still need to undergo an in-depth risk assessment prior to issuance of a District permit., 
.Appendix 10 summarizes the procedures to be followed in complying with Rule 1401 and is a useful 
guide for preparation of a toxic emission analysis for the Em. 

10.5 SitiDg of Sensitive Receptors 

The local government will need to analyze the land use implications when siting a toxic source within 
its jurisdiction, particularly when seDSitive receptors wiD be involved (refer to ,Chapter 5 for discussion 
on sensitive receptors). Such an analysis is not a substitute for the subsequent District permitting 
ac::tion over the source of the toxic emissions which requires a health risk assessment to be performed 
pursuant to Rule 1401. Local government analysis of the land use implications should only be based on 
an acc:urate health risk assessment, and the District staff is available to review s~c:h assessments. 

Screening prOcedures identified in' Chapter 5 will determine if further toxic emissions analysis is 
necessary when siting a sensitive receptor in proximity to a project that releases air toxies. If the initial 
screening indicates that the toxic emissions could exceed significance thresholds, the planners should 
require a thorough ~ as part of the CEQA documentation. 

Specifically, plmm.ers can require that a public health risk assessment be performed and reviewed by 
the District. This type of assessment would involve summing risks from facilities within a quarter mile 
radius to the proposed sensitive receptor. Local governments then need to determine if the risk is 
acceptable in their community. The District uses the following standards for protecting existing 
receptors from new sources of toxic: emissions: exceedance of the maximum individual cancer risk of 1 
in 1 million, or 10 in 1 million if the project has best available controlteclmology for toxies (T-BACf). 

The health risk assessment for sensitive receptors should be performed using the same methodologies 
and inputs as those performed for a direct source of toxic emissions on the AB 1807 and NESHAPs 
lists. Each facilliy that does not have a Rule 1401 permit should be included in the analysis to the 
extent feasible. The toxic emissions should be quantified for each source using the Distric::t's 
procedures for Rule 1401 and an individual cancer risk identified for the sensitive receptor in Chapter 
5. Risk assessments that have been previously performed pursuant to AB 2S88 and Rule 1401 can be 
used in lieu of a new assessment. The analysis should include AB 2588 data, District Rule 1401 data, 
AB 1807, EPA NESHAPs toxic: compounds and toxic air c:ontaminants of c:c:mcem for acute exposure. 
The project proponent should analyze publicly available information on health risks posed by nearby 
somces of toxic emissions. The District serves as a clearinghouse for publicly available information on 
toxic emissions and a.ssoc::iated public health risks. This information is compiled from doc::um.entation 
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required of toxic: emitters by Rule 1401 and the AB 2588 Air Toxies Hot Spot Program. The applicant 
should also make a reasonable attempt to obtain toxic information from any sourc:e:s that could. 
potentially affect the project site which is not covered by Rule 1401 and AB 2588. Purswmt to CEQA 
Guidelines Section 15151, if the wormation is not available, the sufficiency of the air toxic:s analysis 
should be reviewed in light of what is reasonably feasible. 

The ElR, at a minimum, should: 

o Identify all potential land uses emitting toxies within a quarter mile surrounding the proposed 
project 

o List types of pollutants most commonly associated with these uses 

o Check the AB 2S88 database and identify any risk leveh that have been reported 

o Perform a health risk assessment for those ponutants listed on the AB 1807 and EPA 
NESHAPs lists (Table 10-2), toxic:: air contaminants of c::onc::em for acute exposure (Table 10-
5). and data from Dist:rict Rule 1401 and the AB 2588 progfam 

10.6 Air Quality MooeJiDg Tools 

Table 10-3 lists the air dispersion models recommended by the District for use in performing risk 
. assessments. This list is consistent with the CAPCOA-rec:ommended models. The most recent version 

of these models should be used. The CAPCOA Air Tax:ics Hot Spot Program Risk Assessment 
Guidelines should be consulted prior to performing any dispersion modeling. 

~ for Preparing Risk Assessments to Comply with Air Taxies Rules of the South Cot.m Air 
Quality MflnIlgement District. Available frQm the District's Public:: Information Center. 

Air Toxia "Hot Spots" Infomuztion rmd Assessment Act of 1987. California Health and Safety Code 
Section 44300 et seq. 

Air Toxia "Hot Spots" PlOgUDH Risk Assessment GuideIine.s. California Air ponution Control Officers 
Association (CAPCOA); updated yearly. Available from CAPCOA for fee, (916) 676-4323. 

Air Toxia Assessment MI1nUIll. California Air Pollution Control Officers Association (CAPCOA); 
1987. 

Tadc Air ContmnUumts (Chapter 3.5). California Health and Safety Code Section 39650 et seq. 

Guideline on.Air ~ Models (Revised). U.s. Environmental Protection Agency; 1986. EPA-4S0/2-
78-027R. 

District ReguJtztion 14. Rules and Regulations. Available from the District's Public: IDformation Center. 

California Air Resourc:e:s Board prepares documents for each specific: AB 1807 toxic: air amtaminant 
which is identified. These documents are available from. ARB. Contact the ARB's Public: IDformation 
Office at (916) 322-2990. 

User guides for each particular air dispersion model are available and should be used with. the 
appropriate model. These manuals are available from u.s. EPA. 
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Figure 10-1. Yolk Air Quality h~ysis flow Chart 
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• Carcinogenic compounds 

• Compounds of concern for mllHr.mcer heahh 
effects from chronic exposure 

• Compounds of concern for 00Ife exposure 
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Table 10-1. Toxies Analysis Overview 

• Compounds of concern for acute 
exposure from accidental release 
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lilt 11-2. ilie Ai CoII_cmls ldeatified Uader AI 1801 ad Federal NESHAPs 

Mmnnaduring of brakes, acoustic ceiling flies, gaskets, brake shoe rebu~der.s 
andncyders 

Constituent of gasoline; used in organk d1emiml manufaduring, pharmaceuticals, 
hOOFoc~g . 

l,3-Bumdiene 

Cadmium 

Incomplete combustion of petroleum_ed fuels, petroleum refining, certain 
fumigant Foduction and ~diene copolymer production 

Secondary smelters; cement mcmufocturing ~lmfs; cadmium electroplating 
fadIffies; od or coal burning; sewage sludge incinerators . 

Use of pesticides;.produdion of fluorocarbon, chlorinated paraffin wax, and 
corbon tetrachloride . 

Chlorinated Dioxins Mcmuflldure of memimls such as pesticides and wood preservlJlives; 
and Dibenmfumns manuflldure of PCBs, solid waste incinerators . 

Chloroform 

Chrome plming, combustion of oil, coal, munkipal wasle and sewage sludge, 
used in Produdion of chromium daemimls and paints 

Ethylene Dibromide Pesticide and solvent use; chemical feed stode for dye; manufaduring of 
pharmaceuticals 

IMmrnxnn of vinyl chloride, solvents, paints, vamish, and finish removers; 
and . 

(Continued 011 next page) 

~. ~----------------------------------------------------~ 

10-9 

AR0072900 



'WIle 10-2. Toxic Ai Clllfllilmds ldeoned Ullder AI 1801 ad Federal NESHAPs (continued) 

Manufacture of reins, rubber and paper prodUds, dyes, plastics and cosmetics; 
chemical sterikmt, leather tanner, plating, preservative, embalming fluid and 
fumigant, fuel combustion 

Inorganic Arsenic Pesticide use; herbicide use arsenic mining; cement, glm, and chemiml 
manufacturing; agricultural burning; waste indnemtion; secondary lead smelting 

Methylene "IINU""I Food processin.g; manufacturing of paint removers, aerosols, degreosers, 
poIyure1bmte foam, electroniG, memm, and phanooceutimls 

Trkhloroethylene PoIvvinvIchbide procIudion; adhesive, painting, and coming operation; refrigerant 
and hecit mba. opemtions; solvent applications; land POlWs; ground aeration; 
air strippers 

Production of polyvinylchloride for plastic prOOUds, fabrication foa1mes; landmls; 
POlWs 

Dry demting; degreasing, pam, colJfings, adhesives, aerosols and chemical 
prOdudion; priming opemtions . 
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tale 10-3. District-Rem_aded ModeJs for Risk Assessments 
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Acetone cyanohydrin 
Acrolein 
AaylonHrife 
Aaylyl chloride 
Allyl alcohol 
Allylamine 
Ammonia (anhydrous) 
Ammonia (aqueous solution, 
COOc.~O%) 

Aniline 
Antimony penfafluoride 
Arsenous trichloride 
Arsine 
Bwul chloride 
Renalllmine, 3-(1rifluoromethyi).. 
8enmlrichloride 
Benzyl chloride 
Benzyl tyDnide 
Benzyl trichloride 
Boron trifluoride 
Boronlrifluoride mmpound 

with methyl ether (1 :1) 
Bromine 
urbon llSUlfide 
Chlorine 
Chlorine dioxide 
Chloroetimnol 
Chloroform 
ChIoromethyi ether 
ChIoromethyi methyl ether 
(rolonaldehyde 
Cmtomddehyde (E).. 
Cyanogen chloride 
Cydohexylumine 
Diborane 

Trans-l,4-dichlorobutene 
Dichloroethyl ether 
Dimethyldichlorosilone 
Dimethylhydnmne 
Dimethyl phosphorochloridothioate 
Epichlorohydrin 
Ethylenediamine 
Ethy/eneimine 
Ethylene oxide 
fluorine 
Formaldehyde 
Formaldehyde cyanohydrin 
Fumn 
Hydrazine . 
Hydrochloric acid (solulion, 
mnc.~O") 

Hydrocyanic acid 
Hydrogen chloride (anhydrous) 
Hydrogen fluoride 
Hydrogen peroxide (cone. ~2%) 
Hydrogen selenide 
Hydrogen sulfide 
Iron, pentacarbonyl
lsobuIyronitrde 
Isopropyl dlloroformate 
Ladonitrile 
Methaaylonitrile 
Methyl bromide 
Methylene chloride 
Methylene chloroformafe 
Methyl hydrazine 
Methyl islxyanate 
Methyl meralptan 
Methyl thiocyanate 
Methybrichlor0Sl1ane 
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Hickel carbonyl 
trl1ric acid 
Hitric oxide 
trdrobenzene 
Parathion 
Peracetic acid 
Perchloromethylmercaptan 
Phenol (liquid) 
phosgene 
Phosphine 
Phosphorous oxychloride 
Phosphorous trichloride 
Pipdme 
Propionitrile 
Propyl chloroformate 
Propyleneimine 
Propylene oxide 
Pyridine, 2-methyl-5-Yinyl
Sulfur dioxide 
Sulfuric acid 
Sulfur tetrafluoride 
Sulfur trioxide 
Tetramefhyllead 
Tetramromethane 
Thiophenel 
Tlfanium tetrachloride 
Toluene 2,4-dilSOlYanate 
Toluene 2,6-dilSOcyanate 
Toluene diisocyanate (unspecified 

isomer) 
Trichloroethylsilllne 
Trimethyltblorosilllne 
rmyl acetate monomer 
Vinyl chloride 
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Table 10-5. Talk Air Coat_ants of COlleen lor Ame Exposure 

Ammonia 
Acrolein 
Arsine 
Benzyl Chloride 
Carbon Tetrachloride 
Chlorine 
Copper and Compounds 
1,4-Dioxane 
Ethylene Glycol Methyl Ether 
Ethylene Glycol Ethyl Ether 
Ethylene Glycol Monoethyl 
Ether Acetate 

Ethylene G~col Monobutyl Ether 
Formaldehyde 
Hydrochloric Acid 
Hydrogen Cyanide 
Hydrogen Fluoride 
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Hydrogen SuKide 
Lead 
Maleic Anhydride 
Inorganic Mercury 
Methyl Chloroform 
Methylene Chloride 
Nickel Compounds 
NHrogen Dioxide 
Ozone 
Perchloroethylene 

(Tetrachloroethylene)· 
Phosgene . 
Propylene Oxide 
Selenium 
·Sodium Hydroxide 
Suffates 
SuKur Dioxide 
Xylenes 
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MmGATIN(; THE IMPACT OF A PR(lJECT 

CHAPTER 11 

CEQA requires public: agencies to take responsibility for protec:tmg the environment. In regulatiDg 
public or private projec:ts, agencies are e:xpected to avoid or minimize enviroDmental damage. The 
purpose of an Em is to identify the significant effects of a project on the environment, identify 
alternatives to the project, and indicate the manner in which significant impacts can be mitigated or 
avoided (PRC Section 21002.1). CEQA further states thai: a public agency should not approve a 
project as proposed, if there are feasible alternatives or mitigation measures that would substantially 
lessen any significant effects on the environment (unless all feasible mitigation has been applied and 
overriding considerations are made pursuant to CEQA Guidelines" Section 1S093). 

If the impacts cannot be mitigated below ~ significance threshold, they must nevertheless be reduced. 
CEQA describes various types of mitigation as follows: 

(a) 

(b) 

(c) 

(d) 

(e) 

Avoiding the impact altogether by not ~ a certain action or part of an action " 

M'mimizing impacts by limiting the degree or magnitude of the action and its 
implementation 

Rectifying. the impact by repairing, rehabilitating. or restoring the impacted 
environment 

ReduciDg or eliminating the impact over time by preservation and maintenance 
operations dUring the life of the action . 

Compensating for the impact by replaciDg or providing substitute resources or 
environments 

Section 15041 (a) of the State CEQA Guidelines states that the lead agency has the authority to reqwre 
clwages in any or all ac::tiWies involved in a project in order to lessen or avoid significant effects on the 
environment~ With regard to any asped:s of a project over which the Distri~ acts as a responsible 
agency, the District has the authority to also require that changes be ma~ to those asped:s of the 
project over wbich the responsible agency has authority. The District as a commenting agency bas a 
duty to recommend mitigation to lessen air quality impacts as the local agency responsible for air 
quality. 

Mobile source emissions in the SCAB and ClCm.St:n.1dion-related PMIO emissions in the CooclteDa 
Valley are of partic:ular c:oncem to the District. In addition to CEQArequirements, mitigation of 
impacts are necessary to achieve the federal and state ambient air quality standards. S~cally. all 
future sources of emissions, including those associated with land development, must be mitigated to the 
greatest extent possible to expeditiously achieve ambient air quality standards. 

11.1 Overview of Mitigation Measures 

This chapter contains a menu of mitigation measures that project proponents and loc:al gc:wemments 
can use to select those measures that are feasible to mitigate the project's impact. AccordiDg to CEOA 
Guidelines Section 15364, feasible means capable of being acoomplished in a successful manner w.ithin 
a reasonable period of time, taking into ac:count economic:, en:vironmental. legal, social, and 
teclmological factors. Lead agencies are respons''hle for c:letermining the· feasibility of mitigation 
measures. In instances where a projed: has a significant impact, CEQA requires that feasible 
mitigation measures be applied to the project in order to reduce cumulative impacts and to reduce 
individually significant impacts (Section 9.5, Chapter 9). The District considers a project to be 
mitigated to a level of msignificaJlce if its· impact is mitigated below the thresholds in Chapter 6. Refer 
to Chapter 6 to determine when an impact issignific:ant. 
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A project which incorporates all feasible mitigation measures and! or CEQA optloos for mitigation 
(refer to CEQA Guidelines Section 15370 (a)(e» is considered to have subs~ mitigated air 
quality impacts pursuant to CEQA Guidelines Section 15093 (b). However. if the prOJect's emissions 
are still over the significance level and the agency decides to approve the projec:t, the lead agency must 
prepare a Statement of Overriding Considerations pursuant to CEQA 

The Handbook establishes mitigation. measures for reducing emissions associated with the c:onstrud:ion 
and operation of a project. These lists are nOl: exhaustive. Both lead agencies and project proponents 
are encouraged to identify and quantify additional mitigation measures appropriate to individual 
projects. 

11.l Criteria for MitiptiOil Measures 

The project's net emissions wiD determine the impact that the project will have after mitigatim:a 
measures are applied. Net project emissions are determined by subtracting the emission reductions 
due to mitigation measures from the total project emissions. The District recommends that only 
mitigation measures which meet the fonowing criteria (which are summarized in Table 11-1) can be . 
used in c:alc::u1aring a project's emission reductions to determine if the project could have a sigDific::ant 
air quality impact. 

1. The eBec:t of the mitigatioo measures should coincide with the muse of the impact. 

Mitigation measures should be linked to the phase of construction or operation that is generating the 
:impact to be mitigated. Project prOPOOeDts should implement the mitigation measure in concert with 
the activity that will generate the impact. For example, if the emissions caused by idling vehicles exiting 
a amgested parking 101: are mitigated by the institution of a staggered work schedule, that work 
schedule should commence when the project is initially occ::upied. In some c:ases, interim mitigation 
measures will need to be implemented until the final mitigation. is in place (ie .. transit line to be built 
at a later date, serving as mitigation). ~ 

Large projects that have several c:onstruc:tion and operational phases should be linked to the particular 
phase that c::reates the impac:t that the measures are mitigating. In addition, if the project is to be 
developed in phases and it is determined that mitjgatiQll measures need to become progressively more 
striDgent in order to reduce emissions, standards that act as triggers should be identified. For example, 
a predetermined number of trips generated by the project could serve. as a trigger for requiring the 
implementation of a shuttle service at a shoppiDg center. 

2. The agmc:y respouible for implementing the mitiptiOil measures should have the 1'eSOun:es to 
CII'IY out the mitigation.. 

When ensuring that the mitigation measures will be implemented, it is imperative that the financial 
resources be available to carry out the mitigation measures. It is particularly important to demonstrate 
the availability of funding where the mitigation involves capital expenditu:res. In most cases, the project 
proponent can demonstrate financial resources for capital improvements by, for example. posting a 
bond or entering into an eDforc:::eable development agreement with the local govemmenL 

3. To asuft implematation ad emorc:emeDt. the mitigation sliODld be em~ by a lepDy 
biDdiug c:ommitmeDt. 

Mitigation measures should meet the test of enforceability. Agencies can utilize mech;nrisms such as 
recording the conditions of approval [mcluding the mitigation. measures) on the property title, 
including conditions in developer agreemeDts, posting bonds, adopting a local ordinanc:::e, drawing up a 
legal agreement between the project proponem and the jurisdiction to implement the measures or by 
placing pbasing requirements on projects to assure a measure is in place before the DeXt stage of a 
project proceeds. It is the responsibility of the lead agency to determine the appropriate mechanism 
For public. projects, lead agencies should request a verification by the responsible public agency that 
the public improvement will be constructed in time to reduce the impact. . 
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4. The mitigation measures should define the basis for their mODitoriDg ad eDfon:emeat. 

Assumptions used to quantify the effectiveness of the mitigation measure should be used as the basis to 
determine implementation. For example, if a telecommunications program is used as a mitigation 
measure to reduce ROC emissions from work trips, the assumptions (e.g., that one· percent of the work 
force will work at home each day) used in qwmtifying its effec:tiveness should become the basis for 
determining whether or not a mitigation measure is being implemented. 

Owmtitative standards should be used whenever possible. If it is not possible to quantify the mitigation 
measure, qualitative. standards are appropriate. Only when an quantitative mitigation measures 
reasonably av.ailable to the project have been applied. should qualitative measures be used. More 
details on use of qualitative ~ are provided in Sec:tion 11.9. 

5. 1'he mitigation measure am be reasOlulbly accomplished within a reasonab'e time frame by the . 
project proponent. 

The . lead agenCy should determine that the mitigation measures selec:ted are reasonable, that targets 
can be met within the stated time frame, and that the measures to be taken are within the project 
proponent's legal authority. Interim targets should be established for mitigation measures that·haw a 
long lead time (more than five years). 

'" Public agencies should verify the dl'edivenes5 assumed for. any public improvements or 
permitting requirements that are used as mitigation measures.. 

If mitigation measures are to be implemented by an agency other than the lead agency or the project 
proponent, the responsible agency should verify the ability of the measure to redw::e the project 
emissions. The following questions should be aslc:ed to ascertain the validity and effec::tiveness of the 
measure: 

(l) What is the effec:tiveness of the improvement or permitting requirement in reducing the 
impact? 

(2) During what time frame will the measure be implemented? 

(3) Is constrained funding available for public improwments (i.e., federal, state, or local 
commitment to provide the funds)? 

(4) Is the proj~ proponent seeking a permit subject to the permitting requirements? 

For example, if a project will generate fewer vehicle trips and therefore less emissions after the 
development of a rail transit line, then before the reduCtions can be credited, the coUDty transportation 
commission should be consulted through the CEQA review process. The effectiveness of the rail line 
for reducing trips should also be ascerta.ined: Are trips being reduced within the same time frame 
assumed for the project? Ha~ federal, state, or local funds been set aside for the improwment? 

For most transportation improvements, planners can eonsult with the coUDty transPortation 
commission. If a transportation improvement is not in the biennial element of the Regic:mal 
Transportation Improvement Program (RTIP) or identified in the Regional Mobility Plan as having 
funding, it should not be used as a quantifiable mitigation measure, unless the transportation 
improvement will be privately funded through a dewlopment agreement enforceable against the 
project proponent. 

11.3 Mitigation Measures Related to ConstrudiOD 

In many cases, the largest impact on air quality by land use projects is from emissions produced by 
c::c:mstrudion. ConstructiOn emissions are often dismissed as short term impacts and not examined as 
thoroughly as are emissions associated with the long term operation of the project. Emissions from 
a:mstrudion, however, can be significant. Beause widespread growth is anticipated in the SCAB aloDg 
with corresponding increases in CODSttuctiOD activity, mitigatiDg the impact of CODSt"n1C::ticm on air 
quality should be empbasized For example,· grading ODe acre of land without implementation of 
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mitigation measures can contribute 55· pounds of PM10 a day. The PMI0 problem in the Coachella 
Valley is largely caused by wind-blown dust in the desert areas. However, the second largest source of 
PMI0 is from c:onstructi.on activities. 

The District's Rule 403 goverils construction projects and other fugitive dust-generatmg attMties. Rule 
403 is primarily based on emission standards and does not contain project-specific mitigation measures. 
As such, Rule 403 should be considered as a performance standard to any specific mitigation measures 
required for any proposed projea. Copies of Rule 403 and its Implementation Handbook can be 
obtained from the Distric:t's Public Information Center at (909) 3%-3600. 

The mitigation measures to reduce air quality impacts of construction, demolition, or renovation 
ad:ivities are identified in Tables 11-2, 11-3, and 11-4. Mitigatiou measures are categorized by the 
source of emissions to be reduced. The percentage of emission reductions that can be expected from 
implementation of mitigation measures is identified as that measure's control efficiency. The estimated 
efficiencies represent the percent redudion in emissions anticipated from mi.e of three source 
categories from a project's construction ac::tivities (on-road mobile sources, off-road mobile sources., 
and PMlO emissions). Efficiencies may differ for each pollutant depending on the mitigation measure, 
emission source, and speci.fic. process affected. Wherever possible, a range of likely efficiencies are 
provided. . Using any efficiencies within this r.mge should be supported by reviewing: a) the favorable 
factors listed for each mitigation measure in Appendix 11, and b) the packaging guidance in Section 
11.10. Additional justification can also be presented by the air quality analysis. The assumptions that 
were used to determine these efficiencies are in Appendix 11. The assumptions (ie., actions and/or 
setting) used in determining the control efficiency of the mitigation measure should become the basis 
for determiDing whether or not a mitigation measure is implemented. Where there are no control 
efficiencies identified, a qwilitative evaluation is appropriate. . See Section 11.9 for more details on 
performiDg aquaJitative ~ 

The efficiencies listed in Tables 11-2, 11-3, and 114 along with the assumptions in Appendix 11, 
represent data from case studies and reports, sources of which are referenced at the end of this 
Chapter. In some cases, data for particular mitigation measures was unavailable. As such, these 
measures may be quantified in the future as more programs are -implemented and monitored for 
results. Other quantified data are subject to change as new information becomes available. In 
addition, these anticipated reductions are representative of conditions in the South Coast Air Basin and . 
portions of SEnAE under the jurisdiction of the District and as such may not be applicable to other air 
basins. 

Planners may use one of two methods to quantify construdion mitigation measures: (1) the control 
efficiencies provided in screening Tables 11-2, 11-3, and 11-4; or (2) quantification calculation 
procedures described in Appendix 11. The control efficiencies in the saeening tables are based on 
region-wide data and assumptions, and should be applied to the appropriate sonrce category of 
unmitigated emissions (refer to Chapter 9) to determine net emissions. Other sources of emissions 
should be identified as appropriate for the project using the iDformation in Appendix 11 and added to 
the final total of unmitigated project emiSsions. An example of how to acc:ount for emissions by 
ponutant and source category is provided in Table 11-9. 

F'JgDre 11-1 provides a graphic illustration of the process used to identify a project's unmitigated 
emissions using the screening tables. As is shown in the shaded portion of the figure, once a project's 
unmitigated emissions have been c::aJcn1ated, qmmtified mmgation measures can be applied to reduce 
the potential air quality impact. Step-by-step insttw::tions for using the saeening tables to determine 
unmitigated emissions are described in Table 11-1. These instructions correspond with the unshaded 
portion of YJgm'e 11-1. Appendix: 11 identifies c::alc::ulation procedures, emission· factors, and 
assumptions necessary to determine the effectiveness of various mitigation measures and thus to 
determine project specific reductions in emissions. . 

An example of a summary table that can be used to determine net project emissions is provided in 
Table 11-S. Information provided in a similar format should be included in the EIR. 
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11.4 Mitigation Measures Related to Operation 

Emissions resulting from operation of a project are c:ritical because these impacts continue throughout 
the life of the project. It is important to remember that even in those cases where the emissions 
related to operation are less than construction-related impacts, the operational eIDissions create long
term impacts on air quality. 

District-recommended mjtigation measures to reduce air quality impacts of operational ac:tMties are 
identified in Tables 11-6 and 11-7. in addition to the design-related mitigation measures which were 
identified in Table 5-5. The mitigation measures are c:al:egorized by land use and by the emission 
sources within each land use c:al:egory. The percentage of emission reductions that can be expected 
from implementation of mitigation measures is identified as that measure's control effic::iency. The 
estimated efficiencies represent the percent of reduction in emissions anticipated from one of two 
source categories associated with the project's operations activities (on-road mobile sources or 
stationary sources). Efficiencies may differ for each pollutant depending on the mitigation measure, 
emission source, and specific process affected. Wherever possI.'ble, a range of likely results is prc:Mded. 
Using any efficiencies within this range should be supported by reviewing: a) the favorable factors 
listed for eac::h mitigation measure in Appendix 11. and b) the packaging guidance in Section 11.10. 
Additional justification can also be presented by the air quality analysis. The assumptions used in 
determining these efficiencies are in Appendix 11. The assumptions (ie .. actions and/or setting) used 
in determining the control efficiency of the mitigation measure should become the basis for 
determin.iDg if a mitigation measure is implemented. Where there are no control efficiencies 
identified, a qualitative evaluation is appropriate. See Section lL9 for more details on performing a 
qualitative analysis. 

The efficiencies listed in Table 11-6 and 11-7, along with the assumptions in Appendix 11. represent 
data from case studies and reports, sources of which are referenced at the end of this Chapter. In 
some cases, data for partic:u1ar mitigation measures was unavailable. As such, these measures may be 
quantified in the future as more programs are implemented and monitored for results. Other 
quantified data are subject to change as. new information becomes available. In additi.on, these 
anticipated reductions are representative of conditions in the South Coast Air Basin and portions of the 
SEDAB under the District's jurisdiction and as such may not be applicable to other air basins. 

Furthermore, any site plan design and building design mitigation measures identified in Section 5.5 that 
are already incorporated into the project should be quantified if posst'b1e 01'° should·be qualitatively 
discussed See Section 5.5 for further diScussion of design-related mitigation measures and Section 
11.8 for caveats in using such measures as qnantifiable mitigations. 

There are three methods planners can employ to quantify operation mitigation measures: (1) the 
control efficiencies provided in screening Tables 11-5 and 11-6; (2) the quantific:al:ion calculation 
procedures described in Appendix 11; or (3) the MAAQI model. The control efficiencies in the 
saee:ning tables are based on region-wide data and assumptions and should be applied to the 
appropriate source category of unmitigated emissions (refer to Chapter 9) to determine net emissions. 
Examples of how to use the screening tables are discussed in Section 11.3. Appendix 11 identifies 
calculation procedures, emission factors, and assumptions ~sary to determine the effectiveness of 
various mitigation measures to determine project specific reductions in emissions. The MAAQI model 
. can also be used to quantify mitigation measures. This model can determine net emissions either 
basCd on pre-set mitigation measures that rely on county averages, or planners can input project 
specific data to determine efficiency. Chapter 9 provides additional discussion on the MAAQI model 
In additicm,the District's MAAQI model manual may be consulted. 

In addition, many models and studies have identified procedures for analyzing transportation control 
measures, and estimating travel and emission effects of implemeDring transportation control measures. 
These resources provide more complex methodologies for determining a mitigation measure's 
effediveness and can be used in lieu of the simplified. approaches in this Handbook. 

A summary table that can be used to determine net project emissions is provided in Table 11-8. 
Information prcmded in a similar format should be included in the BIR. . 
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11.5 Other Mitigation Measures. 

Project proponCDts and local planners are also enc::ouraged to identify other types of mitigation not 
suggested in this Handbook or in the 1991 AOMP. Loc::al governments and project proponents are 
often in the best position to identify Unique mitigation measures. For example, in an urban area, a 
commmaity may have designated an exteDSive network of bicycling paths. This community could 
require aa:ess, dedications for future bicycle pathways and support facilities (e.g., showers, lockers, and 
storage . areas) to encourage travel by bicycles rather than by automobile. Such specific mitigation for 
the commUnity is best developed at the loca1level. 

As with the other mitigation measures, the EIR should quantify the effed:iveness of unique mitigation 
measures whenever possible. In those instances where quantification is not possible, a qualitative 
analysis should be provided. Lastly, the assumptions used to determine the effectiveness and the 
source from which estimates were obtained should be identified. and the guidelines for preparing such 
an analysis in Section 11.9 consulted. 

lUi Mitigation for Cumulative Impacts 

. The District recommends that all c:um.u1atively significant projects apply feasible mitigation measures 
to a projed:'s contribution to reduce region-wide cumulative impacts. Refer to Chapter 11 for an 
identification of mitigation measures and the potential for emissions reductions. 

11.7 OO'-8ite Mitigation 

A project with a significant air quality impact· may be able to mitigate the impact below the threshold of 
signiueanc:e by redUcing emissions off-site through off-site improvemem.s. Off-site emission redudions 
can come· either from stationary or mobile sources. For :fIe, NOx emissions from vehic:le trips 
could be reduced by mstaJling solar water beaters in a resid • development. The off-site mitigation 
measures should meet the same standards as on-site mitigation, and be enforceable and quantifiable. 
The emission reductions resulting from off-site mitigation can oaly be c::redi.ted witiilii the same 
pollutant. Reducing emissions for one ponutant and crediting it to another is not permissible. 

Off-site improvements caD. include the fonowing: 

Park-md-ride lots 
HOV bypass lane 
Class 1 bike path 
Transit shekers. and benches 
Contributions to transit 
HOV capital improvements 
Clean fuel dispensing station 
Contributions to a local shuttle service 
Purchase of dean fuel vehicle for another facility 
Purchase of dean fuel transit buses 
Purchase of CNG school buses 

11.8 QuantificatiOD'lmIes 

There are foW' key issues relatiDg to quantifying emission redudions that plaImer5 need to OOI'tprier. 
These involve adding the emission reductions for different mitigation measures to determiDe net 
emissions associated with the project; selediDg efficiencies for mitigation measures; deter:m:iDiDg 
whether the assumptions used to determine the effec:tiveness of the mitigation measures are 
reasonable; and deter:m:iDiDg emission reduction credits for site plan and building design mitigation 
measures. 
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Addiag Emission Rednc:tions. In order to determine net emissions for a project, the emission 
reductions attributed to each mitigation measure applied to the project need to be subtracted from the 
project's unmitigated emissions. The screening tables in <;::hapters 9 and 11" have been developed in 
such a way that planners can apply the efficiencies from mffigation measures identified in the tables in 
Chapter 11 to the projec:rs emissions that are derived 'by using the tables in Qapter 9. Mitigation 
measures have been divided iDto five source categories to COITeSpOM with the five S01.ll'Ce categories 
listed in the Chapter 9 screemng tables. These include tbree source categories for coasttw::ticm 
mitigation: 

o On-road mobile emissions associated with construction work trips (Table 11-2) 

o Off-road mobile emissions associated with constrw::tion equipment (Table 11-3), and 

o PM10 emissions from grading, etc. (Table 11-4); 

and two source categories for operation mitigation: 

o On-road mobile emissions associated with vehicle trips (Table 11-6) 

o Area: source emissions associated with energy coDSUmption (Table 11-7). 

The percentage effi.c::ienc::y for any mitigation measure in Tables 11-2 through 11-7 should be applied to 
the COlTesponcliDg source category table in Chapter 9 (Tables 9-1 through 9-4 and 9-7, 9.8). The 
resulting emission reductions should be subtracted from the unmitigated emissions derived. in Chapter 
~ . 

The efficiencies in each of the five tables are generally additive, with the following exceptions: 

1) 

2) 

Table 11-3 (Mitigation for ~-Road Mobile Source - Construction) ~es that only 
one of the four mitigation measures can be applied to any construction site; 

Table 114 (Mitigation for PM10 Emissions - Con.struction) efficiencies apply when 
m:dy one measure within a source category (e.g., grading. paved roads, or unpaved 
roads) is applied. If more than one mitigation measure within a S01.ll'Ce categoIy is 
applied, the efficiency of the second measure must be adjusted to aa:oum for the 
reduction in unmitigated PM10 emissions from the first measure. To quantify this 
impact, see Table A11-9 of the Appendix to Chapter 11 for specific: direction. 

The same procedures can be used when qwm.tify.ing unmitigated emissions using the methodologies in 
the Appendix to Chapter 9 and in quantifying emission reductions using the methodologies in the ' 
Appendix to Chapter 11. ' 

Select'ng Emdmdes The screening tables that identify efficiencies for mitigation measures often 
provide a range of efficiencies. Planners should select efficiencies that best coincide with the cm-site 
characteristics for the project as weD as the community the project is located in. The low and high 
numbers represent the range of efficiencies planners can select from. UDless justified, the low end of 
the range should be used. Planners can use the favorable factors identified in Appendix 11 to justify a 
higher rate of efficiency. In addition, planners can use the guidance in Section 11.10 to select the 
higher end of the range when there may be synergistic effects between packages of mitigation measures 
and the lOw end when there may be neutral or conflicting etIects. Fmally, a tbiTd c:riterion should be 
comidered when applying mobile source mitigation measures in Table 11-6, where the ranges of 
effec::tiveness also reflect how much of a project's daily trip generation is due to the type of trip being 
mitigated. For example, a restaurant generates II sigDific:ant number of daily vehicle trips, most of 
which are DOD-work (e.g., c:ustomer) trips. Consequently, a mitigation measure that reduces employee 

,~ work trips is likely to reduce few trips relative to, the facility's total daily trips. In such a c:ase, the low 
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end of the efficiency range is appropriate. On the other hand, a commercial office project's daily trips 
are largely work-related. 

The two previous criteria noted above should be used to select a value within the efficiency range for 
all mitigation measures. For mitigation measures in Table 11-6, the trip generation criteria should also 
be considered as the primary criterion for se1ed:ing a value. 

Assumptions. Another of the key quantification issues that planners face is determining whether or 
not the reduction in emissions assumed through the implementation of mitigation measures is 
"reasonable: The test of reasonableness depends on two primary factors: (1) the assumptions used in 
determining the reduction, and (2) the emission factors used to c::alculate the emissions. For mitigation 
measures identified in this Handbook, planners can refer to the mitigation measure effectiveness 
numbers in Tables 11-2, 11-3. 11-4, 11-6, and 11-7 to assess whether or not the percentage of reduc::tion 
is reasonable. 

In situations where planners are 1.UlSU1'e of the reasonableness of assumptioD.s, planners can confer with 
the District and/or make the assumptions enforceable. This can be acromplished by requiring that the 
assumptions used in determining the effec:ti.venes.s, and thus the net impact of the project on air quality, 
are also used as the measurement of whether or not a mitigation measure has been implemented. For 
example, if it is assumed that five percent of the work trips to the site will be reduced through 
telecommuting, then the mitigation monitoring program. should use the five percent participation rate 
as the indicator of whether a measure has been implemented pursuant to AB 3180. 

Vehicle trips are generally the greatest source of emissions from the operation of a project. As such, 
the assumptions about trip reduction are c:ritic::al to assessing the overall impact of a project on air 
quality. In particular. the use of transit: as mitigation and assignment: of future trips to transit and other 
modes of travel should be reviewed. It is important that projects depending on transit or other modes 
of travel to reduce vehicle trips use appropriate trip assignment percentages. A trip assignment 
percentage refers to that perc:entage of future trips projected to be made by a single occupant vehicle, 
carpool/vanpool, transit, waDcin& bicycling. etc. Transit agencies should verify that service is available 
and passenger capacity exists to support the assumptions. In addition, the number of trips to be 
mitigated through measures such as carpooling programs needs to be "reasonable: 

Emission reductions for site plan and building design mitigation measmes.. While mitigation 
measures can be added to a proposed project, some mitigation may have already been incorporated 
into the site plan and/or building design (Section 5.5), aDd have become a part of the project's 
description. . 

These design measures can be credited for quantified emission reductions only if energy or mobile 
sourc:e credits were DOt already included in the project's non-mitigated analysis of impacts. For 
example, a development that will include bicycle shower and loc:ker facilities may take credit for 
reducing vehicle trips in the traffic study of the environmental analysis. In tum, the c::alculation of the 
project's non-mitigated emissions may reflect such a design measure. However, additional credit may 
Bot be taken in the project's mitigation measure analysis, as the vehic::le trip and emissions redUc::tiODS 
would be double-cou:nted. 

11.9 QuaWative ADal)'sis 

. In mitigating the air quality impacts of a development proposal, quantitative mitigation measures 
should be' used to the extent possible to demonstrate reduction of emissions below thresholds of 
signific::ance. However,:not an effective mitigation measures can reasonably be quantified. Once an 
reasonably available mitigation measures have been applied to a project, it is appropriate to apply 
qualitative measures whose specific emisaon redu.c::tions are not mown. Such a qualitative .analysis can 
be used to further reduce air quality impacts of a project. . . 

Qualitative mitigation measures can also be used to mitigate significant impacts to below the thresholds 
of signffic::anc:e identified in Chapter 6. In making such a findiDg, the air quality analysis should identify . 
the rationale used to arrive at such a determination. Use of non-quantified mitigation measures to 
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reduce significant amoUDts of emissions should be used with disaetion, however. as many non
quantified measures are unlikely to produce substantial reductions. 

An air quality analysis that describes the effeCrlveness of implementing non-quantified mitigation 
m~ should address, but not be limited to. the fonowmg issues: 

1. What is the source category (e.g.. Work Trips, Energy Use, Congestion Relief) beiDg affected 
and how significant are emissions from that category? For example, work commute trips 
c:onstitute the majority of vehicular trips to office worksites. Mobile source emissions may in 
tum c:onstiIute the majority of total emissions from these land uses. Consequently, a 
mitigation measure that would reduce work c:ommute trips to an office park has the potential 
to reduc::e a sipificam amowrt of vehicle trips and the corresponding emissions. Conversely. a 
mitigation measure that reduces energy use from swimming poo1s. is likely to have a much 
smaller emissions redudion potential. 

2. ,What are the poJ1utants affected by the emission source category? For each source category, 
measures reduce Roc, CO, NOx, PMlO, and SOx to varyiDg degrees. For example, energy 
use primarily generates NOx emissions while amstrudion grading and demolition creates 
signi6amt leVels' of PMlO. Consequently, a mitigation measUre that reduces emissions from 
demolition and grading adivities during the construction phase may reduce substantial 
amounts of PMI0 but is unlikely to reduce substantial levels of ROC, CO, NOx, or SOx. The 
qualitative analysis. should identify the ponutants associated with the emission source category 
and draw c:onclusions aamdingly. . 

3. Are there favorable factors associated with a mitigation measure? As 'With the quantified 
mitigation measures, the sw::cess of any mitigation measure is largely dependent on the project 
settiDg. This can include site-spec:ific conditions and/or c:harad:eristic:s in the local vicinity. 
Favorable factors can improve the effectiveness of a mitigation measure and facilitate greater 
emission redudion.s. The analysis should identify an those factors which are likely to produce 
more favorable results. . 

4. Are any of these measures, when combined with other proposed mitigation, likely to 
c:omplement or impact the effectiveness of any other measures? Some c:om:binations of 
measures can produce synergistic or non-complememary reactions that increase or decrease 
the effectiveness of the actions. The analysis should identify whether die qualitative mitigation 
measures are likely to produce such reactions with other measures and identify potential 
impacts (See Sedion 11.10 below). 

In many cases the most effective way to reduce a project's impact is to package mitigation :measures. In 
selecting a package of mitigation measures, a lead agency and/or project proponent takes into account 
several criteria, including the nature of the significant impact r,equiring mitigation, those measures that 
are most reasonable and c:ost-effec:tive, and the applicability of the :measures to the project. 

Another important criterion for packaging should be to combine mitigation :measures that will improve 
ad maximin: their aggregate effectiveness. While Tables 11-2, 11-3,11-4, 11-6, ad 11-7 attempt to 
quantify the effectiveness of isolated mitigation measures, the actual effectiveness of many measures is 
affected by other measures within the same source category that are implemented as part of a package. 
Mitigation measures can complement one another or detract from their individual effed:iveness 
depending em upon site-specific and local conditions. The ways in· which mitigation measures interact 
can be divided into three basic groups: Neutral, Synergistic, and Non-Comp1ememary. 

Neutral measm-es. These measures exhibit no change in effects when combined. Neutral actions 
generally fall into two categories: combinations that address different sources of emissions and 
combinations that affect different targets within a source of emissions. For example, mitigation 
measure from one source of emissions such as energy reduction ar~ most likely to have a neutral affect 
~ another source that reduces vehicle trips to the site. In addition, two neutral measures can target 
different :markets 'Within the same source of emissions without affecting the effectiveness of each such 
as when some mitigation measures target work trips and other measures target non-work trips. 
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S~tic: me8SW'eS. These measures are complementary to the extent that the combined effects are 
greater than the sum of the effed:s if the two measures were implemented separately. For example, 
inc:orporatiDg a mitigation measure that provides aD em-site ~ stop is more effec::tive when 
discounted transit passes are provided to employees. These measures should be the primary focus of 
~chging efforts. At the present time, there are no procedures for providing extra emission reductions 
or these types of packages, however by packaging measures that have synergistic effects the likelihood 

of the measures successfully mitigating the impact is increased. 

NODoCOmplemeaW'y measures. These measures reduce the effediveness of one another when 
combined. When implemented together, the combined efficiency in reduciDg emissions is less than the 
sum of the benefit in implementing each measure individually. For example, measures that address the 
same target market as in the case of seeking to reduce the number of work trips to a site by 
encouraging telecommuting and compressed work schedules (e.g. working 40 hours in 4 days) could 
result in less emission reductions than if the telecommuting measure was packaged with ridesharing 
incentives. 

Steps for DeftlopiDg Effective Padraps of Mitigation Measans. In selecting and evaluating a 
package of mitigation measures, planners and/or project proponents should consider the fonowing 
steps: . 

1. Identify those mitigation measures that will have neuttal effects OIl the remainder of measures 
in the proposed package. For these measures., estimate the emission reduction efficiency 
assuming that the packaging will not affect the effectiveness of these mitigation measures. 

2. Identify whether the package includes combinations of measures that are· potentially non
complementary. Determine if this package of mitigation measures is likely to result in less 
em.ission reductions due to the conflict. If so, revise the paclcage to reduce the CODfIict. 

3. Identify whether the package includes combinations of measures that are potentially 
synergistic. . For synergistic mitigation mea.sures, it may be appropriate to base the 
effectiveness on the higher end of the range if the project site aDd community are consistent 
with the favorable factors identified for each measure in Appendix 11. 

TrtmSpOTtoJion Control Measure Analysis Procetlures, FUUll Report, S}'Stems Applications International 
for ARB, November 25, 1991. 

EstimIldng Tmvel tmd Emission Effects of TCMs, System Applications Intemational for EPA, 
September 30, 1991. . . 
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rpe II-I. Row CIa .. for AppIyiIg &.laures 
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.. ~ II-I. CritD for Mitigatill leasures 

1. Implemerdalion of miIiption should comcide with emironmentm impact. 

2. Adequate resources should be available to ensure impIementmicm. of mitigation. 

3. Mitigation should be enforceable by a legally binding ammtitmeDf. 

4. Shmdards .uld be defined for monitoring and enforcing .mifigation. 

S. MitipIicm.oId be able to be reasonably aaomplished within a reasonable timeframe. 

6. Public projects muI other agencies' permit conditions should be verified when identified as 
mitigation. 
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I 

for On-Road Mobile S.ce Emissions· Construction 

• Configure caJ1Slmdion parking to minimize tmffic wlener- NO 
era 

• PrMIe IempDi'my traffic control during d phases of NO 
mnstmdion acIiviIies 10 improve traffic flow (e.g., flag 
pam) 

• Schedule amslnldimI CIdiviIies 1hat affect 1raffic Row to NO off_ facus (e.g., between 7:00p.m. and 6:00 a.m. and 
between 10:00 u. ami 3:00 p.m.) 

• DMIop II trip reduction pIcm 10 achieve a 1.5 An for 0.1·2.2% 0.1·2.9% 0.1·2.9" 0.1·2.9% 
cunsImdUI employees 

. • Implemept a sJwnIe seMm 10 and from retail services and 0.1·1.0% 0.1·1.3% 0.1-1.3% 0.1·1.3% 
food esmbIishmems during lunch hours 

• Develop II mllSlnJdion • mmmgement plan Hurt NO 
indudes, but is not limited to: . 

·lenuting amsImdioD tndcs off congested streets 

. ClrtSDIidating tnJdt deliveries 

-PrmImg dedicmed tum lanes for movement of mnsnc-
_ web and equipment an- ami off-sile 

• PrcWbit md idling in excess of two minDles NO 

... lIIaelfiiadas ... adcIin reUdiollS from .1IiIipIIcI .... mohiIaal1l ~ er&oas craW. '·3) n.. resuIIiag ~ 
•• 8_ ... ~ m" .1IiIijjcdad solals. _ da1a 111 he updcrIad CIS mere ilformaliora hamas.iWIIe. lin daied 
_iplitllS .f~ __ iDCWed iI Appem 11. 

"~sgmiWClSII'" 
if pnaiId SF I ci&c ellaatyis ~ .'-.... giNn; 
if pnaiId specific -1IDacr is dhId, pmide sappDfliag ~ and clruillM1alioa. 
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Table 11 .. 3. Mitilltillm for Off-lold Mobile Source EmissioM • Construction 

54% 

• Suspend use of all mmdiDn equipment opemtions during NQ 
semnd _ smag aIerIs. for daily forecast, mil (800) 
242-4022 (Ll ami Orange counties) or (800) 367.-4110 
(San Bernardino and Riverside counties) 

• Use eledritily from power poles mther them temporary 
diesel po_ geaemlors 

• Use eIemidIy &am power poles radaer them temporary gam_ power geDendOrs 

• Use.M pmpau- or ~ cm-site mobile equip. 
meld instead of gasoline 

99% 

54% 

53% 

+29% 95% 

97%' 98% 98% 

96% 98% 

+29% 95% 

+53% . ,,% 18% 

... _~""",.~",lIISfrom~ __ .... souRlalllSDdiaaIllissiaDsCTaWe9.1) .resuIq ..... ___ h~_" ~1D. 11aadamdbauplmedl5l11118 _ ..... Iaames .. w.. MlnIlulW . 
~.f niIigdaa ....... en iaducW inAppeadix 11. . 
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ToWe 11-4. Mitigation for PM 10 EmissiolS .. Ccmstrudion 

GRADING 

.. Apply oon-tau sohtalilizers acmrding to man_rers' 30-65% 
spedfimtion 10 aD inactive COIISInIction areas 
(previously graded areas inactive for len days or more) . 

.. Repin pnd mver in diswrbed areas as quickly as 
poWbIe 

15-49% 

.. Enclose, COYer, water twice doiy or apply non-toxic son 
binders according to manufacturers' specifications, to 
exposed piles (i.e., gravel, sand, dirt) with 5% or greater sih 

30-74% 

mntent 

.. Water adiYe sites at least twice daily 34-68% 

.. Suspead all emMIIing ad gmdmg operations when wind NO 
speeds (as instmItlmeOUS gusts) em 25 mph 

.. Monitor for ~e emissions acmrdinr. to Dishid~- NO 
ified procedures. For information, caD (1 4) 396-36 • 

.. All web hauling dirt, sand, soil, or other loose materials me 7-14% 
to be covered or should mainmin at least two feet of 
freeboard (i.e., minimum vertical dislate between fop of the 
load mad the, of the Imder) in acmnIooce with the 
requirements D eve Semon 23114 

PAVED lOADS 

.. Sweep meets at the end of the day if visible sod material is 25-60% 
aried _ adiacem public paved roods (recommend water 
sweepers with redaimed water) 

.. Install wheelers where vehicles enter and exit unpaved 
mads onto paved roads, or wash off trucks _ any equip-
ment leaving the site each trip 

40-70% 

'* .. ~ ........ __ fmm_ipad nUl) cashdiN-aollS rraWe '·3). Th. ~ IIIIiisiDa redudioas 
_ lie saM.1ad hra" liiiili¥lIII sublotals ~ Iaad, I'ImId Iaad, DamoIiIiDD, IimIIiq, ~). 11Ia lin will. gpdod CIS 

... ilformdoa ... miaWe. bderaiW -.-01 IIIigda IIBSIIIIIStn iadalWiraAppadixll. 
- MfiiIt ~ Itdudicmsil ~ oblaiaed _neSDlml mtIgOIy, .. adIW 10 1Imhm .. 1IIII1her_lmI CIIIegofy. 

. .. effiduty 5 pmviW as a I'DIIg8: 
if pro~ effDacy 5 uabon, _ dae Icnmst ..... ;.; 
if projed-spedfic effideacy is nmd, pvtiIa AppDIfiag •••• .... (mnfinued 00 next page) 
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Table 11-4. Mitigation f. PM 10 Emissions .. Construction (continued) ~ 

UNPAVED lOADS 

.. Apply water three limes daily, or non-toxic soil stabilizers 
acmrding 10 manufacturers' spedfimtions, 10 all unpaved 
parking or S1Dging areas or unpaved mad surfaces 

.. Tmfftc: speeds em aD unpaved roads to be reduced to 15 
mph or less 

.. Pave mnstrudion mads that have a traffic YDlume of more 
1han 50 daily trips by amsIrudion equipment, 150 toml 
daily trips far all" vehicles 

.. Pave aD mnstruclioo cmss roads at least 1 00 feet 011 to 
" the site from the mllin road 

.. Pave omsh'udion mads that have a daily traffic volume Df 
less than 50 vehicular trips 

45-85% 

40-70% 

92.5% 

92.5% 

92.5% 

*' "'~ ...... aCWiM ...... fmm~ Pl10COlSlnldiol~"aLle9·2). 1H maIfing emissioIl mductioas 
......... '-~ ..... CIJapa¥ldhad, PMd had, hnDIiIiDI, Gmdiag, ~). _lima. La updated as 
__ Ii ___ 1MIiIaIde. In .... ~af .... __ illdudedillAppnd"1I11. 

- ~ ~ bdudioasill~~ __ somemepry,1ieaadded 10 tllat __ kSDlllt1 magory • 

.. tfficiu.ys~ CIS a .. 
if pmi'd spaD: ~is ..... _ 'e 1crwesI __ gMa; 
if ~efliciancrs ubd, pmide~ III. and cIoaimaDlalioD. 
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fuoiti!e Dust 
frOmbds· . 

Ulmitigated Emissmu: 
Total Net 
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Table 11-6a.. Mitigmcm for . On-Road Mobile Source Emissions • Operation (Residential) /~ 

• lade sateIJiIe telemmmunimlions centers in residenlial 0.1·0.7% 0.1-0.9% 0.1-0.9% 0.1-0.9% 
subdivisions 

• £smhIish a sImtde serve from residential subdivisions to 0.1-0.2% 0.1·0.3% 0.1·0.3% 0.1-0.3% 
mmmercial £ore areas 

• ConsIrucf an. or off-site bus mom, passenger be., 0.2-1.9% 0.2-2.5% 0.2-2.5% . 0.2-2.5% 
and shelters 

~ Conslrud off-site pedsilm biIity improvements, such os 0.1-0.3% 0.1-0.4% 0.1-0.4% 0.1-0.4% 
ovei"passes and wider sidewalks 

• Indude remiI seMces Yeithin or adiacent to residential 1.Q..4.0% 1.3-6.0% 1.3-6.0% 1.3-6.0% 
subdMsions 

• Provide shuHles to .r rad transit centers or mulfi.:modal 0.1-i1.3% 0.1-05% 0.1-05% 0.1-05% 
statims 

• CmdribuIe to regimal Inmsit systems (e.g., right-of-way, NO 
mpiIaI impmements, etc.) 

• Synchronize traffic lights on sWeets impacted by development 4.0-8.0% 4.0-8.0% 4.0-8.0% 4.0-8.0% 

• CmIsIrud, amtribute, or dedicate land for the provision of 0.1-0.6% 0.1-0.8% 0.1-0.8% 0.1-6.8% 
.4e1icyde nils lnking 1he faa1ify to designated bicycle 
mmmidingroutes 

... .. ~ ~foddne lIIIudioas from" opendiolS, ~ Iwilia*l enissiDasfroin OR ... MohR Soams ru., 
Wed Trips, ...... Trips, Ctsarfi"n Wef, Truck Trips, Qff·bdYehidasL h ~ cu be subInnd· _" mllSFandiag' ~ 
Rl!ljIig_ ~ hm IIais ~ (TaYe 9·n n.. elm wiD be updalecl CIS mDfI infonmfion Leromes ~ Men defDiled 
__ of~ __ iIIdudad in AppucIix 11 • 

.. ~.pMiWlSlI .. 
if~~isabcnm, • "leNd ~sPna; 
ifprojld ~effideaq is ~ wnvidesupporiag ••• d~. 
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/~ \ lable 11-6b. Mitigation for Oa-Road Mobile Source EmissioM" Operati. (CommericaD 

r--" 

• Pmvide preferential parking spaces for mrpook and 0.1·1.01 0.1·1.3% 0.1·1.3% 0.1-1.3% 
vanpoaIs and provide 7"'1' minimum mimi dearmn in 
parking fadIies for Ymlpool access 

• Implement IIHite circulation plan in parking lots to reduce NO 
vehide queuing 

• Improve Imffic flow at drivHhroughs by designing separate NO 
windows fur different mncliDns and by providing temporary 
parking for Drders 001 immediately ready for pidcup 

• PrDYide video-mnference fadIities NO 

• Set up resideDt worker training pmgnmb to improve job/ NQ 
housing boIcmce 

• Implement home dispatdaiog system where employees Neg!. 0.1% 0.1% 0.1% 
receive muting schedule by phone insteod of driving to work 

• Develop a program to minimize the use of fleet vehicles NO 
during smoiJ alerts (for businesses not subject to Regulation 
XV Ir III) 

• Use Iow-emission fleet vehides NO 
-ruv 
-um 
-1lY 
-lEV 

• Ieda employee parking spres for those businesses 0.1·2.2% 0.1·2.9% 0.1·2.9% 0.1·2.9% 
.. to Regulation IV 

..... efliciudrasrepaataddiM ~hmfDlropnliHs, ~ ~~_Oa..w"'Sourms·rlL, .. 
WeRTrips, ...... T., Cola_III Waf. indTrips, Off"-' __ ). "~_ •• cdId_"cm. f 9 
_iliplacllIIIisiHs from IBCItIpIy «aWe '.1). 'hi cIaIa .. 1Ie apdcdtd lIS ... ~ ... fMIiWM. .... cIaIDiIed 
daripIiolSof ~ measures _ ildudedill Appadix 11. . . 

.. tfficiutyi5 pmiW lISa ~ . 

if~eftDatyis ....... _" Inast amber;'; 
if~tHkieMyis dmd, ~5iptiGltilg ~ GIld ~ 
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Table 11-61.. . Mitigation fir On-load MobBe Source Emissions .. Operation (Commeric:al) (mntinuf /~ 

•. Implement II lunch muHle service from a vmrksitels) to food 0.4-1.5% 05·1.8% 05·1.8% 05-1.8% 
establishments 

• Implenat mmpressed work_ schedules where weekly 
work hours m1 compressed imo fewer hm five days 
• 9/80 0J..7.6% 1.0-10.0% 1.0-10.0% 1.0-10.0% 
·4/40 1.5-15.3% 2.0-20.0% 2.0-20.0% 2.0-20.0% 
- 3/36 3.1-40.0% 4.0-40.0% 4.0-40.0% 4.0-40.0% 

• Develop a trip redudion plan to achieve 1.5 AVR for 0.1-2.2% 0.1·2.9% 0.1·2.9% 0.1·2.9% 
businesses wi1h less than 100 employees or multi·tenant 
.rbites 

• Utilize scdeDite offices rather than regular msite to reduce 0.1% 0.1·0.2% "0.1-0.2% 0.1-0.2% 
M 

• Establish II home-based .mmuting program 0.1-1.6% - 0.1·2.1% OJ-2.1 % 0.1-2.1% 

• Provide ... child an and after-school fcdities or 0.1% 0.1-0.2% 0.1-0.2% 0.1-0.2% 
amIribuIe to off-site development within walking distcm 

• lequire real fdties or spedaI event teRlm 10 offer mel NQ 
imlives such as auDls 011 purchases for transit riders 

• Provide 0IHite employee services such as cafeterias, banks, 0.2·3.4% 0.3-4.5% 0.3-45% 0.3-45% 
de. 

• Establish II shulde servke from residential core areas to the 0.1-O~3% 0.1-05% 0.1-05% 0.1-05% 
.rbile 

• CasInKI on. or off. bus -lumGuts, pcmenger benches, 0.1·1.0% 0.1-1.3% 0.1·1.3% 0.1-1.3% 
arshebers 

1ia Iiffidwaus nd&dms .. iIfiHs, 1I."fip1ia _iDIISfr.o. ..... 1 IWMleSourasCiJt., 
.. T ........ Trips,~IeW,T_Trips,DIf ... Y ... ). h~_be.oclacl_ .. ~ 
.iitipcI ___ .1hisadIpJ cr .. '.7), 1laa .. 'IiI lie updated CIS mDN infumdon bames ~ Man ~taiW 
~ of IIiIiJdH measures In iIrduded in Appmdix 11. 

.. ....., is pmiW ClSGlI'fIIIP= 

if IRiId Ip I iN.ffDIKy is""" 1M"" DmIIer gifta; 
if ..... SFltH~is~ pnvide~""_clami""'" 
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Table 11-6b. Mitigation for On-load Mohile Source Emissions .. Operation ((ommericaD (amtinued) . 

.. Implement a pricing strudure for singIHmIpcmcy employee 1.,5.11.0% 2.0-15.5% 2.0-15.5% 2.0-15.5% 
parking cmd/or provide discounts 10 l'ideshcnrs . 

.. Indude residenlfaluoits within a commercial Pl:0ied 3.1-13]% 4.0-18.0% 4.0-18.0% 4.0-18.0% 

.. Utilize parking in mess of mde requirements as on-site 
;mk-n-ride lots or mnfribute tomnstrudion of off-site lotS 

0.1% 0.1-0.2% 0.1.-0.2% 0.1·0.2% 

.. Any two of the foRowing: 

- Unslrud off-site bicycle fudIity. improvements, such as bi· 0.2-2.4% 0.3-3.2% 0.3-3.2% 0.3-3.2% 
cycle lmilslinking the fcdily 10 designated bicycle commut-
ing mutes, or on-site improvements, such as bicycle paths 

- Indude bkyde parking hdities, such as bicycle lockers and See Above 
nds 

~" 

- Include showers for bicycling employees' use I See Above 

.. Any No ohhe.foOowing: 

- unslrud off-site pedestrian fadlily improvements, such as 0.2·1.2% 0.2-1.6% ~-1.6% 0.2-1.6% 
oyerpasses, wider sidewalks 

- Umstmd oo-site pedestrilm facility improvements, such as See Above 
building cmss which is physimlly separated from street ami 
parking lot. and walk paths 

- Include showers for pedestrian employees' use See Above 

.. Provide shuttles 10 major mil tmnsiI _ItS and Multi-modol 0.1-0.3% 0.1-0.5% 0.1-0.5% 0.1-0.5% 
mmers 
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Table 11-6b. Mitiga~cm for On-itold Mobile Source Emissiou - Operation (Collllericab (ronlimled) / ~ 

.. C&lnbimae 10 regional mmsii systems (e.g., rigbt-tf-wuy, NO 
capital improvements) 

... Charge visiIors 10 park 1.5·11.0% 2.0-15.5% 2.0-15.5% 2.0-1S.5% 

.. Synchronize 1nIffic lights on streets impacted by development 4.Q.8.0% 4.0-8.0% 4.0-8.0% 4.o.a.O% 

• Reschedule truck deliveriesaod pickups for off-peak hours NQ 

.. Set up paid parking systems -'ere drims pay at walkup NQ 
kiosIc and exit via a stamped ticket 10 reduce emissions from 
queuing "ehides 

.. Require on-sile truck Iowtmg zones NO 

.. ImplemeSlt or contribute to public outreach programs NQ 

• Require employers not subject to legulmion XV to provide 0.1·0.4% 0.1·0.5% O.1·D.5% 0.1-0.5% 
commuter information areas 

'" ... iciwis .... toddiJire~_fdlr~~, .... IIid~_o.t.I ... Soumsr ..... 
"_Trips, Ia·hltl., eo .... Waf, TndTrips, Off .... 'eIaidas). h"'_ •• udacI_"~ . 
pal 'I' ..... _diis~(faY. '·n 'II ... wiI. updatecil5mD1'1infonmfioa hames~ IcncIetaW ~ 
..... ipliulSiof~ ........ iaducW is Appadill1. 

.. ....,ispmiW 151mqe: if,.. ... 6 ~is IIIIIcun, _,.Ioust ___ pea; if,.. , .• dfaltyis'" pmiIIesuppo_aaIys&UtI ducw __ 
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Table 11-6c.. Mitigation for On-Road Mobile Source Emissions .. Operation (Imlumiab 

• Provide preferential parking spaces for carpools cmd 0.1·1.0% 0.1-0.3" 0.1-0.3" 0.1-0.3" 
vcmpaols ami provide 1'1' minimum yertiml dearMCe in 
parking fudImes for wnpool access 

• Implement oHile drmlmion pima in parking lots to reduce NO 
yehide queuing 

• Set up resident worker imining progmms to improve job! NO 
housing mm .. Implemenf home dispatching system where employees Negl. 0.1" 0.1" 0.1% 
receive muting schedule by phone instead of driving to work 

• Develop CI program to minimize the use of fleet vehicles NQ 
during smog merts (for businesses not subject to Regulation 
XV or XII) 

• Use Iow-emission fleel vehicles NO 
-mY 
-UlE\' 
-lEV 
·m 

• lequire employers not subject to Regulation XV to provide NegL-O.6% Negl-O.8" Negl-O.8" Negl-O.8" 
commuter ammtion areas 

• I. employee pmldng spaces for those businesses subied OJ·2j% 0.1·2.9" 0.1·2.9" 0.1·2.9" 
to legulmion XV 

• 'ilia ~ ...... addisn ~ from fd1yopaliDlIS, specifimDy ~ __ as m On-Ioad.16 SoIlml5 (i.e.., 
Wen Trips, "·WoIk I., CoagestiollleW, lruck Trips, Off-load Yeiides). 1iast effideIIcies CDII be *.l1li hm the ~ _.ar .. lad .... hm tUCIdIgcIry (Taw. '·n Tha dmawilbe .. pdated as lin infommioai.omes ~ Mom detlilad 
~ of IIIiIigdoa IMCI5UI'e5 are iiIduded in Appeadix 11. 

W. eIIiducy i5 pmiW lIS CI nmp: 
if pmjad specific .ffidaaq is UIIbon. .Ihe __ umber;-; 
if pm~.Hiciuty is uihed, prwide.supportilg 1DCIIys5" _lIIiIIhlNL 

U-D 

AR0072930 



. Table 11-6(. Mitigatiol for On-Road Mobile Source Emissio~ .. Operati. (Industrial) (continued) .~ 

• Implement mmpr5eCi work-week schedules where weekly 
work hours are compressed into fewer them five days 
- 9/80 0.8-7.6% 1.0-10.0% 1.0-10.0% 1.0-10.0% 
- 4/40 1.5-15.3% 2.0-20.0% 2.0-20.0% 2.0-20.0% 
• 3/36 3.1-40.0% 4.0-40.0% 4.0-40.0% 4.0-40.0% 

• Offer first right of refusal, Iow-interesf loans, or other NO 
incentives to employees who purchase or rent local residences 

• Develop amp reduction pion to achieve 1.5 AVR for busi- 0.1-2.2%% 0.1-2.9% 0.1·2.9% 0.1-2.9% 
nesses with less 1IIem 1 00 employees or mulli-tenmll wol'ksites 

• Provide 01Hile child care and after.ol facilities or 0.1% 0.1-0.2% 0.1-0.2% 0.1-0.2% 
omlribute to development. walking distance . 

• Provide on-sile employee services sum CIS cafeterias, banks, 0.2-3.4% 0.3-45% 0.3-45% 0.3-45% 
etc. 

• EstahtISh a shuHle service from residential cere areas to the 0.1·0.3% 0.1-05% 0.1-05% 0.1-0.5% . 
worbite -, 

• Construd on-site or off-site bus turnouts, passenger benches, 0.1·1.0% 0.1·1.3% 0.1-1.3% 0.1-1.3% 
orsheltm 

• Implement a prking Slrudure fer single-ocmpamy employee . 1.5-11.0% 2.0-15.5% 2.0-15.5% 2.0-15.5% 
parking cmdIor provide discounls to rideshmers 

• Utilize parking in mess of code requirements as oo-site 0.1% 0.1·0.2% 0.1-0.2%· 0.1-0.2% 
park-n-ride lois or contribute to mnstrudiDn of off-site lois 

n·24 
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Table 11-6e. Mitigation for On-Road MobUe Source Emissions .. Operation (Industrial) (continued) 

• Any No of the following: 

- Conslrud off-site bicycle facility improvements, such as 0.2·2.4% 0.3-3.2% 0.3-3.2% 0.3-3.2% 
bkyde trails linking !he biIity 10 designated biCycle 
commuting mules, or on-site improvements, such as bicycle 
pmbs 

- Indude bicycle parking mcilities, such as bicycle lockers See Above 
andnds 

- Indude showers for bicycling employees' use See Above 

• Any two of the foRowing: 

- Constmd off-site pedestrian facilty improvements, such as 0.2·1.2% 0.2-1.6% 0.2-1.6% 0.2·1.6% 
~\ overpasses, wider sidewalks 

I 

- Constmd cm-sile pedeslrian faa1ily improvements, such as See Above 
building access which is physkally separated from street 
and parking lot 1roffic and walk paths 

- Include showers fur pedesman employees' use See Above 

• Provide shuttles 10 major rm1 tmnsit stations and multi-moclol 0.1-0.3% 0.1-0.5% 0.1·0.5% 0.1·0.5% 
centers 

• Contribute 10 regional tmnsit systems (e.g., right-of-way, NQ 
mpital improvements) 

• Syodnoia troffic lights on streets impacted by develop- 4.Q;.8.0% 4.0-8.0% 4.0-8.0% 4.Q;.8.0% 
meat 

(amtinued on next page) 
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Table 11-6c. Mitigation for On-Road Mobile Source Emissions- Operation (lndustrian (continued) ~~'" 

• Reschedule truck deliveries and pickups for off-peak hours NO 

• Implement II lunch shuflle from a worksite(s) 10 food 0.4 .. 1.5% 0.5-1.8% 0.5-1.8% 0.5 .. 1.8% 
establishments 

• Require on-site truck Ioaamg zoneS NO 

• Install aerodynamic add-on devices to heavy-duty trucks NO 

• Implement or contribute to pubtlC outreach progmms NO 

• Reduce ship cruising speeds in die inner harbor NQ 

• Use Iow-emission fuels or electrify airport ground service NO 
vehicles 

• Engine _g for marine vessels (e.g., injection timing NO 
retard) 

• Reduce number of aimaft engines used during idling NO 

• Instal monitoring system to contol airport shuttles NQ 

• Use cenlla&zed ground power systems for airport service NO 
vehicles 

.. .. efficiaas ...... tacWilin radudioIs from fdtr opendioIs, spedfiadIy u~ __ lIS tiom OII-1Hd Mobile Sotms r .... , 
WamTrips, 1oI.wm Trips, ~I leW, trackt .. Off"'Vehidas~ .. ~_ .subbudld &om .. comt5pOaUag . 
__ lid ~ hili dis caIegoIy (faYe '.7). n.. daIa wiI lie apdated as mill illfomrlioll becames mWie. More daiW ~ 
eIaripIins.f 1Ii. __ en iaduded ill .. 11. 

"~ispmiW asa mIJI= 
if ....... ~ is imbomI, a thlRl5t 1IUII1ber;v.; 
if~effideaty is uIbd, pnMde SiIjIIiiUfiIg ~ and~. 
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~, Table 11-11. Mitigation for Stationary Source ·Emissions • Operation (ResidentiaO 

• Use somr or Iow-emission water beaters 11% 9.5% 10% 4.5% 

• Use central water beating systems 9% . 8% 8.5% 4% 

• Use built-in energy-efficient appliances 2.5% 3% 3% 6.5% 

• Provide shade trees to reduce building heating! mobog needs Negl Negl Negl 0.5% 

• . Use enq-efficient and automated controls for air mndi- Negl. 0.5% 
mom 

• Use double-glass-paned windows 4.5% 4% 4.5% 2.S% 

• Use enq-efficient Iow-sodium parking lot nghts 0.5% 

• Provide adequate ventilation systems for enclosed parking Negl Negl. Negl 
fdties 

~. 

• Use lighting controls and energy-effkienf lighting Negi. Negl. Negi. 0.5% 

• Use fuel mils in residential subdivisions to produce heat Dnd Negl. 1.5% 1% 1% 
eIedrkiIy 

• Orienf buildings to me north for ootuml cootmg and include 14% 13% 135% 105% 
passive sob design (e.g., daylighting) 

• Use light-mlored roof mmeras to reflect heat 1.5% 1.5% 1.5% 1.5% 

• Inmme walls and cdIic: insulation beyond Tille 24 require· 14% 13% 13% 1.5% 
mems 

. * lila ~ ...... adcIiIivI mducfiDas _ idly opemIicms, specifimIIr IlIIIiligoled..msioas fman StaIioaary s. .. (i.e., &iqy Use, 
~. Ana -... Stdaury $oem). 1ha .flaacies en La ~ from" mrrespoacling ... ted emissions fmm tIIis ~ (TaYe9.a,. 

_ daIca .. La ,pdated as men illfomamoo __ ~ 
Mora dmW desmptioas of nitigafioll measures are included ill Appendix 11. 
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Table 11~7b. Mitigatill for StatioDmy Source Emissiw .. Operation (Commericab 

• Use so1m' or Iow-emission water heaters 05% 05% 05% 05% 

• Use cemmI wmer heating systems 05% 05% 05% 05% 

• Provide shade trees to reduce budding heating! cooling needs 0.5% 0.5% 05% 1% 

• Use energy-effidenf and automated controls for air mndition- 1% 1% 1% 15% 
m 

• Use double-glass-paned windows 3.5% 3% 3% 25% 

• Use energy-effident Iow-50dium parking lot lights Neg!. Negl. Negl Negl. 

• Provide adequate venfilalion systems for enclosed parking 0.5% 
fdties 

• Use lighling controls and energy-effident bghting 3% 85% 7% 19.5% /~, 

• Use light-«lmred roof materials to reflect hem 1% 1% 1% 05%· 

• Inaease wuIIs and attic insulation beyond Title 24 require- 10% 9% 95% 7% 
meldS 

• Orient buildings 10 1he 1IOr1h for ami cooling and indude 11% 115% 125% 175% 
passive solar .design (e.g., dayligbting) 
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~, 

Table 11-7 c. Mitigation for Stationary Source Emissions - Operation (Industrial) 

• Provide .. trees 10 reduce building heafing/moling needs Negl Neg!. Negl 0.5% 

• Use eoergy-effidenf ami autgmated controls for air condition- N.egl Negl. Negl 1% 
ing 

• Use doubJe.glass-paned windows Negl 0.5% NegL 1% 

.• Use energy effidenllovHoctwm parking lot taghts Neg!. 0.5% Negl 1% 

•.. Provide .. ventilatign systems for enclosed parking Negl Negl. NegL Negl. 
facilities 

• Use lighting controls and energy-effident lighting Neg!. 1% 0.5% 2.5% 

• Use.ligbt-cobed roof materials tg refled hem Neg!. Neg!. NegL 0.5% 

• Orient ~gs to the north foraral cooling amJ include 2% 3% 2.5% 5.5% 
passive solar design (e.g., daylighting) . 

• Increase waDscmd attic msukmon beyond rltle 24 require- Negl. 1% 0.5% 3% 
mems 

• Improved stomge and handling of source matms NO NO' NO NO 

• Materials substimtion (e.g., use waler-based points, Iife.tyde NO NO NO NO 
analysis) 

• Modify ~ pmcesses (e.g., reda process stages, 0.5% 2% 1.5% ,% 
~p systems, materials recyding) 

• Resource recovery systems thm redirect chemkols to new 3.5% 3% 1.5% 
produdioo processes 

* .. ~ ...... t addiIive IICIumons from idly ~as, ~ lliiliitiplad .... ns from StaliolDfY SouRIS rl.l., hergy Use, 
Ana s-a, StdDaary SoumI). 1ha .b. am he suhtmded _lie cormspondiag IInniligated emissions from this mlegory"aWe 9-8). 
Tha ", •.• updated as min ilmm1ldicm 1Iamas~ 
lin ~~DS of aifigofioll IMIISUI'151n iacbW in Appendix 11. 
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Work 
Trips 

Non-Work" 
Trips 

Ulmitigated EmissiDas: 
TataiNet &issioa: 
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~ 

·lhaitlptld Opnflcm Emlssilm 56.14 51.32 691.00 4.34 
Signifiamm Thresholds 55.00 55.00 550.00 150.00 
Signmmnf? Yes No res No 
AmowiMeeded 10 Reduce &nissions Below level 

of Signifimnce -114 0.00 -147.00 0.00 

MiIi,lIIioo Measures 
1. Include Scrtellite Telemmmunimtions Cemer -0.11 -0.10 ·1.39 -0.01 

2. Indude Retail Smices in or mthin 1/4 mde -1.42 -1.31 -17.43 -0.11 

3. Establish/Contribute to Shuttle Semce -0.11 -0.10 ·1.39 -0.01 

4. Construct On-Site Bus Turnouts -0.17 -0.16 -2.09 -0.01 

Uamltlgatad Opnflon Emissions 51.05 31.51 561.42 5.88 
Signifimnce Thresholds 55.00 55.00 550.00 150.00 
Significant? Yes No Yes No 
Amount meeded to Reduce Emissions Below I!veI 

of Signifiam -2.05 0.00 -11.42 0.00 

Mitigalioo Measures 

1. Establish Telecommuting Progrum -0.11 -0.08 .-1.12. -0.01 

2. Implement Parking Pridng -111 -1.13 -16.84 -0.18 

3. Provide On-Site &npioyee Services -0.17 -0.15 -US -0.02 

4. Prome OUId ure Center -0.06 -0.04 .0.56 -0.01 
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taYe 11-10. Steps far Mitigating Proied ~gated Emissills (Sat_g Analysis) 

('Ih 101,., steps "tmptlld" tile lauded ptrtiDlI ,{ t6, Row cbfBt .ofigure "-I.} 

1. If a pmied is sipb., apply all feasible mmgatioo for cons1mdion and/or operation. To mkulme 
emission reductions, mubiply the permot efficiency by the unmitigated emissions from the same 
sourm mlegory, then sublrad 1IIe result from umnitiglded emmions. "The following lists unmitigated 
emission sources and corresponding mitigation measures: 9·1 and 11·3 (Toral Construction); 9·2 and 
11-4 (CDnsImdion PM10); Table 9·3 and 11·2 (Construction Workers' Travel); 9-1 and 11-6 
(Opendion Mobile); and 9-8 and 11-1 (Operafion Stcmonmy). . 

8. If Ihe proied's mnstrudiolland opemtion impacts are not significant, the lead agency has the 
, discretion 10 require further cumIysis of impacts if the project has other potential air quality impacts 

(Semon 6.2). ' 

9. Compare construdion and operation emissions to the thresholds of significance (Section 6.2). 

10. If the rnied's construction AND/OR oPeration emissions remain above signifiamce thresholds, apply 
quoIimtiW mitigafion measures that haYe not been quantified (Section 11.9). These fDa be found in ~, 
Tables 1]-2, n-3, 11-4, 11-6, or 11·1, or am represent unlisted measures. 

11. If 11m project's collSlrudion AND operation impacts are reduced below the thresholds of significance, 
an MHD is appropriate. 

12. Determine if the projed's conslmdion AND/OR operafion emissions still exceed the thresholds of 
significme. 

13. If mnstmmoo AND opendion emissions fall beIow,thresholds of significance, on MHD is appropriate. 

14. If conslrudilm AND operafion emissions remain above the sigoifiamce thresholds, an Ell should be 
prepared. Appendices 9 and 11 should be used to calculate specific emissions. 

15. If a project is not mmulmively signifiamt, em NO is approprime. ' 

16. If a project is mmuhmvely signifiamt, an 8R or MHD is appropriate. Append"lCe5 9 and 11 should be 
used to m1m1me prOiecf-spedfic emissions. 

11. Apply all feasible mitigation measures. 
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ASSESSING CONSISTENCYWlTB APPLICABLE REGIONAL PLANS 

CHAPTERU 

Information should be provided in the EIR to determine consistency of a project with the AQMP and 
other applicable regional plans. Consistency· is different from conformity. Consistency.is a CEQA 
requirement. Conformity is a federal Clean Air Act requirement. SpecificaUy. the federal Clean Air 
Ad: prohibits federal departments, agencies, or· other agencies acting on behalf of the federal 
government, and the Metropolitan PlanniDg Organkation (MPO) 'Wbidl is SCAG from ~ng m, 
supporting in any way, providiDg finao.c::ial assistance for, licensing or permitting, or approvmg any 
ac::tivity that does not conform to· the AQMP. For projects involving federal approval, the federal 
agency is the lead agency for making the conformity finding In the case of transportation plans and 
programs, the MPO, SCAG, is responsible for conformity of its actions. The EPA is developiDg 
guidance for determiniDg amformity of non-transportation related projects and actions, and 
transportation projects, plans, and programs. Refer· to this guidance when prepariDg a conformity 
analysis. 

Use the guidelines provided in this chapter for as.sessing consistency with regional plans reIatmg to air 
quality as required under CEQA. . 

u..t Overvkw of~wUh Re8i0Dal PIaDs 

Section 15125 of the State CEQA· Guide1ioes requires that Ems analyze and discuss any 
inconsistencies between the proposed project and applicable General Plans and regional plans. As 
such, the Em should address the General Plans and regional plans in tire SCAB, Coachella V~, and 
Antelope VaIley that are applicable to the project. 

Specifically, the EIR should discuss the project's c:onsistency with thec:urrem AQMP or Coachella 
Valley PMlO State Implementation Plan (if the project is located in the Coachella Valley). In addition, 
several of the underlying key assumptions for both the air quality plans should be included in the 
analysis as weD:. . 

o Assumptions such as the number and location of population. housing units, and employment 
from the SCAG Growth Management Plan (GMP). 

o Assumptions concemiDg tJpe, size, and location of transportation iDfrastrud:ure from SCAG's 
RegiODal Mobility Plan (RMP). . 

o Copsisteucywith a local govemment's Air Quality Element or air quality related policies in 
other General Plan Elements, if the loCal government has adopted such policies.. 

The purpose of the consistency fuldiDg is to determine if a project is inconsistent with the assumptions 
and objectives of the regional air quality plans, and thus if it would interfere with the region's ability to 
comply with federal and state air quality standards. If the project is inconsistent, local governments 
should ccmsider project modificatiODS or inclusion of mitigatiOn to eliminate the inconsistency. It is 
important to note that eYeD if a project is found c:onsistent: it ~u1d still have a sigDfficant impact on air 
quality under CEOA For example, if the analysis demonstrates a project is amsistcnt with the regional 
air quality plans and local Air Quality Element, that does not mean that the project could not also have 
a significant effect on air quality by exceedjng the significance thresholds. 

1U CoasisteDq with AQMP/PMlO Plan 

The consistency determination at the environmental review stage in the planning process pJays an 
essential role in local agency project review by linking loral planning (e.g.. General Plan and Spec:ific 
Plans) to the AOMP and PM10 Plan in the fonowing ways. It fulfiDs the CEOA goal of fully informing 
loc:al agency decision makers of the environmental c::osts of projects UDder consideration and does so at 
a stage early enough to ensure that air quality ronc:ems are fully addressed. It provides the local agency 
with oogoiDg information assw.iDg loca1dec::isiou makers that they are making real contributions to the 
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clean air goals contained in the 1991 AQMP and PM10 Plan. Only new or amended General Plan 
Elements, Specific: Plans, and significant projed:S need to undergo a consistency review. This is 
because the AOMP control strategy is based on projections from loc::al General Plans. As such, 
projects consistent: with loc:al General Plans are considered consistent with the air quality related 
regional plans. 

Consistency with the AOMP and PM10 Plan means that a project is consistent: with the goals, 
objectives, aDd assumptions in the respective plan to ac::bieve the federal and·state air quality standards. 
As part of assessing c:.oDSistency with the AQMP. consistency should also be assessed with the followiDg 
regional plans: 

o AQMP/pMlO Plan 

If the project is in the SCAB or SEDAB (under Di.stric:t's jurisdiction), consistency with the AOMP 
(and PM10 plan for the Coachella Valley) should be assessed Section 12.3 provides guidance in 
performing a consistency analysis. In addition to assessing consistency with the AQMP. a project 
should also be assessed with two of the regional planning doc:mnent:s prepared by SCAG that relate to 
air quality: the Growth Management: Plan, and the Regional Mobility Plan. 

GI"OMh ~t Plan (GMP). The growth projections and location of population should be 
compared to the growth the project will generate. That is important because the GMP was used to 
determine the control strategy needed to attain the federal and state clean air standards, while 
ac::c:ommodating future growth. This can be acoomplished by comparing the project's density, location, 
and land use pattern with the adopted loc:al General Plan and associated zoning ordiDanc:e and maps 
that were in place in 1989 When the GMP was adopted. If the project will result in a significant dwage 

. in the density, location, and land use pattern, then it is considered to be inconsistent with the GMP. 
For General Plan amendments and projects involving· a significant change to the General Plan, a 
comparison to the groWth prOjec:tiODS in the appropriate regional statistic:: area (RSA) for the build-out 
year should be performed to determine consistency. 

Regional MooiDty Plan (RMP). If the project is a transportation project, it should be compared to the 
assumptimls in the RMP concerning the type, size, and location of the project. The comparison is 
necessary because many of these transportation projects are relied upon in the AQMP· to reduce 
emissions. 

o Coogestion Management Plan (CMP) 

Projects should be compared to the CMP goals to retain and obtain certain levels of service on 
:roadways. When the impact of a project will be :reduced by transit use, the trip assignment that the 
project assumes must be cxmsistent with the ;::ransit provider's assumptions. The loc:al CMP should be 
amsuIted when assessing c::onsistency. C.onsjstency with the CMP is important to air quality because 
vehicles traveling at slower speeds generate more ponution than those traveling at higher speeds (up to 
55 mph). . 

o Consistenq With GeaeraI Plans 

Both CEOA and the CalifOl'Dia planning, mning and development laws require projects to be 
consistent with the jurisdiction's General Plan. the Em. should identify if the loc:al goyemment bas an 
Air Quality Element or bas incorporated air quality goals and objectives into another element of the 
General Plan. This project should be evaluated for consistency with the appropriate element. 
Examples of air quality :related goals that can be included in a General Plan are identffi.ed in Table 12-
1. 

12.3 AQMP Consistency 

New or amended GeaeraI Plan Elements (mciuding land use zoniDg and density amendments). Spedfic 
Plans, and signific.-.ant projed:S must be ~ for consistency with the AQMP. There are two key 
indicators of consistency: 
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(1) Whether the project will not result in an increase in the frequency or severity of ex:iUing air 
quality violations or cause or contribute to Dew violations, or delay timely attainment of air 
quality standards or the interim emission reductions specified in the AQMP (except as 
provided for CO in Section 9.4 for relocating CO hot spots). 

(2) Whether the project will exceed the assumptions in the AOMP in 2010 or increments based on 
the year of project build-out and plwe(Table l2-2). 

In order to address the first crilerion, an air quality modeling analysis that identified the projects 
impact on air quality will need to be performed. As with the CO ~ the "No Projed:" ambient 
amc:entraticm. should be determined using information &om District monitoring stations (refer to 
Chapter 9). In order to be found consistent, the analysis will need to demonstrate that the project's 
emissions will not increase the frequency or the severity of meting viola.rlons, or cont:ribute to a Dew 
violation at the project. The violations that are referred to are the state and federal c::riteria pollutant 
ambient air quality standards (refer to Chapter 3) •. The analysis must look at each phase and build-out, 
_include a DO-project and project alternatives analysis. 

Cons;stency with the AQMP assumptjons is determined by performing an analysis of the project with 
the assumptjons in the AQMP for the year 2010. Table 12-2 identifies the types of projeCts and 
assumptjODS they should be compared with. Adc:fitionally. those types of land uses identified need to 
undergo an emissions analysis. The information regarding specific assumptions can be obtained from 
the District or SCAG. When Specific information for a build-out year is not availiWle, data thai: is 
available between the two Dearest dates can be interpolated to estjma.te the assumptjODS for the interim 
years. 

If the air qwility modeling demODSttates that the project is inconsistent with the AOMP, the project 
em be modified and mitigation measures applied. However;before a determinatiOD of consistency can 
be made, the project must qwmtitat:ively demonstrate that such modifications or mitigation measures 
fully offset the negative impact OD air quality, such that the project can be found consjstent with the 
applicable regional plan; otherwise the project is considered significant. Any mitigation ~ to 
reduce the impact must meet the test of having adequate funding, a legally bindjng cmnDntment to 
ensure implementation, and a showiDg that it will be implemented simultaneous with the impaa. 

12.4 CoosisteDq Fmdings 

CEQA states that an agency bas the authority to approve projects with the potential to c::ause sigDific:am 
adverse environmental impacts (California PubJic Resource Code 21002 and State CEQA Guidelines 
1S092 and 15093). Thus, eYeD jf a project is found inconsistent with the AQMP and a net degradation 
of &sin air quality could oc:cu:r. a loc:al agency may approve a disc:retimwy land use project or a 
government project that resuh:s in mnnitigated air pollutant emissions 

On the other hand, some state and federal statutes affect loc:al agency disaetiOD to trade off social, 
eamomic:, or other benefits for significant impacts on air quality. The federal Clean Air Ad: 
establishes requirements to prevent air qua1ity degradation beyond established standards. The SCAB 
exceeds federal standards for five ponutants at this time. The AQMP represents the regional plan for 
attNNng both the federal and state clean air goals. Therefore, my findings of owrridmg 
CODSiderations for projects that are DOt consistent with the AQMP should amsider the potential 
ramifications. Spedtica1ly. that the region will DOt be able to achieve the air quality standards within 
the time frame specified in law, potentW restrictions on federal funding, imposition of a federal plan 
aDd regulations, federal sanctions and/or the Deed for regulation of additional sources in order to 
make up the emission reduc:tions lost. 

Federal ClermAir Act, Section 176 (c). 

Guidtmce for Determining Conformity ofTl'fl1UportIltion Pkms, Prog/rzms. fJ1Ui Projects with CIeIm Air Aa 
Implementlldt:m Pimis During PIuJse 1 of the Interim Period, EPA, June 199L 
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land Use &sin IImd use co~ for serasiIive uses 
Iotegnde land uses cind .. Ibcrt supporl transit corridors 

CirmIation Integrate ea= Management Program requirements 
PmYide IomI services 

UJIseI mtion Pbd trees 10 reduce mrbon dioxide 
Integmte saIid De requirements from AI 939 
Inmipomte city_ energy reduction goals 

Open Spa Encourage. infiII to reduce trip lengths 

Housing Provide for housing dmlopmenf to mpporllype of iob growlb 

Noise fdIaIe aff-peak period truck opemtions in areas not mliacent 10 residential 
developmerils 

Safely Pmted sedve uses from ~5UI1 to air toxiG 
Prepare contingency plus for emergencies 

Redevelopment Pmrife resident working traiping pmgr:ams 10 im~,e ioI1s/housing balance 
Use tax inc:rement financing for air qumity benefiOOl to infmstl'udure 
improvements 

_Quality hduce = use in public buildings . 
Chtmge gm:mmem administrative pmdkes (e.g. phooe-in == Wrcity~~ etc.) e ~rtafion deiad mana menf a • my . 
Implement 1991 AQMP and CO nor amtroI ::CITes 
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ElecIricoI Genenmng Fad1ffies . 

Petroleum or Gas Refineries 

Sabd Waste Disposal Sites 

Off-Shore Oil Facilities 

12-5 

Eledriml Demand (KWG hours) 

Fuel Refined 

(argo Tons, Ship Bmbs 

Tons of Solid Waste 

Population Number and LomtiOD, 
Regional Housing Needs Assessment 

O(S Emissions 
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mE DIsTRICT AS A RESPONSIBLE AGENCY 

hcordiDg to the State CEQA Guidelines, a responsible ageney is a public agency that proposes to 
carry out or approve an aspeet of the project for which a lead agency is preparing environmental 
documentation. The Distrid: is a responsible agency for aspects of projec:ts requiring Distrid: permits. 
The District is a commenting asenc:x for those portions of a project not subject to a District permit. As 
a responsible agency, the District wiH review. comment, and establish mitigation whenever necessary to 
reduce air quality impacts for those aspects of the project relating to the District's permit. For 
emmple, a hospital would. probably require permits from the District (boilers, stel?lization apparatus, 
etc:.)~ and as suc::b, the District would be a responsible agency m:ader CEOA for those asped:S of the 
project relating to the permit. For the other aspects of the project that could impact. air quality such as 
DOD-work vehicle trips, the District would recommend mitigation measures for reducing these 
ezMroamenW impacts as a commenting agency. 

Most of the District permits are considered to be either ministerial or exempt (statutorily or 
c::ategorically). or to have a non-significant effect on air quality. (Refer to District CEQA Guidelines, 
Articles 18, 19,20 and 21.) As such, the.environmental documentation prepared by the lead agency 
should. in most c;ases be sufficient to cover the District's subsequent permit action. In those cases., 
where the District action is not considered to be ministerial or exempt, the environmental 
documentation prepared by the lead agency should include an environmental analysis description and 
recommended mitigation for any impacts resulting from the District permit, if that document is 
imended to suffice for the District permit. 

13.1 . 'l'bresbolds for D.Istric:t Permits 

Currently. the District uses the thresholds for sigaific:anc:e specified in·this Handboo~ for determining 
which projec::ts requiriDg Distrid: permits could have a sigaific:ant effect on the environment. When the 
District's CEQA Guidelines are revised, these thresholds may be revised. A number of qualitative 
thresholds have also been identified 

Projects requiring District permits may signific::antly affect the environment when any of the following is 
involved: 

o Criteria emissions that are not regulated under a District rule with an established emissions 
limitation over the following thresholds-

55 poWlds per day for ROC 

55 poWlds per day for NOx 

- 150 pounds per day for PMlO 

- 550 pounds per day for CO 

- 150 pounds per day for SOx 

o Carcinogenic:: or toxic air contaminants identified in Rule 1401 are emitted from the project 
that exceed the maximum individual c::anc::er risk of one in one million or 10 in one million if 
the project is constructed with best available control teclmology for taxies (T-BACT). 

o The project may result in the accidental release Of an acutely hazardous air pollutant. 

o The project c:ould emit an air amtaminant not regulated by District Rules, but that is on the 
federal or state air loxics list (Appendix 3). 
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Refer to Table 4-1 in Chapter 4 wbic:h provides a Jist of land uses likely to involve equipmeD!: that will 
meet: these c::riteria. For these projects, the District assesses the environmental documentation already 
prepared for the land use approval by the local government. If that analysis is sufficient, the District 
will not require additional environmental documentation. If the analysis is not sufficient, the District 
will assume a lead agency role for the District permits, if authorized pursuant to CEQA Guidelines 
Section 15052, or prepare a subsequent Em, if ag.;.ropriate," pursuant to CEQA Guidelines Sec:tion 
15162, since the project could have pot~ sign; nr air quality impacts. " 

13.2 EDviromnmtal ADaI~ 

The Dist:ric:t has determined that in some situations various air poDntion control equipmeD!: may 
generate cmss-media environmeJttal impacts, or in some cases the reduction of one air pollutant may 
result in an increase in another air pollutant. A cross-media impact refers to "the removal of a 
contaminant from one medium, such as air, and release to another medium, suc:h. as water. Cross
media ~ should be identified and discussed as part of the environmental docu:menwion for the 
project. impacts may require analysis in a CEQA document to determine the significance of the 
mapact. If necessary, suitable :mitigation measures will be required. 

Cross-media impacts should be investigated during the Initial Study for all siinmcant projects where 
the District is a responsible agency to detenmne whether there is the potential for a significant impact. 
When an Em is prepared for the project, the environmental documentation should include an analysis 
of cross-media impacts, and based on that analysis, incorporate a" finding that the c::ross-media impact is 
either significant or insignificant 

The environmental analysis should identify the control technology to be used and any potential cross
media impacts. The purpose of the analysis is to identify multi-media impacts as a result. of the 
per:miaiDg ac:don. Since these potential environmental impacts are within the responsibility of agencies 
other than the District, these other agencies should be c:onsulted through the CEQA review process to 
determine if the impact is significant and what rec::o:mmendations for mitigation should be made. Often 
the. respcmsible agency will be a water supply agency. Regional Water Quality Control Board, 
wastewater treat:meD!: agency. and agency responsible for solid waste disposal. The analysis of the 
potential cross-media impacts should be performed whenever the District has a subsequent permitting 
respcmsibility and an EIR is being prepared. 

The significance of a cross-media impact should be determined by the thresholds established by the 
responSible agency (e.g., sanitation district, water quality control board, etc.). To date, only the Solid 
Waste Management Boards have established a threshold of signi6c:aDc:e" whlc:h is a ten percent increase 
in the capacity utilization of a solid waste disposal facility. " 

There will be some cases where the District will not be able to use another agency's environmeJttal 
documentation. .An example would be environmental documents considered by the District to have 
msumcie~ analysis of the potential environmental impacts. Projects with significant e:missi.ODS, 
involving toxic: emissioDS, or threatened releases of ac:mely ha7sdous materials most Iike1y will fall in 
this category. In other instances, the project proponent :may not know which specific control 
tcclmology will be used in the project, and in that case, the environmental analysis will need to wait 
until the applicant applies for the permit. " . 

Appendix 13 describes the specific control technologies, potential c::ross-media impacts of the differeD!: 
control tedmologies, and identification of agencies that should be c::onsulted as responsible or 
co:m:mentiDg agencies. The analysis described ill Appendix 13 must be followed for ElRs where the 
District will be taking a subsequent permit action. 
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DISTRICf REVIEW AND COMMENTING PROCESS 

CHAPTER 14 

The air quality analysis in an Em. (or other environmental documentation) is often so tedmic::al that 
oo1y a spedaJist in air quality can ensure that it is adequate. This is partic:ularly true as evaluation of 
impacts becomes more romplex ilDd concern over toxic emissicms grows. Given the Severity of air 
quality problems already plaguing the region and the c::ertaiDty of continued population growth, it is 
imperative that air quality ~ be adequate in relation to CECA standards. In addition, CEQA 
Guidelines Section l5086 requires lead agencies to ronsuItrespcmsible agencies, other agencies which 
exercise authority over resources which may be affected by the project, and any person who has special 
expertise with resped to any environmental impact involved. The District, therefore, bas established a 
program for reviewing and rommenting on the air quality ~ in environmental doc::umems 
submitted to the District pursuant to CEQA Guidelines Sedions 15086, 1S087, and 15096. . 

This chapter should be ronsuIted prior to the public review period of aD' EIR (or Other eDViroamentd 
doc::wnentation) for aDy project deemed to have a significant impact on air quality. R.efer to Chapter 6 
for a listing of the types of projects and emission thresholds that determine which projects are 
significant. 

14.1 Purpose of the Distrid.'s CEQA Program 

The District, as commenting or responsible agency for air quality issues, evaluates the air quality 
analysis in environmental documems to eusure impacts are ac:curately identified and mirigatilJD applied 
to lessen the impact. Lead agencies can be c:xmfident that the environmental doc::wnents that meet the 
District's standards for performing an air quality analysis are adequate for decision making 

The District's CEQA program is also inteDded to provide the framework within which the District will 
fulfill its role, under CEQA and.the Health and Safety Code, as the agency responsible for protecting 
air quality. Thus, the District is responsible for commenting on aDy project that may have an adverse 
impact on air quality within its jurisdictional boundaries (Health aDd Safety Code, Section 40(12). The 
District is considered to be a responsible agency for any project ~or which a subsequent District permit 
is required (refer to Chapter 3) and·also has authority over projects that rould affect air quality. CEQA 
(Section 15086) requires the lead agency to ronsult with aDd request romments on the draft Em. (or 
other environmental documentation) from responsible agencies and other involved agencies. 

14..2 R.ole of the District 

The District, acting as a rommenting and/or respoDSlble agency under CEOA, will review the EIR. (or 
other environmental documentation) and romment on the adequacy of the air quality analysis, as wen 
as recommend mitigation measures. The District will review the air quality analysis aa:ording to its 
uniform standards (refer to Section 14.4). While the Handbook provides general guidance, the 
District's comment letter is the project-specific review for adequacy UDder CEQA 

This does not mean, however, ·that the District's CEQA program moveS the District into the role of 
lead agencywitb respect to the air quality portion of an Em. (or othe.r environmental doc:u.mentation). 

14.3 District's CEQA Program 

The District will review and romment on the air quality analysis in aD environmental document during 
the public review period. The lead agency should send all significant projects with air quality impacts 
to· the District. 

In order to determine which projects are ronsidered significant from an air quality perspective, refer to 
Chapter 6. In order to facilitate the District's review, the followiDg items should be submitte4 to the 
District 
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o Draft Em or other environmental documentation 

o Any tedmic:al appendices thai: relate to air quality (including traffic impact ana.lysis, growth 
forecasts, etc.) 

o Name and address of the person to whom the District should submit comments 

o Date public comments are due 

o Mitigation Mcmitoring Program, if available 

This information should be sent to: 

CEQA Coordinator 
Office of Plalming and Tedmology Advancement 
21865 East Copley Drive 
P •. O. Box 4939 
Diamond Bar, CA 91765-0939 

Early consultation with the District can eusure thai: the Em adequately addresses air quality issues. 
The District recommends that project proponents and/or loc:al governments consult with the District if 
. the project is an extremely large project encompassing several hundred acres or attracts a large number 
of trips (such as a stadium, new town, etc.), or if regardless of size the project has the potential to emit 
substantial amounts of air pollutants, or if project proponents would like to' explore mnovative 
mitigation measures for the project (such as energy fuel cells). A planner or project proponent can. 
CODSU1t with the Distrlc::t prior to the completion of the EIR or even earlier during the project design 
phase by contacting the CEQA Coordinator through the District's Local Govemm.ent/CEQA UDit. 

. . 

The District will review each portiOn of the .EIR that could have an impact on air quality. In addition 
to the section entitled -Air Quality: for ~ple, sections that describe impacts on mobiliIy. and hence 
determine vehicle miles traveled must be considered because transportation contributes substantial 
emissions. Consideration of air quality relates to such concems as the levels of congestion experienced 
at roadway mtersedioos Waste management issues may also involve air taxies, as can advanced 
technology and new processes with new materials. . 

The District will carefu1ly review the air quality analysis and the mitigation measures. At the 
conclusion of the District's review,loc:al govemmems will receive a letter ideDtifying any deficiencies in 
the air quality analysis and reoommendiDg mitigation measures. 

The flow chart in F'JgDre 14-1 illustrates District involvCment in the CEQA process. 

14.4 Criteria for the Perfomumc:e of aD Air Quality Analysis 

To determine if an air quality analysis is adequate to assess and mitigate a project's impact, a series of 
criteria has been developed.. The District will me these criteria when reviewing the adequacy of an air 
quality analysis and in recommending mitigation measures. As such, the Districts comments will be 
based on the followiDg: 

(1) Air QuaBty ADaJ,sis 

o All emission sources from con.stnlc:tion and operation are quantified 
accordiDg to Chapter 9 and Appendix 9 of the CEQA Handbook. 

o Most current emission factors are used in cakulations. 

o Assumptions used in caJavating emissions are reasonable. 

o Project employs the applopIia.te enviIomnemal document. 

o CUmu1ative impact analysis is performed pUl'SUaDt to Chapter 9. 
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o All alternatives are quantified. at a uUnimum usiDg the screening tables in 
Chapter 9. . 

o The baseline information identified in Chapter 8 is'included in the EIR. 

o A amsistency analysis bas been performed consistent with Chapter 12. 

(2) Mitigation MeasUl'eS 

o Assumptions used in quantifying mitigation are reasonable. 

o Mitigation measures are included to reduce cumulative impact projects. 

o Mitigation measures are included as appropriate to use. 

o Mitigation measures are enforceable as described in Chapter 1L 

(3) Mitigation Monitoring 

o The lead agency commits to includmg standards for measuring whether or 
not air quality mitigation measures have been implemented. 

o .' The lead agency commits to remedial action if air quality mitigation is not 
implemented. 

(4) Toxics 

o An impact screening assessment is performed when sensitive receptors are to 
be sited within a quarter mile of a known Source of toxic air pollutants. 

o The potential of an accidental release of anacurely hazardous material into 
the air bas been analy.zed.. " 
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IMPLEMENTING AND MONITORING MmGATlON 

CHAPTERlS 

Pursuant to AB 3180 (CaJjfomia Public Resources Code), CEQA !!9uires public agencies to monitor 
and to report on any mitigation required on an approved project. This ensures that the mitigation will 
be implemented. and the mmroament protec::ted.. Mitigation measures, c:mce implememed, should be 
judged.. for their effectiveness. Refer to Chapter 11 for further iDfomwion on developing appropriate 
mitigation measures. A mitigation monit~ program includes several key compcmeDts A checklist 
is provided in Table 15-1 to assist planners in preparing the mjripticm plan. 

15.1 MitiptiOD MooitoriDg PWa Compouats 

The Disttic:t recommends that m;rigation monitoring plans comaiD the componems desa:ibed. below. 
The District believes these components are important to fulfilljng the mODitoring and reporti.Dg 
requirements of CEOA They will also assist in ensuring that mitigation measures reduce air quality 
impacts. ., 

Commamic:atiDg Mitigation Measures and ReportiDg Requirements. Frequently. the requirements for 
mitigating impacts and reporting are not properly explained to those responsible. For example. 
mjtigation measures related to construction, such as street sweeping, should be explained. to the 
construction site manager and to amtrac:tors. Business owners need to be aware of mitigation 
measures related. to operation, such as transit passes for shoppers at malls. One method of ensuring 
that those responsible are properly informed is to have contrac:tors and business owners certify, at the 
time they are issued a business license, that they are aware of and will commit to employmg the 
mitigation measures identified for that project. Mitigation measures could also be recorded on the title 
of properties, thereby informing future owners of the requirements. 

Identification of Agency Responsible for MooitoriDg. The govermnental bodY responsible for 
monitoring each mitigation measure should be clearly identified. The lead agency is responsible for the 
majority of the mitigation measures (including those recommended by commenting agencies). 

ideDtification of Implementation TUDe Frame. The time frame for implementing the mitigation 
measures should be identified for each measure. Identification could consist of pinpointing a step in 
the project approval process when the measure should be implemented, setting a trigger such as when 
a project produces a c:ertaiIl number of vehicle trips. iden~ a project phase. or simply seled:ing a 
date. . 

Establisbmeot or Spedfic: CompliaDce Criteria. In order to adequately monitor a mjtigatinu measure, 
it is im~ that the measure have a quantifiable standard or a specific set of actions identified for 
determining whether or not it has been implemented. Compliance criteria an be the assumptions 
used in qwmtifyiDg the mitigation measures, the standard established as a t.riger for additional 
mitigation measures, or criteria based on a qualitative assessment such as odors. (Refer to Chapter 
11.) 

ldentificatioo of, Remedial Actions. The program should identify remedial actions that the local 
government an take, including such measures as fiDes or court orders. Lead Agencies may also wish 
to consider having the program provide for the substitution of a more effective mitigation measure by 
the respoDSible agency if the current measure proves ineffective. This latter suggestion is DOt requjred 
by CEOA, but could provide an insurance poliey for assumed. mitigation effects. 

:ReportiDg Mechanism ad Requirements. The program. should state the method of reporting and its 
requirements. Further it should specify the frequency of monitoring, designate the monitoriDg party 
(i.e .. builcIiDg department, planning department, fire department). and identify any agency that shoukI 
rec:eive periodic: activity reports. . 

An outline of the key components is provided in Table 15-1. This ·outline an be used as a checklist for 
determining if the appropriate components are included in the mitigation monitoring program. 
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15.2 MoDitoring aBel Repol"tiDg of Mitiptioa Measures 

In order to determine if measures are being implemented and if the measures are effed:ivcly reduciog 
the impact, CEQA requires that a monitoring and reporting system be established. Local governments 
Deed to establish a monitoring and reporting system for projeas for which they are the lead agency. 
The District also has a role in Ioc::al government monitormg and reporting systems when it is a 
responsible agency for the project. 

o Local Government Monitoring aBel Reporting Programs 

The key issues in monitoring are: frequency of monitoring, and at what stage in the project 
permit/construction process mitigation should be monitored. The frequency of monitoring mitigation 
measures should be based on the duration of implementation of the measures and the amount of 
monitoring necessary to ensure that measures are implemented. For c:onst:mction mitigation measures. 
monitoring during both scheduled building inspedions and at a pre-established frequency (such as once 
a week) is desirable. If the const:rw::tion phase is extremely loDg, or if emissions exc:eed the PMlO 
standard, or the project is very complex, the local government may want to require continual on-site 
monitoring. 

Operational mitigation measures should be monitored at least once a year, or more frequently if: 

o The project is to be developed in phases 

o I..:md uses other than those anticipated during project approval are present 

o The project's impacts are extremely signific::am: 

o The mitigation measures protect: sensitive receptors 

M<m.itoriDg may be linked to a specific step in the planning process that requires loc::a1 government ~ , 
approwI or inspections. Examples of such steps include: 

o Fmal subdivision map approval 

o Grading permit 

o Land use clearance permit 

o Building permit 

o Cc:mmudion inspections 

o Ocmpancy permit 

o BusiDess 1iceDse 

o Discretionary permit ammal review 

The flow c:bart in FJg'W'C 15-1 idemifies types of mitigation measures that can be monitored in each. 
development phase. This is intended to be a general list. Since local government planning processes 
vary, Qther steps in the planning process may also exist that can be used to monitor implementation. 
Table 15-1 provides a sample clrec1dj~ for monitoring and reporting air quality mitigation measures. 
FJgUre 15-2 provides a sample outline of a mitigation monitoring program that contains all the 
components recommended in Section 15.L FlgW'C 15-3 provides a sample reporting form to assist 
local governments in tracking and determining effec::tiveness of mitigation measures. 

Local governments have the authority to levy charges, fees, or assessments to pay for the monitoring 
and reporting program. Local governments have aD opportunity to use the information gathered 
through the monitoring program to determine if a mitigation measure is effective. The .~ 
January /February 1989 issue of CaDfomia Planner suggested that if the measures are not as diec:me 
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as intended and the impact remains swmutiaJ, the loeal government may substitute a more effective 
measure. While not specifically required by CEQA, Lead Agenc:ies can exercise this approach atthei:r 
option. 

o DIstrkt aDd MODitoriDg ad ReportiDg Programs 

The District is involved in local govemment monitoring ad reporting programs as both a responsible 
agency aDd technical resource to local govemmem.s. The AS 3180 also requires the Distrid: to adopt a 
m~on moo.itori.Dg program for .mitigtttion measures imposed on projects for which the District is 
the d agency. As a responsible agency, the Distric::t can c:mIy impose mitigation measures that are 
related to the District's permitting authority. For example, the Distric:t would be respcmsible for 
mcmitori.Dg mitigation measures relati.Dg to the permitting proc::ess imposed on projects where the 
District is a responsible agency 1mder CEQA; however, the District is DOt responsible for monitoring 
mitigation measures that it has recommended in the role of a commenting agency. The District caD. be 
both a tespoDsib1e agency for aspects of a projec:t relating to District permitting and a commenting 
agency relating to other aspec:ts of the project. . . 

The District wiD, if necessary, .recommend mitigation measures when it reviews and comments on a 
project. m additicm, the Distrid: may ~ required mitigation measures relatiDg to the District's 
subsequent pemWtiDg ac:ticm and submit mOD.itori:og md reporting requirements for these measures. 
The District will work with local gO\'eIDments to coordinate monitoring of Districtpermit-relat:ed 
mitigation measures when applicable. 

The District caD. assist local govemmems in monitoring certain mitigation measures by providing its 
technical expertise or by using District permitting and enforcement ac:tMties; particWarly' when 
measures relate to Distric:t permits; by evaluating air .quality momtoring samples; and by making 
District iDspec:tioas. m those C3SeS in which local governments identify the District as a responsible 
monitoriug agency for air quality mitigation measures, both the Em and ~tion monitoring 
program must be submitted for District re~ and comments. 

15.3 EDfon:ement. 

Measures that are c:ritic::a1 to mitiptiDg the impact should be legally enforceable. Enforcement depends 
largely on the implementation mechanism and specificity o.f the measures. The easiest measures to 
enforce are those that clearly identify who is gomg to do what by when. When mitigation fees are 
~ it is important to identify when in the plamDDg process the fee should be paid, how much the 

. fee is (or the medumism for determining the fee), and what the fee is to be used for (Identification of 
the particuJar program or implO\ltJl1ent). . 

AS 3180 (Cortese)t which codified mitigation mODitoriog requirem~ does not proride additional 
sanctioDs for local governments to' impose if monitoriug reveals that the mitigation measures. or 

. changes to the project have not been implemented. Local governments ~ howevert use existing 
san.c::tions available to them, such as stop work orders, fiDes, and restitutions. m addition, a variety of 
enforceable mechanisms are available to local planners to ensure that the air quality mitigation 
measures are implemented. 

o EDmpIes of tile Eafon:eal»le MedPaDisms for Mitigation Measures 

CacJitioaS of Approval _ Discretionary Permits. Air quality mitigation measures can become 
amditioDs of approval on discretionary permits (e.g., amditional use permits, variances, design review 
permits, subdivision maps, etc.). Local gO\'eIDments haw the authority to coDdilic:m projects as kmg as . 
the conditioos are reasonably related to the discretionary permit. Mitigation measures are related to 
the projed: in the sense that through the eDVironmcntal process these measures ha\le been deemed 
xrec=i''Y to reduce the potential environmental impact of the project. 

Most mitigation measures are tied to conditions of approval as they relate to a partic:War step in the 
p1amring proc:css. For eDmP~ if a mitigation m.easure that required the planting.of shade trees to 
rc:duc::e elec:trical energy usage had been included in an EIR, a requirement could be made that sw:h 
t:rees be planted prior to the issuance of aI1 oa:upauc:y permit. 
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Impact, MitigatiOD, 01' Improvement Fees. Loc:al governments are empowered to exact impact, 
D;itigation., or improvement fees from developments as long as the fee meets the nexus test In most 
cases, the environmental documentation can establish a nexus by showing thaI the fee will be used to 
offset the impaa and fund its amelioration. 

Impact or mitigation fees supportmjtigation measures such as transportation demand management 
(TOM) programs where the program will benefit properties in addition to the project site. 
Improvement fees are best suited for mitigation measures that involve capital improyemems, such as 

'traffic: light sync:bronization, where the improvement involves expenditure of funds beyond the funding 
that can be reasonably exacted from the project. 

Coaditioas, Covmuts, ud Restridioos. Through the discrerimwy permitting process, ,local 
governments ,can require thai: c:ertain mitigation measures be recorded on a property's c:c:mditions, 
~ and restrid:ions (CC&Rs). CC&R.s can govern asped:s of a project includmg land uses, 
development standards, responsibilities of property owners and associations, and any' other 
requirements uniqoe to the area covered onder the CC&Rs. 

Mitigation measures included in CC&:Rs may be recorded on the title of the property and made 
available to futWe owners andc:once:med citkens through the c:ounty recorder's office. In thai: way, 
CC&Rs are effective implementation mecbanisms for long-term operational mitigation measures (such 
as ridesharing requirements) and measmes thatare expected to be carried oot by an as.cociation of the 
owners of individual lots (such as mamtaming low-energy lights in the common parking area of a 
planned unit development). CC&Rs are also effective in ensuring mitigation of projects that are to be 
buik out mer a series of several years, such as Specific: Plans that 'will serve as the guide for an future 
development of theprojea:. . 

lm:pruwemeDt Securities. Through local ordinances, local government can require project proponents 
to, furnish a sec:wity for the performance of any act, agreement, or work. ImprOVC!D.ent securities 
indude bonds, deposits with a loc:al agency, a trust account, iDstmment or letter of credit, or lien. Loc:al 
governments 'commonly use improvement securities for items such as constroc:tion of capital 
improvements. Improvement securities can also be used to assure implementation of air quality 
mitigation measures. Improvement securities would permit a loc:al government to c:a:rry out the work if 
the project proponent failed to implement the measure. Examples include: traffic light 
synchronization, bus tumou:ts and passenger benches, and recycling colleetion, service. 

Dm!Iopmem ~ts. l..ocal governments have the authority to enter into development 
agreements with any property owner. Development agreements can specify the permitted uses on the 
property, the densitY or intensity of use, the maximum height and size of proposed buDctinp, provisious 
for reservation or .dedic:aticm of land for public purposes, and terms and oonditic:ms relating to fimmciDg 
public: facilities and subsequent reimbursement. The development agreement may include conditions, 
terms, restrictions, and requirements for subsequent disaetimwy actions. While development 
agreements are Dot specifically entered into to implement· mitigation measures, development 
agreements, if i:astito.ted, should iDcotporate such measures. 

The most appropdate meUmes for inclusion in a development agreement are design and land lISe 
related, soc:h as support services in business parks, operational mirigariou measures· such as 
participation in a transportation management associatima, dedications for uses such as bicycle lanes and 
public traDsit, and financing of public fac::ilities such as rail transit line c.mensions. In addition, 
development agreements are beneficial in establishlDg trigger mecbanisms and requirements for 
additional mitigation measures, if the existing measures do Dot prove adequate. 
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Figure 15·2. Mllitorilg PrOf. Oathe 
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Fipre 15-2. MGIitoring Progr. Ou$Ie (continued) 
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rifle 15-1 lOIitorilg Pr". Report 
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Figure 15·1 M.toring Program Report (continued) 
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Tab~ 15-1. Mitigation MHftoring Checklst 

1. Have the ::9afion measures and reporting requirements been 
communi ? 

2. Have entities responsible for monitoring each measure been 
identified? 

3. Has a time frame for implementation of each mitigation measure 
been identified? 

4. Have specific compliance criteria been identified for each measure? 

5. Have remedial actions been identified? 

6. Does. the program identify the method of reporting and reporting 
requirements'? . 

15-10 
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REPORTING ON PROJECT DISPOSmON 

CHAP'l"ER16 

The need for local govemme:nt:s to report to the District on environmental analysis is important for a 
. number of reasons: 

o to take credit for actions local governments take to reduce emissions UDder the AQMP 
(i.e.. reductions from mitigatioo measures applied to projects) 

o to reassess the key assumption.s that were used in cietem:W:UDg the appropriate attainment 
strategy that was included in the AQMP (i.e.. population projec::tions, etc.) 

o to assess cumUlative impacts of jnsignificant projects 

o. To c:omply"With CEQA 

Credit for Loc:al Government Actions. The District is responsible for demonstrating that the SCAB, 
Coachella Valley and Antelope Valley are making sufficient progress in attaining the federal and state 
ambient air quality standards. Therefore, the District must show that emissions within its jurisdiction 

. are being reduced and must substantiate its progress through quantitative reporting. In the past, the 
District has Dot been able to quantitatively demonstrate reductions in emissions from local government 
action.s, despite the mitigation measures now in force. Therefore, the District is requesting that local 
governments voluntarily participate in monitoring programs. 

When the lead agencies report on the disposition of environmental documents for projects, the District 
is able to document emission reductions. These reports will also document the progress of local 
governments in implementing the 1991 AQMP since a heightened CEQA involvement process was 
included as a control measure (M-H-l) .in the Plan.. Documenting the contnbutiODS of local 
governments in implementing the AQMP is c:ritical Without the cooperation of loc:a1 governments, the 
region could face a situation in which emission reductions would need to be made up through the 
application of m.ore stringent regulations and the regulation of smaller sources, and contingency 
measures would :need to be implemented. Additionally, federal ·funds for transportation and. 
wastewater treatment facilities could be restricted. . . . . 

Most importantly, recent gains toward cleaning up the air could be set back, and the region would not 
be able to meet the federal and state ambient air quality standards "Within the 2O-year time frame set 
out in the 1991 AQMP. 

As_siDg AQMP Assmnpticm.s. The AQMP must set out a comprehensive. emissiODS reduc::tion 
strategy that demonstrates attainment of National Ambient Air Quality Standards by the deadllDes 
established in the federal Oean Air Act for each type of pollutant. In addition, the AQMP strategy 
must: also ac::hieve federal and state targets for interim emissiODS reductions. The AQMPstrategy 
forecasts emissioo levels, based in part on SCAG's forecasts of future employment, population, and 
travel in the regioa. SCAG's forecasts reflect trends in the many complex forces which determine 
regional growth: births, deaths, immigration, emigration, shifts in regional, state, Dational and 
international economic: fac:::tors; and changes in local land use plans and policies.. It is important to 

. monitor and regularly update forecasts of future emissions, employment, population, and travel It is 
also important that new and existing development implement the measures which the AQMP assumes 
they will perform. 

Cmnulative Impacts. I:ndMdwilly, projects may not have a significant impact on air quality, however 
when considered together the impact may be signific:am. Annual reporting will assist the District in 
esse:ssing the impacts that the uDmitigated emissions from projects are having 011 the attainment 
strategy contained in the AQMP. 

CEQA ReportiDg. CEQA Guidelines Section 15095 'requires that lead agencies provide a 6nal c::ertified . 
Em to responsible ageDcies.. The District requests a copy of the final certified Em whenever it is a 
responsible or commenting agency under CEQA In addition, CEQA Guidelines Section 21092.S 

1()..1 
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requires lead agencies to provide written responses to public agencies on c::omments made by that: 
agency at least ten days prior to certifying the final Em for the project. 

Ten days prior to certifying the final EIR, the lead agency should provide the District with written 
responses to comments made by the District. 

Project environmental documentation which the District has commented on should be sent to the 
District. Specifically, the lead agency should transmit: the fiDa1 environmental documentation and the 
mitigation monitoriDg program, along with a District reporting form (see FIFe 16-1). The District 
will use the information on the reporting form. re1atiDg to lmmitigated and mitigated emissions to 
doc:wnem loca.I government efforts m implementing the AQMP. In addition, if the project proponem 
will be applying for a District permit which is covered by the environmental document, it should be 
submitted to Engineering when the permit is applied for. At that time, the District will make a 
determination as to whether the environmental documentation is sufficient to cover the District's 
permitting activity. In addition, the District will request annual reporting of aD projects to document 
region-wide cumulative impac:t.s. SCAG monitors local government actions to assess the key 
assumptions, such as population forecasts, that went into .the AQMP. 

16.1 Reporting on Emironmental Doc::oments 

Local governments are requested to report on the disposition of all signific:a.nt projects.. Refer to 
Chapter 6 for a list of projects deemed to be significant. 

The report should be made to the District within 60 days of approval of the project by the lead agency. 
The information submitted to the District should include the following: 

o Fmal certified Em or Mitigated Negative Declaration (MND) 

o Mitigation monitoring program 

o Com~leted reporting form 

The project disposition reporting form is divided into three sections. Section" I requests information on 
the lead agency. project location, and State Clearinghouse and District project identification numbers 
(the District assigns identification numbers only to those projects that it has reviewed and c::ommented 
upon). It is imperative that information on the estimated year of construction and bWld-out be 
included on the reporting form. 

Section n requests specific information regarding the type and size of the project. The District needs a 
definitive desc::ription of the project in order to quantitatively determine the emission reduction benefits 
of the CEOA program. It is preferable that planners provide the number of units or square feet of 
facilities whenever possible. Use acres onIywben estimates of square footage are.not available. 

In Section III, planners should identify the emissions produced by the project prior to mitigation 
(nnmitigated emissions), the emissions reductions from mitigation (mitigated emissions)~ and the 
emissions that: the project will produce with mitigation being applied (net emissions). If the E1R or " 
MND was prepared in accordance with the CEQA Handbook, these emissions estimates should be 
readily available. "" 

The completed reporting form, along with the final certified Em or MND, mitigation monitoriDg 
program, and response to District ~ents should be sent to: 

CEQACoordinator 
South Coast Air Quality Management District 
21865 East Copley Drive 
P.O. Box 4939 
Diamond Bar, CA 91765-0939 

If you haw any questions about reporting or completing the reporting form. contact the CEOA 
Coordinator at (909) 396-3109. 
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Figure 16-1.' Reporting Fa (continued) 
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CIVIC CENTER PARKING 
225 N LOS ANGELES ST Pl40 N 

LOS ANGELES. CA. 90012 
213-978-2771 

Morchant ID: 8015418505 
Term lO: 131331940008915418505000 

xxxxxxxxxxxxB9S0 
DISCOVER 

Total: 
08128113 
Inv H: 000024 
Apprvd: Online 

Sale 

EntrY Method: Swiped 

$ 16.00 
12:11:04 

~r ~ode: 02872R 

Customer COpy 

THANK YOU! 

Los Angeles 11,:1.11 
City of Los Angeles 

TRANSACTION NO. 20045 
TICKET NO. 13770 

[OPERATOR-LANEJR COLMENARE8-1J 

IN: 09:57AM AUG28/13 
OUT: 12:09PM AUG28/13 

1 LA ['tALL $16~OO 

------------------------------

BALANCE DUE 
CASH 
CHANGE DUE 

$16.00 
$16~OO 
$0.00 
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TABLEA9 - 5·1 

ESTIMATING TEMPERATURES NEEDED TO CHOOSE 
COMPOSITE EMISSION FACTORS 

The air quality ;malysis in environmental documents (ElR., NOs, MNDs, etc.) should include emission estimates 
using average speed.. vehicle miles traveled (VMT). average daily trips (ADT) and number of vehicles (NOVs). 
Composite emission factors are provided in Table A9 • 5 - I, A9 - 5 -K, A9 - 5 - L and A9 - 5 - N of the 
Appendix 9. 

COMPOSITE EMISSION FACI'ORS 

EmjWon factors associated with gasoline vehicles equipped with and without c:ataIytic: c:onverters were 
combined. These c::om.bined factors were added to the diesel-fueled vehicles emission factors to estimate a 
weighted average between three fuels. For passenger vehicles, the weighted average was for light-duty 
automobiles and Iight:-duty trucks, and for materials hauling vehicles, the weighted average was for medium
duty, ligbt-heavy-duty, medium-heavy-duty, and heavy-heavy-duty trucks as defined by the California Air 
Resources Board.. 

TEMPERATURES FOR EACH POILUTANT TYPE AND AREA TYPE 

Table A9 - 5 -I, A9 - 5 - K, A9 - 5 - L and A9 - 5 - N provide ~ODS factors for the Areas 1-3. 

Orange County 
Los Angeles County 

Areal 
Area2. 
Area 3 Riverside County and San Bernardino County 

Temperatures for each area were selected usingworst-c:ase scenarios. The ten highest exceedance days 
experienced, in the counties and subwUDties within the District, were examined to determine the worst-case 
temperatures. Each exceedance day had six two-hour time periods in which. high levels were observed. 
Temperature readings between four time periods were selected. Morning temperatures were averaged for time 
periods between 6 a.m to 8 am.. and 9 a.m. to 11 a.m. for each County. For the remainC:1er of the exceedance 
day, the temperatures between 12 p.m. to 2 p.m., and 3 p.m. to 5 p.m. were averaged for each County. 

The lowest temperatures were seled:ed for carbon moncmde (CO) and oxides of nitrogen (NOx), because at 
lower temperatures incomplete c::om.bustion oc::cms. that leads to high CO and NOx emissions. CO emission 
factors for all areas were adjusted to 6ODF. For Area 1, NOx emission factors were adjusted to 1(PF. for Area 2 
to 15OF. and for Area 3 to SOOF. Temperature cOrrection factors for PM10, sulfur and :lead are not c::mTent1y 
available. The enclosed emission factors are based on room temperatures (LI: .. 15°F) for these three pollutants. 
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The District takes limited measurements of reactive organic: compounds (ROCS). Temperature estimates are 
based on the 10 worst ozone exc:eedanc:e days. Ozone is formed from reactions between ROC and NOx in the 
presence of sunlight. Greater levels of ozone are formed at higher temperatures. R.OC emission increases are 
high during high temperatures due to evaporative and combustive emissions, with mjnjmal evaporative· 
emissions during cooler weather. For Areas 1 and 2, ROC emission factors were adjusted to SSOF. while for 
Area 3, these were adjusted to 11JOOF. (0.92 factor was used to convert Total Organic Compounds to Reactive 
Organic Gases.) Following are the pollutant concentrations exceedance day temperatures and selec::ted 
temperatures for the composite emission factors: 

Exs:!::diln~ T~mS&rature 

Tune of the Day 6-11 12-14 15-17 

Carbon Monoxide (CO) 

Orange (Area 1) 60 71 66 
Los Angeles Coastal (Area 2) 57.5 70 65 
Los Angeles Inland (Area 2) 60.5 73 64 
Riverside (Area 3) 64 75 68 
San Bernardino (Area 4) 625 19 73 

Oxides of N"ltrogen (NOx) 

Orange (Area 1) 71 82 77 
Los Angeles Coastal (Area 2) 67.5 76 72 
Los Angeles Inland (Area 2) JgJ 91 83 
Riverside (Area 3) 77 g'] 81 
San Bernardino (Area 4) 825 93 86 

Reactive Organic Compounds (ROC) 

Orange (Area 1) 75 83 80 
Lo6 ADgeles Coastal (Area 2) 71 ~ 75 
Los Angeles Inland (Area 2) 
Riverside (Area 3) 
San Bernardino (Area 4) 

83.5 .w 88 
88.25 .22aS 96 
86.0 995 97 

TablesA9 - 5· J·1 ibm 10, and Table A9 - 5 - L 
Emission factors for passenger vehicles 

. Tables A9 - 5 - K - 1 thru 10, and Table A9 - 5 - L 
Emission factors for trucks 

Tables A9 - 5 - N - 1 thru 3 
Emission factors for motorcycles 

Tables All - 5 - H - 1 thru 10 
Emission factors for buses 

A9-31 

Temperatures 
FOr~chArea 

oF) 

60 
60 
60 
60 
60 

70 
7S 
7S 

·80 
80 

85 
85 
IS 

100 
100 

AR0072979 



TABLEA9· 5·J 

EMISSION FAcroRS FOR ESTIMATING PASSENGER VEmCLE EMISSIONS 

USE 

TABLEA9-5-L. 

FOR ESTIMATING OXIDES OF SULFUR AND LEAD EMISSIONS FROM 
PASSENGER VEHICLES 

USE 

TABLEA9 -14-A 

FOR PASSENGER VEHICLE-RELATED 
VEHIClE MIlES TRAVELED (VMT) 

AVERAGE DAlLY TRIPS (ADn AND NUMBER OF VEHICLES (NOV) 
IN COUNTYWIDE AND REGIONWIDE FLEET:MIX 

AND 

TABLEA9-5 - G* 

FOR 1HEIR PERCENTAGES 

USE 

TABLEA9-5 -P-IAND2 

FOR DETERMINING COMPOSITE EMISSION FACTOR BETWEEN 
FOUR DIFFERENT TYPES OF VEHICLES TOGETHER, SUCH AS, 

PASSENGER VEIDCLES, MOTORCYCLES AND BUSES 
INCLUDING MATERIAL HAULING VEInCLES 

AND 
BETWEEN RUNNING, HOT AND COlD START EMISSION FACTORS FOR . 

1HE PASSENGER VEHICLES 

(* IF PROJECT-SPECIFIC FLEET MIX DATA IS NOT AV AII...ABLE, 
USE TABLE A9 - 5 - G TO DETERMINE PROJECT-RElATED 

FLEET MIX DATA) . 
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TABLE A9 - 5 - J - 1 
EMFAC7EP EMISSION FACTORS . FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less.·· 
Calendar Year 1991 

5 40.10 40.16 41.51 loS! 3.51 4.13 1.22 t.22 t.20 0.01 0.10 

10 21.07 21.10 21.41 1.91 1.97 2.90 1.10 1.10 1.08 0.01 0.10 

IS 14.55· 14.57 14.81 1.42 1.42 2.19 1.00 1.01 0.98 0.01 0.10 

20 11.05 11.06 11.24 1.11 1.12 1.15 0.93 0.93 0.91 0.01 0.10 

2.5 8.86 8.81 9.02 0.9\ 0.91 1.43 0.88 0.88 0.86 0.01 0.10 

30 7.37 7.38 7.50 0.75 0.28 1.16 0.85 0.85 0.83 0.01 0.10 .. 
3.5 6.30 6.31 6.41 0.62 0.23 0.9~ 0.83 0.83 0.81 0.01 0.10 

40 5.51 .5.52 5.61 0.50 0.19 0.69 0.82 0.82 0.80 0.01 0.10 

4.5 4.93 4.94 5.02 0.40 0.15 0.49 0.83 0.83 0.81 0.01 0.10 

50 4.49 4.49 4 . .57 0.35 0.13 0.39 0.96 0.96 0.93 0.01 0.10 

.5.5 4.09 4.09 .4"6 0.32 0.12 0.35 1.25 t.2.5 1.22 0.01 0.10 

60 7.87 7.88 8.02 0.41 0.1.5 0.45 1.55 1..5.5 1..51 0.01 0.10 

65 11.98 18.00 18.30 0.10 0.26 0.77 1.85 1.86 1.81 0.01 0.10 

cotDSTART· 93.50 93.49 93.38 5.20 5.21 5.38 .2.89 2.90 2.85 
(OramsfTrlp) 

12.72. 12.14 13.02 1.31 1.38 US 1.68 1.68 1.66 

SOAK· I -- -- -- 2.11 2.11 2.13 
(OramsfTrlp) 

5.011 5.od 5.01 

one daUy II • 

RUMing + Evaporative 
Vehicle Start ----------------> Vehicle Start 
(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

Vehicle Miles Traveled (VMT)/Average Dally Trip. (ADT) -weighted emission factors: 
Includes VMTI ADT from dleseHueled vehicle. (2.25"), gasoline-fueled vehicles equipped with catalyst (93.58"), and gasoline-fueled vehicles not equipped with catalyst (4.18"). 
Number of Vehicles (NOV)-welghted emission (aolora: . 
Includes NOV from diesel-fueled vehicles (2.40"), gasoline-fueled vehicles eqUipped with Clitalyst (89.51 "), and gasoline-fueled vehlclei not equipped with catalyst (8.1 "). 

••• Vehicles with grOll. vehicle welsht 6,000 pounds and lese: 
Includes ARI'.lIght automobiles, IIsht-duty trucks. VIlll8, ltallon wagons and 4lt4 trucks • 

lC!nlnlluit \iNt\ 
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TABLE A9 - 5 - J - 2 
BMFAC7BP BMISSIONFACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,001 Pounds and Up ••• 
Calendar Year 1993 

5. 13.49 11.92 65.84 6.49 6.39 6.98 1.91 1.64 9.43 0.41 0.19 
10 46.95 45.15 42.01 4.21 4.11 4.61 6.91 6.69 8.11 0.41 0.19 
15 33.39 32.56 ·29.96 3.04 2.96 3.38 6.30 6.04 1.21 0.41 0.19 

20 25.08 24.48 22.54 2.32 2.21 2.62 5.86 5.62 6.61 0.41 0.19 

25 19.83 19.36 11.84 U5 1.80 2.10 5.60 5.31 6.25 0.41 0.19 

30 16.46 16.01 14.80 U2 1.48 1.14 5.48 5.25 6.06 0.41 0.19 

35 14.31 .13.91 12.86 1.29 1.26 1.41 . 5.48 5.26 6.05 0.41 0.1l) 

40 13.05 12.13 11.70 1.11 1.09 1.21 5.62 5.38 6.19 0.41 0.19 

45 12.49 12.16 11.15 1.00 0.91 1.13 5.81 5.62 6.50 0.41 0.19 

SO 12.54 12.18 ILlS 0.92 0.90 1.04 6.31 6.09 1.fY) 0.41 0.19 

55 13.16 12.16 11.63 0.81 0.85 0.98 1.11 6.88 8.04 0.41 0,19 

I 
60 16.14 16.39 14.88 0.91 0.90 1.03 8.23 1.90 9.32 0.41 0.19 

65 24.15 24.61 22.26 1.11 1.10 1.23 9.66 9.21 11.10 0.41 0.19 

1,...-- - -_. --~ 46.11 44.11 45.50 2.76 2.68 2.90 2.02 L96 1.91 

4.42 4.21 4.36 0.72 0.69 0.81 0.95 0.92 0.88 

SOAK· 1- -- -- 0.90 1.021 1.04 
(OrlllllllTrlp) 

.1 

3,6
4 1 . 3.

64 1 3.64 

I f one dally trip: 

Runnlnl + EVllporatlve 
Veldcle Start ------------~---> Vehicle Start 

(Start-up) (Hot Soak) 

DlunW 
Parking ----------------> ReaWt 

(Start-up) 

Vehicle Mllca Trllveled (VMT) or Average Dally Trips (ADT)-welghted eml.slon factOfa; 
, Includea VMT or ADT from diesel-fueled vehlclca (33.33~). guoUne-fueled vehicle. equipped with calalyat (46.02~). and suollno-fueled Yehlclea not equipped with catalyat (20.65~). 

Number of Vehlclce (NOV)-welghted emiaalon facto,.:. . 
Includea NOV from diesel-fueled vehicles (33.331). paoline-fueled vehicles equipped wIth caIaIyat (31.14~). and luollne-fueled vehlclea not oqulppcd with catalyat (28.93~). 

••• Vehlcl_ • ... th gretl vehicle weight 6.001 pound a and liP: 
In ) ARB'. modlum-duty IUld IIghtlheavy-duty. modlumJheavy-dul)' and heavy/heaV] ) "ehlclea. e.A.; construction and demoUtlon material. Mullns tntcb. ) 

. (SOIOHDI / ( 
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-- TABLE h.:/- 5 - J - 3 
EMFAC1EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less*** 

Vehicle Speed 
(Miles per Hour) 

5 

10 

is 
20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

COLD START. 
(OramlllTrlp) 

HOT START· 
(OramlllTrlp) 

HOrSOAK· 
(OramlllTrlp) 

DIURNAL·· 
(Ol1mslVeblellllDl,) 

Carbon Monoxide 
AREAl AREA2 

25.53 25.57 

14.21 14.23 

10.44 10.46 

8.00 8.01 

6.40 6.41 

5.32 5.32 

4.54 4.54 

3.91 3.97 

3.54 3.54 

3.20 3.21 

2.90 2.91 

5.60 5.61 

12.81 12.83 

81.98 82.00 

10.90 10.92 

--- --
----- ----

AREAl 

26.00 

14.45 

10.61 

8.13 

6.50 

5.40 

4.61 

4.03 

3.60 

3.25 

2.95 

5.70 

13.02 

82.10 

11.12 

---

--
tiltsmoleo 

Vehicle Start 
(Start-up) 

Parldng 

Calendar Year 1995 
Running Bxhaust and Evaporative (Grams per Mile)· ' 

Reactive Organic Compounds Oxides of Nitrogen 
AREAl AREA2 AREAJ AREAl AREA2 AREAl 

1.91 1.91 2.67 0.94 0.94 0.93 

1.03 1.03 1.54 0.84 0.84 0~83 
0.12 0.72 1.12 0.77 0.77 0.75 

0.56 0.56 0.89 0.70 0.10 0.69 

0.45 0.45 0.7" 0.66 0.66 0.65 

0.37 0.37 0.58 0.61 0.61 0.60 

0.31 0.31 0.45 0.59 0.59 0.58 

0.26 0.26 0.36 0.57 0.51 0.56 

0.22 0.22 0.28 0.56 0.56 0.55 

0.19 0.19 0.23 0.64 0.64 0.63 

0.18 0.18 0.22 0.85 0.85 0.83 

0.23 0.23 0.27 1.05 1.05 1.03 

0.38 0.38 0.46 1.25 1.25 1.22 

4.36 4.37 ' 4.34 2.52 2.52 2.50 

0.96 0.96 1.15 1.30 1.31 1.24 

U. til UI ---- --- --
2.90 2.90 2.91 ---- --- ---

one daUv ir 0: 

RUI1II1n3 + Evaporative . 
----------------> Vehicle Start 

Diurnal 

----------------> 

(Hot Soak) 

Restart 
(Start-up) 

PM10 BxhauSt. ' 
FOR ALL ARBA 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

• Vehicle Miles Traveled (VMT)/Average Dally Trips (ADT) -weighted emission factors: , 

-: ',' 

PM 10 Tire Wear 
FOR ALL AREA 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

I 

I 

Includes VMTI ADT from dleseHueled vehicles (1.11 75). psollne-fueled vehlcles equipped with catalyllt (97.3275). and gasoline-fueled vehicles not equipped willi catalyst (1.5775). 
•• Number of Vehlcles (NOV)-welghted emission factors: 

Includes NOV from dleseH'ueled yehlcles (1.5475). gasoline-fueled yehlcl" equipped with catalyllt (95.0675). and gasoline-fueled yehlcles not equipped with catalyst (3.4075). 
••• Vehicles with grosll vehlcle weight 6,000 pounds and less: 

IncludOl ARB'. light automobllOl, ligllt-duty trucM. van., &tatlon wlIgonl and 4x4 trucM. 
(SO IOPVI§.WIC1\ 
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TAHLti A9 - ,:, - J ~ 4 
BMFAC1BP BMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGBMBNT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less*** 
Calendar Year 1997 

5 19.92 19.97 20.26 US 1.6,5 2.11 ' 0.84 0.85 0.84 0.00,5 0.10 
10 11.60 11.63 H.19 0.88 0.88 1.25 0.15 0.1,5 0.1.5 0.00,5 0.10 

IS 8,84 8.86 8.98 0.61 0.61 0.90 0.68 0.68 0.68 0.005 0.10 
20 6.81 6.83 6.92 0.41 0.41 0.11 0.62 0.62 0.62 0.005 0.10 
2,5 5.45 5.46 5.54 0.38 0.38 0.51 0 . .58 0.58 0 . .58 0.00.5 0.10 

30 4.53 4 . .54 4.61 0.31 0.31 0.45 0 . .54 0.54 0.53 0.005 0.10 

35 3.88 3.89 ' 3.94 0.2.5 0.25 0.36 0.51 0.51 0.51 0.005 0.10 

40 3.39 ' 3.40 3.44 0.21 0.21 0.,52 0.49 0.49 0.49 0.005 0.10 

45 3.03 3.03 3.08 0.11 0.11 0.21 0.48 0.48 0.48 0.00.5 0.10 

SO 2.14 2.74 2.18 0.16 0.16 0.18 0.55 0.55 0 • .54 0.005 0.10 

5S 2.48 2.49 2.52 0.1,5 0.1,5 0.11 0.12 0.12 0.71 0.005 0.10 
60 4.80 4.81 4.88 0.18 0.18 0.21 0.88 0.88 0.81 0.00,5 0.10 

6,5 10.91 10.99 11.14 0.31 0.32 0.36 1.05 l.05 1.04 0.005 0.10 

I,... .... LD START. 14.18 14.82 14.98 4.10 4.11 4.02 2.39 2.40 2.38 
(O,amsITrlp) 

HOT START 9.411 9.49.1 9.641 0.911 0.921' 1.011 1.261 1.261 1.16 

(OramITrlp) 

HOT SOAK. I -- I 0.941 0.941 0.9S 
(OnmsITrip) 

DIURNAl·· 
1 -'I 1 

2.631 2.631 2.64 
(OrllmslVehlclclDIIY) 

one 

RUMlng .. Evaporative 
Vehicle Start ----------------.> Vehicle Start 
(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

• VehlcleMlies Traveled (VMT)/Average Dally Trips (ADT) -weighted emission factors: 
lncludes VMT/ADt from dleseHueled vehicles (0.68"), gasoline-fueled vehicles equipped with catalyst (98.45"). and gasoline-fueled vehicles not equipped with catalyst (0.81"). 

•• Number of Vehlclos (NOV)-welghted emission factors: 
Illcludes NOV from diesel-fueled vehlclos (1.04"). gasoline-fueled vehicles equipped with catalyst (97.03"). and gasoline-fueled vehicles not equipped with catalyst (1.93"). 

••• Vehicles with grosl vehicle weight 6.000 pounds and less: 
·';des ARB's light automobiles. light-duty trucks. vans, station wagons and 4114 t,uc1r~ , 

/ ) (SOIOPVI1 ) 
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T ABLB A9 - 5 - J - 5 
•.. ../ 

EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Vehicles with Gross Vehicle Weight 6,000 Pounds and less •• • 

Calendar Year 1999 

5 IS.61 15.65 15.87 1.33 l.33 1.75 0.73 0.73 0.76 0.005 0.10 
10 9.48 9.51 9.64 0.69 0.69 0.99 0.65 0.66 0.68 0.005 0.10 
IS 7.45 7.47 7.57 0.48 0.48 0.72 0.S9 0.59 0.61 0.005 0.10 
20 5.76 5.77 5.85 0.37 0.37 0.56 0.S3 0.54 O.SS 0.005 0.10 

25 4.60 4.62 4.68 0.29 0.29 0.44 0.49 0.49 0.51 0.005 0.10 

30 3.83 3.85 3,cJO 0.23 0.23 0.3S 0.46 0.46 0.48 0.005 0.10 

35 3.29 3.30 3.34 0.2(} 0.20 0.28 0.44 0.44 0.45 0.005 0.10 

40 2.88 2.89 2.92 0.16 0.16 0.21 0.42 0.42 0.43 0.005 0.10 

4S 2.55 2.56 2.59 0.13 0.13 0.16 0.40 0.41 0.42 0.005 0.10 

SO 2.30 2.31 2.34 0.12 0.12 0.14 0.46 0.46 0.47 0.005 0.10 

SS 2.09 2.10 2.13 0.11 0.11 0.13 0.00 0.00 0.62 0.005 0.10 
60 4.08 4.09 4.1S 0.14 0.14 0.16 0.74 0.74 0.17 O.OOS 0.10 

6S 9.34 9.36 9.49 0.24 0.24 0.28 0.89 0.90 0.92 0.005 0.10 

1,-_. D BT ART. 68.40 68.45 68.61 3.63 3.63 3.SS 2.20 2.21 2.20 
(OramlllTrlp) 

HOT START. 1.961 7.991 8.121 0.711 0.71 I 0.831 1.11 I 1.121 0.89 

(Oramsrrrlp) 

HOT SOAK,· 0.761 0.761 0.76 
(Oramen)lp) 

I 2.21 1 2.211 2.21 

Eumple or one cIany trIp: 

RIIJUIlnS + EVllporatJve 
Vehicle Start ----------------> Vehicle Start 

(Start-III') (Hot SoU) 

Diurnal 
Parking ----------------> ReaWt 

(SWt-up) 

• Vehicle Miles Traveled (VMT)/Average Dally Trips (ACT) -welpted emlulon facton: 
IncludesVMT/ADT from dleHHiaelecl vehicles (0.391), ,uollno-fuelecl vehicles equlppecl with catalyst (99.3~"), and guollne-fuelecl vehleles not equipped with catalyst (0.231). 

•• Number of Vehlcles (NOV}-welghted ._Ioll fecto,.: 
Includes NOV from dlesel-fUelecI vehlcl.,. (0.681), gasoline-fUeled vehlcles equipped ~lth catalyst (98.181). and gasoUno--fuelecl vehicles not !"'Iu1ppecl with catalyst (0.541). 

••• Vehlcles with pOll vehicle weight 6,000 pound. and leu: 
Includes ARB'. light automobiles, IIght"'CIuty truckl. vans, atatlon wlllonll and 4x4 truCD. .. ............................... 
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TABLE A9 - 5 - J - 6 
BMFAC7HP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGBMBNT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less.·· 
. Calendar Year 2001 

5 12.23 11.18 12.44 2.49 1.50 1.38 0.66 0.67 0.67 0.005 0.10 
10 7.76 7.79 1.90 1.81 1.82 0.18 0.59 0.59 0.60 0.005 0.10 
IS' 6.21 6.30 6.38 L41 1.48 0.56 0.53 0.54 0.54 0.005 0.10 
20 4.81 4.89 4.96 l.21 l.2! 0.43 0.49 0.49 0.49 0.005 0.10 
2S 3.90 3.91 3.96 0.98 0.99 0.34 0.44 0.4S 0.4S O.OOS 0.10 

30 3.24 3.2·S 3.30 0.77 0.77 0.21 0.42 0.42 0.42 O.OOS 0.10 

35 2.78 1.79 2.83 0.57 0.S1 0.22 0.39 0.39 0.39 O.OOS 0.10 

40 2.43 2.44 1.41 0.37 0.31 0.16 0.37 0.38 0.38 O.OOS 0.10 

45 2.11 2.18 2.20 0.18 0.\8 0.13 0.36 0.36 0.31 O.OOS 0.10 

SO 1.9S 1.96 1.98 0.10 0.10 0.11 0.41 0.41 0.41 O.OOS 0.10 

S5 1.78 . 1.18 1.81 0.09 0.09 0.10 0.S3 0.54 0.54 O.OOS 0.10 

60 3.46 3.47 3.S2 0:12 0.11 0.14 0.66 0.66 0.61 0.005 0.10 

65 1.90 1.93 8.04 0.19 0.19 0.11 0.19 0.80 0.80 0.005 0.10 

1.--- - -- . --~ 61.48 62.55 62.11 3.01 3.02 2.98 1.94 1.95 1.95 

6.61 6.70 6.83 0.S7 0.58 0.611 0.971 0.981 0.72 

SOAK· I - -- -- 0.61 0.61 0.61 
(Oram.fI'rlp) 

DIURNAL·· 1.771 1.111 1.78 
rameIVehiclclDay) 

one 

Running + Evaporative 
Vehicle Start ----------------> Veblcle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

• Vehicle Mllea Trayeled (VMT)/Average Dally Trips (ADT) -weighted emi •• lon factors: 
Includea VMT/ADT from dleseHueled vehicles (0.22";), guollne-fueled vehlelea equipped with catalyllt (99.68";), and guotlne-fueled veMelea not equipped with catalyllt (0.1 ";). 

•• Numbor of Vehlel. (NOV}-welghted emilalon factora: 
IncludN NOV from dleeel-fueled vehicles (O.,U";), gasoline-fueled vehlel. equipped with walyllt (99.36";), and gaeollne-fuelod vehlel. not equipped with catalyllt (CUI";). 

.... ~clCll with grOll vehicle wotpt 6,000 polmdi Md leu: 
Iud. ARB'. light automobiles, Ught-dut)' trueD, VMII, lltation wagoM and 4x4 ( ) 

(SOIOPV2 
) 
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TABLE A9 - 5 - J-7 
EMFAC7EP BMISS10N FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less.·· 

Vebicle speed 
(Miles per Hour) 

5 

10 

IS 
20 

25 

30 

35 

40 

45 

50. 

55 

60 

65 

COLD START. 
(Oraml/Trlp) 

HOT START. 
(OramllTrlp) 

HOT SOAK. 
(OramllTrlp) 

DIURNAL·· 
(Orams/VehlclclDay) 

Calendar Year 2003 

, Running Bxhaust and Bvaporative(Gmms pe~MUe). ':(';':, , •. :,:,,:',::,':.,: "";;,',',:'" 
Carbon Monoxide ' Reactive Organic CompoundS Oxide!! of Nitrogen', :':: :,l'MtO EXhaust " '::P~HO TireWe.f 

AREAt AREA2 

11.37 11.42 

7.48 7.51 

6.19 6.22 

4.82 4.84 

3.86 3.87 

3.21 3.22 

2.16 2.77 

2.41 2.42 

2.14 2.15 

1.93 1.94 

1.75 1.76 

. 3.42 3.44 

7.83 7.87 

57.53 57.60 

5.58 5.62 

-- ---

----- ----

AREAl AREAl, AREA2 AREAl 

11.S5 0.85 0.85 1.09 

7.60 0.44 0.45 0.61 

6.29 0.30 0.30 0.43 

4.90 0.23 0.23 0.33 

3.92 0.19 0.19 0.27 

3.26 0.15 0.15 0.21 

2.80 0.12 0.12 0.16 

2.45 0.10 0.10 0.13 

2.17 0.09 0.09 0:10 

1.96 0.08 0.08 0.09 

1.78 0.07 0,07 0.09 

3.47 0.10 0.10 0.11 

7.96 0.16 0.16 0.18 

57.12 2.47 2.47 2.44 

5.74 0.57 0.59 0.66 

-- 6.48 0.48 0.49 

---- 1.37 1.37 1.38 

Bxample 0 one daily tr~~: 

Vehicle Start 
(Start-up) 

Parking 

Running + Evaporative 

----------------> 
Diurnal 

----------------> 

AREAl 

0.57 

0.51 

0.46 

0.41 

0.38 

0.36 

0.33 

0.32 

0.31 

0.35 

0.46 

0.56 

0.68 

1.70 

0.84 

_ .... _-

---

Vehicle Start 
(Hot Soak) 

RcsWt 
(Start-up) 

AREA2 

0.58 

0.51 

0.46 

0.42 

0.38 

0.36 

0.34 

0.32 

0.31 

' 0.35 

0.46 

0.51 

0.68 

1.12 

0.84 

----

-----

AREAl FOR ALL AREA FORALLARBA 

0.59 0.005 0.10 

0.,52 0.005 0.10 

0.47 0.005 0.10 

0.42 0.005 0.10 

0.39 0.005 0.10 

0.37 0.005 0.10 

0.34 0.005 0.10 

0.33 0.005 0.10 

0.32 0.005 0.10 

0.35 0.005 0.10 

0.47 0.005 0.10 

0.57 0.005 0.10 

0.69 0.005 0.10 

1.71 

0.69 

--

--

• Vehic:le MDes Traveled (VMT)/ Average DaDy TripI (ADT) -weighted emission factora: 

. 

Includes VMTI ADT from dlClCl-fuelcd vehicles (0. t3~). gasoline-fueled vehicles equipped with catalyst (99.83%), and gasoline-fueled vehicles not equipped with catalyst (0.04 %). 
•• Number of Vehicles (NOV)-welghted emlulol'l factonl 

Includes NOV from dle8cl-fueted vehicles (0.29%). gasoline-fueled vehicles equipped with catalyst (99.62~). and gasoline-fueled vehicles not equipped with catalyat(O.09%). 
••• Vehicles with groalll vehlclo weight 6,000 pound. and Ie •• : 

Includes ARD'eliaht automobiles. lIaht-duty trucks. vanll, stallon Willons and 4K4 trucks. 



~ 

» 
;0 
0 
0 
-..J 
I\.) 
<0 
CO 
CO 

I 

TABLE A9 - 5 - J - 8 
BMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less •• • 
Calendar Year 2005 

S 7.89 7.93 8,03 0.92 0.92 0.84 0.50 0.51 0.51 0.005 0.10 
10 5.34 5.37 5.44 0.33 0.34 0.46 0.44 0.45 0.46 0.005 0.10 
is 4.50 4.53 4.58 0.23 0.23 0.33 0.39 0.40 0.41 0.005 0.10 
20 3.51 3.53 3.51 0.11 0.17 0.25 0.36 0.37 0.31 0.005 0.10 
25 2.81 2.83 2.86 0.14 0.14 0.20 0.33 0.33 0.34 0.005 0.10 

lO 2.34 2.35 2.38 0.11 0.11 0.16 0.30 0.31 O.ll 0.005 0.10 

35 2.00 ·2.02 2.04 0.09 0.09 0.12 0.29 0.29 0.30 0.005 0.10 

40 1.16 1.77 1.79 0.011 0.08 0.10 0.21 0.27 0.28 0.005 0.10 
45 1.56 1.57 1.59 0.01 0.07 0.08 0.26 0.27 0.21 0.005 O.to 
SO 1:41 1.41 1.43 0.00 0.06 0.07 0.29 0.30 0.30 0.005 0.10 

55 1.28 1.28 1.30 0.05 0.05 0.06 0.38 0.39 0.40 0.005 0.10 

60 2.50 2.51 2.54 0.08 0.08 0.09 0.48 0.48 . 0.49 0.005 0.10 

65 5.11 5.74 5.81 0.12 0.12 0.14 0.51 0.58 0.59 0.005 0.10 

ICOLD START. 5l.21 53.31 53.48 . 1.9~ 1.99 1.97 1.48 1.50 1.50 
(OramBlTrlp) 

4.73 4.77 4.89 0.35 0.35 I 0.41 I 0.121 0.731 0.44 

SOAK· 0.40 6.40 I 0.40 
(GrI'ImalTrlp) 

DIURNAL·· I 1.01 I 1.041 1.04 
(OnmIlVehtcleIDay) 

ElUllmpie or one dany 
Running ... Evaporative 

Vehlclo Start ----------------> Vehicle Start 
(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

• Vehicle Miles Traveled (VMT)I Average Dally Trips (ADT) -weighted emllllion factora: 
Includes VMT/ADT from diesel-fueled vehicles (0.099&>, gllllOllno-f'ueled vehicles equipped with catalyst (99.919&), and gllllOllne-fueled vehicles not equipped with catalyst (O.O~). 

•• Number of Vehicles (NOV)-welghted emlsalon factorll: 
Includes NOV from diesel-fueled vehicles (0.119&), gasoline-fueled yehlcles equipped with c:atalyst (99.79~>. and gasoline-fueled vehicles not equipped with estalyst (O.O~). 

••• Vehicles with grollll vehicle weight 6,000 pound. and 1e88.: 
. jludes ARB'. light automobiles, lIght-duty trucb, YaN, staUon wagona and 411.4 tr· ) (SOIOPV2.!I ) 

/ 
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TABLE A9 - 5 - J - 9 
EMFAC1BP BMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGBMBNT DISTRICT 

Vehicle Speed 
(Miles per Hour) 

5 
10 

15 

20 

25 

30 

35 
40 

45 

50 

55 

~ 
COLD START· 

(Oramarrrip) 

HOT START· 
(Oramaffrlp) 

HOT SOAK· 
(Oramllrrrlp) 

DIURNAL" 
(Grams/Vehicle/Day) 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less*** . 
Calendar Year 2001 

/!J0JS~RS~~G ~.~fuillig~~*st·lfu~.~va~raiiv~. (Qmmsik!r:Mile)!':'::;i :':'~::,:::(:;::."'>'::::::::~:~ ... ~:.:::: ::..0. 
. 'Ca:rb'Ofi Mopbkid~:::: 

AREAl. AREA2 .AREA] 

6.61 6.66 6.14 

4.57 4.00 4.66 
3.S9 3.92 3.91 

3.05 3.01 3.11 

2.44 2.45 2.4S 

2.03 2.04 2.06 

1.14 l.15 1.11 
1.52 1.53 1.55 
1.35 1.36 1.38 

1.22 1.23 1.24 

1.10 1.11 l.I3 
2.11 2.18 2.21 
4.94 4.98 5.04 

49.96 50.07 50.IS 

4.13 4.18 4.31 

: Reiicti~e:9rg~hl(fCohipiju.idS·.· r':[§?:Oiilddof Nitrogeii .·.·I::ipMtO.Bibiliil:(: 1~:pM IQth~~W~r 
: AREAl j:AREA21 AREAl I AREAl I AREAtl AREAJ.IFORALLARHA I FOR ALL AREA 

0.50 

0.26 

O.IS 

0.13 

0.11 

O.OS 

OJi1 
0.06 
0.05 

0.04 

0.04 
0.05 
0.10 

1.60 

0.28 

0.33 

0.75 

0.51 

0.26 

0.18 

0.14 

0.11 

0.09 
0.07 
0.06 

0.05 

0.04 

0.04 
0.05 
0.10 

1.60 

0.28 

0.331 

0.15.1 

0.64 0.43 

0.35 . 0.38 

0.25 0.35 

0.19 0.31 

0.15 0.29 

O.IS 0.21 
0.10 0.25 

0.07 0.23 

0.06 0.22 
0.05 0.25 

0.05 0.34 
0.06 0.42 

0.11 0.49 

!.S8 1.32 

0.'32 0.64 

0.34 

0.15 

0.44 0.45 0.005 0.10 
0.39 0.40 0.005 0.10 
0.35 0.36 0.005 0.10 
0.32 0.32 0.005 0.10 

0.30 0.30 0.005 0.10 
0.21 0.21 0.005 0.10 
0.26 0.26 0.005 0.10 
0.24 0.24 0.005 0.10 
0.23 0.23 0.005 . 0.10 
0.26 0.26 0.005 0.10 
0.34 0.35 0.005 0.10 
0.42 0.43 0.005 0.10 
0.50 0.51 0.005 0.10 

1.33 1.33 

0.65 0 .. 35 

Bxampleofime daily trip: 

Vehicle Start 
(Start-up) 

Parking 

Running ~ Evaporative 

--~-------------> 

Diurnal 

----------------> 

Vehicle Start 
(Hot Soak) 

Restart 
(Start-up) 

• Vehicle MUes Traveled (VMT)/Average DaUy Trips (AnT) -weighted emission factors: 
Includes VMT/AnT from diesel-fueled vehicles (0.05%). gasoline-fueled vehicles equipped with catalyst (99.95%). and gasoline-fueled vehicles not eqUipped with catalyst (0.0%). 

•• Number of Vehicles (NOV)-welghted emission Cactor.: 
Includes NOV from diesel-fueled vehicles (0.11 %). gasoline-fueled vehicles eqUipped with catalyst (99.89 %). and gll8Oline-fueled vehicles not equipped with catalyst (0.0%). 

••• Vehlclee with groll vehiclo weight 6.000 pounds IUld less: 
Includes ARB 'II light automobiles, IIght-duty trucks. VIUlI, station wagon8 IUld 4x4.trucks. 

(SOIOPV27.WKIl 



TABLE A9 - .5 - J - 10 
EMFAC1BP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMBNT DISTRICT 

Vehicles with Gross Vehicle Weight 6,000 Pounds and less*** 
Calendar Year 2009 

5 5.13 5.18 5.86 0.39 0.39 0.50 0.38 0.39 OAO 0.005 0.10 

10 4.04 4.08 4.13 0.20 0.20 '0.21 0.34 0.35 0.35 0.005 0.10 
IS 3.48 3.51 3.56 0.13 0.14 0.19 0.30 0.31 0.32 0.005 0.10 
10 2.13 2.15 2.19 0.11 0.11 0.15 0.28 0.29 0.29 0.005 0.10' 
15 2.18 2.20 2.23 0.09 0.09 0.12 0.26 0.26 0.26 0.005 0.10 
30 1.82 1.83 1.86 0.07 0.07 0.10 0.23 0.24 0.24 0.005 0.10 

35 1.S6 1.51 LSI' 0.06 0.06 0.08 0.22 0.23 0.23 0.005 0.10 

40 1.36 1.31 1.39 0.05 0.05 0.06 0.21 0.21 0.22 0.005 0.10 
45 1.22,1.23 1.24 0.04 0.04 0.05 0.20 0.20 0.21 0.005 0.10 
so 1.10 1.11 1.12 0.03 0.03 0.04 0.22 0.23 0.23 0.005 0.10 
55 0.99 1.00 1.01 0.03 0.03 0.04' 0.29 0.30 0.30 0.005 0.10 

iI! I 60 1.93 1.95 1.98 0.04 0.04 0.05 0.36 0.31 0.38 0.005 0.10 
I 6S 4.43 4.41 4.53 0.08 0.08 0.09 0.43 0.44 0.45 0.005 0.10 

N leotI> ~TART. 41.53 41.65 47.15 1.30 1.30 1.2.8 1.19 1.21 1.20 
(Oramstrrlp) 

HOT START. 3.11 I 3.161 3.891 0.221 0.231 0.261 0.511 0.581 0.28 
(Oram~trrlp) 

SOAK. ·1 0.291 0.291 0.29 
(Oramstrrlp) 

0.531 0.54 I 0.54 

~ 
Running + Evaporative 

Vehicle Start ---of------------> Vehicle Start .i 
(Start-up) (Hot Soak) 

DIurnal 
Patking ----------------> Restart 

(Start-up) 

» • Vehicle Miles Traveled (VMT}f Average Dally Trl,. (ADt) -weighted eml8llon factors: 
;0 ; Includes VMTfADT from dlesel-fueled vehicles (0.03">. guollne-fueled vehicles equipped with catalyst (99.91~). and guollne-fueled vehicles not eqUipped with catalyat (0.0"). 
g ; •• Number of Vehicles (NOV}-welghted emission factors: . 
-...J Includes NOV from dleeeHueled vehicles (0.01%). paollne-fueled vehicles equipped with catalyat (99.93"). and BallOllne-fueled vehicles not equipped with catalyst (0.0"). 
I\.) ••• Vehlclea with gro •• vohlel" weight 6,000 pound. and 1m: ffi '~cludea ARB's light automobiles. light-duty trucks. vans, statlon wagons and 4114 " .. -..... 
0) ) (SGlOPV2 ) 



~.' TABLEA9· S· K 

EMISSION FACfORS FOR ESTIMATING MATERIAL HAULING 
VEHICLE EMISSIONS 

USE 

TABLEA9-S-L 

FOR ESTIMATING OXIDES OF SUlFUR AND LEAD EMISSIONS FROM 
. MATERIAL,HAULING VEInCLES ' 

USE 

TABLEA9-14-A 

FOR MATERIAL HAULING VEHICLE-REIATED 
VEInCLE Mll.ES TRAVELED (VMT) 

AVERAGE DAn.. Y TRIPS (ADT) AND NlThmER OF VEInCLES (NOV) 
IN COUNTYWIDE AND REGIONWIDE FLEET MIX 

AND 

TABLE A9 - 5 - G* 

FOR TIiEIR PERCENTAGES 

USE 

TABLEA9-S -P-IAND2 

FOR DETERMINING COMPOSITE E:MISSION FAcrOR BE1WEEN 
FOUR DIFFERENT TYPES OF VEIDCLES TOGETHER, SUCH AS, 

PASSENGER VEHICLES, MOTORCYCLES AND BUSES 
INCLUDING MATERIAL HAULING VEHICLES 

AND 
BETWEEN RUNNING, HOT AND COlD START EMISSION FACfORS FOR 

THE. MATERIAL HAULING VEHICLES 

(* IF PROmCT-SPECIFIC FLEET MIX DATA IS NOT AVAILABlE, 
. USE TABLE A9 - 5 - G TO DETERMINE PROJECT-RELATED 

FLEET MIX DATA) 

AR0072991 
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TABLE A9 - 5 - K - 1 
EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,001 Pounds and Up ••• 
Calendar Year 1991 

5 84.40 82.50 74.48 7.73 7.62 8.19 8.60 8.25 10.20 0.565 0.175 
10 53.78 52.33 47.33 5.00 4.90 5.41 7.51 7.20 8.76 0.565 0.175 
15 38.02 37.01 33.53 3.60 3.52 3.98 6.76 6.49 7.77 0.565 0.175 
20 28.52 27.78 25.20 2.75 2.70 3.09 6.28 6.04 7.12 0.565 0.175 

25 22 . .54 21.97 19.94 2.19 2.15 2.49 6.00 5.76 6.72 0.565 0.175 

30 18.70 18.23 16.54 1.79 1.76 2.05 5.87 • 5.63 6.53 0.565 0.17.5 

35 16.28 15.86 14.38 I.SI 1.48 1.72 , 5.88 5.64 6.51 0.565 0.17.5 

40 14.87 14.48 13.11 1.31 1.28 1.47 6.02 5.77 6.66 0.565 0.175 

45 14.28 13.88 12 . .54 1.16 1.14 1.29 6.30 6.04 7.00 0.565 0.175 

50 14.40 13.97 12.59 1.07 1.04 1.18 6.84 6.56 7.64 0.565 0.17.5 

55 15.19 14.71 13.20 1.01 0.99 1.11 7.71 7.41 8.68 0.565 0.17.5 

I 60 19.07 18.62 ' 16.68 ' 1.07 1.05 1.18 8.87 8.52 10.08 0.565 0.3.5 

65 27.63 27.31 24.53 1.31 1.30 1.43 10.43 10.02 12.02 0.565 0.35 

1.- -.D 'START. 48.49 47.11 47.20 2.99 2.91 3.29 2.00 1.94 1.93 
(GramslTrlp) 

HOTSTART+ 4.371 4.221 4.321 0.761 0.741 0.851 0.921 0.89'1 0.85 
(GramsITrlp) 

HOTSOAK+ I- I 1.431 1.601 1.63 
(OramslTrlp) 

·1 
5.75 I 5.75 5.75 

RUMlng ... Evaporative 
Vehicle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

Vehicle Miles Traveled (VMT) or Average Dally Trips (AnT)-welghted emission factori: 
Includes VMT or ADT from dleseHueled vehicles (33.331>, gMOUno-fueled vehlcles equipped with catalyst (46.02"). and gMOllne-fueled vehlcles not equipped with catalyst (20.651). 

Number of Vehicles (NOV)-welghted emIMlOII factora: 
Include. NOV from diesel-fueled vehlclM (33.33" ).gasollne-fueled vehicles equipped with catalyst (37 .741). and gMOIIne-fueled vehiclea not equipped with catalyst (28.93"). 

+ .. VehlclM with SfOSS vehicle weight 6,001 pound. and up: 
mctudea ARB!. medlum-duty and IIghtiheavy-duty, medlumlheavy-duty and heavyfheavy-duty vehlclea. e.g.; construction and demolition material. hauling trucks. 

) ) 
(SGIOHDI. 
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TABLEAY-S-K-2 
'.~ ._0 ' 

EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Vehicles with Gross Vehicle Weight 6,001 Pounds and Up··· 

Calendar Year 1993 

":';:','L."":""":,,',;.;;.;Y;';::n ::: •• :,: GitE::\":,~u~ga~~"$liifia·~'y~Pi!ti~!~':(q~,ffi$,"~!~;~~~l~::\'\i::\;:\:'\:::\,:\,:t;\),:,:lJiij\j:;\;\:::;::i:\l:~::::ii:li:::~,:ii;)::;!::;:::~,;\::'i:;;:::'~:;~i:'t;{!j\:\,'!\::':t{i::I" 
Vehicle Speed 

(Mites per Hour) 

5 73.49 11.92 65.84 6.49 6.39 6.98 7.97 7.64 9.43 0.47, 0.19 

10 46.95 45.75 42.01 4.21 4.11 4.61 6.97 6.69 8.11 0.47 0.19 

15 33.39 32.56 29.96 3.04 2.96 3.38 6.30 6.04 7.21 0.47 0.19 

20 25.08 24.48 22.54 2.32 2.27 2.62 5.86 5.62 6.61 0.47 0.19 

25 19.83 19.36 17.84 1.85 1.80 2.10 5.60 5.37 6.25 0.47 0.19 

30 16.46 16.07 14.80 ' 1.52 1.48 1.74 5.48 5.25 6.06 0.47 0.19 

35 14.31 13.97 12.86 1.29 1.26 1.47 5.48 5.26 6.05 0.47 0.19 

40 13.05 12.73 11.70 1.11 1.09 1.27 5.62 5.38 6.19 0.47 0.19 

45 12.49 12.16 11.15 1.00 0.97 1.13 5.87 5.62 6.50 0.47 0.19 

50 12.54 12.18 ILlS 0.92 0.90 1.04 6.37 6.09 7.09 0.47 0.19 

55 13.16 12.76 11.63 0.87 0.85 0.98 7.17 6.88 8.04 0.47 0.19 

~ 
COLD STARr + 

16.74 16.39 14.88 0.91 0.90 1.03 8.2~ 7.90 9.32 0.47 0.19 

24.75 24.61 22.26 1.11 LlO 1.23 9.66 9.27 11.10 0.47 0.19 

46.17 44.17 45.50 2.76 2.68 2.90 2.02 1.96 1.97 
(Oramsfrrlp) 

HOT START+ 4.42 4.27 4.36 0.72 0.69 0.81 0.95 0.92 0.88 

(GramalTrlp) 

HOT SOAK. ,0.90 1.02 1.04 
(OramslTrlp) 

DIURNAL·· 3.64 3.641 3.64 
(OrtmllVeblclo/DIY) 

EXllmple 01 one clauy trip: 

.Running + EVllporative 
Vehicle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

• Vehicle MliN Traveled (VMT) or Average Dally Trips (ADT)-weighted emission factors: 
IncludN VMT or ADT from dlNCl-fueled vehlclCli (33.33W,), gasoline-fueled vehlclCli equipped with catalyst (46.02W,). and gasoline-fueled voWclCII not eqUipped with catalyst (20.65W,). 

•• Number of VehlclN (NOV)-welghted emission factors: ' 
IncludN NOV from dlNCl-fueled vehiolCli (33.33W,), gll8Oline-fueled vohlclN equipped with catalyst (31.14W,), and gasoline-fueled vehlclN lIot equipped with catalyst (28.93W,). 

••• Vehlc:IN with grou vehicle weight 6,001 pounds and up: 
IncludN ARB's medlum-duty and IIghtiheavy-duty, medlum/heavy-dul)' and heavylhNvy-duty vehicles. e.g.; conatructlon and demolition lI1I!Iterlllls hauling trucks. 

(SOIOHDI3.WKO 
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TABLE A~-- 5 - K - 4 '. 

EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Vehicles with Gross Vehicle Weight 6,001 Pounds and Up· •• 

Vehicle Speed 
(Miles per Hour) 

5 
10 

IS 

20 

25 

30 
35 

40 

45 
SO 
55 
60 

65 

COLD START. 
(Oramsffrlp) 

HOT START· 
(Oramsffrlp) 

HOT SOAK· 
(OraMsffrlp) 

DIURNAL·· 
(OnmllVehlclolD.,,) 

Calendar Year 1991 
"",,---,-, -, -, --, --'::,-:RuDiili1g'-Bihausr~d Ev~porativ~:(Griitmr~f.,M~I~~~UillJ£22~L-

, ,Ciuboil MODollide~~-~Reacii~t;orgam~coinpouiidS:: I " ',:' ,OXtdesotNittbgell ------: -.'. [:pM iOE~UBi::d~jiMf6:fjreW~r: 
AREAl I AREA21AREA31AREAI I AREAl,\. AREAl I AREAl I AREA2 rAREA3LFORALL:AREAq, FOR ALL AREA 

48.53 
31.77 

22.90 

17.23 

13.60 
11.27 
9.79 

8.91 

8.51 

8.53 
8.94 

11.19 
16.2Q 

38.61 

47.06 
30.73 

22.19 

16.71 

13.19 

10.93 
9.49 

11.63 

8.23 

8.23 
, 8.60 

10.87 

16.01 

31.50 

44.116 
29.43 

21.27 

16.03 

12.66 
10.49 
9.10 

8.27 

7.87 

7.85 
8.19 

10.24 

14.87 

39.03 

4.241 4.111 4.18 

5.16 
3.37 

2.45 

1.117 

1.49 
1.23 
1.04 

0.90 

0.81 

0.75 
0.71 
0.74 

0.87 

2.63 

0.82 

0.66 

2.66 

5.05 

3.27 

2.37 

1.81 

1.45 
1.19 

1.01 

0.87 

0.78 

0.72 
0.69 
0.7i 
0.86 

2.55 

0.80 

0.14 

2.66 

5.13 
3.82 
2.81 

2.18 

1.75 
1.45 
1.22 

1.06 

0.94 

0.87 

0.83 
0.85 

1.00 

2.56 

6.96 

6.011 

5.49 

5.10 

4.81 
4.16 
4.16 

4.86 

5.09 

5.52 

6.21 
1.14 

8.31 

2.05 

6.65 

5.81 
5.24 

4.87 

4.6S 
4 . .54 

4.54 

4.63 

4.84 

S.2S 
5.93 
6.82 
7.93 

1.99 

11.31 

7.14 
6.34 

5.81 

5;49 
.5.32 
5.30 

5.42 

5.69 

6.21 

7.04 
8.17 

9.66 

2.0.5 

0.95 1 1.03 I 1.00 I 0.99 

0.75 • 

2.66 • 

Example of one dally trip: 

Vehicle Start 
(Start-up) 

FarltlnB 

Running + Evaporative -,..--------------> Vehicle Start 

Diurnal 

----------------> 

(Hot Soak) 

Restart 
(Start-up) 

0.32 

0.32 
0.32 

0.32 

0.32 
0.32 
0.32 

0.32 

0.32 

0.32 
0.32 
0.32 

0.32 

0.19 

0.19 

0.19 

0.19 

0.19 
0.19 
0.19 

0.19 

0.19 

0.19 
0.19 
0.19 

0.19 

• Vehlcle Miles Traveled (VMT) or Average Dally. Trip. (ADT)-welghted emIssion factor.: 
IncludH VMT or ADT from diesel-fueled vehicles (33.3395), gasoline-fueled vehicles equipped with catalyst (46.0295), and gasoline-fueled vehicles not ~ulpped with catalyst (20.6595). 

•• Number of Vehicles (NOV)-welghted emission factors: . . . 
Includes NOV from dleael-fueled vehlclea (33.3395>. Slisolino-fueled vehlclca equipped with catalyst (37.1495). and gasoline-fueled vehicles not equipped with catalyst (28.9395). 

••• Vehlcles with grOl8 vehlcle weight 6,001 poWlds and up: 
Includes ARB'. medlum-duty and IIglif/heavy-duty, medlumlheavy-duty and heavy/heavy-duty vehicle., e.g.; construction and demolition materials hauling uucb . 

.. __ ._ ...... _ .. _ .. _ .... ~ .. 4 
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TABLEA9-5-K-S 
EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,001 Pounds and Up··· 
Calendar Year 1999 

5 40.65 39.28 38.33 S.l8 5.06 5.21 6.59 6.27 7.89 0.275 0.19 
10 26.83 25.87 25.39 3.37 3.26 3.48 5.14 5.47 6.77 0.275 0.19 

IS 19.44 18.79 18.44 2.43 2.35 2.57 5.17 4.93 6.00 0.275 0.19 

20 14.64 14.16 13.90 1.86 1.80 2.00 4.79 4.57 5.49 0.215 " 0.19 

25 11.56 11.19 10.99 1.48 " 1.43 1.60 4.57 4.35 5.18 0.275 0.19 

30 9.58 9.21 9.10 1.21 1.17 1.33 4.45 4.24 5.02 0.275 0.19 

35 8.32 8.05 7.90 1.02 0.99 1.12 4.45 4.23 5.00 0.275 0.19 

40 7.57 7.32 7.18 0.90 0.86 0.98 4.55 4.32 5.U 0.215 0.19 

45 1.22 6.96 6.82 0.80 0.11 0.87 4.15 4.51 5.36 0.215 0.19 

SO 7.22 6.94 6.79 0.74 0.71 0.81 5.16 4.89 5.85 0.215 0.19 

55 7.56 7.25 7.07 0.70 0.67 0.76 5.82 5.53 6.64 0.275 0.19 

60 9.47 9.19 8.83 0.73 0.11 0.79 6.69 6.37 7.71 0.275 0.19 

65 13.74 13.58 12.80 0.86 0.85 0.91 7.81 7.49 9.19 0.275 0.19 

COLD START· 34.16 33.18 34.95 2,43 2.36 2.39 2.03 1.97 2.0S 
(Oramsrrrlp) 

START· 3.191 3.691 3.731 0.701 0.681 0.811 1.00 I 0.971 0.97 
(Oramsrrdp) 

SOAK· 0.541 0.621 0.63 
(OramsITdp) 

. I 

2.32 1 2.321 2.32 

one 

Running + Evaporative 
Vehicle Start ----------------> Vehlc:leStart 

(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

Vehicle Miles Traveled (VMT) or Average Dally Trips (AD!)-welghted emission factors: 
"lncludea VMT or AD! from dleaeHueled vehiclea (33.33"), gftBOllno-fueled vehiclea equipped with catalyst (46.02$). and gllsollne-fueled vehicles not equipped with catalyst (20.65%). 

Number of Vehicles (NOV)-welghted emll.lon factors: 
Includes NOV from dleseHueled vehicles (33.33"). gasoline-fueled vehicles equipped with catalyst (31.74"). and gaoollne-fueled vehicles not equipped with catalyst (28.93%). 

••• Vehicles wIth gross vehicle weight 6.001 pound. and up: 
Inc, ........ ARB'. medlum-duty and IIghtlheavy-duty. medlumlheavy-duiy and heavy/heavy .... "." vehicles. e.g.: construction and demollllon material, hauling trucks. 

) ) (SOIOH01 ) 
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TABLEA9 - 5 - K - 6 
EMFAC1EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,001 Pounds and Up·.· 
Calendar Year 2001 ' 

Vehicle Speed 
(Miles per Hour) 

S 

10 

IS 
20 

2S 

30 

35 

40 

4S 

50 

S5 

60 

~ 
COLD START. 

(Oram.lTrlp) 

HOT START. 
(OramslTrlp) 

HOTSOAK+ 
(Oram.lTrlp) 

DIURNAL·· 
(OramtlYehlelo/Day) 

.':.:,,;:;1l.1::1:::.::'::::;:::]:::';:t,=',:)";::;::::;:;:::::]::;::i::J~~g::,:)7;:::::'~~rijlli1g:~~aM~J"!!1!:~\1~~~Y~':(Q~,fu,s':;~t:Mnel!=:::;:::':::;:: :~0]i:::,;i:rj::':::;,:::::::i:~;::::::,:::::;;:::::;: .. :::8:::::.:,:",";::. ':::'.:,:: "':C:':: 

37.85 36.33 35.86 3.81 

25.20 24.16 23.96 2.S3 

8.29 17.S8 17.43 1.86 

13.76 13.24 13.13 1.44 

10.86 10.46 10.38 I.IS 

9.00 8.67 8.60 0.96 

7.82 7.53 7.46 O.SI 

7.13 6.86 6.79 0.71 

6.80 6.53 6.46 0.64 

6.81 6.51 6.44 0.59 

1.15 6.82 6.72 0.56 

8.90 8.59 8.34 0.58 

12.72 12.51 11.87 0.66 

31.31 30.63 32.35 2.14 

3.46 3.38 3.40 0.56 

0.46 

1.96 

Vehicle SlIrt 
(Start-up) 

Parking 

3.70 3.97 6.29 

2.44 2.73 5.47 

1.79 ' 2.05 4.91 

1.38 1.61 4.S~ 

1.11 1.30 4.32 

0.92 1.09 4.21 

0.78 0.93 4.21 

0.68 0.81 4.30 

0.61 0.73 4.49 

0.57 0.68 4.87 

0.S3 0.64 5.50 

0.56 0.65 6.34 

0.65 0.73 7.48 

2.09 2.12 2.02 

,0.55 0.66 0.97 

0.53 0.53 

1.96 1.96 

Running + Evaporative 

----------------> 
Dlumal 

----------------> 

5.97 7.61 

5.20 6.51 

4.67 5.77 

4.32 S.28 
4.10 4.97 

4.00 4.81 

3.99 4.79 

4.07 4.89 

4.24 5.14 

4.61 5.60 

5.22 6.36 

6.02 7.40 

7.10 8.83 

1.98 2.07 

0.95 0.96 

Vehicle Start 
(Hot Soak) 

Restart 
(Start-up) 

:::~Mi:o.'Eiful~f:it ':' r.fvtlo':fifiw~F' 
: FOR AL4I\REA.;:'fPRALL AREA.: 

0.24 0.19 

0.24 0.19 

0.24 0.19 

0.24 0.19 

0.24 0.19 

0.24 0.19 
' 0.24 0.19 

0.24 0.19 

0.24 0.19 

0.24 0.19 

0.24 0.19 
0.24 0.19 

0.24 0.19 

• Vehicle Miles Traveled (VMT) 01' Average DaUy Trips (ADT)-welghted emlsslon factors: 
Includes VMT or ADT from dlellCHueled vehicles (33.33"). galOllne-fucled vehiclea equipped with catalyst '(46.02"). and gasollne:-fueled vehicles not equipped with catalyst (20.65"). 

•• Number of Vehiclea (NOV)-welghted emission factora: 
Includes NOV from diesel-fueled vehicles (33.33"), guollne-fueled veMclea equipped with catalyst (37.74"), and gasoline-fueled vehicles not eqUipped with eataJyst (28.93"). 

••• Vehiclea with gro .. vehicle weight 6,001 pound. and up: 
Includes ARB'. medlum-dllty and IIghtiheavy-dllty, medlum/heavy-dut)' and heavy/heavy-duty vehiclea, 0.8.; construction and demolition materials Mullng trucks. 

, ISlJIIlUIUI.WlCU 
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TABLEA9-5-K-7 
EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Vehicles with Gross Vehicle Weight 6,001 Pounds and Up· •• 
Calendar Year 2003 

:;;::;j;:::::i:::::::i·;;;:';;:::.::):j::~:;::;:::::::~:::;·!:;:::j::::i:~:!::j:;:::~:::):;::;;::::'::::·::{:;::J{~~g·iji.li~t!jl'::~~;:·~y.'~@!i.!~·:.(9~ffls.:;~~:M.ile)~{.::·:·:::j:!:.'::.'o.:.;:::';:::},.:':.;.'. ,'·.t"::.\:·::.;:.:·,'.: .. :.: .. :::: .' •. :'.'.,.: ... ". 
Vehicle Speed ':;':::';;:;'SE:Cirij6ii:Mbrl;ijde/.?::'r·;} 7lt&l¢,tivej)tgifficNffil»OiliIdi::~F;/::;/::OXid~i;::()f.:N.ittO'g~fi:-Z/::-:~: 1::/· PM 10 Bruitst:?' '· .... PM 10 Tire Wear 

(Miles per Hour) AiWAL :';:~REA2,·:A~A3 : AREAl LARBA2J,AREAjI AREAl. LARIiA2:rARiAjr~oR ALL AREA I POR,ALLAREA 

5 30.32 29.06 29.74 3.69 3.57 4.24 6.15 5.83 7.42 0.22 0.19 
10 20,35 19.49 20.04 2.46 2.36 2.88 5.35 5.07 6.36 0.22 0.19 
15 14.88 14.30 14.67 1.80 1.72 2.14 4.80 4.55 5.62 0.22 0.19 
20 11.21 10.79 11.07 1.39 1.33 1.67 4.44 4.20 5.13 0.22 0.19 
25 8.86 8.5l 8.75 1.12 1.07 1.35 4.21 3.99 . 4.83 0.22 0.19 
lO 7.35 7.07 7.26 0.92 0.88 1.12 4.11 3.89 4.68 0.22 0.19 

35 6.39 6.15 6.30 0.79 0.75 0.96 4.09 3.87 4.65 0.22 0.19 
40 5.80 5.58 5.71 0.69 0.66 0.114 4.18 3.95 4.75 0.22 0.19 
45 5.52 5.29 5.42 0.62 0.59 0.75 . 4.37 4.12 4.98 0.22 0.19 

SO 5.49 S.25 5.38 0.57 0.54 0.69 4.74 4.47 S.44 0.22 0.19 

55 5.73 5.46 5.59 0.54 0.52 0.66 5.36 5.07 6.18 0.22 0.19 
00 7.20 6.95 6.95 0.56 0.53 0.67 6.18 5.86 7.20 0.22 0 .• 9 

65 10.43 10.29 9.98 0,64 0.62 0.76 7.29 6.91 8.00 0.22 0.19 

ICOLD START. 28.91 28.65 30.09 1.84 1.82 1.83 1.99 1.98 2.05 
(Oramtffrlp) 

HOT START· 3.25 I 3.121 3.12 0.47 0.45 0.54 0.97 0.93 0.94 
(OrameITrlp) 

HOT SOAK· 0.39 0.46 0.46 
(OraDlllrrrlp) 

DIURNAL·· 
(adms/Vell/clc/D.y, 

1.671 t.67 1 1.67 

Example of one dally trip: 

Running + Evaporative 
Vehicle Start -------~--------> Vehicle Slnrt 

(Start-up) (Hot Soak) 

Diurnal 
Parldllg ----------------~ Restart 

(Start-up) 

• Vehicle Mllea Travded (VMT) or Average Dally Trip. (ADT)-welghted emission factor.: 
Includea VMY or ADT from dlesel-fuded vehlclca (33.33%). gllllOllnc-fucled vehicles equipped with ~taly8t (46.02%). and g8llOUno-fueled vehlclea not equipped with catelyat (20.65%). 

•• Number of Vehlclea (NOV)-welghted emi •• loll fadora: . 
Includea NOV from dleaeHueled vehlclel (33.33"). guolln.,..;fueled vehlclea equipped with catalyst (37.74%). and gaaollnC"'fuc:led vehlc:lea not equipped with catal)'at (28.93"). 

••• Vehlclea with grou vehlclo weight 6,001 pounds and up: 
Inrl''''~ ARB'. medium-duty and IIghtlheaV)'-duty, medlumlheavy-duty and heavy/heavy~ .. ~ vehlclea, e.g.; construction and demolition material. hauling trucb. 

) .) (SOUIHD~ ) 
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TABLE 1\.'1 - 5 - K - 8 

EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Vehicles with Gross Vehicle Weight 6,001 PoUnds and Up •• • 

',::.,'" ' . ..::;' :~ . 

Vehicle Speed Carron Monoxide . . 

(Miles per Hour) AREAl AREA2 AREAl 

5 28.32 26.99 28.02 

10 19.11 18.22 18.98 

15 13.99 13.40 13.91 

20 10.55 10.12 10.51 

25 8.33 7.99 8.30 

30 6.91 6.63 6.88 

35 6.00 5.75 5.97 

40 5.46 5.23 5.42 

45 5.19 4.96 5.15 

SO 5.17 4.93 5.11 

55 5.41 5.13 5.32 
60 6.74 6.49 6.57 

65 9.68 9.52 9.32 

COLD START· 26.74 26.31 28.01 
(OramsfTrlp) 

HOT START. ·3.00 2.94 2.93 
(Oramsrrrlp) 

HOT SOAK. -- ---.....- --
(Oramstrrlp) 

DIURNAL·· -- --- --
(OramtfVohlclo/D.y) 

Calendar Year 2005 
Running ·Emaust: and.· EyapomHve: (Grams perMile)~::\:=:.ir:~:/::(::;i;~·::)):::.'::':~::~·:· }.:: •.. :.' .. : :: ..• ;.::} .. :y:::.:::~:.::: .. ::: .. ::.:.: 

Reactive Organic Compounds··· ::··OXides::6f Nitrogen .. : ., 
AREAl 

3.31 

2.26 

1.67 

1.30 

1.04 

0.86 

0.13 

0.65 

0.58 

0.54 

0.51 
0.52 

0.59 

1.60 

0.39 

0.36 

1.46 

t-xaml Ip 
I 

.f 

Vehicle Start 
(Start-up) 

'arklng 

AREA2 AREA3 AREAl . AREAl 

3.24 3.91 6.03 5.70 

2.16 2.68 5.24 4.95 

1.59 2.00 4.69 4.44 

1.23 1.57 4.33 4.10 

0.99 1.26 4.11 3.89 

0.82 1.05 4.01 3.78 
0.70 0.90 3.99 3.76 

0.62 0.79 4.07 3.84 

0.55 0.71 4.26 4.00 

0.51 0.66 4.62 4.35 

0.49 0.63 5.23 4.94 
0.50 0.64 6.04 5.70 
0.57 0.71 7.13 6.73 

1.57 1.59 L96 1.93 

0.39 0.47 0.93 0.92 

0.42' 0.42 --- ----

1.47 1.47 ---- ---
.. ly trip 

IUMlng + Evaporative ----------------> Vehicle Start 
(Hot Soak) 

DIurnal 

------------~---> Restart 
(Start-up) 

AREA3. 

7.30 

6.24 

5.52 

5.04 

4.74 

4.58 

4.55 

4.65 

4.88 

5.33 

6.06 
. 7.06 

8.44 

2.04 

0.93 

--
--

:\pMI0EWusl.·: .::.pM: 10 tire :West::: 
FOR ALL.AREA ·FOR;.¢LAREA 

0.205 0.19 
0.205 0.19 
0.205 0,19 
0.205 0.19 
0.205 0.19 
0.205 0.19 
0.205 0.19· 

0.205 0.19 
0.205 0.19 

0.205 0.19 

0.205 0.19 
0.205 0.19 

0.205 0.19 

• Vehicle MIles Traveled (VMT) or Average Dall)' Trips (ADT)-welghled emission factors: 
Includes VMT or ADT from dleaeHueled vehicles (33.33%). gasoline-fueled vehicles equipped with catalyst (46.02%). IIItd gasoline-fueled vehicles not equipped with cataJyst (20.65%). 

•• Number of Vehicles (NOV)-welghted emission factora:' . 
Includea NOV from dleaeHbeled vehicles (33.33%). paollne-fueled vehleles equipped with catalyst (31.14"). and gasoline-fueled vehicles not equipped with c:.atalyst (2IU3%). 

••• Vehicles with groD vehicle weight 6.001 pounds and up: 
Includes ARB', medlum-duty and IIght/heaY)"-duty, medlum!heavy-duty and heavy/heavy-duty vehicles. e.g.; construction and demolition materials hauling trucks. 

(SOIOHD2S.WKI) 
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EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Vehicles with Gross Vehicle Weight 6,001 Pounds and Up.·· 

Calendar Year 2007 

5 25.05 23.97 25.48 2.90 2.17 3.13 5.92 ·5.58 7.22 0.195 0.195 
10 16.99 16.26 17.34 1.98 1.88 2.21 5.13 4.83 6.11 0.195 0.195 
IS 12.51 12.10 12.83 1.48 1.39 1.68 4.59 4.33 5.45 0.195 0.195 

20 9.51 9.16 9.71 1.15 1.09 1.33 4.23 3.99 4.97 0.195 0.195 

25 7.52 1.25 7.68 0.93 0.88 1.09 4.01 3.18 4.67 0.195 0.195 

30 6.23 6.01 6.37 0.77 0.73 0.91 :'-90 161 4.52 0.195 0.195 

35 5.41 05.21 5.52 0.61 0.63 0.19 3.89 3.66 4.49 0.195 0.195 

40 4.90 4.72 4.99 0,59 ·0.55 0.69 3.97 3.13 4.59 0.195 0.195 

45 4.64 4.45 4.72 0,53 0.50 0.62 4.15 3.89 4.81 0.195 0.195 

so 4.58 4.39 4.65 0.49 0.46 0.58 4.50 4.22 5.25 0.195 0.195 

55 . 4.16 4.53 4.81 0.46 0.44 0.55 5.10 4.19 5.91 0.195 0.195 

I 60 6.05 5.86 6.04 0.47 0.45 0.56 5.89 5.55 6.96 O.I~S 0.195 

65 9.00 8.9S 8.83 0.53 0.50 0.60 6.91 6.56 8.33 0.195 0.195 

1.-·-- - -- ---- 25.59 25.24 26.91 1.41 1.39 1.42 1.94 1.92 2.03 

2.85 2.BI 2.79 0.35 0.34 0.42 0.91 0.90 0.92 

SOAK· 1-- --- --- 0.34 .0.40 0.39 
(OramslTrlp) 

~ 1.30 I 1.30 

one 

Runnlng + Evaporative 
Vehlcle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
PerIWIg ----------------> Restart 

(Start-up) 

Vehlclo MUee Traveled (VMT) or AveragCl Dally Trips (ADT)-welghted emission factors: 
Includee VMT or ADT from dleseHueled v~hlclee (33.33"). gasoline-fueled vehlclee equipped with utalyst (46.02"), and gasoline-fueled vehlclee not equipped with utalyst (20.65"). 

Number of Vehlclee (NOV)-welghled emission ractors: 
lncludee NOV from dleeel-fueled vehiclee (33.33"), gasoline-fueled \'ehlclee equipped with Clltalyst (37.74"). and gasollne-rueled vehicles not equipped with catalyst (28.93"). 

.... Vehicles with 8fosa vehicle weight 6,001 pounds and up: 
In,.' ') ARD'. medlum-duty and IIghtiheavy-duty. medlum/heavy-duty and heavy/heavy' "'y vehiclee, e.g.; construction and demolition materla1s hauling trucks. 

/ . ~~~ ) 
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TABLEA9-5-K-I0 
EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

. Vehicles with Gross Vehicle Weight 6,001 Pounds and Up ••• 
Calendar Year 2009 

5 23.21 22.03 22.98 2.93 2.80 3.34 5.90 5.55 6.80 0.11 0.185 

10 15.80 15.01 15.69 2.01 1.90 2.30 . 5.11 4.81 5.86 0.11 0.185 

IS 11.65 11.13 11.61 1.49 1.40 1.12 4.58 4.31 5.22 0.11 0.185 

20 8.81 . 8.43 8.19 1.16 1.09 1.34 4.22 3.91 4.80 0.17 0.185 

2S 6.96 6.66 6.94 0.94 0.88 1.09 3.99 3.15 4.53 0.17 0.185 

30 5.77 5.52 5.76 0.18 0.74 0.91 3.89 3.65 4.40 0.11 0.185 

35 5.01 4.79 4.99 0.67 0.63 0.78 3.87 3.63 4.38 0.17 0.185 

40 4.55 4.34 4.52 0.59 0.55 0.68 3.95 3.10 4.48 0.17 0.185 

45 4.31 4.11 4.28 0.53 0.50 0.61 4.13 3.86 4.69 0.17 0.185 

50 4.28 4.01 4.23 0.49 0.46 0.51 4.49 4.20 5.10 0.17 0.185 

55 4.45 4.21 4.38 0.41 0.44 0.55 .5.08 4.77 5.78 0.17 0.185 

60 5.51 5.35 5.41 0.41 0.45 0.55 5.87 5.51 6.69 0.11 0.185 

65 8.07 7.96 1.94 0.53 0.51 0.61 6.94 6.52 1.95 0.11 0.185 

D START. 24.44 24.16 25.90 1.28 1.21 1.30 1.94 1.92 2.02 
(Orams/Trlp) 

HOT START. 2.131 2.70 I 2.661 0.311 0.31 I 0.381 0.90 I 0.891 0.92 
(OramslTrlp) 

HOT SOAK. 0.331 0.381 0.31' --- . ___ I 

(Orams/Trlp) 

1.181 1. 18 1 1.18 

, trip: 

Running + Evaporative 
Vehlcle Start ---------------~> Vehicle Start 
(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

Vehicle Mila Travded (VMT) or Average DaUy Trips (ADT)-welghted emission factors: 
!nehula VMT or ADT from diesel-fueled vehlela (33.33%), gasollne-fueled vehlela equipped with catalyst (46.02%), and ga80lImrfuded vehleles not eqUipped with catalyst (20.65%). 

Number of Vehlcles (NOV)-welghted emlaslon factors: 
Includa NOV from diesel-fueled vehicles (33.33%), gasoline-fueled vchlcles equipped with catalyst (31.14%), and gasoline-fueled vehicles not equipped with catalyst (28.93%). 

••• Vehicles with gw .. vehicle weight 6,001 pound. and up: . 
Includes ARB'. medium-duty and IIght/heavy-duty, medlumlhcavy-duly and heavy/heavy-duty vehlcla, e.g.; conBtructlQn and demolition materials hauling trucks • 

.. -_ ........ _ ............. _-"' .. 
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Year 

= 
1991 
1993 
1995 
1997 
1999 
2001 
2003 
2005 
2007 
2009 

I. I"U .. U ... U .I"\.~ - .J - .L 

EMFAC EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Oxides of Sulfur and Lead Emissions 

0.07 0.07 .0.07 0.00016 0.00016 0.00017 0.44 0.44 0.44 0.0017 0.0017 0.0017 

0.06 0.06 0.06 0.00011 0.00012 0.00012 0.33 0.33 0.33 0.0011 0.0011 0.0011 

0.06 0.06 0.06 N/A N/A MIA 0.32 0.32 0.32 0.0010 0.0010 0.0010 

0.06 0.06 0.06 N/A NlA N/A 0.31 0.31 0.31 0.0007 0.0007 0.0007 

0.05 0.05 0.05 N/A N/A MIA 0.30 0.30 0.30 0.0007 0.0007 0.0007 

·0.05 0.05 0.05 MIA N/A MIA 0.30 0.30 0.30 0.0007 0.0007 0.0007 

0.05 0.05 0.05 N/A N/A MIA 0.30 0.30 0.30 0.0004 0.001>4 0.0004 

0.05 0.05 0.05 N/A N/A MIA 0.29 0.29 0.29 0.0004 0.0004 0.0004 

0.05 0.05 0.05 N/A N/A MIA 0.28 0.28 0.28 0.0004 0.0004 0.0004 

Emissions (pounds per day)'" (.VMT x EMISSION FACTOR)/4S4 
.VMT ... Vehicle Miles Traveled per Day 

.) 

\ 

) ) ) 



INFORMATION 
FOR 

PERCENT HOT STARTS 
AND PERCENT COLD STARTS 
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TABLEA9· 5· M 

INPUT ASSUMPTIONS FOR PERCENT HOT START TRIPS AND COLD START 
TRIPS, BY LAND USE TYPE 

Project Type 

Residential 
Single Family Detached Housing 
Apartment 
Residential Condominium 
Mobile Home Park 
Retirement Community 
Congregate Care Facilities 

·CommerdaJ 
Hotel 
General Office Building 
Office Park 
Retail General Merchandise 
Nursery/Garden Center 
Shopping Centers 
Quality Restaurant 
Fast Food/With Drive Through 
New Car Sales 
Service Station 
Car Wash 
Supermarket 
Convenience Market 
Furniture Store 
Video Arcade 
Walk-in Bank 

Industrial 
Truck Terminal 
Industrial Park 
Mini-warehouse 

Government/Institutions 
Utilities 
Military Base 
Elementary School 
High School 
University/College 
Church/Synagogue 
Day Care Center 
Library 
Hospital 
Nursing Homes 
Clinics 

Percent Of Average Daily Trips 

% Hot Start Trips % Cold Start Trips 

75 
30 
30 
80 
75 
20 
50 
90 
50 
90 
95 
70 
95 
85 
50 
85 

95 
30 
10 

75 
15 
90 
25 
25 
50 
50 
85 
50 
25 
75 

100 
100 
100 
100 
100 
100 

25 
70 
70 
20 
25 
80 
50 
10 
50 
10 
5 

30 
5 

15 
90 
15 

.5 
70 
90· 

25 
85 
10 
75 
75 
50 
50 
15· 
50 
75 
25 

AR0073004 



TABLE A9 • 5 • M (Cont.) 

INPUT ASSUMPTIONS FOR PERCENT HOT START TRIPS AND COLD 
START TRIPS 

Percent Of Average Daily Trips 

Project Type % Hot Start Trips % Cold Start Trips 

Rec:reation 
City Park 

. Water Slide Park 
Marina 
Golf Course 
Movie Theatre with Matinee 
Stadium 
RacquetOub 

100 
100 
80 20 
SO SO 
9S 5 
9S 5 
9S 5 

Unique Sources 

Source: 

Waterports 
Commercial Airports 
Bus Park-n-Ride Station 
Cemetery 

50 sO 
50 50 
5 95 

25 75 

Cold and hot start percentages provided in Table A9 - 5 - M are District assumptions based on 
ITE manual. For each land-use type (except for a few such as mail delivery, UPS delivery, etc.). 
all employee-related trips were assumed to be with cold start. VISitors and other short trips were 
assumed to be with hot starts. Both assumptions were combined to determine above reported hot 
and cold start percentages. The District recommends use of these percentages only when project
specilic data is not available. 

Cold start trips result when car is started after one sitting for one hour or more. An example 
would be cars used to commute to work then not being used until lunch hour trips. In this case 
both work-trips and lunch trips will be with cold starts. Hot start trips are those trips when car is 
re-started before one hour of non-use. An example would be iii mini-market or gas station wh~ 
visitors' cars are turned off for less than one hour before they are re-started. 

AR0073005 



TABLE A9 • 5 • M - 1 

INPUT ASSUMPTIONS FOR PERCENT HOT AND COLD START TRIPS 
(Expressed in Percent of Vehicles On Roadways) 

Percent Hot (H) and Cold (C) Starts by Road-type and Period of the Day 

Travel Period of the Day AM Peak· OFF Peak· PM Peak· 
Area Types Road-Types 

·Recommended Defaults 

Inside the County Business District 

Regional Average Cold Starts 
Regional Average Cold Starts 
Regional Average Cold Starts 

(CO, and NOx) 

H C 

10 and 20 
Sand 15 
1 and 6 

Fringe Areas (non-urban) .* 10 and 20 
Fringe Areas (non-urban) *** S and 15 
Fringe Areas (non-urban) *... 1 and 15 

Outer Arterials •• 
Outer Arterials ... . 
Outer Arterials .... . 

Loc:al & Collector Streets •• 
Outer Arterials ••• 
Outer Arterials ..... 

15 and 25 
10 and 20 
5 and 15 

10 and 20 
5 and 20 
5 and 15 

(ROC) 

H C 

20 and 30 
15 and 45 
5 and 20 

25 and 60 
20 and 25 
10 and 20 

30 and SO 
15 and 25 
Wand 15 

35 and SO 
15 and 35 
10 and 15 

Within Urban And Its Fringe Areas (Non-urban Areas Closer and Urban Areas) 

H C 

40 and 70 
30 and SO 
25 and 40 

40 and 65 
30 and 45 
15 and 40 

30 and 60 
20 and 45 
15 and 30 

35 and 55 
25 and 40 
15 and 25 

Inbound Expressways ** 3 and 5 15 and 20 20 and 30 
Inbound Expressways ***, 2 and 4 10 and 20 15 and 25 
InboUnd Expressways .... 1 and 3 10 and 15 15 and 25 

Outbound Expressways •• 1 and 3 15 and 20 15 and 20 
Outbound Expressways ... 1 and 3 10 and 20 10 and 20 
Outbound Expressways •••• 1 and 3 10 and 15 10 and 15 

Outer Portion of Urban Areas 

Inbound Expressways ** 3 and 5 2and4 2 and 4 
Inbound Expressways .... 2and4 2and4 2and4 
Inbound Expressways * ... 1 and 3 1 and 3 1 and 3 
Outbound Expressways ... 3and5 2and4 15 and 20 
Outbound Expressways ••• 2and4 2 and 4 10 and 20 
Outbound Expressways **** 1 and 3 1 and 3 10 and 15 

Outside the County Business District 

Special Generators 25 and 40 30 and SO 45 and 60 
Special Generators 15 and 25 20 and 25 30 and 35 
Special Generators 15 and 20 10 and 20 20 and 30 

Daily 

H C 

25 and 55 
20 and 40 
15 and 25 

'25 and SO 
20 and 35 
10 and 30 

30 and 60 
20 and 30 
15 and 20 

30 and 40 
25 and 30 
15 and 25 

15 and 20 
10 and 20 
10 and 25 

10 and 15 
10 and 15 
10 and 15 

3 and 5 
3 and 5 
2 and 4 

10 and 15 
10 and 15 
10 and 15 

20 and 30 
25 and 55 
20 and 30 

AR0073006 



• Use AM Peak Speeds to select hot and cold starts emission factors for CO, and NO:; and, use Off Peak 
Speeds to select hot and cold start emissionS factors. 

Table A9 - 5 - M - 1 includes the percent of hot and cold starts on various types of roadways. These 
percentag~ may be used for analysis of pollutants in Table A9 - S • P and Q as wen as to determine 
project related emission estimates. After determining the number of vehicles on a road, use Table A9 - 5 • 
M - 1 to determine % cold start and hot start. Remaining vehicles will be at stabilized levels. Then use 
Table A9 - 5 • M - 3 to determine % passenger vehicles and Trucks for each of .the hot and cold start 
vehicles on that road. Use Table A9 - 5 - G to determine % passenger vehicles ud trucks for stabilized 
vehicles on that road. 

The information provided on Table A9 - 5 • M - 1 is from federal EPA Table 26, entitled, For SJwgeSed 
Ranges of Values of the Percentages of Vehicles Operating in the Cold Mode for Varions Conditions of 
Time and Location. The table includes information for three differem: cases as follows: 

•• 
••• 
•••• 

Casel: 
Case 2: 
Case 3: 

No access time added 
1-minute additional access time 
2.5-minute additicmal accesS time 

These cases are identified in Table A9 - 5 - M - 1 by an asterisk. 

AR0073007 



TABLEA9 - S .. M-2 

INPUT ASSUMPTIONS FOR PERCENT COLD AND HOT START TRIPS 
(Expressed in Percent of Vehicle Type for Each County in the District) ~, 

• Year Passenger Trucks All Vehicle Types 

Co!dSwts Hot Starts ColdSwts Hot Starts Cold Starts Hot Starts 
%PV %PV %Tmcks %Truc:ks % All Vehicles % All Vehicles 

ORANGE COUNlY 
1991 52.23 47.71 46.70 53.30 51.50 48.SO 
1993 S2.54 47.46 48.25 .. 51.75 -51.95 48.05 
1995 52.72 47.28 49.36 SO.64 52.22 47.78 
1997 52.85 47.15 SO.13 49K1 52.42 47.58 
1999 52!Fl 47.03 SO.66 49.34 52.58 47.42 
2001 52.98 47!'Jl 51.OS 48.95 52.64 47.36 
2003 52.99 47.01 51.32 48.68 52.67 47.32 
2005 53.00 47.00 51.SO 48.SO 52.70 47.30 
2007 53.00 47.00 51.62 48.38 - 5271 47.29 
2009 53.00 47.00 51.73 48.27 5272 47.28 

LOS ANGELES COUNTY 
1991 52.23 47.71 . 4658 53.42 51.47 48.S4 
1993 5254 47.46 48.15 51.85 51.92 48.os 
1995 5272 47.28 49.28 SO.72 5220 47.PIJ 
1997 S2.85 47.15 SO.07 49.93 5235 47.65 
1999 53.00 47.00 SO.91 49.09 5255 47.45 
2001 53.00 47.00 51.22 48.78 5274 47:JfJ 
2003 53.00 47.00 51.45 4855 5275 47.25 
2005 53.00 47.00 51.60 48.40 52.76 47.24 ~ 

1JX1l 53.00 47.00 51.69 48.31- 52.71 47.23 
2009 53.00 47.00 51.72 48.28- 52.78 47:12 

SAN BERNARDINO COUNTY 
1991 5223 47.71 46.67 5333 51.38 48.62 
1993 52.54 47.46 48.22 5L78 51.86 48.14 
1995 52.71 47:19 4933 50.67 52.15 47..85 
1997 S2.8S 47.15 SO.10 49..90 5237 47.63 
1999 5297 46.33 SO.64 49.36 52.54 47.46 
2001 5298 47.01 51.03 48.97 5261 4739 
2003 52.99 47.01 S1.3O 48.70 51.66 47.34 
2005 53.00 47.00 51.48 48.S2 5268 47.32 
2007 53.00 47.00 51.60 48.40 52.70 47.30 
2009 53.00 47.00 51.71 48.29 52.71 47.29 

RIVERSIDE COUN1Y 
1991 52.23 47.71 4659 53.41 51.41 48.59 
1993 5254 47.46 48.21 51.89 5L90 48.10 
1995 52.71, 47.28 4935 50.65 5221 47.78 
1997 5285 47.15 SO.15 49.85 52.43 47.57 
1999 5151 47.03 50.70 49.30 52.61 4739 
2001 52.98 47.01 51.10 48.90 52.68 4732 
2003 5299 47.01 51..38 48.62 52.73 47.27 
2005 53.00 47.00 . 51.55 48.45 52.75 47.25 
2007 53.00 47.00 51.68 48.32 52.71 47.::13 
2009 53.00 47.00 51.19 48.21 52.79 47.21 

~ 

• For all COUDties and for all years buses have 0.0 % cold starts and 0.0 % hot starts (Source: ARB) 
• For all counties and for all years motorcycles have 34.30 % cold starts and 65.70 % hot starts 
Source: ARB Computer outputs, "Predicted California Vehicle Emissions-. 

A9-6O 
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TABLE A9 • 5 • M ·3 

INPUT ASSUMPTIONS FOR PERCENT COLD AND HOT START TRIPS 
/~, (% Associated with Type of Vehicle in Total (Ttl) Cold and Hot Starts and % Cold and 

Hot Starts Associated with Each Type ofVehide in Total (Ttl) Average Daily Trips) 

Year V ~ ofTt) Cold V ~ofTtl Hot ~~JdofADT~ ~HQtQfADT§ 

PVs Trucks Mtrcycls PVs Trucks Mtrcycls PVs Trucks Mtrc:ycls PVs Trucks Mtrc:ycls 

ORANGE COUNlY 
1991 89.61 9.94 00.45 88.36 10.96 0.67 98.50 0.75 0.75 10.39 90.06 99.55 
1993 89.33 10.21 00.45 8832 10.99 0.69 98.76 0.62 0.62 10.66 89.78 99.55 
1995 89.12 10.42 00.46 88.28 11.02 0.10 98.96 0.52 0.52 10.88 89.58 99.54 
1997 88.98 10.56 00.46 88.25 11.04 0.10 99.09 0.45 0.45 11.02 89.44 99.54 
1999 88.88 10.66 00.46 88.23 11.06 0.71 99.18 0.41 0.41 11.12 89.34 99.54 
2001 88.79 10.74 00.47 88.21 11.08 0.71 99I1 0.37 0.36 11.21 89.26 99.54 
2003 88.72 10.81 00.47 88.18 11.09 0.72 9932 0.34 0.34 11.28 89.19 99.53 
200S 88.69 10.86 00.47 88.16 11.11 0.73 99.36 032 032 11.33 89.14 99.53 . 
'lIm 88.63 10.90 00.47 88.14 11.13 0.73 99.38 0.31 0.31 11.37 89.10 99.53 
2009 88.60 10.93 00.48 88.12 11.15 0.73 99.40 0.30 0.30 11.41 89.06 99.53. 

LOS ANGELES COUNTY 
1991 89.23 10.33 00.44 . 87.93 11.42 0.66 98.43 0.78 0.78 10.77 89.66 9956 
1993 88.89 10.67 00.44 87.83 11.50 0.66 98.70 0.65 0.65 11.11 89.33 9956 
1995 88.61 10.94 00.44 87.74 11.59 0.67 98.92 0.54 0.54 11.39 89.05 99.56 
1997 88.39 11.16 00.45 87.56 11.67 0.68 98.96 052 052 11.61 88.84 9955 
1999 88.17 11.38 00.45 86.34 11.75 0.66 97.65 1.18 1.18 11.83 88.61 9955 
2001 87.79 11.45 00.44 97.39 11.78 0.67 99.48 0.26 0.26 l2.2O 8855 99.56 
2003 87.80 11.62 00.45 87.34 .11.86 0.68 97.60 1.20 1.20 10.71 89.11 9955 
200S 87.81 11.72 00.46 87.20 11.94 0.69 99.22 0.39 0.39 12.18 88.28 99.54 
2007 87.71 11.82 00.46 87.22 12.07 0.71 99.36 0.32 0.32 12.28 88.18 99.54 
2009 87.62 11.92 00.47 87.14 12.04 '0.72 99.39· 0.30 0.30 12.38 88.08 9953 

SAN BERNAR.DlNO COUNTY 
1991 87.46 12.19 00.35 86.04 13.42 053 98.46 0.77 0.77 12.54 87.81 99.65 
1993 87.06 12.58 00.35 85.93 1353 053 98..58 0.65 0.65 12.94 87.42 99.65 
1995 86.75 12.90 00.35 85.83 13.64 0.54 98.83 0.53 0.53 13.25 87.10 99.65 
1997 86.51 13.14 00.35 85.73 13.73 0.54 99.00 0.50 0.50 13.49 86.86 99.65 
1999 86.34 13.32 00.35 85.64 13.83 054 99.11 0.44 0.44 13.67 86.67 99.65 
2001 86.14 1351 00.35 8553 13.93 054 9921 0.39 0.39 13.86 86.49 99.65 
2003 85.96 13.68 00.35 85.41 14.05 054 99.28 0.36 0.36 14.03 8632 99.65 
2005 85.83 13.82 00.35 85.31 14.14 054 99.33 032 032 14.17 86.18 99.65 
2007 85.71 13.94 00.35 85.22 14.24 055 99.36 0.32 032 14.29 86.06 99.65 
2009 8559 14.06 00.35 85.10 14.33. 0.55 99.39 0.30 0.30 14.41 85.94 99.64 

RIVERSIDE COUNlY 
1991 87.76 11.96 00.28 86.39 13.04 0.42 9832 0.84 0.84 12.24 88.04 99.72 
1993 87.64 12.09 0027 86.58 13.02 '0.41 98.67 0.67 0.67 12.36 87.91 99.73 
1995 8759 12.15 0026 86.75 12.85 0.40 98.94 053 0.53 12.41 87.85 99.74 
1997 87.61 12.13 00.25 86.92 12.69 0.39 99.13 0.44 0.44 12.39 87.86 99.75 
1999 87.66 12.09 0025 87.07 1254 0.38 99.25 0.38 0.38 12.34 87.91 99.75 
2001 87.71 12.05 0024 87.2D 12.42 0.37 99.36 0.32 0.32 12.29 87.95 99.76 
2003 87.75 12.01 00.24 87.30 12.33 0.37 99.43 0.29 0.29 12.25 87.98 99.76 
200S 87.79 11.97 0024 87.39 12.25 0.36 99.48 0.26 0.26 12.21 88.03 99.76 
2007 87.85 11.92 00.23 87.47 12.17 0.36 9952 0.24 0.24 12..l5 88.08 99.77 
2009 87.89 11.87 0023 8754 12.10 0.36 9955 0.23 023 12.10 88.13 99.77 

FU"St six columns: for percentages associated with each vehicle type from total cold starts or hot starts, 
Last six columns: for hot and cold start percentages associated with each vehicle type from total average daily 
trips. Bus ADTs, cold starts & hot starts are not inciudCd in the totals used to create above data. 
(Source: ARB) 

.A9-61 
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TABLE A9 • 5 • N 

EMISSION FACTORS FOR ESTIMATING MOTORCYCLE EMISSIONS 

USE 

TA13LEA9-14-A 

FOR MOTORCYCLE-RElATED 
VEHICLE MILES TRAVELED (VMT) . 

AVERAGE DAILY TRIPS (ADT) AND NUMBER OF VEmCLES (NOV) 
IN COUNTYWIDE AND REGIONWIDE FlEET MIX 

AND 
. ., 

TABLE A9 - 5 - G 

FOR 1HEIR PERCENTAGES 

USE 

TABLEA9- 5-P-1AND2 

FOR DETERMINING COMPOSITE EMISSION FACTOR BETWEEN 
FOUR DIFFERENT TYPES OF VEmCLES TOG~ SUCH AS, 

PASSENGER VEHICLES, MAtERIAL HAULING VEHICLES AND BUSES 
INCLUDING MOTORCYClES 

AND 
BE1WEEN RUNNING, HOT AND COlD START EMISSION FACfORS FOR 

MOTORCYCLES 

<- IF PROmer-SPECIFIC FLEET MIX DATA IS NOT AV AD...ABLE, 
USE TABLE A9 - 5 - G TO DEtERMINE PROmer-RELATED 

FLEET MIX DATA) 
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Speed 

5 
10 
15 
20 
25 
30 
35 
40 
45 
SO 
55 
60 
65 

TABLEA9- S·N·1 
EMISSION FACTORS FOR MOTORCYCLES AT 7SOF 

(Grams per Mile) 
Reactive Organic Compounds 

YEARS 
1991 1993 1995 1997 1999 2001, 2003 200S 

Rwming Exhaust Emission Factors at 75°P 
Total Organic Compound (TOC) 

10.73 9.9 9.82 9.92 10m 10.18 10.24 10.27 
5.66 5.22 5.18 5.23 5.31 536 5.40 5.41 
3,99 3.68 3.65 3.68 3.74 3.78 3.80 3.81 
3.23 2.98 296 299 3.03 3.06 3.os 3.09 
277 255 2.53 2.56 260 262 264 265 
241 2.23 221 2.23 236 2.29 2.30 231 
213 197 L95 197 200 202 2.03 204 
1.93 L78 L77 1.79 1.81 1.83 1.84 1.8S 
'in 1.68 1.66 L68 L71 L12 L73 1.14 
1.17 1.63 1.62 1.63 1.66 1.61 1.68 1.69 
1.70 . 157 1.56 157 1.60 1.62 1.62 1.63 . 
1.50 1.38 1.37 1.38 1.40 1.42 1.43 1.43 
un 0.95 0.94 0.95 0.96 0.98 0.98 0.98 

'1007 2009 

10.28 10.28 
5.42 5.42 
3.82 3.82 
3.10 3.10 
265 265 
231 231 
204 204 
1.8S 1.8S 
1.14 , 1.14 
1.69 1.69 
1.63 1.63 
1.43 1.43 
0.98 0.99 

(To Obtain Temperalllre Corrected Emission Factor, Multiply Above Emission Factors with the FoUowmg 
Temperar.urc Corredion Factors For the Appropriate Area) , 

Area I' <:nd 21.00 
Area 3 1.07 

1.03 
1.07 

Running Exhaust Temperature Correction Factors 
1.03 1.03 1.03 1.03 1.03 1.03 
lD7 1.07 1.07 1.01 1.01 1.01 

1.03 
1.01 

(To Convert TOes to Roes. Multiply Above Temperature Corrected Emission Factor With 0.92) 

Cold Start TOe at 1SOF 

1.03 
1.01 

11.21 10.36 10.28 10.39 10.55 10.66 10.12 10.15, 10.76 10.TI 

(To Obtain Temperalllre Corrected Emission Factor, Multiply Above Emission Factors with the Following 
Temperature Correction Factors For the Appropriate Area) 

Cold Start Temperature Correction Factor. 
Area 1 and 2 0.85 . 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 0.86 
Area 3 0.65 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 

(To Convert TOCs to Roes. Multiply the Above Emission Factor We 0.92 After Temperature ~on) 

Hot Start at '" 
3.95 3.68 3.66 3.70 3.16 3.80 3.82 3.83 3.83 3.83 

(To Obtain Temperature Corrected Emission Factor, Multiply Above Emission Factors with the FoUowiDg 
Temperatu.re Correction Factors For the Appropriate Area) 

Hot Start Temperature Correction Factors 
Area 1 and 2 l.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 
Area 3 2.06. 2.07 2JJ1 207 207 201 207 201 

1.38 
201 

1.38 
2.l11 

(To Convert TOCs to ROes, Multiply the Above Emission Factor With 0.92 After Temperature Correction) 

Hot Soak EmissiOD Factors 
All Areas 1.60 0.92 0.81 0.16 0.16 0.76 0.76 0.76' 0.16 0.76 

DiIll'Wll Emission Factors 
All Areas 4.14 2.14 2.63 '2.62 2.62 2.62 2.62 

Note: See Tables A9 - 5 • N • 1- a and A9 - 5 - N - 1 - b for temperature c:om:cted ROC emissions factors. 
A9-63 
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40 
4S 
SO 
55 
60 
OS 

TableA9-S -N-l-a. 
AREA 1 and AREA:2 

TEMPERATURE CORRECTED EMISSION FACI'ORS FOR MOTORCYCLES 
(Grams Per Mile) 

REACI1VE ORGANIC COMPOUNDS (ROC) 

1.78 1.69 1.68 1.70 1.72 
1.67 1.59 1.57 1.59 1.62 
1.63 1.54 1.54 1.54 1.57 
1.56 1.49 1.48 1.49 1.52 
1.38 1.31 1.30 1.31 1.33 
0.95 0.90 0.89 0.90 0.91 

Cold mrt 8.77 8.20 8.13 8.22 8.35 1.43 1.48 1.51 1.51 1.52 
Hot mrt 2.36 2.23 2.22 2.2S 2.28 2.31 2.32 2.33 2.33 2.33 

Table A9 - S - N -1 - b 
AREA. 3 

TEMPERATURE CORRECTED EMISSION FACI"ORS FOR MOTORCYCLES 
(Grams Per Mile) 

REACI'IVE ORGANIC COMPOUNDS (ROC) . 

5 10.25 9.45 9.38 9.47 9.62 9.72 9.78 9.81 9.82 9.82 
10 5.41 4~99 4.95 4.99 5.01 5.12 5.16 5.17 5.18 5.18 
IS 3.81 3.51 3.49 3.51 3.57 . 3.61· 3.63 3.64 3.65 3.65 
20 3.08 2.SS 2.83 2.86 2.19 2.92 2.94 . 2.95 2.96 2.96 
2S 2.65 2.44 2.42 2.44 2.48 2.50 2.52 2.53 2.53 . 2.53 
30 2.30 2.13 2.11' 2.13 2.2S 2.19 2.20 2.21 2.21 2.21 
35 2.03 1.U 1.86 I.U 1.91 1.93 1.94 1.95 1.95 1.95 
40 1.14 1.70 1.69 1.71 1.13 1.75 1.76 1.77 1.77 1.77 
45 1.74 1.60 1.59 1.60 1.63 1.64 1.65 1.66 1.66 1.66 
SO 1.69 1.56 loSS 1.56 1.59 1.59 1.60 1:61 1.61 1.61 
55 1.62 I.SO 1.49 1.50 1.53 . 1.55 1.55. 1.56 1.56 1.56 
60 1.43 1.32 1.31 1.32 1.34 1.36 1.37 1.37 1.37 1.37 
OS 0.98 0.91 0.90 0.91 0.92 0.94 0.94 0.95 0.94 0.94 

. Cold sam 14.23 13.15 13.05 13.19 13.39 13.S3 13.61 13.65 13.66 13.67 .~" 

Hot slUt 7.49 6.97 6.94 7.01 7.13 7.'JJj 7.24 7.26 1.26 7.26 

t:I!::1::!:j:tl~!:t:!1!~~~~l~~~1!@i!:I~1~~t~~11il~;1;~]1:l~j%II~!li1l~~li11'j~~i~lt~~i~mItilltmi.~~~ilirJ~~~~j~~~~I!~~tm~:l:il~l;N.i.~tI1U:~l:~ili~wjti~:t@':1.I~)lt.~Kqm~l.~jt~~rnt: 
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TableA9· 5· N.2 
. EMISSION FACTORS FOR MOTORCYCLES at 75fTF 

(Grams per Mile) -
Carbon Monoxide and Oxides of Sulfur 

YEARS 

Speed 1991 1993 1995 1997 1999 2001 2003 2005 '1J.X17 2009 

R1.Ul1ling Exhaust Emission Factors at 750P 

Carbon MODOxide (CO) 
5 

10 
15 
20 
2S 
30 
35 
40 
45 
50 
55 
60 
65 

62.71 6259 6L89 61.83 61.82 61.81 Same Factors As Year 2001 
30.13 29.83 29.76 29.73 29.72 29.72 
19.71 19.59 19.54 19.52 19.52 19.51 
15.15 15.02 14.99 14.97 14.97 14.97 
12.39 12.29 12.27 12.26 12.2S 12.2S 
10.40 10.32 10.30 10.29 10.29' 10.29 
8.89 8.83 8.81 8.81 8.80 8.80 
7.84 7.79 7.78 7.71 7.71 7.71 . 

. 723 7.18 7.18 7.17 7.17 7.17 
6.94 6.90 6.89 6.89 6.88 6.88 
6.70 6.67 "7 6.66 6.66 6.66 
6.00 5.98 5.98 5.97 5.97 597 
4.30 4.29 4.29 4.29 4.29 ·4.29 

(To Obtain Temperature Corrected Emission Factor. Multiply Above Emission Factors with the Following 
Temperanue Correction Factors For the Appropriate Area) 

Ihmning Exhaust Temperature Col"I"edion Factors 
All Areas LOI 1.01 . 1.01 1.01 1.01 1.0.1 1.01 1.01 1.01 1.01 

Cold Start at 75°F 
All Areas 65.98 65.29 65.os 65.02 65.01 65.00 65.00 Same as Year 2001 

(To Obtain Temperature Corrected Emission Factor, Multiply Above Emission Factors with the Following 
Temperanue Correction Factors For the Appropriate Area) 

Cold Start Temperature Correction Factor 
AD. Areas 1.54 Same as Year 1991 Same as Year 1991 Same as Year 1991 

Bot Start at 7SOF 
All Areas 9.51 9.44 9.43 9.42 Same as Year U91 

(To Obtain Temperature Corrected Emission Factor, Multiply Above Emission Factors with the Following 
Temperature Correction Factors For the Appropriate Area) 

Hot Start Temperature Corredioo Fadors 
All Areas 0.51 Same as Year 1991 Same as Year 1991 Same as Year 1991 

All Areas 
Years 

Ozides of Sulfur (SOx) 
(TcmsfDistric:t Total Vehicle Miles Traveled (VMT) by MotorcyclesfDay) 

o.os 0.09 0.10 
(1991 and 1993) (199S to 2001) (2003 to 2009) 

VMT 278,570,000 304,232,000 329,894,000 355,555,000 38U20000 
Yetl1S (1993) (1997) (2001) (2005) (2009) 
VMT N/A 291,401,000 317,(J6S,ooo 34%,727,000 ~OOO 
Yetl1S (1995) (1999) (2003) (2fXJ7) 

Emissioos in Grams per Mile = [(TcmsfDay) :It (907.18) :It (l,OOO.O»)/[VMT For That Year] 
Project Related emissions = (Emissions in Grams Per Mile) x (Project Related VMT) 

Note: See Table A-9-5-N-2-a for tempemurc c:m:rec:ted CO emission factms. 

See Table A-9-S-N-U for lempc:iatwe co.ucctcd SOx c:missi~ factms.. 

See Table A-9-5-N-3 for PMI0 ad L.ead emis:sioD fac:tozs. 

A.9-65 
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Tab1e A9 -- S - N -2 - a 
AREA 1, AREA 2 and AREA 3 

TBMPERATOl.W COUBClED EMISSION FACI"ORS FOR MOI'ORCYCLBS 
(Grams Per Mile) 

CARBON MONOxm:s (CO) 

;;~~~i~~~~;~~~;~i~;f1~ir.Jl~~l~~~;~~1!~~~~r~~~~~~£~ffi~§i@~~~~~?:f$fiS.~~J~1i.W.$~5l:~~ii{~"OO~~m;'t~~ri~fJ~ll.fiJ@'ill$1;W.g~~~~~*t:1-i@~~~~ll~;~g;~~~;~~~~f~n~;~1~~~*~;;~~~~~~~;~~~~~i~~l?~~~;I~;~1~~~~~%~~~~~~~1~~~~~~~**tl~~~~1~g~~~~~~~~~;~~ 
SPEED 1991 1993 1995 1991 1999 2001 2003 200S 20CfI 2009 
~~~~®l~i*ilim:~~l~l:~~~~~*~~r~~~~§imf~~@l~~@J~im~~i@~~i~i][m·mf.J~i~!*~~~~Ill~f~~~r~l1~~iiif.~&~~~~~~i~~~~~?~m~J.~i~~~~lm~~jr.jjfj~~f:~~j;~~~f~mmm~E@~~~~iJ~~$~1§*~iilt.~~l~ 
5 63.34 63.22 Q.51 62.45 62.44 62.43 62.43 62.43 62.43 62.43 
.10 30.63 30.13 30.06 30.03 30.02 30.02 30.02 30.02 30.02 30.02 
15 19.9'7 19.79 19.74 19.72 19.72 19.71 19.71 19.71 19.71 19.71 
20 15.30 15.17 15.14 15.12 15.12 15.12 15.12 15.12 15.12 15.12 
2S 12.51 12.41 12.39 12.38 12.37 12.37 12.37 12.37 12.37 12.37 
30 10.50 10.42 10.40 10.39 10.39 10.39 10~ 10.39 10.39 10.39 
3S 8.98 8.92 8.90 8.90 8.89 8.89 8.19 1.19 1.19 1.89 
40 7.92 7.'1:1 7.86 7.85 7.85 7.85 7.85 7.85 7.85 7.85 
45 7.30 7.25 7.25 7.24 7.24 7.24 7.24 7.24 7.24 7.24 
50 7.01 6.9'7 6.96 6.96 6.95 6.95 6.95 6.95 6.95 6.95 
55 6.77 6.74 6.74 6.73 6.73 6.73 6.73 6.73 6.73 6.73 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

6S 4.34 4.33 4.33 4.33 4.33 4.33 4.33 4.33 4.33 4.33 
~~~i~~~~~l~~~~~~~i~~~~~~l~;~;~~~;~~~~~~~~~~~;~~~~~~lr~i~il~~~~~~~~~~~~~?:~~~*f:~~~~~;~~~~~~~~~~~;~1~~;~~;~~~~~~~*-~~;~I~~~~~;~~~~~j~~~~~~~~f~~f~~~~ij::J~~~~~~m~m*~;~~§;~~mfst.it.~~~.?:iilf:~m~$~?1:~~~W~~~~~r~~l:1.i1~*i:f.m~~r:~[~~f:~~~ 
CoY star 101.61 100.55 100.22 100.13 100.12 100.10 100.10 100.10 100.10 100.10 
Hot Rut 4.85 4.11 4.11 4.80 4.80 4.80 .4.80 4.80 4.80 4.80 

TabJeA9-S -N-2-b 
AREA 1, AREA 2 and AREA 3 

TEMPBRATOl.W COIUmCT.ED EMISSION PACI"ORS FOR MOI'OltCYCLBS 
(Grams Per Mile) 

OXIDES OF S1lI..FUR (SOx) 

N/A N/A 0.0003 0.0003 0.0003 0.0003 0.0002 0.0003 0.0003 0.0002 0.0002 
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~~ 

TableA9·5·N·3 

EMISSION FACTORS FOR MOTORCYCLES AT 7SOF 
(Gramiper Mile) 

Oxides of Nitrogen (NOx), Combustion PMIO, Tire Wear PMIO and Lead 

5 0.69 
10 0.62 
15 0.64 
20 0.69 
2S o:n 
30 0.85 
3S 0.91 
40 0.96 
45 1.00 
SO 1.05 
55 1.16 
60 L44 
6S 2.11 

Area 1 aDd 2 1.03 
Area 3 0.955 

0.68 

Areal aDd 2 0.88 
Area 3 L1S5 

0.86 

Areal ami 2 l.O4 
Area 3 0.94 

TueWear 
PMlO 0.85 

~i.I.St 
PMlO 0.01 

Rwming Exhaust Emisciou Factors at 1SOP 
0DcIes ofNitrogm (NOs) 

Same Factors As Year 1991 Same Factors As Year 1991 

Rgnning Exhaust Temperature Corredicm Factors 
Same Factors As Year 1991 Same Factors As Year D91 
Same Factors As Year 1991 Same Factors As Year D91 

Cold Start at 7SOF 
0.69 Same Factor as Year 1993 

Cold Start Temperature Corndl_ Fader 
Same as Year 1991 Same as Year 1991 Same as Year 1991 
Same as Year 1991 Same as Year 1991 Same as Year 1J91 

Bot Start at 7SOF 
Same as Year 1991 Same as Year 19ft Same as Year 1J91 

Bot Start Temperature Conedion Fadon 
Same as Year 1991 Same as Year 19ft Same as Year 1J91 
Same as Year 1991 Same as Year 1991 Same as Year 1J91 

Combusticm.PMlO, 'Jhoe Wear PMlO ad I..auI 
(For an Years and Speeds For All Areas) 

Grams per Mile Lead 0.0 tODS per day 

Grams Per mile 

Note: See Table A9 - 5 - N - 3 - a and A9 - 5 - N ~ 3 - b for temperature corrected NoX emiwcm factors. 
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Table A9 - 5 - N -3 - a 
AREA 1 and AREA 2 .~ 

TEMPERATURE CORREC"IED EMISSION FACfORS FOR MOTORCYCLES 
(Grams Per MDe) 

OXIDES OF NITROGEN (NOx) 

SPEED 1991 1993 1995 1997 1999 2001 2003 200S '1lXT1 2009 

5 0.11 0.11 0.71 0.71 0.110.11 0.11 0.11 0.71 0.71 
10 
15 
20 
25 
30 
35 
40 
45 
SO 
55 
60 
6S 

Cold start 

Hot start 

0.64- 0.64-
0.66 0.66 
0.11 0.71 
0.79 0.79 
0.88 0.88 
0.94 0.94 
0.99 0.99 
1.03 1.03 
1.08 1.08 
1.19 1.19 
1.48 1.48 
2.17 2.17 

0.60 0.61 
0.89 0.89 

0.64 0.64 0.64 0.64- 0.64 
0.66 
0.71 
0.79 
0.88 
0.94 
.0.99 
1.03 
1.08 
1.19 
1.48 
2.17 

0.61 
0.89 

0.66 0.66 0.66 
0.11 0.71 0.71 
0.79 0.79 0.79 
0.88 0.88 0.88 
0.94 0.94 0.94 . 
0.99 0.99 0.99 
1.03 1.03 1.03 
1.08 1.08 1.08 
1.19 1.19 1.19 
1.48 1.48 1.48 
2.17 2.17 2.17 

0.61 0.61 0.61 
0.89 0.89 0.89 

Table A9 - 5 - N -3 - b 
AREA 3 

0.66 
0.11 
0.79 
0.~8 

0.94 
0.99 
1.03 
1.08 
1.19 
1.48 
2.17 

0.61 
0.89 

0.64- O.M 
0.66 0.66 
0.11 0.11 
0.79 0.79 
0:88 0.88 . 
0.94 0.94-
0.99 0.99 
1.03 1.03 
1.08 1.08 
1.19 .1.19 
1.48 1.48 
2.17 2.17 

0.61 0.61 
0.89 0.89 

TEMPERATURE CORRBCT.ED EMISSION FACTORS FOR MarORCYCLES 
(Grams Per Mile) 

OXIDES OF NITROGEN (NOx) 

0.64 
0.66 
0.71 
0.79 
0.88 
0.94-
0.99 
1.03 
1.08 
1.19 
1.48 
2.17 

0.61 
0.89 

5 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 
10 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.59 
15 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 
20 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 
25 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 
30 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81. 0.81 
~ ~~ Q~ Q~ Q~ O.~ O.~ O.~ 0.87 0.17 O.~ 

40 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 
4S 0.% 0.96 0.96' 0.96 0.96 0.% 0.96 0.96 0.96 0.96 
SO 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
55 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 

~, 

60 1.38 1.38 1 .. 38 1.38 1.38 1.38 1.38 1.38 1.38 1.38~" 

6S ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Cold start 0.79 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 
Hot shirt 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.11 

.ljl~~ij1~~j[f,~[!~~!mtml~li~~:~~11\~11:jj~~:~i:~jl:~1:~~1:i~1l:~~l~~!lilll~~1lmi~j\!ll[1:~~1~11[~~r~i~~~1!:~j]~:l:ll~l~!\!j[~:. :.:]lj~~l~~11~~ll:l::l\~11j~:ll:l\i:~lljl:l:l:::~1~:lli[~~l::l\[ll:il!li~U:~:jl~:ll~ll~ll:ll:~l:il:l:jj~~~Ml[~f~i*~!ilii:1I~11:l:\~~:~ljili[,~\lll~l~fut;li~f!:~1 
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TABLEA9 - S ~ 0 
FORECASTED FUBL CONSUMPTION SOUTH COAST AIR QUALITY MANAGEMBNT DISTRICT 

Fuel Consumption by Fuel Type And Vehicle Type 
(Gallons Per VMT) . 

Year 

=== 
1991 
1993 0.08 0.04 0.03 : 0.09 0.05 CUM 0.10 0.09 'H/A O.lS 0.18 ·0.18 

1995 0.08 0.04 0.03 0.09 C.05 0.04 0.10 0.09 MIA O.lS O.1S 0.17 

1997 0.08 0.04 0.03 ! 0.09 0.05 0.04 : 0.10 0.09 MIA 0.18 O.lS 0.17 

1999 0.01 0.04 0.03 j 0.08 0.05 0.04 : 0.-10 0.09 NIA 0.18 ().IS 0.16 

2001 0.06 0.04 0.03 : 0.07 0.05 0.04 : 0.10 0.09 NIA 0.18 O.IS 0.16, 
2003 0.06 0.04 0.03 : 0.07 0.05 0.4)4 : 0.10 0.09 NIA 0.18 0.18 0.16 ~ 

2005 0.00 0.4)4 0.03 : 0.00 0.05 0.4)4 : 0.00 0.08 NIA O.IS 0.18 0.15 

I 2007 0.00 0.03 0.03 i 0.00 0.0.5 0.4)4 : 0.00 0.08 NIA 0.18 0.18 0.15 

2009 0.00 0.03 0.03 . 0.00 0.05 0.4)4 . 0.00 0.08 'H/A (US O.IS O.lS 

Fuel Couumpticm (O.UODi per day or per quarter) OIl ("'Daily or quarterly project related VMT lit o.nom per VMT) 
"'VMT .. Vehicle Milos Travoled per Day or per Quarter 
Por total VMT in the county pleuo see Table A - 9 - 14 - A 
NCAT OIl Ouollilo-fueted vohicles without catalyst 
CAT ... Oal!lOllilo-fue!ed vehic!.,. with catalyst 
Diesel ... Diesel-fueled vehle!.,. 

) ) ) 
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ESTIMATING ROllBACK 8-HOUR AND 1-HOUR PPM 
LEVELS OF POLLUTANTS 
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TABLEA9· 5· P 

ESTIMATING ROLLBACK S-HOUR PPM LEVELS FOR FUTURE YEARS 

(Note: Values used in examples were created, therefore, may not match with values in referenced tobles. H-7zen 
peifonning project-specific analysis always use values from referenced tIlbles and project-specific datil. Do not use 

values from our example in your tZMiysis. For future year CO adjustment factors use Table A9 - 9.) 

E = ({Fx G} + {[G x H] + [(1 x G x H) x (J/K)]}) (See TableA9- 5 - Qfor I-Hour Levels) 

Where, 

E 
F ;: 

G :: 

H = 

I = 

Rollback 8-hour PPM levels for the future year. 
Percent contribution of that pollutant to ambient levels by stationary (direct) sources. 
(District's reports for AiT Quality MtmIlgement Film 01' see Table A3 - 1.) 
The highest 8-hour concentration in PPM for the previous three years 
(Use the last 3 yet.US of air quality ?Mnitoring data.) 
Percent contribution of that pollutant to ambient levels by mobile (indirect) sources. 
(District's reports for Air QuaJit;y Management Pilm 01' see Table A3 - 1.) 
Percent ~ Growth for that future year 

:: [100 x (Future Year VMT - Current Year VMT)]/[Currerit Year VMT] 
To determine percent inc::rease in VMT, use Table A9 - 14 - A of this Handbook. 

J Composite (between all autos, trucks, motorcycles, buses, etc:.) on-road vehicle emission factor 
for the future year in gramS per mile. See Table A9 - 5 - P - 1 

K Composite (between passenger vehicles, trow and other on-road vehicles) emission factor for 
the current year in grams per mile. See Table A9 - 5 - P - 1 

NOTE: Even though the following methodolofjes in Table A9 - 5- P - 1 and 2 ore included wu:IeT a methodology 
. that estimates background levels in ppm, these can also be used "to estimote composite grams per mile 

emissions for Coline 4 ppm levels needed to determine CO, NOx and PMI0 hot spots, and mass 
emissions needed to establish project significance. 
o Table A9 - 5 - P - 1 to determine composite emission factor expressed in grar1u- per mile; tmd, 
o Table A9 - 5 - P - 2 to determine composite ernisWn factor expressed in mzms perminute. 
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TABLEA9-5-P-l 

ESTIMATING COMPOSITE EMISSION FAcroRS IN GRAMS PER MILE 
(FOR CALINE 4, BACKGROUND LEVELS OR MASS EMISSIONS) 

(J) or (K) = [(B xBCHS) + (M xMrns) + (pxPCHS) + (TxTrns)]/(B + M + P + T) 

Where. 

J ::: Composite emission factor for future year in Grams per Mile 
K Composite emission factor for current year in Grams per Mile 
B Bus percent ADT from Table A9 - 5 - G. (If 0.5 %. use 05, nol: 0.005) 

BCHS Bus related composite emission factor between hoi: start, cold start and stabilized mode 

({Be x [(CclAB) + (DRE>]}+{BHx[(CH/AB) + (DR,E)]}+{BSx DR,EH/CBc + BH 
+ Bs) 

Where, 

M 
MCHS 

Be ::: Bus pereent cold start estimates from Table A9 - 5 - M - 1 (Caline 4) or 2 (Background or 
Mass) 
(If Table A9 - 5 - M - 1 is used to determine hot and cold start pocentages by the road type, 
use Table A9- 5 - M - 3 pocentages to determine hot and cold start relaled fleet mix and Table 

. A9 - 5 - G percentages to determine stabilized vehicles Tdilted flut mix) 
::: Bus cold start emission factor in grams per trip from Table All - 5 - H 
::: Bus travel related trip length in miles. If unknown, use 359 miles. 
=:: Bus running emission factor in grams per mile from Table All - 5 - H 
== Bus percent bot start estimates from Table A9 - 5 - M - 1 (Caline 4) or 2 (Background or 

Mass) 
Bus bOl: start emission factor in grams per trip from Table All - 5 - H 

== Bus percent stabilized estimates, if Table A9 - 5 - M - 1 is used for hoi: and cold start % 
== [100- (Bc + BH> 

== Motorcycle percent ADT from Table A9 - 5 - G. (If 0.6 %. use 0.6, not 0.0(6) 
:= Motorcycle related composite emission factor between hot start, cold start and stabilized mode 

= ({Me x [(NdAM) + (OJrn)]}+{MHxICNH/AM) + (OW]}+{MsxOJm})/(Mc + MH + 
Ms) 

Where. 

Me == Motorcycle percent cold start estimates from Table A9 - 5 - M - 1 (CaIine 4) or 2 
(Background or Mass) 
(If Table A9 - 5 - M - 1 is used to determine hot aiuJ cold start peicentllges fOT the road type, 
use Table A9 - 5 - M - 3 percenIIlges to determine hot and cold start reJnted fleet mi:c and Table 
..049 - 5 - G pocenttzges to determine stabilized vehicles reliJted fleet mix) 

NC = Motorcycle cold start emission factor in grams per trip from Table A9 - 5 - N (1, 2 or 3) 
AM Motorcycle travel related trip length in miles. If unknown, use 359 miles. 
DRE ::: Motorcycle nmning emission factor in grams per mUe from Table A9 - 5 - N (I, 2, Qr 3) 
MH ::: Motorcycle percent hot start estimates from Table A9 - 5 - M - 1 (Oiline 4) or 2 

(Background or Mass) 
NH = Motorcycle bot start emission factor in grams per trip from Table A9 - 5 - N (1, 2, or 3) 
MS ==. MoI:orcycle percent stabilized estimates, if Table A9 - 5 - M - 1 is used for bol: and cold start 

% 
= [100 - (Me + MW 

P == Passenger vehicle ADT from Table A9 - 5 - G. (If 85.0 %. use 85.0, not 0.85) 
PCHS == Passenger vebi~e related composite emission factor between bot start, cold start and stabilized mode 

= ({Pex[(QdAp) + (RW]}+{PH x [(O}{/Ap) + (RRE>]}+{PSxRREH/cPc + PH + PS) 

A9-13 
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Where, 

Pc = Passenger vehicle percent cold start estimates·from Table A9 - 5 - M - 1 (Caline 4) or 2 ~ 
(Baclcg:round or Mass) 
(If Table A9 - 5 - M - 1 is used to determine hot and cold start percenlllges for the road type, 
use Table A9 - 5 - M - 3 percenlllges to determine hot and cold stmt relIlted fleet mix tmd Table 
A9 - 5 - G percenlllges to detennine stabilized vehides related fleet mir) 

QC = Passenger vehicle cold start emission factor in grams per trip from Table A9 - 5 - J . 
Ap = Passenger vehicle travel related trip length in miles. If unknown, use 359 miles. 
RRE = Passenger Vehicle running emission factor in grams per mile from Table A9 - 5 - J 
PH Passenger vehicle percent hot start estimates from Table A9 - 5 - M - 1 (Caline 4) or 2 

(Baclcg:round or Mass) , 
OR Passenger vehicle hot start emission factor in grams per trip from Table A9 - 5 - J 
Ps = Passenger vehicle percent stabilized estimates, if Table A9 - 5 - M - 1 is used for hot and 

cold start % 

= [100 - (PC + PH> 
T = Trucks or material hauling vehicle ADT from Table A9 - 5 - G. (If 10.0 %, use 10.0, not 0.10) 
T CHS = Truck related composite emission factor between hot start, cold start and stabilized mode 

== ({Tcx[(UdAT) + (VRE>]}+{THx [(UH/AT)+(VRE>]}+{TS xVRE})/<TC + TH + Ts) 

Where, 

TC = Truck percent cold start estimates from Table A - 9 - 5 - M - 1 (Cabn.e 4) or 2 (Baclcg:round 
or Mass) 
(If Table A9 - 5 - M - 1 is used to detennine hot tmd cold sum percenlllges for the road type, 
use Table A9 - 5 - M - 3 percentoges to determine hot and cold stmt related fleet mix and Table 
A9 - 5 - G percentages to detennine stabilized vehicles rekzted fleet ma) 

= Truck cold start emission factor in grams per trip from Table A9 - 5 - K 
Truck travel related trip length. in miles. If unknown. use 359 miles. .~ 
Truck running emission factor in grams per mile from Table A9 - 5 - K 
Truck percent hot start estimates from Table A9 - 5 - M - 1 (Caline 4) or 2 (Baclcg:round or 
Mass) 

== Truck hot start emission factor in grams per trip from Table A9 - 5 - K 
== Truck percent stabilized estimates, if Table A9 - 5 - M -1 is used for hot and cold start % 

== [100 - (Tc + TH) 

TABLE A9 -5 - P - 2 

ESTIMATING COMPOSITE EMISSION FAcroRS IN GRAMS PER MINUTE 

J. or K· == {[W x y]/60 

Where, 

J. 
K.. 
W 

y 

== Composite emission factor for future year in grams per minute 
= Composite emission factor for current year in grams per minute 
= Freeflow (5 mph or higher) or congested (Lower than 5 mph) travel speed expressed in miles per hour 

(see Table A9 - 5 - F for freeflow speeds) . 
:; Composite emission factor expressed in gms per mile at W mph 

(Use Table A9 - 5 - P - 1 metJwdologf to estimate grrrms per mile composite emission fflCtOTS) 

Use the following methodologies to estimate project emissions: 
If the disttmce tnweled is in meters (as TeqUired in CALlNE 4 model) 

E* = (Lxy)/(l609.3), where, 
E* :: Emissions in gms for distance traveled at W mph speed 
L· = Actual distance traveled in meters at W mph speed 

If the disttmce traveled is in miles (as TeqUired in the mass-emission estimating model, Ttlble A9 - 5) 
E· = (L. x y). where, 

L· ::; Actual distance traveled in miles at W mph speed 
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TABLE A9 • 5- Q 

ESTIMATING ROLLBACK I-HOUR PPM LEVELS FOR FUTURE YEARS 
(parts Per Million or PPM) 

(Note: Values used in examples wen!' created, therefore, may not match with values in referenced tables. Jf7ten 
peiforming project-specific Il1UIlysis tJiwtJ.ys use wzlues from referenced lJlbles and project-specific dmIl. Do not use 

values from our e:rample in your 1PUIIysis.) 

E = (F)/(O) 

Where. 

E == Rollback I-hour PPM levels for the future year. 
F = Rollbadc 8-hour PPM levels for the future year. 

(Use Table..4.9 - 5 - P 10 determine the value /OT F.) 
G == The highest persistent fac::toramong previous three years. 

.(To determine 1- to 8-hour persistent factor, use the last 3 years of air quality monitoring dIltIz.) 
= (H)/(I) 

where, 

H 8-hour concentrations for each of the previous three years 
I = I-hour concentrations for each of the previous three years 
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TABLEA9·6 

ESTIMATING EMISSIONS FROM GASOLINE AND DIESEL FUELING ACTIVITY 
(pounds Per Day) 

E == [(Fj365) x «G1, G2 or J)/H)] xl 

Where, 
... 

E = Emissions of Reactive Organic Compounds (ROC) or Benzene From Gasoline Station 
During Fueling and Storage 

F = Amount of Gasoline Dispensed in Gallons per Year (If Unknown, Use 248,000,000 Gallons 
Per Year For Stations with both controls. Phase I and Phase n; 12,900,000 per year for 
stations without any Control and 20,900,000 per year for stations with only Phase I Control) 

Gl, G2 or J = Emission Factor per 1,000 gallons Dispensed 
H = 1000; Because the emission factor is used for 1000 pnons 
I 0.92; Use only to convert Total Organic Compounds (TOC) Emissions to ROC emissioDS. 

(Do not use -1" for Benzene) 

TABLEM·6·A 

EMISSION FACfORS (G1) FOR EACH CRITERIA POLLUTANT FO~ IN1)mpUAL 
ACTIVITIES ASSOCIATED WITH ORIGINAL (REMOVED) EQUIPMENT 

(For composite Ildivities emission factor (G2) please see third column of Table A - 9 - 6 - B) 
(pounds Per 1000 Gallons) 

Pollutant Type eo TOe NOx SOX 

Stage I (Storage Tank Loading and Storing) 
Storage 

Breath-Underground Tank N/A 1.0 NjA N/A 
Loading 

Splash Filling N/A 11.50 NjA N/A 
Sub-Fill No Control N/A 7.30 NjA NjA 
Unloading N/A 1.00 NjA N/A 
Sub-Fill Balanced N/A 0.30 NjA N/A 

Stage n (Motor Vehicle Fueling) 
No Vapor CoDU'OI N/A 11.00 N/A N/A 
No Liquid Control N/A 0.67 N/A NjA 
Vapor Controlled. N/A 0.90 NjA N/A 

NjA = Not Applicable 

TABLE M • 6· B 

EMISSION FACTORS (J) FOR BENZENE* AND EQUIVALENT EMISSION 
FACfORS (G2) FOR TOC IN VEIUCUI..AR FUELING AND STORING 

COMPOSITE ACTIVITIES 
(pounds per 1000 Gallons) 

PM10 

N/A 

N/A 
N/A 
NjA 
N/A 

N/A 
NjA 
N/A 

(NOTE: Benzene is identified tIS a ctJTdnogenic air contaminant, which should be lJ.UfIl'ldfted using abtNe 
methodolog) 

Phase I and II Control 
Phase I Only 

. NoControl 

Benzene Emissions 
(1) 

0.0138 Ibs. / 1000 gallons 
0.0974 Ibs. / 1000 gallons 
0.1696 Ibs. / 1000 gallons 

Toe Emissions 
(G2) 

1. 72S Ibs.j1000 gallons 
12.17SIbs. / 1000 gallons 
21.200 Ibs./looo gallons 

* If ROC (E) is eStimated using -Q- emissioo factors, henzeDe emissicms am be esfunated by the 
following methodology: [(Eeoc> x (J)]f[(Q x (0.92)] 

SOURCE: Proposed Airbome Toxic: Control Measure for Emissions of Benzefte from Retail Scrvim Stations. July 9, 1987 
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TABLEA9·7 

ESTIMATING PROJECT-RELATED EXISTING OR CURRENT 
A WRAGE VEHICLE RIDERSHIP OR OCCUPANCY 

(Based on the District's Regulation XV) 

CA VR == [FJ/[G]; OR 
CAVR == [{AxB} ... {CxD}]/[{(A/E)xB·} + {(c,IE)xD*)] 

Where, 

CA VR == Current or Pre-Mitigation Average Vehicle Ridership 

To improve A VR, the number Of cars associated with the foDowiug should be eliminarc.d or reduced; 

F == Average Persow; Arriving in Vehicles at the Project Site; and, 
G == Average Cars A:niving at the Project Site; OR 
A == Total Number of I-Way or 2-Way Trips made with AutomObiles, trucks, etc:.. 

by 1 Person in 1 Vehicle per Week; 
B == Number of Days Trips made with Automobiles, trucks, etc. 

by 1 Person in 1 Vehicle per Week; 
C == Total Number of I-Way or 2-Way Trips made with Motorcycles 

by 1 Person on 1 Motorcycle per Week; 
D == Number of Days Trips made with Motorcycles 

by 1 Person on 1 Motorc::yde per Week; 
E* == 1.0 or 2.0; (Used to Detmnine Number of Cm:s.Arriving at the Project Site). 

If A and C were One-Way Trips, then A and C will be divided by 1.0 To obtain Number of 
Cars. . 

If A and C were Two-Way Trips, then A and C will be divided by 2.0 to obtain Number of 
Cars. 

To improve A VR, the Dumber of cars arriving at the projec:t site must be ~educed. 
Use Table 11-5 methodologies from Appendix 11 for emission reductions after implementation of each 
mitigation measure that reduces Dumber of cars arriving at the project site. 

A VR for the Vehicles Sta}ing Home but Used for Other Trips == 1/1 == "1:!00 

Even though the following information is not needed to estimate the W9fk-re1ated A VR, this information 
should be provided in an environmemal document as Non-work Related A VR. Use the following information 
for Appendix 11 methodologies to estimate emissions from Non-work trips. The .1991 A.QMP states tluzt 5% of 
the following trips were for Home to Other trips: 

Non-work I-Way Project Trips == H (J + K + L+ M + N + 0+ P+ Q+ R + U) x O.05} + {(S+ T) x V}]; Where, 
J == Number of Persons Walked I-way 
K == Number of Persons Traveled I-way by Bicycle 
M == Number of Persons did DOt travel to the project site due to days off from 3/36 work week 
N == Number of Persons did not travel to the project site due to days off from 4/40 work week 
o == Number of persons did Dot travel to the project site due to days off from 9/fJJ work week 
P == Number of persons did not travel to the project site due to vacation 
o == Number of persons did DOt travel to the project site due to side leave 
R == Number of persons did DOt: travel to the project site because they were absent for reascms other 

. than vac:aIion and side k::aves 
S = NUmber of persons did not travel to the project site because it was Saturday 
T = Number of persons did not travel to the project site because it was Sunday 
V = Percent Weekend Trips to other 

Note: I-way trip is trip to work. 
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• E 

TABLEA!J-8 

ESTIMATING EMISSIONS FROM MOBILE *** EQUIPMENT 
(EXHAUST AND EVAPORATIVE TYPE) 

(pounds Per Day) 
== (FxG)xH;.2r 

E ... • = (FxG) x (KxLxM) 

Use Table A9 - 3 of this Handbook with information provided in Tables A9 - 8 - C!l!ld A9 - 8 - D 

Where, 

E· = Time specific: exhaust emissions of criteria pollutants in pounds per day or pounds per quarter 
F = Source population or nnmber of equipment with the same characteristic: information ............ 

(Please see Tables A9 - 8 -A, B. C. D and E for the IypeS of equipment for which this fomuda 
am beuse4) 

G == Daily hours or quarterly hours of operation per day per F type equipment 
(Ifunmown, use 8, 16 or24houn dqendingon die number of shifts in IZ day, we 65 to 91 days 
per qumter depending on the number of wane days in IZ IjI.Ul1'ter, tmd use 261 to 365 days per yem 
depending on the number of work days in IZ yetzr.) 

H == Tune specific: emission factors in pounds per hour per F type equipment 
. (PlelZSe see Table A9 - 8 - A for time specific emission fllCtoTS) 
E·· = Mechanical energy output specific exhaust emissions of criteria pollutants in pounds per day 
K == Average rated mechanical energy output for F type equipment in horsepower 

(Please see Ttzble A9 - 8 - C for avera.ge TfJted horsepower) 
L = Mec:banical energy output specific emission factors at 100 % load in pounds per horsepower-hour 
M ::: Fraction for typical load factor (If unknown, we value from TlIble A9 - 8 - D divided by 1(0) 

• Use this formula only when hours of operation of each equipment is available 
•• Use this formula only when mechanical energy output in horsepower and hours of operation is boWD. 

..... Contact California Air Resources Board (El Monte, California Br~) to obtain the copy of the most 
recent version of regulations on exhaust emission standards and performance specifications for mobile 
(off-road) equipment. . 

............ For an initial study, use Table A9 - 8 - E to estimate number of equipments that can be operated in Ii 
day without exceeding construction thresholds. . 

TABLE A!J - 8 - A 

EXHAUST EMISSION FACTORS (H) FOR EACH CRITERIA POLLUTANT 
(Puwuis Per Hour) 

Note: As much as possible use the following emission factors from Table A9 - 8 - A. If these emission 
factors cannot be applied to your project then only use emission factors provided in Table A9 - 8 - B. 

Equipment Type CO ROC NOx SOX PMI0 ....... G D G D G D G D G D 

Fork Lift - 50 Hp 14.0 0.18 0.5 0.053 0.018 0.441 0.003 0.031 
Fork Lift - 175 Hp 43.97 0.52 1.53 0.17 0.92 1.54 0.123 0.093 
Trocks: Off-Highway 1.8 0.19 4.17 0.45 0.26 
Tracked Loader 0.201 0.095 0.83 0.076 0.059 
Tracked Tractor 0.35 0.12 1.26 0.14 0.112 
Scraper 1.25 0.21 3.84 0.46 0.41 
Wheeled Dozer 0.35 0.165 
Wheeled Loader . lS.57 0.572 0.515 0.23 0.518 1.9 0.023 0.182 0.03 0.17 
Wheeled Tractor 9.53 3.58 0.351 0.18 0.43 1.27 O.OlS 0.09 0.024- 0.14 
Roller 13.41 0.30 0.59 0.065 0.362 0.81 0.0185 0.067 0.D26 O.OS 
Motor Grader 12.10 O.lSl 0.40 0.039 0.32 0.713 0.017 0.086 0.021 0.061 
Miscellaneous 17.02 0.675 0.543 0.l5 0.412 1.7 0.023 0.143 0.026 0.14 

......... Fuel types: G == Gasoline-Powered; and D :: Diesel-PoWered 
Source: AP-42 Report, September 1985. Federal Environmental Protection Agenc:y 
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TABLEA9 ·g·B 
EXHAUST EMISSION FACfORS (L) AT 100% LOAD FOR EACH CRITERIA 

POLLUTANT 
(4-stroke and 2-stroke description applies only to gasoline-powered equipment) 

(Pounds Per Horsepower-Hour) . 
~, 

As much as possible use emission factors provided in Table A9 - 8 - A. TIle following emission factors should be used 0DIy if emission 
factors from previous Table c:aJmOt be used. As It last source to c:stimatc ~ NIated exhaust cmissiOlls use Tables A9 - 3 - (j 

and A9 - 3 - H. These tables provide methodology to estimate c:cmstruction related BTU wIues for a project. c:onvm daily BTU 
consumption to daily horscpower-bour (multiply BTUs by 0.000393) iI!'ODSWnption and then usc the following emission factors.. 

Equipment Type CO ROC NOx SOX PM10 
* ... * Diesel Gas!. Diesel Gas! Diesel Gasl. Diesel Gas!. Diesel Gas!. 

PaviDgEqup (4-sttk) 0.010 0.83 0.002 0.042 0.024 0.004 0.002 O.ooos 0.001 0.Q002S 
Paving Equip (2-sttk) . 0.010 2.04 0.002 0.896 0.024 0.0006 0.002 0.0005 0.001 0.00845 
PlateCompctr (4-strk) 0.007 0.83 0.002 0.043 0.020 0.Q04 0.002 0.0005 0.001 . 0.0002S 
Plate Compctr (2-Strk) 0.007 2.04 0.002 0.897 0.020 0.0006 0.002 O.ooos 0.001 0.Q084S 
BorejDrill Rig (4-strk) 0.020 0.57 0.003 0.025 0.024 0.011 0.002 O.ooos 0.0015 O.oooos 
BorejDrill Rig (2-strk) 0.020 204 0.003 0.897 0.024 0.0006 0.002 0.0005 0.0015 0.Q084S 
ChainSaws>4HP(2-Strk) -.- 215 0.684 0.0021 0.0008 0.00143 
Tmpr fRammr (2-Strk) 204 0.897 0.0006 0.0005 0.Q084S 
TampersjRammers 0.83 0.043 0.004 0.0005 0.0002S 
Skid-SteerlAlader 0.020 0.44 0.004 0.018 0.021 0.44 0.002 0.0005 0.0015 0.00005 
Rubber Tired Loaders 0.011 0.47 0.002 0.021 0.023 0.012 0.002 O.ooos 0.0015 O.OOOOS 
TrctrfLodrf&kho 0.015 0.57 0.003 oms 0.022 0.011 0.002 O.ooos 0.001 O.oooos 

_ Terminal Tractors 0.013 0.026 0.003 0.57 0.031 0.011 0.002 0.0006 0.0015 O.OOOOS 
Excavators 0.011 0.57 0.001 0.025 0.024 0.011 0.002 0.0005 0.0015 O.oooos 
Trenchers 0.020 0.57 0.003 0.026 0.02:2 0.011 0.002 0.0005 0.0015 O.oooos 
Rollers 0.007 0.85 0.002 0.Q49 0.020 O.oos 0.002 0.Q006 0.001 0.0002S 
Other Cnstrctn Equip 0.020 0.57 0.003 0.025 0.024 0.011 - 0.002 O.ooos 0.0015 O.OOOOS 
Cement/Mortar Mix 0.010 0.83 0.002 0.040 0.024 0.004 0.002 0.0005 ·0.001 0.0002S 
Asphalt Pavers 0.007 0.57 0.001 0.025 0.023 0.011 0.002 0.0005 0.001 O.OOOOS 
Concrete Saws 0.020 0.003 0.024 0.043 0.002 0.004 0.003 0.0005 0.001 0.Q0025 
Crushing Equipment 0.020 0.57 0.003 oms 0.024 0.011 0.002 0.0005 0.0015 O.oooos 
Aerial Lifts 0.013 0.57 0.003 0.025 0.031 0.011 0.002 0.0006 0.0015 O.oooos 
Rough Terrain Fork LiftsO.022 0.57 0.003 0.025 0.018 0.011 0.002 0.0005 0.0015 O.OOOOS 
Crushing Equipment 0.020 0.57 0.003 0.025 0.024 0.011 0.002 0.0005 0.0015 O.oooos 
Fork Lifts 0.013 0.57 0.003 oms 0.031 0.011 0.002 0.0006 0.0015 O.oooos 
Cranes 0.009 0.57 0.003 0.025 0.023 0.011 0.002 o.ooos 0.0015 0.00005 
Sprayers 0.008 0.62 O.oos 0.029 0.017 0.011 0.002 0.0006 0.0015 0.0002S 
DumpersjTendors 0.006 0.83 0.002- 0.Q43 0.Q21 0.004 0.002 0.0005 0.0015 0.0002S 
Signal Boards 0.011 0.83 0.002 0.00 0.018 0.004 0.Q02 o.ooos 0.001 0.0002S 
Sweepers/Scrubbers 0.013 0.57 0.003 oms 0.031 0.011 0.002 0.0006 0.0015 O.OOOOS 
Sweepers/Scrubbers 0.013 0.57 0.003 0.025 0.031 0.011 0.Q02 0.0006 0.0015 o.oooos 
Generator sets <50 HP 0.011 1.479 0.002 0.Q54 0.018 0.Q02 0.002 0.0006 0.001 0.Q002S 
Gnrtr <50 HP (2-stroke) 0.011 2036 0.002 0.893 0.018 0.0006 0.002 0.0006 0.001 ·0.00845 
Pressur Washer <50 HP 0.011 1.479 0.002 0.Q54 .0.018 0.002 0.002 0.0006 0.001 0.00025 
Hydro Power Units 0.008 0.913 0.005 0.038 0.017 0.005 0.002 0.0006 0.0015 0.0002S 
Welders <50HP 0.011 1.479 . 0.002 0.0S4 0.018 0.002 0.Q02 0.0006 0.001 0.0002S 
Pumps <50 HP . 0.011 1.479 0.002 0.0S4 0.018 0.002 0.002 0.0006 0.001 0.Q002S 
Air Cmpressor <50 HP 0.011 1.479 0.002 0.Q54 0.018 0.Q02 0.002 0.0006 0.001 0.0002S 
Surfacing Equipment 0.83 0.043 0.004 O.ooos 0.0002S 
2-Wheeled Tractors 0.600 0.032 0.0058 0.0005 0.0002S 
Shredder ::>5 HP 1.479 0.056 0.0018 0.Q004 0.0004 
Concrete Pavers 0.01 0.002 0.022 0.002 - .. , 0.001 
Rubber Tired Dozers 0.01 0.002 0.021 0.Q02 0.0005 
Off-Highway Tractors 0.032 O.oos 0.026 0.Q02 0.Q02 
Skidder 0.011 0.002 0.025 0.Q02 0.0015 . .--..... 
Crawler Tractors 0.011 0.Q02 0.023 0.002 0.001 
Grader 0.008 0.,003 0.Q21 0.002 0.001 
Scraper 0.011 0.001 0.019 0.002 0.0015 

A9-83 
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TABLE A9 ·8· C 

FUEL CONSUMPTION AND NUMBER OF HOURS OF OPERATION FOR 
AVERAGE-RATED HORSEPOWER CAPACITY AT 100 % LOAD 

(All vtUues In tIlkm from November 1991 NoWPflll Engine tm4 Vehide Emipion Stwly and~) 
(NTIS PB92 -126960, EPA 460/3-91-02, or EPA 2lA - 2001) 

The fonowing information should be used only if Table A9 - 8 - A and Table A9 • 8 - B emis.simi. factors and 
related methodology cwm.ot be used, or to· estimate approximate fuel consumption in gallons if horsepower 
rating and homs of operation are mown. 

DIESEL (0.066 Gals/Hp-Hr) GASOUNE (0.16 Gals/Hp-Hr) 

Equipmem 1)pe Horsepower Gallc:m.s 'Hrsat Horsepower Gallons Hrsat 
100% 100% 
Load Load 

Skid-Steer Loader 39.0 16.72 6 3LO 10.0 2 
Wheel or Rubber 

TuedLoader 141 59.5 6 TI.O 34.2 3 
TractorsjLoadcrs TI 39Z1 8 63.0 32.1 3 
Airport Termiul Tractors 96 5.1 1 82.0 5.71 0.4 
Excavators 56 28.56 8 80.0 40.8 3 
Trenc:bcrs 60 30.60 8 n.o 2.6 1 
Rollers 99 .50.49 8 11.0 3.00 1 
Other CoDsttDctic:m Equipment 161 82.11 8 . 1.50.0 16.5 3 
Cement and Mortar Mix: 11 3.0 4 1.0 1.2 1 
Paving Equipmem 99 .50.49 8 1.0 1.0 1 
Asphalt Pavers 91 46.41 8 31.0 15.8 3 
Plate Compactors 8 2.00 4 5.0 . 0.94 1 
Concrete Saws (Cutting Conaete)56 28.56 8 13.0 L4 1 
Crushing Equipmem 121 64.11 8 60.0 30.6 3 
Aerial Lifts 43 21.9.3 8 36.0 18.36 3 
Rough Terrain Fork Lifts 93 41.43 8 88.0 44.8 3 
ForkLifts 83 42.33 8 62.0 18.0 2 
Cranes 194 96.94 8 55.0 28.05 3 
Sprayers 92 46.92 8 24.0 1.5 4 
Dmnpers(fendors 23 11.13 8 9.0 3.0 2 
SipaI Boards (Routing Boards) 1l..22 6.0 8 8.0 II 1 
BoreJDrill Rigs (GrOUDdwater) 209 106.59 8 54.0 noS 3 
Sweepers/Scmbbcrs 91 49.41 8 39.0 19.8 3 
Generator sets <50 lIP 22 11.22 8 n.o 1.0 1 
Pressure Washers <so HP 21 to.11 8 1.0 0.15 1 
Hydro Power Units 3S 11.85 8 14.0 5.0 2 
Welders <50 HP 3S 11.85 8 19.0 3.25 1 
Pumps <50 HP 23 11.13 8 1.0 0.1 1 
Air Compressors <so HP 31 18.87 8 9.0 1J3 1 
I.rmdscape Loader 55 23.00 6 -.- -.- -.-
Backhoe Loader 79 2l..o 3.5 -.- -.- -.-
Log Loader U6 .50.8 1 -.- -.- -.-
Excavator (Utility) 34.2 28.23- 13 -.- -.- -.-
EEavator (Ccmstraction) 15L1 94.61 9 -.- -.- -.-
Smfac:iDg EqWpmem (AU .GasoJme)-.- -.- -.- 8.0 1.0 1 
TampersJRammers (AU GasoJme) -.- -.- -.- 4.0 0.94 1 
2-Wheded Tractors (AU Gasoline) -.- -.- -.- 1.0 2.61 2 
Shredder >5 HP (AU Gasoline) -.- -.- -.- 8.0 1.0 1 
a.am Saws >4 lIP (An Gasoline)' -.- -.- -.- 6.0 0.2 2 
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TABLE A9 - 8 - C (Cont.) 

DIESEL (0.066 Gallons/Hp-Hr) GASOLINE .(0.16 Gallons/Hp-Hr) 

Equipment Type Horsepower Ganom Hrsat Horsepower Gallons Hrsat 
100% 100% 
Load Load 

Crawler Dozer (AIl Diesel) 102.9 54.25 8 -.- -.- -.-
Rubber Tired Dozers (All Diesel)3S6 181.56 8 -.- -.- -.-
Crawler Tractors (All Diesel) lS1 80.01 8 -.- -.- -.-
Tractor (Utilliy Compact) 29.4 7.53 4 -.- -.- -.-
Tractor (Utilliy General Purpose) 69 2153 5 -.- -.- -.-
FeUersjBunc:hers (All Diesel) 183 144.0 12 - -.-
Concrete Pavers (All Diesel) 130 66.3 8 -.- -.- -.-
Skidder (AU Diesel) 134 63.95 7 -.- -.- -.-
Off-Highway Truc:b (AU Diesel) 489 249.39 8 -.- -.- -.-
Grader (AIl Diesel) 156.6 81.36 8 -.- -.- -.-
Scraper (All Diesel) 266.76 1245 7 -.- -.- -.-

TABLEA9-8-D 

TYPICAL LOAD FACfORS FOR MOBILE (OFF·ROAD) EQUIPMENT 
(All values lITe I8ken from November 1991 Nonroad Engine and Vehicle Emission Study IlIU:l QVDI'IB£Cl) ~----. 

(NTIS PB92 -126960, EPA 460/3-91-02, or EPA 21A - 20(1) 

The following information should be used only if emission factors from Table A9 - 8 ..: B and related emission 
estimating methodology is used. 

DIESEL GASOlJNE 

Equipment Type Load Factor Load Factor 
Percent or %) (percent or %) 

Crawler Dozer (AU Diesel) 59 -.-
Rubber TU"ed Dozers (All Diesel) 59 -.-
Crawler Tractors (All Diesel) 575 -.-
Tractor (Utility Compact) 465 -.-
Tractor (Utilliy General Purpose) 465. -.-
FeUers/Bunchers (All Diesel) 71 -.-
Concrete Pavers (All Diesel) 62 -.-
Skidder (All Diesel) 615 -.-
Off-Higb,way Trucks (AU Diesel) 41 -.-
Grader (AIl Diesel) 575 -.-
Scraper (AU Diesel) 66 
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TABLE A9 • 8 • D (Cont.) 

-
DIESEL GASOLINE 

Equipment Type Load Factor Load Factor 
(percent or %) (pem:nt or %) 

Skid-Steer Loader S1.5 58 
Wheel Loader 46.5 -.-
RubberTtred Loaders 54 54 
Trac::tors,lLoaders/Bac:khoes 46.5 48 
Airport TermiDal Tractors 82 78 
&avatars 58 ·78 
Trenchers 69.5 66 
Rollers Sl.5 62 
Other Cc:mstrud:ion Equipmem 62 48 
Cement and Mortar Mixer 56 59 
Paving Equipment 53 59 
Aspbah Pavers 59 66 
Plate Compactors 43 55 
Cc:m.c::rete Saws (Cutting Concrete) 73 78 
CmshiDg Equipment 78 85 

. Aeria1lifts· SO.5 46 
Rough Terrain Fork Ufts 47.5 63 
Forklifts 30 30 
Cranes 43 47 . 
Sprayers SO SO 
Dumpers/feEi.oors 38 41 
Signal Boards (RoutiDg Boards) 82 76 
BorejDriD Rigs (Groundwater) 75 79 
Sweepers/Scrubbers 68 71 
Generator sets <SO liP 74 68 
Pressure Washers <SO liP 30 30 
Hydro Power Units 48 55 
Welders .:;:50 HP 45 51 
Pumps <50HP 74 69 
Air Compressors <SO liP 48 56 
J .. ftdscape Loader 46.5 . 
Backhoe Loader 46.5 -.-
Log Loader 46.5 -.-
Excavator (Utility) 58 -.-
Excavator (CoDstrw:tion) 58 -.-
Smfac:iDg Equipment (All Gasoline) -.- 49 
Tampers.fRammers (All Gasoline) -.- 55 
2-Whee1ed Tractors (All Gasoline) 62 
Shredder > 5 lIP (All Gasoline) -.- 36 
Chain Saws >4 lIP (All Gasoline) -0- SO 
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TABLE A9 - 8 - E 

NUMBER OF CONSTRUCTION EQUIPMENT THAT WILL EXCEED SCAQMD DAILY 
THRESHOLDS AT 100 PER.CENT LOAD 

(Based on Emission Factors from Table A9 ~ 8 - A) 

(The jollowing table provides pieces oj equipment that 
con be operated JOT each category tmd emissions JOT that equipment CIllegory which 

will still remain within daily thresholds duriltg 8-Iwur construction activity.) 

EQUIPMENT TYPE 

DETERMINING FAcrOR 

Wheel~ Loader 
Wheeled Trador 
Roller 
Fork Lift - 50 Hr 
Fork Lift - 175 HP 
Trucks: Off-Highway 
Tracked Loader 
Tracked Tractor 
Scraper 
Motor Grader 
Miscellaneous 

GASOLINE-OPERATED 

CARBON MONOXIDE 
THRESHOLDS 

(550 Pounds/Day) 

4 
7 
5 
4 

4+ 

5+ 
4 

DIESEL-OPERATED 

OXIDES OF NITROGEN 
THRESHOLDS 

(100 Pounds Per Day) 

6+ 
9+ 
14+ 
28 
8 
3 
15 
9+ 
3+ 
17 
7 

+ An Additional Equipment in this Category may be Operated JOT 4 OT Less HOUTS Per Day. and Remain 
Below the District New Threshold Levels JOT Thot Equipment Category 

Note: Table A9 - 8 - E shall only be used as arejerence in selecting the amount oj potentitzl equipment that may 
be needed JOT the project. It shall not be used JOT estimating emissions. Manujacturm' emission dIIJ.t.l 
should be used to determine emission estimates. Ij manufacturers' data is not availllble. use applicable 
tables from appendices. Ij manujacturers' data is used. mtlke sure that the data is developed using EPA, 
.ARB tmd SCAQMD approved test protocols. 
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INFORMATION 
FOR 

PMIO EMISSIONS 
FROM 

FUGITIVE DUST CREA'IED DURING 
CONSTRUcnON AND OPERATION OF TIm PROJEcr 
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c..v 
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TABLEM·' 

ESTIMATING PMIO EMISSIONS FROM FUGITIVE DUST 
(CONSTRUcnON SITES, AND OPERATION OF COMMERCIAL, RESIDENTIAL FACILmES AND INDUSTRIES· 

SUCH AS QUARRIES, ROCK-CRUSHING, ETC.) 
(POUNDS PER DAY) . 

::'~)I1;:?1~!~;"';1~ ,~l~~:~~~;' '"~d~1r~Ytr';i}!~~~1··· .• ·•· ... · .•• ··· t·.t,·~!~;~.·· 
Passenger Vehicle/ 
On Paved Roadways 
(without street deaning) 

Passenger Vehicle/ 
On Paved Roadways 

~ (with street cleaning) 

! 
Passenger Vehide/ 
On Unpaved Roads 

Trudal on Paved Roadways 
(without street deaning) . 

Trucks OD Paved Roadways 
(with street cleaning) 

Trucks On Unpaved Roads 

) 

_ VMT per DAY 
(Use Table A9 • 9 • A) 

__ VMT per DAY 
(Use Table A9 • 9 - A) 

__ VMT per DAY 
(Use Table A9 • 9 - A) 

__ VMT per DAY 
(Use Table A9 • 9 • A) 

_ VMT per DAY 
(Use Table A9 • 9 • A) 

_ VMTperDAY 
(Use Table A9 - 9 • A) 

X ___ ,or TableA9·9· B 
(0.33Ibs/mile)· 

x ___ ,or 
(O.018Ibs/mile)· Table A9 • 9 • B 

X __ ,or 
(S.56lbs/mile)· Table A9 • 9 • D 

X , or 
(2.00 Ibs/mile)· TableA9· 9· C 

X tor 
(0.40 Ibs/mile)· Table A9 • 9 • D 

X , or 
(23.0Ibs/mile)· Table A9 • 9 • D 

) 

. EMISsIoNS 
(Pounds/Day) . 
. : ..... ;:;(E) •. ;:: ... 

) 



» 
;0 
o 
o 
-..J 
c..v 
o 
c..v 
-..J 

) 

SOURCE 
-TYPE 

Passenger Vehicle/ 
Paved Parking Lots 
(without street cleaning) 

Passenger Vehicle/ 
Paved Parking Lots 
(with street cleaning) 

[ 
.. Passenger Vehicle/-

Unpaved Parking Lots 

Trucks/Paved Parking Lots 
-(without street cleaning) 

Trucks/Paved Parking lots 
(with street dewg) 

Trucks Vehicles/ 
Unpaved Parking Lots 

) 

TABLE M .. 9 (Cont.) 

ESTIMATING PMI0 EMISSIONS FROM FUGITIVE DUST 
(POUNDS PER DAY) 

SOURCE-RELATED MULTIPLY EMISSION 
ESTIMATIONS BY FACfORS 

(F) 

# of •• .. ... 
Vehicles per Day _x(L +W ); or 

X (0.003 R"s/veW~le "') 
x(L + W ) 

# of •• • •• Vehicles per Day __ x(L +W ); or 
X (O.OOOl~ pns/v~~jcle·) 

x(L +W)' 

#of .'" ••• Vehicles per Day __ x(L +W ); or 
X (O·08lWs/ve~j~le"') 

x(L .+W ) 

# of .'" "' ...... Vehicles per Day __ x (L + W ); or 
X (0.015RDs/ve~j~le·) 

x(L +W ) 

# of .. .. ... 
Vehicles per Day __ x (L + W ); or 

X (0.003 NDs/veW~le·) 
x(L + W ) 

#of .. ... 
Vehicles per Day _x(L + W );or 

X (0.2 fWs/vehj~If·) 
x(L +W ) 

-- -- - - ---~- ------~--

) 

--REFERENCB EMISSIONS 
TO (POUDdS{Day) 

- TABLES·u~_* - - (E 

EPA MRI Report 

EPA MRI Report 

EPA MRI Report 

I 

EPA MRI Report 

EPA MRI Report 

EPA MRI Report 

- - -------- ------------- ---.------ - ------- ---
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TABLE M • 9 (Cont.) 

ESTIMATING PMIO EMISSIONS FROM FUGITIVE DUST 
(POUNDS PER DAY) 

111111~~It"~l~~i ·['rl;I"I~![at~rtil~l1 ~i~'itr4~):1 

~ 
~ 

Open Storage Pites 

Dirt/Debris Pushing 
OperatiollS 

Storage Pite Filling or 
Truck DumpiDg 

Truck Filling or 
Storage Pite Bmptying 

Demolition 

) 

__ Acres of Area Covered 
by Storage Piles per Day 

-OR-

__ Square Feet of Area 
Covered by Storage Piles 

per Day 

_ *' of BuUdozers x 
1_ Hours of Operation per Day 

__ TODSOf 

Material Handled per Day 

__ Tonsof 
Materi~ Handled per Day 

__ Cubic Feet 
of building volume 

Demolished 

x 

x 

x 

x 

x 
u 

x 

__ ,or 
(85.6 Ibs/DaY/Acre) $ 

__ ,or 
(1.97 lbs per Day 

per 1000 Square FeeW 

__ ,01' 

(21.8 Ibs/hour) $ 

____ ,01' 

(O.009075Ibs/ton)$ 

___ ~,or 
(0.02205 Ibs/ton) $ 

____ ,01' 

(0.00042Ibs/PMIO per . 
cubic feet of 

building volume)· 

Table A9 • 9 • E 

TableA9 - 9 - E 

TableA9 - 9 - F 

TableA9 - 9 - G 

EPA MRI Report 

Table A'} - '} - H 

) 
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;0 
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-..J 
c..v 
o 
c..v 
<0 

) ) 

TABLE M • 9 (Cont.) 

ESTIMATING PM10 EMISSIONS FROM FUGITIVE DUST 
(POUNDS PER DAY) 

) 

t:::~~:·H:::····:L:::::.:··::::{(::·:·::'::: ,iJ!lt.l~ ·ln~~~~.~~.·I"(,"~:t;i!I~~"~:IW~jr~i~{JI):~~il{~~Ii" 
Graded Surface 

Top Soil Removal 
(15 Cubic Meter Pan Scraper) 
Earthmoving 
(Cut and Fill Operation) 
(15 Cubic Meter Pan Scraper) 
Dirt Hauling 
w/Truck 

• Default value 

__ Acresof 
Area Graded 

__ VMT per DAY 
(Table A9 - 9 - A) 

__ VMTperDAY 
(Table A9 - 9 - A) 

. __ VMTperDAY 
(Table A9 - 9 - A) 

... W -= Width in feet of the Parking Lot 
.. 

MiA.. or, 
X (26.4 Ibs/Day/Acre) * 

X N/A or, 
(20.0 Ibs/mile) * 

X N/A or, 
(4.3Ibs/mile)* 

X N/A . or, 
(10.0 Ibs/mile) * 

L .. Length in feet of the Parking Lot 

Note If value of (L + W) is unknown, use the folloWing methodology to best estimate that value: 

EPA MRI Report 

EPA MRI Report 

EPA MRI Report 

EPA MRI Report 

Multiply the width of a cars pace by 3.0 wad add It to the length of that cat'Space. Multiply the addition by number of CiUS estimated for that parldng lot or a 
project. For a nonnalslze passenger cars pace, width is 10 It and length ;s 20 It; for a compact size passenger cars pace, width is ., ft and length is 15ft. 

..... Tables with examples to estimate emissions and project specific emission factors 



TABLE A9 ·9 • A 

ESTIMATING VEIDCLE MILES TRAVELED FOR DUST EMISSIONS 

v"" Wx(XJY)xz 
This formula am also be used for estimating vehicle miles traveled (VMT) for Table A9 - 5 of this Handbook 

Where, 
V == Vehic:1e Miles Traveled or VMT (Use this VMT to estimIIte fugitive dust IlNi PMIO from 

fugitive 011 rotZds in TobleA9- 9). 
W == Trawled Distance or Trip I...ength in miles (For unptl'Jed htJul1tJfJd, pletlse see Emmple - 1 lor 

wapt;JWd cmmtIy mtU4 see 1f'.itm:,ple - 2. ). 
X "" Number of vehicles (See environmentlzl dot:ument or ~ JOT Tables 9 - 5 fINl9 - 17). 
Y == ODeHour 
Z = Travel times in hours (See ~ dDt:ument or~/or Ttlblu 9- 5 tmd 9-17) 

EXAMPLE-l 

EXAMPLE FOR AN UNPAVED HAm.. ROAD 
(Estimated VMT = 9,000 with the following input asswD£tions) 

(please do not ropy these assumptions, use the project specific data) 

Input &ample . Input E:amples 

w == Distance S miles 
X == Number of Vehicles per hour 150 
Z == Hours of Dust-CausiDg Ad:ivity 12 

EXAMPLE-2 

EXAMPLE FOR AN UNPAVED COUNTRY ROAD 
(Estimated VMT = 13,500 with the following input assum.P.tions) 

(Please do not copy these assumptions, use the project: specific data) 

w == Distance 
X == Number of Vehicles per hour 
Z == Hours of Dust-Causmg Activity 

Smiles 
150 
18 

Note In above two examples homs of dust-c:ausiDg activities was ebaDged; therefore, VMT was cbaaged from 
9,000 to 13,500 miles. Use project specific estimates. 

---------
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TABLEA9·'·B 

ESTIMATING EMISSIONS FROM PASSENGER VEHICLE TRAVEL 
ON PAVED ROADS 

EO = V:x: F (without street cleaning); or, 
E··· == V x G (with street cleaning and is dependem on type of road); or, 

Where, 

E· = EmjAAions for passenger vehicles on paved roads and paved parking lots without street 
cl~ . 

V == Vehicle m.iJes Traveled (See Table A9 - 9 -A to estimIlIe VMT associoted with passenger 
vehicles.) 

F == Default Emission Factor (without stTeet cleaning) of 0.33 PO'Wlds per Mile TraveJed 
EO. == EmissionS for passenger vehicles on paved roads and paved parking lots with street cleaning. 

G == Emission factors (with street clelming and is dependent on type ojroad) from Sierra Research 
(See TableA9- 9-B -1) . 

TABLE A9 - , • B • 1 

PAVED ROAD EMISSION FACTORS - PASSENGERS CARS WITH STREET 
CLEANING 

(Pounds of PMIO/Mile Traveled) 

Road Type 

I..oca.1Streets 
Collector Streets 
Major Streets/Higbways 
Freeways 

G 

0.018 
0.013. 
0.0064 
0.0006S 
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E=VxF 

TABLE A9 - 9 • C 

ESTIMATING ·EMISSIONS FROM TRUCK TRAVEL 
ON PA YED ROADS 

"'Where, 
E EmissiOllS for Truck.Travel on paved roads and paved parking lots without street cleaning 
V == Vehicle miles Traveled (See TiZble.o49- 9-.04 to estinuzte JIMT llSSodIJted with tmcks.) 
F ::::: Emission Factor for Truck Travel on paved roads and paved parking lots without street 

cleanmg 
0.77 x (G x 0.35])0.3 in pounds per miles traveled 

Where, 

G == Surface siltloa.diDg in grams/square meter (Please see. TiZble .049 - 9 - C - 1 for the 
type of TrNJds tmd the silt loading) 

TABLEA9-9 -Cal 

PAVED ROAD SILT LOADING (G) AND ROAD TYPE - TRUCK TRAVEL 
(G = Grams per square meter of the road) 

R.oadType 

Consttw::tion sites (without cleaning) 
Consttw::tion sites (with cleaning) 
Industrial Sites (in operation) 
Loc:al Streets 
Collector Streets 
Major Streets/Highways 
Freeway 

EXAMPLES 

G 

300.0 
1.4 

100.0 
1.4 
0.9 
0.4 
0.D22 

Examples of Estimating Emission Factor (F) for Truck on Local Road 
(F = pounds pe4 vehicle miles traveled) 

Truck on 

Example! 
Loc:al R.oad 

Example 2 
CoDSttUdion Site 
(without cleaning) 

F 

F = O.77x([(G = 1.4)x0.3SfJ~ 

== 0.62 

F == O.77x([(G == 3f)())x O.3SF) 

= 3.11 
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E=VxF 
Where, 

E" ::: 
V ::: 

F == 

TABLEA9·9·D 

ESTIMATING EMISSIONS FROM VEHICLE TRAVEL 
ON UNPAVED ROADS 

Emissions for Vehicle Travel on unpaved roads and unpaved parking lots. 
Vehicle Miles Traveled (See TableA9 - 9 -A to estimote V'MT IZSsodoted with passenger 
vehicles.) 

Emir1":~;] !~~c;{N/~~f} :{lii~3}~{= ~G;;r:~~~ per miles 
traveled 

Where, 

G = Surface sill: loading in percent (Please see Table A9 - 9 - D - 1 for the ~ of road 
and the silt loadingfor that rood) 

H = Mean vehicle speed in miles per hour (Please see Table A9 - 9 - D - :2 for the speed 
asmmptioIU ) 

I Mean vehicle weight in tons (Please see Table A9 - 9 - D - 3 for mean vehicle weight 
corresponding to the mean number of wheels) 

J = Mean Number of wheels on vehicles (Pletzse see Table A9 - 9 - D - 3 for number of 
wheels coTTeSpOntiing to the mean vehicle weight) 

K = Mean number of days per year with at least 0.01 inches of precipitation (PlelZSe see 
Table A9 - 9 - D - 4 for number of days of pNipitation for the project tueIl) 

TABLEA9-9-D-l 

UNPAVED ROAD SILT WADING AND ROAD TYPE 
(G = Percent) 

Road Type G 

Gravel Road 4.0 
Sand/Gravel Plant Road 6.0 
Mining Haul Road 8.0 
Crushed Limestone Road 10.0 
Mountain Roads 12.0 
Stone Quarrying Plant Roads 14.0 
Farm Road 16.0 
Copper Smelting Plant 18.0 
Coal Mine Haul Road (freshly Scraped) 24.0 
City and Connty Road 28.0 

TABLE A9 ·9· D .. 2 

MEAN VEHICLE SPEEDS 
(H = Miles per Hour) 

Scenario Description 

Recommended Maximum 
Maximum Allowable 
Worst-c:ase 

15.0 
25.0 
35.0 
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TABLE M - 9 • D ·3 

MEAN NUMBER OF WHEELS (I) AND MEAN NUMBER WEIGHT(J) OF THE 
VEIDCLE 

Vehicle Type Weight of the Vehicle (l) Number ofWhee1s (J) 

Autos, Light Duty Pick-up Trucks, I&. Vaw; 2,000 to 6,000 
Light Duty VaIlS and Utility Vehicles 6,001 to 10,000 
Motor Homes, Medium Duty Flat-bed Trucks and 
Multi-stop Trucks 10,001 to 16,000 
Heavy-Duty Flat-bed Trucks and Delivery Vaw; 16,001 to 19,500 
Light/Heavy duty garbage dump and ready mix: 
Concrete Trucks, Heavy/Heavy duty fuel 
and Waste Dump Trucks 19,501 to 33,000 
Tractor Trailer Trucks 33,001 or More . 

TABLEM·9· D-4 

4 
4t06 

6toS 
6to 10 

10 
18 to 30 

PRECIPITATION CONDmONS AND NUMBER OF DAYS 
(K = Number of Days) 

NmnberofDays 

Worst-case desert/drought 
Worst-case SCAB/drought 

Average year for desert 
Average year for SCAB 

Average year for mountains 

EXAMPLES 

K 

2.0 
10.0 
18.0 
34.0 
40.0 

Examples of Estimating Emission Factor (F) for Truck on Local Road 
. (F = pounds per ve~cle miles traveled) . 

Example 1 Truck to Pick-up Goods in Drought Conditions 

(F ::: 21 z [(G=28)/12J z [(H =35)/30J z [(1= (lO,(J()() lbsf2,(J(J(})/3rO.7J z [(J =6/4r0.5J 
z [{365 - (K=10)}/365D ::: 9.13 

Example 2 Truck on Haul Road in Drought Conditions 

(F = 21 z [(G=28)/12] z [(H=12)/301 x [(1= (70,(J()() /bs/2,(J(}()/3rO.7J z 
[(J=18/4r0.51 x [{365-(K=2)}/365D == 23.08 
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TABLEM·9 ·E 

ESTIMATING EMISSIONS FROM WIND EROSION OF STORAGE PILES 
(Pounds/Day / Acre) 

E = (1.7 x [G/1.5] x [365-H]f23SJ x [1/15]) x J 

Where, 

E "" PMlO Emissicms from wind erosion of storage piles in pounds per day per acre 
G = Silt content of aggregate in percem (Pleose see Table A,9 - 9 - E - 1 for the type of flggFegl1te in 

storage pile and silt content.) . 
H = Number of Da,s with.,2 0.25 mm (0.01 inch) of precipitalion per year (PleIzse see Table A,9 - 9 

- E - 2 for number of dtzys in the project lft'4.) 
I = Percentage of time that the unobstructed wind speed exceeds 12 miles per hour or 5.4 

meters/second at mean pile height. 
J = Fraction ofTotai Suspended Partiatlates which is estimated at 0.5. 

TABLE A9 • 9 - E • 1 

SILT CONTENT AND TYPES OF AGGREGATES IN ACTIVE STORAGE PILES 
(0 = Silt Content of Aggregate in Percent) 

limestODeS 
Sinter 
Crushed Limestones 
Slag and Coke 
Coal 
Overburden 
Blended Ore and Dirt 
FiueDust 

TABLE A9 ·9 • E • 2 

G 

0.5 
0.7 
1.5 
5.0 
6.0 
7.5 

15.0 
18.0 

PRECIPITATION CONDmONS AND NUMBER OF DAYS 
(H = Number of Days) . 

Number of Days 

Worst-case desert/drought 
Worst-case SCAB/drought 
Average yearJor desert 
Average year for SCAB 
Average year for mountaiDs 

EXAMPLE 

H 

2.0 
10.0 
18.0 
34.0 
40.0 

Examples of Estimating Emissions (E) from a Storage Pile 
(E = pounds per day per acre) 

(E = {1.7z[(G=15% = D.15)/1.5] x ({365-(H=10))/235])x[(I = 100% = l00.0)/151}z{J = OS} = o.B6) 

A9J» 
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TABLE A' ., .. F 

ESTIMATING EMISSIONS FROM DIRT PUSHING OR BULLDOZING OPERATIONS 
(pounds/Day) 

E = (IO.4Sx(UG]1.5}/{[H]1.4})]xI)xJ 

Where, 

E = PMlO Em;ssiom; from Dirt PusbiDg (Bulldozer Type 0pei'ati0Ds) 
G == Silt c::oment of aggregate in perc:eut (PluJse see Table..49 - 9 - F· 1 for the type of aggregate in 

stmuge pile and the silt content.) 
H = Moisture Content of the surface material (Please see Table..49 - 9 - F - 2 for the moistzue 

content flI'Ui soil C01Ulition.) 
I == 2.2046; a conversion Factor to convert kilograms per hour to poWlds per hour. 
J = Hours of Pushing Operation (User provides the value for J; See environmental documents.) 

TABLE A!) .. 9 .. F .. 1 

SILT CONTENT AND 'tYPES OF AGGREGATES IN ACTIVE STORAGE PILES 
(G == Percent) 

Types of Dirt G 

Limestones 
Sinter 
Crushed Limestones 
SlagmdCoke 
Coal 
Overburden 
BleDded Ore and Dirt 
f1ueDust: 

TABLEA9 -9 -F-Z 

0.5 
0.7 
1.5 
5.0 
6.0 
7.5 

1.5.0 
18.0 

DIRT CONDmONS AND MOISTURE CONTENT 
(H == Percent) 

Dry 
Moist 
Wet 

EXAMPLE 

H 

2.0 
1.5.0 
so.o 

Examples of Estimating Emissions (E) for Dirt Pushing Operations 
(E == pounds per day) . 

(E::: [({D.45x[(G=lS % == 15.o;1S}J/{[(H==2.0 % = 2.0;1·4jJ)xl :: 2.2046jx[I==4hmusj == 87.36) 
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TABLE9-9- G 

ESTIMATING El\fiSSIONS FROM DIRT PILING OR MATERIAL HANDLING 
(poundsjDay) 

E == [0.00112 x (HG/SJ13}/{[H/2]1.4})] x [I/1] 

Where, 

E == PMI0 Emissions from dirt piling or material handling to form a. storage pile on ground 
G == Mean Wmd speed in miles per hour (user should p1i:Nide this infonnolion in environmental 

documents, or use 12 miles per hour for doily maximum and 2S miles per hour for worst-c:/lSe 
scentJrio· ) 

H :::: Moisture Content of the surface material (PleIzse see Table 9 - 9 - G - 1 for the moisture 
content and soil condition.) 

I == Pounds of dirt handled or stocked in a. storage pile per day (for t1Uck piling pletJse see Table 
9 - 9 - G - 2 for guiIlelines.) . 

J == 2,000; a. conversion factor to convert pounds of dirt to tons of dirt 

TABLE 9 .. 9 - G .. 1 

DIRT CONDmONS AND MOISTURE CONTENT 
(H = Percent) 

DIy 
Moist 
Wet 

TABLE 9 .. 9 .. G .. 2 

H 

2.0 
15.0 
50.0 

MAXIMUM DIRTVVEIGHT (I) THAT CAN BE STORED IN A'TRUCK 
(User should provide the value for H. For truck piling use the following for guidelines) 

Vehicle T:ype Maximum Weight of the Dirt (I) 

Light Duty Pick-up Truw 
Utility Vehicles 

(2,.000 to 6,(00) .* (Wt. ** ofEmptyT:rudc) 
(6.001 to 10,(00) .. (Wt. of Empty Truck) 
(10,001 to 16,000) .. (Wt. ofEmptyT:rudc) 
(16,001 to 19,5(0) .. (Wt. of Empty Truclc) 
(19,soo1 to 33,0(0) • (Wt. of Empty Truclc) 
(33,001 or More) - (Wt. ofEmptyT:rudc) 

Medium Duty Flat-bed Truw and Multi-stop Trucks 
Heavy-Duty Flat-bed Trucks 
light/Hea.vy duty garbage dump and ready mix Concrete Trucks 
Heavy /Heavy dm.y waste dump t:rucks, Tractor Trailer Trucks 

* -. • = Minus sign or subtraction sign .* 

EXAMPLE 

-Wt." == Weight 

Example of Estimating Emissions (E) for Dirt Pushing Operations 
(E = pounds per day) 

(E :::: ()'OOl12x ({[(G=25mph)/si.3j /{[(H=20 % == o.(2)/2l4})x (l==[lO,OOOlbsjJ == 2,OOO) tons):::: 28.63) 

A9-101 
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E == 0.00042*.xJ 

- Where, 

TABLEM·'·H 

ESTIMATING EMISSIONS FROM BUILDING WRECKING 
(pounds/Day) 

J = Building volume handled per day (Use ~ documents for the following infonnation);SE 
J = (NxOxP)/O -

where, 

N == Width ofbWldiDg in feet 
o :: Leugth ofbuildiug in feet 

*P == Height ofbWldiDg in feet 
o == Number of days required to demolish a building 

.. == Pounds of PMI0 Per Cubic Feet 

--------
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INFORMATION 
FOR 

ASBESTOS EMISSIONS DURING 
DEMOIlTION AND RENOVATION OF PROJECT 

A9-103 
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TABLEMM 10 

ESTIMATING ASBESTOS EMISSIONS FROM DEMOLITION AND RENOVATION ACTIVITIES 
(POUNDS PER DAY) 

Asbestos Removal or Asbestos 
in Structural Debris 

__ Ft3 of Building 
Disturbed/Day x 

____ ,or 
(O.00006Ibs/ft3)'" Table 9 - 10 - A 

Example: . Estimated Value t or Estimate Emission Factors Using Project Specific Data agd Auprnpriate Tables 
Default Value Use this value instead of estimating project specific emission factor 

•• Tables with examples to estimate emissions -and project specific emission factors 

~ 
2 

) 

,; 

) ) 



TABLE A9 - 10 - A 

ESTIMATING EMISSIONS FROM DRY REMOVAL OF ASBESTOS 
(Emissions associated with wet removal of asbestos should be included as emissions after 

implementation of mitigation measure. See Table 11 - 10 Appendix 11.) 
(pounds/Day) . 

E == {[(FIG) x (H/I) x (J/K) x (LIM) x (N/O) x (P)]/[(Q) x (R) x (Sm x (N/O)l} 

Where, 

E == Asbestos emissions during the dry asbestos removal activities 
Fi3:: Cubic feet . 
F == Typic:al number of fibers counted per cubic ineter of work area 

(5;r 106 to 8f);r 106 fibers per cubic meter is the range of llSbestoS c:onantnItion in a t;ypicai worlc 
~.) 

G 35.315 cubiC feet, a conversion factOr to convert 1 cubic meter into cubic feet 
H == 1.0 nanograms, a weight of 30 asbestos fibe~ 
I 30.0, nUmber of fibers weigh equivalent to 1 nanogram 
J == 2.2046 pounds, a conversion factor to convert 1 kilogram into pounds 
K == 1012 nanograms. a conversion factor to convert 1 kilogram into nanograms 
L == Volume of air released during M hours to the atmosphere during air c:hanges 

Usually, equals to == U x V x W x X 

Where, 

U :: Width of a room from which air escapes or is released 
V == Length of a room from which air escapes or is released 
W = Height of a room from which air escapes or is released 
X = number of rooms from which air escapes or is released 

M == Rate in Hours by which (L) amount of air is released to the atmosphere 
N == 0.0283 cubic meters, a conversion factor to convert 1 cubic foot to c:ubic meters 
o == 1 cubic foot 
P == Total number of homs the air is released to the" atmosphere 
Q == V Ir; where, 

V == Volume of asbestos bearing surfaces, i.e., 

For Ceiling a x b x c x r 
ForPipeliDes {(axcxpi,q(OD)2/4]) - (axcxpi x [(ID)2/4})} 

For rectangular or square object For circular surface 

it. == Width of the asbestos bearing object == Length of asbestos bearing object 
b := Length of the asbestos bearing object ::: Square of outer and/or inner 

diameter 
c == Number of asbestos bearing objects == Number of asbestos bearing objects 
r = Thickness of in-place asbestos in same unit: (Foot) as a, b, OD and m 

pi == 3.14159265 
R Thickness of in-place asbestOs in inches; 
S - 0.083 feet, a conversion factor to convert 1 inch 
T == 1.0inch 

A9-1OS 

OD == Outer diameter of the pipeline 
ID = loner diameter of the pipeJine 
== [Ob-(2r») 
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EXAMPLE 

Example of Estimating Emissions from Dry Removal of Asbestos From a Ceiling 
Source: SCAQMD's Rule 1403 staff report 

F = 

L == 

M= 
P 
Q = 

R 

E 

15 x 106 fibers per cubic meter of work area 
(5 x 106 to 80 x 106 fibers per cubic meter is the range of asbestos concentration in a typical 
work area. 
2,250 F':; of air released during M hours to the atmosphere (U = 15 feet, V == 15 feet, W = 10 
feet, & X == 1) 
1 Hour (rate of one change per hour) 
8 Hours (for 8 hour shift with the rate of one change per hour) 
225 square feet of asbestos bearing surface (a = 15, Q == 15, c = 1) for rectangular objects; or 
[For pipelines (a x c) x (pi x (f(b == outer diameterf }/4.0})- (pi x (f(b ,.. inner 
diameterl}/4.0})] . 
0.5 inches [For Pipelines (a xc).:r (Pix {{(b = outer diJ!ineterat the asbestos thicknesslJ/4.0j) 
- (pi x {[ (jJ == inner diameter at tize asbfjlos thicknessf J/4.0})} 
{f(l5xloO/35.315)x(1/30)x(22046/lrl )x(2250/1)x(O.0283/1)x(8)}/[(225)x(0.5)x(O.083/1).:r 
(O.0283/1)}} 

= 0.00006 pounds of asbestos per cubic feet of structure ~emoIished or renovated 
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TABLE A9 • 10 • A • 1 

INPUT ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOLITION AND RENOVATION ACTIVITIES AT SINGL&.UNIT DWELLING 

BLDG LOCATION OF ASBESTOS ASBESTOS CONTENT 
In Place Thickness ASBESTOS REMOVED 
Amount Demolition Renovation 

Model A Furuace 72 Ft2 3.0 iDdl/T 18.0 Ftl 18.0 Ftl 
Ducts 5.0 inch 60Ft 20inch/p 18.0 Ftl 

Waste Generated 4.0 Yardl 3 Yardl 

ModelB Furnace 72 Ft2 3.0 inc:b./T 18.0 Ftl 18.0 Ftl 
. Ducts 5.0 inch . 60Ft 2.0 inch/P 18.0 Ft3 18.0 Ft3 

Walls (Interior) 112 Ft2 0.6inch/B 6.0 Ftl 

Waste Generated 5.0 Yarcf3 4 Yardl 

ModeiC Furuace 72 Ft2 3.0 indl/T 18.0 FP 
Ducts 5.0 inch 60Ft 20inch/p 18.0 Ftl 

Walls (Exterior) 1,184 Ft2 0.3 inch/ A-C 25.0 Ftl 

Shingles 
Ceiling 1,288 Ft2 .0.5 Inch/S 54.0 Ftl 54.0 Ftl 

Waste Generated 12.0 Yard3 SYarcf3 

TABLEA9 - 10· A· 2 

INPUT ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOLITION AND RENOVATION ACflVITIES AT THESE STRUCTURES 

BLDG LOCATION OF ASBESTOS 

Small Sc:bool 
Size 
43,200 Ft2 

Ft Feet 

In Place 
Amount 

Boiler 100 Ff~ 
Steam Piping 30.7 Ft3 

. Exposed 2.5 inch 100 Ft 
Concealed 0.75 inch 1500 FI 

Hal Water Piping 
. Concealed 20 inch 200 Fl 
Concealed 1.0 inch 350 Ft 

Ceiling 43,200 Ft2 

Waste Generated 

Ftl Square Feet 
Ft3 Cubic Feel 
T Trowelled-on Asbestos Material 
P Premolded Asbestos Material 
B WaIlboardAsbestos Material 
C Corrugated Paper Asbestos Material 
A-C A/C. i.e., Asbestos/Cement Material 
S Sprayed-on Asbestos Material 

ASBESTOS CONTENT . 
Thickness ASBESTOS REMOVED 

loS indl/T 

1.0 inch/P 
1.0 inch/P 

0.25 inch/C 
0.25 indl/C 
0.5 indl/S 

Demolition 

11.0 Ft' 

Renovation 

1.soo Ft3 

200 Yarcf3 
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TABLE A9 - 10 • A - 2 (Cont.) 

INPUT ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOUTION AND RENOVATION ACTIVITIES AT VARIOUS STRUCTURES 

BLDG LOCATION OF ASBESTOS ASBESTOS CQNTENT 
In Place Thickness ASBESTOS REMOVE!? 
Amount Demolition Renovation 

Medium School Boiler 450 n2 2.0 indl/P 98.0 Ft3 

Size Steam Piping 63.0 Ft3 

122,800 Ft2 Exposed 3.0 inch 65 Ft 1.0 inch/P 
Conc::ealed 2.0 inch 165Ft 2.5 inch/P 
Conc::ealed 1.0 inch 1,800 Ft 2.5 inchfP 

Hot Water Piping 
Conc::ealed 2.0 inch 360Ft 0.25 inch/C 
Conc::ealed 1.0 inch 45Ft 0.25 inch/C 

Structural Steel 8,295 Ft3 

Columns 10.0 inch , 1,600 Ft 2.5 inch/S 
Beams 6.0 inch 22,SOO Ft 1.5 inch/S 

Ceiling 103,000 Ft2 0.5 inch/S 4,629 Ft3 4,631 Ft3 

Cafeteria Boiler 45Ft2 2.0 inch/P 
Steam Piping 

Exposed 2.5 inch 36 Ft 1.0 inch/P 
Conc::ealed 0.75 inch 135 Ft 1.0 inch/p 

Ceiling 8,100 Ft2 0.5 inch/S ~~ 

Gymnasium 
Furnace 9OFt2 2.0 inchfT 

Hot Water Pipes 2.0 inch 135F~ 0.25 inch/C 
Airduds 495 Ft2 0.25 inch/C 

Beams 18.0 inch 630Ft 1.5 inch/S 
Waste Generated 1,457 Yard3 514 Yardl 

Large School Boiler (2) 1,000 Ft2 3.0ioch/f 31l.0 Ftl 
Size Steam Piping 320.0 Ft3 

271,000 Ft2 Exposed 3.0 inch 140 Ft 1.0 inch/p 
Conc::ealed 2.0 inch 1,200 Ft 1.0 inch/p 
Concealed 1.0 inch 4,000 Ft 1.0 inch/P 

Hot Water Piping--
Conc::ealed 2.0 inch 800Ft 0.25 inch/C 
Conc::ealed 1.0 inch 100Ft 0.25 inch/C 

Structural Steel 18,482 Ftl 
Columns 10.0 inch 3,500 Ft 2.5 inch/S 
Beams 6.0 inch 50,000 Ft 1.5 inch/S 

Ceiling 227,0000 Ft2 0.5 inch/S 10,208 Ft3 10,208 Ft3 
Cafeteria Boiler 100 Ft2 2.5 inch/P 

Steam Piping 
Exposed 2.0 inch 80Ft 1.0 inch/p 
Conc::eaIed 1.0 inch 300Ft 1.0 inch/P 

Ceiling 
Gymnasium-

18,000 Ft2 0.5 inch/S 

Furnace 200 Ft2 2.5 inchjT 
Hot Water Pipes 2.0 inch 300Ft O.25inch/C 

~, 

Airduc:ts 1,100 Ft2 0.25 inch/C 
Beams 18.0 inch 1,400 Ft 1.5 inch/S 
Waste Generated 3,259 Yardl 1,135 Yarcf3 

A9-108 
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TABLE ~ .. 10 .. A .. 2 (Cont.) 

INPUT ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOLITION AND RENOVATION AcrIVITIES AT VARIOUS STRUCTURES 

BLDG LOCATION OF ASBESTOS ASBESTOS CONTENT 
In Place Thickness ASBESTOS REMOVED 
Amount Demolition Renovation 

SmaD Office Building Boiler 100 Ft2 3.0 indl{f 25.0 Ft3 

Boi1e~ Stack 4OFt2 1.5 inch/p 5.0 Ft3 

Size . Steam Piping 15.3W 
7,200Ft2 Exposed 2.0 inch 70Ft 1.0inch/p 

Concealed 1.0 inch 250Ft 1.0 ineb/P 
Hot Water Piping 

Concealed 1.0 inch 100Ft 1.0inebjC 
Ceiling 7,200 Ft2 0.5 inchjS 3OO.0Ftl 300.0 FP 

Waste Generated 38.0 Yardl 34.0 Yard3 

Medium Office Building Boiler 350 Ft2 3.0 indl/T 75.0 Ftl 
Size Steam Piping 662 Ftl 

36,000 Ft2 Exposed 3.0 inch 120.0 Ft 1.0 inch/P 
Concealed 2.0 inch 100 Ft 1.0 inchjP 
Concealed 1.0 inch 450Ft 1.0 inchjP 

Hot Water Piping 
Concealed 2.0 inch 150Ft 1.0 ineb/C 
Concealed 1.0 inch 450Ft 1.0 inchjC 00-

Ceiling 36,000 Ft2 1.0inch/S *300.0 Ftl 3000.0 Ftl 

Waste Generated 349 Yard3 334 Yard3 

Large Office Boilers (2) 800 Ft2 3.0 indl{f 200.0 ftl 
Building Steam Piping 434 Ftl 

Size Exposed 3.0 inch 360 Fl 1.0inch/P 
288,000 Ft2 Concealed 2.0 inch 650 ft 1.0inch/P 

Concealed 1.0 inch 3.300 Ft 1.0 inch/P 
Hot Water Piping 

Exposed 2.0 inch 1,100 Ft "- 1.0 inch/p 
Concealed 1.0 inch 3.300 Ft 1.0 inch/P 

Ceiling 38,OOOFt2 0.5 inchjS 24,000 Fl3 24,000 Ft3 

Structural Steel 21,500 Ftl 

Columns 12.0 inch 3,900 Ft 3.0 inch/S 
Beams 6.0 inch 58,000 Ft 1.5 inch/S 

Ceiling 288,oooFt2 1.0 inch/S 24,000 Ft3 24,000 Ftl 
Waste Generated 5,128 Yarc:P 2,666 Yarc:P 
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TABLE A9 • 10· A • 2 (Cont.) 

INPUT ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOLITION AND RENOVATION AcrIVITIES AT VARIOUS STRUCTURES 

BLDG LOCATION OF ASBESTOS ASBESTOS CONTENT 
In Place Thickness ASBESTOS REMOVED 
AmOWlt Demolition Renovation 

SmaUHotei Boiler 44OFt2 3.0 indl{r UOFtl 
Size Steam Piping 185.0 Ftl 10Ft3 

69,320Ft2 Exposed 3.0 inch 120Ft 1.0 inchfP 
Concealed 2.0 inch 170Ft 1.0 inchfP 
Conc:ealed 1.0 inch 900Ft 1.0 inchfP 

Hot Water Piping 
Concealed 2.0 inch 290Ft 1.0 inchfP 
Concealed 1.0 inch 900Ft 1.0 inch/? 

Structural Steel 5,542 Ft3 

Columns 10.0 inch 
Beams 6.0 inch 

Ceping 2,400Ft2 1.0 inch/S 200.0 Fr3 200 Ft3 
Waste Generated 671 Yard3 24 Yardl 

Large Hotel .Boilers (2) 860Ft2 3.0 incb{r 215.0 Ftl 
Size Steam Piping 348.0 FI3 30.0 Ft3 

221,184Ft2 Exposed 3.0 inch 360 Ft 1.0 inch/? 
Concealed 20 inch 500Ft 1.0 inch/? 
Concealed 1.0 inch 2,600 FI 1.0 mch/P 

Hot Water Piping 
"~ 

Concealed 20 inch 860 Ft 1.0 inch/P 
Concealed 1.0 inch 2,600 Fl 1.0 inch/P 

Structural Steel 16,625 Ft3 

Columns 120 inch 3,000 Ft 3.0inch/T 
Beams 6.0 inch 45,000 Ft 1.5 inch/T 

Ceilin g 3,750 Ft2 1.0 inch/S 308.0Ft3 313 Ft3 

Waste Generated 1,487 Yard3 39 Yardl 
Small Store Boiler 100 Ft2 3.6 indl{r 25 Ft3 25 Ff3 
Size Boiler Stack 40 Ft2 1.5 inchfP 5 Ftl 3Ft3 

Steam Piping 11.0 Ft3 3Ft3 

2,BOOFt2 Exposed 2.0 inch 70 Ft 1.0 inchfP 
Concealed 1.0 inch 100Ft 1.0 inch/? 

Hot Water Piping 
Conc:ealed 1.0 inch 40Ft 1.0 inch/? 
Waste Generated . 4.0 Yardl 4Yardl 

M~umStore Boiler 100 Ft2 3.6 indl{r 2Srt3 25 n3 

Size Boiler Stack 6OFt2 1.5 incl1/P 7.5F~ 
Steam Piping 36.0 Ftl 10.6 Ft3 

65,700m Ft2 Exposed 20 inch 190Ft 20 inch/? 
Conc:ealed 1.0 inch 600Ft 2Oinch/? 
Waste Generated 8.0 Yard3 4Yardl 

A9-110 
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TABLE A9 - 10 - A - 2 (Coat.) 

INPUf ASSUMPTIONS TO DETERMINE ASBESTOS EMISSIONS FROM 
DEMOLITION AND RENOVATION ACfIVITIES AT VARIOUS STRUCTURES 

BLDG LOCATION OF ASBESTOS ASBESTOS CONTENT 
In Place . Thickness ASBESTOS REMOVED 
Amount Demolition Renovation 

Small Hospital Boiler 100 Ft2 3.0 incb/T 25.0 Ft3 25.0 Ftl 
Boiler Stack 4OFt2 1.5 inch/p S.O Ft3 5.0 Ft3 

Size Steam Piping 63.0 Ft3 

14,4OOFt2 Exposed 2.0 inch 70 Ft 1.0 inch/P 
Concealed 1.0 inch 420Ft 1.0 inchjP 

Hot Water Piping 
Concealed 1.0 inch 600Ft 1.0 inch/C 49.1 Ft3- 3.0 Ft3 

Ceiling 800 Ft2 0.5 inch/S 33.3 Ft3 

Waste Generated 201 Yard3 200YarlP 
Medium Hospital Boiler (2) 450 Ft2 3.0 incb/T 111.0 Ftl 112.0 Ft3 

Stacks (2) 100 Ft2 1.0 inch/P 83Ft3 8.3 Ft3 

Size Steam Piping 419.0 Ft3 419.0 Ft3 

60,000 Ft2 Exposed 3.0 inch 60 Ft 1.0 inch/P 
Concealed 2.0 inch l.soo Ft 1.0 inchjP 
Concealed 1.0 inch 2,500 Ft 1.0 inchjP 

Hot Water Piping 
Concealed 2.0 inch l.soo Ft 1.0 inch/C 
Concealed 1.0 inch 2,500 Ft 1.0 inch/C 

Structural Steel 11,380 Ft3 
~. Columns 10.0 inch 9,400 Ft 2.5 inch/S 

Beams 6.0 inch 14,400 Ft 1.5 inch/S 
Waste Generated 1,324 Yard3 14 Yarcf3 

Large Hospital Boil~ (2) 900 Ft2 3.0 incbjT m.o Ftl 225.0 FP 
Stacks (2) 225 Ft2 1.0 inchjP 18.8 Ft3 18.8 Ft3 

Size Steam Piping 3,015 Ft3 26.2 Ft3 

316,OOOFt2 Exposed 3.0 inch 400 Ft 1.0 inchjP 
Concealed 2.0 inch 6,580 Ft 1.0 inch/P 
Concealed 1.0 inch 24,000 Ft 1.0 inch/P 

HOl Water Piping 
Exposed 3.0 inch 400Ft 1.0 inch/P 
Concealed 2.0 inch 6,580 Ft 1.0 inchjP 
Concealed 1.0 inch 24,00 Ft 1.0inchjP .> . 

Ceiling 38,000 Ft2 0.5 inchjS 1,583 Ft3 

Waste Generated 538 Yard3 30 YarlP -
Small Industry Boiler 1500 Ft2 2.5.0 incb/T 3UFtl 3UFtl 
Size Steam Piping 500ft 1.2 inchjP 78.5 Ft3 1.9 Ft3 

Boiler Exhaust Dud 214 ft2 0.5 inchrr 44 Yard3 8.9Ft 
Waste Generated 44 Yard3 37 Yarcf3 

Medium Industry Boilers 10,000 n 2 2.5 incbjT 215.0 FP 2,083 FP 
Size 12 inch Steam Piping l.soo Ft 1.2 inch/P 471.2 Ft3 6.9 Ft3 

Boiler ExhaUSl Duct 680 Ft2 0.5 inchrr 283 Ft3 283 Ft3 

Waste Generated 287.0 Yard3 236.0 Yarcf3 
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Table A9 - 10 • A - 3 

EXAMPLES OF INDUSTRIES WHERE ASBESTOS IS FOUND 
IN 

MANUFACTURING PROCESSES 

Paper Manufacturing . 
(Table 5-64, Page 5-55)* 

Friction Material Manufacturing 
(Table 5-65, Page 5-56)* 

Vinyl/Asbestos Floor Tile Manufacturing 
(Table 5-67, Page 5-60)'" 

Asbestos-Reinforced Plastics 
(Table 5-68, Page 5-61)* 

Phenolic Modeling Compounds Manufacturing 
(Table 5-68, Page 5-61)* 

Asbestos/Cement Products Manufacturing 
(Table 5-66, Page 5-58)'" 

Brake-Shoe Rebuilding Plant 
(Table 5-74, Page 5-66) '" 

Coatings And Sealants Manufacturing 
(Table 5-69, Page 5-63)* 

Gaskets and Packing Manufacturing 
(Table 5-70, Page 5-63)* 

Chlorine Manufacturing 
(Table 5-72. Page 5-64)* 

Asphalt Concrete Manufacturing 
(Table 5-73, Page 5-66)* 

Asbestos Milling 
(Table 5-63. Page 5-52)* 

Asbestos Textiles Manufacturing 
(Table 5-71, Page 5-64)'" 

Prefabricator of A/C Building Products 
(Table 5-75, Page 5-68)* 

Shotgun Shell Manufacturing 
Asbestos Board Fabrication 

(Table 5-76, Page 5-68)* 

Asbestos Drillirig Fluids (Petroleum Industry) 

'" Use These Tables For Model Parameters. These Tables are provided in EPA Report Titled, 
National Emission Standards For AsbestQS -- Background Information For Proposed Standar~ 1987 
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INFORMATION 
FOR 

ENERGY CONSUMPTION IN VARIOUS STRUCIURES 
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TABLEA9 ·11 

EMISSIONS FROM ELECTRICITY CONSUMPTION BY LAND USES 
(pounds ?er Day) 

E = ({[FxG]/36S}/1000) xH 

Where, 

E = Emissions of c::riteria poUutams in paWlik per day due to electricity consumption by land uses 
F = Gross square foot (see EnvironmentoJ Document) of each type of land use except for 

residential uses; or 
= Number of 1J:Dits for resideutialland use (see Environmenllll Document) 

G = Electricity usage rate to determinemmual usage (~TableA9-11-A) 
Varies according to the type ofland use (see Envimnmmtlll Document) 

H Emission factors in pounds per megawatt-hours (see Table A9 - 11 - B) 
Varies according to the type of criteria pollutant 

Land Use Type 

TABLEA9 -ll-A 

ELECTRICITY USAGE RATE (G) 
(To Determine Almual Consumption, Kilowatt-hours) 

UmtType Usage Rate 
Average for Soutbem California Edison 

Residential 
Food Store 
Restaurant 
Hospitals 
Reiai1 
CoUege/Umversity . 
HighSchool 
Elementary School 
Office 
Hote1/Mote1 
Warehouse 
Miscellaneous 

Kilowatt-hour /UnitfYear 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hour/Square feet/Year 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hour/Square feet/Y ear 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hoor/Square feet/Year 
Kilowatt-hour/Square feet/y ear 
Kilowatt-hour/Square feet/Y ear 
Kilowatt-hour/Square feet/y ear 

TABLEAfJ -11- B 

. and Los Angeles Dept. of Water aDd Power 

5,62650 
53.30 
47.45 
21.10 
1355 
11.55 
10.50 
5.90 

12.9S 
9.95 
4.35 

10.50 

EMISSION FACTORS (H) FOR EACH CRITERIA POLLUTANT FROM 
CONSUMPnONOFE~cnY 

(pouu Per Megawatt-Hours) 

Pollutant Type co ROC NOx SOx PMlO 

0.20 0.01 1.15 0.12 0.D4 
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TABLEA9 -II· C 

ESTIMATING REMAINING EMISSIONS OF EACH POLLUTANT AFTER REMOVING 
CONTRIBUTED FRACTIONS BY EACH SOURCE CATEGORY 

N == [(E- (01 + ~ + ~ +----Ou) 
Where, 

N == Remammg Non-mitigated Electricity coDsumption emissions after the removal of all sourc:e 
categories for which mitigation measures are included. 

E = Total Non-mitigated Electricity Consumption Emissions of a Criteria Pollutant. (See above 
methodology) 

01. Op ~ -.On = Emissions of a Criteria Pollutant Associated with Each Sourc:e Category for 
which mitigation measures are included.. (See Table.A9 - 11 - D) 

TABLEA9 -11- D 

ESTIMATING PRE-MITIGATION EMISSIONS OF EACH POLLUTANT FOR,EACH 
SOURCE CATEGORY 

01, Op O:;-_On == [(ER x IV], OR [(ER x IV], OR [(ER x 13>], OR. __ l(ER x Iu)] 

Where, 

01, Op O:;-.. On == Source 'Category's Market Segment of Total Non-mitigated Emissions 
(See TfJble A9 - 11 - D to ddmnine whit:h,sourr:e CIZtego1y the miJigation meIlSU1'e is going to imjKlCt to 
obtllin emissiOn TeIiuction$. Use respective percent value to e:t:tract the jrQawn of non-mitigtzted emissions 
associIzted wiJb that sOUl'Ce CiltegOry. ) 

E == Total Non-mitigated Eledricity Consumption Emissions of Each Pollutant. 
(Utilizing TfJbleA9-1I-A tmd TfJbleA9-11-B methodologies) 

11; 12> 13> .... ln = Percent of Total Non-mitigated Emissions For Each Source Category 
(See Table A9 - 11 - E to determine which SOUl'CI! Cfllegory the mitigation metJSW'e is going to imJHlCI to 
obtllin emission reductions. Use respective percent value (fradion) for I to e:x:tmcl the jrtJcJion of non
mitigated emissions associated with that source category.) 

.A9-115 
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T~LEA9-11·E 

SOURCE CATEGORIES (I) OF PRE-MmGATION ENERGY USE IN 
RESIDENTIAL, COMMERCIAL AND INDUSTRIAL SECTORS 

lCnmmittee Draft Energy Efficiens.v RXWtt. 1990, California Energy Commission) 

(percent of the Total Pre-mitigation Energy Use Per Project) 

Source Category 

1 igbting 
Cooking 
Refrigeration 
Freezer 
Dishwasber: 

Hot water wash 
Dishwshr Motor 

. Fumacefan 
Clothes Dryer 
Clothes Washer: 

Hot water wash . 
Motor 

Space HeatiDg 
Space Cooling 
Water heamg: . 

Non-solar 
Solar 
Pump 

Swimming pool beating: 
Non-solar 
SOlar 
Pump 

Water Bed 
Color TV 
·MisceDaDeous 

Electricity 
(percent) 

13.70 
4.50 

20.40 
3.90 

0.80 
2.40 
1.60 
6.80 

1.30 
0.90 
7.60 
7.00 

3.20 
0.04-
0.20 

0.060 
0.90 
3.40 
2.80 
4.80 
0.180 

Source Category 

Commerdal 

Indoor lighting 
Outdoor lighting 
Refrigeration 
CookiDg 
Ventilation 
Space beating 
Space cooling 
Water heating 
Office Equipment 
Miscel1meous 
Industrial 
Senices including: 
(Transport, Communication &. Utilities) 
U:lu·Jassffied industries 
Other industries 
PrOcess Industries 
Pollution Control 
Motors 
Space c:ooliDgfVentilation 
Refrigeration 
Street: lighting 
lighting -,. 

Process heal 
Process Electric 
Misc:elbm.eous 

A9-116 

Electricity 
(percem) 

38.24 
455 

11.26 
1.04 
992 
252 

19.19 
OEl 
1.86 

1057 

15.90 

1.96 
10.87 
2UO 
3.30 

16.19 
12.03 
153 
2.23 
754 
5.49 
059 

13.70 

/~ 
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TABLEA9·12 

ESTIMATING EMISSIONS FROM NATURAL GAS CONSUMPTION 
BYLAND USE 

E == ({[F x Gl/30} /1000000) x H 
Where, 

(pounds Per Day) 

E ::; Emissions of criteria pollutants due to natural gas consumption land uses 
F == Gross square foot of each type of land use (see Environmental Document) 

except for residential and industrial uses; or 
= Number of UDits for residemialland use (see Environmental Docuinent); or 
== Number of meters (per business) as in an industrial park (see Environmental Document) 

G == Natural gas uSage rate to determine daily usage (see TableA9-12 -A) 
Varies according to the type of land use . 

H = Emission factors in pounds per million cubic feet (see Table A9 - 12 - B) 
Varies aa:ording to the type of criteria pollutant 

Land Use Type 

Residential 
Single Family Units 
Multi-Family Units 

Nonresidemial 
Industrial 

TABLEA9 .. 12·A 

NATURAL GAS USAGE RATE (G) 
(To Determine DaUy Cousumption) 

Unit1)pe 

Cubic Feet/UDit/Month 
Cubic Feet/UDit/Month 

Hotel/Motel 
Retail/Shopping Centers 
Office 

Cubic Feet/parce1/Month 

Cubic Feet/Square Feet/Month 
Cubic Feet/Square Feet/Month 
Cubic Feet/Square Feet/Month 

TABLEA9 -12 .. B 

Usage Factor 

6;665.0 
4,011.5 

.2,939.6 x 1,000 . 

4.8 
2.9 
2.0 

EMISSION FAcroRS (H) FOR EACH CRITERIA POLLUTANT 
From Consumption of Natural Gas 

co ROC 

20.0 5.3 

(pouu Per Million Cubic Feet) 

NOx. 

80.0 (JOT ResidenlitJl Use); or 
120.0 (jor Nonresidentitzl Use) 

A9-U7 

SOx PMI0 
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TABLE A9 - 12 • C 

ESTIMATING REMAIN1NG EMISSIONS OF EACH POLLUTANT AFTER REMOVING 
CONTRIBUTED FRACTIONS BY EACH SOURCE CATEGORY 

N = [E - (01 + ~ + OJ +.--.0tJl 
Where, 

N "" R:r.mainjng Non-mitigated Natural Gas CODSUmpUon emissions after the removal of all source 
c::ategories for which mitigation measures are included. 

E = Total Non-mitigated Natural Gas Consumption Emissions of a Criteria Pollutam. (See above 
methodology) 

01, ~ OJ, _On :::= Emissions of a Criteria Pollutant Associated with Each Source Category for 
which mitigation measures are included. (See Table A9 - 12 - D) 

TABLEM- U-D 

ESTIMATING PRE-MITIGATION EMISSIONS OF EACH POLLUTANT FOR EACH 
SOURCE CATEGORY 

01. ~ OJ-·On = [(ERx IV]. OR I(ER x 12>]. OR [(ER x I])], OR. __ ••. [(ER. x I.J] 
Where, 

01. ~ OJ-On = Source Category's Market Segment of Total Non-mitigated Emissions 
(See Tllble A9 - 12 - D to deteImine which source clJteg01y the mitigation met.lSIUe is going to impact to 
obllZin emission reductions. Use respective percent value to e:rIrtJa the frm:tion of 1'JOn-mitigated 
emissions associllted with that source CIltegtJry. ) . 

E = Total Non-mitigated Natural Gas Consumption Emissions of Each Pollutant. .~ 
(Utilizing Table A9 - 12 - A and Table A9 - 12 - B methodologies) 

11.12> I3 .. --1n = Perc:ent of Total Non-mitigated Emissions For Each Source Category 
(See Table A9 - 12 - E to deteImine which sOW'Ce CIltegOry the mitigation m~ is going to impact to 
obllZin emission reductions. Use respective percent value (fn:rction) for I to exJnll:t the frtzcIion of non
mitigated emissions QSsocillted with that source category- ) 
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TABLEA9· 12·E 

SOURCE CATEGORIES (I) OF PRE-MITIGATION ENERGY USE IN 
RESIDENTIAL, COMMERCIAL AND INDUSTRIAL SECfORS 

(Committee Draft Energy Efficiency Report. 1990, California Energy Commission) 

(percent of the Total Pre-mitigation Energy Use Per Project) 

Source Category Natural Gas Source Category Natural Gas 
(percent) (percent) 

Residential Commercial 
1 igbtmg 0.0 Indoor lighting 0.00 
Cooking 5.so Outdoor lighting 0.00 
Refrigeration 0.0 Refrigeration 0.46 
Freezer 0.0 Cooking 6.32 
Dishwasher: Ventilation 0.00 

Hot water wash 8.9 Space heating 27.10 
Dshwshr Motor 0.0 Space cooling 7.87 
FurDaeefan 0.0 Water heating 9.92 

Oothes Dryer 2.10 Office Equipment 0.00 
Oothes Washer: Miscel1aneous 48.33 
Hot water wash 8.90 Industrial 

Motor 0.00 Services including: 3.99 
Space Heating 45.70 (Transport, Communication & Utilities) 
Space Cooling 1.00 Unclassjfied industries 0.89 

Water heating: Other industries 0.00 
Non-solar 22.20 Process Industries 3739 
Solar 0.10 Pollution Control 0.77 
Pump 0.00 Motors 0.00 

Swimming pool beating- Space c::ooling/V entilation 0.00 
Non-solar 6.60 Refrigeration 0.00 
Solar 1.00 Street: lighting 0.00 
Pump 0.00 Lighting 0.00 

Water Bed 0.00 Process heat 0.00 
Color TV 0.00 Process Electric 25.04 
Misc:eUaneous 1.6 Miscellaneous 0.00 
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INFORMATION 
. FOR 

ARCHITECTURAL COATINGS AND 01HER COATING MATERIALS 
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TABLEA9-13 

ESTIMATING EVAPORATIVE EMISSIONS FROM 
ARCHITECTURAL COATINGS AND BllLDING MATERIALS 

(pounds Per Day) 

E = [(F:II: G)/(H)l :II: [I] 
Where, 

E =- Non-mitigated emissions ofReac::tive Organic Compounds (R0Cs) from architectural 
coatings 

. (7irese emissions will be dzuing erte:tior finish and interior finish phases of the project 
construction. If these phases me overltJpping with other phases of the constmction, these 
emissions should be combined with ROC emissions from other phases. These oombined 
emissions should be used to delennine.project signijit;tmce.) 

F == Pounds of R.OC emissions. (If unknown, use Table A9 - 13 - C for this value. These values 
are expressed for 1000 square feet area to be coated 1 mil thic:k .) 

G == One mil (0.001 inch) thick total exterior and/or interior area to be coated 
(If unknown, use Table A9 - 13 - D methodology to determine this value. 1'hickness should 
always be apressed in "mils" for this methodology to worlc.) 
(See Table A9 - 5 - 13 - C for percent transfer efficiency default values.) 

H = One thousand (1,000) square feet. (This value is needed becizuse value for F is for a 1,000 
squme foot szuja.ce fJTe(l one mil thick. ) 

I = Required "mils- of coating thickness for the project. (If unknown, use 17.5 mils for exterior and 
interior walls, and 3 mils for wood and metal surfaces. Also, use Table A9 - 13 - A for mil 
thickness default values fOT coatings on vlll'ious surjQ.Cl!S.) 

TABLEA9-13-A 

DRY FILM THICKNESS 
(MUs) 

SmfaceType 

Wood/Metal 
Ccmc::retefMM,omy 

Thickness 

1<4 
5 <30 

TABLEA9 -13 - B 

TRANSFER EFFICIENCY FRACTIONS 
(percent) 

Coating Equipment Type Transfer Efficiency 

25 
65 
100 

1 Arc::hitedm.al coating ~ are currently expressed in terms of Volatile Organic Compounds (VOC), 
however. the term. VOC has been incorporated under the larger category of Reactive Organic Compouncls 
(ROC). (See Ouzpter.t Section 3.1, Ozone, of this Htmtlbookforcla1ijiclztion) 

2 High Volume Low Pressure spray is a coating application ~ which is operated at air pressure betwecD 
0.1 and 10 pounds per square inch gauge (Psig) 

3 Application of roariitgs by manual methods such as paint brush, hand roller, trowel, spatula, dauber, rag ~ 
sponge. 
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TABLEA9 -13 - C 

ESTIMATING NON-MITIGATED EMISSIONS OF REACTIVE ORGANIC 
COMPOUNDS (ROCs) FROM ARCHITECTURAL COATINGS 

(Value for "F' in Pounds for 25 % Transfer Efficiency o~ Air Atomized Spray Equipment.) 

• 
•• 
1. 

(11tis tlZble provides VOC (ROC) emissions for 1 mil thick 1(J(J() square Jeet tueIJ Jor all VOC limits included in 
Rule 1113. Rule 1113 should be consulled for corresponding coating types.) 

Rule ll13limits 
(Grams/Liter) 

Rule 1113 Hmhs. Coating Clean-up Solvents 
(pounds/Gallon) (GaDons/l000 SF) Percent 

CooftDtiooaI c .... tinp 

VOCs 
Lbs 

(Conventional COfJIinp tlSSUI'ned to have 66.26 percent by weight solids, and 10.45 pounds per gallon density.)"'''' 

780 6.49 '1JJ.67 10.0 149.34 
7.30 6.07 13.78 10.0 m:n 
680 5.66 10.78 10.0 68S7 
650 5.41 9.54 10.0 58.62 
600 4.99 7.75 10.0 4438 
580 4.83 7.29 10.0 40.60 
550 4.58 6.53 10.0 34.69 
500 4.16 5.77 10.0 28.24 

High Solid Coatings 
(High solids coatinp tJSSUmed to have 77.35 percent by weight solids, and 11.33 pounds per galion density.)"'. 

420 
400 
350 
346 
304 
234 

3.49 
3.33 
2.91 
2.88 
2.53 
1.95 

16.64-
15.58 
11.28 
11.16 
9.65 
7:12 

Water Based Coatings 

15.0 
15.0 
20.0 
20.0 
'1JJ.0 . 
20.0 

21.91 
20.75 
16.98 
16.86 
15Z7 
12.67 

(W1ZteT-based ~ tJSSUmed to have 47.67 percent by weight sol.ilJs, and 10.54 pounds per gallon density. ) •• 

310 
262 
258· 
253 
2W 
244 
217 
152 
148 
103 
75 

2.58 
2.18 
2.15 
2.10 
2.08 
2.03 
1.81 
1.26 
U3 
0.86 
0.62 

20.00 
16.47 
16.25 
15.87 
15.72 
14.89 
13.28 
8.98 
8.76 
5.96 
4.18 

If unknown use 2.08 pounds/gallon voe coatings for exterior waIls. 
ARB's test results in 1988 report for Rule 1113 sales survey • 

5.0 
5.0 . 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

22.85 
19.25 
19.03 
18.65 
1850 
17.59 
15.97 
11.6 
11.39 
8.51 
6.66 

Arcbilec:tural coating emissions are c:mrently expressed in terms of Volatile Organic Compounds 
(VOC). however, the term voe bas been incorporateci under the larger category of Reactive Organic 
Compounds (ROC). (See C1uzpter 3. Section 3.1. Ozone, oj this Htmdbook JOT clmijiaztion) 
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ASSUMPTIONS: 

1. 

2. 

3. 

4. 
5. 
6. 
7. 

8. 
9. 

The use of solvents in the cleaning and painting of the structures will generate Volatile Organic 
Compoud emissions. 
Non-mitigated VOCs are those which should Dot exceed Rule U131imits as coating is applied to the 
surface. 
After removiDg % volume ofVOC (non-exempt solvent). water and exempt solvents, what-remains is 
the % volume of solids. 
Non-exempt solvent density is 7.36 poWlds per gallon of solvent. 
Exempt solvent (1, 1, 1 -TCA) density is 11.06 pounds per gallon of solvent. 
Water density is 8.337 pounds per gallon. 
Water percent by weight is assumed to be 3.5 times higher than that of exempt solvent in the coating. 
(ARB's test results in 1988 report for Rule lID sales survey.) 
For non-mitigated emissions, transfer efficiency is 25 percent of solids applied to the surface. 
Mathematical formulation indicates that 1 gallon of solids wiD cover 1 mil (0.001 inch) thick a 1604 
square foot area. For the same amount of coating if thichess is increased, the size of the area that can 
be coated with that amount of paint will be proportionally decreased. For the same size of the area if 
thickness is increased, the amount of coating will be proportionally increased. 

TABLEA9-13-D 

ESTIMATING SURFACE AREA TO BE COATED 

Estimate interior and exterior area to be covered by using the following methodologies: 

Method 1. 
It WAS estimtded tJuzt every square foot of floor space would require the coating equivtzJent oj 2.7 
squme feet of surface area. This may ac:tu.ally be an underestimate, but alloW'S for Don-coated 
surfaces such as windows, fireplaces, cabinets" overhead recessed c::eiling lighting, etc. 

For single family units consider 1/7 acre of floor surface or lot size per mUt (ARB Report 
March 1990). 
For multi-family units IpJ) acre lot size per unit (ARB Report March 199O). 

Method 2. 

Exterior Wan 
l,28O square feet of exterior wan per single-family unit; or, . 
1,800 sqUare feet of exterior wan 01'1 average for other than single-family units. 
CEnem and Labor in the CoDStmcbOl'1 Sector, Hamwn, et.al). 

Interior wan 
The exterior wan amount can be tripled to CODSider interior waDs, c:elling coatings, trim, etc. 

For nonresidential sttuctu:rcs (schools., shopping maDs, etc.) rooms win be Jarger in size, 
~ win be acoustic panels type. In this case, each of the floor areas can be multiplied by 
2.0 to obtain the total area to be coated.. 

Emissions from: exterior and interior waDs should be estimated and reported separately. 
~ emissions should be combined with emissions from other coDStrudion ac::tMties. 
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STANDARDS 

TABLEM-14 

O¥HONAL CUMULATIVE IMPACT ANALYSIS 
BASED ON ARB 

PERFORMANCE STANDARDS 

Rate Of Growth In Vehicle Miles Traveled Must Not Exceed The Rate Of Growth In Population 
DmiDg The Life-span Of The General Plan, Specific Plan, Redevelopment: Plan And Project Developments 

H AlB .> C/D The project is cumulatively signffic::am for population related adivities; and, the additional 
vehicle miles traveled (VMT), average daily trips (ADT) and/or number of vebicles 
(NOVs) has to be mitigated to the extent: feasible before writing the Overriding 
Consideration. 

AmI/Or 

If E/p .> GfH The projeCt is cumulatively significant for employment related activities; and, the additicma1 
vehicle miles traveled (VMT). average daily trips (ADT) and/or number of vehicles 
(NOVs) has to be mitigated to the extent feaS10le before writing the Statement of 
Overriding Consideration. ',. 

Where, 

Utilize growth in popultltion to estimtJte impact on cumuIJ.ztive population related ~ ADT, 01' NOV 

A = Calc:u1ated or estimated population related VMT, ADT or NOV due to the 
project development: for the build-out year; 

B Anticipated cumulative population related VMT, AnT or NOV for each county; see Table A9 
14-A; 

C Calculated or estimated project related population 
due to the project development for the build-out year 

D = Expected or Anticipated cumulative population for the aty or County 
in the Growth Management Plan and/or by SCAG for the build-out year; 

Utilize growth in employment to estimate impact on cumulative employment reltlted Y.MT, ADT, or NOV 
. E Calculated or estimated employment related VMT. AnT or NOV for each County please see 

Table A9 - 14 - A; 
G = Calculated or estimated project related employment due to the 

project development: for the build-out year 
H = Expected or anticipated cumulative employment: for the City or County 

in the Growth Management Plan and/or by SCAG for the build-out year. 
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TABLE A9 - 14 - A (Com.) 
VEmCLES MILES T.RA VELED (VMT), AVERAGB DAJLY TRIPS (AnT) 

AND NUMBER OF VEHICLES (NOV) 
Anticipated values for (8) or (F) by California Air Raom'ces Board , 

SlID Ben:Ia:rdiDo 

1991 

1993 

1995 

1997 

146,985,000 
151,151,395 

156,512.871 

161,264,510 

17.439,537 

17,164.296 

18,088,461 

18.411,738 

4,615,939 

4.144.948 

4,818,539 

4,883,763 

Ui.968,OOO 

17,606.802 

18,251.492 

18.902.069 

2,264.666 

2,32.1.741 

2,389,34$ 

2.449,486 

453,611 

465,623 
476,811 

488.401 

166,015,164 ~8;636.4S2. 19.555,591 2,511,120 1999 4,948,814 499,895 

170,768,110 19,059,188 20,213,037 2,514,251 2001 5,014,013 511,520 

175.521,393 19,383,357 20,815,389 2,642,163 2003 5,079,540 523,116 

2005 180,210,080 19.707,319 5,144,838 21,537,742 2.701,:JA7 535.239 

2001 185,016,199 20.031.364 5,210,009 22,204.019 2,710.836 546,813 

2009 189,162,535 20,355.046 5,275,098' 22,m,:JAl' 2,834.116 SS8.~ 

1991 50,188,32.0 , 5,993,388 1,.508,130 6.052.430 741,585 145.137 

1993 53,229,112 6,225,234 1,558,423 6.437.085 m,840 150.854 

1995 56,276.911 6,458,209 1.608.722 6,813,890 803,837 156,887 
1997, 59.336,454 6.692.321 1,616,519 7,180.883 834,558 163.235 

1999 62,395,998 6.926.428 1.744.314 7,541.875 865,286 169,585 

2001 65,450.622 7.160.065 1.810,504 7.917,811 896.132 175,822 

2003 68.sos.247 7,393,7f1'i 1.875.085 &'288,129 926.914 182.058 
:axIS . 71,558.888 7.627,342' 1,939,661 8,660,627 957.819 188,297 

2001 74.615,480 7,860,912 2,004,263 9.029,582 988,689 194,541 

2009 11,610.105 8,094,597 2,068,888 9,401,481 1.019..581 200.191 . 

, 1991 18,698.632 1.600,795 414,270 2.685.717 241.612 47,916 

1993 20.360,,230 1.719,243 433,136 2,953,602 25~1 50,065 

1995 22.025.763 1,837,944 451,209 3,217,561 269,119 S2~ 

1997 23,693,263 1,956,923 ' 472.309 3.481,521 282,385 54.327 

1999 25,361.747 2,015,910 493,215 3,142,537 295.192 56,476 

2001 21,030,232 2,194,850 514,113 4.003,553. 309,925 58.813 

2003 28.697.m 2,313.801 537,831 4,263,588 324,049 61,290 

2005 30.365,232 2.432.718 S60,89S 4.524,604 331,114 63,698 

2001 32,034,700 2,551,722 583,963 4.186,601 352,281 66.101 

2009 33.702,201 2.670,690 601,043 5.047.617 366.417 68,519 

1991 20.824,572 2,325.191 589,788 3,340,219 362,961 71,531 

1993 22,342,539 2.448,566 620.030 3.611,048 385,701 75,913 

1995 23.861,489 2,571.719 650.417 3.879,914 408,663 80,520 

1997 25,381,32S 2,fIJ5,m 686,712 4.141,911 431,571 85,250 

1999 26,912.118 2.818.821 123,986 4.407,133 454,819 90.105 

2001 28,428,117 2,941,645 760.404 4,678.661 479.138 95.073 

2003 29.945.160 3,064,458 7%,80'7 4.950.412 503.193 100,166 

2005 31,462,143 3.181,291 1132.285 5.222.2112 528,129 105.146 

2001 32.918.142 3.310,107 m.m 5.494.092 552,860 . 110,264 

2009 34,495.124 3.432,942 904,395 5,765.901 S71;2S1 115,262 

[:~~¥~:;~:lj:l:::!;~Ill~;i\!l!1\[lili!\~~~1i~~l~~:~I:~1~)lll\I:~illl:I:I:r~~i1:~~~~~1Ilf~~~fi~i[~~~~~i.ilfl1~f:i~~~~i~1:~lloo~llil~l~i~lrt~t1~i~[~*~1~il~*~~~i1ii~~tiJ~lrlfi~lt~~I~jj~~:~i1t;~:~~:lj~:!~:l~il!;~;~:::ii::?;\;~i,.~~~;;ttt~i~ 
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TABLE A9 - 14 - A (Cent.) 
VEBICLES MILPS TllA VEl-ED (VM.T), A VBRAGB DAILY TRIPS (ADT) 

AND NUMBER OF VEHICLFS (NOV) 
Anticipated values for (B) or (F) by catifomia Air Resoun::es Board 

1991 999,000 130,005 175,683 310,000 4,4«1 2,230 

1993 1.032.000 134,270 181.446 314,000 4,5l4 2,262 

1995 1.065,000 138.535 187,376 319,000 4.sa 2,294 
1997 1,103,000 142,800 194,081 323.000 4,652 2.326 
1999 1.141.000 147.065 200.173 328.000 4,716 2,358 

2001 1,174,000 IS2,921 206,586 331.000 4,768 2.384 
2003 1.202.000 156.551 211.524 334.000 4,810 2,40:5 

200S 1,230,000 160,181 216,449 337.000 4,850 2,425 

2C'I11 1.258,000 163,811 221,366 340.000 4,892 2,446 
2009, 1.286,000 167,441 226,211 343,000 4,934 ' 2.467 

1991 340,000 45,320 68.666 58,000 842 421, 

1993 359,000 47.884 12.S51 60,000 810 435 

1995 318,000 50,448 76,436 62,000 898 449 

1997 396,000 52,326 80,040 64,000 926 463 
1999 414,000 S5,26s 83,644 66,000 9S6 478 

2001 432.000 S1,m 87.313 68.000 982 491 
2003 451,000 60,090 91,046 70.000 1.006 503 
200S 469,000 62,sSS 94,781 72,000 1.030 515 
2C'I11 488,000 65,019 98.514 73,000 1.052 S26 

2009 506,000 67,484 102,248 75,000 1.076 S38 

1991 72,000 7,473 19.162 13.000 188 94 
1993 7S,OOO 7,854 20,139 15,000 206 103 
1995 79,000 8,220 :U,078 16.000 224 112 

1997 82,000 8.560 21,948 17,000 242 121 
1999 85,000 8,896 22.811 18,000 260 130 

2001 89,000 9,248 23,713 20,000 278 139 

2003 92,000 9,632 24,697 21,000 296 148 
200S 96,000 10,015 25,679 22,000 312 156 
2C'I11 100,000 10.398 26,661 23,000 330 165 

2009 104,000 10,782 27,645 24,000 346 173 

1991 114,000 14,143 30,746 9,000 126 63 

1993 121.000 ' 14.979 32.562 9,000 134 67 

1995 . 127,000 IS.81S 34,387 10,000 142 71 

1997 134.000 16,619 36,121 11,000 152 76 

1999 140,000 17,443 37,920 11,000 160 80 

2001 147,000 18,,293 39,768 12.000 168 84 

2003 155,000 19,190 41,718 12.000 176 88 

200S 162,000 20,065 43,620 13,000 184 92 

2C'I11 169,000 20,940 4S,521 '13,000 192 96 

2009 176,000 21.141 ·47,481 14,000 200 100 

1tmi:ji!;:~:i1~~!~J:~~:~~fi::~~~~ii~[i~~~i1!:l~~~lI~r~i~rf:~jl:~ji~I::l~~*:!!~[~~~r~m~li~~~~1t11i~mmil~i~~iltlJt~!~i~!!:~:~~:~!llj!~~~:~[!Illl::1i~i:!i=l:;:[~~1!l::~~I;:~:~:~~~)~i~1iil:;:::l::::i;i:~;:~;~1:~ii1:~[;~:::i;\: 
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TABLEA9-15 

OPTIONAL CUMULATIVE IMPACf ANALYSIS 
BASED ON 

mE 1991 AQMP PERFORMANCE STANDARDS 

STANDARD 

One Percent Per Year Rec _ction In Project Emissions 
During The Life-span Of The General Plan 

A = {B} - {[(Cr(D)] x [ED 

Where, 

A Emission reduction in pounds for given year 
B Starting cumulative emissions . 
C 0.99, a fraction for remaining emissions (The fraction assumes that 100 pounds are 

wunitigated cumulative emissions. Using the procedures outlined in Chapter 9, 1 percent or 1 
pound of this 100 pounds of unmitigated emissions must be eliminated for given year) 

D = Number of years 

EXAMPLE 

B = 500 pounds of Unmitigated cumulative emissions in 1993 beginning of the project development 
C := 0.99 

For first year A == 500 - (500 x 0.99) :; 5.0 per year from 1993 onward should be reduced (approximately) 

Starting Remaining 
Year Emissions Emissions == Cumulative Emission Reduction 

1993 500.00 NA. = 0 Project Starts to Operate 
1994 500.00 495.00 = 5.00 pounds of reduction in cumulative emissions 
1995 495.00 490.05 :: 4.95 pounds of reduction in cumulative emissions 
1996 490.05 485.15 :: 4.90 pounds of reduction in cumulative emissions 
1997 485.15 480.30 :: 4.85 pounds of reduction in cumulative emissions 
1998 480.30 475.50 = 4.80 pounds of reduction in cumulative emissions 
1999 475.50 470.74 :; 4.75 pounds of reduction in cumulative emissions 
2000 470.74 466.03 = 4.71 pounds ofreduction in cumulative emissions 
2001 466.03 461.37 := 4.66 poUnds of reduction in cumulative emissions 
2002 461.37 456.76 := 4.61 pounds of reduction in cumulative emissions 
2003 456.76 452.19 :: 4.57 pounds of reduction in c.umulative emissions 
2004 452.19 447.69 :: 4.52 pounds of reduction in cumulative emissions 
2005 447.69 443.19 = 4.48 pounds of reduction in cumulative emissions 
2006 ·443.19 438.76 = 4.43 pounds of reduction in cumulative emissions 
m7 438.76 434.37. = 4.39 pounds of reduction in cumulative emissions 
2008 434.37 430.03 = 4.34 pounds of reduction in cumulative emissions 
2009 430.03 425.73 = 4.30 pounds of reduction in cumulative emissions 
2010 425.73 421.47 = 4.26 pounds of reduction in cumulative emissions 
2011 421.47 417.26 = 4.21 pounds of reduction in cumulative emissions 

Total = 82.74 pounds of reduction in 17 years 

A reduction in cumulative impacts should continue at the rate of approximately 5 pounds per year 
NA. = Not applicable in start year. 

/~ 

AR0073074 



TABLEA9 .. 16 

OPTIONAL CUMULATIVE IMPACT ANALYSIS'BASED ON 
THE CALIFORNI,A CLEAN AIR ACT PERFORMANCE STANDARDS 

1.5 AVERAGE VEmCLE lUDERSHIP (A VR) 

. G == H-C 

where, 

G == Needed Reduction in Number of Vehicles to Achieve Targeted A VR 
H :: Curtent Number of Vehicles == DIE 

where. 
D == Average Daily (Weighted using weekday and weekend Travel data) 

Number of Persons Traveling in vehicles for the buildout year == A + B + Ll 

Where. 
To improve the A1i'7l, trips associated with the following should be eJimiMted 01' retiuced.. 

A == Number of Persons Tra'Ve1ed in 4+ Person vehic:::1es 1-way Alone 
B :: Number of Persons Traveled in 2 Person Motorcycles 1-way MOlle 
L1 == Number of Persons Traveled 1-way but No SU1'\'eY Response 

(If Not Applicable, Use 0.0) 
. (Treat these lIS A, i.e.. traveling Alone in 4+ Penon Vehicles) 

E == Estimated A VR for the City or County 
without implementation of TCM mitigation measures . 
(To Estimate buildout year AJ.i1l, Use Table 9-7 methodology) 

C = Number of Allowed Vehicles :: D IF; Where, 
D = Average Daily (Weighted using weekday and weekend travel data) 

Number of Persons Tra'Veling in buildout year 
F :: Targeted A VR for the City or County for the buildout year 

(IfunJawwn. Use 1.5, the Ctzlifomia aean Air Act requirement) 

Examples of Cumulative Work Trips A VR 

Cumulative A VR for 1 Person Traveled to Work 1-Way by One vehicle 
Cumulative A VR for 2 PerSons Traveled to Work 1-way by One vehicle 
Cumulative A VR for 3 Persons Traveled to Work I-way by One vehicle 
Cumulative A VR for 4 Persons Traveled to Work 1-way by One. vehicle 
CumulativeAVRfor7PerscmsTraveled to Work l-waybyOne Van 

Cumulative A VR for 15 Persons Traveled to Work 1-way by One Subscription 
or plaJmed bus . I 

Cumulative A VR for 15 Persons Traveled to Work 1-way by ODe Public transit 
(railjbuses) 
Cumulative A VR for 1 Person Traveled to Work 1-way to Report to Another Site 
(1991 AQMP states tJuzt 5% of following trips ~ for Home to other) 

== 1/1 == 1.0 
== 2/1 = 2.0 
= 3/1 == 3.0 
:: 4/4 == 4.0 
= 7/1 = 7.0 

== 15/1 == 15.0 

== 15/1 == 15.0 
= 1/1 == 1.0 

Example of Non-Work TripAVR for the Vehicles Not Used for Work trips but Used for Other Trips=1/1 
Non-work 1-WayCum:wative Trips == [{(J+K+L+M+N+O+P+Q+R+U) xO.05} + {(S+T)xV}]; Where. 

L == Number of Persons Tra'Vel did not travel due to TeJerommutiDg at home 
J == Number of Persons Traveled I-way by Walk V = Percent Weekend Trips to other 
K == Number of Persons Traveled 1-way by Bicycle 
M == Number of Persons did not travel to the project site due to days off from 3/36 work week 
N == Number of Persons did not travel to the project site due to days offfrom 4/40 work week 
o == Number of persom did not 'l::m'C1 to the project site dUe to days off from 9/80 work week 
P == Number of persom did not travel to the project site due to vacation 
Q == Number of persons did not travel to the project site due to sick leave 
R == Number of persons did not travel to the project site because they were abseDt 

for reasons other than vacation and sick leaves 
S Number of persons did not travel to the project site because it was Saturday (Weekend) 
T = Number of persons did not travel to the project site because it was Sunday (Weekend) 
U = Number of persons did not use cars due the mitigations described to estimate various A VRs 

abOve 
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TABLEA9·17 
ESTIMATING THE NUMBER OF ON·SITE CONSTRUcnON EMPLOYEES 

. (Number of EmpJoyees Per Project) 

E· == «FxGxH)/l.OOO,OOO) xl; ,Qr,." 
En == (G X H)/l,OOO.OOO) X I; ••• 

1. 

2 

3. 

• 
•• 

••• 

Where. 

E = Number of Construction Employees 
F Gross square footage of that type of eonsttUction for which the value for (G) will be selec:ted 

(Refer to project description of environmentlZl documents) 
G = CoDstruction Value 

(If unImown, use ccst values from Tobie A9 - 17 - C) 
H =:: Full time employment rate for construction related on-sitel and off.site2 activities. 

(Ifwiknown. see TobIeA9-17-A) 
I Rate of on-sae oonsttuction employment 

(lfunlmown, see TobIeA9-17-B) 

won-siteW meaDS at the CODStruction site and does not include employees needed to move goods; and 

·off-sitew meaDS employees needed at the goods (cement, walls, nails, etc.) manufacturiDg sites and 
goods transportation··· activities. For CEQA there is no need to estimate impact associated with 
employees needed at the goods manufacturing sites, however, impact associated with employees·" 
needed to transport goods to the project site should be estimated and included in the environmental 
doc::mnents. 

In order to estimate employees needed to transport goods use the methodology suggested in ~ 
and Labor in the Construction Sgtnr, B. Hannon, R. Stein, and D. Serber, Science, 1978, 202: 837-847. 
For E· use informtllion from column labelled lIS dollan/gmss SI'jIIJlFe foot. 
F01' E·· use the methodology suggested iii footnote of the Table A9 - 17 - C and historical VIllues provided 
in the third column of this toble (New VaJuotion) or estimate CU1'I'e1lt values by applying seasonal and 
IlMUIll rate changes provided in the Composite Index Exomple cclumn of this table to the historicIll 
values provided in the New Valuation column of this table. . 
To determine employee related Average Daily Trips, use Tables A9 - 5 - A-lor A9 - 5 - A - 2. 

TABLEA9-17 ·A 

FULL TIME EMPLOYMENT FACTORS (H) ASSOCIATED WITH THE 
CONSTRUcnON INDUSTRY···· 

Land Use Type FrE Factor (H) 

o BuiIdiDg Constmction 9.2 
(Construction C',)f New Residential, and Non-Residential) 
o Non-building Construction 8.78 
(Construction of parking lots roadways, etc.) 
o DemolitionjRenovationjRepairs. 9.15 

TABLEA9-17 -B 

PERCENT RATE (I) OF ON-SITE CONSTRUcnON JOBS*-* 

La.nd Use Type Percent Values/lOO (I) 

o Building Construc:tion 0392 
(Construdion of New Residential, and Non-Residential Structures) 
o Non-building Construdion 0.458 
(Construction of parking lots roadways. etc.) 
o DemolitionjRenovationjRepairs 0.602 

••• ~ Use the values lIS prr1I1ided in TablesA9 - 17 - A and A9 -17 - B 
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TABLEA9 .17· C· 

LAND USE 1YPES (F) AND CONSTRUCTION COST (G) 
(DOLLARS PER SQUARE FOOT, PREVIOUS COSTS, AND SEASONAL AND ANNUAL 

% CHANGE RATES) 

Derived Cost Rate 
Land Use Type Dollars/Gross New Valuation· Composite Index Example 

Square Foot Year 1988 D«'88 Jan '88 Year 1978 

Renovation, Repairs 
and Demolition 

Building- Residential 119,758.00 -11.6 -11.2 +9.0 
Non-building - Residential 237,648,000.00 -18.7 -5.6 +5.8 
Nonbuilding/Heavy 

Construction Adivities 
Streets and Highways 59,612,000.00 -22..1 +0.4 +0.3 
Bridges (me. elev. hwys) 9,805,000.00 +2l2.3 -20.0 +10.8 
Sewerage and Waste Systems 29,175,000.00 +U7.9 +ll.9 -33.1 
Electric Power and Heating 

Systems 22,372,000.00 -57.7 -33.3 -49.0 
River, Harbor, and Flood 

Control Systems 17,265,000.00 -67.2 -15.7 -ILl 
Water Supply Systems 38,590,000.00 -4.2 +15.6 +41.4 
Dams and Reservoirs 836,000.00 -82.3 -83.3 +7.7 
Other NonbuildiDg 70,546,000.00 +9.2 +56.3 +23.6 
Building - Residential 
2-4 Unit Structures 40,774,000.00 -51.1 -58.2 -20.3 
Single ~y dwelling units 55.70 978,406;000.00 +6.2 +6.9· +29 
5-More Units (Apartments) 58.73 165,351,000.00 -40.6 -64.0 -25.4 
Nonbuilding ~ Nonresidential 
Service Stations 3,145,000.00 -29.3 -23.7 +23.1 
Amusements and Recreation 8,822,000.00 -16.8 +0.3 +48.0 
Other Non-residential BniJding;c 81,964,000.00 -29 -26.2 -ll.3 
Hospital 11246 78,472,000.00 +19.3 +109.8 -3.1 
Indust.rial Building;c 3L75 136,763,000.00 +1.8 +6.7 -13.2 
Office Buildings 59.98 105,434,000.00 -SO.7 -44.6 -17.2 
Public Garages 28.16 113,350,000.00 +572.4 n/a +27 
Stores and Mercantiles 45.15 132,401,000.00 -8.6 +18.1 +22..0 
Hotel and motel 67.34 23,711,000.00 -32.2 -40.4 -43.5 
Sc:hools 64.91 
Churches 60.71 
Convalescent Hospitals .86.83 
Medical Offices 74.70 
Banks 9L12 
Public Buildings 78.24 
Warehouses Z1.32 
Theaters 63.88 

. Auditorium 61.65 
Restatmmts 67.85 
Bowling Alleys 39.74 

For quid£: c:ompuwioD of present ~t costS from dependable historical costs, use Compuam,.e Cost Index tables of Sectioa 98 
~ the latest quartcES. These an: published by:Musball Vamatioo Sezvicc (M=hall and Swift - priDted in U.s.A.) January. April, 
July and October of eadl year. 'Ibe index values an: ~ by taking into c:oasider.ltiOD seasoaal and aJmual diaIIps.. In order to 
estimate Clm'CDt (Yr 1989) cast dMde c:mreIlt iDdex value by fmmer (Yr 1988) index value, multiply the answer with Imc:I'IIm cost (yr 1988 
cost). 

Sotm::e: RcsidcDtiaI buikIiDg cost data m from the U.s. Depaitmc4t of Com.merce, Bureau of the ~ and Cocstruetion Industry 
B.csca!d\ Bor.mL ~tial buiIdiDg cost data an: from die U.s. ~t of Commerce. BuR:au of the c:eusus. Sec:u.rit:y Pacific: 
NatiaaaI BaH, aDd CoasamctioD mcsUSU'y RcsearI:h &am. Noobuilding CICI5tS an: from DocIge DMsioa of McGraw-HilI and c:ompi1ed by 
Coastrudion indusny Rcseatch Bo;mL 
Note: Commen:ial CoDstructioD usually assumes 3-7 aaes/S1.fmII.'XJ and built in 11 mootbs. 

A9-133 
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TABLEA9 - U£ 
ASSUMPTIONS FOR THE SCREENING TABLES IN CHAPTERS 6 AND 9 

The following is a list of methodologies aDd defaults used. in the preparation of the screening tables used in Chapters 6 aDd 9. 

METHODOLOGY 
DEFAULTS 
REGIONAL TRIP LENGTH 
TRIPS 
PERCENT HOT AND COLD STARTS 
EMFAC7EP 

TableA9 -5 

10.7 

ITE TRIP GENERATION MANUAL 
Table A9 - 5 - M 
Table A9 - 5 - J - 2 
35 MPH 
AREA 2 

i[.~m;itl;~;:I:j:i~iii!':l~P.t!q~~~i!gm~:m!I;I!gi!gl:~t.qtl;il~[~11:l~i:I::l~:I~:1:j:I:::I:~:!11!:l:::l::::::!:i:lil:::l:i::::!:!;!::;:::!;':;:::::!::::::::::::::'!:!::li::::!::::::il[:!i:::lI:I:ilf,I:I:lil1::;::j:ji:1Ii:::li::l:l:ll::::::::~;::::iii: 
METHODOLOGY 
DEFAULTS 

Table A9 - 5. A9 - 6 

10.7 REGIONAL TRIP LENGTH 
TRIPS 
PERCENT HOT AND COLD STARTS 
EMFAC7EP 

ITE TRIP GENERATION MANUAL 
Table A9 - 5 - M 

FULL-TIME CONSTRUCTION RATE 
RATE OF ONSITE CONSTRUCTION JOBS 
LAND USE CONSTRUCTION VALUE 
WORKER TRIP RATE 

METHODOLOGY 
DEFAULTS 
ENERGY CONSUMPTION FOR CONSTRUCTION 
EXHAUST EMISSIONS . 

EMISSION FACTORS FOR EACH CRITERIA 
POLLUTANT 

METHODOLOGY 
UNPA YED ROADS 

PAYEDROADS 
DEMOLITION 
DEFAULTS 

Table A9 - 5 - J - 2 
35 MPH 
AREA 2 
Table A9 - 6 - A 
Table A9 - 6 - B 
Table A9 - 6 - C 
Table A9 - 5 - A 

TableA9 - 3 

Table A9 - 3 - M 

Table A9 - 3 - A 

Table A9 - 9 - D 
Table A9 - 9 - C 
Table A9 - 9 

UNPAVED ROAD Sn.T LOADING AND ROAD TYPE Table A9 - 9 - D - 1 
MEAN YEIDCLE SPEED Table A9 - 9 - D - 2 
MEAN NUMBER OF WHEELS AND WEIGHT Table A9 - 9 - D -3 
PRECIPITATION CONDmONS AND NUMBER OF DAYS Table A9 - 9 - D - 4 

:r~:'B.!.;'~~:~~::i:::::::::::l:~~~ql~~::~rm.g£~ge.~l!§NJ~tQR.til::':::::i:;:l:::;::!~:~I!::::j:i:l:::i:;~::;::;tt;::::::::;::~lI;;:::;:i;::l:;::::ji::::i:::::;;:i::·::;:]ti:::,:;:jj@::::~:::i:::~[::[:i::::l:;:::::·:::i:':F;" "~ 

METHODOLOGY 
DEFAULTS 
ANNUAL CONSUMPTION OF KILOWATT HOURS 
EMISSION FACTOR FOR EACH CRITE~132LLUTANT 

Table A9-11 

Table A9 - 11 - A 
Table A9 - 11 - B 
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TECHNICAL ADDENDUM 

1. General 

A Gaussian based line source model is to be used, as appropriate, to assess the effects of specific 
projects on local CO concentrations. An example of such a model is the Caltrans supported 
CAUNE4 model. 

The CALINE4 model is the most commonly used line source model in California. The technical· 
. assumptions contained in this Addendum are for use with this model. The use of CAL3QHC 
or T.EXIN n models may require modification of these assumptions. 

Use of alternative line source models, while not discouraged, must be agreeable to the local air 
district. 

2. Background CO Levels 

An important element in a microscale analysis of the CO concentrations expected as a result of 
particular projects, is the "background" concentration levels of CO upon which to add the 
estimated CO concentrations expected from the proposed project. 

The model analysis must be carefully designed· so as to minimize duplication of CO 
concentrations resulting from tIaffic otherwise accounted for in "background II CO levels. 

The objective of the model analysis is to determine the incremental change in the CO 
concentration level between the "no project" alternative, and the CO concentration level 
resulting if the proposed project is constructed. The resultant incremental. CO concentration 
levels are to be added to the background CO level and compared to the CO standards. 

The applOprlate "background" CO level shall be the estimated ambient levels determined either 
by using the CO concentration levels as measured by a nearby permanent monitoring station, or 
by the use of project-specific monitoring. 

Unless otherwise agreed to by the sponsors and the local air district, a project-specific 
monitoring program shall consist of 4 months of continuous sampling during the winter CO 
season (November thru February). The sampling shall be in accordance with 40 CPR 58; 
Appendices A, D and E; and shall achieve a 90% data completeness. Sampling shall be at 
location(s) so as .to both minimize duplication of CO concentrations resulting from traffic 
otherwise accounted for in the model analysis, and apPlOpriately account for CO concentration 
levels from other major sources. 
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The "background" or ambient CO levels used in the analysis must be reflective of the same time 
of day as the ttaffic volumes used in the project. analysis. 

In the CO nonattajnment area of the South Coast Air Basin, "background" levels for future years 
shall be estimated by application of factOrs to the base year "background" levels. The factors 
are directly proportional to the estimated future year total CO emissions, within each air quality 
analysis zone, as estimated by the South Coast AQMD in a manner consistent with SCAG's 
most recent transportation plan or program confomiity analysis. The current estimated future 
year total CO emissions are attached. 

3. Receptor Sites 

A key element in the CALINE a&~ysis is the location used to calculate the expected CO 
concentrations for comparison to the standards. These location(s) are termed the critical 
receptor sites. The critical receptor Site(s) shall be at location(s) which are estimated to be 
representative of the highest CO concentrations expected in the area potentially effected by the 
proposed project. 

Generally, receptor sites shall be representative of locations where there is a. reasonable 
expectation of continuous human exposure during the time period(s) coinciding with peak CO 
concentrations. Receptor site(s) shall be located in a. manner consistent with EPA's"microscale
criteria contained in 40 CPR 58. The location(s) shall be representative "of existing aIld 
reasonably expected future land development projects. 

Additionally, the receptor site(s) are to be selected reflective of meteorology J background CO 
levels, and the traffic/operational cha:mcteristics of the nearby existing and proposed 
transportation facilities. 

Frequently, it is necessary to analyze multiple receptor sites in order to identify the critical 
site(s) with the highest CO concentrations with andlor without the proposed project. Once 
identified, the CO concenttations at the critical receptor site(s) " will be used to judge the 
acceptability of the proposed project under the applicable laws. 

If the project is unusually Complex, or if the CO an lysis appears potentially a. deciding issue 
as to whether the project is allowed to ploceed, sponsors should consult with the local air district 
regarding selection of the critical receptor site(s). This should be accomplished as early as 
possible in the process. 
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4. Calculation of 8-hour CO ConcentratioDS ... Persistence Factors 

Estimated 8-hour CO concentrations expected to occur in the area are calculated by use of the 
pe.rsistence factor from the 1-hour levels estimated to occur at the 8-hour receptor sites. This 
factor is the ratio between the I .. hour and 8-hour CO concentrations as measured at the nearest 
representative permanent monitoring station. 

Because the persistence factor really represents a combination of both the traffic persistence and 
the meteorological persistence, the preferred method is to use monitoring data to calculate the 
I-hour to 8-hour ratio, as it would inherently include both ttaffi.c and meteorological conditions. 

The persisten~ factor should be based on values obtained using the Io-highest non..overlapping 
8-hour concentrations obtained· from the latest three CO seasons of monitoring data.. The ratio 
of the 8-hour concentration to the mghest I-hour concentration in each of the non-overlapping 
8-hom periods is determined, and the average of the 10 values is used as the pe.rsistence factor. 

Optimally the use of three seasons of CO monitoring data should be utilized to establish the 8-
hom concentrations at the project site. However,. two seasons of CO monitoring performed 
subject to 4OCFR58 would be acceptable. If less .than two years of information is available then 
the persistence factor values from the table below should be utilized. 

Factor Setting 

0.6 Attainment areas 
0.7 Nonattainment areas 
0.8 Urban area with persistent stagnation andlor congestion 

s. Ambient Air Temperature 

For purposes of initial estimating, the lowest winter (November thru February) mean minimum 
temperature over a representative three-year period may be used. Temperature Adjustments for 
the time of day analyzed are noted on Table 3120.1 of the Ca1.t:raDs -Air Quality Technical 
Analysis Notes- - AQTAN - (1988). 
A more accurate estimation is achieved by using the temperatures associated with the actual time 
periods during which the historic high CO events in the area have occurred. 

A9-140 . 
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6. Veb.icle:Mix 

The vehicle type distribution must be compatible with the version of EMF AC utilized in the 
analysis, and representative of the facility analyzed. 

Heavy duty gas trucks are the most crlti.ca1 classification. The· Annual Truck Traffic Reports, • 
available from Ciltrans, contain the average daily percentage of trucks on State Highways. 
Tnne period adjustment factors must be applied to these percentages to more accurately reflect 
the targeted time period of the air quality analysis. (See Table 3130.2 of the AQTAN, 1988). 

7. Pe:n:em Cold at Hot Starts 

V wcle emissions are especially sensitive to the percentages of cold starts within the vehicle 
mix. To a much lesser extent, err:~? :::ns are also sensitive to hot starts. 

The start-up phase is defined as the first 505 seconds or 3.59 miles. A cold start is defined as 
occurrlng after 1 hour of off time for a catalytic equipped vehicle, or 4 hours for a non-cata1ytic 
equipped vehicle. 

For initial estimating pmposes on urban freeways, these percentages are able to be estimated 
with Equation 2 from Section 3140 of the AQTAN (1988). Further, AQTAN Sections 3140, 
6134, and 6221 (1988) contain simplified methods for malcing approximate estimates. 

For initial estimating on non-freeways, cold and hot starts should be estimated·at 95 % and 5 % , 
respectively. 

In non-freeway situations, the range of the percent of cold starts can vary widely. More 
a.ccurate estimates are able to be achieved through a project specific analysis, and may be 
util.ized with apPlopIiate documentation. 

I. Speed 

The vehicle opemting conditions ( speeds, accelerations, etc.) should represent the average 
conditions on the route, or element thereof, during the hour(s) arialyzed. The present and 
projected conditions should be obtained from speed profiles or appropriate traffic models. 
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Surface Roughness affects the mecb:udcal turbulence, thus the dispersion of the pollutants. near 
the ground. Surface roughness is to be 15" of the avcmgc canopy height, and should be limited 
between. 3 and 400 em. As the calcula1ions are not very sensitive to changes in surface 
roughness; genemliy, a rough order of magnitude estimate, based on the predominate land use,. 
is sufficient. . 

10. Mixing Height 

A mixing height of 1000 meters should be. used, bypassing the miiing height algorithm, unless 
the local air district indicates otherwise. . 

11. Wmd Speed 

Unless the local air district indicates otherwise, the wind speeds in Table 4127.1 from the 
AQTAN (1988) may be assumed for estimating pmposes. . 

12. Wmd Diredion 

For estimating pmposes, the ·worst" ~ angle is to be uSed. In order to determine the 
"worst· wind angle, it is necessary to calculate CO levels at the receptor site for a range of 
alternative angles at 10 degree increments. The -worst" wind angle, is the angle, within 1 
degree, which results in the highest CO concentration at the receptor site. -~ 

13. Stability Class 

Stability class describes the potential of atmospheric conditions to disperse pollutants through 
the process of turbulent diffusion. The line source model is not very sensitive to changes in the 
stability class. Unless the local air district indicates otherwise, the stability classes in Table 
4127.1 from the AQTAN (1988) may be assumed for emmating purposes. 
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14. Sigma Theta 

Sigma theta is the standard deviation of the wind direction. With receptors close to the roadway 
and parallel winds (a typical worst case scenario), changes in sigma theta can have a very 
dramatic effect on predicted concentrations. Unless the local air district indicates otherwise, 
the sigma thetas in Table 4127.1 from the AQTAN (1988) may be assumed for estimating 
pmposes. 
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APPENDIX 10 SUMMARY OF GUIDELINES FOR LAND USE ANALYSIS WITH AIR. TOXiCS 

The E1R that considers air toxics as wen as criteria poDutants will ctifi'cr in a few respects from the 
c::omentional EIR, but'the difjl!1'el'laS me critical. The additional analyses will determine what kinds and 
level of mitigation are required and what residual imPact caD1let be eliminated if the project is pursued. 

Substantial'teclmical complexity may be involved in assessing air taxies. Publicat:ions prepared by the 
District and the ARB can be helpful. Assistance with understanding technical aspea.s may be obtained 
from the District. Of necessity. analysis involVmg air toncs will follow the basic approach used in 
preparing a risk assessment. , , 

An outline'listing clements needed for such an approach foDO\W. 

A Desai.pt.ion of the Facility and the Area of Planning Concern 

o 
o 

The usual content provided under the project's "Setting" , 
" Focused description of each operation which may release air taxics including ac::tual 

facility operating hours and release characteristics 

B. Emjssions Sourc::es-a fk,., _ ::ram of all process flows 
idemifying; 

o 
o 
o 

o 

Specific proCesses with a potential for emissions 
Devices associated with emitting processes 
Estimate of number of possible accidental release sites 

valves ' 
flanges 
locations, devices sensitive to seismic events 

All locations of poss.1ble exhaust release locations 

c. Substances Emitted: 

o Quantities expected to be released, from all emission points 
routine releases 
accidental releases, with probability for the causative event 

o How releases take place (source data for modeling) 
o Emission control equipment and its efficiency 

D. Possible ModeliDg Approaches and Requirements: 

o Available and suitable modeling approaches 
o Information requirements for modeJing 

Terrain: Aat, or complex topography 
Degree of urbankation 
Meteorological data available 

E. R.eceptor Data: 

o Particularly sensitive receptor points 
o Commercial receptors . 
o Zone of potential impact defined as an area with a 1 in 2 millic:m risk 
o E'qM'Ked population: size, character (census tracts) 
o ~ of exposure: inhalation, nOD·inhalation 

F. Estimation of Health Risk: 

o Cancer risk analysis 
Individual excess cancer risk for sensitive receptors 
Individual excess cancer risk for commercial receptor 

AlO-l 
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Population excess canc:cr burden including both sensitive and commercial 
receptors 

o Estimation of non-amc::er health effects (if identifiable) and description of non-canc::er 
effects (both chronic:: and acute) for cam air toxic:: emitted 

Planning for air toxics must first establish what emissions may result if the project is c:mied out, 
together with where, how, and when they may be released. The District Engineering staff will need to 
be c::onsu1ted for data estimates The Distrid: ModeIiDg staff can be consulted for emissions estimates 
used in modeling Data must be site- and facilliy- speaSe As noted in Char::,:g risk assessments 
prepared UD.der AS 2S88, when available, are a usefUl starting point for the p . analysis. Sou:n:e 
and smronnding receptor locations must be c:harac::tm= with a partic:ula.r view toward the kind and 
extent of risk whim may resuk from the project. Conventional features sumas terrain, building 
c:harac::teristic:s of SUffOUD.dmgs,. and population distribution and dw:ac::ter are also essentiaL 
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AR0073092 



AR0073093 



AR0073094 



Table 

CONTENTS 
APPENDIX TO CHAPTER 11 

Title 

AU ·1 SUMMARY OF ESTIMATED DAILY EMISSIONS FOR 
CONSTRUCTION, DEMOLITION AND RENOVATION 
AFTER MITIGATION •••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••.. .All-l 

All ·2 SUMMARY OF ESTIMATED DAILY OPERATION-RELATED 
EMISSIONS AFTER MITIGATION .................. _ .......................................... .A11·2 

All - 3 ESTIMATING EMISSIONS AFTER IMPLEMENTATION OF 
MmGATION MEASURES THAT REDUCE EMISSIONS 
FROM STATIONARY OR HEAVY-DIm' ENGINES ................................. .AU-4 

All - 3 - A Emission Factors (H) for Each Criteria Pollutant 
for New Equipment (pounds per million BTUs) ...................................... All-4 

All - 3 - B Emission Factors (I) for Each Criteria Pollutant 
for Original (Removed) Equipment (pounds per million BTUs) ........... All-4 

All - 3 • C Emission Factors (H) for ·Each Criteria Pollutant 
for New Equipment (other units of measure) ........................................... All-S 

All-3·D Emission Factors (I) for Each Criteria Pollutant 
for Original (Removed.) Equipment (other units of measure) ................ All-5 

All - 4 SOURCES OF EMISSION FACfORS FOR QUANTIFYING 
STATIONARY SOURCE EMiSSiONS •.......................... " ................................ .A11-8 

All - 4 - A General Methodology to Determine Emission Reductions. .......................... All-9 

All ·5 METHODOLOGIES TO ESTIMATE EMISSIONS AFTER 
IMPLEMENTATION OF MmGATION MEASURES 
THAT REDUCE VEHICULAR EMiSSiONS ............................................... .All·lO 

AlI- 5 - A Methodology for Vehicle Trip Reduction by Utilizing Substitute 
Motorized Vehicles ..................................................................................... Ail-12 

All- 5- A -1 Data Need for Determining Direct Impacts .. _ ............................................. All-13 

All· 5 - A - 2 Data Need for Determining Indirect Impacts (Addition of 
New Average Daily Nonwork Trips) ~ ............... __ ..................................... Al1-13 

All - 5 - A - 3 Data Need for Determining Indirect Impact (Addition of 
New Average Daily Work Trips) ............................................................... A11-14 

All- 5 - A - 4 Trip Dependent Input Assumptions-Measures for Vehicle 
Trip Reduction by Utilizing Substitute MOloz:i2ed Vehicles. ................. All-15 

AU-i 

AR0073095 



Contents. Appendix to Chapter 11 (continued) 

Table 

All-S-B 

All-S-B-I 

All- 5 - B - '2 

All-5 - C 

All-5-C-I 

All- 5 - C· '2 

All-5-D 

All-5-D-I 

All-5-E 

All-5-E-I 

All-5-E-'2 

All-S-E-3 

All-5-E-4 

All- 5 - E- 5 

All-5-F 

AlI-S-F-1 

Title 

Metbodology for Vehicle Trip Reduction by Eliminating a Trip 
Altogether or Utilizing a Substitute .Non-Motorized Mode ....• _ •.......... All-'24 

Data Need for Determining Direct Impacts ....•....................................•........ All-25 

Trip Dependent Input Assumptions-Measures for Vehicle Trip 
Reduction by Eliminating a Trip Altogether or Utilizing 
a Substitute Non-Motorized Mode ...... _ .• ____ ............................... _ ..... AlI-'25 

Methodology for Vehicle Miles Traveled Reduction 
(VMT Reduction) _ ............... _ ...... __ ........................................... A11-34 

Data Need for Determining Direct Impacts {Reduction in 
Average Trip Length .............. _ .......................... __ ..................................... All-34 

Trip Dependent Input Assumptions (E) Measures That Reduce 
Vehicle Miles Traveled Without a Decrease in Vehicle Trips· ......... ~ .......... All-35 

Methodology for Average Vehicle Ridership Improvement 
- (increased A VR) ......................................................................................... All-38 

Average Vehicle Ridership Dependent Data Needed to 
Determine Direct Impacts (ReduCtion in Cars Arriving at 
the Project Site) ........ _._ ......................................................................... All-40 

Methodology to Determine Impact of Pricing Structur·~es:o-. _____ All-42 

Data Need for Determining Direct Impacts (Removed Average 
Daily Trips From Original Average Daily Trips) .......... ; ......................... All-4'2 

Data Need for Determining Indirect Impacts (Addition of 
New Average Daily Nonwork Trips) .. _ ... ~ ............................................... Al1-42 

Data Need for Determining Indirect Impact (Addition of New 
Average Daily Work Trips} ........ _ ........................ __ ....................... AII-43 

Data Need for Determining Direct Impacts (Removed Trip Length 
From Original Trip Length) (Causing Reduction in VMT) •.•....•.......... All-44 

Price Dependent Inpu.t Assumptions to Determine Direct 
Impacts (Reduction in ADT) ............................. ~ ....................................... All-44 

Methodology for Reduced Congestion (Increased Number of 
Vehicles With Improved Speed) ....... _ ...... _ ........................................... All-46 

Relationship Between Trip Speed and Number of Vehicles 
(Road Capacity) Passing a Certain Point in One Hour, 
By Road Type ..................... __ ....... __ .. _ ......... _ ................. _ .....• _ ............ All-46 . 

AR0073096 



/-~ 

Contents. Appendix to Chapter 11 <continued) 

Table 

All-5- G 

All- 5 - G-1 

All- 5 - G - 2 

All- 5 - G - 3 

All-5- H 

All-5-H-l 

All-5-H-2 

All-5-H-3 

All-5-H -4 

All- 5 - H - 5 

AIl-5 - H - 6 

All- 5 - H-7 

All- 5 - H - 8 

All-5-H-9 

All-5-H -10 

Title 

Methodology for Reduced Number of Gasoline-Fueled and 
Diesel-Fueled Vehicles WiEh Increased Number of 
Alternate-Fuel-Fueled Vehicles ................................................................ All-4B 

Alternate-Fuel-Fueled Vehicle Penetration Schedule, 
Passenger Vehicles or Vehicles With Gross Vehicle 
Weighl c;>f 6,000 Pounds or Less ............... _ ........................................ _ .......... A11-4B 

Alternate-Fuel-Fueled Vehicle Penetration Schedule .................................. All-49 

1993 - 1998 Alternate-Fuel-Fueled Vehicle Emission Factors .................... All-49 

Emission Factors for Estimating Bus Emissions. .......................................... All-SO 

EMFAC7EP Emission Factors, 
for Buses or Multi-Person Vehicles CY 1991 ............................. All-51 

CY 1993 .......................•..... A11-52 

CY 1995 ••••• _ •••••••••••••••••••••• A11-53 

" II CY 1997 ............................. A11-54 

CY 1999 ............................. Al1-55 

CY 2OO1 ..••.......•.••.•.••.••••..•. A11-56 

CY 2003 •••••..••.••••••••••.•••.•••. A11-57 

CY 2005 ............................. A11-58 

. .. CY 1!X17 ............................. A11-59 

C¥ 2009 ............................. A11-60 

All- 5 -I Estimating Emissions From TCM Packages ................................................. All-62 

A11-6 ESTIMATING EMISSIONS AFTER IMPLEMENTATION 
OF MmGATION MEASURES THAT REDUCE EMISSIONS 
FROM PETROLEUM PRODUCTS FUELING ACTMTIES .................. .A11-68 

All- 6 - A Dispensing Emission Factors for Various Fuels ........................................... All-68 

AU·7 . ESTIMATING PROJECT·RELATED AVERAGE VEHICLE 
RIDERSHIP OR OCCUPANCY AFTER THE 
IMPLEMENTATION OF VARIOUS MmGATION 
MEASURES (Based on District Regulation XV) ......................................... .AU.70 

AU - 8 ESTIMATING EMISSIONS AFTER IMPLEMENTATION 
OF MmGATION MEASURES THAT REDUCE 
EMISSIONS FROM MOBILE EQUIPMENT ............................................. .Al1-72 

All-iii 

AR0073097 



Contents, Appendix to.Chapter 11 (con tinned) 

Table Title 

All-8-A Emission Factors (H) for Each Criteria Pollutant for 
New Mobile Equipment ........................................... _ .......................•....... AII-73 

All - 8 - B Emission Factors (J) for Each Criteria Pollutant for 
Original (Removed) Equipment ........................................................•....... AII-73 

All- 8 - C Emission Factors (J) for Each Criteria Pollutant for 
New Mobile Equipment ........................ ~ ...................................................... Al1-73 

All - 8 - D Emission Factors (K.) for Each Criteria Pollutant for 
Original (Removed) .Mobile Equipment ..... _ .......................................... All-74 

All- 8 - E Typical Load Factors, etc:. for Mobile (Off-Road Equipment) ................... All-75 

All ·9 ESTIMATING EMISSIONS AFTER IMPLEMENTATION 
OF MITIGATION MEASURES THAT REDUCE PMIO 
EMISSIONS FROM CONSTRUCTION ACTMTIES ........•..................... .A1l-76 

All - 9 - A Control Efficiency of PMI0 Mitigation Measures ................•....................... All-77 

All - 10 ESTIMATING ASBESTOS EMISSIONS AFTER 
IMPLEMENTATION OF MITIGATION MEAsURES ................ ~ ............ .A1I-& 

All- 10 - A Input Assumptions for Fiber Counts .............................................................. All-82 

All-I0 - B Environmental Impacts Nationwide Asbestos Emissions From 
Demolition and Renovation .............................. · .....................•..........•...... :.AII-83 

All - 10 - C Environmental Impacts Nationwide Asbestos Emissions From . 
Milling, Manufacturing and Fabrication ................................................... AII-83 

All -11 ESTIMATING EMISSIONS AFTER IMPLEMENTATION 
OF MITIGATION MEASURES THAT REDUCE EMISSIONS 
FROM ELECTRICm USAGE ..................................................................... .A1l-86 

All-U- A Remaining (New) Electricity Consumption in 
Residential, Commercial and Industrial. Sectors ..................................... All-87 

All • 12 ESTIMATING EMISSIONS· AFTER IMPLEMENTATION 
OF MITIGATION MEASURES THAT REDUCE EMISSIONS 
FROM NATIJRAL GAS USAGE ....................•. _ ............................................ .A1l-90 

All-12 - A Source Categories (P) of Post-Mitigation (New) Natural Gas 
Use in Residential, Commercial and Industrial Sectors. ................. _ .... ~All-91 

All -13 ESTIMATING EVAPORATIVE EMISSIONS FROM ARCHITEClURAL 
COATINGS AND BUILDING MATERIALS 
AFTER IMPLEMENTATION OF MmGATION 
MEASURES THAT REDUCE EMISSIONS FROM 
COATINGS AND SPRAY EQUIPMENT ...................................................... .A11·94 

AR0073098 



Contents, Appendix to Chapter 11 (continued) 

Table 

All-13 - A 

All-13 - B 

Al1-13- C 

Al1-13-D 

All-13-E 

BIBLIOGRAPHY 

TItle 

Dry Film Thickness ..........•.•........•.................•........•.....•.•...............•....•...•....•.... A11-94 

Transfer Efficiency Fractions ........................................................................... Al1·95 

Emissions of Volatile Reactive Organic 
Compounds (ROC) From Architea.ural Coatings 

(65% Transfer Efficiency) ................................. _ ....................................... A11-96 

Emissions of Volatile Reactive Organic 
Compounds (ROCs) From Architectural Coatings 

(100% Transfer Efficienc::y) ........................................................................ Al1·97 

Estimating Surface Area To Be COated ...•...•.... _ ........................................... A11-98 

____________________ ..... ____ ..... ________________ ....-Al1~ 

All-v 

AR0073099 



TOPIC GROUPINGS 
FOR TABLES IN THE APPENDIX TO CHAPTER 11 

For Tables on These Topics 

SUMMARY TABLES __ .•.• __ ........ __ .. _ .. ____ . __ ._ ...... _ .......... __ ..... __ ...... ___ ....... AII-I 

ESTlMAl1NG STA110NARY EQUlPMENTEMISSIONS AFTER 
IMPLEMENTA110N OF MmGA110N MEASURES .. _____ • ____ •• __ ... _AI1-3 

ESTlMAl1NG EMISSION REDUcnONS FROM MITlGA110N 
MEASURES FOR WHICH METHODOLOGY IS NOT iNciUDED__ A 11-7 

ESTlMAl1NG VEHICULAR EMISSIONS AFTER IMPLEMENTA110N 
OF MlTlGATION MEASURES THAT REDUCE TRIPS BY 
rmu.ZING SUBSTITUTE MOTORIZED VEHICLES..... ____ .All-11 

ESTIMATING VEHICULAR EMISSIONS AFTER IMPLEMENTATION 
OF MlTlGA110N MEASURES THAT REDUCE TRIPS BY 
EUMlNATlNG A TRIP ALTOGETHER OR UTIUZING A 
SUBSTITUTE NON·MOTORIZED MODE • ___ .................................................... _ ••• All-23 

ESTIMATING VEHICULAR EMISSIONS AFTER IMPl.EMENTATION 
OF MITIGATION MEASURES THAT REDUCE 
"VEHICLE MI1.ES TRA'VELED ... _ ........... __ .. __ .... __ ._ ............... ___ .......... All-33 

ESTIMATING VEHICULAR EMISSIONS AFTER IMPLEMENTA110N 
OF MlTlGATION MEASURES THAT IMPROVE 
AVE.RAGE VEHICLE RlDERSHlP .. _ ...... __ .... _._ ............................... _ ....................... A11-37 

ESTIMATING VEHICULAR EMISSIONS AFTER IMPLEMENTATION 
OF MITIGATION MEASURES THAT RELY ON 
PRICING STRATEGIES ................. __ ........................................ _ ....... __ ..... __ .............. All-41 

ESTIMATING VEHICULAR EMISSIONS AFTER. IMPLEMENTATION 
OF MmGATION MEASURES THAT REDUCE CONGESTION 
AND IMPROVE SPEED WITH INCREASED NUMBER OF VEHICLES . __ ... A11-45 

ESTIMATING VEHICULAR EMISSIONS AFTER IMPLEMENTATION 
OF M1TlGATION MEASURES THAT REDUCE THE USE OF 
GASOUNE-AND DIESEL-FUELED VEHICLES _________ .All-47 

EXAMPLEs OF EMPLOYERS WHO HAVE IMPLEMENTED SUCCESSFUL 
MmGATION PROGRAMS THAT INVOLVE PACKAGES OF 
TRANSPORTATION DEMAND MANAGEMENT INCENTlVES ________ A11-61 

ESTIMATING EMISSIONS FROM REDUCTlON IN PETROLEUM PRODUCTS 
PUMPED AT SERVICE STATIONS AFTER-IMPLEMENTATION 
OF M1TlGATION MEASURES... ______ .... _ .• ____ .Al1-67 

ESTIMATING AVERAGE VEHICLE RIDERSHIP.APTER. IMPLEMENTATION 
OF M1TlGATION ME.A.SURES .... - ............................................................................ _ ......... A 11-69 

All-vii 

AR0073100 



TOPIC GROUPINGS FOR TABLES, APP. TO CH. 11 (continued) 

For Tables on These Topics 

ESTIMATING MOBlLEEQUIPMENT EMISSIONS AFTER 
IMPLEMENTATION OF M1T1GATION MEASURES •. __ . ____ ..... __ .......... _ ......... _ •. A11-71 

ESTIMATING ASBESTOS EMISSIONS AFTER IMPLEMENTATION 
OF MITIGATION MEASURES 

ESTIMATING EMISSIONS FROM HOUSEHOLD ELECTRICITY 
CONSUMP110N AFTER IMPLEMENTATION OF 
M1T1GATION MEASURES_ .......... .. 

ESTIMATING EMISSIONS FROM HOUSEHOLD NATURAL GAS 
CONSUMP110N AFI'ER IMPLEMENTATION OF 

• A 11-81 

____ . A 11-85 

M1T1GATIONMEASURES_.. _ ...................... _. __ .AIl-89 

ESTIMATING EMISSIONS FROM COATINGS.AND SPRAY . 
EQUIPMENT AFTER IMPLEMENTATION OF 
M1T1GATION MEASURES______ ... _ ...... __ ..... __ A11-93 

(TOCCHI1A) 

All-Wi 

AR0073101 



TABLE All-l . 
SUMMARY OF ESTIMATED DAILY EMISSIONS 

FOR CONSTRUCTION, DEMOLITION & RENOVATION AF IER MITIGATION 

pR.OmCT NAME: 

PREPARED BY: DATE: 

All-1 

AR0073102 



PRomer NAME: 

PREPARED BY: 

TABLEAll-2 
SUMMARY OF ESTIMATED DAILY 

OPERATION-RELATED EMISSIONS AF lER MITIGATION 

DATE: 

AR0073103 



o 

o 

o 

o 

TABLES FOR ESTIMATING STATIONARY EQUIPMENT EMISSIONS 
AFTER IMPLEMENTATION OF 

MITIGATION MEASURES 

Mitigation Measures 
That Reduce Emissions Associated With 

Gasoline- and Diesel- Powered Stationary Equipment 

Replace Gasoline- and Diesel-Powered Stationary Equipment With Natural-Gas
Powered Stationary EQuipment; 
Replace Gasoline- and Diesel-Powered Stationary Equipment With LPG (Propane 
and'Butane )-Gas-Powered Stationary Equipment; or, 
Replace Gasoline- and Diesel-Powered Stationary Equipment With Battery
Powered Stationary Equipment; and/or 
Replace Reciprocating Stationary Engines with Turbine Stationary Engines. 

AU-3 
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TABLEAII-3 

ESTIMATING EMISSIONS AFfER IMPLEMENTATION OF 
MmGATION MEASURES THAT REDUCE EMISSIONS FROM 

STATIONARY OR HEAVY-DUTY ENGINES 
(pounds Per Day) 

M=R+N 

Where, 

M == Mitigated Stationary Equipment Emissions After Implementation of Mitigation Measures 
(Use Table A9 - 3 to Estimate Non-mitigated Emissions from OrigiNzl Sttltionmy Equipment) 

R == Remaining or Residual Non-mitigated Emissions From Remaining Original Equipment 
== {[E x (1 - {FIG})]; Where, 

E Non-Mitigated Emissions from Table A9 - 3 
F == Number of Remove4 Original (and Replaced with New) Stationary Equipment 
G == Number of Original Stationary Equipment 

(Used to Estimate Non-M"aigated Emissions (E) in Table A9 - 3 of Appendix 9) 

N == New Emissions per Million BTUs From Replacement Equipment 
== {V x (HfI)}; Where, 

V == Emissions from Removed Original Equipment 
:: [(Ex {FIG}] 

H :: New Emission Factor Per Million BTUs" For New (or RepI4ced) Equipment 
(Please see Table All- 3 - A or C); 

I == Emission Factor per Million BroS For Original Equipment 
(Please see'TableAll- 3 -B or D) 

.... BTUs == British Thermtd Units 

TABLE All - 3 - A 

Emission Factors (H) for Each Criteria Pollutant for New Equipment 
(Pounds Per Million BTUs) 

Pollutant Type 
Fuel Type ......... 

Natural Gas (Methane) 

Natural Gas (Methane) 

co ROC NOx 
R T R T R T 

(industrilll/Commercial Type) 
1.267 0.815 1.365 
1.267 0.815 1.365 

(Cogeneration Type) 
0.4095 0.1095 0.079 0.012 3.2381 03933 

(Turbine Aircraft Type Engine Testing) 
0.1143 0.0066 0.2857 

SOX 
R T 

PMI0 
R T 

0.003 0.025 
0.003 0.025 

0.0006 0.0006 0.0048 0.0067 

0.0006 0.0067 

............... Electricity generation engine type: R == Reci.prC"!!C"3ting; and T == Turbine 
If unknown, use emission factors for reciprocating engines 

TABLEAlI- 3 - B 

Emission Factors (I) for Each Criteria Pollutant for Original (Removed) Equipment 
. (pounds Per Million [1,000,000] BTUs) 

ponutant Type CO ROC NOx SOX PMI0 
PuelType ............. R T R T R T R T R T 

Distilled on. or Diesel 0.735 0.11 0.23 0.034 338 0.49 0.225 LOI 0.12 0.018 

Gasoline 34.26 -- 1.28 0.89 0.046 0.028 
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TABLE All ·3 • C 

Emission Factors for (H) Each Criteria Pollutant for New Equipment 
(The following emission factors should be converted to emissions per nilllion BIDs» 

Pollutant Type CO ROC . NOx SOX PMI0 
Fuel Type ••••• R T R T R T R T R T 

(Powuis/Megawatt-Hours 1ij and [2]) 
Electticity 0.2 .0.01 1.15 0.12 0.04 
Dual Fuel (Oil/Gas) 7.9 2.0 24.14 0.94 1.48 

(Pouru:Is/One ~fJNi (l,()()()] GtdJons) 
Propane 129.0 83.0 139.0 0.35 25 
Butane 129.0 83.0 139.0 035 25 

(PowuisjM"UJion [1.()()(),()()(J] Cubic Feet) 
Process Gas· 83.0 
Landfill Gas 

(Cogeneration Type) 
Natural Gas (Methane) 430.0115.0 82.9 ll6 3,400.0 413.0 0.6 0.6 S.O 7.0 

(Turbine Ain:Taft Engine Testing) 
Natural Gas (Methane) -- 120.0 69 300.0 0.6 7IJ 

[1] When using emissiollS factors expressed in megawatt-hour, they should be adjusted using efficiency 
factors "S. from Table A9-3-C. 

[2] For generators, When using emissions factors expressed in megawatt-hour, they should be further 
adjusted using efficiency factor "U" from TableA9-3-C. 

525 BTUs per cubic feet of process gas 

TABLE All - 3 - D 

Emission Factors for (I) Each Criteria Pollutant for Original (Removed) ~uipment 
(The following emission factors should be converted to emissions per million BTIls) 

[1] and [2] 
[s] 

See explanation given under Table All- 3 - C 
Percent sulfur content of the fue1. (Please see Rule 431.2 for the llpp/icQb/i project mlllted fuel 
sulfur CIJ1IUmt fllCtor, Iznd muJdply 14().O with (s] to obtllin projecJ: mlllted SOX emission fflCtOr. ) 
Electricity generation engine type: R = ReciprocatiDg; and T :: Turbine ......... 
If unkno'Wll, use emission factors for reaproc:ating engines 
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TABLES FOR ESTIMATING EMISSION REDUCTIONS FROM MITIGATION 
MEASURES FOR WHICH A METHODOLOGY IS NOT INCLUDED 

All-? 
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TABLEA11·4 

SOURCES OF EMISSION FACfORS 
FOR QUANTIFYING STATIONARY SOURCE· EMISSIONS 

SCAQMD's Best Available Control Tecimologies Guidelines should be Consulted for Mitigating Emis.s1ODS 
from Stationary Equipment. 

1. California Air Resources Board, 1988, Inst.mdions for the Emission Data System Review and Update 
Report. January 1988. 

2. United States Environmental Protection Agency, 1981, Cmppilation of Air Pollution Emissign factors. 
April 1981. 

3. United States Environmental Protection Agency, 1979, Compilation of Air PoJJution Emission flcmrs -
AP - 4Zo Sec. 6.13.1, Supplement 9, July 1979. 

4. United States Environmental Protection Agency, 1973, Air Pollution Engineering ManuM May 1973. 

s. Uuited States Environmental Protection Agency. 1987, Estimating ReleaseS and Waste Trrotment 
Efficiencies for the Toxic QmmiW ReJww: Inventory Form, December 1987. 

6. United States Environmental Protection Agency, 1988, Toxic Air Pollutant Emi§sm Factors - A 
Cgmpilation For Selected Air Toxic fmppmmds Apd Sowc;.es. October 1988. 

7. 

8. 

9. 

lQ. 

11. 

12. 

Umted States Environmental Protection Agency, 1988, Gap Filling PM1Q Emigim FActors for 
$elected Open Area Dpst Sources, March, 1988. 

United States Environmemal Protection Agency, 1988, Cnntrol of Qpen Fugitive Dust sOurces, 
September, 1988. 

Uuited States EnvirOnmental Protection Agency, 1991, NonRood Enmne and Vehicle EmiWon Study, 
November, 1991. 

Uuited States Environmental Protection Agency, 1985, Assyssment of BeaU-Duty Gasoline and Diesel 
VebidYS in Qilifomia· population and Use Patterns, Prepared in July 1985 by Yuji Borie, and Richard 
Rapoport of Pacific Environmental Services, Inc., July, 1985 (Contract Number A2-lS.5-32). 

SCAQMD's Rnls;; and Rqmlations 

SCAQMD's staff reports (the most recent) for applicable source specific mles. 

• Many of these sources also include emission factors for mobile equipment uv1ized at stationary sources 

Note: These sources are awilable at the District library loated at 2186S Copley Drive in. Diamond Bar, 
California 91765. 
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TABLEA11-4-A 

GENERAL. METHODOLOGY TO DETERMINE EMISSION REDUcrIONS 

(Table for estimating emissions from mitigation measures for wlzidl. 
a methodology is not inclut1ed in Appendix 11) 

REMAINING ORIGINAL EMISSIONS 
AFTER 

'TIlE IMPLEMENTATION OF MmGATION MEASURE 
= {[Nonmitigated Emissions] x [1 - ( {# of Source Removed} / {# of Original Source} )]} . 

or 
= ·{[Nonmitigated Emissions] x [(# of Remaining Source)/(# of Original Source)]} 

EMISSIONS REDUcrION FROM THE IMPLEMENTATION 
OF 

MmGATION MEASURE . 
= {[Nonmitigated Emissions] - [Post-Mitigation Remaining Original Emissions]} 

PERCENT REDUCTION FROM THE IMPLEMENTATION 
. OF 

MITIGATION MEASURE 
{[lOOx (Emissions Reduction After Mitigation)]/[Nonmitigated Emissions]) 

All-9 
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TABLEAll-S 

:METHODOLOGIES TO ESTIMATE EMISSIONS AFI'ER 
IMPLEMENTATION OF MITIGATION MEASURES THAT 

REDUCE VEHICULAR EMISSIONS 

Implementation of mitigation measures will have direct impacts on emissions from on-road mobile sources. 
These direct impacts may be expressed as increases in average vehicle ridership (A VR). reductions in average 
daily trips., trip lengths, or rongestion. It is assumed that indirect impac:::ts may include a slight increase in 
ncmwork trips and increased work trips by substitute traveling modes and ac::tMties. . For example the 1991 
AQMP projects thai: employer trip reduction programs, may result in an approximate 5% increase in nonwork 
trips. Nevertheless, there will be an overall benefit from these strategies. In addition, whenever a methodology 
for caJcnJat;ng reactive orgaDic: gases includes removal of diumal emissions, they are also added back, as a 
vehicle still emits ROC emissions when not in use. Separate methodologies are provided in this table to 
estimate net emissions after implementation of a mitigation measure. 

MITIGATION MEASURES THAT REDUCE TRIPS 

Tables AlI- 5 - A and All- 5 - B identify mitigation measures that reduce vehide trips to or .from a facility. 

Table All • 5 - A includes measures that reduce vehicle trips by shifting the mode of trimsportation from a 
single occupacy vehicle to a high oc::cupancy vehicle. While emissions are reduced from eliminating a trip, new 
emissions are created by utilizing a motorized vehicle for the substitute trip. Therefore, the entire range of 
emissions assoc:iated with the replacement mode must be factored added back in. Examples include measures 
that increase carpooling. transit ridership, or shuttieservic::es. 

Table All - 5 - B includes mitigation measures that reduce vehicle trips by eliminating the Deed to travel 
altogether or sbiftiDg the mode of transportation from a single ~ vehicle to a non-mot.orized mode. 
These mitigation measures eliminate emissions from a vehicle trip with DO trip (I.e':' telecommuting, altemative 
work weeks). or a non-ernitting mode (ie., bicycling, walking). 

NON-MITIGATED EMISSIONS 

To determine net emissions after implementation of mjtigation measure, an methodologies will begin with non
mitigated emissions. Non-mitigated emissions are obtained by using Table A9 - 5 of Appendix 9. The fonowing 
summarizes how these emissions were estimated. 

A == Total Non-mitigated Vehicular Emissions == W + X + Y + Z; 

where, 

W == Non-mitigated Average Daily One-way Trips x Multiplier (Use 2.0 to obtain two-way or round 
trips, otherwise mWiply by LO) :It Original Trip leagth:lt RmmiDg Emiscion Factors 

X == Non_mitigated Average Daily One-way Trips X Multiplier (Use 2.0 to obtain two-way or round 
trips, otherwise mWiply by 1.0) x Start-up Emission Factors 

Y == Non-mitigated Average Daily One-way Trips :It Multiplier (Use 2.0 to obtain two-way or round 
trips. otherwise muliply by 1.0) :It Hot-Soak Emission Factors. (only ROC) 

. Z =Non-mitigated Average Daily TripsfDivider (Use 2.0 only for two-way or round trips, otherwise 
divide by 1.0) x Diurnal Emjsgjon Factors. (only ROC) 
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TABLES FOR ESTIMATING VEmCUlAR EMISSIONS AFfER 
TIlE IMPLEMENTATION OF MITIGATION MEAsuREs 1HATREDUCE 

TRIPS BY UTIUZING SUBSTITUTE MOTORIZED VEHICLES 

Mitigation Measures 
That Reduce Emissions Associated With 

Reduction in Average Daily Trips With an Increase in Vehicle Miles Traveled by 
Substitute Vehicles . 

Establish or Com:ribute to Shuttle Service from Residential Subdivisions to or Non-Residential 
Developments to Rail or Multi-Modal Transit Stations 
Establish or Com:ribute to Shuttle Service from Residential Subdivision to Commercial Core Areas 
Require Retail and Spedal Event Centers to Offer Consumers Travel Iw::entives (Discoumed or Free 
Transit Passes to Clients, Discounts on Purchases for Transit Riders. and Other Promotional Events) 
Provide On-Site Bus and Shuttle Turnouts. Passenger Benches, and Shelters or Contribute to Off-Site 
Improvements 
Provide Preferential Pax-mag Spaces for Carpools and Vanpools 
Develop a Trip Reduction Plan to Achieve a 15 A VR or Higher for Multi-Tenant BuildiDgs or 
Businesses with Fewer than 100 Employees 
Include Residential Units W'ltbin Commercial Developments or ContribUte Towards Its Developmem 
Off-Site 
Require Retail Facilities and Special Event Centers to Offer Transit Incentives (e.g., Disco1mted or 
Free Transit Rides, Discounts on Pmdlases or Admission for Transit Riders) 
Implement or Comribute to Public Outreach and R.idesharing Education Programs 
Employers Provide Employees Incentives for Ridesbaring or Charge for Single Occupant Vehicles to· 
Encourage Rid.esbarirag 
Charge to Park for Non-Employees or PrcMde Discounts to High O<:c:upanc:y Vehi,cles 
Require Future Employers Not Subject to Regulation XV to Provide Cen.tta1ly Located. Commuter 
Area OfferiDg Information on Trausportation Ahematives 
Reduce Employee Parking Spaces for Those Employers Subject to Regulation XV 
Contribute to Regional Transit Systems (e.g., Funding for Capital Improvements, Dedication of Right-
of-Way) . . . 
Implement a Trip Reduction Plan to Achieve a 15 A VR or Higher for Constmc::tion Empl~ 
(ConstmcOOn Activities) 
Establish or Contribute to Shuttle Service to and From Construction Sites to Retail and Food 
Establishments During Lunch Hours (Construction) 

All-ll 
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TABLEA11-S-A 

METHODOLOGY FOR VEHICLE TRIP REDUcrION 
BY UTIUZING SUBSTITUTE MOTORIZED VEHICLES 

ThiS methodology calculates net emissions after implementation of mitigation measures that reduce vehicle 
trips, however substitute vehicle trips cause an inc::rease in vehicle miles traveled. While a vehicle trip is 
eliminated. the mode shift to a high oc:cu.panc:y vehicles i.e., buses. c:arpools, shuttles, result in an incremental 
inc::rease in VMT and emissions. Diurnal emissions need to be added because a vehicle still emits emissioos 
sitting in a c::arport or garage. 

N == {[{(Ax {l-(C/BU)] + ({CfD} xQ) + {R + S} + {X}]/[454]} + {I} 
Where, 

N ... Net Emissions In Pounds Per Day After Implementation of Average Daily Trip (ADT) 
Reduction Measmes . 

A .... Total Non-mitigated Vehicular Emissions 
(Resulted from Tilble A9.- 5 or Appendi% 9 MetJwdologies);M. 
= (A x {l-(C/B]}) of the above caJadations; Residual Emissions of the above calculations, if 
emissionredudions caused by other mitigation measures are reduced. 
(Resulted from Tilble All - 50rAppendi% 11 Methodologies). 

B -. Total Original Number of Average V chicle Trips Generated By the Project 
(Trips used to est.imIIte villue for '!A" in Tilble A9 - 5 from Appendix 9 Methodologies) 
To estinuzte ADT 1'r!Iiuced due to the participation in Trip Reduction program, Use ·Tllble A9 - 5 
MethodologiesfromAppendi% 9, and the NeededDatafrom TllbleAl1- 5 -A -1. 

e == Number of Trips Reduced from the Original Work Site after Implementation of the Mitigation ~ 
Measure 
(See Table All - 5 - A - 4 for methodologies to calc:u1ate .C' that ~ specific to individual 
mitigation measures 
To estimate diurnal emissioos associated with trip reduction 

D· == 20, if non-mitigated vehicular emissioos were for 2-way or round trips; or 
... l.Ot if DOn-mitigated vehic:olar emissions were for l-way trips 

Q ... EMFAC7EP Diumal Emission Factors (Applktzble only to ROC) in grams per NOV. 
P1use estimt.Ite l'UI'Ufing ez1umst. nm:rdng evapo1'tllive, stmt-flP, and hot SOtlk emissions for the 
following modes. (Also estimate diunuzI emissions for all repllll:ement modes Le., R, Sand x.) 
To Estimate Emissions Assodllted with the Following Trrwel Modes, Use Tilble A9 - 5 
Methodologies from Appendix 9 and the Needed Data from Ttzble All - 5 - A - 3-

R = Replacement or Additional Emissions in grams per day A,ssociated with Employees Traveling 
in Personal Cars (reduced from original work trips) to other work sites with shorter traveling 
distance, or to or:ipal work sites work with improved A VR. (If DOt applicable to your project, 
enter O.O);..IWU.m 

. S ::: Replacement or Additional Emissions in grams per day Associated with Employees Traveling in 
Buses to other work sites with shorter traveling distance, or to original work sites with improved 
A VR. (If not applicab1e to your project, enter o.O);..mJL2r Any other ttaveliDg mode 
To Estimate Emissions Assod«ed with RepUzcement Trips to Other Work Sites with S/w1teT 
Tmveling DistImce or to OrigiMl Work Sites with ImpnwedAlI:R, Use TtzbleA9 - 5 Methodologies 
from Appendix 9 mad the ApJllOpNzt.e Data from Tilble All - 5· A - 2. 
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x = Replacement or Additicmal Emissions in grams per day Associated With Employees Traveling in 
Personal Cars to other work sites with shorter traveling distance. Please estimate an (rm:miug 
exhaust and evaporative, start-up, and hot soak emissions and do Dot estimate diumaJ emissions 
associated with these trips (If not applicable to your projec4 enter 0.0). 
To EstinuzteEmissions Associllted with Nonwork Trips Mtlde by the Persontd Vehicles of Home
blued employees, Use Table..4.9 - 5 Methodologies from Appendix 9 tmd the Needd. Data from 
TA.BLEAI1-J-B. 

I == Non-Work Related Emissions in pouuds per day A,ssOOalJ"d with use of Reduced Cars for 
personal trips; (If Dot applicable to your project, enter 0.0); 
= [(BxDxExFxH)/(454)]; 

Number of Vehicles Reduced After Implementation of Mitigation Measure = (L-
0) 

D = 0.05; FIVe percent of ears reduced and used for .personal travel such as home to 

E 
other or shop travel. . 
Number of Trips per Vehicle per Day (For Round-trip Use 2, tmd One-way Trip Use 
1) 

F = Trip Length fur Home to Shop or Home to Other 
H == Running EmisslOD Factors In Grams Per Mile At New Speed (based on New 

Speed for the Non-work Trip). 

TABLE All - S - A-I 

DATA NEED FOR DETERMINING DIRECT IMPACTS 

Impacts Data Need At Home Other Work Site 

Reduced Work Trips 
11 of Employees Partic:ipatiDg Per Day 
# of Days of the Week 
Average Daily Trip RatejEmployee 

TABLEAll- S-A-2 

DATA NEED FOR DETERMINING INDIRECT IMPACfS 
(ADDmON OF NEW AVERAGE DAILY NONWORK TRIPS) 

Impacts Data Need At Home Other Work Site 

Added Nonwork Trips 
# of Employees ParticipatiDg Per Day 
/I of Days of the Week 
Average Daily Trip RatejEmployee 
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TABLE All .. 5 .. A .. 3 

DATA NEED FOR DETERMINING INDIRECr IMPACt 
(ADDmON OF NEW AVERAGE DAlLY WORK TlUPS) 

Impaas Travel Modes 

Added 
Work 
Trips 
By 
Vehicle 
Type 

o Cars or 
Motorc:ydes 
(See Ta ... 
A,9-5-J,L 
uciNf. 
Emissioa Factors) 

o Buses 
(See TaWe 
All-S-Rfar 
Emlssioo Factors) 

o Shuttles 

DuaNced 

:# of Employees 
participa1iDg per Day 
:# of Days of the Week 
Average Daily Trip 
Rate/Employee 
A~ Trip Length 
Average Speed 

:# of Employees 
Participa1iDg 
per Day 
:# of Days of the Week 
Average Daily Trip Rate 
per Employee 
Average Trip I.eDgtb. 
AverageS~ 

:# of Employees 
ParticipatiDg 
per Day 

:# of Days of the Week 
Average Daily Trip Rate 

Per Employee 
Average Trip I.eDgtb. 
Average Speed 

All-14 
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TABLE All· 5 - A - 4 

. TRIP DEPENDENT INPUT ASSUMPTIONS 
MEASURES FOR VEHICLE TRIP REDUcnON 

BY tITlLIZING SUBSTITUTE MOTORIZED VEHICLES 

Mitigation measures for whic:b, 
C == Kx(LfM) xOx2 

Where, 

C == Number of Trips Redw::ed from the Original Work Site after Implementation of the 
Mitigation Measure 
(See TabieAll- 5 -A methodt:iIogy to use ore") 

K == Number of employees anticipated to Participate in Trip Reduction mitigation measure 
per day 

L Number of Days per Week Employees ~ Participate in the Mitigation Measure 
(BtlSed on 5-dIry W01k week IlSSUmption) 

M == Number of Days per Week for which Work Trips are Estimated in Appendix 9 
o == Number of Daily Trips per Worker 

(Use 11A Report or ITE Manutd 5th Edition or Table A9 - 5 - A - 2 or lISsume 1.26 
trlps/WOl'ko) 

Mitigation Meamre 

Trip reduction plan to 
achieve a 1.5 A VR 
for construction employees 

Preferential parking spaces 
for carpools and wnpools 
and provide a minimum vertical 
clearance of 7T in parking 
facilities to permit acx.ess 
townpools 

Provide on-site bus transit 
stops with turnouts, passenger 
sheJters, or benches to 
encourage use or contribute 
to off-site development 

Range of 
Input Assumptions 

Emission Source K J,. 

Work Trips 
Construction 

Work Trips 

Work Trips 

1-5% 1-2 

1-5% 1-2.5 

1-5% 1-2.5 

AU-IS 

Favorable Factors 

Large construction site 
with a substantial pool of 
workers with long 
construction phases and 
limited parking in staging 
area or vicinity 

Large employers that 
must draw from regicm.al 
employment base that 
resuks in significant 
commutes.. Employers of 
~OOO+ best for vanpool 
results. Worksites in 
dense, urban CBDs 
where parking demand 
exceeds supply and 
transit alternatives are 
not readily available. 
Parking pricing that 
provides disc:om:ats to 
HOVs, bus stop location 
no more than ~OOO feet 
from employee entrance. 
Free or reduced 
tr.m.sit: fare passes. 

AR0073115 



Mitigation measures for which, 

C:: KxEx(L/M)x2 

Where, 

C== Number of Trips Reduced from the 0rigiDal Work Site after Implementation of the 
Mitigation Measure . 
(See Table All - 5 -A methodology to use ttC") 

K == Number of CODStruc:Uon workers anticipated to Participate in Trip Reduction 
. mitigation measure per day 

or 
K1 == Number of workers anticipated to Participate in Trip Redudion mitigation measure 

per day. 
E == Average Non-Work l..unc:h Trip Rate per Day per Worker 

(Use 71A Report or IlSSUme 2) 
L == Number of Da:ys per Week Construction Workers will Participate in the Mitigation 

Measure . 
(.4uume 1 to .u btlSed on 5-dtzy WOI'k week) 

M == Number ofDa:ys per Week for ~ch Work Trips are Estimated in Appendix 9 

Range of 
Input Assumptions 

Mitigation Measnrs> Bmimon Source 1). Fayorable Factors 

Establish or comribute to Non-Work Trips 1-5% 
shuttle service from c:onstruc:tion Construction 
site to retail and. food services 
duriDg lunch hours 

R.angeof 
Input Assumptions 

EmiS§ipD Snprce K1 

Establish or contrIbute to Non-Work Trips 
shuttle semce from general 
worksites to retail and food senic::es 
during bmch homs 

AU-16 

Large c:onstmction 
site with substantial 
pool of workers. Areas 
with significant lunch 
and food services. 

. Remote c:oostrud:ion 
where mobile food 
service is difficult 
or prohibited 

Favorable F3Ctors 

I..arge employers in office 
park seninp more than 
1/4 mile from lUDchtime 
destinations. AJ1y 
worksitc:s without on-site 
food semc:es. 
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Mitigation measures for which, 
C = Gx(H + I}xFxOx2 

Where. 
C = Number of Trips Reduced from the Original Work Site after Implementation of the 

Mitigation Measure 
(See Table All - 5 -A methodolot!u to we "C") 

G = Estimated Trip Reduction from Mitigation Measure 
H = Average Daily Work Trip Generation from a Residence 

(See Table A9 - 5 - A - 2 or llSSUme 1.62) 
I = Average Daily Non-Work Trip Generation from a Residence 

(See Tab1eA9-5 -A-2orllSSUme 7.39) . 
F = Units of Size of Affected E.,gsting or New Land Use(s) for Trip Generation per 

Attraction Rate 
o = Number of Daily Trips per Worker 

(Uie 17A. Report or ITE MtmUfJI. 5th Edition or Table..49 - 5 -A - 2 or lZSSUme 1.26 
tripsjworlrD) 

Mitigation Measures 

Include residential 
units within commercial 
development or c:ontribute 
towards its development to 
reduce VT and/or VMT 

RaDgeof 
Input Assumptions 

Emission Source .Q 

Work Trips 
Non-Work Trips 

AU-1? 

4-18% 

Favorable Factors 

Land use mixes, sizes, 
numbers of employees, 
proximity and length of 
bike/wa1king lanes/paths 
Pedestrian-friendly urban 
design. Comparable match 
between employm,ent &. 
resident job skills. Most 
effective when housing to 
jobs ratio ~ 1:3 
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Mitigation measures for which, 

- C == JxKxLxOxWx2 

Where, 

C= Number of Trips Reduced from the.Original Work Site after Implementation of the 
Mitigation Measure 
(See Ttlble All - 5 - A methodology to use orC") 

J == Percemage Required Trip Reduction 
(fTmget APH - Baseline .o4PHj/[BIIseline APHn 

K == Number of employees anticipated to Participate in Trip Reduction mitigation measure 
perda)' _ 

L == Percentage of single ocx:upam vehicles aniviDg per day at worksU:e (default, 700/0) 
o == Number of Daily Trips per Worker 

(Use ru Report or 1TE MfIIU.l,(,l/ 5th Edition or TlIble .049 - 5 -A - 2 or tJ.sSUme 1.26 
tripsjwo1k:eT) 

W == Worbite's loDg-term ability to meet the Required Trip Redudion A VR target 
(percentage) -
(F01' t:mmpI.e, 100/0 for Q wodaite tMt is able to 1f!Ibu:e 100/0 of its necessmy 27% tmget 
(1.5-1.1)/1.5) . 

Mitigation Measures 

Develop a trip reduction 
pbm to achieve a 1.5 A VR 
for multi-tenant worbites 
with businesses not subject 
to Regulation XV or with 
fewer than 100 employees 

Range of 
Input: Assumptions 

Emission Source . K Fayorable Factors 

Work Trips 
Commute Trips 

1-25% Worbites with common parking 
facilities and nearby transit 
alternatives within 1,000-ft 
of employee entraDce. 
Multi-tenant worksites where 
aggregate total exceeds 200 and 
where business operating hours 
are standard for most employers 
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Mitigation measures for which, 

C == GxKxLxOx2 

Where, 

C == Number of Trips Reduced from the Original Work Site after Implementation of the 
Mitigation Measure 
(See Table All - 5 -A methodoloyJ to use "C") 

G == Estimated Trip Reduction from. Mitigation Measure 
K == Number of ~ployees anticipated to Participate in Trip Reduction mitigation measure 

per day 
L == Percentage of single occupant vehicles arriving per day at worksite 

(Default, 70%) 
o = Number of Daily Trips per Worker 

(Use 71A Report 01' ITE Manual 5th Edition 01' Table A9 - 5 - A - 2 01' assume 1.26 
trips/worker) 

Mitigation Measure 

.Require future employers 
not subject to Regulation 
XV to provide c:.entrally 
located commuter 
area offering 
information on· 
transportation alternatives 

Range of 
Input AssumptiODS 

Emission Source .y 1): Favorable Factors 

Work Trips 1-20% 2-3% Worksttes injurisdic:tiODS 
that require trip 
reduction plans from. 
non-Regulation XV 
employers. Those with 
standard business hoors. 
Worksites in dense urban 
areas where transit 
alternatives, parking 
deficits, large local 
employee base. and 
OOngestion. increase 
ridesharing mode spJiL 
Worksites where TMOs 
p1anned or required with 
at least 1 coordinator per 
4,000 employees 

All-19 
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Mitigation measures for which, 

C == (K.xPxOx2) + (KlxPlxOlx2)* 
Where, 

C == Number of Trips Reduced from the Original Work Site after Implementation of the 
Mitigation Measure 
(See Table All· 5 • A methodology to use ftC) 

K = Number of employees amicipated to Participate in Trip Reduction mitigatioD measure 
perday . 

P = Average Percent Increase in Daily Employee Work Trips on Transit Expected With 
Sh~ . . 

o = Number of Daily Work Trips per Dwelling Unit 
(Use T.£4 Report or ITE Mmu.uzlSth Edition or TlZble A9 • 5 - A - 2 or fl.SSU.mI! 1.62 
trips/DU) 

K1 = Number of residents anticipated to Participate in Trip Reduction mitigation measure 
per day . 

Pl = Average Percent Increase in Daily Resident Non-Work Trips on Transit Expected 
With Shuttle 

01 == Number of Daily Non-Work Trips per Dwelling Unit 
(Use T.£4 Report or 1TE MfJ1WI:l15th Edition ar Table A9 - 5 - A - 2 or fl.SSU.mI! 7.39 
trips/DU) 

This two-part formula ac:c:ounts for potential vehicle trip reductions from both work and non-work trips 
from a new residential development to a transit station or worksite. If work trips /fI:rom home only 
will be reduced, use the first half of the formula; if Don-work trips are to be reduced, use the sec:ond 
half. 

Range of 
Input Assumptions 

Mitigation Measures Emission Source .KLK1 ~ Favorable Factors 

Establish or c:ontribute to 
shuttle service from 
:residential subdivisions 
to rail or multi-modal transit 
stations 

Establish or c:omribute 
to a shuttle serrice 
from residemial 
subdivision to 
commercial core areas 

Work Trips 
Non-Work Trips 

Work Trips 
Non-Work Trips 

Quantification was based on previous case studies. 

1-5% 1-5% 

1-5% 

Laige projects located in major 
or housing employment 
centers where acc:ess to 
rail station within 5 miles 
can increase commuter 
rail ridership 

Deuse subdivision or 
area with significant 
adjoiniDg housing core 
within 5 miles of 
signific::ant work centers 

(Induding estimates of"e ft ar percentage reduction in unmitigated vehicle trips) 
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Mitigation Measures 

Reduce employee parking 
spaces for those employers 
subject to R~tion XV 

Implement or contribute to 
public outreach and ridesbaring 

. education programs 

Employers provide 
employees incentives for 
ridesbaring or charge for 
single ocmpant vehicles 
to encourage ridesharing 

Charge to park for 
non-employee$ or provide 
discounts to high occupaney 
vehicles 

M'rtigation Measures· 

Require retail faci5ties or 
special event centers to offer . 
transit incentives (e.g., 
discounted or free transit 
rides, discounts on purchases 
or admissions for transit riders) 

Contribute to regional 
transit systems (e.g., 
funding for capital 
improvements, dedication 
of right-of-way) 

QUANTIFIED MmGATION MEASURES 

Range of 
Input Assumptions 

Emission Source ~ Favorable Factors 

WorlcTrips Worksites in dense 
CBDs where parking 
demand exo;:eds supply, 
employees are ~ged 
to park, significa:nt transit 
alternatives exist, and 
on-street parking on 
nearby residential streets 
is restricted 

Work Trips 125% Extent of rideshariDg 
Non-Work Trips program and promotioDS. 

Work Trips 2.5-15o/tJO For vanpool or carpool 
subsidy programs, trip 
reduction is dependent 
on extent of the incentive. 
Programs that don't charge 
HOVs, large employers of 
500+, employers that draw 
on regional labor Pool, 
resulting in longer average 
commutes of over 15 miles. 

Non-Work Trips 2.5-15% Project sites in dense, 
CBDs where parking 
options are limited and 
parking charges exceed $6.0. 

UNQUANIUIED MmGATION MEASURES 

Range of 
Input Assumptions 

Emission Source 

Non-Work Trips 

Work Trips 
Non-Work Trips 

AU-21 
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TABLES FOR ESTIMATING VEHICUlAR EtdISSIONS AFI'ER 
1HE IMPLEMENTATION OF MITIGATION MEASURES 

mAT REDUCE TRIPS BY EUMINATING 
A TRIP ALTOGETHER OR UTllJZING A 
SUBSTITUTE NON-MOTORIZED MODE 

Mi~::~: Measures That Reduce .. ODS Associated With 
Reduction in Average Daily Trips Without an Increase in Vehicle Miles Traveled 

o Include Neighborbood TeJemmmumcation Centers in Residential SubdMsioDs. 
o Provide On-Site Child Care Facilities and/or After-Sdwol Care Fac:ilities or Comribute to 

Development Wtthin 1/4 Mile of the Worksite to Reduce vr and/or VMT 
o Include Retail Semc:es within or Adjacent to Residential.Subdivisions such 'as Gro=ry Markets, Copy 

Centers, Restaurams, Banks, and Day-care, or Contribute to Its Developmcm Within 1/4 Mile to 
AUOW'Residem.s to Walk or Bicycle 

o lDdnde Residential Development Wtthin Commercial Core Areas, or Business Districts. 
o Provide On-site Employee Scmc:cs such as Cafeterias, Banks, Grocery Stores, and Other Common 

Servkes. 
o Implement Compressed Work Week Schedules in Which Weekly Full-TmlC Hours are Compressed 

into Fewer than the Normal Five Days (4/40, 9/PIJ, 3/36). 
o Establish a Home-Based TeJemmmuting Program for EmploJees. 
o CoDStnlCt Off-site Pedestrian Facilities, such as, Overpasses, Wider Sidewalks, Safe I.ighting, and 

Access to BuildiDgs that are Physically Separated From Street and Parking Lot Traffic. 
o Qmsttuct, Comribute, or Dedicate Land for the Provision of Off-site Bicycle Trans I inking the Facility 

to Designated Bicycle Commuting R.outes. 
o Provide Bicycle Parking Facilities, Some of Which are Secured Lockers 
o Provide Shower Faca1ities in Non-R.esidential Development to Support Bicycle or Pedestrian Travel 

Modes 
o Provide VJdeo CODferew:iDg Facilities ~ 
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TABLEA11· 5· B 

ME1HODOLOGY FOR VEHICLE TRIP REDUcnON BY ELIMINATING 
A 11UP ALTOGE1HER OR UTILIZING A SUBSTITUTE NON-MOTORIZED MODE 

This methodology c::a1c::ulates net emissions after implementation of mitigation measures that cause a red.Udion 
in vehide trips cm1y and does not add vehicle miles traveled by replacement trips. Implementatic>n of these 
mitigation measures will have direct impacts on emissions from on-road mobile sources, inc:ludiDg a reduction 
in average daily trips, trip lengths, or congestion. It is assumed that indirect impacts may include a sJigbt 
inc::rease in nonwork trips.. It is assumed that indirect impacts may include a slight increase in nonwork trips and 
inc:reased work trips by substitute traveling modes and actiWies. In addition, whenever caJcnJaring reactive 
orgaaic compound emissioas. remcm1 of diumal emissiOns are always added bact, as a vehicle still emits ROC 
c:missioas when not in use. Separate methodologies are provided in this table to estimate net emissions after 
implementation of a mitigation measure.' , 

N = n(A x {1-!C/BU)] + [({eID} J: Q)]/[454]} + {Xl 

•• 

N = Net Emissions In Pounds Per Day After Implementation of Average Daily Trip (AOT) 
Redw:::tion Measures 

A = Total Non-mitigated Vebiadar Emissions In Pounds Per Day 
(From Table A9 - 5 or Appendix 9 Methodologies); 

= (A x {1-[C/BU) of previous wn!lmans; Residual Emissioas of previous calculations, if 
emission redw:::tions caused by other mitigation measures are eliminated in 
Table AlI- 5 - A from Appendix 11 Methodologies. 

B = Total Number of 0rigiDal Average Vehicle Trips Generated By the Project 
(Trips Used to EsrimIJte vtdue for ~ .. in Table A9 - 5 from Appendix 9 Methodologies) 
To Estimtlte ADT Eliminated due to the Plllficipation in Trip Reduction PJ"OgI'tImS, Use Table 
A9 - 5 Methodologies from Appendix 9. an.d the Needed DIIIIl from Table AII- 5 - B-1. 

C = Number of Trips Efiminatr.d from the Original Work Site after Implementation of the 
Mitigation Measure 
(To CfIku1ate .. ~ see Table All - 5 - B-2 for methodologies spedfic to individutJl mitigation 
metZSI.l1eS 

. To estimate diunW emissions associated with eliminated trips use 
D = 2.0, if non-mitigated vehicular emissions were for 2-way or round trips; or 

= 1.0, if non-mitigated vehicular emissions were for I-way trips. 
Q = EMFAC7EP DiumaI Emission Factors (Applictlble only to ROC) in grams per NOV 

To &timIIte Emissions Assocf.ated with Nonworlc Trips MIllIe by the PenOMl Yehicles of 
Home-btl.fed employees, Use Table A9 - 5 Methodologies from Appendix 911Nl the Needed 
DtltIZ from Table All· B - I 

I == Non-Work Related Fmiqicms In Pounds Per Day Associated with use of Eliminated Cars for 
personal trips; (If not applkable to your project, enter 0.0); 
= [(BxDxExFxH)/(454)]; 

~ 
B = Eliminated Vehicles.After Implementation of Mitigation Measure 

= (L-O) 
D = 0.05; rive percent of eliminated cars used for personal travel such as home to other 

or shop travel. 
E == Number of Trips per Vehicle per Day 

(For Round-trip Use 4 IIN1 One-wtzy Trip Use I) 
F Trip Length for Home to Shop or Home to Other (1-way) 
H = Running Emission Factors In Grams Per Mile WIth,New Speed for New Non

Work Trip 

All-24 
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TABLE All • 5 .. B • I 

DATA NEED FOR DETERMINING DIRECT IMPACTS 

Impacts Data Need At Home Other Work Site 

Reduced 
Work Trips 

:/I of Employees Participating Per Day 
:/I of Days oft:he Week 
Average Daily Trip Rate per Employee 

TABLE AII- 5·8-2 

TRIP DEPENDENT INPUT ASSUMPTIONS 
MEASURES FOR VEHICLE TRIP REDUCTION BY ELIMINATING 

A TRIP ALTOGEmER OR UTILIZING A SUBSTITUfE NON·MOTORIZED MODE 

Mitigation measures for which, 
C:::: Kx(L/M)xOx2 

Where 

C == Number of Trips Eliminated from the Original Work Site after Implementation of the 
Mitigation MeaSure 
(To use the value of "c, see Table All - 5 - B methodoloiY) 

K == Number of employees anticipated to Participate in Trip Reduction mitigation measure per 
day 

L :::: Number of Days per Week Employees will Participate in the Mitigatiail Measme 
M == Number of Days per Week for which Work Trips are Estimated in Appendix 9 
o == Number of Daily Trips per Worker. 

(Use T.lA Report or lTE Manual 5th Edilion or Table A9 - 5 - A - 2 or assume 1.26 
trips/worker) 
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Range of 

~. 
Input Assumptions 

Mitigation Measures Emission Source K b Favorable Factors 

ANY1WO OF THE FOu.oWING: 

Develop or contribute to Work Trips 3--10% 1-3 Worksites with existing, 
off-lighted site bicycle bike paths nearby. Nearby 
improvements (e.g., residential areas within 5 
developnem: of bicycle of worksite with local street 
route system., bicycle miles on thoroughf;ues with 
trails liDkiDg the facility low speed access limits (35 
to designated bicycle routes) mph and below). 
or on-site bicycle paths Comfortable climate and 

reasonable 
== &== air quality in vicinity, and 

bicycle paths which logically 
Provide bicycle parking facilliiC$, amned: neighborhoods and 
some of which are secured lockers destinations. 1 shower and 

== &== Blockers per 200 employees 
Provide shower facilities in DOD-

residential development to support 
bicycling or pedestrian travel 
modes 

BOTH OF THE FOlLOWING: 

.~ Develop or contribute to off-site Work Trips 2-5% 1-3 Worksites with existing, 
pedestrian improvements (e.g., Non-Work Trips lighted pedestrian paths 
overpasses, wider sidewalks) nearby. Residential 
or on-site pedestrian improvements areas within 1/4 mile 

. (e.g., exclusive walkway, building of worksite with local street 
access physically separated from access on thoroughfares 
street and parking lot traffic with low speed limits 

==&== (35 mph and below). 
Shower facilities in non- Comfortable climate and 
residential development to support reasonable air quality in 
bicycling or pedestrian travel vicinity. walkabIe streets 
modes and pedestrian-&iendly 

amenities. Areas with grid 
street system that 
maximizes ac:cess to 
destination while 
minimizing wa1king 
distance 

Require a telecommuting program Work Trips 1-10% 1-2 Worksites with general office and 
that a1lows employees to work information industries that 
at home accommodate work-at- home 

strategies where computers, 
telephones, faxes, etc:. c::an link 
employees to the workplace. 
Large employers that attract 
wOrkers from a regional 
base, necessitating long 
commutes for many 

AU-26 
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Mitigation measures for which, 

C == Kx(L/M)xOx2 

Where. 

c == Number of Trips RUminated from the Original Work Site after Implementation of the 
Mitigation Measure . 
(To use the value o/"~ see Table All - 5 - B methodology) 

Ie == Number of employees anticipated to Parti.c:ipate in Trip Reduction mitigation measure per 
day 

L 
M== 
o == 

Number of Days per Week Employees will Participate in the Mitigation Measure 
Number of Days per Week for which Work Trips are Estimated in Appendix 9 
Number of Daily Trips per Worker . 
(Use 11A Report or ITE MtmUIll5th Edition or Table A9 - 5 - A - 2 or assume 1.26 
lripsfwmker) 

Mitigation Measures 
Range of Input AssumptioDS 

Emissicm. Source .K J.. M . Favorable Factors 

Implement compressed work 
week schedules where 
weekly fuJI-time hours 
are compressed into fewer 
working days (e.g., 4/40, 
9/80, or 3/36) 

Work Trips 
(9 /SO schedule) 
( 4/40 schedule) 
(3/36 schedule) 

10-100% 
10-100% 
10-100% 

All-Xl 

1 
1 
2 

10 
5 
5 

Worbites with employers 
on flexible work 
schedules where 

. a business c::an either 
close for an entire day or 
operate with a smaller 
employee pool each day. 
Maximum VI' reduc::tious 
occur omy when the 
worksite is closed to 
allow all employees to 

. have same day off 
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Mitigation measures for wbic:h, 

C == (R I S) x (L I M) x 0 x 2 
Where, 

C == Number of Trips Eliminated from the Original Work Sile after Implementation of the 
Mitigation Measure 
(To use the vlllue of "c, see Tllble All- 5 - B methodology) 

R == Number of Residents who Are New Telecommuters 
S == Average vehicle oc:cupanc.y for work trips 

(Before im~ default == 1.13) 
L = Number of Days per Week Residents will. Participate in the Mitigation Measure 
M == Number of Days per Week for which Work Trips are Estimated in Appendix 9· 
o ==. Number of Daily Trips per DweUmg Unit 

(Use 71A Report or TIE ManutJl5th Edition or Table ..49 - 5 - A - 2 or tISSU17Ie 1.62 trips/DU) 

In.clude neighborhood 
teiemmmu.mc::aticms c:emer 
in residential subdivision 
or amttibute to development 
within 1/4 mile to allow local 
residents to walkfbike to c:eDter 

RaDgeof 
Input Assumptions 

Emission Source· B ,!. favorable factors 

Work Trips 1-5% 1-2 Comparable match 
between resident job skills 
and white-collar, 
information-based 
employers likely to use such 
a c:eDter. Large subdMsion 
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Mitigation measures for whic:h, 

C = (OxHxFx(L/M}x2) + (GlxHlxFx(L/M) x 2)'" 
Where, 

C = Number of Trips Eliminated from the Original Work Site after Implementation of the 
Mitigation Measure 
(To use the value of riC", see Table.All :. 5 - B met1wdology) 

G Estimated Work Trip Reduction from Mitigarion Measure 
H = Average Daily Work Trip Generation per DwclIiDg Unit 

(See Table.A9 - 5 - A - 2 or assume 1.62) 
F· = Units of Size of Affected Existing or New Land Use(s) for Trip Generation Rate 

(i.e., Dwelling Units) . . 
L == Number of Days per Week Residents will Participate in the Mitigation Measure 

(Assume 5 ~ for wmk trips and 1-2 ~ for non-work trips) 
M = Number of Days per Week for which Work or Non-Work Trips are Estimated in Appendix 9 
01 = Estimated Non-Work Trip Reduction from Mitigation Measure 
HI == Average Daily Non-Work Trip Generation per DweIling Unit 

(See Table.A9 - 5 - A - 2 or assume 7.39) 

This two-part formula estimates the reduction in daily vehicle trips assuming the inclusion of 
commercial uses in a residential subdivision will attract both work (new empJoyment) and non-work 
trips. If work or non-work trips are not expected to decrease from this measure, enter V for G or OL 

-Range of 
Input Assumptions 

Emission Sonrce.QL01 Favorable Factors 

Include reWl services within or Work Trips 4-13% 
adjac::em: (1/4 mile) of residential Non-Work Trips 
subdivisions such as grocery 
markets, copy centers, restaurants, 
banks, etc:. -

All-29 

Projects which include commercial 
uses likely to be used everyday -
or on frequent basis, & which are 
centrally located to increase the 
appeal of wa1king/bicycling to the 
use. Also dependent on matc:h of 
new jobs to the job skillS of 
potential residents 
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Measures measures for which, 
C == G:x:H:x:K:x:H2:x:(LfM):x:2 
Where, 

C == Number of Trips Eliminated from the Original Work Site after Implementation of the 

G ::: 

H == 

K == 
L == 

M ::: 

H2= 

Mitigation Measure 
(To use the value of"C, see Tobie All- 5 - B m.ethodology) 
Estimated Trip Reduction from Mitigation Measure 
Average Daily Non-Work Trip Generation per Worker 
(See Toble.A9 - 5 -..4 - 2 OT assume 5.72) 
Number of employees anticipated to Participate in Trip Reduction mitigation measure/day 
Number of Days per Week Workers will Participate in the Mitigation Measure 
(Defaull qssumption: 3-5 days) 
Number of Days per Week for wbic:h Non-Work Trips are Estimated in Appendix 9 
Percent of Daily Non-Work Trips Performed During Work Day e.g., Lunch, breaks 
(Defaull assumption, 35%) 

QUANTIFIED MITIGATION MEASURES 

Range of 
Input Assumptions 

Emiwon Source .0 K Favorable Fac;tors 

Provide on-site employee services Non-Work Trips 10-50%25-50% On-site services needed by 
employees on a regular 
basis. Extent of services, 
size of cafeteria, lack of 
similar services within 

such as cafeterias, banks, grocery 
stores, and other oommon services 

Provide on-site child care 
facilities and/or after school 
care facilities or contribute 
to such development within 1/4 
mile of worksite to reduce 
vr and/or VMT 

Non-Work Trips 1-10% 1-10 

A11-30 

5 mile radius of worksite 

Worksites with large 
employers, locations in 
office parks where pooling 
of resources to create 
common child care facility. 
Employers who rely on 
regional labor force, 
necessitating longer 
commutes for some 
employees. Proximity to 
pre- or elementary 
schools. Pleasant 
environment 
and amenities at the center 
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Mitigation Measures 

Provide video conference 
facilities or conmbute to 
development in office parks or 
multi-tenant worksites 

UNQUANTIFIED MmGATION MEASURES 
Range of 

Input Assumptions 

Emission Source 13 K Favorable Factors 

Work Trips .29%. 

A11-31 

• Up to 29% reduction in 
work trips from meetiDg 
participants has been 
documented 
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TABLES FOR ESTIMATING VEIDCULAR EMISSIONS AFTER 
TIm IMPLEMENTATION OF M111GATION MEASURES 

mAT 
REDUCE VEHIClE Mll..ES TRAVELED 

Mitigation Measures 
That Reduce Emissions Associated With 

Reduction in Average Daily Vehicle Miles Traveled 
with No Decrease in Average Daily Trips 

Implement Home Dispatc::hiDg Systems .Where Employees Receive Routing Schedule by Phone Jnstead 
ofDri:vingto Work. 
Utilize Satellite Offices Rather than Regular Worksite for Multi-Sited Employers to Reduce Employee 
VMT. 
Consttuc:t or Comribute to Development of Off-Site Park-n-Ride Lots or Designate Parking Spaces in 
&cess of Code Requirements for Park-n-Ride. 

All-33 
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TABLE All - 5 - C 

METHODOLOGY FOR VEHICLE MILES TRAVELED REDUCTION 
(VMT REDUCTION) 

This methodology c:alc::ulates Det emissicms' after implementation of mitigation measures that reduce vehicle 
miles traveled (VMT) without reducing vehicle trips. As these measures do DOt affect the Dumber of vehicles 
ed employees, average daily trips will be the same as those used to estimate DOD-mitigated emissicms, though 
Dew and weighted average trip leogths will be less. Emjssion redudioDs are due to reducri.ODS in trip length, 
rmmiDg exhaust, md evaporative emissioos. Diumal emissioos do not Deed to be added., baviDg been estimated 
in the DOD-mitigated emissioos. Since the travel mode remains the same, there are no additional or substitute 
emissions from inc::teased nODwork trips. 

N = [A- {Yx(E/F)}] 

Impacts 

N == Net Emissions In POlmds Per Day After Implemeutarion of Vehicle Miles Traveled (VMT) 
Reduction Measures . 

A == Total Non-mitipt:ed Vehic:War Emissicms (From Table A9 - 5 or Appendix 9 Methodologies) 
In Potmds Per Day; 

Y == Total Non-mitigated Vehicular Running Exhaust md Evaporative Emissioos 
In POWlds Per Day; (From Table A9 - 501' Appendix 9 Methodologies) 

F == Original Trip Length (Used to detennine VMT in Table A9 - 5 0/ Appendi% 9 to estimtzte non
mitigtlted 1UMi1ag ex:Jumst tmd 1UMi1ag evaponztive emissions in ':.4:). 

E == Average (Shorter or Reduced) Daily Trip Length or Traveling Distance After Implementation 
of Mitigation Measure (See Table All- 5 - C -1 tmd All- 5 - C - 2/01' more variables specific 
to partiaIJIlT mitigation metISllmS) ~", 
= PI x [F - (H x I/G)] (Weighted Avenzge Daily Trip Length) 

Where, 

PI == Number of Employees Participating in VMT Reducri.on Measures 
F == 0rigiDal Trip Length (Used to detemIine VMT in Table A9 - 5 0/ Appendix 9 to 

estimate non-mitigated noming exJumst tmd 1U1'ming evaponzt:ive emissions in ':A.. "). 
G == Number of DajS Traveled with Original Trip Leugth or the Distance to the project 

site. 
H = New Trip l..ength or New Traveq Distance 

(Associtzted with the mitigation me.tlSllFe) 
I == Number of Days Traveled with New Trip l.eDgth or New Distance to Other Work 

Sites. 
(1 find G s1wuld equal to Number 0/ Days [MtlXimum 7.01 used to Determine Non
mitigated Vehiadm' Emissions Using Original Trip Length in Tlible A9 - 5 0/ 
Appendix 9.) 

TABLE All - 5 .. C • I 

DATA NEED FOR DETERMINING DIRECT IMPACTS 
(REDUCTION IN AVERAGE TRIP LENGTH) 

Data Need 

. Non-mitigated Vehicular Emissions (A) 
Npn-mirigated Rmm.iDg VehimJar Emissions (Y) 
% of Employees Participating (PI) 

New Trip Length (H) . 
:# of Days of the Week with New· Trip LeDgth (I) 

Original Trip Length (F) 

Other Work Sites 

:# of Days of the Week with Original Trip Leugth (G) ___ _ 

All-34 
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TABLE All - 5 - C - 2 

TRIP DEPENDENT INPUT ASSUMPTIONS (E) 
MEASURES THAT REDUCE VEHICLE MILES TRAVELED WITHOm 

A DECREASE IN VEHICLE TRIPS 

Range of Input Assumptions 
Mitigation Measures Emission Source Pi . J H. Favorable Factors 

Implement home dispatching Work Trips 
system where employees 
receive routing schedule 
by phone instead of 
driving to work 

•• Assume anywhere from 1/10 
to 1/40f"F 

1-25% 1-3 •• 

Range of Input Assumptions 

Worksiles where 
constn:.dion and sales 
employers expected. 
Employers in urban
izing areas, rommer
qaI/industrial areas 
that rely on workers to 
commute from outly
ing residential areas 

Mitigation Measures Emission Source Pl J H Favorable Factors 

Require use of satellite offices Work Trips 
rather than regular worksite for 
multi-sited employers to reduce 
VMT by allowiDg them to report 

. to the nearest workstte 

•• Assume aDywhere from 
1/10 to 1/40f"F 

1-5% •• 

AU-35 

Worksites where large 
employers of 1000+ & 
multiple branch offices 
tlnoughoutther~ 
are anticipated. Work
geared .to information
based industries that 
can reassign work:site 
destinations for its 
employees or permit 
occasional use of other 
satellite offices 
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Mitigation Measures for which 

E = [(O.5xVxI) + {(1-0,5)xFxO}J/(I + G) 
where 

V :: Number of Parking Spaces Set Aside for Park-N-Ride Spaces (project-specific 
Input) 

Mitigation Measures 

Construct or contribute to 
development of 
off-site 
park-n-ride lots or designate 
parkiDg in excess of code . 
requirements for park-n-ride 

$$Assumel/60f"F' 

Range of IDput Assumptions 
Emisson Soprce .a 1 H FavorabJe FaCtors 

Work Trips 
Non-Work Trips 

1-3 

All-36 

$$ Park-n-ride location 
near transit station or 
freeway W /CfJDvenient 
aa:ess/proximi1y to 
residemial 
CfJDcentrations w Ii 5 
mi HOV lanes on 
freeways enhance use 
of park-n-rides, larger 
lots of 300+ spaces 

AR0073134 



0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

/~ 

TABLES FOR ESTIMATING VEIDCUlAR EMISSIONS AF IER 
1HE IMPLEMENTATION OF :MITIGATION MEASURES 

lHAT 
IMPROVE AVERAGE VEHICLE RIDERSHIP 

Mitigation Measures 
That Reduce EmissIOns Associated With Increased 

Average Vehicle Ridership 

Establish or Contribute to Shuttle Service from Residential Subdivision to 
Commercial Core Areas. 
Construct On-site or Off-site Bus Tum-outs. Passenger Benches and Sbelters or 
Contribute to Off-Site Development. 
Require Retail and Special Event Facilities to Offer Customers Travel Incentives 
sucb as Discounted or Free Transit to Clients, or Discounts on Purchases or 
Admission for Transit Riders and Other Promotional Type Events. . 
Reduce Employee Parking Spaces for Those Employers Subject to Regulation XV. 
Require Future Employers Not Subject to Regulation XV to Provide Centrally 
I...ocated CommuterInformation Area Offering Information on Transportation 
Alternatives. 
Develop a Trip Reduction Plan to Achieve 15 A VR or Higher, for Multi Tenant 
Worksites or Bnsinesses with Less than 100 Employees. . 
Provide or Contribute to Sbuttle Service from Residential Subdivisions to Major 
Transit Centers. 
Contribute to Regional Transit Systems (i.e., Right of Way, Capital Improvements, 
etc.). . 
Provide Preferential Parking Spaces for Carpools and Van pools. 
Provide Minimum Vertical Clearance of 7'2" in Parking Facilities to Permit Access 
furVanpools -
Develop a Trip Reduction Plan to Achieve a 15 A VR or Higher for Construction 
Employees (CONSTRUCTION) 
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TABLE All -5 • D 

METIlODOLOGY FOR AVERAGE VEHICLE RIDERSHIP IMPROVEMENT 
(INCREASED A VR) 

This methodology c:a1c::ulates net emissions after implementation of mitigation measures that improve Average 
Vehicle Ridership (A VR). A VR is defined as the number of employees arriving at a site divided by the number 
of cars arriving at the project site. Even after implementation of mitigation measures, the number of employees 
arrMDg at the project site win be the same as that assumed for non-mitigated emissions. H~r. the average 
number of c:ars arriving at the project site win be less, resulting in emission re4Ud:ions. Since this methodology 
remO\lCS all emissions associated with eliminated trips, diuma1 emissiODS associated with these eliminated 
vehicles must be added back. Net emission reductions will be affected if vehicle trips are eliminated, as 
increased a~ility of vehicles at home may increase non-work trips by up to 5%. 

It must be noted tM.t while these measures reduce the number of cars arriW:1g to the worksite, the reduction in 
vehicle trip emissions will be largely negated if ridesharers drive individually to carpool meetiDg points or park
n-ride lots, as there are additional emissions from these travel modes. All mitigation measures that a) reduce 
'Vehicle Trips with an Increase in VMT and b) reduce VMT result in secondary impacts, namely an increase in 
Average Vehicle Ridership. Ccmsequently, mitigation measures that increase A VR will have the same direct 
impacts as indicated in either Table All - 5 - A or All - 5 - C. 

N == [Ax ~JfM)] + [V] + [W] + [X] + [Y] + [Z].+ [I],.Qr 
N == [Ax 0 ] + [V] + [W] + [X] + [Y] + [Z] + [I], uK is equal to N;.Qr 
N == [Ax JX1? x (N/K)] + [V] + [W] + [X] + [Y] + [Z] + [1]. uK is not equal to N. 
(For Muigation MetJSW'e to Work Effectively, the Vtzlue for K Should be Equal or Greater tJum the Value for N) 

N == Net Emissious After Implementation of Mitigation Measures That Improve Average Vehicle 
Ridership 

A == Total Non-mitigated Vehic::u1ar Emissions 
(Resuliedfrom TtlbkA9 - 5 or Appendix 9 Methodologies); 

J == Original Average V chicle Ridership 
== K/L; Where. 

K == Original Number of Persons Arriving at the Project Site Before Implementation of 
Mitigation. 
(Used to Estimate Non-midgated Emissions, ~~ .. using Tflbk A9 - 5 of Appendix 9). 

L == Original Number of Cars Arriving at the Project Site Before Implementation of 
Mitigation. 
(Used to Estimate Non-midgated Emissions in Appendix 9) 

M == New Improved Average Vehicle Ridership After Implementation of Mitigation Measure 
== N/O; Where, 

N = Weighted Average Daily Number ofPersc:m.sArrivingat the Project Site 
== {[pxO] + (KxR]}/{O + R} 

P == New (Reduced) Number of Persons Arriving at the Project Site After 
Implementation of Mitigation Measure. 

o = Number of Days New (Reduced) Number of Persons Traveled to the Project Site 
After Implementation of Mitigation Measure. 

R == Number of Days Original (Appendix 9) Number of Persc:m.s TraveJed to the 
Project Site After Implementation of Mitigation Measure. 

o == Weighted Average Daily Number of Cars Arriving at the Project Site 
== {[SxTj + (LxU]}/{T + U} _ 

S == Reduced No. of Cars Arriving at the Site After Implementation of Mitigation 
Measure. 
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T = Number of Days New (Reduced) Number of Cars Traveled to the Project Site 
After Implementation of Mitigation Measure. 

U = Number of Da)'S Original (Appendix 9) Number of Cars Traveled to the ProjeCt 
Site After Implementation of Mitigation Measure. 
(The Total of Q and R. tmd T and U Should be Eqwzl to Number of Dgys 
[Maximum Would be UJ1 Used to Determine Non-midgated Vehiculllr Emiuions 
Using Original Number of Ozr.s- in Table A,9 - 5 of Ap~ 9.) 

V = Diumal ROC Emissions Pounds Per Day Associated with Removed Cars 
(This Addition is Only for ROC) 
== (B x C)/454; where, 

B = Removed Vehicles After Implementation of Mitigation Measure = (L. 0) 
C = Diumal ROC Emission Factor In Grams Per NOV 

(This Emission Factor is Only for ROC) 

Please esIimiJte noming ex:Jumst, nmning evaporative, stIIIt-llp, and hot soak emissions with the following modes. 
Also estinuzte diumtlJ emissions jor Illl other modes. except for R and Xmode of transport, i.e., ~ vehicles 
mlSed with shone trip lengths. 

To estimIJte emissions assodated with the following (various) Travel Modes, Use Table A,9 - 5 Methodologies from 
Appendix 9 an4 the Needed Data from TABLE All - 1 - C 

W = Additional Emissions In Pounds Per Day After Implementation of Mitigation Measure or with 
Improved A VR Associated with Certain Number of Employees Traveling in Persm:aal Cars 
(Removed) to Other Work Sites with Shorter Traveling Distance 
(If n« applicllble to the project, enter 0.(/); and/or 

X = Additional Emissions In Pounds Per Day After Implementation of Mitigation Measure or with 
Improved A VR Associated with Certain Number of Employees Traveling in Buses (Removed) 
to Other Work Sites with Shorter Traveling Distance 
(If not appliaJble to the project, "enter 0.0); and/or 

Y = Additional Emissions In Pounds Per Day After Implementation of Mitigation Measure or with 
Improved A VR Associated with Certain Number of Employees TraveliD,g in Shuttles 
(Removed) to Other Work Sites with Shorter Traveling Distance 
(Ifn« appliaJble to the project, enter 0.0); and/or 

Z Additional EmiAAions In Pounds Per Day Associated with Certain Number of Employees 
Traveling in Personal Cars to to Pick Up Employees At Their Houses 
(If not applicllble to the project, enter 0.0); and/or 

To estimt.ae emissions assodated with Nonworlc Trips mtJJJe by the PenOMl Vehicles of Home.J:uzsed employus. 
Use TableA.9- 5 Methodologies jromA.ppentJix 9 and the Needed Data from TABLE All- 1- B. 

I = Non-Work Related Emissions Associated with Use of Removed Cars for Personal Trips; 
(If n« appliCilble to the project, enter 0.0); 
= (BxDxExFxH)/454;where, 

B = Removed Vehicles After Implementation of Mitigation Measure = (L - 0) 
D = o.os; rive Percent of Removed Cars Used for Personal Travel Such as Home to 

Otber or Shop Travel 
E = Number of Trips per Vehicle per Day 

(For Round-Trip Use 4 and One-way Trip Use 1) 
F = Trip Length for Home to Shop or Home to Other 
G· = New Speed For this Short Travel 
H :: Emission Factors In Grams Per Mile With New Speed 
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TABlES FOR ESTIMATING VEIDCULAR EMISSIONS AFrER 
1HE IMPLEMENTATION OF MITIGATION MEASURES 

1HAT 
RELY ON PRICING STRATEGIES 

Mitigation Measures 
That Rely on Pricing Strategies 

Reduce Emissions Associated With 
Average Daily Trips and Vehicle Miles Traveled 

Provide Employees with Cash Allowances for Ridesharing 
Charge :Employees or Visitors to Park, or Provide Discounts to High Occupancy 
Vehicles . 
Payor Provide Employer Incentives Not to Drive Once a Week 
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TABLEAll- 5· E 

METHODOWGY TO DETERMINE IMPACf OF PRIC~G STRUCTURES 

Mitigation measures with pricing structures will have the same direct impacts as indicated for those same 
measures in Tables All - 5 - A. B, CorD of Appendix 11 [Le., increase in Average Vehicle Ridership (A VR), 
and/or reduction in Average Daily Trips (ADT) with inc:rea.se in VMT by substitute travel modes, Average 
Daily Trips (AnT} Without an increase in VMT or Vehicle Miles Traveled (VMT) with no reduc:ti.on in ADT}. 
Methodologies and data. needed should be the same as desc::ribed in those four tables. Because the variables 
that determine vehicle trips and/or VMT reductions from a pricing standpoint are dependent on a myriad of 
influences, methodologies based on pricing are not provided. For example, the efficiency of a mitigation 
measure in redw::ing vehicle trips may be dependent on the allowance paid to employee by the employer or \'ice 
versa. If an employer inaeases the allowance for parking by SO cem:s. it may linearly inaease A VR by 0.1 or 
remove 10 average daily trips and 5 cars, or reduce average trip leugth by 2 miles. These results are largely 
based on demand elasticities. Consequently. any data that follows is based on published studies that compared 
pricing strategies with travel demand. 

TABLE All • 5 - E • I 
DATA NEEDED FOR DETERMINING DIRECT IMPACTS 

(REMOVED AVERAGE DAILY TRIPS FROM ORIGINAL AVERAGE DAILY TRIPS) 

Impacts 

Reduced 
Work 
Trips 

Impacts 

Added 
Nonwork 
Trips 

Data Need At Home Other Site 

Type of Mitigation Measure: 
e,g S:;iiI~b ADgwaD" fgr Rideshar1ru:!: 
~~OQnDa~gfP~ciR§ti~ 

lPre-Plrking Q:)iiI~ 
Cash Allowance For ThaI: Mitigation 

Measure 

:/I of Employees Partic::ipating Per Day N£A 
#: of Days of the Week N£A 

Average Daily Trip RatejEmployee N£A 

TABLE All • 5 - E ·2 
DATA NEEDED FOR DETERMINING INDIRECT IMPACfS 
(ADDmON OF NEW AVERAGE DAILY NONWORK TRIPS) 

Data Need At Home Other Site 

Type of Mitigation Measure: 
"= ~sb Allow;ans: fm: Rideshariru! 
Cash Allowance For That Mitigation 

Measure 
$S.OOlDa~ gf Pmjcipation 

(fre..Parking Q:)arges) . 

#: of Employees Partic::ipating Per Day N£A 
#: of Days of the Week N£A 

Average Daily Trip RatejEmployee N£A 
Average Trip Length N£A 
Average Speed N£A 
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Impacts 

Added Work 
Trips By 
Vehicles 

From Homes 
to Work or 
Work Centers 

TABLE All .. 5 - E .. 3 

DATA NEED FOR DETERMINING INDIRECI' IMPACI' 
(ADDITION OF NEW AVERAGE DAILY WORK TRIPS) 

Travel Modes Data Need At Home Other Site Project Site 

Type of Mitigation Measure: 
~ri.· ~d! AllQwan~ fm 

Ridwaring 
Cash Allowance for That 

Mitigatiml Measure 
~ SaWlDaI fJ.f Particimtmn 

('Pre..Parking Charges) 

o Cars 
#= of Employees Participating 

Pet Day NlA 
#= of Days of the Week NlA 

Average Daily Trip 
Rate/Empioyee NlA 
Average Trip Length NlA 

Average Speed NlA 
; 

o Buses 
#= of Employees Participating 

Per Day NlA 
:Jj of Days of the Week NlA 

Average Daily Trip 
Rate/Employee NlA 
Average Trip Length NlA 
A~eSpeed N/A 

o Shuttles 
#= of Employees Participating 

Per Day NlA 
#= of Days of the Week NlA 

Average Daily Trip 
Rate/Employee NlA 
Average Trip Length N£A 
Average Speed NlA 
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TABLE All • 5 • E • 4 

DATA NEED FOR DETERMINING DIRECT IMPACTS 
(REMOVED TRIP LENGTH FROM ORIGINAL TRIP LENGTII) 

(CAUSING REDUcnON IN VMT) 

Data Need Other Work Site Project Site 

Reduced 
VMT 

Type of Mitigation Measure: 
~&. Cash Allgwan~ far Ridesbiilring 

Cash Allowance For That Mitigation 
Measure 
$ 5.00lDiilY gf Participatioo <Pre-Parking Qwnresl 

New Trip Length (G) 
:# of Days of the Week with New Trip Length (H) 

0rigiDal Trip Length (I) 
:# of Days of the Week with Original Trip Length (F) . 

TABLEAII· S· E· S 

PRICE DEPENDENT INPUT ASSUMPTIONS TO DETERMINE DIRECT IMPACTS 
(REDUCTION IN AnT) 

Cash Allowanc::es for Ridesbaring 
(Pre-Parkmg Charges) 

Charge to Park (After Any Subsidies) 

Pay or Provide Employer 
Incentives to Not Drive 

Cash Amount Per Day 
$ 

Less Than 1.0 
1.0 
20 
3.0 
4.0 
5.0 
10.0 

LessThm 1.0 
1.0 
20 
3.0 
4.0 
50 
6.0 
Other 

•• 

.... lnput assumptions to be included as information becomes available 

Percent Reduction in Average Daily Trips 

•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

•• 
4.0% 

1.80/"..15.0% 
20.0% 

31.0% 
•• 
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OPERATION 

TABLES FOR ESTIMATING VEIDCULAR EMISSIONS AFIER 
TIlE IMPLEMENTATION OF MITIGATION MEASURES 

THAT REDUCE CONGESTION AND IMPROVE SPEED WI1H 
. INCREASED NUMBER OF VEHICLES 

Mitigation Measures That 
Reduce Emissions Associated With 

On- and Off-Road Congestion 

o Implement On-Site Circulation Plan in Parking Lots to Reduce Emissions From Queuing Vehicles. 
o Improve Traffic:: Flow at Drive-Thoughs by Designing Separate W'mdows for Different Funwcms and 

Providing Temporary Parking for Orders That Are Not Immediately Ready for Pickup 
o Ccmst:mct On- or Off-Site Bus Tumouts, Passenger Benc::hCs, and Shelters 
o Synchronize Traffic: Lights on Streets Impacted by Development 
o Resc::h.eduleTruclc Deliveries and Pic::kups for Off·Peak Hours 
o Implement Staggered Work Hours So That Employees Arrive and Depart From Work stations at 

Different Times and Reduce Vehicle Queuing 
o Set Up Paid Parking System Where Drivers Pay at a Walkup Kiosk and Exit Via a Stamped TIclcet to 

Reduce Vehicle QueuiDg . 
o Require On-Site Truclc Loading Zones 

CONSTRUCTION 

o Configure Construction Parking to Minimize Traffic Interference 
o Provide Temporary Traffic Control During All Phases of CoDSt:rudion Activities to Improve Traffic:: 

Flow, Such as Providing a Flag Person to Dired: Traffic and Ensure Safe Movements Off the Site 
o Schedule Off-Site Cut-and-Fill Transport and Other Construction Ac:tivities to Off-Peak Hours (Le., 

Between 1:00 p.m. and 6:00 a.m. and Between 10:00 a.m. and 3:00 p.m.) 
o Develop a Construction Traffic Management Plan That Includes, But Is Not Limited to: a) 

Resc:hec:luting Goods Movements for Off-Peak Hours; b) Rero'lltiDg Construction Trucks Off 
Congested Streets; c:) Consolidating Truck Deliveries; d) Providing Dedicated Tum Lanes for 
Movement of CoDStruc:tion Trucks and Equipment an;. and Off-Site 
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TABLEAU- 5· F 

METHODOLOGY FOR REDUCED CONGESTION 
(INCREASED NUMBER OF VEHICLES WITH IMPROVED SrEED) 

This methodology calculates the net emissions after implementation of mitigation measures that cause a reduction only 
in traffic congestion .. The number of vehicles traveling on roadways over a given period of time will increase due to 
improved speeds and improved circulation. Improved speed will improve the corresponding emission factor for the 
traveling vehicle, causing a reduction in emissions. 

N = [Ax (E/F) X (G/H)] 
N = 
A = 

Net Emissions After Implementation of Average Daily Trip (AOT) Reduction MeasureS 
Total Non-mitigated Vehicular Emissions 
(Resulting from Table A9 - 5 of Appendix 9 Methodologies) 

E New Number of Vehicles on the Same Road After Implementation of Mitigation Measure (Traffic 
Study) 

F = Original Number of Vehicles on That Road Used for Original LOS (Traffic Study Input) 
New Number of Vehicles on the Same Road After Implementation of Mitigation Measure (Traffic 
Study) . 

E = 

G New Speed-Dependent Emission Factors 
H Original Speed-Dependent Emission Factor (Table A9-5 of Appendix 9) 

TABLE All • 5 - F - 1 

RELATIONSHIP BE1WEEN TRIP SPEED AND NUMBER OF VEHICLES (ROAD CAPACITY) 
PASSING A CERTAIN POINT IN ONE HO~ BY ROAD TYPE 

(MPH AND NUMBER OF VEHICLES PER HOUR) 

Traffic impact analysis should provide number of vehicles on nearby roads. To del:emiine fleet mix (passenger and 
trucks) on the following road types please use EPA report Contract Number A2-155-32 on AsseSSment of Heavv-Duty 
Gasoline and Diesel Vehicles in California: PopUlation and Use Patterm, Prepared in July 1985 by Yuji Horie, Richard 
Rapoport of Pacific Environmental Services, Inc. Passenger vehicles include all autOs and light-duty trucks; trucks 
include all medium-duty, light-heavy, medium-heavy, and heavy-heavy-duty trucks. 

Traveling SpeedlNumber of Vehicles Crgssing an Intersection Per Hour 

County Los Angeles Orange Riverside San Bernardino 
Road Type Year 1987 2010 19$7 2010 1987 2010 1987 2010 

Freeways 
Speed/One Hour 55 55 60 60 60 60 60 60 
Vehicle Capacity /1650 /1650 /1750 /1750 /1750 /1750 /1750 /1750 

Non-Freeway 
Speed/One Hour 20. 20 28.3 283 3333 3333 3833 3833 
Vehicle Capacity /550 /550 /575 /575 /fDJ /fiYJ /&XJ /w:1J 

Major Arterial 
Speed/One Hour 20 20 30 30 35 35 40 40 
Vehicle Capacity /000 /000 /625 /625 /650 /650 /&XJ /w:1J 

Primary Arterial 
Speed/One Hour 20 20 30 30 35 35 40 40 
Vehicle Capacity /5SO /550 /575 /575 /000 /fiYJ /&XJ /w:1J 

Secondary Arterial 
Speed/One Hour 20 20 2S 2S 30 30 35 "35 
Vehicle Capacity /500 /500 /525 /525 /5SO /550 /&XJ /800 

~, 
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TABLES FOR ESTIMATING VEIflCUlAR EMISSIONS AFIER 
TIm IMPLEMENTATION OF MITIGATION MEASURES 

1HAT . 
REDUCE 1HE USE OF GASOUNE- AND DIESEL-FUELED VEHICLES 

Mitigation Measures That 
Reduce Emissions Associated With 

Gasoline- and Diesel-Fueled Vehicles 
By 

Utilizing Alternate Fuel-Fueled Vehicles 

o Use Low-Emission Vehicles (LEVs) (Scheduled Penetration Between 1998 and 2(04) 

o Use Ultra Low Emission Vehicles (ULEVs) (Scheduled Penetration Between 1998 and 2(10) 

o Use Zero Emission Vehicles (ZEVs) (Scheduled Penetration Between 1998 and 2(10) 
(For Percent Penetration See.A.l1llched Tflble) 

SOURCE: ARB's Staff Report for Proposed Regulations for Low-Emission Vehicles and Oean Fuel 
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TABLEAll .. 5 - G 

METHODOLOGY FOR REDUCED NUMBER OF 
GASOLINE-FUELED AND DIESEL-FUELED VEHICLES WI1lI 

INCREASED NUMBER OF ALTERNATE FUEL-FUELED VEHICLES 

This methodology is for net emissions after implementation of mitigation measures that cause a reduction only in the 
number of gasoline- and diesel-fueled vehicles. 

N = [Ax {l- L}] + [{(FxL)x (ADTRatc·) x (Trip Length··) x (NewRurmiDgEmaust andPvaporativc Emission 
Fador···)} + {(FxL) x (ADT Rate·) x (New Start-Up Emission Factor···)} + {(FxL) x (ADTRate·) x (New Hot
Soak Emission Factor···)} + {(F x L) x (New Diumal Emission Factor*··)}; Where, 

N = Net Emissions After Implementation of Measures that Reduce Diesel- and Gasoline-fueled Vehicles. 
A = Total Nmmitigated Vehicular Fmlssions 

(Resuldngjrom Table A9':' 5 or Appendi% 9 Methodologies for the rust Mitigation Measure); 
Please repeat the same formula. for each type of aItemative1y fueled vehicle. 'When repeating the 
formula use net emissions from previous calcn1ations as nonmitigated emissions. 

(Note: Please note an vehicle categories (l.EVs, ULEVs and ZEVs) fueled with varieties of fuels will have the 
same emissions factor, i.e., emission factor will be dependent on vehicle category and not fuel categorj. 
The emission factor is not fuel dependent.) 

F Original Number of Projed:-Related GasOline-and Diesel-Fueled Vehicles (Traffic Study Inpul) 
L = Fraction or Percent Vehicles Replaced With Alternate Fuel-Fueled Vehicles 

(Mitigations should at least utilize the same percent substitutions for that build-out year as indicated in 
Table All - 5 - G - 1. If a lower percent is utilized, please provide reasons for not 1!tilizing available 
percerit penetration rate.) 

• 

(F x: L) = New (Reduced) Number of Alteniatively Fueled Vehicles 

After Implementation of Mitigation Measure (Tn:zffic Study) 
For ADT Rates, Please See Table A9 - 5 of Appendix 9 or Traffic Analysis Used to Estimate 
Nonmitigated Emissions (A) 

•• For Trip Length, Please See Table A9 - 5 of Appendix 9 or Traffic Analysis Used to 'Estimate 
Nonmitigated Emissions (A). 

... For Emission Faders Contact California Air Resources Board or Manufacturers of the New 
Vehicles. 

(If Emission Factors are not available, please indicate potential emission reducti.on by using Fractions 
provided in ARB's Staff Report on Clean Fuel Regulation, and make a statement to indicate that additional 
emissions from substitute vehicles will be estimated when emission factors are available for substitute 
vebicles.) 

Note: ADT and Trip Length data should be weighted for the average of seven days, i.e., five da~ for workda)'S and 
two da~ for weekends. 

TABLE All· S • G - I 

ALTERNATE FUEL-FUELED VEHICLE PENETRATION SCHEDULE 
Passenger Vehicles or Vehicles Gross Vehicle Weight of 6,000 Pounds or Less 

(percent) 

LEV ULEV ZEV Year LEV ULEV 

1998 48 2 2 2005 80 
1999 13 2 2 2006 80 
2000 96 2 2 7J:IJ1 65 
2001 90 5 5 2008 65 
2002 85 10 5 2009 50 
2003 7S 15 10 2Ol.0 50 
2004 SO. 40 10 2011(Uomown) U U 

ZEV 

20 
20 
3S 
3S 
50 
50 
U 

LEV == Low-Emission Vehicles; ULEV = Ultra-Low-Emission Vehicles; ZEV = Zero-Emission Vehicles 
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TABLE All • 5 • G • 2 

ALTERNATE FUEL-FUELED VEHICLE PENETRATION SCHEDULE 
/~ (Grams Per Mile) 

Reactive 0rpDic: Gases TLEV LEV ULEV ZEV 

up to 50,000 Miles 
0.037 Low-Emission Vehicles 0.115 0.069 0.0 

Gasoline Standards For 
flexible and Dual-Fuel 
Low-Emission Vehicles 0.23 0.115 0.069 0.0 

Up to 100,000 Miles 
Low-Emission Vehicles 0.143 Cl.083 0.051 0.0 
Gasoline Standards For 
flexible and Dual-Fuel 
Low-Emission Vehicles 0.28 0.143 0.083 0.0 

CarbcmMouuie mv LEV Ul..EV ZEV 

Up to 50,000 Miles 
Low-Emission Vehicles 3.4 3.4 1.7 0.0 
Gasoline Standards For 
flexible and Dual-Fuel 
Low-Emission Vehicles 3.4 3.4 1.7 0.0 

Up to l00,()oo Miles 
Low-Emission Vehicles 4.2 4.2 2.1 0.0 
Gasoline Standards For 
Flexible and Dual-Fuel 
Low-Emission Vehicles 4.2 4.2 2.1 0.0 

Oxides of Nitrogen TLEV LEV ULEV ZEV 

Up to 50,000 Miles 
Low-Emission Vehicles 0.4 '0.2 0.2 0.0 
Gasoline Standards For 
Flexible and Dual-Fuel 
Low-Emission VehicleS 0.4 0.2 0.2 0.0 

Up to 100,000 Miles 
Low-Emission Vehicles 0.6 0.3 0.3 0.0 
Gasoline Standards For 
Flexible and Duai-FUel 
Low-Emission Vehicles 0.6 0.3 0.3 0.0 

TABLE All· 5 • G - 3 

1993· 1998 ALTERNATE FUEL-FUELED VEHICLE EMISSION FACTORS 
(Grams Per Mile) 

YEARS DISTANCE TRAVELED ROC co NOx Notes 
(Miles) (Grams per Miles) 

1993-1994 

Primary Up to SO,OOO Miles 0.23 3.4 0.4 
50,00 to 100, 000 0.23 3.4 0.7 

/....-., 

100,00 0.29 4.2 1993 Option Only 

Secondary Up to SO,OOO Miles 0.36 7.0 0.4 
SO,OO to 100, 000 0.36 7.0 0.7 OptioDal 
100,00 0.42 8.3 1.0 Diesel Option 
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TABLE All· 5·H 

EMISSION FACTORS FOR ESTIMATING BUS EMISSIONS 

USE 

TABLEA9 -14-A 

FOR BUS RELATED 
. VEHICLE MILES 1RA VELED (VMT)' 

A VERAGE DAILY TRIPS (ADT) AND NUMBER OF VEHICLES (NOV) 
IN . 

COUNTYWIDE AND REGIONWIDE FLEET MIX 
AND 

TABLEA9 - 5·G 
... 

FOR THEIR PERCENTAGES 

USE 

TABLE A9 • 5 - P • 1 AND 2 

FOR DETERMINING COMPOSITE EMISSION FACTOR BETWEEN 
FOUR DIFFERENT TYPES OF VEHICLES TOGETHER, SUCH AS, 
PASSENGER VEHICLES, MATERIAL HAUliNG VEHICLES AND 

MOTORCYCLES 
INCLUDING BUSES 

AND 
BETWEEN RUNNING, HOT AND COlD START EMISSION FACTORS FOR 

THE BUSES 

(* IF PROJECT·SPECIFIC FLEET MIX DATA IS NOT AVAIlABLE. 
USE TABLE A9 - 5 - G TO DETERMINE PROJECT RELATED 

FLEET MIX DATA) 
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Table All - 5 - H - I 
EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles*** 
Calendar Year 1991 

Rwmmg Exhaust and Evaporative (Grams per Mile) •. 
" : ..... :. . .. 

Vehicle speed Carbon Monoxide Reactive Organic CompoundS. Oxides of Nitrogen:.:· . .,PM 10 EXhaust . . PM10 TireW~~.: 
(Miles per Hour) AREAl AREA2 

5 63.73 63.73 

10 43.95 43.95 

15 31.71 31.71 

20 23.95 23.95 

25 18.93 18.93 

30 15.66 15.66 

35 13.55 13.55 

40 12.211 12.28 

45 11.64 11.64 

50 IU5 11.55 

55 12.00 12.00 

60 13.04 13.04 

65 14.113 14.83 

COLD START· N/A N/A 
(GramllTrlp) 

HOT STARTt N/A MIA 
. (GramstTrlp) 

HOTSOM· - -
(GramslTdp) 

DIURNAL·· -- ---
(O,amIlVehiclo/D.y) 

AREA3 AREAl AREAl AREAl 

63.73 9.83 9.83 9.83 

43.95 7.72 7.72 7.72 

31.71 6.19 6.19 6.19 

23.95 5.08 5.08 5.08 

111.93 4.26 4.26 4.26 

·15.66 3.65 3.65 3.65 

13.55 3.20 3.20 3.20 

·12.211 2.87 2.87 2.87 

11.64 2.62 2.62 2.62 

11.55 2.46 2.46 2.46 

12.00 2.36 2.36 2.36 

13.04 2.30 2.30 2.30 

14.83 2.30 2.30 2.30 

N/A N/A N/A N/A 

MIA MIA MIA N/A 

- N/A MIA MIA 

- MIA MIA MIA 

Huml piC 01 one dauy trip 

Vehicle Start 
(Start-up) 

ParkJng 

. Running + Evaporative 

----------------> 
Dlumai 

----------------> 
Pleaso NO Table A9 - 5 - I for Arcu and Associated Temperatures. 

AREAl 

37.15 

30.82 

26.49 

23.60 

21.78 

20.113 

20.63 

21.18 

22.53 

24.83 

28.36 
33.56 

41.14 

N/A 

MIA 

--
---

Vehicle Start 
(Hot Soak) 

Restart 
(Start-up) 

AREAl 

37.15 

30.82 

26.49 

23.60 

21.78 

20.113 

20.63 

21.18 

22.53 

24.83 

28.36 
33.56 

41.14 

N/A 

MIA. 

--

-

AREAl FOR ALL AJm.A. . FOR ALL AREA 

37.15 2.31 0.66 

30.112 2.31 0.66 

26.49 2.31 0.66 

23.60 2.31 0.66 

21.78 2.31 0.66 

20.113 2.31 0.66 

20.63 2.31 0.66 

. 21.111 2.31 0.66 

22.53 2.31 0.66 

24.83 2.31 0.66 
28.36 2.31 0.66 
33.56 2.31 0.66 

41.14 2.31 0.66 

N/A 

MIA 

.-

-

•. Vehicle Miles Traveled (VMT)I Average Dally Trips (ADT) -weighted emission factors: 
Includes VMT/ADT from dleseHueled vehicles (100%), gasollne-fueled vehicles equipped with catalyst (0.0%). and gasoline-fueled vehicles not equipped with catalyst (0.0%). 

•• Number of Vehicles (MOV)-welghted emilllion factorll: . 
Includes NOV from dl_-fuelod vehicles (100%). gasoline-fueled vehicles equipped with catalyst (0.0%). and gallOilne-fueled vehicles not equipped with catalyat (0.0%) . 

••• BulC8 or lI1u1ti-porllOR vehicles (Vehicles with 20 person per vehicle) 
. Does not Include train. or alrplanes. 

lC!n InDC! I I 'WI{ 1\ 



Table All - 5 - H - 2 
EMFAC7BP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehiclesllnfnlc ' 
Calendar Year 1993 

5 64.95 64.95 64.95 9.73 9.73 9.73 35.61 35.61 35.61 2.t6 0.66 
10 44.78 44.78 44.78 7.65 7.65 ,7.65 29.54 29.54 29.54 2.16 0.66 
IS 32.32 32.32 32.32 6.14 6.14 6.14 25.40 25.40 25.40 2.16 0.66 
20 24.41 24.41 24.41 5.03 5.03 5.03 22.62 22.62 22.62 2.16 0.66 

,25 19.29 19.29 19.29 4.22 4.22 4.22 20.88 20.88 20.88 2.16 0.66 
30 IS.96 15.96 15.96 3.62 3.62 3.62 19.96 19.96 19.96 2.16 0.66 
3S 13.81 13.81 13.81 3.17 3.17 3.17 19.78 19.78 19.78 2.16 0.66 
40 12.SI 12.SI 12.SI 2.84 2.84 2.84 20.30 20.30 20.30 2.16 0.66 
4S 11.86 H.86 H.86 2.60 2.60 2.60 21.60 21.60 21.60 2.16 0.66 
SO 11.77 11.77 11.77 2.44 2.44 2.44 23.80 23.80 23.80 2.16 0.66 
55 12.23 12.23 12.23 2.33 2.33 '2.33 27.18 27.18 27.18 2.16 0.66 

~ 
60 13.29 13.29 13.29 2.28 2.28 2.28 32.16 32.16 32.16 2.16 0.66 
6S IS. II IS.II IS.II 2.28 2.28 2.28 39.43 39.43 39.43 2.16 0.66 

V. 
COLD START. N/A N/A MIA N/A MIA N/A MIA MIA MIA t'Ji 

(GramslTrlp) 

HOTSTARTt N/A I N/A I N/AI N/A I MIA I N/A I MIA I N/A 1 N/A 
(OramslTrlp) 

HOTSOAKt --I --I --I N/A I MIA I MIA 
(GramslTrlp) 

DIURNAL·· -I -I --I N/A I 
ly trip: 

N/A I N/A 

Running + Evaporative 
Vehicle Start --,-------------> Vehicle Start 

(Start-up) .f (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 

» Please 8U Table A9 - 5 - J for ArOllll and AsSOCiated Temperatures. 
• Vehiclo Miles Traveled (VMT)I Averllge Dally Trips (ADT) -weighted emission factors: 

;0 Includes VMT/ADT from dleseHueled vehicles (100%). gasoline-fueled vehicles equipped with catalyst (0.01)5), and gasoline-fueled vehicles not equipped with catalyst (0.01)5). 0 
0 .. Number of Vehicles (MOV)-welgllted emission factors: 
-...J Includes NOV from dleseHueled vehicles (100"), gasoline-fueled vehicles equipped with catalyst (0.0%). and gasoline-fueled vehicles not equipped with catalyst (0.0%). c..v ... Buses or multl-person vehicles (Vehicles with 20 perSOR per vehicle) .....lo. 

CJ1 Doer Jude trains or IIlrplanes. \ 

) .I) 0 ) (SOW' 
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Table All - 5 - H - 3 
EMFAC1EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles*** 

5 66.00 

10 45.51 

IS 32.84 
20 24.80 

25 19.60 

30 16.21 
3S 14.04 

40 12.72 
45 12.06 
SO 11.96 

55 12.42 
60 15.36 

65 15.11 

COLD START· N/A 
(OramslTrlp) 

N/A 

SOAK· I -
(OramslTrlp) 

DIURNAL·· .-1 

66.00 66.00 
45.51 45.51 
32.84 32.84 
24.80 24.80 
19.60 19.60 

16.21 16.21 
14.04 14.04 
12.72 12.72 
12.06 12.06 
11.96 11.96 

12.42 12.42 
15.36 15.36 
15.11 15.11 

N/A N/A 

N/A N/A 

._- ---

-I --I 

Vehlcle Start 
(Start-up) 

Parldng 

Please see Table A9 - 5 - I for Areas and Associated Temperatures. 

Calendar Year 1995 

9.74 9.74 
7.65 7.65 
6.14 6.14 
5.03 5.03 
4.22 4.22 

3.62 3.62 
2.84 2.84 
2.60 2.60 
2.44 2.44 
2.33 2.33 

2.28 2.28 
2.28 2.28 
2.28 2.28 

N/A N/A 

N/A N/A 

N/A N/A 

N/A I N/A I 

Running + Evaporallve 

------~---------> 

Diurnal 

----------------> 

9.74 

7.65 

6.14 
5.03 
4.22 

3.62 
2.84 
2.60 
2.44 
2.33 
2.28 
2.28 
2.28 

N/A 

N/A 

N/A 

N/A 

34.66 
28.76 
24.72 
22.02 
20.32 

19.43 
19.25 
19.76 
21.02 
23.17 
26.46 
31.31 
38.38 

N/A 

N/A 

Vehlcle Start 
(Hot Soak) 

Restart 
(Start-up) 

34.66 34.66 2.03 0.66 
28.76 28.76 2.03 0.66 
24.72 24.72 2.03 0.66 
22.02 22.02 2.03 0.66 
20.32 20.32 2.03 0.66 
19.43 19.43 2.03 0.66 
19.25 19.25 2.03 0.66 
19.76 19.76 2.03 0.66 
21.02 21.02 2.03 0.66 
23.17 23.17 2.03 0.66 
26.46 26.46 2.03 0.66 
31.31 31.31 2.03 0.66 
38.38 38.38 2.03 0.66 

N/A N/A 

N/A N/A 

• Vehlcle Miles Traveled (VMT)I Average Dally Tripe (ADT) -weighted emission factors: 
IRcludea VMT/ADT from dleseHueled vehiclea (100%). gasoline-fueled vehlclea equipped with catalyst (0.0%>. and gasoline-fueled vehlcles not equipped with catalyst (0.0%). 

•• Number of Vehlcles (NOV)-welghted emission factora: 
IRelud.,. NOV from dleacHueled vehiel.,. (100%), gasoline-fueled veWelea equipped with catalyst (0.0%), and gasoline-fueled vehlclea not equipped with catalyst (0.0%) . 

••• Buse. of multl-person vehlcles (Vehlclea with 20 person per vehicle) 
Does not Include train. or airplanes. 
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Table All - 5 - H - 4 
EMFAC1EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles·.· 
Calendar Year 1997 

h}]l 
, .•.•• "' ;;".; ... 1IJ.. .._ .. 

:'AREAt,:::,A~~:AREA3' ,·AIm) 

5 66.63 66.63 66.63 9.84 9.84 9.84 32.08 32.08 32.08 1.64 0.66 
10 45.94 45.94 45.94 7.73 7.73 7.73 26.62 26.62 26.62 1.64 0.66 
15 33.15 33.15 33.15 6.20 6.20 6.20 22.88 22.88 22.88 1.64 0.66 

20 25.04 25.04 25.04 5.09 5.09 5.09 20.38 20.38 20.38 1.64 0.66 

25 19.79 19.79 19.79 4.27 4.27 4.27 18.81 111.81 18.81 1.64 0.66 

30 16.37 16.37 16.37 3.65 3.65 3.65 17.98 17.98 17.98 1.64 0.66 

35 14.17 14.17 14.17 3.20 3.20 3.20 17.82 17.82 17.112 1.64 0.66 

40 12.84 12.84 12.84 2.81 2.81 2.87 18.29 18.29 18.29 1.64 0.66 

45 12.17 12.17 12.17 2.63 2.63 2.63 19.46 19.46 19.46 1.64 0.66 

50 12.08 12.08 12.08 2.41 2.47 2.47 21.45 21.45 21.45 1.64 0.66 

55 12.54 12.54 12.54 2.36 2.36 2.36 24.00 24.00 24.00 1.64 0.66 

00 13.63 13.63 13.63 2.30 2.30 2.30 28.00 28.00 28.00 1.64 0.66 

65 15.50 15.50 15.50 2.30 2.30 2.30 35.00 35.00 35.00 1.64 0.66 

COLD START. N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(OramslTrlp) 

HOT START. I N/AI N/AI N/A I N/A I N/AI N/A I N/AI N/AI N/A 
(OramslTrlp) 

HOT SOAK· 1 -I -I -I N/AI N/A I N/A 
(OramslTrlp) 

I I I I 

N/A I N/A I N/A 

one diD, -

RuMing -+ Bvaporative 
Vehicle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parkins ----------------> Reatart 

(Start-up) 
Pleuo leO Table A9 - 5 - I for Areas and Aasoclated Temperatures. 
Vehicle MUes Traveled (VMT)/Average Dally Trips (ADT) -weighted emission factors: 
Includes VMTI ADT from diesel-fueled v~cles (100%), ga80Uno-fueled vehicles equipped with catalyst (0.0%), and ga80llnc-fileled vehicles not equipped with catalyst (0.0%). 
Number of Vehicles (NOV)-wellhted eml.slon factors: 
Includes NOV from dleseHueled vehicles (100%), g8801lno-fueled vehicles equipped with catalyst (0.0%>. and gasoline-fueled vehicles not equipped with catalyst (0.0%). 

••• BullC8 0. lUultl-per80n vehicles (Vehicles with 20 per80ft per vehicle) 
Dou ) 'Iude trains or airplanes. 

) (SO lor ) .I) 
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Table All - 5 - H - 5 
HMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles··· 

Vehicle Speed 
(Mites per Hour) 

5 

10 

15 

20 

25 

30 

35 
.40 

45 

SO 

55 
60 

65 

COLD START· 
(OramalTrlp) 

HOT START. 
(OramslTrlp) 

HOT SOAK. 
(OramllTrlp) 

DIURNAL·· 
(OnmllVehicle/Day) 

Calendar Year 1999 
.. ' .... Ruruiing BWusl and. BV8pmatiye (GramsJier 

CarbOn. Monoxide:' . .... Reaclive.orpm~c:o~:·::: '{'::::::'::;:'fjidde$of:Nittogen\:\?:,\; 
AREAl .ARBA2 Alua-:a ARHAI. . ARBA2 AREAl.' 

61.23 61.23 61.23 9.92 9.92 9.92 

46.36 46.36 46.36 7.78 7.18 1.78 

33.45 33.45 33.45 6.25 6.25 6.25 

25.26 25.26 25.26 5.12 5.12 5.12 

19.97 19.97 19.91 4.30 4.30 4.30 

16.52 16.52 16.52 3,68 3.68 3.68 

14.30 14.30 14.30 3.23 3.23 3.23 

12.95 12.95 12.95 2.89 2.89 2.89 

12.28 12.28 12.28 2.65 2.65 2.65 

12.19 12.19 12.19 2,48 2.48 2.48 

12.66 12.66 12.66 2;37 2.31 2.31 

13.15 13.15 13.15 2.32 2.32 2.32 

15.64 15.64 15.64 2.32 2.32 2.32 

N/A N/A N/A N/A N/A N/A 

N/A N/A N/A N/A N/A N/A 

- -- - N/A N/A N/A 

- - - N/A N/A N/A 

Eum piC 01 one dally trip 

Vehicle Start 
(Start-up) 

Puking 

RUMing + Evaporative 

----------------> 
Diurnal 

----------------> 

. AREAl 

31.49 

26.12 

22.46 

20.00 

18.46 

11.65 

17.49 

17.96 
19.10 
21.05 

24.04 
28.44 
34.81 

N/A 

N/A 

--

-

Vehicle Start 
(Hot Soak) 

Restart 
(Start-up) 

AREA2 AlUlA3. 
31.49 31.49 

26.12 26.12 

22.46 22.46 

20.00 20.00 
18.46 18.46 

17.65 17.65 

17.49 17.49 

17.96 17.96 
19.10 19.10 
21.05 21.05 

24.04 24.04 
28.44 28.44 
34.81 34.81 

N/A N/A 

N/A N/A 

- -
- -

Please see Table A9 - 5 - I for Areas and Aaaoc:mted Tcmperatures. 

:::: ... PMlij'B.~~j~~·~~::;~\~~~r.:( 
··FOR. ALl;;:ARBA:. :FOR~LARE"" 

1.51 0.66 

LSI 0.66 

1.51 0.66 

1.51 0.66 

LSI 0.66 

LSI 0.66 

1.51 0.66 

1.51 0.66 

LSI 0.66 

1.51 0.66 

1.51 0.66 

1.51 0.66 

1.51 0.66 

• Vehicle Miles Traveled (VMT)I Average Dally Trlpa (ADT) -weighted emission factors: 
Includes VMT/ADT from diesel-fueled vehlelea {IOO").gllllOllne-fuelcd vehicles equipped with catalyst (0.0"). and gasoline-fueled vehicles not equipped with catalyst (0.0"). 

•• Number of VeWeles (NOV)-welghted emJaslon factofa: 
Ineiudes NOV from diesel-fueled veWeles (100"). gllllOllne-f'uded veWcles equipped with eatalyst (0.0"). and gasoline-fueled vehicles not equipped with catalyst (0.0") . 

••• Buaea or multl-person vehicles (Vehicles with 20 person per vehicle) 
Does not Includo tralM or airplanes. 

(SOIOBS19.WKI) 



lable ALI. - l - H - b 
BMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles... . 
Calendar Year 2001 

5 61.64 67.64 61.64 9.92 9.92 9.92 31.48 31.411 31.48 1.42 0.66 
10 46.64 46.64 46.64 7.79 7.79 7.79 26.12 26.12 26.12 t.42 0.66 
15 33.65 33.65 33.65 6,25 6.25 6.25 22.45 22.45 22.45 t.42 0.66 
20 25.42 25.42 25.42 5.12 S.12 S.12 20.00 20.00 20.00 1.42 0.66 
2S 20.09 20.09 20.09 4.30 4.30 4.30 18.45 18.45 18.45 t.42 0.66 
30 111$.62 16.62 16.62 3.69 3.69 3.69 11.65 17.65 17.65 1.42 0.66 
35 14.38 14.38 14.38 3.23 3.23 3.23 17.48 17.411 17.48 1.42 0.66 
40 13.03 13.03 13.03 2.90 2.90 2.90 17.95 17.95 17.95 1.42 0.66 
45 12.36 12.36 12.36 2.65 2.65 2.65 19.00 19.09 19.09 t.42 0.66 
so 12.26 12.26 12.26 2.48 2.48 2.48 21.04 21.04 21.04 t.42 0.66 
55 12.73 12.73 12.73 2.37 2.37 2.37 24.03 24.03 24.03 1.42 0.66 

~ 
60 13.84 13.84 13.84 2.32 2.32 2.32 28.43 28.43 28.43 1.42 0.66 
6S 15.74 15.14 IS.74 2.32 2.32 2.32 34.86 34.86 34.86 t.42 0.66 

~ COLD STAAT. N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(Chl'lmITrip) 

HOT STAAT. I N/AI N/A I N/AI N/A I N/AI N/AI N/AI N/AI N/A 
(Orl'lmITrlp) 

HO.TSOAK· 1 -I --I -I NtAI N/A I N/A 
(OramlTrip) 

DIURNAL·· 1 -I -I -I N/A I N/A N/A 

one diUy trip: 

RlIMIng + Bvaporatlve 
Vehiclo Start ----------------> Vehicle Start 

(Start-up) (Hot Soak.) 

Diurnal 
Parking -------------~--> Restart 

» (Start-up) 
Please see Table A9 - S - I for Arcaa and Associated Temperatures. ;0 .. Vehlclo Miles Traveled (VMT)/Average Dally Trips (ADT) -weighted emlsslon factors: 0 

0 Includes VMT/ADT from dlCllel-fueled vehicles (IOO~). gasoline-fueled "chicles equipped with c:atalyat (O.O~). and gasoline-fueled vehicles not equipped with catalyat (O.O~). 
-..J •• Number of Vehicles (NOV)-welghted emillslon 'factOI'll: . c..v Includes NOV from diesel-fueled vehicles (IOO~). gasoline-fueled vehicles equipped with eata1yat (O.O~), and gasoline-fueled vehicles not equipped with eata1yat (O.O~) • .....lo. 

CJ1 ...... BulC8( ltl-penon vehicles (Vehicles with 20 porson POI' vehicle) ) ) +::>. Does n, ude trains or airplanes •. 
(~nlnR 
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Table h .... .1 - 5 - H - 7 
EMFAC7BP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRiCT 

Buses or Multi-Person Vehicles· •• 
Calendar Year 2003 

5 61.80 61.80 61.80 10.01 10.01 10.01 31.26 31.26 31.26 1.23 0.66 
10 46.15 46.15 46.15 7.86 7.86 7.86 25.94 25.94 25.94 1.23 0.66 
15 33.13 33.13 33.13 6.30 6.30 6.30 22.30 22.30 22.30 1.23 0.66 
20 25.48 25.48 25.48 5.11 5.11 5.11 19.86 19.86 19.86 1.23 0.66 
25 20.14 20.14 20.14 4.33 4.33 4.33 18.33 18.33 18.33 1.23 0.66 
30 16.66 16.66 16.66 3.12 3.n 3.n 11.53 11.53 11.53 1.23 0.66 
3S 14.42 14.42 14.42 3.26 3,26 3.26 11.36 11.36 11.36 1.23 0.66 
40 13.06 13.06 13.06 2.92 2.92 2.92 11.83 11.83 11.83 1.23 0.66 
45 12.39 12.39 12.39 2.68 2.68 2.68 18.96 18.96 18.96 .1.23 0.66 
50 12.29 12.29 12.29 2.50 1.50 2.50 20.90 20.90 20.90 1.23 0.66 

55 12.16 12.16 12.16 2.39 2.39 2.39 23,86 23.86 23,86 1.23 0.66 
60 13.81 13.81 13.81 2.35 2.35 2.35 28.24 28.24 28.24 1.23 0.66 
65 15.18 15.18 15.18 2.35 2.35 2.35 34.62 34.62 34.62 1.23 0.66 

COLD START. MIA MIA MIA MIA MIA MIA . MIA MIA MIA 
(OrllDllllTrlp) 

MIA MIA MIA MIA MIA MIA! MIA! MIA! MIA 

SOAK· I - .- - MIA MIA MIA 
(OramslTrlp) 

DIURNAL·· I -I -\ -1 MIA I MIA I MIA 
(OnmllVcb!c!e/Day) 

one 

Running + Bvaporatlve 
Vehicle Start ------~---------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parking ----------------> Restart 

(Start-up) 
Pleuo ICC Table A9 - 5 - I for Areal and Alaoclated Temperaturea. 
Vehicle MUea Traveled (VMT)I Average DaUy Trips (ADT) -weighted emlllsion factora: 
Includca VMT/ADT from dlcaeHueled vehicles (100"). gasoline-fueled vehiclea equipped with catalyst (0.0"). and gallOllne-fueled vehlclca not equipped with catalyst (0.0"). 
Mumber of Vehicles (MOV)-welghted emlilion factors: 
Includes NOV from dlesel-fuded vehiclea (100"). gasollne-fuded veh1clea equipped with catalyst (O.O~). and g8l1011nc-fuded vchiclei not eqUipped with cata1y. (0.0") • 

••• BUlIN or multl-perllOR vehicles (Vehlclu with 20 por8Ol1 por vehicle) 
Docs not Include tralM or alrplanu. 

(SCHOBS23.WKI) 
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EMFAC7EP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Buses or Multi-Person Vehicles··. " 

5 61.93 61.93 

10 46.84 46.84 

15 33.110 33.110 

20 25.53 25.s3 

25 20.11 20.11 

30 16.69 16.69 

3S 14.45 14.45 

40 13.00 13.09 
45 12.41 12.41 

so 12.31 12.31 

5S 12.19 12.19 

60 13.90 13.90 

65 IS.81 15.lIt 

COLD STAAT. N/A MIA 
(GramslTnp) 

MIA MIA 

SOAK· I - -
(OramJITnp) 

Calendar Year 2005 

61.93 10.06 10.06 10.06 31.11 

46.84 1.89 1.119 1.119 25.86 

33.110 6.33 6.33 6.33 "22.23 

25.53 5.20 5.20 5.20 19.80 

20.11 4.36 4.36 4.36 111.21 
16".69 3.74 3.14 3.14 11.41 

14.45 3.211 3.211 3.211 11.31 

13.00 2.93 2.93 2.93 11.11 

12.41 2.69 2.69 2.69 111.91 

12.31 2.SI 2.51 2.51 20.84 

12.19 2.40 2.40 2.40 23.80 

13.90 2.36 2.36 2.36 211.16 

15:111 " 2.36 2.36 2.36 34.52 

N/A N/A N/A N/A N/A 

MIA N/A N/A N/A N/A 

- N/A N/A N/A 

N/AI N/AI N/A 

RII1\IlI.ng + Evaporative 
Vehicle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

DlunW 
Puking --------~-------> ReaWt 

(Start-up) 
Please .. Table 18 - 5 - I for Areas and Asaoclatecl Temperatures. 

• Vehicle Miles Traveled (VMT)/Average Dally Trip. (ADT) -welghtodembsion factors: 

31.11 31.11 1.12 0.66 
25.86 25.116 1.12 0.66 
22.23 22.23 1.12 0.66 
19.80 19.110 tl2 0.66 
111.21 18.21 1.12 0.66 
11.41 11.47 1.12 0.66 
11.31 11.31 1.12 0.66 
11.11 11.11 1.12 0.66 
111.91 111.91 1.12 0.66 
20.84 20.84 1.12 0.66 
23.80 23.80 U2 0.66 
28.16 211.16 1.12 0.66 
34.52 34.52" 1.12 0.66 

N/A MIA 

N/AI MIA 

Includes VMT/ADT from diesel-fueled vehicles (100"). gasoline-fueled vehicles equipped with catalyst (0.0"). and gasoline-fueled vehicles not equipped with catalyat (0.0"). 
•• Number of Vehicles (MOV}-welghted emission factore: 

Includes N9V from diesel-fueled vehicles (100-1). gasoline-fueled vehicles equipped with catalyat (OJ)"). Mel guollne-fueled vehicles not equipped with catalyat (0.0") • 
••• Busea ( ']d-perl!lOn vehicles (Vehicles with 20 perl!lOn per vehicle) ) 

Doea III ude tra1.n8 or atrplMcs." . 
Icnlm: 

) 
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Table All - 5 - H - 9 

EMFAC7BP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 
Buses or Multi-Person Vehicles ••• 

Calendar Year 2007 

5 68.01 68.01 68.01 10.08 10.08 10.08 31.14 31.14 31.14 1.075 0.66 
10 46.89 46.89 46.89 1.91 7.91 7.91 25.84 25.84 25.84 1.01S 0.66 
15 33.84 33.84 33.84 6.36 6.36 6.36 .2Z.21 22.21 22.21 1.075 .0.66 

20 25.56 25.56 25.56 5.21 5.21 5.21 19.78 19.18 19.78 . 1.075 0.66 

25 20.20 20.20 20.20 4.37 4.31 4.31 18.26 18.26 18.26 1.075 0.66 

30 16.71 16.11 16.11 3.14 3.14 3.14 11.46 11.46 11.46 1.075 0.66 

35 14.46 14.46 14.46 3.28 3.28 3.28 17.30 11.30 17.30 1.075 0.66 

40 13.10 13.10 13.10 2.94 2.94 2.94 17.16 11.76 11.16 1.015 0.66 

45 12.42 12;42 12.42 2.10 2.10 2.70 18.89 18.89 18.89 1.015 0.66 

so 12.33 12.33 12.33 2.S2 2.52 2.S2 20.82 20.82 20.82 1.075 0.66 

55 12.80 12.80 12.80 2.41 2.41 2.4. 23.11 23.11 23.77 1.075 0.66 

60 13.91 lUI 13.91 2.36 2.36 2.36 28.13 28.13 28.13 1.075 0.66 

65 15.83 15.83 15.83 2.36 2.36 2.36 34.49 34.49 34.49 1.075 0.66 

COLD START. N/A N/A N/A N/A N/A N/A N/A N/A N/A 
(OramslTrlp) 

START· N/A I N/A I N/A I N/A I N/A I N/AI N/A N/A N/A 
(OramalTrlp) 

SOAK· -I -I -I N/A I N/A I N/A 
(OrlmlTrlp) 

DIURNAL·· N/A 
(<JramtJIVefdclefDay) 

RunnLng + Evaporative 
Vehicle Start ----------------> Vehicle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parklnl ----------------> Restart 

(Start-up) 
Pleuo lee Table AfJ - 5 - I for Aren and AsIlOCIateci Temperature.. 

• Vehicle Mlle. T.raveled (VMT)I Average Dall)' Trip. (ADT) -weighted emission factor.: 
Includes VMT/ADT from diesel-fueled vehicles (IOO~).luollne_fueled vehicles equipped with catalyst (O.O~). and guollne-:fueled vehiclesnot equipped with catalyst (O.O~). 

•• Number of Vehicles (NOV)-welghted emllllion factor.: 
Includci NOV from dleel-fueled vehicle. (lOI1~). luollne_fueled veltlclOll equipped with catatyst (O.O~). and 1_Ine-fueled vehicles not equipped with c:atal)'st (O.O~). 

••• BUM or Dlulti-perlOn vehicles (Vehlel.,. with 20 person per vehicle) . 
Does not include trlll.n.l or IIlrplane.. 

(~nlnAlI1?' Wf{1\ 
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Table All - 5 - H :- 10 
EMFAC7BP EMISSION FACTORS FOR SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT 

Buses or Multi-Person Vehicles ••• 
Calendar Year 2009 " 

31.12 l.OS 0.66 
10 46.92 46.92 46.92 7.93 7.93 7.93 25.82 2S.82 25.82 LOS 0.66 
IS 33.86 33.86 33.86 6.37 6.37 6.37 " 22.19 22.19 22.19 LOS 0.66 
20 25.57 25.57 25.57 5.22 5.22 5.22 19.77 19.77 19.77 LOS 0.66 
25 20.21 20.21 20.21 4.38 4.38 4.38 18.24 18.24 18.24 LOS 0.66 
30 16.72 16.72 16.72 3.75 3.7S 3.75 17.45 17.45 17.4S LOS 0.66 
35 14.47 14.47 14.47 3.29 3.29 3.29 17.29 17.29 17.29 LOS 0.66 
40 13.11 13.U 13.11 2.94 2.94 2.94 17.74 17.74 17.74 1.0S 0.66 
45 12.43 12.43 12.43 2.70 2.70 2.70 18.88 18.88 18.88 1.05 0.66 
50 12.33 12.33 12.33 2.53 2.S3 2.S3 20.80 20.80 20.80 1.05 0.66 
55 12.81 12.81 12.81 2.42 2.42 2.42 23.76 23.76 23.76 LOS 0.66 
60 13.92 13.92 13.92 2.36 2.36 2.36 28.11 28.11 28.11 LOS 0.66 
65 15.83 15.83 15.83 2.36 i.36 2.36 ~.46 34.46 34.46 I.OS 0.66 

COLD START. N/A N/A N/A N/A N/A N/A "N/A N/A N/A 

N/AI N/A N/A N/A N/A N/A N/A N/A N/A 

SOAK· 1 -I -I -I N/A N/A N/A 
(OramsITrIp) 

N/AI N/A I N/A 

RWI.IiliIg + Evaporative 
Vehlcle Start ----------------> Vehlcle Start 

(Start-up) (Hot Soak) 

Diurnal 
Parking . ----------------> Restart 

(Start-up) 
Please !leO Table A9 - 5 - I for Areas and Aasoclated Temperatures. 

• Vehicle Mila Traveled (VMY)I Average Dally Trips (ADT) -weighted emission factors: 
Includes VMT/ADT from diesel-fueled vehicles (100%), gasoline-fueled vehlcles equipped with catalyst (0.0%), and guollne-fueled vehlcla not equipped with catalyst (0.0%), 

•• Num.ber of Vehicles (NOV)-welghted emWlon factors: 
Inctudee NOV from dlORl-fueled vehicles (100%). gasoline-fueled vehlcles equipped with catalyst (0.0%), and gasoline-fueled vehicles not equipped with catalyst (0.0%). 

••• 8u_ or mutt1-perlOll VehlclCl (Yehlcl...,. with 20 porIOn per vehlcle) 
~ . -'lIcIUllo tn1na or airplanes • 

) ) 
(SOlO' 

) I) 



EXAMPlES OF EMPLDYERS WHO HA VB 
IMPLEMENTED SUCCESSFUL MITIGATION PROGRAMS 

lHATINVOLVEPACKAGBSOF 
TRANSPORTATION DEMAND MANAGEMENT INCENTIVES 

.A11-61 
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TABLEAll .. S-I 

ESTIMATING EMISSIONS FROM THE TCM PACKAGES 

Tables All - 5 - A through All - 5 - F attempt to quantify the effectiveness of a variety of iDdividual, 
traDsportation-based mitigation measures. These measures, defined by the California Oean Air Ad as 
"transpottation control measures (TCMs); involve strategies to reduce vehicle trips. vehicle use, vehicle miles 
traveled, vehicle idlin& and traffic congestion for the purposes of rcduciDg motor vehicle emissions. Many 
TCMs are effec::tive when implemented without supporting measures. H~, most are ineffective or less 
effec::tive when implemented in isolation. This helps to expJain the difficulty in quantifying the impad of a 
particular, isolated mitigation measure, as measures are usuaUy effected as part of a transportation program.. 
Therefore disaggregating the impacts of a multi-pronged TCM program is diffic:ult. 

To address this issue, the fonowmg table summarizes a variety of employers who have implemented and 
monitored the results of suc:cessful programs whim utilized a pac:bge of traDSportation-based mitigapoo. 
measures. The success of each program is attributed to a specific menu of related measures. Based 00. 

mc::mitored resuJt.s, the impacts of each case study are c:haraderized in terms of redw::tions in vehicle trip (Vr). 
vehicle miles traveled"(VMT) and/or improvements in average vehicle ridership (A VR). 

The purpose of this table is to supplemem Tables All - 5 - A through All - 5 - F and assist loc:al government 
decision-makers, air quality analysts, employers, and other private entities to determine the best package of 
traDSportation-based mitigation measures for their needs. To this end, the SlJmmary" reflects a variety of 
c:irmmstances" based on the following c:riteria: 

o Type of bmd use or employer. 

o Size of employer, 

o Local c:onditions surrounding the employer. based on the fonowing definitions: 

U1tHm: Jurisdiction characterized by moderate to dense population and development 
inteDsity. 

Urbtmizing: Jurisic:lidion c:haraderized by low to moderate population and development 
density. with significant growth projected over the DCXI: 20 years. 

Rwtd: Characterized by low population and development intensity. with significant 
growth projected by the year 2010. 

o Ac:cessibitity to rail or bus transit fl\lM1ities 
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I...mdUse 
Site Description 

o Industrial office 
o 13,000 employees 
o Urban community 

o Office 
o 400 employees 
o Urban (CBD) 
o Transit accessible 

o Office 
o 980 employees 
o Urbanizing community 
o Transit accessible 

o Office 
o Urban community 

(CBD) 
0" Transit acc:essIDle 
o 1,100 employees 

TABLEA11- 5 - I 

Mitigation Measures 
(TOM Package) 

o Subsaiption bus 
"Program 

o "R.ide-Guide
carpooling program 

o Vanpool program 
o Staggered work hams 

o Transportation allowance 
program 

o Restricted on-site 
parking (limitation in 
parking capacity) 

o HOV subsidies 

o Dired: subsidy to employees 
using commute alternatives 
(coupon system) 

o Preferential parking 
o Vanpool 
o Marketing through posters, 

memos, brochures " 

o Constrained O'D-Site 
parking 

o Parking charge 
o Transit subsidies 
o Vanpoolsubsidy 
o Good marketing and 

promotion by management -
corporate-supported plan. 

Factors 

o Employer flex.ti:me 
policy - min 8 hr. 

o rontract with transit 
operator - pick-up at 
.home, three fareoptioos 
max. ridership 2SO 
employees 

o Avg rounu lrip ohan 
SO miles - monthly clw'ge 
$ 46 vanpool. 

o Parking facility is 
limited 

o' Parking is priced -
$ 40 per month; 
Transit users $ 15 
monthly pass disc::ount, 
c:arpoolers park free 

o Monthly reimbursement 
== $ 30, depending on mix 
modes used by employees; 

o Subsidized van service; 
o Avg round trip of van 

ranges between 60-80 mil~~ 
o Passengers charged $40 a 

month 

o Additional offsite parking 
available through lease -
$ 30 a month per employee; 

o On site spaces == S110 per 
month per employee; 
36% of all employees use 
transit to work 

Impacts/ 
Results 

o 1,l24 Vfs reduced 
or 9.7% reduction in 

vehicle trips; A VR 1.21 

o AVR1.40 

o AVR1S5; 
o Reduction of vehicle trip 

rue from 82.4 daily 
one-way trips per 
employee to 63.4, a 22% 
reduction. 

o Removal of 7.8 ADTs per 
100 employees == 86 
ADTs reduced per day; 

o 13.6% vr reduction 

o Constrained parking - 223 
spaces - 5 employees per space 
== 1.05 spaces per 1,000 Sq. FL 

o Parking charge: 2-person 
c:arpOOl ::: S 75 per month 
3-person = $ 40 per month 
"4-person or more = $ 10 per 
month 

o Transit subsidies: 
S15 - $30 per :month 

o Vanpool subsidies $10 - $30 
per month 

A11-63 
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TABLE All - 5 • I (CONT.) 

I..and Use Mitigariou Measures Factors Impactsj I 

Site Description ('IDM Package) Resuks 

0 ManufacwriDg 0 Preferential parking spaces o On-site transportation o 1.09 A VR increased to 
0 125 employees 0 Promotional comm~ fairs, coordinator 1.2.3AVR 
0 Urban community bulletin boards, newsletter o Rideshare subsidy $15 moD.th1y 

0 Guaranteed ride home o Transit subSidy $15 momhly 
0 Ridesbare subsidy o 200 parking spaces 
0 Transit subsidy o I .imired rail and bus senic:e 

opportunities 
o 15 preferemial parking 

spaces 

0 Office 
.. 

0 ETC on-site o Drawings and promotional o 1.03 A VRincreased to 
0 321 employees 0 Direct ridesbaring/vanpooling support 1.24AVR 
0 Urbanizing commu:aity subsidy o S20 per month to employees o 40 daily trips reduced 
0 ·Transit accessible 0 Free passes to special for rid.esharing 

ac::tivities o S25 per month to employees 
0 DiscoUDted transit and train for v.mpooliDg 

passes 20 parking spaces reserved 
0 Preferential parking for ridesbarers 

o Computerized rideshare 
matching 

o 438 parking spaces 
o Bicycle paths and wide 

sidewalks to site 
o Transit, sign.aHzed 

intersections, and light 
rail available 

0 MUDicipal Government 0 ETC on-site o Ride matching service o 1.09 A VR increased to 
0 Urban commuuity 0 Raftles and giveaways o Daily raffie tickets 1.15AVR 
0 166 employees 0 Preferential parking spaces o Awarded for ridesbaring o 8 daily one-way trips 

0 Transit discounts o 124 parking spaces o S% VI'redudioD 
0 Guaranteed ride home 
0 Commuter s1mttle service 
0 F1extime 

o Utility company 0 PrefereDtia1 parking spaces o $63 a month per employee o AVR 1.28 
0 134 employees 0 Guaranteed ride home fortraDsit 
0 Urban oommuuity 0 TraDSit subsidy o Commuter hot-line 24 -

0 Flextime hour telephone line 
0 On-me cafeteria (trip reduction plan) 
0 Vanpool program o Free pick-up and delivery 

scmce to light rail tnmsit 
o 97 parking spaces 
o On-street parking 
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TABLE All - 5 .. I (CONT.) . 
~,. -

I..aw:lUse Mitigation Measures Factors Impacts/ 
Site Description (1DM Package) Results 

0 IDsurance of&e 0 Compressed woric week o Subsidize carpool o Ll9AVR 
o. 249 employees 0 Vanpool/carpool subsidies participants - SS per month 
0 Urban c::ommUDity 0 Quarterly drawings for drivers - S20 per mouth 

prizes o M~eDt support 
o News bulletin, flyers, adive 

promotion of program 
o Sidewalks, signaljzation and 

crosswalks 

0 New car dealership 0 Preferential parking o Employee recognition o 1.03 A VR mcrease 
0 228 employees 0 Rextime o Prize drawings to I.38AVR 
0 Urban commUDity 0 Guar.mteedridehome o Rideshare matcl';ng o 56 one-way trips reduced 

services o 25% VI' reduction 
o 140 parking spaces 
o Freeway accesstoility 
o Tnmsit ac::c::essible 
o Special driving privileges 

for management personnel 
that ridesha.re 

0 IndustrialfManufacturiDgo Vanpool/carpool subsidies o Rideshare subsidy of $15 o 1.03 A VR iDaease to 1.18 
0 217 employees 0 Compr1essed work week a month on one-way trips reduced; 
0 Urban commUDity . 0 Preferential parking o Quarterly prizes for o 13% VI' reduc:tion 

0 Guaranteed ride home ridesharing 
0 ETCon-site o Ridesharing matc::h service 

o Broc::bwe;s, posters, 
annouru:::em:eDts to promote 
rideshariog 

o Freewayaccesstoility 
o 144 parking spaces 

0 IndustrialfManufacmriDgo Preferential parking o 48 preferential parking o L09 A VR increase to 1.33 
0 Urbanizing commUDity 0 Compressed work week spaces AVR 
0 171 employees 0 Guaranteed ride home o Quarterly drawiDg for o 28 one-way trips reduced; 

prizes o 17% VI'reduction 
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TABLE All .. 5 .. I (CONT.) 

l.andUse Mitigation Measures Factors impads/ 
Site Description (TOM Package) Results 

0 Retail discount store 0 PreferemialparkiDg o 11 prefereDtial parking o A VR L16 iDc::rcased to 
0 Urban community 0 Transit pass subsidy spaces 1..39AVR; 
0 200 employees . 0 Remme oMODtbly~ o 19 cae-way trips reduced; 
0 Transit ac:.c:essib1e 0 ETCon-si£e amtest o 17%VI' 

o Transportation c:enter for 
employees 

o :Education in new-hire 
orientation 

o TraDSit subsidy - $15 per 
. month 

oTraDSit pass drawing 
o 900 parking spaces 
o "User friendly" pedestrian 

site 

0 ~o Guaranteed ride home o Carpooling information o A VR L37 increased to 
0 Urbanizing community 0 Compressed work week o 162 parking spaces lS7AVR 
0 182 employees 0 Telcc:ommutiDg o 40 one-way trips reduced 

o 30% vr reduction 

~ 

0 Medical supplies 0 TraDSit subsidy (, $1 per day for rideshariD.g o A VR 1.05 iw:reased to 
0 Mam1fac:turiDg 0 Carpooling subsidy o Mateh1ist se:mces 1..22AVR 
0 Urbanizing 0 Preferential parking o Displays, posters, and o 62 oue-way trips reduced 
0 Trasit· oriented 0 Flextime newsletter promotiDg o 13% VI' reduc::tion 
0 Employees 0 Guaranteed ride home ridesbariDg 

0 VanpooJimg pilot program o Drawings for cash - .. 
0 Bike racb, lockers, o SO% tr.msit subsidy -
showers $10 per month 

o 712 parkiDg spaces 

. All-66 
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TABlES FOR ESTIMATING EMISSIONS FROM 
REDUCTION IN PETROLEUM PRODUcrs PUMPED AT SERVICE STATIONS 

AFTER IMPLEMENTATION OF 
MITIGATION MEASURES 

Mitigation Measures 
That Reduce Emissions Associated With Petroleum Product Fueling 

Activities 
(SCAQMD Rule 461 Emissions) 

o Provide Eled:ric Outlets for Elec:tric Vehicles in Garages 

o Provide Eled:ric Outlets at Service Stations 

o Provide Service Stations that: Supply Alternate Fuels 

A11-67 
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TABLE A 11·6 

ESTIMATING EMISSIONS AFrER IMPLEMENTATION OF 
MITIGATION MEASURES THAT REDUCE EMISSIONS FROM 

PETROLEUM PRODUCTS FUELING ACI1VITIES 
(pounds Per Day) 

This methodology is for net emissiODS after implementation of mitigation measures that cause a reduction in emissicms 
associated with the amount of gasoline and diesel dispeosed due to a reduction in the number of gasoline- and diesel-
fueled vehicles. . . . 

N = [Ax {1- [O/F.I}] + [{Ax [OfFD} x {(EJJB M)/(G,QR D))], OR 
N = [Ax{(I~L)}] + [{A xL)] x {(E ORM)/(G,QRD)} 

Where, 

A = Total N~Mitigated Diesel or Gasoline Fuel DispeusiDg Fugitive Emissions. 
(Use Rule 461 Stl1jJ Reports or See Table A9 - 17 in Appendix 9) 
(Resulting from Table A9 - 5 or Appendi:t 9 Methodologies for the Fast Mitigation Measure); 
Please repeat the same formula for each type of alternate fuel-fueled vehicle penetration. when 
repeatiDg the formula, use net emissions from previous c::alc::WanoDS as non-mitigated emissious. 

D = Original Diesel Emission Factor in Pounds per Million Bros 
E = New or E1ed:ric:ity Consumption Emission Factor in Pounds per Million BTUs 
F = Original Number of Project-Related Gasoline- or Diesel-Fueled Vehicles (TraJJic Study Input) 
G = Original Gasoline or Diesel Emission Factor in Pounds per Million BTUs 
o = Removed from Original Number of Project-Related Gasoline- or Diesel-Fueled Vehicles 
L = Percent Vehicles Replaced WIth Alternate Fue~Fueled Vehicles; 

(F x L) == Alternate Fuel-Fueled Vehicles (contact ARB to obtain fueling emission factors for a1tem'~ 
fuels, ie .. natural gas, methmo~ Phase 2 fue~ LPG, etc.). . . 
(Mitigations should at least: ut:ilize the same percent substitutions for that build-out year as indicated in 
Table All - 5 - G - 1. If lower percent is uhljzed, please provide reasons for not ut:ilizing available 
percent penetration rate.) 

M = New or AItemate Fuel Emission Factor in Ponnds per Million BTUs (contact ARB for fueling 
emission factors) 

N = Net Emissions After Implementation of Measures that Reduce Diesel and Gasoline Fuel DispeusiDg 
Fugitive Emissions. 

Note: Dispensing data should be weighted for the average of seven days, ie .. five days for workdays and two days 
for weekends. 

TABLEA11· 6-A 

DISPENSING EMISSION FACTORS FOR VARIOUS FUELS 
(pounds Per Million Bros) 

Fuel Type CO ROC NOx SOX 

Gasoline (G) N/A O.oos N/A N/A 
(Vapor Control Transfer) 
Diesel (D) N/A 0.079 N/A NjA 
(No Vapor Control Transfer) 
Electricity (E) 0.059 0.0029 0.34 0.035 
(Battery Charging) 

PMlO 

N/A 

N/A 

0.012 

Altemale Fuel (M) (Phase 2 Gasoline, Alcohol, CNG (Natural Gas) or LPG (Propane or Butane»· 

• Use California Air Resources Board Staff Report for the Proposed Regnlafums for Lpw-Emissiog Vebklg am" 
QMn fpeli, .August 13, 1990. 

~, 
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TABLES FOR ESTIMATING AVERAGE VEHICLE RIDERSHIP AFTER 
TIlE IMPLEMENTATION OF MmGATION MEASURES 

(After Reduction in Number of Vehicles Traveled) 

o Walk to work or destination 
o Bicycle to work or destination 
o Telerommute 
o Report to another site for work 
o Implementation of: 

3/36 work week 
4/40 work week 
9/80 work week 

o Use of LPG powered vehicles 
o Use of methanol-powered vehicles 
o Use of natural gas-powered vehicles 
o Use of electricity-powered vehicles 
o Travel in 2 to 40 persons per vehicle format 

AR0073168 



'. TABLEAll.' 

ESTIMATING PROJEer.RELATED 
A WRAGE VEHICLE RIDERSHIP OR OCCUPANCY 

AFTER THE IMPLEMENTATION OF VARIOUS MITIGATION MEASURES 
(Based OD District Regulation XV) 

A VR == Number of Persons Trave1edJNumber of Cars or Vehicles 
(The Lower the Number of Vehicles, the G1eQteT the APR) 

AVR "" [A + B + C + D + E. + F + M + G + H + Ll]/[(A/l + B/l + C/2 + D/3 + '£/4 + F/4 + M/1 + 
G/'J2 + H/40 + U/1) 

Where, 

AVR 

A 
B 
Ll 

c 
D 
E 
F 
M 
G 
H 

== 

== 
= 
== 

== 
== 
== 
== 
== 
== 
== 

Average Vehicle Ridership after implementation of mitigation measures. 
To improve the Ava, trips associated with the foUowiDg should be eliminated or reduced. 
Remaining Number of I-Way Trips in I-Person I-Vehicle Format 
Remaining Number of I-Way Trips in I-Person I-Motorcycle Format 
No survey response I-Way Trips (Report these trips as -A-; If not applic:ab1e, use 0.0) 
To improve the Ava, more bips associated with the following c:ombiDation of mitigation 
measures are needed. If not applicable, use 0 for thC foDowiDg, and use Appendix 11 
methodologies for emission reduc:ti,on 
Number of I-Way Trips in 2-Person I-Vehicle Format 
Number of 1-Way Trips in 3-Person 1-Vehicle Format 
Number of I-Way Trips in 4-Person I-Vehicle Format 
Number of I-wAY Trips in More Than 4-Person I-Vehicle Format 
Numberof1-WayTrips in More Than 7-Person I-Vehicle Format 
Number of 1-WayTrips in More Than 'J2-Person I-Vehicle Format 
Number of I-Way Trips in More Than 4O-Person I-Vehicle Format 

The foDowmg mitigation measures should be used to determine emission reductions and should Dot be used to 
determine post-mitigation A VR. . 

I == Walk I-way trips 
J ... Bicycle 1-way trips 
K == Telecommute I-way trips 
L == Report to another site 1-way trips 
M == 1-way trips for persons with days off due to a 3/36 work week 
N == 1-way work trips for persons with days off due to a 4/40 work week 
0 == 1-way trips for persons with days off due to a 9/00 work week 
S == Total :# of clean fuel vehicles used for commuting from home to work per day of the week 
T == Number of workdays of the week on which -clean fuel vehicles- are used for commuting 

from home to work (if unknown, use 5.0) 
U == Total liquid petroleum gas (LPG) vehicles 
V == Total methanol vehicles 
W == Total compressed natural gas (CNG) vehicles 
y == Total eled:ricity powered vehicles 
Z == Number of workdays in a week chosen to determme A VR (if~ lISe 5.0) 
p == I-way trips for persons on vt1ClIIion 
Q == I-way trips for penons who lITe on sick leave 
R = I-way trips for persons who me ~sen1 for other thtm WlCfItion tmd side Ietwes 

AU-70 
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TABLES FOR ESTIMATING 'MOBILE EQUIPMENT EMISSIONS 
AFTER IMPLEMENTATION OF 

MITIGATION MEASURES 

Mitigation Measures 
That Reduce Emissions Associated With 

Gasoline- and Diesel- Powered Mobile Equipment 

o Replace Gasoline- and Diesel-Powered Mobile Equipment WIth Natm:al-Gas-Powered Mabile 
Equipment; 

o Replac:e GasoliDe- and Diesel-Powered Mobile Equipment WIth LPG (Propane and Butane)-Gas
Powered Mobile Equipment; or, . 

o Replac:e GasoJme- and Diesel-Powered Mobile Equipment With Battery-Powered Mobile Equipment 
(Electridty usage from e:xistingpower oullets supplied by SeE, LADwp, ell;. to m:1u:I1'ge btJIte1ies) 

AU-11 
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TABLEAll-8 

ESTIMATING EMISSIONS AFTER IMPLEMENTATION OF 
MITIGATION MEASURES THAT REDUCE EMISSIONS FROM 

MOBILE EQUIPMENT 
(pounds Per Day) 

M==R+N 

Where, 

• 

•• 
••• 

M = Mitigated Mobile Equipment. Emissions·After Implementation of Mitigation Measures 
(Use Table A9 - 8 to Estinuzte Non-Mitigated Emissions from Original Mobile Equipment) 

R == Remaining or Residual Non-Mitigated Emissions From Unreplaced Original Mobile 
Equipment 
== {[E x {1 - (FIG)}]; Where, 

E = Non-Mitigated Emissions from Table A9-8 of Appendix 9 
(The District Prefers F Being Eqwzl to G) 

F == Number of Removed Original (and Replaced with New) Mobile Equipment 
G = Number of 0rigiDal Mobile Equipment 

(Used to EstinuzIe Non-Mitigated Emissions (E) in Table 9-8 of Appendix 9) 
N == New Emissions From Replaf:ed Equipment (&pllldng Removed Original Equipment) 

== {V x (H .oR JII .oR K)}; Where, . 
V == Removed Emissions (Emissions of Removed Origiluzl Equipment) 

== [Ex {FIG}] 
H == New Emission Factor per Million BTU·· for New (For &p/Qced)'Equipment 

(See TableAl1-8-A); 
J :: New Emission Factor (EF) per -Converted" unit to EF "Unit" of Original 

Equipment Converted unit is in the same unit as that: for Original Emission Factor; 
for example, if original EF is in Ibs per 1000 gals the new EF should be also in 
Ibs/1000 gals 
(See TableA11-8- C) 

I == Original Emission Factor per Million BTU for Original (for Removed) 
Equipment· , 
.oR Use Table All - 8 - B ......... 

K "'" Original Emission Factor per Unit for Original (for Removed) Equipment· • 
.oR Use Table All- 8 - D ....... 

Use emission fflCWl's from Ttzble A9 - 8 _ . .14 or Table A9 - 8 - B tmtI/or their convenions into per million 
BIDs per hour 
BID == British Themull Unit 
Use stIItioNl1y equipment emission factors found in Table Al1-8-B tmtI Table All - 8 - D Jl1'Jb if emissions 
for mobile equipment amnot be detived from Tables.A9 - 8 -A tmtI.A9 - 8 - B 
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TABLE All • 8 • A 

Emission Factors (H) for Each Criteria Pollutant for New Mobile Equipment 
(pounds Per Million Bros) 

Pollutant Type CO ROC NOx SOX PMI0 
Fuel Type 

(lmJustrilll/Commetr:iIll Type) 
Propane UG1 0.815 1.365 0.003 0.025 
Butane l1i>7 0.815 1.365 0.003 0.025 

(Cogenenztion or Non~ Type) 
Natural Gas (Methane) 0.4095 0.079 3.2381 0.0006 0.0048 

TABLE All • 8 - B 

Emission Factors (I) for Each Criteria PolIlJtant for Original (Removed) Equipment 
(pounds Per Million Bros) 

Pollutant Type 
Fuel Type 

Distilled Oil, or Diesel 
Gasoline 

CO 

0.735 
34.26 

ROC 

0.23 
1.28 

NOx 

3.38 
0.89 

TABLE All - 8 • C 

SOx 

0.225 
0.046 

PMI0 

0.12 
0.028 

Emission Factors (J) for Each Criteria Pollutant for New Mobile Equipment 
(The following emission factors should be converted to emissions per million Bros) 

Pollutant Type 
FuelType . 

Elec:tricity 
Dual Fuel (Oil/Gas) 

Propane 
Butane 

Process Gas· 
Landfill Gas 

Natural Gas (Methane) 

co ROC NOx 

(Pounds/Megawatt-Hours [1] and (21) 

0.2 0.01 1.15 . 
7.9 2.0 24.14 

(Pounds/One Thoustmd [l,()()()] Gallons) 

129.0 83.0 139.0 
129.0 83.0 139.0 

(pounds/M"Ulion [1.000,()()()] Cubic Feet) 

83.0 

(Cogeneration and noncogeneration Type) 
430.0 82.9 3,400.0 

SOx 

0.12 
0.94 

035 
0.35 

0.6 

~10 

0.04 
VIS 

2.5 
2.5 

5.0 

[1] 

[2] 

When usiDg emissicms factors expressed in megawatt-hour. they should be adjusted using efficiency 
factors "S. from Table A9-3-C. 

• 

For generators, when usiDg emissicms factors expressed in megawatt-hour. they should be further 
adjusted using effic:iency factor "'U" from Table A9-3-C. 
525 BTUs per c:ubic feet of process gas 
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TABLEAll·SO. D 

Emission Factors (K) for Each Criteria. Pollutant lor Original (Removed) 
Mobile Equipment 

(The lollowing emission factors should be converted to emissions per million Bros) 

Pollutant Type CO ROC MOx SOX PM10 
Fuel1)pe 

(POUI'Ids/Mqpwtllt-Hf.IUI'S (1] - (21) 
~) 
Diesel 2.51 0.19 11.55 0.77 0.41 
Gasoline 117.0 439 3.03 0.16 (UO 

(POUI'Ids/l,()(J(J Gallons) 
(Reciproc:atiDg) 
Diesel 102.0 321 469.0 31.2 16.75 
Gasoline 3,940.0 147.7 102.0 5.31 3.235 
Residual Crude Oil 102.0 3210 469.0 155.0 16.75 
KeroDaptha Jet Fuel 102.0 32.1 469.0 6.2 16.75 
(DieselfKerosene Mixture) 

(Pounds/l'on ) 
(TurbiDc) 
Jet Fuel 150.0 1.7 1.0 0.5 2.5 

[1] When using cmissioDs factors ~ in megawatt-hour, they should be adjusted usiDg dficiellc.y 
factors "S" from Table A9-3-C. 

[2] For generators. when Usmg cmissiODS factors ~ in megawatt-hour, they should be further 
adjusted usiDg effic:icnc.y factor V from Table A9-3-C. 

[5] Perc:em sulfur ccmtem of the fuel (PleIUe s" RIde 431.2 JOT the appliClzble project.1'dIlted flu/sulfur 
content jlaor. tmd multiply 141J.O by Is J to obtllin project.-related SOZ emission jlldOr.) 
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TABLE All .. 8 • E 

TYPICAL LOAD FAcroRS, ETC FOR. MOBILE (OFF·ROAD) EQUIPMENT 
(All values are taken from November 1991 NQnroati Engine and Vehicle EmissiQn Study and 

. ~~~ 
(NTIS PB92 - 126960, EPA 460/3-91-02, or EPA 21A - 2001) 

The folloWing information should be used omy if emission factors ~ in megawatt-hours are used. 
Content of this table will be updated as each equipment is made capable of nh1jzing LPG (Propane and Butane) 
and eNG (Natural Gas or Methanol). . 

LPG/CNG LPG/CNG· 

Equipment Type Load Factor LoadFadol' 
(pm:aat .01' lit) (Pen:eat or ~) 

Skid-Steer Loader 
WheelJRubber-rued Loader 
TractorsfLoaders 
Airport Terminal Tractors 78 
Excavators 
Trenchers 
Rollers 

, 

Other Constmction Equipment 
Cement and Mortar Mixer 
Paving Equipment 
Asphalt Pavers 
Plate Compactors 
Conc:::rete Saws (CUtting Conc:::rete) 
Crushing Equipment 
Aerial Lifts 46 
Rough Terrain Fork Lifts . 
ForkI...ifts 30 
Cranes 
Sprayers -"" Dumpers{rendors 
Signal Boards (Routing Boards) 
BorejDrill Rigs (Groundwater) 
Sweepers/Saubbers 71 
Generator sets < 50 HP 
Pressure Washers <50 lIP 
Hydro Power Units 
Welders <50 lIP 
Pumps <SOHP 69 
Air Compressors <50 lIP 
Landscape Loader 
Backhoe Loader 
Log Loader 
Excavator (Utility) 
Excavator (Consttuction) 
Surfacing Equipment 
TampersjRammers 
2-Wbeeled Tractors 
Shredder> SlIP 
Chain Saws >4 HP 
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TABLEA11·' 

ESTIMATING EMISSIONS AFI'ER IMPLEMENTATION 
OF MITIGATION MEASURES THAT REDUCE PMIO EMISSIONS 

FROM CONSTRUCTION ACTIVITIES 

('This methodology lIlso estimates emissions from one SOU1'Ce CIItefJOIY if more t1um one mitigation meIISlU'e is 
implemented towanJs thIIt SlIme SOUIf:e Cflteg01y.) 

M· == ExC 
M·· :::: ExCx(l-(DxL) 

M· =:: Mitigated PMlO Emissions from Source After Implementation of One Mitigation 
Measure AffectiDg the Source . 

MS. :::: Mitigated PM10 &rds9cms from Source After ImpJemem:ation of Two Mitigation 
. . Measures AffediDg the Same Source. Assume that Three or More Mitigation Measures 

AffediDg the Same Source Will Not Increase the Efficacy Beyond the rlfSt Two 
Measures 

E == Unmitigated PMI0 EmissiODS from One Source 
(from PlZSStmgw Vehicles on Paved Surfaces, Ttlble A9 - 9 - C; from Trucks on Paved 
Surfaces, Tflble A9 - 9 - C; from PflSSe1ZgeT Vehicles on Unpt.l1led Surfaces, Tflble A9 - 9 - D; 
and from Bulldozing or Dirt Piling, Tflbles A9 - 9 - F and A9 - 9 - G) 

C == Control Efficiency of rust Mitigation Measure Applied to Emission Source 
(For ~ mitigation meIlSU1eS please see Tflble All- 9 - A) 

D ==. Control Efficiency of Second Mitigation Measure Applied to Emission Source 
(FOT ~ mitigation meIlSU1eS please see Tflble All- 9 - A) ~. 

L= Perc:em of Unmitigated PMlO affected by the Second Mitigation Measure That Was' Not 
Affected by the FJrSt Measure Applied 1:0 the Same Source Category (If second 
mitigation measure is not used, "1: should be O~) 
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TABLE All. , .. A 

CONTROL EFFICIENCY OF PMIO MmGATION MEASURES 
Percentage Efficiencies Within the Emission Source Category (C) 

Reduc::tion 
Emission Sourc:e Mitigation Measure Efficiency Favorable Factors 

Fugitive Dust/ Apply non-toxic chemical soil 30%-65% 
... 

Stabilizers applied in 
Construc::tion stabilizers according to sufficient COncentration 

manufacturers' specifications, to to provide erosion 
all inactive construd:ion areas protection for at least 
(previously graded areas inactive one year 
for ten days or more) 

Replace ground cover in disturbed 15%-49% 
.. 

Small. densely planted Fugitive Dust/ 
Construction areas as quickly as possible ground cover 

Fugitive Dust/ Enclose, cover, water twice daily, 30%-74% 
... 

Automatic water mist or 
Construction or apply non-toxic soil binders, sprinkler systems should 

aa:ordmg to manufacturers' be installed in areas with 
specifications, to exposed stockpiles 
stock piles (i.e., gravel, sand, dirt) 
with 5% or greater silt content 

Fugitive Dust/ Water active sites at least. 
... 

34%-68% Water at sufficient 
Construction twice daily frequency to keep soil 

moist enough so visible 
plumes are eliminated 

Fugitive Dust/ Suspend all excavating and grading NO 
Constrw:ti.on operations when wind speeds (as 

instantanoons gusts) exceed 25 mph 

Fugitive Dust/ Monitor for particulate emissions NO 
Const:rud:i.on according to District-specified 

procedures 

Fugitive Dust All trucks hauling. dirt, sand, 7%-14% 
... 

Tightly secured covering 
from Roads soil, or other loose materials to truck 

are to be covered, or should maintain at 
least two feet of freeboard in 
aa:ordanc::e with the requirements 
of eve sedion 23114, (freeboard means 
vertical space between 
the top of the load and 
top of the trailer) 

Sweep streets once a day if visible 
,. 

Fugitive Dust 25%-60% Sweep streets 
from Roads soil materials are c::.arried to adjacent immediately after period 

streets (recommend water sweepers of heaviest vehicular 
with reclaimed water) track-ont activity 
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Fugitive Dust 
from Roads 

Fugitive Dust 
from Roads 

Fugitive Dust 
fiomRoads 

Fugitive Dust 
from Roads' 

Fugitive Dust 
stabilizers 
from Roads 
11Seon 

Fugitive Dust 
orsignage 
from Roads 

TABLE All· , • A 
(continued) 

Reduc:ticm 
Mitigation Measure Efficiency 

Install wheel washers 40-70% 
.. 

where vehides =ter and exit 
1.Ulpiilved roads onto paved roads, 
or wash off tnu:ks and anyequipmem 
leaving the site eadl trip. 

Pave c::onstruc:tion roads that have a 925% 
traffic volume of more (91% for trucb)· 
than SO daily trips by ooDStn1ction 94% for PaueDF 
equipment, or 150 total Vehic:a) 
daily trips for aD vehicles 

Pave c::oDSttUction ac::cess roads 925% 
at least 100 feet onto the site (91% for trw:ks) 
from main road (94% for Passenger 

Vehicles) 

Pave CODSttllCtion roads that 925% 
have a daily traffic:: vo_e (91% for trucb) 
of less than 50 vehiaJlar trips. (94% for Passenger 

Vehicles) 

Apply water three times daily. or 
. .. 

4S%-8S% 

non-toxic:: soil stabilizers according 

to manufac::turers' specifkatiODS to 
an u.paved parking or staging areas 
or unpaved road surfaces 

.. 
Traffic speeds on an unpaved 40%-70% 

roads to be reduced to 15 
mph or less 

Favorable Fac:tors 

Set up tnu;k washing area 
on paved acc:ess road. 
area so subsequcm tmdt 
travel OIl wpaved roads 
can be eHmjn;ued 

Use DOn-toxic c:hemi.c::al 

that are formulated for 
-... 

unpaVed road smfac:es 

Effedive traffic control 

.. Use the lowest value if better information is not bOWXL If higher than lowest wlue is used. please 
provide the supporting analJSis and data in the envimmnmtal docummtaticm.. 
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EXAMPLEl 

Sample Calculation: PMlO Emissions After Implementation Of One Mitigation Measure: 

E == 10 Ibs of PM10 from unpaved roads 
C ::: SO% reduction from trucks OD. unpaved roads 

M* ::: ExC 
M* ::: 10x0.5 
M* == 5 Jbs of mitigated PM10 emissions 

EXAMPLE 1 

Sample Calculation: PMlO Emissions After Implementation of Two Mitigation Measures: 

E == 10 Jbs of PM10 from UDpaved roads 
C . == Measure 1 reduces 50% from trucks on unpaved roads 
D == Measure 2 reduces 40% from t:ru~ on unpaved roads 
L ::: Measure 2 will affect 10% of the unmitigated PM10 after implementing Measure 1 

M**:;: ExCx(l-(DxL)) 
.M** = 10 x 0.5 x (1- (0.4 x 0-1) 
M** == 4.8 Ibs of unmitigated PMIO emissions 
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TABLES FOR ESTIMATING ASBESTOS EMISSIONS AFTER 
TIlE IMPLEMENTATION OF MITIGATION MEASURES" 
(During Physical Removal of Asbestos-Containing Objects in 

Sectlons, or Units, or by Scrapping or Chipping 
Prior to Demolition or Renovation) 

o To Prevent the Release of Fibers, Wet the Asbestos Sufficiently with a Wetting Agem or Other liquid 
Such as a Removal EncapsulaDt with a Fme Spray for Several Hours ~efore Removal Begins. Use 
Low-Pressure or Airless Spray Equipment. Cut the Impermeable Outer ladret or Coating Prior to 
Wetting. Add Surfactant or Wetting Agent to Water (use 1 ounce of polyoiyethylene ester in 5gallODS 
of water, or use ethylene glycol). 

o Use LEV and a Collection System at Or Near the Point of Asbestos Generation; Use Portable or 
Mobile Vacuum System or Transportable Pneumatic Conveying Systems. 

o Use Manometers to Indicate the Need for Oeaning Main Filter. 
o Use Space Exhaust Ventilation and Air Oeaning System with Enclosure of the Asbestos Removal 

Area. 
o Use Portable or Designed Exhaust Ventilation Systems. 
o Use Transparent Containment Barriers. 
o . Use Glove Box or Glove Bag Techniques. 
o Use Power Grinding. Sanding, Cutting and Drilling Tools with LEV Systems Connected to a Vacuum 

Source. 
o Use Fseld Cutting Tools Especially Designed for Cutting Asbestos·Containjng Materials Pipes, Sheets, 

etc. 
o Wet Cutting Methods Should Be Used During Construdion. 
o Use EPA-Recommended Substitute for Asbestos and Asbestos Products. 
o Spray Asbestos-Containing Material in Which the Asbestos Is Encapsulated With a Bituminous or 

Resinous Binder. 
o Encapsulate Asbest~Contajnjng Materials by Spraying a Sealant Onto the Material 
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TABLEAU -10 

ESTIMATING ASBESTOS EMISSIONS AFTER 
IMPLEMENTATION OF MITIGATION MEASURES 

(Based on the EPA Report, National Emission Standards For Asbestos .. Background 
Information For Prooosed Standards, 1981) 

M == Ex [J /H]; If Wetting or Polyethylene Barriers Are Used 
M == Ex [(100 - F)/100]; If Control Device is Used 

During Demolition, Renovation and Construction Activities 

Where, 

M == Mitigated Emissions (Tons Per Year) 
E == Non-Mitigated Emissions from TableA9 -10 ofAppendix9;H, 

E == Non-Mitigated Emissions; if Control Device is Used 
== (G x H)/l - I; If Control Device is Used; 

(For Input Assumptions, Use Table 3-3 o/Abol>e-Mentioned Report.) 
where, 

G = Waste Collected in Control Device in PoundsfYear 
H :: Asbestos Content of G, i.e .• Control Device Waste in Decimal Fraction 

(if 10%, use 0.10 rather than 10.0) 
I . Control Device Efficiency (in Decimal Fraction) 

(if 15%, Use 0.15 rather than 15.0) 
F = Tune-Weighted-Average Efficiency by Gas Volumes in Percent. 

(1/85%, use 85 rollzer than 0.85) . . .. 
J New Fiber Count After Implementation of Mitigation Measure 

(Use TableAll- 10-A) 
H == Original Fiber Count Before Implementation of Mitigation Measure 

(Use TableAll-lO-A) 

TABLEAU -IO-A 

INPUT ASSUMPTIONS FOR FIBER COUNTS 
(Use the Following Information to Determine Percent Reduction oflmpad:s) 

Source 

8 x 12 Foot Ceiling 
8 x 12 Foot Ceiling 
8 x 12 Foot Ceiling 

Inner Room 
Middle Room (Entry) 
Outer Room (Staging) 
Inner Room 
Middle Room (Entry) 
Outer Room (Staging) 

Asbestos lJandling Method 

Dry Removal (H) 
Untreated Water (J) 
Treated Water (J) 

Dry with Polyethylene Barriers (H or J) 
Dry with Polyethylene Barriers (H or J) 

. Dry with Polyethylene Barriers (H or J) 
Wet with Treated Water & Polyethylene Barriers (H or J) 
Wet with Treated Water & Polyethylene Barriers (H or J) 
Wet with Treated Water & Polyethylene Barriers (H or J) 

Fibers per Cubic 
Centimeters 

82.2 
23.1 
8.1 

14.4 
6.4 
2.0 
8.2 
2.0 
0.0 
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TABLE All • 10 - B 

ENVIRONMENTAL IMPACfS 
NATIONWIDE ASBESTOS EMISSIONS FROM DEMOLmON AND RENOVATION 

(Use the Following Information to Determine Percent Reduction of Impacts) 
(Kilograms per Year) 

Asbestos Removal Waste Disposal 
Control Method Demolition Renovation Demolition 

No Regulation 1,713 13 509,800 
(1987 NESHAP) 

Anticipated Reduction 700 9 380 
(Full Compliance with 1987 NESHAP) 

Actual Reduction 1,3QO 13 226,000 
(Cunem: Practices of Compliance) 

Negative Pressure & High- 8 380 
Particulate Air (HEP A) 
With FreeziDg Weather 

Negative Pressure & HEPA 0.2 0.003 380 
All Removals 

TABLE All - 10 - C 

ENVIRONMENTAL IMPACfS 
NATIONWIDE ASBESTOS EMISSIONS FROM 

MILLING MANUFACTURING AND FABRICATION 

Renovation 

1,400 

2.0 

1,000-

2.0 

2.0 

(Use the Following Information to Determine Percent Reduction of Impacts) 
(Kilograms per Year) 

Control Method 

Milliog 
Fabrication 

Friction 
A/CPipe 
A/CSheet 
Paper 
Coatings/Sealant 
PJasW:s 
Textiles 
Packings, Gaskets 
VIA Tile 
Other Manufacturing 

Emissious After Implementation of Controls in Year 1987 

Current Regulation 
(1987 NESHAP) HEP A Filter Waste Disposal 

Best Estimates (Range) Best Estimates (Range) Estimates 

2,.390 (2,220 to 16,420) 
7,410 (380 to 1,S9O) 

(Mtmufl1CtWing) 
3,590 (3,390 to 19,280) 

260 (240 to 1,790) 
190 (190 to 1,130) 

60 (60 to 620) 
120 (120 to 170) . 
250 (200 to 850) 
20 (20 to 480) 
10 (10 to 290) 
60 (SO to 180) 

All-83 

0.7 (0.7 to 4.9) 
22 (0.1 to 0.05) 

1.1 (0.2 to 5.0) 
0.08 (0.07 to 0.5) 
0.06 (0.06 to 0.3) 
0.02 (0.02 to 02) 
0.04 (0.04 to 0.05) 
0.07 (0.06 to 0.3) 
0.01 (0.01 to 0.1) 
0.01 (0.01 to 0.1) 
0.02 (0.01 to 0.05) 

160.0 
3.0 

54.0 
5.0 
4.0 
0.5 
0.7 
3.0 
0.4 
02 
0.5 
0.1 
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TABLES FOR ESTIMATING EMISSIONS FROM 
HOUSEHOlD ELECTRICITY CONSUMPTION 

AFIER IMPLEMENTATION OF 
MITIGATION MEASURES 

Mitigation Measures 
That Reduce Emissions Associated With Electricity Consumption 

Use Compact Fluorescent liJiliting . 
Use R-30 Ceiling and R-19 Walls with Central HIC Pump System 
Use Refrigerator with Vacuum. Power Insulation 
Heat Water with Combined Space/Water Heater Unit . 
Install HiJili-Efficiency Air COnditioners . 
Improve Evae0transpiration by Planting Three Trees to Provide Shade and Shadow 

on Building . 
(If Planting of Three Trees Does Not Provide Shade or Shadow on Building, this 
Mitigation Measure Does Not Apply. See Next Mitigation Measure) 

Improve House Albedo by Choosing light Colors for Exterior of Buildings 
Improve Overall Albedo Effect by: . 

Improving House Albedo or by Choosing light Colors for Exterior of 
BUildings 

Planting Trees to Provide Shade and Shadow on Buildings 
Using Soil and Building Materials that Reduce the Roughness of Exterior of 

. Buildings 
Planting Trees in Surrounding Areas, and 
Avoiding the Use of Dark-COlored Asphalt on Roofs or Surrounding Streets 

Install Fuel Cell For Residential Subdivisions or Office Buildings to Generate 
Electricity . 

Recover Heat Produced in the Fuel. Cell and Recycle it for Space Heating 
Recover and Condense the Steam Generated in the Fuel Cell and Recycle it as Hot 

Water 
Utilize Window Treatment (Reflective· Window Film and High-Performance 

Glazing) . 
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TABLE All ;.. 11 

ESTIMATING EMISSIONS AFTER IMPLEMENTATION OF MmGATION 
MEASURES THAT REDUCE EMISSIONS FROM ELECTRICI1.Y USAGE 

(Note: Redudion efficiencies [in percents or in decinull fractions I me not ~d /01' the /o1'l'lUl1ll to eslimfJte 
1eI'Nlining emissions from remtJining Electridty consumption, but ~ ejftdendes am be indude4 in 

envil'OnmentIll documents for additiontd inf01'mlltion) 
(pounds Per Day) 

M ... '{[NJ + [(0) x (P)]} 

(1/ Mitigation MetlSlUeS Ale Included In The EnvironmenJJzl Documents To Reduce Emissions From 
Only One Source C«egoty) 

M == {[NJ + [(01) x (P1)1 + [(Oz) x (P:z)1 + [(OJ) x (P3)] + .----+ [(Ou) x (PxJl 
(If Mitigation MetlSII.n!S An Included In The EnvironmentJzl Documents To Reduce Emissions From 
Multiple Soun:e CIltegories) 

Where, 

M == Total Mitigated Emissions from New Eled:ricity Consumption After Implementatic;m of 
Mitigation Measures and Non-Mitigated Portion of Original Electricity Consumption 

N ::: Remaining Non-Mitigated Emissions from Original Elec:triciiy Consumption After the 
Removal of An Source Categories. for Which Mitigation Measures Are Included in the 
Envifonmemal Documents - . 
(FlOm the Use of Tllble A9 - 11- C in .Appendix 9) 

o ... Non-mitigated Emissions for Each Source Category From Table A9 - 11 - D in Appendix: 9 
(Use IWII-mitigated emissions from Tllble A9 - 11 - D for each source category 0 l' O~ 
0; ..... On for which mitigation measures included in the environmentlzl docu.ments) 

P == Combined Remaining Emissions Fraction or Remaining Eledricity Consumption Fraction for 
That Source Category for which Mitigation Measure Are Included in the Emirc:m.memal 
Docmnem -
(Use remtJining Electridty consumption fractions from Tllble All - 11 - A for tmih mitigation 
measure Pp Po P; -Pn) 
== QrxQ2xQ;x-.xQn 

Where, 
01'" Remaining Emission Fraction or Remaining Eledricity Consumption Fraction 

for the F"mt Mitigation Measure for That Source Category 
-0:2 == Remaining Emission Fraction or Remaining Electricity Consumption Fraction 

for the Second Mitigation Measure for That Source Category 
On == Remaining Emission Fraction or Remaining Electricity Consumption Fraction 

for the La.st Mitigation Measure for That Source Category 

EumpJe: For Source Category, Space Cooling: PI 01 
Remaining E. '* of Measures 

Reorient Buildinp Facing North (O],) 
Double Paned Wmdows (02) 
Wmdow Gla:zing Treatment (0:3) 
White-washing of BuilcliDgs (04) 

Thus, for this example, since Value for PI = 0..525. 

0.65 
x 0.90 
x 0.90 
x 0.998 

0.525 

o Combined Remaining Emissioos would be 525 percent; and, 

1 
1 
I 
1 

4 

o Combined Emission Reduction Emc::iency from Implementation of 4 different 
mitigation measures would be 
{[lOO] - (S2.S]} == 47.5 Percent (%). 
(See note below the Tllble Tale) 

Similarly. C:ontinuc to determine value for PI, Pc 'Plt .....P Jl. for an source categories 01. 00 
OJ, -On for which mitigation measures are incfuded in the environmental docmnent. 
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TABLE All - 11 - A 

REMAINING (NEW) ELECTRICITY CONSUMPTION IN 
RESIDENTIAL, COMMERCIAL AND INDUSTRIAL SECTORS 

<Committee Draft Electricity Efficiency Report, 1990, California Energy Commission) 
(percent of the pre-mitigation Electricity use for that source category) 

Note: The foUmriDg perc::eataps 8ft ,rol'ided to determine remaining emissioos after the implemeatatiOD 
of mitigation meuura. These are Dot pen:eDt redudious 

(One ~ minus the jolJowing vll1ues will provide percent reductions) 

Space CooIiDg 
Face buildings to north 
Insulation beyond Title 24 
Ioouble-paned windows 
Fue1c:eU 
Wmdow glazing treatment 
Efficient aU-conditioners 
Three trees per struc::ture 
White-washing of buildings 
Improved overall albedo 

Refrigeration 
Efficient appliances 
FuelceU 

Freezing 
Efficient appliances 
FuelceU 

Dishwasbers w/Hot-Water Cycle 
Efficient appliances 
FueiceU 

Dishwasher Motor 
Efficient appliances 
FuelceU 

Lighting 
Face buildings to north 
J .igbting CODtroIs 
Low-sodimn parlcing lights 
Fuel cell 
Low-sodimn lighting 
J ighring CODtroIs 

For Swimming Pool BeatI.Dg: 
Solar 
Pump 

Water Bed (fuel cell) 
FurDace Fa . 

(R) == Residential 

Electricity 
Use (percem) 

65.0 
10.0 
90.0 
93.0 
90.0 
94.0 
95.0 
99.8 
99.4 

73.0 
79.6 

84.0 
96.1 

89.0 
99.2 

89.0 
97.6 

Space Heating 
Face buildings to north 
Insulation beyond True 24 
Double-paned windows 
FueiceU 

Water Heating 
Solar water heaters 
Central & low-flow showerheads 
FuelceU 
Light -colored roofs 

Cookiilg 
Efficient appliances 
FuelceU 

Clothes Dryer 
Efficient appliances 
Fuel ceU 

Cothes Wasberw/Hot-Water wasb 
Efficient: appliances 
FuelceU 

Cotbes Washer Motor 
Efficient appliances 
FueiceU 

Miscellaneous 
69 VemiIation in parking lots 
96.0(R) Fuel ceIl 
98.0 (R & C) Ventilation in parking lots 
863 VemiIation in parking lots 
fr7.s (I) LightiDg 
61.5 (I) I.igbting controls 

Use of Fuel cell 
For Solar Water Heating: 

99.1 Water heating 
96.6 Water heater's pump 
97.2 Color TV 
98.4 Other 

hadustrial 
Process Heat 

56.0 Use heat recovery systems 

45.0 
70.0 
90.0 
92.4 

SO.O 
58.4 
96.8 
97.0 

89.0 
95.s 

89.0 
93.2 

89.0 
98.7 

89.0 
99.1 

9931 (R) 
863 
995 (C) 
995 (I) 

SO.O(C) 

99.8 
99.96 
95.2 
99.9 

85.0 

(C) Commercial (I) == Industrial 

Balded words describe source categories and remaining desc::r:ibe potential mitigation measures for those source 
categories. Impact should be ~ for each source category separately. To determine remaining emissions 
from a source category, efficiencies of several mitigation measures for dult source category can be combined. 
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TABLES FOR ESTIMATING EMISSIONS FROM 
HOUSEHOlD NATIJRAL GAS CONSUMPTION 

AFIER IMPLEMENTATION OF 
MITIGATION MEASURES 

Mitigation Measures . 
That Reduce Emissions Associated With Natural Gas Consumption 

Use R-30 Ceiling and R-19 Walls with Central H/e Pump System 
Heat Water with Combined Space/Water Heater Unit 
Improve Eweotranspiration by Planting Three Trees to Provide Shade and Shadow 

-on Building _ 
(If Planting of Three Trees Does Not Provide Shade or Shadow on Building, tJW 
Mitigation Measure Does Not Apply. See Next Mitigation Measure) 

Improve House Albedo by Choosing Ught Colors for Exterior of Buildings 
Improve Overall Albedo Effect by: _ 

Improving House Albedo or by Choosing light Colors for Exterior of 
Buildin -gs . 

Planting Trees to Provide Shade and Shadow on Buildings 
Using Soil and Building Materials that Reduce the Roughness of Exterior of 

Buildings 
Planting Trees in Surrounding Areas, and 
Avoiding the Use of Dark-Colored Asphalt on Roofs or Surrounding Streets 

ReCover Heat Produced in the Fuel Cell and Recycle it for Space Heating . 
Recover and Condense the Steam Generated in the Fuel Cell and Recycle it as Hot 

Water 
Utilize Window Treatment (Reflective Window Film and High-Performance 

Glazing) 
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TABLE All • 12 

ESTIMATING EMISSIONS AFTER IMPLEMENTATION OF MITIGATION 
MEASURES THAT REDUCE EMiSSIONS FROM NATURAL GAS USAGE 

(Reduction ejjiciencies either in percents or in decimal fractions are not needed for the fomw.la 
to estimate remaining emissions from remaining Natural Gas consumption, but reduction 

efftciencies can be incb.uJ.ed in environmental documents for additional information) 
(pounds Per Day) 

M == {[N] + [(0) x (P)U 
(If Mlligtltion MetISU1ffS ~ IndwJed In The EnviTonmentIzl Documents To Reduce Emissions From 
On(y OM Source Oztegory) 

M == {[N] + [(Ov x (P1>l + [(~x(Pi)] + [(OJ) x (P3)] +--+ [(ou)x(Pu)] 
(If Mlligtltion MetISU1ffS ~ Included In The Environmental Documents To Reduce Emissions From 
Multiple Smm:e Oztegories) 
Where, , 

M == Total Mitigated Emissicms from New Electricity Consumption After Implementation of 
M"ttigarion Measures and Non-Mitigated Portion of Original E.lectricitY Consumption 

N ... Rmtaining NOD-Mitigated Emissicms from Original Eledricity Consumption After the 
Removal of All Source Categories for Which Mitigation Measures Are Included in the 
Environmental Documents 

, (From the Use ofTllble A9 -11 - C in Appendir 9) 
a == Non-mitigated Emissions for Each Source Category From Table A9 - 11 - D in Appendix 9 

(Use non-mitigated emissions from Table A9 -11- D for em.;h source ca.tegory 01. OJ) 0; 
_On for which mitigation mt:lIS1.I.1'eS included in the environmentlZl documents) 

P = ~bined Remaining Emissions Fradion or Remaining Eledricity Consumption Fradion for ~ 
That Source Category for which Mitigation Measure Me Included in the Environmental 
Document . 
(Use 1'emIlining Nf.llUTtd Gas consumption fractions from Table All - 11 - A JOI' em.;h mitigation 
meilsUre PI> PJ) P; -P n) 
... QlxQ2XQ;x.....xQn 

Where, 
01 == Remaining Emission Fraction or Remaining Namral Gas-&msumption Praction 

for the FB'St Mitigation Measure for That: Source Category 
Oz == R,m1ainmg Emission Fraction or Remaining Namral Gas Consumption Pradion 

for the Sea:md Mitigation Measure for That Source Category 
On = Remahring Emission Fraction or Remaining Namral Gas Consumption Pradion 

for the Last Mitigation Measure for That So1.U'Ce Category 

For Source Category, Space Cooling-

Reorient Buildiags Facing North (OV 
Double Paned Wmdows (02) 
Wmdow Glazing Treatment (03) 
White-washing of Buildings «4) 

Pl 
RemainingE. 

.0.65 
x 0.90 
x 0.90 
x 0.998 

0.525 

Thus, for this eu.mp1e, since Value for Pl = 0..525, 
o Combined Remaining Emissions would be S2.S perc::ent; and, 

01 
# of Measures 

1 . 
1 
1 
1 

4 

o Combined Emissicm Redudicm Effldency from Implementation of 4 different 
mm~nm~wowdoo 
{[100] • [SloSH = 47.5 Percent (%). 
(See 1U'Jte provided untJer Table Title) 

Similarly. c:ommue to determine value for Pl. P20 P), -PDt for all source categories 01. Oz, 
0:3. -On for which mitigation measures are iDdudcd in the environmeDtal cb:umem.. 
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TABLE All· 12 - A 

SOURCE CATEGORIES (P) OF POST·MmGATION (NEW) NATURAL GAS USE IN 
RESIDENTIAL, COMMERCIAL AND INDUSTRIAL SECTORS 

(Committee Draft Natural Gas Efficiency Report, 1990, California Energy Commission) 
(percent of the pre-mitigation Natural Gas use for that so1ll'Ce category) 

Note: The following percentages are provided to determine remaining emissions after the 
implementation of mitigation measUl'e& These are not percent reductions 

(One hundred minus the following values will provide percent reductions) 

Space CooliDg 
Pace buildings to north 
Jmn1ation beyond Title 24 
Double-paned windows 
Wmdow glazing treatmem 
"Efficient air-conditioners 
Three trees per structure 
White-washing of buildings 
Improved overall albedo 

Refrigeration 
Efficient appliances 

Freezing 
Efficient appliances 

Disbwashel's W /Bot-Water Cycle 
Efficient appliances 

Dishwasher Motor 
Effic::ient appliances 

Lighting 
Pace buildings to north 
J igbting controls 
Low-sodium parking lights 
Low-sodium lighting 
J igbting amttols 

Electricity 
Use (percem) 

65.0 
70.0 
90.0 
90.0 
94.0 
95.0 
99.8 
99.4 

N/A 

N/A 

89.0 

89.0 

69 
N/A(R) 
NjA(R&C) 
N/A (I) 
N/A(I) 

Space HeatiDg 
Pace buildings to north 
Insulation beyond Title 24 
Double-paned windows 

Water Heating 
Solar water heaters 
Central &. low-flow showerheads 
Light-colored" roofs 

Cooking 
Efficient appliances 

Oodles Dryer 
Efficient appliances 

Oodles Washer w/Hot Water Wasb 
Efficient appliances 

Oodles Washer Motor 
Efficient appliances 

MisceUaneoos 
Ventilation in parking lots 
Ventilation in parking lots 
Ventilation in parking lots 

Lighting 
I.igbtingconttols 

Electricity 
Use (perc::eDt) 

40.0 
70.0 
90.0 

SO.O 
58.4 
971) 

89.0 

891) 

89.0 

89.0 

99.02(R) 
N/A(C) 
NjA (I) 

N/A(C) 

(R) = Residential (C) ::: Commercial (I) = Industrial N/A NotAvailable 

Bolded words desaibe source categories and remaining describe potential mitigation measures for those source 
categories. Impac::t: should be analyzed for each source category separately. To determine remaining emissions 
from a source category, efficiencies of several mjtigation measures for that source category c::an be combined. 

A11-91 

AR0073188 



TABLES FOR ESTIMATING EMISSIONS FROM 
COATINGS AND SPRAY EQUIP:MENT 

AFfER IMPLEMENTATION OF 
MITIGATION MEASURES 

. Miti~ation Measures 
That Reduce Emissions Associated With Coatings and Spray Equipment 

o Etiminate the Use of PaWs and Solvents By Utilizing Precoated BuildiDg Materials 
o Eliminate the Use of Paints and Solvents By Utilizing Naturally Colored Building Materials 
o Use Water-Based or Low-VOC Coatings 
o Use Coating 1'r.msfer or Spray Equipment with High Transfer Efficienc.y 
o Employ Skilled Operators Who Are Well-Versed in Rule 1113 Requirement (Not Quantifiable. 

However, the Anticipated Emission ReciuctiODS Me from Improved Transfer Efficienc::y and from Less 
Paint and Solvent Spills) 
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TABLE All· 13 

ESTIMATING EVAPORATIVE EMISSIONS FROM ARCHITECTURAL COATINGS 
AND BUILDING MATERIALS AFTER IMPLEMENTATION OF MITIGATION 

:MEASURES THAT REDUCE EMISSIONS FROM COATINGS AND SPRAY 
EQUIPMENT, 

(These emissions OCCUT during e:x:terior finish and Werior finish plulses of project con.stmctitm. If these phoses 
overltzp other phoses of the construction, these emissions should be combined with ROC eniissions from the other 

phoses. These .combined emissions should be used to determine project signijiclmu.) 

(pounds Per Day) 
M1 == (Ex{1-(G + H + I + J)}] + [Fx{(GxK) + (HxL) + (IxN) + (JxO)}] 

(Use this formulil if non-mitigated emissions me estimated fint) 
M2 == [(p x Q)/(R)] x [S] 

(Use this formulil if mitigQted emissions (lTe estinuzted without estimming non-mitigtlted emissions, or to 
estimt.ae new ctHlIing and spmy equipmem-specijic emissions. Convett these emissions per 1()()() square 
foot with project-specific thickness in mils for value of K. L, N, and 0 for estimating Ml in above 
fomwkl.) 

Where. 
M1 == Mitigated CoatinSC Emissions After Implementation of Mitigation Measures 
M2 == Mitigated emissions of Volatile Reactive Organic Compounds (ROC) from architectural 

coatings 
E := Non-Mitigated Emissions Before Implementation of Mitigation Measure 

(From Table A9 - 13) 
F == 0rigiDal.l!W!J Area (in SqUare Feet) To Be Coated with Original Coating Material Per 

Pmied: Before the ImplemeDtation of that Mitigation Measure 
(The area used for estimating non-mitigated emissions (E) in TableA9 - 13 of Appendix 9. If 
unknown, use Table A11-13 - E methodologies for estimtlting this tm!IlJ 

G == Decimal Fradion of Original Amount of Area Not Coated with Original Coating Material due 
to the Use of Pre-coated Building Materials or Natural-Colored Building Materials 
(If the percent is e.rpressed as 19.0, use 0.19 for G. and not 19.0. NfJIlmll-coloretJ P'IUlIe1ials 
should 1Wt 1uzve tuJditio1uJl emissions. Also. then! is lID need to mid ofJ-sit£ emissions l.ISSOCit:Ited 
with the pre-ct:Jtlted bUilding nuzle1i4ls. However, vehU;uku emissions tlSSociIzted with Iuzuling of 
these ~ should be estimated using Table A9 - 5 of A.ppentIix 9 and these vehic:ulor 
emissions shouIIJ be mitigated and mitigated emissions slwuld be es/imQted using Table All - 5 
of Appendix 11) 

K == 0.0. DatW:aI-coJored or pre-c:oated materials' emissiOn rate 
H == Decimal Fraction of Original Amount of Area Not Coated with Original Coating Material due 

to the Use of Water Based or Low VOC Coating Materials 
(If the pen;ent is expressed as 21.0. use 0.21 for H. and not 21.0) 

L == Emission Rate of Water-Based or Low-VOC Coating Materials 
(Use value of M2 convened into per 1(J()() square feet 01' see Table A9 - 13 - 4 A11- 13 - D. tmd 
Al1~ 13-E) 

I = Decimal Fraction of Original Amount of Area Not Coated with Original Spraying Equipment 
due to the Use of mgh TraDSfer Efficiency Equipment 
(If the Percent is ~ed as 21.0. Use 0.21 for 1, and not 21.0) 

N = Emission Rate of Original Coating with Greater or Improved-Transfer-Efficiency Spray 
Equipmem 
(Use vlllue of M2 convened into per 1(J()() squtI1't! feet 01' see Table A9 - 13 - 4 All - 13 - D. and 
A11-13-E) 
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TABLE All - 13 (Continued-) 

J = Decimal Fraction of Original Amount of Area not Coated with Original Coating MatcriaJs aDd 
Spray Equipment due to the Use of Water-Based or I..ow-VOC Coating Materials Along With 
the Use of High Transfer Efficiency Equipment For the Same Area 
(If the percent is expressed QS 21.0. use 0.21 for 1, and not 21.0) 

o = Emission Rate of New Water-Based or I..ow-VOC Coating with Greater or Imp~ 
Transfer-Efficiency Spray Equipmem 
(Use vtzlue of M2 convettltd intD per 1(J()() squme feet 01' see TtJble A9 - 13 - CAll - 13 - D, rznd 
An-B-~ . 

P = Pounds of ROC emissions 
(If~ use TtJb1eAll-13 - C turd TtJb1eA11-13 - D f01'this wUue. Dlue WJlua tI1'e 

e:rpressed fOl' 1 mil thick 1(J()() squatr! feet tJTeIl to be coated. ) 
Q = ODe mil (0.001 inch) thick total exterior and/or interior area to be coated 

(If unknown, use TtJbleA1i -13 - F methodolog; to deteImiM this wUue. AUo, thit:knas should 
IIlwtJ;ys be expressed in "mils" of thickness for this methodology to MIOne. Also, see 
TtJble All - 13 - B for percent transfer efficiency default values.) 

R = One tl10usand (~OOO) square feet 
(This value Is needed because value for P is for one mil thick 1,000 squme feet swfflCe tueIL) 

S Required -mils" of coating thickness for the project 
(If unknown, use 17.5 mils for erJerior and interior walls, and 3 mils fo, wood tmd mettzl swfQt%S. 
Also, use Table All - 13 - A for mil thickness default values for cOfllings on WII'ious SU1jQt%S.) 

TABLE All - 13 • A 

Dry Film Thickness 
(Mils) 

Surface Type Thickness 

1<4 
5 < 30 

TABLE All - 13 • B 

Transfer Efficiency Fractions 
(Percent) 

Coating Equipment Type Transfer Efficiency 

Air Atomized Gun 25 
HVLP . 6S 
Brush/RoUer 100 
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TABLE All • 13 - C 

EMISSIONS OF VOLATIT..E REACTIVE ORGANIC COMPOUNDS (ROC) FROM 
ARCHITECIURAL COATINGS 

(Value for "P" in Pounds for 65 % Transfer Efficiency For Spray Equipment Similar to 
HVLP.) . 

(This table prtMtJes VOC (ROC) emissionS for 1 mil thick 1000 sqr.uzre feet IJ1'e(l fm fl1l VOC limits included in 
Rule 1113. Rule 1113 s1wu14 be consulted fm CtJm!Sponding coating~.) 

(pounds Per One Mil Thick 1000 Square foot Area) 

Rule lID Limits Rulel113limits Q)a~ Clean-Up Solvents VOCs 
(GnmsJUter) (pounds/GaBem) (GaBoas/1OOO SF) Percmt Lbs 

CoImmimW CoatiDp 
(~ COfJtin~ fISSUmefJ to Iuwe 66.26 perr:ent by weitftt solids, tmd 1()'4S pounds per gaJkm densiI;y.) •• 

780 6.49 7!J2 10.0 57.21 
7.30 6117 5.28 10.0 3S.9Z 
680· 5.66 4.13 10.0 26.42 
6SO 5.41 ,3.65 10.0 2246 
600 4.99 2!fI 10.0 17.00 
sao 4.83 2.79 Ion 1555 
550 458 2SO 10.0 13.29 
SOD 4.16 2.21 10.0 10.82 
420 3.49 6.38 15.0 8.39 
400 3.33 597 15.0 7.95 

High-Solid Coatings 
(High-solid ~ assumed to Iuwe 77..3S percent by weight solids, and 11.33 pounds per gallon density. )** 

350 2.91 4.32 20.0 6.50 
346 2.88 4.28 20.0 6.46 
304 253 3.70 20.0 5.85 
234 1.9S 2.76 20.0 4.85 

W&ter.Bued Coati .... 
(WtIteT-based coatintp IZSSU17Jed to Iuwe 47.67 percent by weight solids, and 10.54 pounds per gallon densiiy. )** 

310 258 7.73 5.0 8.84 
262 2.18 6.34 5.07.41 
2S8 2.15 6.25 5.0 7.32 
253 2.10 6.10 5.0 7.17 
250* 2.08 6.OS 5.0 7.12 
244 2.03 5.73 5.0 6.76 
217 1.81 5.U 5.0 6.14 
152 1.26 3.45 5.0 4.46 
148 1.23 3.37 5.0 4.38 
103 0.86 2.29 5.0 3Z1 
7S 0.62 1.61 5.0 256 

If unknown use, 2.08 pounds/gaJIon VOC roatinp for exterior waDs. 
•• .ARB's test results in 1988 re,port for Rule U13 sales, survey. 
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TABLE All .. 13 - D 

EMISSIONS OF VOLATILE REACTIVE ORGANIC COMPOUNDS (ROC) FROM 
ARCHITECTIJRAL COATINGS 

(Value for"P" in Pounds for 100 % Transfer Efficiency for Brushes, Electrostatic Spray Guns) 

(This Ulble provides VOC (ROC) emissions for 1 mil thick 1()()(J squme feel tJTeQ for tzll VOC limits included in 
RJde 1113. RJde 1113 should be consuJied for corresponding coating types.) 

Rule 1113 Limits 
(Gnms/Liter) 

(Pounds Pel' One Mil Thick 1000 Square foot Area) 

Rule 1113 Limits Coatings aean-up So1Ye~ . 
(POUDds/GaDon) (Gallons/1000 SF) Percent 

Conventional Cruatinp 

VOCs 
Lbs 

(ConventioNd·coatings assumed to have 66.26 percent by weight solids, and 10.45 pounds per gallon density.)." 

180 6.49 . 5.17 10.0. 37.33 . 
730 6m 3.44 10.0 23.44-
680 5.66 2.70 10.0 17.24' 
650 5.41 238 10.0 14.66 
600 4.99 1.94 10.0 11.09 
580 4.83 1.82 10.0 10.15 
550 458 1.63 10.0 8.67 
500 4.16 1.44 10.0 7.rx; 
420 3.49 4.16 15.0 5.48 
400 3.33 3.90 15.0 5.19 

. High Solid CoatiDgs 
(High solids coatings IlSS1lmed to have 77.35 percent by weight solids. and. 11.33 pounds per gallon density.)'" 

350 2.91 2.82 20.0 4.25 
346 2.88 2.79 20.0 4.22 
304 2.53 2.41 20.0 3.82 
234 1.95 1.80 20.0 3.17 

Water Based. Coatings 
(Wmer-based coatings assumed to /unle 47.67 percent by weight solids, mui 10.54 pounds per gallon density.)'" 

. 310 2.58 5.03 5.0 5.74 
262 2.18 4.12 5.0 4.81 
2S8 2.15 4.06 5.0 4.76 
253 2.10 3.97 5.0 4.66 
250* 2.os 3.93 S.O 4.62 
244 2.03 3.72 5.0 4.40 
217 1.81 3.32 5.0 3.99 
152 1.26 2.24 5.0 3.90 
148 1.23 2.19 5.0 2.90 
103 0.86 1.49 5.0 2.13 
75 0.62 1.04 5.0 1.66 

If unknown use, 2.08 pounds/gallon voe ooatiusc for exterior walls. 
ARB's test results in 1988 report for Rule -1113 sales survey • 
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TABLE All - 13 • C and D (Continued-) 

ASSUMPTIONS: 

1. The use of solvents in the cleaning and painting of the stn.IC:tUres will generate Volatile Organic 
Compound (VOC) or Reactive Organic Compound (ROC) emissiODSo 

2. Non-mitigated VOCs are those which should not exceed Rule 1113 limits as c:oatiDg is applied to the 
surface. 

3. After remov.mg % volume ofVOC (non-exempt solvent), water ad exempt solvents, what remains is 
the % volume of solids. 

4. Non..ezmpt solvent density is 1.36 pounds per gallon of solvem. 
S. Exempt ~ (1, 1, 1-TCA) density is 11.06 pounds per gallon of so1Yem. 
6. Water density is 8.331 pounds per gallon. . 
1. Water percent by weight is assumed to be 3.5 times higher than that of exempt solvent in the roaring 

(ARB's test results in 1988 report for Rule 1113 sales survey.) 
8. For non-mitigated emissions, transfer efficiency is 2S % of solids applied to the surface. 
9. Mathematical formulation indicates that 1 gallon of solids will cover 1 mil (0.001 inch) thick a 1604 

square foot area. For the same amount of coating. if thickness is inaeased, the size of the area that 
can be coated with that amount of paint wiD be proportionally decreased. For the same size area if 
thiclmess is increased, the amount of coating will be proportionally increased. 

TABLE All- 13 - E 

ESTIMATING SURFACE AREA TO BE COATED 

Estimate interior and exterior area to be covered by using the following methodologies: 

Method 1. 

It wtU estim«etJ that every squme foot of floor space would require the COfJIing equivalent to that 
of 2.7 S([IUl1'e feet of surface fl1'e(J. This may actwilly be an UDderestimate, but allmvs for noo
coated su.rfac:es such as windows, fireplaces,' cabinets, overhead recessed ceiliDg lighting, etc. 

For single family nnits c:onsider 1/1 acre of floor surface or lot size per mUt (ARB Report 
March 1990). 

For multi-family mrlts 1/1!J acre lot size per unit (ARB Report March 1990). 

Method 2. 

EworWall 

1,280 square feet of exterior wan per single-family unit:; or. 
1,800 square feet of exterior wan on average for other than single-family units. 

<Energy and Labor in the Construgion Sector, Hannon, et.al). 

Interior Wall 

The exterior wan amount can be tripled to CODSider interior waDs, ceiliDg.~ trim, etc. 

For nomesidentia1 strm::tu:res (schools, shoppmg malls, etc.) rooms will be larger in size, 
tellings will be acoustic panels type. In this case, each of the floor area can be multiplied. by 
2.0 to obtain the total area. to be coated. 

EmissiODS from euerior and interior walls should be estimated and reported separately. 
These emissiODS should be combined with emissions from other c:onstmc::tion ac::tivities. 
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Appendix: 13 ASSESSING POTENTIAL IMPACTS FOR DISTRICT PERMITS 

Control Technologies. Some projects that :maybe encountered by local planners may include point 
sources requiring permits from the District. as well as air pollution control equipment. A point source 
bas one or more permitted pieces of equipment in a fixed identifiable location. Pursuant to the 
District's Regulation xm. all major new or modified emission sources in the Basin must install best 
available control technology (BACT) to reduce emissions to the lowest aclUevable emission rate 
(LAER). MCI' consists of a variety of air pollution control technologies, including process changes 
and substitution of bigb-pollutiDg materWs with Iow-pollutmg materials. BACI' can also consist of air 
pollution control equipment that captures or oxidizes criteria pollutants to reduce air· pollution 
emissions. The District periodically publishes a BACI' Guideline document (available from the 
District's Public:: Information Center) for commonly encountered industrial processes or equipment 
categories. The purpose of the BACI' Guideline is to provide the public with an up-to-date listing of 
current BACI' requirements. 

The District bas determined that in sOme situations various air pollution control technologies may 
generate cross-media or indirect environmental impacts that may requ,ire analysis in a CEQA 
document to determine the significance of the impact and. if necessary, identify mitigation measures to 
minimize these cross-media impacts to the greatest extent feasible. For the purposes of this discussion, 
a cross-media impact is the removal of a. contaminant or hazardous substanc::e from one medium, e.g.. 
air. and transferring it to another medium, e.g., water. which is typically released to a. public: sewer 
system. The purpose of this appendix, therefore, is to identify some common types of air pollution 
control equipment, or BACI' equipment:, and to summarize potential cross-media or other indirect 
adverse environmental impacts they may create, which may warrant a CEQA analysis. 

A.l3.1 Volatile Organic Compound (VOC) Control Technologies Add-On Control Technologies 

For facilities unable to use reformulated materials or with operations that do not use coatjnp, two 
basic:: types of add-on c:onttol technologies are available, carbon adsorption and incineration. Many of 
the VOC control technologies can also be used to control air toxies. These technologies are briefly 
described in the following subsections. 

Carbon Adsorption 

Carbon adsorption is a control process typically used for organic contaminants (an organic: compound 
is a chemical compound containing carbon and, typically, hydrogen). This control teclmology operates 
by collecting air containing VOCs and venting them to a carbon bed wberethe organic: contaminants in 
the air stream are separated from the rem2!ining emuent and adsorbed onto the surface of the carbon 
particles. Depending on the application, carbon adsorbers can ac::hieve a removal efficiency of 
essentially 100% until breakthrough oc:c::urs (a situation where the carbon particles are completely 
saturated with organic: contaminants and are no longer able to remove these contaminants from the 
exhaust air). Carbon adsorption is commercially available and is used in a wide variety of industrial 
applications.. Although carbon adsorption devices for most applications have a similar design, two 
general categories of applications have been identified that differ significantly in their potential to 
create adverse environmental impacts. The two categories are: . 

(1) Vapor solven.t recovery, and 

(2) Liquid solvent recovery 

Gaseous phase vapor recovery systems use a carbonized organic:: material (carbonized coconut shell, for 
example) as an activated carbon source to remove organic: substances from gas streams. When the 
activated carbon of vapor solvent recovery becomes saturated with organic material, it is removed and 
regenerated (usually off-site) typic::ally using a rotary kiln to oxidize (destroy by combustion) the 
organic:: material. Once the organic: material is oxidized, the activated carbon can be reused. During the 
regenerati~n process, approximately five percent of the activated carbon is lost. This loss is replaced 
with new activated carbon and the entire amount is then reused. Vapor solvent recovery carbon can be 
am.tinuously regenerated and replenished. 
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Liquid solvent recovery USes a moderately bard type of c::oal as a source of activated carbon to capture 
solvents. When carbon is saturated with solvent it is regenerated by heating the carbon and injecting 
either steam or hot gas into the carbon bed. The resulting hot solvent mixlure is vented to a condenser, 
wbic:h cools the hot gases to a liquid/solvent mixture (known as regenerant). The solvent is then 

. separated from the regenerant by gravity or djwlJation. The recovered solvent is then recycled or can 
be used in another application. 

../ 

Carbon adsorption solvent recovery systems are most effective when only a siDgle solvent is involved 
and the solvent does not break down during the heating process. For a system in which VOC 
compounds have a molecular weight less than or equal to eight carbon atoms, DO polymer formers, or 
excessive partiodates. a carbon life of 5-10 years is possible. . 

Depending on the type of carbon adsorption system used, several types of secondary impacts may 
oc::c:ur. Carbon adsorption systems used for liquid solvent recovery have the potential to generate water 
quality impacts because water is often used to dean the spent carbon. Water contaminated with 
organic compounds could then be released to a public sewer system, not only affecting water quality. 
but water treatment utilities (often called Publicly Owned Treatment Works or P01Ws). 

Regenerating spent carbon for each type of carbon adsorption system has the potential to create air 
quality impacts because the regeneration process requires a combustion source which can generate 
criteria pollutant emissions or emjssions of other products of incomplete combustion. For example, 
liquid and aqueous phase vapor recovery systems require a combustion source to heat water to steam 
which is then used to purge adsorbed organics from the carbon. Gaseous phase vapor recovery uses a 
combustiOn devjce to directly oxidize the organic compounds adsorbed to the carbon. 

Liquid solvent carbon adsorption systems also have the potential to generate solid waste impacts 
because the coal eventually loses its effediveness at capturing organic compounds and must then be 
disposed of. As previously indicated, carbon used in the liquid and aqueous phase can be regenerated 
and reused for approximately 5-10 years depending upon specific operating parameters, the 
components of the waste stream, c:ontrol requirements, etc. Since spent carbon is typically considered a 
hazardous waste, it would most likely be disposed of in a Class 1 landfill. Therefore, hazardous waste 
disposal utilities could be adversely affected. 

Solid waste impacts are, typicaIly, not a problem with vapor recovery systems because the activated 
carbon can be used continuously until it is incinerated in the rotary kiln in the regeneration process. 

Any incinerated carbon ash is generally produced in small quantities and, therefore, is typically not a 
significant solid waste impact. 

Risks of upset impacts could occur during handling and transport of spent carbon because in many 
cases the organic compound may be flammable, thus creating risks of fire or explosion. 

IDdDe.ratiOD 

Incineration is the most universally applied conttol method for orgamcs because it is a "destructive
c:onttol technique in which the pollutants are destroyed, ie., oxidized (bumed) to carbon dioxide, water 
vapor and other products of combustion. Given the proper conditions, any orgamc compound will 
oxidize. Two of the most common types of incinerator teclmologies are identified here. 

Thermal IDdDeraticm 
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Catalytic Incineration 

A catalytic incinerator is es.centiaJIy identical to a thermal incinerator except that combustion of the 
e:xhaust gas takes place in the presence of a catalyst (a catalyst is a substance that promotes/accelerates 
a chemical reac:don without beiug chaDged in the reaction itself). The presence of the catalyst allows 
the iw::iDerator to operate at a lower temperature range (SOOOP-8O()OF compared to 1,1000F-l.,SOOOF for 
thermal incinerators), consequently reducing supplemental fuel consumption and associated operating 
costs. Reduction efficiencies of up to 99% are also possIble with catalytic: iw::iDerators. 

Both types of incinerators have the potential to create air quality impacts because both generate 
criteria ponutant and reactive organic: ponutant produc:ts. Because catalytic: incinerators "Operate at 
lower combustion temperatures, they typically produce lower oxides of nitrogen emis-gons. whic:h 
contribute to NOZ and ozone c:ow:entrations. Although newer incinerators bum Datura1 gas very 
efficient1y (thus producing fewer emissions) emissions should be" calculated. and compared with the 
Distric:t's emissions threshold of significance (Refer to Chapter 6 of this Handbook). . 

A drawback of catalytic incinerators is that the catalyst becomes less effedive over time. Eventually the 
catalyst must be replaced and the spent catalyst must be disposed of, thus creating the potential for 
solid waste impacts. . 

Coating Sowent Reformulation 

Methods of reducing VOC emissions from operations using coatings (paints) and cleaning solvents 
include reducing the VOC contem and/or increasing the solids amtem of coating and cleanup solvent 
materials. Reformulating coatings or solvents with new or alternative compounds is another method 
that can be used to comply with District emission reduction requirements. 

Product reformulation may result in adverse environmental impac::ts depending on· the characteristics 
and chemic::al composition of the reformulated materials. For example, compounds such as 1,1,1-
ttichloroethane (TCA), methylene chloride (dichloromethane), and other chlorofluorocarbons (CFCs) 
could produce environmental impac::ts, including adverse human health effec::ts. Worker safety and 
human health could be affected because some reformulated compounds may be toxic:, carcinogemc:,.or 
have other adverse effects on human health. In addition, both TCA and CFCs are considered ozone 
depleting substances and CFCs contribute to global warming. Some reformulat"ed compounds may be 
flammable, thus, increasing the risk of fire or explosions. Other risk of upset impac::ts could occ:ur if any 
hazardous reformulated compounds are accidentally released during transport, which may also 
adversely affect public: health. . . 

A.13.2 NOx Control Technologies 

NOx is formed by the oxidation of atmospheric: nitrogen during combustion and from the oxidation of 
bound nitrogen in organic: fuels. Thermal NOx formation is negligible below a peak flame temperature 
of approximately 280Q0F, but rises exponentially above this temperature. Fuel NOx formation is 
typically a function of the type of fuel used for c::ombustion. 

Therefore, the ac:tual amount of NOx formed depends, in part, upon the amount of available air supply, 
the type of fuel used. and the combuStion temperature. Two major categories of NOx control options 
are currently available: (1) cOmbustion modification and (2) flue gas treatment systems. 

Combustion Modific::ation 

Combustion modification methods reduce NOx emissions, either by lowering the combustion 
temperature or by reducing the amount of oxygen available for combustion. The ac:tual NOx reduction 
achieved is case-specific and depends upon. the technology employed. In general, combustion 
modific::ation reduces NOx emissions apprmcimately 10-70% from baseline emission values. 
Combustion modification technologies have found widespread industrial applications. An overview of 
six widely used c::ombustion modification technologies and one experimental technology is briefly 
described below. . 
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Low Excess Air Burners 

Low-excess air (LEA) bumers require less oxygen for combustion because air and fuel are thoroughly 
mixed prior to combustion, thus requiring less exc:ess air. Although fuel is more completely burned in . 
this process, reducing excess oxygen tends to reduce combustion efficiency while increasing CO and 
partic:W.ate emissions. LEA bumers have a maximum NOx emission reduction efficiency of 
approximaiely 25%. . 

Staged Air Bumeios 

Staged air (SA) burners divide the combustion· fuel mixture into two or more streams before 
combustion. The first stream flows into a fuel-rich zone where the fuel is partially bumed. At this 
stage, thermal NOx formation is reduced because of the lack of excess oxygen. The remainder of the 
combustion air is mixed with the partially burned combustion air downstream of the fuel-rich zone 
where combustion is then completed. At this stage, NOx formation is reduced because of a lower 
:Dame temperature. SA burners have a maximum NOx reduction efficiency of about 30%. 

n_ Gas Rec:ircWatioa . 

Flue Gas Recirculation (also called exhaust gas reciradation when applied to internal combustion 
engines) is a ~ol teclmique in which the flue gas is mixed with incoming combustion air. This 
process limits the oxygen Jeve], resulting in a lower flame temperature and a lower peak combustion 
temperature, thus reducing thermal NOx formation. This method alone reduces NOx formation 
approximately 50% for gaseous fuel firing. In some cirrnmstances, flue gas recirculation in amjunctioo 
with other control .teclmiques, SA for example, can achieve a NOx reduction efficiency approaching 
70%. 

Water/Steam mjedion 

. NOx formation rates can be lowered by the instantaneous cooling of the combustion temperatures. 
This cooling can be ac:c:omplished through the injection of water or steam into the combustion zone. 
The injec::ted water acts as the inert mass and results in lower NQx production through lower peak 
combustion temperatures. Water injection, when used alone, can reduce NOx emissioDS 33-67%, but 
there is a slight increase in CO emissions due to the lowered combustion temperatures. Steam 
injection has an even higher NOx reduction efficiency. The primary impact associated with this type of 
am.t:rol technology is increased water demand as substantial volumes of water may be necessary to 
achieve the desired NOx control efficiency. No other direct or indirect impacts are associated with this 
NOx amtrol teclmoJ.ogy. 

Stratified Combustion 

Stratified combustic:m modification, used primarily for NOx control in intemal combustion engines 
(ICEs), involves layering the fuel such that one layer is fuel-rich and the other layer is fuel-lean during 
and just after the combustion process. The fuel-ricb layer is situated Dear the spark plug so that the 
elements burned as the flame moves out from the spark are subject to low-NOx formation rates 
because of the lower temperature and lack of oxygen. The stratified combustion process must be 
mODitored frequently because improper stratific:ation can actuany cause NOx. emisstous to inc:rease. 
No adverse enmc:mmenta1 impacts, either dired: or indirect, are associated with· this type of control 
technology. 

Lean Combustion 

Air/fuel adjustments are applicable primarily to spark-ignited engines LeaD combustion requires 
increasing the air mass relati've to the fuel conc:enttatiOD, thus creating a lean fuel mixture. ODe 
method of inc:reasiDg the air/fuel ratio is through the application of turboc:harging. TurbochargiDg 
involves rec::overing the energy of the exhaust gas stream by passing it through a turbine mechanically 
coupled to a compressor. The energy exs:rad:ed from the exhaust is used ~o increase the pressure of the 
incoming air. inc:reasmg the quantity of air in the cylinder. Tmboc:harging is often used in c:onjtmction . 
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with an intercooler to offset the temperature rise associated with increasing the ~pression. 
TurbochargiDg reduces NOx emissions by reducing the brake specific emission rate. As with stratified 
combustion, no direct or indirect adverse environmental impacts are associated with this type of control 
technology. 

Low NOx BUJ"DeI'S ' 

Low NOx burners use a combination of fuel rich mixtures and staged combustion to control 
combustion and reduce NOx flue gas c:oricentrations. This method reduces NOx formation 
approximately 50%. This tedmology can be used in conjunction with flue gas recirc:ulation to achieve 
additional NOx reductions. 

Ox;men Trim. Mechanical equipment can be used to reduce the excess oxygen by using oxygen trim. 
This method involves combustion at a low air to fuel ratio, still allowing for complete fuel combustion. 
Oxygen trim can increase boiler fuel combustion efficiency, which am result. in a fuel savings of 1-2%. 
This method has a NOx emission reduction efficiency of 10-25%. 

Staged Fuel Bu.mers. Staged fuel (SF) burners d.Mde the fuel into two or more streams. One fuel 
stream fiO'W'S into, and is burned in a lean primary combustion zone. The remainder of !:he fuel is then 
mixed with the partially ~ed fuel downstream of the lean primary combustion zone. This process 
lowers the peak flame temperature, which reduces thermal NOx formation. SF burners have a 
maximum NOx emission reduction efficiency of approximately 55%. 

Ceramic: Fiber Bumer. An emerging NOx control technology that requires additional retrofit 
demonstration on boiler equipment: is a new ceramic fiber burner. Low NOx levels are achieved due to 
the slow kinetics of thermal NOx formation. The largest unit tested so far is a 10 million Btu burner. 
Test results indica1e NOx emission levels of 50 ppm. Impacts. Few adverse environmental impacts have 
been identified for combustion modification technologies. The only exception is possibly for ceramic 
fiber burners. Ceramic fiber burners may pose worker health concerns because they contain ceramic 
fibers that could be released into the work place at a rate that may adversely affect worker health. 
Ceramic fibers are a health concern because of their sttuc:tu.ral similarity to asbestos, a carcinogen. 
However. there have been no human studies investigating the. carcinogenicity of ceramic fibers. 
Furthermore, tests of ceramic fiber burners indicated that releases of ceramic fibers from radiant 
burners were l)'pically 2-4 orders of magnitude less than the two fibers per cubic centimeter of air 
threshold limit value (TI.. V) established for ceramic fibers and recommended by the American 
Conference of Governmental Industrial Hygienists. This result should be periodically re-eva1uated in 
case the conclusions regarding ceramic fibers are modified in !:he future. 

Post-Combustioo Fiue Gas Treatment 

Post-combustion flue gas treatment systems use a reducing agent, usnally ammonia (NH3). to read 
with NOx, reducing it to molecular nitrogen (N2) and water (H2O). There are two basic types of post
combustion fiue gas treatment technologies: selective catalytic: redru::tion and selective noncatalytic 
reduction. Both technologies, discussed below~ involve injecting a reducing agent, such as· ammonia or 
urea, direc:::tly into the flue gas stream. 

Selective Catalytic Redudiou (SCR). This technology reduces NOx in !:he flue gas by usiDg either 
anhydrous ammonia (a gaseous form free of water or moisture) or aqueous ammonia (a liquid mixture 
of ammonia and water) as a reducing agent. The reduction reaction occurs in the presence of a 
proprietary c:ataljst. In general, amm~ vapor. often diluted with air or steam, is injected into the 
flue gas in an approximately equimolar ratio, depending upon the NOx removal requirements. To 
eDS1Jl'e maximum efficiency. the flue gas and ammonia should be thoroughly mixed to ensure uniform 
gas distribution prior to entering the catalyst grid system. For optimum results, this reaction must oc:att 
in a relatively narrow temperature window of between 2O()OC to 4sooc.. NOx emissions are reduced by 
the ammonia to molecular nitrogen (N2) and water vapor over the catalyst surface. NOx reduction 
efficiencies up to 95% have been obtained in some practical applications. 

Impacts. Anhydrous ammonia is considered an acutely hazardous material according to state law. 
Therefore, technologies usiDg this substance may have a number of adverse im~cts associated with 
them. For example, an ac:ci.dental release of ammonia during transport, storage, or handling may 
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create significant risk of upset impacts because the released ammOnia could form a dense gas that is ~, 
passively transported dose to the ground by wind. In additi~ sipffic:ant human health impacts could 
oa:ur if anyone is exposed to released ammonia gas douds. A site-specific analysis may be necessary 
to evaluate these potential impacts. 

The catalyst of SCR systems typic:aIly contains small amounts of vanadium pentoxide. which is also 
classified as an acutely hazardous material. The District has assessed the possibility of risk of upset 
impacts and ~uman health impacts from catalyst materials and has determined that they are not 
signific::aut. However, the catalyst generally loses its efrec::tiveDess over time and must be replaced and 
properly disposed of, thus aeabDg solid waste impacts. It may be necessary to determine the volume 
of spent c:atalyst generated each year to assess whether or not this exceeds any solid waste utility's 
significance threshold. 

SeIedive NOIl..catalytk ReducdOil •. AmmoDia 1Djecti0ll. Selective non-ccttal.ytic reduction (SNCR) 
. reduces NOx emissiOns by injecting a reducing agent, such as ammonia, directly into the fl~ gas 
stream, usually at a temperature greater than SOOOC. There is no catalyst, but the high temperature acts 
as a -catalyst" to reduce the NOx to molec::ular nitrogen and water. This technique is often used in 
situations where there are "dirty" flue gases which may plUg or poison an sa catalyst. NOx flue gas 
concentrations are reduced approximately SO% to possibly 80%. . 

Technologies that use ammonia. as a NOx reducmg agent may also create air quality impacts. For 
example, to ensure the efficiency of the NOx reduction reaction, small quantities of extra ammonia are 
injected into the exhaust gas. As a result, not all ammonia reacts with the NOx molecules and, 
therefore, is released into the atmosphere. This is known as an ammonia slip. Generally, the ammonia 
slip can be maintained at 5-10 ppm or slightly greater, which is not expected to adversely.affect air 
quality. Ammonia slip, however. should be calc::ulated for any project using ammonia. 

High ammonia slip levels that could cause adversely affect human health or, at the very least, could 
create an odor nuisance. The District has determined that, because exhaust gases are· typically very hot 
and buoyant, ground-level concentrations would not be expected to adversely affect .human health or-----. 
create an odor nuisance. Ground-level concentrations of ammonia from ammonia slip may need to be 
estimated to ensure that adverse impacts do not oc:cm:. 

Selec:tive Non..cataJytic Reduction· Urea lDjed:ion. Urea injection involves injectiDg a reducing agent, 
aqueous urea (an ammonia-based chemical compound) in this c:::ase, into the flue gas where it reacts 
with NOx, reducing it to molecola.r Ditrogen, water, aud carbon dioxide. The reduction reaction is 
maximized when the urea is thoroughly mixed in the flue gas and the temperature range is between 
1,4OOOF-l,SOOOF. This process has a NOs: reduction efficiency range of 50% to as high as 80% in some 
spec:ifie cases. 

Urea itself is not considered to be a hazardous substance understate or federal law. In addition, it is 
typieaJly transported in solid pellet form so, if an aCcidental release occurs, it is relatively easily cleaned 
up and does not pose a significant public health problem. One of the by:-products of urea injection 
technologies, similar to SCR, is the production of ammonia slip. Typically, the amount of ammonia 
slip generated by urea injec::tion is in the 10-20 ppm range and beca.use of the buoyancy of the exhaust 
does not present au adverse air quality impact or a human health hazard at these low levels. However, 
a site-specific assessment may be necessary to ensure that ammonia slip levels do not pose a significant 
human health impact. 

FJlters, sc:rubbers, and mist eliminators are used primarily to reduce particulate emissions, as wen as 
other c:riteria pollutant and toxic air contaminants Partic::ulate control dcMces can also be used to 
c:ootrol air toxics. Each device is discussed briefly in the following paragraphs. 

Baghoose F"dters 

Suspended dust and fumes may be removed from an air stream by a number of different devices. When 
high coJleaion efficiency on small particles size is required, the most widely used method consists of 
separating the dust from the air by means of a fabric filter .. fibrous or fabric filter media formed into 
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cylindrical sleeves or bags are the most widely used type of dry-particle collector for air cleaniDg. 
Bagbouses (the structure supporting the filter) remove solid particulate contaminants from gas streams 
by filtering them through a fabric media which is generally a woven 'or felted material Several different 
types of filters may be used within a baghouse depending on the particular source and· composition of 
the particulates or gases to be controlled. 

Baghouse filters collect dry particulates that must ultimately be disposed of as a solid waste. If care is 
not exercised during dispoSal of the waste panicles, they could be blown from the trucks during 
transport to a waste disposal fadlity, creating secondary environmental impacts, e.g., re-entramment [0 

the atmosphere. In addition, depending upon the ~ of pollutant being collected, the resulting solid 
waste may be considered a hazardous waste, requirmg disposal in a Class I landfill.. If the amount of 
solid waste generated exceeds any threshold levels of significance established by any waste 
management agencies, solid waste impacts may be c::onsidered significant and, therefore, may warrant 
further investigation. . 

Scrubbers have a number of advantages over other types of air pollwon control devices: they do not 
create a secondary dust problem when disposing of the contaminant; they can handle high-temperature 
or moisture-laden air, and they can handle corrosive gases or aerosols. Scrubbers commonly used to 
control particulate emissions include spray towers, packed bed and venturi (high energy) scrubbers. 
These devices work by pumping a reagent such as sodium or calcium compounds into the device which 
condenses the air contaminant. W~t scrubbers use water ·sprays· to collect and remove particulates. 
However, wet scrubbers are not well suited to control very fine particulates. Packed-bed scrubbers are 
generally used to remove pollutant gases. The packed-bed scmbber, or column, is generally a vertical 
column that has been filled with packiDg or materials with large surface areas.. The gas stream that 
contains the pollutant moves upward through the packed bed against an absorbing or reading liquid 
that is injected at the top of the packed CQlumn. 

Installation of scrubbers as control equipment may require the use of caustic alkali solutions sum as 
sodium hydroxide, calcium hydroxide, or magnesium hydroxide for removing dioxin compounds from 
incinerator exhausts. These alkali solutions are inorganic alkali compounds that are primary irritants to 
the skin. The alkali liquid can be recycled and reused until the pH exceeds a specified level or it 
becomes too concentrated. The liquid, called blowdown, is either shipped off-site as a hazardous waste 
or treated on-site to neutralize it, and is then reused in. the system or released to a public sewage 
system. Disposal of the wastewater or its clarification for reuse may be difficult or expensive. Use of 
wet scrubbers may, therefore, pose a water quality impact. a solid waste impact. or a risk of upset 
impact if the alkali waste is accidentally released during tnmsport to a disposal facilily. 

Mist Eliminators 

Mist eliminators are "impaction" collectors that place barriers in the path of the mist particulates in the 
flowing gas. These barriers intercept the partic::ulates and remove them from the gas stream. A de
mister is often used as part of a packed scrubbing device to increase its efiicienty in removing fine 
particulate matter. 

Impacts for mist eliminators wiD be similar to those described for scrubbers except that they do not use 
a1bli materials. 

1 In this case, equimolar means that the number of moles of ammonia needed is equal to the number 
of moles of NOx: to be reduced. One mole of a substance contains 6.023 x loa molecules. 
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~, ACRONYMS 
AS USED IN mE 

CEQA AIR QUAUlY HANDBOOK 

AOMP Air Quality Management Plan 

AQTAN (CaITrans) Air Quality Tcdmical Aulysis Notes 

ARB Air Resources Board 

ASTM American Society of Testing Materials 

ATCM Air Toxic:s Ccmttol Measure 

AVO average vehicle occupancy 

AVR average vehicle ridership 

BAer best available control technology 

CAAA Clean Air Ad Amendments (federal law) 

CCAA California Clean Air Act (state law) 

CAPCOA California Air Pollution Control Officers Association 

CEQA California Environmental Quality Ad: 

CFC chlorofluorocarbon 

CMP Congestion Management Program 

CNG compressed natural gas 

CO carbon monoxide 

CVAG Coachella Valley Assoriation of Governments 

DU dwelling unit 

EPA Environmental Protection Agency 

ERC emission reduction credits 

GMP Growth Management Plan 

HOV high-occ:u:pancy vehicle Iane 

ISR indirect source rule 

LAER lowest achievable emission rate 
/~. 

LOS level of service 

Ac::-l 
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MAAQI 

MND 

MOU 

MPO 

NO 

NESHAP 

NPDES Permit 

NOP 

N~ 

NOx 

OEHHA 

Pb 

POTW 

PMIO 

PRe 

PSI 

RECLAIM 

RMP 

RMPP 

ROC 

RU 

SCAB 

SCAG 

SCAQMD 

SEDAB 

S~ 

SOx 

Mitigated Negative Declaration 

Memorandum of UnderstandiDg 

Negative Declaration 

National Emission Standards for Hazardous Air Pollutants 

National Pollutant Disc:barge Elimination System 

Notice of Preparation 

nitrogen dioxide 

Mric oxide and nitrogen dioxide 

lead 

publicly owned treatment works 

Particulate matter less than 10 micrometers in diameter 

Public Resource Code 

Pollutant Standards Index 

Regional Clean Air Incentives Market 

Regional Mobility Plan 

Risk Management and Prevention Program 

reactive organic compounds 

residential unit 

South Coast Air Basin 

Southern California Association of Governments 

South Coast Air Quality Management District 

Southeast. Desert Air Basin 

sulfur dioxide 

sulfur oxides 

Ac-2 
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TBACI' 

TeA 

roM 

TIP 

n..V 

VMT 

voc 

VT 

best available control technology for toxies 

trichloroethane 

transportation demand management 

Transportation Improvement Program 

threshold limit value 

vehicle miles traveled 

volatile organic compounds 

vehicle trips 

Ac-3 
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GLOSSARY OF TERMS 
AS USED IN THE 

CEQA AIR QUALITY HANDB90K 

ADVISORY COUNCIL-

AIR BASIN-

A group of teclmical and scientific specialists who advise the District on long
and short-term matters affecting Clean Air programs. 

An area designated by the Air Resources Board for air quality planning 
purposes. 

AIR MONITORING ." Sampling for and measuring of air pollutants present in the ambient air. 

AIR POllUTANT - A material in the ambient air that produces air pollution. Common air 
pollutants are ozone (~), nitrogen dioxide (N0z), particulate matter 
(PMIO), sulfur dioxide (SOz), and carbon monoxide (CO). Air pollution is 
defined in the California Health and Safety Code as any discharge, release, or 
other propagation into the atmosphere, and includes, but is not limited to, 
smoke, clwTed paper, dust, soot, grime, carbon, fumes, gases, odors, 
particulate matter, acids or any combination thereof. 

AIR QUALITY MANAGEMENT PLAN (AQMP) -
A document describing how the SCAQMD plans to achieve federal and state 
air quality standards by the year 2010, as requir~ by the CAAA and CCAA. 
The complete AQMP consists of more than 30 documents, inclucting the plan 
itself, appendices and teclmical reports. Portions of the Plan are" contributed 
by other agencies (e.g.." SCAG produces the transportation and land use 
portions; ARB produces the mobile source regulations.) State law requires 
that the Plan be updated every three years. 

AIR QUALITY STANDARD - " 
The specified average concentration of an air pollutant in ambient air during 
a specified time period at or above which undesirable effects may be 
produced. The two sets of air quality standards with which the District is 
concerned are the National Ambient Air Quality Standards and the 
California State Air Quality Standards. 

AIR RESOURCES BOARD (ARB) -

AMBIENT AIR -

Was subsumed into the California Environmental Protectiona Agency (Cal 
EPA) in 1991 and is respolWble for setting state ambient air quality 
standards and allowable emission levels from new motor vehicles in 
California. The ARB is respmwble for overseeing the efforts of local air 
pollution control districts and air quality management districts in regulating 
emissionS from non-vehicular sources of air pollution. Also mown as the 
California Air Resources Board (CARB), and State Air Resources Board 
(ARB). the Air Resources Board is the agency responsible for developing the 
State Implementation Plan and transmitting it to the federal Environmental 
Protection Agency for approval 

Any unconfined portion of the atmosphere; the outside air. 
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AREA·WIDE SOURCES - ~. 

Those sources that individually emit relatively sm.all quantltles of air 
pollutants. This includes small items sucl1 as home heaters and consumer 
products. 

AUXILIARY LANES - Traffic lanes that provide egress and ingress for vehicles entering or leaviDg a 
roadway. 

AVERAGE VEHICl..'E RIDERSHIP-
The number of employees who report to a worksite or another work-related 
actMty divided by the number of vehicles driven by those employees, typically 
averaged over an established time period. This calculation typically includes 
cred.itiDg vehicle trip reductions from telecommuting, compressed work 
weeks, and non-motorized transportation. 

AVERAGE VEHICLE OCCUPANCY -
The average number of persons oc:cupying a passenger vehicle along a 
roadway segment intersection, or area, as typically monitored during a 
specified time period. For the purpose of the California Clean Air Act, 
passeager vehicles includes autos, light duty. trucks, passenger vans, buses, 
passenger rail vehicles, and motorcycles. 

BASELINE INFORMATION -
Information regarding the project's existing setting sucl1 as current air quality, 
transportation system serving the project, etc. 

BEST AVAD...ABLE CONTROL TECHNOLOGY (SACI') -
Under District rules, SACI' is defined as the most stringent emission.scontrol 
which, for a given class of source. has been: 1) achieved in practice; 2) 
identified in a state implementation plan; or 3) found by the District to be 
teclm.ologic:allyachievable and cost-effective. This definition is more closely 
aligned to the federal Lowest Achievable Emission Rate (LAER) definition 
and is far more stringent than the federal BACI' definition. 

BUD.D-Otrr YEAR - The year in wbicl1 the project construction has been completed and the 
project is ready to be occupied. 

CAL3QHC- An evolution of the CA.LINE 3 model enhanced by the EPA to incorporate 
vehicle traffic queuing emissions (at intersec:tions) using recommended 
procedures as described in the Highway Capacity Manual 

CAlJFORNIA CLEAN AIR Acr-
A law setting forth a comprehensive program to assure that an areas witbin 
the State of California will attain federal. and state ambient air· quality 
standards by the earliest: practicable date. Also known as the Sher Bill or 
AB-2595, the law mandates comprehensive pWming and implementation 
efforts, and empowers loc::al districts to adopt transportation control 
measures and indirect source control measures to achieve and maintain 
ambient air quality standards. The law provides annual emission reduction 
targets and regular review and evaluation of local programs by the Air 
Resources ~ The Act added and amended various sedions in.Division 
26 of the Health and Safety Code. ~, 
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CALINEMODEL- A model developed by Caltrans whic::h calculates ambient concentrations of 
carbon monoxide from vehicular traffic on a roadway segment, intersection, 
or parking lot. 

CARBON DIOXIDE - A colorless gas whose c::hemical formula is C~. It enters the atmosphere as 
the result of natural and artificial combustion processes and is also a normal 
part of the ambient air. 

CARBON MONOXIDE-
An invisible, odorless, tasteless, and toxic gas; its chemical formula is CO. It 
is primarily generated by motor vehicles but is found in trace quantities in the 
natural atmosphere. 

CARCINOGENIC - - Cancer producing. 

CHLOROFLUOROCARBON (CFC) -

CLEAN AIR Acr-

co HOT SPOTS -

CONFORMITY· 

A gas which when released into the troposphere, gradually migrates upward 
into the stratosphere. The CFCs participate and react with other complex 
chemica1s (e.g., chlorinated compounds, nitrous oxide, etc.) and lead to the 
destruction of upper level ozone. 

The federal statute which mandates a program to attain and maintain federal 
ambient air quality standards in an areas of the country. The Act establishes 
several programs. With respect to controlling emissions from non-vehicular 
sources, states are given primary authority to develop plans and regulations 
to attain federal ambient air quality standards by a specific date. These plans 
are called Rstate implementation plans- or -SIPs.· Wlth respect to emissions 
of motor vehicles, EPA sets emission standards for an states except 
California, which _ can adopt stricter standards. The -Act alsO sets forth 
minimum standards for large new pollution sources by requiring EPA to 
adopt New Source Performance Standards or·~SPS: In addition, EPA is 
mandated to adopt regulations governing toxic air pollutants (National 
Emission Standards for Hazardous Air Pollutants, or NESHAPS). This Act 
is found hegjnnmg at 42 US.e. 740L 

An area, usually an intersection or -congested segment of a highway that 
exceeds the federal or state carbon monoxide standard. 

A requirement in the federal Oean -Air Act that no department, agency, or 
instrumentality of the federal government shaD. engage in, support in any way 
or provide financial assistance for, lic::eDse or permit or approve any activity 
which does not conform with the State Implementation Plan (SIP) by causing 
or contribotiDg to an inaease in air pollutant emissions, or violation of an air 
pollutant standard, or frequency of violating that standard. 

CONGESTION MANAGEMENT PROGRAM (CMP)-

CONSISTENCY -

A state mandated program that requires each county to prepare a plan to 
relieve congestion and air pollution. . 

A term used in CEQA to determine if a project is consistent by furthering 
the goals and objectives, and will not interfere with the implementation of, 
applicable regional plans. 
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CRlTERIA POlLUTANTS - . 
Air pollutam:s for which the federal or' state governments have established 
ambient air quality standards, or criteria, for outdoor concenttalion in order 
to· protect public health. 

DISAGGREGATE - Separate into component parts. . 

EMISSION STANDARD-
The maximum amount of an emittant legally permitted to be discharged from 
a siDgle source. 

EMISSION THRESHOLDS -

EMISSIONS· 

An amount of emissions established by the District, for use by local 
government planners, to compare with the emissions that could be emitted 
from a particular project to determine if that project could have a signific:ant 
impact on air quality. 

The mass of a specific material released to the atmosphere. 

EMISSIONS INVENTORY -
A tabular 1istiDg, by source category, of all eIi:rlssions within a specified 
political jurisdic:tic:m for an average annual day within a specified year. 

ENVIRONMENTAL PROTEcrION AGENCY (EPA) -
The federal agency respODsible for coordinating pollution c::ontrol'adivities at 
the federal level and for carryiDg out the terms of the federal Oean Air Act, 
aean Water Ad:. and Superfund laws. among others. The EPA operates 
through regic:m.al offices located throughout the country. California is the 
responsibility of Region IX, which is headquartered in San Francisco. 

EVAPORATIVE EMISSIONS· 
Release of hydrocarbon (or reactive organic gas) emissions which oCcurs 
when fuel ~ exposed. to the air, based on a variety of processes· when fuel 
enteriDg a fuel tank displaces vapors into the air; when diumal temperature 
variations on the fuel and fuel vapors'in the fuel tank release hydrocarbons; 
or in the hot stabilized mode, after the engine and catalytic amverter have 
warmed up to normal operating temperature (e.g., "blow-by" and c::nmkc:ase 
emissions). . 

GLOBAL WAR.MING - The gradual buildup of "greenhouse- gases that absorb energy, and 
pieveutiug it from passing into space. As a result, more solar energy is 
retained Dear the earth's surface than is lost into space, and there is a general 
warming of the earth's atmosphere. . 

GROWTH MANAGEMENT PLAN (GMP)-

HALONS-

A plan developed by SCAG that CODtains demographic projectic:ms (i.e., 
housing units, employment, and population) through the year 2010 for a six 
eounr.y region (I.e., L.A. CoUmy, Orange County, Riverside County, San 
Bernardino County, Ventura County, and Imperial County). The plan also 
provides recommendations for local govermnents to better ac:c:ommodate the 
growth projected to oc::c::ur and reduce environmental impacts. 

A family of compounds containing bromine used in fire extinguishers; and 
are both ozone depleting and greenhouse gases. 
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HAZARDOUS AIR POLLUTANT - -

HEAT ISLAND -

HOTSPOT-

Defined by the Clear Air Act as an air pollutant to which no ambient air 
quality standard is applicable and which, in the judgement of the 
administrator of the Envircmmental Protections Agency, may result in an 
increased in mortality. serious irreversible illness, or incapacitating reversible 
illness. 

AD area, generally around a center of urban buildup, in which the average 
temperature is higher than that of the surrounding area. 

A loca1ized c:onamtration of an air pollutant associated with restricted 
dispersion conditions, often oc:curring in such plac:es as street canyons or 
close to sources of emissions. . 

INDIREcr SOURCE - Defined by the Clean Air Ad: as a facility, buildiDg, struc:ture, instanation,. 
real property. road, or highway that attracts, or may attract, mobile sources 
of pollution. Examples of indirect sources are major highways and airports., . 
large regional shopping center, major sports complexes and stadiums, large 
amusement and recreational facilities, and major parking facilities. Also 
known as a complex source. 

INVERSION- A condition of the atmosphere in which the temperature increases with 
altitude. . 

INVERSION lAYER - A layer in the at:mosphere through which the temperature remains constant 
or increases with altitude. 

ITE TRIP GENERATION MANUAL-
A document produced by the Institute Of Transportation Engineers (ITE) 
that provides trip generation numbers by land use based on trip generation 
studies conducted nationwide. 

LEVEL OF SERVICE (LOS) -
A scale that is used to rate the service (i.e .. speed and maneuverability) on 
roadways.. An LOS of "A- means that traffic:: is free flowing. wbile "F" refers 
to severely congested conditions. 

LEWIS-PRESLEY AIR QUALITY MANAGEMENT Acr -

MITIGATE-

The legislation which established the South Coast Air Quality Management 
District in 19'T7, and wbic::h sets forth those powers, authorities, and 
responsibilities of the District which may be different from those possessed 
by other air pollution c:::ontrol districts in California. It bas been amended 
from time to time, m05t notably by legislation introduced by Senator Robert 
Priestly to expand the authorities of the Distrid. The Act is found in Chapter 
5.5 of Part 3 of Division 26 of the Health and Safety Code, beginning with 
Sec::tion 40400. 

Reduce the air quality impact on the environment through the application of 
programs and other mec::bsnisms Alleviate, ease, reduce,1igb.ten, minimize. 

MOBILE SOURCES - Those sources that emit pollution from vehicles. There are two types of 
mobile source emissions, those from on-road sources (e.g.. passenger 
automobiles, tmclts, busses, etc..) and off-road sources (e.g., airpbnes, trains, 
construction equipment, etc::.) 
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OZONE- A highly reac:::tive. bluisb-colored gas with a pu.ngent odor. Its chemical 
formula is OJ. Ozone is a major constituent of photochemical oxidants. 
Ozone is formed in the atmosphere by a complex series of photo-chemical 
reactions involving oxides of nitrogen and reactive organic gases in the 
presence of sunlight A National Ambient Air Quality Standard has been 
established .lor ozone. 

OZONE DEPLETING GASES -

OZONE LAYER -

PERMIT-

Gases released into the ambient air which are considered as global-warming 
and stratospheric ozone-depleting. These gases include chlorofluorocarbon, 
halons, methyl chloroform, and carbon tetrachloride. 

Loc::ated in the stratosphere, approximately 10-30 miles above the earth's 
surface, is the ozone layer. This layer prevents most of the solar ultraviolet 
radiation (m the 290 to 320 nm wavelength range (UV-B» from reacbing the 
earth's surface. Increased exposure to UV-B could have serious public health 
and environmental effec:ts. 

Written authorization from the District for the construction or 
operation of equipment which controls or may cause regulated emissions. 

PHOTOCHEMICAL OXIDANTS (OX) -

POINT SOURCE-

A collective term for a group of oxidizing gases produced by photochemical 
readions involving reactive organic compounds and oxides of nitrogen; also 
referred to as an oxidant. Photochemical oxidants include ozone and other 
more complex compoDDds such as organic peroxides and peroxyacyl nitrates. 
A California State Air Quality Standard has been established for 
photochemical oxidants. 

A term used to designate a sizeable stationary emission source at a specific 
location. 

POLLUTA.N"r STANDARDS :INDEX (PSI) -

QUANTIFIABLE-

A scale ranging between 0 and 500 that is used to indicate the air quality at a 
given time and location relative to National Ambient Air Quality Standards. 
A PSI of 100 for any air pollutant represents a concentration equal to its 
respective air quality standard. 

The expression of air emissions either generated or mitigated from a project 
in numerical terms. 

REAcnvE ORGANIC COMPOUNDS (ROC) -
Species of organic ~poDDds that undergo photochemical reactions. 

REASONABLE FURTHER PROGRESS (RFP) -
Defined in the Clean Air Ac::t ·as amaual incremental reductions in emissions 
of an air pollutant that are sufficient to provide attainment of the applicable 
National Ambient Air Quality Standard by ~ specified date. 

REGIONAL MOBILITY PLAN (RMP) -
A plan developed by SCAG that contains a listing of infrastruc:ture 
improvements, travel forecasts, and other programs to regain mobility for a ~ 
six county region (i.e.., LA County, Orange County. Riverside County. San 
Bernardino Coumy. Ventura County, and Imperial Coumy). 
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SENSITIVE RECEYfORS -

SMOG-

Refers to sensitive populations such as children, athletes, elderly, and sick, 
that are more susceptible to the effects of air pollution than the population at 
large. 

A general term used to describe dense, 'Visible air pollution. In the South 
Coast .Air Basin, smog is formed when combustion products and gaseous 
emissions such as nitrogen oxides, sulphur oxides, and various hydrocarbons 
undergo photochemical reactions. Partidcs such as soil, dust, and various 
exhaust particles may mix with the ozone, c::arbon monoxide, and other 
compounds that are produced, creating a brownish, iiritatiDg haze. Smog 
poses health riSks and damages crops, rubber, and other materials. 

SMOG EPISODE LEVELS-

SOlL STABUZERS -

SOURCE-

An oa:urrence of high c:oncentration of air pollutants that could endanger or 
cause significant harm to the public:. Alerts are classified by severity: Stage 1 
is described a ·Unhealthful," Stage 2 is "Very Unhealthful," and Stage 3 is 
c1,,!ssified as "Hazardous." Stationary Source Curtailment: Plans and Traffic 
Abatement Plans are required to be implemented to reduce the severity of 
air pollution levels whenever episodes of high pollution are forecast. 

Chemical or other agents which are applied to soil surfaces to stabilize and 
mitigate PMIO fugitive dust emissions by creating a wind-resistant crust. 
Typic:aJly applied to disturbed surface areas next to roadways, bare ground 
areas, dirt parking lots and roadway shoulders, and exposed construction 
areas. 

Any particular individual or group of Organisms, mechanisms, devices, 
structures, iDstaUations, operations, facilities, or processes that emit air 
pollutants. 

SOURCE CATEGORIES -
There are two primary source categories relating to projects; c:onstruction 
and operation. Refer to FJgUre·9-1 for an identif1C3tion of source categories 
associated with construction and FIFe 9-2 for source categories associated 
with operation. 

SOUTH COAST AIR BASIN (SCAB) -
. A.. geographic area defined by the San Jacinto Mountains to the east, the San 

. Bernardino Mountains to the north, and the Pacific: Ocean to the west and . 
south. The entire SCAB is under the jurisdiction of the South Coast Air 
Quality Management: District. 

SOurHEAST DESERT AIR BASIN (SEDAB) -
The air basin containing Imperial County and specific desert portions of Los 
Angeles, Kern, Riverside, and San Bernardino Counties. The full description 
is contained in the California Administrative Code. 

SOUTHERN CALIFORNIA ASSOCIATION OF GOVERNMENTS (SCAG) -
The organization, known in federal law as a Council of Governments, 
representing Los Angeles, Ventura, San Bernardino, Riverside, Orange, and 
Imperial Counties and the cities of the six counties. 

GIs-7 
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STATE IMPLEMENTATION PLAN (SiP) -
A state's plan to attain the federal air quality standards for all non-attainment 
areas within the state. The 1991 AQMP is integrated into the SIP once it is 
approved by the EPA and becomes the SIP for the South Coast Air Basin. 

STATEMENT OF OVERRIDING CONSIDERATIONS· 
Written statement by lead agency giving reasons for its approval of a project 
having environmental impacts which have not been mitigated to a level of 
msignifiamce. 

STATIONARY SOURCES-
Those sources that emit pollution· from equipment, or in4ustria1 Or 
commercial processes. There are two types of stationary source emissions, 
those from area sources (e.g., water heaters, consumer products, 
arcbitee.tural roarinp, etc.) and point sources (e.g., boilers, refinery flairs, . 
etc.) 

The c::hemical designation for c:ompomads containing sulfur and oxygen found 
in the atmosphere in the form of particulate matter. A California State Air 
Quality Standard has· been established for sulfates. Sulfates are formed 
mainly by the oxidation of sulfur dioxide in the atmosphere. 

SULFUR DIOXIDE - A c:olorless, extremely. irritating gas or liquid; its chemical formula is S~. 
Sulfur dioxide enters the atmosphere as ·a pollutant mainly as a result of 
bumiDg high sulfur-rontent fuel oils and coal and from chemical processes 
occ:mriDg at chemical plants and refineries. National Ambient Air Quality 
Standards and California State Air QUality Standards have been established ~ 
for sulfur dioxide. 

TELECOMMUTE· A work: mode where individuals perform job requuements for part or all of 
the work week at off-site facilities, such as private residences or satellite 
centers (rather than c::ommutiDg to the primary work site), thereby reducing 
vehicle trips or vehicle miles traveled, respectively. 

TOXICS • Air poUntants that are carcinogens or produce acute effects. Toxic air 
pollutant thresholds are based on a quantative risk assessment rather than 
ambient air standards as with criteria ponDWits. 

TRANSPORTATION CONTROL MEASURES (TCM) -

VISIBJUTY-

WIND ROSE-

Control measures in the AOMP that are directed at reducing emissions by 
reduciDg vehicle traveL Both the federal and state law specify requirements 
forTCMs. 

The distance that atmospheric conditions permit a person to see at a given 
time and location. The visibility reduction from air pollUtions is due to the 
presence of sulfates, nitrates, and particulate matter in the atmosphere. 

A graphic depiction of the diredic:m and speed of wind in a given area. Wmd 
roses are particularly important when assessing toxic emissimlS and odor 
problems. 

Gls-8 

AR0073227 



AR0073228 



AR0073229 



INDEX 
FORTIlCOMING 

An index to the Handbook is being compiled as part of the 
ongoing update process. 

Individuals who purChased this 1993 Handbook directly 
from the SCAOMDv.ill automatic:ally be sent the index as 
part of an update package later in 1993. 

(inclxtbs) 
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• SECOR 

August 10,2006 

Mr. Daniel Pirotton 
California Regional Water Quality Control Board 
los Angeles Region 
320 West 4!h Street, Suite 200 
los Angeles, CA 90013 

SECOR 
INTERNATIONAL 
INCORPORATED 

WWIN.secor.com 
290 Conejo Ridge Avenue 
Thousand Oaks, CA 91361 
a05-230-1266 TEL 
605-230-1277 FAX 

RE: Transmittal of Second Quarter 2006 Groundwater Monitoring Report 
ARCO Service Station No.1 057 
6100 Franklin Avenue 
North Hollywood, CA 
LARWQCB [D No. 900280034 

Dear Mr. Pirotton: 

SECOR International Incorporated (SECOR), on behalf of Atlantic Richfield Company (Atlantic 
Richfield), [s pleased to submit the Second Quarter 2006 Groundwater Monitoring Report for the 
above referenced site (Attachment A). On June 29, 2006, SECOR sent an electronic 
correspondence discussing the issues with the first set of data from the laboratory analysis of 
groundwater on and off-Site. These issues included the following: 

• MS&MSD for the samples were spiked with only % the correct amount; and 
• Samples were analyzed past the hold times due to instrument failure. The purge and 

trap had to be refurbished and a new column was installed. 

Due to the importance of the groundwater data necessary for the closure of the adjacent parcel, 
SECOR rescheduled and re-sampled the groundwater wells on and off-Site on July 6, and 7, 
2006. The Second Quarter Groundwater Monitoring Report is included at Attachment A. 
SECOR w[IJ complete the Third Quarter Report and submit the report as directed by October 15, 
2006. 
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Mr. Daniel Pirotion 
LARWQCB 
ARCO Station No. 1057 
Page 2 

SECOR and Atlantic Richfield look forward to continuing working with the LARWQCB toward 
the successful ctosure of the adjacent parcel to ARGO Station No. 1057. If you have any 
questions regarding this letter or the attached Second Quarter 2006 Groundwater Monitoring 
Report, please do not hesitate to contact Mr. Kelly Brown at (714) 230-0321. 

Respectfu[]y Submitted, 

sEAn;;;~ 
Andrew J. Modugno, R.G. #7036 
Senior Geologist 

Attachments: 

Attachment A - Second Quarter 2006 Groundwater Monitoring Report 

cc: Mr. Darrell Fah - Atlantic Richfield Company 
Mr. Kelly Brown - SECOR 
Mr. John Bollier - SECOR 

J: ARCO Retail/1057!Corres/Second Qtr 2006 COY Let SECOR 
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ATTACHMENT A 

Second Quarter 2006 Groundwater Monitoring and Remediation Report 
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• SECOR 
SECOR 
INTERNATIONAL 
INCORPORATED 

ATLANTIC RICHFIELD COMPANY QUARTERLY REPORT 
Quarter 2,2006 (July 15, 2006) 

Station No.: 1057 Address: 6100 Franklin Avenue, Hollywood, CA 

WIfIfW.secor. com 

Atlantic Richfield Company Environmental Engineer/Phone No.: Mr. Darrell Fahl (714) 378-5105 
Consulting Co.lContact Person/Phone No.: SECOR! Kellv Brown (714) 379-3366 
SECOR Project No.: :=:.37!2B~P.....::..O~1~0~5~7 .~0~6 _________ -:--___ - ___ ---:-: ___ ~ ___ _:__---_:__-----
Primary Agency/Regulatory 10 No.: LARWQCB/ Mr. Dan Pirotton/900280034 
Other Agencies to Receive Copies: .J..N~o!2..n~e _____________________ _ 

WORK PERFORMED THIS QUARTER [Second - 2006}: 
1. Completed quarterly groundwater sampling and prepared Quarterly Status Report. 
2. Submitted Well Destruction and System Decommissioning Work Plan on 7/24/06. 
3. Submitted a Work Plan for Soil and Soil Gas Investigations on 7/28/06. 
4. Completed System Shutdown. 

WORK PROPOSED FOR NEXT QUARTER IThird- 2006]: 
1. Conduct quarterly groundwater sampling and prepare Quarterly Status Report. 
2. Remove AS/SVE System and Compound. 
3. Remove all Groundwater and AS/SVE wells from adjacent property. 
4. Site re-assigned Priority B Status by the LARWQCS. 

Current Phase of Project 

Frequency of Sampling: 

Frequency of Monitoring: 

Liquid Phase Hydrocarbon Present On·Site 

Cumulative LPH Recovered to Date: 

LPH Recovered This Quarter: 

Bulk Soil Removed to Date: 

Bulk Soil Removed This Quarter: 

Soil and GW Remediation 

GW -Quarterly 

GW -Quarterly 

No 

0.15 

0.00 

76.2 

None 

Hollywood Reservoir 

(Assmnt, Remed. etc) 

(Quarterly, etc.) 

(Monthly, etc.) 

(Yes/No) 

(gallons) 

(gallons) 

(cubic yards) 

(cubic yards) 

Water Wells or Surface Waters (4000-ft radius) 

Radius & Their Respective Directions: 

Current Remediation Techniques: 

-5,000 feet north-northwest 

Post-SVE/AS 

(Distance and Direction) 

(SVES, LPH Removal, etc.) 

Permits for Discharge: N/A 

Approximate Depth to Groundwater: Range: 12.38 to 41.44 

Groundwater Gradient: Southeast 

0.015 feet/foot 

Agency Directive Requirement: Complete Quarterly GW monitoring and sampling. 

Atlantic Richfie!d Campany-Q2-20D6;1057 CVRDOC 

(NPDES, POTW, etc.) 

(Measured Feet) 

(Direction) 

(Magnitude) 

SECOR 
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ATTACHED: 
Figure 1 - Site Location Map Showing Municipal Wells within A One Mile Radius 
Figure 2 - Site Map 
Figure 3 - Site Map Showing Groundwater Contour and Hydrocarbon Concentrations 
Figure 4 - GRO Isoconcentration Map 
Figure 5 - Benzene Isoconcentration Map 
Figure 6 - MTBE Isoconcentration Map 
Figure 7 - TBA Isoconcentration Map 

Table 1 - Summary of Groundwater Analytical and Elevation Results 

Appendix A - Laboratory Report and Chain-of-Custody 
Appendix B - Groundwater Sampling Data Sheets 
Appendix C - Waste Disposal Documents 

Atlantic Richfield Company-Q2-2006:1057 CVR.DOC SECOR 
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Figures 
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• SECOR 
290 Conejo Ridge Avenue, Suite 200 

Thousand Oaks, CA 91361 
(805) 230-1266/230-1277 (Fax) 

FOR: 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, California 

JOB NUMBER: DRAWN BY: CHECKED BY: 
37BP.01057.06.0336 R. Roman 

o 2000 4000 

APPROXIMATE SCALE (FEET) 

FIGURE· 

SITE LOCATION MAP 1 
DATE: 

A. Modugno 06/23/06 
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• SECOR 
290 Conejo Ridge Avenue, Suite 200 

Thousand Oaks, CA 91361 
(805) 230-1266/230·1277 (Fax) 

FOR: 

LEGEND , 
---- APPROXIMATE SITE PROPER1Y BOUNDARY 

N 

~ 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, California 

EXISTING CHAIN-LINK FENCE 

0 GROUNDWATER MONITORING WELL 

IiI'I GROUNDWATER EXTRACTION WELL 

~ VADOSE-ZONE MONITORING WELL 

@ DUAL-NESTED AIR SPARGE/VAPOR 
EXTRACTION WELL 

e SOIL VAPOR EXTRACTION WELL 

l:1li AIR SPARGE WELL 

NOTES: 
1. MAP REFERENCES: FRED FIEDLER & ASSOCIATES, DATED 

MARCH 18, 1997 AND ENVIRONMENTAL APPLICATIONS, 
INC. DATED JANUARY 17, 1996. MAPPING DIVISION 
BUREAU OF ENGINEERING DEPARTMENT OF PUBLIC 
WORKS CI1Y OF LOS ANGELES CADASTRAL MAPS 
148-5A189, 150A189, AND 150A191. USGS URBAN 
AERIAL IMAGE, DATED MARCH 29, 2004. 

2. ON-SITE MONITORING AND EXTRACTION WELLS SURVEYED 
BY WM HOLDINGS INC., DATED AUGUST 4, 2003. NAD 
83 CALIFORNIA STATE PLANES, ZONE 5 (FT.). 

3. OFF-SITE FEATURES AND LOCATIONS ARE APPROXIMATE. 

100 

1""-..---
APPROXIMATE SCALE (FEEl) 

FIGURE: 

SITE VICINITY MAP 2 

200 

JOB NUMBER: DRAWN BY: CHECKED BY: APPROVED BY: DATE: 
037BP01057.06.0336 R. Roman A. Fowler A. Modugno 08/04/06 

FILEPATH:Q:\CADD-37\Client\ARCO\Project\1 057_ Hollywood\ 1057 -GW\dwg\2006-Q2\BP1 057-Q2GW06.dwg I traman I Aug OB, 2006 at 11 :00 I Layout: SVM 

AR0073240 



PARKiNG L. 

PlANITR 

YUCCA STREET 

PARKING 

CARLOS A VENUE 

I
W w 
0::: 
l
f/) 

0::: 

~ 
o 
(!) 

SCHOOl.. 
(2 STORY BLDG.) 

FRANKLIN AVENUE 

2 STORY BID· .) 

FREEWAY OFF-RAMP 

BUiU}NG 

M~~STRIES 

CARLOS A VENUE 

PARKING • 

- - - - APPROXIMATE SITE PROPERTY BOUNDARY 

FOR: 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, Califomia 

JOB NUMBER DRAWN BY: 

EXISTING CHAIN-LINK FENCE 

" GROUNDWATER MONITORING WELL 

(402.72) 

GRO 
BENZ 
MTBE 
TBA 

ETHANOL 

[0.00] 

NS 

DRY 

NOTES: 

GROUNDWATER EXTRACTION WELL 

GROUNDWATER ELEVATION 
(Feet relative to mean sea level) 

GROUNDWATER ELEVATION CONTOUR LINE 

GASOLINE RANGE ORGNICS [GRO] 
(C4-C12). BENZENE [BENZ]. METHYL 
TERT -BUTYL ETHER [MTBE]. TERT
BUTYL ETHER [TBAJ, AND ETHANOL 
CONCENTRATIONS IN MICROGRAMS 
PER LITER (,ug/L) 

DISSOLVED-OXYGEN CONCENTRATIONS 

GENERALIZED GROUNDWATER FLOW 
DIRECTION AND GRADIENT 

ESTIMATED VALUE (LESS THAN THE 
METHOD REPORTING LIMIT AND 
GREATER THAN OR EQUAL TO THE 
METHOD DETECTION LIMIT) 

NOT SAMPLED/ANALYZED 

WELL DRY DURING GAUGING 
OR PURGING; NOT SAMPLED 
ANOMALOUS DATA; NOT USED 
FOR CONTOURING PURPOSES 

1. MAP REFERENCES: FRED FIEDLER & ASSOCIATES. DATED 
MARCH 18. 1997 AND ENVIRONMENTAL APPLICATIONS. 
INC. DATED JANUARY 17. 1996. MAPPING DIVISION 
BUREAU OF ENGINEERING DEPARTMENT OF PUBLIC 
WORKS CITY OF LOS ANGELES CADASTRAL MAPS 
148-5A189. 150A189. AND 150A191. USGS URBAN 
AERIAL IMAGE. DATED MARCH 29. 2004. 

2. ON-SITE MONITORING AND EXTRACTION WELLS SURVEYED 
BY WM HOLDINGS INC .• DATED AUGUST 4. 2003. NAD 
83 CALIFORNIA STATE PLANES. ZONE 5 (FT.). 

3. OFF-SITE FEATURES AND LOCATIONS ARE APPROXIMATE. 

4. GROUNDWATER MONITORING AND EXTRACTION WELLS 
SAMPLED AND GAUGED JULY 6-7. 2006. 

100 r--..-_-
APPROXIMA TE SCALE (FEEl) 

SIDE VICINITY MAP SHOWING 
GROUNDWATER CONTOURS AND 

HYDROCARBON CONCENTRATIONS 

CHECKED BY APPROVED BY 

FIGURE: 

3 
DATE 

2C 

037 BP.D 1057.06. ffi36 R. Roman A Fowler A Modugno 08i04j06 

FILEPATH:Q:\CADD-37\Clien1\ARCO\f'rojec1\1057 HoilywoocA1 067-GV'v'\dwg\2006-a2\BP1 067-Q2GVV06X.dwg Irerdmanl Aug 10. 2006 at 1 0:26 I Layout: GW 
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- - - - APPROXIMATE SITE PROPERTY BOUNDARY 

FOR: 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, Califomia 

JOB NUMBER DRAWN BY: 

EXISTING CHAIN-LINK FENCE 

o GROUNDWATER MONITORING WELL 

GROUNDWATER EXTRACTION WELL 

GASOLINE RANGE ORGANICS [GRO] 

[GRO] ~1~R8d~lM~0~~~Nm~~0~jjSg/~) 

NS 

DRY 

NOTES: 

GRO ISOCONCENTRATION CONTOUR. 
CONTOUR DASHED WHERE UNCERTAIN. 
QUERIED (7) WHERE UNKNOWN. 

ESTIMATED VALUE (LESS THAN THE 
METHOD REPORTING LIMIT AND 
GREATER THAN OR EQUAL TO THE 
METHOD DETECTION LIMIT) 

NOT SAMPLED/ANALYZED 

WELL DRY DURING GAUGING 
OR PURGING; NOT SAMPLED 

1. MAP REFERENCES: FRED FIEDLER & ASSOCIATES, DATED 
MARCH 18. 1997 AND ENVIRONMENTAL APPLICATIONS, 
INC. DATED JANUARY 17. 1996. MAPPING DIVISION 
BUREAU OF ENGINEERING DEPARTMENT OF PUBLIC 
WORKS CITY OF LOS ANGELES CADASTRAL MAPS 
148-5A189. 150A189, AND 150A191. USGS URBAN 
AERIAL IMAGE. DATED MARCH 29. 2004. 

2. ON-SITE MONITORING AND EXTRACTION WELLS SURVEYED 
BY WM HOLDINGS INC .• DATED AUGUST 4, 2003. NAD 
83 CALIFORNIA STATE PLANES, ZONE 5 (FT.). 

3. OFF-SITE FEATURES AND LOCATIONS ARE APPROXIMATE. 

4. GROUNDWATER MONITORING AND EXTRACTION WELLS 
SAMPLED AND GAUGED JULY 6-7. 2006. 

100 r--..-_-
APPROXIMA TE SCALE (FEEl) 

GRO 
ISOCONCENTRATION MAP 

CHECKED BY APPROVED BY 

FIGURE: 

4 
DATE 

2C 

037 BP.D 1057.06. ffi36 R. Roman A Fowler A Modugno 08i04j06 

FILEPATH:Q:\CADD-37\Clien1\ARCO\f'roiec1\1057 HoilywoocA1 067-GV'v'\dwg\2006-a2\BP1 067-Q2GW06Xdwg Irerdmanl AJg 1 O. 2006 a11 0:28 I Layru1: GRO 
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- - - - APPROXIMATE SITE PROPERTY BOUNDARY 

FOR: 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, Califomia 

JOB NUMBER DRAWN BY: 

EXISTING CHAIN-LINK FENCE 

o GROUNDWATER MONITORING WELL 

GROUNDWATER EXTRACTION WELL 

[BENZ] ~NJj~~6GWfMNJ]P~~NBf~~RfJ~(~Jt} 

BENZENE ISOCONCENTRATION CONTOUR. 

\00--/ g~~~9~~ (~~S~~E~fEJ~K~~lf:TAIN. 

NS 

DRY 

NOTES: 

ESTIMATED VALUE (LESS THAN THE 
METHOD REPORTING LIMIT AND 
GREATER THAN OR EQUAL TO THE 
METHOD DETECTION LIMIT) 

NOT SAMPLED/ANALYZED 

WELL DRY DURING GAUGING 
OR PURGING; NOT SAMPLED 

1. MAP REFERENCES: FRED FIEDLER & ASSOCIATES, DATED 
MARCH 18. 1997 AND ENVIRONMENTAL APPLICATIONS, 
INC. DATED JANUARY 17. 1996. MAPPING DIVISION 
BUREAU OF ENGINEERING DEPARTMENT OF PUBLIC 
WORKS CITY OF LOS ANGELES CADASTRAL MAPS 
148-5A189. 150A189, AND 150A191. USGS URBAN 
AERIAL IMAGE. DATED MARCH 29. 2004. 

2. ON-SITE MONITORING AND EXTRACTION WELLS SURVEYED 
BY WM HOLDINGS INC .• DATED AUGUST 4, 2003. NAD 
83 CALIFORNIA STATE PLANES, ZONE 5 (FT.). 

3. OFF-SITE FEATURES AND LOCATIONS ARE APPROXIMATE. 

4. GROUNDWATER MONITORING AND EXTRACTION WELLS 
SAMPLED AND GAUGED JULY 6-7. 2006. 

100 r--..-_-
APPROXIMA TE SCALE (FEEl) 

BENZENE 
ISOCONCENTRATION MAP 

CHECKED BY APPROVED BY 

FIGURE: 

5 
DATE 

2C 

037 BP.D 1057.06. ffi36 R. Roman A Fowler A Modugno 08i04j06 

FILEPATH:Q:\CADD-37\Clien1\ARCO\f'roiec1\1057 HoilywoocA1 067-GV'v'\dwg\2006-a2\BP1 067-Q2GW06X.dwg Irerdmanl Aug 10. 2006 at 10:29 I Layout: BENZ 
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• FOR: 

SECOR 

- - - - APPROXIMATE SITE PROPER1Y BOUNDARY 

ATLANTIC RICHFIELD COMPANY 
STATION NO. 1057 

6100 Franklin Avenune 
Hollywood, California 

EXISTING CHAIN-LINK FENCE 

" GROUNDWATER MONITORING WELL 

IiI'I GROUNDWATER EXTRACTION WELL 

[MTSE] 
METHYL TERT -BU1YL ETHER rMTBE] 
CONCENTRATIONS IN MICROGF<AMS 
PER LITER (jJg/L) 

MTBE ISOCONCENTRATION CONTOUR. 

"OO--../" gS~~9~~ mS~E~E~EHEJ~K~~~~~TAIN. 

NS 

DRY 

NOTES: 

ESTIMATED VALUE (LESS THAN THE 
METHOD REPORTING LIMIT AND 
GREATER THAN OR EQUAL TO THE 
METHOD DETECTION LIMIT) 

NOT SAMPLED/ANALYZED 

WELL DRY DURING GAUGING 
OR PURGING; NOT SAMPLED 

1. MAP REFERENCES: FRED FIEDLER & ASSOCIATES, DATED 
MARCH 18, 1997 AND ENVIRONMENTAL APPLICATIONS, 
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TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-1 09/22/93 

12/01/93 

04/04/94 

05/26/94 

08/26/94 33.64 0.00 

11/23/94 34.42 0.00 

02/22/95 33.46 0.00 

04/21/95 31.16 0.00 

08/08/95 29.97 0.00 

11/03/95 30.25 0.00 

02/01/96 33.60 0.00 

05/02/96 31.42 0.00 

07/24/96 32.02 0.00 

12/12/96 33.14 0.00 

03/19/97 32.42 0.00 

06/12/97 32.50 0.00 

07/31/97 32.85 0.00 

10/15/97 33.33 0.00 

03/25/98 24.08 0.00 

06/11/98 29.48 0.00 

08/27/98 29.37 0.00 

12/01/98 30.14 0.00 

03/03/99 30.71 0.00 

05/24/99 32.22 0.00 

08/10/99 32.78 0.00 

10/25/99 33.35 0.00 

02/17/00 34.12 0.00 

05/18/00 33.18 0.00 

05/18/00 DUP 33.18 0.00 

08/15/00 32.98 0.00 

12/11/00 33.20 0.00 

02/20101 32.98 0.00 

05/08/01 32.73 0.00 

09/11/01 31.76 0.00 

11/06/01 31.89 0.00 

02/25/02 32.97 0.00 

05/08/02 33.55 0.00 

07/15/02 34.18 0.00 

10/15/02 34.64 0.00 

02/13/03 34.73 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

500 29 7.0 16 52 

800 52 5.0 24 70 

<50 <0.5 <0.5 <0.5 <0.5 

220 32 1.0 6.0 26 

350 43 1.0 10 32 

110 16 <0.5 3.0 10 

86 1.2 <0.30 0.60 3.6 

<50 <0.30 <0.30 <0.30 <0.60 

250 19 0.84 8.4 30 

260 22 0.48 10 28 

290 81 <0.60 25 <1.2 

120 25 <0.30 6.3 19 

110 20 <0.30 3.9 12 230 

1,100 110 <1.2 110 48 1,400 

<50 1.8 <0.30 <0.30 <0.60 3,400 

140 5.1 0.32 5.4 2.2 16,000 

63 2.0 <0.38 <0.38 <0.75 16,000 

<500 <3.0 <3.0 <3.0 <6.0 13,000 

<50 <0.30 <0.30 <0.30 <0.60 31 

<50 1.9 <0.30 0.51 <0.60 700 

110 5.6 <0.30 0.77 <0.60 1,600 

<500 3.8 <3.0 <3.0 <6.0 9,500 

<5,000 <30 <30 <30 <60 39,000 

110 <0.60 <0.60 <0.60 <1.2 16,000 

55 0.35 <0.30 0.80 0.79 120 

75 6.2 <0.30 5.7 1.6 150 

<50 <80 <80 <80 <160 5,900 <200 <200 

<500 <200 <200 <200 <400 6,800 <500 <500 

<500 <100 <100 <100 <200 6,900 <250 <250 

<50 2.6 J <20 <20 <40 8,200 <50 <50 

3,600 7.1 <0.30 1.4 1.9 11,000 <200 <200 

76 J 1.2 J <3.0 <3.0 <6.0 6,500 <500 <500 

50 3.8 <0.30 <0.30 0.62 3,200 <100 <100 

43 J 3.5 0.28 J 0.24 J <0.60 1,000 <25 <25 

320 1.7 J <5.0 <5.0 <5.0 510 <5.0 3.1 J 

250 2.5 J <5.0 <5.0 1.4 J 280 <5.0 2.9 J 

290 2.4 J <40 <40 <80 150 <100 <100 

160 <20 <20 <20 <40 36 J <50 <50 

380 1.7 J <20 1.5 J <40 11 J <50 <50 

820 <50 <50 <50 <100 12 J <120 <120 

Page 1 of34 

ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<200 22,000 

<500 13,000 

<250 22,000 

9.2 J 16,000 

<200 25,000 

<500 26,000 

<100 22,000 

<25 18,000 

<5.0 18,000 

<5.0 23,000 

<100 28,000 

<50 32,000 
<50 28,000 

<120 24,000 <3,800 

SECOR 
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TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-1 04/22/03 34.99 0.00 

07/30103 428.29 33.28 0.00 

12/10103 33.46 0.00 

02/18/04 33.87 0.00 

05/12/04 33.57 0.00 

08/16/04 33.50 0.00 

11/29/04 33.32 0.00 

03/08/05 27.66 0.00 

06/06/05 NS 24.54 0.00 

08/04/05 NS 25.18 0.00 

10/25/05 23.63 0.00 

02/16/06 NS 

07/06/06 NS 

EW-2 09/23/93 

12/02/93 

04/05/94 

05/27/94 

08/26/94 35.34 

11/23/94 36.20 0.00 

02/22/95 35.15 0.00 

04/21/95 32.72 0.00 

08/09/95 31.50 0.00 

11/06/95 31.83 0.00 

02/02/96 35.20 0.00 

05/02/96 33.07 0.00 

07/24/96 33.67 0.00 

12/13/96 34.82 0.00 

03/20/97 34.05 0.00 

06/12/97 34.22 0.00 

07/31/97 34.52 0.00 

10/15/97 35.06 0.00 

03/25/98 33.36 0.00 

06/11/98 31.02 0.00 

08/27/98 30.91 0.00 

12/01/98 31.74 0.00 

03/03/99 33.04 0.00 

05/24/99 33.93 0.00 

08/11/99 34.53 0.00 

10/25/99 35.05 0.00 

02/18/00 35.94 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

170 3.1 J <20 <20 <40 25 J <50 <50 

395.01 250 <100 <100 <100 <200 16 J <250 <250 

394.83 260 <100 <100 <100 <200 <250 <250 <250 

394.42 200 <100 <100 <100 <200 <250 <250 <250 

394.72 170 <40 <40 <40 <80 8.8 J <100 <100 

394.79 210 6.8 J <40 <40 <80 6.6 J <100 <100 

394.97 180 <40 <40 <40 <80 <100 <100 <100 

400.63 110 <20 <20 5.5 J <20 <20 <40 <40 

403.75 

403.11 

404.66 <100 <2.0 <2.0 1.9 J <2.0 55 <4.0 <4.0 

15,000 4,600 830 550 1,200 

16,000 4,200 590 410 900 

19,000 4,900 1,100 660 1,700 

12,000 4,300 850 530 1,300 

22,000 5,800 1,200 780 2,300 

250 50 3.0 4.0 52 

16,000 5,200 410 370 1,000 

3,300 190 33 560 430 

13,000 4,500 630 480 990 

18,000 5,300 1,200 640 2,000 

13,000 4,600 85 710 630 

9,700 3,800 94 620 710 

3,800 940 25 180 98 110 

5,000 1,900 51 190 570 <10 

2,700 990 7.7 110 170 52 

320 150 1.3 5.2 5.2 39 

4,000 2,000 <9.9 170 53 <130 

3,600 1,800 18 190 31 180 

1,800 910 8.2 <6.0 52 200 

<50 11 <0.30 <0.30 <0.60 26 

1,400 570 <3.0 <3.0 <6.0 180 

400 57 2.0 3.6 1.4 160 

1,700 750 18 120 150 250 

2,500 1,000 18 48 <12 410 

430 25 2.3 12 2.1 360 

710 170 3.8 <1.2 <2.4 490 

1,000 220 <5.0 41 26 260 <13 <13 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<50 26,000 <1,500 

<250 25,000 <7,500 

<250 23,000 <7,500 

<250 25,000 <7,500 

<100 16,000 <3,000 

<100 19,000 <3,000 

<100 14,000 <3,000 

<40 9,400 <10,000 

<4.0 1,400 <1,000 

<13 <130 

SECOR 
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TOC Oepth to 
Measured 

Well No. Oate Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-2 05/17/00 34.91 0.00 

08/16/00 34.76 0.00 

08/16/00 OUP 34.76 0.00 

12/12/00 34.89 0.00 

12/12/00 OUP 34.89 0.00 

02/22/01 35.02 0.00 

02/22/01 OUP 35.02 0.00 

05/08/01 34.43 0.00 

05/08/01 OUP 34.43 0.00 

09/12/01 33.38 0.00 

11/07/01 33.55 0.00 

11/07/01 OUP 33.55 0.00 

02/26/02 34.71 0.00 

05/08/02 35.30 0.00 

05/08/02 OUP 35.30 0.00 

07/16/02 35.95 0.00 

10/14/02 36.42 0.00 

10/14/02 OUP 36.42 0.00 

02/13/03 36.53 0.00 

02/13/03 OUP 36.53 0.00 

04/22/03 35.65 0.00 

04/22/03 OUP 35.65 0.00 

07/30103 430.40 35.05 0.00 

07/30103 OUP 35.05 0.00 

12/10103 35.14 0.00 

12/10103 OUP 35.14 0.00 

02/18/04 35.65 0.00 

02/18/04 OUP 35.65 0.00 

05/12/04 35.19 0.00 

05/12/04 OUP 35.19 0.00 

08/16/04 35.20 0.00 

08/16/04 OUP 35.20 0.00 

11/30104 35.05 0.00 

11/30104 OUP 35.05 0.00 

03/09/05 29.14 0.00 

03/09/05 29.14 0.00 

06/06/05 NS 27.29 0.00 

08/04/05 NS 26.08 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA OIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

6,600 2300 <40 380 230 1300 <100 <100 

700 300 2.7 50 27 J 320 0.58 J <5.0 

830 280 2.7 49 26 J 290 0.60 J <5.0 

1,300 380 4.3 54 20 460 1.1 J <10 

1,400 500 4.1 J 64 17 470 1.5 J <5.0 

800 310 2.5 J 45 16 330 <25 <25 

640 250 2.2 J 37 13 310 <13 <13 

500 160 5.1 28 15 360 <5.0 <5.0 

370 120 3.7 21 11 220 <5.0 <5.0 

1,500 590 10 87 85 640 0.84 J <5.0 

1,500 670 <100 98 J 69 J 390 <5.0 <5.0 

1,900 580 10 J 89 63 540 <10 <10 

1,700 720 11 J 81 42 360 <5.0 <5.0 

2,300 830 12 66 <16 530 <20 <20 

1,700 1,100 13 67 34 470 <20 <20 

1,000 820 7.2 63 19 430 <10 <10 

860 640 5.2 44 11 200 <5.0 <5.0 

780 520 3.8 33 8.4 180 <5.0 <5.0 

720 320 2.8 J 27 8.8 J 63 <25 <25 

750 270 2.4 J 22 6.8 J 45 <25 <25 

1,100 500 4.6 J 32 14 J 130 <20 <20 

1,100 510 4.4 31 13 120 0.79 J <5.0 

395.35 98 24 <2.0 1.2 J <4.0 10 0.44J <5.0 

395.35 130 28 <2.0 1.2 J <4.0 13 0.49J <5.0 

395.26 330 110 0.88 J 21 1.1 J 99 0.39 J <5.0 

395.26 430 170 1.3 J 30 1.7 J 160 0.57 J <5.0 

394.75 47 J 0.34 J <2.0 0.29 J <4.0 6.9 0.34 J <5.0 

394.75 34 J 0.29 J <2.0 0.29 J <4.0 6.3 0.32 J <5.0 

395.21 290 130 3.5 J 4.1 32 19 <10 <10 

395.21 310 130 3.4 J 4.3 35 10 <10 <10 

395.20 42 J 1.1 J <2.0 <2.0 <4.0 3.0 J <5.0 <5.0 

395.20 44 J 1.7 J <2.0 0.33 J <4.0 6.0 0.28 J <5.0 

395.35 1,200 550 3.2 J 82 18 J 65 <25 <25 

395.35 970 100 0.61 J 15 3.3 J 18 <5.0 <5.0 

401.26 760 380 4.5 J 65 13 30 <10 <10 

401.26 690 440 4.8 J 81 13 33 <10 <10 

403.11 

404.32 
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ETBE TAME Ethanol 
Sample 10 Comments 

(1l9/L) (1l9/L) (1l9/L) 

<100 <1,000 

<5.0 100 

<5.0 100 

<10 190 

<5.0 200 

<25 270 

<13 230 

<5.0 95 

<5.0 90 

<5.0 160 

<5.0 200 

<10 160 

<5.0 110 

<20 150 J 

<20 170 J 

<10 250 

<5.0 170 

<5.0 160 

<25 160 J <750 

<25 120 J <750 

<20 400 <600 

<5.0 400 <150 

<5.0 190 <150 

<5.0 230 <150 

<5.0 460 <150 

<5.0 630 <150 

<5.0 170 <150 

<5.0 150 <150 

<10 220 <300 

<10 240 <300 

<5.0 100 <150 

<5.0 130 <150 

<25 720 <750 

<5.0 130 <150 

<10 490 <2,500 

<10 <120 <2,500 

SECOR 
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TOC Oepth to 
Measured 

Well No. Oate Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-2 10/25/05 NS 430.40 27.67 0.00 

02/16/06 NS 27.79 0.00 

07/06/06 NS 31.58 0.00 

EW-3 09/25/93 

12/02/93 

04/05/94 

05/27/94 

08/26/94 38.48 0.00 

11/23/94 39.34 0.00 

02/22/95 38.26 0.00 

04/21/95 35.79 0.00 

08/09/95 34.46 0.00 

11/06/95 34.86 0.00 

02/02/96 38.27 0.00 

05/02/96 36.12 0.00 

07/24/96 36.75 0.00 

12/13/96 37.96 0.00 

03/20/97 37.14 0.00 

06/12/97 37.33 0.00 

07/31/97 37.63 0.00 

10/15/97 38.15 0.00 

03/25/98 36.38 0.00 

06/21/98 33.98 0.00 

06/21/98 OUP 33.98 0.00 

08/27/98 33.95 0.00 

08/27/98 OUP 33.95 0.00 

12/01/98 34.48 0.00 

12/01/98 OUP 34.48 0.00 

03/04/99 36.12 0.00 

03/04/99 OUP 36.12 0.00 

05/24/99 37.01 0.00 

05/24/99 OUP 37.01 0.00 

08/10/99 37.57 0.00 

08/10/99 OUP 37.57 0.00 

10/25/99 38.15 0.00 

10/25/99 OUP 38.15 0.00 

02/18/00 39.07 0.00 

02/18/00 OUP 39.07 0.00 

05/17/00 38.04 0.00 

08/16/00 37.85 0.00 

ARGO 1057 2006 Q2 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

Calc. 
GW GRO B T E X MTBE TBA OIPE 

Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 
(ft-MSL) 

402.73 

402.61 

398.82 

13,000 3,500 1,300 430 1,200 

37,000 8,800 2,400 1,000 2,100 

29,000 7,100 2,300 980 3,200 

20,000 6,500 1,700 820 2,300 

21,000 5,100 1,200 620 1,800 

680 96 7.0 8.0 110 

40,000 10,000 1,400 1,000 4,000 

<50 <0.30 <0.30 <0.30 <0.60 

27,000 4,100 1,400 950 2,900 

15,000 4,900 1,100 730 2,200 

25,000 6,900 1,100 850 2,500 

17,000 5,900 560 690 1,800 

4,700 2,100 82 130 180 2,900 

9,600 3,400 300 410 1,600 9400 

12,000 3,200 410 500 1,400 20000 

11,000 4,300 510 630 1,800 29000 

11,000 3,600 280 410 1,200 32000 

1,100 370 4.3 22 84 7,800 

13,000 3,800 410 690 2,300 22,000 

540 90 2.3 3.0 42 8,700 

510 75 1.9 2.1 33 8,700 

1,400 450 41 100 240 13,000 

1,500 470 21 90 160 12,000 

16,000 3,200 590 580 2,500 61,000 

15,000 3,600 640 610 2,300 61,000 

14,000 4,300 630 850 2,800 65,000 

13,000 3,500 520 650 2,200 50,000 

19,000 4,400 480 1,100 2,600 53,000 

25,000 5,000 520 1,300 2,800 63,000 

19,000 5,200 410 1,000 2,400 47,000 

18,000 4,500 400 970 2,400 46,000 

12,000 2,500 200 430 380 29,000 

11,000 2,900 230 500 1,600 29,000 

2,000 3,100 <400 <400 1,600 16,000 <1,000 <1,000 

9,300 2,800 <200 350 1,600 17,000 <500 <500 

18,000 5,800 <400 950 2,200 28,000 <1,000 <1,000 

15,000 3700 250 900 1900 34000 <200 <200 
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ETBE TAME Ethanol 
Sample 10 Comments 

(1l9/L) (1l9/L) (1l9/L) 

<1,000 <10,000 

<500 8,000 

<1,000 15,000 

32 J 24,000 

SECOR 

AR0073251 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-3 12/12/00 38.00 0.00 

02/22/01 38.12 0.00 

05/09/01 37.47 0.00 

09/12/01 36.45 0.00 

11/07/01 36.65 0.00 

02/26/02 37.81 0.00 

05/08/02 38.40 0.00 

07/16/02 39.03 0.00 

10/14/02 39.54 0.00 

02/13/03 39.60 0.00 

04/22/03 38.85 0.00 

07/30103 433.71 38.11 0.00 

12/10103 38.81 0.00 

02/18/04 38.81 0.00 

05/12/04 38.21 0.00 

08/16/04 38.31 0.00 

11/30104 38.14 0.00 

03/09/05 32.02 0.00 

06/07/05 30.45 0.00 

08/04/05 31.06 0.00 

10/25/05 30.65 0.00 

02/16/06 30.92 0.00 

07/06/06 NS 34.59 0.00 

07/07/06 

EW-4 09/25/93 

12/02/93 

04/05/94 

05/27/94 

08/26/94 37.14 0.00 

11/23/94 38.03 0.00 

02/22/95 36.91 0.00 

04/21/95 34.32 0.00 

08/09/95 33.10 0.00 

11/03/95 NS 33.45 0.00 

02/02/96 36.90 0.00 

05/02/96 NS 34.74 0.00 

07/24/96 NS 35.34 0.00 

12/12/96 NS 36.58 0.00 

03/20/97 35.82 0.00 

06/12/97 NS 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

2,500 290 8 120 120 7800 <130 <130 

6,200 2,100 29 370 680 10,000 <500 <500 

11,000 3,800 320 540 1,100 22,000 <200 <200 

23,000 5,600 590 890 2,000 35,000 <20 <20 

19,000 3,800 380 J 640 1,800 38,000 <500 <500 

20,000 3,700 220 J 660 1,700 27,000 <200 <200 

6,000 1,100 120 230 640 12,000 <100 <100 

3,300 540 78 160 350 7,800 <100 <100 

3,300 290 20 110 150 5,200 <50 <50 

3,200 290 <20 100 57 1,800 <50 <50 

5,100 1,300 7.5 J 260 300 7,900 <50 <50 

395.60 2,100 450 <20 94 51 2,000 <50 <50 

394.90 1,200 170 <20 60 35 J 700 <50 <50 

394.90 1,200 270 <20 75 39 J 1,100 <50 <50 

395.50 1,000 230 <20 68 25 J 190 <50 <50 

395.40 930 140 <20 48 15 J 130 <50 <50 

395.57 630 50 <8.0 24 8.0 J 27 <20 <20 

401.69 <100 0.66 J <1.0 <1.0 <1.0 2.7 <2.0 <2.0 

403.26 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.65 270 6.6 1.5 J 11 12 300 <8.0 <8.0 

403.06 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.79 1,200 63 8.1 J 60 34 870 <29 <29 

399.12 

2000 210 9.8 150 42 52 220 <8.0 

41,000 510 2,000 2,400 9,600 

35,000 200 920 1,400 7,100 

30,000 150 510 1,100 4,700 

26,000 49 530 1,300 4,300 

27,000 150 360 940 3,100 

<50 3.0 4.0 <0.5 <0.5 

<50 <0.30 <0.30 <0.30 <0.60 

<50 <0.30 <0.30 <0.30 <0.60 

32,000 180 280 1,100 5,000 

9,500 61 32 980 2,800 

9,400 32 4.1 320 600 <10 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<130 20,000 

<500 9,700 

<200 16,000 

39 J 14,000 

<500 16,000 

<200 12,000 

17 J 4,600 

11 J 5,900 

7.0 J 4,900 

3.5 J 6,900 <1,500 

15 J 16,000 <1,500 

<50 3,200 <1,500 

<50 5,400 <1,500 

<50 4,200 <1,500 

<50 4,900 <1,500 

<50 2,100 <1,500 

<20 2,900 <600 

<2.0 <25 <500 

<2.0 <25 <500 

<8.0 200 <2,000 

<2.0 <25 <500 

<29 1,500 <7,100 

<8.0 <8.0 <2000 EW·3 

SECOR 

AR0073252 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-4 07/31/97 NS 36.25 0.00 

10/15/97 NS 36.81 0.00 

03/25/98 35.00 0.00 

06/21/98 NS 32.56 0.00 

08/27/98 NS 32.48 0.00 

12/01/98 NS 33.33 0.00 

03/03/99 34.72 0.00 

05/24/99 NS 35.67 0.00 

08/10/99 NS 36.22 0.00 

10/25/99 NS 36.79 0.00 

02/18/00 37.76 0.00 

05/17/00 NS 36.70 0.00 

08/15/00 NS 36.53 0.00 

12/11/00 NS 37.01 0.00 

02/22/01 37.16 0.00 

05/09/01 36.19 0.00 

09/12/01 35.07 0.00 

11/07/01 35.24 0.00 

02/26/02 36.41 0.00 

05/08/02 37.06 0.00 

07/16/02 37.74 0.00 

10/14/02 38.21 0.00 

02/13/03 38.28 0.00 

04/22/03 37.54 0.00 

07/30103 432.58 36.84 0.00 

12/10103 36.94 0.00 

02/18/04 37.44 0.00 

05/12/04 36.93 0.00 

08/16/04 37.02 0.00 

11/30104 36.79 0.00 

03/09/05 30.39 0.00 

06/06/05 NS 28.62 0.00 

08/04/05 NS 27.91 0.00 

10/25/05 NS 29.14 0.00 

02/16/06 NS 29.63 0.00 

07/06/06 NS 33.16 0.00 

EW-5 09/23/93 NS 

12/05/93 

04/05/94 

05/27/94 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

9,500 80 12 270 290 <20 

7,100 15 <3.0 93 83 <100 

4,800 3.2 <2.0 53 69 <5.0 <5.0 <5.0 

410 2.5 1.0 6.6 6.5 0.38 J <5.0 <5.0 

6,500 28 <3.0 140 95 <20 <20 <20 

5,700 <3.0 4.7 73 43 <20 <20 <20 

5,700 <25 15 J 68 38 <20 <20 <20 

5,100 <5.0 2.1 J 7.1 5.4 <5.0 <5.0 <5.0 

3,900 0.68 J 0.26 J 28 26 <5.0 <5.0 <5.0 

2,200 0.14 J <2.0 22 20 <5.0 <5.0 <5.0 

2,100 <2.0 <2.0 13 11 <5.0 <5.0 <5.0 

1,600 <2.0 <2.0 8.6 6.3 <5.0 <5.0 <5.0 

1,600 <2.0 <2.0 19 11 <5.0 <5.0 <5.0 

395.74 1,500 <2.0 <2.0 7.3 2.8 J <5.0 <5.0 <5.0 

395.64 2,500 <2.0 <2.0 8.2 4.4 <5.0 <5.0 <5.0 

395.14 1,900 <2.0 <2.0 10 6.1 <5.0 <5.0 <5.0 

395.65 1,600 <2.0 <2.0 5.6 1.8 J <5.0 <5.0 <5.0 

395.56 2,500 <2.0 <2.0 10 3.4 J <5.0 <5.0 <5.0 

395.79 1,600 <2.0 <2.0 4.2 1.1 J <5.0 <5.0 <5.0 

402.19 380 <1.0 <1.0 0.31 J <1.0 <1.0 <2.0 <2.0 

403.96 

404.67 

403.44 

402.95 

399.42 

1,400 87 41 5.0 15 

2,600 580 280 18 140 

2,500 960 520 33 220 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <10 

<20 <200 

<20 <200 

<20 <200 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 7.3 J <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

SECOR 

AR0073253 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-5 08/26/94 43.93 0.00 

11/23/94 45.14 0.00 

02/22/95 43.96 0.00 

04/21/95 41.44 0.00 

08/09/95 40.14 0.00 

11/03/95 NS 40.31 0.00 

02/02/96 43.92 0.00 

05/02/96 NS 41.81 0.00 

07/24/96 NS 42.43 0.00 

12/12/96 NS 43.70 0.00 

03/19/97 NS 42.88 0.00 

06/12/97 NS 

07/31/97 NS 43.42 0.00 

10/15/97 NS 43.88 0.00 

03/25/98 42.02 0.00 

03/25/98 DUP 42.02 0.00 

06/11/98 NS 39.51 0.00 

08/27/98 NS 39.40 0.00 

12/01/98 NS 40.18 0.00 

03/04/99 41.81 0.00 

05/24/99 NS 42.73 0.00 

08/11/99 NS 43.32 0.00 

10/25/99 NS 43.87 0.00 

02/18/00 44.83 0.00 

05/17/00 NS 40.43 0.00 

08/15/00 NS 43.92 0.00 

12/11/00 NS 44.01 0.00 

02/21/01 43.55 0.00 

05/08/01 43.05 0.00 

09/11/01 42.17 0.00 

11/06/01 42.31 0.00 

02/25/02 43.49 0.00 

05/08/02 44.15 0.00 

07/15/02 44.80 0.00 

10/15/02 45.30 0.00 

02/13/03 45.42 0.00 

04/22/03 44.61 0.00 

07/30103 439.74 43.91 0.00 

12/10103 44.09 0.00 

02/18/04 44.58 0.00 

ARGO 1057 2006 Q2 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

Calc. 
GW GRO B T E X MTBE TBA DIPE 

Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 
(ft-MSL) 

2,300 760 210 9 130 

<50 1.0 2.0 <0.5 <0.5 

12,000 1,600 300 35 610 

550 25 3.6 75 65 

6,900 510 55 8.8 130 

12,000 94 <0.30 <0.30 <0.60 

140 33 0.99 0.77 12 5,700 

500 100 3.6 3.2 33 4,900 

<1,000 130 <6.0 21 21 8,900 

130 <400 <400 <400 <800 9,700 <1,000 <1,000 

48 J 1.8 <0.30 0.14 J 0.80 4,100 <500 <500 

<50 0.78 <0.30 <0.30 <0.60 1,200 <10 <10 

60 2.2 <0.30 0.36 <0.60 730 <10 1.3 J 

220 5.2 <5.0 <5.0 <5.0 320 <5.0 <5.0 

<100 4.5 J <5.0 <5.0 <5.0 200 <5.0 <5.0 

110 2.4 0.16 J 0.38 J <4.0 220 <5.0 0.98 J 

19 J <2.0 0.63 J 0.78 J 4.2 3.5 J <5.0 <5.0 

13 J <2.0 <2.0 <2.0 <4.0 1.4 J <5.0 <5.0 

8.8 J <2.0 <2.0 <2.0 <4.0 8.0 <5.0 <5.0 

13 J 0.47J <2.0 <2.0 <4.0 12 <5.0 <5.0 

395.83 <50 <2.0 <2.0 <2.0 <4.0 14 <5.0 <5.0 

395.65 44 J <2.0 <2.0 <2.0 <4.0 41 <5.0 <5.0 

395.16 43 J <2.0 <2.0 <2.0 <4.0 110 <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<1,000 <10,000 

<500 2,300 

<10 210 

2.6 J 170 

<5.0 210 

<5.0 160 

0.86 J 200 

<5.0 27 J 

<5.0 11 J 

<5.0 24 J <150 

<5.0 9.9 J <150 

<5.0 26 J <150 

<5.0 15 J <150 

<5.0 49 J <150 

SECOR 

AR0073254 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

EW-5 05/12/04 439.74 44.13 0.00 

08/16/04 44.05 0.00 

11/29/04 43.85 0.00 

03/09/05 37.46 0.00 

06/07/05 36.87 0.00 

08/04/05 34.91 0.00 

10/26/05 36.13 0.00 

02/17/06 36.69 0.00 

07/06/06 NS 40.21 0.00 

MW-1 09/22/93 NS 438.29 33.66 Sheen 
12/01/93 NS 39.68 Sheen 
04/05/94 41.58 0.00 

05/27/94 42.18 0.00 

08/26/94 43.05 0.00 

11/23/94 44.20 0.00 

02/22/95 43.08 0.00 

04/21/95 40.63 0.00 

08/09/95 39.28 0.00 

11/03/95 39.63 0.00 

02/02/96 43.08 0.00 

05/02/96 40.93 0.00 

07/24/96 41.54 0.00 

12/13/96 42.79 0.00 

03/20/97 41.98 0.00 

06/12/97 42.15 0.00 

07/31/97 42.44 0.00 

10/15/97 42.98 0.00 

03/25/98 NS 40.42 0.00 

06/21/98 NS 38.02 0.00 

08/27/98 37.93 0.00 

12/01/98 39.55 0.00 

03/04/99 41.01 0.00 

05/24/99 41.85 0.00 

08/10/99 42.41 0.00 

10/25/99 42.96 0.00 

02/17/00 43.94 0.00 

05/17/00 42.38 0.00 

08/16/00 42.67 0.00 

12/11/00 42.87 0.00 

02/20101 42.62 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.61 66 <4.0 <4.0 <4.0 <8.0 180 <10 <10 

395.69 40 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.89 30 J <2.0 <2.0 <2.0 <4.0 28 <5.0 <5.0 

402.28 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.87 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

404.83 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.61 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.05 120 <3.6 <3.6 <3.6 <3.6 300 <7.1 <7.1 

399.53 

404.63 

398.61 

396.71 49,000 6,000 5,600 1,400 6,100 

396.11 35,000 6,400 4,900 1,400 5,500 

395.24 48,000 7,300 5,200 1,500 6,600 

394.09 <50 7.0 15 2.0 5.0 

395.21 42,000 8,000 5,200 1,100 5,700 

397.66 <50 <0.30 <0.30 <0.30 <0.60 

399.01 38,000 5,600 2,100 900 3,800 

398.66 32,000 5,600 2,000 890 3,400 

395.21 38,000 8,000 3,300 1,100 5,200 

397.36 21,000 5,300 1,000 770 2,500 

396.75 27,000 5,500 1,400 620 2,700 3,000 

395.50 19,000 3,400 940 410 1,600 2,400 

396.31 19,000 4,900 800 520 1,700 4,300 

396.14 1,700 580 45 58 69 1,200 

395.85 13,000 3,200 360 350 1,400 3,500 

395.31 11,000 4,000 210 360 660 2,700 

397.87 

400.27 

400.36 25,000 9,600 93 280 2,100 6,800 

398.74 16,000 4,300 170 720 530 5,300 

397.28 12,000 3,200 150 560 750 4,600 

396.44 19,000 5,000 240 700 1,900 8,300 

395.88 14,000 2,900 170 450 1,100 4,500 

395.33 19,000 3,600 200 540 1,200 4,700 

394.35 19,000 3,400 330 730 1,900 4,600 <250 <250 

395.91 13,000 2,900 170 590 1,200 4,500 <200 <200 

395.62 14,000 3,300 150 660 910 6,900 <250 <250 

395.42 4,100 870 26 120 160 1,500 <25 <25 

395.67 3,700 950 45 140 220 2000 <50 <50 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<10 94 J <300 

<5.0 <50 <150 

<5.0 38 J <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

2.7 J <89 <1,800 

<250 <2,500 

<200 <2,000 

<250 310 J 

<25 130 J 

<50 1,300 

SECOR 

AR0073255 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-1 05/08/01 438.29 41.05 0.00 

09/11/01 41.27 0.00 

11/06/01 41.46 0.00 

02/25/02 41.77 0.00 

05/08/02 43.24 0.00 

07/15/02 43.81 0.00 

10/15/02 44.37 0.00 

02/13/03 44.29 0.00 

04/22/03 43.67 0.00 

07/30103 42.99 0.00 

12/10103 43.11 0.00 

02/18/04 43.57 0.00 

05/12/04 43.12 0.00 

08/16/04 43.17 0.00 

11/29/04 42.97 0.00 

03/09/05 36.79 0.00 

06/07/05 33.81 0.00 

08/04/05 34.17 0.00 

10/25/05 35.41 0.00 

02/17/06 35.96 0.00 

07/06/06 NS 39.37 0.00 

07/07/06 

MW-3 09/23/93 NS 440.58 40.30 0.00 

12/05/93 41.35 0.00 

04/05/94 43.30 0.00 

05/27/94 43.91 0.00 

08/26/94 44.83 0.00 

11/23/94 45.98 0.00 

02/22/95 44.85 0.00 

04/21/95 42.24 0.00 

08/08/95 40.84 0.00 

11/06/95 41.33 0.00 

02/02/96 44.78 0.00 

05/02/96 42.67 0.00 

07/24/96 43.28 0.00 

12/13/96 44.53 0.00 

03/20/97 43.75 0.00 

06/12/97 43.91 0.00 

07/31/97 44.21 0.00 

10/15/97 44.77 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

397.24 7,400 1900 64 180 440 3600 <50 <50 

397.02 7,600 1,900 51 250 300 2,900 <50 <50 

396.83 13,000 2,500 <500 350 J 720 3,700 <5.0 <5.0 

396.52 17,000 3,500 120 J 590 1,000 5,300 <50 <50 

395.05 20,000 4,200 180 540 870 5,600 <50 <50 

394.48 21,000 1,300 800 830 3,600 5,100 <50 <50 

393.92 20,000 2,000 190 600 950 1,900 <50 <50 

394.00 25,000 2,100 230 780 1,300 1,300 <500 <500 

394.62 14,000 1,800 150 520 710 2,300 <50 <50 

395.30 7,000 1,100 71 450 310 1,500 <100 <100 

395.18 12,000 1,200 130 J 430 490 1,600 <500 <500 

394.72 23,000 930 180 510 830 1,500 <100 <100 

395.17 16,000 1,700 230 480 740 2,500 <250 <250 

395.12 20,000 2,000 230 770 1,000 3,000 <250 <250 

395.32 13,000 1,200 160 470 680 1,300 <250 <250 

401.50 2,700 540 45 150 240 1,100 <40 <40 

404.48 4,300 420 40 230 340 500 <80 <80 

404.12 1,300 37 3.1 J 48 37 250 <6.7 <6.7 

402.88 1,900 87 2.6 190 11 130 <5.0 <5.0 

402.33 4,600 800 20 320 78 190 <20 <20 

398.92 

4900 660 15 130 79 110 <250 <20 

400.28 

399.23 2,400 140 13 30 120 

397.28 4,500 200 76 50 200 

396.67 3,500 210 76 54 180 

395.75 11,000 2,700 1,400 280 1,000 

394.60 130 4.0 12 4.0 23 

395.73 8,300 500 79 30 240 

398.34 4,800 36 21 630 180 

399.74 10,000 2,300 360 330 1,200 

399.25 3,900 470 6.4 21 57 

395.80 6,000 1,000 9.7 36 120 

397.91 5,000 1,800 <15 60 170 

397.30 3,400 520 <3.0 26 43 450 

396.05 2,400 480 9.7 30 100 240 

396.83 1,100 74 <1.5 3.3 11 120 

396.67 4,000 790 35 74 99 1,200 

396.37 1,500 520 12 33 33 1,100 

395.81 320 140 6 9 18 210 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<50 <500 

<50 230 J 

6.2 580 

<50 1,200 

<50 700 

15 J 330 J 

<50 560 

<500 790 J <15,000 

<50 1,200 <1,500 

<100 580 J <3,000 

<500 520 J 83,000 

<100 900 J <3,000 

<250 910 J <7,500 

<250 2,100 J <7,500 

<250 580 J 20,000 

<40 280 J <10,000 

<80 360 J 34,000 

<6.7 150 <1,700 

<5.0 <62 <1,200 

<20 <250 <5,000 

<20 <20 <5000 MW·1 

SECOR 

AR0073256 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-3 03/25/98 440.58 42.71 0.00 

06/21/98 39.40 0.00 

08/27/98 40.39 0.00 

12/01/98 41.25 0.00 

03/04/99 43.64 0.00 

05/24/99 43.60 0.00 

08/11/99 44.17 0.00 

10/25/99 44.75 0.00 

02/17/00 45.73 0.00 

05/17/00 44.64 0.00 

08/15/00 44.47 0.00 

12/11/00 44.65 0.00 

02/22/01 44.40 0.00 

05/08/01 43.15 0.00 

09/12/01 43.35 0.00 

09/12/01 DUP 43.35 0.00 

11/07/01 43.54 0.00 

02/25/02 44.78 0.00 

05/08/02 45.44 0.00 

07/15/02 46.06 0.00 

10/15/02 46.58 0.00 

02/13/03 46.74 0.00 

04/22/03 45.90 0.00 

07/30103 45.21 0.00 

12/10103 45.38 0.00 

02/18/04 45.80 0.00 

05/12/04 45.28 0.00 

08/16/04 45.34 0.00 

11/29/04 45.13 0.00 

03/09/05 38.64 0.00 

06/07/05 37.02 0.00 

08/04/05 36.05 0.00 

10/26/05 37.26 0.00 

02/17/06 37.87 0.00 

07/06/06 NS 41.44 0.00 

07/07/06 

MW-4 09/25/93 439.53 39.28 0.00 

12/05/93 40.33 0.00 

04/05/94 42.31 0.00 

05/27/94 42.93 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

397.87 1,700 510 31 52 210 830 

401.18 12,000 3,600 <38 520 850 14,000 

400.19 4,900 1,900 <12 360 270 6,600 

399.33 810 290 <1.5 66 14 2,100 

396.94 2,500 590 19 33 32 2,800 

396.98 3,200 1,200 36 190 170 7,100 

396.41 1,100 280 18 16 79 6,600 

395.83 280 88 12 4.7 45 1,700 

394.85 670 200 25 <10 120 990 <25 <25 

395.94 2,200 490 46 36 100 1,200 <50 <50 

396.11 860 110 14 16 43 2,100 <5.0 <5.0 

395.93 560 49 3.1 11 14 520 <10 <10 

396.18 18 1.6 0.38 0.56 0.75 75 <20 <20 

397.43 510 40 0.66 5.5 6.0 200 <5.0 <5.0 

397.23 660 34 5.0 6.4 9.3 150 <5.0 <5.0 

397.23 370 26 3.0 4.9 6.7 170 <5.0 <5.0 

397.04 500 43 4.3 J 9.7 3.2 J 220 <5.0 <5.0 

395.80 720 3.8 J 3.2 J <5.0 9.6 1,400 <5.0 <5.0 

395.14 390 27 3.1 3.2 19 170 <5.0 <5.0 

394.52 150 0.18 J <2.0 <2.0 <4.0 6.0 <5.0 <5.0 

394.00 98 <2.0 <2.0 <2.0 <4.0 0.38 J <5.0 <5.0 

393.84 400 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.68 370 22 <2.0 0.86 J 7.6 46 <5.0 <5.0 

395.37 98 <2.0 <2.0 0.27 J <4.0 0.47J <5.0 <5.0 

395.20 130 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.78 80 <2.0 <2.0 <2.0 <4.0 0.66 J <5.0 <5.0 

395.30 210 <2.0 <2.0 <2.0 <4.0 0.62 J <5.0 <5.0 

395.24 170 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.45 210 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

401.94 87 J 2.3 <1.0 16 1.2 <1.0 <2.0 <2.0 

403.56 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

404.53 <100 <1.0 <1.0 0.27 J <1.0 <1.0 <2.0 <2.0 

403.32 <100 <1.0 <1.0 1.8 <1.0 <1.0 <2.0 <2.0 

402.71 <100 <1.0 <1.0 9.8 0.91 J <1.0 <2.0 <2.0 

399.14 

75 J <1.0 <1.0 1.2 1.4 <1.0 <25 <2.0 

400.25 23,000 670 1,300 490 2,500 

399.20 14,000 1,000 2,300 650 2,000 

397.22 22,000 1,100 1,100 520 2,700 

396.60 16,000 1100 950 480 2100 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<25 <250 

<50 <500 

2.3 J 55 

<10 63 J 

<20 46 

<5.0 57 

<5.0 550 

<5.0 550 

<5.0 530 

<5.0 1,600 

<5.0 320 

<5.0 13 J 

<5.0 <50 

<5.0 <50 <150 

<5.0 15 J <150 

<5.0 <50 290 

<5.0 8.3 J <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·3 

SECOR 

AR0073257 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-4 08/26/94 439.53 43.81 0.00 

11/23/94 NS 45.12 0.13 

04/20/95 NS 41.37 0.04 

08/08/95 NS 39.89 0.01 

11/06/95 40.34 0.00 

02/02/96 53.52 0.00 

05/02/96 41.68 0.00 

07/24/96 42.30 0.00 

12/13/96 43.60 0.00 

03/20/97 42.72 0.00 

06/12/97 42.92 0.00 

07/31/97 43.25 0.00 

10/15/97 43.77 0.00 

03/25/98 41.86 0.00 

03/25/98 DUP 41.86 0.00 

06/21/98 39.32 0.00 

08/27/98 39.39 0.00 

08/27/98 DUP 39.39 0.00 

12/01/98 40.22 0.00 

12/01/98 DUP 40.22 0.00 

03/04/99 41.67 0.00 

05/24/99 42.60 0.00 

08/10/99 43.20 0.00 

10/25/99 43.78 0.00 

02/17/00 44.73 0.00 

05/17/00 43.65 0.00 

08/16/00 43.46 0.00 

12/11/00 43.65 0.00 

02/21/01 42.79 0.00 

05/08/01 42.97 0.00 

09/11/01 41.97 0.00 

11/06/01 42.21 0.00 

02/25/02 43.38 0.00 

05/08/02 44.07 0.00 

07/15/02 44.69 0.00 

10/15/02 45.24 0.00 

02/13/03 45.35 0.00 

04/22/03 44.51 0.00 

07/30103 43.79 0.00 

12/10103 43.98 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.72 230,000 10000 7400 2900 15000 

394.51 

398.19 

399.65 

399.19 25,000 5,300 970 670 3,200 

386.01 13,000 2,000 390 220 1,400 

397.85 33,000 8,400 2,300 1,200 5,600 

397.23 10,000 1,800 570 200 1,200 3100 

395.93 3,200 260 69 70 430 360 

396.81 9,500 980 310 240 1,200 2,100 

396.61 21,000 3,600 1,200 720 3,800 19,000 

396.28 16,000 1,900 620 480 2,200 11,000 

395.76 21,000 3,100 1,100 800 3,400 17000 

397.67 4,600 730 69 26 660 2,100 

397.67 5,300 1,100 71 38 890 2,700 

400.21 13,000 850 82 80 460 <250 

400.14 13,000 2,300 210 530 1,900 13,000 

400.14 13,000 2,200 210 490 1,800 11,000 

399.31 16,000 1,800 260 500 1,900 9,700 

399.31 13,000 1,800 290 490 1,800 9,200 

397.86 20,000 3,200 520 810 3,200 14,000 

396.93 17,000 1,500 310 610 2,400 6,400 

396.33 24,000 2,100 500 850 3,900 15,000 

395.75 12,000 1,500 260 600 2,600 6,700 

394.80 20,000 760 420 390 2,900 2,500 <100 <100 

395.88 16,000 1,300 430 530 2,800 4,600 <200 <200 

396.07 21,000 1,800 830 880 3,900 11,000 <100 <100 

395.88 2,700 150 44 70 310 730 <13 <13 

396.74 5,600 540 150 32 980 2,300 <25 1.2 J 

396.56 15,000 1,000 320 410 2,300 3,600 <50 <50 

397.56 15,000 1,000 220 260 1,700 13,000 <50 <50 

397.32 19,000 1,500 420 410 2,200 12,000 <5.0 9.4 

396.15 14,000 560 190 J 330 1,500 3,500 <50 <50 

395.46 22,000 1,200 710 650 3,100 6,900 <100 <100 

394.84 5,400 1,500 100 300 450 1,700 <20 <20 

394.29 19,000 740 550 600 2,200 3,400 <50 <50 

394.18 740 5.5 9.4 12 56 1.6 J <5.0 <5.0 

395.02 9,500 210 140 310 1,500 9.7 <5.0 <5.0 

395.74 13,000 410 260 730 1,600 20 J <50 <50 

395.55 6,800 160 68 330 740 10 J <50 <50 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<100 <1,000 

<200 <2,000 

21 J 380 J 

1.8 J 46 J 

5.9 J 1,900 

<50 600 

25 J 1,300 

41 1,300 

<50 610 

23 J 460 J 

3.2 J 310 

11 J 310 J 

<5.0 <50 56 J 

0.50 J 11 J <150 

<50 <500 <1,500 

<50 <500 <1,500 

SECOR 

AR0073258 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-4 02/18/04 439.53 44.46 0.00 

05/12/04 43.99 0.00 

08/16/04 43.94 0.00 

11/29/04 43.75 0.00 

03/08/05 37.29 0.00 

06/07/05 35.84 0.00 

08/04/05 34.66 0.00 

10/26/05 35.93 0.00 

02/17/06 36.42 0.00 

07/06/06 NS 40.04 0.00 

07/07/06 

MW-5 09/25/93 440.17 39.70 0.00 

12/05/93 40.82 0.00 

04/05/94 42.77 0.00 

OS/27/94 43.38 0.00 

08/26/94 44.27 0.00 

11/23/94 45.51 0.00 

02/22/95 44.32 0.00 

04/21/95 41.69 0.00 

08/08/95 40.32 0.00 

11/06/95 40.76 0.00 

02/02/96 44.23 0.00 

05/02/96 42.13 0.00 

07/24/96 42.76 0.00 

12/13/96 44.04 0.00 

03/20/97 43.22 0.00 

06/12/97 43.38 0.00 

07/31/97 43.70 0.00 

10/15/97 44.26 0.00 

03/25/98 42.35 0.00 

06/21/98 39.81 0.00 

08/27/98 39.79 0.00 

12/01/98 40.64 0.00 

03/04/99 42.11 0.00 

03/04/99 DUP 42.11 0.00 

OS/24/99 43.07 0.00 

OS/24/99 DUP 43.07 0.00 

08/11/99 43.66 0.00 

08/11/99 DUP 43.66 0.00 

10/25/99 44.22 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.07 7,200 110 75 230 640 4.1 J <25 <25 

395.54 8,100 210 210 460 1,300 5.0 J <50 <50 

395.59 12,000 130 150 500 1,300 7.9 J <50 <50 

395.78 6,900 78 96 210 630 1.5 J <10 <10 

402.24 85 J <1.0 0.55 J 1.6 10 <1.0 <2.0 <2.0 

403.69 <100 0.64 J 0.42 J 0.42 J 2.3 <1.0 <2.0 <2.0 

404.87 60 J 1.0 0.46J 1.1 3.6 <1.0 <2.0 <2.0 

403.60 <100 <1.0 <1.0 0.36 J <1.0 <1.0 <2.0 <2.0 

403.11 170 <1.0 <1.0 1.4 <1.0 <1.0 <2.0 <2.0 

399.49 

100 <1.0 <1.0 1.4 2.9 1.8 70 <2.0 

400.47 200 <0.5 <0.5 <0.5 <0.5 

399.35 400 4.0 <0.5 <0.5 0.80 

397.40 380 3.0 <0.5 <0.5 1.0 

396.79 340 25 <0.5 4.0 1.0 

395.90 1,500 110 4.0 20 6.0 

394.66 <50 3.0 <0.5 0.50 1.0 

395.85 1,500 27 1.3 1.7 2.4 

398.48 320 3.1 0.70 53 16 

399.85 350 53 0.31 1.4 1.3 

399.41 98 3.9 <0.30 <0.30 <0.60 

395.94 60 7.3 <0.30 <0.30 <0.60 

398.04 170 <0.30 <0.30 <0.30 <0.60 

397.41 100 5.1 <0.30 <0.30 <0.60 <10 

396.13 53 2.8 <0.30 <0.30 <0.60 <10 

396.95 68 2.9 <0.30 <0.30 <0.60 <10 

396.79 65 <0.30 <0.30 <0.30 <0.60 <10 

396.47 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.91 53 <0.30 <0.30 <0.30 <0.60 <10 

397.82 380 3.8 0.30 0.70 1.4 430 

400.36 160 2.6 <0.30 <0.30 <0.60 630 

400.38 150 3.1 <0.30 <0.30 <0.60 550 

399.53 100 <0.60 4.7 <0.60 <1.2 670 

398.06 <50 <0.30 2.7 <0.30 <0.60 44 

398.06 85 14 2.3 3.2 13 72 

397.10 76 <0.30 <0.30 <0.30 <0.60 510 

397.10 78 2.2 <0.30 <0.30 <0.60 610 

396.51 <50 1.0 1.7 <0.30 <0.60 160 

396.51 <50 <0.30 1.2 <0.30 <0.60 <10 

395.95 <50 <0.30 <0.30 <0.30 <0.60 150 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<25 <250 <750 

<50 <500 <1,500 

<50 <500 <1,500 

<10 <100 <300 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·4 

SECOR 

AR0073259 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-5 10/25/99 DUP 440.17 44.22 0.00 

02/17/00 45.25 0.00 

02/17/00 DUP 45.25 0.00 

05/17/00 44.18 0.00 

08/15/00 43.96 0.00 

12/11/00 44.13 0.00 

02/21/01 43.90 0.00 

05/08/01 42.20 0.00 

09/12/01 42.43 0.00 

11/07/01 42.66 0.00 

02/25/02 43.87 0.00 

05/08/02 44.58 0.00 

07/16/02 45.21 0.00 

10/15/02 45.69 0.00 

02/13/03 45.85 0.00 

04/22/03 45.03 0.00 

07/30103 44.32 0.00 

12/10103 44.49 0.00 

02/18/04 44.94 0.00 

05/12/04 44.45 0.00 

08/16/04 44.43 0.00 

11/30104 44.24 0.00 

03/09/05 37.58 0.00 

06/07/05 36.02 0.00 

08/04/05 35.02 0.00 

10/25/05 36.26 0.00 

02/17/06 36.87 0.00 

07/06/06 NS 40.50 0.00 

07/07/06 

MW-6 09/23/93 440.70 39.85 0.00 

12/02/93 40.90 0.00 

04/05/94 42.94 0.00 

05/27/94 43.58 0.00 

08/26/94 44.42 0.00 

11/23/94 45.72 0.00 

02/22/95 44.57 0.00 

04/21/95 43.73 0.00 

08/08/95 40.45 0.00 

11/03/95 40.89 0.00 

02/01/96 44.40 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.95 <50 1 <0.30 <0.30 <0.60 190 

394.92 64 <2.0 <2.0 <2.0 <4.0 140 <5.0 <5.0 

394.92 77 <2.0 <2 .0 <2.0 <4.0 120 <5.0 <5.0 

395.99 83 <2.0 <2.0 <2.0 <4.0 53 <5.0 <5.0 

396.21 <50 <2.0 <2.0 <2.0 <4.0 35 <5.0 <5.0 

396.04 94 0.18 J <0.30 <0.30 <0.60 59 <5.0 <5.0 

396.27 43 J 0.40 0.18 J <0.30 0.42 J 41 <5.0 <5.0 

397.97 <50 0.62 <0.30 <0.30 0.60 40 <5.0 <5.0 

397.74 31 J <0.30 <0.30 <0.30 <0.60 85 <5.0 <5.0 

397.51 53 J <5.0 2.7 J <5.0 <5.0 110 <5.0 <5.0 

396.30 51 J <5.0 2.7 J <5.0 <5.0 34 <5.0 <5.0 

395.59 43 J <2.0 <2.0 <2.0 <4.0 21 <5.0 <5.0 

394.96 9.3 J <2.0 <2.0 <2.0 <4.0 4.7 J <5.0 <5.0 

394.48 <50 <2.0 <2.0 <2.0 <4.0 0.44J <5.0 <5.0 

394.32 13 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.14 16 J <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.85 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.68 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.23 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.72 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.74 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.93 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

402.59 <100 <1.0 <1 .0 <1.0 <1.0 <1.0 <2.0 <2.0 

404.15 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

405.15 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.91 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.30 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

399.67 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <25 <2.0 

400.85 <50 <0.5 <0.5 <0.5 <0.5 

399.80 <50 <0.5 <0.5 <0.5 <0.5 

397.76 <50 <0.5 <0.5 <0.5 <0.5 

397.12 <50 <0.5 <0.5 <0.5 <0.5 

396.28 <50 <0.5 <0.5 <0.5 <0.5 

394.98 <50 <0.5 <0.5 <0.5 <0.5 

396.13 <50 <0.30 <0.30 <0.30 <0.60 

396.97 <50 <0.30 <0.30 <0.30 <0.60 

400.25 <50 <0.30 <0.30 <0.30 <0.60 

399.81 <50 <0.30 <0.30 <0.30 <0.60 

396.30 <50 <0.30 <0.30 <0.30 <0.60 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 51 

<5.0 <50 

<5.0 <50 

<5.0 7.8 J 

<5.0 14 J 

<5.0 38 

<5.0 <50 

<5.0 10 J 

<5.0 13 J 

<5.0 27 

<5.0 14 J 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·5 

SECOR 

AR0073260 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-6 05/02/96 440.70 42.29 0.00 

07/24/96 42.94 0.00 

12/12/96 44.28 0.00 

03/19/97 43.43 0.00 

06/12/97 43.60 0.00 

07/31/97 43.92 0.00 

10/15/97 44.50 0.00 

03/25/98 42.45 0.00 

06/21/98 39.91 0.00 

08/27/98 39.90 0.00 

12/01/98 40.78 0.00 

03/03/99 42.22 0.00 

05/24/99 43.26 0.00 

08/10/99 43.88 0.00 

10/25/99 44.48 0.00 

02/17/00 45.51 0.00 

05/18/00 44.36 0.00 

08/15/00 44.17 0.00 

12/11/00 44.37 0.00 

02/20101 44.10 0.00 

05/08/01 43.65 0.00 

09/11/01 42.57 0.00 

11/06/01 42.79 0.00 

02/25/02 44.05 0.00 

05/08/02 44.78 0.00 

07/15/02 45.43 0.00 

10/15/02 46.00 0.00 

02/13/03 46.12 0.00 

04/22/03 45.26 0.00 

07/30103 44.58 0.00 

12/10103 44.72 0.00 

02/18/04 45.15 0.00 

05/12/04 44.77 0.00 

08/16/04 44.64 0.00 

11/29/04 44.43 0.00 

03/08/05 37.42 0.00 

06/06/05 NS 34.19 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

398.41 <50 <0.30 <0.30 <0.30 <0.60 

397.76 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.42 <50 <0.30 <0.30 <0.30 <0.60 <10 

397.27 <50 <0.30 <0.30 <0.30 <0.60 <10 

397.10 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.78 <51 <0.30 <0.30 <0.30 <0.60 <10 

396.20 <50 <0.30 <0.30 <0.30 <0.60 <10 

398.25 <50 <0.30 <0.30 <0.30 <0.60 <10 

400.79 <50 <0.30 <0.30 <0.30 <0.60 <10 

400.80 <50 <0.30 <0.30 <0.30 <0.60 <10 

399.92 <50 <0.30 <0.30 <0.30 <0.60 <10 

398.48 <50 <0.30 <0.30 <0.30 <0.60 <10 

397.44 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.82 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.22 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.19 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.34 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.53 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.33 <50 <0.30 <0.30 <0.30 <0.60 0.34 J <5.0 <5.0 

396.60 <50 <0.30 <0.30 <0.30 <0.60 0.26 J <5.0 <5.0 

397.05 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

398.13 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

397.91 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

396.65 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

395.92 9.8 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.27 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.70 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.58 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.44 9.2 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.12 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.98 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.55 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.93 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.06 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

396.27 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

403.28 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

406.51 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <10 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 5.8 J <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

SECOR 

AR0073261 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-6 08/04/05 NS 440.70 33.21 0.00 

10/25/05 NS 36.29 0.00 

02/16/06 NS 443.41 36.79 0.00 

07/06/06 NS 40.69 0.00 

MW-7 09/23/93 433.99 34.55 0.00 

12/02/93 35.49 0.00 

04/04/94 37.35 0.00 

OS/26/94 37.94 0.00 

08/26/94 38.81 0.00 

11/23/94 39.91 0.00 

02/22/95 38.86 0.00 

04/21/95 36.43 0.00 

08/08/95 35.10 0.00 

11/03/95 35.49 0.00 

02/01/96 38.84 0.00 

05/02/96 36.72 0.00 

07/24/96 37.37 0.00 

12/12/96 38.55 0.00 

03/19/97 37.76 0.00 

06/12/97 37.90 0.00 

07/31/97 38.20 0.00 

10/15/97 38.72 0.00 

03/25/98 34.00 0.00 

06/21/98 34.61 0.00 

08/27/98 34.58 0.00 

12/01/98 35.44 0.00 

03/03/99 36.71 0.00 

OS/24/99 37.61 0.00 

08/10/99 38.17 0.00 

10/25/99 38.72 0.00 

02/17/00 39.61 0.00 

05/18/00 38.59 0.00 

08/15/00 38.38 0.00 

12/11/00 38.56 0.00 

02/20/01 38.94 0.00 

05/08/01 38.15 0.00 

09/11/01 37.02 0.00 

11/06/01 37.10 0.00 

02/25/02 38.37 0.00 

05/08/02 38.95 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

407.49 

404.41 

406.62 

402.72 

399.44 200 24 <0.5 3.0 2.0 

398.50 200 4.0 0.70 1.0 1.0 

396.64 78 10 <0.5 1.0 1.0 

396.05 84 8.0 <0.5 0.50 1.0 

395.18 130 6.0 <0.5 <0.5 1.0 

394.08 130 7.0 <0.5 <0.5 2.0 

395.13 130 2.2 0.38 0.32 0.72 

397.56 <50 1.6 <0.30 <0.30 <0.60 

398.89 52 1.6 <0.30 <0.30 0.64 

398.50 91 <0.30 <0.30 <0.30 <0.60 

395.15 700 4.2 2.2 1.9 3.7 

397.27 460 4.4 <0.30 1.0 1.8 

396.62 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.44 480 5.5 1.5 2.8 1.6 <10 

396.23 65 <0.30 <0.30 <0.30 <0.60 <10 

396.09 <50 0.94 <0.30 <0.30 <0.60 <10 

395.79 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.27 <50 <0.30 <0.30 <0.30 <0.60 <10 

399.99 230 1.4 <0.30 <0.30 1.3 <10 

399.38 <50 <0.30 <0.30 <0.30 <0.60 <10 

399.41 <50 <0.30 <0.30 <0.30 <0.60 <10 

398.55 <50 <0.30 <0.30 <0.30 <0.60 <10 

397.28 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.38 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.82 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.27 <50 <0.30 <0.30 <0.30 <0.60 <10 

394.38 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.40 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.61 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.43 <50 0.15 J <0.30 0.11 J <0.60 0.38 J <5.0 <5.0 

395.05 17 J <0.30 <0.30 <0.30 <0.60 0.36 J <5.0 <5.0 

395.84 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

396.97 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

396.89 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

395.62 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

395.04 8.6 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 5.5 J 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <25 

<5.0 <50 

SECOR 

AR0073262 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-7 07/15/02 433.99 39.60 0.00 

10/15/02 40.08 0.00 

02/13/03 40.18 0.00 

04/22/03 39.38 0.00 

07/30/03 38.71 0.00 

12/10/03 38.83 0.00 

02/18/04 39.28 0.00 

05/12/04 38.87 0.00 

08/16/04 38.90 0.00 

11/29/04 38.70 0.00 

03/08/05 32.74 0.00 

06/06/05 29.44 0.00 

08/04/05 30.11 0.00 

10/26/05 31.29 0.00 

02/16/06 31.76 0.00 

07/06/06 35.20 0.00 

MW-8 09/23/93 NS 432.44 33.11 0.00 

12/01/93 NS 34.07 0.00 

04/05/94 NS 35.89 0.00 

OS/26/94 NS 36.51 0.00 

08/26/94 NS 37.57 0.00 

11/23/94 NS 38.39 0.00 

02/22/95 NS 37.38 0.00 

04/21/95 NS 34.98 0.00 

08/08/95 NS 33.68 0.00 

11/03/95 34.05 0.00 

02/01/96 37.41 0.00 

05/02/96 35.28 0.00 

07/24/96 35.88 0.00 

12/12/96 37.06 0.00 

03/19/97 36.31 0.00 

06/12/97 36.50 0.00 

07/31/97 36.75 0.00 

10/15/97 37.25 0.00 

03/25/98 35.62 0.00 

06/21/98 33.19 0.00 

08/27/98 33.16 0.00 

12/01/98 33.95 0.00 

03/03/99 35.27 0.00 

OS/24/99 36.13 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

394.39 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.91 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.81 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.61 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.28 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.16 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.71 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.12 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.09 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.29 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

401.25 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

404.55 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.88 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.70 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.23 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

398.79 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <25 <2.0 

399.33 

398.37 

396.55 

395.93 

394.87 

394.05 

395.06 

397.46 

398.76 

398.39 17,000 600 210 580 1,500 

395.03 7,600 320 76 130 1,000 

397.16 20,000 900 760 1,100 5,200 

396.56 11,000 710 280 730 2,200 370 

395.38 12,000 260 190 330 1,900 580 

396.13 9,700 330 220 490 1,900 3,200 

395.94 18,000 660 410 980 4,000 5,500 

395.69 17,000 520 330 690 2,700 6,800 

395.19 17,000 550 260 650 2,900 5,700 

396.82 5,000 11 23 66 240 160 

399.25 6,800 7.2 28 100 420 330 

399.28 5,000 26 6.2 70 260 840 

398.49 9,800 61 28 240 640 2,800 

397.17 5,600 63 46 160 520 2,300 

396.31 15,000 130 47 360 1200 5500 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·7 

SECOR 

AR0073263 



TOC Oepth to 
Measured 

Well No. Oate Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-8 08/10/99 432.44 36.71 0.00 

10/25/99 37.25 0.00 

02/17/00 38.13 0.00 

05/18/00 37.13 0.00 

08/15/00 36.95 0.00 

12/11/00 37.11 0.00 

02/21/01 36.89 0.00 

05/08/01 36.59 0.00 

09/11/01 35.62 0.00 

11/06/01 35.77 0.00 

02/25/02 36.88 0.00 

05/08/02 37.50 0.00 

07/15/02 38.13 0.00 

10/15/02 38.64 0.00 

02/13/03 38.70 0.00 

04/22/03 NS 37.95 0.00 

07/30103 NS 37.24 0.00 

12/10103 NS 37.40 0.00 

02/18/04 37.67 0.00 

05/12/04 37.42 0.00 

08/16/04 37.47 0.00 

11/29/04 37.26 0.00 

03/08/05 31.33 0.00 

06/06/05 28.07 0.00 

06/06/05 OUP 28.07 0.00 

08/04/05 28.82 0.00 

08/04/05 OUP 28.82 0.00 

10/26/05 29.94 0.00 

10/26/05 OUP 29.94 0.00 

02/16/06 30.42 0.00 

02/16/06 OUP 30.42 0.00 

07/06/06 33.77 0.00 

07/06/06 OUP 

MW-9 09/22/93 NS 429.83 32.71 sheen 

12/01/93 NS 31.63 sheen 

04/04/94 NS 33.46 0.01 

05/26/94 NS 33.50 0.03 

08/26/94 NS 35.19 0.03 

11/23/94 NS 35.94 0.04 

04/20/95 NS 32.52 0.01 

ARGO 1057 2006 Q2 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

Calc. 
GW GRO B T E X MTBE TBA OIPE 

Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 
(ft-MSL) 

395.73 16,000 220 47 330 1200 13000 

395.19 11,000 230 59 330 1,400 14,000 

394.31 15,000 <1,000 <1,000 <1,000 <2,000 23,000 <2,500 <2,500 

395.31 9,700 <250 <250 610 1,400 17,000 <630 <630 

395.49 14,000 41 J 23 J 260 530 13,000 <250 <250 

395.33 13,000 150 55 450 1,200 20,000 <250 <250 

395.55 8,500 160 74 460 1,500 14,000 <1,300 <1,300 

395.85 13,000 340 61 590 1,900 12,000 <130 <130 

396.82 15,000 770 100 610 1,800 3,700 <25 4.0 J 

396.67 14,000 460 50 J 560 1,600 3,900 <5.0 2.7 J 

395.56 16,000 480 52 J 670 2,000 1,900 <50 <50 

394.94 16,000 530 63 710 2,300 850 <50 <50 

394.31 14,000 420 55 630 2,100 250 <50 <50 

393.80 17,000 360 51 700 2,500 200 <50 <50 

393.74 22,000 310 54 740 2,400 150 <100 <100 

394.49 

395.20 

395.04 

394.77 610 4.2 J <20 55 <40 16 J <50 <50 

395.02 820 15 <10 90 <20 10 J <25 <25 

394.97 570 3.3 J <10 35 <20 9.9 J <25 <25 

395.18 1,000 5.6 J <10 130 <20 4.9 J <25 <25 

401.11 640 27 3.2 100 2.5 6.7 <4.0 <4.0 

404.37 94 J 11 0.76 J 22 3.8 35 <2.0 <2.0 

404.37 86 J 12 0.83 J 26 4.2 38 <2.0 <2.0 

403.62 66 J 8.4 0.38 J 2.8 3.4 43 <2.0 <2.0 

403.62 64 J 8.0 0.34 J 3.2 3.0 44 <2.0 <2.0 

402.50 <100 1.2 <1.0 0.76 J <1.0 21 <2.0 <2.0 

402.50 <100 1.3 0.31 J 1.2 <1.0 29 <2.0 <2.0 

402.02 240 1.9 0.61 J 17 7.8 48 <2.0 <2.0 

402.02 220 2.4 0.64 J 16 7.0 64 <2.0 <2.0 

398.67 300 2.3 0.39 J 5.8 1.5 63 130 <2.0 

470 6.5 1.3 19 3.0 58 150 <2.0 

397.12 

398.20 

396.38 

396.35 

394.66 

393.92 

397.32 

Page 17 of34 

ETBE TAME Ethanol 
Sample 10 Comments 

(1l9/L) (1l9/L) (1l9/L) 

<2,500 <25,000 

<630 <6,300 

<250 1,900 J 

<250 2,400 J 

<1,300 18,000 

<130 15,000 

10 J 23,000 

8.9 16,000 

<50 21,000 

<50 27,000 

<50 23,000 

<50 21,000 

<100 14,000 <3,000 

<50 2,800 <1,500 

<25 2,200 <750 

<25 3,300 <750 

<25 2,800 <750 

<4.0 350 <1,000 

<2.0 210 <500 

<2.0 260 <500 DUp·1057·20050606 
<2.0 65 <500 

<2.0 60 <500 DUp·1057·20050804 

<2.0 <25 <500 

<2.0 25 <500 DUp·1057·20051026 

<2.0 52 <500 

<2.0 61 <500 DUp·1057·20060216 

<2.0 <2.0 <500 MW·8 

<2.0 <2.0 <500 DUp·1057·20060706 

SECOR 

AR0073264 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-9 08/08/95 NS 429.83 31.25 0.01 

11/03/95 31.63 0.00 

02/01/96 34.93 0.00 

05/02/96 32.83 0.00 

07/24/96 33.42 0.00 

12/12/96 34.60 0.00 

03/19/97 33.87 0.00 

06/12/97 34.00 0.00 

07/31/97 34.30 0.00 

10/15/97 34.80 0.00 

03/25/98 33.11 0.00 

06/21/98 30.79 0.00 

08/27/98 30.75 0.00 

12/01/98 31.53 0.00 

03/03/99 32.86 0.00 

05/24/99 33.71 0.00 

08/10/99 34.25 0.00 

10/25/99 34.78 0.00 

02/17/00 35.67 0.00 

05/18/00 34.73 0.00 

08/15/00 34.53 0.00 

12/11/00 34.70 0.00 

02/20101 34.51 0.00 

05/08/01 34.25 0.00 

09/11/01 33.19 0.00 

11/06/01 33.35 0.00 

02/25/02 34.46 0.00 

05/08/02 35.02 0.00 

07/15/02 35.70 0.00 

10/15/02 36.20 0.00 

02/13/03 36.12 0.00 

04/22/03 NS 35.48 sheen 

07/30103 NS 34.87 sheen 

12/10103 NS 34.87 sheen 

02/18/04 NS 35.37 0.01 

05/12/04 NS 34.97 sheen 

08/16/04 34.95 sheen 

11/29/04 34.82 0.00 

03/08/05 29.15 0.00 

06/06/05 25.74 0.00 

ARGO 1057 2006 Q2 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

Calc. 
GW GRO B T E X MTBE TBA DIPE 

Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 
(ft-MSL) 

398.59 

398.20 17,000 600 210 580 1,500 

394.90 7,600 320 76 130 1,000 

397.00 20,000 900 760 1,100 5,200 

396.41 11,000 710 280 730 2,200 370 

395.23 12,000 260 190 330 1,900 580 

395.96 9,700 330 220 490 1,900 3,200 

395.83 18,000 660 410 980 4,000 5,500 

395.53 17,000 520 330 690 2,700 6,800 

395.03 17,000 550 260 650 2,900 5,700 

396.72 5,000 11 23 66 240 160 

399.04 6,800 7.2 28 100 420 330 

399.08 5,000 26 6.2 70 260 840 

398.30 9,800 61 28 240 640 2,800 

396.97 5,600 63 46 160 520 2,300 

396.12 15,000 130 47 360 1,200 5,500 

395.58 16,000 220 47 330 1,200 13,000 

395.05 11,000 230 59 330 1,400 14,000 

394.16 15,000 <1,000 <1,000 <1,000 <2,000 23,000 <2,500 <2,500 

395.10 9,700 <250 <250 610 1,400 17,000 <630 <630 

395.30 14,000 41 J 23 J 260 530 13,000 <250 <250 

395.13 13,000 150 55 450 1,200 20,000 <250 <250 

395.32 8,500 160 74 460 1,500 14,000 <1,300 <1,300 

395.58 13,000 340 61 590 1,900 12,000 <130 <130 

396.64 15,000 770 100 610 1,800 3,700 <25 4.0 J 

396.48 14,000 460 50 J 560 1,600 3,900 <5.0 2.7 J 

395.37 16,000 480 52 J 670 2,000 1,900 <50 <50 

394.81 16,000 530 63 710 2,300 850 <50 <50 

394.13 14,000 420 55 630 2,100 250 <50 <50 

393.63 17,000 360 51 700 2,500 200 <50 <50 

393.71 22,000 310 54 740 2,400 150 <100 <100 

394.35 

394.96 

394.96 

394.47 

394.86 

394.88 18,000 380 90 970 3,500 200 <100 <100 

395.01 21,000 280 270 800 2,700 120 <100 <100 

400.68 890 15 8.9 30 75 3.5 <2.0 <2.0 

404.09 680 20 13 83 180 14 <2.0 <2.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<2,500 <25,000 

<630 <6,300 

<250 1,900 J 

<250 2,400 J 

<1,300 18,000 

<130 15,000 

10 J 23,000 

8.9 16,000 

<50 21,000 

<50 27,000 

<50 23,000 

<50 21,000 

<100 14,000 <3,000 

<100 5,200 <3,000 

<100 5,600 <3,000 

<2.0 210 <500 

<2.0 520 <500 

SECOR 

AR0073265 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-9 08/04/05 429.83 26.45 0.00 

10/26/05 27.58 0.00 

02/16/06 28.07 0.00 

07/06/06 31.21 0.00 

MW-10 11/23/94 36.12 0.00 

02/22/95 34.98 0.00 

04/21/95 32.63 0.00 

08/09/95 31.36 0.00 

11/06/95 31.79 0.00 

02/02/96 35.13 0.00 

05/02/96 32.98 0.00 

07/24/96 33.58 0.00 

12/13/96 34.73 0.00 

03/20/97 33.95 0.00 

06/12/97 34.14 0.00 

07/31/97 34.44 0.00 

10/15/97 34.93 0.00 

03/25/98 33.24 0.00 

06/21/98 30.91 0.00 

08/27/98 30.88 0.00 

12/01/98 31.67 0.00 

03/04/99 33.09 0.00 

05/24/99 33.84 0.00 

08/11/99 34.41 0.00 

10/25/99 34.94 0.00 

02/18/00 35.79 0.00 

05/17/00 34.83 0.00 

08/16/00 34.51 0.00 

12/12/00 34.76 0.00 

02/22/01 34.90 0.00 

05/09/01 34.17 0.00 

09/12/01 33.31 0.00 

11/07/01 33.47 0.00 

02/26/02 34.57 0.00 

05/08/02 35.16 0.00 

07/16/02 35.83 0.00 

10/14/02 36.29 0.00 

02/13/03 36.36 0.00 

04/22/03 35.60 0.00 

07/30103 430.16 34.94 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

403.38 210 2 1 9 20 10 <2.0 <2.0 

402.25 480 6.6 2.3 24 30 13 <2.0 <2.0 

401.76 380 8.0 0.62 J 33 2.0 21 <2.0 <2.0 

398.62 1,800 22 3.0 150 93 66 950 <5.0 

<50 8.0 <0.5 <0.5 2.0 

160 16 26 0.45 2.2 

<50 <0.30 <0.30 <0.30 <0.60 

5,100 1,000 37 350 1,000 

4,600 1,100 18 350 690 

2,500 540 4.5 250 370 

3,500 1,100 <6.0 310 510 

2,000 370 <3.0 200 65 21 

640 150 3.4 71 59 130 

330 35 <0.30 25 10 65 

1,900 460 <3.9 190 170 320 

870 240 <2.0 49 15 320 

600 56 <0.60 65 4.9 260 

340 74 <0.99 18 10 40 

<50 <0.30 <0.30 <0.30 <0.60 <10 

82 11 <0.30 8.7 <0.60 38 

170 39 <0.30 24 7.1 130 

280 57 <0.60 32 34 140 

130 36 <0.30 13 5.4 12 

2,200 540 <6.0 260 110 <200 

2,900 660 <6.0 350 29 200 

650 140 <10 110 <20 680 <25 <25 

540 69 <20 60 <40 1,000 <50 <50 

690 100 <2.0 130 9.6 J 350 1.4 J <5.0 

170 21 <0.30 17 4.3 35 <5.0 <5.0 

58 4.0 <0.30 4.3 0.90 13 <5.0 <5.0 

180 23 <0.60 24 6.7 11 <5.0 <5.0 

290 20 0.44 21 2.5 24 0.92 J <5.0 

360 16 1.3 J 37 4.2 J 51 <5.0 <5.0 

550 18 1.4 J 7.4 1.7 J 180 <5.0 <5.0 

470 8.0 0.74 J 1.5 J 1.2 J 290 1.4 J <5.0 

300 1.6 J 0.53 J 0.71 J 0.29 J 120 1.4 J <5.0 

230 0.71 J 0.40J 0.28 J 0.38 J 13 1.1 J <5.0 

91 <4.0 <4.0 <4.0 <8.0 4.5 J <10 <10 

45 J 0.30 J <2.0 0.75 J 1.0 J 5.1 <5.0 <5.0 

395.22 72 <4.0 <4.0 <4.0 <8.0 120 <10 <10 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<2.0 160 <500 

<2.0 470 <500 

<2.0 <25 <500 

<5.0 <5.0 <1,200 MW·9 

<25 1,200 

<50 1,100 

<5.0 1,700 

<5.0 540 

<5.0 350 

<5.0 300 

<5.0 740 

<5.0 1,200 

<5.0 2,100 

<5.0 3,100 

<5.0 2,800 

<5.0 2,600 

<10 1,800 <300 

<5.0 730 <150 

<10 1,300 210 J 

SECOR 

AR0073266 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-10 12/10103 430.16 35.04 0.00 

02/18/04 35.51 0.00 

05/12/04 35.14 0.00 

08/16/04 35.10 0.00 

11/30104 34.94 0.00 

03/09/05 NS 

06/07/05 25.94 0.00 

08/04/05 26.58 0.00 

10/26/05 27.74 0.00 

02/16/06 28.26 0.00 

07/06/06 31.41 0.00 

MW-11 09/23/93 432.51 32.52 0.00 

12/02/93 33.53 0.00 

04/04/94 35.36 0.00 

05/26/94 36.02 0.00 

08/26/94 37.13 0.00 

11/23/94 38.04 0.00 

02/22/95 36.90 0.00 

04/21/95 34.37 0.00 

08/09/95 33.09 0.00 

11/03/95 NS 33.47 0.00 

02/02/96 36.90 0.00 

05/02/96 NS 34.75 0.00 

07/24/96 NS 35.36 0.00 

12/12/96 NS 36.46 0.00 

03/20/97 35.76 0.00 

06/12/97 NS 

07/31/97 NS 36.13 0.00 

10/15/97 NS 36.80 0.00 

03/25/98 40.30 0.00 

06/21/98 NS 32.53 0.00 

08/27/98 NS 32.51 0.00 

12/01/98 NS 33.35 0.00 

03/04/99 34.75 0.00 

05/24/99 NS 35.66 0.00 

08/11/99 NS 36.25 0.00 

10/25/99 NS 36.81 0.00 

02/18/00 37.75 0.00 

05/17/00 NS 36.74 0.00 

08/15/00 NS 35.55 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.12 63 <4.0 <4.0 <4.0 <8.0 2.3 J 0.54 J <10 

394.65 31 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.02 39 J <2.0 <2 .0 0.31 J <4.0 1.8 J <5.0 <5.0 

395.06 57 <2.0 <2.0 <2.0 <4.0 2.2 J <5.0 <5.0 

395.22 47 <2.0 <2.0 <2.0 <4.0 0.60 J <5.0 <5.0 

404.22 <100 <1.0 <1.0 0.43J <1.0 1.3 <2.0 <2.0 

403.58 <100 <1.0 <1.0 <1.0 <1.0 0.84 J <2.0 <2.0 

402.42 <100 <1.0 <1.0 <1.0 <1.0 4.3 <2.0 <2.0 

401.90 <100 <1.0 <1.0 <1.0 <1.0 36 <2.0 <2.0 

398.75 95 J <1.0 <1.0 <1.0 <1.0 62 670 <2.0 

399.99 <50 <0.5 <0.5 <0.5 <0.5 

398.98 <50 <0.5 <0.5 <0.5 <0.5 

397.15 <50 <0.5 <0.5 <0.5 <0.5 

396.49 <50 <0.5 <0.5 <0.5 <0.5 

395.38 <50 <0.5 <0.5 <0.5 <0.5 

394.47 <50 <0.5 <0.5 <0.5 <0.5 

395.61 <50 <0.30 <0.30 <0.30 <0.60 

398.14 <50 <0.30 <0.30 <0.30 <0.60 

399.42 <50 <0.30 <0.30 <0.30 <0.60 

399.04 

395.61 <50 <0.30 <0.30 <0.30 <0.60 

397.76 

397.15 

396.05 

396.75 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.38 

395.71 

392.21 <50 0.33 <0.30 <0.30 <0.30 <10 

399.98 

400.00 

399.16 

397.76 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.85 

396.26 

395.70 

394.76 <50 <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.77 

396.96 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<10 1,500 <300 

<5.0 22 J 210 

<5.0 48 J <150 

<5.0 170 <150 

<5.0 250 <150 

<2.0 160 <500 

<2.0 92 <500 

<2.0 <25 <500 

<2.0 53 <500 

<2.0 <2.0 <500 MW·10 

<5.0 <50 

SECOR 

AR0073267 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-11 12/11/00 NS 432.51 36.01 0.00 

02/22/01 35.71 0.00 

05/09/01 36.29 0.00 

09/12/01 35.08 0.00 

11/07/01 35.19 0.00 

02/26/02 36.45 0.00 

05/08/02 37.07 0.00 

07/16/02 37.74 0.00 

10/14/02 38.21 0.00 

02/13/03 38.51 0.00 

04/22/03 37.60 0.00 

07/30103 36.90 0.00 

12/10103 36.99 0.00 

02/18/04 37.35 0.00 

05/12/04 36.94 0.00 

08/16/04 37.06 0.00 

11/30104 36.81 0.00 

03/09/05 NS 

06/06/05 27.29 0.00 

08/04/05 27.99 0.00 

10/26/05 29.24 0.00 

02/16/06 NS 29.73 0.00 

07/06/06 39.65 0.00 

MW-12 09/22/93 NS 432.93 33.91 sheen 

12/01/93 NS 33.86 sheen 

04/04/94 NS 35.76 0.01 

05/27/94 36.37 0.00 

08/26/94 37.24 0.00 

11/23/94 38.28 0.00 

02/22/95 37.30 0.00 

04/21/95 34.76 0.00 

08/09/95 33.45 0.00 

11/06/95 33.86 0.00 

02/02/96 35.63 0.00 

05/02/96 35.15 0.00 

07/24/96 35.77 0.00 

12/13/96 36.37 0.00 

03/20/97 36.21 0.00 

06/12/97 36.37 0.00 

07/31/97 36.62 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

396.50 

396.80 <50 <0.30 <0.30 <0.30 <0.60 0.38 J <5.0 <5.0 

396.22 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

397.43 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

397.32 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

396.06 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

395.44 14 J <2.0 0.40J <2.0 <4.0 <5.0 <5.0 <5.0 

394.77 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.30 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.00 10 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.91 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.61 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.52 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.16 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.57 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.45 <50 <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

395.70 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

405.22 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

404.52 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

403.27 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

402.78 

392.86 <100 <1.0 <1 .0 <1.0 <1.0 <1.0 <25 <2.0 

399.02 

399.07 

397.18 

396.56 22,000 2,800 1,900 310 4,900 

395.69 34,000 3,800 1,800 300 4,900 

394.65 72 3.0 9.0 2.0 15 

395.63 25,000 260 150 640 2,200 

398.17 <50 <0.30 <0.30 <0.30 <0.60 

399.48 31,000 1,600 600 130 3,600 

399.07 22,000 1,500 510 150 2,600 

397.30 23,000 2,800 1,100 310 3,100 

397.78 12,000 1,100 540 160 1,600 

397.16 22,000 1,500 340 120 2,400 <10 

396.56 6,600 850 920 180 730 <10 

396.72 18,000 1,300 900 210 1,800 <10 

396.56 16,000 2,600 1,800 420 1,800 <130 

396.31 16,000 2400 1700 410 1500 550 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <10 

<5.0 <50 

<5.0 12 J 

<5.0 <50 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·11 

SECOR 

AR0073268 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-12 10/15/97 432.93 37.19 0.00 

03/25/98 35.39 0.00 

06/21/98 32.95 0.00 

08/27/98 32.91 0.00 

12/01/98 33.76 0.00 

03/04/99 35.15 0.00 

05/24/99 35.95 0.00 

08/10/99 36.61 0.00 

10/25/99 36.02 0.00 

02/18/00 38.11 0.00 

05/17/00 37.09 0.00 

08/16/00 36.91 0.00 

12/12/00 37.61 0.00 

02/22/01 36.59 0.00 

05/09/01 36.45 0.00 

09/12/01 35.48 0.00 

11/07/01 35.67 0.00 

02/26/02 36.82 0.00 

05/08/02 36.09 0.00 

07/16/02 38.12 0.00 

10/14/02 38.61 0.00 

02/13/03 38.42 0.00 

04/22/03 37.94 0.00 

07/30103 37.13 0.00 

12/10103 37.34 0.00 

02/18/04 37.65 0.00 

05/12/04 37.20 0.00 

08/16/04 37.21 0.00 

11/30104 37.22 0.00 

03/09/05 30.94 0.00 

06/06/05 27.73 0.00 

08/04/05 28.41 0.00 

10/26/05 29.65 0.00 

02/16/06 30.12 0.00 

07/06/06 NS 

MW-15 09/22/93 419.89 22.57 0.00 

12/01/93 23.47 0.00 

04/04/94 24.88 0.00 

05/26/94 25.39 0.00 

08/26/94 26.34 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.74 14,000 1400 110 91 650 <100 

397.54 25,000 1,100 300 170 1,200 <80 

399.98 13,000 920 78 70 440 <250 

400.02 14,000 1,400 130 140 400 <20 

399.17 14,000 1,600 100 200 530 <400 

397.78 14,000 2,000 130 510 590 <400 

396.98 13,000 1,300 110 310 570 <500 

396.32 17,000 2,600 260 560 1,200 <400 

396.91 19,000 2,600 350 860 1,800 440 

394.82 19,000 2,600 360 920 1,700 <250 <250 <250 

395.84 14,000 2,100 250 690 1,200 <100 <100 <100 

396.02 12,000 1,900 160 620 710 20 J <25 <25 

395.32 16,000 2,100 240 640 1,100 20 J <25 <25 

396.34 11,000 1,400 170 550 790 14 <13 <13 

396.48 11,000 1,300 140 560 670 <25 <25 <25 

397.45 9,600 930 100 460 490 5.0 J <10 <10 

397.26 9,900 970 89 J 380 390 8.6 <5.0 <5.0 

396.11 12,000 1,800 110 J 570 390 20 J <25 <25 

396.84 1,700 81 11 69 81 0.76 J <5.0 <5.0 

394.81 11,000 1,500 130 640 760 19 1.7 J <5.0 

394.32 14,000 1,100 96 720 410 <200 <20 <20 

394.51 11,000 980 270 730 480 <100 <100 <100 

394.99 2,600 310 16 240 79 <5.0 <5.0 <5.0 

395.80 4,600 540 68 460 280 <50 <50 <50 

395.59 5,900 390 52 470 130 <50 <50 <50 

395.28 5,300 350 36 410 77 <50 <50 <50 

395.73 3,300 240 23 220 60 <20 <20 <20 

395.72 5,700 300 44 260 120 <20 <20 <20 

395.71 4,900 350 38 240 150 <25 <25 <25 

401.99 1,800 310 7.7 84 8.3 <5.0 <10 <10 

405.20 2,100 330 17 170 44 <4.0 <8.0 <8.0 

404.52 350 15 6.5 30 25 <1.0 <2.0 <2.0 

403.28 3,500 240 82 170 100 <2.5 <5.0 <5.0 

402.81 2,600 150 73 160 140 <2.5 <5.0 <5.0 

397.32 <50 <0.5 <0.5 <0.5 <0.5 

396.42 <50 <0.5 <0.5 <0.5 <0.5 

395.01 110 8.0 <0.5 <0.5 4.0 

394.50 <50 0.90 <0.5 <0.5 <0.5 

393.55 <50 <0.5 <0.5 <0.5 <0.5 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<250 <2,500 

<100 <1,000 

<25 <250 

<25 <250 

<13 <25 

<25 <250 

<10 17 J 

<5.0 <50 

<25 <120 

<5.0 30 J 

<5.0 23 J 

<20 <20 

<100 <1,000 <3,000 

<5.0 <50 <150 

<50 <500 <1,500 

<50 <500 <1,500 

<50 <500 <1,500 

<20 <200 <600 

<20 <200 <600 

<25 <250 <750 

<10 <120 <2,500 

<8.0 <100 <2,000 

<2.0 <25 <500 

<5.0 <62 <1,200 

<5.0 <62 <1,200 

SECOR 

AR0073269 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-15 11/23/94 419.89 27.01 0.00 

02/22/95 26.05 0.00 

04/21/95 24.11 0.00 

08/08/95 23.03 0.00 

11/03/95 NS 23.32 0.00 

02/01/96 26.55 0.00 

05/02/96 NS 24.37 0.00 

07/24/96 NS 24.88 0.00 

12/12/96 NS 25.83 0.00 

03/19/97 25.20 0.00 

06/12/97 NS 
07/31/97 NS 25.61 0.00 

10/15/97 NS 26.02 0.00 

03/25/98 24.57 0.00 

06/11/98 NS 22.58 0.00 

08/27/98 NS 22.55 0.00 

12/01/98 NS 22.66 0.00 

03/03/99 24.32 0.00 

05/24/99 NS 25.04 0.00 

08/10/99 NS 25.51 0.00 

10/25/99 NS 25.96 0.00 

02/17/00 26.76 0.00 

05/18/00 NS 25.86 0.00 

08/15/00 NS 25.70 0.00 

12/11/00 NS 25.97 0.00 

02/21/01 25.61 0.00 

05/08/01 24.45 0.00 

09/11/01 24.62 0.00 

11/06/01 24.71 0.00 

02/26/02 25.62 0.00 

05/08/02 26.15 0.00 

07/15/02 26.72 0.00 

10/15/02 27.11 0.00 

02/13/03 27.22 0.00 

04/22/03 26.55 0.00 

07/30103 25.99 0.00 

12/10103 26.06 0.00 

02/18/04 26.39 0.00 

05/12/04 25.89 0.00 

08/16/04 26.10 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

392.88 <50 <0.5 <0.5 <0.5 <0.5 

393.84 <50 0.68 <0.30 <0.30 1.9 

395.78 <50 <0.30 <0.30 <0.30 <0.60 

396.86 <50 <0.30 <0.30 <0.30 <0.60 

396.57 

393.34 <50 <0.30 <0.30 <0.30 <0.60 

395.52 

395.01 

394.06 

394.69 <50 <0.30 <0.30 <0.30 <0.60 <10 

394.28 

393.87 

395.32 <50 <0.30 <0.30 <0.30 <0.60 <10 

397.31 

397.34 

397.23 

395.57 <50 <0.30 <0.30 <0.30 <0.60 <10 

394.85 

394.38 

393.93 

393.13 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

394.03 

394.19 

393.92 

394.28 <50 0.12 J <0.30 <0.30 <0.60 1.0 J <5.0 <5.0 

395.44 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

395.27 <50 <0.30 <0.30 <0.30 <0.60 1.1 J <5.0 <5.0 

395.18 <100 <5.0 <5.0 <5.0 <5.0 2.0 J <5.0 <5.0 

394.27 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

393.74 14 J <2.0 <2.0 <2.0 <4.0 1.4 J <5.0 <5.0 

393.17 <50 <2.0 <2.0 <2.0 <4.0 0.72 J <5.0 <5.0 

392.78 14 J <2.0 <2.0 <2.0 <4.0 0.69 J <5.0 <5.0 

392.67 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.34 9.0 J <2.0 <2.0 <2.0 <4.0 0.57 J <5.0 <5.0 

393.90 <50 <2.0 <2.0 <2.0 <4.0 0.62 J <5.0 <5.0 

393.83 <50 <2.0 <2.0 <2.0 <4.0 1.1 J <5.0 <5.0 

393.50 <50 <2.0 <2.0 <2.0 <4.0 0.78 J <5.0 <5.0 

394.00 <50 <2.0 <2.0 <2.0 <4.0 0.98 J <5.0 <5.0 

393.79 <50 <2.0 <2.0 <2.0 <4.0 1.6 J <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <10 

<5.0 <50 

<5.0 <50 

<5.0 6.1 J 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

SECOR 

AR0073270 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-15 11/29/04 419.89 25.95 0.00 

03/08/05 21.06 0.00 

06/06/05 NS 19.81 0.00 

08/04/05 NS 19.11 0.00 

10/25/05 NS 20.02 0.00 

02/16/06 NS 422.56 

07/06/06 NS 
MW-16 09/23/93 419.46 22.44 0.00 

12/01/93 23.15 0.00 

04/04/94 24.68 0.00 

OS/26/94 25.29 0.00 

08/26/94 26.16 0.00 

11/23/94 26.84 0.00 

02/22/95 25.92 0.00 

04/21/95 24.00 0.00 

08/08/95 22.92 0.00 

11/03/95 23.14 0.00 

02/01/96 26.42 0.00 

05/02/96 24.22 0.00 

07/24/96 24.71 0.00 

12/12/96 25.67 0.00 

03/19/97 25.08 0.00 

06/12/97 25.20 0.00 

07/31/97 25.43 0.00 

10/15/97 25.88 0.00 

03/25/98 24.32 0.00 

06/21/98 22.40 0.00 

08/27/98 22.43 0.00 

12/01/98 23.10 0.00 

03/03/99 24.12 0.00 

OS/24/99 24.86 0.00 

08/11/99 25.31 0.00 

10/25/99 25.77 0.00 

02/18/00 26.52 0.00 

05/18/00 25.71 0.00 

08/15/00 25.50 0.00 

12/11/00 25.67 0.00 

02/21/01 25.41 0.00 

05/09/01 24.25 0.00 

09/12/01 24.39 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

393.94 <50 <2.0 <2.0 <2.0 <4.0 0.73 J <5.0 <5.0 

398.83 <100 <1.0 <1.0 <1.0 <1.0 1.2 <2.0 <2.0 

400.08 

400.78 

399.87 

397.02 100 2.0 <0.5 8.0 1.0 

396.31 <50 <0.5 <0.5 <0.5 <0.5 

394.78 <50 <0.5 <0.5 <0.5 0.90 

394.17 <50 <0.5 <0.5 <0.5 <0.5 

393.30 <50 <0.5 <0.5 <0.5 <0.5 

392.62 <50 <0.5 <0.5 <0.5 <0.5 

393.54 <50 <0.30 <0.30 <0.30 <0.60 

395.46 <50 <0.30 <0.30 <0.30 <0.60 

396.54 <50 <0.30 <0.30 <0.30 <0.60 

396.32 <50 0.74 <0.30 1.5 0.62 

393.04 <50 1.4 <0.30 1.2 <0.60 

395.24 <50 1.1 <0.30 <0.30 <0.60 

394.75 <50 <0.30 <0.30 <0.30 <0.60 13 

393.79 <50 <0.30 <0.30 <0.30 <0.60 70 

394.38 <50 <0.30 <0.30 <0.30 <0.60 92 

394.26 110 <0.30 <0.30 <0.30 <0.60 710 

394.03 <50 <0.30 <0.30 <0.30 <0.60 310 

393.58 <50 <0.30 <0.30 <0.30 <0.60 120 

395.14 <50 <0.30 <0.30 <0.30 <0.60 560 

397.06 <50 <0.30 <0.30 <0.30 <0.60 11,000 

397.03 66 1.4 <0.30 <0.30 <0.60 6,700 

396.36 <500 <3.0 <3.0 <3.0 <6.0 5,900 

395.34 <500 5.1 <3.0 <3.0 <6.0 8,500 

394.60 <100 <0.60 <0.60 <0.60 1.5 3,600 

394.15 <100 <0.60 <0.60 <0.60 <1.2 1,700 

393.69 <50 <0.30 <0.30 <0.30 <0.60 280 

392.94 <50 <4.0 <4.0 <4.0 <8.0 230 <10 <10 

393.75 <50 <2.5 <2.5 <2.5 <5.0 150 <6.3 <6.3 

393.96 <50 <2.0 <2.0 <2.0 <4.0 250 <5.0 <5.0 

393.79 290 <0.30 <0.30 <0.30 <0.60 1,000 <13 <13 

394.05 7.1 J <0.30 <0.30 <0.30 <0.60 330 <50 <50 

395.21 <50 <0.30 <0.30 0.84 <0.60 1,700 <20 <20 

395.07 34 J <0.30 <0.30 1 <0.60 760 <10 <10 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 <150 

<2.0 <25 <500 

<10 <100 

<6.3 <63 

<5.0 9.4 J 

<13 52 J 

<50 230 

<20 1,800 

<10 2,700 

SECOR 

AR0073271 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-16 11/07/01 419.46 24.53 0.00 

02/26/02 25.48 0.00 

05/08/02 25.96 0.00 

07/16/02 26.58 0.00 

10/14/02 26.91 0.00 

02/13/03 27.00 0.00 

04/22/03 26.38 0.00 

07/30103 25.70 0.00 

12/10103 25.90 0.00 

02/18/04 26.24 0.00 

05/12/04 25.82 0.00 

08/16/04 25.96 0.00 

11/30104 25.77 0.00 

03/08/05 20.96 0.00 

06/06/05 18.55 0.00 

08/04/05 19.08 0.00 

10/25/05 19.89 0.00 

02/16/06 422.17 20.33 0.00 

07/06/06 22.94 0.00 

MW-17 09/23/93 419.56 23.37 0.00 

12/01/93 24.10 0.00 

04/05/94 25.54 0.00 

05/26/94 26.09 0.00 

08/26/94 26.91 0.00 

11/23/94 27.54 0.00 

02/22/95 26.78 0.00 

04/21/95 24.86 0.00 

08/08/95 23.83 0.00 

11/03/95 NS 24.10 0.00 

02/01/96 27.32 0.00 

05/02/96 NS 25.07 0.00 

07/24/96 NS 25.53 0.00 

12/12/96 NS 26.45 0.00 

03/19/97 25.85 0.00 

06/12/97 NS 

07/31/97 NS 26.23 0.00 

10/15/97 NS 26.62 0.00 

03/25/98 24.26 0.00 

06/21/98 NS 23.37 0.00 

08/27/98 NS 23.35 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

394.93 120 <5.0 <5.0 <5.0 <5.0 550 <5.0 <5.0 

393.98 98 J <5.0 <5.0 <5.0 <5.0 180 <5.0 <5.0 

393.50 35 J 0.11 J 0.23 J <2.0 <4.0 99 <5.0 <5.0 

392.88 24 J <2.0 <2.0 <2.0 <4.0 48 <5.0 <5.0 

392.55 16 J <2.0 <2.0 <2.0 <4.0 13 <5.0 <5.0 

392.46 8.9 J <2.0 <2.0 <2.0 <4.0 5.3 <5.0 <5.0 

393.08 10 J <2.0 <2.0 <2.0 <4.0 1.5 J <5.0 <5.0 

393.76 <50 0.34 J <2.0 <2.0 <4.0 1.1 J <5.0 <5.0 

393.56 <50 <2.0 <2.0 <2.0 <4.0 0.61 J <5.0 <5.0 

393.22 <50 <2.0 <2.0 <2.0 <4.0 0.62 J <5.0 <5.0 

393.64 <50 <2.0 <2.0 <2.0 <4.0 0.38 J <5.0 <5.0 

393.50 <50 <2.0 <2.0 <2.0 <4.0 0.35 J <5.0 <5.0 

393.69 <50 <2.0 <2.0 <2.0 <4.0 0.38 J <5.0 <5.0 

398.50 <100 <1.0 <1.0 0.22 J <1.0 2.2 <2.0 <2.0 

400.91 <100 <1.0 <1.0 <1.0 <1.0 1.3 <2.0 <2.0 

400.38 <100 <1.0 <1.0 <1.0 <1.0 0.85 J <2.0 <2.0 

399.57 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

401.84 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

399.23 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <25 <2.0 

396.19 <50 <0.5 <0.5 <0.5 <0.5 

395.46 <50 <0.5 <0.5 <0.5 <0.5 

394.02 <50 <0.5 <0.5 <0.5 <0.5 

393.47 <50 <0.5 <0.5 <0.5 <0.5 

392.65 <50 <0.5 <0.5 <0.5 <0.5 

392.02 <50 <0.5 <0.5 <0.5 <0.5 

392.78 <50 <0.30 <0.30 <0.30 <0.60 

394.70 <50 <0.30 <0.30 <0.30 <0.60 

395.73 <50 <0.30 <0.30 <0.30 <0.60 

395.46 

392.24 <50 <0.30 <0.30 <0.30 <0.60 

394.49 

394.03 

393.11 

393.71 <50 <0.30 <0.30 <0.30 <0.60 <10 

393.33 

392.94 

395.30 <50 <0.30 <0.30 <0.30 <0.60 <10 

396.19 

396.21 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 2,000 

<5.0 1,100 

<5.0 630 

<5.0 250 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 7.5 J <150 

<5.0 6.1 J <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 43 <500 

<2.0 58 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <2.0 <500 MW·16 

SECOR 

AR0073272 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-17 12/01/98 NS 419.56 23.97 0.00 

03/03/99 25.02 0.00 

05/24/99 NS 25.72 0.00 

08/10/99 NS 26.15 0.00 

10/25/99 NS 27.59 0.00 

02/18/00 27.31 0.00 

05/18/00 NS 26.47 0.00 

08/15/00 NS 26.31 0.00 

12/11/00 NS 27.03 0.00 

02/21/01 26.24 0.00 

05/09/01 25.71 0.00 

09/12/01 25.30 0.00 

11/07/01 25.40 0.00 

02/26/02 26.27 0.00 

05/08/02 26.75 0.00 

07/16/02 27.28 0.00 

10/14/02 27.65 0.00 

02/13/03 27.75 0.00 

04/22/03 27.12 0.00 

07/30103 26.48 0.00 

12/10103 26.68 0.00 

02/18/04 27.02 0.00 

05/12/04 26.65 0.00 

08/16/04 26.70 0.00 

11/30104 26.56 0.00 

03/09/05 NS 

06/06/05 NS 19.64 0.00 

08/04/05 NS 20.24 0.00 

10/25/05 NS 21.01 0.00 

02/16/06 NS 422.26 21.31 0.00 

07/06/06 NS 23.85 0.00 

MW-18 09/23/93 413.92 18.00 0.00 

12/02/93 18.70 0.00 

04/04/94 20.08 0.00 

05/26/94 20.53 0.00 

08/26/94 21.45 0.00 

11/23/94 21.88 0.00 

02/22/95 21 .04 0.00 

04/21/95 19.27 0.00 

08/08/95 18.40 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.59 

394.54 <50 <0.30 <0.30 <0.30 <0.60 <10 

393.84 

393.41 

391.97 

392.25 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.09 

393.25 

392.53 

393.32 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

393.85 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

394.26 32 J <0.30 0.52 <0.30 0.61 <5.0 <5.0 <5.0 

394.16 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

393.29 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

392.81 13 J <2.0 0.54 J <2.0 <4.0 <5.0 <5.0 <5.0 

392.28 <50 <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.91 <50 <2.0 <2.0 0.11 J 0.28 J <5.0 <5.0 <5.0 

391.81 <50 0.55 J 0.98 J <2.0 <4.0 <5.0 <5.0 <5.0 

392.44 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.08 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

392.88 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

392.54 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

392.91 <50 <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

392.86 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.00 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

399.92 

399.32 

398.55 

400.95 

398.41 

395.92 <50 <0.5 <0.5 <0.5 <0.5 

395.22 <50 <0.5 <0.5 <0.5 <0.5 

393.84 <50 <0.5 <0.5 <0.5 <0.5 

393.39 <50 <0.5 <0.5 <0.5 <0.5 

392.47 <50 <0.5 <0.5 <0.5 <0.5 

392.04 <50 <0.5 <0.5 <0.5 <0.5 

392.88 <50 <0.30 <0.30 <0.30 <0.60 

394.65 <50 <0.30 <0.30 <0.30 <0.60 

395.52 <50 <0.30 <0.30 <0.30 <0.60 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <10 

<5.0 <50 

<5.0 8.1 J 
<5.0 <50 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

SECOR 

AR0073273 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-18 11/03/95 NS 413.92 18.66 0.00 

02/02/96 21.82 0.00 

05/02/96 NS 19.55 0.00 

07/24/96 NS 20.03 0.00 

12/12/96 NS 20.80 0.00 

03/19/97 20.25 0.00 

06/12/97 NS 

07/31/97 NS 20.60 0.00 

10/15/97 NS 

03/25/98 19.64 0.00 

06/21/98 NS 18.92 0.00 

08/27/98 NS 17.92 0.00 

12/01/98 NS 17.51 0.00 

03/03/99 NS 

05/24/99 20.09 0.00 

08/10/99 20.51 0.00 

10/25/99 NS 20.93 0.00 

02/18/00 21.60 0.00 

05/18/00 NS 20.80 0.00 

08/15/00 NS 20.63 0.00 

12/11/00 NS 20.92 0.00 

02/21/01 NS 

05/09/01 19.53 0.00 

09/12/01 19.70 0.00 

11/07/01 19.80 0.00 

02/26/02 20.61 0.00 

05/08/02 21.07 0.00 

07/16/02 21.60 0.00 

10/14/02 NS 

02/13/03 NS 

04/22/03 NS 

07/30103 NS 

12/10103 20.97 0.00 

02/18/04 NS 

05/12/04 NS 

08/16/04 NS 

11/30104 20.86 0.00 

03/09/05 NS 

06/06/05 NS 

08/04/05 NS 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.26 

392.10 <50 <0.30 <0.30 <0.30 <0.60 

394.37 

393.89 

393.12 

393.67 <50 <0.30 <0.30 <0.30 <0.60 <10 

393.32 

394.28 <50 <0.30 <0.30 <0.30 <0.60 <10 

395.00 

396.00 

396.41 

393.83 <50 <0.30 <0.30 <0.30 <0.60 <10 

393.41 <50 <0.30 <0.30 <0.30 <0.60 <10 

392.99 

392.32 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.12 

393.29 

393.00 

394.39 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

394.22 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

394.12 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

393.31 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

392.85 10 J <2.0 0.39 J <2.0 <4.0 <5.0 <5.0 <5.0 

392.32 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

392.95 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

393.06 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

SECOR 

AR0073274 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-18 10/25/05 NS 413.92 21.32 0.00 

02/16/06 NS 416.65 

07/06/06 NS 18.37 0.00 

MW-19 09/23/93 Dry 417.62 

12/01/93 Dry 

04/04/94 Dry 

OS/26/94 Dry 

08/26/94 Dry 

11/23/94 Dry 

02/22/95 Dry 

04/20/95 Dry 

08/08/95 Dry 

11/03/95 Dry 

02/01/96 Dry 

05/02/96 Dry 

07/24/96 Dry 

12/12/96 Dry 

03/19/97 Dry 

07/31/97 Dry 

10/15/97 Dry 

03/25/98 Dry 

06/11/98 Dry 

08/27/98 Dry 

12/01/98 Dry 

03/03/99 Dry 

OS/24/99 Dry 

08/11/99 Dry 

10/25/99 Dry 

02/18/00 Dry 

05/18/00 Dry 

08/15/00 Dry 

12/11/00 Dry 

02/20/01 Dry 

05/08/01 Dry 

09/11/01 Dry 

11/06/01 Dry 

02/25/02 Dry 

05/08/02 Dry 

07/15/02 Dry 

10/14/02 Dry 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

392.60 

398.28 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

SECOR 

AR0073275 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-19 02/13/03 Dry 417.62 

04/22/03 Dry 

07/30103 Dry 417.75 

12/10103 Dry 

02/18/04 Dry 

05/12/04 Dry 

08/16/04 Dry 

11/30104 Dry 

03/09/05 Dry 

06/06/05 Dry 

08/04/05 Dry 

10/25/05 NS 11.56 0.00 

02/16/06 NS 11.87 0.00 

07/06/06 Dry 

MW-20 09/23/93 414.06 20.61 0.00 

12/01/93 21.20 0.00 

04/05/94 22.65 0.00 

05/27/94 22.93 0.00 

08/26/94 23.81 0.00 

11/23/94 23.13 0.00 

02/22/95 23.39 0.00 

04/21/95 21.63 0.00 

08/08/95 20.84 0.00 

11/03/95 NS 21.20 0.00 

02/01/96 24.20 0.00 

05/02/96 NS 21.95 0.00 

07/24/96 Dry 

12/12/96 NS 22.86 0.00 

03/19/97 22.35 0.00 

06/12/97 Dry 

07/31/97 NS 22.54 0.00 

10/15/97 Dry 

03/25/98 21.90 0.00 

06/21/98 NS 20.38 0.00 

08/27/98 NS 20.43 0.00 

12/01/98 NS 20.91 0.00 

03/03/99 NS 21.80 0.00 

05/24/99 22.32 0.00 

08/11/99 22.68 0.00 

10/25/99 22.83 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

406.19 

405.88 

393.45 <50 <0.5 <0.5 <0.5 <0.5 

392.86 <50 <0.5 <0.5 <0.5 <0.5 

391.41 <50 <0.5 <0.5 <0.5 <0.5 

391.13 <50 <0.5 <0.5 <0.5 <0.5 

390.25 <50 <0.5 <0.5 <0.5 <0.5 

390.93 <50 <0.5 <0.5 <0.5 <0.5 

390.67 95 7.2 <0.30 <0.30 <0.60 

392.43 <50 <0.30 <0.30 <0.30 <0.60 

393.22 <50 <0.30 <0.30 <0.30 <0.60 

392.86 

389.86 <50 <0.30 <0.30 <0.30 <0.60 

392.11 

391.20 

391.71 <50 <0.30 <0.30 <0.30 <0.60 670 

391.52 

392.16 <50 0.76 <0.30 <0.30 0.67 5,500 

393.68 

393.63 

393.15 

392.26 

391.74 <500 <3.0 <3.0 <3.0 <6.0 2,900 

391.38 <500 <3.0 <3.0 <3.0 <6.0 7,100 

391.23 <500 <3.0 <3.0 <3.0 <6.0 5400 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

SECOR 

AR0073276 



TOC Oepth to 
Measured 

Well No. Oate Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-20 02/18/00 414.06 23.68 0.00 

05/18/00 22.61 0.00 

08/16/00 22.61 0.00 

08/16/00 OUP 22.61 0.00 

12/12/00 22.73 0.00 

12/12/00 OUP 22.73 0.00 

02/22/01 22.17 0.00 

02/22/01 OUP 22.17 0.00 

05/09/01 21.67 0.00 

05/09/01 OUP 21.67 0.00 

09/12/01 21.87 0.00 

09/12/01 OUP 21.87 0.00 

11/07/01 21.95 0.00 

11/07/01 OUP 21.95 0.00 

02/26/02 22.62 0.00 

02/26/02 OUP 22.62 0.00 

05/08/02 23.01 0.00 

07/16/02 23.48 0.00 

07/16/02 OUP 23.48 0.00 

10/14/02 23.75 0.00 

02/13/03 23.85 0.00 

04/22/03 23.33 0.00 

07/30103 22.81 0.00 

12/10103 22.90 0.00 

02/18/04 23.21 0.00 

05/12/04 22.92 0.00 

08/16/04 22.94 0.00 

11/30104 22.81 0.00 

03/09/05 19.41 0.00 

06/06/05 NS 18.86 0.00 

08/04/05 NS 18.73 0.00 

10/25/05 NS 18.82 0.00 

02/16/06 NS 416.76 18.95 0.00 

07/06/06 NS 20.81 0.00 

MW-21 09/23/93 405.99 11.85 0.00 

12/02/93 12.56 0.00 

04/05/94 14.02 0.00 

05/27/94 14.53 0.00 

08/26/94 15.41 0.00 

11/23/94 15.27 0.00 

ARGO 1057 2006 Q2 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

Calc. 
GW GRO B T E X MTBE TBA OIPE 

Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 
(ft-MSL) 

390.38 <50 <80 <80 <80 <160 3600 <200 <200 

391.45 <500 <100 <100 <100 <200 5,200 <250 <250 

391.45 <50 <10 <10 <10 <20 1,500 <25 <25 

391.45 <50 <10 <10 <10 <20 1,500 <25 <25 

391.33 320 <0.30 <0.30 <0.30 <0.60 920 <13 <13 

391.33 310 <0.30 <0.30 <0.30 <0.60 950 0.71 J 0.62 J 

391.89 9.3 J <0.30 <0.30 <0.30 <0.60 1,100 <100 <100 

391.89 14 J <0.30 <0.30 <0.30 <0.60 1,000 <50 <50 

392.39 <50 <0.30 <0.30 <0.30 <0.60 170 <5.0 <5.0 

392.39 <50 <0.30 <0.30 <0.30 <0.60 160 <5.0 <5.0 

392.19 <50 <0.30 <0.30 <0.30 <0.60 12 <5.0 <5.0 

392.19 <50 <0.30 <0.30 <0.30 <0.60 17 <5.0 <5.0 

392.11 <100 <5.0 <5.0 <5.0 <5.0 30 <5.0 <5.0 

392.11 52 J <5.0 <5.0 <5.0 <5.0 31 <5.0 <5.0 

391.44 170 <5.0 <5.0 <5.0 <5.0 280 <5.0 <5.0 

391.44 160 <5.0 <5.0 <5.0 <5.0 180 <5.0 <5.0 

391.05 160 <4.0 0.58 J <4.0 <8.0 450 <10 1.3 J 

390.58 180 <4.0 <4.0 <4.0 <8.0 290 <10 1.2 J 

390.58 74 <4.0 <4.0 <4.0 <8.0 270 <10 <10 

390.31 86 <10 <10 <10 <20 100 <25 <25 

390.21 23 J <2.0 <2.0 <2.0 <4.0 25 <5.0 <5.0 

390.73 19 J <2.0 <2.0 <2.0 <4.0 14 <5.0 <5.0 

391.25 30 J <8.0 <8.0 <8.0 <16 16 J <20 <20 

391.16 32 J <8.0 <8.0 <8.0 <16 5.0 J <20 <20 

390.85 79 <2.0 <2.0 <2.0 <4.0 3.0 J <5.0 0.43J 

391.14 <50 <2.0 <2.0 <2.0 <4.0 2.4 J <5.0 0.47J 

391.12 <50 <2.0 <2.0 <2.0 <4.0 1.2 J <5.0 0.34 J 

391.25 <50 <2.0 <2.0 <2.0 <4.0 0.65 J <5.0 <5.0 

394.65 <100 <1.0 <1.0 <1.0 <1.0 0.61 J <2.0 <2.0 

395.20 

395.33 

395.24 

397.81 

395.95 

394.14 <50 <0.5 <0.5 <0.5 <0.5 

393.43 <50 <0.5 <0.5 <0.5 <0.5 

391.97 <50 <0.5 <0.5 <0.5 <0.5 

391.46 <50 <0.5 <0.5 <0.5 <0.5 

390.58 <50 <0.5 <0.5 <0.5 <0.5 

390.72 <50 <0.5 <0.5 <0.5 <0.5 
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ETBE TAME Ethanol 
Sample 10 Comments 

(1l9/L) (1l9/L) (1l9/L) 

<200 <2,000 

<250 <2,500 

<25 3,400 

<25 3,300 

<13 4,100 

1.3 J 3,800 

<100 5,200 

<50 4,200 

<5.0 3,200 

<5.0 3,400 

<5.0 940 

<5.0 1,100 

<5.0 2,000 

<5.0 2,800 

<5.0 5,400 

<5.0 4,800 

0.76 J 4,700 

<10 4,600 

<10 3,900 

<25 2,000 

<5.0 82 <150 

<5.0 29 J <150 

<20 1,900 <600 

<20 2,300 <600 

<5.0 490 <150 

<5.0 320 <150 

<5.0 74 <150 

<5.0 <50 <150 

<2.0 400 <500 

SECOR 

AR0073277 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-21 02/22/95 405.99 14.96 0.00 

04/21/95 13.24 0.00 

08/08/95 12.33 0.00 

11/03/95 NS 12.57 0.00 

02/01/96 16.62 0.00 

05/02/96 NS 13.48 0.00 

07/24/96 NS 13.87 0.00 

12/12/96 NS 14.71 0.00 

03/19/97 14.11 0.00 

06/12/97 Dry 

07/31/97 NS 14.52 0.00 

10/15/97 NS 14.88 0.00 

03/25/98 13.74 0.00 

06/21/98 NS 11.91 0.00 

08/27/98 NS 11.87 0.00 

12/01/98 NS 12.46 0.00 

03/03/99 13.39 0.00 

05/24/99 NS 14.05 0.00 

08/11/99 14.45 0.00 

10/25/99 14.85 0.00 

02/18/00 15.47 0.00 

05/18/00 14.72 0.00 

08/16/00 14.56 0.00 

12/12/00 14.59 0.00 

02/22/01 15.07 0.00 

05/09/01 13.55 0.00 

09/12/01 13.68 0.00 

11/06/01 NS 13.76 0.00 

02/26/02 14.52 0.00 

05/08/02 14.98 0.00 

07/16/02 15.48 0.00 

10/14/02 15.87 0.00 

02/13/03 15.90 0.00 

04/22/03 15.31 0.00 

07/30103 14.80 0.00 

12/10103 14.95 0.00 

02/18/04 15.28 0.00 

05/12/04 14.93 0.00 

08/16/04 14.99 0.00 

11/30104 14.77 0.00 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

391.03 <50 <0.30 <0.30 <0.30 <0.60 

392.75 <50 <0.30 <0.30 <0.30 <0.60 

393.66 <50 <0.30 <0.30 <0.30 <0.60 

393.42 

389.37 <50 <0.30 <0.30 <0.30 <0.60 

392.51 

392.12 

391.28 

391.88 <50 <0.30 <0.30 <0.30 <0.60 <10 

391.47 

391.11 

392.25 <50 <0.30 <0.30 <0.30 <0.60 23 

394.08 

394.12 

393.53 

392.60 <50 <0.30 <0.30 <0.30 <0.60 <10 

391.94 

391.54 <50 <0.30 <0.30 <0.30 <0.60 <10 

391.14 <50 <0.30 <0.30 <0.30 <0.60 <10 

390.52 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.27 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.43 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.40 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

390.92 <50 <0.30 <0.30 <0.30 <0.60 0.24 J <5.0 <5.0 

392.44 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

392.31 <50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

392.23 

391.47 <100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

391.01 8.9 J <2.0 0.31 J <2.0 <4.0 <5.0 <5.0 <5.0 

390.51 15 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

390.12 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

390.09 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

390.68 8.9 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.19 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.04 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

390.71 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.06 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.00 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

391.22 <50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <10 

<5.0 <50 

<5.0 22 J 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

SECOR 

AR0073278 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) 

(feet) 

MW-21 03/09/05 405.99 10.66 0.00 

06/06/05 NS 10.27 0.00 

08/04/05 NS 8.59 0.00 

10/25/05 NS 9.67 0.00 

02/16/06 NS 408.69 9.82 0.00 

07/06/06 NS 12.38 0.00 

MW-22 09/23/93 Dry 402.14 

12/01/93 Dry 

04/04/94 Dry 

OS/26/94 Dry 

08/26/94 Dry 

11/23/94 Dry 

02/22/95 Dry 

04/20/95 Dry 

08/08/95 Dry 

11/03/95 Dry 

02/01/96 Dry 

05/02/96 Dry 

07/24/96 Dry 

12/12/96 Dry 

03/19/97 Dry 

06/12/97 Dry 

07/31/97 Dry 

10/15/97 Dry 

03/25/98 Dry 

06/11/98 Dry 

08/27/98 Dry 

12/01/98 Dry 

03/03/99 Dry 

OS/24/99 Dry 

08/11/99 Dry 

10/25/99 Dry 

02/18/00 Dry 

05/18/00 Dry 

08/15/00 Dry 

12/11/00 Dry 

02/20/01 Dry 

05/08/01 Dry 

09/11/01 Dry 

11/06/01 Dry 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

395.33 <100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

395.72 

397.40 

396.32 

398.87 

396.31 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<2.0 <25 <500 

SECOR 

AR0073279 



TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

MW-22 02/25/02 Dry 402.14 

05/08/02 Dry 

07/16/02 Dry 

10/14/02 Dry 

02/13/03 Dry 

04/22/03 Dry 

07/30103 Dry 402.24 

12/10103 Dry 

02/18/04 Dry 

05/12/04 Dry 

08/16/04 Dry 

11/30104 Dry 

03/09/05 Dry 

06/06/05 Dry 

08/04/05 Dry 

10/25/05 Dry 

02/16/06 Dry 

07/06/06 DRY 

Trip Blank 03/25/98 

06/21/98 

08/27/98 

12/01/98 

03/03/99 

05/24/99 

08/10/99 

10/25/99 

02/18/00 

05/18/00 

08/15/00 

12/12/00 

02/22/01 

05/08/01 

09/12/01 

11/07/01 

02/26/02 

05/08/02 

07/15/02 

10/15/02 

02/13/03 

04/22/03 

ARGO 1057 2006 Q2 

Calc. 
GW 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
Elev. (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <0.30 <0.30 <0.30 <0.60 <10 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <54.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <54.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <0.30 0.22 J <0.30 <0.60 <5.0 <5.0 <5.0 

<50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

<50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

<50 <0.30 <0.30 <0.30 <0.60 <5.0 <5.0 <5.0 

<100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

<100 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 

14 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <2.0 0.55 J 0.18 J 0.94 J <5.0 <5.0 <5.0 

12 J 0.39 J 3.0 0.42 J 2.7 J <5.0 <5.0 <5.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

10 J <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 
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ETBE TAME Ethanol 
Sample ID Comments 

(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <10 

<5.0 <5.0 

<5.0 <5.0 

<5.0 <50 

<5.0 <25 

<5.0 <50 

<5.0 <50 

<5.0 <50 

<5.0 <50 <150 

<5.0 <50 <150 

SECOR 
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TOC Depth to 
Measured 

Well No. Date Notes Elevation Water 
SPH 

Thickness 
(ft-MSL) (feet) (feet) 

Trip Blank 07/30103 

12/09/03 

05/12/04 

08/16/04 

11/29/04 

03/09/05 

06/06/05 

08/04/05 

10/25/05 

02/16/06 

07/06/06 

Notes: 

Calc. 
GW 

Elev. 

Table 1 
Summary of Groundwater Analytical & Elevation Results 

ARCO Station No.1 057 
6100 Franklin Avenue, Hollywood, CA 

GRO B T E X MTBE TBA DIPE 
(1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) (1l9/L) 

(ft-MSL) 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <2.0 <2 .0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<50 <2.0 <2.0 <2.0 <4.0 <5.0 <5.0 <5.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <2.0 <2.0 

<100 <1.0 <1.0 <1.0 <1.0 <1.0 <25 <2.0 

DRO analyzed by EPA Method 8015 Modified. 

ETBE TAME Ethanol 
(1l9/L) (1l9/L) (1l9/L) 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<5.0 <50 <150 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 <25 <500 

<2.0 18 J <500 

<2.0 <2.0 <500 

DRO = Diesel range organics 

GRO = Gasoline range organics 

B = Benzene 

GRO analyzed by EPA Method 8015 Modified. The carbon chain range used for analysis since 2000 Quarter 2 is C4-C12. 

BTEX and oxygenates analyzed by EPA Method 8260B since 2000 Quarter 2. 

T = Toluene 

E = Ethylbenzene 

X = Total xylenes 

MTBE = Methyl tert-butyl ether 

TBA = Tert-butyl alcohol 

DI PE = Di-isopropyl ether 

ETBE = Ethyl tert-butyl ether 

TAME = Tert-amyl methyl ether 

SPH = Separate phase hydrocarbons 

TOC = Top of casing (surveyed) 

DRY = Well dry during gauging or purging; not sampled 

DUP = Duplicate sample 

NS = Well not sampled 

Calc. GW Elev. = Calculated groundwater elevation = TOC - Depth to Water + 0.75*(Measured SPH Thickness); assuming a specific gravity of 0.75 for SPH 

ft-MSL = feet above mean sea level 

fJg/L = Micrograms per liter 

< = Analyte was not detected above the specified method detection limit (MDL); except after 2006 Quarter 2 where reporting limits are used. 

- = Not measured or analyzed 

J = Estimated value (less than the method reporting limit and greater than or equal to the method detection limit) 

Refer to the reports in which data was first presented for more information on historical data. 
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Sample ID Comments 

TB·1 057·20040816 

TB·1 057·20041129 

TB·1 057·20050309 

TB·1 057·20050606 

TB·1 057·20050804 

TB·1 057·20051 025 

TB·1057·20060216 
TB·1 057·20060706 

SECOR 
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Laboratory Report and Chain-of-Custody 

AR0073282 



July 20, 2006 

STL LOT NUMBER: E66100138 
PO/CONTRACT: GEM-6-21909 

Andrew Modugno 
SECOR International Inc 
290 Conejo Ridge Ave 
Suite 200 
Thousand Oaks, CA 91361 

Dear Andrew Modugno, 

STL Los Angeles 
1721 South Grand Avenue 
Santa Ana, CA 92705 

Tel: 714 2588610 Fax: 714 2580921 
www.stl-inc.com 

This report contains the analytical results for the 13 samples received under chain of custody by 
STL Los Angeles on July 8, 2006. These samples are associated with your ARCO #1057 
project. 

STL Los Angeles certifies that the test results provided in this report meet all NELAP 
requirements for parameters for which accreditation is required or available. Any exceptions to 
NELAP requirements are noted in the case narrative. The case narrative is an integral part of 
the report. NELAP Certification Number for STl Los Angeles is 0111 8CA I E87652. 

Any matrix related anomaly is footnoted within the report. A cooler receipt temperature between 
2-6 degrees Celsius is within EPA acceptance criteria. The temperature(s) of the cooler 
received for this project can be found on the Project Receipt Checklist. Historical control limits 
for the LeS are used to define the estimate of uncertainty for a method. All applicable quality 
control procedures met method-specified acceptance criteria. 

Preliminary results were sent via facsimile on Thursday, July 20,2006. 
This report shall not be reproduced except in full. without the written approval of the laboratory. 

000037 
This report contains _~ ______ pages. 

If you have any questions, please feel free to call me at (714) 258~8610. 

Sincerely, 

'···~zK~ Beth Riley 
Project Manager 

cc: Project File 

, ' J.@1LiJ£i.i.UdLLLJitit£.MLL !! • 

ARCO I'I'E#1057 1 E6G10Cl138 
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ARC:O 1'1'E#1057 

CASE NARRATIVE 

STL LOT NUMBER: E6G100138 

The relative response factor (RRF) for Ethanol does not meet the GClN criteria for either the 
initial calibration (ICAl) or the continuing calibration verification (CCV). Even though this 
criteria was not met, the RRF's for Ethanol were greater than 0,05; which, is consistent with the 
USEPA Contract laboratory Program National Functional Guidelines for Organic Data Review 
and the data is suitable for use. 

2 E6GIOCl138 
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Sample Description 

MW-1 

Ir""il 
MW-3 

MW·4 

MW-5 

MW-] 

MW-8 

MW-9 

B.o~ \bO\ ~CfJ 
Chain of Custody Record 

Project Name: Q3-2006 GROUNDWATER 
BP BUIAR Region/Enfos Segment: RETAIL (West LA) 
State or lead Regulatory Agency: 

Requested Due Date (July 19, 2006); Standard TAT 

1057 

1..,qaP IM'\ Ave St~O 6100 Franklin Ave Holtywood,CA 

T0603705092 
caUPM 

(circleol1e) 

4 Centerpoint Dr. 

La Palma, CA 

<IJ 
E 
i= 

,!! 

'" o Laboratory No. 

~ 1 Ot. \' '"7, lb ~ t: 

Analytical 
Sub Contracted Cost 

Preservative 

~ 
o 
!£. 

I II~I I ~ 

Page_1_ of_1 __ , 

On-site Time: Temp: 

Off-site Time: Temp: 

Direction: 

SECOR International, Inc 

290 Conejo Ridge Ave Sute 200 

Thousand Oaks, CA 91361 

ConsuitantiContractor Project No.: 37BP.01091 
onsultantiContractor PM: Andy Modugno 

805-230-1266237 

& QC Level: 

Sample Point LatJLong and Comments 

s1 Distribution: White Copy - Laboratory I Yellow CoPy - E Temp Blank Yes No Cooler Temperature on Receipt '-'F/C Trip Blank Yes No 
BP COC Rey. 4 10/1104 



STL LOS ANGELES - PROJECT RECEIPT CHECKLIST Date: '\ \b\bU 
\ 

(P~&1J 
Single Cooler Only 

LIMS Lot #: £loGt ID()t~t Quote 

Client Name: __ ~_eto\_~_. --:-_______ Project: t~ '3 .-bv..) 
Received by:. ____ ~=__::..._'__ _____ __:_- Date/Time Rec:ived: __ 14-l\~P~4~cf!"'a(Q~'·!!:;..· -1[~£>::"'/" ]S ___ ~ 
Delivered by: 0 Client 0 STL 0 DHL ~ed Ex 0 UPS 0 Other ___________ _ 

*******~**~******************************************************************************************m**-**~******** Initial/J)a e 

Custody ~eal Status Cooler: Dlntact DBroken ~one .................................................. ,. QA-, '11~ 010 
~ 

Custody ~eal Status Samples: Dlntact DBroken ~one ............. :.i ..................................... __ -1-__ 

Custody Seal #(s): ~ Seal # ............................ __ -+-__ 
.. !fl / Sampler Signature on COC 0 Yes DNO\~N/A ...... ......................................................... __ -1--__ 

IR GUll # _A_ Correction Factor _~.3_oC IR passed daily verification NZf Yes DNo ............ --f---

Temperature - BLANK lioe ~.3_ eF = fa () °C , Cooler #1 ID v t:J A ' . 
Temperature - COOLER ( __ Oe _,_oe __ oe __ Oe) = __ avg °C - _ CF = °c ..... __ +-__ 

Samples outside temperature criteria but received within 6 hours of final sampling 0 Yes ~A. ., ----11----

Sample Container(s): 

pH measured: 0 Yes 

Anomalies: ~o 

~TL-LA 0 Client ....... , .............................. ~ ............. , ...... ,. _----\-__ _ 

D Anomaly (if checked, notifY lab and file NCM) ¢N/A.. 

DYes - complete CUR an~ Create NCM .......................................... _--'\--__ 

Complete shipment received in good condition with correct temperatures, containers, labels, volumes 
preservatives and within method specified holding times. ©lY es 0 No .... " __ -1--__ 

~~ Labeled by: _____________ ., ........... , ...................... , ........... , ..................... __ -1--__ 

*****~************************************************************************************************************* 

Turn Around Time: DRUSH-24HR DRUSH-48HR DRUSH-72HR ~ORMAL. ...... ,........ \v 

.......... LEAVE NO BLANK SPACES; USE N/A ** ... *."". 
I I 

HcadspaccAnomaly DYES ~/A~" r~~ 
LabID Container(s) # Headspace Lab ID Containcr(s) # Headspace I 

D >6mm D >6mm 
D > 6mm D > 6nun 
D >6nun D >6mm 

D >6mm ~ >6mm 
D >6mm >6mm 

I-------------+----------------~~~~~--I-------------+------------------D >6mm >6111111 
D >6nun D > 6mm 

ARCO I'I'E#1057 4 E6GIOCl138 
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LIMS Lot # EG,6 \ \) () \ :f6 PROJECT RECEIPT CHECKLIST Cont'd 

Fraction \-\1. ~ 
VOAH (,.-, '2, 

.,-. 

'\ r-A .. "1 , Il I~ 
/ 1-"" \/ ;--" v..p 

..... V 
.-/ 

/' 
( 

"-
'--- -----h. ............ 

'-., 

"-J 

H: HCL, $: H2S04, N: HN03, V: VOA, SL, Sleeve, E: Encore, PB: Poly Bottle, COB: Clear Glass Bottle, AGJ: Amber Glass Jar, T: Terracore 
AGB: Amber Glass Bottle, n/£'l:HN03·Lab filtered, nlf:HN03·Field filtered, znna: Zinc Acetate/Sodium Hydroxide, Na2s203: sodium thiosulfate 

I 

Condition Upon Receipt Anomaly Form Anomalies DYES ~/A~1~t'(; 
· COOLERS · CUSTODY SEALS (COOLER(S) CONTAINER(S) 

o Not R~ceived (received COC only) DNone o None 
o Leaking D Not Intact o Not Intact 
o Other: o Other D Other 

· TEMPERATURE (SPECS 4 ± Z°C) · CHAIN OF CUSTODY (COC) 
D Cooler Temp(s) D Not relinquished by Client; No date/time relinquished 
D Temperature B1ank(s) D Incomplete information provided 

· CONTAINERS D Other o COC !lot received - notifY PM 

D Leaking D Voa Vials with Bubbles> Gmm · LABELS 
o Broken D Not the same In/info as in COC 
DExtra o Incomplete Information 
o Without Labels o Marldngsllnfo illegible 
o Other: o Torn· . SAMPLES D Will be noted on COC--Client to send samples with new COC 
o Samples NOT RECEIVED but listed on COC o Mislabeled as to tests, preservatives, etc. 
o Samples received but NOT LISTED on COC o Holding time expired -list sample 1D and test 
o Logged based on Label Information o Improper container used 
o Logged based on info from other samples on COC o Not preserved/lmpropel> pr.eservative used 
o Logged according to Work-Plan D Improper pH __ Lab to preserve sample and document 
o Logged on HOLD UNTIL FURTHER NOTICE D Insufficient quantities for analysis o Other 

Comments: 

o Corrective Action Implemented: 
o Client Informed: verbally on By: DIn writin By: 

o Sample(s)on bold until: o Samplc(s) processed '~s>" \ 
Logged bYID;,; I~Ogged in by other STL 0 __ PM ReViewe ~.( , 

rAe ~ ih tr1l0o(p 
I 
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SECOR International Inc 

Client Sample ID: MW-1 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6G100138-001 Work Order 1 ___ : H8W811AA Matrix _________ : W 
Date Sampled ___ : 07/07/06 09:50 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 20:11 
Dilution Factor: 10 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene 660 10 ug/L 3_0 

Ethanol ND IB 5000 ug/L 740 
Ethylbenzene 130 10 ug/L 3_0 

tert-Butyl alcohol ND 250 ug/L 60 
Toluene 15 10 ug/L 3_0 

o-Xylene 37 10 ug/L 2_0 

Xylenes (total) 79 10 ug/L 5_0 

m-Xylene & p-Xylene 42 10 ug/L 5_0 

Methyl tert-butyl ether 110 10 ug/L 5_0 

(MTBE) 
Diisopropyl Ether (DIPE) ND 20 ug/L 5.0 
Ethyl-t-Butyl Ether (ETBE) ND 20 ug/L 5.0 
Tert-amyl methyl ether (TAME) ND 20 ug/L 5.0 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 94 (75 - 120) 
1,2-Dichloroethane-d4 93 (65 - 130) 
Toluene-d8 103 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 6 [,6(;100138 
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SECOR International Inc 

Client Sample ID: MW-l 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-001 Work Order 1 ___ : H8W811AC Matrix _________ : W 

Date Sampled ___ : 07/07/06 09:50 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 12:34 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) 491W l[W ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 126 (70 - 130) 

ARCO I'I'E#1057 [,6(;100138 
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SECOR International Inc 

Client Sample ID: MW-3 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6G100138-002 Work Order 1 ___ : H8W851AA Matrix _________ : W 
Date Sampled ___ : 07/07/06 08:00 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 16:41 
Dilution Factor: 1 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene ND 1.0 ug/L 0.30 
Ethanol ND IB 500 ug/L 74 
Ethylbenzene 1.2 1.0 ug/L 0_30 

tert-Butyl alcohol ND 25 ug/L 6.0 
Toluene ND 1.0 ug/L 0.30 
o-Xylene 1.4 1.0 ug/L 0_20 

Xylenes (total) 1.4 1.0 ug/L 0_50 

m-Xylene & p-Xylene ND 1.0 ug/L 0.50 
Methyl tert-butyl ether ND 1.0 ug/L 0.50 

(MTBE) 
Diisopropyl Ether (DIPE) ND 2.0 ug/L 0.50 
Ethyl-t-Butyl Ether (ETBE) ND 2.0 ug/L 0.50 
Tert-amyl methyl ether (TAME) ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 91 (75 - 120) 
1,2-Dichloroethane-d4 119 (65 - 130) 
Toluene-d8 104 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 [,6(;100138 
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Lot-Sample 1 ___ : E6GI00138-002 
Date Sampled ___ : 07/07/06 08:00 
Prep Date ______ : 07/12/06 
Prep Batch 1 ___ : 6194334 
Dilution Factor: 1 
Analyst ID _____ : 001464 

PARAMETER 
GRO (C4 - C12) 

SURROGATE 
a,a,a-Trifluorotoluene (TFT) 

NOTE(S) : 

SECOR International Inc 

Client Sample ID: MW-3 

GC Volatiles 

Work Order 1 ___ : H8W851AC Matrix _________ : W 

Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Analysis Date __ : 07/12/06 
Analysis Time __ : 13:01 

Instrument ID __ : GIS 
Method _________ : SW846 80158 

RESULT 
75 JDX 

PERCENT 
RECOVERY 
81 

REPORTING 
LIMIT 
100 

RECOVERY 
LIMITS 
(70 - 130) 

UNITS 
ug/L 

MDL 
40 

JDX J= EPA Flag - Esitmated value; DX = Value< lowest standard (M Oll. but> M Dl. 

ARCO I'I'E#1057 [,6(;100138 
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Lot-Sample 1 ___ : E6G100138-003 
Date Sampled ___ : 07/07/06 08:45 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

SECOR International Inc 

Client Sample ID: MW-4 

GC/MS Volatiles 

Work Order 1 ___ : H8W861AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 17:04 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
1.4 1.0 ug/L 0_30 

70 25 ug/L 6_0 

ND 1.0 ug/L 0.30 
2_1 1.0 ug/L 0_20 

2_9 1.0 ug/L 0_50 
O_BB JDX 1.0 ug/L 0_50 

loB 1.0 ug/L 0_50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
92 (75 - 120) 
106 (65 - 130) 
106 (80 - 130) 

JDX J= EPA Flag - Esitmated value; DX = Value< lowest standard (M Oll. but> M Dl. 

ARCO I'I'E#1057 10 [,6(;100138 
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SECOR International Inc 

Client Sample ID: MW-4 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-003 Work Order 1 ___ : H8W861AC Matrix _________ : W 

Date Sampled ___ : 07/07/06 08:45 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 13:28 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) HHI HHI ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 82 (70 - 130) 

ARCO I'I'E#1057 II [,6(;100138 
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Lot-Sample 1 ___ : E6G100138-004 
Date Sampled ___ : 07/07/06 07:10 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 

SECOR International Inc 

Client Sample ID: MW-5 

GC/MS Volatiles 

Work Order 1 ___ : H8W9A1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 17:27 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
ND 1.0 ug/L 0.30 
ND 25 ug/L 6.0 
ND 1.0 ug/L 0.30 
ND 1.0 ug/L 0.20 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
88 (75 - 120) 
98 (65 - 130) 
106 (80 - 130) 

l2 [,6(;100138 
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SECOR International Inc 

Client Sample ID: MW-5 

GC Volatiles 

Lot-Sample 1 ___ : E6G100138-004 Work Order 1 ___ : H8W9A1AC Matrix _________ : W 

Date Sampled ___ : 07/07/06 07:10 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 13:54 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) ND 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 82 (70 - 130) 

ARCO I'I'E#1057 l3 [,6(;100138 
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Lot-Sample 1 ___ : E6G100138-005 
Date Sampled ___ : 07/06/06 12:10 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 

SECOR International Inc 

Client Sample ID: MW-7 

GC/MS Volatiles 

Work Order 1 ___ : H8W9D1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 17:51 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
ND 1.0 ug/L 0.30 
ND 25 ug/L 6.0 
ND 1.0 ug/L 0.30 
ND 1.0 ug/L 0.20 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
87 (75 - 120) 
102 (65 - 130) 
104 (80 - 130) 

l4 [,6(;100138 

AR0073296 



SECOR International Inc 

Client Sample ID: MW-7 

GC Volatiles 

Lot-Sample 1 ___ : E6G100138-005 Work Order 1 ___ : H8W9D1AC Matrix _________ : W 

Date Sampled ___ : 07/06/06 12:10 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 14:21 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : GIS 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) ND 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 83 (70 - 130) 

ARCO I'I'E#1057 [,6(;100138 

AR0073297 



Lot-Sample 1 ___ : E6G100138-006 
Date Sampled ___ : 07/06/06 09:55 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

SECOR International Inc 

Client Sample ID: MW-8 

GC/MS Volatiles 

Work Order 1 ___ : H8W9F1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 18:14 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
2_3 1.0 ug/L 0_30 

ND IB 500 ug/L 74 
5_8 1.0 ug/L 0_30 

130 25 ug/L 6_0 

0_39 JDX 1.0 ug/L 0_30 

1.5 1.0 ug/L 0_20 

1.5 1.0 ug/L 0_50 

ND 1.0 ug/L 0.50 
63 1.0 ug/L 0_50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
96 (75 - 120) 
89 (65 - 130) 
104 (80 - 130) 

JDX J= EPA Flag - Esitmated value; DX = Value< lowest standard (M Oll. but> M Dl. 

ARCO I'I'E#1057 l6 [,6(;100138 

AR0073298 



SECOR International Inc 

Client Sample ID: MW-8 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-006 Work Order 1 ___ : H8W9FIAC Matrix _________ : W 

Date Sampled ___ : 07/06/06 09:55 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 14:48 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) 3[)[) l[)[) ug/L 4[) 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 88 (70 - 130) 

ARCO I'I'E#1057 l7 [,6(;100138 

AR0073299 



SECOR International Inc 

Client Sample ID: MW-9 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6GI00138-007 Work Order 1 ___ : H8W9JlAA Matrix _________ : W 
Date Sampled ___ : 07/06/06 10:35 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 20:34 
Dilution Factor: 2.5 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene 22 2_5 ug/L 0_75 

Ethanol ND IB 1200 ug/L 180 
Ethylbenzene 150 2_5 ug/L 0_75 

tert-Butyl alcohol 950 62 ug/L 15 
Toluene 3_0 2_5 ug/L 0_75 

o-Xylene 52 2_5 ug/L 0_50 

Xylenes (total) 93 2_5 ug/L 1.2 
m-Xylene & p-Xylene 40 2_5 ug/L 1.2 
Methyl tert-butyl ether 66 2_5 ug/L 1.2 

(MTBE) 
Diisopropyl Ether (DIPE) ND 5.0 ug/L 1.2 
Ethyl-t-Butyl Ether (ETBE) ND 5.0 ug/L 1.2 
Tert-amyl methyl ether (TAME) ND 5.0 ug/L 1.2 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 94 (75 - 120) 
1,2-Dichloroethane-d4 82 (65 - 130) 
Toluene-d8 102 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 18 [,6(;100138 

AR0073300 



SECOR International Inc 

Client Sample ID: MW-9 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-007 Work Order 1 ___ : H8W9JIAC Matrix _________ : W 

Date Sampled ___ : 07/06/06 10:35 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 15:15 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) 181W l[W ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 113 (70 - 130) 

ARCO I'I'E#1057 19 [,6(;100138 

AR0073301 



SECOR International Inc 

Client Sample ID: MW-10 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6G100138-008 Work Order 1 ___ : H8W9K1AA Matrix _________ : W 
Date Sampled ___ : 07/06/06 12:45 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 18:37 
Dilution Factor: 1 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene ND 1.0 ug/L 0.30 
Ethanol ND IB 500 ug/L 74 
Ethylbenzene ND 1.0 ug/L 0.30 
tert-Butyl alcohol 670 25 ug/L 6_0 

Toluene ND 1.0 ug/L 0.30 
o-Xylene ND 1.0 ug/L 0.20 
Xylenes (total) ND 1.0 ug/L 0.50 
m-Xylene & p-Xylene ND 1.0 ug/L 0.50 
Methyl tert-butyl ether 62 1.0 ug/L 0_50 

(MTBE) 
Diisopropyl Ether (DIPE) ND 2.0 ug/L 0.50 
Ethyl-t-Butyl Ether (ETBE) ND 2.0 ug/L 0.50 
Tert-amyl methyl ether (TAME) ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 93 (75 - 120) 
1,2-Dichloroethane-d4 99 (65 - 130) 
Toluene-d8 105 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 20 [,6(;100138 

AR0073302 



Lot-Sample 1 ___ : E6GI00138-008 
Date Sampled ___ : 07/06/06 12:45 
Prep Date ______ : 07/12/06 
Prep Batch 1 ___ : 6194334 
Dilution Factor: 1 
Analyst ID _____ : 001464 

PARAMETER 
GRO (C4 - C12) 

SURROGATE 
a,a,a-Trifluorotoluene (TFT) 

NOTE(S) : 

SECOR International Inc 

Client Sample ID: MW-10 

GC Volatiles 

Work Order 1 ___ : H8W9KIAC Matrix _________ : W 

Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Analysis Date __ : 07/12/06 
Analysis Time __ : 15:41 

Instrument ID __ : G15 
Method _________ : SW846 80158 

RESULT 
95 JDX 

PERCENT 
RECOVERY 
85 

REPORTING 
LIMIT 
100 

RECOVERY 
LIMITS 
(70 - 130) 

UNITS 
ug/L 

MDL 
40 

JDX J= EPA Flag - Esitmated value; DX = Value< lowest standard (M Oll. but> M Dl. 

ARCO I'I'E#1057 21 [,6(;100138 

AR0073303 



Lot-Sample 1 ___ : E6G100138-009 
Date Sampled ___ : 07/06/06 13:15 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 

SECOR International Inc 

Client Sample ID: MW-ll 

GC/MS Volatiles 

Work Order 1 ___ : H8W9P1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 19:01 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
ND 1.0 ug/L 0.30 
ND 25 ug/L 6.0 
ND 1.0 ug/L 0.30 
ND 1.0 ug/L 0.20 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
89 (75 - 120) 
101 (65 - 130) 
105 (80 - 130) 

22 [,6(;100138 

AR0073304 



SECOR International Inc 

Client Sample ID: MW-ll 

GC Volatiles 

Lot-Sample 1 ___ : E6G100138-009 Work Order 1 ___ : H8W9P1AC Matrix _________ : W 

Date Sampled ___ : 07/06/06 13:15 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 17:01 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) ND 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 88 (70 - 130) 

ARCO I'I'E#1057 23 [,6(;100138 

AR0073305 



Lot-Sample 1 ___ : E6G100138-010 
Date Sampled ___ : 07/06/06 11:05 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 

SECOR International Inc 

Client Sample ID: MW-16 

GC/MS Volatiles 

Work Order 1 ___ : H8W9W1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 19:24 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
ND 1.0 ug/L 0.30 
ND 25 ug/L 6.0 
ND 1.0 ug/L 0.30 
ND 1.0 ug/L 0.20 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
88 (75 - 120) 
106 (65 - 130) 
104 (80 - 130) 

24 [,6(;100138 

AR0073306 



SECOR International Inc 

Client Sample ID: MW-16 

GC Volatiles 

Lot-Sample 1 ___ : E6G100138-010 Work Order 1 ___ : H8W9W1AC Matrix _________ : W 

Date Sampled ___ : 07/06/06 11:05 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 17:28 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) ND 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 82 (70 - 130) 

ARCO I'I'E#1057 25 [,6(;100138 

AR0073307 



SECOR International Inc 

Client Sample ID: EW-3 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6G100138-011 Work Order 1 ___ : H8W901AA Matrix _________ : W 
Date Sampled ___ : 07/07/06 11:15 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 22:55 
Dilution Factor: 4 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene 211:1 4_0 ug/L 1.2 
Ethanol ND IB 2000 ug/L 300 
Ethylbenzene 150 4_0 ug/L 1.2 
tert-Butyl alcohol 220 100 ug/L 24 
Toluene 9_B 4_0 ug/L 1.2 
o-Xylene 10 4_0 ug/L O_BO 

Xylenes (total) 42 4_0 ug/L 2_0 
m-Xylene & p-Xylene 31 4_0 ug/L 2_0 
Methyl tert-butyl ether 52 4_0 ug/L 2_0 

(MTBE) 
Diisopropyl Ether (DIPE) ND 8.0 ug/L 2.0 
Ethyl-t-Butyl Ether (ETBE) ND 8.0 ug/L 2.0 
Tert-amyl methyl ether (TAME) ND 8.0 ug/L 2.0 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 95 (75 - 120) 
1,2-Dichloroethane-d4 76 (65 - 130) 
Toluene-d8 106 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 26 [,6(;100138 

AR0073308 



SECOR International Inc 

Client Sample ID: EW-3 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-011 Work Order 1 ___ : H8W901AC Matrix _________ : W 

Date Sampled ___ : 07/07/06 11:15 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 17:55 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : G15 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) 20lW 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 104 (70 - 130) 

ARCO I'I'E#1057 27 [,6(;100138 

AR0073309 



SECOR International Inc 

Client Sample ID: DUP-1057-20060706 

GC/MS Volatiles 

Lot-Sample 1 ___ : E6G100138-012 Work Order 1 ___ : H8W951AA Matrix _________ : W 
Date Sampled ___ : 07/06/06 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6201165 
Prep Date ______ : 07/19/06 Analysis Date __ : 07/19/06 
Prep Batch 1 ___ : 6201269 Analysis Time __ : 19:48 
Dilution Factor: 1 
Analyst ID _____ : 015590 Instrument ID __ : MSQ 

Method _________ : SW846 8260B 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
Benzene 6_5 1.0 ug/L 0_30 
Ethanol ND IB 500 ug/L 74 
Ethylbenzene 19 1.0 ug/L 0_30 
tert-Butyl alcohol 150 25 ug/L 6_0 
Toluene 1.3 1.0 ug/L 0_30 
o-Xylene 1.6 1.0 ug/L 0_20 
Xylenes (total) 3_0 1.0 ug/L 0_50 
m-Xylene & p-Xylene 1A 1.0 ug/L 0_50 
Methyl tert-butyl ether 58 1.0 ug/L 0_50 

(MTBE) 
Diisopropyl Ether (DIPE) ND 2.0 ug/L 0.50 
Ethyl-t-Butyl Ether (ETBE) ND 2.0 ug/L 0.50 
Tert-amyl methyl ether (TAME) ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 96 (75 - 120) 
1,2-Dichloroethane-d4 73 (65 - 130) 
Toluene-d8 104 (80 - 130) 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 28 [,6(;100138 

AR0073310 



SECOR International Inc 

Client Sample ID: DUP-1057-20060706 

GC Volatiles 

Lot-Sample 1 ___ : E6GI00138-012 Work Order 1 ___ : H8W951AC Matrix _________ : W 
Date Sampled ___ : 07/06/06 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 18:21 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : GIS 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) 470 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 96 (70 - 130) 

ARCO I'I'E#1057 29 [,6(;100138 

AR0073311 



SECOR International Inc 

Client Sample ID: TB-1057-20060706 

Lot-Sample 1 ___ : E6G100138-013 
Date Sampled ___ : 07/06/06 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
Ethanol 
Ethylbenzene 
tert-Butyl alcohol 
Toluene 
o-Xylene 
Xylenes (total) 
m-Xylene & p-Xylene 
Methyl tert-butyl ether 

(MTBE) 
Diisopropyl Ether (DIPE) 
Ethyl-t-Butyl Ether (ETBE) 
Tert-amyl methyl ether (TAME) 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 
I B CCV recovery above limit; analyte not detected. 

ARCO I'I'E#1057 

GC/MS Volatiles 

Work Order 1 ___ : H8XAA1AA Matrix _________ : W 
Date Received __ : 07/08/06 10:15 MS Run 1 _______ = 6201165 
Analysis Date __ : 07/19/06 
Analysis Time __ : 22:31 

Instrument ID __ : MSQ 
Method _________ : SW846 8260B 

REPORTING 
RESULT LIMIT UNITS MDL 
ND 1.0 ug/L 0.30 
ND IB 500 ug/L 74 
ND 1.0 ug/L 0.30 
ND 25 ug/L 6.0 
ND 1.0 ug/L 0.30 
ND 1.0 ug/L 0.20 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 
ND 1.0 ug/L 0.50 

ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 
ND 2.0 ug/L 0.50 

PERCENT RECOVERY 
RECOVERY LIMITS 
89 (75 - 120) 
107 (65 - 130) 
106 (80 - 130) 

'30 [,6(;1001'38 

AR0073312 



SECOR International Inc 

Client Sample ID: TB-1057-20060706 

GC Volatiles 

Lot-Sample 1 ___ : E6G100138-013 Work Order 1 ___ : H8XAA1AC Matrix _________ : W 
Date Sampled ___ : 07/06/06 Date Received __ : 07/08/06 10:15 MS Run 1 _______ : 6194211 
Prep Date ______ : 07/12/06 Analysis Date __ : 07/12/06 
Prep Batch 1 ___ : 6194334 Analysis Time __ : 18:48 
Dilution Factor: 1 
Analyst ID _____ : 001464 Instrument ID __ : GIS 

Method _________ : SW846 80158 

REPORTING 
PARAMETER RESULT LIMIT UNITS MDL 
GRO (C4 - C12) ND 100 ug/L 40 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
a,a,a-Trifluorotoluene (TFT) 82 (70 - 130) 

ARCO I'I'E#1057 3J [,6(;100138 

AR0073313 



METHOD BLANK REPORT 

GC/MS Volatiles 

Client Lot 1 ___ : E6G100138 Work Order 1 ___ : H9L9F1AA 
MB Lot-Sample I: E6G200000-269 

Prep Date ______ : 07/19/06 
Analysis Date __ : 07/19/06 Prep Batch 1 ___ : 6201269 
Dilution Factor: 1 

Analyst ID _____ : 015590 

REPORTING 
PARAMETER RESULT LIMIT 
Benzene ND 1.0 
Ethanol ND 500 
Ethylbenzene ND 1.0 
tert-Butyl alcohol ND 25 
Toluene ND 1.0 
o-Xylene ND 1.0 
Xylenes (total) ND 1.0 
m-Xylene & p-Xylene ND 1.0 
Methyl tert-butyl ether ND 1.0 

(MTBE) 
Diisopropyl Ether (DIPE) ND 2.0 
Ethyl-t-Butyl Ether (ETBE ND 2.0 
Tert-amyl methyl ether (T ND 2.0 

PERCENT RECOVERY 
SURROGATE RECOVERY LIMITS 
Bromofluorobenzene 87 (75 - 120 ) 
1,2-Dichloroethane-d4 71 (65 - 130) 
Toluene-d8 89 (80 - 130) 

NOTE{S) : 
Calculations are performed before rounding to avoid round-off errors in calculated results. 

ARCO I'I'E#1057 '32 

UNITS 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ug/L 
ug/L 
ug/L 

Matrix _________ : WATER 

Analysis Time __ : 16:10 
Instrument ID __ : MSQ 

METHOD 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 
SW846 8260B 

SW846 8260B 
SW846 8260B 
SW846 8260B 

[,6(;1001'38 

AR0073314 



METHOD BLANK REPORT 

GC Volatiles 

Client Lot 1 ___ : E6G100138 Work Order 1 ___ : H86Q81AA 
MB Lot-Sample I: E6G130000-334 

Prep Date ______ : 07/12/06 
Analysis Date __ : 07/12/06 Prep Batch 1 ___ : 6194334 
Dilution Factor: 1 

Analyst ID _____ : 001464 

PARAMETER 
GRO (C4 - C12) 

SURROGATE 
a,a,a-Trifluorotoluene 

(TFT) 

NOTE(S} : 

RESULT 
ND 

PERCENT 
RECOVERY 
84 

Calculations are performed before rounding to avoid round-off errors in calculated results. 

ARCO I'I'E#1057 

REPORTING 
LIMIT 
100 

RECOVERY 
LIMITS 
(70 - 130) 

'33 

UNITS 
ug/L 

Matrix _________ : WATER 

Analysis Time __ : 11:41 
Instrument ID __ : G15 

METHOD 
SW846 80158 

[,6(;1001'38 

AR0073315 



LABORATORY CONTROL SAMPLE DATA REPORT 

Client Lot 1 ___ = E6G100138 
LCS Lot-Samplel: E6G200000-269 
Prep Date ______ : 07/19/06 
Prep Batch 1 ___ = 6201269 
Dilution Factor: 1 
Analyst ID _____ : 015590 

PARAMETER 
Benzene 
tert-Butyl alcohol 
Ethanol 
Tert-amyl methyl ether (T 
Ethyl-t-Butyl Ether (ETBE 
Ethylbenzene 
Diisopropyl Ether (DIPE) 
Methyl tert-butyl ether 

(MTBE) 
Toluene 
m-Xylene & p-Xylene 
o-Xylene 

SURROGATE 
Bromofluorobenzene 
1,2-Dichloroethane-d4 
Toluene-d8 

NOTE(S) : 

GC/MS Volatiles 

Work Order 1 ___ = H9L9F1AC 

Analysis Date __ : 07/19/06 
Analysis Time __ = 15:47 
Instrument ID __ : MSQ 

SPIKE MEASURED 
AMOUNT AMOUNT 
HLO 11.1 
50_0 69_5 
2000 2050 
HLO HL8 
10_0 9.44 
10_0 10_3 
HLO 9_85 
10_0 9_60 

HLO HL3 
20_0 20_3 
10_0 10_2 

PERCENT 
RECOVERY 
103 
74 
99 

Calculations are performed before rounding to avoid round-off errors in calculated results, 

Bold print denotes control parameters 

ARCO I'I'E#1057 34 

Matrix _________ : WATER 

PERCENT 
UNITS RECOVERY METHOD 
ug/L 111 SW846 8260B 
ug/L 139 SW846 8260B 
ug/L 102 SW846 8260B 
ug/L 108 SW846 8260B 
ug/L 94 SW846 8260B 
ug/L 103 SW846 8260B 
ug/L 98 SW846 8260B 
ug/L 96 SW846 8260B 

ug/L 103 SW846 8260B 
ug/L 101 SW846 8260B 
ug/L 102 SW846 8260B 

RECOVERY 
LIMITS 
(75 - 120 ) 
(65 - 130) 
(80 - 130) 

[,6(;100138 

AR0073316 



LABORATORY CONTROL SAMPLE DATA REPORT 

Client Lot 1- - - : E6GI00138 
LCS Lot-Samplel: E6G130000-334 
Prep Date ______ : 07/12/06 
Prep Batch 1- - - : 6194334 
Dilution Factor: 1 
Analyst ID _____ : 001464 

PARAMETER 
GRO (C4 - C12) 

SURROGATE 
a,a,a-Trifluorotoluene 

(TFT) 

NOTE(S) : 

GC Volatiles 

Work Order 1- - - : H86Q81AC 

Analysis Date __ : 07/12/06 
Analysis Time __ : 12:08 
Instrument ID __ : G15 

SPIKE MEASURED 
AMOUNT AMOUNT 
HmO 936 LW 

PERCENT 
RECOVERY 
116 

Calculations are performed before rounding to avoid round-off errors in calculated results, 

Bold print denotes control parameters 

L W Quantitated agai nst gasol i ne, 

ARCO I'I'E#1057 35 

Matrix _________ : WATER 

PERCENT 
UNITS RECOVERY METHOD 
ug/L 94 SW846 8015B 

RECOVERY 
LIMITS 
(70 - 130) 

[,6(;100138 

AR0073317 



MATRIX SPIKE SAMPLE DATA REPORT 

GC/MS Volatiles 

Client Lot 1 ___ : E6G100138 Work Order 1 ___ : H8W9A1AD-MS Matrix _________ : W 

MS Lot-Sample I: E6G100138-004 
Date Sampled .. _: 07/07/06 07:10 
Prep Date ______ : 07/19/06 
Prep Batch 1 .. _: 6201269 
Dilution Factor: 1 

PARAMETER 
Ethanol 

Tert-amyl methyl ether (T 

Ethyl-t-Butyl Ether (ETBE 

Ethylbenzene 

Diisopropyl Ether WIPE) 

Methyl tert-butyl ether 
(MTBE) 

Toluene 

m-Xylene & p-Xylene 

o-Xylene 

Benzene 

tert-Butyl alcohol 

SURROGATE 
Bromofluorobenzene 

1,2-Dichloroethane-d4 

Toluene-d8 

NOTE(S} : 

SAMPLE 
AMOUNT 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Date Received __ : 
Analysis Date __ : 
Analysis Time __ : 
Analyst ID .. ___ : 

SPIKE MEASRD 
AMT AMOUNT 
2000 23S0 
2000 2340 
10.0 10_S 
10_0 10_6 
10.0 8.98 
10.0 9.10 
10_0 11.1 
10.0 10_9 
10.0 8.63 
10_0 8_68 
10.0 9.31 

10_0 9047 

10.0 10_7 
10_0 10_7 
20.0 21.2 
20.0 21.1 
10_0 10_6 
10.0 10_S 
10.0 10_2 
10_0 10_1 
SO.O 224 
SO.O 214 

PERCENT 
RECOVERY 
98 
99 
105 
102 
107 
108 

Calculations are performed before rounding to avoid round-off errors in calculated results. 

Bold print denotes control parameters 

Spiked analyte recovery is outside stated control limits. 

LM MS and/or MSD above acceptance limits. See Blank Spike (LCS). 

ARCO I'I'E#1057 '36 

H8W9A1AE-MSD 
07/08/06 10:15 MS Run 1 .. ___ .. : 6201165 
07/19/06 
21:21 
015590 Instrument ID .. : MSQ 

PERCNT 
UNITS RECVRY RPD METHOD 
ug/L 118 SW846 8260B 
ug/L 117 O_2S SW846 8260B 
ug/L lOS SW846 8260B 
ug/L 106 1.1 SW846 8260B 
ug/L 90 SW846 8260B 
ug/L 91 1.3 SW846 8260B 
ug/L 111 SW846 8260B 
ug/L 109 104 SW846 8260B 
ug/L 86 SW846 8260B 
ug/L 87 O_S7 SW846 8260B 
ug/L 93 SW846 8260B 

ug/L 9S 1.7 SW846 8260B 

ug/L 107 SW846 8260B 
ug/L 107 0_28 SW846 8260B 
ug/L 106 SW846 8260B 
ug/L 106 0_37 SW846 8260B 
ug/L 106 SW846 8260B 
ug/L lOS 0_94 SW846 8260B 
ug/L 102 SW846 8260B 
ug/L 101 0_39 SW846 8260B 
ug/L 447 LIM! SW846 8260B 
ug/L 428 LIM! 4_3 SW846 8260B 

RECOVERY 
LIMITS 
(75 - 120 ) 
(75 - 120 ) 
(65 - 130) 
( 65 - 130) 
(80 - 130) 
(80 - 130) 

[,6(;1001'38 

AR0073318 



MATRIX SPIKE SAMPLE DATA REPORT 

GC Volatiles 

Client Lot 1 ___ : E6GI00138 Work Order 1 ___ : H8W9PIAD-MS Matrix _________ : W 

MS Lot-Sample I: E6GI00138-009 
Date Sampled ___ : 07/06/06 13:15 
Prep Date ______ : 07/12/06 
Prep Batch 1 ___ : 6194334 
Dilution Factor: 1 

PARAMETER 
GRO (C4 - C12) 

SURROGATE 
a,a,a-Trifluorotoluene 

(TFT) 

NOTE(S} : 

SAMPLE 
AMOUNT 
ND 

ND 

Date Received __ : 
Analysis Date __ : 
Analysis Time __ : 
Analyst ID _____ : 

SPIKE MEASRD 
AMT AMOUNT 
HHH) 972 
HUH) 959 

PERCENT 
RECOVERY 
116 

121 

Calculations are performed before rounding to avoid round-off errors in calculated results. 

Bold print denotes control parameters 

L W Quantitated agai nst gasol i ne. 

ARCO I'I'E#1057 '37 

H8W9PIAE-MSD 
07/08/06 10:15 MS Run 1 _______ : 6194211 
07/12/06 
19:15 
001464 Instrument ID __ : G15 

PERCNT 
UNITS RECVRY RPD METHOD 
ug/L 97 LW SW846 81H5B 
ug/L 96 LW 1.3 SW846 8015B 

RECOVERY 
LIMITS 
(70 - 130) 

(70 - 130) 

[,6(;1001'38 

AR0073319 



Subj ective and Well -Head Evaluation Form 

Project No.: Q3-2006 Groundwater 
----~-------------

Location: Hollywood 
------~--------

Date: 7/612006 

Station No.: 1057 Field Technician: Shoun Dickinson Day of Week: THURSDAY 
------------~----- --------------- ---,.-----

« < ~ UJ UJ \) 

Ci. 
If) If) Q) FLOATING DISSOLVED 
-J UJ TOTAL DEPTH TO UJ UJ Ci. Z 

l) 
D 

'« l- ::J H PRODUCT OXYGEN a: H UJ I..) l- l) DEPTH WATER COMMENTS H I..) 0 -.I H IX UJ w z THICKNESS READING 
3: -J tL I..) \I) ~ ::.l. « (feet) (feet) 

UJ Ci. Z D If) I..) (L (feet) (mg/L) I- 3: ::::> 0 H « 0 X 
l) If) I..) -J Q) -J UJ '---, 

"&4 t37 fll: 1-... ~~-
< 

! I 
MW-l V 'Y \j 'J 'I Y 70.28 I " 

MW-3 {y ~ fy 4 '0 ~ 68.45 't'~ q q (f; '-Ij} b 
MW-4 Y V 

, 
Y /'1 \1 IV 69.86 '-I (}~o'Y /;1' ·Z-~O '--' 

MW-5 IJ ) V V \r l' 50.45 '/0,S7) 0.' Z-.voy 
~ " 

! 

'f "4 Iy' 40,b~ (l -#.~~ MW-6 1 'I 70.11 Gauge only 

MW-7 "\) Y f Y V Y 62.00 '7" ~V tt5 /1,,13-~~.o& 

\; y I 

Y Y '~~,"''"1 /g5 l.\?) P MW-8 'I Y 63.42 Duplicate Sample 

MW-9 y Y i 'I 'i I 66.25 31.2.' ¢ 
MW-10 ~ Y 1 '} ~ 'l 58.10 3 Lq \ d /1 iDS P ; Q~S/t ~ "v.x{ p)' (1:\ _ 

~ ~ 
"-L - ... ?gr- .,.... 

1"1 ' 4... .1 "I t ~ '-- - ~t.y I MW-ll l f l 1'" . , t. -
j ;,)7.7;,) l'bd . -- i..il .. ...... "f11., , I;! -- .. ~ /!~~"",J'J °r1- _ 

f~'S ~ f' f 

~a>N W~:(;d 'bvQ ~""",rL- '-, MW-12 55.51 I~ it 

#I 
r" 

! 

~~ b 
i 

MW-15 tv::; .... 9- 43.90 ~ ~:f\f. -re.M.J S GfI~!l!e 61,ly ~E~I\N~T LKIY·!:. 
, 

MW-16 'V V V 'y 'y "/ 44.50 1-LA Y ). vY -

MW-17 'y ~ I \; 'Y y 44.45 )..''\. ?{~' frO 1-..:>"6 Gauge only 

MW-18 'I '; "J \; \; y 42.50 1~.}7 ¢ '2,-13 Gauge only 
I 

'1 y' \ 
, 

~~ b ).,1' NAA N lV, MW-19 ~ Y \ \! 22.62 Gauge only 
I .I I 

Note: Use G=Good and P=poor for well condition 

Atlantic Richfield Company No, # 1057 Page 1 of2 QlrA, Z004 

AR0073320 



CL. 
UJ 
D 
CL. 
o 

~ 
D 

Subjective and Well-Head Evaluation Form 

Project No,: Q3-2006 Groundwater 
----~--------------

.. -'.,J,~ .... ", 

StatiohNo.: . ,. . 1057 

CJ 
H 
-.I 
....I 
UJ 

3: 

-~ 

W 
V) 

~ w 
Of. 
t...) 

z 
8 

~. 
t...) 

\J) 
Z 
1""'1 
D 
Z 
.q;: 
0... 
X 
W 

TOTAL 

DEPTH 

(feet) 

Location: Hollywood 
----~~~~-----

field Technician: Shaun Dickinson 
--~----~~~---

FLOATING DISSOLVED 
DEPTH TO OXYGEN PRODUCT 

WATER 
THICKNESS READING 

(feet) 
(feet) (mg/L) 

Date: 7/6/2006 ------------
Day of Week: THURSDAY -----------

COMMENTS 

MW-20 Y -y '\) 'I "/ \; 37.45 d..O#g-\ ;6 tl l~ q Gauge only ]) 
~~-M~W--2-1-+~~·~~~·~+~/~y+.4-~y~~L+--3-9~.15--~\~~,~3~~--+-+'or~--~!-Jq-~-~-· ~----------Ga-u~ge-o-nl~y------~ 

EW-2 'Y Y "" Y ~-V l\} 55.45 ..1 , J>¥," lfi1 1/3 1 Gauge only 

Gauge only 

1---l----f.--+-~_+_---j~_I___l_--_l_--_I_--_+---'--_+----,--------_____1( ]} 

Note: Use G=Good and P=poor for well condition 

Atlantic Richfield CompanY'No, # 1057 Page 2 on Qtr. 4, 2004 
. """ . ...... ~ ... -

AR0073321 



APPENDIX B 

Groundwater Sampling Data Sheets 

AR0073322 



ATLANTIC 
RICHFIELD 
COMPANY 

GROUND~IATER SAMPLE FIELD DA1~\ SHEET 
'"--" \,-- Iii" 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-l 

SAMPLER: Shoun Dickinson FACILITY No: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 

DEPTH OF WELL (feet): /? 1"7'( 7QlLr.( CALCULATED PURGE (gal): hltf2. 

OTHER: 

DEPTH TO WATER (feet): '(f, ~ZL ~9?:;' ACTUAL PURGE VOL (gal):b~dJ() 

Standing Water in Casing (feet) ?e/; 1 x 0.20= bilS + DTW LJ~-!) L =8010 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet)~,/7 I x 2.0= h/.x'L.J 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (ga1.) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casihg Volumes (gal.) 

Date Purged: '7/£ /0 C Start (2400 Hr.): & K 5:"0 End (2400 Hr.): q '-/3 -..;.----
Date Sampled: <~/~;I('? " Time (2400 Hr.): oq £0 DTW @ Samp. Time: lfLldlO 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-I, X-DUP-l): 

II 

" (Color) Clear, Cloudy, Yellow, Browr, *" (Turbidity) Heavy, Moderflte, Light, Trflce 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bai ler (PVC) Submersible Pump Bailer (Teflon) 

Submersible Pump Bailer (Stainless Steel) Dipper ~Ier tDlsposable TefJ.gpl 

Redi-Flo2 .,. Dedicated Well Wizard Dedicated 

OTHER: <-.~. VAC TRUCY OTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color. Padlock Number: 

COMMENTS: 

, / 
401111 VOA, HCL: <6 1 liter 'Imber, none: ~ /J a 16,xpoly,HNO', W, I 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED By:f;» J/ rA :;,n, JlItJ11 DA TE: "1/"VII tJ6 
I \J I {/ 

Atlantic Richfield Company No. # 1057 

-~-~-.-~- -,-,-'"---"-------~-----~------------

AR0073323 



GROUNe'ATER SAMPLE FIELD DA-tJ SHEET 

ATLANTIC PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-3 

RICHFIELD SAMPLER: Shaun Dickinson FACILITY NO: 1057 

COMPANY DATE: 07/0612006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 r0 6 8 12 OTHER: 

DEPTH OF WELL (feet): tlt.\~ (r)< CALCULA TED PURGE (gal): t;'41 Ut 
DEPTH TO WATER (feet): -u J .4 L\ ACTUAL PURGE VOL (gal): <;"5',00 
Standing Water in Casing (feet) do l, 01 x 0.20= ,),,40 + DTW '--\b,~\{ =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5::: 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) 3..1'() I x 2.0= ~4 I en. 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 

8 (inches) Standing Water in Casing (feet) x 7.8::: 

Dote Purged: i/7/'Ob Start (2400 Hr.): n~! k 
Date Sampled: 7/ J 1 p.6 Time (2400 Hr.): 0 to 
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUP-i): 

. TIME:'" !" i: 'Y0LpM{ . 

* (Color) Clear, Cloudy, Yellow, Brown "* (Turbidity) Heavy, Moderate, Light, Trace 

3 Casing Volumes (gaL) 

3 Casing Volumes (gal.) 

End (2400 Hr.): ... B~i] ..... W~' __ 
DTW @ Samp. Time: y ~I \'J,; 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump 

Contrifugal Pump Bailer (PVC) Submersible Pump 

Submersible Pump Bailer (Stainless Steel) Dipper 

Redi-FIp~ ....-- ......... Dedicated Well Wizard 

OTHER: "J!.AC TRUC~ OTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

COMMENTS: 

40 ml VOA, HCL: b 
----=~-

1 liter amber, none: 
-""""""'''---~ 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Compony No. # 1057 

Bai ler (Stainless Steel) 

./' DaHer- ,) 

'- Baileribisposable TeflO~ 

l;J"e'G1€G:t.eci ...-' 

Padlock Number: 

16 ox poly, HN03: 
---"'=-+--1--

DATE: 

AR0073324 



GROUN~YATER SAMPLE FIELD DA·C1 SHEET 

ATLANTIC PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-4 

RICHFIELD SAMPLER: Shoun Dickinson FACILITY NO: 1057 

COMPANY DATE: 07/06/2006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 KD 6 8 12 OTHER: 

DEPTH OF WELL (feet): b~ ,c;(b CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): 4( "ol-{ ACTUAL PURGE VOL (gal): b 0 Dc> 
Standing Water in Casing (feet) ::; t.lItl x 0.20= 5" c;b + DTW Lf {, Dc') =80io Recharge Water Level 

2 (tnches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) iJ1,VJ- x 2.0= ~ ib'-i 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gal.) 

Date Purged: ,II/ ob . Start (2400 Hr.): CJ '3"&5 
Date Sampled: ~ Time (2400 Hr.): CO It 'I S"" 

End (2400 Hr.): -----DTW @ Samp. Time: Lf ~ .13 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-bUP-1): 

.. , ::TIMt( ';:>,v6U0~€:i'i 

" (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bail ..... (Tpf lon) 

Submersible Pump Bailer (Stainless Steel) Dipper ~ileT , ..J9n) 
Redi-Flo2 .,..,--~ Dedicated Well Wizard ~-c-Q;f:p.-l ./ 

OTHER: {VAC TRUCK) OTHER: 
l .,..", 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 
.... _ .. _ ... 

COMMENTS: 

40 m! VOA, HCL: 6 lI'w,,,b''',MM' ¢£ fl I6OXporY,HNO,,0f7 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED BY: ANrA ~ DATE: 17ZJ1!e:(, 
J "V' 

" V 

Atlantic Richfj~ld Company No. # 1057 

AR0073325 

, 
,\ 



GROUNt1~ATER SAMPLE FIELD DAlr-~SHEET _,0 _~ 

ATLANTIC 

RICHFIELD 

COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-5 

SAMPLER: Shaun Dickinson FACILIlY NO: 1057 

DATE: 0770572006 rt, lOb LOCA TION: Hollywood 

CASING DIA METER (inches) 2 3 cV 6 8 12 OTHER: 

DEPTH OF WELL (feet): SD,L,(~ CALCULATED PURGE (gal): \t1,G \) 
DEPTH TO WATER (feet): LfO_S"O ACTUAL PURGE VOL (gal): ;)...D~ 0-0 
Standing Water in Casing (feet) '1\ 1:1 ~ x 0.20= ( ('lq + DTW 42)~q =80io Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x Q.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0= lq,t10 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gal.) 

Date Purged: 1/7/0 b 
Date Sampled: ilf/Dk. 

Start (2400 Hr.): "if b 
Time (2400 Hr.): (9] I cO 

End (2400 Hr.): 
-::-~---

DTW @ Samp. Time: '11...»7.>,3 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-i): 

'" (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light. Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump ,./" -Q..n; :--.-... 
Submersible Pump Bailer (Stainless Steel) Dipper ( Boner (Disposable TeflgoY 

Redi-Flo2 ..c:::- -.... Dedicated Well Wizard [)eaicated 

OTHER: ( VAC TRUCK...) OTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 
.. _ .... 

COMMENTS: 

40 ml VOA, HCL: t-J 1 liter amber, none: .. 00 16 ox poly, HN03: rA' ,- / ;;.r , 
WATER LEVEL ONLY. NO SAMPLE COLLECTED: DATE: 

Atlantic Richfield Company No. # 1057 

AR0073326 



GROUNr~VATER SAMPLE FIELD DA8 SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-6 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07106/2006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20= +DTW =80/0 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (ga1.) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gal.) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): ----- DTW @ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUP-l): 

* (Color) Clear, Cloudy, Yellow, Brown *'< (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bailer (Teflon) 

Submersible Pump Bailer (Stainless Steel) Dipper Bailer (Disposable Teflon) 

Redi-Flo2 Dedicated Well Wizard Dedicated 

IOTHER: VAC TRUC~ laTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

40 ml VOA, HCL:_____ ''' .... _"" ... ,,' :.:I~~ 16.x p.1v. HN03, , 

_W_A_T_ER_L_EV_E_L_O_N_LY_. N_O_SA_M_P_LE_C_O_LL_E_CT_E_D_: __ REVrEWEb ~0I19f7 bATE, pt 
Atiantic Richfie[d Company No. # 1057 

AR0073327 



GROUN[{~~~ATER SAMPLE FIELD DA1AsHEET 
\----.~ .. ~---" 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-7 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 OTHER: 

DEPTH OF WELL (feet): 0'Z.OO CALCULATED PURGE (gal): .... r~. ~{j 

DEPTH TO WATER (feet): r\ G 20 ACTUAL PURGE VOL (gal): "5 I{ 
Standing Water in Casing (feet) lAO .'00 x 0.20= ~- _ ~I ~ .... + DTW V b ~ I'to =B070 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 

4 (inches) Standing Water in Casing (feet) x 2.0= 

6 (inches) Standing Water in Casing (feet) x 4.4= 

8 (inches) Standing Water in Casing (feet) x7.B= 

/ 
Date Purged: ~7""",,"r-""':;;';:-

Date Sampled:'/ (p. 
..;,."-.-=o-..¥..,;;;;;.;,.._ 

Start (2400 Hr.): 1/C'0 
Time (2400 Hr.): .........,;\1-1::..;<:;..l,jo;;..;,.O __ 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-1): 

* (Color) Clear, Cloudy, YeHow, Brown *'" (Turbidiiy) Heavy, Moderate, Light, Trace 

3 Casing Volumes (gaL) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

. ~ 

End (2400 Hr.): lll) U 
DTW @ Sump. Time: os, I"": &0 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bailer-.LTeflon) 

Submersible Pump Baile;.r (Stainless Steel) Dipper ,/' 1- Bailer (Disposable TeT'l:§)-' 

Redi-Flo2 Dedicated Well Wizard D€alcatea 
~ 

k=v~TRUCK~ IOTHER: IOTHER: -. 
Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 
_. . -_.- - ."."-

COMMENTS: 

- .r-

40 ml VOA, HCL: (~ 1 liter amber, none: 

cI ',;2, 16 ox poly, HN03: f/; I 

WATER LEVEL ONLY, NO SAMPLE COLLECTED: REv1'EWED BY: bib" ...... ~ 
DATE: i/z.-WoC "' I l/ " 

; 

Atlantic Richfield Company No. # 1057 

----_. __ . -- --- ---------------~---------.--

AR0073328 



GROUND/:::~~ATER SAMPLE FIELD DAlt~SHEET 
\---- -"",,--" 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-B 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 OTHER: 

DEPTH OF WELL (feet): b 1 ,'{l--- CALCULATED PURGE (gal): SCi I :; 0 
DEPTH TO WATER (feet): ~ '3 ;11 ACTUAL PURGE VOL (gal): bro" 00 
Standing Water in Casing (feet) .2.4 j 65' x 0.20= 5 .. '1;'3 + DlW Q .'1,'10 ;) ,( =80'7'0 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) :A.4IlS' x 2.0= 51/>7) 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: '7. ~ /'04:. Start (2400 Hr.): C>~ 2~_D End (2400 Hr.): &'7 V/ 
DTW @ Samp. Time: 55-77 Date Sampled: .,. {I-6 Time (2400 Hr.): () p J\ 

FIELD QC SAMPLES CdtbECTED AT THIS WELL (IE: FB-I, X-DUP-I): 

~~~~~ 

* (Color) Clear, Cloudy. Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT 

2" Bladder Pump 

Contrifugal Pump 

Submersible Pump 

Redi-Flo2 ..-----.... 1-...... 
, .. 

Bailer (Teflon) 

Bailer (PVC) 

Bailer (Statnless Steel) 

Dedicated 

OTHER: ( VAC TRUCK \ 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

COMMENTS: 

SAMPLING EQUIPMENT 

2" Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

OTHER: 

Bailer (Stainless Steel) 

,.-- ~r (Teflon) ) 

Bailer (Disposable Teflon),.... 

Dedicated 

Padlock Number: 

40 mt VOA, HCL: b 1 liter amber, none: r;{ IJ 16 ox poly, HN03: rYf' 
WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVI~DBYh/}IIIP, ~ DATE:~VJ!o.( 

if V 1/ 

Attantic Richfield Company No. # 1057 

AR0073329 



GRO~Nr~~-YATER SAMPLE FIELI) DAr1 SHEET 

ATLANTIC PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-9 

RICHFIELD SAMPLER: Shaun Dickinson FACILITY NO: 1057 

COMPANY DATE: 07/06/2006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 (?) 6 8 12 OTHER: 

DEPTH OF WELL (feet): JJ ~ ... ?,::r- CALCULATED PURGE (gal): 7 0 ~ a~ 
DEPTH TO WATER (feet): \ .. U ACTUAL PURGE VOL (gal): 71 
Standing Water in Casing (feet 1~:,,\.6V x 0.20:: "? -crOT + DTW ~k-.-U ::80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5:: 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0:: 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4:: 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ,?i.~~~ Start (2400 Hr.): () 5' y. f End (2400 Hr.): t6YS 
Date Sampled: '7 jltalrJI/J Time (2400 Hr.): 'D~~ DTW @ Samp. Time: 3'JrC>\t.t 

I {, 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUP-l): 

i \ 

.. (Calor) Clear, Cloudy, Yellow, Brown ,.,. (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump 

Contrifugal Pump Bai ler (PVC) Submersible Pump 

Submersible Pump .. -BmJ..er (Stainless Steel) Dipper 

Redi-Flo2~ ~ 't(edi coted Well Wizard 

OTHER: / VAC TRUCK j OTHER: 
'\ ./ 

Well Condition (ca ... , , padlock, screws, lid, etc.): 

Floating Product Thickness (feet): 

40 ml VOA, HCL: __ ~bt...-_ 
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfierd Company No. # 1057 

Color: 

1 liter amber, none: 
-----:;c----IJ 

Bai ler tS'l"amIeS~-S1'ee.Q 

Bai I~.:r.e:f 10111 --' 
~ ~O,iler (Di$pos~on) , ----oeaicoted 

Padlock Number: 
. - .. _. 

16 ox poly, HN03: 
-...:w;y.---,f---

AR0073330 



GROUNO~')ATER SAMPLE FIELD'DA1~)SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-l0 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 OTHER: 

DEPTH OF WELL (feet): _~1-. ( ') CALCULATED PURGE (gal): n·"?;K 
DEPTH TO WATER (feet):. sf .v., ACTUAL PURGE VOL (gal): S:f' 
Standing Water in Casing (feet) 'ili...{.P~ x 0.20::: .\-:''Z ~t + DTW 36.71 =80'% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (got) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: 7/&~~ Start (2400 Hr.): ~ 1" 11./ End (2400 Hr.): ('1-1 Y 
Date Sampled: j li£) !t;f(p, Time (2400 Hr.): t'l,~f S- DTW@ Samp. Time: 1 { etA 

,,' - , 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUP-l): 

"(Color) ctear, Cloudy, Yellow, Brow~, ** (Turbidiiy) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer-'(5Tainle-ss~eel) 

Contrifugal Pump Bai ler (PVC) Submersible Pump Baj.ler---{-=r-e:fjonL...~ 

Submersible Pump __ B.ail~tainless Steel) Dipper ...... Al'1iipr' (Disposable Teflon) 

Redi-FloS/ "" Ded~oted Well Wizard Dedicated 

OTHER: \......VAC TRUCK// ~ OTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

COMMENTS: 

40 ml VOA, HCL: 

I) 

--~--
1 liter amber, none: 

----l=+.",L--
16 ox poly, HN03: 

-¥.:t:..f----iL---

WATER LEVEL ONLY, NO SAMPLE COLLECTED: 

Atlantic Richfield Compat1y No. # 1057 

----------------------------~~~------------------------------. ---" -
AR0073331 



GROUNrr-1ATER SAMPLE FIELD DA-A SHEET 
~. 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-ll 

SAMPLER: Shoun Dickinson FACILITY NO; 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 OTHER: 

DEPTH OF WELL (feet): . ~~ ~ r "" CALCULA TED PURGE (gal): vl ... '7. \a ~ 
DEPTH TO WATER (feet): ~c; ~(g-T .. ACT~t\LpURGE Vo.k (gal): .. --\ \ 

Standing Water in Casing (feet) 21:L 'Z,{) x 0.20::: ...,. D"-P + DTW (/,1k// :::80% Recharge Water Level 

2 (inches) 

4 (inches) 

6 (inches) 

8 (inches) 

Standing Water in Casing (feet) 

Standing Water in Casing (feet) 

Standing Water in Casing (feet) 

Standing Water in Casing (feet) 

Start (2400 Hr.): \ "t.'i3 
Time (2400 Hr.): 13 \ s: 

x 0.5= 

x 2.0::: 

x 4.4= 
x 7.8::: 

3 Casing Volumes (gaL) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

End (2400 Hr.): Il. 5:1 
DTW @ Samp. Time: y.J. (7 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP-Il)~: 1111~~II~I~111 

" (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT 

2" Bladder Pump 

Contrifugal Pump 

Submersible Pump 

Redi-Flo2 

OTHER: 
-

Bailer (Teflon) 

Bai ler (PVC) 

Bailer (Stainless Steel) 

Dedicated 

I /' 
Well Condition (cap, ............. I padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

COMMENTS: 

40 ml VOA, HCL:_...t.h~ __ _ 1 liter amber, none: 

WATER LEVEL ONLY, NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

SAMPLING EQUIPMENT 

2" Bladder Pump 

Submersible Pump 

OTHER: 

Dipper 

Well Wizard 

~. ; 

REVIEWED BYl hAJlr~ 
I v 

Bailer (Stainless Steel) 

_ \.leTlo~ 

(r-trai ler (Disposable Teflo1p) 
./ 

Padlock Number: 

16 ox poly, HN03: (k'j 
DATE: if lJJ-iUb 

I $ 

AR0073332 



GROUNr"-'-VATER SAMPLE FIELD DAE1 SHEET 
"'---

ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: HoW 12 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2. 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULA TED PURGE (gal): 

DEPTH TO WATER (feet): ~q -Lo\ ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20= +DTW =8010 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x7.8: 3 Casing Volumes (gaL) 

Date Purged: ' ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): ----- DTW @ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUPru-l~):~~iii~~m~~;;;;r;;~~;;;;;;;; 

* (Color) Clear, Cloudy, Yellow, Brown ,,,. (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Centrifugal Pump Bailer (PVC) Submersible Pump Bailer (Teflon) 

Submersible Pump Bai ler (Stainless Steel) Dipper Bailer (Disposable Teflon) 

Redi-Flo2 Dedicated Well Wizard Dedicated 

IOTHER: VAC TRUCK IOTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

rOMMENT$ 

40 ml VOA, HCL: _____ "' .... , .... , """ _/!-: ~ poly, HNO', • 

_W_A_TE_R_L_EV_E_L O_N_L_Y,_N_O_S_AM_P_L_E _CO_L_LE_C_TE_D_: __ REVIEWED BY:cP~~ DATE: 1(~ 
/ 7~ 

Atlantic Richfield Company No. # 1057 

---~-.-,------~-------~-------

AR0073333 



GROUNr:-YATER SAMPLE FIELD DAO SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-15 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07106/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet); CALCULA TED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20:: +DTW =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0:: 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): ____ _ 

Date Sampled: _____ _ Time (2400 Hr.): ____ _ DTW @ Samp. Time: ____ _ 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-I): 

'" (Color) Clear, Cloudy, Yellow, Brown ** (Turbidiiy) Heavy, Moderate, Light. Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

Submersible Pump Bailer (Stainless Steel) 

Redi-Flo2 Dedicated 

IOTHER: VAC TRUCK 

Well Condition (cap, cement, padlock, screws, lid,etc.): 

Floating Product Thickness (feet): Color: 

,ALS 

40 ml VOA, HCL: 1 liter amber, none: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

2" Bladder Pump 

SubmerSible Pump 

Dipper 

Well Wizard 

I OTHER: 

----~ 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
---1---1'--

DATE: 

AR0073334 



GROUNtyATER SAMPLE FIELD DAE~ SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-16 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 6 8 12 OTHER: 

DEPTH OF WELL (feet): q\~ •. ~ CALCULATED PURGE (gal): tt"3 ~ '--& 
DEPTH TO WATER (feet): bL- ~oJ{ ACTUAL PURGE VOL (gal): ,,!''f 
Standing Wafer in Casing (feet) 1.\.-Wi x 0.20:: Y"~\f..J + DTW 21.7 ..... ) ::80')'0 Recharge Water Level 

2 (inches) 

4 (inches) 

6 (inches) 

8 (inches) 

Date Purged: 7/t /0-' 
Date Sampled: )4: II) " 

f 

Standing Water in Casing (feet) x 0.5:: 

Standing Water in Casing (feet) x 2.0:: 

Standing Water in Casing (feet) x 4.4:: 

Standing Water in Casing (feet) x 7.8:: 

Start (2400 Hr.): /b.'.5 ? 
Time (2400 Hr.): U o-r--

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP-l): 

" (Color) Clear, Cloudy, Yellow, Brown .... (Turbidity) Heavy, Moderate, Light, Trace 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

3 Casing Volumes (gal.) 

End (2400 Hr.): I..C:rr~ 
DTW @ ~amp. Time: L);Gj-r: 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

Submersible Pump Bailer (Stainless Steel) 

Redi-Flo2 ~ Dedicated 

OTHER: / VACTRUCK :/ 
\. ---Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCL: 1 liter amber, none: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

2" Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

OTHER: 

-----1+ 
REVIEWED BY 

Bailer (Stainless Steel) 

---Sai·ler--(.:r..efl2cl ... -__ 

I (Bailer (Disposable Teflon;) 

r5erncated 

Padlock Number: 
-_._. --

16 ox poly, HN03: 
--i---f--

DATE: 

----------------~.~---.-----~---------.-.... ~--

AR0073335 



GROUNr~/ATER SAMPLE FIELD DA~E) SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-17 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/0612006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20= +DTW :::80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ____ _ Start (2400 Hr.): ____ _ End (2400 Hr.): ____ _ 

Date Sampled: ____ _ Time (2400 Hr.): ----- DTW @ Samp. Time: ____ _ 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP~-l~):~m~ii~mi~~~§U~~~~ 

* (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bailer (Teflon) 

Submersible PUmp Bailer (Stainless Steel) Dipper Bailer (Disposable Teflon) 

Redi-Flo2 Dedicated Well Wizard Dedicated 

IOTHER: VAC TRUCK IOTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

16 ox poly, HN03: 
---1'-.;--

40 ml VOA, HCL: ----- 1 liter amber. none: 
------I.' 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED BY: 

Atlantic Richfield Company No. # 1057 

AR0073336 



GROUNeATER SAMPLE FIELD DA"0'j SHEET 

ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-1B 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20= +DTW =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gal.) 

Date Purged: ____ _ Start (2400 Hr.): ------ End (2400 Hr.): -----Date Sampled: ____ _ Time (2400 Hr.): ----- DTW @ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP-l): 

" (Color) Clear, Cloudy, Yellow, Brown *" (Turbidity) Heovy, Moderote:, Light, Troce 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" 61adder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bailer (Teflon) 

Submersible Pump Bailer (Stainless Steel) Dipper Bailer (Disposable Teflon) 

Redi-Flo2 Dedicated Well Wizard Dedicated 

IOTHER: VAC TRUCK IOTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

4{l ml VOA, HCL: ----- 1 liter amber, none: 
-----V 

16 ox poly, HN03: 
--I--+---

WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED 

Atlantic Richfield Compony No. # 1057 

AR0073337 



GROUNC~VATER SAMPLE FIELD DA'['-i SHEET 

ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-19 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCA TION: Hollywood 

CASING· DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20:: +DTW =8010 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0:: 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ----- Start (2400 Hr.): ____ _ End (2400 Hr.): -----Date Sampled: ____ _ Time (2400 Hr.): ____ _ DTW @ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUPI-l~):~i.miiii~~~iii 

* (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bailer (PVC) Submersible Pump Bailer (Teflon) 

Submersible Pump Bailer (Stainless Steel) Dipper Bailer (Disposable Teflon) 

Redi-Flo2 Dedicated Well Wizard Dedicated 

IOTHER: VAC TRUCK laTHER: 

Well Cond.ition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Padlock Number: 

1 liter amber, none:. ~ i. ox poly, HN03: f, 

REVIEWED B~:_~ DATE: 1/Z'f!6C 
-------------------------- I I I 

40 ml VOA, HCL: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

AR0073338 



GROUND~TER SAMPLE FIELD DATt=~SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-20 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCA nON: Hollywood 

CASING DIAMETER (inches) 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULA TED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (go!): 

Standing Water in Casing (feet) x 0.20= +DTW =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) X 7.8= 3 Casing Volumes (gal.) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Samp led: ----- Time (2400 Hr.): ----- DTW @ Samp. Time: -----
FIELD QC SAMPLEs COLLECTED AT THIS WELL (lEi: ~FBi-ll'lxi-DiuIPi-li):IIIIIII!II~111 

.. (Color) Clear, Cloudy, Yellow, Brown "* (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump 

Contrifugal Pump Bai ler (PVC) Submersible Pump 

Submersible Pump Bailer (stoinless Steel) Dipper 

Redi-Flo2 Dedicated Well Wizard 

IOTHER: VAC TRUCK IOTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCL: ----- 1 liter amber, none: 
-----If 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

Bai ler (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--+---1---
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GROUN~~ATER SAMPLE FIELD DAB SHEET 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-21 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/0612006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20:: +DTW ::80'10 Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5:: 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0;;: 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) X 4.4:: 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8;;: 3 Casing Volumes (gal.) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): -;.""",--- DTW @ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-i, X-DUP-l): 

* (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

Submersib le Pump Bailer (Stainless Steel) 

Redi-Flo2 Dedicated 

IOTHER: VAC TRUCK 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color.: 

40 IlII VOA, HCL: 1 liter amber, none: -----
WATER LEVEL ONLY, NO SAMPLE COLLECTED: 

Atlantic Richfield CompClny No. # 1057 

2" Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

IOTHER: 

------I' 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--+---)1--

DATE: 
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GROUND~TER SAMPLE FIELD DATAsHEET 
~,~> '---

ATLANTIC 

RICHFIELD 

COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: MW-22 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

_ DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20:: +DTW ::80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5: 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0: 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4: 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) x 7.8: 3 Casing Volumes (gaL) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): ----- DTW @ Sump. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP-i): 

~~~~~~~~~~~~ 

,. (Color) Clear, Cloudy, Yellow, Brown ** (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

Submersible Pump Bailer (Stainless Steel) 

Redi-Flo2 Dedicated 

.IOTHER: VAC TRUCK 

Well Condition (cap, cement, padlock, screws, lid, etc,): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCl: 1 liter amber, none: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

SAMPLING EQUIPMENT 

211 Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

IOTHER: 

-----V 
REVIEWED BY: 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--I----,~-

DATE: 

AR0073341 



GROUNHATER SAMPLE FIELD DA-(=1 SHEET '----/ _ ... 

ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO; Q3-2006 Groundwater SAMPLE ID: EW-l 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCATION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULA TED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20= +DTW =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5:: 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8: 3 Casing Volumes (gaL) 

Date Purged: ------ Start (2400 Hr.): ____ _ End (2400 Hr.): ____ _ 

Date Sampled: ----- Time (2400 Hr.): _____ __ DTW @ Samp. Time: ____ _ 

FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-1): 

* (Color) Clear, Cloudy, Yellow, Brown ** (Turbidiiy) Heavy, Moderate, Light. Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

SubmerSible Pump Bailer (Stainless Steel) 

Redi-Flo2 Dedicated 

10THER: VAC TRUCK 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCL: 1 liter amber, none: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

2" Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

IOTHER: 

------II 

REVIEWED BY: 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--1----.;:...---

DATE: 

AR0073342 



GROUN[(--1ATER SAMPLE FIELD DA'~jSHEET '-/ ,.,-' 

ATLANTIC 

RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: EW-2 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/0612006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULATED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20::: +DTW :::80% Recharge Water Level 

2 Onches) Standing Water in Casing (feet) x 0.5::: 3 Casing Volumes (gaL) 

4 (inches) Standing Water in Casing (feet) x 2.0::: 3 Casing Volumes (gaL) 

6 (inches) Standing Water in Casing. (feet) x 4.4::: 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) x 7.8::: 3 Casing Volumes (gaL) 

Date Purged: Start (2400 Hr.): End (2400 Hr.): ----- ----- -----Date Sampled: ----- Time (2400 Hr.): ----..... DTW@ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-l): bUP: EW-99 

.. (Color) Cleaf, Cloudy, Yellow, Brown .. * (Turbidity) Heavy, Moderate, Light, Trace' 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 2" Bladder Pump 

Contrifugal Pump Bailer (PVC) Submersible Pump 

Submersible PUmp Bailer (Stainless Steel) Dipper 

Redi-Flo2 Dedicated Well Wizard 

!OTHER: VAC TRUCK I OTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCL: 1 liter amber, none: ----- ------II 
WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED BY: 

Atlantic Richfield Company No. # 1057 

~.~ .. -----~-~.--.-..... _--

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--I----,~-
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ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: EW-3 

SAMPLER: Shoun Di ckinson FACILITY NO: 1057 

DATE:~ '1 (7/ vi LOCATION: Hollywood 
I 

CASING DIAMETER (inches) 2 3 4 12 OTHER: 

DEPTH OF WELL (feet): SLs-S"" CALCULATED PURGE (gal): S?D;?11. 
DEPTH TO WATER (feet): ~.3, 16 ACTUAL PURGE VOL (gal): rg1,ov 
Standing Water in Casing (feet) J f(,!J1 x 0.20= ~ ,'{'"7 +DTW 3b.~ =80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Vo lumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4= ;?{)i1'2r 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ~ Start (2400 Hr.): I Q r :r: 
Date Sampled: ~ Time (2400 Hr.): 'I IS-

End (2400 Hr.): 114)3 
...;.;......,;;;~--

DTW@ Samp. Time: "3 &'SL-

FIELD QC SAMPLES COLLEcTED AT THIS WELL (IE: FEB-ll~, Xm-~DUffiPi-l~):~~~~~~~~~~~~m§ifi 

1\ 

* (Color) Clellf', Cloudy, Yellow, Brown "* (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

211 Bladder Pump Bailer (Teflon) 2" Bladder Pump Bailer (Stainless Steel) 

Contrifugal Pump Bai ler (PVC) Submersible Pump ,.....----,Bailer (Teflon) 

Submersible Pump Bailer (Stainless Steel) Dipper Q3ailer (D~osable Teflon)' 

Redi-Flo2 Dedicated - Well Wizard Dedicated 

OTHER: ( VAC TRUCK) OTHER: 
""'-... / 

Well Condition (cap, cemenr,paalock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: Pad lock Number: 

COMMENTS: 

40 ml VOA, HCL: 6 1II'.comb.',MM' £J j} ~ "o>,oly,HNO" 0-
WATER LEVEL ONLY. NO SAMPLE COLLECTED: REVIEWED BYP.fi.uJ rM'Jf"ewt1 DATE: I!Z'l/f/b 

! f.t-
( "I t 

Atlantic Richfiefd Company No. # 1057 

~'--"--'---'--

> 
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GROUNtBATER SAMPLE FIELD DAi3 SHEET 

ATLANTIC 
RICHFIELD 
COMPANY 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: EW-4 

SAMPLER: Shoun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCA TION: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULA TED PURGE (gal); 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) X 0.20= +DTW :;:80% Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0,5= 3 Casing Volumes (gaL) 

4 (lnches) Standing Water in Casing (feet) x 2.0= 3 Casing Vo lumes (gaL) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gal.) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ----- Start (2400 Hr.): ----- End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): ----- DTW@ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-l, X-DUP-l): 

* (Color) Clear, Cloudy, Yellow, Brown .. * (Turbidity) Heavy, Moderate, Light, Trace 

PURGING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 

Contrifugal Pump Bailer (PVC) 

Submersible Pump Bailer (Stainless Steel) 

Redi-Flo2 Dedicated 

IOTHER: VAC TRUCK 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

40 ml VOA, HCL: 1 liter amber, none: -----
WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

AtlantIc RichfIeld Company No. # 1057 

SAMPLING EQUIPMENT 

2" Bladder Pump 

Submersible Pump 

Dipper 

Well Wizard 

IOTHER: 

-----/I-

REVIEWED BY: 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--+--f.--

".~---------------------~---- ---------- ---------- -----
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GROUN[YATER SAMPLE FIELD DAEi SHEET 

PROJECT NO: Q3-2006 Groundwater SAMPLE ID: EW-5 

RICHFIELD 
COMPANY 

SAMPLER: Shaun Dickinson FACILITY NO: 1057 

DATE: 07/06/2006 LOCA nON: Hollywood 

CASING DIAMETER (inches) 2 3 4 6 8 12 OTHER: 

DEPTH OF WELL (feet): CALCULA TED PURGE (gal): 

DEPTH TO WATER (feet): ACTUAL PURGE VOL (gal): 

Standing Water in Casing (feet) x 0.20:: +DTW =BOio Recharge Water Level 

2 (inches) Standing Water in Casing (feet) x 0.5= 3 Casing Volumes (gal.) 

4 (inches) Standing Water in Casing (feet) x 2.0= 3 Casing Volumes (gal.) 

6 (inches) Standing Water in Casing (feet) x 4.4= 3 Casing Volumes (gaL) 

8 (inches) Standing Water in Casing (feet) x 7.8= 3 Casing Volumes (gaL) 

Date Purged: ----- Start (2400 Hr.): ____ _ End (2400 Hr.): -----Date Sampled: ----- Time (2400 Hr.): ----- DTW@ Samp. Time: -----
FIELD QC SAMPLES COLLECTED AT THIS WELL (IE: FB-1, X-DUP-1): 

.. (Color) Clear, Cloudy, Yellow, Brown *" (Turbidity) Heavy, Moderate,,J-ight, Trace 

PURGING EQUIPMENT SAMPLING EQUIPMENT 

2" Bladder Pump Bailer (Teflon) 21t Bladder Pump 

Contrifugal Pump Bai ler (PVC) Submersible Pump 

Submersible Pump Bailer (Stainless Steel) Dipper 

Redi-Flo2 Dedicated Well Wiz"Ord 

laTHER: VAC TRUCK IOTHER: 

Well Condition (cap, cement, padlock, screws, lid, etc.): 

Floating Product Thickness (feet): Color: 

rOMMENT$ 

40 ml VOA, HCL; ----- 1 liter amber, none: 
------,h 

WATER LEVEL ONLY. NO SAMPLE COLLECTED: 

Atlantic Richfield Company No. # 1057 

Bailer (Stainless Steel) 

Bailer (Teflon) 

Bailer (Disposable Teflon) 

Dedicated 

Padlock Number: 

16 ox poly, HN03: 
--1--+--

AR0073346 



APPENDIX C 

Waste Disposal Documents 
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Not Available 
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August 191 2008 

South Central Coastal Information Center 
California State University, Fullerton 
Department of Anthropology MH-426 
800 North State College Boulevard 

Fullertonl CA 92834-6846 
714.278.5395/ FAX 714.278.5542 

anthro.fullerton.edu/sccic.html - sccic@fullerton.edu 
California Historical Resources Information System 

Orange, Los Ange/e~ and Ventura Counties 

SCCIC #8609.5647 

Ms. Carol Rosskam 
Christopher A. Joseph & Associates 
11849 Olympic Blvd., Suite 101 
Los Angeles, CA 90064 
310.473.1600 

RE: Record Search for the Millennium Hollywood Towers Project 

Dear Ms. Rosskam, 
As per your request received on June 2, 2008; a records search was conducted 

for the above referenced project. The search includes a review of all recorded 
archaeological sites within a V2-mile radius of the project site as well as a review of 
cultural resource reports on file. In addition, the California Points of Historical Interest 
(PHI), the California Historical Landmarks (CHL), the California Register of Historical 
Resources (CR), the National Register of Historic Places (NR), the California State 
Historic Resources Inventory (HRI), and the City of Los Angeles Historic-Cultural 
Monuments (LAHCM) listings were reviewed for the above referenced project site. The 
following is a discussion of the findings. 

Due to the sensitive nature of cultural resources, archaeological site locations are 
not released. 

Hollywood, CA. USGS 7.5' Quadrangle 

ARCHAEOLOGICAL RESOURCES: 

One archaeological site (19-003545) has been identified within a l/2-mile radius 
of the project site. It is not located within the project site. It is not listed on the 
Archaeological Determination of Eligibility (DOE) list. No isolates have been identified 
within a l/2-mile radius of the project site. No isolates are located within the project site. 

HISTORIC RESOURCES: 

Sixty-seven additional cultural resources (19-168074, 19-168085, 19-168086, 19-
168087, 19-168088, 19-168089, 19-168090, 19-168091, 19-168092, 19-168093, 19-
168094, 19-168095, 19-168096, 19-168097, 19-168098, 19-168099, 19-168100, 19-
168101, 19-168102, 19-168103, 19-168104, 19-168105, 19-168106, 19-168107, 19-
168108, 19-168109, 19-168110, 19-168111, 19-168112, 19-168113, 19-168114, 19-

AR0073349 



168115, 19-168116, 19-168117, 19-168268, 19-168269, 19-168270, 19-168271, 19-
168272, 19-168273, 19-168274, 19-168275, 19-168276, 19-168277, 19-168278, 19-
168279, 19-168280, 19-168281, 19-168282, 19-168283, 19-168284, 19-168285, 19-
168286, 19-168287, 19-168288, 19-168289, 19-1682901 19-168291, 19-168292, 19-
168378, 19-168437, 19-168773, 19-168774, 19-168775, 19-168776, 19-169323, 19-
174178*, and 19-187897) have been identified within the a lh-mile radius ofthe project 
site. One cultural resource is located within the project site. 
(* = Located within the project site) 

A review of the historic maps - Santa Monica (1902, and 1921) 15' USGS -
indicated that in 1902, a network of improved roads and many structures were present. 
Two intermittent streams ran north of the project site. The Hollywood & Cahuenga 
Valley Railroad ran through the project radius. Place names included Hollywood and 
Colegrove. In 1921, there was marked increase in development of the area. All 
features mentioned above were still present. 

The California Point of Historical Interest (2008) of the Office of Historic 
Preservation, Department of Parks and Recreationl lists no properties within a lh-mile 
radius of the project site. 

The California Historical Landmarks (2008) of the Office of Historic Preservation, 
Department of Parks and Recreation, lists no properties within a lh-mile radius of the 
project site. 

The California Register of Historical Resources lists 365 properties within a 112-
mile radius of the project site (see enclosed HRI list for properties marked with a +). 
These are properties determined to have a National Register of Historic Places Status of 
1 or 2, a California Historical Landmark numbering 770 and higher, or a Point of 
Historical Interest listed after 1/1/1998. 

The National Register of Historic Places lists 222 properties within a lh-mile 
radius of the project site (see enclosed HRI list for properties marked with an *). 

The City of Los Angeles Historic-Cultural Monuments lists 50 properties within a 
V2-mile radius of the project site (see below). 

No. 165 Fire Station No. 27 
When built in 1930, it was considered the largest fire station west of the 
Mississippi (22,00 square feet); designed by Peter K. Schabarum. 
Located at 1355 North Cahuenga Blvd. Declared: 10/20/76. 
19-169285 

No. 180 (Site of) The filming of the first talking feature film 
Currently KTLA-TV, this is the site of the filming, in October, 1927, of 
"The Jazz Singer," the first feature film with synchronized dialogue. 
Located at 5800 Sunset Blvd. Declared: 9/21/77. 
5858: 19-169360 

No. 193 Pantages Theatre 
An exceptional example of Art Deco architecture of the 1920's and 
1930's, it was designed in 1929 by architect B. Marcus Priteca and interior 
decorator Anthony Heinsbergen. Opened on June 4, 1930 as the last and 

AR0073350 



No. 194 

No. 227 

No. 315 

No. 316 

No. 329 

largest of a chain of theaters operated by vaudeville magnate Alexander 
Pantages, its interior is considered by many to be the most magnificent 
example of theater architecture in Los Angeles. Located at 6233 
Hollywood Boulevard. Declared: 7/5/78. 
19-167073 

Hollywood Walk of Fame 
Conceived by the Hollywood Chamber of Commerce in the late 1950's the 
"walk" is a tribute to the artists who have made significant contributions 
to the film, radio, television and recording industries. It contains over 
2,500 bronze stars embedded in charcoal terrazzo squares, each with its 
distinctive emblem identifying the category in which the recipient is being 
honored. Located on Hollywood Boulevard between Gower Street and 
Sycamore Avenue and on Vine Street between Yucca Street and Sunset 
Boulevard. Declared: 7/5/78. 
19-167544 

Janes House 
Designed by Oliver Dennis and Lyman Farwell, the Queen Anne-style 
house was built in 1902 and purchased by the Janes family in 1903. The 
Janes sisters, Carrie, Mabel, and Grace, for many years operated the 
Misses Janes Kindergarten in their home. The schoo! was attended by 
children of the Hollywood community including those of Cecil B. DeMille 
and Charles Chaplin. Located at 6541 Hollywood Boulevard, Hollywood. 
Declared: 4/3/80. 
19-167559 

Villa Carlotta 
Designed by architect Arthur E. Harvey, the four-story brick structure was 
constructed in 1926. The structure is designed in Spanish 
Churrigueresque style. Incorporated in the construction is an elaborate 
system of sound-proofing, a system of water filtration, a central 
refrigeration system and a ventilation system which changes air in each 
apartment every five minutes. Located at 5959 Franklin Avenue. 
Declared: 10/28/86. 
19-169316 

William Stromberg Clock 
The William Stromberg Clockj a landmark on Hollywood Boulevard since 
1927, is a boulevard street clock. It is associated with of the street's 
oldest retailers. Located at 6439 Hollywood Boulevard. Declared: 
1/7/87. 
19-167555 

Chateau Elysee 
The Chateau Elysee was built as a residential hotel in 1928 by Mrs. 
Eleanor Ince. Arthur E. Harvey designed the building in the Chateau 
Revival architectural style. Located at 5930 Franklin Avenue. Declared: 
9/23/87. 
19-169315 
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No. 334 

No. 448 

No. 453 

No. 463 

No. 567 

No. 572 

No. 584 

No. 597 

No. 603 

Security Trust & Savings Building 
One of the first high-rise (seven stories) buildings on Hollywood 
Boulevard, it was designed by the architectural firm of Parkinson & 
Parkinson in 1921 in the beaux Art and Italian Renaissance Revival styles. 
Located at 6381-6385 Hollywood Boulevard. Declared: 12/18/87. 
6381: 19-171016 

Whitley Court 
This court, designed by Dennis & Farwell, consists of a grouping of four 
Dutch Colonial Revival duplexes, built in 1919, along each side of a 
central garden, with a Craftsman house, circa 1903, in the rear. This 
court's two-story bungalow style is now unique in the Hollywood area. 
Located at 1720-1728 Whitley Avenue. Declared: 12/13/88. 

Artisan's Patio Complex 
Built in 1914 and designed by Morgan, Walls & Clements it is the only 
historic courtyard on Hollywood Blvd. and has been used as an art gallery 
and art studio. Located at 6727-6733 Hollywood Boulevard. Declared: 
10/17/89. 
6727: 19-174201 

Afton' Arms Apartments 
This Mission Revival-style building was designed in 1924 by the 
prominent local architect Leland A. Bryant. Located at 6141 Afton Place. 
Declared: 11/3/89. 
19-169291 

Little Country Church of Hollywood 
Built in 1934 in the Classical Revival style from plans drawn by architect 
Paul Kingsbury. It is a physical record of a pre-World War II radio 
ministry church. Located at 1750 North Argyle Avenue. Declared: 
10/2/92 

Warner Brothers Hollywood Theatre 
A four-story, Italianate/Beaux Arts retail/office/theater building completed 
in 1928 from a design by prominent theater architect G. Albert 
Lansburgh. Located at 6433 Hollywood Boulevard. Declared: 2/9/93 
6423/6433: 19-167554 

Egyptian Theatre 
Built in 1922 from a design by Mayer & Holler, one of the most respected 
architectural firms in Los Angeles during that era. Located at 6706-6712 
Hollywood Boulevard. Declared: 9/21/93 
19-167076 

Raymond Chandler Square 
Cahuenga Avenue and Hollywood Boulevard Intersection, Los Angeles, CA 
(No further description is available) 

Villa Vallambrosa 
2074 Watsonia Terrace 

-- -- ------- -----, ------- - ---------------.-------.--- _ .. __ .- .... _--_ .. _. __ ._- .. 
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No. 659 

No. 664 

No. 665 

No. 666 

No. 687 

No. 1030 

No. 2196 

No. 2258 

No. 2303 

No. 2308 

Pacifies Cinerama Dome Theatre and Marquee 
6360 Sunset Boulevard! Los Angeles, CA 
(No further description is available) 

Broadway Department Store and Neon Sign 
6300 West Hollywood Boulevard! Los Angeles, CA 
(No further description is available) 

Hollywood Plaza Hotel and Neon Sign 
1633 Vine Street, Los Angeles, CA 
(No further description is available) 

Taft Building and Neon Sign 
6280 West Hollywood Boulevard, Los Angeles, CA 
(No further description is available) 

Tornborg House 
1918 North Tamarind Avenue, Los Angeles! CA 
(No further description is available) 

Hollywood Paladium 
6201 - 6229 West Sunset Boulevard, Los Angeles! CA 
(No further description is available) 

Whitley Heights Historic District 
1900-2121 N. Las Palmas Avenue 
1900-2150 Whitley Avenue (Both sides of street) 
2001-2037 Holly Hi!! Terrace (Both sides of street) 
2058-2075 Wataonia Terrace 
2133-2145 Fairfield Avenue 
6510-6532 Cerritos Place 
6538-6542 Bella Vista Way 
6603-6689 Emmet Terrace (Both sides of street) 
6607-6621 Padre Terrace (Both sides of street) 
6733-6767 Wedgewood Place 
Bonair Place 
Whitley Terrace 
Los Angeles, CA 
(No further description is available) 

Montecito Apartment 
6650 Franklin Avenue, Los Angeles, CA 
(No further description is available) 

Hollywood Station (U.s. Post Office) 
1615 Wilcox Avenue, Los Angeles, CA 
(No further description is available) 

Hollywood Boulevard Commercial and Entertainment District 
1708 Cahuenga Boulevard 
1709-1715 Argyle Avenue 
6200-7000 Hollywood Boulevard 

AR0073353 



6225-6249 Hollywood Boulevard 
6233 Hollywood Boulevard 
6253 Hollywood Boulevard 
6264 Hollywood Boulevard 
6300 Hollywood Boulevard 
6324 Hollywood Boulevard 
6331 Hollywood Boulevard 
6336-6340 Hollywood Boulevard and 1560-1660 N. Ivar Avenue 
6349-6353 Hollywood Boulevard 
6352 Hollywood Boulevard 
6367-6385 Hollywood Boulevard 
6380 Hollywood Boulevard 
6381 Hollywood Boulevard 
6400 Hollywood Boulevard 
6423 Hollywood Boulevard 
6423-6445 Hollywood Boulevard and 1700-1718 Wilcox Avenue 
6436 Hollywood Boulevard 
6439 Hollywood Boulevard 
6523 Hollywood Boulevard 
6531 Hollywood Boulevard 
6541 Hollywood Boulevard 
6542 Hollywood Boulevard 
6549-6551 Hollywood Boulevard 
6553 Hollywood Boulevard 
6554 Hollywood Boulevard 
6600 Hollywood Boulevard 
6601 Hollywood Boulevard 
6606 Hollywood Boulevard 
6626 Hollywood Boulevard 
6630 Hollywood Boulevard 
6652 Hollywood Boulevard 
6663 Hollywood Boulevard 
6679 Hollywood Boulevard 
6701 Hollywood Boulevard 
6706-6712 Hollywood Boulevard and 1650-1654 McCadden Place 
6708 Hollywood Boulevard 
6718 Hollywood Boulevard 
6724 Hollywood Boulevard 
6727-6733 Hollywood Boulevard 
6740 Hollywood Boulevard 
6743 Hollywood Boulevard 
6755 Hollywood Boulevard 
6765 Hollywood Boulevard 
6766 Hollywood Boulevard 
6777 Hollywood Boulevard 
6780 Hollywood Boulevard 
6800 Hollywood Boulevard 
6806 Hollywood Boulevard 
6834-6838 Hollywood Boulevard 
6840 Hollywood Boulevard 
6904 Hollywood Boulevard 
6915-6927 Hollywood Boulevard 
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No. 2382 

No. 2400 

No. 2401 

No. 2402 

No. 2403 

No. 2404 

No. 2405 

No. 2406 

No. 2407 

No. 2409 

No. 2413 

No. 2417 

No. 2418 

No. 2419 

7000-7034 Hollywood Boulevard 
7001-7039 Hawthorn Avenue 
Hollywood Boulevard and Cahuenga Intersection 
Ivar Street 
N. Highland Avenue 
N. Vine Street 
Los Angeles, CA 
(No further description is available) 

La Belle Tour 
6200 Franklin Avenue, los Angelesl CA 
(No further description is available) 

6000 Carlton Way, Los Angeles, CA 
(No further description is available) 

6004 Carlton Way, Los Angeles, CA 
(No further description is available) 

6008 Carlton Way, Los Angeles, CA 
(No further description is available) 

6012 Carlton Way, Los Angeles, CA 
(No further description is available) 

6016 - 6018 Carlton Way, los Angeles, CA 
(No further description is available) 

6082 Selma Avenue, Los Angeles, CA 
(No further description is avaJlable) 

6070 - 6072 V2 Selma Avenue, los Angeles, CA 
(No further description is available) 

6088 - 6088 1/2 Selma Avenue, Los Angeles, CA 
(No further description is available) 

6128 6134 1/2 Carlos Avenue, los Angeles, CA 
(No further description is available) 

6063 - 6065 1/2 Harold Way, Los Angeles, CA 
(No further description is available) 

6046 - 6048 Carlton Way, los Angeles, CA 
(No further description is available) 

6118 Carlos Avenue, Los Angeles, CA 
(No further description is available) 

6136 - 6136 1/2 Carlos Avenue, Los Angeles, CA 
(No further description is available) 
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No. 2421 

No. 2422 

No. 2423 

No. 2424 

No. 2430 

No. 2431 

No. 2441 

No. 2464 

No. 2465 

6100 De Longpre Ave, Los Angeles, CA 
(No further description is available) 

6112 De Longpre Ave, Los Angeles, CA 
(No further description is available) 

6122 De Longpre Ave, Los Angeles, CA 
(No further description is available) 

6220 De Longpre Ave, Los Angeles, CA 
(No further description is available) 

6160 - 6168 Hollywood Boulevard, Los Angeles, CA 
(No further description is available) 

6549 - 6551 Hollywood Boulevard, Los Angeles, CA 
(No further description is available) 

6074 - 6074 V2 Selma Avenue, Los Angeles, CA 
(No further description is available) 

Hollywood YMCA 
1541-1553 N. Hudson Avej6550-6600 Selma Avel Hollywood, CA 
(No further description is available) 

1. Magnin & Company (Platos Retreat West) 
1560 - 1660 North Ivar Avenuej6336 - 6340 Hollywood Boulevard 
Los Angeles, CA 
(No further description is available) 

The California Historic Resources Inventory lists 752 properties that have been 
evaluated for historical significance within a V2-mile radius of the project site (see 
enclosed HRI properties list). 

PREVIOUS CULTURAL RESOURCES INVESTIGATIONS: 

Fifteen studies (LA447, LA1578, LA3496, LA351O, LA3682, LA4345, LA4580, 
LA4909, LA5095, LA5332, LA5348, LA6811, LA7992, LA8020, and LA8251) have been 
conducted within a %-mile radius of the project site. Of these, none are located within 
the project site. There are 32 additional investigations located on the Hollywood, CA. 
7.5' USGS Quadrangle that are potentially within a lh-mile radius of the project site. The 
reports are not mapped due to insufficient locational information. 

RECOMMENDATIONS 

Based on the results of the records search, cultural resources at the project site 
(the Capitol Records Tower is on the California Register) and in the area of potential 
effect may be affected by this project. While current surface conditions do not appear 
to allow for an adequate survey of potential surface or sub-surface cultural artifacts, a 
Phase I survey that also includes additional archival research could be useful in 
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determining the history of the project site and the likelihood of encountering cultural. 
resources during project activities. Therefore, a Phase-I survey is recommended for the 
project, prior to the approval of project plans. It is also recommended that any historic 
properties e 45 years and older) in the area of potential effect be identified, recorded, 
and evaluated for local, state, or national significance prior to the approval of project 
plans. It is also recommended that the Native American Heritage Commission should be 
consulted to identify if any additional traditional cultural properties or other sacred sites 
are known to be in the area. 

The professional consultant you retain may request the records search map, 
archaeological site records, and bibliography from the Information Center referencing 
the SCCIC number listed above for a fee (per the fee schedule). Any resulting reports 
by the qualified consultant should be submitted to the South Central Coastal Information 
Center as soon as possible. 

If you have any questions regarding the results presented herein, please 
contact the office at 714.278.5395 Monday through Thursday 9:00 am to 3:30 pm. 

Should you require any additional information for the above referenced project[ 
reference the SCCIC number listed above when making inquiries. Requests made after 
initial invoicing will result in the preparation of a separate invoice. 

Enclosures: 

eX) HRJ- 70 pages 
eX) National Register Status Codes - 3 pages 
eX) Invoice #8609.5647 

Sincerely, 
SCCIC 

Michelle Galaz 
Staff Researcher 
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OFFICE OF HISTORI'C PRESERVATION Directory of Properties in the Historic Property Data File for LOS ANGELES County. Page 145 12-03-07 
PROPERTY-NUMBER PRlMARY-# STREET.ADDRESS. ........... NAMES ............................. CITY. NAME .. ,. ... OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

081632 
081633 
081634 
125735 

129342 

129343 

124777 
136566 

097750 

150044 

+ .- 109941 

+-

094292 
100882 

100888 

100886 

100889 

100885 

100883 

Q21990 

132731 

084769 

126759 

127571 

127573 

084768 
025032 

067829 

068304 

19-176738 
19-168017 

19 -176739 

4605 W 120TH ST 
4615 W 120TH ST 
4907 W 120TH ST 
5040 W 125TH ST 

4746 iii 131TH ST 

3542 iii 139TH ST 

200 PIER .lWE 

710 PIER AVE 

861 VALLEY DR 

277 S AVENUE 55 

1750 ARGYLE AVE 

2580 CAHUENGA BL\~ 
5800 FAROLD lilY 

5812 FAROLD WY 

5824 HAROLD WY 

5825 HAROLD WY 

5832 HAROLD Wy 

5846 HAROLD I-IY 

LABAIG AVE 

4643 LOS FELIZ BLVD 

1221 N FORMOSA ST 
1800 N LA BREA AVE 

1720 N VINE ST 

1724 N VINE ST 

8724 RANGELY AVE 
6376 YUCCA ST 

o 

REVIEW FOR PBW FACILITY LA 474-05 
HERMOSA BEACH COMMUNITY CENTER 

CLARK BUILDING 

HAWTHORNE 
HAWTHORNE 
HAWTHORNE 
HAWTHORNE 

HAWTHORNE 

HAWTHORNE 

HERMOSA BEACH 
HERMOSA BEACH 

HERMOSA BEACH 

HIGHLAND PARK 

LITTLE COUNTRY CHURCH OF HOLLYWOOD HOLLYWOOD 

PILGRIMAGE THEATER HOLLYWOOD 
HAROLD WAY DISTRICT HOLLYWOOD 

HAROLD WAY DISTRICT HOLLYWOOD 

HAROLD WAY DISTRICT HOLLYWOOD 

HAROLD WAY DISTRICT HOLLYWOOD 

HAROLD WAY DISTRICT HOLLYWOOD 

HAROLD WAY DISTRICT HOLLYWOOD 

LABAIG AVE, 1500 BLOCK HOLLYWOOD 

THE LOS FELIZ MANOR 

~~-:,f 

HALIFAX APARTMENTS 

MARCONI STREET HISTORIC DISTRICT 

HUNTINGTON PARK REC CENTER 

HOLLYWOOD 

HOLLYWOOD 
HOLLYWOOD 

HOLLYWOOD 

HOLLYWOOD 

HOLLYWOOD 
HOLLYWOOD 

HUNTINGTON PARK 

HUNTINGTON PARK 

lJ 
U 

U 

lJ 

p 

p 

P 

M 

M 

P 

P 

C 

P 

P 

p 

p 

p 

p 

P 

P 

P 
P 

P 

P 

U 

u 

1925 
1913 
1925 
1944 

1948 

1952 

PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HrST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

HUDB71027C 
HUDB71027C 
HUD871027C 
DOE-19-99-037?~OOOO 

HUD990614F 
DOE-19-02-0009-0000 
HUD020110F 
OOE-19-02~0010-0000 

HUD020110D 

PROJ.REVW. FCC000601G 
1911 PROJ.REVW. HUD030710C 

HIST.RES. DOE-19~02-1170-0000 

PROJ.REVW. FCC020909B 
1937 HlST.RES. DOE-19-94~0461-000D 

PROJ.REVW. HRG940202Z 

1924 HIST.RES. DOE~19~04-0159-0000 

PROJ.REVW. HUD041D06D 

1934 

1930 
1909 

1909 

1906 

1926 

1913 

1911 

HrST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 

00£-19-97-0006-0000 
HUD970717A 
HUD950103Z 
DOE-19-94-0443 9999 
HRG940202Z 
DOE-19-94-0443-0004 
HRG940202Z 
DOE-19-94~0443-0003 

HRG940202Z 
OOE~19-94-0443-0005 

HRG940202Z 
DOE-19-94-0443-0002 

PROJ.REVW .. a~G940202Z 
HIST.RES. 
PROJ.RE:VW. 
HIST.SURV. 

DOE~19-94-0443-0001 

HRG940202Z 
0053~0644-9999 

1929 HlST.RES. OOE-19-02-0967-0000 
PROJ.REVW. FCC020503A 

1932 
1922 

1956 

1956 

1926 
1923 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
TAX.CERT. 
PROJ.REVW. 

HUD93092 Ob 
DOE-19-00-0355-0000 
Fccoa0928B 
DOE-19~01-0120-0000 

HUDOI0201B 
DOE-19-01-0121-0000 
HUDOI0201B 
HUD930920a 
DOE~19-95-0203-0000 

537.9~19-0198 

HUD951222K 
HIST.SURV. 0053~2425-0000 

HI8T.RES. DOE-19-90-0056-9999 
PROJ.REVW. HUD900402M 
PROJ.REVW. HUD890427C 

STAT-DAT NRS 

10/30/89 61' 

10/30/89 6Y 
10/30/89 6Y 
06/14/99 6Y 
06/14/99 6Y 
01/14/02 61' 

01/14/02 6Y 
01/14/02 6Y 
01/14/02 .' 61' 

CRIT 

06/15/00 6Y 
11/14/03 282 
12/18/02 6Y 
12/18/02 6Y 
06/19/94 282 A 
06/19/94 2S2 A 

09/30/04 6Y 
09/30/04 6Y 

08/01/97 
08/01/97 
01/19/95 
02/0B/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 
02/08/94 

2S2 
282 
282 
61' 
6Y 
6Y 
61' 
6Y 
6Y 
6Y 
61' 
61' 

6Y 
6Y 
6Y 
7N 

OS/22/02 2S2 
OS/22/02 282 

11/22/93 
10/20/00 
10/20/00 
01/31/01 
01/31/01 
01/31/01 
01/31/01 
11/22/93 
12/27/95 
06/27/96 

12/27/95 

6Y 
6Y 
6Y 
6Y 
6Y 
SY 
6Y 
6Y 
282 
7J 
2S2 
7N 

ABC 

AC 

AC 

05/16/90 2S2 C 
05/16/90 282 C 
07/28/89 6Y 

00 
LO 
C') 
C') 
t--
o 
o 
0::: « 
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('I') PROPERTY ~J'JMBER PRIr<c'I.RY - # STREET.ADDRESS ............. NAMES .... ' ......................... CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER STAT OAT NR8 CRIT ('I') 
I"---19-157369 0 

066721 19-173538 1254 1'.OEAU 81' LOS ANGELES U PROJ.REVW. HUD880616J 07/18/88 6Y 0 
t- 022090 19-168117 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1916 HIST.RES. ooE-19-95-0241,9999 09/11/95 282 0::: 

PROJ.REVW. HUD950911J 09/11/95 2S2 !« 
HIST.RES. 00£-19-95-0149-9999 02/08/95 282 
PROJ.REVW. HRG940202Z 02/08'/95 2S2 
HIST.SURV. 0053-0697-9999 5S2 

022058 19.-168085 6100 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1930 HIST.RES. OOE-19-95-0241-0058 09/11/95 6U 
PROJ.REVW. HU0950911J 09/11/95 6U 
HIST.RES. 00E·19-95-0149-0058 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 
HIST.SURV. 0053-0697-0001 5D2 -f.- 022059 19-168086 6101 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. DOE-19-95-0241-0001 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0001 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0002 5D2 

f 022060 19-168087 6108 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. 00£-19-95-0241-0002 09/11/95 202 
PROJ.REVW. 1fUD950911J 09/11/95 202 
HIST.RES. ooE-19-95-0149-0002 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0003 502 

+ 022061 19-168088 6109 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P 1917 HlST.RES. ooE-19-95-0241-0003 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. 00£-19-95-0149-0003 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0004 502 

022062 19-168089 6112 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1921 HIST.RES. ooE-19-95-0241-0059 09! 11/95 6U 
PROJ.REVW. 1fUD950911J 09/11/95 6U 
HIST.RES. OOE-19-95-0149-0059 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 
HIST.SURV. 0053-0697-0005 502 

T 022063 19-168090 6115 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1939 mST.RES. DOE-19-95-0241-0004 09/11/95 202 
PROJ.REVW. 1fUD950911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0004 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0006 5D2 + 022064 19-16B091 6116 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P 1921 HIST.RES. 008-19-95-0241-0005 09/11/95 202 
PROJ.R£VW. HUD950911J 09/11/95 202 
HIST.R£S. ooE-19-95-0149-0005 02/08/95 202 
PROJ.R8VW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0007 502 

...\.... 022065 19-168092 6119 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. ooE-19-95-0241-0006 09/11/95 2D2 I 
PROJ.REVW. 1fUD950911J 09/n/95 2D2 
HIST.RES. 00E-19-95-0149 0006 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0008 502 

I 022066 19-168093 6120 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P InO HIST.RES. ooE-19-95-0211 0007 09/11/95 202 ---r-
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. 00E-19-95-0149-0007 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0009 502 +- 022067 19-168094 6123 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1923 HIST.RES. 008-19-95-0241 0008 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. ooE-19-95-0149 0008 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
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OFFICE OF HISTORIC PRESERVATION Director1 of Properties in the Historic prope];ty Data File for LOS ANGELES County. <.0 * * * Page 245 12-03-07 ('I) PROPERTY-NUMBER PRIHARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REfERENCE-NUMBER STAT-DAT NRS CRIT ('I) 
t---

HIST.SURV. 0053-0697-0010 5D2 0 
022082 19-168109 613 0 AFTON PL AfTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. DOE-19-95-0241-0060 09/11/95 6U 0 

PROJ.REVW. HUD950911J 09/11/95 6U 0::: 
HIST.RES. 00£-19-95-0149-0060 02/0B/95 6Y « 
PROJ.REVW. HRG9402Q2Z 02/08/95 6Y 
HIST.SURV. 0053-0697-0025 5D2 

-t-- 022068 19-168095 6131 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1918 HIST.RES. OOE-19-95-0241 0009 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
mST.RES. DOE-19-95-0149-0009 02/08/95 2D2 
PROJ.REVW. HRG940'202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0011 5D2 

022069 19-168096 613 8 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1919 HIST.RES. DOE-19-95-0241-0061 09/11/95 6U 
PROJ.REVW. HUD950911J 09/11/95 6U 
HIST.RES. DOE-19-95-0149-0061 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 
HIST.SURV. 0053-0697-0012 5D2 +- 023267 19-169291 6141 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1924 HIST.RES. DOE-19-95-0241-0010 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.R8S. 008-19-95-0149-0010 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-07B4-0000 3S + 101030 19-176375 6142 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES U HIST.RES. 008-19-95-0241-0062 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. ooE-19-95-0149-0062 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y +- 022070 19-168097 614B AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. ooE-19-95-0241-0011 09/11/95 2D2 
PROJ.REVW. HUD95091lJ 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0011 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053~0697-00U 5D2 

+ 022071 19-168098 '6201 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1917 HIST.RES. DOE-19-95-0241-0012 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.R8S. 008-19-95-0149-0012 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0014 7N 

-I- 022072 19-168099 6202 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. DOE-19-95-0241-0013 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. OOE-19-95-014~-OO13 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0015 5D2 

101031 19·176376' 62 11 AFTON PL AfTON SQUARE DISTRICT LOS ANGELES U HIST.RES. DOE-19-95-0241-0063 09/11/95 6U 
PROJ.REVW. HUD950911J 09/11/95 6U 
HIST.RES. DOE-19-95~0149-0063 02/08/95 6Y 
PROJ.REVW. HRG94D202Z 02/08/95 6Y 

T 022073 19-168100 6216 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1916 HIST.RES. ooE-19-95-0241-0014 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0014 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0016 5D2 

-j- 101032 19-176377 6217 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES U HIST.RES. DOE-19-95-0241-0064 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0064 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/0B/95 6Y + 022074 19-168101 6220 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1917 HIST.RES. DOE-19-95-0241-0015 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0015 02/08/95 2D2 
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PROJ.REVW. HRG940202Z 02/0B/95 202 0 
HIST.SURV. 0053-0697-0017 5D2 0 + 022075 19-168102 6221 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. ooE-19-95-0241-0016 09/11/95 2D2 0::: 
PROJ.REVW. HUD950911J 09/11/95 202 « 
HIST.RES. 00£-19-95-0149 0016 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0018 502 

+ 022076 19-168103 6224 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. DOE-19-95-0241-0017 09/11/95 202 
PROJ.REVW. HUD95091lJ 09/11/95 202 
HIST.RES. 00£-19-95-0149-0017 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
mST.SURV. 0053-0697-0019 5D2 

+ 022077 19-168104 6225 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. 00£-19-95-0241 0018 09/11/95 2D2 
PROJ.REVW. HlJD95091lJ 09/11/95 202 
HIST.RES. ooE-19-95-0149-0018 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0020 SD2 

+ 022078 19-168105 6230 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P 1929 mST.RES. ooE-19-95-0241 0019 09/11/95 202 
PROJ.REVW. HlJD95 091lJ 09/11/95 2D2 
HIST.RES. 00£-19-95-0149-0019 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0021 7N 

+- 022079 19-168106 6231 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1929 HIST.RES. 00E-19-95-0241-0020 09/11/95 2D2 
PROJ.REVW. HlJD9505111J 09/11/95 202 
HIST.RES. ooE-19-95-0149-0020 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/515 202 
HIST.SURV. 0053-0697-0022 7N 

+- 022080 19-168107 6234 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P 1921 HIST.RES. DOE-19-95-0241-0021 09/11/95 202 
PROJ.REVW. HUD95091 IJ 09/11/95 202 
mST.RES. 00E-19-95-0149-0021 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0023 502 

1- 022081 19-168108 6235 AFTON PL AFTON SQUAR£ OISTRICT LOS ANGELES P 1919 HIST.RES. ooE-19-95-0241-0022 09/11/95 202 
PROJ.REVW. HlJD950911J 09/11/95 202 
HIST.RES. ooE-19-95-0149-0022 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0024 5D2 

101033 19-176378 6241 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES U HIST.RES. 00E-19-95-0241-0065 09/11/95 6U 
PROJ.REVW. HUD950911J 09/11/95 6U 
HIST.RES. 00E-19-95-0149-0065 02/08/95 6Y 
PROJ.REVW. HRG940202Z 0'2/08/95 6Y 

022083 19-168110 6244 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. ooE-19-95-0149 0066 09/11/95 6U 
PROJ.REVW. HU0950911J 09/11/95 6U 
HIST.RES. ooE-19-95-0149 0066 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 
HIST.SURV. 0053-0697-0026 502 

t- 022084 19 -168111 6245 AFTON PL AFTON SQUARE DISTRICT LOS ANGELES P 1919 HIST.RES. 00E-19-95-0241-0Q23 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. ooE-19-95-0149-0023 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
HIST.SURV. 0053-0697-0027 502 

-\-- 022085 19-168112 6250 AFTON PL AFTON SQUARE OISTRICT LOS ANGELES P 1921 HIST.RES. DOE-19-95-0241-0024 09/11/515 202 
PROJ.REVW. HlJD95091lJ 09/11/95 202 
HIST.RES. DOE-19-95-0149-0024 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0697-0028 502 
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+-

+--

+-

+-

022086 19-168113 

022087 19_168114 

022088 19-168115 

022089 19-168116 

025124 19-171127 
152143 

097919 19-175354 

116311 

097920 19-175355 

097921 ~ 19-175356 

096813 
020925 
021472 

025564 
025950 
131595 

19-175156 
19-166994 
19-167505 
19-171553 
29-171939 

024537 19-170559 
19-158297 

024538 19-170560 
19-158294 

024539 19-170561 
19-158098 

024540 19-170562 
19-158873 

134813 

107729 

163540 
162044 
16204.5 
162046 
16204B 
125072 

19-176475 

6251 AFTON PL 

6254 AFTON PL 

6255 AFTON PL 

6260 AFTON PL 

5860 AIRDROME ST 
8530 AIRPORT BLVD 

7000 ALABAl"A AVE 

7006 ALABAV~ AVE 

7328 ALABAMA A\~ 

73 5 2 ALABAMA AVE 

7446 ALABAMA AVE 
ALA."lEOA ST 
ALA."lEOA ST 

84 1 ALAl'lEOA ST 
809 ALBERTINE ST 

5407 ALCOVE AVE 

5030 ALDA1'jA ST 

5336 ALDW~ ST 

5700 ALDAl-lA ST 

5768 ALDAMA ST 

1021 ALEXANDRIA AVE 

ALFRED ST 

1436 AL~~BRA AVE 
5582 ALHAl"lBRA AVE 
558B ALHAl'lBRA AVE 
5600 ."'LH.l>~'lBRA AVE 
5649 ALHAl'lBRA AVE 
2664 ALICE ST 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
WEST TEMPLE APARTMENTS, THE ROCHES LOS ANGELES 
FURLONG TRACT RESIDENTIAL SITE, FU LOS ANGELES 
EL PASEO INN LOS ANGELES 

. "':-1 

1000-1200. BLOCKS ALFRED STREET 

MISSION TOWER/AT & ST TOWER 
BUILDING l/VF MANUFACTURING 
BUILDING 2/VF MANUFACTURING 
EDDIE DISPOSAL SERVICES 
NORCHEM BUILOING 
2664-2666 ALICE ST 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

P 

P 
P 

M 

P 

M 

M 

P 
M 
M 

S 
P 

P 

P 

P 

P 

P 

p 

M 
P 

P 

P 
P 

Y 

1919 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1921 HIST. RES. 
PROJ.REVW. 

00E-19-95-0241-0025 
HUD950911J 
00E-19-95-0149-0025 
HRG940202Z 
0053-0697-0C29 
008-19-95-0241-0026 
HUD950911J 

HIST.RES. 00E-19-95-0149-0026 
PROJ.REVW. HRG940202Z 
HIST.SURV. 0053-0697-0030 

1920 HIST.RES. 
PROJ.REVW. 
HIST.RBS. 
PROJ.REVW. 
RIST.SURV. 

1920 HIST.RES. 

1936 
1957 

1940 

1952 

1936 

1926 

1928 
1887 
1905 
1914 
1926 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
RIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

D08-19-95-0241-0027 
HUD950911J 
D08-19-95-0149-0027 
HRG940202Z 
005)-0697-0C31 
DOE-19-95-0241-0028 
HUD950911J 
DOE-19-95-0149-0028 
HRG940202Z 
0053-0697-0032 
0053-2519-0000 
00E-19-05-0007-0000 
FCC041216E 
DOE-19-94-0241-0000 
HRG940202Z 
008-19-96-0225·0000 
HUD9702D3Z 
008-19-94-0242·0000 
HRG940202Z 
00E-19-94-0243·0000 
HRG940202Z 
HUD950630A 
0053-0116-0000 
0053-0383-0000 
0053-2973-0000 
0053-3357-0000 

1953 HIST.RES. DOE-19-02-0471-0000 
PROJ.REVW. FTAOI0604A 

1961 HIST.SURV. 0053-2005-0000 

1911 HIST.SURV. 0053-2006-0000 

1911 HIST.SURV. 0053-2007-0000 

1906 HIST.SURV. 0053-2008-0000 

1932 

1916 
1946 
1945 
1950 
1950 
1914 

HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.R8VW. 
HIST.RES. 

00E-19-02-1073·0000 
HUD02 
DOE-19-95-0190-0007 

FRA031117A 
FHWA050923A 
FHWA050923A 
FHWA050923A 
FHWA050923A 
DOE-19-98-0266-0000 

STAT-DAT NRS 

09/11/95 202 
09/11/95 202 
02/08/95 202 
02/08/95 2D2 

502 
09/11/95 202 
09/11/95 2D2 

02/08/95 202 
02/08/95' 202 

5D2 
09/11/95 202 
09/11/95 2D2 
02/08/95 202 
02/08/95 202 

5D2 
09/11/95 202 
09/11/95 202 
02/08/95 2D2 
02/08/95 2D2 

502 
7R 

01/11/05 6Y 
01/11/05 6Y 
04/29/94 6Y 
04/29/94 6Y 
OB/27/96 6U 
08/27/96 6U 
07/01/94 6Y 
07/01/94 6Y 
04/29/94 6Y 
04/29/94 6Y 
07/20/95 6Y 

3S 
7R 
7R 
3S 

03/20/02 6Y 
03/20/02 6Y 

7R 

08/01/02 
08/01/02 
11/07/95 

"11/07/95 
01/15/04 
05/12/06 
05/12/06 
05/12/06 
05/12/06 
02/02/98 

7R 

7R 

7R 

6Y 
6Y 
202 
2D2 
2S2 
6Y 
6Y 
6Y 
6Y 
6Y 

N 
<.0 
C") 

CRIT i C") 

c 
c 

I"--
o 
o 
0::: i« 
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097760 

024725 
147935 

147938 

147937 

147936 

19-175251 

19-170745 

097927 19-175362 

152991 

161439 
023781 19-165296 

19-169803 
023782 19-165299 

19-169804 
023783 19-165300 

19-169805 
023784 19-165301 

19·169806 
023785 19-165303 

19-169807 
020738 

167820 
023290 
081570 
115198 

125132 

136765 

115199 

115200 

115201 

115202 

115203 

115204 

115205 

115206 

115207 

19-166820 

19-169314 
19-174460 

7265 AMIGO AVE 

3300 A..'JDRITA ST 
5123 A..'JGELES VISTA BLVD 

5128 ANGELES VISTA BL\~ 

5132 ANGELES VISTA BLVD 

5138 !'.NGELES VISTA BLVD 

1329 ANGELUS AVE 

9620 ANTI'IERP ST 

11 8 3 7 !'.NT~IERP ST 
9507 ANZAC AVE 

9544 ANZAC AVE 

9612 ANZAC AVE 

9617 ANZAC AVE 

9917 ANZAC AVE 

1809 APEX AVE 

1836 ARAPAHOE ST 
1901 ARGYLE AVE 
113 0 AR I ZONA -'WE 

ARLINGTON AVE 

1664 !'~LINGTON A\~ 

2805 ARLINGTON AVE 

3417 ARLINGTON AVE 

3421 ARLlNGTON AVE 

3422 ARLINGTON AVE 

3425 ARLINGTON AVE 

342B ARLINGTON AVE 

3429 ARLINGTON AVE 

3433 ARLINGTON AVE 

3436 ARLINGTON AVE 

3437 ARLINGTON AVE 

RESEDA ELEMENTARY SCHOOL LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS lWGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

GARBUTT RESIDENCE, HATHAWAY MANSlO LOS ANGELES 

LOS ANGELES 
CASTLE ARGYLE LOS ANGELES 

LOS ANGELES 
ARLINGTON AVENUE RESIDENTIAL DISTR LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

D 

P 
P 

P 

P 

P 

U 

p 

P 

P 

p 

P 

P 

P 
P 

U 

P 

Y 

p 

P 

P 

p 

P 

P 

P 

P 

P 

1936 

1919 
1930 

PROJ.REVW. 
HIST.RES. 
PROJ,REVW. 
HIST.SURV. 
mST.RES. 
PROJ.REVW. 

1933 HIST.RES. 
PROJ.R£VW. 

1929 mST.RES. 
PROJ.R£VW. 

1950 HIST.RES. 
PROJ.REVW. 

HRG940202Z 
DOE~19~94-0531 0000 
HRG940202Z 
0053~2194-0000 

DO£-19-03-0443-0000 
FCC031006D 
DO£-19-03-0446-0000 
FCC031006D 
DOE-19-03-0445·0000 
FCC031006D 
DOE-19-03-0444-0000 
FCC031006D 

1916 HIST.RES. ooE-19-94 .. 0075-0000 
PROJ.REVW. HRG940202Z 

1924 HIST.RES. 
PROJ.REVW. 

1926 PROJ.REVW. 
1920 HIST. SURV. 

DOE-19-05-0058-0000 
HUD050404N 
HUD051221A 
0053-1237-0000 

1916 HIST.SURV. 0053-1238-0000 

1922 HIST.SURV. 0053-1239-0000 

1917 HIST.SURV. 0053-1240-0000 

1915 HIST.SURV. 0053-1241-0000 

1926 HIST.RES. 
HIST.SURV. 
TAX.CERT. 

1913 PROJ.REVW. 
1928 HIST.SURV. 
1922 PROJ.REVW. 
1911 HIST.RES. 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1910 HIST.RES. 
PROJ.REVW. 

1913 HIST. RES. 
PROJ.REVW. 
mST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
H1ST.RES. 
PROJ.REVW. 
HI8T.RES. 
PROJ.REVW. 

1911 HIST.RES. 
PROJ.REVW. 

1911 HIST. RES. 
PROJ.REVW. 
llIST. RES. 
PROJ.REVW. 

1911 HIST.RES. 

NPS-87001174-0000 
0053-0010-0000 
537.9-19-0078 
FCC070706D 
0053-0793-0000 
HUD871027C 
DOE-19-97-0074-9999 
HUD970304A 
DO£-19-98-0324-0000 
HUD980803I 
DOE-19-03-0023-0000 
HUD030103G 
DOE-19-97-0074 "0001 
HUD970304A 
DO£-19-97-0074-0002 
HUD970304A 
DOE-19-97-0074-0003 
HUD970304A 
DOE-19-97-0074-0004 
HUD970304A 
DOE-19-97-0074-0005 
HUD970304A 
DOE-19-97-0074-0006 
HUD970304A 
DOE-19-97-0074-0007 
HUD970304A 
DOE-19-97-0074-Q008 
HUD970304A 
DOE-19-97-0074~0009 

STAT-DAT NRS CRIT 

06/20/95 6Y 
08/15/94 282 
08/15/94 282 

582 
11/26/03 6Y 
11/26/03 6Y 

11/26/03 6Y 

11/26/03 6Y 
11/26/03 6Y 
11/26/03 6Y 
11(26/03 6Y 
11/26/03 6Y 
04/07/94 6Y 
04/07/94 6Y 
04/19/05 6U 
04/19/05 6U 
12i21/05 6U 

07/22/87 
07/22/87 
11/10/86 
10/09/07 

OS/22/89 
03/24/97 
03/24/97 

08/03/98 
OS/03/98 
01/31/03 
01/31/03 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 
03/24/97 

7R 

7R 

7R 

7R 

7R 

IS 
is 
283 
6Y 

3S 
6Y 
282 C 
2S2 C 
6Y 
6Y 
6U 
6U 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 
2D2 C 

('I) 
<.0 
('I) 
('I) 
t--
o 
o 
0::: « 
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023800 19-169822 
19-165282 

023801 19-169823 
19-165281 

023802 19-169824 
19-165280 

023803 19-169825 
19-165279 

023804 19-169826 
19 .. 165278 

15D047 

023805 19·165277 

02211B 
022091 
022092 
022093 
022094 
022095 
022096 
022097 
022098 
022099 
022100 
022101 
022102 
022103 
022104 

022105 

022106 

022107 

022108 
022109 
022110 

022111 

022112 
022113 

022114 

022115 
022115 
022117 

020994 
020995 
023494 
023495 
153694 
096334 

116217 

125587 

131603 

19-169827 
19-168145 
19-168118 
19-168119 
19-168120 
19-168121 
19-168122 
19-168123 
19-168124 
19-168125 
19-168126 
19-168127 
19-168128 
19-168129 
";'9-168130 
19-168131 
19-168132 
19~168133 

19-168134 
19~ 168135 
19-168136 
19-168137 

19-168138 
19-168139 
19-168140 
19-168141 
19~168142 

19-168143 
19-168144 
19~167055 

19-167056 
19-169516 
19-169517 

19-175138 

9306 BEACH ST 

9308 BEACH ST 

9405 BEACH ST 

9507 BEACH ST 

9513 BEACH ST 

9523 BEACH ST 

9528 BEACH ST 

BEACHWOOD DR 
1117 BEACHWOOD DR 
1122 EEACH~100D DR 
1126 BEACH~100D DR 
1132 BEACHWOOD DR 
1134 BEACHWOOD DR 
1146 BEACH~IOOD DR 
1147 BEACHWOOD DR 
1153 BEACHWOOD DR 
1154 BEACmlOOD DR 
1156 BEACHI900D DR 
1201 BEACHWOOD DR 
1207 BEACHWOOD DR 
1210 BEACHWOOD DR 
1211 BEACHI900D DR 
1212 BEACHWOOD DR 
1219 BEACHWOOD DR 
1220 BEACHWOOD DR 
1222 BEACHWOOD DR 
1231 BEACHNOOD DR 
1232 BEACHWOOD DR 
1233 BEAcml00D DR 
1238 BEACHWOOD DR 
1239 BEACHWOOD DR 
1242 BEACHWOOD DR 
1243 BEACHWOOD DR 
1249 EEACHWOOD DR 
1255 BEACHWOOD DR 
1919 BEACHWOOD DR 
2810 BEACHWOOD DR 
1003 BE}\.CON ST 
1331 BEACON ST 
6629 BEAR AVE 
6218 BEARD ST 
4644 BECK AVE 

5211 BECK AVE 

5352 BEE~l1'.N lWE 

1100-1200 BLOCKS BEACHWOOD DRIVE 

ENID APARTMENTS 

W. B. GLIDDEN HOUSE 
CONANT HOUSE 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS MGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 

P 

p 

P 

P 

P 

p 

p 

p 

p 

p 

p 

p 
p 

p 

p 
p 
p 

p 
p 

p 

p 

p 

p 

p 

p 
p 

p 

p 

P 
p 

P 
p 

p 

p 

P 

P 

P 

p 

P 

U 

p 

PROJ.REVW. HUD8607250 
HIST.SURV. 0053-2320-0000 

1923 HlST.SURV. 0053-1256-0000 

1910 HIST.SURV. 0053-1257-0000 

1915 HIST.SURV. 0053-1258-0000 

1921 HIST.SURV. 0053-1259-0000 

1912 HIST.SURV. 0053-1260-0000 

1928 HIST.RES. ~QE~19-04~0162-0000 

PROJ.REVW. HUD041006D 
1921 HIST.SURV. 0053~1261-0000 

1908 
1919 
1914 
1922 
1916 
1928 
1910 
1908 
1911 
1926 
1910 
1921 

1913 
1921 
1911 
1914 
1920 
1925 
1909 
1911 
1922 
1911 
1914 
1920 
1920 
1913 
1923 
1921 
1913 
1924 
1905 
1935 

1928 
1941 

1947 

1950 

HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HlST.SURV. 
HlST.SURV. 
HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
mST.BURV. 
HIST.SURV. 
HIST_SURV. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVN. 

0053-0698-9999 
0053-0698-0001 
0053-0698-0002 
0053-0698-0003 
0053-0698-0004 
0053-0698-0005 
0053-0698-0006 
0053-0698-0007 
0053-0698~0008 

0053-0698-0009 
0053-0698-0010 
0053-0698-0011 
0053-0698-0012 
0053-0698-0013 
0053-0698-0014 
0053-0698-0015 
0053-0698-0016 
0053-0698-0017 
0053-0698-0018 
0053-0698~0019 

0053-0698-0020 
0053-0698-0021 
0053-0698-0022 
0053-0698-0023 
0053-0698-0024 
0053-0698-0025 
0053-0698-0026 
0053-0698-0027 
0053-0175-0000 
0053-0176·0000 
0053-0947-0000 
0053-0948-0000 
HUD040329B 
HUD950515L 
DOE-19~96-0145-0000 

HUD960BOIE 
DOE-19-98-0363-0000 
HUD960511I 
DOE-19-02-0479-0000 
FTAOI0604A 

STAT-DAT NRS 

08/12/86 282 
5S2 
7R 

7R 

7R 

7R 

7R 

09/30/04 6Y 
09/30/04 < 6Y 

7R 

04/21/04 
06/21/95 
02/01/96 
02/01/96 
05/11/98 
05/11/98 
03/20/02 
03/20/02 

582 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
7N 
38 
5S2 
7R 
6U 

6Y 
6U 

6U 

6Y 
6Y 
6Y 
6Y 

CRIT 

c 

""'" <.0 
('I') 
('I') 
I"--
o 
o 
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PROPERTY-NUMBER PRIMARY-# STREET,AnDRESS ..... ,' ...... NAMES ..................... , ... ,," CITY.NAME ........ OWN YR-C OHP-PROG" PRG-REFERENCE-NUMBER 

--jL + 
;;f:'+ 
;r + 

131604 

083298 
125681 

19-174530 

021420 19-167454 
021421 19-167455 
021419 19-167453 
131605 

025219 
025188 
025432 
025217 
025430 
025431 

025216 
D25422 

025410 
025411 
025412 
025414 

025421 
025420 
025419 
025415 
025416 
025417 
025418 
025204 
02529'0 
025291 
025292 
025293 
025294 
025295 
025251 
025252 
025253 
025254 
025255 
025256 
025315 
025346 
025345 
025344 

097763 

024336 
02433 7 

024338 

024339 
024341 

024245 
024247 
024243 

19-171210 
19-171179 

19~171423 

19-171208 
19-171421 
19-171422 
19~171207 

19-171413 

19-171401 
19-171402 
19-171403 
19-171405 
19-171412 
19-171411 
19-171410 
19-171406 
19~171407 

19-171408 
19-171409 
;1.9-171195 
19-171281 
19-171262 
19-171283 
19-171284 
19-171285 
19-171286 
19-171242 
19-171243 
19-171244 
19-171245 
19-171245 
19-171247 
19-171306 
19~171337 

19-171336 
19~ 171335 

19 -175254 

19-170358 
19-170359 
19-170360 
19-170361 
19~170363 

19-170267 
19-170269 
19-170265 

5353 BEEt'.AN AVE 

573 BELDEN l'.VE 

4119 BELL AVE 

2040 BELL~ VISTA WY 
6538 BELLA VISTA Wy 
6542 BELLA VISTA WY 
5352 BELLAIRE AVE 

1168 BELL8VUE AVE 
1217 BELLEVUE AVE 
1222 BELLEVUE AVE 
1223 BELLEVUE AVE 
1228 BELLEVUE AVE 
1229 BELLE\~E AVE 
1234 BELLE\~E AVE 
1242 BELLEVUE AVE 
1243 BELLEVUE AVE 
1247 BELLE\~E AVE 
1253 BELLEVUE AVE 
1255 BELLEVUE AVE 
1262 BELLE\~E AVE 
1264 BELLEVUE AVE 
1268 BELLEVUE AVE 
1275 BELLEVUE AVE 
127 9 BELLEvlJE AVE 
1285 BELLEVUE AVE 
1290 BELLEVUE AVE 
1311 BELLEvlJE AVE 
1315 BELLEVUE AVE 
1319 BELLEVUE AVE 
1325 BELLEVUE AVE 
13 3 5 BELLEVUE AVE 
1337 BELLEVUE AVE 
1357 BELLEVUE AVE 
1401 BELLEVUE AVE 
1417 BELLEVUE AVE 
1433 BELLEVUE AVE 
1439 BELLEVUE AVE 
1443 BELLEVUE AVE 
1453 BELLEVUE AVE 
1475 BELLE~uE AVE 
1501 BELLE~uE AVE 
1509 BELLE~uE AVE 
1515 BELLEVUE AVE 
1632 BELLEVUE -'WE 

1802 BELLE,VE AVE 
1901 BELLEVUE AVE 
1911 BELLEVUE AVE 
1915 BELLEVUE AVE 
2021 BELLEVUE AVE 
2149 BELLEVUE AVE 
2201 BELLEVUE AVE 
2202 BELLEVUE AVE 

TRACT 1/11715 

THE BROWNSTONE HOTEL 
ANGUS BRECKENRIDGE RESIDENCE 

ELLA J, McMILLENS STORE, BOB'S ~R 

ROBERT R MOORE RESIDENCE 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
Los ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELIi;S 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

ECHO PARK RECREATION CENTER-COMMUN LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

p 

U 

U 

P 

P 
P 
P 

P 
P 

P 

P 

P 

P 
P 
P 

P 
P 

P 

P 

P 

P 

P 
P 

P 
P 
P 

P 
P 

P 

P 

P 
P 
P 

P 
p 

P 

P 
P 

P 

P 

P 
P 
P 

M 

P 

P 

P 

P 
P 

P 
P 

P 

1948 HIST.RES. DOE-19-02-0480-0000 
PROJ.REVW. FTAOI0604A 

1924 
1928 

PROJ,REVW. 
H1ST.RES. 
PROJ.REVW. 
HIST.RES. 
HIST,RES. 

1916 HIST.RES. 
1948 HIST,RES. 

1927 
18S7 

1893 

1913 

1893 

PROJ.REVW. 
HIST,SURV. 
HIST,SURV, 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST,SURV, 
HIST,SURV. 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV, 
HIST,SURV. 
HIST,SURV, 
HIST,SURV. 
HIST,SURV, 
HIST,SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
m8T.SURV. 
HIST .. SURV. 
HIST.SURV. 
HIBT.SURV. 
mST.BURV. 
HIST.SURV. 
HIST,SURV. 
HIST,SURV. 
HIST,SURV. 
PROJ.REVW, 
HIST.RES, 

1910 mST.SURV. 
1912 HIST.SURV, 
1910 HIST.SURV. 
1908 HIST.SURV. 
1905 
1915 

1923 
1922 

fO; ST . SURV . 
HIST.SURV. 
HIST.SURV. 
mST_SURV. 

HUDB91231R 
DOE-19-98-0371-0000 
HUD9805111 
NPS-82002189-0138 
NPS-82002189-0139 
NPS-82002189-0137 
DOE-19-02-0481~OOOO 

FTAOI0604A 
0053-2614-0000 
0053-2583-0000 
0053-2828-0000 
0053-2612-0000 
0053-2826-0000 
0053-2827-0000 
0053-2611-0000 
0053-2818-0000 
0053-2805-0000 
0053-2806-0000 
D053-2807-0000 
0053-2809-0000 
0053~2817-0000 

0053-2816-0000 
0053-2815-0000 
0053-2810-0000 
0053 -2811- 0000 
0053~2812-0000 

0053-2814-0000 
0053-2599-0000 
0053-2685-0000 
0053-2686-0000 
0053-2687-0000 
0053-2688-0000 
0053-2689-0000 
0053-2690-0000 
0053-2646-0000 
0053-2647-0000 
0053-2648-0000 
0053-2649-0000 
0053-2650-0000 
0053 <2651- 0000 
0053 -2710- 0000 
0053-2741-0000 
0053-2740-0000 
0053-2739-0000 
HRG940202Z 
HRG-2S2 
0053-1797-0000 
0053-1798~OOOO 

0053-1799-0000 
0053-1800-0000 
0053-1802-0000 
0053-1706-0000 
0053-1708-0000 
0053-1704·0000 

STAT~OAT MRS CRIT 

03/20/02 6Y 
03/20/02 6Y 
08/05/93 6Y 
05/11/98 6Y 

05/11/98 6Y 
08/19/82 1D AC 
08/19/82 10 AC 
08/19/82 10 AC 
03/20/02 ·6Y 
03/20/02' 6Y 

09/30/94 
09/30/94 

7R 
7N 
7R 
7N 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
5S2 
7R 
7R 
7R 
7R 
7R 
7R 

7R 
7R 

7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
2D2 
2D2 
5S2 
582 
582 
SS2 
5S2 
582 
582 
582 

LO 
<.0 
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PROPERTY W&1BER PRlMARY-U STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

:k 
~ 
~ 

024932 19-170952 

024933 19-170953 

155868 
155867 
097939 19-175368 

024619 19-170640 
19-158166 

156589 
066762 
095704 

095705 

095706 

165355 
164363 

086449 
02.1278 

153885 
020996 

025006 

097940 

100312 

027203 

097941 

150049 

097765 

066336 
155223 
074436 
065462 
083780 
024957 + 021310 

+ 021285 
-l- 021284 

081566 
083772 

134443 

19-173647 
19-175109 

19-175110 

19-175111 

19-174773 
19-151336 
19-151335 
19-167315 

;l9-167057 
19-152660 
19-171014 
19-152504 
19-175369 

19-175968 

19-173139 
19-175370 

19-175256 

19-173594 

19-174182 
19-173499 
19~174581 

19-170974 
19-167344 
19-167319 
19-167318 

19-174578 

415 BERNARO ST 

706 BERNARD ST 

4706 BERRYMAN AVE 
4712 BERRYMAN AVE 

BERTH 153 

6228 BERTHA ST 

BEVERLY BLVD 
1660 BEVERLY BLVD 
1671 BEVERLY BLVD 

1677 BEVERLY BLVD 

1681 BEVERLY BLVD 

1908 BEVERLY BLVD 
3636 BEVERLY BLVD 

4350 BEVERLY BLVD 
7415 BEVERLY BLVD 

7451 BEVERLY BLVD 
7600 BEVERLY BLVD 

7901 BEVERLY BLVD 

8700 BEVERLY BLVD 

BEVERLY GLEN 

4441 BIG TUJUNGA C&~YON RD 
155 BIMINI ST 

2358 BIRKDALE 8T 

1263 BISHOPS RD 

625 BIXEL 8T 
3114 3L&~CHARD ST 
3144 3L&~CHARD ST 
3524 BLA.'fCHARD 8T 
42 Q 9 BLA.'fCFLlllD ST 

100 BLOCK HILL ST 
6663 BON AIR PL 
6674 BON AIR PI. 
6680 BON AIR PL 

502 BONNIE BEACH PL 
895 BONNIE BEACH PL 

1312 BONNIE BEACH PL 

SAMUEL M STORER RESIDENCE 

ANGELO PIRRE RESIDENCE 

CLOCK TOWER BERTH 153 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

ERICA COURTNEY BUILDING LOS ANGELES 
DEL VALLE METRO CARRIER ANNEX LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

STUDIO COURT LOS ANGELES 
HEINSBERGEN DECORTING COMPANY BUlL LOS ANGELES 

LOS ANGELES 
PAN PACIFIC AUDITORIUM LOS ANGELES 

HAIG M PRINCE/FAIRFAX BUILDING, FA LOS ANGELES 

LOS ANGELES 

BEVERLY GLEN WATER TANK LOS ANGELES 

LOT ~9. BIG TUJUNGA TRACT 
BIMINI HOUSE 

","".~ 

CATHEDRAL HIGH SCHOOL 

APARTMENT REHABILITATION 

COURT OF FLAGS - CIVIC CENTER 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

p 

P 

M 

p 

P 

U 

P 

p 

P 

P 

P 

U 
P 

p 

P 

P 

M 

M 

F 
P 

P 

u 
p 

U 
U 

U 
C 

P 

P 
P 

U 
U 

1888 CHRIS 19-150329 
HlST.RE8. 00£-19-86-0107.-0000 
PROJ.REVW. HUDB60725q 
HIST.SURV. 0053-2322-0000 

1890 HIST.RES. ooE-19-86-0108-0000 
PROJ.REVW. OOE-19-86-0108-0000 
HIST.SURV. 0053-2323-0000 

1949 PROJ.REVW. FHWA010423D 
1952 PROJ.REVW. FHWAOI0423D 
1953 HIST.RES. ooE-19-94-0086-0000 

PROJ.REVW. HRG940202Z 
1912 HIST.SURV. 0053-2087-0000 

1958. PROJ. REVW. 
PROJ.REVW. 

1904 HlST.RES. 
PROJ.REVW. 

1912 HI8T.RES. 
PROJ.REVW. 

1913 HIST.RES. 
PROJ.REVW. 

1947 PROJ.REVW. 
1928 PROJ.REVW. 

PROJ.REVW. 
1922 HIST.SURV. 
1928 HIST. RES. 

1935 

1930 

1925 

1925 

1926 

1907 
1906 

1923 

1960 
1920 
1920 
1919 
1911 

1920 

HIST.SURV. 

PROJ.REVW. 
HIST.SURV. 
TAX.CERT. 
HIST.SURV. 

HIST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST. SUR.V. 
BlST.RES. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES_ 

FCC050825A 
USPSSS0627B 
ooE-19-95-0187 0000 
HUD940830A 
OOE-19-95~0188 0000 
HUD940830A 
ooE-19-95-0189-0000 
HUD940830A 
FCC060922H 
FCC070621E 
FCC060828I 
0053-4752-0000 
NPS-84000873-0000 
0053-0352-0000 

FCC0504078 
0053-0177-0000 
537.9-19-0136 
0053-2396-0000 

ooE-19-94-0087~0000 

HRG940202Z 
ooE-19-95-0085~OOOO 

HRG940202Z 
0053-4499-0000 
ooE-19-94-0088-0000 
HRG940202Z 

ooE-19-04-0164-0000 
HUD041006D 
ooE-19-94-0547-0000 
HRG940202Z 
HUD871103C 
HUD050B19A 
HUD920203D 
HUD881004E 
HUD910630g 
0053-2347-0000 
NPS-82002189-0028 
NPS-S2002189-0003 
NPS-82Q02189-0002 
HUD871027C 
HUD910331W 
DOE-19-02-1033 0000 

STAT-DAT NRS 

05/05/95 7 
08/12/86 282 
08/12/86 282 

CRIT 

C 
C 

7N 
08/12/86 282 C 
OS/12/86 282 C 

7N 
06/20/01 6Y 
06/20/01,' 6Y 
08/08/94 6Y 
07/14/94 6Y 

582 

10/27/05' 6Y 
07/27/8B 6Y 
05/03/95 6Y 
05/03/95 6Y 
05/03/95 6Y 
05/03/95 6Y 
05/03/95 6Y 
05/03/95 6Y 
02/01/07 6Y 
06/21/07 2S2 C 
12/11/06 232 C 

06/01/88 7N1 
09/20/84 IS 
01/01/8'1 IS 

05/02/05 
09/27/89 
10/15/85 

04/29/94 
04/29/94 
04/24/95 
04/24/95 

06/24/94 
06/24/94 
09/30/04 
09/30/04 
09/30/94 
09/30/94 
12/03/87 
09/14/05 
02/28/92 
10/26/88 
08/24/93 

08/19/82 
08/19/82 
08/19/82 
OS/22/89 
08/20/93 
10/09/02 

6Y 
6W 
7K 
7N 

6Y 
6Y 
6Y 
6Y 
7R 
6Y 
6Y 
6Y 
6Y 

282 
2S2 
6Y 
6Y 
6Y 
6Y 
6Y 
5S2 

ID 
10 

10 

6Y 
6Y 
6U 

T;C 

AC 
AC 

<.0 
<.0 
('I) 
('I) 
I'--
o 
o 
0::: « 
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PROPERTY·NUMBER PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.I'fAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

123753 

096291 19-175125 
123810 

150051 

100371 

025483 
025482 
025218 
025481 
025480 
085045 
153163 
134479 

163589 
131085 

096330 
101157 

13 6772 

116317 

024746 
120793 

120794 

024881 
026759 
090791 
128772 
024964 
023581 
023582 
023583 
023584 
023585 
023586 
023587 

023 5B8 

023589 

023590 
023591 
023592 
073786 
026760 
026761 
026768 

021496 
021571 

19-175993 

19-171474 
19-·171473 
19 ·171209 
19-171472 
19-171471 
19-174649 

19-175134 
19-176384 

19-170766 

19-170901 
19-172743 
19-174929 

19-170980 
19-169603 
19-169604 
19-169605 
19-169606 
19-169607 
19-169608 
19-169609 
19-169610 
19-169611 

19-169612 
19-169613 
19-169614 
19· 174108 
19-172744 
19-172745 
19-172751 
19-167528 
19-167599 

2442 BOULDER ST 

2517 BOULDER ST 
2541 BOULDER ST 

5816 BOWCROFT ST 

2708 BOWMONT DR 

563 BOYLSTON AVE 
567 BOYLSTON AVE 
573 BOYLSTON AVE 
611 BOYLSTON AVE 
613 BOYLSTON A VB 
711 BRADSHAW AVE 
711 BRADSHAWE AVE 
732 BRADY AVE 

1l0S BREA CANYON RD 
5840 BRENTWOOD ST 

623 BRIDEWELL ST 
2622 BRIGHTON AVE 
7224 BRIGHTON AVE 

7406 BRIGHTON AVE 

3740 BRILLI~~ PL 
343 BROAD AVE 

507 BROAD AVE 

BROADWAY 
BROADNAY 
BROADWAY 

242 BROADWAY 
401 BROADWAY 
402 BROAmlAY 
403 BROADWAY 
404 BROADWAY 
407 BROADWAY 
408 BROADWAY 
517 BROADwAY 
520 BROADWAY 
521 BROADWl,Y 
535 BROADWAY 
550 BROADWAY 
551 BROADWAY 
553 BROADW1\y 
810 BROADWAY 

3013 BROADWAY 
3015 BROADWAY 
3110 BROADWAY 

BRONSON AVE 
BRONSON AVE 

COLO WATER CANYON WATER TANK 

MARTIN C MARSH RESIDENCE 

CINGULARLSANCA0236/11-025 

LONGSHOREMEN'S DISPATCH HALL 

CHINATOWN EAST OF HILL ST 
BROADWAY STREET CLOCK 
LOS ANGELES HIGH SCHOOL 
VICTOR CLOTHING COMPANY 
BROADWAY DEPARTMENT STORE, BROADWA 

RIALTO THEATER 

STREET LIGHTS 
STREET LIGHTS 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

U 

P 

U 

M 

P 

P 
P 
P 

P 
P 

P 

P 

P 

P 

P 

M 

P 

P 
P 
M 

p 

P 
P 

P 
P 

P 

I? 

P 

P 
P 
P 

P 
P 
P 

P 
P 

P 
M 

P 

PROJ.REVW. WUD000201E 
1901 HIST.RES. DOE-19~99-0324-0000 

PROJ.REVW. HUD990201N 
1928 PROJ.REVW. WJD9505110 
1924 HIST.RES. ooE-19-00-0047-0000 

PROJ.REVW. WJD000201E 
1949 HIST.RES. DOE-19-04-0166 0000 

PROJ.REVW. HUD041006D 
1925 H!ST.RES. 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

1903 HIST.SURV. 

1923 
1923 
1926 

1941 

1920 
1925 

1927 

1943 
1924 

1922 

1937 
1910 
1873 
1914 
1890 
1911 
1907 
1911 
1911 
1911 
1913 
1925 
1906 
1907 
1924 
1910 
1909 
o 
1908 
1908 
1880 
1920 
1920 

HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.8URV. 
HIST.RES. 
TAX.CERT. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
TAX.CERT. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

DOE-19-95-0120-0000 
HRG940202Z 
0053-2879-0000 
0053-2878-0000 
0053-2613-0000 
0053-2877-0000 
0053-2876-0000 
HUD931119F 
HUD03 071 OC 
DOE-19-02-1068-0000 
HUD021009N 
FCC060802E 
DOE-19-02-0168-0000 
HUD020402AG 
HUD95051SH 
HUD960304G 
00£-19-03-0027-0000 
HUD030103G 
ooE-19- 96 - 02 31- '0000 
HUD970203Z 
0053-2215-0000 
DOE-19-99-0212-0000 
BUR9B1221A 
DOE-19-99-0213-0000 
BUR981221A 
0053-2316-9999 
0053-4092-0000 
SPHI-LAN-024 
537.9-19-0262 
0053-2354-0000 
0053-1036-0000 
0053-1037-0000 
0053-1038-0000 
0053-1039-0000 
0053-1040-0000 
0053-1041-0000 
0053-1042-0000 
0053-1043-0000 
0053-1044-0000 
0053-1045-0000 
0053-1046-0000 
0053-1047-0000 
537.9-19-0101 
0053-4093-0000 
0053-4094-0000 
0053-4101-0000 
0053-0398-0000 
0053-0461-0000 

STAT-OAT NRS CRIT 

02/01/00 6Y 
02/01/99 6Y 
02/01/99 6Y 
06/19/95 6Y 
02/01/00 6Y 
02/01/00 6Y 
09/30/04 6Y 
09/30/04 6Y 
05/04/95 6Y 
05/04/95 6Y 

12/24/93 
11114/03 

10/09/02 
10/09/02 
OB/29/06 
04/02/02 
04/02/02 
06/21/95 
03/13/96 
01/31/03 
01/31/03 
08/02/96 
08/02/96 

01/27/99 
01/27/99 
01/27/99 
01/27/99 

02/27/76 
11/09/01 

01/22/90 

7R 
71'. 

5S2 
7R 
7R 
6Y 
6U 
6U 
6U 
6Y 
6Y 
6Y 
6Y 
6Y 
6U 
6U 
6U 
6U 
7R 
6Y 
6Y 
6Y 
6Y 
71'. 

582 
7L 
7J 
38 
582 
582 

582 
5S2 
5S2 
582 
7R 
5S2 
5S2 

582 
3S 
582 
6X 
5S2 
5S2 
7N 

582 
7R 

I"--
<.0 
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PROPERTY-~ill~BER PRIMARY-ij STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

022151 19-168178 
021572 19-167600 
075442 19-174235 

075443 

091420 

075444 
075446 

075445 
075447 
075448 
075449 

075450 
091419 

075451 
091418 

075452 

091417 

070258 

070257 
070251 
072934 

070255 

070256 
070254 
070253 
070252 
027104 

065181 
023593 
023594 

023595 
023596 
023597 
023598 
023599 
023500 
023 601 
023602 
023603 
023504 
116321 

065906 

020998 

152619 

127486 

19-174236 
19-174954 

19-174237 
19 .. 174239 

19 ·174238 
19-174240 
19-174241 
19-174242 
19-174243 
19-174953 

19-174244 
19-174952 

19-174245 
19-174951 

19-173936 

19-173935 
19~173929 

19-174054 
19-173933 
19-173934 
19-173932 
19-173931 
19-173930 
19-173072 
19-173466 
19~169615 

19-169616 
19-169617 
19-169618 
19 -169619 
19-169620 
19-169621 
19 -169622 
19-169623 

19-169624 
19-169625 
19-169626 

19-173535 

19~167059 

BRONSON AVE 
1717 BRONSON AVE 
2100 BROOKLYN A\~ 

2104 BROOKLYN AVE 
2105 BROOKLYN AVE 

2109 BROOKLYN AVE 
2110 BROOKLYN Av~ 

2111 BROOKLYN AVE 
2114 BROOKLYN AVE 
2115 BROOKLYN AVE 

2120 BROOKLYN AVE 
2126 BROOKLYN AVE 

2127 BROOKLYN AVE 

2130 BROOKLYN AVE 
2135 BROOKLYN AVE 

2138 BROOKLYN AVE 
2209 BROOKLYN AVE 

2401 BROOKLYN AVE 
2415 BROOKLYN AVE 
2423 BROOKLYN AVE 
2427 BROOKLYN AVE 
2433 BROOKLYN AVE 
2433 BROOKLYN AVE 
2445 BROOKLYN AVE 
2455 BROOKLYN AVE 

2459 BROOKLYN AVE 
4209 BROOKLYN AVE 
4709 BROOKLYN AVE 

315 BROOKS AVE 
321 BROOKS AVE 
325 BROOKS AVE 
402 BROOKS AVE 
411 BROOKS AVE 
418 BROOKS AVE 
425 BROOKS AVE 
503 BROOKS AVE 

530 BROOKS AVE 
542 BROOKS AVE 
556 BROOKS AVE 
566 BROOKS AVE 

1722 BRO~~ING PL 

945 BROXTON AVE 

959 BROXTON AVE 

5336 BRYNHURST AVE 

53~1 BRYm>uRST AVE 

1100-1400 BLOCKS BRONSON AVENUE 

FELHANDLER BLOCK AND BAKERY 

HOTEL VINOGARD 

LALOS 
RESIDENCE 

J. A. STANWOOD 

THE NAZARINE CHURCH 

FOX VILLAGE THEATRE 

FOX WESTWOOD VILLAGE THEATER 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGEL£S 
LOS ANG£LES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANG£LES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

p 

p 

p 

u 
p 

u 
u 
u 
u 
u 
u 
u 
P 

u 
P 

u 
P 

u 
u 
u 
u 
u 
u 
u 
u 
u 
P 
U 

P 

P 
P 
P 
P 
P 

P 
p 

p 

p 
p 

p 
p 

p 

p 

1909 HIST.SURV. 
1904 HIST.SURV. 
1928 HIST.RES. 

PROJ.REVW. 
PROJ.REVW_ 

1930 PROJ.REVW. 
1927 HIST . RES . 

1928 
1905 
1928 

1926 
1910 
1921 

1920 
1924 

1920 

1924 

192~ 

1927 

PROJ.REVW. 
PROJ.REVW_ 

PROJ.REVW. 
PROJ.REVW. 

PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 

PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 

0053-0699-9999 
0053-0462-0000 
DOE-19-94-0684-0000 
FTA940429A 

mJD92022BA 
HUD920228B 

00£-19-94-0691-0000 
FTA940429A 
HUD920228C 
HUD920228E 
HUD920228D 
mJD920228F 
mJD920228G 
mJD920228H 
HUD92 02281 

DOE-19-94~0692-0000 

FTA940429A 
HUD920228J 

DO£-19-94-0693-0000 
FTA940429A 
mJD920228K 

DO£-19-94-0694-0000 
PROJ.REVW. FTA940429A 

1929 PROJ . REVW . 
1918 PROJ .REVW. 
1929 PROJ .REVW. 
1921 PROJ .REVW. 
1925 PROJ .REVW. 
1925 
1912 
1923 
1926 
1920 

1914 
1911 
1913 
1913 

1920 
1913 
1905 

1911 
1911 
1na 
1923 
1909 
1928 

1930 

1930 

1922 

1912 

PROJ.REVW. 

PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW, 

HIST.SURV. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

HIST.RES. 
PROJ.REVW. 
HIST.RES. 

HUD910404H 
HUD910404G 
HUD910404A 
HUD9l0S2BO 
HUD910404E 
HUD910404F 

HUD910404D 
HUD910404C 

HUD9104048 
0053-4426-0000 
HUD870505B 
0053-1048~0000 

0053-1049-0000 
0053-1050-0000 
0053-1051-0000 
0053-1052-0000 
0053-1053-0000 

0053-1054-0000 
0053-1055-0000 
0053-1056-0000 
0053-1057-0000 

0053-1058-0000 
0053-1059~0000 

DOE-19-96-0233 0000 
HUD970203Z 

DOE-19-89-0025-0000 
FHWA8 90613A 
UMTA860829A 

0053-0179-0000 

0053-4510-0000 
DOE-19-03-0467~0000 

mJD030801A 
DOE-19-01-0032-0000 

STAT-DAT NRS CRIT 

SS2 
38 

08/30/94 6Y 
08/30/94 6Y 
03/23/92 6Y 
03/23/92 6Y 
08/30/94 6Y 
08/30/94 6Y 
03/23/92 6Y 
03/23/92 6Y 
03/23/92 6Y 
03/23/92 6Y 
03/23/92 6Y 
03/23/92 6Y 
03/23/92 6Y 
08/30/94 6Y 
08/30/94 6Y 
03/23/92 6Y 
08/30/94 6Y 
08/30/94 6Y 
03/23/92 6Y 
08/30/94 6Y 
08/30/94 6Y 
05/06/91 6Y 
05/06/91 6Y 
05/06/91 6Y 
09/10/91 6Y 
05/06/91 6Y 
05/06/91 6Y 
05/06/91 6Y 
05/06/91 6Y 

05/06/91 6Y 
7R 

05/13/87 6Y 
7R 
7R 
582 
582 
5S2 

SS2 
7R 
7R 
5S2 
5S2 
5S2 

5S2 
09/05/96 

09/05/96 

06/19/89 
06/19/89 
09/29/86 

07/31/03 
07/31/03 
01/31/01 

6U 
6U 
2S2 
2S2 
282 
38 

38 
6Y 
6Y 
6Y 

C 
C 

C 

00 
<.0 
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRI~~Y-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG., PRG-REFERENCE-NUMBER 

136774 

024620 19-170641 
19 -1583 98 

119234 

119235 

119236 

119237 

119233 

07044 0 

152620 

069769 
096974 
089246 
153575 

097766 

081567 
125675 

136777 

024941 

024942 
023951 

127488 

097767 

092300 

092299 

092298 

092297 

123746 

1--132995 

19-173983 

19-173854 
19-175167 
19-174897 

19-175257 

19-174457 

19-170961 
19-170962 
19-169973 

19-175258 

19-174992 

19-174991 

19-174990 

19-174989 

025028 19-171032 
025029 19-171033 
097952 19-175377 

025033 19-171036 

5435 BRYWHURST AVE 

5024 BUC~~AN ST 

2B03 BUCKINGHAM RD 

2607 BUCKINGt'.AN RD 

2811 BUCKINGHAM RD 

2817 BUCKINGFAM RD 

2823 BUCKING~~ RD 

2827 BUCKING~~~ RD 
4020 BUCKINGHfu~ RD 

2916 BUDAU AVE 
2925 BUDAU AVE 
3109 BUDAU AVE 

BUDLONG AVE 

Ins BUDLONG AVE 

11 7 6 BUELA AVE 
10535 BUFORD AVE 

2489 BlJNDY DR 

614 BUNKER HILL AVE 
618 BUNKER HILL AVE 
517 BURLINGTON AVE 

11146 BURTON ST 

5507 BUSHNELL WY 

2550 BUTTE ST 

2550 BUTTE ST 

2550 BUTTE ST 

2550 BUTTE ST 

1223 CABRILLO AVE 

CAHUENGA BLVD 

1601 CAHUENGA BLVD 
1611 CAh~ENGA BLVD 
1724 CAHUENGA BLVD 

1825 CAHUENGA BL\~ 

BUCHANAN STREET SCHOOL 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

7900-8200 BLOCKS BUDLONG AVE/ VERM LOS ANGELES 

SLAVIN SPECIAL EDUCATION CENTER LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

GEORGE A. MONTGOMERY RESIDENCE LOS ANGELES 
HARRY M ALEXANDER RESIDENCE LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

BUSHNELL WAY ELEMENTARY SCHOOL LOS ANGELES 

REDONDO JUNCTION SUPERVISORS OFFIC LOS ANGELES 

REDONDO JUNCTION WATCHMAN'S TOWER LOS ANGELES 

REDONDO JUNCTION ROUNDHOUSE LOS ANGELES 

ATCHINSON TOPEKA & SANTA FE REDOND. LOS ANGELES 

VENICE OF AMERICA HOUSE LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ WEIR LOS ANGELES 

~~ION BUILDING LOS ANGELES 
DEPARTMENT OF WAT8R & POWER BUILDr LOS ANGELES 

LOS ANGELES 

AVONDALE APARTMENTS LOS ANGELES 

D 

P 

p 

P 

p 

P 

U 

U 

P 
P 

D 

u 
u 

P 
P 

P 

D 

p 

P 

P 

P 

P 

M 

P 
P 

M 

P 

PROJ.REVW. HUS010201B 
1920 HIST.RES. ooE-19-03-0028-0000 

PROJ.REVW. HUD030103D 
1937 HIST.RES. 008-19-94-0545-0000 

PROJ.R8VW. HRG940202Z 

1928 
1955 

1939 
1938 
1922 

1937 

1926 

1924 

1867 
1887 
1922 
1924 

1922 

1920 

1924 

1913 

1913 

1906 

HIST,SURV. 
HIST,RES. 
PROJ.REVW, 
HIST.RES. 
PROJ.REVW, 

HlST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

HIST.RES. 
PROJ.REVW. 
PROJ,REVW. 
HIST.R8S. 
PROJ.R8VW. 
PROJ.REVW, 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW, 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST,RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW, 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES, 
NAT. REG, 
HlST.RES. 
PROJ.REVW, 

0053-2088-0000 
00E-19-95-0236·0000 
HUD950921B 
DOE-19-95-0237-0000 
HUD950921B 
D08-19-95-023B-0000 
HUD950921B 
DOE-19-95-0239-0000 
HUD950921B 

008-19-95-0240-0000 
HUD950921B 
HUD910524B 
ooE-19-03-0468-0000 
HUD030801A 
HUD901115Q 
HUD950630C 
HUD940418T 
ooE-19-00-0098~0007 

HUD000327A 
ooE-19-94-0534-0000 
HRG940202Z 
HUD871027C 
DOE-19-98-0365-0000 
HUD090511I 
D08-19-03-0030-0000 
HUD030103G 
0053-2331-0000 
0053-2332-0000 
0053-1407-0000 
ooE-19-01-0034-0000 
HUD010201B 
DOE-19-94-0535-0000 
HRG940202Z 
DOE-19-94-0719-0003 
FHWA940929A 
DOE-19-94-0719-0002 
FflWA940929A 
008-19-94-0719-0001 
FHWA940929A 

DOE-19-94-0719-9999 
FHWA940929A 
NPS-00001623-0000 
19-0316 
DOE-19-00-0324-0012 
EPA990920A 

1920 HIST.SURV. 0053-2421-0000 
1920 HlST.SURV. 0053-2422-0000 
1915 HIST.RES. DOE-19-94-0101-0000 

PROJ.REVW, HRG940202Z 
1920 HIST.SURV. 0053-2426-0000 

STAT-DAT NRS 

01/31/01 6Y 
01/31/03 6U 

01/31/03 6U 

08/15/94 2S2 
08/15/94 282 

5S2 
09/21/95 6U 
09/21/95 6U 

09/21/95 6U 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 

09/21/95 
09/21/95 
06/12/91 
07/31/03 
07/31/03 
12/12/90 
07/20/95 
04/29/94 
03/31/00 
03/31/00 
08/15/94 
08/15/94 
OS/22/89 
05/11/98 

05/11/98 
01/31/03 
01/31/03 

01/31/01 
01/31/01 
08/15/94 
08/15/94 
10/27/94 
10/27/94 
10/27/94 
10/27/94 
10/27/94 
10/27/94 
10/27/94 
10/27/94 

04/13/00 
04/13/00 
03/22/00 
03/22/00 

6U 
6U 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
2D4 
204 
6Y 
6Y 
6Y 
6Y 
6Y 
6U 
6U 
7N 
7N 
7R 
6Y 
6Y 
6Y 
6Y 
2D2 
2D2 
2D2 
2D2 
2D2 

202 
2S2 

2S2 
IS 
3S 

202 

2D2 
3S 
3S 

07/01/94 6Y 
07/01/94 6Y 

7N 

CRIT 

c 
C 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

AC 
AC 

0) 
<.0 
('I') 
('I') 
I'--
o 
o 
0::: « 
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PROPERTY -~JUr1BER PRIL-'.ARY- II STREET. ADDRESS. . . . . . . . . . . .. NAMES............................. CITY .NAME. . . . . . .. OWN YR-C OHP-PROG.. PRG-REFERENCE-NUMBER 

124935 
025011 19-171017 
125970 

1825 CAHUENGA BLVD 
1830 CAHUENGA BLVD 
6709 CALHOUN AVE 

097953 19-175378 17919 CALIFA ST 

021263 19 -167 301 610 CALIFORNIA ST 

081652 
079353 
025179 
025276 
025287 
025277 
025286 

025278 

025285 
025279 
025178 
025250 
025284 
0252 B1 
025282 
025283 
025201 
025250 
025236 
025200-

025249 
025199 
025248 
025198 
025247 
025237 

025238 
025246 
025239 
025245 
025240 
025241 
025242 
025244 
153007 
124875 

124876 

076494 

024747 

024748 
020999 

19-174481 
19-174406 

19-171171 
19-171267 
19-171278 
19-171268 
19-171277 
19-171269 
19-171276 
19-171270 
19-171170 
19-171271 
19-171275 
19-171272 
19.-171273 

19-171274 
19-171192 
19-171241 
19-171227 
19··171191 
19-171240 
19-171190 
19-171239 
19-171189 
19-171238 

19-171226 

19-171229 
19-171237 
19-171230 

19-171236 
19-171231 

19-171232 
19 -171233 
19-171235 

19-174251 

19-170767 

19-170768 
19-156366 
19-156373 

2655 CALIFORNIA ST 
20421 CALLON DR 

13 0 B CALUMET AVE 
l3 11 CAL1JNET AVE 
13 14 CALUMET AVE 
13 15 CALlJMET AVE 
1320 CALUMET AVE 
1321 CAL1Jl~ET AVE 
1324 CALUMET AVE 
1327 CALUMET AVE 
1334 CALUMET AVE 
13 41 CALUl'lET AVE 
1342 CALUMET AVE 
1347 CALUMET AVE 
1351 CALUMET AVE 
1354 CALUMET AVE 
1355 CAL1Jl4ET AVE 
1400 CALUMET AVE 
14 0 1 CALur1ET AVE 
1411 CALUMET AVE 
1416 CALUMET iWE 
1417 CALUMET AVE 
1422 CALUME"I; AVE 
1423 CALUMET AVE 
1426 CALUMET AVE 
1427 CALUMET AVE 

1435 CALUMET AVE 
1436 CALUMET AVE 
1437 CALUMET AVE 

1442 CALUMET AVE 
1443 CALUMET AVE 
1445 CALIJMET AVE 
1453 CALUl>lET AVE 
1456 CALUMET AVE 
113 1 CAL ZONA ST 

15343 CAL-'.ARILLO 

15357 CAL-'~l\RILLO 

1847 CM4INO PALMERO 

1429 CAMPUS RD 
1433 C.OU~PUS RD 
1600 CAMPUS RD 

AVONDALE APARTMENTS, A T & T CELL 

VENICE BRANCH, LOS ANGELES PUBLIC 

SYLVIA PARK COUNTRY CLUB CLUBHOUSE 
LOUIS LUCKEL RESIDENCE 

MARTIN P THYE RESIDENCE 

ELBERT J CLAPP RESIDENCE 

ALEXIS A. DE REHBINDER RESIDENCE 

BASIL M TALBOTT RESIDENCE 

GEORGE L. BANNISTER RESIDENCE 

C E TOBERMAN ESTATE 

OCCIDENTAL COLLEGE 

LOS ANGELES' 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 
P 

Y 

M 

M 

u 
p 

p 

p 

P 
p 

P 
P 

P 
P 

P 

P 
P 
P 

P 
p 

p 

p 

P 

P 
P 
P 

P 
P 

P 
P 

P 

P 
P 

P 

P 
P 

P 
P 

p 

P 

P 

p 

P 

P 

1925 PROJ.REVW. FCC00060SF 
1920 HIST.SURV. 0053-2401-0000 
1947 HIST.RES. DOE-19-00-0172-0000 

PROJ.REVW. HUDOOI017Z 
1949 HIST.RES. 

PROJ.REVW. 
1930 HIST.RES. 

008-19-94-0102-0000 
HRG940202Z 
ooE-19-94-0373-0000 

PROJ.REVW. HRG940202Z 
ST.FND.PRG 619.0-HP-88-19-041 
HIST.RES. NPS-87001020~0000 

1919 
1930 
1892 

1887 

PROJ.REVW. 
ST. PT. INT. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

1902 HIST.SURV. 
HIST.SURV. 
HIST.SlJRV. 

1911 HIST.SURV. 
HIST.SURV. 

1909 HIST.SURV. 
HIST.SURV. 

1903 HIST.SlJRV. 

1923 
1951 

1953 

1926 

1911 
1913 
1911 

HIST.SURV. 
PROJ.R£VW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
TAi[. CERT. 
HIST.RES. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HUD871027C 
19-0082 
0053 - 2574 - 0000 
0053-2671~OOOO 

0053-2682-0000 
0053-2672-0000 
0053-2681-0000 
0053-2673-0000 
0053-2680-0000 
0053-2674-0000 
0053-2573~0000 

0053-2675-0000 
0053-2679-0000 
D053-2676~ODDO 

DD53~2677-00DO 

0053-2678-0000 
0053-2596-0000 
0053-2645-0000 
0053-2631-0000 
0053-2595-0000 
0053-2644~0000 

0053-2594-0000 
0053-2643~OOOO 

0053-2593-0000 
0053-2642-0000 
HUD040202L 
0053-2632-0000 
0053-2633-0000 
0053-2641-0000 
0053-2634-0000 
0053-2640-0000 
0053-2635-0000 
0053-2636-0000 
0053-2637-0000 
0053~2639-0000 

HUDOS0404N 
ooE-19-00~0113 ooao 
FHWA000209A 
DOE-19-00-0130-0000 
FHWA000209A 
537.9-19-0138 
NPS-S300120S-0000 
0053-2216-0000 
0053-2217-0000 
0053-0180-0000 

STAT-DAT NRS 

06/29/00 6Y 
7N 

03/03/00 6U 
03/03/00 6U 
04/29/94 6Y 
04/29/94 6Y 

08/27/94 284 
09/30/94 2S4 
12/21/88 
05/19/87 IS 
10/30/89 6y 
10/19/92 7J 

02/02/04 

04/19/05 
02/24/00 
02/24/00 
02/24/00 
02/24/00 
09/20/83 
09/15/83 

38 
7R 
1R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7N 
7R 
7R 
7R 
7R 
7N 
7R 
3S 
7R 
6U 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
6U 
6Y 

6Y 
6Y 
6Y 
283 
IS 
5S2 
5S2 
3S 

CRIT 

AC 

AC 

o 
I"--
('I') 
('I') 
I"--
o 
o 
0::: « 
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PROPERTY ~UMBER PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY. NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER STAT-DAT NRS CRIT 

+ 
+-

127494 

027334 

027335 

025918 
025919 

025915 
025916 
025920 

025921 
025917 

072830 
094940 
025635 

096326 

021587 
021573 
021574 
021575 
021576 
021577 
021578 

021S7~ 

021580 
021581 
021582 
021583 
021586 
021584 
021585 
099370 

100894 

100895 

19-167060 
19-156314 
19-156370 
19-156375 
19-156378 
19-156376 
19-156372 
19-156369 
19·156371 
19-156367 
19-156379 
19-156380 
19-156368 
19-156381 
19-156377 

19-156382 

19-173264 

19-173265 

19-171907 
19-171908 

19-171904 
19-171905 
19~171909 

19~171910 

19-171906 
19-174031 
19-175087 
19 -171624 
19-175130 
19-167615 
19-167601 
19-167602 
19-167603 
19-167604 
19~167605 

19-167606 
19-167607 
19-167608 
19-157609 
19~167610 

19~ 167611 
19-167614 
19-167612 
19-167613 
19-175820 

19-176310 

19-176311 

1803 CA/olPUS RD 

6809 CAMROSE DR 

6819 CAMROSE DR 

426 CA.1>.!ULOS ST 
500 Ck'IULOS ST 

629 CA.'lULOS ST 
631 CA.'lULOS ST 
639 CA.M.ULOS ST 
655 CA."lULOS ST 
753 c.."u'IULOS ST 
945 CA.'lULOS ST 

CANNERY ST 
10525 CANTARA ST 

4120 Ck'lTO DR 
Ck'lYON DR 

1747 CANYON DR 
1755 CA.'TION DR 
1761 CAl-:rYON DR 

1803 CANYON DR 
1808 CANYON DR 
18C9 CANYON DR 
1826 CANYON DR 
1834 CANYON DR 
1840 CANYON DR 
1844 CANYON DR 
1850 CANYON DR 
1851 CANYOl.;r DR 
1852 CANYON DR 
1854 CANYON DR 
3701 CARDIFF AVE 

6118 CA.'<LOS AVE 

6122 CARLOS AVE 

HIGHLAND-CAMROSE BUNGALOW #1 

HIGHLAND-CAMROSE BUNGALOW #2 

LA SANTA CRUZ LUTHERAN CHURCH 

FORMER JAPANESE FISHING VILLAGE OF 

1700 & 1800 BLOCK OF CANYON DRIVE 

FELICITY HOUSE 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

C 

C 

P 

P 

P 
p 

P 
P 
p 

U 
M 
p 

P 

P 
P 

P 

P 
P 
P 
p 

p 

P 

P 

P 
P 

P 

P 

P 

P 

M 

p 

1900 HIST.RES. 
PROJ.REVW. 

1920 HIST.SURV. 
HIST.RES. 
PROJ.REVW. 

1916 HIST.SURV. 
HIS'l;'.RES. 
PROJ.RllVW. 

1905 HIST.SURV. 
1910 PROJ. REVW. 

ooE-19-01-0040-0000 
HUDOI0201B 
0053-4631~0001 

DOE-19~87-0008·0001 

HUD870127W 

0053-4631-0002 
DOE-19-87-0008 0002 
HUD870127W 

0053-3324-0000 
HUD040202L 

HIST.SURV. 0053-3325-0000 
1906 
1912 
1913 

1913 
1955 
1920 

1945 
1923 
1903 
1919 
1919 
1919 

1919 
1913 
1907 

1910 

1913 
1910 
1909 
1916 
1923 
1916 

1916 

1910 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
ST.PT.INT. 
HIST.SURV. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HI8T. 8URV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.8URV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 

0053-3321~OOOO 

0053-3322-0000 
0053-3326-0000 
0053-3327-0000 
0053-3323-0000 
HUD910703B 
19-0205 
0053-3039-0000 
HUD9505150 

0053-0463-9999 
0053-0463-0001 
0053-0463-0002 
0053-0463-Q003 

0053-0463-0004 
0053-0463-0005 
0053-0463-0006 
0053-0463·0007 
0053-0463-0008 
0053-0463-0009 
0053-0463-0010 
0053-0463-0011 
0053 ~0463 - 0014 
0053-0463-0012 
0053-0463-0013 
DOE-19-94-0103-0000 
HRG940202Z 
DOE-19-94-0444-0002 
HRG940202Z 
DOE-19-94-0444-0003 

01/31/01 6Y 
01/31/01 6Y 
03/16/89 10 C 
03/19/87 202 C 
03/19/87 202 C 
03/16/89 10 C 
03/19/87 202 C 
03/19/87 202 C 

7R 

02/02/04 6U 

07/12/91 
10/05/92 

06/21/95 

03/31/94 
03/31/94 
07/01/94 
07/01/94 
07/01/94 

7R 
7N 

582 
7R 
7R 

7R 

6Y 
7J 
7R 
6Y 
38 
3S 
3D 
3D 
3S 
3D 
3D 
3D 

3D 

3D 
3D 

30 
3D 
3D 
3D 

6Y 
6Y 
2D2 
2D2 
2D2 

'"" I"---
('I') 
('I') 
I"--
o 
o 
0::: « 
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+ 
1-
+
+ 

100896 

100697 

100898 

021979 

129305 
021809 

021810 
097486 
116222 

097956 

1162.28 

021756 

021757 
021758 
021759 

021750 
021740 
021741 
021712 
021743 
021744 

021745 
021746 
021747 

021748 
021749 
021750 
021751 
021752 
021753 
021754 
021755 

021779. 
096976 

096979. 
021946 
021947 
021948. 
021949 

021950 

021951 
021952 

19-176312 

19-176313 

19-176314 

19·168006 

19 -167836 
19-167837 
19-175212 

19-175379 

19-167784 
19-167785 
19-167786 
19-167787 

19·167788 
19-167768 
19 -167769 
19~167770 

19-167771 
19-167772 
19-167773 
19-167774 
19-167775 
19-167776 
19-167777 
19-167778 
19-167779 
19-167780 
19-167781 
19-167782 
19-167783 

19-167806 
19~17516a 

19-175170 
19-167973 
19-167974 
19-167975 
19-167976 
19-167977 

19-167978 
19-167979 

6128 CARLOS AVE 

6136 CARLOS AVE 

6142 CARLOS AVE 

CARLTON lilY 

CARLTON lilY 
5401 CARLTON WY 
5417 CARLTON I1Y 
5431 CARLTON lilY 
544 3 CARLTON WY 

544 6 CARLTON lilY 

5449 C.'\.RLTON ~IY 

5536 CARLTON WY 
5540 CARLTON WY 
5546 CARLTON WY 
5552 CARLTON ~IY 

5556 CARLTON ~IY 

5600 CARLTON WY 
5611 CARLTON 1I'Y 

5628 CARLTON .IY 
5632 CARLTON WY 
5638 CARLTON lilY 

5642 CARLTON 1I'Y 

5646 CAR.LTON lilY 
5657 CARLTON lilY 
5702 CAI,LTON lilY 
5706 CARLTON WY 
5710 CARLTON WY 
5717 CARLTON NY 
5721 CARLTON WY 
5727 CARLTON WY 
5731 CARLTON I1Y 
5738 CI'RLTON WY 

5B27 CARLTON WY 
5840 CARLTON WY 
5842 CARLTON WY 
5900 C.lffiLTON WY 
5911 CARLTON WY 

5915 CARLTON WY 

5933 CARLTON l'IY 
5942 CAIl.LTON lilY 

5957 CARLTON WY 
5958 CARLTON .IY 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

5900-6000 8LOCKS OF CARLTON, 1500 

DUNNING HOUSE 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

P 

p 

p 

p 

P 

P 

P 

P 

M 

P 

P 
P 

P 
P 

p 

P 

P 

P 

P 

P 

P 
P 
P 

P 
p 

p 

p 

p 

P 
P 

P 

P 

P 

P 

P 

P 
P 

P 
M 

p 

p 

PROJ.REVW. HRG940202Z 
1913 HIST . RES . 

PROJ.REVW. 
1913 HIST.RES. 

PROJ.REVW. 
1916 HIST.RES. 

PROJ.REVW. 
1904 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 

1916 HIST. SURV. 
1917 HIST. SURV. 
1917 PROJ.REVW. 
1913 HIST. RES. 

PROJ.REVW. 
1926 HIST.RES. 

PROJ.REVW. 
1913 HIST.RES. 

1908 
1908 
1908 
1906 

1916 
1923 
1929 

1917 
1912 

1913 
1917 

1916 
1916 
1914 
1917 

1917 

1920 
1919 
1928 

1923 
1930 

1919 

1933 
1933 
1921 

1921 

1934 
1917 
1923 

1905 
1919 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RBS. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
CAL. REG. 

D08-19-94-0444~0004 

HRG940202Z 
008-19-94-0444-0005 
HRG940202Z 
ooE-19-94-0444-0006 
HRG940202Z 
DOE-19-94-0447-9999 
HRG940202Z 
0053-0643-9999 
0053-0607-0000 
0053-0608-000Q 
FTA950817A 
DOE-19- 96 - 015C'- 0000 
HUD960801E 
DOE-19-94-0105-0000 
HRG940202Z 
D08-19-96-0151-0000 
HUD960801E 
0053-0591-001; 
0053-0591-0018 
0053-0591-001S 
ooE-19-94~0484-0000 

HRG940202Z 
005]-0591-0020 
0053-0591-0021 
0053-0591-0001 
0053-0591-0002 
0053-0591-0003 
0053-0591-0004 
0053-0591-0005 
0053-0591-0006 
0053-0591-0007 
0053-0591-000B 
0053-0591-0009 
0053-0591-0010 
0053-0591-0011 
0053-0591-0012 
0053-0591-0013 
0053-0591-0014 
0053-0591-0015 
HUD950530K 
0053~0591-0016 

0053-0592-0000 
HUD950630D 
HUD950630D 
OD53~0643-0001 

0053-0643-0002 
0053-0643-0003 
0053-0643-0004 
DOE~19-94-0104-0000 

HRG940202Z 
0053-0643-0005 
0053-0643-0006 
19- 0491 

HIST.SURV. 0053-0643-0007 

'-' 

STAT~DAT NRS CRIT 

07/01/94 202 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 

07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2S2 
07/01/94 282 

5S2 

582 
582 

10/10/95 6Y 
02/07/96 6U 
02/07/96 GU 
07/01/94 6Y 
07/01/94 6Y 
02/07/96 6U 
02/07/96 6U 

08/09/94 
08/09/94 

06/26/95 

07/20/95 
07/20/95 

04/12/94 
04/12/94 

11/28/06 

7N 

7N 
7N 

2S2 
282 

7N 
7N 
7N 
IN 
7N 
7N 

IN 
7N 
7N 

7N 

7N 
7N 

7N 
7N 
7N 
7N 
7N 

6Y 
7N 

7N 

6Y 
6Y 
7N 
7N 
7N 

7N 
6Y 
6Y 
7N 
7N 
7J 
7N 

C 

C 

N 
t--
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY-WJMBER PRIMARY-# STREET_ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE.NUMBER 

10C63~ 19-176180 

~ 021953 19-167980 

021954 

+-- 021955 

19-167981 
19-167982 

+ 021956 19-167983 

+- 021957 19-167984 

~ 021958 19-167985 

;-- 021959 19-167986 

021960 
+-- 021961 

19-167987 
19-167988 

+
+-

+ 
+ 

100947 

097608 

021952 
021963 

021964' 

a2192~ 

162394 
119384 

097959 

023884 
023882 
023883 
100373 

020736 
020726 

020727 

19-176335 

19·175238 

19-167989 
19-167990 

19-167991 

19-167952 

19-175381 

19-169906 
19-169904 
19-169905 
19-175994 

19·166818 
19-166808 

19-166809 

064606 19-173347 
020728 19-166810 

025168 19-171167 
020729 19-166811 

5961 CAI,LTON WY 

6000 CARLTON NY 

6001 CARLTON NY 
6004 CARLTON NY 

6008 CARLTON NY 

6012 CARLTON NY 

5016 CARLTON WY 

5018 CARLTON Wy 

6030 CARLTON WY 
6035 CARLTON WY 

6040 CARLTON WY 

6046 CARLTON WY 

6047 CARLTON WY 
6048 CARLTON WY 

6054 CA..'1LTON WY 

6059 CARLTON WY 
3108 CARLYLE ST 
2529 CARMONA AVE 

2622 CARMONA AVE 

511 CARONDELET ST 
521 C!>.RONDELET ST 
637 CARONDELET ST 

3909 CARPENTER AVE 

CARROLL AVE 
13 0 0 CARROLL AVE 

1316 CARROLL AVE 

1315 CARROLL AVE 
1320 C."'RROLL AVE 

1321 CARROLL AVE 
1324 CARROLL AVE 

SELMA-LABAIG DISTRICT 

C. KREUTZER APARTMENTS 

CARPENTER ELEMENTARY SCHOOL 

1300 BLOCK OF CARROLL AVENUE 
ARON P. PHILLIPS HOUSE 

HORACE M RUSSELL HOUSE 

RUSSELL CARRIAGE HOUSE 
FERDINAND A. HElM HOUSE 

1145 COURT STREET HOME 
JOHN SCHEERER HOUSE 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

P 

M 

P 
M 

M 

M 

M 

P 

P 
P 

P 

M 

P 

P 

p 

P 

P 

M 

P 

P 
P 

D 

p 

p 

p 

p 
p 

P 

P 

1915 HlST.RES. DDE-19-94-0536-0000 
PROJ.REVW. HRG940202Z 

1909 HIST.RES. DOE-19-94-0447-0001 

1919 
1910 

PROJ.REVW. 
HIST.SURV. 
HlST,SURV. 
HIST.RES. 
PROJ.REVW. 
mST,SURV. 

1908 mST.RES. 
PROJ.REVW. 

HRG940202Z 
0053-0643~0008 

0053-0643-0009 
DOE-19-94-0447 0002 
HRG940202Z 
0053-0643-0010 
DOE-19-94-0447-0003 
HRG940202Z 

HIST.SURV. 0053-0643-0011 
1908 HlST.RES. DOE-19-94-0447·0004 

PROJ.REVW. HRG940202Z 
HlST.SURV. 

1926 HlST.RES, 
PROJ.REVW. 
HlST.SURV. 

1909 HIST.RES. 

1906 
1904 

1909 

PROJ,REVW. 
mST .SURV. 
HIST.SURV. 
HlST,RES, 
PROJ.REVW. 
HIST.RES. 
PROJ ' REVW , 
PROJ.REVW. 
HIST.RES. 

1908 HIST,SURV. 
1922 HlST.RES. 

PROJ.REVW. 
1908 HlST.RES. 

PROJ.REVW. 
1925 HIST.SURV. 
1925 PROJ .REVW. 
1929 HIST.RES. 

PROJ.REVW. 
1908 HlST.RES. 

PROJ.REVW. 
1919 HlST,8URV. 
1915 HIST. SURV. 
1926 HlST. SURV. 
1938 HlST.RES. 

PROJ.REVW. 
1880 mST. SURV. 
1887 HIST.SURV. 

HIST.RES. 
HIST.SURV. 

1887 HlST.SURV. 

0053-0643-0012 
DOE~19-94-0447 0005 
HRG940202Z 
0053 -0643 - 0013 

DOE-19-94-0447-0006 
HRG940202Z 
0053·0643-0014 
0053-0643-0015 
DOE-19-94-0447~0007 

HRG940202Z 
DOE-19-94-0447-0048 
HRG940202Z 
HRG940202Z 
HRG-78 
0053-0643-0017 
DOE-19-94-0447-00D8 
HRG940202Z 
DOE-19-94-0447-0009 
HRG940202Z 
0053-0639-0000 
HUD060501M 
DDE-19-95-030S-0000 
HUD950823l 
DDE-19-94-0107-0000 
HRG940202Z 
0053·1340-0000 
0053-1338-0000 
0053-1339-0000 
DO£-19-95-0121 0000 
HRG94Q202Z 
0053-0008-9999 
0053-0008-0001 
NPS-76000488-0000 
0053-2572-0000 
0053-0008-0002 

HlST.SURV. 0053-2570-0000 
1887 HIST.SURV. 
1888 TAlL CERT. 

HIST.SURV. 
HIST.SURV. 

1887 HIST.SURV. 
1887 HIST.SURV. 

0053-2571-0000 
537.9-19-0327 
0053-0008-0003 
0053-2569-0000 
0053-2563'0000 
0053-0008-0004 

~. 

STAT-DAT NR8 

11/22/94 6Y 
11/22/94 6'( 

07/01/94 2D2 
07/01/94 2D2 

7N 
7N 

07/01/94 2D2 
07/01/94 2D2 

7N 
07/01/94 2D2 
07/01/94 2D2 

7N 

07/01/94 2D2 
07/01/94 2D2 

7N 

07/01/94 2D2 
07/01/94 2D2 

502 
07/01/94 2D2 
07/01/94 2D2 

SD2 

07/01/94 
07/01/94 
07/01/94 
07/01/94 
09/30/94 
09/30/94 

07/01/94 
07/01/94 
07/01/94 
07/01/94 

06/01/06 
08/23/95 
OB/23/95 
07/01/94 
07/01/94 

7N 

2D2 
2D2 
2D2 
2D2 
2D2 
2D2 
5D2 
2D2 
2D2 
2D2 
2D2 
38 
6U 
6U 
6U 

6Y 
6'( 

5S2 
582 
7N 

03/29/95 2S2 
03/29/95 282 
01/01/76 18 
01/01/79 10 
04/22/76 

3S 
01/01/76 10 

3S 
7R 

03/05/04 7J 
01/01/76 10 

3S 
7N 

01/01/76 10 

CRIT 

i('l') 

t--
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRI~~Y-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

* + *'+ 
*,-.y--

117116 

117123 

117120 

117114 

117117 

117118 

117122 

117121 

117119 

025700 
023505 
023506 
023507 
023508 
023509 
023510 
0235.11 

023512 

023513 

023514 
02351'5 
023516 

023517 
123813 

021436 
021435 

021434 

100380 

100384 

100385 

100378 

116231 

125520 

148058 

149789 

149788 

19-171689 
19-169527 
19-169528 
19-169529 
19-169530 
19-169531 
19-169532 
19 .. 169533 

19-169534 
19-169535 
J-9-169536 
19-169537 
19-169538 
19-169539 

19-167470 
19-167469 
19-167468 
19-175996 

19-175997 

19-175998 

19-175995 

6775 CENTINELA AVE 

6775 CENTINELA AVE 

6775 CENTINELA AVE 

6775 CENTINELA AVE 

6775 CENTINELA AVE 

6775 CENTINBLA AVE 

6775 CENTINELA AVE 

6775 CENTINELA AVE 

6775 CENTlNELA AVE 

10121 CENTRAL AVE 
912 CENTRE ST 
918 CENTRE ST 
927 CENTRE ST 
928 CENTRE ST 
933 CENTRE ST 
936 CENTRE ST 

1014 CEl\'TRE ST 
124 0 CEl'<"TRE ST 
13 00 CENTRE ST 
13 10 CENTRE ST 
14 3 3 CENTRE ST 
1719 CENTRE ST 
18 11 CENTRE 8T 

549 CERES AVE 

6510 CERRITOS PL 
6526 CERRITOS PL 
6532 CERRITOS PL 
1720 CESAR E CHAVEZ AVE 

1720 CESAR E CP.A VEZ AVE 

1720 CESAR E CF.AVEZ AVE 

1720 CESAR E CHAVEZ AVE 

2031 CES~~ E CHAVEZ AVB 

4919 CES~~ E CHAVEZ AVE 

12001 CHALON RD 

12001 CHALON RD 

12001 CHALON RD 

BUILDING 3 LOS ANGELES 

BUILDING IS-FIRE STATION LOS ANGELES 

BUILDING IS-ASSEMBLY BUILDING/CARG LOS ANGELES 

BUILDING 1 LOS ANGELES 

BUILDING lO-CAFETERIA LOS ANGELES 

BUILDING II-PAINT SHOP/MAINTENANCE LOS ANGELES 

BUILDING 17-WAREHOUSE/PLANT FACILI LOS ANGELES 

BUILDING l6-DURAMOLD ROOM LOS ANGELES 

BUILDING 14-ASSEMBLY BUILDING LOS ANGELES 

P.AYS TABERNACLE CME CHURCH LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

BOILER PLANT LOS ANGELES ..... ; 

CARPENTRY/PLUMBERS/PAINTERS SHOP LOS ANGELES 

UTILITY TUNNEL LOS ANGELES 

ACCOUNTING BUILDING LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

MOUNT ST MARY'S COLLEGE HISTORIC 0 LOS ANGELES 

MOUNT ST MARY'S COLLEGE CARONDELE~ LOS ANGELES 

MOUNT ST MARY'S COLLEGE CHARLES W: LOS ANGELES 

p 

p 

P 

p 

P 

p 

P 

p 

P 

P 

P 

P 
p 

P 

P 
P 
P 
P 

P 
P 

P 

P 

P 

U 

P 
P 

P 
P 

p 

P 

p 

P 

u 

P 

P 

P 

PROJ.REVW. COE900907A 
19~2 HIST.RES. 

PROJ.REVW. 
1952 HIST. RES. 

PROJ.REVW. 
1943 HIST.RES. 

PROJ.REVW. 
1950 HIST.RES. 

PROJ.REVW. 
1951 HIST.RES. 

PROJ.REVW. 
1941 HIST. RES. 

PROJ.RBVW. 
1951 HIST.RES. 

PROJ.REVW. 
1943 HIST.RES. 

PROJ.REVW. 
1943 HIST. RES. 

DOE-19-95-0220-0003 
COE900907A 
DOE-19-95-0220-0010 
COB900907A 
00E-19-95-0220-0007 
COE90090?A 
DOE-19-95-0220-0001 
COE900907A 
ooE-19-95-0220-0004 
COE900907A 
00£-19-95-0220-0005 
COE90090.7A 
ooE-19-95-0220-0009 
COE90090?A 
ooB-19-95-0220-0008 
COE900907A 
ooE-19-95-0220-0006 

PROJ.R£VW. COE90090?A 
1951 
1919 
1907 
1910 
1911 
1902 
1911 
1900 
1910 
1904 
1905 
1909 
1905 
1900 

1926 
1922 
1923 
1931 

1930 

1930 

1933 

1922 

1942 

1931 

1958 

1947 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
PROJ.RBVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RBS. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HI8T.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

0053-3104-0000 
0053-0958-0000 
0053-0959-0000 
0053-0960-0000 
0053-0961-0000 
0053-0962-0000 
0053-0963-0000 
0053-0964-0000 
0053-0965-0000 
0053- 0966 -0000 
0053-0967-0000 
0053-0968-0000 
0053-0969-0000 
0053-0970-0000 
DOE-19-00-0050-0000 
HUD000201E 
NPS-B2002189-0154 
NPS-B2002189-0153 
NP8-B2002189-D152 
OOE-19-95-0123-0000 
HRG940202Z 
OOE-19-95-0124~0000 

HRG940202Z 
ooE-19-95-0125-0000 
HRG940202Z 
DDE-19-95-0122-0000 
HRG940202Z 
DOE-19-96-0152-0000 
HUD960B01E 
DOE-19-97-0240-0000 
HUD971006G 
DOE-19-03-0451-9999 
FCC030815D 
DOE-19-03-0451-0006 
FCC030815D 
ooE-19-03-0451·0005 
FCC030B15D 

STAT-DAT NRS CRIT 

10/02/95 2D2 AB 
10/02/95 2D2 AB 
10/02/95 2D2 AS 
10/02/95 2D2 AB 
10/02/95 2D2 AS 
10/02/95 2D2 AS 
10/02/95 2D2 AB 
10/02/95 2D2 AB 
10/02/95 .. 2D2 AS 

10/02/9'5 2D2 AS 
10/02/95 2D2 AS 
10/02/95 202 AB 
10/02/95 2D2 AB 
10/02/95' 2D2 AS 
10/02/95 2D2 AB 
10/02/95 2D2 AS 

10/02/95 2D2 AB 
10/02/95 2D2 AB 
10/02/95 2D2 AS 

02/01/00 
02/01/00 
08/19/82 
08/19/82 
08/19/82 

07/19/95 
07/19/95 
07/19/95 
07/19/95 
07/19/95 
07/19/95 
07/19/95 
07/19/95 
06/30/96 
06/30/96 
10/06/97 
10/06/97 
10/20/03 
10/20/03 
10/20/03 
10/20/03 
10/20/03 
10/20/03 

7R 
582 
5S2 
5S2 
5S2 
7R 
5S2 
7R 
5S2 
5S2 
582 

5S2 
5S2 
5S2 
6Y 

6Y 
10 
10 
10 
6Y 

6Y 
6Y 
6Y 
6Y 

6Y 
6Y 
6Y 
6U 
6U 
6Y 
6Y 
282 
2S2 
2D2 

202 
2D2 
2D2 

AC 
AC 
AC 

C 

C 

C 

C 

C 

C 

""'" t---
C') 
C') 
t--
o 
o 
0::: « 
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PROPERTY -NUMBER PRIMARY - # STREET _ ADDRESS ............ . 

023848 
023849 
125086 

119386 

166349 

064943 
025634 
025633 

089080 
100634 

025005 
024786 

024787 

097696 

125087 

125088 

154030 
127502 

026819 

096787 

025497 

153017 
154031 

025639 
025640 
025637 
025638 

025636 
022294 
022339 
022324 
023253 

19-169870 

19-169871 

19-173434 
19-171623 
19·171622 
19-174886 
19-176182 

19-171013 
19-170806 
19-155370 
19-170807 
19-175243 

19-172799 
19-156359 

19-175148 
19-171487 
19·155426 
19-156063 

19-171628 
19-171629 
19 -171626 
19-171627 
19 -171625 
19-168319 
19-168364 
19-168349 
19-169287 

4101 CRENSF.AW BLVD 
4107 CRENSF.AW BLVD 
5400 CRENSF.AW BLVD 

5440 CRENSHAW BLVD 

2797 CRESTON DR 
8010 CROCKETT BLVD 

10120 CROCKETT BLVD 
10430 CROCKETT BLVD 
10316 CROSUS AVE 

2638 CULLEN ST 

72 7 CURS ON 8T 

57l CYPRESS AVE 

675 CYPRESS AVE 
929 CYPRESS AVE 

1142 CYPRESS AVE 

1150 CYPRESS AVE 

4207 DALTON AVE 
8901 DALTON AVE 

2417 DALY ST 

219 DANGLER AVE 
2624 DARIUN AVE 

11031 OE FOE AVE 
11251 DE FOE AVE 

7916 DE GARMO AVE 
7919 DE GARMO AVE 
7924 DE GARMO AVE 
7932 DE GARl'10 AVE 
7940 DE GARMO AVE 

DE LONGPRE AVE 
DE LONGPRE AVE 
DE LONGPRE AVE 
DE LONGPRE AVE 

82 ] 2 6 E;;;:tJJ:ObJ;kQi ~ 99 ~lGPRS ? T}f9 '3 

1- 022256 19-168282 6100 DE LONGPRE AVE 

+- 023268 19-169292 6101 DE LONGPRE AVE 

."~' 
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NAMES ............................. CITY. NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

BROADWAY DEPARTMENT STORE 
F. W. WOOLWORTH COMPANY 

DWP WATER TANK 
RESIDENCE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
FIRE STATION #44 LOS ANGELES 

LOS ANGELES 

1150-1154 CYPRESS AVE LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

DALY STREET COMMERCIAL OFFICE BUlL LOS ANGELES 

LOS ANGELES 
JL~IAN R ROHR RESIDENCE LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

6500 BLOCK DELONG PRE AVENUE LOS ANGELES 
6800-7000 BLOCKS OF DELONG PRE AVEN LOS ANGELES 
6600-6700 BLOCKS OF DELONGPRE AVEN LOS ANGELES 
VALENTINO MEMORIAL FOUNTAIN 
DE LONGPRE PARK 
AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

p 

p 

Y 

P 

u 
P 
P 
P 

P 

p 

P 

p 

Y 

Y 

M 

P 
P 

P 
P 

P 

P 
.p 

P 
p 

P 
M 

M 
M 

P 

PROJ.REVW. FCC040120L 
HIST.SURV. 0053-1303-0000 

1948 
1948 
1924 

HIST.SURV. 
HIST.SURV. 
HIST.RES. 

PROJ.REVW. 
1934 HIST.RES. 

1906 
1905 
1934 
1925 

1924 
1911 

1909 
1923 

1914 

1909 
1930 

1937 

1920 
1907 

1947 
1952 
1944 
1946 
1944 
1944 
1944 
1904 
1902 
1906 
1930 
1924 
1916 

PROJ,REVW. 
PROJ.REVW. 
PROJ,REVW. 
HlST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
l'ROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 
HIST.RES. 
PROJ,REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
ST.FND.PRG 
HIST.SURV. 
PROJ.REVW. 
HIST.SURV, 

PROJ.REVW. 
PROJ,REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,RES. 
PROJ.REVW. 
HI8T.RES. 
PROJ.REVW. 
HIST.SURV. 

1929 HIST. RES. 
PROJ.REVW. 
MIST_RES. 

0053-1304-0000 
0053-1305-0000 
DOE-19-98-0277-0000 
HUD980202K 
DOE-19-95·0307-0000 
HUD950823K 
FCC070524G 
HUD860923A 
0053-3038-0000 
0053-3037-0000 
HUD940304B 
DOE-19-94-0540 0000 
HRG940202Z 
0053-2395-0000 
0053-2255-0000 

0053-2256~OOOO 

OOE-19-95-0001-000 
HUD951027Z 
DOE-19-98-0278-0000 
HUD980202K 
ooE-19-98-0279-0000 
HUD980202K 
HUD040202L 
ooE~19-01-0049-0000 

HUD010201B 
ooE-19-98-0096-0000 
HUD980522D 
619.0-HP-8S-19-014 
0053-4139-0000 
HU0950612P 
0053-2900-0000 

HUD050404N 
HUD040202L 
0053-3043-0000 
0053-3044-0000 
0053-3041-0000 
0053-3042·0000 
0053-3040-0000 
0053-0704"9999 
0053-0706-9999 
0053-0705-9999 
0053-0780·0000 
0053-0782-0000 
DOE-19-95-0241-0029 
HUD950911J 

DOE-19-95-0149-0029 
HRG940202Z 
0053-0703-0015 
DOE-19-95-0241-0030 
HUD95091lJ 
00E-19-95-0149-0030 

STAT-DAT 

03/08/04 

02/02/98 
02/02/98 
08/2 3 (95 
08/23/95 
06/26(07 
10(07/86 

04/06/94 
12/20/94 
12 (20/94 

10/21/95 
10/27/95 
02/02/98 
02/02/98 
02/02/98 
02/02/98 
02/02/04 
01/31/01 
01/31/01 
06/08/98 
06/06/96 
12/19/88 

01/19/95 

04/19/05 
02/02/04 

09/11/95 
09/11/95 
02/08/95 
02/06/95 

NRS 

282 
3S 
3S 

38 
6Y 
6Y 
6U 
6U 
6Y 
6Y 
7N 

7N 
6Y 
6Y 
6Y 
7N 
582 

5S2 
2S2 
2S2 
6Y 
6Y 
6Y 
6Y 
6U 
6Y 
6Y 
2S2 
2S2 

3S 

6Y 
7N 

6U 
6U 
7R 

7R 
7R 
7R 

7R 
582 
582 
582 
3S 
38 
2D2 
2D2 
2D2 
2D2 
7N 

09/11/95 2D2 
09/11/95 2D2 
02/08/95 2D2 

CRIT 

c 
C 

AC 
AC 

LO 
t--
C") 
C") 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRU1ARY-JJ STREET.ADDRESS ............. NA.\lES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER STAT-OAT NRS CRIT ('I') 

I"---
0 

PROJ.REVW. HRG940202Z 02/08/95 2D2 0 
HIST.SURV. 0053-0785-0000 7N 0::: +- 022257 19-168283 6110 OE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. DOE-19-95-0241-0031 09/11/95 202 « PROJ.REVW. ItUlJ9S0911J 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0031 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0703-0016 502 

+- 022254 19-168280 6112 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES M 1916 mST.RES. OOE-19-95-0241·0032 09/11/95 2D2 
PROJ,REVW. HUD950911J 09/11/95 2D2 
HIST.RES. 00E-19-95-0149·0032 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
mST, SURV. 0053-0703'0013 7N +- 022255 19·168281 611S DE LONGPRE AVE AFTON SQUARE OISTRICT LOS ANGELES P 1920 HIST,RES. DOE-19-95-0241 0033 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES, 00£-19-95-0149-0033 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0703-0014 5D2 + 022252 19-168278 612 2 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES M 1916 HIST.RES, 00E-19-95-0241-0034 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES, 00E-19-95·0149·0034 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
HIST.SURV. 0053-0703-0011 7N 

101034 19·176379 6128 OE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES U HIST.RES. DO£-19-95·0241-0067 09/11/95 6U 
PROJ,REVW. ItUlJ950911J 09/11/95 6U 
HIST.RES. 00E-19-95-0149-0067 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 

101035 19-176380 6132 DE LONGPRE AVE AFTON SQUARE OISTRICT LOS ANGELES U HIST.RES. OOE-19-95-0241-0068 09/11/95 GU 
PROJ,REVW. ItUlJ9509ilJ 09/11/95 6U 
HIST.RES. 00E-19-95-0149-0068 02/08/95 6Y 
PROJ.REVW. HRG940202Z 02/08/95 6Y 

t 022253 19-168279 6200 DE LONGPRE AVE AFTON SQUARE OISTRICT LOS ANGELES P 1916 HIST.RES. 00E-19-95-0241-0035 09/11/95 202 
PROJ.REVW. ItUlJ950911J 09/11/95 202 
HIST.RES, ooE-19-95-0149 0035 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST.SURV. 0053-0703-0012 502 + 022251 19-166277 6205 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. 00E-19-95-0241-0036 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. 008-19-95-0149·0036 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
PROJ.REVW. HUD930322D 04/29/93 6Y 

+ HIST.SURV. 0053-0703-0010 502 022250 19-168276 6207 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. ooE-19-95-0241·0037 09/11/95 202 
PROJ.REVW, HU0950911J 09/11/95 202 
HIST.RES. 00E-19-95·0149·0037 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
PROJ.REVW. ItUlJ930322D 04/29/93 6Y 

...:!- HIST,SURV. 0053-0703-0009 502 
I 022248 19·168274 6212 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1920 HIST.RES. 00E-19-95-0241·0038 09/11/95 202 

PROJ.REVW. HUD950911J 09/11/95 202 
HIST,RES. DOE-19-95·0149-0038 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST,SURV. 0053-0703-0007 5D2 -r 081375 19·174437 6214 DE LONGPRE AVE AFTON SQUARE OISTRICT LOS ANGELES U 1920 HIST.RES. 00E-19-95-0241-0039 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
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HrST.RES. DOE-19-95-0149-0039 02/08/95 202 

0 
0 

PROJ.REVW. HRG940202Z 02/08/95 2D2 0::: 
PROJ.REVW. HUD930322D 04/29/93 6Y « +- 022249 19-168275 6215 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1922 HIST.RES. DOE-19-95-0241-0040 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HrST.RES. DOE-19-95-0149~OO40 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST.SURV. 0053-0703-0008 5D2 

+- 022246 19-168272 6219 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1936 BrST.RES. DOE-19- 95 - 0241-.0041 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. 008-19-95-0149-0041 02/08/95 202 
PROJ.REVW. HRG940202Z 02/06/95 202 
PROJ.REVW. HUD9303220 04/29/93 6Y 
HIST.SURV. 0053-0703-0005 5D2 

..L- 022247 19-168273 6220 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1916 HlST.RES . 00E-19-95-0241-0042 09/11/95 202 , 
PROJ.REVW. HU095091lJ 09/11/95 2D2 
HIST.RES. DOE-19-95-0149-0042 02/0B/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST.SURV. 0053-0703-0006 5D2 

+-- 022245 19-168271 6221 OE LONGPRE AyE AFTON SQUARE DISTRICT LOS ANGELES P 1923 HIST.RES. DOE-19-95-0241-0043 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. 00E-19-95-0149 0043 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/06/95 2D2 
PROJ.REVW_ HUD930322D 04/29/93 6Y 
HlST.SURV. 0053-0703-0004 502 +- 022244 19-168270 6224 OE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1933 HlST.RES. 00E-19-95-0241-0044 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. 00E-19-95-0149-0044 02/08/95 202 
PROJ.REVW. HRG940202Z 02/08/95 202 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST.SURV. 0053-0703-0003 5D2 

t- 022242 19-168268 6228 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1924 HIST.RES. 00E-19-95-0241-0045 09/11/95 2D2 
PROJ.REVW. HUD950911J 09/11/95 2D2 
HIST.RES. DOE~19-95-0149-0045 02/08/95 202 
PROJ.REVW. HRG94020ZZ 02/08/95 2D2 
PROJ.REVW. HUD930322D 04/29/93 6Y 
HIST.SURV. 0053-0703-0001 5D2 + 022243 19-168269 6234 DE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES P 1937 HIST.RES. D08-19-95-0241-0046 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. DOE-19-95-0149-0046 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 2D2 
PROJ.REVW. HUD9303220 04/29/93 6Y 
HIST.SURV. 0053-0703-0002 5D2 +- 022258 19·168284 6239 DE LONGPRE AVE: AFTON SQUARE DISTRICT LOS ANGELES P 1927 HIST.RES. DOE-19-95-0241 0047 09/11/95 202 
PROJ.REVW. HUD950911J 09/11/95 202 
HIST.RES. DOE-19-95-0149-0047 02/08/95 2D2 
PROJ.REVW. HRG940202Z 02/08/95 202 
PROJ.REVW. HUD9303220 04/29/93 6Y 
mST.SURV. 0053-0703-0017 S02 101036 19-176381 6244 DE LONGPRE AVE AFTON SQUARE OISTRICT LOS ANGELES U HIST.RES. DOE-19-95-0241-0069 09/11/95 6U 
PROJ.REVW. HUD950911J 09/11/95 6U 
HIST.RES. D08-19-95-0149-0069 02/08/95 6Y 
PROJ.RBVW_ HRG940202Z 02/08/95 6Y 101037 19-176362 6245 OE LONGPRE AVE AFTON SQUARE DISTRICT LOS ANGELES U HIST.RES. DOE-19-95-0241-0070 09/11/95 6U 
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+ 

+-

+ 

-r-

t-

+ 

022259 19-168285 

022260 19-168286 

022261 

022262 

022263 

022264 

022293. 
022290 
022266 
022267-
022268 
022269 
022270 
022271 
022272. 
a2227~ 

022274 

022275 
022276 

02227':1 

022278 

022279 

022280 
022295 
022297 

022298 
022296 
022299 
022300 

19-168287 

19-168288 

19-168289 

19-168290 

19-163318 
19-168315 
19-168291 
19-168292 
19-168293 
19-168294 
19-168295 
19-168296 

19-168297 
19-158298 
19-168299 
19-168300 
19-168301 
19-168302 
19-168303 
19-168304 
19-168305 
19-168320 
19-168322 
19-168323 
19-168321 
19-168324 
19,168325 

6248 DE LONGPRE.AVB 

6254 DE LONGPRE AVE 

6258 DE LONGPRE AVE 

6261 DE LONGPRE AVE 

6263 DE LONGPRE AVE 

6264 DE LONGPRE AVE 

6427 DE LONGPRE AVE 
6503 DE LONGPRE AVE 
6539 DE LONGPRE AVE 
6543 DE LONGPRE AVE 
6544 DE LONGPRE AVE 
6548 DE LONGPRE AVE 
6549 DE LONGPRE AVE 
6552 DE LONGPRE AVE 
6553 DE LONGPRE AVE 
6559 DE LONGPRE AVE 
6560 DE Lm.;rGPRE AVE 
6565 DE LONGPRE AVE 
6566 DE LONGPRE AVE 
6569 DE LONGPRE AVE 
6570 DE LONGPRE AVE 
6575 DE LONGPRE AVE 
6576 DE LONGPRE AVE 
6600 DE LONGPRE AVE 
6601 DE LONGPRE AVE 
6607 DE LONGPRE AVE 
6608 DE LONGPRE AVE 
6615 DE LONGPRE AVE 
6617 DE LONGPRE AVE 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

LOS ANG£LES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

P 

p 

p 

l? 
p 

p 

P 
l? 
P 

P 

P 
P 
P 

P 

P 
p 

P 
P 

P 

P 

P 

P 
P 

P 
l? 
p 

PROJ.REVW. HUD950911J 
HIST.RES. DOE-19~95-0149 0070 
PROJ.REVW. HRG940202Z 

1919 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1919 HIST.RES. 
PROJ.REVW. 
HIST.RES. 

DO£-19-95-0241-0048 
HUD950911J 
ooE-19-95-0149-0046 
HRG940202Z 
0053-0703-001B 
DOE~19-95-0241-0049 

HUD950911J 
DOE-19-95-0149-0049 

PROJ.R£VW. HRG940202Z 
HIST.SURV. 0053-0703-0019 

1919 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1915 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1939 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1920 HrST.RES. 

1916 
1913 
1910 
1920 
1921 
1921 
1919 
1919 
1913 

1913 
1921 
1917 
1922 
1914 
1922 
1925 
1923 
1919 
1916 
1919 

1923 
1919 

1918 

PROJ.REVW. 
HrST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST·.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

DO£-19-95-0241-0050 
HUD950911J 
DOE-19-95-0149-9050 
HRG940202Z 
D053~0703-0020 

DOE-19-95-0241·0051 
HUD95D911J 
DOE-19-95-0149-0051 
HRG940202Z 
0053-0703-0021 
DOE-19-95-0241-0052 
HUD950911J 
DOE-19-95-0149-0052 
HRG94D202Z 
0053-0703-0022 
DOE~ 19- 95'·0241- 0053 
HUD950911J 
DOE-19-95-0149-0053 
HRG940202Z 
0053-0703-0023 
0053-0704-0028 
0053-0704-0025 
0053-0704-0001 
0053-0704-0002 
0053-0704-0003 
0053-0704-0004 
0053-0704-0005 
0053-0704-0006 
0053~0704"0007 

0053-0704-0008 
0053-0704-0009 
0053-0704-0010 
0053-0704-0011 
0053-0704-0012 
0053~0704-0013 

0053~0704-0014 

0053·0704-0015 
0053-0705-0001 
0053-0705-0003 
0053-0705-0004 
0053-0705-0002 
0053-0705-0005 
0053-0705-0006 

""--... 

STAT-DAT NRS CRrT 

09/11/95 6U 
02/08/95 6Y 
02/08/95 6Y 
09/11/95 2D2 
09/11/95 2D2 
02/08/95 2D2 
02/08/95 2D2 

502 
09/11/95 202 
09/11/95 202 
02/08/95 2D2 
02/08/95 2D2 

5D2 
09/11/95 2D2 
09/11/95 2D2 
02/08/95 2D2 
02/08/95 2D2 

5D2 
09/11/95 2D2 
09/11/95 2D2 
02/08/95 2D2 
02/08/95 2D2 

5D2 
09/11/95 2D2 

09/11/95 2D2 
02/08/95 202 

02/06/95 202 

502 
09/11/95 202 
09/11/95 2D2 
02/0S/95 2D2 
02/08/95 2D2 

5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
5D2 

502 
502 
502 
5D2 
5D2 
5D2 
SD2 
5D2 
5D2 
5D2 
5D2 
5D2 

00 
I"--
('I') 
('I') 
I"--
o 
o 
0::: « 
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PROPERTY-WJMBER PRI~~RY-~ STREET.ADDRESS", .. , ....... Nk~ES ........ """, .............. CITY. NAME , ""',. OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

024626 19-170647 
19-158259 

024627 19-170648 
19-158193 

024628 19-170649 

19-15al~4 

024629 19-170650 
19-158195 

024630 19-170651 
19-158196 

024631 19-170652 
19-158197 

150058 

024632 19-170653 
19-158202 

024633 19-170654 
19-158201 

131105 

026573 
1458BB 

021118 

0813 78 
081376 
020744 

023606 
023607 
023608 
02"3609 
023510 
024206 
024207 
026986 

19-172560 

19-167175 

19-174439 
19-174438 
19-166826 
19-158047 

19-169628 
19-169629 
19-169630 
19-169631 
19-169632 
19~170228 

19-170229 
19-172966 

19-162825 
026987 19-172967 

19-163066 
02698$ 19-172968 

19-163067 
026977 19-172957 

19-162826 
026976 19-172958 

19-162827 
026969 19-172969 

19-162824 

5564 ECHO ST 

5901 ECHO ST 

5907 ECHO ST 

5915 ECHO ST 

5917 ECHO ST 

5959 ECHO ST 

6000 ECHO S'l' 

6014 ECHO 81' 

6026 ECHO ST 

2941 EDGEHILL DR 

3527 EDGEHILL DR 
4833 EDISON 81' 

EISENHOWER AVE 

14 01 EL CENTRO AVE 
1419 EL CENTRO AVE 
5905 EL MIO DR 

1126 ELECTRIC AVE 
1130 ELECTRIC AVE 
1300 ELECTRIC AVE 
1328 ELECTRIC AVE 
1332 ELECTRIC AVE 
2142 ELI SNORE ST 
2147 ELISNORE 81' 
2615 ELLENDALE PL 

2633 ELLENDALE PL 

2637 ELLENDALE PL 

2642 ELLENDALE PL 

2646 ELLENDALE PL 

2647 ELLENDALE PL 

PISGAH HOME HISTORIC DISTRICT 

CATHOLIC PROTESTANT CHAPELS 

SMITH ESTATE / D. P. HATCH HOUSE 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS lWGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 

P 

P 

p 

p 

P 

P 

P 

p 

F 

U 
U 

P 

p 
p 

P 
P 
P 

P 
P 

P 

p 

P 

P 

P 

P 

1903 HIST.SURV. 0053-2094-0000 

1912 HlST.SURV. 0053-2095-0000 

1912 HIST.SURV. 0053-2096-0000 

1914 HIST.SURV, 0053-2097-0000 

1908 HlST.SURV. 0053-2098-0000 

1908 HIST.SURV. 0053-2099-0000 

HIST,RES. DOE-19-04~0173-0000 

PROJ, REVW. HUD041006D' 
1906 HIST.SURV. 0053-2100-0000 

1895 NAT. REG. 

1924 

1930 
1911 

1900 

1922 
1922 
1887 

1912 
1912 

1913 
1907 
1910 
1912 
1900 

TAX-CERT. 
REG. UNIT 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
ST.HS.LDMK 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
HIST,SURV. 

PROJ,REVW. 
PROJ.REVW. 
HIST.RES. 
HIST.RES. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 

19-0501 
537.9-19-0325 
19-0436 

0053-2101-0000 
00E-19-02-0181-0000 
HUD020402AG 
0053-3901-0000 
00E-19-03-0336-0000 
HU0030103G 
19-0204 
DOE-19-81~OOOl-0003 

VET810807A 
NPS-72000229-0000 
0053-0234-0000 

HUD930322D 
HUD930322D 
NPS-85002198-0000 
NPS-82000971-0000 
0053-2101-0000 
0053-0016-0000 
0053-1061-0000 
0053-1062-0000 
0053-1063-0000 
0053-1064-0000 
0053-1065-0000 
0053-1667-0000 
0053-1668-0000 
0053-4304-0000 

1931 HIST.SURV. 0053-4305-0000 

1900 HIST.SDRV. 0053-4306-0000 

1900 HIST.SURV. 0053-4295-0000 

1900 HIST,SURV. 0053-4296-0000 

1900 HIST.SURV. 0053-4307-0000 

STAT-OAT NRS 

582 

582 

5S2 

5S2 

5S2 

582 

09/30/04 2D2 
09/30/04 2D2 

5S2 

07/03/07 7J 
01/26/04 7J 
01/26/04 7J 

04/02/02 
04/02/02 

01/31,(03 
01'31/03 
03/07/95 
11/30/81 
11/04/81 
02/11/72 
02/11/72 

04/29/93 
04/29/93 
09/12/85 
10/29/82 

7N 
6Y 
6Y 
7R 
6U 
6U 
7\'1 

7K 
7K 
18 
IS 

6Y 
6Y 
IS 

7N 
38 
582 
7R 
582 
7R 
38 
582 
582 
3S 

3S 

3S 

38 

08/01/83 3S 

3S 

CRIT 

C 

C 

0) 
I'--
('I') 
('I') 
I'--
o 
o 
0::: « 
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PROPERTY-WJMBER PRIMARy-n STREET ,ADDRESS. . . .......... NAMES............................. CITY. NAME. ....... OWN YR-C OHP-PROG.. PRG-REFERENCE-NUMBER 

026990 19·172970 
19-163068 

026991 19·172971 
19-163069 

026979 19-172959 
19 .. 162828 

026980 19·172960 
19·162829 

026992 19-172972 
19-163070 

026981 19-172961 
19-162830 

026982 19-172962 
19-162831 

026983 19-172963 
19-162832 

026993 19-172973 
19·162823 

026984 19-172964 
19-162833 

026994 19-172974 
19-162822 

025985 19-172965 
19-162834 

027395 19-173323 
19-155198 

083805 
097989 

094564 
024203 
024205 
024204 
024216 

19-174590 
19.- 17 5400 

19-175086 
19-170225 
19-170227 
19-170226 
19~170238 

024215 19-170237 
024217 19-170239 
024635 19-170656 

027105 

't- + 021297 
";t: + 021296 '* -r 021441 
1(' -t 021295 
'*..(.. 021294 -*" + 021293 *' -t 021292 *-4 021442 
"k 4- 02144 3 *" -t 02129i *' +- 021290 
:>;R + 021289 

j}<- -+ 021444, '*" -!:- 02128~ * +- 021445 
Y -I-- 021287 

;k.' +- 021286 

19·155230 
19-173073 
19-167331 
19-167330 
19-167475 
19-167329 
19-167328 
19-167327 
19-167326 
19-167476 
19-167477 
19-167325 
19-167324 
19-167323 
19-167478 
19-167322 
19-167479 
19-167321 
19-167320 

2651 ELLENDALE PL 

2659 ELLENDALE PL 

2674 ELLENDALE PL 

2716 ELLENDALE PL 

2801 ELLENDALE PL 

2802 ELLENDALE PL 

2806 ELLENDALE PL 

2810 ELLENDALE PL 

2813 ELLENDALE PL 

2B14 ELLENDALE PL 

2817 ELLENDALE PL 

281B ELLE~~ALE PL 

5006 ELLENWOOD DR 

3434 ELLISON ST 
1521 ELLSMERE AVE 

4724 ELMWOOD AVE 
2118 ELSINORE ST 

2136 ELSINORE SY 
2139 ELSINORE ST 
2207 ELSINORE ST 
2214 ELSINORE ST 
2217 ELSINORE ST 

815 ELYRIA DR 

1000 ELYSIAN P~~K AVE 
6603 EMMET TERRACE 
6511 E~~ET TERRACE 
6614 EMMET TERRACE 
6615 EMMET TERRACE 
6621 EMMET TERRACE 
6627 EMMET TERRACE 
6633 EMMET TERRACE 
6636 EM!~ET TERRACE 
6642 EMMET TERRACE 
6643 EMMET TERRACE 
6655 Er~r~ET TERRACE 
6657 EMMET TERR~CE 
6658 EMMET TERRACE 
6661 EMMET TERRACB 
6662 E~'MET TERRACE 
6665 EMMET TERRACE 
6673 EMMET TERRACE 

LOS ANGELES 

LOS ANGELES 

LOS' ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

SIXTEENTH CHURCH OF CHRIST SCIENTI LOS ANGELES 

CHAVEZ RAVINE, DODGER STADIUM 

ZOELLNER HOME 
PHYLLIS HAVER HOME 
JEllN PARKER HOME 

RISSNER PATTY/ROLAND WEST HOME 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS llNGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS 'ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS llNGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
~OS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

P 

P 

P 

P 

P 

p 

p 

p 

P 

P 

U 

M 

p 

P 

P 

P 

P 
P 

P 

P 

P 
P 
P 

P 
p 

P 

P 
P 

P 

P 

P 
P 

P 
P 

P 

P 
P 

1922 HIST.SURV. 0053~4308-0000 

1900 HIST.SURV. 0053-4309-0000 

1922 HIST.SURV. 0053-4297-0000 

1907 HIST.SURV. 0053-4296-0000 

1922 HIST.SURV. 0053-4310-0000 

1900 EIST.SURV. 0053-4299-0000 

1907 EIST.BURV. 0053-4300-0000 

1900 HIST.SURV. 0053-4302-0000 

1900 HIST.SURV. 0053-4311-0000 

1922 HIST.SURV. 0053-4302-0000 

1907 HIST.SURV. 0053-4312-0000 

1926 HIST.SURV. 0053-4303-0000 

1928 HIST.SURV. 0053-4663-0000 

1906 

1920 
1900 
1905 
1908 
1910 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

1910 HIST.SURV. 
1910 HIST.SURV. 
1908 HIST.SURV. 

1921 
1923 
1925 
1921 
1922 
1922 
1920 
1925 
1925 
1955 
1920 
1926 
1922 
1920 
1922 
1920 
1920 

HIST.SURV. 
ErST. RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HrST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST . RES . 

HUD910630cc 
DOE-19-94-0127-0000 
HRG940202Z 
HUD950301P 
0053-1664-0000 
00'33-1666-0000 
0053-1665-0000 
0053-1677-0000 
0053-1676-0000 
0053-1678-0000 
0053-2103-0000 

0053-4427-0000 
NPS-82002189-0015 
NPS-82002189-0014 
NPS-B2002189-D159 
NPS-B2002189-0013 
NPS-82002189-0012 
NPs-82002189-0011 
NPS-82002189-0010 
NPS-82002189-0160 
NPS-B20Q2189-0161 
NPS-82002189-0009 
NPS-82002189-0008 
NPS-82002189-0007 
NPS-82002189-0162 
NPS-82002189-0006 
NPS-82D02189-0163 
NPS-82002189-0005 
NPS-82002189-0004 

STAT-OAT NRS CRIT 

08/24/93 

07/07/94 
09/30/94 
03/06/95 

08/19/82 
08/19/82 
08/19/82 
08/19/62 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 

3S 

3S 

38 

3S 

38 

3S 

38 

38 

3S 

38 

3S 

3S 

7N 

6Y 
6L 
6Y 
6Y 
5S2 
5S2 
5S2 

5S2 
5S2 
5S2 
7N 

3S 
10 
1D 

ID 
ID 
1D 
ID 
1D 
1D 

1D 
10 
1D 

10 
10 

1D 
ID 
10 

1D 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

o 
00 
C") 
C") 
I"--
o 
o 
0::: « 
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PROPERTY NUl>lBF;R PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE'NUMBER 

~+
~t 

021446 
021447 
021283 
097990 

19 ·167480 
19-167481 
19-167317 
19-175401 

020739 19-166821 
116332 

154034 
097991 19-175402 

6676 EMMET TERRACE 
6680 Er"l!~ET TERRACE 
6689 EMMET TERRACE 

13 3 ENTRADA DR 

421 ENTRADA OR 
5826 ERNEST lWE 

5835 ERNEST AVE 
5841 ERNEST AVE 

097992 19-175403 14401 ERWIN ST 

097993 19-175404 14427 ERWIN ST 

097994 19-175405 14437 ERWIN ST 

097995 19-175406 14817 ERWIN ST 

11623S 

D73D94 19~174061 

024755 19~170775 

19-155307 
116333 

149823 

123823 

17810 ERWIN ST 

4305 ESMERALDA ST 
3010 ESTJ\RA AVE 

10570 ESTHER AVE 

3232 ESTRADA ST 

1953 ESTRELLA AVE 

025536 19-171525 1978 ESTRELLA AVE 
19-164739 

125136 

025537 

025538 

025539 

12513 7 

125138 

088787 
025792 
025791 
025793 

065610 
023820 

168030 

19-164738 

19-171526 
19-164740 

19-171527 
19-164731 

19-171528 
19-165178 

19-174881 
19-171781 
19-1717BO 
19-171782 
19-173526 
19~169B42 

19-165260 

1979 ESTRELLA AVE 

2110 ESTRELLA AVE 

2119 ESTRELLA AVE 

2128 ESTRELLA AVE 

2141 ESTRELLA AVE 

7412 ETON AVE 

638 EUCLID AVE 
2900 EUCLID AVE 
2916 EUCLID AVE 
2920 EUCLID AVE 
4625 EUGENE SY 
9601 EVERS AVE 

96 0 1 EVERS ST 

WILLIAM EYTHE/LON MCALLISTER HOME 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

CANYON SCHOOL, CANYON ELEMENTARY S LOS ANGELES 
LOS ANGELES 

VAN NUYS OFFICE 

VALLEY ADMINISTRATION CENTER MALL 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
VERDUGO ROAD DISTRICT JR HIGH SCAO LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

1953 ESTRELLA AVENUE / 1959 ESTREL LOS ANGELES 

THE LOIS ELLEN ARNOLD RESIDENCE LOS ANGELES 

THE HIRAM V SHORT RESIDENCE 

RICHARD H ALEXANDER RESIDENCE 

GEORGE A. McGRIFF RESIDENCE 

CASA DEL MEXlCANO 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

p 

p 

P 

M 

M 
P 

M 

M 

M 

M 

M 

l? 

U 
M 

l? 

P 

tJ 

P 

Y 

P 

P 

l? 

Y 

Y 

P 

P 
P 

P 

U 

P 

P 

1962 
1919 
1927 
1914 

HIST,RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
PROJ,REVW. 

1894 HIST. SURV. 
1924 HIST.RES. 

NPS-82002169-0164 
NPS-82002189-0165 
NPS~820021B9-0001 

DOE-19-94-0128-0000 
HRG940202Z 
0053-0011-0000 
DOE-19-96-0244-0000 

PROJ.REVW. HUD970203Z 
1931 PROJ.REVW. HUD040202L 
1924 HIST,RES. DOE-19~94-0129·0000 

PROJ.REVW. HRG940202Z 
HIST.RE8. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HlST.RES, 
PROJ.REVW. 

1921 HlST.RES. 
PROJ.REVW. 

DOE-19~94-0130-0000 

HRG940202Z 
OOE~19-94-0131~OOOO 

HRG940202Z 
ooE-19-94-0132-0000 
HRG940202Z 
DO£-19-94-0133-0000 
HRG940202Z 

1923 HIST.RES. DOE~19-96-01S6~0000 

PROJ.REVW. HUD960801E 
1923 PROJ.REVW. HUD910B28E 
1936 HIST.SURV. 0053-2224~OOOO 

1926 HIST.RES. 
PROJ.REVW. 

1941 HIST.RBS. 
PROJ.REVW. 

1911 HIST. RES. 
PROJ.REVW. 

1888 HIST.SURV. 

ooE-19-96~0245~OOOO 

HUD970203Z 
DOE-19-04-01S0-0000 
HUD040701B 
DOE-19-00-0060~OOOO 

HUD000201E 
0053-2945~OOOO 

HIST.RES. 008-19-86-0012-0000 
PROJ.REVW. HUD860725R 
HIST.RES. 00E-19-98-0328-0000 
PROJ.REVW. HUD980803l 

18S8 IHST. SURV. 
HIST.RES. 
PROJ.REVW. 

188a HIST.SURV. 
mST.RES. 
PROJ.REVW. 

1896 HIST.SURV. 
HIST.RES. 
PROJ.REVI'I. 

1911 HIST.RES. 
PROJ.REVW. 

1947 HIST.R8S. 
PROJ.REVW. 

1910 PROJ .REVW. 
1912 HIST.SURV. 
1913 HIST.SURV. 
1890 HIST.SURV. 

PROJ.REVI'I. 
1907 HIST.SURV. 

0053-2946-0000 
DOE-19-86-0013-0000 
HUD860725S 
0053-2947-0000 
ooE-19~86-0014-0000 

HUD860725T 
0053-2948-0000 
ooE-19-86-0015-0000 
HUD860725U 
DOE-19~98-0329-0000 

HUD980B031 
DOE-19-98-0330 0000 
HUD9BOB031 
HUD940223Y 
0053-3196~OOOO 

0053~3195-0000 

0053-3197-0000 
HUD881221E 
0053-1276-0000 

1907 PROJ.REVW. HUD071Q02H 

', __ .J 

STAT-DAT NRS CRlT 

08/19/82 10 AC 
08/19/82 ID AC 
08/19/82 ID AC 
07/01/94 6Y 
07/01/94 6Y 

38 
09/05/96 6U 
09/05/96 6li 
02/02/04 6U 

04/29/94 6Y 

04/29/94 6Y 
08/08/94 6Y 
08/08/94 6Y 
08/08/94 6Y 
08/08/94 6Y 
08/08/94 6Y 
08/08/94 6Y 
04/29/94 6Y 
04/29/94 6Y 
02/21/96 6Y 
02/21/96 6Y 
09/12/91 6Y 

7N 

08/27/96 6U 
OB/27/96 6U 
08/09/04 2S2 C 
08/09/04 2S2 C 
02/01/00 6Y 
02/01/00 6Y 

7R 
08/01/86 2S2 C 
08/01/86 2S2 C 
08/03/98 6Y 
oa/03/98 6Y 

7R 
08/01/86 2S2 
08/01/86 282 

7R 
08/01/86 282 
08/01/86 2S2 

7R 
08/01/86 2S2 
08/01/86 2S2 
08/03/98 6Y 
08/03/98 6Y 
08/03/98 6Y 
08/03/98 6Y 
03/28/94 6Y 

3S 
7R 

7M 

01/04/88 6Y 
7R 

10/10/07 6Y 

C 
c 

C 
C 

C 

C 

'"" 00 
('I') 
('I') 
I"--
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o 
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PROPERTY NUMBER PRlMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

066615 
024751 
124906 

12490~ 

124945 
123878 
124946 

19-157125 

19-173627. 
19·170777 
19-186696 
19-186694 
19-186697 

19-186698 

124905 19-186695 
125305 19-186710 
125299 19 186705 

125303 19-186708 

125298 19-186704 

125293 19-186699 

125300 19-186706 

125297 19-186703 

125294 19-186700 

125295 19-186701 

125301 

125304 
125296 

022382 
022438 
022407 

022442 
022356 
022357 
022358 
022359 

022360 
022351 
022362 
022363 
022364 
022365 
022366 
022368 
022367 
022 3 69 
022370 

022371 

022372 
022373 
022374 

19-186707 

19-186709 
19-186702 

19-168407 

19-168463 
19-168432 
19-168467 
19-168381 
19-168382 
19-168383 

19-168384 
19-168385 
19-168386 
19-168387 
19-168388 
19-168389 
19-168390 
19-168391 
19-168393 
19-168392 
19-168394 

19-168395 

19-168396 
19-168397 
19-168398 

19-168399 

71 7 FORD BLVD 
6300 FOREST LAWN DR 

FORT MACA.!ZTHUR 
FORT MACAl'tTHUR 
FORT MACARTHUR 
FORT HACARTHUR 
FORT MACARTHUR 

FORT MACARTHUR 
FORT MACARTHUR 
FORT MACARTHUR 

FORT MACARTHUR 

FORT l".ACARTHUR 

FORT [of.ACARTh"'1)R 

FORT !"cZ\CARTHUR 

FORT !o'.ACARTl-nJR 

FORT MACARTHUR 

FORT MACARTHUR 

FORT MACARTHUR 

FORT MACARTHUR 
FORT riJACARTHUR 

FOUNTAIN AVE 
FOUNTAIN AVE 
FOUNTAIN AVE 
FOU]','TAIN AVE 

5633 FOL~TAIN AVE 
5637 FOUNTAIN AVE 
5642 FOUNTAIN AVE 
5643 FOUNTAIN AVE 
5647 FOUNTAIN AVE 
5652 FOUNTAIN AVE 
5653 FOUNTAIN AVE 
5657 FOUNTAIN AVE 
5704 FOUNTAIN AVE 
5707 FOUNTAIN AVE 
5711 FOUNTAIN AVE 
5712 FOu~TAIN AVE 
5715 FOu~TAIN AVE 
5718 FOUNTAIN AVE 
5720 FO~'TAIN AVE 
5728 FOu~TAIN AVE 
5730 FOmnAIN AVE 
5734 FOu~TAIN AVE 
5743 FOL~~AIN AVE 

- - - .. -------

FOREST LAWN CEMETERY 
NIKE AJAX FUEL STORAGE SHED BUILDI 
WHITE'S POINT NIKE MISSILE LAUNCHE 
WHITE'S POINT UNDERGROUND NIKE MIS 
BATTERY PAUL D. BUNKER, WHITE'S PO 
GENERATOR BUILDING 1021 

A~S BUILDING 1008 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
WHITE'S POINT NIKE HERCULES LAUNCH LOS ANGELES 
WHITE'S POINT NIKE READY ROOM, BLD LOS ANGELES 

·WHITE'S POINT GENERAL PURPOSE ADMI LOS ANGELES 

~HITE'S PT. NIKE HERCULES SENTRY D LOS ANGELES 

WIIITE'S POINT EXCLUSION AREA GUARD LOS ANGELES 

WHITE'S POINT UNDERGROUND GUN FORT LOS ANGELES 

WHITE'S POINT NIKE HERCULES SENTRY LOS ANGELES 

WHITE'S POINT ACCESS AREA GUARD SH LOS ANGELES 

WHITE'S POINT NIKE HERCULES WARHEA LOS ANGELES 

WHITE'S POINT NIKE AJAX LIQUID FUB 

WHITE'S POINT NIKE AJAX LAUNCHER C 
WHITE'S POINT NIKE HERCULES ASSEMB 

5500 AND 5600 BLOCKS FOUNTAIN AVEN 
6300-6500 BLOCKS FOUNTAIN AVENUE 
5900 TO 6200 BLOCKS FOUNTAIN AVENU 
5800 BLOCK FOUNTAIN AVENUE 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

U 

P 

M 

M 

M 

P 
M 

M 

M 

M 

H 

M 

M 

M 

M 

M 

H 

M 

H 

M 

P 

I? 

P 
P 
p 

P 

P 
P 

P 

P 
p 

P 

P 
P 

P 
P 

P 
P 

P 

P 

P 
p 

P 

HIST.SURV. 0053-4509-0000 

1917 
1954 

1954 
1954 
1942 
1954 

HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
CAL. REG. 
CAL. REG. 
CAL. REG. 
CAL.REG. 
CAL.REG. 

1950 CAL.REG. 
1960 CAL.REG. 
1957 CAL.REG. 

1964 CAL.REG. 

1961 CAL. REG. 

1962 CAL.REG. 

1942 CAL. REG. 

1961 CAL. REG. 

1961 CAL. REG. 

1961 CAL.REG. 

1955 

1954 
1962 

1905 
1917 
1917 
1920 

1919 
1905 
1918 
1911 
1919 
1919 
1920 
1918 
1922 
1922 
1922 
1922 
1922 
1922 

1922 
1922 

1923 
1923 
1923 

CAL. REG. 

CAL. REG. 
CAL.REG. 

HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST_SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

SHL-0753-0000 
HUD8a0419D 
0053-2226 0000 
19-0321 
19-0319 
19-0325 
19-0317 
19-0329 

19-0320 
19-0341 
19-0336 

19-0339 

19-0335 

19- 0330 

19-0337 

19-0334 

19-0331 

19-0332 

19-0338 

19-0340 
19-0333 

0053-0708-9999 
0053-0710-9999 
0053-0709-9999 
0053-0711-9999 
0053-0708-0001 
0053-0708-0002 
0053-0708-0003 
0053-0706-0004 

0053-0708-0005 
0053-0708-0006 
0053-0708-0007 
0053-0708-0006 
0053-0708-0009 
0053-0708·0010 
0053-0708-0011 
0053- 0706·0013 
0053-0708-0012 
0053-0708-0014 
0053-0708-0015 
0053-0708-0016 
0053-0708-0017 
0053-0708-0018 
0053-0708-0019 

·c----./· 

STAT-DAT NRS 

5S2 
12/22/60 7L 
05/19/88 6Y 

38 
06/12/00 7J 
06/12/00 7J 
06/12/00 7J 
04/11/00 7J 
07/12/00 7J 
07/12/00 
06/12/00 7J 
07/24/00 7J 
07/24/00 7J 

07/24/00 7J 

07/24/00 7J 

07/24/00 7J 

07/24/00 7J 

07/24/00 7J 

07/25/00 7J 

07/24/00 7J 

07/24/00 

07/24/00 
07/24/00 

7J 

7J 
7J 

5S2 
5S2 
5S2 
5S2 

5D2 
502 
502 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 

502 
502 
502 
502 
5D2 

CRIT 
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PROPERTY t~lBER PRr~~RY·# STREET.ADDRESS......... NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

022375 
022376 
022383 
022384 
022385 
022386 
022387 
022388 
022391 
022389 
022390 
022392 
022393 
022394 
022395 
02239€! 
022397 
02239B 

022399 
022400 
022401 
022402. 
022403 

022404 

022405 
022406 
022408 

022409· 
022410 

19-168400 
19-168401 
19-168408 
19-168409 
19-168410 

19-168411 
19-168412 
19-168413 
19-158416 
19-168414 
19-168415 
19-168417 
19-168418 
19-168419 
19-168420 
19-168421 
19-168422 
19·168423 
19-168424 
19-168425 
19-168426 
19-168427 
19-168428 
19-168429 

19-168430 
19-168431 
19-168433 
19-168434 
19-168435 

02241~ 19-168436 
022412· 19-168437 
022413· 19-168438 
022414 19-168439 
022415 19-168440 
022416 
022417 
022418 
022419 
022421 

022422 

022424 
022425 

022427 
022428 
022429 
022430 
022431 
022432 
022433 
022434 
022435 
022436 

022437 

022581 
022196 

022729 

19-168441 
19-168442 
19-168443 
19-168444 
19-168446 
19-168447 

19-168449 
19-168450 

19-168452 
19-168453 
19-168454 
19-168455 
19-168456 
19-168457 
1')-168458 
19-168459 
19-168460 

19-168461 
19-168462 

19-168606 
19-168222 

19-168754 

5750 FOUNTAIN AVE 
5764 FOUNTAIN AVE 
5913 FOUNTAIN AVE 
5963 FOUNTAIN AVE 
6050 FOIJNTAIN AVE 
6056 FOu~TAIN AVE 
6062 FQv~TAIN AVE 
6101 FOUNTAIN AVE 
6113 FOlJ~TAIN AVE 
6115 FOIJNTAIN AVE 
6119 FO~~AIN AVE 
6123 FO~~AIN AVE 
6135 FOUNTAIN AVE 
6139 FOUNTAIN AVE 
6143 FOUNTAIN AVE 
6200 FOL~TAIN AVE 
6206 FOUNTAIN AVE 
6210 FOUNTAIN AVE 
6216 FOUNTAIN AVE 
6217 FOUNTAIN AVE 
6221 FOUNTAIN AVE 
6222 FOUNTAIN AVE 
6227 FOUNTAIN AVE 
6228 FOUNTAIN AVE 
6233 FOUNTAIN AVE 
6234 FOUNTAIN AVE 
6328 FOUNTAIN AVE 
6340 FOUNTAIN AVE 
6341 FOl~TAIN AVE 
6344 FOu~TAIN AVE 
6350 FOL~TAIN AVE 
6356 FOUNTAIN AVB 
6406 FOu~TAIN AVE 
6407 FOu~~AIN AVE 
6411 FOUNTAIN AVE 
6412 FO~~AIN AVE 
6417 FOUNTAIN AVE 
6421 FOUNTAIN AVE 
6422 FOUNTAIN AVE 
6440 FOUNTAIN AVE 
6444 FOUNTAIN AVE 
6500 FOUNTAIN AVE 
6531 FOUNTAIN AVE 
6534 FOUNTAIN AVE 
6537 FOUNTAIN AVE 
6541 FOUNTAIN AVE 
6547 FOlmTAIN AVE 
6550 FO,,~TAIN AVE 
6551 FOv~TAIN AVE 
6554 FOu~TAIN AVE 
6560 FOUNTAIN AVE 
6571 FOL~~AIN AVE 
6575 FOu~~AIN AVE 
6635 FOlJ~~AIN AVE 
6579 FOu~~AIN AVE 
66Bl FOUh~AIN AVE 

SAINT KATHERINE APARTMENTS 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

P 
P 

P 
P 
p 

p 

p 

p 

P 

P 

P 
P 
p 

p 
p 

p 
p 

P 
P 

P 
p 

P 

P 

P 
p 

P 

P 
p 

p 

p 

p 

P 

P 

P 
p 

P 

P 
p 

p 

p 

P 

P 

P 
P 
p 

p 

P 

P 

P 

P 
p 

P 
P 

1922 
1922 
1917 

1922 
1922 
1922 
1922 
1920 
1920 
1922 

1919 
1922 

1920 
1921 
1921 
1919 
1920 
1920 
1924 
1920 
1920 
1920 

1922 

1921 
1919 
1920 

1921 
1921 
1925 
1920 
1920 
1921 

1921 
1920 
1920 
1920 

1923 
1923 

1920 
1921 
1921 
1946 
1920 
1925 
1920 
1921 
1922 
1921 
1921 
1922 
1920 

1920 
1919 
1925 

1915 
1926 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!lIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
MIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,BURV. 
!lIST.SURV. 
!lIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!lIST.SURV. 
HIST.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST_SURV. 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!lIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
HIST.SURV. 
HIST.BURV. 

0053-0708-0020 
0053-0708-0021 
0053-0709-0001 
0053-0709-0002 
0053-0709-0003 

0053-0709-0004 
0053-0709-0005 
0053-0709-0006 

0053-0709-0009 
0053-0709-0007 
0053-0709-0008 
0053-0709-0010 
0053-0709-0011 
0053-0709-0012 
0053-0709-0013 
0053-0709-0014 
0053-0709-0015 
0053-0709-0016 
0053-0709-0017 
0053-0709-0018 
0053-0709-0019 

0053-0709-0020 
0053-0709-0021 
0053-0709-0022 

0053-0709-0023 
0053-0709-0024 

0053 -0710- 0001 
0053-0710-0002 
0053-0710-0003 
0053-0710-0004 
0053 -0710-0005 
0053-0710-0006 
0053-0710-0007 
0053-0710-0008 
0053-0710-0009 
0053-0710-0010 
0053 - 0710- 0011 
0053-0710-0012 
0053 -0710- 0014 

0053-0710-0015 

0053-0710-0017 
0053-0710-0018 
0053-0710-0020 
0053 - 0710-0021 
0053- 0710-0022 
0053-0710-0023 
0053-0710-0024 
0053-0710-0025 
0053-0710-0026 
0053-0710-0027 
0053-0710-0028 

0053-0710-0029 
0053-0710-0030 
0053-0717-0028 
0053-0701-0031 
0053-0722-0023 

. -.....-/j 

STAT-DAT NRS 

502 
5D2 

5D2 
SD2 
5D2 

502 
502 

502 
502 

502 
502 

502 
502 

SD2 

502 
502 
S02 
502 

502 
502 

502 
502 

502 

502 
502 
502 

5D2 
5D2 

502 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
502 

SD2 
5D2 
502 
5D2 

5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
5D2 

502 
5D2 
502 
502 
5D2 
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PROPERTY-~u~BER PRIMARY-# STREET.ADDRESS.......... NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

022726 

022439 
022440 

022441 
098011 

131114 

027250 
021449 
021670 
114995 

098012 

098013 

19-168751 
19-168464 
19-168465 

19-168466 
19-175412 

19-173182 
19-167483 

19-167698 

19 -175413 

19-175414 

021719 19-167747 
021130 19-167185 

021720 
021721 
021722 

021725 
021724 

021726 
021727 

021728 

021729 

021730 
021731 

021732 
021733 
021734 

021735 
021736 
021682 
021683 
021664 

021665 
021665 
021667 
021668 
021671 
021669 
021673 
021672 

19-167748 
19-167749 
19-157750 
19-167753 
19-167752 
19-167754 
19·167755 
19-167756 
19-167757 
19-167758 
19-167759 
19-157760 
19-167761 

19-167762 
19-157763 
19-167764 
19-167710 
19 -157711 
19-167692 

19-167693 
19-167694 
19-167695 
19-167696 

19-167699 
19·167697 
19-167701 
19-167700 

023291_' 19-169315 

023292 19-159316 

098014. 19-175415 

-}f t 023293. 19-169317 

6718 FOUNTAIN AVE 
6817 FOUNTAIN AVE 
6856 FOUNTAIN AVE 

6866 FOUNTAIN AVE 
13974 FOX ST 

25425 FRAMPTON AVE 

922 FRANCISCO ST 
FRANKLIN AVE 
FR&'JKLIN AVE 
FR&\fKLIN AVE 

4518 FRANKLIN AVE 

4548 FRANKLIN AVE 

5100 FRANKLIN AVE 

5121 FR~KLIN Av~ 

5127 FRAN¥~IN AVE 
5137 FR&\fKLIN AVE 
5151 FRANKLIN AVE 
5154 FRru'JKLIN AVE 
5156 FRANKLIN AVE 
5'*57 FRANKLIN AVE 
5163 FRANKLIN AVE 
5177 FRANKLIN AVE 
5181 FRANKLIN AVE 
5191 FRANKLIN AVE 
5205 FR&'JKLIN AVE 
5211 FRANKLIN AVE 
5215 FRANKLIN A\~ 
5231 FRANKLIN AVE 
5241 F~~LIN AVE 
5321 FRANKLIN AVE 
5332 FRANKLIN AVE 
5346 FRANKLIN AVE 
5640 FRANKLIN AVE 

5646 FR&'JKLIN AVE 
5650 FRfu\fKLIN AVE 
5660 FRfu\fKLIN AVE 
5666 FRANKLIN AVE 
5675 FRANKLIN ,WE 
5678 FRANKLIN AVE 
5757 FRANKLIN AVE 
5870 FRANKLIN AVE 
5930 FRANKLIN AVE 
5959 FRANKLIN AVE 
6017 FRANKLIN AVE 

6200 FRANKLIN AVE 

WATER & POWER SUBSTATION #9 
WHITLEY HEIGHTS HISTORIC DIST 
FRANKLIN AVE 

BRIDGE #53C-161 / SHAKESPEARE BRID 

SOWDEN, JOHN, HOUSE 

KELLY RESIDENCE 
KELLY RESIDENCE 
FRANKLIN TOWNHOUSES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS' ANGELES 
LOS ANGELES 
LOS'ANGELES 

CHATEAU ELYSEE, FIFIELD MANOR, SCI LOS ANGELES 
VILLA CARLOTTA APARTMENTS LOS ANGELES 
CHBREMOYA AVENUE ELEMENTARY SCHOOL LOS ANGELES 

HOLLYWOOD TOWER / LA BELLE TOUR LOS ANGELES 

P 
P 

P 
P 
M 

M 

P 

P 

M 

M 

M 

P 
P 

P 
P 

P 
P 

P 
P 

P 

P 

P 
P 
P 

P 
P 
P 

P 

P 
P 
P 

P 

P 

P 

P 
P 

P 

P 
P 
P 
P 

P 
D 

P 

1912 
1921 

1920 
1922 
1925 

HrST.SURV. 
HIST. SURV, 

HIST,'SURV. 
HrST.SURV. 
HrST.RES. 

PROJ.REVW. 

0053-0722-0020 
0053-0711-0001 

0053 -0711- 0002 
0053-0711-0003 

00E-19-94-0004-0000 
HRG940202Z 

1922 HIST.RES. 00E-19-02-0189-0000 

1922 

1906 

1925 

1922 

1920 

PROJ.REVW. HUD020402AG 

HIST.SURV. 
HIST.RBS. 
HIST.SURV. 
HIST.RES, 
PROJ.REVW. 
HIST.RES. 

PROJ.REVW. 
HrST.RES. 

PROJ.REVW. 

0053-4546-0000 
NPS-82002189-9999 
0053-0526-9999 

DOE-19-86-0066-000D 
FHWA860919Z 

ooE-19-94-0005-0000 
HRG940202Z 

ooE-19-94-0006-0000 
HRG940202Z 

1919 HIST.SURV. 0053-0572-0000 
1926 HIST.RES. NPS-71000151-QOOO 

1916 
1917 

1946 
1917 
1917 
1945 
1924 
1923 
1921 

1921 
1924 
1921 
1925 

1921 
1922 
1925 
1910 
1905 
1928 

1922 

1922 
1922 

1922 
1911 

1920 
1927 
1928 

1928 

1926 

HIST.SURV. 0053-0246-0000 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.8URV. 
HrST.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
PROJ.REVW. 
TA.lC CERT. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 

0053-0573-0000 
0053-0574-0000 
0053-0575-0000 
0053-0576-0003 
0053-0576-0002 
0053-0577-0000 
0053-0578-0000 
0053-0579-0000 
0053-0580-0000 
0053-0581-0000 
0053-0582-0000 
0053-0583-0000 
0053-0584-0000 
0053-0585-0000 
0053-0586-0000 
0053-0587-0000 
0053-0538-0000 
0053-0539-0000 
FCC030324C 
537.9-19-0013 

0053-0525-0000 
0053-0526-0001 
0053-0526·0002 
0053-0526-0003 

0053-0526-0004 
0053-0527-0000 

0053-0526-0005 
0053-0529-0000 
0053-0528-0000 
0053-0794-0000 
0053-0795-0000 

fiIST.RES. OOE-19-94-0007-0000 
PROJ.REVW. HRG940202Z 

1929 HIST.RES. NPS-87002291-0000 
HI8T.SURV. 0053-0796-0000 

~~~. 

STAT-DAT MRS CRrT 

5D2 

5D2 
5D2 

5D2 
04/29/94 6Y 
04/29/94 6Y 
04/02/02 6Y 
04/02/02 6Y 

08/19/82 

10/19/86 
10/19/86 

04/29/94 
04/29/94 

07/01/94 
07/01/94 

3S 
lS 
5S2 
282 
2S2 

6Y 

6Y 

6Y 
6Y 
582 

07/14 /71 IS 

01/01/71 18 

04/23/03 

09/16/88 

7N 
7N 
582 
5D2 
5D2 

3S 
7N 

7N 

7N 
7N 
7N 
7N 
7N 
7N 
7N 

7N 

3S 
38 

282 
283 
38 

502 
5D2 
5D2 

5D2 

582 

5D2 

3S 
582 

38 
38 

08/15/94 6Y 
08/15/94 6Y 
01/22/88 IS 
01/22/88 IS 

AC 

c 
c 

AC 

""'" 00 
('I) 
('I) 
t--
o 
o 
0::: « 
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PROPERTY ~~MBER PRIt1ARY-n STREET.ADDRESS ............. NAMES ............................. CITY.NAME .... ,.,' OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

¥} 

023294 

023295 
023296 

19-169318 
19·169319 
19-169320 

023297 19-169321 

021006 
099D97 

065419 
065590 
116336 

116337 

163642 
131894 

024796 
100639 

157048 

023545 
021218 

153941 
067255 
067255 
067257 

067258 

067286 
067259 

067260 
067275 
072828 
069768 
069899 
075537 
080376 
153545 
021674 

021675 
021675 
021677 
021678 

021679 
021680 
021681 
150062 

145893 

19-167069 
19-175644 

19-'173490 
19-173520 

19-170816 
19-176187 

19- IE 9557 

19-167265 

19-173667 
19-173668 
19-173669 
19-173670 
19-173698 
19-173671 
19-173572 
19-173687 
19-174030 
19-173853 
19-173877 
19-174246 
19-174420 

19-167702 
19-167703 

19-167704 
19-167705 

19-167706 
19-167707 

19-167708 

19-167709 

6350 FRANKLIN AVE 
6626 FRh~KLIN AVE 
6650 FRANKLIN AVE 

6817 FRl\.NKLIN AVE 

7001 FRANKLIN AVE 
7357 F~~KLIN AVE 

419 FRASER AVE 
1000 FRASER AVE 

14432 FRI.l\.R ST 

14436 FRIAR ST 

622 FRONTAGE RD 
5621 FULTON AVE 

2816 FUTURE ST 
3013 FUTURE ST 

GAFFEY ST 
1739 GAFFEY ST 
3601 GAFFEY ST 

GAGE AVE 
11829 GALE AVE 
11858 G_l\.LE AVE 

11864 GALE AVE 
11870 GALE AVE 
11882 GALE AVE 
11893 GALE AVE 
11983 GALE AVE 
11987 GALE AVE 

4856 Gl'.MBIER ST' 
4872 GAMBLER ST 
4921 GANSLER ST 
2550 Gl'.NAHL ST 
4311 GARDEN HOMES AVE 

500 GAREY ST 
1714 GARFIELD PL 
1722 GARFIELD PL 
1746 GARFIELD PL 
1756 GARFIELD PL 
1811 G~~FrELD PL 
1823 .GARFIELD PL 
1833 GARFIELD PL 
1853 G~~FIELD PL 
3351 GA..~-:rET ST 

11575 GARRICK AVE 

ALTO NIDO APARTMENTS 
CHATEAU DES FLEURS 
THE MONTECITO APARTMENTS 

HOLLYWOOD METHODIST CHURCH 

ROLLIN B LANE RESIDENCE, MAGIC CAS 

NEW YORK JUNK CO. 

BRIDGE #53-0397Y / GAFFEY STREET 0 

BATTERY OSGOOD-FARLEY/FORT MACARTH 

LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 
LENNOX RESIDENTIAL UNITS 

FRIEDMAN BAG CO, STORAGE BULOING 

ROYAL ARNS APARTMENTS 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

P 

P 
P 

P 

p 

P 

u 
u 
p 

P 

P 

p 

P 

S 

P 
M 

u 
u 
u 
u 
U 

U 

U 
U 

U 
U 

U 

U 

U 

p 

p 

P 

P 

P 
p 

P 
p 

1929 
1927 
1930 

TA}{,CERT. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
HIST.SURV, 
TA}(. CERT. 

1928 HIST, RES. 

537.9-19-0005 
0053-0797-0000 
0053-0798-0000 
NPS-85001592-0000 
0053-0799-0000 
537.9-19-0168 
00E-19-94-0008-0000 

1909 
1921 

1938 

1926 

1946 
1945 

1919 
1922 

1935 
1935 
1917 

1910 

1920 
1924 
1924 

1925 
1924 
1955 
1922 
1924 
1906 
1920 
1947 
1923 
1927 
1918 
1942 

1963 

PROJ.REVW, HRG940202Z 
HIST.SURV. 0053-0800-0000 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ,REVW. 
HrST.RES. 
PROJ, REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
EIST.RES. 
PROJ.REVW. 
HI8T.SURV. 
HI8T.RES. 
PROJ.REVW, 
PROJ,REVW. 
EIST.SURV. 
ST,FND,PRG 
FED.FND.PR 
HIST.RES. 
HIST.SURV. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW, 
PROJ.REVW. 
PROJ,REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
MIST.SURV. 
HIST,SURV, 
EIST.SURV. 
HIST.SURV. 
EIST.SURV_ 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 

0053-0189-0000 
DOE-19-95-0202 0000 
HUD951222J 
HUD880916K 
HU:lB 81121A 
DOE-19-96-0248-0000 
HU:l970203Z 
DOE-19-96-0249-0000 
HUD970203Z 
FRA031117A 
D02-19-02-0722-0000 
FTAOI0604A 
0053-2265-0000 
DOE-19-94-0550-0000 
HRG940202Z 
FHWA051028B 
0053-0998-0000 
619.0-HP-88-19 028 
629.0-79-HPF-19-03 
NPS-74000526-0000 

0053-0322-0000 
HUD031101B 
HUD890612D 
HUD890612D 

HUD890612D 
HUD8906120 
HUD890612D 
HUD890612D 
HUD890612D 
HUD890612D 
HUD910?03A 
HUD901l15P 
HUD901218M 
HUD920304A 
HUD930125A 
FRA031117A 

0053-0530-0000 
0053-0531-0000 
0053-0532-0000 
0053-0533-0000 
0053-0534-0000 
0053-0535-0000 
0053-0536-0000 
0053-0537-0000 
DOE-19-04-0177-0000 
HUD041006D 
DOE-19-03·0341-0000 

STAT-DAT NRS CRIT 

05/31/86 2D3 
7N 

38 

07/18/85 18 
07/18/85 IS 
08/08/84 252 
05/14/94 282 AC 
05/14/94 282 AC 

12/29/95 
12/29/95 
10/18/88 
12/19/88 

10/30/96 
10/30/96 
10/30/96 
10/30/96 
01/15/04 
03/20/02 
03/20/02 

11/22/94 
11/22/94 
12/07/05 

12/20/68 
01/01/79 
10/16/74 
01/01/74 

12/01/03 
07/12/90 
07/12/90 
07/12/90 
07/12/90 
07/12/90 

07/12/90 
07/12/90 
07/12/90 
07/12/91 
12/12/90 
01/15/91 
03/24/92 
02/11/93 
01/15/04 

09/30/04 
09/30/04 
01/31/03 

7N 
7N 
2S2 
282 

6Y 
6Y 
6U 
6U 
6U 
6U 
6Y 
6Y 
6Y 
582 
6Y 
6Y 
2S2 
7R 

7L 

16 

IS 
6U 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 

6Y 

6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
5S2 
582 
5S2 
SS2 
582 
582 
38 

5S2 
6Y 

6Y 
6U 

C 

c 

C 
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PROPERTY-NUMBER PRIMARY-# STREET.~~DRESS ............. NAMES ............................. CITY. NAME .. , ..... OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

125435 2379 GLENDALE BLVD 

115990 1070 GLENDON AVE 

072953 19·174055 2655 GLENDOWER AVE 

125144 3238 GLENHL~ST AVE 

024666 19-170687 4211 GLENWOOD AVE 
19-158621 

081559 1'9-17H54 6022 GLOUCESTER ST 
100354 19-175991 1724 GOLOEN GATE AVE 

098018 19-175418 12928 GOLETA ST 

098019 19-175419 1528 GORDON ST 

145894 26021 GOVERNOR AVE 

"*'+ 100893:. 19-176309 1735 GOWER ST 

023298' 19-169322 )\( + 021413:. 19-167447 -*' --+- 021411. 19-167445 
-Jr<. + 021404· 19-1G7438 * ~ 021405· 19-167439 
*- .+ 021403 19-167437 
:::-:I-<- -f 021388 19-167422 
,f- 4- 021400. 19-167434 
i( +- 021389· 19-167423 

'*+ ";>V-r 
4. r 
;.r+ 

021397 19-167431 
021396 19-167430 
021390 19-167424 
021393· 19-167427 
023806 19-159828 
023807 
023808 
023809 
023810 
021654 
021655 
021656 
021657 
021658 

021659 
021660 

19-159829 
19-169830 
19-169831 
19-169832 
19-167682 
19-167683 
19-167684 
19-1676B5 
19-167685 
19-167687 
19-167688 

1760 GOWER ST 
2000 GRACE AVE 
2014 GRACE AVE 
2019 GRACE AVE 
2020 GRACE AVE 
2025 GRACE AVE 
2034 GR1\.CE AVE 
2041 GRACE AVE 
2044 GRACE AVE 
2047 GRI'.CE AVE 
2055 GRACE AVE 
2056 GRACE AVE 
2071 GRACE AVE 
9314 GRI'.HA1>1 S'T 
9318 GRAHAM ST 
9536 GRAI1AM ST 
9704 GRI'.HAM ST 
9718 GRAl-'.AM ST 
1706 GRAMERCY PL 
1735 GRAMERCY PL 
1 ?4 0 GRAl-1ERCY PL 
1745 GRAMERCY PL 
1806 GRAMERCY PL 
1809 GRAMERCY PL 
1813 GRAMERCY PL 

NEUTRA OFFICE BUILDING 

GLBNDON JI.lANOR 

ENNIS-BROWN HOUSE F L WRIGHT STONE 

VISTA OEL MAR/CARLOS DISTRICT 

HOLLYWOOD PRESBYTERIAN CHURCH 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELBS' 

LOS ANGELES 
LOS ANGELBS 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

FP~CIS X BUSHMAN/TYRONE POWER HOM LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

MARTIN BALSAM HOME, JOYCE VAN PATT LOS ANGELES 
LOS' ANGELES 
LOS ANGELES' 

MARY JACKSON HOME LOS ANGELES 
LOS ANGELES' 

FRANK SCULLY HOME LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES' 

THE DEVONSHIRE LOS ANGELES 
MARSOIN APARTMENT AND HOTEL, BSTHA LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

Y 

P 

U 

P 

M 

M 

P 

P 
P 

P 
P 

P 

P 

P 

P 

P 

P 
P 

P 
P 
P 

P 

P 
P 
P 

P 
P 
P 
P 

P 
P 

P 

1949 HIST.RES. 
NAT. REG. 

1929 HIS'T.RES. 

1924 

1925 

CAL. REG. 

HIST.RES. 
PROJ.REVW. 
HIST.RES. 
ST.HS.LDMK 
ST.FND.PRG 
ST.HS.LOMK 
FED. FND. PR 
TAX.CBRT. 
HIST.RES. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 

NPS-01000075-0000 
19-0345 

CS 
19-0264 

DDE-19-94-0356 0000 
HRG940202Z 
SHL-1011' 0002 
19-0092 
619.0-HP-B8·19-019 
19-0015 
629.0-80-HPF-19-01 
537.9-19-0097 
NPS-71000145-0000 
0053-0236-0000 
00E-19-98-0334-0000 
HUD9808031 

1948 HIST.SURV. 0053-2134-0000 

1929 PROJ.REVW. 
1924 HIST.RES. 

PROJ.REVW. 
1947 HIST.RE8. 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1950 HIST.RES. 
PROJ.RBVW. 

1920 HI8T.RBS. 

1923 
1930 
1921 

1949 
1914 
1921 
1922 
1921 
1922 
1936 
1921 
1938 
1936 
1916 
1916 
1909 
1917 
1916 
1913 
1923 
1924 
1930 
1907 
1909 
1912 

PROJ.RBVW. 
HIST.SURV. 
HI8T.RES. 
HIST.RES. 
HIST.RE8. 
HI8T.RES. 
mST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES'. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
JUST.SURV. 
HIST. SURV. 
HIS'T.SURV. 
HIST.SURV. 
HIS'T.SURV. 
HIST.SURV. 
HIST.SURV. 

HUD871027C 
00E-19-95-0108-0000 
HRG940202Z 
00E-19-94-0012-0000 
HRG940202Z 
00£-19-94-0013-0000 
HRG940202Z 
OOE-19-03-0342-0000 
HUD030103G 
OOE-19-94-0444-0001 
HRG940202Z 
0053-0B01-0000 
NPS-82002189-0131 
NPS-82002189-0129 
NPS-B20021B9-0122 
NPS-82002189-0123 
NPS-B2002189-0121 
NPS-B2002189-0106 
NPS-82002189-0118 
NPS-B2002189-0107 
NPS-82002189-0115 
NPS-82002189-0114 
NPS-82002189-010B 
NPS-B2002189-0111 
0053-1262-0000 
0053-1263~OOOO 

0053-1264-0000 
0053-1265-0000 
0053-1266-0000 
0053-0515-0000 
0053-0516-0000 
0053-0517-0000 
0053-0518-0000 
0053-0519-0000 
0053-0520-0000 
0053~0521-0000 

STAT-DAT NRS CRIT 

03/08/04 IS B 
OB/14/00 3S B 

11/13/98 2CS AC 
10/21/98 2C8 AC 

08/08/94 2S'2 
09/30/94 282 
08/16/93 lCL 
OB/16/93 7L 

12/19/88 
OS/20/88 7L 
01/01/BO 7K 
12/12/77' 7K 

10/14/71 IS' 
10/14/71 IS 
08/03/98 6Y 
08/03/98 6Y 

7R 

OS/22/89 6Y 
02/08/95 6Y 
02/08/95 6Y 
04/29/94 6Y 
04/29/94 GY 
04/29/94 6Y 
04/29/94 6Y 
01/31/03 6U 
01/31/03 6U 
07/01/94 202 
07/01/94 2D2 

08/19/82 
OB/19/82 
08/19/82 
08/19/82 
08/19/82 
OB/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
06/19/82 
08/19/82 

7N 
10 
lD 

ID 
ID 
ID 
10 
10 
10 

ID 
ID 
10 
10 

7R 
7R 
7R 
7R 

7R 
38 
3S 
3S 
3S 
3S 
3S 
38 

c 
C 

C 

C 

AC 
AC 
AC 
!'IC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

<.0 
00 
C') 
C') 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRll'lARY-# STREET.ADDRESS ............. NlIMES .. " ...................... ," CITY,NAME ....... , OWN YR-C OHP-PROG,. PRG-REFERENCE-NUMBER 

102272 19-176421 

115009 

024445 19-170467 
19-157508 

024446 19-170468 
19-157509 

024447 19-170469 
19-157507 

024442 19-170464 
19-157510 

024443 19-170465 
19-157511 

024444 19-170465 
19-157512 

024440 19-170462 
19 -157513 

024441 19-170463 
19-157506 

024439 19-170461 
19-157505 

098025 19-175423 

098026 19-175424 

098027 19-175425 

099208 19-1756B3 

098028 19-175425 

098029 19-175427 

123833 

021787 
021808 
023337 
021800 
021801 
021802 
027057 
021803 
021804 

021805 
021806 
021807 
021767 

021765 
021764 
021763 
021766 

19-167814 
19-167835 
19-169359 
19-167827 
19-167828 
19-167829 
19-173037 
19-167830 
19-167831 

19-167832 
19-167833 
19-167834 
19-167795 
19-167793 
19-167792 
19-167791 
19-167794 

HARBOR BLVD 

HARBOR FREEWAY 

1920 HA-"~COURT .>;.VE 

1924 HARCOURT AVE 

1929 HARCOURT AVE 

1930 ~qCOURT AVE 

2000 F~RCOURT AVE 

2006 HARCOURT AVE 

2010 HARCOURT AVE 

2107 HARCOURT AVE 

2205 HARCOu~T AVE 

2614 HARCOL~T AVE 

2618 HARCOURT AVE 

2622 HARCOURT AVE 

2724 HARCOURT AVE 

2910 HARCOURT AVE 

2918 HARCOURT AVE 

6121 H.>;'RGIS ST 

HAROLD WY 
HAROLD WY 
~qOLD WY 

5416 HAROLD WY 
5419 P~ROLD NY 
5420 HAROLD NY 
5429 HAROLD NY 
5432 F~ROLD Wy 
5433 F..AROLD NY 

5436 HAROLD ~IY 

5437 HAROLD WY 
5448 HAROLD WY 
5537 HAROLD ~IY 

5542 HAROLD WY 
5548 HAROLD WY 
5558 HAROLD Wy 
5559 HAROLD WY 

LIBERTY HILL 

BRIDGE 1*53-622 

5800 BLOCK OF HAROLD WAY 
5400 BLOCK OF HAROLD WAY 
6000 BLOCK OF HAROLD WAY 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

D 

S 

P 

P 

P 

P 

P 

P 

P 

P 

p 

M 

M 

M 

M 

M 

U 

p 

P 
P 

P 
P 
P 

P 
P 

P 

P 
P 
P 

P 

P 
p 

p 

p 

1924 
HIST.SURV, 
HIST.RES, 
ST.HS.LDMK 

0053-2890-0000 
SHL-I021-0000 
19-0238 

1949 HIST.RES. DOE-19-86-0078-0000 
PROJ.REVW. FHWA860919Z 

1924 HIST.SURV. 0053-1913-0000 

1924 HIST.SURV. 0053-1914-0000 

1926 HIST.SURV. 0053-1915-0000 

1910 HIST.SURV. 0053-1910-0000 

1930 HIST.SURV. 0053-1911-0000 

1922 HIST.SURV. 0053-1912-0000 

1923 HIST.SURV. 0053-1908-0000 

1922 HIST,SURV. 0053-1909-0000 

1930 HIST,SURV. 0053-1907-0000 

1920 HIST, RES. 
PROJ,REVW. 

1923 HIST.RES. 
PROJ.REVW. 

1923 HIST .RES. 
PROJ.REVW. 

1914 HIST .RES. 
PROJ.REVW. 

1922 HIST. RES. 
PROJ.REVW. 

1921 HIST.RES. 
PROJ.REVW. 

1939 HIST.RES. 

1914 
1912 
1928 
1916 
1921 
1923 
1923 
1923 

1928 
1914 
1917 
1919 
1919 
1919 
1919 
1917 

PROJ,REVW, 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
KIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ,REVW. 
KIST,SURV. 
mST.SURV, 
HIST.SURV. 
KIST,SURV. 
HIST,SURV. 
HIST.SURV, 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 

DOE-19-94-0016-0000 
HRG940202Z 
DOE-19-94-0017-0000 
HRG940202Z 
008-19-94-0018-0000 
HRG940202Z 
DOE-19-94-0019-0000 
HRG940202Z 
DOE-19-94-0020-0000 
HRG940202Z 
DOE~19-94-0021-0000 

HRG940202Z 
DOE-19~OO-0070-0000 

HUD000201E 

0053-0593-9999 
0053-0606-9999 
0053-0819-9999 
0053-0606-0001 
0053-0606-0002 
0053-0606-0003 
0053-4375-0000 
0053-0606-0004 
HUD910522C 
0053-0606-0005 
0053-0606-0006 
0053-0606-0007 
0053-0606-0008 
0053-0591-0028 
0053-0591-0026 
0053-0591-0025 
0053-0591-0024 
0053-0591-0027 

STAT-DAT NRS CRIT 

7R 
03/03/97 lCL 
05/13/96 7J 
10/19(86 2S2 AC 
10/19/86 2S2 AC 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

04/29/94 6Y 
04/29/94 6)' 
04/29(94 6Y 
04/29/94 6)' 
04/29/94 6)' 
04(29/94 6Y 
04/29/94 GY 
04/29/94 6¥ 
04/29/94 6Y 
04/29/94 6Y 
04/29/94 6Y 
04/29/94 6Y 
02/01/00 6Y 
02/01/00 5Y 

06/18/91 

7N 
5S2 
38 

5D2 
5D2 
5D:.< 
3S 

5D2 
6Y 
5D2 
5D2 
5D2 
5D2 
7N 
7N 
7N 
7N 
7N 

t---
00 
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPBRTY-WUMBER PRI~~RY-ff STREET ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

021761 19-167789 
021762 19-167790 
021789 19-167816 
147977 

021780 19-167807 
021781 19-167808 

-t- 021782 19-167809 

021788· 19·167815 
02178~ 19-167810 
021785 19-167812 
021784' 19-167811 
021013 19-167074 
021786 19-167813 
023326. 19-169348 + 023327· 19 -169349 

-t 023328' 19-169350 

4-- 023329 19-169351 

~ 097633' 19-175239 

-r- 023330 19-169352 

i~ 

+-

+ 

+ 

+ 

+-

+ 

023331 19-169353 

023332' 19-169354 

023334' 19 -169356 

023331 19-169355 

023336-

023335 

023318 
023319 

023320 
023322 

19-169358 
19-169357 

19-169342 
19-169343 

19-169344 
19-169345 

5600 HAROLD NY 
5606 HAROLD NY 
5701 !'".AROLD NY 
5805 HAROLD IVY 

5812 HAROLD IVY 
5816 HAROLD NY 
5822 !'".AROLD WY 

5823 HAROLD WY 
5826 HAROLD NY 
S83l HAROLD NY 
5832 HAROLD WY 
5842 HAROLD WY 
5846 HAROLD 1I'Y 

6051 HAROLD l\'Y 

6055 HAROLD Wy 

6057 HAROLD WY 

6060 HAROLD WY 

6063 H"'-"<oLD NY 

6065 HAROLD NY 

6066 HAROLD WY 

6067 HAROLD NY 

6070 HAROLD WY 

6071 HAROLD WY 

6074 HA..<l.OLD WY 
6075 HAROLD WY 

6080 F.AROLD WY 

6081 F'.AROLD WY 

6084 P.AROLD WY 

6085 HAROLD Wy 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

p 

p 

P 

P 

p 

P 
M 

P 

P 
P 
P 

P 
p 

P 
p 

p 

P 

M 

P 

p 

P 

P 

P 

P 

P 

p 

P 

p 

P 

1919 HIST.SURV. 
1916 HIST.SURV. 
1931 HIST.SURV. 
1956 HIST.RES. 

1909 
1909 
1909 

1931 
1906 
1913 
1926 
1906 
1913 

1925 
1911 

1913 

1919 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HlST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

o PROJ.REVW. 
HlST.RES. 

1921 HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1919 HIST. RES. 
PROJ.REVW. 

0053-0591-0022 
0053-0591-0023 
0053~0595-0000 

D03-19-04-0106-0000 
FCCO'l0205B 
0053-0593-0001 
0053-0593-0002 
FEMA950706Z 
00E-19-94-0481-0000 
HR.G940202Z 
0053-0593-0003 
0053-0594-0000 
0053-0593-0004 
0053-0593-0007 
0053-0593-0005 
0053-0593-0006 
0053-0593-0008 
0053-0819-0009 
D08-19-94-0447-0010 
HRG940202Z 
0053-0819-0010 
DOE-19-94-0447-0011 
HRG940202Z 
0053-0819-0011 
008-19-94-0447-0012 
HRG940202Z 
0053 -0819- 0012 
HRG940202Z 
HRG-0083 
DOE-19-94-0447-0013 
HRG940202Z 
0053-0819-0013 
D08-19-94-0447-0014 
HRG940202Z 

HIST.SURV. 0053-0819-0014 
1913 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 

1919 HIST.RES. 
PROJ.RBVW. 
HIST.SURV. 

1913 HIST .RES. 

1919 
1912 

1912 
1921 

1919 
1924 

PROJ.REVW. 
HIST.SURV. 
HIST.BURV. 
HIST.REB. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.BURV. 
HIST.RES. 
PROJ.REVW. 

DOE-19-94-0447-0015 
HRG940202Z 
0053-0819-0015 
DOE-19-94-0447-0016 
HRG940202Z 
0053-0819~0017 

DOE-19~94-0447-0017 

HRG940202Z 
0053-0819-0016 
0053-0819-0019 
DOE-19-94-0447~0018 

HRG940202Z 
0053-0819-0018 
0053-0819-0001 
DOE-19-94-0447-0019 
HRG940202Z 
0053-0819-0002 
0053-0819-0003 
DOE-19-94-0447-0020 
HRG940202Z 

HIST.BURV. 0053-0819-0005 

---./" 

STAT-OAT NRS CRIT 

7N 
7N 

3S 
02/11/04 6Y 
02/11/04 6Y 

7N 

7N 
07/06/95 
09/21/94 
09/21/94 

07/01/94 
07/01/94 

07/01/94 
07/01/94 

07/01/94 
07/01/94 

7K 

2D2 
2D2 
7N 

35 

7N 
7N 

7N 
7N 
7N 
3D 
2D2 
2D2 
3D 
202 
202 
3D 
202 
202 

'3D 

09/30/94 202 
09/30/94 2D2 
07/01/94 2D2 
07/01/94 2D2 

3D 
07/01/94 2D2 
07/01/94 202 

3D 
07/01/94 202 
07/01/94 202 

3D 

07/01/94 202 
07/01/94 2D2 

3D 
07/01/94 2D2 
07/01/94 202 

3D 
3D 

07/01/94 
07/01/94 

07/01/94 

07/01/94 

07/01/94 
07/01(94 

2D2 

2D2 
3D 

3D 
2D2 
2D2 
3D 
3D 
2D2 
2D2 
3D 

00 
00 
('I') 
('I') 
I"--
o 
o 
0::: « 
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PROPERTY-NUMBER PRI1<..ARY-# STREB'r.ADDRESS............. NAMES............................. CITY.NAME. OWN YR-C OHP-PROG.. PRG-REFERENCE-NUMBER 

023323 19-169346 +- 023324 19-169347 

09S031 19·175428 

098032 19-175429 

123759 

125757 

021882 
021866 

021867 
021868 
021869 
021870 
021871 
021872 
021873 
021874 
021876 
021875 
021877 
021878 
021879 
021880 
021881 
021697 
021039 

098034 

098035 

073967 
1259'80 

19-167909 
19-167893 
19-167894 
19-167895 
19-167896 
19-167897 
19-167898 
19-167899 
19-167900 
19-167901 
19-167903 
19-167902 
19-157904 
19-167905 
19-167906 
19-167907 
19~167908 

19-167725 
19-167097 

19-175431 

19-175432 

19-174124 

027062 19-173040 
135957 

144134 
144125 

IH130 

022021 
021999 
025027 
025020 
025021 
025022 
025023 
065592 

19-168048 
19-168026 
19-171031 

19-171025 
19 .. 171026 
19-171027 
19-171028 
19-173522 

6088 HAROLD Wy 
6091 H."<ROLD ~IY 

613 HARPER AVE 

4036 HARRI~~ AVE 

733 HARTFORD AVE 

735 HARTFORD AVE 

HARVARD AVE 
1521 !-'.ARVARD AVE 
1522 HARVARD AVE 
1527 Hl'.RVARD AVE 
1528 HARVARD AVE 
1533 HARVARD AVE 
1543 HARVARD AVE 
1549 HARVARD AVE 
1553 HARVARD AVE 
1559 HARVARD AVE 
1600 HARVARD AVE 
1601 HA."CVARD AVE 
1611 HARVAIW AVE 
1612 HARVARD AVE 
1616 F.ARVARD AVE 
1635 HARVA."CO AVE 
1639 HARVARD AVE 
1749 HARVARD BLVD 
2263 HARVARD BLVD 

10321 HASKELL AVE 

10928 HASKELL AVE 

4394 HATFIELD PL 
11065 F.ATTERAS SY 

HAVANA AVE 
1471 HAVENBURST DR 

1471 HAVE~~LmST DR 
1473 HA\~~~URST DR 

1475 HAVENHL~ST DR 
6776 HAWTHORN AVE 
6835 HAWTHORN AVE 
6776 HAWTHORNE AVE 
7109 HAWTHORNE AVE 
7113 HAWTHOR~~ AVE 
7117 HAWTHOR~~ AVE 
7129 HAWTHORNE AVE 

723 HAY AVE 

1500-1600 BLOCK OF HARVARD AVENUE 

J R TOBERMAN' RESIDENCE 
FREDERICK H RINDGE HOUSE 

HISS ION WELLS AND SETTLING BASIN 
THE ANDALUSIA BUILDING 1 

THE AOALUSIA FOUNTAIN 
THE ANDALUSIA BUILDING 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

THE ANDALUSIA BUILDING 3 LOS ANGELES 
DEPARTMENT OF WATER & POWER STATIO LOS ANGELES 

LOS ANGELES 
DEPARTMENT OF WATER & POWER STATIO LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

p 

P 

M 

M 

U 

u 

P 
P 

P 
P 

P 
P 
P 

P 
P 

P 
P 

P 

P 

P 

P 
P 

P 
P 

P 

M 

M 

u 
Y 

M 

P 

p 

P 

P 
M 

P 

M 
P 
P 

P 
P 

U 

1819 HIST.SURV. 0053-0819-0006 
1913 HlST.RES. OOE-19-94-0447-0021 

PROJ.REVW. HRG940202Z 
HIST.SURV. 0053-0819-0007 
HIST.RES. 
PROJ.REVW. 

1909 HIST.RES. 

DOE-19-94-0022-0000 
HRG940202Z 
DOE-19-94-0023-0000 

PROJ.REVW. HRG940202Z 
1928 HIST.RES. 

PROJ.REVW. 
1923 HIST,RES. 

DOE-19-99~0330-0000 

HUN990201N 
OOE-19-99-0398-0000 

PROJ,REVW. HUD990624F 

1906 
1913 
1920 
1913 
1920 
1914 

1911 
1919 
1920 
1923 
1906 
1921 
1916 
1905 
o 
1908 
1931 
1907 
1902 

1920 

1923 

1941 
1941 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES, 
HlST.SURV. 
mST.RES. 
PROJ.REVW. 
mST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1800 mST. SURV. 
1926 HIST.RES. 

NAT.REG. 

1926 HIST.RES. 
1926 HIST.RES. 

1926 
1932 
1914 
1932 
1912 
1912 
1910 
1908 

EIST.RES. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.8URV. 
PROJ.REVW. 

0053-0620-9999 
0053-0620-0001 
0053-0520-0002 
0053-0620~0003 

0053-0620-0004 
0053-0620-0005 
0053-0620-0006 
0053-0620-0007 
0053-0620-0008 
0053-0620-0009 
0053-0620~00l1 

0053-0620-0010 
0053-0620-0012 
0053-0620-0013 
0053 ~ 0620 - 0014 
0053-0620-0015 
0053-0620-0016 
0053-0553-0000 
NPS-86000105-0000 
0053-0220-0000 
DOE-19-94-0026·0000 
HRG940202Z 
DOE-19-94-0027-0000 
HRG940202Z 
HUD91l029F 
OOE-19-00-0183-0000 
HUD001017Z 
0053-4379-0000 
NPS-03000775-9999 
19-0420 

NPS-03000775-0003 
NP8-03000775-0001 

NPS-03000775-0002 
0053-0671-0000 
0053-0649-0000 
0053-2420-0000 
0053 -2411- 0000 
0053-2412-0000 
0053-2413-0000 
0053-2414-0000 
HUD881121C 

STAT-OAT NRS CRIT 

3D 
07/01/94 2D2 
07/01/94 2D2 

30 

07/01/94 6Y 
07/01/94 6Y 
08/08/94 6Y 

08/08/94 6Y 

02/01/99 6Y 
02/01/99 6Y 
06/14/99 6Y 
06/14/99 6Y 

01/23/86 

01/23/86 
04/29/94 
04/29/94 
07/01/94 
07/01/94 
11/18/91 
01/25/00 
01/25/00 

7N 

502 
SD2 
5D2 
502 
5D2 
502 
502 
502 
502 
5D2 
5D2 
502 
502 
502 
5D2 
502 
3S 
IS 
18 
6Y 
6Y 

6Y 
6Y 

6Y 

6U 
6U 
3S 

08/21/03 IS 
12/31/02 38 

08/21/03 10 

08/21/03 10 

08/21/03 

12/19/88 

ID 
3S 
7N 
3S 
3S 
3S 
3S 
3S 
6Y 

c 
C 

c 
c 

C 

0) 
00 
('I') 
('I') 
I"--
o 
o 
0::: « 



OFFICE OF HISTORIC PRESERVATION Directory Of Properties in the Historic Prope~ty Data File for LOS ANGELES County. Page 331 12-03-07 
PROPERTY-~~MBER PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

+ 
, ...,...-

* + *-t
'* --+ 7k+ 
7lP--t-
*-t 
~+' 'jf:. 

094425 

094424 
094423 

126453 
126452 
126719 

126450 
126447 
024965 
020862 
069391 
024963 

024962 
021588 

105487 
123760 

09B038 

098039 

085837 

073618 
027209 

065503 
083696 
021831 
021832 

021825 
021826 
021827 
021828 
168128 
153027 

089902 
081452 
131123 

132987 

132986 

021432 

021433 
021431 
021430 
021428 

021429 
021426 
021427 

19-175073 
19-175072 
19·175071 

19-170981 
19-166938 
19-173805 
19-170979 

19·170978 
19-167616 

19-176452 

19-175434 

19-175435 

19-174862 
19-174086 
19-173144 

19-173511 
19-174562 
19-167858 
19-167859 
19-167852 
19-167853 
19-167854 
19-167855 

19-174903 
19-174445 

19-167466 

19-167467 
19-167465 
19·167464 
19-167462 
19-167463 
19-167460 
19-167461 

HILL ST 
HILL ST 
HILL ST 
HILL ST 
HILL ST 
HILL ST 

HILL ST 
HILL ST 

324 HILL ST 
326 HILL ST 
400 HILL ST 
426 HILL ST 

428 HILL ST 
1817 HILLCREST DR 

2115 HILLCREST DR 
2203 HILLCREST DR 

2616 HILLCREST DR 

2630 HILLCREST DR 

3005 HILLCREST DR 
1817 HILLCREST RD 

HILLTREE RD 

424 HILLVIEW AVE 
1107 HILLVIEW AVE 
1501 HOBART BLVD 
1516 HOBART BLVD 
1525 HOBART BL\iD 
1531 HOBART BLVD 
1535 HOBART BLVD 
1601 HOBAI<T BLVD 

716 HOEFNER AVE 
761 HOLLA.'ID lWE 

965 HOLLINS ST 
2817 HOLLISTER AVE 
3053 HOLLISTER AVE 

2459 HOLLY DR 

2459 HOLLY DR 

2001 HOLLY HILL. TERRACE 

2010 HOLLY HILL TERRACE 
2011 HOLLY HILL TERRACE 
2017 HOLLY HILL TERRACE 
2021 HOLLY HILL TERRACE 
2022 HOLLY HILL TERRACE 
2025 HOLLY HILL TERRACE 
2026 HOLLY HILL TERRACE 

HART BUILDING '28 
HART BUILDING '24 
GENNET BUILDING 
ANGELS FLIGHT RAILWAY 
ANGELS FLIGHT RAILWAY 
ANGELS FLIGHT RAILWAY 

ANGELS FLIGHT RAILWAY 
ANGELS FLIGHT RAILWAY 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

MYRICK & MARKHAM HOTELS LOS ANGELES 
THE WHIPPLE-COLONADE-TULANE, MARKH. LOS ANGELES 
HOTEL CLARK LOS ANGELES 
HOTEL CLARK LOS ANGELES 

OCCIDENTAL HOTEL LOS ANGELES 
THE VILLA BONITA LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
VILLA BONITA APARTMENTS LOS ANGELES 
OLD SANTA MONICA FORESTRY STATION LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ LAVAT LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ MULHO LOS ANGELES 

JANE FONDA AND TOM HAYDEN RESIDENC LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

p 

p 

P 

D 

D 
M 

D 
M 

P 

P 

U 
P 

P 
P 

P 
U 

M 

M 

P 

P 
M 

u 
u 
P 

P 

P 
p 

P 
P 

P 

P 

U 

M 

M 

P 

p 

p 

P 

P 

P 
P 

P 

1928 
1924 
1922 
1995 
1905 
1901 

HIST.RES. 
EIST.RES. 
EIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
NAT. REG. 

1910 HlST.RES. 
1905 HIST.RES. 
1893 HIST.SURV. 
1893 HlST.SURV. 

PROJ.REVW. 
1913 HIST.RES. 

NPS-79000484-0105 
NPS-79000484-0104 
NPS-79000484-0103 
NPS-ODD01168·0005 
NPS-OOOOl168'0004 
NPS-0000116B-9999 
19-0313 
NPS-00001168-0003 
NPS-0000116B-0002 
0053-2355-0000 
0053-0071-0000 

D08-19-B3-0002-0000 
PROJ.REVW. UMTA82070BA 
HlST.SURV. 0053-2353-0000 

1895 
1929 

1941 
1920 

1929 

1925 
o 
1887 

1928 

1923 
1927 

1936 
1923 
1903 

1924 
1925 
1923 
1908 
1924 
1924 

1932 

1932 

HIST.SURV. 
HIST.RES. 
HIST.SURV. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
PROJ.REVW. 
TAX.CERT. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ,REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
I?ROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

193:2 TAX. CERT . 
HIST.RES. 

1937 HIST.RES. 
1930 HIST.RES. 
1923 HIST.RES. 
1922 HIST.RES. 
1925 HIST.RES. 
1922 HIST.RES. 
1922 HIST.RES. 

0053-2352-0000 
NPS-860D1950-0000 
0053-0464-0000 
HUD9S0724C 
DOE-19-99-0331·0000 
HUD99Q201N 

DOE-19-94-Q147-0000 
HRG940202Z 

DOE-19-94-0029-0000 
HRG940202Z 
HUD931217T 
537.9-19-0083 
0053-4505-0000 
SHL-0840-0000 
HUD8811080 
HUD900630P 
0053-0616-0000 
0053-0617,0000 
0053-0610·0000 
0053-0611-0000 
0053-0612-0000 
0053-0613·0000 
HUD070920C 
HUD050404N 
HUD940531M 
HUD921218L 

DOE-19-02-0197-0000 
H!)D020402AG 
DOE-19-00-0321·0004 
EPA990920A 
DOE-19-00-0324-0003 
EpA990920A 
537.9-19-0326 
NPS-82002189·0150 
NPS·82002189-D151 
NPS-82002189-0149 
NPS-82002189-014B 
NPS-82002189-0146 
NPS-82002189-0147 
NPS-B2002189-0144 
NPS-82002189-0145 

-...-' 

STAT-DAT NRS CRIT 

01/01/86 10 

01/01/86 10 

01/01/86 ID 
10/13/00 6X AC 
10/13/00 10 AC 
10/13/00 IS AC 
10/13/00 30 AC 
10/13/00 ID AC 
10/13/00 ID AC 
01/01/79 2S 
01/01/79 2S 
10/28/77 28 
OS/24/83 2S2 AC 
02/23/83 2S2 AC 

09/12/86 
01/01/86 
08/04/95 
02/01/99 
02/01/99 
04/29/94 
04/29/94 
04/29/94 
04/2 9/94 
02/02/94 
09/13/83 

03/2 0/70 
11/14/8B 

OB/18/93 

09/21/07 
04/19/05 
07/11/94 
01/04/93 
04/02/02 
04/02/02 
03/22/00 
03/22/00 
03/22/00 
03/22/00 

08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/B2 
08/19/82 
08/19/82 
08/19/82 

3S 
7N 
IS 
IS 
6,:{ 

6Y 

6Y 
6Y 
6Y 
6Y 
6Y 
6'( 

6X 
7M 

lCL 
6Y 
6Y 
5S2 
5S2 
5D2 
5D2 
3S 
3S 
6Y 
6U 
6Y 

6Y 

6Y 
6Y 
2D2 
202 
2D2 

2D2 
7J 
10 
10 

10 

1D 
1D 
10 

ID 
1D 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
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1( 
~ 
~ 
"'-¥2 

* 

-+ 
-.\ 
+ 
i-

021425 
021424 

021423 
021422 
021495 
021514 

--L 021513, 
J 

19-167459 
19-167458 
19-167457 
19-167456 
19-167527 

19-167545 
19-167544 

021527, 19-167556 
+- 074407· 19-174178 

4- 100973. 19-176357 

139138 

097779 

097780 

097781 

021116 

097782 

098042 

101791 
098043 

101792 
101793 
101794 
101798 
021737 

101800 
100974 

021738 

19-175268 

19-175269 

19-175270 

19-167173 

19-175271 

19-175437 

19-176399 
19-175438 

19-176400 

19-176401 
19-176402 
19-176403 
19-167765 

19-176404 
19-176358 

19-167766 

2030 HOLLY HILL TER~~CE 
2031 HOLLY HILL TERRACE 
2036 HOLLY HILL TERRACE 
2037 HOLLY HILL TERRACE 

HOLLYWOOD BLVD 
HOLLYWOOD BLVD 
HOLLnl00D BLVD 

HOLLYWOOD BLVD 
HOLLYWOOD BLVD 

HOLLYWOOD BLVD 

44 7 3 HOLLYWOOD BLVD 

4800 HOLLYWOOD BL\~ 

4800 HOLLYWOOD BLVD 

4800 HOLLYWOOD BLVD 

4800 HOLLY~IOOD BLVD 

4949' HOLLYWOOD BLVD 

5001 HOLLYWOOD BLVD 

5034 HOLLYWOOD BLvTI 
5050 HOLLYWOOD BLVD 

5060 HOLLYWOOD BL\~ 
5066 HOLLYNOOD BLVD 
5068 HOLLYWOOD BLVD 
5070 HOLLYWOOD BLVD 
5101 HOLLYWOOD BLVD 

5102 HOLLYWOOD BLVD 
5200 HOLLYWOOD BLVD 

5201 HOLLYWOOD BLVD 

GERTRUDE ASTOR HOME 

STREET LIGHTS 
STREET LIGHTS 
HOLLYWOOD WALK OF FAME 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
HOLLYWOOD BOULEVARD COMMERCIAL & E LOS ANGELES 

EAST HOLLYWOOD BOULEVARD DISTRICT LOS ANGELES 

DAVIDIAN BUILDING LOS ANGELES 

HOLLYHOCK HOUSE LOS ANGELES 

LITTLE DIPPER LOS ANGELES 

RESIDENCE A LOS ANGELES 

BARNSDALL PARK LOS ANGELES 

FRENCH-AMERICAN BUILDING / ARA'S P LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
EAST HOLLYWOOD BOULEVARD DISTRICT LOS ANGELES 

EAST HOLLYWOOD BOULEVARD DISTRICT LOS ANGELES 

p 

P 
P 
p 

M 
M 

M 

p 

P 

P 

P 

M 

M 

M 

M 

M 

M 

P 

M 

p 

P 

P 

P 
P 

p 

P 

P 

1922 

1925 
1922 
1923 
1920 

o 

HIST.RES. 
HIST.RES. 
HIST.RES. 
HrST,RES. 
HIST.SURV. 
HIST,SURV. 
HIST,RES. 
PROJ.REVW. 
HrST.SURV. 

1931 HIST.SURV. 
1903 HlST.RES. 

HlST.SURV. 
1913 HIST.RES. 

1932 

1920 

1919 

1916 

1930 

1922 

1927 

1922 

1913 

1928 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

HlST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST,RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW, 
HrST.RES. 
HTST.RES. 
PROJ.REVW. 
HIST.RES. 
HlST.RES. 
PROJ,REVW. 
ST.FND.PRG 
HrST.RES. 
HIST.RES, 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES, 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ,REVW. 
HIST.SURV. 
PROJ.REVW, 
HIST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.REVW. 
HlST.RES. 
PROJ.RF;VW. 
HIST.RES. 

NPS-820021B9-0143 
NPS-820021B9-0142 
NPS-82002189-0141 
NPS-82002189-0140 
0053-0397-0000 
0053-0404-0000 
DOE-19-00-0217-0000 
RUD000717Z 
0053-0403-00DO 
0053-0417-0000 
NP8-85000704-0000 
0053-4680-9999 
DOE-19-95-0225-9999 
HUD950921A 
DDE-19-94-0459-9999 
HRG940202Z 

DOE-19-02-1188-0000 
FCC020906B 

DOE-19-95-0388-0000 
FEMA9510241 
DOE-19-94-0334-0001 
HRG940202Z 
NPS-71000143-0001 
HRG94D202Z 
HRG-270 
DOE-19-94-0334-0002 
HRG940202Z 
NPS-71000143-0002 
DOE-19-94-0334-9999 
HRG940202Z 
619.0-HP-88-19-023 
NPS-71000143-9999 
DOE-19-94-0032-0000 
HRG940202Z 

DOE-19-94-0033-0000 
HRG940202Z 
HUD940922B 

HUD940922B 

DOE-19-94-0034~OOOO 

HRG940202Z 
HUD940922B 
HUD940922B 
HUD940922B 
HUD940922B 
DOE-19-86-0057-0000 
UMTA860911S 
0053-0588-0000 
HUD940922B 

OOE-19-95-0225-0001 
HUD950921B 

DOE-19-94-04S9-0001 
HRG940202Z 

DOE-19-95-0225-0002 
HUD950921A 
DOE-19-94-04S9-0002 

STAT-DAT NRS CRIT 

OB/19/82 10 AC 
D8/19/82 ID AC 
08/19/82 ID AC 
08/19/82 ID AC 

582 
7R 

07/18/00 282 A 
07/18/00 282 A 

3S 
38 

04/04/85 ID ABC 
04/04/85 ID ABC 
09/21/95 282 
09/21/95 :1.S2 
07/01/94 282 C 
07/01/94 2S2 C 

12/11/02 
12/11/02 
11/30/95 

11/30/95 
03/31/94 
03/31/94 
05(06/71 
09/30/94 
09/30/94 
03/31/94 
03/31/94 
09/30/94 
03/31/94 
03/31/94 
12/20/88 
05/06/71 
07/01/94 
07/01/94 
07/01/94 
07/01/94 

04/15/96 
04/15/96 
07/01/94 
07/01/94 
04/15/96 
04/15/96 
04/15/96 
04/15/96 
09(12/86 
09/12/86 

04/15/96 
09/21/95 
09/21/95 
07/01/94 
07/01/94 

09/21/95 

09/21/95 
07/01/94 

6Y 
6Y 
2S2 BC 
2S2 Be 
202 C 

2D2 C 
10 C 
202 
2D2 
202 C 
2D2 C 

ID C 
284 C 

284 C 

3 
IS C 
282 C 
2S2 C 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 

6Y 
6Y 
6Y 
582 
6Y 
2D2 C 
2D2 C 
2D2 C 

2D2 C 

2D2 
2D2 
202 C 

'"" 0) 
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~+ 

~+ 

~+

-e+-

*+-
~t--

*t 
~+ 
~+-

'>:K+ 

021791 19-167818 

098048 19-175443 

021792 
021793 
021794 

19-167819 
19-167820 
19-167821 

100977' 19-176361 

10039a. 19-176006 

098049' 19-17S444 

021012· 19-167073 

021516· 19-167547 

021515. 19-167546 

021518' 19-167549 

074449' 19-174185 
074450. 19-174186 
074523. 19-174226 

074451. 19-174187 
021519' 19-167550 

074453. 19-174189 
021227 19-167272 

074521' 19-174225 
074519 19-174224 
021521 19-167551 

024669' 19-170690 
074421 19-174181 
07451i 19-174223 
021523. 19-167553 
116342 

116213 

074455 19-174190 

5618 HOLLYWOOD BLVD 

5640 HOLLYWOOD BLVD 

5647 HOLLYWOOD BLVD 
5701 HOLLYWOOD BLVD 
5766 HOLLYWOOD BLVD 

5941 HOLLYWOOD BLVD 

5950 HOLLYWOOD BLVD 

6025 HOLLYWOOD BLVD 

6233 HOLLYWOOD BLVD 

6253 HOLLYWOOD BLVD 

6264 HOLLYWOOD BLVD 

6300 HOLLYWOOD BLVD 

6301 HOLLYWOOD BLVD 
6313 HOLLYWOOD BLVD 
6320 HOLLYNOOD BLVD 

6321 HOLLYWOOD BL\~ 
6324 HOLLYNOOD BLVD 

6325 HOLLYWOOD BLVD 
6331 HOLLYWOOD BLVD 

6334 HOLLYWOOD BLVD 
6338 HOLLYWOOD BLVD 
6349 HOLLYWOOD BLVD 

6352 HOLLYWOO~ BLvTI 
6353 HOLLTdOOD BL\~ 
6356 HOLLYWOOD BLVD 
6362 HOLLYNOOD BLVD 
6362 HOLLYNOOD BL\~ 

6363 HOLLYWOOD BLVD 

6363 HOLLT"OOD BLVD 

CALIFORNIA BANK/PRECISION AUTO BUI LOS ANGELES 

SECURITY PACIFIC BANK / ESCROW CEN 
HOLLYWOOD SPORTS CAR 

SALVATION ARMY TABERNACLE 

HOLLYWOOD PANTAGES THEATER 

HOLLYWOOD EQUITABLE BUILDING 

GILBERT'S BOOK STORE 

B H DYLAS COMPANY, BROADWAY DEPART 

LAEMMLE BLDG 
SARDI'S 

VINE ST THEATER 
REGENCY BLDG / GENERAL NUTRITION B 

GUARANTY BLDG, ALLSTATE TITLE BLDG 

REGAL SHOE STORE 

LEED'S 
EQUITABLE BLDG 

PALMER BLDG 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 

M 

p 

P 

P 

p 

p 

M 

P 

P 

P 

P 

p 

P 
M 

p 

P 

P 

P 

p 

p 

p 

P 

P 

P 
P 

P 

P 

P 

HIST.SURV. 0053 c 0541-0000 
1930 HIST.RES. ooE-19-86-0035-0000 

PROJ.REVW. UMTA860911D 
HIST.SURV. 0053-0597-0000 

1923 HIST.RES. DOE-19-94-0040·0000 
HRG940202Z 
0053-0598-0000 
0053-0599-0000 

008-19-94-0482-0000 
HRG940202Z 
0053-0600-0000 

DOE-19-94-0464-0000 
HRG940202Z 
DOE-19-95-0134-0000 
HRG940202Z 
00£-19-94-0041-0000 
HRG940202Z 
537.9-19-0313 
OOE-19-97-0004-0000 
HUD970717A 
0053-4680-0001 
0053-0193-0000 
537.9-19- 0231 
0053-4680-0103 

1929 
1929 
1924 

1922 

1927 

1930 

1928 

1929 

1932 

1927 

1932 
1923 
1909 

1923 
1922 

1919 
1923 

o 

1939 

1935 
1929 

1921 
1921 
1921 

1924 

1924 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
TAX.CERT. 
HIST.RES. 
PROJ.REVW. 
HrST.SURV. 
HIST.SURV. 
TAX.C£RT. 
HIST.SURV. 
HIST.SURV. 0053-0406-0000 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
ErST . .8URV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HrST.SURV. 
HIST.SURv. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
TAX.CERT. 
HIST.RES. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
HrST.SURV. 
HrST.BURV. 
HIST.SURV. 
HrST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

0053-4680-0059 
0053-0405-0000 
0053-4680-0054 
0053-0408-0000 
0053-4680-0061 
0053-4680-0062 
DOE-19-94-05 OCO 
HRG940202Z 
0053-4680-0101 
0053-4680-0063 
0053-4680-0053 
0053-0409-0000 
0053-4680-0064 
0053-4680-0004 
537.9-19-0098 
NPS-79000481-0000 
0053 - 0331- 0000 
0053-0410~0000 

0053-4680-0100 
0053-4680-0099 
0053-4680-0006 
0053 -0411- 0000 

0053-4680-0052 
0053-4680-0002 
0053-4680-0098 
0053-4680-0051 
00E-19-96-0254-0000 
HUD970203Z 
DOE-19-96-0163-0000 
HUD960801E 
0053-4680-0065 

-.../' 

STAT-OAT NRS 

7N 
09/11/86 2S2 
09/11/86 2S2 

38 

07/01/94 6Y 
07/01/94 6'£ 

5S2 

09/21/94 
09/21/94 

06/17/94 
06/17/94 
05/04/95 
05/04/95 
04/29/94 
04/29/94 
04/30/03 
08/01/97 

08/01/97 
04/04/85 

10/07/99 
04/04/85 

04/04/85 

04/04/85 

04/04/85 
04/04/85 
09/30/94 
09/30/94 
04/04/85 
04/04/85 
04/04/85 

04/04/85 
04/04/85 
01/03/85 
09/04/79 
09/04/79 

04/04/85 
04/04/85 
04/04/85 

04/04/85 
04/04/85 
04/04/85 
04/04/85 
10/30/96 
10/30/96 
06/30/96 
06/30/96 
04/04/85 

3S 
2S2 
2S2 
3S 
2S2 
2S2 
6Y 
6Y 
6Y 
6Y 
7J 
2D2 
202 

10 
7N 
282 
1D 
38 

10 

38 
ID 
3S 
6X 
6X 
6X 
6X 
6X 
6X 
10 
3S 
6X 
lD 
7K 

IS 
18 
3S 
6X 
6X 
10 

3S 
ID 
10 

6X 

10 
6U 

6U 
6U 

6U 

6X 

CRIT 

C 
C 

C 

C 

c 
C 

C 

C 

C 

C 

C 

C 

C 
C 

c 

c 
C 

c 

N 
0) 
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY-~~~BER PRIMARY-U STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHF FROG .. PRG-REFERENCE-l'UMBER 

074515. 19-174222 
074513 19-174221 

074457 19-174191 

~. -+ 021522. 19-167552 

~+ 

++ 

*+ 
*J.---

%"+-

~-+ 

~-1-
.1_ " 
T"t 

-*, +-

~+-

~+ 

025010 19-171016 

025009 19-171015 

074459 . 19-174192 
074511. 19-174220 
074461.19-174193 
074462 19-174194 
074509 
021525 

074507 
024599 
021526 
074464 

19-174219 
19-167554 

19-174218 
19-170620 
19-167555 
19-174195 

074466' 19-174196 

116244 

021528 19-167557 

021529 

021530 

021531 

074468 
074470 
021532 

021533 

074472 
021534 

19-167558 

19-167559 

19-167560 

19-174197 
19 -174198 

19-167561 

19-167562 

19-174199 
19-167563 

6368 HOLLYWOOD BLVD 
6372 HOLLnlOOD BL'm 

6377 HOLLYWOOD BLVD 
6380 HOLLYWOOD BLVD 

6381 HOLLYWOOD BLVD 

6400 HOLLYWOOD BLVD 

6401 HOLLYWOOD BLVD 
6410 HOLLYWOOD BLVD 
6411 HOLLYWOOD BLVD 
6413 HOLLYWOOD BLVD 
6418 HOLLYWOOD BLVD 
6423 HOLLYWOOD BLVD 

6430 HOLLYWOOD BL"~ 
6436 HOLLYWOOD BLVD 
6439 HOLLYWOOD BLVD 
6501 HOLLYWOOD BLVD 

6505 HOLLTNOOD BL\~ 

6516 HOLLYWOOD BLVD 

6523 HOLLYWOOD BLVD 

6531 HOLLYWOOD BLVD 

6541 HOLLYWOOD BLVD 

6542 HOLLYWOOD BLVD 

5547 HOLLYWOOD BLVD 
6549 HOLLYWOOD BLVD 
6553 HOLLYWOOD BLVD 

6554 HOLLYWOOD BLVD 

6565 HOLL~OOD BLVD 
6600 HOLLYWOOD BL\~ 

PALMER BLDG II 

OWL DRUG CO, JULIAN MEDICAL 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

SECURITY TRUST & SAVINGS BANK, SEC LOS ANGELES 

THE J P CREQUE BUILDING, HOLLYWOOD LOS ANGELES 

WOOLWORTH 

WARNER THEATRE BUILDING, PACIFIC H 

ATTIE BUILDING 
STROMBERG CLOCK 

GITELSON BLDG 

HOLLY CINEMA 

HILLVIEW APARTMENTS 

JANES HOUSE 

CONSUMERS DISCOUNT DRUGS 

JOHNNY'S STEAKHOUSE 

HOLLYWOOD TOYS 

JJ NEWBERRYS 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

P 
P 

P 

P 

p 

P 

p 

P 
P 

P 
P 

P 

P 

P 
p 

P 

P 

P 

P 

P 

p 

P 

P 

P 

M 

P 

P 

P 

1921 
1936 

HIST.SURV. 
HIST.RES. 
PROJ.REVW. 

0053-4680-0097 
DOE-19-96-0164-0000 
HUD960801E 

HIST.SURV. 0053-4680-0096 
1924 !fIST.SURV. 
1934 HrST.SURV. 

HIST.SURV. 

0053-4660-0066 
0053-4680-0050 
0053-0412-0000 

HIST.SURV. 0053-2398-0000 
1920 HIST.SURV. 

HlST.RES. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
TAX.CERT. 

1912 HIST.SURV. 

1913 

1927 
1919 
1921 
1913 
1926 

1931 
1931 
1927 

1917 

1919 

).916 

1920 

1917 

1903 

1919 

1925 

1936 

1913 

1928 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!-IIST.SURV. 
FlrST.SURV. 
HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
TAX.CERT. 
FlIST.RES. 
FllST.SURV. 
HlST.SURV. 
HlST.SURV. 
HrST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
FROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
FlIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-4680-0007 
NPS-83001204-0000 
0053-4864-0000 
DOE-19-83-0012-0000 
UMTAB20708A 
0053-2400-0000 
0053-0413-0000 

537.9-19-0060 
0053-4680-0049 
0053-2399-0000 
0053-0414-000'0 
0053-4680-0067 
0053-4680-0095 
0053-4680-0068 
0053-4680-0069 
0053-4680-0094 
0053-4680-0008 
0053-0415-0000 
0053-46BO~0093 

0053-4660-0048 
0053-0416-0000 
0053-4796-0000 
0053-4680-0070 

0053-4798-0000 
0053-4680-0071 
ooE-19-96-0165-0000 
HUD960a01E 
0053-4680-0009 
0053-0418-0000 
537.9-19-0284 
NPS-85000704-0001 
0053-4680-0010 
0053-0419-0000 
0053-4680-0011 
0053-0420-0000 
0053-4660-0047 

0053-0421-0000 
0053-4680-0072 
0053-4680-0073 

ooE-19-94-0780-000 
HRG940202Z 
0053-4680-0012 
0053-0422-0000 
0053-4680-0046 
0053-0423-0000 
0053-4680-0074 
0053-4680-0045 
0053-0424-0000 

STAT-DAT NRS 

04/04/85 6X 
06/30/96 6U 
06/30/96 6U 
04/04/85 6X 
04/04/85 6X 
04/04/85 ID 

38 

CRIT 

C 

3S 
04/04/85 ID C 
08/18/83 IS 
08/18/83 IS 
OS/24/63 282 AC 
02/23/83 282 AC 
01/01/82 2S2 
01/01/7B 2S2 
12/10/82 2D3 
04/04/85 ID C 

04/04/85 
04/04/85 
04/04/85 
04/04/85 
04/04/85 
04/04/85 

04/04/85 
04/04/85 

06/01/92 
04/04/85 
06/01/92 
04/04/85 

06/30/96 
06/30/96 
04/04/85 

05/14/02 
04/04/85 
04/04/85 

04/04/85 

04{04/85 

04/04/85 
04/04/85 

09/30/94 

09/30/94 
04/04/85 

04/04/85 

04/04/85 
04/04/85 

38 
3S 
6X 
6X 
6X 
6X 
6X 
1D 
38 
6X 
1D 

38 
6X 

6X 
6X 
6X 
6U 

6U 
1D 
38 
2D3 
ID 
ID 
3S 
10 
38 
1D 

3S 
6X 

6X 
282 
7K 

1D 

3S 
1D 

3S 
6X 
ID 
3S 

C 

C 

C 

C 

C 

C 

C 

AC 

c 

C 

C 

("I') 
0) 
("I') 
("I') 
I"--
o 
o 
0::: « 
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PROPERTY ~u~BER PRlMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER * ..}. 021538' 19-167567 

~ + 021535· 19-167564 

074505' 19-174217 
021536, 19-167565 

074501. 19·174215 
024582 19-170603 
116343 .. 

07447~ 19-174200 

1le. + 021539' 19-167568 

~ +- 021537' 19-167566 

C7449~ 19-174214 

074497' 19-174213 
-Me + 021540. 19-167569 

116245 

074495: 19-174212 
~-:;, 4- 021541, 19-167570 

074493 19-174211 
~ ~ 021542. 19-167571 

'?'~ + 021015. 19 -167076 

~ ~ 021543 19-167572 

"¥i-

-'If? 4-
~+ 

~+ 

*-+ 
~~ 

021544 

074476 
074477 
023432 
021545 

074479 
074492 
021546 
021598 
07449S 

021548· 

021547 

19-167573 

19-174201 
19-174202 
19-169454 
19-167574 

19-174203 
19-174210 
19-167575 
19-167626 
19-174209 
19-167577 

19-167576 

6601 HOLLYWOOD BLVD 

6606 HOLLYWOOD BLVD 

6614 HOLLYWOOD BLVD 
6616 HOLLYWOOD BLVD 

6624 HOLLYWOOD BLVD 
6626 HOLLY~100D BLVD 
6627 HOLLYWOOD BLVD 

6629 HOLLYWOOD BLVD 

6630 HOLLYWOOD BLVD 

6652 HOLLYWOOD BLVD 

6658 HOLLYWOOD BLVD 

6662 HOLLYWOOD BLVD 
6663 HOLLYWOOD BLVD 

6664 HOLLYWOOD BLVD 

6670 HOLLYWOOD BLVD 
6679 HOLLYWOOD BLVD 

6700 HOLLYWOOD BLVD 
6701 HOLLYWOOD BLVD 

6708 HOLLYWOOD BLVD 

6718 HOLLYWOOD BL\~ 

6724 HOLLYWOOD BLVD 

6727 HOLLYWOOD BLVD 
6739 HOLLYWOOD BLVD 
5740 HOLLYWOOD BLVD 
6743 HOLLYWOOD BL\TI 

6751 HOLLYWOOD BLVD 
6752 HOLLYWOOD BLVD 
6753 HOLLYWOOD BLVD 
6755 HOLLYWOOD BLVD 
6758 HOLLYWOOD BLVD 
6765 HOLLYWOOD BLVD 

6766 HOLLYWOOD BLVD 

THE BAINE BUILDING, MERCHANTS TITL LOS ANGELES 

S H KRESS & CO, FREDRICKS OF HOLLY LOS ANGELES 

ltLEXANDERS 
THE ORIENT SITE 

VOGUE THEATER 

CHEROKEE BUILDING 

SHANE BUILDING 

MUSSO FRANK GRILL 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
OUTPOST BUILDING LOS ANGELES 

GRAUMAN'S EGYPTIAN THEATER LOS ANGELES 

PIG N WHISTLE RESTAURANT, LONDON B LOS ANGELES 

CHRISTIE HOTEL, SCIENTOLOGY INSTIT 

ARTISAN PATIO 

MILLERS STATIONERS 
PICKWICK BOOKSTORE, B. DALTON PICK 

HOLLYWOOD CENTER 

LUBERMAN COMPANY, BENNETT'S BOOK S 
MONTMARTRB 

HOLLYWOOD WAX MUSEUM 

HOLLYWOOD THEATRE 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

p 

p 

P 

P 

p 

p 
p 

P 

p 

p 

p 

P 

P 

P 

P 

M 

P 

P 

M 

p 

P 

P 

P 

P 
P 

P 

P 

P 

P 
P 

P 

P 

1926 HlST.SURV. 
HIST.SURV. 

1935 HIST.SURV. 

1930 
1927 

1917 

1927 
1937 

1935 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

1927 HIST.SURV. 
HIST.SURV. 

1930 HIST.SURV. 
MIST.SURV. 

1920 HIST.RES. 
PROJ.REVW. 
MIST.SURV. 

1926 HIST.SURV. 
1917 MIST.SURV. 

HIST.SURV. 
1915 HlST.RES. 

PROJ.REVW. 
1930 HIST.SURV. 
1925 HIST. RES. 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

1920 HIST.SURV. 
1920 HIST.SURV. 

HIST.SURV. 
1921 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

1919 HIST.SURV. 

1922 

o 
1933 
1917 

1920 

1979 
1922 
1922 
1914 
1928 

1913 

HrST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-4680-0013 
0053-0428-0000 
0053-4799-0000 
OOS3 -4680- 0044 

0053-0425-0000 
0053-4680-0092 
0053-4800-0000 
0053-4680-0091 
0053-4680-0090 
0053-4680-0043 
ooE-19-96-0255-0000 
HUD970203Z 
0053-4680-0075 
0053-0426-0000 
0053-4680-0042 
0053-0429-0000 
0053-4680-0041 
0053-0427-0000 
ooE-19-96-0166-0000 
HUD9G080lE 
0053-4680-0089 
0053-4680-0088 
0053 -4680- 0014 
0053-0430-0000 
00£-19-96-0167-0000 
HUD960a01E 
0053-4680-0087 
DOE-19-94-0362-0000 
HRG940202Z 
0053-4680-0015 
0053-0431-0000 
0053-4680-0086 
0053-4680-001(5 
0053-0432~OOOO 

DOE-19-94-0335-0000 
HRG940202Z 
0053-4680-0040 
0053-0195-0000 
0053-4680-0039 
0053-0433-0000 
0053-4680-0038 
0053-0434-0000 
0053-4680-0076 
0053-4680-0077 
0053-4680-0037 
0053-4680-0017 
0053-0435-0000 
0053-4680~0078 

0053-4680-0085 
0053-0436-0000 
0053-4680-0018 
0053-4680-0084 
0053-4680-0019 
0053-0438-0000 
0053-4680-0036 
0053-0437-0000 

,~' 

STAT-DAT NRS 

04/04/85 1D 
38 

06/01/92 lD 
04/04/85 1D 

3S 
04/04/85 
06/01/92 
04/04/85 
04/04/85 
04/04/85 
07/31/96 
07/31/96 
04/04/85 

6X 
6X 
6X 
6X 
6X 
6U 

6U 
6X 
3S 

04/04/85 10 

38 
04/04/85 1D 

3S 
06/30/96 6U 
06/30/96 6U 

04/04/85 6X 
04/04/85 6X 
04/04/85 1D 

38 
06/30/96 6U 
06/30/96 6U 
04/04/85 6X 
07/01/94 2D2 
09/3 0/94 2D2 
04/04/B5 1D 
11/01/78 38 
04/04/85 6X 
04/04/85 1D 

3S 
03/31/94 7K 
03/31/94 7K 
04/04/85 ID 

38 

04/04/85 ID 

38 
04/04/85 

0'1/04/85 
04/04/85 
04/04/85 
04/04/85 

04/04/85 
04/04/85 

04/04/85 
04/04/65 
04/04/85 

04/04/85 

ID 
38 
6X 
6X 
ID 
lD 
38 
6X 
6X 
3S 
10 

6X 
ID 
3S 
1D 

3S 

CRIT 

C 

C 

C 

C 

c 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

""'" 0) 
('I) 
('I) 
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o 
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PROPERTY-WUMBER PRlMARY-# STREET.ADDRESS ............. NAMES ... """" .... ,", ... ,"",' CITY, NAME , ....... OWN YR-C OHP-PROG, , PRG-REFERENCE-NUMBER 

074488 19-174208' 6768 HOLLYWOOD BLVD *' ~- 021549 19-167578 6777 HOLLYWOOD BLVD 

~ 1- 021550 19-167579 67BO HOLLYWOOD BLVD 

021551 19-167S80 

022583 
021552 

021553 

074481 
021559 
074486 
021014 

021554 

021556 

1.9-168608 

19-167581 

19-167582 

19-174204 
19-167587 
19-174207 
19-167075 

19-167583 

19-167585 

021555 19-167584 
021238 19-167279 

027075 
074448 
074485 

07'1483 
021558 

19-173049 
19-174184 
19-174206 

19-174205 
19-167586 

073676 19-174094 

073677 19-174095 
073675 19-174093 

021131 19-167186 

126669 
021468 19-165621 

161470 

125678 

19-167501 

065453 19-173498 
077442 19-174380 

6800 HOLLnJOOD BLVD 

6806 HOLLYWOOD BLVD 
6B34 HOLLYWOOD 8LVD 

6840 HOLLYWOOD BLVD 

6901 HOLLYWOOD BLVD 
6904 HOLLYWOOD BLVD 
6922 HOLLYWOOD BLVD 
6925 HOLLYWOOD BLVD 

7000 HOLLYWOOD BLVD 

7001 HOLLYWOOD BLVD 

7016 HOLLYWOOD BLVD 
7021 HOLLY\~OOD BLVD 

7021 HOLLYWOOD BLVD 
7024 HOLLYWOOD BLVD 
7035 HOLLYWOOD BLVD 

7038 HOLLYWOOD BLVD 
7046 HOLLYWOOD BLVD 

7051 HOLLYWOOD BLVD 

7055 HOLLYWOOD BLVD 
7065 HOLLYWOOD BLVD 

8161 HOLLYWOOD BLVD 

8237 HOLLYWOOD BLVD 
5108 HOLr~ES AVE 

6305 HOL~IES AVE 
7930 HOLMES AVE 

8208 HOLNES AVE 
9110 HOLMES AVE 

'LOS ANGELES 
LOS ANGELES FIRST FEDERAL, SECURIT LOS ANGELES 

BANK OF AMERICA LOS ANGELES 

REXALL DRUG STORE, LEE DRUG CO 

EL CAPITAN THEATER OFFICE BUILDING 

MASONIC TEMPLE 

CHINESE ANNEX 
SEVEN SEAS 
MAX FACTOR BLDG 
GRAUMAN'S CHINESE THEATER 

HOLLYWOOD ROOSEVELT HOTEL 

HILLVIEW CADILLAC, MOTORAME 

L08 ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

ARTHUR MURRAY DANCE STUDIO LOS ANGELES 
GARDEN COURT APARTMENTS RESIDENTIA LOS ANGELES 

GARDEN COURT APARTMENTS 
ARTHUR MURRAY 

HOLLYWOOD PROFESSIONAL BLDG 

SECURITY TRUST/STORES 

HOLLYWOOD CONGREGATIONAL CHURCH 

STORER HOUSE 

AUBREY LEECH HOUSE 
51ST STREET SCHOOL, HOLMES AVENUE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

p 

P 

P 

P 

P 
P 

p 

P 
P 

P 
P 

P 

p 

P 

P 

U 

P 

P 

p 

p 

P 

P 

P 

p 

M 

U 

U 
U 

1914 HIST.SURV, 
1927 HIST.SURV. 

HIST.SURV. 
1914 HIST.SURV. 

HIST.SURV. 

0053-4680-0083 
0053~4680-0020 

0053-0439-0000 
0053-4680-0035 
0053-0440-0000 

1935 HlST.SURV. 0053-4680-0033 
HIST,SURV. 0053-0441-0000 

1922 
1928 

1921 

1980 
1920 
1960 
1927 

1926 

1929 

HIST,SURV. 
TAX.CERT, 
TAX,CERT. 
TAX.CERT. 
HIST.SURV, 
HIST,SURV. 
HIST,SURV. 
HIST.SURV, 
HIST.RES. 
HI8T.SURV. 
HlST.SURV. 
HIST.SURV. 
HlST,SURV. 
HrST,SURV. 
HIST,SURV. 
TAX,CERT. 
BlST,SURV, 
HIST.SURV. 
HIST.8URV. 
BIST.SURV, 

1919 HlST.8URV. 
1920 BIST.SURV. 

HIST.SURV. 
HIST,SURV. 

1919 BlST,SURV, 
1926 HI8T.RES, 

PROJ,REVW. 
HIST,SURV, 

1925 HrST. SURV, 
1924 TAX. CERT , 

BlST.SURV, 

0053-4680-0032 
537.9-19-0191 
537.9-19-0092 
537.9-19-0084 

0053-4680-0031 
0053-0442-0000 
0053-4680-0028 
0053-4680-0030 
NPS-85000355-0000 
0053-0443-0000 
0053-4680-0079 
0053-4680-0029 
0053-4680-0082 
0053-4680-0021 
0053-0194-0000 
537.9-19-0302 
0053-4580-0028 
0053 - 0444 -0000 
0053-4680-0022 
0053-0446-0000 
0053-0445-0000 
0053-4680-0102 
0053-0447-0000 
0053-4394-0000 
0053~4680-0027 

ooE-19-96-0168-0000 
HUD960801E 
0053-4680-0081 
0053-4680~0080 

537,9-19-0336 
0053-4680-0026 

HIST.SURV, 0053-0448-0000 
1928 HIST.SURV. 0053-4680-0023 

TAX.CERT. 
HIST,SURV. 

1928 HIST. SURV, 
1920 TAX,CBRT, 

HIST.SURV. 
1923 HlST.RES. 

HIST.SURV, 
1933 CAL. REG. 
1922 HIST.SURV. 

537,9-19-0089 
0053 -044 9- 0000 
0053-4680-0024 
537.9-19-0086 
0053-4680-0025 
NPS-710001S2-0000 
0053-0247-0000 
19-0366 
0053~0379-0000 

PROJ,REVW. HUD041210B 
1923 HIST.RES. DOE-19-98-0368-0000 

PROJ,REVW. HUD980511I 
PROJ,REVW, HUD8808290 

1910 PROJ ' REVW, HUD920629U 
PROJ , REVW, HUD920701A 

"''''''--/ 

STAT-DAT NRS 

04/04/85 6X 
04/04/85 10 

38 
04/04/85 10 

3S 

04/04/85 10 
38 

04/04/85 
03/19/98 
04/02/92 
07/22/85 
04/04/85 

04/04/85 
04/04/85 
02/28/85 
02/28/85 
04/04/85 

04/04/85 
04/04/85 
04/04/85 

09/23/02 
04/04/85 

04/04/85 

10 

203 

2D3 
2D3 
10 

3S 
ID 
10 

IS 
IS 
6X 
ID 
6X 
10 

38 
7J 
ID 
3S 

10 

35 
3S 

04/04/65 6X 

38 
01/01/62 282 
04/04/85 1D 
06/30/96 6U 
06/30/96 6U 
04/04/85 6X 

04/04/65 6X 
09/21/04 203 

04/04/85 10 
3S 

04/04/85 10 

38 

04/04/B5 10 

03/28/90 7M 

04/04/85 ID 
09/28/71 IS 
01/01/71 IS 
12/26/00 7J 

7R 

12/10/04 6U 
05/11/98 6Y 
05/11/98 6Y 

10/21/B8 6Y 
08/31/93 6Y 
08/10/92 6Y 

CRIT 

c 

c 

C 

c 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

LO 
0) 
('I') 
('I') 
I"--
o 
o 
0::: « 
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PROPERTY-NUMBER PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERBNCE-NUMBER 

022524 
022525 
022527 
022526 
022529 
145903 

153028 

19-168549 
19-168550 
19-168552 
19-168551 
19-168554 

026746 19-172732 
026745 19-172731 

19-165615 
026747 19-172733 

065423 
083144 
088036 
139776 

116247 

123761 

021269 
024667 

19-165616 
19-173494 
19-174512 
19-174872 

19-167306 
19-170688 
19-156702 

024668 19-170689 
19-158132 

022553 19-168578 
021493 19-167525 
098053 ~9-175448 

19-156683 
136852 

136980 

155870 
024798 19-170818 

19-155310 
024799 19-170819 

19-155313 
024800 19-170820 
024801 19-170821 

19-155317 
024802 19-170822 

19-155330 
024803 19-170823 

19-155331 
100640 19-176188 

099234 19-175706 

098055 19-175449 

024804 19-170824 
19-155361 

024805 19-170825 

6564 HOMEWOOD AVE 
6565 HOMEWOOD A\~ 
6570 HONEI~OOD AVE 
6573 HOMEWOOD AVE 
6574 HOME~IOOD AVE 
4250 HOOPER AVE 

11229 HOOPER AVE 
4415 HOOPER ST 
4416 HOOPER ST 

4505 HOOPER ST 

8459 HOOPER ST 
8801 HOOPER ST 
9048 HOOPER ST 

HOOVER ST 

8800 HOOVER ST 

2544 HOUSTON ST 

HOW~~ CANAL CT 
5625 HUB ST 

5650 HUB ST 

HUDSON AVE 
1614 HUDSON AVE 
4927 HUNTINGTON DR 

4273 HUNTINGTON DR S 

4285 WJNTINGTON DR S 

4118 HUNTLEY AVE 
2325 HURON ST 

2623 HURON ST 

2631 HURON ST 
2640 HURON ST 

3238 HURON ST 

3242 HURON ST 

3023 HUTTON DR 

3140 HYDE PARK BLVD 

3012 HYPER I ON AVE 

2812 IDELL ST 

2814 !DELL ST 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
VERNON CONGREGATIONAL CHURCH. UNIO LOS ANGELES 

LOS ANGELES 

NORTH UNIVERSITY PARK HISTORIC DIS 

HOWLAND CANAL 

HUDSON AVE,WILCOX PL 1100 BL 

EL SERENO MUNICIPAL BUILDING 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

HYDE PARK BOULEVARD ELEMENTARY seH LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 
P 
P 

P 
P 

P 
P 

p 

u 
p 

p 

p 

p 

u 

M 

P 

P 

P 
S 
N 

P 

P 

P 
P 

P 

P 
J? 

P 

P 

P 

D 

M 

P 

P 

1920 
1920 
1920 
1920 
1919 
1913 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
RIST.SURV. 
HIST.SURV. 
HIST.RES. 

0053-0715-0017 
0053-0715-0018 
0053-0715-0020 
0053-0715-0019 
0053-0715-0022 
DCE-19~03-0351-0000 

PROJ.REVW. HUD030103G 
1940 PROJ.REVW. 
1895 RIST.SURV. 
1895 HIST.SURV. 

HUD050404N 
0053~4079-0000 

0053-4078-0000 

1909 HIST.SURV. 0053-4080-0000 

1929 
1932 
1887 

1931 

1923 

1905 
1909 

PROJ.RBVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
NAT. REG. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

HDDBB09160 
HUD930316I 
HUD940125J 
NPS-04000016-9999 
19- 0426 
OOE-19-96-0169-0000 
HUD960B01E 
00E-19-99-0332-0000 
HUD990201N 
0053-0347-0003 
0053 -2135- 0000 

1909 HIST.SURV. 0053-2136-0000 

1900 HIST.SURV. 
1930 HIST.SURV. 
1924 HIST.RES. 

PROJ.REVW. 
1922 HIST.RES. 

PROJ.REVW. 
1947 HIST.RES_ 

PROJ.REVW. 
1910 PROJ.REVW. 
1895 HIST.SURV. 

0053-0716-9999 
0053-0395-0000 
DOE-19-94-0044-0000 
HRG940202Z 

DOE-19-03-0042-0000 
FHWA030123A 

DOE-19-03-0043-0000 
FHWA03012311 
FHWA010423D 
0053-2267-0000 

1905 HIST.SURV. 0053-2268-0000 

1912 HIST.SURV. 0053-2269-0000 
1908 HIST.SURV. 0053-2270-0000 

1918 HIST.SURV. 0053-2271-0000 

1917 HIST.SURV. 0053-2272-0000 

1945 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1925 HIST-RE8. 
PROJ.REVW. 

1912 HIST.SURV. 

00E-19-94-0551-0090 
HRG940202Z 
D08-19-94-0045-0000 
HRG940202Z 
008-19-94-0046·0000 
HRG940202Z 
0053-2273-0000 

1913 HIST.SURV. 0053-2274-0000 

STilT-OAT NR8 

5D2 
502 
5D2 
502 
582 

01/31/03 6U 
01/31/03 6U 
04/19/05 6U 

10/18/88 
07/29/93 
03/03/94 
02/11/04 
OS/21/03 
OS/29/96 
OS/29/96 
02/01/99 
02/01/99 
08/30/82 

38 
7R 

7R 

6Y 
6Y 
6Y 
is 
38 
6U 

6U 
6Y 
6Y 
1D 
7R 

7R 

582 
7N 

08/29/94 6Y 
06/29/94 6Y 
02/13/03 6Y 
02/13/03 6Y 
02/13/03 6Y 
02/13/03 6Y 
06/20/01 6Y 

582 

5S2 

7N 
7N 

5S2 

5S2 

12/20/94 6Y 
12/20/94 6Y 
08/15/94 6Y 
08/15/94 6Y 
07/01/94 6Y 
07(01/94 6Y 

582 

582 

CRIT 

c 
c 

AC 

<.0 
0) 
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PROPERTy·~u~BER PRIMARY-U STREET ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-~BER 

022681 
022682 
022683 
022684 
022685 
022686 
022688 
022689 
022690 
022691 
022693 
022695 
022696 
022697 
022698 
022699 
022700 
022701 
022702 
022704 
022703 

022705 
069801 
125096 

14 7669 

147674 

147676 

147677 

19-168706 
19-168707 
19-168708 
19-168709 
19 -168710 
19-168711 
19-168713 
19-168714 
19-168715 
19-168716 
19-168718 
19-168720 
19-168721 
19-168722 
19-168723 
19·168724 
19-168725 
19-168726 
19-168727 
19-168729 
19-168728 
19·166730 
19-173864 

6407 LA MIRADA AVE 
6412 LA MIPADA AVE 
6413 LA t~IRADA AVE 
6416 LA MIRADA AVE 
6417 LA MIPADA AVE 
6422 LA tHRADA AVE 
6423 LA MIRADA AVE 
6433 LA MIRADA AVE 
6443 LA t~IRADA AVE 
6450 LA MIRADA AVE 
6456 LA MIRADA AVE 
6506 LA MIRADA AVE 
6510 LA MIRADA AVE 
6516 LA MIRADA AVE 
6521 LA MIRADA AVE 
6522 LA MIRADA AVE 
6523 LA MIRADA AVE 
6525 LA MIRADA AVE 
6526 LA MIRADA A VB 

6532 LA MIRP~A AVE 
6533 LA MIRADA A\~ 
6546 LA MIRADA AVE 
2648 LA SALLE AVE 
2932 LA SALLE AVE 

6820 LA TIJERA BL\~ 

6824 LA TIJERA BLVD 

6828 LA TIJ£RA BLVD 

6830 LA TIJERP. BLVD 

168126 15239 LA VALLE ST 
083978 19-174607 736 LA VERNE AVE; 
065499 19-173509 764 LA VEfu~E AVE 

-F 021980 19-168007 1510 LABAIG AVE 

021981 19-168008 1514 LABAIG AVE 

+- 021982 19-168009 1518 LABAIG AVE 

i-' 021983 19-168010 1524 LABAIG AVE 

~ 021984 19-168011 1552 LASArG AVE 

+ 021985 19-168012 1554 LABAIG AVE 

i-- 021986 19-168013 1561 LABAIG AVE 

736-740 LA VERNE 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS. ANGELES 

p 

p 

p 
p 

P 

P 
P 

P 

P 
p 

P 
P 

P 

P 
P 

P 

P 
P 

P 
P 

P 
p 

U 

Y 

P 

P 

p 

p 

P 

U 

U 

P 

p 

p 

P 

p 

P 

p 

1920 
1912 
1920 
1925 
1921 
1920 
1921 
1924 
1923 
1924 
1932 
1920 

1921 
1921 
1920 
1921 
1921 
1920 
1921 
1920 
1920 
1918 
1906 

mST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
mST .SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST. SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES_ 

0053 - 0721-0003 
0053-0721-0004 
0053-0721-000S 
0053-0721-0006 
0053-0721-0007 
0053-0721-0008 
0053-0721-0010 
0053-0721-0011 
0053-0721-0012 
0053-0721-0013 
0053-0721-0015 
0053-0721-0017 
0053-0721-0018 
0053-0721-0019 
0053-0721-0020 
0053-0721-0021 
0053-0721-0022 
0053-0721-0023 
0053-0721-0024 
0053-0721-0026 
0053-0721-002S 
0053-0721-0Q27 
HUD901114A 
OOE-19-98-0287-0000 

PROJ.REVW. HUD980202K 
1948 HIST.RES. ooE-19-03-0435-0000 

PROJ.REVW. FCC031203E 
1950 IUST.RES. 

PROJ.REVW. 
1950 HIST.RES. 

PROJ.REVW. 
1950 mST. RES. 

ooE-19-03-0436-0000 
FCC031203E 
DOE-19-03-0437-0000 
FCC031203E 
ooE-19-03-0438-0000 

PROJ.REVW. FCC031203E 
1953 PROJ. REVW. 
1923 PROJ.RBVW. 

PROJ.REVW. 
1920 HIST.RES. 

PROJ.REVW. 

HUD0709200 
HUDn0422G 
HUD881108K 
ooE-19-94-0447-0022 
HRG940202Z 

HIST.SURV. 0053-0644-0001 
1919 HIST.RES. 

PROJ.REVW. 
DOE-19-94-0447-0023 
HRG940202Z 

HIST.SURV. 0053-0644-0002 
1914 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 

1913 HIST.RES. 
pROJ.REVW. 
HIST.SURV. 

1913 HIST. RES. 
PROJ.REVW. 
HIST.SURV. 

1911 mST. RES. 
PROJ.REVW. 
HIST.SURV. 

191 7 HI ST . RES. 
PROJ.REVW. 

ooE-19-94-0447-0024 
HRG940202Z 
0053-0644-0003 
00£-19-94-0114-0025 
HRG940202Z 
0053-0644-0004 
DOE-19-94-0447-0026 
HRG940202Z 
0053-0644-0005 
DOE-19-94-0447-0027 
HRG940202Z 
0053-0644-0006 
DCE-19-94-0447-0028 
HRG940202Z 

STAT-DAT NRS CRIT 

502 
502 
502 
502 
5D2 
SD2 
502 
SD2 
5D2 
5D2 
502 
5D2 
502 
502 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
502 

12/27/90 6Y 
02/02/98 6Y 
02/02/98 6Y 
12/15/03 6Y 
12/15/03 6Y 
12/15/03 6Y 

12/15/03 6Y 

12/15/03 6Y 

12/15/03 6Y 
12/15/03 6Y 

12/15/03 6Y 
09/21/07 6Y 
08/31/93 6Y 
11/14/88 6Y 

07/01/94 2D2 
07/01/94 202 

7N 
07/01/94 7N 
07/01/94 7N 

7N 
07/01/94 2D2 
07/01/94 2D2 

7N 
07/01/94 2D2 
07/01/94 2D2 

7N 
07/01/94 202 
07/01/94 2D2 

7N 
07/01/94 2D2 
07/01/94 202 

7N 
07/01/94 2D2 
07/01/94 202 

I"---
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PROPERTY-NUMBER PRIMARY-~ STREET ADDRESS ............. NAMES ............................. CITY. NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

-+ 

+ 
..f--

021987 19-168014 

100943 1?-176333 

021988 19-168015 

-t- 021989 19-168016 

127683 

027402 19-173330 
027400 19-173328 
027401 19-173329 
132994 

132993 

132990 

133000 

132998 

133001 

132997 

132996 

132984 

132968 

132983 

132985 

132992 

132991 

132989 

145906 

021155 19-167210 

024244 19-170266 

1562 LABAIG AVE 

1565 LABAIG AVE 

"1566 LABAIG AVE 

1570 LABAIG AVE 

452 LACONIA BLVD 

943 LAGOON AVE 
943 LAGOON AVE 
943 LAGOON AVE 

LAKE HOLLYWOOD DR 

LAKE HOLLYWOOD DR 

LA..'<E HOLLYWOOD DR 

LAKE HOLL~~OOD DR 

LAKE HOLLYWOOD DR 

LAKE HOLLYWOOD DR 

LAKE HOLLYWOOD DR 

LAKE HOLLYWOOD DR 

2460 LAKE HOLLYWOOD DR 

2460 h~KE HOLLyWOOD DR 

2460 LAKE HOLLYWOOD DR 

2460 LAKE HOLLYWOOD DR 

2460 LAKE HOLLYWOOD DR 

2460 h~KE HOLLYWOOD DR 

2460 LAKE HOLLYWOOD DR 

1953 LAKE SHORE AVE 

LAKE ST 

524 LAKE ST 

SELMA-LABAIG DISTRICT LOS ANGELES 

SELMA-LABAIG DISTRICT LOS ANGELES 

SELMA-LABAIG DISTRICT LOS ANGELES 

SELMA-LABAIG DISTRICT LOS ANGELES 

LOS ANGELES 

STS. PETER & PAUL ROMAN CATHOLIC C LOS ANGELES 
STS. PETER & PAUL ROMAN CATHOLIC C LOS ANGELES 
SAINTS PETER & PAUL RECTORY LOS ANGELES 
HOLLYWOOD RESERVOIR COMPLEX/ LOWER LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX! UPPER LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ MULHO LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ HOLLY LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ HOLLY LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ DAM K LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ CHLOR LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ GLORY LOS ANGELES 

HOLLYWOOD RESERVOIR CDMPLEX/ MULHO LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ CARET LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ LOWER LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ UPPER LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ UPPER LOS ANGELES 

HOLLYWOOD RESERVOIR COMPLEX/ SEARC LOS ANGELES 

LOS ANGELES 

LAKE STREET LOS ANGELES 

LOS ANGELES 

P 

P 

P 

P 

P 
P 
P 
M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

P 

U 

H!ST.SURV. 0053-0644-0007 
1911 HIST.RES. DOE-19-94-0447-0029 

PROJ.REVW. HRG940202Z 
HIST.SURV. 
HIST.RBS. 
PROJ.REVW. 

1911 mST .RES. 
PROJ.REVW. 

0053-0644-0008 
ooE-19-94-0447-0030 
HRG940202Z 
DOE-19-94-044/-0031 
HRG940202Z 

HIST.SURV. 0053-0644-0009 
1953 HIST.RES. 008-19-94-0447-0049 

PROJ.REVW. HRG940202Z 
HIST.SURV. 

1926 MIST.RES. 
PROJ.REVW. 

192 9 HIST. SURV. 
1929 HIST. SURV. 
1930 HIST.SURV. 

HIST.RES. 
PROJ.RBVW. 
HIST.RES. 
PROJ.REVW. 

1931 HIST .RES. 
PROJ.REVW. 
IUST.RES. 
PROJ.REVW. 

0053-0644-0010 
DOE-19-01-0166-0000 
HUDOI0227G 
0053-4669-9999 
0053-4669-0001 
0053-4669-0002 
ooE-19-00-0324-0011 
EPA990920A 
ooE-19-00·0324-0010 
EPA990920A 
008-19-00-0324-0007 
EPA990920A 
ooE-19-00-0324-0017 
EPA990920A 

1967 HrST.RES. ooE-19-00-0324-001S 
PROJ.REVW. EPA990920A 

HIST.RES. 
PROJ.REVW. 

1967 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1924 HIST.RES. 
PROJ.REVW. 

1925 HIST.RES. 
PROJ.REVW. 

1924 RIST. RES. 
PROJ.REVW. 

1924 HIST.RES. 
PROJ.REVW. 

1933 HIST.RES. 
PROJ.REVW. 

1933 HIST.RES. 
PROJ.REVW. 

1925 HIST.RES. 
PROJ.REVW. 

1921 HlST.RES. 
PROJ.REVW. 

008-19-00-0324-0018 
EPA990920A 
ooE-19-00-0324-0014 
EPA990920A 
ooE-19-00-0324-0013 
EPA990920A 
ooE-19-00-0324-0001 
EPA990920A 
ooE-19-00-0324-0005 
EPA990920A 
OOE-19-00-0324-9999 
EPA990920A 
DOE-19-00-0324-0002 
EPA990920A 
DOE-19-00~0324-0009 

EPA990920A 
ooE-19-00-0324-000B 
EPA990920A 
DOE-19-00-0324-0006 
EPA990920A 
008-19-03-0354-0000 
HUD030103G 

1901 HIST.RES. DOE-19-79-0003-9999 
PROJ.REVW. HUD?90509B 
HIST.SURV. 0053,0257-9999 

1905 HIST.SURV. 0053-1705-0000 

STAT-DAT 

07/01/94 
07/01/94 

07/01/94 
07/01/94 
07/01/94 
07/01/94 

NRS 

7N 
2D2 
2D2 
7N 
2D2 
2D2 
2D2 
2D2 
7N 

07/01/94 202 
07/01/94 202 

7N 

02/19/01 6Y 
02/19/01 6Y 

7N 

7N 

7N 

03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 202 

03/22/00 2D2 
03/22/00 202 
03/22/00 6Y 
03/22/00 6Y 

03/22/00 " 6Y 

03/22/00 6Y 

03/22/00 6Y 
03/22/00 6Y 
03/22/00 6Y 
03/22/00 6Y 

03/22/00 2D2 
03/22/00 202 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2S2 
03/22/00 2S2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 2D2 
03/22/00 202 
03/22/00 2D2 
03/22/00 202 
01/31/03 6U 
01/31/03 6U 

CRIT 

07/17/79 2$2 C 
05/09/79 2S2 C 

3S 
582 

00 
0) 
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY· NUMBER PRIMARY-II STREET . ADDRESS . . . . . . . . . . . .. NAMES............................. CITY .NAME. . . . . . .. OWN YR-C OHP- PROG.. PRG-REFERENCE-NUMBER 

022730 
022731 
022732 
022735 

19-168755 
19-168756 
19-168757 

19-168760 
022734 19-168759 
022733 19·168758 
022736 
022737 
022738 
022739 
022740 
022741 
022742 
022743 
022744 
022745 
022746 
131125 

021172 
026748 

19-168761 
19-168762 
19·168763 
19-168764 
19-168765 
19-168766 
19·168767 
19-168768 

19-168769 
19-168770 
19-168771 

19-167226 

19-172734 
19-165505 

026749 19-172735 
19··165506 

070506 19-173999 
021189 19-167239 
153032 
026560 19-172547 
025316 19-171307 

025340 19·171331 
025317 19-171308 
025318 19-171309 
025319 19-171310 

025433 19-171424 
025434 
025435 

116253 

02~872 

024873 
123837 

098066 

123838 

129304 
022809 

022800 
022792 +- 022748 

19-171425 

19-171426 

19-170892 
19-170893 

19-175457 

19·168833 
19-168824 
19-168816 
19-168773 

1317 LAS PALMAS AVE 
1320 LAS PALMAS AVE 
1323 LAS PALMAS AVE 
1326 LAS PALI'lAS AVE 
1327 LAS PALMAS AVE 
1327 LAS PALMAS AVE 
1337 L.1\8 Pl'.LMAS AVE 
1351 LAS PALMAS AVE 
1357 LAS PALMAS AVE 
1400 LAS PALMAS AVE 
1414 L.l\.S PALMl'.S AVE 
1418 LAS PALMAS AVE 
1419 LAS PALMAS AVE 
1424 LAS PALMAS AVE 

1425 LAS PALt-'AS AVE 
1433 LAS PALMAS AVE 
1437 LAS PAL~AS AVE 

7806 LASALLE AVE 

22601 LASSEN ST 
5400 LATHAM ST 

5416 LATHAM ST 

5032 LATHROP ST 
601 LATIMER RD 

4333 LATONA AVE 

9900 LAUREL CANYON BLVD 
650 LAVETA TERRACE 
561 LAVETA TE~~CE 
B33 LAVETA TERRACE 
837 L.l\.VETA TERRACE 

863 LAVETA TERRACE 
1107 LAVETA TERRACE 
1125 LAVETA TERRACE 
1216 LAVETA TERRACE 
2861 LEEWARD AVE 

441 LEI MIN WY 

443 LEI IUN h'Y 

1023 LEIGHTON AVE 

1243 LEIGHTON AVE 

1244 LEIGHTON AVE 

LELAND WY 
LELAND WY 

LELAND WY 
LELAND WY 

6206 LELAJ:>lD WY 

CHATSWORTH COMMUNITY CHURCH 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
UPLIFTERS RANCH, RUSTIC CANYON REC LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

6200 BLOCK OF LELAND WAY 
6800 BLOCK OF LELAND WAY 
6700 BLOCK OF LELAND WAY 
6500-6600 BLOCK OF LELAND WAY 
AFTON SQUARE DISTRICT 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 
p 

p 

p 

P 

P 
P 
P 

P 

P 
P 

P 

P 
P 

P 
P 
P 

P 
P 

P 

U 

M 

P 

P 

P 
P 
p 

p 

p 

p 

P 

P 

P 

P 
U 

M 

u 

p 

P 

P 

P 
P 

1906 
1912 
1915 
1913 

HlST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-0722-0024 
0053-0722~0025 

0053-0722-0026 
0053-0722-0029 

1934 HlST.SURV. 0053-0722-0028 
1907 HlST.SURV. 0053-0722-0027 
1912 
1912 
1905 

1921 
1907 
1923 
1907 

1913 
1906 
1921 
1921 
1927 

1903 
1905 

HlST.SURV. 
HIST.SURV. 

HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 

HIST.SURV. 
HlST.SURV. 

HlST.SURV. 
BlST.RES. 
PROJ.REVW. 
HIST.SURV. 
HlST.SURV. 

1905 HlST.SURV. 

1923 PROJ.REVW. 
1923 HlST.SURV. 
1950 PROJ.REVW. 
1923 HIST.SURV. 

1921 

1908 

1909 

1908 

1912 

1912 
1913 
1923 

HlST.SURV. 
HIST.SURV. 
HlST.SURV. 
HlST.SURV. 

HlST.SURV. 
HIST.SURV. 

HlST.SURV. 
BrST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 

HIST.SURV. 
HlST.SURV. 
HIST.RES. 

PROJ.REVW. 
HrST.RES. 
PROJ.REVW. 
PROJ.REVW. 

0053-0722-0030 
0053~0722 -0031 

0053-0722-0032 
0053-0722-0033 
0053~0722-0034 

0053-0722-0035 

0053-0722-0036 
0053-0722-0037 

0053-0722-0038 
0053-0722-0039 
0053-0722-0040 

DOE-19-02-0199-0000 
HUD020402AG 
0053-0276-0000 
0053-4081-0000 

0053-4082-0000 

HUD910520U 
0053-0293-0000 
HUD050404N 
0053-3888-0000 
0053-2711-0000 
0053-2735-0000 
0053-2712-0000 
0053-2713-0000 
0053-2714-0000 
0053-2829-0000 
0053-2830-0000 
0053-2831-0000 

DOE-19-96-0173-0000 
HUD960B01E 
0053-2318-0025 
0053-2318-0026 
DOE-19-00~0074 0000 
HUD000201E 
D08-19-94-0055-0000 
HRG9402023 

DOE-19-00-007S·0000 
HUD000201E 
0053-0723-9999 
0053 -0726- 9999 

0053-0725-9999 
0053-0724-9999 
DOS-19-95-0241-0054 

HUD950911J 

DOE-19-9S-0149-0054 
HRG940202Z 

HUD930322D 
HIST.SURV. 0053-0723-0001 

STAT-OAT NR8 

04/02/02 
04/02/02 

5D2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 

5D2 
5D2 
502 
5D2 
7N 

5D2 
7N 

5D2 
5D2 
6Y 

6Y 
38 
7R 

7R 

06/11/91 6Y 
7N 

04/19/05 6U 

02/29/96 
02/29/96 

02/01/00 
02/01/00 
08/08/94 
OS/08/94 

02/01/00 
02/01/00 

09/11/95 

09/11/95 
02/08/95 

02/08/95 
04/29(93 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

6U 

6U 

7R 

7R 

6Y 

6Y 

6Y 

6Y 

6Y 

6Y 
5S2 
582 

582 
582 
2D2 

2D2 

2D2 
2D2 

6Y 
5D2 

CRrT 

0) 
0) 
('I') 
('I') 
t--
o 
o 
0::: « 
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PROPERTY ~~~BER PRlMARY-# STREET.ADDRESS....... NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

+- 022749 19-168774 

+-

+ 

022750 

022751 

022752. 
022753 
022754' 
02275~ 

022751 
022758 
022759 
022760 
022761 
022762 
022763· 
022764 
022765 
022766. 

022767. 
022768 

19-168775 

19-168776 

19-168777 
19-168778 
19-168779 
19-168780 
19·168781 
19-168782 
19-168783 
19-168784 
19-168785 
19-168786 
19-168787 
19-168788 
19-168789 
19-158790 
19-168791 
19-168792 

022769. 19-168793 
022770· 
022771 
022772 
022773. 
02277-1 
022775 

022776 

19-158794 
19-168795 

19-168796 

19-168797 

19-168798 
19-168799 
19-168800 

02277Z 19-168801 
022778- 19-168802 
022779· 19-168803 

022780. 19-168804 
022781. 19-168605 
022782· 19-168806 
022783. 19·168807 
022784· 19-168808 
022785' 19-168809 
02278S 19-166610 
022788 < 19-168812 

022787· 19-168811 
022789' 19-168813 
022790 19-168814 

6214 LELM"D WY 

6218 LELAND WY 

6224 LELAND WY 

6235 LELk,,"D NY 
625Q LELfu'<D WY 
6257 LELk'JD NY 
6263 LELA."i'D NY 
6510 LELk,,"D NY 
6511 LELAl'lD 'NY 
6512 LELAND 'NY 
6514 LELAND 'NY 
6515 LELAND WY 
6517 LELAND 'NY 
6520 LBLAND 'NY 
6521 LELAND WY 
6526 LELAND WY 
6530 LELAND IW 
6536 LELAND WY 
6539 LELAND WY 
6543 LELAND IW 
6600 LELAND WY 
6601 LELAND WY 
6606 LELAND WY 
6607 LELAND W¥ 
6610 LELAND WY 
6615 LELM"D ~IY 

5516 LELAND WY 
5617 LELAND WY 
6620 LELM"D ~IY 

6521 LELAND WY 
6624 LELAND l'.'Y 
6625 LEL.ZOOJ NY 
6630 LELA.'ID WY 

6631 LELAND NY 
6634 LELAl'ID 'NY 
6635 LELAND WY 
6640 LELAND WY 
6641 LELAND NY 
6643 LELfu'ID NY 
6644 LELfu'ID 'NY 
6650 LELAND WY 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

AFTON SQUARE DISTRICT 

.. · .. --·f-------· 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANpELBS 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

p 

p 

P 
P 

P 

P 
p 

P 

P 
P 

P 
P 
P 

P 
p 

P 
p 

p 

p 
p 

p 

P 

P 

P 

P 

P 

P 

P 

P 
P 

P 
p 

p 

P 

P 
p 

p 

P 

P 
P 

1927 HIST.RES. 

1923 

1923 

1923 
1922 
1921 
1911 
1918 
1917 
1922 
1919 
1919 
1919 
1914 
1923 
1917 
1918 
1913 
1917 
1920 
1917 
1919 
1916 
1916 
1920 
1916 
1916 

PROJ.REVW. 
HIST.RES, 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 

DOE-19-95-0241-0055 
HUD950911J 
DOE-19-95-0149-0055 
HRG940202Z 
HUD930322D 
0053-0723-0002 
DOS-19-95-0241-0056 
HUD95091lJ 
DOE-19-95-0149-0056 
HRG940202Z 
HUD9303220 
0053-0723-0003 
DOS-19-95-0241-00S7 
HUD95091lJ 

D08-19-95-0149 0057 
HRG940202Z 
HUD9303220 
0053-0723-0004 
0053-0723'0005 
0053-0723-0006 
0053-0723-0007 
0053-0723-0008 
0053-0724-0001 
0053 - 0724 - 0002 

0053-0724-0003 
0053-0724-0004 
0053-0724-0005 
0053-0724-0006 
0053-0724-0007 
0053-0724-0008 
0053-0724-0009 
0053-0724-0010 
0053-0724-0011 
0053-0724-0012 
0053-0724-0013 
0053~0724-0014 

0053~0724-0015 

0053-0724-0016 
0053-0n4-0017 
0053-0724-0018 
0053-0724-0019 
0053-0724-0020 

1916 HIST.SURV. 0053-0724-0021 
1916 
1916 
1916 
1919 
1916 
1919 
1915 
1915 
1919 
1915 
1916 
1916 

HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-0724-0022 
0053-0724-0023 
0053-0724-0024 
0053-0724-0025 
0053-0724-0026 
0053-0724-0027 
0053-0724-0028 
0053-0724-0029 
0053-0724-0030 
0053-0724-0032 
0053-0724-0031 
0053-0724-0033 

1917 HIST.SURV. 0053-0724-0034 

.".....-. .. i 

STAT-DAT NRS 

09/11/95 202 

09/11/95 2D2 
02/08/95 2D2 
02/08/95 2D2 
04/29/93 6Y 

09/11/95 
09/11/95 
02/08/95 
02/08/95 
04/29/93 

09/11/95 
09/1l/95 
02/08/95 
02/08/95 
04/29/93 

5D2 
2D2 
2D2 
2D2 
2D2 
6Y 
5D2 
2D2 
2D2 
202 
2D2 
6Y 

5D2 
7N 
5D2 
5D2 
502 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
502 
502 
502 
502 
5D2 
SD2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
502 

502 
SD2 
5D2 
502 
5D2 
5D2 
5D2 
502 
502 
5D2 

CRIT 

o 
o 

""'" ('I') 
I"--
o 
o 
0::: « 
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PROPERTY t~JMBER PRIMARY-# STREET ADDRESS. ............ NAMES............................. CITY. NAME. ....... OWN YR-C OHP-PROG.. PRG-REFERENCE-NUMBER 

022791 
022793 
022794 
022795 
022796 
022797 
022798 

022799 

022806 
022603 
022804 
022807 
022808 
022805 
022801 
022802 
093944 
098067 

125982 

125983 

125674 

161442 

027224 
027223 
027225 
027226 

027227 
027228 
027229 
0272 3 0 

022924 
022864 
022917 
022889 
022897 
066393 
022810 
022911 

100403 

022812 
022813 
022814 

022815 
022816 
022817 
022818 
022819 
022820 
022821 

022822 
022823 

19-168815 
19-168817 
19-168818 
19-168819 
19·168820 

19-168821 
19-168822 
19-168823 
19-168830 
19-168827 
19-168828 
19-168831 

19-168832 
19-168829 
19-168825 
19-168826 
19-175025 
19-175458 

19-173156 
19-173155 
19~173157 

19-173158 

19-173159 
19-173160 
19 -173161 
19-173162 
19-168948 
19-168888 
19-168941 
19-168913 
19-168921 
19-173606 
19-168834 
19-168835 
19-176009 

19-168836 
19-168837 
19-166838 
19-168639 
19-166840 
19-168841 
19-168842 
19-168843 
19·168644 
19-168845 
19-166846 
19-168847 

6654 LELAND WY 
6711 LELAND NY 
6712 LELAND WY 
6716 LELAND NY 
6720 LELAND NY 
6726 LELI'.ND NY 
6731 LELAND NY 
6732 LELAND WY 
6811 LELAND WY 
6815 LELAND WY 
6816 LELI'Jm ~IY 

6822 LELAND WY 
6826 LELAND WY 
6830 LELAJ:.lD WY 
6B37 LELJU·JD WY 
6847 LELAND WY 

15415 LEt".ARSH ST 
18300 LE~~SH ST 

5020 LEMON GROVE AVE 

5858 LEMP AVE 

4927 LENNOX BLVD 

2115 LEOTA ST 
105 LEVERING AVE 
901 LEVERING AVE 
907 LEVERING AVE 
909 LEVERING AVE 
911 LEVERING AVE 
919 LEVERING AVE 
921 LEVERING AVE 
923 LEVERING AVE 

LEXINGTON AVE 
LEXINGTON AVE 
LEXINGTON AVE 
LEXINGTON AVE 
LEXINGTON AVE 

5406 LEXINGTON AVE 
5510 LEXINGTON AVE 
5514 LEXINGTON AVE 
5523 LEXINGTON AVE 

5526 LEXINGTON AVE 
5527 LEXINGTON AVE 
5529 LEXINGTON AVE 
5533 LEXINGTON AVE 
5536 LEXINGTON AVE 
5543 LEXINGTON lWE 
5546 LEXINGTON AVE 
5600 LEXINGTON AVE 
5603 LEXINGTON AVE 
5607 LEXINGTON AVE 
5612 LEXINGTON AVE 
5613 LEXINGTON lWE 

ALOHA APARTMENTS 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

NORTHRIDGE COMMUNITY CENTER - DEVO LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

6800-7000 BLOCK OF LEXINGTON AVENU LOS ANGELES 
5500-5800 BLOCK OF LEXINGTON AVENU LOS ANGELES 
6400-6500 BLOCK OF LEXINGTON AVEND LOS ANGELES 
5900-6200 BLOCK OF LEXINGTON AVENU LOS ANGELES 
6300 BLOCK OF LEXINGTON AVENUE LOS ANGELES 
APARTMENT REHABILITATION LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

p 

P 

P 
P 
P 

P 

P 
P 

P 
P 

P 
p 

P 

P 

P 

P 
P 
M 

Y 

Y 

u 

P 

P 
P 

P 

P 
P 
P 

P 

P 

P 
P 
P 
p 

U 
P 

P 

P 

p 

P 
P 

P 

P 

P 
P 

P 

P 

P 

P 
P 

1916 
1921 
1920 

1912 

1912 

1928 
1909 

1912 
1913 
1912 
1909 
1924 
1919 
1921 

1920 
1936 

1915 

1939 

1929 

1947 
1947 
1947 
1947 
1947 
1947 
1947 
1947 
1912 
1907 
1915 
1911 

1909 

1924 

1921 
1928 

1907 
1927 
1916 
1922 

1923 
1920 
1917 
1923 
1923 
1910 
1920 
1926 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HrST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.SURV, 
HIST,SURV. 
HIST.SURV. 
PRDJ.REVW. 
HIST.RES, 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES, 
PROJ.REVW. 
EIST.RES. 
PROJ.REVW, 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.RBVW. 
HrST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.8URV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HrST,SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-0724-0035 
0053 -0725- 0001 
0053 - 0725·0002 
0053-0725-0003 
0053-0725-0004 
0053-0725-0005 
0053·0725-0006 
0053-0725-0007 
0053-0726-0006 

0053-0726-0003 
0053-0726~0004 

0053-0726-0007 
0053 -0726-0008 
OQ53~0726-0005 

0053-0726-0001 
0053-0726-0002 
HUD941128L 
008-19-94-0056-0000 
HRG940202Z 
DOE~19-00-0187-0000 

HUDOOIQl7Z 
DO£-19-00-0188-0000 
HUD001017Z 
00E-19-98-0364-0000 
HUD980511I 
HUD041210B 
0053-4520-0000 
0053-4519-0000 
0053-4521-0000 
0053-4522-0000 
0053-4523-0000 
0053-4524-0000 
0053-4525-0000 
0053-4526-0000 
0053-0731- 9999 
0053-0727-9999 
0053-0730-9999 
0053-0728-9999 
0053-0129-9999 
HUD871207G 
0053-0727-0001 
0053-0727-0002 
OOE-19-95-0137 0000 
HRG940202Z 
0053-0727-0003 
0053~0727-0004 

0053-0727-0005 
0053-0727~0006 

0053-0727-0007 
0053-0727-0008 
0053-0727-0009 
0053 -0727- 0010 
0053-0727 - 0011 
0053 -0727- 0012 

0053-0727-0013 
0053-0727-0014 

STAT-DAT NRS CRIT 

12/28/94 
08/29/94 
08/29/94 
05/15/00 
05/15/00 
05/02/00 
05/02/00 
05/11/98 
05/11/98 
12/10/04 

01/04/88 

07/12/95 
07/12/95 

502 
SD2 
502 
502 
502 

502 
5D2 
7N 
502 
502 

5D2 
5D2 
5D2 
5D2 
5D2 
502 
6Y 

6Y 

6Y 
6U 
6U 
6U 

6U 
6Y 

6Y 
6U 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
7R 
582 
582 
5S2 
582 
5S2 
6Y 
5D2 
502 
6Y 

6Y 
7N 
502 
502 

5D2 
5D2 
502 
5D2 
SD2 
5D2 
502 
502 

502 

"'" o 
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PROPERTY WJMBER PRlMARY-# STREET.ADDRESS ............. NAMES ..................... , ....... CITY. NAME. "" .. , OWN YR-C OHP-PROG .. PRG-REFERENCEcNUMBER 

* >t 
* >R 

'* 
~ 

~. 
"* * ~ 
~ ,*" 
~ 
~ 

*~ 
~ 

153857 

+ 021358. + 021356. 
+ 021359. 
i- 021355· 
+ 021354' 

+ 021360. + 021352· 
-+ 021348· 
4-

+ 
+++-
t
+
f-

021353' 

021347' 
021345· 
021346-

021342 
021341-
021337 
021336-

19-167392 
19-167390 
19·167393 
19-167389 
19-167388 

19-1573 94 
19··167385 
19-167382 
19-167387 
19·167381 
19-167379 
19-167380 
19-167376 
19-167375 
19· 167371 
19-167370 

+ 
+
+--

021335' 19·167369 
02133~ 19-167368 
021333· 19-167367 
153037, 

162428 
021043 
064808 
098097 

065159 
024272 
024271 
024273 
024219 
024220 
024218 
024214 
024213 
024208 
024209 
024210 

024211 
024212 
024182 
024178 
024177 
024176 
024175 
024173 
024174 
024151 

024150 

024149 

024148 
024145 
024144 

024143 

19-167101 
19·173368 
19·175482 

19-173463 

19-170294 
19-170293 
19-170295 
19-170241 
19-170242 
19-170240 
19-170236 
19-170235 
19-170230 
19·170231 
19-170232 
19-170233 
19-170234 
19-170204 
19-170200 
19-170199 
19-170198 
19-170197 
19-170195 
19-170196 
19-170173 
19-170172 
19·170171 

19-170170 
19-170167 
19-170166 
19-170165 

1161 ~ULLER AVE 
6707 MILNER RD 
6708 MILNER RD 
6717 MILNER RD 
6718 MILNER RD 
6726 11ILNER RD 

6727 MILNER RD 
6740 NILNBR RD 
6746 NILNER RD 
6747 MILNER RD 
5753 MILNER RO 
6756 MILNER RO 
6757 MILNER RD 

6758 MILNER RD 
6760 MILNER RD 
6764 MILNER RD 
6770 r~ILNER RO 
6776 MILNER RD 
6782 l1ILNER RD 

6796 MILNER RD 
622 MILO TERF.ACE 

2918 /OUNTO CT 
1425 NIRAMAR ST 
8418 MIRk"lONTE BLVD 
1321 MISSION RO 

758 MOBILE AVE 
1006 MOHAWK ST 
1007 MOHAWK ST 
1010 MOHANK ST 
1121 MOHAWK ST 
1122 MOHAWK ST 
1129 MOHAWK ST 

113 5 ~'OHAWK ST 
1141 MOf-!.AWK ST 
1202 MOI-'.AWK ST 
1206 MOHAWK ST 
12 12 MOHA.'1K ST 
1216 MOHAWK ST 
1222 MOHAWK ST 
13 C 6 MOHAWK ST 
1310 MOHAWK ST 
1316 MOF.AWK ST 
13 19 MOHAWK ST 
1327 MOHAWK ST 
1336 MOHAWK ST 
1337 MOHAWK ST 
13 5 3 ~'OHANK ST 
1400 MOf-!.AWK ST 

1405 MOHA\~K ST 
1442 NOHA~lK ST 
1443 MOHAWK ST 
1505 MOI-'.AWK ST 
1510 MOI-'.AWK ST 

MARIE DRESSLER HOME 

IRENE TEDROW/LENORE COFFEE HOME 

WILLIAM WELLMAN/JACK MULHALL HOME 

MARQUARDT / CARON HOME 

SAMUEL J LEWIS HOUSE 
RESIDENCE 
LIVINGSTON RESEARCH CENTER / BUILD 

RESIDENCE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS.ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 
P 

P 
P 

P 

p 

P 

P 
P 
P 

P 
P 

P 
P 

P 

P 
P 

P 

P 

P 
U 

P 

u 
P 
P 

P 
p 

P 
p 

P 
P 
P 

P 
P 
P 

P 

P 
p 

P 

P 
P 
p 

P 
P 
P 

P 

P 
P 

P 
P 

PROJ.REVW. HRG940202Z 
1939 
1925 
1926 
1924 
1926 
1928 

1924 

1928 
1923 
1923 
1923 
1925 

1923 
1923 

1922 
1921 
1922 
1922 
1925 
1935 
1925 
1924 

1890 

1945 

PROJ.REVW. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
TAX.CERT. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
mST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 

1900 HIST.SURV. 
1902 HIST.SURV. 
1902 HIST.SURV. 
1910 HIST. SUF.V. 
1905 HIST.SURV. 
1905 HIST.SURV. 
1910 HIST,SURV. 
1905 HIST.SUF.V. 
1915 
1912 
1910 

1910 
1920 
1905 
1905 
1905 

1910 

1905 
1910 
1912 

1912 
1922 
1922 
1910 

1912 

1915 

1905 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

HUD040329B 
NPS-82002189 0076 
NPS-82002189-0074 
NPS-82002189~0077 

NPS-B2002189-0073 
537.9-19-0315 
NPS-B2002189-0072 
NPS-82002189-0078 
NPS-820D2189-0070 
NPS-82002189-0~66 

NPS-82002189-0J71 
NPS-82002189-0J65 
NPS-B2002189-0%3 
NP8-82002189-00)64 
NPS-B2002189-0060 
NPS-82002189·0059 
NPS-82002189-0055 
NP8 c 820021B9-0054 
NPS-82002189-0053 
NPS-82002189-D052 
NPS-B2002189-0051 
HUD050404N 
HUD060501M 
0053-0224-0000 
HUD8607020 
00E-19-94-0467-0000 
HRG5140202Z 
HUDB70422£ 
0053-1733-0000 
0053-1732-0000 
0053-1734-0000 
0053-1680~OOOO 

0053-1681-0000 
0053-1679·0000 
0053-1675·0000 
0053-1674-0000 
00S3~1669-0000 

0053-1670-0000 
0053-1671 c 0000 
0053-1672-0000 
0053-1673-0000 
0053-1643-0000 
0053-1639-0000 
0053-1638-0000 
0053-1637-0000 
0053-1636-0000 
0053-1634-0000 
0053-1635-0000 
0053-1612~0000 

0053-1611-0000 
0053-1610-0000 
0053-1609-0000 
0053-1606-0000 
0053-1605-0000 
0053-1604-0000 

STAT-OAT 

09/30/94 
04/21/04 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
05/19/03 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/B2 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
OB/19/82 
08/19/82 
08/19/B2 
08/19/82 
08/19/82 
04/19/05 
06/01/06 

08/04/86 
06/04/94 
06/04/94 
04/27/87 

NRS CRIT 

6Y 
6U 
10 AC 
1D AC 
10 AC 

lD AC 

7J 
lD AC 
10 AC 
10 AC 
10 AC 

1D AC 
ID AC 
ID AC 
1D AC 
10 AC 

10 AC 
10 AC 
10 AC 

ID AC 
ID AC 

10 AC 
6U 
6U 
7R 

6Y 

6Y 
6Y 
6Y 
5S2 
582 
582 
582 
582 
5S2 
582 
5S2 
5S2 
5S2 
SS2 
582 
5S2 
5S2 
5S2 
582 
582 
5S2 
5S2 
5S2 
5S2 
552 
582 
582 
5S2 
582 
5S2 

N 
o 
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027372 
024093 
024094 
024095 
024096 
096399 
065236 
083315 
095165 
152993 

024745 
116402 

162389 
'024565 
024566 
099323 

116298 

086422 
123800 

024568 
125967 

024569 
024570 
125966 

087645 
096331 
024 S71 

024572 
024573 
02457" 
123607 

024575 

024576 
024577 
024578 
024579 
024580 
0.95715 

19-173300 
19-17D115 
19-170116 
19-170117 
19-170118 

15- 175117 
19-173475 
19-17454'0 
19 - 175096 

19 -170765 

19-170586 
19-170587 
19-175785 

19-174758 

19-17'0589 

19-170590 
19-170591 

19-174868 
19-175135 
19-170592 
19-170593 
19-170594 
19-170595 

19-170596 
19-170597 
15-170598 
19-170599 
19-170600 
19-170601 
19-175117 
19-158303 

099324 19-175786 

025813 19-172793 

024583 
024584 

19-170604 
19-170605 

1226 N ALVARP.DO ST 
1307 N ALVARADO ST 
1311 N ALVARADO ST 
1417 N ALVARADO ST 
1443 N ALVARADO ST 
1938 N ARGYLE AVE 
2034 N ARGYLE AVE 

100 N ARIZONA AVE 
338 N ARIZONA AVE 
222 NAVE 23 

1558 NAVE 46 
507 N AVE 50 

607 NAVE 50 
701 N AVE 50 
705 N AVE 50 
731 NAVE 50 

207 NAVE 51 

464 NAVE 51 
127 NAVE 52 

221 NAVE 52 
230 NAVE 52 

3IB N ~_VE S2 
457 NAVE 52 

1407 NAVE 52 

1825 N lWE 52 
1895 N AVE 52 

115 NAVE 53 

116 NAVE 53 
219 NAVE 53 
319 NAVE 53 

1868 NAVE 53 

120 NAVE 54 
126 NAVE 54 
130 NAVE 54 
501 NAVE 54 
534 NAVE 54 
540 NAVE 54 
614 NAVE 54 

820 NAVE 54 

104 NAVE 56 

105 NAVE 56 
115 NAVE 56 

ECHO PARK UNITED METHODIST CHURCH 

RESIDENCE 
100-300 BLOCK OF NORTH ARIZONA AVE 

FAITH UNITED PRESBYTERIAN CH 

F~~KLIN HIGH SCHOOL 

HIGHLAND PARK MASONIC TEMPLE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS l'!.llGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

SECURITY TRUST AND SAVINGS BANK, S LOS ANGELES 
LOS ANGELES 

P 
P 

P 
P 

P 

P 

U 

U 

P 

P 

P 
P 

P 

P 

p 

U 

p 

'[ 

P 

P 
Y 

P 

P 
P 

P 

P 

P 
P 

P 

P 

I? 
p 

p 

p 

P 

D 

P 

P 

M 

1924 
1905 
1912 
1910 
1922 
1921 

1930 

1949 

1925 
1912 

1905 
1925 
1926 
1912 

HIST.SURV. 
mST.SURV. 
HIST,SURV. 
mST.SURV. 
HIST.SURV. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW, 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 

1921 HIST.RES. 

0053-4651-0000 
0053-1554-0000 
0053-1555-'0000 
0053-1556-0000 
0053-1557-0000 
HUD950530M 
HUDB70622H 
HUD891231i 
1fUD940114B 

OOE-19-05-0060-0000 
HUD050404N 
0053-2214 -0000 

DOE-19-96-0309 0000 
HUD970203Z 
HUD060S01M 
0053-2033-0000 
0053-2034-0000 
DOE-19-94-0080-0000 
HRG940202Z 
008-19-96-0212-0000 

PROJ.REVW. HUD960801E 
1915 
1902 

1928 
1906 

1906 

1907 
1906 

1922 
1924 
1906 
1904 
1905 
1907 
1925 

1908 
1909 
1905 
1909 
1909 
1909 
1908 

HIST.SURV. 
HIST.RES. 
PROJ.RIlVW. 
HlST.SURV. 
HIST.RIlS. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.RES, 
PROJ.REVW. 
PROJ.RBVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
PROJ.REVW. 

1915 HIST.RBS. 
PROJ.REVW. 

1923 HIST.RES. 
NAT.REG. 
TAX.CERT. 
HIST.8URV. 
HIST.SURV. 

1923 HlST.SURV. 
1917 HIST.8URV. 

0053-4737-0000 
D08-19-00-0036-0000 
HUD000201E 
0053-2036-0000 
DOE-19-00-0168-0000 
HUDCOIOl7Z 
0053-2037-0000 
0053-2038-0000 
DOB~19-00-0167-0000 

HUD001017Z 
HUD940111M 
HUD950515I 
005:'.-2039-0000 
0053-2040-0000 
0053,-2041-0000 
0053-2042-0000 
DOE-19-99-0323-0000 
HUD990201N 
0053-2043-0000 
0053-2044-0000 
0053~2045-0000 

0053-2046-0000 
0053-2047-0000 
0053-2048-0000 
1fUD950406U 

ooE-19-94-0081-0000 
HRG940202Z 
NPS-B9002268~OOOO 

19-0024 
537.9-19-0066 
0053-4133-0000 
0053~2050-0000 

0053-2051-0000 
0053-2052-0000 

STAT-DAT 

06/26/95 
07/13/87 
08/06/93 
09/19/94 
05/19/05 
05/19/05 

08/27/96 
08/27/96 
06/01/06 

07/01/94 
07/01/94 
02/29/96 
02/29/96 
06/01/92 
02/01/00 
02/01'{OO 

~ 

05/02/00 
05/02/00 

04/03/00 

04/03/00 
02/22/94 
06/21/95 

02/01/99 
02/01/99 

04/27/95 

NRS 

7R 
582 
582 
582 
5S2 
6'[ 

6Y 
6Y 
6Y 
6U 
6U 

5S2 
6U 
6U 
6U 
7R 

7R 
6Y 
6Y 
61} 

6U 
6L 
6Y 
6Y 
7R 
6U 
6U 
7R 
7R 
6U 
6U 
6'[ 

6Y 
7R 
7N 
7N 
5S2 
6Y 
6Y 
5S2 
5S2 
7R 
7R 
5S2 
7R 
6'[ 

CRlT 

08/08/94 6Y 
08/08/94 6Y 
01/18/90 IS AC 
01/18/90 IS 
11/12/87 253 

7N 
5S2 
5S2 
7R 

('I) 
o 
"""" ('I) 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRlMARy-n STREET.ADDRESS ............. N~~ES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-Nl~BER 

022123 
022124 

022125 
022126 
022127 
022128 
022129 
022130 
022131 
022132 
022133 

022134 

02213 5 

022B6 
02213 7 
022138 

022139 
023266 

19-168150 
19-168151-
19-168152 
19-168153 
19-168154 
19-1681;i5 
19-168156 
19-168157 
19-168158 
19-168159 
19·168160 
19-168161 
19-168162 
19-168163 
19-168164 
19-168165 
19-168166 
19-169290 

101676 19-176397 

022140 
022141 
022142 

19-168167 
19-168168 
19-166169 

022143 19-168170 
022144 19-168171 
022145 19-168172 
02214~ 19-168173 
022147' 19-168174 
D2214R 19-168175 
022149 19-168176 
022150· 19-168177 
099361 19-175817 

162391 
162392 
162393 
166221 
022165 
022152 
022153 
022154 
022155 
022156 
(>22157 
022158 
022159 

022160 

19-168192 
19-168179 
19-168180 
19-168181 
19-1681S2 
19·168183 
19-168184 
19-168185 
19-168186 
19-168187 

022161' 19-1681B8 
022162' 19-168189 
022163' 19-168190 
022164· 19-168191 -* -J:- 023261. 19-169285 

1157 N BRONSON AVE 
1162 N BRONSON AVE 
11 72 N BRONSON AVE 
1201 N BRONSON AVE 
1207 N BRONSON AVE 
1208 N BRONSON AVE 
1209 N BRONSON AVE 
1223 N BRONSON AVE 
1227 N BRONSON AVE 
1237 N BRONSON AVE 
1243 N BRONSON AVE 
1245 N BRONSON AVE 
1253 N BRONSON AVE 
1257 N BRONSON AVE 
1262 N BRONSON AVE 
1303 N BRONSON AVE 
1307 N BRONSON AVE 
1316 N BRONSON AVE 

1316 N BRONSON AVE 

1317 N BRONSON AVE 
1341 N BRONSON AVE 
1347 N BRONSON AVE 
H07 N BRONSON AVE 
1417 ~ BRONSON AVE 
1429 N BRONSON AVE 
1439 N BRONSON AVE 
1443 N BRONSON AVE 
1449 N BRONSON AVE 
1455 N BRONSON AVE 
1453 N BRONSON AVE 
1601 N BRONSON AVE 

235 N BURLINGTON AVE 
241 N BURLINGTON AVE 
243 N BURLINGTON AVE 
324 N BURLINGTON AVE 

N CAHUENGA BLVD 
1118 H CAIlUENGA BL\,.D 
1126 N CAHUENGA BLVD 
1132 N CAHUENGA BLVD 
1144 N CAHUBNGA BLVD 
1150 N CAh~ENGA BLVD 
1206 N CAHUENGA BLVD 
1210 N CAHUENGA BL\~ 
1232 N CAHUENGA BLVD 
1240 N CAHUENGA BLVD 
1300 N CAHUENGA BLVD 
1310 N CNWJENGA BLVD 
1349 N CAWJENGA BLvTI 
1353 N CAnJENGA BLVD 
1355 N CAHUENGA BLVD 

LE CONTE JUNIOR HIGH SCHOOL- MAIN 

LE CONTE .. MIDDLE SCHOOL AUDITORIUM 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS JW:GELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

1100-1300 BLOCKS N CAHUENGA BOULEV LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

ENGINE COMPANY #27, HOLLYWOOD FIRE LOS ANGELES 

p 

p 

P 
p 

P 

P 
P 

P 
P 

P 
P 

P 
P 

P 

P 
P 

P 

D 

D 

P 
P 

P 

P 

P 
p 

P 
p 

p 

P 
P 

P 

P 

P 

P 
P 
P 

P 
p 

P 

P 

P 
p 

P 

P 
p 

P 
M 

1920 

1921 
1920 
1916 
1919 
1919 
1914 
1921 
1915 
1911 
1913 
1919 
1907 
1925 
1914 
1911 
1912 
1922 

HIST,SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST,SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST.SURV. 
HlST.SURV, 
HIST.SURV. 
HIST. SURV, 
HIST.RES. 

0053-0699·0005 
0053-0699-0006 
0053-0699-0007 
0053-0699-0008 
0053-0699-0009 
0053-0699-0010 
0053-0699-0011 
0053-0699~0012 

0053-0699-0013 
0053-0699-0014 
0053-0699-0015 
0053-0699-0016 
0053-0699,0017 
0053-0699-0018 
0053-0699'0019 
0053-0699-0020 
0053-0699-0021 
OOE~19-94-0556-9999 

PROJ.REVW. HRG940202Z 
HIST.SURV, 0053-0783-0000 

1923 HIST.RES. ooE-19-94-0556-0001 
HRG940202Z 
0053-0699-0022 
0053-0699-0023 
0053-0699-0024 
0053-0699-0025 
0053-0699-0026 
0053-0699-0027 
0053-0699-0028 
0053-0699-0029 
0053-0699-0030 
0053-0699-0031 
0053-0699-0032 
ooE-19-94-0094-0000 
HRG940202Z 
HUD060501M 
HUD060501M 
HUDD60501M 
HUD070518A 
0053-0700-9999 
0053-0700-0001 
0053-0700-0002 
0053-0700-0003 
0053-0700-0004 
0053-0700-0005 
0053-0700-0006 
0053-0700-0007 
0053-0700-0008 
0053-0700-0009 
0053-0700-0010 
0053-0700-0011 
0053-0700·0012 
0053-0700~0013 

OOE-19-94-0384-0000 
HRG940202Z 
619.0-HP-88-19-018 

1926 
1925 
1919 
1919 

1924 

1915 
1913 
1920 
1909 
1909 
1913 
1906 

1922 

1912 
1912 
1903 
1901 
1928 
1922 
1905 
1904 
1901 
1916 
1916 
1923 
1921 
1921 
1921 

'1920 
1920 
1930 

PROJ.REVW. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST. SURV. 
HIST.SURV, 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.8URV. 
HIST,SURV. 
H!ST.SURV. 
HI8T.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
ST.FND.PRG 

STAT-DAT NRS 

5D2 
5D2 
502 
502 
502 
502 
502 
5D2 
5D2 
5D2 
5D2 
502 

5D2 
5D2 

502 
502 
502 

08/15/94 282 
08/15/94 2S2 

CRIT 

3S 
08/15/94 202 C 
08/15/94 2D2 C 

5D2 

04/29/94 
04/29/94 
06/01/06 
06/01/06 
06/01/06 
OS/25/07 

04/25/94 
04/25/94 
12/19/88 

5D2 
502 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
502 
6Y 
6Y 
6U 
6U 
6U 
2S2 
582 
5D2 
5D2 
502 
5D2 
7N 
5D2 
5D2 
5D2 
5D2 
502 

5D2 
5D2 
5D2 
282 
2S2 
3 
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PROPERTY-~~~BER PRlt4ARY-# STREET.ADDRESS ............. NAMES .......................... _ .. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

116221 

02201E 
131373 

096793 
021024 
070437 
022166 
022167 

0022168 
022169 
022170 
022171 
022172 
022173 
022174 
022175 
022176 
022177 
022178 
022179 
022180 
022182 

022183 

02218~ 

022185 
022186 
022187 
022188 

022189 
022190 

022191 

022192 
022193 

022194 
022195 
022197 
022198 
022199 
022200 
022201 
022202 
022212 
022203 
022204 
022205 
022206 
022208 
022207 
022209 
022210 

19-168045 

19-175153 
19-167083 
19-173982 
19-168193 
19-168194 
19-168195 
19-168196 
19-168197 
19-168198 
19-168199 
19-168200 
19-168201 
19-168202 
19-158203 
19-168204 
19~16S205 

19-16E206 
19-168207 
19-168208 

19-168209 
19-168210 
19-168211 
19·168212 
19-168213 
19-168214 
19-168215 
19-168216 
19-168217 
19-168218 
19-168219 
19-168220 
19-168221 
19~168223 

19-168224 
19-168225 
19-168226 
19-168227 
19-168228 
19-168238 
19-168229 
19-168230 
19-168231 
19-168232 
19-168234 
19-168233 
19-168235 
19-168236 

1525 N CAHUENGA BLVO 

1601 N CAHUENGA BLVD 
1300 N CARDINAL ST 

311 N CARMELITA ST 
119 N CBNTRqL AVE 
154 N CENTURY BLVD 

1200 N CHEROKEE AVE 
1201 N CHEROKEE AVE 
1205 N CHEROKEE AVE 
1206 N CHEROKEE AVE 
1209 N CHEROKEE AVE 
1212 N CHEROKEE AVE 
1214 N CHEROKEE AVE 
1215 N CHEROKEE AVE 
1216 N CHEROKEE AVE 
1219 N CHEROKEE AVE 
1222 N CHEROKEE AVE 
1223 N CHEROKEE AVE 
1227 N CHEROKEE AVE 
1228 N CHEROKEE .1'VE 
1230 N CHEROKEE AVE 
1235 N CHEROKEE AVE 

1236 N CHEROKEE AVE 
1239 N CHEROKEE AVE 
1240 N CHEROKEE AVE 
1243 N CHEROKEE AVE 
12q4 N CHEROKEE AVE 
1245 N CHEROKEE AVE 
1246 N CHEROKEE AVE 
1251 N CHEROKEE AVE 
1254 N CHEROKEE AVE 
1255 N CHEROKEE AVE 
1259 N CHEROKEE AVE 
1260 N CHEROKEE AVE 
1301 N CHEROKEE AVE 
1302 N CHEROKEE AVE 
1307 N CHEROKEE AVE 
1310 N CHEROKEE AVE 
1311 N CHEROKEE lWE 

1315 N CHEROKEE AVE 
1316 N CHEROKEE AVE 
1319 N CHEROKEE AVE 
1320 N CHEROKEE AVE 
1322 N CHEROY~E AVE 
13 2 3 N CHEROKEE AVE 
1327 N CHEROKEE AVE 
1328 N CHEROKEE AVE 
1330 N CHEROKEE AVE 
1331 N CHEROKEE AVE 
1335 N CHEROKEE AVE 

MARION BLDG 

HONGWANGI BUDDHIST TEMPLE 

LOS ANGELES 

LOS 'ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

M 

P 
M 

U 

P 
p 

P 
P 
p 

P 
P 
P 
P 
p 

P 
P 
P 
p 

p 

P 

p 
p 

p 

p 
p 

p 

p 
p 

p 
p 

p 
p 

P 

P 
P 
p 

P 

P 
P 
P 

P 
P 
p 

P 

P 

P 

P 

P 

HIST.RES. 
HIST.SURV. 
HIST.SURV. 

1913 HIST.RES. 

1925 
1942 

1926 
1925 
1928 
1913 
1926 
1915 
1915 
1914 
1915 
1915 
1914 

1914 
1915 
1915 
1925 
1915 
1916 
1915 
1914 

PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.SURV. 
PROJ.REVW. 
HIST.SURV. 
HIST. SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST_SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

NPS~85002559-0000 

0053-0778-0000 
0053-0357-0000 
OOE-19-96-0149-0000 
HUD960S01E 
0053-0668-0000 
OOE~19-02-0322-0000 

HUD020513B 
HUD950612R 
0053-0204-0000 
HUD9106070 
0053~0701-0001 

0053-0701-0002 
0053-0701-0003 
0053-0701~0004 

0053-0701-0005 
0053-0701~0006 

0053-0701-0007 
0053-0701-0008 
0053-0701-0009 
0053-0701-0010 
0053-0701-0011 
0053-0701-0012 
0053-0701-0013 
0053-0701-0014 
0053-0701-0015 
0053-07001-0017 

HIST.SURV. 0053-0701-0016 
1915 
1917 
1921 

1915 
1915 
1917 
1915 
1920 
1915 
1915 
1915 
1915 
1911 
1915 
1915 
1916 
1922 
1915 
1916 
1916 
1925 
1916 
1915 
1916 
1920 
1921 
1916 
1916 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

0053-0701-0018 
0053-0701-0019 
0053-0701-0020 
0053-0701-0021 
0053-0701-0022 
0053-0701-0023 
0053-0701-0024 
0053-0701-0025 
0053-0701-0026 
0053-0701-0027 
0053-0701-0028 
0053-0701-0029 
0053-0701-0030 
0053-0701~0032 

0053-0701-0033 
0053-0701-0034 
0053-0701-0035 
0053-0701-0036 
0053-0701-0037 
0053-0701-0047 
0053-0701-0038 
0053-0701-0039 
0053-0701-00040 
0053-0'701-0041 
0053-0701-0043 
0053-0701-0042 
0053-0701-0044 
0053-0701-0045 

STAT-OAT NRS CRrT 

09/24/85 IS AC 
09/24(85 IS AC 

38 
02/29/96 6U 
02/29/96 6U 

5S2 
06/03/02 2S2 AC 
06/03/02 2S2 AC 
07/19/95 6Y 

3S 
06/12/91 6Y 

502 
502 
502 
5D2 
5D2 
5D2 
502 
502 
5D2 
502 
502 
502 
502 
SD2 
502 
5D2 
5D1 
5D2 
502 
502 
5D2 
502 
502 
502 
502 
502 
502 
502 
502 
5D2 
5D2 
502 

502 

502 
502 
5D2 
502 
SD2 
502 
5D2 
502 
5D2 
5D2 
5D2 
5D2 

LO 
o 
""" ('I') 
t--
o 
o 
0::: « 
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?ROPERTY-NUMBER PRIMARY-U STREET ADDRESS ............. N~~ES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

083765 19-174575 
066722 19-173639 
100972 19-176356 

083286 19-17452ft 
065214 19-173473 
125236 

069757 19·173842 
069892 

027061 
064978 
066679 
066678 

144654 

021026 
022355 
022340 
022141 
022342 
022343 
022344 
022345 
022346 
022347 
022343 
022349 
022350 

022351 
022352 
022353 
022354 
022037 

022016 
162405 
1250B9 

070492 
08i»?? 

145475 
145892 

091411 

091452 

19-173870 
19-173039 
19-173442 
19-173633 
19-173632 

19-167085 
19-168380 
19-168365 
19-168366 
19-168367 
19-168368 
19-168369 
19-168370 
19-168371 
19-168372 
19-166373 
19-168374 
19-158375 
19'168376 
19-168377 
19-168378 
19-168379 
19·168064-
19-168043 

19-173992 
19-174421 

19-174945 

19-174%8 

024789 19-170809 
125090 

024790 19-170810 

19-155369 
024791 19-170911 

19-156027 

446 N DITMAl.'< AVE 
1102 N OITM&~ AVE 
1060 N EASTERN AVE 

1152 N EASTERN AVE 
13 72 N EASTERN AVE 
1398 N EASTERN AVE 

2415 N EASTERN AVE 
2432 N EASTERN AVE 
2839 N EASTERN AVE 

172 N EAST~lAN AVE 
147 N EASTMONT AVE 

1249 N EASTMONT AVE 
751 N ECHO PARK AVE 

1750 N EDGEMONT AVE 
N EL CENTRO AVE 

1115 N EL CENTRO AVE 
1116 N EL CENTRO AVE 
1122 N EL CENTRO AVE 
1126 N EL CENTRO AVE 
1130 N EL CENTRO AVE 
1136 (oJ EL CENTRO AVE 
1141 N EL CENTRO AVE 
1146 N EL CENTRO AVE 
1226 N EL CENTRO AVE 
1330 N EL CENTRO AVE 
1232 N EL CENTRO AVE 
1236 N EL CENTRO Av~ 
1248 N EL CENTRO AVE 
1254 N EL CENTRO AVE 
1258 N EL CENTRO AVE 
1611 N EL CENTRO AVE 
1628 N EL CENTRO AVE 
3727 N EL SERENO AVE 

432 N EVERGREEN AVE 

1127 N EVERGREEN AVE 
1132 N EVERGREEN AVE 

700 N FARING RD 
319 N FICKETT ST 

329 N FICKETT ST 

334 N FICKETT BT 

2646 N FIGUEROA ST 
3232 N FIGUEROA ST 

3236 N FIGUEROA ST 

3300 N FIGUEROA ST 

GRAIN STORAGE BUILDING 

RESIDENCE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

FAfu~DALE SCHOOL LOS ANGELES 
RESIDENCE LOS ANGELES 

LOS ANGELES 
LOS Al>l\3ELES 

ECHO PARK BOATHOUSE LOS ANGELES 

LOS ANGELES THIRTEENTH CHURCH OF C LOS ANGELES 
N EL CENTRO AVE, 1100-1400 LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

HOLLYWOOD LEGION STADIUM, HOLLYWOO LOS ANGELES 
LOS ANGELES 
:'OS ANGELES 

LOS ANGELES 
LOS ANGELES 

ffiL~VARD-WESTLAKE MIDDLE SCHOOL ADM LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

CHARLES W FISHER RBSIDENCE LOS ANGELES 

ROY'S SERVICE STATION 

LOS ANGELES 
WS ANGELES 

LOS ANG8LES 

LOS ANGELES 

U 
U 

M 

U 

U 
Y 

U 

U 

M 

U 

U 

U 
M 

P 

P 
P 

P 
P 
P 

P 

P 

P 

P 
P 
p 

P 

P 
P 

P 

P 

P 

P 

Y 

u 
u 
p 

p 

p 

P 

Y 

p 

P 

PROJ_REVW. HRG940202Z 
1910 PROJ.REVW. HU0910331P 

PROJ.REVW. HUD880616K 
1945 HIST.RES. 00E-19-94-0458-0000 

PROJ.REVW. HRG940202Z 
1925 PROJ.REVW. HUDB91231G 

PROJ.RBVW. HUD870S22I 
1946 HIST.RES. 008-19-00-0124 0000 

PROJ.REVW. HUD000216G 
1912 PROJ.REVW. HUD90111SB 
1939 
1889 

1932 

1925 
1919 
1926 
1919 
1920 
1916 
1923 
1946 
1920 
1941 
1923 
1922 
1919 
1923 
1920 
1922 
1940 
1924 
1938 
1910 

1912 

1921 
1930 
1928 
1905 

1907 

1894 

PROJ.REVW. 
HlST.SURV. 
PROJ.REVW. 
PROJ.REVI'I. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVI'I. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HrST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST. SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
CAL. REG. 
HlST.RES. 
PROJ.REVW. 
HIST.RES. 
PR'OJ.REVW. 
PROJ.REVW. 
mST.RES. 

HUD901218H 
0053- 4378 -0000 
HU0861112H 
HUDB8051BH 
HUDBB051BG 
00E-19-03-0290-0000 
HUD03102BB 
0053-0206-0000 
0053-0707-99·99 
0053-0707-0001 
0053-0707-0002 
0053-0707-0003 
0053-0707-0004 
0053-0707-0005 
0053-0707-0006 
0053-0707-0007 
0053-0707-0008 
0053-0707-0009 
0053-0707-0010 
0053-0707-0011 

0053-0707-0012 
0053-0707-0013 

0053-0707-0014 
0053-0707-0015 
0053-0676-0000 
0053-0666-0000 
HUD060501M 
008-19-98-0280-0000 
HU0980202K 
HUD910520K 
HUD930125B 
19-0452 
00E-19-03-0340-0000 
HUD030103G 
OOE-19~94-0700-0DOO 

FTA940429A 
FTA010315A 
DOE-19-94-0677-0000 

PROJ.REVW. FTA940429A 
1924 BlST.SURV. 0053-2258-0000 
1928 HlST.RES. DOE-19-98-02B1~OOOO 

PROJ.REVW. HUD9B0202K 
1925 HIST.SURV. 0053-2259-0000 

1941 HIST.SURV. 0053-2260-0000 
HIST.SURV. 0053-4496-0000 

STAT~DAT 

08/08/94 
08/20/93 
07/18/88 
09/20/94 
09/20/94 
06/04/93 
06/19/87 
02/16/00 
02/16/00 
12/12/90 
01/15/91 

11/24/86 
06/16/88 
06/16/88 
11/18/03 
11/18/03 

06/01/06 
02/02/98 
02/02/98 
06/11/91 
02/11/93 
OS/21/04 
01/31/03 
01/31/03 
08/30/94 
08/30/94 
12/05/01 
08/30/94 
08/30/94 

02/02/98 
02/02/98 

NRS CRIT 

6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
6Y 
3S 
6Y 
6Y 
6Y 
2S2 AC 
2S2 AC 
3S 
5S2 
502 
5D2 
502 
502 
502 
502 
5D2 
502 
5D2 
5D2 
502 
5D2 
5D2 
502 
5D2 
582 
5S2 
6U 
6Y 
6Y 
6Y 
6Y 
7W 
6U 
6U 
6Y 
6Y 
2S2 C 
2S2 C 

2S2 C 
5S2 
6Y 
6Y 
5S2 

7N 

7R 

<.0 
o 

""'" ('I') 

""'" o 
o 
0::: « 
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PROPERTY-NUMBER PRU!ARY~# STREET ADDRESS............. NA1'1ES ............... "............. CITY.NAME........ OWN YR-C OHP-PROG.. PRG-REFERBNCE-NUMBER 

*+ 
-'*'+ 
~-\---

022466 
022467 

022468 
022469 
022470 
022471' 
022472 
022473· 

022474' 

022475· 

19-168491 
19-168492 
19-168493 
19-15B494 
19-168495 
19-1684~6 

19-168497 
19-16849B 
19-168499 
19-168500 

022476· 19-168501 
022477 19-168502 
022478 19-168503 
022479 
022480 

19-168504 
19-168505 

021965 19·167992 
021966· 19-167993 
021967. 19·167994 
021968' 19-167995 
021970. 19-167997 

021969· 19-167996 
021971 19-167998 
021972· 19-167999 
021974 
021973 
021975 

19-168001 
19~168000 

19-168002 
021976· 19~168003 

021977 19-168004 
021978. 19-168005 
022498 
022482 
022483 
022484 
022485 

022466 
022487 
022486 
Oi2489 

022490 
022491 
022492 

022493 
022494 

022495 
022496 

19-168523 
19-168507 
19-168508 
19-168509 
19-168510 

19·168511 
19-168512 
19-168513 
19-168514 
19-168515 
19-168516 
19-166517 
19-168518 
19-168519 
19-168520 
19·168521 

022497 19-168522 
023340 . 19-169362 
021922 . 19-167949 
023299 19·169323 

152983 

152988 

1240 N GORDON ST 
1242 N GORDON ST 
1243 N GORDON ST 
1255 N GORDON ST 
1258 N GORDON ST 
1312 N GORDON ST 
1316 N GORDON ST 
1336 N GORDON ST 
1400 N GORDON ST 
1412 N GORDON ST 
1416 N GORDON ST 
1432 N GORDON ST 
14 3 8 N GORDON ST 
1442 N GORDON ST 
1448 N GORDON ST 
1523 N GORDON ST 
1529 N GORDON ST 
1530 N GORDON ST 
1532 N GORDON ST 
1535 N GORDON ST 

1539 N GORDON ST 
1540 N GORDON ST 
1553 N GORDON ST 
1555 N GORl)ON ST 
1556 N GORDON ST 
1558 N GORDON ST 
1559 N GORDON ST 
1560 N GORDON ST 
1568 N GORDON ST 

N GOWER ST 
1110 N GOWER ST 
1118 N GOWER ST 
1122 N GOWER ST 
1140 N GOWER ST 

1206 N GOWER ST 
1212 N GOWER ST 
1232 N GOWER ST 
1235 N GOWER BT 
1238 N GOWER ST 
1239 N GOWER ST 
1240 N GOWER ST 
1243 N GOWER ST 
1244 N GOWER ST 
1249 N GOWER ST 
1255 N GOWER ST 
1258 N GOWER ST 
1570 N GOWER ST 
1621 N GOWER ST 
1832 N GRACE AVE 

1832 N GRACE AVE 
IS32 N GRACE AVE 

N GOWER AVE, 1100-1200 BLOCKS 

EL CABRILLO 

EL CABRILLO FOUNTAIN 
EL CABRILLO WALL 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS l't.WGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGBLES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

P 
P 

P 

P 

P 
P 
p 

P 
p 

P 
P 
P 

P 
P 
p 

p 

p 

P 
P 
M 

p 

p 
p 

P 
P 

P 
P 
p 

p 

P 

P 
p 

P 

P 

P 
p 

P 
P 
p 

P 
p 

p 

P 
p 

P 
p 

p 

p 

P 

p 

P 

1920 
1914 
1912 
1927 
1915 
1921 
1914 
'1911 
1921 

1928 
1913 
1921 
1926 
1920 
1910 
1920 
1919 
1921 

1919 
1921 

1913 
1922 
1920 
1917 
1922 
1925 
1923 
1913 
1915 
1908 
1916 
1921 
1930 
1929 

1923 
In5 
1913 
1921 
1908 
1921 
1914 
1920 
1923 
1920 
1920 
1914 
1917 
1926 
1928 

1928 

1928 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST .SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIBT.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
mBT.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.BURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!:lIST.SURV. 
PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
!:lIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
!:lIST.SURV. 
H'! ST : SURV . 
HIST.SURV. 
!:lIST.SURV. 
HIST.SURV. 
!:lIST.SURV. 
HIST.SURV. 
HIST.RES. 
NAT.REG. 
HIST.SURV. 
HIST.RES. 
!:lIST.RES. 

0053~0712-0024 

0053~0712-0025 

0053-0712'0026 
0053-0712-0027 
0053-0712~0028 

0053-0712-0029 
0053-0712-0030 
0053-0712-0031 
0053-0712-0032 
0053-0712-0033 
0053-0712-0034 
0053-0712-0035 
0053-0712-0036 
0053-0712-0037 
0053-0712-0038 
0053-0643-0020 
0053-0643-0021 
0053-0643-0022 
0053-0643-0023 
HRG9402D2Z 
HRG-531 
0053-0643-0025 
0053-0643-0024 
0053-0643-0026 
0053-0643-0027 
0053-0643-0029 
0053-0643-0028 
005)-0643-0030 
0053-0643-0031 
0053-0643-0032 
0053-0643-0033 
0053-0713-9999 
0053-0713-0001 
0053-0713-0002 
0053-0713-0003 
HUD950630K 
0053-0713-0004 
0053-0713-0005 
0053-0713·0006 
0053-0713-0007 
0053 - 0713- 0008 
0053-0713-0009 
0053-0713~OOlO 

0053-0713-0011 
0053-0713·0012 
0053-0713-0013 
0053-0713-0014 
0053-0713-0015 
0053-0713-0016 
0053-0822-0000 
0053~0636-000D 

NPS-05000211-9999 
19-0463 
0053~0802-0000 

NPS- 0500211- 0001 
NPS·05000211-0002 

STAT-OAT NRS 

5D2 
5D2 
5D2 
5D2 

5D2 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
7N 

5D2 
5D2 
5D2 
5D2 
5D2 
5D2 

09/30/94 6Y 
09/30/94 6Y 

5D2 
5D2 
5D2 
5D2 
5D2 
SD2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 

07/28/95 

03/30/05 
09/14/04 
05/01/80 
03/30/05 
03/30/05 

6Y 
502 
502 
SD2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
3S 
582 
IS 
3S 
3S 
1D 
10 

CRIT 

C 

C 

c 
C 

t--
o 

""'" ('I') 
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o 
o 
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PROPERTY·~ffiER PRIM&qy-# STREET.ADDRESS ............. NM~ES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

093941 19-175022 
094978 19-175095 
098040 19·175436 

021122 19-156719 

134474 

134477 

022532 
022531 
022533 
022534 

022535 

022536 
022537 
022538 
022539 
022540 
022541 

022542 
022543 
022544 
022545 
022546 

19-1586JlO 
19-158679 
19 -156726 
19-156725 
19-156723 
19-156722 
19-167178 
19-156720 
19-156721 

19-168557 
19-168556 
19-168558 
19-168559 
19-168560 
19-168561 
19-168562 
19-168563 
19-168564 
19-168565 
19-168566 
19-168567 
19-168568 
19-168569 
19-168570 
19-168571 

022281. 19-168306 
022282 19-168307 
022283 19-168308 
022284, 19 c 1683C9 
0222B5. 19-168310 
022286. 19-168311 
022287, 19-168312 

.022288, 19-168313 
022289. 19 c 168314 
098052 

070481 
067453 
070044 

070045 

026810 
066768 
152128 

19-175447 

19-173988 
19-173701 
19-173915 

19-173916 

19-172790 
19-173650 

720 N HOBART BLVD 
1247 N HOBART BLVD 
1645 N HOBART BLVD 

3800 N HOMER ST 

H 4 N HOOVER ST 

450 N HOOVER ST 

1121 N HUDSON AVE 
1122 N HUDSON AVE 
1124 N HUDSON AVE 
1125 N WJDSON AVE 
1130 N HlJDSON AVE 
1131 N nuDSON AVE 
1134 N HUDSON AVE 
1135 N HUDSON AVE 
1138 N HUDSON AVE 
1141 N HUDSON AVE 
1145 N HUDSON AVE 
1146 N HUDSON AVE 
1150 N HUDSON AVE 
1151 N k~DSON AVE 
1156 N h~SON AVE 
1157 N k~DSON AVE 
1403 N HUDSON AVE 
1409 N HUDSON AVE 
1418 N HUDSON AVE 
1420 N Hu~SON AVE 
1422 N HUDSON AVE 
1425 N HUDSON AVE 
1428 N WJDSON AVE 
1432 N HUDSON AVE 
1433 N HUDSON AVE 
1618 N HUDSON AVE 

1740 NHUDSON AVE 
1752 N Hl~SON AVE 
1740 N HUDSONST 

1752 N HUDSON ST 

4691 N HUJ:.'-TINGTON DR 
150 N INDIANA ST 

1781 N INDIANA ST 

HALE HOUSE 

LOS ANGBLES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

SELBY HOTEL LOS ANGELES 

SELBY HOUSE LOS ANGELES 

SEASIDE GAS STATION, GORDONS SERVl LOS ANGELES 
HOUSING REHABILITATION LOS ANGELES 

LOS ANGELES 

P 

P 

M 

M 

p 

p 

P 
P 

P 
P 

P 
P 

P 

P 

P 
P 
P 

P 
P 
P 

P 

P 
P 
P 

P 

P 

P 
P 

P 
M 

U 
P 
p 

P 

p 

U 

P 

1927 PROJ.REVW. HUD94l128H 
PROJ.REVW. HUD950207C 

1949 HIST.RES. DOE-19-94-0030-0000 
PROJ.REVW. HRG940202Z 

1885 FED.FND.PR 629.0-73-HPF-19-01 
HIST.RES. NPS-72000230-00JO 
MIST.SURV. 0053-0238-0000 

1910 HIST.RES. 
PROJ.REVW. 

1937 MIST.RES. 

1923 

1921 
1922 
1921 
1922 

1921 
1922 
1923 
1923 

1921 
1926 
1929 
1932 
1923 
1922 
1922 
1905 
1905 
1905 
1921 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
mST. SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV. 
RIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 

1921 HlST. SURV. 
1907 HIST.SURV. 
1911 HIST .SURV. 
1904 HIST.SURV. 
1905 HIST.SURV. 
1913 PROJ.REVW. 

HIST.RES. 
1911 P!'l.OJ; REVW. 
1911 PROJ. REVW. 
1910 HIST_RES. 

PROJ.REVW. 
PROJ.REVW. 

1911 HIS'!' . RES . 
PROJ.REVW. 
PROJ.REVW. 

1941 HIST.SURV. 
PROJ.REVW. 

1929 HIST. RES. 

OOE-19-02-1064-0000 
HUDoJ21009N 
D08-19-02-1065-0000 
HUD021009N 
0053-0716-0002 
0053-0716-0001 
0053-0716-0003 
0053-0716-0004 
0053-0716-0005 
0053-0716-0006 
0053-0716-0007 
0053-0716-0008 
0053-0716-0009 
0053-0716-0010 
0053-0716-0011 
0053-0716- 0012 
0053-0716-0013 
0053-0716-0014 
0053-0716-0015 
0053-0716-0016 
0053-0704-0016 
0053-0704-0017 
0053-0704-0018 
0053-0704-0019 
0053-0704-0020 
0053 - 0704 - 0021 
0053-0704-0022 
0053-0704-0023 
0053-0704-0024 
HRG940202Z 
HRG-568 
HUD910522G 
HUD900611G 
DOE-19-94-0495-0000 
HRG940202Z 
HUD910222Y 
DOE-19-94-0494-0000 
HRG940202Z 
HUD910222Y 
0053 -413 0- 0000 
HUDaa0701K 
DOE-19-04-0411-0000 

........... ~, 

STAT-DAT NRS 

12/28/94 6Y 
03/15/95 6Y 
04/29/94 6Y 
04/29/94 6Y 
01/01/73 7L 
09/22/72 1S 
01/01/72 IS 

10/09/02 6U 
10/09/02 6U 
10/09/02 6U 
10/09/02 6U 

5D2 
502 
502 
5D2 
502 
502 
502 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
502 
502 
5D2 
5D2 
5D2 
502 
5D2 

09/30/94 6Y 
09/30/94 6Y 
06/12/91 6Y 
07/13/90 6'1' 
09/30/94 6'1' 
09/30/94 6Y 
03/07/91 6Y 
09/30/94 6Y 

09/30/94 6Y 
03/07/91 7J 

7R 
07/27/68 6Y 
11/03/04 6Y 

CRIT 

00 
o 

""'" C') 
t--
o 
o 
0::: « 
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PROPERTY-NUMBER PRrV~Y-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

* 

116250 

120789 

080053 
022013. 
022019 
023341 

19-1744:\.9 
19-158040 
19-168046 
19-169363 + 023307' 19-169331 

065267 
022598 

064998 
022554 
022555 
022557 
022558 
022559 
022561 
022562 
022564 
022566 
022567 
022569 
022570 
022571 
022572 
022573 
022574 
022575 
022576 
(l22577 
022578 
022579 
022580 
022582 
022584 

022585 
02258.6 
022587 
022566 
022589 
022·590 
022591 
022592 
022593 
022594 
022595 
0225% 
022597 
066195 

11n57 

094501 

19-173480 
19-168623 
19-173446 

19-168579 
19-168580 
19-168582 
19-168583 
19-168584 
19-168586 
19-168587 
19-168589 
19-168591 
19-168592 
19-168594 
19-168595 
13-168596 
19-168597 
19-168598 
19-168599 
19-168600 
19-168601 
19-168602 
19-168603 
19-168604 
19-166605 
19-168607 
19-158509 

19-168610 
19.-168611 
19-168612 
19-168613 
19-168614 
19-168615 
19-168616 
19-168617 
19-168618 
19-168619 
19-168620 
19-168621 
19-168622 
19-173608 

19-175083 

584 N IRVING BLVD 

161 N ISLAND AVE 

1605 N IVAR AVE 
1623 N IVAR AVE 
1641 N IVAR AVE 
1650 N IVAR AVE 
1714 N IVAR AVE 

4638 N IVAR AVE 
N JUNE ST 

710 N JUNE ST 
1200 N JUNE ST 
1201 N JUNE ST 
1207 N JUNE ST 
1208 N JUNE ST 
1214 N JUNE ST 
1219 N JUNE ST 
1220 N JUNE ST 
1224 N JUNE ST 
1227 N JUNE ST 
1230 N JUNE ST 
1232 N JUNE ST 
1234 N JU'NE ST 
1235 N JlJNE ST 
1240 N .lONE ST 
1241 N JUlv"E ST 
1243 N JUNE ST 
1244 N JUNE ST 
1250 N JUNE ST 
1254 N JUNE 8T 
1259 N JUNE ST 
1300 N JUNE ST 
1301 N JUNE ST 
1306 N JUNE ST 
1307 N JUNE ST 

1310 N JUNE ST 
1314 N JUNE ST 
1318 N JUNE ST 
1322 N JUNE ST 
1323 N JUNE ST 
1324 N JlJNE ST 
1325 N JUNE ST 
1330 N JUNE ST 
1331 N JUNE S'l' 
1334 N JUNE ST 
1334 N JUNE ST 
1335 N JUNE ST 
1340 N JUNE ST 

245 N KEN!10RE AVE 
524 N KENMORE AVE 

1121 N KEN!10RE AVE 

HARBOR STEAM PLANT 

IVAR THEA'rER 
HOLLYWOOD BRANCH LIBRARY 
GAS CO, USO CLUB 
I HAGNIN " COMPANY, PLATO'S RETREA 
HOLLYWOOD KNICKERBOCKER HOTEL 

RESIDENCE 
N JUNE ST, 1200-1300 BLOCKS 

APARTMENT REHABILITATION 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS Aij.i3ELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

P 

M 

U 

M 

P 

P 
P 

U 

P 

U 
P 

P 
P 
P 
P 

P 
P 
P 

P 
P 

P 
P 

P 

P 
P 
P 

P 
P 
P 

P 
P 
P 
P 
P 

p 

P 

P 
P 

P 
P 

P 
p 

P 
P 
P 

P 
P 

U 
P 

p 

PROJ,REVW. 
1923 HrST.RES. 

FCC041004H 
OOE-19-96-0170 0000 

PROJ.REVW. HUD960801E 
1941 firST.RES. DOE~19-99~0208-0000 

PROJ.REVW. BUR981221A 
1933 
1922 
1936 
1927 
In3 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
PROJ.REVW. 

1913 HIST. SURV. 
PROJ.REVW. 

1916 HIST.SURV. 
1916 HIST.SURV. 
1920 HIST.SURV. 
1919 HIST.SURV. 
1915 HIBT.SURV. 
1914 HIST.SURV. 
1915 HIST.SURV. 
1914 HIST. SURV. 
1915 HIST.SURV. 
1914 RIST.SURV. 
1925 HIST.BURV. 
1916 HIST.SURV. 
1914 HIST.SURV. 
1929 HIST.SURV. 
1927 HIST.SURV. 
1915 HIST.SURV. 
1914 .. HIST.SURV. 
1915 HIST. SURV. 
1913 HIST. SURV, 
1915 HIST.SURV. 
1920 HIST.SURV. 
1917 HrST .SURV. 
1921 HIST.SURV. 
1921 HIST.SURV. 

HIST.SURV. 
1917 HIST. SURV. 
1921 HIST.SURV. 
1917 HIST.SURV. 
1917 HIST. SURV. 
1921 HIST.SURV. 
1918 HIST. SURV. 
1918 HtST.SURV. 
1921 HIST. SURV. 
1921 HI8T.SURV. 
1921 HI.ST . SURV . 
1921 HIST.SURV. 
1921 HIST.SURV. 
1948 HIST.SURV. 

PROJ.REVW. 
1922 HIST .RES. 

PROJ.REVW. 
1927 PROJ.REVW. 

HUD930114E 
0053-0663-0000 
0053-0669-0000 
0053-0823~0000 

0053-4680-0005 
0053-0810-0000 
HUDB70702H 
0053-0717-9999 
HUD86111BF 
0053-0717-0001 
0053-0717-0002 
0053-0717-0004 
0053-0717-0005 
0053-0717-0006 
0053-0717-0008 
0053-0717-0009 
0053-071 7-0011 
0053-0717-0013 
0053-0717-0014 
0053-0717-0016 
0053-0717-0017 
0053-0717-001B 
0053-0717-0019 
0053-0717-0020 
0053-0717-0021 
0053-0717-0022 
0053-0717-0023 
0053-0717-0024 
0053-0717-0025 
0053-0717-0026 
0053-0717-0027 
0053-0717-0029 
0053-0717-0031 
0053-0717-0030 
0053-0717-0032 
0053-0717- 0033 
0053-0717-0034 
0053-0717-0035 
0053-0717-0036 
0053-0117-0037 
0053-0717-0038 
0053-0717-0039 
0053-0717-0040 
0053-0717-0041 
0053-0717-0042 
0053-0717-0043 
0053-0717-0044 
HUD87120n 
DOE-19-95-0256-0000 
HUD950nlD 
HUD950126F 

C'""""~'" 

STAT-DAT NRS CRIT 

11/03/04 6Y 
02/01/96 6U 
02/01/96 6U 
01/27/99 2S2 AC 
01/27/99 2S2 AC 
02/09/93 7K 

582 
7R 
38 

04/04/85 ID C 
3S 

07/30/87 

12/18/86 

01/04/88 
09/21/95 
09/21/95 
02/16/95 

6Y 
582 

6'{ 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5Dl 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
5D2 

5D2 
5D2 
5D2 
5D2 
5D2 
5D2 
6Y 
2S2 C 
2S2 C 
6Y 

0) 
o 

""'" ('I') 
I"--
o 
o 
0::: « 
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PROPERTY-NUMBER PRlMARY-# STREET.ADDRESS ............. NAMES ............................ , CITY,NAME ..... ," OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

~ 

~ 

~ 
~ 

*' ~ '*-
~ 
~ 
+
~ 
'*z 
~ 
~ 

098057 19-175450 

083316 19-174541 
095166 19-175097 
021128 19-167183 

023224 
023225 
021030 

023226 

023227 
065537 

065534 

065535 

027393 
127529 

19-169248 
19-169249 
19-167089 

19-169250 
19-169251 
19-173517 

19-173514 

19-173515 

19-173321 

024101 19-170123 
13 8427 

098065 19-175456 

023258 19-169282 
023257 19-169281 
023256 19-169280 
022008 ~9-16a035 

02200'7' 19-168034 
022006' 19-168033 
116352 . 

t 021448 

+ 021311 

19-167482 
19-167345 

-r 021313. 19-167347 + 021314· 19-167348 
-t- 021315· 19-167349 
+ a213l8. 19-167352 
-r- 021319 19-167353 
~ 021321. 19-167355 

I 021323· 
-,-- 021322 . 

19-167357 
19-167356 
19-167358 
19-167359 

:t- 021324 +. 021325· 
-+-
+ + 
+ 
+ 

02133~. 19-167364 
021326· 19-167360 
021329 19-167363 
021327· 19-167361 
021328 ·19-167362 
025628 19-171617 

073718 
021045 
025584 

19-174100 
19-167103 
19-171573 

1726 N KE~~ORE AVE 

100 N KERN AVE 
219 N KERN AVE 
833 N KINGS RD 

1359 N LA BREA AVE 
1401 N LA BREA AVE 
1416 N LA BREA AVE 

1617 N LA BREA AVE 
1627 N LA BREA AVE 
1825 N LA BREA AVE 

2003 N LA BREA TERRACE 

2003 N LA BREA TERRACE 

123 N LAKE ST 
227 N LAKE ST 

523 N LAKE ST 
230 N LARCHMONT BLVD 

929 N LAS PALMAS AVE 

1128 N LAS PALMAS AVE 
1161 N LAS PALMAS AVE 
1445 N LAS PAk~S AVE 
1601 N LAS PALMAS AVE 
1608 N LAS PALMAS AVE 
1618 N LAS PALMAS AVE 
1714 N LAS PAU<!AS AVE 

1914 N LAS PALMAS AVE 
2000 N LAS PALMAS AVE 
2002 N LAS PAL!<!AS AVE 
2006 N LAS PALMAS AVE 
2008 N LAS PALMAS AVE 
2014 N LAS PALMAS AVE 
2020 N LAS PAL]\lAS AVE 
2026 N LAS PAk~S AVE 
2032 N LAS PALMAS AVE 
2034 N LAS PAL~~S AVE 
2038 N LAS PA~~S AVE 
2040 N LAS PALMAS AVE 
2042 N LAS PALl1AS AVE 
2049 N LAS PALMAS AVE 
2050 N LAS PALMAS AVE 
2055 N LAS PALMAS AVE 
2057 N LAS PALMAS AVE 

425 N LOS ANGELES ST 

431 N LOS ANGELES ST 
516 N LOS ANGELES ST 
518 N LOS ANGELES ST 

LOS ANGELES 

100-300 BLOCK OF NORTH KERN AVENUE LOS ANGELES 
LOS ANGELES 

SCHINDLER HOUSE LOS ANG~LES 

PLAYHOUSE PICTURES 
LOS ANGELES 
LOS ANGELES 

CHARLES CHAPLIN FILM STUDIO, A & M LOS ANGELES 

LOS ANGELES 
TROUPERS LOS ANGELES 
HARRY GORDON RES LOS ANGELES 

ATKINSON/FARNUM/SWAIN RES LOS ANGELES 

DURFEE RESIDENCE LOS ANGELES 

GRACE TABERNACLE, WORLD WIDE CHR C LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

H. H. BANCROFT MIDDLE SCHOOL-HEATI LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

THE WRITERS CLUB, LAS PALMAS THEAT LOS ANGELES 
PATCH MONUMENT CO LOS ANGELES 

LOS ANGELES 
UNS BLDG LOS ANGELES 

LOS ANGELES 

JOHN THOMAS/EDWIN MEYER HOME 

PAUL KELLY / KETTI FRINGS HOME 

TURNER BUILDING 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LUGO ADOBE SITE LOS ANGELES 
LUGO HOUSE SITE, FATHER SERRA PARK LOS ANGELES 

M 

u 

P 

P 

P 
P 

P 

P 
P 

P 

P 

P 

P 
P 

o 

P 
P 
P 
p 

p 

p 

P 

p 
p 

P 

P 

P 
p 

P 

P 

P 
P 
P 

P 
P 
P 
P 

P 
P 

S 

P 
S 

M 

1921 EIST . RES . DOE-19-94-0041-0000 
PROJ.REVW. HRG940202Z 
PROJ.REVW. HUD891231j 

1920 PROJ.REVW. HUD940114C 
1921 FED.FND.FR 629.0-79-HPF-19-01 

HIST.BURV. 0053-0244-0000 
1913 HIST.SURV. 
1920 HIST.SURV. 
1917 HIST.SURV. 

HIST.RES. 
1906 HIST.SURV. 
1907 EIST.SURV. 
1904 HIST.RES. 

PROJ.REVW. 
1911 HIST. RES. 

PROJ.REVW. 
1911 HIST.RES. 

PROJ.REVW. 
1927 mST. SURV. 
1949 HIST.RES. 

1914 
1925 

1929 

1924 
1939 
1905 
1916 
1916 
1931 
1938 

1919 
1922 
1920 
1927 
1921 
1921 
1940 
1924 
1926 
1925 
1924 
1921 
1921 
1913 
1933 
1929 
1929 
1895 

PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
EIST.RES. 
PROJ.REVW. 
IUST.SURV. 
HIST.SURV. 
EIST.SURV. 
HIST.SURV. 
HIST.8URV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST,RES. 
EIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
TAX. (NPS) 
HIST.SURV. 

o TAX.CERT. 
1835 HIST.SURV. 

EIST.SURV. 

0053-0741-0000 
0053-0742-0000 
0053-0210-0000 
SPHI-LAN-D06 
0053-0743-0000 
0053-0744-0000 
DOE-19-8S-0002-0000 
UMTA881025A 
OOE-19-88-0003-0000 
UMTA881025A 
ooE-19-88-0004-0000 
UMTA881025A 
0053-4661-0000 
008-19-01-0075-0000 
HUDOI0201B 
0053-1562-0000 
ooE-19-03·0085-0000 
FCC030304A 
ooE-19-94-0054-0000 
HRG940202Z 
0053-0775-0000 
0053-0774-0000 
0053-0773-0000 
0053-0658-0000 
0053-0657-0000 
0053-0656-0000 
DDE-19-96-0265-0000 
HUD970203Z 
NPS-820021S9-0166 
NPS-82002189-0029 
NPS-82002169-0031 
NPS-82002189-0032 
NPS-82002189-0033 
NPS-82002189-0036 
NPS-82002189-0037 
NPS-82002189-0D39 
NPS-82002189-0D41 
NPS-82002189- 0040 
NPS-82002189-0042 
NPS-82002189-0043 
NPS-B2002189-0048 
NP8-S2002189-0044, 
NPS-S2002189-0047 
NPS-82002189-0045 
NPS-8J002189-0046 
042184CA 
0053 -3032 - 0000 
537.9-19-0126 
0053-0226-0000 
0053-2988-0000 

STAT-DAT NRS 

07/01/94 6L 
07/01/94 6Y 
08/06/93 6Y 
03/30/94 6Y 

01/01/79 7L 
01/01/71 IS 

7R 
7R 

. 3S 
06/06/69 7L 

7R 

7N 
11/16/88 6Y 
11/15/88' 6Y 
11/16/88 282 

11/16/88 2S2 
11/16/96 282 
11/16/BB 282 

7N 
01/31/01 6Y 
01/31/01 6Y 

5S2 
03/17/03 
03/17/03 
08/15/94 
08/15/94 

07/31/96 
07/31/96 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
OS/19/82 
08/19/82 
08/19/S2 
08/19/S2 
08/19/82 
08/19/82 
08/19/82 
08/19/82 
08/19/62 
06/19/82 
12/19/84 

03/25/86 

6Y 
6Y 
6Y 
6Y 
7N 
7R 

5S2 
5S2 
582 
3S 
6U 
6U 
10 

10 
1D 
10 

10 

1D 

1D 

10 
10 

ID 
10 
10 
10 

10 

ID 
ID 
ID 
6X 
7R 

6X 
7R 

7R 

CRIT 

C 

C 

C 

C 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

AC 
AC 

AC 
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PROPERTY-WJMEER PRIMARY-# STREET ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OliP-PROG .. PRG-REFERENCE-NUMBER 

026934 19-172914 

026935 19-172915 
026936 19-172916 
026937 19-172917 
026938 19-17291B 
097841 19-175323 

100849 19-176287 

100848 19-176286 

100415 19-176016 

023250 
023251 
023253 
023252 

19-169274 
19-169275 
19-169277 
19-169276 

023254. 19~169278 

023255· 19-169279 
100416 19-176017 

'*' + 02467,0 . ,l9-170691 
~ + 021564. 19-167592 

'* + 021565. 19-167593 '* -+ 021517. 19-167548 

021566 . 19-167594 

"*- +- 021037. 19-167095 

162441 
127575 

066080 19-173561 
024116 19-170138 
024117 19-170139 
024116 19-170140 
024119 19-170141 
024120 19-170142 
024121 19-170143 
024122 19-170144 
024123 19-170145 
024124 19-170146 
064899 19-173430 

2600 N VERMO~7 AVE 

2656 N VERMO~7 AVE 
2666 N VERMO~7 AVE 
2672 N VERMONT AVE 
2674 N VERMO~7 AVE 

955 N VINE ST 

955 N VINE ST 

955 N VINE ST 

1057 N VINE SY 

1161 N VINE ST 
1201 N VINE SY 

1236 N VINE ST 
1241 N VINE BT 

1313 N VINE ST 
1330 N VINE ST 
1615 N' VINe ST 

1628 N VINE ST 
1632 N VINE ST 

1633 N VINE ST 

1680 N VINE ST 

1717 N VINE BT 

1735 N VINE ST 

1125 N VIRGIL AVE 
959 N VISTA ST 

703 N WATERLOO ST 
816 N ~IATERLOO BT 
817 N WATERLOO SY 
823 N WATERLOO ST 
848 N WATERLOO ST 
852 N WATERLOO BT 

1107 N WATERLOO ST 
1125 N WATERLOO BT 

1346 N WATERLOO BT 

1652 N WATERLOO ST 
242 N WESTERN AVE 

FITZSIMMONS / THRIFTIMART LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

VINE STREET ELEMENTARY SCHOOL LOS ANGELES 

VINE STREET ELEMENTARY SCHOOL-AUOI LOS ANGELES 

VINE STREET ELEMENTARY SCHOOL-MAIN LOS ANGELES 

HOLLYWOOD SHELTER LOS ANGELES 

LOS ANGELES 
FIRST METHODIST CHURCH, SOUTH, HOL LOS ANGELES 
r~ARIN MARKET, HOLLYWOOD RANCH M LOS ANGELES 
VILLA ELAINE LOS ANGELES 

MUTUAL DON LEE BROADCASTING STUDIO LOS ANGELES 
LOS ANGELES 

DOOLITTLE THEATER / VINE THEATER, LOS ANGELES 

HOLLYWOOD BROWN DERBY LOS ANGELES 
LOS ANGELES 

HOLLYWOOD PLAZA HOTEL LOS ANGELES 

TAFT BUILDING LOS ANGELES 

ONTRA CAFETERIA / D~AL BLDG / OL LOS ANGELES 

HOLLYWOOD PLAYHOUSE, HOLLYWOOD VAR LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

DALTON APARTMENTS/SAN MARCOS HOTEL LOS ANGELES 

M 

P 

P 

P 
P 
D 

D 

D 

p 

p 

p 

P 
P 

P 

P 

P 

P 
P 

P 

P 

P 

p 

u 
p 

p 

P 
P 

P 

P 
P 

P 

P 
P 

PROJ.REVW. HRG940202Z 
HrST.RES. DOE-19-86-0058-0000 
PROJ.REVW. UMTA860911H 

1931 HrST.RES. DO£-19-94-0483-0000 
PROJ.REVW. HRG940202Z 
HIST.SURV. 0053-4260-0000 

1907 HIST.SURV. 0053-4261-0000 
1900 HIST.SURV. 0053-4262-0000 
1900 HIST.SURV. 0053-4263-0000 
1900 HIST.SURV. 0053-4264-0000 
1922 HIST.RES. DO£-19-94-0562-9999 

PROJ.REVW. HRG940202Z 
1922 HIST.RES. DOE-19-94-0562-0002 

PROJ.REVW. HRG940202Z 
1922 HIST.RES. DOE-19-94-0562-0001 

PROJ.REVW. HRG940202Z 
1915 HIST.RES. DO£-19-95-0144-0000 

PROJ.REVW. HRG940202Z 
1928 
1928 
1928 
1925 

HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
MIST.RES. 
PROJ.RBVW. 
HIST.SURV. 

1947 HIST.SURV. 
1930 HIST.SURV. 
1926 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 

1928 HIST.SURV. 
1928 HlST.SURV. 

HIST.SURV. 
1924 HIST. SURV. 

HIST.SURV. 
1923 HIST. SURV. 

HIST.SURV. 
PROJ.REVW. 
HIST.RES. 

1925 HrST.SURV. 

0053-0767-0000 
0053-0768-0000 
0053-0770-0000 
DOE-19-95-0255-0000 
HUD950921C 
0053-0769-0000 
0053-0771-0000 
0053-0772-0000 
ooE-19-95-0145-0000 
HRG940202Z 
0053-0452-0000 
0053-4680-0056 
0053-4680-0057 
0053-0454-0000 
0053-4680-0055 
0053-0455-0000 
0053-4680-0058 
0053-0407-0000 
HUD 
DO£-19-80-0004-0000 
0053-4680-0060 

HIST.SURV. 0053-0456-0000 
1926 HIST.SURV. 

HIST.SURV. 
1906 PROJ.REVW. 
1922 HrST.RES. 

PROJ.REVW. 
PROJ.REVW. 

1898 HIST.SURV. 
1907 HIST.SURV. 
1905 HIST.SURV. 
1905 HIST.SURV. 
1905 HIST.SURV. 
1910 HIST.SURV. 
1901 HIST.SURV. 
1913 HIST. SURV. 
1912 HIST.SURV. 
1928 PROJ .REVW. 

0053-4680-0003 
0053-0218-0000 
HUD060501M 
DOE-19-01-0123-0000 
HUD01020lB 
HUD890331U 
0053-1577-0000 
0053-1578-0000 
0053-1579-0000 
0053-1580-0000 
0053-1581-0000 
0053-1582-0000 
0053-1583-0000 
0053-1584-0000 
0053-1585-0000 
UMTA86091lY 

STAT-D/IT MRS 

04/01/94 2S2 
09/12/86 2S2 
09/12/86 2S2 
08/08/94 5S2 
08/08/94 5S2 

582 
3S 
3S 

.' 38 

3S 
08/15/94 2S2 
08/15/94 2S2 
08/15/94 2DZ 
08/15/94 2D2 
08/15/94 202 
08/15/94 2D2 
03/16/95 6Y 
03/16/95 6Y 

09/21/95 
09/21/95 

7N 
3S 
7N 
6Y 
6Y 
7N 
7N 
7N 

02/22/95 6Y 
02/22/95 6Y 

CRIT 

C 

C 

C 

38 
04/04/85 10 C 
04/04/85 10 C 

5S2 
04/04/85 10 C 

3S 
04/04/85 ID C 

3S 
12/17/80 2D C 
12/17/80 2D C 
04/04/85 6X 

5S2 
04/04/85 10 C 

38 
06/01/06 6U 
01/31/01 6Y 
01/31/01 6Y 
08/29/89 6Y 

7N 
5S2 
5S2 

5S2 

5S2 
5S2 
5S2 

5S2 
5S2 

09/12/86 7J 
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PROPERTY-NUMBER PRIMARY-# STREET.ADDRESS............. NAMES............................. CITY.NAME........ OWN YR-C OHP-PROG.. PRG-REFERENCE-NUMBER 

064888 19-173420 

086579 19-174849 
086580 19-174850 
064887 19-173419 

021630 19-167857 
100340 19-175986 

116283 

100342 19-175987 

098262 19-175594 

097013 19-175191 

024084 19-170106 
024085 19-170107 
119439 

11.9440 

100649 19-176196 

021038 19-167096 
022426 19-168451 
022017. ~9-168044 

02201'5. 19-158042 
022023. 19-168050 * -\-.022024. 19-168051 

022012,19-168039 
116382. 

022014 19-168041 
023317 19-159341 
065192 19-173468 
023273 ·19-169297 
021797 19-167824 
098271 19-175602 

095713 19-175115 
145917 

131130 

021250 19-157290 
19-166307 

253 N WESTERN AVE 

1000 N WESTERN AVE 
1100 N WESTERN AVE 
1101 N WESTE~~ AVE 

1528 N ~IESTER.'J AVE 
1545 N WESTE~'J -'WE 

1650 N WESTEfu~ AVE 

1658 N WESTE~'J AVE 

1661 N WESTER.'J AVE 

1671 N WESTEfu'J AVE 

560 N WESTLAKE A\~ 
561 N WESTLAKE AVE 
118 N WESTMORELAND AVE 

124 N WESTMORELk'JD AVE 

1153 N ~IESTMORELA.'ID AVE 

.717 N WILCOX AVE 

i277 N WILCOX AVE 
1521 N WILCOX AVE 
154~ N WILCOX AVE 
1545 N WILCOX AVE 
1615 N WILCOX AVE 

1622 N NILCOX AVE 
1624 N WILCOX AVE 

1647 N NILCOX AVE 
1603 N WILCOX AVE 
1835 N WILCOX AVE 
1300 N WILTON PL 
1508 N NILTON PL 

437 N WINDSOR BL\iO 

1644 N WINONA BLVD 
2306 NAma AVE 

4224 N.l<OMI AVE 

2330 NAOMI ST 

098102 19-175483 18445 NAPA ST 

125281 11261 NATIONAL BLVD 

074141 19-174128 5020 NAVARRO ST 

SECURITY PACIFIC NATIONAL BANK 

SECURITY FIRST NATIONAL BANK 

ROGER THE PLUMBER 

CHILDREN'S BOSPITAL~UAP BUILDING 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

EGYPTIAN STYLED APARTMENTS LOS ANGELES 
LOS ANGELES 

HOTEL HOLLYWOOD WILCOX LOS ANGELES 
LOS ANGELES 

HOLLYWOOD CITIZEN NEWS BUILDING LOS ANGELES 
U. S. POST OFFICE, HOLLYWOOD STATI LOS ANGELES 

r".ARK TWAIN HOTEL, HOTEL MARK TWAIN LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
]"oS ANGELE S 

RESIDENCE LOS ANGELES 
LOS ANGELES 

TEMPLE BETH EL, LOS ANGELES KOREAN LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LA PUBLIC LIBRARY BRANCHES, HELEN LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 

P 
U 

P 

P 
P 

P 

I? 

M 

p 

p 

p 
p 

p 

P 

P 
P 
P 
P 

P 
F 

p 

P 

P 

P 
U 

P 
P 
M 

p 

P 

M 

M 

P 

u 

1925 HIST.RES. DOE-19-86-0040-0000 
PROJ.REVW. UMTA860911F 

1940 HIST,SURV, 
1919 HIST.SURV. 
1923 HIST,RES, 

PROJ.REVW, 
1921 HIST.SURV. 
1922 HIST,RES. 

0053-4854-0000 
0053-4855-0000 
DOE-19-86-0039 0000 
UMTA860911E 
0053-0615-0000 
DOE-19-95-0103~0000 

PROJ.REVW. HRG940202Z 
1916 HIST,RES, DOE-19-96-0197-0000 

PROJ.REVW. HUD960801E 
1928 HIST.RES. 

PROJ,REVW, 
1919 MIST.RES. 

PROJ.REVW. 
1923 TAX,CERT, 

OOE-19-95-010~-OOOO 

HRG940202Z 
DOE-19-94-019~-QOOO 

HRG940202Z 
537.9-19-0350 

1900 
1922 
1926 

1926 

1930 

PROJ.REVW, HUD950630AA 
MIST.SURV. 0053-1545-0000 
BIST.SURV. 0053-1546-0000 
MIST,RES, OOE-19-95-034~-0000 

PROJ.REVW.' HUD950B23Q 
HIST,RES, OOE-19-95-0345-0000 
PROJ.REVW. HUD950823Q 
HIST.RES. OOE-19-99-0229~0000 

PROJ.REVW. FEMA990714H 
HIST.RES. DOE-19-95-0147-0000 
PROJ.REVW. HRG940202Z 

1928 
1919 
1926 
1925 
1930 
1935 

1923 
1939 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
BlST,RES. 
HIST.SURV. 
HIST.SURV. 
HlST.RES. 
PROJ,REVW. 

1929 HIST.SURV, 
1925 BlST. SURV. 

PROJ,REVW, 
1928 HIST.SURV. 
1923 HIST, SURV. 
1922 HIST .RES. 

PROJ.REVW. 
1927 PROJ.REVW. 
1926 HIST,RES. 

PROJ.REVW. 
1909 BrST ,RES. 

PROJ.REVW, 
1925 HIST .RES. 

0053-0219-0000 
0053-0710-0019 
0053-0667-0000 
0053-0665-0000 
0053-0573-0000 
NPS-85000130-QOOO 
0053-0674-0000 

0053-0662-0000 
OOE-19-96-0297-0000 
HUD970203Z 
0053-0664-000C 
005~-081S-000C 

HUD870511D 
0053-0790-000C 
0053-0603-0000 
DOE-19-94-0208-0000 
HRG940202Z 
HUD950406W 
OOE-19-03-0365-0000 
HUD0301D3G 
OOE-1.9-02-0204-00PO 
H1JD020402AG 
NPS-87001011-0000 

1922 PROJ.REVW, HRG940202Z 
HIST.RES. HRG~618 

1949 HIST,RES. OOE-19-00-0098-0000 
PROJ.REVW. FHWA000623B 

1911 PROJ,REVW. HL~911113B 

8TAT-DAT NR8 

09/11/86 2S2 
09(11/86 282 
06/01/92 6Z 

06/01/92 6!.. 

09/11/86 282 
09/11/86 282 

582 
02/08/95 6Y 
02/08/95. 6Y 
02/07/96 6U 
02/07/96 6U 
02/08/95 6Y 
02/08/95 6Y 
07/01/94· 6Y 
07/01/94 6Y 

7J 
07/20/95 6Y 

5S2 
5S2 

OS/23/95 
08/23/95 
08/23/95 
08/23/95 
07/14/.99 
07/14/99 
06/30/95 
06/30/95 

01/11/85 
01/11/65 

07/31/96 
07/31/96 

6U 
6U 
6U 
6U 
6Y 
6Y 
2S2 
282 
3S 
502 
582 
5S2 
38 
IS 
IS 
7R 
6U 
6U 
7R 
3S 

06/08/87 6Y 
7N 
38 

07/01/94 6Y 
07/01/94 6Y 
04/27/95 6Y 
01/31/03 6U 
01/31/03 GU 
04/02/02 6Y 
04/02/02 6Y 
05/19/87 18 

09/30/94 6Y 
09/30/94 6Y 
07/19/00 6Y 
07/19/00 6Y 
11/26/91 6Y 

CRlT 

C 

C 

C 
C 

A 

A 

AC 

N 
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PROPERTY-}mMBER PRIMARY-U STREET.ADDRESS ............. NAMES ............................. CITy.NAME ........ OWN ¥R-C OHP-PROG .. PRG-REFERENCE-NUMBER 

064768 19-173367 

025546 19-171535 
19-164464 

077108 19-174304 
19-164453 

077109 19-174305 
077111 19-174306 
077113 19-174307 

19-154451 
077116 19-174308 

19·164450 
077118 19-174309 

19 -16444 9 

077120 19-174310 
19-165177 

025545 19-171534 
19-164454 

022011 ·19-168038 

+ 022010' 19-168037 

022009 19-168036 

119507 

125156 

024147 
024710 
024711 
024712 
024713 
024714 
021275 
146099 

021945 
I T 021932 

-f- 021931 

19-170169 
19-170730 
19-170731 
19-170732 
19-170733 
19-170734 
19-167312 

19-167972 
19-157959 

19-167958 

+ 021928 19-167955 

+. 021930 19--167957 

2342 SCARFF ST 

2342 SCARFF ST 

2343 SCARFF ST 

2345 SCA.1<.FF ST 
2355 SCARFF ST 
2361 SCARFF ST 

2365 SCARFF ST 

2375 SCARFF ST 

2 3 77 SCARFF ST 

2341 SCARFF ST 

1542 SCHR~ER BLVD 

1553 SCHRADER BLVD 

1611 SCHRADER BLVD 

1616 SCHRADER BLVD 

2119 SCOTT AVE 

2120 SCOTT AVE 
4114 SEA VIEW LANE 
4163 SEA VIEW LANE 
4234 SEA VIEW LANE 
4252 SEA VIEW LANE 
4260 SEA VIEW LP~E 

333 SEASIDE AVE 
1650 SELBY AVE 

SELMA AVE 
6043 SELMA AVE 

6054 SEL~'lA AVE 

6057 SELMA AVE 

6060 SEL.'VJA AVE 

RESIDENCE LOS ANGELES 

BETTIE MEAD AND MARGARET CREIGHTON LOS ANGELES 

ALBERMARLE APARTMENTS 

TOLHURST HOUSE 

FREEMAN G TEED HOUSE 

CHALET APARTMENTS 

EDWIN C HODGMAN HOUSE 

MACHELL / SEAMAN / FOSHAY HOUSE 

HOLLYWOOD YMCA 

THE MANSON 

BIRTCHER-SHARE HOUSE 

TERMINAL SCHOOL 
EMERSON MIDDLE SCHOOL 

6000 BLOCK SELMA AVENUE 
SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

U 

P 

P 

p 

P 
P 

P 

p 

P 

P 

p 

p 

p 

p 

y 

P 
p 

p 

P 

P 
P 

C 
M 

P 

P 

P 

p 

F 

PROJ.REVW. HUD860725Z 
HIST.RES. 
PROJ.REVW. 

1896 HIST.RES. 
HIST.SURV. 

DOE-19-86-0099-0000 
HUD860725a 
NPS-91001387-0011 
0053-2955-0000 

MIST.RES. ooE-19-86-0021-0000 
PROJ.REVW. HUD860725a 

1903 HIST.RES. NPS-91001387-0019 

1930 HIST.RES. NPS-91001387-0020 
1965 HIST.RES. NPS-91001387-D021 
1891 HIST.RES. NPS-91001387-0022 

1893 HIST.RES. NPS-91001387-0023 

1913 HIST.RES. NPS-91001387-0024 

1889 HrST.RES. NPS-91001387-0025 
HIST.SURV. 0053-4712-0025 
HIST.SURV. 0053-2954-0000 

1929 HIST.RES. DOE-19-98-0263-0000 
PROJ.REVW. HUD9B1125Z 
HIST.SURV. 0053-0661-0000 

1922 HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST_SURV_ 

1924 HIST . RES . 
PROJ.REVW. 
HIST.SURV_ 
HIST.RES. 
PROJ.REVW. 

1906 HIST.RES. 

1912 
1966 
1910 
1942 
1953 
1951 
1904 
1940 

1911 
1914 

1912 

PROJ.REVW. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RBS. 
PROJ.REVW. 
HIST.SURV. 
HIST_RES. 

PROJ.REVW. 
HIST.8URV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1925 HIST. RES. 
PROJ.REVW. 
HIST.SURV. 

1911 mST. RES. 

ooE-13-38-0262-0000 
HUD981125Z 
DOE-19-91-0017 0000 
HUD911104I 
0053-0660-0000 
ooE-19-98-0264-0000 
HUD981125Z 
0053-0659-0000 
ooE-19-98-0265-0000 
HUD981125Z 
DOE-19-98-0340-0000 
HUD980a03 I 
0053-1608-0000 
0053-2178-0000 
0053-2179-0000 
0053-2180-0000 
0053-2181-0000 
0053-2182-0000 
0053-0349-0000 
DOE-19-04-0017·0000 
FBMA031024A 
0053-0642-9999 
008-19-94-0447-0032 
HRG940202Z 
0053-0642-0005 
DOE-19-94-0447-0033 
HRG940202Z 
0053-0642-0004 
DOE-19-94-0447-0034 
HRG940202Z 
0053-0642-0001 
DOE-19-94-0447-0035 

STAT-DAT NRS 

08/01/B6 2S2 
oa/Ol/B6 282 
08/01/86 282 
09/27/91 10 

7R 
08/01/86 282 
08/01/86 282 
09/27! 91 lD 

09/27/9i 6X 
09/27/91 6X 
09/27/91 ID 

09/27/91 ID 

09/27/91 10 

12/20/95 ID 
09/27/91 lD 

06/23/88 18 

12/02/98 6Y 
12/02/98 6Y 

582 

CRIT 

C 
C 

C 

C 

C 
C 

ABC 

C 

C 

C 

c 
C 

12/02/98 
12/02/98 
11/20/91 
11/20/91 

2S2 AC 
282 AC 
2S2 AC 
2S2 AC 
3S 

12/02/98 
12/02/98 

12/02198 
12/02/99 
08/03/98 
08/03/98 

03/16/04 
03/16/04 

07/01/94 
07/01/94 

07/01/94 
07/01/94 

6Y 
6Y 
5S2 
6Y 
6Y 

6Y 
6Y 
552 
7R 
7N 
7R 
7R 
7R 
7R 
2$2 

282 
3S 
2D2 
2D2 

3D 
2D2 

2D2 
3D 

07/01/94 2D2 
07101/94 2D2 

3D 
07/01/94 2D2 

C 

C 

('I') 

"" 
""'" ('I') 
I'--
o 
o 
0::: « 
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PROPERTY-WJMBER PRI~ARY-# STREET.ADDRESS ............. NAMES ............................. CITY. NAME. .... OWN YR-C OHP PROG .. PRG-REFERENCE-~roMBER 

-{-'021938 19-167965 

+- 021929 19-167956 

+ 021939 19 ·167966 

+- 021937' 19-167964 

+ 02194{) 19-167967 

+ 

-t-

1-

+ 
+ 
+ 

+-
-t--

+ 

02193~ 19-167963 

021941 19-167968 

021935 19-167962 

100949 19-176337 

021942 19-167969 

021934 19-167961 

021943 19-167970 

021933 19-167960 

021944 19-167971 

0250)0 
098180 

021494 
022003 
022004 
022002 
022045 
022001 
022022 
021997 
021996 
069789 

19-171034 
19-175552 

19"167525 
19-168030 
19-168031 
19"168029 
19-168072 
19-168028 
19-158049 
19-168024 
19-168023 
19-173861 

6063 SELMA AVE 

6064 SELMA AVE 

6065 SELr1A AVE 

6070 SELVIA AVE 

6071 SELVIA AVE 

6074 SELVIA AVE 

6077 SEUt" AVE 

6078 SELr1A AVE 

6082 SELMA AVE 

6083 SELMA AVE 

6088 SELMA AVE 

6089 SELr1A AVE 

6092 SELMA AVE 

6093 SELMA AVE 

6367 SELMA AVE 
6430 SELMA AVE 

6500 SEL~lA AVE 
6520 SELMA AVE 
6526 SELMA AVE 
6602 SE~lA AVE 
6636 SELMA AVE 
6663 SELMA AVE 
6684 SELMA AVE 
6757 SELMA AVE 
6763 SELMA AVE 
1026 SENTINEL A\~ 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

SELMA-LABAIG DISTRICT 

HOLLYWOOD SOUND RECORDERS 

HOTEL HOLLYWOOD WILCOX 

BLESSED SACRAMENT CONVENT 

HOLLYWOOD FIRST BAPTIST CHURCH 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
L08 ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

P 

P 

M 

F 

M 

F 

F 

p 

F 

M 

F 

F 

F 

P 

M 

S 
P 

P 
P 

P 

P 
P 
P 

P 

U 

PROJ.REVW. HRG940202Z 
HIST.SURV. 0053-0642-0003 

1913 fIrST.RES. 
PROJ.REVW. 
HIST.SURV. 

1911 HIST.RES. 

ooE-19-94-0447-0036 
HRG940202Z 
0053-0642-0011 
ooE-19-94-0447-0037 

PROJ.REVW. HRG940202Z 
HIST.SURV. 

1911 HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1912 HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1920 HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1911 HIST. RES. 
PROJ.REVW. 
HrST.SURV. 

1913 HIST. RES. 
PROJ.REVW. 
HIST.SURV. 

1911 HrST. RES. 
PROJ.REVW. 
HIST.SURV. 
HrST.RES. 
PROJ.REVW. 

1911 HIST.RES. 
PROJ.R8VW. 
HIST.SURV. 

1911 fIlST.RES. 
PROJ.REVW. 
HIST.SURV. 

1911 fIIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1920 HIST.RES. 
PROJ.REVW. 
HIST.SURV. 

1914 HIST .RES. 
PROJ.REVW. 

0053-0642-0002 
ooE-19-94·0447-0038 
HRG94020n 
0053-0642-0012 
ooE-19-94-0447-0039 
HRG940202Z 
0053-0642-0010 
00£-19-94-0447-0040 
HRG940202Z 
0053-0642-0013 
00£-19-94-0447-0041 
HRG940202Z 
0053-0642-0009 
ooE-19-94-0447-0042 
HRG940202Z 
0053-0642-0014 
DOE-19-94~0447-0050 

HRG940202Z 
0053-0642-0008 
ooE-19-94-0447-0051 
HRG940202Z 
DOE-19-94-0447-0043 
HRG940202Z 
0053-0642-0015 
ooE-19-94-0447-0044 
HRG940202Z 
0053-0642-0007 
DOE-19-94-0447-0045 
HRG940202Z 
0053-0642-0016 
OOE-19-94-0447"0046 
HRG940202Z 
0053-0642-0006 
OOE-19-94-0447-0047 
HRG940202Z 

HIST.SURV. 0053-0642-0017 
1925 
1938 

1926 
1922 
1926 
1917 
1937 
1918 
1917 
1921 
1922 
1924 

HIST.SURV. 
HIST.RES. 
PROJ.R£VW. 
HIST.SURV. 
mST .8URV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 

0053-2423-0000 
OOE-19-94-0154·0000 
HRG940202Z 
0053-0396-0000 
0053-0653-0000 
0053-0654-0000 
0053-0652-0000 
0053-0684-0000 
0053-0651-0000 
0053-0672-0000 
0053-0647-0000 
0053-0646-0000 
HUD920818B 

.. _--"C 

STAT-OAT NRS CRIT 

07/01/94 202 
3D 

07/01/94 202 
07/01/94 202 

30 
07/01/94 202 
07/01/94 202 

30 
07/01/94 2D2 
07/01/94 2D2 

3D 
07/01/94 2D2 
07/01/94 202 

3D 
07/01/94 202 
07/01/94 202 

3D 
07/01/94 202 
07/01/94 202 

30 
07/01/94 2D2 
07/01/94 202 

3D 
07/01/94 2D2 
07/01/94 2D2 

3D 
07/01/94 202 
07/01/94 202 
07/01/94 202 

07/01/94 202 

3D 
07/01/94 202 
07/01/94 202 

3D 
07/11/94 202 
07/11/94 202 

3D 
07/11/94 202 
07/11/94 202 

30 
07/01/94 202 
07/01/94 202 

3D 

04/27/94 
04/27/94 

09/17/92 

7N 

6Y 
6Y 
7N 

582 
582 
582 
7N 
582 
582 
582 
5S2 

6Y 

""'" '"" 
""'" C') 
I'--
o 
o 
0::: « 
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PROPERTY-NUMBER PRIV~Y-# STREET.ADDRESS .......... ' .. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG~REFERENCE-NUMBER 

023106 19-169130 
023107 19-169131 
023108 19-16913~ 

023110.19·169134 
023111 . 19 -169135 
023112' 19·169136 
023113 . 19 -169137 

D23114 19·169138 
098186 19~175554 

139139 

024007 
02400a 
024009 
024010 
098187 

021270 
125993 

116274 

098190 

021170 
162440 
123860 

025493 

025494 

026806 
166247 
116275 

166249 
145929 

065193 
140792 

132632 

097819 

072244 

19-170029 
19-170030 
19-170031 
19-170032 
19-175555 

19-167307 

19-175557 

19-167224 

19·171483 
19-156059 

19·171484 
19-156060 

19-172786 

19-173469 

19-175302 

19-174011 

1347 SEWARD AVE 
1351 SEWARD AVE 
13 57 SEW!>.RD AVE 
1415 SEWARD AVE 
1421 SEWARD AVE 
1443 SEWARD AVE 
1446 SEWARD AVE i 

1459 SEWARD AVE 
10501 SH.o.RP !>.VE 

630 SHATTO PI.. 

162) SHATTO ST 
1640 SHATTO ST 
1651 SHATTO ST 
1655 SHATTO ST 
1930 SHELL AVE 

SHERMAN CANAL CT 
13034 SHERMA.'If WY 

21507 SHE~~ WY 

21622 SHERMA.'If WY 

23130 SHERMAN WY 
5018 SHIPLEY GLEN DR 
2049 SICHEL ST 

2200 SICHEL ST 

2210 SICHEL ST 

2210 SICHEL ST 
SIERRA BONITA AVE 

503 SIERRA BONITA AVE 

1168 SIERRA BONITA AVE 
3303 SIERRA ST 

5407 SIERRA VIST." AVE 
1639 SILVER LAKE BLVD 

2300 SILVER LAKE BLVD 

1850 SILVERLAKE BLVD 

450B SLAUSON AVE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

UNITED COMMERICAL FOOD WORKERS LOC LOS ANGELES 

LOS ANGELES 
CABLE APARTMENTS LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

FIRE STATION #63 LOS ANGELES 

SHERMAN CANAL LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

CANOGA MISSION GALLERY LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

CHURCH OF THE SACRED HEART LOS ANGELES 

SACRED HEART RECTORY LOS ANGELES 

LOS ANGELES CHURCH OF THE SACRED H LOS ANGELES 
SIERRA BONITA AVENUE HISTORIC DIST LOS ANGELES 

LOS ANGELES 

CONTRI BUTOR- SIERRA BONITA AVENUE LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

RICHARD AND OION NEUTRA VDL RESEAR LOS ANGELES 

SILVERLAKE RECREATION CENTER / COM LOS ANGELES 

WICHSTAND LOS ANGELES 

P 
P 

P 

P 

P 

P 
p 

P 
M 

p 

p 

P 
P 
p 

M 

M 

Y 

P 

M 

P 

U 

p 

p 

p 

p 
p 

P 

U 

P 

S 

M 

p 

1917 
1920 
1919 
1923 
1941 
1922 

1920 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 

1917 HIS,T.SURV. 
1922 HIST.RES. 

PROJ.REVW. 
1951 HIST.RES. 

1!H4 
1912 
1905 
1905 
1942 

1905 
1955 

1927 

1926 

1934 
1906 
1907 

1889 

1928 

1893 
1922 
1930 

1926 

1904 

1932 

1957 

PROJ.REVW. 
HIST.SURV. 
HIST.8URV. 
HIST.SYRV. 
HIST.8URV. 
HI8T.RES. 
PROJ.REVW. 
HIST.8URV. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 
HIST.SURV. 
HrST.SURV. 
HlST.RES. 
HIST,RES. 
PROJ.REVW. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
NAT. REG. 

PROJ.REVW. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIS'l'.RES. 
ST.PT. INT. 

0053-0737-0025 
0053-0737-0026 
0053-0737-0027 
0053~0737-0029 

0053-0737-0030 
0053-0737~0031 

0053-0737-0032 
0053-0737-0033 
ooE-19-94·0156-0000 
HRG94D202Z 
DO£-19-02-1189-0000 
FCC020903L 
0053-1463-0000 
0053-1464-0000 
0053-1465-0000 
0053-1466-0000 
DOE-19-94-0157-0000 
HRG940202Z 
0053-0347-0004 
DOE-19-00-0198~OOOO 

HUDOOI017Z 
DOB-19-96-0188-0000 
HUD960e01E 
ooE-19-94-0159-0000 
HRG94 02 on 
0053-0274-0000 
HUD060SD1M 
00E-19-00-0096-0000 
HUD000201E 
DOE~19-a6·0095-0000 

HUD860603K 
0053-2896-0000 

ooE-19-86-0096-0000 
HUD860603L 
0053-2897·0000 
0053-4126·0000 
HUD040701C 
ooE-19-96-0189-0000 
HUD960B01E 

HUD040701C 

008-19-03-0377-0000 
HUD0301D3G 
HUD8705118 

00E-19-03-0188 0000 

FCC030605C 
NPS-030007774-0000 
19-0407 

HRG940202Z 
HRG-309 
D08-19-94-0645-0000 
HUD941014A 
DOE-19-91~0007-0000 

HUD9104221 
SPHI-LAN-048 
19-0036 

STAT-DAT NRS CRIT 

502 
5D2 
5D2 
502 
7R 
5D2 
502 

502 
04/27/94 6Y 
04/27/94 6Y 
12/11/02 6Y 
12/11/02 6Y 

582 
7R 
5S2 
5S2 

OS/21/94 6Y 
OS/21/94 6Y 
08/30/82 10 
06/06/00 6U 
06/06/00 6U 
04/30/96 6U 
04/30/96 6U 
07/01/94 6Y 
07/01/94 6Y 

7N 
06/01/06 6U 

02/01/00 6Y 
02/01/00 6Y 
06/06/86 282 
06/06/86 282 

38 
06/06/86 282 
06/06/86 282 

5S2 
7N 

07/08/04 282 
02/01/96 6U 

02/01/96 6U 
07/08/04 2D2 
01/31/03 6U 

01/31/03 6U 
06/08/87 6Y 
06/17/03 6Y 
06/17/03 6Y 
08/21/03 6X 
08/05/02 7W 

09/30/94 2D2 
09/30/94 202 

11/03/94 7K 
11/03/94 7K 
07/01/91 2S 
07/01/91 2S 
11/20/89 7L 
11/03/89 7L 

AC 

C 

C 

c 
c 

AC 

AC 

C 

AC 

A C 

LO 

'"" 
""'" ('I') 
I"--
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o 
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PROPERTY-NUMBER I?Rn~ARY -II STREET. ADDRESS. . . . . . . . . . . .. NAMBS............................. CITY . NAME . . . . . . .. OWN YR- C OHP- PROG.. PRG-REFERENCE-NUMBER 

100314 19-175970 

021920 
021915 
021916 
021917 
021919 
021921 
021795 
021796 

19-167947 
19-167942 
19-167943 
19-167944 
19-167946 
19-167948 
19-167822 
19-167823 

4969 SUNSET BLVD 

~ + 130650-

5143 SUNSET BLVD 
5161 SUNSET BLVD 
5167 SUNSET BLVD 
5175 SUNSET BLVD 
5201 SUNSET BLVD 
5208 S"L'NSET BLVD 
5600 Su~SET BLVD 
5701 SUNSET BLVD 
5800 SUNSET BLVD 

*+ 

023338 . 19-169360 

073788· 19-174109 
021923. 19-167950 
021924 19-167951 
021507' 19-167539 
021508 19-167540 
021510' 19-167542 
021927 19-167954 
021926 19-167953 
022057. 19-168084 
022056 19-168083 
022055 
022054 
022053 
022049 
022052 

19-168082 
19-168081 
19-168080 
19-168076 
19-168079 

022048" 19-168075 
022051 
022050 
022047 
022046 
022043 
022044 
021228 

022042 
022041 
022040 
022039 
022038 
023339 

020913 

G20914 

19-168076 
19-16B077 
19-168074 
19-168073 
19-168070 
19-168071 
19-167273 

19-168069 
19-168068 
19-168067 
19-168066 
19-168065 
19-169361 

19-166985 
19-166986 

5858 Sw~SET BLVD 

5901 SUNSET BLVD 
5939 SUNSET BLVD 
6000 SUNSET BLVD 
6001 SUNSET BLVD 
6007 SUNSET BLVD 
6021 SUNSET BLVD 
6063 SUNSET BLVD 
6121 SUNSET BLVD 
6215 SUNSET BLVD 
6230 SUNSET BLVD 
6260 SUNSET BLVD 
6360 SUNSET BLvTI 
6520 SUNSET BLVD 
6525 SUNSET BLVD 
6528 SUNSET BL\~ 
6546 SUNSET BLVD 
6600 SUNSET BLVD 
66Ql SUNSET BLVD 
6634 SUNSET BLVD 
6638 SUNSET BLVD 
6641 SUNSET BLVD 
6657 SG~SET BLVD 
6671 SL~SET SLVD 

5683 SUNSET BLVD 
6715 SUJ:.1SET BLVD 
6720 SUNSET BLVD 
6902 SUNSET BLVD 
7045 SUNSET BLVD 
7101 SUNSET BLVD 

8221 SUNSET BLVD 
5641 SUNSET BLVD 

097829 19-175312 10643 SUNSET BLVD 

066130 19 -1 7 3562 11725 SUNSET BL\~ 

021135 19-167190 14253 SUNSET BLVD 

JAN CLAYTON CENTER 

HOLLYWOOD MOVIE ARCADE 

EXECUTIVE OFFICE BUILDING/OLD WARN 

WARNER BROTHERS WEST COAST STUDIOS 

RANDALL BUILDING & GARAGE 

GOWER GULCH,POVERTY ROW,COLUMBIA S 

COLUMBIA SQUARE, CBS, KNXT 
HOLLYWOOD PALLADIUM 
EARL CARROLL THEATRE, AQUARIUS THE 
SUNSET VINE TOWER 
PACIFIC CINERAMA 
HOLLYWOOD CHAMBER OF COMMERCE, SCH 
HOLLYWOOD ATHLETIC CLUB, BERWIN EN 

CENTURY RECORDS 

DR. ADAMS MEDICAL CENTER 

BLESSED SACRAMENT SCHOOL 
BLESSED SACRAMENT CHURCH 
CROSSROADS OF THE WORLD 

HOLLYWOOD REPORTER 

PRIME SCHOOL 
'TINY NAYLOR'S 

CHATEAU MARMONT 
BEVERLY HILLS HOTEL 

·LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGBLES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOs ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

~1ARYMOUNT HIGH SCHOOL LOS ANGELES 

EASTERN STAR HOME LOS ANGELES 

RODGERS, WILL, HOUSE / ST HIST PAR LOS ANGELES 

P 

P 

P 

P 

P 

P 
P 
p 

p 

P 

P 

P 
P 
P 
P 
P 

P 
P 

P 
P 

P 

I? 
P 
p 

P 
P 
P 

P 
P 
P 

P 
P 
p 

P 

P 

P 
P 

P 

P 

P 

P 

P 

P 

u 

S 

1925 HIST.RES. DOE-19-95-0087-0000 

1939 
1906 
1921 
1922 
1927 
1930 
1923 
1936 
1923 

1923 

1924 
1925 
1922 
1922 
1923 
1925 
1937 
1940 

1938 
1960 
1963 
1925 
1923 
1927 

1924 
1928 
1928 
1920 
1931 
1925 
1927 

1936 

1923 

1936 
1905 
1939 
1919 
1950 

1928 
1912 

PROJ.REVW. HRG940202Z 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
NAT. REG. 
TAX.CERT. 

0053-0634-0000 
0053 c 0632-0001 
0053-0632-0002 
0053-0632-0003 
0053-0633-0000 
0053-0635-0000 
0053-0601-0000 
0053-0602-0000 
NPS-02001257-0000 
19-0393 
537.9-19-0248 

HIST.SURV. 0053-0820-0000 
TAX.CERT. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
mST.SURV. 
mST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURV. 
MIST.SURV. 
HIST. SURV. 
MIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
mST.SURV. 
HIST.RES. 
HIST.SURV. 
HIST.SURV: 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.BURV. 
MIST_SURv_ 

MIST,SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.RES. 
PROJ.REVW. 

537.9-19-0107 
0053-0637-0000 
0053-0638-0000 
0053-0400-0001 
0053-0400-0002 
0053-0400-0004 
0053-0641-0000 
0053-0640-0000 
0053-0696-0000 
0053-0695-0000 
0053-0694-0000 
0053-0693-0000 
0053-0692-0000 
0053-0688-0000 
0053-0691-0000 
0053-06a7~OOOO 

0053-0690-0000 
0053-0689-0000 
0053-0686-0000 
0053-0685-0000 
0053-0682-0000 
0053-0693-0000 
NPS-BOOOOB05-0000 
0053-0332-0000 
0053-0102-0000 
0053-0681-0000 
0053-0680-0000 
0053-0679-0000 
0053-0678-0000 
0053 - 0677- 0000 
0053-0821-0000 
0053-2397-0000 
0053-0103-0000 
008-19-01-0258 OOOG 
FCC011101HH 

HIST.SURV. 0213-0068-0000 
MIST.SURV. 0053-0104-0000 

1932 HIST.RES. ooE-19-94-0164-0000 
HRG94 02 02 Z 
008-19-89-0058-0000 
FHWA890824B 
NP8-71000149-0000 

PROJ.REVW. 
MIST.RES. 
PROJ.REVW. 

1926 HIST.RES. 

.'---..-' 

STAT-DAT NRS 

03/21/95 6Y 

03/21/95 6Y 
582 
5D2 
502 
502 
5S2 
5S2 
SS2 
3S 

11/01/02 IS 
08/02/02 
03/29/01 3S 

09/07/90 

09/08/80 
09/08/80 

12/17/01 
12/17/01 

3S 
6X 
582 
3S 
5D2 
5D2 
5D2 
7R 
3S 
38 
5S2 
5S2 
582 
7N 
3S 
7N 
5S2 
7N 
7M 
582 
7R 

38 
3S 
IS 
18 
7N 
5S2 
3S 
5S2 
582 
582 
7N 
7R 
3S 
2S2 
2S2 
38 
3S 

06/06/9~ 282 
06/06/94 2S2 
09/22/89 282 
09/22/89 2S2 
02/24/71 IS 

CRIT 

A 

A 

AC 
AC 

C 

C 
C 

C 

<.0 
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""'" ('I') 
I"--
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o 
0::: « 
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PROPERTY-~u~BER PRI~qy-# STREET.ADDRESS ............. NAMES ............................. CITY.NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

097010 
023222 
023181 
023183 
023182 
023184 
023185 
023186 
023187 
023188 

023189 
023190 
023191 
023192 
023193 
023194 

023195 
023196 
023198 
023197 
023200 
023199 
023201 
0232'02 
023203 
023204 
023205 
023206 

19-175188 
19-169246 
19-169205 
19-169207 
19-169206 
19-1692 08 

19-169209 
19-169210 
19-169211 
19 ·169212 

19-169213 
19-169214 
19-169215 
19-169216 
19-169217 
19-169218 
19-169219 
19-169220 
19-169222 
19 -169221 
19-169224 
19-169223 
19-169225 
19 .. 169226 
19-169227 
19-169228 
19-169229 
19-169230 

023207 19-169231 
023208 19-169232 
023209 . 19-165233 
023210 19-169234 
023211. 19-169235 
023212. 19-169236 
023213 19-169237 
023214. 19-169238 
023215. 19-169239 
023216. 19-169240 
023217 19-169241 
023218' 19-169242 
023219' 19-169243 
023220. 19-169244 
023221 19-169245 

10544 TA¥~CK AVE 
TAt-1ARIND AVE 

1114 T~~IND AVE 
1123 T~~rND AVE 
1126 TAMARIND AVE 
1127 TAMARIND AVE 
1130 TN-1ARIND AVE 
1131 TA1'1ARINO AVE 
1147 TPu'll'RINO AVE 
1152 TA¥ARIND AVE 
1153 TA¥~RI~~ AVE 
1156 TAt4ARINO AVE 
1200 TAMARIND AVE 
1201 TAMARIND AVE 
1214 TA~'ZIND AVE 
1232 TAMARIND AVE 
1255 TAMARIND AVE 
1261 T&~RIND AVE 
1300 TA.'1ARIND AVE 
1301 TAMARIND AVE 
1306 ~~ARI~~ AVE 
1309 TAMARIND AVE 
1312 TA!4ARIND AVE 
1326 TAMARIND AVE 
1332 T~~IND AVE 
1333 TAMARIND AVE 
1336 TAMARIND AVE 
1339 Tk~RINO AVE 
1343 TA.'1ARIND AVE 
1408 Tk~IND AVE 
1412 TAY~RINO AVE 
14 13 TAt-1ARIND AVE 
1419 TAMARIND AVE 
1425 T~~rND AVE 
1429 TAMARIND A\~ 
1432 TAMARIND AVE 
1433 TA.~RIND AVE 
1438 TPu~RINO AVE 
1441 TAMARIND AVE 
1444 TA¥ARIND AVE 
1446 TAMARIND AVE 
1452 TAMARIND AVE 
1462 TAMARIND AVE 

088038. 19-174874 1756 TAMA.1UND AVE 
127568 8463 TAMPA AVE 

072778 19·174'023 3816 Tk~pICO AVE 
127875 4420 TARZON ST 

131606 5352 TEESDALE AYE 

131607 5353 TEESDALE AVE 

100588 19-176141 10436 TELFAIR AVE 

025561 19-172548 10585 TELFAIR AVE 

1100-1400 BLOCK OF TAMARIND AVE 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

p 

p 

p 

p 

P 
P 

P 

P 

P 

P 

P 
P 

P 

P 
p 

P 
P 

P 
p 

P 

P 

P 
p 

p 

p 

P 

P 

P 

P 
P 

P 

P 
p 

P 
P 

P 

P 
p 

P 
P 
P 

P 

P 
P 

U 
P 

P 

P 

P 

M 

1923 PROJ.REVW. 
1905 HIST.SURV. 
1923 HIST.SURV. 
1919 HIST.SURV. 
1923 HIST.SURV. 
1914 HIST. SURV. 
1920 HIST.SURY. 
1914 HIST. SURV. 
1912 HIST. SURV. 
1923 HIST.SURV. 
1923 
1923 
1919 
1921 
1921 
1920 
1923 
1922 
1920 
1921 
1920 

1922 
1908 
1921 
1912 
1920 
1921 
1920 
1921 
1923 
1917 
1913 
1915 
1920 

1914 
1912 
1905 

1911 
1905 
1923 

1922 

1917 
1921 

HIST.SURV. 
HIST.SURY. 
HIST.SURY. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURY. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
MIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST_SURV. 
HIST.SURV_ 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURY. 
HIST.SURV. 
HIST_SURV_ 

1926 PROJ.REVW. 
1947 HIST.RES. 

PROJ.REVW. 
1924 PROJ. REVW. 
1926 HIST.RBS. 

PROJ.REVW. 
1948 HIST.RES. 

pROJ.REVW. 
1948 HIST.RES_ 

PROJ.REVW. 
1940 HIST.RES. 

PROJ.REVW. 
1924 HIST.RES. 

HUD950630X 
0053-0739-9999 
0053-0739-0001 
0053-0739-0003 
0053-0739-0002 
0053-0739-0004 
0053-0739-0005 
0053-Q739-0006 
0053-0739-0007 
0053-0739-000B 
0053-0739-0009 
0053-0739-0010 
0053-0739-0011 
0053-0739-0012 
0053 - 0739 - 0013 
0053-0739-0014 
0053-0739-0015 
0053-0739-0016 
0053-0739-0018 
0053-0739-0017 
0053-0739-0020 
0053-0739-0019 
0053-0739-00:/1 
0053-0739-0022 
0053-0739-0023 
0053-0739-0024 
0053 -073 9- 0025 
0053-0739-0026 
0053-0739-0027 
0053-0739-002B 
0053-0739-0029 
0053-0739-0030 
0053-0739-0031 
0053-0739-0032 
0053 -0739- 0033 
0053-0739-0034 
0053-0739-0035 
0053-0739-0036 
0053-0739-0037 
0053-0739-0038 
0053-0739-0039 
0053- 0739 - 0040 
0053-0739-0041 
HUD940125L 
008-19-01-0117-0000 
HUDOI0201B 
HUD910?08F 
008-19-01-0173-0000 
FCCOI0309K 
ooE-19-02-04B2-0000 
FTA010604A 

DOE-19-02-0483-0000 
FTAOI0604A 

00£-19-94-0512-0000 
HRG940202Z 
ooE-19-94-0158-0000 

STAT-DAT NRS 

07/20/95 6Y 
SS2 
502 
502 
5D2 
502 

502 
502 

502 
502 
5D2 
5D2 
5D2 
7N 
5D2 
502 
502 

502 
5D2 
502 
5D2 
5D2 
502 
502 
502 
502 

502 
502 

5D2 
5D2 
502 
5D2 
5D2 

5D2 

502 
502 

502 
5D2 
5D2 
502 
5D2 
502 
5D2 

03/03/94 6Y 
01/31/01 6Y 
01/31/01 6Y 
08/01/91 6Y 
04/10/01 6Y 
04/10/01 6Y 
03/20/02 6Y 
03/20/02 6Y 
03/20/02 6Y 
03/20/02 6Y 
12/20/94 6Y 
12/20/94 6Y 
04/27/94 6Y 

CRIT 
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PROPERTY-NUMBER PRIruL~Y-# STREET.ADDRESS., ........... NAMES ....... , .... ,'" ... , ......... CITY. NAME , ", ... , OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

+ 

085138 
085137 
085135 

085131 
085128 
085115 
085126 
085123 

19-174668 
19-174667 
19-174666 
19-174665 
19-174664 
19-1746;;8 
19-174663 
19-174662 

085120 19-174661 
oa5118 19-174660 
085109 19-174655 
085114 19-174657 
085113 19-174656 
085238 19-174737 
085237 19-174736 
085116 19-174659 
115352 
021560 19-167588 
021561 19-167569 
021563 ' 19-167591 
021567 19-167595 

091842 19-175324 

024463 19-170465 
19-157491 

024464 19-170486 
19-157492 

024465 19-170467 
19-157490 

024466 19-170488 
19-157489 

024467 19-170489 
19-157493 

024468 19-170490 
19-157494 

024469 19-170491 
19-157495 

024461 19-170483 
19-151486 

024462 19-110484 
19-157496 

098236 19-175575 

098237 19-175576 

096236 19-175577 

021492 
023373 
021464 
021485 
021486 
021487 
021488 

19-167524 
19-169395 
19-167516 
19-167517 
19-167518 
19-167519 
19-161520 

VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILlJ'.!.GE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 
VILLAGE GREEN 

1521 VINE ST 
1533 VINE ST 
1628 VINE ST 
1750 VINE ST 

8133 VINE~~ AVE 

1918 VINEYARD AVE 

1934 VINEYARD AVE 

2011 VINEYARD AVE 

2105 VINEYARD AVE 

2116 VINEYARD A\~ 

2128 VINEYARD AVE 

2200 VINEYARD AVE 

2229 VINEYA.~D AVE 

2316 VINEYARD AVE 

2553 VI~~YARD AVE 

2801 VINEYARD AVE 

2943 VINEYARD AVE 

VIRGINIA AVE 
VIRGINIA AVE 

5426 VIRGINIA AVE 
5432 VIRGINIA AVE 
5437 VIRGINIA AVE 
5436 VIRGINIA AVE 
5442 VIRGINIA AVE 

BUILDING 18 (5268-5276 
BUILDING 17 (5256-5266 
BUILDING 16 (5244-5254 
BUILDING 15 (5232-5242 
BUILDING 14 (5224-5230 
BUILDING #8 / UNITS #5168-5176 
BUILDING 13 (5212-5222 
BUILDING 12 (5200-5210 
BUILDING 11 (5192-5198 
BUILDING 10 (5184-5190 
BUILDING #5 / UNITS #5146-5152 
BUILDING #7 / UNITS #5160-5164 
BUILDING #6 / UNITS #5154-5158 
BUILDING #88 I UNITS #5163-5173 
BUILDING #87 / UNITS #5175-5185 
BUILDING #9 / UNITS #5178-5182 
BUILDING #57 / UNITS #5525 TO 5535 

TAV BUILDING 
BROWN DERBY 
CAPITOL RECORDS TOWER 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS lI>PGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

SUN VALLEY RECREATION CENTER-COMMU LOS ANGELES 

5400 BLOCK OF VIRGINIA AVENUE 
5500 5800 BLOCK OF VIRGINIA AVENUE 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LO~ ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 
P 

P 
P 

P 

P 
p 

p 

p 

p 

P 
p 

P 

P 
P 

P 
p 

P 
p 

p 

P 

M 

p 

p 

p 

p 

P 

p 

p 

p 

P 

M 

M 

M 

P 

P 
P 
P 
P 
P 

P 

1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1941 
1938 
1937 
1928 
1954 

HIST.SURV. 
HIST.SURV, 
mST.SURV. 
HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV. 

HIST.SURV. 
HIST,SURV. 
HIST.SURV. 
HIST.RES. 

0053-4714-0018 
0053-4?14~OOl? 

0053-4714-0016 
0053-4714-0015 
0053-4714-0014 
0053-4714-0008 
0053-4714-0013 
0053-4714-0012 
0053-4714-0011 
0053-4714-0010 
0053 -4714 - 0005 
0053-4714-0007 
0053-4714-0006 
0053-4714 - 0089 
0053-4714-0088 
0053-4714-0009 
0053-4714-0058 
0053-0450-0000 
0053-0451-0000 
0053-0453-0000 
DOE-19-97-0005-0000 

PROJ.REVW. HUD970717A 
HIST.SURV. 0053-0457-0000 
PROJ.REVW. 
HIST.RES. 

HRG940202Z 
HRG-331 

1920 HIST.SURV. 0053-1931-0000 

1916 HIST.SURV. 0053-1932-0000 

1922 HIST,SURV. 0053-1933-0000 

1918 AlST.SURV. 0053-1934-0000 

1920 AIST.SURV. 0053-1935-0000 

1920 HIST.SURV. 0053-1936~0000 

1922 HIST.SURV. 0053~1937-0000 

1925 HI8T,SURV. 0053-1929-0000 

1922 HIST,SURV. 0053-1930-0000 

1922 HIST.RES. DOE-19-94-0161-0000 
HRG940202Z 
DOE-19-94-0162-0000 
HRG940202Z 
DOE-19-94-0183-DOOO 
HRG940202Z 
D053-0394-9999 
0053-0824-9999 
0053-0394-0001 
0053-0394-0002 
0053-0394~0003 

0053-0394-0004 
0053-0394-0005 

1902 
1908 
1926 
1906 
1929 
1912 
1904 

PROJ.REVW. 
KIST.RES. 
PROJ.REVW. 

.HIST.RES, 
PROJ.REVW. 
HIST.SURV. 
HIS:r.SURV, 
HIST.SURV. 
HIST,SURV. 
HIST.SURV, 
HlS'l'.SURV, 
HlST.SURV. 

STAT-OAT NRS CRIT 

04/01/93 1D AC 
04/01/93 ID AC 
04/01/93 1D AC 
04/01/93 1D AC 
04/01/93 10 AC 
04/01/93 ID AC 
04/01/93 1D AC 
04/01/93 10 AC 
04/01/93 1D AC 
04/01/93 ID AC 
03/01/93 ID AC 
04/01/93 ID AC 
04/01/93 ID AC 
04/01/93 ID AC 
04/01/93 1D AC 
04/01/93 ID AC 
04/01/93 1D AC 

38 
38 
38 

08/01/97 282 
08/01/97 2S2 

3S 
09/30/94 2D2 
0.f/30/94 2D2 

7R 

7R 

7R 

7R 

7R 

7R 

7R 

582 

7R 

04/27/94 6Y 
04/27/94 6Y 
07/01/94 6Y 
07/01/94 6Y 
07/01/94 6Y 
07/01/94 6Y 

582 
582 
5S2 
582 
582 
582 
582 

00 

'"" 
""'" ('I') 
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o 
o 
0::: « 



OFFICE OF HISTORIC PRESERVATION Directory of Properties in the Historic Prop~rty Data File for LOS ANGELES County, Page 509 12-03-07 
PROPERTY·~~~BER PRIWL~Y-ij STREET ,ADDRESS , , ........... NAMES"""""""""", .. , ..... CITy.NAME ........ OWN YR-C OHP FROG .. PRG-REFERENCE-NUMBER 

+ 

-t-
-t 
-+ 
+

+-

021489 
021490 
021491 
023342 
023343 

023344 
023345 
023346 
023347 
023348 
023349 
023350 
023359 
023351 
023352 
023353 
023354 
023355 
023356 
023357 
023358 
023360 
023361 
023362 
023363 

023364 
023365 
023366 

023367 
023368 
023369 
023370 
023371 
023372 
144528 
127574 

164484 

19·167521 
19·167522 
19-167523 
19-169364 
19-159365 
19·169366 
19-169367 
19-169368 
19-169369 
19-169370 
19-169371 
19-169372 
19-169381 
19-169373 
19-169374 
19-169375 
19-169376 
19-169377 
19·169378 
19-169379 
19-169380 
19-169382 
19-169383 
19-169384 
19·169385 
19-169386 
19-169387 
19-169388 
19-169389 
19-169390 
19-169391 
19-169392 
19-169393 
19-169394 

098239 19-175578 

100892· 19-176308 

021995' 19-168022 
021991 . 19-168018 
021992· 19-168019 
021994 19-168021 
021993' 19-168020 
100899· 19-176315 

100900 . 19·176316 

100901 19-176317 

100902 19-176318 

100903 19-176319 

5443 VIRGINIA AVE 
5446 VIRGINIA AVE 
5447 VIRGINIA AVE 
5519 VIRGINIA AV8 
5526 VIRGINIA AVE 
5533 VIRGINIA AVE 
5601 VIRGINIA A\~ 
5607 VIRGINIA AVE 
5613 VIRGINIA AVE 
5617 VIRGINIA AVE 
5623 VIRGINIA AVE 
5627 VIRGINIA AVE 
5647 VIRGINIA AVE 
5653 VIRGINIA AVE 
5701 VIRGINIA AVE 
5702 VIRGINIA AVE 
5706 VIRGINIA AVE 
5711 VIRGINIA AVE 
5712 VIRGINIA AVE 
5716 VIRGINIA AVE 
5717 VIRGINIA AVE 
5752 VIRGINIA AVE 
5753 VIRGINIA AVE 
5756 VIRGINIA AVE 
5757 VIRGINIA AVE 
5803 VIRGINIA AVE 
580? VIRGINIA AVE 
581? VIRGINIA AVE 
5826 VIRGINIA AVE 
5827 VIRGINIA AVE 
5832 VIRGINIA AVE 
5837 VIRGINIA AVE 
5844 VIRGINIA AVE 
5846 VIRGINIA AVE 
1820 VIRGINIA RD 
2025 VIRGINIA RD 

2423 VIRGINIA RO 
2851 VIRGINIA RD 

VISTA DEL MAR AVE 

VISTA DEL MAR AVE 
1611 VISTA DEL MAR AVE 
1612 VISTA DEL MAR AVE 
1616 VISTA DEL MAR AVE 
1621 VISTA DEL ~~ AVE 
1750 VISTA DEL ~AR AVE 

1751 VISTA DEL r",AR AVE 

1756 VISTA DEL MAR AVE 

1757 VISTA DEL MAR -'WE 

1760 VISTA DEL r1AR AVE 

VERMONT AVENUE SQUARE HISTORIC DIS 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR, 1600 BLOCK 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

VISTA DEL MAR/CARLOS DISTRICT 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGEL8S 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
L08 ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 

P 

P 
p 

P 
P 

P 
P 

P 
P 

P 

P 
P 
P 

P 
p 

P 

P 

P 
P 

P 
P 

P 
P 

P 
p 

p 

P 
p 

P 
P 

P 
P 

P 

P 

P 

M 

p 

P 

P 

P 

P 

P 

P 

p 

P 

P 

P 

1906 
1902 
1922 

1921 
1923 
1920 
1916 
1926 
1929 
1921 
1931 
1908 
1916 

1918 
1923 
1919 
1920 
1910 
1912 
1919 
1916 
1925 
1919 
1911 
1921 
1919 
1919 
1909 
1920 
1917 
1920 
1912 
1909 
1920 
1922 

1920 

1911 

1922 
1924 
1923 
1922 
1922 
1914 

HlST,SURV, 
BlST,SURV, 
HIST,SURV, 
HIST,SURV, 
HIST,SURV, 
HIST,SURV, 
HIST. SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
IUST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HIST.SURV. 
HIBT,SURV. 
HIST,SURV, 
HIBT,SURV, 
BrST,SURv, 
BIST,SURV, 
HlST,SURV, 
HlST,SURV, 
HIST,SURV, 
HIST,SURV, 
HlST.SURV, 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
lHST,RES. 
PROJ,REVW. 
PROJ,REVW, 
BrST,RES, 
PROJ ' REVW , 
BlST,RES, 
PROJ_REVW. 
HlST.SURV. 
HIST.SURV, 
HIST.SURV. 
HIST.SURV. 
HlST.SURV. 
HrST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ,REVW. 
HIST,RES. 
PROJ,REVW, 

0053-0394-0006 
0053-0394-0007 
0053-0394-0008 
0053-0824-0001 
0053-0824-0002 
0053-0824-0003 
0053-0824·0004 
0053-0824-0005 
0053-0824-0006 
0053-0824-0007 
0053-0824-0008 
0053-0824 c 0009 
0053-0824-0018 
0053-0824-0010 
0053-0824-0011 
0053-0824-0012 
0053-0824-0013 
0053-0824-0014 
0053-0824-0015 
0053-0824-0016 
0053-0824-0017 
0053-0824-0019 
0053-0824-0020 
0053-0824-0021 
0053-0824-Q022 

0053-0824-0023 
0053-0824-0024 
0053-0824-0025 
0053-0824-0026 
0053-0824-0027 
0053-0824-0028 
0053-0824-0029 
0053-0824-0030 
0053-0824-0031 
HUD030923A 
DOE-19-01-0122-0000 
HUDOI0201B 
00J060915A 

ooE-19-94-0184-0000 
HRG940202Z 

ooE-19-94-0444-9999 
HRG940202Z 
0053-0645'9999 
0053-0645-0001 
0053-0645-0002 
0053-0645-0004 
0053-0645-0003 
ooE-19-94-0444·0007 
HRG940202Z 
0013-19-94-0444-0008 
HRG940202Z 

00£-19-94-0444-0009 
HRG940202Z 

1913 HIST,RES, DO£-19-94-0444-0010 
PROJ,REVW, HRG940202Z 

1911 HIST,RES. 00E-19-94-0444-0011 

'....J' 

STAT-OAT NRS CRIT 

5S2 
5S2 
5S2 
5D2 
5D2 
502 
502 
502 
502 
5D2 
5D2 
5D2 
502 
502 
502 
5D2 
502 
5D2 

5D2 
502 
5D2 
5D2 
502 
5D2 
502 
5D2 
5D2 
5D2 
5D2 
502 
5D2 
5D2 
5D2 
502 

09/23/03 204 AC 
01/31/01 6Y 

01/31/01 6Y 
12/26/06 6Y 
04/27/94 6Y 
04/27/94 6Y 
07/01/94 2S2 
07/01/94 2S2 

5S2 
502 
SD2 
502 
5D2 

07/01/94 2D2 
07/01/94 202 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 202 

07/01/94 202 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 

0) 
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OFFICE OF HIST~C PRESERVATION Directory of Properties in the Historic Property Data File for LOS ANGELES County. page 510 12-03-07 
PROPERTY ~~BER PRIMARY-# STREET.ADDRESS ............. NAMES ............................. CITY NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

~ 100904 19-176320 

r 100905 19-176321 

+ 
+ 
+ 

100906 19~176322 

100907 19-176323 

100908 .19-176324 

1763 VISTA DEL MAR AVE 

1764 VISTA DEL MAR AVE 

1757 vrSTA DEL HAR AVE 

1770 VISTA DEL MAR AVE 

1771 VISTA DEL HAR AVE 

~?'mz§~':r4?-""-"~~lF~ jrI~SiPZ!.·:IfE&~r ... Y;hr~·T 
097843 19-175325 11845 'lOSE ST 

116424 

1624700 
131258 

066594 19-173626 
127613 

152593 

084090 19-174614 
084219 19-174520 
083285 19-174523 
064974 19-173440 
066707 19-173636 
153720 
153832 
150115 

082330 19-174494 
125748 

064878 19-173416 
081618 19-174472 
082799 
083815 
082331 
090713 
081923 
091112 
084762 

066766 
066363 
066681 
154197 
153073 
083854 
085014 
083886 

19-174499 
19 -174 592 
19-174495 
19-174926 
19-174488 
19·174935 
19-174636 
19-173648 
15-173601 
19-173634 

19-174595 
19-174644 
19-174600 

066485 19-173612 

532 IV 101S1' 81' 

634 W 101ST ST 

756 IV 101S1' 81' 

1549 I~ 101ST ST 
113 W 102ND S1' 

115 W 102ND ST 

620 W lo02ND ST 
759 W 1C2ND ST 

1152 IV 1C2ND S1' 
1160 W l02ND 81' 
1506 1'1 102ND ST 
2139 1'1 102ND ST 
2120 1'1 103RD PL 

320 IV 103M S1' 

717 W 103RD ST 
1055 N 103RD 8T 

1216 VI 103RD S1' 
1243 W l03RD ST 
1252 VI 103RD S1' 
1412 W l03RD ST 

537 W 104TH PL 
732 W 104TH PL 
758 W 104TH PL 
541 W 104TH ST 
554 W 104TH ST 

1230 1'1 104TH 8T 
1532 W 104TE ST 
1616 W 1041'H ST 

509 W 105TH ST 
725 W 105TH ST 
830 W 105TH ST 

1105 W 105TE ST 
1118 W 10STE ST 
1508 W 105TH S1' 

VISTA DEL MAR/CARLOS DISTRICT LOS ANGELES 

VISTA DEL HAR/CARLOS DISTRICT LOS ANGELES 

VISTA DEL MAR/CARLOS DISTRICT LOS ANGELES 

VISTA DEL MAR/CARLOS DISTRICT LOS ANGELES 

VISTA DEL HAR/CARLOS DISTRICT LOS ANGELES 

WATER TANK 114 GRIFFITH PARK LOS ANGELES 
SAN FERNANDO VALLEY GENERATING PLA LOS ANGELES 

RESIDENCE 
STRUCTURE REHABILITATION 

RESIDENCE 

RESIDENCE 

HOUSING REHABILITATION 
REHABILITATION OF HOUSE 

1118-22 W 10STE ST 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

P 

p 

P 

p 

P 

H 

P 

u 
P 

P 

p 

p 

u 
u 
u 

p 

u 

U 

U 

P 
U 
P 

P 

U 

P 
P 

U 

U 
U 

P 
P 

U 

U 

PROJ.REVW. HRG9400202Z 
1922 HIST.RES. DOE-19-94-0444-0012 

PROJ.REVW. HRG940202Z 
HIST.RES. DOE-19-94-0444-0013 
PROJ.REVW. HRG940202Z 
HIST.RES. 
PROJ.REVW. 

ooE-19-94-0444-0014 
HRG940202Z 

1914 HIST.RES. ooE-19-94-0444-0015 
PROJ.REVW. HRG940202Z 

1920 HIST.RES. ooE-19-94-0444-0016 
PROJ.REVW. HRG940202Z 

1928 PROJ.REVW. FEMA960919Z 
1924 ErST.RES. DOE-19-94-0287 0000 

PROJ.REVW. HRG940202Z 
1926 HIST.RES. 

PROJ.REVW. 
1938 PROJ.REVW. 
192 3 HIST . RES . 

DOE-19-96-0324-0000 
HUD970203Z 
HUD060501M 
DOE-19-02-0303-00oOO 

PROJ.REVW. HUD020402AG 
PROJ.REVW. HUD880404C 

1926 HlST.RES. 00£-19-04-0424-0000 
PROJ.R£VW. FCC0409141 
HlST.RES. 00£-19-01-0160-0000 
PROJ.REVW. HUDOI0201B 

1926 HIST.RES. 00£-19-04-0425-0000 
PROJ.REVW. FCC0409141 

1943 PROJ.REVW. HUD930730Z 
1937 PROJ.REVW. HUD930817D 
1932 PROJ.REVW. HUD891231F 

PROJ.REVW. HUD861112D 
PROJ.REVW. HUD860606R 

1947 PROJ.REVW. HUD040329B 
1947 PROJ.REVW. HUD040329B 
1921 HIST.RES. ooE-19-04-0229-0000 

PROJ.REVW. 
1926 PROJ.REVW. 
1948 HIST.RES. 

HUD041006D 
HUD930505A 
00£-19-99 c 0389-0000 

PROJ.REVW. HUD990614F 
PROJ.REVW. HUD860B14N 

1924 PROJ.REVW. HUD871027C 
1940 PROJ.REVW. 
1 92 6 PROJ . REVW . 
1926 PROJ.REVW. 
1926 
1933 
1925 
1927 

19400 
1925 
1929 
1930 
1925 

PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 
PROJ.REVW. 

HUD930517K 
HUD910909R 
HUD930505D 
HUD940712A 
HUD930412 I 
HUD940517B 
HUD930921C 
HUD880?01I 
HUD871109I 
HUD880518J 
HUD040202L 
HUD050404N 
HUD930719B 
HUD93110SF 
HUD911015R 

PROJ.REVW. HUDB80208A 

.-./ 

STAT-DAT NRS CRIT 

07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
07/01/94 2D2 
09/27/96 6Y 
10/19/94 282 AC 
10/19/94 282 AC 
08/02/96 6U 
08/02/96 6U 
06/01/06 5U 
04/02/02 6Y 
04/02/02 6Y 
05/02/88 6Y 
11/23/04 6Y 
11/23/04 6Y 
01/31/01 6Y 
01/31/01 6Y 
11/23/04 6Y 
11/23/04 6Y 
09/02/93 6Y 
09/17/93 6Y 
08/04/93 6Y 
11/24/86 6Y 
07/08/88 6Y 
04/21/04 6U 
04/21/04 6U 
09/30/04 6U 
09/30/04 6U 

06/14/93 6Y 
06/14/99 6Y 
06/14/98 6Y 
Q9/11/86 6Y 

08/29/89 6Y 
07/19/93 6Y 
08/24/93 6Y 
05/14/93 6Y 
08/15/94 6Y 
OS/26/93 6Y 
08/31/94 6Y 
11/22/93 6Y 
07/27/88 6Y 
12/15/67 6Y 
06/16/88 6Y 
02/02/04 6U 

04/19/05 6U 
08/24/93 6Y 
12/15/93 6Y 
08/26/93 6Y 
03/16/88 6Y 
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OFFICE OF HISTORIC PRESERVATION Direccory of Properties in the Historic Property Data File for LOS ANGELES County. Page 566 12-03-07 
PROPERTY-~JMBER PRIMARY-~ STREET,ADDRESS ...... ,',.," NAMES ...................... ,"",. CITY. NAME ........ OWN YR-C OHP-PROG., PRG-REFERENCE-WJMBER 

~ 

*' -*:: 
*' '* '* * 

115008 

024478 

024479 
024480 
024481 
125289 

125290 

024249 
024250 
024251 
024252 

024253 
024254 
024255 
024256 
024257 
024258 
024259 
123874 

024263 
024264 
024255 
024266 
024267 
024268 
024221 
024222 
024223 
024166 
024165 
024163 
024164 
024152 
024151 
024160 
024159 
024158 
145936 

19-170500 

19-170501 
19-1700502 
19-170593 

19-170271 
19-170272 
19-170273 
19-170274 
19-170275 
19-170276 
19-170277 
19-170278 
19-170279 
19-170280 
19-170281 

19·170285 
19-170286 
19-170287 
19-170288 
19-170289 
19-170290 

19-170243 
19-170244 
19-170245 
19-170188 
19-170187 
19~17G185 

19-170186 
19-17018'\ 
19-170183 
19-170182 
19-170181 
19-170180 

+ 021362 . 19-167396 

+ 
+ , 
-r 
~ 

t 

021361 .19-167395 
021353. 19-167397 
021365. 19-167399 
021367 19-167401 
021370· 19~167404 

021369· 19-167403 
097844 19-175326 

092286 19-174983 

069444 19-173821 
116279 

WASHINGTON BLVD 

4730 WASHINGTON BLVD 
4800 WASHINGTON BLVD 
4801 WASHINGTON BLVD 
4806 WASHINGTON BLVD 

11336 WATERFORD ST 

11339 WATERFORD ST 

705 WATERLOO ST 
800 WATERLOO ST 
806 WATERLOO ST 
807 Wi\.TERLOO S1' 
826 WATERLOO S'l' 

832 WATERLOO 81' 

833 WATERLOO ST 
937 WATERLOO ST 
841 Wl'.TERLOO 81' 
845 WATERLOO ST 
851 WATERLOO ST 

1005 WATERLOO ST 

1006 W.z\.TERLOO ST 
1010 WATERLOO ST 
1016 WATERLOO ST 
1022 WATERLOO ST 
1023 WATERLOO ST 
1037 WATERLOO ST 

1117 WATERLOO ST 
1201 WATERLOO ST 
1216 WATERLOO ST 
1301 WATERLOO ST 
1336 WATERLOO ST 
1341 WATERLOO ST 
1342 WATERLOO ST 
1347 WATERLOO ST 
1354 WATERLOO ST 
1400 WATERLOO ST 
1418 WATERLOO ST 
1432 WATERLOO 81' 

1653 ~IATERLOO ST 

2058 WATSONIA TERRACE 

2059 WATSONIA TERRACE 
20062 WATSONIA TERRACE 
2064 NATSONIA TERRACE 
20S8 WATSONIA TERRACE 
2074 WATSONIA TERRACE 
2075 WATSONIA TERRACE 
3560 WATT WY 

11108 WATTS AVE 

WAVERING DR 

11222 WEDDINGTON ST 

BRIDGE #53C-1375 / WASHINGTON BOUL LOS ANGELES 

1005-1011 WATERLOO ST/2311-2313 MA 

GLORIA SWANSON/WILLIAM FAULKNER HO 

RICHARD AND KAREN WOOKEY HOME 

JOHN CHARLES THOMAS/LEONARD BERNST 

USC-PHYSICAL EDUCATION BUILDING 

RITTER ELEMENTARY SCHOOL 

WEST BELLEVUE DRIVE DISTRICT 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ~GELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

M 

p 

P 

P 
P 
p 

P 

p 

P 
P 
P 

P 
p 

p 

p 

P 

P 
P 

U 

p 
p 

p 

p 

P 

P 
P 

P 

P 
p 

P 
P 
P 

P 
P 

P 
P 

P 

p 

p 

p 

P 

P 

P 
p 

P 

D 

u 
p 

1931 HIST.RES. 00E-19-86-0077 0000 
FHWA860919Z 
0053-1946-0000 
0053-1947-0000 
0053-1948-0000 
0053-1949-0000 
DOE-19-00-0106-DOOO 
FHWA000623B 

1920 
1923 
1930 
1922 
1939 

PROJ.REVW. 
HIST.SURV, 
HIST.SURV, 
HIST.SURV. 
HIST.SURV, 
HIST,RES. 
PROJ, REVW. 

1950 RIST.RES. DOE-19-00-0107-QOOO 

1908 
1915 
1908 

1913 

1913 
1900 
1910 
1906 
1900 
1906 
1908 
1915 

1900 
1905 
1908 
1905 
1910 
1910 

1910 
1922 
1910 

1908 
1910 
1905 
1910 
1910 
1912 
1910 

1912 
1910 
1914 

1924 
1924 
1926 

1926 
1951 
1928 
1937 
1930 

1924 

1924 

PROJ.REVW. FHWA000623B 
HIST.SURV. 
HIST.SURV, 
HIST.SURV. 
HrST.SURV. 

HIST.SURV. 
HIST,SURV. 

HIST,SURV. 
HlST.SURV. 
HIST.SURV. 
HIST.SURV. 
HrST,SURV. 
HlST,RES. 
PROJ.REVW, 
HIST.SURV, 
HIST.SURV, 
HIST.SURV. 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST,SURV, 

HIST.SURV. 
HIST,SURV. 
HIST.SURV, 
HIST.SURV. 
HI8T.SURV. 
HIST. SURV. 
HIST.SURV. 
HIST,SURV. 

HIST.SURV. 
HIST.SURV. 
HIST.RES. 

PROJ,REVW. 

HIST.RES. 
HIST.RBS, 
mST.RES. 
HI8T.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 
HIST.RES, 
PROJ.REVW. 
PROJ.REVW, 
HlST.RES. 

0053-1710-0000 
00053-1711-0000 
0053-1712-0000 
0053-1713-0000 

0053-1714-0000 
0053-1715-0000 
0053-1716-0000 
0053-1717-0000 
0053-1718-0000 
0053-1719-0000 
0053-1720-0000 
ooE-19-00-0111-0000 
HUD000201E 

0053-1724-0000 
0053-1725-0000 
0053-1726-0000 
0053-1727-0000 
0053-1728-0000 

0053-1729-0000 
0053-1682-0000 
0053-1683-0000 
0053-1684-0000 
0053-1627-0000 
0053-1626-00000 
0053-1624-0000 
0053-1625-0000 
0053-1623-0000 
0053-1622-0000 
0053-1621-0000 
0053-1620-0000 
0053-1619-0000 
DOE-19-03-0384-0000 

HUD030103G 
NPS-B2002189-00EO 

NPS-82002189-0079 
NPS-82002189-00Bl 
NPS-B2002189-Q083 
NPS-82002189-0085 
NPS-820D21B9-00BB 
NPS-82002189-0D87 
DOE-19-94-0001-0015 
HRG940202Z 
DOE-19-94-0710-0000 
FHWA940929A 

DOE-19-96-0194-0000 

STAT-DAT NRS 

10/19/86 2S2 
10/19/86 2S2 

7R 
7R 

7R 
7R 

07/19/00 6Y 

07/19/00 6Y 
07/19/00 6Y 
07/19/00 6Y 

02/01/000 
02/01/00 

01/31/03 
01/31/03 
OB/19/B2 

08/19/82 
08/19/82 

OB/19/82 
08/19/82 
08/19/82 
08/19/82 
06/29/94 
06/29/94 
10/27/94 
10/27/94 
10/28/77 
02/29/96 

582 
5S2 
5S2 

582 

5S2 
582 
582 
5S2 
582 
5S2 
5S2 
6Y 
6Y 
5S2 
5S2 
582 

582 
5S2 
5S2 

5S2 
5S2 
5S2 
5S2 
582 
5S2 
5S2 
5S2 
582 
582 

582 
5S2 
6U 

6U 
1D 

1D 
10 

10 

10 
10 
ID 
202 
2D2 
2S2 
2S2 
2S 
6U 

CRIT 

C 
C 

AC 

AC 
AC 
AC 

AC 
AC 
AC 
ABC 
ABC 
C 
C 

"'" N 

""" ('I') 
I"--
o 
o 
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PROPERTY-NUMBER PRI~~Y-# STREET.ADDRESS ............. NAMES ........................... \. CITY. NAME ........ OWN YR-C OSP-PROG .. PRG-REFERENCE-NUMBER 

'* -+ 
)Ie + 
*' t '*' + 
~t 
~, 
'"t:~ 

~1 
~+ 
,*-4-

021382 

022366 
021381 
021368 

021371 
021372 
021373 
021377 
021379 
021378 
021380 
150087 

19-167416 
19-167400 
19-167415 . 

19-167402· 
19-167405· 
19-167406. 
19-167407· 
19-167411. 
19-167413 . 
19-167412 . 
19-167414-

069733 19-173832 
131152 

125175 
157050 
026187 19-172174 
026188 19-172175 
157526 
026189 19-172176 
026191 19-172178 
026190 19-172177 

026192 19-172179 
145939 

~ 

096244 19-175582 

095323 19-175127 
096245 19-175583 

119227 

119226 

098245 19-175584 

098247 19-175585 

119228 

119229 

119230 

098248 19-175586 

6733 WEDGEWOOD PL 
6734 WEDGEWOOD PL 
6735 WBPGEWOOD PL 
6738 WEDGEWOOD PL 
6742 WEDGEWOOD PL 
6746 WEDGEWOOD PL 
6750 WEDGEWOOD PL 
6754 WEDGEWOOD PL 
6755 WEDGEWOOD PL 
6758 WEDGEWOOD PL 
6767 WEDGEWOOD PL 
3996 ~IELLAND AVE 

2416 WELLINGTON RD 
5146 WELLINGTON RD 

12800 WENT~10RTH ST 
WEST BLVD 

1050 WEST BLVD 
1096 WEST BLVD 
1101 WEST BLVD 
1126 WEST BLVD 
1211 WEST BLVD 
1272 NEST BLVD 

1289 WEST BLVD 
1620 WEST BLVD 

2528 WEST BLVD 

2623 WEST BLVD 
2623 WEST BLVD 

2602 WEST BLVD 

2806 WEST BLVD 

2809 WEST BLVD 

2815 WEST BLVD 

2818 WEST BLVD 

2821 WEST BLVD 

2825 WEST BLVD 

2838 WEST BLVD 

-- --- ------- .. -

DENNIS OKEEFE/PETER MILNE HOME 

FAY COMPTON/SPRING BYINGTON/TOTHER 

W C FIELDS/MAX STERNER HOME, GENE 

LLOYD NOLAN/HELEN TRAUBEL/D KIRSTE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

ROUTE #5/HIGH-OCCUPANCY VEHICLE LA LOS ANGELES 
BRIDGE #53C-1380 / WEST BOULEVARD LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

POLE / 23264M 

WALTER R OLIVER RESIDENCE 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

DELTA SIGMA THETA SORORITY, INCORP LOS ANGELES 

LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

P 
P 

P 

P 
P 

P 
P 

P 
P 

P 
P 

U 

P 
M 
p 

P 

M 

P 

P 
P 

P 

M 

P 
M 

P 

P 

U 

U 

P 

U 

U 

M 

1921 
1922 
1923 
1922 
1961 
1923 

1923 
1929 
1921 
1955 
1935 
1936 

PROJ.REVW. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RBS. 
SlST.RES. 
HIST.RES. 
HIST.RES. 
HlST.RES. 
HIST.RES. 
HIST.RES. 
PROJ.REVW. 

1921 PROJ.REVW. 
1925 HIST.RES. 

PROJ.REVW. 
PROJ.REVW. 

1933 PROJ.REVW. 
1924 HIST.SURV. 
1922 HIST.SURV. 
1933 PROJ.REVW. 
1903 HIST.SURV. 
1913 HIST.SURV. 
1925 HIST.RES. 

PROJ.REVW. 
HIST.SURV. 

1918 HIST.SURV. 
1936 HIST.RES. 

PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1924 HIST.RES. 
PROJ.REVW. 

1929 HIST.RES_ 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

1929 mST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

HIST.RES. 
PROJ.REVW. 
HIST.RES. 
PROJ.REVW. 

HUD960BOIB 
NPS-B2002189-0100 
NPS-B2002189-00B4 
NPS-B2002189-0099 
NPS-820021B9-0086 
NPS-S2002189-0089 
NPS-B2002189~0090 

NPS-B2002189-0091 
NPS-820021B9-0095 
NPS-82002189-0097 
NPS-820021S9-0096 
NPS-820021B9-0098 
00E-19-04-0202-0000 
HUD0410060 
HUD901113C 
DOE-19-02-0227-0000 
HUD020402AG 
FHWA0006140 
FHWA051028B 
0053-3515-0000 
0053~3516-0000 

FCC051208E 
OOS3~3517-0000 

0053-3519-0000 
008-19-02-1183-0000 
HUD021205A 
0053-3518-0000 
0053-3520-0000 
DOE~19-03-03B7-0000 

HUD030103G 
DOE-19-94-0188-0000 
HRG940202Z 
HUD95051SA 
OOE-19-94-0189-0000 
HRG940202Z 
00E-19-95-0227-0000 
HUD950921B 
DOE-19-95-0226-0000 
HUD950921B 
00E-19-95-0228-0000 
HUD95D921B 
ooE-19-94-0190-0000 
HRG940202Z 
00E-19-95-0228-0000 
HUD950921B 
DOE-19-94-0191-0000 
HRG940202Z 

DOE-19-95-0230-00YO 
HUD950921B 
ooE-19-95-0231-0000 
HUD950921B 

OOE-19-95-0232-0000 
HUD950921B 
00E-19-94-0192-0000 
HRG940202Z 

STAT-OAT NRS 

02/29/96 6U 
08/19/82 1D 
08/19/82 10 
08/19/82 10 
08/19/82 10 
08/19/82 10 
08/19/82 10 
08/19/82 10 
OB/19/82 "lD 
08/19/82 1D 
08/19/82 10 
08/19/82 lD 

09/3 0/04 6U 
09/30/04· 6U 
12/06/90 6Y 
04/02/02 6Y 
04/02/02 6Y 
07/05/00 6Y 
12/07/05 2S2 

3S 
3S 

12/12/05 6Y 
5S2 
7R 

12/27/02 2S2 
12/27/02 2S2 

38 

7N 
01/31/03 6U 
01/31/03 6U 
08/08/94 6Y 
08/08/94 6Y 
06/21/95 7K 
04/27/94 6Y 
04/27/94 6Y 
09/21/95 6U 
09/21/95 6U 
09/21/95 GU 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 
07/01/94 6Y 
07/Q1/94 GY 
09/21/95 6U 
09/21/95 6U 
07/01/94 GY 
07/01/94 6Y 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 
09/21/95 6U 

09/21/95 6U 
09/21/95 6U 
07/01/94 6Y 
07/01/94 6Y 

CRIT 

AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 

c 

C 

C 

N 
N 

""'" ("I') 
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o 
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PROPERTY-W~4BER PRIMARY-# STREET ADDRESS ............. NAMES ............................. CITY. NAME ........ OWN YR-C OHP-PROG .. PRG-REFERENCE-NUMBER 

* t 
;f"+ 

023669 
023670 
023671 
023672 
023673 
168029 
153539 
153540 
153541 
153542 
153543 
153544 
153545 
153546 
153547 
153318 
153548 
153549 
153550 
153551 
153552 

153553 
153554 
153555 
153556 
153557 
153558 
153319 
153559 
153320 
153560 
153561 
153562 
153563 
153564 

153555 

153566 
153567 

19-169691 
19-169692 
19-169693 
19-169694 
19-16%95 

100772 19-176246 

101361 19-176386 
164543 
073793 19-174110 

098255 19-175597 

145941 

021174 
066367 
157189 

023310 

19-167227 
19-173603 

19-169334 

541 WESTMINSTER AVE 
546 WESTMINSTER AVE 
558 WESTMINSTER AVE 
559 \"lESTMINSTER AVE 
563 WESTMINSTER AVE 

1745 WESTMORELA.c"fD AVE 
1644 WEST~lORELAND BLVD 
1645 WESTMORELAND BLVD 
1650 WESTMORELAND BLVD 
1651 WESTMORELAND BLVD 
1655 W£SThlORELAND BLVD 
1656 WESTMORELAND BLVD 
1661 WESTMORELAND BLVD 
1666 WESTMORELAND BLVD 
1700 WESTr>\ORELAND BLVD 
1701 WESTMORELAt-m BLVD 
1710 WESTMORE~~ BLVD 
1715 WESTMORELAND BL\~ 
1720 ~IESTMORELAND BLVD 
1721 WESTMORELA.c~ BLVD 
1724 WESTMORELA.c~ BLVD 
1725 WESTMORELfu"fD BLVD 
1728 WES'TMORELAND BLVD 
1731 WESTMORELAND BLVD 
1740 WESTMORELAND BLVD 
1741 WESTMORELAND BLVD 
1742 WESTt{ORELAND BLVD 
1765 WESTMOREL~~ BLVD 
1800 WESTMORELAb~ BLVD 
1804 WESTMOREh~ BLVD 
1809 WESTMORELAND BLVD 
1810 WESTMORELA.c'<[D BLVD 
1812 WESTMORELAND BLVD 
1815 WESTMORELAND BLVD 
1820 WESTMORELAND BLVD 
1821 WESTMORELAND BLVD 

1825 WESTMORE~~ BLVD 
1831 WESTMORE~~ BLVD 
2161 WESTVIEW ST 

2911 WESTVIEW ST 
WESTWOOD BLVD 

1142 WESTWOOD BLVD 

2201 WESTWOOD BLVD 

529 WHEELING WY 

WH IrE OAK AVE 
3630 WHITESIDE ST 

WHITLEY AVE 

1720 WHITLEY AVE 

JAY E. WILLARD 
DANIEL SHEPHERD 

DAR TREE ALLEE/UCLA CAMPUS 
RALPHS GROCERY STORE 

144 DEODAR TREES 
RESIDENTIAL REHABILITATION 
~~ITLEY COURT / GARAGE 

~~ITLEY COURT / BUNGALOW DUPLEX #1 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

LOS ANGELES 

LOS ANGELES 
LOS ANGELES 
LOS ANGELES 

LOS ANGELES 

P 

P 
P 
P 
P 

P 

P 

P 

p 

u 

P 

U 

P 

P 

1940 

1914 
1914 
1911 
1950 

1940 

HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
HIST.SURV. 
PROJ.REVW. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
mST.RES. 
HIST.RES. 
HIST.RES. 
HIS'r,RES. 
HlST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST,RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HIST.RES. 
HrST.RES. 
HIST.RES. 
HIST.RES. 
HrST.RES. 
HIST.RES. 

HIST.RES. 
HIST.RES. 

1928 HrST.RES. 
PROJ.REVW. 

1922 PROJ. REVW. 
PROJ.REVW. 

1929 HIST.RES. 
BrST.SURV. 
NAT. REG. 
TAX.CERT. 

1909 HIST.RES. 
PROJ.REVW. 

1901 HIST.RES. 

1932 

1919 

1919 

PROJ.REVW. 
HIST.SURV. 
PROJ.REVW. 
mST.RES. 

HIST.RES. 

0053-1124-0000 
0053-1125-0000 
0053-1126-0000 
0053-1127-0000 
0053-1128-0000 
HUD071002G 
OOE-19-02-1201-0226 
DOE-19-02-1201-0227 
00£-19-02-1201-0228 
DOE-19~02-1201-0229 

OOE-19-02-1201-0230 
OOE-19-02-1201-0231 
OOE-19-02-1201-0232 
0013-19-02-1201-0233 
ooE-19-02-1201-0234 
ooE-19-02-1201-0038 
003-19-02-1201-0235 
D03-19-02-1201-0236 
008-19-02-1201-0237 
OOE-19-02-1201-0238 
D08-19-02-1201-0239 
DO£-19-02-1201-0240 
DO£-19-02-1201-0241 
OOE-19-02-1201-0242 
OOE-19-02-1201-0243 
OOE-19-02-1201-0244 
DOE-19-02-1201-0245 
OOE-19-02-1201-0039 
DO£-19-02-1201-0246 
ooE-19-02-1201-0040 
008-19-02-1201-0247 
DOE-19-02-1201-0248 
00£-19-02-1201-0249 
0013-19-02-1201-0250 
0013-19-02-1201-0251 
OOE-19-02-1201-0252 

DOE-19-02-1201-0253 
00E-19-02-1201-0254 
008-19-94-0434-0000 
HRG940202Z 
HUDS60207B 
FEMA990414A 
NPS-92000969-0000 
0053-4716-0000 
19- 0071 
537.9-19-0053 
0013-19-94-0204-0000 
HRG940202Z 
DOE-19-03~0388-0000 

HUD030103G 

0053-0278-0000 
HUD871116F 
NPS-04000732-000S 

NPS-04000732-D001 

STAT-OAT NRS CRIT 

5S2 
5S2 
7R 
7R 
7R 

10/10/07 6Y 

08/29/02 202 AC 
08/29/02 202 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
06/29/02 2D2 AC 
08/29/02 202 AC 
08/29/02 2D2 AC 
08/29/02 6U 
08/29/02 202 AC 
08/29/02 202 AC 
08/29/02 2D2 AC 
08/29/02 202 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 

08/29/02 2D2 AC 
08/29/02 202 AC 
08/29/02 2D2 AC 
08/29/02 6U 
08/29/02 202 AC 
08/29/02 6U 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 2D2 AC 
08/29/02 202 AC 

08/29/02 2D2 AC 
08/29/02 202 AC 
12/20/94 6Y 
12/20/94 6Y 

03/20/96 6Y 
04/16/99 6Y 
07/30/92 IS AC 
07/30/92 1S AC 
07/30/92 IS AC 
08/21/90 283 
08/08/94 6Y 
08/08/94 6Y 
01/31/03 6U 
01/31/03 6U 

12/17/87 
07/28/04 

07/28/04 

3S 
6Y 
10 

10 

AC 

AC 
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N 
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DfflCE or IIISJORIC PIIESERVA11 qll ••• flirectory of Properties in 1I~'ic: P .per y D~I(l File (Of LOS AlIGHES County. Page nu 09-01.-96 ~ '?p 
S I RH l. ADORE S5 ........... " tMHE S ........ : ........... - , .......... ell Ltj,VIE. .•. ,',. OWl R - C C IIPR OIIiREG Clllil PROP, II OI[P-f'ROQ .. PRG-REfEREIiCE-IWf1ilER S r /I. r. OAr ,IRS CR J1 

JU STIt liVE 
J~ 5 5TH AVE 
709 5rll AVE 

715 STU AVE JOliN Ii JOW1SON 

lOS MmELES 
I ns lllilie LE S 
I.OS IIIIGEI ES 
LOS fl/IGElES 

'I'e II: 1 0)fe.. 6.f P(Op.e ( f J 
D::: V IS~'IC. r 
'B ';;- '13u"d ~11'(l j 
C-::- SdG 

S·;:- S1- rv elure..-
D'= 0 k1 j'e.,c... t-

r 
P 
P 
r 

!A 
023565 IIIST.SURV, 0053-1019'0000 
023566 lUST .SURV. 005]-1020-0000 
023567 UISl.SlJRV. 0053-1021'0000. 
023568 WIST.SURII. 005]-1022'0000 

.:f/: of pv-ope y he s 
('on~)", \?\ .. d--\(\j to. +-h i) 
'( fS0ll (c..e...:., 
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NEWCHR-OldNR 
Status STATUS 
Code DESCRIPTION of former NR Status Codes CODE 
4M2- May become elig. for NR as contrib. if restrd & more research on [jist. 7N1 

.. -
-

May become elig. for NR as contrib.,if restrd &-context is eXJ?anded .. 4M3 7N1 
4M4 May beGom~.~lig. NR as contri_b.: if restrd & approp. prop. type is d~fjned. 7N1 

'-'--"-'" 
4M5 May become elig. f-.!R as contrib. ~ .. restrd & prop. types are .clarified. 7N1 
4M6 May beg()l'!1e elig. NR as cOQ.!~~b. if rstrd & pist. eval.!~ diff. conte.xt. 7N1 
4M7 May become elig.J~JR as contrib. ~f rstrd & integ:.().f Dist. is r~trd. '-jN1-'-

-" -
4MB May bec;:ome elig. NR as cq!Jtrib. if rstrd & oth like Dist. are lost. 7N 
4R May become a contributor to a Iisted/eligJappears. elig. dist. -7N 

-
4S May become elig. for NR as a separate property. 7N 
4S1 M§l.y become elig. for NR as separate .~he~ it becomes old enough. 7N1 - .. -
4S2 May become eli9: for NR as separate with more research. 7N1 

'- 7N1 4S3 May bec_()me elig. for NR as separate if context info. is expanded. 
1---
4S4 May become elig. for NR as sep. if more approp. prop. type is def. 7N1 
4S5 May become elig. for NR as sep. when regis. requirements are clarified. 7N1 
486 May become elig. for NR as separate when eva!. in another context. 7N1 
487 May become elig. for NR as sep. when its integrity is restored. 7N1 
488 May become elig. for NR as sep. when other like prop. are lost. 7N 
4X May become elig. for NR as contrib. to District that has not been doc. 7N 

5D1,5D2. 
5 Ineligible for the NR but still of local interest. 58,5S2 
58 Elig. for lac List only - Both as separate property and as contrib. 5B 
5B1 Eligible for local Listing only - Both 581 and 5D1. 5B 
5B2 Eligible for local listing only - 80th 582 and 5D2. 58 
583 Not Elig. loc List but for spec. consid. in loc Plan - Both 5S3 and 5D3. 6l 
5.84 Elig. for loc list only - 80th 5S1 and 5D2. 58 

'585 Elig. for Loc list only - 80th 581 and 5D3. 6L 
586 Elig. for Loc list only - 80th 5S2 and 5D1. 58 
587 Elig. for lac list only - Both 5S2 and 5D2. 58 
588 Elig. for Lac List only - 80th 583 and 5D1. 58 
589 Elig. for Lac List only - 80th 583 and 5D2. 5B 
5D Elig. for local Listing as contributor only. 5D2 

Elig. for local Listing only-contributor to District listed or eligible 
501 under Local Ordinance 5D1 

Elig. for Local Listing only-contributor to District listed or eligible 
502 under possible local Ordinance 5D2 

Not Elig. for Local Listing-contributor to District eligible for special 
503 consideration in local Planning 6l 
5N Not Elig. for anything but Needs special consid. for other reasons. 6l 
5S Eligible for local listing only. 5S2 
581 Elig for Local Listing only-listed or elig separately under Local Ordinance 581 

Eligible for Local Listing only-likely to become eligible under Local 
5S2 Ordinance 582 
583 Not Elig for Local Listing-is elig for special consid in Local Planning 6l 
5X Unknown not used 

6T, 6U, 6X, 
6 DeL inelig. for National Register listing. 6Y, or 6Z 
6CW Removed from the Cal. Register by the SHRC 6C 

Technical Assistance Bulletin 8 10 
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California Historical Resource Status Codes 

tiiN ~;vi1~£\1.;.pl~~gttJ~~;n~~~~;rrd'~~\N~tt9:ii~J1'.R~Jjj!t~~;EtitttJ3:9t1Pgt9~jlf9frii~f~~gl~~eri((1~1 
10 Contributor to a district or multiple resource property listed in NR by the Keeper. Listed in the CR. 
is Individual property listed in NR by the Keeper. Listed in the CR. 

leo Listed in the CR as a contributor to a district or multiple resource property by the SHRC 
lCS listed in the CR as individual property by the SHRC. 
lCL Automatically listed in the California Register·- Includes State Historical Landmarks 770 and above and Points of Historical 

Interest nominated after December 1997 and recommended for listing by the SHRC. 

~tm1\l));;f~p;Ptqij[&I~~~a~1~fm}Hg!!r~ngI~)Nrfqf,:]~I~¥g~l!ifti!~N~'i~!l!tITi~f~~~:{[R"l:t91~£iK~tg~m;:qtffi~[R~g.r.~ti.~:;r~m 
28 Determined eligible for NR as an individual property and as a contributor to an eligible district in a federal regulatory process. 

Listed in the CR. 
20 Contributor to a district determined eligible for NR by the Keeper. Listed in the CR. 
2D2 Contributor to a district determined eligible for NR by consensus through Section 106 process. Listed ln the CR. 
203 Contributor to a district determined eligible for NR by Part I Tax Certification. Listed in the CR. 
204 Contributor to a district determined eligible for NR pursuant to Section 106 without review by SHPO. Listed in the CR. 
2S Individual property determined eligible for NR by the Keeper. Listed in the CR. 
2S2 Individual property determined eligible for NR by a consensus through Section 106 process. Listed in the CR. 
253 Individual property determined eligible for NR by Part I Tax Certification. Listed in the CR. 
2S4 Individual property determined eligible for NR pursuant to Section 106 without review by SHPO. Listed in the CR. 

2CB Determined eligible fot CR as an individual property and as a contributor to an eligible district by the SHRC. 
2eD Contributor to a district determined eligible for listing in the CR by the SHRC. 
2CS . Individual property determined eligible for listing in the CR by the SHRC. 

·.·'m'·!i1,tf7.!fI·,",;Wr~im'ffi'I:'~$:"'e=--""j.;"'!;Il!'.F"'m'm'1f"Sfr~~1lf·~"""~~:~'i!r""'~0~!1f"'J'\Wm~'''''''N''''1'I"'~''"''~'''''''''"'''''''''~::lI ~"'"1fJill'~~lApp~cr;::!!i\,~IJ.Y1!i!.~tJ}Jilfi;:h"g!!.~t~E~9L~.~R!g~lM?J[!Jfilr~mgm,~~J~~jt.Y1!!R\!!!I.I:iJ:i!'!~V4.i~il:!..q~ilQJJ 
35 Appears eligible for NR both individually and as a contributor to a NR eligible district through survey evaluation. 
3D Appears eligible for NR as a contributor to a NR eligible district through survey evaluation. 
3S Appears eligible for NR as an indiVidual property through survey evaluation. 

3CB Appears eligible for CR both individually and as a contributor to a CR eligible district through a survey evaluation. 
3CD Appears eligible for CR as a contributor to a CR eligible district through a survey evaluation. 
3CS Appears eligible for CR as an individual property through survey evaluation. 

~1~~~~ii\g1i'~mmrgmI~ml'4N"JfliilfrureJ1§f~lmi_{f"~urpl1Uml~gt~~C~RJ)iIJrlM'9n"mtlill't[IDriiJRmTiHII 
4CM Master List ~ State Owned Properties - PRe §5024. 

f~~'~f~\W~~"'-~""'''~'~~~:~~~~Jw.';'~~''~,*m:'4~~)?i;.~!l;j~:®,~·!{$,~e~~q'~!.;¥Vw~t-~~~;':i;~*'fih~~lt~~'i'~~:0~(finr~:~~~?!tij~~~ 
\?f};!~~;)ii;f;;P<lgR~*1i.~m;~~.Q'.J1ru~~t!:l51Jij'., .. !§mfifQ!!.L\t~!g!lI!!J'il~"t~·uy:di!.QJ;;~J[~ .. Q~.~.I:t!!!!!,;~n!lf~\1m 

5Dl Contributor to a district that is listed or designated locally. 
5 D2 Contributor to a district that is eligible for local listing or designation. 
503 Appears to be a contributor to a district that appears eligible for local listing or designation through survey evaluation. 

551 IndiVidual property that is fisted or designated locally. 
5S2 Individual property that is eligible for local listing or designation. 
553 Appears to be individually eligible for local listing or designation through survey evaluation. 

5B Locally Significant both individually (listed, eligible, or appears eligible) and as a contributor to a district that is loeally listed, 
designated, determined eligible or appears eligible through survey evaluation. 

idf"'i\i"",?~Ft~""::"i:ii''''l''''':'j\[i'!W~;~,,cr;·'iC'>1!'i8'::!iJlj:~!¥t'\~'*"'-''''l!'*'''l;.l1i!li.'7E~~ 
Ri?1W;m:ii&(;,«Q.~.!iill9,!.M~S'l.!!k~diJ.~l§'~J.!..I»&Q~R~~!g.!'!ii!.J;!g!.l~~P~~ 

6C Determined ineligible for or removed from California Register by SHRC. 
6J Landmarks or Points of Interest found ineligible for designation by SHRC. 
6L Determined ineligible for loeallisting or designation through local government review process; may warrant spedal consideration 

in tocal planning. 
6T Oetennined ineligible for NR through Part I Tax Certification process. 
6U Determined ineligible for NR pursuant to Section 106 without review by SHPO. 
6W Removed from NR by the Keeper. -
6X Determined ineligible for the NR by SHRC or Keeper. 
6Y Detennined ineligible for NR by consensus through Section 106 process - Not evaluated for CR or local listing. 
6Z . Found ineligible for NR, CR or Local deSignation through survey evaluation. 

iA;ti.:~?;£~~;~;~:~:gt{~[~1¥l~1~§ft!lJiI~J!~9,n'~tLij;~g~~'f~r,i£Nl~j1~jJi~1I!tg!Q!~IB,~gi~~ti{QJ£}X~·r~.Nj~~~~8~~:~m~~ttimf~~ij~1~1#)~~r~}~gfi'f4'8\~~!j;lli~ 
7J Received by OHP for evaluation or action but not yet evaluated. 
7K Resubmitted to OHP for action but not reevaluated. 
7L State Historical Landmarks 1-769 and Points of Historical Interest designated prior to January 1998 - Needs to be reevaluated 

using current standards. 
7M Submitted to OHP but not evaluated - referred to NPS. 
7N Needs to be reevaluated (Formerly NR Status Code 4) 
7Nl Needs to be reevaluated (Formerly NR 5C4) - may become eligible for NR wjrestoration or when meets other specific conditions. 
7R Identified in Reconnaissance level Survey: Not evaluated. 
7W Submitted to OHP for action - withdrawn. 
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VOLUME 2 
UNINTERRUPTED fLOW 

OVERVIEW 

Volume 2 of the Highway Capacity Manual (HCM) contains six chapters that 
present analysis methods for uninterrupted-flow roadways-that is, roadways 
that have no fixed causes of delay or interruption external to the traffic stream. 
This volume addresses three types of uninterrupted-flow roadways: 

• Freeways, defined as separated highways with fun control of access and 
two or more lanes in each direction dedicated to the exclusive use of 
traffic; 

• Multilane highways, defined as highways that do not have full control of 
access and that have two or more lanes in each direction, with traffic 
signals or roundabouts spaced at least 2 mi apart on average; and 

• Two-lane highways, defined as roadways with one lane for traffic in each 
direction (except for occasional passing lanes or truck climbing lanes), 
with traffic signals, roundabouts, or sTop-controlled intersections spaced 
at least 2 mi apart on average. 

The HCM treats roadways that have traffic signals, roundabouts, or STOP
controlled intersections spaced less than 2 mi apart on average as urban streets. 
Urban streets are discussed in Volume 3, Interrupted Flow. 

VOLUME ORGANIZATION 

Freeways 

Traffic enters and exits a freeway via ramps. Chapter 13, Freeway Merge 
and Diverge Segments, focuses on locations where two or more traffic streams 
combine to form a single traffic stream (a merge) or where a single traffic stream 
divides to form two or more separate traffic streams (a diverge). These locations 
are most commonly ramp-freeway junctions but include points where mainline 
roadways join or separate. Chapter 13 can also be applied in an approximate way 
to ramp-highway junctions on multilane highways and collector-distributor 
roads. Ramp-street junctions are analyzed with the methods in the intersection 
and interchange chapters in Volume 3. 

Sometimes freeway merges are closely followed by freeway diverges, or a 
one-lane off-ramp closely follows a one-lane on-ramp and the two are connected 
by a continuous auxiliary lane. In these cases, the traffic streams to and from the 
ram ps must cross each other over a significant length of freeway without the aid 
of traffic control devices (except for guide signs). The term "closely" implies that 
the distance between the merge and diverge segments is not sufficient for them 
to operate independently, thus creating a weave. Chapter 12, Freeway Weaving 
Segments, provides procedures for analyzing weaving operations on freeways. 

Volume 2jUninterrupted Flow 
December 2010 

Page V2-i 

VOLUME 2: UNINTERRUPTED FLOW 
10. Freeway Facilities 
11. Basic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 

How to Use Volume 2 
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How to Use Volume 2 

It can be applied in an approximate way to weaves on multilane highways and 
collector-distributor roads, but not to weaves on arterial streets. 

The remaining portions of the freeway mainline that are not merge, diverge, 
or weaving segments (except for toll plazas, drawbridges, or similar points 
where freeway traffic may be temporarily required to stop) are covered in 
Chapter 11, Basic Freeway Segments. This chapter also provides information on 
the base conditions and passenger car equivalents for heavy vehicles that are 
common to all of the freeway chapters. 

Chapter 10, Freeway Facilities, provides a methodology for analyzing 
extended lengths of freeway composed of continuously connected basic freeway, 
weaving, merge, and diverge segments. Such extended lengths are referred to as 
a freeway facility. In this terminology, the term facility does not refer to an entire 
freeway from beginning to end; instead, it refers to a specific set of connected 
segments that have been identified for analysis. In addition, the term does not 
refer to a freeway system consisting of several interconnected freeways. 

The methodologies of Chapters 11, 12, and 13 all focus on a single time 
period of interest, generally the peak 15 min within a peak hour. However, 
Chapter 10' s methodology allows for the analysis of multiple and continuous 15-
min periods and is capable of identifying breakdowns and the impact of such 
breakdowns over space and time. 

Multilane Highways 

Chapter 14, Multilane Highways, presents analysis methods for the portions 
of multilane highways away from the influence of signalized intersections (or 
other forms of intersection traffic control that interrupt the flow of traffic on the 
highway). Many multilane highways will have periodic signalized intersections, 
even if the average signal spacing is well over 2 mi. In such cases, the multilane 
highway segments that are more than 2 mi away from any signalized 
intersections are analyzed with the Chapter 14 methodology. Isolated signalized 
intersections should be analyzed with the methodology of Glapter 18, Signalized 
Intersections. 

Bicycles are typically permitted on multilane highways, and multilane 
highways often serve as primary routes for both commuter cyclists (on suburban 
highways) and recreational cyclists (on rural highways). Chapter 14 presents a 
method for estimating the bicycle level of service (LOS) on multilane highways. 

Two-lane Highways 

Chapter 15, Two-Lane Highways, presents analysis methods for the portions 
of two-lane highways that are away from the influence of intersection traffic 
control that interrupts the flow of traffic. In generat any segment that is 2.0 to 3.0 
mi from the nearest signalized intersection, roundabout, or intersection where 
the highway is sToP-controlled would fit into this category. Where these 
interruptions to traffic are less than 2.0 mi apart, the facility should be classified 
as an urban street and analyzed with the methodologies of Chapter 16, Urban 
Street Facilities, and Chapter 17, Urban Street Segments, which are located in 
Volume 3. 

Page V2-ii Volume 2jUninterrupted Flow 
December 2010 
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Chapter 15 can be used to analyze three classes of two-lane highways: 

• Class 1 highways are ones where motorists expect to travel at relatively 
high speeds, such as major intercity routes, primary connectors of major 
traffic generators, daily commuter routes, or major links in state or 
national highway networks; 

• Class 11 highways are ones where motorists do not necessarily expect to 
travel at high speeds, such as highways serving as access routes to Class I 
facilities, serving as scenic or recreational routes, or passing through 
rugged terrain; and 

• Class 111 highways are ones serving moderately developed areas, such as 
portions of a Class lor Class II highway passing through small towns or 
developed recreational areas or longer segments passing through more 
spread-out recreational areas, with increased roadside densities. 

Two-lane highways often serve as routes for recreational cyclists. Chapter 15 
presents a method for estimating the bicycle LOS on these highways. 

RELATED CHAPTERS 

Volume 1 

The chapters in Volume 2 assume that the reader is already familiar with the 
concepts presented in the Volume 1 chapters, in particular the following: 

• Chapter 2, Applications-types of HCM analysis, types of roadway system 
elements, and traffic flow characteristics; 

• Chapter 3, Modal Characteristics-variations in demand, peak and analysis 
hours, K- and D-factors, facility types by mode, and interactions between 
modes; 

• Chapter 4, Traffic Flow and Capacity Concepts-traffic flow parameters and 
factors that influence capacity; and 

• Chapter 5, Quality and Level-oj-Service Concepts-performance measures, 
service measures, and LOS. 

Volume 3 

The interseCTIon and interchange chapters (Chapters 18-22) are used to 
determine the operations of freeway ramp-street jlmctions and the operations of 
isolated traffic signals, roundabouts, and sTop-controlled intersections along 
multilane and two-lane highways. In the context of Volume 2, it is particularly 
important to examine the length of the queue extending back from a freeway off
ramp-street junction, since long queues may affect freeway operations, a 
situation that is not accounted for in the HCM techniques. 
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VOLUME 4: APPLICATIONS GUIDE 
Methodological Details 

25. Freeway Facilities: 
Supplemental 

26. Freeway and Highway 
Segments: Supplemental 

27. Freeway Weaving: 
Supplemental 

28. Freeway Merges and 
Diverges: Supplemental 

35. Active Traffic Management 
Case Studies 
Technical Reference Library 

Access Volume 4 at 
www.HCM2010.org 

How to Use Volume 2 

Volume 4 

Five chapters in Volume 4 (accessible at www.HCM2010.org) provide 
additional information that supplements the material presented in Volume 2. 
These chapters are as follows: 

• Chapter 25, Freeway Facilities: Supplemental-details of the computations 
used in the Chapter 10 methodology, and computational engine 
flowcharts and linkage lists; 

• Chapter 26, Freeway and Highway Segments: Supplemental-examples of 
applying alternative tools to situations that are not addressed by the 
Chapter 11 method for basic freeway segments, and state-specific default 
values for heavy vehicle percentage that apply to all Volume 2 chapters; 

• Chapter 27, Freeway Weaving: Supplemental-examples of applying 
alternative tools to situations not addressed by the Chapter 12 method; 

• Chapter 28, Freeway Merges and Diverges: Supplemental-examples of 
applying alternative tools to situations not addressed by the Chapter 13 
method; and 

• Chapter 35, Active Traffic Management-descriptions of active traffic 
management strategies; a discussion of the mechanisms by which they 
affect demand, capacity, and performance; and general guidance on 
possible evaluation methods for active traffic management techniques. 

The HCM Applications Guide in Volume 4 provides three case studies on the 
analysis of uninterrupted-flow facilities: 

• Case Study No.3 illustrates the process of applying HCM techniques to the 
analysis of a two-lane highway; 

• Case Study No.4 illustrates the process of applying HCM techniques to the 
analysis of a freeway; and 

• Case Study No.6 illustrates the application of alternative tools to a freeway 
facility in a situation where HCM techniques are unsuitable. 

Case Studies No.3 and No.4 focus on the process of applying the HCM 
rather than on the details of performing calculations (which are addressed by the 
example problems in the Volume 2 chapters). These case studies' computational 
results were developed by using HCM2000 methodologies and therefore may 
not match the results obtained from applying the HCM 2010. However, the 
process of application is the focus, not the specific computational results. 

The Technical Reference Library in Volume 4 contains copies of (or links to) 
many of the documents referenced in Volume 2 and its supplemental chapters. 
Because the Chapter 10 methodology is too complex to be implemented by 
manual penciI-and-paper techniques, the FREEV AL-2010 spreadsheet has been 
developed to implement the methodology's calculations. The Technical 
Reference Library contains a copy of the spreadsheet along with a user's guide. 
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LEVELS OF ANALYSIS AND ANALYSIS TOOLS 

( As discussed in Chapter 2, Applications, HCM methodologies can be 
applied to the operations, design, preliminary engineerin& and planning levels 
of analysis. These levels differ both in the amount of field data used in the 
analysis (as opposed to default values) and in the way the HCM is applied 
(iteratively, to find a design that meets a desired set of criteria, or as a single 
application, to evaluate performance given a particular set of inputs). Each 
Volume 2 chapter provides a section that discusses how to apply the chapter to 
these different levels of analysis, along with a section with recommended default 
values for planning and preliminary engineering analyses. 

Three Volume 2 chapters (10, 14, and 15) provide generalized service volume 
tables applicable to freeway facilities, multilane highways, and two-lane 
highways, respectively. These tables can be used for large-scale planning efforts 
when the goal is to analyze a large number of facilities to determine where 
problems might exist or arise or where improvements might be needed. Any 
facilities identified as likely to experience problems or need improvement should 
then be subjected to a more detailed analysis that takes into account the existing 
or likely future characteristics of the specific facility before any detailed decisions 
on implementing specific improvements are made. Because the service volumes 
provided in these tables are highly dependent on the default values assumed as 
inputs, it is recommended that users wishing to apply generalized service 
volume tables develop their own tables by using local default values, in 
accordance with the processes described in Appendix A and Appendix B of 

( Chapter 6, HCM and Alternative Analysis Tools. 

Chapter 6 also describes in general terms the conditions under which the use 
of alternative tools to supplement HCM capacity and quality-of-service 
procedures should be considered. Each Volume 2 chapter contains a section 
discussing the potential application of alternative tools to the specific system 
element addressed by the chapter, and Chapters 26-28 in Volume 4 provide 
example problems illustrating applications of alternative tools to address HCM 
limitations. Each chapter lists the specific limitations of its methodology. The 
major limitations are summarized as follows: 

• Freeways 

o Operations of oversaturated freeway segments (but not necessarily 
oversaturated freeway facilities, as discussed later) 

o Multiple overlapping breakdowns or bottlenecks 

o Conditions where off-ramp queues extend back onto the freeway or 
affect the behavior of exiting vehicles 

o Operation of separated high-occupancy vehicle (HOV) facilities and 
weaving interactions between HOV and general-purpose lanes 

o Toll plaza operations 

o Ramp-metering effects 

Volume 2/Uninterrupted Flow 
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How to Use Volume 2 

• Multilane highways 

o Operations during oversahlrated conditions 

o The impacts of shoulder parking activity, bus stops, or significant 
pedestrian activity 

o Possible queuing impacts when a multilane highway segment 
transitions to a two-lane highway segment 

o Differences between various types of median barriers, and the 
difference between the impact of a median barrier and a two-way left
turn lane 

o The range of values used to develop the bicycle LOS model (although 
the model has been successfully applied to rural multilane highways, 
users should be aware that conditions on many of those highways are 
outside the range of values used to develop the model) 

• Two-lane highways 

o Operations during oversaturated conditions 

o Impact of intersection traffic control on the overall facility LOS 

o The range of values used to develop the bicycle LOS model (although 
the model has been successfully applied to rural two-lane highways, 
users should be aware that conditions on many of those highways are 
outside the range of values used to develop the model) 

If an analysis of an individual freeway segment reveals the segment to be 
oversaturated, then Chapter 10, Freeway Facilities, must be used to assess 
operation of the segment and its impacts on upstream and downstream sections. 
If the Chapter 10 analysis reveals that the oversaturation would extend beyond 
the geographic or temporal boundaries of the analysis, then the boundmies of the 
Chapter 10 analysis should be expanded to contain the oversaturation. If 
expanding the boundaries of the m1alysis is not practical, then no analytical tool, 
including the HCM, can give a complete answer in this situation. 
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1. INTRODUCTION 

A freeway is a separated highway with full control of access and two or 
more lanes in each direction dedicated to the exclusive use of traffic. Freeways 
are composed of various uniform segments that may be analyzed to determine 
capacity and level of service (LOS). Three types of segments are found on 
freeways: 

• Freeway merge and diverge segments: Segments in which two or more traffic 
streams combine to form a single traffic stream (merge) or a single traffic 
stream divides to form two or more separate traffic streams (diverge). 

• Freeway weaving segments: Segments in which two or more traffic streams 
traveling in the same general direction cross paths along a significant 
length of freeway without the aid of traffic control devices (except for 
guide signs). Weaving segments are formed when a diverge segment 
closely follows a merge segment or when a one-lane off-ramp closely 
follows a one-lane on-ramp and the two are connected by a continuous 
auxiliary lane. 

• Basic freeway segments: All segments that are not merge, diverge, or 
weaving segments. 

Analysis methodologies are detailed for basic freeway segments in Chapter 
II, for weaving segments in Chapter 12, and for merge and diverge segments in 
Chapter 13. 

Chapter 10, Freeway Facilities, provides a methodology for analyzing 
extended lengths of freeway composed of continuously connected basic freeway, 
weaving merge, and diverge segments. Such extended lengths are referred to as 
a freeway facility. In this terminology, the term facility does not refer to an entire 
freeway from beginning to end; instead, it refers to a specific set of connected 
segments that have been identified for analysis. In addition, the term does not 
refer to a freeway system consisting of several interconnected freeways. 

The methodologies of Chapters 11, 12, and 13 focus on a single time period 
of interest, generally the peak 15 min within a peak hour. This chapter's 
methodology allows for the analysis of multiple and continuous IS-min time 
periods and is capable of identifying breakdowns and the impact of such 
breakdowns over space and time. 

The methodology is integral with the FREEV AL-2010 model, which 
implements the complex computations involved. This chapter discusses the basic 
principles of the methodology and its application. Chapter 25, Freeway Facilities: 
Supplemental, provides a complete and detailed description of all the algorithms 
that define the methodology. The Technical Reference Library in Volume 4 
contains a user's guide to FREEVAL-2010 and an executable spreadsheet that 
implements the methodology. 
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Exhibit 10-1 
Influence Areas of Merge, 

Diverge, and Weaving 
Segments 

Introduction 

SEGMENTS AND INFLUENCE AREAS 

It is important that the definition of freeway segments and their influence 
areas be dearly understood. The influence areas of merge, diverge, and weaving 
segments are as follows: 

• Weaving segment: The base length of the weaving segment plus 500 ft 
upstream of the entry point to the weaving segment and 500 ft 
downstream of the exit point from the weaving segment; entry and exit 
points are defined as the points where the appropriate edges of the 
merging and diverging lanes meet. 

• Merge segment: From the point where the edges of the travel lanes of the 
merging roadways meet to a point 1,500 ft downstream of that point. 

• Diverge segment: From the point where the edges of the travel lanes of the 
merging roadways meet to a point 1,500 ft upstream of that point. 

Points where the "edges of travellanes" meet are most often defined by 
pavement markings. 

The influence areas of merge, diverge, and weaving segments are illustrated 
in Exhibit 10-1. 

;0---- 1,500 ft----o; 

(a) Merge Influence Area 

sao Ft 

Base Length, L8 

;0---- 1,500 ft---o: 

(b) Diverge Influence Area 

SOD Ft 

(c) Weaving Influence Area 

Basic freeway segments are any other segments along the freeway that are 
not within these defined influence areas, which is not to say that basic freeway 
segments are not affected by the presence of adjacent and nearby merge, diverge, 
and weaving segments. Particularly when a segment breaks down, its effects will 
propagate to both upstream and downstream segments, regardless of type. 
Furthermore, the general impact of the frequency of merge, diverge, and 
weaving segments on the general operation of all segments is taken into account 
by the free-flow speed of the facility. 

Basic freeway segments, therefore, do exist even on urban freeways where 
merge and diverge points (most often ramps) are closely spaced. Exhibit 10-2 
illustrates this point. It shows a 9,100-ft (l.7-mi) length of freeway with four 
ramp terminals, two of which form a weaving segment. Even with an average 
ramp spacing less than 0.5 mi, this length of freeway contains three basic freeway 
segments. The lengths of these segments are relatively short, but, in terms of 
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analysis methodologies, they must be treated as basic freeway segments. Thus, 
while it is true that many urban freeways will be dominated by frequent merge, 
diverge, and weaving segments, there will still be segments classified and 
analyzed as basic freeway segments. 

1,500 ft 1,600 ft 2,000 ft 2,500 ft 1,500 ft 

i~ II II ~ -1- 11 1- II ~ 

[7 ~ 7 7 

~ - -!- -i~ -i- IIi- -~- -I ~ 1 

1,000 ft 2,600 ft 1,500 ft 1,500 ft 1,000 ft 1,500 ft 
Basic Weaving Basic Merge Basic Merge 

FREE-FLOW SPEED 

Free-flow speed is strictly defined as the theoretical speed when the density 
and flow rate on the study segment are both zero. Chapter 11, Basic Freeway 
Segments, presents speed-flow curves that indicate that the free-flow speed on 
freeways is expected to prevail at flow rates between 0 and 1,000 passenger cars 
per hour per lane (pc/h/ln). In this broad range of Hows, speed is insensitive to 
flow rates. This characteristic simplifies and allows for measurement of free-How 
speeds in the field. 

Chapter 11 also presents a methodology for estimating the free-How speed of 
a basic freeway segment if it cannot be directly measured. The free-How speed of 
a basic freeway segment is sensitive to three variables: 

• Lane widths, 

• Lateral clearances, and 

• Total ramp density. 

The most critical of these variables is total ramp density. Total ramp density is 
defined as the average number of on-ramp, off-ramp, major merge, and major 
diverge junctions per mile. It applies to a 6-mi segment of freeway facility, 3 mi 
upstream and 3 mi downstream of the midpoint of the study segment. 

While the methodology for determining free-How speed is provided in 
Chapter 11, Basic Freeway Segments, it is also applied in Chapter 12, Freeway 
Weaving Segments, and Chapter 13, Freeway Merge and Diverge Segments. 
Thus, free-How speed affects the operation of all basic, weaving, merge, and 
diverge segments on a freeway facility. 

The free-How speed is an important characteristic, as the capacity c, service 
How rates SF, service volumes Sv, and daily service volumes DSV all depend on 
it. 
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Exhibit 10-3 
Ramp Density Determination 

Introduction 

Exhibit 10-3 illustrates the determination of total ramp density on a 6-ml 
length of freeway facility. 

l---7--".---2...,....--~----~-7---r-4 ---<'<J 
6mi • i 

As illustrated in Exhibit 10-3, there are four ramp terminals and one major 
diverge point in the 6-mi segment illustrated. The total ramp density is, 
therefore, 5/6 = 0.83 ramp/mi. 

CAPACITY Of fREEWAY fACILITIES 

Capacity traditionally has been defined for segments of unifonn roadway, 
traffic, and control conditions. When facilities consisting of a series of connected 
segments are considered, the concept of capacity is more complicated. 

The methodologies of Chapters 11, 12, and 13 allow the capacity of each basic 
freeway, freeway weaving, freeway merge, and freeway diverge segment to be 
estimated. It is highly unlikely that every segment of a facility will have the same 
roadway, traffic, and control conditions and even less likely that they will have 
the same capacity. 

Conceptual Approach to the Capacity of a freeway facility 

Consider the example shown in Exhibit 10-4. It illustrates five consecutive 
segments that are to be analyzed as one "freeway facility." Demand flow rates Va' 

capacities c, and actual flow rates Va are shown, as are the resulting v)c and vic 
ratios. A Jane is added in Segment 3 (even though this segment begins with an 
off-ramp), providing higher capacities for Segments 3, 4, and 5 than in Segments 
1 and 2. The example analyzes three scenarios. 

In Scenario I, none of the demand flow rates exceeds the capacities of the 
segments that make up the facility. Thus, no breakdowns occur, and the actual 
flow rates are the same as the demand flow rates (i.e., Vd = Va for this scenario). 
None of the vdle or vic ratios exceeds 1.00, although the highest ratios (0.978) 
occur in Segment 5. 

Scenario 2 adds 200 vehicles per hour (veh/h) of demand to each segment 
(essentia1ly another 200 veh/h of through freeway vehicles). In this case, Segment 
5 will experience a breakdown-that is, the demand flow rate will exceed the 
capacity. In this segment, demand flow rate Vd differs from the actual flow rate Val 

as the actual flow rate Va can never exceed the capacity c. 

In Scenario 3, all demand flow rates are increased by 10%, which, in effect, 

keeps the relative values of the segment demand flow rates constant. In this case, 
demand flow rate will exceed capacity in Segments 4 and 5. Again, the demand 
flow rates and actual flow rates will differ in these segments. 
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2 3 4 5 

7 
Performance Freewal£ Segmgnt 

Scenario Measures 1 2 3 4 
Demand Vd, veh/h 3,400 3,500 3,400 4,200 

Scenario 1 
Capacity C, veh/h 4,000 4,000 4,500 4,500 

(stable flow) 
Volume Va, veh/h 3,400 3,500 3,400 4,200 

va/cratio 0.850 0.875 0.756 0.933 
va/cratio 0.850 0.875 0.756 0.933 

Scenario 2 
Demand Vd, veh/h 3,600 3,700 3,600 4,400 

(add 200 veh/h 
Capacity C, veh/h 4,000 4,000 4,500 4,500 

j 

to each Volume V., veh/h 3,600 3,700 3,600 4,400 

segment) 
va/cratio 0.900 0.925 0.800 0.978 
va/cratio 0.900 0.925 0.800 0.978 i 

Scenario 3 Demand Vd, veh/h 3,740 3,850 3,740 4,840 
(increase Capacity C, veh/h 4,000 4,000 4,500 4,500 
demand Volume V., veh/h 3,740 3,850 3,740 4,500 

by 10% in all va/cratio 0.935 0.963 0.831 1.078 
segments) va/cratio 0.935 0.963 0.831 1.000 

Note: Shaded cells indicate segments where demand exceeds capacity. 

This example highlights a number of points that make the analysis of 
freeway facilities very complicated: 

5 
4,400 
4,500 
4,400 
0.978 
0.978 
4,600 
4,500 
4,500 
1.022 
1.000 
5,060 
4,500 
4,500 
1.120 
1.000 

1. It is critical to this methodology that the difference between demand flow 
rate Vd and actual flow rate Va be highlighted and that both values be 

clearly and appropriately labeled. 

2. In Scenarios 2 and 3, the analysis of Exhibit 10-4 is inadequate and 
misleading. In Scenario 2, when Segment 5 breaks down, queues begin to 
form and to propagate upstream. Thus, even though the demands in 
Segments 1 through 4 are less than the capacity of those segments, the 
queues generated by Segment 5 over time will propagate through 
Segments 1 through 4 and significantly affect their operation. In Scenario 
3, Segments 4 and 5 fait and queues are generated, which also propagate 
upstream over time. 

3. It might be argued that the analysis of Scenario 1 is sufficient to 
understand the facility operation as long as all segments are 
undersaturated (i.e., all segment vd/c ratios are less than or equal to 1.00). 

However, when any segment vic ratio exceeds 1.00, such a simple 

analysis ignores the spreading impact of breakdowns in space and time. 

4. In Scenarios 2 and 3, the segments downstream of Segment 5 will also be 
affected, as demand flow is prevented from reaching those segments by 
the Segment 5 (and Segment 4 in Scenario 3) breakdowns and queues. 

5. In this example, it is also important to note that the segment(s) that break 
down first do not have the lowest capacities. Segments 1 and 2, with 
lower capacities, do not break down in any of the scenarios. Breakdown 
occurs first in Segment 5, which has one of the higher capacities. 

Considering all these complications, the capacity of a freeway facility is 
defined as follows: 
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Exhibit 10-5 
Free-Flow Speed vs. Base 

Capacity for Freeways 

Equation 10-1 

Introduction 

Freeway facility capacity is the capacity of the critical segment among those 
segments composing the defined facility. This capacity must, for analysis purposes, 
be compared with the demand flow rate on the critical segment. 

The critical segment is defined as the segment that will break down first, 
given that all traffic, roadway, and control conditions do not change, including 
the spatial distribution of demands on each component segment. Tills definition 
is not a simple one. It depends on the relative demand characteristics and can 
change over time as the demand pattern changes. Facility capacity may be more 
than the capacity of the component segment with the lowest capacity. Therefore, 
it is important that individual segment demands and capacities be evaluated. 
The fact that one of these segments will be the critical one and will define the 
facility capacity does not diminish the importance of the capacities of other 
segments in the defined facility. 

Base Capacity of Freeway Facilities 

In the methodologies of Chapters 11, 12, and 13, a base capacity is used. The 
base capacity represents the capacity of the facility, assuming that there are no 
heavy vehicles in the traffic stream and that all drivers are regular users of the 
segment. The base capacity for all freeway segments varies with the free-How 
speed, as indicated in Exhibit 10-5. 

Free-Flow Speed (mi/h) 
75 
70 
65 
60 
55 

Base Capacity (pc/h/ln) 
2,400 
2,400 
2,350 
2,300 
2,250 

The equation given in Chapter It Basic Freeway Segments, for estimating 
the free-flow speed of a segment is as shown in Equation 10-1: 

FFS = 75.4 - fLw - fLe - 3.22 TRDo.84 

where 

FFS free-How speed (mi/h), 

fLw adjustment for lane width (mi/h), 

fLc adjustment for lateral clearance (mi/h), and 

TRD total ramp density (ramps/mi). 

The process for determining the value of adjustment factors is described in 
Chapter 11. 

Because the base capacity of a freeway segment is directly related to the free
flow speed, it is possible to construct a relationship between base capacity and 
the lane width, lateral clearance, and total ramp density of the segment. If the 
lane width and lateral clearance are taken to be their base values (12 and 6 ft, 
respectively), a relationship between base capacity and total ramp density 
emerges, as shown in Exhibit 10-6. 
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Base capacity is expressed as a flow rate for a IS-min analysis period, not a 
full-hour volume. It also represents a flow rate in pc/h, with no heavy vehicles, 
and a driver population familiar with the characteristics of the analysis segment. 

2,425 .--~-----~-----,------------------,.--, 

2,400 -------_=i----------------~-------------------+-------.~~~-~~-'----~--;--~~~~~~~--~~-~~~~~~--~~----c---;.....__j 

:5 2,375 +----~-~----~---;..---'------------~----'--I -"E -\J .e 2,350 j _____ ~~~_.~~~-~~~-~~~~~-L.~~~- -;~~-~~~-~~~-~~~~~~~- ~~c~~~~~"'· ~~~--.~~~~~~_ ~~~-~~~~~~~- ~~~-~~~~~~~- ~~~_L~~_._~__'_~_~~_ ~-I 

~ 
"0 
Ii 10 2,325 ~----c--_'_--.------_,_-~----...... .___._-----:__----;.--I 
(,,/ 

5l 
10 
ca 2,300 +~~~. ~~~_~~ __ ~~~_.~_,~_~~~~_,~~ ~~~_~~~~~~~_ ~~~_~_+_~~~--~L~-~~~-~~~-~~~--~~~-~~~-~~~~~~~-~~""' ... ~~~~~_;~~~_~~~;~~~- j 

2,275 -j---~-_;---+------___+_--:_----~------'-----.;_"'._I 

2,250 +----+-~---r---___.---_+_---r_--'--___._---i__--_l 

4 7 

Total Ramp Density (ramps/mi) 

Segment Capacity vs. Facility Capacity 

Free-flow speed is a characteristic of a length of freeway extending 3 mi 
upstream and 3 mi downstream of the center point of an analysis segment. The 
segment may be a basic freeway segment, a weaving segment, a merge segment, 
or a diverge segment. In essence, it is a measure of the impact of overall facility 
characteristics on the operation of the individual analysis segment centered in 
the defined 6-mi range. 

This concept can be somewhat generalized where freeway facility analysis is 
involved. If conditions (particularly ramp density) are similar along a greater 
length of freeway, it is acceptable to compute the total ramp density for the 
greater length and apply it to all segments within the analysis length. This 
process assumes that moving the "center" of a 6-mi length for each component 
segment will not result in a significant change in the free-flow speed. 

The capacity of a nearly homogeneous freeway facility is, for all practical 
purposes, the same as the capacity of a basic freeway segment with the same 
roadway and traffic characteristics. Consider the following: 

• Merge and diverge segments have the same capacity as a similar basic 
freeway segment. As discussed in Chapter 13, the presence of merge and 
diverge segments on a freeway may affect operating characteristics, 
generally reducing speeds and increasing densities, but does not reduce 
capacity. 

• Weaving segments often have per lane capacities that are less than those 
of the entering and leaving basic freeway segments. In almost all cases, 
however, weaving segments have more lanes than the entering and 
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leaving basic freeway segments. Thus, the impact on the capacity of the 
mainline freeway most often is negligible. 

This does not mean, however, that the capacity of each component segment 
of a facility is the same. Each segment has its own demand and demand 
characteristics. Demand flow rate can change at every entry and exit point along 
the freeway, and the percent of heavy vehicles can change too. Terrain also can 
change at various points along the freeway. 

Changes in heavy vehicle presence can change the capacity of individual 
segments within a defined facility. Changes in the split of movements in a 
weaving segment can change its capacity. In the same way, changes in the 
relative demand flows at on- and off-ramps can change the location of the critical 
segment within a defined facility and its capacity. 

As noted previously, the capacity of a freeway facility is defined as the 
capacity of its critical segment. 

LOS: COMPONENT SEGMENTS AND THE FREEWAY FACILITY 

LOS of Component Segments 

Chapters 11, 12, and 13 provide methodologies to determine the LOS in 
basic, weaving, merge, and diverge segments. In all cases, LOS F is identified 
when Vd1c is greater than 1.00. Such breakdowns are easily identified, and users 
are referred to this chapter. 

This chapter's methodology provides an analysis of breakdown conditions, 
including the spatial and time impacts of a breakdown. Thus, in the performance 
of a facility-level analysis, LOS F in a component segment can be identified (a) 
when the segment v/c is greater than 1.00 and (b) when a queue from a 
downstream breakdown extends into an upstream segment. The latter cannot be 
done by using the individual segment analysis procedures of Chapters 11, 12, 
and 13. 

Thus, when facility-level analysis is undertaken by using the methodology of 
this chapter, LOS F for a component segment will be identified in two different 
ways: 

• VVhen v./c is greater than 1.00, or 

• VVhen the density is greater than 45 pc/mi/ln for basic freeway segments 
or 43 pc/mi/ln for weaving, merge, or diverge segments. 

The latter identifies segments in which queues have formed as a result of 
downstream breakdowns. 

LOS for a Freeway Facility 

Because LOS for basic, weaving, merge, and diverge segments on a freeway 
is defined in terms of density, LOS for a freeway facility is also defined on the 
basis of density. 

A facility analysis will result in a density determination and LOS for each 
component segment. The facility LOS will be based on the weighted average 
density for all segments within the defined facility. Weighting is done on the 
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basis of segment length and the number of lanes in each segment as shown in 
Equation 10-2: 

where 

it 

LDiXLiXNi 
D - -'Ci =-=1 _____ _ r-- n 

LLixNi 
i=l 

DF average density for the facility (pc/mi/ln), 

Di density for segment i (pc/mi/ln), 

Li length of segment i (ft), 

Ni number of lanes in segment i, and 

n = number of segments in the defined facility. 

The LOS criteria for a freeway facility are shovvn in Exhibit 10-7. They are the 
same criteria used for basic freeway segments. 

level of Service 
A 
B 
C 
D 
E 
F 

Density (pc/mi/ln) 
511 

>11-18 
>18-26 
>26-35 
>35-45 
>45 or 

any component v,/cratio > 1.00 

Use of a LOS descriptor for the overall freeway facility must be done with 
care. It is critical that the LOS for individual segments composing the facility also 
be reported. Because the overall LOS is an average, it may mask serious 
problems in individual segments of the facility. 

This is particularly important if one or more of the component segments are 
operating at LOS F. As described in this chapter's methodology section, the 
freeway facility methodology applies models to estimate the propagation of the 
effects of a breakdown in time and space. Where breakdowns exist in one or 
more segments of a facility, the average LOS is of limited use. The average LOS 
applies to a specific time period, usually 15 min. 

While LOS A through 0 are defined by using the same densities that apply 
to basic freeway segments, LOS F for a facility is defined as a case in which any 
component segment of the freeway exceeds a vic ratio of l.00 or the average 
density over the defined facility exceeds 45 pc/mi/ln. In such a case, this chapter's 
methodology allows the analyst to map the impacts of this breakdown in time 
and space, and dose attention to the individual LOS of component segments is 
necessary. 
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Equation 10-3 

Equation 10-4 

Introduction 

SERVICE FLOW RATES, SERVICE VOLUMES, AND DAn. Y SERVICE 
VOLUMES FOR A FREEWAY FACILITY 

Just as each segment of a freeway facility has its own capacity, each segment 
also has a set of service flow rates SFi for each LOS. A service flow rate is the 
maximum directional rate of flow that can be sustained in a given segment 
without violating the criteria for LOS i. Service flow rates are stated in vehicles 
per hour under prevailing roadway, traffic, and control conditions. By definition, 
the service flow rate for LOS E is synonymous with capacity for all 
uninterru pted-flow facilities and their corn ponent segments. 

Chapters 11, 12, and 13 provide complete discussions of how to determine 
service flow rates for basic, weaving, merge, and diverge freeway segments. 

A service volume SVi is the maximum hourly directional volume that can be 
sustained in a given segment without violating the criteria for LOS i during the 
worst 15 min of the hour (period with the highest density) under prevailing 
roadway, traffic, and control conditions. Once a set of service flow rates has been 
established for a segment, the service volume is found from Equation 10-3: 

SVi=SFixPHF 

where 

SVj service volume for LOS i (veh/h), 

SFj service flow rate for LOS i (veh/h), and 

PHF peak hour factor. 

A daily service volume DSVj is the maximum total daily volume in both 
directions that can be sustained in a given segment without violating the criteria 
for LOS i in the peak direction in the worst 15 min of the peak hour under 
prevailing roadway, traffic, and control conditions. Given a set of service 
volumes for a segment, the daily service volume is found from Equation 10-4: 

where 

DSVi 

J( 

D 

DSV.= SVi 

I KxD 

daily service volume (veh/day), 

proportion of daily traffic occurring in the peak hour of the day, and 

proportion of traffic in the peak direction during the peak hour of the 
day. 

The capacity of a freeway facility has been defined as the capacity (under 
prevailing conditions) of the critical segment. For consistency, therefore, other 
service flow rates must also be applied to the critical segment. 

For an overall understanding of the freeway facility, the LOS and service 
flow rates (or service volumes or daily service volumes) of the individual 
component segments must be considered along with the overall average LOS for 
the defined facility and its service flow rate. 
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GENERALIZED DAILY SERVICE VOLUMES FOR FREEWAY FACILITIES 

Generalized daily service volume tables provide a means to assess all 
freeways in a region or jurisdiction quickly to determine which segments need to 
be assessed more carefully (using operational analysis) to ameliorate existing or 
pending problems. 

To generate a generalized daily service volume table for freeway facilities, 
several simplifying assumptions must be made. The assumptions made here 
include the following: 

1. All segments of the freeway have the same basic number of lanes (two, 
three, or four in each direction). 

2. Lane widths are 12 ft, and lateral clearances are 6 ft. 

3. All on-ramps and off-ramps handle the same percentage of freeway 
traffic. This setup maintains a reasonably consistent demand flow rate on 
each segment of the facility. 

4. The first ramp on the defined freeway facility is an off-ramp. This 
assumption is necessary to implement Item 5, below. 

5. Given the demand characteristics of Items 2 and 3, all daily service 
volumes are stated in terms of the demand entering the defined freeway 
facility at its upstream boundary. 

6. The terrain is the same in all segments of the facility. 

7. The heavy vehicle percentage is the same in all segments of the facility. 

On the basis of these assumptions, generalized daily service-volume tables 
are shown in Exhibit 10-8 (for urban freeways) and Exhibit 10-9 (for rural 
freeways). 

Generalized service volumes are provided for level and rolling terrain; for 
four-lane, six-lane, and eight-lane freeways (both directions); and for a variety of 
combinations of the K-factor and D-factor. To use the table, analysts must select a 
combination of K and D appropriate for their state or region. Additional 
assumptions made for urban and rural freeways are listed here. 

Assumptions for urban freeways: 

• Total ramp density = 3.00 ramps/mi (i.e., Ys-mi average spacing between 
ramps); 

• 5% trucks, no recreational vehicles (RVs), and no buses; 

• PHF = 0.95; and 

• fp = 1.00. 

Assumptions for rural freeways: 

• Total ramp density = 0.20 ramp/mi (i.e., 5-mi average spacing between 
ramps); 

• 12% trucks, no RVs, and no buses; 

• PHF = 0.88; and 

• fp=0.85. 
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Equation 10-5 

Introduction 

Generalized daily service volumes are based on the maximum service flow 
rate values for basic freeway segments. Exhibit 11-17 (Chapter 11) shows 
maximum service flow rates MSF for basic freeway segments. They are 
converted to service flow rates under prevailing conditions by multiplying by the 
number of lanes in one direction N, the heavy-vehicle adjustment factor j;Wt and 
the driver-population adjustment factor Jp. Equation 10-3 and Equation 10-4 are 
then used to convert the service flow rate SF to a service volume SVand a daily 
service volume DSV. 

By combining these equations, the daily service volumes DSVof Exhibit 10-8 
and Exhibit 10-9 are estimated from Equation 10-5: 

MSFj xNxfHV xfp xPHF 
DSV.=------------~----

I KxD 

where all variables are as previously defined. 

In applying Equation 10-5, the values of MSF are selected from Exhibit 11-17 
(Chapter 11), and values for the heavy vehicle and driver population adjustment 
factors are computed in accordance with the methodology of Chapter 11. The 
MSF for LOS E, which is capacity, may be taken directly from Exhibit 10-5, based 
on the total ramp density, as lane widths and lateral clearances are standard and 
have no effect on the FFS and thus no effect on the resulting capacities. 

Exhibit 10-8 and Exhibit 10-9 are provided for general planning use and 
should not be used to analyze any specific freeway or to make final decisions on 
important design features. A full operational analysis using this chapter's 
methodology is required for such specific applications. 

The exhibits are useful, however, in evaluating the overall performance of 
many freeways within a jurisdiction, as a first pass in determining where 
problems might exist or arise, and in deciding where improvements might be 
needed. Any freeways identified as likely to experience problems or to need 
improvement, however, should be subjected to a full operational analysis before 
any detailed decisions on implementing specific improvements are made. 

Daily service volumes are heavily affected by the K- and D-factors chosen as 
typical for the analysis. It is important that the analyst use values that are 
reasonable for the facilities under study. Also, if any characteristic differs 
significantly from the typical values used to develop Exhibit 10-8 and Exhibit 10-
9, the values taken from these exhibits will not be representative of the study 
facilities. 
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K- 0- Four-lane Freeways Six-lane Freeways Eight-lane Freeways 
Factor Factor lOS B lOS C lOS D lOS E lOS B lOS C lOS D lOS E lOS B lOS C lOS D lOS E 

level Terrain 
0.50 54.2 75.5 94.1 108.9 81.3 113.3 141.1 163.4 108.4 151.1 188.1 217.8 

0.08 0.55 49.3 68.7 85.5 99.0 73.9 103.0 128.3 148.5 98.6 137.3 171.0 198.0 
0.60 45.2 62.9 78.4 90.8 67.8 94.4 117.6 136.1 90.4 125.9 156.8 181.5 
0.65 41.7 58.1 72.4 83.8 62.6 87.2 108.5 125.7 83.4 116.2 144.7 167.5 
0.50 48.2 67.1 83.6 96.8 72.3 100.7 125.4 145.2 96.4 134.3 167.2 193.6 

0.09 
0.55 43.8 61.0 76.0 88.0 65.7 91.6 114.0 132.0 87.6 122.1 152.0 176.0 
0.60 40.2 56.0 69.7 80.7 60.2 83.9 104.5 121.0 80.3 111.9 139.4 161.3 
0.65 37.1 51.6 64.3 74.5 55.6 77.5 96.5 111.7 74.1 103.3 128.6 148.9 
0.50 43.4 60.4 75.3 87.1 65.1 90.6 112.9 130.7 86.8 120.9 150.5 174.2 

0.10 0.55 39.4 54.9 68.4 79.2 59.1 82.4 102.6 118.8 78.9 109.9 136.8 158.4 
0.60 36.1 50.4 62.7 72.6 54.2 75.5 94.1 108.9 72.3 100.7 125.4 145.2 
0.65 33.4 46.5 57.9 67.0 50.0 69.7 86.8 100.5 66.7 93.0 115.8 134.0 
0.50 39.4 54.9 68.4 79.2 59.1 82.4 102.6 118.8 78.9 109.9 136.8 158.4 

0.11 0.55 35.8 49.9 62.2 72.0 53.8 74.9 93.3 108.0 71.7 99.9 124.4 144.0 
0.60 32.9 45.8 57.0 66.0 49.3 68.7 85.5 99.0 65.7 91.6 114.0 132.0 
0.65 30.3 42.3 52.6 60.9 45.5 63.4 78.9 91.4 60.7 84.5 105.3 121.8 

Rolling Terrain 
0.50 51.7 72.0 89.7 103.8 77.5 108.0 134.5 155.8 103.4 144.0 179.4 207.7 

0.08 0.55 47.0 65.5 81.5 94.4 70.5 98.2 122.3 141.6 94.0 131.0 163.1 188.8 
0.60 43.1 60.0 74.7 86.5 64.6 90.0 112.1 129.8 86.2 120.0 149.5 173.1 
0.65 39.8 55.4 69.0 79.9 59.7 83.1 103.5 119.8 79.5 110.8 138.0 159.7 
0.50 46.0 64.0 79.7 92.3 68.9 96.0 119.6 138.4 91.9 128.0 159.5 184.6 

0.09 0.55 41.8 58.2 72.5 83.9 62.7 87.3 108.7 125.9 83.6 116.4 145.0 167.8 
0.60 38.3 53.4 66.4 76.9 57.4 80.0 99.7 115.4 76.6 106.7 132.9 153.8 
0.65 35.3 49.2 61.3 71.0 53.0 73.9 92.0 106.5 70.7 98.5 122.7 142.0 
0.50 41.4 57.6 71.8 83.1 62.0 86.4 107.6 124.6 82.7 115.2 143.5 166.1 

0.10 
0.55 37.6 52.4 65.2 75.5 56.4 78.6 97.9 113.3 75.2 104.8 130.5 151.0 
0.60 34.5 48.0 59.8 69.2 51.7 72.0 89.7 103.8 68.9 96.0 119.6 138.4 
0.65 31.8 44.3 55.2 63.9 47.7 66.5 82.8 95.8 63.6 88.6 110.4 127.8 
0.50 37.6 52.4 65.2 75.5 56.4 78.6 97.9 113.3 75.2 104.8 130.5 151.0 

0.11 0.55 34.2 47.6 59.3 68.7 51.3 71.4 89.0 103.0 68.4 95.2 118.6 137.3 
0.60 31.3 43.7 54.4 62.9 47.0 65.5 81.5 94.4 62.7 87.3 108.7 125.9 
0.65 28.9 40.3 50.2 58.1 43.4 60.4 75.3 87.1 57.8 80.6 100.4 116.2 

Note: Assumptions Include the followmg: 5% trucks, 0% buses, 0% RVs, 0.95 PHF, 3 ramps/ml, fp = 1.00, 12-ft 
lanes, and 6-ft lateral clearance. Values do not represent specific segment characteristics. 
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Exhibit 10-9 
Generalized Daily Service Volumes 

for Rural Freeway Facilities 
(1,000 veh/day) 

Introduction 

K- D- Four-Lane Freeways Six-Lane Freeways Eight-Lane Freeways 
Factor Factor LOS B LOS C LOS D LOS E LOS B LOS C LOS D LOS E LOS B LOS C LOS D LOS f 

Level Terrain 
0.50 41.1 54.9 66.2 75.3 61.6 82.3 99.3 112.9 82.2 109.8 132.4 150.5 

0.09 0.55 37.4 49.9 60.2 68.4 56.0 74.8 90.2 102.6 74.7 99.8 120.3 136.9 
0.60 34.2 45.7 55.1 62.7 51.4 68.6 82.7 94.1 68.5 91.5 110.3 125.5 
0.65 31.6 42.2 50.9 57.9 47.4 63.3 76.4 86.9 63.2 84.4 101.8 115.8 
0.50 37.0 49.4 59.6 67.7 55.5 74.1 89.3 101.6 74.0 98.8 119.1 135.5 

0.10 
0.55 33.6 44.9 54.1 61.6 50.4 67.4 81.2 92.4 67.2 89.8 108.3 123.2 
0.60 30.8 41.2 49.6 56.5 46.2 61.7 74.4 84.7 61.6 82.3 99.3 112.9 
0.65 28.4 38.0 45.8 52.1 42.7 57.0 68.7 78.2 56.9 76.0 91.6 104.2 
0.50 33.6 44.9 54.1 61.6 50.4 67.4 81.2 92.4 67.2 89.8 108.3 123.2 

0.11 
0.55 30.6 40.8 49.2 56.0 45.8 61.2 73.8 84.0 61.1 81.6 98.4 112.0 
0.60 28.0 37.4 45.1 51.3 42.0 56.1 67.7 77.0 56.0 74.8 90.2 102.6 
0.65 25.9 34.5 41.6 47.4 38.8 51.8 62.5 71.1 51.7 69.1 83.3 94.7 
0.50 30.8 41.2 49.6 56.5 46.2 61.7 74.4 84.7 61.6 82.3 99.3 112.9 

0.12 0.55 28.0 37.4 45.1 51.3 42.0 56.1 67.7 77.0 56.0 74.8 90.2 102.6 
0.60 25.7 34.3 41.4 47.0 38.5 51.5 62.0 70.6 51.4 68.6 82.7 94.1 
0.65 23.7 31.7 38.2 43.4 35.6 47.5 57.3 65.1 47.4 63.3 76.4 86.9 

Rolling Terrain 
0.50 36.9 49.3 59.4 67.6 55.4 74.0 89.2 101.4 73.8 98.6 118.9 135.2 

0.09 0.55 33.6 44.8 54.0 61.5 50.3 67.2 81.1 92.2 67.1 89.6 108.1 122.9 
0.60 30.8 41.1 49.5 56.3 46.1 61.6 74.3 84.5 61.5 82.2 99.1 112.7 
0.65 28.4 37.9 45.7 52.0 42.6 56.9 68.6 78.0 56.8 75.9 91.5 104.0 
0.50 33.2 44.4 53.5 60.9 49.8 66.6 80.3 91.3 66.4 88.7 107.0 121.7 

0.10 
0.55 30.2 40.3 48.6 55.3 45.3 60.5 73.0 83.0 60.4 80.7 97.3 110.6 
0.60 27.7 37.0 44.6 50.7 41.5 55.5 66.9 76.1 55.4 74.0 89.2 101.4 
0.65 25.6 34.1 41.2 46.8 38.3 51.2 61.7 70.2 51.1 68.3 82.3 93.6 
0.50 30.2 40.3 48.6 55.3 45.3 60.5 73.0 83.0 60.4 80.7 97.3 110.6 

0.11 
0.55 27.5 36.7 44.2 50.3 41.2 55.0 66.3 75.4 54.9 73.3 88.4 100.6 
0.60 25.2 33.6 40.5 46.1 37.7 50.4 60.8 69.2 50.3 67.2 81.1 92.2 
0.65 23.2 31.0 37.4 42.6 34.8 46.5 56.1 63.8 46.5 62.1 74.8 85.1 
0.50 27.7 37.0 44.6 50.7 41.5 55.5 66.9 76.1 55.4 74.0 89.2 101.4 

0.12 0.55 25.2 33.6 40.5 46.1 37.7 50.4 60.8 69.2 50.3 67.2 81.1 92.2 
0.60 23.1 30.8 37.2 42.3 34.6 46.2 55.7 63.4 46.1 61.6 74.3 84.5 
0.65 21.3 28.4 34.3 39.0 31.9 42.7 51.4 58.5 42.6 56.9 68.6 78.0 

Note: Assumptions Include the following: 12% trucks, 0% buses, 0% RVs, 0.88 PHF, 0.2 ramp/ml, fp = 0.85, 12-
ft lanes, and 6-ft lateral clearance. Values do not represent specific segment characteristics. 

ACTIVE TRAFFIC MANAGEMENT AND OTHER MEASURES TO IMPROVE 
PERFORMANCE 

Active traffic management (ATM) consists of the dynamic aIld continuous 
monitoring and control of traffic operations on a facility to improve its 
performance. Examples of ATM measures include congestion pricing, ramp 
metering, changeable message signs, incident response programs, and speed 
harmonization (variable speed limits). 

ATM measures can influence both the nature of demand for the facility and 
the ability of the facility to deliver the capacity tailored to serve the demand. 
ATM measures can improve facility performance, sometimes significantly. 

Other advanced design and management measures, not specifically included 
in the definition of ATM, can also significantly improve facility performance. 
These measures include auxiliary lanes, narrow lanes, high-occupancy vehicle 
(HOV) lanes, temporary use of shoulders, and designated truck lanes and ramps. 

This methodology does not reflect all these measures. However, ramp 
metering can be taken into account by altering on-ramp demands in accordance 
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with metering rates. Auxiliary lanes and narrow lanes are taken into account in 
the segment methodologies for basic freeway segments and weaving segments. 

Other measures are not accounted for in this methodology. Chapter 35 
provides a more detailed discussion of ATM and other advanced design and 
management strategies and insight into how their impacts may be evaluated. 
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Methodology 

2. METHODOLOGY 

The methodology presented in this chapter provides for the integrated 
analysis of a freeway facility composed of connected segments. The methodology 
builds on the models and procedures for individual segments, as described in 
Chapter 11, Basic Freeway Segments; Chapter 12, Freeway Weaving Segments; 
and Chapter 13, Freeway Merge and Diverge Segments. 

SCOPE OF THE METHODOLOGY 

Because the freeway facility methodology builds on the segment 
methodologies of Chapters II, 12, and 13, it incorporates all aspects of those 
chapters' methodologies. This methodology adds the ability to consider a 
number of linked segments over a number of time periods and to determine 
some overall operational parameters that allow for the assessment of a facility 
LOS and capacity. 

This methodology also adds the ability to analyze operations when LOS F 
exists on one or more segments of the defined facility. In Chapters II, 12, and 13, 
the existence of a breakdown (LOS F) is identified for a given segment, as 
appropriate. The segment methodologies do not, however, provide tools for 
analyzing the impacts of such breakdowns over time and space. 

The methodology analyzes a set of connected segments over a set of 
sequential 15-min periods. In deciding which segments and time periods to 
analyze, two principles should be observed: 

1. The first and last segments of the defined facility should not operate at 
LOSF. 

2. The first and last time periods of the analysis should not include any 
segments that operate at LOS F. 

When the first segment operates at LOS F, there is a queue extending 
upstream that is not included in the facility definition and that therefore cannot 
be analyzed. When the last segment operates at LOS F, there may be a 
downstream bottleneck outside the facility definition. Again, the impacts of this 
congestion cannot be evaluated when it is not fully contained within the defined 
facility. LOS F in either the first or last time period creates similar problems with 
regard to time. If the first time period is at LOS F, then LOS F may exist in 
previous time periods as welL If the last time period is at LOS F, subsequent 
periods may be at LOS F as well. The impacts of a breakdown cannot be fully 
analyzed unless it is fully contained within the defined facility and defined total 
analysis period. The same problems would exist if the analysis were conducted 
by using simulation. 

There is no limit to the number of time periods that can be analyzed. The 
length of the freeway should be less than the distance a vehicle traveling at the 
average speed can ad-neve in 15 min. This specification generally results in a 
maximum facility length between 9 and 12 mi. 

This methodology is based on research sponsored by the Federal Highway 
Administration (1). 
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LIMITATIONS OF THE METHODOLOGY 

The methodology has the following limitations: 

1. The methodology does not account for the delays caused by vehicles 
using alternative routes or vehicles leaving before or after the analysis 
period. 

2. Multiple overlapping breakdowns or bottlenecks are diffimlt to analyze 
and cannot be fully evaluated by this methodology. Other tools may be 
more appropriate for specific applications beyond the capabilities of the 
methodology. Consult Chapter 6, HCM and Alternative Analysis Tools, 
for a dismssion of simulation and other models. 

3. Spatial, temporat modal, and total demand responses to traffic 
management strategies are not automatically incorporated into the 
methodology. On viewing the facility traffic performance results, the 
analyst can modify the demand input manually to analyze the effect of 
user-demand responses and traffic growth. The accuracy of the results 
depends on the accuracy of the estimation of user-demand responses. 

4. The methodology can address local oversaturated flow but cannot 
directly address systemwide oversaturation flow conditions. 

5. The completeness of the analysis will be limited if freeway segments in 
the first time interval, the last time interval, and the first freeway segment 
(in all time periods) have demand-to-capacity ratios greater than 1.00. The 
rationale for these limitations is discussed in the section on demand-to
capacity ratio. 

6. The existence of HOV lanes on freeways raises the issues of the operating 
characteristics of such lanes and their effect on operating characteristics 
on the remainder of the freeway. The methodology does not directly 
address separated HOV facilities and does not account for the interactions 
between HOV lanes and mixed-flow lanes and the weaving that may be 
produced. 

7. The method does not address conditions in which off-ramp capacity 
limitations result in queues that extend onto the freeway or affect the 
behavior of off-ramp vehicles. 

8. The method does not address toll plaza operations or their effect on 
freeway facility operations. 

Given enough time, the analyst can analyze a completely undersaturated 
time-space domain manually, although it is very difficult and time-consuming. It 
is not expected that analysts will ever manually analyze a time-space domain 
that includes oversaturation. FREEV AL-2010 is a computational engine that can 
be used to implement the methodology, regardless of whether the time-space 
domain contains oversaturated segments and time periods. It is available in the 
Technical Reference Library section of Volume 4 of the High'loay Capacity Manual 
(HCM). 
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Exhibit 10-10 
Freeway Facility 

Methodology 

Methodology 

Because this chapter's methodology incorporates the methodologies for 
basic, weav:ing, merg:ing, and diverging freeway segments, the limitations of 
those procedures also apply here. 

The method does not include analysis of the street-side terminals of freeway 
on- and off-ramps. The methodologies of Chapters 18, 19, 20, and 21 should be 
used for intersections that are signalized, two-way sToP-controlled, all-way STOP
controlled, and rOlmdabouts, respectively. Chapter 22, Interchange Ramp 
Terminals, provides a more comprehensive analysis of freeway interchanges 
where the street-side ramp terminals are signalized intersections or roundabouts. 

OVERVIEW 

Exhibit 10-10 summarizes the methodology for analyzing freeway facilities. 
The methodology adjusts vehicle speeds appropriately to account for the effects 
in adjacent segments. The methodology can analyze freeway traffic management 
strategies only in cases for which IS-min intervals are appropriate and for which 
reliable data for estimated capacity and demand exist. 

step 1: Input data 
Demand 

Geometry 
Time-Space Domain 

1 
Step 2: 

Adjust demand according to spatial 
and time units established 

! 
Step 3: 

Compute segment capacities 
according to Chapter 11, 12, and 13 

methodologies 

! 
Step 4: Adjust segment capacities 

1 
Step s: 

Compute demand-to-capacitv ratios (vdf c) 
All segments, on-ramps, and off-ramps 

I 
Undersaturated Oversaturated 

Step 6A: step 68: 
Compute undersaturated segment Compute oversaturated segment 

service measures and other service measures and other 
performance measures performance measures 

Assign segment levels of service Assign segment levels of service 

~ / 
Step 7: 

Compute freeway facilitv service 
measures and other performance 

measures 
Assign appropriate level of service 
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COMPUTATIONAL STEPS 

The purpose of this section is to describe the methodology's computational 
modules. To simplify the presentation, the focus is on the function of, and 
rationale for, each module. Chapter 25 presents an expanded version of this 
section, including all the supporting analytical models and equations. 

Step 1: Input Data 

Data concerning demand, geometry, and the time-space domain must be 
specified. As the methodology builds on segment analysis, all data for each 
segment and each time period must be provided, as indicated in Chapter 11 for 
basic freeway segments, G,apter 12 for weaving segments, and Chapter 13 for 
merge and diverge segments. 

Demand 

Demand flow rates must be specified for each segment and time period. 
Because analysis of multiple time periods is based on consecutive IS-min 
periods, the demand flow rates for each period must be provided. This condition 
is in addition to the requirements for isolated segment analyses. 

Demand flow rates must be specified for the entering freeway mainline flow 
and for each on-ramp and off-ramp within the defined facility. The following 
information is needed for each time period to determine the demand flow rate: 

• Demand flow rate (veh!h), 

• Percent trucks (%), 

• Percent RVs (%), and 

• Driver popUlation factor lfr). 

For weaving segments, demand flow rates must be identified by component 
movement: freeway to freeway, ramp to freeway, freeway to ramp, and ramp to 
ramp. Where this level of detail is not available, the following procedure may be 
used to estimate the component flows. It is not recommended, however, as 
weaving segment performance is sensitive to the split of demand flows. 

• Ramp-weave segments: Assume that the ramp-to-ramp flow is O. The ramp
to-freeway flow is then equal to the on-ramp flow; the freeway-to-ramp 
flow is then equal to the off-ramp flow. 

• Major weave segments: On-ramp flow is apportioned to the two exit legs 
(freewa y and ramp) in the same proportion as the total flow on the exit 
legs (freeway and ramp). 

The driver population factor is normally 1.00, unless the driver population is 
dominated by unfamiliar users, in which case a value between 0.85 and 1.00 is 
assigned, on the basis of local characteristics and knowledge. 
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Exhibit 10-11 
Example Time-Space 

Domain for Freeway Facility 
Analysis 

Methodology 

Geometry 

All geometric features for each segment of the facility must be specified, 
including the following: 

• Number of lanes; 

• Average lane width; 

• Right-side lateral clearance; 

• Terrain; 

• Free-flow speed; and 

• Location of merge, diverge, and weaving segments, with aU internal 
geometry specified, including the number of lanes on ramps and at ramp
freeway junctions or within weaving segments, lane widths, existence and 
length of acceleration or deceleration lanes, distances between merge and 
diverge points, and the details of lane configuration where relevant. 

Geometry does not change by time period, so this information is given only 
once, regardless of the number of time periods under study. 

Time-Space Domain 

A time-space domain for the analysis must be established. The domain 
consists of a specification of the freeway sections included in the defined facility 
and an identification of the time intervals for which the analysis is to be 
conducted. A typical time-space domain is shown in Exhibit 10-11. 

Section 1 Section 2 Section 3 i Section 4: Section 5 Section 6 Section 7 Section 8 

--------~--------~----------~------~--------~--------- -i---------i--------
__ ~ ___ j ________ j __________ L ______ j ______ __ 1 __________ L ______ __ i _ ______ _ 

, , 

1--------y 
Time Section Section Section Section Section Section Section Section 
Step 1 2 3 4 5 6 7 8 

1 
2 
3 
4 
5 
6 
7 
8 

The horizontal scale indicates the distance along the freeway facility. A 
freeway section boundary occurs where there is a change in demand - that is, at 
each on-ramp or off-ramp or where a lane is added or dropped. These areas are 
referred to as sections, because adjustments will be made within the procedure to 
determine where segment boundaries should be for analysis. This process relies 
on the influence areas of merge, diverge, and weaving segments, discussed 
earlier in this chapter, and on variable length limitations specified in Chapter 12 
for weaving segments and in Chapter 13 for merge and diverge segments. 
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The vertical scale indicates the study time duration. Time extends down the 
time-space domain, and the scale is divided into 15-min intervals. In the example 
shown, there are 8 sections and 8 time steps, yielding 8 x 8 = 64 time-space cells, 
each of which will be analyzed within the methodology. 

The boundary conditions of the time-space domain are extremely important. 
The time-space domain will be analyzed as an independent freeway facility 
having no interactions with upstream or downstream portions of the freeway, or 
any cOlmecting facilities, including other freeways and surface facilities. 
Therefore, no congestion should occur along the four boundaries of the time
space domain. The cens located along the four boundaries should all have 
demands less than capacity and should contain undersaturated flow conditions. 
A proper analysis of congestion within the time-space domain can occur only if 
the congestion is limited to internal cells not along the time-space boundariE\s. 

Converting the Horizontal Scale from Sections to Analysis Segments 

The sections of the defined freeway facility are established by using points 
where demand changes or where lanes are added or subtracted. This, however, 
does not fully describe individual segments for analysis within the methodology. 
The conversion from sections to analysis segments can be done manually by 
applying the principles discussed here. 

Chapter 13, Freeway Merge and Diverge Segments, indicates that each 
merge segment extend s from the merge point to a point 1,500 ft downstream of 
it. Each diverge segment extends from the diverge point to a point 1,500 ft 
upstream of it. This allows for a number of scenarios affecting the definition of 
analysis segments within the defined freeway. 

Consider the illustration of Exhibit 10-12. It shows a one-Jane on-ramp 
followed by a one-lane off-ramp with no auxiliary lane between them. The 
illustration assumes that there are no upstream or downstream ramps or 
weaving segments that impinge on this section. 

In Exhibit 10-12(a), there are 4,000 ft between the two ramps. Therefore, the 
merge segment extends 1,500 ft downstream, and the diverge segment extends 
1,500 ft upstream, which leaves a 1,000-ft basic freeway segment between them. 

In Exhibit 10-12(b), there are 3,000 ft between the two ramps. The two 1,500-ft 
ramp influence areas define the entire length. Therefore, there is no basic freeway 
segment between the merge and diverge segments. 

In Exhibit 10-12( c), the situation is more complicated. With only 2,000 ft 
between the ramps, the merge and diverge influence areas overlap for a distance 
of 1,000 ft. 
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Exhibit 10-12 
Defining Analysis Segments 

for a Ramp Configuration 

Methodology 

~---L-e-ng-t-h'-L-=-4'-0-OO-ft---~ 

Basic 

I- ~:III ~: III ~; 

1,500 It 
Merge 

1,000 It 
Basic 

1,500 It 
Divelge 

(a) Length between ramps = 4,000 ft 

Basic 

~---L-en-g-th-'-L-=-3'-OO-0-f-t---~ 
illl 

Basic 
1,500 It 
Merge 

1,500 It 
Divelge 

(b) Length between ramps = 3,000 ft 

~ ~ 
. . 

~ ~ i Len,gth, L = 2,000 ft ! 

500 ft 1,000 ft 500 ft 
Basic Merge Merge/Diverge DNerge Basic 

OVerlap 

(c) Length between ramps = 2,000 ft 

Basic 

Chapter 13, Freeway Merge and Diverge Segments, covers this situation. 
Where ramp influence areas overlap, the analysis is conducted for each ramp 
separately. The analysis producing the worst LOS (or service measure value if 
the LOS is equivalent) is used to define operations in the overlap area. 

The facility methodology goes through the logic of distances and segment 
definitions to convert section boundaries to segment boundaries for analysis. If 
the distance between an on-ramp and off-ramp is less than the full influence area 
of 1,500 H, the worst case is applied to the distance between the ramps, while 
basic segment criteria are applied to segments upstream of the on-ramp and 
downstream of the off-ramp. 

A similar situation can arise where weaving configurations exist. Exhibit 10-
13 illustrates a weaving configuration within a defined freeway facility. In this 
case, the distance between the merge and diverge ends of the configuration must 
be compared with the maximum length of a weaving segment, LwMAX' If the 
distance between the merge and diverge points is less than or equal to LwMAX, 

then the entire segment is analyzed as a weaving segment, as shown in Exhibit 
10-13(a). 
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------------------------------------

LWI = Weaving Influence Area, ft 

(a) Case I: L8 :O; LwMAx(weaving segment exists) 

------------------------------------

:::-::::::::I~! ·----~,r .. · ----------------------------------------.... -.:..i~--1~ 
1,500 It 
Merge 

3,000 It 
Basic 

1,500 It 
Diverge 

(b) Case II: Lo> LwMAX(isolated merge and diverge exists) 

Three lengths are involved in analyzing a weaving segment: 

• The base length of the segment, measured from the points where the 
edges of the travel lanes of the merging and diverging roadways 
converge (LB); 

• The influence area of the weaving segment (LWI)' which includes 500 ft 
upstream and downstream of LB; and 

• The short length of the segment, defined as the distance over which lane 
changing is not prohibited or dissuaded by markings (Ls). 

The latter is the length that is used in all the predictive models for weaving 
segment analysis. The results of these models, however, apply to a distance of LB 
+ 500 ft upstream and LB + 500 ft downstream. For further discussion of the 
various lengths applied to weaving segments, consult Chapter 12. 

If the distance between the merge and diverge points is greater than LwMAX, 

then the merge and diverge segments are too far apart to form a weaving 
segment. As shown in Exhibit 10-13(b), the merge and diverge segments are 
treated separately, and any distance remaining between the merge and diverge 
influence areas is treated as a basic freeway segment. 

In the Chapter 12 weaving methodology, the value of LwMAX depends on a 
number of factors, including the split of component flows, demand flows, and 
other traffic factors. A weaving configuration could therefore qualify as a 
weaving segment in some analysis periods and as separate merge, diverge, and 
possibly basic segments in others. 

In segmenting the freeway facility for analysis, merge, diverge, and weaving 
segments are identified as illustrated in Exhibit 10-12 and Exhibit 10-13. AU 
segments not qualifying as merge, diverge, or weaving segments are basic 
freeway segments. 
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However, a long basic freeway section may have to be divided into multiple 
segments. This situation occurs when there is a sharp break in terrain within the 
section. For example, a S-mi section may have a constant demand and a constant 
number of lanes. If there is a 2-mi level terrain portion followed by a 4% grade 
that is 3 mi long, then the level terrain portion and the specific grade portion 
would be established as two separate, consecutive basic freeway segments. 

Step 2: Adjust Demand According to Spatial and Time Units Established 

Traffic counts taken at each entrance to and exit from the defined freeway 
facility (including the mainline entrance and mainline exit) for each time interval 
serve as inputs to the methodology. While entrance counts are considered to 
represent the current entrance demands for the freeway facility (provided that 
there is not a queue on the freeway entrance), the exit counts may not represent 
the current exit demands for the freeway facility because of congestion within 
the defined facility. 

For planning applications, estimated traffic demands at each entrance to and 
exit from the freeway facility for each time interval serve as input to the 
methodology. The sum of the input demands must equal the sum of the output 
demands in every time interval. 

Once the entrance and exit demands are calculated, the demands for each 
cell in every time interval can be estimated. The segment demands can be 
thought of as filtering across the time-space domain and filling each cell of the 
time-space matrix. 

Demand estimation is needed if the methodology uses actual freeway 
counts. If demand flows are known or can be projected, they are used directly 
without modification. 

The methodology includes a demand estimation model that converts the 
input set of freeway exit IS-min counts to a set of vehicle flows that desire to exit 
the freeway in a given IS-min period. This demand may not be the same as the 
IS-min exit count because of upstream congestion within the defined freeway 
facility. 

The procedure sums the freeway entrance demands along the entire 
directional freeway facility, including the entering mainline segment, and 
compares this sum with the sum of freeway exit counts along the directional 
freeway facility, including the departing mainline segment. This procedure is 
repeated for each time interval. The ratio of the total facility entrance counts to 
total facility exit counts is called the time interval scale factor and should approach 
1.00 when the freeway exit counts are, in fact, freeway exit demands. 

Scale factors greater than 1.00 indicate increasing levels of congestion within 
the freeway facility, with exit counts underestimating the actual freeway exit 
demands. To provide an estimate of freeway exit demand, each freeway exit 
count is multiplied by the time interval scale factor. 

Equation 10-6 and Equation 10-7 summarize this process. 
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( 

where 

ITlS; 

VON15ij 

fnSi 

IVON15ij 
j 

IVOFF15ij 
j 

VdOFF15ij = VOFF15ij X Jnsi 

time-interval scale factor for time period i, 

15-min entering count for time period i and entering location j (veh), 

VOFF15ij = 15-min exit count for time period i and exiting location j (veh), and 

VdOFF15ij = adjusted 15-min exit demand for time period i and exiting location j 
(veh). 

Once the entrance and exit demands are determined, the traffic demands for 
each section and each time period can be calculated. On the time-space domain, 
section demands can be viewed as projecting horizontally across Exhibit 10-11, 
with each cell containing an estimate of its 15-min demand. 

Because each time period is separately balanced, it is advisable to limit the 
total length of the defined facility to a distance that can be traversed within 15 
min. In practical terms, this practice limits the length of the facility to 9 to 12 mi. 

Step 3: Compute Segment Capacities According to Chapter 11,12, and 
13 Methodologies 

Segment capacity estimates are determined by the methodologies of Chapter 
11 for basic freeway segments, Chapter 12 for weaving segments, and Cha pter 13 
for merge and diverge segments. All estimates of segment capacity should be 
carefully reviewed and compared with local knowledge and available traffic 
information for the study site, particularly where known bottlenecks exist. 

On-ramp and off-ramp roadway capacities are also determined in this step 
with the Chapter 13 methodology. On-ramp demands may exceed on-ramp 
capacities and limit the traffic demand entering the facility. Off-ramp demands 
may exceed off-ramp capacities and cause congestion on the freeway, although 
that impact is not accounted for in this methodology. 

All capacity results are stated in vehicles per hour under prevailing roadway 
and traffic conditions. 

The effect of a predetermined ramp-metering plan can be evaluated in this 
methodology by overriding the computed ramp roadway capacities. The 
capacity of each entrance ramp in each time interval is changed to reflect the 
specified ramp-metering rate. This feature not only allows for evaluating a 
prescribed ramp-metering plan but also permits the user to improve the ramp
metering plan through experimentation. 

Freeway design improvements can be evaluated with this methodology by 
modifying the design features of any portion of the freeway facility. For example, 
the effects of adding auxiliary lanes at critical locations and full lanes over 

{ multiple segments can be assessed. 
\ \-
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Step 4: Adjust Segment Capacities 

Segment capacities can be affected by a number of conditions not normally 
accounted for in the segment methodologies of Chapters 11, 12, and 13. These 
reductions include the effects of short-term and long-term lane closures for 
construction or major maintenance operations, the effects of adverse weather 
conditions, and the effects of other environmental factors. 

At lane drops, permanent reductions in capacity occur. They are included in 
the base methodology, which automatically accounts for the capacity of 
segments on the basis of the number of lanes in the segment and other prevailing 
conditions. 

Capacity Reductions due to Construction and Major Maintenance Operations 

Capacity reductions due to construction activities can be divided into short
term work-zone lane closures, typically for maintenance, and long-term lane 
closures, typically for construction. A primary distinction between short-term 
work zones and long-term construction zones is the nature of the barriers used to 
demarcate the work area. Long-term construction zones generally use portable 
concrete barriers, while short-term work zones use standard channeling devices 
(e.g., traffic cones, drums) in accordance with the Manual on Uniform Traffic 
Control Devices for Streets and Highways (2). Capacity reductions due to long-term 
construction or major maintenance operations generally last several weeks, 
months, or even years, depending on the nature of the work Short-term closures 
generally last a few hours. 

Short-Term Work Zones 

Research (3) suggests that a capacity of 1,600 pc/h/ln be used for short-term 
freeway work zones, regardless of the lane-closure configuration. However, for 
some types of closures, a higher value could be appropriate. 

This base value should be adjusted for other conditions, as follows: 

1. intensity of work activity: The intensity of work activity refers to the 
number of workers on the site, the number and size of work vehicles in 
use, and the proximity of the work activity to the travel lanes. Unusual 
types of work also contribute to intensity in terms of rubbernecking by 
drivers passing through the site. Research (3) suggests that the base value 
of 1,600 pc/h/ln be adjusted by as much as ±10% for work activity that is 
more or less intensive than normal. It does not, however, define what 
constitutes "normal" intensity, so this factor should be applied on the 
basis of professional judgment and local experience. 

6. Effects of heavy vehicles: Because the base value is given in terms of pc/h/ln, 
it is recommended that the heavy vehicle adjustment factor (f/-w) be 
applied. A complete discussion of the heavy vehicle adjustment factor 
and its determination are included in Chapter 11, Basic Freeway 
Segments. Equation 10-8 shows how the factor is determined. 
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fHY 
1 

where 

ffw heavy-vehicle adjustment factor, 

PI proportion of trucks and buses in the traffic stream, 

P R proportion of RV s in the traffic stream, 

EI passenger-car equivalent for trucks and buses, and 

ER passenger-car equivalent for RVs. 

Passenger-car equivalents for trucks and buses and for RV s may be found 
in Chapter 11, Basic Freeway Segments. 

7. Presence of ramps: If there is an entrance ramp within the taper area 
approaching the lane closure or within 500 ft downstream of the 
beginning of the fun lane closure, the ramp will have a noticeable effect 
on the capacity of the work zone for handling mainline traffic. This 
situation arises in two ways: (a) the ramp traffic generally forces its way 
in, so it directly reduces the amount of mainline traffic that can be 
handled, and (b) the added turbulence in the merge area may slightly 
reduce capacity (even though such turbulence does not reduce capacity on 
a normal freeway segment without lane closures). If at all possible, on
ramps should be located at least 1,500 ft upstream of the beginning of the 
full lane closure to maximize the total work zone throughput. If that 
cannot be done, then either the ramp volume should be added to the 
mainline volume to be served or the capacity of the work zone should be 
decreased by the ramp volume (up to a maximum of one-half of the 
capacity of one lane) on the assumption that, at very high volumes, 
mainline and ramp vehicles will alternate. 

Equation 10-9 is used to estimate the resulting reduced capacity in vehicles 
per hour. 

Ca = {[(1,600+ I)x f HY ]xN}-R 

where 

Ca adjusted mainline capacity (veh/h); 

I adjustment factor for type, intensity, and proximity of work activity, 
pc/h/ln (ranges between ±160 pc/h/ln); 

fHV heavy-vehicle adjustment factor; 

N number of lanes open through the work zone; and 

R manual adjustment for on-ramps (veh/h). 

Chapter lO/Freeway Facilities 
December 2010 

Page 10-27 

Equation 10-8 

Equation 10-9 

Methodology 

AR0073467 



Highway Capacity Manual 20 10 

Exhibit 10-14 
Capacity of Long-Term 

Construction Zones 
(veh/h/ln) 

Equation 10-10 

Methodology 

Long-Term Construction Zones 

There have been many studies of long-term construction zone capacities. 
They are summarized in Exhibit 10-14. 

Normal lanes to Reduced lanes 
State 2 to 1 lto 2 l to 1 4to 3 4to 2 4to 1 Source 

TX 1,340 1,170 (4) 
NC 1,690 1,640 (5) 
cr 1,500-1,800 1,500-1,800 (6) 
MO 1,240 1,430 960 1,480 1,420 (/? 
NV 1,375-1,400 1,375-1,400 (6) 
OR 1,400-1,600 1,400-1,600 (6) 
SC 950 950 (6) 
WA 1,350 1,450 (6) 
WI 1,560-1,900 1,600-2,000 1,800-2,100 (6, IJ) 
FL 1,800 1,800 (9) 
VA 1,300 1,300 1,300 1,300 1,300 1,300 (10) 
IA 1,400-1,600 1,400-1,600 1,400-1,600 1,400-1,600 1,400-1,600 1,400-1,600 (11) 
MA 1340 1490 1170 1520 1480 1170 (12) 

Default 1400 1,450 1,450 1,500 lL450 1,350 
Source: Adapted from Chattel]ee et al. (13). 

It is easy to see from Exhibit 10-14 that capacities through long-term 
construction zones are highly variable and depend on many site-specific 
characteristics. Therefore, it is better to base this adjustment on local data and 
experience. If such data do not exist and cannot be reasonably acquired, the 
default values of Exhibit 10-14 may be used to provide an approximate estimate 
of construction zone capacity. 

Lane-Width Consideration 

The impact of lane width on general freeway operations is incorporated into 
the methodology of Chapter ll, Basic Freeway Segments, for determining free
flow speed. As free-flow speed affects capacity, it follows that restricted lane 
widths will negatively affect capacity. 

As free-flow speeds are not estimated specifically for work or construction 
zones, it is appropriate to add an adjustment factor for the effect of lane widths 
narrower than 12 it in a work or construction zone. The factor Aw would be 
added to Equation 10-9, as shown in Equation 10-10: 

<=CaX!LW 
where c,; is the adjusted capacity of the work or construction zone reflecting the 
impact of restricted lane width, in vehicles per hour, and all other variables are 
as previously defined. 

The value of the adjustment factor !LW is 1.00 for 12-ft lanes, 0.91 for lanes 
between 10.0 and 1l.9 ft, and 0.86 for lanes between 9.0 and 9.9 ft. If lanes 
narrower than 9.0 ft are in use, local observations should be made to calibrate an 
appropriate adjustment. 
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Capacity Reductions due to Weather and Environmental Conditions 

A number of studies have attempted to address the impacts of adverse 
weather and environmental conditions on the capacity of freeways. 
Comprehensive results for a range of conditions in Iowa, summarized in Exhibit 
10-15, are provided elsewhere (14). 

Type of 
Condition 

Rain 

Snow 

Temperature 

Wind 

Visibility 

Intensity of 
Condition 

>0 :0; 0.10 in./h 
>0.10 :5 0.25 in./h 

>0.25 in./h 
>0 :0; 0.05 in./h 

>0.05:0; 0.10 in./h 
>0.10 :5 0.50 in./h 

>0.50 in./h 
<50°F ~ 34°F 
<34°F ~ -4°F 

<-4°F 
> 10 :5 20 mi/h 

>20 mi/h 
<1 ~ 0.50 mi 

<0.50 :0; 0.25 mi 
<0.25 mi 

Source: Adapted from Agarwal et al. (14). 

Percent Reduction in Capacity 
Average Range 

2.01 1.17-3.43 
7.24 5.67-10.10 

14.13 10.72-17.67 
4.29 3.44-5.51 
8.66 5.48-11.53 

11.04 7.45-13.35 
22.43 19.53-27.82 

1.07 1.06-1.08 
1.50 1.48-1.52 
8.45 6.62-10.27 
1.07 0.73-1.41 
1.47 0.74-2.19 
9.67 One site 

11.67 One site 
10.49 One site 

Additional information is available in the literature. Additional data and 
information on the impacts of rain on freeway capacity are provided elsewhere 
(15, 16), as are information on the effects of snow (16) and insights and 
information on the effects of fog (17, 18). 

A study of capacity on German autobahns provides data on the difference 
between daytime and nighttime conditions on wet or dry pavements (19). Exhibit 
10-16 summarizes these results. 

freeway Weekday or Daylight Dark Daylight Dark 
Lanes Weekend D!}: D!}: Wet Wet 

Weekday 1,299 1,310 923 
6 

(% change*) 
1,489 

(13%) (12%) (38%) 

6 
Weekend 

1,380 
1,084 1,014 

(% change*) (21%) (27%) 

4 
Weekday 

1,739 
1,415 1,421 913 

(% change*) (19%) (18%) (47%) 

4 
Weekend 

1,551 
1,158 1,104 

(% change*) (25%) (29%) 

Note: *Percent change from daylight, dry conditions for the same day of week. 
Source: Adapted from Brilon and Ponzlet (19). 

This exhibit is interesting in that the daylight, dry capacities of German 
autobahns are somewhat less than might be expected on U.S. freeways. This 
situation could be due to the higher speeds that prevail on the autobahns and 
heavy-vehicle presence, which are not reflected in these veh/h/ln statistics. 

The daylight wet versus dry capacity reductions are greater in Exhibit 10-16 
than those shown in Exhibit 10-15, which may again be a reflection of different 
driver behavior characteristics in Germany and the United States. Darkness alone 
has a significant impact on autobahn capacities. Since winter peak hours occur 
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Capacity Reductions due to 
Weather and Environmental 
Conditions in Iowa 

Exhibit 10-16 
Capacities on German Autobahns 
Under Various Conditions 
(veh/h/ln) 
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Exhibit 10-17 
Proportion of Freeway 

Segment Capacity Available 
Under Incident Conditions 

Methodology 

when it is dark in many areas of the country, such reductions are important to 
recognize. 

The difference between weekday and weekend capacities is also interesting 
and is on the order of 7% to 10% in Exhibit 10-16. This impact is generally 
reflected in the use of a driver-population factor fp (see Chapter 11). Weekend 

driving populations may not be as familiar with the facility as weekday 
commuters. Even familiar users may not drive as aggressively on weekend 
recreational or other trips when the pressure of a specific schedule may be less 
than is present during the week 

Capacity Reductions due to Traffic Accidents or Vehicular Breakdowns 

Capacity reductions due to traffic accidents or other incidents are generally 
short-lived, ranging from less than 1 h before they can be cleared to as long as 
12 h for an accident involving severe injuries, fatalities, hazardous materials 
cleanup, or cleanup of other materials from vehicles involved in accidents. 

One study (20) reported the mean duration of a traffic incident to be 37 min, 
with more than half the incidents lasting 30 min or less and 82% lasting less than 
1 h. 

Exhibit 10-17 summarizes the results of two studies (21, 22) on the capacity 
impacts of lane blockages due to incidents, including accidents. An incident's 
effect on capacity depends on the proportion of the traveled roadway that is 
blocked and on the number of lanes on the freeway at that point. 

Number of 
Lanes 
(One Shoulder Shoulder One Lane Two lanes Three lanes 

Direction} Disablement Accident Blocked Blocked Blocked 
2 0.95 0.81 0.35 0.00 N/A 
3 0.99 0.83 0.49 0.17 0.00 
4 0.99 0.85 0.58 0.25 0.13 
5 0.99 0.87 0.65 0.40 0.20 
6 0.99 0.89 0.71 0.50 0.26 
7 0.99 0.91 0.75 0.57 0.36 
8 0.99 0.93 0.78 0.63 0.41 

In a blocked lane, the loss of capacity is likely to be greater than the 
proportion of the roadway that is blocked. A one-lane blockage on a two-lane 
directiona 1 freeway segment (50% of the roadway blocked) reduces capacity to 
35% of the original value, for example. The added loss of capacity arises because 
drivers slow to look at the incident willIe they are abreast of it and are slow to 
react to the possibility of speeding up to move through the incident area. 

The "rubbernecking" factor is also responsible for a reduction in capacity in 
the direction of travel opposite to that in which the accident or incident occurred. 
While no quantitative studies of tills impact have been conducted, experience 
suggests that the severity of the accident or incident plays a significant role in the 
impact of rubbernecking. The reduction in capacity may range from 5% for a 
single-vehicle accident with one emergency vehicle present to as high as 25% for 
a multivehicle accident with several emergency vehicles. 
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Applying Capacity Reductions 

There are several ways to use the information on reduced capacities 
discussed in this section. 

Quick approximations simply require that the capacity of each freeway 
facility segment (as estimated by using the methodologies of Chapters 11, 12, and 
13) be reduced by all the impacts of work zones, weather, environment, and 
accidents or incidents that are present, in accord with the information provided 
here. The methodology continues using these reduced capacities. 

If speed information is available, then the free-flow speed through the 
restricted capacity area can be used to select an appropriate speed-flow curve for 
analysis (from Chapter 11). The reduced free-flow speed results in a reduced 
capacity. An example of this approach is illustrated in Exhibit 10-18, which is 
based on speed data presented elsewhere (16, 19). 

80 
CI~ar and Dry 

I 

70 
'1:1 

~ 60 c. 
III 

~ 50 u 
I ... 
~ 40 
s:: 

Ug1ht Rain or sno~ -r---
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~ 10 /' 

/' 
/' 

/' 
/' 

0 
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flow Rate (pc/h/ln) 

Note: Free-flow speed = 75 mi/h (base conditions). 

For most temporary capacity reductions, the only information available 
relates to capacity. In most of these cases, speed conditions can be reasonably 
estimated. For example, in construction zones, a reduced speed limit is usually 
posted, and lower speeds can be expected to occur, particularly when actual 
constmction operations are taking place. Likewise, for incidents, traffic naturally 
slows as drivers pass the incident site, where mbbemecking takes place. Exhibit 
10-19 shows an example of modeling such cases on the basis of a downward
shifted speed-flow curve. 
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Exhibit 10-19 
Illustration of Adjusted 
Speed-Flow Curves for 

Indicated Capacity 
Reductions 

Methodology 
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2,000 2,400 

Note: Free-flow speed = 75 ml/h (base conditions); CAF = capacity adjustment factor (proportion of available 
capacity). 

If the analyst has no interest in speeds, the capacity reduction could be 
modeled by using a fractional number of lanes that would reflect the new 
capacity of the roadway rather than the actual number of lanes present. For 
example, in the case of a four-lane directional freeway segment with two lanes 
blocked, Exhibit 10-17 indicates that only 25% of capacity would be available. 
This segment could be modeled as if only one lane were available through the 
incident (even though two are actually in use). 

Some of the performance measures that result from this methodology, 
however, rely on speed. A simple approach that does not deal with speed 
consequences would result in an incomplete analysis. Consequently, an 
approach that uses modified speed-flow curves, as illustrated here, is 
recommended. 

Step 5: Compute Demand-to-Capacity Ratios 

Each cell of the time-space domain now contains an estimate of demand and 
capacity. A demand-to-capacity ratio can be calculated for each celL The cell 
values must be carefully reviewed to determine whether all boundary cells have 
vic ratios of 1.00 or less and to determine whether any cells in the interior of the 
time-space domain have vic values greater than 1.00. 

If any boundary cells have a vic ratio greater than 1.00, further analysis may 
be significantly flawed: 

1. If any cell in the first time interval has a vic ratio greater than 1.00, there 
may have been oversaturated conditions in earlier time intervals without 
transfer of unsatisfied demand into the time-space domain of the 
analysis. 

2. If any cell in the last time interval has a Vd/C ratio greater than 1.00, the 
analysis will be incomplete because the unsatisfied demand in the last 
time interval cannot be transferred to later time intervals. 

3. If any cell in the last downstream segment has a Vd/C ratio greater tllan 
1.00, there may be downstream bottlenecks that should be checked before 
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proceeding with the analysis. If any cell in the first segment has a vic 
ratio greater than 1.00, then oversaturation will extend upstream of the 
defined freeway facility, but its effects will not be analyzed within the 
time-space domain. 

These checks do not guarantee that the boundary cells will not show vic 
ratios greater than 1.00 later in the analysis. If these initial checks reveal 
boundary cells with vic ratios greater than 1.00, then the time-space domain of 
the analysis should be adjusted to eliminate the problem. 

As the analysis of the time-space domain proceeds, subsequent demand 
shifts may cause some boundary cell valc ratios to exceed 1.00. In these cases, the 
problem should be reformulated or alternative tools applied. Most alternative 
tools will have the same problem if the boundary conditions experience 
congestion. 

Another important check is to observe whether any cell in the interior of the 
time-space domain has a vic ratio greater than 1.00. There are two possible 
outcomes: 

1. If all cells have vic ratios of 1.00 or less, then the entire time-space 
domain contains undersaturated flow, and the analysis is greatly 
simplified. 

2. If any cell in the time-space domain has a vic ratio greater than 1.00, then 
the time-space domain will contain both undersaturated and 
oversaturated cells. Analysis of oversaturated conditions is much more 
complex because of the interactions between freeway segments and the 
shifting of demand in both time and space. 

If Case 1 exists, the analysis moves to Step 6A. If Case 2 exists, the analysis 
moves to Step 6B. 

The vic ratio for all on-ramps and off-ramps should also be examined. If an 
on-ramp demand exceeds the on-ramp capacity, the ramp demand flow rates 
should be adjusted to reflect capacity. Off-ramps generally fail because of 
deficiencies at the ramp-street junction. They may be analyzed by procedures in 
Chapters 18-22, depending on the type of traffic control used at the ramp-street 
junction. These checks are done manually, and inputs to this methodology must 
be revised accordingly. 

Steps 6A and 68: Compute Undersaturated (6A)/Oversaturated (68) 
Service Measures and Other Performance Measures 

The analysis begins in the first cell in the upper-left corner of the time-space 
domain (the first segment in the first time interval) and continues downstream 
along the freeway facility for each segment in the first time interval. The analysis 
then returns to the first upstream segment in the second time interval and 
continues downstream along the freeway for each segment in the second time 
interval. This process continues until all cells in the time-space domain have 
been analyzed. 

As each cell is analyzed in turn, its vic ratio is checked. If the vic ratio is 1.00 
or less, the cell is not a bottleneck and is able to handle all traffic demand that 
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wishes to enter. The process is continued in the order noted in the previous 
paragraph until a cell with a vic ratio greater than 1.00 is encountered. Such a 
cell is labeled as a bottleneck. Because it cannot handle a flow greater than its 
capacity, the following impacts will occur: 

1. The vic ratio of the bottleneck cell will be exactly 1.00, as the cell 
processes a flow rate equal to its capacity. 

2. Flow rates for all cells downstream of the bottleneck must be adjusted 
downward to reflect the fact that not all the demand flow at the 
bottleneck gets through. Downstream cells are subject to demand 
starvation due to the bottleneck. 

3. The unsatisfied demand at the bottleneck cell must be stored in the 
upstream segments. Flow conditions and performance measures in these 
upstream cells are affected. Shock wave analysis is applied to estimate 
these impacts. 

4. The unsatisfied demand stored upstream of the bottleneck cell must be 
transferred to the next time interval. This transfer is accomplished by 
adding the unsatisfied demand by desired destination to the origin
destination table of the next time interval. 

This four-step process is implemented for each bottleneck encountered, 
following the specified sequence of cell analysis. If no bottlenecks are identified, 
the entire domain is undersahlrated, and the sequence of steps for oversaturated 
conditions is not applied. 

If a bottleneck is severe, the storage of unsatisfied demand may extend 
beyond the upstream boundary of the freeway facility or beyond the last time 
interval of the time-space domain. In such cases, the analysis will be flawed, and 
the time-space domain should be reconstituted. 

After all demand shifts (in the case of one or more oversaturated cells) are 
estimated, each cell is analyzed by the methodologies of Chapter II, Basic 
Freeway Segments; Chapter 12, Freeway Weaving Segments; and Chapter 13, 
Freeway Merge and Diverge Segments. Facility service and performance 
measures may then be estimated. 

Undersaturated Conditions 

For undersahlrated conditions, the process is straightforward. Because there 
are no cells with vic ratios greater than 1.00, the flow rate in each cell, Va' is equal 

to the demand flow rate, Vd' Each segment analysis using the methodologies of 

Chapters 11, 12, and 13 will result in estimating a density D and a space mean 
speed S. 

When the analysis moves from isolated segments to a system, additional 
constraints may be necessary. A maximum-achievable-speed constraint is 
imposed to limit the prediction of speeds in segments downstream of a segment 
experiencing low speeds. This constraint prevents large speed fluctuations from 
segment to segment when the segment methodologies are directly applied. This 
process results in some changes in the speeds and densities predicted by the 
segment methodologies. 
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For each time interval, Equation 10-2 is used to estimate the average density 
for the defined freeway facility. Tills result is compared with the criteria of 
Exhibit 10-7 to determine the facility LOS for the time period. Each time period 
will have a separate LOS. Although LOS is not averaged over time intervals, if 
desired, density can be averaged over time intervals. 

Oversaturated Conditions 

Once over saturation is encountered, the methodology changes its temporal 
and spatial units of analysis. The spatial units become nodes and segments, and 
the temporal unit moves from a time interval of 15 min to smaller time periods, 
as recommended in Chapter 25, Freeway Facilities: Supplemental. 

Exhibit 10-20 illustrates the node-segment concept. A node is defined as the 
junction of two segments. Given that there is a node at the beginning and end of 
the freeway facility, there will always be one more node than the number of 
segments on the facility. 

Ramp 1 Ramp 2 

The numbering of nodes and segm.ents begins at the upstream end of the 
defined freeway facility and moves to the downstream end. The segment 
upstream of node i is numbered i-I, and the downstream segment is numbered 
i, as shown in Exillbit 10-21. 

Node i 

MF 
ONRF 

Seg. i - 1 

SFU - 1) = 
MF(/) + OFRF(J) 

Node i Seg. i 

Note: SF= segment flow, MF= mainline flow, ONRF= on-ramp flow, and OFRF= off-ramp flow. 

The oversaturated analysis moves from the first node to each downstream 
node for a time step. After the analysis for the first time step is complete, the 
same nodal analysis is performed for each subsequent time step. 

When oversaturated conditions exist, many flow variables must be adjusted 
to reflect the upstream and downstream effects of bottlenecks. These adjustments 
are explained in general terms in the sections that follow and are fully detailed in 
Chapter 25. 

Flow Fundamentals 

As noted previously, segment flow rates must be calculated for each time 
step. They are used to estimate the number of vehicles on each segment at the 
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and Off-Ramps 
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end of every time step. The number of vehicles on each segment is used to track 
queue accumulation and discharge and to estimate the average segment density. 

The conversion from standard 15-min time intervals to time steps (of lesser 
duration) occurs during the first oversaturated interval. Time steps are then used 
until the analysis is complete. This transition to time steps is critical because, at 
certain poiI,ts in the methodology, future performance is estimated from past 
performance of an individual variable. Use of time steps also allows for a more 
accurate estimation of queues. 

Service and other performance measures for oversaturated conditions use a 
simplified, linear flow-density relationship, as detailed in Chapter 25. 

Segment Initialization 

To estimate the number of vehicles on each segment for each time step under 
oversahuated conditions, it is necessary to begin the process with the 
appropriate number of vehicles in each segment. Determining this number is 
referred to as segment initialization. 

A simplified queuing analysis is initially performed to account for the effects 
of upstream bottlenecks. The bottlenecks limit the number of vehicles that can 
proceed downstream. 

To obtain the proper number of vehicles on each segment, the expected 
demand is calculated from the demands for and capacities of the segment, 
including the effects of all upstream segments. rfile expected demand represents 
the £low that would arrive at each segment if all queues were stacked vertically 
(Le., as if the queues had no upstream impacts). For all segments upstream of a 
bottleneck, the expected demand will equal the actual demand. 

For the bottleneck segment and all further downstream segments, a capacity 
restraint is applied at the bottleneck when expected demand is computed. From 
the expected segment demand, the background density can be obtained for each 
segment by using the appropriate estimation algorithms from Chapters 11, 12, 
and 13. 

Mainline Flow Calculation 

Flows analyzed in oversaturated conditions are calculated for every time 
step and are expressed in vehicles per time step. They are analyzed separately on 
the basis of the origin and destination of the flow across the node. The following 
flows are defined: 

1. The flow from the mainline upstream segment i-I to the mainline 
downstream segment i is the mainline flow MF. 

2. The flow from the mainline to an off-ramp is the off-ramp flow OFRF. 

3. The flow from an on-ramp to the mainline is the on-ramp flow ONRF. 

Each of these flows is illustrated iI, Exhibit 10-21. 

Mainline Input 

The mainline input is the number of vehicles that wish to travel through a 
node during the time step. The calculation includes the effects of bottlenecks 
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upstream of the subject node. The effects include the metering of traffic during 
queue accumulation and the presence of additional vehicles during queue 
discharge. 

The mainline input is calculated by taking the number of vehicles entering 
the node upstream of the analysis node, adding on-ramp flows or subtracting 
off-ramp flows, and adding the number of unserved vehicles on the upstream 
segment. The result is the maximum number of vehicles that desire to enter a 
node during a time step. 

Mainline Output 

The mainline output is the maximum number of vehicles that can exit a 
node, constrained by downstream bottlenecks or by merging traffic. Different 
constraints on the output of a node result in three different types of mainline 
outputs (MOl, M02, and M03). 

• Mainline output from ramps (MOl): MOl is the constraint caused by the 
flow of vehicles from an on-ramp. The capacity of an on-ramp flow is 
shared by two competing flows: flow from the on-ramp and flow from the 
mainline. The total flow that can pass the node is estimated as the 
minimum of the segment i capacity and the mainline outputs (M02 and 
M03) calculated in the preceding time step. 

• Mainline output from segment storage (M02): The output of mainline flow 
through a node is also constrained by the growth of queues on the 
downstream segment. The presence of a queue limits the flow into the 
segment once the queue reaches its upstream end. The queue position is 
calculated by shock wave analysis. The M021imitation is determined first 
by calculating the maximum number of vehicles allowed on a segment at 
a given queue density. The maximum flow that can enter a queued 
segment is the number of vehicles leaving the segment plus the difference 
between the maximum number of vehicles allowed on a segment and the 
number of vehicles already on the segment. The queue density is 
determined from the linear congested portion of the density-flow 
relationship shown in Chapter 25. 

• Mainline output from front-clearing queue (M03): The final limitation on 
exiting mainline flows at a node is caused by front-clearing downstream 
queues. These queues typically occur when temporary incidents dear. 
Two conditions must be satisfied: (a) the segment capacity (minus the on
ramp demand if present) for the current time interval must be greater 
than the segment capacity (minus on-ramp demand) in the preceding 
time interval, and (b) the segment capacity minus the ramp demand for 
the current time interval must be greater than the segment demand in the 
same time interval. Front-clearing queues do not affect the segment 
throughput (which is limited by queue throughput) until the recovery 
wave has reached the upstream end of the segment. The shock wave 
speed is estimated from the slope of the line connecting the bottleneck 
throughput and the segment capacity points. 
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Mainline Flow 

The mainline flow across node i is the minimum of the following variables: 

• Node i mainline input, 

• Node iM02, 

• Node iM03, 

• Segment i-I capacity, and 

• Segment i capacity. 

Determining On-Ramp Row 

111e on-ramp flow is the minjmum of the on-ramp input and output. Ramp 
input in a time step is the ramp demand plus any unserved ramp vehicles from a 
previous time step. 

On-ramp output is limited by the ramp roadway capacity and the ramp
metering rate. It is also affected by the volumes on the mainline segments. The 
latter is a very complex process that depends on the various flow combinations 
on the segment, the segment capacity, and the ramp roadway volumes. Details of 
the calculations are presented in Chapter 25. 

Determining Off-Ramp Flow 

The off-ramp flow is determined by calculating a diverge percentage based 
on the segment and off-ramp demands. The diverge percentage varies only by 
time interval and remains constant for vehicles that are associated with a 
particular time interval. If there is an upshoeam queue, then traffic to this off
ramp may be metered. This will cause a decrease in the off-ramp flow. When 
vehicles that were metered arrive in the next time interval, they use the diverge 
percentage associated with the preceding time intervaL This methodology 
ensures that aU off-ramp vehicles prevented from exiting during the presence of 
a bottleneck are appropriately discharged in later time intervals. 

Determining Segment Row 

Segment flow is the number of vehicles that flow out of a segment during the 
current time step. These vehicles enter the current segment either to the mainline 
or to an off-ramp at the current node as shown in Exhibit 10-20. The number of 
vehicles on each segment in the current time step is calculated with the following 
information: 

• The number of vehicles that were in the segment in the previous time 
step, 

• The number of vehicles that entered the segment in the current time step, 
and 

• The number of vehicles that can leave the segment in the current time 
step. 

Because the number of vehicles that leave a segment must be known, the 
number of vehicles on the current segment cannot be determined until the 
upstream segment is analyzed. 
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The number of unserved vehicles stored on a segment is calculated as the 
difference between the number of vehicles on the segment and the number of 
vehicles that would be on the segment at the background density. 

Determining Segment Service Measures 

In the last time step of a time interval, the segment flows in each time step 
are averaged over the time interval, and the service measures for each segment 
are calculated. If there were no queues on a particular segment during the entire 
time interval, then the performance measures are calculated from Chapters 11, 
12, and 13 as appropriate. 

If there was a queue on the current segment during the time intervat then 
the performance measures are calculated in four steps: 

1. The average number of vehicles over a time interval is calculated for each 
segment. 

2. The average segment density is calculated by taking the average number 
of vehicles in all time steps (in the time interval) and dividing it by the 
segment length. 

3. The average speed on the current segment during the current time 
interval is calculated as the ratio of segment flow to density. 

4. The final segment performance measure is the length of the queue at the 
end of the time interval (if one exists), which is calculated by using shock 
wave theory. 

On-ramp queue lengths can also be calculated. A queue will form on the on
ramp roadway only if the flow is limited by a meter or by freeway traffic in the 
gore area. If the flow is limited by the ramp roadway capacity, unserved vehicles 
will be stored on a facility upstream of the ramp roadway, most likely a surface 
street. The methodology does not account for this delay. If the queue is on a 
ramp roadway, its length is calculated by using the difference in background and 
queue densities. 

Step 7: Compute Freeway Facility Service Measures and Other 
Performance Measures by Time Interval 

The previously discussed traffic performance measures can be aggregated 
over the length of the defined freeway facility for each time interval. 
Aggregations over the entire time-space domain of the analysis are also 
mathematically possible, although LOS is defined only for IS-min time intervals. 

Freeway facility LOS is defined for each time interval included in the 
analysis. An average density for each time interval, weighted by length of 
sqJTffients and numbers of lanes in segments, is calculated (with Equation 10-2) 
and used to compare with the criteria of Exhibit 10-7. 
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Exhibit 10-22 
Required Input Data for 

Freeway Facility Analysis 

Applications 

3. APPLICATIONS 

Specific computational steps for the freeway facility methodology were 
conceptually discussed and presented in thi s chapter's methodology section. 
Additional computational details are provided in Chapter 25, Freeway Facilities: 
Supplemental. 

This chapter's methodology is sufficiently complex to require software for its 
application. Even for fully undersaturated analyses, the number and complexity 
of computations make it difficult and extremely time-consuming to analyze a 
case manually. Oversaturated analyses are considerably more complex, and 
manual solutions would be impractical. The computational engine for this 
methodology is FREEVAL-2010. A complete user's guide and executable 
spreadsheet are available in the Technical Reference Library in Volume 4. 

OPERATIONAL ANALYSIS 

The only mode in which the methodology can be directly implemented is 
operational analysis-that is, given a complete description of a freeway facility, 
its component segment geometries, and all relevant demand flow rates, a 
complex analysis is conducted of each segment, and of the freeway facility, by 
time interval. Outputs will include segment flow rates, densities, and average 
speeds as well as average facility density and speed for each time interval. By 
using the estimated facility density for each time interval, a facility LOS can be 
assigned. 

Exhibit 10-22 shows the data inputs tl1at are required for an operational 
analysis of a freeway facility. 

Geometric Data for Each Secl:ion 
• Section length Cft) 
• Mainline number of lanes 
• Mainline average lane width cft) 
• Mainline lateral clearance Cft) 
• Terrain (level, rolling, or mountainous)/ or specific grade (% grade, length in mi) 
• Ramp number of lanes 
• Ramp acceleration or deceleration lane length (ft) 
• Existence of independent HOV lane 

Traffic Characl:eristic Data for Each Segment 
• Mainline free-flow speed Cmijh), optional 
• Vehicle occupancy (passengers/veh) 
• Percent trucks and buses (%) 
• Percent RVs (%) 
• Driver population (commuter or recreational) 
• Ramp free-flow speeds (mi/h) 

Demand Data for Each Segment 
• Mainline entry demand for each time interval (veh/h) 
• On-ramp demands for each time interval (veh/h) 
• Off-ramp demands for each time interval (veh/h) 
• Weaving demand on weaving segments, by movement (veh/h) 
• HOV lane demand (veh/ht if present 

Where all data are not readily available or collectable, tl1e analysis may be 
supplemented by using consistent default values for each segment. Lists and 
discussions of default values are found in Chapter 11, Basic Freeway Segments; 
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Chapter 12, Freeway Weaving Segments; and Chapter 13, Freeway Merge and 
Diverge Segments. 

Performance measures output by the methodology for individual segments 
and the facility (for a given time interval) include the following: 

• Average speed (mi/h), 

• Average density (pc/mi/ln), 

• Vehicle miles of travet 

• Vehicle hours of travet and 

• Travel time (min/veh). 

Chapter 25 details facilitywide performance measure calculations by time 
interval. 

PLANNING, PRELIMINARY ENGINEERING, AND DESIGN ANALYSIS 

This methodology cannot be directly used in planning, preliminary 
engineering, and design applications. However, for generalized planning, 
Exhibit 10-8 (urban freeways) and Exhibit 10-9 (rural freeways) provide daily
service-volume tables for a variety of typical freeway conditions. These tables 
may be applied for general evaluations of a number of freeway facilities in a 
specified region. They should not be used for directly evaluating a specific 
freeway facility or for developing detailed facility improvement plans. A full 
operational analysis would normally be applied to any freeway facility identified 
as potentially needing improvement. 

Preliminary engineering and design applications of the methodology are 
possible by using the segment procedures described in Chapters 11, 12, and 13. 
Various geometric scenarios can be evaluated and com pared by using a travel 
demand matrix and the facility methodology on the basis of the segment results. 

TRAFFIC MANAGEMENT STRATEGIES 

The freeway facilities methodology has incorporated procedures for 
assessing a variety of traffic management strategies. The methodology permits 
modifying previously calculated cell demands or capacities (or both) within the 
time-space domain to assess a traffic management strategy or a combination of 
strategies. 

1. A growth factor parameter has been incorporated to evaluate traffic 
performance when traffic demands are higher or lower than the demand 
calculated from the traffic counts. This parameter would be used to 
undertake a sensitivity analysis of the effect of demand on freeway 
performance and to evaluate future scenarios. In these cases, all cell 
demand estimates are multiplied by the growth factor parameter. 

2. The effect of a predetermined ramp-metering plan can be evaluated by 
modifying the ramp roadway capacities. The capacity of each entrance 
ramp in each time interval is changed to the desired metering rate. This 
feature permits evaluating a predetermined ramp-metering plan and 
experimenting to obtain an improved ramp-metering plan. 
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3. Freeway design improvements can be evaluated with this methodology 
by modifying the design features of any portion of the freeway facility. 
F or example, the effect of adding an auxiliary lane at a critical location or 
adding merging or diverging lanes can be assessed. 

4. Reduced-capacity situations can be investigated. The capacity in any cell 
or cells of the time-space domain can be reduced to represent situations 
such as construction and maintenance activities, adverse weather, and 
traffic accidents and vehicle breakdowns. 

5. User demand responses such as spatial, temporal, modal, and total 
demand responses caused by a traffic management strategy are not 
automatically incorporated into the methodology. On viewing the new 
freeway traffic performance results, the user can modify the demand 
input manually to evaluate the effect of anticipated demand responses. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools. 
This section contains specific guidance for applying alternative tools to the 
analysis of freeway facilities. Additional information on this topic may be found 
in Chapter 25, Freeway Facilities: Supplemental. 

Strengths of the HeM Procedure 

This chapter's procedures were based on extensive research supported by a 
significant quantity of field data. They have evolved over a number of years and 
represent a consensus of experts. Specific strengths of the HCM freeway facilities 
procedures include the following: 

• They provide more detailed algorithms for considering geometric 
elements of the facility (such as lane and shoulder width). 

• They provide capacity estimates for each segment of the facility, which 
simulation tools do not provide directly (and in some cases may require 
as an input). 

• The capacity can be explicitly adjusted to account for weather conditions, 
lighting conditions, work zone setup and activity, and incidents. 

• The calculation of key performance measures, such as speed and density, 
is transparent. Simulation tools often use statistics accumulated over the 
simulation period to derive various link or time-period-specific results, 
and the derivation of these results may not be obvious. Thus, the user of a 
simulation tool must know exactly which measure is being reported (e.g., 
space mean speed versus time mean speed). Furthermore, simulation 
tools may apply these measures in ways different from the HCM to arrive 
at other measures. 
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Limitations of the HCM Procedures That Might Be Addressed by 
Alternative Tools 

Freeway facilities can be analyzed with a variety of stochastic and 
deterministic simulation tools. These tools can be useful in analyzing the extent 
of congestion when there are failures within the simulated facility range and 
when interaction with other freeway segments and other facilities is present. 

Exhibit 10-23 provides a list of the limitations stated earlier in this chapter, 
along with their potential for improved treatment by alternative tools. 

Potential for Improved Treatment 
limitation by Alternative Tools 
Changes in travel time caused by 

Modeled explicitly by dynamic traffic assignment tools 
vehicles usinq alternate routes 

Multiple overlapping bottlenecks Modeled explicitly by simulation tools 

User-demand responses (spatial, 
Modeled explicitly by dynamic traffic assignment tools 

temporal modal) 
Systemwide oversaturated flow 

Modeled explicitly by simulation tools 
conditions 

Modeled explicitly by simUlation tools, except that a 
First/last time interval or first/last simUlation analysis may also be inaccurate if it does 
segment demand-to-capacity ratio> not fully account for a downstream bottleneck that 
1.0 causes congestion in the last segment during the last 

time period 
Interaction between managed lanes 

Modeled explicitly by some simUlation tools 
and mixed-flow lanes 

Additional Features and Performance Measures Available from 
Alternative Tools 

This chapter provides a methodology for estimating a variety of performance 
measures for individual segments along a freeway facility, and the entire facility, 
given each segment's traffic demand and characteristics. The following 
performance measures are reported by the freeway facilities procedure: 

• Travel time, 

• Free-flow travel time, 

• Traffic delay, 

• Vehicle miles of travet 

• Person miles of travel, 

• Speed, and 

• Density (segment only). 

Alternative tools can offer additional performance measures, such as queue 
lengths, fuel consumption, vehicle emissions, and operating costs. As with most 
other procedural chapters in the HCM, simulation outputs-especially graphics
based presentations-may provide details on point problems that might go 
unnoticed with a macroscopic analysis. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

LOS for all types of freeway segments is estimated by the density of traffic 
(pc/mi/ln) on each segment. The guidance provided in Chapter 11, Basic Freeway 
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Segments, for developing compatible density estimates applies to freeway 
facilities as well. 

With the exception of free-flow travel time, the additional performance 
measures listed above that are produced by the procedures in this chapter are 
also produced by typical simulation tools. For the most part, the definitions are 
compatible, and, subject to the precautions and calibration requirements that 
follow, the performance measures from alternative tools may be considered 
equivalent to those that are produced by the procedures in this chapter. 

conceptual Differences Between the HCM and Simulation Modeling 
That Preclude Direct Comparison of Results 

To better determine when simulation of a freeway facility may be more 
appropriate than an HCM analysis, the fundamental differences between the two 
approaches must be understood. The HCM and simulation analysis approaches 
are reviewed in the following subsections. 

HeM Approach 

The HCM analysis procedure uses one of two approaches-one for 
undersaturated conditions and one for oversaturated conditions. For 
undersaturated conditions-that is, vic is less than 1.0 for all segments and time 
periods-the approach is generally disaggregate. In other words, the facility is 
subdivided into segments corresponding to basic freeway, weaving, and 
merge/diverge segments, and the LOS results are reported for individual 
segments on the basis of the analysis procedures of Chapters 11, 12, and 13, 
respectively. However, LOS results are not reported for the facility as a whole. 

For oversaturated conditions, the facility is analyzed in a different manner. 
First, the facility is considered in its entirety rather than at the individual 
segment level. Second, the analysis time intervat typically 15 min, is subdivided 
into time steps of 15 to 60 s, depending on the length of the shortest segment. 
This approach is necessary so that flows can be reduced to capacity levels at 
bottleneck locations and queues can be tracked in space and time. For 
oversaturated segments, the average segment density is calculated by dividing 
the average number of vehicles for all time steps (in the time interval) by the 
segment length. The average segment speed is calculated by dividing the average 
segment flow rate by the average segment density. Facilitywide performance 
measures are calculated by aggregating segment performance measures across 
space and time, as outlined in Chapter 25. A LOS for the facility is assigned on 
the basis of density for eacl1 time interval. 

When the oversaturation analysis procedure is applied, if any segment is 
undersaturated for an entire time interval, its performance measures are 
calculated according to the appropriate procedure in Chapters 11, 12, and 13. 

Simulation Approach 

Simulation tools model the facility in its entirety and from that perspective 
have some similarity to the oversaturated analysiS approach of the HCM. 
Microscopic simulation tools operate similarly under both saturated and 
undersaturated conditions, tracking each vehicle through time and space and 
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generally handling the accumulation and queuing of vehicles in saturated 
conditions in a realistic manner. Macroscopic simulation tools vary in their 
treatment of saturated conditions. Some tools do not handle oversaturated 
conditions at all, while others may queue vehicles in the vertical, rather than 
horizontal, dimension. These tools may still provide reasonably accurate results 
under slightly oversaturated conditions, but the results will clearly be invalid for 
heavily congested conditions. 

The treatment of oversaturated conditions is a fundamental issue that must 
be understood when considering whether to apply simulation in lieu of the HCM 
for analysis of congested conditions. A review of simulation modeling 
approaches is beyond the scope of this document. More detailed information on 
the topic may be found in the Technical Reference Library in Volume 4. 

Adjustment of Simulation Parameters to the HeM Results 

Some calibration is generally required before an alternative tool can be used 
effectively to supplement or replace the HCM procedure. The following 
subsections discuss key variables that should be checked for consistency with the 
HCM procedure values. 

Capacity 

In the HCM, capacity is a function of the specified free-flow speed (which 
can be adjusted by lane width, shoulder width, and ramp density). In a 
simulation tool, capacity is typically a function of the specified minimum vehicle 
entry headway (into the system) and car-following parameters (assuming 
microscopic simulation). 

While the determination of capacity for a basic freeway segment is clearly 
described in Chapter 11, this chapter does not offer specific guidance on 
determining the appropriate capacity for different segment types within a 
facility, other than to refer the reader to the individual chapters (basic segments, 
weaving segments, merge segments, diverge segments) for appropriate capacity 
values. The HCM specifies the capacity of a freeway facility in units of veh/h 
rather than pc/h. 

In macroscopic simulation tools, capacity is generally an input. Thus, for this 
situation, it is straightforward to match the simulation capacity to the HCM 
capacity. Microscopic simulation tools, however, do not have an explicit capacity 
input. Most microscopic tools provide an input that affects the minimum 
separation for the generation of vehicles into the system. Therefore, specifying a 
value of 1.5 s for this input will result in a maximum vehicle entry rate of 2,400 
(3,600/1.5) veh/h/ln. Once vehicles enter the system, vehicle headways are 
governed by the car-following model. Thus, given other factors and car
following model constraints, the maximum throughput on anyone segment may 
not reach this value. Consequently, some experimenting is usually necessary to 
find the right minimum entry separation value to achieve a capacity value 
comparable with that in the HCM. Again, the analyst needs to be careful of the 
units being used for capacity in making comparisons. 
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In the case of stochastic-based 
simulators, the generated 
vehicle type percentages may 
only approximate the specified 
percentages. 

Applications 

The other issue to be aware of is that, while geometric factors such as lane 
and shoulder width affect the free-flow speed (which in turn affects capacity) in 
the HCM procedure, some simulation tools do not account for these effects, or 
they may account for other factors, such as horizontal curvature, that the HCM 
procedure does not consider. 

Lane Distribution 

In the HCM procedure, there is an implicit assumption that, for any given 
vehicle demand, the vehicles are evenly distributed across all lanes of a basic 
freeway segment. For merge and diverge segments, the HCM procedure includes 
calculations to determine how vehicles are distributed across lanes as a result of 
merging or diverging movements. For weaving segments, there is not an explicit 
determination of flow rates in particular lanes, but consideration of weaving and 
nonweaving flows and the number of lanes available for each is an essential 
element of the analysis procedure. 

In simulation tools, the distribution of vehicles across lanes is typically 
specified only for the entry point of the network. Once vehicles have entered the 
network, they are distributed across lanes according to car-following and lane
changing logic. This input value should reflect field data if they are available. If 
field data indicate an imbalance of flows across lanes, this situation may lead to a 
difference between the HCM and simulation results. If field data are not 
available, specifying an even distribution of traffic across all lanes is probably 
reasonable for networks that begin with a long basic segment. If there is a ramp 
junction within a short distance downstream of the entry point of the network, 
setting the lane distribution values to be consistent with those from Chapter 13 of 
the HCM will likely yield more consistent results. 

Traffic Stream Composition 

The HCM deals with the presence of non-passenger car vehicles in the traffic 
stream by applying passenger car equivalent values. These values are based on 
the percentage of trucks, buses, and RVs in the traffic stream as well as type of 
terrain (grade profile and its length). Thus, the traffic stream is converted into 
some equivalent number of passenger cars only, and the analysis results are 
based on flow rates in these units. 

Simulation tools deal with the traffic stream composition just as it is 
specified; that is, the specific percentages of each vehicle type are generated into 
and moved through the system according to their specific vehicle attributes (e.g., 
acceleration and deceleration capabilities). Thus, simulation, particularly 
microscopic simulation, results likely better reflect the effects of non-passenger 
car vehicles on the traffic stream. Although in some instances the passenger car 
equivalent values contained in the HCM were developed from simulation data, 
simplifying assumptions made to make them implementable in an analytical 
procedure result in some loss of fidelity in the treatment of different vehicle 
types. 

Furthermore, it should be recognized that the HCM procedures do not 
explicitly account for differences in driver types. Microscopic simulation tools 
explicitly provide for a range of driver types and allow a number of factors 
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related to driver type to be modified (e.g., free-flow speed, gap acceptance 
threshold). However, it should also be recognized that the empirical data some 
HCM procedures are based on include the effects of the various driver types 
present in traffic streams. 

Free-Flow Speed 

In the HCM, free-flow speed is either measured in the field or estimated with 
calibrated predictive algorithms. In simulation, free-flow speed is almost always 
an input value. Where field measurements are not available, simulation users 
may wish to use the HCM predictive algorithms to estimate free-flow speed. 

Step-by-Step Recommendations for Applying Alternative Tools 

General guidance for applying alternative tools is provided in Chapter 6, 
HCM and Alternative Analysis Tools. The chapters that cover specific types of 
freeway segments offer more detailed step-by-step guidance specific to those 
segments. All the segment-specific guidance applies to freeway facilities, which 
are configured as combinations of different segments. 

The first step is to determine whether the facility can be analyzed 
satisfactorily by the procedures described in this chapter. If the facility contains 
geometric or operational elements beyond the scope of these procedures, then an 
alternative tool should be selected. The steps involved in the application will 
depend on the reason(s) for choosing an alternative tool. In some cases, the step
by-step segment guidance will cover the situation adequately. In more complex 
cases (e.g., those that involve integrated analysis of a freeway corridor), more 
comprehensive guidance from one or more documents in the Technical 
Reference Library in Volume 4 may be needed. 

Sample Calculations Illustrating Alternative Tool Applications 

The limitations of this chapter's procedures are mainly related to the lack of a 
comprehensive treatment of the interaction between segments and facilities. 
Many of these limitations can be addressed by simulation tools, which generally 
take a more integrated approach to the analysis of complex networks of 
freeways, ram ps, and surface street facilities. Supplemental examples illustrating 
interactions between segments are presented in Chapter 26, Freeway and 
Highway Segments: Supplemental, and Chapter 34, Interchange Ramp 
Terminals: Supplemental. A comprehensive example of the application of 
simulation tools to a major freeway reconstruction project is presented as Case . 
Study 6 in the HCM Applications Guide located in Volume 4. 
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Exhibit 10-24 
List of Example Problems 

Exhibit 10-25 
Freeway Facility in Example 

Problem 1 

Exhibit 10-26 
Geometry of Directional 

Freeway Facility for Example 
Problem 1 

Example Problems 

Example 
Problem 

1 
2 
3 

4. EXAMPLE PROBLEMS 

Description 
Evaluation of an undersaturated facility 
Evaluation of an oversaturated facility 
Capacity improvements to an oversaturated facility 

Application 
Operational analysis 
Operational analysis 
Operational analysis 

EXAMPLE PROBLEM 1: EVALUATION OF AN UNDERSATURATED 
FACILITY 

The Facility 

The subject of this operational analysis is an urban freeway facility 6 mi long 
and composed of 11 individual analysis segments, as shown in Exhibit 10-25. 

'5 :6 ~7 

----~--~--L--~-----~------t-----~-~-~-~-----
----+--~--~--~-----~------~-----+-~-t-+-----

7~" /) (" 7~'" 
ONR-1 OFR-l ONR-2 OFR-2 ONR-3 OFR-3 

The facility has three on-ramps and three off-ramps. Geometric details are 
given in Exhibit 10-26. 

Segment: No. 1 2 3 4 5 6 7 8 9 10 11 
Segment type B ONR B OFR B B orW B ONR R OFR B 
Segment length 

5,280 
Cft) 

5,280 1,500 2,280 1,500 5,280 2,640 5,280 1,140 360 1,140 

No. of lanes 3 3 3 3 3 4 3 3 3 3 3 
Note: B = bask freeway segment, W = weaving segment, ONR = on-ramp (merge) segment, OFR = off-ramp 

(diverge) segment, R = overlapping ramp segment. 

The on- and off-ramps in Segment 6 are connected by an auxiliary lane and 
the segment may therefore operate as a weaving segment, depending on traffic 
patterns. The separation of the on-ramp in Segment 8 and the off-ramp in 
Segment 10 is less than 3,000 ft. Since the ramp influence area of on-ramps and 
off-ramps is 1,500 H, according to Chapter 13, the segment affected by both 
ramps is analyzed as a separate overlapping ramp segment (Segment 9), labeled 
"R." 

The analysis question at hand is the following: What is the operational 
performance and LOS of the directional freeway facility shown in Exhibit 10-257 
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The Facts 

In addition to the information contained in Exhibit 10-25 and Exhibit 10-26, 
the following characteristics of the freeway facility are known: 

Heavy vehicles 

Driver population 

FFS 

RampFFS 

Acceleration lane length 

Deceleration lane length 

Ls 

TRD 

Terrain 

Analysis duration 

Comments 

5% trucks, 0% RVs (all movements); 

regular commuters; 

60 mi/h (all mainline segments); 

40 mi/h (all ramps); 

500 ft (all ramps); 

500 ft (all ramps); 

190 pc/mi/ln; 

2,300 pc/h/ln (for FFS = 60 mi/h); 

1,640 ft (for Weaving Segment 6); 

1.0 ramp/mi; 

level; and 

75 min (divided into five 15-min intervals). 

The facility was segmented into analysis segments on the basis of the 
guidance given in this chapter. The facility shown in Exhibit 10-25 initially 
depicts seven freeway sections (measured between ramps) that are divided into 
11 analysis segments. The facility contains each of the possible segment types for 
illustrative purposes, including basic segment (B), weaving segment (W), merge 
segment (ONR), diverge segment (OFR), and overlapping ramp segment (R). The 
input data contain the required information needed for each of the segment 
methodologies. 

The classification of the weave in Segment 6 is preliminary lmtil it is 
determined whether the segment operates as a weave. For this purpose, the short 
length must be compared with the maximum length for weaving analysis to 
determine whether the Chapter 12, Weaving Segments, methodology or the 
Chapter 11, Basic Freeway Segments, methodology is applicable. The short 
length of the weaving segment used for calculation is shorter than the weaving 
influence area over which the calculated speed and density measures are 
applied. 

Chapter 11 must be consulted to find appropriate values for the heavy 
vehicle adjustment factor Jm! and the driver population adjustment factor /p. 
FREEV AL-201O automatically determines these adjustment factors for general 
terrain conditions, but user input is needed for specific upgrades and composite 
grades. 

All input parameters have been specified, so default values are not needed. 
Fifteen-minute demand flow rates are given in vehicles per hour under 
prevailing conditions. These demands must be converted to passenger cars per 
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Exhibit 10-27 
Demand Inputs for Example 

Problem 1 

Exhibit 10-28 
Segment Capacities for 

Example Problem 1 

Example Problems 

hour under equivalent ideal conditions for use in the parts of the methodology 
related to segment LOS estimation. 

Step 1: Input Data 

Traffic demand inputs for an 11 segments and five analysis intervals are 
given in Exhibit 10-27. 

Time Entering Exiting 
Step Flow Rate RamR Flow Rates bll Time Period (veh£h) Flow Rate 

(15 min) (veh/h) ONRl ONR2* ONR3 OFRl OFR2 OFR3 (veh/h) 
1 4,505 450 540 (50) 450 270 360 270 5,045 
2 4,955 540 720 (100) 540 360 360 270 5,765 
3 5,225 630 810 (150) 630 270 360 450 6,215 
4 4,685 360 360 (80) 450 270 360 270 4,955 
5 3,785 180 270 (50) 270 270 180 180 3,875 

* Numbers In parentheses indicate ONR-2 to OFR-2 demand flow rates In Weaving Segment 6. 

The volumes in Exhibit 10-27 represent the I5-min demand flow rates on the 
facility as determined from field observations or other sources. The achwl 
volume served in each segment will be determined by the methodology. The 
demand flows are given for the extended time-space domain, consistent with 
this chapter's recommendations. Peaking occurs in the third I5-min period. Since 
inputs are in the form of I5-min flow rates, no peak hour factor adjustment is 
necessary. Additional geometric and traffic-related inputs are as specified in 
Exhibit 10-25 and the facts section of the problem statement. 

Step 2: Demand Adjustments 

The traffic flows in Exhibit 10-27 are already given in the form of actual 
demands. Therefore, no additional demand adjustment is necessary, since the 
flows represent true demand. Demand adjustment is necessary only if field
measured volumes are used that may be affected by upstream congestion 
(bottleneck) on the facility. The methodology (and FREEVAL-20l0) assume that 
the user inputs true demand flows. 

Step 3: Compute Segment Capacities 

Segment capacities are determined by using the methodologies of Chapter 11 
for basic freeway segments, Chapter 12 for weaving segments, and Chapter 13 
for merge and diverge segments. The resulting capacities are shown in Exhibit 
10-28. Since the capacity of a weaving segment depends on traffic patterns, 
including the weaving ratio, it varies by time period. The remaining segment 
capacities are constant in all five time intervals. The capacities for Segments 1-5 
and 7-11 are the same, since the segments have the same basic cross section. The 
units shown are in vehicles per hour. 

Time CaRacities (vehlh) bll Sggment 
SteE! 1 2 3 4 5 

1 
2 
3 6,732 6,732 6,732 6,732 6,732 
4 
5 

Page 10-50 

6 7 
8,252 
8,261 
8,303 6,732 
8,382 
8,442 

8 9 10 11 

6,732 6,732 6,732 6,732 

Chapter 10/Freeway Facilities 
December 2010 

AR0073490 



( 

( 

( 

Highway Capacity Manual 2010 

Step 4: Adjust Segment Capacities 

This step typically allows the user to adjust capacities of specific segments or 
time periods to model the effects of short-term work zones, long-term 
construction, inclement weather conditions, or incidents. Since it is the base 
scenario in this sequence of example problems, no additional capacity 
adjustments are performed. 

Step 5: Compute Demand-to-Capacity Ratios 

The demand-to-capacity ratios are calculated from the demand flows in 
Exhibit 10-27 and from the segment capacities in Exhibit 10-28. 

Time Demand-to-Ca~acit!l Ratios bl£ Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 0.67 0.74 0.74 0.74 0.70 0.63 0.72 0.79 0.79 0.79 0.75 
2 0.74 0.82 0.82 0.82 0.76 0.71 0.82 0.90 0.90 0.90 0.86 
3 0.78 0.87 0.87 0.87 0.83 0.77 0.90 0.99 0.99 0.99 0.92 
4 0.70 0.75 0.75 0.75 0.71 0.61 0.71 0.78 0.78 0.78 0.74 
5 0.56 0.59 0.59 0.59 0.55 0.47 0.56 0.60 0.60 0.60 0.58 

The computed demand-to-capacity ratio matrix in Exhibit 10-29 shows no 
segments with a Vd/C ratio greater than 1.0 in any time interval. Consequently, the 
facility is categorized as globally undersaturated and the analysis proceeds with 
computing the undersaturated service measures in Step 6a. Further, it is expected 
that no queuing will occur on the facility and that the volume served in each 
segment is identical to the input demand flows. Consequently, the matrix of 
volume-to-capacity ratios would be identical to the demand-to-capacity ratios in 
Exhibit 10-29. The resulting matrix of volumes served by segment and time 
interval is shown in Exhibit 10-30. 

Time Volumes Served (vehlh) bl£ Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 4,505 4,955 4,955 4,955 4,685 5,225 4,865 5,315 5,315 5,315 5,045 
2 4,955 5,495 5,495 5,495 5,135 5,855 5,495 6,035 6,035 6,035 5,765 
3 5,225 5,855 5,855 5,855 5,585 6,395 6,035 6,665 6,665 6,665 6,215 
4 4,685 5,045 5,045 5,045 4,775 5,135 4,775 5,225 5,225 5,225 4,955 
5 3,785 3,965 3,965 3,965 3,695 3,965 3785 4055 4055 4055 3875 

Step 6a: Compute Undersaturated Segment Service Measures 

Since the facility is globally undersaturated, the methodology proceeds to 
calculate service measures for each segment and each time period, starting with 
the first segment in Time Step 1. The computational details for each segment type 
are exactly as described in Chapters 11, 12, and 13. The weaving methodology in 
Chapter 13 checks whether the weaving short length Ls is less than or equal to 
the maximum weaving length Lmax. It is assumed that, for any time interval where 
Ls is longer than L111<1,<I the weaving segment will operate as a basic freeway 
segment. 

The basic performance measures computed for each segment and each time 
step are the segment speed (Exhibit 10-31), density (Exhibit 10-32), and LOS 
(Exhibit 10-33). 
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Exhibit 10-31 
Speed Matrix for Example 

Problem 1 

Exhibit 10-32 
Density Matrix for Example 

Problem 1 

Exhibit 10-33 
LOS Matrix for Example 

Problem 1 

Example Problems 

Time Sgeed (milh) by: Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 60.0 53.9 59.7 56.1 60.0 48.0 59.9 53.4 53.4 56.0 59.7 
2 59.8 53.2 58.6 55.8 59.6 46.7 58.6 52.2 52.2 55.6 57.5 
3 59.4 52.5 57.1 55.7 58.3 46.1 56.1 50.6 50.6 55.2 55.0 
4 60.0 53.8 59.7 56.1 60.0 49.7 60.0 53.5 53.5 56.0 59.8 
5 60.0 54.9 59.8 56.3 60.0 52.5 60.0 54.8 54.8 56.5 60.0 

Time Density: (vehlmiOn) by: Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 25.0 30.7 27.7 29.4 26.0 27.2 27.1 33.2 33.2 31.7 28.2 
2 27.6 34.5 31.3 32.8 28.7 31.3 31.3 38.5 38.5 36.2 33.4 
3 29.3 37.2 34.2 35.0 31.9 34.6 35.8 43.9 43.9 40.3 37.7 
4 26.0 31.3 28.2 30.0 26.5 25.8 26.5 32.5 32.5 31.1 27.6 
5 21.0 24.1 22.1 23.5 20.5 18.9 21.0 24.7 24.7 23.9 21.5 

Time lOS by: Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 C C D C D C D D D D D 
2 D D D D D D D D D D D 
3 D D D D D E E E E E E 
4 D C D D D C D D D D D 
5 C C C C C B C C C C C 

Step 7: Compute Facility Service Measures and Determine lOS 

In the final analysis step, facilitywide performance and service measures are 
calculated for each time step. Example calculations are provided for the first time 
step only; summary results are shown for all five time steps. 

First, the facility space mean speed 5 is calculated for time interval t = 1 from 
the 11 individual segment flows SF(i, t), segment lengths L(i), and space mean 
speeds in each segment and time period U(i, t). 

II 

:LSF(i,l) x L(i) 
i=l 

11 

~:SF(i,l)x L(i) 

S(t = 1) = 1{~1 LO 
~:SF(i,1)x_.l
i=1 U(l,l) 

= 4,505x5,280 + 4,955x 1,500 + 4,955x 2,280 + 4,955x 1,500 
+ 4,685x 5,280 + 5,225x2,640 + 4,865x5,280 + 5,315x 1,140 
+ 5,315x 360 + 5,315x 1,140 + 5,045x5,280 
= 154,836,000 veh-ft 

= (4,505 x5,280j60.00) + (4,955 x1,500j53.9) 

+ (4,955 x2,280j59.70) + (4,955x 1,500/56.10) 
+ (4,685x 5,280/60.00) + (5,225x2,640/48.00) 
+ (4,865 x5,280j59.90) + (5,315x 1,140/53.40) 
+ (S,31Sx 360/53.40) + (5,315x 1,140/56.00) 
+ (5,045x5,280/59.70) 
= 2,688,024 veh-ft/mi/h 

S(t = 1) = 154,836,000 57.6 mi/h 
2,688,024 
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Second, the average facility density is calculated for Time Step 1 from the 
individual segment densities D, segment lengths L, and number of vehicles in 
each segment N: 

III D(i,l) x L(i) x NU,l) 
D(t = 1) = 1=1 I~~l L(i)NU,l) 

L~~l D(i,l) x L(i) x N(i,l) = (25.0x5,280x3) + (30.7xl,500x3) + (27.7x2,280x3) 
+ (29.4xl,500x3) + (26.0x5,280x3) + (27.2x2,640x4) 
+ (27.1x5,280x3) + (33.2xl,140x3) + (33.2x360x3) 
+ (31.7xl,140x3) + (28.2x5,280x3) 

= 2,687,957 (veh/mi/ln)(ln-ft) 

= (5,280x3) + (l,500x3) + (2,280x3) + (l,500x3) 

+ (5,280x3) + (2,640x4) + (5,280x3) + (l,140x3) 
+ (360x3) + (l,140x3) + (5,280x3) 

= 97,680 In-ft 

D(t =1) 
2,687,957 

97,680 
27.5 veh/mi/ln 

These calculations are repeated for all five time steps. The overall space 
mean speed across all time intervals is calculated as follows: 

5 11 

I ISF(i, p)L(i) 

S(p = 5) = /=~t1 L( ') 
IISF(i,p)-.l -
p=l ;=1 U(l, p) 

The overall average density across all time intervals is calculated as follows: 
5 11 

II D(i, p) x L(i) x N(i, p) 
D(p=5)=~P=_1_;=_1~5~1l~----------

IIL(i)N(i,p) 
p=l i=1 

The resulting performance and service measures for Time Steps 1-5 and the 
facility totals are shown in Exhibit 10-34. The LOS for each time interval is 
determined directly from the average density for each time interval by using 
Exhibit 10-7. No LOS is defined for the average across all time intervals. 

Time 
Step 

1 
2 
3 
4 
5 

Total 
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Performance Measures 
Space Mean Average 

Speed Density 
(mi/h) (veh/mi/ln) LOS 

57.6 27.5 D 
56.6 31.3 D 
55.1 34.8 E 
57.9 27.5 D 
58.4 21.4 C 
56.9 28.5 -
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Example Problems 

Discussion 
This facility turned out to be globally undersaturated. Consequently, the 

facility-aggregated performance measures could be calculated directly from the 
individual segment performance measures. An assessment of the segment 
service measures across the time-space domain can begin to highlight areas of 
potential congestion. Visually, tlus process can be facilitated by plotting the v./c, 
vic, speed, or density matrices in contour plots. 

EXAMPLE PROBLEM 2: EVALUATION OF AN OVERSATURATED FACILITY 

The Facility 

The facility used in Example Problem 2 is identical to the one in Example 
Problem 1, which is shown in Exhibit 10-25 and Exhibit 10-26. 

The Facts 

In addition to the infonnation in Exhibit 10-25 and Exhibit 10-26, the 
following characteristics of the freeway facility are known: 

Heavy vehicles 

Driver population 

FFS 

RampFFS 

Acceleration lane length 

Deceleration lane length 

TRD 

Terrain 

Analysis duration 

Demand adjustment 

Comments 

5% trucks, 0% RVs (all movements); 

regular commuters; 

60 mi/h (all mainline segments); 

40 mi/h (all ramps); 

500 ft (all ramps); 

500 £t (all ramps); 

190 pc/mi/ln; 

2,300 pc/h/ln (for FFS = 60 mi/h); 

1,640 ft (for Weaving Segment 6); 

1.0 ramp/mi; 

level; 

75 min (divided into five IS-min time steps); and 

+ 11 % ina'ease in demand volumes across all 
segments and time steps compared with Example 
Problem 1. 

The facility and all geometric inputs are identical to Example Problem 1. The 
same general comments apply. The results of Example Problem 1 suggested a 
globally undersaturated facility, but some segments were close to their capacity 
(v./c ratios approaching 1.0). In the second example, a facilitywide demand 
increase of 11 % is applied to all segments and all time periods. Consequently, it 
is expected that parts of the facility may become oversaturated and that queues 
may form on the facility. 
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Step 1: Input Data 

The revised traffic demand inputs for all 11 segments and five analysis 
intervals are shown in Exhibit 10-35. 

Time Step 
Entering Exiting 

Flow Rate Ramg Flow Rates bl£ Time Period (vehlh) Flow Rate 
(15 min) (veh/h) ONR1 ONR2* ONR3 OFR1 OFR2 OFR3 (veh/h) 

1 5,001 500 599 (56) 500 600 400 300 5,600 
2 5,500 599 799 (111) 599 400 400 300 6,399 
3 5,800 699 899 (167) 699 300 400 500 6,899 
4 5,200 400 400 (89) 500 300 400 300 5,500 
5 4,201 200 300 (56) 300 300 200 200 4301 

* Numbers In parentheses indicate ONR-2 to OFR-2 demand flow rates In Weaving Segment 6. 

The values in Exhibit 10-35 represent the adjusted demand flows on the 
facility as determined from field observations or demand projections. The achlal 
volume served in each segment will be determined during application of the 
methodology and is expected to be less downstream of a congested segment. The 
demand flows are given for the extended time-space domain, consistent with 
this chapter's methodology. Peaking occurs in the third IS-min period. Since 
inputs are in the form of IS-min observations, no peak hour factor adjustment is 
necessary. Additional geometric and traffic-related inputs are as specified in 
Exhibit 10-25 and the facts section of the problem statement. 

Step 2: Demand Adjustments 

The traffic flows in Exhibit 10-35 have already been given in the form of 
actual demands and no further demand adjustments are necessary. 

Step 3: Compute Segment Capacities 

Since no changes to segment geometry were made, the segment capacities for 
basic and ramp segments are consistent with Example Problem 1 and Exhibit 10-
28. Capacities for weaving segments are a function of weaving flow patterns, and 
the increased demand flows resulted in slight changes as shown in Exhibit 10-36. 

Time 
Ste 1 

1 
2 

2 3 
Capacities (vehlhl by Segment 
4 5 6 7 8 

8,253 
8,260 

9 10 11 

3 6,732 
4 

6,732 6,732 6,732 6,732 8,303 6,732 6,732 6,732 6,732 6,732 
8,382 

5 8443 

Step 4: Adjust Segment Capacities 

No capacity adjustments are made in this example. 

Step 5: Compute Demand-to-Capacity Ratios 

The demand-to-capacity ratios in Exhibit 10-37 are calculated from the 
demand flows in Exhibit 10-35 and from the segment capacities in Exhibit 10-36. 
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Exhibit 10-37 
Segment Demand-to-

Capacity Ratios for Example 
Problem 2 

Example Problems 

Time Demand-to-Ca~acib: Ratios bll Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 0.74 0.82 0.82 0.82 0.77 0.70 0.80 0.88 0.88 0.88 0.83 
2 0.82 0.91 0.91 0.91 0.85 0.79 0.91 1.00 1.00 1.00 0.95 
3 0.86 0.97 0.97 0.97 0.92 0.85 1.00 1.10 1.10 1.10 1.02 
4 0.77 0.83 0.83 0.83 0.79 0.68 0.79 0.86 0.86 0.86 0.82 
5 0.62 0.65 0.65 0.65 0.61 0.52 0.62 0.67 0.67 0.67 0.64 

The computed vale matrix in Exhibit 10-37 shows that Segments 8-11 now 
have vale ratios greater than 1.0 (bold values). Consequently, the facility is 
categorized as oversaturated and the analysis proceeds with computing the 
oversaturated service measures in Step 6b. Further, it is expected that queuing 
will occur on the facility upstream of the congested segments and that the 
volume served in each segment downstream of the congested segments will be 
less than the demand. This residual demand will be served in later time intervals, 
provided that upstream demand drops and queues are allowed to clear. 

Step 6b: Compute Oversaturated Segment Service Measures 

The oversaturated computations apply to any segment with a vic ratio 
greater than 1.0 as well as any segments upstream of those segments that 
experience queuing as a result of the bottleneck. All remaining segments are 
analyzed by using the individual segment methodologies of Chapters 11, 12, and 
13, as applicable, with the caveat that volumes served may differ from demand 
flows. 

Similar to Example Problem 1, the methodology calculates performance 
measures for each segment and each time period, starting with the first segment 
in Time Step 1. The computations are repeated for all segments for Time Steps 1 
and 2 without encountering a segment with vic> 1.0. Once the methodology 
enters Time Period 3 and Segment 8, the oversaturated computational module is 
invoked. 

As the first active bottleneck, the vic ratio for Segment 8 will be exactly 1.0 
and will process traffic at its capacity. Consequently, demand for all downstream 
segments will be metered by that bottleneck. The unsatisfied demand is stored in 
upstream segments, which causes queuing in Segment 7 and perhaps further 
upstream segments depending on the level of excess demand. The rate of growth 
of the vehicle queue (wave speed) is estimated from shock wave theory, as 
discussed in detail in Chapter 25, Freeway Fadllties: Supplemental. The 
performance measures (speed and density) of any segment with queuing are 
recomputed as discussed in Chapter 25, and the newly calculated values override 
the results from the segment-specific procedures. 

Any unsatisfied demand is serviced in later time periods. As a result, 
volumes served in later time periods may be higher than the period demand 
flows. The resulting matrix of volumes served for Example Problem 2 is shown 
in Exhibit 10-38. The table emphasizes cells where volumes served are less than 
demand flows (in bold) and where volumes served are greater than demand 
flows (italicized). 
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Time Volumes Served (vehlhl bll Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 5,001 5,500 5,500 5,500 5,200 5,800 5,400 5,900 5,900 5,900 5,600 
2 5,500 6,099 6,099 6,099 5,700 6,400 6,099 6,699 6,699 6,699 6,399 
3 5,800 6,499 6,499 6,499 6,111 6,625 6,032 6,732 6,732 6,732 6,277 
4 5,200 5,600 5,600 5,600 ~389 ~173 ~967 ~466 ~466 ~466 ~121 
5 4,201 4,401 4,401 4,401 4101 4,401 4,201 4,501 4,501 4,501 4,301 

As a result of the bottleneck activation in Segment 8 in Time Period 3, queues 
form in upstream Segments 7, 6, and 5. The queuing is associated with reduced 
speeds and increased densities in those segments. Details on how these measures 
are calculated for oversaturated segments are given in Chapter 25. The results in 
this chapter were obtained from the FREEVAL-2010 engine. The resulting 
performance measures computed for each segment and time interval are the 
speed (Exhibit 10-39), density (Exhibit 10-40), and LOS (Exhibit 10-41). 

Time Sgeed (milh) bll S~ment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 59.8 53.1 58.6 55.9 59.4 46.8 58.9 52.5 52.5 55.7 58.2 
2 58.6 52.1 55.7 55.5 57.8 45.4 55.7 50.5 50.5 55.3 53.8 
3 57.4 51.0 53.0 55.4 53.6 28.2 34.8 50.2 50.2 55.1 54.6 
4 59.4 53.0 58.2 55.8 49.9 39.2 53.9 51.2 51.2 55.3 55.6 
5 60.0 54.5 59.7 56.2 60.0 51.7 60.0 54.4 54.4 56.3 60.0 

Time Densitll (veh£miOn) bll Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 27.9 34.5 31.3 32.8 29.2 31.0 30.6 37.5 37.5 35.3 32.1 
2 31.3 39.0 36.5 36.7 32.9 35.8 36.5 44.2 44.2 40.4 39.7 
3 33.7 42.5 40.9 39.1 38.0 58.8 57.7 44.7 44.7 40.7 38.3 
4 29.2 35.2 32.1 33.4 36.0 39.4 36.9 42.1 42.1 38.9 36.7 
5 23.3 26.9 24.6 26.1 22.8 21.3 23.3 27.6 27.6 26.6 23.9 

Time Densig-Based lOS bll Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 D D D D D D D D D D D 
2 D D E D D E E E E E E 
3 D D E D E F F E E E E 
4 D D D D E E E D D D E 
5 C C C C C C C C C C C 

Time Demand-Based lOS bll S~ment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 
2 
3 F F F F 
4 
5 

The LOS table for oversaturated facilities (Exhibit 10-41) distinguishes 
between the conventional density-based LOS and a segment demand-based LOS. 
The density-based stratification strictly depends on the prevailing average 
density on each segment. Segments downstream of the bottleneck, whose 
capacities are greater than or equal to the bottleneck capacity, operate at LOS E 
(or better), even though their vic ratios were greater than 1.0. The demand-based 
LOS identifies those segments with demand-to-capacity ratios exceeding 1.0 as if 
they had been evaluated in isolation (Le., using methodologies of Chapters 11, 
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Exhibit 10-42 
Facility Performance 

Measure Summary for 
Example Problem 2 

Exhibit 10-43 
Freeway Facility in Example 

Problem 3 

Exhibit 10-44 
Geometry of Directional 

Freeway Facility in Example 
Problem 3 

Example Problems 

12, and 13). By contrasting the two parts of the LOS table, the analyst can 
develop an understanding of the metering effect of the bottleneck. 

Step 7: Compute Facility Service Measures and Determine LOS 

In the final analysis step, facilitywide performance and service measures are 
calculated for each time interval (Exhibit 10-42), consistent with Example 
Problem 1. Only summary results are shown in this case, since the computations 
have already been shown. The facility operates at LOS F in Time Period 3, since 
one or more individual segments have die ratios ~ 1.0, even though the average 
facility density is below the LOS F threshold. 

Performance Measure 

Time 
Space Mean Average 

Speed Density 
Interval (mi/h) (veh/mi/ln) lOS 

1 56.7 31.0 D 
2 54.5 36.1 E 
3 46.3 43.7 F 
4 52.8 35.4 E 
5 58.2 23.8 C 

Total 52.9 34.0 -

EXAMPLE PROBLEM 3: CAPACITY IMPROVEMENTS TO AN 
OVERSATURATED FACILITY 

The Facility 

In this example, portions of the congested facility in Example Problem 2 are 
being improved in an attempt to alleviate the congestion resulting from the 
Segment 8 bottleneck. Exhibit 10-43 shows the upgraded facility geometry. 

: 5 

----·--7--~--+-----~------~-----~-~---+-----
____ +--~--L--~-----~------~-----~-~-~-+-----

7~"" 
; :::: /: ----~-----:--~~-~-----

~: :~~;~:;~ : ~ ,;:' 

ONR-l OFR-1 ONR-2 OFR-2 ONR-3 OFR-3 

The modified geometry of the 6-mi directional freeway facility is reflected in 
Exhibit 10-44. 

Segment No. 1 2 3 4 5 6 7 8 9 10 11 
Segment type B ONR B OFR B BorW B ONR R OFR B 
Segment length 

360 1,140 5,280 
Cft) 

5,280 1,500 2,280 1,500 5,280 2,640 5,280 1,140 

No. of lanes 3 3 3 3 3 4 4 4 4 4 4 
Note: B = basic freeway segment, W - weaving segment, ONR - on-ramp (merge) segment, OFR - off-ramp 

(diverge) segment, R = overlapping ramp segment. 
Bold type indicates geometry changes from Example Problems 1 and 2. 
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The facility improvements consisted of adding a lane to Segments 7-11 to 
give the facility a continuous four-lane cross section starting in Segment 6. While 
the active bottleneck in Example Problem 2 was in Segment 8, the prior analysis 
showed that other segments (Segments 9-11) showed similar demand-to
capacity ratios greater than 1.0. Consequently, any capacity improvements that 
are limited to Segment 8 would have merely moved the spatial location of the 
bottleneck further downstream rather than improving the overall facility. 
Segments 9-11 may also be referred to as "hidden" or "inactive" bottlenecks, 
because their predicted congestion is mitigated by the upstream metering of 
traffic. 

The Facts 

In addition to the information contained in Exhibit 10-43 and Exhibit 10-44, 
the following characteristics of the freeway facility are known: 

Heavy vehicles 

Driver population 

FFS 

RampFFS 

Acceleration lane length 

Deceleration lane length 

erFL 

TRD 

Terrain 

Analysis duration 

Demand adjustment 

Comments 

5% trucks, 0% RVs (all movements); 

regular commuters; 

60 mi/h (all mainline segments); 

40 mi/h (all ramps); 

500 ft (all ramps); 

500 ft (all ramps); 

190 pc/mi/ln; 

2,300 pc/h/ln (for FFS = 60 mi/h); 

1,640 ft (for Weaving Segment 6); 

1.0 ramp/mi; 

level; 

75 min (divided into five IS-min intervals); and 

+ 11 % (all segments and all time intervals). 

The traffic demand flow inputs are identical to those in Example Problem 2, 
which reflected an 11% increase in traffic applied to all segments and all time 
periods. In an attempt to solve the congestion effect found in the earlier example, 
the facility was widened in Segments 7 and 11. This change directly affects the 
capacities of those segments. 

In a more subtle way, the proposed modifications also change some of the 
defining parameters of Weaving Segment 6 as well. With the added continuous 
lane downstream of the segment, the required number of lane changes from the 
ramp to the freeway is reduced from one to zero, following the guidelines in 
Chapter 12. These changes need to be considered when the undersaturated 
performance of that segment is evaluated. The weaving segment's capacity is 
unchanged relative to Example Problem 2, since, even with the proposed 
improvements, the number of weaving lanes remains two. 
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Exhibit 10-45 
Segment Capacities for 

Example Problem 3 

Exhibit 10-46 
Segment Demand-to-

Capacity Ratios for Example 
Problem 3 

Example Problems 

Step 1: In put Data 

Traffic demand inputs for all 11 segments and five analysis intervals are 
identical to those in Example Problem 2 as shown in Exhibit 10-35. The values in 
Exhibit 10-35 represent the adjusted demand flows on the facility as determined 
from field observations or other sources. The actual volume served in each 
segment will be determined during the methodologies and is expected to be less 
downstream of a congested segment. Additional geometric and traffic-related 
inputs are as specified in Exhibit 10-44 and the facts section of the problem 
statement. 

Step 2: Demand Adjustments 

The traffic flows in Exhibit 10-35 have already been given in the form of 
actual demands and no further demand adjustments are necessary. 

Step 3: Compute Segment Capacities 

Segment capacities are determined by using the methodologies of Chapter 11 
for basic freeway segments, Chapter 12 for weaving segments, and Chapter 13 
for merge and diverge segments. The resulting capacities are shown in Exhibit 
10-45. Since the capacity of a weaving segment depends on traffic patterns, it 
varies by time period. The remaining capacities are constant for all five time 
steps. The capacities for Segments 1-5 and for Segments 7-11 are the same, since 
the segments have the same basic cross section. 

Time Cal2acities (vehlh) bX Segment 
Ste 1 2 3 4 5 6 7 8 9 10 

1 8,253 
2 8,260 
3 6,732 6,732 6,732 6,732 6,732 8,303 8,976 8,976 8,976 8,976 
4 8,382 
5 8,443 

Step 4: Adjust Segment Capacities 

No additional capacity adjustments are made in this example. 

Step 5: Compute Demand-to-Capacity Ratios 

The demand-to-capacity ratios are calculated from the demand flows in 
Exhibit 10-35 and segment capacities in Exhibit 10-45. 

Time Demand-to-Cal2acig Ratio bX Segment 
Step 1 2 3 4 5 6 7 8 9 10 11 

1 0.74 0.82 0.82 0.82 0.77 0.70 0.60 0.66 0.66 0.66 0.62 
2 0.82 0.91 0.91 0.91 0.85 0.79 0.68 0.75 0.75 0.75 0.71 
3 0.86 0.97 0.97 0.97 0.92 0.85 0.75 0.82 0.82 0.82 0.77 
4 0.77 0.83 0.83 0.83 0.79 0.68 0.59 0.65 0.65 0.65 0.61 
5 0.62 0.65 0.65 0.65 0.61 0.52 0.47 0.50 0.50 0.50 0.48 

11 

8,976 

The demand-to-capacity ratio matrix for Example Problem 3 (Exhibit 10-46) 
shows that the capacity improvements successfully reduced all the previously 
congested segments to vic < l.0. Therefore, it is expected that the facility will 
operate as globally undersaturated and that all segment performance measures can 
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be directly computed by using the methodologies in Chapters 11, 12, and 13 in 
Step 6a. 

Step 6a: Compute Undersaturated Segment Service Measures 

Since the facility is globally undersaturated, the methodology proceeds to 
calculate performance and service measures for each segment and each time step, 
starting with the first segment in Time Intervall. The computational details for 
each segment type are exactly as described in Chapters 11, 12, and 13. The 
weaving methodology in Chapter 13 checks whether the weaving short length Ls 
is less than or equal to the maximum weaving length L ma:" It is assumed that, for 
any time interval where Ls is longer than LmaxI the weaving segment will operate 
as a basic freeway segment. 

The basic performance service measures computed for each segment and 
each time interval include the segment speed (Exhibit 10-47), density (Exhibit 10-
48), and LOS (Exhibit 10-49). 

Time 
Step 1 2 3 

1 59.8 53.1 58.6 
2 58.6 52.1 55.7 
3 57.4 51.0 53.0 
4 59.4 53.0 58.2 
5 60.0 54.5 59.7 

Time 
Step 1 2 3 

1 27.9 34.5 31.3 
2 31.3 39.0 36.5 
3 33.7 42.5 40.9 
4 29.2 35.2 32.1 
5 23.3 26.9 24.6 

Time 
Step 1 2 3 

1 D D D 
2 D D E 
3 D D E 
4 D D D 
5 C C C 
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S2eed (milh) bl!: Segment 
4 5 6 7 8 

55.9 59.4 50.4 60.0 54.9 
55.5 57.8 50.0 60.0 54.3 
55.4 55.1 49.7 59.8 53.6 
55.8 59.2 50.7 60.0 55.0 
56.2 60.0 53.4 60.0 55.9 

Densi~ (vehlmilln) bl/: Segment 
4 5 6 7 8 

32.8 29.2 28.8 22.5 26.9 
36.7 32.9 32.5 25.4 30.9 
39.1 37.5 35.7 28.0 34.5 
33.4 29.8 28.1 22.1 26.4 
26.1 22.8 20.6 17.5 20.1 

lOS for Segment 
4 5 6 7 8 
D D D C C 
D D D D C 
D E E D D 
D D D C C 
C C C B B 
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9 10 11 
54.9 58.1 60.0 
54.3 57.7 60.0 
53.6 57.2 59.5 
55.0 58.1 60.0 
55.9 58.8 60.0 

9 10 11 
26.9 25.4 23.3 
30.9 29.0 26.7 
34.5 32.4 29.0 
26.4 24.9 22.9 
20.1 19.1 17.9 

9 10 11 
C C C 
C C D 
D D D 
C C C 
B B C 

Exhibit 10-47 
Speed Matrix for Example 
Problem 3 

Exhibit 10-48 
Density Matrix for Example 
Problem 3 

Exhibit 10-49 
LOS Matrix for Example Problem 3 

Example Problems 
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Exhibit 10-50 
Facility Performance 

Measure Summary for 
Example Problem 3 

Example Problems 

Step 7: Compute Facility Service Measures and Determine LOS 

In the final analysis step, facilitywide performance and service measures are 
calculated for each time step (Exhibit 10-50), consistent with Example Problem 2. 
Only summary results are shown in this case, since the computations have 
already been shown. The improvement has been able to restore the facility LOS 
to the values experienced in the original pregrowth scenario shown in Exhibit 10-
34. 

Performance Measure 

Time 
Space Average 

Mean Speed Density 
Step (mi/h) (veh/mi/ln) 

1 57.9 26.8 
2 57.1 30.4 
3 56.0 33.5 
4 57.8 26.9 
5 58.6 20.8 

Total 57.3 27.7 
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1. INTRODUCTION 

Basic freeway segments are defined as those freeway segments that are 
outside the influence of merging, diverging, or weaving maneuvers. In general, 
this means that lane-changing activity is not significantly influenced by the 
presence of ramps and weaving segments. Lane-changing activity primarily 
reflects the normal desire of drivers to optimize their efficiency through lane
changing and passing maneuvers. 

A complete discussion of influence areas is included in Chapter 10, Freeway 
Facilities, with additional discussion in Chapters 12, Freeway Weaving 
Segments, and 13, Freeway Merge and Diverge Segments. In general terms, the 
influence area of merge (on-ramp) segments extends for 1,500 ft downstream of 
the merge point; the influence area of diverge (off-ramp) segments extends for 
1,500 ft upstream of the diverge point; and the influence area of weaving 
segments extends 500 ft upstream and downstream of the segment itself. TItis 
description is not to suggest that the influence of these segments cannot extend 
over a broader range, particularly under breakdown conditions. Under stable 
operations, however, these distances define the areas most affected by merge, 
diverge, and weaving movements. The impact of breakdowns in any type of 
freeway segment on adjacent segments can be addressed by using the 
methodology of Chapter 10, Freeway Facilities. 

Chapter 11, Basic Freeway Segments, provides a methodology for analyzing 
the capacity and level of service (LOS) of existing or plam1.ed basic freeway 
segments. The methodology can also be used for design applications, where the 
number of lanes needed to provide a target LOS for an existing or projected 
demand flow rate can be found. 

Such analyses are applied to basic freeway segments with uniform 
characteristics. Uniform segments must have the same geometric and traffic 
characteristics, including a constant demand flow rate. 

BASE CONDITIONS 

The base conditions under which the full capacity of a basic freeway segment 
is achieved include good weather, good visibility, no incidents or accidents, no 
work zone activity, and no pavement deterioration serious enough to affect 
operations. This chapter's methodology assumes that these conditions exist. If 
any of these conditions do not exist, the speed, LOS, and capacity of the freeway 
segment can be expected to be worse than those predicted by this methodology. 

Base conditions also include the following conditions, which can be adjusted 
as the methodology is applied to address situations in which these conditions do 
not exist: 

Chapter l1/Basic Freeway Segments 
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VOLUME 2: UNINTERRUPTED FLOW 
10. Freeway Facilities 
11. Basic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 

Analysis segments must have uniform 
geometric and traffic conditions, 
including demand flow rates. 

Base conditions include good weather 
and visibility and no incidents or 
axidents. These conditions are 
always assumed to exist. 

Introduction 
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Base conditions also include 
0% heavy vehicles, a driver 
population composed of 
regular users of the freeway, 
and 12-ft lane widths and 
minimum 6-ft right-side 
clearances. 

The methodology provides 
aqjustments for situations 
when these conditions do not 
apply. 

Chapter 2 describes in more 
detail the types of traffic flow 
on basic freeway segments. 

Exhibit 11-1 
Three Types of Freeway 

Flow 

Introduction 

• No heavy vehicles [trucks, buses, recreational vehicles (RVs)] in the traffic 
stream; 

• A driver population composed primarily of regular users who are 
familiar with the facility; and 

• Minimum 12-ft lane widths and 6-ft right-side clearances. 

FLOW CHARACTERISTICS UNDER BASE CONDITIONS 

Traffic flow within basic freeway segments can be highly varied depending 
on the conditions constricting flow at upstream and downstream bottleneck 
locations. Such bottlenecks can be created by merging, diverging, or weaving 
traffic; lane drops; maintenance and construction activities; traffic accidents or 
incidents; objects in the roadway; or all of the foregoing. Bottlenecks can exist 
even when a lane is not fully blocked. Partial blockages will cause drivers to slow 
and divert their paths. In addition, the practice of rubbernecking near roadside 
incidents or accidents can cause functional bottlenecks. 

Types of Flow 

As was discussed in more detail in Chapter 2, Applications, traffic flow 
within a basic freeway segment can be categorized as one of three general types: 
undersaturated, queue discharge, and oversaturated. 

• Undersaturated flow represents conditions under which the traffic stream is 
unaffected by upstream or downstream bottlenecks. 

• Queue discharge flow represents traffic flow tllat has just passed through a 
bottleneck and is accelerating back to drivers' desired speeds for the 
prevailing conditions. As long as another downstream bottleneck does 
not exist, queue discharge flow is relatively stable until the queue is fully 
discharged. 

• Oversaturated flow represents the conditions within a queue that has 
backed up from a downstream bottleneck. These flow conditions do not 
reflect the prevailing conditions of the site itself, but rather the 
consequences of a downstream problem. All oversaturated flow is 
considered to be congested. 

An example of each of the three types of flow discussed is illustrated in 
Exhibit II-I, using data from a freeway in California. 

80.-----------------------------------------

~:~ <ffif~~~:·~~:.2~~~::~~~~??==~~;:~~;0~:~;.~,ow 
.c i 50 - -----------------------------~~;~;-~~~-~-~-~;~;-;~~-;;-______________________________ t 

~40 ...................................................................•..•.... y 

130 .... :~~:'r····¥<.:·~.:; 
III 20 . ..•.. ....... """'o:.-'::';~;" .,-' '-::'~""'-----------i 

~ ... , ",' 

10 -1---------,7:: ... ~. "":"~.' ... ~.:"~.: ....... ' .... " on • 'OVERSATURATED FLOW 

-----------------------1 

500 1,000 1,500 2,000 2,500 

Flow Rate (veh/h/ln) 
Note: I-405, Los Angeles, Calif. 
Source: California Department of Transportation, 2008. 
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The analysis methodology for basic freeway segments is based entirely on 
calibrations of the speed-flow relationships under base conditions with 
undersaturated flow. The methodology identifies cases in which failure has 
occurred but does not attempt to describe operating conditions when a segment 
has failed. The methodology of Chapter 10, Freeway Facilities, should be used for 
oversaturated conditions. 

Speed-Flow Curves for Base Conditions 

A set of speed-flow curves for basic freeway segments operating under base 
conditions is shown in Exhibit 11-2. There are five curves, one for each of five 
levels of free-flow speed (FFS): 75 mi/h, 70 mi/h, 65 mi/h, 60 mi/h, and 55 mi/h. 
Technically speaking, the FFS is the speed at the y-intercept of each curve. In 
practical terms, there are two ranges in the shape of the curves: 

• For each curve, a range of flows exists from 0 pc/h/ln to a breakpoint in 
which speed remains constant at the FFS. The ranges vary for each of the 
curves as follows: 

FFS = 75 mi/h: 0-1,000 pc/h/ln; 

FFS = 70 mi/h: 0-1,200 pc/h/In; 

FFS = 65 mi/h: 0-1,400 pc/hlln; 

FFS = 60 mi/h: 0-1,600 pc/h/ln; 

FFS = 55 mi/h: 0-1,800 pC/h/ln. 

• At flow rates above the breakpoint of each curve, speeds decline at an 
increasing rate until capacity is reached. 

80,----------,----------,----------,----------,---------, 

....... 50 

~ // Ii! I 
..... 40 ------- -------------- -----------------------------+--------------~~--- - ! ___ , ___ '-__ L 

11 // i! 
w ~~rr. 

~ 30 i \~\\::~~7~ .-c~=--~~ __________ +- if T 

20 j ~,jl,~'f>'--~-----+--;! 1 i i 
~ ! i ! l 10 __ ~ ~ ~ I ------------------------------t---- . 

~ ~ I ! I 
o -j.<-:-~~_~_~~ __ _+_I -----i----- ~-----_+_-__::_::,::i:-,,:i ~; :"-----1 

o 500 1,000 1,500 

Flow Rate (pc/h/ln) 

2,250 2,350 

2,000 ',300 2,~002,500 

Exhibit 11-3 shows the equations that define each of the curves in Exhibit 11-
2. Because estimating or measuring FFS is difficult, and there is considerable 
variation in observed and predicted values, no attempt should be made to 
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The basic freeway segment 
methodology is based on 
undersaturated flow conditions. 

Exhibit 11-2 
Speed-Flow Curves for Basic 
Freeway Segments Under Base 
Conditions 
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FFS should be rounded to the 
nearest 5 mi/h 

Exhibit 11-3 
Equations Describing 

Speed-Flow Curves in 
Exhibit 11-2 (Speeds in mi/h) 

Base capacity values refer to 
the average flow rate across 
aI/lanes. Individual lanes could 
have stable flows in excess of 
these values. 

Since freeways usual/y do not 
operate under base conditions, 
observed capacity values will 
typically be lower than the 
base capacity values. 

Introduction 

interpolate between the basic curves. FFS should be rounded to the nearest 5 
mi/h as follows: 

• 272.5 mi/h < 77.5 mi/h: use FFS = 75 mi/h, 

• 267.5 mi/h < 72.5 mi/h: use FFS = 70 mi/h, 

• 262.5 mi/h < 67.5 mi/h: use FFS = 65 mi/h, 

• 257.5 mi/h < 62.5 mi/h: use FFS = 60 mi/h, 

• 252.5 mi/h < 57.5 mi/h: use FFS = 55 mi/h. 

ffS 
(mi/h) 

flow Rate Range 

75 
70 
65 
60 
55 

Breakpoint 
(pc/h/ln) 

1,000 
1,200 
1,400 
1,600 
1,800 

~o S Breakpoint 
75 
70 
65 
60 
55 

>Breakpoint S Capacity 
75 - 0.00001107 (vp - l,OOW 
70 - 0.00001160 (vp -l,200f 

65 - 0.00001418 (vp - 1,40W 

60 - 0.00001816 (vp- 1,60W 
55 - 0.00002469 (vp - 1,800? 

Notes: FFS = free-flow speed, vp = demand flow rate (pc/h/ln) under equivalent base conditions. 

Maximum flow rate for the equations is capacity: 2,400 pc/h/ln for 70- and 75-mph FFS; 2,350 pc/h/ln for 
65-mph FFS; 2,300 pc/h/ln for GO-mph FFS; and 2,250 pc/h/ln for 55-mph FFS. 

The research leading to these curves (1, 2) found that several factors affect 
the FFS of a basic freeway segment, including the lane width, right-shoulder 
clearance, and ramp density. Ramp density is the average number of on-ramps 
plus off-ramps in a 6-mi range, 3 mi upstream and 3 mi downstream of the 
midpoint of the study segment. Many other factors are likely to influence FFS: 
horizontal and vertical alignment, posted speed limits, level of speed 
enforcement, lighting conditions, and weather. Although these factors may affect 
FFS, little information is available that would allow their quantification. 

CAPACITY UNDER BASE CONDITIONS 

The capacity of a basic freeway segment under base conditions varies with 
the FFS. For 70- and 75-mi/h FFS, the capacity is 2,400 pclh/ln. For lesser levels of 
FFS, capacity diminishes slightly. For 65-mi/h FFS, the capacity is 2,350 pc/h/ln; 
for 60-mi/h FFS, 2,300 pc/h/ln; and for 55-mi/h FFS, 2,250 pc/h/ln. 

Chapter 10, Freeway Facilities, contains information that would allow these 
values to be reduced to reflect long- and short-term construction and 
maintenance activities, adverse weather conditions, and accidents or incidents. 

These values represent national norms. It should be remembered that 
capacity varies stochastically and that any given location could have a larger or 
smaller value. It should also be remembered that capacity refers to the average 
flow rate across all lanes. Thus, a three-lane basic freeway segment with a 70-mi/h 
FFS would have an expected base capacity of 3 x 2AOO = 7,200 pc/h. This flow 
would not be uniformly distributed across all lanes. Thus, one or two lanes could 
have stable base flows in excess of 2AOO pc/h/ln. 

As shown in Exhibit 11-2, it is believed that basic freeway segments reach 
capacity at a density of approximately 45 passenger cars per mile per lane 
(pc/mi/ln), which may vary slightly from location to location. At this density, 
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vehicles are too closely spaced to dampen the impact of any perturbation in flow, 
such as a lane change or a vehicle entering the freeway, without causing a 
disruption that propagates upstream. 

LOS FOR BASIC FREEWAY SEGMENTS 

LOS on a basic freeway segment is defined by density. Although speed is a 
major concern of drivers as related to service quality, it would be difficult to 
describe LOS by using speed, since it remains constant up to flow rates of 1,000 
to 1,800 pc/h/h1, depending on the FFS. Density describes the proximity to other 
vehicles and is related to the freedom to maneuver within the traffic stream. 
Unlike speed, however, density is sensitive to flow rates throughout the range of 
flows . 

Exhibit 11-4 visually demonstrates the six LOS defined for basic freeway 
segments. LOS are defined to represent reasonable ranges in the three critical 
flow variables: speed, density, and flow rate. 
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LOS for basic freeway segments is 
defined by density. 

Exhibit 11-4 
LOS Examples 
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Breakdown (LOS F) occurs 
whenever the demand-to
capacity ratio exceeds 1.00. 

Introduction 

Freeway LOS Described 

LOS A describes free-flow operations. FFS prevails on the freeway, and 
vehicles are almost completely unimpeded in their ability to maneuver within 
the traffic stream. The effects of incidents or point breakdmvns are easily 
absorbed. 

LOS B represents reasonably free-flow operations, and FFS on the freeway is 
maintained. The ability to maneuver within the traffic stream is only slightly 
restricted, and the general level of physical and psychological comfort provided 
to drivers is still high. The effects of minor incidents and point breakdowns are 
still easily absorbed. 

LOS C provides for flow with speeds near the FFS of the freeway. Freedom 
to maneuver within the traffic stream is noticeably restricted, and lane changes 
require more care and vigilance on the part of the driver. Minor incidents may 
still be absorbed, but the local deterioration in service quality will be significant. 
Queues may be expected to form behind any significant blockages. 

LOS D is the level at which speeds begin to decline with increasing flows, 
with density increasing more quickly. Freedom to maneuver within the traffic 
stream is seriously limited and drivers experience reduced physical and 
psychological comfort levels. Even minor incidents can be expected to create 
queuing, because the traffic stream has little space to absorb disruptions. 

LOS E describes operation at capacity. Operations on the freeway at this 
level are highly volatile because there are virtually no usable gaps within the 
traffic stream, leaving little room to maneuver within the traffic stream. Any 
disruption to the traffic stream, such as vehicles entering from a ramp or a 
vehicle changing lanes, can establish a disruption wave that propagates 
throughout the upstream h'affic flow. At capacity, the traffic stream has no 
ability to dissipate even the most minor disruption, and any incident can be 
expected to produce a serious breakdown and substantial queuing. The physical 
and psychological comfort afforded to drivers is poor. 

LOS F describes breakdown, or unstable flow. Such conditions exist within 
queues forming behind bottlenecks. Breakdowns occur for a number of reasons: 

• Traffic incidents can temporarily reduce the capacity of a short segment, 
so that the number of vehicles arriving at a point is greater than the 
number of vehicles that can move through it. 

• Points of recurring congestion, such as merge or weaving segments and 
lane drops, experience very high demand in which the number of vehicles 
arriving is greater than the number of vehicles that can be discharged. 

• In analyses using forecast volumes, the projected flow rate can exceed the 
estimated capacity of a given location. 

In all cases, breakdown occurs when the ratio of existing demand to actual 
capacity, or of forecast demand to estimated capacity, exceeds 1.00. Operations 
immediately downstream of, or even at, such a point, however, are generally at 
or near LOS E, and downstream operations improve (assuming that there are no 
additional downstream bottlenecks) as discharging vehicles move away from the 
bottleneck. 
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LOS F operations within a queue are the result of a breakdown or bottleneck 
at a downstream point. In practical telIDs, the point of the breakdown has a vic 
ratio greater than 1.00, and is also labeled LOS F, although actual operations at 
the breakdown point and immediately downstream may actually reflect LOS E 
conditions. Whenever queues due to a breakdown exist, they have the potential 
to extend upstream for considerable distances. 

lOS Criteria 

A basic freeway segment can be characterized by three performance 
measures: density in passenger cars per mile per lane (pc/mi/ln), space mean 
speed in miles per hour (mi/h), and the ratio of demand flow rate to capacity 
(vic). Each of these measures is an indication of how wen traffic is being 
accommodated by the basic freeway segment. 

Because speed is constant through a broad range of flows and the vic ratio is 
not directly discernible to road users (except at capacity), the service measure for 
basic freeway segments is density. Exhibit 11-5 shows the criteria. 

LOS 
A 
B 
C 
D 
E 

F 

Density (pc/mi/ln) 
:511 

>11-18 
>18-26 
>26-35 
>35-45 

Demand exceeds capacity 
>45 

For all LOS, the density boundaries on basic freeway segments are the same 
as those for surface multilane highways, except at the LOS E-F boundary. Traffic 
characteristics are such that the maximum flow rates at any given LOS are lower 
on multilane highways than on similar basic freeway segments. 

The specification of maximum densities for LOS A to D is based on the 
collective professional judgment of the members of the Transportation Research 
Board's Highway Capacity and Quality of Service Committee. The upper value 
shown for LOS F (45 pc/mi/ln) is the maximum density at which sustained flows 
at capacity are expected to occur. In effect, as indicated in the speed-flow curves 
of Exhibit 11-2, when a density of 45 pc/mi/ln is reached, flow is at capacity, and 
the vic ratio is 1.00. 

In the application of this chapter's methodology, however, LOS F is 
identified when demand exceeds capacity because the analytic methodology does 
not allow the determination of density when demand exceeds capacity. Although 
the density will be greater than 45 pc/h/ln, the methodology of Chapter 10, 
Freeway Facilities, must be applied to determine a more precise density for such 
cases. 

Exhibit 11-6 illustrates the defined LOS on the base speed-flow curves. On a 
speed-flow plot, density is a line of constant slope beginning at the origin. The 
LOS boundaries were defined to produce reasonable ranges within each LOS on 
these speed-flow relationships. 
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Exhibit 11-6 
LOS for Basic Freeway 

Segments 

Introduction 

500 

REQUIRED INPUT DATA 

1,000 1,500 

Flow Rate (pc/hI In) 

~----------------------

----,-
I 

2,000 2,500 

The analysis of a basic freeway segment requires details concerning the 
geometric characteristics of the segment and the demand characteristics of the 
users of the segment. This section presents the required input data for the basic 
freeway segment methodology; specifics about individual parameters are given 
in the Methodology section. 

Freeway Data 

The following information on the segment's geometric features is needed to 
conduct an analysis (typical ranges for these parameters are shown): 

1. FFS: 55 to 75 mi/h; 

2. Number of mainline freeway lanes (one direction): at least two; 

3. Lane width: 10 ft to 12 ft or more; 

4. Right-side lateral clearance: 0 ft to more than 6 ft; 

5. Total ramp density: 0 to 6 ramps/mi; and 

6. Terrain: level, rolling, or mountainous, or specific length and percent 
grade. 

Demand Data 

The following information on the segment's users is required: 

1. Demand during the analysis hour or daily demand and K- and D-factors; 

2. Heavy-vehicle presence (proportion of trucks, buses, and RVs): 0 to 100% 
in general terrain, or 0 to 25% or more for specific grades; 

3. Peak-hour factor (PHF): up to 1.00; and 

4. Driver population factor: 0.85 to 1.00. 

length of Analysis Period 

The analysis period for any freeway analysis is generally the peak 15-min 
period within the peak hour. Any 1S-min period can be analyzed, however. 
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2. METHODOLOGY 

This chapter's methodology can be used to analyze the capacity, LOS, lane 
requirements, and effects of design features on the performance of basi c freeway 
segments. The methodology is based on the results of an NCHRP study (1), 
which has been partially updated (2). A number of significant publications were 
also used in the development of the methodology (3-12). 

LIMITATIONS OF METHODOLOGY 

This chapter's methodology does not apply to or take into account (without 
modification by the analyst) the following: 

• Special lanes reserved for a single vehicle type, such as high-occupancy-
vehicle (HOV) lanes, truck lanes, and climbing lanes; 

• Lane control (to restrict lane changing); 

• Extended bridge and tunnel segments; 

• Segments near a toll plaza; 

• Facilities with FFS less than 55 mi/h or more than 75 mi/h; 

• The influence of downstream queuing on a segment; 

• Posted speed limit and enforcement practices; 

• Presence of intelligent transportation systems (ITS) related to vehicle or 
driver guidance; 

• Capacity-enhancing effects of ramp metering; 

• Operational effects of oversaturated conditions; and 

• Operational effects of construction operations. 

In most of the cases just cited, the analyst would have to utilize alternative 
tools or draw on other research information and develop special-purpose 
modifications of this methodology to incorporate the effects of any of the cited 
conditions. Operational effects of oversaturated conditions, incidents, work 
zones, and weather and lighting conditions can be evaluated with the 
methodology of Chapter 10, Freeway Facilities. Operational effects of active 
traffic management measures are discussed in Chapter 35. 

OVERVIEW OF METHODOLOGY 

The methodology of this chapter is for the analysis of basic freeway 
segments. A method for analysis of extended lengths of freeway composed of a 
combination of basic freeway segments, weaving segments, and merge or 
diverge segments is found in Chapter 10, Freeway Facilities. 

Exhibit 11-7 illustrates the basic methodology used in operational analysis. 
The methodology can also be directly applied to determine the number of lanes 
required to provide a target LOS for a given demand volume. 
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Exhibit 11-7 
Overview of Operational 

Analysis Methodology for 
Basic Freeway Segments 

Exhibit 11-7 illustrates the 
methodology for operational 
analysis. Other types of 
analysis are desClibed in the 
Applications section. 

Methodology 

Step 1: Input Data 
Geometric data 
Demand volume 

Measured FFS (if available) 

Measured FFS is not available /' 

Step 2: Compute FFS 
Lane width adjustment 

Lateral clearance adjustment 
Use Equation 11-1 

Measured FFS is available 

Step 3: Select FFS Curve 

Step 4: Adjust Demand Volume 
Peak hour factor 

Number of lanes (one direction) 
Heavy vehicle adjustment 

Driver population adjustment 
Use Equation 11-2 

Compare adjusted demand flow rate 
to base capacity 

Demand flow rate> capaciY 

lOS::: F Demand flow rate:::; capacity 
Go to Chapter 10, 
Freeway Facilities 

COMPUTATIONAL STEPS 

Step 1: Input Data 

Step 5: Estimate Speed and Density 
Exhibit 11-3 or Exhibit 11-2 

Equation 11-4 

Step 6: Determine lOS (A-E) 
Exhibit 11-5 

For a typical operational analysis, as noted previously, the analyst would 
have to specify (with either site-specific or default values) demand volume, 
number and width of lanes, right-side lateral clearance, total ramp density, 

percent of heavy vehicles (trucks, buses, and RVs), PHF, terrain, and the driver 

population factor. 

Step 2: Compute FFS 

FFS can be determined directly from field measurements or can be estimated 

as described below. 
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Field Measurement of FFS 

FFS is the mean speed of passenger cars measured during periods of low to 
moderate flow (up to 1,000 pc/h/ln). For a specific freeway segment, average 
speeds are virtually constant in this range of flow rates. If the FFS can be field 
measured, this is the preferable way to make the determination. If the FFS is 
measured directly, no adjustments are applied to the measured value. 

The speed study should be conducted at a location that is representative of 
the segment at a time when flow rates are less than 1,000 pc/h/ln. The speed 
study should measure the speeds of all passenger cars or use a systematic sample 
(e.g., every tenth car in each lane). A sample of at least 100 passenger-car speeds 
should be obtained. Any speed measurement technique that has been found 
acceptable for other types of traffic engineering applications may be used. 
Further guidance on the conduct of speed studies is provided in standard traffic 
engineering publications, such as the Institute of Transportation Engineers 
Manual afTraffic Engineering Studies (11). 

Estimating FFS 

It is not possible to make field measurements for future facilities, and field 
measurement may not be possible or practical in all existing cases. In such cases, 
the segment's FFS may be estimated by using Equation 11-1, which is based on 
the physical characteristics of the segment under study: 

FFS =75.4- fnv - fLc -3.22TRDo.84 

where 

FFS FFS of basic freeway segment (mi/h), 

/Lw = adjustment for lane width (mi/h), 

fLC adjustment for right-side lateral clearance (rrti/h), and 

TRD total ramp density (ramps/mi). 

BaseFFS 

This methodology covers basic freeway segments with FFSs ranging from 55 
mi/h to 75 mi/h. Thus, the predictive algoritlun must start with a base speed of 75 
mi/h or higher. A value of 75.4 mi/h was chosen, since it resulted in the most 
accurate predictions versus data collected in 2008. 

Adjustment for Lane Width 

The base condition for lane width is 12 ft or greater. When the average lane 
width across all lanes is less than 12 ft, the FFS is negatively affected. 
Adjustments to reflect the effect of narrower average lane width are shown in 
Exhibit n-8. 

Average lane Width (ft) 
<':12 

<':11-12 
>10-11 
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0.0 
1.9 
6.6 

FFS is the mean speed of passenger 
cars during periods of low to 
moderate flow. 

Equation 11-1 

Exhibit U-8 
Adjustment to FFS for Average 
lane Width 
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Exhibit 11-9 
Adjustment to FFS for Right

Side Lateral Clearance, tLc 
(mi/h) 

Methodology 

Adjustment for Lateral Clearance 

The base condition for right-side lateral clearance is 6 ft or greater. The 
lateral clearance is measured from the right edge of the travel lane to the nearest 
lateral obstruction. Care must be taken to identify a "lateral obstruction." Some 
obstructions may be continuous, such as retaining walls, concrete barriers, 
guardrails, or barrier curbs. Others may be periodic, such as light supports or 
bridge abutments. In some cases, drivers may become accustomed to certain 
types of obstructions, often making their influence on traffic negligible. 

Exhibit 11-9 shows the adjustments to the base FFS due to the existence of 
obstructions closer than 6 ft to the right travel lane edge. Median clearances of 2 
ft or more generally have little impact on traffic. No adjustments are available to 
reflect the presence of left-side lateral obstructions closer than 2 ft to the left 
travel lane edge. Such situations are, however, quite rare on modern freeways, 
except in constrained work zones. 

Right-Side 
lateral 

Clearance (ft) 
~6 

5 
4 
3 
2 
1 
o 

2 
0.0 
0.6 
1.2 
1.8 
2.4 
3.0 
3.6 

lanes in One Direction 
3 4 

0.0 0.0 
0.4 0.2 
0.8 0.4 
1.2 0.6 
1.6 0.8 
2.0 1.0 
2.4 1.2 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

The impact of a right-side lateral clearance restriction depends on botll the 
distance to the obstruction and tlle number of lanes in one direction on the basic 
freeway segment. A lateral clearance restriction causes vehicles in the right lane 
to move somewhat to the left. This movement, in turn, affects vehicles in the next 
lane. As the number of lanes increases, the overall effect on freeway operations 
decreases. 

Total Ramp Density 

Equation 11-1 includes a term that accounts for the impact of total ramp 
density on FFS. Total ramp density is defined as the number of ramps (on and 
off, one direction) located between 3 mi upstream and 3 mi downstream of the 
midpoint of the basic freeway segment under study, divided by 6 mi. The total 
ramp density has been fOlmd to be a measure of the impact of merging and 
diverging vehicles on FFS. 

Step 3: Select FFS Curve 

As noted previously, once the FFS of the basic freeway segment is 
determined, one of the five base speed-flow curves (Exhibit 11-2) is selected for 
use in the analysis. Interpolation between curves is not recommended. Criteria 
for selecting an appropriate curve were given in fue text following Exhibit 11-2. 

Step 4: Adjust Demand Volume 

Since the basic speed-flow curves of Exhibit 11-2 are based on flow rates in 
equivalent passenger cars per hour, with the driver population dominated by 
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regular users of the basic freeway segment, demand volumes expressed as 
vehicles per hour under prevailing conditions must be converted to this basis. 
Equation 11-2 is used for this adjustment: 

v 
V = ---------

P PHFxNxfHV xfp 

where 

vp demand flow rate under equivalent base conditions (pc/hlln), 

V = demand volume under prevailing conditions (veh/h), 

PHF peak-hour factor, 

N number of lanes in analysis direction, 

hN adjustment factor for presence of heavy vehicles in traffic stream, and 

!p adjustment factor for unfamiliar driver populations. 

Peak Hour Factor 

The PHF represents the variation in traffic flow within an hour. Observations 
of traffic flow consistently indicate that the flow rates found in the peak 15 min 
within an hour are not sustained throughout the entire hour. The application of 
the PHF in Equation 11-2 accounts for this phenomenon. 

On freeways, typical PHFs range from 0.85 to 0.98 (13). Lower values within 
that range are typical of lower-volume conditions. Higher values within that 
range are typical of urban and suburban peak-hour conditions. Field data should 
be used if possible to develop PHFs that represent local conditions. 

Adjustment for Heavy Vehicles 

A heavy vehicle is defined as any vehicle with more than four wheels on the 
ground during normal operation. Such vehicles are generally categorized as 
trucks, buses, or RVs. Trucks cover a wide variety of vehicles, from single-unit 
trucks with double rear tires to triple-unit tractor-trailer combinations. Small 
panel or pickup trucks with only four wheels are, however, classified as 
passenger cars. Buses include intercity buses, public transit buses, and school 
buses. Because buses are in many ways similar to single-unit trucks, both types 
of vehicles are considered in one category. RVs include a wide variety of vehicles 
from self-contained motor homes to cars and small trucks with trailers (for boats, 
all-terrain vehicles, or other conveyances). It should be noted that most sport
utility vehicles have only four wheels and are thus categorized as passenger cars. 
The heavy-vehicle adjustment factor !HV is computed as follows: 

1 f HV = --..,---,-------,------;-
l+PT (ET -l)+PR (ER -1) 
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where 

j,w heavy-vehicle adjustment factor, 

PT proportion of trucks and buses in traffic stream, 

PR proportion of RVs in traffic stream, 

Er passenger-car equivalent (peE) of one truck or bus in traffic stream, 
and 

ER = peE of one RV in traffic stream. 

The adjustment factor is found in a two-step process. First, the peE for each 
truck or bus and RV is found for the prevailing conditions under study. These 
equivalency values represent the number of passenger cars that would use the 
same amount of freeway capacity as one truck or bus or RV under the prevailing 
conditions. Second, Equation 11-3 is used to convert the peE values to the 
adjustment factor. 

h1 many cases, trucks will be the only heavy-vehicle type present in the 
traffic stream. In others, the percentage of RV s will be small in comparison with 
trucks and buses. If the ratio of trucks and buses to RVs is 5:1 or greater, all 
heavy vehicles may be (but do not have to be) considered to be trucks. 

The effect of heavy vehicles on traffic flow depends on terrain and grade 
conditions as well as traffic composition. peEs can be selected for one of tlu'ee 
conditions: 

• Extended freeway segments in general terrain, 

• Specific upgrades, or 

• Specific downgrades. 

Each of these conditions is more precisely defined and discussed next. 

Equivalents for General Terrain Segments 

General terrain refers to extended lengths of freeway containing a number of 
upgrades and downgrades where no one grade is long enough or steep enough 
to have a Significant impact on the operation of the overall segment. As a 
guideline for this determination, extended segment analysis can be applied 
where grades are ~2% and ~O.25 mi long, or where grades between 2% and 3% 
are ~0.50 mi long. For this determination, each upgrade and downgrade is 
considered to be a single grade, even if the grade is not uniform. The total length 
of the upgrade or downgrade is used with the steepest grade it contains. There 
are three categories of general terrain: 

• Level terrain: Any combination of grades and horizontal or vertical 
alignment that permits heavy vehicles to maintain the same speed as 
passenger cars. This type of terrain typically contains short grades of 
no more than 2%. 

• Rolling terrain: Any combination of grades and horizontal or vertical 
alignment that causes heavy vehicles to reduce their speed 
substantially below those of passenger cars but that does not cause 
heavy vehicles to operate at crawl speeds for any significant length 
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of time or at frequent intervals. Crawl speed is the maximum 
sustained speed that trucks can maintain on an extended upgrade of 
a given percent. If the grade is long enough, trucks will be forced to 
decelerate to the crawl speed, which they can maintain for extended 
distances. Appendix A contains truck-performance curves 
illustrating crawl speed and length of grade. 

• Mountainous terrain: Any combination of grades and horizontal and 
vertical alignment that causes heavy vehicles to operate at crawl 
speed for significant distances or at frequent intervals. 

Mountainous terrain is relatively rare. Generally, in segments severe enough 
to cause the type of operation described for mountainous terrain, individual 
grades will be longer or steeper, or both, than the criteria for general terrain 
analysis. 

Exhibit 11-10 shows PCEs for trucks and buses and RVs in general terrain 
segments. 

Vehicle 
Trucks and buses, Er 

RVs, ER 

Level 
1.5 
1.2 

Equivalents for Specific Upgrades 

peE by Type of Terrain 
Rollin 

2.5 
2.0 

Mountainous 
4.5 
4.0 

Any freeway grade between 2% and 3% and longer than 0.5 mi or 3% or 
greater and longer than 0.25 mi should be considered a separate segment. The 
analysis of such segments must consider the upgrade conditions and the 
downgrade conditions separately, as well as whether the grade is a single, 
isolated grade of constant percentage or part of a series forming a composite 
grade. The analysis of composite grades is discussed in Appendix A. 

Several studies have shown that freeway truck populations have an average 
weight-to-horsepower ratio between 125 and 150 lb/hp. This methodology 
adopts PCEs that are calibrated for a mix of trucks and buses in this range. RVs 
vary considerably in both type and characteristics and include everything from 
cars with trailers to self-contained mobile campers. In addition to the variability 
of vehicle characteristics, RV drivers are typically not professionals, and their 
degree of skill in handling such vehicles also varies widely. Typical RV weight
to-horsepower ratios range from 30 to 60 lb/hp. 

Exhibit 11-11 and Exhibit 11-12 give values of ET for trucks and buses and ER 
for RVs, respectively. These factors vary with the percent of grade, length of 
grade, and the proportion of heavy vehicles in the traffic stream. Maximum 
values occur when there are only a few heavy vehicles in the traffic stream. The 
equivalents decrease as the number of heavy vehicles increases because these 
vehicles tend to form platoons. Because heavy vehicles have more uniform 
operating characteristics, fewer large gaps are created in the traffic stream when 
they platoon, and the impact of a single heavy vehicle in a platoon is less severe 
than that of a single heavy vehicle in a stream of primarily passenger cars. The 
aggregate impact of heavy vehicles on the traffic stream, however, increases as 
numbers and percentages of heavy vehicles increase. 
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The grade length should 
include 25% of the length of 
the vertical curves at the start 
and end of the grade. 

With two consecutive 
upgrade~ 50% of the length 
of the vertical curve joining 
them should be included. 

The pOint of interest is usually 
the spot where heavy vehicles 
would have the greatest 
impact on operations: the top 
of a grade, the top of the 
steepest grade in a seri~ or a 
ramp junction, for example. 

Exhibit 11-11 
PCEs for Trucks and Buses 

(Er) on Upgrades 

Methodology 

The length of the grade is generally taken from a highway profile. It typically 
includes the straight portion of the grade plus some portion of the vertical curves 
at the beginning and end of the grade. It is recommended that 25% of the length 
of the vertical curves at both ends of the grade be included in the length. Where 
two consecutive upgrades are present, 50% of the length of the vertical curve 
joining them is included in the length of each grade. 

In the analysis of upgrades, the point of interest is generally at the end of the 
grade, where heavy vehicles would have the maximum effect on operations. 
However, if a ramp junction is being analyzed, for example, the length of the 
grade to the merge or diverge point would be used. 

On composite grades, the relative steepness of segments is important. If a 5% 
upgrade is followed by a 2% upgrade, for example, the maximum impact of 
heavy vehicles is most likely at the end of the 5% segment. Heavy vehicles would 
be expected to accelerate after entering the 2% segment. 

Upgrade Length Pro[!ortion of Trucks and Buses 
(%) {mil 2% 4°10 5% 6% 8010 10% 15% 20% <?:25010 
<2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
>0.25-0.50 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>2-3 >0.50-0.75 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
>0.75-1.00 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5 
>1.00-1.50 2.5 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

>1.50 3.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0 
0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>0.25-0.50 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 1.5 

>3-4 
>0.50-0.75 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
>0.75-1.00 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 2.0 
>1.00-1.50 3.5 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5 

>1.50 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 2.5 
0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>0.25-0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 2.0 
>4-5 >0.50-0.75 3.5 3.0 3.0 3.0 2.5 2.5 2.5 2.5 2.5 

>0.75-1.00 4.0 3.5 3.5 3.5 3.0 3.0 3.0 3.0 3.0 
>1.00 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 3.0 

0.00-0.25 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
>0.25-0.30 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 2.0 

>5-6 >0.30-0.50 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 2.5 
>0.50-0.75 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 3.0 
>0.75-1.00 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 3.0 

>1.00 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 3.5 
0.00-0.25 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 1.0 

>0.25-0.30 4.5 4.0 3.5 3.5 3.5 3.0 2.5 2.5 2.5 

>6 
>0.30-0.50 5.0 4.5 4.0 4.0 3.5 3.0 2.5 2.5 2.5 
>0.50-0.75 5.5 5.0 4.5 4.5 4.0 3.5 3.0 3.0 3.0 
>0.75-1.00 6.0 5.5 5.0 5.0 4.5 4.0 3.5 3.5 3.5 

>1.00 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 4.0 
Note: Interpolation for percentage of trucks and buses IS recommended to the nearest 0.1. 
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Upgrade Length Proggrtion of RVs 
(%) (mi) 2% 40/0 5% 6% 8% 10% 15% 20% 2:25% 
52 All 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

>2-3 0.00-0.50 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
>0.50 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 1.2 

0.00-0.25 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
>3-4 >0.25-0.50 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 1.5 

>0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5 1.5 
0.00-0.25 2.5 2.0 2.0 2.0 1.5 1.5 1.5 1.5 1.5 

>4-5 >0.25-0.50 4.0 3.0 3.0 3.0 2.5 2.5 2.0 2.0 2.0 
>0.50 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 2.0 

0.00-0.25 4.0 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5 
>5 >0.25-0.50 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5 2.0 

>0.50 6.0 4.5 4.0 4.0 3.5 3.0 3.0 2.5 2.0 
Note: Interpolation for percentage of RVs IS recommended to the nearest 0.1. 

Equivalents for Specific Downgrades 

Knowledge of specific impacts of heavy vehicles on operating conditions on 
downgrades is limited. In general, if the downgrade is not severe enough to 
cause trucks to shift into a lower gear (to engage engine braking), heavy vehicles 
may be treated as if they were on level terrain segments. Where a downgrade is 
severe, trucks must often use low gears to avoid gaining too much speed and 
running out of control. In such cases, their effect on operating conditions is more 
significant than on level terrain. Exhibit 11-13 gives values of ET for this situation. 

Downgrade Length of Progortion of Trucks and Buses 
(%) Grade (mi) 5% 10% 150/0 2:20% 

<4 All 1.5 1.5 1.5 1.5 
54 1.5 1.5 1.5 1.5 

4-5 >4 2.0 2.0 2.0 1.5 

>5-6 
54 1.5 1.5 1.5 1.5 
>4 5.5 4.0 4.0 3.0 

>6 
54 1.5 1.5 1.5 1.5 
>4 7.5 6.0 5.5 4.5 

On downgrades, RVs are always treated as if they were on level terrain; ER is 
therefore always 1.2 on downgrades regardless of the length or severity of the 
downgrade or the percentage of RV s in the traffic stream. 

Equivalents for Composite Grades 

The vertical alignment of most freeways results in a continuous series of 
grades. It is often necessary to determine the effect of a series of grades in 
succession. The most straightforward technique is to compute the average grade 
from the beginning of the composite grade to the point of interest. The average 
grade is defined as the total rise from the beginning of the composite grade to the 
point in question divided by the length of the grade (to the point of interest). 

The average-grade technique is an acceptable approach for grades in which 
all subsections are less than 4% or the total length of the grade is less than 4,000 
ft. For more severe composite grades, a detailed technique is presented in 
Appendix A. This technique uses vehicle performance curves and equivalent 
speeds to determine the equivalent simple grade for analysis. 
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Exhibit 11-12 
PCEs for RVs (ER) on Upgrades 

Exhibit 11-13 
PCEs for Trucks and Buses (Er) on 
Specific Downgrades 

En is always 1.2 on downgrades. 

The average grade can be lIsed when 
all component grades are <4% or the 
tota/length of the grades is <4,000 
ft. 

Appendix A provides a method for 
addressing more severe composite 
grades. 
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An fP-value of 1.00 should 
generally be usec£ reflective of 
drivers who are regular users 
of the freeway. 

Methodology 

Adjustment for Driver Population 

The base traffic stream characteristics for basic freeway segments are 
representative of traffic streams composed primarily of commuters, or drivers 
who are familiar with the facility. It is generally accepted that traffic streams with 
different characteristics (e.g., recreational drivers) use freeways less efficiently. 
Although data are sparse and reported results vary substantially, significantly 
lower capacities have been reported on weekends, particularly in recreational 
areas. It may generally be assumed that the reduction in capacity (LOS E) 
extends to service flow rates and service volumes for other LOS as well. 

The adjustment factor II' is used to reflect the effect of driver population. The 
values of /" range from 0.85 to 1.00 ll' most cases, although lower va lues have 
been observed in isolated cases. In general, the analyst should use a value of 1.00, 
which reflects commuters or otherwise-accustomed drivers, unless there is 
sufficient evidence that a lower value should be used. Where greater accuracy is 
needed, comparative field studies of commuter and recreational traffic flow and 
speeds are recommended. 

Does LOS F Exist? 

At this pomt, the demand volume has been converted to a demand flow rate 
in passenger cars per hour per lane under equivalent base conditions. This 
demand rate must be compared with the base capacity of the basic freeway 
segment (2,400 pc/h/ln for FFS = 75 mi/h and 70 mi/h; 2,350 pc/h/ln for FFS = 65 
mi/h; 2,300 pc/h/ln for FFS = 60 mi/h; 2,250 pc/h/ln for FFS = 55 mi/h). 

If the demand exceeds capacity, the LOS is F, and a breakdown has been 
identified. To analyze the impacts of such a breakdown, the methodology of 
Chapter 10, Freeway Facilities, must be used. No further analysis using the 
methodology of the current chapter is possible. 

If the demand is less than or equal to capacity, the analysis continues to 
Step 5. 

Step 5: Estimate Speed and Density 

At this point in the methodology, the following have been determined: (a) 
the FFS and appropriate FFS curve for use in the analysis, and (b) the demand 
flow rate expressed in passenger cars per hour per lane under equivalent base 
conditions. With this information, the estimated speed and density of the traffic 
stream may be determined. 

With the equations specified in Exhibit 11-3, the expected mean speed of the 
traffic stream can be computed. A graphical solution with Exhibit 11-2 can also 
be performed. 

With the estimated speed determined, Equation 11-4 is used to estimate the 
density of the traffic stream: 
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where 

D density (pc/mi/ln), 

v 
D=--L 

S 

vp demand flow rate (pc/h/ln), and 

S mean speed of traffic stream under base conditions (mi/h). 

As has been noted, Equation 11-4 is only used when the vic is less than or 
equal to 1.00. All cases in which this ratio is greater than LOa are LOS F. In these 
cases, the speed S will be outside the range of Exhibit 11-3 and Exhibit 11-4, and 
no speed can be estimated. 

Where LOS F exists, the analyst is urged to consult Chapter la, Freeway 
Facilities, which allows an analysis of the time and spatial impacts of a 
breakdown, including its effects on upstream and downstream segments. 

Step 6: Determine lOS 

Exhibit 11-5 is entered with the density obtained from Equation 11-4 to 
determine the expected prevailing LOS. 

SENSITIVITY OF RESULTS 

The FFS of basic freeway segments is most sensitive to the total ramp 
density. Exhibit 11-14 illustrates the resulting FFS when total ramp density varies 
from a ramps/mi to 6 ramps/mi. Standard lane widths and right-side clearances 
are assumed. A freeway with 0 ramps/mi represents a case in which there are no 
ramps within 3 mi on either side of the study location. This situation occurs 
primarily in rural areas, where interchanges may be 10 or more miles apart. In 
rare cases, ramp densities in excess of 6 ramps/mi may exist, particularly in 
dense urban areas. 
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Equation 11-4 

The freeway FFS is most sensitive to 
the total ramp density. 

Exhibit 11-14 
Sensitivity of FFS to Total Ramp 
Density 

Methodology 
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Each on- and off-ramp in the 
direction of travel is counted 
when total ramp density is 
determined. 

Higher total ramp densities represent suburban and urban situations as well 
as the type of interchanges present. Most interchanges involve two to four 
ramps. A full cloverleaf, for example, has four ramps: two on-ramps and two off
ramps in each direction. A diamond interchange has two ramps in each 
direction: one on-ramp and one off-ramp. Thus, a freeway with two cloverleaf 
interchanges fully contained within 1 mi would have a total ramp density of 8 
ramps/mi. A freeway with two diamond interchanges fully contained within 1 
mi would have a total density of 4 ramps/mi. This finding suggests that in any 
given situation (with comparable demand flows), cloverleaf interchanges will 
have a greater negative impact on FFS than diamond interchanges. 

Although Exhibit 11-14 is not a straight line, the slope is relatively constant. 
On average, an increase of 2 ramps/mi in total ramp density causes a drop in FFS 
of approximately 5 mi/h. A reduction in FFS, of course, implies reductions in 
capacity and service volumes. 

Exhibit 11-15 shows the relationship between speed and vic ratio. Not 
unexpectedly, the shapes of these curves are similar to the basic speed-flow 
curves of Exhibit 11-2. Speed does not begin to decline until a vic ratio of 0.42 to 
0.80 is reached, depending on the FFS. 
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3. APPLICATIONS 

The methodology in this chapter is relatively straightforward, so it can be 
directly used in anyone of four applications: 

1. Operational analysis: An traffic and roadway conditions are specified for an 
existing facility or a future facility with forecast conditions. The existing 
or expected LOS is determined. 

2. Design analysis: A forecast demand volume is used, and key design 
parameters are specified (e.g., lane width and lateral clearance). The 
number of lanes required to deliver a target LOS is determined. 

3. Planning and preliminary engineering: The basic scenario is the same as that 
for design analysis, except that the analysis is conducted at a much earlier 
stage of the development process. Inputs include default values, and the 
demand volume is usually stated as an annual average daily traffic 
(AADT) value. 

4. Service flow rates and service volumes: The service flow rate, service volume, 
or daily service volume, or all three, are estimated for each LOS for an 
existing or future facility. All traffic and roadway conditions must be 
specified for this type of analysis. 

Because the methodology and its algorithms are simple and do not involve 
iterations, all of the types of analysis cited can be done without the trial-and
error approach required by many other Highway Capacity Manual (HeM) 
methodologies. 

DEFAULT VALUES 

In using this chapter's methodology, a range of input data is needed. Most of 
these data should be field-measured or estimated values for the specific segment 
under consideration. When some of the data are not available, default values 
may be used. However, the use of default values will affect the accuracy of the 
output. Exhibit 11-16 shows the data that are required to conduct an operational 
analysis and the recommended default values when site-specific data are 
unavailable (13). 

Required Data Default Values 
Geometric Data 

Number of lanes in one direction 
Lane width (ft) 

Right-side lateral clearance (ft) 
Ramp density (rampsjmi) 

Terrain or speCific grade (%, length) 
FFS (mi/h) 

Length of analysis period (min) 
PHF 

No default, must have Site-specific value 
12 ft 
10 ft 

No default, must have site-specific value 
No default, must have site-specific value 

Urban, 70 mi/h; rural, 75 mi/h 
Demand Data 

15 min 
0.94 

Proportion of heavy vehicles (%) Urban, 5%; rural, 12%* 
Driver population factor 1.00 

* Alternative state-specific default values for percentage of heavy vehicles are given In Chapter 26. 
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Exhibit 11-16 
Required Input Data and Default 
Values for Basic Freeway Segments 
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Ramp junctions, grade 
changes of 2% or more, 
changes in the freeway'S 
geometric characteristics, and 
changes in speed limit are 
places where basic freeway 
segment boundaries should be 
established. 

Operational analyses find the 
expected LOS for specified 
roadway and traffic conditions. 

Design analyses find the 
number of lanes required for a 
target LO~ given a specified 
demand volume. 

Equation 11-5 

Applications 

The analyst may also replace the default values of Exhibit 11-16 with defaults 
that have been locally calibrated. 

Research into the percentage of heavy vehicles on uninterrupted-flow 
facilities (13) fOlmd a wide range of average values from state to state. Chapter 26 
provides alternative default values for percentage of heavy vehicles by state and 
area population on the basis of data from the 2004 Highway Performance 
Monitoring System. Where states or local jurisdictions have developed their own 
values, these may be substituted. Analysts may also wish to develop their own 
default values based on more recent data. 

ESTABLISH ANALYSIS BOUNDARIES 

Determining capacity or LOS requires uniform h'affic and roadway 
conditions on the analysis segment. Thus, any point where roadway or traffic 
conditions change must mark a boundary of the analysis segment. 

At every ramp-freeway junction, the demand volume changes (as some 
vehicles enter or leave the traffic stream). Thus, any ramp junction should mark a 
boundary between adjacent basic freeway segments. 

In addition to ramp-freeway junctions, the following conditions generally 
dictate. that a boundary should be established between basic freeway segments: 

• Change in the number of lanes (cross section), 

• Changes in lane width or lateral clearance, 

• Grade change of 2% or more on a specific or composite grade, 

• Change in terrain category (for general terrain segments), or 

• Change in posted speed limit. 

The last is not directly involved in the analysis of a basic freeway segment 
but would probably reflect changes in ramp density or other freeway features. 

TYPES OF ANALYSIS 

Operational Analysis 

The operational analysis application was fully specified in the Methodology 
section of this chapter. Operational analysis begins with all input parameters 
specified and is used to find the expected LOS that would result from the 
prevailing roadway and traffic conditions. 

Design Analysis 

In design analysis, a known demand volume is used to determine the 
number of lanes needed to deliver a target LOS. Two modifications are required 
to the operational analysis methodology. First, since the number of lanes is to be 
determined, the demand volume is converted to a demand flow rate in 
passenger cars per hour, not per lane, using Equation 11-5 instead of Equation 
11-2: 

v 
v=-------

PHFxfHV xfp 
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where v is the demand flow rate in passenger cars per hour and all other 
variables are as previously defined. 

Second, a maximum service flow rate for the target LOS is then selected from 
Exhibit 11-17. These values are selected from the base speed-flow curves of 
Exhibit 11-6 for each LOS. 

A 
820 
770 
710 
660 
600 

Target level of Service 
BCD 

1,310 
i,250 
1,170 
1,080 

990 

1,750 
1,690 
1,630 
1,560 
1430 

2,110 
2,080 
2,030 
2,010 
1900 

Note: All values rounded to the nearest 10 pc/h/ln. 

E 
2,400 
2,400 
2,350 
2,300 
2250 

Next the number of lanes required to deliver the target LOS can be found 
from Equation 11-6: 

N=_V_ 
MSFi 

where N is the number of lanes required and MSFi is the maximum service flow 
rate for LOS i from Exhibit 11-17. Equation 11-5 and Equation 11-6 can be 
conveniently combined as Equation 11-7: 

V N = ---------
MSFi x PHF X fHV xfp 

where all variables are as previously defined. 

The value of N resulting from Equation 11-6 or Equation 11-7 will most likely 
be fractional. Since only integer numbers of lanes can be constructed, the result is 
always rounded to the next-higher value. Thus, if the result is 3.2 lanes, 4 must 
be provided. The 3.2 lanes is, in effect, the minimum number of lanes needed to 
provide the target LOS. If the result were rounded to 3, a poorer LOS than the 
target value would result. 

This rounding-up process will occasionally produce an interesting result: it is 
possible that a target LOS (for example, LOS C) cannot be achieved for a given 
demand volume. If 2.1 lanes are required to produce LOS C, providing 2 lanes 
would drop the LOS, most likely to D. However, if three lanes are provided, the 
LOS might actually improve to B. Thus, some judgment may be required to 
interpret the results. In this case, two lanes might be provided even though they 
would result in a borderline LOS D. Economic considerations might lead a 
decision maker to accept a slightly lower operating condition than that originally 
targeted. 

Planning and Preliminary Engineering 

The objective of planning or preliminary engineering is to get a general idea 
of the number of lanes that will be required to deliver a target LOS. The primary 
differences are that many default values will be used and the demand volume 
will be usually expressed as an AADT. Thus, a plamring and preliminary 
engineering analysis starts by converting the demand expressed as an AADT to 
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Exhibit 11-17 
Maximum Service Flow Rates in 
Passenger Cars per Hour per lane 
for Basic Freeway Segments Under 
Base Conditions 

Equation 11-6 

Equation 11-7 

All fractional values of N must be 
rounded up. 

Because only whole lanes can be 
built it may not be possible to 
achieve the target LOS for a given 
demand volume. 

Planning and preliminary engineering 
applications also find the number of 
lanes required to deliver a target LOS 
but provide more generalized input 
values to the methodology. 

Applications 
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Equation 11-8 

Chapter 3 provides additional 
guidance on K- andD-factors. 

Equation 11-9 

Equation 11-10 

Equation 11-11 

Applications 

an estimate of the directional peak-hour demand volume (DDHV) with Equation 
11-8: 

v = DDHV = AADTxKxD 

where K is the proportion of AADT occurring during the peak hour and D is the 
proportion of peak-hour volume traveling in the peak direction; all other 
variables are as previously defined. 

On urban freeways, the typical range of K-factors is from 0.08 to 0.10. On 
rural freeways, values typically range between 0.09 and 0.13. Directional 
distributions also vary, as was illustrated in Chapter 3, Modal Characteristics, 
but a typical value for both urban and rural freeways is 0.55. As with all default 
values, locally or regionally calibrated values are preferred and yield more 
accurate results. Both the K-factor and the D-factor have a significant impact on 
the estimated hourly demand volume. 

Once the hourly demand volume is estimated, the methodology follows the 
same path as that for design analysis. 

Service Flow Rates, Service Volumes, and Daily Service Volumes 

This chapter's methodology can be easily manipulated to produce service 
flow rates, service volumes, and daily service volumes for a basic freeway 
segment. 

Exhibit 11-17 gave values of the maximum service flow rates, MSF iT for each 
LOS for freeways of various FFSs. These values are given in terms of passenger 
cars per hour per lane under equivalent base conditions. A service flow rate, SF;I 
is the maximum rate of flow that can exist while LOS i is maintained during the 
15-min analysis period under prevailing conditions. It can be computed from the 
maximum service flow rate by using Equation 11-9: 

SFi = MSFi xNx IHV x Ii' 
where all variables are as previously defined. 

A service flow rate can be converted to a service volume, SVi, by applying a 
PHF, as shown in Equation 11-10. A service volume is the maximum hourly 
volume that can exist while LOS i is maintained during the worst 15-min period 
of the analysis hour. 

where all variables are as previously defined. 

A daily service volume, DSVi, is the maximum AADT that can be 
accommodated by the facility under prevailing conditions while LOS i is 
maintained during the worst 15-min period of the analysis day. It is estimated 
from Equation 11-11: 

DSV. = SVi 

I KxD 

where all variables are as previously defined. 
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Service flow rates SF and service volumes SVare stated for a single direction 
of the freeway. Daily service volumes DSV are stated as total volumes in both 

directions of the freeway. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools. 
This section contains specific guidance for the application of alternative tools to 
the analysis of basic freeway segments. Additional information on this topic may 
be found in Chapter 26, Basic Freeway Segments: Supplemental. 

Strengths of HCM Procedure 

This chapter's procedures were developed on the basis of extensive research 
supported by a significant quantity of field data. They have evolved over a 
number of years and represent a body of expert consensus. 

Specific strengths of the HCM basic freeway segment methodology include 
the following: 

• It provides a detailed methodology for obtaining FFS. This methodology 
is based on various geometric characteristics. In simulation packages FFS 
(or an equivalent, such as desired speed) is an input. 

• It considers geometric characteristics (such as lane widths), which are 
rarely, if ever, incorporated into simulation algorithms. 

• It provides explicit capacity estimates. Simulation packages do not 
provide capacity estimates directly. Capacity estimates can only be 
obtained from simulators through multiple runs witl1 oversaturated 
conditions. The user can modify simulated capacities by modifying 
specific input values such as the minimum acceptable headway. 

• It produces a single deterministic estimate of traffic density, which is 
important for some purposes such as development impact review. 

Limitations of HCM Procedures That Might Be Addressed by Alternative 
Tools 

Basic freeway segments can be analyzed by using a variety of stochastic and 
deterministic simulation packages that include freeways. These packages can be 
very useful in analyzing the extent of congestion when there are failures within 
the simulated facility range and when interaction with other freeway segments 
and other facilities is present. 

Exhibit 11-18 tabulates the HCM limitations for basic freeway segments 
along with the potential for improved treatment by alternative tools. 

Additional Features and Performance Measures Available from 
Alternative Tools 

This chapter provides a methodology for estimating the capacity, speed, and 
density of a basic freeway segment, given the segment's traffic demand and 
characteristics. Alternative tools offer additional performance measures, 
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The HeM methodology provides FFS 
as an output incorporates geometric 
charactenstics, provides explicit 
capacity estimates, and produces a 
single deterministic estimate of traffic 
denSity. 

Deterministic models yield the same 
results for the same inputs each time 
they are implemented.: stochastic 
models incotporate statistical 
variability. The same inputs yield 
different results in each use. For such 
models, an average result of X 
usages is employed as output 

Applications 
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Exhibit 11-18 
Limitations of HCM Basic 

Freeway Segments 
Procedure 

Applications 

including delay, stops, queue lengths, fuel consumption, pollution, and 
operating costs. 

limitation 

Special lanes reserved for a single vehicle type, 
such as HOV, truck, and climbing lanes 

Extended bridge and tunnel segments 

Segments near a toll plaza 

Facilities with FFS less than 55 mi/h or more 
than 75 mi/h 

Oversaturated conditions (refer to Chapters 10 
and 26 for further discussion) 

Influence of downstream blockages or queuing 
on a segment 

Posted speed limit and extent of police 
enforcement 

Presence of ITS features related to vehicle or 
driver guidance 

Potential for Improved Treatment by 
Alternative Tools 

Modeled explicitly by simulation 

Can be approximated by using assumptions 
related to desired speed and number of lanes 
along each segment 

can be approximated by using assumptions 
related to discharge at toll plaza 

Modeled explicitly by simulation 

Modeled explicitly by simulation 

Modeled explicitly by simulation 

Can be approximated by using assumptions 
related to desired speed along a given segment 

Several features modeled explicitly by 
simulation; others may be approximated by 
using assumptions (for example, by modifying 
origin-destination demands by time interval) 

As with most other procedural chapters in the HeM, simulation outputs, 
especially graphics-based presentations, can provide details on point problems 
that might otherwise go unnoticed with a macroscopic analysis that yields only 
segment-level measures. The effect of downstream conditions on lane utilization 
and backup beyond the segment boundary is a good example of a situation that 
can benefit from the increased insight offered by a microscopic model. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

The LOS for basic freeway segments is based on traffic density expressed in 
passenger cars per mile per lane. The HeM methodology estimates density by 
dividing the flow rate by the average passenger-car speed. Simulation models 
typically estimate density by dividing the average number of vehicles in the 
segment by the area of the segment (in lane miles). The result is vehicles per lane 
mile. This measurement corresponds to density based on space mean speed. The 
HeM-reported density is also based on space mean speed, but because there is 
no variability in the speeds, the space mean speed is equal to the time mean 
speed. Generally, increased speed variability in driver behavior (which 
simulators usually include) results in lower average space mean speed and 
higher density. 

In obtaining density from alternative models, it is important to take into 
account the following: 

• The vehicles included in the density estimation (for example, whether 
only the vehicles that have exited the link are considered); 

• The manner in which auxiliary lanes are considered; 
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• The units used for density, since a simulation package would typically 
provide density in units of vehicles rather than passenger cars; converting 
the simulation outputs to passenger cars with the HeM peE values is 
typically not appropriate, given that the simulation should already 
account for the effects of heavy vehicles on a microscopic basis--with 
heavy vehicles operating at lower speeds and at longer headways--thus 
making any additional adjustments duplicative; 

• The units used in the reporting of density (e.g., whether it is reported per 
lane mile); 

• The homogeneity of the analysis segment, since the HeM does not use the 
segment length as an input (unless it is a specific upgrade or downgrade 
segment, where the length is used to estimate the peE values), and 
conditions are assumed to be homogeneous for the entire segment; and 

• The driver variability assumed in the simulation package, since increased 
driver variability will generally increase the average density. 

Regarding capacity, the HeM provides capacity estimates in passenger cars 
per hour per lane as a function of FFS. To compare the HeM's estimates with 
capacity estimates from a simulation package, the following should be 
considered: 

• The manner in which a simulation package provides the number of 
vehicles exiting a segment; in some cases it may be necessary to provide 
virtual detectors at a specific point on the simulated segment so that the 
maximum throughput can be obtained; 

• The units used to specify maximum throughput, since a simulation 
package would do this in units of vehicles rather than passenger cars; 
converting these to passenger cars by using the HeM peE values is 
typically not appropriate, since differences between automobile and 
heavy-vehicle performance should already be accounted for 
microscopically within a simulation; and 

• The incorporation of other simulation inputs, such as the "minimum 
separation of vehicles," that affect the capacity result. 

conceptual Differences Between HCM and Simulation Modeling That 
Preclude Direct Comparison of Results 

The HeM's methodology is based on the relationship between speed and 
flow for various values of FFS. One fundamental potential difference between 
the HeM and other models is this relationship. For example, the HeM assumes a 
constant speed for a broad range of flows. However, this is not necessarily the 
case for any given simulation package, some of which assume a continuously 
decreasing speed with increasing flow. Furthermore, in some simulation 
packages, that relationship changes when certain parameters are modified. 
Therefore, if performance measures are compatible between the HeM and an 
alternative model for a given set of flows, this will not necessarily be the case for 
all other sets of flows. 
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Applications 

Adjustment of Simulation Parameters to HCM Results 

The most important elements to be adjusted when a basic freeway segment is 
analyzed are the speed-flow relationship or the capacity, or both. The 
speed-flow relationship should be examined as a function of the given FFS. That 
FFS should match the field- or HCM-estimated value. Some tools only accept 
integer values of FFS, whereas the HCM may provide a fractional value as an 
intermediate calculation result. 

Step-by-Step Recommendations for Applying Alternative Tools 

This section provides recommendations specifically for freeway segments 
(general guidance on selecting and applying simulation packages is provided in 
Chapter 6, HCM and Alternative Analysis Tools). To apply an alternative tool to 
the analysis of basic freeway segments, the following steps should be taken: 

1. Determine whether the chosen tool can provide density and capacity for a 
basic freeway segment and the approach used to obtain those values. 
Once the analyst is satisfied that density and capacity can be obtained and 
that values compatible with those of the HCM can also be obtained, 
proceed with the analysis. 

2. Determine the FFS of the study site, either from field data or by 
estimating it according to this chapter's methodology. 

3. Enter all available geometric and traffic characteristics into the simulation 
package and install virhwl detectors along the study segment, if 
necessary, to obtain speeds and flows. 

4. By loading the study network over capacity, obtain the maximum 
throughput and compare it with the HCM estimate. Calibrate the 
simulation package by modifying parameters related to the minimum 
time headway, so that the capacity obtained by the simulator closely 
matches the HCM estimate. Estimate the required number of runs to be 
conducted so that the comparison is statistically valid. 

5. If the analysis requires evaluating various different demand conditions 
for the segment, plot the simulator's speed-flow curve and compare it 
with the HCM relationship. Attempt to calibrate the simulation package 
by modifying parameters related to driver behavior, such as the 
distribution of driver types. It is possible that the simulation cannot be 
calibrated to match the HCM speed-flow relationship. In that case, the 
results should be viewed with caution in terms of their compatibility with 
the HCM methods. 

Sample Calculations Illustrating Alternative Tool Applications 

Chapter 26, in Volume 4 of the HCM, provides two supplemental problems 
that examine situations beyond the scope of this chapter's methodology by using 
a typical microsimulation-based tool. Both problems are based on Example 
Problem 3 (found in the next section of this chapter), which analyzes a six-lane 
freeway segment in a growing urban area. The first supplemental problem 
evaluates the facility when an HOV lane is added, and the second problem 
analyzes operations with an incident within the segment. 
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4. EXAMPLE PROBLEMS 

Example 
Problem 

1 
2 
3 
4 
5 
6 

Description 
Four-lane freeway LOS 
Number of lanes required for target LOS 
Six-lane freeway LOS and capacity 
LOS on upgrades and downgrades 
Design-hour volume and number of lanes 
Service flow rates and service volumes 

Application 
Operational analysis 

Design analysis 
Operational and planning analysis 

Operational analysis 
Planning analysis 
Planning analysis 

EXAMPLE PROBLEM 1: FOUR-LANE FREEWAY LOS 

The Facts 

• Four-lane freeway (two lanes in each direction); 

• Lane width = 11 ft; 

• Right-side lateral clearance = 2 ft; 

• Commuter traffic (regular users); 

• Peak-hour, peak-direction demand volume = 2,000 veh/h; 

• Traffic composition: 5% trucks, 0% RVs; 

• PHF = 0.92; 

• One cloverleaf interchange per mile; and 

• Rolling terrain. 

Comments 

The task is to find the expected LOS for this freeway during the worst 15 min 
of the peak hour. With one cloverleaf interchange per mile, the total ramp 
density will be 4 ramps/mi. 

Step 1: Input Data 

All input data are specified above. 

Step 2: Compute FFS 

The FFS of the freeway is estimated as follows: 

FFS = 75.4 - fLW - fLe - 3.22 TRDo.84 

The adjustment for lane width is selected from Exhibit 11-8 for 11-ft lanes (1.9 
mi/h). The adjustment for right-side lateral clearance is selected from Exhibit 11-9 
for a 2-ft clearance on a freeway with two lanes in one direction (2.4 mi/h). The 
total ramp density is 4 ramps/mi. Then 

FFS = 75.4 -1.9 - 2.4 - 3.22 (4°.84 )= 60.8 mi/h 

Step :3: Select FFS Curve 

As the FFS calculated in Step 2 is greater than or equal to 57.5 and less than 
62.5 mi/h, the 60-mi/h speed-flow curve will be used for this analysis. 
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Example Problems 

Step 4: Adjust Demand Volume 

The demand volume must be adjusted to a flow rate that reflects passenger 
cars per hour per lane under equivalent base conditions by using Equation 11-2: 

V 
V =--------

P PHFxNxfHV xfp 

The demand volume is given as 2,000 veh/h. The PHF is specified to be 0.92, 
and there are two lanes in each direction. The driver population factor is 1.00, 
since regular users (commuters) are also specified. Trucks make up 5% of the 
traffic stream, so a heavy-vehicle adjustment factor must be determined. 

From Exhibit 11-10, the PCE for trucks is 2.5 for rolling terrain. The heavy
vehicle adjustment factor is then computed by using Equation 11-3: 

1 
fHV= ( ) ( ) l+PT E1' -1 +PR ER -1 

1 
~ = =0.930 

HV 1+0.05(2.5-1)+ 0 

Then 

2,000 
V = = 1,169 pc/h/ln 

p 0.92 x 2 x 0.93 x 1.00 

Since this value is less than the base capacity of 2,300 pc/h/ln for a freeway with 
FFS = 60 mi/h, LOS F does not exist, and the analysis continues to Step 5. 

Step 5: Estimate Speed and Density 

The FFS of the basic freeway segment is now estimated along with the 
demand flow rate in passenger cars per hour per lane under equivalent base 
conditions. From Exhibit 11-3, the equation for estimating the speed of the traffic 
stream is selected for a 60-mi/h FFS, with a flow rate less than 1,600 pc/h/ln. This 
is the constant-speed portion of the curve, so S = 60 mi/h. The density of the 
traffic stream may now be computed as 

D vp 1,169 1 /'/1 =-=--=9.5pcml n 
S 60 

Step 6: Determine lOS 

From Exhibit 11-5, a density of 19.5 pc/mi/ln corresponds to LOS C but is 
dose to the boundary for LOS B, which is a maximum of 18 pc/mi/ln. This 
solution could also be calculated graphically by using Exhibit 11-6 as a base 
(Exhibit 11-20). 
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80.---------~----------~--------,_~--------~~--------~ 
I 

75 mi h free-flow 5 eed I 

70~~~----~----~/~--------~ __ ~~~~~"~----------~~ 
I 

500 

Discussion 

1,000 1,500 

Flow Rate (pc/h/ln) 

2,000 2,500 

This basic freeway segment of a four-lane freeway is expected to operate at 
LOS C during the worst 15 min of the peak hour. It is important to note that the 
operation, although at LOS C, is close to the LOS B boundary. In most 
jurisdictions, this operation would be considered to be quite acceptable; 
therefore, no remediation would normally be required. 

EXAMPLE PROBLEM 2: NUMBER OF LANES REQUIRED FOR TARGET LOS 

The Facts 

• Demand volume = 4,000 veh/h (one direction); 

• Level terrain; 

• Traffic composition: 15% trucks, 3% RVs; 

• Provision of 12-ft lanes; 

• Provision of 6-ft right-side lateral clearance; 

• Commuter traffic (regular users); 

• PHF=0.85; 

• Ramp density = 3 ramps/mi; and 

• Target LOS = D. 

Comments 

This is a classic design application of the methodology. The number of lanes 
needed to provide LOS D during the worst 15 min of the peak hour is to be 
determined. 

Step 1: Input Data 

All input data were specified previously. 
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Step 2: Compute FFS 

The FFS is estimated by using Equation 11-1. Because the lane width and 
lateral clearance to be provided on the new freeway will be 12 ft and 6 ft, 
respectively, there are no adjustments for these features. The total ramp density 
is given as 3 ramps/mi. Then 

FFS = 75.4- fLW - j~c -3.22TRDo.84 

FFS = 75.4-0.0 -0.0-3.22(3°.84 )= 67.3 mi/h 

Step 3: Select FFS Curve 

Since the FFS calculated in Step 2 is greater than or equal to 62.5 and less 
than 67.5 mi/h, the 65-mi/h speed-flow curve will be used for this analysis. 

Step 4: Estimate Number of Lanes Needed 

Because this is a design analysis, Step 4 of the operational analysis 
methodology is modified. Equation 11-7 may be used directly to determine the 
number of lanes needed to provide for at least LOS D: 

V N = ---------
MSFi x PHF X fHV x fp 

A value of the maximum service flow rate must be selected from Exhibit 11-
17 for a FFS of 65 mi/h and LOS D. This value is 2,030 pc/h/ln. The PHF is given 
as 0.85. The driver population factor is 1.00, since commuters are involved. A 
heavy-vehicle factor for 15% trucks and 3% RVs must be determined by using 
Exhibit 11-10 for level terrain. The PCEs of trucks and RVs in level terrain are 1.5 
and 1.2, respectively. Then 

1 
ffN 1+P

T
(E

T
-l)+P

R
(E

R
-1) 

1 = 0.925 
1 + 0.15(1.5 -1)+ 0.03(1.2 -1) 

and 

N ____ 4_,_0_00 ____ = 2.51 lanes 
2030 x 0.85 x 0.925 x 1.00 

It is not possible to build 2.51 lanes. To provide a minimum of LOS D, it will 
be necessary to provide three lanes in each direction, or a six-lane freeway. 

At this point, the design application ends. It is possible, however, to consider 
what speed, density, and LOS will prevail when three lanes are actually 
provided. Therefore, the example problem continues with Steps 5 and 6. 

Step 5: Estimate Speed and Density 

In pursuing additional information, the problem now reverts to an 
operational analysis of a three-lane basic freeway segment with a demand 
volume of 4,000 pc/h. 
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c Equation 11-2 is used to compute the actual demand flow rate per lane under 
equivalent base conditions: 

v 
V =--------

P PHFxNxfHV xfp 

4000 
vp = 0.85 x 3 x'0.925 x 1.00 = 1,696 pc/h/ln 

The expected speed of the traffic stream may be estimated either by using 
Exhibit 11-6 (for a graphical solution) or by selecting the appropriate equation 
from Exhibit 11-3--in this case, using FFS = 65 mi/h and a demand flow rate over 
1,400 pc/h/ln. With the latter approach, 

S = 65 - 0.00001418 (vp -1,400)2 

S = 65 - 0.00001418 (1,696 -1,400)2 = 63.8 mi/h 

The density may now be computed: 

V 1696 . 
D = --L = -'- = 26.6 pc/ml/In 

S 63.8 

Step 6: Determine LOS 

Entering Exhibit 11-5 with a density of 26.6 pc/mi/ln, the LOS is D but is very 
close to the boundary of LOS C, which is 26 pc/mi/ln. 

( Discussion 

( 

The resulting LOS is D, which was the target for the design. Although the 
minimum number of lanes needed was 2.51, which would have provided for a 
minimal LOS D, providing three lanes yields a density that is close to the LOS_C 
boundary. In any event, the target LOS of the design will be met by providing a 
six-lane basic freeway segment. 

EXAMPLE PROBLEM 3: SIX-LANE FREEWAY LOS AND CAPACITY 

The Facts 

• Volume of 5,000 veh/h (one direction, existing); 

• Volume of 5,600 veh/h (one direction, in 3 years); 

• Traffic composition: 10% h'ucks, no RVs; 

• Level terrain; 

• Three lanes in each direction; 

• FFS = 70 mi/h (measured); 

• PHF =0.95; 

• Commuter traffic (regular users); and 

• Traffic growth after 3 years = 4% per year. 
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Comments 

This example consists of two operational analyses, one for the present 
demand volume of 5,000 pc/h and one for the demand volume of 5,600 pc/h 
expected in 3 years. In addition, a planning element is introduced: Assuming 
that traffic grows as expected, when will the capacity of the roadway be 
exceeded? This analysis requires that capacity be detennined in addition to the 
normal output of operational analyses. 

Step 1: Input Data 

All input data were given previously. 

Step 2: Compute ffS 

Step 2 is not needed since a measured FFS is given (70 mi/h). 

Step 3: Select FfS Curve 

Step 3 is not needed. The FFS curve for 70 mi/h will be used, based on the 
measured value. 

Step 4: Adjust Demand Volume 

In this case, two demand volumes will be adjusted by using Equation 11-2: 

V 
V =--------

p PHF x N x f HV X fp 

The PHF is given as 0.95, and there are three lanes in each direction. The 
driver population adjustment factor will be 1.00, for regular users. The heavy
vehicle factor must reflect 10% trucks in level terrain. From Exhibit 11-10, the 
peE for trucks in level terrain is 1.5. Equation 11-3 then gives the following: 

1 
fHV = ( ) ( ) 1+P1' E1' -1 +PR ER -1 

i 1 0.952 
HV 1+0.10(1.5-1)+0 

Two values of vp will be computed: one for present conditions and one for 
conditions in 3 years: 

5,000 
vp (present) = 0.95 x 3 x 0.952 x 1.00 = 1,843 pc/h 

5,600 
v p (future) = 0.95 x 3 x 0.952 x 1.00 = 2,064 pc/h 
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step 5: Estimate Speed and Density 

Two values of speed ffil.d density will be estimated, one each for the present 
and future conditions stated. The equations of Exhibit 11-3 will be used to 
estimate speeds. One equation applies to both cases, a 70-mi/h FFS with a flow 
rate over 1,200 pc/hlln: 

S(present) = 70 - 0.00001160(vp -1,200)2 

S(present) = 70 -0.00001160(1,843 -1,200)2 = 65.2 mi/h 

S(future) = 70 - 0.00001160(vp -l200)2 

S(future) = 70 - 0.00001160(2,064 -1,200)2 = 61.3 mi/h 

The corresponding densities may now be estimated as follows: 

D=~ 
S 

D(present) = 1,843 = 28.3 pc/mi/ln 
65.2 

D(future) = 2,064 = 33.7 pc/mi/ln 
61.3 

step 6: Determine LOS 

From Exhibit 11-5, the LOS for the present situation is D, and the LOS for the 
future scenario (in 3 years) is also D, despite the increase in density. 

step 7: When Will Capacity Be Reached? 

Step 7 is an additional step for this problem. To answer the question, the 
capacity of the basic freeway segment must be estimated. From Exhibit 11-17, the 
maximum service flow rate for LOS E on a basic freeway segment with a 70-mi/h 
FFS is 2,400 pc/h/ln. This flow rate is synonymous with capacity. 

The analyst must be sure that the capacity and demand flow rates compared 
in Step 7 are on the same basis. The 2,400 pc/h/ln is a flow rate under equivalent 
base conditions. The demand flow rate in 3 years was estimated to be 2,064 
pc/h/ln on this basis. These two values, therefore, may be compared. As an 
alternative, the capacity could be computed for prevailing conditions: 

SFE = MSFE X N x j HV X jp 

SFE = 2,400 x 3x 0.952 x 1.00 = 6,854 veh/h 

This capacity, however, is stated as a flow rate. The demand volume is stated 
as an hourly volume. Thus, a seroice volume for LOS E is needed: 

SVE = SFE xPHF = 6,854xO.95 = 6,511 veh/h 

The problem may be solved either by comparing the demand volume of 
5,600 veh/h (in 3 years) with the hourly capacity of 6,511 veh/h or by comparing 

( the demand flow rate under equivalent base conditions of 2,064 pc/h/1n with the 
". 
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base capacity of 2,400 pc/h/ln. With the hourly demand volume and hourly 
capacity, 

6,511 = 5,600 (1.04Y' 

n = 3.85 years 

On the basis of the forecasts of traffic growth, the basic freeway segment 
described will reach capacity within 7 years (the demand of 5,600 veh/h occurs 3 
years from the present). 

Discussion 

The LOS on this segment will remain D within 3 years despite the increase in 
density. The demand is expected to exceed capacity within 7 years. Given the 
normal lead times for planning, design, and approvals before the start of 
construction, it is probable that planning and preliminary design for an 
improvement should be started immediately. 

EXAMPLE PROBLEM 4: LOS ON UPGRADES AND DOWNGRADES 

The Facts 

• Demand volume = 2,300 veh/h (one direction); 

• Traffic composition: 15% trucks, no RV s; 

• PHF =0.90; 

• FFS = 70 mi/h upgrade, 75 mi/h downgrade (measured); 

• Unfamiliar drivers (jp = 0.95); and 

• Composite grade: 3,000 ft at 3%, followed by 2,600 ft at 5%. 

Comments 

This is a typical operational analysis. The expected outcome is an assessment 
of the LOS on both the upgrade and the downgrade. However, the problem deals 
with a specific grade and a composite grade. Because there is a segment of the 
grade that is greater than 4% and the total length of the composite grade exceeds 
4,000 ft, the special procedure in Appendix A must be applied. That procedure 
will yield an equivalent constant-percent grade of 3,000 + 2,600 = 5,600 ft (1.06 
mi), which has the same impact on heavy vehicles as the composite grade 
described. 

Composite Grade 

Exhibit 11-21 shows the conversion of the composite grade to a grade of 
constant percent 5,600 ft long. At the end of such a grade, the final speed of 
heavy vehicles is approximately the same as that on the composite grade. 

A vertical line enters the truck performance curves at 3,000 ft extending to 
the +3% grade curve, indicating that the speed of trucks after 3,000 ft of +3% 
grade is approximately 42 mi/h. This is also the speed at which the truck enters 
the +5% grade; it corresponds to the same speed as that of a truck on a +5°/., grade 
after 1,300 ft. The truck travels another 2,600 ft (to 3,900 ft) on the +5% curve, 
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where a final speed of 27 mi/h is reached. The intersection of a horizontal drawn 
at 27 mi/h and a vertical drawn at a total length of grade of 5,600 ft yields the 
equivalent of +5%. In effect, because trucks on this grade are at crawl speed, it 
does not matter how long the grade is: 27 mi/h can be maintained indefinitely. 
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The equivalent grade is 5%, 5,600 ft. This equivalent should be applied to 
both the upgrade and the downgrade, even though it is developed specifically for the 
upgrade. 

Although the truck acceleration curves of Appendix A could be used to 
develop a separate downgrade composite equivalent, it would be very 
misleading. The truck performance curves assume a maximum speed of 60 mi/h. 
On a long, steep downgrade, trucks will achieve much higher speeds. 

It is highly likely that trucks will be forced to use a low gear to apply engine 
braking on the grade described. Thus, peEs for the downgrade will be selected 
from Exhibit 11-13. 

Step 1: Input Data 

All input data were specified previously. 

Step 2: Compute ffS 

FFSs were measured in the field. The upgrade FFS is 70 mi/h; the downgrade 
FFS is 75 mi/h. 

Step 3: Select ffS Curve 

The 70-mi/h curve will be used for the upgrade; the 75-mi/h curve will be 
used for the downgrade. 

Step 4: Adjust Demand Volume 

The demand flow rates in passenger cars per hour per lane for the upgrade 
and downgrade are estimated by using Equation 11-2: 
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v 
v =--------

P PHFxNxfHV xfp 

The PHF is 0.90, there are two lanes on the upgrade and two lanes on the 
downgrade, and ip is specified as 0.95. Heavy-vehicle adjustment factors, 
however, must be determined separately for the upgrade and the downgrade. 

The PCE for trucks (ET) on the upgrade is selected from Exhibit 11-11 for a 
grade of 5%, >1.00 milong, with 15% trucks: 3.0. The PCE for the trucks on the 
downgrade is selected from Exhibit 11-13 for a grade of 4% to 5%, s4 mi long: 1.5. 

The heavy-vehicle adjustment factors, iFN' are computed by using Equation 
11-3: 

1 f HV = ----;----;----,----,-
1+ Py (Ey -1)+ PR (ER -1) 

f (upgrade) = 1 0.769 
HV 1+0.15(3-1)+0 

1 
fHV (downgrade) = ( ) = 0.930 

1+0.15 1.5-1 +0 

Then 

( ) 
2,300 

v l' upgrade = -0-.9-0-x-2-x-0-.-76-9-x-0-.-9-5 1,749 pc/h/ln 

( ) 
2,300 

v p downgrade = = 1,446 pc/h/ln 
0.90x2xO.930xO.95 . 

Since neither of these values exceeds the base capacity of a freeway with FFS 
= 75 mi/h (downgrade) or FFS = 70 mi/h (upgrade), LOS F does not exist, and the 
analysis continues to Step 5. 

Step 5: Estimate Speed and Density 

With the FFS and the demand flow rate determined for both the upgrade and 
the downgrade, the expected speed and density on each may now be estimated. 
Speed is estimated by using the equations of Exhibit 11-3. 

For the upgrade, the FFS is 70 mi/h, and the demand flow rate is greater than 
1,200 pc/h/ln. Then 

S = 70 - 0.00001160 (v p -1,200 f 
S = 70 -0.00001160 (1,749 -1,200)2 = 66.5mi/h 

For the downgrade, the FFS is 75 mi/h, and the demand flow rate is greater 
than 1,000 pc/h/ln. Then 

S = 75- 0.00001107(Vp -1,000 f 
S=75-0.00001107(1,446-1,OOO? =72.8 mi/h 
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( 
Densities may now be estimated from the demand flow rates and estimated 

speeds: 

D=~ 
S 

D(upgrade) = 1,749 = 26.3 pc/mi/ln 
66.5 

D(downgrade) = 1A46 = 19.9 pc/mi/ln 
72.8 

Step 6: Determine LOS 

As shown in Exhibit 11-5, the upgrade LOS is D; the downgrade LOS is C. 
Both levels, however, are dose to the boundaries for better operations--the 
upgrade is close to the boundary for LOS C (D = 26 pc/mi/ln) and the downgrade 
is close to the boundary for LOS B (D = 18 pc/rni/ln). 

Discussion 

Both the upgrade and the downgrade are operating at what would generally 
be called acceptable levels. If traffic grows over time, the addition of a truck 
climbing lane on the upgrade might be considered. 

EXAMPLE PROBLEM 5: DESIGN-HOUR VOLUME AND NUMBER OF LANES 

(' The Facts 

• Demand volume = 75,000 veh/day, 

• Proportion of AADT in the peak hour: 0.09, 

• Directional distribution: 55/45, 

• Rolling terrain, and 

• Target LOS = D. 

Comments 

In this planning and preliminary engineering application, several input 
variables are not specified, so default values will have to be used. With 
knowledge of local conditions and freeway design standards, the following 
default values will be used in the solution: FFS = 65 mi/h; 5% trucks, no RVs; PHF 
= 0.95; and/p = 1.00. 

Determining Opening-Day Directional Design-Hour Volume 

Because the demand volume is given as an AADT, it must be converted to a 
directional design-hour volume (DDHV) by using Equation 11-8: 

V = DDHV = AADTxKxD 

V = DDHV = 75,000 x 0.09 x 0.55 = 3,713 veh/h 

Step 1: Input Data 

All input data were specified. 
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Step 2: Compute FFS 

A default value of 65 mi/h will be used in this problem. 

Step 3: Select FFS Curve 

The 65-mi/h speed-flow curve will be used in this problem. 

Step 4: Determine Number of lanes Required 

After estimating the demand volume on an hourly basis, the remainder of 
this solution follows the design application. The number of lanes needed is 
estimated by using Equation 11-7: 

V 
N=--------

MSFj x PHF x f HYx fp 

The maximum service flow rate is selected from Exhibit 11-17 for LOS D on a 
65-mi/h basic freeway segment: 2,030 pc/h/ln. The PHF is a default value: 0.95. 
The driver population factor is also a default value: 1.00. The freeway is in rolling 
terrain and is expected to have 5% trucks (another default value). From Equation 
11-10, for rolling terrain, EI = 2.5. Then 

1 
fHY = 1+0.05(2.5-1)+0 

0.930 

N = 3,713 =-= 2.07 lanes 
2,030 x 0.95 x 0.93 x 1.00 

Because fractional lanes cannot be built, three lanes will have to be provided 
in each direction to ensure that LOS D is provided during the worst 15 min of the 
peak hour. Therefore, the resulting LOS may be better than the design target. 

Step 5: Estimate Speed and Density 

In order to determine the likely LOS resulting from a six-lane freeway, the 
speed and density should be estimated. Equation 11-2 is used to determine the 
actual demand flow rate for three lanes: 

v 
V=--------

P PHFxNxfHV xfp 

3,713 = 1,401 pc/h/ln 
0.95 x 3 x 0.93 x 1.00 

From Exhibit 11-3, for a 65-mi/h basic freeway segment with more than 1,400 
pc/h/ln, the expected speed is 

5 = 65 - 0.00001418 (v
p 

-1,400)2 

5 = 65-0.00001418 (1,401-1,400Y = 65.0 mi/h 

Page 11-40 Chapter lljBasic Freeway Segments 
December 2010 

AR0073546 



( 

( 

Highway Capacity Manual 2010 

and the density is 

D Vp 1,401 216 / '/1 =-=--= . pc illl n 
S 65.0 

Step 6: Determine LOS 

As shown in Exhibit 11-5, the expected LOS is C. 

Discussion 

This problem illustrates an interestiI1.g point: given the parameters of this 
example problem, the target LOS of D cannot be achieved on openillg day. If a 
four-lane freeway (two lanes in each direction) is built, LOS E will result. If a six
lane freeway (three lanes ill each direction) is built, LOS C will result. 

EXAMPLE PROBLEM 6: SERVICE fLOW RATES AND SERVICE VOLUMES 

The facts 

• Eight-lane freeway; 

• FFS == 70 mi/h (measured); 

• Traffic composition: 8% trucks, 1% RVs; 

• Rolling terrain; 

• PHF == 0.87; 

• Driver population factor h == 1.00; 

• Proportion of AADT ill peak hour (K-factor): 0.08; and 

• Directional distribution (D-factor): 60/40. 

Comments 

In this problem, the service flow rate, service volume, and daily service 
volume for each LOS will be computed. These values could then be compared 
with any existing or forecast demand volumes to determille the LOS. 

Step 1: Input Data 

All illput data were specified. 

Step 2: Compute ffS 

The FFS has been field-measured as 70 mi/h. 

Step 3: Select ffS Curve 

The curve for FFS = 70 mi/h will be used. 

Step 4: Compute Service flow Rates, SF 
For a 70-mi/h basic freeway segment, maximum service flow rates, MSF, can 

be selected from Exhibit 11-17. These are the maximum service flow rates that 
can be sustained while a given LOS is mailltained. They are stated as flow rates 
in passenger cars per hour per lane for equivalent base conditions. The values are 
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Example Problems 

• MSF A = 770 pc/h/ln, 

• MSFn = 1,250 pc/h/ln, 

• MSFc = 1,690 pc/h/ln, 

• MSF D = 2,080 pc/h/ln, and 

• MSFE = 2,400 pc/h/ln. 

Service flow rates, SF, are estimated by using Equation 11-9: 

SF; = MSFi xNxfHV xfp 

where the maximum service flow rates are as cited, N = 4 lanes in each direction, 
and the driver population factor jp is 1.00. The heavy-vehicle adjustment factor 
must be determined for 8% trucks and 1% RV s in rolling terrain. From Exhibit 
11-10, for rolling terrain, Er = 2.5 and ER = 2.0. Then 

1 f = =0.885 
HV 1+ 0.08(2.5 -1)+ 0.01(2.0 -1) 

Service flow rates may now be computed: 

SFA = 770 x 4 x 0.885 x 1.00 = 2,726 veh/h 

SFB = 1,250 x 4 x 0.885 x 1.00 = 4,425 veh/h 

SFc = 1,690 x 4 x 0.885 x 1.00 = 5,983 veh/h 

SF D = 2,080 x 4 x 0.885 x 1.00 = 7,363 veh/h 

SFE = 2,400 x 4 x 0.885 x 1.00 = 8,496 veh/h 

Service flow rates are the maximum rates of flow that may exist in the worst 15-
min period of the peak hour while the stated LOS is maintained. 

Step 5: Compute Service Volumes, SV 

Equation 11-10 is used to convert service flow rates to service volumes. The 
conversion multiplies the service flow rates by the PHF to produce maximum 
hourly volumes that can be accommodated while the given LOS is maintained 
during the worst 15 min of the hour. 

SVj = SF; x PHF 

SV A = 2,726 x 0.87 = 2,372 veh/h 

SVB = 4,425 x 0.87 = 3,850 veh/h 

SVc = 5,983 x 0.87 = 5,205 veh/h 

SV D = 7,363 x 0.87 = 6,406 veh/h 

SVE = 8,496xO.87 = 7,392 veh/h 
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Step 6: Compute Daily Service Volumes, DSV 

( Equation 11-11 is used to convert service volumes to daily service volumes. 

( 

( 

Daily service volumes are the maximum AADTs that can be accommodated 
while the given LOS is maintained during the worst 15 min of the peak hour in 
the peak direction of flow. 

Discussion 

DSV. = SVj 

1 KxD 

DSV A = 2,372 49,417 veh/day 
0.08xO.60 

3,850 
DSVB = = 80,208 veh/day 

0.08xO.60 

DSVc = 5,205 108,438 veh/day 
0.08xO.60 

DSV
D 

= 6,406 = 133,458 veh/day 
0.08xO.60 

7,392 
DSVE = = 154,000 veh/day 

0.08xO.60 

These results can be conveniently shown in the form of a table, as illustrated 
in Exhibit 11-22. Given the approximate nature of these computations and the 
default values used, it is appropriate to round the DSV values to the nearest 100 
veh/day, and SF and SV values to the nearest 10 veh/h. 

lOS SF(veh/h) SV(veh/h) DSV(veh/day) 
A 2,730 2,370 49,400 
B 4,430 3,850 80,200 
C 5,980 5,210 108,400 
D 7,360 6,410 133,500 
E 8,500 7,390 154,000 

Exhibit 11-22, of course, applies only to the basic freeway segment as 
described. Should any of the prevailing conditions change, the values in the 
exhibit would also change. However, for a given segment, forecast demand 
volumes, whether given as flow rates, hourly volumes, or AADTs, could be 
compared with the criteria in Exhibit 11-22 to determine the likely LOS 
immediately. For example, if the 10-year forecast AADT for this segment is 
125,000 vehlday, the expected LOS would be D. 
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Many of these references can 
be found in the Technical 
Reference Library in Volume 4. 

References 

5. REfERENCES 

1. Schoen, J. A., A. May, W. Reilly, and T. Urbanik. Speed-Flow Relationships for 
Basic Freeway Sections. Final Report, NCHRP Project 3-45. JHK & Associates, 
Tucson, Ariz., May 1995. 

2. Roess, R. Re-Calibration of the 75-milh Speed-Flow Curve and the FFS Prediction 
Algorithm for HCM 2010. Research Memorandum, NCHRP Project 3-92. 
Polytechnic Institute of New York University, Brooklyn, N.Y., Jan. 2009. 

3. Reilly, W., D. Harwood, J. Schoen, and M. Holling. Capacity and LOS 
Procedures for Rural and Urban Multilane Highways. Final Report, NCHRP 
Project 3-33. JHK & Associates, Tucson, Ariz., May 1990. 

4. Basic Freeway Sections. In Special Report 209: Highway Capacity Manual, 
Chapter 3, Transportation Research Board, National Research Council, 
Washington, D.C., 1994. 

5. Urbanik, T., II, W. Hinshaw, and K. Bames. Evaluation of High-Volume 
Urban Texas Freeways. In Transportation Research Record 1320, Transportation 
Research Board, National Research Council, Washington, D.C., 1991, pp. 
110-11S. 

6. Banks, J. H. Flow Processes at a Freeway Bottleneck. In Transportation 
Research Record 1287, Transportation Research Board, National Research 
Council,Washington, D.C., 1990, pp. 20-2S. 

7. Hall, F. L., and L. M. Hall. Capacity and Speed-Flow Analysis of the Queen 
Elizabeth Way in Ontario. In Transportation Research Record 1287, 
Transportation Research Board, National Research Council, Washington, 
D.C., 1990, pp. 10S-11S. 

S. Hall, F. L., and K. Agyemang-Duah. Freeway Capacity Drop and the 
Definition of Capacity. In Transportation Research Record 1320, Transportation 
Research Board, National Research Council, Washington, D.C., 1991, pp. 91-
9S. 

9. Chin, H. c., and A. D. May. Examination of the Speed-Flow Relationship at 
the Caldecott Tunnel. In Transportation Research Record 1320, Transportation 
Research Board, National Research Council, Washington, D.C., 1991, pp. 75-
S2. 

10. Banks, J. H. Evaluation of the Two-Capacity Phenomenon as a Basis for Ramp 
Metering. Final Report. San Diego State University, San Diego, Calif., 1991. 

11. Robertson, H. D. (ed.). Manual of Traffic Engineering Studies. Institute of 
Transportation Engineers, Washington, D.C., 2000. 

12. Webster, N., and L. Elefteriadou. A Simulation Study of Truck Passenger Car 
Equivalents (PCE) on Basic Freeway Segments. Transportation Research, Vol. 
33B, No.5, 1999, pp. 323-336. 

13. Zegeer, J. D., M. A. Vandehey, M. Blogg, K. Nguyen, and M. Ereti. NCHRP 
Report 599: Default Values for Highway Capacity and Level of Service Analyses. 
Transportation Research Board of the National Academies, Washington, 
D.C./ 200S. 

Page 11-44 Chapter l1/Basic Freeway Segments 
December 2010 

AR0073550 



( 

( 

Highway Capacity Manual2010 

APPENDIX A: COMPOSITE GRADES 

In a basic freeway segment analysis, an overall average grade can be 
substituted for a series of grades if no single portion of the grade is steeper than 
4% or the total length of the grade is less than 4,000 ft. For grades outside these 
limits (i.e., a portion of the grade is greater than 4% and the total length of the 
grade is greater than or equal to 4,000 ft), the composite grade procedure 
presented in this appendix is recommended. The composite grade procedure is 
used to determine an equivalent grade that will result in the same final speed of 
trucks as would the series of grades making up the composite. 

The acceleration and deceleration curves presented here are for vehicles with 
an average weight-to-horsepower ratio of 200 lb/hp, heavier than typical trucks 
found on freeways, which range between 125 lb/hp and 150 lb/hp. This is done in 
recognition of the fact that heavier trucks will have more of an impact on the 
traffic stream than lighter trucks. 

Exhibit ll-Al shows typical acceleration (dashed lines) and deceleration (solid 
lines) performance for a truck with a ratio of 200 Ib/hp. The curves are 
conservative in that they assume a maximum truck speed of 55 mi/h for trucks 
entering a grade and 60 mi/h for trucks accelerating on a grade. 

60 ----

1% 

50 --------------------

2% 

....... 40 

.c 
----------------------

3% -'E 
30 ..... 

'tI 

4% 

5% 
III 
III 6% 
CI. 
III 20 7% 

8% 

10 

0 -f----,-----.-----,-----.----,-----.---r------r---.---i 
0 2 3 4 5 6 7 8 9 10 

length (thousands of feet) 

EXAMPLE PROBLEM 

An example is provided to illustrate the process involved in detennining an 
equivalent grade for a composite grade on a freeway. The example has two 
segments, but the procedure is valid for any number of segments. The composite 
grade is 

• Upgrade of 2% for 5,000 ft, followed by 

• Upgrade of 6% for 5,000 ft. 

This grade should not be analyzed with an average grade approach, because 

The composite grade procedure 
should be used for a series of grades 
that are 24,000 ft in length and that 
have a portion of the grade steeper 
than 4%. 

The procedure finds the equivalent 
single grade that results in the same 
final truck speed as the series of 
grades would. 

Exhibit 11-Ai 
Performance Curves for 200-lbjhp 
Truck 

( one portion of the grade is steeper than 4% and the total length of the grade is in 
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Exhibit ll-A2 
Solution Using Composite 

Grade Procedure 

The flat portions of the 
upgrade curves indicate the 
truck crawl speed for that 
grade. 

excess of 4,000 ft. As a comparison, application of the average grade approach in 
this case would yield the following: 

• Total rise along composite: (5,000 x 0.02) + (5,000 x 0.06) = 400 ft. 

• Average grade: 400/10,000 = 0.04, or 4%. 

With the average grade approach, the composite would be analyzed as if it 
were a single upgrade of 4%, 10,000 ft (1.89 mi) long. 

Exhibit ll-A2 illustrates the recommended solution. 

1% 

2% 

------~--------------------------3% 

4% 

5% 

® 6% 8 

7% 
8% 

-+-----'-''''T------.-----.-----.-----+----1Sf-----,,--------T--~ 
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length (thousands of feet) 

A vertical line is drawn at 5,000 ft to the intersection with the curve for the 
+2% grade (Point 1). A horizontal line is drawn from the intersection point to the 
y-axis (Point 2). This procedure indicates that after 5,000 ft of +2% upgrade, 
trucks will be operating at a speed of approximately 46 mi/h. 

This speed is also the speed at which trucks enter the +6% segment of the 
composite grade. The intersection of the 46-mi/h horizontal line with the curve 
for the +6% grade (Point 3) is found. A vertical line is dropped from this point to 
the x-axis (Point 4). This procedure indicates that trucks enter the +6% segment of 
the composite as if they had already been on the +6% grade for approximately 
800 ft. Trucks will travel another 5,000 ft along the +6% grade, starting from Point 
4. A vertical line is drawn at a distance of 800 + 5,000 = 5,800 ft (Point 5) to the 
intersection with the curve for the +6% grade (Point 6). A horizontal line drawn 
from this point to the y-axis (Point 7) indicates that the speed of trucks at the end 
of the two-segment composite grade will be approximately 23 mi/h. 

The solution point is found as the intersection of a vertical line drawn at 
10,000 ft (the total length of the composite grade) and a horizontal line drawn at 
23 mi/h. The solution is read as the percent grade on which the solution point lies 
(Point 8). In this case, the point lies exactly on the curve for the 6% grade. 
Interpolations between curves are permissible. 

In this case, the grade that is equivalent to the composite grade is a single 
grade of 6%, 10,000 ft (1.89 mi) long. This grade is 2% higher than the 4% average 
grade. The appropriate equivalent grade is the same percentage as the second 
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segment of the composite grade because trucks have already reached crawl 
speed. Once trucks hit crawl speed, it does not matter how far from the 
beginning of the grade they are; their speed will remain constant. 

PROCEDURAL STEPS 

The general steps taken in solving for a composite-grade equivalent are 
summarized as follows: 

1. Enter Exhibit ll-A1 with the length of the first segment of the composite 
grade. 

2. Find the truck speed at the end of the first segment of the grade. 

3. Find the length along the second segment of the grade that results in the 
same speed as that found in Step 2. 

4. Add the length of the Segment 2 grade to the length determined in Step 3. 

5. Repeat Steps 2 through 4 for each subsequent grade segment. 

6. Find the intersection of a vertical line drawn at the total length of the 
composite grade and a horizontal line drawn at the final speed of trucks 
at the end of the composite grade. 

7. Determine the percent of grade for the solution point of Step 6. 

DISCUSSION 

In the analysis of composite grades, the point of interest is not always at the 
end of the grade. It is important to identify the point at which the speed of trucks 
is the lowest because this is where trucks will have the maximum impact on 
operating conditions. This point may be an intermediate point. If a +3% grade of 
1,000 ft is followed by a +4% grade of 2,000 ft, then by a +2% grade of 1,500 ft, the 
speed of trucks will be slowest at the end of the +4% grade segment. Thus, a 
composite grade solution would be sought for the first two segments of the 
grade, with a total grade length of 1,000 + 2,000 = 3,000 ft. 

The composite grade procedure is not applicable in all cases, especially if the 
first segment is a downgrade and the segment length is long or if the segments 
are too short. In the use of performance curves, cases that cannot be solved with 
this procedure will become apparent to the analyst because the line will not 
intersect or the points will fall outside the limits of the curves. In such cases, field 
measurements of speeds should be used as inputs to the selection of appropriate 
truck equivalency values. 

Chapter l1/Basic Freeway Segments 
December 2010 

Page 11-47 Appendix A: Composite Grades 

AR0073553 



AR0073554 



( 

( 

( 

Highway Capacity Manual 2010 

CHAPTER 12 
FREEWAY WEAVING SEGMENTS 

CONTENTS 

1. INTRODUCTION .................................................................................................. 12-1 

2. WEAVING SEGMENT CHARACTERISTICS ................................................. 12-2 

Overview ............................................................................................................. 12-2 

Length of a Weaving Segment .......................................................................... 12-2 

Width of a Weaving Segment ........................................................................... 12-3 

Configuration of a Weaving Segment.. ............................................................ 12-4 

3. METHODOLOGY ................................................................................................. 12-9 

Limitations of the Methodology ....................................................................... 12-9 

Overview of the Methodology .......................................................................... 12-9 

Parameters Describing a Weaving Segment ................................................. 12-10 

Computational Procedures ............................................................................. 12-12 

Special Cases ..................................................................................................... 12-23 

4. APPLICATIONS .................................................................................................. 12-25 

Default Values ................................................................................................... 12-25 

Types of Analysis ............................................................................................. 12-25 

Use of Alternative Tools .................................................................................. 12-27 

5. EXAMPLE PROBLEMS ....................................................................................... 12-31 

Example Problem 1: LOS of a Major Weaving Segment ............................. 12-31 

Example Problem 2: LOS of a Ramp-Weaving Segment... .......................... 12-36 

Example Problem 3: LOS of a Two-Sided Weaving Segment .................... 12-40 

Example Problem 4: Design of a Major Weaving Segment for a Desired 
LOS .............................................................................................................. 12-44 

Example Problem 5: Constructing a Service Volume Table for a 
Weaving Segment ...................................................................................... 12-50 

6. REFERENCES ....................................................................................................... 12-55 

Chapter 12/Freeway Weaving Segments 
December 2010 

Page 12-i Contents 

AR0073555 



Highway Capacity Manual 2010 

Contents 

LIST Of EXHIBITS 

Exhibit 12-1 Formation of a Weaving Segment... ................................................... 12-2 

Exhibit 12-2 Measuring the Length of a Weaving Segment.. ............................... 12-2 

Exhibit 12-3 One-Sided Weaving Segments Illustrated ........................................ 12-4 

Exhibit 12-4 Two-Sided Weaving Segments ll1ustrated ....................................... 12-5 

Exhibit 12-5 Configuration Parameters Illustrated ............................................... 12-6 

Exhibit 12-6 Weaving Methodology Flowchart ................................................... 12-10 

Exhibit 12-7 Weaving Variables for One-Sided Weaving Segments ................. 12-11 

Exhibit 12-8 Weaving Variables for a Two-Sided Weaving Segment... ............ 12-12 

Exhibit 12-9 Variation of Weaving Length Versus Volume Ratio and 
Number of Weaving Lanes (ft) ....................................................................... 12-16 

Exhibit 12-10 LOS for Weaving Segments ............................................................ 12-23 

Exhibit 12-11 List of Example Problems ............................................................... 12-31 

Exhibit 12-12 Major Weaving Segment for Example Problem 1.. ...................... 12-31 

Exhibit 12-13 Determination of Configuration Variables for Example 
Problem 1 ........................................................................................................... 12-33 

Exhibit 12-14 Ramp-Weave Segment for Example Problem 2 ........................... 12-36 

Exhibit 12-15 Configuration Characteristics for Example Problem 2 ............... 12-37 

Exhibit 12-16 Weaving Segment for Example Problem 3 ................................... 12-40 

Exhibit 12-17 Configuration Characteristics for Example Problem 3 ............... 12-42 

Exhibit 12-18 Weaving Segment for Example Problem 4 ................................... 12-45 

Exhibit 12-19 Trial Design 1 for Example Problem 4 .......................................... 12-46 

Exhibit 12-20 Trial Design 2 for Example Problem 4 .......................................... 12-48 

Exhibit 12-21 Service Flow Rates Under Ideal Conditions (SF!) for Example 
Problem 5 (pc/h) ................................................................................................ 12-53 

Exhibit 12-22 Service Flow l~ates Under Prevailing Conditions (SF) for 

Example Problem 5 (veh/h) ............................................................................. 12-53 

Exhibit 12-23 Service Volumes Under Prevailing Conditions (SV) for 

Example Problem 5 (veh/h) ............................................................................. 12-54 

Exhibit 12-24 Daily Service Volumes Under Prevailing Conditions (DSV) 

for Example Problem 5 (veh/day) ................................................................... 12-54 

Page 12-ii Chapter 12/Freeway Weaving Segments 
December 2010 

AR0073556 



( 

( 

( 

Highway Capacity Manual 2010 

1. INTRODUCTION 

Weaving is generally defined as the crossing of two or more traffic streams 
traveling in the same direction along a significant length of highway without the 
aid of traffic control devices (except for guide signs). Thus, weaving segments are 
formed when merge segments are closely followed by diverge segments. 
"Closely" implies that there is not sufficient distance between the merge and 
diverge segments for them to operate independently. 

Three geometric characteristics affect a weaving segment's operating 
characteristic,,: length, width, and configuration. All have an impact on the 
critical lane-changing activity, which is the unique operating feature of a 
weaving segment. Chapter 12, Freeway Weaving Segments, provides a 
methodology for analyzing the operation of weaving segments based on these 
characteristics as well as a segment's free-flow speed (FFS) and the demand flow 
rates for each movement within a weaving segment (e.g., ramp to freeway or 
ramp to ramp). This chapter describes how the methodology can be applied to 
planning, operations, and design applications and provides examples of these 
applications. 
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Exhibit 12-1 
Formation of a Weaving 

Segment 

Traffic in a weaving segment 
experiences more lane
changing turbulence than is 
normally present on basic 
freeway segments. 

A weaving segments 
geometry affects its operating 
characteristics. 

Exhibit 12-2 
Measuring the Length of a 

Weaving Segment 

2. WEAVING SEGMENT CHARACTERISTICS 

OVERVIEW 

Exhibit 12-1 illustrates a freeway weaving segment. On entry and exit 
roadways, or legs, vehicles traveling from Leg A to Leg D must cross the path of 
vehicles traveling from Leg B to Leg C. Flows A-D and B-C are, therefore, 
referred to as weaving movements. Flows A-C and B-D may also exist, but as they 
are not required to cross the path of any other flow, they are referred to as 
nonweaving movements. 

A 

;iii---
B 

Weaving segments require intense lane-changing maneuvers as drivers must 
access lanes appropriate to their desired exit leg. Therefore, traffic in a weaving 
segment is subject to lane-changing turbulence in excess of that normally present 
on basic freeway segments. This additional turbulence presents operational 
problems and design requirements, which are addressed by this chapter's 
methodology. 

Three geometric characteristics affect a weaving segment's operating 
characteristics: 

• Length, 

• Width, and 

• Configuration. 

Length is the distance between the merge and diverge that form the weaving 
segment. Width refers to the number of lanes within the weaving segment. 
Configuration is defined by the way entry and exit lanes are aligned. All have an 
impact on the critical lane-changing activity, which is the unique operating 
feature of a weaving segment. 

LENGTH OF A WEAVING SEGMENT 

The two measures of weaving segment length that are relevant to this 
chapter's methodology are illustrated in Exhibit 12-2. 
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The lengths illustrated are defined as follows: 

Ls short length, the distance in feet between the end points of any barrier 
markings (solid white lines) that prohibit or discourage lane changing. 

LB base length, the distance in feet between points in the respective gore 
areas where the left edge of the ramp-traveled way and the right edge 
of the freeway-traveled way meet. 

Neither of these definitions is the same as those used in previous editions of 
the Highway CapacihJ Manual (HCM). The definitions used throughout the 
HCM2000 were historically tied to the specifics of the design of loop ramps in a 
cloverleaf interchange at a time when most weaving segments were part of such 
interchanges. Modern weaving segments occur in a wide range of situations and 
designs, and a more general definition of length is appropriate. 

This methodology includes several equations that include the length of the 
weaving segment. In all cases, these equations use the short length Ls. This is not 
to suggest that lane changing in a weaving segment is restricted to this length. 
Some lane changing takes place over solid white lines and even painted gore 
areas. Nevertheless, research has shown that the short length is a better predictor 
of operating characteristics within the weaving segment than either the base 
length or the length as defined in HCM2000 and previous editions. 

For weaving segments in which no solid white lines are used, the two 
lengths illustrated in Exhibit 12-2 are the same, that is, Ls = LB' In dealing with 
future designs in which the details of markings are unknown, a default value 
should be based on the general marking policy of the operating agency. At the 
time this methodology was developed, where solid white lines were provided, Ls 
was equal to 0.77 x L8 on average for the available data. 

The estimated speeds and densities, however, apply over the base length LB' 
Some evidence also indicates that these speeds and densities may apply to the 
500 £t of freeway upstream of the merge and downstream of the diverge because 
of pre segregation of movements in each case. 

The weaving segment length strongly influences lane-changing intensity. For 
any given demand situation, longer segments allow weaving motorists more 
time and space to execute their lane changes. This reduces the density of lane 
changing and, therefore, turbulence. Lengthening a weaving segment both 
increases its capacity and improves its operation (assuming a constant demand). 

WIDTH OF A WEAVING SEGMENT 

The width of a weaving segment is measured as the number of continuous 
lanes within the segment, that is, the number of continuous lanes between the 
entry and exit gore areas. Acceleration or deceleration lanes that extend partially 
into the weaving segment are not included in this count. 

While additional lanes provide more space for both weaving and 
nonweaving vehicles, they encourage additional optional lane-changing activity. 
Thus, while reducing overall densities, additional lanes can increase lane
changing activity and intensity. In most cases, however, the number of lanes in 

The weaving segment length used in 
the methodology is defined by the 
distance between barrier markings. 
Where no markings exist the length 
is defined by the distance between 
where the left edge of the ramp
traveled way and the right edge of 
the freeway-traveled way meet 

Under constant demand conditions, 
making a weaving segment longer 
increases its capacity and improves 
its operation. 

The number of continuous lanes 
between gore areas within a weaving 
segment defines its width. 
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One-sided weaving segments 
require no more than two lane 
changes to complete a 
weaving maneuver. 

Two-sided weaving segments 
require three or more lane 
changes to complete a 
weaving maneuver or have a 
single-lane on-ramp closely 
followed by a single-lane off
ramp on the opposite side of 
the freeway. 

Exhibit 12-3 
One-Sided Weaving 

Segments Illustrated 

the weaving segment is controlled by the number of lanes on the entry and exit 
legs and the intended configuration. 

CONFIGURATION OF A WEAVING SEGMENT 

Configuration of a weaving segment refers to the way that entry and exit 
lanes are linked. The configuration determines how many lane changes a 
weaving driver must make to complete the weaving maneuver successfully. The 
following sections use a great deal of terminology to describe configurations; this 
terminology should be clearly understood. 

One-Sided and Two-Sided Weaving Segments 

Most weaving segments are one-sided. In general, this means that the ramps 
defining the entry to and exit from the weaving segment are on the same side of 
the freeway-either both on the right (most common) or both on the left. The 
methodology of this chapter was developed for one-sided weaving segments; 
however, guidelines are given for applying the methodology to two-sided 
weaving segments. 

One- and two-sided weaving segments are defined as follows: 

• A one-sided weaving segment is one in which no weaving maneuvers 
require more than two lane changes to be completed successfully. 

• A two-sided weaving segment is one in which at least one weaving 
maneuver requires three or more lane changes to be completed 
successfully or in which a single-lane on-ramp is closely followed by a 
single-lane off-ramp on the opposite side of the freeway. 

Exhibit 12-3 illustrates two examples of one-sided weaving segments. 

-----------------------------------------

Ca) One-Sided Ramp Weave (b) One-Sided Major Weave 

Exhibit 12-3(a) shows a typical one-sided weaving segment formed by a one
lane, right-side on-ramp followed closely by a one-lane, right-side off-ramp. The 
two are connected by a continuous freeway auxiliary lane. Every weaving 
vehicle must make one lane change as illustrated, and the lane-changing 
turbulence caused is clearly focused on the right side of the freeway. Exhibit 12-
3(b) shows another one-sided weaving segment in which the off-ramp has two 
lanes. One weaving movement (ramp to freeway) requires one lane change. The 
other (freeway to ramp) can be made without making a lane change. Again, lane
changing turbulence is focused on the right side of the freeway. 
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Exhibit 12-4 contains two examples of two-sided weaving segments. 

(a) Two-Sided Weaving Section 
with Single-Lane Ramps 

(b) Two-Sided Weaving Section 
with Three Lane Changes 

Exhibit 12-4(a) is the most common form of a two-sided weave. A one-lane, 
right-side on-ramp is closely followed by a one-lane, left-side off-ramp (or vice 
versa). Although the ramp-to-ramp weaving movement requires only two lane 
changes, this movement is still classified as a two-sided weave because the 
geometry of the through movement on the freeway technically qualifies as a 
weaving flow. 

Exhibit 12-4(b) is a less typical case in which one of the ramps has multiple 
lanes. Because the ramp-to-ramp weaving movement must exel."Ute three lane 
changes, it is also classified as a two-sided weaving segment. 

Ramp-Weave Versus Major Weave Segments 

Exhibit 12-3 can also be used to illustrate the difference between a ramp
weaving segment and a major weaving segment. Exhibit 12-3(a) shows a typical 
ramp-weaving segment, formed by a one-lane on-ramp closely followed by a 
one-lane off-ramp, connected by a continuous freeway auxiliary lane. The unique 
feature of the ramp-weave configuration is that all weaving drivers must execute 
a lane change across the lane line separating the freeway auxiliary lane from the 
right lane of the freeway mainline. 

It is important to note that the case of a one-lane on-ramp closely followed by 
a one-lane off-ramp (on the same side of the freeway), but not connected by a 
continuous freeway auxiliary lane, is not considered to be a weaving 
configuration. Such cases are treated as isolated merge and diverge segments by 
using the methodology described in Chapter 13. The distance between the on
ramp and the off-ramp is not a factor in this determination. 

Exhibit 12-3(b) shows a typical major weaving segment. A major weaving 
segment is formed when three or more entry or exit legs have multiple lanes. 

Numerical Measures of Configuration 

Three numerical descriptors of a weaving segment characterize its 
configuration: 

LCRF = minimum number of lane changes that a ramp-to-freeway weaving 
vehicle must make to complete the ramp-to-freeway movement 
successfully. 

minimum number of lane changes that a freeway-to-ramp weaving 
vehicle must make to complete the freeway-to-ramp movement 
successfully. 

Exhibit 12-4 
Two-Sided Weaving 
Segments Illustrated 

One-sided configurations without a 
continuous auxiliary lane connecting 
an on-ramp to a closely following off
ramp are treated as isolated ramp 
junctions (Chapter 13) and not as 
weaving segments. 

''Minimum number of lane changes" 
assumes vehicles pOsition themselves 
when entering and exiting to make 
the least number of lane changes 
possible. 
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Exhibit 12-5 
Configuration Parameters 

Illustrated 

Lane balance within a weaving 
segment provides operational 
flexibility. 

NWL = number of lanes from which a weaving maneuver may be completed 
with one lane change or no lane changes. 

These definitions apply directly to one-sided weaving segments in which the 
ramp-to-freeway and freeway-to-ramp movements are the weaving movements. 
Different definitions apply to two-sided weaving segments. Exhibit 12-5 
illustrates how these values are determined for one-sided weaving segments. 

The values of LCRF and LCFR are found by assuming that every weaving 
vehicle enters the segment in the lane closest to its desired exit leg and leaves the 
segment in the lane closest to its entry leg. 

(a) Five-Lane Ramp-Weave Segment 

(b) Four-Lane Major Weave Segment Without Lane Balance 

(c) Four-Lane Major Weave Segment With Lane Balance 

Exhibit 12-5(a) is a five-lane ramp-weave configuration. If a weaving driver 
wishes to exit on the off-ramp and enters the segment on the rightmost freeway 
lane (the lane closest to the off-ramp), the driver must make a single lane change 
to enter the freeway auxiliary lane and leave via the off-ramp. Thus, for this case, 
LCFR = 1. A weaving driver entering the freeway via the on-ramp has no choice 
but to enter on the freeway auxiliary lane. The driver must then make a single 
lane change from the freeway auxiliary lane to the rightmost lane of the freeway 
(the lane closest to the entry leg). Thus, LCRF = 1 as wen. 

Exhibit 12-5(b) and Exhibit 12-5(c) are both major weaving configurations 
consisting of four lanes. They differ only in the configuration of their entry and 
exit gore areas. One has lane balance, while the other does not. Lane balance 
exists when the number of lanes leaving a diverge segment is one more than the 
number of lanes entering it. 
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Exhibit 12-5(b) is not typical. It is used here only to demonstrate the concept 
of lane balance in a major weaving segment. Five lanes approach the entry to the 
segment and four lanes leave it; four lanes approach the exit from the segment 
and four lanes leave it. Because of this configuration, vehicles approaching the 
exit gore must already be in an appropriate lane for their intended exit leg. 

In Exhibit 12-5(b), the ramp-to-freeway weaving movement (right to left) 
requires at least one lane change. A vehicle can enter the segment on the leftmost 
ramp lane (the lane closest to the desired exit) and make a single lane change to 
exit on the rightmost lane of the continuing freeway. LCRF for this case is 1. The 
freeway-to-ramp weaving movement can be made without any lane changes. A 
vehicle can enter on the rightmost lane of the freeway and leave on the leftmost 
lane of the ramp without executing a lane change. For this case, LCFR = O. 

The exit junction in Exhibit 12-5( c) has lane balance: four lanes approach the 
exit from the segment and five lanes leave it. This is a desirable feature that 
provides some operational flexibility. One lane-in this case, the second lane 
from the right-splits at the exit. A vehicle approaching in this lane can take 
either exit leg without making a lane change. This is a useful configuration in 
cases in which the split of exiting traffic varies over a typicaJ day. The capacity 
provided by the splitting lane can be used as needed by vehicles destined for 
either exit leg. 

In Exhibit 12-5( c), the ramp-to-freeway movement can be made without a 
lane change, while the freeway-to-ramp movement requires a single lane change. 
For this case, LC[{F = 0 and LCFR = 1. 

In Exhibit 12-5(a), there are only two lanes from which a weaving movement 
may be made with no more than one lane change. Weaving vehicles may enter 
the segment in the freeway auxiliary lane (ramp-to-freeway vehicles) and in the 
rightmost freeway lane (freeway-to-ramp vehicles) and may execute a weaving 
maneuver with a single lane change. Although freeway-to-ramp vehicles may 
enter the segment on the outer freeway lanes, they would have to make more 
than one lane change to access the off-ramp. Thus, for this case, NWL = 2. 

In Exhibit 12-5(b), weaving vehicles entering the segment in the leftmost lane 
of the on-ramp or the rightmost lane of the freeway are forced to merge into a 
single lane. From this lane, the freeway-to-ramp movement can be made with no 
lane changes, while the ramp-to-freeway movement requires one lane cl1ange. 
Because the movements have merged into a single lane, this counts as one lane 
from which weaving movements can be made with one or fewer lane changes. 
Freeway-to-ramp vehicles, however, may also enter the segment on the center 
lane of the freeway and make a single lane change (as shown) to execute their 
desired maneuver. Thus, for this case, NWLis once again 2. 

Lane balance creates more flexibility in Exhibit 12-5(c). Ramp-to-freeway 
vehicles may enter on either of the two lanes of the on-ramp and complete a 
weaving maneuver with either one or no lane changes. Freeway-to-ramp vehicles 
may enter on the rightmost freeway lane and also weave with a single lane 
change. In this case, NWl. = 3. 
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Only the ramp-ta-ramp 
movement is considered to be 
a weaving flow in a two-sided 
weaving segment 

In all one-sided weaving segments, the number of lanes from which weaving 
maneuvers may be made with one or no lane changes is either two or three. No 
other values are possible. Segments with N.'lL = 3 generally exist in major 
weaving segments with lane balance at the exit gore. 

Special Case: Two-Sided Weaving Segments 

The parameters defining the impact of configuration apply only to one-sided 
weaving segments. In a two-sided weaving segment, neither the ramp-to
freeway nor the freeway-to-ramp movements weave. While the through freeway 
movement in a two-sided weaving segment might be functionally thought of as 
weaving, it is the dominant movement in the segment and does not behave as a 
weaving movement. Thus, in two-sided weaving segments, only the ramp-to
ramp movement is considered to be a weaving flow. This introduces two specific 
changes to the methodology: 

1. Instead of LCRF and LCFR being needed to characterize weaving behavior, a 
value of LCRR (the minimum number of lane changes that must be made 
by a ramp-to-ramp vehicle) is needed. In Exhibit 12-4(a), LCRR = 2, while in 
Exhibit 12-4(b), LCRR = 3. 

2. In all cases of two-sided weaving, the value of NWL is set to 0 by definition. 

With these two modifications, the methodology outlined for one-sided 
weaving segments may be applied to two-sided weaving segments as well. 
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3. METHODOLOGY 

The methodology presented in this chapter was developed as part of 
National Cooperative Highway Research Program (NCHRP) Project 3-75, 
Analysis of Freeway Weaving Sections (1). Elements of this methodology have also 
been adapted from earlier studies and earlier editions of this manual (2-9). 

LIMITATIONS Of THE METHODOLOGY 

The methodology of this chapter does not specifically address the following 
subjects (without modifications by the analyst): 

• Special Janes, such as high-occupancy vehicle lanes, within the weaving 
segment; 

• Ramp metering on entrance ramps forming part of the weaving segment; 

• Specific operating conditions when oversaturated conditions exist; 

• Effects of speed limit enforcement practices on weaving segment 
operations; 

• Effects of intelligent transportation system technologies on weaving 
segment operations; 

• Weaving segments on arterials or other urban streets, including one-way 
frontage roads; 

• Effects of downstream congestion or upstream demand starvation on the 
analysis segment; or 

• Multiple weaving segments. 

The last subject has been included in previous versions of this manual. 
Multiple weaving segments must now be divided into appropriate merge, 
diverge, and simple weaving segments for analysis. 

OVERVIEW Of THE METHODOLOGY 

Exhibit 12-6 is a flowchart illustrating the basic steps that define the 
methodology for analyzing freeway weaving segments. The methodology uses 
several types of predictive algorithms, all of which are based on a mix of 
theoretical and regression models. These models include the following: 

• Models that predict the total rate of lane changing taking place in the 
weaving segment. This is a direct measure of turbulence in the traffic 
stream caused by the presence of weaving movements. 

• Models to predict the average speed of weaving and nonweaving vehicles 
in a weaving segment under stable operating conditions, that is, not 
operating at Level of Service (LOS) F. 

• Models to predict the capacity of a weaving segment under both ideal and 
prevailing conditions. 

• A model to estimate the maximum length over which weaving operations 
can be said to exist. 
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Exhibit 12-6 
Weaving Methodology 

Flowchart 

If the potential weaving 
segment is longer than the 
value given by Equation 12-4, 
it is treated as isolated 
merging and diverging ramp 
junctions by using the 
procedures of Chapter 13. 

LOS F exists in a weaving 
segment when demand 
exceeds capadty. 

Methodology 

Step 1: Input Data 
Specify geometry, weaving and nonweaving volumes, and the segment's free-flow speed. 

+ 
Step 2: Adjust Volume 
Adjust demand volumes to reflect the peak hour factor, heavy-vehicle presence, and driver 
population (Equation 12-1). 

~ 
Step 3: Determine Configuration Characteristics 
Determine the lane-change characteristics that define the effects of configuration. 

~ 
Step 4: Determine Maximum Weaving Length 
Estimate the maximum length for weaving operations under the speCified conditions 
(Equation 12-4). 

length less than 

Length exceeds the maximum ! 
the maximum I Go to Chapter 13 

Step 5: Determine Weaving Segment Capacity 
Estimate the weaving segment capacity and the vic ratio for the existing or projected demand 
flow rates (Equations 12-5 through 12-9). 

WC > 1.00 '" 

WC :5 1.00 I Level of Service == LOS F 

Step 6: Determine Lane-Changing Rates 
Estimate the rate at which weaving and nonweaving vehicles make lane changes 
(Equations 12-10 through 12-16). 

! 
Step 1: Determine Average Speeds of Weaving and 
Nonweaving Vehicles 
Estimate the average speed of weaving and nonweaving vehicles in the weaving segment; 
compute the space mean speed of all vehicles in the weaving segment 
(Equations 12-17 through 12-20). 

~ 
Step 8: Determine LOS 
Convert the space mean speed to the weaving segment density. Compare the results to the 
LOS criteria and assign the appropriate level of service (Equation 12-21 and Exhibit 12-10). 

PARAMETERS DESCRIBING A WEAVING SEGMENT 

Several parameters describing weaving segments have already been 
introduced and defined. Exhibit 12-7 illustrates all variables that must be 
specified as input variables and defines those that will be used within or as 
outputs of the methodology. Some of these apply only to one-sided weaving 
segments. Exhibit 12-8 lists those variables that are different when applied to 
two-sided weaving segments. 

Page 12-10 Chapter 12/Freeway Weaving Segments 
December 2010 

AR0073566 



( 

( 

( 

Highway Capacity Manual 2010 

Freeway Freeway 

------------+) VFF 

== :::::-.===--c::::::===:~: 
------------+) v/?R 

V EF freeway-to-freeway demand flow rate in the weaving segment in passenger 
cars per hour (pc/h); 

V RF ramp-ta-freeway demand flow rate in the weaving segment (pc/h); 

VFR freeway-to-ramp demand flow rate in the weaving segment (pc/h); 

V RR ramp-to-ramp demand flow rate in the weaving segment (pc/h); 

Vw weaving demand flow rate in the weaving segment (pc/h), Vw = V RF + VF~ 

vNW nonweaving demand flow rate in the weaving segment (pc/h), 
vNW = vrr + V RR ; 

V = total demand flow rate in the weaving segment (pc/h), v = Vw + vNW; 

VR volume ratio, vw/v; 

N number of lanes within the weaving section; 

NWL number of lanes from which a weaving maneuver may be made with one or 
no lane changes (see Exhibit 12-5); 

LC.4LL 

ID 

he 

average speed of weaving vehicles within the weaving segment (ml/h); 

average speed of nonweaving vehicles within the weaving segment (mi/h); 

average speed of all vehicles within the weaving segment (mi/h); 

free-flow speed of the weaving segment (mi/h); 

average density of all vehicles within the weaving segment in passenger cars 
per mile per lane (pc/mi/ln); 

weaving intensity factor; 

length of the weaving segment (ft), based on the short length definition of 
Exhibit 12-2; 

minimum number of lane changes that must be made by a single weaving 
vehicle moving from the on-ramp to the freeway (see Exhibit 12-5); 

minimum number of lane changes that must be made by a single weaving 
vehicle moving from the freeway to the off-ramp; 

minimum rate of lane changing that must exist for all weaving vehicles to 
complete their weaving maneuvers successfully, in lane changes per hour 
(lclh), LCM1N = (LCRF x VRF) + (LCFR x vFR ); 

total rate of lane changing by weaving vehicles within the weaving segment 
(lc/h); 

total rate of lane changing by nonweaving vehicles within the weaving 
segment (lclh); 

total rate of lane changing of all vehicles within the weaving segment (lc/h), 
LCALL = LCw + LCNW; 

interchange density, the number of interchanges within ±3 mi of the center of 
the subject weaving segment divided by 6, in interchanges per mile (int/rni); and 

lane-changing intensity, LCALJLs, in lane changes per foot (le/ft). 
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Exhibit 12-8 
Weaving Variables for a 

Two-Sided Weaving 
Segment 

The through freeway 
movement is not considered to 
be weaving in a two-sided 
weaving segment. 

The methodology uses 
demand flow rates for the 
peak 15 min in passenger cars 
per hour. 

Methodology 

~-------------------
Freeway Freeway 

~ ~~_:-_----------------------~~ VRF --........... ~ _ _ > V
FF 

_________________ -_-__ -~~ ~R 

~ VFR 

All variables are defined as in Exhibit 12-7, except for the following variables 
relating to flow designations and lane-changing variables: 

Vw = total weaving demand flow rate within the weaving segment (pc/h), 

total nonweaving demand flow rate within the weaving segment 
(pc/h), VNW = VrR + VRF + v rr; 

minimum number of lane changes that must be made by one ramp-to
ramp vehicle to complete a weaving maneuver; and 

minimum rate of lane changing that must exist for all weaving vehicles 
to complete their weaving maneuvers successfully (lc/h), LCM1N = LCRR 

x v IU{' 

The principal difference between one-sided and two-sided weaving 
segments is the relative positioning of the movements within the segment. In a 
two-sided weaving segment, the ramp-to-freeway and freeway-to-ramp vehicles 
do not weave. In a one-sided segment, they execute the weaving movements. In 
a two-sided weaving segment, the ramp-to-ramp vehicles must cross the path of 
freeway-to-freeway vehicles. Both could be taken to be weaving movements. In 
reality, the through freeway movement is not weaving in that vehicles do not 
need to change lanes and generally do not shift lane position in response to a 
desired exit leg. 

Thus, in two-sided weaving segments, only the ramp-to-ramp flow is 
considered to be weaving. The lane-changing parameters reflect this change in 
the way weaving flows are viewed. Thus, the minimum rate of lane changing 
that weaving vehicles must maintain to complete all desired weaving maneuvers 
successfully is also related only to the ramp-to-ramp movement. 

The definitions for flow all refer to demand flow rate. This means that for 
existing cases, the demand should be based on arrival flows. For future cases, 
forecasting techniques will generally produce a demand volume or demand flow 
rate. All of the methodology'S algorithms use demand expressed as flow rates in 
the peak 15 min of the design (or analysis) hour, in equivalent passenger car 
units. 

COMPUTATIONAL PROCEDURES 

Each of the major procedural steps noted in Exhibit 12-6 is discussed in detail 
in the sections that follow. 
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Step 1: Input Data 

The methodology for weaving segments is structured for operational 
analysis usage, that is, given a known or specified geometric design and traffic 
demand characteristics, the methodology is used to estimate the LOS that is 
expected to exist. 

Design and preliminary engineering are generally conducted in terms of 
comparative analyses of various design proposals. This is a good approach, 
given that the range of widths, lengths, and configurations in any given case is 
constrained by a number of factors. Length is constrained by the location of the 
crossing arteries that determine the location of interchanges and ramps. Width is 
constrained by the number of lanes on entry and exit legs and usually involves 
no more than two choices. Configuration is also the result of the number of lanes 
on entry and exit legs as well as the number of lanes within the segment. 
Changing the configuration usually involves adding a lane to one of the entry or 
exit legs, or both, to create different linkages. 

For analysis, the geometry of the weaving segment must be fully defined. 
This includes the number of lanes, lane widths, shoulder clearances, the details of 
entry and exit gore area designs (including markings), the existence and extent of 
barrier lines, and the length of the segment. A sketch of the weaving segment 
should be drawn with all appropriate dimensions shown. 

Traffic demands are usually expressed as peak hour volumes under 
prevailing conditions. If flow rates have been directly observed in the field, the 
flow rates for the worst IS-min period in the peak hour may be substituted. In 
this case, the peak hour factor (PHF) is implicitly 1.00. 

Step 2: Adjust Volume 

All equations in this chapter use flow rates under equivalent ideal conditions 
as input variabJes. Thus, demand volumes and flow rates under prevailing 
conditions must be converted to their ideal equivalents by using Equation 12-1: 

Vi 
V· = ----'----

I PHFxfHV xfp 

where 

Vi flow rate i under ideal conditions (pc/h); 

Vi hourly volume for flow i under prevailing conditions in vehicles per 
hour (veh/h); 

PHF peak hour factor; 

fm! adjustment factor for heavy-vehicle presence; and 

fp adjustment factor for driver population; the subscript for the type of 
flow i can take on the following values: 

FF freeway to freeway; 

FR freeway to ramp; 

RF ramp to freeway; 

RR ramp to ramp; 
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Equation 12-2 

Methodology 

w weaving; and 

NW nonweaving. 

Factors !HV and!p are taken from Chapter 11, Basic Freeway Segments. 

If flow rates for a 15-min period have been provided as inputs, the PHF is 
taken to be 1.00 in this computation. If hourly volumes are converted by using a 
PHF other than 1.00, there is an implicit assumption that all four component 
flows in the weaving segment peak during the same 15-min period of the hour. 
This is rarely true in the field; however, such an analysis represents a worst-case 
scenario. 

Once demand flow rates have been established, it may be convenient to 
construct a weaving diagram similar to those illustrated in Exhibit 12-7 (for one
sided weaving segments) and Exhibit 12-8 (for two-sided weaving segments). 

Step 3: Determine Configuration Characteristics 

Several key parameters characterize the configuration of a weaving segment. 
These are descriptive of the segment and will be used as key variables in 
subsequent steps of the methodology: 

LC}'11N minimum rate at which weaving vehicles must change lanes to 
complete all weaving maneuvers successfully (lc/h); and 

NWL = number of lanes from which weaving maneuvers may be made with 
either one or no lane changes. 

How these values are determined depends on whether the segment under 
shrdy is a one-sided or two-sided weaving segment. 

One-Sided Weaving Segments 

The determination of key variables in one-sided weaving segments is 
illustrated in Exhibit 12-7. In one-sided segments, the two weaving movements 
are the ramp-to-freeway and freeway-to-ramp flows. As shown in Exhibit 12-7, 
the following values are established: 

LCRF minimum number of lane changes that must be made by one ramp-to
freeway vehicle to execute the desired maneuver successfully, and 

LCPR = minimum number of lane changes that must be made by one freeway
to-ramp vehicle to execute the desired maneuver successfully. 

LCM1N for one-sided weaving segments is given by Equation 12-2: 

LCMIN = (LCRF X V RF )+ (LCFR x V FR ) 

For one-sided weaving segments, the value of NI"IL is either 2 or 3. The 
determination is made by a review of the geometric design and the configuration 
of the segment, as illustrated in Exhibit 12-5. 

Two-Sided Weaving Segments 

The determination of key variables in mo-sided weaving segments is 
illustrated in Exhibit 12-8. The unique feature of two-sided weaving segments is 
that only the ramp-to-ramp flow is functionally weaving. From Exhibit 12-8, the 
following value is established: 
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( 
LCRR = minimum number of lane changes that must be made by one ramp-to

ramp vehicle to execute the desired maneuver successfully. 

LCMIN for two-sided weaving segments is given by Equation 12-3: 

LC MIN = LC RR X'V RR 

For two-sided weaving segments, the value of NWL is always 0 by definition. 

Step 4: Determine Maximum Weaving length 

The concept of maximum length of a weaving segment is critical to the 
methodology. Strictly defined, maximum length is the length at which weaving 
turbulence no longer has an impact on operations within the segment, or 
alternatively, on the capacity of the weaving segment. 

Unfortunately, depending on the selected definition, these measures can be 
quite different. Weaving turbulence will have an impact on operations (i.e., 
weaving and nonweaving vehicle speeds) for distances far in excess of those 
defined by when the capacity of the segment is no longer affected by weaving. 

This methodology uses the second definition (based on the equivalence of 
capacity). If the operational definition were used, the methodology would 
produce capacity estimates in excess of those for a similar basic freeway segment, 
which is illogical. The maximum length of a weaving segment (in feet) is 
computed from Equation 12-4: 

LMAX = [5,728(1+ VRY·6]-[1,566NWL ] 

( where LMAX is the maximum weaving segment length (using the short length 
definition) and other variables are as previously defined. 

( 

As VR increases, it is expected that the influence of weaving turbulence 
would extend for longer distances. An values of NWL are either 0 (two-sided 
weaving segments) or 2 or 3 (one-sided weaving segments). Having more lanes 
from which easy weaving lane changes can be made reduces turbulence, which 
in turn reduces the distance over which such turbulence affects segment 
capacity. 

Exhibit 12-9 illustrates the sensitivity of maximum length to both VR and 
NWL• As expected, VR has a significant impact on maximum length, as does the 
configuration, as indicated by NWL• While the maximum lengths shown can 
compute to very high numbers, the highest results are well outside the 
calibration range of the equation (limited to about 2,800 ft), and many of the 
situations are improbable. Values of VR on segments with NWL = 2.0 lanes rarely 
rise above the range of 0.40 to 0.50. While values of VR above 0.70 are technically 
feasible on segments with NWL = 3.0 lanes, they are rare. 

While the extreme values in Exhibit 12-9 are not practical, it is clear that the 
maximum length of weaving segments can rise to 6,000 ft or more. Furthermore, 
the maximum length can vary over time, as VR is not a constant throughout 
every demand period of the day. 
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Exhibit 12-9 
Variation of Weaving length 

Versus Volume Ratio and 
Number of Weaving lanes 

Cft) 

If the length of the segment is 
greater than lMAX, it should be 
analyzed as separate merge 
and diverge ramp junctions by 
using the methodology in 
Chapter 13. Any portion falling 
outside the inffuence of the 
merge and diverge segments 
is treated as a basic freeway 
segment 

A weaving segment'S capacity 
is controlled by either (a) the 
average vehicle density 
reaching 43 pcjmi/ln or (b) the 
weaving demand ffow rate 
exceeding a value that 
depends on the number of 
weaving lanes. 

Methodology 

VR 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 

Number of Weaving Lanes 
NWL = 2 NWL = 3 

3,540 1,974 
4,536 2,970 
5,584 4,018 
6,681 5,115 
7,826 6,260 
9,019 7,453 

10,256 8,690 
11 538 9,972 

The value o£ LMAX is used to determine whether continued analysis of the 
configuration as a weaving segment is justified: 

• If Ls < LMAX, continue to Step 5; or 

• If Ls:2: LlVlAX' analyze the merge and diverge junctions as separate segments 
by using the methodology in Chapter 13. 

If the segment is too long to be considered a weaving segment, then the 
merge and diverge areas are treated separately. Any distance between the two 
falling outside the influence areas of the merge and diverge segments would be 
considered to be a basic freeway segment and would be analyzed accordingly. 

Step 5: Determine Weaving Segment Capacity 

The capacity of a weaving segment is controlled by one of two conditions: 

• Breakdown of a weaving segment is expected to occur when the average 
density of all vehicles in the segment reaches 43 pc/mi/In; or 

• Breakdown of a weaving segment is expected to occur when the total 
weaving demand flow rate exceeds 

o 2,400 pc/h for cases in which NWL = 2 lanes, or 

o 3,500 pC/h for cases in which NWl. = 3 lanes. 

The first criterion is based on the criteria listed in Chapter 11, Basic Freeway 
Segments, which state that freeway breakdowns occur at a density of 45 pc/mi/ln. 
Given the additional turbulence in a weaving segment, breakdown is expected to 
occur at slightly lower densities. 

The second criterion recognizes that there is a practical limit to how many 
vehicles can actually cross each other's path without causing serious operational 
failures. The existence of a third lane from which weaving maneuvers can be 
made with two or fewer lane changes in effect spreads the impacts of turbulence 
across segment lanes and allows for higher weaving flows. 

For two-sided weaving segments (NWL = 0 lanes), no limiting value on 
weaving flow rate is proposed. The analysis of two-sided weaving segments is 
approximate with this methodology, and a density sufficient to cause a 
breakdown is generally reached at relatively low weaving flow rates. 

Weaving Segment Capacity Determined by Density 

The capacity of a weaving segment, based on reaching a density of 43 
pc/mi/In, is estimated by using Equation 12-5: 
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where 
CIWL capacity of the weaving segment under equivalent ideal conditions, 

per lane (pc/h/ln), and 

CIFL = capacity of a basic freeway segment with the same FFS as the weaving 
segment under equivalent ideal conditions, per lane (pc/h/ln). 

An other variables are as previously defined. 

The model describes the capacity of a weaving segment in terms of the 
difference between the capacity of a basic freeway segment and the capacity of a 
weaving segment with the same FFS. Capacity decreases with VR, which is 
logical. It increases as length and number of weaving lanes NWL increase. These 
are also logical trends, as both increasing length and a larger number of weaving 
lanes reduce the intensity of turbulence. 

Arithmetically, it is possible to get a result in which CIWL is greater than CIFt. In 
practical temls, this will never occur. The maximum length algorithm of Step 4 
was found by setting the two values equal. Thus, weaving analyses would only 
be undertaken in cases in which CIWL is less than ClFL• 

The value of C/WI, must now be converted to a total capacity under prevailing 
conditions by using Equation 12-6: 

Cw = clWLN iI-IV fp 

where Cw is the capacity of the weaving segment under prevailing conditions in 
vehicles per hour. As with all capacities, it is stated as a flow rate for a 1S-min 
analysis period. 

Weaving Segment Capacity Determined by Weaving Demand Flows 

The capacity of a weaving segment, as controlled by the maximum weaving 
flow rates noted previously, is found from Equation 12-7: 

2,400 
CLW =-- for NWL =2 lanes 

VR 
3,500 

C LW = -- for N WL = 3 lanes 
VR 

where CIW is the capacity of all lanes in the weaving segment under ideal 
conditions in passenger cars per hour, and all other variables are as previously 
defined. This value must be converted to prevailing conditions by using 
Equation 12-8: 

Final Determination of Capacity 

The final capacity is the smaller of the two estimates of Equation 12-6 and 
Equation 12-8. With capacity determined, a vic ratio for the weaving segment 
may be computed from Equation 12-9: 
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Equation 12-9 

LOS F occurs when demand 
exceeds capacity. 

Methodology 

/. 
Vfm fp 

V C =---'-

Cw 

Adjustment factors are used because the total demand flow rate, v, is stated 
for equivalent ideal conditions, while Cw is stated for prevailing conditions. 

Level of Service F 

If vic is greater than 1.00, demand exceeds capacity, and the segment is 
expected to fail, that is, have a LOS of F. If this occurs, the analysis is terminated, 
and LOS F is assigned. At LOS F, it is expected that queues will form within the 
segment, possibly extending upstream beyond the weaving segment itself. 
Queuing on the on-ramps that are part of the weaving segment would also be 
expected. Where LOS F is found to exist, the analyst is urged to use the 
methodology of Chapter 10, Freeway Facilities, to analyze the impacts of this on 
upstream and downstream segments during the analysis period and over time. 

Step 6: Determine Lane-Changing Rates 

The equivalent hourly rate at which weaving and nonweaving vehicles make 
lane changes within the weaving segment is a direct measure of turbulence. It is 
also a key determinant of speeds and densities within the segment, which 
ultimately determine the existing or anticipated LOS. 

H should be noted that the lane-changing rates estimated are in terms of 
equivalent passenger-car lane changes. It is assumed that heavy-vehicle lane 
changes create more turbulence than passenger-car lane changes. 

Three types of lane changes can be made within a weaving segment: 

• Required lane changes made by weaving vehicles: These lane changes must be 
made to complete a weaving maneuver and are restricted to the physical 
area of the weaving segment. In Step 3, the rate at which such lane 
changes are made by weaving vehicles, LCM1N, was determined. 

• Optional lane changes made by weaving vehicles: These lane changes are not 
necessary to weave successfully. They involve weaving drivers who 
choose to enter the weaving segment in the outer lanes of either the 
freeway or ramp (assuming it has more than one lane), leave the weaving 
segment in an outer lane, or both. Such drivers make additional lane 
changes beyond those absolutely required by their weaving maneuver. 

• Optional lane changes made by nonweaving vehicles: N onweaving vehicles 
may also make lane changes within the weaving segment, but neither the 
configuration nor their desired origin and destination would require such 
lane changes. Lane changes by nonweaving vehicles are always made 
because the driver chooses that option. 

While LCM1N can be computed from the weaving configuration and the 
demand flow rates, additional optional lane changes made by both weaving and 
non weaving vehicles add to turbulence and must be estimated by using 
regression-based models. 
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Estimating the Total Lane-Changing Rate for Weaving Vehicles 

The model for predicting the total lane-changing rate for weaving vehicles is 
of the form LCMlNplus an algorithm that predicts the additional optional lane
changing rate. These are combined so that the total lane-changing rate for 
weaving vehicles, including both required and optional lane changes, is as 
shown in Equation 12-10: 

where 

N 

lD 

LC = LC + 0 39r(L - 300)°5 N 2 (1 + ID)o.8] W MIN '~s 

equivalent hourly rate at which weaving vehicles make lane changes 
within the weaving segment (lc/h); 

minimum equivalent hourly rate at which weaving vehicles must 
make lane changes within the weaving segment to complete all 
weaving maneuvers successfully (lc/h); 

length of the weaving segment, using the short length definition (ft) 
(300 ft is the minimum value); 

number of lanes within the weaving segment; and 

interchange density (int/mi). 

Equation 12-10 has several interesting characteristics. The term Ls - 300 
implies that for weaving segments of 300 ft (or shorter), weaving vehicles only 
make necessary lane changes, that is, LCw = LCM1N• While shorter weaving 
segments would be an aberration, they do occasionally occur. In using Equation 
12-10, however, a length of 300 ft is used for all lengths less than or equal to 300 

ft. 

This model is also unique in that it is the first use of interchange density in a 
model not involving determination of the FFS. In this edition of the HCM, 
however, FFS is partially based on total ramp density rather than interchange 
density. The two measures are, of course, related to the type of interchange 
involved. A full cloverleaf interchange has four ramps, while a diamond 
interchange has two ramps. Care must be taken when determining the value of 
total ramp density and interchange density, as they are different numbers. 

The algorithm uses the term 1 + ID because the value of ID may be either 
111.0re than or less than 1.00, and the power term would not act consistently on 
the result. In determining interchange density for a weaving segment, a distance 
of 3 mi upstream and 3 mi downstream of the midpoint of the weaving segment 
is used. The number of interchanges within the 6-mi range defined above is 
counted and divided by 6 to determine the interchange density. The subject 
weaving segment should be counted as one interchange in this computation. For 
additional discussion of total ramp density, consult Chapter 11. 

The basic sensitivities of this model are reasonable. Weaving-vehicle lane 
changing increases as the length and width of the weaving segment increase. A 
longer, wider weaving segment simply provides more opporhmities for weaving 
vehicles to execute lane changes. Lane changing also increases as interchange 

( density increases. Higher interchange densities mean that there are more reasons 
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Equation 12-11 

Equation 12-12 

Equation 12-13 

Methodology 

for drivers to make optional lane changes based upon their entry or exit at a 
nearby interchange. 

Estimating the Lane-Changing Rate for Nonweaving Vehicles 

No nonweaving driver must make a lane change within the confines of a 
weaving segment. All nonweaving vehicle lane changes are, therefore, optional. 
These are more difficult to predict than weaving lane chaIlges, as the motivation 
for nonweaving lane chaIlges varies widely and may not always be obvious. 
Such lane changes may be made to avoid turbulence, to be better positioned for a 
subsequent maneuver, or simply to achieve a higher average speed. 

The research leading to this methodology (10) revealed several 
discontinuities in the lane-changing behavior of nonweaving vehicles within 
weaving segments. To identify the areas of discontinuity and to develop an 
estimation model for these areas, it was necessary to define a "nonweaving 
vehicle index," INW, as given in Equation 12-11: 

LsxIDxvNW 
INW 

10,000 

This index is a measure of the tendency of conditions to induce unusually 
large nonweaving vehicle lane-changing rates. Large nonweaving flow rates, 
high interchange densities, and long weaving lengths seem to produce situations 
in which nonweaving lane-changing rates are unusually elevated. 

Two models are used to predict the rate at which nonweaving vehicles 
change lanes in weaving segments. The first, Equation 12-12, covers the majority 
of cases, that is, cases for which normal lane-changing characteristics are 
expected. This is the case when INw is less than or equal to 1,300: 

LCNW1 = (0.206vNW ) + (0.542LJ- (192.6N) 

where LCNWI is the rate of lane changing per hour. The equation shows logical 
trends in that nonweaving laIW changes increase with both nonweaving flow rate 
and segment length. Less expected is that nonweaving lane changing decreases 
with increasing number of lanes. This trend is statistically very strong and likely 
indicates more presegregation of flows in wider weaving segments. 
Arithmetically, Equation 12-12 can produce a negative result. Thus, the 
minimum value must be externally set at O. 

The second model applies to a small number of cases in which the 
combination of high nonweaving demand flow, high interchange density, and 
long segment length produce extraordinarily high nonweaving lane-changing 
rates. Equation 12-13 is used in cases for which lNW is greater than or equal to 
1,950: 

where LCNW2 is the laIle-changing rate per hour, and all other variables are as 
previously defined. 

Unfortunately, Equation 12-12 and Equation 12-13 are discontinuous and 
cover discontinuous ranges of INw. If the nonweaving index is between 1,300 and 
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1,950, a straight interpolation between the values of LCNW1 and LCNW2 is used as 
shown in Equation 12-14: 

LCNW3 = LCNW1 + (LCNW2 - LCNWJ( INW :5~300) 
where LCNW3 is the lane-changing rate per hour, and all other variables are as 
previously defined. Equation 12-14 only works for cases in which LCNWl is less 
than LCNW2 ' In the vast majority of cases, this will be true (unless the weaving 
length is longer than the maximum length estimated in Step 4). In the rare case 
when it is not true, LCNW2 is used. 

Equation 12-15 summarizes this in a more precise way: 

If INW ~ 1,300: LCNW = LCNW1 

If INW ~ 1,950: LCNW = LCNW2 

If 1,300<INW <1,950: LCNW = LCNW3 

If LCNW1 ~ LCNW2 : LCNW = LCNW2 

Total Lane-Changing Rate 

The total lane-changing rate LCALL of all vehicles in the weaving segment, in 
lane changes per hour, is computed from Equation 12-16: 

LC ALL = LCw + LCNW 

Step 7: Determine Average Speeds of Weaving and Nonweaving 
Vehicles in Weaving Segment 

The heart of this methodology is the estimation of the average speeds of 
weaving and non weaving vehicles in the weaving segment. These speeds are 
estimated separately because they are affected by different factors, and they can 
be significantly different from each other. 

The speeds of weaving and nonweaving vehicles will be combined to find a 
space mean speed of all vehicles in the segment. This will then be converted to a 
density, which will determine the LOS. 

A verage Speed of Weaving Vehicles 

The algorithm for predicting the average speed of weaving vehicles in a 
weaving segment may be generally stated as shown in Equation 12-17: 

S = S + (SMAX -SMIN) 
W MIN l+W 

where 

Sw average speed of weaving vehicles within the weaving segment (mi/h), 

SMIN minimum average speed of weaving vehicles expected in a weaving 
segment (mi/h), 

SMAX = maximum average speed of weaving vehicles expected in a weaving 
segment (mi/h), and 

W = weaving intensity factor. 
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Equation 12-19 

Equation 12-20 

Equation 12-21 
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The form of the model is logical and constrains the results to a reasonable 
range defined by the minimum and maximum speed expectations. The term 
1 + W accommodates a weaving intensity factor that can be more or less than 1.0. 

For this methodology, the minimum expected speed is taken to be 15 mi/h, 
and the maximum expected speed is the FFS. As with all analyses, the FFS is best 
observed in the field, either on the subject facility or a similar facility. When 
measured, the FFS should be observed within the weaving segment. 

In situations that require the FFS to be estimated, the model described in 
Chapter 11, Basic Freeway Segments, is used. The average speed of weaving 
vehicles within the weaving segment is estimated by using Equation 12-18 and 
Equation 12-19: 

Sw =15+(FFS-15) 
l+W 

( J
O.789 

W = 0.226 L~:LL 

Note that weaving intensity is based on the total lane-changing rate within 
the weaving segment. More specifically, it is based on the hourly rate of lane 
changes per foot of weaving length. This might be thought of as a measure of the 
density of lane changes. In addition, the lane-changing rate itself depends on 
many demand and physical factors related to the design of the segment. 

Average Speed of Nonweaving Vehicles 

The average speed of nonweaving vehicles in a weaving segment is 
estimated by using Equation 12-20: 

SNW = FFS -(0.0072LCM1N )-(0.0048 ~ ) 
Equation 12-20 treats non weaving speed as a reduction from FFS. As would 

be expected, the speed is reduced as v/N increases. More interesting is the 
appearance of LCMTN in the equation. LCM1N is a measure of minimal weaving 
turbulence, assuming that weaving vehicles make only necessary lane changes. It 
depends on both the configuration of the weaving segment and weaving 
demand How rates. Thus, nonweaving speeds decrease as weaving turbulence 
increases. 

A verage Speed of All Vehicles 

The space mean speed of all vehicles in the weaving segment is computed by 
using Equation 12-21: 
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Step 8: Determine lOS 

The LOS in a weaving segment, as in all freeway analysis, is related to the 
density in the segment. Exhibit 12-10 provides LOS criteria for weaving 
segments on freeways, collector-distributor (C-D) roadways, and multilane 
highways. This methodology was developed for freeway weaving segments, 
although an isolated C-D roadway was included in its development. The 
methodology may be applied to weaving segments on uninterrupted segments 
of multilane surface facilities, although its use in such cases is approximate. 

LOS 

A 
B 
C 
D 
E 
F 

freewa 

Density (pc/milln) 
Weaving Segments on Multilane 

ments Hi hwa s or C-D Roadwa s 

Demand exceeds ca aci 

0-12 
>12-24 
>24-32 
>32-36 

>36 

The boundary between stable and unstable flow-the boundary between 
levels of service E and F -occurs when the demand flow rate exceeds the 
capacity of the segment, as described in Step 5. The threshold densities for other 
levels of service were set relative to the criteria for basic freeway segments (or 
multilane highways). In general, density thresholds in weaving segments are 
somewhat higher than those for similar basic freeway segments (or multilane 
highways). It is believed that drivers will tolerate higher densities in an area 
where lane-changing turbulence is expected than on basic segments. 

To apply density criteria, the average speed of all vehicles, computed in Step 
7, must be converted to density by using Equation 12-22. 

where D is density in passenger cars per mile per lane and all other variables are 
as previously defined. 

SPECIAL CASES 

Multiple Weaving Segments 

When a series of closely spaced merge and diverge areas creates overlapping 
weaving movements (between different merge-diverge pairs) that share the 
same segment of a roadway, a multiple weaving segment is created. In earlier 
editions of the HCM, a specific application of the weaving methodology for two
segment multiple weaving segments was included. While it was a logical 
extension of the methodology, it did not address cases in which three or more 
sets of weaving movements overlapped, nor was it well-supported by field data. 
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Multiple weaving segments 
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simple weaving segments, as 
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view of operations. 

Multilane highway weaving 
segments may be analyzed 
with this methodolog~ except 
in the vicinity of signalized 
intersections. 
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for arterial weaving 
movements. 

Methodology 

Multiple weaving segments should be segregated into separate merge, 
diverge, and simple weaving segments, with each segment appropriately 
analyzed by using this chapter's methodology or that of Chapter 13, Freeway 
Merge and Diverge Segments. Chapter 11, Basic Freeway Segments, contains 
information relative to the process of identifying appropriate segments for 
analysis. 

C-D Roadways 

A common design practice often results in weaving movements that occur on 
C-D roadways that are part of a freeway interchange. The methodology of this 
chapter may be approximately applied to such segments. The FFS used must be 
appropriate to the C-D roadway. It would have to be measured on an existing or 
similar C-D roadway, as the predictive methodology of FFS given in Chapter 11 
does not apply to such roadways. It is less dear that the LOS criteria of Exhibit 
12-10 are appropriate. Many C-D roadways operate at lower speeds an.d higher 
densities than on basic segments, and the criteria of Exhibit 12-10 may produce 
an inappropriately negative view of operations on a C-D roadway. 

If the measured FFS of a C-D roadway is high (greater than or equal to 50 
mi/h), the results of analysis can be expected to be reasonably accurate. At lower 
FFS values, results would be more approximate. 

Multilane Highways 

Weaving segments may occur on surface multilane highways. As long as 
such segments are a sufficient distance away from signalized intersections-so 
that platoon movements are not an issue-the methodology of this chapter may 
be approximately applied. 

Arterial Weaving 

The methodology of this chapter does not apply to weaving segments on 
arterials. Arterial weaving is strongly affected by the proximity and timing of 
signals along the arterial. At the present time, there are no generally accepted 
analytic methodologies for analyzing weaving movements on arterials. 
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4. APPLICATIONS 

The methodology of this chapter is most often used to estimate the capacity 
and LOS of freeway weaving segments. The steps are most easily applied in the 
operational analysis mode, that is, all traffic and roadway conditions are 
specified, and a solution for the capacity (and vic ratio) is found along with an 
expected LOS. Other types of analysis, however, are possible. 

DEFAULT VALUES 

An NCHRP report (10) provides a comprehensive presentation of potential 
default values for uninterru pted-flow facilities. Default values for freeways are 
summarized in Chapter 10, Freeway Facilities. These defaults cover the key 
characteristics of PHF and percentage of heavy vehicles. Recommendations are 
based on geographical region, population, and time of day. All general freeway 
default values may be applied to the analysis of weaving segments in the absence 
of field data or projected conditions. 

There are many specific variables related to weaving segments. It is, 
therefore, virtually impOSSible to specify default values of such characteristics as 
length, width, configuration, and balance of weaving and nonweaving flows. 
Weaving segments are a detail of the freeway design and should therefore be 
treated only with the specific characteristics of the segment known or projected. 
Small changes in some of these variables can and do yield significant cl,anges in 
the analysis results. 

TYPES OF ANALYSIS 

The methodology of this chapter can be used in three types of analysis: 
operational, design, and planning and preliminary engineering. 

Operational Analysis 

The methodology of this mapter is most easily applied in the operational 
analysis mode. In this application, all weaving demands and geometric 
characteristics are known, and the output of the analysis is the expected LOS and 
the capacity of the segment. Secondary outputs include the average speed of 
component flows, the overall density in the segment, and measures of lane
changing activity. 

Design AnalYSis 

In design applications, the desired output is the length, width, and 
configuration of a weaving segment that will sustain a target LOS for given 
demand flows. This application is best accomplished by iterative operational 
analyses on a small number of candidate designs. 

Generally, there is not a great deal of flexibility in establishing the length and 
width of a segment, and only limited flexibility in potential configurations. The 
location of intersecting facilities places logical limitations on the length of the 
weaving segment. The number of entry and exit lanes on ramps and the freeway 
itself limits the number of lanes to, at most, two choices. The entry and exit 
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Equation 12-23 

Applications 

design of ramps and the freeway facility also produces a configuration that can 
generally only be altered by adding or subtracting a lane from an entry or exit 
roadway. Thus, iterative analyses of candidate designs are relatively easy to 
pursue, particularly with the use of HCM-replicating software. 

Planning and Preliminary Engineering 

Planning and preliminary engineering applications generally have the same 
desired outputs as design applications: the geometric design of a weaving 
segment that can sustain a target LOS for specified demand flows. 

In the planning and preliminary design phase, however, demand flows are 
generally stated as average annual daily traffic (AADT) statistics that must be 
converted to directional design hour volumes. A number of variables may be 
unknown (e.g., PHF and percentage of heavy vehicles); these may be replaced by 
default values. 

Service Flow Rates, Service Volumes, and Daily Service Volumes 

This manual defines three sets of values that are related to LOS boundary 
conditions: 

SF; service flow rate for LOS i (veh/h), 

SVj service volume for LOS i (veh/h), and 

DSVj daily service volume for LOS i (veh/day). 

The service flow rate is the maximum rate of flow (for a IS-min interval) that 
can be accommodated on a segment while maintaining all operational criteria for 
LOS i under prevailing roadway and traffic conditions. The service volume is the 
maximum hourly volume that can be accommodated on a segment while 
maintaining all operational criteria for LOS i during the worst 15 min of the hour 
under prevailing roadway and traffic conditions. The daily service volume is the 
maximum AADT that can be accommodated on a segment while maintaining all 
operational criteria for LOS i during the worst 15 min of the peak hour under 
prevailing roadway and traffic conditions. The service flow rate and service 
volume are unidirectional values, while the daily service volume is a total two
way volume. In the context of a weaving section, the daily service volume is 
highly approximate, as it is rare that both directions of a freeway have a weaving 
segment with similar geometry. 

In general, service flow rates are initially computed for ideal conditions and 
are then converted to prevailing conditions by using Equation 12-23 and the 
appropriate adjustment factors from Chapter 11, Basic Freeway Segments: 

SFi = SFIi xl HV X II' 
where 

SFIj service flow rate under ideal conditions (pc/h), 

!HV adjustment factor for heavy-vehicle presence (Chapter 11), and 

!p adjustment factor for driver population (Chapter 11). 
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The methodology of this chapter is used to determine the values of ideal 
service flow rate (SFI) for the specific weaving segment under study. The 
capacity of the segment is equivalent to the ideal service flow rate for LOS E. For 
other levels of service, the total flow rates required to produce threshold 
densities (Exhibit 12-10) are found. This is an iterative procedure in which all 
other characteristics are held constant. Iterative analyses are conducted until the 
defining densities are produced. 

Once the ideal service flow rates are determined, service flow rates under 
prevailing conditions are computed by using Equation 12-23. These can be 
converted to hourly service volumes SVby using Equation 12-24. Service 
volumes can then be converted to daily service volumes DSVby using Equation 
12-25. 

SV i =SFi xPHF 

DSV, = SVi 

I KxD 

where 

K proportion of AADT occurring during the peak hour, and 

D proportion of traffic in the peak direction. 

All other variables are as previously defined. 

Example Problem 5 illustrates the computation of service flow rates, service 
volumes, and daily service volumes for a specific weaving segment. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools. 
This section contains specific guidance for the application of alternative tools to 
the analysis of freeway weaving segments. Additional information on this topic, 
including supplemental example problems, may be found in Chapter 27, 
Freeway Weaving: Supplemental, located in Volume 4. 

Strengths of the HeM Procedure 

The procedures in this chapter were developed from extensive research 
supported by a significant quantity of field data. They have evolved over a 
number of years and represent a body of expert consensus. Most alternative tools 
will not include the level of detail present in this methodology concerning the 
weaving configuration and balance of weaving demand flows. 

Specific strengths of the HCM procedure include 

• Providing capacity estimates for specific weaving configurations as a 
function of various input parameters, which current simulators do not 
provide directly (and in some cases may require as an input); 

• Considering geometric characteristics (such as lane widths) in more detail 
than most simulation algorithms; 
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• Producing a single deterministic estimate of LOS, which is important for 
some purposes, such as development impact reviews; and 

• Generating reproducible results with a small commitment of resources 
(including calibration) from a precisely documented methodology. 

limitations of the HeM Procedures That Might Be Addressed by 
Alternative Tools 

Weaving segments can be analyzed by using a variety of stochastic and 
deterministic simulation tools that address freeways. These tools can be very 
useful in analyzing the extent of congestion when there are failures within the 
simulated facility range and when interaction with other freeway segments and 
other facilities is present. 

The limitations stated earlier ill this chapter may be addressed by using 
available simulation tools. The following conditions, whicl1 are beyond the scope 
of this chapter, are treated explicitly by simulation tools: 

• Managed lanes within the weaving segment. These lanes are typically 
modeled explicitly by simulation; for example, when one or more 
weaving movements are regulated by using pavement markings, signage, 
physical longitudinal barriers, or some combination of these. 

• Ramp metering on entrance ramps forming part of the weaving segment. These 
features are also modeled explicitly by many tools. 

• Specific operating conditions when oversaturated conditions exist. In this case, 
it is necessary to ensure that both the spatial and the temporal boundaries 
of the analysis extend beyond the congested operation. 

• Effects of intelligent transportation system technologies on weaving segment 
operations. Some intelligent transportation system features such as 
dynamic message signs are offered by a few simulation tools. Some 
features are modeled explicitly by simulation; others may be 
approximated by using assumptions (e.g., by modifying origin
destination demands by time interval). 

• Multiple weaving segments. Multiple weaving segments were removed 
from this edition of the manual. They may be addressed to some extent by 
the procedures given in Chapter 10 for freeway facilities. Complex 
combinations of weaving segments may be analyzed more effectively by 
simulation tools, although such analyses might require extensive 
calibration of origin-destination characteristics. 

Because of the interactions between adjacent freeway segments, alternative 
tools will find their principal application to freeways containing weaving 
segments at the facility level and not to isolated freeway weaving segments. 

Additional Features and Performance Measures Available from 
Alternative Tools 

This chapter provides a methodology for estimating the speed and density in 
a weaving segment given traffic demands from both the weaving and the 
nonweaving movements. Capacity estimates and maximum weaving lengths are 
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also produced. Alternative tools offer additional performance measures 
including delay, stops, queue lengths, fuel consumption, pollution, and 
operating costs. 

As with most other procedural chapters in this manual, simulation outputs, 
especially graphics-based presentations, can provide details on point problems 
that might otherwise go unnoticed with a macroscopic analysis that yields only 
segment-level measures. The effect of queuing caused by capacity constraints on 
the exit ramp of a weaving segment, including difficulty in making the required 
lane changes, is a good example of a situation that can benefit from the increased 
insight offered by a microscopic model. An example of the effect of exit ramp 
queue backup is presented in Chapter 27, Freeway Weaving: Supplemental. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

When using alternative tools, the analyst must be careful to note the 
definitions of simulation outputs. The principal measures involved in the 
performance analysis of weaving segments are speed and delay. These terms are 
generally defined in the same manner by alternative tools; however, there are 
subtle differences among tools that often make it difficult to apply HeM criteria 
directly to the outputs of other tools. Performance measure comparisons are 
discussed in more detail in Chapter 7, Interpreting HCM and Alternative Tool 
Results. 

Conceptual Differences Between the HCM and Simulation Modeling 
That Preclude Direct Comparison of Results 

Conceptual differences between the HCM and stochastic simulation models 
make direct comparison difficult for weaving segments. The HCM uses a set of 
deterministic equations developed and calibrated with field data. Simulation 
m.odels treat each vehicle as a separate object to be propagated through the 
system. The physical and behavioral characteristics of drivers and vehicles in the 
HCM are represented in deterministic equations that compute passenger car 
equivalences, lane-changing rates, m.aximum weaving lengths, capacity, speed, 
and density. Simulation models apply the characteristics to each driver and 
vehicle, and these characteristics produce interactions between vehicles, the sum 
total of which determines the performance measures for a weaving segment. 

One good example of the difference between microscopic and macroscopic 
modeling is how trucks are entered into the models. The HCM uses a conversion 
factor that increases the demand volumes to reflect the proportion of trucks. 
Simulation models deal with trucks explicitly by assigning more sluggish 
characteristics to each of them. The result is that HCM capacities, densities, and 
so forth are expressed in equivalent passenger car units, whereas the 
corresponding simulation values are represented by actual vehicles. 

The HCM methodology estimates the speeds of weaving and nonweaving 
traffic streams, and on the basis of these estimates it determines the density 
within the weaving segment. Simulators that provide outputs on a link-by-link 
basis do not differentiate between weaving and nonweaving movements within 
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Supplemental computational 
examples illustrating the use 
of alternative tools are 
included in Chapter 27 of 
Volume 4. 

Applications 

a given link; thus, comparing these (intermediate) results to other tools would be 
somewhat difficult. 

For a given set of inputs, simulation tools should produce answers that are 
similar to each other and to the HCM. Although most differences should be 
reconcilable through calibration and identification of point problems within a 
segment, precise numerical agreement is not generally a reasonable expectation. 

Sample Calculations Illustrating Alternative Tool Applications 

Chapter 27, Freeway Weaving: Supplemental, contains three examples that 
illustrate the application of alternative tools to freeway weaving segments. All of 
the problems are based on Example Problem 1 presented later in this chapter. 
Three questions are addressed by using a typical simulation tool: 

1. Can the weaving segment capacity be estimated realistically by 
simulation by varying the demand volumes up to and beyond capacity? 

2. How does the demand affect the performance in terms of speed and 
density in the weaving segment when the default model parameters are 
used for vehicle and behavioral characteristics? 

3. How would the queue backup from a signal at the end of the off-ramp 
affect the weaving operation? 
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Example 
Problem 
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3 
4 
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5. EXAMPLE PROBLEMS 

Description 
lOS of a major weaving segment 
lOS of a ramp-weaving segment 
lOS of a two-sided weaving segment 
Design of a major weaving segment for a desired lOS 
Service volume table construction 

Application 
Operational Analysis 
Operational Analysis 
Operational Analysis 

Design 
Service Volumes 

EXAMPLE PROBLEM 1: LOS OF A MAJOR WEAVING SEGMENT 

The Weaving Segment 

The subject of this operational analysis is a major weaving segment on an 
urban freeway, as shown in Exhibit 12-12. 

1-- Ls = 1,500 ft --~ 

............. - ............. --............. --.......................................... ~) VFF= 1,815 veh/h 

_=::=::::::=-........ ==::::::::~ VRF= 1,037 veh/h 

- ~ VFR = 692 veh/h 

-------------...... ) VRR = 1,297 veh/h 

v = 4,841 vehl h 

What is the LOS and capacity of the weaving segment shown in Exhibit 12-
12? 

The Facts 

In addition to the information contained in Exhibit 12-12, the following 
characteristics of the weaving segment are known: 

PHF 

Heavy vehicles 

Driver population 

FFS 

ID 

Terrain 

0.91 (for all movements); 

10% trucks, 0% recreational vehicles (RVs) (all 
movements); 

regular commuters; 

65 mi/h; 

2,350 pc/h/ln (for FFS = 65 mi/h); 

0.8 int/mi; and 

level. 
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Example Problems 

Comments 

Chapter 11, Basic Freeway Segments, must be consulted to find appropriate 
values for the heavy-vehicle adjustment factor .hlV and the driver population 
adjustment factor fp. 

All input parameters have been specified, so default values are not needed. 
Demand volumes are given in vehicles per hour under prevailing conditions. 
These must be converted to passenger cars per hour under equivalent ideal 
conditions for use in equations of the methodology. The length of the segment 
must be compared with the maximum length for weaving analysis to determine 
whether the methodology of this chapter is applicable. The capacity of the 
weaving segment is estimated and compared with the total demand flow to 
determine whether LOS F exists. Lane-changing rates are estimated to allow 
speed estimates to be made for weaving and nonweaving flows. An average 
overall speed and density are computed and compared with the criteria of 
Exhibit 12-10 to determine LOS. 

Step 1: Input Data 

All inputs have been specified in Exhibit 12-12 and the Facts section of the 

problem statement. 

Step 2: Adjust Volume 

Equation 12-1 is used to convert the four component demand volumes to 
flow rates under equivalent ideal conditions. Chapter 11 is consulted to obtain a 
value of Er (1.5 for level terrain) and jp (1.00 for regular commuters). The heavy
vehicle adjustment factor is computed as 

___ 1 __ = 0.952 
1 + 0.10(1.5 -1) 

Equation 12-1 is now used to convert all demand volumes: 

V 
v 

PHFxj~ xfp 

1,815 = 2,094 pc/h 
0.91 x 0.952 x 1 

V pR 
692 = 798 pc/h 

0.91 x 0.952 x 1 

1,037 = 1)97 pc/h 
0.91 x 0.952 x 1 

1/297 = 1A97 pc/h 
0.91 x 0.952 x 1 
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Then 

Vw = 798 + 1,197 = 1,995 pc/h 

v NW = 2,094 + 1,497 = 3,591 pc/h 

V = 1,995 + 3,591 = 5,586 pc/h 

VR = 1,995 = 0.357 
5,586 

Step 3: Determine Configuration Characteristics 

The configuration is examined to determine the values of LCRF, LCFR, and 
N WL• These determinations are illustrated in Exhibit 12-13. From these values, the 
minimum number of lane changes by weaving vehicles, LCM1N, is then computed 
by using Equation 12-2. 

1+-- Ls = 1,500 ft --~ 

From Exhibit 12-13, it can be seen that ramp-to-freeway vehicles can execute 
their weaving maneuver without making a lane change (if they so desire). Thus, 
LCRF = O. Freeway-to-ramp vehicles must make at least one lane change to 
complete their desired maneuver. Thus, LeFR = 1. If optional lane changes are 
considered, weaving movements can be accomplished with one or no lane 
changes from both entering ramp lanes and from the rightmost freeway lane. 
Thus, NWL = 3. Equation 12-2 can now be employed: 

LCM1N ;:::: (LC RF X V RF )+(LCFR X V FR );.-.-.: (Ox 1197)+(1 x 798) = 798lc/h 

Step 4: Determine Maximum Weaving Length 

The maximum length over which weaving movements may exist is 
determined by Equation 12-4. The determination is case specific, and the result is 
valid only for the case under consideration: 

LMAX =[5728(1+ VR)1.6]-[1566NWL ] 

LMAX = [5728(1+0.357r·6]-[1566x3] = 4,639 ft 

As the maximum length is significantly greater than the actual segment 
length of 1,500 ft, weaving operations do exist, and the analysis may continue 
with the weaving analysis methodology. 

Step 5: Determine Weaving Segment Capacity 

Capacity may be controlled by one of two factors: operations reaching a 
maximum density of 43 pc/mi/ln or by the weaving demand flow rate reaching 
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Example Problems 

3,500 pc/h (for a weaving segment with NWL = 3). Equation 12-5 through Equation 
12-8 are used to make these determinations. 

Capacity Controlled by Density 

C1WL =c IFL -[438.2(1+ VR)1.6]+ [0.0765LJ+ [119.8NwrJ 
C1WL = 2,350 - [438.2(1 + 0.357Y6]+ [0.0765 x 1,500]+ [119.8 x 3] 

crWL = 2,110 pc/h/ln 

Cw =crwLNfHVfp =2)10x4xO.952x1=8,038 veh/h 

Capacity Controlled by Maximum Weaving Flow Rate 

C = 3,500 = 3,500 = 9800 c/h 
IW VR 0.357 ' P 

Cw = clW fHV fp = 9,800 x 0.952 x 1 = 9,333 veh/h 

Note that the methodology computes the capacity controlled by density in 
passenger cars per hour per lane, while the capacity controlled by maximum 
weaving flow rate is computed in passenger cars per hour. After conversion, 
however, both are in units of vehicles per hour. 

The controlling value is the smaller of these, or 8,038 veh/h. As the total 
demand flow rate is only 5,320 vehlh, the capacity is clearly sufficient, and this 
situation will not result in LOS F. 

Step 6: Determine lane-Changing Rates 

Equation 12-10 through Equation 12-15 are used to estimate the lane
changing rates of weaving and nonweaving vehicles in the weaving segment. In 
turn, these will be used to estimate weaving and nonweaving vehicle speeds. 

Weaving Vehicle Lane-Changing Rate 

LCw = LCMlN +0.39[(Ls -300)0.5(N2 )(1 + ID)o.8] 

LCw = 798 + 0.39[(1,500 - 300)°.5 42 (1 + 0.8)°·8]= 1,144lc/h 

Nonweaving Vehicle Lane-Changing Rate 

I = LsIDvNW 1,500xO.8x3,591 431<1,300 
NW 10,000 10,000 

LCNW = (0.206v NW )+ (0.542LJ- (192.6N) 

LC NW = (0.206 x 3,591)+ (0.542 x 1,500)-(192.6 x 4) = 782lc/h 

Total Lane-Changing Rate 

LCALL = LCw + LCNW = 1,144+782 =1,926lc/h 
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Step 7: Determine Average Speeds of Weaving and Nonweaving 
Vehicles 

The average speeds of weaving and nonweaving vehicles are computed from 
Equation 12-18 through Equation 12-20: 

W = 0.226(LC ALL J
o

.

789 
= 0.226(1/926Jo.789 = 0.275 

Ls 1,500 

Then 

S = 15 + (FFS -15) = 15+( 65-15 ) = 54.2 mi/h 
w 1+ W 1+0.275 

and 

SNW = FFS - (0.0072LC MIN )-( 0.0048 ~ ) 

SNW = 65-(0.0072X798)-( 0.0048 x 5,:86) = 52.5 mi/h 

Equation 12-21 is now used to compute the average speed of all vehicles in 
the segment: 

3,591 + 1,995 
53.1 mi/h 

( 
3,591) + (1,995) 
52.5 54.2 

Step 8: Determine lOS 

Equation 12-22 is used to convert the average speed of all vehicles in the 
segment to an average density: 

(~) 
53.1 

26.3 pc/mi/ln 

The resulting density of 26.3 pc/mi/ln is compared with the LOS criteria of 
Exhibit 12-10. The LOS is C, as the density is within the specified range of 20 to 
28 pc/h/ln for that level. 

Discussion 

As indicated by the results, this weaving segment operates at LOS C, with an 
average speed of 53.1 mi/h for all vehicles. Weaving vehicles travel a bit faster 
than nonweaving vehicles, primarily because the configuration favors weaving 
vehicles, allowing many weaving maneuvers to be made without making a lane 
change. The demand flow rate of 4,841 veh/h is considerably less than the 
capacity of the segment, 8,038 veh/h. In other words, demand can grow 
significantly before reaching the capacity of the segment. 
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Exhibit 12-14 
Ramp-Weave Segment for 

Example Problem 2 

Example Problems 

EXAMPLE PROBLEM 2: LOS OF A RAMP-WEAVING SEGMENT 

The Weaving Segment 

The weaving segment that is the subject of this operational analysis is shown 
in Exhibit 12-14. It is a typical ramp-weave segment. 

---___ -------------------------------'1111111!!!"----

---- Ls = 1,000 ft 
_______________ )~ VFF= 4,000 pc/h 

_: =:::::::===---=:::::::=~ VRF = 600 pc/h 
_ ~ VFR = 300 pc/h 

---------------)~ VRR= 100 pc/h 

v= 5,000 pc/h 

What is the capacity of the weaving segment of Exhibit 12-14, and at what 
LOS is it expected to operate with the demand flow rates as shown? 

The Facts 

In addition to the information given in Exhibit 12-14, the following facts are 
known about the subject weaving segment: 

PHF 1.00 (demands stated as flow rates); 

Heavy vehicles 

Driver population 

FFS 

ID 

Terrain 

Comments 

0% trucks, 0% RVs (demands given as passenger car 
equivalents); 

regular commuters; 

75 mi/h; 

2,400 pc/h/ln (for FFS = 75 mi/h); 

1.0 int/mi; and 

leveL 

Because the demands have been specified as flow rates in passenger cars per 
hour under equivalent ideal conditions, Chapter 11 does not ha ve to be consulted 
to obtain appropriate adjustment factors. 

Several of the computational steps related to converting demand volumes to 
flow rates under equivalent ideal conditions are trivial, as demands are already 
specified in that form. Lane-changing characteristics will be estimated. The 
maximum length for weaving operations in this case will be estimated and 
compared with the actual length of the segment. The capacity of the segment will 
be estimated and compared with the demand to determine whether LOS F exists. 
If it does not, component flow speeds will be estimated and averaged. A density 
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will be estimated and compared with the criteria of Exhibit 12-10 to determine 
the expected LOS. 

Step 1: Input Data 

All input data are stated in Exhibit 12-14 and the Facts section. 

Step 2: Adjust Volume 

Because all demands are stated as flow rates in passenger cars per hour 
under equivalent ideal conditions, no further conversions are necessary. Key 
volume parameters are as follows: 

V FF = 4,000 pc/h 

v FR = 600 pc/h 

V RF = 300 pc/h 

V RR = 100 pc/h 

Vw = 600 + 300 = 900 pc/h 

vNW = 4,000 + 100 = 4,100 pc/h 

V = 4,100 + 900 = 5,000 pc/h 

VR = 900 = 0.180 
5,000 

Step 3: Determine Configuration Characteristics 

The configuration is examined to determine the values of LCRFT LCFIv and 
Nwr .. These determinations are illustrated in Exhibit 12-15. From these values, the 
minimum number of lane changes by weaving vehicles LCM1N is then computed 
by using Equation 12-2. 

From Exhibit 12-15, it is clear that all ramp-to-freeway vehicles must make at 
least one lane change (LCRF = 1), and aU freeway-to-ramp vehicles must make at 
least one lane change (LCFR = 1). It is also clear that a weaving maneuver can only 
be completed with a single lane change from the right lane of the freeway or the 
auxiliary lane (NWL = 2). Then, by using Equation 12-2, LCMfN is computed as 

LCM1N = (LCRF xVRF )+(LCFR XV FR ) 

LC MIN = (1 x 600) + (1 x 300) = 900 lc/h 
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Step 4: Determine Maximum Weaving Length 

The maximum length over which weaving operations may exist for the 
segment described is found by using Equation 12-4: 

LMAX =[5,728(1+ VRt6 ]-[l,566Nw/J 

LMAX = [5,728(1 + 0.180?6]- [1,566 x 2] = 4,333 ft > 1,000 ft 

As the maximum length for weaving operations significantly exceeds the 
actual length, this is a weaving segment, and the analysis continues. 

Step 5: Determine Weaving Segment Capacity 

The capacity of the weaving segment is controlled by one of two limiting 
factors: density reaches 43 pc/mi/ln or weaving demand reaches 2,400 pc/h for 
the configuration of Exhibit 12-15. 

Capacity Limited by Density 

The capacity limited by reaching a density of 43 pc/mi/ln is estimated by 
using Equation 12-5 and Equation 12-6: 

cIWL = cIn - [438.2(1 + VR)1.6 J+ [0.0765LJ+ [119.8Nm ] 

cIWL = 2,400 - [438.2(1 + 0.180)1.6 J+ [0.0765 x 1,000]+ [119.8 x 2] 

clm = 2,145 pc/h/ln 

Cw = C1WL X N X j~fV X j~ = 2,145 x 4 x 1 x 1 = 8,580 pclh 

Capacity Limited by Weaving Demand Row 

The capacity limited by the weaving demand flow is estimated by using 
Equation 12-7 and Equation 12-8: 

C = 2,400 = 2,400 = 13333 c/h 
IW VR 0.180 ' P 

Cw = Crw x j HV X jp = 13,333 x 1 x 1 = 13,333 pc/h 

The controlling capacity is the smaller value, or 8,580 pc/h. At this point, the 
value is usually stated as vehicles per hour. In this case, because inputs were 
already adjusted and were stated in passenger cars per hour, conversions back to 
vehicles per hour are not possible. 

As the capacity is larger than the demand flow rate of 5,000 pc/h, LOS F does 
not exist, and the analysis continues. 

Step 6: Determine Lane-Changing Rates 

Equation 12-10 through Equation 12-15 are used to estimate the lane
changing rates of weaving and nonweaving vehicles in the weaving segment. In 
turn, these will be used to estimate weaving and nonweaving vehicle speeds. 
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Weaving Vehicle Lane-Changing Rate 

LCw = LC MIN + 0.39[(L5 - 300 YS(N2) (1 + ID )0.8] 

LCw = 900 + 0.39[(1,000 - 300 )0.5 42 (1 + 1)0.8] = 1J87 lc/h 

Nonweaving Vehicle Lane-Changing Rate 

I = Ls IDvNW 1,000 x 1 x 4,100 410 < 1,300 
NW 10,000 10,000 

LCNW = (0.206v NW )+ (0.542L5)- (192.6N) 

LC NW = (0.206 x4,100)+ (0.542 x 1,000)- (192.6x4) = 616 lc/h 

Total Lane-Changing Rate 

LC ALL = LCw + LCNW = 1)87 + 616 = 1,803 lc/h 

Step 1: Determine Average Speeds of Weaving and Nonweaving 
Vehicles 

The average speeds of weaving and nonweaving vehicles are computed from 
Equation 12-18 through Equation 12-20: 

W = 0.226( LC ALL J
o
.
789 

= 0.22i 1/803)°.789 = 0.360 
Ls ll,OOO 

Then 

S =15+(FFS-15)=15+( 75-15 )=59.1mi/h 
w 1+ W 1+0.360 

and 

SNW = FFS - (0.0072LC MIN )- ( 0.0048 ~ ) 

SNW = 75 - (0.0072 x 900) - ( 0.0048 X 5/~00) = 62.5 mi/h 

Equation 12-21 is now used to compute the average speed of all vehicles in 
the segment: 

4,100 +900 
61.9 mi/h 

(
4JOO)+( 900) 
62.5 59.1 

Step 8: Determine lOS 

The average density in the weaving segment is estimated by using Equation 
12-22. 
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Exhibit 12-16 
Weaving Segment for 

Example Problem 3 

Example Problems 

From Exhibit 12-10, this density is within the stated boundaries of LOS C (20 
to 28 pc/mi/ln). It is, however, very dose to the LOS B boundary condition. 

Discussion 

As noted, the segment is operating quite well (LOS C) and is very dose to the 
LOS B boundary. Weaving and nonweaving speeds are relatively high, 
suggesting a stable flow. The demand flow rate of 5,000 pc/h is well below the 
capacity of the segment (8,580 pc/h). Weaving vehicles travel somewhat more 
slowly than nonweaving vehicles, which is typical of ramp-weave segments, 
where the vast majority of nonweaving vehicles are running from freeway to 
freeway. 

EXAMPLE PROBLEM 3: LOS OF A TWO-SIDED WEAVING SEGMENT 

The Weaving Segment 

The weaving segment that is the subject of this example problem is shown in 
Exhibit 12-16. 

~ ............. -----

L5=750 ft~ :::::========::1> VRF= 100 veh/h 
~ VRR = 300 veh/h 

:============j)~ VFF= 3,500 veh/h 
~ VFR = 250 veh/h 

v = 4,150 veh/ h 

What is the expected LOS and capacity for the weaving segment of Exhibit 
12-16? 

The Facts 

In addition to the information contained in Exhibit 12-16, the following facts 
concerning the weaving segment are known: 

PHF 

Heavy vehicles 

Driver population 

FFS 

0.94 (all movements); 

15% trucks, 0% RVs (all movements); 

regular commuters; 

60 mi/h; 
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ID 

Terrain 

Comments 

2,300 pc/h/ln (for FFS = 60 mi/h); 

2 int/mi; and 

rolling. 

Because this example illustrates the analysis of a two-sided weaving 
segment, several key parameters are redefined. 

In a two-sided weaving segment, only the ramp-to-ramp flow is considered 
to be a weaving flow. While the freeway-to-freeway flow technically weaves 
with the ramp-to-ramp flow, the operation of freeway-to-freeway vehicles more 
closely resembles that of nonweaving vehicles. These vehicles generally make 
very few lane changes as they move through the segment in a freeway lane. This 
segment is in a busy urban corridor with a high interchange density and a 
relatively low FFS for the freeway. 

Solution steps are the same as in the first two example problems. However, 
since the segment is a two-sided weaving segment, some of the key values will 
be computed differently as described in the methodology. 

Component demand volumes will be converted to equivalent flow rates in 
passenger cars per hour under ideal conditions, and key demand parameters will 
be calculated. A maximum weaving length win be estimated to determine 
whether a weaving analysis is appropriate. The capacity of the weaving segment 
will be estimated to determine whether LOS F exists. If not, lane-changing 

(, parameters, speeds, density, and LOS will be estimated. 

( 

Step 1: Input Data 

All information concerning this example problem is given in Exhibit 12-16 
and the Facts section. 

Step 2: Adjust Volume 

To convert demand volumes to flow rates under equivalent ideal conditions, 
Chapter 11 must be consulted to obtain the following values: 

ET 2.5 (for roning terrain) 

jp 1.0 (for regular commuters) 

Then 

fHV 
1 

0.816 
1 

1 + 0.15(2.5 -1) 

Component demand volumes may now be converted to flow rates under 
equivalent ideal conditions: 

3,500 = 4,561 pc/h 
0.94 x 0.816 x 1 

250 

0.94 x 0.816 x 1 
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Exhibit 12-17 
Configuration Characteristics 

for Example Problem 3 

Example Problems 

v = 100 = 130 pc/h 
RF 0.94 X 0.816 X 1 

300 
V RR = 391 pc/h 

0.94x 0.816 X 1 

Because this is a two-sided weaving segment, the only weaving flow is the 
ramp-to-ramp flow. All other £lows are treated as nonweaving. Then 

'Ow = 391 pc/h 

VNW = 4,561 + 326 + 130 = 5,017 pc/h 

'0 = 5,017 + 391 = 5,408 pc/h 

VR 391/5,408 = 0.072 

Step 3: Determine Configuration Characteristics 

The determination of configuration characteristics is also affected by the 
existence of a two-sided weaving segment. Exhibit 12-17 illustrates the 
determination of LCRlv the key variable for two-sided weaving segments. For 
such segments, NWT~ = 0 by definition. 

~- Ls = 750 ft ----
From Exhibit 12-17, ramp-to-ramp vehicles must make two lane changes to 

complete their desired weaving maneuver. Then 

LCM1N = LCRR X V RR = 2x391 = 782 lc/h 

Step 4: Determine Maximum Weaving length 

The maximum length of a weaving segment for this configuration and 
demand scenario is estimated by using Equation 12-4: 

LMAX = [5,728(1+ VRy6]-[l,566NwJ 

LMAX = [5,728(1 + 0.072)1.6]- [1/566 * 0] = 6A05 ft > 750 ft 

In this two-sided configuration, the impacts of weaving on operations could 
be felt at lengths as long as 6,405 ft. As this is significantly greater than the actual 
length of 750 ft, this segment clearly operates as a weaving segment and, 
therefore, the methodology of this chapter should be applied. 
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Step 5: Determine Weaving Segment Capacity 

The capacity of a two-sided weaving segment can only be estimated when a 
density of 43 pc/h/ln is reached. This estimation is made by using Equation 12-5 
and Equation 12-6: 

C1WL = Cm - [438.2(1 + VR)1.6]+ [0.0765Lsl+ [1l9.8Nv\1L] 

CIWL = 2,300 - [438.2(1 + 0.072)1.6]+ [0.0765 x 750]+ [119.8 x 0] 

C1WL = 1,867 pc/h/ln 

Cw = C1WL X N X iHV X i p = 1,867 x 3 x 0.816 x 1 = 4,573 vehlh > 4,150 vehlh 

Because the capacity of the segment exceeds the demand volume (in vehicles 
per hour), LOS F is not expected, and the analysis may be continued. 

Step 6: Determine lane-Changing Rates 

Equation 12-10 through Equation 12-15 are used to estimate the lane
changing rates of weaving and nonweaving vehicles in the weaving segment. In 
tum, these will be used to estimate weaving and nonweaving vehicle speeds. 

Weaving Vehicle Lane-Changing Rate 

LCw = LCM1N +0.39[(Ls -300)0.5(N2 )(1+ID)0.8] 

LCw = 782+0.39[(750 -300)°.532 (1+ 2)°·8]= 961lc/h 

Nonweaving Vehicle Lane-Changing Rate 

I _LsIDvNW 750x2x5,017 753<1,300 
NW - 10,000 10,000 

LCNW = (0.206vNW )+(0.542Ls)-(192.6N) 

LCNW = (0.206 x 5,017)+(0.542 x 750)-(192.6x3) = 862lclh 

Total Lane-Changing Rate 

LC ALL = LCw + LCNW = 961 + 862 = 1,823 lc/h 

Step 1: Determine Average Speeds of Weaving and Nonweaving 
Vehicles 

The average speeds of weaving and nonweaving vehicles are computed from 
Equation 12-18 through Equation 12-20: 

W = 0.226( LC ALL J
o
.
789 

= 0.226( 1,823)°·789 = 0.456 
Ls 750 

Then 

5 =15+(FF5 -15) = 15+( 60-15 ) = 45.9 mi/h 
w 1+ W 1+0.456 

and 
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Sl'JW = FFS - (0.0072LC MiN)- ( 0.0048 ~ ) 

S1'JW = 75-(0.0072 x 782)-(0.0048 x 51~08) =45.7 mi/h 

Equation 12-21 is now used to compute the average speed of all vehicles in 
the segment: 

5,017 +391 
45.7 mi/h 

(5/017)+(~) 45.7 45.9 

Step 8: Determine LOS 

The average density in this two-sided weaving segment is estimated by 
using Equation 12-22: 

(V) (5,408) 
D = ~ = 3 = 39.4 pc/mi/ln 

S 45.7 

From Exhibit 12-10, this density is clearly in LOS E. It is not far from the 43 
pc/h/ln that would likely cause a breakdown. 

Discussion 

This two-sided weaving segment operates at LOS E, not far from the LOS E/F 
boundary. The vic ratio is 4,150/4,573 = 0.91. The major problem is that 300 veh/h 
crossing the freeway from ramp to ramp creates a great deal of turbulence in the 
traffic stream and limits capacity. Two-sided weaving segments do not operate 
well with such large numbers of ramp-to-ramp vehicles. If this were a basic 
freeway segment, the per lane flow rate of 5,408/3 = 1,803 pc/h/ln would not be 
considered excessive and would be well within a basic freeway segment's 
capacity of 2,300 pc/h/ln. 

EXAMPLE PROBLEM 4: DESIGN OF A MAlOR WEAVING SEGMENT 
FOR A DESIRED LOS 

The Weaving Segment 

A weaving segment is to be designed between two major junctions in which 
two urban freeways join and then separate as shown in Exhibit 12-18. Entry and 
exit legs have the numbers of lanes shown. The maximum length of the weaving 
segment is 1,000 ft, based on the location of the junctions. The FFS of all entry 
and exit legs is 75 mi/h. All demands are shown as flow rates under equivalent 
ideal conditions. 
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~: SS2 
~~ L (max) ~ 1,000 It --1 ~ 
-----------)~ VFF~ 2,000 pc/h 

:=:::::::::::=_....:::::::::::::::::~: VRF~ 1,500 pc/h 

- ~ VFR ~ 1,450 pc/h 

-----------)~ VRR~ 2,000 pc/h 

v= 6,950 pc/h 

What design would be appropriate to deliver LOS C for the demand flow 
rates shown? 

The Facts 

In addition to the information contained in Exhibit 12-18, the following facts 
are known concerning this weaving segment: 

PHF 

Heavy vehicles 

Driver population 

FFS 

eIn 

ID 

Terrain 

Comments 

1.00 (all demands stated as flow rates); 

0% tntcks, 0% RVs (all demands in pc/h); 

regular commuters; 

75 mi/h; 

2,400 pcfh/ln (for FFS = 75 mi/h); 

1 int/mi; and 

level. 

As is the case in any weaving segment desigI\ there are considerable 
constraints imposed. The problem states that the maximum length is 1,000 ft, no 
doubt limited by locational issues for the merge and diverge junctions. It is 
probably not worth investigating shorter lengths, and the maximum should be 
assumed for all trial designs. The simplest design merely connects entering lanes 
with exit lanes in a straightforward manner, producing a section of five lanes. A 
section with four lanes could be considered by merging two lanes into one at the 
entry gore and separating it into two again at the exit gore. In any event, the 
design is limited to a section of four or five lanes. No other widths would work 
without major additions to input and output legs. The configuration cannot be 
changed without adding a lane to at least one of the entry or exit legs. Thus, the 
initial trial will be at a length of 1,000 ft, with the five entry lanes connected 
directly to the five exit lanes, with no changes to the exit or entry leg designs. If 
this does not produce an acceptable operation, changes will be considered. 

While the problem clearly states that all legs are freeways, no feasible 
configuration produces a two-sided weaving section. Thus, to fit within the one
sided analysis methodology, the right-side entry and exit legs will be classified as 
ramps in the computational analysis. 
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Exhibit 12-19 
Trial Design 1 

for Example Problem 4 

Example Problems 

Step 1: Input Data - Trial 1 

All input information is given in Exhibit 12-18 and in the accompanying 
Facts section for this example problem. 

Step 2: Adjust Volume - Trial 1 

All demands are already stated as flow rates in passenger cars per hour 
under equivalent ideal conditions. No further adjustments are needed. Critical 
demand values are as follows: 

V rF = 2,000 pc/h 

V FR = lA50 pc/h 

V RF = 1,500 pc/h 

V RR = 2,000 pc/h 

Vw = 1,500 + 1,450 = 2,950 pc/h 

vNW = 2,000 + 2,000 = 4,000 pc/h 

V = 2,950 + 4,000 = 6,950 pc/h 

VR = 2,950 = 0.424 
6,950 

Step 3: Determine Configuration Characteristics - Trial 1 

Exhibit 12-19 illustrates the weaving segment formed under the assumed 
design discussed previously. 

The direct connection of entry and exit legs produces a weaving segment in 
which the ramp-to-freeway movement can be made without a lane change (LCRF 

= 0). Freeway-to-ramp vehicles, however, must make two lane changes (LCFR = 2). 
If the lane-changing pattern is considered, there are no lanes on the entering 
freeway leg from which a weaving maneuver can be made with one or no lane 
changes. Ramp drivers wishiIlg to weave, however, can enter on either of the two 
left ramp lanes and weave with one or no lane changes. Thus, NWL = 2. 

By USll1.g Equation 12-2, LCM1N is computed as 

LCM1N = (LC RF X V RF )+(LCFR x V FR ) 

LC MIN = (0 x 1,500)+ (2 x 1A50) = 2,900 lc/h 
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Step 4: Determine Maximum Weaving length - Trial 1 

The maximum length of a weaving segment for this configuration and 
demand scenario Is estImated by using Equation 12-4: 

LMAX = [5,728(1+ VRY·6]-[l,566Nwr.J 

LMAX = [5,728(1 +0.424Y·6]- [1,566 x 2] = 6,950 ft > 1,000 ft 

As the maximum length is much greater than the actual length of 1,000 ft, it 
Is appropriate to analyze the segment by using this chapter's methodology. 

Step 5: Determine Weaving Segment Capacity :... Trial 1 

1he capacity of the weaving segment is controlled by one of two limiting 
factors: density reaches 43 pc/mi/ln or weaving demand reaches 2,400 pc/h for 
the configuration of Exhibit 12-19. 

Capacity Limited by Density 

The capacity limited by reaching a density of 43 pc/mi/ln is estimated by 
using Equation 12-5 and Equation 12-6: 

Cffi7[, = CIFL - [438.2(1 + VR)1.6]+ [0.0765L8 J+ [U9.8N WI] 

C1WL = 2,400 - [438.2(1 + 0.424)1.6 J+ [0.0765 x 1,000]+ [119.8 x 2] 

C IWL = 1,944 pc/h/ln 

Cw = C1WL X N X fHV X fp = 1,944 x 5 x 1 x 1 = 9,721 pc/h 

Capacity Limited by Weaving Demand Flow 

The capacity limited by the weaving demand flow is estimated by using 
Equation 12-7 and Equation 12-8: 

C = 2,400 = 2,400 = 5 654 c/h 
IW VR 0.424 ' P 

Cw = C rw x j HV X jp = 5,654 x 1 x 1 = 5,654 pc/h 

In this case, the capacity of the segment is limited by the maximum weaving 
flow rate of 5,654 pc/h, which is smaller than the total demand flow rate of 6,950 
pc/h. Thus, this section is expected to operate at LOS F. No further analysis is 
possible with this methodology. 

Discussion - Trial 1 

This section would be expected to fail under the proposed design. The 
critical feature appears to be the configuration. Note that the capacity is limited 
by the maximum weaving flows that can be sustained, not by a density expected 
to produce queuing. This is primarily due to the freeway-to-ramp flow, which 
must make two lane changes. This number can be reduced to one by adding one 
lane to the "ramp" at the exit gore area. Not only does this reduce the number of 
lane changes made by 1,450 freeway-to-ramp vehicles, but it also increases the 
value of Nw from 2 to 3. In tum, this effectively increases the segment's capacity 
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Exhibit 12-20 
Trial Design 2 

for Example Problem 4 

Example Problems 

(as limited by weaving flow rate) to 3,500/VR = 3,500/0.424 = 8,255 pc/h, which is 
well in excess of the demand flow rate of 6,950 pc/h. Another analysis (Trial 2) 
will be conducted by using this approach. 

Steps 1 and 2: Input Data and Adjust Volume - Trial 2 

Steps 1 and 2 are the same as for Trial 1. They are not repeated here. The new 
configuration affects the results beginning with Step 3. 

Step 3: Determine Configuration Characteristics - Trial 2 

Exhibit 12-20 illustrates the new configuration that will result from the 
changes discussed above. By adding a lane to the exit-ramp leg, the freeway-to
ramp movement can now be completed with only one lane change (LCER = 1). The 
value of LCRF is not affected and remains O. The right lane of the freeway-entry 
leg can also be used by freeway-to-ramp drivers to make a weaving maneuver 
with a single lane change, increasing Nwr. to 3. 

Then 

LCM1N = (LC RF xvRF)+(LCFR XV FR ) 

LC MIN = (0 x 1,500) + (1 x 1,450) = 1,450 lc/h 

Step 4: Determine Maximum Weaving Length - Trial 2 

The maximum length of a weaving segment for this configuration and 
demand scenario is estimated by using Equation 12-4: 

LMAX = [5,728(1 + VR )1.6 ]- [1,566N WL] 

LMAX = [5,728(1 +0.424Y'6]- [l,566x 3] = 5,391 ft > 1,000 ft 

As the maximum length is much greater than the actual length of 1,000 ft, 
analyzing the segment by using this chapter's methodology is appropriate. 

Step 5: Determine Weaving Segment Capacity - Trial 2 

The capacity of the weaving segment is controlled by one of two limiting 
factors: density reaches 43 pc/mi/ln or weaving demand reaches 3,500 pc/h for 
the configuration of Exhibit 12-20. 

Capacity Limited by Density 

The capacity limited by reaching a density of 43 pc/mi/h1 is estimated by 
using Equation 12-5 and Equation 12-6: 
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( C1Wt = cIf[, - [438.2(1 + VRY'6]+ [0.0765LJ+ [119.8NWL ] 

cM '!. = 2AOO - [438.2(1 + 0.424)1.6]+ [0.0765 x 1,000]+ [119.8 x 3] 

C IWL = 2,064 pc/h/ln 

Cw = C1WL X Nx fHV X fp = 2,064 x 5 x 1 x 1 = 10,320 pc/h 

Capacity Limited by Weaving Demand Flow 

The capacity limited by the weaving demand flow is estimated by using 
Equation 12-7 and Equation 12-8: 

C = 3,500 = 3,500 = 8255 c/h 
lW VR 0.424 ' P 

Cw = c1W X fIiV X fp = 8,255 x 1 x 1 = 8,255 pc/h 

Once again, the capacity of the segment is limited by the maximum weaving 
flow rate: the difference is that now the capacity is 8,255 pc/h. This is larger than 
the total demand flow rate of 6,950 pc/h. Thus, this section is expected to operate 
without breakdown, and the analysis may continue. 

Step 6: Determine lane-Changing Rates - Trial 2 

Equation 12-10 through Equation 12-15 are used to estimate the lane
changing rates of weaving and nonweaving vehicles in the weaving segment. In 

( tum, these will be used to estimate weaving and nonweaving vehicle speeds. 

( 

Weaving Vehicle Lane-Changing Rate 

LCw = LCM1N + 0.39[(Ls - 300)0.s(N2 )(1 + ID)0.8] 

LCw = 1,450 + 0.39[(1,000 - 300 )°.55 2 (1 + 1)0.8] = 1,899 lc/h 

Nonweaving Vehicle Lane-Changing Rate 

LsIDvNW 1,000x1x4,000 
I NW 400 < 1,300 

10 ,000 10 ,000 

LCNW = (0.206vNW )+(0.542Ls)-(192.6N) 

LC NW = (0.206 x4,000)+(0.542x 1,000)- (192.6 x 5) = 403lc/h 

Total Lane-Changing Rate 

LC ALL = LCw + LCNW = 1,899 + 403 = 2,302 lc/h 

Step 7: Determine Average Speeds of Weaving and Nonweaving 
Vehicles - Trial 2 

The average speeds of weaving and nonweaving vehicles are computed from 
Equation 12-18 through Equation 12-20. 
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( J
0.789 ( )0789 

W = 0.226 LC ALL = 0.226 2,302 . = 0.436 
Ls LOOO 

Then 

S =15+(FFS-15)=15+( 75-15 )=56.8mi/h 
w 1 + W 1 + 0.436 

and 

SNW = FFS -(0.0072LCM1N )-( 0.0048~) 

SNW = 75-(0.0072Xl,450)-( 0.0048 6,~50) = 57.9 mi/h 

Equation 12-21 is now used to compute the average speed of all vehicles in 
the segment: 

57.4 mi/h 

Step 8: Determine the Level of Service - Trial 2 

The average density in the weaving segment is estimated by using Equation 
12-22: 

(v) (61950) 

o = ~ = 5 = 24.2 pc/mi/ln 
S 57.4 

From Exhibit 12-10, this density is within the stated boundaries of LOS C (20 
to 28 pc/mi/ln). As the design target was LOS C, the second trial design is 
acceptable. 

Discussion - Trial 2 

The relatively small change in the configuration makes all the difference in 
this design. LOS C can be achieved by adding a lane to the right exit leg; without 
it the section fails due to excessive weaving turbulence. If the extra lane is not 
needed on the departing freeway leg. it would be dropped somewhere 
downstream, perhaps as part of the next interchange. The extra lane would have 
to be carried for several thousand feet to be effective. An added lane generally 
will not be fully utilized by drivers if they are aware that it will be immediately 
dropped. 

EXAMPLE PROBLEM 5: CONSTRUCTING A SERVICE VOLUME TABLE FOR 
A WEAVING SEGMENT 

This example shows how a table of service flow rates or service volumes or 
both can be constructed for a weaving section with certain specified 
characteristics. The methodology of this chapter does not directly yield service 
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flow rates or service volumes, but they can be developed by using spreadsheets 
or more sophisticated computer programs. 

The key issue is the definition of the threshold values for the various levels of 
service. For weaving sections on freeways, levels of service are defined as 
limiting densities as follows: 

lOS 
A 
B 
C 
D 

Maximum Density (pc/mi/ln) 
10 
20 
28 
35 

By definition, the service flow rate at LOS E is the capacity of the weaving 
section, which mayor may not be keyed to a density. 

Before the construction of such a table is illustrated, several key definitions 
should be reviewed: 

• Service flow rate (under ideal conditions): The maximum rate of flow under 
equivalent ideal conditions that can be sustained while maintaining the 
designated LOS (SFI, passenger cars per hour). 

• Service flow rate (under prevailing conditions): TIle maximum rate of flow 
under prevailing conditions that can be sustained while maintaining the 
designated LOS (SF, vehicles per hour). 

• Service volume: The maximum hourly volume under prevailing conditions 
that can be sustained while maintaining the designated LOS in the worst 
15 min of the hour (SV, vehicles per hour). 

• Daily service volume: The maximum AADT under prevailing conditions 
that can be sustained while maintaining the designated LOS in the worst 
15 min of the peak hour (DSV, vehicles per day). 

N ate that flow rates are for a IS-min period, often a peak 15 min within the 
analysis hour, or the peak hour. These values are related as follows: 

SFi = SFli X fHV X fp 

SVj = SFj x PHF 

DSV. = SVj 

1 KD 

This chapter's methodology estimates both the capacity and the density 
expected in a weaving segment of given geometric and demand characteristics. 
Conceptually, the approach to generating values of SFI is straightforward: for 
any given situation, keep increasing the input flow rates until the boundary 
density for the LOS is reached; the input flow rate is the SFI for that situation and 
LOS. This obviously involves many iterations. A spreadsheet can be 
programmed to do this, either semiautomatically with manual input of demands, 
or fully automatically, with the spreadsheet automatically generating solutions 
until a denSity match is found. The latter method is not very efficient and 
involves a typical spreadsheet program running for several hours. A program 
could, of course, be written to automate the entire process. 
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An Example 

While all of the computations cannot be shown, demonsh'ation results for a 
specific case can be illustrated. A service volume table is desired for a weaving 
section with the following characteristics: 

• One-sided major weaving section 

• Demand splits as follows: 

0 vFF = 65% o£v 

0 V RF = 15% of v 

0 V FR = 12% of v 

0 V RR =8% of v 

• Trucks = 10%, RVs = 0% 

• Level terrain 

• PHF = 0.93 

• ,~, = 1.00 

• ID = 1 int/mi 

• FFS = 65 mi/h 

For these characteristics, a service volume table can be constructed for a 
range of lengths and widths and for configurations in which Nw is 2 and 3. For 
illustrative purposes, lengths of 500, 1,000, 1,500, 2,000, and 2,500 ft and widths of 
three, four, or five lanes will be used. In a major weaving section, one weaving 
flow does not have to make a lane change. For the purposes of this example, it is 
assumed that the ramp-to-freeway movement has this characteristic. The 
freeway-to-ramp movement would require one or two lane changes, on the basis 
of the value of NWL" 

First Computations 

Initial computations will be aimed at establishing values of SF! for the 
situations described, A spreadsheet will be constructed in which the first column 
is the flow rate to be tested (in passenger cars per hour under ideal conditions), 
and the last column produces a density. Each line will be iterated (manually in 
this case) until each threshold density value is reached. Intermediate columns 
will be programmed to produce the intermediate results needed to get to this 
result. Because maximum length and capacity are decided at intermediate points, 
the applicable results will be manually entered before continuing. Such a 
procedure is less difficult than it seems once the basic computations are 
programmed. Manual iteration using the input flow rate is very efficient, as the 
operator will observe how fast the results are converging to the desired threshold 
and will change the inputs accordingly. 

The results of a first computation are shown in Exhibit 12-21. They represent 
service flow rates under ideal conditions, SF!. Consistent with the HCM's results 
presentation guidelines (Chapter 7, Interpreting HCM and Alternative Tool 
Results), all hourly service flow rates and volumes in the following exhibits have 
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been rounded down to the nearest 100 passenger cars or vehicles for 
presentation. 

length of Weaving Section (ft) 
lOS 500 1,000 1,500 2 000 2 500 500 1 000 1 500 2 000 2 500 

N - 3' N: - 2 N - 3' N: - 3 - ., WL - - , WL-
A IJOO 1,700 1,700 1,700 1,700 1,800 1,800 1,800 1,800 1,800 
B 3,200 3,200 3,200 3,200 3,200 3,300 3,300 3,400 3,400 3,400 
C 4,200 4,200 4,300 4,300 4,300 4,400 4,500 4,500 4,500 4,500 
D 5,000 5,100 5,100 5,100 5,100 5,300 5,400 5,400 5,500 5,500 
E 5900 6,000 6,100 6,300 6,400 6300 6400 6500 6,600 6,700 

N- 4' NWL - 2 - I - N- 4' NWL - 3 - I -
A 2,200 2,300 2,300 2,300 2,300 2,300 2,300 2,300 2,300 2,300 
B 4,100 4,200 4,200 4,200 4,200 4,300 4,400 4,400 4,400 4,400 
C 5,400 5,500 5,500 5,500 5,600 5,800 5,900 5,900 5,900 5,900 
D 6,300 6,500 6,500 6,600 6,600 6,900 7,000 7,100 7,100 7,100 
E 7900 8,000 8200 8,400 8,500 8,400 8,500 8,700 8800 9000 

N= 5' NWL = 2 , N= 5' NWL = 3 , 
A 2,800 2,800 2,800 2,800 2,800 2,900 2,900 2,900 2,900 2,900 
B 5,000 5,100 5,100 5,100 5,100 5,400 5,400 5,400 5,500 5,500 
C 6,500 6,600 6,700 6,700 6JOO 7,100 7,200 7,200 7,300 7,300 
D 7,600 7,800 7,900 7,900 7,900 8,400 8,600 8,700 8,700 8,700 
E 8,800 8,800 8,800 8800 8800 10500 10700 10900 11100 11200 

Exhibit 12-22 sh0ws service flow rates under prevailing conditions, SF. Each 
value in Exhibit 12-21 (before rounding) is multiplied by 

1 
f HV = 1 + 0.10(1.5 -1) 

0,952 

jp = 1.00 

Length of Weaving Section (ft) 
lOS 500 1 000 1 500 2,000 2,500 500 1,000 1 500 2 000 2 500 

N = 3' NWL = 2 N = 3' NWL = 3 , , 
A 1,600 1,600 1,600 1,600 1,600 1,700 1,700 1,700 1,700 1JOO 
B 3,000 3,000 3,100 3,100 3,100 3,100 3,200 3,200 3,200 3,200 
C 4,000 4,000 4,100 4,100 4,100 4,200 4,300 4,300 4,300 4,300 
D 4,700 4,800 4,900 4,900 4,900 5,100 5,100 5,200 5,200 5,200 
E 5,600 5,700 5800 5900 6100 6000 6100 6200 6200 6400 

N- 4' N: - 2 - Of WL- N- 4' Nw. - 3 - , r-

A 2,100 2,100 2,200 2,200 2,200 2,200 2,200 2,200 2,200 2,200 
B 3,900 4,000 4,000 4,000 4,000 4,100 4,200 4,200 4,200 4,200 
C 5,100 5,200 5,200 5,300 5,300 5,500 5,600 5,600 5,600 5,600 
D 5,900 6,200 6,200 6,300 6,300 6,600 6,700 6,700 6,800 6,800 
E 7,500 7,700 7800 7900 8100 8000 8,100 8,200 8,400 8,500 

N- 5' N: - 2 - , WL- N- 5' N: - 3 - ., WL-

A 2,600 2,700 2JOO 2,700 2,700 2JOO 2,700 2,800 2,800 2,800 
B 4,700 4,800 4,900 4,900 4,900 5,100 5,100 5,200 5,200 5,200 
C 6,200 6,300 6,300 6,400 6,400 6,700 6,800 6,900 6,900 6,900 
D 7,300 7,400 7,500 7,500 7,500 8,000 8,200 8,200 8,300 8,300 
E 8400 8,400 8,400 8,400 8,400 10,000 10,200 10,300 10,500 10,700 

Exhibit 12-23 shows service volumes, SV. Each value in Exhibit 12-22 (before 
rounding) is multiplied by a PHF of 0.93. 
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Exhibit 12-23 
Service Volumes Under 

Prevailing Conditions (Sit) 
for Example Problem 5 

(veh/h) 

Exhibit 12-24 
Daily Service Volumes Under 

Prevailing Conditions (DSIt) 
for Example Problem 5 

(veh/day) 

Example Problems 

Length of Weaving Section (ft) 
LOS 500 1,000 1,500 2,000 2,500 500 1,000 1,500 2 000 2,500 

N - 3' II, - 2 N - 3- N: - 3 - WL - - , WL -

A 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 
B 2,800 2,800 2,800 2,800 2,900 2,900 2,900 3,000 3,000 3,000 
C 3,700 3,700 3,800 3,800 3,800 3,900 4,000 4,000 4,000 4,000 
D 4,400 4,500 4,500 4,500 4,500 4,700 4,800 4,800 4,800 4,800 
E 5,200 5,300 5,400 5,500 5,600 5,500 5,600 5700 5,800 5,900 

N= 4; NWL = 2 N= 4; NWL = 3 
A 2,000 2,000 2,000 2,000 2,000 2,000 2,100 2,100 2,100 2,100 
B 3,600 3,700 3,700 3,700 3,700 3,800 3,900 3,900 3,900 3,900 
C 4,700 4,800 4,900 4,900 4,900 5,100 5,200 5,200 5,200 5,200 
D 5,500 5,700 5,800 5,800 5,800 6,100 6,200 6,300 6,300 6,300 
E 7,000 7,100 7,300 7400 7500 7400 7500 7700 7800 7900 

N- 5- NWL - 2 - , - N- 5' NWL - 3 - , -
A 2,400 2,500 2,500 2,500 2,500 2,500 2,500 2,600 2,600 2,600 
B 4,400 4,500 4,500 4,500 4,500 4,700 4,800 4,800 4,800 4,800 
C 5,700 5,800 5,900 5,900 5,900 6,200 6,400 6,400 6,400 6,400 
D 6,700 6,900 7,000 7,000 7,000 7,500 7,600 7,700 7,700 7,700 
E 7,800 7,800 7,800 7,800 7,800 9,300 9,400 9,600 9,800 9,900 

Exhibit 12-24 shows daily service volumes, DSV. An illustrative K-factor of 
0.08 (typical of a large urban area) and an illustrative D-factor of 0.55 (typical of 
an urban route without strong peaking by direction) are used. Each 
(nonrounded) value used to generate Exhibit 12-23 was divided by both of these 
numbers. 

Length of Weaving Section (ft) 
LOS 500 1 000 1 500 2 000 2,500 500 1,000 1,500 2,000 2,500 

A 35,200 
B 64,300 
C 84,700 
D 100,800 
E 119,800 

A 45,800 
B 83,300 
C 108,600 
D 126,700 
E 159,800 

A 56,300 
B 101,400 
C 131,300 
D 154,500 
E 178,800 

N - 3- II, - 2 N - 3' II, - 3 - " WL- - " WL -

35,200 35,400 35,500 35,600 
65,300 65,500 65,700 66,100 
86,100 86,700 87,200 87,500 

102,800 103,600 104,000 104,400 
122,100 124,400 126,700 129,100 

N- 4- II, - 2 - WL-

46,200 46,600 46,600 46,600 
84,700 85,100 85,500 85,700 

110,800 111,600 112,200 112,600 
131,300 132,400 133,200 133,600 
162,800 165,900 169,000 172,100 

N= 5' NWL = 2 , 
57,100 57,300 57,500 57,500 

103,000 103,600 104,200 104,400 
133,800 135,000 135,800 136,200 
157,700 159,100 159,900 160,300 
178,800 178,800 178,800 178,800 
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36,200 36,300 36,300 36,300 36,300 
67,600 68,000 68,400 68,400 68,400 
89,700 90,900 91,500 91,700 91,900 

107,800 109,600 110,200 110,600 110,800 
127,000 129,400 131,600 132,800 136,300 

N- 4- II, - 3 - , WL -
47,600 47,800 47,800 47,900 47,900 
88,300 89,300 89,500 89,700 89,900 

117,100 118,700 119,500 120,100 120,300 
140,000 142,400 143,600 144,000 144,400 
169400 172,500 175,400 178600 181700 

N= 5' NWL = 3 , 
58,700 58,900 59,300 59,400 59,400 

108,600 109,600 110,000 110,600 110,800 
142,800 145,400 146,200 146,800 147,400 
170,600 173,600 175,000 175,800 175,800 
211,800 215,600 219,500 223,300 227,200 
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1. INTRODUCTION 

Freeway merge and diverge segments occur primarily at on-ramp and off
ramp junctions with the freeway mainline. They can also occur at major merge or 
diverge points where mainline roadways join or separate. 

A ramp is a dedicated roadway providing a connection between two 
highway facilities. On freeways, all movements onto and off of the freeway are 
made at ramp junctions-designed to permit relatively high-speed merging and 
diverging maneuvers while limiting the disruption to the main traffic stream. 
Some ramps on freeways connect to collector-distributor (C-D) roadways, which 
in tum provide a junction with the freeway mainline. Ramps may appear on 
multilane highways, two-lan.e highways, arterials, and urban streets, but such 
facilities may also use signalized and unsignalized intersections at such 
junctions. 

The procedures in Chapter 13, Freeway Merge and Diverge Segments, focus 
on ramp-freeway junctions, but guidance is also provided to allow approximate 
use of such procedures on multilane highways and on C-D roadways. 

RAMP COMPONENTS 

A ramp consists of three elements: the ramp roadway and two junctions. 
Junctions vary greatly in design and control features but generally fit into one of 
these categories: 

• Ramp-freeway junctions (or a junction with a C-D roadway or multilane 
highway segment), or 

• Ramp-street junctions. 

When a ramp connects one freeway to another, the ramp consists of two 
ramp-freeway junctions and the ramp roadway. When a ramp connects a 
freeway to a surface facility, it generally consists of a ramp-freeway junction, the 
ramp roadway, and a ramp-street junction. When a ramp connection to a surface 
facility (such as a multilane highway) or a C-D roadway is designed for high
speed merging or diverging without control, it may be classified as a ramp
freeway junction for the purpose of analysis. 

Ramp-street junctions may be uncontrolled, sToP-controlled, YlELD

controlled, or signalized. Analysis of ramp-street junctions is not detailed in this 
chapter; rather, it is discussed in Chapter 22, Interchange Ramp Terminals. Note, 
however, that an off-ramp-street junction, particularly if signalized, can result in 
queuing on the ramp roadway that can influence operations at the ramp-freeway 
junction and even mainline freeway conditions. Mainline operations can also be 
affected by platoon entries created by ramp-street intersection control. 

The geometric characteristics of ramp-freeway junctions vary. The length 
and type (parallel, taper) of acceleration or deceleration lane(s), the free-flow 
speed (FFS) of both the ramp and the freeway in the vicinity of the ramp, 
proximity of other ramps, and other elements all affect merging and diverging 
operations. 
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VOLUME 2: UNINTERRUPTED FLOW 
10. Freeway Facilities 
11. Basic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 

Freeway merge and diverge 
segments include ramp junctions and 
points where mainline roadways join 
or separate. 

This chapter provides guidance for 
using the procedures on multilane 
highways and C-D roadways. 

Ramps to multilane highways and 
C-D roadways that are designed for 
high-speed merging or diverging may 
be classified as ramp-freeway 
junctions for analysis purposes. 

See Chapter 22 for a discussion of 
ramp-streetjuncUon£ 

Ramp queuing from a junction of an 
off-ramp and street can influence the 
operations of the ramp-freeway 
junction and the upstream freeway. 

Introd uetion 
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Left-hand ramps are 
considered as special cases 
later in this chapter. 

Merge and diverge segments 
with two lanes at the point of 
merge or diverge are 
considered as special cases 
later in this chapter. 

With undersaturated 
conditions, the operational 
impacts of ramp-freeway 
junctions occur within a 1,500-
ft-Iong influence area. 

Introduction 

CLASSifiCATION Of RAMPS 

Ramps and ramp-freeway junctions may occur in a wide variety of 
configurations. Some of the key characteristics of ramps and ramp junctions are 
summarized below: 

• Ramp-freeway junctions that accommodate merging maneuvers are 
classified as on-ramps. Those that accommodate diverging maneuvers are 
classified as off-ramps. Where the junctions accommodate the merging of 
two major facilities, they are classified as major merge junctions. Where 
they accommodate the divergence of two major roadways, they are 
classified as major diverge junctions. 

• The majority of ramps are right-hand ramps. Some, however, join with 
the left lane(s) of the freeway and are classified as left-hand ramps. 

• Ramp roadways may have one or two lanes. At on-ramp freeway 
junctions, most two-lane ramp roadways merge into a single lane before 
merging with the freeway. In this ease, the junction is classified as a one
lane ramp-freeway junction on the basis of the methodology of this 
chapter. In other cases, a two-lane ramp-freeway merge exists, and a 
special analysis model is used (see this chapter's Special Cases section). 

• For two-lane off-ramps, a single lane may exist at the ramp-freeway 
diverge, with the roadway widening to two lanes after the diverge. As 
with on-ramps, such cases are classified as one-lane ramp-freeway 
junctions on the basis of this chapter's methodology. Two-lane off-ramp 
roadways, however, often have two lanes at the diverge point as well. 
These are treated by using a special model (see this chapter's Special 
Cases section). 

• Ramp-freeway merge and diverge operations are affected by the size of 
the freeway segment (in one direction). 

• Ramp-freeway merge and diverge operations may be affected by the 
proximity of adjacent ramps and the flow rates on those ramps. 

The number of combinations of these characteristics that can occur is very 
large. For any analysis, all of these (and other) characteristics must be specified if 
meaningful results are to be obtained. 

RAMP AND RAMP JUNCTION ANALYSIS BOUNDARIES 

Ramps and ramp junctions do not operate independently of the roadways 
they connect. Thus, operating conditions on the main roadways can affect 
operations on the ramp and ramp junctions, and vice versa. In particular, a 
breakdown [Level of Service (LOS) F] at a ramp-freeway junction may have 
serious effects on the freeway upstream or downstream of the junction. These 
effects can influence freeway operations for miles in the worst cases. 

For most stable operations, however, studies (1) have shown that the 
operational impacts of ramp-freeway junctions are more localized. Thus, the 
methodology presented in this chapter predicts the operating characteristics 
within a defined ramp influence area. For right-hand on-ramps, the ramp 
influence area includes the acceleration lane(s) and Lanes 1 and 2 of the freeway 
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mainline (rightmost and second rightmost) for a distance of 1,500 ft downstream 
of the merge point. For right-hand off-ramps, the ramp influence area includes 
the deceleration lane(s) and Lanes 1 and 2 of the freeway for a distance of 1,500 ft 
upstream of the diverge point. Exhibit 13-1 illustrates the definition of ramp 
influence areas. For left-hand ramps, the two leftmost lanes of the freeway are 
affected. 

--------------------- 1,500 ft --~ 

(a) Merge Influence Area 

l-------- 1 500 ft ---~I , 

(b) Diverge Influence Area 

RAMP-FREEWAY JUNCTION OPERATIONAL CONDITIONS 

Ramp-freeway junctions create turbulence in the merging or diverging 
traffic stream. In general, the turbulence is the result of high lane-changing rates. 

The action of individual merging vehicles entering the Lane 1 traffic stream 
creates turbulence in the vicinity of the ramp. Approaching freeway vehicles 
move toward the left to avoid the turbulence. Thus, the ramp influence area 
experiences a higher rate of lane-changing than is normally present on ramp-free 
portions of freeway. 

At off-ramps, the basic maneuver is a diverge-a single traffic stream 
separating into two streams. Exiting vehicles must occupy the lane(s) adjacent to 
the off-ramp (Lane 1 for a single-lane right-hand off-ramp). Thus, as the off-ramp 
is approached, vehicles leaving the freeway must move to the right. This causes 
other freeway vehicles to redistribute as they move left to avoid the turbulence of 
the immediate diverge area. Again, the ramp influence area has a higher rate of 
lane-changing than is normally present on ramp-free portions of freeway. 

Vehicle interactions are dynamic in ramp influence areas. Approaching 
freeway through vehicles will move left as long as there is capacity to do so. 
Whereas the intensity of ramp flow influences the behavior of through freeway 
vehicles, general freeway congestion can also act to limit ramp flow, causing 
diversion to other interchanges or routes. 

Exhibit 13-1 and the accompanying discussion relate to single-lane right
hand ramps. For two-lane right-hand ramps, the characteristics are basically the 
same, except that two acceleration or deceleration lanes may be present. For left
hand ramps, merging and diverging obviously take place on the left side of the 
freeway. This chapter's methodology is based on right-hand ramps, but 
modifications allowing the adaptation of the methodology to consider left-hand 
ramps are presented in the Special Cases section of this chapter. 

BASE CONDITIONS 

The base conditions for the methodology presented in this chapter are the 
same as for other types of freeway segments: 
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The influence area includes the 
acceleration/deceleration lane and 
the right two lanes of the freeway 
(/eft two lanes for left-hand ramps). 

Exhibit 13-1 
Ramp Influence Areas Illustrated 

Ramp influence areas experience 
higher rates of lane-changing than 
normally occur in basic freeway 
segments. 

Base conditions for merge and 
diverge segments are the same as for 
other types of freeway segments. 

Introduction 
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LOS A-E is deffned in terms of 
density; LOS F exists when 
demand exceeds capacity. 

Exhibit 13-2 
LOS Criteria for Freeway 
Merge and Diverge 
Segments 

Introd uction 

• No heavy vehicles, 

• 12-ft lanes, 

• Adequate lateral clearances (~6 ft), and 

• Road users familiar with the facility (i.e., jp = 1.00). 

lOS CRITERIA fOR MERGE AND DIVERGE SEGMENTS 

Merge/diverge segment LOS is defined in terms of density for all cases of 
stable operation (LOS A-E). LOS F exists when the freeway demand exceeds the 
capacity of the upstream (diverges) or downstream (merges) freeway segment, 
or where the off-ramp demand exceeds the off-ramp capacity. 

At LOS A, unrestricted operations exist, and the density is low enough to 
permit smooth merging or diverging with very little turbulence in the traffic 
stream. At LOS B, merging and diverging maneuvers become noticeable to 
through drivers, and minimal turbulence occurs. At LOS C, speed within the 
ramp influence area begins to decline as turbulence levels become much more 
noticeable. Both ramp and freeway vehicles begin to adjust their speeds to 
accomplish smooth transitions. At LOS D, turbulence levels in the influence area 
become intrusive, and virtually all vehicles slow to accommodate merging or 
diverging maneuvers. Some ramp queues may form at heavily used on-ramps, 
but freeway operation remains stable. LOS E represents operating conditions 
approaching or at capacity. Small changes in demand or disruptions within the 
traffic stream can cause both ramp and freeway queues to form. 

LOS F defines operating conditions within queues that form on both the 
ramp and the freeway mainline when capacity is exceeded by demand. For on
ramps, LOS F exists when the total demand flow rate from the upstream freeway 
segment and the on-ramp exceeds the capacity of the downstream freeway 
segment. For off-ramps, LOS F exists when the total demand flow rate on the 
approaching upstream freeway segment exceeds the capacity of the upstream 
freeway segment. LOS F also occurs when the off-ramp demand exceeds the 
capacity of the off-ramp. 

Exhibit 13-2 summarizes the LOS criteria for freeway merge and diverge 
segments. These criteria apply to all ramp-freeway junctions and may also be 
applied to major merges and diverges; high-speed, uncontrolled merge or 
diverge ramps on multilane highway sections; and merges and diverges on 
freeway C-D roadways. LOS is not defined for ramp roadways, while the LOS of 
a ramp-street jlmction is defined in Chapter 22, Interchange Ramp Terminals. 

LOS 
A 
B 
C 
D 
E 
F 

Density (pc/mi/ln) 
::;10 

>10-20 
>20-28 
>28-35 

>35 
Demand exceeds capacity 
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Comments 
Unrestricted operations 
Merging and diverging maneuvers noticeable to drivers 
Influence area speeds begin to decline 
Influence area turbulence becomes intrusive 
Turbulence felt by virtually all drivers 
Ramp and freeway queues form 

Chapter 13/Freeway Merge and Diverge Segments 
December 2010 

AR0073618 



( 

( 

( 

Highway Capacity Manual 2010 

REQUIRED INPUT DATA 

The analysis of a ramp-freeway junction requires details concerning the 
junction under analysis and adjacent upstream and downstream ramps, in 
addition to the data required for a typical freeway analysis. 

Data Describing the Freeway 

The following information concerning the freeway mainline is needed to 
conduct an analysis: 

1. FFS: 55-75 mi/h; 

2. Number of mainline freeway lanes: 2-5; 

3. Terrain: level, rolling. or mountainous; or percent grade and length; 

4. Heavy vehicle presence: percent trucks and buses, percent recreational 
vehicles (RVs); 

5. Demand flow rate immediately upstream of the ramp-freeway junction; 

6. Peak hour factor: up to 1.00; and 

7. Driver population factor: 0.85-1.00. 

The freeway FFS is best measured in the field. If a field measurement is not 
available, one may be estimated by using the methodology for basic freeway 
segments presented in Chapter 11, Basic Freeway Segments. To use this 
methodology, information on lane widths, lateral clearances, number of lanes, 
and total ramp density is required. If the ramp junction is located on a multilane 
highway or C-D roadway, the FFS range is somewhat lower (45-60 mi/h) and can 
be estimated by using the methodology in Chapter 14, Multilane Highways, if no 
field measurements are available. The methodology can be applied to facilities 
with any FFS. Its use with multilane highways or C-D roadways must be 
considered approximate, however, since it was not calibrated with data from 
these types of facilities. 

Where the ramp-freeway junction is on a specific grade, the length of the 
grade is measured from its beginning to the point of the ramp junction. 

The driver population factor is generally 1.00, unless the demand consists 
primarily of drivers who are not regular users of the facility. In such cases, an 
appropriate value should be based on field observations at the location under 
study or at similar nearby locations. 

Data Describing the Ramp-Freeway Junction 

The following information concerning the ramp-freeway junction is needed 
to conduct an analysis: 

1. Type of ramp: on-ramp, off-ramp, major merge, major diverge; 

2. Side of junction: right-hand, left-hand; 

3. Number of lanes on ramp roadway: lIane, 2 lanes; 

4. Number of ramp lanes at ramp-freeway junction: lIane, 2 lanes; 

5. Length of acceleration/deceleration lane(s); 

6. FFS of the ramp roadway: 20-50 mi/h; 
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FFS Is best measured in the field but 
can be estimated by using the 
methodology for basic freeway 
segments or multilane highways, as 
applicable. 
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The length of the acceleration 
or deceleration lane includes 
the tapered portion of the 
ramp. 

Exhibit 13-3 
Measuring the Length of 
Acceleration and 
Deceleration Lanes 

Introduction 

7. Ramp terrain: level, rolling, or mountainous; or percent grade, length; 

8. Demand flow rate on ramp; 

9. Heavy vehicle presence: percent trucks and buses, percent RVs; 

10. Peak hour factor: up to 1.00; 

11. Driver population factor: 0.85-1.00; and 

12. For adjacent upstream or downstream ramps: 

a. Upstream or downstream distance to the merge/diverge under study, 

b. Demand flow rate on the upstream or downstream ramp, and 

c. Peak hour factor and heavy vehicle percentages for the upstream or 
downstream ramp. 

The length of the acceleration or deceleration lane includes the tapered 
portion of the ramp. Exhibit 13-3 illustrates lengths for both parallel and tapered 
ramp designs. 

Ca) Parallel Acceleration Lane (b) Tapered Acceleration Lane 

(c) Parallel Deceleration Lane Cd) Tapered Deceleration Lane 

Source: Traffic Engineering, 3rd edition (2). 

Length of Analysis Period 

The analysis period for any freeway analysis, including ramp junctions, is 
generally the peak IS-min period within the peak hour. Any IS-min period can 
be analyzed, however. 

Page 13-6 Chapter 13/Freeway Merge and Diverge Segments 
December 2010 

, ! 
"--_/ 

AR0073620 



Highway Capacity Manual 2010 

( 
2. METHODOLOGY 

SCOPE OF THE METHODOLOGY 

This chapter focuses on the operation of ramp-freeway junctions. The 
procedures may be applied in an approximate manner to completely 
uncontrolled ramp terminals on other types of facilities, such as multilane 
highways, two-lane highways, and freeway C-D roadways that are part of 
interchanges. 

This chapter's procedures can be used to identify likely congestion at ramp
freeway junctions (LOS F) and to analyze undersaturated operations (LOS A-E) 
at ramp-freeway junctions. Chapter 10, Freeway Facilities, provides procedures 
for a more detailed analysis of oversaturated flow and congested conditions 
along a freeway section, including weaving, merge and diverge, and basic 
freeway segments. 

The procedures in this chapter result primarily from studies conducted 
under National Cooperative Highway Research Program Project 3-37 (1, 2). Some 
special applications resulted from adaptations of procedures developed in the 
1970s (3). American Association of State Highway and Transportation Officials 
policies (4) contain additional material on the geometric design and design 
criteria for ramps. 

LIMITATIONS OF THE METHODOLOGY 

( The methodology in this chapter does not take into account, nor is it 

( 

applicable to (without modification by the analyst), cases involving 

• Special lanes, such as high-occupancy vehicle (HOV) lanes, as ramp entry 
lanes; 

• Ramp metering; or 

• Intelligent transportation system features. 

The methodology does not explicitly take into account posted speed limits or 
level of police enforcement. In some cases, low speed limits and sh'ict 
enforcement could result in lower speeds and higher densities than those 
anticipated by this methodology. 

OVERVIEW 

Exhibit 13-4 illustrates the computational methodology applied to the 
analysis of ramp-freeway junctions. The analysis is generally entered with 
known geometric and demand factors. The primary outputs of the analysis are 
LOS and capacity. The methodology estimates the density and speed in the ramp 
influence area. 
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Exhibit 13-4 
Flowchart for Analysis of 
Ramp-Freeway Junctions 

Methodology 

Input Data 
Geometric Data ( 

FFS Freeway 
FFS Ramp 

Demand Flows 

~ 
STEP 1 

Demand Flow Adjustments 
Peak Hour Factor, PHF 

Heavy Vehicle Adjustment, firv 
Driver Population Adiustment, r" 

~ 
Compute Adjusted Flow Rates 

Equation 13-1 

On-Ramp (merge) ~ Off-Ramp (diverge) 

[ Compute demand flow rate in Lanes 1 Compute demand flow rates in Lanes 
and 2 immediately upstream of the 1 and 2 immediately upstream of the 

STEP 2 merge influence area: diverge influence area: 
Equation 13-2 and Exhibit 13-6 Equation 13-8 and Exhibit 13-7 

Check Reasonableness Check Reasonab leness 
Adjust as Needed Adjust as Needed 

~ ~ 
Compute capacity of merge area and Compute capacity of diverge area and 
compare with demand flows: compare with demand flows: 

Exhibit 13-8, Exhibit 13-9, and Exhibit 13-10 Exhibit 13-8, Exhibit 13-9, and Exhibit 13-10 

STEP] Merge Area Capacity Diverge Area Capacity 
Ramp Roadway Capacity Ramp Roadway Capacity 

Maximum Flow Entering Merge Influence Area Maximum Flow Entering Diverge Influence 
Area 

Is demand greater than capacity? Is demand greater than capacity? 

No "t Yes No "t .. .. "t 
Compute Density LOS = F Compute Density 

Equation 13-21 Goto Equation 13-22 
Chapter 

STEP 4 
~ 

10 

~ 
Determine LOS Determine LOS 

Exhibit 13-2 Exhibit 13-2 

~ ~ 
Estimate Speeds Estimate Speeds 

Exhibit 13-11 Exhibit 13-12 
Exhibit 13-13 Exhibit 13-13 STEPS [ 

As previously discussed, the methodology focuses on modeling the 
operating conditions within the ramp influence area, as defined in Exhibit 13-1. 

Because the ramp influence area includes only Lanes 1 and 2 of the freeway, an 
important part of the methodology involves predicting the number of 
approaching freeway vehicles that remain in these lanes immediately upstream 
of the ramp-freeway junction. While operations in other freeway lanes may be 
affected by merging and diverging maneuvers, particularly under heavy flow, 
the defined influence area experiences most of the operational impacts across all 
levels of service (except LOS F). At breakdown, queues and operational impacts 
may extend well beyond the defined influence area. Exhibit 13-5 illustrates key 
variables involved in the methodology. 
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-~-------------------~ 
-----+ ------------------------------

The variables illustrated in Exhibit 13-5 are defined as follows: 

VI' = 

V 12 

Vm 

VI{ 

VR12 

flow rate on freeway immediately upstream of the ramp influence area 
under study (pc/h), 

flow rate in freeway Lanes 1 and 2 immediately upstream of the ramp 
influence area (pc/h), 

flow rate on the freeway immediately downstream of the merge or 
diverge area (pc/h), 

flow rate on the on-ramp or off-ramp (pc/h), 

sum of the flow rates in Lanes 1 and 2 and the ramp flow rate (on
ramps only) (pc/h), 

DR density in the ramp influence area (pc/mi/ln), and 

SI{ average speed in the ramp influence area (mi/h). 

The computational process illustrated in Exhibit 13-4 may be broken into five 
primary steps: 

1. Specifying input variables and converting demand volumes to demand 
flow rates in passenger cars per hour under equivalent base conditions; 

2. Estimating the flow remaining in Lanes 1 and 2 of the freeway 
immediately upstream of the merge or diverge influence area; 

3. Estimating the capacity of the merge or diverge area and comparing the 
capacity with the converted demand flow rates; 

4. For stable operations (i.e., demand is less than or equal to capacity), 
estimating the density within the ramp influence area and determining 
the expected LOS; and 

5. When desired, estimating the average speed of vehicles within the ramp 
influence area. 

Each step is discussed in detail in the sections that follow. 
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The methodology was 
calibrated for one-lane, right
side ramp-freeway junctions. 
Other situations are addressed 
in the Special Cases section. 

Equation 13-1 

Methodology 

COMPUTATIONAL STEPS 

The methodology described in this section was calibrated for one-lane, right
side ramp-freeway junctions. All other cases-two-Iane ramp junctions, left-side 
ramps, and major merge and diverge configurations-are analyzed with the 
modified procedures detailed in the Special Cases section. 

Step 1: Specify Inputs and Convert Demand Volumes to Demand Flow 
Rates 

All geometric and traffic variables for the ramp-freeway junction should be 
specified as inputs to the methodology, as discussed previously. Flow rates on 
the approaching freeway, on the ramp, and on any existing upstream or 
downstream adjacent ramps must be converted from hourly volumes (in vehicles 
per hour) to peak I5-min flow rates (in passenger cars per hour) under 
equivalent ideal conditions: 

v. 
v.= I 

I PHFx fHY x fp 

where 

Vi demand flow rate for movement i (pc/h), 

Vi demand volume for movement i (veh/h), 

P HF peak hourfactor, 

fHV adjustment factor for heavy vehicle presence, and 

fp adjustment factor for driver population. 

If demand data or forecasts are already stated as I5-min flow rates, PHF is 
set at 1.00. Adjustment factors are the same as those used in Chapter 11, Basic 
Freeway Segments. These can also be used when the primary facility is a 
multilane highway or a C-D roadway in a freeway interchange. 

Step 2: Estimate the Approaching Flow Rate in Lanes 1 and 2 of the 
Freeway Immediately Upstream of the Ramp Influence Area 

Because the ramp influence area includes Lanes 1 and 2 of the freeway (for a 
right-hand ramp), a critical step in the analysis is estimating the total flow rate in 
Lanes 1 and 2 immediately upstream of the ramp influence area. 

The distribution of freeway vehicles approaching a ramp influence area is 
affected by a number of variables: 

• Total freeway flow approaching the ramp influence area VF (pc/h), 

• Total on- or off-ramp flow VR (pc/h), 

• Total length of the acceleration lane LA or deceleration lane LD (ft), and 

• FFS of the ramp at the junction point SFR (mi/h). 

The lane distribution of approaching freeway vehicles may also be affected 
by adjacent upstream or downstream ramps. Nearby ramps can influence lane 
distribution as drivers execute lane changes to position themselves for ramp 
movements at adjacent ramps. An on-ramp, for example, located only a few 
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hundred feet upstream of a subject ramp may result in additional vehicles in 
Lanes 1 and 2 at the subject ramp. A downstream off-ramp near a subject ramp 
may contain additional vehicles in Lanes 1 and 2 destined for the downstream 
ramp. 

Theoretically, the influence of adjacent upstream and downstream ramps 
does not depend on the size of the freeway. In practical terms, however, this 
methodology only accounts for such influences on six-lane freeways (three lanes 
in one direction). On four-lane freeways (two lanes in one direction), the 
determination of V 12 is trivial: since only Lanes 1 and 2 exist, all approaching 
freeway vehicles are, by definition, in Lanes 1 and 2 regardless of the proximity 
of adjacent ramps. On eight-lane (four lanes in one direction) or larger freeways, 
the data are insufficient to determine the impact of adjacent ramps on lane 
distribution. In addition, two-lane ramps are never included as "adjacent" ramps 
under these procedures. 

For six-lane freeways, the methodology includes a process for determining 
whether adjacent upstream and downstream ramps are close enough to 
influence lane distribution at a subject ramp junction. When such ramps are close 
enough, the following additional variables may be involved: 

• Flow rate on the adjacent upstream ramp Vu (pc/h), 

• Distance between the subject ramp junction and the adjacent upstream 
ramp junction Lur (ft), 

• Flow rate on the adjacent dm'\ITIstream ramp VD (pc/h), and 

• Distance between the subject ramp junction and the adjacent downstream 
ramp junction LnoWN (ft). 

The distance to adjacent ramps is measured between the points at which the 
left edge of the leftmost ramp lane meets the right-lane edge of the freeway. 

In practical terms, the influence of adjacent ramps rarely extends more than 
approximately 8,000 ft. Nevertheless, whether an adjacent ramp on a six-lane 
freeway has influence should be determined by using the algorithms specified in 
this methodology. 

Of all these variables, the total approadting freeway flow has the greatest 
impact on flow in Lanes 1 and 2. The models are structured to account for this 
phenomenon without distorting other relationships. Longer acceleration and 
deceleration lanes lessen turbulence as ramp vehicles enter or leave the freeway. 
This leads to lower densities and higher speeds in the ramp influence area. When 
the ramp has a higher FFS, vehicles can enter and leave the freeway at higher 
speeds, and approaching freeway vehicles tend to move left to avoid the 
possibility of high-speed turbulence. This produces greater presegregation and 
smoother flow across all freeway lanes. 

While the models are similarly structured, there are distinct differences 
between the lane distribution impacts of on-ramps and off-ramps. Separate 
models are presented for each case in the sections that follow. 
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Equation 13-2 

Methodology 

Estimating Flow in Lanes 1 and 2 for On-Ramps (Merge Areas) 

The general model for on-ramps specifies that flow in Lanes 1 and 2 
immediately upstream of the merge influence area is simply a proportion of the 
approaching freeway flow, as shown in Equation 13-2: 

v12 = vF XFFM 

where 

V12 flow rate in Lanes 1 and 2 (pc!h), 

VF total flow rate on freeway immediately upstream of the on-ramp 
(merge) influence area (pc!h), and 

PFM = proportion of freeway vehicles remaining in Lanes 1 and 2 
immediately upstream of the on-ramp influence area. 

Exhibit 13-6 shows the algorithms used to determine PFM for on-ramps or 
merge areas. All variables in Exhibit 13-6 are as previously defined. 

Three equations are provided for six-lane freeways. Equation 13-3 is the base 
case for isolated ramps and for cases in which adjacent ramps are not found to 
influence merging operations. Equation 13-4 addresses cases with an upstream 
adjacent off-ramp, while Equation 13-5 addresses cases with a downstream 
adjacent off-ramp. Adjacent on-ramps (either upstream or downstream) have not 
been found to have a statistically significant impact on operations and are 
therefore ignored; Equation 13-3 is applied in such cases. 

Adjacent upstream or downstream ramps do not affect the prediction of Vl2 

for two-lane (one direction) freeway segments, since all vehicles are in Lanes 1 
and 2. Data have been insufficient to determine whether adjacent ramps 
influence lane distribution on four-lane (one direction) freeway segments, and 
thus no such impact is used in this methodology. 

Where an upstream or downstream adjacent off-ramp exists on a six-lane 
freeway, a determination as to whether the ramp is close enough to the subject 
merge area to influence the area's operation is necessary. The determination is 
made by finding the equilibrium separation distance LEQ• If the actual distance is 
larger than or equal to LrQ, Equation 13-3 should be used. If the actual distance is 
shorter than LEQ, then Equation 13-4 or Equation 13-5 should be used as 
appropriate. 
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No. of 
Freeway 
Lanes8 Model(s) for Determining PFM 

4 PFM =1.000 

6 

8 

PFM = 0.5775 + 0.000028 LA 
PrM = 0.7289 - 0.0000135 (vF + v R ) - 0.003296SFR + 0.000063Lup 

PFM = 0.5487 + 0.2628 (vD/LDOWN ) 

For VF/ 5FR ~ 72: PFM = 0.21780.000125vR + 0.01115 (LA ISFR ) 

For VF / 5FR >72: PFM = 0.2178 - 0.000125vR 

SElECTING EQUATIONS FOR PFMFOR SIX-LANE FREEWAYS 
Adjacent 
Upstream Subject Adjacent 

Ramp Ramp Downstream Ramp Equation(s) Used 
None On None Equation 13-3 
None On On Equation 13-3 
None On Off Equation 13-5 or 13-3 
On On None Equation 13-3 
Off On None Equation 13-4 or 13-3 
On On On Equation 13-3 
On On Off Equation 13-5 or 13-3 
Off On On Equation 13-4 or 13-3 
Off On Off Eguation 13-5 or 13-4 or 13-3 

Note: • 4 lanes = two lanes in each direction; 6 lanes = three lanes in each direction; 8 lanes = four lanes In 
each direction. 
If an adjacent diverge on a six-lane freeway is not a one-lane, right-side off-ramp, use Equation 13-3. 

The equilibrium distance is obtained by finding the distance at which 
Equation 13-3 would yield the same value of PFM as Equation 13-4 or Equation 
13-5, as appropriate. This results in the following: 

For adjacent upstream off-ramps, use Equation 13-6: 

LEQ =0.214(vF +vR )+0.444LA +S2.32SFR -2,403 

For adjacent downstream off-ramps, use Equation 13-7: 

vD 

0.1096 + 0.000107LA 

where all tenns are as previously defined. 

A special case exists when both an upstream and a downstream adjacent off
ramp are present. In such cases, two different values of PFM could arise: one from 
consideration of the upstream ramp and the other from consideration of the 
downstream ramp (they cannot be considered simultaneously). In such cases, the 
analysis resulting in the larger value of PFlVf is used. 

In addition, the algorithms used to include the impact of an upstream or 
downstream off-ramp on a six-lane freeway are only valid for single-lane, right
side adjacent ramps. Where adjacent off-ramps consist of two-lane junctions or 
major diverge configurations, or where they are on the left side of the freeway, 
Equation 13-3 is always applied. 

Estimating Row in Lanes 1 and 2 for Off-Ramps (Diverge Areas) 

When approaching an off-ramp (diverge area), all off-ramp traffic must be in 
freeway Lanes 1 and 2 immediately upstream of the ramp to execute the desired 
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Exhibit 13-6 
Models for Predicting PFM at On
Ramps or Merge Areas 

Equation 13-3 
Equation 13-4 
Equation 13-5 

Equation 13-6 

Equation 13-7 

When both adjacent upstream and 
downstream off-ramps are present 
the larger resulting value of PF~I is 
used 

When an adjacent off-ramp to a 
merge area on a six-lane freeway is 
not a one-lane, right-side off-ramp, 
apply Equation 13-3. 
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Equation 13-8 

Exhibit 13-7 
Models for Predicting PFD at 
Off-Ramps or Diverge Areas 

Equation 13-9 

Equation 13-10 
Equation 13-11 

Methodology 

maneuver. Thus, for off-ramps, the flow in Lanes 1 and 2 consists of all off-ramp 
vehicles and a proportion of freeway through vehicles, as in Equation 13-8: 

V12 = VR + (V p - VR)PFD 

where 

V12 flow rate in Lanes 1 and 2 of the freeway immediately upstream of the 
deceleration lane (pc/h), 

V R flow rate on the off-ramp (pc/h), and 

PFD proportion of diverging traffic remaining in Lanes 1 and 2 immediately 
upstream of the deceleration lane. 

For off-ramps, the point at which flows are defined is the beginning of the 
deceleration lane(s), regardless of whether this point is within or outside the 
ramp influence area. 

Exhibit 13-7 contains the equations used to estimate PFD at off-ramp diverge 
areas. As was the case for on-ramps (merge areas), the value of Pm for four-lane 
freeways is trivial, since only Lanes 1 and 2 exist. 

No. of 
Freeway 
lanesB Model(s) for Determining PFO 

4 Pm == 1.000 

Pro = 0.760 - 0.000025vF - 0.000046vR 

6 Pro = 0.717 - 0.000039vr + 0.604( Vu I Lup ) 

PFD = 0.616 - 0.OOO021vF + 0.124(vD / LDOWN ) 

8 PFD = 0.436 
SELECTING EQUATIONS FOR PFoFOR SIX-LANE FREEWAYS 

Adjacent Adjacent 
Upstream Subject Downstream 

Ramp Ramp Ramp Equation(s) Used 
None Off None Equation 13-9 
None Off On Equation 13-9 
None Off Off Equation 13-11 or 13-9 
On Off None Equation 13-10 or 13-9 
Off Off None Equation 13-9 
On Off On Equation 13-10 or 13-9 
On Off Off Equation 13-11, 13-10, or 13-9 
Off Off On Equation 13-9 
Off Off Off Equation 13-11 or 13-9 

Note: a 4 lanes - two lanes in each direction; 6 lanes - three lanes in each direction; 8 lanes - four lanes in 
each direction. 
If an adjacent ramp on a six-lane freeway is not a one-lane, right-side off-ramp, use Equation 13-9. 

For six-lane freeways, three equations are presented. Equation 13-9 is the 
base case for isolated ramps or for cases in which the impact of adjacent ramps 
can be ignored. Equation 13-10 addresses cases in which there is an adjacent 
upstream on-ramp, while Equation 13-11 addresses cases in which there is an 
adjacent downstream off-ramp. Adjacent upstream off-ramps and downstream 
on-ramps have not been found to have a statistically significant impact on 
diverge operations and may be ignored. All variables in Exhibit 13-7 are as 
previously defined. 
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Insufficient information is available to establish an impact of adjacent ramps 
on eight-lane freeways (four lanes in each direction). This methodology does not 
include such an impact. 

Where an adjacent upstream on-ramp or downstream off-ramp on a six-lane 
freeway exists, a determination as to whether the ramp is close enough to the 
subject off-ramp to affect its operation is necessary. As was the case for on
ramps, this is done by finding the equilibrium distance LEQ• This distance is 
determined when Equation 13-9 yields the same value of Pm as Equation 13-10 
(for adjacent upstream on-ramps) or Equation 13-11 (adjacent downstream off
ramps). When the actual distance between ramps is greater than or equal to LEQ, 

Equation 13-9 is used. When the actual distance between ramps is less than LEQ, 

Equation 13-10 or Equation 13-11 is used as appropriate. 

For adjacent upstream on-ramps, use Equation 13-12 to find the equilibrium 
distance: 

L - Vu 

EQ - 0.071 + 0.000023vF - 0.000076vR 

For adjacent downstream off-ramps, use Equation 13-13: 

VD 

1.15 - 0.000032vr - 0.000369vR 

where all terms are as previously defined. 

A special case exists when both an adjacent upstream on-ramp and an 
adjacent downstream off-ramp are present. In such cases, two solutions for Pm 
may arise, depending on which adjacent ramp is considered (both ramps CaIUlot 
be considered simultaneously). In such cases, the larger value of PFD is used. 

As was the case for merge areas, the algorithms used to include the impact of 
an upstream or downstream ramp on a six-lane freeway are only valid for single
lane, right-side adjacent ramps. Where adjacent ramps consist of two-lane 
junctions or major diverge configurations, or where they are on the left side of 
the freeway, Equation 13-9 is always applied. 

Checking the Reasonableness of the Lane Distribution Prediction 

The algorithms of Exhibit 13-6 and Exhibit 13-7 were developed through 
regression analysis of a large database. Unfortunately, regression-based models 
may yield unreasonable or unexpected results when applied outside the strict 
limits of the calibration database, and they may have inconsistencies at their 
boundaries. 

Therefore, it is necessary to apply some limits to predicted values of flow in 
Lanes 1 and 2 (vd. The following limitations apply to all such predictions: 

1. The average flow per lane in the outer lanes of the freeway (lanes other 
than 1 and 2) should not be higher than 2,700 pclh/ln. 

2. The average flow per lane in outer lanes should not be higher than 1.5 
times the average flow in Lanes 1 and 2. 
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Equation 13-12 

Equation 13-13 

When both an acfjacent upstream on
ramp and an adjacent downstream 
off-ramp are present, the larger 
resulting value of PFD is used. 

When an adjacent ramp to a diverge 
area on a six-lane freeway is not a 
one-lane, right-side ramp, apply 
Equation 13-9. 

Reasonableness checks on the value 
ofvlz. 
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Equation 13-14 

Equation 13-15 

Equation 13-16 

Equation 13-17 

Equation 13-18 

Equation 13-19 

Methodology 

These limits guard against cases in which the predicted value of V12 implies 
an unreasonably high flow rate in outer lanes of the freeway. When either of 
these limits is violated, an adjusted value of V 12 must be computed and used in 
the remainder of the methodology. 

Application to Six-Lane Freeways 

On a six-lane freeway (three lanes in one direction), there is only one outer 
lane to consider. The flow rate in this outer lane (Lane 3) is given by Equation 13-
14: 

where 

V3 flow rate in Lane 3 of the freeway (pc/h/ln), 

VF flow rate on freeway immediately upstream of the ramp influence area 
(pc/h), and 

V12 = flow rate in Lanes 1 and 2 immediately upstream of the ramp influence 
area (pc/h). 

Then, if V3 is greater than 2,700 pc/h, use Equation 13-15: 

V 12a = V F - 2,700 

If V3 is greater than 1.5 x (v12/2), use Equation 13-16: 

v -(YL.) 12" - 1.75 

where V 12a equals the adjusted flow rate in Lanes 1 and 2 immediately upstream 
of the ramp influence area (pc/h) and all other variables are as previously 
defined. 

In cases where both limitations on outer lane flow rate are violated, the result 
yielding the highest value of V I2" is used. The adjusted value replaces the original 
value of V12 and the analysis continues. 

Application to Eight-Lane Freeways 

On eight-lane freeways, there are two outer lanes (Lanes 3 and 4). Thus, the 
limiting values cited previously apply to the average flow rate per lane in these 
lanes. The average flow in these lanes is computed from Equation 13-17: 

_ vF -v12 
Vav34 - 2 

where V av34 equals the flow rate in outer lanes (pc/h/ln) and all other variables are 
as previously defined. 

Then, if V.v34 is greater than 2,700, use Equation 13-18: 

V12l1 = V F - 5,400 

If Vav34 is greater than 1.5 x (v1i2), use Equation 13-19: 
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where all terms are as previously defined. 

In cases where both limitations on outer lane flow rate are violated, the result 
yielding the highest value of V 12" is used. The adjusted value replaces the original 
value of V 12 and the analysis continues. 

Summary of Step 2 

At this point, an appropriate value of V 12 has been computed and adjusted as 
necessary. 

Step 3: Estimate the Capacity of the Ramp-Freeway Junction and 
Compare with Demand Flow Rates 

There are three major checkpoints for the capacity of a ramp-freeway 
junction: 

1. The capacity of the freeway immediately downstream of an on-ramp or 
immediately upstream of an off-ramp, 

2. The capacity of the ramp roadway, and 

3. The maximum flow rate entering the ramp influence area. 

In most cases, the freeway capacity is the controlling factor. Studies (1) have 
shown that the turbulence in the vicinity of a ramp-freeway junction does not 
diminish the capacity of the freeway. 

The capacity of the ramp roadway is rarely a factor at on-ramps, but it can 
playa major role at off-ramp (diverge) junctions. Failure of a diverge junction is 
most often caused by a capacity deficiency on the off-ramp roadway or at its 
ramp-street terminal. 

While this methodology establishes a maximum desirable rate of flow 
entering the ramp influence area, exceeding this value does not cause a failure. 
Instead, it means that operations may be less desirable than indicated by the 
methodology. At off-ramps, the total flow rate entering the ramp influence area 
is merely the estimated value of V12' At on-ramps, however, the on-ramp flow 
also enters the ramp influence area. Therefore, the total flow entering the ramp 
influence area at an on-ramp is given by Equation 13-20: 

V RI2 = VIZ + vR 

where VR12 is the total flow rate entering the ramp influence area at an on-ramp 
(pc/h) and all other variables are as previously defined. 

Exhibit 13-8 shows capacity values for ramp-freeway junctions. Exhibit 13-9 
shows similar values for high-speed ramps on multilane highways and C-D 
roadways within freeway interchanges. Exhibit 13-10 shows the capacity of ramp 
roadways. 
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Locations for checking the capacity of 
a ramp-freeway junction. 

Freeway capacity immediately 
downstream of an on-ramp or 
upstream of an off-ramp is usually 
the controlling capacity factor. 

Failure of a diverge junction is usually 
caused by a capacity deficiency at the 
ramp-street terminal or on the off
ramp roadway. 

Equation 13-20 
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Exhibit 13-8 
Capacity of Ramp-Freeway 
Junctions (pc/h) 

Exhibit 13-9 
Capacity of High-Speed 
Ramp Junctions on Multilane 
Highways and C-D Roadways 
(pc/h) 

Exhibit 13-10 
Capacity of Ramp Roadways 
(pc/h) 

Failure of any ramp-freeway 
junction capacity check results 
in LOS F. 

Methodology 

Capacity of Upstream/Downstream Max. Desirable Max. Desirable 
Freeway SegmentS Flow Rate (VR12) flow Rate (V12) 

FFS No. of lanes in One Direction Entering Merge Entering Diverge 
(mi/h) 2 3 4 >4 Influence Areab Influence Areab 

;:0;70 4,800 7,200 9,600 2,400/ln 4,600 4,400 
65 4,700 7,050 9,400 2,350/ln 4,600 4,400 
60 4,600 6,900 9,200 2,300/ln 4,600 4,400 
55 4,500 6,750 9000 2 250/ln 4,600 4,400 

Notes: " Demand In excess of these capacities results In LOS F. 
b Demand in excess of these values alone does not result in LOS F; operations may be worse than 
predicted by this methodology. 

Capacity of 
Upstream/Downstream 

Highway or CoD SegmentS Max. Desirable Max. Desirable Flow 
Nt!. of lanes in One flow Rate (VR12) Rate (V12) Entering 

FFS Directign Entering Merge Diverge Influence 
(mi/h) 2 3 >3 Influence Areab Areab 

~60 4,400 6,600 2,200jln 4,600 4,400 
55 4,200 6,300 2,lOO/ln 4,600 4,400 
50 4,000 6,000 2,000jln 4,600 4,400 
45 3800 5,700 l,900/ln 4600 4400 

. . 
Notes: a Demand In excess of these capacIties results In LOS F . 

b Demand in excess of these values alone does not result in LOS F; operations may be worse than 
predicted by this methodology. 

Ramp fFS 
SFR(mi/h) 

>50 
>40-50 
>30-40 
;:0;20-30 

<20 

Sin 

Note: Capacity of a ramp roadway does not ensure an equal capacity at its freeway or other high-speed junction. 
Junction capacity must be checked against criteria in Exhibit 13-8 and Exhibit 13-9. 

Ramp-Freeway Junction Capacity Checkpoint 

As noted previously, it is generally the capacity of the upstream or 
downstream freeway segment that limits flow through a merge or diverge area, 
assuming that the number of freeway lanes entering and leaving the ramp 
junction is the same. In such cases, the critical checkpoint for freeway capacity is 

• Immediately downstream of an on-ramp influence area (VFQ), or 

• Immediately upstream of an off-ramp influence area (VF)' 

These are logical checkpoints, since each represents the point at which 
maximum freeway flow exists. 

When a ramp jmlction or major merge/diverge area involves lane additions 
or lane drops at the junction, freeway capacity must be checked both 
immediately upstream and downstream of the ramp influence area. 

Failure of any ramp-freeway junction capacity check (i.e., demand exceeds 
capacity: vic is greater than 1.00) results in LOS F. 

Ramp Roadway Capacity Checkpoint 

The capacity of the ramp roadway should always be checked against the 
demand flow rate on the ramp. For on-ramp or merge junctions, this is rarely a 
problem. Theoretically, cases could exist in which demand exceeds capacity. A 
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failure due to insufficient on-ramp capacity does not, in itself, create problems on 
the freeway. Rather, it would result in queuing at the streetside terminal of the 
ramp (or in the case of a freeway-to-freeway ramp, on the entering freeway). 

At off-ramps or diverge areas, the most frequent cause of failure is 
insufficient capacity on the off-ramp-due to either the ramp roadway or a 
failure of the ramp-street terminal. This methodology checks only for the off
ramp roadway capacity. The capacity of the ramp-street junction must be 
evaluated by using appropriate methodologies for unsignalized intersections 
(Chapter 19, 20, or 21) or signalized interchange ramp terminals (Chapter 22). 

If the off-ramp demand flow rate VR exceeds the capacity of the off-ramp, 
LOS F prevails. If appropriate analysis results in a finding that the ramp-street 
terminal is operating at a vic ratio greater than 1.00 on the ramp approach leg, a 
queuing analysis should be conducted to evaluate (a) the extent of the queue that 
is likely to exist on the ramp roadway and (b) whether the queue is close enough 
to the ramp-freeway junction to affect its operation negatively. 

Maximum Desirable Row Entering the Ramp Influence Area 

While a checkpoint for V12 (off-ramps) or VR12 (on-ramps) is conducted, failure 
does not result in assignment of LOS F, unless another failure occurs on a ramp 
roadway or freeway segment. Failing this checkpoint generally means that there 
will be more turbulence in the ramp junction influence area than predicted by 
this methodology. Thus, predicted densities are most likely lower than those that 
will exist, and predicted speeds are most likely higher than those that will 
actually occur. 

Step 4: Estimate Density in the Ramp Influence Area and Determine 
the Prevailing lOS 

Once the flow rate in Lanes 1 and 2 immediately upstream of the ramp 
influence area is determined, the expected density in the ramp influence area can 
be estimated. 

Density in On-Ramp (Merge) Influence Areas 

The density in on-ramp influence areas is estimated with Equation 13-21: 

DR = 5.475 + 0.00734vR + 0.0078v12 - 0.00627 LA 

where DR is the density in the ramp influence area (pc/mi/ln) and all other 
variables are as previously defined. 

The equation is logical. As more on-ramp vehicles and freeway vehicles in 
Lanes 1 and 2 enter the ramp influence area, its density is expected to increase. 
As the length of the acceleration lane increases, there is more physical space in 
the ramp influence area, and operating speeds of merging vehicles are expected 
to increase-both tending to reduce densities. 

Density in Off-Ramp (Diverge) Influence Areas 

The density in off-ramp influence areas is estimated with Equation 13-22: 

DR = 4.252 +0.0086v12 -0.009LD 
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Failure of the check for flow entering 
the ramp influence area (v12, VR12) 
does not automatically result in LOS F 
but does indicate the need for 
additional interpretation of the 
results. 

Equation 13-21 

Equation 13-22 
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Exhibit 13-11 
Estimating Speed at On
Ramp (Merge) Junctions 

Methodology 

where all variables are as previously defined. 

This equation also follows logical trends. There is no separate term for V R 

because it is included in V 12 for off-ramps. As the number of vehicles entering the 
ramp influence area increases, density increases. As the length of the deceleration 
lane increases, the additional space provided and the resulting higher speeds of 
merging vehicles both act to reduce density. 

Determining LOS 

LOS in ramp influence areas is directly related to the estimated density 
within the area, as given by Equation 13-21 or Equation 13-22. Exhibit 13-2, 
shown previously, contains the criteria for this determination. Note again that 
density definitions of LOS apply only to stable flow (i.e., LOS A-E). LOS F exists 
only when the capacity of the ramp junction is insufficient to accommodate the 
existing or projected demand flow rate. 

If it is determined that a merge or diverge segment is operating (or expected 
to operate at) LOS F, the analyst should go to Chapter 10, Freeway Facilities, and 
conduct a facility analysis that will estimate the spatial and time impacts of 
queuing resulting from the breakdown. 

Step 5: Estimate Speeds in the Vicinity of Ramp-Freeway Junctions 

While an estimation of average vehicle speeds in and adjacent to ramp 
influence areas is not necessary, it is often a useful additional performance 
measure. Two types of speeds may be estimated: 

• Average speed of vehicles within the ramp influence area (mi/h), and 

• Average speed of vehicles across all lanes (including outer lanes) within 
the 1,500-ft length of the ramp influence area (mi/h). 

Both types of speeds are needed when a freeway facility analysis is 
conducted (Chapter 10), while the first type of speed provides a useful 
companion measure to density within the ramp influence area in all cases. 

Exhibit 13-11 and Exhibit 13-12 provide equations for estimating the average 
speed of vehicles (a) within the ramp influence area and (b) in outer lanes of the 
freeway adjacent to the l,500-ft ramp influence area. For four-lane freeways (two 
lanes in each direction), there are no "outer lanes." For six-lane freeways (three 
lanes in each direction), there is one outer lane (Lane 3). For eight-lane freeways 
(four lanes in each direction), there are two outer lanes (Lanes 3 and 4). Exhibit 
13-13 provides equations to determine the average speed of all vehicles (ramp 
plus all freeway vehicles) within the 1,500-ft length of the ramp influence area. 

Average 
Speed in 

Ramp 
influence area 

Outer lanes 
of freeway 

Equation 
SR =FFS-(FFS-42)M, 

Ms = 0.321 + 0.003ge(VR,,/1.OOO) -0.002 (LASFR /1,000) 

So = FFS DOA < 500 pc/h 

So = FFS - 0.0036(DoA - 500) 500 pe/h ~ DOA ~ 2,300 pe/h 
So = FFS - 6.53 - 0.006(VOA - 2,300) DOA > 2,300 re/h 
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Average 
Speed in Equation 

Ramp SR =FFS-(FFS-42)Ds 
influence area Ds = 0.883 + 0.00009vR - O.013SPR 

Outer lanes of 
freeway 

Value 

So = 1.097 FF5 

So = 1.097 FF5 - 0.0039 (V OA -1,000) 

Average flow in outer lanes 
VOA (pc/h) 

Average speed for on-ramp 
(merge) junctions 

(mi/h) 

Average speed for off-ramp 
(diverge) junctions 

(mi/h) 

VOA < 1,000 pc/h 

V OA ;::: 1,000 pc/h 

Equation 

While many (but not all) of the variables in Exhibit 13-11, Exhibit 13-12, and 
Exhibit 13-13 have been defined previously, all are defined here for convenience: 

SR = average speed of vehicles within the ramp influence area (mi/h); for 
merge areas, this includes all ramp and freeway vehicles in Lanes 1 
and 2; for diverge areas, this includes aU vehicles in Lanes 1 and 2; 

average speed of vehicles in outer lanes of the freeway, adjacent to the 
l,SOO-ft ramp influence area (mi/h); 

S average speed of all vehicles in all lanes within the l,SOO-ft length 
covered by the ramp influence area (mi/h); 

FFS free-flow speed of the freeway (mi/h); 

SFR free-flow speed of the ramp (mi/h); 

LA length of acceleration lane (ft); 

LD length of deceleration lane (ft); 

VR demand flow rate on ramp (pc/h); 

V12 demand flow rate in Lanes 1 and 2 of the freeway immediately 
upstream of the ramp influence area (pc/h); 

VR12 total demand flow rate entering the on-ramp influence area, including 
V 12 and V R (pc/h); 

V OA average demand flow per lane in outer lanes adjacent to the ramp 
influence area (not including flow in Lanes 1 and 2) (pc/h/ln); 

VF demand flow rate on freeway immediately upstream of the ramp 
influence area (pc/h); 

No number of outer lanes on the freeway (1 for a six-lane freeway; 2 for an 
eight-lane freeway); 

speed index for on-ramps (merge areas); this is simply an intermediate 
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Exhibit 13-12 
Estimating Speed at Off
Ramp (Diverge) Junctions 

Exhibit 13-13 
Estimating Average Speed of All 
Vehicles at Ramp-Freeway 
Junctions 
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Exhibit 13-11, Exhibit 13-12, 
and Exhibit 13-13 only apply to 
stable flow conditions. Consult 
Chapter 10 for analysis of 
oversaturated conditions. 

Exhibit 13-14 
Typical Geometry of a Two
Lane Ramp-Freeway 
Junction 

Methodology 

computation that simplifies the equations; and 

Ds = speed index for off-ramps (diverge areas); this is simply an 
intermediate computation that simplifies the equations. 

The equations in Exhibit 13-11, Exhibit 13-12, and Exhibit 13-13 apply only to 
cases in which operation is stable (LOS A-E). Analysis of operational details for 
cases in whichLOS F is present relies on deterministic queuing approaches, as 
presented in G,apter 10, Freeway Facilities. 

Flow rates in outer lanes can be higher than the value cited for basic freeway 
segments. The basic freeway segment values represent averages across all 
freeway lanes, not flow rates in a single lane or a subset of lanes. The 
methodology herein allows flows in outer lanes to be as high as 2,700 pc/h/ln. 
The equations for average speed in outer lanes were based on a database that 
included average outer lane flows as high as 2,988 pc/h/ln while still maintaining 
stable flow. Values over 2,700 pc/h/ln, however, are unusual and cannot be 
expected in the majority of situations. 

In addition, the equations of Exhibit 13-11 do not allow a predicted speed 
over the FFS for merge areas. For diverge areas at low flow rates, however, the 
average speed in outer lanes may marginally exceed the FFS. As with average 
Jane flow rates, the FFS is stated as an average across all lanes, and speeds in 
individual lanes can exceed this value. Despite this, the average speed of all 
vehicles 5 should be limited to a maximum value equal to the FFS. 

SPECIAL CASES 

As noted previously, the computational procedure for ramp-freeway 
junctions was calibrated for single-lane, right-side ramps. Many other merge and 
diverge configurations may be encountered, however. In these cases, the general 
methodology is modified to account for special situations. These modifications 
are discussed in the sections that follow. 

Two-Lane On-Ramps 

Exhibit 13-14 illustrates the geometry of a typical two-lane ramp-freeway 
junction. It is characterized by two separate acceleration lanes, each successively 
forcing merging maneuvers to the left. 

1-<----1,500 ft --------

Two-lane on-ramps entail two modifications to the basic methodology: the 
flow remaining in Lanes 1 and 2 immediately upstream of the on-ramp influence 
area is generally somewhat higher than it is for one-lane on-ramps in similar 
situations, and densities in the merge influence area are lower than those for 
similar one-lane on-ramp situations. The lower density is primarily due to the 
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existence of two acceleration lanes and the generally longer distance over which 
these lanes extend. Thus, two-lane on-ramps handle higher ramp flows more 
smoothly and at a better LOS than if the same flows were carried on a one-lane 
ramp-freeway junction. 

Two-lane on-ramp-freeway junctions, however, do not enhance the capacity 
of the junction. The downstream freeway capacity still controls the total output 
capacity of the merge area, and the maximum desirable number of vehicles 
en tering the ramp influence area is not changed. 

There are three computational modifications to the general methodology for 
two-lane on-ramps. 

First, while V 12 is still estimated as V FxPFA1J the values of PIM are modified as 
follows: 

• For four-lane freeways: PFM 1.000; 

• For six-lane freeways: PIM 0.555; and 

• For eight-lane freeways: PFM 0.209. 

Second, in all equations using the length of the acceleration lane LAJ this 
value is replaced by the effective length of both acceleration lanes LAejf'from 

Equation 13-23: 

A two-lane ramp is always considered to be isolated (Le., no adjacent ramp 
conditions affect the computation). 

Component lengths are as illustrated in Exhibit 13-14. 

Two-lane Off-Ramps 

Two common types of diverge geometries are in use with two-lane off
ramps, as shown in Exhibit 13-15. In the first, two successive deceleration lanes 
are introduced. In the second, a single deceleration lane is used. The left-hand 
ramp lane splits from Lane 1 of the freeway at the gore area, without a 
deceleration lane. 

As is the case for two-lane on-ramps, there are three computational step 
modifications. While V12 is still computed as VI{ + (v[- VI{) x Pm the values of Pm 

are modified as follows: 

• For four-lane freeways: PID = 1.000; 

• For six-lane freeways: PID = 0.450; and 

• For eight-lane freeways: Pm = 0.260. 

Chapter 13/Freeway Merge and Diverge Segments 
December 2010 

Page 13-23 

Equation 13-23 

Methodology 

AR0073637 



Highway Capacity Manual 20 10 

Exhibit 13-1S 
Common Geometries for 
Two-Lane Off-Ramp
Freeway Junctions 

Equation 13-24 

The capacity of a two-lane off
ramp is essentially equal to 
that of a similar one-lane off
ramp. 

Methodology 

1+---- 1,500 ft -----...j 

1-<--- 1,500 ft ------+I 

Where a single deceleration lane is used, there is no modification to the 
length of the deceleration lane Lo; where two deceleration lanes exist, the length 

is replaced by the effective length LDeffin aU equations, obtained from Equation 
13-24: 

A two-lane ramp is always considered to be isolated (i.e., no adjacent ramp 
conditions affect the computation). 

Component lengths are as illustrated in Exhibit 13-15. 

The capacity of a two-lane off-ramp freeway junction is essentially equal to 
that of a similar one-lane off-ramp; that is, the total flow capacity through the 
diverge is unchanged. It is limited by the upstream freeway, the downstream 
freeway, or the off-ramp capacity. While the capacity is not affected by the 
presence of two-lane junctions, the lane distribution of vehicles is more flexible 
than in a similar one-lane case. The two-lane junction may also be able to 
accommodate a higher off-ramp flow than can a single-lane off-ramp. 

left-Hand On- and Off-Ramps 

While they are not normally recommended, left-hand ramp-freeway 
junctions do exist on some freeways, and they occur frequently on C-D 
roadways. The left-hand ramp influence area covers the same l,500-ft length as 
that of right-hand ramps-upstream of off-ramps; downstream of on-ramps. 

For right-hand ramps, the ramp influence area involves Lanes 1 and 2 of the 
freeway. For left-hand ramps, the ramp influence area involves the two leftmost 
lanes of the freeway. For four-lane freeways (two lanes in each direction), this 
does not involve any changes, since only Lanes 1 and 2 exist. For six-lane 
freeways (three lanes in each direction), the flow in Lanes 2 and 3 (V23) is 
involved. For eight-lane freeways (four lanes in each direction), the flow in Lanes 
3 and 4 (V34) is involved. 
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While there is no direct methodology for the analysis of left-hand ramps, 
some rational modifications can be applied to the right-hand ramp methodology 
to produce reasonable results (3). 

It is suggested that analysts compute V12 as if the ramp were on the right. An 
estimate of the appropriate flow rate in the two leftmost lanes is then obtained by 
multiplying the result by the adjustment factors shown in Exhibit 13-16. 

Freeway Size 

Four-lane 
Six-lane 

Ei ht-Iane 

Adjustment Factor for left-Hand Ramps 
On-Ram s Off-Ram s 

1.00 1.00 
1.12 1.05 
1.20 1.10 

The remaining computations for density and speed continue by using the 
value of V 23 (six-lane freeways) or V 34 (eight-lane freeways), as appropriate. All 
capacity values remain unchanged. 

Ramp-Freeway Junctions on lO-lane Freeways (Five lanes in Each 
Direction) 

Freeway segments with five continuous lanes in a single direction are 
becoming more common in North America. A procedure is therefore needed to 
analyze a single-lane, right-hand on- or off-ramp on such a segment. 

The approach taken is relatively simple: estimate the flow in Lane 5 of such a 
segment and deduct it from the approaching freeway flow Vp' With the Lane 5 
flow deducted, the segment can now be treated as if it were an eight-lane 
freeway (4). Exhibit 13-17 shows the recommended values for flow rate in Lane 5 
of these segments. 

On-Ramps Off-Ramps 
Approaching Approaching Approaching Approaching 
Freeway Flow lane 5 Flow Freeway Flow lane 5 Flow 

Vp c/h Vs c/h Vp c/h Vs c/h 
~~~O ~~O 

7,500-8,499 0.285 Vp 

6,500-7,499 0.270 Vp 

5,500-6,499 0.240 Vp 

<5 500 0.220 Vp 

~7,OOO 
5,500-6,999 
4,000-5,499 

<4,000 

0.200 Vp 

0.150 Vp 

0.100 Vp 

o 

Once the expected flow in Lane 5 is determined, the effective total freeway 
flow rate in the remaining four lanes is computed from Equation 13-25: 

VP4ejf = Vp - Vs 

where 

VP4ejf effective approaching freeway flow in four lanes (pc/h), 

Vp total approaching freeway flow in five lanes (pc/h), and 

Vs estimated approaching freeway flow in Lane 5 (pc/h). 

The remainder of the analysis uses the adjusted approaching freeway flow 
rate and treats the geometry as if it were a single-lane, right-hand ramp junction 
on an eight-lane freeway (four lanes in each direction). 
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Exhibit 13-16 
Adjustment Factors for Left-Hand 
Ramp-Freeway Junctions 

Exhibit: 13-17 
Expected Flow in Lane 5 of a 10-
Lane Freeway Immediately 
Upstream of a Ramp-Freeway 
Junction 

Equation 13-25 
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Exhibit 13-18 
Major Merge Areas 
Illustrated 

LOS cannot be determined for 
major merge areas. 

Methodology 

There is no calibrated procedure for adapting the methodology of this 
chapter to freeways with more than five lanes in one direction. The approach of 
Equation 13-25 is, however, conceptually adaptable to such situations. A local 
calibration of the amount of traffic using Lanes 5+ would be needed. The 
remaining flow could then be modeled as if it were taking place on a four-lane 
(one direction) segment. 

Major Merge Areas 

A major merge area is one in which two primary roadways, each having 
multiple lanes, merge to form a single freeway segment. Such junctions occur 
when two freeways join to form a single freeway or when a major multilane 
high-speed ramp joins with a freeway. Major merges are different from one- and 
two-lane on-ramps in that each of the merging roadways is generally at or near 
freeway design standards and no dear ramp or acceleration lane is involved in 
the merge. 

Such merge areas come in a variety of geometries, all of which fall into one of 
two categories. In one geometry, the number of lanes leaving the merge area is 
one less than the total number of lanes entering it. In the other, the number of 
lanes leaving the merge area is the same as that entering it. These geometries are 
illustrated in Exhibit 13-18. 

(a) Major Merge with One Lane Dropped (b) Major Merge with No Lane Dropped 

There are no effective models of performance for a major merge area. 
Therefore, analysis is limited to checking capacities on the approaching legs and 
the downstream freeway segment. A merge failure would be indicated by a vic 
ratio in excess of 1.00. LOS cannot be determined for major merge areas. 
Problems in major merge areas usually result from insufficient capacity of the 
downstream freeway segment. 

Major Diverge Areas 

The two common geometries for major diverge areas are illustrated in 
Exhibit 13-19. In the first case, the number of lanes leaving the diverge area is the 
same as the number entering it. In the second, the number of lanes leaving the 
diverge area is one more than the number entering it. 

The principal analysis of a major diverge area involves checking the capacity 
of entering and departing roadways, all of which are generally built to mainline 
standards. A failure results when any of the demand flow rates exceeds the 
capacity of the segment. 
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----~--------

(a) Major Diverge Area with No lane Addition (b) Major Diverge Area with lane Addition 

For major diverge areas, a model exists for computing the average density 
across all approaching freeway lanes within 1,500 ft of the diverge, as given in 
Equation 13-26: 

(VF) 
DMD = 0.0175 N 

where 

DMD density in the major diverge influence area (which includes all 
approaching freeway lanes) (pc/mi/ln), 

VF demand flow rate immediately upstream of the major diverge 
influence area (pc/h), and 

N = number of lanes approaching the major diverge. 

The result can be compared with the criteria of Exhibit 13-2 to determine a 
LOS for the major diverge influence area. Note that the density and LOS 
estimates are only valid for stable cases (i.e., not in cases in which LOS F exists 
because of a capacity deficiency on the approaching or departing legs of the 
diverge). 

Effect of Ramp Control at On-Ramps 

For the purposes of this methodology, procedures are not modified in any 
way to account for the local effect of ramp control-except for the limitation that 
the ramp meter may have on the ramp demand flow rate. Research (5) has found 
that the breakdown of a merge area may be a probabilistic event based on the 
platoon characteristics of the arriving ramp vehicles. Ramp meters facilitate 
tmiform gaps between entering ramp vehicles and may reduce the probability of 
a breakdown on the associated freeway mainline. 

OVERLAPPING RAMP INfLUENCE AREAS 

Whenever a series of ramps on a freeway is analyzed, the l,500-ft ramp 
influence areas could overlap. In such cases, the operation in the overlapping 
region is determined by the ramp influence area having the highest density. 
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Exhibit 13-19 
Major Diverge Areas Illustrated 

Equation 13-26 
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Ramp geometric characteristics 
cover a variety of conditions; 
default values should be 
avoided if possible. 

Applications 

3. APPLICATIONS 

The methodology of this chapter is most often used to estimate the capacity 
and LOS of ramp-freeway junctions. The steps are most easily applied in the 
operational analysis mode (i.e., all traffic and roadway conditions are specified), 
and the capacity (and vic ratio) and expected LOS are found. Other types of 
analysis, however, are possible. 

DEFAULT VALUES 

A comprehensive presentation of potential default values for uninterrupted
flow facilities is provided elsewhere (6). Chapter 10, Freeway Facilities, provides 
a summary of the default values for freeways. These defaults cover the key 
characteristics of peak hour factor (PHF) and percent heavy vehicles (%HV) on 
freeways. RecOlmnendations are based on geographical region, population, and 
time of day. All general freeway default values may be applied to the analysis of 
ramp-freeway junctions in the absence of field data or projections of conditions. 

Because of the number of variables involved in the analysis of ramps, which 
have been discussed previously, it is difficult to base an analysis on too many 
default values. Clearly, all demand flow rates must be specified, even if they are 
projections. 

Similarly, geometric characteristics of ramps cover a wide variety of 
conditions. If absolutely necessary, the following additional default values may 
be applied to a ramp junction analysis: 

• Length of acceleration lane LA = 800 ft, 

• Length of deceleration lane LD = 400 ft, 

• FFS of ramp SFR = 35 mi/h, and 

• Driver population factor fp = 1.00. 

Obviously, as the number of default values used in any analysis increases, 
the accuracy of the result becomes more approximate, and the result may be 
significantly different from the actual outcome (depending on local conditions). 
If locally calibrated default values are available, they may be substituted for the 
values above. 

ESTABLISH ANALYSIS BOUNDARIES 

No ramp-freeway junction is completely isolated. However, for the purposes 
of this methodology, many may operate as if they were. In the analysis of ramp
freeway junctions, it is important to establish the segment of freeway over which 
ramp junctions are to be analyzed. Once this is done, each ramp may be analyzed 
in conjunction with the possible impacts of upstream and downstream adjacent 
ramps according to the methodology. 

Analysis boundaries may also include different demand scenarios related to 
the time of the day or to different development scenarios that produce different 
demand flow rates. 
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Any application of the methodology presented in this chapter can be made 
easier by carefully defining the spatial and time boundaries of the analysis. 

TYPES OF ANALYSIS 

The methodology of this chapter can be used in three types of analysis: 
operational analysis, design analysis, and planning and preliminary design 
analysis. 

Operational Analysis 

The methodology is most easily applied in the operational analysis mode. In 
operational analysis, all traffic and geometric characteristics of the analysis 
segment must be specified, induding 

• Analysis hour demand volumes for the subject ramp, adjacent ramps, and 
freeway (veh/h); 

• Heavy vehicle percentages for all component demand volumes (ramps, 
adjacent ramps, freeway); 

• PHF for all component demand volumes (ramp, adjacent ramps, 
freeway); 

• Freeway terrain (level, rolling, mountainous, specific grade); 

• FFS of the freeway and ramp (mi/h); 

• Ramp geometrics: number of lanes, terrain, length of acceleration lane(s) 
or deceleration lane(s); and 

• Distance to upstream and downstream adjacent ramps (ft). 

The outputs of an operational analysis will be estimates of density, LOS, and 
speed for the ramp influence area. The capacity of the ramp-freeway junction 
will also be established. 

The steps of the methodology, described in the Methodology section, are to 
be followed directly without modification. 

Design Analysis 

In design analysis, a target LOS is set and all relevant demand volumes are 
specified. The analysis seeks to determine the geometric characteristics of the 
ramp that are needed to deliver the target LOS. These characteristics include 

• FFS of the ramp SFR (mi/h), 

• Length of acceleration LA or deceleration lane LD (ft), and 

• Number of lanes on the ramp. 

In some cases, variables such as the type of junction (e.g., major merge, two
lane) may also be under consideration. 

There is no convenient way to compute directly the optimal value of anyone 
variable without specifying all of the others. Even then, the computational 
methodology does not easily create the desired result. 

Therefore, most design analysis becomes a trial-and-error application of the 
operational analysis procedure. Individual characteristics can be incrementally 
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Operational analysis determines 
density,. LO~ and speed within the 
ramp influence area for a spedfied 
set of conditions. 

Design analysis seeks to determine 
the geomettic characteristics of the 
ramp that are needed to deliver a 
target LOS. 

Applications 
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Planning and preliminary 
engineering analysis also seeks 
to determine the geometric 
characteristics of the ramp that 
are needed to deliver a target 
LOS, but it relies on more 
general input data. 

The method can be applied to 
determine service volumes for 
LOS A-E for a specified set of 
conditions. 

Equation 13-27 

Applications 

changed, as can groups of characteristics, to find scenarios that produce the 
desired LOS. 

In many cases, some of the variables may be fixed by site-specific conditions. 
These can be set at their limiting values before attempting to optimize the others. 

It is possible to program a spreadsheet to complete such an analysis, 
providing scenario results by simply changing some of the input variables under 
consideration. HCM-implementing software can also be used to simplify the 
computational process. 

Planning and Preliminary Engineering Analysis 

The desired outputs of planning and preliminary engineering analysis are 
virtually the same as those for design analysis. The primary difference is that 
planning and preliminary engineering analysis occurs very early in the process 
of project consideration. 

The first criterion that categorizes such applications is the need to use more 
general estimates of input data. Many of the default values specified for freeway 
facilities in Chapter 10 would be applied; alternatively, local default values can 
be substituted. Demand volumes might be specified only as expected values of 
annual average daily traffic (AADT) for a target year. Directional design-hour 
volumes are based on AADTs; default (local or global) values are used for the 
K-factor (the proportion of AADT occurring in the peak hour) and the D-factor 
(the proportion of peak hour traffic traveling in the peak direction). Guidance on 
these values is given in Chapter 3, Modal Characteristics. 

On the basis of these default and estimated values, the analysis is conducted 
in the same manner as a design analysis. 

Service Volumes and Service Flow Rates 

Service volume is the maximum hourly volume that can be accommodated 
without exceeding the limits of the various levels of service during the worst 15 
min of the analysis hour. Service volumes can be found for LOS A-E. LOS F, 
which represents unstable flow, does not have a service volume. 

Service flow rates are the maximum rates of flow (within a IS-min period) that 
can be accommodated without exceeding the limits of the various levels of 
service. As is the case for service volumes, service flow rates can be fOlmd for 
LOS A-E, but none is defined for LOS F. The relationship between a service 
volume and a service flow rate is as follows: 

where 

SV; service volume for LOS i (pc/h), 

SF; service flow rate for LOS i (pc!h), and 

PHF peak hour factor. 

For ramp-freeway junctions, service flow rate or service volume could be 
defined in several ways. It might be argued that since ramp-freeway junction 
capacities are usually limited by the upstream or downstream freeway segment, 
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service flow rates and service volumes should be based on basic freeway criteria 
applied to the upstream or downstream freeway segments. This, however, 
would ignore the levels of service defined for the ramp influence area, which are 
the only unique service descriptors for ramps. 

Levels of service for ramp-freeway junctions are defined in Exhibit 13-2 and 
relate to the density within the ramp influence area. The methodology estimates 
this density by using a series of algorithms affected by demand flows on the 
freeway, ramp, and adjacent ramps; ramp geometrics; and distances to adjacent 
ramps. The methodology uses demand volumes in vehicles per hour converted 
to demand flow rates in passenger cars per hour. Therefore, service flow rates 
and service volumes would originally be estimated in terms of flow rates in 
passenger cars per hour. They would then be converted back to demand volumes 
in vehicles per hour. 

Because the balance of ramp and freeway demands has a significant impact 
on densities, there are a number of ways in which service flow rates and volumes 
can be considered: 

• The limiting total upstream demand volume that produces a given LOS 
within the ramp influence area. The split between arriving freeway 
volume and ramp volume would have to be specified. 

• The limiting volume entering the ramp influence area that produces a 
given LOS within the ramp influence area. Since this relies on the 
approaching freeway volume, the split between freeway and ramp 
demand would still have to be specified. 

• The limiting ramp volume that produces a given LOS within the ramp 
influence area, based on a fixed upstream freeway demand. 

Any of these are viable concepts for establishing a ramp service flow rate or 
service volume. 

In addition to different ways of interpreting a service volume or service flow 
rate, a large number of characteristics will influence the result, including the 
PHF, %HV, length of acceleration or deceleration lane(s), ramp FFS, and any 
relevant data for adjacent ramps. It is, therefore, virtually impossible to define a 
representative "typical" case with broadly applicable results. Each case must be 
individually considered. 

The Example Problems section includes an example of how ramp junction 
service flow rates and service volumes can be computed. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative AnalysisTools. 
This section contains specific guidance for applying alternative tools to the 
analysis of ramps and ramp junctions. Additional information on this topic may 
be found in the Volume 4 Technical Reference Library. 

The HCM methodology for analyzing merge and diverge segments estimates 
the density of the ramp influence area (which includes the two rightmost lanes of 
the freeway and the acceleration or deceleration lane) and provides the 
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Exhibit 13-20 
Limitations of the HCM 
Ramps and Ramp Junctions 
Procedure 

Applications 

respective LOS. As an intermediate step, the methodology estimates the capacity 
at various points through the section, and if the capacity is exceeded, the LOS is 
determined to be F without further calculation of density. The methodology is 
primarily based on the estimation of the demand into the influence area v12• 

Strengths of the HCM Procedure 

This chapter's procedures were developed on the basis of extensive research 
supported by a significant quantity of field data. They have evolved over a 
number of years and represent a body of expert consensus. Most simulation 
packages will not include the level of detail present in this methodology 
concerning the ramp itself and its adjacent upstream and downstream ramps. 

The HCM procedure's strengths are as follows: 

• The methodology provides capacity estimates. Simulators do not provide 
capacity estimates directly; they can be obtained by devising a data 
collection scheme ll' the simulator. Furthermore, the user can modify 
those simulated capacities by modifying specific input values, such as the 
minimum acceptable headway. 

• The methodology explicitly considers the impacts of the presence of and 
demands on the upstream and downstream ramps. 

• It produces a single deterministic estimate of density, which is important 
for some purposes, such as development impact review. 

Limitations of the HCM Procedures That Might Be Addressed by 
Alternative Tools 

A list of the HCM's limitations for freeway merge and diverge segments is 
provided in Exhibit 13-20. 

Limitation 
Managed lanes, such as HOV lanes, as ramp 
entrance lanes 

Ramp metering 

Oversaturated conditions 
(Refer to Chapter 10 for further discussion) 

Posted speed limit and extent of police 
enforcement 

Presence of intelligent transportation system 
features 

Freeway operational analySiS beyond the l,500-ft 
area of influence 

CapaCity-enhancing effects of ramp metering 
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Potential for Improved Treatment by 
Alternative Tools 

Modeled explicitly by simulation 

Modeled explicitly by simulation 

Modeled explicitly by simulation 

Can be approximated by using assumptions 
related to the desired speed along a given 
segment 

Several features modeled explicitly by 
simulation; others may be approximated by 
using assumptions (for example, by 
modifying origin-destination demands by 
time interval) 

Modeled explicitly by simulation 

Can be approximated by using assumptions 
related to car-following, lane-changing, and 
gap-acceptance behavior 
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Ramp junctions can also be analyzed with a variety of stochastic and 
deterministic simulation packages that address freeways. Inese packages can be 
useful in analyzing the extent of congestion when there are failures either within 
or downstream of the simulated facility range. 

Additional Features and Performance Measures Available From 
Alternative Tools 

This chapter provides a methodology for estimating the capacity, speed, and 
density in the area of influence of on- and off-ramps, given traffic demands and 
segment characteristics. Alternative tools offer additional performance measures 
including delay, stops, queue lengths, fuel consumption, pollution, and 
operating costs. 

As with most other HCM procedural chapters, simulation outputs, especially 
graphics-based presentations, can provide details on point problems that might 
otherwise go unnoticed with a macroscopic analysis that yields only segment
level measures. The effect of downstream conditions on lane utilization and 
backup beyond the segment boundary is a good example of a situation that can 
benefit from the increased insight offered by a microscopic model. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

The subject of performance-measure comparisons was discussed in more 
detail in Chapter 7, Interpreting HCM and Alternative Tool Results. This section 
deals with topics that apply specifically to ramps and ramp junctions. 

When alternative tools are used, the analyst must be careful to note the 
definitions of simulation outputs. This chapter's measure of effectiveness for 
ramps and ramp junctions is the density of the ramp influence area. However, 
most simulators do not provide density estimates separately for the two 
rightmost lanes within a link. This is a potentially significant obstacle in 
obtaining the service measures for ramp junctions from a simulator (unless the 
freeway has only two lanes per direction). Furthermore, in a simulator, there are 
lane changes along the entire segment. Therefore, it is not clear how a simulator 
should address the partial presence of vehicles in the link to ensure compatibility 
with the HCM. Also, as is generally the case for basic freeway segments, 
increased speed variability in driver behavior (which simulators usually include) 
results in lower average space mean speed and higher density. 

In obtaining density from alternative models, it is important to consider the 
following: 

• The ability of the simulator to provide density for the two rightmost lanes 
of the freeway; 

• The vehicles included in the density estimation and how partial presence 
of vehicles on the link is considered; 

• The manner in which the acceleration and deceleration lanes are 
considered in the density estimation; 

• The units used by the simulator to measure density [most use vehicles 
rather than passenger cars; converting vehicles to passenger cars by using 
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Ramp junction density does 
not change with FFS in the 
HeM methoti but density is a 
function of FFS in most 
simulation packages. 
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the HCM's passenger-car equivalence (PCE) values is typically not 
appropriate, given that simulator assumptions with regard to heavy 
vehicle performance vary widely]; 

• The units used in the reporting of density (i.e., whether density is 
reported per lane mile); 

• The homogeneity of the analysis segment in the simulator, as the HCM 
assumes conditions to be homogeneous (unless it is a specific upgrade or 
downgrade segment, in which case the segment length is used to estimate 
the PCE values); and 

• The treatment of driver variability by the simulator, as increased driver 
variability in the simulator will generally increase the average density. 

With regard to capacity, the HCM provides capacity estimates in units of 
passenger cars per hour per lane as a function of FFS for the locations 
approaching and departing the merge junction. In comparing the HCM estimates 
with capacity estimates from a simulator, the following should be considered: 

• The manner in which a simulator provides the number of vehicles exiting 
a segment. In some cases it may be necessary to provide virtual detectors 
at specific points on the simulated segment so that the maximum 
throughput can be obtained. 

• The simulator provides the maximum throughput at a particular location 
in units of vehicles, rather than passenger cars. Converting these units to 
passenger cars by using the HCM's PCE values is typically not 
appropriate, given that simulator assumptions with regard to heavy 
vehicle performance vary widely. 

• A simulator will likely include inputs such as the "minimum separation 
of vehicles," which greatly affects the maximum throughput. 

conceptual Differences Between the HCM and Simulation Modeling 
That Preclude Direct Comparison of Results 

In the HCM, the density at a ramp junction does not change with FFS, 
although density drops as a function of FFS on basic freeway segments. In 
simulators, the density typically changes as a function of FFS (or the desired 
speed). Therefore, calibration of a site using a specific FFS does not necessarily 
ensure that the site will be calibrated for a different FFS. Capacity, on the other 
hand, increases in the HCM with increasing FFS, which is typically the case with 
simulators. 

The HCM method is based on the estimated demand approaching the ramp 
influence area. This demand is estimated as a function of the presence of and 
demands on the upstream and downstream ramps. Traffic simulators do not 
typically allow the user to input the specific percentages of traffic on each lane at 
the beginning of a link. Their internal rules relative to the lane chosen by a 
vehicle in a given link vary widely and can be modified by changing various 
default values within the simulator. In some simulators, virtual vehicles are 
"aware" of their ultimate destination; in others, the exit choice is made on a link
by-link basis. Therefore, in comparing HCM results with those of a simulator, the 
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analyst should, as an intermediate check, compare the flow approaching the two 
rightmost lanes of the junction. 

Adjustment of Simulation Parameters to the HeM Results 

The most important elements to be adjusted in analyzing a ramp junction are 
as follows: 

• The flow approaching the two rightmost lanes (this is an intermediate 
step but would ensure that the influence of upstream and downstream 
ramps is considered in a manner compatible with the HCM), and 

• The capacity of the junction at the critical locations indicated in the HCM 
(Le., downstream of the junction and approaching the influence area). 

Step-by-Step Recommendations for Applying Alternative Tools 

The following steps are recommended when an alternative tool is applied to 
the analysis of ramps and ramp junctions: 

1. Determine whether the chosen tool can provide density for the two 
rightmost lanes of the freeway and what approach is used to obtain it 
(including the treatment of the partial presence of vehicles on the link). 

2. Determine the FFS of the study site, either from field data or by 
estimating it according to the Chapter 11 method for basic freeway 
segments. 

3. Enter all available input characteristics (both geometric and traffic 
characteristics) into the simulator. The length of the segment or link to be 
simulated should be 1,500 ft, to correspond to the HCM-defined area of 
influence. Install virtual detectors within the area of influence and at the 
downstream end of the study segment to obtain density, speeds, and 
flows. 

4. Load the study network above capacity to obtain the maximum 
throughput, and compare the result with the HCM estimate. Calibrate the 
simulator by modifying parameters related to the minimum time 
headway so that the simulated capacity matches the HCM estimate. 
Estimate the required number of simulation runs that will need to be 
conducted to produce a statistically valid comparison. 

5. Compare the flow approaching the two rightmost lanes with the HCM's 
estimate. Adjust the simulation parameters related to driver awareness of 
upcoming turns to match the HCM-predicted V 12 value. 

Example Problems Illustrating Alternative Tool Applications 

Chapter 28, Freeway Merges and Diverges: Supplemental, includes two 
example problems that examine situations beyond the scope of this chapter's 
methodology by using a typical microsimulation-based tool. Bothproblems are 
based on this chapter's Example Problem 3, which analyzes an eight-lane 
freeway segment with an entrance and an exit ramp. The first problem evaluates 
the effects of the addition of ramp metering, while the second evaluates the 
impacts of converting the leftmost lane of the mainline into an HOV lane. 
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Exhibit 13-21 
List of Example Problems 

Example Problems 

4. EXAMPLE PROBLEMS 

Example 
Problem Title 

1 

2 

3 

4 

5 

Isolated One-Lane, Right-Hand On-Ramp to a Four-Lane 
Freeway 

Two Adjacent Single-Lane, Right-Hand Off-Ramps on a 
Six-Lane Freeway 

One-Lane On-Ramp Followed by a One-Lane Off-Ramp 
on an Eight-Lane Freeway 

Single-Lane, Left-Hand On-Ramp on a Six-Lane Freeway 

Service Flow Rates and Service Volumes for an Isolated 
On-Ramp on a Six-Lane Freeway 

Type of Analysis 

Operational analysis 

Operational analysis 

Operational analysis 

Special case 

Service flow rates and 
service volumes 

EXAMPLE PROBLEM 1: ISOLATED ONE-LANE, RIGHT-HAND ON-RAMP 
TO A FOUR-LANE FREEWAY 

The Facts 

The following data are available to describe the traffic and geometric 
characteristics of this location: 

• Isolated location (no adjacent ramps to consider) 

• One-lane ramp roadway and junction 

• Four-lane freeway (two lanes in each direction) 

• Upstream freeway demand volume = 2,500 veh/h 

• Ramp demand volume = 550 veh/h 

• 10% tmcks, 0% RVs on the freeway 

• 5% trucks, 0% RVs on the ramp 

• Acceleration lane = 740 ft 

• FFS, freeway = 60 mi/h 

• FFS, ramp = 45 mi/h 

• Level terrain for freeway and ramp 

• Peak hour factor = 0.90 

• Drivers are regular commuters 

Comments 

All input parameters are known, so no default values are needed or used. 
Adjustment factors for heavy vehicles and driver population are found in 
Chapter 11, Basic Freeway Segments. 

Step 1: Convert Demand Volumes to Flow Rates Under Equivalent Ideal 
Conditions by Using Equation 13-1 

v 
v=-------
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Demand volumes are given for the freeway and the ramp. The PHF is 
specified. The driver population factor for commuters is 1.00 (Chapter 11), while 
the heavy vehicle adjustment factor is computed as follows: 

fHV 
1 

Truck and RV presence is given. The value of Er for level terrain is 1.5 
(Chapter 11). On the basis of these values, the freeway and ramp demand 
volumes are converted as follows: 

For the freeway: 

1 
fill' = 1+0.10 (1.5-1) 

0.952 

2,500 
vr = --------

. 0.90 x 0.952 x 1.00 
2,918 pc!h 

For the ramp: 

1 
fill' = 1 + 0.05 (1.5 -1) 

0.976 

550 
vr = --------

0.90 x 0.976 x 1.00 
626 pc!h 

Step 2: Compute Demand Flow in Lanes 1 and 2 Immediately Upstream 
of the Ramp Influence Area with Equation 13-2 and Exhibit 13-6 

v12 = vF X FrM 

The freeway flow rate was computed in Step 1. The value of PFM is found in 
Exhibit 13-6. For a four-lane freeway, the value is 1.00. Then 

V 12 = 2,918 x 1.00 = 2,918 pc!h 

Because there are no outer lanes on a four-lane freeway, there is no need to 
check this result for reasonableness. 

Step 3: Check Capacities by Using Exhibit 13-8 and Exhibit 13-10 

The critical capacity checkpoint for a single-lane on-ramp is the downstream 
freeway segment: 

The capacity of a four-lane freeway (two lanes in one direction) with an FFS 
of 60 mi/h is given in Exhibit 13-8. The capacity is 4,600 pc/h, which is more than 
the demand flow of 3,544 pc/h. The capacity of a one-lane ramp with an FFS of 45 
mi/h is given in Exhibit 13-10 as 2,100 pc/h, which is well in excess of the ramp 
demand flow of 626 pc/h. The maximum desirable flow rate entering the ramp 
influence area is also 4,600 pc/h, again more than 3,544. Thus, the operation of the 
segment is expected to be stable. LOS F does not exist. 
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Step 4: Compute Density and Find LOS by Using Equation 13-21 and 
Exhibit 13-2 

The estimated density in the ramp-freeway junction is estimated by using 
Equation 13-21: 

DR = 5.475 + 0.00734vR + 0.0078v12 - 0.00627LA 

DR = 5.475 + (0.00734 x 626) + (0.0078 x 2,918) - (0.00627 x 740) = 28.2 pc/mi/ln 

From Exhibit 13-2, this is LOS D, but the result is close to the LOS C 
boundary. 

Step 5: Compute Merge Area Speed as Supplemental Information by 
Using Exhibit 13-11 

Since there are no outer lanes present on a four-lane freeway, only the speed 
within the ramp influence area should be computed: 

SR = FFS - (FFS - 42 )Ms 

Ms = 0.321 + 0.003ge(v[(12/1,OOO) - 0.002(L
A

SFR /1,000) 

Ms = 0.321 + 0.003ge(3,544/1,OOO) - 0.002(740 x 45/1,000) = 0.389 

Sf{ = 60 - (60 - 42)x 0.389 = 53.0 mi/h 

Discussion 

The results indicate that the merge area operates in a stable fashion, with 
some deterioration in density and speed due to merging operations. 

EXAMPLE PROBLEM 2: TWO ADJACENT SINGLE-LANE, RIGHT-HAND 
OFF-RAMPS ON A SIX-LANE FREEWAY 

The Facts 

The following information concerning demand volumes and geometries is 
available for this problem: 

• Two consecutive one-lane, right-hand off-ramps 

• Six-lane freeway with FFS = 60 mi/h 

• Rolling terrain for freeway and both ramps 

• 5% trucks on freeway and both ramps; 0% RVs 

• First ramp FFS = 40 mi/h 

• Second ramp FFS = 25 mi/h 

• Drivers are regular commuters 

• Freeway demand volume = 4,500 veh/h (immediately upstream of the first 
off-ramp) 

• First ramp demand volume = 300 veh/h 

• Second ramp demand volume = 500 veh/h 

• Distance between ramps = 750 ft 

• First ramp deceleration lane length = 500 ft 
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• Second ramp deceleration lane length = 300 ft 

• Peak hour factor = 0.95 

Comments 

The solution will use adjustment factors for heavy vehicle presence and 
driver population selected from Chapter 11, Basic Freeway Segments. All input 
parameters are specified, so no default values are needed or used. 

Step 1: Convert Demand Volumes to flow Rates Under Equivalent Ideal 
Conditions by Using Equation 13-1 

v 
V=------

PHF X fIIV x fp 

In this case, three demand volumes must be converted: the freeway volume 
immediately upstream of the first ramp and the two ramp demand volumes. 
Since all demands include 5% trucks and no RVs, only a single heavy vehicle 
adjustment factor will be needed. From Chapter 11, the appropriate value of ET 
for rolling terrain is 2.5. For drivers who are regular commuters, the appropriate 
value of h is 1.00. 

Then 

and 

1 
fHV 

1 + pAET -1)+ PR(ER -1) 

1 
fHV = 1+0.05(2.5-1) 

0.930 

v 
v 

PHFxfHV xfp 

4,500 
Vr = 5,093 pc/h 

0.95 x 0.930 x 1.00 

300 
VR1 = . = 340 pc/h 

0.95 x 0.930 x 1.00 

500 
VR2 = = 566 pc/h 

0.95 x 0.930x 1.00 

Step 2: Compute Demand flow in lanes 1 and 2 Immediately Upstream 
of the Two Ramp Influence Areas by USing Equation 13-13 and Exhibit 
13-7 

Because there are two consecutive off-ramps under consideration, the first 
will have to consider the impact of the second on its operations, and the second 
will have to consider the impact of the first. 
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First Off-Ramp 

From Exhibit 13-7, flow in Lanes 1 and 2 of the freeway is estimated by using 
Equation 13-11 or Equation 13-9, depending on whether the impact of the 
downstream off-ramp is significant. This is determined by computing the 
equivalence distance by using Equation 13-13: 

1.15 + 0.000032vF -0.000369vRl 

L = 566 657 ft 
EQ 1.15 + (0.000032 x 5,093)- (0.000369 x 340) 

Since the actual distance between ramps, 750 ft, is greater than the 
equivalence distance of 657 ft, the ramp may be treated as if it were isolated, with 
Equation 13-9: 

PFD = 0.760 - 0.000025vF - 0.000046vR1 

Pm = 0.760 - (0.000025 x 5093)- (0.000046 x 340) = 0.617 

Then 

V 12 = 340 + (5,093 - 340) x 0.617 = 3,273 pc/h 

Because a six-lane freeway includes one outer lane (Lane 3), the 
reasonableness of the predicted lane distribution of arriving freeway vehicles 
should be checked. The flow rate in Lane 3 is 5,093 - 3,273 = 1,820 pc/h. The 
average flow per lane in Lanes 1 and 2 is 3,273/2 = 1,637 pc/h (rounded to the 
nearest pc). Then: 

Is V3 > 2,700 pc/h/ln? No 

Is V3 > 1.5 x (1,637) = 2,456 pc/h/ln? No 

Since both cllecks for reasonable lane distribution are passed, the computed 
value of V12 for the first off-ramp is accepted as 3,273 pc/h. 

Second Off-Ramp 

From Exhibit 13-7, the second off-ramp should be analyzed by using 
Equation 13-9, which is for an isolated off-ramp. Adjacent upstream off-ramps do 
not affect the lane distribution of arriving vehicles at a downstream off-ramp. 

The freeway flow approaching Ramp 2, however, includes the freeway flow 
approaching Ramp 1, less the flow rate of vehicles exiting the freeway at Ramp 1. 
Therefore, the freeway flow rate approaching Ramp 2 is as follows: 

VF2 = 5,093 - 340 = 4,753 pC/h 

Then 

PFD = 0.760 - (0.000025 x 4753) - (0.000046 x 566) = 0.615 

v12 =566+(4,753-566)xO.615 =3,141 pC/h 
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Again, because there is an outer lane on a six-lane freeway, the 
reasonableness of this estimate must be checked. The flow rate in the outer lane 
V3 is 4,753 - 3,141 = 1,612 pc/h. The average flow rate in Lanes 1 and 2 is 3,141/2 = 

1,571 pc/h (rounded). Then: 

Is V3 > 2,700 pc/h/ln? No 

Is V3 > 1.5 x t571 = 2,357 pc/h/ln? No 

Once again, the predicted lane distribution of arriving vehicles is reasonable, 
and V 12 is taken to be 3,141 pc/h. 

Step 3: Check Capacities by Using Exhibit 13-8 and Exhibit 13-10 

Because two off-ramps are involved in this segment, there are several 
capacity checkpoints: 

• Total freeway flow upstream of the first off-ramp (the point at which 
maximum freeway flow exists), 

• Capacity of both off-ramps, and 

• Maximum desirable flow rates entering each of the two off-ramp 
influence areas. 

These comparisons are shown in Exhibit 13-22. Note that freeway capacity is 
based on a freeway with FFS = 60 mi/h. The first ramp capacity is based on a 
ramp FFS of 40 mi/h and the second on a ramp FFS of 25 mi/h. 

Item 
Capacity (pc/h) 

Exhibit 13-8, Exhibit 13-10 
Demand flow Rate 

(pc/h) Problem? 
Freeway flow rate 
First off-ramp 
Second off-ramp 
Max. V12 first ramp 
Max. V12 second ramp 

6,900 
2,000 
1,900 
4,400 
4,400 

5,093 
340 
566 

3,373 
3,141 

None of the capacity values are exceeded, so operation of these ramp 
junctions will be stable, and LOS F does not occur. 

No 
No 
No 
No 
No 

Step 4: Compute Densities and Find levels of Service by Using Equation 
13-22 and Exhibit 13-2 

Because there are two off-ramps, two ramp influence areas are involved, and 
two ramp influence area densities will be computed. 

DR = 4.252 + 0.0086v12 - 0.009 L[J 

DRl = 4.252 + (0.0086 x 3,273)- (0.009 x500)= 27.9 pc/mi/ln 

DR2 = 4.252 + (0.0086 x 3,141) - (0.009 x 300) = 28.6 pc/mi/ln 

From Exhibit 13-2, both of these ramp influence areas operate very dose to 
the boundary between LOS C and LOS D (28.0 pc/mi/ln). Ramp 1 operates in 
LOS C, while Ramp 2 operates in LOS D. 

While it makes virhmlly no difference in this case, note that the two ramp 
influence areas overlap. The influence area of the first off-ramp extends 1,500 ft 
upstream. The influence area of the second off-ramp also extends 1,500 ft 
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upstream. Given that the ramps are only 750 ft apart, the second ramp influence 
area overlaps the first for 750 ft (immediately upstream of the first diverge point). 
Normally, the worst of the two levels of service would be applied to this 750-ft 
overlap. In this case, the levels of service are the same. Indeed, the predicted 
densities are virtually equal, so the impact of the overlap is minimal, and the 
predicted values are not really affected. 

Step 5: Compute Diverge Area Speeds as Supplemental Information by 
Using Exhibit 13-12 and Exhibit 13-13 

Because these ramps are on a six-lane freeway with an outer lane, it is 
possible to estimate the speed within each ramp influence area, the speed in the 
outer lane adjacent to each ramp influence area, and the weighted average of the 
two. 

First Off-Ramp 

The speed within the first ramp influence area is computed as follows: 

Ds = 0.883 + 0.00009vR - 0.0135FR 

Ds = 0.883 + (0.00009 x 3,273) - (0.013 x 40) = 0.394 

5R = FF5 -(FF5 -42)Ds = 60 -(60 -42)xO.394 = 52.9 mi/h 

The flow rate in the outer lane (VOA) is 5,093 - 3,273 = 1,820 pc/h/ln. The 
average speed in this outer lane is computed as follows: 

50 =1.097FF5 -0.0039 (VOA -1,000) 

50 = (1.097 x 60) - 0.0039 x (1,820 -1,000) = 62.6 mi/h 

The average speed in Lane 3 is predicted to be slightly higher than the FFS of 
the freeway. This is not uncommon, since through vehicles at higher speeds use 
Lane 3 to avoid congestion in the ramp influence area. The average speed across 
all lanes, however, should not be higher than the FFS. In this case, the average 
speed across all lanes is computed as follows: 

5 = 3,273 + (1,820 x 1) 56.0 mi/h 

(
31273) + (1,820 Xl) 
52.9 62.0 

This result is, as expected, less than the FFS of the freeway. 

Second Off-Ramp 

The speed in the second ramp influence area is computed as follows: 

Ds = 0.883 + (0.00009 x 566)-(0.013 x 25) = 0.609 

5R = 60 - (60 - 42)x 0.609 = 49.0 mi/h 

Lane 3 has a demand flow rate of 4,753 - 3,141 = 1,612 pc/h/ln. The average 
speed in this outer lane is computed as follows: 

50 = (1.097 x 60)-0.0039 x (1,612 -1,000) = 63.4 mi/h 

The average speed across all freeway lanes is 
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3,141 + (1,612 x 1) . 
5 = (3/141) + (1/612 x 1) = 53.1 fil/h 

49.0 63.4 

Discussion 

The speed results in this case are interesting. While densities are similar for 
both ramps, the density is somewhat higher and the speed somewhat lower in 
the second influence area. This is primarily the result of a shorter deceleration 
lane and a lower ramp FFS (25 rni/h versus 40 rni/h). In both cases, the average 
speed in the outer lane is higher than the FFS, which applies as an average across 
all lanes. 

Since the operation is stable, there is no special concern here, short of a 
significant increase in demand flows. LOS is technically D but falls just over the 
LOS C boundary. This is a case in which the step-function LOS assigned may 
imply an operation poorer than actually exists. It emphasizes the importance of 
knowing not only the LOS but also the value of the service measure that 
produces it. 

EXAMPLE PROBLEM 3: ONE-LANE ON-RAMP fOLLOWED BY A ONE
LANE Off-RAMP ON AN EIGHT-LANE fREEWAY 

The facts 

The following information is available concerning this pair of ramps to be 
analyzed: 

• Eight-lane freeway with an FFS of 65 mi/h 

• One-lane, right-hand on-ramp with an FFS of 30 rni/h 

• One-lane, right-hand off-ramp with an FFS of 25 mi/h 

• Distance between ramps = 1,300 ft 

• Acceleration lane on Ramp 1 = 260 ft 

• Deceleration lane on Ramp 2 = 260 ft 

• Level terrain on freeway and both ramps 

• 10% trucks, no RVs on freeway and off-ramp 

• 5% trucks, no RVs on on-ramp 

• Freeway flow rate (upstream of first ramp) = 5,500 veh/h 

• On-ramp flow rate = 400 veh/h 

• Off-ramp flow rate = 600 veh/h 

• PHF=0.90 

• Drivers are regular commuters 

Comments 

As with previous example problems, the conversion of demand volumes to 
flow rates requires adjustment factors selected from Chapter 11, Basic Freeway 
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Segments. All pertinent information is given, and no default values will be 
applied. 

Step 1: Convert Demand Volumes to Flow Rates Under Equivalent Ideal 
Conditions by Using Equation 13-1 

v 
V=------

PHF X fHV xfp 

Three demand volumes must be converted to flow rates under equivalent 
ideal conditions: the freeway volume immediately upstream of the first ramp 
junction, the first ramp volume, and the second ramp volume. Because the 
freeway segment under study has level terrain, the value of ET will be 1.5 for all 
volumes. Because the drivers are regular commuters, the driver population 
factor, /p, is 1.00. 

Then, for the freeway demand volume: 

hlV 1 = 0.952 
1 + 0.10(1.5 -1) 

5,500 
VF = = 6,419 pc/h 

0.90 x 0.952 x 1.00 

For the on-ramp demand volume: 

1 
fHV = 1 + 0.05(1.5 -1) 

0.976 

400 
VR1 = = 455 pc/h 

0.90 x 0.976 x 1.00 

For the off-ramp demand volume: 

1 
fHV = 1+0.10(1.5-1) 

0.952 

600 
VR2 = = 700 pc/h 

0.90 x 0.952 x 1.00 

In the remaining computations, these converted demand flow rates are used 
as input values. 

Step 2: Compute Demand Flow in Lanes 1 and 2 Immediately Upstream 
of the Two Ramp Influence Areas by Using Equation 13-2 and Exhibit 
13-6 for the On-Ramp and Equation 13-8 and Exhibit 13-7 for the Off
Ramp 

Once again, the situation involves a pair of adjacent ramps. Each ramp must 
consider the potential impact of the other on its operations. Because the ramps 
are on an eight-lane freeway (four lanes in each direction), Exhibit 13-6 and 
Exhibit 13-7 indicate that each ramp is considered as if it were isolated. 
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First Ramp (On-Ramp) 

Equation 13-2 and Exhibit 13-6 apply to on-ramps. Exhibit 13-6 presents two 
possible equations for use in estimating V12 on the basis of the value of VF/SFR' In 
this case, the value is 6,419/30 = 210.6 > 72. Therefore, Equation 13-5 is used, 
giving the following: 

PFlVI = 0.2178 - 0.000125vR 

PpM = 0.2178 - (0.000125 x 455) = 0.161 

v12 = 6,419 x 0.161 = 1,033 pc/h 

Because the eight-lane freeway includes two outer lanes in each direction, 
the reasonableness of this prediction must be checked. The average flow per lane 
in Lanes 1 and 2 is 1,033/2 = 517 pc/h/ln (rounded). The flow in the two outer 
lanes, Lanes 3 and 4, is 6,419 - 1,033 = 5,386 pc/h. The average flow per lane in 
Lanes 3 and 4 is, therefore, 5,386/2 = 2,693 pc/h/ln. Then: 

Is v av34> 2,700 pc/h/ln? No 

Is v av34 > 1.5 x 517 = 776 pc/Mn? Yes 

The predicted lane dish'ibution, therefore, is not reasonable. Too many 
vehicles are placed in the two outer lanes compared with Lanes 1 and 2. Equation 
13-19 is used to produce a more reasonable distribution: 

( 
V p

) (6,419) /h V 12a = -- = -- = 2,568 pc 
2.50 2.50 

On the basis of this adjusted value, the number of vehicles now assigned to 
the two outer lanes is 6,419 - 2,568 = 3,851 pc/h. 

Second Ramp (Off-Ramp) 

Equation 13-8 and Exhibit 13-7 apply to off-ramps. Exhibit 13-7 shows that 
the value of PFD for off-ramps on eight-lane freeways is a constant: 0.436. As the 
methodology is based on regression analysis of a database, the recommendation 
of a constant reflects a small sample size in that database. Note also that the 
freeway flow approaching the second ramp is the sum of the freeway flow 
approaching the first ramp and the on-ramp flow that is now also on the 
freeway, or 6,419 + 455 = 6,874 pc/h. The flow rate in Lanes 1 and 2 is now easily 
computed by using Equation 13-8: 

v12 =vR +(VF -VR)PFD 

V 12 = 700 + (6,874 -700)x 0.436 = 3,392 pc/h 

Because there are two outer lanes on this eight-lane freeway, the 
reasonableness of this estimate must be checked. The average flow per lane in 
Lanes 1 and 2 is 3,392/2 = 1,696 pc/h/ln. The total flow in Lanes 3 and 4 of the 
freeway is 6,874 - 3,392 = 3,482 pc/h, or an average flow rate per lane of 3,482/2 = 

1,741 pc/h/ln. 

Is V av34 > 2,700 pc/hlln? 
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Is V"v34 > 1.5 x 1,696 = 2,544 pc/h/ln? No 

Therefore, the estimated value of V 12 is deemed reasonable and is carried 
forward in the computations. 

Step 3: Check Capacities by Using Exhibit 13-8 and Exhibit 13-10 

Because there are two ramps in this segment, there are five capacity 
checkpoints to consider: 

• The freeway flow rate at its maximum point-which in this case is 
between the on- and off-ramp, since this is the only location where both 
on- and off-ramp vehicles are on the freeway. 

• The capacity of the on-ramp. 

• The capacity of the off-ramp. 

• The maximum desirable flow entering the on-ramp influence area. 

• The maximum desirable flow entering the off-ramp influence area. 

These comparisons are shown in Exhibit 13-23. The capacity of the freeway is 
based on an eight-lane freeway with an FFS of 65 mi/h. The capacity of the on
ramp is based on an FFS of 30 mi/h, and the capacity of the off-ramp is based on 
an FFS of 25 mi/h. 

Item 
Freeway flow rate 
First on-ramp 
Second off-ramp 
Max. VR12 first ramp 
Max. V12 second ramp 

Capacity (pc/h) 
Exhibit 13-8, Exhibit 13-10 

9,400 
1,900 
1,900 
4,600 
4,400 

Demand Flow Rate 
(pc/h) 
6,874 

345 
700 

2,568 + 455 == 3,023 
3,392 

Problem? 
No 
No 
No 
No 
No 

There are no capacity concerns, since all demands are well below the 
associated capacities or maximum desirable values. LOS F is not present in any 
part of this segment, and operations are expected to be stable. 

Step 4: Compute Densities and find levels of Service by Using Equation 
13-21, Equation 13-22, and Exhibit 13-2 

Equation 13-21 is used to find the density in the first on-ramp influence area: 

DR = 5.475 + 0.00734vR + 0.0078v12 - 0.00627 LA 

DR = 5.475+ (0.00734 x 4SS)+(0.0078x 2,568)-(0.00627 x 260) = 27.2 pc/mi/ln 

Equation 13-22 is used to find the density in the second off-ramp in±1uence 
area: 

DR = 4.252 + 0.0086v12 - 0.009Lv 

DR = 4.252 + (0.0086 x 3,391)- (0.009 x 260) = 31.1 pc/mi/ln 

From Exhibit 13-2, both of these ramp influence areas operate very close to 
the boundary between LOS C and LOS D (28 pc/mllIn). Ramp 1 operates in LOS 
C, while Ramp 2 operates in LOS D. 
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Because the on~ramp influence area extends 1,500 ft downstream, the off
ramp influence area extends 1,500 ft upstream, and the two ramps are only 1,300 
ft apart, the distance between the ramps is included in both. Therefore, the more 
pessimistic prediction of LOS D for the off-ramp governs the operation. Oddly, 
the additional 200 ft of the off-ramp influence area is actually upstream of the on
ramp, and the additional 200 ft of the on-ramp influence area is downstream of 
the off-ramp. 

Step 5: Compute Merge and Diverge Area Speeds as Supplemental 
Information by Using Exhibit 13-11 and Exhibit 13-12 

Because of the eight-lane freeway, speeds should be estimated for the two 
ramp influence areas, for the outer lanes (Lanes 3 and 4) adjacent to the ramp 
influence area, and for all vehicles-the weighted average of the other two 
speeds. 

First Ramp (On-Ramp) 

Equations for estimation of average speed in an on-ramp influence area and 
in outer lanes adjacent to it are taken from Exhibit 13-11. 

Ms = 0.321 + 0.003ge(VRll/l,OOO) - 0.002(LA SPR /1,000) 

Ms = 0.321 + 0.003ge(3,032/1,OOO) - 0.002(260 / 30) = 0.385 

SR = FFS -(FFS -42)Ms = 65-(65-42)x 0.385 = 56.2 rni/h 

Since the average outer lane demand flow rate is 3,851/2 = 1,926 pc!h/ln, 
which is greater than 500 pc!h/ln and less than 2,300 pc/h/ln, the outer speed is 
estimated as follows: 

So =FFS-0.0036 (VOA -500) 

So = 65 - 0.0036(1,926 - 500) = 59.9 rni/h 

The weighted average speed of all vehicles is 

3,032 +(1,926 x 2) . 
5 (3,032) + (1,926 x 2) = 58.2 rnl/h 

56.2 59.9 

Second Ramp (Off-Ramp) 

For off-ramps, equations for estimation of average speed are drawn from 
Exhibit 13-12. At the second ramp, the flow in Lanes 1 and 2 has been computed 
as 3,392 pc!h or 1,696 pc!h/ln, while the flow in Lanes 3 and 4 is 3,482 pc!h, or 
1,741 pc!h/ln. Then 

Ds = 0.883 + 0.00009vR - 0.013SpR 

Ds = 0.883 + (0.00009 x 700)-(0.013 x 25)= 0.621 

SR = FFS - (FFS - 42)D5 

SR = 65 - (65 -42)x 0.621 = 50.7 rni/h 
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Because the average flow in the outer lanes is greater than 1,000 pc/h/ln, the 
average speed of vehicles in the outer lanes (Lanes 3 and 4) is as follows: 

So = 1.097FF5 -0.0039 (VOA -1/000) 

So = (1.097x 65) - 0.0039 (1,741-1,000) = 68.4 mi/h 

The weighted average speed of all vehicles is 

5= 3,392 + (1,741 x 2) 

(
3/392) + (1-741 x 2) 
50.7 68.4 

Discussion 

58.3 mi/h 

As noted previously, between the ramps, the influence areas of both ramps 
fully overlap. Since a higher density is predicted for the off-ramp influence area, 
and LOS D results, this density should be applied to the entire area between the 
two ramps. 

The speed results are also interesting. The slower speeds within the off-ramp 
influence area will also control the overlap area. On the other hand, the speed 
results indicate a higher average speed for all vehicles associated with the off
ramp than the speed associated with the on-ramp. This is primarily due to the 
much larger disparity between speeds within the ramp influence area and in 
outer lanes when the off-ramp is considered. The speed differential is more than 
20 mi/h for the off-ramp, as opposed to a little more than 3 mi/h for the on-ramp. 
This is not entirely unexpected. At diverge junctions, vehicles in outer lanes tend 
to face less turbulence than those in outer lanes near merge junctions. All off
ramp vehicles must be in Lanes 1 and 2 for some distance before exiting the 
freeway. On-ramp vehicles, on the other hand, can execute as many lane changes 
as they wish-consistent with safety and sarnty-and more ofthem may wind 
up in outer lanes within 1,500 ft of the junction point. 

Thus, the total operation of this two-ramp segment is expected to be LOS D, 
with speeds of approximately 50 mi/h in Lanes 1 and 2 and approximately 70 
mi/h in Lanes 3 and 4. 

EXAMPLE PROBLEM 4: SINGLE-LANE, LEfT-HAND ON-RAMP ON A SIX
LANE FREEWAY 

The Facts 

• One-lane, left-side on-ramp on a six-lane freeway (three lanes in each 
direction) 

• Freeway demand volume upstream of ramp = 4,000 veh/h 

• On-ramp demand volume = 500 veh/h 

• 15% trucks, no RV s on freeway 

• 5% trucks, no RV s on ramp 

• Freeway FFS = 65 mi/h 

• Ramp FFS = 30 mi/h 
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• Acceleration lane = 820 ft 

• Level terrain on freeway aJ1.d ramp 

• Drivers are regular commuters 

Comments 

This is a special application of the ramp analysis methodology presented in 
this chapter. For left-hand ramps, the flow rate in Lanes 1 and 2 (v12) is initially 
computed as if it were a right-hand ramp. Exhibit 13-16 is then used to convert 
this result to an estimate of the flow in Lanes 2 and 3 (V23), since these are the two 
leftmost lanes that will be involved in the merge. In effect, the ramp influence 
area is, in this case, Lanes 3 and 4 and the acceleration lane for a distance of 1,500 
ft downstream of the merge point. 

Step 1: Convert Demand Volumes to Flow Rates Under Equivalent Ideal 
Conditions by Using Equation 13-1 

v 
v 

From Chapter 11, Basic Freeway Segments, the passenger car equivalent Er 
for trucks in level terrain is 1.5. The driver population adjustment factor jp for 
regular commuters is 1.00. 

For the freeway demand volume: 

1 
fHV 1+PT(ET-1)+PR(ER-1) 

1 
fHV = 1+0.15{1.5-1) 0.930 

4,000 
VF = 4,779 pc/h 

0.90 x 0.93 x 1.00 

For the ramp demand volume: 

1 
fHV = 1 + 0.05(1.5 -1) 

0.976 

500 
VR = --------

0.90 x 0.976 x 1.00 
569 pc/h 

Step 2: Compute Demand Flow in Lanes 2 and 3 Immediately Upstream 
of the Ramp Influence Area by Using Equation 13-2 and Exhibit 13-6 

To estimate flow in the two left lanes, the flow normally expected in Lanes 1 
and 2 for a similar right-hand ramp must first be computed. From Exhibit 13-6, 
for an isolated on-ramp on a six-lane freeway, Equation 13-4 is used: 

V12 =Vr XPFM 

PFM = 0.5775 + 0.000028 LA 
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PFM = 0.5775 + (0.000028 x 820) = 0.600 

v12 = 4,779 x 0.600 = 2,867 pc/h 

From Exhibit 13-16, the adjustment factor applied to this result to find the 
estimated flow rate in Lanes 2 and 3 is 1.12. Therefore: 

V23 = 2,867 x1.12 = 3,211 pc/h 

While, strictly speaking, the reasonableness criteria for lane distribution do 
not apply to left-hand ramps, they can be applied very approximately. In this 
case, the single n outer lane" (which is now Lane 1) would have a flow rate of 
4,779 - 3,211 = 1,568 pc/h. This is not greater than 2,700 pc/h/ln, nor is it greater 
than l.5 times the average flow in Lanes 2 and 3 (1.5 x 3,211/2 = 2,408 pc/hlln). 
Thus, even if the reasonableness criteria were approximately applied in this case, 
no violation would exist. 

The remaining computations proceed for the left-hand ramp, with the 
substitution of V 34 for V 12 in all algorithms used. 

Step 3: Check Capacities by Using Exhibit 13-8 and Exhibit 13-10 

For this case, there are three simple checkpoints: 

• The principal capacity checkpoint is the total demand flow rate 
downstream of the merge, 4,779 + 569 = 5,348 pc/h. From Exhibit 13-8, for 
a six-lane freeway with an FFS of 65 mi/h, the capacity is 7,050 pc/h, well 
over the demand flow rate. 

• The ramp roadway capacity should also be checked by using Exhibit 13-
10. For a single-lane ramp with an FFS of 30 rni/h, the capacity is 1,900 
pc/h, which is much greater than the demand flow rate of 569 pc/h. 

• Finally, the maximum flow entering the ramp influence area should be 
checked. In this case, a left-hand ramp, the total flow entering the ramp 
influence area is the freeway flow remaining in Lanes 2 and 3 plus the 
ramp flow rate. Thus, the total flow entering the ramp influence area is 
3,211 + 569 = 3,780 pc/h, which is lower than the maximum desirable flow 
rate of 4,600 pc/h, shown in Exhibit 13-8. 

Thus, there are no capacity problems at this merge point, and stable 
operations are expected. LOS F will not result from the stated conditions. 

Step 4: Compute Densities and Find Levels of Service by Using Equation 
13-21 and Exhibit 13-2 

The density in the ramp influence area is found by using Equation 13-21, 
except V 23 replaces VI2 because of the left-hand ramp placement: 

Ds = 5.475 + 0.00734vR + 0.0078v23 - 0.00627LA 

Ds = 5.475 + (0.00734 x 569)+ (0.0078 x 3,211)- (0.00627 x 820) = 29.6 pc/mi/ln 

From Exhibit 13-2, this is LOS D. 
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Step 5: Compute Merge and Diverge Area Speeds as Supplemental 
Information by Using Exhibit 13-11 and Exhibit 13-13 

The speed estimation algorithms were calibrated for right-hand ramps, and 
the estimation algorithms for "outer lane(sr aSsume that these are the leftmost 
lanes. Thus, for a left-hand ramp; these computations must be considered 
approximate at best. 

By using the equations in Exhibit 13-11 and Exhibit 13-13, the following 
results are obtained: 

Ms = 0.321 + 0.003ge(3,780/1,OOO) - 0.002(820 x 30 / 1,000) = 0.443 

5R = 65 - (65 - 42)x 0.443 = 54.8 mi/h 

So = 65 - 0.0036 (1,568 - 500) = 61.2 mi/h 

5 3,780 + (1,568 x 1) 56.5 mi/h 

(
3,780) +(1/568 x 1) 
54.8 61.2 

While traffic in the outer lane is predicted to travel somewhat faster than 
traffic in the lanes in the ramp influence area (which includes the acceleration 
lane), the approximate nature of the speed result for left-hand ramps makes it 
difficult to draw any firm conclusions concerning speed behavior. 

Discussion 

This example problem is typical of the way the situations in the Special Cases 
section are treated. Modifications as specified are applied to the standard 
algorithms used for single-lane, right-hand ramp junctions. In this case, 
operations are acceptable, but in LOS D-though notfar from the LOS C 
boundary. Because the left-hand lanes are expected to carry freeway traffic 
flowing faster than right-hand lanes, right-hand ramps are normally preferable 
to left-hand ramps when they can be provided without great difficulty. 

EXAMPLE PROBLEM 5: SERVICE FLOW RATES AND SERVICE VOLUMES 
FOR AN ISOLATED ON-RAMP ON A SIX-LANE FREEWAY 

The Facts 

The following facts have been established for this situation: 

• Single-lane, right-hand on-ramp with an FFS of 40 mi/h 

• Six-lane freeway (three lanes in each direction) with an FFS of 70 mi/h 

• Level terrain for freeway and ramp 

• 12% trucks, 3% RVs on freeway 

• 5% trucks, 2% RVs on ramp 

• Peak hour factor = 0.87 

• Drivers are regular users of the facility 

• Acceleration lane = 1,000 ft 
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Comments 

ntis example illustrates the computation of service flow rates and service 
volumes for a ramp-freeway junction. The case selected is relatively 
straightforward to avoid cluttering the illustration with extraneous complications 
that have been addressed in other example problems. 

Two approaches will be demonstrated: 

1. The ramp demand flow rate will be stated as a fixed percentage of the 
arriving freeway flow rate. The service How rates and service volumes 
are expressed as arriving freeway How rates that result in the threshold 
densities within the ramp influence area that define the limits of the 
various levels of service. For this computation, the ramp flow is set at 
10% of the approaching freeway How rate. 

2. A fixed freeway demand flow rate will be stated, with service How rates 
and service volumes expressed as ramp demand How rates that result in 
the threshold densities within the ramp influence area that define the 
limits of the various levels of service. For this computation, the 
approaching freeway flow rate is set at 4,000 veh/h. 

For LOS E, density does not defll1.e the limiting value of service flow rate, 
which is analogous to capacity for ramp-freeway junctions. It is defined as the 
flow that results in capacity being reached on the downstream freeway segment 
or ramp roadway. 

Since all algorithms in this methodology are calibrated for passenger cars per 
hour under equivalent ideal conditions, initial computations are made in those 
terms. Results are then converted to service flow rates by USll1.g the appropriate 
heavy vehicle and driver population adjustment factors. Service How rates are 
then converted to service volumes by multiplying by the peak hour factor. 

From Exhibit 13-2, the following densities define the limits of LOS A-D: 

LOS A 10 pc/mi/ln 

LOS B 20 pc/mi/ln 

Lose 
LOSD 

28 pc/mi/ln 

35 pc/mi/ln 

From Exhibit 13-8 and Exhibit 13-10, capacity (or the threshold for LOS E) 
occurs when the downstream freeway flow rate reacl1.es 7,200 pc/h (FFS = 70 
mi/h) or when the ramp flow rate reaches 2,000 pc/h (ramp FFS = 40 mi/h). 

Case 1: Ramp Demand flow Rate = 0.10 freeway Demand flow Rate 

Equation 13-21 defines the density in an on-ramp influence area as follows: 

DR = 5.475 +O.00734vR +O.0078v12 -O.00627LA 

In this case 

LA 1,000 ft 

Equation 13-2 and Exhibit 13-6 give the following: 
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PFM = 0.5775 + 0.000028LA 

PFM = 0.5775 + (0.000028 x 1,000) = 0.6055 

v1Z = 0.6055vF 

Substitution of these values into Equation 13-21 gives 

DR = 5.475 + (0.00734 x 0.10vF )+ (0.0078 xO.6055vF )- (0.00627 x 1,000) 

DR = 5.475 + 0.000734vF + 0.00472vF - 6.27 

DR = 0.005454vF -0.795 

DR +0.795 v = ----''''-----
F 0.005454 

This equation can now be solved for threshold values of VF for LOS A 
through D by using the appropriate threshold values of density. The results will 
be in terms of service flow rates under equivalent ideal conditions: 

vF(LOS A) 
10+0.795 

0.005454 
t979 pc/h 

vF(LOS B) 20 + 0.795 = 3813 pc/h 
0.005454 I 

v ,(LOS C) = 28 + 0.795 5280 /h 
p 0.005454' pc 

35+0.795 

0.005454 
6,563 pc/h 

At capacity, the limiting flow rate occurs when the downstream freeway 
segment is 7,200 pc/h. If the ramp flow rate is 0.10 of the approaching freeway 
flow rate, then 

VFO = 7,200 = vF + 0.10vp = 1.10vF 

7,200 
vF(LOS E) = --= 6,545 pc/h 

1.10 

This must be checked to ensure that the ramp flow rate (0.10 x 6,545 = 655 
pc/h) does not exceed the ramp capacity of 2,000 pc/h. Since it does not, the 
computation stands. 

Note, however, that the LOS E (capacity) threshold is lower than the LOS D 
threshold. This indicates that LOS D operation cannot be achieved at this 
location. Before densities reach the 35 pc/h/ln threshold for LOS D, the capacity 
of the merge junction has been reached. Thus, there is no service flow rate or 
service volume for LOS D. 

The computed values, as noted, are in terms of passenger cars per hour 
under equivalent ideal conditions. To convert these to service flow rates in 

( vehicles per hour under prevailing conditions, they must be multiplied by the 
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Exhibit 13-24 
Illustrative Service Flow 
Rates and Service Volumes 
Based on Approaching 
Freeway Demand 

Example Problems 

heavy vehicle adjustment factor and the driver population factor. The 
approaching freeway flow includes 12% trucks and 3% RVs. For level terrain 
(Chapter 11, Basic Freeway Segments), Ey = 1.5 and El( = 1.2. Then 

1 
0.938 

1 + 0.12(1.5 -1) + 0.03(1.2 -1) 

The driver population factorfp for regular facility users is 1.00. Service 
volumes are obtained by multiplying service flow rates by the specified PHF, 
0.S7. These computations are illustrated in Exhibit 13-24. 

LOS 
A 
B 
C 
D 
E 

Service Flow Rate, 
Ideal Conditions 

(pc/h) 
1,979 
3,813 
5,280 

NA 
6,545 

Service Flow Rate, 
Prevailing Conditions (SF) 

(veh/h) 
1,979 x 0.938 x 1 = 1,856 
3,813 x 0.938 x 1 == 3,577 
5,280 x 0.938 x 1 = 4,953 

NA 
6,545 x 0.938 x 1 == 6,139 

Service Volume 
(SV) 

(veh{h) 
1,856 x 0.87 == 1,615 
3,577 x 0.87 == 3,112 
4,953 x 0.87 == 4,309 

NA 
6,139 x 0.87 == 5,341 

The service flow rates and service volumes shown in Exhibit 13-24 are stated 
in terms of the approaching freeway demand. 

Case 2: Approaching Freeway Demand Volume = 4,000 veh/h 

In this case, the approaching freeway demand will be held constant, and 
service flow rates and service volumes will be stated in terms of the ramp 
demand that can be accommodated at each LOS. 

Since the freeway demand is stated in terms of an hourly volume in mixed 
vehicles per hour, it will be converted to passenger cars per hour under 
equivalent ideal conditions for use in the algorithms of this methodology: 

VF V F = ----"----
PHF X h-IV xfp 

4,000 
4,902 pc/h 

0.87 x 0.938 x 1 

The density is estimated by using Equation 13-20, and the variable PFM -

which is not dependent on vR-remains 0.6055 as in Case 1. With a fixed value of 
freeway demand: 

V12 = 0.6055 x 4,902 = 2,968 pc/h 

111en, by using Equation 13-21: 

DR = 5.475 + 0.00734vR + (0.0078 x 2,968)- (0.00627 x 1,000) 

DR = 22.355 + 0.00734vR 

V _ DR -22.355 
R - 0.00734 

It is apparent from this equation that neither LOS A (DR = 10 pc/mi/ln) nor 
LOS B (DR = 20 pc/mi/ln) can be achieved with a fixed freeway demand flow of 
4,902 pc/h. 

For LOS C and D: 
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v (LOS C) = 28 - 22.355 769 pc!h 
R 0.00734 

vR(LOS D) 35 - 22.355 = 1 723 pc/h 
0.00734 ' 

Capacity, the limit of LOS E, occurs when the downstream freeway flow 
reaches 7,200 pc/h. With a fixed freeway demand: 

VFO = 7,200 = 4,902 + VR 

vR(LOS E) = 7,200 -4,902 = 2,298 pc!h 

This, however, violates the capacity of the ramp roadway, which is 2,000 
pc/h. Thus, the limiting ramp flow rate for LOS E is set at 2,000 pc/h. 

As in Case 1, these values are all stated in terms of passenger cars per hour 
under equivalent ideal conditions. They are converted to service flow rates by 
multiplying by the appropriate heavy vehicle and driver population adjustment 
factors. Since the ramp has a composition different from that of the approaching 
freeway flow, its adjustment must be recomputed: 

fHV 
1 

0.972 
1 + 0.05(1.5 -1) + 0.02(1.2 -1) 

Service flow rates are converted to service volumes by multiplying by the 
peak hour factor. These computations are illustrated in Exhibit 13-25. 

lOS 
A 
B 
C 
D 
E 

Service flow Rate, 
Ideal Conditions 

(pc/h) 
NA 
NA 
769 

1,723 
2,000 

Service Flow Rate, 
Prevailing Conditions (Sf) 

(veh/h) 
NA 
NA 

769 x 0.972 x 1 = 747 
1,723 x 0.972 x 1 == 1,675 
2,000 x 0.972 x 1 == 1,944 

Service Volume 
(SV) 

(veh/h) 
NA 
NA 

747 x 0.87 = 650 
1,675 x 0.87 == 1,457 
1,944 x 0.87 = 1,691 

These service flow rates and service volumes are based on a constant 
upstream arriving freeway demand and are stated in terms of limiting on-ramp 
demands for that condition. 

Discussion 

As this illustration shows, many considerations are involved in estimating 
service flow rates and service volumes for ramp-freeway junctions, not the least 
of which is specifying how such values should be defined. The concept of service 
flow rates and service volumes at specific ramp-freeway junctions is of limited 
utility. Since many of the details that affect the estimates will not be determined 
until final designs are prepared, operational analysis of the proposed design may 
be more appropriate. 

Case 2 could have applications in considering how to time ramp meters. 
Appropriate limiting ramp flows can be estimated by using the same approach 
as for service volumes and service flow rates. 
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Some of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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1. INTRODUCTION 

Chapter 14, Multilane Highways, addresses capacity and level-of-service 
(LOS) analysis for uninterrupted-flow segments of surface multilane highways. 
In general, uninterrupted flow may exist on a multilane highway if there are 2 mi 
or more between traffic signals. Where signals are more closely spaced, the 
facility should be analyzed as an urban street. 

Many multilane highways will have periodic signalized intersections, even if 
the average signal spacing is well over 2 mi. In such cases, the multilane highway 
segments that are more than 2 mi away from any signalized intersections are 
analyzed by using the methodology of this chapter. Isolated signalized 
intersections should be analyzed with the methodology of Chapter 18, Signalized 
Intersections. 

LOS procedures are provided for both automobiles and bicycles. The 
automobile methodology is based on the results of NCHRP Project 3-33 (1), and 
bicycle LOS is based on research conducted for the Florida Department of 
fransportation (2). The same methodology for bicycle LOS is used for both 
multilane and two-lane highways; readers interested in details of the bicycle 
methodology should refer to Chapter IS, Two-Lane Highways. 

TYPES OF MULTILANE HIGHWAYS 

Multilane highways generally have four to six lanes (in both directions) and 
posted speed limits between 40 and 55 mi/h . In some states, speed limits of 60 or 
65 milh are used on some multilane highways. These highways may be divided 
by one of various median types, may be undivided (with only a centerline 
separating the directions of flow), or may have a two-way left-turn lane 
(TWLTL). They are typically located in suburban areas, leading into central cities, 
or along high-volume rural corridors, connecting two cities or two activity 
centers that generate a substantial number of daily h·ips. Exhibit 14-1 illustrates 
common types of multilane highways. 

Traffic volumes on multilane highways vary widely but often have demand 
in the range of 15,000 to 40,000 veh/day. In some cases, volumes as high as 
100,000 veh/day have been observed when access across the median is restricted 
and when major crossings are grade-separated. Bicycles are typically permitted 
on multilane highways, and multilane highways often serve as primary routes 
for both commuter cyclists (on suburban highways) and recreational cyclists (on 
rural highways). 

BASE CONDITIONS 

The base conditions under which the full capacity of a multilane highway 
segment is achieved include good weather, good visibility, no incidents or 
accidents, no work zone activity, and no pavement defects that would affect 
operations. This chapter's methodology assumes that these conditions exist. If 
any of these conditions do not exist, the speed, LOS, and capacity of the 
multilane highway segment can be expected to be worse than the predictions by 
this methodology. 
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VOLUME 2: UNINTERRUPTED FLOW 
10. Freeway Facilities 
11. Basic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 

Base conditions include good 
weather, good visibility, and no 
incidents or accidents. These 
conditions are a/ways assumed to 
exist 
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Exhibit 14-1 
Multilane Highways 

Base conditions include 0% 
heavy vehicles and a driver 
population composed of 
regular users of the highway. 

The methodology provides 
adjustments for situations in 
which these conditions do not 
apply. 

More severe geometric 
characteristics and the 
existence of access points are 
two key differences that result 
in lower multilane highway 
speeds and capac/ties than 
those of freeways with similar 
cross sections. 

Introduction 

(a) Divided suburban multilane highway (b) Undivided suburban multilane highway 

(c) Suburban multilane highway with TWLTL (d) Undivided rural mUltilane highway 

Base conditions include the following conditions; the methodology can be 
adjusted to address situations in which these conditions do not exist: 

• No heavy vehicles, such as trucks, buses, and recreational vehicles (RVs), 
in the traffic stream; and 

• A driver population composed primarily of regular users who are 
familiar with the facility. 

Characteristics such as lane width, total lateral clearance (TLC), median type, 
and access-point density will have an impact on the free-flow speed (FFS) of the 
facility. Curves describing operations under base conditions, however, account 
for differing FFSs. 

FLOW CHARACTERISTICS UNDER BASE CONDITIONS 

Uninterrupted flow on multilane highways is in most ways similar to that on 
basic freeway segments (Chapter 11). Several factors are different, however. 
Because side frictions are present in varying degrees from uncontrolled 
driveways and intersections as well as from opposing flows on undivided cross 
sections, speeds on multilane highways tend to be lower than those on similar 
basic freeway segments. The basic geometry of multilane highways also tends to 
be more severe than that of basic freeway segments because of the lower speed 
expectations. Last, isolated signalized intersections can exist along multilane 
highways. The overall result is that speeds and capacities on multilane highways 
are lower than those on basic freeway segments with similar cross sections. 

Page 14-2 Chapter 14/Multilane Highways 
December 2010 

AR0073674 



( 

( 

Highway Capacity Man ual 2010 

Exhibit 14-2 shows speed-flow characteristics of multilane highway 
segments for various FFSs. Equations describing these curves are shown in 
Exhibit 14-3. 

Curves are shown for FFSs between 45 mi/h and 60 mi/h. Because FFSs can 
vary widely, it is recommended that the FFS of a multilane highway segment be 
estimated to the nearest 5 mi/h, as follows: 

42.5 mi/h s FFS < 47.5 mi/h: use FFS = 45 mi/h, 

47.5 mi/h s FFS < 52.5 mi/h: use FFS = 50 mi/h, 

52.5 mi/h s FFS < 57.5 mi/h: use FFS = 55 mi/h, 

57.5 mi/h s FFS < 62.5 mi/h: use FFS = 60 mi/h. 

For multilane highway segments, speeds remain constant until they reach 
1;400 pc/hl1n, after which speeds decline with further increases in flow rate. 

70 
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50 50 mi h 
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:.:::- 40 

! 
'tl 
GI 
~ 30 

...... ~ 

. I . , 
III 

20 

11"

i+-'-rril 
-~--+----- ........................ - I 

10 -------c---__+___ .................. ; l --'-------.j 

I I 

I • 1-_1.~--
1,900 2,1002,200 

2,000 

O+-----j-

o 800 1,200 1,600 400 2,400 

F!ow Rate (pc/h/!n) 

Note: Maximum densities for LOS E occur at a we ratio of 1.00. These are 40, 41, 43, and 45 pc/mi/ln for FFSs 
of 60, 55, 50, and 45 mi/h, respectively. 

FFS For vp::; 1,400 pc/h/!n, 
(mi/h} S(mi/h} 

60 60 

55 55 

50 50 

45 45 
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The FFS of a multilane highway 
segment should be rounded to the 
nearest 5 mijh. 

Flow rates over 1,400 pc/h/ln result 
in speeds below the highway's FF5. 

Exhibit 14-2 
Speed-Flow Curves for Multilane 
Highways Under Base Conditions 

Exhibit 14-3 
Equations Describing Speed-Flow 
Curves in Exhibit 14-2 
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MulMane highways with higher 
FFSs will also have higher base 
capacities. As most highways 
do not operate under base 
conditions, observed capacities 
will usually be lower than the 
base capacity. 

CapaciHesrepresentan 
average flow rate across all 
lanes. Individual lanes could 
have higher stable flows. 

Automobile LOS is defined by 
density. 

Exhibit 14-4 
Automobile lOS for Multilane 

Highway Segments 

LOS thresholds for multilane 
highways are the same as 
those on freeways for LOS 
A-D. Howeve" multilane 
highway capacity (the LOS E-F 
boundary) occurs at lower 
densities. 

Introduction 

CAPACITY OF MULTILANE HIGHWAY SEGMENTS 

The capacity of a multilane highway segment under base conditions varies 
with the FFS. For 60-mi/h FFS, the capacity is 2,200 pc/h/ln. For lesser FFSs, 
capacity diminishes. For 55-mi/h FFS, the capacity is 2,100 pc/h/ln; for 50-mi/h 
FFS, 2,000 pC/h/ln; and for 45-mi/h FFS, 1,900 pc/h/ln. 

These values represent national norms. Capacity varies stochastically, and 
any given location could have a larger or smaller value. In addition, capacity 
refers to the average flow rate across all lanes. Thus, a two-lane (in one direction) 
multilane highway segment with a 60-mi/h FFS would have an expected capacity 
of 2 x 2,200 = 4,400 pc/h. This flow would not be uniformly distributed in the two 
lanes. Thus, one lane could have stable flows in excess of 2,200 pc/h/ln. 

LOS FOR MULTILANE HIGHWAY SEGMENTS 

Automobile Mode 

Automobile LOS for multilane highway segments are defined in Exhibit 14-4. 
Because speeds are constant through a broad range of flow rates, LOS are 
defined on the basis of density, which is a measure of the proximity of vehicles to 
each other in the traffic stream. 

LOS FFS (mi/h) Density (pc/mi/ln) 
A All >0-11 
B All >11-18 
C All >18-26 
D All >26-35 

60 >35-40 
55 >35-41 
50 >35-43 

E 

45 >35-45 
Demand Exceeds Capacity 
60 >40 

F 55 >41 
50 >43 
45 >45 

For LOS A through D, the criteria are the same as those for basic freeway 
segments. This classification is appropriate, since both represent multilane 
uninterrupted flow. The boundary between LOS E and F, however, represents 
capacity. For multilane highways, capacity occurs at varying densities, 
depending on the FFS. The density at capacity ranges from 40 pc/mi/ln for 60-
mi/h FFS to 45 pc/mi/ln for 45-mi/h FFS. 

LOS F is determined when the demand flow rate exceeds capacity. When this 
occurs, the methodology does not produce a density estimate. Thus, although 
density in such cases will be above the thresholds shown, specific values cannot 
be determined. 

Exhibit 14-5 shows LOS thresholds in relation to the base speed-flow curves. 
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The descriptions of LOS for basic freeway segments given in Chapter 11 are 
also generally applicable to multilane highways. Vehicles entering the highway 
from a direct access point are an additional factor on multilane highways; these 
vehicles are not present on basic freeway segments and could result in a 
breakdown of flow at high flow rates. 

The LOS thresholds for multilane highways reflect the collective professional 
judgment of the members of the Transportation Research Board's Highway 
Capacity and Quality of Service Committee. The upper values shown for LOS F 
(40 to 45 pc/mi/ln, depending on the FFS) represent the maximum density at 
which sustained flows at capacity are expected to occur. Breakdown (LOS F) 
conditions on multilane highways occur whenever the highway's demand 
exceeds its capacity. 

Bicycle Mode 

Bicycle LOS for multilane highway segments are based on a bicycle LOS 
score, which is in tum based on a traveler-perception index. Chapter 15, Two
Lane Highways, provides details about this index, which is identical for two-lane 
highways and multilane highways. The LOS ranges for bicycles on multilane 
highways are given in Exhibit 14-6. 
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lOS 
A 
B 
C 
D 
E 
F 

Bicycle lOS Score 
:51.5 

>1.5-2.5 
>2.5-3.5 
>3.5-4.5 
>4.5-5.5 

>5.5 
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Exhibit 14-5 
LOS on Base Speed-Flow Curves 

Bicycle LOS is based on a traveler
perception index score. Details are 
given in Chapter 15. 

Exhibit 14-6 
Bicycle LOS on Multilane Highways 
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Introduction 

REQUIRED INPUT DATA 

Automobile Mode 

Analysis of a multilane highway segment requires details concerning the 
geometric characteristics of the segment and the demand characteristics of the 
users of the segment. This section presents the required input data for the basic 
freeway segment methodology; specifics about individual parameters are given 
in Section 2, Methodology. 

Data Describing Multilane Highway Segment 

The following information concerning the geometric features of the 
multilane highway segment is needed to conduct an analysis: 

• FFS: 45 to 60 mi/h; 

• Number of lanes (one direction): two or three; 

• Lane width: 10 ft to more than 12 ft; 

• Right-side lateral clearance: 0 ft to more than 6 ft; 

• Median- (left-) side lateral clearance: 0 ft to more than 6 ft; 

• Access-point density: 0 to 40 points/mi; 

• Terrain: level, rolling, or mountainous; or length and percent grade of 
specific grades; and 

• Type of median: divided, TWLTL, or undivided. 

Data Describing Demand 

The following information is required concerning the users of the multilane 
highway segment: 

• Demand during the analysis hour; or daily demand, K-factor, and D

factor; 

• Heavy-vehicle presence (percent trucks and buses, percent RVs): 0%-
100% in general terrain or 0%-25% for specific grades; 

• Peak hour factor (PHF): up to 1.00; and 

• Driver-population factor: 0.85-1.00. 

Length of Analysis Period 

The period for any multilane highway analysis is generally the critical 15-
min period within the peak hour. The methodology can be applied to any IS-min 
period, however. 

If demand volumes are used, demand flow rates are estimated through the 
use of the PHF. When IS-min volumes are directly measured, the worst analysis 
period within the hour is selected, and flow rates are the IS-min volumes 
multiplied by 4. For subsequent computations in the methodology, the PHF is set 
to 1.00. 
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Bicycle Mode 

The following data are required to evaluate bicycle LOS on a multilane 
highway; the ranges of values used in the development of the bicycle LOS model 
(2) are also shown: 

• Width of the outside through lane: 10 to 16 ft, 

• Shoulder width: 0 to 6 ft, 

• Motorized vehicle volumes: up to 36,000 annual average daily traffic 
(AADT), 

• Number of directional through lanes, 

• Posted speed: 45 to 50 mi/h, 

• Heavy-vehicle percentage: 0% to 2%, and 

• Pavement condition: present serviceability rating of 1 to 5. 
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Although the bicyde LOS 
model has been successfully 
applied to rural multilane 
highwaJlSt users should be 
aware that conditions on many 
of those highways are outside 
the range of values used to 
develop the model. 

Methodology 

2. METHODOLOGY 

This methodology is used to analyze the capacity, LOS, laIle requirements, 
and impacts of traffic and design features on uninterrupted-flow segments of 
rural and suburban multilane highways. 

LIMITATIONS OF METHODOLOGY 

Automobile Mode 

The methodology of this chapter does not take into account the following 
conditions: 

• The negative impacts of poor weather conditions, traffic accidents or 
incidents, railroad crossings, or construction operations; 

• Interference caused by parking on the shoulders of the multilane 
highway; 

• The effect of lane drops and lane additions at the beginning or end of 
multilane highway segments; 

• Possible queuing impacts when a multilane highway segment transitions 
to a two-lane highway segment; 

• Differences between various types of median barriers and the difference 
between the impacts of a median barrier and a TWLTL; 

• FFS below 45 mi/h or higher than 60 mi/h; 

• Significant presence of on-street parking; 

• Presence of bus stops that have significant use; and 

• Significant pedestrian activity. 

The last three factors are more representative of an urban or suburban 
arterial, but they may also exist on facilities with more than 2 mi between traffic 
signals. When the factors are present on uninterrupted-flow segments of 
multilane highways, the methodology does not deal with their impact on flow. In 
addition, this methodology cannot be applied to highways with a total of three 
lanes in both directions, which should be analyzed as two-lane highways with 
periodic passing lanes. 

Uninterrupted-flow facilities that allow access solely through a system of on
ramps and off-ramps from grade separations or service roads should be analyzed 
as freeways. 

Bicycle Mode 

The bicycle methodology was developed with data collected on urban and 
suburban streets, including facilities that would be defined as suburban 
multilane highways. Although the methodology has been successfully applied to 
rural multilane highways in different parts of the United States, users should be 
aware that conditions on many rural multilane highways (Le., posted speeds of 
55 mi/h or higher or heavy-vehicle percentages over 2%) will be outside the 
range of values used to develop the bicycle LOS model. 
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AUTOMOBILE MODE 

Exhibit 14-7 provides an overview of this chapter's computational 
methodology for the automobile mode. It shows a typical operational analysis in 
which the LOS is determined for a specified set of geometric and traffic 
conditions. The methodology can also be used, as described in this chapter's 
Applications section, to determine the number of lanes needed to provide a 
target LOS, as well as to determine service flow rates, service volumes, and daily 
service volumes. 

Step 1: Input Data 
Geometric data 
Demand volume 

Measured FFS (if available) 

Me asured FFS not ~ 

Step 2: Compute ffS 
Lane width adjustment 

Lateral clearance adjustment 
Measured FF Median type adjustment 5 available 

Access point adjustment 
Use Equation 14-1 

Step 3: Select ffS Curve 

1 
Step 4: Adjust Demand Volume 

PHF 
Number of lanes (one direction) 

Heavy vehicle adjustment 
Driver population adjustment 

Use Equation 14-3 

Compare adjusted demand flow rates 
to base capacity 

and flow rate Dem 
> base capacity Demand flow 

lOS=F I 
~ base capaci 

Step 5: Estimate Speed and Density 
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Equation 14-5 

1 
Step 6: Determine lOS 

Exhibit 14-4 
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FFS is the mean speed of 
passenger cars during periods 
of low to moderate flow. 

Equation 14-1 

Methodology 

Step 1: Input Data 
For a typical operational analysis, the analyst must specify (with either site

specific or default values) demand volume; number and width of lanes; right
side and median lateral clearance; type of median; roadside access points per 
mile; percent of heavy vehicles, such as trucks, buses, and RVs; PHF; terrain; and 
driver population factor. 

Step 2: Compute FFS 
FFS can be determined directly from field measurements or can be estimated 

as described below. 

Field Measurement 

FFS is the mean speed of passenger cars measured during periods of low to 
moderate flow (up to 1,400 pc/h/ln). For a specific multilane highway segment, 
speeds are virtually constant in this range of flow rates. If the FFS can be field 
measured, that determination is preferable. If the FFS is measured directly, no 
adjustments are applied to the measured value. 

The speed study should be conducted at a location representative of the 
segment at a time when flow rates are less than 1,400 pc/WIn. The speed study 
should measure the speeds of aU passenger cars or use a systematic sample (e.g., 
every tenth car in each lane). A sample of at least 100 passenger-car speeds 
should be obtained. Any speed measurement technique that has been found 
acceptable for other types of traffic engineering applications may be used. 
Further guidance on the conduct of speed studies is provided in a standard 
traffic engineering publication (3). 

Estimation 

It is not possible to make field measurements for future facilities, and field 
measurement may not be possible or practical for all existing ones. In such cases, 
the segment's FFS may be estimated by using Equation 14-1, which is based on 
the physical characteristics of the segment under study: 

FFS = BFFS - fLW - fLe - f M - fA 

where 

BFFS base FFS for multilane highway segment (mi/h); 

FFS FFS of basic freeway segment (mi/h); 

fLw adjustment for lane width, from Exhibit 14-8 (mi/h); 

!Ie adjustment for TLC, from Exhibit 14-9 (mi/h); 

fM adjustment for median type, from Exhibit 14-10 (mi/h); and 

fA adjustment for access-point density, from Exhibit 14-11 (mi/h). 
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BaseFFS 

This methodology covers multilane highway segments with FFS ranging 
from 45 mi/h to 60 mi/h. The most significant value in Equation 14-1 is the BFFS. 
There is not a great deal of information available to help establish a base value. In 
one sense, it is like the design speed-it represents the potential FFS based only 
on the horizontal and vertical alignment of the highway, not on the impacts of 
lane widths, lateral clearances, median type, and access points. The design speed 
may be used as the BFFS if it is available. 

Although speed limits are not always uniformly set, the BFFS may be 
estimated, if necessary, as the posted or statutory speed limit plus 5 mi/h for 
speed limits 50 mi/h and higher and as the speed limit plus 7 mi/h for speed 
limits less than 50 mi/h. 

Adjustment for Lane Width 

The base condition for lane width is 12 ft or greater. When the average lane 
width across all lanes is less than 12 H, the FFS is negatively affected. 
Adjustments to reflect the effect of narrow average lane widths are shown in 
Exhibit 14-8. 

Lane Width (ft) 
~12 

~11-12 

>10-11 

Adjustment for Lateral Clearance 

Reduction in ffS, ilw(mi/h) 
0.0 
1.9 
6.6 

Ihe adjustment for lateral clearance on multilane highway segments is based 
on TLe at the roadside (right side) and at the median (left side). Fixed 
obstructions with lateral clearance effects include light standards, signs, trees, 
abutments, bridge rails, traffic barriers, and retaining walls. Standard raised 
curbs are not considered to be obstructions. 

Right-side lateral clearance is measured from the right edge of the travel 
lanes to the nearest periodic or continuous roadside obstruction. If such 
obstructions are farther than 6 ft from the edge of the pavement, a value of 6 ft is 
used. 

Left-side lateral clearance is measured from the left edge of the travel lanes to 
the nearest periodic or continuous obsh'uction in the median. If such obstructions 
are farther than 6 ft from the edge of the pavement, a value of 6 ft is used. 

Left-side lateral clearances are subject to some judgment. Many types of 
common median barriers do not affect driver behavior if they are no closer than 2 
ft from the edge of the travel lane, including concrete and W-beam barriers. A 
value of 6 ft would be used in such cases. Also, when the multilane highway 
segment is undivided or has a IWLTL, no left-side lateral clearance restriction is 
assumed, and a value of 6 ft is applied because there is a separate adjustment for 
the type of median that accounts for the impact of an undivided highway on FFS. 
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Average lane widths less than 12 ft 
reduce the FF5. 

Exhibit 14-8 
Adjustment to FFS for Average 
Lane Width 

Clearance restrictions on either the 
right or left side of the highway 
reduce the FF5. 

Use 6 ft as the left-side clearance for 
undivided highways and highways 
with TWL TLs. 
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Equation 14-2 

Exhibit 14-9 
Adjustment to FFS for 

Lateral Clearances 

The FFS is reduced on 
undivided highways. 

Exhibit 14-10 
Adjustment to FFS for 

Median Type 

FFS is reduced as the access
point density increases. 

Exhibit 14-11 
Adjustment to FFS for 

Access-Point Density 

Methodology 

Equation 14-2 is used to determine TLC: 

TLC = LCR + LCL 

where 

TLC total lateral clearance (ft) (maximum value 12 ft); 

LCR right-side lateral clearance (ft) (maximum value 6 ft); and 

LCL left-side lateral clearance (ft) (maximum value 6 ft). 

Exhibit 14-9 shows the reduction in FFS due to lateral obstructions on the 
multilane highway. 

Four-Lane Highways 
TLC ft Reduction in FFS 

12 0.0 
W OA 
8 0.9 
6 1.3 
4 1.8 
2 3.6 
o SA 

Note: Interpolation to the nearest 0.1 is recommended. 

Adjustment for Type of Median 

Six-Lane Highwavs 
Reduction in FFS 

0.0 
OA 
0.9 
1.3 
1.7 
2.8 
3.9 

The adjustment for type of median is given in Exhibit 14-10. Undivided 
multilane highways reduce the BFFS by 1.6 mi/h. 

Median Type 
Undivided 

TWLTL 
Divided 

Adjustment for Access-Point Density 

Reduction in FFS, fM 

(mi/h) 
1.6 
0.0 
0.0 

Exhibit 14-11 presents the adjustment to FFS for various levels of access
point density. Studies indicate that for each access point per mile, the estimated 
FFS decreases by approximately 0.25 mi/h, regardless of the type of median. 

The number of access points per mile is determined by dividing the total 
number of access points (i.e., driveways and unsignalized intersections) on the 
right side of the highway in the direction of travel by the length of the segment in 
miles. An intersection or driveway should only be included in the count if it 
influences traffic flow. Access points that go unnoticed by drivers, or with little 
activity, should not be used to determine access-point density. 

Access-Point Density 
(access points/mil 

o 
10 
20 
30 

~40 

Reduction in FFS, 
~ (mi/h) 

0.0 
2.S 
S.O 
7.S 

10.0 
Note: Interpolation to the nearest 0.1 is recommended. 
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Although the calibration of this adjustment did not include one-way 
multilane highway segments, it might be appropriate to include intersection 
approaches and driveways on both sides of the facility in determining the access
point density on one-way segments. 

Step 3: Select FFS Curve 

As noted previously, once the multilane highway segment's FFS is 
detennined, one of the four base speed-flow curves from Exhibit 14-2 is selected 
for use in the analysis. Interpolating between curves is not recommended. 
Criteria for selecting an appropriate curve were given in the text preceding 
Exhibit 14-2. 

Step 4: Adjust Demand Volume 

The basic speed-flow curves of Exhibit 14-2 are based on flow rates in 
equivalent passenger cars per hour, with the driver population dominated by 
regular users of the multilane highway segment. Demand volumes expressed as 
vehicles per hour under prevailing conditions must be converted to this basis. 
Equation 14-3 is used for this adjustment: 

where 

vp 

V= 

PHF 

N 

JHV 

JP 

PHF 

v 
V = ---------

P PHFxNxjHV xjp 

demand flow rate under equivalent base conditions (pc/h/ln); 

demand volume lmder prevailing conditions (veh/h); 

peak hour factor; 

number of lanes (one direction); 

adjustment factor for presence of heavy vehicles in traffic stream, from 
Equation 14-4; and 

adjustment factor for atypical driver populations. 

The PHF represents the variation in traffic flow within an hour. Observations 
of traffic flow consistently indicate that the flow rates fOlmd in the peak 15 min 
within an hour are not sustained throughout the entire hour. The application of 
the PHF in Equation 14-3 accounts for this phenomenon. 

On multilane highways, typical PHFsrange from 0.75 to 0.95. Lower values 
are typical of lower-volume conditions. Higher values are typical of urban and 
suburban peak-hour conditions. Field data should be used if possible to develop 
PHFs that represent local conditions. 

Adjustment for Heavy Vehicles 

A heavy vehicle is defined as any vehicle with more than four wheels on the 
ground during normal operation. Such vehicles are generally categorized as 
trucks, buses, or RV s. Trucks cover a wide variety of vehicles, from single-unit 

'( bucks with double rear tires to triple-unit tractor-trailer combinations. Small 
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Equation 14-4 

General terrain can be applied 
where 

Grades are <;2%, 

Grades are :c{0.25 mi long, or 

Grades are >2% and <3%, 
and are ::;().50 mi long. 

Methodology 

panel or pickup trucks with only four wheels are, however, classified as 
passenger cars. Buses include intercity buses, public transit buses, and school 
buses. Because buses are in many ways similar to single-unit trucks, both types 
of vehicles are considered in one category. RVs include a wide variety of vehicles 
from self-contained motor homes to cars and small trucks with trailers (for boats, 
all-terrain vehicles, or other items). The heavy-vehicle adjustment factor !HV is 
computed by using Equation 14-4: 

1 f HV = ---;--~---;------,-
1 + PT (ET -1)+ PR (ER -1) 

where 

ftw heavy-vehicle adjustment factor, 

PT proportion of trucks and buses in traffic stream, 

PR proportion of RVs in traffic stream, 

ET passenger-car equivalent (peE) of one truck or bus in traffic stream, 
and 

ER = peE of one RV in traffic stream. 

The adjustment factor is found in a two-step process. First, the peE for each 
truck, bus, and RV is found for the prevailing conditions under study. These 
equivalency values represent the number of passenger cars that would use the 
same amount of freeway capacity as one truck, bus, or RV under the prevailing 
conditions. Second, Equation 14-4 is used to convert the peE values to the 
adjustment factor. 

he many cases, trucks will be the only heavy vehicle present in the traffic 
stream. In others, the percentage of RVs will be small compared with trucks and 
buses. If the ratio of trucks and buses to RVs is 5:1 or greater, all heavy vehicles 
may be (but do not have to be) considered to be trucks. 

The effect of heavy vehicles on traffic flow depends on terrain and grade 
conditions as well as traffic composition. peEs can be selected for one of three 
conditions: 

• Extended multilane highway segments in general terrain, 

• Specific upgrades, or 

• Specific downgrades. 

Each of these conditions is more precisely defined and discussed below. 

Equivalents for General Terrain Segments 

General terrain refers to extended lengths of multilane highway containing a 
number of upgrades and downgrades where no single grade is long enough or 
steep enough to have a significant impact on the operation of the overall 
segment. As a guideline for this determination, extended-segment analysis can 
be applied where no one grade of 3% or more is longer than 0.25 mi, or where no 
single grade between 2% and 3% is longer than 0.50 mi. 
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There are three categories of general terrain: 

• Level terrain: Any combination of grades and horizontal or vertical 
alignment that permits heavy vehicles to maintain the same speed as 
passenger cars. This type of terrain typically contains short grades of no 
more than 2%. 

• Rolling terrain: Any combination of grades and horizontal or vertical 
alignment that causes heavy vehicles to reduce their speed substantially 
below that of passenger cars but that does not cause heavy vehicles to 
operate at crawl speeds for any significant length of time or at frequent 
intervals. Crawl speed is the maximum sustained speed that trucks can 
maintain on an extended upgrade of a given percent. If the grade is long 
enough, trucks will be forced to decelerate to the crawl speed, which they 
can maintain for extended distances. Appendix A of Chapter 11, Basic 
Freeway Segments, contains truck performance curves that provide truck 
speeds for various lengths and severities of grade. The same curves may 
be used for uninterrupted-flow segments on multilane highways. 

• Mountainous terrain: Any combination of grades and horizontal and 
vertical alignment that causes heavy vehicles to operate at crawl speed for 
significant distances or at frequent intervals. 

Mountainous terrain is relatively rare. Generally, in segments severe enough 
to cause the type of operation described for mountainous terrain, there will be 
individual grades that are longer and steeper than the criteria for general terrain 
analysis. 

Exhibit 14-12 shows PCEs for trucks and buses and RV s in general terrain 
segments. 

Vehicle 
Trucks and buses, Er 

RVs ER 

Level 
1.5 
1.2 

Equivalents for Specific Upgrades 

peE bv Type of Terrain 
Rollin 

2.5 
2.0 

Mountainous 
4.5 
4.0 

Any grade between 2% and 3% and longer than 0.5 mi, or 3% or greater and 
longer than 0.25 mi, should be considered to be a separate segment. TIle analysis 
of such segments must consider the upgrade conditions and the downgrade 
conditions separately, as well as whether the grade is a single, isolated grade of 
constant percentage or part of a series forming a composite grade. Appendix A of 
Chapter 11 discusses the analysis of composite grades. 

Exhibit 14-13 and Exhibit 14-14 give values of E1 and ER for trucks and buses 
and for RVs, respectively. These factors vary with the percent of grade, length of 
grade, and the proportion of heavy vehicles in the traffic stream. Maximum 
values occur when there are only a few heavy vehicles in the traffic stream. The 
equivalents decrease as the number of heavy vehicles increases because these 
vehicles tend to form platoons. Because heavy vehicles have more uniform 
operating characteristics, fewer large gaps are created in the traffic stream when 
they platoon, and the impact of a single heavy vehicle in a platoon is less severe 
than that of a single heavy vehicle in a stream primarily composed of passenger 
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The mountainous terrain category is 
rarely us~ because individual 
grades will typically be longer and 
steeper than the criteria for general 
terrain analysis. 

Exhibit 14-12 
PCEs for Heavy Vehicles in General 
Terrain Segments 
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Exhibit 14-13 
PCEs for Trucks and Buses 

(ET) on Upgrades 

Exhibit 14-14 
PCEs for RVs (ER) on 

Upgrades 

The grade length should 
include 25% of the length of 
the vertical curves at the start 
and end of the grade. 

With two consecutive 
upgrade~ 50% of the length 
of the vertical curve joining 
them should be included 

Methodology 

cars. The aggregate impact of heavy vehicles on the traffic stream, however, 
increases as the number and percentage of heavy vehicles increase. 

Percent length Progortion of Trucks and Buses 
Upgrade (mil 20/0 4 0/0 5% 6 % 8 % 10% 15% 20% 

<2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
0.00 - 0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>0.25 - 0.50 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>2 -3 >0.50 - 0.75 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
>0.75 - 1.00 2.0 2.0 2.0 2.0 1.5 1.5 1.5 1.5 
>1.00 - 1.50 2.5 2.5 2.5 2.5 2.0 2.0 2.0 2.0 

>1.50 3.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 
0.00 - 0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>0.25 - 0.50 2.0 2.0 2.0 2.0 2.0 2.0 1.5 1.5 

>3 -4 
>0.50 - 0.75 2.5 2.5 2.0 2.0 2.0 2.0 2.0 2.0 
>0.75 - 1.00 3.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 
>1.00 - 1.50 3.5 3.5 3.0 3.0 3.0 3.0 2.5 2.5 

>1.50 4.0 3.5 3.0 3.0 3.0 3.0 2.5 2.5 
0.00 - 0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

>0.25 - 0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 2.0 
>4- 5 >0.50 - 0.75 3.5 3.0 3.0 3.0 2.5 2.5 2.5 2.5 

>0.75 - 1.00 4.0 3.5 3.5 3.5 3.0 3.0 3.0 3.0 
>1.00 5.0 4.0 4.0 4.0 3.5 3.5 3.0 3.0 

0.00 - 0.25 2.0 2.0 1.5 1.5 1.5 1.5 1.5 1.5 
>0.25 -0.30 4.0 3.0 2.5 2.5 2.0 2.0 2.0 2.0 

>5 - 6 
>0.30 - 0.50 4.5 4.0 3.5 3.0 2.5 2.5 2.5 2.5 
>0.50 - 0.75 5.0 4.5 4.0 3.5 3.0 3.0 3.0 3.0 
>0.75 - 1.00 5.5 5.0 4.5 4.0 3.0 3.0 3.0 3.0 

>1.00 6.0 5.0 5.0 4.5 3.5 3.5 3.5 3.5 
0.00 - 0.25 4.0 3.0 2.5 2.5 2.5 2.5 2.0 2.0 

>0.25 - 0.30 4.5 4.0 3.5 3.5 3.5 3.0 2.5 2.5 

>6 
>0.30 - 0.50 5.0 4.5 4.0 4.0 3.5 3.0 2.5 2.5 
>0.50 - 0.75 5.5 5.0 4.5 4.5 4.0 3.5 3.0 3.0 
>0.75 - 1.00 6.0 5.5 5.0 5.0 4.5 4.0 3.5 3.5 

>1.00 7.0 6.0 5.5 5.5 5.0 4.5 4.0 4.0 
Note: Interpolation for percentage of trucks and buses IS recommended to the nearest 0.1. 

Percent length Progortion of RVs 
Upgrade (mil 20/0 4 % 5 % 6 % 8 % 10% 15% 20% 

<2 All 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

>2 -3 0.00 - 0.50 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
>0.50 3.0 1.5 1.5 1.5 1.5 1.5 1.2 1.2 

0.00 - 0.25 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
>3 -4 >0.25 - 0.50 2.5 2.5 2.0 2.0 2.0 2.0 1.5 1.5 

>0.50 3.0 2.5 2.5 2.5 2.0 2.0 2.0 1.5 
0.00 - 0.25 2.5 2.0 2.0 2.0 1.5 1.5 1.5 1.5 

>4- 5 >0.25 - 0.50 4.0 3.0 3.0 3.0 2.5 2.5 2.0 2.0 
> 0.50 4.5 3.5 3.0 3.0 3.0 2.5 2.5 2.0 

0.00 - 0.25 4.0 3.0 2.5 2.5 2.5 2.0 2.0 2.0 
>5 >0.25 - 0.50 6.0 4.0 4.0 3.5 3.0 3.0 2.5 2.5 

>0.50 6.0 4.5 4.0 4.0 3.5 3.0 3.0 2.5 
Note: Interpolation for percentage of RVs IS recommended to the nearest 0.1. 

25% 

1.5 
1.5 
1.5 
1.5 
1.5 
2.0 
2.0 
1.5 
1.5 
2.0 
2.0 
2.5 
2.5 
1.5 
2.0 
2.5 
3.0 
3.0 
1.5 
2.0 
2.5 
3.0 
3.0 
3.5 
1.0 
2.5 
2.5 
3.0 
3.5 
4.0 

25% 

1.2 
1.2 
1.2 
1.2 
1.5 
1.5 
1.5 
2.0 
2.0 
1.5 
2.0 
2.0 

The length of the grade is generally taken from a highway profile. It typically 
includes the straight portion of the grade plus some portion of the vertical curves 
at the beginning and end of the grade. It is recommended that 25% of the length 
of the vertical curves at both ends of the grade be included in the length. Where 
two consecutive upgrades are present, 50% of the length of the vertical curve 
joirriI1.g them is included in the length of each grade. 
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In the analysis of upgrades, the point of interest is generally at the end of the 
grade, where heavy vehicles have the maximum effect on operations. However, 
if a segment ends midgrade (because of a major access point, for example), the 
length of the grade to the end of the segment would be used. 

On composite grades, the relative steepness of segments is important. If a 5% 
upgrade is followed by a 2% upgrade, for example, the maximum impact of 
heavy vehicles is most likely at the end of the 5% segment. Heavy vehicles would 
be expected to accelerate after entering the 2% segment. 

Equivalents for Specific Downgrades 

Knowledge of specific impacts of heavy vehicles on operating conditions on 
downgrades is limited. In general, if the downgrade is not severe enough to 
cause trucks to shift into a lower gear (to engage engine braking), heavy vehicles 
may be treated as if they were on level terrain segments. Where a downgrade is 
severe, trucks must often use low gears to avoid gaining too much speed and 
running out of control. In such cases, their effect on operating conditions is more 
significant than on level terrain. Exhibit 14-15 gives values of ET for this situation. 

Percent Length of Progortion of Trucks and Buses 
Downgrade Grade (mi) 5% 10% 15% 20% 

<4 All 1.5 1.5 1.5 1.5 

4-5 
:54 1.5 1.5 1.5 1.5 
>4 2.0 2.0 2.0 1.5 

>5 -6 
:54 1.5 1.5 1.5 1.5 
>4 5.5 4.0 4.0 3.0 

>6 
:54 1.5 1.5 1.5 1.5 
>4 7.5 6.0 5.5 4.5 

On downgrades, RV s are always treated as if they were on level terrain; ER is 
therefore always 1.2 on downgrades regardless of the length or severity of the 
downgrade or the percentage of RVs in the traffic stream. 

Equivalents for CompOSite Grades 

The vertical alignment of most multilane highways results in a continuous 
series of grades. It is often necessary to determine the effect of a series of grades 
in succession. The most straightforward technique is to compute the a'oerage 
grade, defined as the total rise from the beginning of the composite grade to the 
point of interest divided by the length of the grade (to the point of interest). 

The average grade technique is an acceptable approach for grades in which 
all subsections are less than 4% or the total length of the grade is less than 4,000 
ft. For more severe composite grades, a detailed technique is presented in 
Appendix A of Chapter 11, Basic Freeway Segments. This technique uses vehicle 
performance curves and equivalent speeds to determine the equivalent simple 
grade for analysis. It can be applied to composite grades on multilane highways. 

Adjustment for Driver Population 

The base traffic stream characteristics for multilane highway segments are 
representative of regular drivers in a traffic stream composed substantially of 
commuters, or drivers who are familiar with the facility. It is generally accepted 
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The point of interest in an analysis of 
upgrades is usually the spot where 
heavy vehicles would have the 
greatest impact on operations: for 
example, the top of a grade or the 
top of the steepest grade in a series. 

Exhibit 14-15 
PCEs for Trucks and Buses (ET) on 
Specific Downgrades 

ER is a/ways 1.2 on downgrades. 

The average grade can be used when 
all component grades are <4% or the 
total length of the grades is <4, 000 
ft. 

Appendix A of Chapter 11 provides a 
method for addressing more severe 
composite grades. 

Methodology 
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A fp-value of 1.00 should 
generally be used, reflective of 
drivers who are regular users 
of the freeway. 

Equation 14-5 

Methodology 

that traffic streams composed of driver populations wlth different characteristics 
(e.g., recreational drivers) use freeways less efficiently. Although data are sparse 
and reported results vary substantially, significantly lower capacities have been 
reported on weekends, particularly in recreational areas. It may generally be 
assumed that the reduced capacity (LOS E) extends to service flow rates and 
service volumes for other LOS as well. 

The adjustment factor fp is used to reflect the effect of driver population. The 
values off!' usually range from 0.85 to 1.00, although lower values have been 
observed in some cases. In general, the analyst should use a value of 1.00, which 
reflects commuters or otherwise familiar drivers, unless there is sufficient 
evidence that a lower value should be used. Where greater accuracy is needed, 
comparative field studies of commuter and recreational traffic flow and speeds 
are recommended. 

Does LOS F Exist? 

At this point, the demand flow rate has been computed and is stated in units 
of passenger cars per hour per lane under equivalent base conditions. This 
demand flow rate must be compared with the base capacity (in the same units). If 
demand exceeds capacity, LOS F is assigned, and the analysis ends. If demand is 
less than capacity, LOS F does not exist, and the analysis continues. 

Step 5: Estimate Speed and Density 

At this point in the methodology, the following have been determined: (a) 
the FFS and appropriate FFS curve for use in the analysis, and (b) the demand 
flow rate expressed in passenger cars per hour per lane under equivalent base 
conditions. With this information, the estimated speed and density of the traffic 
stream may be determined. 

With the equations specified in Exhibit 14-3, the expected mean speed of the 
traffic stream can be computed. A graphical solution using Exhibit 14-2 can also 
be performed. 

With the estimated speed determined, Equation 14-5 is used to estimate the 
density of the traffic stream: 

where 

D density (pc/mi/ln), 

v 
D=~ 

5 

vp demand flow rate (pc/h/ln), and 

5 mean speed of traffic stream (mi/h). 

Step 6: Determine lOS 

Exhibit 14-4 is entered with the density obtained from Equation 14-5 to 
determine the expected prevailing LOS. 

Page 14-18 Chapter 14/Multilane Highways 
December 2010 

AR0073690 



( 

( 

( 

Highway Capacity Manual 2010 

BICYCLE MODE 

The calculation of bicycle LOS on multilane and two-lane highways shares 
the same methodology, since multilane and two-lane highways operate in 
fundamentally the same manner for bicyclists and car drivers. Cyclists travel 
much more slowly than the prevailing traffic flow and stay as far to the right as 
possible, including using paved shoulders when available. This similarity 
indicates the need for only one model. 

The bicycle LOS model for multilane highways uses a traveler perception 
index calibrated by using a linear regression model. The model fits independent 
variables associated with roadway characteristics to the results of a user survey 
that rates the comfort of various bicycle facilities. The resulting bicycle LOS index 
computes a numerical LOS score, generally ranging from 0.5 to 6.5, which is 
stratified to produce a LOS A to F result by using Exhibit 14-6. 

Full details on the bicycle LOS methodology and calculation procedures are 
given in Chapter 15, Two-Lane Highways. 
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Follow the step-by-step description of 
the bicycle LOS method given in 
Chapter 15, Two-Lane Highways, 
when bicycle LOS on multilane 
highways is calculated. 

Methodology 
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Exhibit 14-16 
Required Input Data and Default 

Values for Multilane Highway 
Segments 

Applications 

3. APPLICATIONS 

ll1e analysis methodology for multilane highway segments is relatively 
straightforward. Thus, it can be directly used in anyone of four applications: 

1. Operational analysis: All traffic and roadway conditions are specified for an 
existing facility or a future facility with forecast conditions. The existing 
or expected LOS is determined. 

2. Design analysis: A forecast demand volume is used, and key design 
parameters are specified (e.g., lane width and lateral clearance). The 
number of lanes required to deliver a target LOS is determined. 

3. Planning and preliminary engineering: The basic scenario is the same as that 
for design analysis except that the analysis is conducted at a much earlier 
stage in the development process. Inputs include default values, and the 
demand volume is usually stated as an AADT. 

4. Service flow rates and service volumes: The service flow rate, service volume, 
daily service volume, or all three are estimated for each LOS for an 
existing or future facility. All traffic and roadway conditions must be 
specified for this type of analysis. 

Because the methodology and its algorithms are simple and do not involve 
iterations, all of the types of analysis cited can be completed without the iterative 
approach required by many other HeM methodologies. 

DEFAULT VALUES 

For this chapter's methodology, a range of input data is needed. Most of 
these data should be field measured or estimated values for the specific segment 
under consideration. When some of the data are not available, default values 
may be used. However, use of default values will affect the accuracy of the 
output. Exhibit 14-16 shows the data that are required to conduct an operational 
analysis and the recommended default values when site-specific data are 
unavailable (4). 

Required Data 

Number of lanes in one direction 
lane width 
TlC 

Access-point density 

Terrain or specific grade (%, length) 
Base FFS 

Default Values 
Geometric Data 

2 or 3 (in one direction), must have site-specific value 
12 ft 
12 ft 

8 access points/mi (rural) 
16 access points/mi (low-density suburban) 
25 access points/mi (high-density suburban) 

No default, must have site-specific value 
65 mi/h 

Demand Data 
length of analysis period 15 min 
PHF 0.88, rural; 0.95, suburban 
Percentage of heavy vehicles 10%, rural; 5%, urban* 
Driver population factor 1.00 

Note: *Alternatlve state-specific default values for percentage of heavy vehicles are given in Chapter 26, Freeway 
and Highway Segments: Supplemental. 
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The analyst may also replace the default values of Exhibit 14-16 with defaults 
that have been locally calibrated. 

ESTABLISHING ANALYSIS BOUNDARIES 

The methodology of this chapter applies to an uninterrupted-flow segment 
of multilane highway with uniform prevailing conditions. Thus, any point at 
which one or more of the prevailing conditions change should mark the 
beginning of a new analysis segment. The following conditions generally 
necessitate segmenting the highway: 

• A change in the basic number of travel lanes on the highway; 

• A change in the highway's median treatment; 

• A change of grade of 2% or more or a constant upgrade longer than 4,000 
ft; 

• The presence of a traffic signal, STOP sign, or roundabout along the 
multilane highway; 

• A significant change in the access-point density; 

• A change in the speed limit; 

• An access point at which a significant number or percentage of vehicles 
enters or leaves the highway; and 

• The presence of a bottleneck condition. 

In general, when analysis boundaries are established, the minimum length of 
a study segment should be 2,500 ft. The boundary of a study segment should be 
no closer than 0.25 mi to a traffic signal. 

TYPES OF ANALYSIS 

Operational Analysis 

The operational analysis application waS fully specified in the Methodology 
section of this chapter. Operational analysis begins with all input parameters 
specified and is used to find the expected LOS that would result from the 
prevailing roadway and traffic conditions. 

Design Analysis 

In design analysis, a known demand volume is used to determine the 
number of lanes needed to deliver a target LOS. Two modifications are required 
to the operational analysis methodology. First, since the number of lanes is to be 
determined, the demand volume is converted to a demand flow rate in 
passenger cars per hour, not passenger cars per hour per lane, by using Equation 
14-6 instead of Equation 14-3: 

v 
v 

PHF X jHV xfp 

where v is the demand flow rate in passenger cars per hour and all other 
variables are as previously defined. 
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Grade changes of 2% or more, 
changes in the highways geometric 
characteristics, changes in speed 
limit, signal or STOP control of the 
highway, and major access points are 
places where multilane highways 
should be segmented. 

Operational analyses find the 
expected LOS for specified roadway 
and traffic conditions. 

Design analyses find the number of 
lanes required for a target LOS, given 
a spedfied demand volume. 

Equation 14-6 

Applications 
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Exhibit 14-11 
Maximum Service Flow Rates 

(pc/h/ln) for Multilane 
Highway Segments Under 

Base Conditions 

Equation 14-1 

Equation 14-8 

All fractional values of N must 
be rounded up. 

Because only whole lanes can 
be builC it may not be possible 
to achieve the target LOS for a 
given demand volume. 

Planning and preliminary 
engineering applications also 
find the number of lanes 
required to deliver a target 
LOS but provide more 
generalized input values to the 
methodology. 

Applications 

Second, a maximum service flow rate for the target LOS is then selected from 
Exhibit 14-17. These values are selected from the base speed-flow curves of 
Exhibit 14-5 for each LOS. 

Target LOS 
A B C D E 

660 1,080 1,550 1,980 2,200 
600 990 1,430 1,850 2,100 
550 900 1,300 1,710 2,000 
290 810 1,170 1550 1900 

Then the number of lanes required to deliver the target LOS can be found 
from Equation 14-7: 

N=_V_ 
MSFi 

where N is the number of lanes required and MSFi is the maximum service flow 
rate for LOS i from Exhibit 14-17. Equation 14-6 and Equation 14-7 can be 
conveniently combined as Equation 14-8: 

V N = ---------
MSFi xPHFxfHV xfp 

where all variables are as previously defined. 

The value of N resulting from Equation 14-7 or Equation 14-8 will most likely 
be fractional. Because only integer munbers of lanes can be constructed, the 
result is always rounded to the next higher value. Thus, if the result is 2.1 lanes, 3 
lanes must be provided. In effect, the minimum number of lanes needed to 
provide the target LOS is 2.1. If the result were rounded to 2, a poorer LOS than 
the target value would result. 

This rounding-up process will occasionally produce an interesting result: it is 
possible that a target LOS (for example, LOS C) cannot be achieved for a given 
demand volume. If 2.1 lanes are required to produce LOS C, providing two lanes 
would drop the LOS, most likely to D. However, if three lanes are provided, the 
LOS might actually improve to B. Thus, some judgment may be required to 
interpret the results. In this case, two lanes might be provided even though they 
would result in a borderline LOS D. Economic considerations might lead a 
decision maker to accept a slightly lower operating condition than that originally 
targeted. 

Planning and Preliminary Engineering 

The objective of planning or preliminary engineering is to get a general idea 
of the number of lanes that will be required to deliver a target LOS. The primary 
differences are that many default values will be used, and the demand volume 
will be usually expressed as an AADT. Thus, a planning and preliminary 
engineering analysis starts by converting the demand expressed as an AADT to 
an estimate of the directional peak-hour demand volume (DDHV), as shown in 
Equation 14-9. 
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v = DDRV = AADTxKxD 

where K is the proportion of AADT occurring during the peak hour, D is the 
proportion of peak-hour volume traveling in the peak direction, and all other 
variables are as previously defined. 

Once the hourly demand volume is estimated, the methodology follows the 
same path as that for design analysis. 

Service Flow Rates, Service Volumes, and Daily Service Volumes 

This chapter's methodology can be easily manipulated to produce service 
flow rates, service volumes, or daily service volumes, or all three, for a multilane 
highway segment. 

Exhibit 14-17 gives values of the maximum service flow rates MSF; for each 
LOS for multilane highways of various FFSs. These values are given in terms of 
passenger cars per hour per lane under equivalent base conditions. A service 
flow rate SFi is the maximum rate of flow that can exist while LOS i is maintained 
during the IS-min analysis period under prevailing conditions. It can be 
computed from the maximum service flow rate by using Equation 14-10: 

SFi = MSFi xNxfHV xfp 

where all variables are as previously defined. 

A service flow rate can be converted to a service volume SVi by applying a 
PHF, as shown in Equation 14-11. A service volume is the maximum hourly 
volume that can exist while LOS i is maintained during the worst IS-min period 
of the analysis hour. 

SVi = SFi x PRF 

where all variables are as previously defined. 

A daily service volume DSVi is the maximum AADT that can be 
accommodated by the facility underprevailing conditions while LOS i is 
maintained during the worst IS-min period of the analysis day. It is estimated 
from Equation 14-12: 

MSV. = SVi 

! KxD 

where all variables are as previously defined. 

GENERALIZED DAILY SERVICE VOLUMES 

Exhibit 14-18 and Exhibit 14-19 are generalized daily service volume tables 
for multilane highway segments or facilities. They are based on a set of specified 
typical conditions for rural and urban multilane highways: 

• Percent HV = 10% (rural), 5% (urban); 

• FFS = 60 mi/h; 

• PHF = 0.88 (rural), 0.95 (urban); and 

• Driver population factor fp = 1.00. 
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Equation 14-9 

Chapter 3, Modal Characteristics, 
provides additional guidance on K
and D -factors. 

Equation 14-10 

Equation 14-11 

Equation 14-12 

Applications 
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Exhibit 14-18 
Generalized Daily Service 

Volumes for Rural Multilane 
Highways (1,000 vehjday) 

Applications 

Values of rural and urban daily service volumes are provided for four-lane 
and six-lane highways in level and rolling terrain. A range of K- and D-factors is 
provided. Users should enter Exhibit 14-18 and Exhibit 14-19 with local or 
regional values of these factors for the appropriate size of multilane highway in 
the appropriate terrain. 

K
Factor 

0.09 

0.10 

0.11 

0.12 

0.09 

0.10 

0.11 

0.12 

0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 

0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 
0.50 
0.55 
0.60 
0.65 

Four-Lane Highways Six-Lane HighwaYS 
LOS B LOS C LOS D LOS E LOS B lOS C LOS D LOS E 

Level Terrain 
33.2 48.0 63.1 73.8 49.8 71.9 94.6 110.7 
30.2 43.6 57.4 67.1 45.3 65.4 86.0 100.6 
27.7 40.0 52.6 61.5 41.5 60.0 78.9 92.2 
25.5 36.9 48.5 56.8 38.3 55.3 72.8 85.1 
29.9 43.2 56.8 66.4 44.8 64.8 85.2 99.6 
27.2 39.2 51.6 60.4 40.8 58.9 77.4 90.6 
24.9 36.0 47.3 55.3 37.4 54.0 71.0 83.0 
23.0 33.2 43.7 51.1 34.5 49.8 65.5 76.6 
27.2 39.2 51.6 60.4 40.8 58.9 77.4 90.6 
24.7 35.7 46.9 54.9 37.0 53.5 70.4 82.3 
22.6 32.7 43.0 50.3 34.0 49.1 64.5 75.5 
20.9 30.2 39.7 46.4 31.3 45.3 59.6 69.7 
24.9 36.0 47.3 55.3 37.4 54.0 71.0 83.0 
22.6 32.7 43.0 50.3 34.0 49.1 64.5 75.5 
20.8 30.0 39.4 46.1 31.1 45.0 59.2 69.2 
19.2 27.7 36.4 42.6 28.7 41.5 54.6 63.9 

Rolling Terrain 
29.8 43.1 56.7 66.3 44.7 64.6 85.0 99.4 
27.1 39.2 51.5 60.3 40.7 58.8 77.3 90.4 
24.9 35.9 47.2 55.2 37.3 53.9 70.8 82.9 
22.9 33.1 43.6 51.0 34.4 49.7 65.4 76.5 
26.8 38.8 51.0 59.7 40.3 58.2 76.5 89.5 
24.4 35.3 46.4 54.2 36.6 52.9 69.6 81.4 
22.4 32.3 42.5 49.7 33.6 48.5 63.8 74.6 
20.7 29.8 39.2 45.9 31.0 44.7 58.9 68.8 
24.4 35.3 46.4 54.2 36.6 52.9 69.6 81.4 
22.2 32.0 42.2 49.3 33.3 48.1 63.2 74.0 
20.3 29.4 38.6 45.2 30.5 44.1 58.0 67.8 
18.8 27.1 35.7 41.7 28.2 40.7 53.5 62.6 
22.4 32.3 42.5 49.7 33.6 52.9 63.8 74.6 
20.3 29.4 38.6 45.2 30.5 48.1 58.0 67.8 
18.6 26.9 35.4 41.4 28.0 44.1 53.1 62.1 
17.2 24.9 32.7 38.2 25.8 40.7 49.0 57.4 

Note. Key assumptions: 12% trucks, 0.88 PHF, 60-ml/h FFS, driver population factor 1.0. 
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Four-Lane Highways Six-Lane Highways K
Factor LOS B LOS C LOS D LOS E LOS B LOS C LOS D LOS E 

0.50 48.3 69.3 

0.08 0.55 43.9 63.0 
0.60 40.2 57.8 
0.65 37.1 53.3 
0.50 42.9 61.6 
0.55 39.0 56.0 
0.60 35.8 51.3 

0.09 

0.65 33.0 47.4 
0.50 38.6 55.4 
0.55 35.1 50.4 
0.60 32.2 46.2 

0.10 

0.65 29.7 42.6 
0.50 35.1 50.4 
0.55 31.9 45.8 
0.60 29.3 42.0 

0.12 

0.65 27.0 38.8 

0.50 44.8 64.4 

0.08 0.55 40.8 58.5 
0.60 37.4 53.6 
0.65 34.5 49.5 
0.50 39.9 57.2 

0.09 
0.55 36.2 52.0 
0.60 33.2 47.7 
0.65 30.7 44.0 
0.50 35.9 51.5 

0.10 0.55 32.6 46.8 
0.60 29.9 42.9 
0.65 27.6 39.6 
0.50 32.6 46.8 

0.12 0.55 29.6 42.5 
0.60 27.2 39.0 
0.65 25.1 36.0 

Level Terrain 
88.5 98.4 
80.5 89.4 
73.8 82.0 
68.1 75.7 
78.7 
71.5 
65.6 

87.4 
79.5 
72.9 

60.5 67.3 
70.8 78.7 
64.4 
59.0 

71.5 
65.6 

54.5 60.5 
64.4 71.5 
58.5 65.0 
53.7 59.6 
49.5 55.0 

II" T erram Ro mg 
82.2 91.3 
74.7 83.0 
68.5 76.1 
63.2 70.3 
73.1 81.2 
66.4 73.8 
60.9 67.7 
56.2 62.5 
65.8 73.1 
59.8 66.4 
54.8 60.9 
50.6 56.2 
59.8 66.4 
54.4 60.4 
49.8 55.4 
46.0 51.1 

72.4 104.0 
65.8 94.5 
60.4 86.6 
55.7 80.0 
64.4 92.4 
58.5 84.0 
53.7 77.0 
49.5 71.1 
57.9 83.2 
52.7 75.6 
48.3 69.3 
44.6 64.0 
52.7 75.6 
47.9 68.7 
43.9 63.0 
40.5 58.2 

67.3 96.5 
61.1 87.8 
56.0 80.4 
51.7 74.3 
59.8 85.8 
54.4 78.0 
49.8 71.5 
46.0 66.0 
53.8 77.2 
48.9 70.2 
44.8 64.4 
41.4 59.4 
48.9 77.2 
44.5 70.2 
40.8 64.4 
37.6 59.4 

Note: Key assumptions: 8% trucks, 0.93 PHF, 60-ml/h FFS, driver population factor 1.0. 

132.8 147.5 
120.7 134.1 
110.7 123.0 
102.1 113.5 
118.0 131.2 
107.3 119.2 
98.4 109.3 
90.8 100.9 

106.2 118.0 
96.6 107.3 
88.5 98.4 
81.7 90.8 
96.6 107.3 
87.8 97.6 
80.5 89.4 
74.3 82.5 

123.3 137.0 
112.1 124.6 
102.8 114.2 
94.9 105.4 

109.6 121.8 
99.6 110.7 
91.3 101.5 
84.3 93.7 
98.6 109.6 
89.7 99.6 
82.2 91.3 
75.9 84.3 
89.7 99.6 
81.5 90.6 
74.7 83.0 
69.0 76.6 

Exhibit 14-18 and Exhibit 14-19 must be used with care. Because the 
characteristics of any given multilane highway mayor may not be typical, the 
values should not be used in the analysis of a specific segment of multilane 
highway. The exhibits are intended to allow a general evaluation of many 
facilities within a given jurisdiction on a first-pass basis to identify those 
segments or facilities that might be in need of remediation. Any segments or 
facilities so identified should then be submitted to specific analysis by using this 
chapter's methodology and each segment's site-specific characteristics. Exhibit 
14-18 and Exhibit 14-19 should not be used to make final decisions on which 
segments or facilities to upgrade or on the specific designs proposed for such 
upgrades. 

Daily service volumes are computed with Equation 14-10 through Equation 
14-12, which combined yield Equation 14-13: 

DSV. = MSF; xNxfHV xfp xPHF 
I KxD 
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Exhibit 14-19 
Generalized Daily Service Volumes 
for Urban Multilane Highways 
(1,000 veh/day) 

Equation 14-13 

Applications 
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Applications 

where all variables are as previously defined. Values of MSF are selected from 
Exhibit 14-18 or Exhibit 14-19 for the typical FFS of 60 mi/h. Exhibit 14-18 and 
Exhibit 14-19 do not show LOS A, since this level is rarely of interest in assessing 
improvement programs. 

For multilane highways, daily service volume tables are quite easy to 
construct by using localized typical values and local defaults. Equation 14-13 is 
easily applied. All of the variables in the equation simply have to be defined for a 
given FFS. The heavy-vehicle adjustment depends on peEs, which are easily 
obtained for each of the terrain categories. 

USE OF ALTERNATIVE TOOLS 

Except for the effects of interaction with other facilities, the limitations of the 
methodology that were stated earlier in the chapter have minimal potential to be 
addressed by alternative tools. There is thus insufficient experience with 
alterative tools to support the development of useful guidance for their 
application to multilane highways. 
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Problem 
Number 

1 
2 
3 
4 
5 

4. EXAMPLE PROBLEMS 

Description 
LOS on an undivided four-lane highway 
LOS on a five-lane highway with TWLTL 
Design cross section required to provide target LOS 
Multilane highway modernization 
Future cross section required to provide target LOS 

Application 
Operational analysis 
Operational analysis 

Design analysis 
Planning analysis 
Planning analysis 

EXAMPLE PROBLEM 1: LOS ON UNDIVIDED FOUR-LANE HIGHWAY 

A 3.25-mi, undivided four-lane highway is primarily on level terrain. The 
highway does, however, contain one sustained grade of 2.5% that is 3,200 ft long. 
At what LOS is the highway expected to operate? 

The Facts 

• Level terrain; 3,200-ft, 2.5% grade included; 

• Base FFS = 65 mi/h; 

• Lane width: 11 ft; 

• Clearance at roadside: 4 ft; 

• Access points per mile: 20; 

• Peak-hour volume: 1,900 veh/h; 

• Traffic composition: 13% trucks, 2% RVs; 

• PHF = 0.90; and 

• Familiar facility users. 

Comments 

Three solutions will be needed in this case: (a) for the level terrain portion of 
the highway, (b) for the 2.5% upgrade portion of the highway, and (c) for the 
2.5% downgrade portion of the highway. The factor that will vary for each of 
these is the heavy-vehicle adjustment factor. 

Step 1: Input Data 

All input data are specified in the example problem statement. 

Step 2: Compute FFS 

The FFS is estimated with Equation 14-1. The BFFS is given as 65 mi/h. 
Adjustments are needed for 

• Lane width/Lw= 1.9 mi/h (Exhibit 14-8, with 11-ft lanes); 

• Lateral clearance fLc = 0.4 mi/h (Exhibit 14-9, with TLC = 4 + 6 = 10 ft, four 
lanes); 

• Median typefM= 1.6 mi/h (Exhibit 14-10, for undivided highways); and 

• Access-point density fA = 5.0 mi/h (Exhibit 14-11, with 20 access 
points/mi). 
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Exhibit 14-20 
List of Example Problems 

Example Problems 
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Example Problems 

Then 

FFS = BFFS- fLW - fLC - fM - fA 

FFS = 65.0-1.9-0.4-1.6-5.0 = 56.1 milh 

Step 3: Select FFS Curve 

FFSs are all rounded to the nearest 5 mi/h. Therefore, the FFS used in the 
calculation will be 55 mi/h. 

Step 4: Adjust Demand Volume 

The demand volume, stated in vehicles per hour under prevailing 
conditions, must be converted to a demand flow rate in passenger cars per hour 
under base conditions by using Equation 14-3: 

V 
V =--------

P PHFxNxfHV xfp 

where 

v = demand volume (veh/h) (1,900 veh/h, given), 

PHF = peak hour factor (0.90, given), and 

1" = driver population factor (1.00, familiar users). 

The heavy-vehicle adjustment factor is computed by using Equation 14-4: 

1 fHV =---------
1 + Py (Ey -1) + PR (ER -1) 

Three sets of PCEs have to be determined: for level terrain, for 2.5% upgrade, 
and for 2.5% downgrade. 

• Level terrain: ET = 1.5 (Exhibit 14-12); ER = 1.2 (Exhibit 14-12); 

• Upgrade: ET = 1.5 (Exhibit 14-13, with 13% trucks and a 2.5% grade; 
3,200/5,280 = 0.61 mi); ER = 3.0 (Exhibit 14-14 with 2% RVs and 2.5% grade 
for 0.61 mi); and 

• Downgrade: Er = 1.5 (Exhibit 14-15 with less than 4% grade and 13% 
trucks); ER = 1.2 (from the text following Exhibit 14-15). 

In this case, the equivalents are the same for the level terrain segments and 
the 2.5% downgrade. Consequently, there are only two different heavy-vehicle 
adjustment factors to work with: 

1 
fHV (level, down) = 1 + 0.13(1.5 -1) + 0.02(1.2 -1) = 0.935 

1 
fHV (up) = 1 + 0.13 (1.5 -1) + 0.02 (3.0 -1) 0.905 
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There are thus two values of flow rate in passenger cars per hour under base 
conditions: 

1,900 
vp (leveL down) = 0.90x 2xO.935x 1 1,129 pc/h 

() 1,900 1166 /h 
vp up = 0.90x2xO.905x1 I pc. 

Step 5: Estimate Speed and Density 

Speed for the two demand levels can be estimated by using the equations in 
Exhibit 14-3 or graphically by using Exhibit 14-5. In this case, both demand flow 
rates, 1,129 pc/h and 1)66 pc/h, are less than 1AOO pc/h. From Exhibit 14-3, the 
speed for both of these situations is the FFS, or 55 mi/h. 

The densities of the general-terrain and specific-grade segments are then 
computed with Equation 14-5: 

0=2 
5 

o (level, down) = 1,129 = 20.5 pc/mi/ln 
55 

o (up) = 1,166 = 21.2 pc/mi/ln 
55 

Step 6: Determine LOS 

As shown in Exhibit 14-4, the LOS for both densities is C. 

Discussion 

The multilane highway described here operates at LOS C throughout the 
entire study area, including the upgrade and the downgrade within it. In a sense, 
this problem involves a facility as opposed to a segment. The facility contains 
several component segments: level-terrain segments on either side of the 2.5%, 
3,200-ft grade and the uphill and downhill portions of the 2.5% grade itself. 

This chapter's methodology applies to uniform multilane highway segments. 
In this example problem, there were three segments, which together formed a 
facility of more than 3 mi. LOS C on all segments is very likely acceptable and 
would not generally call for immediate remediation. 

EXAMPLE PROBLEM 2: LOS ON FIVE-LANE HIGHWAY WITH TWLTL 

An ll,OOO-ft segment of a five-lane highway (two travel lanes in each 
direction plus a TWL TL) includes a 4% grade of 6,000 ft followed by 5,000 ft of 
level terrain. At what LOS is the facility expected to operate? 

The Facts 

• Lane width: 12 ft; 

• Lateral clearance, both sides of the roadway: 12 ft; 
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• Traffic composition: 6% trucks, 0% RVs; 

• Access points per mile on the level segment: eastbound, 10; westbound, 
13; 

• Access points per mile on the specific grade segment: eastbound, 10; 
westbound, 0; 

• PHF = 0.90; 

• Familiar users of the facility; 

• Peak-hour demand: 1,500 veh/h; 

• The upgrade occurs in the westbound direction; and 

• Posted speed limit = 45 mi/h. 

Comments 

This problem is similar to Example Problem 1 in that there are three 
segments in the facility as described, each of which must be analyzed. The 
upgrade and downgrade on the 4% grade must be separately analyzed, as well 
as the level terrain segment. This case is a bit more complex, since not all 
characteristics of the segments are the same, particularly access points. Because 
no BFFS is given, it will be estimated as the speed limit plus 7 mi/h, or 45 + 7 = 52 
mi/h. 

Step 1: Input Data 

All input data are given in the example problem statement. 

Step 2: Compute FFS 

The FFS is estimated by using Equation 14-1: 

FFS = BFFS - .f~w - fLC: - fM - j~ 

In this case, the BFFS is estimated to be 52 mi/h. The lane width is 12 ft, 
which is the base condition; thereforeJLw= 0.0 mi/h (Exhibit 14-8). The lateral 
clearance is 12 ft at each roadside, but a maximum value of 6 ft may be used. A 
TWL TL is considered to have a median lateral clearance of 6 ft. Thus, the TLC is 
6 + 6 = 12 ft, which is also a base condition. Therefore, Ac = 0.0 mi/h (Exhibit 14-9). 
The median type adjustmentJM is also 0.0 mi/h (Exhibit 14-10). 

For this example problem, only the access-point density produces a nonzero 
adjustment to the BFFS. Both eastbound (EB) segments (level terrain, 4% 
downgrade) have 10 access points/mi. From Exhibit 14-11, the corresponding 
adjustment factor is 2.5 mi/h. The westbound (WB) level-terrain segment has 13 
access points/mi, and an adjustment factor of 3.3 mi/h (by interpolation in Exhibit 
14-11). The WB upgrade has 0 access points/mi and an adjustment factor of 0.0 
mi/h. Therefore 

FFSEB,Level,Downgrade = 52.0-0.0-0.0-0.0- 2.5 = 49.5 mi/h 

FFSWB,Level = 52.0-0.0-0.0-0.0-3.3 = 48.7milh 

FFSWB,upgrade = 52.0 - 0.0 - 0.0 - 0.0 - 0.0 = 52.0 mi/h 
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Step 3: Select FFS Curve 

Despite the fact that slight differences in FFS exist, all three segment analyses 
will use the 50-mi/h speed-flow curve. 

Step 4: Adjust Demand Volume 

Demand volume is adjusted by using Equation 14-3: 

V 
V = 

P PHF x N x fHV. X fp 

where 

v == 1,500 veh/h (given), 

PHF == 0.90 (given), 

N == 2 lanes (given), and 

fp == 1.00 (familiar users, given). 

To compute the heavy-vehicle adjustment factor (Equation 14-4), PCEs for 
trucks are needed for (a) level terrain, (b) a 4%, 6,000-ft upgrade, and (c) a 4%, 
6,000-ft downgrade. The following values are obtained: 

• Level terrain: 1.5 (Exhibit 14-12); 

• Upgrade: 3.0 (Exhibit 14-13, with 6% trucks and a 4% grade, 6,000/5,280 == 

1.14 mi); al1.d 

• Downgrade: 1.5 (Exhibit 14-15 with a 4% grade less than 4 mi long). 

As in Example Problem 1, the downgrade equivalent is the same as the 
equivalent for level terrain. Therefore, there are only two heavy-vehicle 
adjustment factors (Equation 14-4): 

j~v (level,down) = 1 0.971 
1 + 0.06(1.5 -1) 

. 1 
f (Up) = = 0 893 

HV 1+0.06(3.0-1)' 

and 

1500 . 
vp (level, down) = = 858pc/rnl/ln 

0.90 x 2 x 0.971 X 1.0 

1500 . 
V p (up) = = 933 pc/rnl/ln 

0.90 x 2 x 0.893 x 1.0 

Step 5: Estimate Speed and Density 

Speed is estimated by usil1g the equations of Exhibit 14-3 or the graph in 

Exhibit 14-5. With the equations of Exhibit 14-3, both demand flow rates are less 
than 1,400 pc/h/ln. Therefore, the speeds are equal to the FFSs, both of which are 
50 mi/h. 
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Density is computed by using Equation 14-5: 

D (leveCdown) = 858 = 17.1 pc/rni/ln 
50 

D (up) = 933 = 18.7 pc/rni/ln 
50 

Step 6: Determine LOS 

The LOS is found by comparing the densities of the segments wi th the 
criteria in Exhibit 14-4. The level terrain and downgrade segments operate at 
LOS B. The upgrade segment operates at LOS C. 

Discussion 

Even though the upgrade technically operates at LOS C, it is very close to the 
LOS B boundary (18.0 pc/mi/ln). All segments of the multilane highway facility 
described operate well. No remediation would likely be needed. 

EXAMPLE PROBLEM 3: DESIGN CROSS SECTION REQUIRED TO 
PROVIDE TARGET LOS 

A new 2-mi segment of multilane highway will be built within a lSD-it right
of-way. Sixty feet of right-of-way will be reserved for clear zones; therefore, 90 ft 
of width will be available for travel lanes, shoulders, and median. How many 
travel lanes are needed to provide LOS D during the peak hour? 

The Facts 

• AADT = 60,000 veh/day; 

• D = 0.10; K = 0.55; 

• 50-mi/h speed limit; 

• Rolling terrain; 

• Traffic composition: 5% trucks, no RV s; 

• PHF=0.90; 

• Access-point density = 10.0 access points/mi; and 

• Familiar facility users. 

Comments 

This problem is potentially iterative. The exact cross section is unknown
not only the number of lanes but also the lateral clearances and median 
treatment. Thus, assumptions will be made and will have to be checked when the 
trial analysis is complete. To begin the solution, it will be assumed that 12-ft 
lanes will be provided and that 6-ft clearances at the roadside and median will 
also be provided (TLC = 6 + 6 = 12 ft). A divided highway will also be assumed 
for initial computations. 

Step 1: Input Data 

All input data are specified in the example problem statement. 
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Step 2: Compute FFS 

No BFFS is given. It will be assumed that the BFFS will be 5 mi/h more than 
the posted speed limit, or 50 + 5 = 55 mi/h. FFS is estimated by using Equation 14-
1. Given that the lane width, lateral clearance, and median treatments assumed 
are all base conditions, there is no adjustment for these. The only adjustment is 
for access-point density. On the basis of Exhibit 14-11 for 10 access points/mi, the 
adjustment is 2.5 mi/h. Therefore 

FFS = BFFS:"- fL.w - ftc - fM - fA 

FFS = 55.0 - 0.0 - 0.0 - 0.0 - 2.5 = 52.5 mi/h 

Step 3: Select FFS Curve 

Following this chapter's guidelines, for a FFS of 52.5 mi/h, the 55-mi/h base 
speed-flow curve will be used in this analysis. 

Step 4: Determine Number of Lanes Needed for LOS D 

Step 4 has a number of intermediate computations. First, the demand volume 
is stated as an AADT. This volume must be converted to an estimated directional 
design-hour volume (V = DDHV) by using Equation 14-9: 

V =DDHV =AADTxKxD 

V = DDHV = 60,000 x 0.10 x 0.55 = 3,300veh/h 

The number of lanes required to meet a target LOS is estimated with 
Equation 14-8: 

V N = ---------
MSFi x PHF X fI-IV x fp 

where 

MSF 1,850 pc/h/ln (Exhibit 14-17, with LOS D and 55 mi/h); 

PHF 0.90 (given); and 

jp 1.00 (familiar users)~ 

The heavy-vehicle adjustment factor is estimated by using Equation 14-4 and 
the PCE for trucks in rolling terrain from Exhibit 14-12, which is 2.5. Then 

1 
~ = =0.930 

HV 1 + 0.05(2.5 -1) 

and 

3,300 N = -----'----- 2.13 lanes 
1,850 x 0.90 x 0.93 x 1.00 

This result means that to meet the criteria for LOS D within the peak hour, 
three lanes in each direction will have to be provided and the facility will be a 
six-lane multilane highway. 

It is necessary to consider whether the assumed cross section (now known to 
( be six lanes) can fit in the 90-ft available width. Lane widths are 12 ft, with 6-ft 
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lateral clearances at both roadsides and in the median. If a 12-£t median is 
assumed, the total width becomes (6 x 12) + (6 x 2) + 12 = 72 + 12 + 12 = 96 ft, 
which is in excess of the 90-ft right-of-way. 

The median treabnent could be reconsidered. It is not necessary to have a 12-
ft median with 6-ft clearances to the inside edges of the travel pavement to 
produce the desired operation. A concrete median barrier with 2-ft buffers on 
each side would occupy a total of only 6 ft and would not be expected to have 
any impact on driver behavior or the FFS. Then the total width required would 
be (6 x 12) + (6 x 2) + 6 = 90 ft. This is the design cross section. None of the 
calcu lations done to this point would be altered by this design. 

It is likely that providing a six-lane highway will result in better operations 
than the minimums of LOS D. With the number of lanes known, the demand 
flow rate under base conditions can be computed with Equation 14-3: 

3,300 
vp = 0.90x3xO.93x1.00 =1,314 pc/h/ln 

Step 5: Estimate Speed and Density 

The speed of the traffic stream can be determined by using the equations of 
Exhibit 14-3 or the graph in Exhibit 14-5. On the basis of the equations, because 
the demand flow rate is less than 1;400 pc/h/ln, the speed is the FFS, or 55 mi/h in 
this case. 

The density may now be computed by using Equation 14-5: 

D = 1,314 = 23.9 pc/mi/ln 
55 

Step 6: Determine LOS 

From the criteria of Exhibit 14-4, the LOS provided is C, one grade better 
than the design. target of LOS D. 

Discussion 

The design resulted in a six-lane cross section on a divided multilane 
highway with no clearance obstructions. The LOS provided is better than the 
design target, since three lanes were provided in each direction while only 2.13 
lanes were necessary. 

EXAMPLE PROBLEM 4: MULTILANE HIGHWAY MODERNIZATION 

A 2.5-mi segment of a substandard multilane highway is to be improved by 
providing wider shoulders, widening the lanes to 12 H, improving the alignment 
on a few sharp curves, restricting the number of roadside access points, and 
adding a median. These improvements will increase the FFS of the facility from 
50 mi/h to 60 mi/h. How much additional traffic can be accommodated while the 
postimprovement LOS is maintained? 

The Facts 

• Demand flow rate = 1,400 pc/h/ln under base conditions. 
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Comments 

( This problem is relatively straightforward. Most of the steps in a standard 

( 

analysis can be skipped, since the present and future FFS are given, and the 
demand flow rate has already been reduced to base conditions. 

Step 1: Find Existing LOS 

With the equations of Exhibit 14-3, the speed of vehicles in the existing 
configuration will be the FFS, or 50 mi/h. With Equation 14-5, the density is 
computed as 

D = 1,400 = 28 pc/mi/ln 
50 

From Exhibit 14-4, this is LOS D. 

Step 2: Find Expected LOS After Improvement 

With the equations of Exhibit 14-3, the speed of vehicles on the improved 
cross section will also be the FFS, or 60 mi/h. The density is computed with 
Equation 14-5: 

D = 1,400 = 23.2 pc/mi/ln 
60 

From Exhibit 14-4, this is LOS C. 

Step 3: Find Additional Volume Under LOS C 

From Exhibit 14-5, the maximum service flow rate for LOS C on a 60-mi/h 
multilane highway is 1,550 pc/h/ln. The existing demand flow rate is 1,400 
pc/h/ln. The additional demand flow possible while LOS C is maintained is 1,550 
- 1,400 = 150 pc/h/ln. Since there are three lanes in each direction, the demand 
flow rate can increase by 3 x 150 = 450 pc/h without slipping into LOS D. 

Discussion 

This example problem illustrates how the methodology can be adapted to 
different uses, in this case, evaluating the impact of a proposed improvement to a 
multilane highway. The LOS improves from D to C, and an additional peak-hour 
demand flow rate of 450 pc/h can be accommodated by the improved highway 
while LOS C is maintained. 

EXAMPLE PROBLEM 5: FUTURE CROSS SECTION REQUIRED TO 
PROVIDE TARGET LOS 

A new suburban multilane highway is being planned. The opening-day 
forecast AADT is 42,000 vehicles per day. How many lanes will be needed to 
provide for LOS C during the peak hour on opening day? 

The Facts 

Since this is a planning application, many details cannot be based on current 
information. As a result, some of the "facts" are forecasts, and default values 
based on regional data are used to complete the list of facts needed for the 
analysis. 
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• Demand = 42,000 vehlday; 

• K = 0.10; D = 0.60; 

• Traffic composition: 10% trucks, no RVs; 

• Rolling terrain; 

• Base FFS = 55 mi/h; 

• Lane width: 12 ft; roadside lateral clearance: 6 ft; 

• Undivided highway; 

• Access-point density = 6 access pOints/mi; 

• PHF = 0.90; and 

• Commuter traffic. 

Comments 

The demand volume, given as an AADT, must be converted to a DDHV. 
Once this is done, the example becomes a design application to determine the 
number of lanes needed to deliver LOS C. 

Step 1: Input Data 

All input data for this problem are specified in the problem statement. 

Step 2: Compute FFS 

The FFS is computed by using Equation 14-1. The BFFS is given. Lane widths 
and lateral clearances conform to base conditions, and no adjustments will be 
necessary. Then 

where 

BFFS 55 mi/h (given); 

/Lw = 0.0 mi/h (Exhibit 14-8, with 12-ft lanes); 

!r.c = 0.0 mi/h (Exhibit 14-9, with 6-ft clearances); 

fM 1.6 mi/h (Exhibit 14-10, undivided); 

fA 1.5 mi/h (Exhibit 14-11, with 6 access points/mi, interpolated); 

and 

FFS = 55.0 - 0.0 - 0.0 -1.6 -1.5 = 51.9 mi/h 

Step 3: Select FFS Curve 

On the basis of criteria given in the methodology section, the 50-mi/h FFS 
curve will be used for this solution. 

Step 4: Determine Number of lanes Needed to Provide lOS C 

The number of lanes needed to deliver LOS C on opening day is estimated 
with Equation 14-8: 
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V 
N=--------

MSFi xPHFxfHV xfp 

The demand volume must be converted to an hourly basis by using Equation 
14-9: 

v = DDHV = AADT x K x D 

V = DDHV = 42,000 x 0.10 x 0.60 = 2,520 veh/h 

The value of MSF is selected from Exhibit 14-17 for a 50-mi/h highway and 
LOS C: 1,300 pc/h. The heavy-vehicle adjustment factor /Hl1 is computed by using 
Equation 14-4 with a PCE of 2.5 selected from Exhibit 14-12 for trucks in rolling 
terrain: 

1 
fHV = 1+0.10(2.5-1) 

0.870 

Because the demand volume is composed primarily of commuters, the 
adjustment factor for driver population /p is 1.00. The PHF was given as 0.90. 
Then 

N = 2,520 = 2.48 lanes 
1,300 x 0.90 x 0.87 x 1.00 

This result implies that a six-lane cross section will have to be provided. 
Because this cross section is more than the minimum computed, the actual 
demand flow rate under base conditions should be computed by using Equation 
14-3: 

2,520 1 3 I '/In V = = ,07 pc ml 
p 0.90 x 3 x 0.87 x 1.00 

Step 5: Estimate Speed and Density 

From the equations of Exhibit 14-3, the expected speed for the demand flow 
rate is the FFS of 50 mi/h. The density can now be computed with Equation 14-5: 

D = 1,073 = 21.5 pc/mi/ln 
50 

Step 6: Determine lOS 

From Exhibit 14-4, the six-lane multilane highway will be expected to 
operate at LOS C, which was the design objective. 

Discussion 

In this case, the target LOS has been achieved with the six-lane cross section. 
The highway will, however, operate in the better portion of LOS C instead of at 
the boundary. 
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Some of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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1. INTRODUCTION 

Two-lane highways have one lane for the use of traffic in each direction. The 
principal characteristic that separates motor vehicle traffic on two~lane highways 
from other uninterrupted-flow facilities is that passing maneuvers take place in 
the opposing lane of traffic. Passing maneuvers are limited by the availability of 
gaps in the opposing traffic stream and by the availability of sufficient sight 
distance for a driver to discern the approach of an opposing vehicle safely. As 
demand flows and geometric restrictions increase, opportunities to pass 
decrease. This creates platoons within the traffic stream, with trailing vehicles 
subject to additional delay because of the inability to pass the lead vehicles. 

Because passing capacity decreases as passing demand increases, two-lane 
highways exhibit a unique characteristic: operating quality often decreases 
precipitously as demand flow increases, and operations can become 
"unacceptable" at relatively low volume-to-capacity ratios. For this reason, few 
two-lane highways ever operate at flow rates approaching capacity; in most 
cases, poor operating quality has led to improvements or reconstruction long 
before capacity demand is reached. 

The quality of service for bicycles is primarily affected by the speed and 
volume of adjacent traffic flows and by the degree of separation between 
bicyclist and motor vehicle traffic allowed by the roadway geometry. 

Chapter 15, Two-Lane Highways, presents methodologies for the analysis, 
design, and planning of two-lane highway facilities operating under 
uninterrupted flow, for both automobiles and bicycles. Uninterrupted flow exists 
when there are no traffic control devices that interrupt traffic and where no 
platoons are formed by upstream signals. In general, any segment that is 2.0 to 
3.0 mi from the nearest signalized intersection would fit into this category. 
Where signalized intersections are less than 2.0 mi apart, the facility should be 
classified as an urban street and analyzed with the methodologies of Chapter 16, 
Urban Street Facilities, and Chapter 17, Urban Street Segments, which are located 
in Volume 3. It is assumed that no passing in the opposing lane occurs on urban 
streets. 

Chapter 15 also includes a methodology for predicting the effect of passing 
and truck climbing lanes on two-lane highways. 

CHARACTERISTICS OF TWO-LANE HIGHWAYS 

Functions of Two-Lane Highways in Highway Systems 

Two-lane highways are a key element in the highway systems of most states 
and counties. They are located in many different geographical areas and serve a 
wide variety of traffic functions. Two-lane highways also serve a number of 
bicycle trips, particularly recreational trips. Any consideration of operating 
quality criteria must account for these disparate functions. 
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The functions of two-lane 
highways include efficient 
mobifi~ accessibili~ scenic 
and recreational enjoyment, 
and service to small towns and 
communities. 

Introduction 

Efficient mobility is the plincipal function of major two-lane highways that 
connect major trip generators or that serve as primary links in state and national 
highway networks. These routes tend to serve long-distance commercial and 
recreational travelers, and long sections may pass through rural areas without 
traffic control interruptions. Consistent high-speed operations and infrequent 
passing delays are desirable for these types of facilities. 

Other paved, two-lane rural highways primarily provide accessibility to 
remote or sparsely populated areas. Such highways provide reliable all-weather 
access and often serve low traffic demands. Cost-effective access is a primary 
concern. Although high speed is beneficial, it is not the principal objective. Delay, 
as indicated by the formation of platoons, is a more relevant measure of service 
quality. 

Two-lane roads also serve scenic and recreational areas in which the vista and 
environment are meant to be experienced and enjoyed without traffic 
interruption or delay. High-speed operation is neither expected nor desired. 
Passing delays, however, significantly distract from the scenic enjoyment of trips 
and should be minimized whenever possible. 

Two-lane roads may also pass through and serve small towns and 
communities. Such areas have higher-density development than would normally 
be expected along a rural highway, and speed limits in these areas are often 
lower. In these cases, drivers expect to be able to maintain speeds close to the 
posted limit. Since two-lane highway segments serving such developed areas are 
usually of limited length, passing delays are not a significant issue. 

Two-lane highways serve a wide range of functions and serve a variety of 
rural areas, as well as more developed areas. Therefore, this chapter's 
methodology and level of service (LOS) criteria provide flexibility to encompass 
the resulting range of driver expectations. 

Classification of Two-lane Highways 

Because of the wide range of functions served by two-lane highways, the 
automobile methodology establishes three classes of highways. 

The first two classes address rural twa-lane highways. The methodology for 
them was developed as part of National Cooperative Highway Research 
Program (NCHRP) Project 3-55(3) in 1999 (1) and revised as part of NCHRP 
Project 20-7(160) in 2003 (2). 

The third class addresses two-lane highways in developed areas. The analysis 
approach for these highways is a modification of the rural highway method 
noted previously and was developed by the Florida Department of 
Transportation (FOOT) (3). This modification has not been subjected to a national 
calibration study and is based on the procedure developed and adopted by 
FOOT. It is presented here as an alternative procedure, since it is based entirely 
on information collected in Florida. For clarity, however, the material is 
integrated into the overall presentation and is not discussed separately as an 
alternative procedure. 
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The three classes of two-lane highways are defined as follows: 

• Class I two-lane highways are highways where motorists expect to travel at 
relatively high speeds. Two-lane highways that are major intercity routes, 
primary connectors of major traffic generators, daily commuter routes, or 
major links in state or national highway networks are generally assigned 
to Class I. These facilities serve mostly long-distance trips or provide the 
connections between facilities that serve long-distance h·ips. 

• Class II two-lane highways are highways where motorists do not necessarily 
expect to travel at high speeds. Two-lane highways functioning as access 
routes to Class I facilities, serving as scenic or recreational routes (and not 
as primary arterials), or passing through rugged terrain (where high
speed operation would be impossible) are assigned to Class II. Class II 
facilities most often serve relatively short trips, the beginning or ending 
portions of longer trips, or trips for which sightseeing plays a significant 
role. 

• Class III two-lane highways are highways serving moderately developed 
areas. They may be portions of a Class I or Class II highway that pass 
through small towns or developed recreational areas. On such segments, 
local traffic often mixes with through traffic, and the density of 
unsignalized roadside access points is noticeably higher than in a purely 
rural area. Class III highways may also be longer segments passing 
through more spread-out recreational areas, also with increased roadside 
densities. Such segments are often accompanied by reduced speed limits 
that reflect the higher activity level. 

Exhibit 15-1 shows examples of the three classes of two-lane highway. 

The definition of two-lane highway classes is based on their function. Most 
arterials or trunk roads are considered to be Class I highways, while most 
collectors and local roads are considered to be Class II or Class III highways. The 
primary determinant of a facility's classification is the motorist's expectation, 
which might not agree with the overall functional category of the route. For 
example, a major intercity route passing through a rugged mountainous area 
might be described as Class II if drivers recognize that high-speed operation is 
not feasible due to the terrain, but the route could still be considered to be in 
Class I. 

Even Class III highways incorporate only uninterrupted-flow segments of 
two-lane highways. Occasional signalized or unsignalized intersections on any 
two-lane highway must be separately analyzed with the appropriate Highway 
Capacity Manual (HCM) methodologies in Chapter 18, Signalized Intersections, 
Chapter 20, All-Way STOP-Controlled Intersections, or Chapter 21, Roundabouts. 
The results must be carefully considered in conjunction with those of 
uninterrupted-flow portions of the facility to obtain a complete picture of 
probable operations. 
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Exhibit 15-1 
Two-Lane Highway 

Classification Illustrated 

Introduction 

(a) Examples of Class I Two-Lane Highways 

(b) Examples of Class II Two-Lane Highways 

(c) Examples of Class III Two-Lane Highways 

Base Conditions 

The base conditions for two-lane highways are the absence of restrictive 
geometric, traffic, or environmental factors. Base conditions are not the same as 
typical or default conditions, both of which may reflect common restrictions. 
Base conditions are closer to what may be considered as ideal conditions (i.e., the 
best conditions that can be expected given normal design and operational 
practice). The methodology of this chapter accounts for the effects of geometric, 
traffic, and environmental factors that are more restrictive than the base 
conditions. The base conditions for two-lane highways are as follows: 

• Lane widths greater than or equal to 12 ft, 

• Clear shoulders wider than or equal to 6 ft, 

• No no-passing zones, 

• All passenger cars in the traffic stream, 
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• Level terrain, and 

• No impediments to through traffic (e.g., traffic signals, turning vehicles). 

Traffic can operate ideally only if lanes and shoulders are wide enough not 
to constrain speeds. Lanes narrower than 12 ft and shoulders narrower than 6 ft 
have been shown to reduce speeds, and they may increase percent time-spent
fan owing (PTSF) as well. 

The length and frequency of no-passing zones are a result of the roadway 
alignment. No-passing zones may be marked by barrier centerlines in one or 
both directions, but any segment with a passing sight distance of less than 1,000 
ft should also be considered to be a no-passing zone. 

On a two-lane highway, passing in the opposing lane of flow may be 
necessary. It is the only way to fill gaps forming in front of slow-moving vehicles 
in the traffic stream. Restrictions on the ability to pass significantly increase the 
rate at which platoons form in the traffic stream, since motorists are unable to 
pass slower vehicles in front of them. 

Basic Relationships 

Exhibit 15-2 shows the relationships among flow rate, average travel speed 
(ATS), and PTSF for an extended directional segment of two-lane highway under 
base conditions. While the two directions of flow interact on a two-lane highway 
(because of passing maneuvers), the methodology of this chapter C!l1alyzes each 
direction separately. . 

Exhibit 15-2(b) illustrates a critical characteristic that affects two-lane 
highways. Low directional volumes create high values of PTSF. With only 800 
pc/h, PTSF ranges from 60% (with 200 pc/h opposing flow) to almost 80% (with 
1,600 pc/h opposing flow). 

In multilane uninterrupted flow, typically acceptable speeds can be 
maintained at relatively high proportions of capacity. On two-lane highways, 
service quality (as measured by PTSF) begins to deteriorate at relatively low 
demand flows. 

CAPACITY AND lOS 

Capacity 

The capacity of a two-lane highway under base conditions is 1,700 pc/h in 
one direction, with a limit of 3,200 pc/h for the total of the two directions. 
Because of the interactions between directional flows, when a capacity of 1,700 
pc/h is reached in one direction, the maximum opposing flow would be limited 
to 1,500 pc/h. 

Capacity conditions, however, are rarely observed-except in short 
segments. Because service quality deteriorates at relatively low demand flow 
rates, most two-lane highways are upgraded before demand approaches 
capacity. 
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Exhibit 15-2 
Speed-Flow and PTSF 

Relationships for Directional 
Segments with Base 

Conditions 

Capacity is important for 
evacuation and special event 
planning. 
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However, estimation of capacity conditions is important for evacuation 
planning, special event planning, and evaluation of the downstream impacts of 
incident bottlenecks once cleared. 

Two-way flow rates as high as 3,400 pc/h can be observed for short segments 
fed by high demands from multiple or multilane facilities. This may occur at 
tunnels or bridges, for example, but such flow rates cannot be expected over 
extended segments. 

Capacity is not defined for bicycles on two-lane highways because of lack of 
data. Bicycle volumes approaching capacity do not often occur on two-lane 
highways except during special bicycle events, and little information is available 
on which to base a definition, 
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levels of Service 

Automobile Mode 

Because of the wide range of situations in which two-lane highways are 
found, three measures of effectiveness are incorporated into the methodology of 
this chapter to determine automobile LOS. 

1. ATS reflects mobility on a two-lane highway. It is defined as the highway 
segment length divided by the average travel time taken by vehicles to 
traverse it during a designated time interval. 

2. PTSF represents the freedom to maneuver and the comfort and 
convenience of travel. It is the average percentage of time that vehicles 
must travel in platoons behind slower vehicles due to the inability to pass. 
Because this characteristic is difficult to measure in the field, a surrogate 
measure is the percentage of vehicles traveling at headways of less than 
3.0 s at a representative location within the highway segment. PTSF also 
represents the approximate percentage of vehicles traveling in platoons. 

3. Percent oj free-flow speed (PFFS) represents the ability of vehicles to travel 
at or near the posted speed limit. 

On Class I two-lane highways, speed and delay due to passing restrictions 
are both important to motorists. Therefore, on these highways, LOS is defined in 
terms of both ATS and PTSF. On Class II highways, travel speed is not a 
significant issue to drivers. Therefore, on these highways, LOS is defined in 
terms of PTSF only. On Class III highways, high speeds are not expected. 
Because the length of Oass III segments is generally limited, passing restrictions 
are also not a major concern. In these cases, drivers would like to make steady 
progress at or near the speed limit. Therefore, on these highways, PFFS is used to 
define LOS. The LOS criteria for two-lane highways are shown in Exhibit 15-3. 

Class II Class III 
Class I Highways Highwa~ HighwilIU 

lOS ATS (mi/h) PTSF (%) PTSF (%) PFfS (%) 

A >55 :535 :540 >91.7 
B >50-55 >35-50 >40-55 >83.3-91.7 
C >45-50 >50-65 >55-70 >75.0-83.3 
D >40-45 >65-80 >70-85 >66.7-75.0 
E :540 >80 >85 :566.7 

Because driver expectations and operating characteristics on the three 
categories of two-lane highways are quite different, it is difficult to provide a 
single definition of operating conditions at each LOS. 

Two characteristics, however, have a significant impact 'on actual operations 
and driver perceptions of service: 

e Passing capacity: Since passing maneuvers on two-lane highways are made 
in the opposing direction of flow, the ability to pass is limited by the 
opposing flow rate and by the distribution of gaps in the opposing flow. 

e Passing demand: As platooning and PTSF increase in a given direction, the 
demand for passing maneuvers increases. As more drivers are caught in a 

Chapter 15/Two-Lane Highways 
December 2010 

Page 15-7 

Exhibit 15-3 
Automobile LOS for Two-Lane 
Highways 

Introduction 

AR0073721 



Highway Capacity Manual 20 10 

Bicycfe LOS is based on a 
traveler-perception model. 

Introduction 

platoon behind a slow-moving vehicle, they will desire to make more 
passing maneuvers. 

Both passing capacity and passing demand are related to flow rates. If flow in 
both directions increases, a difficult trend is established: as passing demand 
increases, passing capacity decreases. 

At LOS A, motorists experience high operating speeds on Class I highways 
and little difficulty in passing. Platoons of three or more vehicles are rare. On 
Class II highways, speed would be controlled primarily by roadway conditions. 
A small amount of platooning would be expected. On Class III highways, drivers 
should be able to maintain operating speeds close or equal to the free-flow speed 
(FFS) of the facility. 

At LOS B, passing demand and passing capacity are balanced. On both Class 
I and Class II highways, the degree of platooning becomes noticeable. Some 
speed reductions are present on Class I highways. On Class III highways, it 
becomes difficult to maintain FFS operation, but the speed reduction is still 
relatively small. 

At LOS C, most vehicles are traveling in platoons. Speeds are noticeably 
curtailed on aU three classes of highway. 

At LOS D, platooning increases significantly. Passing demand is high on 
both Class I and II facilities, but passing capacity approaches zero. A high 
percentage vehicles are now traveling in platoons, and PTSF is quite noticeable. 
On Class III highways, the fall-off from FFS is now significant. 

At LOS E, demand is approaching capacity. Passing on Class I and II 
highways is virtually impossible, and PTSF is more than 80%. Speeds are 
seriously curtailed. On Class III highways, speed is less than two-thirds the FFS. 
The lower limit of this LOS represents capacity. 

LOS F exists whenever demand flow in one or both directions exceeds the 
capacity of the segment. Operating conditions are unstable, and heavy 
congestion exists on all classes of two-lane highway. 

Bicycle Mode 

Bicycle levels of service for two-lane highway segments are based on a 
bicycle LOS (BLOS) score, which is in turn based on a traveler-perception model. 
This score is based, in order of importance, on five variables: 

• Average effective width of the outside through lane, 

• Motorized vehicle volumes, 

• Motorized vehicle speeds, 

• Heavy vehicle (truck) volumes, and 

• Pavement condition. 

The LOS ranges for bicycles on two-lane highways are given in Exhibit 15-4. 
The same LOS score is used for multilane highways, as described in Chapter 14. 
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LOS 
A 
B 
C 
D 
E 
F 

BLOSScore 
:51.5 

>1.5-2.5 
>2.5-3.5 
>3.5-4.5 
>4.5-5.5 

>5.5 

REQUIRED INPUT DATA AND DEFAULT VALUES 

Exhibit 15-5 lists the information necessary to apply the methodology. It also 
contains suggested default values for use when segment-specific information is 
not available. The user is cautioned, however, that every use of a default value 
instead of a field-measured, segment-specific variable makes the analysis results 
more approximate and less related to the specific conditions that describe the 
study site. Defaults should be used only when field measurements cannot be 
collected. 

Required Data 

Highway class 
Lane width 
Shoulder width 
Access-point density (one side) 
Terrain 
Percent no-passing zoneB 

Speed limit 
Base design speed 
Length of passing lane (if present) 
Pavement condition 

Hourly automobile volume 
Length of analysis period 
Peak hour factor 
Directional split 
Heavy vehicle percentageb 

Percent occupied on-highway 
parking 

Recommended Default Value 
Geometric Data 

Must select as appropriate 
12 ft 
6ft 
Classes I and II: 8/mi, Class III: 16/mi 
Level or rolling 
Level: 20%, rolling: 40%, more extreme: 80% 
Speed limit 
Speed limit + 10 mi/h 
Must be site-specific 
4 on FHWA 5-point rating scale (good) 

Demand Data 
Must be site-specific 
15 min (0.25 h) 
0.88 
60/40 
6% trucks 
0% 

Notes: • Percent no-passing zone may be different in each direction. 
b See Chapter 26 in Volume 4 for state-specific default heavy vehicle percentages. 

Relevant 
Modes 

Auto 
Auto, bicycle 
Auto, bicycle 
Auto 
Auto 
Auto 
Bicycle 
Auto 
Auto 
Bicycle 

Auto, bicycle 
Auto, bicycle 
Auto, bicycle 
Auto, bicycle 
Auto, bicycle 
Bicycle 

The use of some default values is less problematic than others. Lane and 
shoulder widths of 12 and 6 ft, respectively, are common, particularly on Class I 
highways. However, these variables have large impacts on bicycle LOS, 
increasing the importance of segment-specific data. A general assessment of 
terrain is usually straightforward and requires only general knowledge of the 
area through which the highway is built. Access-point densities are more 
difficult and tend to vary widely on a site-by-site basis. Estimating the percent 
no-passing zones on the basis of a generalized assessment of terrain is also 
challenging, since the details of vertical and horizontal alignment can have a 
significant impact on this factor. 

FFS is best measured at the site or at a similar site. While adjustments to a 
base free-How speed (BFFS) are provided as part of the methodology, no firm 
guidance on determining the BFFS is given. The default suggestions of Exhibit 
15-5 are highly approximate. 
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In terms of demand data, the length of the analysis period is a recommended 
HCM standard of 15 min (although longer periods can be examined). The peak 
hour factor (PHF) is typical but could vary significantly on tl,e basis of localized 
trip generation characteristics. The directional split is best observed directly, 
since it can vary widely over time, even at the same location. The recommended 
default for heavy vehicle presence is also highly approximate. This factor varies 
widely with local conditions; Chapter 26, Freeway and Highway Segments: 
Supplemental, provides state-specific default values (4). 

As is the case with all default values, these values should be used with care, 
and only when site-specific data cannot be acquired by any reasonable means. 

DEMAND VOLUMES AND FLOW RATES 

Demand volumes are generally stated in vehicles per hour under prevailing 
conditions. They are converted in the methodology to demand flow rates in 
passenger cars per hour under base conditions. The PHF, in particular, is used to 
convert hourly volumes to flow rates. 

If demand volumes are measured in 15-min increments, use of the PHF to 
convert to flow rates is unnecessary. The worst 15-min period is selected, and 
flow rates are the 15-min volumes multiplied by 4. When this is done, the PHF is 
set at 1.00 for the rest of the application. 

In measuring demand volumes or flow rates, flow may be restricted by 
upstream bottlenecks or even signals that are more than 2 mi away from the 
study site (if they are doser, this methodology is not applicable). Downstream 
congestion may also affect flows in a study segment. Insofar as is possible, 
demand volumes and flow rates should reflect the situation that would exist 
with no upstream or downstream limiting factors. 
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2. METHODOLOGY 

This section presents the details of the methodology for two-lane highways 
and documents its use in planning and operational analysis applications. 

SCOPE OF THE METHODOLOGY 

This chapter presents an operational analysis methodology for directional 
segments of two-lane highways for automobiles and bicyclists. Both directions 
may be analyzed separately on the facility or segment to obtain a full estimate of 
operating conditions. 

This chapter's automobile methodology addresses the analysis of 

• Directional segments in general terrain (level or rolling), 

• Directional segments on specific grades, and 

• Directional segments including passing and truck climbing lanes. 

All segments in mountainous terrain, and all grades of 3% or more that cover 
a length of 0.6 mi or more, must be analyzed as specific grades. 

The methodology is most directly used to determine the LOS on a uniform 
directional segment of two-lane highway by estimating the measures of 
effectiveness that define LOS (ATS, PTSF, PFFS). Such an analysis can also be 
used to determine the capacity of the directional segment or the service flow rate 
that can be accommodated at any given LOS. 

This chapter includes an appendix that addresses specialized treatments for 
two-lane highways that cannot be evaluated with the basic methodology. Special 
procedures are also provided to determine the impact of passing lanes or truck 
climbing lanes in two-lane highway segments. 

LIMITATIONS OF THE METHODOLOGY 

The operational analysis methodologies in this chapter do not address two
lane highways with signalized intersections. Isolated Signalized intersections on 
two-lane highways may be evaluated with the methodology of Chapter 18, 
Signalized Intersections. Two-lane highways in urban and suburban areas with 
multiple signalized intersections 2 mi or less apart should be analyzed as urban 
streets or arterials with the methodology of Chapter 17, Urban Street Segments. 

The bicycle methodology was developed with data collected on urban and 
suburban streets, including facilities that would be defined as suburban two-lane 
highways. Although the methodology has been successfully applied to rural 
two-lane highways in different parts of the United States, users should be aware 
that conditions on many rural two-lane highways will be outside the range of 
values used to develop the bicycle LOS model. The ranges of values used in the 
development of the bicycle LOS model (5) are shown below: 

• Width of the outside through lane: 10 to 16 ft; 

• Shoulder width: 0 to 6 ft; 
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Methodology 

• Motorized vehicle volumes: up to 36,000 annual average daily traffic 
(AADT); 

• Posted speed: 45 to 50 mi/h; 

• Heavy vehicle percentage: 0% to 2%; and 

• Pavement condition: 1 to 5 on the Federal Highway Administration 
(FHW A) 5-point pavement rating scale. 

The bicycle LOS methodology also does not take differences in prevalent 
driver behavior into consideration, although driver behavior may vary 
considerably both regionally and by facility. In particular, the likelihood of 
drivers slowing down or providing additional horizontal clearance while passing 
cyclists plays a significant role in the perceived quality of service of a facility. 

AUTOMOBILE MODE 

Overview 

Exhibit 15-6 illustrates the basic steps in the methodology for two-lane 
highways. Because the three classes of highways use different service measures 
to determine LOS, not all steps are applied to each class of facility. 

Note that the computational step for estimating ATS applies only to Class I 
and Class III highways, while the step for estimating PTSF applies only to Class I 
and Class II highways. The step for estimating PFFS applies only to Class III 
highways. 

Segments for Analysis 

The methodology of this chapter applies to uniform directional segments of 
two-lane highway. While the two directions of flow interact through passing 
maneuvers (and limitations on passing maneuvers), each direction must be 
analyzed separately. 

Uniform segments have the same or similar traffic and roadway conditions. 
Segment boundaries should be established at points where a change occurs in 
any of the following: terrain, lane widths or shoulder width, facility 
classification, or demand flow rate. 
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Step 1: Input Data 
(£ometric data 
Demand volume 
Highway class (r, II, or III) 
Field-measured speed (SFM)' or 
Base free-flow speed (BFFS) 

Class I Class II ! Class III 

Step 2: Estimate Free-Flow Speed 
Field-measured speed adjustments: flow rate, heavy vehicles (Equations 15-1 and 1~-4), or 
BFFS adjustments: lane and shoulder width, access-point density (Equation 15-2, Exhibits 15-7 and 15-8) 

! 
Step 3: Demand Adjustment for Step 3: Demand Adjustment for 
Average Travel Speed (ATS) Average Travel Speed (ATS) 
(Equations 15-3 to 15-5) (Equations 15-3 to 15-5) 
Peak hour factor Peak hour factor 
Heavy vehicle adjustment Heavy vehicle adjustment 

General terrain (Exhibit 15-11) General terrain (Exhibit 15-11) 
Specific grade (Exhibits 15-12 to 15-14) Specific grade (Exhibits 15-12 to 15-14) 

Grade adjustment Grade adjustment 
(£neral terrain (Exhibit 15-9) General terrain (Exhibit 15-9) 
SpeCific grade (Exhibit 15-10) Specific grade (Exhibit 15-10) 

Step 4: Estimate ATS Step 4: Estimate ATS 
(Equation 15-6) (Equation 15-6) 
No-passing-zone adjustment (Exhibit 15-15) No-passing-zone adjustment (Exhibit 15-15) 

! 
Step S: Demand Adjustment for Step S: Demand Adjustment for 
Percent Time-Spent-Following (PTSF) Percent Time-Spent-Following (PTSF) 
(Equations 15-7 and 15-8) (Equations 15-7 and 15-8) 
Peak hour factor Peak hour factor 
Heavy vehicle adjustment Heavy vehicle adjustment 

General terrain (Exhibit 15-18) General terrain (Exhibit 15-18) 
SpeCific grade (Exhibit 15-19) SpeCific grade (Exhibit 15-19) 

Grade adjustment Grade adjustment 
General terrain (Exhibit 15-16) General terrain (Exhibit 15-16) 
Specific grade (Exhibit 15-17) SpeCific grade (Exhibit 15-17) 

! 
Step 6: Estimate PTSF Step 6: Estimate PTSF 
(Equations 15-9 and 15-10, Exhibit 15-20) (Equations 15-9 and 15-10, Exhibit 15-20) 
No-passing-zone adjustment (Exhibit 15-21) No-passing-zone adjustment (Exhibit 15-21) 

Step 7: Estimate Percent of 
Free-Flow Speed (PFFS) 
(Equation 15-11) 

Step 8: Determine level of Service and Capacity 
(Exhibit 15-3) 

Computational Steps 

Step 1: Input Data 
Exhibit 15-5 lists the information that must be available before a two-lane 

highway segment can be analyzed. The exhibit also lists default values suggested 
for use when site-specific data are not available. 
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Flowchart of the Two-Lane 
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Equation 15-1 

FFS on two-lane highways 
ranges from 45 mi/h to as high 
as 70 mi/h. BFFS reflects 
alignment of the facility and 
the nature of trame. 

Methodology 

Step 2: Estimate the FFS 

A key step in the analysis of a two-lane highway is the determination of the 
FFS for the segment. There are three ways to estimate FFS. 

Direct ReId Measurement 

Direct field measurement on the subject highway segment is preferred. 
Measurements should be taken only in the direction under analysis; if both 
directions are to be analyzed, then separate measurements in each direction are 
made. Each directional measurement should be based on a random sample of at 
least 100 vehicle speeds. The FFS can be directly measured as the mean speed 
under low-demand conditions (Le., the two-way flow rate is less than or equal to 
200 veh/h). 

If the analysis segment cannot be directly observed, then measurements from 
a similar facility (same highway class, same speed limit, similar environment, 
etc.) may be used. 

Field Measurements at Higher Flow Rates 

For some highways, it may be difficult or impossible to observe total flow 
rates less than 200 veh/h. In such cases, a speed sample may be taken at higher 
flow rates and adjusted accordingly. The same sampling approach is taken: each 
direction is separately observed, with each directional sample including at least 
100 observed speeds. The measured mean speed is then adjusted with Equation 
15-1: 

where 

FF5 = 5FM + 0.00776 ( V J 
fHV,ATS 

FFS free-flow speed (mi/h); 

SFM mean speed of sample (v> 200 veh/h) (rni/h); 

v = total demand flow rate, both directions, during period of speed 
measurements (veh/h); and 

heavy vehicle adjustment factor for ATS, from Equation 15-4 or 
Equation 15-5. 

Estimating FFS 

The FFS can be estimated indirectly if field data are not available. This is a 
greater challenge on two-lane highways than on other types of uninterrupted
flow facilities. FFS on two-lane highways covers a significant range, from as low 
as 45 mi/h to as high as 70 mi/h. To estimate the FFS, the analyst must 
characterize the operating conditions of the facility in terms of a BFFS that 
reflects the nature of the traffic and the alignment of the facility. Unforhmately, 
because of the broad range of speeds that occur and the importance of local and 
regional factors that influence driver-desired speeds, little guidance on 
estimating the BFFS can be given. 
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( 
Estimates of BFFS can be developed on the basis of speed data and local 

knowledge of operating conditions on similar facilities. As will be seen, once the 
BFFS is determined, adjustments for lane and shoulder widths and for the 
density of unsignalized access points are applied to estimate the FFS. In concept, 
the BFFS is the speed that would be expected on the basis of the facility's 
horizontal and vertical alignment; if standard lane and shoulder widths were 
present and there were no roadside access points. Thus, the design speed of the 
facility might be an acceptable estimator of BFFS, since it is based primarily on 
horizontal and vertical alignment. Posted speed limits may not reflect current 
conditions or driver desires. A rough estimate of BFFS might be taken as the 
posted speed limit plus 10 mi/h. 

Once a BFFS is determined, the actual FFS may be estimated as follows: 

where 

FFS 

BFFS 

As 
fA 

FFS = BFFS - fLs - fA 

free-flow speed (mi/h), 

base free-flow speed (mi/h), 

adjustment for lane and shoulder width (mi/h), and 

adjustment for access-point density (mi/h). 

When field measurements are used to estimate FFS, standard approaches 
and sampling techniques should be applied. Guidance on field speed studies is 
provided in standard traffic engineering texts and elsewhere (3). 

( Adjustment factors for use in Equation 15-2 are found in Exhibit 15-7 (lane 

( 

and shoulder width) and Exhibit 15-8 (access-point density). 

lane Width Shoulder Width (ftl 
(ft) <':0 <2 <':2 <4 

:?:9 <10 6.4 4.8 
<':10 <11 5.3 3.7 

:?: 11 <12 4.7 3.0 
:?:12 4.2 2.6 

Access Points per Mile (Two Directions) 
o 

10 
20 
30 
40 

Note: Interpolation to the nearest 0.1 is recommended. 

:?:4 <6 

3.5 
2.4 
1.7 
1.3 

Reduction in FFS (mi/h) 
0.0 
2.5 
5.0 
7.5 

10.0 

:?:6 
2.2 
1.1 
0.4 
0.0 

The access-point density is computed by dividing the total number of 
unsignalized intersections and driveways on both sides of the roadway segment 
by the length of the segment (in miles). Thus, in analyzing the two directions of 
the highway and estimating the FFS, the FFS will be the same in both directions. 
If the FFS is measured in the field, the value could be different in each direction. 

If a highway contains sharp horizontal curves with design speeds 
substantially below those of the rest of the segment, it may be desirable to 
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Equation 15-2 

Exhibit 15-7 
Adjustment Factor for lane and 
Shoulder Width (flS) 

Exhibit 15-8 
Adjustment Factor for 
Access-Point Density CIA) 

Methodology 
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Equation 15-3 

Methodology 

determine the FFS separately for curves and tangents and to compute a 
weighted-average FFS for the segment as a whole. 

The data for FFS relationships in this chapter include both commuter and 
noncommuter traffic. There were no significant differences between the two. 
However, it is expected that commuters and other regular users will use a facility 
more efficiently than recreational and other occasional users. If the effect of 
driver population is a concern, the FFS should be measured in the field. 

Step 3: Demand Adjustment for A TS 

This computational step is applied only in cases of Class I and Class III two
lane highways. LOS on Class n highways is not based on ATS, and therefore this 
step is skipped for those highways. 

Demand volumes in both directions (analysis direction and opposing 
direction) must be converted to flow rates under equivalent base conditions with 
Equation 15-3: 

v. 
V. AI'S = I 

1," PHF X jg,ATS X f HV ,ATS 

where 

V;,ATS demand flow rate i for ATS estimation (pc/h); 

"d" (analysis direction) or "0" (opposing direction); 

demand volume for direction i (veh/h); Vi 

h,ATS 

!HV,ATS 

grade adjustment factor, from Exhibit 15-9 or Exhibit 15-10; and 

heavy vehicle adjustment factor, from Equation 15-4 or Equation 15-5. 

PHF 

The PHF represents the variation in traffic flow within the hour. Two-lane 
highway analysis is based on the demand flow rates for a peak 15-min period 
within the analysis hour-usually (but not necessarily) the peak hour. If flow 
rates for the peak 15 min have been directly measured, the PHF used in Equation 
15-3 is set equal to 1.00, 

A TS Grade Adjustment Factor 

The grade adjustment factor h,ATs depends on the terrain. Factors are defined 
for 

• Extended segments (22 mi) of level terrain, 

• Extended segments (22 mi) of rolling terrain, 

• Specific upgrades, and 

• Specific downgrades. 

Any grade of 3% or steeper and 0.6 mi or longer must be analyzed as a 
specific upgrade or downgrade, depending on the analysis direction being 
considered. However, a grade of 3% or more may be analyzed as a specific grade 
if it is 0.25 mi or longer. 
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Exhibit 15-9 shows grade adjustment factors for extended segments of level 
and rolling terrain,. as well as for specific downgrades. Exhibit 15-9 is entered 
with the one-direction demand flow rate vvph' in vehicles per hour. 

One-Direction 
Demand Flow Rate, Vvph 

veh/h 
~100 

200 
300 
400 
500 
600 
700 
800 

2:900 
Note: Interpolation to the nearest 0.01 is recommended. 

Rollin Terrain 
0.67 
0.75 
0.83 
0.90 
0.95 
0.97 
0.98 
0.99 
1.00 

If demand is expressed as an hourly volume, it must be divided by the PHF 
(vvph = V/PHF) to obtain the appropriate factor. Other adjustment factor tables 
associated with Equation 15-3 are entered with this value as well. 

Note that the adjustment factor for level terrain is 1.00, since level terrain is 
one of the base conditions. For the purposes of grade adjustment, specific 
downgrade segments are treated as level terrain. 

Exhibit 15-10 shows grade adjustment factors for specific upgrades. The 
negative impact of upgrades on two-lane highway speeds increases as both the 
severity of the upgrade and its length increase. The impact, however, declines as 
demand flow rate increases. At higher demand flow rates, lower speeds would 
already result, and the additional impact of the upgrades is less severe. 

A TS Heavy Vehicle Adjustment Factor 

The base conditions for two-lane highways include 100% passenger cars in 
the traffic stream. This is a rare occurrence, and the presence of heavy vehicles in 
the traffic stream reduces the ATS. 

In general, a heavy vehicle is defined as any vehicle (or vehicle-trailer unit) 
with more than four wheels on the ground during normal operation. Heavy 
vehicles are classified as trucks or recreational vehicles (RVs). Trucks cover a 
wide variety of vehicles from small pickup and panel trucks with more than four 
wheels to double and triple tractor-trailer units. Small pickup and panel trucks 
with only four wheels are classified as passenger cars. All school, transit, or 
intercity buses are classified as trucks. The RV classification also covers a wide 
range of vehicles, including motorized campers, motor homes, and cars or small 
trucks that are towing trailers. 
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Exhibit 15-9 
ATS Grade Adjustment Factor 
(fg,ATS) for Level Terrain, Rolling 
Terrain, and SpeCific Downgrades 
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Exhibit 15-10 
ATS Grade Adjustment 

Factor (fg,ATS) for Specific 
Upgrades 

Exhibit 15-11 
ATS Passenger Car 

Equivalents for Trucks (ET) 

and RVs (ER) for Level 
Terrain, Rolling Terrain, and 

Specific Downgrades 

Methodology 

Grade 
Grade length Directional Demand Flow Rat~ vvl1h(vehlhl 
(Ufo) (mi) ~100 200 300 400 500 600 700 800 >900 

0.25 0.78 0.84 0.87 0.91 1.00 1.00 1.00 1.00 1.00 
0.50 0.75 0.83 0.86 0.90 1.00 1.00 1.00 1.00 1.00 
0.75 0.73 0.81 0.85 0.89 1.00 1.00 1.00 1.00 1.00 

:0:3 <3.5 1.00 0.73 0.79 0.83 0.88 1.00 1.00 1.00 1.00 1.00 
1.50 0.73 0.79 0.83 0.87 0.99 0.99 1.00 1.00 1.00 
2.00 0.73 0.79 0.82 0.86 0.98 0.98 0.99 1.00 1.00 
3.00 0.73 0.78 0.82 0.85 0.95 0.96 0.96 0.97 0.98 

:0:4.00 0.73 0.78 0.81 0.85 0.94 0.94 0.95 0.95 0.96 
0.25 0.75 0.83 0.86 0.90 1.00 1.00 1.00 1.00 1.00 
0.50 0.72 0.80 0.84 0.88 1.00 1.00 1.00 1.00 1.00 
0.75 0.67 0.77 0.81 0.86 1.00 1.00 1.00 1.00 1.00 

:0:3.5 <4.5 1.00 0.65 0.73 0.77 0.81 0.94 0.95 0.97 1.00 1.00 
1.50 0.63 0.72 0.76 0.80 0.93 0.95 0.96 1.00 1.00 
2.00 0.62 0.70 0.74 0.79 0.93 0.94 0.96 1.00 1.00 
3.00 0.61 0.69 0.74 0.78 0.92 0.93 0.94 0.98 1.00 

>4.00 0.61 0.69 0.73 0.78 0.91 0.91 0.92 0.96 1.00 
0.25 0.71 0.79 0.83 0.88 1.00 1.00 1.00 1.00 1.00 
0.50 0.60 0.70 0.74 0.79 0.94 0.95 0.97 1.00 1.00 
0.75 0.55 0.65 0.70 0.75 0.91 0.93 0.95 1.00 1.00 

:0:4.5 <5.5 1.00 0.54 0.64 0.69 0.74 0.91 0.93 0.95 1.00 1.00 
1.50 0.52 0.62 0.67 0.72 0.88 0.90 0.93 1.00 1.00 
2.00 0.51 0.61 0.66 0.71 0.87 0.89 0.92 0.99 1.00 
3.00 0.51 0.61 0.65 0.70 0.86 0.88 0.91 0.98 0.99 

>4.00 0.51 0.60 0.65 0.69 0.84 0.86 0.88 0.95 0.97 
0.25 0.57 0.68 0.72 0.77 0.93 0.94 0.96 1.00 1.00 
0.50 0.52 0.62 0.66 0.71 0.87 0.90 0.92 1.00 1.00 
0.75 0.49 0.57 0.62 0.68 0.85 0.88 0.90 1.00 1.00 

:0:5.5 <6.5 1.00 0.46 0.56 0.60 0.65 0.82 0.85 0.88 1.00 1.00 
1.50 0.44 0.54 0.59 0.64 0.81 0.84 0.87 0.98 1.00 
2.00 0.43 0.53 0.58 0.63 0.81 0.83 0.86 0.97 0.99 
3.00 0.41 0.51 0.56 0.61 0.79 0.82 0.85 0.97 0.99 

?-4.00 0.40 0.50 0.55 0.61 0.79 0.82 0.85 0.97 0.99 
0.25 0.54 0.64 0.68 0.73 0.88 0.90 0.92 1.00 1.00 
0.50 0.43 0.53 0.57 0.62 0.79 0.82 0.85 0.98 1.00 
0.75 0.39 0.49 0.54 0.59 0.77 0.80 0.83 0.96 1.00 

:0:6.5 1.00 0.37 0.45 0.50 0.54 0.74 0.77 0.81 0.96 1.00 
1.50 0.35 0.45 0.49 0.54 0.71 0.75 0.79 0.96 1.00 
2.00 0.34 0.44 0.48 0.53 0.71 0.74 0.78 0.94 0.99 
3.00 0.34 0.44 0.48 0.53 0.70 0.73 0.77 0.93 0.98 

:0:4.00 0.33 0.43 0.47 0.52 0.70 0.73 0.77 0.91 0.95 
Note: Straight-line interpolation of fg,A75 for length of grade and demand flow permitted to the nearest 0.01. 

Vehicle Type 

Trucks, ET 

Directional Demand 
Flow Rate, Vvoh (veh/h) 

5100 
200 
300 
400 
500 
600 
700 
800 

>900 
All flows 

Note: Interpolation to the nearest 0.1 is recommended. 
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level Terrain and 
Specific Downgrades 

1.9 
1.5 
1.4 
1.3 
1.2 
1.1 
1.1 
1.1 
1.0 
1.0 

Rollina Terrain 
2.7 
2.3 
2.1 
2.0 
1.8 
1.7 
1.6 
1.4 
1.3 
1.1 
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Determining the heavy vehicle adjustment factor is a two-step process: 

1. Passenger car equivalents are found for trucks (ET) and RVs (El{) under 
prevailing conditions. 

2. A heavy vehicle adjustment factor is computed from the passenger car 
equivalents with Equation 15-4: 

1 
fHV,ATS::::: l+P (E -l)+P (E -J) 

T T R R -

where 

fHv,ATS heavy vehicle adjustment factor for ATS estimation, 

PT = proportion of trucks in the traffic stream (decimal), 

PR = proportion of RVs in the traffic stream (decimal), 

ET = passenger car equivalent for trucks from Exhibit 15-11 or Exhibit 15-12, 
and 

ER = passenger car equivalent for RVs from Exhibit 15-11 or Exhibit 15-13. 

The passenger car equivalent is the number of passenger cars displaced from 
the traffic stream by one truck or RV. Passenger car equivalents are defined for 
several situations: 

• Extended sections of general level or rolling terrain, 

• Specific upgrades, and 

• Specific downgrades. 

Exhibit 15-11 contains passenger car equivalents for trucks and RVs in 
general terrain segments and for specific downgrades, which are treated as level 
terrain in most cases. A special procedure is provided in the next section to 
evaluate specific downgrades on which significant numbers of trucks must 
reduce their speed to crawl speed to maintain control. 

Exhibit 15-12 and Exhibit 15-13 show passenger car equivalents for trucks 
and RVs, respectively, on specific upgrades. 

ATS Passenger Car Equivalents for Specific Downgrades Where Trucks Travel 
at Crawl Speed 

As noted previously, any downgrade of 3% or more and 0.6 mi or longer 
must be analyzed as a specific downgrade. If the slope of the downgrade varies, 
it should be analyzed as a single composite by using an average grade computed 
by dividing the total change in elevation by the total length of grade and 
expressing the result as a percentage. 

Most specific downgrades will be treated as level terrain for analysis 
purposes. Some downgrades, however, are severe enough to force some trucks 
into crawl speed. In such cases, the truck drivers are forced to operate in a low 
gear to apply engine braking, since the normal brake system would not be 
sufficient to slow or stop a heavy vehicle from gaining too much momentum as it 
travels down a sharp downgrade. There are no general guidelines for identifying 
when or where these situations will occur, other than direct observation of heavy 
vehicle operations. 
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Exhibit 15-12 
ATS Passenger Car 

Equivalents for Trucks (Er) 
on Specific Upgrades 

Exhibit 15-13 
ATS Passenger Car 

Equivalents for RVs (ER) on 
Specific Upgrades 

Methodology 

Grade 
Grade Length Directional Demand Flow Rate, vV2ll {vehlh} 
(%) (mil ~100 200 300 400 500 600 700 800 >900 

0.25 2.6 2.4 2.3 2.2 1.8 1.8 1.7 1.3 1.1 
0.50 3.7 3.4 3.3 3.2 2.7 2.6 2.6 2.3 2.0 
0.75 4.6 4.4 4.3 4.2 3.7 3.6 3.4 2.4 1.9 

~3 <3.5 1.00 5.2 5.0 4.9 4.9 4.4 4.2 4.1 3.0 1.6 
1.50 6.2 6.0 5.9 5.8 5.3 5.0 4.8 3.6 2.9 
2.00 7.3 6.9 6.7 6.5 5.7 5.5 5.3 4.1 3.5 
3.00 8.4 8.0 7.7 7.5 6.5 6.2 6.0 4.6 3.9 

>4.00 9.4 8.8 8.6 8.3 7.2 6.9 6.6 4.8 3.7 
0.25 3.8 3.4 3.2 3.0 2.3 2.2 2.2 1.7 1.5 
0.50 5.5 5.3 5.1 5.0 4.4 4.2 4.0 2.8 2.2 
0.75 6.5 6.4 6.5 6.5 6.3 5.9 5.6 3.6 2.6 

~3.5 1.00 7.9 7.6 7.4 7.3 6.7 6.6 6.4 5.3 4.7 
<4.5 1.50 9.6 9.2 9.0 8.9 8.1 7.9 7.7 6.5 5.9 

2.00 10.3 10.1 10.0 9.9 9.4 9.1 8.9 7.4 6.7 
3.00 11.4 11.3 11.2 11.2 10.7 10.3 10.0 8.0 7.0 

~4.00 12.4 12.2 12.2 12.1 11.5 11.2 10.8 8.6 7.5 
0.25 4.4 4.0 3.7 3.5 2.7 2.7 2.7 2.6 2.5 
0.50 6.0 6.0 6.0 6.0 5.9 5.7 5.6 4.6 4.2 
0.75 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 

~4.5 1.00 9.2 9.2 9.1 9.1 9.0 9.0 9.0 8.9 8.8 
<5.5 1.50 10.6 10.6 10.6 10.6 10.5 10.4 10.4 10.2 10.1 

2.00 11.8 11.8 11.8 11.8 11.6 11.6 11.5 11.1 10.9 
3.00 13.7 13.7 13.6 13.6 13.3 13.1 13.0 11.9 11.3 

>4.00 15.3 15.3 15.2 15.2 14.6 14.2 13.8 11.3 10.0 
0.25 4.8 4.6 4.5 4.4 4.0 3.9 3.8 3.2 2.9 
0.50 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.2 
0.75 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 9.1 

~5.5 1.00 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.2 10.1 
<6.5 1.50 11.9 11.9 11.9 11.9 11.8 11.8 11.8 11.7 11.6 

2.00 12.8 12.8 12.8 12.8 12.7 12.7 12.7 12.6 12.5 
3.00 14.4 14.4 14.4 14.4 14.3 14.3 14.3 14.2 14.1 

>4.00 15.4 15.4 15.3 15.3 15.2 15.1 15.1 14.9 14.8 
0.25 5.1 5.1 5.0 5.0 4.8 4.7 4.7 4.5 4.4 
0.50 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 
0.75 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 

~6.5 
1.00 10.4 10.4 10.4 10.4 10.4 10.4 10.4 10.3 10.2 
1.50 12.0 12.0 12.0 12.0 11.9 11.9 11.9 11.8 11.7 
2.00 12.9 12.9 12.9 12.9 12.8 12.8 12.8 12.7 12.6 
3.00 14.5 14.5 14.5 14.5 14.4 14.4 14.4 14.3 14.2 

~4.00 15.4 15.4 15.4 15.4 15.3 15.3 15.3 15.2 15.1 --------Note: Interpolation for length of grade and demand flow rate to the nearest 0.1 IS recommended. 

Grade 
Grade Length Directional Demand Flow Rate, vV2h {vehlhl 
(%) (mi) ~100 200 300 400 500 600 700 800 ~900 

,,;0.25 1.1 1.1 1.1 1.0 1.0 1.0 1.0 1.0 1.0 
>0.25 ,,;0.75 1.2 1.2 1.1 1.1 1.0 1.0 1.0 1.0 1.0 

~3 <3.5 >0.75 ~1.25 1.3 1.2 1.2 1.1 1.0 1.0 1.0 1.0 1.0 
>1.2552.25 1.4 1.3 1.2 1.1 1.0 1.0 1.0 1.0 1.0 

>2.25 1.5 1.4 1.3 1.2 1.0 1.0 1.0 1.0 1.0 
:<;0.75 1.3 1.2 1.2 1.1 1.0 1.0 1.0 1.0 1.0 

;>3.5 <4.5 >0.7553.50 1.4 1.3 1.2 1.1 1.0 1.0 1.0 1.0 1.0 
>3.50 1.5 1.4 1.3 1.2 1.0 1.0 1.0 1.0 1.0 

~4.5 <5.5 ~2.50 1.5 1.4 1.3 1.2 1.0 1.0 1.0 1.0 1.0 
>2.50 1.6 1.5 1.4 1.2 1.0 1.0 1.0 1.0 1.0 
~0.75 1.5 1.4 1.3 1.1 1.0 1.0 1.0 1.0 1.0 

~5.5 <6.5 >0.7552.50 1.6 1.5 1.4 1.2 1.0 1.0 1.0 1.0 1.0 
>2.50,,;3.50 1.6 1.5 1.4 1.3 1.2 1.1 1.0 1.0 1.0 

>3.50 1.6 1.6 1.6 1.5 1.5 1.4 1.3 1.2 1.1 
~2.50 1.6 1.5 1.4 1.2 1.0 1.0 1.0 1.0 1.0 

~6.5 >2.50,,;3.50 1.6 1.5 1.4 1.2 1.3 1.3 1.3 1.3 1.3 
>3.50 1.6 .....,l;i........,l;i........lL.......lL.......lL.......1L.....1L.....1L . . . Note: Interpolation In thiS exhibit 15 not recommended . 
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When this situation exists, the heavy vehicle adjustment factorjHT'.ATs is found 
with Equation 15-5 instead of Equation 15-4: 

1 
fHV,ATS = 1 + PTC X pAETC -1)+ (1- PTC)x PT X (ET -1)+ PR(ER -1) 

where 

Prc proportion of trucks operating at crawl speed (decimal); and 

Erc passenger car equivalent for trucks operating at crawl speed, from 
Exhibit 15-14. 

All other variables are as previously defined. Note that Prc is the flow rate of 
trucks traveling at crawl speed divided by the flow rate of all trucks. 

Directional Demand Flow Rate, vV/1h(vehlh} 
,,;100 200 300 400 500 600 700 800 ~900 

4.7 4.1 3.6 3.1 2.6 2.1 1.6 1.0 1.0 
9.9 8.7 7.8 6.7 5.8 4.9 4.0 2.7 1.0 

15.1 13.5 12.0 10.4 9.0 7.7 6.4 5.1 3.8 
22.0 19.8 17.5 15.6 13.1 11.6 9.2 6.1 4.1 
29.0 26.0 23.1 20.1 17.3 14.6 11.9 9.2 6.5 

~40 35.9 32.3 28.6 24.9 21.4 18.1 14.7 11.3 7.9 

Note: Interpolation against both speed difference and demand flow rate to the nearest 0.1 is recommended. 

Step 4: Estimate the A TS 

As was the case with Step 3, this step applies only to Class I and Class III 
two-lane highways. Class II highways do not use ATS as a LOS measure. 

The ATS is estimated from the FFS, the demand flow rate, the opposing flow 
rate, and the percentage of no-passing zones in the analysis direction. The A TS is 
computed from Equation 15-6: 

where 

ATSd 

FFS 

jl1p,ATS 

ATSd = FFS - O.00776(Vd,ATS + VO,ATS)- fl1p,ATS 

average travel speed in the analysis direction (mi/h); 

free-flow speed (mi/h); 

demand flow rate for ATS determination in the analysis direction 
(pc/h); 

demand flow rate for ATS determination in the opposing direction 
(pc/h); and 

adjustment factor for A TS determination for the percentage of no
passing zones in the analysis direction, from Exhibit 15-15. 
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Equation 15-5 

Exhibit 15-14 
ATS Passenger car Equivalents 
(Erc) for Trucks on Downgrades 
Traveling at Crawl Speed 

Equation 15-6 

Methodology 
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Exhibit 15-15 
ATS Adjustment Factor for 
No-Passing Zones (f"P,ATS) 

Methodology 

Percent No-Passing Zones 
s;20 40 60 80 100 

FFS > 65 mi/h -
s;100 1.1 2.2 2.8 3.0 3.1 

200 2.2 3.3 3.9 4.0 4.2 
400 1.6 2.3 2.7 2.B 2.9 
600 1.4 1.5 1.7 1.9 2.0 
800 0.7 1.0 1.2 1.4 1.5 

1,000 0.6 0.8 1.1 1.1 1.2 
1,200 0.6 O.B 0.9 1.0 1.1 
1,400 0.6 0.7 0.9 0.9 0.9 

>1,600 0.6 0.7 0.7 0.7 O.B 
FFS = 60 mi/h 

s;100 0.7 1.7 2.5 2.B 2.9 
200 1.9 2.9 3.7 4.0 4.2 
400 1.4 2.0 2.5 2.7 3.9 
600 1.1 1.3 1.6 1.9 2.0 
800 0.6 0.9 1.1 1.3 1.4 

1,000 0.6 0.7 0.9 1.1 1.2 
1,200 0.5 0.7 0.9 0.9 1.1 
1,400 0.5 0.6 0.8 O,B 0.9 

>1,600 0.5 0.6 0.7 0,7 0.7 
FFS::: 55 ml/h 

s100 0.5 1.2 2.2 2.6 2.7 
200 1.5 2.4 3.5 3.9 4,1 
400 1.3 1.9 2.4 2,7 2.8 
600 0.9 1.1 1.6 1.8 1.9 
800 0.5 0.7 1.1 1.2 1.4 

1,000 0.5 0.6 0.8 0.9 1.1 
1,200 0.5 0.6 0.7 0.9 1.0 
1,400 0.5 0.6 0.7 0.7 0.9 

:>1,600 0.5 0.6 0.6 0.6 0.7 
FFS::: 50 mi/h 

s;100 0.2 0.7 1.9 2.4 2.5 
200 1.2 2.0 3.3 3.9 4.0 
400 1.1 1.6 2.2 2.6 2.7 
600 0.6 0.9 1.4 1.7 1.9 
800 0.4 0.6 0.9 1.2 1.3 

1,000 0.4 0.4 0.7 0.9 1.1 
1,200 0.4 0.4 0.7 0.8 1.0 
1,400 0.4 0.4 0.6 0.7 O.B 

~1/600 0.4 0.4 0.5 0.5 0.5 
FFS < 45 mi/h 

s100 0.1 0.4 1.7 2.2 2.4 
200 0.9 1.6 3.1 3.8 4.0 
400 0.9 0.5 2.0 2.5 2.7 
600 0.4 0.3 1.3 1.7 1.8 
BOO 0.3 0.3 O.B 1.1 1.2 

1,000 0.3 0.3 0.6 0.8 1.1 
1,200 0.3 0.3 0.6 0.7 1.0 
1,400 0,3 0.3 0.6 0.6 0.7 

~1,600 0.3 0.3 0.4 0.4 0.6 

Note: Interpolation of fnp,A7Sfor percent no-passing zones, demand flow rate, and FFS to the nearest 0,1 is 
recommended. 

Exhibit 15-15 is entered with Va in passenger cars per hour, not V,'ph in 
vehicles per hour. At this point in the computational process, fully adjusted 
demand flow rates are available and are used in the determination of ATS. As 
shown in this exhibit, the effect of no-passing zones is greatest when opposing 
flow rates are low. As opposing flow rates increase, the effect decreases to zero, 
since passing and no-passing zones become irrelevant when the opposing flow 
rate allows no opportunities to pass. 

Step 5: Demand Adjustment for PTSF 

This computational step is applied only in cases of Class I and Class II two
lane highways. LOS on Class III highways is not based on PTSF, and therefore 
this step is skipped for those highways. 
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The demand volume adjustment process for estimating PTSF is structurally 
similar to that for ATS. The general approach is the same, but different 
adjustment factors are used, and the resulting adjusted flow rates will be 
different from those used in estimating A TS. Therefore, a detailed discussion of 
the process is not included here, since it is the same as that described for ATS 
estimates. 

Equation 15-7 and Equation 15-8 are used to determine demand flow rates 
for the estimation of PTSF: 

where 

Vi,PTSF 
PHF X fg,PTSF x fHV,PTSF 

1 
fHV,PTSF = 1 + pAE

T 
-1)+ PR(ER -1) 

Vi,PTSF demand flow rate i for determination of PTSF (pc(h); 

i = lid" (analysis direction) or "a" (opposing direction); 

Is,PTSF grade adjustment factor for PTSF determination, from Exhibit 15-16 or 
Exhibit 15-17; and 

ftW,PTSF = heavy vehicle adjustment factor for PTSF determination, from Exhibit 
15-18 or Exhibit 15-19. 

All other variables are as previously defined. 

PTSF Grade Adjustment Factor 

As was the case for the ATS adjustment process, grade adjustment factors are 
defined for general terrain segments (level or roIling), specific upgrades, and 
specific downgrades. Exhibit 15-16 gives the adjustment factors for general 
terrain segments and specific downgrades (which are treated as level terrain). 
Exhibit 15-17 shows adjustment factors for specific upgrades. These adjustments 
are used to compute demand flow rates, and the exhibits are again entered with 
Vvph = V/PHF. 

Directional Demand Flow 
Rate, v. h veh/h 

:5100 
200 
300 
400 
500 
600 
700 
800 

>900 

Level Terrain and 
rades 

Note: Interpolation to the nearest 0.01 Is recommended. 
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Rollin Terrain 
0.73 
0.80 
0.85 
0.90 
0.96 
0.97 
0.99 
1.00 
1.00 

Equation 15-7 

Equation 15-8 

Exhibit 15-16 
PTSF Grade Adjustment Factor 
(fg,PTSF) for Level Terrain, Rolling 
Terrain, and Specific Downgrades 

Methodology 
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Exhibit 15-17 
PTSF Grade Adjustment 

Factor (fg,PTSF) for Specific 
Upgrades 

Exhibit 15-18 
PTSF Passenger Car 

Equivalents for Trucks (E7) 
and RVs (ER) for Level 

Terrain, Rolling Terrain, and 
Specific Downgrades 

Methodology 

Grade 
Grade Length Directional Demand Flow Rate, vVl1h(vehlhl 
(%) (ml) <100 200 300 400 500 600 700 800 >900 

0.25 1.00 0.99 0.97 0.96 0.92 0.92 0.92 0.92 0.92 
0.50 1.00 0.99 0.98 0.97 0.93 0.93 0.93 0.93 0.93 
0.75 1.00 0.99 0.98 0.97 0.93 0.93 0.93 0.93 0.93 

;::3 1.00 1.00 0.99 0.98 0.97 0.93 0.93 0.93 0.93 0.93 
<3.5 1.50 1.00 0.99 0.98 0.97 0.94 0.94 0.94 0.94 0.94 

2.00 1.00 0.99 0.98 0.98 0.95 0.95 0.95 0.95 0.95 
3.00 1.00 1.00 0.99 0.99 0.97 0.97 0.97 0.96 0.96 

d.OO 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.97 0.97 
0.25 1.00 0.99 0.98 0.97 0.94 0.93 0.93 0.92 0.92 
0.50 1.00 1.00 0.99 0.99 0.97 0.97 0.97 0.96 0.95 
0.75 1.00 1.00 0.99 0.99 0.97 0.97 0.97 0.96 0.96 

;::3.5 1.00 1.00 1.00 0.99 0.99 0.97 0.97 0.97 0.97 0.97 
<4.5 1.50 1.00 1.00 0.99 0.99 0.97 0.97 0.97 0.97 0.97 

2.00 1.00 1.00 0.99 0.99 0.98 0.98 0.98 0.98 0.98 
3.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

>4.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
;::4.5 0.25 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.97 0.97 
<5.5 >0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
:>5.5 All 1.00 ' 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Note: Interpolation for length of grade and demand flow rate to the nearest 0.01 IS recommended. 

PTSF Heavy Vehicle Adjustment Factor 

The process for determining the heavy vehicle adjushnent factor used in 
estimating PTSF (Equation 15-8) is similar to that used in estimating ATS. 
Passenger car equivalents must be fOlmd for trucks (ET) and recreational vehicles 
(ER ). Equivalents for both trucks and RV s in general terrain segments (level, 
rolling) and on specific downgrades (which are treated as level terrain) are found 
in Exhibit 15-18. In estimating PTSF, there is no special procedure for trucks 
traveling at crawl speed on specific downgrades. Equivalents for trucks and RVs 
on specific upgrades are found in Exhibit 15-19. 

Directional Demand 
Vehicle Type Flow Rate, vVDh{veh/h) 

:5100 
200 
300 
400 

Trucks, Er 500 
600 
700 
800 

~900 

RVs ER All 
Note: Interpolation in this exhibit is not recommended. 
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Level and Specific 
Downgrade Rolling 

1.1 1.9 
1.1 1.8 
1.1 1.7 
1.1 1.6 
1.0 1.4 
1.0 1.2 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
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Grade 
Grade length Directional Demand Flow Ratg" v~l1lz(vehlh) 
(%) (mil <100 200 300 400 500 600 700 800 >900 

Passenger Car Equivalents for Trucks (Er) 

23 ";2.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

<3.5 3.00 1.5 1.3 1.3 1.2 1.0 1.0 1.0 1.0 1.0 
24.00 1.6 1.4 1.3 1.3 1.0 1.0 1.0 1.0 1.0 
,,;1.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

23.5 1.50 1.1 1.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
<4.5 2.00 1.6 1.3 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

3.00 1.8 1.4 1.1 1.2 1.2 1.2 1.2 1.2 1.2 
>4.00 2.1 1.9 1.8 1.7 1.4 1.4 1.4 1.4 1.4 
";1.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

24.5 1.50 1.1 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.2 

<5.5 2.00 1.7 1.6 1.6 1.6 1.5 1.4 1.4 1.3 1.3 
3.00 2.4 2.2 2.2 2.1 1.9 1.8 1.8 1.7 1.7 

24.00 3.5 3.1 2.9 2.7 2.1 2.0 2.0 1.8 1.8 
<;0.75 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1.00 1.0 1.0 1.1 1.1 1.2 1.2 1.2 1.2 1.2 

25.5 1.50 1.5 1.5 1.5 1.6 1.6 1.6 1.6 1.6 1.6 
<6.5 2.00 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.8 

3.00 3.4 3.2 3.0 2.9 2.4 2.3 2.3 1.9 1.9 
24.00 4.5 4.1 3.9 3.7 2.9 2.7 2.6 2.0 2.0 
,,;0.50 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
0.75 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.0 1.0 
1.00 1.3 1.3 1.3 1.4 1.4 1.5 1.5 1.4 1.4 

26.5 1.50 2.1 2.1 2.1 2.1 2.0 2.0 2.0 2.0 2.0 
2.00 2.9 2.8 2.7 2.7 2.4 2.4 2.3 2.3 2.3 
3.00 4.2 3.9 3.7 3.6 3.0 2.8 2.7 2.2 2.2 

24.00 5.0 4.6 4.4 4.2 3.3 3.1 2.9 2.7 2.5 
Passenger Car Equivalents for RVs (En) 

AJI All 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Note: Interpolation for length of grade and demand flow rate to the nearest O.lls recommended. 

Step 6: Estimate the PTSF 

This step is only applied to Class I and Class II two-lane highways. Class III 
highways do not use PTSF to determine LOS. 

Once the demand flows for estimating PTSF are computed, the PTSF is 
estimated with Equation 15-9: 

where 

PTSFa 

BPTSFd 

j"p,PTSF 

Vo,PTSF = 

PTSF = BPTSF + .( .( V d,PTSF J 
d d ) np,PTSF 

Va,PTSF +vo,PTSF 

percent time-spent-following in the analysis direction (decimal); 

base percent time-spent-following in the analysis direction, from 
Equation 15-10; 

adjustment to PTSF for the percentage of no-passing zones in the 
analysis segment, from Exhibit 15-21; 

demand flow rate in the analysis direction for estimation of PTSF 
(pc(h); and 

demand flow rate in the opposing direction for estimation of PTSF 
(pc(h). 

The base percent time-spent-following (BPTSF) applies to base conditions 
and is estimated by Equation 15-10: 
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Exhibit 15-19 
PTSF Passenger Car Equivalents for 
Trucks (Er) and RVs (ER) on 
Specific Upgrades 

Equation 15-9 

Methodology 
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Equation 15-10 

Exhibit 15-20 
PTSF Coefficients for Use in 

Equation 15-10 for 
Estimating BPTSF 

Exhibit 15-21 
No-Passing-Zone Adjustment 

Factor (f"P,PTSF) for 
Determination of PTSF 

Methodology 

BPTSFa = 100[1- exp(av~)] 
where a and b are constants drawn from Exhibit 15-20 and all other terms are as 
previously defined. 

Exhibit 15-20 and Exhibit 15-21 are entered with demand flow rates fully 
converted to passenger cars per hour under base conditions (va and v). 

Opposing Demand Flow 
Rate, Va (pc/h) Coefficient a Coefficient b 

:5200 -0.0014 0.973 
400 -0.0022 0.923 
600 -0.0033 0.B70 
BOO -0.0045 0.B33 

1,000 -0.0049 0.B29 
1,200 -0.0054 0.B25 
1,400 -0.005B 0.B21 

;:>:1,600 -0.0062 0.B17 
Note: Straight-line interpolation of a to the nearest 0.0001 and b to the nearest 0.001 Is recommended. 

Total Two-Way Flow Rate, 
v= Vd+ va(pc/h) 

:5200 
400 
600 
BOO 

1,400 
2,000 
2,600 
3,200 

:5200 
400 
600 
BOO 

1,400 
2,000 
2600 

:5200 
400 
600 
BOO 

1,400 
2000 

:5200 
400 
600 
BOO 

1,400 
2000 

:5200 
400 
600 
BOO 

1,400 

Percent No-Passing Zones 
o 20 40 60 80 

D' t- IS n 50/50 Irec lona ,PII = 
9.0 29.2 43.4 49.4 51.0 

16.2 41.0 54.2 61.6 63.B 
15.B 3B.2 47.B 53.2 55.2 
15.B 33.B 40.4 44.0 44.B 
12.B 20.0 23.B 26.2 27.4 
10.0 13.6 15.B 17.4 1B.2 
5.5 7.7 B.7 9.5 10.1 
3.3 4.7 5.1 5.5 5.7 
Directional Split = 60/40 

11.0 30.6 41.0 51.2 52.3 
14.6 36.1 44.B 53.4 55.0 
14.B 36.9 44.0 51.1 52.B 
13.6 2B.2 33.4 3B.6 39.9 
l1.B lB.9 22.1 25.4 26.4 
9.1 13.5 15.6 16.0 16.B 
5.9 7.7 B.6 9.6 10.0 
Directional S lit = 70/30 
9.9 2B.l 3B.0 47.B 4B.5 

10.6 30.3 3B.6 46.7 47.7 
10.9 30.9 37.5 43.9 45,4 
10.3 23.6 2B.4 33.3 34.5 

B.O 14.6 17.7 20.B 21.6 
7.3 9.7 11.7 13.3 14.0 
Directional S lit = 80/20 
B.9 27.1 37.1 47.0 47.4 
6.6 26.1 34.5 42.7 43.5 
4.0 24.5 31.3 3B.1 39.1 
3.B lB.5 23.5 2B.4 29.1 
3.5 10.3 13.3 16.3 16.9 
3.5 7.0 B.5 10.1 lOA 
Directional S lit = 90/10 
4.6 24.1 33.6 43.1 43.4 
0.0 20.2 28.3 36.3 36.7 

-3.1 16.B 23.5 30.1 30.6 
-2.B 10.5 15.2 19.9 20.3 
-1.2 5.5 B.3 11.0 11.5 

100 

52.6 
65.B 
56.B 
46.6 
2B.6 
lB.B 
10.3 
6.1 

53.5 
56.3 
54.6 
41.3 
27.3 
17.3 
10.2 

49.0 
4B.B 
47.0 
35.5 
22.3 
14.5 

47.9 
44.1 
40.0 
29.9 
32.2 
10.7 

43.6 
37.0 
31.1 
20.B 
11.9 

Note: Straight-line interpolation of f"p,PlSFfor percent no-passing zones, demand flow rate, and directional split is 
recommended to the nearest 0.1. 
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Note that in Exhibit 15-21, the adjustment factor depends on the total two
way demand flow rate, even though the factor is applied to a single directional 
analysis. The factor reflects not only the percent of no-passing zones in the 
analysis segment but also the directional distribution of traffic. The directional 
distribution measure is the same regardless of the direction being considered. 
Thus, for example, splits of 70/30 and 30/70 result in the same factor, all other 
variables being constant. Equation 15-9, however, adjusts the factor to reflect the 
balance of flows in the analysis and opposing directions. 

Step 7: Estimate the PFFS 

This step is included only in the analysis of Class III two-lane highways. 
PFFS is not used in the determination of LOS for Class I or Class II facilities. The 
computation is straightforward, since both the FFS and the ATS have already 
been determined in previous steps. PFFS is estimated from Equation 15-11: 

PFFS = ATSd 

FFS 

where all terms are as previously defined. 

Step 8: Determine LOS and Capacity 

LOS Determination 

At this point in the analysis, the values of any needed measure(s) have been 
determined. The LOS is found by comparing the appropriate measures with the 
criteria of Exhibit 15-3. The measure(s) used must be appropriate to the class of 
the facility being studied: 

• Class I: ATS and PTSF; 

• Class II: PTSF; and 

• Class III: PFFS. 

For Class I highways, two service measures are applied. When Exhibit 15-3 is 
entered, therefore, two LOS designations can be obtained. The worse of the two 
is the prevailing LOS. For example, if A'IS results in a LOS C designation and 
PTSF results in a LOS D designation, LOS D is assigned. 

Capacity Determination 

Capacity, which exists at the boundary between LOS E and F, is not 
determined by a measure of effectiveness. Under base conditions, the capacity of 
a two-lane highway (in one direction) is 1,700 pc/h. To determine the capacity 
under prevailing conditions, relevant adjustment factors must be applied to 
Equation 15-3 and Equation 15-7. In this case, however, the demand flow rate of 
1,700 pc/h under base conditions is known, and the demand flow rate under 
prevailing conditions is sought. 

First, capacity is defined as a flow rate, so the PHF in Equation 15-3 and 
Equation 15-7 is set at 1.00. Then, Equation 15-12 or Equation 15-13 (or both) are 
applied, as described below. 
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Equation 15-12 

Equation 15-13 

Capacity may be limited by the 
directional disttfbution of 
traffic and the total two-way 
base capacity of 3,200 pc/h. 

The effective length of a 
passing lane is longer than its 
actual length. 

Methodology 

where 

CdATS = 1,700 fg,ATSfllV,ATS 

CdPTSF = 1,700 fg,PTSF f l-W,PTSF 

CdATS capacity in the analysis direction under prevailing conditions based on 
ATS (pc/h), and 

CdPTSF = capacity in the analysis direction under prevailing conditions based on 
PTSF (pc/h). 

For Class I highways, both capacities must be computed. The lower value 
represents capacity. For Class II highways, only the PTSF-based capacity is 
computed. For Class III highways, only the ATS-based capacity is computed. 

One complication is that the adjustment factors depend on the demand flow 
rate (in vehicles per hour). Thus, adjustment factors for a base flow rate of 1,700 
pc/h must be used. Technically, this value should be adjusted to reflect grade and 
heavy vehicle adjustments. This would create an iterative process in which a 
result is guessed and then checked. 

In practical terms, this is unnecessary, since the highest flow group in all 
adjustment exhibits is greater than 900 veh/h. It is highly unlikely that any 
adjustments would reduce 1,700 pc/h to less than 900 veh/h. Therefore, in 
capacity determinations, all adjustment factors should be based on a flow rate 
greater than 900 veh/h. 

Another characteristic of this methodology must be considered in evaluating 
capacity. When the directional distribution is other than SO/50 (in level and 
rolling terrain), the two-way capacity implied by each directional capacity may 
be different. Moreover, the implied two-way capacity from either or both 
directions may be more than the limit of 3,200 pc/h. In such cases, the directional 
capacities estimated are not achievable with the stated directional distribution. If 
this is the case, then base capacity is restricted to 1,700 pc/h in the direction with 
the heaviest flow, and capacity in the opposing direction is found by using the 
opposing proportion of flow, with an upper limit of 1,500 pc/h. 

Directional Segments with Passing lanes 

Providing a passing lane on a two-lane highway in level or rolling terrain 
improves operational performance and therefore may improve LOS. A 
procedure to estimate this effect is described in this section. 

This procedure should be applied only in level and rolling terrain. On 
specific grades, added lanes are considered to be climbing lanes, which are 
addressed in the next section. 

Exhibit 15-22 illustrates the operational effect of a passing lane on PTSF. It 
shows that the passing lane provides operational benefits for some distance 
downstream before PTSF returns to its former level (without a passing lane). 
Thus, a passing lane's effective length is greater than its actual length. 
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Source: Harwood and Hoban (6). 

Exhibit 15-23 gives the length of the downstream segment affected by the 
passing lane for both ATS and PTSF. In the case of ATS, the effect is limited to 1.7 
mi in all cases. Where PTSF is concerned, however, the effect can be far longer 
than the passing lane itself-up to 13 mi for low demand flow rates. 

Directional Demand 
Flow Rate Vd c/h 

:5200 
300 
400 
500 
600 
700 
800 
900 

:<:1 000 

Downstream Length of Roadway Affected. Ltf.Jmil 
PTSF ATS 
13.0 
11.6 
8.1 
7.3 
6.5 
5.7 
5.0 
4.3 
3.6 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 

Note: Interpolation to the nearest 0.1 is recommended. 

The procedure here is intended for the analysis of directional segments in 
level or rolling terrain that encompass the entire passing lane. Segments of the 
highway upstream and downstream of the passing lane may be included in the 
analysis. It is recommended that the analysis segment include the full length of 
the passing lane's downstream effect. 

Because of the downstream effect on PTSF, the LOS on a two-lane highway 
segment that is determined by PTSF (Class I and Class II) may be significantly 
improved by the addition of a passing lane. Care must be taken, however, in 
considering the impact of a passing lane on service volumes or service flow rates. 
The result is highly dependent on the relative lengths of the analysis segment 
and the passing lane. If the analysis segment includes only the length of the 
passing lane and its downstream effective length (on PTSF), the passing lane may 
appear to increase service flow rates dramatically at LOS A-D (capacity, and 
therefore LOS E, would not be affected). However, if additional lengths are 
included in the analysis segment, this impact is reduced, sometimes 
considerably. Thus, apparent increases in service volumes or service flow rates 
must be carefully considered in the context of how they were obtained. 

The steps in this special analysis procedure are as follows. 
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Affected by Passing Lanes on 
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The analysis segment should include 
the entire length of the passing lane's 
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Exhibit 15-24 
Optimal Lengths of Passing 

Lanes on Two-Lane 
Highways 

Equation 15-14 

Methodology 

Step 1: Conduct an Analysis Without the Passing Lane 

The first step in the operational analysis of the impact of a passing lane is to 
conduct the basic analysis steps described previously. The remainder of the 
procedure essentially predicts the improvement caused by the passing lane 
compared with a similar segment without a passing lane. 

Step 2: Divide the Segment into Regions 

The analysis segment can be divided into four regions, as follows: 

1. Length upstream of the passing lane L", 

2. Length of the passing lane Lp/J 

3. Length downstream of the passing lane within its effective length Lde; and 

4. Length downstream of the passing lane beyond its effective length Ld• 

Some of these regions may not be involved in a particular analysis. Region 2, 
the passing lane, must be included in every analysis. In addition, it is strongly 
recommended, but not absolutely necessary, that Region 3 be included. Regions 
1 and 4 are optional, and inclusion is at the discretion of the analyst. 

The four lengths must add up to the total length of the analysis segment. The 
analysis regions and their lengths will differ for estimations of ATS and PTSF, as 
the downstream effects indicated in Exhibit 15-23 differ for each. 

The length of the passing lane Lpl is either the length of the passing lane as 
constructed or the planned length. It should include the length of the lane 
addi non as well as the length of the entrance and exit tapers. The procedure is 
calibrated for passing lanes within the optimal lengths shown in Exhibit 15-24. 
Passing lanes that are substantially shorter or longer than the optimums shown 
may provide less operational benefit than predicted by this procedure. 

Directional Demand Flow Rate, Vd (pc/h) 
~100 

>100 ~400 
>400 ~700 

>700 

Optimal PaSSing lane length (mil 
~0.50 

>0.50 ~0.75 
>0.75 ~1.00 
>1.00 <2.00 

The length of the conventional two-lane highway segment upstream of the 
passing lane L" is determined by the actual or planned placement of the passing 
lane within the analysis segment. The length of the downstream highway 
segment within the effective length of the passing lane Lde is determined from 
Exhibit 15-23. Any remaining length of the analysis segment downstream of the 
passing lane is included in Ld, which is computed from Equation 15-14: 

Ld = Lt - (Lu + Lpl + LaJ 

where L t is the total length of the analysis segment in miles and all other terms 
are as previously defined. 

Step 3: Determine the PTSF 

PTSF within lengths L" and Ld is assumed to be equal to the PTSFd as 
predicted by the normal analysis procedure (without a passing lane). Within the 
segment with the passing lane Lpl' PTSF is generally equal to 58% to 62% of its 
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upstream value. This effect is a function of the directional demand flow rate. 
Within Lde; the PTSF is assumed to increase linearly from the passing lane value 
to the normal upstream value. This distribution is illustrated in Exhibit 15-25. 

I:I'l 
c 
'j Region 1 Region 2 Region 3 Region 4 
.5! 
"0 PTSFd u.. 

I ... 
C 
(II 
C. 
III 
cU 
E 
j::: ... 
c 
(II 
u .. 
(II 
c. Lu Lpi lue Ld 

I 

Position Along Highway (mi) I 

On the basis of this model, the PTSF for the entire analysis segment, as 
affected by the passing lane, is given by Equation 15-15: 

PTSF [L + L + .( L + (_~~/fJl'PT'S£-JL ] dud Jpl,PTSF pi 2 de 

PTSFpl=----~----------------------~-= 
Lt 

\ where 

( 

PTSFp1 percent time-spent-following for segment as affected by the presence 
of a passing lane (decimal); and 

jpl,PTSF = adjushnent factor for the impact of a passing lane on percent tlme
spent-following, from Exhibit 15-26. 

All other variables are as previously defined. 

Directional Demand Flow Rate, vd(pc/h) 
:5100 

200 
300 
400 
500 
600 
700 
800 

2':900 
Note: Interpolation is not recommended; use closest value. 

0.58 
0.59 
0,60 
0.61 
0.61 
0.61 
0.62 
0.62 
0.62 

If the analysis segment cannot encompass the entire length Lde because it is 
truncated by a town or major intersection within it, then distance Ld is not used. 
Therefore, the actual downstream length within the analysis segment L~e is less 
than the value of Lde tabulated in Exhibit 15-23. In this case, Equation 15-16 
should be used instead of Equation 15-15: 
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Exhibit 15-25 
Effect of a Passing Lane on PTSF 

Equation 15-15 

Exhibit 15-26 
Adjustment Factor for the Impact 
of a Passing Lane on PTSF (t;,!,PTSF) 
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Equation 15-16 

Exhibit 15-27 
Impact of a Passing Lane on 

ATS 

Equation 15-17 

Methodology 

PTSF [L ( L ( L' (1- fpl,nsF J( L~e 2 J] 
_ . d 1i + ) pi,PTSF 1'1 + ) pi,PTSF de + 2 Lde 

PTS~l------=---------------------------------= 
Lt 

where all terms are as previously defined. 

In general, the effective downstream distance of the passing lane should not 
be truncated. A downstream boundary short of the effective downstream 
distance should be considered at the point where any of the fonowing occur: 

• The environment of the highway radically changes, as in the case of 
entering a small town or developed area from a rural segment; 

• A major unsiS'l1alized intersection is present, leading to a change in the 
demand flow rate; 

• A proximate signalized intersection begins to affect the operation of the 
two-lane segment; 

• The terrain changes significantly; and 

• Lane or shoulder widths change significantly. 

Step 4: Determine the A TS 

The ATS within lengths Lil and Ld is assumed to be equal to ATSd, the speed 
that would exist without the passing lane. Within the passing lane, the A TS is 
generally between 8% and 11% higher than its upstream value, depending on the 
directional demand flow rate. Within the effective downstream length, Ldel ATS is 
assumed to decrease linearly with the distance from the passing lane, from the 
passing lane value to the normal value. Exhibit 15-27 illustrates the impact of a 
passing lane on ATS. 

..... 

..c - Region 1 Region 2 Region 3 Region 4 

'E r----:-----------------~------~ :;;' ATSd i-------l Qj 
Qj 
c.. 
U'l 

iii 
> 
IV .. 
I
Qj 
B:II 
IV .. 
Qj 

~ • I , 

I Position Along Highway (mi) I 

The ATS is computed with Equation 15-17: 

ATSpi = ( ~TSdJ. Lt( J 
L L pi 2Lde 

11+ t+ --- + 
, fPl,ATS 1 + fp/,ATS 

• I 
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where 

average travel speed in the analysis segment as affected by a passing 
lane (mi/h); and 

jpl,ATS = adjustment factor for the effect of a passing lane on ATS, from Exhibit 
15-28. 

All other variables are as previously defined. 

Directional Demand Flow Rate, vd(pc/h) 
:5100 

200 
300 
400 
500 
600 
700 
800 

;::900 

Note: Interpolation is not recommended; use closest value. 

"'lATS 

1.08 
1.09 
1.10 
1.10 
1.10 
1.11 
1.11 
1.11 
1.11 

In the case where the analysis segment cannot include all of the effective 
downstream distance, Ldel because a town or major intersections cause the 
segment to be truncated, distance Lde is less thEm the value of Lde• In this case, 
Equation 15-18 is used instead of Equation 15-17 to compute ATS. 

ATSdLt ATSpl == ---L~----------=------'-----------
L + __ p_l_ + 2L~e 

" I~A" [1 + IPIA'S + U:=1¥J] 
where all terms are as previously defined. 

Step 5: Determine the LOS 

Determining the LOS for a segment with a passing lane is no different from 
determining the LOS for a normal segment, except that ATSp1 and PTSFp1 are used 
as the service measures with the criteria of Exhibit 15-3. 

As with a normal segment, LOS for Gass I highways is based on both PTSF 
and ATS. LOS for Gass II highways is based only on PTSF. Gass III highways 
would not normally have passing lanes, but if such a situation arose, PFFS = 

ATS/FFS would be used to determine LOS. 

Directional Segments with Climbing lanes on Upgrades 

A climbing lane is, in effect, a passing lane added on an upgrade to allow 
traffic to pass heavy vehicles whose speeds are reduced. Generally, a lane is 
added to the right, and all slow-moving vehicles should move to this lane, 
allowing faster vehicles to pass in the normal lane. 

The American Association of State Highway and Transportation Officials (7) 
indicates that climbing lanes on two-lane highways are warranted when 

• The directional flow rate on the upgrade exceeds 200 veh/h; 

• The directional flow rate for trucks on the upgrade exceeds 20 veh/h; and 
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Exhibit 15-29 
Adjustment Factors (f"I) for 

Estimating ATS and PTSF 
Within a Climbing lane 

Equation 15-19 

Equation 15-20 

Methodology 

• Any of the following conditions apply: 

o A speed reduction of 10 mi/h or more exists for a typical truck; 

o LOS E or F exists on the upgrade without a climbing lane; or 

o Without a climbing lane, the LOS is two or more levels lower on the 
upgrade than on the approach segment to the grade. 

An operational analysis of the impact of a climbing lane on a two-lane 
highway is performed with the same procedures as passing lanes in level or 
rolling terrain, with three major differences: 

1. Adjustment factors for the existence of the climbing lane are taken from 
Exhibit 15-29, 

2. The analysis without a climbing lane is conducted by using the specific 
grade procedures, and 

3. Distances LlI and Ld are set to zero. 

The effective downstream distance Lde is also generally set to zero unless the 
climbing lane ends before the grade does. In this case, a value less than the 
values typically used should be considered. 

Directional Demand Flow Rate, 
Vd c/h 

0-300 
>300-600 

>600 

ATS 
1.02 
1.07 
1.14 

lOS Assessment for Directional Two-lane Facilities 

PTSF 
0.20 
0.21 
0.23 

Two-lane highway segments have uniform characteristics that provide a 
basis for their analysis. Several contiguous two-lane highway segments (in the 
same directions) may be combined to look at a longer section (with varying 
characteristics) as a facility. A separate operational analysis would have to be 
done for each uniform segment within the facility. 

Weighted-average values of PTSF and ATS may be estimated for the facility. 
The weighting is on the basis of total travel time within the IS-min analysis 
period. The total travel time of all vehicles within the IS-min analysis period is 
estimated with Equation 15-19 and Equation 15-20: 

where 

VMT;15 = O.25(~)Lt 
PHF 

TT - VMT;15 
i15 - ATS. 

1 

VMTi15 == total vehicle miles traveled by all vehicles in directional segment i 
during the IS-min analysis period (veh-mi), 

Vi demand volume in directional segment i (veh/h), 

PHF peak hour factor, 

LI total length of directional segment i (mi), 

Page 15-34 Chapter is/Two-lane Highways 
December 2010 

AR0073748 



( 

( 

Highway Capacity Manual 2010 

total travel time consumed by all vehicles traversing directional 
segment i during the IS-min analysis period (veh-h), and 

ATSi = average travel speed for directional segment i (mi/h). 

Once the total travel time for all vehicles in each segment is computed, 
weighted-average values of PTSF and ATS can be obtained with Equation 15-21 
and Equation 15-22: 

where 

ATSF 

PTSFF 

PTSF; 

VMT1 + VMTz + VMT3 + .... + VMT; 

TTl + TTz + TT3 + .... + TT; 

(TTl x PTSFJ )+ (TT2 x PTSF2 )+ (TT3 x PTSF3 )+ .... + (TTi x PTSFi) 

average travel speed for the facility (mi/h), 

percent time-spent-following for the facility (decimal), 

percent time-spent-following for segment i (decimal), 

VMT; vehicle miles traveled for segment i (veh-mi), and 

TT; total travel time of all vehicles in segment i (veh-h). 

When a facility is put together, two-lane highway segments of different 
classes should not be combined. Levels of service for the facility are still based on 
the criteria of Exhibit 15-3. Class III two-lane highways generally only exist in 
short segments and would not be expected to cover a distance long enough to 
form a facility. 

Other Performance Measures 

This chapter provides detailed methodologies for estimating three measures 
of effectiveness that are used (depending on the highway class) to determine 
LOS: 

• ATS (mi/h, Class I and Class III highways), 

• PTSF (decimal, Class I and Class II highways), and 

• PFFS (decimal, Class III highways). 

In the previous section, two additional measures were introduced that can be 
considered as performance measures, even though they are not used to 
determine LOS. Equation 15-19 and Equation 15-20 can be used to estimate 

• Total vehicle miles traveled by all vehicles in the analysis segment during 
the IS-min analysis period VMT;15 (veh-mi), and 

• Total travel time consumed by all vehicles traversing the analysis segment 
during the IS-min analysis period TTi15 (veh-h). 

These values may also be of interest in fully understanding the operational 
quality of the study segment. 

A volume-to-capacity (vic) ratio is also a common performance measure of 
interest in LOS and capacity analysis. It is most easily computed for two-lane 
highways with Equation 15-23: 
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Equation 15-23 

Methodology 

V 
V/C= __ d-

1,700 

where Vd is the directional demand flow rate, converted to equivalent base 
conditions. 

The difficulty in this is that there may be two values of Vd: one for estimating 
ATS and another for estimating PTSF (depending on the class of highway). For 
Class I highways, where both measures are used, the result yielding the highest 
vic ratio would be used. For Class II highways, only PTSF is used, and only one 
value would exist. For Class III highways, only ATS is used, and only one value 
would exist. 

BICYCLE MODE 

The calculation of bicycle LOS on multilane and two-lane highways shares 
the same methodology, since multilane and two-lane highways operate in 
fundamentally the same manner for bicyclists. Cyclists travel much more slowly 
than the prevailing traffic flow, staying as far to the right as possible and using 
paved shoulders when available, indicating the need for only one model. 

The bicycle LOS model for two-lane and multilane highways uses a traveler
perception model calibrated by using a linear regression (4). The model fits 
independent variables associated with roadway characteristics to the results of a 
user survey that rated the comfort of various bicycle facilities. The resulting 
bicycle LOS score generally ranges from 0.5 to 6.5 and is stntified to produce a 
LOS A-F result, on the basis of Exhibit 15-4. 

Step 1: Gather Input Data 

The methodology requires gathering the following input data for the facility 
in question: 

1. Lane width (ft), 

2. Shoulder width (ft), 

3. Hourly directional motorized vehicle volume (veh/h), 

4. Number of directional through lanes (needed for multilane highways), 

5. Percentage of heavy vehicles (decimal), 

6. Posted speed limit (mi/h), 

7. Percentage of segment with occupied on-highway parking (decimal), and 

8. Pavement rating. 

Pavement rating is determined by using FHW A' s 5-point present 
serviceability rating scale (8): 1 (very poor), 2 (poor), 3 (fair), 4 (good), ffi"ld 5 (very 
good). Where data for specific variables are not available, default values may be 
used as shown in Exhibit 15-5. 

Step 2: Calculate the Directional Flow Rate in the Outside Lane 

On the basis of the hourly directional volume, the peak hour factor, and the 
number of directional lanes (one for basic two-lane highways, two or more for 
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passing lanes or multilane highways), calculate the directional demand flow rate 
of motorized traffic in the outside lane with Equation 15-24: 

V 
V =----

OL PHFxN 

where 

VOL directional demand flow rate in the outside lane (veh/h), 

V = hourly directional volume (veh!h), 

PHF peak hour factor, and 

N number of directional lanes (=1 for two-lane highways). 

Step 3: Calculate the Effective Width 

The effective width of the outside through lane depends on both the actual 
width of the outside through lane and the shoulder width, since cyclists will be 
able to travel in the shoulder where one is provided. Moreover, striped shoulders 
of 4 ft or greater provide more security to cyclists by giving cyclists a dedicated 
place to ride outside of the motorized vehicle travelway. Thus, an ll-ft lane and 
adjacent 5-ft paved shoulder results in a larger effective width for cyclists than a 
16-ft lane with no adjacent shoulder. 

Parking occasionally exists along two-lane highways, particularly in 
developed areas (Class III highways) and near entrances to recreational areas 
(Class II and Class III highways) where a fee is charged for off-highway parking 
or where the off-highway parking is inadequate for the parking demand. On
highway parking reduces the effective width, because parked vehicles take up 
shoulder space and bicyclists leave some shy distance between themselves and 
the parked cars. 

Equation 15-25 through Equation 15-29 are used to calculate the effective 
width, W" on the basis of the paved shoulder width, W" and the hourly 
directional volume, V: 

If Ws is greater than or equal to 8 ft: 

We = Wv + It\l;; -(%OHPxlOft) 

If W. is greater than or equal to 4 ft and less than 8 ft: 

We = Wv + Ws -2x(%OHP(2ft+ ~)) 

If Ws is less than 4 ft: 

with, if V is greater than 160 veh/h: 

Wo = WOL +Ws 

Otherwise, 

Wv = (WOL + It\l;;)x (2 - O.005V) 

where 

effective width as a function of traffic volume (ft), 
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Equation 15-30 

Equation 15-31 

Methodology 

WOL outside lane width (ft), 

Ws paved shoulder width (ft), 

V = hourly directional volume (veh/h), 

We = average effective width of the outside through lane (it), and 

%OHP = percentage of segment with occupied on-highway parking (decimal). 

Step 4: Calculate the Effective Speed Factor 

The effect of motor vehicle speed on bicycle quality of service is primarily 
related to the differential between motor vehicle and bicycle travel speeds. For 
instance, a typical cyclist may travel in the range of 15 mi/h. An increase in motor 
vehicle speeds from 20 to 25 mi/h is more readily perceived than a speed increase 
from 60 to 65 mi/h, since the speed differential increases by 100% in the first 
instance compared with only 11 % in the latter. Equation 15-30 shows the 
calculation of the effective speed factor that accounts for this diminishing effect. 

St = 1.11991n(Sp - 20) + 0.8103 

where 

51 effective speed factor, and 

Sp posted speed limit (mi/h). 

Step 5: Determine the LOS 

With the results of Steps 1-4, the bicycle LOS score can be calculated from 
Equation 15-31: 

where 

BLOS 

BLOS = 0.5071n(vOL ) + 0.1999St (1 + 10.38HV)2 

+ 7.066(1/ p)2 - 0.005(~)2 + 0.057 

bicycle level of service score; 

directional demand flow rate in the outside lane (veh/h); 

HV = percentage of heavy vehicles (decimal); if V < 200 veh/h, then HV 
should be limited to a maximum of 50%; 

P FHWA's 5-point pavement surface condition rating; and 

We average effective width of the outside through lane (ft). 

Finally, the BLOS score value is used in Exhibit 15-4 to determine the bicycle 
LOS for the segment. 
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3. APPLICATIONS 

This chapter provides methodologies for the analysis of two-lane highway 
uninterrupted-flow segments that serve a wide variety of travel purposes. The 
procedures are most easily applied in the operational analysis mode to determine 
the capacity and LOS of a two-lane highway segment with known characteristics. 
Other applications are also possible. 

DEFAULT VALUES 

A detailed report on the use of default values in uninterrupted-flow analysis, 
including the analysis of two-lane highways, is given elsewhere (4). Specific 
default values for use with the methodology of this chapter were given in Exhibit 
15-5. Default values may also be based on local estimates developed from past 
observations of a specific site or similar sites in a given jurisdiction. 

For operational analysis and design analysis, the use of default values should 
be minimized whenever possible. Every default value used to replace a field
measured or other site-specific value introduces additional uncertainty into the 
estimation process and into the accuracy of results. Nevertheless, where no site
specific values are available, default values allow at least an approximate 
analysis of the situation. For planning and preliminary design analysis, use of 
default values is generally required, since few details are available at this stage of 
consideration. 

TYPES OF ANALYSIS 

Operational Analysis 

All geometric, development, and traffic-demand characteristics are provided. 
The LOS that is expected to exist during the analysis period is estimated. A 
number of alternative performance measures may also be estimated. The 
methodology of this chapter is most easily used in this mode. 

Design Analysis 

In design analysis, demand characteristics are generally known. The analysis 
is intended to give insights into design parameters needed to provide a target 
LOS for the demand characteristics as stated. For two-lane highways, design 
decisions are relatively limited. Lane and shoulder widths have a moderate 
impact on operations but generally do not result in a markedly different LOS. 

Typical design projects include horizontal or vertical curve realignments, 
which may affect percent no-passing zones and free-flow speeds. 

The special procedures outlined in this chapter to consider the impacts of 
passing lanes and climbing lanes can be used to provide critical design insight. 
However, the computations are performed in the operational analysis mode, 
leading to a comparison of operations with or without the passing or climbing 
lane. 
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Applications 

This chapter's appendix deals with some special design issues related to two
lane highways. However, there is no methodology at this point for estimating the 
impact of these design treatments on operating quality. 

Given the relatively few design parameters involved in a hAlo-lane highway, 
most design analysis is conducted as an iterative series of operational analyses. 

Planning and Preliminary Engineering Analysis 

Planning and preliminary engineering analysis has the same objectives as 
design analysis, except that it occurs early in the process when few details of 
demand and other characteristics are known. Thus, design analysis is augmented 
by the use of default values for many inputs. 

The other principal characteristic of planning and preliminary engineering 
analysis is that demands are generally described in terms of two-way AADT. 

This chapter includes generalized daily service volume tables covering a 
specific range of default values. They can be used for a coarse and general 
evaluation of the likely LOS for a hAlo-lane highway in various settings under an 
expected AADT demand. These tables are useful only for the most preliminary 
of analyses. For example, all two-lane highway segments in a particular region 
can be considered by using these criteria. Any segments that appear to be 
operating at an undesirable LOS should be subjected to site-specific study with a 
more detailed operational analysis before any major design, reconstmction, or 
investment decisions are made. 

SERVICE FLOW RATES, SERVICE VOLUMES, AND DAllY SERVICE 
VOLUMES 

Service flow rates, service volumes, and daily service volumes are useful 
concepts that can be used in the analysis of many types of facilities, including 
two-lane highways. The three terms must be clearly understood, because they 
are very different. 

1. Service flow rates SF; represent the maximum directional rate of How that 
can be accommodated by a segment while maintaining the designated 
LOSi. 

2. Service volumes SV; represent the maximum directional hourly volume 
that can be accommodated by a segment while maintaining the 
designated LOS i during the worst IS-min period of the hour. 

3. Daily service volumes DSVi represent the maximum AADT that can be 
accommodated by a segment while maintaining the designated LOS i 
during the worst 15 min of the peak hour of the day, in the highest-How 
direction. 

In general, service How rates and service volumes are directional values, 
while the daily service volume is usually stated as total traffic in both directions 
(since that is how AADT is stated). 

The service How rate for a particular LOS is estimated by using the 
methodology for the segment type under study (hAlo-lane highways in this 
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chapter). Equation 15-32 is then used to estimate service volume for a segment, 
and Equation 15-33 is used to estimate daily service volume for a segment. 

SVi = SFi x PHF 

DSV = SVi 

, KxD 

where K is the proportion of traffic occurring in the peak hour for the study 
segment and D is the proportion of traffic occurring in the peak direction for the 
study segment. 

For two-lane highways, several complications arise. While all analyses of 
two-lane highways are for one direction, the two directions interact. Thus, if a 
two-way daily service volume is estimated by using the service flow rate in one 
direction, and then again in the other direction, different results could easily be 
obtained. 

As with an uninterrupted-flow segments, capacity is synonymous with the 
service flow rate for LOS E. Thus, Equation 15-12 and Equation 15-13, presented 
earlier, may be used to estimate service flow rates for LOS E. Even in this case, 
there are two equations, since the value will depend on whether ATS or PTSF is 
the determining LOS parameter. 

For other levels of service, the process of determining a service flow rate is 
more complicated. It would be beneficial if the methodology of this chapter 
could be used in reverse-that is, start with a value of ATS or PTSF and work 
backwards to the demand flow rate that would create that value. Unfortunately, 
virtually all of the adjustment factors used in this process depend on the demand 
flow rate, which is what the analyst would be trying to find. Such computations 
would therefore be iterative. Finding appropriate service flow rates for each LOS 
requires an iterative process in which different flow rates are incrementally used 
until the threshold for a particular LOS is fOlmd. 

Once service flow rates are found, Equation 15-32 and Equation 15-33 can be 
used to infer service volumes and daily service volumes. 

GENERALIZED DAILY SERVICE VOLUMES 

Exhibit 15-30 shows generalized daily service volumes for use in planning 
and preliminary design. The exhibit provides daily service volume values for 
three types of segments: (a) a Class I highway in level terrain, (b) a Class I 
highway in rolling terrain, and (c) a Class II highway in rolling terrain. 

Typical conditions assumed for each are given below the table. Various 
values of K- and D-factors are given. Since these values vary greatly from region 
to region, the analyst must select the values most appropriate to the particular 
application. Interpolation may be used, if desired, to obtain intermediate values. 
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Exhibit 15-30 
Generalized Daily Service 

Volumes for Two-lane 
Highways 

The Class I-level example 
assumes higher speed~ with 
significant passing 
opportunities. 

The Class I-rolling example 
assumes more moderate 
speeds and reduced passing 
opportunities because of the 
terrain. 

The Class II-rolling example 
is similar to a scenic or 
recreational highway with 
lower speeds and limited 
passing opportunities. 

Applications 

I(- D- Class I-level Class I-Rolling Class II-Rolling 
Factor Factor lOSS lOSC lOSD lOSE lOSS lOSC lOS D lOSE lOSS lOSC lOSD lOSE 

50% 5.5 9.3 16.5 31.2 4.2 8.4 15.7 30.3 5.0 9.8 18.2 31.2 

0.09 55% 4.9 8.7 14.9 30.2 3.7 7.9 14.0 29.2 4.1 8.7 16.0 30.2 
60% 4.4 8.1 13.9 27.6 3.7 6.2 12.8 26.8 3.7 7.9 14.6 27.6 
65% 4.1 7.9 12.9 25.5 3.4 5.9 11.4 24.7 3.3 5.9 13.2 25.5 
50% 5.0 8.4 14.8 28.0 3.8 7.6 14.2 27.2 4.4 8.8 16.3 28.0 

0.10 55% 4.4 7.9 13.4 27.1 3.3 7.1 12.6 26.3 3.7 7.9 14.4 27.1 
60% 4.0 7.3 12.5 24.9 3.3 5.6 11.5 24.1 3.3 7.1 13.1 24.9 
65% 3.7 7.1 11.6 23.0 3.0 5.3 10.3 22.3 3.0 5.3 11.9 23.0 
50% 4.1 7.0 12.4 23.4 3.1 6.3 11.8 22.7 3.7 7.4 13.6 23.4 

0.12 55% 3.7 6.5 11.2 22.6 2.8 5.9 10.5 21.9 3.1 6.5 12.0 22.6 
60% 3.3 6.1 10.4 20.7 2.7 4.7 9.6 20.1 2.7 5.9 10.9 20.7 
65% 3.1 5.9 9.6 19.1 2.5 4.4 8.5 18.5 2.4 4.4 9.9 19.1 
50% 3.5 6.0 10.6 20.0 2.7 5.4 10.1 19.4 3.2 6.3 11.7 20.0 

0.14 55% 3.1 5.6 9.6 19.4 2.4 5.1 9.0 18.8 2.6 5.6 10.3 19.4 
60% 2.8 5.2 8.9 17.7 2.3 4.0 8.2 17.2 2.3 5.1 9.4 17.7 
65% 2.6 5.1 8.2 16.4 2.1 3.8 7.3 15.9 2.1 3.8 8.5 16.4 

Notes. Volumes are thousands of vehicles per day. 
Assumed values for all entries: 10% trucks, PHF = 0.88, 12-ft lanes, 6-ft shoulders, 10 access pOints/mi. 
Assumed values for Class I-level: BFFS = 65 mi/h, 20% no-passing zones. 
Assumed values for Class I-rolling: BFFS = 60 mi/h, 40% no-passing zones. 
Assumed values for Class II-rolling: BFFS = 50 mi/h, 60% no-passing zones. 

A number of interesting characteristics are displayed in Exhibit 15-30: 

1. LOS A is not shown. Even in level terrain, it is possible to achieve this 
level only at very low demand flow rates (almost always lower than 50 
veh/h, directional). 

2. The range of demand flows falling within LOS E is broad compared with 
other levels of service. This is because the quality of service on two-lane 
highways tends to become unacceptable at relatively low vic ratios. Few 
two-lane highways are observed operating at or near capacity (except for 
short segments), because most will have been expanded before capacity 
demand flows develop. 

Exhibit 15-30 should be used only in generalized planning and preliminary 
engineering analysis. It is best used to examine a number of two-lane highways 
within a given jurisdiction to determine which need closer scrutiny. If 
anticipated AADTs on a given segment or facility appear to put the segment or 
facility into an undesirable LOS, then more site-specific data should be obtained 
(or forecast) and a full operational analysis conducted before any firm 
commitments to reconstruct or improve the highway are made. 

USE OF ALTERNATIVE TOOLS 

No alternative deterministic tools are in common use for two-lane highway 
analysis. Two-lane highway simulation tools are in various stages of 
development, but user experience with these tools is insufficient to support the 
formulation of useful guidance for their application to extend the scope of the 
procedures described in this chapter. 

One of the potentially useful features of two-lane highway simulation is the 
ability to model specific configurations of a series of no-passing zones, exclusive 
passing lanes, and access points, all of which are now described in general terms 
(e.g., percent no-passing zones) in this chapter. Network simulation tools can 
also include traffic control devices at specific points. 
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It is possible to obtain additional performance measures from simulation 
results. One example is follower density, which is defined in terms of the number 
of followers per mile per lane. This concept, which is discussed in more detail in 
Chapter 24, Concepts: Supplemental, has attracted increasing international 
interest. Some examples that illustrate potential uses of two-lane highway 
simulation are presented elsewhere (9) . 
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Exhibit 15-31 
List of Example Problems 

Example Problems 

Problem 
Number 

1 
2 
3 
4 
5 

4. EXAMPLE PROBLEMS 

Description 
Find the LOS of a Class I highway in rolling terrain 
Find the LOS of a Class II highway in rolling terrain 
Find the LOS of a Class III highway in level terrain 
Find the LOS of a Class I highway with a passing lane 
Find the future bicycle LOS of a two-lane highway 

EXAMPLE PROBLEM 1: CLASS I HIGHWAY LOS 

The Facts 

Type of Analysis 
Operational analysis 
Operational analysis 
Operational analysis 
Operational analysis 
Planning analysis 

A segment of Class I two-lane highway has the following known 
characteristics: 

• Demand volume = 1,600 pc/h (total in both directions) 

• Directional split (during analysis period) = SO/50 

• PHF =0.95 

• 50% no-passing zones in the analysis segment (both directions) 

• RoUing terrain 

• 14% trucks; 4% RVs 

• ll-ft lane widths 

• 4-ft usable shoulders 

• 20 access points/mi 

• 60-mi/h BFFS 

• lO-mi segment length 

Find the expected LOS in each direction on the two-lane highway segment as 
described. 

Comments 

The problem statement calls for finding the LOS in each direction on a 
segment in roUing terrain. Because the directional split is SO/50, the solution in 
one direction will be the same as the solution in the other direction, so only one 
operational analysis needs to be conducted. The result will apply equally to each 
direction. 

Because this is a Class I highway, both ATS and PTSF must be estimated to 
determine the expected LOS. 

Step 1: Input Data 

All input data were specified above. 

Step 2: Estimate the FFS 

FFS is estimated with Equation 15-2 and adjustment factors found in Exhibit 
15-7 (for lane and shoulder width) and Exhibit 15-8 (for access points in both 
directions). For ll-ft lane widths and 4-ft usable shoulders, the adjustment factor 
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for these features fLs is 1.7 mi/h; for 20 access points/mi, the adjustment factor fA is 
5.0 ini/h. Then 

FFS = BFFS - fLS - fA 

FFS = 60.0 -1.7 -5.0 = 53.3 rni/h 

Step 3: Demand Adjustment for ATS 

The demand volume must be adjusted to a flow rate in passenger cars per 
hour under equivalent base conditions. TIus is accomplished with Equation 15-3: 

V. 
V· ATS = I 

I, PHF X fg,ATS x fHV,ATS 

Since the demand split is 50/50, both the analysis direction and opposing 
demand volumes are 1,600/2 = 800 veh/h. 

The grade adjustment factor/g.ATs is selected from Exhibit 15-9 for rolling 
terrain. The table is entered with a demand flow rate Vvph in vehicles per hour, or 
800/0.95 = 842 veh/h. By interpolation in Exhibit 15-9 between 800 and 900 veh/h, 
the factor is 0.99 to the nearest 0.01. 

The passenger car equivalent for trucks and RVs is obtained from Exhibit 15-
11, again for a demand flow rate of 842 veh/h. Again, by interpolation between. 
800 and 900 veh/h, the values obtained are ET = 1.4 and ER = 1.1. The heavy 
vehicle adjustment is then computed with Equation 15-4: 

fHV,ATS 

fHV,ATS 

1 

1 + FT(ET -1) + PR(EJ{ -1) 

1 
1 + 0.14(1.4 -1) + 0.04(1.1-1) 

fHV,ATS = 0.943 

800 
V = V = = 902 pc/h 

d,ATS o,ATS 0.95xO.99.xO.943 

Step 4: Estimate ATS 

The ATS is estimated with Equation 15-6. The adjustment factorfnp,ATS is 
found in Exhibit 15-15 for an FFS of 53.3 mi/h, 50% no-passing zones, and an 
opposing demand flow of 902 veh/h. This selection must use interpolatiqn on all 
three scales. Note that interpolation is only to the nearest 0.1 for this adjustment 
factor. Exhibit 15-32 illustrates the interpolation. 
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Exhibit 15-32 
Interpolation for ATS 

Adjustment Factor 

Example Problems 

Vo Factor for FFS - 55 mi/h Factor for FFS = 50 milh 
(veh/h) 40% NPZ 50% NPZ 60% NPZ 40% NPZ 50% NPZ 60% NPZ 

800 
902 

1,000 

0.7 0.9 1.1 
0.8 

0.6 0.75 0.9 
0.65 

0.6 0.7 0.8 0.4 0.55 0.7 
Notes: f"p,ATS = 0.65 + (O.B - 0.65) (3.3/5.0) = 0.749 = 0.7. 

NPZ = no-passing zones. 

Then, Equation 15-6 gives the fonowing: 

ATS == FFS -0.00776(vd + vJ- fnp,ATS 

ATS = 53.3-0.00776(902+902)-0.7 

ATS = 53.3-14.0-0.7 = 38.6 mi/h 

Step 5: Demand Adjustment for PTSF 

The adjusted demand used to estimate PTSF is found with Equation 15-7 and 
Equation 15-S. The grade adjustment factor is taken from Exhibit 15-16 for rolling 
terrain and a demand flow rate of S0010.95 = S42 pc/h. Passenger car equivalents 
for trucks and RV s are taken from Exhibit IS-IS. In both exhibits, the demand 
flow rate of 842 pc/h is interpolated between 800 pc/h and 900 pc/h to obtain the 
correct values. The following values are obtained: 

!g.FTSF = 1.00 

ET = 1.0 

ER = 1.0 

Then, use of Equation 15-S gives the following: 

1 
fHV,PTSF = 1 + Pf(E

T 
-1) + PR(ER -1) 

f = 1 =100 
JHV,PTSF 1+0.14(1.0-1)+0.04(1.0-1) . 

Equation 15-7 gives 

V. 
Vi,PTSF = I 

PHF X fg,PTSF x fHV.PTSF 

800 
V = V = 842 pc/h 

d,PTSF a,PTSF 0.95 x1.00x 1.00 

Step 6: Estimate PTSF 

PTSF is estimated with Equation 15-9 and Equation 15-10. Exhibit 15-20 is 
used to obtain exponents a and b for Equation 15-10, and Exhibit 15-21 is used to 
obtain the no-passing-zone adjustment for Equation 15-9. All three require 
interpolation. 

Exponents a and b are based on the opposing flow rate of 842 pc/h, which is 
interpolated between tabulated values of 800 pc/h and 1,000 pc/h. This is 
illustrated in Exhibit 15-33. 
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Opposing Flow Rate (pc/h) a 
800 
842 

1,000 

-0.0045 
-0.0046 
-0.0049 

Then, use of Equation 15-10 gives 

BPTSF = 100[1- exp(av~)] 

BPTSF = 100[1- exp{- 0.0046 x 842°·832 )] 

BPTSF = 71.3% 

b 
0.833 
0.832 
0.829 

The adjustment factor for no-passing zones must also be interpolated in two 
variables. Exhibit 15-21 is entered with 50% no-passing zones, a 50/50 directional 
split of traffic, and a total two-way demand flow rate of 842 + 842 = 1,684 pc/h. 
The interpolation is illustrated in Exhibit 15-34. 

Total Flow Rate 
(pc/h) 
1,400 
1,684 

Adjustment 
Factor for 
40% NPl 

23.8 

2,000 15.8 
Note: NPZ = no-passing zones. 

Adjustment Factor for 50% NPl 
25.0 

16.6 + (25.0 - 16.6) (316/600) = 21.0 
16.6 

Then, use of Equation 15-9 gives 

PTSF = BPTSF + f, ( V d,PTSF J 
np,PTSF 

V d,PTSF + V o,PTSF 

PTSF = 71.3+21.0( 842 ) = 81.8% 
842+842 

Step 7: Estimate PFFS 

This step is only used for Class III highways. 

Step 8: Determine lOS and Capacity 

Adjustment 
Factor for 
60%NPl 

26.2 

17.4 

LOS is determined by comparing the estimated values of ATS and PTSF with 
the criteria of Exhibit 15-3. An ATS of 38.6 mi/h suggests that LOS E will exist. A 
PTSF of 81.8% suggests that LOS E will exist. Thus, both criteria lead to the 
conclusion that the segment will operate at LOS E. 

Capacity is determined by either Equation 15-12 or Equation 15-13, 
whichever produces the lower estimate. Note, however, that all adjustment 
factors for use in these equations are based on a directional flow rate greater than 
900 pc!h. Thus, the grade factor will be 1.00 for both A TS and PTSF. The 
passenger car equivalent for trucks is 1.3 for ATS and 1.00 for PTSF; the 
passenger car equivalent for RVs is 1.1 for ATS and 1.00 for PTSF. 

The adjustment factors for heavy vehicles are as follows: 

1 
f mT,ATS = 1 + 0.14 (1.3 -1) + 0.04 (1.1-1) 
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Example Problems 

1 
fHV,PTSF = 1 + 0.14 (1.0 -1) + 0.04 (1.0 -1) 

1.00 

and 

CdATS = 1700 X fg,ATS x fHV,ATS = 1,700 x 1.00 x 0.960 = 1,632 veh/h 

CdPTSF = 1700 X fg,PTSF x fHV,PYSF = 1,700 x 1.00 x 1.00 = 1,700 veh/h 

Obviously, the first value holds, and the directional capacity of this facility is 
1,632 veh/h. Given the SO/50 directional distribution, the two-way capacity of the 
segment is 1,632 + 1,632 = 3,264 veh/h. Because this exceeds the limiting capacity 
of 3,200 pc/h, the directional capacity cannot be achieved with a SO/50 directional 
distribution. A total two-way capacity of 3,200 pc/h would prevail. In terms of 
prevailing conditions, the capacity would be 3,200 x 1.00 x 0.960 = 3,072 veh/h. 
With a SO/50 directional split, this implies a directional capacity of 3,072/2 = 1,536 
veh/h. 

Discussion 

The two-lane highway segment as described is expected to operate poorly, 
within LOS E. The operation is poor despite the fact that demand is only 
842n536 = 0.55 of capacity. Both ATS and PTSF are at unacceptable levels (38.6 
mi/h and 81.8%, respectively). This solution again highlights the characteristic of 
two-lane highways of having poor operations at relatively low de ratios. This 
segment should dearly be examined for potential improvements. 

Given the SO/50 directional split of traffic, results for the second direction 
would be identicaL 

EXAMPLE PROBLEM 2: CLASS II HIGHWAY LOS 

The Facts 

A segment of Class II highway is part of a scenic and recreational route and 
has the following known characteristics: 

• Class II highway 

• 1,050 veh/h (both directions) 

• 70/30 directional split 

• 5% trucks; 7% RVs 

• PHF =0.85 

• 10-ft lanes; 2-ft shoulders 

• BFFS = 55.0 mi/h 

• Rolling terrain 

• 10 access points/lni 

• 60% no-passing zones 
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Comments 

( Computational Steps 3 and 4, which relate to the estimation of average 

( 

( 

highway speed, will not be included. LOS for Class II highways depends solely 
on PTSF. The analysis will be conducted for both the 70% direction of flow and 
the 30% direction of flow. This is accomplished by merely reversing the analysis 
direction and opposing flows. 

Step 1: Input Data 

All input data have been summarized above. 

Step 2: Estimate the FFS 

FFS is estimated with Equation 15-2. Adjustment factors for lane and 
shoulder width (Exhibit 15-7) and access points per mile (Exhibit 15-8) are used. 

Exhibit 15-7 is entered with 10-ft lanes and2-ft shoulders. The resulting 
adjustment is 3.7 mi/h. Exhibit 15-8 is entered with 10 access points/mi. The 
resulting adjustment is 2.5 mi/h. The FFS is then estimated as follows: 

FFS = 55.0- 3.7 -2.5 = 48.8 milh 

Steps 3 and 4 

Steps 3 and 4 are not required for Class II highways. 

Step 5: Demand Adjustment for PTSF 

Equation 15-7 and Equation 15-8 are used to adjust analysis direction and 
opposing demands to flow rates under equivalent base conditions. With a 70/30 
split of traffic, the two demands are as follows: 

V70% = VI = 1,050 x 0.70 = 735 veh/h 

V30% = V2 = 1,050 x 0.30 = 315 veh/h 

In this solution, directions will be referred to as 1 and 2. Since both directions are 
to be analyzed, their position as If analysis direction" and If opposing" will depend 
on which direction is under study. 

Adjustment factors both for grades (Exhibit 15-16) and for heavy vehicles 
(Exhibit 15-18) are needed. Exhibit 15-16 and Exhibit 15-18 are entered with a 
directional flow rate of 735/0.85 = 865 veh/h (Direction 1) and 315/0.85 = 371 
veh/h (Direction 2). Interpolation is required in both. The following values are 
obtained: 

!g,FTSF = 1.00 (Direction 1); 0.89 (Direction 2) 

Ey = 1.0 (Direction 1); 1.6 (Direction 2) 

ER = 1.0 (Direction 1); 1.0 (Direction 2) 

The heavy vehicle adjustment factor for both directions is computed with 
Equation 15-8: 

1 
+' 1 = = 100 

) ill ,PTSFl 1 + 0.05(1.00 -1) + 0.07(1.00 -1) . 
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Example Problems 

1 
f = = 0 97 

JHV,PTSF2 1+0.05(1.6-1)+0.07(1.00-1) . 

The adjusted demand flow rates are computed with Equation 15-7: 

735 
vI,nsF = 0.85 x 1.00 x 1.00 = 865 pc/h 

315 
v 2,nsF = 0.85 x 0.89 x 0.97 429 pc/h 

Step 6: Estimate PTSF 

PTSF is estimated with Equation 15-9 and Equation 15-10 with values a and b 

taken from Exhibit 15-20 andj;1p,PTSF taken from Exhibit 15-2l. 

Exhibit 15-20 is entered with opposing flow rates of 429 pc/h (for Direction 1) 
and 865 pc/h (for Direction 2). Both values must be interpolated. The resulting 
values are as follows: 

Direction 1: a = -0.0024; b = 0.915 

Direction 2: a = -0.0046; b = 0.832 

Exhibit 15-21 is entered with the total demand flow rate of 865 + 429 = 1,294 
pc/h, a directional split of 70/30, and 60% no-passing zones. Interpolation is 
required. The factor is the same for both Directions 1 and 2: 

jnp,PTSF = 23.0% 

BPTSF is computed with Equation 15-10: 

BPTSFI = 100[1- exp( -0.0024 x 865°·915)]= 68.9% 

BPTSF2 = 100[1- exp( -0.0046 x 429°.832
)] = 51.0% 

The PTSF for each direction is computed with Equation 15-9: 

( 
865 ) PTSFI = 68.9 + 23.0 = 84.3% 

865+429 

( 
429 ) PTSF2 = 51.0 + 23.0 = 58.6% 

429+865 

Step 7 

Step 7 is only used for Class III highways. 

Step 8: Determine LOS and Capacity 

The LOS is determined by comparing the PTSF values obtained with the 
criteria of Exhibit 15-3. Applying these criteria reveals that Direction 1 operates at 
LOS D, while Direction 2 operates at LOS C. 

By using the adjustment selected for :2:900 veh/h, capacity is computed with 
Equation 15-l3: 

CI,PTSF = 1,700 x 1.00 x 1.00 = 1,700 veh/h 
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C2,PTSF = 1,700 x 1.00 x 1.00 = 1,700 veh/h 

Discussion 

The LOS is, at best, somewhat marginal on this two-lane highway segment, 
based solely on the PTSF. 

The value of capacity must be carefully considered. If the directional 
capacities were expanded to two-way capacities based on the given demand 
split, the capacity in the 30% direction would imply a two-way capacity well in 
excess of the 3,200 pc/h limitation for both directions. Therefore, even though a 
capacity of 1,700 veh/h is possible in the 30% direction, it could not occur with a 
70/30 demand split. In this case, the two-way capacity would be limited by the 
capacity in the 70% direction and would be 1,700/0.70 = 2,429 veh/h. The practical 
capacity for the 30% direction of flow is actually best estimated as 2,429 - 1,700 or 
729 veh/h. Given that the 70/30 directional split holds, when the 30% direction 
reaches a demand flow rate of 729 veh/h, the opposing direction (the 70% side) 
would be at its capacity. 

EXAMPLE PROBLEM 3: CLASS III HIGHWAY LOS 

The Facts 

A Class III two-lane highway runs through a rural community in level 
terrain. It has the following known characteristics: 

• Class III highway 

• Demand volume = 900 veh/h (both directions) 

• 10% trucks; no RVs 

• Measured FFS = 40 mi/h 

• 12-ft lanes; 6-ft shoulders 

• PHF=0.88 

• 80% no-passing zones 

• 60/40 directional split 

• 40 access points/mi 

• Level terrain 

Comments 

Because this is a Class III highway, LOS will be based on PFFS. Thus, Steps 5 
and 6, which relate to the estimation of PTSF, will not be used. 

Step 1: Input Data 

All input data are specified above. 

Step 2: Estimate FFS 

A measured FFS is specified: 40 mi/h. 
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Example Problems 

Step 3: Demand Adjustment for ATS 

The total demand volume of 900 veh/h must be separated into two 
directional flows. Since both directions will be evaluated, directions are labeled 1 
and 2. 

VI = 900 x 0.60 = 540 veh/h 

V2 = 900 x 0.40 = 360 veh/h 

The adjusted demand flow rate in passenger cars per hour tmder equivalent 
base conditions is estimated with Equation 15-3. A grade adjustment factor is 
selected from Exhibit 15-9, and passenger car equivalents for trucks are selected 
from Exhibit 15-11. Both exhibits are entered with a demand flow rate in vehicles 
per hour: 

VI = 540/0.88 = 614 veh/h 

v2 = 360/0.88 = 409 veh/h 

The following values are selected from Exhibit 15-9 and Exhibit 15-11. In all 
cases, interpolation is required: 

Value Direction 1 Direction 2 

1.00 

1.1 

1.00 

1.3 

Then, use of Equation 15-4 gives 

fHV,ATS(I) 

fHV,ATS(2) 

Use of Equation 15-3 gives 

1 = 0.99 
1+0.10(1.1-1) 

1 = 0.97 
1 + 0.10(1.3 -1) 

540 
V IATS = 620 pc/h 

0.88 x 1.00 x 0.99 

V = 360 = 422 pc/h 
2ATS 0.88 x 1.00 x 0.97 

Step 4: Estimate ATS 

A TS is estimated with Equation 15-6 with an adjustment factor for no
passing zones taken from Exhibit 15-15. The adjustment factor is based on a 40-

mi/h FFS and 80% no-passing zones. Interpolating for an opposing demand flow 
rate of 422 pc/h (Direction 1) and 620 pc/h (Direction 2) gives the following: 

fnp,ATS(1) = 2.4 mi/h 

flll',ATS(2) = 1.6 rni/h 
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Then, use of Equation 15-6 gives 

ATS1 = 40.0 -0.00776(620 + 422)-2.4 = 29.5 mi/h 

ATS2 = 40.0-0.00776(422+620)-1.6 = 30.3 mi/h 

Steps 5 and 6 

Steps 5 and 6 are not used for Class III highways. 

Step 7: Estimate PFFS 

The LOS for Class III facilities is based on PFFS achieved, or ATS/FFS. For 
this segment PFFS is as follows: 

PFFS1 = 29.5 / 40.0 = 73.8% 

PFFS2 = 30.3/40.0 = 75.8% 

Step 8: Determine LOS and Capacity 

From Exhibit 15-3, the LOS for Direction 1 is D, while the LOS for Direction 2 
is C. The two values of PFFS are close, but the boundary condition between LOS 
C and D is 0.75. To be LOS C PFFS must exceed 0.75, and it is just below the 
threshold in Direction 1 and just above the threshold in Direction 2. 

Capacity is evaluated with adjustment factors for 2900 pc/h in level terrain. 
This makes all adjustment factors 1.00 (for ATS). Thus, the capacity in either. 
direction is as follows: 

C1,ATS == C2,ATS = 1,700 x 1.00 x 1.00 = 1,700 veh/h 

The two-way capacity values implied are 1,700/0.60 = 2,833 veh/h (Direction 1) 
and 1,70010.40 = 4,250 veh/h (Direction 2). Obviously; the implied two-way 
capacity is the 2,833 veh/h. Moreover, this suggests that the directional capacity 
in Direction 2 cannot be achieved with a 60/40 demand split. Rather, the 
directional capacity in Direction 2 occurs when the capacity in Direction 1 occurs, 
or 2,833 x 0.40 = 1,133 veh/h. 

Discussion 

This segment of Class III two-lane highway operates just at the LOS C-D 
boundary. Depending on the length of the segment and local expectations, this 
mayor may not be acceptable. 

EXAMPLE PROBLEM 4: CLASS I HIGHWAY LOS WITH A PASSING LANE 

The Facts 

The lO-mi segment of the two-lane highway analyzed in Example Problem 1 
will be improved with 2-mi passing lanes (one in each direction), both installed 
at 1.00 mi from the segment's beguming. The segment without a passing lane has 
already been analyzed, and the results of that analysis are listed below: 

• Demand volume = 800 veh/h in each direction 

• Demand flow rate (ATS) = 902 pc/h in each direction 

• Demand flow rate (PTSF) = 842 pclh in each directions 
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Exhibit 15-35 
Region Lengths for Use in 

Example Problem 4 

Example Problems 

• FFS = 53.3 mi/h 

• A TS = 38.6 mi/h 

• PTSF = 81.8% 

• Rolling terrain 

• PHF = 0.95 

Comments 

Both directions will involve the same computations, since the directional 
distribution is 50/50, and in both cases, the passing lane will start 1.00 mi after 
the beginning of the segment (of 10 mi) and will end 3.00 mi after the beginning 
of the segment. 

Step 1: Conduct an Analysis Without the Passing Lane 

Completed as Example Problem 1. 

Step 2: Divide the Segment into Regions 

Exhibit 15-35 shows the division of the 6-mi segment into regions. The 
effective downstream length of the passing lane is selected from Exhibit 15-23 
(value is different for ATS and PTSF) for a demand flow rate of 800/0.95 = 842 
veh/h. 

To Determine 
ATS 
PTSF 

Lu(mi) 
1.00 
1.00 

Step 3: Determine the PTSF 

2.00 
2.00 

Lde (mi) 
Exhibit 15-23 

1.7 
4.7 

Ld(mi) 
Equation 15-14 

5.3 
2.3 

The PTSF, as affected by the presence of a passing lane, is estimated with 
Equation 15-15 and an adjustment factor selected from Exhibit 15-26. The 
adjustment factor /P1,PTSF is 0.62. Then 

81., 1.0+2.3+(0.62X2.00)+(I+~.62}.7 ] 
PTSFp1 = 10 

PTSF = 81.8(3.3 + 1.24 + 3.81) = 81.8 x 8.35 = 68.3% 
~ 10 10 

Step 4: Determine the ATS 

The A TS as affected by the presence of a passing lane is found with Equation 
15-17 and an adjustment factor selected from Exhibit 15-28. The adjustment factor 
selected is 1.11. Then 
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ATS
pl 

= [ :Ty [2L J L + L + __ pl_ + de 

U d fpl,ATs 1 + fpl,ATs 

ATS 1= 38.6x10 

p 1.00+5.3+(2.00)+(2X11.7) 
1.11 1+1.11 

A TS
pl 

= 38.6x110 = 38.6x110 = 39.7 mi/h 
6.30 + 1.80 + 1.61 9.71 

Step 5: Determine the LOS 

Exhibit 15-3 shows that the LOS, as determined by PTSF, has improved to D. 
The LOS determined by ATS remains E. Thus, while PTSF has improved 
significantly, the ATS has not improved enough to improve the overall LOS, 
which remains E. 

Discussion 

Adding a 2-mi passing lane to a lO-mi segment of Class I highway operating 
at LOS E was insufficient to improve the overall LOS, although the PTSF did 
improve from 81.8% to 68.3%. It is likely that a longer (or a second) passing lane 
would be needed to improve the ATS sufficiently to result in LOS C or LOS D. 

EXAMPLE PROBLEM 5: TWO-LANE HIGHWAY BICYCLE LOS 

A segment of two-lane highway (without passing lanes) is being evaluated 
for potential widening, realigning, and repaving. Analyze the impacts of the 
proposed project on the bicycle LOS in the peak direction. 

The Facts 

The roadway currently has the following characteristics: 

• Lane width = 12 ft 

• Shoulder width = 2 ft 

• Pavement rating = 3 (fair) 

• Posted speed limit = 50 mi/h 

• Hourly directional volume = 500 veh/h (no growth is expected) 

• Percentage of heavy vehicles = 5% 

• PHF =0.90 

• No on-highway parking 
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Example Problems 

The proposed roadway design has the following characteristics: 

• Lane width = 12 ft 

• Shoulder width = 6 ft 

• Pavement rating = 5 (very good) 

• Posted speed limit = 55 mi/h 

• No on-highway parking 

Step 1: Gather Input Data 

All data needed to perform the analysis are listed above. 

Step 2: Calculate the Directional Flow Rate in the Outside lane 

By using the hourly directional volume and the PHF, calculate the directional 
demand flow rate with Equation 15-24. Because this is a two-lane highway 
segment without a passing lane, the number of directional lanes N is 1. Because 
traffic volumes are not expected to grow over the period of the analysis, VOL is the 
same for both current and future conditions. 

v 
V -----

OL - PHFxN 

500 
VOL == = 556 veh/h 

0.90x1 

Step 3: Calculate the Effective Width 

For current conditions, the hourly directional demand Vis greater than 160 
veh/h and the paved shoulder width is 2 ft; therefore, Equation 15-27 and 
Equation 15-28 are used to determine the effective width of the outside lane. 
Under future conditions, the paved shoulder width will increase to 6 ft; 
therefore, Equation 15-26 and Equation 15-28 are used. 

For current conditions: 

Wv = WOL + V\'s = 12 ft + 2 ft = 14 it 

We = Wv +(%OHP(2ft+ V\'s)) 

We == 14 ft + (0 X (2 ft + 2 ft)) = 14 ft 

Under the proposed design: 

Wv = WOL + V\'s = 12 ft + 6 ft = 18 ft 

We = w" + V\'s -2x(%OHP(2ft+ V\'s)) 

We = 18 ft + 6 ft - 2 X (0 X (2 ft + 6 ft)) = 24 ft 

Step 4: Calculate the Effective Speed Factor 

Equation 15-30 is used to calculate the effective speed factor. Under current 
conditions: 

St =1.11991n(Sp -20)+0.8103 
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St = 1.11991n(50 -20) +0.8103 = 4.62 

Under the proposed design: 

St = 1.11991n( 55 - 20) + 0.8103 = 4.79 

Step 5: Determine the LOS 

Equation 15-31 is used to calculate the bicycle LOS score, which is then used 
in Exhibit 15-4 to determine the LOS. Under existing conditions: 

BLOS = 0.5071n(voL ) + 0.1999St (1 + 10.38HV)2 

+7.066(1/ p/ -0.005(We)2 +0.057 

BLOS = 0.5071n(556) + 0.1999(4.62)(1 + 10.38 x 0.05f 

+ 7.066(1/3)2 - 0.005(14)2 + 0.057 

BLOS = 3.205 + 2.131 + 0.785 - 0.980 + 0.057 = 5.20 

Therefore, the bicycle LOS for existing conditions is LOS E. Use of the same 
process for the proposed design results in the following: 

BLOS = 0.5071n(556) + 0.1999( 4.79)(1 + 10.38 x 0.05)2 

+ 7.066(1/5)2 - 0.005(24/ + 0.057 

BLOS = 3.205 + 2.209 + 0.283 - 2.880 + 0.057 = 2.87 

The corresponding LOS for the proposed design is LOS e. 

Discussion 

Although the posted speed would increase as a result of the proposed 
design, this negative impact on bicyclists would be more than offset by the 
proposed shoulder widening, as indicated by the improvement from LOS E to 
LOSe. 
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Many of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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APPENDIX A: DESIGN AND OPERATIONAL TREATMENTS 

Two-lane highways make up approximately 80% of all paved rural highways 
in the United States but carry only about 30% of all traffic. For the most part, 
two-lane highways carry light volumes and experience few operational 
problems. Some two-lane highways, however, periodically experience significant 
operational and safety problems brought about by a variety of traffic, geometric, 
and environmental causes. Such highways may require design or operational 
improvements to alleviate congestion. 

When traffic operational problems occur on two-lane highways, many 
agencies consider widening to four lanes. Another effective method for 
alleviating operational problems is to provide passing lanes at intervals in each 
direction of travel or to provide climbing lanes on steep upgrades. Passing and 
climbing lanes CruIDot increase the capacity of a two-lane highway, but they can 
improve its LOS. Short sections of four-lane highvvay can function as a pair of 
passing lanes in opposite directions of travel. Operational analysis procedures 
for passing and climbing lanes are included in this chapter. 

A number of other design and operational treatments are effective in 
alleviating operational congestion on two-lane highways, including 

• Turnouts, 

• Shoulder use, 

• Wide cross sections, 

• Intersection tum lanes, and 

• Two-way left-turn lanes. 

No calculation methodologies are provided in this chapter for these treatments; 
however, the treahnents are discussed below to indicate their potential for 
improving traffic operations on two-lane highways. 

TURNOUTS 

A turnout is a widened, unobstructed shoulder area on a two-lane highway 
that allows slow-moving vehicles to pull out of the through lane so that vehicles 
following may pass. Turnouts are relatively short, generally less than 625 ft. At a 
turnout, the driver of a slow-moving vehicle that is delaying one or more 
following vehicles is expected to pull out of the through lane, allowing the 
vehicles to pass. The driver of the slow-moving vehicle is expected to remain in 
the turnout only long enough to allow the following vehicle to pass before 
returning to the travel lane. When there are only one or two following vehicles, 
this maneuver can usually be completed smoothly, with no need for the vehicle 
to stop in the turnout. When there are three or more following vehicles, however, 
the vehicle in the turnout will generally have to stop to allow all vehicles to pass. 
In this case, the driver of the slower vehicle is expected to stop before the end of 
the turnout, so that the vehicle will develop some speed before reentering the 
lane. Signs inform drivers of the turnout's location and reinforce the legal 
requirements concerning turnout use. 
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Exhibit is-Ai 
Typical Turnout Illustrated 

Turnouts have been used in several countries to provide additional passing 
opportunities on two-lane highways. In the United States, turnouts have been 
used extensively in western states. Exhibit IS-AI illustrates a typical turnout. 

~~---------+------~~ 

Turnouts may be used on nearly any type of two-lane highway that offers 
limited passing opportunities. To avoid confusing drivers, turnouts and passing 
lanes should not be intermixed on the same highway. 

A single wen-designed and well-located turnout can be expected to 
accommodate 20% to 50% of the number of passes that would occur in a 1.0-mi 
passing lane in level terrain (AI, A2). Turnouts have been found to operate 
safely, with experts (A2-A4) noting that turnout accidents occur at a rate of only 
1 per 80,000 to 400,000 users. 

SHOULDER USE 

The primary purpose of the shoulder on two-lane highways is to provide a 
stopping and recovery area for disabled or errant vehkles. However, paved 
shoulders also may be used to increase passing opportunities on two-lane 
highways. 

In some parts of the United States and Canada, if the paved shoulders are 
adequate, there is a long-standing custom for slower vehicles to move to the 
shoulder when a vehicle approaches from the rear. The slower vehicle then 
returns to the travel lane once the passing vehicles has cleared. The custom is 
regarded as a courtesy and requires little or no sacrifice in speed by either 
motorist. A few hjghway agencies encourage drivers of slow-moving vehicles to 
use the shoulder in this way because it improves the LOS of tvvo-Iane highways 
without the expense of adding passing lanes or widening the highway. On the 
other hand, there are agencies that discourage this practice because their 
shoulders are not designed for frequent use by heavy vehicles. 

One highway agency in the western United States generany does not permit 
shoulder use by slow-moving vehicles but designates specific sections on which 
the shoulder may be used for this purpose. These shoulder segments range in 
length from 0.2 to 3.0 mi and are identified by traffic signs. 

Research (AI, A2) has shown that a shoulder-use segment is about 20% as 
effective in reducing platoons as a passing lane of comparable length. 

WIDE CROSS SECTIONS 

Two-lane highways with lanes about 50% wider than normal have been used 
in several European countries as a less expensive alternative to passing lanes. 
Sweden, for example, built approximately 500 mt of roadways with two 18-ft 
travel lanes and relatively narrow (3.3-ft) shoulders. The wider lane permits 
faster vehicles to pass slower vehicles while encroaching only slightly on the 
opposing lane of traffic. Opposing vehicles must move toward the shoulder to 
permit such maneuvers. Roadway segments with wider lanes can be provided at 
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intervals, like passing lanes, to increase passing opportunities on two-lane 
highways. 

Research has shown that speeds at low traffic volumes tend to increase on 
wider lanes, but the effect on speeds at higher volumes varies (AS). More than 
70% of drivers indicated that they appreciate the increased passing opportunities 
available on the wider lanes. No safety problems have been associated with the 
wider lanes. 

Formal procedures have not yet been developed for evaluating the traffic 
operational effectiveness of wider lanes in increasing the passing opportunities 
on a two-lane highway. It is reasonable to estimate the traffic operational 
performance on a directional two-lane highway segment containing wider lanes 
as midway between the segment with and without a passing lane of comparable 
length. 

INTERSECTION TURN LANES 

Intersection tum lanes are desirable at selected locations on two-lane 
highways to reduce delays to through vehicles cased by turning vehicles and to 
reduce turning accidents. Separate right- and left-tum lanes may be provided, as 
appropriate, to remove turning vehicles from the through travel lanes. Left-tum 
lanes, in particular, provide a protected location for turning vehicles to wait for 
an acceptable gap in the opposing traffic stream. This reduces the potential for 
collisions from the rear and may encourage drivers of left-turning vehicles to 
wait for an adequate gap in opposing traffic before turning. Exhibit 15-A2 shows 
a typical two-lane highway with left-turn lanes at an intersection. 

__ Jl~ __ 
~~,\"s=-_ 

Research recommends specific operational warrants for left-turn lanes at 
intersections on two-lane highways based on the directional volumes and the 
percentage of left turns (A6). The HeM's intersection analysis methodologies can 
be used to quantify the effects of intersection turn lanes on signalized and 
unsignalized intersections. There is no methodology, however, for estimating the 
effect of turn lanes on average highway speed. Modeling of intersection delays 
shows the relative magnitude of likely effects of turning delays on PTSF (A7); the 
results are shown in Exhibit 15-A3. The top line in the exhibit shows that turning 
vehicles can increase PTSF substantially over a short road segment. However, 
when these effects are averaged over a longer road segment, the increase in PTSF 
is greatly reduced, as indicated by the dashed line in the exhibit. The provision of 
intersection tum lanes has the potential to minimize these effects. 

Exhibit 15-A2 
Typical Two-Lane Highway 
Intersection with Left-Turn Lane 
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Exhibit is-A3 
Effect of Turning Delays at 

Intersections on PTSF 

Exhibit is-A4 
Typical Shoulder Bypass 

Lane at a Three-Leg 
Intersection on a Two-Lane 

Highway 

100 

90 

80 

'" c 
70 '§: 

..Q 
'0 

60 IL 
~ c 
<0 
C. 50 (/) 

cb 
E 40 i= ...., 
C 
<0 30 ~ 
<0 
0-

20 ---- O,5-mi section with 20% left turns at one location 

0,5-mi section with 20% left turns at two locations 

10 Normal two-lane, two-way segment 

0 

0 200 400 200 800 1,000 1,200 1,400 1,600 1,800 2,000 

Two-Way Flow Rate (veh/h) 
Source: Hoban (Al). 

Several agencies in the United States provide shoulder bypass lanes at three
leg intersections as a low-cost alternative to a left-turn lane. As shown in Exhibit 
lS-A4, a portion of the paved shoulder may be marked as a lane for through 
traffic to bypass vehicles that are slowing or stopped to make a left turn. Bypass 
lanes may be appropriate for intersections that do not have volumes high enough 
to warrant a left-turn lane. 

The delay benefits of shoulder bypass lanes have not been quantified, but 
field studies have indicated that 97% of drivers who need to avoid delay will 
make use of an available shoulder bypass lane. One state has reported a marked 
decrease in rear-end collisions at intersections where shoulder bypass lanes were 
provided (AS). 
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TWO-WAY LEFT-TURN LANES 

A two-way left-turn lane (TWLTL) is a paved area in the highway median 
that extends continuously along a roadway segment and is marked to provide a 
deceleration and storage area for vehicles traveling in either direction that are 
making left turns at intersections and driveways. 

TWLTLs have been used for many years on urban and suburban streets with 
high driveway densities and turning demands to improve safety and reduce 
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delays to through vehicles. TWL TLs can be used on two-lane highways in rural 
and urban fringe areas to obtain the same types of operational and safety 
benefits-particularly on Class III two-lane highways. Exhibit IS-AS illustrates a 
typical TWL TL. 

i : i : i : 
_---------~J ~ ______ ~) , ___ ~J , ________ _ 

----------~~~------------------------------------ --------------
=====:::::~ _ ~§ _____ _ ~,f:'_ _ 3',f:' 

There is no formal methodology for evaluating the traffic operational 
effectiveness of a TWLTL on a two-lane highway. Research has found that delay 
reduction provided by a TWLTL depends on both the left-hIm demand and the 
opposing traffic volume (A2). Without a TWLTL or other left-turn treatment, 
vehicles that are slowing or stopped to make a left turn may create delays for 
following through vehicles. A TWLTL minimizes these delays and makes the 
roadway segment operate more like two-way and directional segments with 
100% no-passing zones. These research results apply to sites that do not have 
paved shoulders available for following vehicles to bypass turning vehicles. 
Paved shoulders may alleviate as much of the delay as a TWLTL. 

Research has found little delay reduction at rural TWLTL segments with 
traffic volumes below 300 veh/h in one direction (A2). At several low-volume 
sites, no reduction was observed. The highest delay reduction observed was 3.4 s 
per left-turning vehicle. Therefore, at low-volume rural sites, TWLTLs should be 
considered for reducing accidents but should not be expected to improve the 
operational performance of the highway. 

At higher-volume urban fringe sites, greater delay reduction was found with 
TWLTLs on a two-lane highway. Exhibit lS-A6 shows the expected delay 
reduction per left-turning vehicle as a function of opposing volume. As the delay 
reduction increases, a TWL TL can be justified for improving both safety and 
operations. 
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Exhibit is-AS 
Typical TWLTL on a Two-Lane 
Highway 

Exhibit lS-A6 
Estimated Delay Reduction with a 
TWL TL on a Two-Lane Highway 
Without Paved Shoulders 

( Source: Harwood and st. John (A"". 

Chapter is/Two-Lane Highways 
December 2010 

Page 15-63 Appendix A: Design and Operational Treatments 

AR0073777 



Highway Capacity Manual 20 10 

Some of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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VOLUME 2 INDEX 

The index to Volume 2 lists the text citations of the terms defined in the 
Glossary (Volume I, Chapter 9). Volumes I, 2, and 3 are separately indexed. In 
the index listings, the first number in each hyphenated pair of numbers indicates 
the chapter, and the number after the hyphen indicates the page within the 
chapter. 

A 
Acceleration lane, 10-20, 10-40, 10-49, 

10-54,10-59,13-1,13-2,13-3,13-6, 
13-10,13-11,13-19,13-21,13-22,13-23, 
13-26, 13-28, 13-29, 13-31, 13-33, 13-36, 
13-43, 13-48, 13-49, 13-51 

Access point, 14-2, 14-5, 14-10, 14-11, 
14-12,14-17,14-20, 14-21, 14-27, 14-30, 
14-32,14-33, ]4-34, 14-36, 15-3, 15-15, 
15-42, 15-44, 15-48, 15-49, 15-51 

Accessibility, 15-2 
Access-point density, 14-2, 14-6, 14-10, 

14-12,14-13,14-20,14-21,14-27,14-30, 
14-32, 14-33, 14-36, 15-9, 15-15 

Accuracy, 10-17, 11-18, 11-21, 13-28, 
14-18, 14-20, 15-39 

Active traffic management (ATM), 10-14 
Adjustment factor, 10-6, 10-12, 10-26, 

11-13,11-14,11-18,12-13,12-18,12-26, 
13-10,13-25,14-13,14-14,15-14,15-15, 

Algorithm, 11-11, 11-44, 12-17, 12-19, 
12-21 

All-way sTOP-controlled, 10-18,15-3 
Alternative tool, 10-33, 10-42, 10-43, 

10-44,10-45,10-47,11-9,11-25,11-28, 
12-27, 12-28, 12-29, 12-30, 13-31, 13-33, 
13-35, 14-26 

Analysis hour, 11-8, 11-24, 12-51, 13-29, 
13-30,14-6,14-23,15-16 

Analysis period, 10-7, 10-16,10-17, 
10-23, 11-8, 11-21, 11-24, 12-17, 12-18, 
13-6, 14-6, 14-20, 14-23, 15-9, 15-10, 
15-34, 15-35, 15-39, 15-44 

Annual average daily traffic (AADT), 
11-21,13-30,14-7,15-12 

Auxiliary lane, 10-1, 10-14, 10-21, 10-25, 
10-42,10-48,11-26,12-4,12-5,12-6, 
12-7, 12-37 

Average grade, 11-17, 11-45, 11-46, 
14-17, 15-19 

Average travel speed, 15-5, 15-21, 15-33, 
15-35 
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B 
Barrier, 11-12, 12-3, 12-13, 14-8, 14-34, 

15-5 
Base conditions, 10-31, 10-32, 11-1, 11-3, 

11-4,11-13,11-18,11-19,11-24,11-30, 
11-33,11-35,11-41,13-3,13-9,14-], 
14-2,14-4,14-13,14-18,14-23,14-28, 
14-29, 14-33, 14-34, 14-35, 14-36, 14-37, 
15-4,15-5,15-10,15-16,15-17,15-25, 
15-26,15-27,15-36, 15-45, 15-49, 15-52 

Base length, 10-2, 10-23, 12-3 
Basic freeway segment, 10-1, 11-1, 12-2, 

13-3,14-2 
Bicycle, 14-5, 14-7, 14-8, 14-19, 14-38, 

15-6, 15-8, 15-9, 15-36, 15-55, 15-58 
Bicycle level of service (LOS), 14-1, 14-5, 

14-7,14-8,14-19, 15-8,15-9,15-11, 
15-12,15-36,15-38,15-44,15-55,15-57 

Bottleneck, 11-44 
Breakdown, 10-4, 10-8, 10-9, 10-16, 11-1, 

11-6,11-7,11-18,11-19,12-16,12-44, 
12-49, 13-2, 13-8, 13-20, 13-27, 14-5 

Bus stop, 14-8 
Bypass lane, 15-62 

c 
Calibration, 10-44, 10-45, 12-15, 12-28, 

12-30,13-15,13-26,13-34,14-13,15-2 
Capacity, 10-1, 11-1, 11-3, 11-4, 12-3, 

13-3,14-1,14-4,15-1,15-5 
Class III two-lane highways, 15-3, 15-16, 

15-21,15-27, 15-35, 15-63 
Climbing lane, 11-9, 11-26, 11-39, 15-1, 

15-11,15-28,15-33,15-34,15-39,15-59 
Cloverleaf interchange, 11-20, 11-29, 

12-3,12-19 
Composite grade, 10-49, 11-15, 11-16, 

11-17,11-22,11-36,11-45,11-46,11-47, 
14-15,14-17 

Computational engine, 10-17, 10-40 
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Congestion, 10-14, 10-16, 10-21, 10-24, 
10-25, 10-33, 10-43, 10-50, 10-54, 10-58, 
10-59, 11-6, 11-25, 12-9, 12-28, 13-3, 
13-7,13-33,13-42,15-8,15-10,15-59 

Congestion pricing, 10-14 
Control condition, 10-4, 10-6, 10-10 
Corridor, 10-47, 12-41 
Crawl speed, 11-14, 11-15, 11-37, 11-46, 

11-47,14-15,15-19,15-21,15-24 
Critical segment, 10-6, 10-8, 10-10 

D 
Daily service volume, 10-12, 11-25, 

11-43,12-51, 14-25,15-40 
Deceleration lane, 10-20, 10-40, 12-3, 

13-1,13-3,13-5,13-6,13-10,13-11, 
13-14, 13-20, 13-21, 13-23, 13-24, 13-28, 
13-29, 13-31, 13-33, 13-38, 13-39, 13-43 

Default value, 10-28, 10-40, 10-49, 11-10, 
11-21,11-22,11-23,11-24,11-39,11-40, 
11-43, 12-3, 12-25, 12-26, 12-32, 13-28, 
13-30,13-34,13-36,13-39,13-43,14-10, 
14-20,14-21,14-22,14-35,15-9,15-10, 
15-13, 15-36, 15-39, 15-40 

Delay, 10-39, 10-43, 11-26, 12-29, 13-33, 
15-1,15-2,15-7,15-62,15-63 
see also Traffic delay 

Demand 
see Demand flow rate 

Demand flow rate, 10-4, 10-5, 10-6,11-1, 
11-4,11-7,12-1,13-4,14-4,14-6,15-5, 
15-10 

Demand starvation, 10-34, 12-9 
Demand-to-capacity ratio, 10-17, 10-32, 

10-43, 10-51, 10-55, 10-57, 10-59, 10-60, 
11-6 

Density, 10-3, 10-4, 11-4, 11-5, 12-3, 13-4, 
13-5,14-4,14-5,15-2,15-3 

Design hour, 12-26 
Design speed, 14-11, 15-9, 15-15 
D-factor, 10-11,10-12,11-8,11-24, 11-41, 

12-54,13-30,14-6,14-23,14-24,15-41 
Diamond interchange, 11-20, 12-19 
Directional design hour volume, 12-26 
Directional distribution, 15-27, 15-28, 

15-48, 15-54 
Directional flow rate, 15-33, 15-47, 15-49 
Directional segment, 15-5, IS-II, 15-12, 

15-29, 15-34, 15-35, 15-63 
Directional split, 15-10, 15-26, 15-44, 

15-47, 15-48, IS-50, 15-51 
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Diverge, 10-1, 10-2, 11-1, 12-2, 12~3, 12-5, 
13-1, 13-2, 13-3 

Diverge segment 
see Merge and diverge segment 

Downstream, 10-2, 10-3, 11-1, 11-2, 12-3, 
13-2, 13-3, 13-4, 15-6 

Driver popUlation factor, 10-19, 11-10, 
11-30,11-32, 11-40,11-42,13-5,13-37, 
13-44,13-53, 14-10,14-24, 14-25, 14-28 

E 
Entrance ramp, 10-25, 10-27, 10-41, 12-9, 

12-28 
Environmental conditions, 10-29 
Exit ramp, 12-29, 13-35 
Extent of congestion, 10-43, 11-25, ] 2-28, 

13-33 

f 
Facility, 10-4, 10-5, 10-6 
Flow rate, 10-3, 10-4, 10-5, 11-1, 11-3, 

12-1,13-2,13-4,14-3,14-4,15-1 
Follower density, 15-43 
Free-flow speed, 10-2,10-3,10-4,10-6, 

10-7, 10-28, 10-31, 10-40, 10-45, 10-46, 
10-47,11-3,11-4,12-1,12-11,13-1, 
13-21,14-2, 15-7, 15-8, 15-9, 15-14, 
15-15, 15-21, 15-39 

Freeway auxiliary lane, 12-4, 12-5, 12-6, 
12-7 

Freeway diverge segment, 10-4 
Freeway fa cility, 10-1, 10-3 
Freeway junction, 10-20, 11-22, 13-1, 

13-2, 13-3, 13-4 
Freeway section, 10-20, 10-24, 10-49, 13-7 
Freeway weaving segment, 12-2, 12-9, 

12-23, 12-25, 12-27, 12-28, 12-30 
see also Weaving; Multiple weaving 
segment; Two-sided weaving 

G 
General terrain, 10-49, 11-8, 11-14, 11-15, 

11-22,14-6,14-14,14-15,15-11,15-19, 
15-23, 15-24 

Generalized service volume table, 10-11, 
10-12,10-13,10-14 
see also Daily service volume 

Gore area, 10-39, 12-3, 12-6, 12-13, 12-47, 
13-23 

Growth factor, 10-41 
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H 
Headway, 10-45, 11-25, 1]-28, 13-32, 

13-35 
Heavy vehicle, 10-6, 10-7, 11-2, 12-25, 

13-4,13-6,14-2,14-10,15-9,15-10, 
High-occupancy vehicle (HOV), 10-14, 

13-7 

I 
Incident, 10-14, 10-30, 10-31, 10-32, 11-6, 

11-28,15-6 
Influence area, 10-2, 10-20, 10-21, 10-22, 

10-23,10-48,10-49,11-1,12-16,13-2, 
13-3,13-4,13-7,13-8,13-9,13-10, 
13-11, 13-12 

Interchange, 11-20, 11-29,12-3,12-11, 
12-19,12-20,12-24,12-41,12-50,13-10, 
13-19 

Interchange density, 12-11, 12-19, 12-20, 
12-41 

Interchange ramp terminal, 13-19 
Intersection delay, 15-61 

K 
K-factor, 10-11, 11-24,11-41,12-54, 13-30, 

14-6 

L 
Lane I, 13-3, 13-23, 13-50 
Lane balance, 12-6, 12-7, 12-8 
Lane distribution, 10-46, 13-10, 13-11, 

13-12,13-24,13-40,13-41,13-45,13-50 
Lane utilization, 11-26, 13-33 
Lane width, 10-6, 10-12, 10-20, 10-28, 

10-40,10-45,11-2,11-4,11-11,12-13, 
12-27,13-5,14-2,14-10,15-12 

Lateral clearance, 10-6, 10-11, 10-12, 
11-8,11-10,13-4,13-5,14-2,14-6, 

Level of service (LOS), 10-1, 10-8, 10-9, 
11-1,11-5,11-6,11-7,12-9,12-10, 
12-13,13-2, 13-4,13-7,13-8,13-9,14-1, 
14-3, ]4-4, 14-5, 14-7, 14-8, 14-9, 15-2, 
15-5,15-7, ]5-8, 15-9 

Level of service score (LOS score), 15-38 
Level terrain, 10-24, 11-17, 11-32, 11-34, 

12-32, 13-37, 13-44, 13-49,13-53, 14-17, 
14-27,14-28,14-29,14-30,14-31,14-32, 
15-16,15-17,15-19,15-23,15-24,15-41, 
15-42, 15-44, 15-51, IS-53, 15-60 
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Loop ramp, 12-3 
LOS 

see Level of service (LOS) 

M 
Macroscopic model, 12-29 
Mainline, 10-8, 10-19, 10-24, 10-27, 10-35, 

10-36, 10-37, 10-38, 10-49, 10-54, 10-59, 
11-8, 12-5, 13-1, 13-3, 13-4, 13-5, 13-26, 
13-27, 13-35 

Mainline output, 10-37 
Major diverge area, 13-26, 13-27 
Major merge area, 13-26 
Major weaving segment, 12-5, 12-7, 12-8, 

12-31 
Managed lanes, 10-43 
Maximum weaving length, 10-51, 10-61, 

12-28, 12-29, 12-41 
Median, 14-1, 14-2, 14-6, 14-8, 14-10, 

14-11,14-12,14-21,14-30,14-32,14-33, 
14-34, 15-62 

Merge, 10-1, 10-2, 10-3, 10-4, 11-1, 11-6, 
11-9,12-1,12-2,12-3,12-5, 12-7, 13-1, 
13-2, 13-3, 13-4 

Merge segment 
see Merge and diverge segment 

Merge and diverge segment, 10-1, 10-7, 
10-21, 10-45, 10-49,12-1 

Microscopic model, 11-26, 12-29, 13-33 
Mobility, 15-2, 15-7 
Mountainous terrain, 11-15, 14-15, 15-11 
Multilane highway, 14-1 
Multiple weaving segment, 12-23 

N 
Nonweaving flow, 10-46, 12-20, 12-25, 

12-32 
Nonweaving movement, 12-2, 12-28, 

12-29 
No-passing zone, 15-4, 15-5, 15-9 

o 
Off-ramp, 10-1, 10-3, 10-4, 11-1, 11-4, 

12-4,12-5, 12-6, 13-1, 13-2, 13-3, 13-4 

One-sided weaving segment, 12-4, 12-6, 
12-8,12-10,12-14,12-15 

On-ramp, 10-1, 10-3, 11-1, 11-4, 12-4, 
12-5,12-6,13-1,13-2,13-4,13-5 

Opposing flow rate, 15-7, 15-21, 15-22, 
15-46, 15-SO 
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Oversaturated flow, 10-17, 10-43, 11-2, 
13-7 

p 
Passenger-car equivalent, 10-27, 11-14, 

14-14 
Passing lane, 14-8, 15-9, 15-11, 15-28, 

15-29, 15-30, 15-31, 15-32, 15-33, 15-34, 
15-37, 15-39, 15-42, 15-44, 15-53, 15-54, 
15-55, 15-56, 15-59, 15-60, 15-61 

Passing sight distance, 15-5 
Pedestrian, 14-8 
Percent time-spent-following, 15-5, 

15-25, 15-31, 15-35 
Performance measure, 10-32, 10-34, 

10-36, 10-39, 10-41, 10-42, 10-43, 10-44, 
10-51, 10-54,10-56,10-57, 10-60, 11-7, 
11-25,11-27,12-29,13-20,13-33,15-35, 
15-39, 15-43 

Platoon, 11-15, 12-24, 13-1, 13-27, 14-15, 
15-8 

Prevailing condition, 10-10, 10-12, 11-2, 
11-13,12-9,12-13,14-13,14-14,14-21, 
15-10,15-19,15-27,15-28,15-48 

Q 
Quality of service, 15-1, 15-12, 15-38, 

15-42 
Queue, 10-8, 10-16, 10-24, 10-36, 10-37, 

10-38, 10-39, 10-43, 10-45, 10-56, 11-2, 
11-7,11-26,12-29,12-30,13-19,13-33 

Queue discharge flow, 11-2 
Queue length, 10-39, 10-43, 11-26, 12-29, 

13-33 

R 
Ramp 

see Off-ramp; On-ramp; Ramp meter; 
Ramp roadway; Ramp-street junction 

Ramp meter, 10-14, 11-9, 13-27, 13-32, 
13-35, 13-55 

Ramp roadway, 10-25, 10-38, 10-39, 
10-41, B-1, 13-2, 13-4, 13-5,13-17, 
13-18,13-19,13-36,13-50,13-52,13-54 

Ramp-street junction, 10-33, 13-1, 13-4, 
13-19 

Recreational vehicle, 10-11, 11-2, 12-31, 
13-5,14-2,15-17, 15-24 

Roadside obstruction, 14-11 
Roadway characteristic, 14-19, 15-36 

Page V2-4 

Rolling terrain, 10-11, 11-30, 11-40, 
11-42, 12-41, 13-39, 14-24, 14-33, 14-37, 
15-16,15-17,15-19,15-28,15-29,15-34, 
15-41, 15-44,15-45,15-46 

Roundabout, 14-21 
Rubbernecking, 10-26, 10-30, 10-31, 11-2 

s 
Scenario, 10-4, 10-51, 10-62, 11-21, 11-35, 

12-14, 12-42, 12-47, 12-48, 13-30, 14-20 
Segment, 10-1,10-2,10-3,11-1,11-2, 

11-3, 12-1, 12-2, 12-3, 13-1, 13-2, 13-4, 
14-1,14-3,15-1,15-5,15-7 

Segment initialization, 10-36 
Sensitivity analysis, 10-41 
Service flow rate, 10-4, 10-10, 10-12, 

11-18,11-21,11-23,11-24,11-32,11-35, 
11-40,11-41,11-42, 12-26, 12-27, 12-50, 
12-51,12-52, 12-53, 13-30, 13-31, 13-51, 
13-52,13-53,13-54,13-55,14-9,14-18, 
14-20,14-22,14-23,14-35,15-11,15-29, 
15-40, 15-41 

Service measure, 10-22, 10-39, 10-51, 
10-52, 10-53, 10-54, 10-56, 10-58, 10-61, 
10-62, 11-7, 13-33, 13-43, 15-12, 15-27, 
15-33 

Service volume, 10-4, 10-10, 10-11, 10-12, 
11-18, 11-20, 11-21, 11-24, 11-25, 11-29, 
11-35, 11-41, 11-42, 11-43, 12-26, 12-27, 
12-50, 12-51, 12-52, 12-53, 12-54, 13-30, 
13-31, 13-36, 13-51, 13-52, 13-53, 13-54, 
13-55,14-9,14-18,14-20,14-23,14-24, 
14-25, 15-29, 15-40, 15-41 

Service volume table 
see Generalized service volume table 

Shock wave, 10-37, 10-39, 10-56 
Short length, 10-23, 10-49, 10-51, 10-61, 

12-3, 12-11, 12-15, 12-19 
Shoulder, 10-42, 10-45, 10-46, 11-4, 11-9, 

12-13, 15-9, 15-12, 15-15, 15-32, 15-37, 
15-38, 15-39, 15-44, 15-49, 15-56, 15-57, 
15-59, 15-60, 15-62 

Shou 1 der bypass lane, 15-62 
Shy distance, 15-37 
Simple weaving segment, 12-9, 12-24 
Space, 10-1, 10-5, 10-9,10-16,10-17, 

10-19, 10-20, 10-21, 10-24, 10-25, 10-32, 
10-33,10-34,10-39,10-41,10-42, 10-44, 
10-50, 10-52, 10-53, 10-54, 10-55, 11-6, 
11-7,11-26,12-3,12-21,12-22,13-19, 
13-20, 13-33, 15-37 
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Space mean speed, 10-34, 10-42, 10-52, 
10-53,11-7,11-26,12-21,12-22,13-33 

Spacing,. 10-2, 10-11,14-1 
Specific grade, 10-24, 10-40, 11-8, 11-21, 

11-36,13-5,13-29,14-6,14-20,14-30, 
15-11, 15-16, 15-28, 15-34 

Speed, 10-2, 10-3, 10-4,11-1,11-3,11-4, 
12-1,12-9,13-1,13-4,13-7,14-1,14-2, 
14-3,14-4, 15-1, 15-2, 15-3, 15-5 
see also Average travel speed; Crawl 
speed; Design speed; Free-flow speed; 
Space mean speed; Speed 
harmonization; Time mean speed; 
Travel speed 

Speed harmonization, 10-14 
Stochastic model, 11-25 

T 
Taper area, 10-27 
Terrain, 10-11, 10-24, 11-8, 11-10, 12-32, 

12-41, 13-6, 13-29, 13-36, 14-6, 14-10, 
14-14, 15-3, 15-5,15-9 

Time interval, 10-17, 10-20, 10-24, 10-25, 
10-32, 10-33, 10-34, 10-35, 10-36, 10-37, 
10-38, 10-39, 10-40, 10-41, 10-43, 10-44, 
10-50, 10-51, 10-52, 10-53, 10-56, 10-57, 
10-58, 10-59, 10-61, 11-26, 12-28, 13-32, 
15-7 

Time interval scale factor, 10-24 
Time mean speed, 10-42, 11-26 
Time-space domain, 10-17, 10-19, 10-20, 

10-21, 10-24, 10-25,10-32, 10-33, 10-34, 
10-39,10-41,10-42, 10-50, 10-54, 10-55 

Total lateral clearance (TLC), 14-2 
Total ramp derL<;ity, 10-3, 10-4, 10-6, 

10-7,10-12,11-10,11-11,11-12,11-19, 
11-20, 11-29, 11-32, 12-19, 13-5 

Traffic analysis toot 10-42, 11-25, 12-27, 
13-31 

Traffic condition, 10-25, 11-1, 11-22, 
12-26,14-9,14-21 

Traffic control device, i, 10-1, 12-1, 15-1, 
15-42 

Travel speed, 15-5, 15-7, 15-21, 15-33, 
15-35, 15-38 

Travel time, 10-43, 10-44, 15-7, 15-34, 
15-35 

Truck, 10-14, 11-9, 11-14, 11-15, 11-26, 
11-36, 11-37, 11-39, 11-45, 11-46, 11-47, 
14-14,14-15,15-1,15-8,15-11,15-19, 
15-34 

Turn lane, 14-1, 15-59, 15-61, 15-62 
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Turnout, 15-59, 15-60 
Two-lane highway, 15-1 
Two-sided weaving segment 12-4, 12-5, 

12-6,12-8,12-10,12-12,12-14,12-15, 
12-16,12-31,12-41,12-42,12-43,12-44 

u 
Undersaturated flow, 10-21, 10-33, 11-32 
Uninterrupted flow, 14-1, 14--4, 15-1, 

15-5 
Upstream, 10-2, 10-3, 10-5, 11-1, 11-2, 

11-4,11-5,11-6,12-3,12-9,13-1,13-2, 
13-3,15-1,15-10 

Urban, 10-2, 10-11, 11-13, 11-19, 12-9, 
13-1,14-1,14-8,15-1,15-11,15-62 

v 
Variability, 11-15, 11-25, 11-26, 11-27, 

13-33, 13-34 
Volume 

see Demand volume 

w 
Wave speed, 10-37, 10-56 
Weaving,. 10-1, 10-2,10-3,11-1,11-2, 

12-1, 12-2, 12-3, 12-4, 13-7 
Weaving configuration, 10-22, 10-23, 

12-5, 12-6, 12-19, 12-27 
Weaving flow, 10-55, 12-5, 12-8, 12-12, 

12-16, 12-17, 12-34, 12-41, 12-42, 12-47, 
12-49, 12-52 

Weaving length, 10-51, 10-61, 12-20, 
12-21, 12-22, 12-28, 12-29, 12-41 

Weaving movement, 11-1, 12-2, 12-4, 
12-5,12-6,12-7,12-8,12-9,12-12, 
12-14, 12-23, 12-24,12-28,12-33 
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Highway Capacity Manual2010 

FOREWORD 

This fifth edition of the Highway Capacity Manual breaks a great deal of new 
ground. 

• It is the first Highway Capacity Manual to provide an integrated 
multimodal approach to the analysis and evaluation of urban streets from 
the points of view of automobile drivers, transit passengers, bicyclists, 
and pedestrians. This is the first manual to take into account the effects of 
cars on bicyclists and pedestrians. 

• It is the first to address the proper application of microsimulation 
analysis and the evaluation of those results. 

• It is the first to discuss active traffic management in relation to both 
demand and capacity. 

• It is the first to include example applications of its procedures 
implemented in software code and executables to assist users and 
software developers in understanding the subtleties of the methodologies. 

• It is also the first to provide tools, generalized service volume tables, to 
assist planners in quickly sizing future facilities. 

While this edition of the Highway Capacity Manual has many firsts, it also 
builds on more than 60 years of work by many dedicated experts in the fie1d. 1 

. 

The first Highway Capacity Manual was published in 1950 as a joint venture 
between the Highway Research Board's Committee on Highway Capacity and 
the Bureau of Public Roads. That effort was led by O. K. Normann, committee 
chair, and William Walker, committee secretary. The manual was the first 
international document on the broad subject of capacity and provided definitions 
of key terms, a compilation of maximum observed flows, and the initial 
fundamentals of capacity. 

The second edition was published in 1965 by the Highway Research Board 
and authored by the Committee on Highway Capacity. O. K. Normann led much 
of this effort until his untimely death in 1964. Carl C. Saal continued the work as 
the new committee chair with Arthur A. Carter, Jr., as secretary. The Bureau of 
Public Roads was again a significant contributor to the project. The 1965 manual 
was a significant extension of the 1950 edition and introduced the concept of 
level of service. 

The third edition of the manual was published in 1985 by the Transportation 
Research Board (TRB) and authored by the Committee on Highway Capacity and 
Quality of Service, chaired by Carlton C. Robinson, with Charles W. Dale as 
secretary. Credit is also due to Robert C. Blumenthal and James H. Kell, who 
served as committee chairs between the publication of the 1965 and 1985 
editions. The 1985 edition extended capacity analysis to additional facility types, 

1 Thanks are extended to Adolf D. May for this short history of th.e Highway Capacity Manual, which 
was first provided in his Foreword to the 1994 edition. 
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incorporated driver perceptions into level of service, and was the first to have the 
analysis procedures implemented in computer software. 

An update to the third edition of the manual was published in 1994 with 
Adolf D. Mayas chair of the committee and Wayne K. Kittelson as secretary. The 
1994 edition of the manual is noted for new procedures for the analysis of 
freeway ramp junctions, all-way and two-way STop-controlled intersections, and 
two-lane rural highways. 

The fourth edition of the manual was published in 2000 with John D. Zegeer 
as chair of the committee and Richard G. Dowling as secretary. That manual was 
the first to go to a multivolume format (with one volume dedicated to concepts 
for policy makers) and was the first to test novel electronic formats for the 
manual using hyperlinked text and narrated self-guided tutorials for some of the 
example problems. 

The Highway Capacity Manual has grown over the decades, and it has long 
since ceased to be the product of a few highly competent experts or even that of a 
single committee. This edition of the Highway Capacity Manual has benefited from 
the most extensive involvement of the professional community-far surpassing 
that of all the previous editions. More than 300 professionals, many of them 
entirely new to TRB, the Committee on Highway Capacity and Quality of 
Service, and the manual development process itself, contributed in the year-long 
chapter review process, which has culminated in the publication of this fifth 
edition. 

This edition is the first to involve other TRB committees in its development. 
The following committees from the Operations Section (ARBOO) of the Technical 
Activities Council of TRB provided reviewers or comments directly on the drafts 
of the manual: 

• AHB20, Freeway Operations; 

• AHB25, Traffic Signal Systems; 

• AHB35, Committee on High-Occupancy Vehicle, High-Occupancy Toll, 
and Managed Lanes; and 

• AHB45, Traffic Flow Theory and Characteristics. 

The members of the Committee on Highway Capacity and Quality of Service 
thank these committees for their assistance and thank the chairs of the 
Operations Section, Daniel S. Turner and then Peter M. Briglia, Jr., for their 
support and encouragement of the multicommittee involvement in the 
development of the Highway Capacity Manual. 

We are also grateful for the support we have received from the members and 
staff of the Institute of Transportation Engineers (ITE). Our joint summer 
meetings with local ITE sections throughout the manual development process 
were particularly informative and productive. 

Throughout this effort, the advice and support of Richard Cunard, Engineer 
of Traffic and Operations of TRB, was extremely valuable in helping the 
committee anticipate, address, and overcome the obstacles that arise every time a 
major new document is published. 
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The Highway Capacity Manual 2010 would never have become a reality 
without the hard work of the National Cooperative Highway Research Program 
(NCHRP) 3-92 panel, chaired by Barbara Ostrom, with Ray Derr as Senior 
Program Officer for the project. The committee thanks the NCHRP 3-92 panel, its 
staff, and its contractor, Kittelson & Associates, Inc. for delivering a high-quality 
manual that will greatly improve transportation engineering and planning 
practice in the years to come. 

The committee invites those interested in improving the profession's 
understanding of capacity and quality of service analysis to contact us at 
www.AHB40.org and become involved. 

For the Committee on Highway Capacity and Quality of Service (AHB40), 

Richard G. Dowling 
Committee Chair 
October 1, 2010 
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1. INTRODUCTION 

The Highway Capacity Manual 2010 (HCM) is the fifth edition of this 
fundamental reference document. Like its predecessors, the HCM 2010 has been 
significantly revised to incorporate the latest research on highway capacity and 
quality of service. It has also been substantially reorganized. These changes 
continue the HCM's evolution, keeping the manual in step with its users' needs 
and present times. 

The 1950 HCM (1) was the first document to quantify the concept of capacity 
for transportation facilities and focused almost entirely on that subject. This focus 
was in response to the rapid expansion of the u.s. roadway system after World 
War II and the need to determine lane requirements for tl1e Interstate highway 
system and the roads that provided access to it. The manual was designed to be 
"a practical guide by which the engineer, having determined the essential facts, 
can design a new highway or revamp an old one with assurance that the 
resulting capacity will be as calculated./I 

The focus on design continued in the 1965 HCM (2), but the level-of-service 
(LOS) concept was also introduced with this edition, along with a chapter on bus 
transit. The HCM permitted the "determination of the capacity, service volume, 
or level of service which will be provided by either a new highway design, or an 
existing highway under specified conditions." 

The 1985 HCM (3) was another significant step in the evolution of the HCM. 
It further refined the concept of LOS and incorporated the results of several 
major research projects performed since the publication of the 1965 HCM. The 
target audience was broadened through the addition of chapters on pedestrians 
and bicycles and an expansion of the transit chapter. 

A substantial increase in the volume and breadtl1 of material occurred with 
the publication of the HCM2000 (4). The intent of the manual was "to provide a 
systematic and consistent basis for assessing the capacity and level of service for 
elements of tl1e surface transportation system and also for systems that involve a 
series or a combination of individual facilities." 

The HCM 2010 has added much new material from research projects 
completed since the publication of HCM2000 and has been reorganized to mal(e 
its contents more accessible and understandable. The reorganization is also 
intended to encourage analysts and decision makers to consider all roadway 
users, as well as a broader range of performance measures, when they assess 
transportation facility performance. 

Chapter 1, HCM User's Guide, is the starting point for learning how to use 
this edition of the HCM. This chapter presents the purpose, objectives, intended 
use, and target users of the HCM 2010; describes the contents of each of the four 
volumes that make up the HCM; summarizes the major changes that have been 
made to HCM2000 methodologies; and mentions some of the important 
companion documents to the HCM. The remainder of Volume 1 presents the 
fLmdamental information with which users should be familiar before starting to 
apply the manual. 
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VOLUME 1: CONCEPTS 
1. HeM User's Guide 
2. Applications 
3. Modal Characteristics 
4. Traffic Flow and Capacity Concepts 
5. Quality and Level-of-Service Concepts 
6. HCM and Alternative Analysis Tools 
7. Interpreting HCM and Alternative Tool 

Results 
8. HCM Primer 
9. Glossary and Symbols 
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Quality of service describes 
how well a transportation 
facility or service operates 
from the traveler's perspective. 

Level of service is the A-F 
stratification of quality of 
service. 

HCM Purpose and Scope 

2. HCM PURPOSE AND SCOPE 

PURPOSE AND OBJECTIVES 

The purpose of the HeM is to provide a set of methodologies, and associated 
application procedures, for evaluating the multimodal performance of highway 
and street facilities in terms of operational measures and one or more quality-of
service indicators. 

The objectives of the HeM are to 

1. Define performance measures and describe survey methods for key traffic 
characteristics, 

2. Provide methodologies for estimating and predicting performance 
measures, and 

3. Explain methodologies at a level of detail that allows readers to 
understand the factors affecting multimodal operation. 

The HeM 2010 presents the best available techniques at the time of 
publishing for determining capacity and LOS. However, it does not establish a 
legal standard for highway design or construction. 

INTENDED USE 

The HeM is intended to be used primarily for the analysis areas listed 
below, to the extent that they are supported by the individual analysis 
methodologies. 

• Le'Oels of analysis: operations, design, preliminary engineering, and 
planning. 

• Tra'Oel modes: automobile (and other motorized vehicles), pedestrian, and 
bicycle, plus transit when it is part of a multimodal urban street facility. 

• Spatial co'Oerage: points, segments, and facilities. 

• Temporal c07.Jerage: undersaturated and oversaturated conditions. 

TARGET USERS 

The HeM is prepared for use by (a) engineers who work in the field of traffic 
operations or highway geometric design and (b) transportation planners who 
work in the field of transportation system management. To use the manual 
effectively and to apply its methodologies, some technical background is 
desirable-typically university-level training or technical work in a public 
agency or consulting firm. 

The HeM is also useful to management personnel, educators, air quality 
specialists, noise specialists, elected officials, regional land use planners, and 
interest groups representing special users. 
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3. STRUCTURE 

OVERVIEW 

Since 2000, more than $5 million in funded National Cooperative Highway 
Research Program (NCHRP) research has partially or entirely focused on HCM 
methodologies. To keep the HCM at a manageable size and yet incorporate the 
results of this research, the HCM 2010 has been divided into four volumes: 

1. Concepts, 

2. Uninterrupted Flow, 

3. Interrupted Flow, and 

4. Applications Guide. 

When the HCM2000 (4) was being developed, U.S. states were moving 
toward compliance with federal reqUirements to use metric units in the design of 
roadways. As a result, the HCM2000 was published in "U.S. customary" and 
"metric" versions. Because the federal metrication requirements were later 
dropped and most states returned to U.S. customary units, this edition only uses 
U.S. customary units. A metric conversion guide is provided later in this chapter. 

The following sections describe the contents of each HCM 2010 volume. 

VOLUME 1: CONCEPTS 

Volume 1 covers the basic information that an analyst should be familiar 
with before performing capacity or quality-of-service analyses. Its chapters cover 
the organization of the HCM; the kinds of applications that can be performed 
with the HCM; modal characteristics; traffic flow, capacity, and quality-of-service 
concepts; the range of tools available to perform an analysis; guidance on 
interpreting and presenting analysis results; and the terms and symbols used in 
the HCM. Chapter 8, HCM Primer, provides an executive summary of the HCM 
for decision makers. 

Users familiar with the HCM2000 will find that Volume 1 incorporates Part I 
of the HCM2000; conceptual material from HCM2000 Parts II, IV, and V; and 
new material developed for the 2010 edition. Volume 1 is provided in three-ring 
binder and electronic formats, to facilitate the addition of new conceptual 
material as new research is incorporated into the HCM between major updates. 

VOLUME 2: UNINTERRUPTED FLOW 

Volume 2 contains the methodological chapters relating to uninterrupted
flow system elements. All of the material necessary in performing an analysis of 
one of these elements appears here: a description of the process thorough enough 
to allow an analyst to understand the steps involved (although not necessarily 
replicate them by hand), the scope and limitations of the methodology, specific 
default values, LOS thresholds, and guidance on special cases and the use of 
alternative tools. 

The freeway chapters are presented first, arranged from the facility level 
down to the segment level; the chapters for multilane and two-lane highways 

Chapter l/HCM User's Guide 
December 2010 

Page 1-3 

VOLUME 1: CONCEPTS 
1. HCM User's Guide 
2. Applications 
3. Modal Characteristics 
4. Traffic Flow and Capacity Concepts 
5. Quality and Level-of-Service Concepts 
6. HCM and Alternative Analysis Tools 
7. Interpreting HCM and Alternative Tool 

Results 
8. HCM Primer 
9. Glossary and Symbols 

Chapter 8 serves as an executive 
summaty of the HCM for decision 
makers. 

VOLUME 2: UNINTERRUPTED FLOW 
10. Freeway Facilities 
11. BaSic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 

Uninterrupted-flow system elements, 
such as freeways, have no flxed 
causes of delay or interruption 
external to the traffic stream. 

Structure 

AR0073807 



Highway C opacity Man ual 20 10 

VOLUME 3: INTERRUPTED FLOW 
16. Urban Street Facilities 
17. Urban Street Segments 
18. Signalized Intersections 
19. TWSC Intersections 
20. AWSC Intersections 
21. Roundabouts 
22. Interchange Ramp Terminals 
23. Off-Street Pedestrian and 

Bicycle Facilities 

Interrupted-flow system 
elements, such as urban 
streets, have traffic control 
devices such as traffic signals 
and STOP signs that periodically 
interrupt the traffic stream. 

VOLUME 4: APPLICATIONS GUIDE 
Methodological Details 

24. Concepts: Supplemental 
25. Freeway Facilities: 

Supplemental 
26. Freeway and Highway 

Segments: Supplemental 
27. Freeway Weaving: 

Supplemental 
28. Freeway Merges and 

Diverges: Supplemental 
29. Urban Street Facilities: 

Su pplementa I 
30. Urban Street Segments: 

Supplemental 
31. Signalized Intersections: 

Supplemental 
32. STOP-Controlled Intersections: 

Supplemental 
33. Roundabouts: Supplemental 
34. Interchange Ramp Terminals: 

Supplemental 
35. Active Traffic Management 

Interpretations 
case Studies 
Technical Reference Library 

Structure 

follow. Users familiar with the HCM2000 will find that Volume 2 incorporates 
the Part III uninterrupted-flow chapters, along with the material from the 
corresponding Part II chapters (e.g., specific default values and LOS thresholds) 
used directly in an analysis. The Interchange Ramp Terminals chapter, which 
appeared with the uninterrupted-flow chapters in the HCM2000, appears with 
the interrupted-flow chapters (Volume 3) in the HCM 2010. 

Volume 2 is provided in both three-ring-binder and electronic formats to 
facilitate interim HCM updates as new research is performed. 

VOLUME 3: INTERRUPTED FLOW 

Volume 3 contains all of the methodological chapters relating to interrupted
flow system elements. Its content is similar to that of the Volume 2 chapters. The 
facility chapter is presented first, followed by the segment chapter, the point 
chapters, and a chapter on off-street pedestrian and bicycle facilities. 

Volume 3 incorporates the interrupted-flow chapters from the lICM2000's 
Part III, along with the corresponding detailed Part II material. Where applicabk 
pedestrian and bicycle material has been integrated throughout the Volume 3 
chapters, along with public transit material specific to multimodal analyses. 
Users are referred to the Transit Capacity and Quality of Service Manual (TCQSM) 
(5) for transit-specific analysis procedures. The HCM2000 Unsignalized 
Intersections chapter has been split into three chapters in the 2010 edition, which 
individually cover two-way sTop-controlled intersections, all-way STOP

conh'olled intersections, and roundabouts. Finally, the Interchange Ramp 
Terminals chapter is now included with the interrupted-flow chapters. 

Volume 3 is provided in both three-ring-binder and electronic formats to 
facilitate interim HCM updates as new research is performed. 

VOLUME 4: APPLICATIONS GUIDE 

Volume 4 is an electronic-only volume (www.HCM2010.org) that includes 
four types of content: supplemental chapters, methodological interpretations, 
comprehensive case studies, and a technical reference library. 

The supplemental chapters include the following: 

• More detailed descriptions of certain computational methodologies, 
written for users who seek a greater depth of understanding or plan to 
develop HCM implementation software; 

• Example applications of alternative tools to situations not addressed by 
the Volume 2 or 3 chapter's methodology; 

• Additional example problems and calculation results; and 

• A new chapter on the impact of active traffic management techniques on 
roadway operations. 

The methodological interpretations section will develop over time, as users 
apply the HCM 2010 and pose questions about particular methodologies to the 
Transportation Research Board (TRB) Committee on Highway Capacity and 
Quality of Service (AHB40). Clarifications of, interpretations of, and corrections 
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to the HCM that have been officially approved by the committee will be posted 
in the interpretations section of Volume 4. 

The comprehensive case studies illustrate how to use the HCM to perform 
common types of analyses. The case studies are focused on the process of 
applying the HCM, rather than on the details of performing calculations (which 
are addressed by the example problems). Case Studies 1 through 5 are derived 
from the web-based HeM Applications Guidebook (6) that was developed after the 
HCM2000 was published, while Case Study 6 was developed by the NCHRP 3-
85 project (7). 

The Technical Reference Library contains a selection of papers, technical 
reports, and companion documents that provide background information about 
the development of HCM methodologies. 

COMPUTATIONAL ENGINES 

Historically, all HCM methodologies have been fully documented within the 
manual through text, figures, and worksheets (the Freeway Facilities chapter in 
the HCM2000 represents the first departure from this pattern). However, in 
response to practitioner needs and identified HCM limitations, methodologies 
have continued to grow in complexity, and some have reached the point where 
they can no longer be feasibly documented in such a manner (for example, 
methodologies that require multiple iterations to reach a solution). In these cases, 
computational engines become an important means by which details of some of 
the more complex calculations can be fully described. For the most complex 
methodologies, the Volume 2 or 3 chapter, the Volume 4 supplemental chapter, 
and the computational engine together provide the most efficient and effective 
way of fully documenting the methodology. 

The TRB Committee on Highway Capacity and Quality of Service maintains 
computational engines for most HCM methodologies for the purposes of 
evaluating methodologies as they are developed, developing new example 
problems, identifying needed improvements, and judging the impact of 
proposed changes. These engines are tools for developing and documenting 
HCM methodologies and do not have or need the sophisticated interfaces and 
input data manipulation techniques that would make them suitable for use in an 
engineering or planning office. The engines are not generally publicly distributed 
but are made available on request to researchers, practitioners, software 
developers, students, and others who are interested in understanding the inner 
workings of a particular HCM methodology. 

COMMERCIAL SOfTWARE 

To assist users in implementing the methodologies in the manual, 
commercial software is available (and has been since the publication of the 1985 
HCM) to perform the numerical calculations for the more computationally 
intensive methods. A variety of commercial software products are available that 
implement HCM techniques and provide sophisticated user interfaces and data 
manipulation tools. It is the policy of TRB not to review or endorse commercial 
products. 
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AcCC'ss Volume 4 at 
www.HCM2010.org 

HCM chapters describe, at a 
minimum, the proCC'ss used by a 
given methodology. For simpler 
methodologies, the chapters fully 
describe the computational steps 
involved 

Supplemental chapters in Volume 4 
provide calatlation details for the 
more computationally complex 
methods. 

Computational engines document all 
the calmlation steps for the most 
complex methods, such as those 
involving iterative calmlations. 

Structure 
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International Use 

4. INTERNATIONAL USE 

APPLICATIONS 

Capacity and quality-of-service analyses have generated interest on an 
international scale. The HCM has been translated into several languages, and 
research conducted in numerous countries outside of North America has 
contributed to the development of HCM methodologies. HCM users are 
cautioned, however, that the majority of the research base, the default values, 
and the typical applications are from North America, particularly from the 
United States. Although there is considerable value in the general methods 
presented, their use outside of North America requires additional emphasis on 
calibrating the equations and the procedures to local conditions, as well as 
recognizing major differences in the composition of traffic; in driver, pedestrian, 
and bicycle characteristics; and in typical geometrics and control measures. 

METRIC CONVERSION GUIDE 

The HCM2000 (4) was produced as two editions, one using U.S. customary 
units and the other using metric units. Variables in the HCM2000 were subject to 
hard conversion, meaning that figures were rounded where this was reasonable. 
For example, a lane width of 12 ft was converted to a rounded value of 3.6 m. In 
comparison, a soft conversion would multiply 12 ft by a conversion factor of 
0.305 m/ft, resulting in a value of 3.66 m. 

As described in this chapter's Structure section, there is no metric edition of 
the HCM 2010. Therefore, a soft conversion is favored from U.S. customary units 
to metric units, so that computational engines produce the same result regardless 
of the measurement system used. However, in comparisons of the metric results 
of methodologies that have not changed from 2000 to 2010, such as multilane 
highways, small discrepancies may appear: the results produced by the HCM 
2010 with soft conversion may be slightly different from those produced by the 
metric version of the HCM2000. 

Exhibit 1-1 provides approximate conversion factors from u.s. customary to 
metric units. 
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Symbol When You Know Multiply By To Find 
LENGTH 

in. inches 25.4 millimeters 
ft feet 0.305 meters 
yd yards 0.914 meters 
mi miles 1.61 kilometers 

AREA 
in.2 square inches 645.2 square millimeters 
ftz square feet 0.093 square meters 
yd2 square yards 0.836 square meters 
ac acres 0.405 hectares 
mil Square miles 2.59 square kilometers 

VOLUME 
floz fluid ounces 29.57 milliliters 
gal gallons 3.785 liters 
ft3 cubic feet 0.028 cubic meters 
yd3 cubic yards 0.765 cubic meters 

MASS 
oz ounces 28.35 grams 
Ib pounds 0.454 kilograms 
T short tons (2,000 Ib) 0.907 megagrams (or metric tons) 

TEMPERATURE (exact conversion) 
of Fahrenheit (F - 32)11.8 Celsius 

ILLUMINATION 
fc foot-candles 10.76 lux 
fl foot-Lamberts 3.426 candela/square meter 

FORCE and PRESSURE or STRESS 
Ibf pound force 
Ibf/in.2 pound force per square inch 
Source: Federal Highway Administration (8). 
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Symbol 

mm 
m 
m 
km 

g 
kg 
Mg (or t) 

N 
kPa 

Exhibit 1-1 
Metric Conversion Table 

International Use 
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Exhibit 1-2 
Major Research Projects 

Contributing to the 
HCM 2010 

What's New in the HCM 2010 

5. WHAT'S NEW IN THE HeM 2010 

OVERVIEW 

Although the page layout of the HCM 2010 is similar to that of the 
HCM2000, a number of changes have been made to the manual- a result of both 
the extensive research that has been conducted since the HCM2000 and the 
feedback received from HCM2000 users. 

Research Basis for the HeM 2010 

Exhibit 1-2 lists the major research projects that have contributed to the HCM 
2010. The impacts of these and other projects on individual HCM chapters are 
described later in this section. 

Project Project Title 

NCHRP 3-60 
Capacity and Quality of Service 
of Interchange Ramp Terminals 

NCHRP 3-64 
Highway Capacity Manual 
Applications Guide 

NCHRP 3-65 
Applying Roundabouts in the 
United States 

NCHRP 3-70 
Multimodal Level of Service 
Analysis for Urban Streets 

NCHRP 3-75 
Analysis of Freeway Weaving 
Sections 

Measuring and Predicting the 
NCHRP 3-79 Performance of Automobile 

Traffic on Urban Streets 

NCHRP 3-82 Default Values for Capacity and 
Quality of Service Analyses 

Guidance for the Use of 
NCHRP 3-85 Alternative Traffic Analysis Tools 

in Highway Capacity Analyses 

NCHRP 3-92 
Production of the Year 2010 
Highway Capacity Manual 

Federal 
Evaluation of Safety, Design, 
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Project Objective(s) 

Develop improved methods for capacity and 
quality-of-service analysis of interchange ramp 
terminals, for a full range of interchange types. 

Develop an HCM Applications Guide that shows 
how to apply HCM methodologies to real-world 
problems and indicate when other methods 
may be more appropriate. 

Develop methods of estimating the safety and 
operational impacts of U.S. roundabouts and 
refine the design criteria used for them. 

Develop a framework and enhanced methods 
for determining levels of service for 
automobile, transit, bicycle, and pedestrian 
modes on urban streets, in particular with 
respect to the interaction among the modes. 

Develop improved methods for capacity and 
LOS analysiS of freeway weaving sections. 

Develop techniques to measure the 
performance of automobile traffic on urban 
streets for real-time applications; develop 
procedures to predict the performance of 
automobile traffic on urban streets. 

Determine appropriate default values for 
inputs to HCM analyses; develop a guide to 
select default values for various applications. 

Enhance the guidance in the HCM for the 
selection and use of alternative traffic analysis 
tools. 

Develop the 2010 edition of the HCM. 

Develop an LOS estimation method for shared
use paths to assist path designers and 
operators in determining how wide to make 
new or rebuilt paths and whether to separate 
the different types of users. 

Describe active traffic management techniques 
and available information and analysis 
methods for evaluating their effectiveness in 
increasing highway facility capacity and 
improving operational performance. 
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focus Groups 

After the publication of the HCM2000, the TRB Committee on Highway 
Capacity and Quality of Service sponsored a series of focus groups at various 
locations around the United States to obtain feedback and to identify desired 
improvements for the next edition. Committee and subcommittee members also 
prepared an audit of the HCM in the areas of planning, design and operations, 
and educational needs (9). After the HCM 2010 was funded, the Institute of 
Transportation Engineers sponsored a web-based survey on HCM usage and 
desired improvements, and the NCHRP 3-92 project organized several focus 
groups on those topics. The feedback from these and other sources was 
considered when decisions were made on the fonnat, content, and organization 
of the HCM 2010. 

Reorganization from the HCM2000 

As described in detail in this chapter's Structure section, the HCM 2010 
consists of four volumes: (a) Volume 1: Concepts, (b) Volume 2: Uninterrupted 
Flow, (c) Volume 3: Interrupted Flow, and (d) Volume 4: Applications Guide. 
Material from Parts I to V of the HCM2000 has been distributed to Volumes 1 to 
4 of the HCM 2010 as follows: 

• Part I: Overview material appears in Volume 1. 

• Part II: Concepts material appears in Volumes 2 and 3 if used directly in an 
analysis (e.g., default values and LOS tables) and in Volume 1 otherwise. 

• Part Ill: Methodologies material appears in Volume 2 for uninterrupted
flow chapters and Volume 3 for interrupted-flow chapters. Worksheets 
and highly detailed descriptions of methodological steps appear in the 
Volume 4 chapters. 

• Part IV: Corridor and Areawide material that is conceptual in nature appears 
in Volume 1. More detailed analytical material has been removed in favor 
of guidance in the use of alternative tools for corridor and areawide 
analyses. 

• Part V: Simulation and Other Models material has been distributed 
throughout the HCM 2010. Volume 1 contains an overview of alternative 
tools (Chapter 6) and general guidance on comparing HCM and 
alternative results (Chapter 7). Specific guidance on when to consider 
altemative tools is presented in each chapter in Volumes 2 and 3. Selected 
Volume 4 chapters provide examples of applying alternative tools to 
situations that cannot be addressed by HCM methodologies. 

Multimodal Approach 

To encourage HCM users to consider all travelers on a facility when they 
perform analyses and make decisions, the HCM 2010 integrates material on 
nonautomobile and automobile modes. Thus, there are no stand-alone 
Pedestrian, Bicycle, and Transit chapters in this edition. Instead, users should 
refer to the Urban Streets chapter for analysis procedures for pedestrians, 
bicyclists, and transit users on urban_ streets, to the Signalized Intersections 
chapter for procedures relating to signalized intersections, and so on. 
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What's New in the HCM 2010 

In recognition of the companion TCQSM (5) and of the difficulty in keeping 
the two manuals in synch, users are referred to the TCQSM for transit-specific 
capacity and quality-of-service procedures. However, transit quality of service in 
a multimodal context continues to be addressed in the HCM. 

Traveler-Perception Models 

Since the 1985 HCM, LOS has been defined in terms of measures of 
operational conditions within a traffic stream (3, 4). HCM methodologies have 
generally presented a single LOS measure per system element that can be (a) 
directly measured in the field, (b) perceived by travelers, and (c) affected by 
facility owners. However, since the publication of the HCM2000, a number of 
research projects have studied whether a Single operational factor is sufficient to 
describe LOS, as well as whetller nonoperational factors should also be used (10). 
These projects have proposed models that (a) incorporate multiple factors of 
traveler satisfaction and (b) set LOS thresholds based on traveler perceptions of 
service quality. Traveler-perception models from two of these studies (11, 12) 
have been incorporated into the Multilane Highways, Two-Lane Highways, 
Urban Street Facilities, Urban Street Segments, and Off-Street Pedestrian and 
Bicycle Facilities chapters. 

GEmeralized Service Volume Tables 

The HCM2000 provided "example service volume tables" for 10 system 
elements. The service volume tables were developed by using a single set of 
default values and were accompanied by cautionary notes that they were 
illustrative only. The HCM 2010 provides" generalized service volume tables" 
for facilities that incorporate a range of national default values. These tables can 
be considered for such applications as statewide performance reporting, 
areawide (i.e., regional) modeling, and future-year analyses as part of a long
range transportation planning process. 

METHODOLOGICAL CHANGES BY SYSTEM ELEMENT 

Freeway Facilities 

The basic methodology is similar to the one given in the HCM2000 but 
incorporates the new weaving-segment analysis procedure. A significant change 
is the addition of LOS thresholds for freeway facilities based on density. Other 
changes include updates to the material on the impact of weather and work 
zones on freeway facility capacity, along with new information on the impact of 
active traffic management measures on freeway operations. 

Basic Freeway Segments 

The basic methodology is similar to the one given in the HCM2000. The free
flow speed prediction model has been improved, and a speed-flow curve for 
segments with 75-mi/h free-flow speeds has been added. 

Page 1-10 Chapter l/HCM User's Guide 
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Freeway Weaving Segments 

This chapter has been completely updated and incorporates the 
methodology developed by the NCHRP 3-75 project. Although the general 
process for analyzing weaving segments is similar to that given in the HCM2000, 
the HCM 2010 models are based on an up-to-date set of weaving data. The 
following are the two major differences in how the methodology is applied: (a) 
there is now a single algorithm for predicting weaving speeds and a single 
algorithm for predicting nonweaving speeds, regardless of the weaving 
configuration, and (b) the LOS F threshold has changed. 

Ramps and Ramp Junctions 

The following revisions have been made to the HCM2000 methodology: 

• Procedures have been added to check for unreasonable lane distributions 
that overload the left or right lane(s) (or both) of the freeway. 

• A revision has been made to correct an illogical trend involving on-ramps 
on eight-lane freeways in which density increases as the length of the 
acceleration lane increases. 

Multilane Highways 

The multilane highways automobile methodology is essentially the same as 
that given in the HCM2000. A methodology for calculating bicycle LOS for 
multilane highways has been added. 

( Two-Lane Highways 

( 

The following revisions have been made to the HCM2000 automobile 
methodology: 

• The two-direction analysis has been dropped: the one-direction 
methodology is the only one used, with two-direction results obtained by 
appropriate weighted averaging of the one-direction results. 

• Several key curves and tables used in one-direction analyses have been 
adjusted and incorporated into the chapter. 

A bicycle LOS methodology for two-lane highways has been added. 

Urban Street Facilities 

This is a new chapter that contains guidance to help analysts determine the 
scope of their analysis (i.e., isolated intersection versus coordinated signal 
system) and the relevant travel modes (i.e., automobile, pedestrian, bicycle, 
transit, or a combination). The methodology section describes how to aggregate 
results from the segment and point levels of analysis into an overall facility 
assessment. Information on the impact of active traffic management measures on 
urban street performance has been added. 

Chapter l/HCM User's Guide 
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What's New in the HCM 2010 

Urban Street Segments 

This chapter has been completely rewritten. The work of the NCHRP 3-79 
project has been incorporated into the chapter, providing improved methods for 
estimating urban street free-flow speeds and running times, along with a new 
method for estimating the stop rate along an urban street. In addition, the work 
of the NCHRP 3-70 project has been incorporated, providing a multi modal LOS 
methodology that can be used to evaluate trade-offs in how urban street right-of
way is allocated among the modes using the street. 

Signalized Intersections 

The following revisions have been made to the HCM2000 methodology: 

• A new incremental queue accumulation method has been added to 
calculate the dl delay term and the Qllength term. It is equivalent to the 
HCM2000 method for the idealized case but is more flexible to 
accommodate nonideal cases, including coordinated arrivals and multiple 
green periods with differing saturation flow rates (i.e., protected-plus
permitted left turns and sneakers). 

• An actuated controller operation modeling procedure has been added. 

• A left-tum lane overflow check procedure has been added. 

• Pedestrian and bicycle LOS methodologies relating to signalized 
intersections have been moved into this chapter. 

U nsignalized Intersections 

The HCM2000's Unsignalized Intersections chapter has been split into three 
chapters: two-way STop-controlled intersections, all-way SToP-controlled 
intersections, and roundabouts. 

Two-Way STOP-Controlled Intersections 

The two-way STop-controlled intersection methodology for the automobile 
mode is essentially the same as the one given in the HCM2000, except gap
acceptance parameters for six-lane streets have been added. In addition, 
pedestrian and bicycle LOS methodologies relating to two-way STOP-controlled 
intersections have been moved into this chapter. 

All-Way STOP-Controlled Intersections 

The all-way STop-controlled intersection methodology is essentially the same 
as the one given in the HCM2000. A queue-estimation model has been added. 

Roundabouts 

This chapter replaces the HCM2000 roundabout content. It is based on the 
work of the NCHRP 3-65 project, which developed a comprehensive database of 
U.S. roundabout operations and new methodologies for evaluating roundabout 
performance. A LOS table for roundabouts has been added. 

Interchange Ramp Terminals 

This chapter is completely updated on the basis of the NCHRP 3-60 project. 
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Off-Street Pedestrian and Bicycle Facilities 

The pedestrian path procedures are essentially the same as those of the 
HCM2000, but guidance is provided on how to apply the procedures to a wider 
variety of facility types. The bicycle path procedures, which were based on Dutch 
research in the HCM2000, have been updated on the basis of results of a Federal 
Highway Administration (FHWA) study to calibrate the Dutch model for U.S. 
conditions and increase the number of path user groups (e.g., inline skaters and 
runners) addressed by the procedures. 
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Companion Documents 

6. COMPANION DOCUMENTS 

Throughout its 6O-year history, the HCM has been one of the fundamental 
reference works used by transportation engineers and planners. However, it is 
but one of a number of documents that playa role in the planning, design, and 
operation of transportation facilities and services. The HCM's scope is to provide 
tools to evaluate the performance of highway and street facilities in terms of 
operational and quality-of-service measures. This section describes companion 
documents to the HCM that cover important topics outside the HCM's scope. 

HIGHWAY SAFETY MANUAL 

The Highway Safety Manual (HSM) (13) provides analytical tools and 
teclmiques for quantifying the safety effects of decisions related to plamling, 
design, operations, and maintenance. The information in the HSM is provided to 
assist agencies as they integrate safety into their decision-making processes. It is 
a nationally used resource document intended to help transportation 
professionals conduct safety analyses in a technically sound and consistent 
manner, thereby improving decisions made on the basis of safety performance. 

A POLICY ON GEOMETRIC DESIGN OF HIGHWAYS AND STREETS 

The American Association of State Highway and Transportation Officials' A 
Policy on Geometric Design of Highways and Streets ("Green Book") (14) provides 
design guidelines for roadways ranging from local streets to freeways, in both 
urban and rural locations. The guidelines" are intended to provide operational 
efficiency, comfort, safety, and convenience for the motorist" and to emphasize 
the need to consider other modal users of roadway facilities. 

MANUAL ON UNIFORM TRAFFIC CONTROL DEVICES 

FHW A' s Manual on Uniform Traffic Control Devices for Streets and Highways 
(MUTCD) (15) is the national standard for traffic control devices for any street, 
highway, or bicycle trail open to public travel. Of particular interest to HCM 
users are the sections of the MUTCD pertaining to warrants for all-way STOP 

control and traffic signal control, signing and markings to designate lanes at 
intersections, and associated considerations of adequate road way capacity and 
less restrictive intersection treatments. 

TRANSIT CAPACITY AND QUALITY OF SERVICE MANUAL 

The TCQSM (5) is the transit counterpart to the HCM. The manual contains 
background, statistics, and graphics on the various types of public 
transportation, and it provides a framework for measuring transit availability, 
comfort, and convenience from the passenger point of view. The manual contains 
quantitative techniques for calculating the capacity of bus, rait and ferry transit 
services and transit stops, stations, and terminals. 
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1. INTRODUCTION 

The Highway Capacity Manual (HeM) can be applied to transportation 
applications that range from the highly detailed to the highly generalized, to 
roadway system elements that range from individual points to an entire 
transportation system, to four travel modes that can be considered separately or 
in combination, and to several types of roadway and facility operating 
conditions. Chapter 2, Applications, introduces the wide range of potential 
HeM applications, all of which can be applied as stand-alone analyses or in 
support of a broader process. 

The HeM can be applied at the operational, design, preliminary engineering, and 
planning analysis levels. The required input data typically remain the same at 
each analysis level, but the degree to which analysis inputs use default values 
instead of achlal measured or forecast values differs. In addition, operational 
analyses and planning and preliminary engineering analyses frequently evaluate 
the level of service (LOS) that will result from a given set of inputs, whereas 
design analyses typically determine which facility characteristics will be needed 
to achieve a desired LOS. 

The travel modes covered by the HeM are the automobile [including other 
motorized vehicles such as trucks, recreational vehicles (RVs), intercity buses, 
and motorcycles], pedestrian, and bicycle modes, as well as public transit vehicles 
that operate on urban streets. All of these modes operate on a variety of roadway 
system elements, including points (e.g., intersections), segments (e.g., lengths of 
roadways between intersections), facilities (an aggregation of points and 
segments into longer lengths), corridors (parallel freeway and arterial facilities), 
and at the largest geographic scales, areas and systems. 

HeM methodologies are provided both for uninterrupted-flow facilities, 
which have no fixed causes of delay or interruption external to the traffic stream, 
and for interrupted-flow facilities, on which traffic control devices such as traffic 
signals and STOP signs periodically interrupt the traffic stream. HCM analyses are 
applicable to undersaturated conditions (where demand is less than a roadway 
system element's capacity) and, in certain situations, to oversaturated conditions 
(where demand exceeds capacity). 

Finally, measures generated by HCM methodologies can be used for more 
than just stand-alone traffic analyses. This chapter describes potential 
applications of HeM methodologies to noise, air quality, economic, and 
multimodal planning analyses. 
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VOLUME 1: CONCEPTS 
1. HCM User's Guide 
2. Applications 
3. Modal Characteristics 
4. Traffic Flow and Capacity Concepts 
5. Quality and Level-of-Service Concepts 
6. HCM and Alternative Analysis Tools 
7. Interpreting HCM and Alternative Tool 

Results 
8. HCM Primer 
9. Glossary and Symbols 

Types of HCM analysis levels. 

Travel modes and roadway system 
elements addressed by the HCM. 

Individual methodological chapters 
describe the extent to which the HCM 
can be used tiJr oversaturated 
analyses. Chapter 6 describes 
alternative analysis tools that may be 
applied in situations in which the 
HCM cannot be used 
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The concept at LOS is 
described in Chapter ~ Quality 
and Level-at-Service Concepts. 

Levels of AnalYSis 

2. LEVELS Of ANALYSIS 

OVERVIEW 

Any given HeM application can be analyzed at different levels of detail, 
depending on the purpose of the analysis and the amount of information 
available. The HeM defines three primary levels of analysis: 

• Operational analysis, typically focusing on current or near-term conditions, 
involving detailed inputs to HeM procedures, with no or minimal use of 
default values; 

• Design analysis, typically using HeM procedures to identify the required 
characteristics of a transportation facility that will allow it to operate at a 
desired LOS, with some use of default values; and 

• Planning and preliminartj engineering analysis, typically focusing on future 
conditions, where it is desired to evaluate a series of alternatives quickly 
or when specific input values to procedures are not known, requiring the 
extensive use of default values. 

The following sections describe these analysis levels further. 

OPERATIONAL ANALYSIS 

Operational analyses are applications of the HeM that are generally oriented 
toward current or near-term conditions. They aim at providing information for 
decisions on whether there is a need for improvements to an existing point, 
segment, or facility. Occasionally, an analysis is made to determine whether a 
more extensive planning study is needed. Sometimes the focus is on a network, 
or part of one, that is approaching oversaturation or an undesirable LOS: When, 
in the near term, is the facility likely to fail (or fail to meet a desired LOS 
threshold)? To answer this question, an estimate of the service flow rate 
allowable under a specified LOS is required. 

HeM analyses also help practitioners make decisions about operating 
conditions. Typical alternatives often involve the analysis of appropriate lane 
configurations, alternative traffic control devices, signal timing and phasing, 
spacing and location of bus stops, frequency of bus service, and addition of a 
managed (e.g., high-occupancyvehide) lane or a bicycle lane. The analysis 
produces operational measures for a comparison of the alternatives. 

Because of the immediate, short-term focus of operational analyses, it is 
possible to provide detailed inputs to the models. Many of the inputs may be 
based on field measurements of traffic, physical features, and control parameters. 
Generally, it is inappropriate to use default values at this level of analysis. 

DESIGN ANALYSIS 

Design analyses primarily apply the HCM to establish the detailed physical 
features that will allow a new or modified facility to operate at a desired LOS. 
Design projects are usually targeted for mid- to long-term implementation. Not 
all the physical features that a designer must determine are reflected in the HeM 
models. Typically, analysts using the HeM seek to determine such elements as 
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the basic number of lanes required and the need for auxiliary or hlrning lanes. 
However, an analyst can also use the HeM to establish values for elements such 
as lane width, steepness of grade, length of added lanes, size of pedestrian 
queuing areas, widths of sidewalks and walkways, and presence of bus turnouts. 

The data required for design analyses are fairly detailed and are based 
substantially on proposed design attributes. However, the intermediate to long
term focus of the work will require use of some default values. This 
simplification is justified in part by the limits on the accuracy and precision of 
the traffic predictions with which the analyst is working. 

PLANNING AND PRELIMINARY ENGINEERING ANALYSIS 

Planning analyses are applications of the HeM generally directed toward 
broad issues such as initial problem identification (e.g., screening a large number 
of locations for potential operations deficiencies), long-range analyses, and 
statewide performance monitoring. An analyst often must estimate the future 
times at which the operation of the current and committed systems will fall 
below a desired LOS. Preliminary engineering analyses are often conducted to 
support planning decisions related to roadway design concept and scope, and 
when alternatives analyses are performed. These studies can also assess 
proposed systemic policies, such as lane-use control for heavy vehicles, 
systemwide freeway ramp metering and other intelligent transportation system 
applications, and the use of demand-management techniques (e.g., congestion 
pricing) (1). 

Planning and preliminary engineering analyses typically involve situations 
in which not all of the data needed for the analysis are available. Therefore, both 
types of analyses frequently rely on default values for many analysis inputs. 
Planning analyses may default nearly all inputs-for example, through the use of 
generalized service volume tables. Preliminary engineering analyses will 
typically fall between planning and design analyses in the use of default values. 

RELATIONSHIP BETWEEN ANALYSIS LEVELS AND OBJECTIVES 

Each methodological chapter in Volumes 2 and 3 has one basic method 
adapted to facilitate each of the levels of analysis. Analysis objectives include 
identifying a fuhue problem, selecting an appropriate countermeasure to an 
identified problem, or evaluating the postimplementation success of an action. 
The HeM is particularly useful when a current situation is being studied in the 
context of future conditions or when an entirely new element of the system is 
being considered for implementation. Analysts studying current conditions 
should make direct field measurements of the performance attributes; these 
direct measurements can then be applied in the same marmer as predicted values 
to determine performance measures of interest. 
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Exhibit 2-1 
Illustrative Roadway System 

Elements 

Note that a two· way STOp· 

controlled intersection does 
not normally divide the 
uncontrolled urban street into 
two segments_ 

Roadway System Elements 

3. ROADWAY SYSTEM ELEMENTS 

TYPES OF ROADWAY SYSTEM ELEMENTS 

The HCM defines six main types of roadway system elements. From smallest 
to largest, these are points, segments, facilities, corridors, areas, and systems. The 

focus of the HCM is on the first three types of elements: points, segments, and 
facilities. Exhibit 2-1 illustrates the spatial relationships of these elements, and 
the following sections provide details about each system element type. 
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(b) Corridors, Areas, and Systems 

Points 

Points are places along a facility where (a) conflicting traffic streams cross, 
merge, or diverge; (b) a single traffic stream is regulated by a traffic control 
device; or (c) there is a significant change in the segment capacity (e.g., lane drop, 

lane addition, narrow bridge, significant upgrade, start or end of a ramp 
influence area). 
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Some points, such as interchange ramp terminals, may actually have a 
significant physical length associated with them, as suggested by Exhibit 2-1(a). 
For urban street facility analysis, points are treated as having zero length-all of 
the delay occurs at the point. For freeway facility analysis, points are used to 
define the endpoints of segments, but they have no associated performance 
measures or capacity, as these are calculated at the segment level. 

Segments 

A segment is the length of roadway between two points. Traffic volumes and 
physical characteristics generally remain the same over the length of a segment, 
although small variations may occur (e.g., changes in h"affic volumes on a 
segment resulting from a low-volume driveway). Segments mayor may not be 
directional. The HCM defines basic freeway segments, freeway weaving 
segments, freeway merge and diverge segments, and urban street segments. 

Facilities 

Facilities are lengths of roadways, bicycle paths, and pedestrian walkways 
composed of a connected series of points and segments. Facilities mayor may 
not be directional and are defined by two endpoints. The HCM defines freeway 
facilities, multilane highway facilities, two-lane highway facilities, urban street 
facilities, and pedestrian and bicycle facilities. 

Corridors 

Corridors are generally a set of parallel transportation facilities designed to 
move people between two locations. For example, a corridor may consist of a 
freeway facility and one or more parallel urban street facilities. There may also 
be rail or bus transit service on the freeway, the urban streets, or both, and 
transit service could be provided within a separate, parallel right-of-way. 
Pedestrian or bicycle facilities may also be present within the corridor, as 
designated portions of roadways and as exclusive, parallel facilities. 

Areas 

Areas consist of an interconnected set of transportation facilities serving 
movements within a specified geographic space, as well as movements to and 
from adjoining areas. The primary factor distinguishing areas from corridors is 
that the facilities within an area need not be parallel to each other. Area 
boundaries can be set by significant transportation facilities, political boundaries, 
or topographic feahlres such as ridgelines or major bodies of water. 

Systems 

Systems are composed of all the transportation facilities and modes within a 
particular region. A large metropolitan area typically has multiple corridors 
passing through it, which divide the system into a number of smaller areas. Each 
area contains a number of facilities, which, in turn, are composed of a series of 
points and segments. Systems can also be divided into modal subsystems (e.g., 
the roadway subsystem, the transit subsystem) as well as subsystems composed 
of specific road way elements (e.g., the freeway subsystem, the urban street 
subsystem). 
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Exhibit 2-2 
HCM Service Measures by 

System Element and Mode 

Exhibit 2-3 
Components of Traveler

Perception Models Used in 
the HCM 

The automobile traveler
perception model for urban 
street segments and facilities 
is not used to determine LOS, 
but it is included to facilitate 
multimodal analyses. 

Roadway System Elements 

ANALYSIS Of INDIVIDUAL SYSTEM ELEMENTS 

The HeM provides tools to help analysts estimate performance measures for 
individual elements of a multimodal transportation system, as well as guidance 
on combining those elements to evaluate larger portions of the system. Exhibit 2-
2 tabulates the various system elements for which the HeM provides analysis 
methodologies in Volumes 2 and 3, the service measure(s) used to determine 
LOS for each mode operating on each system element, and the HeM 
performance measure that can be used to aggregate results to a system level. 
Some combinations of system elements and travel modes combine several 
performance measures into a single traveler-perception model that is used to 
generate a LOS score; the components of each model are listed in Exhibit 2-3. 

Service Measure(s) Systems 
HCM Analysis 

System Element Cha~l:er Automobile Pedestrian Bicycle Transit Measure 
Freeway facility 10 Density Speed 

Basic freeway segment 11 Density Speed 
Freeway weaving 12 Density Speed 
segment 
Freeway merge and 

13 Density Speed 
diverge segments 
Multilane highway 14 Density LOS scorea Speed 

Percent time-
Two-lane highway 15 spent-following, LOS score" Speed 

speed 

Urban street facility 16 Speed LOS score" LOS score' LOS score" Speed 

Urban street segment 17 Speed LOS score' LOS score" LOS scorea Speed 

Signalized intersection 18 Delay LOS scorea LOS score" Delay 

Two-way stop 19 Delay Delay Delay 

All-way stop 20 Delay Delay 

Roundabout 21 Delay Delay 
Interchange ramp 22 Delay Delay 
terminal 
Off-street ped estrian-

23 Space, 
LOS score" Speed 

bicycle facility eventsb 

Notes: a See Exhibit 2-3 for the LOS score components. 
b Events are situations where pedestrians meet bicyclists. 

System Element 
Multilane and 
two-lane highways 

Urban street facility 

Urban street segment 

Signalized intersection 

Off-street pedestrian
bicycle facility 

HCM 
Chapter 

14,15 

16 

17 

18 

23 

Mode Model components 
B' Y I Pavement quality, perceived separation from motor 

IC c e vehicles, motor vehicle volume and speed 
Automobile Weighted average of segment automobile LOS scores 
Pedestrian Urban street segment and signalized intersection pedestrian 

LOS scores, mid block crossing difficulty 
Urban street segment and signalized intersection bicycle 

Bicycle 
LOS scores, driveway conflicts 

Transit Weighted average of segment transit LOS scores 
Automobile Stops per mile, left-turn lane presence 
Pedestrian Pedestrian density, sidewalk width, perceived separation 

from motor vehicles, motor vehicle volume and speed 
Perceived separation from motor vehicles, pavement 

Bicycle quality, motor vehicle volume and speed 
Transit Service freg uencY" perceived speed, pedestrian LOS 

Pedestrian Street crossing delay, pedestrian exposure to turning 
vehicle conflicts, crossing distance 

Bicycle Perceived separation from motor vehicles, crossing distance 
Average meetings/minute, active paSSings/minute, path 

Bicycle 
Width, centerline presence, delayed passings 
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ASSESSMENT OF MULTIPLE FACILITIES 

The analysis of a transportation system starts with estimates of delay at the 
point and segment leve1. Point delays arise from the effects of traffic control 
devices such as traffic signals and STOP signs. Segment delays combine the point 
delay incurred at the end of the segment with other delays incurred within the 
segment. Examples of the latter include delays caused by midblock turning 
activity into driveways, parking activity, and midblock pedestrian crossings. 
The HeM estimates segment speed instead of segment delay; however, segment 
speed can be converted into segment delay by using Equation 2-1: 

where 

Di 

AVOi 

di 

Li 

Si 

SOi 

D. = AVO. Xd.(Li -~J 
1 I 'SS 

i Oi 

person-hours of delay on segment i, 

average vehicle occupancy on segment i (passengers/vehicle), 

vehicle demand on segment i (vehicles), 

length of segment i (mi), 

average vehicle speed on segment i (mi/h), and 

free-flow speed of segment i (mi/h). 

Segment delays are added together to obtain facility estimates, and the sum 
of the facility estimates yields subsystem estimates. Mean delays for each 
subsystem are then computed by dividing the total person-hours of delay by the 
total number of trips on the subsystem. Subsystem estimates of delay can be 
combined into total system estimates, but typically the results for each subsystem 
are reported separately. 

SYSTEM PERFORMANCE MEASUREMENT 

System performance must be measured in more than one dimension. When a 
single intersection is analyzed, it may suffice to compute only the peak-period 
delay; however, when a system is analyzed, the geographic extent, the duration 
of delay, and any shifts in demand among facilities and modes must also be 
considered (2). 

System performance can be measured in the following dimensions: 

• Quantity of service-the number of person-miles and person-hours 
provided by the system; 

• Intensity of congestion-the amount of congestion experienced by users of 
the system; 

• Duration of congestion-the number of hours that congestion persists; 

• Extent of congestion-the physical length of the congested system; 

• Variability-the day-to-day variation in congestion; and 

• Accessibility-the percentage of the populace able to complete a selected 
trip within a specified time. 
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Equation 2-1 

Typically, only the segments that 
constitute the collector and arterial 
system are used to estimate system 
delay. 

An increase in congestion on one 
system element may result in a shift 
of demand to other system elements. 
Therefore, estimating system delay is 
an iterative process. HeM techniques 
can be used to estimate the delay 
resulting nom a given demand, but 
not the demand resulting from a 
given delay. 

Dimensions of system petfolT!7ance. 
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A segment is congested if the 
demand exceeds the 
segment's discharge capacity. 

Roadway System Elements 

Quantity of Service 

Quantity of service measures the utilization of the transportation system in 
terms of the number of people using the system, the distance they travel (person
miles of travel, PMT), and the time they require to travel (person-hours of travel, 
PHT). Dividing the PMT by the PHT gives the mean trip speed for the system. 

Intensity of Congestion 

The intensity of congestion can be measured by using total person-hours of 
delay and mean trip speed. Other metrics, such as mean delay per person-trip, 
can also be used. In planning and preliminary engineering applications, intensity 
of congestion is sometimes measured in terms of volume-to-capacity ratio or 
demand-to-capacity ratio. 

Duration of Congestion 

The duration of congestion is measured in terms of the maximum amount of 
time that congestion occurs anywhere in the system. A segment is congested if 
the demand exceeds the segment's discharge capacity. Transit subsystem 
congestion can occur either when the passenger demand exceeds the capacity of 
the transit vehicles or when the need to move transit vehicles exceeds the 
vehicular capacity of the transit facility. 

Extent of Congestion 

The extent of congestion may be expressed in terms of the directional miles 
of facilities congested or-more meaningfully for the public-in terms of the 
maximum percentage of system miles congested at anyone time. 

Variability 

Ideally, variability should be measured in terms of either (a) the probability 
of occurrence of, or (b) a confidence interval for, other aspects of congestion 
(intensity, duration, and extent). However, the state of the practice does not yet 
facilitate such a calculation. Instead, a measure of the sensitivity of the results to 
changes in the demand can be substituted until better methods for estimating 
variability become available. Various levels of demand are tested (such as a 5% 
increase or a 5% decrease), and the resulting effects on the intensity, duration, 
and extent of congestion are noted in terms of a percentage increase or decrease 
in their values. The sensitivity can be expressed in terms of elasticity by dividing 
the percentage change in output by the percentage change in demand. An 
elasticity greater than 1.0 means that the estimated congestion measure is highly 
sensitive to changes in demand. 

Accessibility 

Accessibility examines the effectiveness of the system from a perspective 
other than intensity. Accessibility can be expressed in terms of the percentage of 
trips (or persons) able to accomplish a certain goal-such as going from home to 
work-within a targeted travel time. Accessibility can also be defined in terms of 
a traveler's ability to get to and use a particular modal subsystem, such as transit. 
This definition is closer to the Americans with Disabilities Act's use of the term. 
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4. TRAVEL MODES 

This section introduces the four major travel modes addressed by the HCM: 
automobile, pedestrian, bicycle, and transit. Chapter 3 provides details about the 
characteristics of each mode that are important for HCM analyses. 

AUTOMOBILE 

The automobile mode includes all motor vehicle traffic using a roadway 
except transit vehicles. Thus, trucks, RVs, motorcycles, and tour buses are all 
considered members of the automobile mode for HCM analysis purposes. 
Certain vehicle types (e.g., trucks and RVs) have operating characteristics 
different from those of private automobiles; these characteristics are taken into 
account by HCM methodologies where needed. The HCM's LOS thresholds for 
the automobile mode are based on the perspective of automobile drivers and 
passengers. Therefore, the automobile LOS measures may not necessarily reflect 
the perspective of drivers of other types of motorized vehicles, especially trucks. 

PEDESTRIAN 

The pedestrian mode consists of travelers along a roadway or pedestrian 
facility making a journey (or at least part of their journey) on foot. Pedestrians 
walk at different speeds, depending on their age, their ability, and environmental 
characteristics (e.g., grades and climate); HCM procedures generally account for 
this variability. Sidewalks and pathways may be used by more than just foot
based traffic-for example, inline skaters and persons in wheelchairs-but the 
HCM's LOS thresholds reflect the perspective of persons making a walking 
journey. 

BICYCLE 

The bicycle mode consists of travelers on a roadway or pathway who are 
using a nonmotorized bicycle for their trip; bicycle LOS thresholds reflect their 
perspective. Mopeds and motorized scooters are not considered bicycles for 
HCM analysis purposes. 

TRANSIT 

Urban roadways are often shared with public transit buses and, occasionally, 
with rail transit vehicles such as streetcars and light rail vehicles. Previous 
editions of the HCM have provided relatively extensive coverage of the transit 
mode. However, now that two editions of a companion Transit Capacity and 
Quality of Service Manual (TCQSM) (3) have been published, the HCM now 
addresses the transit mode only with respect to multimodal analyses of urban 
streets. The HCM's LOS measure for transit on urban streets reflects the 
perspective of transit users-both those already on transit vehicles operating on 
the street and those waiting for transit vehicles at stops or stations along the 
street. 
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motorized vehicles except transit 
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capacity- and speed-estimation 
procedures for transit vehicles and 
additional LOS measures for transit 
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Operating Conditions 

5. OPERATING CONDITIONS 

UNINTERRUPTED FLOW 

Uninterrupted-flow facilities have no fixed causes of delay or interruption 
external to the traffic stream. Volume 2 of the HCM provides analysis 
methodologies for uninterrupted-flow facilities. 

Freeways and their components operate under the purest form of 
uninterrupted flow. Not only are there no fixed interruptions to traffic flow, but 
access is controlled and limited to ramp locations. Multilane highways and two
lane highways can also operate under uninterrupted flow in long segments 
between points of fixed interruption. On multilane and two-lane highways, it is 
often necessary to examine points of fixed interruption (e.g., traffic signals) as 
well as uninterrupted-flow segments. 

The traffic stream on uninterrupted-flow facilities is the result of individual 
vehicles interacting with each other and the facility's geometric characteristics. 
The pattern of flow is generally controlled only by the characteristics of the land 
uses that generate traffic that use the facility, although freeway management and 
operations strategies-such as ramp metering, freeway auxiliary lanes, truck lane 
restrictions, variable speed limits, and incident detection and clearance-can also 
influence traffic flow. Operations can also be affected by environmental 
conditions, such as weather or lighting, by pavement conditions, and by the 
occurrence of traffic incidents (4, 5). 

"Uninterrupted flow" describes the type of facility, not the quality of the 
traffic flow at any given time. A freeway experiencing extreme congestion, for 
example, is still an uninterrupted-flow facility because the causes of congestion 
are internal. 

INTERRUPTED FLOW 

Interrupted-flow facilities have fixed causes of periodic delay or interruption 
to the traffic stream, such as traffic signals and STOP signs. Urban streets are the 
most common form of this kind of facility. Exclusive pedestrian and bicycle 
facilities are also treated as interrupted flow, since they may occasionally 
intersect other streets at locations where pedestrians and bicyclists do not 
automatically receive the right-of-way. Volume 3 of the HCM provides analysis 
methodologies for interrupted-flow facilities. 

The traffic flow patterns on an interrupted-flow facility are the result not 
only of vehicle interactions and the facility's geometric characteristics but also of 
the traffic control used at intersections and the frequency of access points to the 
facility. Traffic signals, for example, allow designated movements to occur only 
during certain portions of the signal cycle (and, therefore, only during certain 
portions of an hour). This control creates two significant outcomes. First, time 
becomes a factor affecting flow and capacity because the facility is not available 
for continuous use. Second, the traffic flow pattern is dictated by the type of 
control used. For instance, traffic signals create platoons of vehicles that travel 
along the facility as a group, with significant gaps between one platoon and the 
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next. In contrast, all-way STOp-controlled intersections and roundabouts 
discharge vehicles more randomly, creating small (but not necessarily usable) 
gaps in traffic at downstream locations (4, 6). 

Platoons created by a traffic signal tend to disperse as they become more 
distant from the intersection. Many factors influence how quickly a platoon 
disperses, including the rum-ling speed and the amount of traffic that enters and 
leaves the facility between signalized intersections. In general, traffic signal 
spacing greater than 2 mi is thought to be sufficient for allowing uninterrupted 
flow to exist at some point betweenthe signals. In contrast, on two-lane 
roadways downstream of a STOP-controlled intersection or roundabout, platoons 
may redevelop as faster vehicles catch up to slower-moving vehicles, although 
this effect is again dependent on the amount of driveway traffic entering and 
leaving the roadway (4, 6). 

UNDERSATURATED flOW 

Traffic flow during the analysis period is specified as "undersaturated" 
when the following conditions are satisfied: (a) the arrival flow rate is lower than 
the capacity of a point or segment (b) no residual queue remains from a prior 
breakdown of the facility, and (c) traffic flow is unaffected by downstream 
conditions. 

Uninterrupted-flow facilities operating in a state of undersaturated flow will 
typically have travel speeds within 10% to 20% of the facility's free-flow speed, 
even at high flow rates, assuming base conditions (e.g., level grades, standard 
lane widths). Furthermore, no queues would be expected to develop on the 
facility. 

On interrupted-flow facilities, queues form as a natural consequence of the 
interruptions to traffic flow created by traffic signals and STOP and YIELD signs. 
Therefore, travel speeds are typically 30% to 65% below the facility's free-flow 
speed in undersaturated conditions. Individual cycle failures-where a vehicle 
has to wait through more than one green phase to be served-may occur at 
traffic signals under moderate- to high-volume conditions as a result of natural 
variations in the cycle-to-cycle arrival and service rate. Similarly, ST01'- and 
YIELD-controlled approaches may experience short periods of significant queue 
buildup. However, as long as all of the demand on an intersection approach is 
served within a IS-min analysis period, including any residual demand from the 
prior peri od, the approach is considered to be undersaturated. 

OVERSATURATED flOW 

Traffic flow during an analysis period is characterized as "oversaturated" 
when any of the following conditions is satisfied: (a) the arrival flow rate exceeds 
the capacity of a point or segment (b) a queue created from a prior breakdown of 
a facility has not yet dissipated, or (c) traffic flow is affected by downstream 
conditions. 

On urunterrupted-flow facilities, oversaturated conditions result from a 
bottleneck on the facility. During periods of oversaturation, queues form and 
extend backward from the bottleneck point. Traffic speeds and flows drop 
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Operating Conditions 

significantly as a result of turbulence, and they can vary considerably, depending 
on the severity of the bottleneck. Freeway queues differ from queues at 
undersaturated signalized intersections in that they are not static or "standing." 
On freeways, vehicles move slowly through a queue, with periods of stopping 
and movement. Even after the demand at the back of the queue drops, it takes 
some time for the queue to dissipate because vehicles discharge from the queue 
at a slower rate than they do under free-flow conditions. Oversaturated 
conditions persist within the queue until the queue dissipates after a period of 
time during which demand flows are less than the capacity of the bottleneck, 
allowing the queue to discharge completely. 

On interrupted-flow facilities, oversaturated conditions generate a queue 
that grows backward from the intersection at a rate faster than can be processed 
by the intersection over the analysis period. Oversaturated conditions persist 
after demand drops below capacity until the residual queue (i.e., the queue over 
and above what would be created by the intersection's traffic control) has 
dissipated. A queue generated by an oversaturated unsignalized intersection 
dissipates more gradually than is typically possible at a signalized intersection. 

If an intersection approach or ramp meter cannot accommodate all of its 
demand, queues may back into upstream intersections, adversely affecting their 
performance. Similarly, if an interchange ramp terminal cannot accommodate all 
of its demand, queues may back onto the freeway, adversely affecting its 
performance. 

QUEUE DISCHARGE FLOW 

A third type of How, queue discharge flow, is particularly relevant for 
uninterrupted-flow facilities. Queue discharge How represents traffic flow that 
has just passed through a bottleneck and, in the absence of another bottleneck 
downstream, is accelerating back to the facility's free-How speed. Queue 
discharge flow is characterized by relatively stable How as long as the effects of 
another bottleneck downstream are not present. 

On freeways, this flow type is generally defined within a narrow range of 
2,000 to 2,300 passenger cars per hour per lane, with speeds typically ranging 
from 35 mi/h up to the free-How speed of the freeway segment. Lower speeds are 
typically observed just downstream of the bottleneck. Depending on horizontal 
and vertical alignments, queue discharge flow usually accelerates back to the 
facility's free-How speed within 0.5 to 1 mi downstream of the bottleneck. Studies 
suggest that the queue discharge How rate from the bottleneck is lower than the 
maximum flows observed before breakdown. 

Because interrupted-How facilities naturally operate from queue-discharge 
conditions, the queue discharge How on these facilities is equal to the saturation 
flow rate. 

Chapter 4, Traffic Flow and Capacity Concepts, provides details about the 
characteristics of traffic How during undersaturated, oversaturated, and queue 
discharge conditions. 
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6. HCM ANALYSIS AS PART Of A BROADER PROCESS 

Since its first edition in 1950, the HCM has provided transportation analysts 
with the tools to estimate traffic operational measures such as speed, density, 
and delay. It also has provided insights and specific tools for estimating the 
effects of various traffic, roadway, and other conditions on the capacity of 
facilities. Over time, the calculated values from the HCM have increasingly been 
used in other transportation work. The practice of using estimated or calculated 
values from HCM work as the foundation for estimating user costs and benefits 
in terms of economic value and environmental changes (especially air and noise) 
is particularly pronounced in transportation priority programs and in the 
justification of projects. This section provides examples of how HCM outputs can 
be used as inputs to other types of analyses. 

NOISE ANALYSIS 

At the time this chapter was written, federal regulations specifying noise 
abatement criteria stated that "in predicting noise levels and assessing noise 
impacts, traffic characteristics which will yield the worst hourly traffic noise 
impact on a regular basis for the design year shall be used" [23 CFR 772.17(b)]. 
The "worst hour" is usually taken to mean the loudest hour, which does not 
necessarily coincide with the busiest hour, since vehicular noise levels are 
directly related to speed. Traffic conditions in which large trucks are at their 
daily peak and in which LOS E conditions exist typically represent the loudest 
hour (7). 

AIR QUALITY ANALYSIS 

The 1990 Clean Air Act Amendments required state and local agencies to 
develop accurate emission inventories as an integral part of their air quality 
management and transportation planning responsibilities. Vehicular emissions 
are a significant contributor to poor air quality; therefore, the U.S. Environmental 
Protection Agency (EPA) has developed analysis procedures and tools for 
estimating emissions from mobile sources such as motorized vehicles. One input 
into the emissions model is average vehicle speed, which can be entered at the 
link (i.e., length between successive ramps) level, if desired. EPA's model has 
been found to be sensitive to average vehicle speed (i.e., a 20% change in average 
vehicle speed resulted in a greater than 20% change in the emissions estimate), 
implying that accurate speed inputs are a requirement for accurate emissions 
estimates. The HCM is a tool recommended by EPA for generating speed 
estimates on freeways and arterials and collectors (8-10). 

ECONOMIC ANALYSIS 

The economic analysis of transportation improvements also depends to a 
large extent on information generated from the HCM. Road user benefits are 
directly related to reductions in travel time and delay, while costs are determined 
from construction of roadway improvements (e.g., addition of lanes, installation 
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of traffic signals) and increases in travel time and delay. The following excerpt 
(11, p. 3-2) indicates the degree to which such analyses depend on the HCM: 

The [HeM] provides many tools and procedures to assist in lhe calculalion of segment 

speeds. These procedures permit detailed consideration of segment features, including the 

effects of road geometry and weaving on the capacity and speed of a highway segment. 

Speed can be calculaled for local streets and roads, highways and freeways using the 

[HeM]. The most accurate rendering of the effects of additional lanes on speed, therefore, 
is through the use of the [HeM] calculation procedures. 

MULTIMODAL PLANNING ANALYSIS 

An increasing number of jurisdictions are taking an integrated approach to 
multimodal transportation planning. That is, rather than simply developing 
plans for the automobile, transit, and pedestrian and bicycle modes in isolation, 
these jurisdictions are evaluating trade-offs among the modes as part of their 
transportation planning and decision making. This edition of the HCM is 
designed to support those efforts. For example, Chapter 16, Urban Street 
Facilities, presents an integrated, multimodal set of LOS measures for urban 
streets. The other interrupted-flow chapters in Volume 3 also integrate 
pedestrian and bicycle measures, to the extent that research is available to 
support those measures. 

SYSTEM PERFORMANCE MEASUREMENT 

State and federal governments use HCM procedures in reporting 
transportation system performance. For example, the Federal Highway 
Administration's Highway Performance Monitoring System uses HCM 
procedures to estimate the capacity of highway sections and to determine 
volume-to-service flow ratios (12). Florida uses HCM procedures to estimate 
speeds on the state highway system as part of its mobility performance measures 
reporting. 

SUMMARY 

In summary, almost all economic analyses and all air and noise 
environmental analyses rely directly on one or more measures estimated or 
produced Witl1 HCM calculations. Exhibit 2-4 lists the automobile-based 
performance measures from this manual that are applicable to environmental or 
economic analyses. 
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Automobile 
Chapter Performance Measure 

Density* 

10. Freeway Facilities Vehicle hours of delay 
Speed 

Travel time 
Density* 

11. Basic Freeway Segments Speed 
v/cratio 
Density* 

12. Freeway Weaving Segments Weaving speed 
Nonweaving speed 

13. Freeway Merge and Diverge Density* 
Segments Speed 

Density* 
14. Multilane Highways Speed 

v/cratio 

15. Two-Lane Highways Percent time-spent-following* 
Speed* 
Speed* 

16. Urban Street Facilities Stop rate 
17. Urban Street Segments Running time 

Intersection control delay 
18. Signalized Intersections 

Control delay* 19. TWSC Intersections 
20. AWSC Intersections 
21. Roundabouts v/cratio 
22. Interchanqe Ramp Terminals 
Notes: * Chapter service measure. 

Highway Capacity Manual 2010 

Analysis Types Exhibit 2-4 

A22ro2riate for Use HCM Automobile Performance 
Measures for Environmental and 
Economic Analyses 

Air Noise Economic 

v 
v v v 

v 
v v v 
v v 
v v v 
v v v 
v v v 
v v v 
v v 
v v v 
v v v 
v v 
v v 
v v 

v v 

TWSC: two-way STop-controlled, AWSC: all-way sTop-controlled, We: volume to capacity. 
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Some of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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1. INTRODUCTION 

Roadways serve users of many different modes: motorists, pedestrians, 
bicyclists, and transit passengers. The roadway right-of-way is allocated among 
the modes through the provision of facilities that ideally serve each mode's 
needs. However, in many urban situations, the right-of-way is constrained by 
adjacent land development, causing transportation engineers and plarmers to 
consider trade-offs in how to allocate the right-of-way. Interactions among the 
modes that result from different right-oi-way allocations are important to 
consider in analyzing a roadway, and the Highway Capacity Manual (HCM) 
provides tools for assessing these interactions. Local policies arld design 
starldards relating to roadway functional classifications are other sources of 
guidance on the allocation of right-oi-way; safety and operational concerns 
should also be addressed. 

Chapter 3, Modal Characteristics, introduces some basic characteristics of 
the four major modes addressed by the HCM. The following characteristics are 
considered in this chapter for each mode: 

• Factors that contribute to a traveler's experience during a trip, 

• Observed seasonal and daily variations in travel demand, 

• Types of transportation facilities employed by a given mode, 

• Notable capacity and volume observations, and 

• Descriptions of the interactions that occur between modes. 

Chapters 4 and 5 continue the discussion of multimodal performance. 
Chapter 4 discusses flow and capacity concepts and provides operational 
performance measures for each mode. Chapter 5 discusses quality and level-of
service (LOS) concepts and introduces the measures of effectiveness for each 
mode that the HCM uses to assess transportation facilities from a traveler point 
of view. 
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Characteristics of various 
motorized roadway users. 

Automobile Mode 

2. AUTOMOBILE MODE 

VEHICLE AND HUMAN FACTORS 

Three major elements affect driving: the vehicle, the roadway environment, 
and the driver. This section identifies vehicle and driver characteristics and how 
they are affected by the roadway's environment and physical properties. 

Motor Vehicle Characteristics 

This section provides a summary of the operating characteristics of motor 
vehicles that should be considered when a facility is analyzed. The major 
considerations are vehicle types and dimensions, turning radii and off-tracking, 
resistance to motion, power requirements, acceleration performance, and 
deceleration performance. Motor vehicles include passenger cars, trucks, vans, 
buses, recreational vehicles, and motorcycles. All of these vehicles have unique 
weight, length, size, and operational characteristics. 

Vehicle acceleration and deceleration rates are factors that must be 
considered in designing traffic signal timing, computing fuel economy and travel 
time, and estimating how normal traffic flow resumes after a breakdown. 
Passenger cars accelerate after a stop at a rate ranging between 5.5 and 9 ft/S2. 
Trucks, however, accelerate from a stop at rates ranging from 0.7 to 3 ft/s2. 
Maximum passenger car deceleration rates range between 10 and 25 ft/S2, 
depending on road surface and tire conditions, with deceleration rates of 10 ft/S2 
or less considered reasonably comfortable for passenger car occupants (1). 
Typical truck deceleration rates are 6.5 ft/s2 or lower (2). 

Driver Characteristics 

Driving is a complex task involving a variety of skills. The most important 
skills are taking in and processing information and making qUick decisions on 
the basis of this information. Driver tasks are grouped into three main categories: 
control, guidance, and navigation. Control involves the driver's interaction with 
the vehicle in terms of speed and direction (accelerating, braking, and steering). 
Guidance refers to maintaining a safe path and keeping the vehicle in the proper 
lane. Navigation means planning and executing a trip. 

The way in which drivers perceive and process information is important. 
About 90% of information is presented to drivers visually. The speed at which 
drivers process information is a significant component affecting their successful 
use of the information. One parameter used to quantify the speed at which 
drivers process information is perception-reaction time, which represents how 
quickly drivers can respond to an emergency situation. Another parameter
sight distance-is directly associated with reaction time. There are three types of 
sight distance: stopping, passing, and decision. Sight distance is a parameter that 
helps determine appropriate geometric features of transportation facilities. 
Acceptance of gaps in traffic streams is associated with driver perception and 
influences the capacity and delay of movements at unsignalized intersections. 
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Factors such as nighttime driving, fatigue, driving under the influence of 
alcohol and drugs, the age and health of drivers, and police enforcement also 
contribute to driver behavior on a transportation facility. All these factors can 
affect the operational parameters of speed, delay, and density. However, unless 
otherwise specified, the HCM assumes base conditions of daylight, dry 
pavement, typical drivers, and so forth. 

VARIATIONS IN DEMAND 

The traffic volume counted at a given location on a given day is not 
necessarily reflective of the amount of traffic (a) that would be counted on 
another day or (b) that would be counted if an upstream bottleneck was 
removed. Traffic demand varies seasonally, by day of the week (e.g., weekdays 
versus weekends), and by hour of the day, as trip purposes and the number of 
persons desiring to travel varies. Bottlenecks-locations where the capacity 
provided is insufficient to meet the demand during a 15-min or hourly period
constrain the observed volume to the portion of the demand that can be served 
by the bottleneck. Because traffic counts only provide the portion of the demand 
that was served, the actual demand can be difficult to identify. 

The following sections discuss monthly, daily, and hourly variations in 
traffic demand. Analysts need to account for these types of variations to ensure 
that the peak-hour demand volumes used in an HCM analysis are reflective of 
conditions on peak days of the year. Failure to account for these variations can 
result in an analysis that reflects peak conditions on the days counts were made, 
but not peak conditions over the course of the year. For example, a highway 
serving a beach resort area may be virtually unused during much of the year but 
become oversaturated during the peak summer periods. 

Chapter 4, Traffic Flow and Capacity Concepts, discusses subhourly 
variations in demand. It is possible for a roadway's capadty to be greater than its 
hourly demand, yet traffic flow may still break down if the flow rate within the 
hour exceeds the roadway's capacity. The effects of a breakdown can extend far 
beyond the time during which demand exceeded capacity and may take several 
hours to dissipate. 

The data shown in the exhibits in this section represent typical observations 
that can be made. The patterns illustrated, however, vary in response to local 
travel habits and environments, and these examples should not be used as a 
substitute for locally obtained data. 

Seasonal and Monthly Variations 

Seasonal fluctuations in traffic demand reflect the social and economic 
activity of the area served by the highway. Exhibit 3-1 shows monthly patterns 
observed in Oregon and Washington. The highway depicted in Exhibit 3-1(a) 
serves national forestland with both winter and summer recreational activity. 
The highway depicted in Exhibit 3-1 (b) is a rural route serving intercity traffic. 
Two significant characteristics are apparent from this data set: 
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Base conditions are discussed 
generally in Chapter 4 and specifically 
in chapters in Volumes 2 and 3. 

Demand relates to the number of 
vehicles that would like to be served 
bya roadway elemenC while volume 
relates to the number that can 
actually be served. 

Seasonal peaks in traffic demand 
must also be considered, particularly 
on recreational facilities. 

A highway that is barely able to 
handle a peak-hour demand may be 
subject to breakdown if flow rates 
within the peak hour exceed 
capacity-a topic of Chapter 4. 

Data shown in these graphs 
represent typical observations but 
should not be used as a substitute for 
local data. 
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Exhibit 3-1 
Examples of Monthly Traffic 

Volume Variations for a 
Highway 

Monthly volume variations for 
routes with recreational traffic 
show much higher seasonal 
peaking than for routes with 
predominantly intercity traffic. 

The average daily traffic 
averaged over a full year is 
referred to as the annual 
average daily traffic; or MD0 
and is often used in 
forecasting and planning. 

Exhibit 3-2 
Examples of Monthly Traffic 

Volume Variations for the 
Same Interstate Highway 

(Rural and Urban Segments) 

Monthly volume variations for 
rural segments of Interstate 
highways show much higher 
seasonal peaking than for 
urban segments of the same 
highway. This may reflect both 
recreational and agricultural 
traffic impacts. 

Automobile Mode 

• The range of variation in traffic demand over the course of a year is more 
severe on rural routes primarily serving recreational traffic than on rural 
routes primarily serving intercity traffic; and 

• Traffic patterns vary more severely by month on recreational routes. 

~ 

il:~t#itt~ 
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:0: 
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[=-AvErageweekciay--=s~tu~day:::su~d"Yl I-Average Weekday -Saturday'· 'Sundayl 

(a) Routes with Significant Recreational Traffic (b) Routes with Significant Intercity Traffic 

Note: (a) Highway 35 south of Parkdale, oregon; (b) US-97 north of Wenatchee, Washington. 
Source: (a) oregon DOT, 2007; (b) Washington State DOT, 2007. 

These and other similar observations lead to the conclusion that commuter
and business-oriented travel occurs in fairly uniform patterns, while recreational 
traffic creates the greatest variation in demand patterns. 

The data for Exhibit 3-2 were collected on the same Interstate route. One 
segment is within 1 mi of the central business district of a large metropolitan 
area. The other segment is within 75 mi of the first but serves a combination of 
recreational and intercity travel. This exhibit illustrates that monthly variations 
in volume are more severe on rural routes than on urban routes. The wide 
variation in seasonal patterns for the two segments underscores the effect of trip 
purpose and may also reflect capacity restrictions on the urban section. 
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Daily Variations 

Demand variations by day of the week are also related to the type of 
highway. Exhibit 3-3 shows that weekend volumes are lower than weekday 
volumes for highways serving predominantly business travel, such as urban 
freeways. In comparison, peak traffic occurs on weekends on main rural and 
recreational highways. Furthermore, the magnitude of daily variation is highest 
for recreational access routes and lowest for urban commuter routes. 
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1-Main Rural Route' •. Recreational Access Route - Suburban Freeway i 

Notes: Suburban freeway, 1-182 in Richland, Washington; main rural route, US-12 southeast of Pasco, 
Washington; recreational access route, Highway 35 south of Parkdale, Oregon. 

Source: Washington State DOT, 2007, and oregon DOT, 2007. 

Exhibit 3-4 shows the variation in traffic by vehicle type for the shoulder lane 
of an urban freeway. Although the values shown in Exhibit 3-3 and Exhibit 3-4 
are typical of patterns that may be observed, they should not be used as a 
substitute for local studies and analyses. 
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Note: Northbound Highway 16 north of 1-5, Tacoma, Washington. 
Source: Washington State DOT, 2007. 

Hourly Variations 

Typical hourly variation patterns for rural routes are shown in Exhibit 3-5, 
where the patterns are related to highway type and day of the week. Unlike 
urban routes, rural routes tend to have a single peak that occurs in the afternoon. 
A small morning peak is visible on weekdays that is much lower than the 
afternoon peak. The proportion of daily traffic occurring in the peak hour is 
much higher for recreational access routes than for intercity or local rural routes. 
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Time of peak demand will vary 
according to highway type. 

Exhibit 3-3 
Examples of Daily Traffic Variation 
by Type of Route 

Dally volume variations through the 
week show higher weekday volumes 
and lower weekend volumes for 
routes primarily serving commuter 
and intercity traffic,. but the opPosite 
for segments serving recreational 
traffic. Fridays are typically the peak 
weekday. 

Exhibit 3-4 
Daily Variation in Traffic by Vehicle 
Type for the Right Lane of an 
Urban Freeway 

Daily volume variations by vehicle 
type through the week show higher 
weekday volumes and lower weekend 
volumes for truck traffic, with much 
sharper drops on the weekend for 
heavy truck traffic then for single-unit 
trucks. Car and pickup traffic peaks 
on Fridays and declines much more 
mildly on weekends on this urban 
freeway. 

Automobile Mode 
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Exhibit: 3-5 
Examples of Hourly Traffic 
Variations for Rural Routes 

Traffic variation during the day 
by day of week for rural 
routes. 

Automobile Mode 

The weekend pattern for recreational routes is similar to the weekday pattern, as 
travelers tend to go to their recreation destination in the morning and return in 
the later afternoon. Weekend morning travel is considerably lower than weekday 
morning travel for the other types of rural routes. 
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Notes: (a) US-395 south of Kennewick, Washington; (b) Highway 35 south of Parkdale, Oregon; (c) US-97 near 
Wapato, Washington. 

Source: Washington State DOT, 2007, and Oregon DOT, 2007. 

The repeatability of hourly variations is of great importance. The stability of 
peak-hour demand affects the feasibility of using such values in design and 
operational analyses of highways and other transportation facilities. Exhibit 3-6 
shows data obtained for single directions of urban streets in metropolitan 
Toronto. The data were obtained from detectors measuring traffic in one 
direction only, as evidenced by the single peak period shown for either morning 
or afternoon. The area between the dotted lines indicates the range within which 
one can expect 95% of the observations to falL Whereas the variations by hour of 
the day are typical for urban areas, the relatively narrow and parallel 
fluctuations among the days of the study indicate the repeatability of the basic 
pattern. 
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Source: McShane and Crowley (3). 

Peak Hour and Analysis Hour 

Capacity and other traffic analyses typically focus on the peak-hour traffic 
volume because it represents the most critical period for operations and has the 
highest capacity requirements. However, as shown in the previous sections, the 
peak-hour volume is not a constant value from day to day or from season to 
season. 

If the highest hourly volumes for a given location were listed in descending 
order, the data would vary greatly, depending on the type of facility. Rural and 
recreational routes often show a wide variation in peak-hour volumes. Several 
extremely high volumes occur on a few select weekends or in other peak periods, 
and traffic during the rest of the year flows at much lower volumes, even during 
the peak hour. Urban streets, on the other hand, show less variation in peak-hour 
traffic. Most users are daily commuters or frequent users, and occasional and 
special event traffic is minimal. Furthermore, many urban routes are filled to 
capacity during each peak hour, and variation is therefore severely constrained
an issue that will be revisited later in this section. 

Chapter 3/Modal Characteristics 
December 2010 

Page 3-7 

Exhibit 3-6 
Repeatability of Hourly Traffic 
Variations for Urban Streets 

Repeatability of hourly patterns. 

Automobile Mode 

AR0073847 



Highway Capacity Manual 2010 

Exhibit 3-1 
Ranked Hourly Volumes 

Selection of an analysis hour 
usually implies that a small 
portion of the demand dun'ng 
a year will not be adequately 
served. 

Automobile Mode 

Exhibit 3-7 shows hourly volume relationships measured on four highway 
types in Washington. The recreational highway shows the widest variation in 
peak-hour traffic. Its values range from 25% of AADT in the highest hour of the 
year to about 16.3% of AADT in the 200th-highest hour of the year. The main 
rural freeway also varies widely, with 17.3% of the AADT in the highest hour, 
decreasing to 10.8% in the 200th-highest hour. The urban freeways show far less 
variation. The range in percent of AADT covers a narrow band, from 
approximately 9.7% (radial freeway) and 7.3% (circumferential freeway) for the 
highest hour to 8.9% and 6.9%, respectively, for the 200th-highest hour. Exhibit 3-
7 is based on all hours of the year, not just peak hours of each day, and shows 
only the highest 200 hours of the year. 

30 ,--------------------~-----------------,----~~--~-~-----,----

o 50 100 
Hour of year 

150 200 

------------------------------------------------- ------------------------------------------------ --------------------------~ 

- Recreational ~-~ Main Rural - - . Urban Radial - Urban Circumfer~ 

Notes: Recreational, US-2 near Stevens Pass (MDT = 3,862); main rural, I-90 near Moses Lake (MDT = 10,533); 
urban radial, I-90 in Seattle (MDT = 120,173); urban circumferential, 1-405 in Bellevue (MDT = 
141,550). 

Source: Washington State DOT, 2006. 

The selection of an appropriate hour for planning, design, and operational 
purposes is a compromise between providing an adequate LOS for every (or 
almost every) hour of the year and providing economic efficiency. Customary 
practice in the United States is to base rural highway design on the 30th-highest 
hour of the year. There are few hours with higher volumes than this hour, while 
there are many hours with volumes not much lower. In urban areas, there is 
usually little difference between the 30th- and 200th-highest hours of the year, 
because of the recurring morning and afternoon commute patterns (4). 

The selection of the analysis hour should consider the impact on the design 
and operations of higher-volume hours that are not accommodated. The 
recreational access route curve of Exhibit 3-7 shows that the highest hours of the 
year have one-third more volume than the lOOth-highest hour, whereas the 
highest hours of an urban radial route were only about 6% higher than the 
volume in the 100th-highest hour. Use of a design criterion set at the lOOth
highest hour would create substantial congestion on a recreational access route 
during the highest-volume hours but would have less effect on an urban facility. 
Another consideration is the LOS objective. A route designed to operate at LOS C 
can absorb larger amounts of additional traffic than a route designed to operate 
at LOS D or E during the hours of the year operating with higher volumes than 
the design hour. As a general guide, the most frequently occurring peak volumes 
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may be considered in the design of new or upgraded facilities. The LOS during 
higher-volume periods should be tested to determine the acceptability of the 
resulting traffic conditions. 

On roadways where oversaturation occurs during peak periods, analysts 
should be particularly careful in selecting a design hour, since measured traffic 
volumes may not reflect the changes in demand that occur once a bottleneck is 
removed. Exhibit 3-8 shows hourly variations in traffic on an urban freeway 
before and after the freeway was widened. In the before condition, the freeway's 
observed volumes were constrained by a bottleneck between 6 and 10 a.m., as 
indicated by the flat volume line. After the freeway widening, a more typical 
a.m. peak occurred, since travel patterns more closely reflected when travelers 
desired to travel rather than when the freeway could accommodate their travel. 

8% 

u 7% 
IE 6% 
~ 
~ 5% 
'iii 
Q 4% 
'l5 ... 3% c 
~ 2% 
g: 

1% 

0% 
0 1 2 3 4 5 6 7 B 9 W " Q D H ~ ~ U ill " m II n D 

Hour Beginnng 

[-June 2008 - - June 2004[ 

Note: 1-25 south of US-6, Denver. 
Source: Colorado DOT. 

As used in the HCM, the K-factor is the proportion of AADT that occurs 
during the peak hour. For many rural and urban highways, this factor falls 
between 0.09 and 0.10. For highway sections with high peak periods and 
relatively low off-peak flows, the K-factor may exceed 0.10. Conversely, for 
highways that demonstrate consistent and heavy flows for many hours of the 
day, the K-factor is likely to be lower than 0.09. In general, 

• The K-factor decreases as the AADT on a highway increases; 

• The K-factor decreases as development density increases; and 

• The highest K-factors occur on recreational facilities, followed by rural, 
suburban, and urban facilities, in descending order, 

The K-factor should be determined, if possible, from local data for similar 
facilities with similar demand characteristics. 
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Measured traffic volume patterns may 
not reflect actual demand patterns. 

Exhibit 3-8 
Example of a Change in Travel 
Patterns Following Removal of a 
Capacity Constraint 

Automobile Mode 
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Exhibit 3-9 
Example K-Factors by AADT 

Concept of D-factor or 
directional distribution. 

Exhibit 3-10 
Example Directional 

Distribution Characteristics 

Automobile Mode 

Exhibit 3-9 demonstrates how K-factors decrease as AADT increases, on the 
basis of average data from Washington State. 

MDT 
0-2,500 

2,500-5,000 
5,000-10,000 

10,000-20,000 
20,000-50,000 

50,000-100,000 
100,000-200,000 

>200,000 

Average 
K-Factor 

0.151 
0.136 
0.118 
0.116 
0.107 
0.091 
0.082 
0.067 

Number of Sites Included in Average If Factor 
Urban R.ecreational Other R.ural 

o 6 12 
168 
2 2 14 
1 2 15 

11 5 10 
14 0 4 
11 0 0 
200 

Note: K-factors are for the 30th-highest traffic volume hour of the year. 
Source: Washington State DOT (5). 

Spatial Distributions 

Traffic volume varies in space as wen as time. The two critical spatial 
characteristics used to analyze capacity are directional distribution and volume 
distribution by lane. Volume may also vary longitudinally along various 
segments of a facility, but this does not explicitly affect HCM analyses because 
each facility segment that serves a different traffic demand is analyzed 
separately. 

D-Factor 

The D-factor is the proportion of traffic moving in the peak direction of 
travel on a given roadway during the peak hours. A radial route serving strong 
directional demands into a city in the morning and out at night may display a 2:1 
imbalance in directional flows. Recreational and rural routes may also be subject 
to significant directional imbalances, which must be considered in analyses. 
Circumferential routes and routes connecting two major cities within a 
metropolitan area may have very balanced flows during peak hours. Exhibit 3-10 
provides examples of directional distributions from selected California freeways. 

Freeway Type 
Rural-intercity 
Rural-recreational and intercity 
Suburban circumferential 
Suburban radial 
Urban radial 
Intraurban 

D-Factor 
0.59 
0.64 
0.52 
0.60 
0.70 
0.51 

Notes: Rural-intercity, 1-5 at Willows; rural-recreational and intercity, 1-80 west of Donner Summit; suburban 
circumferential, 1-680 in Danville; suburban radial, 1-80 in Pinole; urban radial, Highway 94 at 1-5, San 
Diego; intraurban, 1-880 in Hayward. 

Source: Caltrans, 2007. 

Directional distribution is an important factor in highway capacity analysis. 
This is particularly true for two-lane rural highways. Capacity and level of 
service vary substantially with directional distribution because of the interactive 
nature of directional flows on such facilities-the flow in one direction of travel 
influences flow in the other direction by affecting the number of passing 
opportunities. Procedures for two-lane highway analyses include explicit 
consideration of directional distribution. 
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While the consideration of directional distribution is not mandated in the 
analysis of multilane facilities, the distribution has a dramatic effect on both 
design and LOS. As indicated in Exhibit 3-10, up to two-thirds of the peak-hour 
traffic on urban radial routes has been observed as moving in one direction. 
Unfortunately, this peak occurs in one direction in the morning and in the 
opposite direction in the evening. Thus, both directions of the facility must have 
adequate capacity for the peak directional flow. This characteristic has led to the 
use of reversible lanes on some urban streets and highways. 

Directional distribution is not a static characteristic. It changes annually, 
hourly, daily, and seasonally. Development in the vicinity of highway facilities 
often changes the directional distribution. 

The D-factor is used with the K-factor to estimate the peak-hour traffic 
volume in the peak direction, as shown by Equation 3-1: 

DDHV =AADTxKxD 

where 

DDHV = directional design-hour volume (veh/h), 

AADT = annual average daily traffic (veh/day), 

K proportion of AADT occurring in the peak hour (decimal), and 

D proportion of peak-hour traffic in the peak direction (decimal). 

Lane Distribution 

'-

When two or more lanes are available for traffic in a single direction, the 
lane-use distribution varies widely. The volume distribution by lane depends on 
traffic regulations, traffic composition, speed and volume, the number and 
location of access points, the origin-destination patterns of drivers, the 
development environment, and local driver habits. 

Because of these factors, there are no typical lane distributions. Data indicate 
that the peak lane on a six-lane freeway, for example, may be the shoulder, 
middle, or median lane, depending on local conditions. 

Exhibit 3-11 gives daily lane distribution data for various vehicle types on 
three selected freeways. These data are illustrative and are not intended to 
represent typical values. 

Highway 

Lodge Freeway, Detroit 

1-95, Connecticut 
Turnpike 

1-4 Orlando Florida 

Vehicle Type 

Lightb 

Single-unit trucks 
Combinations 

All vehicles 

Lightb 

All vehicles 

All vehicles 

Percent Distribution by LaneS 
Lane 3 Lane 2 Lane 1 

32.4 38.4 29.2 
7.7 61.5 30.8 
8.6 2.9 88.5 

31.3 37.8 30.9 

24.5 
22.5 

38.4 

40.9 
40.4 

31.7 

34.6 
37.1 

29.9 
Notes: a Lane 1 = shoulder lane; lanes numbered from right to left. 

b Passenger cars, panel trucks, and pickup trucks. 
Sources: Huber and Tracy (6); Florida DOT, 1993. 
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Equation 3-1 

Concept of lane distribution. 

Exhibit 3-11 
Lane Distribution by Vehicle Type 

Automobile Mode 
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Automobile Mode 

The trend indicated in Exhibit 3-11 is reasonably consistent throughout 
North America. Heavier vehicles tend to use the right-hand lanes, partially 
because they operate at lower speeds than other vehicles and partially because 
regulations may prohibit them from using the leftmost lanes. 

Lane distribution must also be considered at intersections, since it affects 
how efficiently the demand for a particular movement can be served, as well as 
lane-by-Iane queue lengths. Uneven lane distributions can be a result of 
upstream or downstream changes in the number of lanes available and the pre
positioning of traffic for downstream turning movements. 

TRAVEL TIME VARIABILITY 

Travelers using the same set of roadways notice that the time required to 
make their trip may vary from one day to the next. Depending on the importance 
of reaching one's destination by a given time (e.g., to start work, to pick up a 
child at day care, to deliver a shipment), one may budget extra time for the trip 
to allow for the possibility of a longer-than-usual travel time. This variability in 
travel times has several sources (7): 

• Traffic incidents such as crashes, stalled cars, and debris in the roadway 
block travel lanes, reducing the roadway's capacity. Even when lanes are 
not physically blocked, activity on the shoulder (e.g., police action) or in 
the opposite direction of travel (e.g., a crash scene being cleared) can lead 
to changes in driver behavior that result in congestion. 

• Work zones may provide a reduced number of lanes or reduced clearances 
between vehicles (e.g., due to narrower lanes) and roadside objects (e.g., 
due to reduced or eliminated shoulders), which affect capacity. Speed 
limits may also be reduced in work zones. Temporary road closures may 
result in a diversion of traffic to other roadways, increasing traffic 
volumes on those roads above typical levels. 

• Environmental conditions such as adverse weather, bright sunlight directly 
in drivers' eyes, and abrupt transitions from light to dark (such as at a 
tunnel entrance on a sunny day) may cause drivers to slow down and 
increase their spacing, resulting in a drop in a roadway's capacity. 

• Fluctuations in demand occur both in longer-term patterns (by day of the 
week and by month of the year, as shown in Exhibit 3-1 through Exhibit 
3-5) and more randomly from day to day, as shown in Exhibit 3-6. 
Variable traffic demand on a roadway with fixed capacity results in 
variable travel times. 

• Special events are a special case of demand fluctuation occurring at known 
times relatively infrequently, resulting in traffic flow patterns that vary 
substantially from the typical situation. 

• Traffic control devices that intermittently disrupt traffic flow (e.g., railroad 
crossings and drawbridges), as wen as poorly timed traffic signals, 
contribute to travel time variability. 

• Inadequate base capacity, interacting with the other six factors listed above, 
also influences travel time variability. Depending on how close a facility 
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is to operating at its capacity, relatively small changes in demand can 
result in disproportionately large changes in travel time. Facilities with a 
greater base capacity are less vulnerable to disruptions: a freeway with 
three lanes per direction that experiences an incident blocking one lane 
loses at least one-third of its directional capacity, while a freeway with 
two lanes per direction would lose at least one-half of its directional 
capacity. 

AUTOMOBILE FACILITY TYPES 

Exhibit 3-12 illustrates the kinds of automobile facilities addressed in the 
HCM. They are divided into two main categories: uninterrupted-flow facilities, 
where traffic has no fixed causes of delay or interruption beyond the traffic 
stream, and interrupted-flow facilities, where traffic control such as traffic signals 
and STOP signs introduce delay into the traffic stream. 

(c) Two-Lane Highway (d) Urban Street 

Uninterrupted Flow 

Freeways are fully access-controlled, divided highways with a minimum of 
two lanes (and frequently more) in each direction. Certain lanes on freeways may 
be reserved for designated types of vehicles, such as high-occupancy vehicles or 
trucks. Some freeway facilities charge tolls, and their toll-collection facilities can 
create interrupted-flow conditions, such as on facilities where tolls are paid 
manually at toll plazas located on the freeway mainline. Ramps provide access to, 
from, and between freeways; some ramps have meters that control the flow of 
traffic onto a freeway segment. 
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Exhibit 3-12 
Automobile Facility Types 

Automobile Mode 
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Automobi le Mode 

Multilane highways are divided highways with a minimum of two lanes in 
each direction. They have zero or partial control of access. Traffic signals or 
roundabouts may create periodic interruptions to flow along an otherwise 
uninterrupted facility, but such interruptions are spaced at least 2 mi apart. 

As the name implies, two-lane highways generally have a two-lane cross 
section, although passing and climbing lanes may be provided periodically. 
Within the two-lane sections, passing maneuvers must be made in the opposing 
lane. Traffic signals, STOP-controlled intersections, or rotmdabouts may 
occasionally interrupt flow, but at intervals longer than 2 mi. 

Interrupted Flow 

Urban streets are streets with relatively high densities of driveway and cross
street access, located within urban areas. The traffic flow of urban streets is 
interrupted (i.e., traffic signals, all-way stops, or roundabouts) at intervals of 2 mi 
or less. HCM procedures are applicable to arterial and collector urban streets, 
including those in downtown areas, but these procedures are not designed to 
address local streets. 

MEASURED AND OBSERVED VOLUMES AND FLOW RATES 

The direct observation of capacity is difficult to achieve for several reasons. 
The recording of a high, or even a maximum, volume or flow rate for a given 
facility does not ensure that a higher flow could not be accommodated at another 
time. Furthermore, capacity is sometimes an unstable operating condition. 
Depending on environmental factors, the mix of familiar and unfamiliar drivers 
in the traffic stream, and other considerations, the capacity achieved at a given 
location-or sets of otherwise similar locations-may vary from day to day. 

HCM methodologies are based on calibrated national-average traffic 
characteristics observed over a range of facilities. Observations of these 
characteristics at specific locations will vary somewhat from national averages 
because of unique features of the local driving environment. 

Freeways 

HCM freeway capacity analysis procedures use a flow rate of 2,400 
passenger cars per hour per lane (pc/h/ln) for basic freeway segments with free
flow speeds of 70 to 75 mi/h and 2,300 pc/h/ln for basic freeway segments with 
free-flow speeds of 65 mi/h as the capacity under base conditions. 

Multilane Highways 

The observation of multilane rural highways operating under capacity 
conditions is difficult, because such operations rarely occur. The HCM uses a 
flow rate of 2,200 pc/h/ln for multilane highways with free-flow speeds of 60 
mi/h and 2,100 pc/h/ln for multilane highways with free-flow speeds of 55 mi/h 
as the capacity under base conditions. 

Rural Two-Way, Two-Lane Highways 

Two-way, two-lane rural highways ill the United States and Canada rarely 
operate at volumes near capacity, and thus the observation of capacity 
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operations for such highways in the field is difficult. The HeM methodology 
reports single-direction capacities, with a flow rate of 1,700 pc/hlln used as the 
capacity under base conditions. 

Urban Streets 

Since flow on urban streets is uninterrupted only on segments between 
intersections, the interpretation of high-volume observations on urban streets is 
not as straightforward as for uninterrupted-flow facilities. Signal timing 
significantly alters the capacity of such facilities by limiting the time that is 
available for movement along the urban street at critical intersections. The 
prevailing conditions on urban streets may vary greatly, and such factors as curb 
parking, transit buses, lane widths, and upstream intersections may substantially 
affect operations and observed volumes. 

INTERACTIONS WITH OTHER MODES 

Each mode that uses a roadway interacts with the other modal users of that 
roadway. This section examines the effects of other modes on the automobile 
mode; the effects of the automobile mode on other modes are discussed later in 
the portions of the chapter addressing those modes. 

Pedestrians 

Pedestrians interact with the automobile mode on interrupted-flow elements 
of the roadway system. At signalized intersections, the minimum green time 
provided for an intersection approach is influenced by the need to provide 
adequate time for pedestrians using the parallel crosswalk to cross the roadway 
safely. In tuni the green time allocated to a particular vehicular movement 
affects the capacity of and the delay experienced by that movement. At 
signalized and unsignalized intersections, turning vehicles must yield to 
pedestrians in crosswalks, which reduces the capacity of and increases the delay 
to those turning movements, compared with a situation in which pedestrians are 
not present. The increased delays at intersections and midblock pedesh'ian 
crossings along urban streets that result from higher pedestrian crossing volumes 
lower vehicular speeds along the urban street. 

Bicycles 

At intersections, automobile capacity and delay are affected by bicycle 
volumes, particularly where turning vehicles conflict with through bicycle 
movements. However, HeM methodologies only account for these effects at 
signalized intersections. Bicycles may also delay automobiles on two-lane 
roadways, in cases where bicycles use the travel lane, causing vehicles to wait for 
a safe opportunity to pass. This kind of delay is not currently accounted for in 
the HeM two-lane roadway methodology, which only addresses delays 
associated with waiting to pass other automobiles. 

Transit 

Transit vehicles are longer than automobiles and have different performance 
characteristics; thus, they are treated as heavy vehicles for all types of roadway 
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Automobile Mode 

elements. At intersections, buses or streetcars that stop in the vehicular travel 
lane to serve passengers delay other vehicles in the lane and reduce the lane's 
capacity; however, this effect is only incorporated into the signalized intersection 
methodology. Special transit phases or bus signal priority measures at signalized 
intersections affect the allocation of green time to the various traffic movements, 
with accompanying effects on vehicular capacity and delay. 
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3. PEDESTRIAN MODE 

OVERVIEW 

Approximately 9% of all trips in the United States are accomplished by 
walking (2001 National Household Travel Survey). Moreover, many automobile 
trips and most transit trips include at least one section of the trip where the 
traveler is a pedestrian. Given the presence of a network of safe and convenient 
pedestrian facilities, as wen as the availability of potential destinations within 
walking distance of one's trip origin, walking can be the mode of choice for a 
variety of shorter trips, including going to school, running errands, and 
recreational and exercise trips. 

HUMAN FACTORS 

A pedestrian is considerably more exposed than is a motorist, in both good 
and bad ways. A pedestrian travels much more slowly than other modal users 
and can therefore pay more attention to his or her surroundings. The ability to 
take in one's surroundings and get exercise while doing so can be part of the 
enjoyment of the trip. At the same time, a pedestrian interacts closely with other 
modal users, including other pedestrians, with potential safety, comfort, travel 
hindrance, and other implications. In addition, a pedestrian is exposed to the 
elements. As a result, a number of environmental and perceived safety factors 
significantly influence pedestrian quality of service. In locations with large 
numbers of pedestrians, pedestrian flow quality is also a consideration. 

Some pedestrian flow measures are similar to those used for vehicular flow, 
such as the freedom to choose desired speeds and to bypass others. Others are 
related specifically to pedestrian flow, such as (a) the ability to cross a pedestrian 
traffic stream, to walk in the reverse direction of a major pedestrian flow, and to 
maneuver without conflicts or changes in walking speed and (b) the delay 
experienced by pedestrians at Signalized and unsignalized intersections. 

Environmental factors also contribute to the walking experience and, 
therefore, to the quality of service perceived by pedestrians. These factors 
include the comfort, convenience, safety, security, and economics of the walkway 
system. Comfort factors include weather protection; proximity, volume, and 
speed of motor vehicle traffic; pathway surface; and pedestrian amenities. 
Convenience factors include walking distances, intersection delays, pathway 
directness, grades, sidewalk ramps, wayfinding signage and maps, and other 
features making pedestrian travel easy and uncomplicated. 

Safety is prOvided by separating pedestrians from vehicular traffic both 
horizontally, by using pedestrian zones and other vehicle-free areas, and 
vertically, by using overpasses and underpasses. Traffic control devices such as 
pedestrian signals can provide time separation of pedestrian and vehicular 
traffic, which improves pedestrian safety. Security features include lighting, open 
lines of sight, and the degree and type of street activity. 
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The economics of pedestrian facilities relate to user costs brought about by 
travel delays and inconvenience and to commercial values and retail 
development influenced by pedestrian accessibility. 

Chapter 4, Traffic Flow and Capacity Concepts, discusses pedestrian flow 
measures, such as speed, space, and delay, while Chapter 5, Quality and Level
of-Service Concepts, covers the environmental factors that influence pedestrian 
quality of service. 

VARIATIONS IN DEMAND 

Pedestrian demand differs from the other modes addressed in the HCM in 
that the peak pedestrian demand often occurs at midday or during the early 
afternoon. Depending on the location, secondary peaks or plateaus in demand 
may also occur during the weekday a.m. and p.m. peak hours. Exhibit 3-13 
shows two-directional pedestrian volume data collected in May 2004 on a 
sidewalk in Lower Manhattan, for an average of five weekdays in a week, 
Saturday, and Sunday. Although weekday demand was considerably higher 
than weekend demand, a single peak can be seen clearly in all three counts. 
Work-related trips made up the majority of a.m. peak-period pedestrian trips, 
while non-work-related and tourist trips made up the majority of the midday 
and early afternoon pedestrian trips (8). 

Exhibit 3-13 3,500 .,---------------------------~ 

Temporal Variations in 
Pedestrian Demand 

Pedestrian Mode 
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Source: Adapted from New York City Department of City Planning (8). 

PEDESTRIAN fACILITY TYPES 

Exhibit 3-14 illustrates the types of pedestrian facilities addressed in the 
HCM. The following sections define each type of facility. 
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(a) Sidewalk (b) Walkway (c) Pedestrian Zone 

(d) Queuing Area (e) Crosswalk (f) Underpass 

(g) Overpass (h) Stairway (i) Shared Pedestrian-Bicycle Path 

Sidewalks, Walkways, and Pedestrian Zones 

These three facility types are separated from motor vehicle traffic and 
typically are not designed for bicycles or other nonpedestrian users, other than 
persons in wheelchairs. They accommodate the highest volumes of pedestrians 
and provide the best levels of service, because pedestrians do not share the 
facility with other modes traveling at higher speeds. 

Sidewalks are located parallel and in proximity to roadways. Pedestrian 
walkways are similar to sidewalks in construction and may be used to connect 
sidewalks, but they are located well away from the influence of automobile 
traffic. Pedestrian zones are streets that are dedicated to pedestrian use on a fu 11-
or part-time basis. 

Pedestrian walkways are also used to connect portions of transit stations and 
terminals. Pedestrian expectations about speed and density in a transit context 
are different from those in a sidewalk context; the Transit Capacity and Quality of 
Service Manual (TCQSM) (9) provides more information on this topic. 

Queuing Areas 

Queuing areas are places where pedestrians stand temporarily while waiting 
to be served, such as at the corner of a signalized intersection. In dense standing 
crowds, there is little room to move, and circulation opporhmities are limited as 
the average space per pedestrian decreases. 
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Pedestrian Mode 

Pedestrian Crosswalks 

Pedestrian crosswalks, whether marked or unmarked, provide connections 
between pedestrian facilities across sections of roadway used by automobiles, 
bicycles, and transit vehicles. Depending on the type of control used for the 
crosswalk, local laws, and driver observance of those laws, pedestrians will 
experience varying levels of delay, safety, and comfort while waiting to use the 
crosswalk. 

Stairways 

Stairways are sometimes used to help provide pedestrian connectivity in 
areas with steep hills, employing the public right-of-way that would otherwise 
contain a roadway. Today they are often also used in conjunction with a ramp or 
elevator to provide shorter access routes to overpasses, underpasses, or 
walkways located at a different elevation. Even a small number of pedestrians 
moving in the opposite direction of the primary flow can significantly decrease a 
stairway's capacity to serve the primary flow. 

Overpasses and Underpasses 

Overpasses and underpasses provide a grade-separated route for 
pedestrians to cross wide or high-speed roadways, railroad tracks, busways, and 
topographic features. Access is typically provided by a ramp or, occasionally, an 
elevator, which is often supplemented with stairs. Procedures exist to assess the 
quality of pedestrian flow on these facilities, but not the quality of the pedestrian 
environment. 

Shared Pedestrian-Bicycle Paths 

Shared pedestrian paths typically are open to use by nonmotorized modes 
such as bicycles, skateboards, and inline skaters. Shared-use paths often are 
constructed to serve areas without city streets and to provide recreational 
opportunities for the public. These paths are common on university campuses, 
where motor vehicle traffic and parking are often restricted. In the United States, 
there are few paths exclusively for pedestrians; most off-street paths, therefore, 
are for shared use. 

On shared facilities, bicycles-because of their markedly higher speeds-can 
have a negative effect on pedestrian capacity and quality of service. However, it 
is difficult to establish a bicycle-pedestrian equivalent because the relationship 
between the two depends on the characteristics of the cycling population and the 
modes' respective flows, directional splits, and other factors. 

INTERACTIONS WITH OTHER MODES 

Automobiles 

At signalized intersections, the delay experienced by pedestrians is 
influenced in part by the amount of green time allocated to serve vehicular 
volumes on the street being crossed. The volume of cars making turns across a 
crosswalk at an intersection also affects a pedestrian's delay and perception of 
the intersection's quality of service. 
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At lillsignalized intersections, increased major-street traffic volumes affect 
pedestrian crossing delay by reducing the number of opportunities for 
pedestrians to cross. The effect of motor vehicle volumes on pedestrian delay at 
unsignalized intersections also depends on local laws specifying yielding 
requirements to pedestrians in crosswalks and driver observation of those laws. 

Automobile and heavy vehicle traffic volumes, and the extent to which 
pedestrians are separated from vehicular traffic, influence pedestrians' 
perceptions of quality of service while using a sidewalk. 

Bicycles 

Bicycle interaction with pedestrians is greatest on pathways shared by the 
two modes. Bicycles-because of their markedly higher speeds-can have a 
negative effect on pedestrian capacity and quality of service on such pathways. 

"Transit 
The interaction of transit vehicles with pedestrians is similar to that of 

automobiles. However, because transit vehicles are larger than automobiles, the 
effect of a single transit vehicle is proportionately greater than that of a single 
automobile. The lack of pedestrian facilities in the vicinity of transit stops can be 
a barrier to transit access, and transit quality of service is influenced by the 
quality of the pedestrian environment along streets with transit service. 
Although it is not addressed by the HeM procedures, the pedestrian 
environment along the streets used to get to and from the streets with transit 
service also influences transit quality of service. Passengers waiting for buses at a 
bus stop can reduce the effective width of a sidewalk, while passengers getting 
off buses may create cross-flows that interact with the flow of pedestrians along a 
sidewalk. 
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Hindrance as a performance 
measure. 

Bicycle Mode 

4. BICYCLE MODE 

OVERVIEW 

Bicycles are used to make a variety of trips, including trips for recreation and 
exercise, commutes to work and school, and trips for errands and visiting 
friends. Bicycles help extend the market area of transit service, since bicyclists 
can travel about five times as far as an average person can walk in the same 
amount of time. Although bicycle trip-making in North America is lower than in 
the rest of the world, several large North American cities that have invested in 
bicycle infrastructure and programs (e.g., Portland, Oregon; Minneapolis, 
Minnesota; and Vancouver, Canada) have bicycle commute mode splits around 
4% (2005-2007 census and local data). Some college towns like Eugene, Oregon, 
and Boulder, Colorado, have commute mode splits exceeding 8% (2007 census 
data), and Davis, California, achieved a 14% mode split (2005-2007 census data). 

HUMAN FACTORS 

Many of the measures of vehicular effectiveness can also describe bicycling 
conditions, whether on exclusive or shared facilities. As with motor vehicles, 
bicycle speeds remain relatively insensitive to flow rates over a wide range of 
flows. Delays due to traffic control affect bicycle speeds along a facility, and the 
additional effort required to accelerate from a stop is particularly noticeable to 
bicyclists. Grades, bicycle gearing. and the bicyclist's fitness level also affect 
bicycle speed and the level of effort required to maintain a particular speed. 

Some vehicular measures are less applicable to the bicycle mode. For 
example, bicycle density is difficult to assess, particularly with regard to facilities 
shared with pedestrians and others. Because of the severe deterioration of service 
quality at flow levels well below capacity (e.g., freedom to maneuver around 
other bicyclists), the concept of capacity has little utility in the design and 
analysis of bicycle paths and other facilities. Capacity is rarely observed on 
bicycle facilities; rather, cyclists typically dismount and walk their bicycles before 
a facility reaches capacity. Values for capacity therefore reflect sparse data, 
generally from European studies or from simulation. 

Other measures of bicycle quality of service have no vehicular counterpart. 
For example, the concept of hindrance relates directly to bicyclists' comfort and 
convenience (10). During travel on a bicycle facility, two significant parameters 
can be easily observed and identified: (a) the number of users (other bicyclists, 
pedestrians, etc.) moving in the same direction and passed by the bicyclist and 
(b) the number of users moving in the opposing direction encountered by the 
bicyclist. Each event causes some discomfort and inconvenience to the bicyclist. 

As is the Case with pedestrians, environmental factors contribute 
significantly to the bicycling experience and, therefore, to quality of service. 
These factors include the volume and speed of adjacent vehicles, heavy vehicle 
presence, the presence of on-street parking, and the quality of the pavement. 
Chapter 5, Quality and Level-of-Service Concepts, discusses environmental and 
hindrance factors, while Chapter 4, Traffic Flow and Capacity Concepts, presents 
bicycle flow measures. 
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VARIATIONS IN DEMAND 

Bicycle travel demand varies by time of day, day of the week, and month of 
the year. All of these variations in demand are related to trip-making demands in 
general (e.g., bicycle demand is highest during weekday a.m. and p.m. peak 
periods, just as with motor vehicles). Bicyclists are more exposed than motorists 
to the elements and other roadway users. Dutch research has shown that weather 
explains up to 80% of annual variation in bicycle travel, with higher rainfall and 
lower temperatures resulting in lower rates of bicycling (11). 

Therefore, monthly variations in bicycle demands are also weather- and 
daylight-related. Exhibit 3-15 shows variations in bicycle demand hourly, daily, 
and monthly, on the basis of data from Copenhagen, Demnark, and Portland, 
Oregon. Exhibit 3-16 shows observations of bicycle demand compared with 
variations in daily high temperature along a bicycle path in Boulder, Colorado. 
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Exhibit 3-15 
Temporal Variations in Bicycle 
Demand 

Copenhagen and Portland hourly 
demand patterns are nearly identical 
through noon. In the afternoon, 
Copenhagen peaks an hour earlier 
(due to a shorter workday length). 
The Portland p.m. peak is noticeably 
higher than the a.m. peak, unlike 
Copenhagen. 

Bicycle volumes can fluctuate 
Significantly from day to day, as 
suggested by the Portland line on the 
weekly variation chart, The Portland 
volumes may reflect the effects of 
rain on Wednesday, Friday, Saturday, 
and Sunday of that week. 

Automobile volumes also drop in July 
in Copenhagen, when many people 
go on vacation. Except for July, 
months with higher temperatures and 
more daylight have higher bicyde 
volumes in Copenhagen. 

Exhibit 3-16 
Example Variations in Bicycle 
Demand due to Temperature 

Bicycle Mode 
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Exhibit 3-17 
Bicycle Facility Types 

Bicycle Mode 

BICYCLE FACILITY TYPES 

Exhibit 3-17 illustrates the types of bicycle facilities addressed in the HeM. 
The facilities are divided into two types, on-street and off-street, and include 
situations where a facility is shared with users of another mode (e.g., a lane 
shared by bicyclists and motor vehicle traffic or a pathway shared by bicyclists 
and pedestrians). 

. . 
" ~}. " . '1 , 
-' 1. . .. '. 

~ " ~.. • t , ~ . l __ 

(a) Shared Lane (b) Bicycle Lane (c) Shoulder Bikeway 

(d) Sidepath (e) Bicycle Track (f) Exclusive Pathway 

On-Street Bicycle Facilities 

On-street bicycle facilities include roadways on which bicycles share a travel 
lane with motorized vehicular h'affic, dedicated on-street bicycle lanes, paved 
roadway shoulders available for use by bicyclists, and bicycle tracks-mainly 
seen in Europe-located between the roadway and the sidewalk and separated 
from each by low curbs. For each facility type, bicycle flow is one-way. The 
quality of bicycle flow, safety, and the bicycling environment are all 
considerations for these types of facilities. 

Off-Street Bicycle Facilities 

Off-street bicycle facilities consist of pathways dedicated to the exclusive use 
of bicyclists and pathways shared with pedestrians and other types of users. 
These types of facilities may be located parallel and in proximity to roadways 
(sidepaths), or they may be completely independent facilities, such as recreational 
trails along former railroad rights-of-way and off-street pathways of the kind 
found in city parks and on college campuses. Bicycle flow along these types of 
facilities is typically two-way and is often shared with users of other modes. The 
number of meeting and passing events between cyclists and other path users 
affects the quality of service for bicyclists using these facility types. The presence 
and design of driveways and intersections may affect the quality of service of 
bicyclists on side paths but is not addressed by HCM procedures. 
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MEASURED AND OBSERVED VOLUMES 

Exhibit 3-18 provides daily two-directional bicycle volumes on selected U.S. 
roadways and bicycle facilities. Data were collected on weekdays, generally in 
late spring or summer, so these volumes represent peak conditions for the year. 
In comparison, the highest-volume roadways in Copenhagen, Denmark, have 
two-directional daily bicycle volumes exceeding 30,000 on spring and fall 
weekdays with good weather (12). 

Facility Location Facility Type 
Hawthorne Bridge Portland, OR Shared pedestrian-bicycle path 
Russell Boulevard Davis, CA Shared pedestrian-bicycle path 
Broadway Bridge Portland, OR Shared pedestrian-bicycle path 
North Vancouver Street Portland, OR Bicycle lane 
Hudson River Greenway New York, NY Shared pedestrian-bicycle path 
Steel Bridge Portland, OR Shared pedestrian-bicycle path 
Waterfront Park Portland, OR Shared pedestrian-bicycle path 
Williamsburg Bridge New York, NY Shared pedestrian-bicycle path 
Sprinqwater Trail Portland, OR Shared pedestrian-bicycle path 

Source: City of Davis, Portland Office of Transportation, New York City DOT. 

INTERACTIONS WITH OTHER MODES 

Automobiles 

Daily Bicycle 
Volume 

7,400 
6,700 
4,300 
3,500 
3,500 
3,000 
3,000 
3,000 
2,800 

Vehicular and heavy vehicle traffic volumes and speeds, the presence of on
street parking (which presents the potential for bicyclists to hit or be hit by car 
doors), and the degree to which bicyclists are separated from automobile traffic 
all influence bicyclists' perceptions of the quality of service received while using 
an on-street bicycle facility . Turning vehicles, particularly right-turning vehicles 
that cross the path of bicyclists, also affect quality of service. 

Pedestrians 

The effect of pedestrians on bicycles is greatest on pathways shared by the 
two modes. Pedestrians - because of their markedly lower speeds and tendency 
to travel in groups several abreast-can have a negative effect on bicycle quality 
of service on such pathways. Similar to pedestrian impacts on motor vehicles, 
bicyclists must yield to crossing pedestrians, and the signal timing at 
intersections reflects, in part, the time required for pedestrians to cross the street. 

Transit 

Transit vehicles interact with bicycles in much the same way as automobiles. 
However, because transit vehicles are heavy vehicles, the effect of a single transit 
vehicle is proportionately greater than that of a single automobile. Buses can also 
affect bicyclists when they pull over into a bicycle lane or paved shoulder to 
serve a bus stop; however, this impact is not accounted for in HCM procedures. 
Although not addressed by HCM procedures, the availability of good bicycle 
access extends the capture shed of a transit stop or station, and when bicycles can 
be transported by transit vehicles, transit service can greatly extend the range of 
a bicycle trip. 
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Exhibit 3-18 
Daily Weekday Bicycle Volumes on 
Selected U.S. Bicycle Facilities 
(2006-2008) 

Bicycle Mode 
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Exhibit 3-19 
Transit Commuting to 

Downtowns (2000) 

Transit Mode 

5. TRANSIT MODE 

OVERVIEW 

Transit plays two major roles in North America. First, it accommodates 
choice riders-those who choose transit for their mode of travel even though 
they have other means available. These riders choose transit to avoid congestion, 
save money on fuel and parking, use their travel time productively for other 
activities, and reduce the impact of automobile driving on the environment, 
among other reasons. Transit is essential for mobility in the central business 
districts (CBDs) of some major cities, which could not survive without it. 

The other major role of transit is to provide basic mobility for segments of 
the population that are unable to drive for age, physical, mental, or financial 
reasons. About 11 % of the adult population in the United States does not have a 
driver's license (14) and must depend on others to transport them in 
automobiles, on transit, or via other modes, including walking, bicycling, and 
taxis. These transit users have been termed captive riders. 

Exhibit 3-19 provides examples of peak-hour trips by transit to the 
downtowns of selected U.S. cities. The variations in transit use reflect differences 
in popUlation, CBD employment, extent of bus and rail transit services, and 
geographic characteristics. 

Transit Share of Transit Share of 
Area Downtown Commuters Area Downtown Commuters 
New York 76.5% Los Angeles 2.0.3% 
Chicago 61.7% Houston 16.7% 
Boston 50.9% Dallas 13.6% 
San Francisco 49.0% Sacramento 12.3% 
Philadelphia 45.7% San Diego 11.4% 
Washington, DC 37.8% San Antonio 7.2.% 
Seattle 36.8% Austin 3.8% 
Portland 2.7.5% 

Source: Commuting in America 111(15), adapted from "Commuting to Downtown in America: Census 2000," report 
to the Transportation Research Board Subcommittee on Census Data for Transportation Planning, Jan. 10, 
2005. 

HUMAN FACTORS 

Transit passengers frequently rely on other modes to gain access to transit. 
Transit use is greater where popUlation densities are higher and pedestrian 
access is good. Typical transit users do not have transit service available at the 
door and must walk, bicycle, or drive to a transit stop and walk or bicycle from 
the transit discharge point to their destination. In contrast, suburban areas are 
mainly automobile-oriented, with employment and residences dispersed, often 
without sidewalks or direct access to transit lines. If potential passengers cannot 
access service at both ends of their trip, transit is not an option for that trip. 

Unlike the other modes addressed in the HCM, transi.t is primarily focused 
on a service rather than a facility. Roadways, bicycle lanes, and sidewalks, once 
constructed, are generally available at all times to users. Transit service, in 
contrast, is only available at designated times and places. Another important 
difference is that transit users are passengers, rather than drivers, and not in 
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direct control of their travel. Thus, the frequency and reliability of service are 
important quality-of-service factors for transit users. Travel speed and comfort 
while making a trip are also important to transit users. 

Transit is about moving people rather than vehicles. Transit operations at 
their most efficient level involve relatively few vehicles, each carrying a large 
number of passengers. In contrast, roadway capacity analysis typically involves 
relatively large numbers of vehicles, most carrying only a single occupant. In 
evaluating priority measures for transit and automobile users, the number of 
people affected is often more relevant than the number of vehicles. 

ON-STREET TRANSIT CHARACTERISTICS 

The HeM addresses only those major transit modes (in terms of passengers 
carried) that operate on streets and interact with other users of streets and 
highways. These modes are buses, streetcars, and light rail, illustrated in Exhibit 
3-20 and described briefly in the following sections. 

(a) Bus (b) Streetcar (c) Light Rail 

Bus 

The bus mode is operated by rubber-tired vehicles that follow fixed routes 
and schedules along roadways. Although the electric trolleybus (a bus receiving 
its power from overhead wires) is classified as a separate mode by the Federal 
Transit Administration (FTA), for the purposes of the HeM, it is also considered 
a bus. In 2007, more than 53% of all transit passenger boardings in the United 
States occurred on buses (16). 

The bus mode offers considerable operational flexibility. Service can range 
from local buses stopping every two to three blocks along a street, to limited-stop 
service stopping every Vz to 1 mi, to express service that travels along a roadway 
without stopping. Buses may stop in the travel lane (on-line) or in a parking lane 
or pullout (off-line). On-line stops reduce bus delay but may increase vehicle and 
bicycle delay. Because buses frequently carry more people than the vehicles 
stopped behind them, on-line stops may help reduce overall person delay. 

Streetcar 
The streetcar mode is operated by vehicles that receive power from overhead 

wires and run on tracks. For FTA reporting purposes, streetcars are considered to 
be a form of light rail. For HeM purposes, the following operating and physical 
characteristics distinguish streetcars from light rail: 

• Generally shorter (typically one-car) trains, with slightly narrower cars; 

• Greater potential for onboard fare payment, which may affect dwell 
times; 
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The TCQSM comprehensively 
addresses transit modes. 

Exhibit 3-20 
Transit Modes Addressed in the 
HCM 

Demand-responsive transit (with 
flexible schedules or lVute~ or both) 
is not addressed by the HCM but is 
addressed in the TCQSM. 

Transit Mode 
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The HCM only addresses light 
rail operations along 
roadways. Consult the TCQSM 
for a more comprehensive 
treatment of light rail. 

Transit Mode 

• Greater prevalence of mixed-traffic operation; and 

• More frequent stops. 

Streetcars make on-line stops, which minimizes their delay leaving a station, 
but may increase delay to vehicles and bicycles stopped behind the streetcar. 

Light Rail 

As is streetcar, light rail is a mode operated by vehicles that receive power 
from overhead wires and that run on tracks. Trains typically consist of multiple 
cars; fares are typically paid to a machine on the station platform (thus allowing 
passengers to board through all doors, reducing dwell time); station spacing 
tends to be relatively long, particularly outside downtown areas; and traffic 
signal preemption or priority is frequently employed. 

When light rail operates along a roadway, it typically does so in an exclusive 
lane or in a segregated right-of-way in the street median or along the side of the 
street. Most light rail routes include lengthy sections where tracks are located in 
a separate, potentially grade-separated right-of-way and any interaction with 
traffic occurs at gate-controlled grade crossings. 

TRAVEL TIME VARIABILITY 

As do motorists, transit riders often allow extra time for time-sensitive trips. 
Sources of bus travel time variability include all of the factors listed in the 
automobile section of this chapter, plus bus-specific factors such as variations in 
passenger demands (day-to-day and bus-to-bus), traffic signal delays after 
stopping to serve passengers, wheelchair lift and bicycle rack usage, differences 
in bus operator experience, route length, and the number of stops (9). 

ON-STREET TRANSIT FACILITY TYPES 

Mixed Traffic 

More than 99% of the bus route miles in the United States are operated in 
mixed traffic. In contrast, most rail route miles-other than portions of streetcar 
lines-operate in some form of segregated right-of-way. In mixed traffic, transit 
vehicles are subject to the same causes of delay as are automobiles, and they 
need to stop periodically to serve passengers. These stops can cause transit 
vehicles to fall out of any traffic signal progression that might be provided along 
the street, causing them to incur greater amounts of signal delay than other 
vehicles. 

Exclusive Lanes 

Exclusive lanes are on-street lanes dedicated for use by transit vehicles, on 
either a full-time or part-time basis. They are generally separated from other 
lanes by just a stripe, and buses may be able to leave the exclusive lane to pass 
buses or obstructions such as delivery trucks. Right-turning traffic, bicycles, 
carpools, and taxis are sometimes allowed in exclusive bus lanes. Generally, no 
other traffic, with the possible exception of transit buses, is allowed in exclusive 
lanes provided for rail transit vehicles. Exclusive lanes allow transit vehicles to 
bypass queues of vehicles in the general traffic lanes and reduce or eliminate 
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delays to transit vehicles caused by right-turning traffic. Therefore, these lanes 
can provide faster, more reliable transit operations. 

On-Street Transitways 

Buses and trains sometimes operate within a portion of the street right-of
way that is physically segregated from other traffic: in the median or adjacent to 
one side of the street. No other traffic is allowed in the transitway. The amount of 
green time allocated to transit vehicles may be different from the amount of time 
allocated to the parallel through movements-for example, it might be reduced 
to provide time to serve conHicting vehicular tuming movements. 

MEASURED AND OBSERVED VOLUMES 

Exhibit 3-21 provides examples of observed peak-direction, peak-hour bus 
and passenger flows along selected roadways in the United States and Canada. 
Higher bus volumes have been observed on busways in South America; they 
require a combination of passing lanes at stations for express services and 
multiple-platform stations at major transfer points and downtown terminals. 

Peak-Hour Peak-Direction 
location facili Buses Passen ers 
Ottawa Albert St./Slater St. 190 10,000 
New York City Madison Ave. 180 10,000 
Portland 5th Ave./6th Ave. 175 8,500 
Newark Broad St. 150 6,000 
Denver Broadway/Lincoln St. 90 2,300 
Boston South St./High St. 50 2,000 
Vancouver Granville Mall 70 1 800 

Source: TCRPReport26(17), TCRPReport90, Volume 2 (18), TCQSM (9). 

INTERACTIONS WITH OTHER MODES 

Automobiles 

Higher automobile volumes result in greater delays for all motorized traffic, 
including buses. In locations where buses pull out of the travel lane to serve bus 
stops and yield-to-bus laws are not in place (or generally observed), buses 
experience delay waiting for a gap to pull back into traffic after serving a stop. 
Day-to-day variations in roadway congestion and trip-to-trip variations in 
making or missing green phases at signalized intersections affect bus schedule 
reliability, although no HCM techniques exist to predict this impact. 

Pedestrians 

Transit users are typically pedestrians immediately before and after their trip 
aboard a transit vehicle, so the quality of the pedestrian environment along 
access routes to transit stops also affects the quality of the transit trip. Pedestrians 
can also delay buses in the same way that they delay automobiles, as described 
earlier in this chapter. 

Bicycles 

In locations where buses pull out of the travel lane to serve bus stops, 
bicycles may delay buses waiting for a gap to pull back into traffic, similar to 
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Exhibit 3-21 
Observed On-Street, Peak
Direction, Peak-Hour Bus and 
Passenger Volumes (1995-2000) 

Transit Mode 
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Transit Mode 

automobiles. Transit users may be bicyclists before or after their trip, so the 
quality of the bicycling environment along access routes to transit stops also 
influences the quality of the transit trip. 
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1. INTRODUCTION 

The relationships between volume (flow rate), speed, and density are among 
the most fundamental in transportation engineering. Chapter 4, Traffic Flow 
and Capacity Concepts, describes how these basic relationships apply to the four 
modes covered by the Highway Capacity Manual (HCM): automobiles, 
pedestrians, bicycles, and on-street transit. Details of these relationships specific 
to automobiles operating on a particular system element (for example, speed
flow curves for freeways) are provided in the appropriate methodological 
chapters of Volumes 2 and 3. 

Capacity represents the maximum sustainable hourly flow rate at which 
persons or vehicles reasonably can be expected to traverse a point or a uniform 
section of a lane or roadway during a given time period under prevailing 
road way, environmental, traffic, and control conditions. Reasonable expectancy 
is the basis for defining capacity. The stated capacity for a given system element 
is a flow rate that can be achieved repeatedly for peak periods of sufficient 
demand, as opposed to being the maximum flow rate that mjght ever be 
observed. System elements that have different prevailing conditions will have 
different capacities, and the maximum flow rate observed on a given system 
element may vary from day to day. 

Several of the operational performance measures presented in Chapter 4 
(speed, delay, and density, in particular) are used in Chapter 5 to describe the 
quality of service provided by a roadway, or-in the case of the volume-to
capacity (demand-to-capacity) ratio-are used to define the threshold between 
Levels of Service (LOS) E and F. 
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Flow rate is the equivalent 
hourly volume that would 
occur if a subhour/y flow was 
sustained for an entire hour. 

Observed volumes may reflect 
capacity constraints rather 
than true demand Demand is 
usually the desired input to 
HeM analyses, although it is 
not always easy to determine. 

Automobile Mode 

2. AUTOMOBILE MODE 

A few basic variables-volume, flow rate, speed, and density-can be used 
to describe traffic flow on any roadway. In the HCM, volume, flow rate, and 
speed are parameters common to both uninterrupted- and interrupted-flow 
facilities, but density applies primarily to uninterrupted flow. Some parameters 
related to flow rate, such as spacing and headway, are also used for both types of 
facilities. Other parameters, such as saturation flow and gap, are specific to 
interrupted flow. 

BASIC AUTOMOBILE FLOW PARAMETERS 

Volume and Flow Rate 

Volume and flow rate are two measures that quantify the number of vehicles 
passing a point on a lane or roadway during a given time interval. These terms 
are defined as follows: 

• Volume-the total number of vehicles that pass over a given point or 
section of a lane or roadway during a given time interval; any time 
interval can be used, but volumes are typically expressed in terms of 
almual, daily, hourly, or subhourly periods. 

• Flow rate-the equivalent hourly rate at which vehicles pass over a given 
point or section of a lane or roadway during a given time interval of less 
than 1 h, usually 15 min. This chapter focuses on flow rate and the 
variations in flow that Can occur over the course of an hour. 

There is a distinction between volume and flow rate. Volume is the number 
of vehicles observed or predicted to pass a point during a time interval. Flow rate 
represents the number of vehicles passing a point during a time interval less than 
1 h, but expressed as an equivalent hourly rate. A flow rate is the number of 
vehicles observed in a subhourly period, divided by the time (in hours) of the 
observation. For example, a volume of 100 veh observed in a 15-min period 
implies a flow rate of 100 veh divided by 0.25 h, or 400 veh/h. 

Volume and flow rate are variables that help quantify demand, that is, the 
number of vehicle occupants or drivers (usually expressed as the number of 
vehicles) who desire to use a given system element during a speCific time period, 
typically 1 h or 15 min. As discussed in Chapter 3, Modal Characteristics, 
observed volumes may reflect upstream capacity constraints rather than the true 
demand that would exist without the presence of a bottleneck. 

In many cases, demand volumes are the desired input to HCM analyses. (An 
exception would be, for example, when one is interested in analyzing traffic 
conditions downstream of a bottleneck that is not planned to be removed.) When 
conditions are l.mdersaturated and no upstream bottlenecks exist, demand 
volume at a location can be assumed to be equivalent to the measured volume at 
that location. Otherwise, ascertaining demand requires a count of undersaturated 
traffic upstream of a bottleneck (i.e., a count of arrival volume rather than 
departure volume) (1). When the queue from a bottleneck extends past the 
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previous intersection or interdlange, it may not be easy to determine how mudl 
of the traffic approaching the end of the queue is actually destined for the 
bottleneck location. Furthermore, as illustrated in Chapter 3, demand patterns 
may dlange after a bottleneck is removed. Nevertheless, where bottlenecks exist, 
neglecting to use demand volumes as inputs to HCM methodologies will 
produce results that underestimate the presence and extent of congestion. In 
other words, using observed volumes instead of demand volumes will likely 
result in inaccurate HCM results. 

Subhourly Variations in Flow 

Flow rates typically vary over the course of an hour. Exhibit 4-1 shows the 
substantial short-term fluctuation in flow rate that can occur within an hour, on 
the basis of data from the approaches to an all-way STop-controlled intersection. 
In this data set, the 5-min flow rate ranges from a low of 1,248 veh;h to a high of 
1,764 veh;h, compared with a total peak hour entering volume of 1,516 veh. 
Designing the intersection to accommodate the peak hour volume would result 
in oversaturated conditions for a substantial portion of the hour. 
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Note: SW 72nd Avenue at Dartmouth Street, Tigard, Oregon, 2008. 

HCM analyses typically consider the peak 15 min of flow during the analysis 
hour. As illustrated in Exhibit 4-1, the use of a peak 15-min flow rate 
accommodates nearly all the variations in flow during the hour and therefore 
provides a good middle ground between designing for hourly volumes and 
designing for the most extreme 5-min flow rate. 

Since inputs to HCM procedures are typically expressed in terms of hourly 
demands, the HCM uses the peak hour factor (PHF) to convert an hourly volume 
into a peak 15-min flow rate. Although traditionally called a "peak hour" factor, 
a PHF is applicable to any analysis hour, peak or off-peak. The PHF is the ratio of 
total hourly volume to the peak flow rate within the hour and is computed by 
Equ ation 4-1: 

PHF = Hourly volume 
Peak flow rate (within the hour) 
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Where bottlenecks exis? not 
accounting for demand will result in 
underestimating the extent of 
congestion. 

Even when hourly volumes are less 
than a system element's capacity, 
now rates within an hour may exceed 
capacity, creating oversaturated 
conditions. 

Exhibit 4-1 
Relationship Between Short-Term 
and Hourly Flows 

Peak hour factor (PHF) defined. 

Equation 4-1 

Automobile Mode 
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Equation 4-2 

Equation 4-3 

Speed parameters. 

A verage travel speed 

Automobile Mode 

If 15-min periods are used, the PHF may be computed by Equation 4-2: 

where 

PHF peak hour factor, 

PHF= V 
4XV15 

V hourly volume (veh/h), and 

V15 volume during the peak 15 min of the analysis hour (veh/15 min), 

When the PHF is known, it can convert a peak hour volume to a peak flow 
rate, as in Equation 4-3: 

V 
V=--

PHF 

where v is the flow rate for a peak 15-min period, expressed in vehicles per hour, 
and the other variables are as defined previously. 

Equation 4-3 does not need to be used to estimate peak flow rates if traffic 
counts are available; however, the chosen count interval must identify the 
maximum 15-min flow period, Then the rate can be computed directly as 4 times 
the maximum 15-min count and the PHF would take the value 1.00. 

Lower PHF values signify greater variability of flow, while higher values 
signify less flow variation within the hour. When hourly counts are used, the 
PHF can range from 1.00, indicating that the same demand occurs during each 
15-min period of the hour, to a theoretical minimum of 0.25, indicating that the 
entire hourly demand occurs during the peak 15 min. PHFs in urban areas 
generally range between 0,80 and 0,98. PHFs over 0.95 are often indicative of 
high traffic volumes, sometimes with capacity constraints on flow during the 
peak hour. PHFs under 0.80 occur in locations with highly peaked demand, such 
as schools, factories with shift changes, and venues with scheduled events. 

Speed 

Although traffic volumes provide a method of quantifying capacity values, 
speed (or its reciprocal, travel time rate) is an important measure of the quality of 
the traffic service provided to the motorist. It defines LOS for two-lane highways 
and urban streets, 

Speed is defined as a rate of motion expressed as distance per unit of time, 
generally as miles per hour (mi/h), To characterize the speed of a traffic stream, a 
representative value must be used, because a broad distribution of individual 
speeds is observable in the traffic stream. Several speed parameters can be 
applied to a traffic stream. Among them are the following: 

• Average travel speed. A traffic stream measure based on travel time 
observed on a known length of highway. It is the length of the segment 
divided by the average travel time of vehicles traversing the segment, 
including all stopped delay times. It is also equal to the space mean speed. 
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• Space mean speed. A statistical term denoting an average speed based on 
the average travel time of vehicles to traverse a length of roadway. It is 
called a space mean speed because the average travel time weights the 
average by the time each vehicle spends in the defined roadway segment 
or space. 

• Time mean speed. The aritlunetic average of speeds of vehicles observed 
passing a point on a highway; also referred to as the average spot speed. 1he 
individual speeds of vehicles passing a point are recorded and averaged 
arithmetically. 

• Free-flow speed. The average speed of vehicles on a given segment, 
measured under low-volume conditions, when drivers are free to drive at 
their desired speed and are not constrained by the presence of other 
vehicles or downstream traffic control devices (Le., traffic signals, 
roundabouts, or STOP signs). 

• Average running speed. A traffic stream measure based on the observation 
of travel times of vehicles traversing a section of highway of known 
length. It is the length of the segment divided by the average ruIining 
time of vehicles that traverse the segment. Running time includes only 
time during which vehicles are in motion. 

For most of the HeM procedures using speed as a service measure, average 
travel speed (or its equivalent, space mean speed) is the defining parameter. On 
uninterrupted-flow facilities operating with undersaturated flow, the average 
travel speed is equal to the average running speed. 

Exhibit 4-2 shows a typical relationship between time mean and space mean 
speeds. Space mean speed is always less than or equal to time mean speed, but 
the difference decreases as the absolute value of speed increases. Based on the 
statistical analysis of observed data, this relationship is useful because time mean 
speeds are typically easier to measure in the field than are space mean speeds. 
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Exhibit 4-2 
Typical Relationship Between Time 
Mean and Space Mean Speeds 
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Computing density. 

Equation 4-4 

Automobile Mode 

It is possible to calculate both time mean speed and space mean speed from a 
sample of individual vehicle speeds. For example, three vehicles are recorded 
with speeds of 30,40, and 50 mi/h. The times to traverse 1 mi are 2.0 min, 1.5 
min, and 1.2 min, respectively. The time mean speed is 40 mi/h, calculated as (30 
+ 40 + 50)/3. The space mean speed is 38.3 mi/h, calculated as (60)[3/(2.0 + 1.5 + 
1.2)]. 

Space mean speed is recommended for HeM analyses. Speeds are best 
measured by observing travel times over a known length of highway. For 
uninterrupted-flow facilities operating in the range of stable flow, the length may 
be as short as several hundred feet for ease of observation. 

Density 

Density is the number of vehicles occupying a given length of a lane or 
roadway at a particular instant. For the computations in this manual, density is 
averaged over time and is usually expressed as vehicles per mile (veh/mi) or 
passenger cars per mile (pc/mi). 

Measuring density directly in the field is difficult: it requires a vantage point 
for photographing, videotaping, or observing significant lengths of highway. 
Density can be computed, however, from the average travel speed and flow rate, 
which are measured more easily. Equation 4-4 is used for undersaturated traffic 
conditions. 

where 

v = flow rate (veh/h), 

D=~ 
S 

5 average travel speed (mi/h), and 

D density (veh/mi). 

A highway segment with a flow rate of 1,000 veh/h and an average travel 
speed of 50 mi/h would have a density of 

D = 1,000 veh/h 20 veh/mi 
50mi/h 

Density is a critical parameter for uninterrupted-flow facilities because it 
characterizes the quality of traffic operations. It describes the proximity of 
vehicles to one another and reflects the freedom to maneuver within the traffic 
stream. 

Roadway occupancy is frequently used as a surrogate for density in control 
systems because it is easier to measure (most often through equipment such as 
loop detectors). Occupancy in space is the proportion of roadway length covered 
by vehicles, and occupancy in time identifies the proportion of time a roadway 
cross section is occupied by vehicles. However, unless the length of vehicles is 
known precisely, the conversion from occupancy to density involves some error. 
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Headway and Spacing 

Spacing is the distance between successive vehicles in a traffic stream, 
measured from the same point on each vehicle (e.g., front bumper, front axle). 
Headway is the time between successive vehicles as they pass a point on a lane 
or roadway, also measured from the same point on each vehicle. 

These characteristics are microscopic, because they relate to individual pairs 
of vehicles within the traffic stream. Within any traffic stream, both the spacing 
and the headway of individual vehicles are distributed over a range of values, 
generally related to the speed of the traffic stream and prevailing conditions. In 
the aggregate, these microscopic parameters relate to the macroscopic flow 
parameters of density and flow rate. 

Spacing is a distance, measured in feet. It can be determined directly by 
measuring the distance between common points on successive vehicles at a 
particular instant. This generally requires costly aerial photographic techniques, 
so that spacing usually derives from other direct measurements. Headway, in 
contrast, can be measured with stopwatch observations as vehicles pass a point 
on the roadway. 

The average vehicle spacing in a traffic stream is directly related to the 
density of the traffic stream, as determined by Equation 4-5: 

D 'ty ( hI') 5,280 £t/mi enSl ve ml = -------
spacing (ft/veh) 

( The relationship between average spacing and average headway in a traffic 
, stream depends on speed, as indicated in Equation 4-6: 

H d (I h) 
spacing (£t/veh) 

ea way s ve = -"-----""--'-----'-
speed (£tIs) 

This relationship also holds for individual headways and spacings between 
pairs of vehicles. The speed used is that of the second vehicle in a pair. The flow 
rate is related to the average headway of the traffic stream by Equation 4-7: 

3600 s/h Flow rate (veh/h) = --,----
headway (s/veh) 

Relationships Among Basic Parameters 

Equation 4-4 cites the basic relationship among the three parameters, 
describing an uninterrupted traffic stream. Although the equation v = S x D 
algebraically allows for a given flow rate to occur in an infinite number of 
combinations of speed and density, there are additional relationships that restrict 
the variety of flow conditions that can occur at a location. 

Exhibit 4-3 shows a generalized, theoretical representation of these 
relationships, which are the basis for the capacity analysis of uninterrupted-flow 
facilities. The flow-density function is placed directly below the speed-density 
relationship because of their common horizontal scales, and the speed-flow 
function is placed next to the speed-density relationship because of their 
common vertical scales. The speed in all cases is space mean speed. 
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Equation 4-5 

Equation 4-6 

Equation 4-7 
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Exhibit 4-3 
Generalized Relationships 

Among Speed, Density, and 
Flow Rate on Uninterrupted

Flow Facilities 

Exhibit 4-4 
Example Freeway Speed

Flow Data 

Note that the real-world 
speed-flow curves in 
Exhibit 4-4 are not the 
idealized parabola indicated in 
Exhibit 4-3. The other 
relationships in Exhibit 4-3 
therefore also have somewhat 
different shapes in the real 
world. 

Automobile Mode 

The form of these functions depends on the prevailing traffic and roadway 
conditions on the segment under study and on the segment length. Although the 
diagrams in Exhibit 4-3 show continuous curves, it is unlikely that the full range 
of the functions would appear at any particular location. Real-world data usually 
show discontinuities, with parts of the curves not present (3). Exhibit 4-4 shows 
that the real-world relationship between speed and undersaturated flow consists 
of a section of constant speed, followed by a section of declining speed until 
capacity is reached, unlike the idealized parabola shown in the speed-flow curve 
in Exhibit 4-3. Exhibit 4-4(a) shows a relatively complete curve, while Exhibit 4-
4(b) has discontinuities. 

--------
:'-, 
: '--
I '-
I ' 

o Dcap Dj o Vm 

Density (veh/mi/ln) flow (veh/h/ln) 

LEGEND 

--Undersaturated flow 

---Oversaturated flow 

o Dcap Dj 

Density (veh/mi/ln) 

Source: Adapted from May (3). 

80 

70 " y ...... .. - .... -'i."~i·::·· ... · ..... ·., ... 
60 . 
50 

'-i, . 
40 

30 
. ~:~ 

20 

10t-------~._J.~.~--------------~ 10 

500 1,500 2,000 2,500 500 1,000 1,500 2,000 2,500 3,000 

Flow Rate (veh/h/ln) Flow Rate (veh/h/ln) 

(a) 1-405, Los Angeles, California (b) I-80S, San Diego, california 

Source: California Department of Transportation, 2008. 

The curves of Exhibit 4-3 illustrate several significant points, A zero flow rate 
occurs under two different conditions. The first is when there are no vehicles on 
the segment-density is zero, and flow rate is zero. Speed is theoretical for this 
condition and would be selected by the first driver (presumably at a high value). 
This speed is represented by Sf in the graphs. 

The second is when density becomes so high that all vehicles must stop-the 
speed and flow rate are zero because there is no movement and vehicles cannot 
pass a point on the roadway. The density at which aU movement stops is called 
jam density, denoted by Dj in the diagrams. 
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Between these two extreme points, the dynamics of traffic flow produce a 
maximizing effect. As flow increases from zero, density also increases because 
more vehicles are on the roadway. When this happens, speed declines because of 
the interaction of vehicles. The decline is negligible at low and medium densities 
and flow rates. As density increases, the generalized curves suggest that speed 
decreases significantly before capacity is achieved. Capacity is reached when the 
product of density and speed results in the maximum flow rate. This condition is 
shown as the speed at capacity Scap (often called critical speed), density at capacity 
Dcap (sometimes referred to as critical density), and maximum flow Vm• 

The slope of any ray drawn from the origin of the speed-flow curve 
represents the inverse of density, on the basis of Equation 4-4. Similarly, a ray in 
the flow-density graph represents speed. As examples, Exhibit 4-3 shows the 
average free-flow speed and speed at capacity, as well as optimum and jam 
densities. The three diagrams are redundant-if anyone relationship is known, 
the other two are uniquely defined. The speed-density function is used mostly 
for theoretical work; the other two are used in this manual to define LOS for 
freeways and multilane highways. 

Exhibit 4-3 shows that any flow rate other than capacity can occur under two 
conditions, one low density and high speed and the other high density and low 
speed. The high-density, low-speed side of the curves represents oversaturated 
flow. Sudden changes can occur in the state of traffic (i.e., in speed, density, and 
flow rate). LOS A though E are defined on the low-density, high-speed side of 
the curves, with the maximum-flow boundary of LOS E placed at capacity; in 
contrast, LOS F, which describes oversaturated and queue discharge traffic, is 
represented by the high-density, low-speed part of the curves. 

ADDITIONAL UNINTERRUPTED-fLOW PARAMETERS 

The average headway in a lane is the reciprocal of the flow rate. Thus, at a 
flow of 2,400 veh/h/ln, the average headway is 3,600 s/h divided by 2,400 veh/h, 
or 1.5 s/veh. Vehicles do not, however, travel at constant headways. Vehicles 
tend to travel in groups, or platoons, with varying headways between successive 
vehicles. 

An example of the distribution of headways observed on the Long Island 
Expressway is shown in Exhibit 4-5. The headway distribution of Lane 3 is the 
most nearly uniform, as evidenced by the range of values and the high frequency 
of the modal value, which is the peak of the distribution curve. The distribution 
of Lane 2 is similar to that of Lane 3, with slightly greater scatter (range from 0.5 
to 9.0 s). Lane 1 shows a much different pattern: it is more dispersed, with 
headways ranging from 0.5 to 12.0 s, and the frequency of the modal value is 
only about one-third of that for the other lanes. This indicates that the flow rate 
in the shoulder lane is usually lower than the flow rates in the adjacent lanes 
when the total flows on this segment are moderate to high. 

Exhibit 4-5 shows relatively few head ways smaller than 1.0 s. A vehicle 
traveling at 60 mi/h (88 ft/s) would have a spacing of 88 ft with a 1.0-s headway, 
and only 44 ft with a 0.5-s headway. This effectively reduces the space between 
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Exhibit 4-5 
Time Headway Distribution 
for Long Island Expressway 

Basic concepts for interrupted
flow facilities: intersection 
contra" saturation flow rate, 
lost time, and queuing. 

Automobile Mode 

vehicles (rear bumper to front bumper) to only 25 to 30 ft. This spacing (also 
called gap) would be extremely difficult to maintain. 
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Drivers react to this intervehicle spacing, which they perceive directly, rather 
than to headway. Headway includes the length of the vehicle, which became 
smaller for passenger cars in the vehicle mix of the 1980s. In the 1990s and 2000s, 
because of the popularity of sport utility vehicles, typical vehicle lengths 
increased. If drivers maintain the same intervehicle spacing and car lengths 
continue to increase, conceivably, some decreases in capacity could result. 

If traffic flow were truly random, small headways (less than 1.0 s) could 
theoretically occur. Several mathematical models have been developed that 
recognize the absence of small headways in most traffic streams (5). 

ADDITIONAL INTERRUPTED-fLOW PARAMETERS 

Interrupted flow can be more complex to analyze than uninterrupted flow 
because of the time dimension involved in allocating space to conflicting traffic 
streams. On an interrupted-flow facility, flow usually is dominated by points of 
fixed operation, such as traffic signals and STOP signs. These controls have 
different impacts on overall flow. 

The operational state of traffic on an interrupted-flow facility is defined by 
the following measures: 

• Volume and flow rate (discussed earlier in the chapter), 

• Saturation flow and departure headways, 

• Control variables (STOP or signal control), 

• Gaps available in the conflicting traffic streams, and 

• Control delay. 

Signalized Intersection flow 

The most significant source of fixed interruptions on an interrupted-flow 
facility is traffic signals. A traffic signal periodically halts flow for each 
movement or set of movements. Movement on a given set of lanes is possible 
only for a portion of the total time, because the signal prohibits movement 
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during some periods. Only the time during which the signal is effectively green 
is available for movement. For example, if one set of lanes at a signalized 
intersection receives a 30-s effective green time out of a 90-s total cycle, only 
30/90 or 1/3 of total time is available for movement on the subject lanes. Thus, 
flow on the lanet:> can occur only for 20 min of each hour. If the lanes can 
accommodate a maximum flow rate of 1,500 veh/h with the signal green for a full 
hour, they can actually accommodate a total rate of flow of only 500 veh/h, since 
only one-third of each hour is available as green. 

When the signal hlms green, the dynamics of starting a stopped queue of 
vehicles must be considered. Exhibi t 4-6 shows a queue of vehicles stopped at a 
signal. When the signal turns green, the queue begins to move. The headway 
between vehicles can be observed as the vehicles cross the stop line of the 
intersection. The first headway would be the elapsed time, in seconds, between 
the initiation of the green and the front wheels of the first vehicle crost:>ing over 
the stop line. The second headway would be the elapsed time between the front 
bumpers (or wheels) of the first and second vehicles crossing over the stop line. 
Subsequent headways are measured similarly. 

L 
W·· . • • • rn 00 lRl 

Vehicle headways: I h h h h+t4 h+t3 h+tz 

The driver of the first vehicle in the queue must observe the signal change to 
green and react to the change by releasing the brake and accelerating through the 
intersection. As a result, the first headway will be comparatively long. The 
second vehicle in the queue follows a similar process, except that the reaction 
and acceleration period can occur while the first vehicle is beginning to move. 
The second vehicle will be moving faster than the first as it crosses the stop line, 
because it has a greater distance over which to accelerate. Its headway will 
generally be less than that of the first vehicle. The third and fourth vehicles 
follow a similar procedure, each achieving a slightly lower headway than the 
preceding vehicle. After four vehicles, the effect of the start-up reaction and 
acceleration has typically dissipated. Successive vehicles then move past the stop 
line at a more constant headway until the last vehicle in the original queue has 
passed the stop line. 

In Exhibit 4-6, this constant average headway, denoted as h, is achieved after 
four vehicles. The acceleration headways for the first four vehicles are, on the 
average, greater than h and are expressed as h + ti, where t; is the incremental 
headway for the ith vehicle due to the start-up reaction and acceleration. As i 
increases from 1 to 4, ti decreases. 
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Exhibit 4-7 
concept of Saturation Flow 

Rate and Lost Time 

Saturation flow rate. 

Equation 4-8 

Total start-up lost time. 

Automobile Mode 

Exhibit 4-7 shows a conceptual plot of headways. The HCM recommends 
using the fifth vehicle following the beginning of a green as the starting point for 
saturation flow measurements. 
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Vehicle position in queue 

The value h represents the saturation headway, estimated as the constant 
average headway between vehicles after the fourth vehicle in the queue and 
continuing until the last vehicle that was in the queue at the beginning of the 
green has cleared the intersection. 

The reference point on the vehicle used to measure headways is typically the 
front bumper, although front axles are sometimes used in studies that utilize 
tube counters to obtain the data. 

Saturation flow rate is defined as the flow rate per lane at which vehicles can 
pass through a signalized intersection. It is computed by Equation 4-8: 

3,600 
s=--

h 
where 

s = saturation flow rate (veh/h), and 

h saturation headway (s). 

The saturation flow rate represents the number of vehicles per hour per lane 
that could pass through a signalized intersection if a green signal was displayed 
for the full hour, the flow of vehicles never stopped, and there were no large 
headways. Chapter 24, Concepts: Supplemental, includes a summary of various 
shldies of saturation flow at signalized intersections over a 25-year period. 

Each time a flow is stopped, it must start again, with the first four vehicles 
experiencing the start-up reaction and acceleration headways shown in Exhibit 4-
6. In this exhibit, the first four vehicles in the queue encounter headways longer 
than the saturation headway, h. The increments, t" are called start-up lost times. 
The total start-up lost time for the vehicles is the sum of the increments, as 
computed by using Equation 4-9. 
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where 

11 total start-up lost time (s), 

ti lost time for ith vehicle in queue (s), and 

n last vehicle in queue. 

Each stop of a stream of vehicles is another source of lost time. When one 
stream of vehicles stops, safety requires some clearance time before a conflicting 

stream of traffic is allowed to enter the intersection. The interval when no 
vehicles use the intersection is called clearance lost time, 12• In practice, signal 
cycles provide for this clearance through change intervals, which can include 
yellow or red-clearance indications, or both. Drivers generally cannot observe 

this entire interval but use the intersection during some portion of it. 

The relationship between saturation flow rate and lost times is critical. For 
any given lane or movement, vehicles use the intersection at the saturation flow 

rate for a period equal to the available green time plus the change interval minus 

the start-up and clearance lost times. Because lost time is experienced with each 
start and stop of a movement, the total amount of time lost over an hour is 
related to the signal timing. For instance, if a signal has a 60-s cycle length, it will 

start and stop each movement 60 times per hour, and the total lost time per 

movement will be 60(11 + 12). 

Lost time affects capacity and delay. As indicated by the relationship of cycle 
length to lost time, the capacity of an intersection increases as cycle length 
increases. However, the capacity increase can be offset somewhat by the 
observation that the saturation headway, h, can increase if the length of a 

continuous green indication increases. Capacity increases due to longer cycles 
are also often offset by the increase in delay that typically results from longer 
cycles, as discussed below. Other intersection features, such as turning lanes, can 

also offset the reduced capacity that results from short cycles. Longer cycles 
increase the number of vehicles in the queues and can cause the left-turn lane to 

overflow, reducing capacity by blocking the through lanes. 

As indicated in Exhibit 4-8, there is a strong relationship between delay and 
cycle length. For every intersection there is a small range of cycle lengths that 
will result in the lowest average delay for motorists. Delay, however, is a 

complex variable affected by many variables besides cycle length. 

Cycle length 
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Gap acceptance. 

Critical headway. 

Automobile Mode 

STOP- and YIELD-Controlled Intersection Flow 

The driver on the minor street or the driver turning left from the major street 
at a two-way STOP-controlled intersection faces a specific task: selecting a gap in 
traffic through which to execute the desired movement. The term gap refers to 
the time interval (time gap) and corresponding distance for a given speed (space 
gap) between the major-street vehicles entering an unsignalized intersection, 
measured from back bumper to front bumper. The term gap acceptance describes 
the completion of a vehicle's movement into a gap. 

The capacity of a minor street approach depends on two factors: 

• The distribution of available gaps in the major-street traffic stream, and 

• The gap sizes required by drivers in other traffic streams to execute their 
desired movements. 

The distribution of available gaps in the major-street traffic stream depends 
on the total volume on the street, its directional distribution, the number of lanes 
on the major street, and the degree and type of platooning in the traffic stream. 
The gap sizes required by the minor-movement drivers depend on the type of 
maneuver (left, through, right), the number of lanes on the major street, the 
speed of major-street traffic, sight distances, the length of time the minor
movement vehicle has been waiting, and driver characteristics (eyesight, reaction 
time, age, etc.). 

For ease of data collection, head ways (e.g., front bumper to front bumper) 
are usually measured instead of gaps, since only half as much data are required 
(i.e., only front bumper positions need to be recorded, rather than both front and 
back bumper positions). The critical headway is the minimum time interval 
between the front bumpers of two successive vehicles in the major traffic stream 
that will allow the entry of one minor-street vehicle. When more than one minor
street vehicle uses one major-street gap, the time headway between the two 
minor-street vehicles is called follow-up headway. In general, the follow-up 
headway is shorter than the critical headway. 

The operation of roundabouts is similar to that of two-way sToP-controlled 
intersections. In roundabouts, however, entering drivers scan only one stream of 
traffic-the circulating stream -for an acceptable gap. 

At an all-way STOP-controlled intersection, all drivers must come to a 
complete stop. The decision to proceed is based in part on the rules of the road, 
which suggest that the driver on the right has the right-of-way, but it is also a 
function of the traffic condition on the other approaches. The departure headway 
for the subject approach is defined as the time between the deparhlre of one 
vehicle and that of the next behind it. A departure headway is considered a 
saturation headway if the second vehicle stops behind the first at the stop line. If 
there is traffic on one approach only, vehicles can depart as rapidly as the drivers 
can safely accelerate into and clear the intersection. If traffic is present on other 
approaches, the saturation headway on the subject approach will increase, 
depending on the degree of conflict between vehicles. 
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Delay 

Delay is an important performance measure for interrupted-flow system 
elements. There are several types of delay, but control delay-the delay brought 
about by the presence of a traffic control device - is the principal service measure 
in the HCM for evaluating LOS at signalized and unsignalized intersections. 
Control delay includes delay associated with vehicles slowing in advance of an 
intersection, the time spent stopped on an intersection approach, the time spent 
as vehicles move up in the queue, and the time needed for vehicles to accelerate 
to their desired speed. 

Other types of delay sometimes used are the following: 

• Geometric delay. Delay caused by geometric features causing vehicles to 
reduce their speed in negotiating a system element (e.g., delay 
experienced where an arterial street makes a sharp turn, causing vehicles 
to slow, or the delay caused by the indirect route that through vehicles 
must take through a roundabout). 

• Incident delay. The additional travel time experienced as a result of an 
incident, compared with the no-incident condition. 

• Traffic delay. Delay resulting from the interaction of vehicles, causing 
drivers to reduce their speed below the free-flow speed. 

• Total delay. The sum of control, geometric, incident, and traffic delay. 

Number of Stops 

Traffic control devices separate vehicles on conflicting paths by requiring 
one vehicle to stop or yield to the other. The stop causes delay and has an 
associated cost in terms of fuel consumption and wear on the vehicle. For this 
reason, information about stops incurred is useful in evaluating performance and 
calculating road user costs. This measure is typically expressed in terms of stop 
rate, which represents the count of stops divided by the number of vehicles 
served. Stop rate has units of stops per vehicle. 

Stops are generally expected by motorists arriving at an intersection as a 
minor movement (e.g., a turn movement or a through movement on the minor 
street). However, through drivers do not expect to stop when they travel along a 
major street. Their expectation is that the signals will be coordinated to some 
degree such that they can arrive at each signal in succession while it is displaying 
a green indication for the through movement. For this reason, stop rate is a 
useful performance measure for evaluating coordinated signal systems. 

Queuing 

When demand exceeds capacity for a period of time or when an arrival 
headway is less than the service time (at the microscopic level) at a specific 
location, a queue forms (3). Queuing is both an important operational measure 
and a design consideration for an intersection and its vicinity. Queues that are 
longer than the available storage length can create several types of operational 
problems. A through-lane queue that extends past the entrance to a turn lane 
blocks access to the turn lane, keeping it from being used effectively. Similarly, a 
tum-lane queue overflow into a through lane interferes w ith the movement of 
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Exhibit 4-9 
Idealized Queuing Diagram 
for a Two-Phase Signalized 

Intersection 

Automobile Mode 

through vehicles. Queues that extend upstream from an intersection can block 
access into and out of driveways and-in a worst case-can spill back into and 
block upstream intersections, causing side streets to begin to queue back 

Several queuing measures can be calculated, including the average queue 
length, the maximum back of queue, and the maximum probable queue (e.g., a 
95th percentile queue). 

To predict the characteristics of a queuing system mathematically, it is 
necessary to specify the following system characteristics and parameters (4): 

• Arrival pattern characteristics, including the average rate of arrival and 
the statistical distribution of time between arrivals; 

• Service facility characteristics, including service-time average rates and 
the distribution and number of customers that can be served 
simultaneously or the number of channels available; and 

• Queue discipline characteristics, such as the means of selecting which 
customer is next. 

In oversaturated queues, the arrival rate is higher than the service rate; in 
lUldersaturated queues, the arrival rate is less than the service rate. The length of 
an undersaturated queue can vary but will reach a steady state with the arrival of 
vehicles. In contrast, the length of an oversaturated queue will never reach a 
steady state; it will increase with the arrival of vehicles lUltil the arrival demand 
decreases. 

An idealized undersaturated queue at a signalized intersection is shown in 
Exhibit 4-9 (3). The exhibit assumes queuing on one approach at an intersection 
with two signal phases. In each cycle, the arrival demand (assumed to be 
constant in this ideal example) is less than the capacity of the approach, no 
vehicles wait longer than one cycle, and there is no overflow from one cycle to 
the next. Exhibit 4-9(a) specifies the arrival rate, v, in vehicles per hour and is 
constant for the study period. The service rate, 5, has two states: zero when the 

signal is effectively red, and up to saturation flow rate when the signal is 
effectively green. Note that the service rate is equal to the saturation flow rate 
only when there is a queue. 
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( Exhibit 4-9(b) diagrams cumulative vehicles over time. The horizontal line, v, 
in Exhibit 4-9(a) becomes a solid sloping line in Exhibit 4-9(b), with the slope 
equal to the flow rate. Thus, the arrival rate goes through the origin and slopes 
up to the right with a slope equal to the arrival rate. Transferring the service rate 
from Exhibit 4-9(a) to Exhibit 4-9(b) creates a different graph. During the red 
period, the service rate is zero, so the service is shown as a horizontal dashed line 
in Exhibit 4-9(b). At the start of the green period, a queue is present, and the 
service rate is equal to the saturation flow rate. This forms a series of triangles, 
with the cumulative arrival line as the top side of each triangle and the 
cumulative service line forming the other two sides. 

Each triangle represents one cycle length and can be analyzed to calculate the 
time duration of the queue. It starts at the beginning of the red period and 
continues until the queue dissipates. Its value varies between the effective red 
time and the cycle length, and it is computed by using Equation 4-10: 

where 

vtQ = s{tQ - r) or t = ~ 
Q s-v 

tQ time duration of queue (s), 

v = mean arrival rate (veh/h), 

s = mean service rate (veh/h), and 

r = effective red time (s). 

( The queue length (Le., the number of vehicles in the queue, as opposed to the 

( 

location of the back of the queue) is represented by the vertical distance through 
the triangle. At the beginning of red, the queue length is zero. It increases to its 
maximum value at the end of the red period. Then the queue length decreases 
until the arrival line intersects the service line and the queue length equals zero. 

The queuing characteristics can be modeled by varying the arrival rate, the 
service rate, and the timing plan. In real-life situations, arrival rates and service 
rates are continuously changing. These variatioos complicate the model, but the 
basic relationships do not change. 

CAPACITY CONCEPTS 

Definition of Capacity 

The capacity of a system element is the maximum sustainable hourly flow 
rate at which persons or vehicles reasonably can be expected to traverse a point 
or a uniform section of a lane or roadway during a given time period under 
prevailing roadway, environmental, traffic, and control conditions. 

Vehicle capacity is the maximum number of vehicles that can pass a given 
point during a specified period under prevailing roadway, traffic, and control 
conditions. This assumes that there is no influence from downstream traffic 
operation, such as queues backing into the analysis point. 

Person capacity is the maximum number of persons that can pass a given 
point during a specified period under prevailing conditions. Person capacity is 
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Capacity is defined on the 
basis of reasonable 
expectancy. 

Base conditions defined. 

Prevailing conditions almost 
always differ from the base 
conditions. 

Impact of roadway conditions. 

Automobile Mode 

commonly used to evaluate public transit services, high-occupancy-vehicle lanes, 
and pedestrian facilities. 

Prevailing roadway, traffic, and control conditions define capacity; these 
conditions should be reasonably uniform for any segment of a facility that is 
analyzed. Any change in the prevailing conditions changes a facility's capacity. 

Capacity analyses examine roadway elements under uniform traffic, 
roadway, and control conditions. These conditions determine capacity; therefore, 
segments with different prevailing conditions will have different capacities. 

Reasonable expectancy is the basis for defining capacity. That is, the stated 
capacity for a given system element is a flow rate that can be achieved repeatedly 
for peak periods of sufficient demand. Stated capacity values can be achieved on 
system elements with similar characteristics throughout North America. 
Capacity is not the absolute maximum flow rate observed on such a system 
element. The absolute maximum flow rate can vary from day to day and from 
location to location. 

Persons per hour, passenger cars per hour, and vehicles per hour are 
measures that can define capacity, depending on the type of system element and 
the type of analysis. The concept of person flow is important in making strategic 
decisions about transportation modes in heavily traveled corridors and in 
defining the role of transit and high-occupancy-vehicle priority treatments. 
Person capacity and person flow weight each type of vehicle in the traffic stream 
by the number of occupants carried. 

Base Conditions 

Many of the procedures in this manual provide a formula or simple tabular 
or graphic presentations for a set of specified standard conditions, which must be 
adjusted to account for prevailing conditions that do not match. These standard 
conditions are termed base conditions. 

Base conditions assume good weather, good and dry pavement conditions, 
users who are familiar with the system element, and no impediments to traffic 
flow. Other more specific base conditions are identified in each methodological 
cl1apter in Volumes 2 and 3. 

In most capacity analyses, prevailing conditions differ from the base 
conditions (e.g., there are trucks in the traffic stream, lanes are narrow). As a 
result, computations of capacity, service flow rate, and LOS must include 
adjustments. Prevailing conditions are generally categorized as roadway, traffic, 
or control. 

Roadway Conditions 

Roadway conditions include geometric and other elements. In some cases, 
they influence the capacity of a system element; in others, they can affect a 
performance measure such as speed, but not the roadway'S capacity or 
maximum flow rate. 
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Roadway factors include the following: 

• Number of lanes, 

• The type of system element and its development environment, 

• Lane widths, 

• Shoulder widths and lateral clearances, 

• Design speed, 

• Horizontal and vertical alignments, and 

• Availability of exclusive tum lanes at intersections. 

The horizontal and vertical alignments of a highway depend on the design 
speed and the topography of the land on which it is constructed. 

In general, as the severity of the terrain increases, capacity and service flow 
rates are reduced. This is significant for two-lane rural highways, where the 
severity of terrain can affect the operating capabilities of individual vehicles in 
the traffic stream and restrict opportunities for passing slow-moving vehicles. 

Traffic Conditions 

Traffic conditions that influence capacities and service levels include vehicle 
type and lane or directional distribution. 

Vehicle Type 

The entry of heavy vehicles-that is, vehicles other than passenger cars (a 
category that includes small trucks and vans)-into the traffic stream affects the 
number of vehicles that can be served. Heavy vehicles are vehicles that have 
more than four tires touching the pavement. 

Trucks, buses, and recreational vehicles (RVs) are the three groups of heavy 
vehicles addressed by the methods in this manual. Heavy vehicles adversely 
affect traffic in two ways: 

• They are larger than passenger cars and occupy more roadway space; and 

• They have poorer operating capabilities than passenger cars, particularly 
with respect to acceleration, deceleration, and the ability to maintain 
speed on upgrades. 

The second impact is more criticaL The inability of heavy vehicles to keep 
pace with passenger cars in many situations creates large gaps in the traffic 
stream, which are difficult to fill by passing maneuvers. Queues may also 
develop behind a slow-moving heavy vehicle. The resulting inefficiencies in the 
use of roadway space cannot be completely overcome. This effect is particularly 
harmful on sustained, steep upgrades, where the difference in operating 
capabilities is most pronounced, and on two-lane highways, where passing 
requires use of the opposing travel lane. 

Heavy vehicles also can affect downgrade operations, particularly when 
downgrades are steep enough to require operation in a low gear. In these cases, 
heavy vehicles must operate at speeds slower than passenger cars, again forming 
gaps ahead and queues behind in the traffic stream. 
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Trucks cover a wide range of vehicles, from lightly loaded vans and panel 
trucks to the most heavily loaded coal, timber, and gravel haulers. An individual 
truck's operational characteristics vary on the basis of the weight of its load and 
its engine performance. 

RVs also include a broad range: campers (both self-propelled and towed), 
motor homes, and passenger cars or small trucks towing a variety of recreational 
equipment such as boats, snowmobiles, and motorcycle trailers. Although these 
vehicles might operate considerably better than trucks, their drivers are not 
professionals, which accentuates the negative impact of RVs on the traffic stream. 

Intercity buses are relatively uniform in performance. Generally, urban 
transit buses are not as powerful as intercity buses; however, their most severe 
impact on traffic results from the discharge and pickup of passengers on the 
roadway. For the methods in this manual, the performance characteristics of 
buses are considered to be similar to those of trucks. 

Directional and Lane Distribution 

Two traffic characteristics in addition to the distribution of vehicle types 
affect capacity, service flow rates, and LOS: directional distribution and lane 
distribution. Directional distribution has a dramatic impact on two-lane rural 
highway operation, where optimal conditions are achieved when the amount of 
traffic is roughly equal in each direction. Capacity analyses for multilane 
highways focus on a single direction of flow. Nevertheless, each direction of the 
highway is usually designed to accommodate the peak flow rate in the peak 
direction. Typically, morning peak traffic occurs in one direction and evening 
peak traffic occurs in the opposite direction. Lane distribution is another factor 
on multilane facilities. Typically, the right lane carries less traffic than other 
lanes. 

Driver Population 

Studies have noted that noncommuter driver populations do not display the 
same characteristics as do regular commuters. For example, for recreational 
traffic on a freeway segment, capacities have been observed to be as much as 10% 
to 15% lower than for commuter traffic traveling on the same segment. HCM 
methods include an adjustment for driver population, for system elements where 
driver population has made a difference in the observed capacity. 

Control Conditions 

For interrupted-flow facilities, the control of the time that specific traffic 
flows are allowed to move is critical to capacity, service flow rates, and level of 
service. The most critical type of control is the traffic signal. The type of control 
in use, signal phasing, allocation of green time, cycle length, and the relationship 
with adjacent control measures all affect operations. 

STOP and YIELD signs also affect capacity, but in a less deterministic way. A 
traffic signal designates times when each movement is permitted; however, a 
STOP sign at a two-way STOp-controlled intersection only designates the right-of
way to the major street. Motorists traveling on the minor street must stop to find 
gaps in the major traffic flow. The capacity of minor approaches, therefore, 
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depends on traffic conditions on the major street. An all-way STOP control 
requires drivers to stop and enter the intersection in rotation. Capacity and 
operational characteristics can vary widely, depending on the traffic demands on 

the various approaches. 

Other types of controls and regulations can significantly affect capacity, 
service flow rates, and LOS. Restricted curb parking can increase the number of 

lanes available on a street or highway. Turn restrictions can eliminate conflicts at 
intersections, increasing capacity. Lane use controls can allocate roadway space 
to component movements and can create reversible lanes. One-way street 

routings can eliminate conflicts between left turns and opposing traffic. 

Technology 

Intelligent transportation systems (ITS) strategies aim to increase the safety 
and performance of roadway facilities. For this discussion, ITS includes any 
technology that allows drivers and traffic control system operators to gather and 

use real-time information to improve vehicle navigation, roadway system 
control, or both. Research on ITS has grown significantly but cannot be 
considered comprehensive in terms of evaluating ITS impacts on roadway 

capacity and quality of service. 

Arterial ITS strategies that have been shown to improve vehicular 
throughput or reduce vehicular delay are adaptive signal control and traffic 

signal interconnection. A freeway ITS strategy, ramp metering, has demonstrated 
improved mainline throughput and speed, while incident management 
techniques have reduced the time required to identify and clear incidents, thus 
minimizing the time during which capacity is reduced as well as the associated 
delay. Variable freeway speed limits, combined with automated speed limit 

enforcement, also show promise but require additional study (6). 

Other ITS strategies seek to shift demand to alternate routes or times, thus 
making better use of available system capacity and reducing delay on individual 

facilities. Techniques include parking availability signs at the entrances to 
downtown areas, value pricing, variable message signs, highway advisory radio, 

real-time travel time and incident information provided to computers and mobile 
phones, and real-time in-vehicle navigation systems (6). 

Specific impacts of ITS strategies on roadway capacity and performance are 
discussed in Chapter 35, Active Traffic Management, where research. is available 
to document those impacts. 

ESTIMATION OF TRAFFIC FLOW PARAMETERS 

Analyzing a roadway's performance involves assigning estimated values to 
traffic flow parameters as a function of either time or distance. There are three 
common approaches to estimating traffic flow parameters: 

1. Deterministic models, such as those presented in the HCM; 

2. Simulation models, which take a microscopic and stochastic approach to 
the representation of traffic flow; and 
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Vehicle trajectories are the 
lowest common denominator 
for estimating traffic flow 
parameters. 

Field observations typically 
establish critical pOints along 
individual trajectories rather 
than complete trajectories. 

Exhibit 4-10 
Typical Examples of Vehicle 

Trajectory Plots 

Automobile Mode 

3. Field data observations, which attempt to measure the parameters 
directly by data collection and analysis. 

All of these approaches can only produce estimates of the parameters of 
interest. Each approach involves assumptions and approximations. The three 
approaches are bound together by the common goal of representing field 
conditions accurately. 

On the surface, it appears that field observations should produce the most 
accurate representation of traffic flow. It is difficult, however, to produce 
quantitative observations of some traffic phenomena in a consistent manner that 
avoids subjective interpretation. There are limits to the accuracy of human 
observation, and instrumentation of traffic flow data collection is not practical for 
routine field studies, except for very simple parameters such as flow rate. Field 
data observations require a level of effort that often exceeds the available 
resources. Modeling techniques have therefore been introduced as a practical, 
but also approximate, method of estimating required parameters. It is important 
that modeling tedmiques be based on definitions and computations that are as 
consistent as possible with field observations and with each other. 

Vehicle trajectories have come to be recognized in the literature as the 
"lowest common denominator" for this purpose (7). Vehicle trajectories 
represent the "ground truth" that all measurement and analysis techniques 
attempt to represent. Microscopic simulation models create trajectories explicitly 
through algorithms that apply principles of traffic flow theory to the propagation 
of vehicles along a highway segment. Macroscopic deterministic models do not 
deal with trajectories at the same level of detail, but they attempt to produce an 
approximation of the results that would be obtained from trajectory analyses. 

With a few exceptions involving a significant research effort, field 
observations are not able to create complete trajectories. Instead, they attempt to 
establish critical points along individual trajectories. Because of its ability to 
create complete trajectories, simulation modeling may be viewed as a surrogate 
for field data collection through which the critical points on the trajectory may be 
established. It is important for this purpose that the critical pOints be defined in a 
manner that promotes compatibility between the analysis techniques. 

Vehicle trajectories may be represented graphically or mathematically. The 
graphical representation shows the position of each vehicle in time and space as 
it traverses a length of the highway. Typical examples of vehicle trajectory plots 
are shown in Exhibit 4-10. 
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Exhibit 4-1O(a) depicts a classical queue accumulation and release at a 
signalized stop line. Exhibit 4-10(b) shows a typical freeway situation in which 
queuing and shock waves are caused entirely by vehicle interactions and not by 
traffic control devices. 

There are three characteristics shown in Exhibit 4-10 that are not necessarily 
common to all time-space representations of vehicle trajectories: 

1. Time may be shown on either the vertical or horizontal axis. Note that 
Exhibit 4-10(a) shows time on the vertical axis, while Exhibit 4-10(b) 
shows time on the horizontal axis. 

2. The angular shape of the interrupted-flow trajectory curves does not 
represent the acceleration and deceleration in their true forms. This shape 
displays an approximation of the trajectory that is appropriate for some 
interpretations and inappropriate for others. 

3. Both plots represent a single lane of operation in which each vehicle 
follows its leader according to established rules. Multiple-lane trajectory 
plots differ from single-lane plots in two ways. First, the first in, first out 
queue discipline can be violated in multilane situations because of 
overtaking. In other words, a vehicle entering a link later than its leader 
could leave the link earlier. Graphically, this situation is represented by 
trajectory lines crossing each other. Second, some vehicles might change 
lanes. Lane changes cannot be represented in the Exhibit 4-10 plots 
because distance is shown as a one-dimensional scalar quantity. Because 
of these complexities, multiple-lane trajectories are much harder to 
analyze. 

While the two plots shown in Exhibit 4-10 provide good visual insights into 
vehicle operations, they do not support any quantitative assessments. To develop 
performance measures from vehicle trajectories, it is necessary to represent them 
mathematically, rather than visually. A mathematical representation requires the 
development of a set of properties that are associated with each vehicle at 
specific points in time and space. Because of the time-step formulation of most 
simulation models, it is preferable to choose time as the reference point instead of 
distance. 

The key to prodUCing performance measures that are comparable among 
different estimation techniques is the development of a set of definitions that 
enforce a consistent interpretation of the vehicle trajectories. The subject of 
trajectory-based definitions is treated in more detail in Chapter 7, Interpreting 
HCM and Alternative Tool Results, with additional material presented in 
Chapter 24, Concepts: Supplemental. 
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Exhibit 4-11 
Pedestrian Body Ellipse for 

Standing Areas and 
Pedestrian Walking Space 

Requirement 

Factors affecting walking 
speed. 

Pedestrian Mode 

3. PEDESTRIAN MODE 

PEDESTRIAN CHARACTERISTICS 

Pedestrian Space Requirements 

Pedestrian facility designers use body depth and shoulder breadth for 
minimum space standards, at least implicitly. A simplified body ellipse of 1.5 ft 
by 2 H, with a total area of 3 fF, is used as the basic space for a single pedestrian, 
as shown in Exhibit 4-11 (a). This represents the practical minimum for standing 
pedestrians. In evaluating a pedestrian facility, an area of 8 fF is used as the 
buffer zone for each pedestrian. 

A walking pedestrian requires a certain amount of forward space. This 
forward space is a critical dimension, since it determines the speed of the trip 
and the number of pedesh'ians able to pass a point in a given time period. The 
forward space in Exhibit 4-11 (b) is categorized into a pacing zone and a sensory 
zone (8). 

1.5 ft body depth 

2.0 ft shoulder breadth 

(a) Pedestrian Body Ellipse 

Source; Adapted from Fruin (8). 

Walking Speed 

Sensory Zone or 
Forward Space 

(b) Pedestrian Walking Space Requirement 

Pedestrian walking speed is highly dependent on the characteristics of the 
walking population. The proportion of elderly pedestrians (65 years old or more) 
and children in the population, as well as trip purpose, affect walking speed. In a 
national study (9), the average walking speed of younger (age 13-60) pedestrians 
crossing streets was found to be significantly different from that of older 
pedestrians (4.74 ftls versus 4.25 £tIs, respectively). The 15th percentile speed, the 
speed used in the Manual on Uniform Traffic Control Devices (10) for timing the 
pedestrian clearance interval at traffic signals, was 3.03 ftls for older pedestrians 
and 3.77 ftls for younger pedestrians. Exhibit 4-12 shows these relationships. 

For flow analysis, a default free-flow speed (Le., an average pedestrian's 
speed on an otherwise empty sidewalk) of 5.0 £tis (11) is appropriate for 
sidewalks and walkways, on the basis of average walking speeds. In calculating 
pedestrian crossing times, the 15th percentile crossing speed should be used. If 
no more than 20% of pedestrians are elderly, a crossing speed of 3.5 His should 
be used (11). If elderly people constitute more than 20% of the total pedestrians, a 
crossing speed of 3.0 £tIs should be used. Several other factors may reduce 
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average pedestrian speed, such as grades over 5% or a high percentage of slow
walking children, and should be taken into consideration. 
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Walking Speed (ft/s) 

---- Young 
•••••••••••• Old 

Source: Adapted from TCRP Report 112/NCHRP Report 562(9). 

Pedestrian Start-Up Time 

10 

At crosswalks located at signalized intersections, pedestrians may not step 
off the curb immediately when the WALK indication appears, in part because of 
perception-reaction time and in part to make sure that no vehicles have, or are 
about to, move into the crosswalk area. A pedestrian start-up time of 3 s is a 
reasonable midrange value to use for evaluating crosswalks at traffic signals. 

PEDESTRIAN FLOW PARAMETERS 

Speed, Flow, and Density Relationships 

Speed-Density Relationships 

The fundamental relationship between speed, density, and volume for 
directional pedestrian flow on facilities with no cross-flows, where pedestrians 
are constrained to a fixed walkway width (because of walls or other barriers), is 
analogous to that for vehicular flow. As volume and density increase, pedestrian 
speed declines, As density increases and pedestrian space decreases, the degree 
of mobility afforded to the individual pedestrian declines, as does the average 
speed of the pedestrian stream. 

Exhibit 4-13 shows the relationship between speed and density for three 
pedestrian classes. 
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Pedestrian Walking Speed 
Distribution at Unsignalized 
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Exhibit 4-13 
Relationships Between 
Pedestrian Speed and 

Density 

Similarities of pedestrian 
movement to vehicular traffic. 

Equation 4-11 

Equation 4-12 

Exhibit 4-14 
Relationships Between 

Pedestrian Flow and Space 

Pedestrian Mode 

500~------------------------------~ 

,..., 
c 400 'E -.t! ....... 300 

"CII 
CI.I 200 CI.I 
CI. 
(I) 

100 

0.1 

Source: Adapted from Pushkarev and Zupan (12). 

Flow-Density Relationships 

- - - - Students (Navin, Wheeler) 
---- Commuters (Fruin) 
............... ---- Shoppers (Older) 

0.2 

Density (p/ft) 

0.3 0.4 

The relationship among density, speed, and directional flow for pedestrians 
is similar to that for vehicular traffic streams and is expressed in Equation 4-11: 

Vped = Sped X Dped 

where 

Vped unit flow rate (p/min/ft), 

Sped pedestrian speed (ft/min), and 

Dped pedestrian density (plfF). 

The flow variable in Equation 4-11 is the unit width flow, defined earlier. An 
alternative, more useful, expression uses the reciprocal of density, or space: 

Sped 
Vped = M 

where M = pedestrian space (ft2/p). 

The basic relationship between flow and space, recorded by several 
researchers, is illustrated in Exhibit 4-14: 

....... =: .... 
t: ·s .... 
CI. ...... 
:= 
0 
ii: 

50 

40 

30 

20 

10 

- - - - Shoppers (Older) 
--- Commuters (Fruin) 
-.-._._._.- Mixed Urban (oeding) 
................ Students (Navin and Wheeler) 
----- outer Range of observation 

10 20 30 40 50 60 70 80 90 100 

Space (fe/p) 

Source: Adapted from Pushkarev and Zupan (12). 
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The conditions at maximum flow represent the capacity of the walkway 
facility. From Exhibit 4-14, it is apparent that all observations of maximum unit 
flow fall within a narrow range of density, with the average space per pedestrian 
varying between 5 and 9 fF/p. Even the outer range of these observations 
indicates that maximum flow occurs at this density, although the actual flow in 
this study is considerably higher than in the others. As space is reduced to less 
than 5 fWp, the flow rate declines precipitously. All movement effectively stops 
at the minimum space allocation of 2 to 4 ft2/p. 

These relationships show that pedestrian traffic can be evaluated 
qualitatively by using basic concepts similar to those of vehicular traffic analysis. 
At flows near capacity, an average of 5 to 9 ft2/p is required for each moving 
pedestrian. However, at this level of flow, the limited area available restricts 
pedestrian speed and freedom to maneuver. 

Speed-Row Relationships 

Exhibit 4-15 illustrates the relationship between pedestrian speed and flow. 
These curves, similar to vehicle flow curves, show that when there are few 
pedestrians on a walkway (Le., low flow levels), there is space available to choose 
higher walking speeds. As flow increases, speeds decline because of closer 
interactions among pedestrians. When a critical level of crowding occurs, 
movement becomes more difficult, and both flow and speed decline. 

500---,---,---,-----,-----r----, 

400 .... 
. ~ ~~, 

~ 300 ...... . 

1: 
II 

: 200 

200 

10 20 30 40 

Flow (p/mln/ft) 

- - - - Shoppers (Older) 

--- Commuters (Fruin) 

......... ...... Students (Navin and Wheeler) 

- - - - - Outer Range of Observation 

Source: Adapted from Pushkarev and Zupan (12). 

Speed-Space Relationships 

50 

Exhibit 4-16 also confirms the relationships of walking speed and available 
space. The outer range of observations shown in Exhibit 4-16 indicates that at an 
average space of less than 15 ft2/p, even the slowest pedestrians cannot achieve 
their desired walking speeds. Faster pedestrians, who walk at speeds of up to 350 
ft/min, are not able to achieve that speed unless the average space is 40 fWp or 
more. 
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Exhibit 4-16 
Relationships Between 

Pedestrian Speed and Space 

Pedestrian Mode 
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Source: Adapted from Pushkarev and Zupan (12). 

Row on Urban Sidewalks and Walkways 

50 

While the fundamental relationships described above hold for pedestrians on 
constrained facilities with linear flow (e.g., bridges and underground 
passageways), they are complicated on urban sidewalks and walkways by other 
factors. In particular, cross-flows, stationary pedestrians, and the potential for 
spillover outside of the walkway affect pedestrian flows on these facilities. 
Quantitative research describing the effects of these factors on pedestrian flow is 
limited, but the effects are described qualitatively here. 

Cross-flows of pedestrians entering or exiting adjacent businesses, getting on 
or off buses at bus stops, or accessing street furniture are typical on most urban 
pedestrian facilities. Where pedestrian volumes are high, these cross-flows will 
disrupt the speed-flow relationships described above, resulting in lower 
pedestrian speeds at equivalent flow rates. In addition to cross-flows, stationary 
pedestrians will be present on most urban pedestrian facilities, as pedestrians 
stop to talk, look in store windows, or pick up a newspaper from a vending 
machine. Stationary pedestrians reduce pedestrian flow by requiring pedestrians 
to maneuver around them and decreasing the available width of the walkway. 

Finally, in situations where pedestrians are not physically confined within 
the walkway, pedestrians will often choose to walk outside of the prescribed 
walking area (e.g., walk in the furniture zone or street) when high densities are 
reached. Thus, in practice, facilities will often break down, with pedestrians 
spilling over into the street, before the maximum flow rate shown in Exhibit 4-14 
is reached. Therefore, typical practice is to design pedestrian facilities for LOS C 
or D densities (13). 

The result of the combination of factors described above is that many 
pedestrian facilities will reach effective failure at densities far less than the 
facility's capacity. Analysis of pedestrian facilities should take into consideration 
local conditions, including the presence of destinations along the facility that 
contribute to cross-flows and stationary pedestrians, as well as opportunities for 
pedestrians to spill over onto adjacent facilities. 
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Pedestrian Type and Trip Purpose 

The analysis of pedestrian flow is generally based on the mean, or average, 
walking speeds of groups of pedestrians. Within any group, or among groups, 
there can be considerable differences in flow characteristics due to trip purpose, 
adjacent land use, type of group, age, mobility, cognitive ability, and other 
factors. 

Pedestrians going to and from work and using the same facilities day after 
day walk at higher speeds than do shoppers, as was shown in Exhibit 4-13. Older 
or very young persons tend to walk more slowly than do other groups. Shoppers 
not only tend to walk more slowly than do commuters but also can decrease the 
effective walkway width by stopping to window-shop and by carrying shopping 
bags. The analyst should adjust for pedestrian behavior that deviates from the 
regular patterns represented in the basic speed, volume, and density curves. 

Influences of Pedestrians on Each Other 

Photographic studies show that pedestrian movement on sidewalks is 
affected by other pedestrians, even when space is more than 40 ft2/p. At 60 fF/p, 
pedestrians have been observed walking in a checkerboard pattern, rather than 
directly behind or alongside each other. The same observations suggest the 
necessity of up to 100 ft2/p before completely free movement occurs without 
conflicts, and that at 130 ft2/p, individual pedestrians are no longer influenced by 
others (14). Bunching or platooning does not disappear tmtil space is about 500 
ft2/p or higher. 

Another issue is the ability to maintain flow in the minor direction on a 
sidewalk when opposed by a major pedestrian flow . For pedestrian streams of 
roughly equal flow in each direction, there is little reduction in the capacity of 
the walkway compared with one-way flow, because the directional streams tend 
to separate and occupy a proportional share of the walkway. However, if the 
directional split is 90% versus 10% and space is 10 ft2/p, capacity reductions of 
about 15% have been observed. This reduction results from the minor flow using 
more than its proportionate share of the walkway. 

Similar, but more severe, effects are seen with stairways. In contrast to their 
behavior on a level surface, people tend to walk in lines or lanes in traversing 
stairs. A small reverse flow occupies one pedestrian lane (30 in.) of the stair's 
width. For a stair 60 in. (5 ft) wide, a small reverse flow could consume half its 
capacity (13). 

A pedestrian's ability to cross a pedestrian stream is impaired at space values 
less than 35 to 40 ft2/p, as shown in Exhibit 4-17 (8) . Above that level, the 
probability of stopping or breaking the normal walking gait is reduced to zero. 
Below 15 ft2/p, virtually every crossing movement encotmters a conflict. 
Similarly, the ability to pass slower pedestrians is unimpaired above 35 ft2/p, but 
it becomes progressively more difficult as space allocations drop to 18 ft2/p, the 
point at which passing becomes virtually impossible. 
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Exhibit 4 -17 
Probability of Conflict Within 

Pedestrian Cross-Flows 

Pedestrian Mode 
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Source: Adapted from Fruin (8). 

Pedestrian Facility Characteristics 

Effective Walkway Width 

The lane concept used for highway analysis is frequently not applicable to 
pedestrian analysis, because studies have shown that pedestrians normally do 
not walk in organized lanes. The concept is meaningful, however, in the 
following situations: 

• Determining how many pedestrians can walk abreast in a given walkway 
width-for example, in establishing the minimum sidewalk width that 
will permit two pedestrians to pass each other conveniently; and 

• Determining the capacity of a stairway, since pedestrians will tend to 
organize into lanes on stairways. 

In other situations, the capacity of a pedestrian facility is directly related to 
the width of the facility. However, not all of the facility's width may be usable, 
because of obstructions and pedestrians' tendencies to shy away from curbs and 
building walls. The portion of a pedestrian facility's width that is used for 
pedestrian circulation is called the effective width. The degree to which single 
obstructions, such as poles, signs, and hydrants, influence pedestrian movement 
and reduce effective walkway width is not extensively documented. Although a 
single point of obstruction would not reduce the effective width of an entire 
walkway, it would affect its immediate vicinity. 

To avoid interference when two pedestrians pass each other, each should 
have at least 2.5 ft of walkway width (12). When pedestrians who know each 
other walk close together, each occupies an average width of 26 in., allowing 
considerable likelihood of contact due to body sway. Lateral spacing less than 
this occurs only in the most crowded situations. 

Pedestrian Platoons 

Average pedestrian flow rates are of limited usefulness unless reasonable 
time intervals are specified. Exhibit 4-18 illustrates that average flow rates can be 
misleading. The data shown are for two locations in New York City, but the 
pattern is generally characteristic of concentrated central business districts. Flows 
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during a I-min interval can be more than double the rate in another, particularly 
at relatively low flows. Even during the peak 15-min periods, the peak I-min 
flow exceeded the average flow by at least 20% and sometimes up to 75%. 

Chase Plaza Nassau Street 
(50 ft effective walkway width) (8.5 ft effective walkway width) 

Source: Adapted from Pushkarev and Zupan (12). 

Depending on traffic patterns, a facility designed for average flow can afford 
a lower quality of flow for a portion of its pedestrian traffic. However, it is not 
prudent to design for extreme peak I-min flows that occur only 1 % or 2% of the 
time. A relevant time period should be determined through closer evaluation of 
the short-term fluctuations of pedestrian flow. 

Short-term fluctuations are present in most unregulated pedestrian traffic 
flows because of the random arrivals of pedestrians. On sidewalks, these random 
fluctuations are exaggerated by the interruption of flow and queue formation 
caused by traffic signals. Transit facilities can create added surges in demand by 
releasing large groups of pedestrians in short time intervals, followed by 
intervals during which no flow occurs. Until they disperse, pedestrians in these 
types of groups move together as a platoon (Exhibit 4-19). Platoons can also form 
when passing is impeded because of insufficient space and faster pedestrians 
must slow down behind slower-moving ones. 

The scatter diagram shown in Exhibit 4-20 compares the platoon flow rate 
(i.e., the rate of flow within platoons of pedestrians) with the average flow rate 
for durations of 5 to 6 min. The dashed line approximates the upper limit of 
platoon flow observations. 
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Exhibit 4-20 
Relationship Between 

Platoon Flow and Average 
Flow 

Pedestrian Mode 
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Source: Adapted from Pushkarev and Zupan (12). 

CAPACITY CONCEPTS 

Pedestrian Circulation Facilities 

Pedestrian capacity on facilities designed for pedestrian circulation is 
typically expressed in terms of space (square feet per pedestrian) or unit flow 
(pedestrians per minute per foot of walkway width). The relationship between 
space and flow was illustrated in Exhibit 4-14. Capacity occurs when the 
maximum flow rate is achieved. Typical values for pedestrian circulation 
facilities are as follows: 

• Walkways with random flow, 23 p/min/ft; 

• Walkways with platoon flow (average over 5 min), 18 p/min/ft; 

• Cross-flow areas, 23 p/min/ft (sum of both flows); and 

• Stairways (up direction), 15 p/min/ft. 

As shown in Exhibit 4-15, average pedestrian speeds at capacity are about 
half the average speed obtained under less congested conditions. As a result, 
pedestrian circulation facilities are typically not designed for capacity but rather 
for a less congested condition that achieves lower pedestrian throughput but that 
provides pedestrians with greater opportunity to travel at their desired speed 
with minimal conflicts with other pedestrians. Moreover, as described above 
under "Flow on Urban Sidewalks and Walkways," pedestrian facilities often 
break down before maximum flow rates are achieved, as a result of pedestrian 
spillover outside of the walkway into the furniture zone or roadway. 

Pedestrian Queuing Facilities 

Pedestrian capacity on facilities designed for pedestrian queuing is expressed 
in terms of space (square feet per pedestrian). In a queuing area, the pedestrian 
stands temporarily while waiting to be served. In dense, standing crowds, there 
is little room to move, but limited circulation is possible as the average space per 
pedestrian increases. Queuing at or near capacity (2 to 3 fF/p) typically occurs 
only in the most crowded elevators or transit vehicles. Queuing on sidewalks, 
waiting to cross at street corners, is more typically in the 3 to 6 ft2/p range, which 
is still crowded but provides some internal maneuverability. 
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4. BICYCLE MODE 

BICYCLE fLOW PARAMETERS 

Although bicyclists are not as regimented as vehicles, they tend to operate in 
distinct lanes of varying widths when space is available. The capacity of a bicycle 
facility depends on the number of effective lanes used by bicycles. Shared-lane 
facilities typically have only one effective lane, but segregated facilities such as 
bicycle lanes, shoulder bikeways, pathways, and cycle tracks may have more 
than one effective lane, depending on their width. When possible, an analysis of 
a facility should include a field evaluation of the number of effective lanes in use. 
When this is not possible, or when future facilities are planned, a standard width 
for an effective bicycle lane is approximately 4 ft (15). The American Association 
of State Highway and Transportation Officials recommends that off-street bicycle 
paths be 10 ft wide (15). 

Research demonstrates that three-lane bicycle facilities operate more 
efficiently than two-lane bicycle facilities, affording considerably better quality of 
service to users (16). The improved efficiency is due primarily to increased 
opportunities for passing and for maneuvering around other bicyclists and 
pedestrians. This reinforces the value of determining the number of effective 
lanes as the principal input for analyzing a bicycle facility. 

A study that compared mean bicycle speeds with bicycle flow rates over 5-
min periods found at most a minor effect of flow rates on speed, for flow rates 
ranging from 50 to 1,500 bicycles/h. When the analysis focused on platoons of 
bicycles with headways less than 5 s, bicycle speeds trended slightly lower as 
flow rates increased (17). 

Most bicyclists travel on facilities that are shared with automobiles. In these 
circumstances, bicycle flow is significantly affected by the characteristics of 
surrounding automobile flow. Bicyclists often must wait behind queues of 
automobiles. Even where bicyclists may pass such queues, they are often forced 
to slow because the available space in which to pass is too constrained to allow 
free-flow speeds to occur. 

Data collected for more than 400 adult bicyclists riding on uninterrupted 
multiuse segments showed an average speed of 12.8 mi/h (16). However, the 
speed of an individual bicyclist varies considerably from this average on the 
basis of trail conditions, age, fitness level, and other factors. Exhibit 4-21 shows 
how bicyclist speed varies with age, on the basis of Danish data. Data are for 
typical bicyclists on flat terrain. 

Source: Danish Road Directorate (18). 
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Bicycle Mode 

Flow rates of bicyclists usually vary over the course of an hour. As described 
above for automobiles, HCM analyses typically consider the peak 15 min of flow 
during the analysis hour. Because inputs to HCM procedures are typically 
expressed in terms of hourly demands, the HCM uses the PHF, shown by 
Equation 4-1, to convert an hourly volume into a peak IS-min flow rate. Data for 
bicycles on eight trails, recorded over three separate time periods for each trail, 
showed PHFs ranging from 0.70 to 0.99, with an average of 0.85 (16). 

CAPACITY CONCEPTS 

Because service quality deteriorates at flow levels well below capacity, the 
concept of capacity has little utility in the design and analysis of bicycle paths 
and other facilities. Capacity is rarely observed on bicycle facilities. Values for 
capacity, therefore, reflect sparse data, generally from Europe and generally 
extrapolated from flow rates over time periods substantially less than 1 h. 

One study reported capacity values of 1,600 bicycles/h/ln for two-way 
bicycle facilities and 3,200 bicycles/h/ln for one-way facilities. Both values were 
for exclusive bicycle facilities operating under uninterrupted-flow conditions 
(19). Other studies have reported values in the range of 1,500 to 5,000 
bicycles/hlln for one-way uninterrupted-flow facilities (16). 

Danish guidelines suggest that bicycle capacity is normally only relevant at 
signalized intersections in cities and that a rule of thumb for the capacity of a 
two-lane cycle track is 2,000 bicycles/h under interrupted-flow conditions (Le., 
tOOO bicycles/h/ln) (20). The HCM recommends a saturation flow rate of 2,000 
bicycles/h/ln for a one-direction bicycle lane under interrupted-flow conditions, 
which is equivalent to a capacity of 1,000 bicycles/h/ln when the bicycle lane 
receives a green indication during 50% of the signal cycle. 

DELAY 

Delay is an important performance measure for bicyclists on interrupted
flow system elements. This is true because delay increases travel time and 
because the physical exertion required to accelerate a bicycle makes stopping or 
slowing undesirable and tiring. The difficulty involved in stopping and starting a 
bicycle often makes it appropriate to assess not only the control delay incurred 
by bicyclists but also the number of stops that bicyclists are required to make to 
traverse a facility. For instance, a facility with STOP signs every several hundred 
feet will require bicyclists to stop frequently and thus will provide lower capacity 
and quality of service to users. 
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5. TRANSIT MODE 

BUS SPEED PARAMETERS 

Bus speeds on urban streets are influenced by the same factors that influence 
automobile speeds, particularly the delay caused by traffic signals and other 
forms of intersection controL As heavy vehicles, buses accelerate and decelerate 
more slowly than passenger cars. In addition, there are many bus-specific factors 
that influence speed, involving operations, vehicle, roadway, and passenger 
characteristics. These factors are described below. 

Operations Characteristics 

Stop Spacing 

Unlike other urban street users, most transit vehicles (except for express 
buses) stop periodically so that passengers may board and alight. Each stop 
introduces up to four forms of delay: 

• Acceleration and deceleration delay, as a bus slows down approaching a stop 
and returns to its running speed after departing the stop; 

• Passenger service time, while the bus is stopped and passengers are actively 
boarding and alighting; 

• Traffic signal delay, when a bus arrives at a near-side stop (Le., a bus stop 
immediately prior to an intersection) during the green interval, serves its 
passengers, and then experiences delay while waiting for the traffic signal 
to tum green again before proceeding; and 

• Reentry time, when a bus stops out of the curb travel lane and then must 
wait for a gap in traffic before it can reenter the lane. 

Increasing the stop spacing reduces the number of occurrences of these types 
of delay, which results in a net increase in speeds. (Passenger service times may 
increase, though, as passenger activity is concentrated at fewer stops.) For 
example, five bus rapid transit routes in Los Angeles that have stop spacings 
ranging from 2/3 to 1 mi and no other contributing factors (e.g., transit signal 
priority) achieved travel time reductions of 17% to 29% compared with the 
previous local bus service (21). 

The ability to increase stop spacing depends on many factors, including the 
surrounding pedestrian environment, the locations of transit trip generators and 
transfer opportunities, and driveway and curb parking locations (13). 

Fare Payment 

The time required for passengers to pay a fare affects the passenger service 
time at stops. The average base amount of time needed to board a high-floor bus 
with no or prepaid (e.g., bus pass or free transfer) fare payment is 2.5 s/ 
passenger. The various types of fare payment methods (e.g., cash, tickets, tokens, 
magnetic-stripe cards, smart cards) have service times associated with them that 
increase the service time by up to 1.8 s/passenger, on average, above the base 
level (13). 
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Exhibit 4-22 
Illustrative Bus Speed 

Relationship to Bus Lane we 
Ratio 

Refer to TCRP Report 118 (22) 
for illustrations and guidance 
on appropriate locations for 
transit preferential treatments. 

Transit Mode 

Service Planning and Scheduling 

Bus speeds along an urban street decline when 50% or more of a bus lane's 
hourly capacity is utilized, as illustrated in Exhibit 4-22. As the number of buses 
using a bus lane increases, there is a greater probability that one bus will delay 
another bus, either by using all available space at a bus stop or by requiring bus 
passing and weaving maneuvers. At a volume-to-capacity (vic) ratio of 1.0, bus 
speeds are approximately half of what can be achieved at vic ratios under 0.5 
(13). 

16 1-----.-----,-----,----,-----,1-----.-----,-----,----,------

14 t---r--t--t---r--......... ---J~-;..;;:;::.:.....::t------ -- ---
~ I :e. 12 -1----+--- ---- -----------1 ____________________ L __ _ 

! __ 1_- I 1 10t-----~----1_----t_--~~~--~---=~~~ 
K I 

m 8t---~--1_--l_--i'--==~F=====~==~-1 
~ - .. :- .. .i .. - .1. -_ .i 

f ~ --==~~__i_---~----~-----=-::-___+~--~-~--_~-_ .• ___+i~------~------~~f_-----~---~f-i---~.---_-_--~~_---+_------.~-•• -O+r-~-~--·--_--+I----::.----·---~+---"=-----:.-:--~_i 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Bus Lane vIc Ratio 

1-2 stopslmi -4 stops/m! -6 stops/ml - - 8 stopslmi -_ - -10 stopslmi] 

Notes: Assumes 30-5 dwell times, downtown bus lane with right-turn lanes, and typical signal timing. 
Source: TCRP Report 100: Transit Capacity and Quality of Service Manual (13). 

1.0 

On buses where demand exceeds seating capacity, causing some passengers 
to stand, more passenger service time is required at stops, because standing 
passengers must push toward the back of the bus to allow other passengers to 
board and because alighting passengers take longer to get to a door. 

Vehicle Characteristics 

Low-floor buses decrease passenger service time by eliminating the need to 
ascend and descend steps. These buses are particularly useful for routes 
frequently used by the elderly, persons with disabilities, or persons with strollers 
or bulky carry-on items. Wide bus doors also allow more passengers to board 
and alight simultaneously (13). 

Roadway Characteristics 

Transit Preferential Treatments 

Transit preferential treatments, both geometric and operational, give transit 
vehicles a travel time advantage over other roadway users. Common types of 
treatments include the following: 

• Exclusive bus lanes. One or more lanes on a street that are reserved on a 
full- or part-time basis for the exclusive use of buses. Exclusive bus lanes 
partially or entirely eliminate interactions with automobiles and other 
roadway users that can slow down a bus. With typical signal timing, bus 
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lanes typically provide a 1.0- to 1.8-min/mi speed advantage over mixed
traffic operations (13). 

• Queue jumps. A short bus lane section (often shared with a right-tum 
lane), in combination with an advance green indication for the lane, that 
allows buses to move past a queue of cars at a signal. These typically 
reduce bus delay at a signalized intersection by 5% to 15% (22). 

• Curb extensions. An extension of the sidewalk to the edge of the travel or 
bicycle lane (e.g., by removing on-street parking). Curb extensions allow 
buses to stop in the travel lane and thus to avoid delay when they leave 
the stop. At the range of curb volumes appropriate for curb extensions 
(under 500 veh/h), they can save buses up to 5 s of delay per stop on 
average (22). 

• Traffic signal priority. Changes to traffic signal timing to favor bus 
operations. These include passive (pretimed) changes-for example, to set 
a street's signal progression to favor buses rather than cars (as is done in 
downtown Ottawa). Active strategies adjust signal timing in reaction to 
the arrival of a bus-for example, to extend a green interval to 
accommodate a bus arriving late in the interval or to shorten the red 
intervaJ to get a stopped bus under way sooner. Real-time strategies 
consider both automobile and bus arrivals at a single intersection or a 
network of intersections. Traffic signal preemption is rarely used for buses 
because of signal system operations and safety issues but is a feature of 
some light rail routes. Systems of intersections equipped with traffic 
signal priority have typically reduced transit travel times by 5% to 15%, 
with a range of reported values of 0% to 49% (13,22). 

• TU1'11restriction exemptions. Buses are allowed to make turns at locations 
where other vehicles are not allowed to. This treatment allows buses to 
travel more direct routes; the time saved depends on the length of and the 
delay associated with the alternate route (13). 

Bus Stop Location 

Buses can stop in the travel lane (on-line) or out of the travel lane (off-line), for 
example, in a bus pullout. Off-line stops require buses to find a gap in traffic 
when they reenter the travel lane, which generates reentry delay that can average 
1 to 15 s with random vehicle arrivals, depending on the traffic volume in the 
curb lane. Some jurisdictions have passed yield-to-bus laws that require 
motorists to allow a bus back into traffic. These laws can reduce or eliminate 
reentry delay, depending on the degree of motorist compliance (13). 

Bus stops can be located before an intersection (near-side), after an 
intersection (jar-side), or between intersections (midblock). The interaction of right
turning vehicles and buses at near-side stops can create delays. Buses are also 
more likely to get caught by a red signal after serving passengers at a near-side 
stop than at a far-side stop. On the other hand, buses using on-line far-side stops 
may cause traffic to back up behind the bus into the intersection. Refer to the 
Transit Capacity and Quality of Service Manual (13) for a full list of the advantages 
and disadvantages of each type of stop location. 
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Transit Mode 

Passenger Characteristics 

Passenger Distribution 

The distribution of boarding passengers among bus stops affects the 
passenger service time of each stop. If passenger boardings are concentrated at 
one stop along a street, that street's bus capacity will be lower than if boardings 
were more evenly distributed. Bus stop capacity decreases as average passenger 
service time increases, and the bus capacity of a street is constrained by the 
lowest bus stop capacity along the street. With a lower capacity, it takes fewer 
scheduled buses in an hour for interactions between buses to begin to affect bus 
speeds. However, if boardings are concentrated because of a consolidation of bus 
stops, the net effect will be improved speed and a reduced number of stops, 
which will offset the increased passenger service time at the remaining stops. 

Strollers, Wheelchairs, and Bicycles 

Passenger service times are longer for passengers with strollers or using 
wheelchairs, particularly with high-floor buses when a lift must be deployed. A 
passenger using a bicycle rack mounted to the bus will also cause service time to 
increase, except when other passengers are still being served after the bicycle has 
been secured. In many cases, these events are sufficiently infrequent to be 
indistinguishable from the normal variation in passenger demands and service 
times at a bus stop. 

CAPACITY CONCEPTS 

Differences Between Transit and Automobile Capacity 

Transit capacity is different from highway capacity: it deals with the 
movement of both people and vehicles, it depends on the size of the transit 
vehicles and how often they operate, and it reflects the interaction of passenger 
traffic and vehicle flow. Transit capacity depends on the operating policy of the 
transit agency, which specifies service frequencies and allowable passenger 
loadings. Accordingly, the traditional concepts applied to highway capacity must 
be adapted and broadened. 

Two key characteristics differentiate transit from the automobile in terms of 
availability and capacity. Although the automobile has widespread access to 
roadway facilities, transit service is available only in certain locations and during 
certain times. Roadway capacity is available 24 h/day once constructed, but 
transit passenger capacity is limited by the number of transit vehicles operated at 
a given time. 

Throughout the transit sections of the HeM, a distinction is made between 
vehicle and person capacity. Vehicle capacity reflects the number of transit units 
(buses or trains) that pass a given location during a given time period. Thus, bus 
vehicle capacity is most closely analogous to automobile capacity. Person capacity 
reflects the number of people that can be carried past a given location during a 
given time period under specified operating conditions, without unreasonable 
delay, hazard, or restriction, and with reasonable certainty. 
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On-street bus capacity has a two-dimensional nature. It is possible to operate 
many buses, each carrying only a few passengers. Whether the buses are full or 
empty, a larger number of buses can have a negative impact on LOS in terms of 
highway capacity. Alternatively, only a few buses could operate, each 
overcrowded. This represents a poor quality of service from the passenger 
perspective, and long waiting times would detract from user convenience. 

Vehicle Capacity 

Vehicle (bus) capacity is commonly determined for three locations along an 
urban street: individual loading areas (berths) at bus stops, individual bus stops, 
and an urban street facility, as illustrated in Exhibit 4-23. Each location directly 
influences the next. The vehicle capacity of a bus stop is controlled by the vehicle 
capacities of the loading areas, and the vehicle capacity of the urban street facility 
is controlled by the vehicle capacity of the critical stop within the facility. 

J 
~ ----------------- ---- ------------------------------- ~ ------------------------

l 
-----------F---------.. 
L = loading area, S = bus stop, F = bus facility 

Source: TCRP Report 100: Trans,t Capacity and Quality of Service Manual (13). 

Loading Area Capacity 

The main elements that determine loading area capacity are dwell time, 
dwell time variability, traffic signal timing, failure rate, and clearance time (13): 

• Dwell time is the sum of passenger service time and the time to open and 
close the bus doors. 

• Dwell time variability accounts for the fact that buses do not stop for the 
same amount of time at a stop because of fluchlations in passenger 
demand for buses and routes. 

• Traffic signal timing affects the time available in an hour for buses to enter 
and exit a bus stop. In addition, the length of red in relation to the dwell 
time of a bus affects vehicle capacity: if passenger movements have 
finished but the vehicle must wait for the traffic signal to turn green, 
vehicle capacity will be less than if the bus can leave immediately so that 
another bus can use the loading area. 

• Failure rate is a design input and is the probability that one bus will arrive 
at a bus stop only to find all loading areas already occupied. 

• Clearance time is an interval after a bus is ready to depart during which the 
loading area is not available for use by a following bus. Part of this time is 
fixed, consisting of the time for a bus to start up and travel its own length, 
clearing the stop. For off-line stops, a second component of clearance time 
is the reentry time discussed previously. 
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Effective loading areas. 

Transit Mode 

Bus Stop Capacity 

Bus stops consist of one or more loading areas. When a bus stop consists of a 
single loading area, its capacity is equivalent to the loading area capacity. 

However, when a bus stop consists of multiple loading areas, the number of 
loading areas and the design of the loading areas also influence its capacity. 

The vast majority of on-street bus stops are linear bus stops, where the first 

bus to arrive occupies the first loading area, the second bus occupies the second 
loading area, and so on. Each additional linear loading area at a bus stop is less 

efficient than the one before it for three reasons: 

1. The rear loading areas will be used less often than the first loading area; 

2. Not knowing which loading area their bus will stop at, passengers may 
have to walk down the line of buses to get to their bus, increasing its 

passenger service time; and 

3. Depending on how closely buses stop behind the bus in front and the 
buses' ability to pass one another, a bus may not be able to leave its 
loading area until the bus in front of it departs. 

Efficiency drops significantly above three loading areas. Efficiency is also 

affected by whether the bus stop is on-line or off-line and by whether buses 
arrive irregularly (the usual situation) or are operated in groups of two or three 
buses (platoons) that act like cars of a train (13). 

Bus Facility Capacity 

Bus facility capacity is constrained by the capacity of the critical bus stop 

along the facility. The critical bus stop is usually the bus stop with the longest 
dwell time; however, high vehicular traffic volumes (particularly turning 
volumes) along with conflicting pedestrian volumes can combine to make a 
particular bus stop the critical stop. The impact of vehicular traffic on capacity 
also depends on the location of a particular bus stop, with near-side stops being 

affected more than far-side stops, and on whether buses operate in mixed traffic 

or in a bus lane (13). 

Exhibit 4-24 summarizes the elements that determine bus facility capacity. 

Person Capacity 

For HeM analysis purposes, person capacity is typically calculated only at 
the facility leveL 

Person capacity is determined by three main factors (13): 

1. Vehicle capacity, which determines the maximum number of buses that 
can be scheduled to use the bus facility over the course of an hour; 

2. Agency policy, which sets loading standards for buses and determines 

how frequently buses operate (which is usually less than the maximum 
possible frequency); and 

3. Passenger demand characteristics, reflected by a PHF. 
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• Design Failure Rate 

Source: TCRP Report 100: Transit Capacity and Quality of Service Manual (13). 
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Exhibit 4-24 
Capacity Factors for Bus Facilities 

• Green Time 

• Bus Signal Priority 
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Many of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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1. INTRODUCTION 

There are many ways to measure the performance of a transportation facility 
or service-and many points of view that can be considered in deciding which 
measurements to make. The agency operating a roadway, automobile drivers, 
pedestrians, bicyclists, bus passengers, decision makers, and the community at 
large all have their own perspectives on how a roadway or service should 
perform and what constitutes "good" performance. As a result, there is no one 
right way to measure and interpret performance. Chapter 5, Quality and Level
of-Service Concepts, presents the concepts that the Highway Capacity Manual 
(HeM) uses to describe performance from the traveler point of view in a way 
that is designed to be useful to roadway operators, decision makers, and 
members of the community. 

Quality of service describes how well a transportation facility or service 
operates from the traveler's perspective. Level of service (LOS) is a quantitative 
stratification of a performance measure or measures that represent quality of 
service. The LOS concept facilitates the presentation of results, through the use of 
a familiar A (best) to F (worst) scale. LOS is defined by one or more service 
measures that both reflect the traveler perspective and are useful to operating 
agencies. 

Three overarching concepts-quality of service, LOS, and service measures
are the subjects of this chapter. 
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Quality of service defined. 

The HeM provides tools to 
measure the multimodal 
operations aspects of quality of 
service. 

LOS is an important too! used 
by the HeM to stratify quality 
of service. 

Quality of Service 

2. QUALITY Of SERVICE 

Quality of service describes how well a transportation facility or service 
operates from a traveler's perspective. Quality of service can be assessed in a 
number of ways. Among them are directly observing factors perceivable by and 
important to travelers (e.g., speed or delay), surveying travelers, tracking 
complaints and compliments about roadway conditions, forecasting traveler 
satisfaction by using models derived from past traveler surveys, and observing 
services not directly perceived by travelers (e.g., average time to clear an 
incident) that affect measures they can perceive (e.g., speed or arrival time at 
work). 

Factors that intluence traveler perceived quality of service have been found 
to include 

• Travel time, speed, and delay; 

• Number of stops incurred; 

• Travel time reliability; 

• Maneuverability (e.g., ease of lane changing, percent time-spent-following 
other vehicles); 

• Comfort (e.g., bicycle and pedestrian interaction with and separation 
from traffic, transit vehicle crowding, ride comfort); 

• Convenience (e.g., directness of route, frequency of transit service); 

• Safety (actual or perceived); 

• User cost; 

• A vailability of facilities and servi ces; 

• Facility aesthetics; and 

• Information availability (e.g., highway wayfinding signage, transit route 
and schedule information). 

The HCM's scope, measuring the multimodal performance of highway and 
street facilities, is narrower than the list of quality-of-service aspects listed above. 
As discussed in Chapter I, HCM User's Guide, companion documents to the 
HCM address highway safety, roadway design, and wayfinding signage, among 
other topics. The HCM focuses particularly on the travel time, speed, delay, 
maneuverability, and comfort aspects of quality of service, although a limited 
number of the HCM's performance measures ad dress some of the other aspects 
listed above. Federal Strategic Highway Research Program 2 research that was 
programmed at the time this manual was written may add measures of travel
time reliability to the HCM in the future. 

The HCM provides a variety of performance measures in Volumes 2 and 3 to 
assess the quality of service of transportation system elements. These measures 
can be directly observed in the field or estimated from things observable in the 
field. LOS is the stratification of quality of service and is further described in the 
next part of this chapter. 
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3. LEVEL Of SERVICE 

DEFINITION 

LOS is a quantitative stratification of a performance mem;ure or measures 
that represent quality of service. The measures used to determine LOS for 
transportation system elements are called service measures. The HeM defines six 
levels of service, ranging from A to F, for each service measure, or for the output 
from a mathematical model based on multiple performance measures. LOS A 
represents the best operating conditions from the traveler's perspective and LOS 
F the worst. For cost, environmental impact, and other reasons, roadways are not 
typically designed to provide LOS A conditions during peak periods, but rather 
some lower LOS that ret1ects a balance between individual travelers' desires and 
society's desires and financial resources. Nevertheless, during low-volume 
periods of the day, a system element may operate at LOS A. 

USAGE 

LOS is used to translate complex numerical performance results into a 
simple A-F system representative of travelers' perceptions of the quality of 
service provided by a facility or service. The LOS letter result hides much of the 
complexity of facility performance. This feature is intended to simplify decision 
making on whether facility performance is generally acceptable and whether a 
future change in performance is likely to be perceived as significant by the 
general public. The language of LOS provides a common set of definitions that 
transportation engineers and planners can use to describe operating conditions; 
however, it is up to local policy makers to decide the appropriate LOS for a given 
system element in their community. One reason for the widespread adoption of 
the LOS concept by agencies is the concept's ability to communicate roadway 
performance to nontechnical decision makers. However, LOS has other strengths 
and weaknesses, described below, that both analysts and decision makers need 
to be mindful of. 

Step Function Nature of lOS 

LOS is a step function. An increase in average control delay of 12 s at a traffic 
signal, for example, may result in no change in LOS, a drop of one level, or even 
a drop of two levels, depending on the starting value of delay, as illustrated in 
ExhibitS-I. 

From a traveler perception standpoint the condition shown in Exhibit 5-1 is 
not necessarily inconsistent. A change of LOS indicates that roadway 
performance has transitioned from one given range of traveler-perceivable 
conditions to another range, while no change in LOS indicates that conditions 
have remained within the same performance range as before. Service measure 
values indicate where conditions lie within a particular performance range. 
However, because a small change in a service measure, or the output from a 
mathematical model based on multiple performance measures, can sometimes 
result in a change from one LOS to another, the LOS result could imply a more 
significant effect than actually occurred. 
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Exhibit 5-1 
Example of the Step 

Function Nature of LOS 

Identical changes in the 
selVice measure value may 
result in no change in LOS or a 
change of one or more levels 
of selVice, depending on how 
close the starting value is to a 
LOS threshold 

Defining performance 
standards on the basis of LOS 
(or any fixed numerical value) 
means that small changes in 
performance can sometimes 
result in the standard being 
exceeded, when a facility is 
already operating close to the 
standard 

Chapter 7, Interpreting HCM 
and Altemative Tool Results, 
discusses sources of 
uncertainty and their Impacts 
on analysis results in more 
detail. 

Models provide a best estimate 
of selVice measure values, but 
the "true" value likely lies 
within a confidence intelVal 
range above or below the 
estimated value. 
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This aspect of LOS can be a particularly sensitive issue when agencies define 
their operational performance standards solely by using LOS. However, the 
definition of a fixed standard, whether numerically or as a LOS letter, always 
brings the possibility that a small change in performance can trigger the need for 
potentially costly improvements. 

Variability of the Inputs to lOS 
Although computer software that implements HeM methodologies can 

sometimes report results to many decimal places, three major sources of 
uncertainty influence service measure values and, thus, the LOS result: 

1. The models used to estimate service measure values have confidence 
intervals associated with their outputs; 

2. These models may, in turn, rely on the output of other models that have 
their own associated confidence intervals; and 

3. The accuracy of input variables, such as demand flow rate, is taken to be 
absolute when, in fact, there is a substantial stochastic variation around 
the measured values. 

Thus, any reported service measure value, whether resulting from an HeM 
methodology, an alternative tool, or even field measurement, potentially has a 
fairly wide range associated with it in which the "true" value actually lies. The 
LOS concept helps to downplay the implied accuracy of a numeric result by 
presenting a range of service measure results as being reasonably equivalent 
from a traveler's point of view. Nevertheless, the same variability issues also 
mean that the "true" LOS value may be different from the one predicted by a 
methodology. In addition, for any given set of conditions, different travelers may 
perceive their LOS to be different from one another, as well as different from the 
LOS estimated by an HeM method. One way of thinking about reported service 
measure values aI1.d the corresponding LOS result is that they are the statistical 
"best estimators" of conditions and aggregate traveler perception. 
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Beyond lOS F 

The HCM uses LOS F to define operations that have either broken down (i.e., 
demand exceeds capacity) or have exceeded a specified service measure value 
(or combination of service measure values) that most users would consider 
unsatisfactory. However, particularly for planning applications where different 
alternatives may be compared, analysts may be interested in knowing just how 
bad the LOS F condition is. Several measures are available to describe 
individually, or in combination, the severity of a LOS F condition: 

• Demand-to-capacity ratios describe the extent to which capacity is exceeded 
during the analysis period (e.g., by 1%,15%, etc.). 

• Duration of LOS F describes how long the condition persists (e.g., 15 min, 
1 h, 3 h). 

• Spatial extent measures describe the areas affected by LOS F conditions. 
These include measures such as the back of queue and the identification 
of the specific intersection approaches or system elements experiencing 
LOS F conditions. 

Separate lOS Reporting by Mode and System Element 

LOS is reported separately for each mode operating on a given system 
element [although some other modes, such as large trucks, recreational vehicles 
(RVs), and motorcycles are currently considered members of the automobile 
model for HCM analysis purposes]. Each mode's travelers have different 
perspectives and potentially experience very different conditions while traveling 
along a particular roadway. Using a blended LOS risks overlooking quality of 
service deficiencies for nonautomobile travelers that discourage the use of those 
modes, particularly if the blended LOS is weighted by the number of modal 
travelers. Other measures, such as person-delay, can be used when an analysis 
requires a combined measure. 

Identical values of some service measures (e.g., delay) can produce different 
LOS results, depending on the system element to which the service measure is 
applied. The TRB Committee on Highway Capacity and Quality of Service 
(HCQS Committee) believes that travelers' expectation of performance varies at 
different system elements (e.g., unsignalized intersections versus signalized 
intersections) but realizes that further research is needed to understand fully the 
variation in traveler perceptions of LOS across facility types. 

lOS as Part of a Bigger Picture 

Neither LOS nor any other single performance measure tells the full story of 
roadway performance. Depending on the particulars of a given analysis, queue 
lengths, demand-to-capacity ratios, average travel speeds, indicators of safety, 
quantities of persons and vehicles served, and other performance measures may 
be just as or even more important to consider, whether or not they are 
specifically called out in an agency standard. For this reason, the HCM provides 
methods for estimating a variety of useful roadway operations performance 
measures, and not just methods for determining LOS. Chapter 7, Interpreting 
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Level of Service 

HeM and Alternative Tool Results, lists the major performance measures 
available from each chapter o£ Volumes 2 and 3. 

Duration of an operating condition can be important to know, since it helps 
describe the severity of the condition (e.g., the duration of a LOS F condition). In 
cases where demand exceeds capacity, duration must be known in order to set 
the analysis period long enough so that all demand is served and all relevant 
performance measures can be calculated properly. Frequency and probability of 
a particular condition occurring (e.g., likelihood or frequency of queue storage 
being exceeded during an analysis period) are also useful descriptors. 
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4. SERVICE MEASURES 

DEFINITION AND CHARACTERISTICS 

Service measures are performance measures used to define LOS for 
transportation system elements. 

Ideally, service measures should exhibit the following characteristics: 

• Service measures should reflect travelers' perceptions (i.e., measures 
should reflect things travelers can perceive during their journey); 

• Service measures should be useful to operating agencies (e.g., agency 
actions should be able to influence future LOS); 

• Service measures should be directly measurable in the field (e.g., an 
analyst wishing to determine LOS for a two-lane highway used for 
recreational access can go into the field and directly measure average 
travel speed); and 

• Service measures should be estimable given a set of known or forecast 
conditions (e.g., a method is provided in Chapter 15 to estimate the 
average travel speed for a two-lane highway, given inputs for roadway 
and traffic conditions). 

SERVICE MEASURE SELECTION 

Historically, the selection of a service measure or measures for an analysis 
methodology has been based on the collective opinion and judgment of TRW s 
HCQS Committee. The service measure threshold values that identify the 
breakpoints between each level of service have also been determined by the 
HCQS Committee. This approach was necessary, because until recently little 
information was available on the subject of how travelers evaluate operating 
conditions. However, it has been the intent of the committee to select service 
measures that it felt would be highly correlated with travelers' personal 
assessments of the operating conditions. Since 1993, there has been considerably 
more research focused on determining appropriate service measures based 
directly on traveler input. While this area of research was still immature at the 
time of publication of this edition of the HCM, the HCQS Committee intends to 
monitor and evaluate future research in this area for potential inclusion in 
subsequent editions of the HCM. 

Studies that seek to determine service measures and thresholds based on 
traveler perceptions obviously use research approaches that directly involve a 
sample of travelers. Some of the methods used to obtain this direct traveler input 
include in-field experiments (e.g., driving or riding courses), simulated in-field 
experiments (such as through the use of video presentations), focus groups, and 
surveys. 'The study participants are typically asked to rate the conditions they are 
presented with on a scale of livery good" to "very poor," or something similar. 
The qualitative ratings are later converted to numeric values for analysis 
purposes. Some challenges to these types of studies include designing the 
instrument (field experiment, focus group, etc.) to capture all of the roadway, 
traffic, and control factors that might affect travelers' perceptions of operating 

Chapter 5/Quality and Level-of-Service Concepts 
December 2010 

Page 5-7 

Service measures reflect traveler 
perceptions and can be influenced by 
agency actions. 

Service measure selection. 

Service Measures 

AR0073927 



Highway Capacity Manual 20 10 

Service Measures 

conditions; excluding factors that may not be relevant but could distract study 
subjects; recruiting an adequate sample of study participants from both a 
quantity and a diversity perspective; replicating desired conditions (for in-field 
experiments) for repeated observations; and accounting for the distribution of 
LOS responses that will result from each test scenario in the analysis 
methodology. 

The advantage of this type of research approach is that, with application of 
an appropriate analysis methodology, multiple variables can be considered 
simultaneously, consistent with the high likelihood that travelers consider 
multiple factors when they evaluate the operating conditions. Including multiple 
factors also gives agencies more options in seeking to achieve a desired LOS for a 
given mode or in balancing the needs of various modes. All variables found to be 
statistically significant are incorporated into a mathematical function (hereinafter 
referred to as a model). In the model, the coefficients (i.e., weighting factors) 
associated with each of the variables are determined directly through the 
statistical analysis. The output from such a model is a value often referred to as a 
LOS score. The LOS score value generally represents the average score that 
travelers would give a facility or service. Furthermore, some of the 
methodologies can directly estimate the threshold values that are used to 
distinguish between the LOS categories, again, on the basis of traveler input. To 
determine the LOS, the LOS score value is compared with the statistically 
estimated threshold values. 

While variables representing any number of things can be included in this 
type of model, for models to be useful from a practical perspective, only 
variables representing operational or design conditions are usually included. 
Operational conditions refer to variables such as delay and speed (i.e., 
performance measures), while design conditions refer to variables such as 
median type and sidewalk presence. Traveler characteristics (e.g., age, gender, 
income) can certainly affect LOS perceptions; however, these data are difficult to 
collect in a transportation engineering situation. Thus, their utility in a LOS 
model is limited. 

Several methodological approaches have been applied to relate traveler 
perceptions directly to LOS, including regression-based methods (1--4), ordered 
probit models (5,6), and fuzzy clustering (7). These shldies have addressed 
facilities such as urban and rural freeways, arterial streets, and signalized 
intersections. LOS methods resulting from some of these studies have been 
included in the HCM 2010, while others have been studied by the HCQS 
Committee to improve the understanding of techniques used in estimating 
traveler-based LOS. 

This edition of the HCM is the first to incorporate LOS methodologies that 
are based directly on results from traveler perceptions of LOS. As the field of 
traveler perception of LOS research continues to mature and results from 
regional studies are validated nationally, the HCQS Committee expects to 
continue to include these new LOS methodologies in future editions of the HCM. 
When research is not available to support traveler-perceived LOS methodologies, 
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HCQS Committee-selected service measures and thresholds continue to be used 
in this edition of the HCM. 

DETERMINATION OF LOS F 

The threshold between LOS E and LOS F is based on the judgment of the 
HCQS Committee in some instances and is determined directly from research on 
traveler perceptions of LOS in others. One example of where the service measure 
and LOS thresholds were determined by the HCQS Committee is basic freeway 
segments; density was selected as the service measure and the LOS E-F density 
threshold value was selected as the density at which traffic flow transitions from 
uncongested to congested. Bicycling on urban streets is an example of where the 
service measures were determined from traveler perception of LOS research; the 
LOS E-F threshold was chosen as a value that represents the transition to a 
totally unacceptable condition (i.e., an average rider will not ride under these 
conditions). Thresholds between LOS A and E may be based on ranges of values 
that define particular operating conditions or may simply provide an even 
gradation of values from LOS A to E. As mentioned previously, in some studies 
on traveler perceptions of LOS, the methodological approach explicitly yields the 
model variables (e.g., speed, median presence) as well as the specific LOS 
thresholds. However, these thresholds are still a function of the total number of 
LOS categories originally included in the study. 

The volume-to-capacity (vic) ratio (or, more correctly, the demand-to
capacity, dlc, ratio) is a special-case service measure. It cannot be directly 
measured in the field, nor is it a measure of traveler perceptions. Until capacity is 
reached (Le., when flow breaks down on uninterrupted-flow facilities and when 
queues build on interrupted- or uninterrupted-flow facilities), the vic ratio is not 
perceivable by travelers. Therefore, the HCM often uses the vic ratio to define the 
LOS E-F threshold, but not to define other LOS thresholds. 

SERVICE MEASURES FOR SPECIFIC SYSTEM ELEMENTS 

Cross-Cutting Issues 

Automobile Mode 

A facility's capacity to serve the automobile mode reflects the effects of all 
motorized vehicles using the facility, including trucks, RVs, motorcycles, and 
intercity buses. In contrast, LOS for the automobile mode reflects the perspective 
of automobile drivers and passengers, but not necessarily the perspectives of 
other motorized vehicle users. Although automobiles are usually the dominant 
motorized vehicle type on roadways, analysts should use care in interpreting 
LOS results in special cases, such as intermodal-terminal access routes, where 
trucks may dominate. 

Pedestrian and Bicycle Modes 

Depending on local regulations, pedestrians and bicycles may be allowed on 
all types of uninterrupted-flow facilities, including sections of freeways. 
However, research is only available to support LOS estimation methods for 
bicyclists traveling on two-lane and multilane highways. Pathways that are 
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Service Measures 

parallel to freeways and multilane highways use the service measures for off
street pedestrian and bicycle facilities. Of the various types of interrupted-flow 
system elements, pedestrian and bicycle service measures are provided for urban 
street facilities, urban street segments, signalized intersections, and off-street 
pedestrian and bicycle facilities. Pedestrian LOS can also be calculated for two
way STOP-controlled intersections and roundabouts. 

Transit Mode 

Bus service on uninterrupted-flow facilities typically serves longer-distance 
trips, with few (if any) stops. The transit service measures provided in the Transit 
Capacity and Quality of Service Manual (TCQSM) (8) can be used to evaluate bus 
service along uninterrupted-flow facilities, as well as rail service operating 
within an uninterrupted-flow facility's right-of-way. 

The HCM provides transit service measures for urban street facilities and 
segments to facilitate multimodal comparisons of urban-street LOS. The 
TCQSM's service measures can be used to evaluate transit LOS at specific bus 
stops, for specific routes, for specific origin-destination pairs, and for specific 
areas. Some of the HCM's performance measures, such as delay, may also be 
useful in multimodal comparisons-for example, in comparing person-delay at 
an intersection with and without a transit preferential treatment, such as a 
queue-jump lane. 

Freeways and Multilane Highways 

Automobile Mode 

Although travel speed is a major concern of drivers that relates to service 
quality, freedom to maneuver within the traffic stream and proximity to other 
vehicles are equally noticeable concerns. These qualities are related to the density 
of the traffic stream. Unlike speed, density increases as flow increases up to 
capacity, resulting in a service measure that is both perceivable by motorists and 
is sensitive to a broad range of flows. Density is used as the service measure for 
freeway facilities, basic freeway segments, ramp junctions, weaving segments, 
and multilane highways. 

Bicycle Mode 

Bicycle LOS for multilane highways is based on a bicycle LOS score model. 
The model uses variables determined from research that relate to bicyclists' 
comfort and perceived exposure while riding on multilane highways, such as 
separation from traffic, motorized traffic volumes and speeds, heavy-vehicle 
percentage, and pavement quality. 

Higher vehicle volumes, a greater proportion of trucks and buses, and higher 
vehicle speeds an act to decrease a bicyclist's perceived comfort and traffic 
exposure. Striped bicycle lanes or roadway shoulders add to the perceived sense 
of traffic separation and improve the LOS. Pavement quality affects bicyclists' 
ride comfort: the better the pavement quality, the better the LOS. 
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Two-Lane-Highway Measures 

Automobile Mode 

Traffic operations on two-lane, two-way highways differ from those on other 
uninterrupted-flow facilities. Lane changing and passing are possible only in the 
face of oncoming traffic. Passing demand increases rapidly as traffic volumes 
increase, and passing capacity in the opposing lane declines as volumes increase. 
Therefore, on two-lane highways, unlike other types of uninterrupted-flow 
facilities, normal traffic flow in one direction influences flow in the other 
direction. Motorists must adjust their travel speeds as volume increases and the 
ability to pass declines. 

Efficient mobility is the principal function of major two-lane highways that 
connect major traffic generators or that serve as primary links in state and 
national highway networks. These routes tend to serve long-distance commercial 
and recreational travelers, and long sections may pass through rural areas 
without traffic-control interruptions. Consistent high-speed operations and 
infrequent passing delays are desirable for these facilities. 

Other paved, two-lane rural highways are intended to serve primarily an 
accessibility function. Although beneficial, high speed is not the principal 
concern. Delay-as indicated by the formation of platoons-is more relevant as a 
measure of service quality. 

Two-lane roads also serve scenic and recreational areas in which the vista 
and environment are meant to be experienced and enjoyed without traffic 
interruption or delay. A safe roadway is desired, but high-speed operation is 
neither expected nor desired. For these reasons, three service measures are used 
for two-lane highways: percent time-spent-following, average travel speed, and 
percent free-flow speed. 

Percent time-spent-following represents the freedom to maneuver and the 
comfort and convenience of travel. It is the average percentage of travel time that 
vehicles must travel in platoons behind slower vehicles because of the inability to 
pass. Percent time-spent-following is difficult to measure in the field. However, 
the percentage of vehicles traveling with headways of less than 3 s at a 
representative location can be used as a surrogate measure. 

Average travel speed reflects the mobility on a two-lane highway: it is the 
length of the highway segment divided by the average travel time of all vehicles 
traversing the segment in both directions during a designated interval. 

Percent of free-flow speed represents the ability of vehicles to travel at or 
near the posted speed limit. 

LOS criteria use one or two of these measures. On major two-lane highways, 
for which efficient mobility is paramount, both percent time-spent-following and 
average travel speed define LOS. However, roadway alignments with reduced 
design speeds will limit the LOS that can be achieved. On highways for which 
accessibility is paramount and mobility less critical, LOS is defined only in terms 
of percent time-spent-following, without consideration of average travel speed. 
On two-lane highways in developed rural areas, LOS is defined in terms of 
percent of free-flow speed. 
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Urban street pedestrian LOS 
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Service Measures 

Bicycle Mode 

Bicycle LOS for two-lane highways is determined by a bicycle LOS score 
model in the same manner as described above for multilane highways, with the 
addition of on-highway parking as a factor that may exist on two-lane highways. 
The presence of on-highway parking negatively affects bicycle LOS because 
bicyclists tend to leave a buffer between themselves and parked vehicles, 
resulting in less separation between themselves and moving vehicles. 

Urban Street Facility and Segment Measures 

Automobile Mode 

The service measure for the automobile mode on an urban street is the 
percent of base free-flow speed. Motorists traveling along arterial streets expect 
to be able to travel at or near the posted speed limit between intersectiolkS and to 
have to stop only infrequently. As delay due to traffic control devices and to 
other roadway users (e.g., vehicles stopped in a travel lane waiting to tum, buses 
stopping to serve passengers, or pedestrian crossings) increases, the lower the 
average speed and the lower the perceived LOS. 

Research on automobile travelers' perceptions of LOS, as part of the National 
Cooperative Highway Research Program (NCHRP) 3-70 project, revealed that a 
combination of stops per mile and left-turn lane presence at signalized 
intersections had the highest statistical significance for predicting automobile 
LOS. However, the HCQS Committee elected to retain usage of a time-based 
service measure to analyze automobile LOS on urban streets for this edition of 
the HCM. The alternative NCHRP 3-70 methodology is also presented in Chapter 
17, Urban Street Segments, since it is well suited for applications with a focus on 
detennining multimodal LOS trade-offs and designing complete streets. 

Pedestrian Mode 

Pedestrian LOS for urban streets is based on a pedestrian LOS score model that 
includes variables determined from research on pedestrians' perceptions of LOS. 
These variables relate to pedestrians' experiences walking along street segments 
between signalized intersections, crossing side streets at signalized intersections, 
and crossing the street between signalized intersections. 

The segment component relates to both the density of pedestrians along the 
street and to pedestrian comfort and perceived exposure to traffic. The 
pedestrian-density indicator is a ftmction of pedestrian volumes and sidewalk 
width, while the nondensity indicator is a function of separation from traffic due 
to distance and physical objects, sidewalk presence and width, and motorized 
traffic volumes and speeds. The worse of the two indicators is used to determine 
pedestrian-perceived segment LOS. The nondensity indicator is predominately 
used in suburban and rural settings. 

The signalized-intersection component relates to pedestrian delay and 
perceived exposure to or interaction with traffic. The exposure elements of the 
indicator include potentially conflicting traffic volumes, parallel traffic volumes, 
parallel traffic speed, crossing width, and channelizing-island presence. 
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The roadway-crossing component is a function of the lesser of the delay in 
waiting for a gap to cross the street and the delay involved in diverting to the 
nearest signalized intersection. It also incorporates the segment and signalized
intersection components, which relate to the quality of the pedestrian 
environment experienced when pedesh'ians divert to a signal, either because of 
lower delay or a prohibition on crossings between signalized intersections. 

Overall, pedestrian LOS is improved by the provision of sidewalks, wider 
sidewalks, a greater degree of separation from traffic, and reduced delays 
crossing the street at both signalized and unsignalized locations. Higher traffic 
volumes, higher traffic speeds, and wider streets all tend to reduce pedestrian 
LOS. 

Bicycle Mode 

Bicycle LOS for urban streets is based on a bicycle LOS score model that 
includes variables determined from research on bicycle riders' perceptions of 
LOS. These variables relate to bicyclists' experiences at signalized intersections 
and their experiences on street segments between signalized intersections. The 
intersection component relates to bicyclist comfort and perceived exposure to 
traffic and is a function of separation from traffic, cross-street width, and 
motorized traffic volumes. The segment component similarly relates to comfort 
and perceived exposure. It is a function of separation from h'affic, motorized 
traffic volumes, traffic speeds, heavy-vehicle percentage, presence of parking, 
and pavement quality. The frequency of unsignalized intersections and 
driveways between traffic signals is also a factor in the LOS score value. 

Higher vehicle volumes, a greater proportion of trucks and buses, higher 
vehicle speeds, and presence of parking all act to decrease a bicyclist's perceived 
comfort and traffic exposure. Striped bicycle lanes or roadway shoulders add to 
the perceived sense of traffic separation and improve the LOS. Pavement quality 
affects bicyclists' ride comfort: the better the pavement quality, the better the 
LOS. 

Transit Mode 

Transit LOS for urban streets is based on a transit LOS score model that 
includes variables determined from research on transit riders' perceptions of 
LOS, These variables relate to passengers' experiences walking to a transit stop 
on the street, waiting for the transit vehicle, and riding on the transit vehicle. The 
walking-to-the-stop component is based on the street's pedestrian LOS score: 
transit passengers are usually pedestrians before and after their transit trip-and 
improvements to the pedestrian environment along streets with transit service 
contribute to a better LOS. The waiting component is a function of the transit 
vehicle frequency (relating to wait time and trip-making convenience), service 
reliability (unplanned passenger waiting time at the stop), and the presence of 
shelters and benches (which make waiting time more comfortable). Finally, the 
riding-on-the-vehicle satisfaction is a function of average travel speed (a 
convenience factor) and passenger loads (a comfort factor). 
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Service Measures 

Urban Street Intersections 

Automobile Mode 

The service measure for the automobile mode at all urban-street 
intersections-including signalized intersections, all-way STop-controlled 
intersections, two-way STop-controlled intersections, roundabouts, and 
interchange ramp terminals-is control delay. 

Control delay, which was defined in Chapter 4, Traffic Flow and Capacity 
Concepts, is a measure of driver discomfort, frustration, fuel consumption, and 
increased travel time. It depends on a number of variables, which are different 
depending on whether the intersection is signalized or unsignalized. As control 
delay increases, LOS worsens. The maximum control delay allowed for a given 
LOS at unsignalized intersections is lower than for signalized intersections due to 
differing driver expectations. In the HCQS Committee's opinion, the expectation 
of drivers is that a signalized intersection is designed to carry higher traffic 
volumes and experience greater delay than an unsignalized intersection. 

Pedestrian/ Bicycle/ and Transit Modes 

At the time of publication, there was insufficient research to be able to 
provide pedestrian and bicycle LOS for urban street intersections, except for 
signalized intersections and-for pedestrians only-two-way STop-controlled 
intersections. The HCM provides transit LOS measures only at the urban street 
segment and facility levels. 

Signalized Intersections 

Pedestrian LOS at signalized intersections is based on a pedestrian LOS score 
model that incorporates conflicting motorized vehicle volumes and speeds, 
crosswalk length, average pedestrian delay, and the presence of right-tum 
channelizing islands. Pedestrian LOS improves with lower motorized vehicle 
volumes and speeds, shorter crosswalk lengths, lower delay, and the provision of 
right-tum channelizing islands. 

Bicycle LOS at signalized intersections is based on a bicycle LOS score model 
that incorporates perceived separation from motorized vehicle traffic, motorized 
vehicle volumes, cross-street width, and presence and utilization of on-street 
parking. Bicycle LOS improves with greater perceived separation from 
motorized vehicle traffic, lower motorized vehicle volumes, shorter cross-street 
widths, and reduced on-street parking conflicts. 

Two-Way SToP-Controlled Intersections 

Pedestrian LOS at two-way STop-controlled intersections is based on average 
pedestrian control delay crossing the major street. Lower vehicle volumes, 
presence of a median, and provision of pedestrian crossing treatments that 
improve motorist yielding rates all help to improve pedestrian LOS. 
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Off-Street Pedestrian and Bicycle Facilities 

Pedestrian Mode 

Off-street facilities used exclusively by pedestrians (e.g., pedestrian 
pathways, plazas, and stairways) use pedestrian space as the service measure. As 
the space available to pedestrians increases, the ability to move at one's desired 
speed along one's desired line of travel increases. Therefore, as the space 
available to a pedestrian on an off-street facility increases, so does the LOS. 

When an off-street facility is shared by pedestrians and bicycles, pedestrian 
quality of service is much more affected by the bicyclists using the facility than 
by other pedestrians because of the speed differential between the two types of 
travelers. Therefore, the pedestrian service measure for shared off-street facilities 
is based on events, the number of times per hour that a pedestrian is met by or 
passed by bicyclists. The greater the number of bicyclists on a shared facility, the 
lower the pedestrian LOS. 

Bicycle Mode 

Bicycle LOS for off-street bicycle facilities, both exclusive and shared, is 
based on a bicycle LOS score model that includes variables determined from 
research on bicycle riders' perceptions of LOS. These variables cOflBist of the 
number of times a bicyclist meets other path users per minute, the number of 
times per minute on average that a bicyclist passes or is delayed in passing other 
path users, the presence of a centerline, and the path width. As the number of 
other path users (including bicyclists) increases, the LOS declines. Wider paths 
and the presence of a centerline contribute to better LOS. 
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The service measure for off-street 
exclusive pedestrian facilities is 
pedestrian space. 

The pedestrian service measure for 
shared off-street facilities is the 
number of times per hour a 
pedestrian meets or is passed by 
bicyclists. 

The bicycle service measure for al/ 
off-street facilities is a bicycle LOS 
score. 
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Many of these references can 
be found in the Technical 
Reference Libraty in Volume 4. 

References 

5. REfERENCES 

1. Dowling, R. G., D. B. Reinke, A. Flannery, P. Ryus, M. Vandehey, T. A. 
Petritsch, B. W. Landis, N. M. Rouphail, and J. A. Bonneson. NCHRP Report 
616: Multimodal Level of Service Analysis for Urban Streets. Transportation 
Research Board of the National Academies, Washington, D.c., 2008. 

2. Hummer, J. E., N. M. Rouphail, J. L. Toole, R. S. Patten, R. J. Schneider, J. S. 
Green, R. G. Hughes, and S. J. Fain. Evaluation of Safety, Design, and Operation 
of Shared-Use Paths-Final Report. Report FHWA-HRT-05-137. Federal 
Highway Administration, Washington, D.C., July 2006. 

3. Landis, B. W., V. R. Vattikuti, R. M. Ottenberg, D. S. McLeod, and M. Guttenplan. 
Modeling the Roadside Walking Environment: Pedestrian Level of Service. In 
Transportation Research Record: Journal of the Transportation Research Board, No. 1773, 
Transportation Research Board, National Researdl. Council, Washington, D.C., 
2001, pp. 82-88. 

4. Nakamura, H., K. Suzuki, and S. Ryu. Analysis of the Interrelationship 
Among Traffic Flow Conditions, Driving Behavior, and Degree of Driver's 
Satisfaction on Rural Motorways. In Transportation Research Circular E-C018: 
Fourth International Symposium on Highway Capacity: Proceedings, 
Transportation Research Board, National Research Council, Washington, 
D.C., 2000, pp. 42-52. 

5. Washburn, S. S., and D. S. Kirschner. Rural Freeway Level of Service Based 
on Traveler Perception. In Transportation Research Record: Journal of the 
Transportation Research Board, No. 1988, Transportation Research Board of the 
National Academies, Washington, D.C., 2006, pp. 31-37. 

6. Choocharukul, K, K Sinha, and F. Mannering. User Perceptions and 
Engineering Definitions of Highway Level of Service: An Exploratory 
Statistical Comparison. Transportation Research Part A, Vol. 38, Nos. 9-10, 
2004, pp. 677-689. 

7. Fang, F., and K K Pecheux. Analysis of User Perception of Level of Service 
Using Fuzzy Data Mining Technique. Presented at 86th Annual Meeting of 
the Transportation Research Board, Washington, D.C., 2007. 

8. Kittelson & Associates, Inc., KFH Group, Inc., Parsons Brinckerhoff Quade & 

Douglass, Inc., and K Hunter-Zaworski. TCRP Report 100: Transit Capacity 
and Quality of Service Manual, 2nd ed. Transportation Research Board of the 
National Academies, Washington, D.c., 2003. 

Page 5-16 Chapter 5/Quality and Level-of-Service Concepts 
December 2010 

AR0073936 



( 

( 

( 

Highway Capacity Manual 2010 

CHAPTER 6 
HCM AND ALTERNATIVE ANALYSIS TOOLS 

CONTENTS 

1. INTRODUCTION .................................................................................................... 6-1 

2. HCM-BASED TOOLS ............................................................................................. 6-2 

Generalized Service Volume Tables ................................................................... 6-2 

Application of Default Values to HCM Methodologies .................................. 6-3 

Operations-Level HCM Analysis ....................................................................... 6-3 

3. ALTERNATIVE TOOLS ......................................................................................... 6-4 

Overview ............................................................................................................... 6-4 

Traffic Modeling Concepts and Terminology .................................................. 6-5 

Conceptual Differences Between Deterministic and Simulation Tools ......... 6-9 

Appropriate Use of Alternative Tools ............................................................... 6-9 

Application Framework for Alternative Tools ............................................... 6-13 

Performance Measures from Alternative Tools .............................................. 6-16 

Traffic Analysis Tool Selection Criteria ........................................................... 6-17 

Application Guidelines for Simulation Tools ................................................. 6-25 

4. REFERENCES ......................................................................................................... 6-29 

APPENDIX A: DEVELOPING LOCAL DEFAULT VAL UES ............................ 6-31 

Reference .............................................................................................................. 6-31 

APPENDIX B: DEVELOPING LOCAL SERVICE VOLUME TABLES ........... 6-32 

Introduction ......................................................................................................... 6-32 

Table Construction Process ............................................................................... 6-32 

Reference .............................................................................................................. 6-34 

Chapter 6jHCM and Alternative Analysis Tools 
December 2010 

Page 6-i Contents 

AR0073937 



Highway Capacity Manual 2010 

Contents 

LIST Of EXHIBITS 

Exhibit 6-1 Comparison of Methods for Addressing Traffic Phenomena by 
the HCM and Typical Microsimulation Tools ................................................ 6-10 

Exhibit 6-2 Typical Applications for Alternative Traffic Analysis Tools ........... 6-12 

Exhibit 6-3 Freeway Modeling Framework for the HCM and Alternative 
Tools ..................................................................................................................... 6-13 

Exhibit 6-4 Urban Street Modeling Framework for the HCM and Alternative 
Tools ..................................................................................................................... 6-14 

Exhibit 6-5 Corridor and Areawide Analysis Modeling Framework for the 
HCM and Alternative Tools ............................................................................. 6-15 

Exhibit 6-6 Principal Performance Measures from the HCM and Alternative 
Tools ..................................................................................................................... 6-17 

Page 6-ii Chapter 6/HCM and Alternative Analysis Tools 
December 2010 

AR0073938 



( 

( 

( 

Highway Capacity Manual 20 10 

1. INTRODUCTION 

It is well recognized that the models of the Highway Capacity Manual (HeM) 
are part of a continuum available to the analyst for highway capacity and 
quality-of-service analyses. For exampk transportation planners and engineers 
have different needs in scope and level of detail. Planners focus on network 
performance in broad, general terms to understand supply-demand interactions 
between network capacity and flows. Of primary interest are the interactions of 
land uses and the transportation system. Engineers, in contrast, need to know 
how changes in the design of a specific system element or changes in the way it 
operates will affect its performance in terms of capacity, delays, queuing 
characteristics, and other measures. As a result, different traffic analysis tools are 
available to serve different analysis needs. 

Chapter 6, HCM and Alternative Analysis Tools, begins by describing the 
HeM-based tools available to the analyst. In an operations-level analysis, which is 
one such tool, HeM methodologies are applied directly and the user supplies all 
required inputs to the procedure. Many planning, preliminary engineering, and 
design applications do not require the level of accuracy provided by an 
operations analysis and substitute default values for some (or nearly all) of a 
methodology's inputs. Generalized service volume tables are sketch-planning tools 
that provide an estimate of the maximum volume a system element can carry at a 
given level of service (LOS), given a default set of assumptions about the system 
element. The use of local default values and local generalized service volume 
tables helps reduce the uncertainty in the results of analyses that use these tools, 
compared with using the HeM's national default values and tables. The 
chapter's two appendices provide guidance on developing local default values 
(Appendix A) and generating local generalized service volume tables (Appendix 
B). 

Analysts might consider alternative tools as a supplement to HeM methods 
for a variety of reasons. Alternative tools might be considered in the following 
analyses, among others: those outside the range covered by an HeM 
methodology, those requiring performance measures not produced by the HeM, 
and those where the quantity of data required makes HeM methods impractical. 
To assist analysts in evaluating and applying alternative tools, this chapter 
describes traffic modeling concepts and terminology, identifies conceptual 
differences between analytical and simulation tools, provides a framework for 
applying alternative tools, and lists criteria to consider in the selection of a traffic 
analysis tool. 
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Service volume tables provide 
estimates of the maximum 
number of vehicles a system 
element can carry at a 
particular LOS, given a set of 
assumed conditions. 

Service volume results should 
be applied with car~ since 
actual conditions will likely 
vary in some way from the 
assumptions used to develop 
the table. 

The assumptions built into a 
table may be average (or 
typical) values or conservative 
values. The choice affects how 
results from the table are 
interpreted 

Service volumes can be 
sensitive to the choice of input 
values; depending on the 
particular methodology and 
input parameter. 

HCM-Based Tools 

2. HeM-BASED TOOLS 

GENERALIZED SERVICE VOLUME TABLES 

A service volume table provides an analyst with an estimate of the maximum 
number of vehicles that a system element can carry at a given LOS. The use of a 
service volume table is most appropriate in certain planning applications in 
which evaluation of every segment or node within a study area is not feasible. 
Examples of these applications are city, county, or statewide planning studies 
where the size of the study area makes a capacity or LOS analysis for every 
system element infeasible. For these types of planning applications, the focus of 
the effort is to highlight potential problem areas (for example, locations where 
demand may exceed capacity or where a desired LOS threshold may be 
exceeded). For such applications, a service volume table can be a useful sketch
planning tool, provided the analyst understands the limitations of this method. 
Once potential problem areas have been identified, other tools (HCM-based or 
alternative) can be used to perform more detailed analyses for locations of 
interest. 

As described in more detail in Appendix B, generalized service volume 
tables are developed by holding constant all input values to a particular HCM 
methodology-except demand volume. Demand volume is increased until the 
measure of effectiveness (MOE) for the methodology reaches the threshold for a 
given LOS (e.g., the threshold between LOS B and C). That demand volume then 
becomes the service volume for the given LOS (in the example above, for LOS B). 
The service volume represents the maximum number of vehicles that the system 
element can carry at the given LOS, given the assumed inputs. 

The characteristics of any given system element will likely vary in some way 
from the assumed input values used to develop a service volume table. 
Therefore, the results from a service volume table should be treated as rough 
approximations. Service volume tables should not be used as a substitute for 
other tools when a final determination of the operational adequacy of a 
particular roadway is made. 

For ease of use, generalized service volume tables require a minimum of user 
inputs-typically, key design parameters that have the greatest influence on a 
fadlity's capacity and LOS, such as the number of lanes. Given these inputs, a 
user can then read the service volume for a given LOS directly from the table and 
compare it with the actual or forecast volume for a system element. A volume 
greater than the service volume for the desired LOS indicates the need for further 
analysis. Depending on the assumptions used to develop the table (Le., average 
or typical values versus conservative values) and the sensitivity of the service 
volumes to the default values used, volumes somewhat less than the identified 
service volume (as much as 25% below the service volume in some cases) could 
also suggest the need for further analysis. 
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APPLICATION OF DEFAULT VALUES TO HCM METHODOLOGIES 

In most planning, preliminary engineering, and design applications of the 
HCM, an analyst applies an HCM methodology taken directly from one or more 
of the chapters in Volumes 2 and 3 but uses default values for some (or many) of 
the input parameters. These types of analyses are frequently used to evaluate or 
design for future operations. Therefore, not all of the input parameters required 
by an HCM methodology (e.g., heavy-vehicle percentage or peak hour factor) 
may be available or readily forecast. Default values can also be applied when 
current operations are evaluated as part of a screening effort, similar to the way 
service volume tables are applied. Because users have control over which input 
parameters are defaulted, the uncertainty of the analysis results is reduced 
compared with the application of a service volume table, which potentially 
reduces the number of problem areas flagged for further analysis. 

Although the HCM provides default values for a number of methodologies, 
the analyst should be mindful that these values represent typical national values 
and that typical conditions within a state, region, or community may be different. 
When default values occur frequently in analyses, the use of local default values 
can help further reduce the uncertainty in the analysis results. Appendix A 
provides guidance on developing local default values. 

OPERATIONS-LEVEL HCM ANALYSIS 

In an operations-level analysis, an analyst applies an HCM methodology 
directly from one or more of the chapters in Volumes 2 and 3 and supplies all of 
the required input parameters from measured or forecast values. No, or minimal, 
default values are used. Therefore, compared with generalized service volume 
tables and the application of default values, operations-level analyses provide 
the highest level of accuracy. However, as discussed in Chapter 7, Interpreting 
HCM and Alternative Tool Results, analysts must still account for variability, 
uncertainty, and measurement errors in input data, and their impact on the 
analysis outputs, in the interpretation of analysis results. 

An operations-level analysis is applicable to any situation covered by an 
HCM methodology. Analysts should refer to the Limitations of the Methodology 
and Special Cases sections of the HCM chapter that covers the system element 
being evaluated to ensure that the HCM methodology is appropriate for the 
specifics of the situation being studied. A situation that is outside the range of 
conditions covered by the methodology would be one reason for considering an 
alternative tool. Other cases when alternative tools might be considered are 
discussed in the next section. 
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Alternative tools include all 
non-HeM procedures that may 
be used to evaluate highway 
system performance. 

This section describes the 
types of available tools (which 
are generally software 
products) but does not identify 
or compare specific tools. 

A useful reference on traffic 
operations modeling is the 
Federal Highway 
Administration'S Traffic 
Analysis Toolbox. 

Alternative Tools 

3. ALTERNATIVE TOOLS 

OVERVIEW 

Alternative tools include all analysis procedures outside of the HeM that 
may be used to compute measures of transportation system performance for 
analysis and decision support. Most alternative tools take the form of software 
products, and there is an abundance of literature describing alternative tools and 
their applications. The purpose of this section is to categorize the most 
commonly used tools, to identify the conditions under which they might be used 
to supplement the HeM procedures, and to suggest a framework and guidelines 
for their application that will maximize their compatibility with the HeM 
deterministic procedures. The intent is not to identify or compare specific tools or 
to duplicate the wealth of literature that exists on the general subject of traffic 
performance analysis. 

Clearly, readers should use the material presented here in conjunction with 
other documents that also address analysis, modeling, and simulation of 
transportation systems. A considerable volume of authoritative information on 
this subject is available in the Federal Highway Administration's Traffic Analysis 
Toolbox. Four volumes of the Toolbox provide general guidance on the use of 
traffic analysis tools, including the HeM: 

• Volume I: Traffic Analysis Tools Primer (1) presents a high-level overview of 
the different types of traffic analysis tools and their role in transportation 
analyses. 

• Volume II: Decision Support Methodology for Selecting Traffic Analysis Tools 
(2) identifies key criteria and circumstances to consider in selecting the 
most appropriate type of traffic analysis tool for the analysis at hand. 

• Volume III: Guidelines for Applying Traffic Microsimulation Modeling Software 
(3) provides a recommended process for using traffic microsimulation 
software in traffic analyses. 

• Volume VI: Definition, Interpretation, and Calculation of Traffic Analysis Tools 
Measures of Effectiveness (4) describes the appropriate definition, 
interpretation, and computation of MOEs for traffic operations and 
capacity improvements. nris report provides information and guidance 
on which MOEs should be produced, how they should be interpreted, 
and how they are defined and calculated in traffic analysis tools. The 
document recommends a basic set of MOEs that can help rapidly assess 
the current problems and the benefits of alternative improvements at the 
system level, in a form readily understandable by the decision maker. 

Other volumes of the Toolbox deal with the application of alternative tools for 
specific application scenarios. 

The material in this section focuses primarily on the automobile mode. The 
importance of other modes-particularly bicycles, pedesh'ians, and transit-is 
recognized; however, experience with the use of alternative tools to address 
these modes is limited. Some alternative tools address nonautomobile modes 
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explicitly and some do not. The Traffic Analysis Toolbox (1-3) mentions the 
inability to deal with "interferences that can occur between bicycles, pedestrians, 
and vehicles sharing the same roadway" as a limitation of most simulation tools. 
Where appropriate, specific guidance is presented on the treatment of bicycles, 
pedestrians, and buses in the chapters of Volumes 2 and 3. The best source of 
guidance for the use of alternative tools for other modes is the detailed 
documentation and user's guide provided with tools that offer these features. 

TRAFFIC MODELING CONCEPTS AND TERMINOLOGY 

Hierarchy of Modeling Terminology 

Modeling terminology has not been applied consistently throughout the 
realm of traffic analysis tools. For purposes of the HeM, the following 
terminology will be used to distinguish between different objects and processes 
that have been referred to in the literature simply as a "model": 

• An algorithm is, by dictionary definition (5), "a set of rules for solving a 
problem in a finite number of steps." This definition suits the HeM's 
purposes. 

• A model is, by dictionary definition (5), "a hypothetical description of a 
complex entity or process." Here is the root of the inconsistent usage. By 
this definition the word can be, and has been, applied to many different 
objects. A more focused definition is required. One definition in common 
use is that a model is "a representation of a system that allows for 
investigation of the properties of the system and, in some cases, 
prediction of future outcomes"(6). For HeM purposes, the term will be 
used in this sense but will be more precisely defined as "a procedure that 
uses one or more algorithms to produce a set of numerical outputs 
describing the operation of a highway segment or system, given a set of 
numerical inputs." By this definition, each of the performance analysis 
procedures specified in Volumes 2 and 3 constitutes a model. This term 
will generally be used with an adjective to denote its purpose (e.g., delay 
model). 

• A computational engine is the software implementation of one or more 
models that produces specific outputs given a set of input data. 

• A traffic analysis tool, often abbreviated in the HeM as a "tool," is a 
software product that includes, at a minimum, a computational engine 
and a user interface. The purpose of the user interface is to facilitate the 
process of entering the input data and interpreting the results. 

• A model application, sometimes referred to as a scenario, specifies the 
physical configuration and operational conditions to which a traffic 
analysis tool is applied. 

Inconsistency in terminology arises because each of these five objects has 
been characterized as a model in the literature, since each one satisfies the 
dictionary definition. The distinction between the five terms is made here in the 
hope of promoting more consistent usage. 
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Hybrid models, used with vety 
large networks, apply 
microscopic modeling to 
critical subnetworks and 
mesoscopic or macroscopic 
modeling to the connecting 
facilities. 

Alternative Tools 

Additional Modeling Definitions 

Another set of terminology that requires more precise definitions deals with 
the process by which the analyst ensures that the modeling results provide a 
realistic representation of the real world. The following terms are defined 
elsewhere (3): 

• Verification: The process by which the software developer and other 
researchers check the accuracy of the software implementation of traffic 
operations theory. The extent to which a given tool has been verified is 
listed as an important tool selection criterion in this chapter. 

• Calibration: The process by which the analyst selects the model parameters 
that cause the model to best reproduce field-measured local traffic 
conditions. 

• validation: The process by which the analyst checks the overall model
predicted traffic performance for a street-road system against field 
measurements of traffic performance, such as traffic volumes, travel 
times, average speeds, and average delays. Model validation is performed 
on the basis of field data not used in the calibration process. 

Traffic AnalysiS Tool and Model Categories 

The Traffic Analysis Toolbox identifies the following categories of traffic 
analysis models: 

• Sketch-planning tools produce general order-of-magnitude estimates of 
travel demand and transportation system performance under different 
transportation system improvement alternatives. 

• Travel demand models forecast long-term future travel demand on the basis 
of current conditions and projections of socioeconomic characteristics and 
changes in transportation system design. 

• HeM-based analytical deterministic tools quickly predict capacity, density, 
speed, delay, and queuing on a variety of transportation facilities. 

• Traffic signal optimization tools are primarily designed to develop optimal 
signal phasing and timing plans for isolated signalized intersections, 
arterial streets, or signal networks. 

• Macroscopic simulation models are based on the deterministic relationships 
of the How, speed, and density of the traffic stream. 

• Microscopic simulation models simulate the movement of individual 
vehicles on the basis of car-following and lane-changing theories. 

• Mesoscopic models combine the properties of microscopic and macroscopic 
simulation models. 

• Hybrid models employ microscopic and mesoscopic models 
simultaneously. These tools are intended to be applied to velY large 
networks containing critical subnetwork'> connected by several miles of 
essentially rural facilities. Microscopic modeling is applied to the critical 
subnetworks, while the connecting facilities are modeled at the 
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mesoscopic or macroscopic level. Regional evacuation models are a 
typical example of hybrid model application. 

Stochastic and Deterministic Models 

A deterministic model is not subject to randomness. Each model run will 
produce the same outcome. If these statements are not true and some attribute of 
the model is not known with certainty, the model is stochastic. Random variables 
will be used to represent those attributes of the model not known with certainty. 
Descriptions of how these random numbers are selected to obtain sample values 
of the parameter of interest (i.e., from its cumulative distribution function) can be 
found in various texts (e.g., 7-10). Different random number sequences will 
produce different model results; therefore, the outcome from a simulation tool 
based on a stochastic model cannot be predicted with certainty before analysis 
begins. Stochastic models aid the user in incorporating variability and 
uncertainty into the analysis. 

Static Flow and Time-Varying Flow Models 

The terms static flow and time-varying flow relate to the temporal 
characteristics of the traffic flows in the simulation model. Basically, the terms 
differentiate between a model that uses constant traffic flow rates from one time 
period to another and a model that does not. This differentiation is not to be 
confused with whether the model can represent internally time-varying flows 
that occur because of simulated events (e.g., incidents, signal cycling, ramp 
metering, high-occupancy-vehicle lane closures). The difference is in the type of 
input flows that can be specified. 

In the static flow case, traffic flows are provided just once, as a set of 
constants. A tool may vary the individual headways stochastically, but the flow 
rates are fixed. Put another way, the origin-destination (O-D) matrix is fixed and 
does not change throughout the duration of the analysis. 

In the time-varying case, flow rates can change with time. More than one set 
of flow rates must be specified so that the O-D matrix can vary over time. The 
flexibility of specifying more than one set of flow rates is particularly useful 
when major surges in traffic need to be examined, such as the ending of a special 
event or peak periods when a pronounced variation in traffic flows exists. 

Descriptive and Normative Models 

The terms descriptive and normative refer to the objective of performing the 
analysis with simulation models. If the objective of the model is to describe how 
traffic will behave in a given situation, the model is most likely to be descriptive. 
It will not try to identify a given set of parameters that provide the best system 
performance but rather will show how events will unfold given a logic that 
describes how the objects involved will behave. For example, a simulation model 
could predict how drivers will behave in response to traffic flow conditions. A 
model attempting to shape that behavior by trying to force drivers to maintain 
specific headways would not be a descriptive model. 

Normative models try to identify a set of parameters providing the best 
system performance. An external influence (most often referred to as an objective 

Chapter 6jHCM and Alternative Analysis Tools 
December 2010 

Page 6-7 

The HeM's methodologies are 
deterministic-given the same set of 
inpu~ the methods will produce the 
same result each time. 

Most simulation models are 
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DTA models are a special case 
of descriptive models that are 
based on an objective 
(minimize the travel time or 
disutility associated with a trip) 
that is gradually improved over 
a sequence of iterations until 
the network reaches a state of 
equilibrium. 

Alternative Tools 

function) tries to force the system to behave in some optimal way. A good 
example is a model that tries to optimize signal timings. Another illustration is a 
freeway network model that requires drivers to alter their path choices to 
optimize some measure of system performance. In both cases, the behavior of the 
system is modified through an external influence, probably on an iterative basis, 
to create a sequence of realizations in which the objective function value is 
improved, as in minimizing total travel time or total system delay. 

The distinction can be restated this way: if the model has an objective and 
seeks to optimize that objective, it is a normative model. Conversely, if it has an 
objective but does not seek to optimize that objective by changing the design or 
operational parameters (e.g., signal timing), it is a descriptive model. 

Traffic assignment models are a special case, because they are based on an 
objective that is gradually improved over a sequence of iterations. In this case, 
the objective is for each driver to minimize either the travel time for the trip or 
some other quantitative measure of the general cost or disutility associated with 
the trip. Traffic assignment models are characterized as either static or dynamic, 
depending on whether the O-D characteristics are constant or time-varying. Most 
simulation tools have some form of dynamic traffic assignment (DTA). Because 
of its demands on computer resources, DTA is often implemented at the 
mesoscopic level. DT A models are often embedded in traffic microsimulation 
tools. 

The optimization process may be characterized as either system-optimal or 
user-optimal. A user-optimal solution does not necessarily produce an optimal 
result for the system as a whole and vice versa. With user-optimal models, the 
objective being applied reflects a behavioral assumption, and therefore the model 
is primarily descriptive. System-optimal models enforce some changes in driver 
behavior and are therefore normative. The formulation of the generalized cost 
(disutility) function can be expanded to reflect actual driving behavior more 
accurately-for example, by taking into account the number of stops or the 
driver's familiarity with typical traffic conditions. 

The important point is that the analyst needs to know which type of model is 
being used and how that type influences the model's predictions. For example, 
assume that the analyst is dealing with a scenario in which the signal timing is 
fixed and drivers can alter their path choices in response to those signal timings 
(in a way that replicates how they would actually behave). This is a descriptive 
model and is a common application of a DTA model as mentioned above. Even 
though the analyst can change the signal timings and see how the drivers 
respond (and how the system performance changes), the model is still describing 
how the system would behave for a given set of conditions. On the other hand, if 
the analyst alters the scenario so that it seeks a better set of signal timings, a 
normati ve model has been created. 

A descriptive model is implied if the analyst introduces a new demand
supply paradigm, such as congestion pricing, based on a field study. A new 
demand-side routine could be developed to predict how drivers alter path 
choices in response to congestion prices, and a supply-side routine could be 
developed that seeks to set those prices in some responsive and responsible way 
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in an effort to produce a desirable flow pattern. Even though two competing 
optimization schemes are at work, each describes how a portion of the system is 
behaving in response to inputs received. There is no explicit intent to optimize 
the system performance in a specific manner. 

CONCEPTUAL DIFFERENCES BETWEEN DETERMINISTIC AND 
SIMULATION TOOLS 

There are some conceptual differences between the HeM's analytical 
modeling and simulation modeling. It is useful to examine these differences 
before addressing alternative tool applications. Most of the differences may be 
described in terms of the way analytical and simulation tools deal with various 
traffic flow phenomena. Examples of the significant differences are identified in 
general terms in Exhibit 6-1. 

APPROPRIATE USE OF ALTERNATIVE TOOLS 

Using alternative tools to supplement HeM capacity and quality-of-service 
procedures should be considered when one or more of these conditions apply: 

• The configuration of the facility has elements that are beyond the scope of 
the HeM procedures. Each procedural chapter identifies the specific 
limitations of its own methodology. 

• Viable alternatives being considered in the study require the application 
of an alternative tool to make a more informed decision. 

• The measures produced by alternative tools are compatible with 
corresponding HeM measures and are arguably more credible than the 
HeM measures. 

• The measures are compatible with corresponding HeM measures and are 
a by-product of another task, such as optimization of a network traffic 
control system. 

• The measures are compatible with corresponding HCM measures and the 
decision process requires additional performance measures, such as fuel 
consumption and emissions, which are beyond the scope of the HeM. 

• The system under study involves a group of different facilities or travel 
modes with mutual interactions invoking several procedural chapters of 
the HeM. Alternative tools are able to analyze these facilities as a single 
system. 

• Routing is an essential part of the problem being addressed. 

• The quantity of input or output data required presents an intractable 
problem for the HeM procedures. 

• The HeM procedures predict oversaturated conditions that last 
throughout a substantial part of a peak period or queues that overflow 
the available storage space, or both. 
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Situations when alternative tools 
might supplement HeM procedures. 

Alternative Tools 
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Exhibit 6-1 
Comparison of Methods for 

Addressing Traffic 
Phenomena by the HCM and 

Typical Microsimulation Tools 

Alternative Tools 

Traffic 
Phenomenon 

Right turn on red 

Permitted left turns 

STOP sign entry 

Channelized right 
tums 

Ramp merging 

Merging during 
congested conditions 

Lane-changing 
behavior 

Queue start-up on 
green 

Response to change 
interval 

Actuated signal 
operation 

Delay accumulation 

Progression quality 

Random arrivals 

Generation of vehicles 

Effect of 
oversaturation 

Residual queue at the 
end of analysis period 

Deterministic (HeM) Treatment 
Subtract right-turn-on-red volume from 
demand 

Empirical model of capacity versus 
opposing volume, with minimum capacity 
determined by an assumption of two 
sneakers per cycle 

Macroscopic model of gap acceptance and 
follow-up time 

Subtract right-turning volume from demand 

Empirical model of merge capacity versus 
freeway volume in the two outside lanes 

Not addressed 

Macroscopic model based on demand 
volumes and geometrics 

Fixed start-up lost time subtracted from the 
displayed green time 

Fixed extension of green time added to the 
displayed green time 

Deterministic model for computing green 
times as a function of demand and 
operating parameters 

Analytical formulation for uniform delay 
based on the assumption of uniform 
arrivals over the cycle and uniform 
departures over the effective green 

Adjustment factor applied to the uniform 
delay term 

Analytical formulation for incremental delay 

Incremental delay formulation assumes 
Poisson arrivals (mean = variance) at the 
stop line; the variance-mean ratio is 
reduced for traffic-actuated control as a 
function of the unit extension 

A third analytical formulation, d3 , is 
introduced to cover the additional delay 
due to an initial queue 

Analytical formulation computes the 
residual queue when die> 1.0; the residual 
queue from one period becomes the initial 
queue for the next period 

Typical Microsimulation 
Treatment 
Microscopic model of gap 
acceptance and follow-up time 

Microscopic model of gap 
acceptance and follow-up time 

Microscopic model of gap 
acceptance and follow-up time 

Microscopic model of gap 
acceptance and follow-up 
time; impliCit effects of right
turn queues 

Microscopic model of gap 
acceptance and follow-up time 
(some tools incorporate 
cooperative merging features) 

Microscopic model of gap 
acceptance 

Microscopic model of lane
changing behavior 

Stochastic lost time applied to 
the first few vehicles in the 
departing queue 

Kinematic model of stopping 
probability 

Embedded logic emulates 
traffic-actuated control 
explicitly; tools vary in the 
level of emulation detail 

These th ree effects are 
combined implicitly in the 
accumulation and discharge of 
individual vehicles over the 
analysis period 

Individual vehicles are 
introduced into entry links 
randomly, on the basis of a 
specified distribution 

Oversaturated operation and 
residual queues are accounted 
for implicitly in the 
accumulation and discharge of 
individual vehicles 
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In addition, when a specific HCM procedure has been developed by using 
simulation results as a surrogate for field data collection, it might be appropriate 
to use the underlying simulation tool directly to deal with complex 
configurations that are not covered in the HCM. 

The following are factm's to consider in the decision to use an alternative 
tool: 

• Is the use of the alternative tool acceptable to the agency responsible for 
approving the decisions that result from its use? 

• Are the necessary resources, time, and expertise available to apply the 
alternative tool? 

• Does the application rely on a traceable and reproducible methodology? 

• Have assumptions used to apply the tool been sufficiently documented? 

• Is sufficient time available for calibration to promote a robust reliance on 
the model output? 

• Are sufficient and appropriate data available to capitalize on or leverage 
the strength of the alternative tool? 

• Are the alternative tool's performance measures (output) defined and 
computed in a manner consistent with the specification given in Chapter 
7, Interpreting HCM and Alternative Tool Results? 

Exhibit 6-2 provides examples of typical alternative tool applications for 
various situations that occur with both interrupted- and uninterrupted-flow 
conditions. Corridor and areawide analyses are also addressed in this exhibit. 
HCM procedures, which focus on points on the roadway and on linear roadway 
systems, tend to have limitations that are best addressed by tools that explicitly 
model corridors and areawide transportation systems. 

For corridor and areawide analysis, aggregation of the results from Volume 2 
and Volume 3 procedures require an intractable amount of data and effort. The 
interaction between individual facilities cannot be accounted for by HCM 
procedures. DTA might be required to balance flows among facilities and to 
model congestion propagation through the network due to oversaturation. 
Examples of promising alternative tool applications include active traffic 
management (ATM), congestion pricing, and freight corridors. 

Alternative tool applications may be most appropriate for the evaluation of 
ATM measures that address operating conditions not explicitly addressed by 
HCM procedures. ATM consists of the dynamic and continuous monitoring and 
control of traffic operations on a facility. Examples of ATM measures include 
congestion pricing, managed lanes, ramp metering, changeable message signs, 
incident response, and speed harmonization (variable speed limits). 

A TM measures, because of their dynamic nature, cannot be adequately 
modeled with HCM procedures. HCM procedures assume steady-state demand 
and control conditions within the typical minimum I5-min analysis period. 
Alternative tool applications that model traffic operations and interactions with 
traffic controls at the minute-by-minute level will be more accurate than HCM 
procedures that model operations at the higher level of temporal aggregation. 
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More information on A TM measures 
and their evaluation can be found in 
Chapter 35, Active Traffic 
Management 

Alternative Tools 
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Exhibit 6-2 
Typical Applications for 

Alternative Traffic Analysis 
Tools 

Alternative Tools 

HCM Chapter Typical Alternative Tool Application 
Typical Applications in Volume 2: Uninterrupted Flow 

Applicable to all uninterrupted-flow 
procedures 

10: Freeway Facilities 

11: Basic Freeway Segments 

12: Freeway Weaving Segments 

13: Freeway Merge and Diverge Segments 

14: Multilane Highways 

Bottlenecks 
Oversaturated flow analysis 
Time-varying demands 
Unbalanced lane use 
Special lane restrictions 
Surveillance, work zones 

Managed lanes 
Surface street traffic control and ramp metering 

See uninterrupted-flow situations above 

Complex weaving areas 

Ramp metering 
High-occupancy-vehicle ramp lanes 

See uninterrupted-flow situations above 

Combination of terrain and traffic 
15: Two-Lane Highways characteristics such as power-weight ratios or 

coefficient of variation of desired speeds 

Typical Applications in Volume 3: Interrupted Flow 
Oversaturated flow analysis (except for 

signalized intersections) 
Bus activity 

Applicable to all interrupted-flow procedures On-street parking 

16: Urban Street Facilities 

17: Urban Street Segments 

18: Signalized Intersections 

19: Two-Way STop-Controlled Intersections 

20: All-Way STop-Controlled Intersections 

21: Roundabouts 

22: Interchange Ramp Terminals 

23: Off-Street Pedestrian and Bicycle Facilities 
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Special lane use 
Queue spill back 
Pedestrian-bicycle interactions 

Multimodal system analysis 

Mix of signals and no signals (stop and yield) 
Effects of mid block bottlenecks 
Signal timing plan development 
Turn bay overflow 

Geometrically offset intersections 
Alternative arrival characteristics 
Phase skips 
Pedestrian actuation 
Timing plan development 

Two-way left turns 
Yield-controlled intersection delay 
TWSC intersection on a signalized arterial 

AWSC intersection on a signalized arterial 

Roundabout on a signalized arterial 
Multilane roundabouts 
Effect of geometrics 
Mixed-mode traffic 

Full cloverleaf interchange 
Backup from freeway segments 
Long-term (Le., multicycle) blockage of 

approaches 

Explicit modeling of pedestrian crossing activity 
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APPLICATION FRAMEWORK FOR ALTERNATIVE TOOLS 

A wide range of tools is available for application to most highway capacity 
and performance analysis situations. Each tool has certain inputs and outputs, 
some of which can support a productive flow of information between tools. This 
section discusses the classes of tools that are available to address different types 
of system elements and suggests a framework for their application. Since the 
application framework differs among system elements, each element will be 
discussed separately. In developing input data for all these elements, it is 
important to reflect local default values. 

Freeways 

The modeling framework for freeways is presented in Exhibit 6-3. Each of 
the tools and procedures can be used in a stand-alone fashion; the potential flow 
of information between them indicates how they might fit into an overall 
analysis structure. 

HCM PLANNING APPLICATIONS 
Demand 

• Rely heavily on default values Percent heavy vehides Density 
Free-flow speed f---+ 

• A good place to begln an analysis when detailed Information 
--I> Average travel speed 

General terrain type on a facility's design and operations is not available 
capacity 

Weaving configuration (Chapter 12) .. May be used to estimate the required number of lanes to 
LOS 

Upstream/downstream ramps (Chapter 13) achieve a given LOS 
II Not generally suitable for detailed operational deciSions 

: Number of fanes 

Demand ~ 
Percent heavy vehicles HeM OPERATIONAL PROCEOURES 

-1 Density I Free~f1ow speed 
--I> • More detailed and specific information on the facility should be Average travel speed 

Roadway cross section Capacity 
Grades available 

LOS 
Weaving configuration (Chapter 12) • Adopted as a standard by many public agencies 

Upstream/downstream ramps (Chapter 13) 

: Free~flow speed .. 
Average travel speed 

Demand MICROSCOPIC SIMULATION TOOLS Average travel time 
Percent heavy vehicles • Each vehicle is propagated through the system as a separate 

Throughput 
Vehicle characteristics entity 

Density 
Driver characteristics --I> • Queue blockage and overflow effects are recognized --I> Queue interactIon 

Free-flow or desired speed • can account for a variety of vehicle performance beb.veen segments 
Reaction time characteristics Interaction between 

Other modeling parameters (to be • can account for a variety of driver behavIor characteristics facilities (including 
adjusted In calibration) • Animated graphics are produced for improved visualization diversion) 

Additional measures 
beyond HCM scope 

The principal classes of tools are 

• The HCM planning applications, which rely heavily on default values for 
parameters; 

• The HCM operational applications that require more detailed inputs in 
place of the default parameter values; and 

• Microscopic simulation tools, as described previously in this chapter. 

Most HCM freeway analysis limitations are apparent when the freeway is 
analyzed as a facility consisting of multiple segments of different types (basic 
segments, ramps, weaving segments, etc.) by using the procedures given in 
Chapter 10, Freeway Facilities. Alternative tools, especially micro simulation 
tools, find a much stronger application to freeway facilities than to individual 
segments. 
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Exhibit 6-3 
Freeway Modeling Framework for 
the HCM and Alternative Tools 

Tools available for modeling freeways 
include HCM planning procedures, 
HCM operational procedures, and 
microscopiC simulation. 

Alternative tools find a much stronger 
application to freeway fadlities than 
to individual freeway segments. 

Alternative Tools 
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Tools available for modeling 
urban streets include the HeM 
quick-estimation method for 
signalized intersections, HeM 
operational methods, arterial 
and network signal-timing 
tools, and microscopic 
simulation. 

Exhibit 6-4 
Urban Street Modeling 

Framework for the HCM and 
Alternative Tools 

Signal-timing tools generate 
signal-timing plans that can be 
used as inputs to HeM 
operational methods or to 
microsimulation tools. 

Alternative Tools 

Urban Streets 

The modeling framework for urban streets, including their intersections, is 
presented in Exhibit 6-4. Each of the tools and procedures can be used in a stand
alone fashion; the potential flow of information between them indicates how they 
might fit into an overall analysis stmcture. The principal classes of tools are 

• The HeM quick-estimation method for signalized intersections, which is 
based primarily on critical movement analysis and default values; 

• The HeM operational methods for urban streets, including all types of 
intersections, which require more detailed traffic inputs and operating 
parameters; 

• Arterial and network signal-timing tools, which produce recommended 
signal-timing plans based on measures that are generally similar to those 
produced by the HeM procedures; and 

• Microscopic simulation tools, as described previously in this chapter. 

Volumes r 
Lane configuration 

Maximum cycle length 
'-----'---"-----' 

I Complete description of ~ 
intersection geometries and 

operating parameters 

HCM QUICK-ESTIMATION METHOD 

• Based on critical movement analysis 
• A good place to begin any intersection analysis 
• Generates initial signal timing plan 
• Produces performance measures for the intersection as a 

whole 
• Not generally suitable for detailed operational decisions 

l [nitlal timing plan 

... 
HCM OPERATIONAL PROCEDURE 

• More detailed analysis with additional input data 
• Produces performance measures by lane group 
• Adopted as a standard by many public agencies 

: 4' 

-1 Volume-to-capacity ratio I 
Intersection status (over

or undersaturated) 

Volume-to-capacity ratio 
Control delay - Maximum queue length 

LOS 
Number of stops 
Average speed 

Saturation fiow rates ~ Implementable timing plan 
: .-

ARTERIAL AND NETWORK TIMING TOOLS H Optimal signal timing plan 

Complete description of • Each vehicle i~ propagated through the system as a separate 
Volume-to-capacity ratio intersection geometries and entity 

operating parameters f-----+ • Queue blockage and overflow effects are recognized f-----+ Control delay 

Link characteristics (length • Can account for a variety of vehicle performance Maximum queue iength 
LOS and speed) characteristics 

Number of stops • Can account for a variety of driver behavior characteristics 
• Animated graphics are produced for improved visualization Average speed 

Fuel consumption 
: 

Implementable timing plan 

.-
MICROSCOPIC SIMULATION TOOLS 

Complete description of 
• Each vehicle is propagated through the system as a separate VOlume-to-capacity ratiO 

Intersection geometries and 
entity, with updates at each time step Centrol delay 

operating parameters 
• Queue blocking and overflow effects are recognized 

Maximum queue length 
Link characteristics (length f-----+ • Each movement is treated Individually, as opposed to lane f-----+ 

LOS 
and speed) group aggregation Number of stops 

More calibration of input data • Animated graphics are produced for improved visualization 
Average speed 

is required to produce • Better representation of the interactions between lanes and Fuel consumption 

credible results adjacent intersections and performance of origin-destination Air quality measures 

flows 

Source: Signalized intersections: informational Guide (11). 

Signal-timing tools are mostly based on macroscopic analytical models of 
traffic flow. Because they are the only class of urban street analysis tool that 
generates a signal-timing plan design, they are frequently used as an alternative 
tool for this purpose. The signal-timing plan may be fed into the HeM 
operational analysis or used as input to a microsimulation tool. 
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Microsimulation tools are used in urban street analysis, mainly to deal with 
complex intersection phenomena beyond the limitations of the HCM. These tools 
evaluate interactions between arterial segments, including the effect of various 
types of unsignalized intersections. They are also applied in evaluating networks 
and corridors with parallel facilities with the use of DTA routines. 

Two-Lane and Multilane Highways 

At this point, there is minimal application of alternative tools for the analysis 
of either type of highway. The HCM is the only macroscopic deterministic tool in 
common use, although some states such as Florida have developed their own 
analysis tools that implement derivatives of HCM procedures (12). At the time of 
writing, micro simulation models were in various stages of development. Some 
two-lane highway simulation tools were beginning to emerge, but there was 
insufficient experience to provide guidance for their use as an alternative to the 
methodology provided here. 

Corridor and Areawide Analysis 

Corridor and areawide analysis is an important application for alternative 
tools. The HCM procedures deal mainly with points and segments and are 
limited in their ability to recognize the interaction between segments and 
facilities. The overall modeling framework for corridor and areawide analysis is 
presented in Exhibit 6-5, which shows the relationship of the HCM to the broad 
field of corridor and areawide analysis models. 

Trip Generation 
Parameters ro 

c 
o 
'61 ~ 

/ Network Partitions 

rid +- O-D Parameters 
Is 

~ 
Calibration --

.. Mes 
Calibration -- Sinl 

HeM mes 
5 2 and 3 

"0 ·c 
'-o 

U 

Macroscopic 

pic 
. +- O-D Parameters Ion 

I
.. Mic 

Ca Ibratlon -- S. 1m 
pic 

tion 

Microscopic 

Modeling Detail 
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Microsimulation tools are used to deal 
with complex intersedion interactions 
beyond the limitations of the HCM. 

At the time of writing, the HCM was 
the only deterministic tool in common 
use for two-lane and multilane 
highways. 

Corridor and areawide analysis is 
probably the most important 
application for alternative tools. 

Exhibit 6-5 
Corridor and Areawide Analysis 
Modeling Framework for the HCM 
and Alternative Tools 

Alternative Tools 
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The selection of a model class 
(microscopi~ mesoscopi~ or 
hybrid) reflects a trade-off 
between coverage area and 
modeling detail. 

The tool selected for a given 
analysis needs to provide 
performance measures that 
realistically reflect the 
attributes of the problem being 
studied. 

Alternative Tools 

An excellent reference for corridor and areawide simulation (13) is emerging 

from a U.S. Department of Transportation research initiative on integrated 
corridor modeling, providing detailed guidance on the conduct of large-scale 
simulation projects. This section presents an overview of corridor and areawide 
simulation from the perspective of HeM users, but considerably more detailed 

information is presented in the report (13), including a more detailed analysis 

framework. 

The framework for corridor and areawide analysis differs from the 
framework presented for freeways and urban streets in three ways: 

1. The HeM procedures account for a much smaller part of the modeling 
framework. 

2. Different levels of simulation modeling are represented here. Simulation 

of urban streets and freeways is typically performed only at the 
microscopic level. 

3. The framework is two-dimensional, with the coverage area as one 
dimension and the modeling detail as the other. 

The various model classes shown in Exhibit 6-5 depict the trade-off between 

these characteristics. The trade-off between coverage area and modeling detail is 
evident: 

• Microscopic simulation provides more detail and more coverage than the 
HeM procedures. The additional detail comes from the microscopic 

nature of the model structure. The additional coverage comes from the 
ability to accommodate multiple links and nodes. 

• Mesoscopic simulation provides more coverage with less modeling detail 
than microscopic simulation. In addition to accommodating larger areas, 
mesoscopic models are computationally faster than microscopic models 
and are thus well suited to the iterative simulations required for DTA, 
which can be time-consuming. 

• Hybrid modeling uses network partitioning to treat more critical parts of 
the system microscopically and less critical parts mesoscopically-or even 
macroscopically. In this way, the regional coverage may be expanded 
without losing essential detail. A typical application for hybrid modeling 
might be interurban evacuation analysis, which must accommodate a 
very large geographical area without loss of detail at critical intersections 
and interchanges. 

Some examples of corridor modeling are presented in Volume 4 of the HeM. 

PERFORMANCE MEASURES FROM ALTERNATIVE TOOLS 

Before the analyst can select the appropriate tool, the performance measures 

that realistically reflect attributes of the problem under study must be identified. 
For example, when oversaturated conditions are studied, it is necessary to use a 
tool that qUaI"ltifies the effects of queuing as well as stops and delay. If the 

methodologies presented in Volumes 2 and 3 do not provide a particular 
performance measure of interest to the analyst (e.g., fuel consumption and 
emissions), an alternative tool might be required. Exhibit 6-6 provides a 
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summary of important performance measures for the procedures discussed in 
Volumes 2 and 3. The applicability of the HCM procedures and alternative tools 
is indicated for each chapter in this exhibit. 

Uninterrupted-Flow Chapters (Volume 2) 
% Time 

Through- Spent Passing! Environ- Demandl 
HCM Chapter Speed Delay put Density Following Overtaking mental Capacity 
10. Freeway Facilities H,A 

H,A 
H,A H,A H,A X X H X 

11. Basic Freeway Segments A H,A H,A X X A H 
12. Freeway Weaving 

Segments 
13. Freeway Merge and 

Diverge Segments 
14. Multilane Highways 
15. Two-Lane Highways 

HCM Chapter 
16. Urban Street Facilities 
17. Urban Street Segments 
18. Signalized Intersections 
19. TWSC Intersections 
20. AWSC Intersections 
21. Roundabouts 
22. Interchange Ramp 

Terminals 
23. Off-Street Pedestrian 

and Bicycle Facilities 

Notes: Applicability codes: 

H,A A H,A H, A X X 

H,A A H,A H,A X X 

H, A A H, A H, A X X 
H, A H H A H H, A 

Interrupted-Flow Chapters (Volume 3) 

Delay 
H,A 
H,A 
H,A 
H,A 
H,A 
H,A 

H,A 

X 

Stops 
A 
A 
A 
A 
A 
A 

A 

X 

Through- Queue Cycle Environ-
put length Failure mental 
H, A H, A A A 
H,A H,A A A 
H, A H, A A A 
H, A H, A X A 
H,A H, A X A 
H,A H, A X A 

H, A H, A A A 

X X X X 

A 

A 

A 
A 

Speed 
H,A 
H,A 

X 
A 
A 
A 

X 

H 

• H: Performance measures computed by the HCM and some deterministic tools with similar 
computational structures. 

• A: Performance measures computed by alternative tools (mostly simulation-based). 
• X: Performance measures do not apply to this chapter. 

TWSC: Two-way STop-controlled. AWSC: All-way STop-controlled. 
Source: Adapted from Dowling et al. C"",. 

H 

H 

H 
H 

Demandl 
Capacity 

H 
H 
H 
H 
H 
H 

H 

H 
(pedestrian) 

If an alternative tool is used to analyze highway capacity and quality of 
service, then the performance measures generated by the tool should, to the 
extent possible, be compatible with those prescribed by the HCM. Alternative 
tools frequently apply the same terminology to performance measures as the 
HCM, but divergent results are often obtained from different tools because of 
differences in definitions and computational methods. General guidance on 
reconciling performance measures is given in Chapter 7, Interpreting HCM and 
Alternative Tool Results. More specific guidance on dealing with performance 
measures from alternative tools is given in several of the procedural chapters in 
Volumes 2 and 3. 

TRAFFIC ANALYSIS TOOL SELECTION CRITERIA 

The success of a traffic analysis project depends on the selection of the best 
tool or tools for the purpose, followed by the proper application of the selected 
tools. Both of these issues are addressed in detail in the Traffic Analysis Toolbox, 
and the guidance provided in the Toolbox should be studied thoroughly before a 
major traffic analysis project is undertaken. 

Determining Project Scope 

A properly defined problem and project scope are essential prerequisites to 
the correct selection of tools or procedures for the project. Answers to the 
following questions will assist in scoping the project: 
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Exhibit 6-6 
Principal Performance Measures 
from the HCM and Alternative 
Tools 

When an alternative tool is used to 
analyze highway capacity and quality 
of selVice, its performance measures 
should Ideally be compatible with 
those prescribed by the HCM. 
Chapter 7 provides general guidance 
on this topic, while selected chapters 
in Volumes 2 and 3 provide specific 
guidance for certain system 
elements. 

Questions to ask during the scoping 
of a traffic analysis project 

Alternative Tools 
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Use the Limitations of the 
Methodology and Special 
Cases sections of Volume 2 
and 3 chapters to assess the 
appropriateness of the HCM 
methodology for a given 
analysis. 

Every traffic analysis too" 
depending on the application, 
has its own strengths and 
weaknesses. 

Alternative Tools 

1. What is the operational performance problem or goal of the study? 

2. Does the network being studied include urban streets, freeways, rural 
highways, or any combination of them? 

3. Are multiple routes available to drivers? 

4. What are the size and topology (isolated junctions, linear arterial, grid) of 
the network? 

5. What types of roadway users (cars, carpools, public transit vehicles, 
trucks, bicycles, pedestrians) should be considered? 

6. What traffic control methods (regulatory signs, pretimed signals, achtated 
signals, real-time traffic-adaptive signals, and ramp-metering signals) 
should be considered? 

7. Should oversahtrated traffic conditions be considered? 

8. Does the network involve specialized traffic control or intelligent 
transportation system (ITS) features that are not covered by the HCM? 

9. What is the duration of the analysis period? 

10. Do the geometric conditions of the roadway facility change during the 
analysis period? 

11. Does the traffic demand fluctuate significantly during the analysis 
period? 

12. Does the traffic control change during the analysis period? 

13. What output and level of detail are anticipated from the tool? 

14. What information is available for model input, model calibration, and 
validation? 

15. Are multiple methods available for consideration in the analysis? 

Assessing HeM Methodologies 

Another essential step in the analysis tool selection process is to assess the 
capability of the existing HCM methodologies and to determine whether these 
methodologies can be applied (in whole or in part) to the issues that were raised 
in the project-scoping step. In addressing these issues, two major questions 
should be answered: What are the limitations of the HCM methodologies? Can 
the limitations be overcome? Limitations of the existing HCM methodologies for 
each facility type are identified in the procedural chapters of Volumes 2 and 3 of 
this manual. If it is determined that an alternative tool is needed or advisable, 
then the most appropriate tool must be selected. 

Selecting a Traffic Analysis Tool 

Each analytical or simulation model, depending on the application, has its 
own strengths and weaknesses. It is important to relate relevant model features 
to the needs of the analysis and determine which tool satisfies those needs to the 
greatest extent. Both deterministic and simulation-based tools could be 
candidates for overcoming HCM limitations. In most cases, however, 
deterministic tools will exhibit limitations similar to the HCM procedures, which 
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are also deterministic. Deterministic tools also tend to work at the same 
macroscopic level as the HCM. The main applications for alternative 
deterministic tools fall into the following categories: 

• Signal-timing plan design and optimization, 

• Proprietary deterministic models that offer features not found in the 
HCM, 

• Proprietary tools that exchange data with other traffic analysis software, 
and 

• Roundabout analysis tools that deal with geometric and operational 
parameters beyond the scope of the HCM. 

Simulation tools will generally be chosen to deal with situations that are too 
complex to model as a deterministic process. The balance of this discussion deals 
primarily with microscopic simulation tools. 

Model Development Environment and Process 

The manner in which the modeling logic was developed is an important 
consideration in the selection of a traffic analysis tool. The credibility of results 
from a simulation model depends on the process by which it was designed, 
implemented, and tested. A comprehensive document (14) describes /La formal 
process used to verify the model's reproducibility of traffic conditions in the 
development of a traffic flow simulation model." The intent is to prescribe a set 
of requirements to which all tools should conform. There is no attempt to 
compare the merits of different tools. 

The proper simulation model development process is described in terms of 
the following steps. The desirable attributes of each of these steps are described: 

• Determination of model specifications, 

• Contrivance of the model operation principles, 

• Programming and debugging, 

• Verification using virtual data, and 

• Verification using actual data. 

The traffic phenomena to be modeled through simulation are identified, and 
the theoretical basis for dealing with each one in a traffic model is described: 

• Generation of vehicles, 

• Bottleneck capacity or saturation flow rate at alink's downstream end, 

• Drawing and elimination of breakdown and shock wave propagation 
speed, 

• Capacity of the merge/diverge area and the merge/diverge ratio, 

• Decrease in the left-turn capacity due to opposing traffic in a signalized 
intersection, and 

• Route selection behavior. 

Users who are unfamiliar with the operation of their candidate simulation 
tools may wish to consult this document for informational purposes. 
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Key model features to 
consider. 

Alternative Tools 

Model Capabilities 

A review of modeling capabilities is probably the most important aspect of 
selecting a simulation tool. Simulation model results may be of no value if the 
model is not capable of addressing the project-scoping issues raised in the initial 
step. Some key features can be used to evaluate a model's capabilities, such as 
size of network, network representation, traffic representation, traffic 
composition, traffic operations, traffic control, and model output. 

• Size of network. Most tools limit the size of network that can be analyzed 
and the number of vehicles that can be accommodated. The key network 
parameters limited by the tool include number of nodes, number of links, 
number of lanes per link, and number of sign- or signal-controlled 
intersections. 

• Network representation. Network representation refers to the to01's ability 
to represent the network geometries for urban streets, freeways, rural 
highways, or any combination, ranging from single intersections to grid 
networks. For urban streets, major geometric elements include lane 
channelization at intersections, turning pockets, and bus bays and stops. 
For freeways, major geometric elements are acceleration lanes, 
deceleration lanes, auxiliary lanes, on-ramps, off-ramps, lane additions, 
lane drops, horizontal curvature, and grade. Elements for rural highways 
include grade, curvature, passing and no-passing zones, and sight 
distance for overtaking and passing. 

• Traffic representation. The representation of how traffic flows in the model, 
especially the level of aggregation, is an important consideration. Because 
of their microscopic and stochastic nature, microscopic models can 
simulate sophisticated vehicle movements, allowing analysts to perform 
complex traffic analyses such as those for weaving areas. In contrast, 
mesoscopic aI1.d macroscopic models are generally not appropriate for 
evaluating complex traffic conditions, since they use aggregate measures 
of flow or density to describe vehicle movements. 

• Traffic composition. Traffic composition represents the mix of cars, buses, 
trucks, carpools, and bicycles in the network and is used to incorporate 
the differences in performance characteristics among types of vehicles 
and modes. Special attention needs to be given to the selection of the 
analysis tool when networks with dedicated accommodation for 
nonautomobile modes are involved. 

• Traffic operations. The model should be capable of representing real-world 
traffic operations such as complex merging, diverging, and weaving 
maneuvers at interchaI1.ges, high-occupancy-vehide lanes, bus transit 
operations, lane channelization at intersections, lane restrictions, lane 
blockages, and parking activities. 

• Traffic control. For street intersections, control methods include YIELD 

signs, two-way STOP signs, all-way STOP signs, pretimed signals, actuated 
signals, real-time traffic-adaptive control signals, and traffic-responsive 
control systems. Those commonly used for freeway on-ramps include 
pretimed controt demand and capacity control, occupancy control, speed 
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control, high-occupancy-vehicle priority at ramps, integrated (areawide) 
ramp control, ramp-metering optimization, and dynamic real-time ramp
metering control with flow prediction capabilities. Signal coordination 
between traffic signals or between on-ramp signals and traffic signals on 
adjacent streets may also need to be considered. 

• DTAfeatures. When a network involves multiple routes that present a 
choice to the driver, the model must employ dynamic assignment logic to 
distribute the vehicles over the available paths in a realistic way. 
Simulation models offer vmying degrees of DTA features and may allow 
for various influencing factors to be included in the decision process to 
reflect driver behavior. DTA models are discussed in more detail later in 
this chapter. 

• Other ITS devices. In addition to the ITS elements in the traffic control 
category, tools may be able to model the effects of other ITS devices, such 
as in-vehicle navigation systems, dynamic message signs, incident 
management, smart work zones, or intervehicle communication 
technologies. 

• Real-time process control features. Many tools offer the ability to 
communicate directly with other processes invoked in either hardware or 
software. Examples include intersection signal controllers and large-scale 
network traffic management systems. Most highway capacity analysis 
projects will not require features of this type. However, when complex 
networks with ITS elements are involved, the ability of a simulation tool 
to communicate directly with the outside world might become a 
significant factor in the select~on of the proper tool. 

Above all, the analyst should review the user's guide for the selected tool to 
get a more detailed description of its characteristics. 

User Interface 

The user interface includes all of the features of a tool that supply input data 
from the user to the model and output data from the model to the user. 
Simulation tools vary in the nature of their user interface. To some extent, the 
suitability of the user interface is a matter of individual preference. However, a 
highly developed user interface can offer a better level of productivity for larger 
and more repetitive tasks. Selection criteria related to the user interface include 

• The amount of training needed to master its operation, 

• The extent to which it contributes to productive model rullS, 

• The extent to which it is able to import and export data between other 
processes and databases, and 

• Special computational features that promote improved productivity. 

The following are the principal elements associated with the user interface: 

• Inputs. Most of the inputs required by the model will be in the form of 
data. In most cases, the input data will be entered manually. Most tools 
offer some level of graphic user interface to facilitate data entry. Some 
tools also offer features that import data directly from other sources. 
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• Outputs. Two types of outputs are available from simulation tools: 
graphics files and static performance measures. Graphics files provide 
graphics output, including animation, so that users can visually examine 
the simulation model results. Static performance measures provide 
output for numerical analysis. Both types of outputs may be presented 
directly to the user or stored in files or databases for postprocessing by 
other programs. 

• Multiple-run support. The stochastic nature of simulation models requires 
multiple runs to obtain representative values of the perfomlance 
measures. Chapter 7, Interpreting HeM and Alternative Tool Results, 
provides guidance on the number of runs required under specific 
conditions. The ability of a tool to support multiple runs is an important 
selection criterion. Multiple-run support includes processing functions 
that perform a specified number of runs automatically and 
postprocessing functions that accumulate the results from individual runs 
to provide average values and confidence intervals. 

Data Availability 

The next criterion identifies data requirements and potential data sources so 
that the disparity between data needs and data availability can be identified. In 
general, microscopic models require more intensive and more detailed data than 
do mesoscopic and macroscopic models. Three different types of data are 
required to make the application of the traffic simulation model successful: data 
for model input, data for model calibration, and data for model validation. 

Data for Model Input 

The basic data items required to describe the network and the traffic 
conditions to be studied can be categorized into four major groups: 

1. Transportation network data. Simulation tools incorporate their network 
representation into the user interface, and some differences are observed 
among different tools. Most simulation models use a link-based scheme in 
which links represent roadway segments that are connected in some 
manner. The required link data include endpoint coordinates, link length, 
number of lanes per link, lane additions, lane drops, turning pockets, lane 
channelization at intersections, grade, and horizontal curvature. The 
connector data describe the manner in which the links are connected, 
including the permissible traffic movements, type of control, and lane 
alignment. 

2. Traffic control and ITS data. Detailed control data should be provided for 
all control points, such as street intersections or freeway on- and off
ramps. Sign controls include YIELD signs, two-way STOP signs, and all-way 
STOP signs. Signal controls include pretimed signals, actuated signals, or 
real-time traffic-adaptive signals. Ramp-metering control methods 
include all of the modes described earlier. Timing data are required for all 
signal controls. Detector data such as type and location of the detector are 
required for actuated and traffic-adaptive signals. Any special ITS 
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features involved in a project will create a need for additional data 
describing their parameters. 

3. Traffic operations data. To represent the real-world traffic environment, 
most simulation tools take link-specific operations data as input, such as 
parameters that determine roadway capacity, lane use, lane restriction, 
desired free-flow speed, high-occupancy-vehicle lanes, parking activities, 
lane blockages, and bus transit operations. 

4. Traffic demand data. Different tools may require traffic demand data in 
different formats. The most commonly used demand data are traffic 
demand at the network boundary or within the network, traffic turning 
percentages at intersections or freeway junctions, 0-0 trip tables, path
based trips between origins and destinations, and traffic composition. 

Data for Model Calibration 

Calibration was defined previously as the process by which the analyst 
selects the model parameters that cause the model to best reproduce field
measured local traffic operations conditions. Vehicle and driver characteristics, 
which may be site-specific and require calibration, are the key parameters. These 
data take the form of scalar elements and statistical distributions that are 
referenced by the model. In general, simulation models are developed and 
calibrated on the basis of limited site-specific data. The development data may 
not be transferable and therefore may not accurately represent the local situation. 
In that case, the model results should be interpreted with caution, and the default 
parameters that must be overridden to better reflect local conditions should be 
identified. Most simulation tools allow the analyst to override the default driver 
behavior data and vehicle data to better match local conditions, thereby allowing 
for model calibration. The calibration process should be documented, traceable, 
and reproducible to promote a robust analysis. 

1. Driver behavior data. Driver behavior is not homogeneous, and thus 
different drivers may behave differently in the same traffic conditions. 
Most microscopic models represent stochastic or random driver behavior 
(from passive to aggressive drivers) by taking statistical distributions of 
behavior-related parameters such as desired free-flow speed, queue
discharge headway, modeling parameters for lane changing and car 
following, and driver response to advance information and warning 
signs. 

2. Vehicle data. Vehicle data represent the characteristic," and performance of 
the types of vehicles in the network Different vehicle types (e.g., cars, 
buses, single-unit trucks, semitrailers) have different characteristics and 
performance attributes. They vary in terms of vehicle length, maximum 
acceleration, maximum deceleration, emissions rate, and fuel 
consumption rate. All traffic simulation tools provide default vehicle 
characteristics and performance data. These data need to be overridden 
only when the local vehicle data are known to be different from the 
default data provided by the tool or when the default values do not 
provide reasonable results. 
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Data Sources 

Data collection is costly. Analysts should explore all possibilities to leverage 
previously collected data. The analyst should identify which data are currently 
available and which data need to be collected in the field. Most static network, 
traffic, and control data can be collected from local agencies. Such data include 
design drawings for geometries, signal-timing plans, actuated controller settings, 
traffic volume and patterns, traffic composition, and transit schedules. 

Ease of Use 

Simulation models use assumptions and complex theories to represent the 
real-world dynamic traffic environment. Therefore, an input-output graphical 
display and debugging tools that are easily understandable are important criteria 
to consider in selecting a tool. Although ease of use is important in a simulation 
tool, the fact that a particular tool is easy to use does not necessarily imply that it 
is the correct choice. The following five criteria can be considered in assessing the 
ease of use of a simulation tool: 

• Preprocessor: input data handling (user-friendly preprocessor); 

• Postprocessor: output file generation for subsequent analysis; 

• Graphics displays: graphic output capabilities, both animated and static; 

• Online help: quality of online help support; and 

• Calibration and validation: ability to provide guidelines and data sets for 
calibration and validation. 

Required Resources 

The following issues with regard to resources should be addressed in 
selecting a traffic analysis tool: 

• Costs to run the tool. Examples are costs for data collection and input 
preparation, hardware and software acquisition, and model use and 
maintenance. 

• Staff expertise. Intelligent use of the tool is the key to success. The analyst 
should understand the theory behind the model to eliminate improper 
use and avoid unnecessary questions or problems during the course of 
the project. 

• Technical support. Quality and timely support are important in the 
acquisition of a tool. 

User Applications and Past Performance 

Credibility and user acceptance of a tool are built on the tool's past 
applications and experiences. No tool is error-free when first released, and all 
require continuous maintenance as well as periodic enhancements. 

Verification and Validation 

It is important to assess how extensively a given model has been verified. In 
many cases, but not all, simulation models are also validated as part of the 
formulation and development process. Certainly those that have been validated 
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are nominally better to use than those that have not been validated. Generally, 
models that have been in use for some time are likely to have been assessed and 
validated by various researchers or practitioners who are using them. It is useful 
to look for evidence of validation in professional journals and periodicals. 

APPLICATION GUIDELINES FOR SIMULATION TOOLS 

This section presents general guidance for the use of simulation-based traffic 
analysis tools for capacity and performance analysis. More detailed guidance for 
the application of these tools to specific facilities is presented in the procedural 
chapters of Volumes 2 and 3. Additional information, including sample 
applications, may be found in Volume 4 and in the Traffic Analysis Toolbox (3) 
mentioned earlier in this chapter. 

After the project scope has been determined and the tool has been selected, 
several steps are involved in applying the tool to produce useful results. 

Assembling Data 

Data assembly involves collecting the data required (but not already 
available) for the selected tool. Data collection is costly. Analysts should 
capitalize on previous modeling efforts and identify data available through local 
agencies. When existing data are assembled, users should develop a 
comprehensive plan for collecting data that are missing. In some cases, a pilot 
data collection effort may be needed to ensure that the developed data collection 
plan is workable before a full-scale effort is conducted. 

An important part of the data assembly process is a critical review of all data 
items to ensure the integrity of the input data set. Of special concern are the 
continuity of traffic volumes from segment to segment and the distribution of 
turning movements at intersections and ramp jlllctions. Each data item should 
be checked to ensure that its value lies within reasonable bounds. 

Entering Data 

Once all required data are in hand, the next step is to create the input files in 
a format required by the selected tool. The following are the most commonly 
used methods for creating input files: 

• Importing from a traffic database. Many analysts have large amounts of data 
in a variety of formats for the general purpose of traffic analysis. Such 
databases can be used to create input files. 

• Converting from the existing data of other tools. Many traffic models use the 
same or similar data for modeling purposes so that these data may be 
shared. Some traffic simulation tools are accompanied by utility programs 
that allow the user to convert data into input files required by other tools. 

• Entering the data from scratch. Many traffic analysis tools have their own 
specific input data preprocessors, which aid the analyst with input data 
entry and review. These advanced features of the input data preprocessor 
eliminate cumbersome coding efforts. In addition, some input 
preprocessors include onHne help features. 
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Calibrating and Validating Models 

The model should be run with the data set describing the existing network 
and traffic scenarios (i.e., the baseline case), and the simulation results should 
then be compared with the observed data collected in the field. The primary 
objective of this activity is to adjust the parameters in the model so that 
simulation results correspond to real-world situations. 

Several critical issues must be addressed when an initial simulation model 
run is conducted for the baseline case. First, the model should be able to 
represent the initial state of the traffic environment before any statistics can be 
collected for analysis. Second, the time should be long enough to cover the entire 
analysis period. Third, if the model can handle time-varying input, the analyst 
should specify, to the extent possible, the dynamic input conditions that describe 
the traffic enviromnent. For example, if 1 h of traffic is to be simulated, the 
analyst should always specify the variation in demand volumes over that hour at 
an appropriate level of detail rather than specifying average, constant values of 
volume. 

Finally, the analyst should know how to interpret the simulation model 
results, draw inferences from them, and determine whether they constitute a 
reasonable and valid representation of the traffic environment. Given the 
complex processes taking place in the real-world traffic environment, the user 
must be alert to the possibilities that the model's features may be deficient in 
adequately representing some important process; that the specified input data, 
calibration, or both are inaccurate or inadequate; that the results provided are of 
insufficient detail to meet the project objectives; that the statistical analysis of the 
results is flawed (as discussed in the follOWing section); or that the model has 
bugs or that some of its algorithms are incorrect, thereby necessitating revision. If 
animation displays are provided by the model, this option should always be 
exercised to identify any anomalies. 

If the simulation model results do not reasonably match the observed data 
collected in the field, the user should identify the cause-and -effect relationships 
between the observed and simulated data and the calibration parameters and 
perform calibration and validation of the model. Information on calibration and 
validation of models may be found in the Traffic Analysis Toolbox (1-3) and in the 
references listed in Volume 4. 

Special Considerations for DTA 

The term "traffic assigmnent" traditionally refers to the process of 
computing path demands, or path input flows, given a network and an O-D 
demand matrix (trip table). In microscopic simulation models, this process is 
implemented as a route-choice model that is executed independently for each 
driver (vehicle) in the simulation. Using explicit routes to move vehicles through 
the simulation obviates the use of turning proportions at nodes. Routes and route 
flows may also be implicitly represented in a model by splitting rates, which are 
turning proportions at nodes by destination. Route flows can have a significant 
impact on model outputs such as LOS, since they playa key role in determining 
the local traffic demand on any given section of road. 
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Regardless of the implementation, traffic assignment is relevant whenever 
demand is defined in the form of an O-D matrix (static or time-varying) and 
multiple routes are available for some O-D pairs. It is particularly relevant when 
congestion affects the travel times on some of these routes. DT A produces 
time-varying path flows (or splitting rates) by using a dynamic traffic model that 
is either mesoscopic or microscopic. DTA models normally permit the demand 
matrix to be time-varying as well. The assignment model (routing decision) is 
based on a specific objective, which is predominantly the minimization of travel 
time, but will also take other factors such as travel cost (e.g., tolls or congestion 
pricing) and travel distance into consideration. 

A fundamental issue concerning the role of travel time in route choice is that 
the actual travel time from origin to destination cannot be known in advance: it 
results from the collective route choices of all the drivers. Thus, the input to the 
routing decision (travel time) depends on the decision itself (route choice), 
forming a logical cycle. This type of problem can be solved with an iterative 
algorithm that repeats the simulation several (or many) times over,. imitating the 
day-to-day learning process of drivers in the real world. At each iteration (or 
If day") the assignment is adjusted until the route-choice decisions are consistent 
with the experienced travel times: this is referred to as the user-optimal solution. 
In practice, an approximation to the user-optimal route flows is often determined 
by using a "one-pass" (noniterative) assignment in which drivers repeatedly 
reevaluate their routes during a single simulation nm. The choice of method 
depends on network characteristics and modeling judgment. 

The assignment (routing) component of a DTA model may be deterministic 
or stochastic in nature, independent of whether the traffic model is deterministic 
or stochastic. In general, both approaches can produce good results as long as 
they produce route choices that are consistent with the routing objective, for 
example, the minimization of generalized travel cost. The generalized cost is 
determined from the combination of a range of factors, such as travel time, travel 
distance, and direct costs (e.g.! tolls), by applying relative weights to each of 
these factors, which typically differ by user class. 

DTA applications are not trivial. Whereas single route applications are 
typically implemented by one analyst, DTA applications to large-scale systems 
are more likely to involve a team of analysts with a broader range of skills and 
experience. A comprehensive reference on DTA has been written by the 
Transportation Research Board's Committee on Network Modeling (15). 

Analyzing Output 

Proper output analysis is one of the most important aspects of any study 
using a simulation model. A variety of techniques are used, particularly for 
stochastic models, to arrive at inferences that are supportable by the output. 

When the model is calibrated and validated, the user can conduct a statistical 
analysis of the simulation model results for the baseline case with calibrated 
parameters. If the selected simulation model is stochastic in nature, simulation 
model results produced by a single run of the model represent only point 
estimates in the sample population. Typical goals of data analysis using output 
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from stochastic-model experiments are to present point estimates of the 
performance measures and to form confidence intervals around these estimates. 
Point estimates and confidence intervals for the performance measures can be 
obtained from a set of replications of the system by using independent random 
number streams. The analyst should refer to previous studies for details on the 
design and analysis of stochastic simulation models in the Traffic Analysis Toolbox 
(1-3) and in Volume 4 of the HeM. 

Analyzing Alternatives 

When satisfactory simulation model results are obtained from the baseline 
case, the user can prepare data sets for alternative cases by varying geometry, 
controls, and traffic demand. If the model is calibrated and validated on the basis 
of the observed data, values of the calibrated parameters should also be used in 
the alternatives analysis, assuming that driver behavior and vehicle 
characteristics in the baseline case are the same as those in the alternative cases. 

Traffic simulation models produce a variety of performance measures for 
alternatives analysis. As discussed previously, the user should identify what 
model performance measures and level of detail are anticipated. These 
performance measures, such as travel time, delay, speed, and throughput, should 
be quantifiable for alternatives analysis. Some tools provide utility programs or 
postprocessors, which allow users to perform the analysis easily. If animation is 
provided by the toot the user can gain insight into how each alternative 
performs and can conduct a side-by-side comparison graphically. 
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APPENDIX A: DEVELOPING LOCAL DEFAULT VALUES 

A default value is a constant to be used in an equation as a substitute for a 
field-measured (or estimated) value. Default values can be used for input 
parameters or caljbration factors. The value selected should represent a typical 
value for the conditions being analyzed. Default values are generally used for 
planning, preliminary engineering. or other applications of the HCM that do not 
require the accuracy provided by a detailed operational evaluation (A-I). They 
can be applied to any of the modes addressed by the HCM. 

Local default values can be developed by conducting measurements of "raw 
data" in the geographic area where the values are to be applied. Typically, 
default values are developed for roadway or traffic characteristics to identify 
typical conditions of input variables for planning or preliminary engineering 
analysis. Default values should not be applied for input variables that can 
significantly influence the analysis results. For interrupted-flow facilities, these 
sensitive input variables include peak hour factor, traffic signal density, and 
percent heavy vehicles. For uninterrupted-flow facilities, these sensitive input 
parameters include free-flow speed, peak hour factor, and specific grade. In 
developing generalized service volume tables for daily service volumes, the K

and D-factors selected must be consistent with measured local values. 

When local default values are developed, the raw data should be collected 
during the same time periods that will be used for analysis-typically during 
weekday peak periods. In some cases, the peak IS-min period is recommended 
as the basis for computation of default values because this time period is most 
commonly used for capacity and LOS analysis. 

Input parameters that describe the facility type, area type, terrain type, and 
geometric configuration (such as lane width, segment length, and interchange 
spacing) are readily available to the analyst. Default values for these parameters 
should not be used. 

REfERENCE 
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Default values are generally used for 
HeM applications that do not require 
the accuracy provided by a detailed 
operational evaluation. 

Default vallies should not be applied 
for input variables that can 
signifiCantly influence the analysis 
results. 

This reference can be found in the 
Technical Reference Library in 
Volume 4. 
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This appendix focuses on the 
automobile mode. To the 
limited extent that modal 
demand is an input to 
nonautomobl7e modes' LOS 
procedure~ this material could 
also be applied to 
nonautomobile modes. 

A specific roadways 
characteristics are unlikely to 
match exactly the default 
values used to generate a 
service volume table. 
Therefore, conclusions drawn 
from such tables should be 
considered to be rough 
approximations. 

APPENDIX B: DEVELOPING LOCAL 
SERVICE VOLUME TABLES 

INTRODUCTION 

As discussed in the body of this chapter, service volume tables can provide 
an analyst with an estimate of the maximum number of vehicles a system 
element can carry at a given LOS. The use of a service volume table is most 
appropriate in certain planning applications in which evaluation of every 
segment or node within a study area is not feasible. Once potential problem areas 
have been identified, other HCM tools can be used to perform more detailed 
analyses for just those locations of interest. 

To develop a service volume table, the analyst needs to develop a default 
value for each of the input parameters. Ine choice of default value can have a 
significant impact on the resulting service volume for a given LOS. For this 
reason, great care should be used to develop default values that the analyst 
believes are most appropriate for the local condition. When results are 
particularly sensitive to a particular input parameter, a range of default values 
should be considered for that parameter. The application of sensitivity analyses 
is discussed in more detail in Chapter 7, Interpreting HCM and Alternative Tool 
Results. 

When the service volume table is applied, it is important to recognize that 
not all of the input parameters for the various roadway segments being 
evaluated are likely to match the default inputs. Accordingly, conclusions drawn 
from the application of service volume tables should be considered to be, and 
presented as, rough approximations. 

TABLE CONSTRUCTION PROCESS 

Service volume tables can be generated for a given system element by 
selecting appropriate input parameter values and applying software to back
solve for the maximum volume associated with a particular LOS. The procedure 
is as follows (B-1): 

1. Determine all of the nonvolume default values to be used in developing 
the service volume table (e.g., number of lanes, peak hour factor, 
percentage of heavy vehicles, area type, K- and D-factors), in accordance 
with the guidance in Appendix A. Repeat the following steps for each 
system element and area category. 

2. Identify the threshold value associated with the system element's MOE 
for LOS A by using the LOS exhibit in the Volume 2 or Volume 3 chapter 
that covers that system element. For example, a density of 11 pc/mi/ln is 
the maximum density for LOS A for a basic freeway segment. 

3. Compute the MOE for a volume of 10 veh/h for an hourly volume table, 
or 100 veh/h for a daily volume table. If the result exceeds the LOS A 
threshold value, then LOS A is lmachievable. Repeat Steps 2 and 3 for the 
next LOS (e.g., LOS B) until an achievable LOS is found, then continue 
with Step 4. 
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4. Adjust the input volume until the highest volume that achieves the LOS is 
found. Test volumes should be a multiple of at least 10 for hourly volume 
tables and a multiple of at least 100 for daily volume tables. If the table is 
being constructed by manually applying software, the analyst can observe 
how closely the MOE result is converging toward the LOS threshold 
value and can select a test volume for the next iteration accordingly. If the 
table generation function is being added to software, the automated 
method described below can be used to converge on the service volume 
progressively. 

5. Identify the threshold value for the next LOS and repeat Steps 4 and 5 
until threshold volumes (or unachievability) have been determined for 
each LOS. 

6. If a daily volume table is being created, divide the identified hourly 
threshold volumes by the selected K- and D-factors and round down to a 
multiple of at least 100. 

7. If desired, change the input value used for one of the input parameters 
(e.g., number of lanes) and repeat Steps 2 through 5 as many times as 
needed to develop service volumes for all desired combinations of input 
values. 

The following is an automated method for finding threshold values: 

1. Let the first achievable test volume be labeled Vol 1. 

2. Select a second iteration volume (label this Vol 2) by doubling Vol 1. 

3. Compute the MOE value for Vol 2. 

4. If the resulting MOE value is lower than the LOS threshold, replace Vol 1 
with Vo12 and select a new Vol 2 with double the current Vol 2 value. 
Repeat Steps 3 and 4 until the MOE result is greater than the desired LOS 
threshold. 

S. Use the bisection method described below (B-1) or another more efficient 
numerical method to converge on the service volume. 

6. Compute the volume halfway between Vol I and Vol 2. Label this volume 
Vol 3. 

7. Compute the MOE value for Vol 3. 

8. If the MOE result for Vol 3 is greater than the desired LOS threshold, 
replace Vol 2 with Vol 3. 

9. If the LOS result for Vol 3 is lower than the desired LOS threshold, 
replace Vol I with Vol 3. 

10. Is the range between Vol I and Vol 2 acceptable? If yes, stop and use the 
average of Vol 1 and Vol 2. If not, repeat Steps 6 through 9. 

11. If an hourly volume table is being generated, round down the result of 
Step 10 to a multiple of at least 10. If a daily volume table is being 
generated, divide the result of Step 10 by the selected K- and D-factors 
and round the result down to a multiple of at least 100. 
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This reference can be found in 
the Technical Reference 
Library in Volume 4. 
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1. INTRODUCTION 

The evolution of computer software, with an ever-increasing variety of tools 
available, makes it easy for analysts to conduct transportation analyses and to 
consider a wide variety of factors in doing so. One thing that has not changed, 
however, is the analyst's responsibility to have a full understanding of the 
methodologies used by the selected analysis tools-including the level of 
uncertainty in the tools' results-in order to make well-informed 
recommendations based on the analysis results and to communicate those results 
to others. As tools become more complex and sophisticated, the analyst's 
challenge increases. 

Chapter 7, Interpreting HCM and Alternative Tool Results, begins with a 
discussion of the uncertainty in model outputs that results from (a) uncertainty 
in a model's inputs, (b) uncertainty in the performance measure estimate 
produced by a model, and (c) imperfect model specification, in which a model 
may not fully account for all the factors that influence its output. Uncertainty in 
model inputs can result from the variability of field-measured values, from the 
uncertainty inherent in forecasts of future volumes, and from the use of default 
values. The accuracy of a model's results is directly related to its uncertainty. A 
model that incorporates more factors may appear on the surface to be more 
accurate, but if the inputs relating to the added factors are highly uncertain, 
accuracy may actually be decreased. Analysts should also carefully consider the 
precision used in presenting model results to avoid implying more accuracy than 
is warranted. 

When both HCM-based and alternative tools are used in an analysis, or 
when a performance measure produced by an alternative tool is being used to 
determine level of service (LOS), analysts should take care to ensure that the 
measures produced by the alternative tool are defined in the same way as the 
HCM measure. Different tools use different definitions for similarly named 
measures, which may lead to inaccurate conclusions if the differences are not 
accounted for properly. 01apter 7 provides guidance on defining, measuring, 
and comparing key outputs of alternative tools when such outputs are intended 
to be used with or compared with those of the HCM. 

Chapter 7 concludes with guidance on the number of significant digits to use 
in displaying HCM results and on ways to present HCM results to facilitate their 
interpretation by technicians, decision makers, and the general public. 
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VOLUME 1: CONCEPTS 
1. HCM User's Guide 
2. Applications 
3. Modal Characteristics 
4. Traffic Flow and Capacity Concepts 
5. Quality and Level-of-Service Concepts 
6. HCM and Alternative Analysis Tools 
7. Interpreting HeM and Alternative 

Tool Results 
8. HCM Primer 
9. Glossary and Symbols 

Uncertainty, variability, accuracYr and 
precision are related concepts that 
need to be considered when 
interpreting and presenting model 
results. 

Accurate Precise 

Alternative tools often provide 
petformance measures that have the 
same, or similar, names as HeM 
measures but that are defined 
differently. 

Introduction 
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Model outputs-whether from 
the HeM or alternative tools
are estimates of the "true" 
values that would be observed 
in the field. Actual values will 
lie within some range of the 
estimated value. 

Sources of variability in 
correctly measured values 
used as model inputs. 
Measurement error is yet 
another form of uncertainty. 

Sources of uncertainty in 
model outputs. 

Uncertainty cannot be 
eliminatect but its effects can 
be reduced through a variety 
of techniques. 

Uncertainty and Variability 

2. UNCERTAINTY AND VARIABILITY 

UNCERTAINTY AND VARIABILITY CONCEPTS 

The performance measure results produced by traffic models-both HCM 
based and alternative tools-are estimates of the "true" values that would be 
observed in the field. These estimates are not exact however-they are subject to 
statistical uncertainly, in which the true value of a given measure lies within some 
range of the estimated value. 

To illustrate the lack of exactness, consider the variability in measured values, 
such as traffic volume inputs. There are several types of variability: 

• Temporal variability, in which measured values, such as hourly traffic 
volumes, vary from day to day or month to month at a given location; 

• Spatial variability, in which measured values, such as the percentage of 
trucks in the traffic stream, vary from one location to another within a 
state or vary from one state to another; and 

• User perception variability, in which different users experiencing identical 
conditions may perceive those conditions differently-for example, when 
asked to rate their satisfaction with those conditions. 

Chapter 5, Quality and Level-of-Service Concepts, noted that model outputs 
are subject to three main sources of uncertainty (1): 

1. Uncertainty in model inputs, such as variability in measured values, 
measurement error, uncertainty inherent in future volume forecasts, and 
uncertainty arising from the use of default values; 

2. The uncertainty of the performance measure estimate produced by a 
model, which in turn may rely on the output of another model that has its 
own uncertainty; and 

3. Imperfect model specification-a model may not fully account for all the 
factors that influence the model output. 

Although uncertainty cannot be eliminated, its effects can be reduced to 
some extent. For example, the LOS concept helps to dampen the effects of 
uncertainty by presenting a range of service-measure results as being reasonably 
equivalent from a traveler's point of view. The use of a design hour, such as the 
30th-highest hour of the year, also reduces uncertainty, as the variability of the 
design hour volume is much lower than the variability of individual hourly 
volumes throughout the year (1). Measured values will have more certainty than 
default values will, and multiple observations of a model input will have more 
certainty than a single observation. Sensitivity analyses-described later in this 
section -and other statistical techniques (2) can be used to test the impact of 
changes in model inputs on model outputs. 
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SOURCES OF UNCERTAINTY 

Input Variables 

HCM procedures and alternative tools typically require a variety of input 
data. Depending on the situation, there are up to three ways an analyst can 
provide these inputs. Listed in order of increasing uncertainty, they are (a) direct 
measurement, (b) locally generated default values, and (c) national default values 
suggested by the HCM or built into an alternative tool. Default values may not 
reflect spatial and temporal variability-national defaults to a greater extent than 
local defaults-because the mix of users and vehicles varies by facility and by 
time of day and because drivers' behavior varies depending on their familiarity 
with a facility and prevailing conditions. Direct measurements are subject only to 
temporal variability, as the measurement location's site-specific differences will 
be reHected in the observed values. 

Day-to-day variability in traffic volume is a primary source of uncertainty in 
traffic analyses (t 3). Future-year volumes are subject to higher degrees of 
lllcertainty as one forecasts farther into the future because of unknowns about 
development patterns and timing, the timing of changes or additions to other 
parts of the transportation system, and changes in use of particular travel modes. 
Other input variables whose uncertainty has been studied in the literature are 
saturation How rates (4), critical headways, and follow-up time (5). 

Model Accuracy 

Model Development 

Many HCM models are based on theoretically derived relationships, which 
include assumptions and contain parameters that must be calibrated on the basis 
of field data. Other HCM models are primarily statistical. The accuracy of these 
models can be described in terms of standard deviations, coefficients of 
determination of linear regression (R2), and other statistical measures. 

Only some of the older HCM models (Le., those first appearing in the 
HCM2000 or earlier editions) have well-documented measures of uncertainty. 
On occasion, the Transportation Research Board's Committee on Highway 
Capacity and Quality of Service has exercised its judgment in modifying models 
to address illogical results (e.g., at boundary conditions) or to fill in gaps in small 
databases. In such cases, the "true" uncertainty of the entire model is virhtally 
impossible to quantify. In contrast, most models developed for the HCM 2010 
have documented measures of uncertainty. This information is provided in the 
original research reports for the HCM methodologies, which can be found in the 
Technical Reference Library in Volume 4. 

Nested Algorithms 

In many methodologies, the algorithm used to predict the final service 
measure relies on the output of another algorithm, which has its own 
uncertainty. Thus, the uncertainty of the final algorithm is compounded by the 
uncertainty in an input value derived from another algorithm. 
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Traffic volume variability from day to 
day and unknowns associated with 
future-year traffic volume forecasts 
are among the primary sources of 
uncertainty. 

Documentation of the uncertainty 
inherent in HeM models can be found 
in the models' original research 
reports, located in the Technical 
Reference Library in Volume 4. 

Uncertainty and Variability 
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Different people will have 
different levels of satisfaction 
for identical conditions. 

A more complex model is not 
necessarily a more accurate 
model. 

Uncertainty and Variability 

In Chapter 12, Freeway Weaving Segments, for example, the prediction of 
weaving and nonweaving speeds depends on the free-flow speed and the total 
number of lane changes made by weaving and nonweaving vehicles. Each of 
these inputs is a prediction based on other algorithms, each having its own 
uncertainty. As additional examples, the urban street facility and freeway facility 
procedures are built on the results of underlying segment and (for urban streets) 
point models, the outputs of which have their own associated uncertainties. 

Traveler Perception 

The HCM 2010 introduces several traveler-perception-based models for 
estimating LOS for the bicycle, pedestrian, and transit modes. In addition, 
Chapter 17, Urban Street Segments, provides an alternative traveler-perception 
model for the automobile mode to help support multimodal analyses. These 
models produce estimates of the average LOS travelers would state for a 
particular system element and mode. However, people perceive conditions 
differently, which results in a range of responses (often covering the full LOS A 
to F range) for a given situation. As with other models, statistical measures can 
be used to describe the variation in the responses as well as the most likely 
response (6). 

Additional Documentation 

In addition to the uncertainty values given in the original research for HCM 
methods, the uncertainty of a number of current HCM models has been studied 
in the literature. These studies include unsignalized intersections (5, 7, 8), two
lane highways (9), and other uninterrupted-flow facilities (10). 

Model Specification 

A final potential source of uncertainty is an incomplete model specification, 
in which not all the factors that influence a model's result are reflected in the 
model's parameters. (An inaccurate specification, in which the wrong parameters 
are included in the model, also falls into this category.) The significant increase in 
the size of the HCM with each new edition, along with the complexity of its 
procedures, is. due in part to users' desire for HCM models to account more fully 
for factors that influence the HCM's performance measures. 

However, a diminishing-returns principle also applies to model complexity. 
Each new variable added to a model brings with it uncertainty related to both the 
model's parameters and its input values. This additional complexity may not be 
warranted if the model's final output becomes more uncertain than it was before, 
even if the model appears to be more accurate by taking additional factors into 
account. Model complexity that leads to better decision making is justified; 
complexity that does not is best avoided (11). 

SENSITIVITY ANALYSIS 

One way to address the uncertainty inherent in a performance measurement 
estimate is to conduct a sensitivity analysis, in which key model inputs are 
individually varied over a range of reasonable values and the change in model 
outputs is observed. It is important for analysts to have a good understanding of 

Page 7-4 Chapter 7/Interpreting HCM and Alternative Tool Results 
December 2010 

AR0073978 



( 

( 

Highway Capacity Manual 2010 

the sensitivity of model inputs, and special care should be taken in selecting 
appropriate values for particularly sensitive parameters. It is also important for 
analysts and decision makers to understand the sensitivity of model outputs 
(numerical values or the LOS letter grade) to changes in inputs, particularly 
volume forecasts, when they interpret the results of an analysis. 

Exhibit 7-1 illustrates a sensitivity analysis for selected inputs to the basic 
freeway segment method. A typical application would be a planning study for a 
future freeway, where not all the inputs are known exactly. The output being 
tested is the service volume (in vehicles per hour, veh/h) for LOS D (Le., the 
highest volume that results in LOS D, given the other model inputs). The 
following inputs were held constant in all three examples: 

• Lane width: 12 ft 

• Percent trucks: 5% 

• Driver population factor: 1.00 

• Number of lanes per direction: 3 

• Shoulder width: 6 ft 

• Grade length: 1 mi 

In each example, one of the following inputs was varied, while the other two 
were held constant. The varied input differs in each example: 

• Peak hour factor (PHF): 0.90, varied from 0.80 to 0.95 in Exhibit 7-1(a) 

• Grade: 2%, varied from 1% to 6% in Exhibit 7-1(b) 

• Total ramp density: 2 ramps/mi, varied from 1 to 4 ramp simi in 
Exhibit 7-1(c) 

:c 6,000 .---~ i--~----~ 
? 5,800 --
~ 5,600 t----"---c:--------I 

i ~:i~~r 

:c 6,000 
? 5,800 
! ~::~~ -1---------''-------------.--1 

:::I 5,000 . . ......: .. 
~ 4,800 ~----'-,---------:----
~ 4,600 .: 

.;;; 4,400 
~ 4,200 
III 4,000 t----t----r---+---

0.80 0.85 0.90 

PHF 

(a) Sensitivity to PHF 

0.95 1.00 

~ ~:~~~ 1-···-····-····-· ...;...----:.---'---.----~ ~ 5,600-········· +- ..• ~ 
...., 5,400 ,----,-------c--___i 
~ 5,200· .... 
:::I 5,000 -------'----'------.;--------" 

~ ::~~~ i ,---'-----c-.-----.-.;..~-----I 
';; 4,400 I i 
~ 4,200+,-------'------ j 
III 4,000 +l--~---i---.__----,--___il 

123 4 

Total Ramp Density (ramps/mi) 

(c) Sensitivity to Total Ramp Density 

~ 5,200 ~--------'----~---·---I 
:::I 5,000 - - -.+ ---
~ 4,800 + .. _ .... ; ......... ; ............ c ....................... -............. +-............ , 

GJ 4,600 , 
.!:! 4,400 ~ ............. L. ........... c........................................•............ ......... i t 4,200 +---:------;.-·------··---i 
III 4,000 +-.... ;....... ;···········r···········,···········-i············T···..... I 

3 4 7 

Grade (%) 

(b) Sensitivity to Grade 

Chapter 7/Interpreting HCM and Alternative Tool Results 
December 2010 

Page 7-5 

Sensitivity analysis is a useful 
technique for exploring how model 
outputs change in response to 
changes in model inputs. 

Exhibit 7-1 
Example Sensitivity Analysis for 
Selected Basic Freeway Segment 
Model Inputs 

Uncertainty and Variability 
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When changing the total ramp 
density results in a free-flow 
speed estimate within the 
same 5-mi/h range used by a 
particular speed-flow curve, 
no change in the service 
volume result wi!1 be seen. 

Exhibit 7-2 
Example Sensitivity Analysis 

of Urban Street Link 
Pedestrian LOS Score 

Uncertainty and Variability 

If varying a single input parameter within its reasonable range results in a 
0% to 10% change in the service-measure estimate, the model can be considered 
to have a low degree of sensitivity to that parameter. If a 10% to 20% change in 
the service-measure estimate results, the model can be considered moderately 
sensitive to that parameter, while if a change greater than 20% results, the model 
can be considered highly sensitive (12). 

As shown in Exhibit 7-1(a) and Exhibit 7-1(b), LOS D service volumes for 
basic freeway segments are moderately sensitive to both PHF and grade across 
the reasonable ranges of values for those inputs, with the highest service 
volumes 12% and 15% higher than the lowest service volumes, respectively. 
Consequently, particular care should be taken to select appropriate values for 
these inputs. 

Exhibit 7-1(c) shows that LOS D service volumes have a low sensitivity to 
total ramp density, with just a 4% range in the output volumes. Therefore, it is 
less essential for the assumed average ramp density value to match the future 
condition closely. 

Exhibit 7-2 shows an alternative way to display sensitivity information, 
based on the pedestrian link LOS score from Chapter 17, Urban Street Segments. 
In this example, the number of directional lanes (I), curb lane width (12 ft), and 
PHF (0.90) are held fixed, and it is assumed there is no bicycle lane, parking lane, 
or buffer between the sidewalk and the curb lane. The following inputs are 
varied one at time: 

• Speed limit: 30 mi/h, varied from 20 to 45 mi/h; 

• Curb lane traffic volume: 500 veh/h, varied from 50 to 1,000 veh/h; and 

• Sidewalk width: 6 ft, varied from 0 to 10 ft. 

.-------------------~e~~uTI----------
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The pedestrian LOS score is relatively insensitive to speed limit, moderately 
sensitive to sidewalk width (except when a sidewalk is not present), and highly 
sensitive to curb lane traffic volume. This kind of presentation works best when 
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typical values for the input variables to be tested lie near the middle of their 
range rather than at or near one of the extremes. 

Exhibit 7-3 shows an example of testing the sensitivity of control delay, and 
the corresponding LOS result, at an all-way STOP-controlled intersection, by 
varying the demand volumes used in the analysis. In the exhibit, the base 
volume entering the intersection on all approaches is varied within a ±15% range 
in 5% increments. This kind of sensitivity analysis is particularly useful in 
working with forecasts of volume that have a relatively high degree of 
uncertainty associated with them. 
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Note: Values used in the calculation are four-legged intersection with one lane on each approach, PHF = 0.90, 
and 2% heavy vehicles. Base volumes are 210 through vehicles, 35 left-turning vehicles, and 35 right
turning vehicles on each approach. 

As shown in Exhibit 7-3, under the base volume forecast, the intersection is 
forecast to operate at LOS C. If future traffic volumes are lower than forecast or 
as much as 5% higher than forecast, the intersection will still operate at LOS C or 
better. If future traffic volumes are 10% higher than forecast, the intersection will 
operate at LOS D; if traffic volumes are 15% higher than forecast, the intersection 
will operate at LOS E. If thejurisdiction's operations standard for the intersection 
is LOS E or better, it could be reasonably concluded that the intersection would 
still operate acceptably even if higher volumes than forecast were to occur. 
However, if the standard was LOS D or better, a closer look at the 
conservativeness of the volume forecasts might be needed to conclude that the 
intersection would operate acceptably. 

ACCURACY AND PRECISION 

Overview 

Accuracy and precision are in~ependent but complementary concepts. 
Accuracy relates to achieving a correct answer, while precision relates to the size of 
the estimation range of the parameter in question. As an example of accuracy, 
consider a method that is applied to estimate a performance measure. If the 
performance measure is delay, an accurate method would provide an estimate 
closely approximating the actual delay that occurs under field conditions. The 
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Exhibit 7-3 
Example Sensitivity Analysis of AII
Way STop-Control Model Outputs 
Based on Varying Volume Inputs 

Depending on the model and the 
specifics of the situation being 
modeled; relatively small changes in 
model inputs can have relatively large 
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Precision in calculation differs 
from precision in presenting 
final results. 

Unless specifically noted 
otherwi~ HeM performance 
measure estimates are 
average (mean) values. 

Uncertainty and Variability 

precision of such an estimate is the range that would be acceptable from an 
analyst's perspective in providing an accurate estimate. Such a range might be 
expressed as the central value for the estimated delay plus or minus several 
seconds. 

In general, the inputs used by ITeM methodologies come from field data or 
estimates of future conditions. In either case, these inputs can be expected to be 
accurate to only within 5% or 10% of the true value. Thus, the computations 
performed with these inputs cannot be expected to be extremely accurate, and 
the final results must be considered as estimates that are accurate and precise 
only within the limits of the inputs used. 

HeM users should be aware of the limitations of the accuracy and precision 
of the methodologies in the manual. Such awareness will help users interpret the 
results of an analysis and use the results to make a decision about the design or 
operation of a transportation facility. 

Calculation Precision Versus Display Precision 

The extensive use of personal computers has allowed calculations of capacity 
and LOS to be carried to a large number of digits to the right of the decimal 
point. Because of this ease of calculation, there is a need to state clearly that the 
final result of calculations done manually and carried to the suggested number of 
significant figures might be slightly different from the result of calculations 
performed on a computer. 

Implied Precision of Results 

The typical interpretation given to a value such as 2.0 is that the value is in a 
precision range of two significant figures and that results from calculations 
should be rounded to this level of precision. The actual computational result 
would have been in the range of 1.95 to 2.04 by standard rounding conventions. 
Occasionally, particularly in the running text of the HeM, editorial flexibility 
allows a zero to be dropped from the number of digits. In most cases, however, 
the number of the digits to the right of the decimal point does imply that a factor 
or numerical value has been calculated to that level of precision. 

AVERAGE VALUES 

Unless otherwise noted or defined, numerical values are mean values for the 
given parameter. Thus, a measure of speed or delay is the mean value for the 
population of vehicles (or persons) being analyzed. Similarly, a lane width for 
two or more lanes is the mean (average) width of the lanes. The word "average" 
or "mean" is only occasionally carried along in the text or exhibits to reinforce 
this otherwise implicit fact. LOS threshold values, adjustment factors used in 
computations, and calculated values of performance measures are assumed to 
represent conditions that have a reasonable expectation of being observed 
regularly in North America, as opposed to the most extreme condition that might 
be encountered. 
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3. DEFINING AND COMPUTING 
UNIFORM PERFORMANCE MEASURES 

The exact definition of performance measures poses an important question, 
particularly when a comparison of performance measures produced by different 
tools is to be made. Definitions and computational methods are especially 
important when the LOS must be inferred from another performance measure 
obtained by alternative methods and applied to the thresholds presented in the 
HCM's procedural chapters. Often, a performance measure is given the same 
name in various tools, but its definition and interpretation differ. 

This section identifies the performance measures commonly reported by the 
procedures given in Volumes 2 and 3. The concept of developing these measures 
from an analysis of the individual vehicle trajectories produced by 
microsimulation tools is introduced. The most important measures are discussed 
in terms of uniform definitions and methods of computation that will promote 
comparability among different tools. More detailed procedures for developing 
performance measures from individual vehicle trajectories are presented in 
Chapter 24, Concepts: Supplemental. 

PERFORMANCE MEASURES REPORTED BY HCM PROCEDURES 

The key performance measures associated with each of the procedural 
chapters in Volumes 2 and 3 were summarized in O,apter 6, HCM and 
Alternative Analysis Tools. The applicability of these procedures and alternative 
tools was indicated for each type of facility. Exhibit 7-4 includes all the 
performance measures identified in Chapter 6. The service measures that 
determine LOS for each system element are also identified. In this section, the 
key performance measures are presented in terms of their definitions and 
computational procedures. The potential for the development of uniform 
performance measures from alternative tools is presented in a later section. 

vic Travel Control Other 
Chapter Density Speed Ratio* Time Delay Queue Measures 
10. Freeway Facilities 
11. Basic Freeway Segments 
12. Freeway Weaving Segments 
13. Freeway Merge and Diverge 

Segments 
14. Multilane Highways 
15. Two-Lane Highways 
16. Urban Street Facilities 
17. Urban Street Segments 
18. Signalized Intersections 
19. TWSC Intersections 
20. AWSC Intersections 
21. Roundabouts 
22. Interchange Ramp Terminals 
23. Off-Street Pedestrian/Bicycle Facilities 
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d 

Notes: vic, volume/capacity ratio; lWSC, two-way STop-controlled; AWSC, all-way STop-controlled; bold text 
indicates service measures. 
* A vic ratio greater than 1.00 is often used to define LOS F conditions. 
a Vehicle miles, vehicle hours. 
b Weaving speed, nonweaving speed. 
C Percent time spent following. 
d Stop rate, running time. 
e Meeting and passing events. 

Exhibit 1-4 
Performance Measures Reported by 
HCM Procedures 
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Speed-Related Measures 

Speeds are reported in several chapters of this manual: 

• Chapter 10, Freev.my Facilities, uses the average speeds computed by the 
other freeway procedural chapters when all segments are undersaturated. 
When demand exceeds capacity, the speeds on the affected segments are 
modified to account for the effects of slower-moving queues. 

• Chapter 11, Basic Freeway Segments, estimates the average speed on the 
basis of the free-flow speed and demand volume by using empirically 
derived relationships. 

• Chapter 12, Freeway Weaving Segments, estimates the average speed as a 
composite of the speeds of weaving and nonweaving vehicles on the basis 
of free-flow speed, demand volumes, and geometric cl1aracteristics. The 
com putational procedures for estimating the actual speeds are based on 
the nature of the weaving segment and the origin-destination matrix of 
traffic entering and leaving the segment. The speed estimation processes 
are substantially more complex in weaving segments than in basic 
freeway segments. 

• Chapter 13, Freeway Merge and Diverge Segments, estimates the average 
speed of vehicles across all lanes as well as the average speeds in the lanes 
adjacent to the ramp. The computations are based on empirical 
relationships specifically derived for merge and diverge segments. 

• Chapter 15, Two-Lane Highways, treats the average travel speed (ATS) on 
certain classes of highways as one determinant of LOS. The ATS is 
determined as an empirical function of free-flow speed, demand flow 
rates, proportion of heavy vehicles, and grades. 

• Chapter 16, Urban Street Facilities, uses "travel speed as a percentage of 
base free-flow speed" to determine LOS. 

• Chapter 17, Urban Street Segments, also uses speed to determine LOS. The 
average speed is computed by dividing the segment length by the average 
travel time. The average travel time is determined as the sum of three 
components: 

1. Time to traverse the link at the running speed, which is computed as a 
function of the free-flow speed, demand flow rate, and geometric 
factors; 

2. Control delay due to the traffic control device at the end of the 
segment; and 

3. Midblock delay due to access points. 

The average speed applies only to arterial through vehicles and not to the 
traffic stream as a whole. 
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Queue-Related Measures 

Queue measures are defined and computed for both interrupted- and 
uninterrupted-flow facilities. Queues may be defined in terms of the number of 
vehicles contained in the queue or the distance of the last vehicle in the queue 
from the end of the segment (i.e., back of queue or BOQ). The probability of the 
BOQ reaching a specified point where it will cause problems is of most interest to 
the analyst For most purposes, the BOQ is therefore a more useful measure than 
the number of vehicles in the queue. 

Queue measures are reported by the following procedures in this manual: 

• Chapter 10, Freeway Facilities: Queuing on freeway facilities is generally the 
result of oversaturation caused by excessive demand or by bottlenecks. As 
such, it is treated deterministically in Chapter 10 by an input-output 
model that tracks demand volumes and actual volume served through the 
bottleneck. The propagation and dissipation of freeway queues are 
estimated from a linear deterministic queuing model. The shock wave 
speed at which queues grow and shrink is calculated from the jam density 
and the flow and density at capacity. Residual demand is processed in 
subsequent time intervals as demand levels drop or the bottleneck 
capacity increases. Generally, a drop in demand results in a queue that 
clears from the back, while an increase in bottleneck capacity results in a 
forward-clearing queue. The spatial extent of the queue is calculated from 
the number of queued vehicles and the storage space on the facility (i.e., 
the length and number of lanes). The temporal duration of the queue is a 
function of demand patterns and bottleneck capacity. The presence of a 
queue on a given segment also affects the rate at which vehicles can flow 
into the next segment. The volume arriving in downstream segments may 
therefore be less than the demand volume. Downstream segments with 
demand volumes greater than capacity may tum out to be hidden 
bottlenecks if a more severe upstream bbttleneck meters the volume 
served. 

• Chapter 18, Signalized Intersections: The cyclical maximum BOQ is 
computed on the basis of a queue accumulation and discharge model 
with a correction applied to account for acceleration and deceleration. 
Random arrivals and oversaturated conditions are accommodated by 
correction terms in the model. The computational details are provided in 
Chapter 31, Signalized Intersections: Supplemental. The maximum 
number of vehicles in the queue occurs at the end of the red phase in each 
cycle. The maximum BOQ extends into the subsequent green phase 
because vehicles continue to join the BOQ lmtil it is fully dissipated. The 
measure reported for signalized approaches is the average BOQ. 
Percentile values are also reported. 

• Chapters 19 to 21, unsignalized intersections: The 95th percentile BOQ is 
computed by deterministic equations as a function of demand volume, 
capacity, and analysis period length. 
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The definition and 
computation of delay vary 
widely among tools. 

Stop-Related Measures 

Stop-related measures are of interest to analysts because of their comfort, 
convenience, cost, and safety implications. An estimate of the number of stops on 
a signalized approach is reported by the signalized intersection analysis 
procedure described in Chapter 18, with details given in Chapter 31. Chapter 17, 
Urban Street Segments, incorporates the stops at the signal into a 1/ stops per 
mile" rate for each segment. Other chapters do not report the number of stops. 
Most alternative tools based on both deterministic and simulation models 
produce an estimate of the number of stops for a variety of system elements by 
using the tools' own definitions, and most tools allow user-specified values for 
the parameters that define when a vehicle is stopped. 

The Chapter 18 procedure defines a "partial" stop as one in which a vehicle 
slows as it approaches the BOQ but does not come to a full stop. Some 
alternative tools, both deterministic and simulation based, consider a partial stop 
to be a later stop after the first full stop. 

Delay-Related Measures 

Because of multiple definitions and thresholds, delay is one of the most 
difficult measures to compare among traffic analysis tools. Delay measures are 
reported by the same chapters in this manual that report queue measures: 

• Chapter la, Freeway Facilities: Delay on a freeway facility that is globally 
undersaturated is calculated from the sum of the delay on all individual 
segments. The segment delays are calculated from the travel time 
difference between the segment at free-flow speed and the segment at the 
calculated operational space mean speed. For undersaturated flow 
conditions, the segment space mean speed is calculated from the segment
specific methodologies in Chapters 11 to 13. For oversaturated flow, the 
segment speed is estimated from the prevailing density on the segment. 
The travel time difference is multiplied by the number of vehicles in a 
segment during each time period to obtain the total vehicle hours of delay 
per segment and per time period. The total vehicle hours of delay on the 
facility for each time period and for the entire analysis are obtained by 
summation. 

• Chapter 18, Signalized Intersections: The LOS estimation is based on control 
delay. Control delay is computed on the basis of an incremental queue 
analysis technique by using a queue accumulation and discharge model. 
Random arrivals and oversaturated conditions are accommodated by 
correction terms in the model. A separate correction is applied to account 
for an initial queue left from a previous interval. The details of the 
computation are provided in Chapter 31, Signalized Intersections: 
Su pplemental. 

• Chapters 19 to 21, unsignalized intersections: The LOS estimation is based on 
control delay. The control delay is computed by deterministic equations 
as a function of demand volume, capacity, and analysis period length. 
The LOS thresholds for unsignalized intersections are different from those 
for signalized intersections. 
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Density-Related Measures 

Density is expressed in terms of vehicles per mile per lane and is generally 
recognized as an unambiguous indicator of congestion. Density is used as the 
determinant of LOS A through E for freeway and multilane highway segments. It 
is conceptually easy to define and estimate, but the question is how to apply 
density to the right section of roadway over the right period of time. 

The procedures for different types of freeway segments follow a density 
estimation process that is specific to each segment type: 

• Chapter 10, Freeway Facilities, determines density for undersaturated 
conditions by applying the procedures given in Chapters 11 to 13. When 
queuing occurs as a result of oversaturation caused by excessive demand 
or by bottlenecks, the density is determined by the queue tracking 
procedures described previously for freeway facilities. 

• Chapter 11, Basic Freeway Segments, determines speeds and demand flow 
rates that are adjusted for a variety of geometric and operational 
conditions. The segment density is computed by dividing the adjusted 
flow rate by the estimated speed. Empirical relationships are used 
throughout the chapter for computations and adjustments. 

• Chapter 12, Freeway Weaving Segments, also determines density by dividing 
the adjusted demand flow rate by the estimated speed. The speed 
estimation process was described previously. 

• Chapter 13, Freeway Merge and Diverge Segments, bases the LOS assessment 
on the density in the two lanes adjacent to the ramp lanes. The density is 
estimated directly by using empirically derived relationships that depend 
on the ramp and freeway (Lanes 1 and 2) volumes and the length of the 
acceleration or deceleration lane. Several operational and geometric 
factors affect the computations. 

USE OF VEHICLE TRAJECTORY ANALYSIS IN COMPARING 
PERFORMANCE MEASURES 

This section explores the use of vehicle trajectory analysis to define and 
estimate consistent performance measures. It first introduces the mathematical 
properties of trajectories as an extension of the visual properties. It identifies the 
types of analyses that can be performed and provides examples that illustrate 
how trajectory analysis can be applied. A later section identifies the performance 
measures that can be computed from individual vehicle trajectories and explores 
their compatibility with the performance measures estimated by the HCM's 
computational procedures. Specific trajectOlY analysis procedures by which 
consistent performance measures can be estimated are presented in Chapter 24, 
Concepts: SupplementaL 

The concept of individual vehicle trajectory analysis was introduced in 
Chapter 4, Traffic Flow and Capacity Concepts. The chapter indicated that a 
growing school of thought suggests that a comparison of results between traffic 
analysis tools and methods is possible only through an analysis of vehicle 
trajectories as the "lowest common denominator." Trajectory-based performance 
measures can be made consistent with HCM definitions, with field measurement 
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Exhibit 1-5 
Mathematical Properties of 

Vehicle Trajectories 

techniques, and with each other. Examples of vehicle trajectory plots were shown 
in Chapter 4 to illustrate the visual properties of vehicle trajectories. 

Mathematical Properties of Vehicle Trajectory 

While the trajectory plots presented in Chapter 4 provide a good visual 
insight into operations, they do not support any quantitative assessments. To 
develop performance measures from vehicle trajectories, it is necessary to 
represent them mathematically and not just visually. A mathematical 
representation requires developing a set of properties that are associated with 
each vehicle at specific points in time and space. 

Exhibit 7-5 shows the trajectory of a single vehicle through a signal. At each 
point in time, a number of properties may be determined. The trajectory for the 
vehicle is quantified through a list of the properties of vehicle n at each point in 
time. One important parameter in the quantification of trajectories is the time 
increment between sampling points, represented in Exhibit 7-5 as !1t. Time 
increments in typical simulation tools currently range from 0.1 to 1.0 s. Smaller 
values are gaining acceptance within the simulation modeling community 
because of their ability to represent traffic flow with greater fidelity. 

Many properties can be associated with a specific vehicle at a point in time. 
Some properties are required for the accurate determination of performance 
measures from trajectories. Others are used for different purposes such as safety 
analysis. The important properties for estimating consistent performance 
measures are indicated in Exhibit 7-5. 
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It is necessary at the outset to distinguish between longitudinal and spatial 
analysis of vehicle trajectories. Longitudinal analysis involves following the 
position of vehicles as they traverse a segment. The measures determined by this 
type of analysis include delay-related measures of various types and stop-related 
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measures. Driver comfort and safety measures may also be determined by 
longitudinal analysis, but these measures are beyond the scope of the HCM. 

Spatial analysis, on the other hand, involves considering all the vehicles on a 
segment at a specific time step. The two principal spatial measures include 
density and queue lengths. Both types of analysis are examined here. 

Limitations of Vehicle Trajectory Analysis 

The procedures described here and in Chapter 24 are intended to produce 
performance measures from vehicle trajectories that are based on the definitions 
of traffic parameters given in this manual to promote uniformity of reporting 
among different simulation tools. The results should improve the acceptance of 
simulation tools for highway capacity and LOS analysis. However, the term 
"HCM-compatible" does not suggest that the numerical values of measures 
produced by a simulation tool will be identical to those from the HCM or to 
those from other simulation tools. Several factors must be considered. 

Traffic Modeling Differences 

The trajectory information is produced by the simulation model. Each 
simulation tool has its own models of driver behavior that differ from those used 
by other tools. It is not practical or desirable to prescribe simulation modeling 
details in this document. Developers continually strive to improve the realism of 
their products to gain a competitive advantage in the market. The Next 
Generation Simulation Program (13) has had some success in developing core 
algorithms to be shared by simulation developers, but the notion of a universal 
simulation model is not a practical objective. 

Approximations in Trajectory Analysis 

It was pointed out in Chapter 4 that all performance measures reported by 
deterministic models, simulation models, and field observations represent an 
approximate assessment of field conditions. The need for approximations in 
trajectory analysis to promote uniform reporting is explored in more detail in 
Chapter 24. One problem is that the procedures prescribed in this manual 
introduce approximations that cannot be replicated in simulation because of 
conceptual differences and model structure. 

Differences That Are Unrelated to Trajectory Analysis 

The use of vehicle trajectories addresses some, but not all, of the sources of 
difference in the definition of performance measures. For example, the temporal 
and spatial boundaries of an analysis tend to be defined differently by different 
tools. It is important to HCM compatibility that the definitions and guidelines 
presented in this manual be used in conducting simulation analyses. 

Examples of Vehicle Trajectory Data 

Simulation tools propagate vehicles through a roadway segment by 
periodically updating and keeping track of the trajectory properties that are 
maintained internally within the traffic flow model. Several examples of the 
analysis of vehicle trajectories on both interrupted- and uninterrupted-flow 
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Exhibit 7-6 
Trajectory Plot for Uniform 

Arrivals and Departures 

facilities are provided in Chapter 24. The examples demonstrate the complexities 
that can arise in certain situations, especially when demand exceeds capacity. 

Two examples induded in Chapter 24 are presented here to illustrate how 
vehicle trajectories can be obtained from simulation tools. The first is shown in 
Exhibit 7-6, which presents the simplest possible case, involving an approach 
with only one lane. The simulation parameters were constrained to remove all 
randomness in the arrival and departure characteristics. While this situation 
might appear to be somewhat trivial, it is the basis of the signalized intersection 
delay analysis procedure summarized in Chapter 18 and described in more detail 
in Chapter 31. 

1,000 

900 

800 

700 

2 600 
...." 

c: 
0 500 
:l:I 
'iii 
i. 400 

300 

200 

100 

10 20 30 40 50 

Time (5) 

60 70 

CYCLE 2 

80 90 100 

The trajectories may be analyzed longitudinally to produce estimates of 
delays and stops. They may also be analyzed spatially to produce instantaneous 
queue length estimates. 

A more complex situation is depicted in Exhibit 7-7, which illustrates the 
vehicle trajectories associated with queue backup from a downstream signal. The 
randomness of arrivals and departures was restored to this case. 

The important difference from the simple case presented in Exhibit 7-6 is that 
backup into a specific segment from a downstream segment is not covered by the 
signalized intersection analysis procedures in Chapters 18 and 31. The 
performance measures may be estimated by trajectory analysis. The purpose of 
the procedures described in Chapter 24 is to promote definitions and 
computational algorithms that can be made consistent among different 
simulation tools. 
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REQUIREMENTS FOR COMPUTING PERFORMANCE MEASURES BY 
VEHICLE TRAJECTORY ANALYSIS 

Most performance measures reported by the procedures in this manual are 
also reported by simulation tools. This section identifies the general requirements 
for computing measures from simulation by using individual vehicle trajectories 
to achieve comparability between traffic analysis tools. More detailed procedures 
are presented in Chapter 24. 

General Trajectory Analysis Guidelines 

The following general guidelines apply to trajectory analysis procedures. 

1. The trajectory analysis procedures are limited to the analysis of 
trajectories produced by the traffic flow model of each simulation tool. 
The nature of the procedures does not suggest the need for developers to 
change their driver behavior or traffic flow modeling logic. 

2. If the procedures for estimating a particular measure cannot be 
satisfactorily defined to permit a valid comparison between the HCM and 
other modeling approaches, then such comparisons should not be made. 

3. All performance measures that accrue over time and space shall be 
assigned to the link and time interval in which they occur. Subtle 
complexities make it impracticaJ to do otherwise. For example, the root 
cause of a specific delay might not be within the link or the immediate 
downstream link. In fact, the delay might be secondary to a problem at 
some distant location in the network and in a different time interval. 

4. The analyst must understand that the spatial and temporal boundaries of 
the analysis domain must include a period that is free of congestion on all 
sides. This principle is also stated in Chapter 10 for analysis of freeway 
facilities and in Chapter 18 for multi period signalized intersection 
analysis. To ensure that delays to vehicles that are denied entry to the 

Exhibit 7-7 
Queue Backup from a Downstream 
Signal 
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system during a given period are properly recognized, it might be 
necessary to create fictitious links outside of the physical network to hold 
such vehicles. A more detailed discussion of spatial and temporal 
boundaries is provided later in this chapter. 

5. It is important to ensure that the network has been properly initialized or 
"seeded" before trajectory analysis is performed. When setting and 
applying the warm-up periods, simulation tools typically start with an 
empty network and introduce vehicles until the vehicular content of the 
network stabilizes. Trajectory analysis should not begin until stability has 
been achieved. If the simulation period begins with oversaturated 
conditions, stability may never be achieved. See the discussion later in 
this chapter on temporal and spatial boundaries. 

Speed- and Travel Time-Related Measures 

Speed and travel time are treated together because, at least for segment 
values, they are closely related. The average speed of a vehicle traversing a 
segment may be determined by dividing the segment length by the travel time. 

Macroscopic segment travel time estimation does not require a detailed 
trajectory analysis. The travel time for an individual vehicle may be computed 
for a given segment by subtracting the time when the vehicle entered the 
segment from the time when it left the segment. The average travel time may be 
computed as the mean of the individual travel times; however, this teclmique is 
valid only for complete trips (i.e., those that have entered and left the segment). 

The space mean speed for all vehicles within the segment during the time 
period may be estimated by dividing the number of vehicle miles of travel by the 
number of vehicle hours of travel time. The total vehicle miles and vehicle hours 
may be accumulated by including all the vehicles and time steps in the analysis 
domain. See the discussion later in this chapter on spatial and temporal 
boundaries. 

Queue-Related Measures 

Because of their microscopic nature, simulation tools have the potential to 
produce useful measures of queuing that are beyond the limits of those 
described in the procedural chapters of this manual. However, the queue-related 
performance measures are difficult to compare with those derived from HCM 
procedures. No such comparisons should be attempted without a detailed 
knowledge of the queue definitions and computations of a specific tool. With 
consistent definitions, more uniform queue measures could be obtained from 
simulation tools. 

Queued State 

What defines the entry to and exit from a queue? Several definitions are 
applied by different tools for this purpose. The definition given in Chapter 31 for 
purposes of field observations states the following: 

A vehicle is considered as having joined the queue when it approaches within 
one car length of a stopped vehicle and is itself about to stop. This difinition is 
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used because of the difficulty of keeping precise track of the moment when a 
vehicle comes to a stop. 

The Chapter 31 definition of the exit from a queue, also intended for 
application to field studies, is more complex and offers some interesting 
challenges for implementation in both deterministic and simulation models. As a 
practical approximation, a vehicle should be considered to have left the queue 
when it has left the link in which it entered the queue. When a queue extends the 
full length of a link, a vehicle should be considered to enter the queue at the time 
it enters the link. Other conditions, such as a lane change to escape a queue, 
might also signal the exit from a queue. These conditions are discussed in 
Chapter 24. 

Queue Length 

The estimation of queue length is generally required to determine whether a 
queue has reached the point where it will interfere with other traffic movements. 
Queue length computations are applied at a macroscopic level by the procedures 
described in this manual. Simulation models, on the other hand, are able to 
establish the instantaneous BOQ at each point in time. The question is how to 
process the instantaneous values in a manner that will produce meaningful 
results. 

Queue length analysis by simulation must be treated differently for different 
conditions. There are three cases to consider: 

1. Undersaturated noncyclical operation, typical of the operation with isolated 
two-way STOP control: In this case, the queue accumulation and discharge 
follow a more or less random pattern. The Chapter 19 procedure 
estimates the 95th percentile queue length on the basis of a deterministic 
average queue length modified by a term that accounts for random 
arrivals. This process could be approximated in trajectory analysis by 
establishing a distribution of instantaneous queue lengths by time step. 
The 95th percentile queue length could be determined from that 
distribu tion. 

2. Undersaturated cyclical operation, typical of the operation at a traffic signal: 
In this case, a maximum BOQ is associated with each cycle. The 
maximum BOQ in each cycle represents one observation for statistical 
analysis purposes. The use of a distribution of instantaneous values is not 
appropriate here because the queue accumulation and discharge are 
much more systematic than random. Including instantaneous queue 
lengths that occur when the queue is expected to be zero (Le., at the end 
of the green) would underestimate the measure of interest, which is the 
peak queue length. With a sufficient number of cycles, a distribution of 
peak queue lengths with a mean value and a standard deviation could be 
established. The probability of queue backup to any pOint could then be 
estimated from this distribution. 

3. Oversaturated operation, either cyclical or noncyclical: When demand 
exceeds the capacity of an approach or system element, the queue will 
grow indefinitely. For purposes of simulation, the measure of interest is 
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the residual BOQ at the end of the simulated interval and the effect of the 
queue on upstream segments. These considerations are especially 
important in multiperiod analyses. 

The undersaturated condition might include brief periods of queue buildup 
and discharge as long as continuous buildup and residual queues do not occur. 

Stop-Related Measures 

Most alternative tools based on both deterministic and simulation models 
produce an estimate of the number of stops by their own definition, and most 
allow user-specified values for the parameters that establish the beginning and 
end of a stop. Stop-related measures are of interest to analysts because of their 
comfort, convenience, cost, and safety implications. 

Definition of the Stopped State 

The definition of when a vehicle is stopped has the same two elements as the 
definition of when it is queued -that is, when does the stop begin and when 
does it end? Speed thresholds are often used to determine when a vehicle is 
stopped. The only nonarbitrary threshold for this purpose is zero. Practical 
considerations suggest however, that simulation modeling algorithms that deal 
with stopping would be more stable if a near-zero speed were used instead. A 
speed of 5 mi/h was applied in other chapters for determining when a vehicle has 
stopped. 

There are two different modeling purposes for releasing a vehicle from the 
stopped state: 

• To terminate the accumulation of stopped delay, and 

• To enable the accumulation of subsequent stops. 

The first condition is easier to deal with in the trajectory analysis. When the 
vehicle is no longer stopped, it should no longer accumulate stopped delay. The 
logical speed threshold for this condition is the same speed threshold that 
established the begimring of the stop. 

Estimating the Number of Stops 

The accumulation of multiple stops poses more problems and generally 
relies on arbitrary thresholds that vary among different tools. The main problem 
with multiple stops is that, after the first stop, later stops take place from a lower 
speed and therefore have a less adverse effect on driver comfort, operating costs, 
and safety. For signalized approaches, some tools apply a "probability of 
stopping" model in which the maximum probability is 100% and, therefore, the 
maximum number of stops is 1.0 on any approach. Other tools model subsequent 
stops based on the release from the stopped state when the vehicle reaches an 
arbitrary threshold speed, often around 15 mi/h. 

While the number of stops is an important performance measure, it is 
difficult to compare the values produced by different tools. Such comparisons 
should not be attempted without adequate knowledge of the definitions and 
parameters that are used by a specific tool. 
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Delay-Related Measures 

Practically all traffic analysis tools produce a performance measure called 
II delay," but tools vary widely in the definition and computation of delay. This 
discussion attempts to establish consistent definitions for delay. 

De/ay Definitions 

Delay is generally defined as the excess time spent on a road segment 
compared with the time at a target speed that represents a zero-delay condition. 
The target speed is the speed at which a specific driver prefers to drive. Different 
tools have different definitions of target speed. Some are driver and vehicle 
specific, taking into account driver aggressiveness and roadway characteristics. 
Because target speed is a function of individual driver behavior, there will be 
some differences in the method of computation, especially if the target speed is 
different for each vehicle. For tools that require a user-specified free-flow speed 
as an input, the methodology presented in the procedural chapters of this 
manual should be used to determine the free-flow speed. 

The time a vehicle actually spends on a segment is easy to determine from its 
trajectory. On the other hand, the target time is subject to a number of 
definitions: 

• Travel time at ideal speed: usually the free-flow speed. 

• Travel time at the individual vehicle's target speed: a function of the free-flow 
speed, prevailing roadway and traffic conditions, and the driver's 
characteristics. 

• Travel time at 10 milh below speed limit: used by some agencies to determine 
whether a trip is "on time" for travel time reliability reporting. This 
measure defines II on-time delay." 

• Travel time at a specified travel time index: The travel time index is the ratio 
of actual travel time to ideal travel time. It is used primarily for reporting 
congestion in nationwide mobility monitoring. A travel time index of 1.5 
is sometimes taken as an indication of congestion. This measure defines 
congestion delay. It is intended to be an indicator of the need for roadway 
improvements. 

• Travel time without traffic control: This measure defines control delay. 
Unlike the previous measures, which are applied to an entire segment, 
control delay is applied only to the portion of the segment where a queue 
is present. Control delay is a subset of segment delay because it does not 
include the delays caused by traffic interactions upstream of the queue. 
The definition applies uniformly to all types of control, including signals, 
stop signs, and roundabouts. 

In all cases, a lower limit of zero must be imposed when the actual travel 
time is shorter than the reference time. 

Aggregated De/ay Versus Unit De/ay 

It is important to note the difference between aggregated delay, usually 
expressed in vehicle hours, and unit delay, usually expressed in seconds per 
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Exhibit 7-8 
Definition of Delay Terms in 

Time and Space 

vehicle. Aggregated delay is generally used to assess the operating costs 
associated with a candidate treatment, because an economic value can be 
assigned to a vehicle hour of delay. Unit delays are associated with driver 
perception of the LOS on a facility. For these two definitions to be dimensionally 
consistent, the unit delays must actually be expressed in vehicle seconds per 
vehicle. It is common practice, however, to shorten the definition to seconds per 
vehicle to promote public understanding. 

Representation of De/ay by Vehicle Trajectories 

Several delay definitions were presented previously. These definitions may 
be interpreted in terms of vehicle trajectories based on longitudinal trajectory 
analysis. In all cases, the delay is determined for each time step and accumulated 
over the entire time the vehicle was in a specified segment. 

Exhibi t 7-8 illustrates the various ways delay may be defined. Three points 
are defined in this figure. 

• TOr the time at which a vehicle would have arrived at the stop line if it had 
been traveling at the target speed; 

• Tv the time at which a vehicle would have arrived at the stop line if it had 
been traveling at the running speed, which is generally less than the 
target speed because of traffic interactions; and 

• T2, the time at which a vehicle is discharged at the stop line. 
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The delay measures defined in terms of the time differences shown in Exhibit 
7-8 include the following: 

• Control delay: defined as Tz - T1• This delay definition is the one used by 
the procedure for assessing LOS at controlled intersections and 
roundabouts. 
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• Segment delay, defined as T2 - To. This definition is more commonly used 
by simulation tools. It reflects the delay experienced by each vehicle since 
it left the upstream node (usually another signal). Segment delay includes 
control delay plus all other delay due to traffic interactions. 

In addition to these two precisely defined delay terms, two other delay 
definitions are shown in Exhibit 7-8 that are based on more complex properties 
of the vehicle trajectories: 

• Stopped delay, which reflects the amount of time a vehicle was actually 
stopped. The beginning and end of a stop are generally based on speed 
thresholds, which may differ among tools. In some cases, the threshold 
speeds are user definable. 

• Queue delay, which reflects the amount of time a vehicle spends in a 
queued state. The properties of the trajectory that define a queued state in 
different tools include speed, acceleration, spacing, and number of 
vehicles sharing these properties. For trajectory analysis purposes, the 
queued state was defined previously in this chapter, and this definition is 
reflected in Exhibit 7-8. 

For simulation tools that report total segment delay but do not report control 
delay explicitly, it is possible to produce approximate estimates of control delay 
by performing simulation runs with and without the control device(s) in place. 
The segment delay reported with no control is the delay due to geometries and 
interaction between vehicles. The additional delay reported in the run with the 
control in place is, by definition, the control delay. For short segments with low 
to medium volumes, the segment delay usually serves as an approximation of 
the control delay. 

The development of control delay estimates by a multiple-run procedure is 
primarily of academic interest because of the amount of effort involved. The 
objective at this point is to develop a specification for estimating control delay 
from vehicle trajectories that may be internalized by simulation model 
developers to produce HeM-compatible results. 

Computational Procedures for Delay-Related Measures 

The procedures for computing delay from vehicle trajectories involve 
aggregating all delay measures over each time step. Therefore, the results take 
the form of aggregated delay and not unit delay, as defined earlier. To determine 
unit delays, the aggregated delays must be divided by the number of vehicles 
involved in the aggregation. Partial trips made over a segment during the time 
period add some complexity to unit delay computations 

The following procedures should be used to compute delay-related measures 
from vehicle trajectories: 

• Time step delay: The delay on any time step is, by definition, the length of 
the time step minus the time it would have taken the vehicle to cover the 
distance traveled in the step at the target speed. This value is easily 
determined and is the basis for the remainder of the delay computations. 
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Queue delay computed from 
trajectory analysis provides the 
most appropriate 
representation of control 
delay. 

• Segment delay: Segment delay is represented by the time taken to traverse 
a segment minus the time it would have taken to traverse the segment at 
the target speed. The segment delay on any step is equal to the time step 
delay. Segment delays accumulated over all time steps in which a vehicle 
is present on the segment represent the segment delay for that vehicle. 

• Queue delay: The queue delay is equal to the time step delay on any step in 
which the vehicle is in a queued state; otherwise, it is zero. Queue delays 
are accumulated over all time steps while the vehicle is in a queue. 

• Stopped delay: The stopped delay is equal to the time step delay on any 
step in which the vehicle is in a stopped state; otherwise, it is zero. Since a 
vehicle is considered to be stopped if it is traveling at less than a threshold 
speed, a consistent definition of stopped delay requires that the travel 
time at the target speed be subtracted. Time step delays accumulated over 
all time steps in which the vehicle was in the stopped state represent the 
stopped delay. Earlier versions of this manual defined stopped delay as 
76% of the control delay, on the basis of empirical data. 

• Control delay: Control delay is the additional travel time caused by 
operation of a traffic control device. The queue delay computed from 
vehicle trajectories provides a reasonable approximation of control delay 
when the following conditions are met: 

1. Queue delay is caused by a traffic control device, and 

2. Identification of the queued state is consistent with the definitions 
provided in the HCM. 

Special Delay Estimation Issues 

It is not possible to compute control delay from individual vehicle trajectory 
analysis in a manner consistent with the procedures in this manual that report 
control delay. It was demonstrated earlier in this chapter (see Exhibit 7-6) that the 
uniform delay term d1 described in Chapter 18 is derived from trajectory 
analysis. The problem is that the delay adjustment terms d2 and d3 are 
macroscopic corrections that have been derived analytically. As such, they 
cannot be represented by vehicle trajectories. When demand volumes approach 
and exceed capacity, the correction terms become very large. 

Exhibit 7-8 showed the trajectory of a single vehicle in an undersaturated 
situation. From this figure, it is observed that the control delay will be the same 
as the queue delay when their travel times projected to the stop line at the 
running speed (Le., the broken lines) follow the same path. The problem is that 
the additional delays from the d2 and d3 adjustment terms are not represented in 
the figure. The adjustment terms are represented implicitly in the queue delays 
produced by trajectory analysis. As such, they remain a valid estimator of control 
delay at all levels of saturation. 

While the queue delay from trajectory analysis generally provides a 
reasonable estimate of the delay on a controlled link, it is important to recognize 
certain phenomena that raise interpretation issues. The first is geometric delay, 
which is not included in the Chapter 18 procedure. For example, a large truck 
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turning right can cause additional delay to vehicles in a queue behind it. The 
additional delay, which would be ignored by the Chapter 18 control delay 
calculations, would be interpreted by trajectory analysis as control delay. This 
situation would cause problems in comparing the control delay estimates from 
the two methods. 

Another problem arises with oversaturated conditions. The conceptual 
differences between the analytical delay model of Chapter 18 and the 
microscopic simulation approach make it difficult to compare their results. The 
comparison becomes even more complicated when queues extend into upstream 
links. 

Density-Related Measures 

Density is one of the easiest measures to compute from vehicle trajectories 
because it involves simply counting the vehicles in a section of roadway at a 
specific time. Density is therefore a product of spatial analysis as opposed to 
longitudinal analysis. The question is how to apply the proper definition of 
density to the right section of roadway over the right period of time. For 
example, a main obstacle in comparing densities reported by the procedural 
chapters in this manual with those reported by simulation tools is their different 
definitions. The procedures in this manual report density in terms of passenger 
cars per mile. Simulation tools report this measure in terms of actual vehicles per 
mile. The simulated densities must be converted to passenger cars per mile to 
produce comparable results. Procedures for conversion are discussed in Chapter 
24, Concepts: Supplemental. 

Because of the importance of density as a determinant of LOS, it is desirable 
to establish trajectory analysis procedures that are compatible with the HCM so 
that simulated densities can be used for LOS estimation. Microscopic simulation 
models establish the position of all vehicles in the system at all points in time, 
making it easy to define and compute density measures that are uniform among 
different tools by simply counting the number of vehicles on a specified portion 
of a roadway. 

Computational Procedures 

The equivalent density at a point can be determined by simulation by using a 
simple equation that relates density to the spacing of vehicles: 

D 'ty ( h/ .) 5,280 ft/mi enSl ve ml = -----------
Vehicle spacing (ft/veh) 

Density can also be computed macroscopically at the segment level by 
simply counting the number of vehicles present on the segment during a 
particular time step. The densities by time step may be aggregated over an 
analysis period by computing the arithmetic mean of the time step densities. This 
method of measurement and aggregation should produce density values that are 
compatible with the HCM in both definition and computation, provided that the 
demand (d) does not exceed the capacity (e). For die ratios greater than 1.0, the 
density at the end of the analysis period may be of more interest than the average 
density. 

Equation 7-1 
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The HeM'S deterministic 
procedures give a unique 
result for a given set of inputs, 
while stochastic tools may give 
a distribution of results for a 
gil;€n set of inputs ol;€r a 
series of runs. 

Density is computed on a per lane basis in the examples given in Chapter 24. 
The combined density for the ramp influence area (the two freeway lanes 
adjacent to the ramp plus auxiliary lanes, if any, within 1,500 ft of the ramp 
junction) is also computed because of its application to freeway merge and 
diverge ramp junctions. To compute the average density for a series of segments 
in a freeway facility, the procedure outlined in Chapter 10 should be used. 

Follower Density 

This measure is defined in terms of the number of followers per mile on a 
two-lane highway. Follower density is not reported in this manual. Instead, 
percent time spent following is used as a determinant of LOS for two-lane 
highways in Chapter 15. The definition of the following state is given in Chapter 
15 as a condition in which a vehicle is following its leader by no more than 3 s. 
The concept of follower density has attracted increasing international interest. It 
is a measure that could be easily derived from trajectOlY analysis. 

STOCHASTIC ASPECTS Of SIMULATION ANALYSIS 

The deterministic procedures in the HCM give a unique value for all 
performance measures based on the specifics of the input data. Stochastic 
analysis tools apply a randomization process that might give different values for 
performance measures each time the process is repeated. In other words, 
simulation tools produce a distribution of values for each performance measure, 
much as would be expected from a series of repeated field studies. It is essential 
in supporting decision making to represent the distribution of values in terms of 
a single representative value. 

A comprehensive hltorial on the stochastic aspects of simulation is presented 
elsewhere (14). Topics covered include confidence intervals, the number of runs 
required to achieve a specified level of confidence, and hypothesis testing for 
comparing alternative configurations and strategies. The tutorial material is not 
repeated here, but it should be understood by analysts who are using simulation 
to produce performance measures that are comparable with those described in 
this manual. 

Simulation modeling is based on internally generated random numbers that 
are controlled by specifying an initial random number or "seed" to start the 
generation process. In some cases, multiple seeds are used to control different 
aspects of the randomization. For example, driver characteristics and vehicle 
characteristics might be seeded differently. Multiple runs using a simulation tool 
with the same input data and random number seed(s) will produce the same 
answers. To establish a range of answers, repetitions must be created by running 
a simulation tool with the same input data with different random number 
seed(s). Most simulation tools provide guidance on selecting random number 
seeds. 

Number of Required Repetitions 

The result of a set of simulation runs is normally represented by a summary 
of the average values of the performance measures of interest. Confidence in the 
results is influenced by the number of runs included in the set. The question 
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raised here is: "How many runs are needed?" The answer depends on three 
parameters; 

1. The maximum error that can be tolerated in the results: The tolerable 
error may be expressed in terms of an absolute value (e.g., 5 s of delay) or 
as a percentage of deviation from the true mean value. Greater acceptable 
maximum error (tolerance) suggests the need for fewer runs. 

2. The degree of confidence that the true mean falls within the specified 
error limits: A greater degree of confidence (i.e., 99% as opposed to 95%) 
suggests a need for more runs. 

3. The variability across simulation runs given by the standard deviation: A 
greater variability (higher standard deviation) suggests a need for more 
runs, if the other two parameters stay fixed. 

In accordance with a basic statistical approach, the standard error of the 
mean may be estimated from the simple relationship in Equation 7-2: 

E=_S_ 
In 

where 

E standard error of the mean, 

s = standard deviation of the set of runs for a particular performance 
measure, and 

n = number of runs included in the set. 

The confidence limits are expressed in terms of the number of standard 
errors from the mean value. A target of 95% confidence is often used for this 
purpose. The 95% confidence interval is represented by the mean value ±1.96 
standard errors. 

From the above relationship, it is possible, given the sample standard 
deviation s, to calculate the required sample size to produce 95% confidence of 
achieving a maximum tolerable error ET by using Equation 7-3: 

A few statistically oriented sites on the Internet offer online calculators for 
detennining required sample sizes. 

Expected Variation Between Runs 

It is difficult to anticipate the amount of variation that will result from a set 
of runs given the input data. The standard deviation of a given performance 
measure is best determined by making a set of test runs and applying the sample 
size calculations. One factor that influences the variability at signalized 
intersections is the degree of saturation on each approach. This influence is 
illustrated in Exhibit 7-9, which shows the coefficient of variation (standard 
deviation/mean) on a simple signalized approach as a ftmction of the approach 
volume. The data for this example included 30 runs for a IS-min period. 

Equation 7-2 

Equation 7-3 
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Exhibit 7-9 
Effect of Demand Volume on 
Variability of Simulated Delay 

on an Approach to a 
Signalized Intersection 

Exhibit 7-10 
Variability of Overall 

Performance Measures for a 
Large Urban Network 
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At low volumes, the variability is low, with the standard deviations 
approaching 10% of the mean value. The variability peaks at the capacity of the 
approach at a value near 25%. The variability is highest at capacity because some 
runs will see more undersaturated cycles in the operation, while others will see 
more oversaturated cycles. As demand volume increases well beyond approach 
capacity, the variability decreases significantly as deterministic phenomena 
begin to govern the operation. 

Exhibit 7-9 shows the relationship for a single approach to an intersection. 
Variability may also be expected to decrease in larger systems, as illustrated in 
Exhibit 7-10. This example shows a very large system with 472 links, obtained 
from the sample data distributed with one simulation tool. The data set included 
20 runs covering a IS-min period. The performance measures cover the entire 
system, and the resulting variation is substantially lower than would be expected 
on a single approach. 

Vehicle Miles Vehicle Hours MinutelZ I}er Mile Average 
Statistic Traveled Delay Total Delay Total Speed (mi/h) 
Mean 19,467 238 761 0.734 2.347 25.571 
Standard 
deviation 140 7 9 0.019 0.021 0.218 
OJ 0.007 0.028 0.012 0.026 0.009 0.009 
Standard 
error 31 1.49 1.96 0.00 0.00 0.05 
Upper 95% 19,528 240.497 765.197 0.742 2.356 25.667 
lower 95% 19406 234.661 757.508 0.725 2.337 25.475 

Note: 01 = coeffiCient of variation. 
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COMPARING HCM ANALYSIS RESULTS WITH ALTERNATIVE TOOLS 

At the start, it must be recognized that alternative traffic analysis tools have 
been used for many years and that not all their applications have a strong 
requirement for HeM compatibility. The guidance presented in this chapter and 
in the procedural chapters of Volumes 2 and 3 is addressed specifically to 
analysts who are seeking some degree of compatibility with the HeM 
procedures through the use of alternative tools. It is not the intent of the HeM to 
duplicate the tutorials and other authoritative documents in the literature 
dealing with the general application of traffic analysis tools. 

Full numerical compatibility between the HeM and simulation-based 
analyses is seldom attainable because of differences in definitions, modeling 
approaches, and computational methodologies. An earlier section of this chapter 
dealt with the use of vehicle trajectory analysis to promote consistent definitions 
and computational procedures for the most important performance measures. 
The guidance in this section covers the following areas: 

• Recognizing situations in which alternative tools should be applied, 

• Recognizing situations in which basic incompatibilities preclude direct 
comparisons between the HeM and simulation results, and 

• Achieving maximum compatibility between the HeM procedures and 
those of alternative tools. 

Conceptual Differences Between Modeling Approaches 

The analysis procedures described in this manual are based on deterministic 
models that are well founded in theory. They are implemented in the form of 
equations that describe the behavior of traffic. Most of the equations include 
empirical calibration factors derived from research. Simulation modeling, on the 
other hand, is based on the propagation of fictitious vehicles along a roadway 
segment in accordance with principles of physicS, rules of the road, and driver 
behavior. While both modeling approaches attempt to replicate phenomena that 
can be observed and quantified in the field, it is sometimes difficult to obtain 
results that are mutually comparable. The conceptual differences that preclude 
comparison are discussed in the procedural chapters. A summary of key 
differences is presented here: 

• Delays reported by the HeM interrupted-flow analysis procedures apply 
to all the vehicles that arrive during the analysis period. When demand 
volumes exceed capacity, the delay to vehicles entering the system during 
a given period and leaving during a subsequent period are included. 
Delays reported by simulation are those experienced within the analysis 
period regardless of when vehicles entered or left the system. This 
concept is explored in more detail later in this chapter in the discussion of 
multiperiod operation. 

• Densities are reported by the uninterrupted-flow chapters in terms of 
passenger cars per mile. Passenger car equivalency (peE) factors are used 
to convert heavy vehicles to passenger cars. peEs are applied before the 
density computations. Densities reported by simulation are generally 
expressed in actual vehicles per mile. The effect of heavy vehicles is an 

Full numerical compatibility between 
the HeM and alternative tools is 
seldom attainable because of 
differences in definition~ modeling 
approache~ and computational 
methodologies. 
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implicit result of their different characteristics. Because of this difference, 
it is difficult to apply peE factors in reverse to the results of the 
computations. 

• The procedures in this manual deal with peak 15-min-period demand 
flow rates, sometimes determined by applying a PHF to hourly volumes. 
Simulation models do not normally apply a PHF to input volumes. 
Therefore, some care must be taken to ensure that the demand and time 
periods are represented appropriately to promote the development of 
comparable results. 

• The procedures for analysis of urban street operations focus on 
performance measures for arterial through vehicles. Simulation tools 
generally consider all vehicles, including turning movements on a street 
segment. To obtain comparable results from simulation, it is necessary to 
isolate the through movements. 

• The procedures for analysis of ramp merge and diverge segments focus 
on traffic density within the influence of the merge area (usually the ramp 
and the two adjacent lanes). To obtain comparable results from 
simulation, it is necessary to define the merge area as a separate segment 
for analysis and to isolate the movements in the adjacent lanes. 

• HeM procedures typically do not consider the effect of self-aggravating 
phenomena on the performance of a segment. For example, when traffic 
in a left-turn bay spills over into the adjacent through lane, the effect of 
the through lane performance is not considered. The inability of drivers to 
access their desired lane when queues back up from a downstream facility 
is not taken into consideration. 

• Random arrivals in the traffic sh'eam are also treated differently by the 
two modeling approaches. The HeM's interrupted-flow procedures apply 
analytical correction factors to account for this effect, while simulation 
modeling treats randomness explicitly by generating vehicle arrivals from 
statistical distributions. The difference between the two treatments affects 
the comparability of results. 

• Some simulation tools either require or have the option of entering the 
origin-destination matrix instead of link and turning movement volumes. 
In these cases, the link and turning movement volumes are outputs from 
the dynamic traffic assignment models implemented as parts of the tools. 
HeM procedures require the link or turning movement counts as inputs. 

Framework for Comparison of Performance Measures 

The application framework for alternative tools is presented in the form of a 
flowchart in Exhibit 7-11. This framework applies to all the procedural chapters 
in Volumes 2 and 3. 

The first steps in this flowchart deal with identifying whether the situation 
will support analyses in which some degree of compatibility between the HeM 
and alternative tools may be achieved. If it is determined that, because of 
conceptual differences in definitions and modeling, no potential for compatibility 

Defining and Computing Uniform Performance Measures Page 7-30 Chapter 7/Interpreting HCM and Alternative Tool Results 
December 2010 

AR0074004 



( 

( 

( 

Highway Capacity Manual 2010 

exists, then the use of alternative tools should be limited to feasibility assessment 
and comparison of candidate solutions. It is anticipated that, in most cases, there 
will be potential areas of compatibility. 

The next steps cover the conduct of simulation analyses to achieve the 
desired level of compatibility with the HCM. Four steps are involved: 

1. Calibrate the simulation parameters to the HCM, usually by seeking equal 
capacities from both processes. 

2. Perform a statistically appropriate number of simulation runs. 

3. Interpret the results. 

4. Make iterative adjustments to calibration parameters to reconcile 
differences. 

Are 
performance 

measures 
compatible? 

Yes 

Is 
computational 
methodology 
compatible? 

Yes 

calibrate simulation 
parameters to the 

HCM 

Perfurm simulation 
runs 

Interpret results 

No 

No 

Can they be made 
compatible by 
adjustments? 

Can it be made 
compatible by 
adjustments? 

Modify input data 

Yes 

No 

No 

Perform relative 
comparison of 

alternatives using 
application 

guidelines in the 
"Toolbox" and other 

references 

Do not attempt to 
estimate LOS from 
the perfomnance 

measures 

Exhibit 7-11 
Application Framework for 
Alternative Tools 
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Alternative tools that report a 
performance measure with the 
same name as an HeM service 
measure, but with a different 
method of computation, 
should not be used to estimate 
LOS for purposes of the HeM. 

HeM LOS thresholds are often 
base::J on service measures 
representing the peak 15 min 
of demand (arriving vehicles) 
rather than the 15-min period 
when the measure reached its 
maximum value. 

The presence of significant 
queues at the end of an 
analysis period can often be 
taken as an indicator that LOS 
F has been reached. 

lOS Comparisons 

LOS estimates are determined by applying thresholds to specified 
performance measures (Le., service measures). When LOS is estimated from 
performance measures obtained from an alternative tool, it is essential that the 
performance measure be determined in the same way the HCM determines the 
same measure. Alternative methods may be used to estimate and compare 
performance measures, as long as tf:ley are both trying to estimate the same 
fundamental measurement. Alternative tools that report a performance measure 
with the same name as an HCM measure, but with a different method of 
computation, should not be used to estimate the LOS for purposes of the HCM. 

At this point, simulation tools do not generally report performance measures 
by using the definitions and trajectory-based method of estimation suggested in 
this chapter and in Chapter 24. Some refinement in the alternative tool 
definitions and methods of estimation based on vehicle trajectory analysis is 
required before valid comparisons can be made. The value of simulation 
modeling as a useful decision support tool is recognized, but the validity of 
direct comparison with performance measures defined by this manual is 
questionable unless the definitions and computational procedures conform to 
those prescribed in this chapter. 

It is also important to note that the HCM applies LOS thresholds to 
performance measures that represent the peak 15 min of demand (i.e., arriving 
vehicles) and not necessarily the 15-min period when the performance measure 
produced its maximum value. 

One consideration that makes simulation more compatible with the HCM in 
reporting LOS is the criterion that, for most roadway segments, LOS F is 
assigned to any segment that operates above its capacity. Therefore, without the 
need for a detailed trajectory analysis, the presence of significant queues at the 
end of the analysis period can be taken as an indicator that LOS F has been 
reached in the segment. When queues extend into a given segment from a 
downstream bottleneck, it is important to use the analysis procedures for 
freeway facilities described in Chapter 10 of this manual instead of the 
procedures for individual segments described in Chapters 11 to 13. On the other 
hand, when the purpose of the analysis is to develop a facility design that will 
produce a LOS better than F, the analyst must ensure that the performance 
measure on which LOS is based is estimated in a manner compatible with the 
HCM. 

Estimation of Capacity by Simulation 

It is commonly accepted that the capacity of an approach or segment may be 
estimated by overloading it and observing the maximum throughput. This 
technique is valid in some cases, but it must be used with caution when 
congestion could become a self-aggravating phenomenon. For example, when 
lane selection is important (as in the case of a turning bay) and congestion keeps 
vehicles from their desired lane, the throughput can drop below its theoretical 
maximum. This phenomenon is not recognized by most of the HCM's 
deterministic analysis procedures. Therefore, if the objective is to seek HCM
compatible capacity levels, the approach or segment should not be overloaded 
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by more than a few percent. In this case, the process of determining capacity 
might require iteration. On the other hand, if the objective is to evaluate the 
operation under an anticipated heavy overload, then simulation modeling might 
provide some insight into the nature of the resulting congestion. In that case, the 
analysis could require development of the relationship between demand and 
throughput. Examples of the adverse effects of heavy overloading are presented 
in Chapter 27, Freeway Weaving: Supplemental, and Chapter 34, Interchange 
Ramp Terminals: Supplemental. 

Temporal and Spatial Boundaries 

The LOS reported by the HCM procedures applies to the 15-min period with 
the maximum number of arrivals (i.e., entering vehicles). This period might not 
be the same one that reports the maximum delay because of residual queues. In a 
discussion of the limitations of performance measure estimation and use (15), 
there is frequent reference to the issues that arise in the treatment of incomplete 
trips within the analysis period, including those that entered the special domain 
of the analysis but did not exit during the analysis period and those that were 
unable to enter the spatial domain because of queue backup. The main problem 
lies in differences in treatment among different models. 

Complete Versus Incomplete Trips 
Five categories are proposed with respect to incomplete trips (15): 

1. Vehicles that were present at the start of the analysis period and were able 
to exit the system successfully before the end of the analysis period; 

2. Vehicles that were present at the start of the analysis period but were 
unable to exit the system successfully before the end of the analysis 
period; 

3. Vehicles that were able to enter the system during the analysis period but 
were unable to exit the system successfully before the end of the analysis 
period; 

4. Vehicles that tried to enter the system during the analysis period but were 
unsuccessful; and 

5. Vehicles that entered during the analysis period and were able to exit the 
system successfuUy before the end of the analysis period. 

All categories except the fifth represent incomplete trips. It is suggested 
elsewhere (15) that, if a specific analysis contains more than 5% incomplete trips, 
the period length should be increased. 

It is important to recognize that the objectives of the Federal Highway 
Administration's Traffic Analysis Toolbox (16) differ somewhat from those of the 
HCM. The purpose of the Toolbox is to provide general guidance on applying 
traffic analysis tools. The guidance on simulation included in this chapter is more 
focused on developing HCM-compatible performance measures so that those 
measures can be used in conjunction with the HCM procedures. Therefore, this 
discussion must examine temporal and spatial boundaries from the same 
perspective as the HCM procedures. 

Definition of incomplete trips within 
the temporal and spatial boundaries 
of an analysis. 

Chapter 7/Interpreting HCM and Alternative Tool Results Page 7-33 Defining and Computing Uniform Performance Measures 
December 2010 

AR0074007 



Highway Capacity Manual2010 

Exhibit 7-12 
Oversaturated Delay 

Representation by the HCM 
and Simulation Modeling 

When undersaturated operation is being studied, the definition of the facility 
in time and space is much less important. The operation tends to be more 
homogeneous when die ratios are less than 1.00. Extending the analysis period 
will give a larger sample of vehicles for most performance measures but will not 
affect the measures significantly. 

The issues are more conspicuous when the die ratio is greater than 1.00 for 
short periods. In this case, queues build up and the analysis (either HeM or 
simulation) must define temporal boundaries that begin and end without 
congestion. It is also desirable, but not essential, that the spatial boundaries 
encompass uncongested operation. Failure to define a spatially adequate system 
will result in vehicles being denied entry, but these vehicles will eventually be 
processed if the analysis period is long enough. 

Delay on Oversaturated Signalized Approaches 

LOS for interrupted flow is defined by the HeM in terms of the delay to all 
vehicles entering the facility during the analysis period. All vehicles wishing to 
enter are assumed to enter. Those unable to exit from a signalized intersection 
are accumulated in a residual queue and are assumed to exit later. The 
incremental (d2) term of the delay model accounts for delay to vehicles that exit 
in a later period. The d3 term accounts for the additional delay caused by an 
initial queue. 

The formulation illustrated in Exhibit 7-12 recognizes that delay accrues 
when the vehicular input to a system exceeds the output for a period of time. The 
HeM uses this formulation to estimate delay that accrues at a signalized 
intersection when volume exceeds capacity over the analysis time period, Tp. The 
HeM delay in Exhibit 7-12 is represented by the area of the two triangles shown 
in the figure. The area within the two triangles is referred to as the deterministic 
queue delay (DQD). The DQD may be determined as 5 x Tp x (X - 1), where X is 
the d/c ratio. 

..... f------ ~ -----I."',if.~--
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When demand exceeds capacity, some vehicles that arrive during Tp will 

depart during the next period. The time required to clear all vehicles arriving 
during Tp is shown above as Tc Because the HeM defines delay in terms of the 

delay experienced by all vehicles that arrive during the analysis period, the delay 
computations must include the delay to those vehicles that arrive during Tp and 

depart during Te. 

This definition differs from the delay definition used by most simulation 
tools, which address the delay experienced during the analysis period. The HeM 
definition includes the area within both triangles of Exhibit 7-12. The simulation 
definition includes only that portion of the area within the interval Tp. 

Compatibility with the HeM definition dictates that a control delay measure 
should be based on all entering vehicles, without regard to completed trips. An 
adequate initialization period should be used to load the facility. When the 
die ratio is less than 1.00, some vehicles that entered before the start of the 
analysis (i.e., during the initialization period) will exit the system. There will also 
be vehicles that enter the system late in the period and do not exit. Including 
these incomplete trips will not bias the delay results. 

When demand exceeds capacity for a single period, the HeM delay 
formulation shown in Exhibit 7-12 will include the delay to vehicles that exit in 
the next period. The simulation results will not. To produce a simulation run that 
replicates the HeM single-period calculations, a second period with zero 
demand must be added to the simulation run. Only the vehicles that were unable 
to exit during the first period will be accommodated during the second period. 
The sum of the delays for both periods will be equivalent to the HeM delay 
shown in Exhibit 7-12. 

Delay for Multiperiod Oversaturation 

When the operation is oversaturated beyond a single period, it is necessary 
to perform a multiperiod analysis, ensuring that the duration is sufficient to 
encompass congestion-free conditions at both ends. 

As an example, HeM and simulation delay formulations are illustrated in 
Exhibit 7-13, which depicts the analysis of four consecutive periods that begin 
and end without congestion. The analysis is performed sequentially, with the 
residual queues from one period applied as initial queues to the next period. The 
first two periods have demand in excess of capacity. In the last two periods, the 
demand drops sufficiently below capacity to allow the queues to clear. Delay 
polygons are shown for the HeM and simulation definitions for all periods. The 
shape of the delay polygons differs in the two formulations, so the delay values 
are not the same for any period. The important thing is that the sum of the areas 
for the four polygons is the same for each definition. 

The HeM defines delay In terms of 
the delay experienced by all vehicles 
arrtving durtng an analysis pertod 
(e.g., 15 min), including delay 
accumulated after the end of the 
analysis pertod. 

Most simulation tools define delay in 
terms of the delay experienced by all 
vehicles during a specified analysis 
pertod and do not include delay from 
later time periods. 

When operations are oversaturated 
beyond a single analysis period, a 
multiperiod analysis is necessary. 
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Exhibit 1-13 
Comparison of HCM and 

Simulation Delay Definitions 
for Four Oversaturated 

Periods 

Cumulative Input 
(Demand) 

Period 1 

Simulation 
Definition --

Basic Delay 
--Formulation 

Cumulative Output (capacity) 

Therefore, to promote compatibility between the HCM and simulation delay 
definitions for a multiperiod analysis involving oversaturated signalized 
approaches, the simulation results should be obtained as follows: 

• Ensure that the analysis period is long enough to encompass a period of 
congestion-free operation at both ends. 

• Perform an adequate initialization to load the system. 

• Perform the analysis on aU vehicles entering the system during each 
period. 

• Do not ignore any entering or exiting vehicle in any period; otherwise, the 
results could be biased. 

• If a measure of delay per vehicle is desired, develop the total delay by 
summing the delays for the individual periods and divide that delay by 
the total entering volume. 

Delay is not reported explicitly in the freeway segment chapters (Chapters 11 
to 13). However, delay may be inferred from each chapter's free-flow and 
average speed computations. This step is performed in Chapter 10 for analysis of 
freeway facilities involving a combination of different segment types. The delay 
due to queues forming from bottlenecks is added to the individual segment 
delays. While the delay computations are conceptually simpler for freeways, the 
same guidance for developing compatible simulation results applies to other 
system elements. 

Density is defined only in the uninterrupted-flow chapters. Unlike delay 
measures, which apply to individual vehicles, the density measure applies to the 
facility. Therefore, the issue of how to treat incomplete trips does not apply. 
Instantaneous densities should be determined from simulation by time step and 
should be aggregated over suitable intervals. The average density over a long 
period will be of less interest for most purposes than the variation of density that 
takes place in time and space. Typical aggregation intervals for that purpose will 
range from 5 to 15 min. 
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4. PRESENTATION OF RESULTS 

GUIDANCE ON THE DISPLAY Of HCM RESULTS 

Tabular values and calculated results are displayed in a consistent manner 
throughout the HeM. It is suggested that analysts adhere to these conventions. A 
key objective is to use the number of significant digits that is reasonable, to 
indicate to users, decision makers, and other viewers that the results are not 
extremely precise but take on the precision and accuracy associated with the 
input variables used. This guidance applies primarily to inputs and final outputs; 
intermediate results in a series of calculations should not be rounded unless 
specifically indicated by a particular methodology. 

Input Values 

Following is a list of representative (not exhaustive) input variables and the 
suggested number of digits for each. 

• Volume (whole number); 

• Grade (whole number); 

• Lane width (one decimal place); 

• Percentage of heavy vehicles (whole number); 

• PHF (two decimal places); 

• Pedestrian volume (whole number); 

• Bicycle volume (whole number); 

• Parking maneuvers (whole number); 

• Bus stopping (whole number); 

• Green, yellow, all-red, and cycle times (one decimal place); 

• Lost time/phase (whole number); and 

• Minimum pedestrian time (one decimal place). 

Adjustment factors 

Factors interpolated from tabular material can use one more decimal place 
than is presented in the table. Factors generated from equations can be taken to 
three decimal places. 

Service Volume Tables 

When rounding volumes for service volume tables, a precision no greater 
than the nearest 10 vehicles or passenger cars should be used for hourly tables 
and the nearest 100 vehicles or passenger cars for daily tables. 

free-flow Speed 

For base free-flow speeds, show the value to the nearest 1 mi/h. For free-flow 
speeds that have been adjusted for various conditions and that are considered 
intermediate calculations, show speed to the nearest 0.1 mi/h. 

Chapter 7/Interpreting HCM and Alternative Tool Results Page 7-37 
December 2010 

Conventions for the display of results 
in the HCM. 

Presentation of Results 

AR0074011 



Highway Capacity Manual 20 10 

Performance measures 
selected should be related to 
the problem being addressed. 

Presentation of Results 

Speeds 

For threshold values that define LOS, show speed to the nearest 1 mi/h. For 
intermediate calculations of speed, use one decimal place. 

Vo!ume-to-Capacity and Demand-to-Capacity Ratios 

Show vic and die ratios with two decimal places. 

Delay 

In computing delay, show results with one decimal place. In presenting 
delay as a threshold value in LOS tables, show a whole number. 

Density 

Show density results with one decimal place. 

Pedestrian Space 

Show pedestrian space values with one decimal place. 

Occurrences and Events 

For all event-based items, use values to a whole number. These items include 
parking maneuvers, bus stops, events along a pedestrian or bicycle path, and 
number of cycles in a given time period. 

General Factors 

In performing an calculations on a computer, the full precision available 
should be used. Intermediate calculation outputs should be displayed to three 
significant digits throughout. For the mea~,ure that defines LOS, the number of 
significant digits presented should exceed by one the number of significant digits 
shown in the LOS table. 

PRESENTING RESULTS TO FACILITATE INTERPRETATION 

Several performance measures can result from HCM analyses. Determining 
the most appropriate measures to use for a decision depends on the particular 
case. However, decision-making situations generally can be divided into those 
involving the public (e.g., city councils and community groups) and those 
involving technicians (e.g., state and local engineering and planning staff). 

The HCM is highly technical and complex. The results of the analyses can be 
difficult for people to interpret for decision making. unless the data are carefully 
organized and presented. In general, the results should be presented as simply as 
possible. This presentation might use a small set of performance measures and 
provide the data in an aggregate form without losing the ability to relate to the 
underlying variations and factors that generated the results. 

The LOS concept was created, in part, to make presentation of results easier 
than if numerical values of service measures were reported directly. In many 
cases, analysts and decision makers prefer to see one service measure rather than 
multiple performance measures. At the same time, relying solely on LOS results 
in making recommendations or decisions can result in important information 
available from other performance measures being overlooked. Nevertheless, 
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although there are limitations to its usefulness, the LOS concept remains a part of 
the HeM because of its acceptance by the public and decision makers. 

Decision makers who represent the public usually prefer measures that their 
constituents can understand; the public can relate to LOS results. Unit delay (e.g., 
seconds per vehicle) and travel speed are also readily understood. However, 
volume-to-capacity ratio, density, percent time spent following, and vehicle 
hours of travel are not measures to which the public easily relates. When the 
measures to present are selected, it is important for the analyst to recognize the 
orientation of the decision maker and the context in which the decision will be 
made. In general, these measures can be differentiated as system-user or system
manager oriented. 

GRAPHIC REPRESENTATION OF RESULTS 

Historically, data and analysis results have been presented primarily in 
tables. However, results may be best presented as pictures and supplemented 
only as necessary with the underlying numbers in some situations. Graphs and 
charts should not be used to decorate data or to make dull data entertaining; they 
should be conceived and fashioned to aid in interpretation of the meaning 
behind the numbers (17). 

Most performance measures in the HeM are quantitative, continuous 
variables. LOS values, however, result from step functions and do not lend 
themselves to graphing. When placed on a scale, LOS results must be given an 
equivalent numeric value, as shown in Exhibit 7-14, which presents the LOS for a 
group of intersections. The LOS letter is indicated, and shaded (or colored) areas 
indicate intersections that are below, at, or above the analysis objective of LOS D. 
The size of the indicator at each intersection shows the relative control delay 
value for the indicated LOS. 
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Exhibit 7-15 
Example of a Thematic 
Graphic Display of LOS 

Exhibit 7-16 
Example of a Cost

Effectiveness Graph 

Presentation of Results 

The issue is whether the change in value between successive LOS values (i.e., 
the interval) should be equal. For instance, is it appropriate for LOS A to F to be 
converted to a scale of 0 through 5? Should the numerical equivalent assigned to 
the difference of the thresholds between LOS A and B be the same as the 
difference between LOS E and F? These questions have not been addressed in 
research, except in the area of traveler-perception model s. Furthermore, LOS F is 
not given an upper bound. Therefore, a graph of LOS should be considered 
ordinal, not interval, because the numeric differences between the levels would 
not appear significant. 

However, it is difficult to refrain from comparing the differences. A scale 
representing the relative values of the LOS letters would have to incorporate the 
judgment of the analyst and the opinions of the public or decision makers-a 
difficult task. A thematic graphic presentation, however, avoids this issue. In 
Exhibit 7-15, for example, shading is used to highlight time periods and basic 
freeway segments that do not meet the objective LOS (in this case, D). 

Start Time Segment! Segment 2 .segment 3 Segment 4 
5:00 p.m. A B B A 
5:15 p.m. B B D A 
5:30 p.m. B B F A 
5:45 p.m. B D F A 
6:00 p.m. B F F A 
6:15 p.m. D F E A 
6:30 p.m. D E C A 
6:45 p.m. B B B A 

Simple graphics often can facilitate decision making among available 
alternatives. For example, in the cost-effectiveness graph in Exhibit 7-16, the 
estimated delays resulting from alternative treatments are plotted against their 
associated cost. The graph shows more clearly than a tabulation of the numbers 
that Alternative III is more costly and creates higher delay than Alternative II. 
This result eliminates Alternative III. 
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Whether Alternative I or II should be chosen, however, is a matter for the 
decision maker's judgment. Alternative II is more expensive than Alternative I 
but is predicted to deliver a significantly lower delay. A useful measure for 
decision makers is provided by the slope of the line between the alternatives, 
which shows the seconds of delay saved per dollar of cost. 

For this example, assume that Alternative IV provides the minimum 
acceptable LOS at significantly less cost than Alternative m. The dotted lines in 
Exhibit 7-16 indicate the relative cost-effectiveness of moving from Alternative I 
to IV or Alternative IV to II. The steepest slope-I to IV-signifies a high level of 
cost-effectiveness. The two alternatives that meet or exceed the LOS objective are 
Alternatives II and IV. The most appropriate alternative, therefore, is Alternative 
IV. 

The HCM provides valuable assistance in making transportation 
management decisions in a wide range of situations. It offers the user a selection 
of performance measures to meet a variety of needs. 'The analyst should 
recognize that using the HCM involves mixing a bit of art along with the science. 
Sound judgment is needed not only for interpreting the values produced but also 
for summarizing and presenting the results. 
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Many of these references can 
be found in the Technical 
Reference Library in Volume 4. 
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1. INTRODUCTION 

The 2010 Highway Capacity Manual (HeM) is the fifth edition of this 
fundamental reference document. Its objectives are threefold: 

1. To define performance measures and describe survey methods for key 
traffic characteristics, 

2. To provide methodologies to estimate and predict traffic-related 
performance measures, and 

3. To explain methodologies in a manner that allows readers to understand 
the factors that affect multimodal roadway operations. 

The travel modes covered by the HeM consist of the automobile, pedestrian, 
and bicycle modes, as well as public transit vehicles that operate on urban streets. 
The automobile mode includes other motorized roadway users, such as trucks, 
recreational vehicles, intercity buses, and motorcycles. 

HeM methodologies can be applied both to uninterrupted-flow roadways, 
such as freeways, multilane rural highways, and two-lane rural highways, and to 
interrupted-flow roadways, primarily urban streets and the intersections located 
along those streets. Methodologies are also provided for evaluating off-street 
pedestrian and bicycle facilities. The HeM can be applied to undersaturated 
conditions (where h'affic demand is less than a roadway'S capacity) and, in 
certain situations, to oversaturated conditions (where demand exceeds capacity). 

The HeM 2010 presents the best available techniques at the time of 
publication for determining roadway capacity and level of service (LOS), proven 
to work in the United States and validated by a group of independent experts. 
However, the HCM does not endeavor to establish a legal standard for highway 
design or construction. 

Chapter 8, HCM Primer, is written for a nontechnical audience and is a 
synopsis of Volume 1 of the HeM. An example of a potential audience for this 
chapter is decision makers who may be presented with the results of HeM 
analyses for the purpose of establishing policy or public interest findings. The 
chapter covers basic traffic operations terminology, capacity and quality-of
service concepts, and guidance on applying the results of analyses produced by 
the HeM and alternative traffic operations tools. 
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Traffic demands used in HeM 
analyses are typically 
expressed as flow rates that 
represent four times the peak 
1S-min traffic demand 

Highway Capacity Concepts 

2. HIGHWAY CAPACITY CONCEPTS 

DEFINITION OF CAPACITY 

Capacity is the maximum sustainable hourly flow rate at which persons or 
vehicles reasonably can be expected to traverse a point or a uniform section of a 
lane or roadway during a given time period under prevailing roadway, 
environmental, traffic, and control conditions. This one-sentence definition 
covers a variety of diverse topics, each discussed below: 

• Roadway conditions include such factors as the number of lanes, the width 
of the lanes and shoulders, and the roadway's horizontal and vertical 
alignment. The addition of a lane to a freeway, for example, increases the 
freeway's capacity, while substandard lane and shoulder widths may 
result in a lower capacity than would standard widths. 

• Environmental conditions include weather and lighting. The base 
conditions assumed in the HCM are good weather and lighting; however, 
depending on the needs of a given analysis (e.g., an analysis of travel time 
variability), roadway capacities under less-than-ideal conditions may be 
of interest. The HCM provides guidance for those situations as well. 

• Traffic conditions include the proportion of heavy vehicles (i.e., trucks, 
buses, and recreational vehicles) in the traffic stream, the proportion of 
roadway users who are regular users, turning-movement patterns at 
intersections, and the distribution of vehicles between lanes and 
directions of a roadway. Heavy vehicles adversely affect traffic in two 
ways: (a) they occupy more roadway space than passenger cars and (b) 
they have poorer operating capabilities than passenger cars, particularly 
with respect to acceleration, deceleration, and the ability to maintain 
speed on upgr ades. 

• Control conditions include the types of traffic control used at intersections 
(i.e., traffic signals, STOP signs, or YIELD signs), the amount of green time 
allocated to a particular movement at a traffic signal, and restrictions on 
the use of certain lanes (e.g., part-time restrictions on parking, or truck 
prohibitions in the left lane of a freeway). 

• Reasonable expectancy is the basis for defining capacity. That is, the stated 
capacity for a given roadway element is one that can be achieved 
repeatedly during peak periods, rather than the absolute maximum flow 
rate that could be observed on such a roadway. Driver characteristics vary 
from region to region, and the absolute maximum flow rate can vary from 
day to day and from location to location. 

• Finally, the time period used for analysis is typically the peak 15 min of the 
analysis hour. Traffic demands typically fluctuate over the course of an 
hour, so a roadway designed to accommodate hourly traffic demands 
may experience shorter-term peaks in demand that cause the roadway to 
break down. Once a roadway has broken down, it may take some time to 
recover. A IS-min analysis period accommodates most variations in flow 
without producing an excessively conservative estimate of capacity. 
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Persons per hour, passenger-car equivalents per hour, and vehicles per hour 
are measures that can define capacity, depending on the type of roadway 
element and the type of analysis being conducted. The concept of person-flow is 
important (a) in making strategic decisions about transportation modes in 
heavily traveled corridors and (b) in definiIlg the role of transit and high
occupancy-vehicle priority treatments. Person-capacity and person-flow weight 
each type of vehicle in the traffic stream by the number of occupants carried. 

UNINTERRUPTED-FLOW ROADWAYS 

Characteristics 

Uninterrupted-flow roadways have no fixed causes of delay or interruptions 
to the traffic stream such as traffic signals. Freeways and their components 
operate under the purest form of uninterrupted flow. There are no fixed 
interruptions to traffic flow, and access is controlled and limited to ramp 
locations. Multilane highways and two-lane highways can also operate under 
uninterrupted flow in long segments; however, it may also be necessary to 
examine points along those highways where traffic may need to slow or stop 
(e.g., traffic signals, roundabouts, and STOP signs). 

The traffic stream on uninterrupted-flow facilities is the result of individual 
vehicles interacting with each other and the facility's geometric characteristics. 
The pattern of flow is generally controlled only by the characteristics of the land 
uses that generate the traffic using the facility, although freeway management 
and operations strategies-such as ramp metering, freeway auxiliary lanes, truck 
lane restrictions, variable speed limits, and incident detection and clearance-can 
also influence traffic flow. Operations can also be affected by environmental 
conditions, such as weather or lighting, by pavement conditions, and by the 
occurrence of traffic incidents (1,2). 

"Uninterrupted flow" describes the type of facility, not the quality of the 
traffic flow at any given time. A freeway experiencing stop-and-go congestion, 
for example, is still an uninterrupted-flow facility, despite the congestion. 

HCM Methodologies 

The HeM provides methodologies for the following uninterrupted-flow 
system elements: 

• Freeway facilities; An extended length of a single freeway composed of a 
set of connected basic freeway, weaving, and merge and diverge 
segments. 

• Basic freeway segments. The portions of a freeway outside the influence 
area of any on- or off-ramps. 

• Freeway weaving segments. The portions of a freeway where an on-ramp is 
closely followed by an off-ramp and entering or exiting traffic must make 
at least one lane change to enter or exit the freeway. 

• Freeway merge and diverge segments. The portions of a freeway where traffic 
enters or exits without having to change lanes to enter or leave a through 
traffic lane. 
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• Multilane highways. Higher-speed facilities, with two or more lanes in each 
direction, without full access control (i.e., traffic enters and exits by means 
of at-grade intersections, which mayor may not be signal-controlled). 

• Two-lane highways. Facilities with mostly one lane of travel per direction, 
with motorists using passing lanes, turnouts, or the opposing lane (where 
allowed by regulation and opposing traffic) to pass slower vehicles. 

Performance Measures 

The fonowing are key performance measures used to evaluate the operation 
of uninterrupted-flow roadways: 

• Density is typically defined by the average number of vehicles (or 
passenger-car equivalents) per lane mile of roadway. The denser the 
traffic conditions, the doser vehicles are to each other and the harder it is 
for vehides to dtange lanes or maintain a constant speed. Density is 
frequently used to evaluate freeways and multilane highways. 

• Speed reflects how fast motorists can travel along a roadway. The speed 
that a motorist would travel along an uninterrupted-flow roadway under 
low-volume conditions is known as the free-flow speed. Drivers experience 
delay when their travel speed is less than the free-flow speed, whidt is a 
result of traffic demands approaching or exceeding the roadway'S 
capacity. Speed is used to evaluate all kinds of uninterrupted-flow 
roadways. 

• Percent time-spent-following is a measure specific to two-lane highways. It 
represents the freedom to maneuver and the comfort and convenience of 
travel. It is the average percentage of travel time that vehicles must travel 
in platoons behind slower vehicles because of the inability to pass. 

• Volume-to-capacity (v/c) ratio reflects how closely a roadway is operating to 
its capacity. By definition, the volume of traffic using a roadway cannot 
exceed the roadway'S capacity. Therefore, the vic ratio is actually a 
demand-to-capacity (die) ratio. However, vic ratio is the historically used 
term. A vic ratio that exceeds 1.00 indicates that more vehicles demand to 
use a roadway than can be accommodated. Observed volumes represent 
only the number of vehicles that are able to pass through a portion of 
roadway under existing conditions; these volumes may be constrained by 
bottlenecks elsewhere along the roadway. In contrast, demand volumes 
represent the number of vehicles that would be observed in the absence of 
any bottlenecks. Analyses that fail to account for demand volumes may 
result in a forecast of better future conditions than would actually occur. 

INTERRUPTED-FLOW ROADWAYS 

Characteristics 

Interrupted-flow facilities have fixed causes of periodic delay or traffic 
stream interruption, such as traffic signals, roundabouts, and STOP signs. Urban 
streets are the most common form of tlus kind of facility. Exclusive pedestrian 
and bicycle facilities are also treated as interrupted flow, since they may 
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occasionally intersect other streets at locations where pedestrians and bicyclists 
do not automatically receive the right-of7way. 

The traffic flow patterns on an interrupted-flow facility are the result of 
vehicle interactions, the facility's geometric characteristics, the traffic control 
used at intersections, and the frequency of access points to the facility. Traffic 
signals, for example, allow designated movements to occur only during certain 
portions of the signal cycle (and, therefore, only during certain portions of an 
hour). This control creates two significant outcomes. First, time affects flow and 
capacity, since the facility is not available for continuous use. Second, the traffic 
flow pattern is dictated by the type of control used. For instance, traffic signals 
create platoons of vehicles that travel along the facility as a group, with 
significant gaps between one platoon and the next. In contrast, all-way STOP
controlled intersections and roundabouts discharge vehicles more randomly, 
creating small (but not necessarily usable) gaps in traffic at downstream locations 
(1,3). 

HeM Methodologies 

The HCM provides methodologies for the following interrupted-flow system 
elements: 

• Urban street facilities, which are extended sections of collector or arterial 
streets, and which include the impacts of traffic signals or other traffic 
control along the street. Urban street facilities are formed by two or more 
urban street segments, which are typically street sections extending from 
one traffic signal to the next, including the impact of the traffic signal at 
the far ("downstream") end of the segment. Roundabouts and sToP-sign 
control on the major street can also define the end of an urban street 
segment. Segments are the basic analysis unit for multimodal analyses. 

• Signalized intersections. 

• Interchange ramp terminals, which are two closely spaced intersections of 
freeway ramps and surface streets. The HCM can be used to analyze 
interchange ramp terminals consisting of a pair of signalized intersections 
or a pair of roundabouts. 

• Unsignalized intersections, including two-way SToP-controlled intersections 
(i.e., intersections where only the side-street approaches are required to 
stop), all-way STOP-controlled intersections, and roundabouts. 

• Off-street pedestrian and bicycle facilities, such as bicycle paths or multiuse 
trails. On-street pedestrian and bicycle facilities are addressed by the 
methodologies for urban streets and intersections, although not every 
system element has an associated pedestrian or bicycle methodology. 
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Performance Measures 

The following are key performance measures used in evaluating the 
operation of motorized vehicles on interrupted-flow roadways: 

• Control delay is the delay incurred because of the presence of a traffic
control device. It includes delay associated with vehicles slowing in 
advance of an intersection, the time spent stopped on intersection 
approach, the time spent as vehicles move through a queue, and the time 
needed for vehicles to accelerate to their desired speed once through the 
intersection. 

• Speed reflects how fast motorists can traverse a roadway section, including 
the effects of traffic-control devices, delays due to turning vehicles at 
intersections and driveways, and traffic demands on the roadway. 

• Number of stops reflects how frequently motorists must come to a stop 
while traveling along an urban street because of traffic control, turning 
vehicles, midblock pedestrian crossings, and similar factors. 

• Queue length reflects how far traffic backs up as a result of traffic control 
(e.g., a queue from a traffic signal) or a vehicle stopped in the travel lane 
while waiting to make a turn. Queuing is both an important operational 
measure all.d a design consideration-queues that are longer than the 
available storage length can create several types of operational problems. 
A through-lane queue that extends past the entrance to a turn lane blocks 
access to the turn lane, keeping it from being used effectively. Similarly, a 
turn-lane queue overflow into a through laIl.e interferes with the 
movement of through vehicles. Queues that extend upstream from all. 
intersection can block access into and out of driveways and-in a worst 
case-can spill back into and block upstream intersections, causing side 
streets to begin to queue back. 

• Volume-to-capacity (demand-to-capacity) ratios, which are defined and used 
Similarly to those of uninterrupted-flow roadways. 

• The performance measures produced by traveler-perception models describe 
how travelers would perceive conditions. These models use a variety of 
inputs to generate a single performance measure. The measure value 
predicts the average perception rating that all users of a given mode 
would give a particular system element. Traveler-perception models are 
frequently applied to pedestrian, bicycle, and transit analyses and are 
discussed further in Section 3, Quality and Level-of-Service Concepts. 

• Pedestrian space, bicycle speed, and number of meeting/passing events on off
street pedestrian and bicycle facilities can also be of interest to analyses 
involving the pedestrian and bicycle modes. 

MODAL INTERACTIONS 

Roadways serve users of many different modes: in particular, motorists, 
pedestrians, bicyclists, and transit passengers. The roadway right-of-way is 
allocated among the modes through the provision of facilities that ideally serve 
each mode's needs. However, in many urban situations, the right-of-way is 
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constrained by adjacent land development, causing transportation engineers and 
planners to consider trade-offs in how to allocate the right-of-way. Interactions 
among the modes that result from different right-of-way allocations are 
important to consider in analyzing a roadway, and the HeM provides tools for 
assessing these interactions. Local policies and design standards relating to 
roadway functional classifications also provide guidance on the allocation of 
right-of-way; safety and operational concerns should also be addressed. Exhibit 
8-1 summarizes some of the key interactions that occur between modes. 

Mode 
Creating the 
Interaction Automobile 

Turning automobiles 
can delay other 
automobiles; heavy 
vehicles have poorer 
acceleration and 
deceleration 
characteristics; traffic 
signal timing is 

Automobile influenced by relative 
traffic volumes on 
intersection 
approaches; 
intersection delay 
tends to increase as 
automobile volumes 
increase 

Minimum green times 
at traffic signals may 

Pedestrian 
be dictated by 
crosswalk lengths; 
automobiles yield to 
crossing pedestrians 

Turning automobiles 
yield to bicycles; 

Bicycle 
automobiles may be 
delayed waiting to 
pass bicycles in 
shared-lane situations 

Buses are heavy 
vehicles; buses 
stopping in the travel 
lane to serve 

Transit 
passengers can delay 
other vehicles; transit 
signal priority 
measures affect the 
allocation of green 
time 
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Mode Affected by: the Intjilraction 

Pedestrian Bicycle Transit 

Cross-street 
Automobile and heavy 

Impacts similar to 
automobile volumes 

vehicle volumes and 
those of automobiles 

influence traffic signal 
speeds, presence of 

on automobiles; 
timing (and pedestrian 

on-street parking, and 
buses rnay be 

delay); turning delayed waiting for a 
movement conflicts 

the deg ree to which 
gap in traffic when 

between cars and 
bicyclists are 

they leave a bus 
pedestrians; 

separated from 
stop; day-to-day 

vehicular traffic 
automobile and heavy 

influence bicyclist 
variations in traffic 

vehicle volumes and 
comfort; turning 

volumes and trip-to-
their perceived 

movement conflicts 
trip variations in 

separation from 
with automobiles at 

making or missing 
pedestrians using intersections 

green lights affect 
sidewalks schedule reliability 

Pedestrians being met 
Impacts similar to 

Cross-flows where and passed by bicycles 
those of pedestrians 

pedestrian flows on multiuse paths 
on automobiles; 

intersect cause affect bicyclist comfort 
transit riders are 

pedestrians to adjust because of 
often pedestrians 

their course and pedestrians' lower 
before and after their 
transit trip, so the 

speed; pedestrian speeds and tendency 
quality of the 

space and comfort to walk abreast; on 
pedestrian 

decrease as pedestrian streets, effect on 
environment affects 

volumes increase bicycles similar to that 
the perceived quality 

on automobiles 
of the transit trip 

Bicycles meeting and Bicyclists may be 
Impacts similar to 

passing pedestrians on delayed when they 
multiuse paths affect pass another bicycle 

those of bicyclists on 

pedestrian comfort on-street; meeting and 
automobiles; bicycles 
can hel p extend the 

because of the passing events on off-
area served by a 

bicycles' markedly street pathways affect 
hiqher speeds bicyclist comfort 

transit stop 

Impacts similar to 
those of automobiles 
on bicyclists, but 

Bus speeds decrease 
Impacts similar to 

proportionately greater 
as bus volumes 

those of automobiles 
due to tranSit vehicles' 

increase; irregular 
on pedestrians, but 

greater size; transit 
headways increase 

proportionately greater 
can help extend the 

passenger loads on 
due to transit vehicles' 

reach of a bicycle trip 
some buses and 

greater Size 
and allows a trip to be 

increase average 

completed in the event 
wait times for buses 

of a flat tire or rain 
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Quality of service describes 
how well a transportation 
facility or service operates 
from a traveler's perspective. 

Dimensions of system 
performance and mobility. 

3. QUALITY AND LEVEL-Of-SERVICE CONCEPTS 

OVERVIEW 

There are many ways to measure the performance of a transportation facility 
or service-and many points of view that can be considered in making that 
measurement. The agency operating a roadway, automobile drivers, pedestrians, 
bicyclists, bus passengers, decision makers, and the community at large all have 
their own perspectives on how a roadway or service should perform and what 
constitutes "good" performance. As a result, there is no one right way to 
measure and interpret performance. The HCM provides a number of tools for 
describing how well a transportation facility or service operates from a traveler's 
perspective, a concept termed quality of service. One important tool for describing 
quality of service is the concept of LOS, which facilitates the presentation of 
results through the use of a familiar A (best) to F (worst) scale. A variety of 
specific performance measures, termed service measures, are used to determine 
LOS. These three concepts-quality of service, LOS, and service measures-are 
the topics of this section. 

QUALITY OF SERVICE 

Quality of service describes how well a transportation facility or service 
operates from a traveler's perspective. Quality of service can be assessed in a 
number of ways, including directly observing factors perceivable by and 
important to travelers (e.g., speed or delay), surveying travelers, trackiI1.g 
complaints and compliments about roadway conditions, forecasting traveler 
satisfaction by using models derived from past traveler surveys, and observing 
things not directly perceived by travelers (e.g., average time to clear a crash) that 
affect things they can perceive (e.g., speed or arrival time at work). 

The HCM's focus is on the travel time, speed, delay, ability to maneuver, and 
comfort aspects of quality of service. Travel time reliability is expected to be 
added in the future, as a result of funded research. Other aspects of quality of 
service covered to a lesser degree by the HCM, or covered more thoroughly by 
its companion documents, include convenience of travel, safety, user cost, 
availability of facilities and services, roadway aesthetics, and information 
availability. 

Quality of service is one dimension of mobility and overall transportation 
system performance. Other dimensions to consider are the following (4, 5): 

• Quantity (~f service-such as the number of person miles and person-hours 
provided by the system; 

• Capacity utilization-including the amount of congestion experienced by 
users of the system, the physical length of the congested system, and the 
number of hours that congestion exists; and 

• Accessibility-for example, the percentage of the populace able to 
complete a selected trip within a specified time. 
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LEVEL Of SER.VICE 

The HeM defines LOS for most combinations of travel mode (i.e., 
automobile, pedestrian, bicycle, and transit) and roadway system element (e.g., 
freeway, urban street, intersection) addressed by HCM methodologies. Six levels 
are defined, ranging from A to F. LOS A represents the best operating conditions 
from the traveler's perspective and LOS F the worst. For cost, environmental 
impact, and other reasons, roadways and transit services are not typically 
designed to provide LOS A conditions during peak periods. Rather, a lower LOS 
that reflects a balance between individual travelers' desires and society's desires 
and financial resources is typically the goal. Nevertheless, during low-volume 
periods of the day, a system element may operate at LOS A. 

LOS is used to translate complex numerical performance results into a 
simple A-F system representative of the travelers' perceptions of the quality of 
service provided by a facility or service. The LOS letter result hides much of the 
complexity of facility performance to simplify decision making about whether 
facility performance is generally acceptable and whether a change in this 
performance is likely to be perceived as significant by the general public. One of 
the strengths of the LOS system, and a reason for its widespread adoption by 
agencies, is its ability to communicate roadway performance to laypersons. 
However, LOS has other strengths and weaknesses, described below, that both 
analysts and decision makers need to be mindful of. 

Step function Nature of LOS 

The measure of effectiveness for automobiles at traffic signals is the average 
delay experienced by motorists. As traffic volumes on certain critical approaches 
increase, so does the average delay. The added delay mayor may not result in a 
change in LOS. An increase of delay of 12 s may result in no change in LOS, a 
drop of one LOS level, or a dro p of two LOS levels, depending on the starting 
value of delay. Because there are only six possible LOS letters, each covering a 
range of possible values, the reported LOS does not change until the service 
measure increases past the threshold value for a given LOS. A change of LOS 
indicates that roadway performance has transitioned from one given range of 
traveler-perceivable conditions to another range, while no change in LOS 
indicates that conditions are in the same performance range as before. The 
service measure value-in this case, average delay-indicates more specifically 
where conditions lie within a particular performance range. 

Because a small change in a service measure can sometimes result in a letter 
change in the LOS result, the LOS result may imply a more significant effect than 
actually occurred. This aspect of LOS can be a particularly sensitive issue when 
agencies define their performance standards on the basis of LOS, since a small 
change in performance can trigger the need for potentially costly improvements. 
However, this issue exists whenever a fixed standard is used, whether or not 
LOS is the basis of that standard. 

LOS is the stratification of quality of 
service. 

Defining performance standards on 
the basis of LOS (or any fixed 
numerical value) means that small 
changes in performance can 
sometimes result in the standard 
being exceeded, when a facility is 
already operating close to the 
standard. 
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Uncertainty and False Precision 

Computer software is frequently used to perform traffic operations analyses, 
and software can report results to many decimal places. However, such precision 
is often unjustified for four reasons: 

1. In contrast to the force of gravity or the flow of water through a pipe, the 
actions of motorists driving on a roadway can vary. Traffic operations 
models predict average values of performance measures; the actual value 
for a measure on a given day may be somewhat higher or lower. TIms, the 
result reported by every traffic operations model has some uncertainty 
associated with it. 

2. A given traffic operations model may rely on the output of other models 
that have their own associated result uncertainties. 

3. Some model inputs, such as traffic volumes, are taken to be absolute, 
when there is actually variation in the inputs from month to month, day 
to day, or even within an hour. Traffic volumes, for example, may vary by 
5% to 10% from one weekday to the next. 

4. Some HCM models predict traveler perceptions. Two travelers who 
experience identical conditions may perceive those conditions differently. 
When many travelers are surveyed, a distribution of responses from 
"very satisfied" to "very dissatisfied" (or some similar scale) results. The 
traveler-perception models predict the average of those responses. 

5. Some alternative tools involve the use of simulation, in which results will 
vary as inputs are randomly varied within a set distribution and average. 
Therefore, reporting only one result from simulation simplifies the actual 
results produced. 

Therefore, any reported traffic operations performance measure value, 
whether resulting from an HCM methodology, an alternative tool (e.g., 
simulation), or even field measurement, potentially has a fairly wide range 
associated with it in which the "true" value actually lies. The LOS concept helps 
to downplay the implied accuracy of a numeric result by presenting a range of 
measure results as being reasonably equivalent from a traveler's point of view. 
However, the same variability issues also mean that the "true" LOS value may be 
different from the one predicted by a methodology. One way of thinking about a 
reported value and its corresponding LOS result is that they are the statistical 
"best estimators" of conditions. 

lOS Reported Separately by Mode 

In an effort to produce a single top-level measure of conditions, some HCM 
users may be tempted to blend the LOS reported for each mode into a single LOS 
value for a roadway element. However, each mode's travelers have different 
perspectives and could experience different conditions while traveling along a 
particular roadway. The use of a blended LOS carries the risk of overlooking 
quality-of-service deficiencies for non automobile travelers that discourage the 
use of those modes, particularly if the blended LOS is weighted by the number of 
modal travelers. Other measures, such as person delay, can be used when an 
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analysis requires a combined measure. The HeM recommends reporting modal 
LOS results individually. 

Reporting the Big Picture 

Analysts and decision makers should always be mindful that neither LOS 
nor any other single performance measure tells the full story of roadway 
performance. Depending on the particulars of a given location and analysis, 
queue lengths, demand-to-capacity ratios, average travel speeds, indicators of 
safety, and other performance measures may be equally or even more important 
to consider, regardless of whether they are specifically called out in an agency 
standard. For this reason, the HeM provides methods for estimating a variety of 
useful roadway operations performance measures, and not just methods for 
determining LOS. 

SERVICE MEASURES 

As introduced earlier, service measures are specific performance measures 
that are used to determine LOS. Exhibit 8-2 summarizes the service measures 
used by the HeM for different combinations of transportation system elements 
and travel modes. Some service measures are based on a traveler-perception 
model; the components of each model are given in Exhibit 8-3. 

Service Measures 
System Element Automobile Pedestrian Bi de Transit 
Freeway facility Density 

Basic freeway segment Density 

Freeway weaving segment Density 

Ramp junction Density 

Multilane highway Density LOS score" 

Two-lane highway 
Percent time-spent-

following, speed 
LOS score" 

Urban street facility Speed LOS score' LOS score" LOS score" 

Urban street segment Speed LOS score" LOS score" LOS score" 

Signalized intersection Delay LOS score" LOS score' 

Two-way stop Delay Delay 

All-way stop Delay 

Roundabout Delay 

Interchange ramp terminal Delay 
Off-street pedestrian-bicycle 
facili 

Space, eventsb LOS score' 

Notes: a See Exhibit 8-3 for the LOS score components. 
b Events are situations where pedestrians meet bicycliSts. 

Neither LOS nor any other single 
performance measure tells the full 
story of roadway performance. 

Service measures are the 
performance measures that define 
LOS. 

Exhibit 8-2 
Service Measures by Individual 
System Element 
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Exhibit: 8-3 
Components of Traveler

Perception Models Used to 
Generate Service Measures 

System Element 
Multilane highway 
and two-lane 
highway 

Urban street facility 

U rba n street 
segment 

Signalized 
intersection 

Off-street 
pedestrian-bicycle 
facility 

Mode Model Components 
Perceived separation between bicycles and motor vehicles, pavement 

Bicycle quality, automobile and heavy vehicle volume and speed 

Automobile Weighted average of segment automobile LOS scores 
Pedestrian Urban street segment and signalized intersection pedestrian LOS scores, 

mid block crossing difficulty 
Bicycle Urban street segment and signalized intersection bicycle LOS scores, 

driveway conflicts 
Transit Weighted average of segment tranSit LOS scores 

Automobile Stops per mile, left-turn lane presence 
Pedestrian Pedestrian density, sidewalk width, perceived separation between 

pedestrians and motor vehicles, motor vehicle volume and speed 
Bicycle Perceived separation between bicycles and motor vehicles, pavement 

quality, automobile and heavy vehicle volume and speed 
Transit Service frequency, perceived speed, pedestrian LOS 

Pedestrian Street crossing delay, pedestrian exposure to turning vehicle conflicts, 
crossing distance 

Bicycle Perceived separation between bicycles and motor vehicles, crossing 
distance 

Bicycle 
Average meetings/minute, active passings/minute, path width, centerline 
presence, delayed passings 

Note: The automobile traveler-perception model for urban street segments and facilities Is not used to determine 
LOS; however, it is provided as a performance measure to facilitate multi modal analyses. 
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4. ANALYSIS PROCESS 

LEVELS OF HeM ANALYSIS 

The HeM can be applied at the operational, planning and preliminary 
engineering, and design analysis levels. The required input data typically remain 
the same at each analysis level, but the degree to which default values are used 
instead of measured or forecast values differs. In addition, operational and 
planning and preliminary engineering analyses frequently evaluate the LOS that 
will result from a given set of inputs, while design analyses evaluate the facility 
characteristics that will be needed to achieve a desired LOS. 

Operational Analysis 

In an operational analysis, an analyst applies an HCM methodology directly 
and supplies all of the required input parameters from measured or forecast 
values. No, or minimal, default values are used. Of the available ways to apply 
HeM methodologies, operational analyses provide the highest level of accuracy 
but, as a result, also require the most detailed data collection, which has time and 
cost implications. 

An operational analysis helps in making decisions about operating 
conditions. Typical alternatives consider, for example, changes in traffic signal 
timing and phasing, changes in lane configurations, spacing and location of bus 
stops, tlle frequency of bus service, or the addition of a bicycle lane. The analysis 
produces operational measures that can be used to compare the alternatives. 

As discussed earlier in this chapter, even though a model's results may be 
highly accurate, any variability associated with the model's inputs can affect the 
model's results. 

Planning and Preliminary Engineering Analysis 

In planning and preliminary engineering analyses, an analyst applies an 
HeM methodology by using default values for some to nearly all of tl,e model 
inputs-for example, through the use of generalized service-volume tables. The 
results are less accurate than in an operations analysis, but the use of default 
values reduces the amount of data collection and the time required to perform an 
analysis. In a large-scale planning study, where a large number of roadways may 
be evaluated, this level of analysis may be the best practical, given time and 
budget constraints. For future-focused studies, not all of the model inputs may 
be known or forecastable, which suggests the need for a planning analysis with 
the use of default values for tlle unknown model inputs. 

Planning analyses are applications of the HeM generally directed toward 
broad issues such as initial problem identification (e.g., screening a large number 
of locations for potential operations deficiencies), long-range analyses, and 
statewide performance monitoring. An analyst often must estimate the future 
times at which the transportation system will fall below a desired LOS. 
Preliminary engineering analyses are often conducted to support plannil1.g 
decisions related to a roadway design concept and scope and in performing 
alternatives analyses. These studies can also assess proposed systemic policies, 

Chapter 8/HCM Primer 
December 2010 

Page 8-13 Analysis Process 

AR0074033 



Highway Capacity Manual 2010 

Service-volume results should 
be applied with care, since 
actual conditions will likely 
vaty in some way from the 
assumptions used to develop 
the table. 

The HeM provides generalized 
service-volume tables for 

• Freeway facilities 
• Multilane highways 
• Two-lane highways 
• Urban street facilities 

Analysis Process 

such as lane-use control for heavy vehicles, systemwide freeway ramp metering 
and other intelligent transportation systems applications, and the use of demand
management techniques, such as congestion pricing (5). 

Generalized Service-Volume Tables 

Generalized service-volume tables are sometimes used in planning analyses. 
These tables are constmcted by applying default values to an HeM methodology 
and then incrementally determining the maximum number of vehicles that a 
roadway could carry at a given LOS, given the assumed conditions. 

The use of a service-volume table is most appropriate in situations in which 
it is not practical to evaluate every roadway or intersection within a study area. 
Examples of these applications would be city, county, or statewide planning 
studies, where the size of the study area makes it infeasible to conduct a capacity 
or LOS analysis for every roadway segment. For these types of planning 
applications, the focus of the effort is simply to highlight potential problem areas 
(for example, locations where demand may exceed capacity or where a desired 
LOS may be exceeded). For such applications, a service-volume table can be a 
useful screening tool. Once potential problem areas have been identified, more 
detailed analyses can be performed for those locations. 

The characteristics of any given roadway will likely vary in some way from 
the assumed input values used to develop a service-volume table. Therefore, the 
results from a service-volume table should be treated as rough approximations. 
Service-volume tables should not be substituted for other tools to make a final 
determination of the operational adequacy of a particular roadway. 

Design Analysis 

Design analyses typically apply the HeM to establish the detailed physical 
features that will allow a new or modified roadway to operate at a desired LOS. 
Design projects are usually targeted for mid- to long-term implementation. Not 
all the physical features that a designer must determine are reflected in the HeM 
models. Typically, analysts using the HeM are seeking to determine such 
elements as the basic number of lanes required and the need for auxiliary or 
turning lanes. However, an analyst can also use the HeM to establish values for 
elements such as lane width, steepness of grade, the length of added lanes, the 
size of pedestrian queuing areas, the widths of sidewalks and walkways, and the 
presence of bus pu Houts. 

The data reqUired for design analyses are detailed and are based 
substantially on proposed design attributes. However, the intermediate- to long
term focus of the work will require the use of some default values. This 
simplification is justified in part by the limits on the accuracy and precision of 
the traffic forecasts with which the analyst will be working. 
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ANALYSIS TOOL SELECTION 

Types of Tools 

Each analytical or simulation tool, depending on the application, has its own 
strengths and weaknesses. It is important to relate relevant modeling features to 
the needs of the analysis and to determine which tool satisfies these needs to the 
greatest extent. 

HeM methodologies are deterministic and macroscopic. A deterministic model 
will always produce the same result for a given set of inputs. A macroscopic 
model considers average conditions experienced by vehicles over a period of 
time (typically 15 min or 1 h). In comparison, microsimulation models are 
stochastic and microscopic. In a stochastic model, a different random number seed 
will produce a different modeling result; therefore, the outcome from a 
simulation run based on a stochastic model cannot be predicted with certainty 
before the analysis begins. Microscopic models simulate the movement of 
individual vehicles on the basis of car-following and lane-changing theories. 

Situations When Alternative Tools Might Be Considered 

The HeM is the product of a large number of peer-reviewed research 
projects and reflects the best available techniques (at the time of publication) for 
determining capacity and LOS. However, the research behind the HeM has not 
addressed every possible situation that can arise in the real world. Therefore, the 
HeM documents the limitations of its procedures and highlights situations when 
alternative analysis tools should be considered to supplement or substitute for 
the HeM. The following are examples of these situations: 

• The configuration of the facility has elements that are beyond the scope of 
the HeM procedures. Each HeM procedural chapter identifies the 
specific limitations of its own methodology. 

• Viable alternatives being considered in the study require the application 
of an alternative tool to make a more informed decision. 

• The measures are compatible with corresponding HeM measures and the 
decision process requires additional performance measures, such as fuel 
consumption and emissions, that are beyond the scope of the HeM. 

• The system under study involves a group of different facilities with 
mutual interactions that require the use of more than one HeM chapter. 
Alternative tools are able to analyze these facilities as a single system. 

• Routing is an essential part of the problem being addressed. 

• The quantity of input or output data required presents an intractable 
problem for the HeM procedures. 

• The HeM procedures predict oversaturated conditions that last 
throughout a substantial part of a peak period or queues that overflow the 
available storage space. 

The Federal Highway Administration's Traffic AnalYSis Toolbox (6) provides 
general guidance on the use of traffic analysis tools, including the HCM. More 
detailed guidance for alternative tool application to specific system elements is 
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Analysis Process 

presented in Volumes 2 and 3 of the HCM. Supplemental examples involving 
situations beyond the scope of the HCM procedures are presented in Volume 4. 

INTERPRETING RESULTS 

Uncertainty and Variability 

Model outputs-whether from the HCM or alternative tools-are estimates 
of the "true" values that would be observed in the field. Actual values will lie 
within some range of the estimated value. The magnitude of the range, and 
therefore the degree of uncertainty, is a function of several variables, including 
the quality of the input data, the inherent variability of the model, and the degree 
to which the model accounts for all of the factors that govern the analysis. The 
uncertainty may be amplified to some extent by imperfect knowledge of the 
traveler-perception aspects of quality of service. 

When stochastic simulation tools are used, uncertainty is normally addressed 
through multiple runs with different random number seeding. Regardless of the 
modeling approach, a sensitivity analysis may be performed to assess the degree 
to which input data variation is likely to affect the range of performance measure 
outputs. Depending on the model and the specifics of the situation being 
modeled, small changes in model inputs can have large impacts on model 
outputs. 

Accuracy and Precision 

Accuracy and precision are independent but complementary concepts. 
Accuracy relates to achieving a correct answer, while precision relates to the size of 
the estimation range of the parameter in question. In most cases, the field data on 
which the analyses are based can only be expected to be accurate to within 5% or 
10% of the true value. Thus, the computations performed with these inputs 
cannot be expected to be extremely accurate, and the final results must be 
considered as estimates that are accurate and precise only within the limits of the 
inputs used. 

HCM users should be aware of the limitations of the accuracy and precision 
of the methodologies in the manual. Such awareness will help users interpret the 
results of an analysis and use the results to make a decision on the design. or 
operation of a transportation facility. 

Comparing HCM Results with Alternative Tools 

The exact definitions of performance measures are an important issue, 
particularly when a comparison of performance measures produced by different 
tools is to be made. Many tools produce performance measures with the same 
name (e.g., "delay"), but the definitions and methods of computation can differ 
widely. Chapter 7, Interpreting HCM and Alternative Tool Results, presents 
general guidance on comparing results. The procedural chapters in Volumes 2 
and 3 present guidance on this topic for specific system elements. 
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Use of Vehicle Trajectory Analysis in Determining Performance Measures 

It was pointed out in Chapter 4, Traffic Flow and Capacity Concepts, that the 
analysis of individual vehicle trajectories is becoming recognized as the most 
desirable method of producing performance measures that are consistent among 
different tools and compatible with the measures produced by the analysis 
procedures given in this manual. The HCM provides trajectory-based definitions 
and computational procedures for all of the commonly used performance 
measures. Alternative tool developers are encouraged to incorporate these 
definitions and computations into their products. Users of this manual are 
encouraged to consider the degree to which theperformance'measures comply 
with the HCM specifications in their traffic analysis tool selection process. 

Temporal and Spatial Boundaries 

Another source of difference in the performance measures obtained from 
different tools lies in their treatment of incomplete trips. Incomplete trips include 
those that enter a facility during a given analysis period and exit during a 
subsequent period and those that exit a facility after entering in a previous 
analysis period. To overcome differences among analysis tools, it is important 
that the analysis period cover enough time and space to include art uncongested 
interval at all boundaries. 

When undersaturated operation is being studied, the definition of the facility 
in time and space is less important. The operation tends to be more 
homogeneous when die ratios are less than 1.00. For most performance measures, 
extending the analysis period will give a larger sample of vehicles, but it will not 
affect the performance measures significantly. 

PRESENTING RESULTS 

Tabular values and calculated results are displayed in a consistent manner 
throughout the HCM. It is suggested that analysts adhere to these conventions. A 
key objective is to use a number of significant digits indicating to users, decision 
makers, and other viewers that the results are not extremely precise but take on 
the precision and accuracy associated with the input variables used. This 
guidance applies primarily to inputs and final outputs; intermediate results in a 
series of calculations should not be rounded unless specifically indicated by a 
particular methodology. 

Historically, data and analysis results have been presented primarily in 
tables. However, results may be best presented as pictures and only 
supplemented as necessary with the underlying numbers in some situations. 
Graphs and charts should not be used to decorate data or to make dull data 
entertaining; they should be conceived and fashioned to aid in the interpretation 
of the meaning behind the numbers. 
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5. DECISION-MAKING CONSIDERATIONS 

The HeM provides procedures for capacity and quality-of-service analyses 
and therefore serves as an analytical tool for transportation engineers and 
planners. The 2010 edition of the HeM presents the best available techniques at 
the time of publication for determining roadway capacity and LOS, proven to 
work in the United States and validated by a group of independent experts. 
However, the HeM is only a guidance document: it does not endeavor to 
establish a legal standard for highway design or construction. This section 
describes the role of other guidance and standards documents that complement 
the HeM, along with issues for decision makers to consider should they choose 
to adopt HeM service measures as standards. 

ROLE OF HCM COMPANION DOCUMENTS 

Throughout its 60-year history, the HeM has been a fundamental reference 
work for transportation engineers and planners. However, it is but one of a 
number of documents that playa role in the planning, design, and operation of 
transportation facilities and services. The HeM's scope is to provide tools to 
evaluate the performance of highway and street facilities in terms of operational 
and traveler-perception measures. This section describes companion documents 
to the HeM that cover important topics outside the HeM's scope. 

Highway Safety Manual 

The Highway Safety Manual (HSM) (7) provides analytical tools and 
techniques for quantifying the safety effects of decisions related to planning, 
design, operations, and maintenance. The information in the HSM is provided to 
assist agencies as they integrate safety into their decision-making processes. It is 
a nationally used resource document intended to help transportation 
professionals conduct safety analyses in a technically sound and consistent 
manner, thereby improving decisions made on the basis of safety performance. 

A Policy on Geometric Design of Highways and Streets 

The Americart Association of State Highway and Transportation Officials' 
(AASHTO' s) A Policy on Geometric Design of Highways and Streets (fiGreen Book") 
(8) provides design guidelines for roadways ranging from local streets to 
freeways, in both urban and rural locations. The guidelines flare intended to 
provide operational efficiency, comfort, safety, and convenience for the 
motorist," while also emphasizing the need to consider the use of roadway 
facilities by other modal users. 

Manual on Uniform Traffic Control Devices 

The Federal Highway Administration's Manual on Un~form Traffic Control 

Devices for Streets and Highways (MUTeD) (9) is the national standard for traffic 
control devices for any street, highway, or bicycle trail open to public travel. Of 
particular interest to HeM users are the sections of the MUTeD pertaining to 
warrants for all-way STOP control and traffic-signal control, signing and 
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markings to designate lanes at intersections, and associated considerations of 
adequate roadway capacity and less restrictive intersection treatments. 

Transit Capacity and Quality of Service Manual 

The Transit Capacity and Quality of Service Manual (TCQSM) (10) is the transit 
counterpart to the HCM. The TCQSM contains information on the various types 
of public transportation and provides a framework for measuring transit 
availability, comfort, and convenience from the passenger point of view. The 
manual contains quantitative techniques for calculating the capacity of bus, rail, 
and ferry transit services and of transit stops, stations, and terminals. 

TOOLS VERSUS STANDARDS 

Although the HCM does not set standards-for example, it does not specify 
a particular LOS that should be provided for a particular roadway type-it is 
referenced in the AASHTO Green Book (8), and numerous agencies and 
jurisdictions have adopted LOS standards based on the HCM. This section 
discusses issues that agencies and jurisdictions should consider when they adopt 
standards or guidance relating to LOS or default values used in HCM analyses. 

Evolution of HCM Analysis Procedures 

Each new edition of the HCM has incorporated new methodologies and-in 
some cases-new service measures for evaluating roadway system elements. 
This edition of the HCM is no different. 

Changes in HCM methodologies are made to improve estimates of service 
and other performance measures. These types of changes do not directly affect 
an agency's adopted LOS standards, since the service measure for a particular 
roadway element and the threshold values for particular levels of service do not 
change. However, methodological changes frequently have indirect effects. For 
example, the estimated service measure value for a particular roadway might 
have met an agency's LOS standard under the previous methodology but might 
not meet the standard under the new methodology, and vice versa. Similarly, 
agencies that have adopted generalized service-volume tables may find that the 
service volumes associated with a given LOS have changed as a result of the 
methodological change. In this situation, the underlying estimate of the 
roadway's operation will not have changed, but the estimate of the trafflc 
volume that produces that operation will have changed. 

Even when the basic methodology for a roadway element does not change, 
the recommended default values for the methodology may have changed, which 
can also cause the issues described above with service-volume tables and with 
old and new methodologies producing different results. Following the HCM's 
recommendations of using field-measured input values whenever possible and 
locally generated default values otherwise avoids this issue. 

A service measure's LOS thresholds or the measure itself may change from 
one edition of the HCM to the next. In that case, it is recommended that an 
agency that has adopted an operations standard for that measure revisit the 
standard to ensure that it still accurately represents the quality of service the 
agency wishes to provide. These kinds of changes in the HCM may also have 
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planning and project programming implications, as the need for or scale of a 
given project may change. 

Incorporating HeM Analysis Results into Decision Making 

Agencies and jurisdictions adopt roadway design and operations standards 
for a number of reasons, including consistency In roadway design across a 
jurisdiction and provision of an objective basis for making decisions on required 
improvements. As mentioned earlier, numerous agencies and jurisdictions have 
chosen to adopt LOS standards for their roadways. The existence of 
computerized tools that implement HCM procedures makes it easy for analysts 
to test a number of roadway improvements against an LOS standard. However, 
the analysis does not end once an LOS result has been determined. 

The existence of a LOS F condition does not, by itself, indicate that action 
must be taken to correct the condition. Conversely, meeting a LOS standard does 
not necessarily mean that no problem exists or that an improvement that 
produces the desired LOS is a desirable solution. Other issues, including but not 
limited to safety, impacts on other modes, traffic-signal warrants, turn-lane 
warrants, cost-benefit issues, and access management, may also need to be 
considered as part of the analysis, recommendations, and eventual decision. As 
always, engineering judgment should be applied to any recommendations 
resulting from HCM (or alternative tool) analyses. 

Two examples of common situations where a LOS result considered by itself 
might lead to a decision different from one that would be reached if other factors 
were also considered are given below. 

Traffic Signal Warrants 

The MUTCD (9) provides a number of warrants that indicate when a traffic 
signal may be justified. It is possible to have a condition at a two-way STOP 

intersection-particularly when a low-volume minor street intersects a very 
high-volume major street-where the minor street approach operates at LOS F 
but does not meet traffic signal warrants. Because the MUTCD is the standard for 
determining when a traffic signal is warranted, a LOS F condition by itself is not 
sufficient justification for installing a signal. 

Turn-Lane Warrants 

A number of agencies and jurisdictions have adopted warrants that indicate 
when the installation of turn lanes may be justified at an intersection. It is 
possible for an HCM analysis to indicate that the addition of a tum lane will 
result in an acceptable LOS but for the turn-lane warrant analysis to determine 
that the necessary conditions for installing a tum lane ha ve not been satisfied. In 
this case, the potential for a satisfactory LOS in the future would not be sufficient 
justification by itself for installing the tum lane. 
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1. GLOSSARY 

Chapter 9, Glossary and Symbols, defines the terms used in the Highway 
Capacity Manual (HCM) and presents the symbols and abbreviations used in the 
manual. Highway transportation terminology has evolved over time to create 
multiple definitions, and the confusion has been compounded by technical 
jargon. The definitions, abbreviations, and symbols presented here are intended 
to establish a consistent terminology for use in the HCM. It is recognized that 
other definitions and usage could exist. 

A 
Acceleration lane - A paved 
noncontinuous lane, including 
tapered areas, allowing 
vehicles to accelerate when 

they enter the through-traffic lane of the 
roadway. 

Acceleration/deceleration delay - Delay 
experienced by vehicles slowing fibm and 
subsequently returning to their running 
speed. 

Access point - An intersection, driveway, or 
opening on either side of a roadway. 

Access-point density - The total munber of 
access points on both sides of the roadway, 
divided by the length of the segment. 

Accessibility - The percentage of the 
populace able to complete a selected trip 
within a specified time. 

Accuracy - The degree of an estimate's 
agreement with a standard or true value. 

Active passings - The number of other path 
users traveling in the same direction as an 
average bicyclist (i.e., a bicyclist traveling at 
the average speed of all bicycles) who are 
passed by that bicyclist. 

Active priority - A form of traffic signal 
priority that adjusts signal timing in reaction 
to the arrival of a bus. 

Active traffic management (ATM) - The 
dynamic and continuous monitoring and 
control of traffic operations on a facility to 
improve its performance. 

Actuated control- Consists of a defined 
phase sequence in which the presentation of 
each phase is dependent on whether the 
phase is on recall or the associated traffic 
movement has submitted a call for service 
through a detector. 

Adjustment - An additive or subtractive 
quantity that adjusts a parameter for a base 
condition to represent a prevailing condition. 
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Adjustment factor - A factor that adjusts a 
parameter for a base condition to represent a 
prevailing condition. 

Aggregate delay - The summation of delays 
for multiple lanes or lane groups, usually 
aggregated for an approach, an intersection, 
or an arterial route. 

Algorithm - A set of rules for solving a 
problem in a finite number of steps. 

All-way sTOP-controlled (AWSe) 
intersection - An intersection with STOP 

signs on all approaches. The driver's decision 
to proceed is based on a consensus of right
of-way governed by the traffic conditions of 
the other approaches and the rules of the 
road (e.g., the driver on the right has the 
right-of-way if two vehicles arrive 
simultaneously). 

Alternative tool- An analysis procedure 
outside of the HCM that may be used to 
compute measures of transportation system 
performance for analysis and decision 
support. 

Analysis hour - A single hour for which a 
capacity analysis is performed on a system 
element. 

Analysis period - A single time period (for 
example, the peak 15 min of the peak hour) 
during which a capacity analysis is 
performed on a system element. 

Analytical model- A model based on traffic 
flow theory, combined with the use of field 
measures of driver behavior, resulting in an 
analytic formulation of the relationship 
between the field measures and performance 
measures such as capacity and delay. 

Annual average daily traffic (AADT) - The 
total volume of traffic passing a point or 
segment of a highway facility in both 
directions for 1 year divided by the number 
of days in the year. 
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Approach - A set of lanes at an intersection 
that accommodates all left-turn, through, and 
right-turn movements from a given direction. 

Approach delay - The control delay for a 
given approach. 

Approach grade - The average grade along 
the approach, as measured from the stop line 
to a point 100 ft upstream of the stop line 
along a line parallel to the direction of travel. 
An uphill condition has a positive grade, and 
a downhill condition has a negative grade. 

Area - An interconnected set of 
transportation facilities serving movements 
within a specified geographic space, as well 
as movements to and from adjoining areas. 

Area type - A description of the environment 
in which a system element is located. 

Arrival rate - The mean of the statistical 
distribution of vehicles arriving at a point or 
uniform segment of a lane or roadway. 

Arrival type - Six assigned categories for the 
quality of progression for a given approach 
to a signalized intersection. 

Arterial street - A street interrupted by 
traffic control devices (e.g., signals, STOP 

signs, or YIELD signs) that primarily serves 
through traffic and that secondarily provides 
access to abutting properties. See also urban 
street. 

Automobile mode - A travel mode that 
includes all motor vehicle traffic using a 
roadway except transit buses. It includes 
such vehicles as trucks, recreational vehicles, 
motorcycles, and tour buses. 

Auxiliary lane - See freeway auxiliary lane. 

Available time-space - The product of 
available time and available space fOT 
pedestrian circulation on a crosswalk at a 
signalized intersection. 

Average bus stop spacing - The average 
distance between bus stops along a street. 

Average grade - The total rise from the 
beginning of the composite grade to the point 
of interest, divided by the length of the grade 
(to the point of interest). 

Average running speed - The length of a 
segment divided by the average running time 
of vehicles that traverse the segment. 

Average spot speed - See time mean speed. 

Average travel speed - The length of the 
highway segment divided by the average 
travel time of all vehicles traversing the 
segment, including all stopped delay times. 
Equal to space mean speed. 
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B 
Back of queue - The maximum 
backward extent of queued 
vehicles during a typical cycle, as 
measured from the stop line to 

the last queued vehicle. 

Barrier - 1. A separation of intersecting 
movements in distinct rings to prevent 
operating conflicting phases at the same lime. 
2. A physical object or pavement marking 
designed to prevent vehicles from entering or 
departing a section of roadway. 

Barrier pair - A pair of phases within the 
same ring and barrier that cannot be 
displayed concurrently. 

Base conditions - A set of specified standard 
conditions (e.g., good weather, good and dry 
pavement conditions, familiar users, no 
impediments to traffic flow) that must be 
adjusted to account for prevailing conditions 
that do not match. 

Base length - The distance between the 
points in a weaving segment where the edges 
of the travel lanes of the merging and 
diverging roadways converge. 

Base saturation flow rate - The saturation 
flow rate under base conditions. 

Baseline uniform delay - The average 
uniform delay when there is no initial queue. 

Basic freeway segment - A length of freeway 
facility whose undersaturated operations are 
tmaffected by weaving, diverging, or 
merging. 

Bicycle - A vehicle with two wheels tandem, 
propelled by human power, and usually 
ridden by one person. 

Bicycle facility - A road, path, or way 
specifically designated for bicycle travel, 
whether exclusively or with other vehicles or 
pedestrians. 

Bicycle lane - A portion of a roadway 
designated by striping, signing, and 
pavement markings for the preferential or 
exclusive use of bicycles. 

Bicycle mode - A travel mode under whicll a 
nonmotorized bicycle is used on a roadway 
or pathway. 

Bicycle path - A bikeway physically 
separated from motorized traffic by an open 
space or barrier, either within the highway 
right-of-way or within an independent right
of-way. 

Bicycle speed - The riding speed of bicycles, 
in miles per hour or feet per second. 
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Bicycle track - A one-way bicycle facility 
separated from both motor vehicle traffic and 
the sidewalk by low curbs. 

Body ellipse - The practical minimum area 
for standing pedestrians. 

Bottleneck - A system element on which 
demand exceeds capacity. 

Boundary intersection - An intersection 
defining the endpoint of an urban street 
segment. 

Breakdown - The transition from 
noncongested to congested conditions 
typically observed as a speed drop 
accompanied by queue formation. 

Breakdown flow - The flow at which 
operations transition from noncongested to 
congested. 

Buffer width - The distance between the 
outside edge of the paved roadway (or face 
of mrb, if present) and the near edge of the 
sidewalk. 

Bus - A self-propelled, rubber-tired road 
vehicle designed to carry a substantial 
number of passengers (at least 16) and 
commonly operated on streets and highways. 

Bus lane - A highway or street lane reserved 
primarily for buses during specified periods. 
It may be used by other traffic under certain 
cirmmstances, such as making a right or left 
turn, or by taxis, motorcycles, or carpools 
that meet the requirements of the 
jurisdiction's traffic laws. 

Bus mode - A transit mode operated by 
rubber-tired vehicles that follow fixed routes 
and schedules along roadways. 

Bus shelter - A structure with a roof and 
(typically) three enclosed sides that protects 
waiting transit passengers from wind, rain, 
and sun. 

Bus stop - A designated area along a street 
where one or more buses can simultaneously 
stop to load and unload passengers. It can be 
on-line (buses stop wholly or partially in the 
travel lane) or off-line (buses stop out of the 
travel lane). 

Busway - A right-of-way restricted to buses 
by a physical separation from other traffic 
lanes. 

Bypass lane - A lane provided at a 
roundabout that allows a partimlar traffic 
movement to avoid using the circulatory 
roadway. 
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c Calibration - The process by 
which the analyst modifies 
model parameters so that the 
model estimates best reproduce 

field-measured local traffic conditions. 

Call - A registration of a demand for right
of-way by vehicles or pedestrians to a 
controller. 

Capacity - The maximum sustainable hourly 
flow rate at which persons or vehicles 
reasonably can be expected to traverse a 
point or a uniform section of a lane or 
roadway during a given time period under 
prevailing roadway, environmental, traffic, 
and control conditions. 

Case - See degree-oj-conflict case. 

Central area pricing - An areawide 
implementation of congestion pricing that 
imposes tolls for vehicles both entering and 
traveling within a central area street network 
during certain hours of certain days. 

Central business district (CBD) - An area 
with characteristics including narrow street 
rights-of-way, frequent parking maneuvers, 
vehicle blockages, taxi and bus activity, 
small-radius turns, limited use of exclusive 
turn lanes, high pedestrian activity, dense 
population, and midblock curb cuts. 

Change interval - See yellow change interval. 

Circulating flow - The flow conflicting with 
the entry flow on the subject approach to a 
roundabout (i.e., the flow passing in front of 
the splitter island next to the subject entry). 

Circulation area - 1. The portion of a 
sidewalk intended to be used for pedestrian 
movement. 2. The average area available to 
each person using a pedestrian facility. 

Circulation time-space - The total available 
time-space minus the time-space ocmpied by 
pedestrians waiting to cross a crosswalk. 

Circulatory roadway - The continuous-flow 
section of a roundabout that requires other 
vehicles entering the road way to yield. 

Class I two-lane highways - Highways 
where motorists expect to travel at relatively 
high speeds, such as major intercity routes, 
primary connectors of major traffic 
generators; daily commuter routes, or major 
links in state or national highway networks. 

Class II two-lane highways - Highways 
where motorists do not necessarily expect to 
travel at high speeds, such as access routes to 
Class I facilities, scenic or recreational routes, 
or routes passing through rugged terrain. 
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Class III two-lane highways - Highways 
serving moderately developed areas, such as 
portions of a Class I or Class II highway that 
pass through small towns or developed 
recrea tional areas. 

Clearance interval- See red clearance interval. 

Clearance lost time - The time at the end of a 
signal phase during which the movements 
served by that phase are not used by any 
traffic because drivers decelerate and stop in 
response to the presentation of a yellow 
indica tion. 

Clearance time -1. The interval after a bus is 
ready to depart during which a loading area 
is not available for use by a following bus, 
consisting of the sum of reentry delay and the 
time for a bus to start up and travel its own 
length, clearing the stop. 2. See clearance lost 
time and red clearance interval. 

Climbing lane - A passing lane added on an 
upgrade to allow traffic to pass heavy 
vehicles whose speeds are reduced. 

Cloverleaf interchange - An interchange 
with four loop ramps and four diagonal 
ramps, with no traffic control on either 
crossing roadway. 

Collector street - A surface street providing 
land access and traffic circulation within 
residential, commercial, and industrial areas. 

Collector-distributor road (C-D road) - A 
continuous roadway without local access 
provided parallel to a freeway mainline 
through one or more interchanges for the 
purpose of removing weaving movements or 
closely spaced merges and diverges from the 
mainline. 

Common green time - The period of time 
when the phases at the two intersections of 
an interchange both provide a green 
indication to a particular origin-destination 
movement. 

Complete trip - A vehicle that enters the 
spatial domain of an analysis during the 
analysis period and is able to exit the domain 
successfully before the end of the analysis 
period. 

Composite grade - A series of adjacent 
grades along a highway that cumulatively 
has a more severe effect on operations than 
each grade separately. 

Compressed diamond interchange - A 
diamond interchange with a separation of 
400 to 800 £t between the two intersections. 

Computational engine - A software 
implementation of one or more models. 
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Conflict - The crossing, merging, or 
diverging of two traffic movements at an 
intersection. 

Conflicting approach - At an all-way STOP

controlled intersection, an approach to the 
left or right of the subject approach. 

Conflicting flow rate - TI1e total.f1ow rate in 
conflict with a specific movement at an 
lillsignalized intersection. 

Conflicting movements - Vehicular, 
pedestrian, or bicycle streams that seek to 
occupy the same space at the same time. 

Congestion - 1. Low-flow, high-occupancy 
traffic operations that arise when den1and 
approaches or exceeds a systen1 element's 
capacity. 2. A difference between the 
highway system performance expected by 
users and how the system actually 
performs-for example, an intersection that 
may seem very congested in a rural 
community may not even register as an 
annoyance in a large metropolitan area. 

Congestionpridng - The practice of 
charging tolls for use of all or part of a facility 
or a central area according to the severity of 
congestion. 

Continuous-flow interchange - A diamond 
interchange form where left-turning traffic 
from the arterial street to an on-ramp is 
crossed to the left side of the roadway in 
advance of the interchange. Between the 
crossover and the near ramp terminal, the 
left-turning traffic travels in its own roadway 
between the opposing through arterial street 
traffic (on its right) and right-turning traffic 
from the off-ramp (on its left). The left
turning traffic continues straight at the near 
ramp terminal and turns left onto the on
ramp at the far ramp terminal without 
conflict from opposing through vehicular 
traffic. Also known as a displaced left-turn 
interchange. 

Control condition - 'The traffic controls and 
regulations in effect for a segment of street or 
highway, including the type, phasing, and 
timing of traffic signals; STOP signs; lane use 
and turn controls; and similar measures. 

Control delay - Delay associated with 
vehicles slowing in advance of an 
intersection, the time spent stopped on an 
intersection approach, the time spent as 
vehicles move up in the queue, and the time 
needed for vehicles to accelerate to their 
desired speed. 
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Controlled - Having a traffic control device 
that interrupts traffic flow (e.g., a h'affic 
signal, STOP sign, or YIELD sign). 

Conventional diamond interchange - A 
diamond interchange with a separation of 
800 ft or more between the two intersections. 

Coordinated actuated control- A variation 
of serniactuated operation that uses the 
controller's force-off settings to constrain the 
noncoordinated phases associated with the 
minor movements such that the coordinated 
phases are served at the appropriate time 
during the signal cycle and progression for 
the major movements is maintained. 

Corridor - A set of parallel transportation 
facilities, for example a freeway and an 
arterial street. 

Crawl speed - The maximum sustained 
speed that can be maintained by a specified 
type of vehicle on a constant upgrade of a 
gi ven percent. 

Critical density - The density at which 
capacity occurs for a given facility. 

Critical headway - The minimum headway 
in the major traffic stream that will allow the 
entry of one minor-street vehicle. 

Critical lane groups - The Jane groups that 
have the highest flow ratio for a given signal 
phase. 

Critical phase - One phase of a set of phases 
that occur in sequence and whose combined 
flow ratio is the largest fOT the signal cycle. 

Critical segment.,.. The segment that will 
break down first, given that all traffic, 
roadway, and control conditions do not 
change, including the spatial distribution of 
demands on each component segment. 

Critical speed - The speed at which capacity 
occurs for a segment. 

Critical volume-to-capacity ratio - The 
proportion of available intersection capacity 
used by vehicles in critical lane gro ups. 

Cross flow - A pedeshian flow that is 
approximately perpendicular to and crosses 
another pedestrian stream. The smaller of the 
two flows is the cross-flow condition. 

Crossing time - The curb-to-curb crossing 
distance divided by the pedestrian walking 
speed specified in the Manual on Uniform 
Traffic Control Devices. 

Crosswalk - See pedestrian crosswalk. 

Crosswalk occupancy time - The product of 
the pedesh'ian service time and the number 
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of pedestrians using a crosswalk during one 
signal cycle. 

Curb extension - An extension of the 
sidewalk to the edge of the travel or bicycle 
lane. 

Cycle - A complete sequence of signal 
indications. 

Cycle failure - A condition where one or 
more queued vehicles are not able to depart 
an intersection as a result of insufficient 
capacity during the cycle in which they 
arrive. 

Cycle length - The time elapsed between the 
endings of two sequential terminations of a 
given interval. For coordinated signals, this is 
measured by using the coordinated phase 
green interval. 

Cyclic spillback - A condition where the 
downstream boundary intersection is 
signalized and its queue backs into the 
upstream intersection as a result of queue 
growth during the red indication. 

D 
D-factor - The proportion of 
traffic moving in the peak 
direction of travel on a given 
roadway during the peak hour. 

Daily service volume - The maximum total 
daily volume in both directions that can be 
sustained in a given segment without 
violating the criteria for LOS i in the peak 
direction in the worst 15 min of the peak 
hour under prevailing roadway, traffic, and 
control conditions. 

Deceleration lane - A paved noncontinuous 
lane, including tapered areas, allowing 
vehicles leaving the through-traffic lane of 
the roadway to decelerate. 

Default value - A representative value that 
may be appropriate in the absence of local 
data. 

Degree-of-conflict case - For all-way STOP

controlled intersections, a particular 
combination of vehicle presence on other 
approaches with respect to the subject 
approach. 

Degree of saturation - See demand-ta-capacity 
ratio. 

Delay - Additional travel time experienced 
by a driver, passenger, bicyclist, or 
pedestrian beyond that required to travel at 
the desired speed. 

Delayed passing maneuver - The inability of 
an average bicyclist to make a passing 
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maneuver immediately due to the presence 
of both another path user ahead of the 
overtaking average bicyclist in the subject 
direction and a path user in the opposing 
direction. 

Demand - The number of vehicles or other 
roadway users desiring to use a given system 
element during a specific time period, 
typically 1 h or 15 min. 

Demand flow rate - The count of vehicles 
arriving at the system element during the 
analysis period, converted to an hourly rate. 
When measured in the field, this flow rate is 
based on a traffic count taken upstream of the 
queue associated with the system element. 
This distinction is important for counts made 
during congested periods because the count 
of vehicles departing the system element will 
produce a demand flow rate that is lower 
than the true rate. 

Demand starvation - A condition occurring 
when a Signalized approach has adequate 
capacity but a significant portion of the traffic 
demand is held upstream and cannot use the 
capacity provided because of the 
signalization pattern. 

Demand volume - The number of vehicles 
that arrive to use the facility. Under 
noncongested conditions, demand volume is 
equal to the observed volume. 

Demand-to-capacity ratio - The ratio of 
demand volume to capacity for a system 
element. 

Density - The number of vehicles occupying 
a given length of a lane or roadway at a 
particular instant. See also pedestrian density. 

Departure headway - The average time 
between departures of successive vehicles on 
a given approach at an all-way STOP

controlled intersection. 

Descriptive mode1- A model that shows 
how events unfold given a logic that 
describes how the objects involved will 
behave. 

Design hour - An hour with a traffic volume 
that represents a reasonable value for 
designing the geometric and conb·ol elements 
of a facility. 

Design hour factor - The proportion of the 
AADT that occurs during the design or 
analysis hour. See also K-factor. 

Design-level analysis - An application of the 
HeM to establish the detailed physical 
features that will allow a new or modified 
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facility to operate at a desired LOS or 
performance value. 

Design speed - A speed used to design the 
horizontal and vertical alignments of a 
highway. 

Detection zone - The portion of a Signalized 
intersection approach where a vehicle can be 
detected by the signal controller (with use of 
in-pavement loops or other technology), 
resulting in the display of the green 
indication for the approach being extended. 

Deterministic model- A mathematical 
model that is not subject to randomness. For 
a given set of inputs, the result from the 
model is the same with each application. 

Detemlinistic queue delay - The component 
of control delay representing the delay to all 
vehicles arriving during the analysis period 
when the demand flow rates exceed the 
capacity of an approach, computed by 
accumulating the vehicular inputs and 
outputs under the assumption of uniform 
arrivals. 

Diamond interchange - An interchange form 
where one diagonal connection is made for 
each freeway entry and exit, with one 
connection per quadrant. 

Directional design hour volume - The h·affic 
volume for the design hour in the peak 
direction of flow. 

Directional distribution - A characteristic of 
traffic that volume may be greater in one 
direction than in the other during any 
particular hour on a highway. See also D
factor. 

Directional flow rate - The flow rate of a 
highway in one direction. 

Directional segment - A length of two-lane 
highway in one travel direction with 
homogeneous cross sections and relatively 
constant demand volume and vehicle mix. 

Directional split - See V-factor. 

Diverge - A movement in which a single 
stream of traffic separates into two streams 
without the aid of traffic control devices. 

Diverge segment - See freeway diverge 
segment. 

Diverging diamond interchange - A 
diamond interchange form where through 
traffic on the arterial switches sides of the 
street at each of the ramp terminals, allOWing 
left turns to ramps to be made without 
conflict from opposing through vehicular 
traffic. 
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Double-crossover interchange - See 
diverging diamond interchange. 

Downstream - The direction of traffic flow. 

Driver population factor - A parameter that 
accounts for driver characteristics that differ 
from base conditions and their effects on 
traffic. 

Dual entry - A mode of operation (in a 
multiring controller) in which one phase in 
each ring must be in service. If a call does not 
exist in a ring when it crosses the barrier, a 
phase is selected in that ring to be activated 
by the controller in a predetermined manner. 

Duration of congestion - The amount of 
time that congestion persists within a 
transportation system. 

Dwell time - The sum of the time required to 
serve passengers at a transit stop and the 
time required to open and close the vehicle 
doors. 

Dwell time variability - The distribution of 
dwell times at a stop because of fluctuations 
in passenger demand for buses and routes. 

Dynamic traffic assignment model- A 
descriptive model that is based on an 
objective (e.g., minimize the travel time or 
disutility associated with a trip) that is 
gradually improved over a sequence of 
iterations until the network reaches a state of 
equilibrium. 

E 
Effective available time-space
The available crosswalk time
space, adjusted to account for the 
effect turning vehicles have on 

pedestrians. 

Effective green time - The time during 
which a given traffic movement or set of 
movements may proceed at the saturation 
flow rate; it is equal to the split time minus 
the lost time. 

Effective red time - The time during which a 
given traffic movement or set of movements 
is directed to stop; it is equal to the cycle 
length minus the effective green time. 

E££ecti ve walk time - The time that a WALK 

indication is displayed to a crosswalk, plus 
the portion of the DON'T WALK indication 
used by pedestrians to initiate their crossing. 

Effective walkway width - The portion of a 
pedestrian facility's width that is usable for 
pedestrian circulation. 
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85th percentile speed - A speed value that is 
exceeded by 15% of the vehicles in a traffic 
stream. 

Empirical model- A model that describes 
system performance and that is based on the 
statistical analysis of field data. 

Entrance ramp - See on-ramp. 

Entry flow - The traffic flow entering a 
roundabout on the subject approach. 

Environmental conditions - Conditions such 
as adverse weather, bright sunlight directly 
in drivers' eyes, and abrupt transitions from 
light to dark (such as at a tunnel entrance on 
a sunny day) that may cause drivers to slow 
down and increase their spacing, resulting in 
a drop in a roadway's capacity. 

Event - A meeting or a passing on a shared
use path or bicycle facility. 

Event-based model - A simulation model 
that advances from one event to the next, 
skipping over intervening points in time 
when no event occurs. 

Excess wait time - The average number of 
minutes transit passengers must wait at a 
stop past the scheduled departure time. 

Exclusive bus lane - A highway or street 
lane reserved for buses. 

Exclusive off-street bicycle paths - Paths 
physically separated from highway tra ffie 
provided for the exclusive use of bicycles. 

Exclusive tum lane - A designated left- or 
right-turn lane used only by vehicles making 
those turns. 

Exit flow - The traffic flow exiting a 
roundabout to the subject leg. 

Exit ramp - See off-ramp. 

Extent of congestion - The maximum 
geographic length of the congestion on a 
transportation system at anyone time. 

F 
Facility - A length of roadway, 
bicycle path, or pedestrian 
walkway composed of a connected 
series of points and segments. 

Failure rate - The probability that a bus will 
arrive at a bus stop and find all available 
loading areas already occupied by other 
buses. 

Far-side stop - A transit stop where transit 
vehicles cross an intersection before stopping 
to serve passengers. 

Fixed-object effective width - The sum of 
the physical width of a fixed object along a 
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walkway or sidewalk, any functionally 
illlusable space associated with the object, 
and the buffer given it by pedestrians. 

Fixed obstruction - A norunovable object 
along a roadway, including light poles, signs, 
trees, abutments, bridge rails, traffic barriers, 
and retaining walls. 

Flared approach - At two-way STOP
controlled intersections, a shared right-turn 
lane that allows right-turning vehicles to 
complete their movement while other 
vehicles are occupying the lane. 

Flow rate - The equivalent hourly rate at 
which vehicles or other roadway users pass 
over a given pOint or section of a lane or 
roadway during a given time interval of less 
than 1 h, usually 15 min. 

Flow ratio - The ratio of the actual flow rate 
to the saturation flow rate for a lane group at 
an intersection. 

Follow-up headway - The time between the 
departure of one vehicle from the minor 
street and the departure of the next vehicle 
using the same major-street headway, under 
a condition of continuous queuing on the 
minor street. 

Follower density - The number of followers 
per mile per lane; the following state is 
defined as a condition in which a vehicle is 
following its leader by no more than 3 s. 

Force-off - A point within a cycle where an 
actuated phase must end regardless of 
continued demand. These points in a 
coordinated cycle ensure that the coordinated 
phases are provided a minimum amount of 
green time. 

Four-phase pattern - A type of operation at 
an all-way STOP-controlled intersection with 
multilane approaches, where drivers from a 
given approach enter the intersection 
together, as right-of-way passes from one 
approach to the next and each is served in 
turn. 

Free flow - A flow of traffic unaffected by 
upstream or downstream conditions. 

Free-flow speed - 1. The theoretical speed 
when the density and flow rate on a study 
segment are both zero. 2. The prevailing 
speed on freeways at flow rates between a 
and 1,000 passenger cars per hour per lane 
(pc/h/ln). 

Freeway - A fully access-controlled, divided 
highway with a minimum of two lanes (and 
frequently more) in each direction. 
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Freeway auxiliary lane - An additional lane 
on a freeway to connect an on-ramp and an 
off-ramp. 

Freeway diverge segment - A freeway 
segment in which a single traffic stream 
divides to form two or more separate traffic 
streams. 

Freeway facility - An extended length of 
freeway composed of continuously 
connected basic freeway, weaving, merge, 
and diverge segments. 

Freeway facility capacity - The capacity of 
the critical segment among those segments 
composing a defined freeway facility. 

Freeway merge segment - A freeway 
segment in which two or more traffic streams 
combine to form a single traffic stream. 

Freeway section - A portion of a freeway 
facility with a constant demand and a 
constant number of lanes. 

Freeway weaving segment - Freeway 
segments in which hvo or more traffic 
streams traveling in the same general 
direction cross paths along a significant 
length of freeway without the aid of traffic 
control devices (except for guide signs). 

Full stop - The slowing of a vehicle to less 
than 5 mi/h. 

Fully actuated control - A signal operation 
in which vehicle detectors at each approach 
to the intersection control the occurrence and 
length of every phase. 

Furniture zone - The portion of the sidewalk 
between the curb and the area reserved for 
pedestrian travel; it may be used for 
landscaping, utilities, or pedestrian 
amenities. 

G 
Gap - The space or time 
between two vehicles, 
measured from the rear 
bumper of the front vehicle to 

the front bumper of the second vehicle. See 
also headway. 

Gap acceptance - The process by which a 
driver accepts an available gap in traffic to 
perform a maneuver. 

Gap out - A type of actuated operation for a 
given phase where the phase terminates 
because of a lack of vehicle calls witl1in the 
passage time. 

General terrain - An extended length of 
highway containing a number of upgrades 
and downgrades where no single grade is 
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long enough or steep enough to have a 
significant impact on the operation of the 
overall segment. 

Generalized service volume table - A 
sketch-plarrning tool that provides an 
estimate of the maximum volume a system 
element can carry at a given level of service, 
given a default set of assumptions about the 
system element. 

Geometric condition - The spatial 
characteristics of a facility, including 
approach grade, the number and width of 
lanes, lane use, and parking lanes. 

Geometric delay - Delay caused by 
geometric features causing vehicles to reduce 
their speed in negotiating a system element. 

Gore area - The area located immediately 
between the left edge of a ramp pavement 
and the right edge of the roadway pavement 
at a merge or diverge area. 

Green time - The duration of the green 
indication for a given movement at a 
signalized intersection. 

Green time (gIC) ratio - The ratio of the 
effective green time of a phase to the cycle 
length. 

Growth factor - A percentage increase 
applied to current traffic demands to 
estimate future demands. 

H 
Hard conversion - The 
conversion of a value from 
U.s. customary units to metric 
lmits (or vice versa) through 

the application of rounding, such as from 12 
ft to 3.6 m. See also soft conversion. 

Headway - The time between two successive 
vehicles as they pass a point on the roadway, 
measured from the same common feature of 
both vehicles (for example, the front axle or 
the front bumper). 

Heavy vehicle - A vehicle with more than 
four wheels touching the pavement during 
normal operation. 

High-occupancy vehicle (HOV) - A vehicle 
with a defined mininlUm number ~f 
occupants (>1); HOVs often include buses, 
taxis, and carpools, when a lane is reserved 
for their use. 

Highway - A general term for denoting a 
public way for purposes of vehicular travel, 
including the entire area within the right-of
way. 
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Hindrance - Discomfort and inconvenience 
to a bicyclist as a result of meeting, passing, 
or being overtaken by other pathway users. 

Holding area waiting time - The average 
time that pedestrians walt to cross the street 
in departing from the subject corner. 

Hybrid models - Models used with very 
large networks that apply microscopic 
modeling to critical subnetworks and . 
mesoscopic or macroscopic modeling to the 
connecting facilities. 

I 
Impedance - The reduction in the 
capacity of lower-rank movements 
caused by the congestion of higher
rank movements at a two-way STOP

conb:olled intersection. 

Incident - Any occurrence on a roadway that 
impedes the normal flow of traffic. 

Incident delay - The component of delay 
that results from an incident, compared with 
the no-incident condition. 

Incomplete trip - A vehicle that is unable to 
enter and exit successfully the spatial domain 
of an analysis within the analysis period. 

Incremental delay - The second term of lane 
group control delay, accounting for delay 
due to the effect of random, cycle-by-cycle 
fluctuations in demand that occasionally 
exceed capacity (Le., cycle failure) and delay 
due to sustained oversaturation during the 
analysis period. 

Influence area - 1. The base length of a 
freeway weaving segment plus 500 ft 
upstream of the enhy point to the weaving 
segment and 500 it downstream of the exit 
point from the weaving segment; entry and 
exit points are defined as the points where 
the appropriate edges of the merging and 
diverging lanes meet. 2. The acceleration 
lane(s) and Lanes 1 and 2 of the freeway 
mainline for a distance of 1,500 ft 
downstream of the merge point. 3. The 
deceleration lane(s) and Lanes 1 and 2 of the 
freeway for a distance of 1,500 ft upstream of 
the diverge point. 

Initial queue - The unmet demand at the 
beginning of an analysis period, either 
observed in the field or carried over from the 
computations of a previous analysis period: 

Initial queue delay - The third term of lane 
group control delay, accounting for delay 
due to a residual queue identified in a 
previous analysis period and persisting at the 
start of the current analysis period. This 
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delay results from the additional time 
required to clear the initial queue. 

Inputs - The data required by a model. 

Instantaneous acceleration - An acceleration 
determined from the relative speeds of a 
vehicle at time t and time t - Lit, assuming a 
constant acceleration during Lit. 

Instantaneous speed - A speed determined 
from the relative positions of a vehicle at time 
t and time t - Lit, assuming a constant 
acceleration during Lit. 

Intelligent transportation system (ITS) -
Transportation technology that allows 
drivers and traffic control system operators 
to gather and use real-time information to 
improve vehicle navigation, roadway system 
control, or both. 

Intensity of congestion - The amount of 
congestion experienced by users of a system. 

Interchange - A system of interconnecting 
roadways providing for traffic movement 
between two or more highways that do not 
intersect at grade. 

Interchange density - The average number 
of interchanges per mile, measured over 3 mi 
upstream and 3 mi downstream from the 
midpoint of the weaving segment. 

Interchange ramp terminal - A junction of a 
ramp with a surface street serving vehicles 
entering or exiting a freeway. 

Intemallink - The segment between two 
signalized intersections at an interchange 
ramp terminal. 

Interrupted flow - Traffic flow on facilities 
characterized by traffic signals, STOP signs, 
YIELD signs, or other fixed causes of periodic 
delay or intermption to the traffic stream. 

Intersection delay - The total additional 
travel time experienced by drivers, 
passengers, or pedestrians as a result of 
control meaSUl'es and interaction with other 
users of the facility, divided by the volume 
departing from the corresponding cross 
section of the facility. 

Interval- A period of time in which all traffic 
signal indications remain constant. 

Isolated intersection - An intersection 
experiencing negligible influence from 
upstream signalized intersections, where 
flow is effectively random over the cycle and 
without a discernible platoon pattern evident 
in the cyclic profile of arrivals. 
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J 
Jam density - The maximum density 
that can be achieved on a segment. It 
occurs when speed is zero (i.e., when 
there is no movement of persons or 
vehicles). 

K 
K-factor - The proportion of 
AADT that occurs during the 
peak hour. See also design hour 
factor. 

L 
Lane 1 - The highway lane 
adjacent to the outside shoulder. 

Lane 2 - The highway lane 
adjacent to and left of Lane 1. 

Lane balance - A condition when the 
number of lanes leaving a diverge point is 
equal to the number of lanes approaching it, 
plus one. 

Lane distribution - A parameter used when 
two or more lanes are available for traffic in a 
single direction and the volume distribution 
varies between lanes, depending on traffic 
regulation, traffic composition, speed and 
volume, the number of and location of access 
points, the origin-destination patterns of 
drivers, the development environment, and 
local driver habits. 

Lane group - A lane or set of lanes 
designated for separate analysis. 

Lane group delay - The control delay for a 
given lane group. 

Lane utilization - The distribution of 
vehicles among lanes when two or more 
lanes are available for a movement. See also 
prepositioning. 

Lane width - The lateral distance between 
stripes for a given lane. 

Lateral clearance -1. The total left- and right
side clearance from the outside edge of travel 
lanes to fixed obstructions on a multilane 
highway. 2. The right-side clearance distance 
from the rightmost travel lane to fixed 
obstructions on a freeway. 

Leg - A set of lanes at an intersection 
accommodating all approaching movements 
to and departing movements from a given 
direction. 

Level of service (LOS) - A quantitative 
stratification of a performance measure or 
measures that represent quality of service, 
measured on anA-F scale, with LOS A 
representing the best operating conditions 
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from the h'aveler's perspective and LOS F the 
worst. 

Level of service score (LOS score) - A 
numerical output from a traveler perception 
model that typically indicates the average 
rating that travelers would give a 
transportation facility or service under a 
given set of conditions. 

Level terrain - Any combination of grades 
and horizontal or vertical alignment that 
permits heavy vehicles to maintain the same 
speed as passenger cars, typically containing 
short grades of no more than 2%. 

Light rail mode - A transit mode operated by 
vehicles that receive power from overhead 
wires and that run on tracks that can be 
located at grade within street rights-of-way. 
See also streetcar mode. 

Link - A length of roadway between two 
nodes or points. 

Link length - The urban street segment 
length minus the width of the upstream 
boundary intersection. 

Load factor - The number of passengers 
occupying a transit vehicle divided by the 
number of seats on the vehicle. 

Loading area - A curbside space where a 
single bus can stop to load and unload 
passengers; bus stops include one or more 
loading areas. 

Local street - A street that primarily serves a 
land-access function. 

Local transit service - Transit service making 
regular stops along a street (typically every 
0.25 mi or Jess). 

Loop ramp - A ramp requiring vehicles to 
execute a left tum by turning right, 
accomplishing a 90-degree left tum by 
making a 270-degree right turn. 

Lost time - The time during which a 
movement's phase is active and the approach 
is not used effectively by that movement; it is 
the sum of clearance lost time and start-up 
lost time. 

M 
Macroscopic model- A 
mathematical model that 
considers traffic operations 
averaged over specified time 

intervals and specified segments or links 
without recognizing individual vehicles in 
the traffic stream. 
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Mainline - The primary through roadway as 
distinct from ramps, auxiliary lanes, and 
collector-dish'ibutor roads. 

Mainline output - The maximum number of 
vehicles that can exit a freeway node, 
constrained by downstream bottlenecks or by 
merging traffic. 

Major diverge area - A junction where one 
freeway segment diverges to fonn two 
primary freeway segments with multiple 
lanes. 

Major merge area - A junction where two 
primary freeway segments, each with 
multiple lanes, merge to form a single 
freeway segment. 

Major street - The street not controlled by 
STOP signs at a two-way sTOP-controlled 
intersection. 

Major weaving segment - A weaving 
segment with at least three entry and exit 
legs, each with two or more lanes. 

Managed lanes - A limited number of lanes 
set aside within a freeway cross seCTIon 
where multiple operational strategies are 
utilized and aCTIvely adjusted as needed for 
the purpose of achieving predefined 
performance objectives. Examples include 
priced lanes and special-use lanes such as 
high-occupancy vehicle, express, bus-only, or 
truck-only lanes. 

Max out - A type of actuated operation for a 
given phase where the phase tern1inates 
because it has reached the designated 
maximum green time for the phase. 

Maximum green - The maximum amount of 
time that a green signal indication can be 
displayed in the presence of conflicting 
demand. 

Maximum recall- A form of phase recall 
where the controller places a continuous call 
for vehicle service on the phase. This results 
in the presentation of the green indication for 
its maximum duration every cycle. 

Maximum weaving length - The length at 
which weaving turbulence no longer has an 
impact on the capacity of the weaving 
segment. 

Median - The area in the middle of a 
roadway separating opposing traffic flows. 

Meeting - An encounter of bicycles or 
pedestrians moving in the opposite direction 
of the subject bicycle flow. 

Merge - A movement in which two separate 
streams of traffic combine to form a single 
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stream WithOLlt the aid of traffic signals or 
other right-of-way controls. 

Mel'ge segment - See freeway merge segment. 

Mesoscopic model- A mathematical model 
for the movement of clusters or platoons of 
vehicles incorporating equations to indicate 
how the clusters interact. 

Microscopic model- A mathematical model 
that captures the movement of individual 
vehicles and their car-following, lane-choice, 
and gap-acceptance decisions at small time 
intervals, usually by simulation. 

Midblock stop - A transit stop located at a 
point away from intersections. 

Minimum green - The least amount of time 
that a green signal indication will be 
displayed when a signal phase is activated. 

Minimum recall- A form of phase recall 
where the controller places a continuous call 
for vehicle service on the phase and then 
services the phase until its minimum green 
interval times out. The phase can be extended 
if actuations are recei ved. 

Minor movement - A vehicle making a 
specific directional entry into an unsignalized 
intersection that must yield to other 
movements. 

Minor street - The street controlled by STOP 
signs at a two-way sToP-controlled 
intersection. 

Mixed-traffic operation - Operation of a 
transit mode in lanes shared with other 
roadway users. 

Mobility - The ability of people and goods to 
travel from place to place. 

Mode - See travel mode. 

Model- A procedure that uses one or more 
algorithms to produce a set of numerical 
outputs describing the operation of a 
segment or system, given a set of numerical 
inputs. 

Model application - The physical 
configuration and operational conditions to 
which a traffic analysis tool is applied. 

Mountainous terrain - Any combination of 
grades and horizontal and vertical alignment 
that causes heavy vehicles to operate at crawl 
speed for significant distances or at frequent 
intervals. 

Move-up time - The time it takes a vehicle to 
move from second position into first position 
on an approach to an all-way STOP-controlled 
intersection. 
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Movement capacity - The capacity of a 
specific traffic stream at a STOP-controlled 
intersection approach, assuming that the 
traffic has exclusive use of a separate lane. 

Movement groups - An organization of 
traffic movements at a signalized intersection 
to facilitate data entry. A separate movement 
group is established for (a) each turn 
movement with one or more exclusive turn 
lanes and (b) the through movement 
(inclusive of any turn movements that share 
a lane). 

Multilane highway - A highway with at 
least two lanes for the exclusive use of traffic 
in each direction, with no control or partial 
control of access, but that may have periodic 
interruptions to flow at signalized 
intersections no closer than 2 mi. 

Multilane roundabout - A roundabout with 
more than one lane on at least one entry and 
at least part of the circulatory roadway. 

Multimodal- Being used by more than one 
travel mode. 

Multimodal analysis - A type of HeM 
analysis where the LOS of each travel mode 
on a facility is evaluated simultaneously. 

Multiple weaving segment - A portion of a 
freeway where a series of closely spaced 
merge and diverge areas creates overlapping 
weaving movements (between different 
merge-diverge pairs). 

N 
Near-side stop - A transit 
stop located on the approach 
side of an intersection. Transit 
vehicles stop to serve 

passengers before crossing the intersection. 

No-passing zone - A segment of a two-lane, 
two-way highway along which passing is 
prohibited in one or both directions. 

Node - The endpoint of a linlc. See also point. 

Nonlocal transit service - Transit service on 
routes with longer stop spacing than local 
service (e.g., limited-stop, bus rapid transit, 
or express routes). 

N onweaving £low - The traffic movements 
in a weaving segrnent that are not engaged in 
weaving movements. 

N onweaving movement - A traffic flow 
within a weaving segment that does not need 
to cross paths with another traffic flow while 
traversing the segment. 
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Nonnative model- A mathematical model 
that identifies a set of parameters providing 
the best system performance. 

o Off-line bus stop - See bus 
stop, 

Off-ramp - A ramp that 
accommodates diverging 

maneuvers, 

Off-street path - See shared pedestrian-bicycle 
path, 

Offset - The time that the reference phase 
begins (or ends) relative to the system master 
time zero. 

On-line bus stop - See bus stop. 

On-ramp - A ramp that accommodates 
merging maneuvers. 

On-street transitway - A portion of a street 
right-of-way dedicated to the transit mode, 
physically segregated from other traffic, and 
located in the median or adjacent to one side 
of the street. 

One-sided weaving segment - A weaving 
segment in which no weaving maneuvers 
require more than two lane changes to be 
completed successfully. 

Operations-level analysis - An application 
of an HeM methodology where the user 
supplies all or nearly all required inputs to 
the procedure. 

Opposing approach - At an all-way STOP

controlled intersection, the approach 
approximately 180 degrees opposite the 
subject approach. 

Opposing flow rate - The flow rate for the 
direction of travel opposite to the direction 
under analysis. 

Outputs - The performance measures 
produced by a model. 

Overflow queue - Queued vehicles left over 
after a green phase at a signalized 
intersection, 

Oversaturated flow - Traffic flow where (a) 
the arrival flow rate exceeds the capacity of a 
point or segment, (b) a queue created from a 
prior breakdown of a facility has not yet 
dissipated, or (c) traffic flow is affected by 
downstream conditions. 

p Partial cloverleaf interchange 
(parclo) - An interchange with 
one to thxee (typically two) loop 
ramps and two to four diagonal 
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ramps, with major turning movements 
desirably being made by right-turn exits and 
entrances. 

Partial diamond interchange - A diamond 
interchange with fewer than four ramps, so 
that not all of the freeway-street or street
freeway movements are served, 

Partial stop - A situation where a vehicle 
slows as it approaches the back of a queue 
but does not come to a full stop, 

Passage time - The maximum amount of 
time one vehicle actuation can extend the 
green interval while green is displayed. It is 
input for each actuated signal phase; also 
referred to as vehicle interval, extension 
interval, extension, or unit extension. 

Passenger-car equivalent - The number of 
passenger cars that will result in the same 
operational conditions as a single heavy 
vehicle of a particular type under specified 
roadway, traffic, and control conditions, 

Passenger load factor - See load factor, 

Passenger trip length - The average distance 
traveled by a passenger on board a transit 
vehicle, 

Passing lane - A lane added to improve 
passing opportunities in one direction of 
travel on a conventional two-lane highway, 

Passing sight distance - The length of 
highway required to complete normal 
passing maneuvers in which the passing 
driver can determine that there are no 
potentially conflicting vehicles ahead before 
beginning the maneuver. 

Passive priority - A form of traffic signal 
priority that is pretimed, such as the setting 
of a street's signal progression to favor buses. 

Pavement condition rating - A description 
of the road surface in terms of ride quality 
and surface defects. 

Peak hour - The hour of the day in which the 
maximum volume occurs, See also analysis 
hour, 

Peak hour factor (PHF) - The hourly volume 
during the analysis hour divided by the peak 
IS-min flow rate within the analysis hour; a 
measure of traffic demand fluctuation within 
the analysis hour. 

Pedestrian - An individual traveling on foot. 

Pedestrian clear interval- Time provided for 
pedestrians who depart the curb during the 
WALK indication to reach the opposite curb 
(or the median), 
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Pedestrian crosswalk - A connection 
between pedestrian facilities across sections 
of roadway used by automobiles, bicycles, 
and transit vehicles. Crosswalks can be 
marked or urunarked. 

Pedestrian density - The number of 
pedestrians per unit of area within a 
walkway or queuing area. 

Pedestrian flow rate - The number of 
pedestrians passing a point per unit of time. 
See also unit widthflow rale. 

Pedestrian mode - A travel mode under 
which a journey (or part of a journey) is 
made on foot along a roadway or pedestrian 
facility. 

Pedestrian overpass - A grade-separated 
pedestrian facility over such barriers as wide 
or high-speed roadways, railroad tracks, 
busways, or topographic features. 

Pedestrian plaza - A large, paved area that 
serves multiple functions, including 
pedestrian cin.ulation, special events, and 
seating. 

Pedestrian queuing area - A place where 
pedestrians stand temporarily while waiting 
to be served, such as at the corner of a 
Signalized intersection. 

Pedestrian recall- A form of phase recall 
where the controller places a continuous call 
for pedestrian service on the phase and then 
services the phase for at least an amount of 
time equal to its walk and pedestrian clear 
intervals (longer if vehicle detections are 
received). 

Pedestrian service time - The elapsed time 
starting with the first pedestrian's departure 
from the corner to the last pedestrian's 
arrival at the far side of the crosswalk. 

Pedestrian space - The average area 
provided for pedestrians in a moving 
pedestrian stream or pedestrian queue. 

Pedestrian start-up time - The time for a 
platoon of pedestrians to get under way 
following the beginning of the walk interval. 

Pedestrian street - A street dedicated to 
pedestrian use on a full- or part-time basis. 

Pedestrian underpass - A grade-separated 
pedestrian facility under such barriers as 
wide or high-speed roadways, railroad 
tracks, busways, or topographic feahlres. 

Pedestrian walkway - A pedestrian facility 
similar to a sidewalk in construction but 
located well away from the influence of 
automobile traffic. 
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Percent free-flow speed - The average travel 
speed divided by the free-flow speed. 

Percent time-spent-following - The average 
percent of total travel time that vehicles must 
travel in platoons behind slower vehicles 
because of inability to pass on a two-lane 
highway. 

Performance measure - A quantitative or 
qualitative characterization of some aspect of 
the service provided to a specific road user 
group. 

Pennitted plus protected - Compound left
turn protection that displays the permitted 
phase before the protected phase. 

Permitted tum - A left or right turn at a 
Signalized intersection that is made by a 
vehicle during a time in the cycle in which 
the vehicle does not have the right-of-way. 

Person capacity - The maximum number of 
persons who can pass a given point during a 
specified period under prevailing conditions. 

Phase - The part of the signal cycle allocated 
to any combination of traffic movements 
receiving the right-of-way Simultaneously 
during one or more intervals. A phase 
includes the green, yellow change, and red 
clearance intervals. 

Phase pair - See barrier pair, 

Phase pattern - The alternation of right-of
way among various traffic streams at an aU
way STOP-controlled intersection. 

Phase recall - A call made by the controller 
for a specified phase each time the controller 
is servicing a conflicting phase. 

Phase sequence -1. The sequence of service 
provided to each traffic movement. 2. A 
description of the order in which the left-turn 
movements are served relative to the through 
movements. 

Planning-level analysis - An application of 
the HCM generally directed toward broad 
issues such as initial problem identification 
(e.g., screening a large number of locations 
for potential operations deficiencies), long
range analyses, and statewide performance 
monitoring. Nearly all inputs to the analySis 
may be defaulted. 

Platoon - A group of vehicles or pedestrians 
traveling together as a group, either 
voluntarily or invohmtarily because of signal 
control, geometries, or other factors. 

Platoon ratio - A description of the quality of 
signal progression computed as the demand 
flow rate during the green indication divided 
by the average demand flow rate. 
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Point - A place along a facility where (a) 

conflicting traffic streams cross, merge, or 
diverge;,(b) a single traffic stream is regulated 
by a traffic control device; or (c) there is a 
significant change in the segment capacity 
(e.g., lane drop, lane addition, narrow bridge, 
significant upgrade, start or end of a ramp 
influence area). 

Potential capacity - The capacity of a specific 
movement at a STOP-conh'olled intersection 
approach, assuming that it is unimpeded by 
pedestrian or higher-rank movements and 
has exclusive use of a separate lane. 

Precision - The size of the estimation range 
for a measured quantity, 

Preliminary engineering-level analysis - An 
HCM application conducted to support 
planning decisions related to roadway design 
concept and scope, when alternatives 
analyses are performed, or to assess 
proposed systemwide policies, Many of the 
inputs to the analysis will be defaulted. 

Prepositioning - A deliberate driver choice 
of one lane over another at an intersection in 
anticipation of a tum at a downstream 
intersection. 

Pretimed control - A signal control in which 
the cycle length, phase plan, and phase times 
are preset to repeat continuously, 

Prevailing condition - The geometric, traffic, 
control, and environmental conditions 
during the analysis period. 

Progression - The act of various controllers 
providing specific green indications in 
accordance with a time schedule to permit 
continuous operation of groups of vehicles 
along the street at a planned speed, 

Protected plus pennitted - Compound left
turn protection at a Signalized intersection 
that displays the protected phase before the 
permitted phase. 

Protected turn - The left or right turns at a 
signalized intersection that are made by a 
vehicle during a time in the cycle when the 
vehicle has the right-of-way. 

Q 
Quality of service - A 
description of how well a 
transportation facility or 
service operates from a 
traveler's perspective. 

Quantity of service - A measure of the 
utilization of a tTansportation system. 
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Queue - A line of vehicles, bicycles, or 
persons waiting to be served due to traffic 
control, a bottleneck, or other causes. 

Queue delay -1. The amount of time that a 
vehicle spends in a queued state. 2. When 
computed from vehicle trajectories, it is the 
accumulated time step delay over all time 
steps in which the vehicle is in a queue. 

Queue discharge flow - A traffic flow that 
has passed through a bottleneck and, in the 
absence of another downstream bottleneck, is 
accelerating to the free-flow speed of the 
freeway. 

Queue jump - A short bus lane section (often 
shared with a right-turn lane), in 
combination with an advance green 
indication for the lane, that allows buses to 
move past a queue of cars at a signal. 

Queue length - The distance between the 
upstream and downstream ends of the 
queue. 

Queue spill back - A condition where the 
back of a queue extends beyond the available 
storage length, resulting in potential 
interference with upstream traffic 
lnovements. 

Queue storage ratio - The maximum back of 
queue as a proportion of the available storage 
on the subject lane or link. 

Queued state - A condition when a vehicle is 
within one car length (20 ft) of a stopped 
vehicle and is itself in a stopped state (i.e., 
has slowed to less than 5 mi!h). 

R 
Ramp - A dedicated roadway 
providing a connection between 
two other roadways; at least one 
of the roadways a ramp COlmects 

is typically a high-speed facility such as a 
freeway, multilane highway, or C-D 
roadway. 

Ramp-freeway junction - The point of 
connection between a ramp and a high-speed 
facility such as a freeway, multilane highway, 
or C-D roadway. 

Ramp meter - A traffic signal that controls 
the entry of vehicles from a ramp onto a 
limited-access facility; the signal allows one 
or two vehicles to enter on each green or 
green flash. 

Ramp roadway - See ramp. 

Ramp-street junction - See interchange ramp 
terminal, 
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Rank - The hierarchy of right-of-way among 
conflicting traffic slreams al a two-way STOP
controlled inlersection. 

Reasonable expectancy - The concept that 
the stated capacity for a given system 
element is one that can be achieved 
repeatedly during peak periods, rather than 
being the absolute maximum flow rate that 
could be observed. 

Receiving lanes - Lanes departing an 
intersection. 

Recreational vehicle - A heavy vehicle, 
genera lly operated by a private motorist, for 
transporting recreational equipment or 
facilities; examples include campers, motor 
homes, and vehicles towing boat trailers. 

Red clearance interval- A brief period of 
time following the yellow indication dming 
which the signal heads associated with the 
ending phase and all conflicting phases 
display a red indication. 

Red time - The period in the signal cycle 
during which, for a given phase or lane 
group, the signal is red. 

Reentry delay - Delay experienced by buses 
leaving a bus stop, when they must wait for a 
gap in traffic before reentering the travel 
lane. 

Reference phase - One of the two 
coordinated phases (i.e., Phase 2 or 6). 

Regression model- A model that uses field 
or simulated data to develop statistically 
derived relationships between particular 
model inputs and performance measures 
such as capacity and delay. 

Residual queue - The unmet demand at the 
end of an analysis period resulting from 
operation while demand exceeded capacity. 

Rest-in-walk mode - A signal controller 
setting in which the phase will dwell in walk 
as long as there are no conflicting calls. When 
a conflicting call is received, the pedestrian 
clear interval will time to its setting value 
before ending the phase. 

Restrictive median - A median (for example, 
a raised curb) that prevents or discourages 
vehicles from crossing the opposing traffic 
lanes. 

Right-tum-on-red - The ability to make a 
right tum at a signalized intersection when a 
red indication is displayed, after stopping 
and only when no conflicting vehicular or 
pedestrian traffic is present. 

Ring - A set of phases operating in sequence. 
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Roadside obstruction - An object or barrier 
along a roadside or median that affects traffic 
flow, whether continuous (e.g., a retaining 
wall) or not continuous (e.g., light supports 
or bridge abutments). 

Roadway - That portion of a highway 
improved, designed, or ordinarily used for 
vehicular travel and parking lanes but 
exclusive of the sidewalk, berm, or shoulder 
even though such sidewalk, berm, or 
shoulder is used by persons riding bicycles or 
other human-powered vehicles. 

Roadway characteristic - A geometric 
characteristic of a street or highway, 
including the type of facility, number and 
width of lanes (by direction), shoulder 
widths and lateral clearances, design speed, 
and horizontal and vertical alignments. 

Rolling terrain - Any combination of grades 
and horizontal or vertical alignment that 
causes heavy vehicles to reduce their speed 
substantially below that of passenger cars but 
that does not cause heavy vehicles to operate 
at crawl speeds for any significant length of 
time or at frequent intervals. 

Roundabout - An intersection with a 
generally circular shape, characterized by 
yield on entry and circulation around a 
central island. 

Rubbernecking - The slowing of motorists to 
observe a traffic incident. 

Running speed - See average running speed. 

Running time - The time that a vehicle 
traverses a length of roadway excluding any 
delay related to a control device. 

Rural- An area with widely scattered 
development and a low density of housing 
and employment. 

s Saturation flow rate - The 
equivalent hourly rate at which 
previously queued vehicles can 
traverse an intersection approach 

under prevailing conditions, assuming that 
the green Signal is available at all times and 
no lost times are experienced. 

Saturation headway -1. At a signalized 
intersection, the average headway between 
vehicles occurring after the fourth vehicle in 
the queue and continuing until the last 
vehicle in the initial queue clears the 
intersection. 2. At an all-way sTOP-controlled 
intersection, the time between departures of 
successive vehicles on a given approach for a 
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particular case, assuming a continuous 
queue. 

Scenario - See model application. 

Segment -1. For interrupted flow facilities, a 
link and its boundary point(s). 2. For 
uninterrupted flow facilities, a portion of a 
facility between two pOints. 

Segment delay - 1. The delay experienced 
by a vehicle since it left the upstream node 
(usually another signal), including traffic 
delay, incident delay, control delay, and 
geometric delay. 2. When calculated from 
vehicle trajectories, the time actually taken to 
traverse a segment minus the time it would 
have taken to traverse the segment at the 
target speed. The segment delay on any time 
step is equal to the time step delay; segment 
delays accumulated over all time steps in 
which a vehicle is present on the segment 
represent the segment delay for that vehicle. 

Segment initialization - The process of 
determining the appropriate number of 
vehicles in each segment as a precursor to 
estimating the number of vehicles on each 
freeway segment for each time step under 
oversaturated conditions. 

Semiactuated control - A signal control in 
which some approaches (typically on the 
minor street) have detectors and some of the 
approaches (typically on the major street) 
have no detectors. 

Sensitivity analysis - A technique for 
exploring how model outputs change in 
response to changes in model inputs, 
implemented by varying one input at a time 
over its reasonable range while holding all 
other inputs constant. 

Service flow rate - The maximum directional 
rate of flow that can be sustained in a given 
segment under prevailing roadway, traffic; 
and control conditions without violating the 
criteria for LOS i. 

Service measure - A performance measure 
used to define LOS for a transportation 
system element. 

Service time - At an all-way STOP-controlled 
intersection, the departure headway minus 
the move-up time. 

Service volume - The maximum hourly 
directional volume that can be sustained in a 
given segment without violating the criteria 
for LOS i during the worst 15 min of the hour 
(period with the highest density) under 
prevailing roadway, traffic, and control 
conditions. 
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Shared lane -1. A lane shared by more than 
one movement. 2. A bicycle facility where 
bicycles share a travel lane with motorized 
vehicular traffic. 

Shared-lane capacity - The capacity of a lane 
at an intersection that is shared by two or 
three movements. 

Shared pedestrian-bicycle path - A path 
physically separated from highway traffic for 
the use of pedestrians, bicyclists, nUUlers, 
inline skaters, and other nonmotorized users. 

Shock wave - A change or discontinuity in 
traffic conditions. For example, a shock wave 
is generated when the Signal turns red, and it 
moves upstream as vehicles arriving at the 
queue slow down. A shock wave is also 
generated when the signal turns green, and it 
moves downstream as the first set of vehicles 
discharge from the signal. 

Short length - The distance within a weaving 
segment over which lane changing is not 
prohibited or dissuaded by markings. 

Shoulder - A portion of the roadway 
contiguous with the traveled way for 
accommodation of stopped vehicles; 
emergency use; and lateral support of the 
subbase, base, and surface courses. 

Shoulder bikeway - A bicycle facility where 
bicyclists use a paved shoulder, separated by 
striping from motor vehicle traffic, for travel 
along a roadway. 

Shoulder bypass lane - A portion of the 
paved shoulder opposite the minor-road leg 
at a three-leg intersection, marked as a lane 
for through traffic to bypass vehicles that are 
slowing or stopped to make a left turn. 

Shy distance - The buffer that pedestrians 
give themselves to avoid accidentally 
stepping off the curb, brushing against a 
building face, or getting too close to 
pedestrians standing under awnings or 
window shopping. 

Side street - See minor street. 

Sidepafu - A shared pedestrian-bicycle path 
located parallel and in proximity to a 
roadway. 

Sidewalk - A pedestrian facility located 
parallel and in proximity to a roadway. 

Simple weaving segment - A weaving 
segment formed by a single merge point 
followed by a single diverge point. 

Simultaneous gap out - A controller mode 
requiring that both phases reach a point of 
being committed to terminate (via gap out, 
max out, or force-off) at the same time. 
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Single entry - A mode of operation (in a 
multiring controller) in which a phase in one 
ring can be selected and timed alone if there 
is no demand for service in a nonconflicting 
phase on the parallel ring(s). 

Single-point urban interchange - A 
diamond interchange that combines all the 
ramp movements into a single signalized 
intersection. 

Single-stage gap acceptance - A condition 
where no median refuge area is available for 
minor-street drivers to store in, so that 
minor-street drivers must evaluate gaps in 
both major-street directions simultaneously. 

Sketch-planning tools - Tools tha t produce 
general order-of-magnitude estimates of 
travel demand and transportation system 
performance under different transportation 
system improvement alternatives. 

Soft conversion - The conversion of a value 
from u.s. customary units to metric units (or 
vice versa) through the application of a 
conversion factor, such as multiplying 12 ft 
by 0.305 ft/m, resulting in 3.66 m. See also 
hard conversion. 

Space - See pedestrian space. 

Space gap - See gap. 

Space mean speed - An average speed based 
on the average travel time of vehicles to 
traverse a length of roadway. 

Spacing - The distance between two 
successive vehicles in a traffic lane, measured 
from the same common feature of the 
vehicles (e.g., rear axle, front axle, or front 
bumper). 

Spatial stop rate - The ratio of stop rate to 
facility length. 

Spatial variability - Variability in measured 
values, such as the percentage of trucks in the 
traffic stream, from one location to another 
within an area or from one area to another. 

Special events - Sources of high demand that 
occur at known times relatively infrequently, 
resulting in traffic flow patterns that vmy 
substantially from the typical situation. 

Specific grade - A single grade of a roadway 
segment or extended roadway segment 
expressed as a percentage. 

Speed - A rate of motion expressed as 
distance per unit of time. 

Speed harmonization - A technique to 
reduce the shock waves that typically occur 
when traffic abruptly slows upstream of a 
bottleneck or for an incident, through the use 
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of variable speed limits or advisory speed 
signs. 

Spillback - See queue spil/back. 

Spillover - A condition occurring when 
pedestrians begin to use more than the 
provided sidewalk or walkway space (e.g., 
by stepping into the street) to travel at their 
desired speed. 

Split - The segment of the cycle length 
allocated to eacll phase or interval that may 
occur. In an actuated controller unit, split is 
the time in the cycle allocated to a phase-the 
sum of the green, yellow mange, and red 
clearance intervals for a phase. 

Split-diamond interchange - Diamond 
interchanges in which freeway entry and exit 
ramps are separated at the street level, 
creating four intersections. 

Stairway - A pedestrian facility that ascends 
a grade via a series of steps and landings. 

Standee - A passenger standing in a transit 
vehicle. 

Start-up lost time - The additional time 
consumed by the first few vehicles in a queue 
at a signalized intersection above and beyond 
the saturation headway because of the need 
to react to the initiation of the green phase 
and to accelerate. 

Static flow model- A mathematical model 
in whim the traffic flow rate and origin
destination volumes are constant. 

Stochastic model- A mathematical model 
that uses random number generation for the 
determination of at least one parameter. 

Stop rate - The count of full stops divided by 
the number of vehicles served. 

Stop spacing - See average bus stop spacing. 

Stopped delay - The amount of time that a 
vehicle is stopped. When calculated from 
vehicle trajectories, it is equal to the time step 
delay on any step in which the vehicle is in a 
stopped state. Time step delays accumulated 
over all time steps in whim the vehicle was 
in the stopped state represent the stopped 
delay for that vehicle. 

Stopped state - A condition when a vehicle 
is traveling at less than 5 mi/h. 

Storage length - The length of turn lane 
available for storing queued vehicles. 

Street - See highway. 

Street corner - The area encompassed within 
the intersection of two sidewalks. 
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Streetcar mode - A transit mode operated by 
vehicles that receive power from overhead 
wires and run on tracks. Compared with 
light rail, streetcars are generally shorter and 
narrower, are more likely to have on-board 
fare collection, make more frequent stops, 
and are more likely to operate in mixed 
traffic. 

Study period - See analysis period. 

Subject approach - The approach under 
study at two-way and all-way STOP

controlled intersections. 

Suburban street - A street with low-density 
driveway access on the periphery of an urban 
area. 

Sustained spillback - A result of 
oversaturation, where a queue does not 
dissipate at the end of each cycle but remains 
present until the downstream capacity is 
increased or the upstream demand is 
reduced. 

System - All the transportation facilities and 
modes within a particular region. 

System elements - Components of a 
transportation system, including points, 
segments, facilities, corridors, and areas. 

T 
Taper area - An area 
characterized by a reduction or 
increase in pavement width to 
direct traffic. 

Target speed - In a simulation tool, the speed 
at which a driver would prefer to travel; it 
differs from the free-flow speed in that most 
simulation tools apply a "driver 
aggressiveness" factor to the free-flow speed 
to determine a target speed. 

Temporal variability - Variability in 
measured values, such as hourly traffic 
volumes, that occurs from day to day or 
month to month at a given location. 

Terrain - See general terrain. 

Three-level diamond interchange - A 
diamond interchange with two divided levels 
so that both facilities provide continuous 
through movements. 

Through vehicles - All vehicles passing 
directly through a street segment and not 
turning. 

Tight urban diamond interchange - A 
diamond interchange with a separation of 
less than 400 ft between the two intersections. 

Time interval- See analysis period. 
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Time interval scale factor - The ratio of the 
total facility entrance counts to total facility 
exit counts. 

Time mean speed - The average speed of 
vehicles observed passing a point on a 
highway. 

Time gap - See gap. 

Time-space domain - A specification of the 
freeway sections included in the defined 
facility and an identification of the time 
intervals for whicll the analysis is to be 
conducted. 

Time step delay - The length of a time step 
minus the time it would have taken a vehicle 
to cover the distance traveled in the step at 
tlle target speed. 

Time-varying flow model- A simulation 
model in which flow changes with time. 

Tool- See traffic analysis tool. 

Total lateral clearance (TIC) - The sum of 
the right-side and left-side lateral clearances 
along a multilane highway. 

Total lost time - See lost time. 

Total ramp density - The average number of 
on-ramp, off-ramp, major merge, and major 
diverge junctions per mile. It applies to a 6-
mi segment of freeway facility, 3 mi 
upstream and 3 mi downstream of the 
midpoint of the study segment. 

Traffic analysis tool - A software product 
used for traffic analysis that includes, at a 
minimum, a computational engine and a user 
interface. 

Traffic condition - A characteristic of traffic 
flow, including distribution of vehicle types 
in the traffic stream, directional distribution 
of traffic, lane use distribution of traffic, and 
type of driver population on a given facility. 

Traffic control device - A sign, signal, 
marking, or other device used to regulate, 
warn, or guide traffic. 

Traffic delay - The component of delay that 
results when the interaction of vehicles 
causes drivers to reduce speed below the 
free-flow speed. 

Traffic incidents - Occurrences, such as 
crashes, stalled cars, and debris in the 
roadway, that do not occur every day. These 
incidents reduce a roadway's capacity and 
create variation in day-to-day travel times 
along the roadway. 

Traffic pressure - The display of aggressive 
driving behavior for a large number of 
drivers during high-demand traffic 
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conditions. Under such conditions, a large 
number of drivers accept shorter headways 
during queue discharge than they would 
under different circumstances. 

Traffic signal delay - Delay experienced by a 
bus that arrives at a near-side stop during the 
green interval, serves its passengers during 
portions of the green and red intervals, and 
then must wait for the traffic signal to turn 
green again before proceeding. See also 
control delay. 

Traffic signal optimization tool- A tool 
primarily designed to develop oplimal signal 
phasing and liming plans for isolated 
signalized intersections, arterial streets, or 
signal networks. 

Transit frequency - The count of scheduled 
fixed-route transit vehicles that stop on or 
near an urban street segment during the 
analysis period. 

Transit mode - A travel mode in which 
vehicles (including buses, streetcars, and 
street-running light rail) stop at regular 
intervals along the roadway to pick up and 
drop off passengers. 

Transit reliability - A measure of the time 
performance and the regularity of headways 
between successive transit vehicles affecting 
the amount of time passengers must wait at a 
transit stop as well as the consistency of a 
passenger's arrival time at a destination. 

Transit signal preemption - The transfer of 
normal operation of a traffic signal to a 
special control mode serving a transit vehicle. 

Transit signal priority - Adjustments to 
traffic signal timing to provide more usable 
green time to transit vehicles. See also actiue 
priorittj and passiue priority. 

Transitway - See on-street transitway. 

Travel demand models - Models that 
forecast long-term future travel demand on 
the basis of current conditions and 
projections of socioeconomic characteristics 
and changes in transportation system design. 

Travel mode - 1. A transport category 
characterized by specific right-of-way, 
technological, and operational features. 
2. A particular fonn of travel, for example, 
walking, bicycling, traveling by automobile, 
or traveling by bus. 

Travel speed - See auerage trauel speed. 

Travel time - The average lime spent by 
vehicles traversing a highway segment, 
including control delay. 
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Travel time rate - The reciprocal of speed, 
expressed as time per unit distance traveled. 

Travel time reliability -1. The probability of 
"on-time" arrival (i.e., the probability that a 
trip is completed below a certain threshold 
time). 2. The variability in travel time for a 
given trip due to unforeseen causes such as 
variations in demand or an incident. 

Traveler information systems - An 
integration of technologies that allow the 
general public to access real-time or near 
real-time data on traffic factors such as 
incident conditions, travel time, and speed. 

Traveler perception model- A modellhat 
estimates the average response or range of 
responses that travelers would give to a 
given set of conditions (typically operalional 
or design in nature). 

Truck - A heavy vehicle engaged primarily 
in the transport of goods and materials or in 
the delivery of services other than public 
transportation. 

Tum lane - See exclusiue turn lane. 

Turnout - A short segment of a lane
usually a widened, unobstructed shoulder 
area-added to a two-lane, two-way 
highway, allowing slow-moving vehicles to 
leave the main roadway and stop so that 
faster vehicles can pass. 

Two-lane highway - A roadway with a two
lane cross section, one lane for each direction 
of flow, on which passing maneuvers must 
be made in the opposing lane. 

Two-phase pattern - A type of operation at 
an all-way sTOP-controlled intersection where 
drivers from opposing approaches enter the 
intersection at roughly the same time. 

Two-sided weaving segment - A weaving 
segment in whicll at least one weaving 
maneuver requires three or more lane 
changes to be completed successfully or in 
which a single-lane on-ramp is closely 
followed by a single-lane off-ramp on the 
opposite side of the freeway. 

Two-stage gap acceptance - A condition 
where a median refuge area is available for 
minor-street drivers so that drivers 
sequentially evaluate and use gaps in the 
near-side major-street traffic stream, followed 
by gaps in the far-side major-street traffic 
stream. 

Two-way left-tum lane - A lane in the 
median area that extends continuously along 
a street or highway and is marked to provide 
a deceleration and storage area, out of the 
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through-traffic stream, for vehicles traveling 
in either direction to use in making left turns 
at intersections and driveways. 

Two-way STop-controlled - The type of 
traffic control at an intersection where 
drivers on the minor street or drivers turning 
left from the major street wait for a gap in the 
major-street traffic to complete a maneuver. 

U 
Uncertainty - The range within 
which a model's estimate of a 
value is statistically likely to 
vary from the actual value. 

Uncontrolled - Lacking a traffic control 
device that interrupts traffic flow (e.g., a 
traffic signal, STOP sign, or YIELD sign). 

Undersaturated flow- Traffic flow where (a) 
the arrival flow rate is lower than the 
capacity of a point or segment, (b) no residual 
queue remains from a prior breakdown of the 
facility, and (c) traffic flow is unaffected by 
downstream conditions. 

Uniform delay - The first term of the 
equation for lane group control delay, 
assuming constant arrival and departure 
rates during a given time period. 

Uninterrupted flow - Traffic How on 
facilities that have no fixed causes of delay or 
interruption external to the traffic stream; 
examples include freeways and unsignalized 
sections of multilane and two-lane rural 
highways. 

Unit extension - See passage time. 

Unit width flow rate - The pedestrian flow 
rate expressed as pedestrians per minute per 
unit of walkway or crosswalk width. 

Unmet demand - The number of vehicles on 
a signalized lane group that have not been 
served at any point in time as a result of 
operation in which demand exceeds capacity 
in either the current or previous analysis 
period. This does not include the normal 
cyclical queue formation on the red and 
discharge on the green phase. See also initial 
queue and residual queue. 

Unsignalized intersection - An intersection 
not controlled by traffic signals. 

Upstream - The direction from which traffic 
is flowing. 

Urban - An area typified by high densities of 
development or concentrations of 
population, drawing people from several 
areas within a region. 
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Urban street - A street with relatively high 
density of driveway access located in an 
urban area and with traffic signals or 
interrupting STOP or Y[ELD signs no farther 
than 2 mi apart. 

Urban street facilities - Extended sections of 
collector or arterial streets that include the 
impacts of traffic signals or other traffic 
control along the street. 

Urban street segment - A length of urban 
street from one boundary intersection to the 
next, including the upstream boundary 
intersection but not the downstream 
boundary intersection. 

User perception variability - Variability in 
user responses that occurs when different 
users experiencing identical conditions are 
asked to rate the conditions. 

Utility - A measure of the value a traveler 
places on a trip choice. 

V 
Validation - The process by 
which the analyst checks the 
overall model-predicted traffic 
performance for a street-road 

system against field measurements of traffic 
performance that were not used in the 
calibration process. 

Variability - The day-to-day variation in 
other dimensions of congestion within a 
transportation system. 

Vehicle capacity - The maximum number of 
vehicles that can pass a given point during a 
specified period under prevailing roadway, 
traffic, and control conditions. 

Vehicle trajectory analysis - The 
development of performance measures from 
the properties of time-space trajectories of 
individual vehicles. 

Verification - The process by which a 
software developer and other researchers 
check the accuracy of a software 
implementation of traffic operations theory. 

Volume - The total number of vehicles or 
other roadway users that pass over a given 
point or section of a lane or roadway during 
a given time interval, often 1 h. 

Volume-to-capacity (vic) ratio - The ratio of 
flow rate to capacity for a system element. 

w 
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Walk interval- A period of 
time intended to give 
pedestrians adequate time 
to perceive the WALK 
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indication and depart the curb before the 
pedestrian clear interval begins. 

Walkway - See pedestrian walkway. 

Wave speed - The speed at which a shock 
wave travels upstream or downstream 
through traffic. 

Weaving - The crossing of two or more 
traffic streams traveling in the same direction 
along a significant length of highway, 
without the aid of traffic control devices 
(except for guide signs). 

Weaving configuration - The organization 
and continuity of lanes in a weaving 
segment, which determines lane-changing 
characteristics. 

Weaving flow -1he traffic movements in a 
weaving segment that are engaged in 
weaving movements. 

Weaving length - See base length, maximum 

weaving length, and short length. 

Weaving movement - A traffic flow within a 
weaving segment (on-ramp to mainline or 
mainline to off-ramp) that must cross paths 
with another traffic flow while traversing the 
segment. 

Weaving segment - See freeway weaving 

segment. 

Weaving segment influence area - The base 
length of the weaving segment plus 500 ft 
upstream of the entry point to the weaving 
segment and 500 ft downstream of the exit 
point from the weaving segment; entry and 
exit points are defined as the points where 
the appropriate edges of the merging and 
diverging lanes meet. 

Weaving width - The total number of lanes 
between the entry and exit gore areas within 
a weaving segment, including the auxiliary 
lane, if present. 

Work zone - A segment of highway in which 
maintenance or construction operations 
reduce the number oflanes available to 
traffic or affect the operational characteristics 
of traffic flowing through the segment. 

Y 
Yellow change interval- The 
period of time that a yellow 
indication is displayed to alert 
drivers to the impending 

presentation of a red indication. 
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2. LIST OF SYMBOLS 

This section lists and defines the symbols and abbreviations used in the 
HeM, along with their units if applicable. If a symbol has more than one 
meaning; the chapter or chapters of the specific use are cited in parentheses after 
the definition. 

%HV percentage of heavy vehicles (decimal) 

%OHP percentage of segment with occupied on-highway parking 

% VLi percentage of traffic present in lane L, 

% VLmax percentage of the total approach flow in the lane with the highest volume (decimal) 

A critical flow ratio for the arterial movements 

al passenger load weighting factor 

AADT annual average daily traffic (veh/day) 

A; expected passings per minute of mode i by average bicycle 

Ap pedestrian space (ffllp) 

Ay expected active passings per minute by the average bicycle during the peak 15 min 

ATSd average travel speed in the analysis direction (mi/h) 

ATSF average travel speed for the facility (mi/h) 

ATS, average travel speed for directional segment i (mi/h) 

A TSpl average travel speed in the analysis segment as affected by a passing lane (mi/h) 

AVO; average vehicle occupancy on segment i (p/veh) 

bd,j destination adjustment factor j 

BFFS base free-flow speed (mi/ll) 

bj bunching factor for lane group i 

BLOS bicycle level of service score 

bo,; origin adjustment factor i 

BPTSFd base percent time-spent-following in the analysis direction 

C base capacity 

C cycle length (s) 

C i,peE capacity for lane i (pc/h) 

C' cycle length (steps) 

ca adjusted mainHne capacity (veh/h) 

CA average capacity (veh/h) 

ca.I".P available capacity of an exclusive-lane lane group with protected left-turn operation 
(veh/h) 

c; adjusted capacity of work or construction zone 

cae' actual capacity of the flared lane (veh/h) 

Co capacity of the bicycle lane (bicycles/h) 

cbypass,pee capacity of the bypass lane, adjusted for heavy vehicles (pc/h) 

CdAyS capacity in the analysis direction under prevailing conditions based on ATS (pc/h) 

CdPTSF capacity in the analysis direction under prevailing conditions based on PTSF (pc/h) 
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C, equilibrium cycle length (8) 

Cd",p" capacity of the left entry lane, adjusted for heavy vehicles (pc/h) 

C"R,pce capacity of the right entry lane, adjusted for heavy vehicles (pc/h) 

CGDS common green time with demand starvation potential (s) 

CGRD common green time between the upstream ramp green and the downstream arterial 
through green (s) 

CG IlD common green time between the upstream through green and downstream through 
green (s) 

ci set of critical phases on the critical path 

ci capacity for lane i (veh/h) 

CIFL capacity of a basic freeway segment with the same free-flow speed as the weaving 
segment under equivalent ideal conditions, per lane (pc/h/ln) 

clW capacity of all lanes in the weaving segment under ideal conditions (pc/h) 

clW[. capacity of the weaving segment under equivalent ideal conditions (pc/h/ln) 

c1 capacity of a left-turn movement with permitted left-turn operation (veh/h) 

cl,e capacity of an exclusive-lane lane group with permitted left-turn operation (veh/h) 

cl,',p capacity of an exclusive-lane lane group with protected left-turn operation (veh/h) 

cL+TH capacity of the through and left-turn movements (veh/h) 

C"',j capacity of movement j 

cm,x capacity of movement x (veh/h) 

C""y movement capacity of the y movement in the subject shared lane (veh/h) 

C",,,x maximum cycle length (s) 

cmg merge capacity (veh/h) 

C
lllill 

minimum cycle length (5) 

e"," nonmerge capacity for the inside lane (veh/h) 

cp,x potential capacity of movement x (veh/h) 

cpee lane capacity adjusted for heavy vehicles (pc/h) 

CPi change period (yellow change interval plus red clearance interval) for phase i (s) 

cq1r shared lane capacity for upstream right-turn traffic movement (veh/h) 

cR capacity of the right-turn movement (veh/h) 

cr,x capacity of movement x assuming random flow during the 11l1blocked period 

c, saturated capacity (veh/h) 

CS critical sum (veh/h) 

c"p capacity of the lane if both storage areas were infinitely long (veh/h) 

CSH capacity of the shared lane (veh/h) 

c,/ capacity of a shared-lane lane group with permitted left-turn operation (veh/h) 

Ctlm, capacity for the exiting through movement (veh/h) 

c'u", capacity for the exiting turn movement (veh/h) 

CV critical phase flow rate (veh/h) 

d demand flow rates (veh/h, Chapter 10); control delay (s/veh, Chapter 17); interchange 
delay (s/veh, Chapter 22) 

D density (pc/mi/In, Chapter 14); distance between the two intersections of the 
interchange (£t, Chapter 22) 

d1 conditional delay to first through vehicle (s/veh) 
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dlb baseline unifonn delay (s/veh) 

d2 incremental delay (s/veh) 

d3 initial queue delay (s/veh) 

dA control delay on the approach (s/veh) 

do acceleration/deceleration delay (s) 

Do access-point density on segment (points/mi) 

Do" adjusted volume for destinationj (veh/h) 

dA,j approach control delay for approach j (s/veh) 

dA,r control delay on approach x (s/veh) 

dad transit vehicle acceleration/deceleration delay due to a transit stop (S/veh) 

dap" delay due to left and right turns from the street into access point intersection i (s/veh) 

dap,! through vehlcJe delay due to left turns (s/veh) 

dap" through vehicle delay due to right turns (s/veh) 

dappmoc" control delay for the approach (s/veh) 

db bicycle delay (s/bicyde) 

Dc distance to nearest signal-controlled crossing (ft) 

D d diversion distance (ft) 

DDHV directional design-hour volume (veh/h) 

DF average density for the facility (pc/mi/ln) 

dg average pedestrian gap delay (s) 

dgd average gap delay for pedestrians who incur nonzero delay 

D, person-hours of delay on segment i (Chapter 2); density for segment i (pc/mi/ln, 
Chapter 10) 

di vehicle demand on segment i (veIl, Chapter 2) ; control delay for lane i (s/veh, 
Chapter 19) 

dI intersection control delay (s/veh) 

d,n'e"ect,on control delay for the entire intersectio~ (s/veh) 

Dj volume for destination j (veh/h) 

d! computed control delay for the left-tun: movements (s/veh) 

dHLT delay to major left-turning vehicles (s/veh) 

DMD density in the major diverge influence area (which includes all approaching freeway 
lanes) (pc/mi/ln) 

dmg merge delay (s/veh) 

dnm nonmerge delay for the inside lane (s/veh) 

dotl", delay due to other sources along the route (s/veh) 

Dp phase duration (s) 

dp average pedestrian delay (s) 

Dp,a phase duration for phase a, which occurs just before phase b (s) 

Dp,,, phase duration for phase b, which occurs just after phase a (s) 

dp,d pedestrian delay when traversing Crosswalk D (s/p) 

Dp,! phase duration for left-tum phase I (s) 

Dp,lfli duration of the phase serving the minor-street through movement (s) 

Dp,t phase duration for coordinated phase t (s) 
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dpc pedestrian delay when crossing the segment at a signalized intersection (s/p) 

dpd pedestrian diversion delay (s/p) 

D ped pedestrian density (p/fF) 

dpp pedestrian delay when walking parallel to the segment (s/p) 

dps transit vehicle delay due to serving passengers (8) 

dpw pedestrian waiting delay (s/p) 

dpx crossing delay (s/ p) 

DQA distance to the downstream queue at the beginning of the upstream arterial green (ft) 

DQi distance to the downstream queue at the beginning of the upstream green for 
approach i (ft) 

DQR distance to the downstream queue at the beginning of the upstream ramp green (ft) 

DR density in the ramp influence area (pc/mi/ln) 

dr computed control delay for the right-turn movements (s/veh) 

dYe transit vehicle delay reentering the traffic stream from a transit stop (s/veh) 

Ds speed index for off-ramps 

ds saturated uniform delay (s/veh) 

d"p control delay for the movement considered as a separate lane 

d,l control delay in shared left-turn and through lane group (s/veh) 

d" control delay in shared right-turn and through lane group (s/veh) 

DSV daily service volumes 

Dsa distance between stored vehicles (= 8 ft) 

DSVi daily service volume for level of service i (veh/day) 

d, control delay in exclusive through lane group (s/veh) 

d,,1 average delay to through vehicles in the inside lane (s/veh) 

dr.i total delay associated with interval i (veh-s) 

d'ir through vehicle delay per right-turn maneuver (s/veh) 

d,s delay due to a transit vehicle stop for passenger pickup (s/stop) 

Dill' unbalanced phase duration (5) 

DlIp•i unbalanced phase duration for phase i (s) 

dvq time-in-queue per vehicle (s/veh) 

dXj length of discrete segment j (mi) 

ridership elasticity with respect to changes in the travel time rate (Chapter 17); the 
extension of effective green time into the clearance interval (s, Chapter 22) 

E weighted events per minute 

EL equivalent number of through cars for a protected left-turning vehicle 

EL,,,. modified through-car equivalent for a protected left-turning vehicle 

ELl equivalent number of through cars for a permitted left-turning vehicle 

ELl,,,. modified through-car equivalent for a permitted left-turning vehicle 

ELI equivalent number of through cars for a permitted left-turning vehicle when opposed 
by a queue on a single-lane approach 

EL2,1II modified through-car equivalent for a permitted left-turning vehicle when opposed 
by a queue on a single-lane approach 

ep permitted extension of effective green (s) 
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ER passenger-car equivalent for recreational vehicles (Chapter 10); equivalent number of 
through cars for a protected right-turning vehicle (Chapter 18) 

ER.ap equivalent number of through cars for a protected right-turning vehicle at an access 
point 

ER,,,, modified through-car equivalent for a protected right-turning vehicle 

ET passenger-car equivalent for trucks and buses 

ETC passenger-car equivalent for trucks operating at crawl speed 

F total events on the path (events/h) 

!. adjustment factor for area type (0,90 if CBD, 1.00 otherwise) 

fA adjustment for access points (mi/h) 

fad proportion of transit vehicle stop acceleration/deceleration delay not due to traffic 
control 

ibb adjustment factor for blocking effect of local buses that stop within intersection area 

Fbi indicator variable for boundary intersection control type (1.0 if signalized, 0,0 if two
way sTOP-controlled) 

Fed roadway crossing difficulty factor 

fcs adjustment for cross section (mi/h) 

Fdelay pedestrian delay adjustment factor 

fru proportion of dwell time occurring during effective green 

fF adjustment for the presence of merge, diverge, and weaving segments along a facility 

FFS free-flow speed (mi/h) 

fg adjustment factor for approach grade 

fg,AIS grade adjustment factor 

fg,PIsF grade adjustment factor for PTSF determination 

Fh headway factor 

fl/v heavy-vehicle adj ustment factor 

fl/V,AIS heavy-vehicle adjustrnent factor for average travel speed 

tw" heavy-vehicle adjustment factor for the lane 

hW,PTSF heavy-vehicle adjustment factor for PTSF determination 

A signal spacing adjustment factor 

Fi passenger load factor (passengers/seat) 

Ac adjustment for lateral clearance (mi/h) 

Apb pedestrian adjustment factor for left-tum groups 

As adjustment for lane and shoulder width (mi/h) 

AI adjustment factor for left-tum vehicle presence in a lane group 

fw adjustment factor for lane utilization 

Aw adjustment for ljille width (mi/h) 

fM adjustment for median type (mi/h) 

Fm number of meeting events (events/h) 

fnp,AJ's adjustment factor for ATS determination for the percentage of no-passing zones in the 
analysis direction 

fllp,PISF adjustrnent to PTSF for the percentage of no-passing zones in the analysis segment 

F04 force-off point for Phase 4 (s) 

h driver population factor 
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Fp number of passing events (events/h) 

Fp pavement condition adjustment factor 

Ipb pedesh'ian blockage factor or the proportion of time that one lane on an approach is 
blocked during 1 h 

Iper} entry capacity adjustment factor for pedestrians 

Ipl,ATS adjustment factor for the effect of passing lane on average travel speed 

Ipl,FTSF adjustment factor fOf the impact of a passing lane on percent time-spent-following 

J~pb pedestrian-bicycle adjustment factor for right-turn groups 

AT adjustment for right-tuming vehicle presence in the lane group 

Fs motorized vehicle speed adjustment factor 

hw sidewalk width coefficient 

ITISi time-interval scale factor for time period i 

F" perceived travel time factor 

f" adjustment factor for traffic pressure 

Fv motorized vehicle volume adjustment factor 

Iw adjustment factor for lane width 

Fw cross-section adjustment factor 

g effective green time (s) 

G percent grade (Chapter 17); green time (5, Chapter 22) 

G1ped,mll average green interval given that the phase is called by a pedestrian detection (s) 

G1,./i,call average green interval given that the phase is called by a vehicle detection (s) 

g' effective green time adjusted because of the presence of a downstream queue (s) 

G3 green interval duration for Phase 3 (s) 

g. available effective green time (s) 

GA green interval for the external arterial approach (s) 

gb effective green time for the bicycle lane (s) 

GD green interval for the downstream arterial through movement (s) 

gdijf supplemental service time for shared single-lane approaches (8) 

g, green extension time (s) 

gj time before the first left-turning vehicle arrives and blocks the shared lane (s) 

glmax maximtun time before the first left-turning vehicle arrives and within which there are 
sufficient through vehicles to depart at saturation (8) 

gj effective green time for lane group i (s) 

g, effective green time for left-tum phase (s) 

Gmux maximum green setting (s) 

Gmin minimum green setting (s) 

gp effective green time for permitted left-tum operation (s) 

Gp displayed green interval corresponding to gp (s) 

Gp,mi" minimum green interval duration based On pedestrian crossing time (s) 

gp,d pedestrian service time (s) 

g,,,d,mi pedestrian service time for the phase serving the minor-street through movement (s) 

gr' queue service time during permitted left-turn operation (s) 

gq opposing queue service time (= g, for the opposing movement) (s) 
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Gq 

GR 

gs 

gil 

Gil 

GUi 

gWnlk,mi 

h 

h L1<h<HI 

HI 

hadj 

hd 

hHV,ndj 

hi 

his 

displayed green interval corresponding to gq (8) 

green interval for the left-turning ramp movement (s) 

queue service time (s) 

duration of permitted left-turn green time that is not blocked by an opposing queue 
(s) 

unbalanced green interval duration for a phase (s) 

green interval for the upstream approach i (s) 

effective walk time for the phase serving the minor-street movement (s) 

average headway for each through lane 

average headway of those headways between t;. and Hl (s/veh) 

maximum headway that the first through vehicle can have and still incur delay 
(s/veh) 

headway adjustment (s) 

departure headway or average time between departures of successive vehicles on a 
given approach (s) 

headway adjustment for heavy vehicles (s) 

saturation headway for the internal through approach (s) 

saturation headway or time between departures of successive vehicles on a given 
approach for a particular case (case i) (s) 

hLT,ndj headway adjustment for left turns (s) 

hoI"" full stop rate due to other sources (stops/veh) 

hRT,ndj headway adjustment for right turns (s) 

H"g spatial stop rate for the segment (stops/mi) 

crossing event index 

adjustment factor for type, intensity, and proximity of work activity (pc/h/m, Chapter 
10); upstream filtering adjustment factor (Chapter 18) 

1""g automobile traveler perception score for segment 

1bJ", bicyclist perception score for intersection 

1b,li"k bicyclist perception score for link 

1b,seg bicyclist perception score for segment 

1b,sig bicycle perception score for signalized intersection 

ID interchange density; the number of interchanges within ±3 mi of the center of the 
subject weaving segment divided by 6 (int/mi) 

1LC lane-changing intensity; LCALdLs (le/ft) 

Jp,'" pedestrian perception score for intersection 

Jp,lillk pedestrian perception score for link 

Ip,seg pedestrian perception score for segment 

Ip,sig pedestrian perception score for signalized intersection 

IPk indicator variable for on-street parking occupancy (= ° if Ppk > 0,0) 

Is interval between vehicle-in-queue counts (s) 

Ish indicator variable for shared lane (= 1.0 if the subject left tum is served in a shared 
lane; ° if the subject left turn is served in an exclusive lane) 

I, indicator variable = 1.0 when equations are used to evaluate delay due to left turns; 
0,00001 when equations are used to evaluate delay due to right turns 

1""g transit passenger perception score for segment 
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time step associated with platoon arrival time t' 

k incremental delay factor 

K proportion of AADT occurring in the peak hour (decimal) 

ki density of users of mode i (users/mi) 

kmin minimum incremental delay factor 

L cycle lost time (s) 

1, start-up lost time (s) 

11,p permitted start-up lost time (5) 

I, clearance lost time (s) 

Ln available queue storage distance (ft/ln) 

LA length of acceleration lane (ft) 

La,comb available queue storage distance for the combined movement (ft/In) 

La,1f available queue storage distance for the left-turn movement (ft/In) 

La,'hm available queue storage distance for the through movement (ft/ln) 

La,Iano available queue storage distance for the turn movement (ft/ln) 

LB base length of the segment, measured from the points at which the edges of the travel 
lanes of the merging and diverging roadways converge (ft) 

LCALL total rate of lane changing of all vehicles within the weaving segment (Ie/h) 

Lee curb-to-curb crossing distance (it) 

LCFR minimum number of lane changes that a freeway-to-ramp weaving vehicle must 
make to complete the freeway-to-ramp movement successfully 

LCL left-side lateral clearance (ft) 

LCMlN minimum rate of lane changing that must exist for all weaving vehicles to complete 
their weaving maneuvers successfully (lc/h) 

LCmv total rate of lane changing by nonweaving vehicles within the weaving segment (k/h) 

LCR right-side lateral clearance (ft) 

LCRF minimum number of lane changes that a ramp-to-freeway weaving vehicle must 
make to complete the ramp-to-freeway movement successfully 

LCRR minimum number of lane changes that must be made by one ramp-to-ramp vehicle to 
complete a weaving maneuver 

LCw total rate of lane changing by weaving vehicles within the weaving segment (lc/h) 

Ld length of Crosswalk D (ft) 

LD length of deceleration lane (ft) 

LD_A lost time on the external arterial approach due to the presence of downstream queue 
(s) 

LDOWN distance between the subject ramp jWlction and the adjacent downstream ramp 
junction (ft) 

LD_R lost time on the external ramp approach due to the presence of downstream queue (s) 

LDS additional lost time due to demand starvation (s) 

Ld, length of the stop line detection zone (ft) 

Lds,1I length of the stop line detection zone in the left-turn lanes (ft) 

Ld",., length of the stop line detection zone in the right-tum lanes (ft) 

Ld",,, length of the stop line detection zone in the through lanes (ft) 

LD-Ui lost time on the upstream approach i due to the presence of a downstream queue (s) 

LEQ equilibrium separation distance 
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Lh average vehicle spacing in stationary queue (ft/veh) 

LIN stored heavy-vehicle lane length = 45 (ft) 

L; length of segment i (mi) 

Lp, stored passenger car Jane length = 25 (ft) 

Lp, average passenger trip length (mi) 

I, length of segment traveled by route (:0: L) (ft) 

L, distance between adjacent signalized intersections (ft) 

Ls short length of the segment, defined as the distance over which lane changing is not 
prohibited or dissuaded by markings (ft) 

L, total length. of directional segment i (mi) 

I,,; phase i lost time (s) 

LTC left-turn flow rate per cycle (veh/cycle) 

Lup distance between the subject ramp junction and the adjacent upstream ramp junction 
(ft) 

L" detected length of vehicle (ft) 

LWJ influence area of the weaving segment (ft) 

LwMAX maximum length of a weaving segment (ft) 

M pedestrian space (fF/p) 

M1 meetings per minute of users already on path segment 

MAH maximum allowable headway (s/veh) 

MAH* equivalent maximum allowable headway for the phase (s/veh) 

MAH, maximum allowable headway for the concurrent phase that also ends at the barrier 
(s/veh) 

MAHlt,e maximum allowable headway for permitted left-turning vehicles in exclusive lane 
(s/veh) 

MAH/t,e,p maximum allowable headway for protected left-turning vehicles in exclusive lane 
(s/veh) 

MAHlt" maximum allowable headway for permitted left-turning vehicles in shared lane 
(s/veh) 

MAH/t",p maximum allowable headway for protected left-turning vehicles in shared lane 
(s/veh) 

MAHr"e,p maximum allowable headway for protected right-turning vehicles in exclusive lane 
(s/veh) 

MAH"" maximum allowable headway for permitted right-turning vehicles in shared lane 
(s/veh) 

MAHf/. maximum allowable headway for through vehicles (s/veh) 

Mmme, corner circulation area per pedestrian (fF/p) 

Mew crosswalk circulation area per pedesh"ian (ft2/p) 

md set of all automobile movements that cross Crosswalk D 

m; average speed of mode i (mi/h) 

mj number of lane groups on approach j 

Ms speed index for on-ramps (merge areas) 

My total number of expected meetings per minute during the peak 15 min 

My motorist yield rate (decimal) 

n15 count of vehicles during the peak IS-min period (veh) 

n'5,mj count of vehicles traveling on the major street during a IS-min period (veh/ln) 
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1160 count of vehicles during a I-h period (veh) 

N,p number of influential access-point approaches along the segment 

N ap,« number of access-point approaches on the right side in the opposing direction of 
travel (points) 

Nap,s number of access-point approaches on the right side in the subject direction of travel 
(points) 

N Arterial number of lanes for the upstream arterial through movement 

Nb bus stopping rate on the subject approach (buses/h) 

Nc total number of pedestrians in the crossing platoon (p) 

Ncomb number of lanes for the combined movement (In) 

Nd number of traffic lanes crossed when traversing Crosswalk D (In) 

N,I; number of pedestrians arriving at the comer each cycle having crossed the major 
street (p) 

N"" number of pedestrians arriving at the comer each cycle to cross the major street (p) 

N, number of exclusive lanes in movement group (In) 

Nj number of fully stopped vehicles (veh/ln) 

Nf,l number of fully stopped vehicles in shared left-turn and tln'Ough lane group (veh/In) 

Ntsr number of fully stopped vehicles in shared right-turn and through lane group 
(veh/In) 

Nt, number of fully stopped vehicles in exclusive through lane group (veh/In) 

17g arrival count during green (veh) 

Ng number of lane groups for which t exceeds 0.0 h 

11i number of lanes serving phase movement i 

Ni number of lanes in segment i 

N j number of lanes in exclusive left-tum lane group (In) 

Nrc number of lanes in shared left- and right-turn lane group (In) 

Nit number of lanes in the left-turn bay (In) 

N", parking maneuver rate adjacent to lane group (maneuvers/h) 

17M" length of the storage area suCh that the approach would operate as separate lanes 

No number of outer lanes on the freeway (1 for a six-lane freeway; 2 for an eight-lane 
freeway) 

Np spatial distribution of pedestrians (p, Chapter 19); number of partial stops (Chapter 
30) 

Ilped number of conflicting pedestrians (p/h) 

~"d number of pedestrians crossing during an interval (p) 

I"lq maximum number of opposing vehicles that could arrive after gj and before g" (veh) 

Nq, available queue storage (veh) 

Nq~comb available queue storage for the combined movement (veh) 

Nqx,lI maximum queue storage for the left-turn movement (veh) 

Nqx,'hm maximum queue storage for the through movement (veh) 

Nqx""", maximum queue storage for a turn movement (veh) 

Nc number of lanes in exclusive right-tum lane group (In) 

NRamp-L number of lanes for the upstream ramp left-turning movement 

Nr1d,d number of right-turn channelizing islands along Crosswalk D 

I"l, number of sneakers per cycle (= 2.0 veh) 
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N,I number of lanes in shared left-turn and through lane group (In) 

Nsr number of lanes in shared right-turn and through lane group (In) 

N, total number of stops 

Nih number of through lanes (shared or exclusive) (In) 

NTH number of through lanes (shared or exclusive) (In) 

Nt" total number of circulating pedestrians arriving each cycle (p) 

Nt, number of transit routes along the subject segment 

N" average number of transit stops along the subject route (stops) 

N,um number of lanes in the turn bay (In) 

N tu number of turning vehicles during the walk and pedestrian clear intervals (veh) 

NWL number of lanes from which a weaving maneuver may be completed with one lane 
change or no lane changes 

nx number of calls necessary to extend the green to max out 

O",i adjusted volume for origin i (veh/h) 

OCCbicg bicycle occupancy 

OCCpffiu pedestrian occupancy after the opposing queue clears 

OCCr relevant conflict-zone occupancy 

0, volume for origin i (veh/h) 

P proportion of vehicles arriving during the green indication 

p' adjustment to the major-street left, minor-street through impedance factor 

Pap,It proportion of N"p" that can be accessed by a left turn from the subject direction of 

travel 

Pb proportion of time blocked (decimal) 

Pb,x proportion of time that the subject movement x is blocked by the major-street platoon 

P BCDEF probability that an individual will respond with a score of B, C, D, E, or F 

Pb, proportion of stops on segment with benches (decimal) 

Poo probability of two blocked lanes in the opposing direction 

Pb, probability of two blocked lanes in the subject direction 

Pbuilding proportion of sidewalk length adjacent to a building face (decimal) 

Pc pavement condition rating 

PC pedestrian clear setting (s) 

P CDEF probability that an individual will respond with a score of C, D, E, or F 

Pcurb proportion of segment with curb on the right-hand side (decimal) 

PDEF probability that an individual will respond with a score of D, E, or F 

Pda probability of delayed passing in opposing direction 

Pd, probability of delayed passing in subject direction 

PEF probability that an individual will respond with a score of E or F 

PF probability that an individual will respond with a score of F 

PFD proportion of diverging traffic remaining in Lanes 1 and 2 immediately upstream of 
the deceleration lane 

Pfence proportion of sidewalk length adjacent to a fence or low wall (decimal) 

P FM proportion of freeway vehicles remaining in Lanes 1 and 2 immediately upstream of 
the on-ramp influence area 

PHF peak hour factor 
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PHV percentage of heavy vehicles in the corresponding movement group (%) 

PHVa adjusted percentage of heavy vehicles in the midsegment demand flow rate (%) 

Pi path mode split for user group i 

Pi,j seed proportion of volume from origin i to destination j (decimal) 

Pj distance required to pass mode i (mi) 

P L proportion of left-turning vehicles in the shared lane 

Pre probability of a lane change among the approach through lanes 

Pit proportion of left-turning vehicles on the subject approach (decimal) 

Pr,T proportion of left-turning vehicles in the lane 

Ptn'''R proportion of intersections with left-turn lanes (or bay) on segment (decimal) 

Pita proportion of left-turning vehicles in the opposing traffic stream 

P mds probability of delayed passing for mode m 

P no probability of blocked lane in opposing direction 

P,,, probability of blocked lane in subject direction 

Pol proportion of transit vehicles arriving on time (decimal) 

p"" probability of left-turn bay overflow (decimal) 

Ppk proportion of on-street parking occupied (decimal) 

PR proportion of recreational vehicles in the traffic stream (Chapter 10); proportion of 
right-turning vehicles in the shared lane (Chapter 30) 

P,m proportion of link length with restrictive median (decimal) 

P" proportion of right-turning vehicles on the subject approach (decimal) 

P RT proportion of right-turning vehicles in the lane 

Psil proportion of stops on segment with shelters (decimal) 

P T proportion of trucks and buses in the traffic stream 

PT passage time setting (s) 

Pre proportion of trucks operating at crawl speed (decimal) 

P Td, total probability of delayed passing 

PTIt passage time setting for phase serving left-turning vehicles (s) 

PTr, passage time setting for phase serving right-turning vehicles (s) 

PTSFd percent time-spent-following in the analysis direction (decimal) 

PTSFF percent time-spent-following for the facility (decimal) 

PTSFi percent time-spent-following for segment i (decimal) 

PTSFp! percent time-spent-following for segment as affected by the presence of a passing 
lane (decimal) 

PTth passage time setting for phase serving through vehicles (s) 

Ptum proportion of turning vehicles in the shared lane = PL or PR (decimal) 

P wiud"", proportion of sidewalk length adjacent to a window display (decimal) 

Pr probability of phase termination by extension to the maximum green limit 

q arrival flow rate = v/3,600 (veh/s) 

Q back-of-queue size (veh/ln) 

q* arrival flow rate for the phase (veh/s) 

q'alu.j arrival flow rate in time step j at a downstream intersection from upstream source u 
(veh/step) 

q'",i departure flow rate in time step i at upstream source u (veh/step) 
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Q1 first-term back-of-queue size (veh/ln) 

Q2 second-term back-of-queue size (veh/ln) 

Q2,sl second-term back-of-queue size for shared left-tum and through lane group (veh/ln) 

Q2,,, second-term back-of-queue size for shared right-turn and through lane group (veh/ln) 

Q2,' second-term back-of-queue size for exclusive through lane group (veh/In) 

Q2>3 back-of-queue size (veh/In) 

Q3 third-term back-of-queue size (veh/ln) 

Q3,SI third-term back-of-queue size for shared left-tum and through lane group (veh/ln) 

Qg,,, third-term back-of-queue size for shared right-tum and through lane group (veh/ln) 

Q3,' third-term back-of-queue size for exclusive through lane group (veh/In) 

Q95 95th percentile queue (veh) 

QA estimated average per lane queue length for the through movement in the 
downstream (internal) link at the beginning of upstream arterial Phase A (ft) 

Q, initial queue at the start of the analysis period (veh) 

Qb,comb initial queue for the combined movement (veh) 

qd arrival flow rate for downstream lane group (veh/s) 

Qe queue at the end of the analysis period (veh) 

\Jeo queue at the end of the analysis period when v;:: cA and Qb = 0,0 (veh) 

Qf queue size at the end of gf (veh) 

qg arrival flow rate during the effecti ve green time (veh/s) 

qi hourly directional path flow rate for user group i (modal users/h) 

Qi queue size at the end of interval i (veh) 

QINlTlAL length of the queue stored at the internal approach at the beginning of the interval 
during which this approach has demand starvation potential 

q" outside lane flow rate = v,,/3,600 (veh/s) 

Qc, bicycle demand in the opposing direction (bicycles/h) 

Qp queue size at the end of permitted service time (veh) 

Qp' queue size at the end of permitted service time, adjusted for sneakers (veh) 

Qq queue size at the start of g" (veh) 

q, arrival flow rate during the effective red time (veh/s) 

Q, queue size at the end of effective red time (= q, r) (veh) 

QR estimated average per lane queue length for the through movement in the 
downstream (internal) link at the beginning of upstream ramp Phase R (ft) 

Q,b bicycle demand in the same direction (bicycles/h) 

Q"p average queue length for the movement considered as a separate lane (veh) 

Qr total hourly directional path demand (modal users/h) 

Q,ao total time spent by pedestrians waiting to cross the major street during one cycle (p-s) 

effective red time (= C - g) (s) 

R manual adjustment for on-ramps (veh/h, Chapter 10)i radius of corner curb (Chapter 
18)i critical flow ratio for the exit-ramp movements (Chapter 22) 

R, b, c intermediate calculation variables 

ro acceleration rate = 3.5 (ft/s2) 

rat transit vehicle acceleration rate (ft/s2) 

Rc red clearance interval (s) 
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R,,"'i red clearance interval of the phase serving the minor-street through movement (s) 

ra deceleration rate 

rat transit vehicle deceleration rate (ft/s2) 

Rp platoon ratio 

RQ queue storage ratio 

rqg queue growth rate (veh/h) 

RS reference sum flow rate (1,530 x PHF x .f.) (veh/h) 

RW reciprocal of path width = 11path width (ft) 

saturation flow rate (veh/h, Chapter 4); mean service rate (veh/h, Chapter 4); standard 
deviation of the set of runs for a particular performance measure (Chapter 7); 

adjusted saturation flow rate (veh/hlln, Chapter 17) 

S average travel speed (mi/h) 

So base saturation flow rate (veh/hg/ln) 

So speed constant (mi/h) 

SOi free-flow speed of segment i (ml/h) 

51 saturation flow rate for the inside lane (veh/h/ln) 

S!j5,"'i 85th percentile speed at a mldsegment location on the major street (mi/h) 

Sa average speed on the intersection approach (ml/h) 

Sb bicycle running speed (mi/h) 

SF service flow rates 

Sf free-flow speed (ml/h) 

SF free-flow speed of the ramp at the junction point (mi/h) 

SFi service flow rate for LOS i (veh/h) 

SFIj service flow rate under ideal conditions (pc/h) 

SrM mean speed of sample (v> 200 veh/h) (ml/h) 

Sfo base free-flow speed (ml/h) 

SFR free-flow speed of the ramp (mi/h) 

Si average vehicle speed on segment i (mi/h) 

Sj saturation flow rate for phase movement i (veh/hg/ln) 

81 saturation flow rate in exclusive left-tum lane group with permltted operation 
(veh/h/ln) 

Sic maximum flow rate in which a lane change can occur = 3,6001tk (veh/hlln) 

Sir saturation flow rate in shared left- and right-turn lane group (veh/hlln) 

Sit saturation flow of an exclusive left-turn lane with protected operation (veh/h/ln) 

SMAX maximum average speed of weaving vehicles expected in a weaving segment (ml/h) 

SMlN minimum average speed of weaving vehicles expected in a weaving segment (ml/h) 

SNW average speed of nonweaving vehicles within the weaving segment (ml/h) 

So base saturation flow rate (pc/hlln) 

So average speed of vehicles in outer lanes of the freeway, adjacent to the 1,500-ft ramp 
influence area (mi/h) 

so,loml local base saturation flow rate (pc/hlln) 

sp saturation flow rate of a permitted left-turn movement (veh/hlln) 

Sp posted speed limit (ml/h, Chapter 15); pedestrian walking speed = 3.5 ft/s (Chapter 
30) 
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Sped pedestrian speed (ft/min) 

Spi free-flow pedestrian walking speed (£t/s) 

Spl posted speed limit (mi/h) 

sprroaling,i prevailing saturation flow rate for lane group i (veh/h/ln) 

Sqlr shared lane discharge flow rate for upstream right-turn traffic movement (veh/hlln) 

ST saturation flow rate in exclusive right-turn lane group with permitted operation 
(veh/hlln) 

SR average speed in the ramp influence area (mi/h) 

SR« adjusted motorized vehicle running speed (mi/h) 

SRI transit vehicle running speed (mi/h) 

S5 threshold speed defining a stopped vehicle (= 5.0 mi/h) 

8,/ saturation flow rate in shared left-turn and through lane group with permitted 
operation (veh/h/ln) 

Ss/,m;n minimum saturation flow rate ill shared left-turn and through lane group with 
permitted operation (veh/h/ln) 

5,12 saturation flow rate in shared left-turn and through lane group during Period 2 
(veh/hlln) 

SSPOI average spot speed (mi/h) 

SS( saturation flow rate in shared right-turn and through lane group with permitted 
operation (veh/h/ln) 

St saturation flow rate in exclusive through lane group (veh/hlln) 

S, effective speed factor 

ST,seg travel speed of through vehicles for the segment (mi/h) 

STb,<eg travel speed of through bicycles along the segment (mi/h) 

5'h saturation flow rate of an exclusive through lane (= base saturation flow rate adjusted 
for lane width, heavy vehicles, grade, parking, buses, and area type) (veh/hlln) 

STp,seg travel speed of through pedestrians for the segment (£tis) 

STt,seg travel speed of transit vehicles along the segment (mi/h) 

SV; service volume for LOS i (veh/h) 

Sw average speed of weaving vehicles within the weaving segment (mi/h) 

S,,.., transit wait-ride score 

duration of mUllet demand in the analysis period (h, Chapter 18); path segment travel 
time for average bicycle (min, Chapter 23) 

T analysis time period 

t' platoon arrival time (steps) 

t'p blocked period duration (steps) 

t'R segment running time (steps) 

To time at which a vehicle would have arrived at the stop line if it had been traveling at 
the reference speed 

Tj time at which a vehicle would have arrived at the stop line if it had been traveling at 
the "running" speed 

T2 time at which a vehicle is discharged at the stop line 

t3,LT adjustment factor for intersection geometry 

ta average duration of unmet demand in the analysis period (h) 

t A adjusted duration of unmet demand in the analysis period (h) 

Tnt amenity time rate (min/mi) 
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Tilt base travel time rate = 6.0 for the central business district of a metropolitan area with 
5 million persons or more, otherwise 4.0 (min/mi) 

Ie time until spillback (h) 

te queue clearing time (Chapter 18); critical headway for a single pedestrian (5, Chapter 
19) 

t'ob." base critical headway (s) 

t"G adjustment factor for grade (s) 

te,HV adjustment factor for heavy vehicles (s) 

te,x critical headway (i.e., the minimum time that allows intersection entry for one minor-
stream vehicle) for minor movement x (s) 

teg critical gap (s) 

tel clearance time of the right-turn vehicle (5) 

td dwell time (s) 

td,; duration of time interval i during which the arrival flow rate and saturation flow rate 
are constant (5) 

lex excess wait time due to late arrivals (s) 

Iex excess wait time rate due to late arrivals (min/mi) 

If follow-up headway (s, Chapter 21); service time for fully stopped vehicles (s, Chapter 
30) 

tpase base follow-up headway (s) 

tJ,HI' adjustment factor for heavy vehicles (0.9 for major streets with one lane in each 
direction, 1.0 for major streets with two or three lanes in each direction) 

tf,x follow-up headway (i.e., the time between the departure of one vehicle from the 
minor street and the departure of the next vehicle under a continuous queue 
condition) for minor movement x (s) 

t)71 follow-up headway (s) 

t; lost time for ith vehicle in queue (5, Chapter 4); duration of umnet demand for lane 
group i in the analysis period (h, Chapter 18) 

tt transit vehicle running time loss (min/mi) 

IL lost time per phase (s) 

tL' adjusted lost time (i.e., the time during which the signalized intersection is not used 
effectively by any movement) (s) 

tL O adjusted lost time for the internal approaches (5) 

tlate threshold late time = 5,0 typical (min) 

tic critical merge headway = 3.7 (s) 

I LC total lateral clearance (ft) 

Iorr crosswalk occupancy time (p-s) 

Ip analysis time period 

tpr pedestrian perception of signal indication and curb departure time (= 7.0 s) 

Ip., pedestrian service time (s) 

Iplt perceived travel time rate (min/mi) 

tQ time duration of queue (s) 

tR segment running time (s) 

IN! segment running time of through bicycles (s) 

IRD total ramp density (ramps/mi) 

tRt segment running time of transit vehicle (8) 
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t, pedestrian start-up time and end clearance time (s, Chapter 19); service time or 
average time spent by a vehicle in first position waiting to depart (s, Chapter 20) 

TSc time-space available for circulating pedestrians (fF-s) 

TS""n<' available comer time-space (ft2-s) 

TSw available crosswalk time-space (£t2-s) 

TScw * effective available crosswalk time-space (ft2-s) 

TS ro time-space occupied by turning vehicles (fF-s) 

tt" duration of trapezoid or triangle in interval i (s) 

ITi total travel time of all vehicles in segment i (veh-h) 

IT,I5 total travel time consumed by all vehicles traversing directional segment i during the 
IS-min analysis period (veh-h) 

U speed of average bicycle (mi/h) 

Uno minimum speed of the first through vehicle given that it is delayed (H/s) 

u" right-tum speed (ft/s) 

v actual flow rates 

V demand volume under prevailing conditions (veh/h) 

VI flow rate for the inside lane (veh/h/ln) 

v12 demand flow rate in Lanes 1 and 2 of the freeway immediately upstream of the ramp 
influence area (pc/h) 

VIS pedestrian flow rate during the peak 15 min (p/h) 

VIS volume during the peak 15 min of the analysis hour (vehJ15 min) 

V 2 flow rate in the adjacent through lane (veh/h/ln) 

V3 flow rate in Lane 3 of the freeway (pc/hlln) 

Va,I adjusted arrival volume in the shared lane (veh/h) 

vu,b flow rate of pedestrians traveling through the corner from Sidewalk A to Sidewalk B, 
or vice versa (p/h) 

V Ax volume or flow rate on approach x (veh/h) 

vjNA arterial flow feeding the subject queue, divided by the respective number of lanes 

vupp average demand flow rate per through lane (upstream of any tum bays on the 
approach) (veh/h/ln) 

v A,teriu/ upstream arterial through flow (v /h) 

V bi, bicycle flow rate (bicycles/h) 

V bieg bicycle flow rate during the green indication (bicycles/h) 

v, conflicting flow rate 

v"min minimum platooned flow rate (veh/h), assumed to be 1,000N, where N is the number 
of through lanes per d.irection on the major street 

vc,pce conflicting flow rate (pc/h) 

V C,II,X conflicting flow for movement x during the unblocked period (veh/h) 

vc,x conflicting flow rate for movement x (veh/h) 

Vel flow rate of pedestrians arriving at the corner after crossing the minor street (p/h) 

vco flow rate of pedestrians arriving at the corner to cross the minor street (p/h) 

vD flow rate on the adjacent downsh'eam ramp (pc/h) 

va,ATs demand flow rate for ATS deternrination in the analysis direction (pc/h) 

Vd,PTSF demand flow rate in the analysis direction for estimation of PTSF (pc/h) 
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V di flow rate of pedestrians arriving at the con1er after crossing the major street (p/h) 

Vdo flow rate of pedestrians arriving at the comer to cross the major street (p/h) 

VdOFFl51j adj usted IS-min exit demand for time period i and exiting location j (veh) 

ve entry flow rate 

Vex exit flow rate 

V,x,pc£ conflicting exiting flow rate (pc/h) 

vF flow rate on freeway immediately upstream of the ramp influence area under study 
(pc/h) 

vrr freeway-to-freeway demand flow rate in the weaving segment (pc/h) 

vFO flow rate on the freeway immediately downstream of the merge or diverge area 
(pc/h) 

VFR freeway-to-ramp demand flow rate in the weaving segment (pc/h) 

Vg demand flow rate for movement group (veh/h) 

Vgl demand flow rate in the single exclusive lane with the highest flow rate of all 
exclusive lanes in movement group (veh/h/ln) 

VII pedestrian demand during the analysis hour (p/h) 

Vi demand flow rate for movement i (pc/h, Chapter 19); phase movement volume for 
phase j (veh/h, Chapter 22) 

V; demand volume for movement j (veh/h, Chapter 19); speed of path user of mode i 
(mi/h, Chapter 23) 

v;' demand flow rate (veh/cycle/ln) 

Vi,l major-street through vehicles in shared lane (veh/h) 

V 1,2 major-street turning vehicles in shared lane (veh/h) 

Vi,ATS demand flow rate i for ATS estimation (pc/h) 

vi,j volume entering from origin i and exiting at destination j (veh/h) 

vi,pee demand flow rate for movement i (pc/h) 

vLPTsr demand flow rate i for determination of PTSF (pc/h) 

Vj flow rate of movement j 

VI demand flow rate in exclusive left-rum lane group (veh/h/ln) 

vL major left-tum/U-rum flow rate (veh/h) 

VL+TH through and left-tum volume (veh/h) 

Vir demand flow rate in shared left- and right-turn lane group (veh/h) 

VII left-rum demand flow rate (veh/h) 

v/I,p,ml permitted left-rum demand flow rate (veh/h) 

vm midsegment demand flow rate (direction nearest to the subject sidewalk) (veh/h) 

V m, adjusted midsegment demand flow rate (veh/h) 

vmg merge flow rate (veh/11/ln) 

VMTi vehicle miles traveled for segment i (veh-mi) 

VMTi15 total vehicle miles traveled by all vehicles in directional segment i during the IS-min 
analysis period (veh-mi) 

VII flow rate for the outside lane (veh/h/ln) 

vl\'W nonweaving demand flow rate in the weaving segment (pc/h) 

Vo opposing demand flow rate (veh/h) 

vo,AI's demand flow rate for ATS determination in the opposing direction (pc/h) 

vo,PTSF demand flow rate in the opposing direction for estimation of PTSF (pc/h) 
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V OA average per lane demand flow in outer lanes adjacent to the ramp influence area (not 
including flow in Lanes 1 and 2) (pc/h/ln) 

VOFF1sq IS-min exit count for time period i and exiting location j (veh) 

VOL directional demand flow rate in the outside lane (veh/h) 

VON15ij IS-min entering count for time period i and entering location j (veh) 

vp demand flow rate under equivalent base conditions (pe/hlIn, Chapter 11); pedestrian 
flow per unit width (p/ft/min, Chapter 17) 

Vped pedestrian flow rate (p/min/ft) 

vpcd,i pedestrian flow rate in the subject crossing for travel direction i (p/h) 

Vpcdg pedestrian flow rate during the pedestrian service time (p/h) 

vR flow rate on the on-ramp or off-ramp (pc/h, Chapter 13); right-turn volume (vehlh, 
Chapter 19) 

VR volume ratio 

viNR ramp flow that feeds the subject queue, divided by the respective number of lanes 

V R12 sum of the flow rates in Lanes 1 and 2 and the ramp flow rate (on-ramps only) (pc/h) 

vRamp-L upstream ramp left-turning flow (v/h) 

vRF ramp-to-freeway demand flow rate in the weaving segment (pc/h) 

V RR ramp-to-ramp demand flow rate in the weaving segment (pe/h) 

vrt right-turn demand flow rate (veh/h) 

v,to/- right-turn-on-red flow rate (veh/h) 

v, transit frequency for the segment (veh/h) 

v"p flow rate for the movement (veh/h) 

V,I demand flow rate in shared left-turn and through lane group (veh/h) 

v,/,lt left-turn flow rate in shared lane group (veh/h/ln) 

v" demand flow rate in shared right-turn and through lane group (veh/h) 

v",rl right-turn flow rate in shared lane group (veh/hlln) 

VI demand flow rate in exclusive through lane group (veh/hlln, Chapter 17); transit 
vehicle flow rate in pattern = LVi (veh/h, Chapter 17) 

V'II through demand flow rate (vell/h) 

VIOl total number of vehicles arriving during the survey period (veh) 

Vu flow rate on the adjacent upstream ramp (pc/h) 

Vw weaving demand flow rate in the weaving segment (pc/h) 

Vx flow rate for movement x (veh/h) 

Vy flow rate of the y movement in the subject shared lane (veh/h) 

w lane width of the lane that the minor movement is negotiating into (ft) 

W weaving intensity factor (Chapter 12); effective width of crosswalk (ft, Chapter 30) 

W1 effective width of combined bicycle lane and shoulder (ft) 

Wo effective width of Sidewalk A (ft) 

WA available sidewalk width (ft) 

w,,,, adjusted available sidewalk width (ft) 

Walk pedestrian walk setting (s) 

Wb effective width of Sidewalk B (ft) 

Wbl width of the bicycle lane (ft) 

Wbuf buffer width between roadway and available sidewalk (ft) 
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Wed curb-to-curb width of the cross street (ft) 

Wd effective width of Crosswalk D (ft) 

We average effective width of the outside through lane (ft) 

WE effective crosswalk width (ft) 

Wi width of signalized intersection as measured along the segment centerline (ft) 

Wo sum of fixed-object effective widths and linear-feature shy distances at a given point 
along the walkway (ft) 

WO) adjusted fixed-object effective width on inside of sidewalk (It) 

Wo,o adjusted fixed-object effective width on outside of sidewalk (ft) 

Wol width of the outside through lane (ft) 

WOL outside lane width (ft) 

Wa, width of paved outside shoulder (ft) 

Wq queue change rate (vehls) 

W, paved shoulder width (ft) 

W,) shy distance on inside of sidewalk (ft) 

W"o shy distance on outside of sidewalk (ft) 

WI total width of the outside through lane, bicycle lane, and paved shoulder (ft) 

WT total walkway width at a given point along the walkway (it) 

Wv effective width as a function of traffic volume (It) 

x degree of utilization 

X volume-to-capacity ratio 

Xl volume-to-capacity ratio in the shared lane 

XA average volume-to-capacity ratio 

Xc critical intersection volume-to-capacity ratio 

Xi volume-to-capacity ratio for lane group i 

Xu weighted volume-to-capacity ratio for all upstream movements contributing to the 
volume in the subject movement group 

Y yellow-plus-all-red change-and-c1earance interval (s) 

Yc sum of the critical flow ratios 

YcJ criticalflow ratio for phase i 

Ym, change interval of the phase serving the minor-street through movement (5) 

YPz yield point for Phase 2 (s) 

y, effective flow ratio for the concurrent phase when dictated by travel time 

I'J. headway of bunched vehicle stream (s/veh) 

I'J.* equivalent headway of bunched vehicle stream served by the phase (s/veh) 

l'J.i headway of bunched vehide stream in lane group i (s/veh) 

A flow rate parameter (vehls) 

A* flow rate parameter for the phase (vehls) 

Ae" flow rate parameter for lane group i served in the concurrent phase that also ends at 
the barrier (vehls) 

A, flow rate parameter for lane group i 

AI flow rate parameter for the exclusive left-turn lane group (vehls) 

1\ flow rate parameter for the exclusive right-turn lane group (vehls) 

Asl flow rate parameter for shared left-tum and through lane group (veh/s) 
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flow rate parameter for shared right-turn and through lane group (veh/s) 

flow rate parameter for exclusive through lane group (veh/s) 

standard deviation of spot speeds (mi/h) 

sum of vehicle-in-queue counts (veh) 

combined proportion of free (unbunched) vehicles for the phase 

proportion of free (unbunched) vehicles in lane group i 

Chapter 9/Glossary and Symbols 
December 2010 

Page 9-43 

Highway Capacity Manual 20 I 0 

List of Symbols 

AR0074087 



AR0074088 



( 

( 

( 

Highway Capacity Manual 2010 

VOLUME 1 INDEX 

The index to Volume lUsts the text citations of the terms defined in the 
Glossary (Volume 1, Chapter 9). Volumes 1,2, and 3 are separately indexed. In 
the index listings, the first number in each hyphenated pair of numbers indicates 
the chapter, and the number after the hyphen indicates the page within the 
chapter. 

A 
Acceleration lane, 1-11, 6-20, 7-13 
Access point, 2-10, 3-11, 7-10, 8-5 
Accessibility, 3-18, 5-11 
Accuracy, 2-3, 4-22, 5-4, 6-1, 6-3, 6-6, 

6-31,7-1,7-3,7-7,7-8,7-37,8-10,8-13, 
8-14,8-16,8-17 

Active passings, 2-6, 8-12 
Active traffic management (ATM), 6-11 
Actuated control, 1-12,6-10,6-24 
Adjustment, 4-20, 7-8, 7-24 
Adjustment factor, 7-8 
Algorithm, 1-11,6-5,6-27,7-3 
All-way sTOP-controlled, 1-12, 2-4, 2-6, 

2-11,2-15,4-3,4-14,4-21,5-14,6-12, 
6-17, 6-20, 6-22, 7-7, 7-9, 8-5, 8-11, 8-18 

Alternative tool, 1-3,1-4,1-9,5-4,6-1, 
6-3,6-4,6-9,6-11,6-14,6-15,6-16,6-17, 
6-18,7-1,7-2,7-3,7-9,7-12,7-20,7-29, 
7-30,7-32,8-10,8-15,8-16,8-20 

Analysis hour, 3-8, 4-3, 4-4, 4-34, 8-2 
Analysis period, 2-11, 2-12, 5-5, 5-6,6-10, 

6-11, 6-18, 6-26, 7-11, 7-12, 7-25, 7-29, 
7-32,7-33,7-34,7-35,7-36,8-2,8-17 

Analytical model, 6-9, 6-14 
Approach, 2-11, 2-12, 2-14, 3-15, 4-14, 

4-15,4-16,4-21,4-22,5-7,5-8,5-9,7-7, 
7-12,7-16,7-19,7-20,7-24,7-25,7-27, 
7-28,7-32,8-6,8-16,8-20 

Area type, 6-31, 6-32 
Arrival rate, 4-16, 4-17 
Auxiliary lane, 6-20, 7-26 
Average running speed, 4-5 
Average spot speed, 4-5 
Average travel speed, 4-5, 4-6, 5-5, 5-7, 

5-11,5-13,7-10,8-11 

B 
Back of queue, 4-16,5-5,7-11 
Base conditions, 2-11, 3-3, 3-14, 3-]5, 

4-18,8-2 

Volume ljConcepts 
December 2010 

Basic freeway segment, 2-5, 3-14, 5-9, 
5-10,6-32,7-5,7-6,7-10,7-40 

Bicycle facility, 2-6, 3-22, 3-25, 4-33, 8-11, 
8-12 

Bicycle lane, 2-2, 3-24, 3-25, 3-26, 4-33, 
4-34,4-37,5-10,5-13,7-6,8-13 

Bicycle level of service (LOS), 1-11, 1-12, 
2-6,2-9,5-10,5-12,5-13,5-14,5-15, 
8-12 

Bicycle mode, 2-1, 2-9, 2-14, 3-22, 8-1, 8-6 
Bicycle path, 1-13, 2-5, 3-22, 3-23, 3-25, 

4-33,4-34,7-38,8-5 
Bicycle speed, 3-22, 4-33, 8-6 
Bicycle track, 3-24 
Body ellipse, 4-24 
Bottleneck,6-19 
Breakdown, 2-11, 2-12, 3-2, 3-3, 6-19 
Bus lane, 4-36,4-37,4-40 
Bus mode, 3-27 
Bus stop, 2-2, 3-21, 3-25, 3-29, 4-28, 4-35, 

4-36,4-38,4-39,4-40,5-10,7-38,8-7, 
8-13 

c 
Calibration, 6-6, 6-11, 6-18, 6-22, 6-23, 

6-24, 6-26, 6-31, 7-29, 7-31 
Capacity, I-I, 1-2, 1-3, 2-1, 2-4, 2-5, 3-1, 

3-2,3-3,3-4,4-1,4-2,4-3,4-4, 5-5, 5-6, 
5-9,6-1,6-2,6-4,7-8,7-9,7-10,8-1,8-2, 
8-3,8-4 

Change interval, 4-13, 6-10 
Clearance interval, 4-24 
Clearance lost time, 4-13 
Clearance time, 4-13, 4-39 
Climbing lane, 3-14 
Cloverleaf interchange, 6-12 
Complete trip, 7-18 
Computational engine, 1-5, 1-6, 6-5. 
Conflict, 3-15,4-14,4-29 
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Congestion, 2-3, 2-7, 2-8, 2-10,3-8,3-12, 
3-26,3-29,6-8,6-11,6-27,7-13,7-17, 
7-21,7-32, 7-34, 7-35, 7-36, 8-3, 8-8, 
8-14 

Congestion pricing, 2-3, 6-8, 6-11, 6-27, 
8-14 

Control condition, 4-1, 4-17, 4-18, 6-11, 
8-2 

Control delay, 2-15, 4-15, 4-34, 5-3, 5-14, 
7-7,7-12,7-21,7-23,7-24,7-25,7-35, 
7-39 

Corridor, 1-9,2-5,6-11,6-15,6-16 
Critical density, 4-9 
Critical headway, 4-14, 7-3 
Critical speed, 4-9 
Crossing time, 4-24 
Crosswalk, 3-15, 3-20, 4-25, 5-14, 8-7 
Curb extension, 4-37 
Cycle, 2-10, 2-11, 4-11, 4-13, 4-16, 4-17, 

4-20,4-33, 4-34, 6-10, 6-27, 7-11, 7-19, 
7-37,8-5 

Cycle failure, 2-11 
Cycle length, 4-13, 4-17, 4-20 

D 
Default value, 1-3, 1-4, 1-6, 1-8, 1-9, 1-10, 

2-1,2-2,2-3,6-1,6-2,6-3,6-13,6-14, 
6-23,6-31,6-32,7-1,7-2,7-3,8-13,8-14, 
8-19 

Delay, see Control delay; Geometric 
delay; Incident delay; Incremental 
delay; Queue delay; Segment delay; 
Stopped delay; Time step delay; 
Traffic delay; Traffic signal delay 

Deceleration lane, 6-20 
Degree of saturation, 7-27 
Demand, see Demand volume; Demand 

flow rate 
Demand flow rate, 5-4, 7-10, 7-13, 7-30 
Demand volume, 3-3, 4-2,6-2,6-10,6-26, 

7-7,7-10,7-11,7-12,7-24,7-28,7-29, 
8-4 

Demand-to-capacity ratio, 2-8, 5-5, 8-11 
Density, 1-10,1-11,2-6,2-11,2-13,3-3, 

3-9,3-19,3-22,4-1,4-2,4-6,4-7,4-8, 
4-9,4-25,4-26,4-27,4-29,5-9,5-10, 
5-12,6-6,6-20,6-31,6-32,7-5,7-6,7-11, 
7-12,7-13,7-15,7-25,7-26,7-29,7-30, 
7-36, 7-38, 7-39, 8-12 

Departure headway, 4-10,4-14 
Descriptive model, 6-7, 6-8 
Design hour, 3-8, 3-9,7-2 
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Design speed, 4-19, 5-11 
Deterministic model, 4-22, 6-7, 6-19, 

7-15,7-29,8-15 
Deterministic queue delay, 7-34 
D-factor, 3-10,3-11,6-31,6-32,6-33 
Directional distribution, 3-10, 3-11, 4-14, 

4-19,4-20 
Directional split, 3-20, 4-29 
Diverge, 2-4, 2-5, 2-6, 6-19, 7-10,7-26, 

7-30,8-3 
Diverge segment, 2-5, 2-6, 7-10, 7-30, 8-3 
Downstream, 2-11, 2-12, 3-12, 4-2, 4-5, 

4-17,6-19,7-11,7-16,7-17,7-30,7-32, 
8-5 

Duration of congestion, 2-8 
Dwell time, 3-27, 3-28, 4-36, 4-39, 4-40 
Dwell time variability, 4-39 
Dynamic traffic assignment model, 7-30 

E 
Effective green time, 4-11 
Effective red time, 4-17 
Effective walkway width, 4-29, 4-30 
Envirorunental conditions, 2-10, 8-3 
Event, 3-7, 3-22, 6-7,7-38, 8-7 
Exclusive bus lane, 3-28 
Exclusive turn lane, 4-19 
Extent of congestion, 2-8, 4-3 

F 
Facility, 3-13, 3-18, 3-19, 3-24, 3-25, 3-28, 

3-29,4-30,4-40,5-2,5-12,6-29 
Failure rate, 4-39 
Far-side stop, 4-37, 4-40 
Flow rate, 2-11, 2-12, 3-3, 3-14, 3-15, 3-22, 

4-1,4-2,4-3,4-4,4-6,4-7,4-8,4-9,4-10, 
4-11,4-12,4-13,4-16,4-17,4-18,4-20, 
4-22,4-26,4-27,4-28,4-30,4-31,4-32, 
4-33,4-34,6-7,7-13,8-2 

Flow ratio, 2-14 
Follower density, 7-26 
Follow-up headway, 4-14 
Free-flow speed, 1-10, 1-12,2-7,2-11, 

2-12, 3-14, 4-9, 4-15, 4-24, 4-33, 5-11, 
6-23,6-31,7-4,7-6,7-10,7-12,7-21, 
7-37,8-4 

Freeway auxiliary lane, 2-10,8-3 
Freeway facility, 1-10, 2-5, 7-4, 7-12, 7-26 
Freeway facility capacity, 1-10 
Freeway jlmction, 6-23 
Freeway weaving segment, 2-5 
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Full stop, 7-12 
Furniture zone, 4-28, 4-32 

G 
Gap, 1-12, 3-29, 4-2, 4-9, 4-10, 4-14, 4-35, 

4-37,5-13,6-10,8-7 
Gap acceptance, 4-14, 6-10 
Generalized service volume table, 1-10, 

2-3,6-1,6-2,6-3,6-31 
Geometric condition, 6-18 
Geometric delay, 7-24 
Green time, 3-15, 3-16, 3-20, 3-29, 4-13, 

4-20,6-10,8-2,8-7 

H 
Hard conversion, 1-6 
Headway, 4-2, 4-7, 4-9, 4-10, 4-11, 4-12, 

4-14,4-15,6-23 
Heavy vehicle, 2-3, 3-15, 3-21, 3-22, 3-25, 

4-19,4-35,6-31,6-32,7-7,7-10,7-29, 
7-37,8-2,8-7,8-12,8-14 

Hll"ldrance, 3-17, 3-22 
Hybrid models, 6-6 

I 
Incident, 2-10, 3-13, 4-15, 4-21, 5-2, 6-11, 

6-21,8-3 
Incomplete trip, 7-33, 7-35, 7-36, 8-17 
Incremental delay, 6-10 
Incident delay, 4-15 
Influence area, 2-4, 7-26, 8-3 
Initial queue, 6-10,7-12,7-34,7-35 
Intelligent transportation system (ITS), 

6-18 
Intensity of congestion, 2-8 
Interchange, 1-8, 2-5, 2-12,4-3,5-14, 

6-31,8-5 
Interchange ramp termmal, 1-8, 2-5, 

2-12,5-14,8-5 
Interrupted flow, 2-10, 4-2, 7-34, 8-4 
Intersection delay, 3-17, 6-12, 7-16, 8-7 
Isolated intersection, 1-11 

J 
Jam density, 4-8,7-11 
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K 
K-factor, 3-9, 3-10, 3-11 

Lane 1, 3-11, 4-9 
Lane 2, 3-11, 4-9 

l 

Lane distribution, 1-11,3-11,3-12,4-20 
Lane width, 1-6,2-3,2-11,3-15,6-31,7-6, 

7-8,8-14 
Lateral clearance, 4-19 
Level of service (LOS), 1-1, 1-2, 2-1, 2-2, 

2-3,3-1,4-1,4-4,5-1,5-2,6-1,6-2,7-1, 
7-2,7-4,8-1,8-8 

Link, 7-6, 7-36 
Link length, 6-22 
Loading area, 4-39, 4-40 
Local street, 1-14, 2-14, 3-14, 8-18 
Lost time, 4-10, 4-12, 4-13,6-10 
LOS, see Level of service 

M 
Macroscopic model, 6-6, 6-20, 6-22, 8-15 
MalliUne, 3-13,4-21 
Major street, 4-14, 4-15, 4-20, 5-14, 8-5, 

8-20 
Managed lanes, 6-11 
Median, 3-11, 3-28, 3-29, 5-8,5-9,5-14 
Meeting, 3-24, 8-6, 8-7, 8-20 
Merge, 2-4, 2-5, 2-6, 6-10, 6-19, 7-10, 7-26, 

7-30,8-3 
Mesoscopic model, 6-6, 6-16 
Microscopic model, 6-6, 6-16, 6-20, 6-22, 

6-23 
Minimum green, 3-15 
Minor movement, 4-15 
Minor street, 4-14, 4-15, 4-20, 8-20 
Mixed-traffic operation, 3-28, 4-37 
Mobility, 2-14, 3-26, 4-25, 4-29, 5-11; 

7-21,8-8 
Mode, 1-12,2-6,2-9,3-1,3-15,3-17,3-22, 

3-24,3-26,3-27,3-28,5-5,5-8,5-9,5-12, 
5-14,6-4,6-12,6-32,7-4,8-1,8-6,8-10 

Model, see Descriptive model; 
Deterministic model; Empirical 
model; Hybrid model; Macroscopic 
model; Mesoscopic model; 
Microscopic model; Normative 
model; Stochastic model 

Model application, 6-5, 6-7 
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Multilane highway, 1-6, 1-11, 2-5, 3-14, 
4-9,4-20,5-9,5-10,5-12,6-15,7-13,8-4 

Multimodal, 1-2, 1-4, 1-10, 1-12, 2-1, 2-6, 
2-9,2-14,3-1,5-2,5-10,5-12,7-4,8-1, 
8-5,8-12 

N 
Near-side stop, 4-35, 4-37, 4-40 
Node, 6-2, 6-32, 7-23 
No-passing zone, 6-20 
Normative model, 6-8 

o 
Off-ramp, 6-20, 6-22, 8-3 
Offset, 4-13, 4-38, 6-12 
Off-street path, 3-20,3-24,8-7 
On-ramp, 1-11, 6-20, 8-3 
Operations-level analysis, 6-1, 6-3 
Outputs, 2-13, 5-4, 6-3, 6-5, 6-13, 6-22, 

6-26,7-1,7-2,7-4, 7-5, 7-7, 7-30, 7-37, 
7-38,8-16,8-17 

Oversaturated flow, 4-9, 7-12 

p 
Partial stop, 7-12 
Passenger-car equivalent, 8-3, 8-4 
Passing lane, 3-29, 8-4 
Peak hour, 3-3, 3-5, 3-7, 3-8, 3-9, 3-10, 

3-11,3-18,4-3,4-4,6-3,6-31,6-32 
Peak hour factor (PHF), 4-3 
Pedestrian-bicycle path 

see Shared pedestrian-bicycle path 
Pedestrian crosswalk, 3-20 
Pedestrian density, 2-6, 4-26, 8-12 
Pedestrian flow rate, 4-30 
Pedestrian level of service (LOS), 2-6, 

5-12,5-13,5-14,5-15,7-6,8-12 
Pedestrian mode, 1-8, 2-9 
Pedestrian queuing area, 2-3, 8-14 
Pedestrian space, 4-24, 4-25, 4-26, 5-15, 

7-38,8-7 
Pedestrian start-up time, 4-25 
Pedestrian walkway, 2-5 
Percent free-flow speed, 5-11 
Percent time-spent-following, 5-2,5-11 
Performance measure, I-I, 1-2,2-3,2-5, 

2-6,2-14,3-1,3-22,4-1,4-15,4-18,4-23, 
4-34,5-1,5-2,5-3,5-5,5-6,5-7,5-8, 
5-10,6-1,6-9,6-11,6-16,6-17,6-22, 
6-28,7-1,7-2,7-4,7-7,7-8,7-9,7-13, 
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7-14,7-15,7-16,7-17,7-18,7-20,7-21, 
7-26,7-27,7-28,7-29,7-30,7-32,7-33, 
7-34,7-38,7-39,7-41,8-1,8-4,8-6,8-8, 
8-10,8-11,8-12,8-15,8-16,8-17,8-19 

Person capacity, 4-38, 4-40 
PHF 

see Peak hour factor 
Phase, 2-11, 7-11, 7-37 
Platoon, 2-10, 2-11, 4-31, 4-32, 8-5 
Precision, 2-3, 7-1, 7-7, 7-8, 7-37, 7-38, 

8-10,8-14,8-16,8-17 
Pretimed control, 6-20 
Prevailing condition, 3-15, 4-1, 4-7, 4-17, 

4-18,7-3 
Progression, 3-28, 4-37 

Q 
Quality of service, I-I, 1-2, 1-10, 3-17, 

3-18,3-20,3-21,3-22,3-24,3-25,4-1, 
4-21, 4-33, 4-34, 4-39, 5-1, 5-2, 5-3, 5-5, 
5-15,6-17,8-8,8-9,8-16,8-19 

Quantity of service, 2-7, 2-8, 8-8 
Queue, 1-12, 2-11,2-12,3-12,4-2,4-9, 

4-11,4-12,4-13,4-15,4-16,4-17,4-23, 
4-31,4-37,5-5,5-6,5-10,6-10,6-23, 
7-11,7-12,7-13,7-15,7-16,7-18,7-19, 
7-20,7-21,7-24,7-33,8-6,8-11 

Queue delay, 7-24 
Queue discharge flow, 2-12 
Queue jump, 4-37 
Queue length, 3-12, 4-16, 4-17, 5-5, 7-15, 

7-16,7-19,8-11 
Queue spillback, 6-12 

R 
Ramp, 2-3, 2-4, 2-6, 2-10, 2-12, 3-20, 4-21, 

5-10,6-7,6-11,6-12,6-18,6-21,6-25, 
7-5,7-6,7-10,7-13,7-26,7-30,8-3,8-5, 
8-11,8-14 

Ramp meter, 2-3, 2-10, 2-12, 4-21, 6-7, 
6-11,6-12,8-3,8-14 

Reasonable expectancy, 4-18 
Recreational vehicle, 2-1, 3-2, 4-19, 5-5, 

8-1,8-2 
Reentry delay, 4-37 
Residual queue, 2-11, 2-12, 6-10, 7-20, 

7-33,7-34,7-35 
Right-turn-on-red, 6-10 
Roadway characteristic, 7-21 
Roundabout, 1-12, 2-11, 4-15 
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Running speed, 2-11, 4-5, 4-35, 7-10, 
7-22,7-24 

Running time, 1-12,4-5,7-9 
Rural, 1-14, 3-3, 3-4, 3-5, 3-6, 3-8,3-9, 

3-10,3-14,4-19,4-20,5-8,5-11,5-12, 
6-6,6-18,6-20,8-1,8-18 

s 
Saturation flow rate, 1-12, 2-12, 4-10, 

4-12,4-13,4-16,4-17,4-34,6-19,7-3 
Saturation headway, 4-12, 4-13, 4-14 
Scenario, 5-8, 6-5, 6~8 
Segment, 1-3,1-4,1-10,1-11,2-2,2-4,2-5, 

3-4,3-10,3-13,4-4,4-5,4-6,5-11,5-12, 
5-13,6-2,6-5,6-25,7-4, 7-10, 8-5, 8-11, 

Segment delay, 2-7, 7-12, 7-21, 7-23, 7-24, 
7-36 

Sensitivity analysis, 7-4, 7-5, 7-7, 8-16 
Service flow rate, 2-2, 4-18, 4-19, 4-20, 

4-21 
Service measure, 1-14,2-6,2-8,2-15,4-5, 

4-15,5-1,5-3,5-4,5-5,5-7,5-9,5-10, 
5-11,5-12,5-13,5-14,5-15, 7-3, 7-9, 
7-32,7-38,8-8,8-9,8-11,8-18,8-19 

Service time, 4-15, 4-35, 4-36, 4-38, 4-39, 
4-40 

Service volume, I-I, 1-10, 6-1, 6-2, 6-3, 
6-31,6-32,6-33,7-5,7-6,7-37,8-19 

Service volume table 
see Generalized service volume table 

Shared pedestrian-bicycle path, 3,19, 
3-20,3-25 

Shock wave, 4-23, 6-19,7-11 
Shoulder, 3-5, 3-11,3-12,3-25,4-9,4-24, 

4-33,8-2 
Shoulder bikeway, 4-33 
Side street, 4-16, 5-12, 8-6 
Sidepath, 3-24 
Sidewalk, 2-6, 3-17, 3-18, 3-19, 3-21, 3-24, 

4-24,4-29,4-30,4-37,5-8,5-12,7-6, 
8-12 

Signal optimization 
see Traffic signal optimization tool 

Sketch-plarming tools, 6-1 
Soft conversion, 1-6 
Space gap, 4-14 
Space mean speed, 4-4, 4-5, 4-6, 4-7, 

7-12,7-18 
Spacing, 2-2, 2-11, 3-12,3-28,4-2,4-7, 

4-9,4-10,4-30,6-31,7-23,7-25,8-13 
Spatial variability, 7-2 
Special events, 3-12 
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Specific grade, 6-31 
Speed, see Average running speed; 

Average travel speed; Design speed; 
Free-flow speed; Space mean speed; 
Time mean speed; Travel speed 

Speed harmonization, 6-11 
Spillback,6-12 
Spillover, 4-28, 4-32 
Stairway, 3-20, 4-30 
Start-up lost time, 4-12, 4-13, 6-.10 
Stochastic model,6-7, 6-27, 8-15 
Stop rate, 1-12,4-15 
Stop spacing, 4-35 
Stopped delay, 4-4,7-20,7-24 
Stopped state, 7-20,7-24 
Storage length, 4-15, 8-6 
Street corner, 4-32 
Streetcar mode, 3-27 
Study period, 4-16 
Subject approach, 4-14 
System elements, 1-3, 1-4, 1-10, 2-1, 2-4, 

2-6,2-7,4-15,4-18,4-20,4-34,5-2,5-3, 
5-5,5-7,5-10,6-13,6-17,7-12,7-36,8-3, 
8-5,8-11,8-15,8-16,8-19 

T 
Target speed, 7-21, 7-22, 7-23, 7-24 
Temporal variability, 7-3 
Terrain, 4-19, 4-33, 6-12, 6-31 
Through vehicles, 4-15, 4-16,7-7,7-10; 

7-30,8-6 
Time gap, 4-14 
Time interval, 4-2, 4-14, 4-30, 4-31, 7-11, 

7-17 
Time mean speed, 4-5, 4-6 
Time step delay, 7-24 
Total lost time, 4-13 
Total ramp density, 7-6 
Traffic analysis tool, 1-8, 6-1,6-4,6-5, 

6-18,6-19,6-24,6-25,7-12,7-13,7-17, 
7-21,7-29,7-33,8-15,8-17 

Traffic condition, 3-9, 4-2, 4-6, 4-14, 4-21, 
5-7,6-6,6-8,6-18,6-19,6-20,6-22,6-23, 
7-21,8-4 

Traffic control device, 1-4, 1-14, 2-1, 2-2, 
2-4, 2-7,4-5,4-15,4-23,5-12,7-10,7-24, 
8-18 

Traffic delay, 4-15 
Traffic incidents, 2-10, 8-3 
Traffic signal delay, 3-28 
Traffic signal optimization tool, 6-6 
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Transit level of service (LOS), 2-6,5-10, 
5-13,5"14,8-12 

Transit mode, 2-9, 3-27, 7-4 
Transit signal priority, 4-35, 8-7 
Transitway, 3-29 
Travel demand models, 6-6 
Travel mode, 1-11, 2-1, 2-6, 2-9, 6-9, 7-3, 

8-1, 8-9, 8-11 
Travel speed, 2-11,4-4, 4-5, 5-10, 5-11, 

7-10,7-39,8-4 
Travel time, 2-8, 2-13,3-2,3-12,3-26, 

3-28,4-4,4-5,4-6,4-15,4-21,4-34,4-35, 
4-36,4-37,5-2,5-11,5-14,6-6,6-8,6-27, 
6-28,7-10,7-12,7-18,7-21,7-24,8-2, 
8-4,8-8 

Travel time rate, 4-4 
Travel time reliability, 5-2, 7-21, 8-8 
Truck, 2-10, 3-2, 3-5, 4-20, 7-24, 8-2, 8-3 
Turn lane, 1-12, 2-6,4-13,4-15,4-36, 

4-37,5-12,8-6,8-12,8-20 
Two-lane highway, 1-3, 1-11, 2-5, 2-6, 

2-10,3-10,3-14, 4-4, 4-19,5-7,5-11, 
5-12,6-15,7-4,7-26,8-3,8-4,8-12 

Two-way sToP-controlled, 1-4, 1-12, 2-4, 
2-15,4-14,4-20,5-10,5-14,7-9,8-5 

u 
Uncontrolled, 2-4 
Uncertainty, 5-4,6-1,6-3,6-7,7-1,7-2, 
Undersaturated flow, 2-11, 4-5, 4-8, 7-12 
Uniform delay, 6-10, 7-24 
Uninterrupted flow, 2-10, 2-11, 4-2, 4-10, 

8-3 
Unit extension, 6-10 
Unsignalized intersection, 2-12, 3-2, 

3-15,3-17,3-21,4-14,4-15,5-5,5-13, 
5-14,6-15,7-4,7-11,7-12 

Upstream, 2-12, 3-3, 3-12, 3-15, 4-2, 4-16, 
7-11,7-20,7-21,7-23,7-25,8-6 

Urban street, see Urban street facilities; 
Urban street segment 

Urban street facilities, 2-5, 5-10 
Urban street segment, 2-5, 2-6, 5-10, 

5-14,8-5,8-12 
User perception variability, 7-2 
Utility, 6-25, 6-28 

v 
Validation, 6-6, 6-18, 6-22, 6-24, 6-25, 

6-26 
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Variability, 2-8, 2-9, 3-12, 3-28, 4-4, 4-39, 
5-4,6-3,6-7,7-1,7-2,7-3,7-27,7-28, 
8-2,8-10,8-13,8-16 

Vehicle capacity, 4-38, 4-39 
Vehicle trajectory analysis, 7-13, 7-24, 

7-29,7-32 
Verification, 6-6, 6-24 
Volume, 1-1, 1-3, 1-4, 2-5, 2-6, 2-8, 2-11, 

2-14,3-1,3-3,3-4,4-1,4-2,4-3,5-3,5-9, 
6-1,6-2,6-3,7-2,7-3,7-5,8-4,8-9,8-12 

Volume-to-capacity (vIc) ratio, 4-36, 5-9 

w 
Walkway, 3-17,4-25,4-27,4-28,4-29, 

4-30,4-32 
Weaving, 1-8, 1-10, 1-11, 2-6, 2-14, 4-36, 

5-10,6-12,6-13,6-20,7-4,7-10,8-3, 
8-11 

Weaving configuration, 1-11 
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VOLUME 3 
INTERRUPTED flOW 

OVERVIEW 

Volume 3 of the Highway Capacity Manual (HCM) contains eight chapters that 
present analysis methods for interrupted-flow system elements-that is, 
roadways and pathways that have fixed causes of periodic delay or interruption 
to the traffic stream, such as traffic signals and STOP signs. This volume addresses 
the foIlowing types of interrupted-flow system elements: 

• Urban street segments and facilities, which are portions of roadways that 
have traffic signals, roundabouts, or STOP-controlled intersections spaced 
less than 2 mi apart on average; 

• Intersections, consisting of signalized intersections, two-way STOP
controlled intersections, all-way STOP-controlled intersections, 
roundabouts, and interchange ramp terminals; and 

• Off-street pedestrian and bicycle facilities that (a) are used only by 
nonmotorized modes and (b) are not considered part of an urban street or 
transit facility. 

VOLUME ORGANIZATION 

Urban Street Segments and Facilities 

Urban streets typically serve multiple travel modes, in particular the 
automobile, pedestrian, bicycle, and transit modes. Travelers associated with 
each of these modes perceive the service provided to them by the urban street in 
different ways. Design or operational decisions that are intended to improve the 
service provided to one mode using an urban street can have both ad verse and 
beneficial impacts on the service provided to other modes. The challenge for the 
analyst is to design and operate an urban street in such a way that all relevant 
travel modes are reasonably accommodated. 

For the purpose of analysis, urban streets are separated into individual 
elements that are physically adjacent and operate as a single entity in serving 
travelers. A point represents the boundary between links and is represented by 
an intersection or ramp terminal. A link represents a length of roadway between 
two points. A link and its boundary points are referred to as a segment. Multiple 
contiguous segments can be combined into a single facility. 

Chapter 17, Urban Street Segments, provides an integrated multimodal 
methodology for evaluating the quality of service provided to road users 
traveling along an urban street segment. Chapter 16, Urban Street Facilities, 
provides a similar methodology for evaluating extended lengths of urban streets. 
In both chapters, level of service (LOS) is reported separately for each mode and 
is not combined into a single overall LOS. This restriction recognizes that trip 
purpose, length, and expectation for each mode are different and that their 

Volume 3/Interrupted Flow 
December 2010 

Page V3-j 

VOLUME 3: INTERRUPTED FLOW 
16. Urban Street Facilities 
17. Urban Street Segments 
18. Signalized Intersections 
19. TWSC Intersections 
20. AWSC Intersections 
21. Roundabouts 
22. Interchange Ramp Terminals 
23. Off-Street Pedestrian and Bicycle 

Facilities 

How to Use Volume 3 

AR0074099 



Highway Capacity Manual 20 10 

How to Use Volume 3 

combination does not produce a meaningful result. TIus integrated multimodal 
approach allows analysis of urban streets from a "complete streets" perspective. 

Intersections 

Five chapters in Volume 3 provide analysis methods for the different kinds 
of intersections that may be encountered along an urban street. 

Chapter 18, Signalized Intersections, describes a methodology for 
evaluating the capacity and quality of service provided to road users traveling 
through a signalized intersection. The methodology includes an array of 
performance measures describing intersection operation for multiple travel 
modes: automobile, pedestrian, and bicycle. These measures serve as clues for 
identifying the source of problems and provide insight into the development of 
effective improvement strategies. TI1e analyst using this methodology is 
encouraged to consider the full range of measures. 

Chapter 19, Two-Way STOP-Controlled Intersections, presents concepts and 
procedures for analyzing intersections where one street-the major street-is 
uncontrolled, while the other street-the minor street-is controlled by STOP 
signs. These intersections typically occur in one of two configurations: three-leg, 
where the single minor-street approach is controlled by a STOP sign, and four-leg, 
where both minor-street approaches are controlled by STOP signs. The 
methodology is applicable to major streets with up to six lanes, three in each 
direction. Chapter 19 also provides a methodology for estimating pedestrian 
delay and LOS in the crossing of major streets at two-way SToP-controlled 
intersections and at unsignalized midblock crossings. 

Chapter 20, AU-Way SToP-Controlled Intersections, presents concepts and 
procedures for analyzing these types of intersections. All-way STOP-controlled 
intersections require every vehicle to stop at the intersection before proceeding. 
Because each driver must stop, the decision to proceed into the intersection is a 
function of traffic conditions on the other approaches. If no traffic is present on 
the other approaches, a driver can proceed immediately after stopping. If there is 
traffic on one or more of the other approaches, a driver proceeds only after 
determining that no vehlcles are currently in the intersection and that it is the 
driver's tum to proceed. 

Chapter 21, Roundabouts, presents concepts and procedures for analyzing 
modem roundabouts. Roundabouts are intersections with a generally circular 
shape, characterized by yield on entry and circulation around a central island 
(counterclockwise in the United States). 111e methodology can be used to assess 
the operational performance of existing or planned one-lane or two-lane 
roundabouts. 

Chapter 22, Interchange Ramp Terminals, addresses interchanges with 
signalized intersections, interchanges with roundabouts, and the impact and 
operations of adjacent closely spaced intersections. Interchange ramp terminals 
provide the connection between various lughway facilities (e.g., freeway-arterial, 
arterial-arterial), and thus their efficient operation is essential. In addition, they 
need to provide adequate capacity to avoid affecting the connecting facilities. 
The chapter's methodology can be applied to the operational and planning level 

Page V3-ii Volume 3/Interrupted Flow 
December 2010 

AR0074100 



Highway Capacity Manual2010 

( 
analysis of a broad range of interchange types, including diamond, partial 
cloverleaf, and single-point urban interchanges. 

Off-Street Pedestrian and Bicycle Facilities 

Chapter 23, Off-Street Pedestrian and Bicycle Facilities, provides capacity 
and LOS estimation procedures for the following types of facilities: 

" Walkways: paved paths, ramps, and plazas that are generally located more 
than 35 ft from an urban street as well as streets reserved for pedestrian 
traffic on a full- or part-time basis; 

" Stairways: staircases that are part of a longer pedestrian facility; 

" Shared-use paths: paths physically separated from highway traffic for the 
use of pedestrians, bicyclists, runners, inline skaters, and other users of 
nonmotorized modes; and 

" Exclusive off-street bicycle paths: paths physically separated from highway 
traffic for the exclusive use of bicycles. 

On-street pedestrian and bicycle facilities are addressed in the other Volume 
3 chapters, particularly Chapters 16-19. 

RELATED CHAPTERS 

Volume 1 

The chapters in Volume 3 assume that the reader is already familiar with the 
( concepts presented in the Volume 1 chapters, in particular the following: 

( 

• Chapter 2, Applications-types of HCM analysis, types of roadway system 
elements, and traffic flow characteristics; 

• Chapter 3, Modal Characteristics-variations in demand, peak and analysis 
hours, K- and D-factors, facility types by mode, and interactions between 
modes; 

" Chapter 4, Traffic Flow and Capacity Concepts-traffic flow parameters and 
factors that influence capacity; and 

• Chapter 5, Quality and Level-oJ-Service Concepts-performance measures, 
service measures, and LOS. 

Volume 2 

Urban streets with two or more lanes in each direction that have traffic 
signals spaced 2 mi or more apart on average are treated as multilane highways. 
Chapter 14 provides analysis methods for two-lane highways. Two-lane 
roadways passing through moderately developed areas, such as small towns or 
developed recreational areas, are treated as Class III two-lane highways and can 
be analyzed with the methods given in Chapter 15. 
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VOLUME 4: APPLICATIONS GUIDE 
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Volume 4 

Seven chapters in Volume 4 (accessible at www.HCM20l0.org) provide 
additional information that supplements the material presented in Volume 3. 
These chapters are as follows: 

• Chapter 29, Urban Street Facilities: Supplemental-examples of applying 
alternative tools to situations not addressed by the Chapter 16 method for 
urban street facilities; 

• Chapter 30, Urban Street Segments: Supplemental-methods for adjusting 
traffic demand to account for capacity constraints and midsegment 
turning movements, analyzing vehicular traffic flow on a segment 
bounded by signalized intersections, and estimating major-street delay 
due to midblock turns; a quick-estimation method for evaluating the 
operation of a coordinated street segment; a description of field 
measurement techniques; and documentation of the computational 
engine; 

• Chapter 31, Signalized Tntersections: Supplemental-descriptions of traffic 
sib'llal concepts and field measurement techniques; details of procedures 
for calculating capacity, phase duration, delay, and back-of-queue; a 
quick-estimation method for determining an intersection's critical 
volume-to-capacity ratio, signal timing, and delay; documentation of the 
computational engine; and examples of applying alternative tools to 
situations not addressed by the Chapter 18 method for signalized 
intersections; 

• Chapter 32, SToP-Controlled Intersections: Supplemental-methods for 
determining the potential capacity of two-way STop-controlled 
intersections, the operation of two-way STOP-controlled intersections with 
pedestrian effects, and the operation of all-way sTOP-controlled 
intersections with three-Jane approaches; and additional example 
problems; 

• Chapter 33, Roundabouts: Supplemental-guidance on lane-use assignment 
and calibrating the Chapter 21 capacity model; 

• Chapter 34, Interchange Ramp Terminals: Supplemental-complete solutions 
to the Chapter 22 example problems, along with additional example 
problems; and 

• Chapter 35, Active Traffic Management-descriptions of active traffic 
management strategies; a discussion of the mechanisms by which they 
affect demand, capacity, and performance; and general guidance on 
possible evaluation methods for active traffic management techniques. 

The HCM Applications Guide in Volume 4 provides three case studies on the 
analysis of interrupted-flow facilities: 

• Case Study No.1 illustrates the process of applying HCM techniques to 
questions relating to the operational and control needs of an intersection 
located along a roadway in a university town; 
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• Case Study No.2 illustrates the process of applying HCM techniques to the 
analysis of unsignalized intersections, signalized intersections, and urban 
streets in the context of a traffic impact analysis; and 

• Case Study No.5 illustrates the consideration of nonautomobile modes as 
part of the evaluation of signalized and unsignalized intersections. 

These case studies focus on the process of applying the HCM rather than on 
the details of performing calculations (which are addressed by the example 
problems in the Volume 3 and supplemental Volume 4 chapters). The case 
studies' computational results were developed by using HCM2000 
methodologies and therefore may not match the results obtained from applying 
the HCM 2010. However, the process of application is the focus, not the specific 
computational results. 

The Technical Reference Library in Volume 4 contains copies of (or links to) 
many of the documents referenced in Volume 3 and its supplemental chapters. 
The Technical Reference Library also provides computational engines 
(spreadsheets) to assist with the application of the urban streets, signalized 
intersections, all-way STop-controlled intersections, and roundabouts 
methodologies. 
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1. INTRODUCTION 

Chapter 16, Urban Street Facilities, describes an integrated multimodal 
methodology for evaluating the quality of service provided to road users 
traveling along an urban street. An urban street is unique among road types 
because it typically serves multiple travel modes. Four of the more common 
urban street travel modes include automobile, pedestrian, bicycle, and transit. 
Travelers associated with each of these modes use different criteria to evaluate 
the service provided to them when they travel along an urban street. This 
integrated multimodal approach allows analysts to analyze urban streets from a 
"complete streets" perspective. 

Design or operational decisions that are intended to improve the service 
provided to one mode can sometimes have an adverse impact on the service 
provided to another mode. The challenge for the analyst is to design and operate 
the urban street in such a way that all relevant travel modes are reasonably 
accommodated. The methodology described in this chapter is intended to assist 
the analyst in this regard by providing a means to assess the performance of each 
urban street travel mode. 

OVERVIEW OF THE METHODOLOGY 

This chapter's methodology is applicable to an urban or suburban street. The 
street is classified as an arterial or collector with one-way or two-way vehicular 

( traffic flow. The intersections along the street can be signalized or unsignalized. 

( 

Analysis Level 

Analysis level describes the level of detail used in applying the methodology. 
Three levels are recognized: 

• Operational, 

• Design, and 

• Planning and preliminary engineering. 

The operational analysis is the most detailed application and requires the 
most information about the traffic, geometric, and signalization conditions. The 
design analysis also requires detailed information about the traffic conditions 
and the desired level of service (LOS) as well as information about either the 
geometric or signalization conditions. The design analysis then seeks to 
determine reasonable values for the conditions not provided. The planning and 
preliminary engineering analysis requires only the most fundamental types of 
information from the analyst. Default values are then used as substitutes for 
other input data. The subject of analysis level is discussed in more detail in the 
Applications section of this chapter. 

Study Period and Analysis Period 

The study period is the time interval represented by the performance 
evaluation. It consists of one or more consecutive analysis periods. An analysis 
period is the time interval evaluated by a single application of the methodology. 
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Exhibit 16-1 
Three Alternative Study 

Approaches 

Introduction 

The methodology is based on the assumption that traffic conditions are 
steady during the analysis period (i.e., systematic change over time is negligible). 
For this reason, the duration of the analysis period is in the range of 0.2S to 1 h. 
The longer durations in this range are sometimes used for planning analyses. In 
general, the analyst should use caution with analysis periods that exceed 1 h 
because traffic conditions are not typically steady for long time periods and 
because the adverse impact of short peaks in traffic demand may not be detected 
in the evaluation. 

If an analysis period of interest has a demand volume that exceeds capacity, 
then the study period should include an initial analysis period with no initial 
queue and a final analysis period with no residual queue. This approach 
provides a more accurate estimate of the delay associated with the congestion. 

If evaluation of multiple analysis periods is determined to be important, then 
the performance estimates for each period should be separately reported. In this 
situation, reporting an average performance for the study period is not 
encouraged because it may obscure extreme values and suggest acceptable 
operation when in reality some analysis periods have unacceptable operation. 

Exhibit 16-1 demonstrates three alternative approaches an analyst might use 
for a given evaluation. Note that other alternatives exist and that the study 
period can exceed 1 h. Approach A is the one that has traditionally been used 
and, unless otherwise justified, is the one that is recommended for use. 

Approach A 

Study Period = 1. 0 h 

Single analysis period 
T = 0.25 h 

~ - analysis period 

Approach B 

Study Period = 1. 0 h 

Single analysis period 
T = 1.0 h 

Approach C 

Study Period = 1.0 h 

Multiple analysis periods 
T = 0.25 h 

Time 

Approach A is based on the evaluation of the peak IS-min period during the 
study period. The analysis period, T, is 0.2S h. The equivalent hourly flow rate in 
vehicles per hour (veh/h) used for the analysis is based on either a peak IS-min 
traffic count multiplied by four or a I-h demand volume divided by the peak 
hour factor. The former option is preferred whenever traffic counts are available. 
The peak hour factor equals the hourly count of vehicles divided by four times 
the peak IS-min count for a common hour interval. It is provided by the analyst 
or operating agency. 
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Approach B is based on the evaluation of one I-h analysis period that is 
coincident with the study period. The analysis period, T, is 1.0 h. The flow rate 
used is equivalent to the 1-h demand volume (i.e., the peak hour factor is not 
used). This approach implicitly assumes that the arrival rate of vehicles is 
constant throughout the period of study. Therefore, the effects of peaking within 
the hour may not be identified, and the analyst risks lmderestimating the delay 
a ctua lly incurred. 

Approach C uses a I-h study period and divides it into four 0.25-h analysis 
periods. This approach accounts for systematic flow rate variation among 
analysis periods. It also accounts for queues that carry over to the next analysis 
period and produces a more accurate representation of delay. 

Performance Measures 

An urban street's performance is described by the use of one or more 
quantitative measures that characterize some aspect of the service provided to a 
specific road user group. Performance measures cited in this chapter include 
automobile travel speed, automobile stop rate, pedestrian space, pedestrian 
travel speed, pedestrian perception score, bicycle travel speed, bicycle perception 
score, transit travel speed, and transit passenger perception score. 

LOS is also considered a performance measure. It is computed for the 
automobile, pedestrian, bicycle, and transit travel modes. It is useful for 
describing street performance to elected officials, policy makers, administrators, 
or the public. LOS is based on one or more of the performance measures listed in 
the previous paragraph. 

Travel Modes 

This chapter describes a separate methodology for evaluating urban street 
performance from the perspective of motorists, pedestrians, bicyclists, or transit 
passengers. These methodologies are referred to hereafter as the automobile 
methodology, pedestrian methodology, bicycle methodology, and transit 
methodology. 

Each methodology consists of a set of procedures for computing the quality 
of service provided to one mode. Collectively, they can be used to evaluate urban 
street operation from a multimodal perspective. 

Each methodology is focused on the evaluation of the urban street. A 
methodology for evaluating the segments that make up the street is described in 
Chapter 17, Urban Street Segments. 

The four methodologies described in this chapter are based largely on the 
products of two National Cooperative Highway Research Program projects (1, 2). 

The transit methodology described in this chapter is applicable to the 
evaluation of passenger service provided by local public transit vehicles 
operating in mixed traffic or exclusive lanes and stopping along the street. 
Nonlocal transit vehicle speed and delay are evaluated by using the automobile 
methodology. 
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Exhibit 16-2 
Integrated Multimodal 
Evaluation Framework 

Introduction 

The phrase automobile mode, as used in this chapter, refers to travel by all 
motorized vehicles that can legally operate on the street, with the exception of 
local transit vehicles that stop to pick up passengers along the street. Unless 
explicitly stated otherwise, the word vehicles refers to motorized vehicles and 
includes a mixed stream of automobiles, motorcycles, trucks, and buses. 

Multimodal Evaluation Framework 

The urban street right-of-way is typically shared by multiple travel modes. 
Travelers associated with the more common modes include motorists, 
pedestrians, bicyclists, and transit passengers. The factors that influence the 
quality of service provided to these travelers vary by mode because each mode 
has a different trip purpose, length, and expectation. 

The shared street right-of-way typically requires that the modes operate in 
close proximity to each other, sometimes even sharing the same portion of the 
cross section (e.g., a vehicular traffic lane). This arrangement may be workable 
when the modes are characterized by low demand volumes; however, acceptable 
operation for moderate to high volumes typically requires the spatial separation 
of the modes along the street and temporal (i.e., signal) separation at the 
intersections. 

The integrated methodology described in Section 2 can be used to evaluate 
simultaneously the LOS provided to each travel mode on an urban street. A 
framework for this evaluation is shown in Exhibit 16-2. 
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'The framework shown in Exhibit 16-2 illustrates the integrated multimodal 
evaluation approach supported by the methodology in Section 2. It is important 
to note that the LOS provided to each travel mode is separately evaluated. The 
relative importance given to each mode's LOS should be determined by the 
analyst (or operating agency) and reflect consideration of the subject street's 
functional class and purpose. The LOS for each mode should not be combined 
into one overall LOS for the street. This restriction recognizes that trip purpose, 
length, and expectation for each mode are different and that their combination 
does not produce a meaningful result. 

Exhibit 16-2 illustrates how the travel modes compete for limited right-of
way along the street and at the intersections. They also compete for limited 
signal time at the intersections. For a given right-of-way, the allocation of space 
to one mode often requires a reduction (or elimination) of space for other modes 
and a corresponding reduction in their service quality. 

The lower part of Exhibit 16-2 illustrates the potential adverse interactions 
between the automobile mode and the other modes. As the volume or speed of 
the automobile traffic stream increases, the LOS for the other modes may 
decrease. In contrast, if bicycle, pedestrian, or transit flows increase, then the LOS 
for the automobile traffic stream may decrease. In generat changes that alter 
resource allocation or flow interaction to improve the LOS for one mode may 
affect the other modes. 

URBAN STREET FACILITY DEFINED 

For the purpose of analysis, the urban street is separated into individual 
elements that are physically adjacent and operate as a single entity for the 
purpose of serving travelers. Two elements are commonly found on an urban 
street system: points and links. A point represents the boundary between links 
and is usually represented by an intersection or ramp terminal. A link represents 
a length of roadway between two points. A link and its boundary intersections 
are referred to as a segment. An urban street facility is a length of roadway that is 
composed of contiguous urban street segments and is typically functionally 
classified as an urban arterial or collector street. 

Previous editions of this manual have allowed the evaluation of one 
direction of travel along a facility (even when it served two-way traffic). This 
approach is retained in this cl1apter for the analysis of bicycle and transit 
performance. For the analysis of pedestrian performance, this approach 
translates into the evaluation of sidewalk and street conditions on one side of the 
segment. 

For the analysis of automobile performance, an analysis of only one travel 
direction (when the street serves two-way traffic) does not adequately recognize 
the interactions between vehicles at the boundary intersections and their 
influence on segment operation. For example, the automobile methodology in 
this edition of the Highway Capacity Manual (HeM) explicitly models the platoon 
formed by the signal at one end of the segment and its influence on the operation 
of the signal at the other end of the segment. For these reasons, it is important to 
evaluate both travel directions on a two-way segment. 
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Introduction 

Facility length Considerations 

Urban arterial and collector streets are designed to accommodate longer trips 
than local streets. They also have a sign.ificant mobility function and support the 
hierarchy of movement by connecting to streets of higher and lower functional 
class. An urban street facility with these attributes typically has a length of 1 mi 
or more in downtown areas and 2 mi or more in other areas. When an urban 
street facility meets or exceeds this length, average travel speed is a more 
meaningful indication of facility performance and LOS. 

At least one intersection (or ramp terminal) along the facility must have a 
type of control that can impose on the through movement a legal requirement to 
stop or yield. A significant change in one or more facility characteristics may 
indicate the end of one facility and the start of a second facility. These 
characteristics include cross section feahues (e.g., number of through lanes, 
shoulder width, curb presence), annual average daily traffic volume, roadside 
development density and type, and vehicle speed. One or more of these 
characteristics will often change significantly when the street crosses an urban
to-suburban area boundary or intersects a freeway interchange. 

If a facility assessment is desired for a given travel mode, the analyst will 
need to evaluate all of the segments that make up the facility for a common 
travel direction and aggregate the performance measures for each segment to 
obtain a facility performance estimate. 

Facility Versus Segment Analysis Scope 

The methodology described in Section 2 is used to evaluate an entire facility; 
however, for some specific conditions it may not be necessary to evaluate the 
entire facility. For these conditions, the appropriate segment or intersection 
chapter methodology may be used alone to evaluate selected segments or 
intersections. In general, it is up to the analyst to determine the scope of each 
analysis (Le., one intersection, one segment, two segments, or all segments on the 
facility) on the basis of analysis objectives and agency directives. 

One condition for which it may be acceptable to evaluate an individual 
segment or intersection occurs when the segment or intersection is considered to 
operate in isolation from upstream signalized intersections. A segment or 
intersection that is effectively isolated experiences negligible influence from 
upstream signalized intersections. Flow on an isolated segment or at an isolated 
intersection is effectively random over the cycle and without a discernible 
platoon pattern evident in the cyclic profile of arrivals. These characteristics are 
more likely to be found when (a) the nearest upstream signalized intersection is 
sufficiently distant from the subject segment or intersection and (b) the subject 
segment or intersection, if signalized, is not coordinated with the upstream 
signal. 

A segment or intersection is sufficiently distant from the nearest upstream 
signal if an intermediate intersection uses stop or yield control to regulate 
through traffic on the facility. If there is no intermediate STOP- or YIELD-controlled 
intersection, then Exhibit 16-3 can be used to obtain an indication of whether a 
segment or intersection is sufficiently distant from an upstream signal. If the 
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distance between signals is above the trend line, then the subject intersection or 
segment is likely to operate as effectively isolated (provided that it is not 
coordinated with the upstream signal). 

LOS CRITERIA 

This subsection describes the LOS criteria for the automobile, pedestrian, 
bicycle, and transit modes. The criteria for the automobile mode are different 
from the criteria used for the nonautomobile modes. Specifically, the automobile 
mode criteria are based on performance measures that are field-measurable and 
perceivable by travelers. The criteria for the pedestrian and bike modes are based 
on scores reported by travelers indicating their perception of service quality. The 
criteria for the transit mode are based on measured changes in transit patronage 
due to changes in service quality. 
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Through-vehicle travel speed is used to characterize vehicular LOS for a 
given direction of travel along an urban street facility. 111is speed reflects the 
factors that influence running time along each link and the delay incurred by 
through vehicles at each boundary intersection. This performance measure 
indicates the degree of mobility provided by the facility. The following 
paragraphs characterize each service level. 

LOS A describes primarily free-flow operation. Vehicles are completely 
unimpeded in their ability to maneuver within the traffic stream. Control delay 
at the boundary intersections is minimal. The travel speed exceeds 85% of the 
base free-flow speed. 

LOS B describes reasonably unimpeded operation. The ability to maneuver 
within the traffic stream is only slightly restricted and control delay at the 
boundary intersections is not significant. The travel speed is between 67% and 
85% of the base free-flow speed. 

LOS C describes stable operation. The ability to maneuver and change lanes 
at midsegment locations may be more restricted than at LOS B. Longer queues at 
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Exhibit 16-4 
LOS Criteria: Automobile 

Mode 

Introduction 

the boundary intersections may contribute to lower travel speeds. The travel 
speed is between 50% and 67% of the base free-flow speed. 

LOS 0 indicates a less stable condition in which small increases in flow may 
cause substantial increases in delay and decreases in travel speed. This operation 
may be due to adverse signal progression, high volume, or inappropriate signal 
timing at the boundary intersections. The travel speed is between 40% and 50% 

of the base free-flow speed. 

LOS E is characterized by unstable operation and significant delay. Such 
operations may be due to some combination of adverse progression, high 
volume, and inappropriate signal timing at the boundary intersections. The 
travel speed is between 30% and 40% of the base free-flow speed. 

LOS F is characterized by flow at extremely low speed. Congestion is likely 
occurring at the boundary intersections, as indicated by high delay and extensive 
queuing. The travel speed is 30% or less of the base free-flow speed. Also, LOS F 
is assigned to the subject direction of travel if the through movement at one or 
more boundary intersections has a volume-to-capacity ratio greater than 1.0. 

Exhibit 16-4 lists the LOS thresholds established for the automobile mode on 
urban streets. 

Travel Speed as a 
Percentage of Base Free

Flow Speed (%) 
>85 

>67-85 
>50-67 
>40-50 
>30-40 

<30 

LOS by Critical Volume-lo-Capacity Ratioa 
< 1.0 > 1.0 

A F 
B F 
C F 
D F 
E F 
F F 

Note: a The critical volume-to-capaclty ratio Is based on consideration of the through movement volume-to
capacity ratio at each boundary intersection in the subject direction of travel. The critical volume-to
capacity ratio is the largest ratio of those considered. 

Nonautomobile Modes 

Historically, this manual has used a single performance measure as the basis 
for defining LOS. However, research documented in Chapter 5, Quality and 
Level-of-Service Concepts, indicates that travelers consider a wide variety of 
factors in assessing the quality of service provided to them. Some of these factors 
can be described as performance measures (e.g., speed), and others can be 
described as basic descriptors of the urban street character (e.g., sidewalk width). 
The methodologies in Chapter 17, Urban Street Segments, and Chapter 18, 
Signalized Intersections, provide procedures for mathematically combining these 
factors into a score for the segment or intersection, respectively. This score is then 
used in this chapter to determine the LOS that is provided for a given direction 
of travel along a facility. 

Exhibit 16-5 lists the range of scores associated with each LOS for the 
pedestrian travel mode. The LOS for this particular mode is determined by 
consideration of both the LOS score and the average pedestrian space on the 
sidewalk. The applicable LOS for an evaluation is determined from the table by 
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finding the intersection of the row corresponding to the computed score value 
and the column corresponding to the computed space value. 

The association between LOS score and LOS is based on traveler perception 
research. Travelers were asked to rate the quality of service associated with a 
specific trip along an urban street. The letter II A" was used to represent the 
"best" quality of service, and the letter "F" was used to represent the "worst" 
quality of service. "Best" and "worst" were left undefined, allowing respondents 
to identify the best and worst conditions on the basis of their traveling 
experience and perception of service quality. 

Pedestrian LOS bll Average Pedestrian SRace (ft2lRl 
LOS Score >60 >40-60 >24-40 >15-24 >8.0-158 < 8.08 

:;:;2.00 A I B 

I 
C D E F 

>2.00-2.75 B B C D E F 
>2.75-3.50 C C C D E F 
>3.50-4.25 D D D D E F 
>4.25-5.00 E E E E E F 

>5.00 F F F F F F 

Note: a In cross-flow situations, the LOS E-F threshold IS 13 W/p. 

Exhibit 16-6 lists the range of scores that are associated with each LOS for the 
bicycle and transit modes. This exhibit is also applicable for determining 
pedestrian LOS when a sidewalk is not available. 

LOS 
A 
B 
C 
D 
E 
F 

REQUIRED INPUT DATA 

LOS Score 
:;:;2.00 

>2.00-2.75 
>2.75-3.50 
>3.50-4.25 
>4.25-5.00 

>5.00 

This subsection describes the required input data for the automobile, 
pedestrian, bicycle, and transit methodologies. 

Automobile Mode 

This part describes the input data needed for the automobile methodology. 
The data are listed in Exhibit 16-7 and are identified as "input data elements." 
For the subject travel direction, these elements must be provided for each 
segment and for the through-movement group at each boundary intersection. 

The last column in Exhibit 16-7 indicates whether the input data are needed 
for a movement group at a boundary intersection, the overall intersection, or the 
segment. The input data needed to evaluate the segment are identified in 
Chapter 17, Urban Street Segments. Similarly, the input data needed to evaluate 
the boundary intersections are identified in the appropriate chapter (i.e., 
Chapters 18 to 22). 
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Exhibit 16-7 
Input Data Requirements: 

Automobile Mode 

Introduction 

Data Category 
Geometric 

Design 
Other 

Performance 
Measures 

Location 

Segment 

Segment 
Boundary 

intersection 

Segment 

Input Data Element Basis 

Segment length Segment 

Analysis period duration Facility 

Volume-to-capacity ratio Through-movement group 

Base free-flow speed Segment 
Travel speed Segment 

Notes: Through-movement group = one value for the segment through movement at the 
downstream boundary intersection (inclusive of any turn movements in a shared lane). 
Segment = one value or condition for each segment and direction of travel on the facility. 
Facility = one value or condition for the facility. 

Segment Length 

Segment length represents the distance between the boundary intersections 
that define the segment. The point of measurement at each intersection is the 
stop line, the yield line, or the functional equivalent in the subject direction of 
travel. This length is measured along the centerline of the street. If it differs in the 
two travel directions, then an average length is used. One length is needed for 
each segment on the facility. 

Analysis Period Duration 

The analysis period is the time interval considered for the performance 
evaluation. Its duration is in the range of 15 min to 1 h, with longer durations in 
this range sometimes used for planning analyses. In general, the analyst should 
use caution in interpreting the results from an analysis period of 1 h or more 

because the adverse impact of short peaks in traffic demand may not be detected. 
Also, if the analysis period is other than 15 min, then the peak hour factor should 
not be used. 

The methodology was developed to evaluate conditions in which queue 
spillback does not affect the performance of a segment or a boundary intersection 
during the analysis period. If spillback affects performance, the analyst should 
consider using an alternative analysis tool that is able to model the effect of 
spillback conditions. 

Operational Analysis. A 15-min analysis period should be used for operational 
analyses. This duration will accurately capture the adverse effects of demand 
peaks. Any 15-min period of interest can be evaluated with the methodology; 
however, a complete evaluation should always include an analysis of conditions 
during the I5-min period that experiences the highest traffic demand during a 
24-h period. 

If traffic demand exceeds capacity for a given 15-min analysis period, then a 
multiple-period analysis should be conducted. This type of analysis consists of 
an evaluation of several consecutive I5-min time periods. 111e periods analyzed 
would include an initial analysis period that has no initial queue, one or more 
periods in which demand exceeds capacity, and a final analysis period that has 
no residual queue. 

When a multiple-period analysis is used, facility performance measures are 
computed for each analysis period. Averaging performance measures across 
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multiple analysis periods is not encouraged because it may obscure extreme 
values. 

If a multiple-period analysis is used and the boundary intersections are 
signalized, then the procedure described in Chapter 18 should be used to guide 
the evaluation. When a procedure for multiple-period analysis is not provided in 
the chapter that corresponds to the boundary intersection configuration, the 
analyst should separately evaluate each period and use the residual queue from 
one period as the initial queue for the next period. 

Planning Analysis. A IS-min analysis period is used for most planning 
analyses. However, hourly traffic demands are normally produced through the 
planning process. Thus, when IS-min forecast demands are not available for a 
IS-min analysis period, a peak hour factor must be used to estimate the IS-min 
demands for the analysis period. A I-h analysis period can be used, if 
appropriate. Regardless of analysis period duration, a single-period analysis is 
typical for planning applications. 

Volume-to-Capacity Ratio 

This volume-to-capacity ratio is for the lane group serving the through 
movement that exits the segment at the downstream boundary intersection. With 
one exception, a procedure for computing this ratio is described in the 
appropriate intersection chapter (i.e., Chapters 18 to 22). Chapter 19, Two-Way 
STop-Controlled Intersections, does not provide a procedure for estimating the 
capacity of the uncontrolled through movement, but this capacity can be 
estimated by using Equation 16-1: 

Cth = 1,800 (Nth -1 + P;,j) 

where 

Cth through-movement capacity (veh/h), 

Nth number of through lanes (shared or exclusive) (In), and 

p~,j probability that there will be no queue in the inside through lane. 

The probability Pb,j is computed by using Equation 19-43 in Chapter 19. It is 

equal to 1.0 if a left-tum bay is provided for left turns from the major street. 

One volume-to-capacity ratio is needed for the downstream boundary 
intersection of each segment on the facility. 

Base Free-Flow Speed 

The base free-flow speed characterizes the traffic speed on the segment when 
free-flow conditions exist and speed is munfluenced by signal spacing. A 
procedure for determining this speed is described in Chapter 17. One speed is 
needed for each travel direction on each segment on the facility. 

Travel Speed 

Travel speed represents the ratio of segment length to through-movement 
travel time. Travel time is computed as the sum of segment rumung time and 
through-movement control delay at the downstream boundary intersection. A 
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Exhibit 16-8 
Input Data Requirements: 

Nonautomobile Modes 

Introduction 

procedure for computing travel speed is described in Chapter 17. One speed is 
needed for each travel direction of each segment on the facility. 

Nonautomobile Modes 

This part describes the input data needed for the pedestrian, bicycle, and 
transit methOdologies. The data are listed in Exhibit 16-8 and are identified as 
"input data elements." They must be separately specified for each direction of 
travel on the facility. Segment length is defined in the previous part. 

Exhibit 16-8 categorizes each input data element by travel mode 
methodology. An "X" is used to indicate the association between a data element 
and methodology. A blank cell indicates that the data element is not used as 
input for the corresponding methodology. 

Data Pedestrian Bicycle Transit 
Cate£!o!y location In2ut Data Element Mode Mode Mode 
Geometric Segment Segment length X X X 

Design Presence of a sidewalk X 
Performance Segment Pedestrian space X 

Measures Pedestrian travel speed X 
Pedestrian LOS score for segment X 

Bicycle travel speed X 
Bicycle LOS score for segment X 

Transit travel speed X 

Transit LOS score for segment X 

Presence of a Sidewalk 

A sidewalk is a paved walkway that is provided at the side of the roadway. 
It is assumed that pedestrians will walk in the street if a sidewalk is not present. 
An indication of sidewalk presence is needed for each side of interest for each 
segment on the facility. 

Pedestrian Space 

Pedesh'ian space is a performance measure that describes the average 
circulation area available to each pedestrian traveling along the sidewalk. A 
procedure is described in Chapter 17 for estimating this quantity for a given 
sidewalk. One value is needed for each sidewalk of interest associated with each 
segment on the facility. 

Pedestrian Travel Speed 

Pedestrian travel speed represents the ratio of segment length to pedestrian 
travel time. Travel time is computed as the sum of segment walking time and 
control delay at the downstream boundary intersection. A procedure for 
computing this travel speed is described in Chapter 17. One speed is needed for 
each sidewalk of interest associated with each segment on the facility. 

Pedestrian LOS Score for Segment 

The pedestrian LOS score for the segment is used in the pedestrian 
methodology to determine facility LOS. It is obtained from the pedestrian 
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methodology in Chapter 17. One score is needed for each direction of travel of 
interest for each segment on the facility. 

Bicycle Travel Speed 

Bicycle travel speed represents the ratio of segment length to bicycle travel 
time. Travel time is computed as the sum of segment running time and control 
delay at the downstream boundary intersection. This speed is computed only 
when a bicycle lane is present on the segment. A procedure for computing this 
travel speed is described in Chapter 17. One speed is needed for each direction of 
travel of interest for each segment on the facility. 

Bicycle LOS Score for Segment 

The bicycle LOS score for the segment is used in the bicycle methodology to 
estimate facility LOS. It is obtained from the bicycle methodology in Chapter 17. 
One score is needed for each direction of travel of interest for each segment on 
the facility. 

Transit Travel Speed 

Transit travel speed represents the ratio of segment length to transit travel 
time. Travel time is computed as the sum of segment running time and control 
delay at the downstream boundary intersection. A procedure for computing this 
travel speed is described in Chapter 17. One speed is needed for each direction of 
travel of interest for each segment on the facility. 

Transit LOS Score for Segment 

The transit LOS score for the segment is used in the transit methodology to 
estimate facility LOS. It is obtained from the transit methodology in Chapter 17. 
One score is needed for each direction of travel of interest for each segment on 
the facility. 

SCOPE OF THE METHODOLOGY 

Four methodologies are presented in this chapter. One methodology is 
provided for each of the automobile, pedestrian, bicycle, and transit modes. This 
section identifies the conditions for which each methodology is applicable. 

• Signalized and two-way STOP-controlled boundary intersections. All 
methodologies can be used to evaluate facility performance with 
Signalized or two-way STOP-controlled boundary intersections. In the 
latter case, the cross street is STOP controlled. The automobile 
methodology can also be used to evaluate performance with all-way STOP
or YIELD-controlled (e.g., roundabout) boundary intersections. 

• Arterial and collector streets. The four methodologies were developed 
with a focus on arterial and collector street conditions. If a methodology is 
used to evaluate a local street, then the performance estimates should be 
carefully reviewed for accuracy. 

• Steady flow conditions. The four methodologies are based on the 
analysis of steady traffic conditions and, as such, are not well suited to the 
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evaluation of unsteady conditions (e.g., congestion, queue spillback, 
signal preemption). 

• Target road users. Collectively, the four methodologies were developed 
to estimate the LOS perceived by automobile drivers, pedestrians, 
bicyclists, and transit passengers. They were not developed to provide an 
estimate of the LOS perceived by other road users (e.g., commercial 
vehicle drivers, automobile passengers, delivery truck drivers, or 
recreational vehicle drivers). However, it is likely that the perceptions of 
these other road users are reasonably well represented by the road users 
for whom the methodologies were developed. 

• Target travel modes. The automobile methodology addresses mixed 
automobile, motorcycle, truck, and transit traffic streams in which the 
automobile represents the largest percentage of all vehicles. The 
pedestrian, bicycle, and transit methodologies address travel by walking, 
bicycle, and transit vehicle, respectively. The transit methodology is 
limited to the evaluation of public transit vehicles operating in mixed or 
exclusive traffic lanes and stopping along the street. The methodologies 
are not designed to evaluate the performance of other travel means (e.g., 
grade-separated rail transit, golf carts, or motorized bicycles). 

• Influences in the right-of-way. A road user's perception of quality of 
service is influenced by many factors inside and outside of the urban 
street right-of-way. However, the methodologies in this chapter were 
specifically constructed to exclude factors that are outside of the right-of
way (e.g., buildings, parking lots, scenery, or landscaped yards) that 
might influence a traveler's perspective. This approach was followed 
because factors outside of the right-of-way are not under the direct 
control of the agency operating the street. 

• Mobility focus for automobile methodology. The automobile 
methodology is intended to facilitate the evaluation of mobility. 
Accessibility to adjacent properties by way of automobile is not directly 
evaluated with this methodology. Regardless, a segment's accessibility 
should also be considered when its performance is evaluated, especially if 
the street is intended to provide such access. Oftentimes, factors that favor 
mobility reflect minimal levels of access and vice versa. 

• "Typical pedestrian" focus for pedestrian methodology. The pedestrian 
methodology is not designed to reflect the perceptions of any particular 
pedestrian subgroup, such as pedestrians with disabilities. As such, the 
performance measures obtained from the methodology are not intended 
to be indicators of a sidewalk's compliance with U.S. Access Board 
guidelines related to the Americans with Disabilities Act requirements. 
For this reason, they should not be considered as a substitute for a formal 
compliance assessment of a pedestrian facility. 
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LIMITATIONS OF THE METHODOLOGY 

( The urban street facility methodology uses the performance measures 

( 

estimated by the segment and intersection methodologies in Chapters 17 to 22. 
As such, it incorporates the limitations of these methodologies (which are 
identified in the respective segment or intersection chapter). 
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Exhibit 16-9 
Automobile Methodology for 

Urban Street Facilities 

Methodology 

2. METHODOLOGY 

OVERVIEW 

This section describes four methodologies for evaluating the performance of 
an urban street facility. Each methodology addresses one possible travel mode 
within the street right-of-way. Analysts should choose the combination of 
methodologies that are appropriate for their analysis needs. 

A complete evaluation of facility operation includes the separate 
examination of performance for all relevant travel modes for each travel 
direction. The performance measures associated with each mode and travel 
direction are assessed independently of one another. They are not 
mathematically combined into a single indicator of facility performance. This 
approach ensures that all performance impacts are considered on a mode-by
mode and direction-by-direction basis. 

The focus of each methodology in this chapter is the facility. Methodologies 
for quantifying the performance of a segment or boundary intersection are 
described in other chapters (i.e., Chapters 17 to 22). 

AUTOMOBILE MODE 

This subsection provides an overview of the methodology for evaluating 
urban street facility performance from the motorist perspective. Each travel 
direction along the facility is separately evaluated. Unless otherwise stated, all 
variables are specific to the subject direction of travel. 

The methodology is focused on the analysis of facilities with signalized, two
way STOP, all-way STOP, or roundabout boundary intersections. The signalized 
intersection can be an interchange ramp terminal. 

Exhibit 16-9 illustrates the calculation framework of the automobile 
methodology. It identifies the sequence of calculations needed to estimate 
selected performance measures. The calculation process is shown to flow from 
top to bottom in the exhibit. The calculations are described more fully in the 
remainder of this subsection. 

Step 1: Determine Base Free-Flow Speed 

step 2: Determine Travel Speed 

Step 3: Determine Spatial Stop Rate 

Step 4: Determine Automobile LOS 
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Step 1: Determine Base Free-Flow Speed 

The base free-flow speed for the facility is the basis for LOS deterntination. It 
is determined for each segment by using the procedures described in Chapter 17, 
Urban Street Segments. The base free-flow speed for the facility is calculated by 
using Equation 16-2: 

where 

Sfo,F base free-flow speed for the facility (mi/h), 

L; length of segment i (ft), 

rn number of segments on the facility, and 

Sfo,; base free-flow speed for segment i (mi/h). 

Step 2: Determine Travel Speed 

The travel speed for the facility is the ratio of facility length to facility travel 
time. It represents an equivalent average speed for the through-vehicle traffic 
stream that reflects the running speed along the street for through vehicles and 
any delay they may incur at the boundary intersections. The travel speed for 
through vehicles is determined for each segment by using the procedures 
described in Chapter 17. The travel speed for the facility is calculated by using 
Equation 16-3: 

where ST,F is the travel speed for the facility (mi/h), Sl;seg.i is the travel speed of 

through vehicles for segment i (mi/h), and other variables are as previously 
defined. 

Step 3: Determine Spatial Stop Rate 

The spatial stop rate for the facility is the ratio of stop count to facility length. 
It relates the number of full stops incurred by the average through vehicle to the 
distance traveled. The spatial stop rate for through vehicles is determined for 
each segment by using the procedures described in Chapter 17. The spatial stop 
rate for the facility is calculated by using Equation 16-4: 
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m 

'LHSeg,i Li 
HF = -,-i~-,-l,--__ _ 

m 

'LL j 

i=l 

where HE is the spatial stop rate for the facility (stops/mi), Hseg,i is the spatial stop 

rate for segment i (stops/mi), and other variables are as previously defined. 

The spatial stop rate from Equation 16-4 can be used to estimate an 
automobile traveler perception score for the facility if desired. The equations in 
Step 10 of Chapter 17 are used for this purpose. The value of HE would be 

substituted for Hseg in each equation. Similarly, the proportion of intersections 

with a left-tum lane PLTL would be calculated for the entire facility and this one 

value used in each equation. 

Step 4: Determine Automobile lOS 

LOS is determined for both directions of travel along the facility. Exhibit 16-4 
lists the LOS thresholds established for this purpose. As indicated in this exhibit, 
LOS is defined by travel speed, expressed as a percentage of the base free-flow 
speed. The base free-flow speed is computed in Step 1 and the travel speed is 
computed in Step 2. 

The footnote to Exhibit 16-4 indicates that volume-to-capacity ratio for the 
through movement at the downstream boundary intersections is also relevant to 
the determination of facility LOS. This footnote indicates that LOS F is assigned 
to the subject direction of travel if a volume-to-capacity ratio greater than 1.0 
exists for the through movement at one or more boundary intersections. 

Facility LOS must be interpreted with caution. It can suggest acceptable 
operation of the facility when, in reality, certain segments are operating at an 
unacceptable LOS. For each travel direction, the analyst should always verify 
that each segment is providing acceptable operation and consider reporting the 
LOS for the poorest-performing segment as a means of providing context for the 
interpretation of facility LOS. 

PEDESTRIAN MODE 

This subsection describes the methodology for evaluating the performance of 
an urban street facility in terms of its service to pedesh-ians. 

Urban street facility performance from a pedestrian perspective is separately 
evaluated for each side of the street. Unless otherwise stated, all variables identified 
in this section are specific to the subject side of the street. 

The methodology is focused on the analysis of facilities with either signal
controlled or two-way STOP-controlled boundary intersections. This edition of the 
HCM does not include a procedure for evaluating a facility's perfonnance when 
a boundary intersection is an all-way STOP-controlled intersection, a roundabout, 
or a signalized interchange ramp terminal. 
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The pedestrian methodology is applied through a series of four steps that 
culminate in the determination of the facility LOS. These steps are illustrated in 
Exhibit 16-10. 

Step 1: Determine Pedestrian Space 

Step 2: Determine Pedestrian Travel Speed 

Step 3: Determine Pedestrian LOS Score 

Step 4: Determine Pedestrian LOS 

concepts 

The methodology provides a variety of measures for evaluating facility 
performance in terms of its service to pedestrians. Each measure describes a 
different aspect of the pedestrian trip along the facility. One measure is the LOS 
score. This score is an indication of the typical pedestrian's perception of the 
overall facility travel experience. A second measure is the average speed of 
pedestrians traveling along the facility. 

A third measure is based on the concept of "circulation area." It represents 
the average amount of sidewalk area available to each pedestrian walking along 
the facility. A larger area is more desirable from the pedestrian perspective. 
Exhibit 16-11 provides a qualitative description of pedestrian space that can be 
used to evaluate sidewalk performance from a circulation-area perspective. 

Pedestrian Space (fe/p) 
Random Platoon 

Flow Flow 
>60 >530 

>40-60 >90-530 
>24--40 >40-90 
>15-24 >23--40 
>8-15 >11-23 

:58 :511 

Description 

Ability to move in desired path, no need to alter movements 
Occasional need to adjust path to avoid conflicts 
Frequent need to adjust path to avoid conflicts 
Speed and ability to pass slower pedestrians restricted 
Speed restricted, very limited ability to pass slower pedestrians 
Speed severely restricted, frequent contact with other users 

The first two columns in Exhibit 16-11 indicate a sensitivity to flow 
condition. Random pedestrian flow is typical of most facilities. Platoon flow is 
appropriate for facilities made up of shorter segments (e.g., in downtown areas) 
with signalized boundary intersections. 

Step 1: Determine Pedestrian Space 

Pedestrians are sensitive to the amount of space separating them from other 
pedestrians and obstacles as they walk along a sidewalk. Average pedestrian 
space is an indicator of facility performance for travel in a sidewalk. This step is 
applicable only when the sidewalk exists on the subject side of the street. 
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Equation 16-5 

Equation 16-6 

Methodology 

The pedestrian space is determined for each segment by using the 
procedures described in Chapter 17, Urban Street Segments. The pedestrian 
space for the facility is calculated by using Equation 16-5: 

where 

Ap,F pedestrian space for the facility (ft2/p), 

L; length of segment i (ft), 

m number of segments on the facility, and 

Ap,; pedestrian space for segment i (fF/p). 

The pedestrian space for the facility reflects the space provided on the 
sidewalk along the segment. It does not consider the corner circulation area or 
the crosswalk circulation area at the intersections. Regardless, the analyst should 
verify that the intersection corners and crosswalks adequately accommodate 
pedestrians. 

Step 2: Determine Pedestrian Travel Speed 

The travel speed for the facility is the ratio of facility length to facility travel 
time. It represents an equivalent average speed of pedestrians that reflects their 
walking speed along the sidewalk and any delay they may incur at the boundary 
intersections. The travel speed for pedestrians is determined for each segment by 
using the procedures described in Chapter 17. The pedestrian travel speed for the 
facility is calculated by using Equation 16-6: 

where STI',F is the travel speed of through pedestrians for the facility (£tIs), STp,seg,; is 

the travel speed of through pedestrians for segment i (£lIs), and other variables 
are as previously defined. 

In general, a travel speed of 4.0 ftls or more is considered desirable, and a 
speed of 2.0 ftls or less is considered undesirable. 

Step 3: Determine Pedestrian lOS Score 

The pedestrian LOS score for the facility is computed in this step. It 
represents a length-weighted average of the pedestrian LOS scores for the 
individual segments that make up the facility. The segment scores are 
determined by using the procedures described in Chapter 17. The score for the 
facility is calculated by using Equation 16-7: 
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where 

[p,F pedestrian LOS score for the facility, and 

[p,seg,; pedestrian LOS score for segment i. 

Other variables are as previously defined. 

Step 4: Determine Pedestrian lOS 

The pedestrian LOS for the facility is determined by using the pedestrian 
LOS score from Step 3 and the average pedestrian space from Step 1. These two 
performance measures are compared with their respective thresholds in Exhibit 
16-5 to determine the LOS for the specified direction of travel along the subject 
facility. If the sidewalk does not exist and pedestrians are relegated to walking in 
the street, then LOS is determined by using Exhibit 16-6 because the pedestrian 
space concept does not apply. 

Facility LOS must be interpreted with caution. It can suggest acceptable 
operation of the facility when, in reality, certain segments are operating at an 
unacceptable LOS. For each travel direction, the analyst should always verify 
that each segment is providing acceptable operation and consider reporting the 
LOS for the poorest-performing segment as a means of providing context for the 
interpretation of facility LOS. 

BICYCLE MODE 

This subsection describes the methodology for evaluating the performance of 
an urban street facility in terms of its service to bicyclists. 

Urban street facility performance from a bicyclist perspective is separately 
evaluated for each travel direction along the street. Unless otherwise stated, all 
variables identified in this section are specific to the subject direction of travel. 

The methodology is focused on the analysis of a facility with either signal
controlled or two-way STOP-controlled boundary intersections. This edition of the 
HeM does not include a procedure for evaluating a facility's performance when 
a boundary intersection is an all-way STOp-controlled intersection, a roundabout, 
or a signalized interchange ramp terminaL 

The bicycle methodology is applied through a series of three steps that 
culminate in the determination of the facility LOS. These steps are illustrated in 
Exhibit 16-12. 
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Exhibit 16-12 
Bicycle Methodology for 

Urban Street Facilities 

Equation 16-8 

Equation 16-9 

Methodology 

Step 1: Determine Bicycle Travel Speed 

Step 2: Determine Bicycle LOS Score 

Step 3: Determine Bicycle LOS 

Step 1: Determine Bicycle Travel Speed 

The travel speed for the facility is the ratio of facility length to facility travel 
time. It represents an equivalent average speed of bicycles that reflects their 
running speed along the street and any delay they may incur at the boundary 
intersections. The travel speed for bicycles is determined for each segment by 
using the procedures described in Chapter 17. The bicycle travel speed for the 
facility is calculated by using Equation 16-8: 

where 

5Th,F 

L; 

m 

5 Th,seg,; 

travel speed of through bicycles for the facility (mi!h), 

length of segment i (ft), 

number of segments on the facility, and 

travel speed of through bicycles for segment i (mi/h). 

Step 2: Determine Bicycle lOS Score 

The bicycle LOS score for the facility is computed in this step. It represents a 
length-weighted average of the bicycle LOS scores for the individual segments 
that make up the facility. 1be segment scores are determined by using the 
procedures described in Chapter 17. The score for the facility is calculated by 
using Equation 16-9: 

where [o.F is the bicycle LOS score for the facility, Ib,seg,; is the bicycle LOS score for 

segment i, and other variables are as previously defined. 
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Step 3: Determine Bicycle lOS 

( The bicycle LOS for the facility is determined by using the bicycle LOS score 

c 

( 

from Step 2. This performance measure is compared with the thresholds in 
Exhibit 16-6 to determine the LOS for the specified direction of travel along the 
subject facility. 

Facility LOS must be interpreted with caution. It can suggest acceptable 
operation of the facility when, in reality, certain segments are operating at an 
unacceptable LOS. For each travel direction, the analyst should always verify 
that each segment is providing acceptable operation and consider reporting the 
LOS for the poorest-performing segment as a means of providing context for the 
interpretation of facility LOS. 

TRANSIT MODE 

This subsection describes the methodology for evaluating the performance of 
an urban street facility in terms of its service to transit passengers. 

Urban street facility performance from a transit passenger perspective is 
separately evaluated for each travel direction along the street. Unless otherwise 
stated, all variables identified in this section are specific to the subject direction of travel. 

The methodology is applicable to public transit vehicles operating in mixed 
traffic or exclusive lanes and stopping along the street. Procedures for estimating 
transit vehicle performance on grade-separated or non-public-street rights-of
way, along with procedures for estimating origin-destination service quality, are 
provided in the Transit Capacity and Quality of Service Manual (3). 

The transit methodology is applied through a series of three steps that 
culminate in the determination of facility LOS. These steps are illustrated in 
Exhibit 16-13. If multiple routes exist on the segment, then each route is 
evaluated by using a separate application of this methodology. 

Step 1: Determine Transit Travel Speed 

Step 2: Determine Transit lOS Score 

Step 3: Determine Transit LOS 

Step 1: Determine Transit Travel Speed 

The travel speed for the facility is the ratio of facility length to facility travel 
time. It represents an equivalent average speed of transit vehicles that reflects 
their running speed along the street and any delay they may incur at the 
boundary intersection. The travel speed for a transit vehicle is detennined for 
each segment by using the procedures described in Chapter 17. The transit travel 
speed for the facility is calculated by using Equation 16-10: 
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Equation 16-10 

Equation 16-11 

Methodology 

where 

m 

STt,seg,i 

travel speed of transit vehicles for the facility (mi/h), 

length of segment i (ft), 

number of segments on the facility, and 

travel speed of transit vehicles for segment i (mi/h). 

Step 2: Determine Transit LOS Score 

The transit LOS score for the facility is computed in this step. It represents a 
length-weighted average of the transit LOS score for the individual segments 
that make up the facility. The segment scores are determined by using the 
procedures described in Chapter 17. The score for the facility is calculated by 
using Equation 16-11: 

In 

"I . L . .L... t,seg,l t 

I = ...::..i=...:l ___ _ 
t,F In 

LLi 
i=l 

where It,[ is the transit LOS score for the facility, It,seg,i is the transit LOS score for 

segment i, and other variables are as previously defined. 

Step 3: Determine Transit LOS 

The transit LOS for the facility is determined by using the transit LOS score 
from Step 2. This performance measure is compared with the thresholds in 
Exhibit 16-6 to determine the LOS for the specified direction of travel along the 
subject facility. 

Facility LOS must be interpreted with caution. It can suggest acceptable 
operation of the facility when, in reality, certain segments are operating at an 
unacceptable LOS. For each travel direction, the analyst should always verify 
that each segment is providing acceptable operation and consider reporting the 
LOS for the poorest-performing segment as a means of providing context for the 
interpretation of facility LOS. 
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3. APPLICATIONS 

TYPES OF ANALYSIS 

The automobile, pedestrian, bicycle, and transit methodologies described in 
this chapter can each be used in three types (or levels) of analysis. These analysis 
levels are described as operational, design, and planning and preliminary 
engineering. The characteristics of each analysis level are described in the 
subsequent parts of this subsection. 

Operational Analysis 

Each of the methodologies is most easily applied at an operational level of 
analysis. At this level, all traffic, geometric, and signalization conditions are 
specified as input variables by the analyst. These input variables are used in the 
methodology to compute various performance measures. 

Design Analysis 

The design level of analysis has two variations. Both variations require the 
specification of traffic conditions and target levels for a specified set of 
performance measures. One variation requires the additional specification of the 
signalization conditions. The methodology is then applied by using an iterative 
approach in which alternative geometric conditions are separately evaluated. 

The second variation of the design level requires the additional specification 
of the geometric conditions. The methodology is then applied by using an 
iterative approach in which alternative signalization conditions are evaluated. 

The objective of the design analysis is to identify the alternatives that operate 
at the target level of the specified performance measures (or provide a better 
level of performance). The analyst may then recommend the "best" design 
alternative after consideration of the full range of factors. 

Planning and Preliminary Engineering Analysis 

The planning and preliminary engineering level of analysis is intended to 
provide an estimate of the LOS for either a proposed facility or an existing 
facility in a future year. This level of analysis may also be used to size the overall 
geometrics of a proposed facility. 

The level of precision inherent in planning and preliminary engineering 
analyses is typically lower than for operational analyses. Therefore, default 
values are often substituted for field-measured values of many of the input 
variables. Recommended default values for this purpose are provided in 
Chapters 17 to 22. 

USE OF ALTERNATIVE TOOLS 

Chapter 29, Urban Street Facilities: Supplemental, includes a set of examples 
to illustrate the use of alternative tools to address the stated limitations of this 
chapter and Chapter 17, Urban Street Segments. Specifically, these examples are 
used to illustrate (a) the application of deterministic tools to optimize the signal 
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Applications 

timing, (b) the effect of using a roundabout as a segment boundary, (c) the effect 
of midsegment parking maneuvers on facility operation, and (d) the use of 
simulated vehicle trajectories to evaluate the proportion of time that the back of 
the queue on the minor-street approach to a two-way STop-controlled 
intersection exceeds a specified distance from the stop line. 

GENERALIZED DAILY SERVICE VOLUMES FOR URBAN STREET 
FACILITIES 

Generalized daily service volume tables provide a means to assess a large 
number of urban streets in a region or jurisdiction quickly to determine which 
facilities need to be assessed more carefully (by using operational analysis) to 
ameliorate existing or pending problems. 

To build a generalized daily service volume table for urban street facilities, a 
number of simplifying assumptions must be made. The assumptions made here 
include the following: 

• All segments of the facility have the same number of through lanes (one, 
two, or three) in each direction; 

• Only traffic signal control is used along the facility (i.e., no roundabouts 
or all-way SluP-controlled intersections exist); 

• The traffic signals are coordinated and semi-actuated, the arrival type is 4, 
the traffic signal cycle time Cis 120 s, and the weighted average green-to
cycle-length (g/C) ratio for through movements (defined below) is 0045; 

• Exclusive left-tum lanes with protected left-tum phasing and adequate 
queue storage are provided at each signalized intersection, and no 
exclusive right-turn lanes are provided; 

• At each traffic signal, 10% of the traffic on the urban street facility tums 
left and 10% tums right; 

• The peak hour factor is 0.92; 

• The facility length is 2 mi, and no restrictive medians exist along the 
facility; and 

• The base saturation flow rate So is 1,900 passenger cars per hour per lane 

(pc/h/ln). 

The weighted average glC ratio of an urban street is the average of the critical 
intersection through g/C ratio and the average of all the other g/C ratios for the 
urban street. For example, if there are four signals with a through glC ratio of 
0.50 and one signal with a through g/C ratio of 0040, the weighted average g/C 
ratio for the urban street is 0.45. The weighted g/C ratio takes into account the 
adverse effect of the critical intersection and the overall quality of flow for the 
urban street. 

Generalized daily service volumes are provided in Exhibit 16-14 for urban 
street facilities with posted speeds of 30 and 45 mi/h; two, four, or six lanes (both 
directions); and six combinations of the K-factor and D-factor. To use this table, 
analysts must select a combination of K and D appropriate for their locality. 
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The 30-mi/h values further assume an average traffic signal spacing of 1,050 
ft and 20 access points/mi, while the 45-mi/h values assume an average traffic 
signal spacing of t500 ft and 10 access pOints/mi. 

K- D- Two-Lane streets Four-Lane Streets Six-lane Streets 
Factor Factor lOS B lOS C lOS D lOS E LOS B lOS C lOS D lOS E lOS B lOS C lOS D lOS E 

P d d 30 '/h oste Spee = ml 

0.09 0.55 NA 5.9 15.4 19.9 NA 11.3 31.4 37.9 NA 16.3 46.4 54.3 
0.60 NA 5.4 14.1 18.3 NA 10.3 28.8 34.8 NA 15.0 42.5 49.8 

0.10 
0.55 NA 5.3 13.8 17.9 NA 10.1 28.2 34.1 NA 14.7 41.8 48.9 
0.60 NA 4.8 12.7 16.4 NA 9.3 25.9 31.3 NA 13.5 38.3 44.8 

0.11 0.55 NA 4.8 12.6 16.3 NA 9.2 25.7 31.0 NA 13.4 38.0 44.5 
0.60 NA 4.4 11.5 14.9 NA 8.4 23.5 28.4 NA 12.2 34.8 40.8 

P oste d Spee = ml d 45 /h 

0.09 0.55 NA 10.3 18.6 19.9 NA 21.4 37.2 37.9 NA 31.9 54.0 54.3 
0.60 NA 9.4 17.1 18.3 NA 19.6 34.1 34.8 NA 29.2 49.5 49.8 

0.10 
0.55 NA 9.3 16.8 17.9 NA 19.3 33.5 34.1 NA 28.7 48.6 48.9 

0.60 NA 8.5 15.4 16.4 NA 17.7 30.7 31.3 NA 26.3 44.5 44.8 

0.11 0.55 NA 8.4 15.3 16.3 NA 17.5 30.5 31.0 NA 26.1 44.2 44.4 
0.60 NA 7.7 14.0 14.9 NA 16.1 27.9 28.4 NA 23.9 40.5 40.7 

Notes: NA = not applicable; LOS cannot be achieved with the stated assumptions. 
General assumptions include no roundabouts or all-way STop-controlled intersections along the facility; 
coordinated, semi-actuated traffic signals; arrival type 4; 120-s cycle time; protected left-turn phases; 0.45 
weighted average g/Cratio; exclusive left-turn lanes with adequate queue storage provided at traffic 
signals; no exclusive right-turn lanes provided; no restrictive median; 2-mi facility length; 10% of traffic 
turns left and 10% turns right at each traffic signal; peak hour factor = 0.92; and base saturation flow rate 
= 1,900 pc/h/ln. 
Additional assumptions for 30-rni/h facilities: signal spacing = 1,050 ft and 20 access points/mi. 
Additional assumptions for 4S-mi/h facilities: signal spaCing = 1,500 ft and 10 access pOints/rni. 

Exhibit 16-14 is provided for general planning use and should not be used to 
analyze any specific urban street facility or to make final decisions on important 
design features. A full operational analysis using this chapter's methodology is 
required for such specific applications. 

The exhibit is useful, however, in evaluating the overall performance of a 
large number of urban streets within a jurisdiction, as a first pass to determine 
where problems might exist or arise, or to determine where improvements might 
be needed. Any urban street identified as likely to experience problems or need 
improvement, however, should then be subjected to a full operational analysis 
before any decisions on implementing specific improvements are made. 

Daily service volumes are strongly affected by the K- and V-factors chosen as 
typical for the analysis. It is important that the values used for the facilities under 
study be reasonable. Also, if any characteristic is significantly different from the 
typical values used to develop Exhibit 16-14, particularly the weighted average 
g/C ratio and traffic signal spacing, the values taken from this exhibit will not be 
representative of the study facilities. In such cases, analysts are advised to 
develop their own generalized service volume tables by using representative 
local values or to proceed to a full operational analysis. 

ACTIVE TRAFFIC MANAGEMENT STRATEGIES 

Active traffic management (ATM) consists of the dynamic and continuous 
monitoring and control of traffic operations on a facility to improve facility 
performance. Examples of ATM measures on urban streets include congestion 
pricing zones, adaptive/responsive signal control, demand metering, changeable 
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message signs, incident response, and work zone management. ATM measures 
can influence both the nature of the demand for the facility and the ability of the 
facility to deliver the capacity tailored to serve the demand. ATM measures can 
boost facility performance to the same extent as adding a conventional lane of 
capacity. 

Other advanced design and management measures not included in the 
definition of ATM can also significantly boost facility performance. These non
ATM measures include lane treatments (bus lanes, bus streets, and reversible 
lanes), advanced interchange and intersection designs (divergent diamond 
interchanges, single-point urban interchanges, Michigan indirect left-tum 
intersections, and continuous flow intersections), and access management. These 
measures generally boost facility performance through the cost-effective addition 
of signal or lane capacity or both in unconventional ways to the facility. 

More information on A TM measures and methods for their evaluation can be 
found in Chapter 35, Active Traffic Management. 
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4. EXAMPLE PROBLEMS 

This part of the chapter describes the application of the automobile, 
pedestrian, bicycle, and transit methodologies through a series of example 
problems. Exhibit 16-15 provides an overview of these problems. The focus of the 
examples is to illustrate the multimodal facility evaluation process. An 
operational analysis level is uSed for all examples. The planning and preliminary 
engineering analysis level is identical to the operational analysis level in terms of 
the calculations except that default values are used when field-measured values 
are not available. 

Problem 
Number 

1 
2 
3 

Description 
Auto-oriented urban street 
Widen the sidewalks and add bicycle lanes on both sides of facility 
Widen the sidewalks and add parking on both sides of facility 

EXAMPLE PROBLEM 1: AUTO-ORIENTED URBAN STREET 

The Urban Street facility 

Analysis 
level 

Operational 
Operational 
Operational 

A 1-mi urban street facility is shown in Exhibit 16-16. It is located in a 
downtown area and oriented in an east-west travel direction. The facility 
consists of five segments with a signalized boundary intersection for each 
segment. Segments t 2, and 3 are t320 ft long and have a speed limit of 35 mi/h. 
Segments 4 and 5 are 660 ft long and have a speed limit of 30 mi/h. Each segment 
has two access point intersections. 

Signal 

Offset 0 s 

Segment 1 

35 mi/h 

1,320 It 

Signal 

Offset 50 s 

Segment 2 

35 mi/h 
1,320 It 

Segment 3 

35 mi/h 

1,320 It 

Signal 

Offset 50 s 

Seg.4 

30 mi/h 

660 It 

Seg.S 

30 mi/h 

660 It 
N 

-t-

Signal Signal Signal 

Offset 0 s Offset 0 5 Offset 0 s 

Segments 1, 2, and 3 pass through a mixture of office and strip commercial. 
Segments 4 and 5 are in a built-up shopping area. 

The geometry of the typical street segment is shown in Exhibit 16-17. It is the 
same for each segment. The street has a curbed, four-lane cross section with two 
lanes in each direction. There is a l.5-ft curb-and-gutter section on each side of 
the street. There are 200-ft left-tum bays on each approach to each signalized 
intersection. Right-turn vehicles share the outside lane with through vehicles on 
each intersection approach. A 6-ft sidewalk is provided on each side of the street 
adjacent to the curb. No fixed objects are located along the outside of the 
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Exhibit 16-17 
Example Problem 1: 
Segment Geometry 

Exhibit 16-18 
Example Problem 1: 

Intersection Turn Movement 
Counts 

Example Problems 

sidewalk. Midsegment pedestrian crossings are legal. No bicycle lanes are 
provided on the facility or its cross streets. No parking is allowed along the 
street. 

N 

t !J 
I 

I I 
I 

I 
I I 
I I 

I 

- - 11ft 
11ft 

J Signal 9ft 
11ft 
11ft 

l I 
I 

I I I I 
I I 

Not to scale 

The Question 

Pavement condition rating: 3.5 
Cu rbed cross section 
Cross-street lane width: 12 ft 
Corner radius: 6.0 ft 

~- ------ -!~ ~- ------------ -----
f':::; 12 ft --; 

12 ft --.J --=i ---------- -i:3 -Ii -------- ----- ----

Crosswalk width: 12 ft 
Total walkway width. 6 ft 
Buffer: 0 ft 

I 

I 

I 

I I 
I 

L I I 
I I 

I 

Signal ~ 
- -

I I rrr I 
I 

What are the travel speed and LOS of the automobile, pedestrian, bicycle, 
and transit modes in both directions of travel along the facility? 

The Facts 

The traffic counts for one segment are shown in Exhibit 16-18. The counts are 
the same for all of the other segments. The counts were taken during the 15-min 
analysis period of interest. However, they have been converted to hourly flow 
rates. 

60 480 60 

~ l .. 
80j 
640-
80~ 

""'- 80 

60 480 60 

49 48 

~ .. 
""'- 39 

49 48 

48 49 

~ .. 
""'- 38 

60 480 60 

~ l .. 
""'- 80 _ 640 

Sign.1 -r 80 

60 480 60 

The signalization conditions are shown in Exhibit 16-19. The conditions 
shown are identified as belonging to Signalized Intersection 1; however, they are 
the same for the other signalized intersections (with exception of offset). The 
signals operate with coordinated-actuated control. The left-turn movements on 
the nOlthbound and southbound approaches operate under permitted control. 
The left-turn movements on the major street operate as protected-permitted in a 
lead-lead sequence. 

Exhibit 16-19 indicates that the passage time for each phase is 2.0 s. The 
minimum green setting is 5 s for the major-street left-turn phases and 18 s for the 
cross-street phases. The offset to Phase 2 (the reference phase) end-of-green 
interval is 0.0 s. The offset for each of the other intersections is shown in Exhibit 
16-16. A fixed-force mode is used to ensure coordination is maintained. The cycle 
length is 100 s. 

Geometric conditions and traffic characteristics for Signalized Intersection 1 
are shown in Exhibit 16-20. They are the same for the other signalized 
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intersections. The movement numbers follow the numbering convention shown 
in Exhibit 18-2 of Chapter 18. 

Signalized Intersection 1 
Generallnformation 19 
Cross Street: First Avenue IAnalysis Period: AM peak 
Phase SeQuence and Left-Turn Mode 

Major street sequence I 5 & 1 left leading 
(movement number,:; shownl 

Cross street sequence I No exclusive phase for 3 or 7 0:::1 
~ (movement nu mbers shown) 

Major street left-tum mode I 5/1 Protected+PerniHed 
(movement numbers shown) 

0:::1 Cross street left·turn mode I 3/7 PerniHed 0:::1 
(movement numbers shown) 

Phase Settings 
Approach Eastbound 
Phase number 5 2 
Movement T+R 
Lead/lag left-turn phase Lead 
Left-turn mode Pr/Pm 
Passage time, S 2.0 
Minimum oreen, s 5 
Yellow + red clear, s 4.0 4 .0 
Phase split, s 20 45 
Recall N0.::1 -- I 
Dual entry ::11 Yes 31 
Ref. Phase ~ Offset, s: I 

Cycle.s: I 
o 

100 
Enable Simultaneous Gap-Out? 

Westbound Northbound Southbound 
1 6 8 4 
L T+R L+T+R L+T+R 

Lead -- --
Pr/Pm . - Perm . Pem1 . 

2 .0 -- 2.0 2.0 
5 -- 18 18 

4.0 4.0 4.0 4.0 
20 45 35 35 

No 
3 1 

No 
31 

No ~ No 

No 
31 

Yes 
31 

No ::1 Yes .::11 No 
31 

Yes 

Offset Ref.: I End of Green :::oJ Force Mode: I Fixed 

Enable Dallas Left-Turn Phasing? 
Phase Group 1,2,5,6: P' Phase Group 3,4,7,8: P' Phases 1,2,5,6: r Phases 3,4,7,8: r 

Si na!ized Intersec tion 1 
Si nalized Intersect jon Input Data In each column. enter lhe volume Slid lanes riala. For 8U other blua coils. enler values ollly}' U/818 is one or mortt lanes. 

6QQ!oach Eastbound Weslbound Northbound Soulhbound 
Movement T R T R T R L T R 
Movement number 2 12 1 6 16 3 B 18 7 4 14 
Volume, veh/h 80 640 80 80 640 80 60 480 60 60 480 60 
La nes 1 2 0 1 2 0 1 0 1 2 0 
Turn ba ten Ih ft 200 200 200 200 
Sat. flow rate vehlh/ln 1760 1829 17f10 1829 1826 1838 1826 1838 
PlAtoon ratio 1.000 1.333 1.000 1.333 1.000 1.000 1.000 1.000 
Inili f:! t uelle. veh 0 0 0 0 0 0 0 
S ed limit, m h 35 35 35 35 35 35 35 35 35 35 35 35 
Sto linsdel.length ft 40 40 40 40 40 40 
Max. alklw. hd SNO .9 3.9 3. 2.9 3.9 9 

The saturation flow rate is determined by using the procedure described in 
Chapter 18. All intersection movements include 3% heavy vehicles, The segment 
and intersection approaches are effectively level. No parking is allowed along the 
facility or its cross-street approaches. With a few exceptions (discussed below), 
local buses stop on the eastbound and westbound approaches to each signalized 
intersection at a rate of 3 buses/h. 

Arrivals for aJl cross-street movements are effectively random, so a platoon 
ratio of 1.00 is used. The through movement arriving to the eastbound approach 
at Intersection 1 exhibits favorable progression from an upstream signal, so a 
platoon ratio of 1.33 is used. For similar reasons, a ratio of 1.33 is also used for 
the through movement arriving to the westbound approach at Intersection 6. 
Right-turn-on-red volume is estimated at 5.0% of the right-turn volume. 

Each segment has a barrier curb along the outside of the street in each 
direction of travel. Allowing for the upstream signal width, the percentage of the 
segment length with curb is estimated at 94% for Segments 1,2, and 3. It is 
estimated as 88% for Segments 4 and 5. 

The traffic and lane assignment data for the two access pOint intersections for 
Segment 1 are shown in Exhibit 16-21. These data are the same for the other 
segments; however, the access point locations (shown in the first column) are 
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Example Problem 1: Signal 
Conditions for Intersection 1 

Exhibit 16-20 
Example Problem 1: Geometric 
Conditions and Traffic 
Characteristics for Signalized 
Intersection 1 
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Exhibit 16-21 
Example Problem 1: Access 

Point Data 

Example Problems 

reduced by one-half for Segments 4 and 5. The movement numbers follow the 
numbering convention shown in Exhibit 19-3 of Chapter 19, Two-Way STOP
Controlled Intersections. There are no turn bays on the segment at the two access 
point intersections. 

Access Po/n l /(1 ul Data 
Access ApproaCh Eas tbound Westbound Northbound Southbound 
Point Movement L T R L T R L T R L T R 
Location,ft Movement number 1 2 3 4 5 6 7 8 9 10 11 12 

440 Volume vehih 38 6B4 38 39 702 39 49 0 48 48 0 49 
Wesl end Lanes 0 2 0 0 2 0 1 0 1 1 0 1 

8BO Volume vchlh 39 702 39 38 684 38 4B 0 4" 49 0 48 
Lanes 0 2 0 0 2 0 1 0 1 1 0 1 

A low wall is located along about 25% of the sidewalk in Segments I, 2, and 
3. In contrast, 10% of the sidewalk along Segments 4 and 5 is adjacent to a low 
wall, 35% to a building face, and 15% to a window display. 

Office and strip commercial activity along Segments I, 2, and 3 generates a 
pedestrian volume of 100 p/h on the adjacent sidewalks and crosswalks. 
Shopping activity along Segments 4 and 5 generates a pedestrian volume of 
300 p/h on the adjacent sidewalks and crosswalks. A lack of bicycle lanes has 
discouraged bicycle traffic on the facility and its cross streets; however, a bicycle 
volume of 1.0 bicycle/h is entered for each intersection approach. 

Local buses stop on the eastbound and westbound approaches to each 
signalized intersection, with the exception of Intersection 5. There are no stops on 
either approach to Intersection 5. However, transit stops are provided along the 
facility at 0.25-mi intervals, so the service is considered to be local. As a result, 
the westbound transit frequency on Segment 5 and the eastbound transit 
frequency on Segment 4 are considered to be the same as for the adjacent 
segments (i.e., 3 buses/h). The bus dwell time at each stop averages 20 s. Buses 
arrive within 5 min of their scheduled time about 75% of the time and have a 
load factor of 0.80 passengers/seat. Each bus stop has a bench but no shelter. 

Outline of Solution 

This section outlines the results of the facility evaluation. To complete this 
evaluation, the automobile, pedestrian, and bicycle methodologies ill Chapter 18 
were used to evaluate each of the signalized intersections on the facility. The 
procedure in Chapter 19 was used to estimate pedestrian delay when crossing at 
a midsegment location. The automobile, pedestrian, bicycle, and transit 
methodologies in Chapter 17 were then used to evaluate both directions of travel 
on each segment. Finally, the methodologies described in Section 2 were used to 
evaluate all four travel modes in both directions of travel on the facility. The 
findings from each evaluation are summarized in the following three subparts. 

Intersection Evaluation 
The results of the evaluation of Intersection 1 (i.e., First A venue) are shown 

in Exhibit 16-22. The results for Intersections 2, 3, and eastbound Intersection 4 
are similar. In contrast, Intersections 5 and 6 are associated with a shorter 
segment length, lower speed limit, and higher pedestrian volume, so their 
operation is different from that of the other intersections. The results for 
Intersection 5 (Le., Fifth Avenue) are shown in Exhibit 16-23. Intersection 6 and 
westbound Intersection 4 have similar results. 
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leve!of 

Int'lllrsection 
Fifth Avenue 

tnt. delay, s/Veh 
20.2 

fnt. levelofservi 
C 

n.a. 
3.72 

D 

n.n. 
3.72 

D 

Summa 
Northbound 

L OT 

3 " 60 60 

n,o. 
2.87 

C 

7 
50 

Southbound 

n.a. 
2.87 

C 

Both exhibits indicate that the major-street vehicular through movements 
(i.e., eastbound Movement 2 and westbound Movement 6) operate with very low 
delay and few stops. The LOS is A and B for the eastbound and westbound 
through movements, respectively. 

Pedestrian circulation area on the corners of Intersection 1 is generous, with 
pedestrians having the ability to move in their desired path without conflict. 
Corner circulation area at Intersection 5 is restricted, with pedestrians having 
very limited ability to pass slower pedestrians. 

At Intersection I, the low pedestrian volume results in generous crosswalk 
circulation area. Pedestrians rarely need to adjust their path to avoid conflicts. In 
contrast, the high pedestrian volume at Intersection 5 results in a constrained 
crosswalk circulation area. Pedestrians frequently adjust their path to avoid 
conflict. At each intersection, pedestrians experience an average wait of about 
42 s at the corner to cross the street in any direction. This delay is lengthy, and 
some pedestrians may not comply with the signal indications. At Intersection 1, 
the pedestrian LOS is C for the major-street crossing and B for the minor-street 
crossing. At Intersection 5, the pedestrian LOS is B for the major-street and 
minor-street crossings. 

Bicycle lanes are not provided at any intersection, so bicycle delay is not 
computed. The lack of a bicycle lane combined with a moderately high traffic 
volume results in a bicycle LOS D on the eastbound and westbound approaches 
of Intersection 1 and Intersection 5. 
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Evaluation 
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Exhibit 16-24 
Example Problem 1: 

Segment 1 Evaluation 

Exhibit 16-25 
Example Problem 1: 

Segment 5 Evaluation 

Example Problems 

Segment Evaluation 

The results of the evaluation of Segment 1 (i.e., First Avenue to Second 
Avenue) are shown in Exhibit 16-24. The results for Segments 2 and 3 are similar. 
In contrast, Segments 4 and 5 are associated with a shorter segment length, lower 
speed limit, and higher pedestrian volume, so their operation is different from 
that of the other intersections. The results for Segment 5 (i.e., Fifth Avenue to 
Sixth Avenue) are shown in Exhibit 16-25. Segment 4 has similar results. 

Segment Evaluation Summary 
Segment Travel Direction I Eastbound Westbound 
First Avenue BlJSlc Description 
to Speed limit ml/h 35 35 
Second Avenue Vehicle volume, veh/h I 800 I 800 

Through lanes In I 2 I 2 
Segment length, ft VehicfeL~1 of Serv;~ 

1,320 Base free-flow speed mi/h 40.3 40.3 
Travel speed, ml/h 23.8 23.2 
Spatial stop rate, stops/mi 1.77 1.92 
Level of service C C 
Pet/lfNltriM Level of Service 
Pedestrian space, ft2/p 593.9 593.9 
Pedestrian travel speed, ft/s 3.54 3.54 
Pedestrian LOS score 3.76 3.76 
Level of service D D 
Bfcvcle Level of Service 
Bicycle travel speed, mi/h I No bicycle lane. I No bicycle lane. 
Bicycle LOS score I 4.24 I 4.24 
Level of service I D D 
nan~LevmofService 
Transit travel speed, mi/h 12.7 I 12.5 
Transit LOS score 3.16 I 3.19 
Level of service ~ C C 

Segment Evaluation Summary 
Segment Travel Direction Eastbound I Westbound 
Fifth Avenue .Bask: DMCriDtion 
to Speed limit, mi/h 30 I 30 
Sixth Avenue Vehicle volume, veh/h 800 800 

Throuqh lanes In 2 ~ 2 
Segment length, ft Vehicle Level tilf $ervioo 

660 Base free-flow speed mi/h 37.9 37.9 
Travel speed, mi/h 17.6 17.3 
Spatial stop rate, stops/mi 2.6B 2.80 
Level of service D D 
PedlfNltrlafl Level of Sl1I1Iioo 
Pedestrian space ftZ/p 153.3 153.3 
Pedestrian travel speed, ft/s 3.18 3.18 
Pedestrian LOS score 3.67 3.67 
Level of servl ce D D 
Bif;YC!e J..evel tiIf Service 
Bicycle travel speed, ml/h I No bicycle lane. No bicycle lane. 
BiCY51e LOS score 4.48 ~ 4.48 
Level of service I E E 
Tl'ansft Level of Service 
Transit travel speed, mi/h 7.7 17.3 
Transit LOS score I 3.64 2.79 
Level of service I D C 

Exhibit 16-24 indicates that the vehicular through movements on Segment 1 
in the eastbound and westbolli1.d travel directions have a travel speed of 24 and 
23 mi/h, respectively (i.e., about 58% of the base free-flow speed). The LOS of 
each movement is C. In contrast, Exhibit 16-25 indicates that the through 
movements have a travel speed of only about 17 mi/h on Segment 5 (or 46% of 
the base free-flow speed), which is LOS D. Vehicles stop at a rate of about 
1.8 stops/mi on Segment 1 and about 2.7 stops/mi on Segment 5. 

Pedestrian space on the sidewalk along the segment is generous on 
Segment 1 and adequate on Segment 5. These characterizations are based on 
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Exhibit 16-11 and an assumed dominance of platoon flow for Segments 4 and 5. 
Pedestrians on these sidewalks can walk freely without having to alter their path 
to accommodate other pedestrians. The segment travel speed (3.54 £t/s for 
Segment 1 and 3.18 £tIs for Segment 5) is adequate, but would desirably exceed 
4.0 ft/s. Nevertheless, the sidewalk is near the traffic lanes and crossing the street 
at a midsegment location can be difficult. As a result, the pedestrian LOS is D on 
all segments. 

Bicycle lanes are not provided along the segment, so bicycle travel speed is 
not computed. The lack of a bicycle lane combined with a moderately high traffic 
volume results in a bicycle LOS D for both directions of travel on Segment 1. 
Bicycle service on Segment 5 is also poor. However, the short spacing between 
access points on Segment 5, relative to Segment I, further degrades service 
quality such that the bicycle LOS on Segment 5 is E. 

Transit travel speed is about 12 mi/h on Segment 1 and corresponds to LOS 
C. On Segment 5, the travel speed is about 8 mi/h and 17 milh in the eastbound 
and westbound directions, respectively. The low speed for the eastbound 
direction results in LOS D. The higher speed for the westbound direction is due 
to the lack of a westbound transit stop on Segment 5. It results in LOS C for this 
direction. 

Facility Evaluation 
The methodology described in Section 2 is used to compute the aggregate 

performance measures for each travel direction along the facility. The results are 
shown in Exhibit 16-26. This exhibit indicates that the vehicle travel speed is 
about 22 mi/h in each travel direction (or 56% of the base free-flow speed). An 
overall LOS C applies to both vehicular movements on the facility; however, it is 
noted that LOS D applies to Segments 4 and 5. Vehicles incur stops along the 
facility at a rate of about 1.9 stops/mi. 

Facility Evaluation Summary 
Travel Direction I Eastbound I Westbound 
Vehicle Level of Service 
Base Free-flow speed, mi/h 39.7 39.7 
Travel speed mi/h 22.3 22.1 
Spatial stop rate stops/mi 1.86 1.93 

Facility length, ft Level of service C C 
5,280 Poorest perf. segment LOS D D 

Pedestrian Level of Service 
Pedestrian space ft2/p 298.6 298.6 
Pedestrian travel speed ft/s 3.4 3.4 
Pedestrian LDS score 3.73 3.74 
Level of service D D 
Poorest perf. seqment LOS D D 
Bicycle Level of Service 
Bicycle travel speed mi/h No bicycle lane. No bicycle lane. 
Bicycle LOS score 4.30 4.30 
Level of service E E 
Poorest perf. segment LOS E E 
Transit level of Service 
Transit travel speed, mi/h 12.4 12.3 
Transit LOS score 3.15 3.16 
Level of service C C 
Poorest perf. segment LOS D D 

Pedestrian space on the sidewalk along the facility is generous. Pedestrians 
on the sidewalks can walk freely without having to alter their path to 
accommodate other pedestrians. The facility travel speed of about 3.4 ft/s is 
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Exhibit 16-27 
Example Problem 2: 
Segment Geometry 

Example Problems 

adequate, but would desirably exceed 4.0 ft/s. Nevertheless, the sidewalk is near 
the traffic lanes and crossing the street at a midsegment location can be difficult. 
As a result, the pedestrian LOS is D for both directions of travel. 

Bicycle lanes are not provided along the facility, so bicycle travel speed is not 
computed. The lack of a bicycle lane combined with a moderately high traffic 
volume results in an overall bicycle LOS E for both directions of travel. 

Transit travel speed is about 12 mi/h on the facility in each direction of travel. 
An overall LOS C is assigned to each direction. The lower speed on westbound 
Segment 4 and eastbound Segment 5 is noted to result in LOS D for those 
segments. 

EXAMPLE PROBLEM 2: PEDESTRIAN AND BICYCLE IMPROVEMENTS 

The Urban Street Facility 

The 1-mi urban street facility shown in Exhibit 16-16 is being considered for 
geometric design modifications to improve pedestrian and bicycle service. The 
following changes to the facility are proposed: 

• Eliminate one vehicle lane in each direction, 

• Add a 12-ft raised-curb median, 

• Add a 4-ft bicycle lane in each direction, 

• Increase the total walkway width to 9 ft, 

• Add a 3-ft buffer between the sidewalk and the curb, and 

• Add bushes to the buffer using a to-ft spacing. 

No fixed objects are located along the outside of the sidewalk. The analysis 
for Example Problem 1 represents the existing condition, against which this 
alternative will be evaluated. 

The geometry of the typical street segment is shown in Exhibit 16-27. It is the 
same for each segment. Additional segment details are provided in the 
discussion for Example Problem 1. 

N 

t !J 
, 

I J 
, , , , , , 

-:: 4ft 
12 ft 

~ 
Signal 12 ft 

12 ft 
4ft 

l , 

I I , , , , 

Not to scale 

The Question 

Pavement condition rating: 3.5 
Curbed cross section 

I Cross-street lane width: 12 ft 
Corner radius: 6.0 ft 

1-1 

I 

Raised-curb median 1-1 
Crosswalk width: 12 ft 
Total walkway Width. 9 ft 
Buffer: 3 ft 

I 
, 

I I 
, 

L I , 
I , 

I 

Signal ~ 
b 

I : rTTl 

What are the travel speed and LOS of the automobile, pedestrian, bicycle, 
and transit modes in both directions of travel along the facility? 
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The Facts 

( The traffic counts, signalization, and intersection geometry are listed in 

( 

( 

Exhibit 16-18 to Exhibit 16-21. They are unchanged from Example Problem 1. 

Outline of Solution 

This section outlines the results of the facility evaluation. To complete this 
evaluation, the automobile, pedestrian, and bicycle methodologies in Chapter 18 
were used to evaluate each of the signalized intersections on the facility. The 
procedure in Chapter 19 was used to estimate pedestrian delay when crossing at 
a midsegment location. The automobile, pedestrian, bicycle, and transit 
methodologies in Chapter 17 were then used to evaluate both directions of travel 
on each segment. Finally, the methodologies described in Section 2 were used to 
evaluate aU four travel modes in both directions of travel on the facility. The 
findings from each evaluation are summarized in the following three subparts. 

Intersection Evaluation 
The results of the evaluation of Intersection 1 (Le., First A venue) are shown 

in Exhibit 16-28. The results for Intersections 2, 3, and eastbound Intersection 4 
are similar. In contrast, Intersections 5 and 6 are associated with a shorter 
segment length, lower speed limit, and higher pedestrian volume, so their 
operation is different from that of the other intersections. The results for 
Intersection 5 (i.e., Fifth Avenue) are shown in Exhibit 16-29. Intersection 6 and 
westbound Intersection 4 have similar results. 

Intef'l5ectian Evaluation Summa 
Westbound 

, :-. ;::';.,', <. '7, '-7:, ,,' •. ,~'" 

L T RT 1 T RT L 
5 2 12 1 6 16 3 
m ~ m m ~ m m 

100 

282.1 
Crossin ma;or 

69.7 
42.3 

8.3 
2.99 

C 
2.99 

C 

282.1 
Crossin mInor 

r'.a. 
2.77 

C 

7 4 
60 480 

100 

n.i:I. 
2.77 

C 

Both exhibits indicate that the vehicular through movements on the facility 
(i.e., eastbound Movement 2 and westbound Movement 6) operate with low 
delay and few stops. For the eastbound through movement, the LOS is A at 
Intersection 1 and B at Intersection 5. The LOS is B for the westbound through 
movement at both intersections. Relative to Example Problem 1, the delay for the 
through movements has increased by a few seconds at Intersection 1 and by 
about 8 s at Intersection 5. This increase is sufficient to lower the LOS designation 
for the eastbound through movement at Intersection 5 (Le., from A to B). 
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Exhibit 16-29 
Example Problem 2: 

Intersection 5 Evaluation 

Example Problems 

Intersection Evaluation Summa 
Intersection A roach EastbDund Westbound Northbound Southbound 
Fifth Avenue Bu. e.D t10tr 

L r Rr l T RT L r RT L T Rr 
5 2 12 1 6 16 3 8 18 7 4 14 
80 640 80 80 640 .0 60 480 60 60 480 60 

300 300 300 300 
1 1 1 1 
1 1 2 2 

0.21 0.68 0.68 0.21 0,6B 0,6B 0.36 0,62 0,62 0.36 0.62 0.62. 
11.53 17.32 17,32 11.72 16.79 16.79 43.12 34.18 34.23 4).12 34.18 34.23 
0.59 0.58 0.58 059 0.56 0.56 0,86 0.78 0.7B 0.86 0.78 0.78 

• • • • • • D C C D C C 

M'acent to Eastbound Ad'acent to Westbound Ad'acent to Northbound Ad'acent to Southbound 
77.6 77.6 77.6 77.6 

o-ossi m, , Crossin mil"or Cross!n minor Crossin mina 
area ft2 22.4 22.4 26.6 26.6 

42.3 42.3 42.3 42.3 
2,55 2.55 2.62 2.62: 

• B • • 
8.3 8.3 n.<I. n.a, 

2.99 2.99 2.77 2.77 
C C C C 

Pedestrian circulation area on the corners of Intersections 1 and 5 is 
generous, with few instances of conflict. This condition is greatly improved from 
Example Problem 1 and reflects the provision of wider sidewalks. 

Relative to Example Problem I, the reduction in through lanes has reduced 
the time provided to pedestrians to cross the major street. This reduction resulted 
in larger pedestrian groups using the crosswalk and a small reduction in 
crosswalk pedestrian space. At Intersection I, pedestrian space is still generous, 
with few instances of conflict. At Intersection 5, the problem is amplified by a 
higher pedestrian demand. Pedestrian space in the crosswalks is constrained, 
and pedestrians are likely to find that their ability to pass slower pedestrians is 
limited. 

At each intersection, pedestrians experience an average wait of about 42 s at 
the comer to cross the street in any direction. This condition has not changed 
from Example Problem 1. 

At both intersections, the pedestrian LOS i.s B for the major-street and minor
street crossings. Relative to Example Problem 1, the pedestrian LOS score has 
improved by about the same amount at all intersections. At Intersection I, this 
change is sufficient to result in a change in service level (i.e., from C to B). 

Bicyclists using the bicycle lanes are expected to be delayed about 8 slbicycle 
on both the eastbOlmd and westbound approaches to each intersection. This level 
of delay is desirably low. However, the bicycle lane is relatively narrow at 4 ft, 
which leads to LOS C on the eastbound and westbound approaches of both 
intersections. This LOS is noted to be an improvement over the LOS D identified 
in Example Problem 1. 

Segment Evaluation 
The results of the evaluation of Segment 1 (i.e., First Avenue to Second 

Avenue) are shown in Exhibit 16-30. The results for Segments 2 and 3 are similar. 
In contrast, Segments 4 and 5 are associated with a shorter segment length, lower 
speed limit, and higher pedestrian volume, so their operation is different from 
the other intersections. The results for Segment 5 (i.e., Fifth Avenue to Sixth 
Avenue) are shown in Exhibit 16-31. Segment 4 has similar results. 
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Segment Evaluation Summary 
Segment Travel Direction I Eastbound Westbound 
First Avenue Basic;.DescriDtion 
to Speed limit mi/h 35 35 
Second Avenue Vehicle volume, veh/h I 800 800 

Throuqh lanes, In I 1 1 
Segment length, ft Vehidf1ltlilm of $ervjCf1 

1,320 Base free-flow speed, mi/h 37.4 37.4 
Travel speed, mi/h 21.3 21.3 
Spatial stop rate, stops/mi 1.83 1.82 
Level of service C C 
Pedestrian level of Set:ViCf1 
Pedestrian space ft2/p 809.9 809.9 
Pedestrian travel speed, ft/s 3.55 3.55 
Pedestrian LOS score 2.74 2.74 
Level of service B B 
Bitvt;lfiLf1vefo'(SerrdCf1 .' 
Bicycle travel speed, mi/h I 13.18 I 13.18 
Bicycle LOS score 3.87 3.87 
Level of service I D I D 
Transit LevelofSf1t:Vice 
Transit travel speed mi/h 10.3 10.4 
Transit LOS score I 3.42 I 3.42 
Level of service I C I c 

Segment Evaluation Summary 
Segment Travel Direction I Eastbound I Westbound 
Fifth Avenue 'IJ'/smQesr;ril!l(QII. (,," ." 0 

to Speed limit, mi/h 30 30 
Sixth Avenue Vehicle volume, veh/h I 800 I 800 

~In I 1 I 1 
Segment length, ft lle'li of S~1c8 

660 Base fr w speed, mi/h 35.3 35.3 
Travel speed, mi/h 12.7 13.2 
Spatial stop rate stops/mi 4.74 4.47 
Level of service E E 
~6tril¥'n l¥Jvelof'Set:Vlce 
Pedestrian space ft2/D 225.4 225.4 
Pedestrian travel speed, ft/s 3.18 3.18 
Pedestrian LOS score 2.72 2.72 
Level of service B B 
Bicvcle 1.f1Jff11 ilf Sf1t:V1c8 
Bicycle travel speed, mi/h 11.75 I 11.75 
Bicycle LOS score 4.10 4.10 
Level of service D D 
T!'ilii$iJ;l.jjriri/;i( $!3iVtt;ff, 0- " " ." .... 
Transit travel speed mi/h 5.2 I 13.2 
Transit LOS score 4.00 3.14 
Level of service D I c 

Exhibit 16-30 indicates that the vehicular through movements on Segment 1 
in the eastbound and westbound travel directions have a travel speed of about 
21 mi/h (i.e., about 57% o£ the base free-flow speed). LOS C applies to both 
movements. In contrast, Exhibit 16-31 indicates that the through movements 
have a travel speed of only about 13 mi/h on Segment 5 (or 37% of the base free
flow speed), which is LOS E. Vehicles stop at a rate o£ about 1.8 stops/mi on 
Segment 1 and about 4.6 stops/mi on Segment 5. Relative to Example Problem 1, 
conditions have notably degraded for vehicles traveling along Segment 5. 

Pedestrian space on the sidewalk along the segment is generous on 
Segment 1. Pedestrians can walk freely without having to alter their path to 
accommodate other pedestrians. Pedestrian space is adequate on Segment 5, 
with pedestrians in platoons occasionally needing to adjust their path to avoid 
conflict. These characterizations are based on Exhibit 16-11 and an assumed 
dominance of platoon flow for SeSTffients 4 and 5. Relative to Example Problem 1, 
the sidewalks are more distant from the traffic lanes and crossing the street at a 
mid segment location is easier because of the raised curb median. As a result, the 
pedestrian LOS is B on all segments. 
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Exhibit 16-32 
Example Problem 2: Facility 

Evaluation 

Example Problems 

Bicyclists using the bicycle lanes experience a travel speed of 13 mi/h on 
Segment 1 and 12 mi/h on Segment 5. This travel speed is considered desirable. 
However, the bicycle lane is relatively narrow at 4 ft, so a bicycle LOS D results 

for both directions of travel on each segment. While still poor, the bicycle LOS 
scores indicate that bicycle service has improved on both segments relative to 
that found in Example Problem 1. In fact, the bicycle LOS on Segment 5 has 

improved by one letter deSignation. 

Transit travel speed is 10 mi/h on Segment 1 and corresponds to LOS C. On 
Segment 5, the travel speed is about 5 mi/h and 13 mi/h in the eastbound and 
westbound directions, respectively. The low speed for the eastbound direction 

results in LOS D. The higher speed for the westbound direction is due to the lack 
of a westbound transit stop on Segment 5. It results in LOS C. Relative to 
Example Problem 1, the slower vehicular travel speed has increased the transit 
LOS scores, but not enough to change the designated service level. 

Facility Evaluation 

The methodology described in Section 2 is used to compute the aggregate 
performance measures for each travel direction along the facility. The results are 

shown in Exhibit 16-32. This exhibit indicates that the vehicle travel speed is 
about 18 mi/h in each travel direction (or 49% of the base free-How speed). An 

overall LOS D applies to vehicle travel in each direction on the facility. It is noted 
that LOS E applies to Segments 4 and 5. Vehicles incur stops along the facility at 
a rate of about 2.6 stops/mi. Relative to Example Problem 1, vehicular travel 
speed has dropped about 4 mi/h, and LOS has degraded one level for this 
scenario. 

Facility Evaluation Summary 
Travel Direction Eastbound Westbound 
.W!/lIlJI.:Jl.flVJjf:(JFSsNfce· ,. '. ···.1 .... . . 
Base free-flow speed mi/h 36.B 36.S 
Travel speed ml/h 18.0 1B.1 
Spatial stop rate stops/mi 2.64 2.62 

Facility length, ft Level of service 0 0 
5,280 Poorest perf. se ment LOS E E 

Ji!~ft l.'tffii!l'ifil8t1iWce " " 

Pedestrian space ft2/p 422.2 422.2 
Pedestrian travel speed, ftjs 3.4 3.4 
Pedestrian LOS score 2.74 2.74 
Level of service B B 
Poorest perf. segment LOS B B 
i~ififK,lP£'II~ ~ '~, > 

Bicycle travel speed mi/h 12.8 12.8 
Bicycle LOS score 3.93 3.93 
Level of service 0 0 
Poorest perf. seqment LOS D D 
l~l;l)i/iII rIt llfli!rtl~. . 

.,.~ 

Transit travel speed mi/h 9.3 9.3 
Transit LOS score 3.48 3.48 
Level of service C C 
Poorest perf. segment LOS D D 

Pedestrian space on the sidewalk along the facility is generous. Pedestrians 
on the sidewalks can walk freely without having to alter their path to 
accommodate other pedestrians. Increasing the separation between the sidewalk 
and traffic lanes and improving pedestrians' ability to cross the street at 
midsegment locations (by adding a raised-curb median) have resulted in an 
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overall pedestrian LOS B for both directions of travel. This level compares 
favorably with the LOS D indicated in Example Problem 1. 

Bicyclists in the bicycle lanes are estimated to experience an average travel 
speed of about 13 mi/h. This travel speed is considered desirable. However, the 
4-ft bicycle lane is relatively narrow and produces LOS D. This level is one level 
improved over that found for Example Problem 1. 

Transit travel speed is about 9 mi/h on the facility in each direction of travel. 
An overall LOS C is assigned to each direction. Relative to Example Problem t 
the LOS designation is unchanged; however, the transit speed is slower, and the 
transit LOS score indicates a small reduction in service. 

EXAMPLE PROBLEM 3: PEDESTRIAN AND PARKING IMPROVEMENTS 

The Urban Street Facility 

The I-mi urban street facility shown in Exhibit 16-16 is being considered for 
geometric design modifications to improve parking and pedestrian service. The 
following changes to the facility are proposed: 

• Eliminate one vehicle lane in each direction, 

• Add a 12-ft raised-curb median, 

• Add a 9.5-ft parking lane in each direction, and 

• Increase the total walkway width to 7 ft. 

No fixed objects will be located along the outside of the sidewalk. The on
street parking is expected to be occupied 50% of the time. Parking maneuvers are 
estimated to cause 1.8 s/veh additional delay on Segments 1, 2, and 3. On 
Segments 4 and 5, these maneuvers are estimated to cause 0.3 s/veh additional 
delay. The analysis for Example Problem 1 represents the existing condition, 
against which this alternative will be evaluated. 

The geometry of the typical street segment is shown in Exhibit 16-33. It is the 
same for each segment. Additional segment details are provided in the 
discussion for Example Problem 1. 

The Question 

What are the travel speed and LOS of the automobile, pedestrian, bicycle, 
and transit modes in both directions of travel along the facility? 

The Facts 

The traffic counts, signalization, and intersection geometry are listed in 
Exhibit 16-18 to Exhibit 16-21. They are unchanged from Example Problem 1. 
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Exhibit 16-33 
Example Problem 3: 
Segment Geometry 

Exhibit 16-34 
Example Problem 3: 

Intersection 1 Evaluation 

Example Problems 

l 

9,5 ft 
10 ft 

Signal 12 ft 
10 ft 

9.5 ft 

Not to scale 

Outline of Solution 

Pavement condition rating: 3,5 
Curbed cross section 
Cross-street lane width: 12 ft 
Corner radius: 6,0 ft 

Raised-curb median 

T T 

Crosswalk width: 12 ft 
Total walkway width: 7 ft 
Buffer: 0 ft 

This section outlines the results of the facility evaluation. To complete this 
evaluation, the automobile, pedestrian, and bicycle methodologies in Chapter 18 
were used to evaluate each of the signalized intersections on the facility. The 
procedure in Chapter 19 was used to estimate pedestrian delay when crossing at 
a midsegment location. The automobile, pedestrian, bicycle, and transit 
methodologies in Chapter 17 were then used to evaluate both directions of travel 
on each segment. Finally, the methodologies described in Section 2 were used to 
evaluate all four travel modes in both directions of travel on the facility. The 
findings from each evaluation are summarized in the following three subparts. 

Intersection Evaluation 
The results of the evaluation of Intersection 1 (i.e., First Avenue) are shown 

in Exhibit 16-34. The results for Intersections 2, 3, and eastbound Intersection 4 
are similar. In contrast, Intersections 5 and 6 are associated with a shorter 
segment length, lower speed limit, and higher pedestrian volume, so their 
operation is different from that of the other intersections. The results for 
Intersection 5 (i.e., Fifth Avenue) are shown in Exhibit 16-35. Intersection 6 and 
westbound Intersection 4 have similar results. 

Intersection A roach 
First Avenue BasIc lJesa1, tion 

Int. delay, sJveh 
21.8 

e, " 

Intersection Evaluation Summa 
Eastbound Westbound 

L T R L R 
5 2 12 1 16 

80 640 80 80 64" 80 
100 100 
1 1 
1 1 

0.19 0.59 0.09 0.16 0.59 0,09 
10.01 7.99 9,00 7.40 16.60 11.49 
0.51 0.22 0.34 0.38 0.56 0.42 

B • • • • • 
Ad-acent to Eastbound Ar.l"acent to Westbound 

148,1 148,1 
Crossin maor Crossin mo , 

74.0 74.0 
4],3 42.3 
2,67 2,67 

• • 
n,a, n,a. 
4.27 4,27 

E 

Northbound Southbound 

l RT L T RT 
3 18 7 4 14 
60 480 60 60 480 6(} 

100 lOO 
1 1 
2 2 

0,36 0.62 0.62 0.:10 0.62. 0.62 
43.19 34.26 34.30 43.19 34,26 34.30 
O.BS 0.77 0.77 0.85 0,77 0,77 

D C C D C C 

M"acent to Northbound M cent to Southbound 
148,1 148,1 

C Crossin minor 
82.4 
42.3 
2.65 

• 
n,a, n.a. 
2,83 2,83 

C 

Both exhibits indicate that the vehicular through movements on the facility 
(Le., eastbound Movement 2 and westbound Movement 6) operate with very low 
delay and few stops. For the eastbound through movement, the LOS is A at 
Intersection 1 and B at Intersection 5. The LOS is B for the westbound through 
movement at both intersections. l;:'elative to Example Problem 1, the delay for the 
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through movements has increased by a few seconds at both intersections. 
However, this increase is sufficient to lower the LOS designation for only the 
eastbound through movement at Intersection 5. 

Intersection 
Fifth Avenue 

21.6 
Int. levelofservi 

C 

L 
5 

80 

0.18 
9.60 
0.51 
A 

Eastbound 

T R 
2 12 

640 80 
JOO 

1 
1 

0.59 0,10 
11.83 4.74 
0.39 0.19 

• A 

Intersection EvalU<ltlon Summa 
Westbound 

L T R 
1 • , . 

80 640 BO 
300 

1 
1 

0.17 0.59 0,10 
9.25 13.32 6.16 
0.49 0,45 0.24 

A B A 

Northbound Southbound 

L T RT l T 
3 8 ,. 7 4 

60 480 6D 60 480 
300 300 

1 1 , 2 

0,36 0.62 0,62 0,36 0,62 
'\3.12 34.18 31.22 43.12 34.18 
0.86 0.7B 0.78 0.86 0.78 
D C C D C 

RT ,. 
60 

0.62 
34.22 
0.78 

C 

Ad'acent to Eastbound Ad"acentto Westbound Adiacent to Northbourd Arl'acent to SauUlbound 
33.0 33.0 33.0 33.0 

Crosslnc rna r Crossin maor Crossin minor [rossi mino 
23,8 23.8 26,6 26,6 
42,3 42.3 42..3 42,3 
2.61 2.61 2.62 2.62 

• • B B 

n.a. n.<I. n.<I. 
4,27 4.27 2.83 2.83 

E E C C 

Pedestrian circulation area on the corners of Intersection 1 is generous. 
However, corner circulation area at Intersection 5 is constrained, with 
pedestrians frequently needing to adjust their path to avoid slower pedestrians. 
Regardless, this condition is improved from Example Problem 1 and reflects the 
provision of wider sidewalks. 

Relative to Example Problem 1, the reduction in lanes has reduced the time 
provided to pedestrians to cross the major street. This reduction resulted in 
larger pedestrian groups using the crosswalk and a slight reduction in crosswalk 
pedestrian space. At Intersection 1, pedestrian space is generous. However, 
pedestrian space is constrained at Intersection 5, with pedestrians having limited 
ability to pass slower pedestrians as they cross the street. 

At each intersection, pedestrians experience an average wait of about 42 s at 
the corner to cross the street in any direction. At both intersections, the 
pedestrian LOS is B for the major-street crossing and the minor-street crossing. 
The LOS designation has improved at Intersection 1 by one letter, relative to 
Example Problem 1, and remains unchanged at Intersection 5. 

Bicycle lanes are not provided at any intersection, so bicycle delay is not 
computed. The lack of a bicycle lane combined with a high traffic volume results 
in a bicycle LOS E on the eastbound and westbound approaches of Intersection 1 
and Intersection 5. This level is noted to be worse than the LOS D identified in 
Example Problem 1 because the traffic volume per lane has doubled. 

Segment Evaluation 

The results of the evaluation of Segment 1 (Le., First Avenue to Second 
Avenue) are shown in Exhibit 16-36. The results for Segments 2 and 3 are similar. 
In contrast, Segments 4 and 5 are associated with a shorter segment length, lower 
speed Bmit, and higher pedestrian volume, so their operation is different from 
that of the other intersections. The results for Segment 5 (i.e., Fifth Avenue to 
Sixth Avenue) are shown in Exhibit 16-37. Segment 4 has similar results. 
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Exhibit 16-36 
Example Problem 3: 

Segment 1 Evaluation 

Exhibit 16-37 
Example Problem 3: 

Segment 5 Evaluation 

Example Problems 

Seqment Evaluation Summary 
Segment Travel Oirection Eastbound I Westbound 
First Avenue Bask Description 
to Speed limit, mi/h 35 35 
Second Avenue Vehicle volume, veh/h 800 I 800 

Through lanes In 1 I 1 
Segment length, ft Vehicle Level of Service 

1,320 Base free-flow speed mi/h 37.4 37.4 
Travel speed ml/h 20.0 19.5 
Spatial stop rate, stops/ml 2.05 2.22 
level of service C C 
Pedestrian Level of Service 
Pedestrian space ft2/p 737.9 737.9 
Pedestrian travel speed, ft/s 3.55 3.55 
Pedestrian lOS score 2.89 2.89 
level of service C C 
Bicycle Level of Service 
Bicycle travel speed, mi/h I No bicycle lane. I No bicycle la ne. 
Bicycle LOS score 4.70 4.70 
Level of service I E I E 
Trsnsit Level afSel'Vk::e 
Transit travel speed mi/h I 10.5 I 10.2 
Tra nsit LOS score 3.38 3.41 
Level of service I C I c 

Se ment Evaluation Summary 
Segment Travel Direction I Eastbound I Westbound 
Fifth Avenue Basic Description 
to Speed limit mi/h I 30 I 30 
Sixth Avenue Vehicle volume, veh/h 800 800 

Through lanes, In I 1 I 1 
Segment length, ft Vehicle Level of Service 

660 Base free-flow speed mi/h 35.3 35.3 
Travel speed, mi/h 14.9 14.5 
Spatial stop rate, stops/mi 3.35 3.59 
level of service D D 
Pedestrian Level of Service 
Pedestrian space ft2/p 201.4 201.4 
Pedestrian travel speed ft/s 3.18 3.18 
Pedestrian LOS score 2.87 2.87 
level of service C C 
BIC:YC/e Level of Sel'Vice 
Bicycle travel speed, mi/h No bicycle lane. No bicycle lane. 
Bicycle LOS score I 4.94 4.94 
level of service I E E 
Transit Level of Sel'lfice 
Transit travel speed, mi/h L 6.2 14.5 
Transit LOS score I 3.84 3.01 
level of service I D C 

Exhibit 16-36 indicates that the vehicular through movements on Segment 1 
in the eastbound and westbound travel directions have a travel speed of about 
20 mi/h (i.e., about 53% of the base free-flow speed). LOS C applies to both 
movements. In contrast, Exhibit 16-37 indicates that the through movements 
have a travel speed of only about 15 mi/h on Segment 5 (or 42% of the base free
flow speed), which is LOS D. Vehicles stop at a rate of about 2.1 stops/mi on 
Segment 1 and about 3.5 stops/mi on Segment 5. Relative to Example Problem I, 
conditions have degraded for vehicles traveling along these segments, but not 
enough to drop the LOS designation. 

Pedestrian space on the sidewalk along the segment is generous on 
Segment 1 and adequate on Segment 5. These cl1aracterizations are based on 
Exhibit 16-11 and an assumed dominance of platoon flow for Segments 4 and 5. 
Pedestrians on these sidewalks can walk freely without having to alter their path 
to accommodate other pedestrians. Relative to Example Problem I, the sidewalks 
are more distant from the traffic lanes, and crossing the street at a midsegment 
location is easier because of the raised-curb median. As a result, the pedestrian 
LOS is improved on all segments (i.e., from LOS D to C). 
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Bicycle lanes are not provided along the segment, so bicycle travel speed is 
not computed. The lack of a bicycle lane combined with a high traffic volume 
results in a bicycle LOS E for both directions of travel on Segment 1 and 
Segment 5. Relative to Example Problem 1, conditions have degraded for 
bicyclists on all segments, and the LOS for Segment 1 has dropped by one level. 
This reduction in service is due largely to the increased density of vehicles in the 
mixed traffic lanes. 

Transit travel speed is about 10 mi/h on Segment 1 and corresponds to 
LOS C. On Segment 5, the travel speed is about 6 mi/h and 14 mi/h in the 
eastbound and westbound directions, respectively. The low speed for the 
eastbound direction results in LOS D. The higher speed for the westbound 
direction is due to the lack of a westbound transit stop on Segment 5. It results in 
LOS C. Relative to Example Problem 1 the slower travel speed has increased the 
transit LOS scores, but not enough to change the designated service level. 

Facility Evaluation 

The methodology described in Section 2 is used to compute the aggregate 
performance measures for each travel direction along the facility. The results are 
shown in Exhibit 16-38. This exhibit indicates that the vehicle travel speed is 
about 19 mi/h in each travel direction (or 50% of the base free-flow speed). An 
overall LOS C applies to both vehicular movements on the facility; however, it is 
noted that LOS D applies to Segments 4 and 5. Vehicles incur stops along the 
facility at a rate of about 2.3 stops/mi. Relative to Example Problem I, vehicular 
LOS has degraded, but not enough to drop the LOS designation. 

I I length, It 
5,280 

Pedestrian space on the sidewalk along the facility is generous. Pedestrians 
on the sidewalks can walk freely without having to alter their path to 
accommodate other pedestrians. Increasing the separation between the sidewalk 
and traffic lanes and improving pedestrians' ability to cross the street (by adding 
a raised-curb median) result in an overall pedestrian LOS C for both directions of 
travel. This level compares favorably with the LOS D indicated in Example 
Problem 1. 
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Example Problems 

Bicycle lanes are not provided along the facility, so bicycle travel speed is not 
computed. The lack of a bicycle lane combined with a high traffic volume results 
in an overall bicycle LOS E for both directions of travel. Conditions have 
degraded slightly, relative to Example Problem 1, but not enough to drop the 
LOS designation. 

Transit travel speed is about 10 mi/h on the facility in each direction of travel. 
An overall LOS C is assigned to each direction. Conditions have degraded 
slightly, relative to Example Problem 1, but not enough to drop the transit LOS 
designation. 
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1. INTRODUCTION 

Chapter 17, Urban Street Segments, describes a methodology for evaluating 
the capacity and quality of service provided to road users traveling along an 
urban street segment. However, the methodology is much more than just a tool 
for evaluating capacity and quality of service. The methodology includes an 
array of performance measures that more fully describes segment operation for 
multiple travel modes. These measures serve as clues in identifying the source of 
problems and provide insight into the development of effective improvement 
strategies. The analyst is encouraged to consider the full range of measures when 
using this methodology. 

OVERVIEW OF THE METHODOLOGY 

This chapter's methodology is applicable to an urban or suburban street 
segment. The segment can be part of an arterial or collector street with one-way 
or two-way vehicular traffic flow. The intersections on the segment can be 
signalized or unsignalized. 

Analysis Boundaries 

The segment analysis boundary is defined by the roadway right-of-way and 
the operational influence area of each boundary intersection. The influence area 
of a boundary intersection extends backward from the intersection on each 
intersection leg. The size of this area is leg-specific and includes the most distant 
extent of any intersection-related queue expected to occur during the study 
period. For these reasons, the analysis boundaries should be established for each 
intersection on the basis of the conditions present during the analysis period. 
Practically speaking, the influence area should extend at least 250 ft back from 
the stop line on each intersection leg. 

Analysis level 
Analysis level describes the level of detail used in applying the methodology. 

Three levels are recognized: 

• Operational, 

• Design, and 

• Planning and preliminary engineering. 

The operational analysis is the most detailed application and requires the 
most information about the traffic, geometric, and signalization conditions. The 
design analysis also requires detailed information about the traffic conditions 
and the desired level of service (LOS) as well as information about either the 
geometric or signalization conditions. The design analysis then seeks to 
determine reasonable values for the conditions not provided. The planning and 
preliminary engineering analysis requires only the most fundamental types of 
information from the analyst. Default values are then used as substitutes for 
other input data. The subject of analysis level is discussed in more detail in the 
Applications section of this chapter. 
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Exhibit 17-1 
Three Alternative Study 

Approaches 

Introduction 

Study Period and Analysis Period 

The study period is the time interval represented by the performance 
evaluation. It consists of one or more consecutive analysis periods. An analysis 
period is the time interval evaluated by a single application of the methodology. 

The methodology is based on the assumption that traffic conditions are 
steady during the analysis period (i.e., systematic change over time is negligible). 
For this reason, the duration of the analysis period is in the range of 0.25 to 1 h. 
The longer durations in this range are sometimes used for planning analyses. In 
general, the analyst should use caution with analysis periods that exceed 1 h 
because traffic conditions are not typically steady for long time periods and 
because the adverse impact of short peaks in traffic demand may not be detected 
in the evaluation. 

If an analysis period of interest has a demand volume that exceeds capacity, 
then the study period should include an initial analysis period with no initial 
queue and a final analysis period with no residual queue. This approach 
provides a more accurate estimate of the delay associated with the congestion. 

If evaluation of multiple analysis periods is determined to be important, then 
the performance estimates for each period should be separately reported. In this 
situation, reporting an average performance for the study period is not 
encouraged because it may obscure extreme values and suggest acceptable 
operation when in reality some analysis periods have unacceptable operation. 

Exhibit 17-1 demonstrates three alternative approaches an analyst might use 
for a given evaluation. Note that other alternatives exist and that the study 
period can exceed 1 h. Approach A is the one that has traditionally been used 
and, unless otherwise justified, is the one that is recommended for use. 

Approach A 

Study Period = 1.0 h 

Single analysis period 
T = 0.25 h 

~ - analysis period 

Approach B 

Study Period = 1.0 h 

Single analysis period 
T = 1.0 h 

Approach C 

Study Period = 1.0 h 

Multiple analysis periods 
T = 0.25 h 

Time 

Approach A is based on the evaluation of the peak IS-min period during the 
study period. The analysis period Tis 0.25 h. The equivalent hourly flow rate 
used for the analysis is based on either a peak IS-min traffic count multiplied by 
four or a I-h demand volume divided by the peak hour factor. The former option 
is preferred whenever traffic counts are available. The peak hour factor equals 
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the hourly count of vehicles divided by four times the peak 15-min count for a 
common hour interval. It is provided by the analyst or operating agency. 

Approach B is based on the evaluation of one 1-h analysis period that is 
coincident with the study period. The analysis period Tis 1.0 h. The flow rate 
used is equivalent to the 1-h demand volume (Le., the peak hour factor is not 
used). This approach implicitly assumes that the arrival rate of vehicles is 
constant throughout the period of study. Therefore, the effects of peaking within 
the hour may not be identified, and the analyst risks underestimating the delay 
actually incurred. 

Approach C uses a 1-h study period and divides it into four 0.25-h analysis 
periods. This approach accounts for systematic flow rate variation among 
analysis periods. It also accounts for queues that carryover to the next analysis 
period and produces a more accurate representation of delay. 

Performance Measures 

A street segment's performance is described by the use of one or more 
quantitative measures that characterize some aspect of the service provided to a 
specific road-user group. Performance measures cited in this chapter include 
automobile travel speed, automobile stop rate, automobile traveler perception 
score, pedestrian travel speed, pedestrian space, pedestrian perception score, 
bicycle travel speed, bicycle perception score, transit vehicle travel speed, transit 
wait-ride score, and transit passenger perception score. 

LOS is also considered a performance measure. It is computed for the 
automobile, pedestrian, bicycle, and transit travel modes. It is useful for 
describing segment performance to elected officials, policy makers, 
administrators, or the public. LOS is based on one or more of the performance 
measures listed in the previous paragraph. 

Travel Modes 

This chapter describes a separate methodology for evaluating urban street 
performance from the perspective of motorists, pedestrians, bicyclists, or transit 
passengers. These methodologies are referred to as the automobile methodology, 
pedestrian methodology, bicycle methodology, and transit methodology. 

Each methodology consists of a set of procedures for computing the quality 
of service provided to one mode. Collectively, they can be used to evaluate the 
urban street segment operation from a multimodal perspective. 

Each methodology is focused on the evaluation of a street segment (with 
consideration given to the intersections that bound it). The aggregation of 
segment performance measures to obtain an estimate of facility performance is 
described in Chapter 16, Urban Street Facilities. Methodologies for evaluating the 
intersections on the urban street are described in Chapters 18 to 22. 

The four methodologies described in this chapter are based largely on the 
products of two National Cooperative Highway Research Program projects (1,2). 
Contributions to the methodology from other research are referenced in the 
relevant sections. 
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For the automobile 
methodolog~ a segment 
evaluation considers both 
directions of travel (when the 
street serves two-way traffic). 

Introduction 

The h'ansit methodology described in this chapter is applicable to the 
evaluation of passenger service provided by local public transit vehicles 
operating in mixed traffic or exclusive lanes and stopping along the street. 
Nonlocal transit vehicle speed and delay are evaluated by using the automobile 
methodology. 

The phrase automobile mode, as used in this chapter, refers to travel by all 
motorized vehicles that can legally operate on the street, with the exception of 
local transit vehicles that stop to pick up passengers along the street. Unless 
explicitly stated otherwise, the word vehicles refers to motorized vehicles and 
includes a mixed stream of automobiles, motorcycles, trucks, and buses. 

Lane Groups and Movement Groups 

Lane group and movement group are phrases used to define combinations of 
intersection movements for the purpose of evaluating signalized intersection 
operation. These two terms are used extensively in Chapter 18, Signalized 
Intersections. They are also used in this chapter when the boundary intersection 
is signalized. 

The automobile methodology in d1apter 18 is designed to evaluate the 
performance of designated lanes, groups of lanes, an intersection approach, and 
the entire intersection. A lane or group of lanes designated for separate analysis 
is referred to as a lane group. In general, a separate lane group is established for 
(a) each lane (or combination of adjacent lanes) that exclusively serves one 
movement and (b) each lane shared by two or more movements. 

The concept of movement groups is also established to facilitate data entry. A 
separate movement group is established for (a) each turn movement with one or 
more exclusive tum lanes and (b) the through movement (inclusive of any turn 
movements that share a lane). 

URBAN STREET SEGMENT DEFINED 

For the purpose of analysis, the roadway is separated into individual 
elements that are physically adjacent and operate as a single entity in serving 
travelers. Two elements are commonly found on an urban street system: points 
and links. A point represents the boundary between links and is represented by 
an intersection or ramp terminal. A link represents a length of roadway between 
two points. A link and its boundary points are referred to as a segment. 

Previous editions of this manual have allowed the evaluation of one 
direction of travel along a segment (even when it served two-way traffic). This 
approach is retained in this chapter for the analysis of bicycle and transit 
performance. For the analysis of pedestrian performance, this approach 
translates into the evaluation of sidewalk and street conditions on one side of the 
segment. 

For the analysis of automobile performance, an analysis of only one travel 
direction (when the street serves tvvo-way traffic) does not adequately recognize 
the interactions between vehicles at the boundary intersections and their 
influence on segment operation. For example, the automobile methodology in 
this edition of the Highway Capacity Manual (HCM) explicitly models the platoon 
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formed by the signal at one end of the segment and its influence on the operation 
of the signal at the other end of the segment. For these reasons, it is important to 
evaluate both travel directions on a two-way segment. 

Points and Segments 

The link and its boundary points must be evaluated together to provide an 
accurate indication of overall segment performance. For a given direction of 
travel along the segment, link and downstream point performance measures are 
combined to determine overall segment performance. 

If the subject segment is within a coordinated signal system, then the 
following rules apply when the segment boundaries are identified: 

• A signalized intersection (or ramp terminal) is always used to define a 
segment bOlilldary. 

• Only intersections (or ramp terminals) at which the segment through 
movement is uncontrolled (e.g., a two-way STOP-controlled intersection) 
can exist along the segment between the boundaries. 

If the subject segment is not within a coordinated signal system, then the 
following rules apply when the segment boundaries are identified: 

• An intersection (or ramp terminal) having a type of control that can 
impose on the segment through movement a legal requirement to stop or 
yield must always be used to define a segment boundary. 

• An intersection (or ramp terminal) at which the segment through 
movement is lillcontrolled (e.g., a two-way STOP-controlled intersection) 
may be used to define a segment boundary, but it is typically not done. 

A midsegment traffic control signal provided for the exclusive use of 
pedestrians should not be used to define a segment boundary. This restriction 
reflects the fact that the methodologies described here were derived for, and 
calibrated with data from, street segments bounded by an intersection. 

An access point intersection is an unsignalized intersection with one or two 
access point approaches to the segment. The approach can be a driveway or a 
public street. The through movements on the segment are uncontrolled at an 
access point intersection. 

Segment length Considerations 

When a segment has a "short" length, then the interaction between traffic 
movements and traffic control devices at the two boundary intersections is 
sufficiently complex that a separate analysis of each element will not provide an 
accurate indication of urban street performance. This complication can occur 
regardless of the type of control present at the two boundary intersections; 
however, it is particularly complicated when the two intersections are signalized. 
The automobile methodology described in this chapter is not appropriate for the 
analysis of short segments. In contrast, the methodology described in Chapter 22, 
Interchange Ramp Terminals, is appropriate for the analysis of short segments at 
signalized interchanges. 
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All uses of the word "volume" 
or the phrase "volume-to
capacity ratio" in this chapter 
refer to demand volume or 
demand-volume-to-capacity 
ratio. 

Introduction 

It is difficult to define specific conditions under which a segment is short. 
However, two general rules apply in making this determination. First, a segment 
is considered to be short if the queue frequently extends back from one 
intersection into the other intersection (I.e., spills back) during the analysis 
period. Second, a segment is considered to be short if the through signal phase 
duration at the downstream intersection is longer than that needed to serve all 
the vehicles that store on the segment plus any vehicles that can enter it from the 
upstream signalized intersection while the downstream phase is green. This 
situation results in /I demand starvation." It leads to the inefficient use of the 
downstream through phase and the retention of unserved vehicles on the 
approaches to the upstream intersection. In general, segments that are bounded 
by signalized intersections and are shorter than 400 ft may experience one or 
both of these conditions. 

Platoons formed at a signalized intersection are typically dispersed by the 
time they reach a point about 0.6 mi downstream of the signal. This distance can 
vary depending on the amount of access point activity along the street and the 
speed of the traffic stream. Regardless, the influence of platoons on urban street 
operation is very likely to be negligible when segment length exceeds 2 mi. 
Therefore, if a segment exceeds 2 mi in length and its boundary points are 
signalized, then the analyst should evaluate the segment as an uninterrupted
flow highway segment with isolated intersections. 

LOS CRITERIA 

This subsection describes the LOS criteria for the automobile, pedestrian, 
bicycle, and transit modes. The criteria for the automobile mode are different 
from the criteria used for the nonautomobile modes. Specifically, the automobile 
mode criteria are based on performance measures that are field-measurable and 
perceivable by travelers. The criteria for the pedestrian and bicycle modes are 
based on scores reported by travelers indicating their perception of service 
quality. The criteria for the transit mode are based on measured changes in 
transit patronage due to changes in service quality. 

Automobile Mode 

Two performance measures are used to characterize vehicular LOS for a 
given direction of travel along an urban street segment. One measure is travel 
speed for through vehicles. This speed reflects the factors that influence running 
time along the link and the delay incurred by through vehicles at the boundary 
intersection. The second measure is the volume-to-capacity ratio for the through 
movement at the downstream boundary intersection. These performance 
measures indicate the degree of mobility provided by the segment. The following 
paragraphs characterize each service level. 

LOS A describes primarily free-flow operation. Vehicles are completely 
unimpeded in their ability to maneuver within the traffic stream. Control delay 
at the boundary intersection is minimal. The travel speed exceeds 85% of the base 
free-flow speed, and the volume-to-capacity ratio is no greater than 1.0. 

LOS B describes reasonably unimpeded operation. The ability to maneuver 
within the traffic stream is only slightly restricted, and control delay at the 
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boundmy intersection is not significant. The travel speed is between 67% and 
85% of the base free-flow speed, and the volume-to-capacity ratio is no greater 
than 1.0. 

LOS C describes stable operation. The ability to maneuver and change lanes 
at midsegment locations may be more restricted than at LOS B. Longer queues at 
the boundary intersection may contribute to lower travel speeds. The travel 
speed is between 50% and 67% of the base free-flow speed, and the volume-to
capacity ratio is no greater than 1.0. 

LOS 0 indicates a less stable condition in which small increases in flow may 
cause substantial increases in delay and decreases in travel speed. This operation 
may be due to adverse signal progression, high volume, or inappropriate signal 
timing at the boundary intersection. The travel speed is between 40% and 50% of 
the base free-flow speed, and the volume-to-capacity ratio is no greater than 1.0. 

LOS E is characterized by unstable operation and significant delay. Such 
operations may be due to some combination of adverse progression, high 
volume, and inappropriate signal timing at the boundary intersection. The travel 
speed is between 30% and 40% of the base free-flow speed, and the volume-to
capacity ratio is no greater than 1.0. 

LOS F is characterized by flow at extremely low speed. Congestion is likely 
occurring at the boundary intersection, as indicated by high delay and extensive 
queuing. The travel speed is 30% or less of the base free-flow speed, or the 
volume-to-capacity ratio is greater than 1.0. 

Exhibit 17-2 lists the LOS thresholds established for the automobile mode on 
urban streets. 

Travel Speed as a 
Percentage of Base Free

FlowS eed % 
>85 

>67-85 
>50-67 
>40-50 
>30-40 

:530 

LOS by Volume-to-Capacity Ratioa 

::i1.0 > 1.0 
A F 
B F 
C F 
D F 
E F 
F F 

Note: ·Volume-to-capacity ratio of through movement at downstream boundary intersection. 

Nonautomobile Modes 

Historically, this manual has used a single performance measure as the basis 
for defining LOS. However, research documented in Chapter 5, Quality and 
Level-of-Service Concepts, indicates that travelers consider a wide variety of 
factors when they assess the quality of service provided to them. Some of these 
factors can be described as performance measures (e.g., speed), and others can be 
described as basic descriptors of the urban street character (e.g., sidewalk width). 
The methodology for evaluating each mode provides a procedure for 
mathematically combining these factors into a score. This score is then used to 
determine the LOS that is provided for a given direction of travel along a 
segment. 
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Exhibit 11-3 
LOS Criteria: Pedestrian 

Mode 

Exhibit 11-4 
LOS Criteria: Bicycle and 

Transit Modes 

Introduction 

Exhibit 17-3 lists the scores associated with each LOS for the pedestrian 
travel mode. The LOS for this particular mode is determined by consideration of 
both the LOS score and the average pedestrian space on the sidewalk. The 
applicable LOS for an evaluation is determined from the table by finding the 
intersection of the row corresponding to the computed score value and the 
column corresponding to the computed space value. 

Pedestrian lOS bll Average Pedestrian SRace (ftllRl 
lOS Score >60 >40-60 >24-40 >15--24 >S.O-lSa < S.Oa 

<2.00 A I B 
I 

C D E F 
>2.00-2.75 B B C D E F 
>2.75-3.50 C C C D E F 
>3.50-4.25 D D D D E F 
>4.25-5.00 E E E E E F 

>5.00 F F F F F F 
Note: "In cross-flow situations, the LOS EjF threshold IS 13 ft2jp. 

The association between LOS score and LOS is based on traveler perception 
research. Travelers were asked to rate the quality of service associated with a 
specific trip along an urban street. The letter JI A" was used to represent the 
"best" quality of service, and the letter "F" was used to represent the "worst" 
quality of service. "Best" and "worst" were left lmdefined, allowing the 
respondents to identify the best and worst conditions on the basis of their 
traveling experience and perception of service quality. 

Exhibit 17-4 lists the range of scores that are associated with each LOS for the 
bicycle and transit modes. This exhibit is also applicable for determining 
pedestrian LOS when a sidewalk is not available. 

REQUIRED INPUT DATA 

lOS 
A 
B 
C 
D 
E 
F 

lOS Score 
~2.00 

>2.00-2.75 
>2.75-3.50 
>3.50-4.25 
>4.25-5.00 

>5.00 

This subsection describes the required input data for the automobile, 
pedestrian, bicycle, and transit methodologies. Default values for some of these 
data are described in Section 3, Applications. 

Automobile Mode 

This part describes the input data needed for the automobile methodology. 
The data are listed in Exhibit 17-5 and are identified as "input data elements." 
They must be separately specified for each direction of travel on the segment and 
for each boundary intersection. 

The last column in Exhibit 17-5 indicates whether the input data are needed 
for a movement group at a boundary intersection, the overall intersection, or the 
segment. The input data needed to evaluate the boundary intersections are 
identified in the appropriate chapter (Le., Chapters 18 to 22). 

Page 17-8 Chapter 17/Urban Street Segments 
December 2010 

AR0074168 



( 

( 

( 

Highway Capacity Manual 20 10 

The data elements listed in Exhibit 17-5 do not include variables that are 
considered to represent calibration factors (e.g., acceleration rate). Default values 
are provided for these factors because they typically have a relatively narrow 
range of reasonable values or they have a small impact on the accuracy of the 
performance estimates. The recommended value for each calibration factor is 
identified at relevant points in the presentation of the methodology. 

Data Category 
Traffic 

characteristics 

Geometric design 

Other 

Performance 
measures 

location 
Boundary 

intersection 

Segment 

Boundary 
intersection 

Segment 

Segment 

Boundary 
intersection 

Input Data Element 

Demand flow rate 

Access point flow rate 
Midsegment flow rate 

Number of lanes 
Upstream intersection width 

Turn bay length 
Number of through lanes 

Number of lanes at access pOints 
Turn bay length at access points 

Segment length 
Restrictive median length 

Proportion of segment with curb 
Number of access point approaches 

Analysis period duration 
Speed limit 

Through control delay 
Through stopped vehicles 

2nd- and 3rd-term back-of-queue 
size 

Basis 

Movement group 

Movement group 
Segment 

Movement group 
Intersection 

Segment approach 
Segment 

Segment approach 
Segment approach 

Segment 
Segment 
Segment 
Segment 
Segment 
Segment 

Through-movement group 
Through-movement group 
Through-movement group 

capacity Movement group 
Segment Midsegment delay Segment 

Midsegment stops Segment 
Notes: Movement group = one value for each turn movement with exclusive lanes and one value for the through 

movement (inclusive of any turn movements in a shared lane). 
Through-movement group = one value for the segment through movement at the downstream boundary 

intersection (inclusive of any turn movements in a shared lane). 
Segment = one value or condition for each direction of travel on the segment. 
Segment approach = one value or condition for each Intersection approach on the subject segment. 

Traffic Characteristics Data 

This subpart describes the traffic characteristics data listed in Exhibit 17-5. 
These data describe the motorized vehicle traffic stream traveling along the street 
during the analysis period. 

Demand Flow Rate 

The demand flow rate for an intersection traffic movement is defined as the 
count of vehicles arriving at the intersection during the analysis period, divided 
by the analysis period duration. It is expressed as an hourly flow rate, but it may 
represent an analysis period shorter than 1 h. Guidance for estimating this rate is 
provided in the chapter that corresponds to the boundary intersection 
configuration (i.e., Chapters 18 to 22). 
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Access Point Flow Rate 

The access point flow rate is defined as the count of vehicles arriving at an 
access point intersection during the analysis period, divided by the analysis 
period duration. It is expressed as an hourly flow rate, but it may represent an 
analysis period shorter than 1 h. It should represent a demand flow rate. It is 
needed for aU intersecting movements at each active access point intersection. 

An access point approach is considered to be active if it has sufficient volume 
to have some impact on segment operations during the analysis period. As a rule 
of thumb, an access point approach is considered active if it has an entering flow 
rate of 10 vehicles per hour (veh/h) or more during the analysis period. 

If the segment has many access point intersections that are considered 
inactive but collectively have some impact on traffic flow, those intersections can 
be combined into one equivalent active access point intersection. Each 
nonpriority movement at the equivalent access point intersection has a How rate 
that is equal to the sum of the corresponding nonpriority movement How rates of 
each of the individual inactive access points. 

There is one exception to the aforementioned definition of access point How 
rate. Specifically, if a planning analysis is being conducted in which (a) the 
projected demand coincides with a I-h period and (b) an analysis of the peak 15-
min period is desired, then each movement's hourly demand can be divided by 
the intersection peak hour factor to predict the How rate during the peak 15-min 
period. The peak hour factor used should be based on local traffic peaking 
trends. 

Midsegment Flow Rate 

The midsegment How rate is defined as the count of vehicles traveling along 
the segment during the analysis period, divided by the analysis period duration. 
It is expressed as an hourly How rate, but it may represent an analysis period 
shorter than 1 h. This volume is specified separately for each direction of travel 
along the segment. 

If one or more access point intersections exist along the segment, then the 
midsegment flow rate should be measured at a location between these 
intersections (or between an access point and boundary intersection). The 
location chosen should be representative in terms of its having a How rate similar 
to other locations along the segment. If the How rate is believed to vary 
significantly along the segment, then it should be measured at several locations 
and an average used in the methodology. 

There is one exception to the aforementioned definition of midsegment How 
rate. Specifically, if a planning analysis is being conducted in which (a) the 
projected demand coincides with a I-h period and (b) an analysis of the peak 15-
min period is desired, then each movement's hourly demand can be divided by 
the peak hour factor to predict the How rate during the peak 15-min period. The 
peak hour factor used should be based on local traffic peaking trends. 
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Geometric Design Data 

This subpart describes the geometric design data listed in Exhibit 17-5. These 
data describe the geometric elements of the segment or intersections that are 
addressed in the automobile methodology. 

Number of Lanes 

The number of lanes at the boundary intersection represents the count of 
lanes that are provided for each intersection traffic movement. For a turn 
movement, this count represents the lanes reserved for the exclusive use of 
turning vehicles. Turn movement lanes include turn lanes that extend backward 
for the length of the segment and lanes in a turn bay. Lanes that are shared by 
two or more movements are included in the count of through lanes and are 
described as shared lanes. If no exclusive turn lanes are provided, then the turn 
movement is indicated to have 0 lanes. 

Upstream Intersection Width 

The intersection width applies to the upstream boundary intersection for a 
given direction of travel and represents the effective width of the cross street. On 
a two-way street, it represents the distance between the stop (or yield) line for 
the two opposing segment through movements at the boundary intersection, as 
measured along the centerline of the segment. On a one-way street, it represents 
the distance from the stop line to the far side of the most distant traffic lane on 
the cross street. 

Turn Bay Length 

Turn bay length represents the length of the bay at the boundary intersection 
for which the lanes have full width and in which queued vehicles can be stored. 
Bay length is measured parallel to the roadway centerline. If there are multiple 
lanes in the bay and they have differing lengths, then the length entered should 
be an average value. 

If a two-way left-turn lane is provided for left-turn vehicle storage and 
adjacent access points exist, then the bay length entered should represent the 
effective storage length available to the left-hIm movement. The determination 
of effective length is based on consideration of the adjacent access points and 
their associated left-turning vehicles that store in the two-way left-turn lane. 

Number of Through Lanes 

The number of through lanes on the segment represents the count of lanes 
that extend for the length of the segment and serve through vehicles (even if a 
lane is dropped or added at a boundary intersection). This count is specified 
separately for each direction of travel along the segment. A lane provided for the 
exclusive use of turning vehicles is not included in this count. 

Number of Lanes at Access Points 

The number of lanes at an access point intersection represents the count of 
lanes that are provided for each h'affic movement at the intersection. The method 
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for determining this number follows the same guidance provided in a previous 
paragraph for number of lanes at boundary intersections. 

Turn Bay Length at Access Points 

Turn bay length represents the length of the bay at the access point 
intersection for which the lanes have full width and in which queued vehicles 
can be stored. This length is needed for both segment approaches to the access 
point intersection. The method for determining this length follows the same 
guidance provided in a previous paragraph for turn bay length at boundary 
intersections. 

Segment Length 

Segment length represents the distance between the boundary intersections 
that define the segment. The point of measurement at each intersection is the 
stop line, the yield line, or the functional equivalent in the subject direction of 
travel. This length is measured along the centerline of the street. If it differs in the 
two travel directions, then an average length is used. 

The link length is used in some calculations. It is computed as the segment 
length minus the width of the upstream boundary intersection. 

Restrictive Median Length 

The restrictive median length represents the length of street with a restrictive 
median (e.g., raised curb). This length is measured from median nose to median 
nose along the centerline of the street. It does not include the length of any 
median openings on the street. 

Proportion of Segment with Curb 

The proportion of the segment with curb represents that portion of the link 
length that has curb along the right side of the segment. This proportion is 
computed as the length of street with a curbed cross section divided by the link 
length. The length of street with a curbed cross section is measured from the start 
of the curbed cross section to the end of the curbed cross section on the link. The 
width of driveway openings is not deducted from this length. This value is input 
for each direction of h'avel along the segment. 

Number of Access Point Approaches 

The number of access point approaches along a segment represents the count 
of unsignalized driveway and public street approaches to the segment, 
regardless of the traffic demand entering the approach. This number is counted 
separately for each side of the segment. It must equal or exceed the number of 
active access points for which delay to segment through vehicles is computed. If 
the downstream boundary intersection is unsignalized, its cross-street approach 
on the right-hand side (in the direction of travel) is included in the count. 

Other Data and Petformance Measures 

This subpart describes the data listed in Exhibit 17-5 that are categorized as 
"other data" or "performance measures." 
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Analysis Period Duration 

The analysis period is the time interval considered for the performance 
evaluation. Its duration is in the range of IS min to 1 h, with longer durations in 
this range sometimes used for planning analyses. In general, the analyst should 
use caution in interpreting the results from an analysis period of 1 h or more 
because the adverse impact of short peaks in traffic demand may not be detected. 
Also, if the analysis period is other than IS min, then the peak hour factor should 
not be used. 

The methodology was developed to evaluate conditions in which queue 
spHlback does not affect the performance of the subject segment or either 
boundary intersection during the analysis period. If spillback affects 
performance, the analyst should consider using an alternative analysis tool that 
is able to model the effect of spillback conditions. 

Operational Analysis. A IS-min analysis period should be used for operational 
analyses. This duration will accurately capture the adverse effects of demand 
peaks. Any IS-min period of interest can be evaluated with the methodology; 
however, a complete evaluation should always include an analysis of conditions 
during the IS-min period that experiences the highest traffic demand during a 
24-h period. 

If traffic demand exceeds capacity for a given IS-min analysis period, then a 
multiple-period analysis should be conducted. This type of analysis con.<;ists of 
an evaluation of several consecutive IS-min periods. The periods analyzed 
would include an initial analysis period that has no initial queue, one or more 
periods in which demand exceeds capacity, and a final analysis period that has 
no residual queue. 

When a multiple-period analysis is used, segment performance measures are 
computed for each analysis period. Averaging performance measures across 
multiple analysis periods is not encouraged because it may obscure extreme 
values. 

If a multiple-period analysis is used and the boundary intersections are 
signalized, then the procedure described in Chapter 18 should be used to guide 
the evaluation. When a procedure for multiple-period analysis is not provided in 
the chapter that corresponds to the boundary intersection configuration, the 
analyst should separately evaluate each period and use the residual queue from 
one period as the initial queue for the next period. 

Planning Analysis. A IS-min analysis period is used for most planning 
analyses. However, hourly traffic demands are normally produced through the 
planning process. Thus, when IS-min forecast demands are not available for a 
IS-min analysis period, a peak hour factor must be used to estimate the IS-min 
demands for the analysis period. A I-h analysis period can be used if 
appropriate. Regardless of analysis-period duration, a single-period analysis is 
typical for planning applications. 

SpeedUmit 

Average running speed is used in the methodology to evaluate segment 
performance. It is correlated with speed limit when speed limit reflects the 
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environmental and geometric factors that have an int1uence on driver speed 
choice. As such, speed limit represents a single input variable that can be used as 
a convenient way to estimate running speed while limiting the need for 
numerous environmental and geometric input data. 

The convenience of using speed limit as an input variable comes with a 
caution - the analyst must not infer a cause-and-effect relationship between the 
input speed limit and the estimated running speed. More specifically, the 
computed change in performance resulting from a change in the input speed 
limit is not likely to be indicative of performance changes that will actually be 
realized. Research indicates that a change in speed limit has a proportionally 
smaller effect on the actual average speed (1). 

The methodology is based on the assumption that the posted speed limit is 
(a) consistent with that found on other streets in the vicinity of the subject 
segment and (b) consistent with agency policy regarding specification of speed 
limits. If it is known that the posted speed limit does not satisfy these 
assumptions, then the speed limit value that is input to the methodology should 
be adjusted such that it is consistent with the assumptions. 

Through Control Delay 

The through control delay represents the control delay to the through 
movement at the downstream boundary intersection. It is computed by using the 
appropriate procedure provided in one of Chapters 18 to 22, depending on the 
type of control used at the intersection. 

If the intersection procedure provides delay by lane groups and the through 
movement is served in two or more lane groups, then the through-movement 
delay is computed as the weighted sum of the individual lane-group delays, 
where the weight for a lane group is its proportion of through vehicles. 

Through Stopped Vehicles and Second- and Third-Term Back-ot-Queue Size 

Three variables are needed for the calculation of stop rate. These variables 
are needed when the downstream boundary intersection is signalized. They 
apply to the through-lane group at this intersection. A procedure for computing 
the number of fully stopped vehicles Nf' second-term back-of-queue size Q2' and 

third-term back-of-queue size Q3 is provided in Chapter 31, Signalized 

Intersections: Supplemental. 

If the procedure provides the stop rate by lane groups and the through 
movement is served in two or more lane groups, then the through-movement 
stop rate is computed as the weighted sum of the individual lane-group stop 
rates, where the weight for a lane group is its proportion of through vehicles. 

Capacity 

The capacity of a movement group represents the maximum number of 
vehicles that can discharge from a queue during the analysis period, divided by 
the analysis period duration. This value is needed for the movements entering 
the segment at the upstream boundary intersection and for the movements 
exiting the segment at the downstream boundary intersection. With one 

Page 17-14 Chapter 17/Urban Street Segments 
December 2010 

AR0074174 



( 

( 

( 

Highway Capacity Manual 2010 

exception, it is computed by using the appropriate procedure provided in one of 
Chapters 18 to 22, depending on the type of control used at the intersection. 
Chapter 19, Two-Way STOP-Controlled Intersections, does not provide a 
procedure for estimating the capacity of the uncontrolled through movement, 
but this capacity can be estimated by using Equation 17-1. 

Cth = 1,800 (Nth -1 + p;) 

where 

etk through-movement capacity (veh/h), 

Nth number of through lanes (shared or exclusive) (In), and 

p*o,j probability that there will be no queue in the inside through lane. 

The probability P*o,j is computed by using Equation 19-43 in Chapter 19. It is 

equal to 1.0 if a left-tum bay is provided for left turns from the major street. 

If the procedure in Chapters 18 to 22 provides capacity by lane groups and 
the through movement is served in two or more lane groups, then the through
movement capacity is computed as the weighted sum of the individual lane
group capacities, where the weight for a lane group is its proportion of through 
vehicles. A similar approach is used to compute the capacity for a tum 
movement. 

Mlosegment Demy and Stops 
Through vehicles traveling along a segment can encounter a variety of 

situations that cause them to slow slightly or even come to a stop. These 
encounters delay the through vehicles and cause their segment running time to 
increase. Situations that can cause this delay include 

• Vehicles turning from the segment into an access point approach, 

• Pedestrians crossing at a midsegment crosswalk, 

• Vehicles maneuvering into or out of an on-street parking space, 

• Double-parked vehicles blocking a lane, and 

• Vehicles in a dropped lane that are merging into the adjacent lane. 

A procedure is provided in the methodology for estimating the delay due to 
vehicles turning left or right into an access point approach. This edition of the 
HeM does not include procedures for estimating the delay or stops due to the 
other sources listed. If they exist on the subject segment, they must be estimated 
by the analyst and input to the methodology. 

Nonautomobile Modes 

This part describes the input data needed for the pedestrian, bicycle, and 
transit methodologies. The data are listed in Exhibit 17-6 and are identified as 
"input data elements." They must be separately specified for each direction of 
travel on the segment. 
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Exhibit 17-6 
Input Data Requirements: 

Nonautomobile Modes 

Introduction 

Data Pedestrian Bicycle Transit 
Catego!l: location In(!ut Data Element Mode Mode Mode 

Traffic Segment, Dwell time X 
charac- transit Excess wait time X 
teristics Passenger trip length X 

Transit frequency X 
Passen!i!er load factor X 

Segment, Midsegment flow rate 
X X 

other (motorized vehicles) 
Percent heavy vehicles X 

Pedestrian flow rate X 
Proe. of on-street earkin!i! occueied X X 

Geometric Segment, Downstream intersection width X 
design roadway Segment length X X X 

Number of through lanes X X 
Width of outside through lane X X 

Width of bicycle lane X X 
Width of paved outside shoulder X X 
Median type and curb presence X X 
No. of access eoint aeeroaches X 

Segment, Presence of a sidewalk X 
sidewalk Total walkway width X 

Effective width of fixed objects X 
Buffer width X 

Seacinlil of objects in buffer X 
Other Segment Area type X 

Pavement condition rating X 
Distance to nearest signal-controlled 

X 
crossing 

Legality of midsegment pedestrian 
X 

crossing 
Proportion of sidewalk adjacent to 

X 
window, buildinlil, or fence 

Transit stop Transit stop location X 
Transit stop position X 

Proportion of stops with shelters X 
Proeortion of stoes with benches X 

Performance Segment Motorized vehicle running speed X X X 
measures Pedestrian LOS score for link X 

Boundary Through control delay X 
intersection Reentry delay X 

Effective green-to-cycie-Iength ratio 
X 

(if signalized) 
Volume-to-capacity ratio X 

(if rounda bout) 
Pedestrian delay X 

Bicycle delay X 
Pedestrian LOS score for intersection X 

Bic~cle LOS score for intersection X 

Exhibit 17-6 categorizes each input data element by travel mode 
methodology. An nx" is used to indicate the association between a data element 
and methodology. A blank cell indicates that the data element is not used as 
input for the corresponding methodology. 

The data elements listed in Exhibit 17-6 do not include variables that are 
considered to represent calibration factors. Default values are provided for these 
factors because they typically have a relatively narrow range of reasonable 
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values or they have a small impact on the accuracy of the performance estimates. 
The recommended value for each calibration factor is identified at the relevant 
point during the presentation of the methodology. 

Traffic Characteristics Data 

This subpart describes the traffic characteristics data listed in Exhibit 17-6. 
These data describe the vehicle, pedestrian, and transit traffic streams traveling 
along the segment during the analysis period. If there are multiple transit routes 
on the segment, then the transit-related variables are needed for each route. 

Dwell Time 

Dwell time represents the time that the transit vehicle is stopped at the curb 
to serve passenger movements, including the time required to open and close the 
doors. It does not include time spent stopped after passenger movements have 
ceased (e.g., waiting for a traffic signal or waiting for a gap in traffic to reenter 
the travel lane). Dwell times are typically in the range of 10 to 60 s, depending on 
boarding and alighting demand. Procedures for measuring and estimating dwell 
time are provided in the Transit Capacity and Quality of Service Manual (3). 

Excess Wait Time 

The scheduled departure time from a stop and the scheduled travel time for 
a trip set the baseline for a passenger's expectations for how long a trip should 
take. If the transit vehicle departs late-or worse, departs before the scheduled 
time (i.e., before all the passengers planning to take that vehicle have arri ved at 
the stop)-the trip will likely take longer than planned, which negatively affects 
a passenger's perceptions of the quality of service. 

Transit reliability is measured by excess wait time, the average number of 
minutes passengers must wait at a stop past the scheduled departure time. It is 
measured in the field as the sum of the differences between the scheduled and 
actual departure times at the preceding time point, divided by the number of 
transit vehicle arrivals. Early departures from the preceding time point are 
treated as the transit vehicle being one headway late, as a passenger arriving at 
the stop by the scheduled departure time would have to wait one headway for 
the next transit vehicle. If time point-specific excess wait time information is not 
available, but on-time performance (e.g., percentage of departures from a time 
point 0 to 5 min late) data are available for a route, then Section 2, Methodology, 
provides a procedure for estimating excess wait time from on-time performance. 

Passenger Trip Length 

The impact of a late transit vehicle departure on the overall passenger speed 
for a trip (as measured by using scheduled departure time to actual arrival time) 
depends on the length of the passenger's trip. For example, a departure 5 min 
late has more of a speed impact on a 1-mi-long trip than on a 10-mi-long trip. 
Average passenger trip length is used to determine the im pact of late departures 
on overall trip speed. For most purposes, the average trip length can be 
determined from National Transit Database data for the transit agency (4) by 
dividing total passenger-miles by total unlinked trips. However, if an analyst has 
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reason to believe that average trip length on a route is substantially different 
from the system average, a route-specific value can be determined from 
automatic passenger counter data or National Transit Database count sheets for 
the route by dividing total passenger-miles by the total number of boarding 
passengers. 

Transit Frequency 

Transit frequency is defined as the count of scheduled fixed-route transit 
vehicles that stop on or near the segment during the analysis period. It is 
expressed in units of transit vehicles per hour. 

Scheduled transit vehicles can be considered "local" or "nonlocal." Local 
transit vehicles make regular stops along the street (typically every 0.25 mi or 
less), although they do not necessarily stop within the analysis segment when 
segment lengths are short or when stops alternate between the near and far sides 
of boundary intersections. They are always counted, regardless of whether they 
stop within the subject segment. Nonlocal transit vehicles operate on routes with 
longer stop spacing than local routes (e.g., limited-stop, bus rapid transit, or 
express routes). They are only counted when they stop within the subject 
segment. 

Passenger Load Factor 

The load factor represents the number of passengers occupying the transit 
vehicle divided by the number of seats on the vehicle. If the number of 
passengers equals the number of seats, then the load factor equals 1.0. This factor 
should be measured in the field or obtained from the agency serving the transit 
route. It is an average value for all of the scheduled fixed-route transit vehicles 
that travel along the segment during the analysis period. 

Midsegment Flow Rate 

The midsegment flow rate of motorized vehicles is equivalent to the 
mid segment flow rate defined previously for the automobile mode. 

Percent Heavy Vehicles 

A heavy vehicle is defined as any vehicle with more than four tires touching 
the pavement. Local buses that stop within the intersection area are not included 
in the count of heavy vehicles. The percentage of heavy vehicles represents the 
count of heavy vehicles that arrive during the analysis period divided by the 
total vehicle count for the same period. This percentage is provided for the same 
location on the segment as represented by the midsegment flow rate. 

Pedestrian Flow Rate 

The pedestrian flow rate is based on the count of pedestrians traveling along 
the outside of the subject segment during the analysis period. A separate count is 
taken for each direction of travel along the side of the segment. Each count is 
divided by the analysis period duration to yield a directional hourly flow rate. 
These rates are then added to obtain the pedestrian flow rate for that side. 
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Proportion of On-Street Parking Occupied 

This variable represents the proportion of the segment's right-hand curb line 
on which parked vehicles are present during the analysis period. It is computed 
as the sum of the curb-line lengths occupied by parked vehicles divided by the 
link length. Also, the use of pavement markings to delineate the parking lane 
should be noted. 

If parking is not allowed on the segment, then the proportion equals 0.0. If 
parking is allowed along the segment but the spaces are not used during the 
analysis period, then the proportion equals 0.0. If parking is allowed along the 
full length of the segment but only one-half of the spaces are occupied during the 
analysis period, then the proportion equals 0.50. 

Geometric Design Data 

This subpart describes the geometric design data listed in Exhibit 17-6. These 
data describe the geometric elements that influence pedestrian, bicycle, or transit 
performance. All input data should be representative of the segment for its entire 
length. An average value should be used for each element that varies along the 
segment. Segment length, number of through lanes, and number of access point 
approaches are defined previously for the automobile mode. 

Downstream Intersection Width 

The intersection width applies to the downstream boundary intersection for 
a given direction of travel and represents the effective width of the cross street. 
On a two-way street, it represents the distance between the stop (or yield) line for 
the two opposing segment through movements at the boundary intersection, as 
measured along the centerline of the segment. On a one~way street, it represents 
the distance from the stop line to the far side of the most distant traffic lane on 
the cross street. 

Width of Outside Through Lane, Bicycle Lane, and Paved Outside Shoulder 

The widths of several individual elements of the cross section are considered 
input data. These elements include the outside lane that serves motorized 
vehicles traveling along the segment, the bicycle lane adjacent to the outside lane 
(if used), and the outside shoulder. The outside shoulder may be used for on
street parking. The width of each of these elements is mutually exclusive because 
they are adjacent (Le., not overlapped) in the cross section. 

The outside lane width does not include the width of the gutter. If curb and 
gutter are present, then the width of the gutter is included in the shoulder width 
(Le., shoulder width is measured to the curb face when a curb is present). 

Median Type and Curb Presence 

The median type is designated as undivided, nonrestrictive (e.g., two-way 
left-turn lane), or restrictive (e.g., raised curb). Whether the cross section has curb 
on the outside edge of the roadway should also be noted. 
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Presence of a Sidewalk 

A sidewalk is a paved walkway that is provided at the side of the roadway. 
It is assumed that pedestrians will walk in the street if a sidewalk is not present. 

Total Walkway Width 

Total walkway width is measured from the outside edge of the road 
pavement (or face of curb, if present) to the far edge of the sidewalk (as 
sometimes delineated by a building face or landscaping). It includes the width of 
any buffer (see below), if present. If this width varies along the segment, then an 
average value is used. A paved shoulder is not included in this width 
measurement. 

Effective Width of Fixed Objects 

Two input variables are used to describe fixed objects along the walkway. 
One variable represents the effective width of objects along the inside of the 
sidewalk. These objects include light poles, traffic signs, planter boxes, and so 
forth. Typical widths for these objects are provided in Chapter 23, Off-Street 
Pedestrian and Bicycle Facilities. All objects along the sidewalk should be 
considered and an average value for the length of the sidewalk input to the 
methodology. 

The second variable represents the effective width of objects along the 
outside of the sidewalk. It is determined in the same manner as was the first 
variable. 

Buffer Width and Spacing of Objects in Buffer 

The buffer width represents the distance between the outside edge of the 
paved roadway (or face of curb, if present) and the near edge of the sidewalk. 
This element of the cross section is not designed for use by pedestrians or 
motorized vehicles. It may be unpaved or include various vertical objects that are 
continuous (e.g., barrier) or discontinuous (e.g., trees, bollards) to prevent 
pedestrian use. If vertical objects are in the buffer, then the average spacing of 
those objects that are 3 ft or more in height should also be recorded. 

Other Data 

This subpart describes the data listed in Exhibit 17-6 that are categorized as 
"other data." 

Area Type 

Area type describes the environment in which the subject segment is located. 
This data element is used in the transit methodology to set a baseline for 
passenger expectations of typical transit travel speeds. For this application, it is 
sufficient to indicate whether the area type is a "central business district of a 
metropolitan area with over 5 million persons" or "other./I 

Pavement Condition Rating 

The pavement condition rating describes the road surface in terms of ride 
quality and surface defects. It is based on the Present Serviceability Rating, a 
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subjective rating system based on.a scale of 0 to 5 (5). Exhibit 17-7 provides a 
description of pavement conditions associated with various ratings. 

Distance to Nearest Signal-Controlled Crossing 

This input variable is needed if there is an identifiable pedestrian path (a) 
that intersects the segment and continues on beyond the segment and (b) on 
which most crossing pedestrians travel. This variable defines the distance 
pedestrians must travel along the segment should they divert from the path to 
cross the segment at the nearest signalized crossing. The crossing will typically 
be at a signalized intersection. However, it may also be at a signalized crosswalk 
provided at a midsegment location. If the crossing is at a signalized intersection, 
it will likely occur in the crosswalk on the side of the intersection that is nearest 
to the segment. Occasionally, it will be on the far side of the intersection because 
the near-side crosswalk is closed (or a crossing at this location is otherwise 
prohibited). This distance is measured along one side of the subject segment; the 
methodology accounts for the return distance once the pedestrian arrives at the 
other side of the segment. 

Pavement 
Condition 
Rating 
4.0 to 5.0 

Pavement Description 
New or nearly new superior pavement. Free of 
cracks and patches. 

Motorized Vehicle 
Ride Quality and 
Traffic Speed 
Good ride. 

3.0 to 4.0 Flexible pavements may begin to show evidence of Good ride. 

2.0 to 3.0 

1.0 to 2.0 

0.0 to 1.0 

rutting and fine cracks. Rigid pavements may begin 
to show evidence of minor cracking. 

Flexible pavements may show rutting and extensive 
patching. Rigid pavements may have a few jOint 
fractures, faulting, or cracking. 

Distress occurs over 50% or more of the surface. 
Flexible pavement may have large potholes and 
deep cracks. Rigid pavement distress includes jOint 
spalling, patching, and cracking. 

Distress occurs over 75% or more of the surface. 
Large potholes and deep cracks exist. 

Legality of Midsegment Pedestrian Crossing 

Acceptable ride for low
speed traffic but barely 
tolerable for high-speed 
traffic. 
Pavement deterioration 
affects the speed of free
flow traffic. Ride quality 
not acceptable. 

Passable only at reduced 
speed and considerable 
rider discomfort. 

This input indicates whether a pedestrian can cross the segment at any point 
along its length, regardless of location. If it is illegal to make this crossing at any 
point, then the pedestrian is assumed to be required to divert to the nearest 
signalized intersection to cross the segment. 

Proportion of Sidewalk Adjacent to /II.-'liJdow, Building, or Fence 

Three proportions are input for a sidewalk. One proportion represents the 
length of sidewalk adjacent to a fence or low wall divided by the length of the 
link. The second proportion represents the length of the sidewalk adjacent to a 
building face divided by the length of the link. The final proportion represents 
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the length of the sidewalk adjacent to a window display divided by the length of 
the link. 

Transit Stop Location 

This input describes whether a transit stop is located on the near side of a 
boundary intersection or elsewhere. A portion of the time required to serve a 
near-side transit stop at a boundary intersection may overlap with the control 
delay incurred at the intersection. 

Transit Stop Position 

Transit stops can be either on-line, where the bus stops entirely or mostly in 
the travel lane and does not have to yield to other vehicles upon exiting the stop, 
or off-line, where the bus pulls out of the travel lane to serve the stop and may 
have to yield to other vehicles upon exiting. 

Proportion of Stops wIth Shelters and with Benches 

These two input data describe the passenger amenities provided at a transit 
stop. A sheltered stop provides a structure with a roof and three enclosed sides 
that protect occupants from wind, rain, and sun. A shelter with a bench is 
counted twice, once as a shelter and a second time as a bench. 

Performance Measures 

This subpart describes the data listed in Exhibit 17-6 that are categorized as 
"performance measures." The through control delay variable was previously 
described for the automobile mode (in Exhibit 17-5). 

Motorized Vehicle Running Speed 

The motorized vehicle running speed is used in all of the nonautomobile 
methodologies. It is based on the segment running time obtained from the 
automobile methodology. The running speed is equal to the segment length 
divided by the segment running time. 

Pedestrian LOS Score for Link 

The pedestrian LOS score for the link is used in the transit methodology. It is 
obtained from the pedestrian methodology in this chapter. 

Reentry Delay 

The final component of transit vehicle stop delay is the reentry delay, the 
time (in seconds) a transit vehicle spends waiting for a gap to reenter the 
adjacent traffic stream. Reentry delay is estimated as follows (3): 

• Reentry delay is zero at on-line stops. 

• At off-line stops away from the influence of a signalized intersection 
queue, reentry delay is estimated from the procedures of Chapter 19, 
Two-Way STOP-Controlled Intersections, as if the bus were making a right 
turn onto the link, but a critical headway of 7 s is used to account for the 
slower acceleration of buses. 
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• At an off-line bus stop located within the influence of a signalized 
intersection queue, reentry delay is estimated from the queue service 
time, gs' by using the procedures of Chapter 18, Signalized Intersections. 

Reentry delay can be reduced by the presence of yield-to-bus laws or 
placards (and motorist compliance with them), the existence of an acceleration 
lane or queue jump departing a stop, or a higher-than-normal degree of bus 
driver aggressiveness in forcing buses back into the traffic stream. Analyst 
judgment and local data can be used to make appropriate adjustments to reentry 
delay in these cases. 

Effective Green-to-Cycle-Length Ratio 

The effective green-to-cyde-length ratio for the through movement is used in 
the transit methodology when the boundary intersection is a traffic signal and 
has a near-side transit stop. It is obtained from the Chapter 18 methodology. 

Volume-to-Capacity Ratio (If Roundabout) 

If the boundary intersection is a roundabout and it has a near-side transit 
stop, then the volume-to-capacity ratio for the rightmost lane of the segment 
approach to the roundabout is needed. It is obtained from the Chapter 21 
methodology. 

Pedestrian Delay 

Three pedestrian delay variables are needed. The first is the delay to 
pedestrians who travel through the boundary intersection along a path that is 
parallel to the segment centerline. The pedestrian movement of interest is 
traveling on the subject side of the street and heading in a direction that is "with" 
or "against" the motorized traffic stream. For a two-way STOP-controlled 
boundary intersection, this delay is reasoned to be negligible. For a signal
controlled boundary intersection, the procedure described in Chapter 18 is used 
to compute this delay. 

The second delay variable needed describes the delay incurred by 
pedestrians who cross the subject segment at the nearest signal-controlled 
crossing. If the nearest crossing is at a signalized intersection, then the procedure 
described in Chapter 18 is used to compute this delay. If the nearest crossing is at 
a midsegment signalized crosswalk, then this delay should equal the pedestrian's 
average wait for service after pressing the pedestrian push button. This wait will 
depend on the signal settings and could range from 5 to 25 s/pedestrian (sip). 

The third delay variable needed is the pedestrian waiting delay. This delay is 
incurred when pedestrians wait at an uncontrolled crossing location. If this type 
of crossing is legal, then the pedestrian waiting delay is determined by using the 
procedure in Chapter 19, Two-Way STOP-Controlled Intersections. If it is illegal, 
then the pedestrian waiting delay does not need to be calculated. 

Bicycle Delay 

Bicycle delay is the delay to bicyclists who travel through the boundary 
intersection along a path that is parallel to the segment centerline. The bicycle 
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movement of interest is traveling on the subject side of the street and heading in 
the same direction as motorized vehicles. For a two-way STOP-controlled 
boundary intersection, this delay is reasoned to be negligible. For a signal
controlled boundary intersection, the procedure described in Chapter 18 is used 
to compute this delay. 

Pedestrian LOS Score for Intersection 

The pedestrian LOS score for the signalized intersection is used in the 
pedestrian methodology. It is obtained from the pedestrian methodology in 
Chapter 18. 

Bicycle LOS Score for Intersection 

The bicycle LOS score for the signalized intersection is used in the bicycle 
methodology. It is obtained from the bicycle methodology in Chapter 18. 

SCOPE OF THE METHODOLOGY 

Four methodologies are presented in this chapter. One methodology is 
provided for each of the automobile, pedestrian, bicycle, and transit modes. This 
section identifies the conditions for which each methodology is applicable. 

• Signalized and two-way STop-controlled boundary intersections. All 
methodologies can be used to evaluate segment performance with 
signalized or two-way STop-controlled boundary intersections. In the 
latter case, the cross street is STOP controlled. The automobile 
methodology can also be used to evaluate performance with all-way STOP
or YIELD-controlled (e.g., roundabout) boundary intersections. 

• Arterial and coUector streets. The four methodologies were developed 
with a focus on arterial and collector street conditions. If a methodology is 
used to evaluate a local street, then the performance estimates should be 
carefully reviewed for accuracy. 

• Steady flow conditions. The four methodologies are based on the 
analysis of steady traffic conditions and, as such, are not well suited to the 
evaluation of unsteady conditions (e.g., congestion, queue spillback, 
signal preemption). 

• Target road users. Collectively, the four methodologies were developed 
to estimate the LOS perceived by automobile drivers, pedestrians, 
bicyclists, and transit passengers. They were not developed to provide an 
estimate of the LOS perceived by other road users (e.g., commercial 
vehicle drivers, automobile passengers, delivery truck drivers, or 
recreational vehicle drivers). However, it is likely that the perceptions of 
these other road users are reasonably well represented by the road users 
for whom the methodologies were developed. 

• Target travel modes. The automobile methodology addresses mixed 
automobile, motorcycle, truck, and transit traffic streams in which the 
automobile represents the largest percentage of all vehicles. The 
pedestrian, bicycle, and transit methodologies address travel by walking, 
bicycle, and transit vehicle, respectively. The transit methodology is 
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limited to the evaluation of public transit vehicles operating in mixed or 
exclusive traffic lanes and stopping along the street. The methodologies 
are not designed to evaluate the performance of other travel means (e.g., 
grade-separated rail transit, golf carts, or motorized bicycles). 

• Influences in the right-of-way. A road user's perception of quality of 
service is influenced by many factors inside and outside of the urban 
street right-of-way. However, the methodologies in this chapter were 
specifically constructed to exclude factors that are outside of the right-of
way (e.g., buildings, parking lots, scenery, or landscaped yards) that 
might influence a traveler's perspective. This approach was followed 
because factors outside of the right-of-way are not under the direct 
control of the agency operating the street. 

• Mobility focus for automobile methodology. The automobile 
methodology is intended to facilitate the evaluation of mobility. 
Accessibility to adjacent properties by way of automobile is not directly 
evaluated with this methodology. Regardless, a segment's accessibility 
should also be considered in evaluating its performance, especially if the 
segment is intended to provide such access. Oftentimes, factors that favor 
mobility reflect minimal levels of access and vice versa. 

• "Typical pedestrian" focus for pedestrian methodology. The pedestrian 
methodology is not designed to reflect the perceptions of any particular 
pedestrian subgroup, such as pedestrians with disabilities. As such, the 
performance measures obtained from the methodology are not intended 
to be indicators of a sidewalk's compliance with U.S. Access Board 
guidelines related to the Americans with Disabilities Act requirements. 
For this reason, they should not be considered as a substitute for a formal 
compliance assessment of a pedestrian facility. 

LIMITATIONS OF THE METHODOLOGY 

In general, the methodologies described in this chapter can be used to 
evaluate the performance of most traffic streams traveling along an urban street 
segment. However, the methodologies do not address all traffic conditions or 
types of control. The inability to replicate the influence of a condition or control 
type in the methodology represents a limitation. This subsection identifies the 
known limitations of the methodologies described in this chapter. If one or more 
of these limitations is believed to have an important influence on the 
performance of a specific street segment, then the analyst should consider using 
alternative methods or tools. 

Automobile Modes 

The automobile methodology does not directly account for the effect of the 
following conditions on street segment operation: 

• On-street parking activity along the link (note that on-street parking 
activity on the approach to a signalized boundary intersection is 
addressed in Chapter 18, Signalized Intersections), 

• Significant grade along the link, 
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• Capacity constraints between intersections (e.g., narrow bridges), 

• Queuing at the downstream boundary intersection consistently backing 
up to and interfering with the operation of the upstream intersection or 
an access point intersection, 

• Stops incurred by segment through vehicles as a result of a vehicle ahead 
turning from the segment into an access point, 

• Bicycles sharing a traffic lane with vehicular traffic, and 

• Cross-street congestion or a railroad crossing that blocks through traffic. 

In addition, any limitations associated with the methodologies used to 
evaluate the intersections that bound the urban street segment are shared with 
this methodology. These limitations are listed in Chapters 18 to 22. 

Nonautomobile Modes 

This part identifies the limitations of the pedestrian, bicycle, and transit 
methodologies. These methodologies are not able to model the presence of 
railroad crossings. In addition, the pedestrian methodology does not model the 
following conditions: 

• Segments bounded by all-way STop-controlled intersections or 
roundabouts; 

• Midsegment unsignalized crosswalks; 

• Grades in excess of 2%; 

• Pedestrian overcrossings for service across or along the segment; 

• Points of high-volume pedestrian access to a sidewalk, such as a transit 
stop or a doorway from a large office building; and 

• Points where a high volume of vehicles cross the sidewalk, such as a 
parking garage entrance. 

In addition, the bicycle methodology is not able to model the following 
conditions: 

• Segments bounded by all-way STop-controlled ll1.tersections or 
roundabouts, and 

• Grades in excess of 2%. 

With regard to the first bullet point in each of the two lists above, procedures 
have not been developed yet to address the effect of all-way STOP control or YIELD 

control on intersection performance from a pedestrian or bicyclist perspective. 
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2. METHODOLOGY 

OVERVIEW 

This section describes four methodologies for evaluating the performance of 
an urban street segment. Each methodology addresses one possible travel mode 
within the street right-of-way. Analysts should choose the combination of 
methodologies that are appropriate for their analysis needs. 

A complete evaluation of segment operation includes the separate 
examination of performance for all relevant travel modes for each travel 
direction. The performance measures associated with each mode and travel 
direction are assessed independently of one another. They are not 
mathematically combined into a single indicator of segment performance. This 
approach ensures that all performance impacts are considered on a mode-by
mode and direction-by-direction basis. 

The focus of each methodology in this chapter is the segment. Methodologies 
for quantifying the performance of the downstream boundary intersection are 
described in other chapters (i.e., Chapters 18 to 22). The methodology described 
in Chapter 16, Urban Street Facilities, can be used to combine the performance 
measures (for a specified travel mode) on successive segments into an overall 
measure of facility performance for each mode and travel direction. 

AUTOMOBILE MODE 

This subsection provides an overview of the methodology for evaluating 
urban street segment performance from the motorist's perspective. The 
methodology is computationally intense and requires software to implement. 
The intensity stems from the need to model the traffic movements that enter or 
exit the segment in terms of their interaction with each other and with the traffic 
control elements of the boundary intersection. Default values are provided in 
Section 3, Applications, to support planning analyses for which the required 
input data are not available. 

A Quick Estimation Method for evaluating segment performance at a 
planning level of analysis is provided in Cha pter 30, Urban Street Segments: 
Supplemental. This method is not computationally intense and can be applied by 
using hand calculations. 

The methodology is used to evaluate automobile performance on an urban 
street segment. Each travel direction along the segment is separately evaluated. 
Unless otherwise stated, all variables are specific to the subject direction of travel. 

The methodology has been developed to evaluate automobile performance 
for a street segment bounded by intersections that can have a variety of control 
types. The focus of the discussion in this subsection is on the use of the 
methodology to evaluate a coordinated signal system because this type of control 
is the most complex. However, as appropriate, the discussion is extended to 
describe how key elements of this methodology can be used to evaluate 
automobile performance in noncoordinated systems. 
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Because of the intensity of the computations for coordinated-actuated 
control, the objective of this subsection is to introduce the analyst to the 
calculation process and to discuss the key analytic procedures. This objective is 
achieved by outlining the procedures that make up the methodology while 
highlighting important equations, concepts, and interpretations. A more detailed 
discussion of these procedures is provided in Chapter 30, Urban Street Segments: 

Supplemental. 

The computational engine developed by the Transportation Research Board 
Committee on Highway Capacity and Quality of Service represents the most 
detailed description of this methodology. Additional information about this 
engine is provided in Chapter 30. 

framework 

Exhibit 17-8 illustrates the calculation framework of the automobile 
methodology. It identifies the sequence of calculations needed to estimate 
selected performance measures. The calculation process is shown to flow from 
top to bottom in the exhibit. These calculations are described more fully in the 
remainder of this subsection. 

The framework illustrates the calculation process as applied to two system 
types: coordinated and noncoordinated. The analysis of coordinated systems 
recognizes the influence of an upstream signalized intersection on the 
performance of the street segment. The analysis of noncoordinated systems is 
based on the assumption that arrivals to a boundary intersection are random. 

The framework is further subdivided into the type of traffic control used at 
the intersections that bound the segment. This approach recognizes that a 
boundary intersection can be signalized, two-way sToP-controlled, all-way STOP
controlled, or a roundabout. Although not indicated in the exhibit, the boundary 
intersection could also be an interchange ramp terminal. 

There is reference in Exhibit 17-8 to various procedures described in 
Chapters 18, 20, and 21. With regard to Chapter 18, the procedure for computing 
actuated phase duration is needed for the analysis of actuated intersections on 
both coordinated and noncoordinated segments. Also, the procedure for 
computing control delay in Chapter 18 is needed for the estimation of segment 
through-movement delay. The delay estimation procedure for roundabouts and 
all-way STOP-controlled intersections is needed from their respective chapters for 
the analysis of noncoordinated segments. 

Performance measures estimated for each segment travel direction include 

• Travel speed, 

• Stop rate, and 

• Automobile traveler perception score. 

The perception score is derived from traveler perception research and is an 
indication of travelers' relative satisfaction with service provided along the 
segment. 
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Non-Coordinated System Coordinated System 

Pretimed L b Actuated Pretimed L b Actuated 
'-. V '-.l/ 

Step 1: Determine Traffic Demand Adjustments (if spill back occurs, then stop evaluation) I 

Step 2: Determine Running Time I 
stoP. Yield r ~ 

Uncontrolled 

Step 3: Determine the Proportion Arriving Step 3: Determine the Proportion Arriving 
during Green during Green 

(estimate as equal to g/C ratio) (compute using procedure) 

Step 4: Determine Step 4: Determine Step 4: Determine Step 4: Determine 
Signal Phase Duration Signal Phase Duration Signal Phase Duration Signal Phase Duration 

(estimate using known (compute using (estimate using known (compute using 
timing) procedure) timing) procedure) 

1 
~ Converge? ~ 

Yes 

Step 5: Determine Through Delay I 
1 

Step 6: Determine Through Stop Rate I 
1 

Step 7: Determine Travel Speed I 
-1 

Step 8: Determine Spatial Stop Rate I 
1 

Step 9: Determine Level of Service I 
1 

Step 10: Determine Automobile Traveler Perception Score I 

Step 1: Determine Traffic Demand Adjustments 

During this step, various adjustments are undertaken to ensure the volumes 
evaluated accurately reflect segment traffic conditions. The adjustments include 
(a) limiting enh'y to the segment due to capacity constraint, (b) balancing the 
volumes entering and exiting the segment, and (c) mapping entry-to-exit flow 
paths by using an origin-destination matrix. Also during this step, a check is 
made for the occurrence of spillback from a tum bay or from one segment into 
another segment. As indicated in Exhibit 17-8, the evaluation should not proceed 
if spillback occurs because the methodology does not address this condition. 

The procedures for making these adjustments and checks are described in 
Chapter 30. These adjustments and checks are not typically used for planning 
and preliminary engineering analyses. 
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Capacity Constraint 

When the demand volume for an intersection traffic movement exceeds its 
capacity, the discharge volume from the intersection is restricted (or metered). 
When this metering occurs for a movement that enters the subject segment, the 
volume arriving at the downstream signal is reduced below the umestricted 
value. 

To determine whether metering occurs, the capacity of each upstream 
movement that discharges into the subject segment must be computed and then 
checked against the associated demand volume. If this volume exceeds 
movement capacity, then the volume entering the segment must be reduced to 
equal the movement capacity. 

Volume Balance 

Volume balance describes a condition in which the combined volume from 
all movements entering a segment equals the combined volume exiting the 
segment, in a given direction of travel. The segment is balanced when entering 
volume equals exit volume for both directions of travel. Unbalanced volumes 
often exist in turn movement counts when the count at one intersection is taken 
at a different time than the count at the adjacent intersection. They are also likely 
to exist when access point intersections exist but their volume is not counted. 

The accuracy of the performance evaluation may be adversely affected if the 
volumes are not balanced. The extent of the impact is based on the degree to 
which the volumes are unequal. To balance the volumes, the methodology 
assumes that the volume for each movement entering the segment is correct and 
adjusts the volume for each movement exiting the segment in a proportional 
manner such that a balance is achieved. The exiting volumes computed in this 
manner represent a best estimate of the actual demand volumes, such that the 
adjustment process does not preclude the possibility of queue buildup by one or 
more exit movements at the downstream boundary intersection during the 
analysis period. 

Origin-Destination Distribution 

The volume of traffic that arrives at a downstream intersection for a given 
downstream movement represents the combined volume from each upstream 
point of entry weighted by its percentage contribution to the downstream 
movement. The distribution of these contribution percentages between each 
upstream and downstream pair is represented as an origin-destination 
distribution matrix. 

The concept of an origin-destination distribution matrix is illustrated by 
example. Consider the segment shown in Exhibit 17-9. There are three entry 
volumes at upstream Intersection A that contribute to three exit volumes at 
downstream Intersection B. There is also an entrance and exit volume at the 
access point intersection located between the two intersections. It should be 
noted that 1,350 veh/h enter the segment and 1,350 veh/h exit the segment; thus 
there is volume balance for this example segment. The origin-destination 
distribution matrix for this sample street segment is shown in Exhibit 17-10. 
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The column totals in the last row of Exhibit 17-10 correspond to the entry 
volumes shown in Exhibit 17-9. The row totals in the last column of Exhibit 17-10 
indicate the exit volumes. The individual cell values indicate the volume 
contribution of each upstream movement to each downstream movement. For 
example, of the 1,000 through vehicles that enter the segment, 877 depart the 
segment as a through movement, 46 depart as a left-turn movement, and so on. 
The volumes in the individual cells are sometimes expressed as a proportion of 
the column total. 

The automobile methodology computes one origin-destination matrix for 
movements between the upstream boundary intersection and a downstream 
jtmction (i.e., either an access point or the downstream botmdary intersection). 
When the botmdary intersections are signalized, the matrix for movements 
between the upstream and downstream boundary intersections is used to 
compute the proportion of vehicles arriving during the green indication for each 
exit movement. The matrix for movements between the upstream boundary 
intersection and a downstream access point is used to compute the proportion of 
time that a platoon is passing through the access point and effectively blocking 
nonpriority movements from entering or crossing the street. 

Spit/back Occurrence 

Segment spillback can be characterized as one of two types: cyclic and 
sustained. Cyclic spillback occurs when the downstream boundary intersection is 
signalized and its queue backs into the upstream intersection as a result of queue 
growth during the red indication. When the green indication is presented, the 
queue dissipates and spillback is no longer present for the remainder of the cycle. 
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This type of spillback can occur on short street segments with relatively long 
signal cycle lengths. 

Sustained spiUback occurs at some point during the analysis period and is a 
result of oversaturation (i.e., more vehicles discharging from the upstream 
intersection than can be served at the subject downstream intersection). The 
queue does not dissipate at the end of each cycle. Rather, it remains present until 
the downstream capacity is increased or the upstream demand is reduced. 

The preceding discussion has focused on segment spiUback; however, the 
concepts are equally applicable to turn bay spillback. In this case, the queue of 
turning vehicles exceeds the bay storage and spills back into the adjacent lane 
that is used by other vehicular movements. The occurrence of both segment and 
bay spillback must be checked during this step. 

Use of this methodology to evaluate segments (or intersection turn bays) 
with significant, sustained spillback is problematic because of the associated 
unsteady conditions and complex interactions. The procedure described in 
Chapter 30 is used in this step to compute the time when sustained spillback 
occurs, if it occurs. If this time of occurrence is shorter than the analysis period, 
then the methodology may not yield accurate performance estimates. In this 
situation, the analyst should consider either (a) reducing the analysis period such 
that it ends before spillback occurs or (b) using an alternative analysis tool that is 
able to model the effect of spillback conditions. 

Step 2: Determine Running Time 

A procedure for determining segment running time is described in this step. 
This procedure includes the calculation of free-flow speed, a vehicle proximity 
adjustment factor, and the additionalmnning time due to midsegment delay 
sources. Each calculation is discussed in the following subparts, which culminate 
with the calculation of segment nmning time. 

A. Determine Free-Row Speed 

Free-flow speed represents the average running speed of through 
automobiles traveling along a segment under low-volume conditions and not 
delayed by traffic control devices or other vehicles. It reflects the effect of the 
street environment on driver speed choice. Elements of the street environment 
that influence this choice under free-flow conditions include speed limit, access 
point density, median type, curb presence, and segment length. 

The determination of free-flow speed is based on the calculation of base free
flow speed and an adjustment factor for signal spacing. These calculations are 
described in the next few paragraphs, which culminate in the calculation of free
flow speed. 

Base Free-Row Speed 

The base free-flow speed is defined to be the free-flow speed on longer 
segments. It includes the influence of speed limit access point density, median 
type, and curb presence. It is computed by using Equation 17-2. Alternatively, it 
can be measured in the field by using the teclUlique described in Chapter 30. 
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where 

5fo base free-flow speed (mi/h), 

50 speed constant (mi/h), 

fcs adjustment for cross section (mi/h), and 

fA adjustment for access points (mi/h). 

The speed constant and adjustment factors used in Equation 17-2 are listed in 
Exhibit 17-11. Equations provided in the table footnote can also be used to 
compute these adjustment factors. 

Speed Limit 
(mi/h) 

25 
30 
35 
40 
45 
50 
55 

Access 
Density Da 

o 
2 
4 

10 
20 
40 
60 

Speed 
Constant ~ 

Percent with 
Restrictive 

Median Type Median 

Adjustment for Cross 
Section fcs(milhl b 

No Curb Curb 
Restrictive 20 0.3 -0.9 

40 
60 
80 

0.6 -1.4 
0.9 -1.8 
1.2 -2.2 

100 -2.7 
49.1 
51.5 

Adjustment for Access Points t. by Lanes Nth (milhY 
1 2 lanes 4 lanes 

0.0 0.0 0.0 0.0 
-0.2 -0.1 -0.1 0.0 
-0.3 -0.2 -0.1 -0.1 
-0.8 -0.4 -0.3 -0.2 
-1.6 -0.8 -0.5 -0.4 
-3.1 -1.6 -1.0 -0.8 
-4.7 -2.3 -1.6 -1.2 

Notes: ~ = 25.6 + 0.47Sp/where Sp/= limit (ml/h). 
b fes = 1.5 Prm - 0.47 Pcurb - 3.7 pcurb prm where Prm = proportion of link length with restrictive median 

(decimal) and Pcurb = proportion of segment with curb on the right-hand side (decimal). 
C fA = -0.078 D.! Nth with D. = 5r280 (Nap,s + Nap,Q)/(L-Wi) where DB = access point density on segment 

(points/mi); Nth = number of through lanes on the segment In the subject direction of travel (In); Nap,s = 
number of access point approaches on the right side in the subject direction of travel (points); Nap,o = 
number of access point approaches on the right side in the opposing direction of travel (points); and W; 
= width of signalized intersection (ft). 

Adjustment for Signal Spacing 

Empirical evidence suggests that a shorter segment length (when defined by 
signalized boundary intersections) tends to influence the driver's choice of free
flow speed (1). Shorter segments have been found to have a slower free-flow 
speed, all other factors being the same. Equation 17-3 is used to compute the 
value of an adjustment factor that accounts for this influence. 

_ 5/0 -19.5 IL - 1.02 - 4.7 ~ 1.0 
max( LS! 400) 

where 

it signal spacing adjustment factor, 

base free-flow speed (mi/h), and 

Ls distance between adjacent signalized intersections (ft). 
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Equation 17-5 

Methodology 

Equation 17-3 was derived by using signalized boundary intersections. For 
more general applications, the definition of distance Ls is broadened such that it 

equals the distaI1.ce between the two intersections that (a) bracket the subject 
segment and (b) each have a type of control that can impose on the subject 
through movement a legal requirement to stop or yield. 

Free-Flow Speed 

Free-flow speed is computed by using Equation 17-4 on the basis of estimates 
of base free-flow speed and the signal spacing adjustment factor. Alternatively, it 
can be entered directly by the analyst. It can also be measured in the field by 
using the technique described in Chapter 30. 

Sf=SfofL 

where Sf equals the free-flow speed (mi/h) and other variables are as previously 

defined. 

B. Compute Adjustment for Vehicle Proximity 

TI1.e proximity adjustment factor adjusts the free-flow n.uming time to 
account for the effect of traffic density. TIle adjustment results in an increase in 
running time (and corresponding reduction in speed) with an increase in 
volume. The reduction in speed is a result of shorter headways associated with 
the higher volume and drivers' propensity to be more cautious when headways 
are short. Equation 17-5 is used to compute the proximity adjustment factor. 

2 

fv = [ J0.21 
1+ 1- vm 

52.8 Nth Sf 

where 

Iv proximity adjustment factor, 

11m mid segment demand flow rate (veh/h), 

Nth number of through lanes on the segment in the subject direction of 

travel (In), and 

Sf = free-flow speed (mi/h). 

The relationship between running speed [= (3,600 L)/(5,280 tR ), where L is the 

segment length in feet and tR is the segment running time in seconds] and 

volume for an urban street segment is shown in Exhibit 17-12. Trend lines are 
shown for three specific free-flow speeds. At a flow rate of 1,000 vehicles per 
hour per lane (veh/hlln), each trend line shows a reduction of about 2.5 mi/h 
relative to the free-flow speed. The trend lines extend beyond 1,000 veh/h/ln. 
However, it is unlikely that a volume in excess of this amount will be 
experienced on a segment bounded by intersections at which the through 
movement is regulated by a traffic control device. 
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C Compute Delay due to Turning Vehicles 

Vehicles turning from the subject street segment into an access point 
approach can cause a delay to following through vehicles. For right-turn 
vehicles, the delay results when the following vehicles' speed is reduced to 
accommodate the turning vehicle. For left-turn vehicles, the delay results when 
the following vehicles must wait in queue while a vehicle ahead executes a left
turn maneuver at the access point intersection. Delay due to left-turning vehicles 
occurs primarily on undivided streets; however, it can also occur on divided 
streets when the left-turn queue exceeds the available storage and spills back into 
the inside through lane. A procedure for computing this delay at each access 
point intersection is described in Chapter 30. 

For planning and preliminary engineering analyses, Exhibit 17-13 can be 
used to estimate the delay due to turning vehicles at one representative access 
point intersection by using a mid segment volume that is typical for all such 
access points. The values in the exhibit represent the delay to through vehicles 
due to left and right turns at one access point intersection. The selected value is 
multiplied by the number of access point intersections on the segment to 
estimate delay due to left and right turns (= L: dap in Equation 17-6). 

Midsegment 
Volume (veh/h/ln) 

Through Vehicle Delay (slveh/pt) by Number of Through Lanes 
1 Lane 2 Lanes 3 Lanes 

200 
300 
400 
500 
600 
700 

0.04 0.04 0.05 
0.08 0.08 0.09 
0.12 0.15 0.15 
0.18 0.25 0.15 
0.27 0.41 0.15 
0.39 0.72 0.15 

The values listed in Exhibit 17-13 represent 10% left turns and 10% right 
turns from the segment at the access point intersection. If the actual turn 
percentages are less than 10%, then the delays can be reduced proportionally. For 
example, if the subject access point has 5% left turns and 5% right turns, then the 
values listed in the exhibit should be multiplied by 0.5 (= 5/10). Also, if a tum bay 
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Equation 17-6 

Equation 17-7 

Methodology 

of adequate length is provided for one tum movement but not the other, then the 
values listed in the exhibit should be multiplied by 0.5. If both tum movements 
are provided a bay of adequate length, then the delay due to turns can be 
assumed to equal 0.0 seconds per vehicle per access point (s/veh/pt). 

D. Estimate Delay due to Other Sources 

Numerous other factors could cause a driver to reduce speed or to incur 
delay while traveling along a segment. For example, a vehicle that is completing 
a parallel parking maneuver may cause following vehicles to incur some delay. 
Also, vehicles that yield to pedestrians at a mid segment crosswalk may incur 
delay. Finally, bicyclists riding in a traffic lane or an adjacent bicycle lane may 
directly or indirectly cause vehicular traffic to adopt a lower speed. 

Of the many sources for mid segment delay, the automobile methodology 
only includes procedures for estimating the delay due to turning vehicles. 
However, if the delay due to other sources is known or estimated by other 
means, then it can be included in the equation to compute running time. 

E Compute Segment Running Time 

Equation 17-6 is used to compute segment running time based on 
consideration of through movement control at the boundary intersection, free
flow speed, vehicle proximity, and various midsegment delay sources. 

6.0 -11 3,600 L LNap 
d d 

t = + +.+ 
R 0.0025 L Ix 5,280 Sf Iv i = 1 ap,l other 

with 

{

LOa 
fx = 0.00 

min[Vtlt I e th , 1.00] 

(signalized or sTop-controlled through movement) 

(uncontrolled through movement) 

(YIELD-controlled through movement) 

where 

tR segment running time (s); 

II start-up lost time = 2.0 if signalized, 2.5 if STOP or YIELD controlled (s); 

L segment length (ft); 

Ix control-type adjustment factor; 

Vth through-demand flow rate (veh/h); 

Glil through-movement capacity (veh/h); 

d ap,; delay due to left and right turns from the street into access point 

intersection i (s/veh); 

Nap number of influential access point approaches along the segment = Nap,s 

+ Pap,ltNap,o (points); 

Nap" number of access point approaches on the right side in the subject 

direction of travel (points); 
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number of access point approaches on the right side in the opposing 

direction of travel (points); 

Pap, It proportion of Nap,a that can be accessed by a left turn from the subject 

direction of travel; and 

dother delay due to other sources along the segment (e.g., curb parking or 

pedestrians) (s/veh). 

Other variables are as previously defined. The variables 11' j~, Va" and eth used 

with the first term in Equation 17-6 apply to the through movement exiting the 
segment at the boundary intersection. This term accounts for the time required to 
accelerate to the running speed, less the start-up lost time. The divisor in this 
term is an empirical adjustment that minimizes the contribution of this term for 
longer segments. It partially reflects a tendency for drivers to offset this added 
time by adopting slightly higher midsegment speeds than reflected in the start
up lost time estimate. 

Step 3: Determine the Proportion Arriving During Green 

This step applies to the downstream boundary intersection when the 
operation of a signalized urban street segment is evaluated. If the downstream 
boundary intersection is not signalized, then this step is skipped. 

The methodology includes a procedure for computing the proportion of 
vehicles that arrive during the effective green time for a phase serving a segment 
lane group (Le., the lane groups "internal" to the segment). This procedure is 
described in this step. The procedure described in Chapter 18, Signalized 
Intersections, should be used for phases serving external lane groups. 

If the upstream intersection is not signalized (or it is signalized but not 
coordinated with the downstream boundary intersection), then the proportion 
arriving during the green is equal to the effective green-to-cycle-length ratio and 
this step is completed. This relationship implies that arrivals are effectively 
uniform during the cycle when averaged over the analysis period. 

If the boundary intersections are coordinated, then the remaining discussion 
in this step applies. The calculation of the proportion arriving during green is 
based on the signal timing of the upstream and downstream boundary 
intersections. However, if the signals are actuated, then the resulting estimate of 
the proportion arriving during green typically has an effect on signal timing and 
capacity. In fact, the process is circular and requires an iterative sequence of 
calculations to arrive at a convergence solution in which all computed variables 
are in agreement with their initially assumed values. This process is illustrated in 
Exhibit 17-8. This exhibit indicates that the calculation of average phase duration 
is added to this process when the intersection is actuated. 

Typically, there are three signalized traffic movements that depart the 
upstream boundary intersection at different times during the signal cycle. They 
are the cross-street right turn, major-street through, and cross-street left turn. 
Traffic may also enter the segment at various access point intersections. The 
signalized movements often enter the segment as a platoon, but this platoon 
disperses as the vehicles move down the segment. 
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Equation 17-8 

Exhibit 11-14 
Use of an Arrival Flow Profile 

to Estimate the Volume 
Arriving During Green 

Methodology 

A platoon dispersion model is used to predict the dispersed flow rate as a 
function of running time at any specified downstream location. The dispersed 
flow rates for the upstream intersection movement are combined with access 
point flow rates to predict an arrival flow profile at the downstream location. 
Exhibit 17-14 illustrates the predicted arrival flow profile at the stop line of the 
downstream intersection. This profile reflects the combination of the left-turn, 
through, and right-turn movements from the upstream intersection plus the turn 
movements at the access point intersection. The platoon dispersion model and 
the manner in which it is used to predict the dispersed flow rates for each of the 
individual movements are described in Chapter 30. 

The gray shaded area in Exhibit 17-14 represents the arrival count during 
green ng• This count is computed by summing the flow rate for each time "step" 

(or interval) that occurs during the effective green period. The proportion of 
vehicles arriving during the effective green period for a specified lane group is 
computed by using Equation 17-8. 

where 

P proportion of vehicles arriving during the green indication, 

ng arrival count during green (veh), 

qd arrival flow rate for downstream lane group (veh/s), and 

C cycle length (s). 

------------------------------------------~ 

Combined Arrival Flow Profile for Through·Lane Group street Segment 

Upstream I II I 
Interse~ ,.t:: 

Direction ~ I Traffic Fiji Shaded area = arrival count during green ng 

o Time (steps) 

Step 4: Determine Signal Phase Duration 

Cycle 
Length 

Downstream 

=il 

This step applies to the downstream boundary intersection when the 
operation of a signalized urban street segment is evaluated. If the downstream 
boundary intersection is not signalized, then this step is skipped. 

If the downstream boundary intersection has pretimed signal control, then 
the signal phase duration is an input value. If this intersection has some fonn of 
achlated control, then the procedure described in Chapter 18 is used to estimate 
the average phase duration. 
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Steps 1 to 4 are repeated until the duration of each phase at each signalized 
intersection converges to its steady-state value. Convergence is indicated when 
the estimate of phase duration on two successive repetitions is the same. 

Step 5: Determine Through Delay 

The delay incurred by through vehicles as they exit the segment is the basis 
for travel time estimation. In this context, a through vehicle is a vehicle that 
enters and exits the segment as a through vehicle. The nature of the delay models 
used in this manual makes it difficult to separate the delay to through vehicles 
from the delay to nonthrough vehicles. However, these models can provide a 
reasonable estimate of through delay whenever the through movement is the 
dominant movement on the segment. 

Through delay represents the sum of two delay sources. One source is the 
delay due to the traffic control at the boundary intersection. It is called control 
delay. The other delay is that due to the negotiation of intersection geometry, 
such as curvature. It is called geometric delay. 

Procedures for computing control delay are described in the following 
chapters of this manual: 

• Signal control (Chapter 18 or 22), 

• All-way STOP control (Chapter 20), and 

• YIELD control at a roundabout intersection (Chapter 21). 

The analyst should refer to the appropriate chapter for guidance in 
estimating the through control delay for the boundary intersection. If the 
through movement is uncontrolled at the boundary intersection, then the 
through control delay is 0.0 s/veh. 

The geometric delay for conventional three-leg or four-leg intersections (i.e., 
noncircular intersections) is considered to be negligible. In contrast, the 
geometric delay for a circular intersection is not negligible and should be added 
to the control delay to obtain the necessary through delay. A procedure for 
estimating geometric delay for roundabout intersections is described in Chapter 
33, Roundabouts: Supplemental. 

If the segment is not in a coordinated system, the through delay estimate 
should be based on isolated operation. The methodologies in Chapters 18 to 21 
can be used to provide this estimate. 

If the segment is within a coordinated signal system, then the methodology 
in Chapter 18 or Chapter 22 is used to determine the through delay. The 
upstream filtering adjustment factor is used to account for the effect of the 
upstream signal on the variability in arrival volume at the downstream 
intersection. The procedure for calculating this factor is described in Section 1 of 
Chapter 18. 

If the through movement shares one or more lanes at a signalized boundary 
intersection, then the through delay is computed by using Equation 17-9. 
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Equation 17-9 

Methodology 

where 

d = dth VI Nt +ds1 vsl(l-PL)+dsr vsr (l-PR ) 
I 

V t" 

dt through delay (s/veh), 

V th through-demand flow rate (veh/h), 

dlh delay in exclusive through-lane group (s/veh), 

VI demand flow rate in exclusive through-lane group (veh/h/ln), 

Nt number of lanes in exclusive through-lane group (In), 

dSl delay in shared left-turn and through-lane group (s/veh), 

Vsl demand flow rate in shared left-turn and through-lane group (veh/h), 

dsr delay in shared right-turn and through-lane group (s/veh), 

Vsr demand flow rate in shared right-turn and through-lane group 

(veh!h), 

PL proportion of left-turning vehicles in the shared lane (decimal), and 

PR proportion of right-turning vehicles in the shared lane (decimal). 

The procedure described in Chapter 18, Signalized Intersections, is used to 
estimate the variables shown in Equation 17-9. 

Step 6: Determine Through Stop Rate 

As with control delay, through stop rate describes the stop rate of vehicles 
that enter and exit the segment as thTOUgh vehicles. The nature of the stop rate 
models described in this step makes it difficult to separate the stops to through 
vehicles from those incurred by nonthrough vehicles. However, these models 
can provide a reasonable estimate of through stop rate whenever the through 
movement is the dominant movement on the segment. 

Stop rate is defined as the average number of full stops per vehicle. A full 
stop is defined to occur at a signalized intersection when a vehicle slows to zero 
(or a crawl speed, if in queue) as a consequence of the change in signal indication 
fTOm green to red, but not necessarily in direct response to an observed red 
indication. A full stop is defined to occur at an unsignalized intersection when a 
vehicle slows to zero (or a crawl speed, if in queue) as a consequence of the 
control device used to regulate the approach. For example, if a vehicle is in an 
overflow queue and requires three signal cycles to clear the intersection, then it is 
estimated to have three full stops (one stop for each cycle). 

Ihe stop rate for a STOP-controlled approach can be assumed to equal 
1.0 stops/veh. The stop rate for an uncontrolled approach can be assumed to 
equal 0.0 stops/veh. The stop rate at a YIELD-controlled approach will vary with 
conflicting demand. It can be estimated (in stops per vehicle) as equal to the 
volume-to-capacity ratio of the through movement at the boundary intersection. 
This approach recognizes that YIELD control does not require drivers to corne to a 
complete stop when there is no conflicting traffic. 
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The through stop rate at a signalized boundary intersection is computed by 
using Equation 17-10. 

with 

where 

h 

Nt = 

g 

S = 

Q2+3 

Nft 

Nf,sl 

Nf,sr 

Nth 

St 

ssT 

Ssr 

Q2,t 

Q2,sl 

Q2,sr 

h = 3 600( N f + Nth Q2+3 J 
' min (1, ~:: ~g) g S Val C 

N 
_ NO Nt + Nf,sl (l-PL ) + Nf,sr (l-PR ) 

f-
Nth 

S 
StNt +ss/(l-PL)+ssr(l-PR ) 

full stop rate (stops/veh), 

number of fully stopped vehicles (veh/ln), 

effective green time (s), 

adjusted saturation flow rate (vehlh/ln), 

back-of-queue size (veh/ln), 

number of fully stopped vehicles in exclusive through-lane group 

(veh/ln), 

number of fully stopped vehicles in shared left-turn and through-lane 

group (veh/ln), 

number of fully stopped vehicles in shared right-tum and through

lane group (veh/ln), 

number of through lanes (shared or exclusive) (In), 

saturation flow rate in exclusive through-lane group (veh/h/ln), 

saturation flow rate in shared left-turn and through-lane group with 

permitted operation (veh/h/ln), 

saturation flow rate in shared right-turn and through-lane group with 

permitted operation (veh/h/ln), 

second-term back-of-queue size for exclusive through-lane group 

(veh/ln), 

second-term back-of-queue size for shared left-tum and through-lane 

group (veh/ln), 

second-term back-of-queue size for shared right-turn and through-lane 

group (veh/ln), 
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Equation 11-14 

Equation 11-15 

Methodology 

Q3,t third-term back-of-queue size for exclusive through-lane group 

(veh/ln), 

Q3,sl third-term back-of-queue size for shared left-tum and through-lane 

group (veh/ln), and 

Q3,sr = third-term back-of-queue size for shared right-tum and through-lane 

group (veh/ln). 

Other variables are as previously defined. The procedure for computing N f, 

Q2I and Q3 is provided in Chapter 31, Signalized Intersections: Supplemental. 

The first term in Equation 17-10 represents the proportion of vehicles 
stopped once by the signal. For some of the more complex arrival-departure 
polygons that include left-tum movements operating with the permitted mode, 
the queue may dissipate at two or more points during the cycle. If this occurs, 
then Nf.i is computed for each of the i periods between queue dissipation points. 

The value of Nfthen equals the sum of the Nf,i values computed in this manner. 

The second term in Equation 17-10 represents the additional stops that may 
occur during overflow (i.e., cycle failure) conditions. The contribution of this 
term becomes significant when the volume-to-capacity ratio exceeds about 0.8. 
The full stop rate typically varies from 0.4 stops/veh at low volume-to-capacity 
ratios to 2.0 stops/veh when the volume-to-capacity ratio is about 1.0. 

Step 1: Determine Travel Speed 

Equation 17-14 is used to compute the travel speed for the subject direction 
of travel along the segment. 

s = 3,600 L 
T ,seg 5 280 (t + d ) , R t 

where 

Sr,seg travel speed of through vehicles for the segment (mi/h), 

L segment length (ft), 

tR segment running time (s), and 

dt through delay (s/veh). 

The control delay used in Equation 17-14 is that incurred by the through-lane 
group at the downstream boundary intersection. 

Step 8: Determine Spatial Stop Rate 

Equation 17-15 is used to compute the spatial stop rate for the subject 
direction of travel along the segment. 

H 5 280 h + hother 
seg = , L 

where 

Hseg spatial stop rate for the segment (stops/mi), 

h full stop rate (staps/veh), 
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L 

full stop rate due to other sources (stops/veh), and 

segment length (ft). 

The full stop rate h used in Equation 17-15 is that incurred by the through
lane group at the downstream boundary intersection. In some situations, stops 
may be incurred at midsegment locations due to pedestrian crosswalks, bus 
stops, or turns into access point approaches. If the full stop rate associated with 
these other stops can be estimated by the analyst, then it can be included in the 
calculation by using the variable hother' 

Step 9: Determine LOS 

LOS is determined for both directions of travel along the segment. Exhibit 
17-2 lists the LOS thresholds established for this purpose. As indicated in this 
exhibit, LOS is defined by two performance measures. One measure is the travel 
speed for through vehicles, expressed as a percentage of the base free-flow 
speed. The second measure is the volume-to-capacity ratio for the through 
movement at the downstream boundary intersection. 

The base free-flow speed was computed in Step 2 and the travel speed was 
computed in Step 7. 

The volume-to-capacity ratio for the through movement at the boundary 
intersection is computed as the through volume divided by the through
movement capacity. This capacity is an input variable to the methodology. 

The LOS attributed to each direction of travel applies to the segment, which 
includes both the link and the downstream boundary intersection. Chapters 18 to 
22 describe LOS thresholds for the boundary intersection. The automobile 
methodology does not assign a LOS indicator to the link portion of the segment. 

LOS is probably more meaningful as an indicator of traffic performance 
along a facility rather than a single street segment. A procedure for estimating 
facility LOS is described in Chapter 16. 

Step 10: Determine Automobile Traveler Perception Score 

The automobile traveler perception score for urban street segments is 
provided as a useful performance measure. It indicates the traveJer's perception 
of service quality. The score is computed by using Equation 17-16 to Equation 17-
21. 

with 

P _ (1 -1.1614 -O.253H"g +O.3434PLTL ."g )-1 
BCDEF - + e 

P = (1 O.6234-0.253H"g +O.3434PLTL ."g )-1 
CDEF + e 

P _ (1 1.7389 -O.253Hseg +O.3434PLTL •seg )-1 
DEF - + e 

P _ (1 2.7047 - O.253Hseg +O.3434PLTL •seg )-1 
EF - + e 

Chapter 17/Urban Street Segments 
December 2010 

Page 17-43 

Equation 17-16 

Equation 17-17 

Equation 17-18 

Equation 17-19 

Equation 17-20 

Methodology 

AR0074203 



Highway Capacity Manual2010 

Equation 17-21 

Methodology 

where 

PBCDEf 

P = (1 3.8044-0.253H"8 +O.3434PHL,se8 )-1 
F+ e 

automobile traveler perception score for segment; 

probability that an individual will respond with a rating of B, C, D, E, 

orF; 

P CDEF probability that an individual will respond with a rating of C, D, E, or 

F; 

probability that an individual will respond with a rating of D, E, or F; 

probability that an individual will respond with a rating of E or F; 

probability that an individual will respond with a rating of F; and 

proportion of intersections with a left-turn lane (or bay) on the 

segment (decimal). 

Other variables are as previously defined. The derivation of Equation 17-16 
is based on the assignment of scores to each letter rating, in which a score of "1" 

is assigned to the rating of A (denoting "best"), "2" is assigned to B, and so on. 
The survey results were used to calibrate a set of models that collectively predicts 
the probability that a traveler will assign various rating combinations for a 
specified spatial stop rate and proportion of intersections with left-turn lanes. 
The score obtained from Equation 17-16 represents the expected (or long-run 
average) score for the population of travelers. 

The proportion of intersections with left-turn lanes equals the number of left
turn lanes (or bays) encountered while driving along the segment divided by the 
number of intersections encountered. The signalized boundary intersection is 
counted (if it exists). All unsignalized intersections of public roads are counted. 
Private driveway intersections are not counted, unless they are signal controlled. 

The score obtained from Equation 17-16 provides a useful indication of 
performance from the perspective of the traveler. Scores of 2.0 or less indicate the 
best perceived service, and values in excess of 5.0 indicate the worst perceived 
service. Although this score is closely tied to the concept of service quality, it is 
not used to determine LOS for the urban street segment. 

PEDESTRIAN MODE 

This subsection describes the methodology for evaluating the performance of 
an urban street segment in terms of its service to pedestrians. 

Urban street segment performance from a pedestrian perspective is 
separately evaluated for each side of the street. Unless otherwise stated, all variables 
identified in this section are specific to the subject side of the street. If a sidewalk is not 
available for the subject side of the street, then it is assumed that pedestrians will 
walk in the street on that side (even if there is a sidewalk on the other side). 

The methodology is focused on the analysis of a segment with either signal
controlled or two-way STOP-controlled boundary intersections. Chapter 18 
describes a methodology for evaluating signalized intersection performance from 
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a pedestrian perspective. No methodology exists for evaluating two-way STOP
controlled intersection performance (with the cross street STOP controlled). 
However, it is reasoned that this type of control has negligible influence on 
pedestrian service along the segment. This edition of the HeM does not include a 
procedure for evaluating a segment's performance when the boundary 
intersection is an all-way STOP-controlled intersection, a roundabout, or a 
signalized interchange ramp terminal. 

The pedestrian methodology is applied through a series of nine steps that 
culminate in the determination of the segment LOS. These steps are illustrated in 
Exhibit 17-15. Performance measures that are estimated include 

• Pedestrian travel speed, 

• Average pedestrian space, and 

• Pedestrian LOS scores for the link and segment. 

A methodology for evaluating off-street pedestrian facilities is provided in 
Chapter 23, Off-Street Pedestrian and Bicycle Facilities. 

Step 1: Determine Free-Flow 
Walking Speed 

step 2: Determine Average 
Pedestrian Space 

Step 3: Determine Pedestrian Delay 
at Intersection 

Step 4: Determine Pedestrian Travel 
Speed 

Step 5: Determine Pedestrian lOS 
Score for Intersection 

link-Based Evaluation 

Step 6: Determine Pedestrian LOS 
Score for Link 

Step 7: Determine Link LOS 

Step 8: Determine Roadway 
Crossing Difficulty Factor 

Step 9: Determine Pedestrian lOS 
Score for Segment 

Step 10: Determine Segment lOS 

Steps 6 and 7 of the pedestrian methodology can be used as a stand-alone 
procedure for link-based evaluation of pedestrian service. This approach is 
regularly used by local, regional, and state transportation agencies. It offers the 
ad vantage of being less data-intensive than the full, lO-step methodology and 
produces results that are generally reflective of pedestrian perceptions of service 
along the roadway. It can be especially attractive when agencies are performing a 
networkwide evaluation for a large number of roadway links. 

The analyst should recognize that the resulting link LOS does not consider 
some aspects of pedestrian travel along a segment (e.g., crossing difficulty or 
intersection service). For this reason, the LOS score for the link should not be 
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Exhibit 17-16 
Qualitative Description of 

Pedestrian Space 

Methodology 

aggregated for the purpose of characterizing facility performance. The analyst 
should also be aware that this approach precludes an integrated multimodal 
evaluation because it does not fully reflect segment performance. 

Concepts 

The methodology provides a variety of measures for evaluating segment 
performance in terms of its service to pedestrians. Each measure describes a 
different aspect of the pedestrian trip along the segment. One measure is the LOS 
score. This score is an indication of the typical pedestrian's perception of the 
overall segment travel experience. A second measure is the average speed of 
pedestrians traveling along the segment. 

A third measure is based on the concept of "circulation area." It represents 
the average amount of sidewall( area available to each pedestrian walking along 
the segment. A larger area is more desirable from the pedestrian perspective. 
Exhibit 17-16 provides a qualitative description of pedestrian space that can be 
used to evaluate sidewalk performance from a circulation-area perspective. 

Pedestrian Space (fe/p) 
Random Platoon 

Flow 
>60 

>40-60 
>24-40 
>15-24 
>8-15 

!>8 

Flow 
>530 

>90-530 
>40-90 
>23-40 
>11-23 
~11 

Description 

Ability to move in desired path, no need to alter movements 
Occasional need to adjust path to avoid conflicts 
Frequent need to adjust path to avoid conflicts 
Speed and ability to pass slower pedestrians restricted 
Speed restricted, very limited ability to pass slower pedestrians 
Seed severel restricted, fre uent contact with other users 

The first two columns in Exhibit 17-16 indicate a sensitivity to flow 
condition. Random pedestrian flow is typical of most segments. Platoon flow is 
appropriate for shorter segments (e.g., in downtown areas) with signalized 
boundary intersections. 

Step 1: Determine free-flow Walking Speed 

The average free-flow pedestrian walking speed Spf is needed for the 

evaluation of urban street segment performance from a pedestrian perspective. 
This speed should reflect conditions in which there are negligible pedestrian-to
pedestrian conflicts and negligible adjustments in a pedestrian's desired walking 
path to avoid other pedestrians. 

Research indicates that walking speed is influenced by pedestrian age and 
sidewalk grade (6). If 0% to 20% of pedestrians traveling along the subject 
segment are elderly (Le., 65 years of age or older), an average free-flow walking 
speed of 4.4 ft/s is recommended for segment evaluation. If more than 20% of 
pedestrians are elderly, an average free-flow walking speed of 3.3 ft/s is 
recommended. In addition, an upgrade of 10% or greater reduces walking speed 
by 0.3 ft/s. 

Step 2: Determine Average Pedestrian Space 

Pedestrians are sensitive to the amount of space separating them from other 
pedestrians and obstacles as they walk along a sidewalk. Average pedestrian 
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space is an indicator of segment performance for travel in a sidewalk. It depends 
( on the effective sidewalk width, pedestrian flow rate, and walking speed. This 

step is not applicable when the sidewalk does not exist. 

( 

( 

A. Compute Effective Sidewalk Width 

The effective sidewalk width equals the total walkway width less the 
effective width of fixed objects located on the sidewalk and less any shy distance 
associated with the adjacent street or a vertical obstruction. Fixed objects can be 
continuous (e.g., a fence or a building face) or discontinuous (e.g., trees, poles, or 
benches). 

The effective sidewalk width is an average value for the length of the link. It 
is computed by using Equation 17-22 to Equation 17-26. 

with 

where 

WE 

WT 

Wo,; 

Wo,o 

Ws,i 

Ws,o 

WE = WT - WO,i - Wo,o - WS,j - Ws,o 20.0 

Ws,i = max( W buf ' 1.5) 

Ws,o = 3.0Pwindow + 2.0 Pbuilding + 1.5 Pfence 

effective sidewalk width (ft), 

total walkway width (ft), 

adjusted fixed-object effective width on inside of sidewalk (ft), 

adjusted fixed-object effective width on outside of sidewalk (ft), 

shy distance on inside (curb side) of sidewalk (ft), 

shy distance on outside of sidewalk (ft), 

W&<if == buffer width between roadway and sidewalk (ft), 

Pwindow 

Pbuilding 

Pienee 

Wo,; 

Wo,o 

proportion of sidewalk length adjacent to a window display (decimal), 

proportion of sidewalk length adjacent to a building face (decimal), 

proportion of sidewalk length adjacent to a fence or low wall 

(decimal), 

effective width of fixed objects on inside of sidewalk (ft), and 

effective width of fixed objects on outside of sidewalk (ft). 

The relationship between the variables in these equations is illustrated in 
Exhibit 17-17. 
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Exhibit 17-17 
Width Adjustments for Fixed 

Objects 

Equation 17-27 

Equation 17-28 

Methodology 

Street 

Building face with window display 

i ~ Shy distance • ~ Fixed-object effective width 

The variables WT, WbuJi Pwindow, Pbuildinw Pfence' WO,i' and wo,o are input variables. 

They represent average, or typical, values for the length of the sidewalk. 
Chapter 23, Off-Street Pedestrian and Bicycle Facilities, provides guidance for 
estimating the effective width of many common fixed objects. 

Typical shy distances are shown in Exhibit 17-17. Shy distance on the inside 
(curb side) of the sidewalk is measured from the outside edge of the paved 
roadway (or face of curb, if present). It is generally considered to equal 1.5 ft. Shy 
distance on the outside of the sidewalk is 1.5 ft if a fence or a low wall is present, 
2.0 ft if a building is present, 3.0 ft if window display is present, and 0.0 ft 
otherwise. 

B. Compute Pedestrian Flow Rate per Unit Width 

The pedestrian flow per unit width of sidewalk is computed by using 
Equation 17-27 for the subject sidewalk. The variable Vped is an input variable. 

where 

_ _ V--,-p~e<_1 _ 
V = 

P 60 WE 

Vp pedestrian flow per unit width (p/ft/min), 

Vped pedestrian flow rate in the subject sidewalk (walking in both 

directions) (plh), and 

WE = effective sidewalk width (ft). 

C. Compute Average Walking Speed 

The average walking speed Sp is computed by using Equation 17-28. This 

equation is derived from the relationship between flow rate and average walking 
speed described in Exhibit 23-1 of Chapter 23. 

Sp = (1-0.00078 v~) Spf z 0.5 Spf 

where Sp = pedestrian walking speed (ft/s), Spf= free-flow pedestrian walking 

speed (ft/s), and vI' = pedestrian flow per unit width (p/ft/min). 
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c D. Compute Pedestrian Space 

Finally, Equation 17-29 is used to compute average pedestrian space. 

5p Ap =60-
vp 

where Ap is the pedestrian space (fF/p) and other variables are as previously 

defined. 

The pedestrian space obtained from Equation 17-29 can be compared with 
the ranges provided in Exhibit 17-16 to make some judgments about the 
performance of the subject intersection corner. 

Step 3: Determine Pedestrian Delay at Intersection 

Pedestrian delay at three locations along the segment is determined in this 
step. Each of these delays represents an input variable for the methodology and 
is described in Section I, Required Input Data. 

The first delay variable represents the delay incurred by pedestrians who 
travel through the boundary intersection along a path that is parallel to the 
segment centerline dl'P' The second delay variable represents the delay incurred 

by pedestrians who cross the segment at the nearest signal-controlled crossing 
dpc• The third delay variable represents the delay incurred by pedestrians waiting 

for a gap to cross the segment at an uncontrolled location dpw• 

( Step 4: Determine Pedestrian Travel Speed 
". 

Pedestrian travel speed represents an aggregate measure of speed along the 
segment. It combines the delay incurred at the downstream boundary 
intersection plus the time required to walk the length of the segment. As such, it 
is typically slower than the average walking speed. The pedestrian travel speed 
is computed by using Equation 17-30. 

where 

SYp,seg travel speed of through pedestrians for the segment (ftls), 

L segment length (ft), 

Sp pedestrian walking speed (£tIs), and 

dpp pedestrian delay when walking parallel to the segment (sip). 

In general, a travel speed of 4.0 £tIs or more is considered desirable and a 
speed of 2.0 ftis or less is considered undesirable. 

Step 5: Determine Pedestrian LOS Score for Intersection 

The pedestrian LOS score for the boundary intersection IpJllt is determined in 

( this step. If the boundary intersection is signalized, then the pedestrian 
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Equation 17-31 

Equation 17-32 

Equation 17-33 

Equation 17-34 

Methodology 

methodology described in Chapter 18 is used for this determination. If the 
boundary intersection is two-way STOP controlled, then the score is equal to 0.0. 

Step 6: Determine Pedestrian lOS Score for link 

The pedestrian LOS score for the link fpo/ink is calculated by using Equation 17-

31. 

with 

where 

fpolink 

Fw 

Fv 

Fs 

In(x) 

Wv 

WI 

Ppk 

Wbuj 

fb 

Fv =0.0091~ 
4 Nth 

F -4 SR 
( )

2 

s - 100 

pedestrian LOS score for link; 

cross-section adjustment factor; 

motorized vehicle volume adjustment factor; 

motorized vehicle speed adjustment factor; 

natural log of x; 

effective total width of outside through lane, bicycle lane, and 

shoulder as a function of traffic volume (see Exhibit 17-18) (ft); 

effective width of combined bicycle lane and shoulder (see Exhibit 17-

18) (ft); 

proportion of on-street parking occupied (decimal); 

buffer width between roadway and available sidewalk (= 000 if 

sidewalk does not exist) (ft); 

buffer area coefficient = 5.37 for any continuous barrier at least 3 ft 

high that is located between the sidewalk and the outside edge of 
roadway; otherwise use 1.0; 

WA available sidewalk width = 0.0 if sidewalk does not exist or WI' - Wbuj if 

sidewalk exists (ft); 

W.lA adjusted available sidewalk width = min(WAI 10) (ft); 

Isw sidewalk width coefficient = 6.0 - 0.3 WaA; 

Vm midsegment demand flow rate (direction nearest to the subject 

sidewalk) (veh/h); 

Nth number of through lanes on the segment in the subject direction of 

travel (In); and 
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SR = motorized vehicle running speed = (3,600 L)/(5,280 tR) (mi/h). 

The value used for several of the variables in Equation 17-32 to Equation 17-
34 is dependent on various conditions. These conditions are identified in 
Column 1 of Exhibit 17-18. If the condition is satisfied, then the equation in 
Column 2 is used to compute the variable value. If it is not satisfied, then the 
equation in Column 3 is used. The equations in the first two rows are considered 
in sequence to determine the effective width of the outside lane and shoulder Wv' 

Variable When Condition Variable When Condition Is 
Condition Is Satisfied Not SatiSfied 
Ppk = 0.0 Wt == Wa, + Wbi + Wa/ Wt = Wo/ + Wbi 
Vm > 160 veh/h or street is divided Wv = Wt Wv = Wt (2 - 0.005 vm) 

Ppk < 0.25 or parking is striped Wt == tn, + Was' Wt = 10 
Notes: W, = total width of the outside through lane, bicycle lane, and paved shoulder (ft); 

w", = width of the outside through lane (ft); w,,: = adjusted width of paved outside shoulder; if curb is present Wa: = W", - 1.5 ~ 0.0, otherwise Wa: 
= w"s (ft); 

w"s = width of paved outside shoulder (ft); and 
w", = width of the bicycle lane = 0.0 if bicycle lane not provided (ft). 

The buffer width coefficient determination is based on the presence of a 
continuous barrier in the buffer. In making this determination, repetitive vertical 
objects (e.g., trees or bollards) are considered to represent a continuous barrier if 
they are at least 3 ft high and have an average spacing of 20 ft or less. For 
example, the sidewalk shown in Exhibit 17-17 does not have a continuous buffer 
because the street trees adjacent to the curb are spaced at more than 20 ft. 

The pedestrian LOS score is sensitive to the separation between pedestrians 
aIld moving vehicles; it is also sensitive to the speed and volume of these 
vehicles. Physical barriers and parked cars between moving vehicles and 
pedestrians effectively increase the separation distance and the perceived quality 
of service. Higher vehicle speeds or volumes lower the perceived quality of 
service. 

If the sidewalk is not continuous for the length of the segment, then the 
segment should be subdivided into sub segments and each subsegment 
separately evaluated. For this application, a subsegment is defined to begin or 
end at each break in the sidewalk. Each sub segment is then separately evaluated 
by using Equation 17-31. Each equation variable is uniquely quantified to 
represent the subsegment to which it applies. The buffer width and the effective 
sidewalk width are each set to 0.0 ft for any sub segment without a sidewalk. The 
pedestrian LOS score Ip,unk is then computed as a weighted average of the 
subsegment scores, where the weight assigned to each score equals the portion of 
the segment length represented by the corresponding sub segment. 

The motorized vehicle running speed is computed by using the automobile 
methodology, as described in a previous subsection. 

Step 7: Determine Link lOS 

The pedestrian LOS for the link is determined by using the pedestrian LOS 
score from Step 6 and the average pedestrian space from Step 2. These two 
performance measures are compared with their respective thresholds in Exhibit 
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Methodology 

17-3 to detennine the LOS for the specified direction of travel along the subject 
link. If a sidewalk does not exist and pedestrians are relegated to walking in the 
street, then LOS is determined by using Exhibit 17-4 because the pedestrian space 
concept does not apply. 

Step 8: Determine Roadway Crossing Difficulty Factor 

The pedestrian roadway crossing difficulty factor measures the difficulty of 
crossing the street between boundary intersections. Segment performance from a 
pedestrian perspective is reduced if the crossing is perceived to be difficult. 

The roadway crossing difficulty factor is based on the delay incurred by a 
pedestrian who crosses the subject segment. One crossing option the pedestrian 
may consider is to alter his or her travel path by diverting to the nearest signal
controlled crossing. This crossing location may be a midsegment signalized 
crosswalk or it may be a signalized intersection. 

A second crossing option is to continue on the original travel path by 
completing a midsegment crossing at an uncontrolled location. If this type of 
crossing is legal along the subject segment, then the pedestrian crosses when 
there is an acceptable gap in the motorized vehicle stream. 

Each of these two crossing options is considered in this step, with that option 
requiring the least delay used as the basis for computing the pedestrian roadway 
crossing difficulty factor. The time to walk across the segment is common to both 
options and therefore is not included in the delay estimate for either option. 

A. Compute Diversion Delay 

The delay incurred as a consequence of diverting to the nearest signal
controlled crossing is computed first. It includes the delay involved in walking to 
and from the midsegment crossing point to the nearest signal-controlled crossing 
and the delay waiting to cross at the signal. Hence, calculation of this delay 
requires knowledge of the distance to the nearest signalized crossing and its 
signal timing. 

The distance to the nearest crossing location Dc is based on one of two 

approaches. TIle first approach is used if there is an identifiable pedestrian path 
(a) that intersects the segment and continues on beyond the segment and (b) on 
which most crossing pedestrians travel. The location of this path is shown for 
two cases in Exhibit 17-19. Exhibit 17-19(a) illustrates the distance Dc when the 

pedestrian diverts to the nearest signalized intersection. This distance is 
measured from the crossing location to the signalized intersection. 
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L 

Typical Pedestrian 
Path 

Wi 

(a) Divert to Nearest Boundary Intersection 

(b) Divert to Midsegment Signalized Crosswalk 

Exhibit 17-19(b) illustrates the distance Dc when a signalized crosswalk is 

provided at a midsegment location. In this situation, the distance is measured 
from the pedestrian crossing location to the location of the signalized crosswalk. 
In either case, the distance Dc is an input value provided by the analyst. 

The second approach is used if crossings occur somewhat uniformly along 
the length of the segment. In this situation the distance Dc can be assumed to 

equal one-third of the distance between the nearest signal-controlled crossings 
that bracket the subject segment. 

The diversion distance to the nearest crossing is computed by using Equation 
17-35. 

where 

Dd diversion distance (it), and 

Dc distance to nearest signal-controlled crossing (ft). 

If the nearest crossing location is at the signalized intersection and the 
crossing is at Location A in Exhibit 17-19(a), then Equation 17-35 applies directly. 
If the nearest crossing location is at the signalized intersection but the crossing is 
at Location B, then the distance obtained from Equation 17-35 should be 
increased by adding two increments of the intersection width Wj' 

The delay incurred due to diversion is calculated by using Equation 17-36. 
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Equation 11-36 

Equation 11-31 

Equation 11-38 

Methodology 

d - Dd d 
pd --+ pc 

Sp 

where 

dpd pedestrian diversion delay (sip), 

Dd diversion distance (ft), 

Sp pedestrian walking speed (ft/s), and 

dpe pedestrian delay when crossing the segment at the nearest signal

controlled crossing (sip). 

The pedestrian delay incurred when crossing at the nearest signal-controlled 
crossing was determined in Step 3. 

B. Compute Roadway Crossing Difficulty Factor 

The roadway crossing difficulty factor is computed by using Equation 17-37. 

0.10 dpx -(0.318 Ip,link +0.220 Ipoint +1.606) 
Fed = 1.0 + ---'--------'----------'------

7.5 

where 

Fed roadway crossing difficulty factor, 

dpx crossing delay = min(dpd, dm"! 60) (sip), 

dpd pedestrian diversion delay (sip), 

dpw pedestrian waiting delay (sip), 

Ip,link pedestrian LOS score for link, and 

Ipoint pedestrian LOS score for intersection. 

If the factor obtained from Equation 17-37 is less than 0.80, then it is set equal 
to 0.80. If the factor is greater than 1.20, then it is set equal to 1.20. 

The pedestrian waiting delay was determined in Step 3. If a midsegment 
crossing is illegal, then the crossing delay determination does not include 
consideration of the pedestrian waiting delay dpw [i.e., dpx = min(dpd, 60)]. 

Step 9: Determine Pedestrian lOS Score for Segment 

The pedestrian LOS score for the segment is computed by using Equation 17-
38. 

where Ip,seg is the pedestrian LOS score for the segment and other variables are as 

previously defined. 

Step 10: Determine Segment lOS 

The pedestrian LOS for the segment is determined by using the pedestrian 
LOS score from Step 9 and the average pedestrian space from Step 2. These two 
perfonnance measures are compared with their respective thresholds in Exhibit 
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17-3 to determine the LOS for the specified direction of travel along the subject 
segment. If a sidewalk does not exist and pedestrians are relegated to walking in 
the street, then LOS is determined by using Exhibit 17-4 because the pedestrian 
space concept does not apply. 

BICYCLE MODE 

This subsection describes the methodology for evaluating the performance of 
an urban street segment in terms of its service to bicyclists. 

Urban street segment performance from a bicyclist perspective is separately 
evaluated for each travel direction along the street. Unless otherwise stated, all 
variables identified in this section are specific to the subject direction of travel. The 
bicycle is assumed to travel in the street (possibly in a bicycle lane) and in the 
same direction as adjacent motorized vehicles. 

The methodology is focused on the analysis of a segment with either signal
controlled or two-way STOP-controlled boundary intersections. Chapter 18 
describes a methodology for evaluating signalized intersection performance from 
a bicyclist perspective; No methodology exists for evaluating two-way STOP

controlled intersection performance (with the cross street STOP controlled). 
However, the influence of this type of control is incorporated in the methodology 
for evaluating segment performance. This edition of the HCM does not include a 
procedure for evaluating a segment's performance when the boundary 
intersection is an all-way STOP-controlled intersection, a roundabout, or a 
signalized interchange ramp terminal. 

The bicyCle methodology is applied through a series of seven steps that 
culminate in the determination of the segment LOS. These steps are illustrated in 
Exhibit 17-20. Performance measures that are estimated includ~ bicycle travel 
speed and LOS scores for the link and segment. 

A methodology for evaluating off-street bicycle facilities is provided in 
Chapter 23, Off-Street Pedestrian and Bicycle Facilities. 

Step 1: DetermineSicycie Running 
Speed 

Step 2: Determine Bicycle Delay 
at Intersection 

Step 3: Determine Bicycle Travel 
Speed 

Step 4: Determine Bicycle LOS Score 
for Intersection 
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Equation 11-39 

Methodology 

link-Based Evaluation 

Steps 5 and 6 of the bicycle methodology can be used as a stand-alone 
procedure for link-based evaluation of bicycle service. This approach is regularly 
used by local, regional, and state transportation agencies. It offers the advantage 
of being less data-intensive than the full, eight-step methodology and produces 
results that are generally reflective of bicyclist perceptions of service along the 
roadway. It can be especially attractive when agencies are performing a 
networkwide evaluation for a large number of roadway links. 

The analyst should recognize that the resulting link LOS does not consider 
some aspects of bicycle travel along a segment (e.g., intersection service). For this 
reason, the LOS score for the link should not be aggregated for the purpose of 
characterizing facility performance. The analyst should also be aware that this 
approach precludes an integrated multimodal evaluation because it does not 
fully reflect segment performance. 

Step 1: Determine Bicycle Running Speed 

An estimate of the average bicycle running speed Sb is determined in this step. 

The best basis for this estimate is a field measurement of midsegment bicycle 
speed on representative streets in the vicinity of the subject street. In the absence 
of this information, it is recommended that the average running speed of bicycles 
be taken as 15 mi/h between signalized intersections (7). It is recognized that 
many factors might affect bicycle speed, including adjacent motor vehicle traffic, 
adjacent on-street parking activity, commercial and residential driveways, lateral 
obstructions, and significant grades. To date, research is not available to make 
any specific recommendations as to the effect of these factors on speed. 

Step 2: Determine Bicycle Delay at Intersection 

Bicycle delay at the boundary intersection db is computed in this step. This 

delay is incurred by bicyclists who travel through the intersection in the same 
lane as (or in a bicycle lane that is parallel to the lanes used by) segment through 
vehicles. 

If the boundary intersection is two-way STOP controlled (where the subject 
approach is uncontrolled), then the delay is equal to 0.0 s/bicycle. If the boundary 
intersection is signalized, then the delay is computed by using the methodology 
described in Chapter 18, Signalized Intersections. 

Step 3: Determine Bicycle Travel Speed 

Bicycle travel speed represents an aggregate measure of speed along the 
segment. It combines the delay incurred at the downstream boundary 
intersection and the time required to ride the length of the segment. As such, it is 
typically slower than the average bicycle running speed. The average bicycle 
travel speed is computed by using Equation 17-39. 

where 

S = 3,600 L 
Tb ,seg 5,280 (t Rb + db) 
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STb,seg 

L 

tRb 

Sb 

db 

travel speed of through bicycles along the segment (ml/h), 

segment length (ft), 

segment running time of through bicycles = (3,600 L)/(5,280 Sb) (s), 

bicycle running speed (mi/h), and 

bicycle control delay (s/bicycIe). 

In general, a travel speed of 10.0 mi/h or more is considered desirable and a 
speed of 5.0 mi/h or less is considered undesirable. 

Step 4: Determine Bicycle lOS Score for Intersection 

The bicycle LOS score for the boundary intersection Ib,illl is determined in this 

step. If the botmdary intersection is signalized, then the bicycle methodology 
described in Chapter 18 is used for this determination. If the boundary 
intersection is two-way STOP controlled, then the score is equal to 0.0. 

Step 5: Determine Bicycle LOS Score for Link 

The bicycle LOS score for the segment lb,/ink is calculated by using Equation 

17-40. 

with 

where 

Ib,Unk 

Fw 

Fv 

Fs 

Fp 

In(x) 

We 

V ma 

Nth 

SRa 

Fw = -0.005 We
2 

Fv = 0.5071n( V
ma J 

4 Nth 

Fs = 0.199 [1.1199 In( SRa - 20) + 0.8103](1 + 0.1038 PHVJ2 
F = 7.066 

P P 2 

bicycle LOS score for link, 

cross-section adjustment factor, 

c 

motorized vehicle volume adjustment factor, 

motorized vehicle speed adjustment factor, 

pavement condition adjustment factor, 

natural log of x, 

effective width of outside through lane (see Exhibit 17-21) (ft), 

adjusted midsegment demand flow rate (see Exhibit 17-21) (veh!h), 

number of through lanes on the segment in the subject direction of 

travel (In), 

adjusted motorized vehicle running speed (see Exhibit 17-21) (mi/h), 
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Exhibit 17-21 
Variables for Bicycle LOS 

Score for Link 

Equation 17·45 

Methodology 

PHVa adjusted percent heavy vehicles in midsegment demand flow rate (see 

Exhibit 17-21) (%), and 

Pc = pavement condition rating (see Exhibit 17-7). 

The value used for several of the variables in Equation 17-41 to Equation 17-
44 is dependent on various conditiolL.s. These conditions are identified in 
Column 1 of Exhibit 17-21. If the condition is satisfied, then the equation in 
Column 2 is used to compute the variable value. If it is not satisfied, then the 
equation in Column 3 is used. The equations in the first three rows are 
considered in sequence to determine the effective width of the outside through 

lane We' 

r111e motorized vehicle running speed is computed by using the automobile 
methodology described in a previous subsection. 

Step 6: Determine Link lOS 

The bicycle LOS for the link is determined by using the bicycle LOS score 
from Step 5. This performance measure is compared with the thresholds in 
Exhibit 17-4 to determine the LOS for the specified direction of travel along the 
subject link. 

Condition 
Variable When 

Condition Is Satisfied 
Variable When 

Condition Is Not Satisfied 
Ppk= 0.0 Wi := Wa, + l!Vt" + Wa: Wi- = Waf + l!Vt" 

Wv = Wi Wv = Wi-(2 - 0.005 vm) Vm > 160 veh/h or street is divided 
Wbi + Was' < 4.0 ft We = Wv - 10 Ppk ~O.O We:= Wv + l!Vt" + Wa/ - 20 Ppk ~O.O 
vm (l- 0.01 PHV ) < 200 veh/h 
and PHV > 50% 
SR < 21 mi/h 
Vm > 4 Nth 

PWa := 50% PHVa == PHV 

SR. := 21 mi/h SRa := SR 
Vma == Vm Vma := 4 Nih 

Notes: total width of the outside through lane, bicycle lane, and paved shoulder (ft); 
width of outside through lane (ft); 

Wt = 
WoI= 
Wos'" = adjusted width of paved outside shoulder; if curb is present Was' = Wos-1.5 2': 0.0, otherwise 

Wos' = w"s (ft); 
width of paved outside shoulder (ft); 
width of bicycle lane = 0.0 if bicycle lane not provided (ft); 
effective total width of outside through lane, bicycle lane, and shoulder as a function of traffic 
volume (ft); 

Ppk= 
v,FJ = 
PHV = 
SR= 

proportion of on-street parking occupied (decimal); 
midsegment demand flow rate (veh/h); 
percent heavy vehicles in the midsegment demand flow rate (%), and 
motorized vehicle running speed (mi/h). 

Step 7: Determine Bicycle lOS Score for Segment 

The bicycle LOS score for the segment is computed by using Equation 17-45. 

N 
Ib seg = 0.160 Ib link + 0.011 Fbi eIb,;", + 0.035 ap,s + 2.85 

" (L/5280) 

where 

Ib,seg bicycle LOS score for segment; 

h,link bicycle LOS score for link; 

Fbi indicator variable for boundary intersection control type = 1.0 if 

signalized, 0.0 if two-way STOP controlled; 
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bicycle LOS score for intersectioni and 

number of access point approaches on the right side in the subject 

direction of travel (points). 

l11e count of access point approaches used in Equation 17-45 includes both 
public street approaches and driveways on the right side of the segment in the 
subject direction of travel. 

Step 8: Determine Segment lOS 

lile bicycle LOS for the segment is determined by using the segment bicycle 
LOS score from Step 7. This performance measure is compared with the 
thresholds in Exhibit 17-4 to determine the LOS for the specified direction of 
travel along the subject segment. 

TRANSIT MODE 

l11is subsection describes the methodology for evaluating the performance of 
an urban street segment in terms of its service to transit passengers. 

Urban street segment performance from a transit-passenger perspective is 
separately evaluated for each travel direction along the street. Unless otherwise 
stated, all variables identified in this section are specific to the subject direction of travel. 

Ihe methodology is applicable to public transit vehicles operating in mixed 
traffic or exclusive lanes and stopping along the street. Procedures for estimating 
transit vehicle performance on grade-separated or non-pub lie-street rights-of
way, along with procedures for estimating origin-destination service quality, are 
provided in the Transit Capacity and Quality of Service Manual (3). 

The transit methodology is applied through a series of six steps that 
culminate in the determination of segment LOS. These steps are illustrated in 
Exhibit 17-22. Performance measures that are estimated include transit travel 
speed along the street, transit wait-ride score, and a LOS score reflective of all 
transit service stopping within or near the segment. 

Step 1: Determine Transit Vehicle 
Running Time 

Step 2: Determine Delay at 
Intersection 

Step 3: Determine Travel Speed 
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Step 1: Determine Transit Vehicle Running Time 

There are two principal components of the transit vehicle's segment running 
time. One component represents the time required to travel the segment without 
stopping. (To allow direct comparison with automobile segment speeds, transit 
vehicles are treated as if they travel the entire segment even if they join midlink.) 
The second component is the delay incurred at the transit stops that are provided 
on the link. The following subparts to this step describe procedures that are used 
to calculate these components. They culminate with a subpart that describes the 
calculation of transit vehicle segment running time. 

A. Compute Segment Running Speed 

Transit vehicle segment running speed represents the speed reached by the 
vehicle when not influenced by the proximity of a transit stop or traffic control 
device. This speed can be computed by using Equation 17-46, which is derived 
from tables given in a Transit Cooperative Research Program report (8). 

SRt = min( SR' 1 + e-l.OO~(~'185 Nt, ILl ) 

where 

SRt transit vehicle running speed (mi/h), 

L segment length (ft), 

Nt, number of transit stops on the segment for the subject route (stops), 

SR motorized vehicle running speed = (3,600 L)/(5,280 tR) (mi/h), and 

tR segment running time (s). 

The segment running time is computed by using Equation 17-6 in Step 2 of 
the automobile methodology. 

B. Compute Delay due to a Stop 

The delay due to a transit vehicle stop for passenger pickup includes the 
following components: 

• Acceleration-deceleration delay, 

• Delay due to serving passengers, and 

• Reentry delay. 

This procedure is applied once for each stop on the segment. The delay due 
to each stop is added (in a subsequent step) to compute the total delay due to all 
stops on the segment. 

Acceleration-Deceleration Delay 

Acceleration-deceleration delay represents the additional time required to 
decelerate to stop and then accelerate back to the transit vehicle running speed 
SRI. It is computed by using Equation 17-47 and Equation 17-48. 

d = 5,280 (SRt) (1. + l.J!t 
ad 3,600 2 rat r

dt 
ad 
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with 

1.00 

0.00 

fnd = 

(stops not on the near side of a boundary intersection) 

(near-side stops at all-way and major-street two-way STOP

controlled intersections) 

1-x (near-side stops at roundabouts) 

glC (near-side stops at traffic signals) 

where 

dnd transit vehicle acceleration-deceleration delay due to a transit stop (s), 

rnt transit vehicle acceleration rate = 4.0 (ft/S2), 

rat transit vehicle deceleration rate = 4.0 (ft/S2), 

fad proportion of transit vehicle stop acceleration-deceleration delay not 

due to traffic control, 

x = volume-to-capacity ratio of the link's rightmost lane on a roundabout 
approach, 

g effective green time (s), and 

C cycle length (s). 

Acceleration-deceleration delay represents travel time that is in excess of 
that required to traverse the equivalent distance at the running speed. It is 
incurred when the transit vehicle stops solely because of a transit stop. "When a 
transit stop is located on the near side of a boundary intersection, a transit 
vehicle might need to stop anyway due to the traffic control. In this situation, 
acceleration-deceleration delay is already included in the through delay estimate 
(addressed in a subsequent step) and should not be included in dad' Equation 17-

48 is used to determine the proportion of dad incurred solely because of a transit 

stop. 

1£ representative acceleration and deceleration rates are known, then they 
should be used in Equation 17-47. If these rates are unknown, then a rate of 
4.0 ft/s2 may be assumed for both acceleration and deceleration (8). 

Delay due to Serving Passengers 

The delay due to serving passengers is based on the average dwell time, 
which is an input to this procedure. At signalized intersections, a portion of the 
dwell time may overlap time the transit vehicle would have spent stopped 
anyway due to the traffic control. Equation 17-49 is used to compute the delay 
due to serving passengers. 

where 

dps transit vehicle delay due to serving passengers (s), 

tr/ average dwell time (s), and 
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Equation 17-50 

Equation 17-51 

Equation 17-52 

Methodology 

fal proportion of dwell time occurring during effective green (= glC at 

near-side stops at signalized intersections and 1.00 otherwise, where g 
and C are as previously defined). 

Reentry Delay 

The final component of transit vehicle stop delay is the reentry delay dre! 

which is an input to this procedure. Guidance for estimating reentry delay is 
provided in the Required Input Data subsection of Section I, Introduction. 

Delay due to a Stop 

Delay due to a transit stop is the sum of acceleration-deceleration delay, 
passenger service time delay, and reentry delay. It is computed by using 
Equation 17-50. 

diS = dad + dps + dre 

where dts = delay due to a transit vehicle stop (s), dre = reentry delay (s), and other 

variables are as previously defined. 

C Compute Segment Running Time 

Equation 17-51 is used to compute transit vehicle running time, which is 
based on segment running speed and delay due to stops on the segment. 

3600 L N" 
tR = I + "" d . 

t 5 280 S L. IS,l 
I RI 1=1 

where tRt = segment running time of transit vehicle (s), dts,i = delay due to a transit 

vehicle stop for passenger pickup at stop i within the segment (s), and other 
variables are as previously defined. 

If there are no stops on the segment, then the second term of Equation 17-51 
equals zero. 

Step 2: Determine Delay at Intersection 

The through delay incurred at the boundary intersection is determined in 
this step. This delay is that incurred by the through movement that exits the 
segment at the downstream boundary intersection. Guidance for determining 
this delay is provided in Step 5 of the automobile methodology. Equation 17-52 
can be used for a planning analysis to estimate the through delay due to a traffic 
signal (8). 

where 

dt = tl 60 (_L_J 
5,280 

dt through delay (s/veh), 

tf transit vehicle running time loss (min/mi), and 

L segment length (ft), 
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The running time loss tl used in Equation 17-52 is obtained from Exhibit 17-23. 

Area 
Type 

Central 
business 
district 

Other 

Transit 
Lane 

Allocation 

Exclusive 

Mixed 
traffic 

Exclusive 

Mixed 
traffic 

Traffic 
Condition 

No right 
turns 

With right
turn delay 

Blocked by 
traffic 

Any 

Any 

Any 

Source: st. Jacques and Levinson (8). 

Step 3: Determine Travel Speed 

Running Time Loss by Signal Condition (minlmil 

Signals More 
Frequent 

Signals Set Than Transit 
Typical for Transit Stops 

1.2 0.6 1.5-2.0 

2.0 1.4 2.5-3.0 

2.5-3.0 Not available 3.0-3.5 

3.0 Not available 3.5-4.0 

0.7 (0.5-1.0) Not available Not available 

1.0 (0.7-1.5) Not available Not available 

Transit travel speed represents an aggregate measure of speed along the 
street. It combines the delay incurred at the downstream intersection with the 
segment running time. As such, it is typically slower than the running speed. The 
transit travel speed is computed by using Equation 17-53. 

S = 3/600 L 
Tt,seg 5 280 (t d ) 

f Rt + t 

where STt,st'g = travel speed of transit vehicles along the segment (mi/h), tRt = 

segment running time of transit vehicle (s), and other variables are as previously 
defined. 

Step 4: Determine Transit Wait-Ride Score 

The transit wait-ride score is a performance measure that combines 
perceived time spent waiting for the transit vehicle and perceived travel time 
rate. If transit service is not provided for the subject direction of travet then this 
score equals 0.0 and the analysis continues with Step 5. 

The procedure for calculating the wait-ride score is described in this step. It 
consists of the separate calculation of the headway factor and the perceived 
travel time factor. The following subparts describe these two calculations, which 
culminate in the calculation of the wait-ride score. 

A. Compute Headway Factor 

The headway factor is the ratio of the estimated patronage at the prevailing 
average transit headway to the estimated patronage at a base headway of 60 min. 
The patronage values for the two head ways (i.e., the input headway and the base 
headway of 60 min) are computed from an assumed set of patronage elasticities 
that relate the percentage change in ridership to the percentage change in 
headway. The headway factor is computed by using Equation 17-54. 
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Equation 17-54 

Equation 17-55 

Equation 17-56 

Equation 17-57 

Equation 17-58 

Methodology 

Fit = 4.00 e-:1.434/(v,+O.OOl) 

where 

Fh headway factor, and 

Vs transit frequency for the segment (veh/h). 

The transit frequency Vs is an input to this procedure. Guidance for 

estimating this input is provided in the Required Input Data subsection. 

B. Compute Perceived Travel Time Factor 

Segment performance, as measured by the wait-ride score, is influenced by 
the travel time rate provided to transit passengers. The perceptibility of this rate 
is further influenced by the extent to which the transit vehicle is late, crowded, or 
both and whether the stop provides passenger amenities. In general, travel at a 
high rate is preferred, but travel at a lower rate may be nearly as acceptable if the 
transit vehicle is not late, the bus is lightly loaded, and a shelter (with a bench) is 
provided at the transit stop. 

The perceived travel time factor is based on the perceived travel time rate 
and the expected ridership elasticity with respect to changes in the perceived 
travel time rate. This factor is computed by using Equation 17-55. 

(e -1) T btt -(e + 1) Tptt 
Fit = ----------'--

(e -1) Tptt -(e + 1) Tbtt 

with 

1.00 FI~0.80 

1 + (4)(Fz - 0.80) 
4.2 

0.80 < FI ~ 1.00 

where 

1 + (4)(F; - 0.80) + (Fz -1.00)(6.5 + [(5)(F; -1.00)]) 
4.2x F; 

1.3 P sh + 0.2 Pbe 

Ftt perceived travel time factor; 

FI> 1.00 

e = ridership elasticity with respect to changes in the travel time rate 
=-0.40; 

Tbtt base travel time rate = 6.0 for the central business district of a 

metropolitan area with 5 million persons or more, otherwise = 4.0 
(min/mi); 
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Tptt 

Tex 

tex 

Tat 

al 

STt,seg 

FI 

Lpt 

Psh 

Pbe 

perceived travel time rate (min/mi); 

excess wait time rate due to late arrivals (min/mi) = t,/Lpt; 

excess wait time due to late arrivals (min); 

amenity time rate (min/mi); 

passenger load weighting factori 

travel speed of transit vehicles along the segment (mi/h)i 

average passenger load factor (passengers/seat); 

average passenger h"ip length = 3.7 typical (mi); 

proportion of stops on segment with shelters (decimal); and 

proportion of stops on segment with benches (decimal). 

The perceived travel time rate is estimated according to three components, as 
shown in Equation 17-56. The first component reflects the average travel speed of 
the transit service, adjusted for the degree of passenger loading. The second 
component reflects the average excess wait time for the transit vehicle (i.e., the 
amount of time spent waiting for a late arrival beyond the scheduled arrival 
time). The third component reflects the ability of passengers to tolerate longer 
travel time rates when there are amenities provided at the transit stops. 

The first term in Equation 17-56 includes a factor that adjusts the transit 
vehicle travel time rate by using a passenger load weighting factor. This factor 
accounts for the decrease in passenger comfort when transit vehicles are 
crowded. Values of this factor range from 1.00 when the passenger load factor is 
less than 0.80 passengers/seat to 2.32 when the load factor is 1.6 passengers/seat. 

The second term in Equation 17-56 represents the perceived excess wait time 
rate. It is based on the excess wait time tex associated with late transit arrivals. 

1he multiplier of 2 in Equation 17-56 is used to amplify the excess wait time rate 
because passengers perceive excess waiting time to be more onerous than actual 
travel time. 

The excess wait time tex reflects transit vehicle reliability. It is an input to this 

procedure. If excess wait time data are not available for a stop, but on-time 
performance data are available for routes using the stop, then Equation 17-59 
may be used to estimate the average excess wait time. 

tex = [tZate(l- Pot)]2 

where 

tex excess wait time due to late arri vals (min), 

tlare threshold late time = 5.0 typical (min), and 

Pot proportion of transit vehicles arriving within the threshold late time 

(default = 0.75) (decimal). 

The third term in Equation 17-56 represents the amenity time rate reduction. 
This rate is computed in Equation 17-58 as the equivalent time value of various 
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Equation 17-60 

Equation 17-61 

Methodology 

transit stop improvements divided by the average passenger trip length. If 
multiple transit stops exist on the segment, an average amenity time rate should 
be used for the segment, based on the average value for all stops in the segment. 

The average passenger trip length is used to convert time values for excess 
wait time and amenities into distance-weighted travel time rates that adjust the 
perceived in-vehicle travel time rate. The shorter the trip, the greater the 
influence that late transit vehicles and stop amenities have on the overall 
perceived speed of the trip. 

The average passenger trip length should be representative of transit routes 
using the subject segment. A value of 3.7 mi is considered to be nationally 
representative. More accurate local values can be obtained from the National 
Transit Database (4). Specifically, this database provides annual passenger miles 
and annual unlinked trips in the profile of most transit agencies. The average 
passenger trip length is computed as the annual passenger miles divided by the 
annual unlinked trips. 

C Compute Wait-Ride Score 

The wait-ride score is computed by using Equation 17-60. A larger score 
corresponds to better performance. 

sw-r = Fh Fa 

where 

SW'r transit wait-ride score, 

Fit headway factor, and 

Ffl perceived travel time factor. 

Step 5: Determine Pedestrian LOS Score for Link 

The pedestrian LOS score for the link Ip,link is computed by using the 

pedestrian methodology, as described in a previous subsection. 

Step 6: Determine Transit LOS Score for Segment 

The transit LOS score for the segment is computed by using Equation 17-61. 

It,scg = 6.0 -1.50 SW-I" + 0.15 I p,'il1k 

where I/,seg is the transit LOS score for the segment and other variables are as 

defined previously. 

Step 7: Determine LOS 

The transit LOS is determined by using the transit LOS score from Step 6, 

This performance measure is compared with the thresholds in Exhibit 17-4 to 
determine the LOS for the specified direction of travel along the subject street 
segment. 
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3. APPLICATIONS 

DEFAULT VALUES 

Agencies that use the methodologies in this chapter are encouraged to 
develop a set of local default values based on field measurements on streets in 
their jurisdiction. Local default values provide the best means of ensuring 
accuracy in the analysis results. In the absence of local default values, the values 
identified in this subsection can be used if the analyst believes that they are 
reasonable for the street segment to which they are applied. 

Exhibit 17-5 and Exhibit 17-6 identify the input data variables associated 
with the automobile, pedestrian, bicycle, and transit methodologies. These 
variables can be categorized as either (a) suitable for specification as a default 
value or (b) required input data. Those variables categorized as "suitable for 
specification as a default value" have a minor effect on performance estimates 
and tend to have a relatively narrow range of typical values used in practice. In 
contrast, required input variables have either a notable effect on performance 
estimates or a wide range of possible values. Variables suitable for default value 
specification are discussed in this subsection. 

Required input variables typically represent fundamental segment and 
intersection geometric elements and demand flow rates. Values for these 
variables should be field measured whenever possible. 

If field measurement of the input variables is not possible, then various 
options exist for determining an appropriate value for a required input variable. 
As a first choice, input values should be established through the use of local 
guidelines. If local guidelines do not address the desired variable, then some 
input values may be determined by considering the typical operation of (or 
conditions at) similar segments and intersections in the jurisdiction. As a last 
option, various authoritative national guideline documents are available and 
should be used to make informed decisions about design options and volume 
estimates. The use of simple rules of thumb or "ballpark" estimates for required 
input values is discouraged because this use is likely to lead to a significant 
cumulative error in the performance estimates. 

Automobile Mode 

The required input variables for the automobile methodology are identified 
in the following list. These variables represent the minimum basic input data that 
the analyst will need to provide for an analysis. These variables were previously 
defined in the text associated with Exhibit 17-5. 

• Demand flow rate (at boundaly intersection), 

• Capacity (at boundary intersection), 

• Number of lanes (at boundary intersection), 

• Upstream intersection width (at boundary intersection), 

• Tum bay length (at boundary intersection), 

• Number of through lanes, 
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Exhibit 11-24 
Default Values: Automobile 

Mode 

Applications 

• Segment length, 

• Restrictive median length (if present), 

• Speed limit, 

• Through control delay (at boundary intersection), 

• Through stopped vehicles (at boundary intersection), and 

• Second- and third-term back of queue (at boundary intersection). 

Several authoritative reference documents (9-11) provide useful guidelines 
for selecting the type of signal control at the boundary intersection and 
determining the appropriate traffic control for the segment. 

Exhibit 17-24 lists default values for the automobile methodology. Some of 
the values listed may also be useful for the pedestrian, bicycle, or transit 
methodologies. The last column of this exhibit indicates "see discussion" for one 
variable. In this situation, the default value is described in the discussion 
provided in this subsection. 

Data Category Input Data Element 

Traffic 
characteristics 

Geometric 
design 

Other 

Performance 
measures 

Access pOint flow rate 

Midsegment flow rate 

Number of lanes at access 
points 

Turn bay length at access 
pOints 

Proportion of segment with 
curb 

Number of access point 
approaches 

Analysis period duration 

Midseqment delay 

Midsegment stops 

Default Values 

See discussion 

Estimate by using demand flow rate at the 
downstream boundary intersection approach 

Segment Approach 
If median is present, one left-turn lane/approach. 
If no median is present, no left-turn lanes. 
No right-turn lanes. 
Through lanes are the same as Nth. 
Access Point Approach 
One left-turn lane and one riqht-turn lane. 

40% of the access point spacing, where spacing 
equals 2 (5,280) / Dap in feet. Computed bay 
length should not exceed 300 ft or be less than 
50 ft. 

1.0 (curb present on both sides of segment) 

Estimated for each segment side by multiplying 
default access point density by 1/2 segment 
length (Le., N.p,s = 0.5 D.p L / 5,280) 
Urban arterial D.p = 34 points/mi 
Suburban arterial D.p = 21 pOints/mi 
Urban collector Dap = 61 points/mi 
Suburban collector Dap = 48 points/mi 

0.25 h 

0.0 s/veh 

0.0 stops/Yeh 

Note: Da = access point density on segment (points/mi); Nap,s =number of access point approaches on the right 
side in the subject direction of travel (pOints); L = segment length (ft); and Nih = number of through lanes 
on the segment in the subject direction of travel (In). 

The default access point flow rate can be estimated from the midsegment 
flow rate by using default turn proportions. These proportions are shown in 
Exhibit 17-25 for a typical access point intersection on an arterial street. The 
proportion of 0.05 for the left-turn movements can be reduced to 0.01 for a 
typical access point on a collector street. These proportions are appropriate for 
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segments with an access point density consistent with the default densities in 
Exhibit 17-24 and are applicable to access points serving any public-oriented land 
use (this excludes single-family residential land use and lmdeveloped property). 

I Access Point L 
~J'OC 

"-- 0.01 Vb Major Street 

0.05Va ---' 

I ,,-- 0.05 Vb 
F ow rate = Va f 

~~o1oLI 
Flow rate = Vb 
+--

If one of the movements shown in Exhibit 17-25 does not exist at a particular 
access point intersection, then its volume is not computed (its omission has no 
effect on the proportion used for the other movement flow rates). The flow rate 
for the crossing movements at an access point intersection is not needed for the 
automobile methodology. The left-tum proportions shown are larger than the 
right-tum proportions because right-tum opportunities are typically more 
frequent than left-tum opportunities along an arterial street. 

Nonautomobile Modes 

The required input variables for the pedestrian, bicycle, and transit 
methodologies are identified in the list below. These variables represent the 
minimum basic input data that the analyst will need to provide for an analysis. 
These variables were previously defined in the text associated with Exhibit 17-6. 

Pedestrian Methodology 

• Midsegment flow rate 

• Pedestrian flow rate 

• Downstream intersection width (at boundary intersection) 

• Segment length 

• Number of through lanes 

• Median type and curb presence 

• Spacing of objects in buffer 

• Legality of midsegment pedestrian crossing 

• Proportion of segment adjacent to window display 

• Proportion of segment adjacent to building face 

• Proportion of segment adjacent to low wall or fence 

• Motorized vehicle running speed 

• Pedestrian delay 
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• Pedestrian LOS score for intersection 

Bicycle Methodology 

• Midsegment flow rate 

• Segment length 

• Number of through lanes 

• Median type and curb presence 

• Motorized vehicle running speed 

• Bicycle delay (at boundary intersection) 

• Bicycle LOS score for intersection 

Transit Methodology 

• Excess wait time (or on-time performance) 

• Transit frequency 

• Segment length 

• Area type 

• Transit stop location 

• Transit stop position 

• Proportion of stops with shelters 

• Proportion of stops with benches 

• Motorized vehicle running speed 

• Pedestrian LOS score for link 

• Through control delay (at boundary intersection) 

• Reentry delay 

• Effective green-to-cycle-Iength ratio (at boundary intersection) 

• Volume-to-capacity ratio (at roundabout boundary intersection) 

Exhibit 17-26 lists the default values for the pedestrian, bicycle, and transit 
methodologies (2, 12). 

TYPES OF ANALYSIS 

The automobile, pedestrian, bicycle, and transit methodologies described in 
this chapter can each be used in three types (or levels) of analysis. These analysis 
levels are described as operational, design, and planning and preliminary 
engineering. The characteristics of each analysis level are described in the 
subsequent parts of this subsection. 

Operational Analysis 

Each of the methodologies is most easily applied at an operational level of 
analysis. At this level, all traffic, geometric, and signalization conditions are 
specified as input variables by the analyst. These input variables are used in the 
methodology to compute various performance measures. 
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Data Category Input Data Element 

Traffic 
cha racteristics 

Geometric 
design 

Other 

Dwell time 

Passenger trip length 

Passenger load factor 

Percent heavy vehicles 

Proportion of on-street parking 
occupied 

Width of outside through lane 

Width of bicycle lane 

Width of paved outside shoulder 

Number of access point 
approaches 

Total walkway width 

Effective width of fixed objects 

Buffer width 

Pavement condition rating 

Distance to nearest signal
controlled crossing 

Default Value 

Downtown stop, transit center, major on-line 
transfer point, major park-and-ride stop: 60 s 
Major outlying stop: 30 s 
Typical outlying stop: 15 s 

3.7 mi 

0.80 passengers/seat 

3% 

0.50 (if parking lane present) 

12 ft 

5.0 ft (if provided) 

No parking lane: 1.5 ft (curb and gutter width) 
Parking lane present: 8.0 ft 

Estimated for each segment side by multiplying 
default access point density by segment length 
(i.e., Nap,s = 0.5 Dap L I 5,280) 
Urban arterial D.p = 34 points/mi 
Suburban arterial Dap = 21 points/mi 
Urban collector Dap = 61 points/mi 
Suburban collector Dap = 48 points/mi 

Business or office land use: 9.0 ft 
Residential or industrial land use: 11.0 ft 

Business or office land use: 
2.0 ft inside, 2.0 ft outside 

Residential or industrial land use: 
0.0 ft inside, 0.0 ft outside 

Business or office land use: 0.0 ft 
Residential or industrial land use: 6.0 ft 

3.5 

One-third the distance between signal
controlled crossings that bracket the segment 

Performance 
measures 

Delay at midsegment signalized 20 sIp 
crosswalk 

Note: DB = access point density on segment (points/mi); Nap,s =number of access point approaches on the right 
side In the subject direction of travel (points); L = segment length (ft); and Nth = number of through lanes 
on the segment in the subject direction of travel (In). 

Design Analysis 

The nature of the design analysis varies depending on whether the boundary 
intersections are unsignalized or signalized, When the segment has unsignalized 
boundary intersections, the analyst specifies traffic conditions and target levels 
for a specified set of performance measures. The methodology is then applied by 
using an iterative approach in which alternative geometric conditions are 
separately evaluated. 

When the segment has signalized boundary intersections, the design level of 
analysis has two variations. Both variations require the specification of traffic 
conditions and target levels for a specified set of performance measures. One 
variation requires the additional specification of the signalization conditions. The 
methodology is then applied by using an iterative approach in which alternative 
geometric conditions are separately evaluated. 
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The second variation of the design level requires the additional specification 
of the geometric conditions. The methodology is then applied by using an 
iterative approach in which alternative signalization conditions are evaluated. 

The objective of the design analysis is to identify the alternatives that operate 
at the target level of the specified performance measures (or provide a better 
level of performance). The analyst may then recommend the "best" design 
alternative after consideration of the full range of factors. 

Planning and Preliminary Engineering Analysis 

The planning and preliminary engineering level of analysis is intended to 
provide an estimate of the LOS for either a proposed segment or an existing 
segment in a future year. This level of analysis may also be used to size the 
overall geometries of a proposed segment. 

The level of precision inherent in planning and preliminary engineering 
analyses is typically lower than for operational analyses. Therefore, default 
values are often substituted for field-measured values of many of the input 
variables. Recommended default values for this purpose were described 
previously in this section. 

The requirement for a complete description of the signal timing plan can be a 
burden for some planning analyses involving signalized intersections, especially 
when the signal control is pretimed or coordinated-actuated. The intersection 
Quick Estimation Method described in Chapter 31, Signalized Intersections: 
Supplemental, can be used to estimate a reasonable timing plan, in conjunction 
with the aforementioned default values. 

For some planning and preliminary engineering analyses, the segment Quick 
Estimation Method described in Chapter 30, Urban Street Segments: 
Supplemental, may provide a better balance between accuracy and analysis 
effort in the evaluation of vehicle LOS. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools, 
and Chapter 7, Interpreting HCM and Alternative Tool Results. This section 
contains specific guidance for the application of alternative tools to the analysis 
of urban street segments. The tools are described as either simulation or 
deterministic, in reference to their iTaffic modeling approach. Additional 
information on this topic is provided in Volume 4. The focus of this section is the 
application of alternative tools to evaluate automobile operation. 

Strengths of the Automobile Methodology 

The automobile methodology described in Section 2 models the driver
vehicle-road system with reasonable accuracy for most applications. It accounts 
for midsegment speed variations due to traffic and geometric conditions. 
Alternative tools offer a more detailed treatment of the arrival and departure of 
vehicles as well as the interaction between the vehicle, the roadway, and the 
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control system. As such, some tools can model the driver-vehicle-road system 
more accurately for some applications. 

The automobile methodology offers several advantages over alternative 
analysis tools. One advantage is that it has an empirically calibrated procedure 
for estimating saturation flow rate. Alternative tools often require saturation flow 
rate as an input variable. A second advantage is that it produces a direct estimate 
of capacity and volume-to-capacity ratio. These measures are not directly 
available from simulation tools. A third advantage is that it produces an 
expected value for each of a wide variety of data outputs in a single application. 
Many alternative tools operate as a "black box," providing little detail describing 
the intermediate calculations. Moreover, simulation tools require multiple runs 
and manual calculations to obtain expected values for the output data. 

Identified Limitations of the Automobile Methodology 

The limitations of the automobile methodology are identified in Section 1. If 
any of these limitations apply to a particular situation, then alternative tools may 
produce more credible performance estimates. Limitations involving 
consideration of the impact of progression on performance are a special case that 
is discussed in more detail in Chapter 16, Urban Street Facilities. 

Features and Performance Measures Available from Alternative Tools 

Both deterministic tools and simulation tools are in common use as 
alternatives to the procedures offered in this chapter. Deterministic tools are 
used to a greater extent for the analysis of urban street segments than for most of 
the other transportation elements represented in this manuaL The main reasons 
for their popularity are found in the user interface, optimization options, and 
output presentation features. Some also offer additional performance measures 
such as fuel consumption, air quality, and operating cost. 

Development of HCM-Compatible Performance Measures USing 
Alternative Tools 

The LOS assessment for the automobile mode on urban street segments is 
based on the average travel speed over the segment. The average travel speed is 
computed by dividing the segment length by the total time required to travel the 
segment, taking into account all intersection and nonintersection delays. 

Alternative tools generally define the travel speed in the same way that it is 
defined in this chapter. However, these tools may not compute delay and 
running speed by using the procedures presented in Section 2. Therefore, some 
care must be taken when using speed and delay estimates from other tools. 
Issues related to speed and delay comparison among different tools are 
discussed in more detail in Chapter 7. In general, the travel speed from an 
alternative tool should not be used for LOS assessment unless the tool is 
confinned to apply the procedures described in Section 2. 

Conceptual Differences That Preclude Direct Comparison of Results 

Alternative deterministic tools apply traffic models that are conceptually 
similar to those described in this chapter. While their computational details will 
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Applications 

usually produce different numerical results, there are few major conceptual 
differences that would preclude comparison in terms of relative magnitude. 

Simulation tools, on the other hand, are based on entirely different modeling 
concepts. A general discussion of the conceptual differences is presented in 
Chapters 6 and 7. Some specific examples for signalized intersections, which also 
apply to urban street segments, are presented in Chapter 18. 

One phenomenon that makes comparison difficult is the propagation of 
platoons along a segment. Deterministic tools, including the model presented in 
this chapter, apply equations that spread out a platoon as it progresses 
downstream. Simulation tools create platoon dispersion implicitly from a 
distribution of desired speeds among drivers. Both approaches will produce 
platoon dispersion, but the amount of disperi>ion will differ among tools. 

Simulation tools may also exhibit platoon compression because of the effect 
of slower-moving vehicles that cause platoons to regenerate. For this and other 
reasons, it is difficult to achieve comparability of platoon representation along a 
segment between these tools and the automobile methodology. 

Adjustment of Alternative Tool Parameters 

For applications in which either an alternative tool or the automobile 
methodology can be used, some adjustment will generally be required for the 
alternative tool if some consistency with the automobile methodology is desired. 
For example, the parameters that determine the capacity of a signalized approach 
(e.g., saturation flow rate and start-up lost time) should be adjusted to ensure 
that the lane group (or approach) capacities match those estimated by the 
automobile methodology. 

It might also be necessary to adjust the parameters that affect the travel time 
along the segment to produce comparable results. The automobile methodology 
is based on a free-flow speed that is computed as a function of demand flow rate, 
median type, access point density, and speed limit. Most alternative tools 
typically require a user-specified free-flow speed, which could be obtained from 
the automobile methodology to maintain comparability. It may be more difficult 
to adjust the platoon modeling parameters. So, if comparability is desired in 
representing the platoon effect, it is preferable to adjust the free-flow speed 
specified for simulation such that the actual travel speeds are similar to those 
obtained from the automobile methodology. 

Step-by-Step Recommendations for Applying Alternative Tools 

A set of step-by-step recommendations for signalized intersection evaluation 
with alternative tools is presented in Chapter 18. The recommendations in that 
chapter also apply to the evaluation of urban street segments. 

Sample Calculations Illustrating Alternative Tool Applications 

The most useful examples of the application of alternative tools involve 
multiple segment facilities. Chapter 29, Urban Street Facilities: Supplemental, 
includes a set of examples to illustrate the use of alternative tools to address the 
stated limitations of this chapter and Chapter 16, Urban Street Facilities. 

Page 17-74 Chapter 17/Urban Street Segments 
December 2010 

AR0074234 



( 

(' 

( 

Highway Capacity Manual 20 I 0 

Specifically, these examples illustrate (a) the application of deterministic tools to 
optimize signal timing, (b) the effect of using a roundabout as a segment 
boundary, (c) the effect of midsegment parking maneuvers on facility operation, 
and (d) the use of simulated vehicle trajectories to evaluate the proportion of time 
that the back of the queue on the minor-street approach to a two-way STOP

controlled intersection exceeds a specified distance from the stop line. 

Chapter 31, Signalized Intersections: Supplemental, includes example 
problems that address left-turn storage bay overflow, right-turn-on-red 
operation, short through lanes, and closely spaced intersections. 
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Exhibit 17-27 
Example Problems 

Exhibit 17-28 
Example Problem 1: Urban 
Street Segment Schematic 

Example Problems 

4. EXAMPLE PROBLEMS 

This part of the chapter describes the application of each of the automobile, 
pedestrian, bicycle, and transit methodologies through the use of example 
problems. Exhibit 17-27 provides an overview of these problems. The focus of the 
examples is on the operational analysis level. The planning and preliminary 
engineering analysis level is identical to the operational analysis level in terms of 
the calculations, except that default values are used when field-measured values 
are not available. 

Problem 
Number 

1 
2 
3 
4 

Description 
Automobile LOS 
Pedestrian LOS 
Bicycle LOS 
Transit LOS 

EXAMPLE PROBLEM 1: AUTOMOBILE LOS 

The Urban Street Segment 

Analysis level 
Operational 
Operational 
Operational 
Operational 

The total length of an undivided urban street segment is 1,800 ft. It is shown 
in Exhibit 17-28. Both of the boundary intersections are signalized. The street has 
a four-lane cross section with two lanes in each direction. There are left-tum bays 
on the subject segment at each signalized intersection. 

1,800 ft N 

-t-600 ft 600 ft •• 

API AP2 

Signal Segment 1 Signal 

The segment has two access point intersections, shown in the exhibit as API 
and AP2. Each intersection has two sTop-controlled side-street approaches. The 
segment has some additional driveways on each side of the street; however, their 
turn movement volumes are too low during the analysis period for them to be 
considered "active." So, the few vehicles that do turn at these locations during 
the analysis period have been added to the appropriate flow rates at the two 
access point intersections. 

The Question 

What are the travel speed, spatial stop rate, and LOS during the analysis 
period for the segment through movement in both directions of travel? 
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The Facts 

The segment's traffic COLmts are listed in Exhibit 17-29. The counts were 
taken during the IS-min analysis period of interest. However, they have been 
converted to hourly flow rates. It is noted that the volumes leaving the signalized 
intersections do not add to equal the volume arriving at the downstream access 
point intersection. 

so SOD 100 100 80 100 80 so 500 100 

I} • '+ 
~10 I} '+ ~loo I} '+ ~ 100 

I} • '+ 
~10 

2003 
1,000-

10,.. 

.... 1,000 80 j Access Paint .... 1,050 80 J- Access point ..... 1,050 200 j 
Signal 1 -r 200 1,050 ..... Intersection ~ 80 1,050 ..... Intersection ~ 80 1,000 ..... 

-1,000 
Signal 2 -r 200 

, t (t 100 ,.. , (t 100 ,.. , (t 10 ,.. 

100 500 SO 80 100 80 100 100 SOD SO 

The signalization conditions are shown in Exhibit 17-30. The conditions 
shown are identified as belonging to Signalized Intersection 1; however, they are 
the same for Signalized Intersection 2. The signals operate with coordinated
actuated control. The left-turn movements on the northboLmd and southbound 
approaches operate under protected-permitted control and lead the opposing 
through movements (i.e., a lead- lead phase sequence) . The left-turn movements 
on the major street operate as protected-only in a lead-lead sequence. 

Signalized Intersection 1 
General Information 
Cross Street: First Avenue Analysis Period: 7:15 am to 7:30 am 

Phase Sequence and Left-Turn Mode 

Major street sequence I 5 & 1 left leading .:J Cross slreet sequence I 3 & 7 left leading ~ (rroverrent nunbers show n) (rmverrent nunbers show n) 
Major street left-turn mode I 5/1 Protected·Only .:J Cross street left·turn mode I 3/7 Protected+Pernitted .:J (rmverrent nunbers show n) (rmverrent nunbers show n) 

Phase Settings 
Approach Eastbound Westbound Northbound Southbound 

Phase number 5 2 1 6 3 8 7 4 
Movement L T+R L T+R L T+R L T+R 

Lead/lag left-turn phase Lead -- Lead -- Lead -- Lead --
Left -turn mode Prot. -- Prot. - Pr/Pm -- Pr/Pm --
Passage time , s 2.0 -- 2.0 -- 2.0 2.0 2.0 2.0 

Minimum green, s 5 - 5 - 5 5 5 5 
Yellow + red clear, s 3.0 4.0 3.0 4.0 3.0 4.0 3.0 4.0 

Phase split, s 20 35 20 35 20 25 20 25 
Recall I No .:J I No .:J -- I No .:J No .:J No .:J No .:J 
Dual entry I No .:J Yes .:J No .:J Yes .:J No .:J Yes .:I No .:I Yes .:J 
Ref. Phase ~ Offset, s: 0 I Offset Ref.: End of Green ..:! Force Mode: I Fixed .:I Cycle, s: 100 I 
Enable Simultaneous Gap-Out? Enable Dallas Left-Turn Phasing? 

Phase Group 1,2,5,6: ji7 Phase Group 3,4,7,8: ji7 Phases 1,2,5,6: r Phases 3,4,7,8: r 

Exhibit 17-30 indicates that the passage time for each phase is 2.0 s. The 
minimum green setting is 5 s for each phase. The offset to Phase 2 (the reference 
phase) end-of-green interval is 0.0 s. A fixed-force mode is used to ensure that 
coordination is maintained. The cycle length is 100 s. 

Geometric conditions and traffic characteristics for Signalized Intersection 1 
are shown in Exhibit 17-31. They are the same for Signalized Intersection 2. The 
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Exhibit 17-31 
Example Problem 1: 

Geometric Conditions and 
Traffic Characteristics for 
Signalized Intersection 1 

Example Problems 

movement numbers follow the numbering convention shown in Exhibit 18-2 of 

Chapter 18. 

Signalized Intersection 1 
Signalized Intersection Input Data (In ead, co/umn, enter the I'o/ume and lanes data. For illl other blue cells, enter values 0171 If there Is one or more lanes. 

Approach Eastbound Westbound Northbound Southbound 
Movement T R L I R T R T R 
1'-1ov ment number 12 1 6 16 8 I. 4 14 
Volum veh h 2UU 1 UOU 10 200 1000 10 100 500 50 100 500 50 
lanes 1 2 1 1 2 1 1 2 0 1 2 0 
Turn ba len th ft 200 200 200 200 200 200 
Sat flow rate veh h I 1800 1800 1800 1800 1 ROn 1800 1 flOO 1800 1800 1 800 
Plcttoon r<ltio 1.000 1.333 1.000 1.0110 1.333 1.000 1.000 1.000 1.000 1.000 
Initi al u~ue v~h 0 0 0 0 0 0 0 0 0 0 
S ed limit m h 35 35 35 35 35 35 35 35 35 35 35 35 

Stu hJledet. len tIl ft 40 40 10 40 40 40 
Max . allow. hd .. · " 3.9 3.9 3.9 2.9 3.9 2.9 

All signalized intersection approaches have a 200-ft left-turn bay and two 
through lanes. The east-west approaches have a 200-ft right-turn lane. The 
north-south approaches have a shared through and right-turn lane. The 
saturation flow rate is determined by using the procedure described in Chapter 

18. 

The platoon ratio is entered for all movements associated with an external 
approach to the segment. The eastbound through movement at Signalized 
Intersection 1 is coordinated with the upstream intersection such that favorable 

progression occurs, as described by a platoon ratio of 1.33. The westbound 
through movement at Signalized Intersection 2 is also coordinated with its 
upstream intersection, and arrivals are described by a platoon ratio of 1.33. 
Arrivals to all other movements are characterized as "random" and are described 

with a platoon ratio of 1.00. The movements for the westbound approach at 
Signalized Intersection 1 (and eastbound approach at Signalized Intersection 2) 
are internal movements, so the input platoon ratios shown will only be Llsed for 
the first iteration of calculations. More accurate values are computed during 

subsequent iterations by using a procedure provided in the methodology. 

The speed limit on the segment and on the cross-street approaches is 35 mi/h. 
A 40-ft detection zone is located just upstream of the stop line in each traffic lane 

at the two signalized intersections. 

The geometric conditions that describe the segment are shown in Exhibit 17-

32. These data are used to compute the free-flow speed for the segment. 

The traffic and lane assignment data for the two access point intersections 

are shown in Exhibit 17-33. The movement numbers follow the numbering 
convention shown in Exhibit 19-3 of Chapter 19, Two-Way STOP-Controlled 
Intersections. There are no turn bays on the segment at the two access point 

intersections. 
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segment 1 
Free-Flow Speed Computation 

Input Data 
EB WB 

Basic Segment Data 
Number of through lanes that extend the length of the segment: I 2 2 
Speed limit, mph I 35 35 
Segment Length Data 
Length of segment (measured stopline to stopline), ft 1,800 1800 
Width of upstream signalized intersection, ft 50 50 

Adjusted segment length ft 1,750 1750 
Length of segment with a restrictive median (e.g, raised-curb), ft 0 0 
Length of segment with a non-restrictive median (e.g, two-way left-turn lane) , ft 0 0 
Length of segment with no median ft 1,750 1,750 
Percentage or segment length with restrictive median, % 0 0 
Access Data 
Percentage of street with curb on right-hand side (in direction of travel), % I 70 70 
Number of access points on right-hand side of street (in direction of travel) I 4 4 
Access point density, access points/mi I 24 L4 

cress mt n utDilta 
ccess ADDmllch Eastbound Westbound Northbound Southbound 

Point Movement L T R L T R L T R L T 
locatiDn,ft: Movement number 1 2 3 4 5 6 7 8 9 10 11 

600 Volume ve h 80 1050 100 80 1050 100 80 0 100 80 0 
. West end Lanes 0 2 0 0 2 0 I 0 I 1 0 

1200 Volume ve h 80 1 050 100 80 1 050 100 80 0 100 80 0 
Lan .... 0 2 0 0 2 0 1 1 0 

Outline of Solution 

Movement-Based Data 

Exhibit 17-34 provides a summary of the analysis of the individual traffic 
movements at Signalized Intersection 1. 

INTERSECTION 1 EB EB EB WB WB WB NB NB NB 5B 5B 
L T R L T R L T R L T 

Movement: 5 2 12 1 6 16 3 8 ,. 7 • 
Volume, veh/h 200 1,000 10 194 968 10 tOO 500 SO 100 500 
Lanes 1 2 1 1 2 I 1 2 0 1 2 
Say length, ft: 200 0 ZOO 200 0 200 200 0 0 200 0 

R 
12 

100 
1 

100 
1 

58 
R 
i • 

SO 
0 
0 

Sat\Jrat!on Aow Rate, vch/h/ln 1,800 1,800 1,800 1,800 1,800 1,800 1,600 1,800 1,800 1,800 I,BOO 1.800 
Platoon Ratio 1.00 L 33 LOO LOO 1.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Inlt ial Queue, vetl 0 0 0 0 0 0 0 0 0 0 0 0 
Speed Urnit, mph 35 35 35 35 35 35 35 35 3S 35 35 35 
Detector Length, ft 40 0 0 40 0 0 40 40 40 40 40 40 
Capacity, veh/h 234 ) ,703 724 230 1,695 720 213 609 51 213 609 61 
Discharge Volume, veh/h 0 1,000 0 0 0 0 0 0 50 100 0 0 
Proportion Arriving On Green 0.137 0.630 0,473 0.046 0.456 0.460 0.063 0.189 0.189 0.053 O.lB9 0.189 
Approach Volume, veh/h 1,210 1,172 650 650 
Approach Delay I s/veh 19.4 25.5 39.4 39.4 
Aoproach StoD Rate stoos/veh 0,471 0.668 0.850 0.850 

With one exception, the first eight rows of data in Exhibit 17-34 are an "echo" 
of the input data. The remaining rows list variables that are computed by using 
these input data. The volumes shown in Exhibit 17-34 for the eastbound (EB), 
northbound (NB), and southbound (SB) movements are identical to the input 
volumes. The westbound (WB) volumes were reduced from the input volumes 
during Step 1: Determine Traffic Demand Adjustments. This reduction occurred 
because the westbound volume input for this intersection exceeded the volume 
departing the upstream access point intersection (i.e., API). 

Capacity for a movement is computed by using the movement volume 
proportion in each approach lane group, lane group saturation flow rate, and 
corresponding phase duration. This variable represents the capacity of the 
movement, regardless of whether it is served in an exclusive lane or a shared 
lane. If the movement is served in a shared lane, then the movement capacity 
represents the portion of the lane group capacity available to the movement, as 
distributed in proportion to the flow rate of the movements served by the 
associated lane group. 
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Exhibit 17-35 
Example Problem 1: Timer

Based Phase Output Data 

Example Problems 

Discharge volume is computed for those movements that enter a segment 
during Step 1: Determine Traffic Demand Adjustments. At Signalized 

Intersection I, the movements entering the segment are the eastbound through 
movement, northbound right-turn movement, and southbotmd left-turn 
movement. A value of 0.0 veh/h is shown for all other movements and indicates 
that they are not relevant to this calculation. If volume exceeds capacity for any 

given movement, then the discharge volume is set equal to the capacity. 
Otherwise, the discharge volume is equal to the movement volume. 

The proportion arriving during green P is computed for internal movements 
during Step 3: Determine the Proportion Arriving During Green. In contrast, it is 
computed from the input platoon ratio for external movements. 

The last three rows in Exhibit 17-34 represent summary statistics for the 
approach. The approach volume represents the sum of the three movement 
volumes. Approach delay and approach stop rate are computed as volume
weighted averages for the lane groups served on an intersection approach. 

Timer-Based Phase Data 

Exhibit 17-35 provides a summary of the output data for Signalized 
Intersection 1 using a signal controller perspective. The controller has eight 
timing ftmctions (or timers), with Timers 1 to 4 representing Ring 1 and Timers 5 

to 8 representing Ring 2. The ring structure and phase assignments are described 
in Chapter 18. Timers 1, 2, 5, and 6 are used to control the east- west traffic 
movements on the segment. Timers 3, 4, 7, and 8 are used to control the north

south movements that cross the segment. 

Timer Data 
Timer: 1 2 3 4 S 6 7 8 

WB EB NB SB EB WB SB NB 
l T.R l T.T+R l T.R l T.T+R 

Assigned Phase 1 2 3 4 5 6 7 8 
Case No 2 3 1 4 2 3 1 4 
Phase Duration (G+Y+Rc), s 16.48 51.29 9.32 22.90 16.69 51.09 9.32 22.90 
Change Period (Y+Rc), s 3.00 4.00 3.00 4.00 3.00 4.00 3.00 4.00 
Phase Start Time, s 36.22 52.70 4.00 13.32 36.22 52.92 4.00 13.32 
Phase End Time, s 52.70 4.00 13.32 36.22 52.92 4.00 13.32 36.22 
Max. Allowable Headway (MAH), s 3.13 0.00 3.13 3.06 3.13 0.00 3.13 3.06 
Equivalent Maximum Green (Gmax), s 29.78 0.00 17.00 31.68 29.78 0.00 17.00 31.68 
Max. Queue Clearance TIme (g_c+ll), 13.238 0.000 6.644 16.955 13.432 0.000 6.644 16.955 
Green Extension TIme (g_e), S 0.302 0.000 0.098 1.946 0.313 0.000 0.098 1.946 
Probability of Phase call (p_c) 0.995 0.000 0.938 1.000 0.996 0.000 0.938 1.000 
Probability of Max Out (p_x) 0.000 0.000 0.000 0.023 0.000 0.000 0.000 0.023 

Cycle length, s: 100 

The timing function construct is essential to the modeling of a ring-based 

signal controller. Timers always occur in the same numeric sequence (i.e., 1 then 2 
then 3 then 4 in Ring 1; 5 then 6 then 7 then 8 in Ring 2). The practice of 
associating movements with phases (e.g., the major-street through movement to 

Phase 2), coupled with the occasional need for lagging left-turn phases and split 

phasing, creates the situation in which phases do not always time in sequence. For 
example, .. vith a lagging left-turn phase sequence, major-street through Phase 2 

times first and then major-street left-turn Phase 1 times second. 

The modern controller accommodates the assigmnent of phases to timing 

functions by allowing the ring structure to be redefined manually or by time-of-
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day settings. Specification of this structure is automated in the computational 
engine by the assignment of phases to timers. 

The methodology is based on modeling timers, not by directly modeling 
movements or phases. The methodology converts movement and phase input 
data into timer input data. It then models controller response to these inputs and 
computes timer duration and related performance measures. 

The two signalized intersections in this example problem have lead-lead left
tum sequences. Hence, the timer number is equal to the phase number (e.g., the 
westbound movement is associated with Phase 1, which is assigned to Timer 1). 

The case number shown in Exhibit 17-35 is used as a single variable 
descriptor of each possible combination of left-tum mode and lane group type 
(Le., shared or exclusive). An understanding of this variable is not needed to 
interpret the output data. 

The phase duration shown in Exhibit 17-35 represents the estimated average 
phase duration during the analysis period. It represents the sum of the green, 
yellow change, and red clearance intervals. For Timer 2 (Le., Phase 2), the 
average green interval duration can be computed as 47.29 s (== 51.29 - 4.00). 

The phase start time represents the time the timer (and phase) starts, relative 
to system time 0.0. For Phase 2, the start time is 52.70 s. The end of the green 
interval associated with this phase is 100.0 s (= 52.70 + 47.29). This time is equal to 
the cycle length, so the end of green actually occurs at 0.0 s. This result is 
expected because Phase 2 is the coordinated phase and the offset to the end of 
Phase 2 (relative to system time 0.0) was input as 0.0 s. 

The phase end time represents the time the timer (and phase) ends relative to 
system time 0.0. For Phase 2, the end of the green interval occurs at 0.0 s and the 
end of the phase occurs 4.0 s later (i.e., the change period duration). 

The remaining variables in Exhibit 17-35 apply to the noncoordinated phases 
(Le., the actuated phases). These variables describe the phase timing and 
operation. They are described in more detail in Chapter 18. 

Timer-Based Movement Data 

Exhibit 17-36 summarizes the output for Signalized Intersection 1 as it relates 
to the movements assigned to each timer. Separate sections of output are shown 
in the exhibit for the left-tum, through, and right-turn movements. The assigned 
movement row identifies the movement (previously identified in Exhibit 17-34) 
assigned to each timer. 

The saturation flow rate shown in Exhibit 17-36 represents the saturation 
flow rate for the movement. The procedure for calculating these rates is 
described in Chapter 18. In general, the rate for a movement is the same as for a 
lane group when the lane group serves one movement. The rate is split between 
the movements when the lane group is shared by two or more movements. 

Chapter 17jUrban Street Segments 
December 2010 

Page 17-81 Example Problems 

AR0074241 



Highway Capacity Manual2010 

Exhibit: 17-36 
Example Problem 1: Timer

Based Movement Output 
Data 

Exhibit 17-37 
Example Problem 1: 

Movement-Based Access 
Point Output Data 

Example Problems 

Timer Data 
Timer: 

Left-Turn Movement Data 
Assigned Movement 
Mvmt. Sat Flow, veh/h 

Through Movement Data 
Assigned Movement 

1 
WB 

L 

1 
1,710.00 

2 3 
EB NB 
T.R L 

3 
1,710.00 

4 5 
5B EB 

T.T+R L 

5 
1,710.00 

4 

6 
WB 
T.R 

7 
5B 
L 

7 
1,710.00 

B 
NB 

T.T+R 

8 
Mvmt. Sat Flow, veh/h 

Right-Turn Movement Data 
3,600.00 3,222.18 3,600.00 3,222.18 

Assigned Movement 
Mvmt. Sat Flow, veh/h 

12 14 15 18 
1,530.00 321.15 1,530.00 321.15 

Timer-Based Lane Group Data 

The methodology described in Chapter 18 computes a variety of output data 
that describe the operation of each intersection lane group. The example problem 
in Chapter 18 illustrates these data and discusses their interpretation. The output 
data for the individual lane groups are not repeated in this chapter. Instead; the 
focus of the remaining discussion is on the access point output and the 
performance measures computed for the two segment through movements. 

Access Point Data 

Exhibit 17-37 illustrates the output statistics for the two access point 
intersections located on the segment. The first six rows listed in the exhibit 
correspond to Access Point Intersection 1 (API); and the second six rows 
correspond to Access Point Intersection 2 (AP2). Additional sets of six rows 
would be provided in this table if additional access point intersections were 
evaluated. 

Access Point Data EB EB EB WB we we NB NB NB SB SB 
Segment 1 L T R L T R l T R L T 

Movement: 1 2 3 4 5 6 7 • • 10 11 
Access PDint Intersection No, 1 

58 
R 
12 

1: Volume, veh/h 74.80 981.71 93.50 75.56 991.70 94.45 80,00 0.00 100,00 SO.OO 0,00 100,00 
1: lanes 0 2 0 0 2 0 1 0 1 1 0 1 
1: Proportion time blocked 0.170 0.170 0.2.60 0,260 0,170 0,260 0.260 0.170 
1: Delay to through vehicles, s/veh 0,163 0.164 
1: Prob, Inside lane blocked by left 0.101 0,101 
1: Dis-t. from West/South signal, ft. 600 
Access Point Intersection No.2 
2: Volume, veh/h 75.56 991.70 94.45 74,80 981.71 93.50 80.00 0.00 100.00 80,00 0.00 10[1,00 
2; lanes 0 2 0 0 2 0 1 0 1 1 " 1 
2: Proportion time blocked 0.170 0.170 0.260 0,260 0.170 0.260 0.260 0.170 
2: Delay to through vehidp..5, s/veh 0.164 0.163 
2: Pmb. inside lane blocked by left 0.101 0.101 
2: Dist. from West/South signal ft 1 ZOO 

The eastbound and westbound volumes listed in Exhibit 17-37 are not equal 
to the input volumes. These volumes were adjusted during Step 1: Determine 
Traffic Demand Adjustments such that they equal the volume discharging from 
the upstream intersection. This routine achieves balance between all junction 
pairs (e.g., between Signalized Intersection 1 and Access Point Intersection 1; 
between Access Point Intersection 1 and Access Point Intersection 2; and so 
forth). 

The proportion of time blocked is computed during Step 3: Determine the 
Proportion Arriving During Green. It represents the proportion of time during 
the cycle that the associated access point movement is blocked by the presence of 
a platoon passing through the intersection. For major-street left turns; the 
platoon of concern approaches from the opposing direction. For the minor-street 
left tum, platoons can approach from either direction and can combine to block 
this left turn for extended time periods. This trend can be seen by comparing the 
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proportion of time blocked for the eastbound (major-street) left turn (i.e., 0.17) 
with that for the northbound (minor-street) left turn (Le., 0.26) at Access Point 
Intersection l. 

The delay to through vehicles is computed during Step 2: Determine 
Running Time. It represents the sum of the delay due to vehicles turning left 
from the major street and the delay due to vehicles turning right from the major 
street. This delay tends to be small compared with typical signalized intersection 
delay values. But it can influence travel speed if there are several high-volume 
access points on a street and only one or two through lanes in each direction of 
travel. 

The probability of the inside through lane being blocked is also computed 
during Step 2: Determine Running Time as part of the delay-to-through-vehicles 
procedure. This variable indicates the probability that the left-turn bay at an 
access point will overflow into the inside through lane on the street segment. 
Hence, it indicates the potential for a through vehicle to be delayed by a left-turn 
maneuver. The segment being evaluated has an undivided cross section, and no 
left-turn bays are provided at the access point intersections. In this situation, the 
probability of overflow is 0.10, indicating that the inside lane is blocked about 
10% of the time. 

Results 
Exhibit 17-38 summarizes the performance measures for the segment. Also 

shown are the results from the spillback check conducted during Step 1: 
Detennine Traffic Demand Adjustments. The movements indicated in the 
column heading represent the movements exiting the segment at a boundary 
intersection. Thus, the westbound movements on Segment 1 are those that occur 
at Signalized Intersection 1. Similarly, the eastbound movements on Segment 1 
are those that occur at Signalized Intersection 2. 

Segment Summary EB EB EB WB WB WB 
l T R l T R 

Seg.No. Movement: 5 2 12 1 6 16 
1 Bay/Lane Spill back Time, h never never never never never never 
1 ShrdLane Spill back Time, h never never never never never never 
1 Base Free-Flow Speed, mph 40.78 40.78 
1 Running Time, s 33.48 33.48 
1 Running Speed, mph 36.65 36.65 
1 Through Delay, s/veh 20.862 20.862 
1 Travel Speed, mph 22.58 22.58 
1 Stop Rate, stopsjveh 0.608 0.608 
1 Spatial Stop Rate, stops/mi 1.78 1.78 
1 Through vol/cap ratio 0.57 0.57 
1 Percent of Base FFS 55.4 55.4 
1 Level of Service C C 
1 Proportion Left Lanes 0.33 0.33 
1 Auto. Traveler Perception Score 2.56 2.56 

SPILLBACK TIME, h: never 

The spillback check procedure computes the time of spillback for each of the 
internal movements. For turn movements, the bay/lane spillback time represents 
the time before the turn bay overflows. For through movements, the bay/lane 
spillback time represents the time before the through lane overflows due only to 
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Exhibit 17-39 
Example Problem 2: 
Segment Geometry 

Example Problems 

through demand. If a turn bay exists and it overflows, then the tum volume will 
queue in the adjacent through lane. For this scenario, the shared lane spillback 
time is computed and used instead of the bay/lane spillback time. If several 
movements experience spillback, then the time of first spillback is reported at the 
bottom of Exhibit 17-38. 

The output data for the two through movements are listed in Exhibit 17-38, 
starting with the third row. The base free-flow speed (FFS) and running time 
statistics are computed during Step 2: Determine Running Time. The through 
delay listed is computed during Step 5: Determine Through Control Delay. It 
represents a weighted average delay for the lane groups serving through 
movements at the downstream boundary intersection. The weight used in this 
average is the volume of through vehicles served by the lane group. 

The percent of base free-flow speed equals the travel speed divided by the 
base free-flow speed. It and the through movement volume-to-capacity ratio are 
used with Exhibit 17-2 to determine that the segment is operating at LOS C in 
both travel directions. 

Each travel direction has one left-tum bay and three intersections. Thus, the 
proportion of intersections with left-tum lanes is 0.33. This proportion is used in 
Step 10: Determine Automobile Traveler Perception Score to compute the score 
of 2.56, which suggests that most automobile travelers would find segment 
service to be very good. 

EXAMPLE PROBLEM 2: PEDESTRIAN LOS 

The Segment 

The sidewalk of interest is located along a 1,320-£t urban street segment. The 
segment is part of a collector street located near a community college. It is shown 
in Exhibit 17-39. Sidewalk is only shown for the south side of the segment for the 
convenience of illustration. It also exists on the north side o£ the segment. 

N+j ______________ ~L~=~1~,3~2~O~ft~ ____________ ~.*.--W~i=--5-0-ft_+ 

t !j-J I A 5-ft bicycle lane LJ 
9.5 ft ..L ~I ..L ..L ..L ..L 

12 ft ::::~------I---------------------12 ft 
= = 

12 ft 

---------~----------------~==~=. 12 ft 
9.5 ft ...- ...- ...- ..,- ..,- ..,-

-- ---Sft t 
f\. 

r---, I Fence "wT = 10 ft 
'I ~ 

The Question 

What is the pedestrian LOS for the sidewalk on the south side of the 
segment? 
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The Facts 

( The geometric details of the sidewalk and street cross section are shown in 

( 

Exhibit 17-39. Both boundary intersections are signalized. It is legal to cross the 
segment at uncontrolled, midsegment locations. The following additional 
information is known about the sidewalk and street segment: 

Traffic Characteristics 

Midsegment flow rate in eastbound direction: 940 veh/h 

Pedestrian flow rate in south sidewalk (walking in both directions): 2,000 p/h 

Proportion of on-street parking occupied during analysis period: 0.20 

Geometric Characteristics 

Shoulder width consists of 8.0 ft for parking and 1.5 ft for gutter pan. 

Cross section has raised curb along outside edge of roadway. 

Effective width of fixed objects on sidewalk: 0.0 ft (no objects present) 

Presence of trees, bushes, or other vertical objects in buffer: No 

Other Data 

Pedestrians can cross the segment legally and do so somewhat uniformly 
along its length. 

Proportion of sidewalk adjacent to window iii splay: 0.0 

Proportion of sidewalk adjacent to building face: 0.0 

Proportion of sidewalk adjacent to fence: 0.50 

Performance Measures Obtained from Supporting Methodologies 

Motorized vehicle running speed: 33 mi/h 

Pedestrian delay when walking parallel to the segment: 40 sip 

Pedestrian delay when crossing the segment at the nearest signal-controlled 
crossing: 80 sip 

Pedestrian waiting delay: 740 sip 

Pedestrian LOS score for the downstream intersection: 3.6 

Outline of Solution 

First, the pedestrian space will be calculated for the sidewalk. This measure 
will then be compared with the qualitative descriptions of pedestrian space listed 
in Exhibit 17-16. Next, the pedestrian travel speed along the sidewalk will be 
calculated. Finally, LOS for the crossing will be determined by using the 
computed pedestrian LOS score and pedestrian space variables with Exhibit 
17-3. 

Computational Steps 

Step 1: Determine Free-Row Walking Speed 

The average free-flow walking speed is estimated to be 4.4 ftls on the basis of 
( the guidance provided. 
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Step 2: Determine Average Pedestrian Space 

The shy distance on the inside of the sidewalk is computed by using 
Equation 17-23. 

Ws,i = max( W buf I 1.5) 

Ws,i = max( 5.0,1.5) 

Ws i = 5.0 ft 

The shy distance on the outside of the sidewalk is computed by using 
Equation 17-24. 

Ws,o = 3.0Pwindow + 2.0 Pbuilding + 1.5 Pfenee 

Ws,o = 3.0(0.0) + 2.0 (0.0) + 1.5 (0.50) 

Wso = 0.75 ft 

There are no fixed objects present on the sidewalk} so the adjusted fixed
object effective widths for the inside and outside of the sidewalk are both equal 
to 0.0 ft. The effective sidewalk width is computed by using Equation 17-22. 

WE = Wr - Wo,; - Wo,o - Ws,i - Ws,o z 0.0 

WE =10-0.0-0.0-5.0-0.75 

WE == 4.25 ft 

The pedestrian flow per unit width of sidewalk is computed by using 
Equation 17-27 for the subject sidewalk. 

Vped 
V = --'---

p 60 WE 

2,000 
V =---'----

p 60 (4.25) 

V p = 7.84 p/ft/min 

The average walking speed Spis computed by using Equation 17-28. 

Sp = (1- 0.00078 v~) Spf z 0.5 Spf 

Sp = (1- 0.00078 [7.84]2) 4.4 

Sp = 4.19 £tIs 

Finally, Equation 17-29 is used to compute average pedestrian space. 

S 
A =60-P 

p 

A =60 4.19 
P 7.84 

Ap = 32.0 ft2/p 
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The pedestrian space can be compared with the ranges provided in Exhibit 
17-16 to make some judgments about the performance of the subject intersection 
corner. The criteria for platoon flow are considered applicable given the 
influence of the signalized intersections. According to the qualitative 
descriptions provided in this exhibit, walking speed will be restricted as will the 
ability to pass slower pedestrians. 

Step 3: Determine Pedestrian Delay at Intersection 

The pedestrian methodology in Chapter 18, Signalized Intersections, was 
used to estimate two pedestrian delay values. One value is the pedestrian delay 
at the boundary intersection when walking parallel to segment d pp• This delay 

was computed to be 40 sip. The second value is the pedestrian delay when 
crossing the segment at the nearest signal-controlled crossing dpc• This delay was 

computed to be 80 sip. 

The pedestrian methodology in Chapter 19, Two-Way STOP-Controlled 
Intersections, was used to estimate the delay incurred while waiting for an 
acceptable gap in traffic dpw• This delay was computed to be 740 sip. 

Step 4: Determine Pedestrian Travel Speed 

The pedestrian travel speed is computed by using Equation 17-30. 

L 
STp ,seg = -L-::::----

-+dpp 
Sp 

1,320 
STp,seg = 1 320 

-'--+40 
4.19 

STP,seg = 3.72 ftls 

This walking speed is slightly less than 4.0 ft/s and is considered acceptable, 
but a higher speed is desirable. 

Step 5: Determine Pedestrian LOS Score for Intersection 

The pedestrian methodology in Chapter 18 was used to determine the 
pedestrian LOS score for the downstream boundary intersection Ip,int. It was 

computed to be 3.60. 

Step 6: Determine Pedestrian LOS Score for Link 

The pedestrian LOS score for the link is computed from three factors. 
However, before these factors can be calculated, several cross-section variables 
need to be adjusted and several coefficients need to be calculated. These 
variables and coefficients are calculated first. Then, the three factors are 
computed. Finally, they are combined to determine the desired score. 

The total width of the outside through lane, bicycle lane, and paved shoulder 
WI is computed as 
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WI =Wal + Wb1 

W t =12+5 

Wi =17 ft 

In fact, the variable WI does not include the width of the paved outside 

shoulder in this instance because the proportion of occupied on-street parking 
exceeds 0.0. 

The effective total width of the outside through lane, bicycle lane, and 
shoulder as a function of traffic volume W" is equal to WI because the 

midsegment flow rate is greater than 160 vehlh. 

The street cross section is curbed, so the adjusted width of paved outside 
shoulder Wo: is 8.0 ft (= 9.5 -1.5). 

Because the proportion of occupied on-street parking is less than 0.25, the 
effective width of the combined bicycle lane and shoulder WI is computed as 

WI = W bl + Was' 

W1 =5+S 

WI = 13 ft 

The adjusted available sidewalk width W aA is computed as 

WaA = min( WT - W buj ' 10) 

WaA = min(lO - 5,10) 

WaA = 5.0 ft 

The sidewalk width coefficient hw is computed as 

Isw = 6.0 - 0.3 WaA 

fsw = 6.0 - 0.3(5.0) 

Isw = 4.5 ft 

The buffer area coefficient /b is equal to 1.0 because there is no continuous 

barrier at least 3.0 ft high located in the buffer area. 

The automobile methodology described in Section 2 was used to determine 
the motorized vehicle running speed SR for the subject segment. This speed was 

computed to be 33.0 mi/h. 

The cross-section adjustment factor is computed by using Equation 17-32. 

Fw = -1.22761n(Wv +0.5 WI + 50 Ppk + Wbuj fb + WaA fsw) 

Fw = -1.2276 In(17 + 0.5 (13) + 50 (0.20) + 5.0 (1.0) + 5.0 (4.5)) 

Fw = -5.05 

The motorized vehicle volume adjustment factor is computed by using 
Equation 17-33. 
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F = 0.0091 940 
v 4 (2) 

Fv = 1.07 

The motorized vehicle speed adjustment factor is computed by using 
Equation 17-34. 

F =4(~)2 
s 100 

F. = 4(33.0)2 
s 100 

Fs = 0.44 

Finally, the pedestrian LOS score for the link Ip,link is calculated by using 

Equation 17-31. 

Ip,/itlk = 6.0468 + Fw +Fv + Fs 

Ip,link = 6.0468 + (-5.05) + 1.07 + 0.44 

Step 7: Determine Link LOS 

The pedestrian LOS for the link is determined by using the pedestrian LOS 
score from Step 6 and the average pedestrian space from Step 2. These two 
performance measures are compared with their respective thresholds in Exhibit 
17-3 to determine that the LOS for the specified direction of travel along the 
subject link is C. 

Step 8: Determine Roadway Crossing Difficulty Factor 

Crossings occur somewhat uniformly along the length of the segment and 
the segment is bounded by two signalized intersections. Thus, the distance Dc is 

assumed to equal one-third of the segment length, or 440 £t (= 1,320/3), and the 
diversion distance Dd is computed as 880 ft (= 2 x 440 ft). 

The delay incurred due to diversion is calculated by using Equation 17-36. 
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The crossing delay used to estimate the roadway crossing difficulty factor is 
computed as 

dpx = rnin( dpd ' dpw ' 60) 

dpx = rnin( 290 1740 160) 

dpx = 60 sip 

The roadway crossing difficulty factor is computed by using Equation 17-37. 

0,10 dpx - (0.318 Ip,lillk + 0.220 Ip,iltt + 1.606) 
Fed = 1.0 + ~ 1.20 

7.5 

F = 1 0 _0,_10----'---( 6-----,0 )'-----------'(_0 ,_31_8_[_2,_51-",]_+_0_, 2_20-----'[=--3_, 6-----,0 1_+_1_, 6_0-,-6 ) 
cd ,+ 

7.5 

Fed = 1.20 

Step 9: Determine Pedestrian LOS Score for Segment 

The pedestrian LOS score for the segment is computed by using Equation 
17-38, 

Ip,seg = Fca lO.318 Ip,/illk + 0.220 Ip,int + 1.606) 

Ip,seg = 1.20 (0,318 [2.51] + 0,220[3.60] + 1.606) 

I p,seg = 3.83 

Step 10: Determine Segment LOS 

The pedestrian LOS for the segment is determined by using the pedestrian 
LOS score£rom Step 9 and the average pedestrian space from Step 2. These two 
performance measures are compared with their respective thresholds in Exhibit 
17-3 to determine that the LOS for the specified direction of travel along the 
subject segment is D. 

EXAMPLE PROBLEM 3: BICYCLE LOS 

The Segment 

The bicycle lane of interest is located along a 1,320-ft urban street segment. 
The segment is part of a collector street located near a community college. The 
bicycle lane is provided for the eastbound direction of traveIr as shown in Exhibit 
17-40, 
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N+, ______________ ~L~=~1,~3~2~O~ft~ ____________ _+ 

t ~ A 5-ft bicycle lane U 
9.5 ft ..L A/ ..L ..L ..L ..L -
12 ft ::::~------~---------------------12 ft 

= = 
12 ft ---------~----------------~~~~~. 12 ft 

9.5 ft .- -. .- -,- -. -,-_ .... -
l""""i r--

The Question 

What is the bicycle LOS for the eastbound bicycle lane? 

The Facts 

The geometric details of the street cross section are shown in Exhibit 17-40. 
Both boundary intersections are signalized. The following additional information 
is known about the street segment: 

Traffic Characteristics 

Midsegment flow rate in eastbound direction: 940 veh/h 

Percent heavy vehicles: 8.0% 

Proportion of on-street parking occupied during analysis period: 0.20 

Geometric Characteristics 

Shoulder width consists of 8.0 ft for parking and 1.5 ft for gutter pan. 

Cross section has raised curb along outside edge of roadway. 

Number of access point approaches on right side of segment in subject travel 
direction: 3 

Other Data 

Pavement condition rating: 2.0 

Performance Measures Obtained from Supporting Methodologies 

Motorized vehicle running speed: 33 mi/h 

Bicycle control delay: 40 s/bicycle 

Bicycle LOS score for the downstream intersection: 0.08 

Outline of Solution 

First, the bicycle delay at the boundary intersection will be computed. This 
delay will then be used to compute the bicycle travel speed. Next, a bicycle LOS 
score will be computed for the link. It will then be combined with a similar score 
for the boundary intersection and used to compute the bicycle LOS score for the 
segment. Finally, LOS for the segment will be determined by using the computed 
score and the thresholds in Exhibit 17-4. 
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computational Steps 

Step 1: Determine Bicycle Running Speed 

The average bicycle running speed Sb could not be determined from field 

data. Therefore, it was estimated to be 15 mi/h on the basis of the guidance 
provided. 

Step 2: Determine Bicycle Delay at Intersection 

The methodology in Chapter 18, Signalized Intersections, was used to 
estimate the bicycle delay at the boundary intersection db' TIus delay was 

computed to be 40.0 s/bicycle. 

Step 3: Determine Bicycle Travel Speed 

The segment running time of through bicycles is computed as 

3,600 L 
tRb =----

5,2805b 

t _ 3,600 (1,320) 
Rb - 5,280 (15) 

tRb = 60.0 s 

The average bicycle travel speed is computed by using Equation 17-39. 

5 = 3,600 L 
Th,seg 5,280 (tRb + db) 

5 _ 3,600 (1,320) 
Th,seg - 5,280 (60.0+40.0) 

5Th ,seg = 9.0 mi/h 

This travel speed is adequate, but a speed of 10 mi/h or more is considered 
desirable. 

Step 4: Determine Bicycle LOS Score for Intersection 

The bicycle methodology in Chapter 18 was used to determine the bicycle 
LOS score for the boundary intersection lb,ill/' It was computed to be 0.08. 

Step 5: Determine Bicycle LOS Score for Link 

The bicycle LOS score is computed from four factors. However, before these 
factors can be calculated, several cross-section variables need to be adjusted. 
These variables are calculated first, and then the four factors are computed. 
Finally, they are combined to determine the desired score. 

The total width of the outside through lane, bicycle lane, and paved shoulder 
WI is computed as 
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W t =12+5 

WI =17 ft 

In fact, the variable WI does not include the width of the paved outside 

shoulder in this instance because the proportion of occupied on-street parking 
exceeds 0.0. 

The effective total width of the outside through lane, bicycle lane, and 
shoulder as a function of traffic volume Wv is equal to Wt because the 

midsegment flow rate is greater than 160 veh/h. 

The street cross section is curbed, so the adjusted width of paved outside 
shoulder Wa: is 8.0 ft (== 9.5 -1.5). 

Because the combined bicycle lane and adjusted shoulder width exceed 4.0 ft, 
the effective width of the outside through lane is computed as 

We = Wv + W b1 + Was* -20 Ppk ~ 0.0 

We =17+5+8-20(0.20) 

We = 26 ft 

The percent heavy vehicles is less than 50%, so the adjusted percent heavy 
vehicles PHVii is equal to the input percent heavy vehicles PHV of 8.0%. 

The automobile methodology described in Section 2 was used to determine 
the motorized vehicle mnning speed SR for the subject segment. This speed was 

computed to be 33.0 mi/h. This speed exceeds 21 mi/h, so the adjusted motorized 
vehicle speed SRa is also equal to 33.0 mi/h. 

The midsegment demand flow rate is greater than 8 veh/h (== 4 Nih), so the 

adjusted midsegment demand flow rate vma is equal to the input demand flow 

rate of 940 veh/h. 

The cross-section adjustment factor is computed by using Equation 17-41. 

Fw = -0.005 We
2 

Fw = -0.005 (26)2 

Fw =-3.38 

The motorized vehicle volume adjustment factor comes from Equation 17-42. 

Fv = 0.507 In(~J 
4 Nth 

F = 0.507 In( 940 J 
v 4 (2) 

Fv = 2.42 

The motorized vehicle speed adjustment factor is computed by using 
Equation 17-43. 
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Fs = 0.199 [1.11991n(SRa - 20) + 0.8103](1 + 0.1038 PHVJ2 
Fs = 0.199 [1.1199 In(33.0 - 20) + 0.8103](1 + 0.1038 (8.0)Y 

Fs = 2.46 

The pavement condition adjustment factor is computed by using Equation 
17-44. 

F = 7.066 
P p2 

c 

F = 7.066 
P 2.02 

Fp = 1.77 

Finally, the bicycle LOS score for the link lb,link is calculated by using Equation 

17-40. 

Ib,link = 0.760 + Fw + Fv + F.s + FI' 

lb,/ink = 0.760 - 3.38 + 2.42 + 2.46 + 1.77 

lb,link = 4.02 

Step 6: Determine Link LOS 

The bicycle LOS for the link is determined by using the bicycle LOS score 
from Step 5. This performance measure is compared with the thresholds in 
Exhibit 17-4 to determine that the LOS for the specified direction of travel along 
the subject link is D. 

Step 7: Determine Bicycle LOS Score for Segment 

The bicycle LOS score for the segment is computed by using Equation 17-45. 

N 
Ib seg = 0.160 Ib link + 0.011 Fbi eib

.
in

, + 0.035 al',s + 2.85 
" (L / 5,280) 

I bseg =0.160 (4.02)+0.011 (1)eo.08o +0.035 3 +2.85 
, 1,320/5,280 

Ib,seg = 3.92 

Step 8: Determine Segment LOS 

The bicycle LOS for the segment is determined by using the bicycle LOS 
score from Step 7. This performance measure is compared with the thresholds in 
Exhibit 17-4 to determine that the LOS for the specified direction of travel along 
the subject segment is D. 
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EXAMPLE PROBLEM 4: TRANSIT LOS 

The Segment 

The transit route of interest travels east along a 1,320-ft urban street segment. 
The segment is part of a collector street located near a community college. It is 
shown in Exhibit 17-41. A bus stop is provided on the south side of the segment 
for the subject route. 

L = 1,320 ft 

~ U 
9.5 ft ...L ...L ...L ...L ...L ...L 

12 ft ---------------------------------
12 ft -
12 ft --------------------------------
12 ft 
9.5 ft ....- ....- ....- -r- -r- ...,-

Z-
BenCh/,? 

r- Bus Stop r--
The Question 

What is the transit LOS for the eastbound bus route while traveling the 
subject segment? 

N 

t 
~ 

'= 

-

( The Facts 

( 

TIle geometric details of the segment are shown in Exhibit 17-41. Both 
boundary intersections are signalized. There is one stop in the segment for the 
eastbound route. The following additional information is known about the bus 
stop and street segment: 

Transit Characteristics 

Dwell time: 20.0 s 

Transit frequency: 4 vehlh 

Excess wait time data are not available for the stop, but the on-time 
performance of the route (based on a standard of up to 5 min late being 
considered "on time") at the previous time point is known (92%). 

Passenger load factor: 0.83 passengers/seat 

Other Data 

Area type: not in a central business district 

The bus stop in the segment has a bench, but no shelter. 

Number of routes serving the segment: 1 

The bus stop is accessed from the right-tum lane (Le., the stop is off-line). 
Buses are exempt from the requirement to tum right but have no other 
traffic priority. 
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Performance Measures Obtained from Supporting Methodologies 

Motorized vehicle running speed: 33 mi/h 

Pedestrian LOS score for the linle 3.53 

Through control delay at downstream boundary intersection: 20.9 s/veh 

Reentry delay: 16.17 s 

glC ratio at downstream boundary intersection: 0.4729 

Outline of Solution 

First, the transit vehicle segment running time will be computed. Next, the 
control delay at the boundary intersection will be obtained and used to compute 
the transit vehicle segment travel speed. Then, the transit wait-ride score wi11 be 
computed. This score will be combined with the pedestrian LOS score for the 
link to compute the transit LOS score for the segment. Finally, LOS for the 
segment will be determined by comparing the computed score with the 
thresholds identified in Exhibit 17-4. 

Computational Steps 

Step 1: Determine Transit Vehicle Running Time 

The transit vehicle running time is based on the segment running speed and 
delay due to a transit vehicle stop. These components are calculated first, and 
then running time is calculated. 

Transit vehicle segment rwming speed can be computed by using Equation 
17-46. 

SRI = min( SR' 1 + e-l.OO~(~'185NIsIL) ) 

SRt = min(33.0, -1.00+~;85[11/1,320) J 
1+e 

S Rt = 32.1 rni/h 

The acceleration and deceleration rates are unknown, so they are assumed to 
equal 4.0 ft/s2. 

The bus stop is located on the near side of a signalized intersection. From 
Equation 17-48, the average proportion of bus stop acceleration-deceleration 
delay not due to the intersection's traffic control fad is equal to the glC ratio for the 

through movement in the bus's direction of travel (in this case, eastbound). The 
effective green time g is 47.29 s (calculated as the phase duration minus the 
change period), and the cycle length is 100 s. Therefore,fad is 0.4729. 

Equation 17-47 can now be used to compute the portion of bus stop delay 
due to acceleration and deceleration. 

d = 5,280 (SRt)(~+~Jf. 
ad 3,600 2 fat f

dt 
ad 
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dad = 5,280 (33.0) (~+ ~)(0.4729) 
3,600 2 4.0 4.0 

dad = 5.56 s 

Equation 17-49 is used to compute the portion of bus stop delay due to 
serving passengers, using the input average dwell time of 20.0 s and anfdt value 

of 0.4729, based on the stop's near-side location at a traffic signal and the glC 
ratio computed in a previous step. The fdt factor is used to avoid double-counting 

the portion of passenger service time that occurs during the signal's red 
indication and is therefore included as part of control delay. 

dps = tdidt 

dps = (20.0)(0.4729) 

dps = 9.46 s 

The bus stop is located in the right-turn lane; therefore, the bus is subject to 
reentry delay upon leaving the stop. On the basis of the guidance for reentry 
delay for a near-side stop at a traffic signat the reentry delay dre is equal to the 

queue service time gs' By following the procedures given in Chapter 18, 

Signalized Intersections, this time is calculated to be 16.17 s. 

Equation 17-50 is used to compute the total delay due to the transit stop. 

dts = dad + dps + dre 

diS = 5.56 + 9.46 + 16.17 = 31.19 s 

Equation 17-51 is used to compute transit vehicle running time on the basis 
of the previously computed components. 

3,600 L Nt, 
tR = +"d. 

I 5,280 SRI f:t IS,l 

t = 3,600 (1,320) +31.19 
RI 5,280 (32.1) 

tRt = 59.3 s 

Step 2.' Determine Delay at Intersection 

The automobile control delay d at the boundary intersection was computed 
to be 20.9 s/veh. 

Step 3: Determine Travel Speed 

The average transit travel speed is computed by using Equation 17-53. 
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s = 3,600 (1,320) 
Tt,seg 5,280 (59.3 + 20.9) 

STt,seg = 11.2 mi/h 

Step 4: Determine Transit Wait-Ride Score 

The wait-ride score is based on the headway factor and the perceived travel 
time factor. Each of these components is calculated separately. The wait-ride 
score is then calculated. 

The input data indicate that there is one route on the segment, and its 
frequency is 4 veh/h. The headway factor is computed by using Equation 17-54. 

Fh = 4.00 e-1.434!(v,+O.OOl) 

Fh = 4.00 e-1.434!(4+0.001) 

The perceived travel time factor is based on several intermediate variables 
that need to be calculated first. The first of these calculations is the amenity time 
rate. It is calculated by using Equation 17-58. A default passenger trip length of 
3.7 mi is used in the absence of other information. 

T = 1.3 Psh + 0.2 Phe 
at L 

pi 

T = 1.3 (0.0) + 0.2 (1.0) = 0 054 . / . 
at • mIn ml 

3.7 

Since no information is available for actual excess wait time, but on-time 
performance information is available for the route, Equation 17-59 is used to 
estimate excess wait time. 

tex = [t1nte(1- Pot)f 

tex = [5.0(1- 0.92)f 

tex = 0.16 min 

The excess wait time rate Tex is then the excess wait time tex divided by the 

average passenger trip length Lpt: 0.16/3.7 = 0.043 min/mi. 

The passenger load waiting factor is computed by using Equation 17-57. 

a
1 

= 1 + (4)(Fl - 0.80) 
4.2 

a
1 

= 1 + (4)(0.83 - 0.80) 
4.2 

al = 1.03 

The perceived travel time rate is computed by using Equation 17-56. 
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Tptt = (1.03~) + (2 [0.043]) - 0.054 
11.2 

Tptt = 5.53 min/mi 

The segment is not located in a central business district of a metropolitan 
area with a population of 5 million or more, so the base travel time rate Tbtt is 

equal to 4.0 min/mi. The perceived travel time factor is computed by using 
Equation17-55. 

(e -1) T btt -(e + 1) Tptt 

(e -1) Tptt -(e + 1) Tbtt 

F = (-0.40 -1)( 4.0) - (-0.40 + 1)(5.53) 
II (-0.40 -1) (5.53) - (-0.40 + 1)(4.0) 

Ftt = 0.88 

FinallYI the transit wait-ride score is computed by using Equation 17-60. 

sw-r = Fh Fit 

Sw-r = (2.80)(0.88) 

Sw-r = 2.46 

Step 5: Determine Pedestrian LOS Score for Link 

The pedestrian methodology described in Section 2 was used to determine 
the pedestrian LOS score for the link Ip,l;nk' This score was computed to be 3.53. 

Step 6: Determine Transit LOS Score for Segment 

The transit LOS score for the segment is computed by using Equation 17-61. 

It,seg = 6.0 -1.50 sw-r + 0.15 Ip,Unk 

It,seg = 6.0 -1.50 (2.46) + 0.15 (3.53) 

II,seg = 2.84 

Step 7: Determine LOS 

The transit LOS is determined by using the transit LOS score from Step 6. 
This performance measure is compared with the thresholds in Exhibit 17-4 to 
determine that the LOS for the specified bus route is C. 
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1. INTRODUCTION 

Chapter 18, Signalized Intersections, describes a methodology for 
evaluating the capacity and quality of service provided to road users traveling 
through a signalized intersection. However, the methodology is much more than 
just a tool for evaluating capacity and quality of service. It includes an array of 
performance measures that describe intersection operation for multiple travel 
modes. These measures serve as clues for identifying the source of problems and 
provide insight into the development of effective improvement strategies. The 
analyst using this methodology is encouraged to consider the full range of 
measures. 

OVERVIEW Of THE METHODOLOGY 

This chapter's methodology applies to three- and four-leg intersections of 
two streets or highways where the signalization operates in isolation from 
nearby intersections. 

The influence of an upstream signalized intersection on the subject 
intersection's operation is addressed by input variables that describe platoon 
structure and the uniformity of arrivals on a cyclic basis. Chapter 17, Urban 
Street Segments, describes a methodology for evaluating an intersection that is 
part of a coordinated signal system. 

( A.nalysis Boundari,es 

" The intersection analysis boundaries are not defined at a fixed distance for all 

( 

intersections. Rather, they are dynamic and extend backward from the 
intersection a sufficient distance to include the operational influence area on each 
intersection leg. The size of this area is leg-specific and includes the most distant 
extent of any intersection-related queue expected to occur during the study 
period. For these reasons, the analysis boundaries should be established for each 
intersection according to conditions during the analysis period. The influence 
area should extend at least 250 £t back from the stop line on each intersection leg. 

\ 

A.nalysis Level 

Analysis level describes the level of detail used when the methodology is 
applied. Three levels are recognized: 

• Operational, 

• Design, and 

• Planning and preliminary engineering. 

The operational analysis is the most detailed application and requires the 
most information about traffic, geometric, and Signalization conditions. The 
design analysis also requires detailed information about traffic conditions and 
the desired level of service (LOS) as well as information about geometric or 
signalization conditions. The design analysis then seeks to determine reasonable 
values for the conditions not provided. The planning and preliminary 
engineering analysis requires only the most fundamental types of information, 
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Exhibit: 18-1 
Three Alternative Study 

Approaches 

Introduction 

from the analyst. Default values are then used as substitutes for other input data. 
Analysis level is discussed in more detail in the applications section of this 
chapter. 

Study Period and Analysis Period 

The study period is the time interval represented by the performance 
evaluation. It consists of one or more consecutive analysis periods. An analysis 
period is the time interval evaluated by a single application of the methodology. 

The methodology is based on the assumption that traffic conditions are 
steady during the analysis period (Le., systematic change over time is negligible). 
For this reason, the analysis period ranges from 0.25 to 1 h. The longer durations 
are sometimes used for planning analyses. In general, the analyst should use 
caution with analysis periods that exceed 1 h because traffic conditions typically 
are not steady for long time periods and because the adverse impact of short 
peaks in traffic demand may not be detected in the evaluation. 

If an analysis period of interest has a demand volume that exceeds capacity, 
then the study period should include an initial analysis period with no initial 
queue and a final analysis period with no residual queue. This approach 
provides a more accurate estimate of the delay associated with the congestion. 

If evaluation of multiple analysis periods is determined to be important, then 
the performance estimates for each period should be reported separately. In this 
situation, reporting an average performance for the study period is not 
encouraged because it may obscure extreme values and suggest acceptable 
operation when some analysis periods have unacceptable operation. 

Exhibit 18-1 demonstrates three alternative approaches an analyst might use 
for a given evaluation. Other alternatives exist, and the study period can exceed 1 
h. Approach A has traditionally been used and, unless otherwise justified, is the 
one recommended for use. 

Approach A 

Study Period = 1.0 h 

Single analysis period 
T = 0.25 h 

lM},'W -analysis period 

Approach B 

Study Period = 1.0 h 

Single analysis period 
T = 1.0 h 

Approach C 

Study Period = 1.0 h 

Multiple analysis periods 
T = 0.25 h 

Time 

Approach A is based on evaluation of the peak 15-min period during the 
study period. The analysis period Tis 0.25 h. The equivalent hourly flow rate in 
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vehicles per hour (veh/h) used for the analysis is based on either a peak I5-min 
traffic count multiplied by four or a I-h demand volume divided by the peak 
hour factor. The former option is preferred when traffic counts are available. 
Additional discussion on use of the peak hour factor is provided in the required 
input data subsection. 

Approach B is based on evaluation of one I-h analysis period that is 
coincident with the study period. The analysis period Tis 1.0 h. The flow rate 
used is equivalent to the I-h demand volume (i.e., the peak hour factor is not 
used). This approach implicitly assumes that the arrival rate of vehicles is 
constant throughout the period of study. Therefore, the effects of peaking within 
the hour may not be identified and the analyst risks lmderestimating the delay 
actually incurred. 

Approach C uses a I-h study period and divides it into four 0.25-h analysis 
periods. This approach accounts for systematic flow rate variation among 
analysis periods. It also accounts for queues that carryover to the next analysis 
period and produces a more accurate representation of delay. 

Performance Measures 

An intersection's performance is described by the use of one or more 
quantitative measures that characterize some aspect of the service provided to a 
specific road user group. Performance measures cited in this chapter include 
automobile volume-to-capacity ratio, automobile delay, queue storage ratio, 
pedestrian delay, pedestrian circulation area, pedestrian perception score, bicycle 
delay, and bicycle perception score. 

LOS is also considered a performance measure. It is computed for the 
automobile, pedestrian, and bicycle travel modes. It is useful for describing 
intersection performance to elected officials, policy makers, administrators, and 
the public. LOS is based on one or more of the performance measures listed in 
the preceding paragraph. 

Travel Modes 

This chapter describes three methodologies that can be used to evaluate 
intersection performance from the perspective of motorists, pedestrians, and 
bicyclists. They are referred to as the automobile methodology, the pedestrian 
methodology, and the bicycle methodology. 

The automobile methodology has evolved and reflects the findings from a 
large body of research. It was originally based, in part, on the results of a 
National Cooperative Highway Research Program (NCHRP) study (1, 2) that 
formalized the critical movement analysis procedure and the automobile delay 
estimation procedure. The critical movement analysis procedure was developed 
in the United States (3,4), Australia (5), Great Britain (6), and Sweden (7). The 
automobile delay estimation procedure was developed in Great Britain (8), 
Australia (9), and the United States (10). Updates to the original methodology 
were developed in a series of research projects (11-24). The procedures for 
evaluating pedestrian and bicyclist perception of LOS are documented in an 
NCHRP report (25). The procedures for evaluating pedestrian delay, pedestrian 
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Exhibit 18-2 
Intersection Traffic 

Movements and Numbering 
Scheme 

Introduction 

circulation area, and bicyclist delay are documented in two Federal Highway 
Administration reports (26, 27). 

The phrase automobile mode, as used in this chapter, refers to travel by all 
motorized vehicles that can legally operate on the street, with the exception of 
local transit vehicles that stop to pick up passengers at the intersection. Unless 
explicitly stated otherwise, the word vehicles refers to motorized vehicles and 
includes a mixed stream of automobiles, motorcycles, trucks, and buses. 

lane Groups and Movement Groups 

The automobile methodology is designed to evaluate the performance of 
designated lanes, groups of lanes, an intersection approach, and the entire 
intersection. A lane or group of lanes designated for separate analysis is referred 
to as a lane group. In general, a separate lane group is established for (a) each lane 
(or combination of adjacent lanes) that exclusively serves one movement and (b) 
each lane shared by two or more movements. Guidelines for establishing lane 
groups are described in Section 2, Methodology. 

The concept of movement groups is also established to facilitate data entry. A 
separate movement group is established for (a) each tum movement with one or 
more exclusive tum lanes and (b) the through movement (inclusive of any tum 
movements that share a lane). 

Movement and Phase Numbering 

Exhibit 18-2 illustrates the vehicle and pedestrian traffic movements at a 
four-leg intersection. Three vehicular traffic movements and one pedestrian 
traffic movement are shown for each intersection approach. To facilitate the 
discussion in this chapter, each movement is assigned a unique number or a 
number and letter combination. The letter P denotes a pedestrian movement. 

Minor Street -- Vehicle Movements 14 4 7 - Pedestrian Movements Jll 
• • 

Major Street 

1
4P 

6P 

8P I '---16 

5---' -6 
2- ,-1 
12~ 

2P 
1 , 

ll( 
3 8 18 

Modem actuated controllers implement signal phasing by using a dual-ring 
structure that allows for the concurrent presentation of a green indication to two 
phases. Each phase serves one or more movements that do not conflict with each 
other. The commonly used eight-phase dual-ring structure is shown in Exhibit 
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18-3. The symbol <P shown in this exhibit represents the word "phase," and the 
number following the symbol represents the phase number. 

Exhibit 18-3 shows one way that traffic movements can be assigned to each 
of the eight phases. These assignments are illustrative,but they are not 
uncommon. Each left-tum movement is assigned to an exclusive phase. During 
this phase, the left-turn movement is "protected" so that it receives a green arrow 
indication. Each through, right-tum, and pedestrian movement combination is 
also assigned to an exclusive phase. The dashed arrows indicate tum movements 
that are served in a "permitted" manner so that the tum can be completed only 
after yielding the right-of-way to conflicting movements. Additional information 
about traffic signal controller operation is provided in Chapter 31, Signalized 
Intersections: Supplemental. 

Major Street Phases Minor Street Phases 

r--------------------~-------------------I 
1 1 
1 1 
1 1 Cl)1 Cl)2 • CI)] Cl)4 
1 1 Ii 5 

........ , ill L_..... ___ I 
2 ............. 
12 •••••• <11 

2P_ 
3 

Cl)S Cl)6 ~ 6P Cl)7 7 /8 •••••• 16 

5../ ~// t (1 .-- 6 r'-..... ---I ........ 1 I I 

" 8 18 8P I I 
I I 

Barrier ...- / Barrier ...-I I l _____________________ ~-------------------1 
+- Protected Movement 
........ Permitted Movement 

-- Pedestrian Movement 

LOS CRITERIA 

---------.~ Time 

This subsection describes the LOS criteria for the automobile, pedestrian, and 
bicycle modes. The criteria for the automobile mode are different from those for 
the non automobile modes. Specifically, the automobile-mode criteria are based 
on performance measures that are field measurable and perceivable by travelers. 
The criteria for the nonautomobile modes are based on scores reported by 
travelers indicating their perception of service quality. 

Automobile Mode 

LOS can be characterized for the entire intersection, each intersection 
approach, and each lane group. Control delay alone is used to characterize LOS 
for the entire intersection or an approach. Control delay and volume-to-capacity 
ratio are used to characterize LOS for a lane group. Delay quantifies the increase 
in travel time due to traffic signal control. It is also a surrogate measure of driver 
discomfort and fuel consumption. The volume-to-capacity ratio quantifies the 
degree to which a phase's capacity is utilized by a lane group. The following 
paragraphs describe each LOS. 

LOS A describes operations with a control delay of 10 s/veh or less and a 
volume-to-capacity ratio no greater than 1.0. This level is typically assigned 
when the volume-to-capacity ratio is low and either progression is exceptionally 
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favorable or the cycle length is very short. If it is due to favorable progression, 
most vehicles arrive during the green indication and travel through the 
intersection without stopping. 

LOS B describes operations with control delay between 10 and 20 s/veh and a 
volume-to-capacity ratio no greater than 1.0. This level is typically assigned 
when the volume-to-capacity ratio is low and either progression is highly 
favorable or the cycle length is short. More vehkles stop than with LOS A. 

LOS C describes operations with control delay between 20 and 35 s/veh and 
a volume-to-capacity ratio no greater than 1.0. This level is typically assigned 
when progression is favorable or the cycle length is moderate. Individual cycle 
failures (Le., one or more queued vehicles are not able to depart as a result of 
insufficient capacity during the cycle) may begin to appear at this level. The 
number of vehicles stopping is significant, although many vehicles still pass 
through the intersection without stopping. 

LOS D describes operations with control delay between 35 and 55 s/veh and 
a volume-to-capacity ratio no greater than 1.0. This level is typically assigned 
when the volume-to-capacity ratio is high and either progression is ineffective or 
the cycle length is long. Many vehicles stop and individual cycle failures are 
noticeable. 

LOS E describes operations with control delay between 55 and 80 s/veh and a 
volume-to-capacity ratio no greater than 1.0. This level is typically assigned 
when the volume-to-capacity ratio is high, progression is unfavorable, and the 
cycle length is long. Individual cycle failures are frequent. 

LOS F describes operations with control delay exceeding 80 s/veh or a 
volume-to-capacity ratio greater than 1.0. This level is typically assigned when 
the volume-to-capacity ratio is very hig~ progression is very POOl', and the cycle 
length is long. Most cycles fail to clear the queue. . 

A lane group can incur a delay less than 80 s/veh when the volume-to
capacity ratio exceeds 1.0. This condition typically occurs when the cycle length 
is short, the signal progression is favorable, or both. As a result, both the delay 
and volume-to-capacity ratio are considered when lane group LOS is established. 
A ratio of 1.0 or more indicates that cycle capacity is fully utilized and represents 
failure from a capacity perspective (just as delay in excess of 80 s/veh represents 
failure from a delay perspective). 

Exhibit 18-4 lists the LOS thresholds established for the automobile mode at 
a signalized intersection. 

Control Delay (s/veh) 

~1O 

>10-20 
>20-35 
>35-55 
>55-S0 

>SO 

LOS by Volume-to-Capacity Rati~ 
:S1.0 >1.0 

A F 
B F 
C 
D 
E 
F 

F 
F 
F 
F 

Note: a For approach-based and intersectionwide assessments, lOS is defined solely by control delay. 
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Nonautomobile Modes 

( Historically, the HCM has used a single performance measure as the basis 

( 

( 

for defining LOS. However, research documented in Chapter 5, Quality and 
Level-of-Service Concepts, indicates that travelers consider a wide variety of 
factors in assessing the quality of service provided to them. Some of these factors 
can be described as performance measures (e.g., speed) and others can be 
described as basic descriptors of the intersection character (e.g., crosswalk 
width). The methodology for evaluating each mode provides a procedure for 
mathematically combining these factors into a score. This score is then used to 
determine the LOS that is provided. 

Exhibit 18-5 lists the range of scores associated with each LOS for the 
pedestrian and bicycle travel modes. The association between score value and 
LOS is based on traveler perception research. Travelers were asked to rate the 
quality of service associated with a specific trip through a signalized intersection. 
The letter A was used to represent the best quality of service, and the letter F was 
used to represent the worst quality of service. "Best" and "worst" were left 
undefined, allowing respondents to identify the best and worst conditions on the 
basis of their traveling experience and perception of service quality. 

REQUIRED INPUT DATA 

lOS 
A 
B 
C 
D 
E 
F 

lOS Score 
~2.00 

>2.00-2.75 
>2.75-3.50 
>3.50-4.25 
>4.25-5.00 

>5.00 

This subsection describes the required input data for the automobile, 
pedestrian, and bicycle methodologies. Default values for some of these data are 
provided in Section 3, Applications. 

Automobile Mode 

This part describes the input data needed for the automobile methodology. 
The data needed for fully or semiactuated signal control are listed in Exhibit 18-6. 
The additional data needed for coordinated-actuated control are listed in Exhibit 
18-7. 

The last column of Exhibit 18-6 and Exhibit 18-7 indicates whether the input 
data are needed for each traffic movement, a specific movement group, each 
signal phase, each intersection approach, or the intersection as a whole. 

The data elements listed in Exhibit 18-6 and Exhibit 18-7 do not include 
variables that are considered to represent calibration factors (e.g., start-up lost 
time). Default values are provided for these factors because they typically have a 
relatively narrow range of reasonable values or they have a small impact on the 
accuracy of the performance estimates. The recommended value for each 
calibration factor is identified at relevant points in the presentation of the 
methodology. 
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Exhibit 18-6 
Input Data Requirements: 

Automobile Mode with 
Pretimed, Fully Actuated, or 
Semiactuated Signal Control 

Exhibit 18-7 
Input Data Requirements: 

Automobile Mode with 
Coordinated-Actuated Signal 

Control 

Introduction 

Data Category Input Data Element 
Traffic Demand flow rate 
characteristics Right-turn-on-red flow rate 

Percent heavy vehicles 
Intersection peak hour factor 

Platoon ratio 
Upstream filtering adjustment factor 
Initial queue 

Base saturation flow rate 
Lane utilization adjustment factor 
Pedestrian flow rate 
Bicycle flow rate 
On-street parking maneuver rate 

Local bus stopping rate 

Geometric design Number of lanes 

Signal control 

Other 

Average lane width 
Number of receiving lanes 
Turn bay length 
Presence of on-street parking 
Approach grade 

Type of signal control 
Phase sequence 
Left-turn operational mode 
Dallas left-turn phasing option 
Passage time (if actuated) 
Maximum qreen (or green duration if pretimed) 
Minimum green 
Yellow change 
Red clearance 
Walk 
Pedestrian clear 
Phase recall 
Dual entry (if actuated) 
Simultaneous gap-out (if actuated) 

Analysis period duration 
Speed limit 
Stop-line detector length and detection mode 
Area type 

Notes: Movement = one value for each left-turn, through, and right-turn movement. 

Basis 

Movement 

Approach 
Movement group 
Intersection 
Movement group 
Movement group 
Movement group 

Movement group 
Movement group 

Approach 
Approach 
Movement group 
Approach 

Movement group 
Movement group 
Approach 
Movement group 
Movement group 
Approach 

Intersection 
Intersection 
Approach 
Approach 
Phase 
Phase 
Phase 
Phase 
Phase 
Phase 
Phase 
Phase 
Phase 
Approach 

Intersection 
Approach 
Movement group 
Intersection 

Movement group = one value for each turn movement with exclUSive turn lanes and one value for the 
throug h movement (inclusive of any turn movements in a shared lane). 

Approach = one value or condition for the intersection approach. 

Intersection = one value or condition for the intersection. 

Phase = one value or condition for each signal phase. 

Data Category Input Data Element 
Signal control Cycle length 

Phase splits 

Offset 

Offset reference point 

Force mode 

Notes: Intersection = one value or condition for the intersection. 

phase = one value or condition for each signal phase. 

Page lS-S 

Basis 

Intersection 

Phase 

Intersection 

Intersection 

Intersection 
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Traffic Characteristics Data 

( TIlls subpart describes the traffic characteristics data listed in Exhibit 18-6. 
These data describe the motorized vehicle traffic stream that travels through the 
intersection during the study period. 

Demand Row Rate 

The demand flow rate for an intersection traffic movement is defined as the 
count of vehicles arriving at the intersection during the analysis period divided 
by the analysis period duration. It is expressed as an hourly flow rate but may 
represent an analysis period shorter than 1 h. Demand flow rate represents the 
flow rate of vehicles arriving at the intersection. When measured in the field, this 
flow rate is based on a traffic count taken upstream of the queue associated with 
the subject intersection. This distinction is important for counts during congested 
periods because the count of vehicles departing from a congested approach will 
produce a demand flow rate that is lower than the true rate. 

There is one exception to the aforementioned definition of demand flow rate. 
Specifically, if a plamling analysis is being conducted where (a) the projected 
demand flow rate coincides with a 1-h period and (b) an analysis of the peak 15-
min period is desired, then each movement's hourly demand can be divided by 
the intersection peak hour factor to predict the flow rate during the peak I5-min 
period. The peak hour factor should be based on local traffic peaking trends. If a 
local factor is not available, then the default value provided in Section 3 can be 
used. 

( In summary, demand flow rate for the analysis period is an input to the 
methodology. This rate is computed as the count of vehicles arriving during the 
period divided by the length of the period, expressed as an hourly flow rate, and 
without the use of a peak hour factor. If a peak hour factor is used, it must be 
used to compute th~hourly flow rate that is input to the methodology. 

If intersection operation is being evaluated during multiple sequential 
analysis periods, then the count of vehicles arriving during each analysis period 
should be provided for each movement. 

The methodology includes a procedure for determining the distribution of 
flow among the available lanes on an approach with one or more shared lanes. 
The procedure is based on an assumed desire by drivers to choose the lane that 
minimizes their service time at the intersection, where the lane volume-to
saturation flow ratio is used to estimate relative differences in this time among 
lanes. This assumption may not always hold for situations in which drivers 
choose a lane so that they are prepositioned for a tum at the downstream 
intersection. In this situation, the analyst needs to provide the flow rate for each 
lane on the approach and then combine these rates to define explicitly the flow 
rate for each lane group. 

Only right turns that are controlled by the signal should be represented in 
the right-tum volume input to the automobile methodology. 

If a right-tum movement is allowed to tum right on the red indication, the 
( analyst may reduce the right-tum flow rate by the flow rate of right-turn-on-red 
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(RTOR) vehicles. This topic is discussed in more detail in the next few 
paragraphs. 

Right-Tum-an-Red Flow Rate 

The RTOR flow rate is defined as the count of vehicles that hun right at the 
intersection when the controlling signal indication is red, divided by the analysis 
period duration. It is expressed as an hourly flow rate but may represent an 
analysis period shorter than 1 h. 

It is difficult to predict the RTOR flow rate because it is based on many 
factors that vary widely from intersection to intersection. These factors include 
the following: 

• Approach lane allocation (shared or exclusive right-tum lane), 

• Right-tum flow rate, 

• Sight distance available to right-turning drivers, 

• Volume-to-capacity ratio for conflicting movements, 

• Arrival patterns of right-turning vehicles during the signal cycle, 

• Departure patterns of conflicting movements, 

• Left-hIm signal phasing on the conflicting street, and 

• Conflicts with pedesh'ians. 

Given the difficulty of estimating the RTOR flow rate, it should be measured 
in the field when possible. If the analysis is dealing with future conditions or if 
the RTOR flow rate is not known from field data, then the RTOR flow rate for 
each right-tum movement should be assumed to equal 0 veh/h. This assumption 
is cOlL'.;ervat!ve because it yields a slightly larger estimate of delay than may 
actually be incurred by intersection movements. 

If the right-turn movement is served by an exclusive lane and a 
complementary left-turn phase exists on the cross street, then the right-turn 
volume for analysis can be reduced by the number of shadowed left turners 
(with both movements being considered on an equivalent, per lane basis). 

Percent Heavy Vehicles 

A heavy vehicle is defined as any vehicle with more than four tires touching 
the pavement. Local buses that stop within the intersection area are not included 
in the count of heavy vehicles. The percentage of heavy vehicles represents the 
count of heavy vehicles that an-ive during the analysis period divided by the 
total vehicle count for the same period. This percentage is provided for each 
intersection traffic movement; however, one representative value for all 
movements may be used for a planning analysis. 

Intersection Peak Hour Factor 

One peak hour factor for the entire intersection is computed with the 
following equation: 
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where 

PHF peak hour factor, 

PHF:=:~ 
4 n15 

n60 count of vehicles during a I-h period (veh), and 

n15 count of vehicles during the peak 15-min period (veh). 

The count used in the denominator of Equation 18-1 must be taken during a 
IS-min period that occurs within the I-h period represented by the variable in 
the numerator. Both variables in this equation represent the total number of 
vehicles entering the intersection during their respective time period. As such, 
one peak hour factor is computed for the intersection. This factor is then applied 
individually to each traffic movement. Values of this factor typically range from 
0.80 to 0.95. 

As noted previously, the peak hour factor is used primarily for a planning 
analysis when a forecast hourly volume is provided and an analysis of the peak 
IS-min period is sought. Normally, the demand flow rate is computed as the 
count of vehicles arriving during the period divided by the length of the period, 
expressed as an hourly flow rate, and without the use of a peak hour factor. 

The use of a single peak hour factor for the entire intersection is intended to 
avoid the likelihood of creating demand scenarios with conflicting volumes that 
are disproportionate to the actual volumes during the 15-min analysis period. If 
peak hour factors for each individual approach or movement are used, they are 
likely to generate demand volumes from one IS-min period that are in apparent 
conflict with demand volumes from another 15-min period, whereas in reality 
these peak volumes do not occur at the same time. Furthermore, to determine 
individual approach or movement peak hour factors, achlal15-min count data 
are likely available, permitting the determination of actual IS-min demand and 
avoiding the need to use a peak hour factor. In the event that individual 
approaches or movements are known to peak at different times, several IS-min 
analysis periods that encompass all the peaking should be considered instead of 
a single analysis in which all the peak hour factors are used together, as if the 
peaks they represent also occurred together. 

Platoon Ratio 
Platoon ratio is used to describe the quality of signal progression for the 

corresponding movement group. It is computed as the demand flow rate during 
the green indication divided by the average demand flow rate. Values for the 
platoon ratio typically range from 0.33 to 2.0. Exhibit 18-8 provides an indication 
of the quality of progression associated with selected platoon ratio values. 
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Exhibit 18-8 
Relationship Between Arrival 

Type and Progression Quality 

Equation 18-2 

Introduction 

Platoon Ratio 
0.33 
0.67 
1.00 
1.33 
1.67 
2.00 

Arrival Type 
1 
2 
3 
4 
5 
6 

Progression Quality 
Very poor 
Unfavorable 
Random arrivals 
Favorable 
Highly favorable 
Exceptionally favorable 

For protected or protected-permitted left-turn movements operating in an 
exclusive lane, platoon ratio is used to describe progression quality during the 
associated turn phase (i.e., the protected period). Hence, the platoon ratio is 
based on the flow rate during the green indication of the left-turn phase. 

For permitted left-turn movements operating in an exclusive lane, platoon 
ratio is used to describe progression quality during the permitted period. Hence, 
the platoon ratio is based on the left-turn flow rate during the green indication of 
the phase providing the permitted operation. 

For permitted or protected-permitted right-turn movements operating in an 
exclusive lane, platoon ratio is used to describe progression quality during the 
permitted period (even if a protected right-turn operation is provided during the 
complementary left-tum phase on the cross street). Hence, the platoon ratio is 
based on the right-turn flow rate during the green indication of the phase 
providing the permitted operation. 

For through movements served by exclusive lanes (no shared lanes on the 
approach), the platoon ratio for the through movement group is based on the 
through flow rate during the green indication of the associated phase. 

For all movements served by split phasing, the platoon ratio for a movement 
group is based on its flow rate during the green indication of the common phase. 

For intersection approaches with one or more shared lanes, one platoon ratio 
is computed for the shared movement group on the basis of the flow rate of all 
shared lanes (plus that of any exclusive through lanes that are also served) 
during the green indication of the common phase. 

The platoon ratio for a movement group can be estimated from field data 
with the following equation: 

R =-_P-
P (g / C) 

where 

Rp platoon ratio, 

P proportion of vehicles arriving during the green indication (decimal), 

g effective green time (s), and 

C cycle length (s). 

The "proportion of vehicles arriving during the green indication" P is 
computed as the count of vehicles that arrive during the green indication divided 
by the COlmt of vehicles that arrive during the entire signal cycle. It is an average 
value representing conditions during the analysis period. 
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If the subject intersection is part of a signal system, then the procedure in 
Chapter 17, Urban Street Segments, can be used to estimate the arrival flow 
profile for any approach that is evaluated as part of an urban street segment. The 
procedure uses the profile to compute the proportion of arrivals during the green 
indication. If this procedure is used, then platoon ratio is not an input for the 
traffic movements on the subject approach. 

If the subject intersection is not part of a signal system and an existing 
intersection is being evaluated, then it is recommended that analysts use field
measured values for the variables in Equation 18-2 in estimating the platoon 
ratio. 

If the subject intersection is not part of a signal system and the analysis is 
dealing with future conditions, or if the variables in Equation 18-2 are not known 
from field data, then the platoon ratio can be judged from Exhibit 18-8 by using 
the arrival type designation. Values of arrival type range from 1 to 6. A 
description of each arrival type is provided in the following paragraphs to help 
the analyst make a selection. 

Arrival Type 1 is characterized by a dense platoon of more than 80% of the 
movement group volume arriving at the start of the red interval. This arrival 
type is often associated with short segments with very poor progression in the 
subject direction of travel (and possibly good progression for the other direction). 

Arrival Type 2 is characterized by a moderately dense platoon arriving in the 
middle of the red interval or a dispersed platoon containing 40% to 80% of the 
movement group volume arriving throughout the red interval. This arrival type 
is often associated with segments of average length with unfavorable progression 
in the subject direction of travel. 

Arrival Type 3 describes one of two conditions. If the signals bounding the 
segment are coordinated, then this arrival type is characterized by a platoon 
containing less than 40% of the movement group volume arriving partly during 
the red interval and partly during the green interval. If the signals are not 
coordinated, then this arrival type is characterized by platoons arriving at the 
subject intersection at different points in time over the course of the analysis 
period so that arrivals are effectively random. 

Arrival Type 4 is characterized by a moderately dense platoon arriving in the 
middle of the green interval or a dispersed platoon containing 40% to 80% of the 
movement group volume arriving throughout the green interval. This arrival 
type is often associated with segments of average length with favorable 
progression in the subject direction of travel. 

Arrival Type 5 is characterized by a dense platoon of more than 80% of the 
movement group volume arriving at the start of the green interval. This arrival 
type is often associated with short segments with highly favorable progression in 
the subject direction of travel and a low-to-moderate number of side street 
entries. 

Arrival Type 6 is characterized by a dense platoon of more than 80% of the 
movement group volume arriving at the start of the green interval. This arrival 
type occurs only on very short segments with exceptionally favorable 
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progression in the subject direction of travel and negligible side street entries. It 
is reserved for routes in dense signal networks, possibly with one-way streets. 

Upstream Altering Adjustment Factor 

The upstream filtering adjustment factor I accounts for the effect of an 
upstream signal on vehicle arrivals to the subject movement group. Specifically, 
this factor reflects the wayan upstream signal changes the variance in the 
number of arrivals per cycle. The variance decreases with increasing volume-to
capacity ratio, which can reduce cycle failure frequency and resulting delay. 

The filtering adjustment factor varies from 0.09 to 1.0. A value of 1.0 is 
appropriate for an isolated intersection (i.e., one that is 0.6 mi or more from the 
nearest upstream signalized intersection). A value of less than 1.0 is appropriate 
for nonisolated intersections. The following equation is used to compute I for 
nonisolated intersections: 

1= 1.0-0.91 X~·68 ~ 0.090 

where 

I upstream filtering adjushnent factor, and 

Xu weighted volume-to-capacity ratio for all upstream movements 
contributing to the volume in the subject movement group. 

The variable Xu is computed as the weighted volume-to-capacity ratio of all 
upstream movements contributing to the volume in the subject movement 
group. This ratio is computed as a weighted average with the volume-to-capacity 
ratio of each contributing upstream movement weighted by its discharge 
volume. For planning and design analyses, Xu can be approximated as the 
volume-to-capacity ratio of the contributing through movement at the upstream 
signalized intersection. The value of Xu used in Equation 18-3 cannot exceed 1.0. 

Initial Queue 

The initial queue represents the queue present at the start of the subject 
analysis period for the subject movement group. This queue is created when 
oversaturation is sustained for an extended time. The initial queue can be 
estimated by mOnitoring queue count continuously during each of the three 
consecutive cycles that occur just before the start of the analysis period. The 
smallest count observed during each cycle is recorded. The initial queue estimate 
equals the average of the three counts. The initial queue estimate should not 
include vehicles in the queue due to random, cycle-by-cycle fluctuations. 

Base Saturation Flow Rate 

The saturation flow rate represents the maximum rate of flow for a traffic 
lane, as measured at the stop line during the green indication. The base 
saturation flow rate represents the saturation flow rate for a traffic lane that is 12 
ft wide and has no heavy vehicles, a flat grade, no parking, no buses that stop at 
the intersection, even lane utilization, and no turning vehicles. Typically, one 
base rate is selected to represent all Signalized intersections in the jurisdiction (or 
area) within which the subject intersection is located. It has units of passenger 
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cars per hour per lane (pclh/ln). Chapter 31, Signalized Intersections: 
Supplemental, describes a field measurement technique for quantifying the local 
base saturation flow rate. 

Lane Utilization Adjustment Factor 

The lane utilization adjustment factor accounts for the unequal distribution 
of traffic among the lanes in those movement groups with more than one 
exclusive lane. This factor provides an adjustment to the base sahuation flow 
rate to account for uneven use of the lanes. It is not used unless a movement 
group has more than one exclusive lane. It is calculated with Equation 18-4. 

where 

Vg 
fw=---"----

Ne V g1 

fLU adjustment factor for lane utilization, 

Vg demand flow rate for movement group (vehlh), 

Vgl demand flow rate in the single exclusive lane with the highest flow 
rate of all exclusive lanes in movement group (vehlh/ln), and 

Ne = number of exclusive lanes in movement group (In). 

Lane flow rates measured in the field can be used with Equation 18-4 to 
establish local default values of the lane utilization adjustment factor. 

A lane utilization factor of 1.0 is used when a uniform traffic distribution can 
be assumed across all exclusive lanes in the movement group or when a 
movement group has only one lane. Values less than 1.0 apply when traffic is not 
uniformly distributed. As demand approaches capacity, the lane utilization 
factor is often closer to 1.0 because drivers have less opportunity to select their 
lane. 

At some intersections, drivers may choose one through lane over another 
lane in anticipation of a turn at a downstream intersection. When this type of 
"prepositioning" occurs, a more accurate evaluation will be obtained when the 
actual flow rate for each approach lane is measured in the field and provided as 
an input to the methodology. 

Pedestrian Flow Rate 

The pedestrian flow rate is based on the count of pedestrians traveling in the 
crosswalk that is crossed by vehicles turning right from the subject approach 
during the analysis period. For example, the pedestrian flow rate for the 
westbound approach describes the pedestrian flow in the crosswalk on the north 
leg. A separate count is taken for each direction of travel in the crosswalk. Each 
count is divided by the analysis period duration to yield a directional hourly 
flow rate. These rates are then added to obtain the pedestrian flow rate. 

Bicycle Flow Rate 

The bicycle flow rate is based on the count of bicycles whose travel path is 
crossed by vehicles turning right from the subject approach during the analysis 
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period. These bicycles may travel on the shoulder or in a bike lane. Any bicycle 
traffic operating in the right lane with automobile traffic should not be included 
in this count. This interaction is not modeled by the methodology. The count is 
divided by the analysis period duration to yield an hourly flow rate. 

On-Street Parking Maneuver Rate 

The parking maneuver rate represents the count of influential parking 
maneuvers that occur on an intersection leg, as measured during the analysis 
period. An influential maneuver occurs directly adjacent to a movement group, 
within a zone that extends from the stop line to a point 250 ft upstream of it. A 
maneuver occurs when a vehicle enters or exits a parking stall. If more than 180 
maneuvers/h exist, then a practical limit of 180 should be used. On a two-way 
leg, maneuvers are counted for just the right side of the leg. On a one-way leg, 
maneuvers are separately counted for each side of the leg. The count is divided 
by the analysis period duration to yield an hourly flow rate. 

Local Bus Stopping Rate 

The bus stopping rate represents the number of local buses that stop and 
block traffic flow in a movement group within 250 ft of the stop line (upstream or 
downstream), as measured during the analysis period. A local bus is a bus that 
stops to discharge or pick up passengers at a bus stop. The stop can be on the 
near side or the far side of the intersection. If more than 250 buses/h exist, then a 
practical limit of 250 should be used. The count is divided by the analysis period 
duration to yield an hourly flow rate. 

Geometric Design Data 

This subpart describes the geometric design data listed in Exhibit 18-6. These 
data describe the geometric elements of the intersection that influence traffic 
operation. 

Number of Lanes 

The number of lanes represents the count of lanes provided for each 
intersection traffic movement. For a turn movement, this count represents the 
lanes reserved for the exclusive use of turning vehicles. Turn movement lanes 
include turn lanes that extend backward for the length of the segment and lanes 
in a turn bay. Lanes that are shared by two or more movements are included in 
the count of through lanes and are described as shared lanes. If no exclusive tum 
lanes are provided, then the turn movement is indicated to have 0 lanes. 

Average Lane Width 

The average lane width represents the average width of the lanes 
represented in a movement group. The minimum average lane width is 8 ft. 
Standard lane widths are 12 ft. Lane widths greater than 16 ft can be included; 
however, the analyst should consider whether the wide lane actually operates as 
two narrow lanes. The analysis should reflect the way in which the lane width is 
actually used or expected to be used. 
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NumberofReceiwngLanes 

The number of receiving Janes represents the count of lanes departing the 
intersection. This number should be separately determined for each left-turn and 
right-turn movement. Experience indicates that proper turning cannot be 
executed at some intersections because a receiving lane is frequently blocked by 
double-parked vehicles. For this reason, the number of receiving lanes should be 
determined from field observation when possible. 

Turn Bay Length 

Turn bay length represents the length of the bay for which the lanes have full 
width and in which queued vehkJes can be stored. Bay length is measured 
parallel to the roadway centerline. If there are multiple lanes in the bay and they 
have different lengths, then the length entered should be an average value. 

If a two-way left-turn lane is provided for left-turn vehicle storage and 
adjacent access points exist, then the bay length entered should represent the 
"effective" storage length available to the left-turn movement. The determination 
of effective length is based on consideration of the adjacent access points and the 
associated left-turning vehicles that store in the two-way left-turn lane. 

Presence of On-Street Parking 

This input indicates whether on-street parking is allowed along the curb line 
adjacent to a movement group and within 250 ft upstream of the stop line during 
the analysis period. On a two-way street, the presence of parking is noted for just 
the right side of the street. On a one-way street, the presence of on-street parking 
is separately noted for each side of the street. 

Approach Grade 

Approach grade defines the average grade along the approach, as measured 
from the stop line to a point 100 ft upstream of the stop line along a line parallel 
to the direction of travel. An uphill condition has a positive grade, and a 
downhill condition has a negative grade. 

Signal Control Data 

This subpart describes the signal control data listed in Exhibit 18-6 and 
Exhibit 18-7. They are specific to an actuated traffic signal controller that is 
operated in a pretimed, semiactuated, fully actuated, or coordinated-actuated 
manner. 

Type of Signal Control 

The methodology is based on the operation of a fully actuated controller. 
However, semiactuated, pretimed, and coordinated-actuated control can be 
achieved through proper specification of the controller inputs. 

Semiactuated control is achieved by using the following settings for 
nonactuated phases: 

• Maximum green is set to an appropriate value, and 

• Maximum recall is invoked. 
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An equivalent pretimed control is achieved by using the following two 
settings for each signal phase: 

• Maximum green is set to its desired pretimed green interval duration, and 

• Maximum recall is invoked. 

Settings used for coordinated-actuated control are described later in this 
subpart and are used in Chapter 17. 

The automobile methodology is based on the latest controller functions 
defined in the National Transportation Commlmications for ITS Protocol 
Standard 1202. It is incumbent on the analyst to become familiar with these 
functions and adapt them, if needed, to the functionality of the controller that is 
used at the subject intersection. Chapter 31 provides additional information 
about traffic signal controller operation. 

Phase Sequence 

In a broad context, phase sequence describes the sequence of service 
provided to each traffic movement. This definition is narrowed here to limit 
phase sequence to a description of the order in which the left-turn movements 
are served, relative to the through movements. The sequence options addressed 
in the methodology include no left-turn phase, leading left-turn phase, lagging 
left-turn phase, and split phasing. 

Left-Turn Operational Mode 

The left-turn operational mode describes how the left-turn movement is 
served by the controller. It can be described as permitted, protected, or 
protected-permitted. 

Dallas Left-Turn Phasing Option 

This option allows the left-turn movements to operate in the protected
permitted mode without causing a "yellow trap" safety concern. It effectively ties 
the left tum's permitted period signal indication to the opposing through 
movement signal indication. This phasing option is also used with a flashing 
yellow arrow left-turn signal display. 

Passage Time 

Passage time is the maximum amount of time one vehicle actuation can 
extend the green interval while green is displayed. It is input for each actuated 
signal phase. It is also referred to as vehicle interval, extension interval, 
extension, or unit extension. 

Passage time values are typically based on detection zone length, detection 
zone location (relative to the stop line), number of lanes served by the phase, and 
vehicle speed. Longer passage times are often used with shorter detection zones, 
greater distance between the zone and stop line, fewer lanes, and slower speeds. 

The objective in determining the passage time value is to make it large 
enough to ensure that all queued vehicles are served but not so large that it 
extends for randomly arriving traffic. On high-speed approaches, this objective is 
broadened to include not making the passage time so long that the phase 
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frequently extends to its maximum setting (i.e., maxes out) so that safe phase 
termination is compromised. 

Maximum Green 

The maximum green setting defines the maximum amount of time that a 
green signal indication can be displayed in the presence of conflicting demand. 
Typical maximum green values for left-turn phases range from 15 to 30 s. Typical 
values for through phases serving the minor-street approach range from 20 to 
40 s, and those for through phases serving the major-street approach range from 
30 to 60 s. 

For an operational analysis of pretimed operation, the maximum green 
setting for each phase should equal the desired green interval duration and the 
recall mode should be set to "maximum." These settings also apply to the major
street through-movement phases for semiachtated operation. 

For an analysis of coordinated-actuated operation, the maximum green is 
disabled through the inhibit mode and the phase splits are used to determine the 
maximum length of the actuated phases. 

Minimum Green 

The minimum green setting represents the least amount of time a green 
signal indication is displayed when a signal phase is activated. Its duration is 
based on consideration of driver reaction time, queue size, and driver 
expectancy. Minimum green typically ranges from 4 to 15 s, with shorter values 
in this range used for phases serving turn movements and lower-volume 
through movements. For intersections without pedestrian push buttons, the 
minimum green setting may also need to be long enough to allow time for 
pedestrians to react to the signal indication and cross the street. 

Yellow Change and Red Clearance 

The yellow change and the red clearance settings are input for each signal 
phase. The yellow change interval is intended to alert a driver to the impending 
presentation of a red indication. It ranges from 3 to 6 s, with longer values in this 
range used with phases serving high-speed movements. The red clearance 
interval can be used to allow a brief time to elapse after the yellow indication, 
during which the signal heads associated with the ending phase and all 
conflicting phases display a red indication. If used, the red clearance interval is 
typically 1 or 2 s. 

Walk 

The walk interval is intended to give pedestrians adequate time to perceive 
the WALK indication and depart the curb before the pedestrian clear interval 
begins. 

For an actuated or a noncoordinated phase, the walk interval is typically set 
at the minimum value needed for pedestrian perception and curb departure. 
Many agencies consider this value to be 7 s; however, some agencies use as little 
as 4 s. Longer walk durations should be considered in school zones and areas 
with large numbers of elderly pedestrians. In the methodology, it is assumed that 
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the rest-in-walk mode is not enabled for actuated phases and noncoordinated 
phases. 

For a pretimed phase, the walk interval is often set at a value equal to the 
green interval duration needed for vehicle service less the pedestrian clear 
setting (provided that the resulting interval exceeds the minimum time needed 
for pedestrian perception and curb departure). 

For a coordinated phase, the controller is sometimes set to use a coordination 
mode that extends the walk interval for most of the green interval duration. TIris 
functionality is not explicitly modeled in the automobile methodology, but it can 
be approximated by setting the walk interval to a value equal to the phase split 
minus the sum of the pedestrian clear, yellow change, and red clearance 
intervals. 

If the walk and pedestrian clear settings are provided for a phase, then it is 
assumed that a pedestrian signal head is also provided. If these settings are not 
used, then it is assumed that any pedestrian accommodation needed is provided 
in the minimum green setting. 

Pedestrian Clear 

The pedestrian clear interval (also referred to as the pedestrian change 
interval) is intended to provide time for pedestrians who depart the curb during 
the WALK indication to reach the opposite curb (or the median). Some agencies 
set the pedestrian clear equal to the "crossing time," where crossing time equals 
the curb-to-curb crossing distance divided by the pedestrian walking speed of 
3.5 ft/s. Other agencies set the pedestrian clear equal to the crossing time less the 
vehicle change period (i.e., the combined yellow change and red clearance 
intervals). This choice depends on agency policy and practice. A flashing DON'T 

WALK indication is displayed during this interval. 

Phase Recall 

If used, recall causes the controller to place a call for a specified phase each 
time the controller is servicing a conflicting phase. It is input for each signal 
phase. Three types of recalls are modeled in the automobile methodology: 
minimum recall, maximum recall, and pedestrian recall. 

Invoking minimum recall causes the controller to place a continuous call for 
vehicle service on the phase and then service the phase until its minimum green 
interval times out. The phase can be extended if actuations are received. 

Invoking maximum recall causes the controller to place a continuous call for 
vehicle service on the phase. It results in presentation of the green indication for 
its maximum duration every cycle. Using maximum recall on all phases yields an 
equivalent pretimed operation. 

Invoking pedestrian recall causes the controller to place a continuous call for 
pedestrian service on the phase and then service the phase for at least an amount 
of time equal to its walk and pedestrian clear intervals (longer if vehicle 
detections are received). Pedestrian recall is used for phases that have a high 
probability of pedestrian demand every cycle and no pedestrian detection. 
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Dual Entry 

The entry mode is used in dual-ring operation to specify whether a phase is 
to be activated (green) even though it has not received a call for service. Two 
entry modes are possible: dual entry and single entry. This mode is input for 
each actuated signal phase. 

A phase operating in dual entry is available to be called by the controller, 
even if no actuations have been received for this phase. A phase operating in 
single entry will be called only if actuations have been received. 

During the timing of a cycle, a point is reached where the next phase (or 
pha<;es) to be timed is on the other side of a barrier. At this point, the controller 
will check the phases in each ring and determine which phase to activate. If a call 
does not exist in a ring, the controller will activate a phase designated as dual 
entry in that ring. If two phases are designated as dual entry in the ring, then the 
first phase to occur in the phase sequence is activated. 

Simultaneous Gap-Out 

The simultaneous gap-out mode affects the way actuated phases are 
terminated before the barrier can be crossed to serve a conflicting call. This mode 
can be enabled or disabled. It is a phase-specific setting; however, it is typically 
set the same for all phases that serve the same street. This mode is input for each 
actuated signal phase. 

Simultaneous gap-out dictates controller operation when a barrier must be 
crossed to serve the next call and one phase is active in each ring. If simultaneous 
gap-out is enabled, it requires that both phases reach a point of being committed 
to terminate (via gap out, max out, or force-off) at the same time. If one phase is 
able to terminate because it has gapped out, but the other phase is not able to 
terminate, then the gapped-out phase will reset its extension timer and restart the 
process of timing down to gap-out. 

If the simultaneous gap-out feature is disabled, then each phase can reach a 
point of termination independently. In this situation, the first phase to commit to 
termination maintains its active status while waiting for the other phase to 
commit to termination. Regardless of which mode is in effect, the barrier is not 
crossed until both phases are committed to terminate. 

Cycle Length (Coordinated-Actuated Operation) 

Cycle length is the time elapsed between the endings of two sequential 
presentations of a coordinated phase green interval. 

Phase Splits (Coordinated-Actuated Operation) 

Eachnoncoordinated phase is provided a "split" time. This time represents 
the sum of the green, yellow change, and red clearance intervals for the phase. 
The rationale for determining the green interval duration varies among agencies; 
however, it is often related to the II optimum" pretimed green interval duration. 
Chapter 31 describes a procedure for determining pretimed phase duration. 
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Offset and Offset Reference Point (Coordinated-Actuated Operation) 

The reference phase is specified to be one of the two coordinated phases (i.e., 
Phase 2 or 6). The offset entered in the controller represents the time that the 
reference phase begins (or ends) relative to the system master time zero. The 
offset must be specified as being referenced to the beginning, or the end, of the 
green interval of the reference phase. The offset reference point is typically the 
same at all intersections in a given signal system. 

Force Mode (Coordinated-Actuated Operation) 

This mode is a controller-specific setting. It is set to "fixed" or "floating." The 
controller calculates the phase force-off point for each noncoordinated phase on 
the basis of the force mode and the phase splits. When set to the fixed mode, each 
noncoordinated phase has its force-off point set at a fixed time in the cycle, 
relative to time zero on the system master. This operation allows unused split 
time to revert to the following phase. When set to the floating mode, each 
noncoordinated phase has its force-off point set at the split time after the phase 
first becomes active. This operation allows unused split time to revert to the 
coordinated phase (referred to as an "early return to green"). 

Other Data 

This subpart describes the data listed in Exhibit 18-6 that are categorized as 
If other" data. 

Analysis Pedod Duration 

The analysis period is the time interval considered for the performance 
evaluation. It ranges from 15 min to 1 h, with longer durations in this range 
sometimes used for planning analyses. In general, the analyst should interpret 
the results from an analysis period of 1 h or more with caution because the 
ad verse impact of short peaks in traffic demand may not be detected. Also, if the 
analysis period is other than 15 min, then the peak hour factor should not be 
used. 

The methodology was developed to evaluate conditions in which queue 
spillback does not affect the performance of the subject intersection or any 
upstream intersection during the analysis period. 1£ spillback affects intersection 
performance, the analyst should consider use of an alternative analysis tool that 
is able to model the effect of spillback conditions. 

Operational Analysis. A 15-min analysis period should be used for operational 
analyses. This duration will accurately capture the adverse effects of demand 
peaks. Any 15-min period of interest can be evaluated with the methodology; 
however, a complete evaluation should always include an analysis of conditions 
during the 15-min period that experiences the highest traffic demand during a 
24-h period. 

If traffic demand exceeds capacity for a given 15-min analysis period, then a 
multiple-period analysis should be conducted. This type of analysis consists of 
an evaluation of several consecutive 15-min time periods. The periods analyzed 
would include an initial analysis period that has no initial queue, one or more 
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cars per hour per lane (pc/h/ln). Chapter 31, Signalized Intersections: 
Supplemental, describes a field measurement technique for quantifying the local 
base saturation flow rate. 

Lane Utilization Adjustment Factor 

The lane utilization adjustment factor accOlmts for the unequal distribution 
of traffic among the lanes in those movement groups with more than one 
exclusive lane. This factor provides an adjustment to the base saturation flow 
rate to account for uneven use of the lanes. It is not used unless a movement 
group has more than one exclusive lane. It is calculated with Equation 18-4. 

Vg 

fW=N 
e Vg1 

where 

fw adjustment factor for lane utilization, 

Vg demand flow rate for movement group (veh/h), 

Vgl demand flow rate in the single exclusive lane with the highest flow 
rate of all exclusive lanes in movement group (veh/h/ln), and 

Ne = number of exclusive lanes in movement group (In). 

Lane flow rates measured in the field can be used with Equation 18-4 to 
establish local default values of the lane utilization adjustment factor. 

A lane utilization factor of 1.0 is used when a uniform traffic distribution can 
be assumed across all exclusive lanes in the movement group or when a 
movement group has only one lane. Values less than 1.0 apply when traffic is not 
uniformly distributed. As demand approaches capacity, the lane utilization 
factor is often closer to 1.0 because drivers have less opportunity to select their 
lane. 

At some intersections, drivers may choose one through lane over another 
lane in anticipation of a tum at a downstream intersection. When this type of 
"prepositioning" occurs, a more accurate evaluation will be obtained when the 
actual flow rate for each approach lane is measured in the field and provided as 
an input to the methodology. 

Pedestrian Flow Rate 

The pedestrian flow rate is based on the count of pedestrians h"aveling in the 
crosswalk that is crossed by vehicles turning right from the subject approach 
during the analysis period. For example, the pedestrian flow rate for the 
westbound approach describes the pedestrian flow in the crosswalk on the north 
leg. A separate count is taken for each direction of travel in the crosswalk. Each 
count is divided by the analysis period duration to yield a directional hourly 
flow rate. These rates are then added to obtain the pedestrian flow rate. 

Bicycle Flow Rate 

The bicyde flow rate is based on the count of bicycles whose travel path is 
crossed by vehicles turning right from the subject approach during the analysis 
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period. These bicycles may travel on the shoulder or in a bike lane. Any bicycle 
traffic operating in the right lane with automobile traffic should not be included 
in this count. TI,is interaction is not modeled by the methodology. The count is 
divided by the analysis period duration to yield an hourly flow rate. 

On-Street Parking Maneuver Rate 

The parking maneuver rate represents the count of influential parking 
maneuvers that occur on an intersection leg, as measured during the analysis 
period. An influential maneuver occurs directly adjacent to a movement group, 
within a zone that extends from the stop line to a point 250 ft upstream of it. A 
maneuver occurs when a vehicle enters or exits a parking stall. If more than 180 
maneuvers/h exist, then a practical limit of 180 should be used. On a two-way 
leg, maneuvers are counted for just the right side of the leg. On a one-way leg, 
maneuvers are separately counted for each side of the leg. The count is divided 
by the analysis period duration to yield an hourly flow rate. 

Local Bus Stopping Rate 

The bus stopping rate represents the number of local buses that stop and 
block traffic flow in a movement group within 250 ft of the stop line (upstream or 
downstream), as measured during the analysis period. A local bus is a bus that 
stops to discharge or pick up passengers at a bus stop. The stop can be on the 
near side or the far side of the intersection. If more than 250 buses/h exist, then a 
practical limit of 250 should be used. The count is divided by the analysis period 
duration to yield an hourly flow rate. 

Geometric Design Data 

TI,is subpart describes the geometric design data listed in Exhibit 18-6. These 
data describe the geometric elements of the intersection that influence traffic 
operation. 

Number of Lanes 

The number of lanes represents the count of lanes provided for each 
intersection traffic movement. For a turn movement, this count represents the 
lanes reserved for the exclusive use of turning vehicles. Tum movement lanes 
include turn lanes that extend backward for the length of the segment and lanes 
in a turn bay. Lanes that are shared by two or more movements are included in 
the count of through lanes and are described as shared lanes. If no exclusive turn 
lanes are provided, then the turn movement is indicated to have 0 lanes. 

A verage Lane Width 

The average lane width represents the average width of the lanes 
represented in a movement group. The minimum average lane width is 8 ft. 
Standard lane widths are 12 ft. Lane widths greater than 16 ft can be included; 
however, the analyst should consider whether the wide lane actually operates as 
two narrow lanes. The analysis should reflect the way in which the lane width is 
actually used or expected to be used. 
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Number of Receiving Lanes 

The number of receiving lanes represents the count of lanes departing the 
intersection. This number should be separately determined for each left-turn and 
right-turn movement. Experience indicates that proper turning cannot be 
executed at some intersections because a receiving lane is frequently blocked by 
double-parked vehicles. For this reason, the number of receiving lanes should be 
determined from field observation when possible. 

Tum Bay Length 

Turn bay length represents the length of the bay for which the lanes have fun 
width and in which queued vehicles can be stored. Bay length is measured 
parallel to the roadway centerline. If there are multiple lanes in the bay and they 
have different lengths, then the length entered should be an average value. 

If a two-way left-turn lane is provided for left-turn vehicle storage and 
adjacent access points exist, then the bay length entered should represent the 
"effective" storage length available to the left-turn movement. The determination 
of effective length is based on consideration of the adjacent access points and the 
associated left-turning vehicles that store in the two-way left-turn lane. 

Presence of On-Street Parking 

This input indicates whether on-street parking is allowed along the curb line 
adjacent to a movement group and within 250 ft upstream of the stop line during 
the analysis period. On a two-way street, the presence of parking is noted for just 
the right side of the street. On a one-way street, the presence of on-street parking 
is separately noted for each side of the street. 

Approach Grade 

Approach grade defines the average grade along the approach, as measured 
from the stop line to a point 100 ft upstream of the stop line along a line parallel 
to the direction of travel. An uphill condition has a positive grade, and a 
downhill condition has a negative grade. 

Signal Control Data 

This subpart describes the signal control data listed in Exhibit 18-6 and 
Exhibit 18-7. They are specific to an actuated traffic signal controller that is 
operated in a pretimed, semiactuated, fully actuated, or coordinated-actuated 
manner. 

Type of Signal Control 

The methodology is based on the operation of a fully actuated controller. 
However, semiactuated, pretimed, and coordinated-actuated control can be 
achieved through proper specification of the controller inputs. 

Semiactuated control is achieved by using the following settings for 
nonactuated phases: 

• Maximum green is set to an appropriate value, and 

• Maximum recall is invoked. 

Chapter 18/Signalized Intersections 
December 2010 

Page 18-17 Introduction 

AR0074289 



Highway Capacity Manual 20 10 

Introduction 

An equivalent pretimed control is achieved by using the following two 
settings for each signal phase: 

• Maximum green is set to its desired pretimed green interval duration, and 

• Maximum recall is invoked. 

Settings used for coordinated-actuated control are described later in this 
subpart and are used in Chapter 17. 

The automobile methodology is based on the latest controller functions 
defined in the National Transportation Communications for ITS Protocol 
Standard 1202. It is incumbent on the analyst to become familiar with these 
functions and adapt them, if needed, to the functionality of the controller that is 
used at the subject intersection. Chapter 31 provides additional information 
about traffic signal controller operation. 

Phase Sequence 

In a broad context, phase sequence describes the sequence of service 
provided to each traffic movement. This definition is narrowed here to limit 
phase sequence to a description of the order in which the left-tum movements 
are served, relative to the through movements. The sequence options addressed 
in the methodology include no left-tum phase, leading left-tum phase, lagging 
left-tum phase, and split phasing. 

Left-Turn Operational Mode 

The left-turn operational mode describes how the left-tum movement is 
served by the controller. It can be described as permitted, protected, or 
protected-permitted. 

Dallas Left-Turn PhaSing Option 

This option allows the left-tum movements to operate in the protected
permitted mode without causing a "yellow trap" safety concern. It effectively ties 
the left tum's permitted period signal indication to the opposing through 
movement signal indication. This phasing option is also used with a flashing 
yellow arrow left-tum signal display. 

Passage nme 

Passage time is the maximum amount of time one vehicle actuation can 
extend the green interval while green is displayed. It is input for each actuated 
sib'11al phase. It is also referred to as vehicle interval, extension interval, 
extension, or unit extension. 

Passage time values are typically based on detection zone length, detection 
zone location (relative to the stop line), number of lanes served by the phase, and 
vehicle speed. Longer passage times are often used with shorter detection zones, 
greater distance between the zone and stop line, fewer lanes, and slower speeds. 

The objective in determining the passage time value is to make it large 
enough to ensure that all queued vehicles are served but not so large that it 
extends for randomly arriving traffic. On high-speed approaches, this objective is 
broadened to include not making the passage time so long that the phase 
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frequently extends to its maximum setting (Le., maxes out) so that safe phase 
termination is compromised. 

Maximum Green 

The maximum green setting defines the maximum amount of time that a 
green signal indication can be displayed in the presence of conflicting demand. 
Typical maximum green values for left-tum phases range from 15 to 30 s. Typical 
values for through phases serving the minor-street approach range from 20 to 
40 Sf and those for through phases serving the major-street approach range from 
30 to 60 s. 

For an operational analysis of pretimed operation, the maximum green 
setting for each phase should equal the desired green interval duration and the 
recall mode should be set to "maximum." These settings also apply to the major
street through-movement phases for semiactuated operation. 

For an analysis of coordinated-actuated operation, the maximum green is 
disabled through the inhibit mode and the phase splits are used to determine the 
maximum length of the actuated phases. 

Minimum Green 

The minimum green setting represents the least amount of time a green 
signal indication is displayed when a signal phase is activated. Its duration is 
based on consideration of driver reaction time, queue size, and driver 
expectancy. Minimum green typically ranges from 4 to 15 s, with shorter values 
in this range used for phases serving turn movements and lower-volume 
through movements. For intersections without pedestrian push buttons, the 
minimum green setting may also need to be long enough to allow time for 
pedestrians to react to the signal indication and cross the street. 

Yellow Change and Red Clearance 

The yellow change and the red clearance settings are input for each signal 
phase. The yellow change interval is intended to alert a driver to the impending 
presentation of a red indication. It ranges from 3 to 6 s, with longer values in this 
range used with phases serving high-speed movements. The red clearance 
interval can be used to allow a brief time to elapse after the yellow indication, 
during which the signal heads associated with the ending phase and all 
conflicting phases display a red indication. If used, the red clearance interval is 
typically 1 or 2 s. 

Walk 

The walk interval is intended to give pedestrians adequate time to perceive 
the WALK indication and depart the curb before the pedestrian clear interval 
begins. 

For an actuated or a noncoordinated phase, the walk interval is typically set 
at the minimum value needed for pedestrian perception and curb departure. 
Many agencies consider this value to be 7 s; however, some agencies use as little 
as 4 s. Longer walk durations should be considered in school zones and areas 
with large numbers of elderly pedestrians. In the methodology, it is assumed that 
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the rest-in-walk mode is not enabled for actuated phases and noncoordinated 
phases. 

For a pretimed phase, the walk interval is often set at a value equal to the 
green interval duration needed for vehicle service less the pedestrian clear 
setting (provided that the resulting interval exceeds the minimum time needed 
for pedestrian perception and curb departure). 

For a coordinated phase, the controller is sometimes set to use a coordination 
mode that extends the walk interval for most of the green interval duration. This 
functionality is not explicitly modeled in the automobile methodology, but it can 
be approximated by setting the walk interval to a value equal to the phase split 
minus the sum of the pedestrian clear, yellow change, and red clearance 
intervals. 

If the walk and pedestrian clear settings are provided for a phase, then it is 
assumed that a pedestrian signal head is also provided. If these settings are not 
used, then it is assumed that any pedestrian accommodation needed is provided 
in the minimum green setting. 

Pedestrian Clear 

The pedestrian clear interval (also referred to as the pedestrian change 
interval) is intended to provide time for pedestrians who depart the curb during 
the WALK indication to reach the opposite curb (or the median). Some agencies 
set the pedestrian clear equal to the "crossing time," where crossing time equals 
the curb-to-curb crossing distance divided by the pedestrian walking speed of 
3.5 ft/s. Other agencies set the pedestrian clear equal to the crossing time less the 
vehicle change period (Le., the combined yellow change and red clearance 
intervals). This choice depends on agency policy and practice. A flashing DON'T 

WALK indication is displayed during this interval. 

Phase Recall 

If used, recall causes the controller to place a call for a specified phase each 
time the controller is servicing a conflicting phase. It is input for each signal 
phase. Three types of recalls are modeled in the automobile methodology: 
minimum recall, maximum recall, and pedestrian recall. 

Invoking minimum recall causes the controller to place a continuous call for 
vehicle service on the phase and then service the phase until its minimum green 
interval times out. The phase can be extended if actuations are received. 

Invoking maximum recall causes the controller to place a continuous call for 
vehicle service on the phase. It results in presentation of the green indication for 
its maximum duration every cycle. Using maximum recall on all phases yields an 
equivalent pretimed operation. 

Invoking pedestrian recall causes the controller to place a continuous call for 
pedestrian service on the phase and then service the phase for at least an amount 
of time equal to its walk and pedestrian clear intervals (longer if vehicle 
detections are received). Pedestrian recall is used for phases that have a high 
probability of pedestrian demand every cycle and no pedestrian detection. 
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Dual Entry 

The entry mode is used in dual-ring operation to specify whether a phase is 
to be activated (green) even though it has not received a call for service. Two 
entry modes are possible: dual entry and single entry. This mode is input for 
each actuated signal phase. 

A phase operating in dual entry is available to be caned by the controller, 
even if no actuations have been received for this phase. A phase operating in 
single entry will be caned only if actuations have been received. 

During the timing of a cycle, a point is reached where the next phase (or 
phases) to be timed is on the other side of a barrier. At this point, the controller 
will check the phases in each ring and determine which phase to activate. If a can 
does not exist in a ring, the controller will activate a phase designated as dual 
entry in that ring. If two phases are designated as dual entry in the ring, then the 
first phase to occur in the phase sequence is activated. 

Simultaneous Gap-Out 

The simultaneous gap-out mode affects the way actuated phases are 
terminated before the barrier can be crossed to serve a conflicting call. This mode 
can be enabled or disabled. It is a phase-specific setting; however, it is typically 
set the same for aU phases that serve the same street. This mode is input for each 
actuated signal phase. 

Simultaneous gap-out dictates controller operation when a barrier must be 
crossed to serve the next call and one phase is active in each ring. If simultaneous 
gap-out is enabled, it requires that both phases reach a poInt of being committed 
to terminate (via gap out, max out, or force-off) at the same time. If one phase is 
able to terminate because it has gapped out, but the other phase is not able to 
terminate, then the gapped-out phase will reset its extension timer and restart the 
process of timing down to gap-out. 

If the simultaneous gap-out feature is disabled, then each phase can reach a 
point of termination independently. In this situation, the first phase to commit to 
termination maintains its active status while waiting for the other phase to 
commit to termination. Regardless of which mode is in effect, the barrier is not 
crossed until both phases are committed to terminate. 

Cycle Length (Coordinated-Actuated Operation) 

Cycle length is the time elapsed between the endings of two sequential 
presentations of a coordinated phase green interval. 

Phase Splits (Coordinated-Actuated Operation) 

Each noncoordinated phase is provided a /I split" time. This time represents 
the sum of the green, yellow change, and red clearance intervals for the phase. 
The rationale for determining the green interval duration varies among agencies; 
however, it is often related to the "optimum" pretimed green interval duration. 
Chapter 31 describes a procedure for determining pretimed phase duration. 
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Offset and Offset Reference Point (Coordinated-Actuated Operation) 

The reference phase is specified to be one of the two coordinated phases (i.e., 
Phase 2 or 6). The offset entered in the controller represents the time that the 
reference phase begins (or ends) relative to the system master time zero. The 
offset must be specified as being referenced to the beghming, or the end, of the 
green interval of the reference phase. The offset reference point is typically the 
same at all intersections in a given signal system. 

Force Mode (Coordinated-Actuated Operation) 

This mode is a controller-specific setting. It is set to "fixed" or "floating." The 
controller calculates the phase force-off point for each noncoordinated phase on 
the basis of the force mode and the phase splits. When set to the fixed mode, each 
noncoordinated phase has its force-off point set at a fixed time in the cycle, 
relative to time zero on the system master. This operation allows unused split 
time to revert to the following phase. When set to the floating mode, each 
noncoordinated phase has its force-off point set at the split time after the phase 
first becomes active. This operation allows unused split time to revert to the 
coordinated phase (referred to as an "early retum to green"). 

Other Data 

This subpart describes the data listed in Exhibit 18-6 that are categorized as 
"other" data. 

Analysis Period Duration 

The analysis period is the time interval considered for the performance 
evaluation. It ranges from 15 min to 1 h, with longer durations in this range 
sometimes used for planning analyses. In general, the analyst should interpret 
the results from an analysis period of 1 h or more with caution because the 
adverse impact of short peaks in traffic demand may not be detected. Also, if the 
analysis period is other than 15 min, then the peak hour factor should not be 
used. 

The methodology was developed to evaluate conditiofL'> in which queue 
spillback does not affect the performance of the subject intersection or any 
upstream intersection during the analysis period. If spillback affects intersection 
performance, the analyst should consider use of an altemative analysis tool that 
is able to model the effect of spillback conditions. 

Operational Analysis. A IS-min analysis period should be used for operational 
analyses. This duration will accurately capture the adverse effects of demand 
peaks. Any 1S-min period of interest can be evaluated with the methodology; 
however, a complete evaluation should always include an analysis of conditions 
during the 1S-min period that experiences the highest traffic demand during a 
24-h period. 

If traffic demand exceeds capacity for a given 1S-min analysis period, then a 
multiple-period analysis should be conducted. This type of analysis consists of 
an evaluation of several consecutive IS-min time periods. The periods analyzed 
would include an initial analysis period that has no initial queue, one or more 
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2. METHODOLOGY 

OVERVIEW 

This section describes three methodologies for evaluating the performance of 
a signalized intersection. Each methodology addresses one possible travel mode 
through the intersection. Analysts should choose the combination of 
methodologies that are appropriate for their analysis needs. 

A complete evaluation of intersection operation includes the separate 
examination of performance for all relevant travel modes. The perfonnance 
measures associated with each mode are assessed independently of one another. 
They are not mathematically combined into a single indicator of intersection 
performance. This approach ensures that all performance impacts are considered 
on a mode-by-mode basis. 

The focus of each methodology in this chapter is the signalized intersection. 
Chapter 17, Urban Street Segments, provides a methodology for quantifying the 
performance of an urban street segment. The methodology described in 
Chapter 16, Urban Street Facilities, can be used to combine the performance 
measures (for a specified travel mode) on successive segments into an overall 
measure of facility performance for that mode. 

AUTOMOBILE MODE 

This subsection provides an overview of the methodology for evaluating 
signalized intersection perfonnance from the motorist perspective. The 
methodology is computationally intense and requires software to implement. 
The intensity stems partly from the need to model traffic-actuated signal 
operation. Default values are provided in Section 3, Applications, to support 
planning analyses for which the required input data are not available. 

A quick estimation method for evaluating intersection perfonnance at a 
planning level of analysis is provided in Chapter 31, Signalized Intersections: 
Supplemental. nris method is not computationally intense and can be applied by 
using hand calculations. 

Because of the intensity of the computations, the objective of this subsection 
is to introduce the analyst to the calculation process and discuss the key analytic 
procedures. This objective is achieved by focusing the discussion on lane groups 
that serve one traffic movement with pretimed control and for which there are no 
permitted or protected-permitted left-turn movements. Details on evaluation of 
actuated control, shared-lane lane groups, and intersections with permitted or 
protected-permitted left-turn operation are provided in Chapter 31. 

The compu tational engine developed by the Transportation Research Board 
Committee on Highway Capacity and Quality of Service represents the most 
detailed description of this methodology. Additional information about this 
engine is provided in Chapter 31. 
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Exhibit 18-11 
Automobile Methodology for 

Signalized Intersections 

Methodology 

framework 
Exhibit 18-11 illustrates the calculation framework of the automobile 

methodology. It identifies the sequence of calculations needed to estimate 
selected performance measures. The calculation process is shown to flow from 
top to bottom in the exhibit. These calculations are described more fully in the 
remainder of this subsection. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Pretimed Actuated 

1 1 
Step 1. Determine Movement Groups and Lane Groups 

Step 2. Determine Movement Group Flow Rate 

Step 3. Determine Lane Group Flow Rate 

Step 4. Determine Adjusted Saturation Flow Rate 

Step 5. Determine Proportion Arriving During Green 

Step 6. Determine Signal Phase 
Duration 

I Converge? : 
No 

Yes 

Step 7. Determine Capacity and Volume-to-Capacity Ratio 

Step 8. Determine Delay 

Step 9. Determine LOS I 

Step 10. Determine Queue Storage Ratio 
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Step 1: Determine Movement Groups and Lane Groups 

The methodology for signalized intersections uses the concept of movement 
groups and lane groups to describe and evaluate intersection operation. These two 
group designations are very similar in meaning. In fact, their differences emerge 
only when a shared lane is present on an approach with two or more lanes. Each 
designation is defined in the following paragraphs. The movement-group 
designation is a useful construct for specifying input data. In contrast, the lane
group designation is a useful construct for describing the calculations associated 
with the methodology. 

The following rules are used to determine movement groups for an 
intersection approach: 

• A tum movement that is served by one or more exclusive lanes and no 
shared lanes should be designated as a movement group. 

• Any lanes not assigned to a group by the previous rule should be 
combined into one movement group. 

These rules result in the designation of one to three movement groups for 
each approach. 

The concept of lane groups is useful when a shared lane is present on an 
approach that has two or more lanes. Several procedures in the methodology 
require some indication of whether the shared lane serves a mix of vehicles or 
functions as an exclusive turn lane. This issue cannot be resolved until the 
proportion of hlms in the shared lane has been computed. If the computed 
proportion of turns in the shared lane equals 1.0 (Le., 100%), the shared lane is 
considered to operate as an exclusive turn lane. 

The following rules are used to determine lane groups for an intersection 
approach: 

• An exclusive left-turn lane or lanes should be designated as a separate 
lane group. The same is true of an exclusive right-tum lane. 

• Any shared lane should be designated as a separate lane group. 

• Any lanes that are not exclusive turn lanes or shared lanes should be 
combined into one lane group. 

These rules result in the designation of one or more of the following lane 
group possibilities for an intersection approach: 

• Exclusive left-tum lane (or lanes), 

• Exclusive through lane (or lanes), 

• Exclusive right-tum lane (or lanes), 

• Shared left-turn and through lane, 

• Shared left-tum and right-rum lane, 

• Shared right-rum and through lane, and 

• Shared left-rum, through, and right-tum lane. 

The methodology can be applied to any logical combination of these lane 
groups. Exhibit 18-12 shows some common movement groups and lane groups. 
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Exhibit 18-12 
Typical Lane Groups for 

Analysis 

Methodology 

Number 
Movements by Lanes Movement Groups (MG) Lane Groups (LG) 

of Lanes 

1 Left, thru., & right: ~ MG 1: ~ LG 1: ~ 
Exclusive left: ~ MG 1: ~ LG 1: ~ 

2 
Thru. & right: 

~ MG 2: ~ LG 2: ~ 
Left & thru.: ~ ~~ LG 1: ~ 

2 MG 1: 

~ Thru. & right: ~ LG 2: ~ 
Exclusive left: ~ MG 1: ~ LG 1: ~ 
Exclusive left: ~ 

3 Through: • • LG 2: • • Through: • MG 2: • 
~ 

Thru. & right: ~ LG 3: ~ 

Step 2: Determine Movement Group Flow Rate 

The flow rate for each movement group is determined in this step. If a tum 
movement is served by one or more exclusive lanes and no shared lanes, then 
that movement's flow rate is assigned to a movement group. Any of the 
approach flow that is yet to be assigned to a movement group (following 
application of the guidance in the previous sentence) is assigned to one 
movement group. 

The RTOR flow rate is subtracted from the right-tum flow rate, regardless of 
whether the right tum occurs from a shared or an exclusive lane. At an existing 
intersection, the number of RTORs should be determined by field observation. 

Step 3: Determine lane Group Flow Rate 

The lane group flow rate is determined in this step. If there are no shared 
lanes on the intersection approach or the approach has only one lane, there is a 
one-to-one correspondence between lane groups and movement groups. In this 
situation, the lane group flow rate equals the movement group flow rate. 

If there are one or more shared lanes on the approach and two or more lanes, 
then the lane group flow rate is computed by the procedure described in Chapter 
31. This procedure is based on an assumed desire by drivers to choose the lane 
that minimizes their service time at the intersection, where the lane volume-to
saturation flow ratio is used to estimate relative differences in this time among 
lanes. This assumption may not always hold for sihtations in which drivers 
choose a lane on the subject approach so that they are prepositioned for a turn at 
a downstream intersection. In this situation, the analyst needs to provide as 
input the demand flow rate for each lane on the approach and aggregate them as 
appropriate to define the lane group flow rate. 
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Step 4: Determine Adjusted Saturation Flow Rate 

The adjusted saturation flow rate for each lane of each lane group is 
computed in this step. The base saturation flow rate provided as an input 
variable is used in this computation. 

The computed saturation flow rate is referred to as the "adjusted" saturation 
flow rate because it reflects the application of various factors that adjust the base 
saturation flow rate to the specific conditions present on the subject intersection 
approach. 

The procedure described in this step applies to lane groups that consist of an 
exclusive lane (or lanes) operating in a pretimed protected mode and without 
pedestrian or bicycle interaction. When these conditions do not hold, the 
supplemental procedures described in Chapter 31 should be combined with 
those in this step to compute the adjusted saturation flow rate. 

Equation 18-5 is used to compute the adjusted saturation flow rate per lane 
for the subject lane group: 

where 

s = 

Sa 

fro 

fm1 = 

fg 

fp 

fi,b 

fa 
fw 

AT 
fRT 

Apb 
fRpb 

5 = 50 fw fHV fg fpfbb fa fUI fLT fRT fLpbfRpb 

adjusted saturation flow rate (veh/h/ln), 

base saturation flow rate (pc/h/ln), 

adjustment factor for lane width, 

adjustment factor for heavy vehicles in traffic stream, 

adjustment factor for approach grade, 

adjustment factor for existence of a parking lane and parking activity 
adjacent to lane group, 

adjustment factor for blocking effect of local buses that stop within 
intersection area, 

adjustment factor for area type, 

adjustment factor for lane utilization, 

adjustment factor for left-turn vehicle presence in a lane group, 

adjustment factor for right-turn vehicle presence in a lane group, 

pedestrian adjustment factor for left-turn groups, and 

pedestrian-bicycle adjustment factor for right-turn groups. 

The adjustment factors in the list above are described in the following 
subparts. 

Base Saturation Flow Rate 

Computations begin with selection of a base saturation flow rate. This base 
rate represents the expected average flow rate for a through-traffic lane having 
geometric and traffic conditions that correspond to a value of 1.0 for each 
adjustment factor. Typically, one base rate is selected to represent all signalized 
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Exhibit 18-13 
Lane Width Adjustment 

Factor 

Equation 18-6 

Equation 18-7 

Methodology 

intersections in the jurisdiction (or area) within which the subject intersection is 
located. Default values for this rate are provided in Section 3, Applications. 

Adjustment for Lane Width 

The lane width adjustment factorfw accounts for the negative impact of 
narrow lanes on saturation flow rate and allows for an increased flow rate on 
wide lanes. Values of this factor are listed in Exhibit 18-13. 

Average lane Width (ft) 
<10.0' 

~1O.0-12.9 

>12.9 
Note: a Factors apply to average lane widths of 8.0 ft or more. 

Adjustment Factor (fw) 

0.96 
1.00 
1.04 

Standard lanes are 12 ft wide. The lane width factor may be used with 
caution for lane widths greater than 16 H, or an analysis with two narrow lanes 
may be conducted. Use of two narrow lanes will always result in a higher 
saturation flow rate than a single wide lane, but, in either case, the analysis 
should reflect the way the width is actually used or expected to be used. In no 
case should this factor be used to estimate the saturation flow rate of a lane 
group with an average lane width that is less than 8.0 ft. 

Adjustment for Heavy Vehicles 

The heavy-vehicle adjustment factorfHV accounts for the additional space 
occupied by heavy vehicles and for the difference in their operating capabilities, 
compared with passenger cars. This factor does not address local buses that stop 
in the intersection area. Values of this factor are computed with Equation 18-6. 

100 
fHV = 100+P

HV
(E

T 
-1) 

where 

P1rv percent heavy vehicles in the corresponding movement group (%), and 

E1' equivalent number of through cars for each heavy vehicle = 2.0. 

Adjustment for Grade 

The grade adjustment factor fg accounts for the effects of approach grade on 
vehicle performance. Values of this factor are computed with Equation 18-7. 

Pg 
fg = 1- 200 

where Pg is the approach grade for the corresponding movement group (%). 

This factor applies to grades ranging from -6.0% to +10.0%. An uphill grade 
has a positive value and a downhill grade has a negative value. 

Adjustment for Parking 

The parking adjustment factor fp accounts for the frictional effect of a parking 
lane on flow in the lane group adjacent to the parking lane. It also accounts for 
the occasional blocking of an adjacent lane by vehicles moving into and out of 
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parking spaces. If no parking is present, then this factor has a value of 1.00. If 
parking is present, then the value of this factor is computed with Equation 18-8. 

N _0.1_ 18Nm 

fp = 3,600 ~ 0.050 
N 

where 

Nm = parking maneuver rate adjacent to lane group (maneuvers/h), and 

N = number of lanes in lane group (In). 

The parking maneuver rate corresponds to parking areas directly adjacent to 
the lane group and within 250 ft upstream of the stop line. A practical upper 
limit of 180 maneuvers/h should be maintained with Equation 18-8. A minimum 
value off;, from this equation is 0.050. Each maneuver (either in or out) is 
assumed to block traffic in the lane next to the parking maneuver for an average 
of 18 s. 

The factor applies only to the lane group that is adjacent to the parking. On a 
one-way street with a single-lane lane group, the number of maneuvers used is 
the total for both sides of the lane group. On a one-way street with two or more 
lane groups, the factor is calculated separately for each lane group and is based 
on the number of maneuvers adjacent to the group. Parking conditions with zero 
maneuvers have an impact different from that of a no-parking situation. 

Adjustment for Bus Blockage 

The bus-blockage adjustment factor!z,b accounts for the impact of local transit 
buses that stop to discharge or pick up passengers at a near-side or far-side bus 
stop within 250 ft of the stop line (upstream qr downstream). Values of this factor 
are computed with Equation 18-9. 

N 
14.4Nb 

3,600 ~ 0.050 
N 

where N is the number of lanes in lane group (In) and Nb is the bus stopping rate 
on the subject approach (buses/h). 

This factor should be used only when stopping buses block traffic flow in the 
subject lane group. A practical upper limit of 250 buses/h should be maintained 
with Equation 18-9. A minimum value Of!z,b from this equation is 0.050. The 
factor used here assumes an average blockage time of 14.4 s during a green 
indication. 

Adjustment for Area Type 

The area type adjustment factor fa accounts for the inefficiency of 
intersections in CBDs relative to those in other locations. When used, it has a 
value of 0.90. 

Use of this factor should be determined on a case-by-case basis. This factor is 
not limited to designated CBD areas, nor does it need to be used for all CBD 
areas. Instead, it should be used in areas where the geometric design and the 
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Equation 18-11 
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traffic or pedestrian flows, or both, are such that the vehicle headways are 
significantly increased. 

Adjustment for Lane Utilization 

The input lane utilization adjustment factor is used to estimate saturation 
flow rate for a lane group with more than one exclusive lane. If the lane group 
has one shared lane or one exclusive lane, then this factor is 1.0. 

Adjustment for Right Turns 

The right-tum adjustment factor fRT is intended primarily to reflect the effect 
of right-turn path geometry on saturation flow rate. The value of this adjustment 
factor is computed with Equation 18-10. 

1 
fRT=

ER 
where ER is the equivalent number of through cars for a protected right-turning 
vehicle (= 1.18). 

If the right-tum movement shares a lane with another movement or has 
permitted operation, then the procedure described in Chapter 31 should be used 
to compute the adjusted saturation flow rate for the shared-lane lane group. The 
effect of pedestrians and bicycles on right-turn saturation flow rate is considered 
in a separate adjustment factor. 

Adjustment for Left Turns 

The left-turn adjustment factor fLT is intended primarily to reflect the effect of 
left-turn path geometry on saturation flow rate. The value of this adjustment 
factor is computed with Equation 18-11. 

1 
fLY =E 

L 

where EL is the equivalent number of through cars for a protected left-turning 
vehicle (= 1.05). 

If the left-turn movement shares a lane with another movement or has 
permitted operation, then the procedure described in Chapter 31 should be used 
to compute the adjusted saturation flow rate for the shared-lane lane group. The 
effect of pedestrians on left-turn saturation flow rate is considered in a separate 
adjustment factor. 

Adjustment for Pedestrians and Bicycles 

The procedure to determine the left-turn pedestrian-bicycle adjustment 
factor Apb and the right-tum pedestrian-bicycle adjustment factor fRpb is based on 
the concept of conflict zone occupancy, which accounts for the conflict between 
turning vehicles, pedestrians, and bicycles. Relevant conflict zone occupancy 
takes into account whether the opposing vehicle flow is also in conflict with the 
left-turn movement. The proportion of green time in which the conflict zone is 
occupied is determined as a function of the relevant occupancy and the number 
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of receiving lanes for the turning vehicles. A procedure for computing these 
factors is provided in Chapter 31. 

Step 5: Determine Proportion Arriving During Green 

Control delay and queue size at a signalized intersection are highly 
dependent on the proportion of vehicles that arrive during the green and red 
signal indications. Delay and queue size are smaller when a larger proportion of 
vehicles arrive during the green indication. Equation 18-12 is used to compute 
this proportion for each lane group. 

P = Rp(g Ie) 

All variables are as previously defined. This equation requires knowledge of 
the effective green time g and cycle length C. These values are known for 
pretimed operation. If the intersection is not pretimed, then the average phase 
time and cycle length must be calculated by the procedures described in the n~'(t 
step. 

The procedure in Chapter 17 can be used to estimate the arrival flow profile 
for an intersection approach when this approacl1 is evaluated as part of an urban 
street segment. The procedure uses the profile to compute the proportion of 
arrivals during the green indication. 

Step 6: Determine Signal Phase Duration 

The duration of a signal phase depends on the type of control used at the 
subject intersection. If the intersection has pretimed control, then the phase 
duration is an input and this step is skipped. If the phase duration is unknown, 
then the pretimed phase duration procedure in Section 2 of Chapter 31 can be 
used to estimate the pretimed phase duration. 

If the intersection has actuated control, then the actuated phase duration 
procedure in Section 2 of Chapter 31 is used in this step to estimate the average 
duration of an actu.ated phase. It distinguishes between actuated, 
noncoordinated, and coordinated phase types. 

It is useful at this point to define the various terms that define phase 
duration. Some terms are specific to actuated operation; however, most 
constructs are equally applicable to pretimed operation. 

The duration of an actuated phase is composed of five time periods. The first 
period represents the time lost while the queue reacts to the signal indication 
changing to green. The second interval represents the time required to clear the 
queue of vehicles. The third period represents the time the green indication is 
extended by randomly arriving vehicles. It ends when there is a gap in traffic 
(Le., gap out) or the green extends to the maximum limit (i.e., max out). The 
fourth period represents the yellow change interval, and the fifth period 
represents the red clearance interval. The duration of an actuated phase is 
defined by Equation 18-13. 

D p = 11 + gs + g e + Y + Rc 

( where 
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Exhibit 18-14 
Time Elements Influencing 

Actuated Phase Duration 

Equation 18-14 

Methodology 

Dp phase duration (s), 

11 start-up lost time = 2.0 (s), 

gs queue service time (s), 

ge green extension time (s), 

y yellow change interval (s), and 

Rc red clearance interval (s). 

The relationship between the variables in Equation 18-13 is shown in 
Exhibit 18-14 by using a queue accumulation polygon. 

Red Phase Duration, Dp 

Q) 9 
::J 
Q) 
::J 95 ge 
0' 
.5 
VI 
Q) 

u 
:c 
Q) 

> 
'0 

Queue Discharge Rate, s - qg 
.... 
Q) Area = delay 

..0 
E 
::J 
z: 

0 

0 Time (5) 

Exhibit 18-14 shows the relationship between phase duration and queue size 
for the average signal cycle. During the red interval, vehicles arrive at a rate of q,. 
and form a queue. The queue reaches its maximum size 11 seconds after the red 
interval ends. At this time, the queue begins to discharge at a rate equal to the 
saturation £low rate s less the arrival rate during green qg. The queue clears gs 
seconds after it first begins to discharge. Thereafter, random vehicle arrivals are 
detected and cause the green interval to be extended. Eventually, a gap occurs in 
traffic (or the maximum green limit is reached) and the green interval ends. The 
end of the green interval coincides with the end of the extension time ge' 

The effective green time for the phase is computed with the following 
equation: 

g = D p - II - l2 = g s + g e + e 

where 

12 clearance lost time = Y + Rc - e (s), 

e = extension of effective green = 2.0 (s), and 

all other variables are as previously defined. 
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Step 7: Determine Capacity and Volume-to-Capacity Ratio 

Lane Group Volume-to-Capacity Ratio 
The capacity of a given lane group serving one traffic movement, and for 

which there are no permitted left-tum movements, is defined by Equation 18-15. 

where c is the capacity (veh/h) and other variables are as previously defined. This 
equation cannot be used to calculate the capacity of a shared-lane lane group or a 
lane group with permitted left-turn operation because these lane groups have 
other factors that affect their capacity. Chapter 31 provides a procedure for 
estimating the capacity of these types of lane groups. 

The volume-to-capacity ratio for a lane group is defined as the ratio of the 
lane group volume and its capacity. It is computed using Equation 18-16. 

X=~ 

where 

X volume-to-capacity ratio, 

v = demand flow rate (veh/h), and 

c = capacity (veh/h). 

c 

( Critical Intersection Volume-to-Capacity Ratio 
Another concept used for analyzing signalized intersections is the critical 

volume-to-capacity ratio Xc- This ratio is computed by using Equation 18-17 with 
Equation 18-18. 

Xc =(C=L) ~Yc'i 
IEcr 

with 

where 

Xc critical intersection volume-to-capacity ratio, 

C cycle length (s), 

Yc,i critical flow ratio for phase i = v/(Ns;), 

It,i phase i lost time = Il,i + 12,; (s), 

ci set of critical phases on the critical path, and 

L cycle lost time (s). 

The summation term in each of these equations represents the sum of a 
specific variable for the set of critical phases. A critical phase is one phase of a set 
of phases that occur in sequence and whose combined flow ratio is the largest for 
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the signal cycle. The critical path and critical phases are identified by mapping 
traffic movements to a dual-ring phase diagram, as shown in Exhibit 18-3. 

Equation 18-17 is based on the assumption that each critical phase has the 
same volume-to-capacity ratio and that this ratio is equal to the critical 
intersection volume-to-capacity ratio. This assumption is valid when the effective 
green duration for each critical phase i is proportional to Yc,lf.(Yc.i)' When this 
assumption holds, the volume-to-capacity ratio for each noncritical phase is less 
than or equal to the critical intersection volume-to-capacity ratio. 

Identifying Critical Lane Groups and Critical Flow Ratios 

Calculation of the critical intersection volume-to-capacity ratio requires 
identification of the critical phases. This identification begins by mapping all 
traffic movements to a dual-ring diagram. 

Next, the lane group flow ratio is computed for each lane group served by 
the phase. If a lane group is served only during one pretimed phase, then its flow 
ratio is computed as the lane group flow rate (per lane) divided by the lane 
group saturation flow rate [i.e., vieNs;)]. If a lane group is served during multiple 
pretimed phases, then a flow ratio is computed for each phase. Specifically, the 
demand flow rate and saturation flow rate that occur during a given phase are 
used to compute the lane group flow ratio for that phase. For actuated phases, 
the flow ratio is computed only for those lane group-and-phase combinations in 
which the group's detectors actively extend the phase. 

Next, the phase flow ratio is determined from the flow ratio of each lane 
group served during the phase. The phase flow ratio represents the largest flow 
ratio of aU lane groups served. 

Next, the diagram is evaluated to identify the critical phases. The phases that 
occur between one barrier pair are collectively evaluated to determine the critical 
phases. This evaluation begins with the pair in Ring 1 and proceeds to the pair in 
Ring 2. Each ring represents one possible critical path. The phase flow ratios are 
added for each phase pair in each ring. The larger of the two ring totals 
represents the critical path, and the corresponding phases represent the critical 
phases for the barrier pair. 

Finally, the process is repeated for the phases between the other barrier pair. 
One critical flow rate is defined for each barrier pair by this process. These two 
values are then added to obtain the sum of the critical flow ratios used in 
Equation 18-17. The lost time associated with each of the critical phases is added 
to yield the cycle lost time L. 

The procedure for the basic intersection case is explained in the next few 
paragraphs by using an example intersection. A variation of this procedure 
applies when protected-permitted left-turn operation is used with pretimed 
control. This variation is described after the basic case is described. 

Basic Case 

Consider a pretimed intersection with a lead-lag phase sequence on the 
major street and a permitted-only sequence on the minor street, as shown in 
Exhibit 18-15. The northbound right turn is provided an exclusive lane and a 
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green arrow indication that displays concurrently with the complementary left
tum phase on the major street. Each of the left-tum movements on the major 
street is served with a protected phase. 

Lane Groups 

Minor Street 

Major Street 

Equivalent Dual-Ring Structure (flow ratios) 
Cl>2 (0.30) Cl>1 (0.15) CI>:!:.25) 

~ r (10.10) 

Cl>5 (0.25Y Cl>6 ~0.25)a Cl>8 01 ,,'" 
(O.3W {CO.15) 

...... Barner . '/ Barner 

Note: a Critical fiow ratio. 

Phases 4 and 8 represent the only phases between the barrier pair serving the 
minor-street movements. Inspection of the flow ratios provided in the exhibit 
indicates that Phase 8 has two lane-group flow rates. The larger flow rate 
corresponds to the shared left-tum and through movement. Thus, the phase flow 
ratio for Phase 8 is 0.30. The phase flow ratio for Phase 4 is 0.25. Of the two 
phases, the largest phase flow ratio is that associated with Phase 8 (= 0.30), so it 
represents the critical phase for this barrier pair. 

Phases 1, 2, 5, and 6 represent the phases between the other barrier pair. 
They serve the major-street approaches. A flow ratio is shown for the right-turn 
lane group in Phase 1 because the intersection has pretimed control. If the 
intersection was actuated, it is unlikely that the right-turn detection would be 
used to extend Phase I, and the flow ratio for the right-tum lane group would 
not be consi.dered in defining the phase flow ratio for Phase L Regardless, the 
phase flow ratio of Phase 1 is 0.15, on the basis of the left-tum lane group flow 
rate. 

There are two possible critical paths through the major-street phase 
sequence-one path is associated with Phases 1 and 2 (Le., Ring 1), and the other 
path is associated ,"lith Phases 5 and 6 (Le., Ring 2). The total phase flow ratio for 
the Ring 1 path is 0.30 + 0.15, or 0.45. The total phase flow ratio for the Ring 2 

( path is 0.25 + 0.25 = 0.50. The latter total is larger and, hence, represents the 
\ 
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Exhibit 18-16 
Critical Path Determination 

with Protected-Permitted 
Left-Turn Operation 

Methodology 

critical path. It identifies Phases 5 and 6 as the critical phases. Thus, the sum of 
critical flow ratios for the cycle is 0.80 (= 0.30 + 0.50). 

One increment of phase lost time It is associated with each phase on the 
critical path. Thus, the cycle lost time L is computed as the sum of the lost time 
for each of Phases 5, 6, and 8. 

Special Case: Pretimed Protected-Permitted Left-Turn Operation 
Consider a pretimed intersection with a lead-lead phase sequence on the 

major street and a permitted-only sequence on the minor street, as shown in 
Exhibit 18-16. The left-turn movements on the major street operate in the 
protected-permitted mode. Phases 4 and 8 represent the only phases between 
one barrier pair. They serve the minor-street lane groups. By inspection of the 
flow ratios provided in the exhibit, Phase 8 has the highest flow ratio (= 0.30) of 
the two phases and represents the critical phase for this barrier pair. 

Lane Groups 

Minor Street 

Major Street 

iIi 
Equivalent Dual-Ring Structure (flow ratios) 

j ~ «1»2 ~t .... ,,~~~:!.~,~.:.~~ ............ «1»:1:.25) 

«1»8 ,'/" 
(0.30Y 

(0.2OY 

--1 .".,~.:~~?: ... 
",,-(0.22) 

Barrier -- Barrier"" 
Note: a Critical flow ratio. 

Phases 1, 2, 5, and 6 represent the phases between the other barrier pair. 
They serve the major-street approaches. Each left-turn lane group is shown to be 
served during two phases-once during the left-tum phase and once during the 
phase serving the adjacent through movement. The flow ratio for each of the four 
left-tum service periods is shown in Exhibit 18-16. The following rules define the 
possible critical paths through this phase sequence: 

1. One path is associated with Phases 1 and 2 in Ring 1 (0.35 = 0.05 + 0.30). 

2. One path is associated with Phases 5 and 6 in Ring 2 (0.45 = 0.20 + 0.25). 
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3. If a lead-lead or lag-lag phase sequence is used, then one path is 
associated with (a) the left-tum phase with the larger flow ratio and (b) 
the through phase that permissively serves the same left-tum lane 
group. Sum the protected and permitted left-hun flow ratios on this 
path (0.35 = 0.20 + 0.15). 

4. If a lead-lag phase sequence is used, then one path is associated with (a) 
the leading left-turn phase, (b) the lagging left-tum phase, and (c) the 
controlling through phase (see discussion to follow). Sum the two 
protected left-tum flow ratios and the one controlling permitted left
turn flow ratio on this path. 

If a lead-lag phase sequence is used, each of the through phases that 
permissively serve a left-hIm lane group is considered in determining the 
controlling through phase. If both through phases have a permitted period, then 
there are two through phases to consider. The controlling through phase is that 
phase with the larger permitted left-tum flow ratio. For example, if Phase 1 were 
shown to lag Phase 2 in Exhibit 18-16, then Phase 6 would be the controlling 
through phase because the permitted left-tum flow ratio of 0.22 exceeds 0.15. The 
critical path for this phase sequence would be 0.47 (= 0.20 + 0.22 + 0.05). 

The first three rules in the preceding list apply to the example intersection. 
The calculations are shown for each path in parentheses in the previous list of 
rules. The total flow ratio for the path in Ring 2 is largest (= 0.45) and, hence, 
represents the critical path. It identifies Phases 5 and 6 as the critical phases. 
Thus, the sum of critical flow ratios for the cycle is 0.75 (= 0.30 + 0.45). 

If Rule 3 in the preceding list applies, then the only lost time incurred is the 
start-up lost time 11 associated with the first critical phase and the clearance lost 
time 12 associated with the second critical phase. If Rule I, 2, or 4 applies, then 
one increment of phase lost time 1t is associated with each critical phase. Rule 2 
applies for the example, so the cycle lost time L is computed as the sum of the 
lost time for each of Phases 5, 6, and 8. 

Two flow ratios are associated with Phase 6 in this example. Both flow ratios 
are shown possibly to dictate the duration of Phase 6 (this condition does not 
hold for Phase 2 because of the timing of the left-turn phases). This condition is 
similar to that for the northbound right-turn movement in Phase 1 of Exhibit 18-
15 and the treatment is the same. That is, both flow ratios are considered in 
defining the phase flow ratio for Phase 6. 

This example is specific to pretimed control. If actuated control were used, 
then it is unlikely that the left-tum detection on the major street would be used to 
extend the through phases. In this sihiation, the flow ratio for the permitted left
tum lane group would not be considered in defining the phase flow ratio for the 
through phases (i.e., only the first two rules in the previous list would apply). In 
short, the analysis of protected-permitted left-tum operation with actuated 
control defaults to the basic case previously described. 
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Equation 18-19 

Equation 18-20 

Methodology 

Step 8: Determine Delay 

The delay calculated in this step represents the average control delay 
experienced by all vehicles that arrive during the analysis period. It includes any 
delay incurred by these vehicles that are still in queue after the analysis period 
ends. The control delay for a given lane group is computed by using Equation 
18-19. 

where 

d control delay (s/veh), 

d1 uniform delay (s/veh), 

d2 incremental delay (s/veh), and 

d3 initial queue delay (s/veh). 

Concepts 

Uniform De/ay 

Equation 18-20 represents one way to compute delay when arrivals are 
assumed to be random throughout the cycle. It also assumes one effective green 
period during the cycle and one saturation flow rate during this period. It is 
based on the first term of a delay equation presented elsewhere (6). 

d
1 

= 0.5 C (1- g / C)2 
1- [min(1,X)g / C] 

All variables are as previously defined. The delay calculation procedure used 
in this methodology is consistent with Equation 18-20. However, it removes the 
aforementioned assumptions to allow more accurate uniform delay estimates for 
progressed traffic movements, movements with multiple green periods, and 
movements with multiple saturation flow rates (e.g., protected-permitted turn 
movements). It is called the "incremental queue accumulation" procedure (21, 
22). 

The incremental queue accumulation procedure models arrivals and 
departures as they occur during the average cycle. Specifically, it considers 
arrival rates and departure rates as they may occur during one or more effective 
green periods. The rates and resulting queue size can be shown in a queue 
accumulation polygon, such as that shown previously in Exhibit 18-14. The 
procedure decomposes the resulting polygon into an equivalent set of trapezoids 
or triangles for the purpose of delay estimation. 

The key criterion for constructing a trapezoid or triangle is that the arrival 
and departure rates must be effectively constant during the associated time 
period. This process is illustrated in Exhibit 18-17 for a lane group having two 
different departure rates during the effective green period. 

The delay associated with the cycle is determined by summing the area of 
the trapezoids or triangles that compose the polygon. The area of a given 
trapezoid or triangle is determined by first knowing the queue at the start of the 
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interval and then adding the number of arrivals and subtracting the number of 
departures during the specified time interval. The result of this calculation yields 
the number of vehicles in queue at the end of the interval. Equation 18-21 
illustrates this calculation for interval i. 
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where 

Qi 

q 

td,; 

Trapezoids Make Up 
the Polygon Shape 

Area of Trapezoid Represents 
One Delay Element 

...... ... ... ... 

Qi = Qi-l -(s/3,600-q/N)td,i ~O.O 

queue size at the end of interval i (veh), 

arrival flow rate = v/3,600 (veh/s), 

4J,i 

Time (s) 

duration of time interval i during which the arrival flow rate and 
saturation flow rate are constant (s), and 

all other variables as previously defined. 

Construction of the queue accumulation polygon requires converting all flow 
rate variables to common units of vehicles per second per lane. This conversion is 
implicit for all flow rate variables shown in exhibits here that depict a queue 
accumulation polygon. 

Equation 18-22 is used to compute the total delay associated with a given 
trapezoid or triangle. 

dr . = 0.5 (Q'-l + Q.) td . Il l l /l 

where dr,i is the total delay associated with interval i (veh-s) and other variables 
are as previously defined. Total delay is computed for all intervals, added 
together, and the sum divided by the number of arrivals during the cycle (= qC) 
to estimate uniform delay in seconds per vehicle. 

Construction of the queue accumulation polygon requires that the arrival 
flow rate not exceed the phase capacity. If the arrival flow rate exceeds capacity, 
then it is set to equal the capacity for the purpose of constructing the polygon. 
The queue can be assumed to equal zero at the end of the protected phase, and 
the polygon construction process begin.<; at this point in the cycle. Once 

( constructed, this assumption must be checked and, if the ending queue is not 
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Equation 18-23 

Equation 18-24 

Methodology 

zero, then a second polygon is constructed with this ending queue as the starting 
queue for the first interval. 

Polygon construction requires identifying points in the cycle where one of 
the following two conditions applies: 

• The departure rate changes (e.g., due to the start or end of effective green, 
a change in the saturation flow rate, depletion of the subject queue, 
depletion of the opposing queue, sneakers depart). 

• The arrival rate changes (e.g., when a platoon arrival condition changes). 

During the intervals of time between these points, the saturation flow rate 
and arrival flow rate are constant. 

The determination of flow-rate-change points may require an iterative 
calculation process when the approach has shared lanes. For example, an 
analysis of the opposing through movement must be completed to determine the 
time this movement's queue dears and the subject left-turn lane group can begin 
its service period. This service period may, in turn, dictate when the permitted 
left-turn movements on the opposing approach may depart. 

The procedure is based on defining arrival rate as having one of two flow 
states: an arrival rate during the green indication and an arrival rate during the 
red indication. Further information about when each of these rates applies is 
described in the discussion for platoon ratio in the required input data 
subsection. The proportion of vehicles arriving during the green indication P is 
used to compute the arrival flow rate during each flow state. The following 
equations can be used to compute these rates: 

and 

q (1- P) 
qr = l-g/C 

where 

qg arrival flow rate during the effective green time (veh/s), 

qr arrival flow rate during the effective red time (veh/s), and 

all other variables as previously defined. 

A more detailed description of the procedure for constructing a queue 
accumulation polygon for lane groups with various lane allocations and 
operating modes is provided in Chapter 31. 

Incremental Delay 
Incremental delay consists of two delay components. One component 

accounts for delay due to the effect of random, cycle-by-cycle fluctuations in 
demand that occasionally exceed capacity. This delay is evidenced by the 
occasional overflow queue at the end of the green interval (i.e., cycle failure). The 
second component accounts for delay due to a sustained oversaturation during 
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the analysis period. This delay occurs when aggregate demand during the 
analysis period exceeds aggregate capacity. It is sometimes referred to as the 
"deterministic" delay component and is shown as variable d2,d in Exhibit 18-18. 

~-------------- ~ ----------------1 
~------- T -------I 

T/2i 

o ~------------------------------------. o Time 

Exhibit 18-18 illustrates the queue growth that occurs as vehicles arrive at a 
demand flow rate v during analysis period T, which has capacity c. The 
deterministic delay component is represented by the triangular area bounded by 
the thick line and is associated with an average delay per vehicle represented by 
the variable d2,d' The last vehicle to arrive during the analysis period is shown to 
clear the queue tc hours after the start of the analysis period. The average queue 
size associated with this delay is also shown in the exhibit as Q2,d' The queue 
present at the end of the analysis period [= T (v - c)] is referred to as the residual 
queue. 

Initial Queue Delay 
The equation used to estimate incremental delay is based on the assumption 

that no initial queue is present at the start of the analysis period. The initial 
queue delay term accounts for the additional delay incurred due to an initial 
queue. This queue is a result of unmet demand in the previous time period. It 
does not include any vehicles that may be in queue due to random, cycle-by-cycle 
fluctuations in demand that occasionally exceed capacity. When a multiple
period analysis is undertaken, the initial queue for the second and subsequent 
analysis periods is equal to the residual queue from the previous analysis period. 

Exhibit 18-19 illustrates the delay due to an initial queue as a trapezoid shape 
bounded by thick lines. The average delay per vehicle is represented by the 
variable d3. The initial queue size is shown as Qb vehicles. The duration of time 
during the analysis period for which the effect of the initial queue is stilI present 
is represented by the variable t. This duration is shown to equal the analysis 
period in Exhibit 18-19. However, it can be less than the analysis period duration 
for some lower-volume conditions. 

Exhibit 18-19 illustrates the case in which the demand flow rate v exceeds the 
capacity c during the analysis period. In contrast, Exhibit 18-20 and Exhibit 18-21 
illustrate alternative cases in which the demand flow rate is less than the 
capacity. 
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Exhibit 18-19 
Initial Queue Delay with 

Increasing Queue Size 

Exhibit 18-20 
Initial Queue Delay with 
Decreasing Queue Size 

Exhibit 18-21 
Initial Queue Delay with 

Queue Clearing 

Methodology 
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In this chapter, the phrase initial queue is always used in reference to the 
initial queue due to unruet demand in the previous time period. It never refers to 
vehicles in queue due to random, cyde-by-cycle fluctuations in demand. 

The remainder of this step describes the procedure for computing the control 
delay for a lane group during a given analysis period. Chapter 31 describes a 
technique for measuring control delay in the field. 

A. Compute Baseline Uniform Delay 

Exhibit 18-14 was previously provided to illustrate a simple polygon for a 
lane group serving one traffic movement and for which there are no permitted or 
protected-permitted left-turn movements. Exhibit 18-22 is provided to illustrate 
delay calculation for a more complicated polygon shape. This particular polygon 
describes permitted left-tum operation from a shared lane for a specific 
combination of timing and volume conditions. 

r = ttl 9 
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The area bounded by the polygon represents the total delay incurred during 
the average cycle. The total delay is then divided by the number of arrivals per 
cycle to estimate the average uniform delay. These calculations are summarized 
in Equation 18-25, with Equation 18-26. 

with 

where 

dlb baseline uniform delay (s/veh), 

tt,i duration of trapezoid or triangle in interval i (s), 

Wq queue change rate (i.e., slope of the upper boundary of the trapezoid 
or triangle) (veh/s), and 

( all other variables as previously defined. 

Chapter l8/Signalized Intersections 
December 2010 

Page 18-51 

Exhibit 18-22 
Polygon for Uniform Delay 
Calculation 

Equation 18-25 

Equation 18-26 

Methodology 

AR0074315 



Highway Capacity Manual 20 10 

Equation 18-27 

Methodology 

The summation term in Equation 18-25 includes all intervals for which there 
is a nonzero queue. In generat tt,i will equal the duration of the corresponding 
interval. However, during some intervals, the queue will dissipate and tt,i will 
only be as long as the time required for the queue to dissipate (= Qi_/Wq). This 
condition is shown to occur during Time Interval 4 in Exhibit 18-22. 

The delay computed in this step is referred to as the baseline uniform delay. It 
may be adjusted in Step C if there is an initial queue that dissipates during the 
analysis period. The uniform delay to be used in Equation 18-19 is determined in 
this subsequent step. 

B. Initial Queue Analysis 

If an initial queue is present for any lane group at the intersection, then a 
second set of polygons needs to be constructed for each intersection lane group 
(in addition to those constructed for Step A). If no lane group has an initial 
queue, then this step is skipped. 

At the start of this step, the initial queue that was input for each movement 
group needs to be converted to an initial queue for each lane group. When there 
is a one-to-one correlation between the movement group and the lane group, 
then the initial queue for the lane group equals the input initial queue for the 
movement group. When there is a shared lane on an approach that has another 
shared lane or additional through lanes, then the input initial queue needs to be 
distributed among the lane groups that serve the movements sharing the lane. 
Specifically, the initial queue for each lane group is estimated as being equal to 
the input initial queue multiplied by the number of lanes in the lane group and 
divided by the total number of shared and through lanes. 

When the polygons are constructed in this step, lane groups with an initial 
queue will have their arrival flow rate set to equal the lane group capacity, 
regardless of their input arrival rate. The remaining lane groups will have their 
arrival flow rate set to equal the smaller of the input demand flow rate or the 
capacity. One polygon is constructed for each lane group, regardless of whether 
it has an initial queue. 

The need for a second set of polygons stems from the influence one lane 
group often has on the operation of other lane groups. This influence is notably 
adverse when one or more lane groups are operating in a saturated state for a 
portion of the analysis period. If the saturated lane group represents a conflicting 
movement to a lane group that includes a permitted left-turn operation, then the 
left-turn lane group's operation will also be adversely affected for the same time 
period. Moreover, if the phase serving the lane group is actuated, then its 
capacity during the saturated state will be different from that of the subsequent 
unsaturated state. The following procedure is used to address this situation. 

The duration of unmet demand is calculated in this step for each lane group 
with Equation 18-27 or Equation 18-28. 

If v :2: CS' then 

t=T 
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If v < cs' then 

where 

duration of unmet demand in the analysis period (h), 

T = analysis period duration (h), 

Qb initial queue at the start of the analysis period (veh), 

v = demand flow rate (vel1/h), and 

Cs saturated capacity (veh/h). 

For this calculation, the saturated capacity Cs is equal to that obtained from 
the polygon constructed in this step and is reflective of the phase duration that is 
associated with saturated operation (due to the initial queue). 

Next, the average duration of unmet demand is calculated with Equation 18-
29. 

where 

ta average duration of unmet demand in the analysis period (h), and 

Ng number of lane groups for which t exceeds 0.0 h. 

The summation term in Equation 18-29 represents the sum of the t values for 
only those lane groups that have a value of t that exceeds 0.0 h. The average 
duration ta is considered as a single representative value of t for all lane groups 
that do not have an initial queue. 

The procedure described in Step A is repeated in this step to estimate the 
saturated uniform delay ds for each lane group. 

C Compute Uniform Delay 

If no lane group has an initial queue, then the uniform delay is equal to that 
computed in Step A (Le., dl = dlb)' If an initial queue is present for any lane group 
at the intersection, then Equation 18-30 or Equation 18-31 is used to compute the 
uniform delay for each lane group. 

If lane group i has an initial queue, then 

d -d !.i d (T-t j ) 

1) - s,i T + Ib,i T 

If lane group i does not have an initial queue, then 

dli =dSi~+dlbi (T-ta ) 
, 'T ' T 

where ds is the saturated uniform delay (s/veh), t; is the duration of unmet 
demand for lane group i in the analysis period (h), and other variables are as 

( previously defined. 
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Equation 18-33 

Equation 18-34 

Equation 18-35 

Equation 18-36 

Equation 18-37 

Equation 18-38 

Equation 18-39 

Methodology 

D. Compute Average Capacity 

If no lane group has an initial queue, then the average lane group capacity cA 

is equal to that computed in Step 7 (i.e., CA = c). If an initial queue is present for 
any lane group at the intersection, then Equation 18-32 and Equation 18-33 are 
used to compute the average capacity for each lane group. 

If lane group i has an initial queue, then 

_ ti (T-ti) 
CA' - C . - + C· -'---'-'-

,1 S,I TIT 

If lane group i does not have an initial queue, then 

ta (T-ta) 
CA' = C . -+ C· -'---"-'-,I 5,1 TIT 

where CA is the average capacity (veh/h) and other variables are as previously 
defined. 

E Compute Initial Queue Delay 

If no lane group has an initial queue, then the initial queue delay d3 is equal 
to 0.0 s/veh. If an initial queue is present for any lane group at the intersection, 
then Equation 18-34 through Equation 18-39 are used to compute the initial 
queue delay for each lane group. 

with 

Qe = Qb + t A (V - C A) 

If v 2 cAl then 

Qeo =T(v-cA) 

tA = T 

If '0 < CAl then 

Qeo = 0.0 veh 

tA = Qb j(CA -V) ~T 

where 

tA adjusted duration of unmet demand in the analysis period (h), 

Qe queue at the end of the analysis period (veh), 

Qeo queue at the end of the analysis period when v 2 cA and Qb = 0.0 (veh), 
and 

other variables as previously defined. 

The last vehicle that arrives to an overflow queue during the analysis period 
will dear the intersection at the time obtained with the following equation: 

Page 18-54 Chapter l8/Signalized Intersections 
December 2010 

AR0074318 



( 

( 

( 

Highway Capacity Manual 20 10 

where tc is the queue clearing time (h) and other variables are as previously 
defined. 

The queue clearing time is measured from the start of the analysis period to 
the time the last arriving vehicle clears the intersection. 

F. Compute Incremental Oelay Fador 
The equation for computing incremental deJay includes a variable that 

accounts for the effect of controller type on delay. This variable is referred to as 
the incremental delay factor k. It varies in value from 0.04 to 0.50. A factor value 
of 0.50 is recommended for pretimed phases, coordinated phases, and phases set 
to "recall-to-maximum." 

An actuated phase has the ability to adapt its green interval duration to serve 
the demand on a cycle-by-cycle basis and, thereby, to minimize the frequency of 
cycle failure. Only when the green is extended to its maximum limit is this 
capability curtailed. This influence of actuated operation on delay is accounted 
for in Equation 18-41 through Equation 18-44. 

k = (1- 2kmin )(v / Ca - 0.5) + kmin S; 0.50 

with 

kmin = -0.375 + 0.354 PT - 0.0910 PT 2 + 0.00889 PT3 ~ 0.04 

C = 3600 ga s N 
a' C 

where 

k incremental delay factor, 

en available capacity for a lane group served by an actuated phase 
(veh/h), 

kmin minimum incremental delay factor, and 

ga available effective green time (s). 

All other variables are as previously defined. As indicated by this series of 
equations, the factor value depends on the maximum green setting and the 
passage time setting for the phase that controls the subject lane group. Research 
indicates that shorter passage times result in a lower value of k (and lower 
delay), provided that the passage time is not so short that the phase terminates 
before the queue is served (11). 

G. Compute IncrementalOelay 
The incremental delay term accounts for delay due to random variation in 

the number of arrivals on a cycle-by-cycle basis. It also accounts for delay caused 
by demand exceeding capacity during the analysis period. The amount by which 
demand exceeds capacity during the analysis period is referred to here as unmet 
demand. The incrementaJ delay equation was derived by using an assumption of 
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Equation 18-45 

Equation 18-46 

Equation 18-47 

Equation 18-48 

Methodology 

no initial queue due to unmet demand in the preceding analysis period. Equation 
18-45, with Equation 18-46, is used to compute incremental delay. 

with 

where XA is the average volume-to-capacity ratio and other variables are as 
previously defined. The incremental delay term is valid for all values of XA, 

including highly oversaturated lane groups. 

H. Compute Lane Group Control Delay 

The uniform delay, incremental delay, and initial queue delay values 
computed in the previous steps are added (see Equation 18-19) to estimate the 
control delay for the subject lane group. 

I Compute Aggregated Delay Estimates 

It is often desirable to compute the average control delay for the intersection 
approach. This aggregated delay represents a weighted average delay, where 
each lane group delay is weighted by the lane group demand flow rate. The 
approach control delay is computed with Equation 18-47. 

where 

dA,j approach control delay for approach j (s/veh), 

d; control delay for lane group i (s/veh), and 

mj number of lane groups on approach j. 

All other variables are as previously defined. The summation terms in 
Equation 18-47 represent the sum over all lane groups on the subject approach. 

Similarly, intersection control delay is computed with Equation 18-48. 

where dl is the intersection control delay (s/veh) and all other variables are as 
previously defined. The summation terms in Equation 18-48 represent the sum 
over all lane groups at the subject intersection. 

Step 9. Determine lOS 

Exhibit 18-4 is used to determine the LOS for each lane group, each 
approach, and the intersection as a whole. LOS is an indication of the 

Page 18-56 Chapter l8/Signalized Intersections 
December 2010 

AR0074320 



( 

( 

( 

Highway Capacity Manual2010 

acceptability of delay levels to motorists at the intersection. It can also indicate an 
unacceptable oversaturated operation for individual lane groups. 

Step 10. Determine Queue Storage Ratio 

A procedure is described in Chapter 31 for estimating the back-of-queue size 
and the queue storage ratio. The back of queue is the position of the vehicle 
stopped farthest from the stop line during the cycle as a consequence of the 
display of a red signal indication. The back-of-queue size depends on the arrival 
pattern of vehicles and on the number of vehicles that do not clear the 
intersection during the previous cycle. 

The queue storage ratio represents the proportion of the available queue 
storage distance that is occupied at the point in the cycle when the back-of-queue 
position is reached. If this ratio exceeds 1.0, then the storage space will overflow 
and queued vehicles may block other vehicles from moving forward. 

Extension to Multiple Time Periods 

The la-step sequence can be extended to analysis of consecutive time 
periods; each of duration T; and each having a fixed demand flow rate. The 
analysis is performed for each analysis period in sequence, as they occur in time. 
The initial queue Qb for the second and subsequent periods is equal to the final 
queue Qe from the previous period. 

Typically, a multiple-time-period analysis would start with an 
undersaturated time period, desirably one when there is no initial queue for any 
intersection movement group. The demand flow rate for each period is a 
required input. 

Interpretation of Results 

The computations discussed in the previous steps result in the estimation of 
control delay and LOS for each lane group; for each approach; and for the 
intersection as a whole. They also produce a volume-to-capacity ratio for each 
lane group and a critical intersection volume-to-capacity ratio. This part provides 
some useful interpretations of these performance measures. 

Level of Service 

In general, LOS is an indication of the general acceptability of delay to 
drivers. In this regard, it should be remembered that what might be acceptable in 
a large city is not necessarily acceptable in a smaller city or rural area. 

Intersection LOS must be interpreted with caution. It can suggest acceptable 
operation of the intersection when in reality certain lane groups (particularly 
those with lower volumes) are operating at an unacceptable LOS but are masked 
at the intersection level by the acceptable performance of higher-volume lane 
groups. The analyst should always verify that each lane group is providing 
acceptable operation and consider reporting the LOS for the poorest-performing 
lane group as a means of providing context to the interpretation of intersection 
LOS. 
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Volume-to-Capacity Ratio 

In generat a volume-to-capacity ratio greater than 1.0 is an indication of 
actual or potential breakdown. In such cases, a multiple-period analysis is 
advised for this condition. This analysis would encompass all consecutive 
periods in which a residual queue is present. 

The critical intersection volume-to-capacity ratio from Equation 18-17 is 
useful in evaluating the intersection from a capacity-only perspective. It is 
possible to have a critical intersection volume-to-capacity ratio of less than 1.0 
and still have individual movements oversaturated within the signal cycle. If this 
situation occurs, then the cycle time is generally not appropriately allocated 
among the phases. Reallocation of the cycle time should be considered, where 
additional time is given to the phases serving those lane groups with a volume
to-capacity ratio greater than 1.0. 

A critical intersection volume-to-capacity ratio greater than 1.0 indicates that 
the overall signal timing and geometric design provide inadequate capacity for 
the given demand flows. Improvements that might be considered include the 
following: 

• Basic changes in intersection geometry (i.e., change in the number or use 
of lanes), 

• Increase in signal cycle length if it is determined to be too short, and 

• Changes in signal phase sequence or timing. 

Local guidelines should always be consulted before potential improvements 
are developed. 

Fully actuated control is intended to allocate cycle time dynamically to 
movements on the basis of demand and, thereby, maintain efficient operation on 
a cycle-by-cycle basis. The critical intersection volume-to-capacity ratio can 
provide an indication of this efficiency. In general, this ratio will vary between 
0.85 and 0.95 for most actuated intersections, with lower values in this range 
more common for intersections having multiple detectors in the through traffic 
lanes. A ratio less than 0.85 may be an indication of excessive green extension by 
random arrivals, and the analyst may consider reducing passage time, minimum 
green, or both. A ratio that is more than 0.95 may be an indication of frequent 
phase termination by max out and limited ability of the controller to reallocate 
cycle time dynamically on the basis of detected demand. Increasing the 
maximum green may improve operation in some instances; however, it may also 
degrade operation when phase flow rates vary widely (because green extension 
is based on total flow rate served by the phase, not flow rate per lane). 

For semiactuated and coordinated-actuated control, the critical intersection 
volume-to-capacity ratio can vary widely because of the nonactuated nature of 
some phases. The duration of these phases may not be directly related to their 
associated demand; instead, it may be dictated by coordination timing or the 
demand for the other phases. A critical intersection volume-to-capacity ratio that 
exceeds 0.95 has the same interpretation as offered previously for fully actuated 
control. 
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The critical intersection volume-to-capacity ratio can be misleading when it 
is used to evaluate the overall sufficiency of the intersection geometry, as is often 
required in planning applications. The problem is that low flow rates dictate the 
need for short cycle lengths to minimize delay. Yet, Equation 18-17 indicates that 
the desired shorter cycle length produces a higher volume-to-capacity ratio. 
Therefore, a relatively large value of Xc (provided that it is less than 1.0) is not a 
certain indication of poor operation. Rather, it means that closer attention must 
be paid to the adequacy of phase duration and queue size, especially for the 
critical phases. 

Volume-to-Capacity Ratio and Delay Combinations 

In some cases, delay is high even when the volume-to-capacity ratio is low. 
In these situations, poor progression, a notably long cycle length, or an inefficient 
phase plan is generally the cause. When the intersection is part of a coordinated 
system, the cycle length is determined by system considerations, and alterations 
at individual intersections may not be practical. 

It is possible that delay is at acceptable levels even when the volume-to
capacity ratio is high. This situation can occur when some combination of the 
following conditions exists: the cycle length is relatively short, the analysis 
period is short, the lane group capacity is high, and there is no initial queue. If a 
residual queue is created in this scenario, then the conduct of a multiple-period 
analysis is necessary to gain a hue picture of the delay. 

When both delay levels and volume-to-capacity ratios are unacceptably high, 
the situation is critical. In such situations, the delay may increase rapidly with 
small changes in demand. The full range of potential geometric and signal design 
changes should be considered in the search for improvements. 

In summary, unacceptable delay can exist when capacity is a problem as well 
as when capacity is adequate. Further, acceptable delay levels do not 
automatically ensure that capacity is sufficient. Delay and capacity are complex 
variables that are influenced by a wide range of traffic, roadway, and 
signalization condition'). The methodology presented here can be used to 
estimate these performance measures, identify possible problems, and assist in 
developing alternative improvements. 

PEDESTRIAN MODE 

This subsection describes the methodology for evaluating the performance of 
a signalized intersection in terms of its service to pedestrians. 

Intersection performance is separately evaluated for each crosswalk and 
intersection corner with this methodology. Unless othenvise stated, all variables 
identified in this subsection are specific to one crosswalk and one corner. A crosswalk is 
assumed to exist across each intersection leg unless crossing is specifically 
prohibited by local ordinance (and signed to this effect). 

The methodology is focused on the analysis of signalized intersection 
performance. Chapter 17, Urban Street Segments, and Chapter 19, Two-Way 
SToP-Controlled Intersections, describe methodologies for evaluating the 
performance of these system elements with respect to the pedestrian mode. 
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Exhibit 18-23 
Pedestrian Methodology for 

Signalized Intersections 

Exhibit 18-24 
Qualitative Description of 

Pedestrian Space 

Methodology 

The pedestrian methodology is applied through a series of five steps that 
determine the pedestrian LOS for a crosswalk and associated comers. These 
steps are illustrated in Exhibit 18-23. 

Step 1: Determine Street Corner 
Cirrulation Area 

Step 2: Determine Crosswalk 
Circulation Area 

Concepts 

Performance Measures 

Step 3: Determine Pedestrian Delay 

Step 4: Determine Pedestrian LOS 
Score for Intersecti on 

Step 5: Determine LOS 

The methodology provides a variety of measures for evaluating intersection 
performance in terms of its service to pedestrians. Each measure describes a 
different aspect of the pedestrian trip through the intersection. Performance 
measures that are estimated include the following: 

• Comer circulation area, 

• Crosswalk circulation area, 

• Pedestrian delay, and 

• Pedestrian LOS score. 

The first two performance measures listed are based on the concept of 
n circulation area." One measure is used to evaluate the circulation area provided 
to pedestrians while they wait at the comer. Another measure is used to evaluate 
the area provided while the pedestrian is crossing in the crosswalk. Circulation 
area describes the space available to the average pedestrian. A larger area is more 
desirable from the pedestrian perspective. Exhibit 18-24 can be used to evaluate 
intersection performance from a circulation-area perspective. 

Pedestrian Space (ftz/p) 
>60 

>40-60 
>24-40 
>15-24 
>8-15 

:!>8 

Description 
Ability to move in desired path, no need to alter movements 
Occasional need to adjust path to avoid conflicts 
Frequent need to adjust path to avoid conflicts 
Speed and ability to pass slower pedestrians restricted 
Speed restricted, very limited ability to pass slower pedestrians 
Speed severely restricted, frequent contact with other users 

Pedestrian delay represents the average time a pedestrian waits for a legal 
opporttmity to cross an intersection leg. The LOS score is an indication of the 
typical pedestrian's perception of the overall crossing experience. 

Flow Conditions 

Exhibit 18-25 and Exhibit 18-26 show the variables considered when one 
comer and its two crosswalks are evaluated. Two How conditions are illustrated. 
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Condition 1 corresponds to the minor-street crossing that occurs during the 
major-street through phase. The pedestrians who desire to cross the major street 
must wait at the corner. Condition 2 corresponds to the major-street crossing that 
occurs during the minor-street through phase. For this condition, the pedestrians 
who desire to cross the minor street wait at the corner. 

Major Street :::: Sidewalk ® 
/ ::%.. Wb---..... I 

~ 
~ 
~ 

//////////.r//I /-- - - - - -r------f- - - - - - - - - - - -. 

Sidewalk @ /: 
v •• b : 

1 Hold Area 
W, 1 vdo - .: :':'.' (minorred) 

Cmsswalk@ 

______ -I-_-'-__ !--_~ - - - -1- - - - - - - - - - - -

Minor Street 

1 

1 

Crosswalk@) 

:; Sidewalk @ 

/ 
/~.-------Wb------~I 
/ 
/ 
/ 
/ J"v •. b 

"////////////,<_ L _ _________ _ 

1 1 

Key Condition 1 
Va.b ~ sidewalk flow 
Vdo = peds joining queue 
Veo = oUlbound crossing peds 

Vel ~ inbound crossing platoon 
W .. b = width of sidewalks 

Major Street 

Crossing Platoon 

w, v.
o 

---!---400 Vdo 

:~k_~J ______ -,-___ -,-;-,. ",'c'-" -T~""'- ___ -, _______ ~~~~ ~_ 

Minor Sireet 
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Key Condition 2 

V •• b = sidewalk 1101'1 

Veo = peds joining queue 
vdo = outbound crossing peds 
vdi = inbound croSSing plaloon 
W~b = width of sidewalks 
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Equation 18-49 

Equation 18-50 

Equation 18-51 

Methodology 

Effective Walk Time 

Research indicates that, at intersectioI1..s with pedestrian signal heads, 
pedestrians typically continue to enter the intersection during the first few 
seconds of the pedestrian dear interval (26, 28). This behavior effectively 
increases the effective walk time available to pedestrians. A conservative 
estimate of this additional walk time is 4.0 s (26). A nonzero value for this 
additional time implies that some pedestrians are initiating their crossing during 
the flashing DON'T WALK indication. 

The following guidance is provided to estimate the effective walk time on the 
basis of the aforementioned research findings. If the phase providing service to 
the pedestrians is either (a) actuated with a pedestrian signal head and rest-in
walk not enabled or (b) pretimed with a pedestrian signal head, then 

gWalk = Walk + 4.0 

If the phase providing service to the pedestrians is actuated with a 
pedestrian signal head and rest-in-walk enabled, then 

gWalk = Dp - Y - Rc - PC + 4.0 

Otherwise (i.e., no pedestrian signal head) 

gWalk = Dp - Y -Rc 

where 

gWalk effective walk time (s), 

Walk pedestrian walk setting (s), 

PC pedestrian dear setting (s), 

Dp phase duration (s), 

Y yellow change interval (s), and 

Rc red clearance interval (s). 

The aforementioned research indicates that the effective walk time estimated 
with Equation 18-49 or Equation 18-50 can vary widely among intersections. At a 
given intersection, the additional walk time can vary from 0.0 s to an amount 
equal to the pedestrian clear interval. The amount of additional walk time used 
by pedestrians depends on many factors, including the extent of pedestrian 
delay, vehicular volume, level of enforcement, and presence of countdown 
pedestrian signal heads. 

The effective walk time estimated with Equation 18-49 or Equation 18-50 is 
considered to be directly applicable to design or planning analyses because it is 
conservative in the amount of additional walk time that it includes. A larger 
value of effective walk time may be applicable to an operational analysis if (a) 
field observation or experience indicates such a value would be consistent with 
actual pedestrian use of the flashing DON'T WALK indication; (b) an accurate 
estimate of pedestrian delay or queue size is desired; and (c) the predicted 
performance estimates are understood to reflect some illegal pedestrian 
behavior, possibly in response to constrained spaces or inadequate signal timing. 
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Step 1: Determine Street Corner Circulation Area 

This step describes a procedure for evaluating the performance of one 
intersection comer. It is repeated for each intersection comer of interest. 

The analysis of circulation area at the street comers and in the crosswalks 
compares available time and space with pedestrian demand. The product of time 
and space is the critical parameter. It combines the constraints of physical design 
(which limits available space) and signal operation (which limits available time). 
This parameter is hereafter referred to as "time-space." 

A. Compute Available Time-Space 

The total time-space available for circulation and queuing in the intersection 
comer equals the product of the net comer area and the cycle length C. 
Equation 18-52 is used to compute time-space available at an intersection comer. 
Exhibit 18-10 identifies the variables used in the equation. 

where 

c 

TScorner = C (WaWb - 0.215R2
) 

available corner time-space (fF-s), 

cycle length (s), 

total walkway width of Sidewalk A (ft), 

total walkway width of Sidewalk B (ft), and 

R radius of comer curb (ft). 

If the corner curb radius is larger than either Wa or W b, then the variable R in 
Equation 18-52 should equal the smaller of Wa or Wh• 

B. Compute Holding-Area Waiting Time 

The average pedestrian holding time represents the average time that 
pedestrians wait to cross the street when departing from the subject comer. The 
equation for computing this time is based on the assumption that pedestrian 
arrivals are uniformly distributed during the cycle. For Condition 1, as shown in 
Exhibit 18-25, Equation 18-53 and Equation 18-54 are used to compute holding
area time for pedestrians waiting to cross the major street. 

with 

where 

Q 
_ NdO(C - gWalk,mJ

2 

tdo - 2C 

NdO=~C 
3,600 

Qtdo total time spent by pedestrians waiting to cross the major street during 
one cycle (p-s), 

number of pedestrians arriving at the comer each cycle to cross the 
major street (p), 
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Equation 18-55 

Equation 18-56 

Equation 18-57 

L 
Crosswalk C Minor 

street 

Major I street 

Equation 18-58 

Methodology 

c 

effective walk time for the phase serving the minor-street through 
movement (s), 

cycle length (s), and 

flow rate of pedestrians arriving at the comer to cross the major street 
(p/h). 

If the phase providing service to the pedestrians is either (a) actuated with a 
pedestrian signal head and rest-in-walk not enabled or (b) pretimed with a 
pedestrian signal head, then 

g Walk ,mi = Walk mi + 4.0 

If the phase providing service to the pedestrians is actuated with a 
pedestrian signal head and rest-in-walk enabled, then 

gWalk,mi = Dp,mi - Ymi - Rc,mi - PCmi + 4.0 

Otherwise (i.e., no pedestrian signal head) 

where 

gWalk,mi = Dp,mi - Y:ni - Rc,mi 

effective walk time for the phase serving the minor-street through 
movement (s), 

pedestrian walk setting for the phase serving the minor-street through 
movement (s), 

pedestrian clear setting for the phase serving the minor-street through 
movement (s), 

duration of the phase serving the minor-street through movement (s), 

yellow change interval of the phase serving the minor-street through 
movement (s), and 

Rc,mi = red clearance interval of the phase serving the minor-street through 
movement (s). 

For Condition 2, the previous three equations are repeated to compute the 
holding-area time for pedestrians waiting to cross the minor street Qtco. For this 
application, the subscript letters /I do" are replaced with the letters" co" to denote 
the pedestrians arriving at the comer to cross in Crosswalk C. Similarly, the 
subscript letters "mi" are replaced with "mj" to denote signal timing variables 
associated with the phase serving the major-street through movement. 

C. Compute Circulation Time-Space 

The time-space available for circulating pedestrians equals the total available 
time-space minus the time-space occupied by the pedestrians waiting to cross. 
The latter value equals the product of the total waiting time and the area used by 
waiting pedestrians (= 5.0 ft2/p). Equation 18-58 is used to compute the time
space available for circulating pedestrians. 

TSc = TScomer - [5.0 (Qtdo + Qtco)] 
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where TSc is the time-space available for circulating pedestrians (fF-s) and other 
variables are as previously defined. 

D. Compute Pedestrian Corner Circulation Area 

The space required for circulating pedestrians is computed by dividing the 
time-space available for circulating pedestrians by the time that pedestrians 
consume walking through the corner area. The latter quantity equals the total 
circulation volume multiplied by the assumed average circulation time (= 4.0 s). 
Equation 18-59, with Equation 18-60, is used to compute corner circulation area. 

with 

where 

Mcorner 

M = TSc 
corner 40 N 

• tot 

Vci + Vco + V di + Vdo + Vu,b C 
3f 600 

corner circulation area per pedestrian (fF/p), 

total number of circulating pedestrians that arrive each cycle (p), 

flow rate of pedestrians arriving at the corner after crossing the minor 
street (p/h), 

flow rate of pedestrians arriving at the corner to cross the minor street 
(p/h), 

Vdi flow rate of pedestrians arriving at the comer after crossing the major 
street (p/h), and 

Va,b = flow rate of pedestrians traveling through the corner from Sidewalk A 
to Sidewalk B, or vice versa (p/h). 

Other variables are as previously defined. The circulation area obtained from 
Equation 18-59 can be compared with the ranges provided in Exhibit 18-24 to 
make some judgments about the performance of the subject intersection corner. 

Step 2: Determine Crosswalk Circulation Area 

This step describes a procedure for evaluating the performance of one 
crosswalk It is repeated for each crosswalk of interest. 

The procedure to follow describes the evaluation of Crosswalk D in 
Exhibit 18-26 (i.e., a crosswalk across the major street). The procedure is repeated 
to evaluate Crosswalk C in Exhibit 18-25. For the second application, the 
subscript letters II do" and /I di" are replaced with the letters" co" and "ci," 
respectively, to denote the pedestrians associated with Crosswalk C. Similarly, 
the subscript letter 1/ d" is replaced with the letter 1/ Clf to denote the length and 
width of Crosswalk C. Also, the subscript letters "mi" are replaced with "mj" to 
denote signal timing variables associated with the phase serving the major-street 
through movement. 
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The recommended walking 
speeds reflect average (50th 
percentile) walking speeds for 
the purposes of calculating 
LOS. Traffic signal timing for 
pedestrians is typically based 
on a 15th percentile walking 
speed 

Equation 18-61 

Equation 18-62 

Equation 18-63 

Equation 18-64 

Wd 

J ; , 
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Vrt and Vrtar 

A. Establish Walking Speed 

The average pedestrian walking speed Sp is needed to evaluate corner and 
crosswalk performance. Research indicates that the walking speed is influenced 
by pedestrian age and sidewalk grade (26). If 0% to 20% of pedestrians traveling 
along the subject segment are elderly (i.e., 65 years of age or older), an average 
walking speed of 4.0 ft/s is recommended for intersection evaluation. If more 
than 20% of all pedestrians are elderly, an average walking speed of 3.3 ftls is 
recommended. In addition, an upgrade of 10% or greater reduces walking speed 
by 0.3 ft/s. 

B. Compute Available Time-Space 

Equation 18-61 is used to compute the time-space available in the crosswalk. 

where 

gWalkmi 

TScw = Ld Wd gWalk,mi 

available crosswalk time-space (fF-s), 

length of Crosswalk D (ft), 

effective width of Crosswalk D (ft), and 

effective walk time for the phase serving the minor-street through 
movement (s). 

C. Compute Effective A vailable Time-Space 

The available crosswalk time-space is adjusted in this step to account for the 
effect turning vehicles have on pedestrians. This adjustment is based on the 
assumed occupancy of a vehicle in the crosswalk. The vehicle occupancy is 
computed as the product of vehicle swept-path, crosswalk width, and the time 
the vehicle preempts this space. Equation 18-62 through Equation 18-64 are used 
for this purpose. 

with 

where 

VU,perm 

VII penn + vrt - vrtor N = ' C 
tv 3,600 

effective available crosswalk time-space (ftLs), 

time-space occupied by turning vehicles (fF-s), 

number of turning vehicles during the walk and pedestrian clear 
intervals (veh), 

permitted left-turn demand flow rate (veh/h), 

right-turn demand flow rate (veh/h), and 

Vrtor right-turn-on-red flow rate (veh/h). 
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Other variables are as previously defined. The constant 40 in Equation 18-63 
represents the product of the swept-path for most vehicles (= 8 ft) and the time 
that a turning vehicle occupies the crosswalk (= 5 s). The left-tum and right-turn 
flow rates used in Equation 18-64 are those associated with movements that 
receive a green indication concurrently with the subject pedestrian crossing and 
turn across the subject crosswalk. 

D. Compute Pedestrian Service Time 

Total service time is computed with either Equation 18-65 or Equation 18-66, 
depending on the crosswalk width, along with Equation 18-67. This time 
represents the elapsed time starting with the first pedestrian s departure from the 
comer to the last pedestrian's arrival at the far side of the crosswalk. In this 
manner, it accounts for platoon size in the service time (29). 

If crosswalk width Wd is greater than 10 ft, then 

Ld 2 7 N ped,do 
tps do = 3.2 + - + . 

, Sp Wd 

If crosswalk width Wrl is less than or equal to 10 ft, then 

Ld 
tps,do = 3.2 + 5 + 0.27 N ped,do 

p 

with 

C-g N - N Walk,mi 
ped,do - do 

C 

where 

tps, do service time for pedestrians that arrive at the comer to cross the major 
street (s), 

Nped,do = number of pedestrian'> waiting at the corner to cross the major street 
(p), and 

other variables are as previously defined. 

Equation 18-67 provides an estimate of the number of pedestrians who cross 
as a group following the presentation of the WALK indication (or green 
indication, if pedestrian signal heads are not provided). It is also used to 
compute Nped,di for the other travel direction in the same crosswalk (using Ndv as 
defined below). Finally, Equation 18-65 or Equation 18-66 is used to compute the 
service time for pedestrians who arrive at the subject corner having waited on 
the other comer before crossing the major street tps, di (using Nped,di)' 

E Compute Crosswalk Occupancy Time 

The total crosswalk occupancy time is computed as a product of the 
pedestrian service time and the number of pedestrians using the crosswalk 
during one signal cycle. Equation 18-68 is used, with Equation 18-69 and results 
from previous steps, for the computation. 

Chapter 18/Signalized Intersections 
December 2010 

Page 18-67 

Equation 18-65 

Equation 18-66 

Equation 18-67 

Methodology 

AR0074331 



Highway Capacity Manual 20 I 0 

Equation 18-68 

Equation 18-69 
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Equation 18-11 
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Toee = tps,do N do + tps,di N di 

with 

N --~C di 3,600 

where 

Toce crosswalk occupancy time (p-s), and 

Ndi number of pedestrians arriving at the corner each cycle having crossed 
the major street (p). 

Other variables are as previously defined. 

F. Compute Pedestrian Crosswalk Circulation Area 

The circulation space provided for each pedestrian is determined by dividing 
the time-space available for crossing by the total occupancy time, as shown in 
Equation 18-70. 

M = TS:W 
cw T 

oee 

where Mew is the crosswalk circulation area per pedestrian (fFlp) and other 
variables are as previously defined. 

The circulation area obtained from Equation 18-70 can be compared with the 
ranges provided in Exhibit 18-24 to make some judgments about the 
performance of the subject-intersection crosswalk (for the specified direction of 
travel). For a complete picture of the subject crosswalk's performance, the 
procedure described in this step should be repeated for the other direction of 
travel along the crosswalk (Le., by using the other comer associated with the 
crosswalk as the point of reference). 

Step 3: Determine Pedestrian Delay 

This step describes a procedure for evaluating the performance of a 
crosswalk at the intersection. It is repeated for each crosswalk of interest. 

The discussion that follows describes the evaluation of Crosswalk D shown 
in Exhibit 18-26. The procedure is applied again to evaluate Crosswalk C shown 
in Exhibit 18-25. For the second application, the subscript letters "mi" are 
replaced with "mj" to denote signal timing variables associated with the phase 
serving the major-street through movement. 

The pedestrian delay while waiting to cross the major street is computed 
with Equation 18-71. 

where dp is pedestrian delay (sIp) and other variables are as previously defined. 

The delay obtained from Equation 18-71 applies equally to both directions of 
travel along the crosswalk. 
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Research indicates that average pedestrian delay at signalized intersection 
crossings is not constrained by capacity, even when pedestrian flow rates reach 
5,000 p/h (26). For this reason, delay due to oversaturated conditions is not 
included in the value obtained from Equation 18-71. 

H the subject crosswalk is closed, then the pedestrian delay dp is estimated as 
the value obtained from Equation 18-71 for the subject crosswalk, plus two 
increments of the delay from this equation when applied to the perpendicular 
crosswalk. This adjustment reflects the additional delay pedestrians incur when 
crossing the other three legs of the intersection so that they can continue walking 
in the desired direction. 

The pedestrian delay computed in this step can be used to make some 
judgment about pedestrian compliance. In general, pedestrians become 
impatient when they experience delays in excess of 30 sip, and there is a high 
likelihood of their not complying with the signal indication (30). In contrast, 
pedestrians are very likely to comply with the signal indication if their expected 
delay is less than 10 sip. 

Step 4: Determine Pedestrian lOS Score for Intersection 
This step describes a procedure for evaluating the performance of one 

crosswalk. It is repeated for each crosswalk of interest. 

The procedure to follow describes the evaluation of Crosswalk D in 
Exhibit 18-26. The procedure is repeated to evaluate Crosswalk C in 
Exhibit 18-25. For the second application, the subscript letter "d" is replaced with 
the letter "e" to denote the length and width of Crosswalk C. Also, the subscript 
letters urn)" are replaced with "mi" to denote variables associated with the minor 
street. 

The pedestrian LOS score for the intersection Ip,in! is calculated by using 
Equation 18-72 through Equation 18-77. 

with 

Ip,int = 0.5997 + Fw + F11 + Fs + Fdelay 

( )
0.514 

Fw = 0.681 Nd 

(
Vrtor+VIt,peml] f ) Fv = 0.00569 4 - N rtd ,a\0.0027 rl 15 ,mj - 0.1946 

Fs = 0.00013 rl15 ,mj S85,mj 

Fdelay = 0.04011n(dp,d) 

0.25 L rl .=-- v· 
15,m] N. I 

d 1Emd 
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Crosswalk D 

L 
Vlt,perm - - -

l 

Methodology 

where 

Ip,il1t pedestrian LOS score for intersection, 

Fw cross-section adjustment factor, 

Fv motorized vehicle volume adjustment factor, 

Fs motorized vehicle speed adjustment factor, 

Fdelay pedestrian delay adjustment factor, 

In(x) natural logarithm of x, 

number of traffic lanes crossed when traversing Crosswalk D (In), 

number of right-turn channelizing islands along Crosswalk D, 

count of vehicles traveling on the major street during a IS-min period 
(veh/ln), 

SS5,mi 

Vi 

85th percentile speed at a midsegment location on the major street 
(mi/h), 

pedestrian delay when traversing Crosswalk D (sip), 

demand flow rate for movement i (veh/h), and 

set of all automobile movements that cross Crosswalk D (see figure in 
margin). 

The left-turn flow rate VII,perll! used in Equation 18-74 is that associated with 
the left-turn movement that receives a green indication concurrently with the 
subject pedestrian crossing and turns across the subject crosswalk. The RTOR 
flow rate vrtor is that associated with the approach being crossed and that turns 
across the subject crosswalk. It is not the same V rtor used in Equation 18-64. 

The pedestrian LOS score obtained from this equation applies equally to 
both directions of travel along the crosswalk. 

The variable for "number of right-turn channelizing islands" N rtci is an 
integer with a value of 0, 1, or 2. 

Step 5: Determine lOS 

This step describes a process for determining the LOS of one crosswalk. It is 
repeated for each crosswalk of interest. 

The pedestrian LOS is determined by using the pedestrian LOS score from 
Step 4. This performance measure is compared with the thresholds in Exhibit 18-
5 to determine the LOS for the subject crosswalk. 

BICYCLE MODE 

This subsection describes the methodology for evaluating the performance of 
a signalized intersection in terms of its service to bicyclists. 

Intersection performance is evaluated separately for each intersection 
approach. Unless otherwise stated, all variables identified in this subsection are specific 
to one intersection approach. The bicycle is assumed to travel in the street (possibly 
in a bicycle lane) and in the same direction as adjacent motorized vehicles. 
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The methodology is focused on analyzing signalized intersection 
performance from the bicyclist point of view. Chapter 17, Urban Street Segments, 
describes a methodology for evaluating urban street performance. 

The bicycle methodology is applied through a series of three steps that 
determine the bicycle LOS for an intersection approach. These steps are 
illustrated in Exhibit 18-27. Performance measures that are estimated include 
bicycle delay and a bicycle LOS score. 

Step 1: Determine Bicycle Delay 

1 
Step 2: Determine Bicycle LOS Score 

for Intersection 

1 
Step 3: Determine lOS 

Step 1: Determine Bicycle Delay 

This step describes a procedure for evaluating the performance of one 
intersection approach. It is repeated for each approach of interest. Bicycle delay 
can be calculated only for intersection approaches that have an on-street bicycle 
lane or a shoulder that can be used by bicyclists as a bicycle lane. Bicyclists who 
share a lane with automobile traffic will incur the same delay as the automobiles. 

A Compute Bicycle Lane Capacity 

A wide range of capacities and saturation flow rates have been reported by 
many countries for bicycle lanes at intersections. Research indicates that the base 
saturation flow rate may be as high as 2,600 bicydes/h (31). However, few 
intersections provide base conditions for bicyclists, and current information is 
insufficient to calibrate a series of appropriate saturation flow adjustment factors. 
Until such factors are developed, it is recommended that a saturation flow rate of 
2,000 bicycles/h be used as an average value achievable at most intersections. 

A saturation flow rate of 2,000 bicycles/h assumes that right-turning motor 
vehides yield the right-of-way to through bicyclists. Where aggressive right
turning traffic exists, 2,000 bicycles/h may not be achievable. Local observations 
to determine a saturation flow rate are recommended in such cases. 

The capacity of the bicycle lane at a Signalized intersection may be computed 
with Equation 18-78. 

where 

Cb capacity of the bicycle lane (bicydes/h), 

saturation flow rate of the bicycle lane = 2,000 (bicycles/h), 

Chapter 18/Signalized Intersections 
December 2010 

Page 18-71 

Exhibit 18-27 
Bicycle Methodology for Signalized 
Intersections 

Equation 18-78 

Methodology 

AR0074335 



Highway Capacity Manual 20 10 

Equation 18-79 

Equation 18-80 

Equation 18-81 

Equation 18-82 

Methodology 

gb effective green time for the bicycle lane (s), and 

C cycle length (s). 

The effective green time for the bicycle lane can be assumed to equal that for 
the adjacent motor-vehicle traffic stream that is served concurrently with the 
subject bicycle lane (i.e., gb = Dp -11 -12)' 

B. Compute Bicycle Delay 

Bicycle delay is computed with Equation 18-79. 

db = 0.5 C (1- gb / C)2 

1- min [VbiC 11.0] gb 
cb C 

where db is bicycle delay (s/bicycle), V bic is bicycle flow rate (bicycles/h), and other 
variables are as previously defined. 

This delay equation is based on the assumption that there is no bicycle 
incremental delay or initial queue delay. Bicyclists will not nonnally tolerate an 
oversaturated condition and will select other routes or ignore traffic regulations 
to avoid the associated delays. 

At most signalized intersections, the only delay to through bicycles is caused 
by the signal, because bicycles have the right-of-way over right-turning vehicles 
during the green indication. Bicycle delay could be longer than that obtained 
from Equation 18-79 when (a) bicycles are forced to weave with right-turning 
traffic during the green indication, or (b) drivers do not acknowledge the bicycle 
right-of-way because of high flows of right-turning vehicles. 

'The delay obtained from Equation 18-79 can be used to make some judgment 
about intersection performance. Bicyclists tend to have about the same tolerance 
for delay as pedestrians. They tend to become impatient when they experience a 
delay in excess of 30 s/bicycle. In contrast, they are very likely to comply with the 
signal indication if their expected delay is less than 10 s/bicycle. 

Step 2: Determine Bicycle LOS Score for Intersection 

This step describes a procedure for evaluating the performance of one 
intersection approach. It is repeated for each approach of interest. The bicycle 
LOS score can be calculated for any intersection approach, regardless of whether 
it has an on-street bicycle lane. 

The bicycle LOS score for the intersection lb,il1t is calculated by using Equation 
18-80 through Equation 18-83. 

with 

Ib int = 4.1324 + Fw + Fv 

Fw = 0.0153 Wed - 0.2144 W t 
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where 

lb,itlt 

Wed 

W t 

Vu 

Vth 

Vrt 

Nth 

W a1 

W b1 

Ipk 

Ppk 

Was 

Was' 

bicycle LOS score for intersection; 

curb-to-curb width of the cross street (ft); 

total width of the outside through lane, bicycle lane, and paved 
shoulder (ft); 

left-turn demand flow rate (veh/h); 

through demand flow rate (veh/h); 

right-turn demand flow rate (veh/h); 

number of through lanes (shared or exclusive) (In); 

width of the outside through lane (ft); 

width of the bicycle lane = 0.0 if bicycle lane not provided (ft); 

indicator variable for on-street parking occupancy = 0 if Ppk > 0.0, 
1 otherwise; 

proportion of on-street parking occupied (decimal); 

width of paved outside shoulder (ft); and 

adjusted width of paved outside shoulder; if curb is present Was' = Was 

- 1.5 20.0, otherwise Wa; = Was (ft). 

The variable "proportion of on-street parking occupied" is used to describe 
the presence of on-street parking and activity on the approach and departure 
legs of the intersection that are used by the subject bicycle movement. 

Step 3: Determine lOS 

This step describes a process for determining the LOS of one intersection 
approach. It is repeated for each approach of interest. 

The bicycle LOS is determined by using the bicycle LOS score from Step 2. 
This performance measure is compared with the thresholds in Exhibit 18-5 to 
determine the LOS for the subject approach. 
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Applications 

3. APPLICATIONS 

DEFAULT VALUES 

Agencies that use the methodologies in this chapter are encouraged to 
develop a set of local default values based on field measurements at intersections 
in their jurisdiction. Local default values provide the best means of ensuring 
accuracy in the analysis results. In the absence of local default values, the values 
identified in this subsection can be used if the analyst believes they are 
reasonable for the intersection to which they are applied. 

Exhibit 18-6, Exhibit 18-7, and Exhibit 18-9 identify the input data variables 
associated with the automobile, pedestrian, and bicycle methodologies. These 
variables can be categorized as (a) suitable for specification as a default value or 
(b) required input data. Those variables categorized as "suitable for specification 
as a default value" have a minor effect on performance estimates and tend to 
have a relatively narrow range of typical values used in practice. In contrast, 
required input variables have either a notable effect on performance estimates or 
a wide range of possible values. 

Required input variables typically represent fundamental intersection 
geometric elements and demand flow rates. Values for these variables should be 
field-measured when possible. 

If field measurement of the input variables is not possible, then various 
options exist for determining an appropriate value for a required input variable. 
As a first choice, input values should be established through the use of local 
guidelines. If local guidelines do not address the desired variable, then some 
input values may be determined by considering the typical operation of (or 
conditions at) similar intersections in the jurisdiction. As a last option, various 
authoritative national guideline documents are available and should be used to 
make informed decisions about design options and volume estimates. The use of 
simple rules of thumb or "ballpark" estimates for required input values is 
discouraged because this use is likely to lead to a significant cumulative error in 
performance estimates. 

Automobile Mode 

The required input variables for the automobile methodology are identified 
in the following list. These variables represent the minimum basic input data the 
analyst will need to provide for an analysis and were previously defined in the 
text associated with Exhibit 18-6: 

• Demand flow rate, 

• Initial queue, 

• Pedestrian flow rate, 

• Bicycle flow rate, 

• N umber of lanes, 

• Number of receiving lanes, 

• Turn bay length, 
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( 
• Presence of on-street parking, 

• Type of signal control, 

• Phase sequence, 

• Left-turn operational mode, 

• Speed limit, and 

• Area type. 

Initial queue has a significant effect on delay and can vary widely among 
intersections and traffic movements. If it is not possible to obtain an initial queue 
estimate, then the analysis period should be established so that the previous 
period is known to have demand less than capacity and no residual queue. A 
multiple-period analysis may be appropriate when the duration of congestion 
exceeds 15 min (i.e., 0.25 h). 

Several authoritative reference documents (32-34) provide useful guidelines 
for selecting the type of signal control, designing the phase sequence, and 
selecting the left-turn operational mode (Le., permitted, protected, or protected
permitted). 

Exhibit 18-28 lists default values for the automobile methodology based on 
national research (35). Some of the values listed may also be useful for the 
pedestrian or bicycle methodologies. The last column of this exhibit indicates 
"see discussion" for some variables. In these situations, the default value is 
described in the discussion provided in this subsection. 

( Many of the controller settings are specific to an actuated phase and fully 

( 

actuated signal control. If pretimed control is used and the phase durations are 
known, the cycle length and phase duration are set to equal the known values. If 
pretimed control is used and the phase durations are not known, then the quick 
estimation method described in Chapter 31, Signalized Intersections: 
Supplemental, should be used to estimate the cycle length and the duration of 
each phase. For semiactuated control, phases with a fixed duration should have 
their recall mode set to "recall-to-maximum" and their maximum green limit set 
to the known green interval duration. 

Platoon Ratio 

A default value for platoon ratio can be determined from arrival type. Once 
the default arrival type is determined, Exhibit 18-8 is consulted to determine the 
equivalent default platoon ratio for input to the methodology. 

In the absence of more detailed information from Chapter 17 or field 
measurements, a default arrival type of 3 is used for uncoordinated through 
movements and a default value of 4 is used for coordinated through movements. 
Exhibit 18-29 provides further guidance on the relationship between arrival type, 
street segment length, and the provision of signal coordination for through 
movements. 
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Exhibit 18-28 
Default Values: Automobile 

Mode with Fully or 
Semiactuated Signal Control 

Applications 

Data 
Category 

Traffic 

Input Data Element Default Values 

Right-turn-on-red flow rate 

characteristics Percent heavy vehicles 

0.0 veh/h 

3% 

Geometric 
design 

Controller 
settings 

Other 

Intersection peak hour factor If analysis period is 0.25 h and hourly data are 
used: 

Total entering volume;:: 1,000 veh/h: 0.92 
Total entering volume < 1,000 veh/h: 0.90 

Otherwise: 1.00 

Platoon ratio See discussion 

Upstream filtering adjustment factor 1.0 

Base saturation flow rate 

Lane utilization adjustment factor 

On-street parking maneuver rate 

Local bus stopping rate 

Average lane width 

Approach grade 
(negative for downhill conditions) 

Dallas left-turn phasing option 

Passage time 

Maximum green 

Minimum green 

Yellow change + red clearancea 

Walk 

Pedestrian clear 

Phase recall 

Dual entry 

Simultaneous gap-out 

AnalysiS period duration 

Stop-line detector length 

Metropolitan area with population> 250,000: 
1,900 pc/h/ln 
Otherwise: 1,750 pc/h/ln 

See discussion 

See discussion 

When buses expected to stop 
Central business district: 12 buses/h 
Non-central business district: 2 buses/h 

When buses not expected to stop: 0 

12 ft 

Flat approach: 0% 
Moderate grade on approach: 3% 
Steep grade on approach: 6% 

Dictated by local use 

2.0 s (presence detection) 

Major-street through movement: 50 s 
Minor-street through movement: 30 s 
Left-turn movement: 20 s 

Major-street through movement: 10 s 
Minor-street through movement: 8 s 
Left-turn movement: 6 s 

4.0 s 

Actuated: 7.0 s 
Pretimed: green interval minus pedestrian 
clear 

Based on 3.5-ft/s walking speed 

Actuated phase: No 
Pretimed phase: Recall to maximum 

Not enabled (Le., use single entry) 

Enable 

0.25 h 

40 ft (presence detection) 

Note: a Specific values of yellow change and red clearance should be determined by local guidelines or practice. 

In the absence of more detailed information from Chapter 17 or field 
measurements, Arrival Type 3 is used for turn movements because they are 
typically not coordinated. 

Page 18-76 Chapter 18/Signalized Intersections 
December 2010 

AR0074340 



( 

( 

( 

Highway Capacity Manual 2010 

Arrival Progression Signal Spacing Conditions Under Which Arrival Type 
Type Quality (ft) Is likely to Occur 

Very poor :5:1,600 
Coordinated operation on a two-way street where the 
subject direction does not receive good progression 

2 Unfavorable > 1,600-3,200 A less extreme version of Arrival Type 1 

3 
Random 

>3,200 Isolated signals or widely spaced coordinated signals 
arrivals 

4 Favorable >1,600-3,200 
Coordinated operation on a two-way street where the 
subject direction receives good progression 

5 
Highly 

~1/600 
Coordinated operation on a two-way street where the 

favorable subject direction receives good progression 

6 Exceptional :5:800 
Coordinated operation on a one-way street in dense 
networks and central business districts 

Lane Utilization Adjustment Factor 

The default lane utilization factors described in this subpart apply to 
situations in which drivers randomly choose among the exclusive-use lanes on 
the intersection approach. The factors do not apply to special conditions (such as 
short lane drops or a downstream freeway on-ramp) that might cause drivers 
intentionally to choose their lane position on the basis of an anticipated 
downstream maneuver. Exhibit 18-30 provides a summary of lane utilization 
adjustment factors for different lane group movements and numbers of lanes. 

Traffic in Most lane Utilization 
lane Group Number of lanes in Heavily Traveled Adjustment Factor 
Movement lane Groul! {In) lane {%} f'w 

1 100.0 1.000 
Exclusive through 2 52.5 0.952 

3" 36.7 0.908 

Exclusive left turn 1 100.0 1.000 
2" 51.5 0.971 

Exclusive right turn 1 100.0 1.000 
2" 56.5 0.885 

Note: • If a lane group has more lanes than shown in this exhibit, it is recommended that field surveys be 
conducted or the smallest f,uvalue shown for that type of lane group be used. 

As demand approaches capacity, the analyst may use lane utilization factors 
that are closer to 1.0 than those offered in Exhibit 18-30. This refinement to the 
factor value recognizes that a high volume-to-capacity ratio is associated with a 
more uniform use of the available lanes because of reduced opportunity for 
drivers to select their lane freely. 

On-Street Parking Maneuver Rate 

Exhibit 18-31 gives default values for the parking maneuver rate on an 
intersection approach with on-street parking. It is estimated for a distance of 
250 ft back from the stop line. The calculations assume 25 ft per parking space 
and 80% occupancy. Each turnover (one car leaving and one car arriving) 
generates two parking maneuvers. 
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Exhibit 18-31 
Default Parking Maneuver 

Rate 

Exhibit 18-32 
Default Values: 

Automobile Mode with 
Coordinated-Actuated Signal 

Control 

Exhibit 18-33 
Default System Cycle length 

Applications 

Number of Parking Time Turnover Rate Maneuver Rate 
StreetT~2e S2aces in 250 ft limit (hl (veh/hl (maneuvers/ h} 

1 1.0 16 Two-way 10 
2 0.5 8 

One-way 20 
1 1.0 32 
2 0.5 16 

Automobile Mode (Coordinated-Actuated Operation) 

Exhibit 18-32 lists the default values for evaluating signalized intersections 
that are part of a coordinated-actuated signal system. The text "see discussion" in 
the last column of this exhibit indicates that the default value is described in the 
discussion provided in this part. 

Data 
Category 

Controller 
settings 

Input Data Element 
Cycle length 
Phase splits 
Offset 
Offset reference 
Force mode 

Default Value 
See discussion 
See discussion 
Equal to travel time in Phase 2 direction a 

End of green for Phase 2 a 

Fixed 
Note: a Assumes that Phase 2 is the reference phase. Substitute 6 if Phase 6 is the reference phase. 

Cycle Length 

The cycle length used for a coordinated signal system often represents a 
compromise value based on intersection capacity, queue size, phase sequence, 
segment length, speed, and progression quality. Consideration of these factors 
leads to the default cycle lengths shown in Exhibit 18-33. 

Cycle length by Street Class and Left-Turn Phasing (S)b 

Average 
Segment 
Length 

(ft)" 

1,300 
2,600 
3,900 

Maior Arterial Street 
Left-Turn Left-Turn 
Phases on Phases on No left-

Turn 
Phases 

90 
90 

110 

One Both 
Street Streets 

120 150 
120 150 
120 150 

Minor Arterial Street 
or Grid Network 

No left-
Turn 

Phases 
60 

100 

left-Turn left-Turn 
Phases on 

One 
Street 

80 
100 

Phases 
on Both 
Streets 

120 
120 

Notes: a Average length based on all street segments in the signal system. 
b Selected left-turn phasing column should describe the phase sequence at the high-volume intersections in 
the system. 

Phase Splits 

If the phase splits are not known, they can be estimated by using the quick 
estimation method described in Chapter 31. The method can be used to estimate 
the effective green time for each phase on the basis of the established system 
cycle length. The phase split Dp is then computed by adding 4 s of lost time to the 
estimated effective green time (i.e., Dp = g + 4.0). 

Nonautomobile Modes 

The required input variables for the pedestrian and bicycle methodologies 
are identified in the following list. These variables represent the minimum basic 
input data the analyst will need to provide for an analysis. These variables were 
previously defined in the text associated with Exhibit 18-9. 
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• Demand flow rate of motorized vehicles, 

• RTOR flow rate (pedestrian mode only), 

• Permitted left-tum flow rate (pedestrian mode only), 

• Pedestrian flow rate (pedestrian mode only), 

• Bicycle flow rate (bicycle mode only), 

• Number of lanes, 

• Crosswalk length (pedestrian mode only), and 

• Pedestrian signal head presence (pedestrian mode only). 

The RTOR flow rate does not have a default value for application of the 
pedestrian methodology. This flow rate has both a notable effect on performance 
estimates and a wide range of possible values. The analyst is encouraged to 
conduct measurements at intersections for the purpose of developing local 
defaults for this variable. 

The permitted left-tum flow rate for movements served by the permitted 
mode is equal to the left-tum demand flow rate. The permitted left-tum flow rate 
for movements served by the protected-permitted mode does not have a default 
value. This flow rate has both a notable effect on performance estimates and a 
wide range of possible values. It should be measured in the field if possible. If 
the analysis is dealing with future conditions or if the permitted left-tum flow 
rate is not known from field data, its value can be approximated as the left-tum 
arrival rate during the permitted period of the protected-permitted operation. 
This rate should equal the left-tum arrival rate during the effective red time [i.e., 
qr = (1 - P)qClr]. 

The pedestrian flow rate data consist of count data for each of five pedestrian 
movements at each intersection corner. These variables are shown as Va,b' vei , Vea ' 

Vdi' and Vdn in Exhibit 18-to. 

Exhibit 18-34 lists the default values for the pedestrian and bicycle 
methodologies (25-27). 

TYPES OF ANALYSIS 

The automobile, pedestrian, and bicycle methodologies described in this 
chapter can each be used in three types (or levels) of analysis. These analysis 
levels are described as operational, design, and planning and preliminary 
engineering. The characteristics of each analysis level are described in later parts 
of this subsection. 

Operational Analysis 

Each of the methodologies is most easily applied at an operational level of 
analysis. At this level, all traffic, geometric, and signalization conditions are 
specified as input variables by the analyst. These input variables are used in the 
methodology to compute various performance measures. 
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Exhibit 18-34 
Default Values: 

Nonautomobile Modes 

Applications 

Data 
Category Input Data Element 

Traffic Intersection peak hour factor 
characteristics (motorized vehicles) 

Default Value 

If analysis period is 0.25 h and hourly data are 
used: 

Total entering volume;::: 1,000 veh/h: 0.92 
Total entering volume < 1,000 veh/h: 0.90 

Otherwise: 1.00 

Midsegment 85th percentile speed Speed limit (mi/h) 

Geometric 
design 

Proportion of on-street parking 
occupied 

Street width 

Number of right-turn islands 

Width of outside through lane 

Width of bicycle lane 

Width of paved outside shoulder 

Total walkway width 

Crosswalk width 

Corner radius 

Signal control Walk 

Other 

Pedestrian clear 

Rest in walk 

Cycle length 

Yellow change + red clearance a 

Duration of phases serving 
pedestrians and bicycles 

Analysis period duration 

0.50 (if parking lane present) 

Based on a 12-ft lane width 

None 

12 ft 

5.0 ft (if provided) 

No parking lane: 2.0 ft (curb and gutter width) 
Parking lane present: 8.0 ft 

Business or office land use: 9.0 ft 
Residential or industrial land use: 11.0 ft 

12 ft 

Trucks and buses in turn volume: 45 ft 
No trucks or buses in turn volume: 25 ft 

Actuated: 7 s 
Pretimed: green interval minus pedestrian clear 

Based on 3.5-ft/s walking speed 

Not enabled 

Based on default values determined for 
automobile mode 

45 

Based on default values determined for 
automobile mode 

0.25 h 

Note: a Specific values of yellow change and red clearance should be determined by local guidelines or practice. 

Design Analysis 

The design level of analysis has two variations. Both variations require 
specifying (a) traffic conditions and (b) target levels for a specified set of 
performance measures. One variation requires the additional specification of the 
signalization conditions. The methodology is then applied by using an iterative 
approach in which alternative geometric conditions are separately evaluated. 

The second variation of the design level requires the additional specification 
of geometric conditions. The methodology is then applied by using an iterative 
approach in which alternative signalization conditions are separately evaluated. 

The objective with either variation is to identify alternatives that operate at 
the target level of the specified performance measures (or provide a better level 
of performance). The analyst may then recommend the "best" alternative based 
on consideration of the full range of factors. 
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Planning and Preliminary Engineering Analysis 

The planning and preliminary engineering level of analysis is intended to 
provide an estimate of the LOS for either a proposed intersection or an existing 
intersection in a future year. This level of analysis may also be used for a 
preliminary engineering activity to size the overall geometries of a proposed 
intersection. 

The level of precision inherent in planning and preliminary engineering 
analyses is typieally lower than for operational analyses. Therefore, default 
values are often substihtted for field-measured values of many of the input 
variables. Recommended default values for this purpose were described 
previously in this section. 

The requirement for a complete description of the signal timing plan can be a 
burden for some planning analyses, especially when the signal control is 
pretimed or coordinated-actuated. The quick estimation method described in 
Chapter 31 can be used to estimate a reasonable timing plan, in conjunction with 
the aforementioned default values. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools, 
and Chapter 7, Interpreting HCM and Alternative Tool Results. This section 
contains specific guidance for applying alternative tools to the analysis of 
signalized intersections. Additional information on this topic may be found in 
the Technical Reference Library in Volume 4. 

Strengths of the Automobile Methodology 

The automobile methodology described in Section 2 offers a comprehensive 
procedure for analyzing the performance of a signalized intersection. It models 
the driver-vehicle-road-signal system with reasonable accuracy for most 
applications. Simulation-based traffic analysis tools offer a more detailed 
treatment of the arrival and departure of vehicles and their interaction with the 
roadway and the control system. As such, some simulation tools can model the 
driver-vehicle-road-signal system more accurately for some applications. 

The automobile methodology offers the following advantages over the use of 
simulation-based analysis tools: 

• Its empirically calibrated sahuation flow rate adjustment factors can 
produce an accurate estimate of saturation flow rate (simulation tools 
require saturation flow rate as an input variable). 

• It produces a direct estimate of capacity and volume-to-capacity ratio 
(these measures are much more difficult to quantify with simulation). 

• It produces an estimate of expected, long-run performance for a variety of 
measures (multiple runs and supplemental calculations are required to 
obtain this type of estimate with a simulation tool). 
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Applications 

Identified limitations of the Automobile Methodology 

The limitations of the automobile methodology are identified near the end of 
Section 1. If any of these limitations applies to a particular situation, then 
alternative tools may produce more credible performance estimates. Limitations 
involving consideration of the impact of progression on performance are a 
special case that is discussed in more detail in Chapter 16, Urban Street Facilities. 

Features and Performance Measures Available from Alternative Tools 

This chapter provides a methodology for estimating the capacity, control 
delay, LOS, and back of queue associated with a lane group at a signalized 
intersection. Alternative tools often offer additional performance measures such 
as number of stops, fuel consumption, air quality, and operating costs. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

The LOS assessment for signalized intersections is based on control delay, 
which is defined as the excess travel time caused by the action of the control 
device (in this case, the signal). 

Simulation-based analysis tools often use a definition of delay that is 
different from that used in the automobile methodology, especially for 
movements that are oversaturated at some point during the analysis. Therefore, 
some care must be taken in the determination of LOS when simulation-based 
delay estimates are used. Delay comparison among different tools is discussed in 
more detail in Chapter 7. 

An accurate estimate of control delay may be obtained from a simulation tool 
by performing simulation runs with and without the control device(s) in place. 
The segment delay reported with no control is the delay due to geometries and 
interaction between vehicles. The additional delay reported in the run with the 
control in place is, by definition, the control delay. 

conceptual Differences That Preclude Direct Comparison of Results 

Conceptual differences in modeling approach may preclude the direct 
comparison of performance measures from the automobile methodology with 
those from alternative tools. The treatment of random arrivals is a case in point. 
There is a common misconception among analysts that alternative tools treat 
random arrivals in a similar manner. 

A simple case is used to demonstrate the different ways alternative tools 
model random arrivals. Consider an isolated intersection with a two-phase 
sequence. The subject intersection approach serves only a through movement; 
there are no turning movements from upstream intersections or driveways. The 
only parameter that is allowed to vary in this example is the cycle length (all 
other variables are held constant). 

The results of this experiment are shown in Exhibit 18-35. The two solid lines 
represent delay estimates obtained from the automobile methodology. Uniform 
delay is shown to increase linearly with cycle length. Incremental delay is 
constant with respect to cycle length because the volume-to-capacity ratio is 
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constant. As a result, control delay (being the sum of the uniform and 
incremental delay) is also shown to increase linearly with cycle length. 
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The dashed line represents the control delay estimate obtained from a 
simulation-based analysis tool. The simulation-based tool shows close agreement 
with the automobile methodology for short cycles but deviates for longer cycles. 
There are likely to be explainable reasons for this difference; however, the point 
is that such differences are likely to exist among tools. The analyst should 
understand the underlying modeling assumptions and limitations inherent in 
any tool (including the automobile methodology) when it is used. Moreover, the 
analyst should fully understand the definition of any performance measure used 
so as to interpret the results and observed trends properly. 

Adjustment of Alternative Tool Parameters 

For applications in which either an alternative tool or the automobile 
methodology can be used, some adjustment is generally required for the 
alternative tool if some consistency with the automobile methodology is desired. 
For example, the parameters that determine the capacity of a signalized approach 
(e.g., saturation flow rate and start-up lost time) should be adjusted to ensure 
that the simulated lane group (or approach) capacities match those estimated by 
the automobile methodology. 

Step-by-Step Recommendations for Applying Alternative Tools 

This part provides recommendations specifically for signalized intersection 
evaluation. The following steps should be taken to apply an alternative tool for 
signalized intersection analysis: 

1. Determine whether the automobile methodology can provide a realistic 
assessment of the capacity and control delay for the signalized 
approaches of interest. The limitations stated at the end of Section 1 
provide a good starting point for this assessment. If there are no 
conditions outside these limitations, then it should not be necessary to 
consider alternative tools. Otherwise, proceed with the remaining steps. 
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Applications 

2. Select the appropriate tool in accordance with the general guidelines 
presented in Chapter 7. 

3. Enter all available input characteristics and parameters. 

4. Use the tool to evaluate the intersection. Be careful to observe the 
guidance provided in Chapter 7 regarding self-aggravating conditions 
that occur near capacity. If the tool is simulation based, then estimate the 
required number of runs so that the comparison is statistically valid. 

5. If the documented delay definition and computational methodology used 
by the tool conform to the specifications set forth in Chapter 7 of this 
manual, then the delay estimates should be suitable for estimating the 
LOS. Otherwise, no such estimate should be attempted. 

Sample Calculations Illustrating Alternative Tool Applications 

Chapter 31 includes example problems that address the following 
conditions: 

• Left-tum storage bay overflow, 

• RTOR operation, 

• Short through lanes, and 

• Oosely spaced intersections. 
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4. EXAMPLE PROBLEMS 

INTRODUCTION 

This part of the chapter describes the application of each of the automobile, 
pedestrian, and bicycle methodologies through the use of example problems. 
Exhibit 18-36 provides an overview of these problems. The examples focus on the 
operational analysis level. The planning and preliminary engineering analysis 
level is identical to the operational analysis level in terms of the calculations, 
except that default values are used when field-measured values are not available. 

Problem 
Number 

1 
2 
3 

Description 
Automobile LOS 
Pedestrian LOS 
Bicycle LOS 

Analysis 
Level 

Operational 
Operational 
Operational 

EXAMPLE PROBLEM 1: AUTOMOBILE LOS 

The I ntersection 

The intersection of 5th A venue and 12th Street is an intersection of two urban 
arterial streets. It is shown in Exhibit 18-37. 

Intersection Geomet 

t .;L---+-~ .. , + Grade =~ 
-..---.-i-1 

40 p/h ---~ 40 p/h 
10' 
10' 
10' 

-- - ----10' 

t "..----/----->"" t 12~ Street 
Grade = 0% -""""S,,""ee"', "'--

The Question 

Show North Arrow 

CP = Pedestrian Button 

i = Through 

( = Right 

I = Left 

r = Through + Right 

'1' = Left + Through 

Y = Left + Right 

~ = Left + Through + Right 

What is the motorist delay and LOS during the analysis period for each lane 
group and the intersection as a whole? 

The Facts 

The intersection's traffic, geometric, and signalization conditions are listed in 
Exhibit 18-38 and Exhibit 18-39. 
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Exhib it 18-38 
Example Problem 1: Signal 

Conditions 

Ex hib it 18-39 
Example Problem 1: Traffic 

and Geometric Conditions 

Example Problems 

Controller Dat a Worksheet 
General I nformation 
AnalYst: BR Intersection: 5th Ayenue/12th Street 
Aqency or Company: Area Type: I CBD .:l Phase 2: I EB .:l Date Performed: 2/11/2010 
Analysis Time Period: 5:30 pm to 5:45 pm Analysis Year: 2010 
Filename: C:\Documents and Settings\TexasEX3 
Phase Sequence and Left-Turn Mode 

1 WB left (1) with WB thru (6) .:JI E B left (5) with EB thru (2) -=11 NB left (3) before SB th ru (4) ..:.11 SB left (7) bef ore N El t hru (8) .-:J 

1 WB left permitted -=11 EB left pernitled .:.II NB left (3) prot-perm ~ll 5B left (7) prot-perm -=1 
Phase settings 
Approach East bound Westbound Northbound Southbound 
phase number 2 6 3 8 7 4 
Moyement L+T+R L+T+R L T+R L T+R 
Lead/lag left-turn phase -- -- Lead -- Lead --
Left-turn mode Perm. Perm. Pr/Pm -- Pr/Pm --
Passage time, s 2.0 2.0 2.0 2.0 2.0 2.0 
Maximum green s 30 30 25 50 25 50 
Minimum green s 5 5 5 5 5 5 
Yellow change s 4.0 4.0 4.0 4.0 4.0 4.0 
Red clearance s 0.0 0.0 0.0 0.0 0.0 0.0 
Walk+ ped . clear s 19 19 21 21 
Recall?: No No No No No ~ No ~ No ~ No ~ ~I .:11 .:J .:1 - -- - -
Dual entry 1 No .:11 Yes .:J No .:J Yes .:.II No .:J Yes .:.II No .:J Yes 

-
Enable Simultaneous Gap-Out (check = Yes)? Enable Dallas Left-Turn Phasing? 

-
Phase Group 1,2,5,6: P' Phase Group 3,4,7,8: P Phases 1,2,5,6: I Phases 3,4,7,8: I 

Protected right-turn n.a. I n.a. Ea5tbd. right I We5tbd. righ~ 
with left-turn phase? No I No No I No I 
Phase number assignment to timers (by ring: Controller timer ring structure: 
Rinq 1: II 0 2 II 3 4 Rinq 1: II Timer 1 I Timer 2 II Timer 3 I Timer 4 
Rinq 2: II 0 6 II 7 8 Rinq 2: II Timer 5 I Timer 6 II Timer 7 I Timer 8 

Movement~Specific Intersection Data Worksheet 
Approach Eastbound Westbound Northbound Southbound 
Movement T T T R 
Movement number 5 2 12 1 6 16 3 8 18 
Traffic Characteristics 
Volume veh h 

Enter the volume data in all columns. For all other blue cells, enter values only if there are one or more lanes.) 
71 318 106 118 600 24 133 1644 111 

Ri ht-turn-on-red volume veh h o 0 22 
Percent heavy vehicles % 5 5 5 5 2 2 
Laneutilizalion ad·u5tmentfactor 1.000 1.000 1.000 1.000 1.000 1.000 
Peak hour factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Start-up lost time 5 2.0 2.0 2.0 2.0 2.0 2.0 
Extension of eff. ween time 5 2.0 2.0 2.0 2.0 2.0 2.0 
Plil toon ratio 1.000 1.000 1.000 1.000 1.000 1.000 
lJ stream filterinq factor 1.00 1.00 1.00 1.00 1.00 1.00 
Pedestrian volume, Dfh 120 120 40 
Bicvcle volume bicvcles h 0 0 0 
(runlrf' lI~") 

Initial queue veh 0 0 0 0 
S eed lim it, m h 35 35 35 35 35 35 35 35 35 
(rurureuse) 
Multiple-Period Analysis Counts (if all cell values 0/ thell values ill tile Volume' /Ow above m71 be used for a single-period analysis) 
Period 1 traffic count veh 
Period 2 lraffic count veh 
Period 3 traffic count veh 
Period 4 traffic count veh 
Intersection Approach Characierlstics (Enter the number of lanes. For all blue cells, enter values only if there are one or more lanes. 

194 

2 
1.000 
1.00 
2.0 
2.0 

1.000 
1.00 

0 
35 

T R 
4 14 

933 

1.000 
1.00 
2.0 
2.0 

1.000 
1.00 
40 
0 

0 
35 

111 
33 

35 

Number of lanes ["'1'3 f"2'3 ro--3 ["'1'3 f"2'3 ro--3 ["'1'3 f"2'3 ~ ["'1'3 f"2'3 ro--3 
lane assignment rrn-3 rrn-3 rrn-3 rrn-3 
Aver e lane width ft: 10.0 10.0 10.0 10.0 
Number of receiving lanes 

TUrn bay or segment lerl Lh ft 
Approach D.ta 
Parkinq present? 
Parkin maneuvers maneuvers/h 
BU5stoppinq rate buses/h 

200 
LefiSidt' 

No 
o 

999 200 
Ri lit S:d>: Left Side 

Yes No 
5 0 

Appro;)ch qr;)d-:;, % 0 0 0 
Detection Data Enter valuE'S only iNhere are one or more lanes.) 

999 
Riq!it Side 

Yes 
5 

12.0 

200 
Left S:de 

No 
o 

12.0 

f"2'3 
999 

12.0 12.0 

200 999 
Ri Ilt Side left Side 

No No 
o 0 

R ht Side 
No 
o 
o 

The intersection is located in a central business district- type environment. 
Adjacent signals are somewhat d istant so the intersection is operated by using 
fully actuated control. Vehicle arrivals to each approach are characterized as 
"random" and are described by using a platoon ratio of 1.0. 
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The left-turn movements on the north-south street operate under protected
permitted control and lead the opposing through movements (i.e., a lead-lead 
phase sequence). The left-turn movements on the east-west street operate as 
permitted. 

All intersection approaches have a 200-ft left-turn bay, an exclusive through 
lane, and a shared through and right-turn lane. The average width of the traffic 
lanes on the east-west street is 10 ft. The average width of the traffic lanes on the 
north-south street is 12 ft. 

Crosswalks are provided on each intersection leg. A two-way flow rate of 
120 p/h is estimated to use each of the east-west crosswalks and a two-way flow 
rate of 40 p!h is estimated to use each of the north-south crosswalks. 

On-street parking is present on the east-west street. It is estimated that 
parking maneuvers on each intersection approach occur at a rate of 
5 maneuvers/h during the analysis period. 

The speed limit is 35 mi!h on each intersection approach. The analysis period 
is 0.25 h. There is no initial queue for any movement. 

As noted in the next section, none of the lane groups at the intersection has 
two or more exclusive lanes. For this reason, the saturation flow rate adjustment 
factor for lane utilization is equal to 1.0 for all approaches. Any unequal lane use 
that may occur due to the shared through and right-turn lane groups will be 
accounted for in the lane group flow rate calculation, as described in Chapter 31. 

Outline of Solution 

Movement-Based Data 

Exhibit 18-40 provides a summary of the analysis of the individual traffic 
movements at the intersection. The movement numbers shown follow the 
numbering convention in Exhibit 18-2. 

EB EB EB WB WS WB NB NB NB SB SB 
L T R l T R L T R l T 

Movement: 5 2 12 1 6 16 3 • 18 7 4 

SB 
R 
14 

Volume, veh/h 71 318 106 118 61)0 24 133 1/644 89 194 933 78 
Initial Queue, veh 0 0 0 0 0 0 0 0 0 0 0 0 
Ped-Bike Adj. Factor (A_pbT) 0.999 0,878 0,976 0.878 0.999 0.976 1.000 0.977 
Parking, Bus Adj. Factors (ebb x f _p) 1,000 1.000 0.875 1,GOO 1,000 0.B75 1.000 1.000 1.000 1.000 1.000 1.000 
Adjusted Sat. Flow Rate, veh/h/ln 1,629 1,629 1,629 1,629 1,629 1.629 1,676 1,676 1,676 1,676 1,676 1/676 
lanes 1 7 0 1 2 0 1 2 0 1 2 0 
Lane Assignment l TR n.<I. L TR n.a, L TR n.<I. L TR n,a. 
capacity, veh/h 147.23 629,27 201.44 205.81 853.60 34.0B 326.46 1t 545.51 83,10 224.96 1,604.59 134.14 
Proportion ArrivIng On Green 0.294 0.294 0.294 -0.294 0.294 0.294 0.061 0.491 0.491 0,097 0.527 0.527 
Approach Volume, veh/h 495 742 1,866 1,205 
Approach Delay, 5/ve~ 32.553 37.432 71.532 19.828 
Note. n.a. not applicable 

Two saturation flow rate adjustment factors are shown in Exhibit 18-40. One 
factor is the pedestrian-bicycle adjustment factor. This factor is used to estimate 
the saturation flow rate for the turn movement in a lane group. The "parking, 
bus adjustment factor" represents the product of the parking adjustment factor 
and the bus blockage adjustment factor. This combined factor is computed 
separately for the lane group that is adjacent to the parking or bus stop. 

The adjusted saturation flow rate represents the saturation flow rate for all 
lane groups on the approach. It reflects the combined effect of lane width, heavy
vehicle presence, grade, and area type. The effect of pedestrians, bicycles, 
parking, bus blockage, lane utilization, right-turn maneuvers, and left-turn 
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Exhibit 18-41 
Example Problem 1: Timer

Based Phase Output Data 

Example Problems 

maneuvers is calculated separately at a later stage of the analysis because their 
values are influenced by signal timing, lane group demand flow rate, and lane 
group location (adjacent to parking or not, etc.). As such, these factors are 
internal to the iterative sequence of calculations used to estimate signal phase 
duration. 

Capacity for a movement is computed by using the movement volume 
proportion in the lane group, lane group saturation flow rate, and corresponding 
phase duration. This variable represents the capacity of the movement, 
regardless of whether it is served in an exclusive lane or in a shared lane. If the 
movement is served in a shared lane, then the movement capacity represents the 
portion of the lane group capacity available to the movement, as distributed in 
proportion to the flow rate of the movements served by the associated lane 
group. 

The last two rows in Exhibit 18-40 represent summary statistics for the 
approach. The approach volume represents the sum of the three movement 
volumes. Approach delay is computed as volume-weighted average for the lane 
groups served on an intersection approach. 

Timer-Based Phase Data 

Exhibit 18-41 provides a summary of the output data by using a signal 
controller perspective. The controller has eight timing functions (or timers), with 
Timers 1 to 4 representing Ring 1 and Timers 5 to 8 representing Ring 2. The ring 
structure and phase assignments were previously shown at the bottom of Exhibit 
18-38. Timers 1 and 5 are not used at this intersection. 

Timer Data 
Timer: 1 2 3 4 5 6 7 8 

EB NB 5B WB 5B NB 
L.T.T+R l T.T+R L.T.T+R L T.T+R 

Assigned Phase 2 3 4 6 7 8 
Case No 6 1 4 6 1 4 
Phase Duration (G+Y+Rc), s 34.00 10.21 57.66 34.00 13.87 54.00 
Change Period (Y+Rc), 5 4.00 4.00 4.00 4.00 4.00 4.00 
Max. Allowable Headway (MAH), 5 3.44 3.13 3.06 3.44 3.13 3.06 
Maximum Green Setting (Gmax), 5 30.00 25.00 50.00 30.00 25.00 50.00 
Max. Queue Clearance Time (9J+11), ' 31.10 6.16 23.29 29.51 9.61 52.00 
Green Extension Time (9_e), 5 0.000 0.199 7.831 0.238 0.296 0.000 
Probability of Phase Call (PJ) 1.000 0.977 1.000 1.000 0.996 1.000 
Probability of Max Out (p_x) 1.000 0.000 0 . .179 1.000 0.000 1.000 

Equilibrium Cycle Length,s: 102 

The timing ftmction construct is essential in modeling a ring-based signal 
controller. Timers always occur in the same numeric sequence (i.e., 1 then 2 then 3 
then 4 in Ring 1; 5 then 6 then 7 then 8 in Ring 2). The practice of associating 
movements to phases (e.g., the major-street through movement to Phase 2) 
coupled with the occasional need for lagging left-turn phases and split phasing 
creates the situation in which phases do not always time in sequence. For 
example, with a lagging left-tum phase sequence, major-street through Phase 2 
times first and then major-street left-turn Phase 1 times second. 

The modem controller accommodates the assignment of phases to timing 
ftmctions by allowing the ring structure to be redefined manua1ly or by time-of
day settings. Specification of this structure is automated in the computational 
engine by assigning phases to timers. 
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The methodology is based on modeling timers, not by directly modeling 
movements or phases. The methodology converts movement and phase input 
data into timer input data. It then models controller response to these inputs and 
computes timer duration and related performance measures. 

The signalized intersection in this example problem has a lead-lead left-turn 
phase sequence on the north-south street. Hence, the timer numbers for this 
street are the same as the phase numbers, which are the same as the movement 
numbers (e.g., the northbound left-turn Movement 3 is associated with Phase 3, 
which is assigned to Timer 3). In contrast, the east-west street does not have left
turn phases, so one timer and one phase are used to serve all movements on a 
given approach. 

The case number shown in Exhibit 18-41 is used as a single variable 
descriptor of each possible combination of left-turn mode and lane-group type 
(i.e., shared or exclusive). An understanding of this variable is not needed to 
interpret the output data. 

The phase duration shown in the exhibit represents the estimated average 
phase duration during the analysis period. It represents the sum of the green, 
yellow change, and red clearance intervals. For Timer 2 (Le., Phase 2), the 
average green interval duration is 30 s (= 34.00 - 4.00). 

The durations of Phases 2, 3, and 4 add to the average cycle length of 101.87 s 
(= 34.00 + 10.21 + 57.66). Similarly, the durations of Phases 6, 7, and 8 add to the 
cycle length. 

The cycle length is described in Exhibit 18-41 to be the "equilibrium" cycle 
length. The equilibrium cycle length is the average cycle length when all phase 
durations are dictated by traffic demand. However, the duration of several 
phases at this intersection is constrained by tl"leir maximum green limit. As such, 
the cycle length shown is not truly an equilibrium cycle length for this particular 
intersection. 

The maximum green setting is input by the analyst. If the intersection were 
operated as coordinated-actuated, the "equivalent" maximum green setting 
would be shown here. It would be computed from the input phase splits and 
would reflect the specified force mode. 

The maximum queue clearance time represents the largest queue clearance 
time of all lane groups served by the phase. Queue clearance time represents the 
time between the start of the green interval and the end of the queue service 
period. It is determined from the queue accumulation polygon. It includes the 
start-up lost time. 

The maximum allowable headway, maximum green, and maximum queue 
clearance time apply only to actuated phases. They are not relevant to calculation 
of coordinated phase duration. 

The green extension time represents the time the green interval is extended 
by arriving vehicles. This value is 0.0 s for two timers because they terminate by 
extension to their maximum limit (i.e., max-out). 

The probability of a phase can represents the probability that one or more 
vehicles will place a call for service on the associated timer. The probability of 
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Exhibit 18-42 
Example Problem 1: Timer-

Based Movement Output 
Data 

Example Problems 

max-out represents the probability that the phase will extend to the maximum 
green setting and terminate, perhaps leaving some unserved vehicles on the 
intersection approach. 

Timer-Based Movement Data 

Exhibit 18-42 summarizes the output for the vehicle movements assigned to 
each timer. Separate sections of output are shown in the exhibit for the left-turn, 
through, and right-turn movements. The assigned movement row identifies the 
movement (previously identified in Exhibit 18-40) assigned to each timer. 

Timer Data 
Timer: 1 2 3 4 5 6 7 8 

EB NB SB we SB NB 
l.T.T+R L T.T+R L.T.T+R L T.T+R 

Left-Turn Movement Data 
Assigned Movement 3 7 
Mvmt. Sat FloW, veh/h 696.73 1,592.65 818.40 1,592.65 

Through Movement Data 
Assigned Movement 4 6 B 
Mvmt. 5at FloW, veh/h 2,136.77 3,046.34 2,898.49 3,148.76 

Right-Turn Movement Data 
Assigned Movement 12 14 16 18 
Mvmt. Sat Flow, veh/h 684.02 254.67 115.71 169.31 

The saturation flow rate shown in Exhibit 18-42 represents the saturation 
flow rate computed for the movement. For through movements in exclusive 
lanes, the movement saturation flow rate is equal to the number of through lanes 
times the adjusted saturation flow rate, times the pedestrian-bicycle adjustment 
factor, times the combined parking-bus blockage adjustment factor. For turn 
movements in exclusive lanes, the calculation is similar except that the left-turn 
(or right-turn) adjustment factor is also applied. 

For turn movements that share a lane with a through movement, the 
saturation flow rate for the lane group is computed by using the procedure 
described in Chapter 31. The movement saturation flow rate represents the 
portion of the lane group saturation flow rate available to the movement, as 
distributed in proportion to the flow rate of the movements served by the lane 
group. To illustrate this point, consider Timer 4. It has a shared-lane lane group 
with 15.7% right-turning vehicles, 84.3% through vehicles, and a saturation flow 
rate of 1,624.5 veh/h/ln. The turn movement saturation flow rate is 254.67 veh/h 
(= 0.157 x 1,624.5). The through movement saturation flow rate in this shared lane 
is 1,369.8 veh/h (= 0.843 x 1,624.5). The through movement is also served by one 
exclusive through lane with a saturation flow rate of 1,676.5 veh/h. Thus, the 
total through-movement saturation flow rate is 3,046.3 veh/h (= 1,369.8 + 1,676.5). 
The individual lane group saturation flow rates used in this example were 
obtained from the lane group data described in the next few sections. 

Timer-Based Left Lane Group Data 

Exhibit 18-43 summarizes the output for the "left" lane group associated 
with an intersection approach. Each left lane group includes the left-turn 
movements when they exist on an intersection approach. A left lane group will 
also contain all the output data for a single-lane approach, regardless of whether 
a left-turn movement exists. 
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The "lane assignment" row indicates the lane groups served by the timer 
(e.g., L,left tum; T, through; R, right turn). The letter ilL" is shown for Timers 2 
and 6 as a reminder that the timer is serving a left-turn lane group. Other letter 
combinations are possible. For example, "L+ Til indicates the timer is serving a 
lane group consisting of a shared lane serving left-tum and through movements. 
A "L+T+R" sequence indicates a single-lane approach serving all movements. 

Timer Data 
Timer: 1 2 3 4 5 6 7 8 

f8 N8 S8 W8 S8 N8 
L.T.T+R L T.T+R L.T.T+R L T.T+R 

Left Lane Group Data 
Assigned Movement 5 3 1 7 
Lane Assignment L L (Pr/Pm) L L (Pr/Pm) 
Lanes in Group 1 1 1 1 
Group Volume (v), veh/h 71.0 133.0 118.0 194.0 
Group Sat. Flow (s), veh/h/ln 696.7 1,592.6 818.4 1,592.6 
Queue Serve Time (g_5), 5 10.289 4.160 14.328 7.613 
Cycle Queue Clear Time (9-c), 5 29.097 4.160 27.508 7,613 

*Perm LT Sat Flow Rate (sJ), veh/h/I 696.7 499,3 818.4 25004 
*Shared L T Sat Flow (s_sh), veh/h/ln 0,0 0,0 0,0 0,0 
*Perm LT Eff. Green (R .. P), S 30.00 50,00 30.00 55,31 
*Perm LT Serve Time (g_u), S 11.19 32.37 16,82 0.00 
*Perm LT Que Serve Time (g_ps), s 10.29 6.40 14,33 0.00 
*Time ta First Blk (g_f), 5 0,00 0.00 0.00 0.00 
*Serve Time pre Blk (g_fs), 5 0,00 0.00 0.00 0,00 
*Propartlon LT Inside Lane (P _L) 1.000 1.000 1.000 1.000 

Lane Group Capacity (c), veh/h 147,2 326.5 205.8 225,0 
Volume-ta-Capacity Ratio (Xl 00482 0,407 0,573 0.862 
Available Capacity (c_a), veh/h 147.2 620.2 205,8 461.5 
Upstream Filter Factor (I) 1.000 1.000 1.000 1.000 
Uniform Delay (dl), s/veh 44.936 13.243 41.483 30.229 
Incremental Delay (d2), s/veh 0.910 0.304 2.496 3.791 
Initial Queue Delay (d3), s/veh 0.000 0.000 0.000 0.000 
Control Delay (d), s/veh 45.846 13.547 43.979 34.020 
First-Term Queue (Ql), veh/ln 1.75 1.39 2,83 2,98 
Secand-Term Queue (Q2), veh/ln 0,04 0,03 0,14 0,24 
Third-Term Queue (Q3), veh/ln 0,00 0,00 0,00 0,00 
Percentile bk-of-que factor (CB%) 1.00 1.00 1.00 1,00 
Percentile Back of Queue (Q%), veh/ln 1.78 1.42 2,97 3.22 
Percentile Storage Ratio (RQ%) 0.232 0,180 0,386 00409 
Initial Queue (Qb), veh 0.0 0.0 0.0 0.0 
Final (Residual) Queue (Qe), veh 0.0 0.0 0.0 0.0 
Saturated Delay (ds), s/veh 0.000 0,000 0.000 0.000 
Saturated Queue (Qs), veh 0.00 0,00 0.00 0,00 
Saturated Capacity (cs), veh/h 0,0 0.0 0.0 0,0 
Initial Queue Clear Time (tc), h 0.000 0.000 0.000 0.000 

The lane assignment row also indicates the operational mode for the left-turn 
movements. "Prot" indicates a protected left-tum mode. "Pr/Pm" indicates a 
protected-permitted left-turn mode. Other designations with the letter ilL" 
indicate either a permitted left-tum mode or split phasing. 

The rows listed in Exhibit 18-43 that start with" queue serve time" and end 
with "uniform delay" correspond to variables that are computed from the queue 
accumulation polygon. 

The permitted left-tum saturation flow rate represents the filtering flow rate 
of a permitted left-turn movement. Equations for computing this flow rate and 
the other variables identified with an asterisk (*) are described in Chapter 3l. 

The shared left-turn saturation flow rate is the saturation flow rate of a 
shared left-turn and through lane during the period after the first blocking left
turning vehicle arrives but before the queue service ends. This flow rate is 
applicable only when the opposing approach has one traffic lane. It reflects the 
opportunities to serve the subject approach that are created by left-tuIning 

( vehicles in the opposing lane. 
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The permitted left-turn effective green time represents the time available for 
permitted left-turn movement. In general, it is the time in the opposing through 
movement phase that is associated with a permissive green ball signal indication. 
Its duration can vary with phase sequence and timing. 

The permitted left-turn service time represents the time required to serve the 
left-turn queue. This time occurs during the permitted left-turn effective green 
time but after the conflicting queue clears. It exists for phases that operate in the 
permitted mode or in the protected-permitted mode. 

The time to first block applies to a lane group with a shared lane and a left
turn movement that operates in the permitted or protected-permitted mode. It 
represents the time from the start of the through phase until the first left-turning 
vehicle arrives at the stop line and stops to wait for an acceptable gap in 
oncoming traffic. 

The queue service time before the first block (Le., serve time pre blk) 
represents the queue service time for a stream of through movements in a shared 
left-turn and through lane. If the left-turn flow rate is low, the time to first block 
may occur well into the phase. In this case, it is possible that the queue of 
through vehicles in the shared lane will be served before the first left-turning 
vehicle arrives. This variable applies only to lane groups with a shared left-turn 
lane. 

The proportion of left-hIrning vehicles in the inside lane represents the 
distribution of vehicles in the left-lane group. If a left-turn bay exists, then the 
proportion equals 1.0. If the lane group is shared by left-turn and through 
movements, then the proportion can vary between 0.0 and 1.0. If it is 1.0, then the 
shared lane operates as an exclusive left-hIm lane. 

Uniform delay represents the area under the queue accumulation polygon. 
This polygon is based on an average arrival rate during the green indication and 
an average arrival rate during the red indication. As such, it reflects the effect of 
progression on the delay estimate. 

The available capacity is computed for all actuated phases and 
noncoordinated phases. It is computed by using the maximum green setting for 
the phase. For coorclinated phases, the available capacity is computed by using 
the average effective green time. 

The incremental delay is computed by using the incremental delay equfltion. 
For actuated phases, it uses available capacity to estimate the incremental delay 
factor k. For coordinated phases and phases set to "recall-to-maximum," it uses a 
factor of 0.50. 

The first-term queue is a back-of-queue estimate that is obtained from an 
arrival-departure polygon. This polygon is based on the specification of arrival 
rates during the red and green intervals. As such, it reflects the effect of 
progression on first-term queue size. The procedure for developing this polygon 
is described in Chapter 31. 

The second-term queue is computed as a derivative of the incremental delay 
estimate. It represents the average number of vehicles in queue each cycle due to 
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random variation in arrivals plus those vehicles in queue due to oversaturation 
during the analysis period. 

The queue storage ratio represents the ratio of the back-of-queue size to the 
available storage length. In general, this ratio can be computed for turn bays and 
through lanes; however, it is computed only for the left-turn bays in this 
example. A value of 0.0 indicates that no turn vehicles are queued in the bay. A 
value of 1.0 or more indicates that the queue completely fills the bay at some 
point during the cycle. 

The initial queue reflects the input initial queue value when a single analysis 
period is evaluated. In contrast, it reflects the residual queue from the previous 
analysis period for the second and subsequent analysis periods of a multiple
period analysis. 

The saturated delay, queue, and capacity data reflect the output from a 
complete (and separately computed) intersection analysis. For this separate 
analysis, lane groups with an initial queue will have their demand flow rate 
adjusted so that volume equals lane group capacity. The saturated delay equals 
the uniform delay computed for this "saturated" condition. Similarly, the 
"saturated" queue equals the first-term queue for the saturated condition. 

The initial queue clear time indicates the time when the last vehicle that 
arrives at an overflow queue during the analysis period clears the intersection 
(measured from the start of the analysis period). 

Timer-Based Middle Lane Group Data 

Exhibit 18-44 provides a summary of the output for the "middle" lane group 
associated with an intersection approach. This lane group is used when one or 
more exclusive lanes serve through vehicles on an intersection approach. The 
explanation of the various output statistics is the same as that previously given 
for the left lane groups. 

In Exhibit 18-44, the exclusive through lane served by Timer 8 has a volume
to-capacity ratio that slightly exceeds 1.0. This condition results in a large value 
of control delay (= 73.6 s/veh) and a final (i.e., residual) queue size of 11.8 veh. 
The last vehicle to arrive at this queue during the analysis period will depart the 
intersection 0.264 h after the start of the 0.25-h analysis period. 

Timer-Based Right Lane Group Data 

Exhibit 18-45 summarizes the output for the "right" lane group associated 
with an intersection approach. This lane group is used when there are two or 
more lanes on an intersection approach and a through or right-turn movement is 
present. A lane that is shared by the right-turn and through movements is 
always shown in the right lane group. The explanation of the various output 
statistics is the same as that previously given for the left lane groups. 

The protected right-turn saturation flow rate row is used w hen the right-turn 
movement is provided a green arrow indication concurrently with its 
complementary left-turn phase on the cross street. This flow rate represents the 
saturation flow rate during the green arrow. Similarly, the protected right-turn 
effective green time equals the effective green time coincident with the green 
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arrow indication. This operation is not provided at the subject intersection, so the 
values for these two variables equal 0.0. 

Exhibit 18-44 Timer Data 

Example Problem 1: Timer- Timer: 2 3 
EB NB 

Based Middle Lane Group L.T.T+R L 

Output Data Middle Lane Group Data 
Assigned Movement 
Lane Assignment T 
Lanes in Group 
Group Volume (v), veh/h 239.2 
Group Sat. Flow (5), veh/h/ln 1,628.6 
Queue Serve Time (R .. S), S 12.376 
Cycle Queue Clear Time (g_e), s 12.376 
Lane Group Capacity (c), veh/h 479.6 
Volume-ta-Capacity Ratio (X) 0.499 
Available Capacity (ca), veh/h 479.6 
Upstream Filter Factor (I) 1.000 
Uniform Delay (d1), s/veh 29.717 
Incremental Delay (d2), s/Veh 0.299 
Initial Queue Delay (d3), s/veh 0.000 
Control Delay (d), s/veh 30.017 
First-Term Queue (Q1), veh/ln 4.73 
Second-Term Queue (Q2), veh/ln 0.04 
Third-Term Queue (Q3), veh/ln 0.00 
Percentile bk-of-que factor (LB%) 1.00 
Percentile Back of Queue (Q%), veh/ln 4.77 
Percentile Storage Ratio (RQ%) 0.124 
Initial Queue (Qb), veh 0.0 
Final (Residual) Queue (Qe), veh 0.0 
Saturated Delay (ds), s/veh 0.000 
Saturated Queue (Qs), veh 0.00 
Saturated Capacity (cs), veh/h 0.0 
Initial Queue Clear Time (tei, h 0.000 

Exhibit 18-4.5 Timer Data 

Example Problem 1: Timer- Timer: 2 3 
EB NB 

Based Right Lane Group L.T.T+R L 

Output Data Right Lane Group Data 
Assigned Movement 12 
Lane Assignment T+R 
Lanes In Group 
Group Volume (v), veh/h 184.8 
Group Sat. Flow (5), veh/h/ln 1,192.2 
Queue Serve Time (9_5), S 13.179 
Cycle Queue Clear Time (g_c), 5 13.179 

*Prot RT Sat Flow Rate (s_R), veh/h/ln 0.000 
*Prot RT Eff. Green (g_R), S 0.000 
'Proportion RT Outside lane (P _R) 0.574 

Lane Group capacity (c), veh/h 351.1 
Volume·to·capacity Ratio (X) 0.526 
Available Capacity (c_a), veh/h 351.1 
Upstream Filter Factor (I) 1.000 
Uniform Delay (d1), s/veh 30.001 
Incremental Delay (d2), sNeh 0.729 
Initial Queue Delay (d3), s/Veh 0.000 
QJntrol Delay (d), s/veh 30.729 
First-Term Queue (Ql), veh/ln . 3.68 
Second-Term Queue (Q2), veh/ln 0.07 
Third-Term Queue (Q3), veh/ln 0.00 
Percentile bk-of-que factor (CB%) 1.00 
Percentile Back of Queue (Q%), veh/ln 3.76 
Percentile Storage Ratio (RQ%) 0.098 
Initial Queue (Qb), veh 0.0 
Final (Residual) Queue (Qe), veh 0.0 
Saturated Delay (ds), s/Veh 0.000 
Saturated Queue (Qs), veh 0.00 
Saturated Capacity (cs), veh/h 0.0 
Initial Queue Clear Time Itc), h 0.000 
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4 
SB 

T.T+R 

4 
T 

1 
513.4 

1,676.5 
21.284 
21.284 
883.0 
0.581 
883.0 
1.000 

16.445 
0.649 
0.000 

17.094 
7.61 
0.16 
0.00 
1.00 
7.77 

0.198 
0.0 
0.0 

0.000 
0.00 
0.0 

0.000 

4 
SB 

T.T+R 

14 
T+R 

1 
497.6 

1,624.5 
21.285 
21.285 
0.000 
0.000 
0.157 
855.7 
0.581 
855.7 
1.000 

16.445 
0.670 
0.000 

17.116 
7.37 
0.16 
0.00 
1.00 
7.53 

0.192 
0.0 
0.0 

0.000 
0.00 

0.0 
0.000 

5 6 7 8 
WB SB NB 

L.T.T+R L T.T+R 

T T 
1 

336.6 870.1 
1,628.6 1,676.5 
18.724 50.000 
18.724 50.000 
479.6 822.9 
0.702 1.057 
479.6 822.9 
1.000 1.000 

31.956 25.934 
3.876 47.658 
0.000 0.000 

35.832 73.592 
7.15 18.26 
0.52 10.89 
0.00 0.00 
1.00 1.00 
7.67 29.15 

0.200 0.741 
0.0 0.0 
0.0 11.8 

0.000 0.000 
0.00 0.00 

0.0 0.0 
0.000 0.264 

5 6 7 8 
WB SB NB 

LT.T+R T.T+R 

16 18 
T+R HR 

1 1 
287.4 862.9 

1,385.6 1,641.6 
18.808 50.000 
18.808 50.000 

0.000 0.000 
0.000 0.000 
0.084 0.103 
408.1 805.7 
0.704 1.071 
408.1 805.7 
1.000 1.000 

31.986 25.934 
4.631 52.458 
0.000 0.000 

36.617 78.392 
6.11 17.88 
0.52 11.74 
0.00 0.00 
1.00 1.00 
6.64 29.62 

0.173 0.753 
0.0 0.0 
0.0 14.3 

0.000 0.000 
0.00 0.00 
0.0 0.0 

0.000 0.268 
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Results 

A comparison of the lane-group volumes in Exhibit 18-43, Exhibit 18-44, and 
Exhibit 18-45 indicates the extent to which drivers are expected to distribute 
themselves among the lane groups on each intersection approach. For exam pIe, 
Timer 2 serves three lane groups on the eastbound approach. The left lane group 
is an exclusive lane and serves all left-turn movements. The middle lane group 
serves 239 veh/h of the 318 veh/h in the through movement (i.e., about 75%). The 
right lane group serves the remaining through vehicles (Le., 79 veh/h) and the 
right-turning vehicles (106 veh/h) for a total flow rate of 185 veh/h. There are 
fewer vehicles in the right lane group (i.e., 185 versus 239) because some through 
drivers choose the middle lane to avoid any possible delay that might be 
incurred by the presence of right-turning vehicles in the outside lane. 

Exhibit 18-46 summarizes the delay for each lane group, approach, and the 
intersection as a whole. It also provides the volume-to-capacity ratio and LOS for 
each lane group. The delay varies widely among lane groups, as does the LOS. 
The northbound through and right-turn movements have the highest delay and a 
LOS F condition. 

EB 'B .B WB WB WB NB NB NB SB SB SB 
Group: Left Middle Right Left Middle Right left Middle Right Left Middle Right 

L T T+R L T HR L(P,/Pmj T HR L(prlpmj T T+R 
lane Group summary 

Group Volume (v), vehjh 71.0 239.2 184.8 118.0 336.6 287,4 133.0 870.1 862.9 194.0 513.4 497.6 
Volumewto--Capacity Ratio eX) 0.482 0.499 0.526 0.573 0.702 0.704 0.407 1.057 1.071 0,B62 0.581 0,581 
Control Delay (d), sJveh 45.846 30.017 30.729 43.979 35.832 35.617 13.547 73.592 78.392 34.020 17.094 17,116 

Level of Service D C C D 0 D B F F C B B 
Approach Summary 

Approach Volume, '1eh/h 495.0 742.0 1866.0 12.05.0 
Approach Delay, s/veh 32.553 37.432 71.532 19.828 
Level of Service C D E B 

Intersection Summary 
Entering Volume, '1ehjh 4308.0 
Control Delay, sjveh 46.717 
level of Service D 

The fact that several phases are terminating by max-out and that the 
northbound through and right-tum movements are congested (i.e., Timer 8) 
suggests that some improvements could be made at this intersection. Simply 
increasing the maximum green settings is not a solution and, in fact, increases the 
overall delay and queue size for most lane groups. Physical changes to the 
intersection geometry to increase capacity could be considered. 

EXAMPLE PROBLEM 2: PEDESTRIAN LOS 

The Intersection 

The pedestrian crossing of interest crosses the north leg at a signalized 
intersection. The north-south street is the minor street and the east-west street is 
the major street. The intersection serves all north-south traffic concurrently (i.e., 
no left-tum phases) and all east-west traffic concurrently. The signal has an 80-s 
cycle length. The crosswalk and intersection comers that are the subject of this 
example problem are shown in Exhibit 18-47. 
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Exhibit 18-47 
Example Problem 2: 

Pedestrian Flow Rates 

Exhibit 18-48 
Example Problem 2: 

Vehicular Demand Flow 
Rates 

Example Problems 

Corner 1 Corner 2 

J/ 525p/h L 
~ 

Crosswalk 

490 p/h 
345 p/h 

530 p/h 

400 p/h 540 p/h 420 p/h 480 p/h 

The Question 

What is the pedestrian LOS for the crossing? 

The Facts 

Pedestrian flow rates are shown in Exhibit 18-47. Vehicular flow rates are 
shown in Exhibit 18-48. 

Vth = 336 veh/h 

Vlt = 72 veh/h J 

Vrt = 60 veh/h 

v~,=30veh/h ~ r 
Vlt = 42 veh/h 

L 

Vrt = 76 veh/h 

Vrtor = 38 veh/h 

VI~penn = 42 veh/h 
Vth = 400 veh/h 

In addition, the following facts are known about the crosswalk and the 
intersection corners: 

Major street: Phase duration, Dp,mj = 48 s 

Yellow change interval, Ymj = 4 s 

Red clearance interval, RJ1Ij = 1 s 

Walk setting, Walkmj = 7 s 

Pedestrian clear setting, PC"'j = 8 s 

Four traffic lanes (no turn bays) 

Minor street: Phase duration, Dp,mi = 32 s 

Yellow change interval, Y"'i = 4 s 

Red clearance interval, R"'i = 1 s 

Walk setting, Walkmi = 7 s 

Pedestrian clear setting, PCmi = 13 s 

Two traffic lanes (no turn bays) 

85th percentile speed at a midsegment location, 585,m; = 35 mi/h 
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Comer 1: 

Comer 2: 

Other data: 

Comments 

Total walkway width, Wa = Wb = 16 ft 

Comer radius, R = 15 ft 

Total walkway width, Wa = Wb = 18 ft 

Comer radius, R = 15 ft 

No right-tum channelizing islands provided on any comer 

Effective crosswalk width, We = 16 ft 

Crosswalk length, Lc = 28 ft 

Walking speed, Sp = 4 ftls 

Pedestrian signal indications are provided for each crosswalk 

Rest-in-walk mode is not used for any phase 

On the basis of the variable notation in Exhibit 18-25, the subject crosswalk is 
"Crosswalk C" because it crosses the minor street. The outbound pedestrian flow 
rate Vco at Corner 1 equals inbound flow rate Vci at Corner 2, and the inbound flow 
rate Vci at Corner 1 equals the outbound flow rate Veo at Corner 2. 

Outline of Solution 

First, the circulation area is calculated for both comers. Next, the circulation 
area is calculated for the crosswalk. The street comer and crosswalk circulation 
areas are then compared with the qualitative descriptions of pedestrian space 
listed in Exhibit 18-24. 

Pedestrian delay and the pedestrian LOS score are then calculated for the 
crossing. Finally, LOS for the crossing is determined on the basis of the 
computed score and the threshold values in Exhibit 18-5. 

Computational Steps 

Step 1: Determine Street Corner Circulation Area 

A. Compute Available Time-Space 

For Comer 1, the available time-space is computed with Equation 18-52. 

TScomer = C(WaWb - 0.215R2) 

TScomer = (80)[(16)(16) - 0.215(15)2] 

TScomer = 16,610 fF-s 

B. Compute Holding-Area Waiting Time 

Because pedestrian signal indications are provided and rest-in-walk is not 
enabled, the effective walk time for the phase serving the major street is 
computed with Equation 18-49. 

gWalk,mj = Walkmj + 4.0 

( gWalk,mj = 7.0 + 4.0 = 11 s 
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The number of pedestrians arriving at the corner during each cycle to cross 
the minor street is computed with Equation 18-54. 

N =~C 
co 3,600 

530 
Nco = --(80) = 11.8 P 

3,600 

The total time spent by pedestrians waiting to cross the minor street during 
one cycle is then calculated with Equation 18-53. 

Q 
= Nco(C-gwalk,mj)2 

teo 2C 

Q = (11.8)(80 _11)2 350.5 P _ s 
teo 2(80) 

By the same procedure, the total time spent by pedestrians waiting to cross 
the major street during one cycle (Qtdo) is found to be 264.5 p-s. 

C Compute Circuiation Time-5pace 

The circulation time-space is found by using Equation 18-58. 

TSc = TScomer - [5.0(Qtdo + Qtco)] 

TSc = 16,610 - [5.0 (350.5 + 264.5)] = 13,535 ft2-s 

D. Compute Pedestrian Corner Circuiation Area 

The total number of circulating pedestrians is computed with 
Equation 18-60. 

N = 490 + 530 + 540 + 400 + 345 (80) = 51.2 
tot 3600 P 

f 

Finally, the corner circulation area per pedestrian is calculated with Equation 
18-59. 

Mcornel' 

TSc 

4.0Ntot 

Mcorner 

13,535 

4.0(51.2) 
66.1felp 

By following the same procedure, the corner circulation area per pedestrian 
for Comer 2 is found to be 87.6 ft2!p. According to the qualitative descriptions 
provided in Exhibit 18-24, pedesh-ians at both corners will have the ability to 
move in the desired path, with no need to alter their movements to avoid 
conflicts. 
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Step 2: Determine Crosswalk Circulation Area 

The analysis conducted in this step describes the circulation area for 
pedestrians in the subject crosswalk. 

A. Establish Walking Speed 

As given in the "facts" section, the average walking speed is determined to 
be 4.0 fils. 

B, Compute Available Time-Space 

Rest-in-walk is not enabled, so the pedestrian service time gped is estimated to 
equal the sum of the walk and pedestrian clear settings. The time-space available 
in the crosswalk is found with Equation 18-61. 

TScw = L),\!;, gWalk,mj 

TScw = (28)(16)(11) = 4,928 fF-s 

C Compute Effective Available Time-Space 

The number of turning vehicles during the walk and pedestrian clear 
intervals is calculated with Equation 18-64. 

V lt perm + V rt - V rlor 
N = ' C 

tv 3,600 

N = 42 + 76 - 38 (80) = 1.8 veh 
tv 3,600 

The time-space occupied by turning vehicles can then be computed with 
Equation 18-63. 

TStv = 40NtvWc 

TStv = 40(1.8)(16) = 1,138 ft2-s 

Ihe effective available crosswalk time-space TScw * is found by subtracting 
the total available crosswalk time-space TScw from the time-space occupied by 
turning vehicles. 

TScw* = TScw - TStv 

TScw*= 4,928 - 1,138 = 3,790 ft2-8 

D. Compute Pedestrian Service Time 

The number of pedestrians exiting the curb when the WALK indication is 
presented is as follows: 

C-g N = N Wail<,mj 
ped, co co C 

80-11 
Nped,co = (11.8) 80 10.2 P 

Because the crosswalk width is greater than 10 ft, the pedestrian service time 
is computed as follows: 
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t = 3.2 + ~ + 2.7 Nped,co 
pS,co 

Sp ~ 

28 (10.2) 
tps,co = 3.2 + 4.0 + 2.7 16 = 11.9 s 

The other travel direction in the crosswalk is analyzed next. The number of 
pedestrians arriving at Corner 1 each cycle by crossing the minor street is as 
follows: 

N.=3LC 
Cl 3,600 

490 
Nci =--(80) =10.9 P 

3,600 

The sequence of calculations is repeated for this second travel direction in the 
subject crosswalk to indicate that Nped,ci is equal to 9.4 p and tps,ci is 11.8. 

E. Compute Crosswalk Occupancy Time 

The crosswalk occupancy time for the crosswalk is computed as follows: 

Tocc = 11.9 (11.8) + 11.8 (10.9) = 268.6 p-s 

F. Compute Pedestrian Crosswalk Circulation Area 

Finally, the crosswalk circulation area per pedestrian for the crosswalk is 
computed as follows: 

M = 3,790 = 14.lfe; 
ow 268.6 P 

The crosswalk circulation area is found to be 14,1 ft2/p. According to the 
qualitative descriptions provided in Exhibit 18-24, pedestrians will find that their 
walking speed is restricted, with very limited ability to pass slower pedestrians. 
Improvements to the crosswalk should be considered and may include a wider 
crosswalk or a longer walk interval. 
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Step 3: Determine Pedestrian Delay 

The pedestrian delay is calculated as follows: 

d = (C - gWalk,mj)2 

p 2C 

d = (80 _11)2 = 29.8 sl 
p 2(80) p 

Step 4: Determine Pedestrian LOS Score for Intersection 

The number of vehicles traveling on the minor street during a 15-min period 
is computed as follows: 

n
15 

. = 0.25 LV. 
,ml N 1 

C 

n15,mi = 0.~5 (72 + 336 + 60 + 42 + 400 + 76) = 123.3 veh/ln 

The cross-section adjustment factor is calculated as follows: 

Fw = 0.681(Nc)0.514 

F w = 0.681(2)0.514 = 0.972 

The motorized vehicle adjustment factor is computed as follows: 

(

V rtor + Vlt,perm J Fv = 0.00569 4 - Nrtci,c(0.0027n15,mi - 0.1946) 

Fv = 0.00569 (30: 42) - (0) [0.0027(123.3) - 0.1946] = 0.102 

The motorized vehicle speed adjustment factor is then complJ.ted: 

Fs = 0.00013 n15,mi SS5,mi 

Fs = 0.00013(123.3)(35) = 0.561 

The pedestrian delay adjustment factor is calculated as follows: 

F delay = 0.0401ln(dp,c) 

F delay = 0.04011n(29.8) = 0.136 

The pedestrian LOS score for the intersection [p,int is then computed as 
follows: 

Ip,int = 0.5997 + Fw + Fv + Fs + Fdelay 

Ip,int = 0.5997 + 0.972 + 0.102 + 0.561 + 0.136 = 2.37 

For this crosswalk, [p,int is found to be 2.37. 

Step 5: Determine LOS 

According to Exhibit 18-5, the crosswall< operates at LOS B. 
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Exhibit 18-49 
Example Problem 3: 

Vehicular Demand Flow 
Rates and Cross-Section 

Element Widths 

Example Problems 

Discussion 

The crosswalk was found to operate at LOS B in Step 5. It was determined in 
Step 1 that the pedestrians at both corners have adequate space to allow freedom 
of movement. Crosswalk circulation area was found to be restricted in Step 2 and 
improvements are probably justified. Moreover, the pedestrian delay computed 
in Step 3 was found to be slightly less than 30 sip. With this much delay, some 
pedestrians may not comply with the signal indication. 

EXAMPLE PROBLEM 3: BICYCLE LOS 

The Intersection 

A 5-ft-wide bicycle lane is provided at a signalized intersection. 

The Question 

What is the LOS of this bicycle lane? 

The facts 

Saturation flow rate for bicycles = 2,000 bicycles/h 

Effective green time = 48 s 

Cycle length = 120 s 

Bicycle flow rate = 120 bicycleslh 

No on-street parking 

The vehicular flow rates and street cross-section element widths are as 
shown in Exhibit 18-49. 

---- ------ --------------------- - --- -~ 
85 veh/h 

-------------------------------------------

---------------t_ ----------------------- ---j~~ 924 veh/h 

-t-r.---~'------~ 77 veh/h 

70 ft 12 ft 5ft 

Outline of Solution 

Bicycle delay and the bicycle LOS score will be computed. LOS is then 
determined on the basis of the computed score and the threshold values in 
Exhibit 18-5. 

L 
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Computational Steps 

Step 1: Determine Bicycle Delay 

A. Compute Bicycle Lane Capacity 

The capacity of the bicycle lane is calculated with Equation 18-78: 

gb 
cb =Sb C 

cb = (2,000) 48 == 800 bicydes/h 
120 

B. Compute Bicycle Delay 

Bicycle delay is computed with Equation 18-79: 

0.5C(1- gb 1 C)2 

db l_&Min[Vbic 11.0] 
C cb 

0.5(120)(1- 48 1120)2 _ 230 jb' 1 
48 . [ 120 ] - . S lCYC e 

1--Mm-1.0 
120 800 ' 

Step 2: Determine Bicycle LOS Score for Intersection 

As shown in Exhibit 18-49, the total width of the outside through lane, 
bicycle lane, and paved shoulder is 17 ft (= 12 + 5 + 0). The cross-section 
adjustment factor can then be calculated with Equation 18-81: 

F w = 0.0153Wcd - 0.2144 Wt 

Fw = 0.0153(70) - 0.2144(17) = -2.57 

The motor-vehicle volume adjustment factor must also be calculated, by 
using Equation 18-82: 

Fv == 0.0066 v/t + vth + vrt 
4Nth 

F == 0.0066 85 + 924 + 77 0.90 
v 4(2) 

The bicycle LOS score can then be computed with Equation 18-80: 

Ib,int = 4.1324 + Fw + Fv 

h,illt = 4.1324 - 2.57 + 0.90 = 2.45 

Step 3: Determine LOS 

According to Exhibit 18-5, this bicycle lane would operate at LOS B through 
the signalized intersection. 
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Example Problems 

Discussion 
The bicycle lane was found to operate at LOS B. The bicycle delay was found 

to be 23.0 s/bicycle, which is low enough that most bicyclists are not likely to be 
impatient. However, if the signal timing at the intersection were to be changed, 
the bicycle delay would need to be computed again to verify that it does not rise 
above 30 s/bicycle. 
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1. INTRODUCTION 

Two-way sTop-controlled (lWSC) intersections are common in the United 
States. One typical configuration is a four-leg intersection, where one street-the 
major street-is uncontrolled, while the other street-the minor street-is 
controlled by STOP signs. The other typical configuration is a three-leg 
intersection, where the single minor-street approach (i.e., the stem of the T 
configuration) is controlled by a STOP sign. Minor street approaches can be public 
streets or private driveways. Chapter 19, Two-Way STOP-Controlled 
Intersections, presents concepts and procedures for analyzing these types of 
intersections. Chapter 9 provides a glossary and list of symbols, including those 
used for TWSC intersections. 

Capacity analysis of lWSC intersections requires a clear description and 
understanding of the interaction between travelers on the minor, or STOP
controlled, approach with travelers on the major street. Both gap acceptance and 
empirical models have been developed to describe this interaction. Procedures 
described in this chapter rely primarily on field measurements of TWSC 
performance in the United States (1) that have been applied to a gap acceptance 
model developed and refined in Germany (2). 

INTERSECTION ANALYSIS BOUNDARIES AND TRAVEL MODES 

The intersection boundaries for a TWSC intersection analysis are assumed to 
be those of an isolated intersection (i.e., not affected by upstream or downstream 
intersections), with the exception of lWSC intersections that are located within 
0.25 mi of a signalized intersection (for the major-street approaches). This chapter 
presents methodologies to assess TWSC intersections for both pedestrians and 
motor vehicles. A discussion of how the procedures for motor vehicles could 
potentially apply to an analysis of bicycle movements is also provided. 

LEVEL-Of-SERVICE CRITERIA 

Level of service (LOS) for a lWSC intersection is determined by the 
computed or measured control delay. For motor vehicles, LOS is determined for 
each minor-street movement (or shared movement) as well as major-street left 
turns by using criteria given in Exhibit 19-1. LOS is not defined for the 
intersection as a whole or for major-street approaches for three primary reasons: 
(a) major-street through vehicles are assumed to experience zero delay; (b) the 
disproportionate number of major-street through vehicles at a typical TWSC 
intersection skews the weighted average of all movements, resulting in a very 
low overall average delay for all vehicles; and (c) the resulting low delay can 
mask important LOS deficiencies for minor movements. As Exhibit 19-1 notes, 
LOS F is assigned to the movement if the volume-to-capacity ratio for the 
movement exceeds 1.0, regardless of the control delay. 

The LOS criteria for TWSC intersections are somewhat different from the 
criteria used in Chapter 18 for signalized intersections, primarily because user 
perceptions differ among transportation facility types. The expectation is that a 
signalized intersection is designed to carry higher traffic volumes and will 
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Exhibit 19-1 
level-of-Service Criteria: 

Automobile Mode 

Exhibit 19-2 
level-of-Service Criteria: 

Pedestrian Mode 

Introduction 

present greater delay than an unsignalized intersection. Unsignalized 
intersections are also associated with more uncertainty for users, as delays are 
less predictable than they are at signals, which can reduce users' delay tolerance. 

Note: 

lOS by Volume-to-Capacity Ratio 
vic'!, 1.0 vlc>1.0 

A F 
B F 
C F 
D F 
E F 
F F 

The LOS criteria apply to each lane on a given approach and to each approach on the minor street. lOS is 
not calculated for major-street approaches or for the intersection as a whole. 

Pedestrian LOS at TWSC intersections is defined for pedestrians crossing a 
traffic stream not controlled by a STOP sign; it also applies to midblock pedestrian 
crossings. LOS criteria for pedestrians are given in Exhibit 19-2. 

Control Delay 
lOS (s/pedestrian) Comments 

A 0-5 Usually no conflicting traffic 
B 5-10 Occasionally some delay due to conflicting traffic 
C 10-20 Delay noticeable to pedestrians, but not inconveniencing 
D 20-30 Delay noticeable and irritating, increased likelihood of risk taking 
E 30-45 Delay approaches tolerance level, risk-taking behavior likely 
F >45 Delay exceeds tolerance level, high likelihood of pedestrian risk taking 

Note: Control delay may be interpreted as s/pedestrian group if groups of pedestrians were counted as opposed 
to individual pedestrians. 

LOS F for pedestrians occurs when there are not enough gaps of suitable size 
to allow waiting pedestrians to cross through traffic on the major street safely. 
This situation is typically evident from extremely long control delays. The 
method is based on a constant critical headway. In the field, however, LOS F may 
also appear in the form of crossing pedestrians selecting smaller-than-usual gaps. 
In such cases, safety could be a concern that warrants further study. 

REQUIRED INPUT DATA 

Analysis of a TWSC intersection requires the following data: 

1. Number and configuration of lanes on each approach; 

2. Percentage of heavy vehicles for each movement; 

3. Either of the following: 

a. Demand flow rate for each entering vehicular movement and each 
pedestrian crossing movement during the peak 15 min, or 

b. Demand flow rate for each entering vehicular movement and each 
pedestrian crossing movement during the peak hour and a peak 
hour factor for the hour; 

4. Special geometric factors such as 

a. Unique channelization aspects, 

b. Existence of a two-way left-turn lane or raised or striped median 
storage (or both), 
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c. Approach grades, 

d. Existence of flared approaches on the minor street, and 

e. Existence of upstream signals; 

5. The rate at which motorists yield to pedestrians and the degree of 
pedestrian platooning (for pedestrian LOS analysis); and 

6. Length of analysis period, generally a peak 1S-min period within the peak 
hour. 

SCOPE OF THE METHODOLOGY 

This chapter focuses on 1WSC intersection operations. This version of the 
1WSC intersection analysis procedures is primarily based on studies conducted 
by National Cooperative Highway Research Program Project 3-46 (1). 

LIMITATIONS OF THE METHODOLOGY 

Automobile Mode 

The methodologies in this chapter apply to TWSC intersections with up to 
three through lanes (either shared or exclusive) on the major-street approaches 
and up to three lanes on the minor-street approaches (with no more than one 
exclusive lane for each movement on the minor-street approach). Effects from 
other intersections are accOlmted for only in situations in which a 1WSC 
intersection is located on an urban street segment between coordinated 
signalized intersections. In this situation, the intersection can be analyzed by 
using the procedures in Chapter 17, Urban Street Segments. The methodologies 
do not apply to TWSC intersections with more than four approaches. 

The methodologies do not include a detailed method for estimating delay at 
YIELD-controlled intersections; however, with appropriate changes in the values 
of key parameters (e.g., critical headway and follow-up headway), the analyst 
could apply the TWSC method to YIELD-controlled intersections. 

All the methods are for steady-state conditions (i.e., the demand and capacity 
conditions are constant during the analysis period); the methods are not 
designed to evaluate how fast or how often the facility transitions from one 
demand or capacity state to another. Analysts interested in that kind of 
information should consider applying alternative tools, as discussed later in this 
chapter. 

Pedestrian Mode 

The limitations of the pedestrian methodologies are somewhat different from 
those of the automobile mode, as the methods were developed in separate 
research efforts. In this chapter, pedestrian methodologies apply to TWSC 
intersections and midblock crossings where pedestrians cross up to four through 
lanes on the major street. The analysis procedure does not apply to undivided 
streets with more than four lanes, although it can accommodate up to four lanes 
in each direction separated by a median. The methodologies do not account for 
interaction effects of upstream signalized intersections. The analysis procedure 
assumes random arrivals on the major street and equal directional and lane 
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distribution on the major street. It does not account for the effects of upstream 
signals. 

The analysis procedure does not take into account pedestrian cross-flows 
(Le., pedestrian flows approximately perpendicular to and crossing another 
pedestrian stream) and assumes that the pedestrian will reach the crossing 
without delay from pedestrians traveling parallel to the major street. Under high 
pedestrian volumes, this assumption may not be reasonable. 

All the methods are for steady-state conditions (i.e., the demand and capacity 
conditions are constant during the analysis period); the methods are not 
designed to evaluate how fast or how often the facility transitions from one 
demand or capacity state to another. 

Bicycle Mode 

At the time of publication of this edition of the HCM, the current 
methodologies for analyzing LOS and delay at TWSC intersections apply to 
bicycles in limited situations that are not supported by research. As such, there 
are no established LOS standards for bicycles at TWSC intersections. Additional 
research on bicycle behavior and operations at TWSC intersections needs to be 
done before procedures that adequately address these issues can be developed. A 
discussion of qualitative effects is included in the methodology section of this 
chapter. 
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2. METHODOLOGY 

OVER.VIEW 

TWSC intersections require only drivers on the minor-street approaches to 
stop before proceeding into the intersection. Left-turning drivers from the major 
street may have to yield to oncoming major-street through or right-tuming traffic 
but are not required to stop in the absence of oncoming traffic. 

The methodologies presented rely on the required input data listed 
previously to compute the potential capacity of each minor movement, which is 
ultimately adjusted, if appropriate, to compute a movement capacity for each 
movement. The movement capacity can be used to estimate the control delay by 
movement, by approach, and for the intersection as a whole. Queue lengths can 
also be estimated once movement capacities are determined. 

At TWSC intersections, drivers on the STOP-controlled approaches are 
required to select gaps in the major-street flow in order to execute crossing or 
turning maneuvers. In the presence of a queue, each driver on the controlled 
approach must also use some time to move into the front-of-queue position and 
prepare to evaluate gaps in the major-street flow. Thus, the capacity of the 
controlled legs is based primarily on three factors: the distribution of gaps in the 
major-street traffic stream, driver judgment in selecting gaps through which to 
execute the desired maneuvers, and the follow-up headways required by each 
driver in a queue. 

The basic capacity model assumes that gaps in the con±1icting movements are 
randomly distributed. When traffic signals on the major street are within 0.25 mi 
of the subject intersection, flows may not be random but will likely have some 
platoon structure. 

For the automobile mode analysis, the methodology addresses a number of 
special circumstances that may exist at TWSC intersections, including the 
following: 

• Two-stage gap acceptance, 

• Approaches with shared lanes, 

• The presence of upstream traffic signals, and 

• Flared approaches for minor-street right-tuming vehicles. 

THEORETICAL BASIS 

Gap-acceptance models begin with the recognition that TWSC intersections 
give no positive indication or control to the driver on the minor street as to when 
it is appropriate to leave the stop line and enter the major street. The driver must 
determine when a gap on the major street is large enough to permit entry and 
when to enter, on the basis of the relative priority of the competing movements. 
This deciSion-making process has been formalized analytically into what is 
commonly known as gap-acceptance theory. Gap-acceptance theory includes 
three basic elements: the size and distribution (availability) of gaps on the major 
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Exhibit 19-3 
Vehicular and Pedestrian 

Movements at a TWSC 
Intersection 

Methodology 

street, the usefulness of these gaps to the minor-street drivers, and the relative 
priority of the various movements at the intersection. 

Availability of Gaps 

The first element to consider is the proportion of gaps of a particular size on 
the major street offered to the driver entering from the minor street as wen as the 
pattern of arrival times of vehicles. The distribution of gaps between the vehicles 
in the different streams has a major effect on the performance of the intersection. 

Usefulness of Gaps 

The second element to consider is the extent to which drivers find gaps of a 
particular size useful when they attempt to enter the intersection. It is generally 
assumed in gap-acceptance theory that drivers are both consistent and 
homogeneous. This assumption is not entirely correct. Studies have 
demonstrated that different drivers have different gap-acceptance thresholds and 
even that the gap-acceptance threshold of an individual driver often changes 
over time (3). In this manual, the critical headways and follow-up headways are 
considered representative of a statistical average of the driver population in the 
United States. 

Relative Priority of Various Movements at the Intersection 

Each movement has a different ranking in a priority hierarchy. The gap
acceptance process evaluates them with impedance terms through the order of 
departures. Typically, gap-acceptance processes assume that drivers on the major 
street are unaffected by the minor-street movements. If this assumption is not the 
case, the gap-acceptance process has to be modified. 

In using the TWSC intersection methodology, the priority of right-of-way 
given to each movement must be identified. Some movements have absolute 
priority, while others have to give way or yield to higher-order movements. 
Exhibit 19-3 shows the assumed numbering of movements at both T- and four
leg intersections. 

Four-Leg Intersection T-Intersection 
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Movements can be categorized by right-of-way priority as follows: 

• Movements of Rank 1 include through traffic on the major street, right
turning traffic from the major street, and pedestrian movements crossing 
the minor street. 

• Movements of Rank 2 (subordinate to Rank 1) include left-turning and U
turning traffic from the major street, right-turning traffic onto the major 
street, and pedestrian movements crossing the major street (assumed for 
this procedure). 

• Movements of Rank 3 (subordinate to Ranks 1 and 2) include through 
traffic on the minor street (in the case of a four-leg intersection) and left
turning traffic from the minor street (in the case of aT-intersection). 

• Movements of Rank 4 (subordinate to all others) include left-turning 
traffic from the minor street. Rank 4 movements occur only at four-leg 
intersections. 

As an example of application of the priority of right-of-way, assume the 
situation of a left-turning vehicle on the major street and a through vehicle from 
the minor street waiting to cross the major traffic stream. The first available gap 
of acceptable size would be taken by the left-turning vehicle. The minor-street 
through vehicle must wait for the second available gap. In aggregate terms, a 
large number of such left-turning vehicles could use up so many of the available 
gaps that minor-street through vehicles would be severely impeded or unable to 
make safe crossing movements. 

Critical Headway and Follow-Up Headway 

The critical headway tc is defined as the minimum time interval in the major
street traffic stream that allows intersection entry for one minor-street vehicle (4). 
Thus, the driver's critical headway is the minimum headway that would be 
acceptable. A particular driver would reject headways less than the critical 
headway and would accept head ways greater than or equal to the critical 
headway. Critical headway can be estimated on the basis of observations of the 
largest rejected and smallest accepted headway for a given intersection. 

The time between the departure of one vehicle from the minor street and the 
departure of the next vehicle using the same major-street headway, under a 
condition of continuous queuing on the minor street, is called the follow-up 
headway tf' Thus, tf is the headway that defines the saturation flow rate for the 
approach if there were no conflicting vehicles on movements of higher rank. 

AUTOMOBILE MODE 

The TWSC intersection methodology for the automobile mode is applied 
through a series of steps that require input data related to movement flow 
information and geometric conditions, prioritization of movements, computation 
of potential capacities and incorporation of adjustments to compute movement 
capacities, and estimation of control delays and queue lengths. These steps are 
illustrated in Exhibit 19-4. 
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The minor-street left-turn movement 
is assigned Rank 3 priority at a T
intersection and Rank 4 priority at a 
four-leg intersection. 

Critical headway defined. 

Follow-up headway defined. 
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Exhibit 19-4 
TWSC Intersection 

Methodology 

Methodology 

Step 1: Determine and Label Movement Priorities 

Step 2: Convert Movement Demand Volumes to Flow Rates 

Step 3: Determine Conflicting Flow Rates 

Step 4: Determine Critical Headways and Follow-Up Headways 

No 

Step Sa: Compute 
Potential Capacities 

Step Sb: Compute Potential 
Capacities Adjusting for 

Effects of Upstream Signals 

Chapter 17 inputs 
(Pb,x) 

Step 6: Compute Rank 1 Movement 
Capacities 

Step 7: Compute Rank 2 Movement 
Capacities 

Step 8: Compute Rank 3 Movement 
Capacities 

Step 9: Compute Rank 4 Movement 
Capacities 

Step 10: Final Capacity Adjustments 

Step 11: Compute Movement Control 
Delay 

Step 12: Compute Approach and 
Intersection Control Delay 

Step 13: Compute 95th Percentile 
Queue Lengths 

Step 1: Determine and label Movement Priorities 

The priority for each movement at a TWSC intersection must be identified to 
designate the appropriate rank of each movement for future steps in the analysis 
process. The process of this step also identifies for the analyst the sequence in 
which capacity computations will be completed. Because the methodology is 
based on prioritized use of gaps by vehicles at a TWSC intersection, it is 
important that the subsequent computations in the automobile mode be made in 
a precise order. The computational sequence is the same as the priority of gap 
use, and movements are considered in the following order: 

1. Left turns from the major street, 

2. Right turns from the minor street, 

3. U-turns from the major street, 

4. Through movements from the minor street, and 

5. Left turns from the minor street. 
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Step 2: Convert Movement Demand Volumes to Flow Rates 

For analysis of existing conditions where the peak 15-min period can be 
measured in the field, the volumes for the peak 15-min period are converted to a 
peak 15-min demand flow rate by multiplying the peak 15-min volumes by 4. 

For analysis of projected conditions or when 15-min data are not available, 
hourly demand volumes for each movement are converted to peak 15-min 
demand flow rates in vehicles per hour, as shown in Equation 19-1, through use 
of the peak hour factor for the intersection. 

V 
v.=-'-

I PHF 

where 

Vi demand flow rate for movement i (veh/h), 

V; demand volume for movement i (v~h/h), and 

PHF peak hour factor. 

Step 3: Determine Conflicting Flow Rates 

Each movement at a TWSC intersection faces a different set of conflicts that 
are directly related to the nature of the subject movement. The following 
subsections provide an illustration of the set of conflicts facing each minor 
movement (Rank 2 through Rank 4) at a TWSC intersection. These exhibits 
illustrate the computation of the parameter vc,x, the conflicting flow rate for 
movement x-that is, the total flow rate [in vehicles per hour (veh/h)] that 
conflicts with movement x. 

Pedestrians may also conflict with vehicular movements. Pedestrian flow 
rates, also defined as vx' with x noting the leg of the intersection being crossed, 
should be included as part of the conflicting flow rates. Pedestrian flows are 
included because they define the beginning or ending of a gap that may be used 
by a minor-street movement. Although it recognizes some peculiarities 
associated with pedestrian movements, this method takes a uniform approach to 
vehicular and pedestrian movements. 

Major-Street Left-Turn Movements (Rank 2-Movements 1 and 4) 

Exhibit 19-5 illustrates the conflicting movements, while Equation 19-2 and 
Equation 19-3 compute the conflicting flow encountered by major-street left
turning drivers. The left-turn movement from the major street is in conflict with 
the total opposing through and right-turn flow, because those vehicles must 
cross the opposing through movement and merge with the right-turning 
vehicles. The method does not differentiate between crossing and merging 
conflicts. Left-turning vehicles from the major street and the opposing right turns 
from the major street are considered to merge, regardless of the number of lanes 
provided in the exit roadway. 
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Exhibit 19-5 
Definition of Conflicting 

Movements for Major-Street 
left-Turn Movements 

Equation 19-2 

Equation 19-3 

Exhibit 19-6 
Definition of Conflicting 

Movements for Minor-Street 
Right-Turn Movements 

Methodology 
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If the major-street right turn is separated by a triangular island and has to 
comply with a YIELD or STOP sign, the V6 and V3 terms in Equation 19-2 and 
Equation 19-3, respectively, may be assumed to be zero. 

Minor-Street Right-Turn Movements (Rank 2-Movements 9 and 12) 

Exhibit 19-6 illustrates the conflicting movements encountered by minor
street right-turning drivers. The right-turn movement from the minor street is 
assumed to be in conflict with only a portion of the major-street through 
movement where more than one major-street lane is present. Also, one-half of 
each right-turn movement from the major street is considered to conflict with the 
minor-street right-turn movement, as some of these turns tend to inhibit the 
subject movement. Because right-turning vehicles from the minor street 
commonly merge into gaps in the right-hand lane of the stream into which they 
turn, they typically do not require a gap across all lanes of the conflicting stream 
(this situation may not be true for some trucks and vans with long wheelbases 
that encroach on more than one lane in making their turn). Furthermore, a gap in 
the overall major-street traffic could be used simultaneously by another vehicle, 
such as a major-street left-turning vehicle. Exhibit 19-6 does not include major
street U-turns as conflicting vehicles. While these conflicts may be observed in 
practice, they are not assumed to be conflicts in this methodology. 
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Equation 19-4 and Equation 19-5 compute the conflicting flow rate for minor
street right-turn movements entering two-lane major streets, Equation 19-6 and 
Equation 19-7 are used for four-lane major streets, and Equation 19-8 and 
Equation 19-9 are used for six-lane major streets. If the major-street right turn has 
its own lane, the corresponding V3 or '06 term in these equations may be assumed 

to be zero. Users may supply different lane distributions for the V2 and Vs terms in 

the equations for four- and six-lane major streets, when supported by field data. 
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Two-lane major streets: 

vc,9 = v2 +0.5v3 +V14 +V15 

vc,12 = Vs + 0.5v6 + V13 + V16 

Four-lane major streets: 

Vc 9 = O.5V2 + 0.5v3 + VI4 + VI5 

Vc,12 = 0.5v5 + O.5v6 + V13 + V16 

Six-lane major streets: 

vc,9 = O.5v2 + 0.5v3 + V14 + V15 

Vc,12 = O.5v5 +O.5v6 +V13 +V16 

Major-Street U- Turn Movements (Rank 2-Movements 1 U and 4U) 

Exhibit 19-7 illustrates the conflicting movements encountered by major
street U-turning drivers. The U-turn movement from the major street is in 
conflict with the total opposing through and right-turn flow, similar to the major
street left-turn movement. Research found that the presence of minor-street 
right-turning vehicles significantly affects the capacity of major-street U-turns 

. (5). The methodology accounts for this effect in the impedance calculation rather 
than here in the calculation of conflicting flow. If a different priority order is 
desired (e.g., minor-street right turns yield to major-street U-turns), the analyst 
should adjust the computation procedure accordingly to replicate observed 
conditions. 

Equation 19-10 and Equation 19-11 compute the conflicting flow rates for 
major-street U-turns, where the major street has four lanes. Equation 19-12 and 
Equation 19-13 compute the conflicting flow rates for major-street U-turns on six
lane major streets. (No field data are available for U-turns on major streets with 
fewer than four lanes.) If a major-street right turn has its own lane, the 
corresponding V3 or V6 term in these equations should be assumed to be zero. 

Four-lane major streets: 

Six-lane major streets: 

Vc,lU = O.73vs + O.73v6 

vc,4U = O.73v2 + O.73v3 
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Equation 19-4 

Equation 19-5 

Equation 19-6 

Equation 19-7 

Equation 19-8 

Equation 19-9 

Exhibit 19-7 
Definition of Conflicting Movements 
for Major-Street U-Turn 
Movements 

Equation 19-10 

Equation 19-11 

Equation 19-12 

Equation 19-13 
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Exhibit 19-8 
Definition of Conflicting 

Movements for Minor-Street 
Through Movements 

Methodology 

Minor-Street Pedestrian Movements (Rank 2-Movements 13 and 14) 

Minor-street pedestrian movements (those pedestrians crossing the major 
street) are in direct conflict with all vehicular movements on the major street 
except the right-turn and left-turn movements on the major street approaching 
from the far side of the intersection. The volume of minor-street pedestrians is an 
input parameter in the computation of the conflicting flow rates for all Rank 3 
and Rank 4 movements. 

Minor-Street Through Movements (Rank 3-Movements 8 and 11) 

Minor-street through movements have a direct crossing or merging conflict 
with all movements on the major street except the right turn into the subject 
approach. Similar to the minor-street right-turn movement, one-half of each 
right-turn movement from the major street is considered to conflict with the 
minor-street through movement. In addition, field research (1) has shown that 
the effect of left-turning vehicles is approximately twice their actual number. 

Minor-street through movements may complete their maneuver in one or 
two stages. Single-stage gap acceptance assumes no median refuge area is 
available for minor-street drivers to store in and that the minor-street drivers will 
be evaluating gaps in both major-street directions simultaneously. Conversely, 
the two-stage gap-acceptance scenario assumes that a median refuge area is 
available for minor-street drivers. During Stage I, minor-street drivers evaluate 
major-street gaps in the near-side traffic stream (conflicting traffic from the left); 
during Stage II, minor-street drivers evaluate major-street gaps in the far-side 
traffic stream (conflicting traffic from the right). For one-stage crossings, the 
conflicting flows for Stage I and Stage II are combined; for two-stage crossings, 
the conflicting flows are considered separately. 

Exhibit 19-8 illustrates the conflicting movements encountered by minor
street through-movement drivers. 
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Equation 19-14 and Equation 19-15 compute the conflicting flow encountered 
by minor-street through-movement drivers during Stage I. If there is a right-turn 
lane on the major street, the corresponding V3 or V6 term in these equations may 

be assumed to be zero. 

vc,I,8 = 2(v1 +VlU )+V2 +0.5v3 +V15 

Vc,I,1l = 2(V4 +V4U)+VS +O.5v6 +V16 

Equation 19-16 and Equation 19-17 compute the conflicting flow encountered 
by minor-street through-movement drivers during Stage II. If the major-street 
right tum is separated by a triangular island and has to comply with a YIELD or 
STOP sign, the corresponding V3 or V6 term in these equations may be assumed to 
be zero. 

Vc,n,s = 2(v4 +V4U )+V5 +V6 +V16 

vc,TI,l1 = 2(v1 +VlU)+V2 +V3 +V15 

Minor-Street Left-Tum Movements (Rank 4-Movements 7 and 10) 

The left-tum movement from the minor street is the most difficult maneuver 
to execute at a TWSC intersection, and it faces the most complex set of conflicting 
movements, which include an major-street movements in addition to the 
opposing right-turn and through movements on the minor street. Only one-half 
of the opposing right-tum and through-movement flow rate is included as 
conflicting flow rate because both movements are sTOP-controlled, which 
diminishes their effect on left turns. The additional capacity impedance effects of 
the opposing right-turn and through-movement flow rates are taken into account 
elsewhere in the procedure. 

Similar to minor-street through movements, minor-street left-tum 
movements may be completed in one or two stages. Exhibit 19-9 illustrates the 
conflicting movements encountered by minor-street left-turning drivers. 
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Equation 19-14 

Equation 19-15 

Equation 19-16 

Equation 19-17 

Exhibit 19-9 
Conflicting Movements for Minor
Street Left-Turn Movements 
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Equation 19-18 

Equation 19-19 

Equation 19-20 

Equation 19-21 

Equation 19-22 

Equation 19-23 

Equation 19-24 

Equation 19-25 

Equation 19-26 

Equation 19-27 

Equation 19-28 

Equation 19-29 

Methodology 

During Stage I, Equation 19-18 and Equation 19-19 compute the conflicting 
flow rate for minor-street left-turn movements entering two-lane major streets, 
while Equation 19-20 and Equation 19-21 are used for four-lane major streets, 
and Equation 19-22 and Equation 19-23 are used for six-lane major streets. If a 
right-turn lane exists on the major street, the corresponding V3 or V6 term in these 
equations may be assumed to be zero. 

Two-lane major streets: 

vc,I,7 = 2Vl + v2 +0.5v3 + VIS 

VeT 10 = 2V4 +vs +0.5v6 +V16 

Four-lane major streets: 

vc,I,7 =2(v1 +VW )+V2 +0.5v3 +v1S 

vc,T,10 = 2(v4 + V4U )+ Vs + 0.5v6 + VI6 

Six-lane major streets: 

vc,I,7 = 2( VI + Vm)+ v2 + 0.5v3 + v1S 

vc,l,10 = 2(v4 + v4U )+ Vs + 0.5v6 + V16 

During Stage It Equation 19-24 and Equation 19-25 compute the conflicting 
flow rate for minor-street left-tum movements entering two-lane major streets, 
while Equation 19-26 and Equation 19-27 are used for four-lane major streets, 
and Equation 19-28 and Equation 19-29 are used for six-lane major streets. If the 
minor-street right tum is separated by a triangular island and has to comply with 
a YIELD or STOP sign, the corresponding V9 or V 12 term in these equations may be 
assumed to be zero. 

Two-lane major streets: 

Vc)I,7 = 2V4 + Vs + 0.5v6 + 0.5V12 + O.5vn + v'13 

Vc,II,10 = 2Vl + V2 + O.5v3 + 0.5v9 + O.5vg + V14 

Four-lane major streets: 

Vc,II,7 =2(v4 +V4U )+0.5vs +0.5V11 +V13 

vc,II,10 = 2(vl + Vw )+0.5v2 +O.5vg + V14 

Six-lane major streets: 

vc,II,7 = 2(v4 +V4U )+0.4vs +O.5vll +VI3 

Vc,IJ,lO = 2( VI + Vm)+ 0.4v2 + O.5vs + V14 
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Step 4: Determine Critical Headways and Follow-Up Headways 

The critical headways tc,x and follow-up headways tf,x must be determined for 
the major-street left turns (Vc,l and v cA), the minor-street right turns (Vc,9 and vc,u), 

the major-street U-turns (Vc,lU and vc,4u), the minor-street through movements (Vc,8 

and V c,l1)' and the minor-street left turns (Vc,7 and Vc,lO) as they occur at a TWSC 
intersection. 

To compute the critical head ways for each movement, the analyst begins 
with the base critical headway given in Exhibit 19-10 and makes movement
specific adjustments relating to the percentage of heavy vehicles, the grade 
encountered, and a three-leg versus four-leg intersection, as shown in Equation 
19-30: 

where 

te,x critical headway for movement x (s); 

te,base base critical headway from Exhibit 19-10 (s); 

te,HV adjustment factor for heavy vehicles (1.0 for major streets with one 
lane in each direction; 2.0 for major streets with two or three lanes in 
each direction) (s); 

PHV proportion of heavy vehicles for movement (expressed as a decimal; 
e.g., PHV = 0.02 for 2% heavy vehicles); 

adjustment factor for grade (0.1 for Movements 9 and 12; 0.2 for 
Movements 7, 8, 10, and 11) (s); 

G percent grade (expressed as an integer; e.g., G = -2 for a 2% downhill 
grade); and 

adjustment factor for intersection geometry (0.7 for minor-street left
turn movement at three-leg intersections; 0.0 otherwise) (s). 

Base Critical Headway, tcbB~e (s) 
Vehicle Movement 
Left turn from major 

U-turn from major 

Right turn from minor 

Through traffic on minor 

Left turn from minor 

* Use caution; values estimated. 

Two lanes 
4.1 

N/A 

6.2 
i-stage: 6.5 

2-stage, Stage I: 5.5 
2-stage, Stage II: 5.5 

l-stage: 7.1 
2-stage, Stage I: 6.1 
2-stage Stage II: 6.1 

Four lanes Six lanes 
4.1 5.3 

6.4 (wide) 
6.9 (narrow) 5.6 

6.9 7.1 
1-stage:6.5 

2-stage, Stage I: 5.5 
2-stage, Stage II: 5.5 

1-stage: 7.5 
2-stage, Stage I: 6.5 
2-stage, Stage II: 6.5 

i-stage: 6.5* 
2-stage, Stage I: 5.5* 
2-stage Stage II: 5.5* 

1-stage: 6.4 
2-stage, Stage I: 7.3 
2-stage, Stage II: 6.7 

The critical headway data for four- and six-lane sites account for the actual 
lane distribution of traffic flows measured at each site. For six-lane sites, minor
street left turns were commonly observed beginning their movement while 
apparently conflicting vehicles in the far-side major-street through stream pass. 
The values for critical headway for minor-street through movements at six-lane 
streets are estimated, as the movement is not frequently observed in the field. 
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Equation 19-30 

t3,lT is applicable to Movements 7, 8, 
10, and 11 

Exhibit 19-10 
Base Critical Headways for TWSC 
Intersections 
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Equation 19-31 

Exhibit 19-11 
Base Follow-Up Headways 

for TWSC Intersections 

Equation 19-32 

Methodology 

Similar to the computation of critical headways, the analyst begins the 
computation of follow-up headways with the base follow-up headways given in 
Exhibit 19-11. The analyst then makes movement-specific adjustments to the base 
follow-up headways with information gathered on heavy vehicles and the 
geometries of the major street per the adjustment factors given in Equation 19-31. 

tf,x = tf,base +tj,HVPHV 

where 

tj;X follow-up headway for movement x (s), 

tf,base base follow-up headway from Exhibit 19-11 (s), 

tfHV adjustment factor for heavy vehicles (0.9 for major streets with one 
lane in each direction, l.0 for major streets with two or three lanes in 
each direction), and 

?HV proportion of heavy vehicles for movement (expressed as a decimal; 
e.g., ?HV = 0.02 for 2% heavy vehicles). 

Vehicle Movement 
Left turn from major 

U-turn from major 

Right turn from minor 
Through traffic on minor 
Left turn from minor 

Base follow-Up Headway, tf,bas...oo 

Two Lanes four Lanes Six Lanes 
2.2 2.2 3.1 

N/A 2.5 (wide) 2.3 
3.1 (narrow) 

3.3 3.3 3.9 
4.0 4.0 4.0 
3.5 3.5 3.8 

Values from Exhibit 19-10 and Exhibit 19-U are based on studies throughout 
the United States and are representative of a broad range of conditions. If smaller 
values for tc and tf are observed, capacity will be increased. If larger values for te 

and tf are used, capacity will be decreased. 

Step 5: Compute Potential Capacities 

Step Sa: Potential Capacity If No Upstream Signal Effects Are Present 

The potential capacity cp,x of a movement is computed according to the gap
acceptance model provided in Equation 19-32 (6). This model requires the 
analyst to input the conflicting flow rate vc,.w the critical headway te,.\! and the 
follow-up headway tfx, for movement x. 

where 

e -v"xi"x /3,600 

C =V 
p,x C,x 1-e -Vc,xI f,x /3,600 

Cp,x potential capacity of movement x (veh/h), 

vc,x conflicting flow rate for movement x (veh/h), 

te,x critical headway for minor movement x (s), and 

tfx follow-up headway for minor movement x (s). 
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For two-stage Rank 3 or 4 movements, the potential capacity is computed 
three times: Cp,x assuming one-stage operation, cp,I,x for Stage I, and cp,ll,x for Stage 
II. The conflicting flow definitions for each calculation are as provided in Step 4. 

Step 5b: Potential Capacity If Upstream Signal Effects Are Present 

To evaluate the impact of coordinated upstream signals, the urban street 
segments methodology (Chapter 17) is used to estimate the proportion of time 
that each Rank 2 or lower movement will be effectively blocked by a platoon. The 
proportion of time blocked is denoted by Ph,x, where x is the movement using the 
movement conventions provided in Exhibit 19-3. 

With these values, the proportion of the analysis period that is blocked for 
each minor movement can be computed by using Exhibit 19-12: 

Movement(s) x One-Sta e Movements 
1,1U PM 
4,4U Pb,4 

7 Pb,7 PM Pb,l 
8 Pb,8 P44 Pb,l 
9 Pb,9 N/A N/A 
10 Pb,lO Pb,! PM 
11 Pb,1! Pb,l PM 
12 b12 N/A N/A 

The flow for the unblocked period (no platoons) is determined in this step. 
This flow becomes the conflicting flow for the subject movement and is used to 
compute the capacity for this movement. The minimum platooned flow rate vc,miJ1 

is approximately 1,OOON, where N is the number of through lanes per direction 
on the major street (7). 

The conflicting flow for movement x during the unblocked period is given by 
Equation 19-33: 

where 

Vc,x -1.5vC,rninPb,x 

1- Pb,x 

o otherwise 

'[?c,u,x conflicting flow for movement x during the unblocked period (veh/h); 

vc,x total conflicting flow for movement x as determined from Step 3 
(veh/h); 

vc,min minimum platooned flow rate (veh/h), assumed to be 1,OOON, where N 
is the number of through lanes per direction on the major street; and 

Ph,x = proportion of time the subject movement x is blocked by the major
street platoon, which is determined from Exhibit 19-12. 

The potential capacity of the subject movement x, accounting for the effect of 
platooning, is given by Equation 19-34 and Equation 19-35: 
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Exhibit 19-12 
Proportion of Analysis Period 
Blocked for Each Movement 

Equation 19-33 
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Equation 19-34 

Equation 19-35 

Equation 19-36 

Equation 19-37 

Methodology 

where 

Cp•X potential capacity of movement x (veh/h), 

Pb.x proportion of time that movement x is blocked by a platoon, and 

cr•x capacity of movement x assuming random flow during the unblocked 
period. 

This equation uses the same critical headway and follow-up headway inputs as 
does a normal calculation but uses only the conflicting flow during the 
unblocked period. 

Steps 6-9: Compute Movement Capacities 

For clarity, these steps assume that pedestrian impedance effects can be 
neglected, and in many cases this is a reasonable assumption. However, 
pedestrians Can be accounted for in the analysis of the automobile mode by 
replacing these steps with those provided in Chapter 32, STOP-Controlled 
Intersections: Supplemental, that incorporate the effects of pedestrian 
impedance. 

Step 6: Rank 1 Movement Capacity 

Rank 1 major-street movements are assumed to be unimpeded by any 
movements of lower rank This rank also implies that major-street movements of 
Rank 1 are not expected to incur delay or slowing as they travel through the 
TWSC intersection. Empirical observations have shown that such delays do 
occasionally occur, and they are accounted for by using adjustments provided 
later in this procedure. 

Step 7: Rank 2 Movement Capacity 

Movements of Rank 2 (left turns and U-turns from the major street and right 
turns from the minor street) must yield to conflicting major-street through and 
right-turning vehicular movements of Rank 1. Minor-street right turns are 
assumed to yield to major-street U-turns, although sometimes the reverse occurs. 

Step 7a: Movement Capacity for Major-Street Left-Tum Movement 

The movement capacity of each Ranl< 2 major-street left-tum movement (1 
and 4) is equal to its potential capacity, as shown in Equation 19-36. 

Step 7b: Movement Capacity for Minor-Street Right-Tum Movements 

The movement capacity, c",.j' for Rank 2 minor-street right-turn movements (9 

and 12) is equal to its potential capacity, as shown in Equation 19-37. 
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Step 7c: Movement Capacity for Major-Street U-turn Movements 

The movement capacity, em,j' for Rank 2 major-street U-turn movements (IU 
and 4U) is found by first computing a capacity adjustment factor that accounts 
for the impeding effects of higher-ranked movements, Field observations are 
mixed in terms of the degree to which major-street U-turn movements yield to 
minor-street right-turn movements and vice versa (5). It is assumed that the 
presence of minor-street right-turning vehicles will impede U-tuming vehicles 
from accepting gaps in the major-street traffic stream; therefore, the capacity of 
the U-turn movement is affected by the probability that the minor-street right
turning traffic will operate in a queue-free state. The capacity adjustment factors 
are denoted by flU andj~u for the major-street U-turn movements lU and 4V, 
respectively, and are given by Equation 19-38 and Equation 19-39, respectively. 

where 

PO,j 

j 

+ V12 
JIU = PO,12 = 1---

Cm,12 

V 1m = PO,9 = 1--9 
Cm ,9 

capacity adjustment factor for Rank 2 major-street V-turn movements 
1 and 4, respectively; 

probability that conflicting Rank 2 minor-street right-turn movement j 
will operate in a queue-free state; 

flow rate of movement j; 

capacity of movement j; and 

9 and 12 (minor-street right-turn movements of Rank 2). 

The movement capacity for major-street U-turn movements is then 
computed with Equation 19-40: 

where 

Cm,jU = (Cp,ju)lru 

movement capacity for Movements lU and 4U, 

potential capacity for Movements lU and 4U (from Step 5), and 

capacity adjustment factor for Movements lU and 4U. 

Since the left-tum and V-tum movements are typically conducted from the 
same lane, their shared-lane capacity is computed with Equation 19-41: 
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Equation 19-38 

Equation 19-39 

Equation 19-40 

In almost all cases, major-street left
turning vehicles share a lane with U
turning vehicles. Therefor~ if Rank 2 
major-street U-turn movements are 
present to a significant degree, then 
Equation 19-59 should be used to 
compute the shared-lane capacity. 

Equation 19-41 
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Equation 19-42 

If major-street through and 
left-turn movements are 
sha~ use Equation 19-43. 
Also, use Equation 19-42 to 
compute the probability of a 
queue-free state for Rank 3 
movements. 

Exhibit 19-13 
Short Left-Turn Pocket 

Equation 19-43 

Equation 19-44 

Methodology 

where 

CSf[ capacity of the shared lane (veh/h), 

Vy flow rate of the y movement in the subject shared lane (veh/h), and 

C""y movement capacity of the y movement in the subject shared lane 
(veh/h). 

Step 7d: Effect of Major-Street Shared Through and Left-Turn Lane 

The probability that the major-street left-turning traffic will operate in a 
queue-free state is expressed by Equation 19-42: 

v' 
PO,j =1--' 

Cm,j 

where j = 1 and 4 (major-street left-turn and D-turn movements of Rank 2, using 
shared volume and capacity as appropriate). 

If, however, a shared left-turn lane or a short left-tum pocket is present on a 
major-street approach (as in Exhibit 19-13), the analyst accounts for this 
occurrence by computing the probability that there will be no queue in the 
major-street shared lane, p'o,j' according to Equation 19-43. This probability is 
then used by the analyst in lieu of PO,j (as computed by Equation 19-42). 

The methodology implicitly assumes that an exclusive lane is provided to all 
left-turning traffic from the major street. If a left-tum lane is not provided or the 
left-turn pocket is not long enough to accommodate all queuing left-turn and D
turn vehicles, major-street through (and possibly right-turning) traffic could be 
delayed by left-turning vehicles waiting for an acceptable gap in opposing major
street through traffic. To account for this occurrence, the factors p'o,! and P*O,4 may 
be computed according to Equation 19-43 and Equation 19-44 as an indication of 
the probability that there will be no queue in the respective major-street shared 
or short lanes (8). 

V'l V'2 X =_'_+_1_ 
;,1+2 
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where 

PO,j 

j 

i1 

i2 

X i,l+2 

Sil 

probability of queue-free state for movement j assuming an exclusive 
left-turn lane on the major street (per Equation 19-42); 

1 and 4 (major-street left-turning vehicular movements); 

2 and 5 (major-street through vehicular movements); 

3 and 6 (major-street right-turning vehicular movements); 

combined degree of saturation for the major-street through and right
turn movements; 

saturation flow rate for the major-street through movements (default 
assumed to be 1,800 veh/h; however, this parameter can be measured 
in the field); 

Si2 saturation flow rate for the major-street right-turn movements (default 
assumed to be 1,500 veh/h; however, this parameter can be measured 
in the field); 

Vil major-street through-movement flow rate (veh/h); 

Vi2 major-street right-turn flow rate (veh/h) (0 if an exclusive right-turn 
lane is provided); and 

nL = storage places in the left-turn pocket (see Exhibit 19-13). 

For the special situation of shared lanes (nL = 0), Equation 19-43 becomes 
Equation 19-45 as follows: 

P~· = 1 ,J 

1- PO,j 

I-xi 1+2 

where all terms are as previously defined. 

By using P'O,l and P'Q,4 in lieu of Po'] and POA (as computed by Equation 19-42), 
the potential for queues on a major street with shared or short left-tum lanes may 
be taken into account. 

Step 8: Compute Movement Capacities for Rank 3 Movements 

Rank 3 minor-street traffic movements (minor-street through movements at 
four-leg intersections and minor-street left turns at three-leg intersections) must 
yield to conflicting Rank 1 and Rank 2 movements. Not all gaps of acceptable 
length that pass through the intersection will normally be available for use by 
Rank 3 movements, because some of these gaps are likely to be used by Rank 2 
movements. 

If the Rank 3 movement is a two-stage movement, the movement capacity 
for the one-stage movement is computed as an input to the two-stage calculation. 

Step 8a: Rank 3 Movement Capacity for One-Stage Movements 

For Rank 3 movements, the magnitude of vehicle impedance depends on the 
probability that major-street left-turning vehicles will be waiting for an 
acceptable gap at the same time as vehicles of Rank 3. A higher probability that 
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When j = 1, i1 = 2 and i2 = J; 
when j "" 4, i1 = 5 and i2 = 6. 
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Equation 19-46 

Equation 19-47 

Equation 19-48 

Equation 19-49 

Methodology 

this situation will occur means greater capacity-reducing effects of the major
street left-turning traffic on all Rank 3 movements. 

The movement capacity Cm,k for all Rank 3 movements is found by first 
computing a capacity adjustment factor that accounts for the impeding effects of 
higher-ranked movements. The capacity adjustment factor is denoted by Jk for all 
movements k and for all Rank 3 movements and is given by Equation 19-46: 

where 

fk = ITpO,j 
j 

PO,j probability that conHicting Rank 2 movement j will operate in a queue
free state, and 

k = Rank 3 movements .. 

The movement capacity for Rank 3 minor-street movements is computed 
with Equation 19-47, where A is the capacity adjustment factor that accounts for 
the impeding effects of higher-ranked movements computed according to 
Equation 19-46. 

Step 8b: Rank 3 Capacity for Two-Stage Movements 

If the Rank 3 movement is a two-stage movement, the procedure for 
computing the total movement capacity for the subject movement considering 
the two-stage gap-acceptance process is as follows. An adjustment factor a and 
an intermediate variable yare computed with Equation 19-48 and Equation 19-
49, respectively. 

1 0 32 -1.3 rn a = - . e -v "Ill for 11m > 0 

y 

where 

n", number of storage spaces in the median; 

C1 movement capacity for the Stage I process (veh/h); 

CII movement capacity for the Stage II process (veh(h); 

VL major left-turn or U-turn How rate, either V l + Vw or V4 + V4U (veh(h); 
and 

Cm•x capacity of subject movement, considering the total conHicting How 
rate for both stages of a two-stage gap-acceptance process (from Step 
8a). 

The total capacity CT for the subject movement, considering the two-stage 
gap-acceptance process, is computed by using Equation 19-50 and Equation 19-
51 and incorporating the adjustment factors derived from Equation 19-48 and 
Equation 19-49. 
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For y *- 1: 

a [y( )( ) ( ) ] c = n", -1 c - v + -1 c 
T II +1 1 Y II L y. m,x Y m _ 

Fory= 1: 

Step 9: Compute Movement Capacities for Rank 4 Movements 

Rank 4 movements occur only at four-leg intersections. Rank 4 movements 
(Le., only the minor-street left turns at a four-leg intersection) can be impeded by 
all higher-ranked movements (Ranks I, 2, and 3). 

Step 9a: Rank 4 Capacity for One-Stage Movements 

The probability that higher-ranked traffic movements will operate in a 
queue-free state is central to determining their overall impeding effects on the 
minor street left-tum movement. At the same time, it must be recognized that not 
all these probabilities are independent of each other. Specifically, queuing in the 
major-street left-turning movement affects the probability of a queue-free state in 
the minor-street crossing movement. Applying the simple product of these two 
probabilities wi1llikely overestimate the impeding effects on the minor-street 
left-tumjng traffic. 

Exhibit 19-14 can be used to adjust for the overestimate caused by the 
statistical dependence between queues in streams of Ranks 2 and 3. The 
mathematical representation of this curve is determined with Equation 19-52. 

/I 

p'=O.65p"-~+O.6 '[1 
p" +3 "";1' 

where 

p' adjustment to the major-street left, minor-street through impedance 
factor; 

pI! (Po) (PO,k); 

pO,j probability of a queue-free state for the conflicting major-street left
turning traffic; and 

PO,k = probability of a queue-free state for the conflicting minor-street 
crossing traffic. 

When determinjng p' for Rank 4 Movement 7 in Equation 19-53, 
pI! = (PO,l)(POA)(PO,ll)' Likewise, when determining p' for Rank 4 Movement 10, 

p" = (PO,l)(POA)(PO,S)' 
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Exhibit 19-14 
Adjustment to Impedance 

Factors for Major Left-Turn 
Movement and Minor 

Crossing Movement 

Equation 19-53 

Equation 19-54 

Equation 19-55 

Equation 19-56 

Methodology 
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The movement capacity em•1 for all Rank 4 movements is found by first 

computing a capacity adjustment factor that accounts for the impeding effects of 
higher-ranked movements. The capacity adjustment factor for the Rank 4 minor
street left-turn movement can be computed with Equation 19-53: 

where 

jp,l = (p')(PO,j) 

minor-street left-turn movement of Rank 4 (Movements 7 and 10 in 
Exhibit 19-3), and 

j conflicting Rank 2 minor-street right-turn movement (Movements 9 
and 12 in Exhibit 19-3). 

Finally, the movement capacity for the minor-street left-tum movements of 
Rank 4 is determined with Equation 19-54, where jp,1 is the capacity adjustment 
factor that accolmts for the impeding effects of higher-ranked movements. 

Cm,1 = (Cp,l) jp,l 

Step 9b: Rank 4 Capacity for Two-Stage Movements 

The procedure for computing the total movement capacity for the subject 
movement considering the two-stage gap-acceptance process is as follows: An 
adjustment factor a and an intermediate variable yare computed with Equation 
19-55 and Equation 19-56, respectively: 

a = 1-0.32e -1.3..rn;;: for nm > 0 
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where 

number of storage spaces in the median; 

C1 movement capacity for the Stage I process (veh/h); 

clI movement capacity for the Stage II process (veh/h); 

vL major left-turn or U-turn flow rate, either VI + VlU or V4 + V4U (veh/h); 
and 

Cm,x = capacity of subject movement, including the total conflicting flow rate 
for both stages of a two-stage gap-acceptance process (from Step 9a), 

The total capacity CT for the subject movement considering the two-stage 
gap-acceptance process is computed by using Equation 19-57 and Equation 19-58 
and incorporating the adjustment factors computed in Equation 19-55 and 
Equation 19-56, 

For y ;61: 

a L '(ynlll -1) (c - v ) + (y -1) c ] 
n +1 llY II L m,x yin _ 

For y= 1: 

Step 10: Final Capacity Adjustments 

Step lOa: Shared-Lane Capacity of Minor-Street Approaches 

Where several movements share the same lane and cannot stop side by side 
at the stop line, Equation 19-59 is used to compute shared-lane capacity: 

IVy 
- y 

c

sr 

~[c:J 
where 

CSH capacity of the shared lane (veh/h), 

Vy flow rate of the y movement in the subject shared lane (veh/h), and 

Cm,y movement capacity of the y movement in the subject shared lane 
(veh/h). 

Step lOb: Compute Flared Minor-Street Lane Effects 

To estimate the capacity of a flared right-tum lane (as in Exhibit 19-15), the 
average queue length for each movement sharing the right lane on the minor
street approach must first be computed with Equation 19-60. This computation 
assumes that the right-him movement operates in one lane and that the other 
traffic in the right lane (upstream of the flare) operates in another, separate lane. 
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Equation 19-60 

Exhibit 19-15 
Capacity of a Flared-Lane 

Approach 

Equation 19-61 

Equation 19-62 

Methodology 

where 

average queue length for the movement considered as a separate lane 
(veh), 

control delay for the movement considered as a separate lane (as 
described in Step 11), and 

flow rate for the movement (veh/h). 

~--
r:=7f""\Ti ~ 
~~ QUEUE 

LENGTH 

Next, the required length of the storage area such that the approach would 
operate effectively as separate lanes is computed with Equation 19-61. This is the 
maximum value of the queue lengths computed for each separate movement 
plus one vehicle. 

HMax = Max[round(Qsep,i + 1)] 
1 

where 

Qsep,; average queue length for movement i considered as a separate lane; 

round round-off operator, rounding the quantity in parentheses to the nearest 
integer; and 

nMax = length of the storage area such that the approach would operate as 
separate lanes. 

Next, the capacity of a separate lane condition c"P must be computed and is 
assumed to be the capacity of right-turning traffic operating as a separate lane 
and the capacity of the other traffic in the right lane (upstream of the flare) 
operating as a separate lane. The capacity of a separate lane condition is 
calculated according to Equation 19-62, as shown: 

M· [ (1 VL+TH J (1 vR J] csep = ill cR +--- ,CLt]}i +---
vR VL+TH 
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where 

sum of the capacities of the right-turning traffic operating as a separate 
lane and the capacity of the other traffic in the right lane (upstream of 
the flare) operating in a separate lane (veh/h), 

CR capacity of the right-turn movement (veh/h), 

CL+TH capacity of the through and left-turn movements as a shared lane 
(veh/h), 

VR right-turn movement flow rate (veh/h), and 

VL+TH through and left-turn movement combined flow rate (veh/h). 

Finally, the capacity of the lane is computed, taking jnto account the flare. 
The capacity is jnterpolated as shown in Exhibit 19-15. A straight line is 
established by usjng values of two points: (csep' YlMax) and (CSHi 0). The interpolated 

value of the actual value of the flared-lane capacity CR is computed with Equation 

19-63. 

where 

CR 

C,ep 

CSH 

YlR 

l(csep - CSH ) nnR + CSH 

C - Max 
R-

Csep 

actual capacity of the flared lane (veh/h), 

capacity of the lane if both storage areas were infinitely long (refer to 
Equation 19-62) (veh/h), 

capacity of the lane when all traffic is sharing one lane (veh/h), and 

actual storage area for right-turning vehicles as defined in Exhibit 19-
15. 

The actual capacity Cact must be greater than CSH but less than or equal to C,ep' 

Step 11: Compute Movement Control Delay 

The delay experienced by a motorist is made up of a number of factors that 
relate to control type, geometries, traffic, and jncidents. In the TWSC intersection 
methodology, only that portion of delay attributed to the STOP-control aspect of 
the intersection, referred to as control delay, is quantified. 

Control delay includes delay due to deceleration to a stop at the back of the 
queue from free-flow speed, move-up time within the queue, stopped delay at 
the front of the queue, and delay due to acceleration back to free-flow speed. 
With respect to field measurements, control delay is defined as the total time that 
elapses from the time a vehicle stops at the end of the queue to the time the 
vehicle departs from the stop line. This total elapsed time includes the time 
required for the vehicle to travel from the last-in-queue position to the first-in
queue position, including deceleration of vehicles from free-flow speed to the 
speed of vehicles in queue. 
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Equation 19-64 

A constant value of 5 s/veh is 
used to reflect delay during 
deceleration to and 
acceleration from a stop. 

Methodology 

Step lla: Compute Control Delay to Rank 2 Through Rank 4 Movements 

Average control delay for any particular minor movement is a function of 
the capacity of the approach and the degree of saturation. The analytical model 
used to estimate control delay (Equation 19-64) assumes that demand is less than 
capacity for the period of analysis. If the degree of saturation is greater than 
about 0.9, average control delay is significantly affected by the length of the 
analysis period. In most cases, the recommended analysis period is 15 min. If 
demand exceeds capacity during a IS-min period, the delay results computed by 
the procedure may not be accurate. In this case, the period of analysis should be 
lengthened to include the period of oversaturation. 

(
3600J( Vx J 

(~ -lJ2 + -;;::: --;;::: + 5 
em x 450T 

d = 3600 +900T ~-1+ 

where 

d control delay (s/veh), 

Vx flow rate for movement x (veh/h), 

c""x capacity of movement x (veh/h), and 

T analysis time period (equals 0.25 h for a IS-min period) (h). 

The constant 5 s/veh is included in Equation 19-64 to account for the 
deceleration of vehicles from free-flow speed to the speed of vehicles in queue 
and the acceleration of vehicles from the stop line to free-flow speed, 

Step llb: Compute Control Delay to Rank 1 Movements 

The effect of a shared lane on the major-street approach where left-turning 
vehicles may block Rank 1 through or right-turning vehicles can be significant. If 
no exclusive left-turn pocket is provided on the major street, a delayed left
turning vehicle may block the Rank 1 vehicles behind it. This will delay not only 
Rank 1 vehicles but also lower-ranked movements. While the delayed Rank 1 
vehicles are discharging from the queue formed behind a left-turning vehicle, 
they impede lower-ranked conflicting movements. 

Field observations have shown that such a blockage effect is usually very 
small, because the major street usually provides enough space for the blocked 
Rank 1 vehicle to sneak by or bypass the left-turning vehicle. At a minimum, 
incorporating this effect requires estimating the proportion of Rank 1 vehicles 
being blocked and computing the average delay to the major-street left-turning 
vehicles that are blocking through vehicles. 

In the simplest procedure, the proportion of Rank 1 major-street vehicles not 
being blocked (Le., in a queue-free state) is given by p'o,j in Equation 19-43 (p'O,j 

should be substituted for the major left-turn factor PO,j in Equation 19-43 in 
computing the capacity of lower-ranked movements that conflict). Therefore, the 
proportion of Rank 1 vehicles being blocked is 1 - p'o,j' 

The average delay to Rank 1 vehicles is computed with Equation 19-65. 
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(1- ')d (Vi,1 ) PO,j M,LT N 
N>l 

dRankl = 

N=l 

where 

dRankl delay to Rank 1 vehicles (s/veh); 

N number of through lanes per direction on the major street; 

p'o,j proportion of Rank 1 vehicles not blocked, from Equation 19-43; 

dM,LT delay to major left-turning vehicles, from Equation 19-64 (s/veh); 

Vi, 1 major-street through vehicles in shared lane (veh/h); and 

'0;,2 major-street turning vehicles in shared lane (veh/h). 

On a multilane road, only the major-street volumes in the lane that may be 
blocked should be used in the computation as '0;,1 and '0;,2' On multilane roads, if 
it is assumed that blocked Rank 1 vehicles do not bypass the blockage by moving 
into other through lanes (a reasonable assumption under conditions of high 
major-street flows), then '0;,1 = 'OiN. Because of the unique characteristics 
associated with each site, the decision on whether to account for this effect is left 
to the analyst. 

Step 12: Compute Approach and Intersection Control Delay 

The control delay for all vehicles on a particular approach can be computed 
as the weighted average of the control delay estimates for each movement on the 
approach. Equation 19-66 is used for the computation. 

d - drvr +dtVt +d1v1 
A-

Vr+Vt+V/ 

where 

dA control delay on the approach (s/veh); 

d" dl/ d1 = computed control delay for the right-turn, through, and left-turn 
movements, respectively (s/veh); and 

'0" '01/ 'O{ = volume or flow rate of right-turn, through, and left-turn traffic on the 
approach, respectively (veh/h). 

Similarly, the intersection control delay can be computed with 

where 

d 
- dA,IVA,1 +dA,2V A,2 +dA,3V A,3 +dA,4V A,4 

I -

V A,I + V A,2 + V A,3 + V A,4 

dA,x control delay on approach x (s/veh), and 

'0 A,x volume or flow rate on approach x (veh/h). 
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Equation 19-68 

Methodology 

In applying Equation 19-66 and Equation 19-67, the delay for all Rank 1 
major-street movements is assumed to be 0 s/veh. LOS is not defined for an 
overall intersection because major-street movements vvith 0 s of delay typically 
result in a weighted average delay that is extremely low. As such, total 
intersection control delay calculations are typically used only when comparing 
control delay among different types of traffic controt such as two-way STar 
control versus all-way STOP control. 

Step 13: Compute 95th Percentile Queue lengths 

Queue length is an important consideration at lU1signalized intersections. 
Theoretical studies and empirical observations have demonstrated that the 
probability distribution of queue lengths for any minor movement at an 
unsignalized intersection is a function of the capacity of the movement and the 
volume of traffic being served during the analysis period. Equation 19-68 can be 
used to estimate the 95th percentile queue length for any minor movement at an 
unsignalized intersection during the peak IS-min period on the basis of these 
two parameters as follows (9): 

(3,600J( Vx J 

(~ -1J2 + ---;;:::; ~ (~) 
cm x 150T 3,600 

V Q
95 

:::::J900T _x -1+ 
cm,x 

where 

Q95 95th percentile queue (veh), 

Vx flow rate for movement x (veh/h), 

c""x capacity of movement x (veh/h), and 

T analysis time period (0.25 h for a IS-min period) (h). 

The mean queue length is computed as the product of the average delay per 
vehicle and the flow rate for the movement of interest. The expected total delay 
(vehicle hours per hour) equals the expected number of vehicles in the average 
queue; that is, the total hourly delay and the average queue are numerically 
identical. For example, four vehicle hours per hour of delay can be used 
interchangeably with an average queue length of four vehicles during the hour. 

PEDESTRIAN MODE 

The TWSC intersection methodology for the pedestrian mode is applied 
through a series of steps requiring input data related to vehicle and pedestrian 
volumes, geometric conditions, and motorist yield rates to pedestrians. These 
data are used to calculate the average pedestrian delay associated with 
pedestrian crossings of unsignalized and non-STar-controlled roadways. The 
required steps are illustrated in Exhibit 19-16. 
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Step 1: Identify Two-Stage Crossings 

Step 2: Determine Critical Headway 

Step 3: Estimate Probability of a Delayed Crossing 

step 4: Calculate Average Delay to Wait for Adequate Gap 

Step 5: Estimate Delay Reduction due to Yielding Vehicles 

Step 6: Calculate Average Pedestrian Delay 
and Determine LOS 

Step 1: Identify Two-Stage Crossings 

When a raised pedestrian-median refuge island is available, pedestrians 
typically cross in two stages, similar to the two-stage gap-acceptance described 
for automobiles earlier in this chapter. Determination of whether a pedestrian
median refuge exists may require engineering judgment. The main issue to 
determine is whether pedestrians cross the traffic streams in one or two stages. 
When pedestrians cross in two stages, pedestrian delay should be estimated 
separately for each stage of the crossing by using the procedures described in 
Steps 2 to 6. To determine pedestrian LOS, the pedestrian delay for each stage 
should be summed to establish the average pedestrian delay associated with the 
entire crossing. This service measure is used to determine pedestrian LOS for a 
TWSC intersection with two-stage crossings. 

Step 2: Determine Critical Headway 

The procedure for estimating the critical headway is similar to that described 
for automobiles. The critical headway is the time in seconds below which a 
pedestrian will not attempt to begin crossing the street. Pedestrians use their 
judgment to determine whether the available headway between conflicting 
vehicles is long enough for a safe crossing. If the available headway is greater 
than the critical headway, it is assumed that the pedestrian will cross, but if the 
available headway is less than the critical headway, it is assumed that the 
pedestrian will not cross. 

For a single pedestrian, critical headway is computed with Equation 19-69: 

L 
tc = -+ts 

Sp 

Chapter 19/Two-Way SToP-Controlled Intersections 
December 2010 

Page 19-31 

Exhibit 19-16 
TWSC Pedestrian Methodology 

Critical headway for pedestrians. 

Equation 19-69 
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Pedestrian platooning. 

Equation 19-70 

Equation 19-71 

Equation 19-72 

Methodology 

where 

tc critical headway for a single pedestrian (s), 

Sp average pedestrian walking speed (ft/s), 

L crosswalk length (ft), and 

ts pedestrian start-up time and end clearance time (s). 

If pedestrian platooning is observed in the field, then the spatial distribution 
of pedestrians should be computed with Equation 19-70. If no platooning is 
observed, the spatial distribution of pedestrians is assumed to be 1. 

Np ~ In{ 8.0(~ -1)]+ 1 

where 

Np spatial distribution of pedestrians (ped); 

Nc total number of pedestrians in the crossing platoon, from Equation 19-
71 (ped); 

We crosswalk width (ft); and 

8.0 default clear effective width used by a single pedestrian to avoid 
interference when passing other pedestrians (ft). 

To compute spatial distribution, the analyst must make field observations or 
estimate the platoon size by using Equation 19-71: 

where 

V e vptc + ve -vt, 

N. = --'-P __ ----,-------;:-:-
" (vp+v)e(Vp-V)I, 

Nc total number of pedestrians in the crossing platoon (ped), 

vp pedestrian flow rate (pedIs), 

v vehicular flow rate (veh/s), and 

tc single pedestrian critical headway (s). 

Group critical headway is determined with Equation 19-72: 

tc,G = tc + 2(Np -1) 

where 

tc,e group critical headway (s), 

tc critical headway for a single pedestrian (s), and 

Np spatial distribution of pedestrians (ped). 
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Step 3: Estimate Probability of a Delayed Crossing 

On the basis of calculation of the critical headway tG the probability that a 
pedestrian will not incur any crossing delay is equal to the likelihood that a 
pedestrian will encounter a gap greater than or equal to the critical headway 
immediately upon arrival at the intersection. 

Assuming random arrivals of vehicles on the major street, and equal 
distribution of vehicles among all through lanes on the major street, the 
probability of encountering a headway exceeding the critical headway in any 
given lane can be estimated by using a Poisson distribution. The likelihood that a 
gap in a given lane does not exceed the critical headway is thus the complement 
as shown in Equation 19-73. Because traffic is assumed to be distributed 
independently in each through lane, Equation 19-74 shows the probability that a 
pedestrian incurs nonzero delay at a TWSC crossing. 

-i"Gv 

Pz,=l-e L 

Pd = l-(l- Pb)L 

where 

Pb probability of a blocked lane, 

Pei probability of a delayed crossing, 

L number of through lanes crossed, 

tc,G group critical headway (s), and 

v vehicular flow rate (veh/s). 

Step 4: Calculate Average Delay to Wait for Adequate Gap 

Research indicates that average delay to pedestrians at unsignalized 
crossings, assuming that no motor vehicles yield and the pedestrian is forced to 
wait for an adequate gap, depends on the critical headway, the vehicular flow 
rate of the subject crossing, and the mean vehicle headway (10). The average 
delay per pedestrian to wait for an adequate gap is given by Equation 19-75. 

d = 1 (e vtc,G - vt - 1) 
g V e,G 

where 

dg average pedestrian gap delay (s), 

tc,G group critical headway (s), and 

v vehicular flow rate (veh/s). 

The average delay for any pedestrian who is unable to cross immediately 
upon reaching the intersection (e.g., any pedestrian experiencing nonzero delay) 
is thus a function of Pd and dg' as shown in Equation 19-76: 

dg 
dgd=p 

d 
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Exhibit 19-17 
Effect of Pedestrian Crossing 
Treatments on Motorist Yield 

Rates 

Depending on the crossing 
treatment and other factors, 
motorist behavior varies 
significantly. 

Methodology 

where 

dgd average gap delay for pedestrians who incur nonzero delay, 

dg average pedestrian gap delay (s), and 

Pa probability of a delayed crossing. 

Step 5: Estimate Delay Reduction due to Yielding Vehicles 

When a pedestrian arrives at a crossing and finds an inadequate gap, that 
pedestrian is delayed until one of two situations occurs: (a) a gap greater than the 
critical headway is available, or (b) motor vehicles yield and allow the pedestrian 
to cross. Equation 19-75 estimates pedestrian delay when motorists on the major 
approaches do not yield to pedestrians. Where motorist yield rates are 
significantly higher than zero, pedestrians will experience considerably less 
delay than that estimated by Equation 19-75. 

In the United States, motorists are legally required to yield to pedestrians, 
under most circumstances, in both marked and unmarked crosswalks. However, 
actual motorist yielding behavior varies considerably. Motorist yield rates are 
influenced by a range of factors, including roadway geometry, travel speeds, 
pedestrian crossing treatments, local culture, and law enforcement practices. 

Research (11, 12) provides information on motorist responses to typical 
pedestrian crossing treatments, as shown in Exhibit 19-17. The exhibit shows 
results from two separate data collection methods. Staged data were collected 
with pedestrians trained by the research team to maintain consistent positioning, 
stance, and aggressiveness in crossing attempts. Unstaged data were collected 
through video recordings of the general population. TI1e values shown in Exhibit 
19-17 are based on a limited number of sites and do not encompass the full range 
of available crossing treatments. As always, practitioners should supplement 
these values with local knowledge and engineering judgment. 

Unstaged 
Staged Pedestrians Pedestrians 
Number Mean Yield Number Mean Yield 

Crossing Treatment of Sites Rater 0/0 of Sites Rate, 0/0 

Overhead flashing beacon (push button activation) 3 47 4 49 
Overhead flashing beacon (passive activation) 3 31 3 67 
Pedestrian crossing flags 6 65 4 74 
In-street crossing signs (25-30 mi/h) 3 87 3 90 
High-visibility signs and markings (35 mi/h) 2 17 2 20 
High-visibility signs and markings (25 mi/h) 1 61 1 91 
Rectangular rapid-flash beacon NjA N/A 17 81 
Source: Fitzpatrick et al. (11) and Shurbutt et al. (12). 

It is possible for pedestrians to incur less actual delay than dg because of 
yielding vehicles. The likelihood of tl1is situation occurring is a function of 
vehicle volumes, motorist yield rates, and number of through lanes on the major 
street. Consider a pedestrian waiting for a crossing opportunity at a TWSC 
intersection, with vehicles in each conflicting through lane arriving every h 
seconds. On average, a potential yielding event will occur every h seconds, 
where P(Y) represents the probability of motorists yielding for a given event. As 
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vehicles are assumed to arrive randomly, each potential yielding event is 
considered to be independent. 

For any given yielding event, each through lane is in one of two states: 

1. Clear-no vehicles are arriving within the critical headway window, or 

2. Blocked -a vehicle is arriving within the critical headway window. The 
pedestrian may cross only if vehicles in each blocked lane choose to yield. 

If not, the pedestrian must wait an additional h seconds for the next yielding 
event. On average, this process will be repeated tultil the wait exceeds the 
expected delay required for an adequate gap in traffic (dgd), at which point the 

average pedestrian will receive an adequate gap in traffic and will be able to 
cross the street without having to depend on yielding motorists. 

Thus, average pedestrian delay can be calculated with Equation 19-77, where 
the first term in the equation represents expected delay from crossings occurring 
when motorists yield, and the second term represents expected delay from 
crossings where pedestrians wait for an adequate gap. 

d, ~ t. h(i - O.S)p(Y,) + ( Pd - t. P(Y,) )a gd 

where 

dp average pedestrian delay (s), 

crossing event (i = 1 to n), 

h average headway for each through lane, 

P(Y;) probability that motorists yield to pedestrian on crossing event i, and 

n = Int(dgd/h), average number of crossing events before an adequate gap is 
available. 

Equation 19-77 requires the calculation of P(Y;). The probabilities P(Y;J that 

motorists will yield for a given crossing event are considered below for 
pedestrian crossings of one, two, three, and four through lanes. 

One-Lane Crossing 

Under the scenario in which a pedestrian crosses one through lane, P(Y;) is 
found simply. When i = 1, P(Y;) is equal to the probability of a delayed crossing 
P d multiplied by the motorist yield nite, My. For i = 2, P(Y/ is equal to My 
multiplied by the probability that the second yielding event occurs (i.e., that the 
pedestrian did not cross on the first yielding event), P/(l - My). Equation 19-78 
gives P(Y;) for any i. 

where 

My motorist yield rate (decimal), and 

crossing event (i = 1 to n). 
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Equation 19-19 

Equation 19-80 

Equation 19-81 

Equation 19-82 

Methodology 

Two-Lane Crossing 

For a two-lane pedestrian crossing at a TWSC intersection, pry) requires 

either (a) motorists in both lanes to yield simultaneously if both lanes are 
blocked, or (b) a Single motorist to yield if only one lane is blocked. Because these 
cases are mutually exclusive, where i = 1, P(Y) is equal to Equation 19-79: 

Equation 19-80 shows P(Y) where i is greater than 1. Equation 19-80 is 

equivalent to Equation 19-79 if P(Yo) is set to equal O. 

[ 

i-l ][(2R (l-R)M )+(R
2
M

2
)] P(YJ = P

d 
- ~ P(Yj ) b b Y b Y 

J=O ~l 

Three-Lane Crossing 

A three-lane crossing follows the same principles as a two-lane crossing. 
Equation 19-81 shows the calculation for NY): 

where P(Yo) = O. 

Four-Lane Crossing 

A four-lane crossing follows the same principles as above. Equation 19-82 
shows the calculation for P(Y): 

P(Y;)~[Pd -t,P(Yi} 

[
Pb

4M: + 4Pb
3(1- Pb)M~ + 6Pb2(1- Pb)2 M~ + 4Pb(1- Pb

3 )My ] 

~l 

where P(Yo) = O. 

Step 6: Calculate Average Pedestrian Delay and Determine LOS 

The delay experienced by a pedestrian is the service measure. Exhibit 19-2 
lists LOS criteria for pedestrians at TWSC intersections based on pedestrian 
delay. Pedestrian delay at TWSC intersections with two-stage crossings is equal 
to the sum of the delay for each stage of the crossing. 

BICYCLE MODE 

As of the publication date of this edition of the HCM, no methodology 
specific to bicyclists has been developed to assess the performance of bicyclists at 
TWSC intersections, as few data are available in the United States to support 
model calibration or LOS definitions. Depending on individual comfort level, 
ability, geometric conditions, and traffic conditions, bicyclists may travel through 
the intersection either as a motor vehicle or as a pedestrian. Critical headway 

Page 19-36 Chapter 19jTwo-Way STop-Controlled Intersections 
December 2010 

AR0074410 



( 

( 

( 

Highway Capacity Manual 20 10 

distributions have been identified in the research (13, 14) for bicycles crossing 
two-lane major streets. Data on critical headways for bicycles under many 
circumstances are not readily available, however. Bicycles also differ from motor 
vehicles in that they normally do not queue linearly at a STOP sign. Instead, 
multiple bicycles often use the same gap in the vehicular traffic stream. This fact 
probably affects the determination of bicycle follow-up time. This phenomenon 
and others described in this section have not been adequately researched and are 
not explicitly included in the methodology. 
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Applications 

3. APPLICATIONS 

DEFAULT VALUES 

A comprehensive presentation of potential default values for interrupted 
flow facilities is provided elsewhere (15), with specific recommendations 
summarized in its Chapter 3, Recommended Default Values. These defaults 
cover the key characteristics of PHF and percent heavy vehicles (%HV). 
Recommendations are based on geographic region, population, and time of day. 
All general default values for interrupted-flow facilities may be applied to the 
analysis of TWSC intersections in the absence of field data or projected 
conditions. 

The following general default values may be applied to a TWSC intersection 
analysis: 

• PHF=0.92 

• %HV=3 

Additional default values are sometimes required. For the analysis of shared 
or short major-street left-turn lanes, the following assumed default values may 
be applied for the saturation flow rates of the major-street through and right-turn 
movements: 

• Major-street through movement, Sn = 1,800 veh/h 

• Major-street right-turn movement, Si2 = 1,500 veh/h 

F or analysis of pedestrians at TWSC intersections, the following default 
values may be applied: 

• Average pedestrian walking speed, Sp= 3.5 ftls 

• Pedestrian start-up time and end clearance time, ts = 3 s 

As the number of default values used in any analysis increases, its accuracy 
becomes more approximate, and the result may be significantly different from 
the actual outcome, depending on local conditions. 

ESTABLISH INTERSECTION BOUNDARIES 

This methodology assumes that the TWSC intersection under investigation is 
isolated, with the exception of a TWSC intersection that is located within 0.25 mi 
of a signalized intersection (for the major-street approaches). When interaction 
effects are likely between the subject TWSC intersection and other intersections 
(e.g., queue spillback, demand starvation), the use of alternative tools may result 
in more accurate analysis. Analysis boundaries may also include different 
demand scenarios related to the time of day or to different development 
scenarios that produce various demand flow rates. 

TYPES OF ANALYSIS 

The methodology of this chapter can be used in three types of analysis: 
operational analysis, design analysis, and planning and preliminary engineering 
analysis. 
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Operational Analysis 

1hemethodology is most easily applied in the operational analysis mode. In 
operational analysis, aU traffic and geometric characteristics of the analysis 
segment must be specified, including analysis-hour demand volumes for each 
turning movement in vehicles per hour, %HV for each approach, PHF for all 
demand volumes, lane configurations, specific geometric conditions, and 
upstream signal information. The outputs of an operational analysis are 
estimates of capacity, control delay, and queue lengths. The steps of the 
methodology, described in this chapter's methodology section, are followed 
directly without modification. 

Design Analysis 

The operational analysis described earlier in this chapter can be used for 
design purposes by using a given set of traffic flow data and iteratively 
determining the number and configuration of lanes that would be required to 
produce a given LOS. 

Planning and Preliminary Engineering Analysis 

The operational analysis method described earlier in this chapter provides a 
detailed procedure for evaluating the performance of a TWSC intersection. To 
estimate LOS for a future time horizon, a planning analysis based on the 
operational method is used. The planning method uses all the geometric and 
traffic flow data required for an operational analysis, and the computations are 
identical. However, input variables for %HV and PHF are typically estimated (or 
defaults are used) when planning applications are performed. 

Interpreting Results 

Analysis of TWSC intersections is commonly performed to determine 
whether an existing intersection or driveway can remain as a TWSC intersection 
or whether additional treatments are necessary. These treatments, including 
geometric modifications and changes in traffic control, are discussed in other 
references, including the presentation of traffic signal warrants in the Manual on 
Uniform Traffic Control Devices jor Streets and Highways (MUTCD; 16). This section 
discusses two common situations analysts face: the analysis of shared versus 
separate lanes and the interpretation of LOS F. 

Some movements, most often left-tum movements, can sometimes have a 
poorer LOS when given a separate lane than when they share a lane with another 
movement (usually a through movement). This is not inconsistent in terms of the 
stated criteria. Left-turn movements will generally experience longer control 
delays than other movements because of the nature and priority of the 
movement. If left turns are placed in a shared lane, the control delay for vehicles 
in that lane may be less than the control delay for left turns in a separate lane. 
However, if delay for all vehicles on the approach or at the intersection is 
considered, providing separate lanes will result in lower total delay. 

Chapter 19/Two-Way STop-Controlled Intersections 
December 2010 

Page 19-39 

Interpretation of the effects of shared 
lanes should take into account both 
delay associated with individual 
movements and delay associated with 
all vehicles on a given approach. 

Applications 

AR0074413 



Highway Capacity Manual 20 10 

Applications 

PERFORMANCE MEASURES 

LOS F occurs when there are not enough gaps of suitable size to allow 
minor-street vehicles to enter or cross through traffic on the major street, 
resulting in long average control delays (greater than 50 s/veh). Depending on 
the demand on the approach, long queues on the minor approaches may result. 
The method, however, is based on a constant critical headway. 

LOS F may also appear in the form of drivers on the minor street selecting 
smaller-than-usual gaps. In such cases, safety issues may occur, and some 
dismption to the major traffic stream may result. With lower demands, LOS F 
may not always result in long queues. 

At TWSC intersections, the critical movement, often the minor-street left 
turn, may control the overall performance of the intersection. The lower 
threshold for LOS F is set at 50 s of delay per vehicle. In some cases, the delay 
equations will predict delays greater than 50 s for minor-street movements under 
very low-volume conditions on the minor street (fewer than 25 veh/h). On the 
basis of the first term of the delay equation, the LOS F threshold is reached with a 
movement capacity of approximately 85 veh/h or less, regardless of the minor
street movement volume. 

This analysis procedure assumes random arrivals on the major street. For a 
typical major street with two lanes in each direction and an average traffic 
volume in the range of 15,000 to 20,000 veh/day (roughly equivalent to a peak 
hour flow rate of 1,500 to 2,000 veh/h), the delay equation will predict greater 
than 50 s of delay (LOS F) for many urban TWSC intersections that allow minor
street left-turn movements. LOS F will be predicted regardless of the volume of 
minor-street left-turning traffic. Even with an LOS F estimate, most low-volume 
minor-street approaches would not meet any of the MUTCD volume or delay 
warrants for signalization. As a result, analysts who use the HCM LOS 
thresholds to determine the design adequacy of TWSC intersections should do so 
with caution. 

In evaluating the overall performance of TWSC intersections, it is important 
to consider measures of effectiveness in addition to delay, such as volume-to
capacity (vic) ratios for individual movements, average queue lengths, and 95th 
percentile queue lengths. By focusing on a single measure of effectiveness for the 
worst movement only, such as delay for the minor-street left turn, users may 
make less effective traffic control decisions. 

USE OF ALTERNATIVE TOOLS 

Strengths of the HCM Procedure 

1his chapter offers a set of comprehensive procedures for analyzing the 
performance of an intersection under two-way STOP control. Simulation-based 
tools offer a more detailed treatment of the arrival and departure of vehicles and 
their interaction with the roadway and the control system, but for most purposes 
the HCM procedure produces an acceptable approximation. 

The HCM procedure offers the advantage of a deterministic evaluation of a 
TWSC intersection, the results of which have been accepted by a broad 
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consensus of international experts. The HCM procedure also considers advanced 
concepts such as two-stage gap acceptance and flared approaches based on 
empirical evidence of their effects. 

Limitations of the HCM Procedures That Might Be Addressed by 
Alternative Tools 

The identified limitations for this chapter are shown in Exhibit 19-18, along 
with the potential for improved treatment by alternative tools. 

Limitation 
Effects of upstream 
intersections 
YIELD-controlled intersection 
operations 
Non-steady-state conditions 
for demand and capacity 
Macroscopic treatment of 
pedestrians and bicycles 

Potential for Improved Treatment by Alternative Tools 
Simulation tools can include an unsignalized intersection explicitly 
within a signalized arterial or network. 
Treated explicitly by some tools. Can be approximated by varying 
the gap-acceptance parameters. 
Most alternative tools provide for multi period variation of demand 
and, in some cases, capacity. 
Some simulation tools offer a microscopic modeling approach 
that provides explicit treatment of pedestrians and bicycies. 

Most analyses for isolated unsignaJized intersections are intended to 
determine whether TWSC is a viable control alternative. Analyses of this type are 
handled adequately by the procedures described in this chapter. The main 
application for alternative tools at TWSC intersections involves coordinated 
arterial systems. Most intersections (Le., those that are between the signals) 
operate under TWSC. These intersections tend to be ignored in the analysis of the 
system because their effect on the system operation is minimal. Occasionally, it is 
necessary to examine a TWSC intersection as a part of the arterial system. While 
the procedures in this chapter provide a method for approximating the operation 
of a TWSC intersection with an upstream signal, the operation of such an 
intersection is arguably best handled by including it in a complete simulation of 
the fun arterial system. For example, queue backup from a downstream signal 
that blocks entry from the cross street for a portion of the cycle is not treated 
explicitly by the procedures contained in this chapter. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

The performance measure that determines LOS for unsignalized 
intersections is control delay, defined as that portion of the delay that is due to the 
existence of the control device-in this case, a STOP sign. Most simulation tools 
do not produce explicit estimates of control delay. 

The best way to determine control delay at a STOP sign from simulation is to 
perform simulation runs with and without the control device(s) in place. The 
segment delays reported with no control represent the delays due to geometries 
and interaction between vehicles. The additional delay reported in the run with 
the control in place is, by definition, the control delay. 

Chapter 7, Interpreting HCM and Alternative Tool Results, discusses 
performance measures from various tools in more detail, and Chapter 24, 
Concepts: Supplemental, provides recommendations on how individual vehicle 
trajectories should be interpreted to produce specific performance measures. Of 
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Limitations of the HCM Signalized 
Intersection Procedure 

The most common application of 
alternative tools for TWSC involves an 
unsignalized intersection within a 
signalized arterial street 
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Delay and LOS should be 
estimated only by using 
alternative tools that conform 
to these definitions and 
computations of queue delay 
presented in this manual. 

Applications 

particular interest to TWSC operation is the definition of a "queued" state and 
the development of queue delay from that definition. For alternative tools that 
conform to the queue delay definitions and computations presented in this 
manual, the queue delay will provide the best estimate of control delay for 
TWSC intersections. Delay and LOS should not be estimated by using alternative 
tools that do not conform to these definitions and computations. 

conceptual Differences Between the HCM and Simulation Modeling 
That Preclude Direct Comparison of Results 

Deterministic tools and simulation tools both model TWSC operations as a 
gap-acceptance process that follows the rules of the road to determine the right
of-way hierarchy. To this extent, they are dealing in the same conceptual 
framework. Deterministic tools such as the HCM base their estimates of capacity 
and delay on expected values computed from analytical formulations that have 
been mathematically derived. Simulation tools take a more microscopic view, 
treating each vehicle as an independent object that is subject to the rules of the 
road as well as interaction with other vehicles. Differences in the treatment of 
randomness also exist, as explained in the Chapter 18, Signalized Intersections, 
guidance. 

When the opposing movement volumes are very high, there is minimal 
opportunity for the STOP-controlled movements to accept gaps and these 
movements often have little or no capacity. Simulation tends to produce slightly 
higher capacities under these conditions because of overriding logic that limits 
the amount of time any driver is willing to wait for a gap. The overriding logic is 
somewhat tool specific. 

In general, the simulation results for a specific TWSC intersection problem 
should be close to the results obtained from the procedures in this chapter. Some 
differences may, however, be expected among all the analysis tools. 

Adjustment of Simulation Parameters to the HCM Parameters 

The critical headways and follow-up headways are common to both 
deterministic and simulation models. It is therefore desirable that similar values 
be used for these parameters. 

Sample Calculations Illustrating Alternative Tool Applications 

It was mentioned previously that the most common application for 1WSC 
simulation involves unsignalized intersections within a signalized arterial 
system. An example of this situation is presented in Chapter 29, Urban Street 
Facilities: Supplemental. An additional example involving blockage of a cross
street approach with STOP control by a queue from a nearby diamond 
interchange is presented in Chapter 34, Interchange Ramp Terminals: 
Supplemental. 
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4. EXAMPLE PROBLEMS 

Example 
Problem 

1 
2 

Title 
TWSC T-intersection 
TWSC pedestrian crossing 

Type of Analysis 
Operational analysis 
Operational analysis 

EXAMPLE PROBLEM 1: TWSC T -INTERSECTION 

The Facts 

The following data are available to describe the traffic and geometric 
characteristics of this location: 

• T-intersection, 

• Major street with one lane in each direction, 

• Minor street with one lane in each direction and sTOP-controlled on the 
minor-street approach, 

• Level grade on all approaches, 

• Percent heavy vehicles on all approaches = 10%, 

• No other unique geometric considerations or upstream signal 
considerations, 

• No pedestrians, 

• Length of analysis period = 0.25 h, and 

• Volumes during the peak 15-min period and lane configurations as 
shown in Exhibit 19-20. 

is-min Volumes Lane Configurations 

EB' 
--------------------------

60-+- ......-75 

10~ 1'"40 1 .. 

V 1)(1 ~ [~8 
Comments 

All input parameters are known, so no default values are needed or used. 

Steps 1 and 2: Convert Movement Demand Volumes to Flow Rates and 
Label Movement Priorities 

Because peak 15-min volumes have been provided, each volume is 
multiplied by 4 to determine a peak 15-min flow rate (in veh/h) for each 
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Exhibit 19-19 
List of Example Problems 

Exhibit 19-20 
Example Problem 1 Movement 
Priorities, Lane Configurations, and 
Volumes 
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Exhibit 19-21 
Example Problem 1: 

Calculation of Peak 1S-min 
Flow Rates 

Example Problems 

movement. These values, along with the associated movement nwnbers, are 
shown in Exhibit 19-21. 

Q) 240 181 

@ 40. 

(J) ® 

Step 3: Compute Conflicting Flow Rates 

.. 300 ® r i60 @ 

The conflicting flow rates for each minor movement at the intersection are 
computed according to Equation 19-3, Equation 19-4, Equation 19-18, and 
Equation 19-24. The conflicting flow for the major-street left-turn ve,4 is computed 
as follows: 

V c4 =240+40+0 = 280veh/h 

The conflicting flow for the minor-street right-turn movement vc,9 is 
computed as follows: 

Vc,9 = 240 + 0.5( 40) + 0 + 0 = 260 veh/h 

Finally, the conflicting flow for the minor-street left-turn movement vc,7 is 
computed. Because two-stage gap acceptance is not present at this intersection, 
the conflicting flow rates shown in Stage I (Equation 19-18) and Stage II 
(Equation 19-24) are added together and considered as one conflicting flow rate. 
The conflicting flow for V e,7 is computed as follows: 

Vc,7 = 2Vl +V2 +0.5v3 +V1S +2V4 +VS +0.5v6 +0.5v12 +0.5vu +V13 

vc,7 = 2(0) + 240 + 0.5( 40) + 0 + 2(160) + 300 + 0.5(0) + 0.5(0) + 0.5(0) + 0 = 880 veh/h 

Step 4: Determine Critical Headways and Follow-Up Headways 

The critical headway for each minor movement is computed beginning with 
the base critical head way given in Exhibit 19-10. The base critical headway for 
each movement is then adjusted according to Equation 19-30. The critical 
headway for the major-street left-turn teA is computed as follows: 

t e,4 = te,base + tc,HVPHV + tc,GG-t3,LT 

t c,4 = 4.1 + 1.0(0.1) + 0(0) - 0 = 4.2 s 

Similarly, the critical headway for the minor-street right-turn tCo9 is computed 
as follows: 

tc,9 = 6.2 + 1.0(0.1) + 0.1(0) - 0 = 6.3 s 
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Finally, the critical headway for the minor-street left-turn tc,7 is computed as 
( follows: 

( 

( 

tc,7 = 7.1 + 1.0(0.1) + 0.2(0) - 0.7 = 6.5 s 

The follow-up headway for each minor movement is computed beginning 
with the base follow-up headway given in Exhibit 19-11. The base follow-up 
headway for each movement is then adjusted according to Equation 19-31. The 
follow-up headway for the major-street left-turn tf,4 is computed as follows: 

t f ,4 =tf,base+tf,HVPHV 

t f,4 = 2.2 + 0.9(0.1) = 2.29 s 

Similarly, the follow-up headway for the minor-street right-turn tf,9 is 

computed as follows: 

Finally, the follow-up headway for the minor-street left-turn tp is computed 
as follows: 

t f,7 = 3.5 + 0.9(0.1) = 3.59 s 

Step 5: Compute Potential Capacities 

The computation of a potential capacity for each movement provides the 
analyst with a definition of capacity under the assumed base conditions. The 
potential capacity will be adjusted in later steps to estimate the movement 
capacity for each movement. The potential capacity for each movement is a 
function of the conflicting flow rate, critical headway, and follow-up headway 
computed in the previous steps. The potential capacity for the major-street left
turn Cp,4 is computed as follows: 

e -(280)(4.2)1 3,600 

280 1- e-(280)(2.29)/3,600 = 1,238 veh/h 

Similarly, the potential capacity for the minor-street right-turn movement Cp,9 

is computed as follows: 
e-(260)(6.3)/3,600 

Cp,g = 260 1- e-(260)(3.39)/3,600 760 veh/h 

Finally, the potential capacity for the minor-street left-turn movement Cp,7 is 
computed as follows: 

e -(880)(6.5)/3,600 

Cp,7 = 880 1- e-(880)(3.59)/3,600 308 veh/h 

There are no upstream signals, so the adjustments for upstream signals are 
ignored. 

Step 6: Compute Movement Capacities for Rank 1 Movements 

There are no pedestrians at the intersection; therefore, all pedestrian 
im pedance factors are equal to 1.0 and this step can be ignored. 
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Example Problems 

Step 7: Compute Movement Capacities for Rank 2 Movements 

The movement capacity for the major-street left-tum movement (Rank 2) CiliA 

is computed as follows: 

Similarly, the movement capacity for the minor-street right-tum movement 
(Rank 2) Cm,9 is computed as follows: 

Cm ,9 = (Cp,9) = 760 veh/h 

Step 8: Compute Movement Capacities for Rank 3 Movements 

The computation of vehicle impedance effects accounts for the reduction in 
potential capacity due to the impacts of the congestion of a high-priority 
movement on lower-priority movements. 

Major-street movements of Rank 1 and Rank 2 are assumed to be lmimpeded 
by other vehicular movements. Minor-street movements of Rank 3 can be 
impeded by major-street left-turn movements due to a major-street left-hlming 
vehicle waiting for an acceptable gap at the same time as vehicles of Rank 3. The 
magnitude of this impedance depends on the probability that major-street left
turning vehicles will be waiting for an acceptable gap at the same time as 
vehicles of Rank 3. In this example, only the minor-street left-turn movement is 
defined as a Rank 3 movement. Therefore, the probability of the major-street left
hIm operating in a queue-free state, PO,4' is computed as follows: 

P04 =1-~=1- 160 =0.871 
, Cm ,4 1,238 

The movement capacity for the minor-street left-turn movement (Rank 3), 
C",,7, is fotmd by first computing a capacity adjustment factor that accounts for the 
impeding effects of higher-ranked movements. The capacity adjustment factor 
for the minor-street left-turn movement!7 is computed with Equation 19-46 as 
follows: 

f7 = I1po,j = 0.871 
j 

The movement capacity for the minor-street left-turn movement (Rank 3) Cm,7 

is computed as follows: 

Cm,7 = (Cp,7) f7 = (308)0.871 = 268 veh/h 

Step 9: Compute Movement Capacities for Rank 4 Movements 

There are no Rank 4 movements in this example problem, so this step does 
not apply. 

Step 10: Compute Capacity Adjustment Factors 

In this example, the minor-street approach is a single lane shared by right
hun and left-turn movements; therefore, the capacity of these two movements 
must be adjusted to compute an approach capacity based on shared-lane effects. 
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The shared-lane capacity for the northbound minor-street approach CSH,NB is 
( computed as follows: 

( 

( 

L>y 
V7 +V9 

3lZ .. +'lJ'L 
Cm,7 Cm,9 

No other adjustments apply. 

Step 11: Compute Control Delay 

= 
40+120 
40 120 ._+--
268 760 

521 veh/h 

The control-delay computation for any movement includes initial 
deceleration delay, queue move-up time, stopped delay, and final acceleration 
delay. 

Step lla: Compute Control Delay to Rank 2 Through Rank 4 Movements 

The control delay for the major-street left-turn movement (Rank 2) d4 is 
computed as follows: 

(3,600J( V4 J 
(2_1J

2 

+ CrnA ~ +5 l Crn ,4 450T 
d

4 
= 3600+ 900T 2-1+ 

CrnA CrnA 

d = 3,600 + 900(.25) 160 -1 + 
4 1,238 1/238 ( 

160 -1)' + (~n~) +5~8.3s 
1,238 450(0.25) 

On the basis of Exhibit 19-1, the westbound left-turn movement is assigned 
LOS A. 

The control delay for the minor-street right-turn and left-turn movements is 
computed by using the same formula; however, one significant difference from 
the major-street left-tum computation of control delay is that these movements 
share the same lane. Therefore, the control delay is computed for the approach as 
a whole and the shared-lane volume and shared-lane capacity must be used as 
follows: 

d = 3,600 + 900(0.25) 160 -1 + (160 _1)2 + 521521 + 5 = 14.9 S 

[ 

( 3,600)(160) I 
SH,NB 521 521 521 450(0.25) 

On the basis of Exhibit 19-1, the northbound approach is assigned LOS B. 
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Example Problems 

Step lib: Compute Control Delay to Rank 1 Movements 

This step is not applicable as the westbound major-street through movement 
Vs and westbound major-street left-turn movement V4 have exclusive lanes at this 
intersection. It is assumed that the eastbound through movement V 2 and 
eastbound major-street right-turn movement V3 do not incur any delay at this 
intersection. 

Step lie: Compute Approach and Intersection Control Delay 

The control delays to all vehicles on the eastbound approach are assumed to 
be negligible as described in Step llb. The control delay for the westbound 
approach dA,WB is computed as follows: 

d - drvr+dtvt+d/v/ 
A WB -

, Vr+Vt+V/ 

d 
- 0(0) + 0(300) + 8.3(160) 2 9 

A,WE - 0+300+160 . s 

It is assumed that the westbound through movement incurs no control delay 
at this intersection. The control delay for the northbound approach was 
computed in Step lla as CSH,NtJ. 

The intersection delay dI is computed as follows: 

d V . +d V +d V 
d - A,EB A,EB A,WE A,WE A,NB A,NB 

r -
V A,EB + V A,WE + V A,NB 

d = 0(280) + 2.9( 460) + 14.9(160) 4.1 s 
r 280 +460 + 160 

As noted previously, neither major-street approach LOS nor intersection LOS is 
defined. 

Step 12: Compute 95th Percentile Queue Lengths 

The 95th percentile queue length for the major-street westbound left-turn 
movement, Q95,V- is computed as follows: 

Q95,4::::: 900T ~-1+ 
Cm ,4 

(
3600 J( V 4 J 

(~-IJ2 + ~ ~ (C m'4) 
cm ,4 150 T 3600 . 

Q ::0900(0.25) 160_ 1+ (160_ 1)2+ 1238 1238 (1238)=0.4veh 

[ 

( 3600)( 160 )1 
95,4 1238 1238 150(0.25) 3600 
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The result of 0.4 veh for the 95th percentile queue indicates that a queue of 
{ more than one vehicle will occur very infrequently for the major-street left-turn 

movement. 

( 

The 95th percentile queue length for the northbound approach is computed 
by using the same formula. Similar to the control-delay computation, the shared
lane volume and shared-lane capacity must be used as shown: 

Q :::::: 900(0.25) 160 -1 + (160 _1)2 +521521 (521) = 1.3 veh 

[ 

( 3'600)(160)1 

95,NB 521 521 150(0.25) 3,600 

The result suggests that a queue of more than one vehicle will occur only 
occasionally for the northbound approach. 

Discussion 

Overall, the results indicate that the three-leg, TWSC intersection will 
operate well with small delays and little queuing for all minor movements. 

EXAMPLE PROBLEM 2: TWSC PEDESTRIAN CROSSING 

Calculate the pedestrian LOS of a pedestrian crossing of a major street at a 
TWSC intersection under the following circumstances: 

• Scenario A: Unmarked crosswalk, no median refuge island; 

• Scenario B: Unmarked crosswalk, median refuge island; and 

• Scenario C: Marked crosswalk with high-visibility treatments, median 
refuge island. 

The facts 

The following data are available to describe the traffic and geometric 
characteristics of this location: 

• Four-lane major street; 

• 1,700 peak hour vehicles, bidirectional; 

• Crosswalk length without median = 46 ft; 

• Crosswalk length with median = 40 ft; 

• Observed pedestrian walking speed = 4 £tIs; 

• Pedestrian start-up time = 3 s; and 

• No pedestrian platooning. 

Comments 

In addition to the input data listed above, information is required on motor 
vehicle yield rates under the various scenarios. On the basis of an engineering 
study of similar intersections in the vicinity, it is determined that motor vehicle 
yield rates are 0% with unmarked crosswalks and 50% with high-visibility 
marked crosswalks. 
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Example Problems 

Step 1: Identify Two-Stage Crossings 

Scenario A does not have two-stage pedestrian crossings, as no median 
refuge is available. Analysis for Scenarios Band C should assume two-stage 
crossings. Thus, analysis for Scenarios B and C will combine two equidistant 
pedestrian crossings of 20 ft to determine the total delay. 

Step 2: Determine Critical Headway 

Because there is no pedestrian platooning, the critical headway is determined 
with Equation 19-69: 

Scenario A: tc = (46 ft/4 ft/s) + 3 s = 14.5 s 

Scenario B: tc = (20 ft/4 ft/s) + 3 s = 8 s 

Scenario C: tc = (20 ft/4 ft/s) + 3 s = 8 s 

Step 3: Estimate Probability of a Delayed Crossing 

Equation 19-73 and Equation 19-74 are used to calculate PIli the probability of 
a blocked lane, and Pel' the probability of a blocked crossing, respectively. In the 
case of Scenario A, the crossing consists of four lanes. Scenarios B and C have 
only two lanes, given the two-stage crossing opportunity. 

where 

_~_~G,GV 

It =l-e L 

Pd = 1- (1- Pb)L 

Pb probability of a blocked lane, 

P d probability of a delayed crossing, 

L number of through lanes crossed, 

tc,G group critical headway (s), and 

v == vehicular flow rate (veh/s). 

For the single-stage crossing, v is (1,700 veh/h)!(3,600 s/h) = 0.47 veh/s. 

For the two-stage crossing, without any information on directional flows, 
one-half the volume is used, and v is therefore (850 veh/h)/(3,600 s/h) = 0.24 
veh/s. 

Scenario A: 

Scenario B: 

-14.5x0.47 

4 =0.82 

Pd =1-(0.18t =0.999 

-8x0.24 

Ph =l-e 2 =0.61 

~, = 1- (0.39Y = 0.85 
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Scenario C: 
--8x0.24 

Pb =1-e 2 =0.61 

Pd =1-(0.39Y =0.85 

Step 4: Calculate Average Delay to Wait for Adequate Gap 

Average gap delay dg and average gap delay when delay is nonzero dgd are 

calculated by Equation 19-75 and Equation 19-76. 

Scenario A: 

Scenario B: 

Scenario C: 

d = _1_ x (eO.47X14.5 - 0.47 x 14.5 -1) = 1 977 s 
g 0.47 ! 

d = 1,977 = 1 979 8 
gd 0.999 ' 

d = _1_fe o.
24x 8 -0.24x 8 -1)= 15.8 s 

g 0.24 ~ 

d = 15.8 =18.68 
gd 0.85 

d =_I_feo.24
x

8 -0.24x 8 -1)= 15.8 s 
g 0.24 ~ 

d =15.8=18.68 
gd 0.85 

Step 5: Estimate Delay Reduction due to Yielding Vehicles 

Under Scenarios A and B, the motorist yield rates are approximately 0%. 
Therefore, there is no reduction in delay due to yielding vehicles, and average 
delay is the same as that shown in Step 4. Under Scenario C, motorist yield rates 
are 50%. Because of the two-stage crossing, use Equation 19-80 to determine 
P(Y;): 

P(Y,) = [0.85 _ 0] [(2 x 0.61(1-0.61~0~!0) + (0.61'0.50')] = 0.33 

P(Y2) = [0.85 -0.33] [(2 x 0.61(1- 0.61)0.50) + (0.61
2
0.50

2 
)] = 0.20 

0.85 

The results of Equation 19-80 can be substituted into Equation 19-77 to 
determine average pedestrian delay. 
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Example Problems 

Step 6: Calculate LOS 

Average pedestrian delays and pedestrian LOS under each of the three 
scenarios are as follows: 

Scenario A = 1,979 s = LOS F 

Scenario B = 2 x 15.8 s = 31.6 s = LOS E 

Scenario C = 2 x 9.8 s = 19.6 s = LOS C 
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1. INTRODUCTION 

Chapte,. 20, All-Way STOP-Controlled Intersections, presents concepts and 
procedures for analyzing these types of intersections (1). A glossary and list of 
symbols, including those used for all-way STOP-controlled (A WSC) intersections, 
is provided in Chapter 9. 

A "\IVSC intersections require every vehicle to stop at the intersection before 
proceeding. Because each driver must stop, the decision to proceed into the 
intersection is a function of traffic conditions on the other approaches. If no 
traffic is present on the other approaches, a driver can proceed immediately after 
stopping. If there is traffic on one or more of the other approaches, a driver 
proceeds only after determining that no vehicles are currently in the intersection 
and that it is the driver's turn to proceed. 

Field observations indicate that standard four-leg AWSC intersections 
operate in either a two-phase or a fom-phase pattern, based primarily On the 
complexity of the intersection geometry. Flows are detem'lined by a consensus of 
right-of-way that alternates between the north- south and eas t-west streams (for 
a single-lane approach) or proceeds in tum to each intersection approach (for a 
multilane approach intersection). 

If traffic is present on the subject approach only, vehicles depart as rapidly as 
individual drivers can safely accelerate into and clear the intersection. This case 
is illustrated as Case 1 in Exhibit 20-1. 

~ L ~9 L ~ L 
I °i I °i ~Oi 

Case 1: Vehicle(s) on Case 2: Vehicles on subject Case 3: Vehicles on subject 
subject approach only and opposing approaches and confilcting approaches 

~9 L ~9Js-
~Oi ~Oi 

Case 4: Vehicles on subject Case 5: Vehicles on all approaches 
and two other approaches 

If traffic is present on the other approaches, as well as on the subject 
approach, the saturation headway (the time between subsequent vehicle 
departures) on the subject approach will increase somewhat, depending on the 
degree of conflict that results between the subject approach vehicles and the 
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Capacity of an A WSC can be 
described by saturation 
headway, departure headway, 
and service time. 

Introduction 

vehicles on the other approaches. In Case 2, some uncertainty is introduced with 
a vehicle on the opposing approach, and thus the saturation headway will be 
greater than for Case 1. In Case 3, vehicles on one of the conflicting approaches 
further restrict the departure rate of vehicles on the subject approach, and the 
saturation headway will be longer than for Case 1 or Case 2. In Case 4, two 
vehicles are waiting on opposing or conflicting approaches, and saturation 
headways are even longer. When vehicles are present on all approaches, as in 
Case 5, sahlration headways are the longest of any of the cases because the 
potential for conflict between vehicles is greatest. The increasing degree of 
potential conflict translates directly into longer driver decision times and longer 
saturation headways. Because no traffic signal controls the stream movement or 
allocates the right-of-way to each conflicting traffic stream, the rate of departure 
is controlled by the interactions between the traffic streams. 

Therefore, the operation at an A WSC intersection can be described 
numerically by a few key time-based terms: 

• The saturation headway, h5i' is the time between departures of successive 

vehicles on a given approach for a particular case (case i), as described 
above, assuming a continuous queue. 

• The departure headway, hd' is the average time between departures of 

successive vehicles on a given approach accounting for the probability of 
each possible casco 

• The service time, ts, is the average time spent by a vehicle in first position 

waiting to depart. It is equal to the departure headway minus the time it 
takes a vehicle to move from second position into first position (the move
up time, m). 

INTERSECTION ANALYSIS BOUNDARIES AND TRAVEL MODES 

The intersection analysis boundaries for an A WSC analysis arc assumed to 
be those of an isolated intersection; that is, no upstream or downstream effects 
are accounted for in the analysis. The present methodology is limited to motor 
vehicles. 

LEVEL-Of-SERVICE CRITERIA 

The level-of-service (LOS) cri teria for A WSC intersections are given in 
Exhibit 20-2. As the exhibit notes, LOS F is assigned if the volume-to-capacity 
(vic) ratio of a lane exceeds 1.0, regardless of the control delay. For assessment of 
LOS at the approach and intersection levels, LOS is based solely on control delay. 
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Control Delay (s/veh) 

0-10 
>10-15 
>15-25 
>25-35 
>35-50 

>50 

lOS bv Volume-to-Capacity Ratio* 
vieS 1.0 vle>1.0 

A F 
B F 
C F 
D F 
E F 
F F 

Note: * For approaches and intersectionwide assessment, LOS is defined solely by control delay. 

REQUIRED INPUT DATA 

Analysis of an AWSC intersection requires the following data: 

1. Number and configuration of lanes on each approach; 

2. Percentage of heavy vehicles; 

3. Turning movement demand flow rate for each entering lane or, 
alternatively, hourly demand volume and peak hour factor; and 

4. Length of analysis period-generally a peak IS-min period within the 
peak hour, although any 1S-min period can be analyzed. 

SCOPE OF THE METHODOLOGY 

This chapter focuses on the operation of A WSC intersections. This version of 
the A WSC intersection analysis procedures is primarily a result of studies 
conducted by National Cooperative Highway Research Program Project 3-46 (1). 

LIMITATIONS OF THE METHODOLOGY 

Automobile Mode 

The methodologies in this chapter apply to isolated AWSC intersections with 
up to three lanes on each approach. They do not account for interaction effects 
with other intersections. The methodologies do not apply to A WSC intersections 
with more than four approaches. In addition, the effect of conflicting pedestrians 
on automobiles is not considered in this procedure. Conflicting pedestrian 
movements are likely to increase the saturation headway of affected vehicular 
movements, but the magnitude of this effect is unknown as of the publication of 
this edition of the HCM. 

PedestrIan and Bicycle Modes 

The current methodologies for analyzing LOS and delay at A WSC 
intersections do not extend to pedestrians and apply to bicycles only in limited 
situations that are not supported by research at the time of publication of this 
edition. As such, there are no set LOS standards that apply to pedestrians or 
bicycles at A WSC intersections, nor can pedestrian or bicycle delay, capacity, or 
quality of service be quantitatively assessed by using the procedures described in 
this chapter. Additional research on pedestrian and bicyclist behavior and 
operations at A WSC intersections needs to be done before procedures can be 
developed that adequately address these issues. A discussion of qualitative 
effects is included in the methodology section of this chapter. 
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LOS Criteria: Automobile Mode 
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Exhibit 20-3 
Operation Patterns at AWSC 

Intersections 

Two cases for departure 
headways. 

Methodology 

2. METHODOLOGY 

OVERVIEW 

A WSC intersections require drivers on all approaches to stop before 
proceeding into the intersection. While giving priority to the driver on the right 
is a recognized rule in some areas, it is not a good descriptor of actual 
intersection operations. What happens is the development of a consensus of 
right-of-way that alternates between the drivers on the intersection approaches, a 
consensus that depends primarily on the intersection geometry and the arrival 
patterns at the stop line. 

The methodology analyzes each intersection approach independently. The 
approach under study is called the subject approach. The opposing approach and 
the conflicting approaches create conflicts with vehicles on the subject approach. 

Phase Patterns 

A two-phase pattern, as shown in Exhibit 20-3(a), is observed at a standard 
four-leg AWSC intersection (one approach lane on each leg), where drivers from 
opposing approaches enter the intersection at roughly the same time. Some 
interruption of this pattern occurs when there are conflicts between certain 
turning maneuvers (such as a northbound left-turning vehicle and a southbound 
through vehicle), but generally the north-south streams alternate right-of-way 
with the east-west streams. A four-phase pattern, as shown in Exhibit 20-3(b), 
emerges at multilane four-leg intersections, where development of the right-of
way consensus is more difficult. Here drivers from each approach enter the 
intersection together as right-of-way passes from one approach to the next and 
each is served in turn. A similar three-phase pattern emerges at multilane three
leg intersections. 

Phase 1 Phase 2 Phase 1 Phase 3 

--t __ 
I 
__ 

N 

Phase 2 Phase 4 

(a) Two-phase (single-lane approaches) (b) Four-phase (multilane approaches) 

The headways of vehicles departing from the subject approach fall into one 
of two cases. If there are no vehicles on any of the other approaches, subject 
approach vehicles can enter the intersection immediately after stopping. 
However, if vehicles are waiting on a conflicting approach, a vehicle from the 
subject approach must wait for consensus with the next conflicting vehicle. The 
headways between consecutively departing subject approach vehicles will be 
shorter in the first case than in the second case. Thus, the headway for a 
departing subject approach vehicle depends on the degree of conflict experienced 
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with vehicles on the other intersection approaches. The degree of conflict 
increases with two factors: the number of vehicles on the other approaches and 
the complexity of the intersection geometry. 

Two other factors affect the departure headway of a subject approach 
vehicle: vehicle type and turning movement. The headway for a heavy vehicle 
will be longer than that for a passenger car. Furthermore, the headway for a left
turning vehicle will be longer than that for a through vehicle, which in turn will 
be longer than that for a right-turning vehicle. 

In summary: 

1. Standard four-leg AWSC intersections operate in either two-phase or 
four-phase patterns, based primarily on the complexity of the intersection 
geometry. Flows are determined by a consensus of right-of-way that 
alternates between the north-south and east-west streams (for a single
lane approach) or proceeds in turn to each intersection approach (for a 
multilane approach). 

2. The headways between consecutively departing subject approach vehicles 
depend on the degree of conflict between these vehicles and the vehicles 
on the other intersection approaches. The degree of conflict is a function 
of the number of vehicles faced by the subject approach vehicle and of the 
number of lanes on the intersection approaches. 

3. The headway of a subject approach vehicle also depends on its vehicle 
type and its turning maneuver (if any). 

Capacity Concepts 

Capacity is defined as the maximum throughput on an approach given the 
flow rates on the other intersection approaches. The capacity model described 
here is an expansion of earlier work (2). The model is described for four 
increasingly complex cases: the intersection of two one-way streets with no 
turning movements, the intersection of two two-way streets with no turning 
movements, a generalized model for single-lane sites, and a generalized model 
for multilane sites. The methodology described later in this chapter is an 
implementation of the latter and most general case. 

Intersection of Two One-Way Streets 

The first formulation of the model is based on the intersection of two one
way streets, each sToP-controlled. In this basic model, vehicles on either 
approach travel only straight through the intersection, as shown in Exhibit 20-4. 

~ Lt 
I -+-- Conflicting 
i approach 

-c--r-----ff-s;'" 
I I approach 
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Vehicle type and turning movement 
affect departure headway. These 
effects are captured empirically in the 
method 

Capacity defined 

The impact of turning movements is 
considered later, as part of the 
generalized models. 

Exhibit: 20-4 
AWSC Configuration: Formulation 1 

Methodology 
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Equation 20-1 

Equation 20-2 

Equation 20-3 

Equation 20-4 

Equation 20-5 

Exhibit 20-5 
AWSC Configuration: 

Formulation 2 

Methodology 

The saturation headway for a vehicle assumes one of two values: hsl is the 

saturation headway if no vehicle is waiting on the conflicting approach, and hs2 

is the saturation headway if the conflicting approach is occupied. The departure 
headway for vehicles on an approach is the expected value of this bivalued 
distribution. For the northbound approach, the mean service time is computed 
by Equation 20-1: 

where Xw is the degree of utilization of the westbound approach and is equal to 

the probability of finding at least one vehicle on that approach. Thus 1 - Xw is the 

probability of finding no vehicle on the westbound approach. 

By symmetry, the mean service time for the westbound approach is given by 
Equation 20-2. 

Since the degree of utilization x is the product of the anival rate /l, and the 
mean departure headway ha, the departure headways for each approach can be 

expressed in terms of the bivalued saturation headways and the arrival rates on 
each approach, as in Equation 20-3 and Equation 20-4. 

h hs1 [1+.:!w(hs2 -hS1 )] 

dN l-Aw.:!w(h
s2

-h
s1

)2 

h = hs1 [1 + AN (hS2 - hsJ] 
d,W 1-Aw.:!w(hs2 -hs1f 

Intersection of Two Two-Way Streets 

In this simplified model, the saturation headway for a vehicle assumes one of 
two values, hsl or hs2' because vehicles are again assumed to pass straight 

through the intersection. The departure headway for vehicles on an approach is 
the expected value of this bivalued distribution. A northbound vehicle will have 
a saturation headway of hsl if the eastbound and westbound approaches are 

empty simultaneously. The probability of this event is the product of the 
probability of an empty westbound approach and the probability of an empty 
eastbound approach. The depalture headway for the northbound vehicle is 
computed with Equation 20-5. See Exhibit 20-5. 

hd,N = hsl (1- xE )(1- xw)+ hs2 [1- (1- xE)(l- XW)] 

Opposing I I t 
approach.. L 

, : -- Conflicting approach 
Conflicting approach i from right 

from left --+ i 

i------f Subject 

I approach 
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Unlike Formulation I, it is not possible to solve directly for the departure 
headway in terms of a combination of arrival rates and the bivalued saturation 
headways. The departure headway on any approach depends on, or is directly 
coupled with, the traffic intensity on the two conflicting approaches. This 
coupling prevents a direct solution. However, it is possible to solve for the 
departure headway on each approach in an iterative manner, by using a system 
of equations similar in form to Equation 20-5. 

Generalized Model for Single-Lane Sites 

The generalized model is based on five saturation headway values, each 
reflecting a different level or degree of conflict faced by the subject approach 
driver. Exhibit 20-6 specifies the conditions for each case and the probability of 
occurrence of each. The probability of occurrence is based on the degree of 
utilization on the opposing and conflicting approaches. The essence of the model, 
and its complexity, is evident when one realizes that the traffic intensity on one 
approach is computed from its capacity, which in turn depends on the traffic 
intensity on the other approaches. The interdependence of the traffic flow on all 
intersection approaches creates the need for iterative calculations to obtain stable 
estimates of departure headway and service time-and thus capacity. 

Degree-of-Conflict AIlRroach 
Case Opp Con-l Con-R Probability of Occurrence 

1 N N N (1 - xcY(l - xa)(l - xCR) 

2 y N N (xcY(l - xa)(l - xCR) 

3 N Y N (1 - xcY(xa )(l - xCR) 

3 N N Y (1 - xcY(l - xa)(xcR) 

4 y N Y (XcY(1 - xd(xCR) 

4 y Y N (xcY(xa)(l - xCR) 

4 N Y Y (1 - xcY(XCL)(XCR) 

5 y Y Y (XcY(Xa)(XCR) 

Note: Opp = opposing approach, Con-l = conflicting approach from the left, Con-R = conflicting 
approach from the right, N = no, Y = yes. 

The probability, F(Ci), for each degree-of-conflict case given in Exhibit 20-6 

can be computed with Equation 20-6 through Equation 20-10. The degrees of 
utilization on the opposing approach, the conflicting approach from the left, and 
the conflicting approach from the right are given by xo, XCV and XCR' respectively. 

P(C1) = (1- Xo )(1- xcL )(l- XClJ 
P(Cz) = (xo)(l- xcL )(l- XCI{) 

P(C3 ) = (1- xo)(xcL )(l- XCR )+ (1- xo)(l- XCL ) (XCI{) 

P(C4 ) = (xo)(l- xczJ (XCR) + (xo) (xcL )(l- XCR )+ (1- XO)(XCL)(XCR) 

P(Cs) = (XO)(XCL) (XCR ) 
The departure headway for an approach is the expected value of the 

sahuation headway distribution, computed by Equation 20-11: 
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Capacity is determined by an iterative 
procedure. 

Exhibit 20-6 
Probability of Degree-of-Conflict 
case 

Equation 20-6 

Equation 20-7 

Equation 20-8 

Equation 20-9 

Equation 20-10 
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Equal:ion 20-11 

Capacity is determined by 
increasing volume on the 
subject approach untJ7 
x> 1.0. 

Methodology 

5 

ha = LP(Ci )hSi 
i=l 

where P(Ci) is the probability of the degree-of-conflict case Ci and hsi is the 

saturation headway for that case, given the traffic stream and geometric 
conditions of the intersection approach. 

The capacity is computed by incrementally increasing the volume on the 
subject approach until the degree of utilization exceeds 1.0. This flow rate is the 
maximum possible flow or throughput on the subject approach under the 
conditions used as input to the analysis. 

Generalized Model for Multilane Sites 

Saturation headways at multilane sites are typically longer than at single
lane sites, all other conditions being equal. This situation is the result of two 
factors: 

• A larger intersection (Le., greater number of lanes) requires more travel 
time through the intersection, thus increasing the saturation headway; 
and 

• Additional lanes also result in an increasing degree of conflict with 
opposing and conflicting vehicles, again increasing driver decision time 
and the saturation headway. 

By contrast, some movements may not conflict with each other as readily at 
multilane sites as at single-lane sites. For example, a northbound vehicle turning 
right may be able to depart simultaneously with an eastbound through 
movement if the two vehicles are able to occupy separate receiving lanes when 
departing to the east. Consequently, in some cases, the saturation headway may 
be lower at multilane sites. 

The theory described earlier proposed that the saturation headway is a 
function of the directional movement of the vehicle, the vehicle type, and the 
degree of conflict faced by the subject vehicle. This theory is extended here for 
multilane sites with respect to the concept of degree of conflict: saturation 
headway is affected to a large extent by the number of opposing and conflicting 
vehicles faced by the subject driver. For example, in degree-of-conflict Case 2, a 
subject vehicle is faced only by a vehicle on the opposing approach. At a two
lane approach intersection, there can be either one or two vehicles on the 
opposing approach. Each degree-of-conflict case is expanded to consider the 
number of vehicles present on each of the opposing and conflicting approaches. 
The cases are defined in Exhibit 20-7 and Exhibit 20-8 for two-lane and three-lane 
approaches, respectively. 

For multilane sites, separate saturation headway values are computed for the 
number of vehicles faced by the subject vehicle for each degree-ai-conflict case. 
This calculation requires a further extension of the service time model to account 
for the increased number of subcases. These combinations can be further 
subdivided if a vehicle can be present on any lane on a given approach. 
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ARRroaches with Vehicles 
Number of Opposing 

Degree-of- Conflicting Conflicting and Conflicting 
Conflict Case Opposing Left Right Vehicles 

1 0 
2 x 1 2 

3 x 1,2 x 
x x 

4 x X 2,3,4 
x x 

5 x x X 3,4,5,6 

ARRroaches with Vehicles 
Number of Opposing 

Degree-of- Conflicting Conflicting and Conflicting 
Conflict Case Opposing Left Right Vehicles 

1 0 
2 x 123 

3 x 1,2,3 x 
x x 

4 x x 2,3,4,5,6 
x x 

5 x x x 3 4,5 6,7,8,9 

The probability of a vehicle being at the stop line in a given lane is x, the 
degree of utilization. The product of the six degrees of saturation, encompassing 
each of the six lanes on the opposing or conflicting approaches (two lanes on the 
opposing approach and two lanes on each of the conflicting approaches), gives 
the probability of any particular combination occurring. 

The iterative procedure to compute the departure headways and capacities 
for each approach as a function of the departure headways on the other 
approaches is the same as described earlier. However, the additional sub cases 
dearly increase the complexity of this computation. 

AUTOMOBILE MODE 

The A WSC intersection methodology for the automobile mode is applied 
through a series of steps that relate to input data, saturation headways, departure 
headways, service time, capacity, and LOS. They are illustrated in Exhibit 20-9. 

Step 1: Convert Movement Demand Volumes to Flow Rates 

Flow rates for each turning movement at the intersection must be converted 
from hourly volumes in vehicles per hour (veh/h) to peak 15-min flow rates in 
vehicles per hour as given in Equation 20-12: 

_ V 
v·---

I PHF 

where 

Vi demand flow rate for movement i (veh/h), 

PHF 

demand volume for movement i (veh/h), and 

peak hour factor. 
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Exhibit 20-7 
Degree-of-Conflict Cases for Two
Lane Approaches 

Exhibit 20-8 
Degree-of-Conflict Cases for 
Three-Lane Approaches 

Equation 20-12 

Methodology 
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Exhibit 20-9 
AWSC Intersection 

Methodology 

Methodology 

No 

Step 1: Convert movement demand volumes 
to flow rates 

Step 3: Determine geometry group for 
each approach 

Step 4: Determine saturation headway 
adjustments 

Step 5: Determine initial departure 
headway 

Step 6: Calculate initial degree of 
utilization 

Step 8: Compute 
probability adjustment 

factors 

Step 15: Compute control 
delay and determine LOS 
for each approach and the 

intersection 
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Step 2: Determine Lane Flow Rates 

For multilane approaches, the flow rate for each lane by movement is 
determined. If a certain movement can use more than one lane and its traffic 
volume distribution per lane is unknown, an equal distribution of volume among 
the lanes can be assumed. 

Step 3: Determine Geometry Group for Each Approach 

Exhibit 20-10 is consulted to determine the geometry group for each 
approach. The geometry group is needed to look up base saturation headways 
and headway adjustment factors. 

Number of lanes 
Intersection Subject Opposing Conflicting Geometry 

Configuration Approach Approach ApproachesB Group 

Four leg or T 1 o or 1 1 1 
Four leq or T 1 o or 1 2 2 
Four leq or T 1 2 1 3a/4a 

T 1 2 2 3b 
Four leo 1 2 2 4b 

Four leg or T 1 o or 1 3 5 
1 3 1 
2 0, 1, or 2 lor2 
3 o or 1 1 
3 o or 1 2 or 3 
3 2or3 1 

Four leg or T 1 3 2 6 
1 2 3 
1 3 3 
2 3 1, 2, or 3 
2 0,1,2 or 3 3 
3 2 or 3 2 or 3 

Note: a If the number of lanes on conflicting approaches IS different, the higher of the two should be used. 

Step 4: Determine Saturation Headway Adjustments 

The headway adjustment for each lane is computed by Equation 20-l3. 
Saturation headway adjustments for left turns, right turns, and heavy vehicles 
are given in Exhibit 20-1I. 

where 

hadj 

hLT,adj 

h1n,adj 

hHF,adj 

PLT 

PRT 

PH>' 

hadj = hLT,adjPLT + hRT,ndjPRT + hHV,adjPHV 

headway adjustment (s), 

headway adjustment for left turns (see Exhibit 20-11) (s), 

headway adjustment for right turns (see Exhibit 20-11) (s), 

headway adjustment for heavy vehicles (see Exhibit 20-11) (s), 

proportion of left-turning vehicles in the lane, 

proportion of right-turning vehicles in the lane, and 

proportion of heavy vehicles in the lane. 
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Geometry Groups 

Equation 20-13 
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Exhibit 20-11 
Saturation Headway 

Adjustments by Geometry 
Group 

Equation 20-14 

Equation 20-15 

Exhibit 20-12 
Probability of aj 

Tables for three-lane 
approaches are given in 
Chapter 32, STOP-Controlled 
Intersections: Supplemental 

Methodology 

Factor 
LT 
RT 
HV 

Saturation Headway Adjustment (5) 
Group Group Group Group 

321 3b 421 4b 
0.2 0.2 0.2 0.2 

-0.6 -0.6 -0.6 -0.6 
1.7 1.7 1.7 1.7 

Note: LT = left turns, RT = right turns, HV = heavy vehicles. 

Step 5: Determine Initial Departure Headway 

The process of determining departure headways (and thus service times) for 
each of the lanes on each of the approaches is iterative. For the first iteration, an 
initial departure headway of 3.2 s should be assumed. For subsequent iterations, 
the calculated values of departure headway from the previous iteration should 
be used if the calculation has not converged (see Step 11). 

Step 6: Calculate Initial Degree of Utilization 

By using the lane flow rates from Step 2 and the assumed initial departure 
headway from Step 5, the initial degree of utilization, x, is computed with 
Equation 20-14. If it is not the final iteration, and the degree of utilization exceeds 
1, then the degree of utilization should be reset to 1. 

Vhd 
X=--

3,600 

Step 7: Compute Probability States 

The probability state of each combination i is found with Equation 20-15. 

p(i) = I1 P(a j ) 

j 

where 

j 01 (opposing approach, Lane I), 02 (opposing approach, Lane 2), CLl 
(conflicting left approach, Lane 1), CL2 (conflicting left approach, Lane 
2), CRI (conflicting right approach, Lane I), and CR2 (conflicting right 
approach, Lane 2) for a two-lane, two-way A WSC intersection; 

P(aj) probability of ai' computed on the basis of Exhibit 20-12, where VJ is the 
lane flow rate; and 

aj 1 (indicating a vehicle present) or 0 (indicating no vehicle present in 

the lane) (values of aj for each lane in each combination i are listed in 
Exhibit 20-13). 

aj Vj pea} 
1 0 0 
0 0 1 
1 >0 Xj 

0 >0 1- Xj 

Note: xis the degree of utilization defined in Equation 20-14. 

Exhibit 20-13 provides the 64 possible combinations when alternative lane 
occupancies are considered for two-lane approaches. A 1 indicates that a vehicle 
is in the lane, and a 0 indicates that a vehicle is not in the lane. A similar table for 
three lanes on each approach is provided in Chapter 32 in Volume 4. 
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Number Conflicting Left Conflicting Right 
DOC of Ol!l~osing A!;!!;!roach A!;!proach Approach 

i Case Vehicles L1 L2 Ll L2 II l2 
1 1 0 0 0 0 0 0 0 
2 1 1 0 0 0 0 0 

-L 2 0 1 0 0 0 0 
4 2 1 1 0 0 0 0 
5 0 0 1 0 0 0 
6 1 0 0 0 1 0 0 
7 

3 
0 0 0 0 1 0 

~ 0 0 0 0 0 1 
9 2 0 0 1 1 0 0 
10 0 0 0 0 1 1 
11 0 0 0 1 0 1 
12 0 0 1 0 0 1 
13 0 0 1 0 1 0 
14 0 0 0 1 1 0 
15 0 1 0 1 0 0 
16 2 1 0 1 0 0 0 
17 0 1 0 0 1 0 
18 1 0 0 1 0 0 
19 0 1 1 0 0 0 
20 0 1 0 0 0 1 
21 1 0 0 0 1 0 

-4- 1 0 0 0 0 1 
23 0 0 0 1 1 1 
24 4 0 0 1 1 0 1 
25 0 0 1 1 1 0 
26 1 0 1 1 0 0 
27 1 1 1 0 0 0 
28 3 1 1 0 0 1 0 
29 1 1 0 0 0 1 
30 0 1 1 1 0 0 
31 1 0 0 0 1 1 
32 0 0 1 0 1 1 
33 1 1 0 1 0 0 

.4- 0 1 0 0 1 1 
35 1 1 0 0 1 1 
36 4 0 0 1 1 1 1 
37 1 1 1 1 0 0 
38 0 1 0 1 0 1 
39 1 0 0 1 1 0 
40 0 1 1 0 1 0 
41 3 0 1 0 1 1 0 
42 0 1 1 0 0 1 
43 1 0 1 0 0 1 
44 1 0 0 1 0 1 

~ 1 0 1 0 1 0 
46 1 0 0 1 1 1 
47 0 1 1 1 1 0 
48 0 1 1 1 0 1 
49 1 0 1 0 1 1 
50 1 0 1 1 1 0 
51 5 4 0 1 0 1 1 1 
52 1 1 1 0 0 1 
53 1 0 1 1 0 1 
54 0 1 1 0 1 1 
55 1 1 0 1 1 0 
56 1 1 0 1 0 1 

-R- 1 1 1 0 1 0 
58 1 0 1 1 1 1 
59 1 1 0 1 1 1 
60 5 1 1 1 0 1 1 
61 0 1 1 1 1 1 
62 1 1 1 1 1 0 

2L 1 1 1 1 0 1 
64 6 1 1 1 1 1 1 

Note: DOC case IS the degree-of-confllct case, number of vehicles IS the total number of vehicles on the opposing 
and conflicting approaches, Ll Is Lane 1, and L2 is lane 2. 
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Exhibit 20-13 
Probability of Degree-of-Conflict 
Case: Multilane AWSC Intersections 
(Two-Lane Approaches, by Lane) 
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Equation 20-16 

Equation 20-17 

Equation 20-18 

Equation 20-19 

Equation 20-20 

Equation 20-21 

Equation 20-22 

Equation 20-23 

Equation 20-24 

Equation 20-25 

Equation 20-26 

Equation 20-27 

Methodology 

Step 8: Compute Probability Adjustment Factors 

The probability adjustment is computed with Equation 20-16 through 
Equation 20-20 to account for the serial correlation in the previous probability 
computation. First, the probability of each degree-of-conflict case must be 
determined (assuming the 64 cases presented in Exhibit 20-13). 

P(C1 ) = pel) 

4 

p(C2 ) = LP(i) 
i=2 

10 

p(c3 )= LP(i) 
i=S 

37 

p(cJ= LP(i) 
i=l1 

64 

p(CS ) = LP(i) 
i=38 

The probability adjustment factors are then computed with Equation 20-21 
through Equation 20-25. 

AdjP(l) = a[P(C2 ) + 2P(C3 ) + 3P(C4 ) + 4P(Cs)]jl 

AdjP(2) through AdjP(4) = a[P(C3 ) + 2P(C4 ) + 3P(C5 ) - P(C2 )]/3 

AdjP(5) through AdjP(lO) = a[P(C4 ) + 2P(C5 ) - 3P(C3 )]j6 

AdjP(l1) through AdjP(37) = a[P(Cs) - 6P(C4 )]/27 

AdjP(38) through AdjP(64) = - a[lOP(Cs)]j27 

where a equals 0.01 (or 0.00 if correlation among saturation headways is not 
taken into account). 

The adjusted probability P'(i) for each combination is simply the sum of P(i) 
and AdjP(i), as given by Equation 20-26. 

P'(i) = P(i) + AdjP(i) 

Step 9: Compute Saturation Headways 

The saturation headway hsi is the sum of the base saturation headway as 

presented in Exhibit 20-14 and the saturation headway adjustment factor from 
Step 4. It is shown in Equation 20-27. 
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Base Saturation Headwall (s) 
No. of Group Group Group Group Group Group Group 

Case Veh. 1 2 3a 3b 4a 4b S 
1 0 3.9 3.9 4.0 4.3 4.0 4.5 4.5 

1 4.7 4.7 4.8 5.1 4.8 5.3 5.0 
2 2 6.2 

>3 
1 5.8 5.8 5.9 6.2 5.9 6.4 6.4 

3 2 7.2 
~3 

2 7.0 7.0 7.1 7.4 7.1 7.6 7.6 

4 
3 7.8 
4 9.0 

>5 
3 9.6 9.6 9.7 10.0 9.7 10.2 9.7 

5 
4 9.7 
5 10.0 
~6 11.5 

Step 10: Compute Departure Headways 

The departure headway of the approach is the expected value of the 
saturation headway distribution, given by Equation 20-28. 

64 

hd = Ip'(i)hSi 
i~l 

Group 
6 

4.5 
6.0 
6.8 
7.4 
6.6 
7.3 
7.8 
8.1 
8.7 
9.6 
12.3 
10.0 
11.1 
11.4 
13.3 

where i represents each combination of the five degree-of-conflict cases and hsi is 

the saturation headway for that combination. 

Step 11: Check for Convergence 

The calculated values of hd are checked against the initial values assumed for 

ha. If the values change by more than 0.1 s (or a more precise measure of 

convergence), Steps 5 through 10 are repeated until the values of departure 
headway for each lane do not change significantly. 

Step 12: Compute Capacity 

The capacity of each approach is computed under the assumption that the 
flows on the opposing and conflicting approaches are constant. The given flow 
rate on the subject lane is increased and the departure headways are computed 
for each approach until the degree of utilization for the subject lane reaches 1. 
When this occurs, the final value of the subject approach flow rate is the 
maximum possible throughput or capacity of this lane. 

Step 13: Compute Service Times 

The service time required to calculate control delay is computed on the basis 
of the final calculated departure headway and the move-up time with Equation 
20-29. 

where ts is the service time, hdis the departure headway, and m is the move-up 

time (2.0 s for Geometry Groups 1 through 4; 2.3 s for Geometry Groups 5 and 6). 
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Saturation Headway Values by 
Case and Geometry Group 

Equation 20-28 

Capacity is estimated for a stated set 
of opposing and conflicting volumes. 

Equation 20-29 
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Equation 20-30 

Equation 20-31 

Equation 20-32 

Methodology 

Step 14: Compute Control Delay for Each Lane 

The delay experienced by a motorist is made up of a number of factors that 
relate to control, geometries, traffic, and incidents. Control delay is the difference 
between the travel time that is actually experienced and the reference travel time 
that would result during conditions in the absence of traffic control or conflicting 
traffic. 

Equation 20-30 can be used to compute control delay for each lane. 

where 

d=ts +900T[(X-l)+ (x-l)2+ hd
X 

]+5 
450T 

d average control delay (s/veh), 

x = vha/3,600 = degree of utilization, 

ts serviee time (s), 

hd departure headway (s), and 

T length of analysis period (h). 

Step 15: Compute Control Delay and Determine LOS for Each Approach 
and the Intersection 

The control delay for an approach is calculated by computing a weighted 
average of the delay for each lane on the approach, weighted by the volume in 
each lane. The calculation is shown in Equation 20-31. 

where 

dapproach = control delay for the approach (s/veh), 

dt control delay for lane i (s/veh), and 

Vi flow rate for lane i (veh/h). 

The control delay for the intersection as a whole is similarly calculated by 
computing a weighted average of the delay for each approach, weighted by the 
volume on each approach. It is shown in Equation 20-32. 

where 

dintersection 

Vi 

Ldivi 
dintersection = "'"' 

L..J Vi 

control delay for the entire intersection (s/veh), 

control delay for approach i (s/veh), and 

flow rate for approach i (veh/h). 

The LOS for each approach and for the intersection are determined with 
Exhibit 20-2 and the computed values of control delay. 
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Step 16: Compute Queue Lengths 

Research (3) has deterrrrined that the methodology for predicting queues at 
TWSC intersections can be applied to AWSC intersections. As such, the mean 
queue length is computed as the product of the average delay per vehicle and the 
flow rate for the movement of interest. 

Equation 20-33 can be used to calculate the 95th percentile queue for each 
approach lane. 

900T [( ) ( )2 hdX ] Q95::::;--';;- x-1 + x-1 + 150T 

where 

Q95 95th percentile queue (veh), 

x = Vhd/3,600 = degree of utilization, 

hd departure headway (s), and 

T length of analysis period (h). 

PEDESTRIAN MODE 

Applying the LOS procedures used to determine pedestrian delay at TWSC 
intersections to A WSC intersections does not produce intuitive or usable results. 
The TWSC delay calculations apply only for crossings where conflicting traffic is 
not STop-controlled (i.e., pedestrians crossing the major street at a TWSC 
intersection). Approaches where conflicting traffic is sTop-controlled (i.e., 
pedestrians crossing the minor street at a TWSC intersection) are assumed to 
result in negligible delay for pedestrians, as vehicles are required to stop and 
wait for conflicting vehicle and pedestrian traffic before proceeding. 

As such, applying the TWSC methodology to pedestrians at A WSC 
intersections results in negligible delay for all pedestrians at all approaches. The 
reality of A WSC intersection operations for pedestrians is much different, 
however, and generally results in at least some delay for pedestrians. TI1e 
amount of delay incurred will depend on a number of operating and geometric 
characteristics of the intersection in question. While no quantitative methodology 
accounting for these factors is available, several of the most important factors are 
discussed qualitatively below. 

The operational characteristics of AWSC intersections for pedestrians largely 
depend on driver behavior. In most cases, drivers are legally required to yield to 
pedestrians crossing or preparing to cross AWSC intersections. However, it 
should be expected that operations differ significantly depending on 
enforcement levels, region of the country, and location (e.g., urban, suburban, or 
rural). 

Traffic Volumes 

At intersections with relatively low traffic volumes, there are generally no 
standing queues of vehicles at A WSC approaches. In these cases, pedestrians 

( attempting to cross an approach of the intersection will typically experience little 
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Equation 20-33 

Data collection and research are 
needed to determine an appropriate 
LOS methodology for pedestrians at 
AWSC intersections, 
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or no delay, as they will be able to proceed almost immediately after reaching the 
intersection. 

At AWSC intersections with higher volumes, there are typically standing 
queues of motor vehicles on each approach. These intersections operate in a two
phase or four-phase sequence, as described earlier and depicted in Exhibit 20-3. 
In these situations, the arrival of a pedestrian does not typically disrupt the 
normal phase operations of the intersection. Rather, the pedestrian is often forced 
to wait until the phase arrives for vehicles in the approach moving adjacent to 
the pedestrian. 

Under a scenario in which the intersection functions under the operations 
described above for pedestrians, average pedestrian delay might be expected to 
be half of the time needed to cycle through all phases for the particular 
intersection, assuming random arrival of pedestrians. However, several other 
factors may also affect pedestrian delay and operations at A WSC intersections, as 
described below. 

Number of Approach lanes 

As the number of approach lanes at A WSC intersections increases, 
pedestrian crossing distance increases proportionally, resulting in significantly 
longer pedestrian crossing times compared with single-lane intersections. In 
addition, vehicles already in the intersection or about to enter the intersection 
take longer to complete their movement. As a result, pedestrians at multilane 
AWSC intersections may wait longer before taking their turn to cross. 

Proportion of Turning Traffic 

The ability of a pedestrian to cross at an A WSC intersection may also depend 
on the proportion of through motor vehicle traffic to turning motor vehicle 
traffic. As described above, pedestrians may often cross during the phase in 
which adjacent motor vehicle traffic traverses the intersection. However, when 
an adjacent motor vehicle is turning, that vehicle will conflict with pedestrians 
attempting to cross. Because of the additional conflicts with pedestrians created 
by turning vehicles at AWSC intersections, pedestrian delay may be expected to 
rise as the proportion of turning vehicles increases, similar to the effect that 
turning proportion has on vehicular delay. 

Pedestrian Volumes 

Under most circumstances, there is adequate capacity for all pedestrians 
queued for a given movement at an A WSC intersection to cross simultaneously 
with adjacent motor vehicle traffic. However, in locations with very high 
pedestrian volumes, this may not be the case. The total pedestrian capacity of a 
particular A WSC intersection phase is limited by both the width of the crosswalk 
(how many pedestrians can cross simultaneously) and driver behavior. 

In situations in which not all queued pedestrians may cross during a 
particular phase, pedestrian delay will increase, as some pedestrians will be 
forced to wait through an additional cycle of intersection phases before crossing. 
However, pedestrian volumes in this range are unlikely to occur often; rather, 
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intersections with pedestrian volumes high enough to cause significant delay are 
C typically signalized. 

( 

( 

BICYCLE MODE 

Where bicycles queue with motor vehicles on AWSC approaches, the 
procedures described to estimate motor vehicle delay can be applied to bicycles. 
However, bicycles differ from motor vehicles in that they do not queue linearly 
at STOP signs. Instead, multiple bicycles often cross at the same time as the 
adjacent vehicular traffic stream. This phenomenon has not been researched as of 
the time of publication of this edition of the HCM and is not explicitly included 
in the methodology. 

Where an A WSC approach provides a bicycle lane, bicycle delay will be 
significantly different and, in general, lower than motor vehicle delay. The 
exception is bicycles intending to tum left; those cyclists will typically queue 
with motor vehicles. Where bicycle lanes are available, bicycles are able to move 
unimpeded until reaching the stop line, as the bike lane allows the cyclist to pass 
any queued motor vehicles on the right. In this situation, bicycles will still incur 
delay upon reaching the intersection. 

In most cases, bicycles will be able to travel through the intersection 
concurrently with adjacent motor vehicle traffic. This, in effect, results in 
multilane operations, with the bike lane serving as the curb lane, meaning that 
bicycles will be delayed from the time of arrival at the intersection until the 
adjacent motor vehicle phase occurs. As noted above, multiple bicycles will 
likely be able to cross simultaneously through the intersection. Finally, even 
where bicycle lanes are not available, many cyclists still pass queued motor 
vehicles on the right, resulting in lower effective bicycle delay compared with 
motor vehicle delay. 
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3. APPLICATIONS 

DEFAULT VALUES 

A comprehensive presentation of potential default values for interrupted
flow facilities is available elsewhere (4). These defaults cover the key 
characteristics of peak hour factor (PHF) and percent heavy vehicles (%HV). 
Recommendations are based on geographic region, population, and time of day. 
All general default values for interrupted flow facilities may be applied to 
analysis of A WSC intersections in the absence of field data or projections of 
conditions. 

Both demand volumes and the number and configuration of lanes at the 
intersection are site specific and do not lend themselves to default values. The 
following default values may be applied to an A WSC intersection analysis: 

• Peak hour factor (PHF) 0.92 

• Percent heavy vehicles (%HV) 3% 

As the number of default values used in any analysis increases, the accuracy 
of the result becomes more approximate and may differ significantly from the 
actual outcome, depending on local conditions. 

ESTABLISH INTERSECTION ANALYSIS BOUNDARIES 

This methodology assumes that the A WSC intersection under investigation 
is isolated. When interaction effects are likely between the subject A WSC 
intersection and other intersections (e.g., queue spillback, demand starvation), 
the use of alternative tools may result in a more accurate analysis. Analysis 
boundaries may also include different demand scenarios related to time of day or 
to different development scenarios that produce different demand flow rates. 

TYPES OF ANALYSIS 

The methodology of this chapter can be used in three types of analysis: 
operational analysis, design analysis, and planning and preliminary design 
analysis. 

Operational Analysis 

The methodology is most easily applied in the operational analysis mode. In 
operational analysis, all traffic and geometric characteristics of the analysis 
segment must be specified, including analysis-hour demand volumes for each 
turning movement (veh/h), heavy vehicle percentages for each approach, peak 
hour factor for all demand volumes, and lane configuration. The outputs of an 
operational analysis are estimates of capacity and control delay. The steps of the 
methodology, described in the Methodology section, are followed directly 
without modification. 
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Design Analysis 

The operational analysis described earlier in this chapter can be used for 
design purposes by using a given set of traffic flow data and iteratively 
determining the number and configuration of lanes that would be required to 
produce a given LOS. 

Planning and Preliminary Engineering Analysis 

The operational analysis method described earlier in this chapter provides a 
detailed procedure for evaluating the performance of an AWSC intersection. To 
estimate LOS for a future time horizon, a planning analysis based on the 
operational method is used. The planning method uses all the geometric and 
traffic flow data required for an operational analysis, and the computations are 
identical. However, input variables for heavy-vehicle percentage and peak hour 
factor are typically estimated (or defaults used) when planning applications are 
performed. 

USE OF At TERNATIVE TOOLS 

Except for the effects of interaction with other intersections, the limitations of 
the methodology that were stated earlier in this chapter have minimal potential 
to be addressed by alternative tools. Therefore, insufficient experience with 
alternative tools is available as of the time of publication of this edition of the 
HCM to support the development of useful guidance for their application 
to A WSC intersections. 
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An additional AWSC example 
problem is provided in Chapter 
32, STop-Controlled 
Intersections: Supplemental. 

Exhibit 20-15 
Volumes and Lane 

Configurations for Example. 
Problem 1 

The use of a spreadsheet or 
software for AWSC intersection 
analysis is recommended 
because of the repetitive and 
iterative computations 
required 

Example Problem 

4. EXAMPLE PROBLEM 

EXAMPLE PROBLEM 1: SINGLE-LANE, T-INTERSECTION 

The Facts 

The following describes this location's traffic and geometric characteristics: 

• Three legs (T -intersection), 

• One-lane entries on each leg, 

• Percent heavy vehicles on all approaches = 2%, 

• Peak hour factor = 0.95, and 

• Volumes and lane configurations as shown below (Exhibit 20-15). 

50.,ft 
300-... 

Comments 

Volumes 

'-.100 

......-300 

Lane Configurations 

Length of study period = 0.25 h 

All input parameters are known, so no default values are needed or used. 
The use of a spreadsheet or software is recommended because of the repetitive 
computations required. Slight differences in reported values may result from 
rounding differences between manual and software computations. 

Step 1: Convert Movement Demand Volumes to Flow Rates 

Peak IS-min flow rates for each turning movement at the intersection are 
equal to the hourly volumes divided by PHF. For example, the peak IS-min flow 
rate for the eastbound through movement is as follows: 

V = VEBTH = 300 = 316 veh/h 
EBTH PHF 0.95 

Step 2: Determine Lane Flow Rates 

This step does not apply because the intersection has one-lane approaches on 

all legs. 

Step 3: Determine Geometry Group for Each Approach 

Exhibit 20-10 shows that each approach should be assigned to Geometry 
Group 1. 
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Step 4: Determine Saturation Headway Adjustments 

Exhibit 20-11 shows that the head way adjustments for left turns, right turns, 
and heavy vehicles are 0.2, -0.6, and 1.7, respectively. These values apply to all 
approaches because all are assigned Geometry Group 1. Therefore, the sahlfation 
headway adjustment for the eastbound approach is as follows: 

hadj = hU,adjPLT +hRT,adjPRT +hHTl,adjPHV 

h . = 0.2 53 0.6(0) + 1.7(0.02) = 0.063 
ad] 53 + 316 

Similarly, the saturation head way adjustment for the westbound approach is 
as follows: 

105 
hadj =0.2(0)-0.6 +1.7(0.02)=-0.116 

105 + 316 

Finally, the saturation headway adjustment for the southbound approach is 
as follows: 

h . = 0.2 105 
ad] 105 + 53 

53 
0.6 + 1.7(0.02) = -0.034 

105+53 

Steps 5 Through 11: Determine Departure Headway 

These steps are iterative. The following narrative highlights some of the key 
calculations using the eastbound approach for Iteration 1 but does not attempt to 
reproduce all calculations for all iterations. Full documentation of the example 
problem is included in Chapter 32, STOP-Controlled Intersections: Supplemental. 

Step 6: Calculate Initial Degree of Utilization 

By using the lane flow rates from Step 2 and the assumed initial departure 
headway from Step 5, the initial degree of utilization, x, for the eastbound 
approach is computed as follows: 

X EB = ~ = (368)(3.2) 0.327 
, 3,600 3,600 

X WB = (421)(3.2) 0.374 
I 3,600 

X NB =~= (158)(3.2) 
, 3,600 3,600 

0.140 

Step 7: Compute Probability States 

15. 
The probability state of each combination i is determined with Equation 20-

P(i) = IT P(a j )= P(aO)P(aCL)P(aCR) 
j 

For an intersection with single-lane approaches, only these eight cases from 
( Exhibit 20-13 apply: 
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Number Conflicting Conflicting 
DOC of Opposing left Right 

i Case Vehicles A22foach A22roach A22foach 
1 1 0 0 0 0 
2 2 1 0 0 
5 3 0 1 0 
7 3 0 0 1 
13 4 2 0 1 1 
16 4 2 1 1 0 
21 4 2 1 0 1 
45 5 3 1 

For example, the probability state for the eastbound leg under the condition 
of no opposing vehicles on the other approaches (degree of conflict Case I, i = 1) 
is as follows (using Exhibit 20-6): 

P(ao ) = 1- Xo = 1-0.374 = 0.626 (no opposing present) 

P( aCL ) = 1- XCL = 1- 0.140 = 0.860 (no conflicting from left present) 

(no approach conflicting from right) 

Therefore, 

P(I) = P(aO)P(aCL)P(aCR) = (0.626)(0.860)(1) = 0.538 

Similarly, 

P(2) = (0.374)(0.860)(1) = 0.322 

P(5) = (0.626)(0.140)(1) = 0.088 

P(7) = (0.626)(0.860)(0) = 0 

P(13) = (0.626)(0.140)(0) = 0 

P(16) = (0.374)(0.140)(1) = 0.052 

P(21) = (0.374)(0.860)(0) = 0 

P(45) = (0.374)(0.140)(0) = 0 

Step 8: Compute Probability Adjustment Factors 

The probability adjustment is computed as follows: 

P(c1 ) = P(I) = 0.538 

p(c2 ) = P(2) =0.322 

p(c3 ) = P(5) + P(7) = 0.088 + 0 = 0.088 

p(CJ = P(13) + P(16) + P(21) = 0 + 0.052 + 0 = 0.052 

p(Cs )= P(45) = 0 

The probability adjustment factors for the nonzero cases are as follows: 

AdjP(I) = 0.01[0.322 + 2(0.088) + 3(0.052) + 0 yl = 0.0065 

AdjP(2) = 0.01[(0.088) + 2(0.052) + 0 - 0.322 ]/3 = -0.0004 
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AdjP(5) = 0.01[(0.052) + 2(0) -3(0.088)]/6 = -0.0004 

AdjP(16) = 0.01[0 - 6(0.052) ];27 = -0.0001 

Therefore, the adjusted probability for Combination 1, for example, is as 
follows: 

P' (1) = 0.538 + 0.0065 = 0.5445 

Step 9: Compute Saturation Headways 

The base saturation headways for each combination can be determined with 
Exhibit 20-14. They are adjusted by using the adjustment factors calculated in 
Step 4 and added to the base saturation headways to determine saturation 
headways as follows (eastbound illustrated): 

i hbase had; hSI 

1 3.9 0.063 3.963 
2 4.7 0.063 4.763 

5 5.8 0.063 5.863 
7 7.0 0.063 7.063 

Step 10: Compute Departure Headways 

The departure headway of the approach is the sum of the products of the 
adjusted probabilities and the saturation headways as follows (eastbound 
illustrated): 

hd = (0.5445)(3.963) + (0.3213)( 4.763) + (0.0875)(5.863) + (0.0524)(7.063) = 4.57 

Step 11: Check for Convergence 

The calculated values of ltd are checked against the initial values assumed for 

hd. After one iteration, each calculated headway differs from the initial value by 

more than 0.1 s. Therefore, the new calculated headway values are used as initial 
values in a second iteration. For this problem, four iterations are required for 
convergence. 

EB EB WB WB NB NB SB SB 
L 1 L2 L 1 L2 L1 L2 L 1 L2 

Total Lane Flow Rate 368 421 158 
hd, initial value, iteration 1 3.2 3.2 3.2 
x, in itial , iteration 1 0.327 0.374 0.140 
hd, computed value, iteration 1 4.57 4.35 5.14 
Convergence? N N N 

hd, initial value, iteration 2 4.57 4.35 5.14 
x, initial, iteration 2 0.468 0.509 0.225 
hd, computed value, iteration 2 4.88 4.66 5.59 
Convergence? N N N 

hd, initial value, iteration 3 4.88 4.66 5.59 
x, initial, iteration 3 0.499 0.545 0.245 
hd, computed value, iteration 3 4.95 4.73 5.70 
Convergence? Y Y N 

hd, initial value, iteration 4 4.88 4.66 5.70 
x, initial, iteration 4 0.499 0.545 0.250 
hd, computed value, iteration 4 4.97 4.74 5.70 
Convergence? Y Y Y 
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Step 12: Compute Capacity 

The capacity of each approach is computed by increasing the given flow rate 
on the subject lane (assuming the flows on the opposing and conflicting 
approaches are constant) until the degree of utilization for the subject lane 
reaches 1. This level of calculation requires running an iterative procedure many 

times, which is practical for a spreadsheet or software implementation. 

Here, the eastbound approach capacity is approximately 720 veh/h, which is 
lower than the value that could be estimated by dividing the approach volume 
by the degree of utilization (368/0.492 = 748 veh/h). The difference is due to the 
interaction effects among the approaches: increases in eastbound traffic volume 

increase the departure headways of the other approaches, which in turn 
increases the departure headway of the subject approach. 

Step 13: Compute Service Times 

The service time required to calculate control delay is computed on the basis 
of the final calculated departure headway and the move-up time by using 
Equation 20-29. For the eastbound approach (using a value for In of 2.0 for 
Geometry Group I), the calculation is as follows: 

ts = hd -In = 4.97 -2.0 = 2.97 

Step 14: Compute Control Delay 

The control delay for each approach is computed with Equation 20-30 as 
follows (eastbound approach illustrated): 

d = 2.97 +900(0.25)[(0.508 -1)+ (0.508 _1)2 + 4.97(0.508)] +5 = 13.0 s 
450(0.25) 

By using Exhibit 20-2, the eastbound approach is assigned LOS B. A similar 
calculation for the westbound and southbound approaches yields 13.5 and 10.6 s, 

respectively. 

The control delays for the approaches can be combined into an intersection 

control delay by using a weighted average as follows: 

d = (13.0)(368) + (13.5)( 421) + (10.6)(158) = 12.8 s 
368 + 421 + 158 

This value of delay is assigned LOS B. 

Step 15: Compute Queue Length 

The 95th percentile queue for each lane is computed with Equation 20-33 as 
follows (eastbound approach illustrated): 

Q ~ 900(0.25) [(0.508 -1)+ (0.508 _1)2 + 4.97(0.508)J = 2.9 veh 
95 4.97 150(0.25) 

This queue length would be reported as 3 vehicles. 
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Discussion 

The results indicate that the intersection operates well with low delays. 
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These references are available 
in the Technical Reference 
Library in Volume 4. 
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1. INTRODUCTION 

Roundabouts are intersections with a generally circular shape, characterized 
by yield on entry and circulation around a central island (counterclockwise in the 
United States). Roundabouts have been used successfully throughout the world 
and are being used increasingly in the United States, especially since 1990. 

Chapter 21, Roundabouts, presents concepts and procedures for analyzing 
these intersections. National Cooperative Highway Research Program Project 3-
65 (1) provided a comprehensive database of roundabout operations for U.S. 
conditions on the basis of a study of 31 sites. The procedures that follow are 
largely founded on that study's recommendations. These procedures allow the 
analyst to assess the operational performance of an existing or planned one-lane 
or two-lane roundabout given traffic demand levels. 

INTERSECTION ANALYSIS BOUNDARIES AND TRAVEL MODES 

The analytical procedure presented in this chapter asswnes that the analysis 
boundaries are the roundabout itself, including associated pedestrian crosswalks. 
Alternative tools discussed in this chapter can, in some cases, expand the 
analysis boundaries to include adjacent intersections. The methodology 
presented here includes discussion of motor vehicles, pedestrians, and bicycles. 

lEVEL OF SERVICE CRITERIA 

The level of service (LOS) criteria for automobiles in roundabouts are given 
in Exhibit 21-1. As the table notes, LOS F is assigned if the volume-to-capacity 
ratio of a lane exceeds 1.0 regardless of the control delay. For assessment of LOS 
at the approach and intersection levels, LOS is based solely on control delay. 

The thresholds in Exhibit 21-1 are based on the considered judgment of the 
Transportation Research Board Committee on Highway Capacity and Quality of 
Service. As discussed later in this chapter, roundabouts share the same basic 
control delay formulation with two-way and all-way STop-controlled 
intersections, adjusting for the effect of YIELD control. However, at the time of 
publication of this edition of the Highway Capacity Manual (HCM), no research 
was available on traveler perception of quality of service at roundabouts. In the 
absence of such research, the service measure and thresholds have been made 
consistent with those for other unsignalized intersections, primarily on the basis 
of this similar control delay formulation. 

>10-15 
>15-25 
>25-35 
>35-50 

>50 

lOS by Volume-to-Capacity Ratio' 
vIc S 1.0 vIc >1.0 

A F 
B F 
C F 
D F 
E F 
F F 

Note: a For approaches and intersectionwide assessment, LOS is defined solely by control delay. 
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This chapter's methodology 
applies to isolated 
roundabouts with up to two 
entry lanes and up to one 
bypass lane per approach. 

Introduction 

REQUIRED INPUT DATA 

The following data are required to analyze a rOlmdabout: 

1. Number and configuration of lanes on each approach; 

2. Either of the following: 

a. Demand volume for each entering vehicular movement and each 
pedestrian crossing movement during the peak 15 min, or 

b. Demand volume for each entering vehicular movement and each 
pedestrian crossing movement during the peak hour, and a peak 
hour factor for the hour; 

3. Percentage of heavy vehicles; 

4. Volume distribution across lanes for multilane entries; and 

5. Length of analysis period, generally a peak IS-min period within the peak 
hour. Any IS-min period can be analyzed, however. 

SCOPE OF THE METHODOLOGY 

The methodology presented in this chapter focuses on the operation of 
roundabouts. The methodology does not account for the effects of adjacent traffic 
control devices such as nearby traffic signals or signalized pedestrian crossings. 
This version of the roundabout analysis procedures results primarily from 
studies conducted by National Cooperative Highway Research Program Project 
3-65 (1). The chapter also includes a discussion of altemative tools that can model 
situations beyond the scope of the analytical methodology presented in this 
chapter. 

The methodology does not necessarily apply to other types of circular 
intersections such as rotaries, neighborhood traffic circles, or signalized traffic 
circles, because these types of circular intersections usually have geometric or 
traffic control elements that deviate from those used in roundabouts. As a result, 
their operational performance may be significantly different from that 
experienced at roundabouts and thus cannot be accurately modeled by using the 
procedures in this chapter. More detail on the differentiation between 
roundabouts and other circular intersections can be found elsewhere (2, 3). 

LIMITATIONS OF THE METHODOLOGY 

While the database on which these procedures are based is the most 
comprehensive developed for U.S. conditions, it does not cover all situations that 
may be encolmtered in practice. The chapter's methodology applies to isolated 
roundabouts with up to two entry lanes and up to one bypass lane per approach. 

Automobile Mode 

The methodology presented for automobiles covers typical roundabout 
facilities quite well, but it lacks examples of situations in which 

• Upstream or downstream signals (including, but not limited to, 
pedestrian signals) significantly influence the performance of the 
roundabou t; 
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• Priority reversal occurs, such as unusual forced entry conditions under 
extremely high Haws; 

• A high level of pedestrian or bicycle activity is present; 

• The roundabout is in close proximity to one or more other roundabouts; 

• More than two entry lanes are present on one or more approaches; or 

• One or more entry lanes are of limited, or short, length (a flared design). 

Pedestrian Mode 

Research on the operational performance of pedestrians at roundabouts is 
limited, in terms of the effect of both motor vehicles on pedestrians and 
pedestrians on motor vehicles. This chapter's methodologies include 
international models and analytical tools that have not been validated by 
research in the United States at the time of publication of this edition of the 
HCM. Additional research on pedestrian operations at roundabouts is needed to 
develop and refine procedures that adequately address these issues. 

Bicycle Mode 

Current methodologies to analyze LOS and delay at roundabouts only apply 
to bicycles in limited situations and have not been validated by research in the 
United States at the time of publication of this edition of the HCM. Additional 
research on bicycle behavior and operations at roundabouts is needed to develop 
procedures that adequately address these issues. 
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Priority reversal can occur when 
entering traffic dominates an entry, 
causing circulating traffic to yield 

A typical flared entry is one that 
widens from one approach lane to 
two entry lanes. Other flaring 
combinations., including flares of lane 
width, are possible. 
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The procedure in this chapter 
uses a combination of 
regression and analytical 
models. 

The capacity of a roundabout 
approach decreases as the 
circulating flow increases. 

Methodology 

2. METHODOLOGY 

OVERVIEW 

This chapter presents procedures for analyzing roundabouts, introduces the 
unique characteristics of roundabout capacity, and presents terminology specific 
to roundabouts. For ease of reference, the following terms are defined: 

Ve entry flow rate, 

Vc conflicting flow rate, and 

Vex exit flow rate. 

Intersection analysis models generally fall into two categories. Regression 
models use field data to develop statistically derived relationships between 
geometric features and performance measures such as capacity and delay. 
Analytical models are based on traffic flow theory combined with the use of field 
measures of driver behavior, resulting in an analytic formulation of the 
relationship between those field measures and performance measures such as 
capacity and delay. 

Both of these types of models are applicable to roundabouts. Gap-acceptance 
models are an example of an analytical model and are commonly applied for 
analyzing unsignalized intersections because they capture driver behavior 
characteristics directly and can be made site-specific by custom-tuning the values 
used for those parameters. However, simple gap-acceptance models may not 
capture all of the observed behavior, and more complex gap-acceptance models 
that account for limited priority or reverse priority are difficult to calibrate. 
Regression models are often used in these cases in which an understanding of 
driver behavior characteristics is incomplete. On the basis of recent analysis of 
U.S. field data, the procedure presented in this chapter incorporates a 
combination of simple, lane-based regression and gap-acceptance models for 
both Single-lane and double-lane roundabouts. 

CAPACITY CONCEPTS 

The capacity of a roundabout approach is directly influenced by flow 
patterns. The three flows of interest, the entering flow, the circulating flow, and 
the exiting flow, are shown in Exhibit 21-2. 

The capacity of an approach decreases as the conflicting flow increases. In 
general, the primary conflicting flow is the circulating flow that passes directly in 
front of the subject entry. While the circulating flow directly conflicts with the 
entry flow, the exiting flow may also affect a driver's decision to enter the 
roundabout. This phenomenon is similar to the effect of the right-turning stream 
approaching from the left side of a two-way STOP-controlled intersection. Until 
these drivers complete their exit maneuver or right turn, there may be some 
tIDcertainty in the mind of the driver at the yield or stop line about the intentions 
of the exiting or turning vehicle. However, even though it may have an influence 
in some cases, including this effect did not significantly improve the overall fit of 
the capacity models to the data (1) and therefore is not included in this chapter's 
models. 
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When the conflicting flow rate approaches zero, the maximum entry flow is 
given by 3,600 s/h divided by the follow-up headway, which is analogous to the 
saturation flow rate for a movement receiving a green indication at a signalized 
intersection. At high levels of both entering and conHicting flow, limited priority 
(in which circulating traffic adjusts its headways to allow entering vehicles to 
enter), priority reversal (in which entering traffic forces circulating traffic to 
yield), and other behaviors may occur. In these cases, more complex analytical 
models or regression models, such as those incorporated into some of the 
alternative tools discussed later in this chapter, may give more realistic results. 

When an approach operates over capacity during the analysis period, a 
condition known as capacity constraint may occur. During this condition, the 
actual circulating flow downstream of the constrained entry will be less than 
demand. The reduction in actual circulating flow may therefore increase the 
capacity of the affected downstream entries during this condition. 

In addition, it has been suggested that origin-destination patterns have an 
influence on the capacity of a given entry (4,5). This effect was not identified in a 
recent study (1) and has not been incorporated into this chapter's models. 

Both roundabout design practices and the public'S use of roundabouts are 
still maturing in the United States. Many of the sites that formed the database for 
this chapter were less than 5 years old when the data were collected. Although 
the available data were insufficient to definitively answer the question of 
whether capacity increases with driver familiarity, anecdotal observations 
suggest that this may well be the case. At this early stage of their introduction to 
roundabouts, American drivers seem to be displaying more hesitation and 
caution in the use of roundabouts than their international counterparts, which in 
turn has resulted in a lower observed capacity than might be ultimately 
achievable. It is therefore likely that capacity (and volumes) will increase in the 
years to come as more roundabouts are constructed in the United States and as 
user familiarity grows. Such an increase in capacity over time would be 
consistent with the historically observed trends in capacity for freeway facilities 
and signalized intersections, for example. On the other hand, capacities in the 
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Exhibit 21-2 
Analysis on One Roundabout Leg 

u.s. drivers presently seem to display 
more hesitation and caution in using 
roundabouts than drivers in other 
countries, which results in lower 
observed capacities. It is likely that 
capacities will increase in the future 
as u.s. drivers become more familiar 
with roundabouts. 
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Equation 21-1 

Exhibit 21-3 
Example of One-Lane Entry 

Conflicted by One Circulating 
Lane 

Methodology 

United States over time may still be fundamentally different from those observed 
in other countries due to a variety of factors. These include limited use of turn 
indicators at roundabout exits by American drivers, differences in vehicle types, 
and the effect that the common use of STOP-controlled intersections (versus 
YIELD-controlled intersections) has had on drivers in the United States. 

Single-Lane Roundabouts 

The capacity of a single entry lane conflicted by one circulating lane (e.g., a 
single-lane roundabout, illustrated in Exhibit 21-3) is based on the conflicting 
flow. The equation for estimating the capacity is given as Equation 21-1: 

= 1130 (-l.Oxl0--
3 }v"pce 

ce,pce I e 

where 

ce,!,ce lane capacity, adjusted for heavy vehicles (pc/h), and 

vc,pce conflicting flow rate (pc/h). 

=uCJ1 
- I -

The capacity model given above reflects observations made at U.S. 
roundabouts in 2003. As noted previously, it is probable that U.S. roundabout 
capacity will increase to some degree with increased driver familiarity. In 
addition, communities with higher densities of roundabouts or generally more 
aggressive drivers may experience higher capacities. Therefore, local calibration 
of the capacity models is recommended to best reflect local driver behavior. This 
topic is discussed later in this chapter. 

Multilane Roundabouts 

Multilane roundabouts have more than one lane on at least one entry and at 
least part of the circulatory roadway. The number of entry, circulating, and 
exiting lanes may vary throughout the roundabout. Because of the many possible 
variations, the computational complexity is higher than for single-lane 
roundabouts. 
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The definition of headways and gaps for multilane facilities is more 
complicated than for single-lane facilities. If the circulating roadway truly 
functions as a multilane facility, then motorists at the entry perceive gaps in both 
the inside and outside lanes in some integrated fashion. Some drivers who 
choose to enter the roundabout via the right entry lane will yield to all traffic :in 
the circulatory roadway due to their uncertainty about the path of the circulating 
vehicles. This uncertainty is more pronounced at roundabouts than at other 
unsignalized intersections due to the curvature of the circulatory roadway. 
However, some drivers in the right entry lane will enter next to a vehicle 
circulating in the inside lane if the circulating vehicle is not perceived to conflict. 
In addition, the behavior of circulating vehicles may be affected by the presence 
or absence of lane mark:ings with:in the circulatory roadway. As a result, the gap
acceptance behavior of the right entry lane, in particular, is imperfect and 
difficult to quantify with a simple gap-acceptance model. This leads to an 
inclination toward using a regression-based model that implicitly accounts for 
these factors. More detail on the nuances of geometric design, pavement 
markings, and their relationship with operational performance can be found 
elsewhere (2, 3). 

For roundabouts with up to two circulating lanes, which is the only type of 
multilane roundabout addressed by the analytical methodology in this chapter, 
the entries and exits can be either one or two lanes wide (plus a possible right
tum bypass lane). The capacity model given above reflects observations made at 
a limited number of U.S. roundabouts :in 2003. As discussed previously with 
single-lane roundabouts, local calibration of the capacity models (presented later 
:in this chapter) is recommended to best reflect local driver behavior. 

Capacity for Two-Lane Entries Conflicted by One Circulating Lane 

Equation 21-2 gives the capacity of each entry lane conflicted by one 
circulating lane (illustrated in Exhibit 21-4) as follows: 

= 1130 (-1.0xlO-
3 ~,.pce 

ce,pce ' e 

where all variables are as defined previously. 
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Equation 21-2 

Exhibit 21-4 
Example of Two-Lane Entry 
Conflicted by One Circulating Lane 
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Equation 21-3 

Exhibit 21-5 
Example of One-Lane Entry 

Conflicted by Two Circulating 
Lanes 

Equation 21-4 

Equation 21-5 

The capacity of the left lane of 
a roundabout approach is 
lower than the capadty of the 
right lane. 

Exhibit 21-6 
Example of Two-Lane Entry 

Conflicted by Two Circulating 
Lanes 

Methodology 

Capacity for One-Lane Entries Conflicted by Two Circulating Lanes 

Equation 21-3 gives the capacity of a one-lane roundabout entry conflicted by 
two circulating lanes (illustrated in Exhibit 21-5) as follows: 

= 1 130 (-O.7xlO~~3 )uc•pee 
Ce,pce f e 

where all variables are as defined previously (vc,pce is the total of both lanes). 

Capacity for Two-Lane Entries Conflicted by Two Circulating Lanes 

Equation 21-4 and Equation 21-5 give the capacity of the right and left lanes, 
respectively, of a two-lane roundabout entry conflicted by two circulating lanes 
(illustrated in Exhibit 21-6): 

where 

Ce,Kpee 

= 1130 (-O.7xlO-
3 ~c'P" 

ce,R,pce f e 

= 1130 (-O.75xlO-
3 h,p" 

ce,L,pee , e 

capacity of the right entry lane, adjusted for heavy vehicles (pc/h), 

capacity of the left entry lane, adjusted for heavy vehicles (pc/h), and 

conflicting flow rate (total of both lanes) (pc/h). 

4 ~~ \ ~ ~~" 
.......... ',' ...... "" \ 
~. ~ , . , . 

"', \. " 
"'" ~,~, 
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Field data (1) have found that drivers in the left lane have longer critical 
headways than drivers in the right lane. As a result, the capacity of the left lane is 
lower. Note that this research was able to observe sustained-queue conditions for 
only the right lane; Equation 21-4 represents a regression best fit that is also 
consistent with observed critical headways. The left-lane capacity given in 
Equation 21-5 is based on observed critical headways under both queued and 
nonqueued conditions. 

The calculated capacities for each lane in passenger car equivalents per hour 
will be adjusted back to vehicles per hour, as described later in this section. 

Exhibit 21-7 presents a plot shOWing Equation 21-1, Equation 21-4, and 
Equation 21-5. The dashed lines represent portions of the curves that lie outside 
the range of observed field data. 
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Two common types of right-tum bypass lanes are used at both single-lane 
and multilane roundabouts. These are illustrated in Exhibit 21-8. 

The following sections describe each type of bypass lane. Note that in the 
United States, drivers in both types of bypass lane would generally be required 
to yield to pedestrians crossing the bypass lane. The capacity effect of drivers 
yielding to pedestrians has not been included in this analysis procedure. 
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Exhibit 21-7 
Capacity of Single-Lane and 
Multilane Entries 

The bypass lane capacity procedure 
does not include the effect of drivers 
yielding to pedestrians. 
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Exhibit 21-8 
Right-Turn Bypass Lanes 

Equation 21-6 

Equation 21-1 

Methodology 

, 
\ 

\ Type 1 (yielding) 

~ 
Gt=-

Type 1 (Yielding Bypass Lane) 

A Type 1 bypass lane terminates at a high angle, with right-turning traffic 
yielding to exiting traffic. Right-tum bypass lanes were not explicitly included in 
the recent national research. However, the capacity of a yield bypass lane may be 
approximated by using one of the capacity formulas given previously by treating 
the exiting flow from the roundabout as the circulatory flow and treating the 
flow in the right-tum bypass lane as the entry flow. 

The capacity for a bypass lane opposed by one exiting lane can be 
approximated by using Equation 21-6: 

= 1130 (-1.OxlO-
3 ~ex,w 

Cbypass,pce f e 

The capacity for a bypass lane opposed by two exiting lanes can be 
approximated by using Equation 21-7: 

C = 1130 (-O.7 xlO-
3 ~ex,p" 

bypass, pce f e 

where 

Cbypass,pcc= capacity of the bypass lane, adjusted for heavy vehicles (pc/h); and 

vex,pce = conflicting exiting flow rate (pc/h). 

Type 2 (Nonyielding Bypass Lane) 

A Type 2 bypass lane merges at a low angle with exiting traffic or forms a 
new lane adjacent to exiting traffic. The capacity of a merging bypass lane has 
not been assessed in the United States. Its capacity is expected to be relatively 
high due to a merging operation between two traffic streams at similar speeds. 

Exit Capacity 

German research (6) has suggested that the capacity of an exit lane, 
accounting for pedestrian and bicycle traffic in a typical urban area, is in the 
range of 1,200 to 1,300 vehicles per hour (veh/h). A Federal Highway 
Administration document used this information to provide guidance that exit 
flows exceeding 1,200 veh/h may indicate the need for a double-lane exit (2). 
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However, the analyst is cautioned to also evaluate exit lane requirements on the 
basis of vehicular lane numbers and arrangements. For example, a double-lane 
exit might be required to receive two through lanes in order to provide basic lane 
continuity along a corridor, regardless of the volume at the exit. Further 
guidance can be found elsewhere (2). 

AUTOMOBILE MODE 

The capacity of a given approach is computed by using the process 
illustrated in Exhibit 21-9. 

Step 1: Convert movement demand volumes to flow rates 

Step 2: Adjust flow rates for heavy vehicles 

Step 3: Determine Circulating and exiting flow rates 

Step 4: Determine entry flow rates by lane 

Step 5: Determine the capacity of each entry lane and 
bypass lane as appropriate in passenger car equivalents 

Step 6: Determine pedestrian impedance to vehicles 

Step 7: Convert lane flow rates and capacities into 
vehicles per hour 

Step 8: Compute the volume-to-capacity ratio for each lane 

Step 9: Compute the average control delay for each lane 

Step 10: Determine LOS. for each lane on each approach 

Step 11: Compute the average control delay and determine 
LOS for each approach and the roundabout as a whole 

Step 12: Compute 95th percentile queues for each lane 
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Exhibit 21-9 
Roundabout Analysis Methodology 
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Equation 21-8 

Exhibit 21-10 
Passenger Car Equivalencies 

Equation 21-9 

Equation 21-10 

Methodology 

Step 1: Convert Movement Demand Volumes to Flow Rates 

For an analysis of existing conditions in which the peak IS-min period can be 
measured in the field, the volmnes for the peak 1S-min period are converted to a 
peak 1S-min demand flow rate by multiplying the peak 1S-min volumes by 4. 

For analysis of projected conditions or when 1S-min data are not available, 
hourly demand volumes for each movement are converted to peak 1S-min 
demand flow rates in vehicles per hour, as shown in Equation 21-8, through the 
use of a peak hour factor for the intersection: 

where 

_ Vi 
V·---

I PHF 

Vi demand flow rate for movement i (veh/h), 

Vi demand volume for movement i (veh/h), and 

PHF peak hour factor. 

Step 2: Adjust Flow Rates for Heavy Vehicles 

The flow rate for each movement may be adjusted to account for vehicle 
stream characteristics by using factors given in Exhibit 21-10. 

VehideType Passenger Car Equivalent, Er 
Passenger car 
Heavy vehicle 

1.0 
2.0 

The calculation to incorporate these values is given in Equation 21-9 and 
Equation 21-10: 

where 

Vi 
V· =-

I,pee f HV 

1 

V i,pee demand flow rate for movement i (pc/h), 

Vi demand flow rate for movement i (veh/h), 

fHV heavy-vehicle adjustment factor, 

Pr proportion of demand volume that consists of heavy vehicles, and 

Er passenger car equivalent for heavy vehicles. 

Step 3: Determine Circulating and Exiting Flow Rates 

Circulating and exiting flow rates are calculated for each roundabout leg. 
Although the following sections present a numerical methodology for a four-leg 
roundabout, this methodology can be extended to any number of legs. 
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Circulating Flow Rate 

( The circulating flow opposing a given entry is defined as the flow conflicting 

( 

( 

with the entry flow (i.e., the flow passing in front of the splitter island next to the 
subject entry). The circulating flow rate calculation for the northbound 
circulating flow rate is illustrated in Exhibit 21-11 and numerically in Equation 
21-11. All flows are in passenger car equivalents. 

=~'~d 
:: ' --------~ t 

VEBU ...:!,) 
VEBLJ 
VEBT .. 

~ 
"nr u .. 

\ , 

C;:-VWBU 

-IF"-~-.__;;::;=== 
II :J r ~~ ~== --

Vc,NB,pce =vWBU,pce +vSBL,pce +vSBU,pce +vEBT,pce +vEBL,pce +vEBU,pce 

Exiting Flow Rate 

The exiting flow rate for a given leg is used primarily in the calculation of 
conflicting flow for right-tum bypass lanes. The exiting flow calculation for the 
southbound exit is ill ustrated in Exhibit 21-12 and numerically in Equation 21-12. 
If a bypass lane is present on the immediate upstream entry, the right-turning 
flow using the bypass lane is deducted from the exiting flow. All flows are in 
passenger car equivalents. 
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Exhibit 21-11 
Calculation of Circulating Flow 

Equation 21-11 

If a bypass lane is present on the 
immediate upstream entry,. the r/ght
turning flow using the bypass lane is 
deducted from the exiting flow. 
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Exhibit 21-12 
Calculation of Exiting Flow 

Equation 21-12 

A de facto lane is one 
designated for multiple 
movements but that may 
operate as an exclusive lane 
due to a dominant movement 
demand A common example 
is a left-through lane with a 
left-tum flow rate that greatly 
exceeds the through flow rate. 

Methodology 

i 

II/J", 
"11\' -
~ .. .. 

.VwBL 

Vex,pce = VNBU,pce + VWBL,pce + VSBT,pce + VEBR,pce - V EBR,pce,bytJass 

Step 4: Determine Entry Flow Rates by Lane 

For single-lane entries, the entry flow rate is the sum of all movement flow 
rates using that entry. For multilane entries or entries with bypass lanes, or both, 
the fonowing procedure may be used to assign flows to each lane: 

1. If a right-turn bypass lane is provided, the flow using the bypass lane is 
removed from the calculation of the roundabout entry flows. 

2. If only one lane is available for a given movement, the flow for that 
movement is assigned only to that lane. 

3. The remaining flows are assumed to be distributed across all lanes, 
subject to the constraints imposed by any designated or de facto lane 
assignments and any observed or estimated lane utilization imbalances. 

Five generalized multilane cases may be analyzed with this procedure. For 
cases in which a movement may use more than one lane, a check should first be 
made to determine what the assumed lane configuration may be. This may differ 
from the designated lane assignment based on the specific turning movement 
patterns being analyzed. These assumed lane assignments are given in Exhibit 
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21-13. For intersections with a different number of legs, the analyst should 
( exercise reasonable judgment in assigning volumes to each lane. 

( 

( 

Designated Lane Assignment 

LT, TR 

L, LTR 

LTR, R 

Assumed Lane Assignment 
If Vu + vL > vI' + vR,,: LJ TR (de facto left-turn lane) 
If vR,e > Vu + VL + vI': LTJ R (de facto right-turn lane) 

Else LT, TR 

If VT + vR,e > Vu + v L: L, TR (de facto through-right lane) 
Else LJ LTR 

If Vu + VL + V T > vR,,: LT, R (de facto left-through lane) 
Else LTR, R 

Notes: vu, VL, VT, and VR,e are the U-turn, left-turn, through, and nonbypass right-turn flow rates using a given 
entry, respectively. 
L = left, LT = left-through, TR = through-right, LTR = left-through-right, and R = right. 

On. the basis of the assumed lane assignment for the entry and the lane 
utilization effect described above, flow rates can be assigned to each lane by 
using the formulas given in Exhibit 21-14. In this exhibit, %RL is the percentage 
of entry traffic using the right lane, %LL is the percentage of entry traffic using 
the left lane, and %LL + %RL = 1. 

Case Assumed lane Assignment Left Lane Right: Lane 

3 LT, TR (%LL)v, (%RL)v, 

4 L, LTR (%LL)v, (%RL)v, 

5 LTR, R (%LL)v, (%RL)v, 

Notes: vu, 1o'L, VT, and VR,e are the U-turn, left-turn, through, and non bypass right-turn flow rates using a given 
entry, respectively. 
L = left, LT = left-through, TR = through-right, LTR = left-through-right, and R = right. 

Further discussion of lane use at multilane roundabouts, including 
conditions that may create unequal lane use, can be found in Chapter 33, 
Roundabouts: Supplemental, located in HCM Volume 4. 

Step 5: Determine the Capacity of Each Entry lane and Bypass lane as 
Appropriate in Passenger Car Equivalents 

The capacity of each entry lane and bypass lane is calculated by using the 
capacity equations discussed previously. Capacity equations for entry lanes are 
summarized in Exhibit 21-15; capacity equations for bypass lanes are 
summarized in Exhibit 21-16. 

Entering 
Lanes 

1 
2 
1 
2 

Conflicting 
Circulating Lanes 

1 
1 
2 
2 
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Capacity Equation 
Equation 21-1 

Each lane: Equation 21-2 
Equation 21-3 

Right lane: Equation 21-4; left lane: Equation 21-5 
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Exhibit 21-13 
Assumed (de facto) Lane 
Assignments 

Exhibit 21-14 
Volume Assignments for Two-Lane 
Entries 

Exhibil: 21-15 
Capacity Equations for Entry Lanes 
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Exhibit 21-16 
Capacity Equations for 

Bypass Lanes 

Exhibit 21-17 
Model of Entry Capacity 

Adjustment Factor for 
Pedestrians Crossing a One

Lane Entry (Assuming 
Pedestrian Priority) 

Exhibit 21-18 
Illustration of Entry Capacity 

Adjustment Factor for 
Pedestrians Crossing a One

Lane Entry (Assuming 
Pedestrian Priority) 

Methodology 

Conflicting Exiting Lanes 
1 
2 

Capacity Equation 
Equation 21-6 
Eguation 21-7 

Step 6: Determine Pedestrian Impedance to Vehicles 

Pedestrian traffic can reduce the vehicular capacity of a roundabout entry if 
sufficient pedestrians are present and they assert the right-of-way typically 
granted pedestrians in most jurisdictions. Under high vehicular conflicting flows, 
pedestrians typically pass between queued vehicles on entry and thus have 
negligible additional impact on vehicular entry capacity. However, under low 
vehicular conflicting flows, pedestrians can effectively ftmction as additional 
conflicting vehicles and thus reduce the vehicular capacity of the entry. The 
effect of pedestrians is more pronounced with increased pedestrian volume. 

For one-lane roundabout entries, the model shown in Exhibit 21-17 can be 
used to approximate this effect (6). These equations are illustrated in Exhibit 21-
18 and are based on the assmnption that pedestrians have absolute priority. 

Case One-Lane Entry Capacity Adjustment factor for Pedestrians 

If Vc,pce > 881 

Else if 
nped ~ 101 fped = 1- 0.000137nped 

where 

/ped 

Else 
~ = 1J19.5 - 0.715vc,pce - 0.644nped + 0.00073vc,pcenped 

ped 1,068.6 - 0.654vc,pce 

J 

entry capacity adjustment factor for pedestrians, 

number of conflicting pedestrians per hour (p/h), and 

conflicting vehicular flow rate in the circulatory roadway, pc/h. 

1.00 -,------,--,---;---"""-=o;:-.----;--~ 

!5 0.95 -j---+--+----+--c---=;~ 
'tj 
J!! 
1: 

! 0.90 .. 
l:' 
'0 
[ 
G 
~ 0.85 

1: 
w 

0.80 +---+--+---+---~--+-----i--~+-----~-__+--__+_-___i 
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Conflicting circulating flow (pc/h) 
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For two-lane entries, the model shown in Exhibit 21-19 can be used to 
approximate this effect (6). These equations are illustrated in Exhibit 21-20 and 
share the assumption as before that pedestrians have absolute priority. 

Case Two-lane Entry Capacity Adjustment Factor for Pedestrians 

If 
nped < 100 

_ . [ nped ( l,260.6-0.329vc,pce -0.381x 100J ] 
fped -mm 1-- 1 J 

100 l,380-0.5vc,pce 

Else 
_ . [1,260.6 - 0.329v c,pce - 0.381nped ] 

fped - lTIln J 1 
1,380 - O.5v c,pce 

where 

fped entry capacity adjustment factor for pedestrians, 

nped number of conflicting pedestrians (p/h), and 

vc,pce conflicting vehicular flow rate in the circulatory roadway (pc/h). 

1l 
...:'" 
6 0.95 
tl 
J!! 
~ 
OJ 

~ 
.;!, 0.90 
"CJ 
nI 

~ 
Y 
[ 
~ ! 0.85 

c 
LII 

1-. 
I 
i 

0.80 +----i---+----j---f-

200 400 600 800 1,000 1,200 1,400 

Conflicting circulating flow (pc/h) 

1,600 1,BOO 

Step 7: Convert lane Flow Rates and Capacities into Vehicles per Hour 

The flow rate for a given lane is converted back to vehicles per hour by 
multiplying the passenger-ear-equivalent flow rate computed in the previous 
step by the heavy-vehicle factor for the lane as shown in Equation 21-13: 

Vi = Vi,peEf HV ,e 

where 

Vi flow rate for lane i (veh/h), 

V i,peE flow rate for lane i (pc/h), and 

hw,e heavy-vehicle adjustment factor for the lane (see below). 

Similarly, the capacity for a given lane is converted back to vehicles per hour 
as shown in Equation 21-14: 
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Exhibit 21-19 
Model of Entry Capacity 
Adjustment Factor for Pedestrians 
Crossing a Two-Lane Entry 
(Assuming Pedestrian Priority) 

Exhibit 21-20 
Illustration of Entry Capacity 
Adjustment Factor for Pedestrians 
Crossing a Two-Lane Entry 
(Assuming Pedestrian Priority) 

Equation 21-13 

Methodology 
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Equation 21-14 

Equation 21-15 

Equation 21-16 

Methodology 

where 

Ci capacity for lane i (veh(h), 

C i,PCE capacity for lane i (pc(h), 

fHV,e heavy-vehicle adjustment factor for the lane (see below), and 

fped pedestrian impedance factor. 

The heavy-vehicle adjustment factor for each entry laI1.e can be approximated 
by taking a weighted average of the heavy-vehicle adjustment factors for each 
movement entering the roundabout (excluding a bypass lane if present) 
weighted by flow rate, as shown in Equation 21-15: 

+ V ++ V ++ V ,++ V + _ )HV,U U,PCE )HV,L L,PCE JHV,T T,PCE )HV,R,e R,e,PCE 
)HV e -

, VU,PCE + VL,PCE + VT,PCE + vR,e,PCE 

where 

fHV,e heavy-vehicle adjustment factor for the entry lane, 

fHV,i heavy-vehicle adjustment factor for movement i, and 

Vi,PCE demand flow rate for movement i (pc(h). 

If specific lane-use assignment by heavy vehicles is known, heavy-vehicle 
adjustment factors can be calculated separately for each lane. 

Pedestrian impedance is discussed later in this chapter. 

Step 8: Compute the Volume-to-Capacity Ratio for Each lane 

For a given lane, the volume-to-capacity ratio x is calculated by dividing the 
lane's calculated capacity into its demand flow rate, as shown in Equation 21-16. 
Both input values are in vehicles per hour. 

v' 
Xi =-2.. 

Ci 

where 

Xi volume-to-capacity ratio of the subject lane i, 

Vi demand flow rate of the subject lane i (veh(h), and 

Ci capacity of the subject lane i (veh(h) , 

Step 9: Compute the Average Control Delay for Each lane 

Delay data collected for roundabouts in the United States suggest that 
control delays can be predicted in a manner generally similar to that used for 
other unsignalized intersections. Equation 21-17 shows the model that should be 
used to estimate average control delay for each lane of a roundabout approach: 

Page 21-18 Chapter 21/Roundabouts 
December 2010 

AR0074478 



Highway Capacity Manual 2010 

( (
3,600) 
---------~------ x 

3600 . 
d =-'-+900T x-l+ (x-l)2 + c +5xmm[x,1] 

c 450T 

where 

d average control delay (s/veh), 

x = volume-to-capacity ratio of the subject lane, 

c = capacity of the subject lane (veh/h), and 

T = time period (h) (T= 0.25 h for a 15-min analysis). 

Equation 21-17 is the same as that for STOP-controlled intersections except 
that the 1/+ 5" term has been modified. This modification is necessary to account 
for the YIELD control on the subject entry, which does not require drivers to come 
to a complete stop when there is no conflicting traffic. At higher volume-to
capacity ratios, the likelihood of coming to a complete stop increases, thus 
causing behavior to resemble STOP control more closely. 

Average control delay for a given lane is a function of the lane's capacity and 
degree of saturation. The analytical model used above to estimate average 
control delay assumes that there is no residual queue at the start of the analysis 
period. If the degree of saturation is greater than about 0.9, average control delay 
is significantly affected by the length of the analysis period. In most cases, the 

( recommended analysis period is 15 min. If demand exceeds capacity during a 15-
", min period, the delay results calculated by the procedure may not be accurate 

due to the likely presence of a queue at the start of the time period. Tn addition, 
the conflicting demand for movements downstream of the movement operating 
over capacity may not be fully realized (in other words, the flow cannot get past 
the oversaturated entry and thus cannot conflict with a downstream entry). In 
these cases, an iterative approach that accounts for this effect and the carryover 
of queues from one time period to the next may be considered, as discussed 
elsewhere (7). 

( 

Step 10: Determine lOS for Each lane on Each Approach 

The LOS for each lane on each approach is determined by using Exhibit 21-1 
and the computed or measured values of control delay. 

Step 11: Compute the Average Control Delay and Determine lOS for 
Each Approach and the Roundabout as a Whole 

The control delay for an approach is calculated by computing a weighted 
average of the delay for each lane on the approach, weighted by the volume in 
each lane. The calculation is shown in Equation 21-18. Note that the volume in 
the bypass lane should be included in the delay calculation for the approach. The 
LOS for each approach is determined by using Exhibit 21-1 and the computed or 
measured values of control delay. 
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Equation 21-17 

The third term of this equation uses 
the calculated volume-to-capadty 
ratio or 1, whichever is less. 
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Equation 21-18 

Equation 21-19 

Equation 21-20 

Methodology 

dappmach 
dLL V LL + dRL V RL + dbypassVbypass 

V LL + V RL + Vbypass 

The control delay for the intersection as a whole is similarly calculated by 
computing a weighted average of the delay for each approach, weighted by the 
volume on each approach. This is shown in Equation 21-19. The LOS for the 
intersection is determined by using Exhibit 21-1 and the computed or measured 
values of control delay. 

dintersection 

where 

dintersection = control delay for the entire intersection (s/veh), 

di control delay for approach i (s/veh), and 

Vi How rate for approach i (veh/h). 

Step 12: Compute 95th Percentile Queues for Each lane 

The 95th percentile queue for a given lane on an approach is calculated by 
using Equation 21-20: 

(3/600) 
Q

95 
=900T x-l+ (1-x)2 + -c- X (_c_) 

150T 3/600 

where 

Q95 95th percentile queue (veh), 

x = volume-to-capacity ratio of the subject lane, 

c = capacity of the subject lane (veh/h), and 

T time period (h) (T= 1 for a I-h analysis, T = 0.25 for a 15-min analysis). 

The queue length calculated for each lane should be checked against the 
available storage. The queue in each lane may interact with adjacent lanes in one 
or more ways: 

• If queues in adjacent lanes exceed the available storage, the queue in the 
subject lane may be longer than anticipated due to additional queuing 
from the adjacent lane. 

• If queues in the subject lane exceed the available storage for adjacent 
lanes, the adjacent lane may be starved by the queue in the subject lane. 

Should one or more of these conditions occur, a sensitivity analysis can be 
conducted with the methodology by varying the demand in each lane. The 
analyst may also use an alternative tool that is sensitive to lane-by-lane effects, as 
discussed in this chapter's Applications section. 
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PEDESTRIAN MODE 

( Limited research has been performed to date in the United States on the 

( 

( 

operational impacts of vehicular traffic on pedestrians at roundabouts. In the 
United States, pedestrians have the right-of-way either after entering a crosswalk 
or as they are about to enter the crosswalk, depending on specific state law. This 
is somewhat different from other countries that may establish absolute 
pedestrian right-of-way in some situations (typically urban) and absolute 
vehicular right-of-way in others (typically rural). 

Much of the recent research focus on pedestrians in the United States has 
been in the area of assessing accessibility for pedestrians with vision disabilities. 
Research has found that some roundabouts present a challenge for blind and 
visually impaired pedestrians relative to sighted pedestrians, thus potentially 
bringing them out of compliance with the Americans with Disabilities Act (8). A 
variety of treatments has been or is being considered to improve roundabouts' 
accessibility to this group of pedestrians, including various types of signalization 
of pedestrian crossings. The analysis of these treatments can in some cases be 
performed by simple analytical methods presented in the HCM (e.g., the analysis 
procedure for the pedestrian mode in Chapter 19). However, in many cases, 
alternative tools will produce more accurate results. These are discussed later in 
this chapter. 

Techniques to analyze the operational performance of pedestrians as 
provided in Chapter 19, Two-Way STOP-Controlled Intersections, can be applied 
with care at roundabouts. As noted in that chapter, vehicular yielding rates vary 
depending on crossing treatment, number of lanes, posted speed limit, and 
within individual sites (9). This makes modeling of pedestrian interactions 
imprecise. As a result, models to analyze vehicular effects on pedestrian travel 
should be applied with caution. 

BICYCLE MODE 

As of the publication date of this edition of the HCM, no methodology 
specific to bicyclists has been developed to assess the performance of bicyclists at 
roundabouts, as few data are available in the United States to support model 
calibration. Depending on individual comfort level, ability, geometric conditions, 
and traffic conditions, bicyclists may either circulate as a motor vehicle or as a 
pedestrian. If bicyclists are circulating as motor vehicles, their effect can be 
approximated by combining bicyclist How rates with other vehicles by using a 
passenger-car-equivalent factor of 0.5 (2). If bicyclists are circulating as 
pedestrians, their effect can be analyzed by using the methodology described 
previously for pedestrians. Further guidance on accommodating bicyclists at 
roundabouts can be found elsewhere (2). 
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Use a passenger-ear-equivalent factor 
of 0.5 for bicycles when treating 
them as motor vehicles. 
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Exhibit 21-21 
Assumed Default Values for 

Lane Utilization for Two-Lane 
Approaches 

Operational analysis takes 
traffic now data and geometric 
configurations as input to 
determine operational 
performance. 

Applications 

3. APPLICATIONS 

DEFAULT VALUES 

No default values have been developed specifically for roundabouts. 
However, a comprehensive presentation of potential default values for 
interrupted-flow facilities is available (10), with specific recommendations 
summarized in its Chapter 3, Recommended Default Values. These defaults 
cover the key characteristics of peak hour factor and percent heavy vehicles. 
Recommendations are based on geographical region, population, and time of 
day. All general default values for interrupted-flow facilities may be applied to 
the analysis of roundabouts in the absence of field data or projections of 
conditions. 

Demand volumes as well as the number and configuration of lanes at a 
roundabout are site-specific and thus do not lend themselves to default values. 
The following default values may be applied to a roundabout analysis: 

• Peak hour factor = 0.92, and 

• Percent heavy vehicles = 3%. 

Default values for lane utilization on two-lane roundabout approaches are 
not provided in the above reference (10). In these cases, in the absence of field 
data, the effect of lane utilization imbalance can be approximated by using the 
assumed values given in Exhibit 21-21. 

Lane Configuration % Traffic in Left Lane' % Traffic in RighI: lanea 

Left-through + through-right 0.47 0.53 
Left-through-right + right 0.47 0.53 
Left + left-through-right 0.53 0,47 

Notes: a These values are generally consistent with observed values for through movements at signalized 
intersections. These values should be applied with care, particularly under conditions estimated to be near 
capacity. 

Obviously, as the number of default values used in any analysis increases, 
the analysis result becomes more approximate and may be significantly different 
from the actual outcome, depending on local conditions. 

TYPES OF ANALYSIS 

The methodology of this chapter can be used in three types of analysis: 
operational analysis, design analysis, and planning and preliminary engineering 
analysis. 

Operational Analysis 

The methodology is most easily applied in the operational analysis mode. In 
operational analysis, all traffic and geometric characteristics of the analysis 
segment must be specified, including analysis-hour demand volumes for each 
turning movement (in vehicles per hour), heavy-vehicle percentages for each 
approach, peak hour factor for all hourly demand volumes (if not provided as 
IS-min volumes), and lane configuration. The outputs of an operational analysis 
will be estimates of capacity and control delay. The steps of the methodology, 
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described in the Methodology section, are followed directly without 
( modification. 

( 

( 

Design Analysis 

The operational analysis methodology described earlier in this chapter can 
be used for design purposes by using a given set of traffic flow data to determine 
iteratively the number and configuration of lanes that would be required to 
produce a given LOS. 

Planning and Preliminary Engineering Analysis 

The operational analysis method described earlier in this chapter provides a 
detailed procedure for evaluating the performance of a roundabout. To estimate 
LOS for a future time horizon, a planning analysis based on the operational 
method is used. The planning method uses all the geometric and traffic flow data 
required for an operational analysis, and the computations are identical. 
However, input variables for percent heavy vehicles and peak hour factor are 
typically estimated (or defaults used) when planning applications are performed. 

CALIBRATION OF CAPACITY MODEL 

The capacity models presented previously can be generalized by using the 
expressions in Equation 21-21 through Equation 21-23 as follows: 

c = Ae(-BvJ 
pee 

A = 3,600 
t f 

B= tc -(tf /2) 
3,600 

where 

lane capacity, adjusted for heavy vehicles (pc!h), 

conflicting flow (pc/h), 

tc critical headway (s), and 

tf = follow-up headway (s). 

Therefore, the capacity model can be calibrated by using two parameters: the 
critical headway tc a11d the follow-up headway tf' An example illustrating this 
procedure is provided in Chapter 33, Roundabouts: Supplemental. 

USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools, 
and Chapter 7, Interpreting HCM and Alternative Tool Results. This section 
contains specific guidance for the application of alternative tools to the analysis 
of roundabouts. The reader should also be familiar with the information and 
guidance on the design and evaluation of roundabouts (2,3). 
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DeSign analysis is used to determine 
the geometric configuration of a 
roundabout to produce a desired 
operational petformance. 

Planning and preliminary engineering 
analysis is used to evaluate future 
conditions for which assumptions and 
estimates must be made. 

Equation 21-21 

Equation 21-22 

Equation 21-23 

Field measures of critical headway 
and fol/ow-up headway can be used 
to calibrate the capacity models. 

Applications 
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Applications 

Two modeling approaches are used in the types of alternative tools 
commonly applied: 

• Deterministic intersection models. These models represent vehicle flows as 
flow rates and are sensitive to various flow and geometric features of 
the row1dabout, including lane numbers and arrangements or specific 
geometric dimensions (e.g., entry width, inscribed circle diameter), or 
both. The majority of these models are anchored to research conducted 
outside the United States (e.g., 11-14). Some software implementations 
may include more than one model or employ extensions beyond the 
original fundamental research conducted within a particular country. 
Some deterministic models can model an entire network of intersections 
but generally assume no interaction effects between intersections, thus 
potentially limiting their application. 

• Stochastic network models. These models represent vehicle flows by 
simulating individual vehicles and their car-following, lane-choice, and 
gap-acceptance decisions. The models are based on a variety of 
fundamental research studies on driver behavior (e.g., 15, 16). By their 
nature, most stocl1astic models used for roundabouts can model an 
entire network of intersections, thus making them capable of modeling a 
broader range of problems. However, their data requirements are 
typically more intensive than for the deterministic intersection models. 
Most stochastic models are implemented in microsimulation tools. 

Strengths of the HCM Procedure 

The procedures in this chapter were based on extensive research supported 
by a significant quantity of field data. They have evolved over several years and 
represent a body of expert consensus. They produce unique deterministic results 
for a given set of inputs, and the capacity of each approach is an explicit part of 
the results. Alternative tools based on deterministic intersection models also 
produce a unique set of results, including capacities, for a given set of inputs, 
while those based on simulation may produce different results based on different 
random number sequences. Unique results from an analysis tool are important 
for some purposes such as development impact review. 

Limitations of the HCM Procedures That Might Be Addressed by 
Alternative Tools 

The procedures presented in this chapter cover many of the typical situations 
that a user may encounter in practice. However, there are sometimes 
applications for which alternative tools can produce a more accurate analysis. 
The following limitations, stated earlier in this chapter, may be addressed by 
using available simulation tools. The conditions beyond the scope of this chapter 
that are treated explicitly by alternative tools include 

• Adjacent signals or roundabouts, 

• Priority reversal under extremely high flows, 

• High pedestrian or bicycle activity levels, 

• More than two entry lanes on an approach, or 
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• Flared entry lanes. 

A few of the more common applications of alternative tools to overcome the 
limitations of the procedures presented in this chapter will now be discussed. 

Interaction Effects with Other Traffic Control Devices 

Several common situations can be modeled with alternative tools: 

• Pedestrian signals or hybrid beacons at roundabout crosswalks. These devices, 
described in detail in the Manual on Unifonn Traffic Control Devices for 
Streets and Highways (17), can be used in a variety of applications, 
including the following: 

o High vehicle flows in which naturally occurring gaps in vehicle 
traffic or vehicular yielding for pedestrians is insufficient; 

o High pedestrian flows in which unrestricted pedestrian crossing 
activity may create insufficient capacity for motor vehicles; and 

o Crossing situations in which pedestrians with vision or other 
impairments may not receive equivalent access to the crossing. 
This is a legal requirement in the United States under the 
Americans with Disabilities Act and is regulated by the U.S. 
Access Board (8). 

• Metering signals on roundabout approaches. These signals are sometimes 
used in applications in which a dominant entering flow reduces 
downstream entry capacity to zero or nearly zero. A metering signal can 
create gaps in the dominant flow at regular intervals or as dictated by 
queuing at the downstream entry. 

• Signals used to give priority to other users. These applications include at
grade rail crossings, emergency vehicle signals, and others. ' 

• Nearby intersections or traffic control devices at which queues or lane use 
effects interact. These nearby intersections can have any type of control, 
including signalization, STOP controt or YIELD control (as at another 
roundabout). Applications could also include nonintersection 
treatments such as freeway ramp meters. 

While some deterministic intersection tools can model these situations, they 
are often treated more satisfactorily by using stochastic network models. 

Flared Entries or Short-Lane Applications 

Flared entries or short-lane applications are sometimes used at roundabouts 
to add capacity at the entry without substantially widening the approach 
upstream of the entry. Common applications include flaring from one lane to 
two lanes at the entry or from two lanes to three lanes, although some 
international research has found capacity sensitivity to flaring in sub-lane-width 
increments (13). 

The methodology presented in this chapter provides a mechanism for 
flagging conditions under which queues for a given lane may exceed available 
storage or block access to adjacent lanes. Alternative tools may provide more 
accurate modeling of these situations. 
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Applications 

Three-Lane Roundabouts 

Three-lane roundabouts are not included in the methodology described in 
this chapter but can be analyzed by a number of altemative tools. Note that no 
data for three-lane roundabouts are available in the source material (1) for this 
chapter's methodology, so the analyst should use care in estimating calibration 
parameters. 

Adjustment of Simulation Parameters to the HeM Results 

Calibration of any model used to analyze roundabouts is essential in 
producing realistic results that are consistent with field data. Ideally, field data 
should be used for calibration. For situations involving the assessment of 
hypothetical or proposed altematives for which no field data exist, altemative 
tool results may be made more compatible with HCM results by adjusting 
altemative tool parameters to obtain a better match with the results obtained 
from the HCM procedures as follows: 

• Deterministic intersection models. Typical calibration parameters for 
deterministic models include global adjushnent factors that shift or 
shape the capacity model used by the model. These include adjustments 
to the intercept and slope of linear models or other shaping parameters 
of more complex analytical forms. 

• Stochastic network models. Calibration of stochastic models is more 
challenging than for deterministic models because some calibration 
factors, such as factors related to driver aggressiveness, often apply 
globally to all elements of the network and not just to roundabouts. In 
other cases, the specific coding of the model can be fine-tuned to reflect 
localized driver behavior, including look-ahead points for gap 
acceptance and locations for discretionary and mandatory lane changes. 

Step-by-Step Recommendations for Applying Alternative Tools 

The following steps should be taken in applying an altemative tool in the 
analysis of roundabouts: 

1. Identify the limitations of the HCM procedures that dictate the use of 
altemative tools. 

2. Decide between a microscopic and a macroscopic modeling approach. 

3. If possible, develop a simpler configuration that can be analyzed by the 
HCM procedures. Analyze the simple configuration by using both the 
HCM and the selected altemative tool. Make adjustments to the 
altemative tool parameters to obtain a better match with the HCM 
results. 

4. Perform the analysis of the full configuration by using the altemative 
tool. 

5. Interpret and present the results. 
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Sample Calculations Illustrating Alternative Tool Applications 

Chapter 29, Urban Street Facilities: Supplemental, includes an example of the 
application of a simulation tool to assess the effect of using a roundabout within 
a coordinated arterial signal system. The interactions between the roundabout 
and the arterial system are examined by using signal timing plans with different 
progression characteristics. 
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Exhibit 21-22 
List of Example Problems 

This is an example of an 
operational analysis. It uses 
traffic data and geometric 
characteristics to determine 
capacities, control delaK and 
LOS. 

Exhibit 21-23 
Demand Volumes and Lane 
Configurations for Example 

Problem 1 

Example Problems 

4. EXAMPLE PROBLEMS 

Example 
Problem Description Application 

1 
2 

Single-lane roundabout with bypass lanes 
Multilane roundabout 

Operational analysis 
Operational analysis 

EXAMPLE PROBLEM 1: SINGLE-LANE ROUNDABOUT WITH BYPASS 
LANES 

The Facts 

The following data are available to describe the traffic and geometric 
characteristics of this location: 

• Four legs, 

• One-lane entries on each leg, 

• A westbOtmd right-turn bypass lane that yields to exiting vehicles, 

• A southbound right-turn bypass lane that forms its own lane adjacent to 
exiting vehicles, 

• Percent heavy vehicles for all movements = 2%, 

• Peak hour factor = 0.94, 

• Demand volumes and lane configurations as shown in Exhibit 21-23, and 

• 50 p/h across the south leg and negligible pedestrian activity across the 
other three legs. 

Jj~ 
~ •. 11~ \ 

~ ~ .'. ~==== ~ )_ LJ-L 
\ ~ -

\ y' 

..-@-
Comments 

50~~ 
190 
280 III 

o Ln 
COLnI' 0 
LnO"l.-l N 

J~l.~ 
~610 
III 395 
.110 

85. c;:- 20 

fl,tr 
o LnOO 
M O.-lLn 

.-I N 

All input parameters are known, so no default values are needed or used. 

Step 1: Convert Movement Demand Volumes to Flow Rates 

Each turning-movement volume given in the problem is converted to a 
demand flow rate by dividing by the peak hour factor. As an example, the 
northbound left-turn volume is converted to a flow rate as follows: 
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V NBL 105 Ih 
V NBL =--=--=112pc 

PHF 0.94 

Step 2: Adjust Flow Rates for Heavy Vehicles 

The flow rate for each movement may be adjusted to account for vehicle 
stream characteristics as follows (northbound left tum illustrated): 

1 
fHY = l+Py(ET -1) 

__ 1 __ = 0.980 
1 + 0.02(2 -1) 

v 112 
V = NBL = -- = 114 pc/h 

NBL,pce fHY 0.980 

The resulting adjusted flow rates for all movements accounting for Steps 1 
and 2 are therefore computed as follows: 

54..:!;)1'" 
206 
304 .. 

Step 3: Determine Circulating and Exiting Flow Rates 

The circulating and exiting flows are calculated for each leg. For the south 
leg (northbound entry), the circulating flow is calculated as follows: 

Vc,NB,pce = vWBU,pce + VSBL,pce + vSBU,pee + vEBT,pee + vEBL,pee + VEBU,pce 

Ve,NB,pce = 21 + 190 + 21 + 304 + 206 + 54 = 796 pc/h 

Similarly, vc,SB,pce = 769 pc;h, Vc,EB,pce = 487 pc;h, and vc,WB,pce = 655 pc;h. 

For this problem, one exit flow rate is needed: the northbound exit flow rate, 
which serves as the conflicting flow for the westbound bypass lane. Because all 
westbound right turns are assumed to use the bypass lane, they are excluded 
from the conflicting exit flow as follows: 

Vex,pce,NB = V SBU ,pee + V EBL,pee + V NBT ,pee + VWBR,e,pce 

Vex,pee,NB = 21 + 206 + 227 + 0 = 454 pc/h 
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Example Problems 

Step 4: Determine Entry flow Rates by lane 

The entry flow rate is calculated by summing the movement flow rates that 
enter the roundabout (without using a bypass lane). Because this is a single-lane 
roundabout, no lane-use calculations are needed. 

The entry flow rates are calculated as follows, assuming that all right-turn 
volumes on the westbound and southbound approaches use the bypass lane 
provided and not the entry: 

ve,NB,pce = vNBU,pce + vNBL,pce + vNBT,pce + vNBR,e,pee = 33 + 114 + 227 + 54 = 428 pc/h 

ve,SB,pee = vSBU,pce + VSBl"pcc + vSBT,pee + vSBR,e,pcc = 21 + 190 + 103 + 0 = 314 pc/h 

ve,EB,pre = vEBU,pee + vEBL,pee + vEBT,pee + vEBR,c,pee = 54 + 206 + 304 + 92 = 656 pc/h 

ve,WB,pce = vWBU,pce + vWBL,pce + vWBT,pce + vWBR,e,pce = 21 + 119 + 428 + 0 = 568 pc/h 

Step 5: Determine the Capacity of Each Entry lane and Bypass lane as 
Appropriate in Passenger Car Equivalents 

By using the single-lane capacity equation (Equation 21-1), the capacity for 
each entry lane is given as follows: 

C = 1130e(-l.OXI0 3 ~c'Pce,NB = 1130e(-l.OxlO-3 
)(796) = 510 pe/h 

pce,NB , I 

C = 1 130e(-l.OXIO-3 kp,~,SB = 1130e(-l.Oxlo-3 
)(769) = 524 pe/h 

pce,SB , , 

C = 1130e(-l.OXlO-3 
h,pce,EB = 1130e(-l.Oxlo 3 

)(487) = 694 pe/h 
pce,EB I I 

C = 1130e(-l.OXIO-3 
k,pce,WB = 1130e(-l.OxlO-3 

)(655) = 587 pe/h 
pee,WE , , 

By using the equation for a bypass lane opposed by a single exit lane 
(Equation 21-6), the capacity for the westbound bypass lane is given as follows: 

C = 1130e(-1.0XIO-3 
ft"x.pce,NB = 1130e(-1.0x lo

3 
)(454) = 718 pe/h 

bypllEs,pce,WB I f 

Step 6: Determine Pedestrian Impedance to Vehicles 

The south leg (northbound entry) has a conflicting pedestrian flow rate, nped' 

of 50 p/h. Therefore, the pedestrian impedance factor is calculated by using 
Exhibit 21-17 as follows: 

fped = 1- 0.000137nped = 1- 0.000137(50) = 0.993 

The other legs have negligible pedestrian activity and therefore have fped = 1. 

Step 7: Convert lane flow Rates and Capacities into Vehicles per Hour 

The capacity for a given lane is converted back to vehicles by first 
determining the heavy-vehicle adjustment factor for the lane and then 
multiplying it by the capacity in passenger car equivalents. For this example, 
since all turning movements on each entry have the same Jr-w, each entry will also 
have the same fHfl! 0.980. 

eNB = Cpee,NBfIlV,e,NBfped = (510)(0.980)(0.993) = 497 veh/h 
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CSB = Cpce,sBiHl1,e,SBiped = (524)(0.980)(1) = 514 veh/h 

CEB = Cpce,EBiHlf,e,EBiped = (694)(0.980)(1) = 680 veh/h 

cWB = cpce,WBiHlf,e,WBiped = (587)(0.980) (1) = 575 veh/h 

Cbypass,WB = Cbypass,pce,NBiHlf,e,WBiped = (718)(0.980)(1) = 704 veh/h 

Calculations for the entry flow rates are as follows: 

V NB = Vpce,NBilw,e,NB = (428)(0.980) = 420 veh/h 

V SB = vpce,sBiHlf,e,SB = (314)(0.980) = 308 veh/h 

V EB = Vpce,EBizw,e,EB = (656)(0.980) = 643 veh/h 

v WB = v pce,WBiHl1,e,WB = (568)(0.980) = 557 veh/h 

Vbypass,WB = Vbypass,pce,NBiHlf,e,WBiped = (662)(0.980) = 649 veh/h 

Step 8: Compute the Volume-to-Capacity Ratio for Each Lane 

The volume-to-capacity ratios for each entry lane are calculated as follows: 

420 
X NB =-=0.85 

497 

308 
X SB =-=0.60 

514 

643 
XE'D = - = 0.95 

,il 680 

557 
XWB =-=0.97 

575 

649 
Xbvpass WB = - = 0.92 ," 704 

Step 9: Compute the Average Control Delay for Each Lane 

The control delay for the northbOlU1d entry lane is computed as follows: 

(
31600)085 

d =3,600+ 900(0.25) 0.85-1+ (0.85-1l+ 497 . 
NB 497 450(0.25) 

+ 5x min[0.85,1] = 39.6 s/veh (assuming no rounding of x) 

Similarly, dSB = 19.9 Sf dbypass,S8 = 0 s (assumed), dEB = 46.7 s, dWB = 56.5 s, and 
dbypass,WTJ = 41.5 s. 
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Step 10: Determine lOS for Each lane on Each Approach 

Using Exhibit 21-1, the LOS for each lane is determined as follows: 

Lane 
Northbound entry 
Southbound entry 

Southbound bypass lane 
Eastbound entry 
Westbound entry 

Westbound bypass lane 

Control Delay (s/veh) LOS 
39.6 E 
19.9 C 

o (assumed) A 
46.7 E 
56.5 F 
41.5 E 

Step 11: Compute the Average Control Delay and Determine lOS for 
Each Approach and the Roundabout as a Whole 

The control delays for the northbound and eastbound approaches are equal 
to the control delay for the entry lanes, as both of these approaches have only one 
lane. On the basis of Exhibit 21-1, these approaches are both assigned LOS E. 

The control delay calculations for the westbound and southbound 
approaches include the effects of their bypass lanes as follows: 

d - (56.5)(557)+(41.5)(649) 48.4s/veh 
WB - 557 +649 

d = (19.9)(308)+ (0.0)(617) = 6.6 s/veh 
S8 308+617 

On the basis of Exhibit 21-1, these approaches are respectively aSSigned LOS 
E and LOS A. 

Similarly, intersection control delay is computed as follows: 

(39.6)(420)+ (6.6)(925) + (46.7)(643) + (48.4)(1206) 
dintersectioll 34.8s/veh 

420 + 925 + 643 + 1206 

On the basis of Exhibit 21-1, the intersection is assigned LOS D. 

Step 12: Compute 95th Percentile Queues for Each lane 

The 95th percentile queue is computed for each lane. An example calculation 
for the northbound entry is given as follows: 

[ 

( 3/600)0.851 
2 497 497 

Q95NB :-:-0900(0.25) 0.85-1+ (1-0.85) + ( ) (--)=8.6veh 
, 150 0.25 3,600 

For design purposes, this value is typically rounded up to the nearest 
vehicle, which for this case would be 9 veh. 

Similarly, Q95,SB = 3.9 veh, Q95,EB = 13.4 veh, Q95,WB = 13.3 veh, and Q95,bypass,WB = 

12.5 veh. 
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Discussion 

The results indicate that the overall roundabout is operating at LOS D based 
on a control delay very close to the boundary between LOS D and LOS E. 

However, three approaches (northbound, eastbound, and westbound) are 
operating at LOS E, and one lane (westbound entry) is operating at LOS F (based 
on control delay). In addition, two of the four entries have volume-to-capacity 
ratios exceeding 0.95 during the peak 15 min of the hour analyzed. If the 
performance standard for this intersection were LOS D, three approaches would 
not meet the standard, even though the overall intersection meets the standard. 
For these reasons, the analyst should report volume-to-capacity ratios, control 
delay, and queue lengths for each lane, in addition to the aggregated measures, 
for a more complete picture of operational performance. 

EXAMPLE PROBLEM 2: MULTILANE ROUNDABOUT 

The facts 

The following data are available to describe the traffic and geometric 
characteristics of this location: 

• Percent heavy vehicles for eastbound and westbound movements = 5%, 

• Percent heavy vehicles for northbound and southbound movements = 

2%, 

• Peak hour factor = 0.95, 

• Negligible pedestrian activity, and 

• Volumes and lane configurations as shown in Exhibit 21-24. 

Comments 

a a 
00","" 
"'""ION 

~~~ 
230~ ~90 
420 iii III 250 
80. ..,.400 

,tr 
000 
LOIDN 

.-I 

Lane use is not specified for the eastbound and westbound approaches; 
therefore, the percentage flow in the right lane is assumed to be 53%, per Exhibit 
21-21. 
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issues by reporting overall 
intersection performance without also 
reporting the performance of each 
lane, or at least the worst-performing 
lane. 

This is also an example of an 
operational analysis, despite the fact 
that lane utilization data are unknown 
and must be assumed. 
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Example Problems 

Step 1: Convert Movement Demand Volumes to Flow Rates 

Each turning-movement demand volume given in the problem is converted 
to a demand flow rate by dividing by the peak hour factor. As an example, the 
eastbound left demand volume is converted to a demand flow rate as follows: 

V 230 
V = ~ = -- = 242 veh/h 

EEL PHF 0.95 

Step 2: Adjust Flow Rates for Heavy Vehicles 

The heavy-vehicle adjustment factor for the eastbound and westbound 
movements is calculated as fonows: 

___ 1_-=0.952 
1 + 0.05(2 -1) 

Similarly, the heavy-vehicle adjustment factor for the northbound and 
southbound movements is calculated as follows: 

1 
fI-IV = 1 + PT (ET -1) 

1 = 0.980 
1 + 0.02(2 -1) 

This is applied to each movement as follows (eastbound left tum illustrated): 

V 242 
V = EEL = --= 254 pc/h 

EEL,pee fHV 0.952 . 

The resulting adjusted flow rates for all movements, accounting for Steps 1 
and 2, are therefore as follows: 

CTI co 
NVLn 
V<.ON 

J~~ 
254~ ""t..... 100 
464 II I11III 276 
88. .442 

,tr 
VVCTI 
Ln <.ON 

.-I 

Step 3: Determine Circulating and Exiting Flow Rates 

For this problem, only circulating flows need to be calculated for each leg. 
For the west leg (eastbound entry), the circulating flow is calculated as follows: 

Vc,EE,pce = VNBU,pce + VWBL,pce + VWBU,pce + VSET,pce + VSBL,pce + VSBU,pce 

Vc,EB,pee = 0 + 442 + 0 + 64 + 258 + 0 = 764 pc/h 

Similarly, vc,WB,pce = 372 pclh, vc,NB.pce = 976 pclh, and vc,SB,pce = 772 pc/h. 
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Step 4: Determine Entry Flow Rates by Lane 

The entry flow rate is calculated by summing up the movement flow rates 
that enter the roundabout. This problem presents four unique cases. 

• Northbound: The northbound entry has only one lane. Therefore, the 
entry flow is simply the sum of the movements, or 54 + 64 + 129 = 247 
pc/h. 

• Southbound: The southbound entry has two lanes: a shared through-left 
lane and a right-turn-only lane. Therefore, the flow rate in the right lane 
is simply the right-turn movement flow, or 429 pc/h, and the flow rate in 
the left lane is the sum of the left-turn and through movements, or 258 + 
64 = 322 pc/h. 

• Eastbound: The eastbound entry has shared left-through and through
right lanes. A check is needed to determine whether any de facto lanes 
are in effect. These checks are as follows: 

o Left lane: The left-turn flow rate, 254 pc/h, is less than the sum of 
the through and right-turn flow rates, 464 + 88 = 552 pc/h. 
Therefore, some of the through volume is assumed to use the 
left lane, and no de facto left-turn lane condition is present. 

o Right lane: The right-tum flow rate, 88 pc/h, is less than the sum 
of the left-turn and through flow rates, 254 + 464 = 718 pc/h. 
Therefore, some of the through volume is assumed to use the 
right lane, and no de facto right-tum lane condition is present. 

o The total entry flow (254 + 464 + 88 = 806 pc/h) is therefore 
distributed over the two lanes, with flow biased to the right lane 
using the assumed lane-use factor identified previously: 

Right lane: (806)(0.53) = 427 pc/h 

Left lane: 806 - 427 = 379 pc/h 

• Westbound: The westbound entry also has shared left-through and 
through-right lanes, and so a similar check is needed for de facto lanes. 
The left-turn flow rate, 442 pc/h, is greater than the sum of the through 
and right-turn flow rates, 276 + 100 = 376 pc/h. Therefore, the left lane is 
assumed to operate as a de facto left-turn lane. Therefore, the left-lane 
flow rate is equal to the left-turn flow rate, or 442 pc/h, and the right
lane flow rate is equal to the sum of the through- and right-turn
movement flow rates, or 376 pc/h. 

Step 5: Determine the Capacity of Each Entry Lane and Bypass Lane as 
Appropriate in Passenger Car Equivalents 

The capacity calculations for each approach are calculated as follows: 

• Northbound: The northbound entry is a single-lane entry opposed by two 
circulating lanes. Therefore, Equation 21-3 is used as follows: 
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• Southbound: The southbound entry is a two-lane entry opposed by two 
circulating lanes. Therefore, Equation 21-4 is used for the right lane, and 
Equation 21-5 is used for the left lane: 

C ' = 1130io.7xlo-3 )(772) = 658 pc/h 
pee,bE,R. I 

C = 1130i.o·75xlo3 )(772) = 633 pc/h 
pce,SB,L I 

• Eastbound: The eastbound entry is a two-lane entry opposed by one 
circulating lane. Therefore, the capacity for each lane is calculated by 
using Equation 21-2 as follows: 

C . = 1 130e(-1.0xI0-3 )(764) = 526 pc/h 
pce,EB I 

• Westbound: The westbound entry is also a two-lane entry opposed by 
one circulating lane, so its capacity calculation is similar to that for the 
eastbound entry: 

C = 1130e(-l.OXI0 3 
)(372) = 779 pc/h 

pee, WB I 

Step 6: Determine Pedestrian Impedance to Vehicles 

For this problem pedestrians have been assumed to be negligible, so no 
impedance calculations are performed. 

Step 7: Convert lane Flow R.ates and Capacities into Vehicles per Hour 

The capacity for a given lane is converted back to vehicles by first 
determining the heavy-vehicle adjustment factor for the lane and then 
multiplying it by the capacity in passenger car equivalents. For this example, 
since all turning movements on the eastbound and westbound entries have the 
same !HV' each of the lanes on the eastbound and westbound entries can be 
assumed to have the same !m" 0.952. 

CEB,R = Cpce,EB,RfHV,e,EB = (526)(0.952) = 501 veh/h 

Similarly, CEB,L = 501 veh/h, CWB,L = 742 veh/h, and CW1J,R = 742 veh/h. 

Since all turning movements on the northbound and southbound entries 
have the same .Aw, each of the lanes on those entries can be assumed to have the 
same !HV, 0.980. 

CNB = Cpce,NBfHV,e,NB = (571)(0.980) = 560 veh/h 

Similarly, CSB,L = 621 veh/h and CSB,R = 645 veh/h. 

Calculations for the entry flow rates are as follows: 

VEB,R = Vpce,EB,Rf HV,e,EB = (427)(0.952) = 407 veh/h 

V NB = vpce,NBfHV,e,NB = (247)(0.980) = 242 veh/h 

Similarly, VEB,L = 361 veh/h, VVI'B,L = 421 veh/h, VWB,R = 358 veh/h, VSB,L = 316 
veh/h, and VSB,R = 421 veh/h. 
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Step 8: Compute the Volume-to-Capacity Ratio for Each Lane 

The volume-to-capacity ratio for each lane is calculated as follows: 

X NB = 242/560 == 0.43 

XSB,L =316/621=0.51 

XSB,R = 421/645 = 0.65 

XEB,L = 361/501 = 0.72 

XEB,R = 407/501 = 0.81 

XWB,L = 4211742 = 0.57 

XWB,R = 3581742 = 0.48 

Step 9: Compute the Average Control Delay for Each Lane 

The control delay for the northbound entry lane is computed as follows: 

(
3,600)242 

d = 3,600 +900(0.25) 242 -1+ (242 _1)2 + 560 560 
NB 560 560 560 450(0.25) 

+ 5 X min[242 ,1] = 13.4 s/veh 
560 

Similarly, dsB,r. = 14.2 s, dSB,R = 18.7 s, dEB,L = 27.25, dEB,R = 35.4 Sf dwB,L = 13.9 s, 
and dWB,R = 11.7 s. 

Step 10: Determine LOS for Each Lane on Each Approach 

On the basis of Exhibit 21-1, the LOS for each lane is determllwd as follows: 

Critical Lane Control Delay (s/Veh) LOS 
Northbound entry 

Southbound left lane 
Southbound right lane 

Eastbound left lane 
Eastbound right lane 
Westbound left lane 

Westbound right lane 

13.4 B 
14.2 B 
18.7 C 
27.2 D 
35.4 E 
13.9 B 
11.7 B 

Step 11: Compute the Average Control Delay and Determine LOS for 
Each Approach and the Roundabout as a Whole 

The control delay for the northbound approaches is equal to the control 
delay for the entry lane, 13.4 Sf as the approach has only one lane. The control 
delays for the other approaches are as follows: 

d = (14.2)(316)+(18.7)(421) = 16.8s/veh 
SB 316+421 
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d, = (27.2)(361)+ (35.4)(407) = 3l.5 s/veh 
M 361+407 

d = (13.9)(421)+ (1 l.7)(358) 12.9s/veh 
WE 421+358 

On the basis of Exhibit 21-1, these approaches are respectively assigned LOS 
B, LOS C, LOS D, and LOS B. 

Similarly, control delay for the intersection is computed as follows: 

d. . = (13.4)(242)+ (16.8)(736) + (31.5)(768) + (12.9)(779) = 19.7 s/veh 
mtersectlOn 242 + 736 + 768 + 779 

On the basis of Exhibit 21-1/ the intersection is assigned LOS C. 

Step 12: Compute 95th Percentile Queues for Each Lane 

The 95th percentile queue is computed for each lane. An example calculation 
for the northbound entry is given as follows: 

[ 

( 3/600)(242)] 
Q = 900(0.25) 242 -1 + (1- 242)2 + 560 560 (560 J = 2.2 veh 

95,NB 560 560 150(0.25) 3,600 

For design purposes, this value is typically rounded up to the nearest 
vehicle, in this case 3 veh. 

Discussion 

The results indicate that the intersection as a whole operates at LOS C on the 
basis of control delay during the peak 15 min of the analysis hour. However, the 
eastbound approach operates at LOS D, and the right lane of that approach 
operates at LOS E (with a control delay very close to the boundary of LOS D and 
LOS E) and with a volume-to-capacity ratio of 0.81. The analyst should report 
both the overall performance and those of the individual lanes to provide a more 
complete picture of operational performance. 
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1. INTRODUCTION 

Interchange ramp terminals are critical components of the highway network. 
They provide the connection between various highway facilities (i.e., freeway
arterial, arterial-arterial, etc.), and thus their efficient operation is essential. 
Interchanges have to be designed to work in harmony with the freeway, the 
ramps, and the arterials. In addition, they need to provide adequate capacity to 
avoid affecting the connecting facilities. 

SCOPE OF THE CHAPTER 

Chapter 22, Interchange Ramp Terminals, presents the methodology for the 
analysis of interchanges involving freeways and surface streets (i.e., service 
interchanges), and it was developed primarily on the basis of research conducted 
through the National Cooperative Highway Research Program (1-3) and 
elsewhere (4). 

The methodology addresses interchanges with signalized intersections, 
interchanges with roundabouts, and the impact and operations of adjacent 
closely spaced intersections. Interchanges with two-way sTOP-controlled 
intersections or interchanges consisting of a signalized intersection and a 
roundabout cannot be evaluated with the procedures of this chapter. Traffic 
circles (e.g., intersections with a circular island in the middle and signals at the 
approaches) are not considered in this chapter. The scope of this chapter includes 
the operational analysis for a full range of service interchange types, including 
diamond, partial cloverleaf (pardo), and single-point urban interchanges 
(SPUIs). It also includes a methodology for assessing the operational 
performance of various types of interchanges for purposes of interchange type 
selection. The chapter can be used to obtain guidance for assessing various 
interchange types with respect to their operational performance; it does not 
provide guidance for selecting an appropriate interchange type with respect to 
economic, environmental, land use, and other such concerns. The methodology 
addresses at-grade intersections, not including the freeway proper, and focuses 
on surface streets; it does not analyze freeway-to-freeway interchanges. 

LIMITATIONS OF THE METHODOLOGY 

The methodology does not address oversaturated conditions, particularly 
cases when the downstream queue spills back into the upstream intersection (Le., 
when the internal queue exceeds the available storage of the link). It does not 
address spillback from inadequate turning pocket length. It does not explicitly 
evaluate the impact of spillback on freeway operations; however, it does estimate 
the expected queue on the ramps. It does not consider the impacts of ramp 
metering and spillback from the freeway into the interchange. The method does 
not estimate lane utilizations for cases when one or both intersections contain an 
approach that is not part of the prescribed interchange configuration given in the 
Types of Interchanges section; however, guidance is provided for addreSSing 
those cases. The methodology does not specifically address diverging 

( interchanges or continuous flow interchanges (there is limited information with 
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regard to the operation of these emerging interchange types, but it is likely that 
future research will focus on developing methods for evaluating their 
operational performance). The methodology provides delay estimates but does 
not provide link travel times and speeds. 

In cases where the user is interested in the analysis of conditions that fall 
under the above methodological limitations or in the investigation of dynamic 
traffic operations (i.e., those that evolve in time and space), the use of another 
analysis tool, such as simulation modeling, is advised. Section 3 includes 
information on the use of alternative tools for the analysis of interchange ramp 
tem1inals. 

The operational analysis is only one factor to be considered in the design or 
redesign of an interchange ramp terminal. Other important factors include right
of-way availability and economic and environmental constraints. The scope of 
this chapter does not indude such consideratioIL.'>; the chapter focuses only on the 
traffic operational performance of signalized interchanges. 

TYPES OF INTERCHANGES 

A number of different types of interchanges are recognized in the literature. 
A Policy on Geometric Design of Highways and Streets (5) provides extensive 
information on interchange design.,> and their characteristics. This section 
illustrates and discusses the interchange designs considered in this chapter, 
namely diamond interchanges, pardos, SPUIs, and interchanges with 
roundabouts. 

Diamond Interchanges 

Most forms of diamond interchanges result in two or more closely spaced 
surface intersections, as illustrated in Exhibit 22-1. On a diamond interchange, 
only one connection is made for each freeway entry and exit, with one 
connection per quadrant. Left- and right-turning movements are used for entry 
to or exit from the two directions of the surface facility, which necessitates left
tuming movements. When demands are low (generally in rural areas), the 
junction of diamond interchange ramps with the surface facility is typically 
controlled by stop or yield signs. If traffic demands are sufficiently high, 
signalization becomes necessary. 

There are many variations of the diamond interchange. The typical diamond 
configuration has three subcategories defined by the spacing of the intersections 
formed by the ramp-street connections. Conventional diamond interchanges 
provide a separation of 800 ft or more between the two intersections. 
Compressed diamond interchanges have intersections spaced between 400 and 
800 ft, and tight urban diamond interchanges feahlre spacing of less than 400 ft. 
Because of right-of-way constraints, compressed diamonds are more likely to be 
used in urban areas, while conventional diamond interchanges are more likely to 
be used in rural or suburban settings. 
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D 

Conventional, D > 800 ft 
Compressed, D = 400-800 ft 

Tight Urban, D < 400 ft 

.... 
.... 

Diamond with continuous frontage 
roads and U-turn lanes 

u 
Partial (half) diamond 

interchange 

v ~ 
"," .... 

'" ... ..... 

... "'I""T ... ... .... ... 

~ 1/ 

Diamond with continuous 
frontage roads 

Split diamond interchange 
(crossroads, one- or two-way) 

,. 1=T ., 
't, lr? 

Three-level diamond 
interchange 

Note: - - - - Possible alternative configuration of signal bypasses operating as unsignalized movements; 
these are movements that are not using the ramp terminals. 

Split diamond interchanges have freeway entry and exit ramps separated at 
the street level, creating four intersections. Diamond configurations also can be 
combined with continuous one-way frontage roads. The frontage roads become 
one-way arterials, and turning movements at the intersections created by the 
diamond interchange become even more complex. Separated U-turn roadways 
may be added, removing U-turns from the signal scheme, if there is a signal. A 
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Exhibit 22-2 
Types of Pardo Interchanges 

In traduction 

partial diamond interchange has fewer than four ramps, and not all freeway
street or street-freeway movements are served. A three-level diamond 
interchange features two divided levels, so that ramps are necessary on both 
facilities to allow continuous through movements. 

All these forms of diamond interchanges are depicted in Exhibit 22-1. The 
methodology in this chapter is applicable to all diamond interchange forms 
except the split diamond and the three-level diamond. The methodology 
addresses interchanges where both terminals are signalized or both terminals are 
roundabouts. 

Pardo Interchanges 

Pardo interchanges are depicted in Exhibit 22-2. A variety of pardo 
interchanges can be created with one or two loop ramps. In such cases, one or 
two of the outer ramps take the form of a diamond ramp, allowing a movement 
to take place by means of a right turn. In some pardo configurations, left turns 
also may be made onto or off of a loop ramp. The methodology in this chapter is 
applicable to pardo interchanges where both terminals are signalized or both 
terminals are roundabouts. 

Pardo A, 2 Quadrants Parclo A, 4 Quadrants 

Pardo B, 2 Quadrants Pardo B, 4 Quadrants 

Pardo AB, 2 Quadrants Pardo AB, 4 Quadrants 

Note: - - - - Possible alternative configuration of signal bypasses operating as unsignalized movements; 
these are movements that are not using the ramp terminals. 
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Single-Point Urban Interchanges 

A SPUI combines all the ramp movements into a single signalized 
intersection and has the advantage of operating as such. The design eliminates 
the critical issue of coordinating the operation of two closely spaced 
intersections. The SPUI is depicted in Exhibit 22-3. 

t t 
Interchanges with Roundabouts 

Roundabout intersections can replace signalized or stop-controlled 
intersections as interchange ramp terminals. Three types of roundabout 
intersection designs are typically used in the United States and are illustrated in 
Exhibit 22-4. The first design consists of two traditional roundabouts at the two 
nodes of the interchange. The second design is called the raindrop roundabout 
interchange, and it restricts certain movements within each roundabout by 
creating raindrop-shaped central islands. The two designs are essentially the 
same, except that the first should be provided when U-turns are allowed or when 
there is an additional approach to the roundabout. The last design consists of a 
single roundabout spanning both sides of the freeway via over- or underpasses. 

These three designs are applicable to both diamond and pardo interchanges. 
Their major advantage is that they can reduce the number of lanes needed 
between terminals, thereby significantly reducing structure-related costs. They 
also eliminate the need for coordinating signal operations at the two closely 
spaced intersections. A potential disadvantage of using roundabouts is that 
spillback from a downstream facility into the roundabout may result in gridlock 
for all movements at the roundabout, since all movements must use the 
circulating roadway. 
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Exhibit 22-4 
Interchanges with 

Roundabouts 
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UNIQUE OPERATIONAL CHARACTERISTICS OF INTERCHANGES 

Influence of Interchange Type on Turning Movements 

The type of interchange has a major influence on turning movements. 
Movements that involve a right-side merge in one configuration become left 
turns in another. Movements approaching the interchange on the surface facility 
are also affected by the interchange type, depending on whether the ramp 
movements involve left or right turns. Thus, the lane utilization of the external 
approaches hOt. the interchange varies as a function of the type of interchange and 
the relative proportion of the tuming movements at the downstream 
intersection. 

In selecting an appropriate type of interchange, the impacts on the turning 
movements should be considered. Left-turning movements are always the most 
difficult in terms of efficiency of operation, and high-volume left-turning 
movements should be avoided, if possible. By selecting a type of interchange that 
requires left turns only for low-demand movements, the overall operation can be 
enhanced significantly. However, it is not always possible to accomplish this. 
Right-of-way limitations or agency policies may preclude the use of loop ramps, 
and economic and environmental constraints may make multilevel structures 
undesirable. 

Because of the influence of interchange type on turning movements, and to 
be able to compare various interchange types, their level of service (LOS) is 
based on origin-destination (O-D) demands through the interchange, which are 
identical regardless of the interchange type. The methodology in this chapter 
uses both O-D demands and turning movement demands; one set of demands 
can be derived from the other. Exhibit 22-5 illustrates the O-D demands at an 
interchange and gives their respective notation. To simplify the mapping 
process, it is assumed that the freeway is oriented north-south (N-S) and the 
surface arterial east-west (E-W). Note that Demands K and L indicate the 
through movement that travels across the surface street, not the freeway through 
traffic. These demands are expected to be minimal; however, they are included in 
the methodology because they constitute allowable movements through the 
interchange. Exhibit 22-6 illustrates the routing of all demands through a 
diamond interchange, while Exhibit 22-7 illustrates their routing through a 
Parclo AB-2Q. As shown, the O-D Demand E, eastbound from the arterial and 
northbound into the freeway, is a left tum in the diamond configuration, while it 
becomes a right tum in Parclo AB-2Q. 
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O-D Demands at an 
Interchange 

Exhibit 22-6 
Illustration and Notation of 

O-D Demands at a Diamond 
Interchange 

Exhibit 22-7 
Illustration of O-D Demands 

Through a Pardo AB-2Q 
Interchange 
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Operational Effects of the Intersection Spacing 

Those configurations with two closely spaced signalized intersections 
present unique challenges because the two intersections do not operate in 
isolation. Examples of such configurations include the diamond interchanges and 
two-quadrant parclos. The distance separating the two intersections limits the 
amount of storage available for queued vehicles. Also, the presence of a 
downstream queue may reduce or completely block the discharge from the 
upstream intersection. 

Queuing at the downstream intersection can have one of the following two 
impacts on the discharge from the upstream intersection: 

1. Queuing conditions at the downstream intersection are not severe 
enough to affect the upstream intersection; or 

2. Queues at the downstream intersection reduce the rate of discharge 
upstream because of proximity of the back of the queue. When that 
occurs, portions of the upstream green cannot be used because of 
downstream blockage. 

Queued vehicles within a short segment (or link) limit the effective length of 
the link, and vehicles can travel freely only from the upstream stop line to the 
back of the downstream queue. Because this distance may be small, the impact 
on the upstream discharge rate is significant. In this methodology, the effects of 
the presence of a queue at the downstream link are considered by estimating the 
amount of additional lost time experienced at the upstream intersection. The 
additional lost time is calculated as a function of the distance to the downstream 
queue at the beginning of the green for each of the upstream phases. 

The extent of queuing at the downstream intersection depends on several 
factors, including the signal control at the upstream and downstream signals, the 
number and use of lanes at both intersections, and the upstream flow rates that 
feed the downstream intersection. 

Some of these effects may also exist at locations where signalized 
intersections are closely spaced, particularly where heavy left-tum movements 
exist. This chapter addresses the interactions of interchange operations with 
those of adjacent closely spaced signalized intersections. Furthermore, the 
principles described in this chapter may be applied to similar situations in which 
closely spaced signalized intersections (other than those at interchanges) interact. 

Similar issues may exist at interchanges with roundabouts that are near 
signalized intersections. When the queue from the signalized intersection reaches 
the roundabout, it might cause complete gridlock, since all movements through 
the roundabout must use the circulating road way. 

lane Utilization for the External Through Movements 

For two-intersection signalized interchanges, the lane utilization for the 
external through movements approaching the interchange on the surface facility 
is significantly affected by the direction and demand of the tuming movements 
at the downstream intersection. As shown in Exhibit 22-8, high-volume 
downstream left turns will gravitate toward the left-side lanes at the upstream 
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Exhibit 22-8 
Impact of Interchange Type 

on Lane Utilization 

Introduction 

intersection, while the remaining through and right-turning vehicles will tend 
toward the right. Conversely, heavy-volume downstream right turns will 
gravitate toward the right side at the upstream intersection. This can create lane
use imbalances that exceed those at single intersections. 

The methodology in this chapter identifies the highest-utilization lane at 
each of the upstream external through movements as a function of the 
interchange type, the number of through lanes, the distance between the two 
intersections, and the O-D demands. 

J ~. __ . __ . __ . ___ ~~\~_ -------._-- ------------------------------------.------------------------------------.---------------_. ::== 
~ ~~ vZ/zr// 
--,..- j ~--

) /~-. 
Diamond Interchange 

Pardo AB-2Q Interchange 

This chapter also considers the lane utilization of the arterial approaches at 
intersections adjacent to the interchange. Lane utilization at those intersections 
may be affected by turning movement demands at the interchange. 

Demand Starvation 

Demand starvation occurs when a signalized approach has adequate 
capacity but a significant portion of the traffic demand is held upstream because 
of the signalization pattern. For two-intersection signalized interchanges, 
demandstarvation occurs when a portion of the green at the downstream 
intersection is not used because the upstream intersection signalization prevents 
vehicles from reaching the stop line. Thus, portions of the downstream green are 
unused while demand is stuck at the upstream intersection. Exhibit 22-9 
illustrates the concept of demand starvation for an interchange. As shown, the 
internal left turn in the eastbound direction is green, blocking all westbound 
vehicles from reaching the westbound internal link green. Thus, demand 
starvation is experienced by the internal westbound through movement, where 
the signal is green, while the demand for it is blocked upstream. 
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II 
lOS FRAMEWORK 

Signalized Interchanges 

The LOS designation is based on the operational performance of 0-0 
demands (shown in Exhibit 22-5) through the interchange. The LOS for each 0-0 
is based on the total average control delay experienced by that demand as it 
travels through the interchange. For example, for the diamond interchange 
shown in Exhibit 22-10, the delay for the 0-0 Movement H is equal to the sum of 
the average control delays (dWBTHI d WBI ) at each of the lane group flows V~7JTH' VWBI. 

along its path. Thus, the delay dw for 0-0 H is as follows: 

dw = dW7JTH + dWBL 

where dWBTH is average control delay of the external westbound through 
movement (s/veh) and dWBL is average control delay of the internal westbound 
left movement (s/veh). 

1 
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Exhibit 22-11 
lOS Criteria for Each 0-0 of 

a Signalized Interchange 

Exhibit 22-12 
Illustration of the lOS 

Concept at an Interchange 
with Roundabouts 

Introduction 

Furthermore, LOS F is defined to occur when either the volume-to-capacity 
ratio (vic) or the average queue-to-storage ratio (RQ) for any of the lane groups 
that contain this 0-0 exceed I, where RQ refers to the average per lane queue 
storage ratio within the lane group. Storage is defined as the distance available 
for queued vehicles on a particular movement, and it is provided on a per lane 
basis. For example, if the left-turning lane group shown in Exhibit 22-10 has vic > 
I, then the LOS for the entire 0-0 Movement H will be LOS F. If a particular lane 
group has vic > 1, then all O-Os that travel through this lane group will operate in 
LOS F, regardless of their delay. Similarly, if the average per lane queue in a 
particular lane group exceeds its available storage, then all O-Os traveling 
through this lane group will operate in LOS FI regardless of their delay. 

Exhibit 22-11 summarizes the LOS criteria for each 0-0 of an interchange. 
The values presented in Exhibit 22-11 are greater than those for signalized 
intersections by a factor of 1.5 to reflect the fact that some of the 0-0 movements 
would travel through two intersections, while others would travel through only 
one. 

Interchanges with Roundabouts 

Similar to signalized interchanges, the LOS designation for interchanges with 
roundabouts is based on the operational performance of 0-0 demands through 
the interchange. The LOS for each 0-0 is based on the total average control delay 
experienced by that demand as it travels through the interchange. For example, 
for the interchange shown in Exhibit 22-12, the delay for the 0-0 Movement His 
equal to the sum of the average control delays (diS' d7) at each of the approach 
flows Vl5J V 7 along its path. Furthermore, LOS F is defined to occur when either 
the vic ratio or the average RQ for any of the lane groups that contain this 0-0 
exceeds 1, where RQ refers to the average per lane queue storage ratio within the 
lane group. 
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Exhibit 22-13 summarizes the LOS criteria for each O-D of an interchange 
with one or two roundabouts. The values presented in Exhibit 22-13 are greater 
than those for noninterchange roundabouts to reflect the fact that some of the 0-
D movements might travel through two roundabouts while others might travel 
through only one. The values are also generally lower than the respective ones 
for signalized interchanges, since drivers would likely expect lower delays at 
roundabouts. 

O-D lOS 
vlc< 1 and RQ < 1 vic> 1 RQ> 1 
for All A roaches forAn A roach for An A roach 

A F F 
B F F 
C F F 

>35-50 D F F 
>50-75 E F F 

>75 F F F 

Other Interchange Types 

Interchange types and control not explicitly included in this chapter (e.g., 
two-way STOP-controlled diamond interchanges) do not have LOS criteria 
defined on an O-D basis. In the absence of such LOS criteria, analyses of these 
interchange types and comparisons with other interchange types can be made by 
using control delay for each O-D and other applicable performance measures. 
These performance measures can be determined with procedures in this and 
other Highway Capacity Manual (HeM) chapters, alternative tools, or both, 
aggregated as appropriate into O-D performance measures by using the 
techniques in this chapter. 
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Exhibit 22-14 
Interchange Ramp Terminals 

Methodology: Final Design 
and Operational Analysis for 

Signalized Interchanges 

Methodologies 

2. METHODOLOGIES 

There are two general types of analysis for signalized interchange ramp 
terminals: (a) final design and traffic operational analysis and (b) operational 
analysis for interchange type selection. The methodology for final design and 
traffic operational analysis for signalized interchanges is presented first. The next 
section presents the methodology for analyzing interchanges with roundabouts 
and is followed by a brief discussion of operations at interchanges with 
unsignalized intersections. The last section presents the methodology used in 
interchange type selection. 

FINAL DESIGN AND OPERATIONAL ANALYSIS FOR SIGNALIZED 
INTERCHANGES 

Exhibit 22-14 summarizes the basic methodology for the final design and 
operational analysis of signalized interchange ramp terminals. The methodology 
is similar to that of Chapter 18, Signalized Intersections, with additional 
consideration for imbalanced lane utilizations, additional lost times due to 
downstream queues, demand starvation, and additional lost times due to 
interactions witlL closely spaced intersections. 

InQut Parameters 
Geometric 

Traffic 
Signalization 

SPUI I Diamond/Pardo 

./. ~ 
I O-D flow rates and turning I 

movement flow rates are identical 
I O-D flow rates and turning I 

movement flow rates are different 

I 

I 

... .. 
I 

O-D Turning movement I 
flow rates flow rates 

'" Volume adjustment I I Volume adjustment I 
~ ~ 

Lane utilization I I Lane utilization I 
~ 

l Saturation Elow Rates 
Basic equation 

Adjusment factors 

! 
I Queue length for internal links I 

~ 
I Effective green adjustment due to I 

interchange operations 

No adjacent 1 Adjacent 
intersection Intersection exists 

Effective green adjustment due to I 
adjacent intersection operations 

L-J capacity and vic ratio J 
~ 

Performance Measures 
Control delay 

Queue storage ratio 
LOS 
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The analysis of spurs is outlined on the left part of the graph. The graph 
highlights only the components added to the signalized intersection 
methodology for analyzing spurs. The right part of the graph highlights the 
components added to the signalized intersection methodology for analyzing 
diamond and pardo interchanges. Each of the steps outlined in Exhibit 22-14 is 
explained and discussed below. 

The analysis begins with the assembly of all pertinent input data, such as 
geometric characteristics, traffic demands, and signalization information. Exhibit 
22-15 provides a summary of all input data required to conduct an operational 
analysis for interchange ramp terminals. 

T e of Condition 
Geometric conditions 

Traffic conditions 

Signalization conditions 

Parameter 
Area type 
Number of lanes (N) 
Average lane width (w, ft) 
Grade (G, %) 
Existence of exclusive left- or right-turn lanes 
Length of storage for each lane group (La, ft) 
Distance corresponding to the internal storage between the two 

intersections in the interchange (D, ft) 
Distances corresponding to the internal storage between 

interchange intersections and adjacent closely spaced 
intersections (ft) 

Turnin radii for all turnin movements ft 
Demand volume by O-D or turning movement (I!, veh/h) 
Right-turn-on-red flow rates 
Base saturation flow rate (So, pc/hg/ln) 
Peak hour factor (PHF) 
Percent heavy vehicles (HI!, %) 

i Approach pedestrian flow rates (Vped, ped/h) 
Approach bicycle flow rates (Vb, bicycles/h) 
Local bus stopping rate (Ne, buses/h) 
Parking activity (Nm, maneuvers/h) 
Arrival type (Al) 
Upstream filtering adjustment factor 
A roach s eed SA mi h 
Type of signal control 
Phase sequence 
Cycle length (if appropriate) (C; s) 
Green times (ifappropriate) (G, s) 
Yellow-plus-all-red change-and-clearance interval (intergreen) (Y, s) 
Offset (if appropriate) 
Maximum, minimum green, passage times, phase recall (for 

actuated control) 
Pedestrian push button 
Minimum pedestrian green (Gp, s) 
Phase Ian 

O-D Demands and Movement Demands 

The analyst may have either O-D demands or intersection turning 
movements available for the study interchange. Since both are needed in the 
analysis, the first step in the methodology consists of calculating either the 
turning movements by using the 0-0 demands or the O-D demands by using the 
turning movements. If the interchange is a spur (i.e., only has one intersection), 
the O-D demands and the turning movement demands are the same, and the 
analysis proceeds similarly to the methodology of Chapter 18, Signalized 
Intersections, to estimate capacity, vic, delay, and queue storage ratios. The 
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Equation 22-2 

Methodologies 

Applications section of this chapter provides guidance on converting O-D 
movements to turnu1.g movements and vice versa for each type of interchange 
configuration addressed in this methodology. 

Lane Group Determination 

As in the case of signalized interchanges, the methodology for interchange 
ramp terminals is dis aggregate; that is, it is designed to consider individual 
intersection approaches and individual lane groups within approaches. The 
segmentation of the interchange into lane groups generally follows the same 
guidelines that apply for the analysis of signalized intersections. 

Lane Utilization 

Vehicles at interchanges do not distribute evenly among lanes in a lane 
group, and their lane selection is highly affected by their ultimate destination. 
For example, for two-intersection interchanges, when there is a high-volume left 
turn at the downstream intersection, traffic at the upstream intersection will 
gravitate toward the left lanes, while through and right-turning vehicles will 
tend toward the right. While this may occur at any intersection, because the 
internal link is generally short and because turning movements are typically 
high, there is generally greater variation in lane distribution and the adjustment 
factors that result from it. Segregation at the upstream intersection may occur by 
driver selection or by designated signing and striping. 

To account for these phenomena, lane utilization models have been 
developed specifically for the external through approaches (surface streets) of 
two-intersection interchanges. The lane utilization factors for all other 
interchange approaches (freeway ramps, internal approaches, and spur 
approaches) are estimated by using the procedures of Chapter 18. These lane 
utilization factors are then used to adjust the saturation flow rates for each lane 
group. 

Adjustment for Lane Utilization 

The lane utilization factor accounts for the unequal distribution of traffic 
among the lanes in a lane group with more than one lane. The factor provides an 
adjustment to the base saturation flow rate. The adjustment factor is based on the 
flow in the lane with the highest volume and is calculated by Equation 22-2: 

where 

1 fw=----%V
Lmax 

xN 

fw adjustment factor for lane utilization; 

% VLmax = percent of the total approach flow in the lane with the highest volume, 
expressed as a decimal; and 

N = number of lanes in lane group. 

A series of models have been developed to predict % VLmax for the external 
arterial approaches of two-intersection interchanges as a function of the 
downstream turning movements. The remaining approaches should use lane 
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utilization factors based on either field data or on values obtained from Exhibit 
( 18-30. 

( 

Exhibit 22-16 through Exhibit 22-20 provide the models developed for each 
type of interchange configuration and for two-, three-, and four-lane arterials. In 
these exhibits, Ll represents the leftmost lane, L2 represents the second lane from 
the left, and so forth. The notation used in these exhibits is provided immediately 
after Exhibit 22-20. 

The models estimate the percent of traffic expected to use each through lane 
as a function of the 0-0 demands in the subject approach. These models predict, 
for the external arterial approaches, the percent of traffic that is expected to use a 
particular lane as a function of the downstream hlrning movements. These 
turning movements are expressed in terms of their respective 0-0 flows. 0-0 
flows (A through N) are shown in Exhibit 22-21 for each configuration type. 
When the patterns of the eastbound and westbound approaches are symmetrical, 
the calibration parameters for the eastbound and the westbound directions are 
identicat and only the 0-0 flows differ. Interchange approaches with identical 
turning movement patterns in the subject direction (eastbound or westbound) 
are grouped together, and the models developed apply to all configurations in 
the group. For example, the Parclo B-2Q B-4Q, and AB-4Q-westbound approach 
are grouped together, and their lane utilization models are presented in Exhibit 
22-16. 

In Exhibit 22-16, Exhibit 22-18, and Exhibit 22-19, when an external approach 
has an exclusive right-turning lane, the 0-0 for that movement (VI' or vG) should 
be assumed to be zero in the respective equation. In Exhibit 22-17, Exhibit 22-18, 
Exhibit 22-19, and Exhibit 22-20, when there is an additional leg in the upstream 
intersection, the analyst should use the lane utilization factors of Chapter 18. The 
models shown in these exhibits are valid for values of D less than 800 ft. The 
empirical models shown in Exhibit 22-16 through Exhibit 22-20 did not consider 
configurations with longer distances; for these longer distances between the two 
intersections vehicles tend not to preposition themselves in anticipation of a 
downstream turn. In those cases, and in the absence of field data, it is 
recommended that the default values of Exhibit 18-30 be used. In cases when the 
internal link contains dual left turns extending to the upstream approach, the 
volume in the most heavily traveled left-turning lane can be approximated as 
follows: 

1. Use the model with number of lanes N - I, where N is the number of 
lanes of the subject external approach; 

2. Estimate the leftmost lane volume; and 

3. Multiply by 0.515. 

Research has shown that as operations approach congested conditions, the 
lane utilization factor tends to approach 1 (i.e., traffic becomes more uniformly 
distributed). 

Actual lane volume distributions observed in the field should be used, if 
available, because these distributions are highly dependent on the existing land 

( uses and access points in the vicinity of the interchange. A lane utilization factor 
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Exhibit 22-16 
Lane Utilization Models for 

the External Arterial 
Approaches of Diamond 

Intercha nges 

Methodologies 

of 1.0 can be used when uniform traffic distribution can be assumed across all 
lanes in the lane group or when a lane group comprises a single lane. The lane 
utilization factors are used in the next step of the methodology to adjust the 
sahuation flow rates for each lane group of the interchange. 

Eastbound 
Leftmost lane (% l-'Ll) 

Eastbound 
Right lane (% l-'L2) 

Westbound 
Leftmost lane (% l-'Ll) 

Westbound 
Riqht lane (% l-'L2) 

Eastbound 
Leftmost lane (% l-'Ll) 

Eastbound 
Middle lane (% Va) 

Eastbound 
Right lane (% l-'L3) 

Westbound 
Leftmost lane (% l-'Ll) 

Westbound 
Middle lane (% Va) 

Westbound 
Right lane (% Va) 

Eastbound 
Leftmost lane (% ~1) 

Eastbound 
Middle lanes (% ~Zt % Va) 

Eastbound 
Right lane (% l-'L4) 

Westbound 
Leftmost lane (% ~1) 

Westbound 
Middle lanes (% Vat % Va) 

Westbound 
Right lane (% l-'L4) 

TWO LANES IN THE LANE GROUP 

THREE LANES IN THE LANE GROUP 

FOUR LANES IN THE LANE GROUP 

%VL2 =(l-%Vu -%Vu )!2 
%VL3 = (l-%VLl -%VL4 )/2 

01 V 1 (LIF J 3 ( vE J 10 U1 = - + 0.64 x - 0.23 x 
4 ~+~+~ ~+~+~ 

%VL2 =(1-%Vu -%VTA )/2 
%VL3 = (l-%VLl -%VL4 )/2 

Notes: Definitions of variables are provided after Exhibit 22-20. 

If there is an exclusive right-turn lane on the external approach, then the respective O-D demand (vFor 
vG) should be zero in the respective equation. 
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Eastbound 
Leftmost lane (% Vi!) 

Eastbound 
Right lane (% Va) 

Westbound 
Leftmost lane (% Vi!) 

Westbound 
Right lane C% Va) 

Eastbound 
Leftmost lane (% Vi!) 

Eastbound 
Middle lane (% Va) 

Eastbound 
Right lane (% VL3) 

Westbound 
Leftmost lane (% Vi!) 

Westbound 
Middle lane (% Va) 

Westbound 
Right lane (% VL3) 

TWO LANES IN THE LANE GROUP 

% V L2 = 1- % V Ll 

THREE LANES IN THE LANE GROUP 

FOUR LANES IN THE LANE GROUP 

Eastbou nd % l1LI = .!. - 0.257 x (~ I 
Leftmost lane (%Vi!) 4 1'"+1';) 

Eastbound O/OVL2 = (1- % VL1 - % VTA )!2 
Middle lanes (% 1tL21 % lId % VL3 = (1- % VLI - % VL4 ) 12 

Eastbound 1 {; v ;J %l1
L4

=-+0.747x ~_E_ 
Right lane (% Vi4) 4 "E +V, 

Westbound 1 (- v ;] %VLI =--0.257 x __ H_ 

Leftmost lane C% Vi!) 4 v H +V} 

Westbound %VL2 = (1- %VL1 -%VL4 )/2 
Middle lanes C% Va, % Vi3) % VL3 = (1- % VL1 - % VL4 ) 12 

Westbound %11L4=.!.+O.747)~1 
Right lane C% Vi4) 4 'Lv H + v J 

Notes: Definitions of variables are provided after Exhibit 22-20. 

If the intersection for which lane utilizations are being estimated has an additional leg, the analyst should 
not use the equations of this exhibit. The procedures of Chapter 18 should be used instead. 
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Exhibit 22-18 
Lane Utilization Models for 

the External Arterial 
Approaches of Pardo B-2Q, 

B-4Q, and AB-4Q 
(Westbound Only) 

Methodologies 

Eastbound 
Leftmost lane (% VLl) 

Eastbound 
Riqht lane (% Va) 

Westbound 
Leftmost lane (% VLl) 

Westbound 
Riqht lane (% Va) 

Eastbound 
Leftmost lane (% VLl) 

Eastbound 
Middle lane (% VLl) 

Eastbound 
Right lane (% VL3 ) 

Westbound 
Leftmost lane (% VLl) 

Westbound 
Middle lane (% VLz) 

Westbound 
Right lane (% VL3) 

Eastbound 
Leftmost lane (% VLI) 

Eastbound 
Middle lanes (% Va, % Va) 

Eastbound 
Right lane (% VL4) 

Westbound 
Leftmost lane (% VLl) 

Westbound 
Middle lanes (% Va, % VL3) 

Westbound 
Right lane (% VL4) 

TWO LANES IN THE LANE GROUP 

%VLZ =l-%VLI 

THREE LANES IN THE LANE GROUP 

%VL2 =l-%VLl -%VL3 

FOUR LANES IN THE LANE GROUP 

%VLZ = (l-%VLl -%VL4 )/2 
%VL3 =(l-%VLl -%VL4 )/2 

%VLZ =(1-%Vu -%VL4 )/2 
%VL3 =(1-%Vu -%VL4 )/2 

Notes: Definitions of variables are provided after Exhibit 22-20, 

If there is an exclusive right-turn lane on the external approach, then the respective O-D demand (vp or vG) 
should be zero in the respective equation, 

If the intersection for which lane utilizations are being estimated has an additional leg, the analyst should 
not use the equations of this exhibit, The procedures of Chapter 18 should be used instead, 
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Eastbound 
Leftmost lane (% Vil) 

Eastbound 
Right lane (% VL2) 

Westbound 
Leftmost lane (% Vil) 

Westbound 
Right lane (% Vi2) 

Eastbound 
Leftmost lane (% Vil) 

Eastbound 
Middle lane (% Va) 

Eastbound 
Right lane (% Va) 

Westbound 
Leftmost lane (% Vil) 

Westbound 
Middle lane (% Va) 

Westbound 
Right lane (% Va) 

Eastbound 
Leftmost lane (% Vil) 

Eastbound 
Middle lanes (% VL2, % Va) 

Eastbound 
Right lane (% Vi4) 

Westbound 
Leftmost lane (% Vil) 

Westbound 
Middle lanes (% Var % Va) 

Westbound 
Right lane (% Vi4) 

TWO LANES IN THE LANE GROUP 

O/OV L2 = l-0/0VLl 

THREE LANES IN THE LANE GROUP 

FOUR LANES IN THE LANE GROUP 

O/OVL2 = (l-0/0Vu -O/OVIA )/2 
O/OVL3 = (l-0/0VLl -O/OVL4 )/2 

O/OVL2 = (l-O/OVLl -O/OV(4 )/2 
O/OVL3 =(1-%VLl -O/OVL4 )!2 

Notes: Definitions of variables are provided after Exhibit 22-20. 

If there is an exclusive right-turn lane on the external approach, then the respective O-D demand (vpor vG) 
should be zero in the respective equation, 

If the intersection for which lane utilizations are being estimated has an additional leg, the analyst should 
not use the equations of this exhibit. The procedures of Chapter 18 should be used Instead, 
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Exhibit 22-20 
Lane Utilization Models for 

the External Arterial 
Approaches of Pardo AB-2Q 

(Westbound Only) 
Interchanges 

Methodologies 

Westbound 
Leftmost lane (% !l/.l) 

Westbound 
Leftmost lane (% !l/.l) 

Westbound 
Middle lane (% Va) 

Westbound 
Right lane (% Va) 

Westbound 
Leftmost lane (% !l/.l) 

Westbound 
Middle lanes (% !l/.2r % Va) 

TWO LANES IN THE LANE GROUP 

o 1 ( VII J YaVL1 =-+0.468x --
2 v +v II ; 

% V L2 = 1 - % V L1 

THREE LANES IN THE LANE GROUP 

FOUR LANES IN THE LANE GROUP 

01 1 6 ( v" J IOVel =-+0.7 8x --
4 VII + v; 

%V L2 =(1-%Vu-%VL4)/2 
%V L3 =(1-%Vu-%VL4)/2 

Westbound %V,..! =.:!.-O.202X( V'L-) 
Right lane (% !l/.4) 4 vn +Vj 

Note: Definitions of variables are provided after Exhibit 22-20. 

If the intersection where lane utilizations are estimated has an additional leg, the analyst should not use 
the equations of this exhibit. The procedures of Chapter 18 should be used instead. 

Definitions of variables used in Exhibit 22-16 through Exhibit 22-20 are as 
follows: 

% Vu = percent of traffic present in lane Li, where L1 represents the leftmost 
lane, L2 represents the second Jane from the left, and so forth; 

D distance between the two intersections of the interchange (ft); and 

Vi O-D demand flow rates for movement i (veh/h), as illustrated in 
Exhibit 22-21 for each interchange type. 
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Equation 22-3 

Methodologies 

Saturation Flow Rates 

The saturation flow rate for each lane group can either be measured in the 
field or estimated with the following equation: 

s = soNfwfHV fgfpfbbfahufLTfLpbfRpbfLUfv 

where 

S = adjusted saturation flow rate (veh/h), 

So base saturation flow rate per lane (1,900 pc/hg/ln), 

N number of lanes in the lane group, 

fw adjustment factor for lane width (from Chapter 18), 

fHV adjustment factor for heavy-vehicle presence (from d1apter 18), 

fg adjustment factor for approach grade (from Chapter 18), 

fp adjustment factor for existence of a parking lane and parking activity 
adjacent to the lane group (from Chapter 18), 

fi,b adjustment factor for local bus blockage (from Chapter 18), 

fa adjustment factor for the area type (from Chapter 18), 

fRT adjustment for right-turning vehicle presence in the lane group (from 
Chapter 18), 

AT adjustment for left-turning vehicle presence in the lane group (from 
Chapter 18), 

Apb pedestrian adjustment factor for left turns (from Chapter 18), 

fRpb pedestrian-bicycle adjustment factor for right turns (from Chapter 18), 

fLU adjustment factor for lane utilization (from Equation 22-2 and Exhibit 
22-16 to Exhibit 22-20 as discussed in the previous section), and 

fv = adjustment for traffic pressure (from Exhibit 22-22). 

All factors in Equation 22-3 are obtained from Chapter 18, Signalized 
Intersections, except the last two. A third adjustment factor, fR' which quantifies 
the effect of turn radius on the saturation flow rate of a left- or right-turn 
movement, is used to modify the adjustment factors for protected turn 
movements provided in Chapter 18. The lane utilization factor was discussed in 
the previous section, while the other two are discussed below. 

Adjustment for Traffic Pressure 

Saturation flow rates have generally been found to be higher during peak 
traffic demand periods than during off-peak periods (3). Traffic pressure reflects 
the display of aggressive driving behavior for a large number of drivers during 
high-demand traffic conditions. Under such conditions, a large number of 
drivers accept shorter headways during queue discharge than they would under 
different circumstances. 

The effect of traffic pressure has been found to vary by traffic movement. The 
left-turn movements tend to be more affected by traffic pressure than through or 
right movements. To account for this phenomenon, the saturation flow rates at 
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( 
interchange approaches are adjusted by using the traffic pressure factor. This 
factor is computed with the following equation: 

1 

1.07 - 0.00672v: 
fv = 

1 

1.07 - 0.00486v; 

(left turn) 

(through or right turn) 

where fv is the adjustment factor for traffic pressure and v/ is demand flow rate 
per cycle per lane (veh/cydelln). 

For values of v;' higher than 30 veh/cyclelln, 30 veh/cycle/ln should be used, 
since the effects of demands higher than that value are not known. 

Exhibit 22-22 tabulates the results of Equation 22-4 for various demands and 
for each turning movement type. 

Demand Flow Rate v; 
(veh/cycie/ln) 

3.0 
6.0 
9.0 

12.0 
15.0 
18.0 
21.0 
24.0 

Movement Type 
left Turn Throu 

0.953 
0.971 
0.991 
1.011 
1.032 
1.054 
1.077 
1.100 

( When the lane group is shared by several movements, the adjustment facto!· 
for traffic pressure is estimated as the weighted (on the basis of the respective 
flows) average of the respective movements. 

Adjustment for Turn Radius Effects on Left- or Right-Turning 
Movements 

Traffic movements that discharge along a curved travel path do so at rates 
lower than those of through movements (3). The turning radius has been found 
to have a unique effect on saturation flows for turning movements at 
interchanges (3). The adjustment factor to account for the effects of travel path 
radius, fR' is calculated with the following equation: 

1 
1+ 5.61 

R 

where R is the radius of curvature of the left- or right-turning path (at the center 
of the path), in feet. 

The turning radius adjustment factor fR is used to revise the adjustment 
factors for protected turn movements provided in Chapter 18. The revised left
and right-turn adjustment factors are as follows: 
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Equation 22-6 

Equation 22-1 

Equation 22-8 

Equation 22-9 

Exhibit 22-23 
Adjustment Factor for Turn 

Radius (Ii?) 

Methodologies 

For protected, exclusive left-turn lanes: 

fn = fR 

For protected, shared left-turn lanes: 

1 

l+P (~-1) LT f 
jR 

For protected, exclusive right-turn Janes: 

fn = fR 

For protected, shared right-turn lanes: 

Exhibit 22-23 tabulates the adjustment factor for turn radius for several radii. 

Radius of the Travel Path (ft) 

25 
50 

100 
150 
200 
250 
300 
350 

Movement Type 
Left and Right Turn 

0.817 
0.899 
0.947 
0.964 
0.973 
0.978 
0.982 
0.984 

Through 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

When the lane group is shared by several movements, the adjustment factor 
for turn radii is estimated as the weighted (on the basis of the respective flows) 
average of the respective movements. The adjushnent factors for permissive 
phasing are estimated by using the procedures of Chapter 18. 

Additional lost Time for the Upstream Approaches due to the Presence 
of a Downstream (Internal) link Queue 

The presence of a downstream queue may reduce or block the discharge of 
the upstream movements, increasing the amOlmt of lost time for the upstream 
phases. In the analysis of interchange ramp terminals, the effects of the presence 
of a queue at the downstream link (through movement) are considered by 
estimating the amount of additional lost time experienced at the upstream 
intersection. The methodology takes into consideration the duration of common 
green times between various phases at the two intersections. In this chapter 
common green time between Phase A in Intersection I and Phase B in 
Intersection II is defined as the amount of time (in seconds) during which both 
phases have a green indication. Exhibit 22-24 provides an illustrative example of 
common green times between the upstream and downstream through phases 
(CGUD) and between the upstream ramp and the downstream through phases 
(CGRD)· 
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Common 
Intersection I Intersection II Green Times 

ng Scheme (Westbound) 

-------------~-------

.. 
III 

~ 

-----------------------
11 CGUD 

.. 
III 

------".-- - - - -----
CGRD 

---~lC--Jll 
The additional lost time due to the presence of a downstream queue in the 

internal through movement is calculated for each of the upstream approaches 
with the following equations: 

Additional lost time on the external arterial approach: 

LD_A =GA -0.106 x DQA -S.39x C~UD 

Additional lost time on the ramp approach: 

where 

LD_A 

LD_R 

GA 

GR 

DQA 

DQR 

CGUD 

LD_R = GR - 0.106 X DQR - 5.39 X C~RD 

lost time on external arterial approach due to presence of downstream 
queue (s), 

lost time on external ramp approach due to presence of downstream 
queue (s), 

green interval for external arterial approach (s), 

green interval for left-turning ramp movement (s), 

distance to downstream queue at beginning of upstream arterial green 
(ft), 

distance to downstream queue at beginning of upstream ramp green 
(ft), 

common green time between upstream and downstream arterial 
through green (s), 
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Equation 22-12 

Equation 22-13 

Equation 22-14 

Equation 22-15 

Methodologies 

CGRD common green time between upstream ramp green and downstream 
arterial through green (s), and 

C = cycle length (s). 

If Equation 22-10 or Equation 22-11 results in negative values, then the 
respective lost times LD-A or LD-R are zero. Furthermore, if DQA or DQR exceeds 
200 ft then the lost time will be zero. 

DQA and DQR are calculated as follows: 

where 

DQA =D-QA 

DQR =D-QR 

D distance corresponding to storage space between the two intersections 
of the interchange (ft), 

QA estimated average per lane queue length for through movement in 
downstream (internal) link at beginning of upstream arterial Phase A 
(ft), and 

QR estimated average per lane queue length for through movement in 
downstream (internal) link at beginning of upstream ramp Phase R 
(it). 

The downstream queue length (averaged across all through lanes) at the 
beginning of each upstream phase is calculated with the following equations: 

Queue at the beginning of the upstream arterial Phase A: 

QA = [0.0107 vR -7.96 x G D - 0.082CGUD + 7.96 GR 1 x Lil 
NR C C 

Queue at the beginning of the upstream ramp Phase R: 

QR = [0.0107 ~: -7.96 x G~ - O.082CGRD + 7.96 ~A 1 x Lh 

where 

QA queue at the beginning of upstream arterial Phase A (ft); 

QR queue at the beginning of upstream ramp Phase R (ft); 

VR ramp flow feeding subject queue (veh/h); 

VA arterial flow feeding subject queue (veh/h); 

N R number of ramp lanes feeding the subject queue; 

NA number of arterial lanes feeding the subject queue; 

GR green interval for upstream left ramp movement (s); 

GA green interval for upstream arterial through movement (s); 

GD green interval for downstream arterial through movement (s); 

CGUD common green time between upstream arterial green and downstream 
through green (s); 
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common green time between upstream ramp green and downstream 
through green (s); 

Lh average queue spacing in a stationary queue, measured from front 
bumper to front bumper between successive vehicles (ft/veh); and 

C = cycle length (s). 

The variables vI\! Nf{- vAt and NA refer to the movement flows that feed the 
subject queue. For example, for the diamond interchange, V R is the left-turning 
flow from the ramp, and the variable becomes vRamp-L' For actuated signals, the 
analyst should first determine the equivalent pretimed signal timing plan on the 
basis of the average duration of each phase during the study hour and estimate 
the parameters described above on the basis of that plan. 

If QA or QR is calculated to be less than zero, then the expected queue is zero, 
and no additional lost time due to the presence of a downstream queue will be 
experienced. Similarly, if the lost times LD_A or LD_R are estimated to be negative, 
then the expected lost time will be zero for the respective approach. Conversely, 
if QA or QR exceeds the available storage, its value should be set equal to that 
storage, and the respective distance to the downstream queue, DQA or DQ1{! 
should be set to zero. 

Additional Lost Time for the Downstream (Internal) Approaches due to 
Demand Starvation 

This methodology accounts for the effects of demand starvation in 
interchange operations by computing the lost time experienced at the 
downstream intersection that results from demand starvation. Lost time due to 
demand starvation (LDS ) is defined as the amount of green time during which 
there is no queue present to be discharged from the internal link and there are no 
arrivals from either of the upstream approaches due to signalization. The 
common green time between two phases that may lead to demand starvation is 
called common green time with demand starvation potential (CG DS )' Exhibit 22-25 
provides an illustrative example of an interval with demand starvation potential. 
In that example, there is potential for demand starvation for the westbound 
internal through movement of the interchange. 

TI,e following equation is used to estimate lost time due to demand 
starvation: 

where 

LDS additional lost time due to demand starvation (s); 

CGDS common green time with demand starvation potential (s); 

hI saturation headway for internal through approach (= 3,600/saturation 
flow per lane) (s); and 

QINlTlAL = length of queue stored at internal approach at beginning of interval 
during which this approach has demand starvation potential, 
calculated from Equation 22-17. 
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Equation 22-17 

Exhibit 22-25 
Illustration of Interval with 

Demand Starvation Potential 

Methodologies 

_ [ VRomp-L X C 
QINITIAT~ - N ~ 3 600 

Ramp-L , 

(CGRD -tL ):+( VArterial xC 
hI N Arterial X 3,600 

where 

VRamp-L 

V Arterial 

C 

upstream ramp left-turning flow (v/h), 

upstream arterial through flow (v/h), 

cycle length (s), 

NRamp-L = number of lanes for upstream ramp left-turning movement, 

NArteria] = number of lanes for upstream arterial through movement, 

CGRD common green time between upstream ramp and downstream 
through green phase (s), 

CGUD common green time between upstream through and downstream 
through green phase (s), 

hI saturation headway for internal through approach (= 3,600/saturation 
flow per lane) (s), and 

tL lost time per phase (s). 

Demand Starvation 
Potential 

Intersection I Intersection II (Westbound 
Phasing Scheme Phasing Scheme Internal) 

'-'-'-'-'-'-'-'-'-'-

III 
~ • eGos 

• 

. _. -. _.- -.-.-.-.-.-

III 
III • 
r-._.-._.- -.-._._._._. 

Jll 
--il(-

Equation 22-16 calculates the amount of time that would not be used because 
the internal link queue has completely discharged and the upstream demand is 
blocked and cannot arrive to the internal link stop line. The initial queue at the 
beginning of the demand starvation interval is estimated as a function of the 
demands of the upstream approaches and of the respective common intervals 
between the upstream and downstream green. 
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Equation 22-17 is valid for values of CGRD and CGUD 2: tL' If CGRD or CGUD < t l., 

the analyst should assmne that CGRD or CGUD = tL' Also, in applying Equation 22-
17 it is assumed that no vehicles will have to wait for more than one cycle (Le., 
none of the approaches is oversaturated). If the time required to discharge the 
queue is equal to or larger than the CGDS' the lost time due to demand starvation 
will be zero. The model for estimating lost time due to demand starvation 
assumes uniform arrivals and departures and assumes that operations at the 
interchange are not oversaturated. 

Effective Green Adjustments 

The effective green adjustment involves two components: (a) adjustment in 
the effective green of the upstream approaches due to the presence of a 
downstream queue and (b) adjustment in the effective green of the downstream 
(internal) approaches due to demand starvation. 

The adjusted lost time tL' for the arterial approaches and for the ramp 
approaches is estimated as follows: 

Arterial approaches: 

Ramp approacl1es: 

where 

tL' 

11 

LD-A 

LD-R 

Y 

e = 

adjusted lost time (i.e., time when the signalized intersection is not 
used effectively by any movement) (s), 

start-up lost time (s), 

lost time on external arterial approach due to presence of a 
downstream queue (s), 

lost time on external ramp approach due to presence of a downstream 
queue (s), 

yellow-plus-all-red change-and-clearance interval (s), and 

extension of effective green time into the clearance interval (s). 

The adjusted lost time tf: for the internal approaches is estimated as follows: 

tZ = II + Lvs + Y - e 

where LDs is the additional lost time due to demand starvation (s). 

The effective green time adjusted due to the presence of a downstream queue 
is then calculated for the external approaches by using the following equation: 

g' =G+ Y -t~ 

where g' is the effective green time adjusted due to presence of a downstream 
queue (s), G is the green time (s), and tL' is the adjusted lost time for external 
approaches (s). 

Similarly, the effective green time adjusted due to demand starvation is 
calculated for the internal approaches as follows: 
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Equation 22-22 

Equation 22-23 

Methodologies 

g'=C+Y-tZ 

where g' is the effective green time adjusted due to demand starvation (s), Cis 
the green time (s), and tf: is the adjusted lost time for the internal approaches (s). 

Closely Spaced Adjacent Intersections 

The presence of closely spaced signalized intersections in the vicinity of an 
interchange may affect the operations of the entire interchange system and can 
present unique operational challenges. First, the lane utilizations of the arterial 
approaches would be affected by the presence of the interchange as vehicles 
position themselves to make a turn downstream or as they enter the arterial from 
the interchange. Queuing from the adjacent intersections could affect the 
discharge rate of the upstream (internal) link of the interchange. Furthermore, 
demand starvation in the internal link can coexist with queues upstream, in the 
external approaches of the interchange. If this external link is short, queue 
spillback may affect the adjacent intersections and have a significant and long
lasting impact throughout the interchange area. Generally, closely spaced 
signalized intersections whose traffic signals are poorly timed can cause flow 
blockages on the next upstream link due to queue spillback, even during 
nominally undersaturated conditions. 

In the analysis of interchange ramp terminals, the effects of the presence of 
closely spaced intersections are considered by adjusting the lane utilizations of 
the intersections' arterial approaches, by estimating the amount of additional lost 
time experienced at the upstream intersection due to the presence of the 
downstream queue, and by estimating the additional lost time due to demand 
starvation. 

The lane utilization factors for the through approaches of closely spaced 
intersections should be estimated by subtracting 0.05 from the lane utilization 
factors obtained from Exhibit 18-30. Research has shown that those lane 
utilization factors are generally lower than those at a typical intersection 
approach. 

The additional lost times experienced at the approaches to closely spaced 
intersections are estimated as discussed in the previous section. A brief overview 
is provided here for convenience. 

Additional lost time may be experienced at any of the upstream approaches 
to the closely spaced intersections. The additional lost time due to the presence of 
the downstream queue is calculated for each of the upstream approaches i by 
using the following equation: 

where 

CCUD LD-Ui = CUi - 0.106 X DQi - 5.39 x C i 

LD-Ui lost time on upstream approach i due to presence of a downstream 
queue (s), 

CUi green interval for upstream approach i (s), 
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DQi distance to downstream queue at beginning of upstream green for 
approach i (it), and 

CGup = common green time between upstream approach i and downstream 
through green (s). 

The distance to the downstream queue at the beginning of the upstream 
green is calculated on the basis of the estimated average per lane queue length 
(in feet) for the through movement in the downstream link at the beginning of 
the respective upstream phase with Equation 22-12 through Equation 22-15. 

When a significant portion of the traffic demand is held at the upstream 
adjacent intersectioUy demand starvation can occur on the external approaches to 
the interchange. The lost time caused by demand starvation on the external 
approaches to the interchange is estimated with the following equation: 

LDS = eGDS -QINITIAL XhI 

where 

LDS additional lost time due to demand starvation (s), 

CGDS common green time with demand starvation potential (s), 

hI saturation headway for through approach (= 3,600/saturation flow per 
lane) (s), and 

QINlTIAL = initial queue length at beginning of interval with demand starvation 
potential. 

When the operations of adjacent closely spaced intersections affect and are 
affected by operations at the interchange, the external and internal approaches of 
the interchange could experience both lost time due to a downstream queue and 
demand starvation. For example, the internal approach of a diamond interchange 
may experience lost time due to a downstream queue created at the downstream 
intersection, and at the same time it may experience demand starvation. In those 
cases, the procedures of this chapter should not be applied; simulation or other 
alternative tools should be used instead. 

lOS Determination 

The determination of LOS for each 0-0 in the interchange involves the 
calculation of three performance measures: the queue storage ratios (Rd, the vic 
ratios, and the average control delays. First, the queue storage ratios and vic 
ratios for each lane group are estimated. If for any given lane group one or both 
of these variables exceed 1.0, then the LOS for every 0-0 that travels through 
this particular lane group will be F. Next, the average control delay for each lane 
group is estimated. Finally, the average control delay for each 0-0 is estimated 
as the sum of the control delays for each lane group through which the 0-0 
travels. 

Queue Storage Ratio Estimation 

The procedure to estimate the queue storage ratio (RQ) is described in detail 
in Chapter 31, Signalized Intersections: Supplemental. 
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vic Ratio Estimation 

where 

Xi (Vlc)i ratio for laI1.e group if 

Vi actual or projected demand flow rate for lane group i (veh/h), 

Si saturation flow rate for lane group i (veh/h), 

gi effective green time for lane group i (s), and 

C cycle length (s). 

Note that the effective green time g should be replaced by the adjusted green 
time g' if there is additional lost time due to a downstream queue and by the 
adjusted green time g" if there is lost time due to demand starvation. 

A verage Control Delay Estimation for Each 0-0 

The average control delay for each laI1.e group and movement is estimated by 
using the procedures provided in Chapter 18, Signalized Intersections. The 
average control delay for each O-D is estimated as the total delay experienced by 
that O-D. If the O-D travels only through one intersection, then its average 
control delay is equal to the average control delay of the respective lane group. If 
the O-D travels through both intersections, then its average control delay is the 
sum of the delays experienced at each of the lane groups along its path. 

Operations at the closely spaced intersections are generally assessed by using 
the procedures of Chapter 18. The additional lost time estimation, which is 
computed with the procedures of this chapter, is used to determine the adjusted 
effective green time for all affected approaches. 

FINAL DESIGN AND OPERATIONAL ANALYSIS FOR INTERCHANGES 
WITH ROUNDABOUTS 

Roundabouts are generally analyzed with the procedures of Chapter 21 of the 
HCM. This chapter provides guidance for translating O-D demands into 
movement demands at a roundabout to apply the procedures of Chapter 21. 

Exhibit 22-26 defines the movements traveling through an interchange with 
two roundabouts, while Exhibit 22-27 lists the O-D demands contributing to each 
of these movements. For example, for diamond interchanges, O-D Movements G, 
H, and J constitute Movement 15 in Exhibit 22-26. 
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15 

0 2t j6 Arterial lOt j14@ 

Movement 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Movement 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

3 
~ 

I' 
Diamond 
C, D, L, N 

D, H, L, M, N 
E, F, I 

D, E, F, H, I, L, M, N 

A, H,J, M 
J, M 

D, E, I, N 
D, E, I, N 
A, B, K, M 

A, E, K, M, N 
G, H, J 

A, E, G, H, J, K, M, N 
SPUI 

C, D, L, N 
D, H, L, M, N 

E, F, I 
D, E, I, N 
A, B, K, M 

A, E, K, M, N 
G, H, J 

A, H, J, M 

n 
Pardo A-2Q 

C, D, N 
D,N 
E, F 

D, E, F, I, N 

F 
A, H,J, M 

A, F, H, J, M 

G 
D, E, I, N 

D, E, G, I, N 
A, B, M 

A,M 
G, H, J 

A, G, H, JIM 
Pardo A8-4Q 

C 
H,M 

E, F, I 
E, F, H, I, M 

D,N 

A, H,J, M 
A, H,J, M 

11 
~ 

113 

Pardo 8-2Q 

H,M,N 
E, F, I 

E, F, H, I, M 
C 
C 

A, H,J, M 
A, C, H, J, M 

A,B,M 
B 

D, E, I, N 
B, D, E 

E, N 
G, H, J 

E, G, H, J, N 
PardoA-4Q 

C, D, N 
D,N 

E, F, I 
D, E, F, I, N 

A, H,J, M 
A, H,J, M 

11 D, E, I, N D, E, I, N 
12 D, E, I, N D, E, I, N 
13 A, B, M A, B, M 
14 A, M A, M 
15 G, H, J G, H, J 
16 A, G, H, J, M A, G, H, J, M 

Note: -- indicates movements that do not exist for a given interchange form. 

Pardo 8-4Q 
C 

H,M 
E, F, I 

E, F, H, I, M 
D,N 

A, H,J, M 
A, H,J, M 

A,M 

D, E, I, N 
D, E, I, N 

B 
E, N 

G, H, J 
E, G, H, J, N 

Pardo A8-2Q 

H,M 
E, F, I 

E, F, H, I, M 
C, D, N 

C 
A, H,], M 

A, C, H, J, M 

G 
D, E, I, N 

D, E, G, I, N 
A, B, M 

A,M 
G, H, J 

A, G, H, J, M 

In analyzing interchanges with roundabouts, Exhibit 22-26 and Exhibit 22-27 
should be used to establish the roundabout movements. The procedures of 
Chapter 21 should then be applied to estimate the capacity and delay for each 
roundabout approach. Finally, Exhibit 22-13 should be used to determine the 
LOS for each O-D demand through the interchange. 
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Notation of O-D Demands at 
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INTERCHANGES WITH UNSIGNALIZED INTERSECTIONS 

Interchanges with unsignalized intersections cannot be evaluated with the 
procedures of this chapter, since research has not yet been done on the operation 
of two dosely spaced unsignalized intersections. In the absence of research, the 
intersections of such interchanges can be analyzed individually with the 
procedures of Chapter 19, Two-Way STOP-Controlled Intersections, or Chapter 
20, All-Way STOP-Controlled Intersections. 

OPERATIONAL ANALYSIS FOR INTERCHANGE TYPE SELECTION 

The operational analysis for interchange type selection can be used to 
evaluate the operational performance of various interchange types. It allows the 
user to compare eight fundamental types of interchanges for a given set of 
demand flows. The eight signalized interchange types covered by the 
interchange type selection analysis methodology are as follows: 

1. SPUI, 

2. Tight urban diamond interchange (TUDI), 

3. Compressed urban diamond interchange (CUD I), 

4. Conventional diamond interchange (COl), 

5. Pardo A-four quadrants (Pardo A-4Q), 

6. Pardo A-two quadrants (Pardo A-2Q), 

7. Pardo B-four quadrants (Pardo B-4Q), and 

8. Pardo B-two quadrants (Pardo B-2Q). 

Other types of signalized interchanges cannot be investigated with this 
interchange type selection analysis methodology. Also, the operational analysis 
methodology does not distinguish between the TUDI, CUDI, and COl types. In 
general, the interchange type selection analysis methodology categorizes 
diamond interchanges by the distance between the centerlines of the ramp 
roadways that form the signalized intersections. This distance is generally 
between 200 and 400 ft for the TUDI, between 600 and 800 ft for the CUOl, and 
between 1,000 and 1,200 ft for the COl. 

The method is based on research (4). The research also provides a 
methodology for selecting unsignalized interchanges. Since unsignalized 
interchanges are not covered by this chapter, users should consult the original 
source for this information. 

The methodology is based on the estimation of the sums of critical flow 
ratios through the interchange and their use to estimate interchange delay. A 
combination of simulation and field data was used to develop critical 
relationships for the methodology. 

The sum of critical flow ratios is based on an identification of all flows served 
during a particular signal phase and the determination of maximum flow ratios 
among the movements served by that phase. The models are similar to those 
used in Chapter 18 for signalized intersections; they are modified to take into 
account the fact that each signal phase involves two signalized intersections. 
Interchange delay is defined as the total of all control delays experienced by all 
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interchange movements involved in signalized ramp terminal movements 
divided by the sum of all external movement flows. Additional information is 
available in the source report (4). 

Because signalization is not specified for an interchange type selection 
analysis, it is assumed that the following interchange types are operated by a 
single signal controller: SPUI, TUDI, and CUDI. All other types are assumed to 
be operated by separate controllers at each signalized ramp terminal. In aU cases, 
optimal signal timing and phasing are assumed. 

Inputs and Applications 

This interchange type selection analysis methodology can be used in several 
ways: 

1. For a given set of O-D interchange movements, eight basic types of 
signalized interchanges may be compared on the basis of interchange 
delay; 

2. For a given type of interchange, the impact of intersection spacing on 
interchange delay can be examined (within the range of applicability for 
each interchange type); and 

3. For a given type of interchange, the impact of the number of lanes on 
ramp and surface arterial approaches and the movements assigned to 
these lanes can be examined, again by using interchange delay as the 
measure of effectiveness. 

For any of these applications, all interchange O-D movements must be 
specified, generally by using full peak-hour volumes. The interchange type 
selection methodology is not detailed enough to use flow rates or to consider 
such factors as the presence of heavy vehicles. 

In addition, for any given computation, it is necessary to specify the number 
of lanes assigned to each phase movement and to specify the distance between 
the centerlines of the two ramps, measured along the surface arterial. 

Saturation Flow Rates 

Implementation of the interchange type selection methodology requires the 
adoption of default values for saturation flow rate. Research (4) suggests the use 
of 1,900 veh/hg/ln for some basic cases. This is, however, based on a suggested 
base saturation flow rate of 2,000 pc/hg/ln, which is higher than the default 
values suggested in Chapter 18, Signalized Intersections. For consistency with 
the base saturation flow rate of 1,900 pc/hg/ln specified in Chapter 18, and to 
recognize the impact of various movements on saturation flow rate, it is 
recommended that the default values shown in Exhibit 22-28 be used in 
conjunction with the interchange type selection methodology. Alternatively, and 
if relevant information is available, the default values provided in Chapter 18, 
Signalized Intersections (Exhibit 18-28), may be used. 
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Exhibit 22-28 
Default Values of Saturation 

Flow Rate for Use with the 
Operational Analysis for 

Interchange Type Selection 

Methodologies 

Interchange Type 

SPUI 
TUDI 
CUDI 
COl 

Pardo A-4Q 
Pardo A-2Q 
Pardo B-4Q 
Pardo B-2 

Default Saturation flow Rate (veh/hglln) 
Left Turns Throu h ht Turns 

1,800 1,800 1,800 
1,700 1,800 1,800 
1,700 1,800 1,800 
1,700 1,800 1,800 
1,700 1,800 1,800 
1,700 1,800 1,800 
1,700 1,800 1,800 
1 700 1,800 1 800 

Where turning movements are in shared lanes, the "through" saturation flow 
rates should be used for analysis. 

Step 1: Mapping O-D Flows into Interchange Movements 

Since the primary objective of an interchange type selection analysis is to 
compare up to eight interchange types against a given set of design volumes, it is 
necessary first to convert a given set of design origin and destination volumes to 
movement flows through the signalized interchange. The methodology identifies 
volumes by signal phase by using the standard National Electrical Manufacturers 
Association (NEMA) numbering sequence for interchange phasing. Thus, 
movements are numbered 1 through 8 on the basis of the signal phase that 
accommodates the movement. Not all configurations and signalizations include 
all eight NEMA phases, and for some interchange forms some movements are 
not signalized and do not, therefore, contribute to interchange delay. 

As for the operational analysis methodology, to simplify the mapping 
process, it is assumed that the freeway is oriented north-south and the surface 
arterial east-west. If the freeway is oriented in the east-west direction, rotate the 
interchange drawing or diagram clockwise until the freeway is in the north-south 
direction. In rotating clockwise, the westbound freeway direction becomes 
northbound and the eastbound freeway direction becomes southbound; the 
northbound arterial direction becomes eastbound and the southbound arterial 
direction becomes westbound. The methodology allows for separate 
consideration of freeway U-turn movements through the interchange. Thus, 
there are 14 basic movements that must be mapped for each interchange type. 

For interchange types using two controllers, phase movements through the 
left (Intersection I) and right (Intersection II) intersections of the interchange are 
separately mapped and used in the procedure. 

Exhibit 22-29 indicates the appropriate mapping of O-D demand volumes 
into phase movement volumes for the eight covered interchange types. The 
designation of the 0-0 demands is shown in Exhibit 22-21. The mapped phase 
movement volumes are then used in Step 2 to compute critical flow ratios. 

Step 2: Computation of Critical Flow Ratios 

The subsections that follow detail the computation of the critical flow ratio Yc 

for the interchange for the eight basic configurations covered by this 
methodology. 
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Exhibit 22-29 
Interchange NEMA Phase Movement Nl.lml;!!,'~[ Mapping of Interchange Origins 

. Type 1 2 3 4 5 6 7 8 and Destinations into Phase 
SPUI H I+F A+r'ij C E J+G D+N B Movements for Operational 

TUD1/CUDI H+M E+I+F D+C+N E+N H+J+G A+M+B Interchange Type Selection 
CDI (I) H+M E+I+F D+C+N J+A Analysis 
CDr (II) I+D E+N H+J+G A+M+B 

Pardo A-4Q (I) E+I D+N+C J+A+M+H 
Pardo A-4Q (II) I+D+N+E J+H A+M+B 
Parclo A-2Q (I) E+I D+N+C F J+A+H+M 
Parclo A-2Q (II) G I+D+E+N H+J A+M+B 
Pardo B-4Q (I) H+M 1+E+F J+A 
Pardo B-4Q (II) I+D E+N H+J+G 
Pardo B-2Q (I) H+M E+I+F J+A C 
Pardo B-2 II I+D B E+N H+J+G 

Notes: -- indicates that phase movement does not exist for this interchange configuration. 
Bold indicates movements not included when they operate from a separate lane with YIELD or STOP control. 

Single-Point Urban Interchange 

The phase movements in a SPUI are illustrated in Exhibit 22-30. 

[7!J - Phase Number 

Source: Bonneson et al. (4'). 

The sum of critical flow ratios is estimated as follows: 

where 

Yc sum of the critical flow ratios, 

Vi phase movement volume for phase i (veh/h), 

ni number of lanes serving phase movement i, 

Si saturation flow rate for phase movement i (veh/hg/ln), 

A critical flow ratio for the arterial movements, and 

R critical flow ratio for the exit-ramp movements. 

Tight Urban Diamond Interchange 

Phase movements in a 'JUDI are illustrated in Exhibit 22-31. 
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Phase Movements in a spur 

Equation 22-26 
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Exhibit 22-31 
Phase Movements in a Tight 
Urban or Compressed Urban 

Diamond Interchange 

Equation 22-27 

Exhibit 22-32 
Default Values for Yt 

Methodologies 

[II - Phase Number 

Left-Side 
Ramp 

Source: Bonneson et al. (4). 

Crossroad 

Right-Side 
Ramp 

The sum of critical flow ratios is computed as follows: 

y:'=A+R 

A~max[(s:~ + S~~4 -Y3){S~~5 +y,)] 

R ~ ma{ (.~~, + Y3 }[ S:~5 + s:~, -y, )] 

Y7 =min[~;Yt] 
ssns 

where Y3 and Y7 are the effective flow ratios for concurrent (or transition) Phases 3 
and 7, respectively; Yt is the effective flow ratio for the concurrent phase when 
dictated by travel time; and other variables are as previously defined. 

For preliminary design applications, the default values of Exhibit 22-32 are 
recommended for Yt. The distance between the two intersections is measured 
from the centerline of the left ramp roadway to the centerline of the right ramp 
roadway. 

Distance Between Intersections D' 
200 ft 
300 ft 
400 ft 

Default Value for Yt 
0.050 
0.070 
0.085 

For Phase Movements 2 and 6, the number of assigned lanes (n2 and n6) is 
related to the arterial left-turn bay design. If the left-tum bay extends back to the 
external approach to the interchange, then the number of lanes on these external 
approaches is the total number of approaching lanes, including the left-turn bay. 
If the left-tum bay is provided only on the internal arterial link, n2 or n6, or both, 
would not include this lane. 
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Compressed Urban Diamond Interchange 
/" 
\ Exhibit 22-31 illustrates the phase movement volumes for a CUD I. They are 

( 

( 

the same as for a TUOL The sum of critical flow ratios is computed as follows: 

Yc=A+R 

where Y2 and Y6 are the flow ratios for Phases 2 and 6, respectively, with 
consideration of prepositioning, and all other variables are as previously defined. 

All Interchanges with Two Signalized Intersections and Separate Controllers 

These interchange types indude COl, Pardo A-4Q, Pardo A-2Q Pardo B-4Q 
and Pardo B-2Q. The computation of the maximum sum of critical volumes is 
the same for each. Each has two signalized intersections, and each is generally 
operated with two controllers. 

While the equations for estimating the maximum sum of critical volumes are 
the same, the phase movement volumes differ for each type of interchange, as 
was indicated in Exhibit 22-29. Exhibit 22-33 through Exhibit 22-35 illustrate the 
phase movements for each of these interchange types. 

~ - Phase Number 
@J Right-Side 

Ramp 

~ Crossroad 

..... ffiJ .rn 
[2] ....... 

Left-Side 
Ramp 

Source: Bonneson et al. (4). 
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Equation 22-28 

Exhibit 22-33 
Phase Movements in a COl 
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Exhibit 22-34 
Phase Movements in Pardo 

A-2Q and A-4Q Interchanges 

Exhibit 22-35 
Phase Movements in Pardo 

B-2Q and B-4Q Interchanges 

Equation 22-29 

Methodologies 

litl - Phase Number 
@J 

* Phase Exits Only with 2-Quad 

~ 
Crossroad 

Right-Side 
Ramp 

Left-Side 
Ramp 

Source: Messer and Bonneson (3). 

litl - Phase Number 

Left-Side 
Ramp 

Source: Messer and Bonneson (3). 

Crossroad 

Right-Side 
Ramp 

For all conventional diamond, Pardo A, and Pardo B interchanges, the sum 
of critical flow ratios is computed as follows: 

Yc,max = max[X,,r;X,,IJ] 
Yc,[ = AI +R[ 

Yc II = AIl + RII 

where all variables are as previously defined. 

Note that when values of AIt All, R11 and RII are computed, the movement 
volumes vary for the Intersections I and It even though the phase movement 
designations are the same (Exhibit 22-29). 

Some of the phase movement volumes do not exist in either Intersection I or 
II. A value of 0 is used for the volume in each case where this occurs. 
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Step 3: Estimation of Interchange Delay 

Interchange delay for each interchange type or design is estimated by using 
regression models that were developed primarily from simulation output but 
validated with a limited amount of field data (4). In each case, two delay 
estimators are provided on the basis of the control of the off-ramp right-turn 
movements: 

• Case A: Used where the right-hIm movements from freeway off-ramps 
are controlled by the signal. 

• Case B: Used where the right-turn movements from freeway off-ramps 
have a separate lane or lanes that are either free (uncontrolled) or 
controlled by a YIELD sign. 

For SPUIs, a third condition is added. Where the right turns from the 
freeway ramps are controlled by a signal and right-tum-on-red is allowed, both 
cases are used, and the results are weighted by the proportions of right turns 
made during the red and green indications. Since the signal timing is unknown 
for an interchange type selection application, it is recommended that a 50%/50% 
split be assumed. 

This modification, applied only to SPUIs,is necessary due to difficulties 
experienced in simulating right-turn-on-red at these interchanges. 

Exhibit 22-36 gives the delay equations used to estimate interchange delay 
for the eight interchange types covered by the interchange type selection 
procedure. In each case, the variables used are defined as follows: 

d interchange delay (s/veh); 

Yc critical or controlling flow ratio from Step 1; and 

D distance between the two intersections, meal:mred between the 
centerlines of the two ramp roadways along the surface arterial (ft). 

Exhibit 22-36 also shows the ranges of D' over which these equations are 
valid. They generally represent the normal design range for these interchange 
types. These equations should be used with great caution beyond these ranges. 
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Exhibit 22-36 
Estimation of Interchange 

Delay for Eight Basic 
Interchange Types 

Methodologies 

Interchange Delay (d.zl 

SPUI 150-400 

TUDI 200-400 

CUDI 600-800 

CDI 900-1,300 

Pardo A-4Q 

Pardo A-2Q 

Pardo B-4Q 1,000-1,400 

Pardo B-2Q 1,000-1,400 

CASE A: 
Ri ht Turns Si nalized 

15.1 + (a.OlD + 16.0 )(~) 
1- Y, 

13.4 + 14.2 (-. Y, ) 
1- Y, 

19.2+[9.4-0.011 (D-700l][l] 1-Y, 

17.1+ [5.0 - O.Ol1(D -1,100)] [~] 
1-Y, 

11.7 +[7.8 -O.Oll(D -800)] [~] 
l-Y, 

19.1 +[8.3 -0.011(D -800)] [-. Y ] 
1- Y, 

9.3 + [3.5 -o.on(D -1,200)] [~] 
1-- Y, 

26.2 + [3.9 - 0.011 (D -1,200)] [~] 
1-Y, 

- CASE B: 
Right Turns Free or 

YIELD-Controlled 

15.1+ (O.OOBD + 5.9)(~) 
1-- Y, 

13.4 + 12.8 (~J 
1- Y, 

19.2+rB.6-0.009(D-700)J[~] 
1--Y, 

17.1 +[4.6 - 0.009 (D-1,100)J[~J 
1- Y, 

11.7 + [6.6 - 0.009 (D - 800)] [~] 
1- Y, 

19.1 + [S.3 - 0.009 (D - SOD)] [~] 
l-Y, 

9.3 + [3.4 - 0.009 (D -1,200)] [~] 
1- Y, 

26.2 + [3.2 - 0.009 (D -1,200)] [~] 
l-Y, 

Delay estimates can be related to LOS. For consistency, the same criteria as 
used for the operational analysis methodology (Exhibit 22-11) are applied. 
Because LOS F is based on a vic ratio greater than 1.00 or a queue storage ratio 
greater than LOa, this interchange type selection methodology will never predict 
LOS F, because it does not predict these ratios. Users should be exceedingly 
cautious of results when interchange delay exceeds 85 to 90 s/veh. 

In evaluating alternative interchange types, the exact distance, D', may not 
be known for each of the alternatives. It is recommended that all lengths be 
selected at the midpoint of the range shown in Exhibit 22-36 for this level of 
analysis. 

Interpretation of Results 

The output of the interchange type selection procedure for signalized 
interchanges is a set of delay predictions for (a) various interchange types, (b) 
various distances D between the two intersections, or (c) various numbers and 
assignments of lanes on ramps and the surface arterials. 

While, in general, the lower the interchange delay the better, a final choice 
must consider a number of other criteria that are not part of this methodology, 
including the following: 

• Availability of right-of-way, 

• Environmental impacts, 

• Social impacts, 

• Construction cost, and 

• Benefit-cost analysis. 

This methodology provides valuable information that can be used, in 
conjunction with other analyses, in making an appropriate choice of an 
interchange type and some of the primary design parameters. The final design, 
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however, will be based on many other criteria in addition to the output of this 
methodology. 

Users are also cautioned that while the definition of interchange delay is 
similar for both the interchange type selection methodology and the operational 
analysis methodology, different modeling approaches to delay prediction were 
taken, and there is no guarantee that the results of the two methodologies will be 
consistent. 
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Applications 

3. APPLICATIONS 

DEFAULT VALUES 

Agencies that use the methodologies of this chapter are encouraged to 
develop a set of local default values based on measurements at interchanges in 
their jurisdiction. Local default values provide the best means of ensuring 
reasonable accuracy in the analysis results. In the absence of local default values, 
the values provided in Chapter 18, Signalized Intersections, can be used if 
appropriate. 

TYPES OF ANALYSIS 

There are two general types of analysis for signalized interchange ramp 
terminals: (a) final design and traffic operational analysis and (b) operational 
analysis for interchange type selection. Planning applications, as defined in other 
methodological chapters in the HCM, are not included in this chapter, because 
signal timing is a critical input to the procedure and is typically not known in the 
planning stages of a project. 

In a final design and operational analysis the interchange configuration is 
given and detailed traffic control information is available. During the planning 
and preliminary design analysis stage, however, the engineer typically considers 
several configurations (e.g., SPUI, diamond), with limited input information 
available (for example, minimal or no traffic control information). At that stage, 
the interchange type selection analysis should be used to determine which 
interchange configurations would be preferable from an operational perspective. 
These two general types of analysis have different objectives, different 
requirements, and different levels of required input, and each of them is defined 
and discussed below. 

Final Design and Operational Analysis 

Final design and operational analysis for signalized interchanges is to be 
conducted when the type of interchange is known. The objective is either to 
provide final design details for LOS or to assess the interchange and provide LOS 
and other performance measures. Two subcategories are distinguished: (a) 
design analysis (where the input is the desired LOS and the outputs are design 
elements) and (b) operational analysis (where the input is complete design and 
the output is LOS). 

Design analyses include highway design and signal design and are 
concerned with the physical, geometric, and signal control characteristics of the 
facility so that it operates at a desired LOS. For those types of analysis, the 
evaluation is conducted iteratively. The input data typically required for design 
analysis are fairly detailed and based substantially on design attributes that are 
being proposed. The objective of the interchange design analysis is to 
recommend geometric elements such as the number of lanes and storage bay 
length, or a signal control scheme, to maintain a given LOS. The principal inputs 
for design analysis are the design hourly volumes and the desired LOS for a 
given interchange configuration. 
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The objective of operational analysis is to obtain the LOS of a facility under 
given traffic, design, and signal control conditions. As in design analysis, the 
operational analysis is conducted for a given interchange configuration, where 
the input data include the turning movement demands, number of lanes and 
their respective lengths and channelization, and traffic conh'ol information. 

Operational Analysis for Interchange Type Selection 

This type of analysis should be used when the type of interchange is not 
known yet and the engineer is interested in assessing the traffic operations of 
various alternatives. Detailed information is not known (e.g., signalization 
information, design details). The principal inputs for an interchange type 
selection analysis are O-D demands and a list of feasible configurations that can 
be tested according to site physical and right-of-way conditions. This type of 
analysis considers signalized interchanges but does not consider unsignalized 
interchanges or interchanges with roundabouts. 

O-D and Turning Movements 

Exhibit 22-37 through Exhibit 22-44 illustrate how O-D movements can be 
obtained from turning movements for each type of interchange considered in this 
methodology. Exhibit 22-45 through Exhibit 22-52 provide the corresponding 
calculations for obtaining turning movements from G-D movements. 

Input Output 
Intersection I IntersectiQn II 

Turning Turning 
Move- Volume Move- Volume Volume 

Approach ment (veh/h) ment (veh/h) O-D Movement Calculation (veh/h) 

Eastbound 
EXT-LT LT :",: ' " ,'ii,; A =(NB LT)- (NBUn 

RT :i t 'l:~' (::;:!~ INT-RT B - NB RT (EB) 
EXT-TH INT-TH C -SB RT 

Westbound f- LT" 
,,> ';ic'; EXT-LT D = (SB LTt-=-~ un 

(WB) INT-RT RT u:·',tJ,i; E = (EB INT-RTl - (SB UT) 
INT-TH EXT-TH F = EB EXT-LT 

LT ':'-:,~, ",'"C' LT G =WB EXT-LT 
Northbound RT ':"If'::' :~:' RT H = (WB INT-RT) - (NB UT) 

(NB) TH ': .. ," 
TH 

><ji 

I = (EB INT-TH) - (SB L n + (Sl3lJIl 
-----------------------

UT UT J • (WB INT-TH)~(NB UT) 

f-_JI_- LT ; .i', K t.:,.c;~,",';.>.~.,:., ::h:' ----------
Southbound RT RT '" ;.' L i'< .! ------------------------ ------

(SB) _.If:I __ , ------- -------- TH ,', 'i: M =NB UT 
UT UT '.' ",' N=SBUT 

Notes: LT = left turn, RT = nght turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway (SB UT and NB UT) are user-specified. 
Shading indicates movements that do not occur in this interchange form. 
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Exhibit 22-37 
Worksheet for Obtaining O-D 
Movements from Turning 
Movements for Pardo A-2Q 
Interchanges 
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Exhibit 22-38 
Worksheet for Obtaining O-D 

Movements from Turning 
Movements for Pardo A-4Q 

Interchanges 

Exhibit 22-39 
Worksheet for Obtaining O-D 

Movements from Turning 
Movements for Pardo AB-2Q 

Interchanges 

Exhibit 22-40 
Worksheet for Obtaining O-D 

Movements from Turning 
Movements for Pardo AB-4Q 

Interchanges 

Applications 

Input Output 
Intersection I Intersection II 

Turning Turning 
Move- Volume Move- Volume Volume 

Approach ment (veh/h) ment (veh/h) 0-0 Movement Calculation (veh/h) 

Eastbound 
LT LT A = (NB LT) - (NB un 

(EB) EXT-RT INI:RT_ ----- ------------ 1!=f11I!RI 
EXT-TH INT-TH C = 5B RT 

Westbound 
LT LT D ={5B L T) - (5B UT) 

(WB) INT-RT EXT-RT E = (EB INT-RT) - (5B UT) 
INT-TH EXT-TH F = EB EXT-RT 

LT LT G =WB EXT-RT 
----------------------- ----------------------- -----------~ ------------------------------------------ ----------------------

H~(WBiNT:RT}::(NBlTr)---Northbound RT RT 
(NB) TH TH I = (EB INT-TH) - (5B L Tl + (5B UT) 

UT - UT J = (WB INT-TH) - (NB LT) + (NB Un 
LT LT K 

Southbound RT RT L 
(5B) TH TH M =NB UT 

UT UT N=5BUT 

Notes: LT = left turn, RT = right turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway (5B UT and NB UT) are user-specified. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
Intersection I Intersection II 

Turning Turning 
Move- Volume Move- Volume Volume 

Approach ment (veh/h) ment (veh/h) 0-0 Movement Calculation (veh/h) 

Eastbound LT LT A = (NB LT(II» - (NB UT(II)l 

(EB) EXT-RT INT-RT B = NB RT(II) 
EXT-TH INT-TH C = NB LT(I) 

Westbound 
INT-LT EXT-LT D = (NB RT(I)) - (NB UT(I)} 

(WB) RT RT E = (EB INT-Rli=J NB UT(I)) 
INT-TH EXT-TH F = EB EXT-RT 

LT(I) LT(II) G = WB EXT-LT 
---------

Northbound RnI) RT(II) H = (WB INT-L T) - (NB UT(II» 
(NB) TH TH I = (EB INT-TH) - (NB RT(I)) + (NB UT(I» 

UT(I) UTCU) J = (WB INT-TH)-(NB LT(II»+(NB UT(II» 
LT LT K' 

Southbound RT RT L • 
(5B) TH .'. TH M = NB UT(II) 

UT UT N = NB UT~I~ ! 

Notes: LT = left turn, RT = nght turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway [NB UT(I) and NB UT(II)] are user-specified. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
Intersecl:ign I Intersection II 

Turning Turning 
Move- Volume Move- Volume Volume 

Approach men!: (veh/h) men!: (veh/h) 0-0 Movement Calculation (veh/h) 

Eastbound LT LT A = (NB L mIll - (NB UT(II)) 
EXT-RT INT-RT B = NB RT(IIl (EB) 
EXT-TH INT-TH C = 5B RT(I) 

Westbound 
INT-LT LT D = (NB RT(I)) - (NB unm 

(WB) RI ---------------------------- f:)(I~RI ----------------------- I:=JI:EllfIII~RI2::_JfIII!UI(I)l . 
INT-TH EXT-TH F = EB EXT-RT 

LT LT(II) G = WB EXT-LT 
Northbound RT(I) RT(II) H = (WB INT-LT) - (NB UT(II) 

CNB) TH TH I = (EB INT-TH)-(NB RT(I)) + (NB UnI)) 
UT(I) UT(II) J = (WB INT-TH) - (NB LT(II) + (NB UT(II)) 

LT LT K 
Southbound =rrCIJ --- ----------------------

RT 
------ ----------------------

L 
(5B) TH fH B;;;NB~UT(UL 

UT UT 
1----

N = NB UTe!) 

Notes: LT = left turn, RT = right turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway [NB UTCI) and NB UTCII)] are user-specified. 
Shading indicates movements that do not occur in this interchange form. 
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Input 
Intersection I 

Turning 
Intersection II 

Turning 

Output 

Move- Volume 
Approach ment (veh/h) 

Move- Volume 
ment (veh/h) 0-0 Movement Calculation 

Volume 
(veh/h) 

Eastbound 
LT 

(EB) 
EXT-RT 
EXT-TH 

INT-LT A ~ (5B RT1- (5B UT) 
RT .,'.; B - 5B L T 

INT-TH i C - NS LT 

Westbound 
INT-LT 

RT I , 
(WB) 

INT-TH 

L T T D = (NS RT) - (NB UD 
1----"'_+'-_~+_'E'o"XT"---"R"-T_+i---. j:=(EBJr'.rr~LIl:::JNB'·u···n·······························-+---

EXT-TH i F = (EB EXT-RT) 
__ hI .................................... , LT ," G = (W-'-:B-'''''EXT~-R''-T'--l-------l----

Northbound RT RT IT H = (WB INT-L n - (5B UT) 
(NB) TH TH· c 

'i I = (EB INT-TH) - (NB RT) + (NB un 
UT UT.~ J ~(WB INT~TH) - (5B RT) + (5B UT) 

Notes. LT - left turn, RT - right turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway (NB UT and 5B Un are user-specified. 
Shading Indicates movements that do not occur in this interchange form. 

Input Output 
Inters!iljction I Intersection II 

Turning Turning 
Move- Volume Move- Volume Volume 

Approach ment (veh/h) ment (veh/h) 0-0 Movement Calculation (veh/h) 

Eastbound 
LT :.';;' INT-LT A = (5B RT(II)) - (5B UT) 

(EB) 
"'Eirr-RT RT . , . B = NB RT(II} 
EXT~TH INT-TH C =5B RT(I) 

Westbound 
INT-LT LT , ,,~ D = (NB RT(I)) - (NB UT) 

(WB) RT -, EXT-RT E ~ (EB INT-LT) - (NB Un 
INT-TH EXT-TH F - EB EXT-RT 

LT I·· .. 
LT -:r :;.;.' G =WB EXT-RT 

Northbound RT(I) Rmn H=(I,!!.'B INT~LT) :.. (5B UT) 
(NB) _TH 

. '.~; TH I. I = (EB INT-TH) - (NB RT(I)} + (NB UT) .. 
? ' ... " J = (WB INT-TH) - (5B RT(I!)) + (5B un UT UT 

LT I'i' hii·'·. LT I .• ,;.·" K :;'.·0;.·~/' .• ;\ l. 'd' ••• ... , .. , . . , .... ' ...,1 
Southbound RT(I) RT(IIl L '.' ." .. .. -: 

(5B) TH , TH M =5B UT 
UT UT N =NB UT 

Notes: LT = left turn, RT = right turn, UT = U-turn, TH = through, INT = mternal, EXT = external. 
The flows of the two U-turn movements from the freeway (NB UT and 5B UT) are user-specified. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
Intersection I Int!iljrl!gction II 

Turning Turning 
Move- Volume Move- Volume 

Approach ment (veh/h) ment (veh/h) 0-0 Movement Calculation 

Eastbound 
LT INT-LT I A = (NBLJ1:::JNI3UD 

(EB) 
EXT-RT RT B = NB RT 
EXT-TH INT-TH C =5B RT 

Westbound 
INT-LT LL D = (5B L T) - (5B un 

(WB) RT EXT-RT E = (EB INT-LT) - (5B UT) 
INT-TH EXT-TH F =EB EXT-RT 

LT i.', LT G -WB EXT-RT 
Northbound RT RT H ~ (WB INT-LT) - (NB UD 

(NB) TH ....•. , . , .. ;. TH I = (EB INT-TH) - (5B LT) + (5B un 
UT '. UT J - (l,!!.'BJNT-TH) - (NB L Tl + (NB un 
LT LT .- ....•......• c., K = NBTH 

Southbound RT RT L =5BTH 
(5 B) I--ItL TH M - NB UT 

UT UT N 5B UT 

Notes. LT - left turn, RT - right turn, UT - U-turn, TH - through, INT = Internal, EXT = external. 
The flows of the two U-turn movements from the freeway (NB UT and 5B UT) are user-specified. 
Shading indicates movements that do not occur in this interchange form. 
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Volume 
(veh/h) 

Exhibit 22-41 
Worksheet for Obtaining O-D 
Movements from Turning 
Movements for Pardo B-2Q 
Interchanges 

Exhibit 22-42 
Worksheet for Obtaining O-D 
Movements from Turning 
Movements for Pardo B-4Q 
Interchanges 

Exhibit 22-43 
Worksheet for Obtaining O-D 
Movements from Turning 
Movements for Diamond 
Interchanges 

Applications 
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Exhibit 22-44 
Worksheet for Obtaining O-D 

Movements from Turning 
Movements for SPUIs 

Exhibit 22-45 
Worksheet for Obtaining 

Turning Movements from 
O-D Movements for Pardo 

A-2Q Interchanges 

Exhibit 22-46 
Worksheet for Obtaining 

Turning Movements from 
O-D Movements for Pardo 

A-4Q Interchanges 

Applications 

Input Output 
Turning Volume Volume 

Approach Movement (veh/hl 0-0 Movement Calculation (veh/h) 

Eastbound LT A NB LT 
RT B NB RT (EB) 
TH C SB RT 
LT D - SB LT 

Westbound 
RT E = EB LT (WB) 
TH F = EB RT 
LT G - WB RT 

Northbound RT H = WB LT 
(NB) TH 1- EB TH 

UT J - WB TH 
LT K NBTH 

Southbound I----
RT 1~SBTH 

(SB) TH M' " --
UT N 

Notes: LT = left turn, RT = right turn, UT - U-turn, TH - through. 
The flow of the two U-turn movements from the freeway (NB UT and SB UT) are user-specified. 
Shading Indicates movements that do not occur in this interchange form. 

Input Output 
0-0 Intersection I Intersection II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/h) Calculation (veh/h) 

A EXT-LT - F LT 
, 

Eastbound 
B (EB) RT 

, INT-RT = -E+N ------
C EXT-TH = I+E INT-TH':' I+D 

D LT I EXT-LT - G 
E 

Westbound 
INT-RT - H+M RT 

F 
(WB) 

INT-TH - J+A EXT-TH - J+H 

~- LT ie, 
, 

LT - A+M ------

H Northbound RT i ',' RT - B 
I (NB) TH TH 
J UT UT= M 
K LT = D+N LT --------
L Southbound RT= C RT 
M (SB) TH TH 
N UT - N UT I ,_.' 

-Notes. LT - left turn, RT - right turn, UT - U turn, TH - through, INT Internal, EXT external. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
0-0 Intersectio!] I Intersection II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/h) Calculation (veh/h) 

A Eastbound 
EXT-LT = F LT 

B (EB) RT INT-RT - E+N 
C EXT-TH - I+E INT-TH - I+D 
D 

Westbound 
LT 

-----
EXT-LT- G 

INT-RT = H+M RT "e, E (WB) 
F INT-TH - HA EXT-TH = J+H 
G LT i 'j LT - A+M 
H Northbound RT ,::': I RT - B 
I (NB) TH " TH 
J UT _L , , UT - M 
K LT D+N LT 

------ ---
L Southbound RT C RT ~ --------------~-~-- -
M (SB) TH _"L ~ TH '.::. 
N UT - N UT ,i,-.'" " 

Notes: LT = left turn, RT = nght turn, UT - U-turn, TH - through, INT - Internal, EXT external. 
Shading indicates movements that do not occur in this interchange form. 
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In ut Out ut 
O-D Intersection I 

Move- Volume 
ment (veh/h) A roach 

_.:,A'--+-__ -I Eastbound 

~ (EB) 

---=~'---+----1 Westbound t-='~':'-'--T-~:-"-------,-----,,,+--,~~--1-
F (WB) 

___ . __ , __ + _____________________ ~ Northbound (NB) l-'2"--w;,~7"",.-,.",.m-,.-,.",.____,_+_~~~,_______:~-__+_--~ 

K 
_-=L'--+"",,~~---1 Southbound 

M (SB) t----=--+-"-o 

N 

Notes: LT = left turn, RT = right turn, UT = U-turn, TH = through, INT = internal, EXT = external. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
O-D Intersection I Intfolrsfolction II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/h) Calculation (veh/h) 

A Eastbound LT r;"":"y;;,t"':c,,,:~ :;~ji; ii, LT ,"",:;f' 
:~-~ - "",¥ ~ -' , ''1 

B (EB) EXTRT=F INT-RT = E+N 
C EXT-TH = I+E INT-TH - I+D 
D Westbound INT-LT - H+M LT ":;;'c'~ '-, 

E (WB) RT fi ,-,' >,';';::;; I ~:J ,;' ( EXT-RT = G 
F INT-TH - J+I EXT-TH = J+H 
G LT r if LT(II) A+M 
H i------

Northbound RT(I) - D+N RT(II) = B 
I (NB) TH ;~ TH ;;,~., :~ , , 

~ 
UT(I) N UTIT)-M~ LT i- Ij:;"'i-::;,: T. ,c/' ,> 

Southbound RT(I) - C T :,,,,;';'-'~J ;,:':, 
(SB) TH .. - ,' . .:;':;: ':':'''~':-: _ H!';f, " "", .':~:' 

N UT ii- _ ,: ,K'i,:<; UT ;i- -- '; 

Notes. LT - left turn, RT - nght turn, UT - U-turn, TH - through, INT = Internal, EXT = external. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
O-D Intersection I Illm[5folction II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/hl Calculation (veh/h) 

A Eastbound LT t i , 1;,: ',:i;~' ;;:';i,,; INT-LT = E+N 
B (EB) EXTRT = F RT 1 

f -- " 

C EXT-TH = I+E INT-TH - I+D 
D Westbound INT-LT - H+M LT '; ;',' 

E (WB) RT L __ ',~'; "',--,';;-,;: 
" 

EXT-RT - G 
,_F INT-TH - J+A EXT-TH = J+H 

<:i ------ -------------------
LT - C LT .' .. ,c,;' <,:,:: 

H Northbound RT - D+N RT : ! .. -'o -.' ,A-.' 
I eNB) TH b(~~,,;:,A ',::. ,.', TH , ':;~:, ::, ·.f " 

J UT - N UT 
, 

K LT i: i' .. :::l ,} LT B 
L I:,; .,,: southbound RT~': in= A+M 
M (SB) [--IH ,i;,,~ TH ,:. 

N UT ~;r.:''fj UT= M 
- -Notes. LT - left turn, RT - right turn, UT = U-turn, TH = through, INT = Internal, EXT = external. 

Shading indicates movements that do not occur in this interchange form, 
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Exhibit 22-47 
Worksheet for Obtaining Turning 
Movements from O-D Movements 
for Pardo AB-2Q Interchanges 

Exhibit 22-48 
Worksheet for Obtaining Turning 
Movements from O-D Movements 
for Pardo AB-4Q Interchanges 

Exhibit 22-49 
Worksheet for Obtaining Turning 
Movements from 0-0 Movements 
for Pardo B-2Q Interchanges 

Applications 
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Exhibit 22-50 
Worksheet for Obtaining 

Turning Movements from 
O-D Movements for Pardo 

B-4Q Interchanges 

Exhibit 22-51 
Worksheet for Obtaining 

Turning Movements from 
O-D Movements for Diamond 

Interchanges 

Exhibit 22-52 
Worksheet for Obtaining 

Turning Movements from 
O-D Movements for spurs 

Applications 

Input Output 
0-0 Intersection I IntersectiQn II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/h) Calculation (veh/h) 

A LT - INT-LT - E+N 
Eastbound 

B (EB) EXT RT - F RT i , 

C EXT-TH I+E INT-TH = I+D 
D 

Westbound 
INT-LT H+M LT ; 

E 
(WS) 

RT EXT-RT - G 
-'1="'-" ------------------------

INT-TH - J+A EXT-TH - J+H 
G LT LT . I 

H Northbound R-Im - D+N. RT(II) - B 
I (NS) TH ' 'I. TH !. c.::. 
J UT - N UT ~ ; 

K LT ..::. LT 1_', c.::. '1,. .; .,.j 

L ..::. Southbound RT(I) - C RT(II) -jl.±iV1 
M (SB) TH ." , TH ; >. i 

N UT i'· UT - M 

Notes: LT = left turn, RT = fight turn, UT - U-turn, TH - through, INT - Internal, EXT external. 
Shading indicates movements that do not occur in this interchange form. 

InJ!.ut Output 
0-0 Intersection I Intersection II 

Move- Volume Turning Movement Volume Turning Movement Volume 
ment (veh/h) Approach Calculation (veh/h) Calculation (veh/h) 

A Eastbound 
LT .1 ' "'" INT-LT - E+N 

B (EB) ExT RT = F' 
---------------

RT I' 
, 

C EXT-TH - I+E INT-TH = I+D 
D INT-LT - H+M LT i 

.1 I 

E 
Westbound 

RT ' ,II. .' -'-. EXT-RT = G 
F 

(WB) 
INT-TH - J+A EXT-TH- - J+H 

G LT '. ';1;, ." I LT - A+M 
------- ------------

-1::'--- Northbound RT RT - B 
I (NS) TH " '~,: .' :' TH - K 
J UT .. UT - M 
K ·· ... i. IT D+N , LT ; ',l '. 
L 'I' "",'" Southbound 

f-
RT = C RT i;-.i ,_,' ' .. " ,,'; :i: 

M (sB) TH - L -f' TH I;. t! ';-, i 

N UT - N UT I 
~ ,"i'-

Notes. LT - left turn, RT - right turn, UT - U turn, TH - through, INT Internal, EXT external. 
Shading indicates movements that do not occur in this interchange form. 

Input Output 
0-0 Volume Volume 

Movement (veh/h) Apilroach Turning Movement Calculation (veh/h) 
A Eastbound 

LT - E 
B (EB) RT = F 
C TH = I 
D 

Westbound 
LT - H 

E (WB) RT= G 
F TH - J 
( LT - A 
f Northbound RT = B 

(NB) TH - K 
UT !.;; " ;,., --=-

K LT - D 
L Southbound RT = C 
M ,; '.: (sB) TH = L 
N , UT 

~].:.;. 

,'";:.- ,::2
'
, I, ·T 

Notes: L T = left turn, RT = right turn, UT - U-turn, TH - through, INT - Internal, EXT external. 
Shading indicates movements that do not occur in this interchange form, 
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USE OF ALTERNATIVE TOOLS 

General guidance for the use of alternative traffic analysis tools for capacity 
and LOS analysis is provided in Chapter 6, HCM and Alternative Analysis Tools, 
and Chapter 7, Interpreting HCM and Alternative Tool Results. This section 
contains specific guidance for the application of alternative tools to the analysis 
of interchange ramp terminals. Chapter 34, Interchange Ramp Terminals: 
Supplemental, contains supplemental examples illustrating the use of alternative 
tools for interchange analysis. Additional information on this topic may be found 
in the Technical Reference Library in Volume 4. 

As indicated in Chapter 6, traffic models may be classified in several ways 
(e.g., deterministic versus stochastic, macroscopic versus microscopic). The 
alternative tools used for interchange analysis are generally based on models that 
are microscopic and stochastic in nature. Therefore, the discussion in this section 
will be limited to microsimulation tools. 

Strengths of the HCM Procedure 

This chapter offers a comprehensive procedure for analyzing the 
performance of several types of interchanges. Simulation-based tools offer a 
more detailed treatment of the arrival and departure of individual vehicles and 
features of the signal control system, but for most purposes, the HCM procedure 
produces an acceptable approximation. The HCM procedure offers some 
advantages over the simulation approach: 

• The HCM provides saturation flow rate adjustment factors based on 
extensive field studies. 

• The HCM produces direct estimates of capacity and vic ratio. These 
measures are much more elusive in simulation. 

• The HCM provides LOS by O-D, which facilitates the comparison of 
operational performance for different interchange configurations. 

• It provides deterministic estimates of the measures of effectiveness, which 
is important for some purposes such as development impact review. 

• Simulation tools use definitions of delay (and therefore LOS) different 
from those of the HCM, especially for movements that are oversaturated 
at some point during the analysis. Great care must therefore be taken in 
producing LOS estimates directly from simulation. Chapter 7 discusses 
simulation-based performance measures in more detail. 

Identified limitations of the HCM Procedure 

The identified limitations of the HCM procedure for this chapter cover a 
number of conditions that are not evaluated explicitly, including the follOwing: 

• Oversaturated conditions, particularly cases when the downstream queue 
spills back into the upstream intersection for long periods of time; 

• The impact of spillback on freeway operations (however, the method does 
estimate the expected queue storage ratio for the ramp approaches); 

• Ramp metering and its resulting spillback of vehicles into the interchange; 
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Applications 

• Impacts of the interchange operations on arterial operations and the 
extended surface street network; 

• Lane utilizations for interchanges with additional approaches that are not 
part of the prescribed interchange configuration; and 

• Full cloverleaf interchanges (freeway-to-freeway or system interchanges), 
since the scope of the chapter is limited to service interchanges (e.g., 
freeway-to-arterial interchanges). 

If any of these conditions apply to a particular situation, then alternative 
tools that recognize them explicitly should be considered to supplement or 
replace the methodology described in this chapter. 

Additional Features and Performance Measures Available From 
Alternative Tools 

This chapter provides a methodology for estimating the capacity, control 
delay, queue storage ratio, and LOS associated with a given set of traffic, control, 
and design conditions at an interchange. As with most other procedural chapters 
in this manual, simulation outputs, especially graphics-based presentations, can 
provide details on problems at specific elements of the interchange that might 
otherwise go unnoticed with a macroscopic analysis. For example, problems 
associated with tum bay overflow or blockage of access to turn bays can be better 
observed by using microscopic simulation tools. Alternative tools offer 
additional performance measures such as number of stops, fuel consumption, 
and pollution. The animated graphics displays offered by many simulation tools 
are especially useful for observing network operations and identifying problems 
at specific elements. 

Development of HCM-Compatible Performance Measures Using 
Alternative Tools 

Simulation tools provide a wealth of information with regard to performance 
measures, including queue length, travel time, emissions, and so forth. However, 
simulation tools often have different definitions for each of these performance 
measures. General guidance on developing compatible performance measures 
based on the analysis of individual vehicle trajectories is provided in Chapter 7, 
with supplemental examples provided in Chapter 24, Concepts: Supplemental. 
Chapter 18, Signalized Intersections, provides some specific guidance on 
performance measures for signalized approaches that also applies to this chapter. 
To obtain LOS for a specific O-D, the analyst will need to obtain the performance 
measures for the specific approaches using that particular O-D and aggregate 
them as indicated in the methodology section of this chapter. 

Conceptual Differences Between the HCM and Simulation Modeling 
That Predude Direct Comparison of Results 

For interchanges, the definitions of delay and queuing are the most 
significant conceptual differences between the HCM and simulation modeling. 
Both are measures of effectiveness used to obtain LOS for each O-D, and 
simulated estimates of them would produce results inherently different from 
those obtained by the analytical method described in this chapter. 
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( 
Lane utilization is also treated differently. Simulation tools derive lane 

distributions and utilization implicitly from driver behavior modeling, while the 
deterministic model used in this chapter develops lane distributions from 
empirical models. Differences in the treatment of random arrivals are also an 
issue in the comparison of performance measures. This topic was discussed in 
detail in Chapter 18, and the same phenomena apply to this chapter. 

In some cases, and when saturation flow rate is not an input, simulation tools 
do not explicitly account for differences between left-turning, through, and right
turning movements, and all three have very similar saturation headway values. 
Thus, the left- and right-tum lane capacity would likely be overestimated in 
those types of tools. 

Adjustment of Simulation Parameters to Match the HeM Parameters 

Some adjustments will generally be required before an alternative tool can be 
used effectively to supplement or replace the procedures described in this 
chapter. For example, the parameters that determine the capacity of a signalized 
approach (e.g., steady state headway and start-up lost time) should be adjusted 
to ensure that the simulated approach capacities match the HCM values. 

One parameter specific to this chapter is the lane utilization on the 
approaches within the interchange. Driver behavior model parameters that affect 
lane choice should be examined closely and modified if necessary to produce 
better agreement with the lane distributions estimated by the procedures in this 
chapter. 

( Simulation tools do not produce explicit capacity estimates. The accepted 

( 

method of determining the capacity of a signalized approach by simulation is to 
perform the simulation run(s) with a demand in excess of the computed capacity 
and use the throughput as an indication of capacity. Chapter 7 provides 
additional guidance on the determination of capacity in this manner. The 
Chapter 7 discussion points out the complexities that can arise when sel£
aggravating phenomena occur as the operation approaches capacity. Because of 
the interaction of traffic movements within an interchall.ge, the potential for self
aggravating situations is especially high. 

In complex situations, conceptual differences between the deterministic 
procedures in this chapter and those of simulation tools may exist such that the 
production of compatible capacity estimates is not possible. In such cases, the 
capacity differences should be noted. 

Step-by-Step Recommendations for Applying Alternative Tools 

General guidance on selecting and applying alternative tools is provided in 
Chapters 6 and 7. Chapter 18 provides recommendations specifically for 
signalized intersections that also apply to interchange ramp terminals. 

One step that is specific to this chapter is the emulation of the traffic control 
hardware. GeneraH y, simulation tools provide great flexibility in emulating 
actuated controt particularly in the type and location of detectors. In most cases, 
simulation tools attach a controller to each intersection (or node) in the network. 
This creates problems for some interchange operations in which a controller at 
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Supplemental problems 
involving the use of alternative 
tools for signalized intersection 
analysis are presented in 
Chapter 34. 

Applications 

one node must be connected to an approach to another node. A diamond 
interchange operating with one controller is an example of the complexities that 
can arise in the emulation of the traffic control scheme. 

Some tools are able to accommodate complex schemes more Hexibly than 
others. The ability to emulate the desired traffic control scheme is an important 
consideration in the selection of a tool for interchange analysis. 

Sample Calculations Illustrating Alternative Tool Applications 

Example Problem 1 in this chapter involves a diamond interchange that 
offers the potential for illustrating the use of alternative tools. There are no 
limitations in this example that suggest the need for alternative tools. It is 
possible, however, to introduce situations in which alternative tools might be 
needed for a proper assessment of performance. 

Chapter 34 includes supplemental examples that apply alternative tools to 
deal with two conditions that are beyond the scope of the procedures presented 
in this chapter. 

1. A two-way STop-controlled intersection in close proximity to the 
diamond interchange and 

2. Ramp metering on one of the freeway entrance ramps connected to the 
interchange. 

In both cases, the demand volumes are varied to examine the self
aggravating effects on the operation of the facility. 
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4. EXAMPLE PROBLEMS 

INTRODUCTION 

This part of the chapter describes the application of each of the final design, 
operational analysis for interchange type selection, and roundabouts analysis 
methods through the use of example problems. Exhibit 22-53 describes each of 
the three example problems included in this chapter and indicates the 
methodology applied. Additional example problems are provided in Chapter 34, 
Interchange Ramp Terminals: Supplemental. 

Problem 
Number 

1 

2 

3 

Description 
Find the control delay, queue storage ratio, and ' 
LOS of a diamond interchange 

Find the control delay, queue storage ratio, and 
LOS of a Pardo A-2Q interchange 

Compare eight types of signalized interchanges 

EXAMPLE PROBLEM 1: DIAMOND INTERCHANGE 

The Interchange 

Application 

Operational analysis 

Operational analysis 

Operational analysis for 
interchange type selection 

The interchange of 1-99 (northboundlsouthbound, NB/SB) and University 
Drive (eastboundlwestbound, EB/WB) is a diamond interchange. Exhibit 22-54 
provides the interchange volumes and channelization, while Exhibit 22-55 
provides the signalization information. 

-f--------~ 

D= 500 ft 

Intersection I 
Phase 1 2 
NEMA <l> (4+8) <l> (4+7) 
Green time (s) 63 43 
Yellow + all red (s) 5 5 
Offset (s) 19 

Chapter 22/Interchange Ramp Terminals 
December 2010 

Intersection II 
3 1 2 3 

<l> (2+5) <l> (4+8) <l> (1+6) <l> (3+8) 
39 63 53 29 
5 5 5 5 

9 
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Exhibit 22-53 
Example Problem Descriptions 

Exhibit 22-54 
Example Problem 1: Interchange 
Volumes and Channelization 

Exhibit 22-55 
Example Problem 1: Signalization 
Information 
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Exhibit 22-56 
Example Problem 1: 
Adjusted O-D Table 

Example Problems 

The Question 

What are the control delay, queue storage ratio, and LOS for this 
interchange? 

The facts 

There are no closely spaced intersections to this intercl,ange, and it operates 
as a pretimed signal with no right-huns-on-red allowed. Travel path radii are 50 
ft for all right-turning movements and 75 ft for all left-turning movements. 
Arrival Type 4 is assumed for all arterial movements and Arrival Type 3 for all 
other movements. 

There are 5% heavy vehicles on both the external and internal through 
movements, and the peak hour factor (PHF) for the intercllange is estimated to 
be 0.90. Start-up lost time and extension of effective green are both 2 s for all 
approaches. During the analysis period there is no parking and no buses, 
bicycles, or pedestrians utilize the interchange. 

Outline of Solution 

Calculation of O-Os 

O-Ds through this diamond interchange are calculated on the basis of Exhibit 
22-21(a). Since aU movements utilize the signal and no right-turns-on-red are 
allowed, O-Ds can be calculated directly from the turning movements at the two 
intersections. The results of these calculations and the resulting PHF-adjusted 
values are presented in Exhibit 22-56. 

O-D Movement 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

Demand (veh/h) 
210 
204 
156 
185 
96 
80 

135 
212 
685 
585 

o 
o 
o 
o 

PHf-Adjusted Demand (veh/h) 
233 
227 
173 
206 
107 
89 

150 
236 
761 
650 

o 
o 
o 
o 

Lane Utilization and Saturation Flow Rate Calculations 

Both external approaches to this interchange consist of a two-lane shared 
right and through lane group. Use of the two-lane model of Exhibit 22-16 results 
in the predicted lane utilization percentages for the external through approaches 
that are presented in Exhibit 22-57. 
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Approach 
Eastbound external 

Westbound external 

Vi 
0.5056 

0.5181 

Vi 
0.4944 

0.4819 

Maximum Lane Lane Utilization 
Utilization Factor 

0.5056 0.9890 

0.5181 0.9651 

Saturation flow rates are calculated on the basis of reductions to the base 
saturation flow rate of 1,900 pc/hg/ln by using Equation 22-3. The lane utilization 
of the approaches extemal to the interchange is obtained as shown above in 
Exhibit 22-57. Traffic pressure is calculated by using Equation 22-4. The left- and 
right-turn adjustment factors are estimated by using Equation 22-6 through 
Equation 22-9. These equations use an adjustment factor for travel path radius 
calculated by Equation 22-5. The remaining adjustment factors are calculated as 
indicated in Chapter 18, Signalized Intersections. The estimated saturation flow 
rates for the eastbound approaches are shown in Exhibit 22-58. 

Calculation of Common Green and Lost Time due to Downstream Queue and 
Demand Starvation 

The duration of common green between various movements is calculated 
next. Exhibit 22-59 provides the beginning and end of each phase for the two 
intersections, as well as the calculations of common green between various 
movements at the two intersections. 

Base saturation flow (.Q:" in pc/hgjln) 
Number of lanes (N) 
Lane width adjustment (t..) 
Heavy-vehicle adjustment (ti,v) 
Grade adjustment (fg) 
Parking adjustment (fp) 
Bus blockage adjustment (fbb) 
Area type adj ustment (fa) 
Lane utilization adjustment (fLu) 
Left-turn adjustment (fLT) 
Right-turn adjustment (tid 
Left-turn pedestrian-bicycle adjustment (fLpb) 
Right-turn pedestrian-bicycle adjustment (rRpb) 
Turn radius adjustment for lane group erR) 
Traffic pressure adjustment for lane group (tv) 
Ad'usted saturation flow Sf in veh/hg/ln 

Note: 

Chapter 22/Interchange Ramp Terminals 
December 2010 

Eastbound Turning Movements 
EXT-TH, EXT-RT INT-TH INT-LT 

1,900 1,900 1,900 
221 

1.000 1.000 1.000 
0.952 0.952 1.000 
1.000 1.000 1.000 
1.000 1.000 1.000 
1.000 1.000 1.000 
1. 000 1. 000 1. 000 
0.989 0.952 1.000 
1.000 1.000 0.930 
0.999 1.000 1.000 
1.000 1.000 1.000 
1.000 1.000 1.000 
0.991 1.000 0.930 
1.034 1.036 0.963 
3,700 3,568 1 703 
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Exhibit 22-59 
Example Problem 1: 

Common Green Calculations 

Exhibit 22-60 
Example Problem 1: 

Calculation of Lost Time due 
to Downstream Queues 

Example Problems 

Intersection I Intersection II 
Phase Phase Begin Phase End Phase Begin Phase End 

Phase 1 0 63 150 53 
Phase 2 68 111 58 111 
Phase 3 116 155 116 145 

1st Green Time of ~cie 2nd Green Time of Cllcie 
Movement Begin End Begin End Overlap 

EB EXT-TH 0 63 53 
EB INT-TH 150 53 116 150 
WB EXT-TH 150 53 53 
WB INT-TH 0 111 

5B RAMP 116 155 34 
EB INT-TH 150 53 116 150 
NB RAMP 58 111 53 

WB INT-TH 0 111 
WB INT-LT 68 111 0 
EB INT-TH 150 53 
EB INT-LT 116 145 

WB INT-TH 0 111 
0 

Note: NB = northbound, 5B = southbound, EB = eastbound, WB = westbound, LT = left turn, TH = through, 
INT = internal, EXT = external. 

The next step involves the calculation of lost time due to downstream 
queues. First, the queue at the beginning of the upstream arterial phase and at 
the beginning of the upstream ramp phase must be calculated by using Equation 
22-14 and Equation 22-15, respectively. These numbers are then subtracted from 
the intemallink storage length to determine the storage available at the 
beginning of the respective upstream phase. Exhibit 22-60 presents the 
calculation of the downstream queues followed by the calculation of the 
respective lost time due to those downstream queues. 

EB EXT-TH SB-LT WB EXT-TH NB-LT 
ItR or ItA (veh/h) 206 868 233 886 
NRor NA 1 2 1 2 
GR or ~ (5) 39 63 53 63 
Go (s) 97 97 111 111 
C(s) 160 160 160 160 
CGuoorCGRO(s) 53 34 53 53 
Queue length (QA or QR) (ft) 0.0 4.1 0.0 0.0 
GRor ~ (s) 63 39 63 53 
C(s) 160 160 160 160 
DQA or DQR (ft) 500 496 500 500 
CGUD or CGRD (5) 53 34 53 53 
Additional lost time (LD-A or Lo-R) (5) 0.0 0.0 0.0 0.0 
Total lost time tL (s) 5.0 5.0 5.0 5.0 
Effective green time q'(s) 63.0 39.0 63.0 53.0 

Note: NB = northbound, 5B = southbound, EB = eastbound, WB = westbound, LT = left turn, TH = through, 
EXT = external. 

Calculation of lost time due to demand starvation begins by determining the 
queue storage length at the beginning of an interval with demand starvation 
potential by using Equation 22-17. The lost time due to demand starvation is then 
calculated by using Equation 22-16. The respective calculations are presented in 
Exhibit 22-61. 
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EB INT-TH 
l'Ramp-L (veh/h) 206 
"Arterial Cveh/h) 868 
COO 1W 
r%amp-L 1 
NArterial 2 
CGRD (s) 34 
CGUD(s) 53 
HI 2.02 
QNffiAL Cft) 0 
CGDS(s) 0 
LDS(s) 0 
ti. (5) 5 
Effective green time g"(s) 97 

Note: EB = eastbound, WB = westbound, TH = through, INT = internal. 

Queue Storage and Control Delay 

WB INT-TH 
233 
886 
160 
1 
2 

53 
53 

2.04 
o 
o 
o 
5 

111 

The queue storage ratio is estimated as the ratio of the average maximum 
queue divided by the available queue storage by using Equation 31-91. Exhibit 
22-62 presents the calculation of the queue storage ratio for all eastbound 
movements in Example Problem 1. Control delay for each movement is 
calculated according to Equation 18-47. Exhibit 22-63 provides the control delay 
for each eastbound movement of the interchange. 

EXT-TH, EXT-RT INT-LT INT-TH 
QbL (ft) 0.0 0.0 0.0 
v (veh/h/ln group) 957 107 967 
5 (veh/h/ln) 1850 1703 1784 
g(s) 63 29 97 
glC 0.39 0.18 0.61 
I 1.00 0.71 0.71 
c(veh/h/ln group) 1459 309 2163 
X= WC 0.66 0.35 0.45 
ra (ft/s2) 3.5 3.5 3.5 
rd(ftjs2) 4.0 4.0 4.0 
Ss(mi/h) 5 5 5 
Spl (mi/h) 40 40 40 
Sa (mi/h) 39.96 39.96 39.96 
do (5) 12.04 12.04 12.04 
Rp 1.000 1.333 1.333 
P 0.39 0.24 0.81 
res) 97 131 63 
treS) 0.01 0.00 0.00 
q (veh/s) 0.27 0.03 0.27 
qg (veh/5) 0.27 0.04 0.36 
qr(veh/s) 0.27 0.03 0.13 
OJ. (veh) 15.22 3.47 3.84 
OL (veh) 0.93 0.14 1.37 
T 0.25 0.25 0.25 
Qeo (veh) 0.00 0.00 0.00 
fA 0 0 0 
Qe eveh) 0.00 0.00 0.00 
Qb (veh) 0.00 0.00 0.00 
/23 (veh) 0.00 0.00 0.00 
Q(veh) 16.15 3.65 3.98 
Lh (ft) 25.01 25.00 25.01 
La eft) 600 200 500 

R~ 0.67 0.46 0.20 
Note: LT = left turn, RT = right turn, TH = through, INT = internal, EXT = external. 
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Exhibit 22-61 
Example Problem 1: Calculation of 
Lost Ti me due to Dema nd 
Starvation 

Exhibit 22-62 
Example Problem 1: Queue 
Storage Ratio Calculations for 
Eastbound Movements 
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Exhibit 22-63 
Example Problem 1: 

Calculation of Control Delay 
for Eastbound Movements 

Exhibit 22-64 
Example Problem 1: O-D 

Movement lOS 

Example Problems 

EXT-TH, EXT-RT INT-lT INT-TH 
g(s) NA 29 97 
g'(s) 63 NA NA 
glCor g'/C 0.39 0.18 0.61 
c(veh/h) 1459 309 2163 
X= vic 0.66 0.35 0.45 
ch (s/veh) 39.6 52.8 7.3 
k 0.5 0.5 0.5 
dz (s/veh) 4.6 2.2 0.5 
d; (s/veh) 0.0 0.0 0.0 
kmin 0.04 0.04 0.04 
u 0 0 0 
tOO 0 
d(s/veh) 44.1 55.0 7.8 

Note: L T = left turn, RT = right turn, TH = through, INT = internal, EXT = external, NA = not applicable. 

Results 
This section discusses the estimation of the delay experienced by each O-D 

movement and provides the resulting LOS. Delay for each O-D is estimated as a 
sum of the movement delays for each movement utilized by the O-D, as shown 
in Equation 22-1. Next, the vic and queue storage ratios must be checked. If either 
of these parameters exceeds I, the LOS for all O-Ds that utilize that movement 
will be F. Exhibit 22-64 presents a summary of the results for all O-D movements 
at this interchange. As shown, neither vic nor RQ exceed I, and all movements 
have LOS E or beUer. The LOS is determined by using Exhibit 22-11. 

O-D Movement Delay (5) vic> 11 He> 11 lOS 
A 45.6 
B 43.7 
C 54.6 
D 63.6 
E 99.2 
F 44.2 
G 37.5 
H 82.7 
I 52.0 
J 39.8 
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No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

No C 
No C 
No C 
No D 
No E 
No C 
No C 
No D 
No C 
No C 
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EXAMPLE PROBLEM 2: PARCLO A-2Q INTERCHANGE 

The Interchange 

The interchange of 1-75 (NB/SB) and Newberry Avenue (EB/WB) is a Pardo 
A-2Q interchange. Exhibit 22-65 provides the interchange volumes and 
channelization, while Exhibit 22-66 provides the signalization information. 

Intersection I Intersection II 
Phase 1 2 3 1 2 
NEMA CI> (3+8) CI> (4+8) CI> (2+5) CI> (4+7) CI> (1+6) 
Green time (s) 25 60 40 25 35 
Yellow 4- all red (s) 5 5 5 5 5 
Offset (5) 0 0 

The Question 

What are the control delay, queue storage ratio, and LOS for this 
interchange? 

The Facts 

3 
CI> (4+8) 

65 
5 

There are no closely spaced intersections to this interchange, and it operates 
as a pretimed signal with no right-turns-on-red allowed. The eastbound and 
westbound left-turn radii are 80 ft, while all remaining turning movements have 
radii of 50 ft. The arrival type is assumed to be 4 for arterial movements and 3 for 
all other movements. 

There are 10% heavy vehicles on both the external and internal through 
movements, and the PHF for the interchange is estimated to be 0.95. Start-up lost 
time is 3 s for all approaches, while the extension of effective green is 2 s for all 
approaches. During the analysis period there is no parking and no buses, 
bicycles, or pedestrians utilize the interchange. 

Outline of Solution 

Calculation of O-Ds 

O-Ds through this interchange are calculated on the basis of Exhibit 22-21 (b). 
Since all movements utilize the signal and no right-turns-on-red are allowed, 
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Exhibit 22-67 
Example Problem 2: 
Adjusted O-D Table 

Exhibit 22-68 
Example Problem 2: Lane 

Utilization Adjustment 
Calculations 

Example Problems 

O-Ds can be calculated directly from the turning movements at the two 
intersections. The results of these calculations and the resulting PHF-adjusted 
values are presented in Exhibit 22-67. 

O-D Movement 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

Demand (veh/h) 
218 
250 
120 
275 
188 
300 
165 
350 
825 
837 

o 
o 
o 
o 

PHF-Adjusted Demand (veh/h) 
229 
263 
126 
289 
198 
316 
174 
368 
868 
881 

o 
o 
o 
o 

Lane Utilization and Saturation Flow Rate Calculations 

The external approaches to this interchange consist of a three-lane through 
lane group for the external approaches. Use of the three-lane model from Exhibit 
22-17 results in the predicted lane utilization percentages for the external 
through approaches presented in Exhibit 22-68. 

Maximum Lane Lane Utilization 
Approach Vi V2 V3 Utilization Factor 

Eastbound 0.2660 0.2791 0.4549 0.4549 0.7328 

Westbound 0.2263 0.2472 0.5265 0.5265 0.6332 

Saturation flow rates are calculated on the basis of reductions to the base 
saturation flow rate of 1,900 pc/hg/hl by using Equation 22-3. The lane utilization 
of the external approaches is obtained as shown above in Exhibit 22-68. Traffic 
pressure is calculated by using Equation 22-4. The left- and right-tum adjustment 
factors are estimated by using Equation 22-6 through Equation 22-9. These 
equations use an adjustment factor for travel path radius calculated by Equation 
22-5. The remaining adjustment factors are calculated according to Chapter 18. 
The results of these calculations for the eastbound approaches are presented in 
Exhibit 22-69. 
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EXT-TH EXT-LT INT-TH,INT-RT 
Base saturation flow (~, in pc/hg/ln) 1,900 1,900 
Number of lanes (N) 3 1 
Lane width adjustment (fw) 1.000 1.000 
Heavy-vehicle adjustment (1i1V) 0.909 1.000 
Grade adjustment (I'g) 1.000 1.000 
Parking adjustment (fp) 1.000 1.000 
Bus blockage adjustment (fbb) 1.000 1.000 
Area type adjustment (fa) 1.000 1.000 
Lane utilization adjustment (fi.u) 0.733 1.000 
Left-turn adjustment (fa) 1.000 0.934 
Right-turn adjustment (tin) 1.000 1.000 
Left-turn pedestrian-bicycle adjustment (fLpb) 1.000 1.000 
Right-turn pedestrian-bicycle adjustment (fRpb) 1.000 1.000 
Turn radius adjustment for lane group (fR) 1.000 0.934 
Traffic pressure adjustment for lane group (tv) 0.997 1.013 
Adjusted saturation flow (s; in veh/hg/ln) 3786 1798 

Note: LT = left turn, RT = right turn, TH = through, INT = internal, EXT = external. 

1,900 
--3 

1.000 
0.909 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
0.998 
1.000 
1.000 
0.985 
1.016 
5253 

Calculation of Common Green and Lost Time due to Downstream Queue 

The duration of common green between various movements is calculated 
next. Exhibit 22-70 presents the beginning and ending of each phase at the two 
intersections and the calculations of common green between various movements 
at the two intersections. 

Intersection I Intersection II 
Phase Phase Begin Phase End Phase Begin Phase End 
Phase 1 0 25 a 25 
Phase 2 30 90 30 65 
Phase 3 95 135 70 135 

1st Green Time of Cl{cle 2nd Green Tim~ of ~cle 
Movement Begin End Begin End 
EB EXT-TH 0 90 
EB INT-TH 70 135 
WB EXT-TH 0 25 70 135 
WB INT-TH 30 90 

SB RAMP 95 135 
EB INT-TH 70 135 
NB RAMP 30 65 

WB INT-TH 30 90 
Note: NB = northbound, 5B - southbound, EB - eastbound, WB - westbound, TH = through, 

INT = internal, EXT = external. 

Overlap 

20 

20 

40 

35 

The next step involves the calculation of lost time due to downstream 
queues. First, the queue at the beginning of the upstream arterial phase and at 
the beginning of the upstream ramp phase must be calculated by using Equation 
22-14 and Equation 22-15, respectively. These numbers are then subtracted from 
the internal link storage length to determine the storage at the beginning of the 
respective upstream phase. Exhibit 22-71 presents the calculation of the 
downstream queues followed by the calculation of the respective lost time due to 
those downstream queues. 
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Exhibit 22-11 
Example Problem 2: 

Calculation of Lost Time due 
to Downstream Queues 

Exhibit 22-12 
Example Problem 2: Queue 
Storage Ratio Calculations 
for Eastbound Movements 

Example Problems 

EB EXT-TH SB-LT WB EXT-TH NB-lT 
VR or I.'A (veh/h) 289 1066 229 1249 
NR or NA 1 3 1 3 
~~~oo ~ 00 ~ ~ 
Go(s) 65 65 60 60 
C(s) 140 140 140 140 
CGUOorCGRO(s) 20 40 20 35 
Queue length (QA or QR) (ft) 0.9 48.6 0.0 89.4 
GR or ~ (s) 90 40 95 35 
COO 140 140 140 140 
DQA or DQR (ft) 799 751 800 711 
CGuo or CGRO (s) 20 40 20 35 
Additional lost time (LD-A or LD-R) (s) 0 0 0 0 
Total lost time ti (s) 6 6 6 6 
Effective green time g'(s) 89 39 94 34 

Note: NB - northbound, 5B = southbound, EB - eastbound, WB = westbound, LT - left turn, TH - through, 
EXT = external. 

Queue Storage and Control Delay 

TIle queue storage ratio is estimated as the ratio of the average maximum 
queue divided by the available queue storage by using Equation 31-91. Exhibit 
22-72 presents the calculation of queue storage for all eastbound movements. 
Control delay for each movement is calculated according to Equation 18-47. 

Exhibit 22-73 provides the control delay for each eastbound movement of this 
interchange. 

EXT-TH EXT-LT 
Qb/ (ft) 0.0 0.0 
v(veh/h/ln group) 1066 316 
5 (veh/h/ln) 1262 1798 
g(s) 89 24 
g/C 0.64 0.17 
I 1.00 1.00 
c (veh/h/ln group) 2407 308 
X= vic 0.44 1.02 
r. (ftjs2) 3.5 3.5 
rd (ftfsZ) 4.0 4.0 
~(mVN 5 5 
~I (mi/h) 40 40 
Sa (mi/h) 39.96 39.96 
da (s) 12.04 12.04 
Rp 1.000 1.000 
P 0.64 0.17 
res) 51 116 
tr(S) 0.00 0.01 
q (veh/s) 0.30 0.09 
qg (veh/s) 0.30 0.09 
qr (veh/s) 0.30 0.09 
Ql (veh) 5.36 10.75 
Q;. (veh) 0.13 4.94 
T 0.25 0.25 
Qeo (veh) 0.00 0.00 
~ 0 0 
Qe (veh) 0.00 0.00 
Qb (veh) 0.00 0.00 
~ (veh) 0.00 0.00 
Q(veh) 5.49 15.69 
Lh (ft) 25.02 25.00 
La (ft) 800 200 
Ro 0.17 1.96 

Note: LT = left turn, RT = right turn, TH = through, INT = internal, EXT = external. 

INT-TH,INT-RT 
0.0 

1282 
1751 
64 

0.46 
0.90 
2401 
0.54 
3.5 
4.0 
5 

40 
39.96 
12.04 
1.333 
0.61 
76 

0.00 
0.38 
0.50 
0.27 
6.91 
0.33 
0.25 
0.00 
o 

0.00 
0.00 
0.00 
7.24 
25.02 
800 
0.23 
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EXT-TH INT-LT INT-TH,INT-RT 
g(s) NA 24 64 
g'(s) 89 NA NA 
g/Cor g'/C 0.64 0.17 0.46 
e(veh/h) 2407 308 2401 
X= we 0.44 1.02 0.56 
ch (s/veh) 12.9 58.0 18.81 
k 0.5 0.5 0.5 
c/z (s/veh) 0.6 57.7 1.53 
~ (sjveh) 0.0 0.0 0.0 
km1n 0.04 0.04 0.04 
u 0 0 0 
tOO 0 
d(s/veh) 13.5 115.7 20.34 

Note: LT = left turn, RT = right turn, TH = through, INT = internal, EXT = external, NA = not applicable. 

Results 
This section discusses the estimation of delay experienced by each O-D 

movement and provides the resulting LOS. Delay for each O-D is estimated as a 
sum of the movement delays for each movement utilized by the O-D, as shown 
in Equation 22-1. Next, the vIc and queue storage ratios are checked. If either of 
these parameters exceeds I, the LOS for all O-Ds that utilize that movement will 
be F. Exhibit 22-74 presents the resulting delay, vic, and RQ for each O-D 
movement. As shown, O-D Movement F has a vic and RQ ratio greater than I, 
resulting in a LOS of F. 

0-1) Movement I)ela~ {s) vic> 11 Rg,> 11 LOS 
A 78.9 No No D 
B 55.7 No No D 
C 41.1 No No C 
D 70.0 No No D 
E 33.9 No No C 
F 115.7 Yes Yes F 
G 61.6 No No D 
H 40.0 No No C 
I 33.9 No No C 
J 40.0 No No C 

EXAMPLE PROBLEM 3: OPERATIONAL ANALYSIS FOR INTERCHANGE 
TYPE SELECTION 

The Interchange 

An interchange is to be built at the junction of 1-83 (NB/SB) and Archer Road 
(EB/WB) in an urban area. The interchange type selection methodology is used. 

The Question 

Which interchange type is likely to operate better under the given demands? 

The Facts 

This interchange will have two-lane approaches with single left-turn lanes on 
the arterial approaches. Freeway ramps will consist of two-lane approaches with 
channelized right tums in addition to the main ramp lanes. Default saturation 
flow rates for use in the interchange type selection analysis are given in Exhibit 
22-28. The O-Ds of traffic through this interchange are shown in Exhibit 22-75. 
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Exhibit 22-75 
Example Problem 3: O-D 

Demand Information for the 
Interchange 

Exhibit 22-76 
Example Problem 3: NEMA 

Flows (veh/h) for the 
Interchange 

Example Problems 

Outline of Solution 

O-D Movement 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

2,500 
3,200 

o 
10 

Mapping 0-0 Flows into Interchange Movements 

The primary objective of this example is to compare up to eight interchange 
types against a given set of design volumes. The first step is to convert these O-D 
flows into movement flows through the signalized interchange. The interchange 
type methodology uses the standard NEMA numbering sequence for 
interchange phasing, and Exhibit 22-29 demonstrates which O-Ds make up each 
NEMA phase at the eight interchange types. Exhibit 22-76 shows the 
corresponding volumes for this example on the basis of the O-Ds from Exhibit 
22-75. Since this interchange has channelized right turns, Exhibit 22-77 shows 
only the NEMA phasing volumes utilizing the signals. 

Interchange NEMA Phase Movement Number 
T e 1 2 3 4 5 6 7 8 
SPUI 185 800 400 400 150 1,025 560 350 

Tum /cum 185 950 960 160 1,210 750 
CD! (I) 185 950 960 1,200 
Col (II) 1,150 160 1,210 750 

Pa relo A-4Q (I) 750 960 1,385 
Pardo A-4Q (II) 1,310 985 750 
Parelo A-2Q (I) 750 960 200 1,385 
Pardo A-2Q (II) 225 1,310 985 750 
Pardo B-4Q (I) 185 950 1,200 
Pardo B-4Q (II) 1,150 160 1,210 
Pardo B-2Q (I) 185 950 1/200 400 
Pardo B-2Q ~IQ 1,150 350 160 1/210 

Note: (1) and (II) indicate the intersections within the interchange type; -- indicates that the movement does not 
exist in this interchange type. 
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Interchange 
T e 

NEMA Phase Movement Number 

spur 
TUDI fCUDI 

CDI (I) 
CDr (II) 

Pardo A-4Q (I) 
Pardo A-4Q (II) 
Pardo A-2Q (I) 
Pardo A-2Q (II) 
Pardo B-4Q (I) 
Pardo B-4Q (II) 
Pardo B-2Q (I) 
Pardo B-2Q II 

1 
185 
185 
185 

225 
185 

185 

2 3 
600 400 
750 
750 

1,150 
750 

1,150 
750 

1,150 
750 

1,150 
750 

1,150 

Computation of Critical Flow Ratios 

4 5 6 7 8 
0 150 1,025 560 350 

560 160 1,210 750 
560 1,200 

160 1,210 750 
560 1,385 

985 750 
560 200 1,385 

985 750 
1,200 

160 1,210 
1,200 400 

350 160 1,210 

Comparison between the eight intersection types begins with computation of 
the critical flow ratio at each interchange type. The first intersection type to be 
calculated is the SPUI by using Equation 22-26. On the basis of the default 
saturation flow rate for a SPUI and the values for the NEMA phases, Exhibit 22-
78 shows the output from these calculations for a SPUI. 

Critical flow ratio for the arterial 
movements, A 
Critical flow ratio for the ramp 
movements, R 
Sum of critical flow ratios, Yc 

Signalized Right Turns 

0.368 

0.350 

0.718 

Channelized Right Turns 

0.306 

0.156 

0.462 

( The TUOI critical flow ratios are calculated by using Equation 22-27. Exhibit 

( 

22-79 shows these calculations for a 300-ft distance between the two TUOI 
intersections. 

Signalized Right Turns Channelized Right Turns 
Effective flow ratio for 
concurrent phase when dictated 
by travel time, YI 
Effective flow ratio for 
concurrent Phase 3, )!3 

Effective flow ratio for 
concurrent Phase 7, Y7 
Critical flow ratio for the arterial 
movements, A 
Critical flow ratio for the ramp 
movements, R 
Sum of critical flow ratios, Yc 

0.070 

0.070 

0.070 

0.461 

0.474 

0.935 

0.070 

0.070 

0.070 

0.294 

0.315 

0.609 

The CUOI critical flow ratios are calculated by using Equation 22-28. Exhibit 
22-80 shows these calculations for a CUOI with the given 0-0 flows. 
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Exhibit 22-17 
Example Problem 3: NEMA Flows 
for the Interchange Without 
Channelized Right Turns 

Exhibit 22-78 
Example Problem 3: SPUI Critical 
Flow Ratio Calculations 

Exhibit 22-79 
Example Problem 3: TUDI Critical 
Flow Ratio Calculations 
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Exhibit 22-80 
Example Problem 3: CUDI 

Critical Flow Ratio 
Calculations 

Exhibit 22-81 
Example Problem 3: CDI 

Critical Flow Ratio 
Calculations 

Exhibit 22-82 
Example Problem 3: Pardo 

A-4Q Critical Flow Ratio 
Calculations 

Example Problems 

Flow ratio for Phase 2 with 
consideration of prepositioning, Yi 
Flow ratio for Phase 6 with 
consideration of prepositioning, Y6 
Critical flow ratio for the arterial 
movements, A 
Critical flow ratio for the ramp 
movements, R 
Sum of critical flow ratios, Yc 

Signalized Right Turns 

0.264 

0.208 

0.373 

0.267 

0.640 

Channelized Right Turns 

0.208 

0.208 

0.332 

0.156 

0.488 

The CDI, Pardo A-4Q Pardo A-2Q Pardo B-4Q and Pardo B-2Q all use 
separate controllers. For these interchanges the critical flow ratios are calculated 
for each intersection, and then the maximum is taken for the overall interchange 
critical flow ratio. These numbers are all calculated by using Equation 22-29 and 
the default saturation flows. Exhibit 22-81 through Exhibit 22-85 show the 
calculations for these interchanges utilizing two controllers. 

Critical flow ratio for the arterial 
movements at Intersection I, Al 

Critical flow ratio for the ramp 
movements at Intersection I, RI 

Sum of critical flow ratios at 
Intersection I, Yc;l 

Critical flow ratio for the arterial 
movements at Intersection II, All 

Critical flow ratio for the ramp 
movements at Intersection II, RJI 

Sum of critical flow ratios at 
Intersection II, Yc;u 

Maximum sum of critical flow ratios, 
Yc 

Critical flow ratio for the arterial 
movements at Intersection I, Al 
Critical flow ratio for the ramp 
movements at Intersection I, RI 
Sum of critical flow ratios at 
Intersection I, Yc;f 
Critical flow ratio for the arterial 
movements at Intersection II, All 
Critical flow ratio for the ramp 
movements at Intersection II, RIJ 
Sum of critical flow ratios at 
Intersection II, Yc;ll 
Maximum sum of critical flow ratios, 
Yc 
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Signalized Right Turns Channelized Right Turns 

0.373 0.333 

0.282 0.165 

0.655 0.498 

0.430 0.368 

0.221 0.118 

0.651 0.486 

0.655 0.498 

Signalized Right Turns Channelized Right Turns 

0.385 0.333 

0.282 0.282 

0.667 0.615 

0.364 0.333 

0.208 0.111 

0.572 0.444 

0.667 0.615 
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Critical flow ratio for the arterial 
movements at Intersection I, AI 

Critical flow ratio for the ramp 
movements at Intersection I, RI 

Sum of critical flow ratios at 
Intersection I, Yc;I 

Critical flow ratio for the arterial 
movements at Intersection II, AI! 

Critical flow ratio for the ramp 
movements at Intersection II, RII 

Sum of critical flow ratios at 
Intersection II, Y<;II 
Maximum sum of critical flow ratios, 
Yc 

Critical flow ratio for the arterial 
movements at Intersection I, AI 

Critical flow ratio for the ramp 
movements at Intersection I, RI 

Sum of critical flow ratios at 
Intersection I, Yc;T 

Critical flow ratio for the arterial 
movements at Intersection II, AIl 

Critical flow ratio for the ramp 
movements at Intersection II, RIl 

Sum of critical flow ratios at 
Intersection II, YqII 
Maximum sum of critical flow ratios, 
Yc 

Critical flow ratio for the arterial 
movements at Intersection I, AI 
Critical flow ratio for the ramp 
movements at Intersection I, RI 
Sum of critical flow ratios at 
Intersection I, Y<;I 
Critical flow ratio for the arterial 
movements at Intersection II, All 
Critical flow ratio for the ramp 
movements at Intersection II, RTf 
Sum of critical flow ratios at 
Intersection II, Y<;JI 
Maximum sum of critical flow ratiOS, 
Yc 

Chapter 22/Interchange Ramp Terminals 
December 2010 

Signalized Right Turns 

0.502 

0.282 

0.784 

0.430 

0.221 

0.651 

0.784 

Signalized Ri(lht Turns 

0.373 

0.000 

0.373 

0.430 

0.000 

0.430 

0.430 

Signalized Right Turns 

0.373 

0.111 

0.484 

0.430 

0.103 

0.533 

0.533 
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Channelized Right Turns 

0.451 

0.165 

0.616 

0.452 

0.111 

0.563 

0.616 

Channelized Right Turns 

0.333 

0.000 

0.333 

0.368 

0.000 

0.368 

0.368 

Channelized Right Turns 

0.333 

0.111 

0.444 

0.368 

0.103 

0.471 

0.471 

Exhibit 22-83 
Example Problem 3: Parclo A-2Q 
Critical Flow Ratio Calculations 

Exhibit 22-84 
Example Problem 3: Parclo B-4Q 
Critical Flow Ratio Calculations 

Exhibit 22-85 
Example Problem 3: Parclo B-2Q 
Critical Flow Ratio Calculations 

Example Problems 

AR0074577 



Highway Capacity Manual2010 

Exhibit 22-86 
Example Problem 3: 

Interchange Delay for the 
Eight Interchange Types 

Example Problems 

Estimation of Interchange Delay 

Estimation of interchange delay is the final step when interchange types are 
compared. On the basis of the critical flow ratios calculated previously, Exhibit 
22-36 can be used to calculate the delay at the eight interchange types. Exhibit 22-
86 shows the solutions to these calculations. 

Intersection 
Type 
SPUI 
TUDI 
CUD! 
CDl 

Pardo A-4Q 
Pardo A-2Q 
Parclo B-4Q 
Pardo B-2Q 

Results 

Interchange Delay dIes) 
Right Turns Signalized 

62.9 
217.7 

35.9 
26.6 
26.2 
47.4 
11.9 
30.7 

Interchange Delay d I (s) 
Right Turns Free or YIELD-controlled 

22.0 
33.3 
27.4 
21.7 
21.6 
29.0 
11.3 
29.0 

As demonstrated by Exhibit 22-86, a Parclo B-4Q would be the best 
interchange type to select in terms of operational performance for the given O-D 
flows at this interchange. For the final interchange type selection, however, 
additional criteria should be considered, including those related to economic, 
environmental, and land use concerns. 
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1. INTRODUCTION 

OVERVIEW 

Off-street pedestrian and bicycle facilities are facilities that (a) are used only 
by nonmotorized modes and (b) are not considered part of an urban street or 
transit facility. The second part of this definition excludes facilities located 
directly along an urban street (e.g., bicycle lanes or sidewalks). In general, off
street facilities include those for which the characteristics of motor vehicle traffic 
do not playa strong role in determining the quality of service from the 
perspective of bicyclists and pedestrians. Thus, a shared-use path only 10 ft from 
a roadway but separated by a sound barrier may be considered an off-street 
facility, whereas a sidepath with a 10-ft planted buffer separating it from the 
roadway would generally be considered an on-street facility. 

In general, facilities located within approximately 35 ft of an urban street are 
not considered off-street, although the precise definition of "off-street" varies by 
facility as described earlier. These types of pedestrian and bicycle facilities are 
covered in Chapter 16, Urban Street Facilities, and Chapter 17, Urban Street 
Segments. The definition also excludes crosswalks and queuing areas; these are 
addressed in each of the chapters on intersections (Chapters 18-21). Pedestrian 
components of transit facilities are addressed in the Transit Capacity and Quality of 
Service Manual (1). The 35-ft threshold is based on studies of pedestrian and 
bicycle facilities (2-4) in which it was found that motor vehicle traffic influenced 
pedestrian and bicycle quality of service on facilities located within at least this 
distance of the roadway. 

Chapter 23, Off-Street Pedestrian and Bicycle Facilities, provides capacity 
and level-of-service (LOS) estimation procedures for the types of facilities shown 
below. Examples of each of the following facility types can be found in Chapter 
3, Modal Characteristics: 

• Walkways: paved paths, ramps, and plazas that are generally located 
more than 35 ft from an urban street as well as streets reserved for 
pedestrian traffic on a full- or part-time basis; 

• Stairways: staircases that are part of a longer pedestrian facility; 

• Shared-use paths: paths physically separated from highway traffic for the 
use of pedestrians, bicyclists, runners, inline skaters, and other users of 
nonmotorized modes; and 

• Exclusive off-street bicycle paths: paths physically separated from 
highway traffic for the exclusive use of bicycles. 
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VOLUME 3: INTERRUPTED FLOW 
16. Urban Street Facilities 
17. Urban Street Segments 
18. Signalized Intersections 
19. TWSe Intersections 
20. AWSC Intersections 
21. Roundabouts 
22. Interchange Ramp Terminals 
23. Off-Street Pedestrian and 

Bicycle Facilities 

Pedestrian capacity concepts are the 
same across facility types (i.e., 
exclusive off-street facilities, on-street 
facilities, and transit facilities). 
However, LOS thresholds for transit 
facilities allow higher levels of 
crowding for a given LOS than do the 
thresholds for nontransit facilities. 

Off-street facilities are those 
generally located more than 35 ft 
from a roadway, although the exact 
distance may val}' on the basis of the 
local context. 

Introduction 
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LOS does not reflect whether a 
facility complies with the ADA 
or other standards. 

Introduction 

ANALYSIS BOUNDARIES 

The analysis of off-street pedestrian and bicycle facilities occurs at the 
segment level. A segment ends and a new segment begins when any of the 
following occur: 

• There is a street crossing; 

• The width of the facility changes significantly; 

• There is an intersection with another exclusive pedestrian or bicycle 
facility, where user volumes change significantly or cross flows are 
created; or 

• The type of facility changes (e.g., where a walkway becomes a stairway). 

lOS CRITERIA 

The LOS thresholds defined for each of the off-street pedestrian and bicycle 
facilities are presented in this section. Three types of service measures are 
defined: 

• For pedestrians on exclusive pedestrian facilities, pedestrian space (square 
feet per pedestrian); 

• For pedestrians on facilities shared by pedestrians and bicycles, the 
number of bicycle meeting and passing events per hour; and 

• For bicycles on both shared-use and exclusive paths, a bicycle LOS score 
incorporating meetings per minute, active passings per minute, presence 
of a centerline, path width, and delayed passings. 

Exhibit 23-1 through Exhibit 23-5 provide five LOS tables: four for pedestrian 
facilities and one for bicycle facilities. As described in Chapter 4, Traffic Flow 
and Capacity Concepts, pedestrian flow rates and speeds are directly related to 
the average space occupied by a pedestrian. These values are given for reference 
in the space-based LOS tables along with the corresponding range of volume-to
capacity (vic) ratios; however, the actual LOS in those tables are based on space 
per pedestrian. 

The LOS thresholds are based on user perception research where available 
and in other cases on expert judgment. LOS does not reflect whether a facility 
complies with the Americans with Disabilities Act (ADA) or other standards. 

Walkways 

The walkway LOS tables apply to paved pedestrian paths, pedestrian zones 
(exclusive pedestrian streets), walkways and ramps with up to a 5% grade, and 
pedestrian walking zones through plaza areas. Exhibit 23-1 applies when 
pedestrian flow along the facility is random. Exhibit 23-2 applies when platoons 
of pedestrians form along the facility, for example, when a signalized crosswalk 
is located at one end of the portion of the facility being analyzed. 

Cross flows occur at the intersection of two approximately perpendicular 
pedestrian streams (e.g., where two walkways intersect or at a building 
entrance). Because of the increased number of conflicts that occur between 
pedestrians, walkway capacity is lower in a cross-flow situation than along other 
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parts of the walkway. In cross-flow locations, the LOS E-F threshold is 13 ft2!p, 
as indicated in the notes for Exhibit 23-1 and Exhibit 23-2. 

LOS 

Average 
Space 
(ft2/p) 

Rela~" Measures 
Flow Rate Average 

(p/min/ft)a Speed (ft/s) v/C~tiC)b Comments 

:55 >4.25 :50.21 
Ability to move in desired path, no 
need to alter movements 

A >60 

>5-7 >4.17-4.25 >0.21-0.31 
Occasional need to adjust path to 
avoid conflicts 

B >40-60 

>7-10 >4.00-4.17 >0.31-0.44 
Frequent need to adjust path to 
avoid conflicts 

C >24-40 

>10-15 >3.75-4.00 >0.44-0.65 
Speed and apility to pass slower 
pedestrians restricted 

D >15-24 

>15-23 >2.50-3.75 >0.65-1.00 
Speed restricted, very limited 
ability to pass slower pedestrians 

E >8-15c 

Variable :52.50 Variable 
Speeds severely restricted, 
frequent contact with other users 

F :58" 

Notes: Exhibit 23-1 does not apply to walkways with steep grades (>5%). See the Special Cases section for 
further discussion. 
a Pedestrians per minute per foot of walkway width. 
b we ratio = flow rate/23. LOS is based on average space per pedestrian. 
C In cross-flow situations, the LOS E-F threshold is 13 W/p. 

Related 
Average Measure 
Space Flow Ratea 

(ft2/p) (p/min/ft)b. Comments 
----'::.::"=-----'-"-'>'=5~30~-+--'-J'"L:.:.:5:.::0'-':.5~~········ AbiiiiYto-rii":.o-ve--:-in---:de-s-c-ir-e-:d-p-a-:Cth:-,-n-o-ne-e-d:-t:-o-a--:lt:-e-r-m-o-v-e-m-e-n-ts-

LOS 
A 
B 
C 
D 

E 

F 
Notes: 

>90-530 >0.5-3 Occasional need to adjust path to avoid conflicts 
>40-90 >3-6 Frequent need to adjust path to avoid conflicts 
>23-40 >6-11 Speed and ability to pass slower pedestrians restricted 
> 11-23c >11-18 Speed restricted, very limited ability to pass slower 

pedestrians 
< 11 C > 18 Speeds severely restricted frequent contact with other users 

a Rates In the table represent average flow rates over a 5-min period. Flow rate is directly related to space; 
however, LOS Is based on average space per pedestrian. 
b Pedestrians per minute per foot of walkway width. 
C In cross-Row situations, the LOS E-F threshold is 13 W/p. 

Stairways 

Exhibit 23-3 provides the LOS criteria for stairways. 

Average Related Measures 
Flow Rate Space 

LOS (fe/p) (p/min/ft}8 v/cRatiob Comments 

A >20 :55 :5 0.33 No need to alter movements 

B >17-20 >5-6 >0.33-0.41 Occasional need to adjust path to avoid conflicts 

C >12-17 >6-8 >0.41-0.53 Frequent need to adjust path to avoid conflicts 
D >8-12 >8-11 >0.53-0.73 Limited ability to pass slower pedestrians 

E >5-8 >11-15 >0.73-1.00 Very limited ability to pass slower pedestrians 

F :55 Variable Variable 
Speeds severely restricted, frequent contact with 
other users 

Notes: a Pedestrians per minute per foot of walkway Width. 
b we ratio'" flow rate/iS. LOS is based on average space per pedestrian. 
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Exhibit 23-1 
Average Flow LOS Criteria for 
Walkways 

Exhibit 23-2 
Platoon-Adjusted LOS 
Criteria for Walkways 

Exhibit 23-3 
LOS Criteria for Stairways 
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Exhibit 23-4 
Pedestrian LOS Criteria for 

Shared-Use Paths 

Exhibit 23-5 
LOS Criteria for Bicycles on 

Shared-Use and Exclusive 
Paths 

Exhibit 23-6 
Required Input Data by 

Exclusive Pedestrian and 
Bicycle Facility Type 

Introd uction 

Pedestrians on Shared-Use Paths 

Exhibit 23-4 shows LOS criteria for paths shared between pedestrians and 
bicycles. 

Weighted Related Measure 
Event Bicycle Service Flow Rate 

lOS Rate/h per Direction (bicycles/h) Comments 
A 5'~3~8'·cc. +·--£~~~==5~2~8~~==~~~O-p~ti-m-u-m-c-o-n~d~iti~o-ns-,-c-o-nf~li~ct-s-w~it~h·-'b'icy······c··cles--ra-r--e 

B >38-60 >28--44 Good conditions, few conflicts with bicycles 
C >60-103 >44-75 Difficult to walk two abreast 
D >103-144 >75-105 Frequent conflicts with cyclists 
E >144-180 >105-131 Conflicts with cyclists frequent and disruptive 
F > 180 > 131 Significant user conflicts, diminished experience 

Notes: An "event" is a bicycle meeting or passing a pedestrian. 
Bicycle service volumes are shown for reference and are based on a SO/50 directional split of bicycles; LOS 
is based on number of events per hour and applies to any directional split. 

Exclusive and Shared Bicycle Facilities 

Exhibit 23-5 provides LOS criteria for bicyclists on both shared-use and 
exclusive off-street paths. 

lOS 
A 
B 
C 
D 
E 
F 

Bicycle lOS Score 
>4.0 

>3.5--4.0 
>3.0-3.5 
>2.5-3.0 
>2.0-2.5 

52.0 

REQUIRED INPUT DATA 

Comments 
Optimum conditions, ample ability to absorb more riders 
Good conditions, some ability to absorb more riders 
Meets current demand, marginal ability to absorb more riders 
Many conflicts, some reduction in bicycle travel speed 
Very crowded, with significantly reduced bicycle travel speed 
Si nificant user conflicts and diminished ex erience 

The input data required to perform an analysis differ depending on the type 
of facility and user being analyzed. Exhibit 23-6 shows the required input data 
for each of the facility types addressed in this chapter. 

_F'=--e=:d=ce=:s::.::t=-:ric::::a::.::nL/=B::.::icy:L;::d:.::e:...:F:..:a:::::c""il:.::.:ity=-<-___ -":'Required In.o::.p.:::u.::.t:=Dcca=ta"--_________ --=:S.L.y""m==b'-=o'-'-l 
Effective walkway width Ew 

_W __ a_lk_w_a_ys_,_s_ta_irw_a_y_s _______ ='pe"'a'-Ck:,.:1;:::5'-.-m'-7in Qedestrian v:::.ol'-"u::c.m""e'---_________ ----':v1'!:"s_ 

Directional hourly bicycle volumes Qb 
Pedestrians on shared-use paths 

Bicycles on shared-use and exclusive 
paths 

Mean pedestrian speed Sp 
Mean bicycle speed . Sb 
Directional hourly path volumes Qr 
Path mode split by user group PI 
Path peak hour factor PHF 
Mean and standard deviation of speed by user j.1" (YI 

group 
Path width 
Presence of centerline on path 
Proportion of users blocking two lanes by user 

grOUp (three- and four-lane paths only) 

SCOPE Of THE METHODOLOGY 

Methodologies are described for evaluating the LOS of pedestrian and 
bicycle facilities that are separate from, and unaffected by, motor vehicle traffic. 
Other chapters in Volumes 2 and 3 provide methodologies for determining 
pedestrian and bicycle LOS on roadway system elements with motor vehicle 
traffic. The procedures may be applied in an approximate manner to pedestrian 
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zones (exclusive pedestrian streets), plazas, and ramps with grades exceeding 
5%, as described later in the Special Cases section. 

The analysis methodologies are based solely on facility characteristics and do 
not consider external factors that may also affect quality of service, such as 
weather, landscaping, adjacent land uses, and lighting conditions, which may 
also affect users' perceptions of a facility. 

Much of the material in this chapter is the result of research sponsored by the 
Federal Highway Administration (5-7). Both commuter and recreational 
bicyclists were included in the off-street bicycle path research (7). 

LIMITATIONS OF THE METHODOLOGY 

In this chapter each of the facilities is treated from the point of view of 
pedestrians or bicyclists. Procedures for assessing the impact of pedestrians and 
bicyclists on other facility users (e.g., inline skaters) are not considered. 
Additional information on other users may be found elsewhere (8). The 
methodology does not address LOS for pedestrians with disabilities, including 
vision or mobility impairments. The reader is encouraged to consult material 
published by the United States Access Board to ensure compliance with the 
ADA. 

The analysis methodologies presented here do not consider the continuity of 
walkways, bikeways, and shared-use paths in detennining the LOS. Facilities 
that are interrupted with frequent roadway crossings will provide lower 
capacities and travel speeds than facilities with long, uninterrupted stretches. In 
addition, roadway crossings, especially crossings of high-volume or high-speed 
facilities, may negatively affect the pedestrian and bicycle environment and user 
perceptions of quality of service. However, the methodologies described here 
only consider discrete, uninterrupted facilities and do not assess the impact of 
intersections with other facilities. 

Pedestrian Facilities 

The capacity of pedestrian facilities is based on research conducted on 
constrained facilities (e.g., bridges and underground passageways), where there 
is no opportunity for pedestrians to walk outside the designated area. Off-street 
pedestrian facilities, in contrast, typically have no barriers keeping pedestrians to 
the designated path. As a result, these facilities reach effective failure (Le., 
pedestrian spillover) at densities less than their capacity. For this reason, in 
combination with considerations of general pedestrian comfort, off-street 
walkways are desirably designed to achieve LOS C or better, based on pedestrian 
space, rather than for capacity conditions. The methodologies are generally 
appropriate regardless of the type of surface used for the pedestrian facility. 

Exclusive Bicycle Facilities 

The methodology for exclusive bicycle facilities is based on research 
conducted only on paved surfaces and may not be applicable to soft surfaces 
such as gravel, dirt, or wood chips. 
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The methodology does not 
address the impact of roadway 
crossings on the LOS of off
street paths. 

Where the opportunity exis5; 
pedestrians will spill over the edges 
of a walkway at densities below 
capadty. 

The exdusive bicyde fadlity 
methodology may not be applicable 
to fad/ities with soft surfaces. 
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The pedestrian shared-use
path methodology does not 
account for the effects of 
nonbicyc/ist users of the path 
on pedestrian LOS. 

Introduction 

Shared-Use Paths 

The methodology for shared-use paths does not account for the effect on 
pedestrian LOS of path width or the impact of meeting and passing events. No 
credible data were found on fixed objects and their effects on users of these types 
of facilities. The methodology also does not account for the effect of nonbicyclist 
users of the path (e.g., skateboarders, inline skaters) on pedestrians. However, it 
is expected that pedestrians will often encounter these users on shared-use paths 
and that because of their higher speeds, these users can have a negative effect on 
pedestrian LOS. 

The methodology for bicycle LOS on shared-use paths incorporates the 
effects of five user groups: bicyclists, pedestrians, runners, inline skaters, and 
child bicyclists. However, several path user groups that may be a part of the mix 
on some trails are not incorporated, including push scooter users, wheelchair 
users, equestrians, cross-country skiers, and users of electric vehicles. The 
methodology is based on research conducted only on paved surfaces and may 
not be applicable to soft surfaces such as gravel, dirt, or wood chips. The 
methodology is not applicable for paths wider than 20 ft. This methodology was 
developed from data collected on two-way paths but may be applied to one-way 
paths by setting opposing volumes equal to zero. 

Some shared-use paths are signed or striped, or both, to segregate pedestrian 
and bicycle traffic. The research that developed the shared-use-path 
methodology did not address those kinds of paths; guidance on such paths may 
be found in the Special Cases section. 
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2. METHODOLOGY 

OVERVIEW 

Off-street pedestrian and bicycle facilities serve only nonmotorized traffic 
and are separated from motor vehicle traffic to the extent that such traffic does 
not affect their quality of service. Thus, although sidewalks primarily serve only 
pedestrians, they are not addressed in this chapter-the quality of service 
afforded to pedestrians on sidewalks depends in part on the presence and 
characteristics of the adjacent motor vehicle traffic. 

Procedures for estimating LOS are separated into three main categories: 
exclusive pedestrian facilities, exclusive bicycle facilities, and shared pedestrian 
and bicycle facilities. Separate methodologies are provided to assess pedestrian 
and bicycle LOS on shared facilities. 

There are three general categories of exclusive pedestrian facilities: 
walkways, cross-flow areas, and stairways. The LOS thresholds for each category 
are different, but all are based on the concept of space per pedestrian, which is a 
measure of pedestrian comfort and mobility. Exhibit 23-7 illustrates the steps 
taken to determine the LOS of exclusive off-street pedestrian facilities. 

Step 1: Determine the effective walkway width I 

! 
Step 2: Calculate the pedestrian flow rate 

1 
Step 3: Calculate the average pedestrian space I 

1 
Step 4: Determine lOS 

Exhibit 23-1 (walkways without platooning) 
Exhibit 23-2 (walkways with platooning) 

Exhibit 23-3 (stairways) 

I Step 5: Calculate the volume-to-capacity ratio I 

LOS for pedestrians on shared off-street bicycle and pedestrian facilities is 
based on the number of events during which a pedestrian either meets an 
oncoming bicyclist or is passed by a bicyclist. As the number of events increases, 
the pedestrian LOS decreases because of reduced comfort. Exhibit 23-8 shows the 
steps taken to determine shared-facility LOS. 
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Sidewalks and bicycle facilities along 
urban streets are addtessed in 
Chapter 17, Urban Street Segments. 

Bicycle facilities on multilane and 
two-lane highways are addressed in 
Chapters 14 and 1~ respectively. 

Exhibit 23-7 
Flowchart for Analysis of Exclusive 
Off-Street Pedestrian Facilities 
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Exhibit 23-8 
Flowchart for Analysis of 

Pedestrian LOS on Shared 
Off-Street Facilities 

Exhibit 23-9 
Flowchart for Analysis of 

Bicycle LOS on Off-Street 
Facilities 

Methodology 

Step 1: Gather input data 
Hourly pedestrian and bicycle demands by direction 

Bicycle and pedestrian speeds 

I Step 2: Calculate the number of bicycle passing and meeting events I 

! 
I 

Step 3: Determine lOS I 
Exhibit 23-4 J 

Bicycle LOS on exclusive and shared-use off-street bicycle facilities is based 
on user perceptions of how the LOS of shared-use paths changes according to 
several different factors. These factors are combined into a single bicycle LOS 
score. LOS thresholds relate to a specific range of LOS score values. Exhibit 23-9 
shows the steps taken to determine the LOS of off-street bicycle facilities. 

Step 1: Gather input data 
For each modal user (pedestrians, bicyclists, inline skaters, runners, and child bicyclists): 

Hourly demands by direction, speeds, and mode split 
For the facility: 

Path width, centerline presence 

I Step 2: Calculate active passings per minute I 
! 

I Step 3: Calculate meetings per minute I 
! 

I Step 4: Determine the number of lanes I 

J 
I Step 5: Calculate the probability of delayed passing I 

! 
I Step 6: Calculate delayed passings per minute I 

! 
I Step 7: Determine lOS I 

Exhibit 23-5 

I Step 8: Adjust LOS for low-volume paths I 
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EXCLUSIVE OFF-STREET PEDESTRIAN FACILITIES 

Step 1: Determine Effective Walkway Width 

Walkways and Cross-Flow Areas 

Effective walkway width is the portion of a walkway that can be used 
effectively by pedestrians. Various types of obstructions and linear features, 
discussed below, reduce the walkway area that can be effectively used by 
pedestrians. The effective walkway width at a given point along the walkway is 
computed as follows: 

where 

WE effective walkway width (ft), 

WT total walkway width at a given point along walkway (ft), and 

Wo sum of fixed-object effective widths and linear-feature shy distances at 
a given point along walkway (ft). 

Exhibit 23-10 illustrates a portion of a sidewalk or walkway. The general 
concepts shown are applicable both to sidewalks along urban streets and to 
exclusive off-street paths not located adjacent to a street. Linear features such as 
the street curb, the low wall, and the building face each have associated shy 
distances. The shy distance is the buffer that pedestrians give themselves to avoid 
accidentally stepping off the curb, brushing against a building face, or getting too 
close to other pedestrians standing under awnings or window shopping. Fixed 
objects, such as the tree, have effective widths associated with them. The fixed
object effective width includes the object's physical width, any functionally 
unusable space (e.g., the space between a parking meter and the curb or the 
space in front of a bench occupied by people's legs and belongings), and the 
buffer given the object by pedestrians. 

1.5 ft I ! 1.5 ft 

Tota

J
, w,,,.,,wid,", W, 0,'" ' '''''''', w"l' wid'", ;' 

1.5 ftl x-x-x -x ~~:r-----------========I- 2.0 ft 
Object line (fence or low wail) • Building face with Window display 

= Shy distance ~::3 = Fixed-object effective width 

Exhibit 23-10 also shows that the effective width of a fixed object extends 
over an effective length that is considerably longer than the object's physical 
length. The effective length represents the portion of the walkway that is 
functionally unusable because pedestrians need to move to one side ahead of 
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Equation 23-1 

Shy distance is a buffer that 
pedestrians leave between 
themselves and linear objects along a 
walkwa~ such as curbs and building 
faces. 

Exhibit 23-10 
Width Adjustments for Fixed 
Obstacles 

The concept of effective width applies 
to both on-street and off-street 
facilities. Because of the proximity of 
the street in Exhibit 23-10, the 
sidewalk here would be considered 
an on-street pedestrian facility. 

The street is shown so that all factors 
that can influence the effective width 
of walkways can be depicted in one 
place. 
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Exhibit 23-11 
Typical Fixed-Object 

Effective Widths 

See Exhibit 23-10 for shy 
distances associated with 
curbs and building faces. 

Pedestrians tend to walk in 
lines or lanes on stairways; 
thus, meaningful increases in 
capadty are related to the 
number of pedestrian lanes 
available. 

Methodology 

time to get around a fixed object. The effective length of a fixed object is assumed 
to be five times the object's effective width. 

Typically, a walkway operational analysis evaluates the portion of the 
walkway with the narrowest effective width, since this section forms the 
constraint on pedestrian flow. A design analysis identifies the minimum effective 
width that must be maintained along the length of the walkway to avoid 
pedestrian queuing or spillover. 

Exhibit 23-11 gives the effective widths of a variety of typical fixed objects 
found along on- and off-street pedestrian facilities. The values in Exhibit 23-1] 
can be used when specific walkway configurations are not available. 

Stairways 

Fixed Object _ _ -::::-:-_::-=_-:-:-__ -=E=ff'-"e'-=c=ti-'-ve=-Width (ft) 
Street Furniture 

Light pole 
Traffic signal poles and boxes 
Fire alarm boxes 
Fire hydrants 
Traffic signs 
Parking meters 
Mail boxes (1.7 ft x 1.7 ft) 
Telephone booths (2.7 ft x 2.7 ft) 
Trash cans (1.8 ft diameter) 
Benches 
Bus shelters (on sidewalk) 

_-,-_____ ...:.P-'u=blic Underground Access 
Subway stairs 
Subway ventilation gratings (raised) 
Transformer vault ventilation gratings (raised) 

2.5-3.5 
3.0--4.0 
2.5-3.5 
2.5-3.0 
2.0-2.5 

2.0 
3.2-3.7 

4.0 
3.0 
5.0 

6.0-7.0 

5.5-7.0 
6.0+ 
6.0+ 

Landscap!!!g. _ ________ _ 
Trees 
Planter bo"-'x.:.::e:--s ____ _ ____ _ _ 

3.0--4.0 
5.0 

-:-:-_ --,---, _____ -=c'-=o"-'m"'m= erc.=ia=I...:U""s""e=s _ __ -c--c--:-=-.,--__ 

Newsstands 4.0-13.0 
Vending stands Variable 
Advertising and store displays Variable 
Sidewal k cafes (two rows of tables) 7.0 

Columns 
Stoops 
Cellar doors 
Standpipe connections 
Awning poles 

Building Protrusions 

Truck docks (trucks protruding) 
Garage entrance/exit 
Driveways 

Source: Pushkarev and Zupan (9). 

2.5-3.0 
2.0-6.0 
5.0-7.0 

1.0 
2.5 

Variable 
Variable 
Variable 

A stairway'S capacity is largely affected by its width. Unlike walking on a 
level surface, traversing stairs tends to make people walk in lines or lanes. The 
width of a stairway determines both the number of distinct lines that can 
traverse the stair and the side-to-side spacing between them, affecting both the 
ability of faster pedestrians to pass slower-moving pedestrians and the level of 
interference between adjacent lines of people. The consequence is that 
meaningful increases in capacity are not linearly proportional to the width but 
occur in increments of about 30 in. (1) . 
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On stairways (in contrast to walkways), a minor pedestrian flow in the 
opposing direction can result in reduced capacity disproportionate to the 
magnitude of the reverse flow. As a result, a small reverse flow should be 
assumed to occupy one pedestrian lane or 30 in. of the stair's width. For a 
stairway with an effective width of 60 in. (5 ft), a small reverse flow could 
consume half its capacity (1). The allowance for small reverse flows, when used, 
is included as part of the Wo term in Equation 23-1. 

Step 2: Calculate Pedestrian Flow Rate 

Walkways and Cross-Flow Areas 

Hourly pedestrian demands is used as an input to the analysis. Consistent 
with the general analysis procedures used throughout the HCM, hourly demand 
is usually converted into peak 15-min flows, so that LOS is based on the busiest 
15 consecutive minutes during an hour: 

V15 = 4xPHF 

where 

VIS pedestrian flow rate during peak 15 min (plh), 

Vh pedestrian demand during analysis hour (p/h), and 

PHF peak hour factor. 

However, if peak-15-min pedestrian volumes are available, the highest 15-
min volume can be used directly without the application of a peak hour factor. 

Next, the peak 15-min flow is converted into a unit flow rate (pedestrians per 
minute per foot of effective path width): 

where Vp is pedestrian flow per unit width (p/ft/min) and all other variables are 
as previously defined. 

Stairways 

Because pedestrians use more energy to ascend stairs than to descend them, 
lower flow rates typically occur in the ascending direction. For this reason, when 
stairs serve both directions simultaneously or when the same stairway will be 
used primarily in the up direction during some time periods and primarily in the 
down direction during other time periods, the upward flow rate should be used 
for analysis and design (1). The calculation of pedestrian flow rate for stairways 
is otherwise the same as that described for walkways and cross-flow areas. 
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Small reverse flows on stairways 
should be assumed to use one 
pedestrian lane (30 in.) of width. 

Equation 23-2 

Equation 23-3 

Critical pedestrian flows on stairs 
occur in the up direction. 
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1 
Space = Density 

Equation 23-4 

Ramps with grades of 5% or 
less can be treated as 
walkways for the purpose of 
determining LOS. 

Platooning on walkways. 

Methodology 

Step 3: Calculate Average Pedestrian Space 

The service measure for walkways is pedestrian space, the inverse of density. 
Pedestrian space can be directly observed in the field by measuring a sample 
area of the facility and determining the maximum number of pedestrians at a 
given time in that area. The pedestrian unit flow rate is related to pedestrian 
space and speed: 

where 

Ap pedestrian space (ft2/p), 

Sp 
A=-

p V 
p 

Sp pedestrian speed (H/min), and 

vI' pedestrian flow per unit width (p/ft/min). 

Step 4: Determine lOS 

Walkways with Random Pedestrian Flow 

Where pedestrian flow on the path is not influenced by platooning (see next 
subsection), Exhibit 23-1 should be used to determine pedestrian LOS. 

Research (9-11) has shown that pedestrian speeds on ramps with grades up 
to 5% are not significantly different from speeds on level walkways but that 
speeds decrease at higher grades. Therefore, the walkway LOS values are also 
applicable to ramps with grades of 5% or less. Ramps with steeper grades are 
discussed later in this chapter in the Special Cases section. The walkway LOS 
values can also be adapted to pedestrian plazas and pedestrian zones (exclusive 
pedestrian streets), as discussed in the Special Cases section. 

Walkways with Platoon Flow 

It is important for the analyst to determine whether platooning alters the 
underlying assumptions of random flow in the LOS calculation. Platoons can 
arise, for example, if entry to a walkway segment is controlled by a traffic signal 
at a street crossing or if pedestrians arrive at intervals on transit vehicles. 

Where platooning occurs, the pedestrian flow is concentrated over short time 
periods rather than being distributed evenly throughout the peak 15-min 
analysis period. The available space for the typical pedestrian under these 
circumstances is much more constrained than the average space available with 
random arrival would indicate. There is no strict definition for what constitutes 
platooning rather than random flow; observations of local conditions and 
engineering judgment should be used to determine the most relevant design 
criteria (i.e., platoons versus random flow). 

If platooning occurs, Exhibit 23-2 should be used to determine LOS. Research 
(9) indicates that impeded flow starts at 530 fF/p, which is equivalent to a flow 
rate of 0.5 p/min/ft. This value is used as the LOS A-B threshold. The same 
research shows that jammed flow in platoons starts at 11 fF/p, which is 
equivalent to 18 p/min/ft. This value is used as the LOS E-F threshold. 
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Cross-Flow Areas 

A cross flow is a pedestrian flow that is approximately perpendicular to and 
crosses another pedestrian stream, for example, at the intersection of two. 
walkways or at a building entrance. In general, the lesser of the two flows is 
referred to as the cross-flow condition. The same procedure used to estimate 
walkway space is used to analyze pedestrian facilities with cross flows. As 
shown in the footnotes to Exhibit 23-1 and Exhibit 23-2, the LOS E threshold (Le., 
capacity) in cross-flow situations occurs at a lower density than that for 
walkways without cross flows (12). 

Stairways 

Research (13) has developed LOS thresholds based on the Institute of 
Transportation Engineers stairway standards, which provide the space and flow 
values given in Exhibit 23-3. As with walkways, stairway LOS is described by the 
service measure of pedestrian space, expressed as square feet per pedestrian. 

Step 5: Calculate Volume-to-Capacity Ratio 

The volume-to-capacity (vic) ratio can be computed by using the following 
values of capacity for various exclusive pedestrian facilities: 

• Walkways with random flow: 23 p/min/ft, 

• Walkways with platoon flow (average over 5 min): 18 p/min/ft, 

• Cross-flow areas: 17 p/min/ft (sum of both flows), and 

• Stairways (up direction): 15 p/min/ft in the ascending direction. 

SHARED-USE PATHS 

Shared-use pedestrian-bicycle paths typically are open to users of 
nonmotorized modes such as bicyclists, skateboarders, and wheelchair users. 
Shared-use path.." are often constructed to serve areas without city streets and to 
provide recreational opportunities for the public. These paths are also common 
on university campuses, where motor vehicle traffic and parking are often 
restricted. In the United States, there are few paths exclusively for pedestrians
most of£-str~et paths are for shared use. 

Bicycles-because of their markedly higher speeds-have a negative effect 
on pedestrian capacity and LOS on shared-use paths. However, it is difficult to 
establish a bicycle-pedestrian equivalent because the relationship between the 
two differs depending on their respective flows and directional splits, among 
other factors. This section covers pedestrian LOS on shared-use paths. Bicyclists 
have a different perspective, as discussed in the following section. 

Step 1: Gather Input Data 

The following input data are required for the analysis: 

• Hourly pedestrian and bicycle demands by direction, and 

• Average pedestrian and bicycle speeds. 
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Cross-flow LOS thresholds are 
identical to those for walkways., 
except for the LOS E-F threshold. 
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LOS is based on the overtaking 
of pedestrians by bicyclists. 
Pedestrian-ta-pedestrian 
interaction is typically 
negligible. 

Equation 23-5 

Equation 23-6 

Meeting events create less 
hindrance than overtaking 
events. 

Methodology 

Step 2: Calculate Number of Bicycle Passing and Meeting Events 

LOS for shared-use paths is based on hindrance. Research (14) has 
established LOS thresholds for pedestrians based on the frequency of passing (in 
the same direction) and of meeting (in the opposite direction) other users. 
Because pedestrians seldom overtake other pedestrians, pedestrian LOS on a 
shared-use path depends on the frequency with which the average pedestrian is 
met and overtaken by bicyclists (14). However, the analyst should observe 
pedestrian behavior in the field before assuming that pedestrian-to-pedestrian 
interaction is negligible. The shared-use-path methodology does not account for 
events with users other than bicyclists (e.g., inline skaters). 

The average number of passing and meeting events per hour is calculated by 
Equation 23-5 and Equation 23-6. These equations do not account for the range of 
bicycle speeds encotmtered in practice; however, because of the limited degree of 
overlap between the speed distributions of bicyclists and pedestrians, the 
resulting difference is practically insignificant. 

For one-way paths, there are no meeting events, so only Fp, the number of 
passing events, needs to be calculated. Paths 15 ft or more in width may 
effectively operate as two adjacent one-way facilities, in which case F m may be set 
to zero. 

F =~(l- SPJ 
P PHF Sb 

F = Qob (1 + S P J 
In PHF S 

b 

where 

Fp number of passing events (events/h), 

F", number of meeting events (events/h), 

Qsb bicycle demand in same direction (bicycles/h), 

Qab bicycle demand in opposing direction (bicycles/h), 

PHF peak hour factor, 

Sp mean pedestrian speed on path (mi/h), and 

Sb mean bicycle speed on path (mi/h). 

Meeting events allow direct visual contact, so opposing-direction bicycles 
tend to cause less hindrance to pedestrians. To account for the reduced 
hindrance, a factor of 0.5 is applied to the meeting events on the basis of 
theoretical considerations (14). Where sufficient data are available on the relative 
effects of meetings and passings on hindrance, this factor can be calibrated to 
local conditions. Because the number of events calculated in the previous step 
was based on hourly demand, a peak hour factor must be applied to convert 
them to the equivalent demand based on peak IS-min conditions. The total 
number of events is 
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F = (Fp +O.5Fm ) 

where F is the total events on the path in events per hour and the other variables 
are as defined previously. 

Step 3: Determine LOS 

Exhibit 23-4 is used to determine shared-use-path pedestrian LOS based on 
the total events per hour calculated in Step 2. Unlike the case for exclusive 
pedestrian facilities, the LOS E-F threshold does not reflect the capacity of a 
shared-use path but rather a point at which the number of bicycle meeting and 
passing events results in a severely diminished experience for the pedestrians 
sharing the path. 

OFF-STREET BICYCLE FACILITIES 

On shared-use paths, the presence of other bicyclists and other path users 
can be detrimental to bicyclists by increasing bicycle delay, decreasing bicycle 
capacity, and reducing bicyclists' freedom of movement. Research (7) correlating 
user perceptions of comfort and enjoyment of path facilities with an objective 
measure of path and user characteristics serves as the basis for the LOS 
thresholds and methodology described in this section. The following key criteria 
are considered through this methodology: 

.. The ability of a bicyclist to maintain an optimum speed, 

.. The number of times that bicyclists meet or pass other path users, and 

.. The bicyclist'S freedom to maneuver. 

The results of a perception survey were used to fit a linear regression model 
in which the survey results served as the dependent variable. The methodology 
incorporates the effects of five path modes that may affect bicycle LOS: other 
bicyclists, pedestrians, rUlmers, inline skaters, and child bicyclists. Five 
variables-meetings per minute, active passings per minute, path width, 
presence of a centerline, and delayed passings-are used in the model. In the 
special case of an exclusive off-street bicycle facility, the volume for all 
nonbicyc1e modes is assumed to be zero, and the number of passings and 
meetings is determined solely by the volume of bicycles. 

The following sections describe the steps to be taken in calculating bicycle 
LOS for an off-street facility. 

Step 1: Gather Input Data 

The methodology addresses five types of path users, or mode groups: 
bicyclists, pedestrians, runners, inline skaters, and child bicyclists. The following 
input data are required for each mode group: 

.. Hourly demand by direction in modal users per hour, 

.. Average mode group speed in miles per hour, and 

.. Proportion of all path users represented by a particular mode group (i.e., 
mode split). 

In addition, the following data are required for the facility: 
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Equation 23-7 

The uninteffupted-f/ow bicycle facility 
analysis is based on several factors 
that affect user perception. 

On exclusive off-street bicycle 
facilities the number of passings and 
meetings is determined so/ely by the 
bicycle volume. 

Methodology 
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Equation 23-8 

Equation 23-9 

Methodology 

• Path width in feet, and 

• Presence of a centerline stripe (yes or no). 

With the hourly directional demand for the path and the path mode split, the 
hourly directional flow rate on the path is calculated for each of the five modes: 

where 

QTXPi 
qj = PHF 

qi hourly directional path flow rate for user group i (modal users/h), 

Qr total hourly directional path demand (modal users/h), 

Pi path mode split for user group i, and 

PHF peak hour factor. 

Step 2: Calculate Active Passings per Minute 

Active passings are defined as the number of other path users traveling in 
the same direction as an average bicyclist (Le., a bicyclist traveling at the average 
speed of all bicycles), who are passed by that bicyclist. The average bicyclist is 
assumed to move at a constant speed U. The value of U should be set to the 
average speed of bicyclists on the facility in question; where local data are not 
available, the default average bicyclist speed of 12.8 mi/h may be used. The 
methodology for determining active passings incorporates separately the effects 
of each of the five mode groups described in Step 1. The speeds of path users of 
each mode group are assumed to be normally distributed with a mean Pi and 
standard deviation a/, where i represents mode. 

The average bicyclist passes only those users who (a) are present on the path 
segment when the average bicyclist enters and (b) exit the segment after the 
average bicyclist does. Thus, for a given modal user in the path when the average 
bicyclist enters, the probability of being passed is expressed by 

where 

X 
P(vi)=P[V i <U(l- L)] 

P(Vj) probability of passing user of mode i, 

U speed of average bicyclist (mi/h), 

Vi speed of path user of mode i (mi/h), 

L length of path segment (mi), and 

x = distance from average bicyclist to user (mi). 

Exhibit 23-12 provides a schematic of active passing events. 
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L 

'I ,. , 
x dx 

Since Vi is distributed normally, the probability in Equation 23-9 can be 
calculated from the integral under the standard normal curve. By dividing the 
full length of the path L into n small discrete pieces each of length dx, the average 
probability of passing within each piece j can be estimated as the average of the 
probabilities at the start and end of each piece: 

P(V i ) = O.5[F(x -dx) + F(x)] 

where F(x) is the cumulative probability of normal distribution, and the other 
variables are as defined previously. 

The expected number of times that the average bicyclist passes users of mode 
i over the entire path segment is then determined by multiplying P(v) by the 
density of users of mode i and summing over all portions of the segment. The 
number of passings per minute is then obtained by dividing the result by the 
number of minutes required for the bicyclist to traverse the path segment: 

where 

Ai 

qi 

J1; 

dXj 

11 qi 1 
Ai = LP(vi)x-x-dx j 

j~l l1i t 

expected passings per minute of mode i by average bicyclist, 

directional hourly flow rate of mode i (modal users!h), 

average speed of mode i (mi!h), 

path segment travel time for average bicyclist (min), and 

length of discrete segment j (mi). 

The other variables are as previously defined. 

Research (7) found that setting dx equal to 0.01 mi is appropriate for the 
purposes of the calculations shown in Equation 23-11 and below. 

Equation 23-11 provides expected passings by the average bicyclist for mode 
i. To determine total active passings of all modes, Equation 23-11 must be 
repeated for each individual mode and then summed: 

AT = LA; 
i 

where AT is the expected active passings per minute by the average bicyclist 
during the peak 15 min, and the other variables are as defined previously. 

Step 3: Calculate Meetings per Minute 

Meetings are defined as the number of path users traveling in the opposing 
direction to the average bicyclist that the average bicyclist passes on the path 
segment. All users present on the path when the average bicyclist enters will be 

Chapter 23/0ff-Street Pedestrian and Bicycle Facilities 
December 2010 

Page 23-17 

Exhibit 23-12 
Schematic of Active Passi ng 
Events 

Equation 23-10 

Equation 23-11 

Equation 23-12 

Methodology 

AR0074599 



Highway Capacity Manual 2010 

Equation 23-13 

Equation 23-14 

Exhibit 23-13 
Schematic of Meeting Events 

Equation 23-15 

Methodology 

passed by the average bicyclist, assuming that no user enters or exits the path at 
an intermediate point: 

M-!£"'~ 1 - L..J 
60 i Jli 

where Ml is the meetings per minute of users already on the path segment and U 

is the speed of the average bicyclist in miles per hour. The other variables are as 
previously defined. 

In addition to users already on the path segment, a number of users who 
have yet to enter the segment will meet the average bicyclist within the segment. 
The probability of this occurrence is 

where 

x 
U 

probability of meeting opposing user of mode i, 

speed of path user of mode i (mi/h), 

distance of user beyond end of path segment (mi), and 

speed of average bicyclist (mi/h). 

Since V Oi is distributed normally, the probability in Equation 23-14 can be 
readily calculated from the area under the standard normal curve. The length of 
path beyond the analysis segment that may supply users who will be met by the 
average bicyclist is defined as x*. By dividing x* into n small discrete pieces, each 
of length dx, the average probability of meeting a modal user from each piece can 
be estimated by Equation 23-10. Although some meetings will occur with very 
fast path users located greater than L distance beyond the end of the segment 
when the average bicyclist enters, setting x* equal to L is sufficient to guarantee 
that at least 99% of meetings will be captured (7). Exhibit 23-13 provides a 
schematic of meeting events. 

L x* 

X dx 

Similar to the process for calculating number of active passings (Equation 23-
11), the estimation of number of meetings with users from a particular mode 
group not on the path segment when the average bicyclist enters is 

11 qi 1 
M2i = LP(vOi)x-x-dx j 

j=l Jli t 

where M2i is the expected meetings per minute of users of mode i located beyond 
the end of the path segment at the time the average bicycle enters the segment, 
and the other variables are as previously defined. 
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Finally, the total number of expected meetings per minute during the peak 
15 minMr is determined by adding Ml to the sum of M2i across all mode groups: 

MT = (Ml + L:M2J 
i 

All variables are as previously defined. 

In the special case of a one-way path, there are no opposing users to meet; 
therefore, Mr is zero. 

Step 4: Determine Number of lanes 

The effective number of lanes on a shared-use path affects the number of 
delayed passings: as the number of lanes increases, delayed passings decrease. 
Even paths without painted lane markings will operate with a de facto number 
of lanes. The relationship between path width and the number of effective 
operational lanes is shown in Exhibit 23-14. 

Path Width (ft) 
8.0-10.5 
11.0-14.5 
15.0-20.0 

Source: Hummer et al. (/). 

Lanes 
2 
3 
4 

Step 5: Calculate Probability of Delayed Passing 

Delayed passing maneuvers occur when there is a path user ahead of the 
overtaking average bicyclist in the subject direction and another path user in the 
opposing direction, such that the average bicyclist cannot immediately make the 
passing maneuver. The probability of a delayed passing depends on the passing 
distance required, which in turn depends on both the overtaking mode and the 
mode of the user being passed. The passing distances that bicyclists require to 
pass other user modes are shown in Exhibit 23-15. 

Overtaking Mode 
Bicycle 
Bicycle 
Bicycle 
Bicycle 
Bicycle 

Source: Hummer et al. (/). 

Mode Passed 
Bicyclist 

Pedestrian 
Inline skater 

Runner 
Child bicyclist 

Required Passing Distance (ft) 
100 
60 

100 
70 
70 

With the values in Exhibit 23-15, the probability that a given section will be 
vacant of a given mode for at least the required passing distance Pi can be 
estimated by using a Poisson distribution. The probability of observing at least 
one modal user in the passing section is the complement of the probability of 
observing a vacant section. The probability Pili of observing a blocked passing 
section for mode i is 

where 

P -l_e-Piki 
ni -

P"i probability of passing section's being blocked by mode i, 

distance required to pass mode i (mi), and 
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Equation 23-18 

Equation 23-19 

Equation 23-20 

Methodology 

ki = density of users of mode i (users/mi). 

Equation 23-17 is applicable to both the subject and opposing directions. 

Two-Lane Paths 

On a two-lane path, delayed passing occurs when, within the distance 
required to complete a pass p, the average bicyclist encounters one of the 
following: traffic in both directions, each blocking a single lane, or no traffic in 
the subject direction in conjunction with traffic in the opposing direction that is 
being overtaken by an opposing bicyclist. Note that these situations are mutually 
exclusive. The delayed passing probabilities in the subject and opposing 
directions are 

where 

Pds = ~,oP"s + ~10 (1- ~'S )(1- Pdo ) 

Pdo = ~to~tS + PitS (1- ~10 )(1- Pds ) 

Pds probability of delayed passing in subject direction, 

Pdo probability of delayed passing in opposing direction, 

PIlO probability of blocked lane in opposing direction, and 

P"s probability of blocked lane in subject direction. 

Solving Equation 23-18 and Equation 23-19 for Pds results in 

P 
_ PI10 P"s + Plto (1- ~tS )2 

ds -
1- PltOP"s (1- PI10 )(1- ~ts) 

Since Pno and PIlS are calculated from Equation 23-17, Equation 23-20 can be 
readily solved for P ds' 

Three-Lane Paths 

The operations of three-lane paths are more complicated than those of two
lane paths, since there is a greater variety of possible scenarios that may occur. 
The methodology includes several limiting assumptions regarding user behavior: 

• Bicyclists in the subject direction use only the two rightmost lanes, 

• Bicyclists in the opposing direction use only the two leftmost lanes, 

• Passing maneuvers occur only in the middle lane and never in the left 
lane, and 

• Groups of users may sometimes block the two lanes allocated to that 
direction but cannot block all three lanes. 

As a result, a delayed passing occurs in two cases: (a) traffic in the subject 
direction is blocking the rightmost lane in conjunction with opposing traffic 
occupying the other two lanes, or (b) side-by-side users are blocking the two 
rightmost lanes in the subject direction. The probabilities of the occurrence of a 
delayed passing in the subject and opposing directions are given by 
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Pds = PnJPbo + Pno (1- Pdo )] + Pbs 

Pdo = Pno [Pbs + Pm (1- Pds )] + Pbo 

where Pbois the probability of two blocked lanes in the opposing direction, Pbs is 

the probability of two blocked lanes in the subject direction, and all other 
variables are as previously defined. 

Equation 23-21 and Equation 23-22 are simultaneous equations with two 
unknowns, Pds and Pda • Defining D as Pds - Pdo gives the following equation: 

D = [(PbS - Pbo )+ (PnsPbo - PnoPbs )]/(1- PnsPno ) 

Substituting Equation 23-23 into Equation 23-21 results in 

Pds = [Pm (Pbo + P'1O (1 + D))+ PbsJ/(1 + p",sPrLO ) 

This model requires determining four probability parameters: specifically, Pll 

and Pb in each direction. Calculating these parameters requires estimating the 
fraction of all events in which both lanes are blocked. These parameters were 
established through research (7) in which video data of more than 4,000 path 
users on U.S. shared-use paths were observed. Exhibit 23-16 shows the blocking 
frequencies by mode. 

Mode 
Bicycle 
Pedestrian 
Inline skater 
Runner 
Child bicyclist 

Frequency of Blocking COlo) 
5 

36 
8 

12 
1 

Source: Hummer et al. (7). 

Therefore, Pboi and Pbsi, the probabilities that a user of mode i will block two 
lanes in the opposing and subject directions, respectively, are found by 
multiplying the frequency of blocking two lanes by a particular user of mode i 
(Exhibit 23-16) by the probability that a user of mode i will be encountered, 
which was given by Equation 23-17. This process results in 

Pbsi = Fi X PIlS; 

Pboi = Fi X Pnoi 

where Fi is the frequency with which mode i will block two lanes, from Exhibit 

23-16, and all other variables are as previously defined. The probability that a 
user of any mode will block two lanes is thus given by 

Pbs = LPbSi 

The probabilitles that only a single lane will be blocked by a user of a given 
mode i, Pqsi and PqDil are thus derived from the probability that at least one lane 
will be blocked (from Equation 23-17) minus the probability that two lanes will 

( be blocked (from Equation 23-25 and Equation 23-26). These probabllities are 
I\. 
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Frequency of Blocking of Two 
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Equation 23-29 

Equation 23-30 

Equation 23-31 

Equation 23-32 

Equation 23-33 

Equation 23-34 

Methodology 

P . =l-ep,k" -R . 
nSI bSI 

P ] -p·k· n 
110i == . -e 101 -1-[10i 

where ksi and koi are the densities of users of mode i in users per mile in the 
subject and opposing directions, respectively, and all other variables are as 
previously defined. 

The probabilities that a user of any mode will block a single lane are thus 
given by 

The values of I\s and Pba from Equation 23-27 and Equation 23-28, and the 
values of PIIS and PIla from Equation 23-31 and Equation 23-32 can now be 
substituted into Equation 23-23 and Equation 23-24 to determll"le the probability 
of delayed passing, Pds. This delayed passing factor was calibrated by using peak 
hour volumes, rather than peak IS-min volumes. Therefore, a peak hour factor is 
applied to convert AT from peak IS-min flow rate conditions back to hourly 
conditions. 

Four-Lane Paths 

On four-lane paths, the methodology assumes that the path operates 
similarly to a divided four-lane highway, such that the probability of delayed 
passing is independent of OppOSll"lg users, since no passing occurs in the leftmost 
lanes. Thus, the probability of delayed passing Pd. is equivalent to the probability 
that both subject lanes will be blocked Pus, which can be found by using Equation 
23-25 and Equation 23-27. 

Step 6: Calculate Delayed Passings per Minute 

The probability of delayed passing Prist described earlier, applies only to a 
single pair of modal path users (e.g., a bicyclist passing a pedestrian and 
opposed by a runner). The total probability of delayed passing PTrb must be 
calculated from all modal pairs. Since there are five modes, there are five times 
five (25) total modal pairs that require calculation. The total probability of 
delayed passing is found by using 

PTds = 1-IT (1- ~lldJ 
In 

where PTd< is the total probability of delayed passing and P md, is the probability of 
delayed passing for mode m. The operator II in Equation 23-33 indicates the 
product of a series of variables. 

Finally, delayed passings per minute are simply the active passings per 
minute AT multiplied by the total probability of delayed passing Prels: 

Delayed Passings per Minute = AT x PTds x PHF 
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This delayed passing factor was calibrated by using peak hour volumes 
rather than peak 15-min volumes. Therefore, a peak hour factor is applied to 
convert AT from peak 15-min flow rate conditions back to hourly conditions. 

Step 7: Determine LOS 

The bicycle LOS score (Equation 23-35) uses inputs from Steps 2, 3, and 6 
plus facility data gathered in Step 1. The equation was developed from a 
regression model of user responses to video clips depicting a variety of off-street 
bicycle facilities (7). The LOS C-D threshold represents the midpoint of the 
response scale used in the survey. 

Bicycle LOS Score = 5.446 - O.00809(E) -15.86(RW) - 0.287(CL) - 0.5(DP) 

where 

E weighted events per minute = meetings per minute + 
10 x (active passings per minute); 

RW reciprocal of path width = l/path width (ft); 

CL 1 if trail has centerline, 0 if no centerline; and 

DP min [delayed passings per minute, 1.5]. 

With the exception of the special cases discussed in Step 8 below, the 
bicyclist perception index is used directly with Exhibit 23-5 to determine bicyclist 
LOS on off-street facilities. As was the case with shared pedestrian facilities, the 
LOS E-F threshold does not reflect the capacity of an off-street bicycle facility, 
but rather a point at which the number of meeting and passing events results in a 
severely diminished experience for bicyclists using the path. 

Step 8: Adjust LOS for Low-Volume Paths 

For narrow paths (Le., 8 ft in width), it is not possible to achieve LOS A or B 
by using Equation 23-35. Since paths with very low volumes would be expected 
to result in a high perceived quality of service, the following adjustments are 
made to the LOS results: 

• All paths with five or fewer weighted events per minute are assigned 
LOS A. 

• All paths with >5 to 10 weighted events per minute are assigned LOS B, 
unless Equation 23-35 would result in LOS A. 
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Exhibit 23-17 
Default Values for Exclusive 
Off-Street Bicycle Facilities 

Applications 

3. APPLICATIONS 

This chapter's methodologies evaluate the LOS of exclusive pedestrian and 
bicycle facilities. The analyst must address two fundamental issues. First, the 
primary outputs must be identified. These may include LOS, effective width WE' 
or achievable path flow rate QT' Second, any necessary default or estimated 
values must be identified. There are three basic sources of input data: 

1. Default values provided in the HCM; 

2. Estimates or locally derived default values developed by the user; and 

3. Values derived from field measurements and observation. 

When it is possible to obtain them, field measurements are preferable to 
default values. 

DEFAULT VALUES 

For pedestrians on off-street paths, a default average speed of 3.4 mi/h for 
pedestrians and 12.8 mi/h for bicycles can be applied in the absence of local data 
(7). Default values for off-street bicycle facilities are summarized in Exhibit 23-17: 

Variable 

Mode split 

Mean speed by mode 

Standard deviation of speed 
by mode 

Proportion of users blocking 
two lanes by mode 

Peak hour factor 
Source: Hummer et al. (~. 

User Group 
Bicycle 
Pedestrian 
Runner 
Inline skater 
Child bicyclist 
Bicycle 
Pedestrian 
Runner 
Inline skater 
Child bicyclist 
Bicycle 
Pedestrian 
Runner 
Inline skater 
Child bicyclist 
Bicycle 
Pedestrian 
Runner 
Inline skater 
Child bicyclist 
N/A 

ANALYSIS BOUNDARIES 

Default Value 
55% 
20% 
10% 
10% 
5% 

----------------------------------------------~----

12.8 mi/h 
3.4 mi/h 
6.5 mi/h 

10.1 mi/h 
7.9 mi/h 
3.4 mi/h 
0.6 mi/h 
1.2 mi/h 
2.7 mi/h 
1.9 mi/h 
5% 

36% 
12% 
8% 
1% 
0.85 

As stated in this chapter's introduction, exclusive pedestrian and bicycle 
facilities are analyzed at the segment level, with segment endpoints being 
defined by street crossing locations, changes in path width, intersections with 
other paths that create cross flows or change path demand, and transition points 
to other types of facilities (e.g., from path to ramp). In most cases, the minimum 
segment length will be around 0.25 mi, and the maximum segment length will be 
2 to 3 mi (7). Certain kinds of facilities, such as stairways, cross-flow areas, and 
pedestrian plazas, will have shorter segment lengths. 
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TYPES OF ANALYSIS 

Operational Analysis 

A common application of operational analysis is to compute the LOS of a 
facility under existing or future demand. The effective width of the facility is an 
input to the calculation and LOS is an output. 

Design Analysis 

Design applications require that an LOS goal be established, with the 
primary output being the facility design characteristics required or the maximum 
user volumes allowable for the LOS goal. For instance, a design analysis for a 
pedestrian walkway may estimate the minimum effective width WE needed to 
achieve a design LOS value. In this case, the maximum pedestrian unit flow rate 
for the desired service level would be determined from Exhibit 23-1 or Exhibit 
23-2. The effective width would be computed by solving the pedestrian unit 
flow-rate equation backward. To avoid pedestrian spillover, it is desirable to 
design a walkway to achieve LOS C or better (i.e., a maximum of 10 p/min/ft). 
Stairways are desirably designed to achieve LOS CorD. 

Similarly, the achievable path flow rate QT can be solved as the primary 
output. For exclusive bicycle facilities, the minimum LOS perception score for the 
design LOS would be determined from Exhibit 23-5. By holding all but one path 
user group' s demand constant and solving the events equation backward., the 
service volume for the user group of interest can be computed. 

Planning and Preliminary Engineering Analyses 

Planning and preliminary engineering analyses use estimates, HCM default 
values, or local default values as inputs and determine LOS, bicycle flow rate, 
effective width, or all three, as outputs. The difference between a planning 
analysis and an operational or design analysis is that most or all of the input 
values in planning come from estimates or default values, whereas operational 
and design analyses tend to use field measurements or known values for most or 
all of the input variables. 

SPECIAL CASES 

Pedestrian Plazas 

Pedestrian plazas are large, paved areas that serve multiple functions, 
including pedestrian circulation, special events, and seating. The circulation 
function is of interest here, although the design of a plaza must consider how all 
of the functions interact. For example, queues from areas designated for food 
vendors may intrude into a pedestrian circulation route, reducing the route's 
effective width, or two circulation routes may intersect each other, creating a 
cross-flow area. In addition, research has shown that the circulation and amenity 
functions of a plaza sometimes conflict, since people tend to linger longer in 
plazas that do not act as thoroughfares (9). 

The exclusive pedestrian walkway methodology can be used to analyze 
pedestrian circulation routes through pedestrian plazas. The methodology does 
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Exhibit 23-18 
Pedestrian Circulation Space 

in a Pedestrian Plaza 

Applications 

not address the need or desire to have space for amenities within a pedestrian 
plaza. The effective width of such a route is not as easily identified as that of a 
walkway, because the edges of the circulation area are often undefined. 
However, pedestrians will tend to take the shortest available route across the 
plaza, as illustrated in Exhibit 23-18. 

;,LTI='y~ 
J ill/ 

'II 

The effective width of a circulation route is influenced by the widths of the 
entrance and exit points to the plaza and by the presence of obstacles (e.g., walls, 
poles, signs, benches). Effective width may also be influenced by whether a 
change in texture is used to mark the transition between circulation and amenity 
space. Between 30% and 600;;') of pedestrians will use plaza space that is flush 
with a sidewalk, with the higher percentages applying to wider plazas and those 
that help cut a corner and the lower percentages applying to narrower plazas 
and those with obstacles (9). 

For design applications, peak pedestrian demands through the plaza would 
need to be estimated. Given this information and a design LOS, a minimum 
effective width could be determined for each circulation route. Multiplying the 
width of the route by the length of the route and summing for all routes results 
in the space required for pedestrian circulation. Space requirements for sitting 
areas and other plaza functions are added to the circulation space to determine 
the total plaza space required. 

For operational applications, an average effective width can be determined 
through field observation of the space occupied by pedestrians on a circulation 
route during peak times. Dividing an average per minute pedestrian volume by 
the effective width gives the pedestrian flow rate for the circulation route, from 
which LOS can be determined. 

Pedestrian Zones 

Pedestrian zones are streets dedicated to exclusive pedestrian use on a fun
or part-time basis. These zones can be analyzed from an operational standpoint 
by using the exclusive pedestrian walkway methodology, as long as the kinds of 
obstructions listed in Exhibit 23-11, such as sidewalk cafe tables, are taken into 
account. Other performance measures may be considered that assess the street's 
ath'activeness to pedestrians, since a successful pedestrian zone is expected to be 
relatively crowded (i.e., to have a lower LOS). Although an uncrowded zone 
would have a high LOS, it could be perceived by pedestrians as being a potential 
personal security risk, because of the lack of other users. 
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The HCM methodology is not suitable for pedestrian zones during times 
when delivery vehicles are allowed to use the street. The HCM methodology is 
also not applicable to the analysis of a low-speed street (e.g., a Dutch-style 
waaner]) shared by pedestrians, bicycles, and automobiles. 

Walkways with Grades over 5% 

Research (9-11) has shown no appreciable impact on pedestrian speed for 
grades up to 5%. As shown in Exhibit 23~19, above a 5% grade, walking speeds 
drop as grade increases, with travel on a 12% grade being about 30% slower than 
travel on a level surface. Grade may not have an appreciable impact on capacity, 
however, since the reduction in pedestrian speed is offset by closer pedestrian 
spacing (9). The stairway LOS table (Exhibit 23-3) would provide a conservative 
estimate of pedestriqn LOS on steeper walkways. 

Source: Municipal Planning Association (11). 

Paths Segregating Pedestrians and Bicyclists 

Some paths are signed or striped, or both, to segregate bicyclists from 
pedestrians. Where field observation on the path (or similar paths in the same 
region) indicates that path users generally comply with the regulations, up to all 
of the bicycle-pedestrian passing events could be converted to meeting events in 
proportion to the path users' compliance rate, resulting in an improved LOS. 
Where sufficient physical segregation of bicyclists and pedestrians occurs, it may 
be appropriate to treat the path as two separate facilities. 

USE OF ALTERNATIVE TOOLS 

To date, there is no widely used computer simulation software in the United 
States that is capable of describing user interactions on shared-use paths in a 
realistic manner. Microsimulation has been used to model pedestrian interactions 
on off-street pedestrian facilities. In many cases, these models were developed to 
model pedestrian movements within airports or transit facilities. 
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Exhibit 23-20 
List of Example Problems 

Example Problems 

4. EXAMPLE PROBLEMS 

Example 
Problem Description Application 

1 
2 

Pedestrian LOS on shared-use and exclusive paths 
Bicycle LOS on a shared-use path 

Operational analysis 
Planning analysis 

EXAMPLE PROBLEM 1: PEDESTRIAN LOS ON SHARED-USE AND 
EXCLUSIVE PATHS 

The facts 

The following information was collected in the field for thls path: 

• Qsb = bicycle volume in same direction = 100 bicycles/h; 

• Qob = bicycle volume in opposing direction = 100 bicycles/h; 

• V 15 = peak 15-min pedestrian volume = 100 pedestrians; 

• PHF = peak hour factor = 0.83; 

• 51'= average pedestrian speed = 4.0 ft/s (2.7 mi/h); 

• 5b= average bicycle speed = 16.0 £tIs (10.9 mi/h); and 

• No pedestrian platooning was observed. 

Step 1: Gather Input Data 

The shared-use-path pedestrian LOS methodology requires pedestrian and 
bicycle speeds and bicycle demand, all of which are available from the field 
measurements just given. 

Step 2: Calculate Number of Bicvcle Passing and Meeting Events 

The number of passing events Fp is determined from Equation 23-5: 

F =~(1- Sp] 
p PHF Sb 

F = 100 bicycles/h( 1 
p 0.83 ~ 

4.0 ft/s ) 
16.0 ft/s 

Fp = 90 events/h 

The number of meeting events Fm is determined from Equation 23-6: 

F = Qob (1 + S P ] 

m PHF Sb 

Fm = 100 bicycles/h ( 1 + 4.0 ft/s ) 
0.83 ~ 16.0 £tIs 

Fm = 150 eventslh 
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The total number of events is calculated from Equation 23-7: 

F=(Fp +0.5Fm ) 

F = (90 events/h + (0.5)(150 eventslh)) 

F = 165 events/h 

Step 3: Determine Shared-Use-Path Pedestrian LOS 

The shared-use-path LOS is determined from Exhibit 23-4. The value of F, 
165 events/h, falls into the LOS E range. Since this value is rather low, what 
would happen if a parallel, 5-it-wide, pedestrian-only path were provided? 

Step 4: Compare Exclusive-Path Pedestrian LOS 

Step 4.1: Determine Effective Walkway Width 

Assuming that no obstacles exist on or immediately adjacent to the path, the 
effective width would be the same as the actual width, or 5 ft. Common 
amenities located along pedestrian walkways include trash cans and benches. 
From Exhibit 23-11, these should be located at least 3.0 ft and 5.0 it, respectively, 
from the edge of the path to avoid affecting the effective width. 

Step 4.2: Calculate Pedestrian Flow Rate 

Since a peak-IS-min pedestrian volume was measured in the field, it is not 
necessary to use Equation 23-2 to determine V15' The unit flow rate for the 
walkway vp is determined from Equation 23-3 as follows: 

VIS 
V =------""-

P 15xWE 

lOOp 
V =--"'--

p 15x5ft 

Vp = 1.3 plft/min 

Step 4.3: Calculate A verage Pedestrian Space 

Average pedestrian space is determined by rearranging Equation 23-4: 

Ap =Sp /Vp 

Ap = (4.0 ft/s)(60 s/min) /(1.3 plft/min) 

Ap = 185fe/p 

Step 4.4: Determine LOS 

Since no pedestrian platooning was observed, Exhibit 23-1 should be used to 
determine the LOS. A value of 185. ft2/min corresponds to LOS A. 
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Example Problems 

Discussion 

The existing mixed-use path operates at LOS E for pedestrians. Pedestrian 
LOS would increase to LOS A if a parallel, 5-ft-wide pedestrian path were 
provided. 

EXAMPLE PROBLEM 2: BICYCLE LOS ON A SHARED-USE PATH 

The Facts 

A new shared-use path is being planned. On the basis of data from a similar 
facility in the region, it is estimated that the path will have a peak-hour volume 
of 340 users, a peak hour factor of 0.90, and a 50/50 directional split. The path will 
be 10 ft wide, with no obstacles, and will not have a centerline. The segment 
analyzed here is 3 mi long. 

Step 1: Gather Input Data 

Facility and overall demand data are available but not the mode split of users 
or the average mode group speed. Those values will need to be defaulted by 
using Exhibit 23-17. On the basis of the default mode split and the estimated 
directional split, the directional hourly volume by mode is as follows: 

• Directional bicycle flow rate = 340 users/h x 0.5 x 0.55/0.90 = 104 
bicycles/h; 

• Directional pedestrian flow rate = 340 x 0.5 x 0.20/0.90 = 38 p/h; 

• Directional rUlmer flow rate = 340 x 0.5 x 0.10/0.90 = 19 runners/h; 

• Directional inline skater flow rate = 340 x 0.5 x 0.10/0.90 = 19 skaters/h; 
and 

• Directional child bicyclist volume = 340 x 0.5 x 0.05/0.90 = 9 child 
bicyclists/h. 

From Exhibit 23-17, average mode group speeds and standard deviations are 
as follows: 

• Bicycle: average speed = 12.8 mi/h, standard deviation = 3.4 mi/h; 

• Pedestrian: average speed = 3.4 mi/h, standard deviation = 0.6 mi/h; 

• Runner: average speed = 6.5 mi/h, standard deviation = 1.2 mi/h; 

• Inline skater: average speed = 10.1 mi/h, standard deviation = 2.7 mi/h; 
and 

• Child bicyclist: average speed = 7.9 mi/h, standard deviation = 1.9 mi/h. 

Step 2: Calculate Active Passings per Minute 

Active passings per minute must be calculated separately for each mode, by 
using Equation 23-9 through Equation 23-11. For the number of bicycles passed 
per minute, the path is considered as broken into n slices, each of which has a 
length dx of 0.01 mi, and a total path segment length L of 3 mi. Then, for the first 
slice, from Equation 23-9: 
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X 
P(V;)=P[Vi <U(l- L)] 

F(x) = P[vi <12.8(1- O,Ol)]=p[vi <12.76]=0.4949 
3 

o 
F(x -dx) = P[Vi < 12.8(1--)] = P[Vi < 12.80] = 0.5000 

3 
Applying Equation 23-10 and Equation 23-11 then gives the following 

probability of passing for the first slice: 

P(v;) = 0.5[F(x - dx) + F(x)] 

P(v;) = 0.5[0.5000 + 0.4949] = 0.4975 

11 qi 1 
Ai = Ip(vJx-x-dx j 

j=l Pi t 

104 1 
Ail = 0.4975x-x-(0.01) = 0.0029 

12.8 14 

Repeating this procedure for all slices from 1 to n and summing the results 
yields 

Passings of bicycles per minute = 0.0029 + A z+ ... + An = 0.19 

With the same methodology for each mode, the following active passings per 
minute are found for the other modes: 

• Pedestrians, 1.74; 

• Runners, 0.30; 

• Inline skaters, 0.09; and 

• Child bicyclists, 0.10. 

Total active passings are then determined by using Equation 23-12: 

Total passings per minute = (0.19 + 1.74 + 0.30 + 0.09 + 0.10) = 2.42 

Step 3: Calculate Meetings per Minute 

Meetings per minute of users already on the path segment Ml are calculated 
for each mode with Equation 23-13: 

M j =~ I!1L 
60 i Pi 

Ml = (12.8/60) x [(104/12.8) + (38/3.4) + (19/6.6) + (19/10.1) + (9/7.9)] = 5.36 

Meetings per minute of users not yet on the path segment must be calculated 
separately for each mode. For the number of bicycles passed per minute, the 
section of path beyond the study segment is considered as broken into n slices, 
each of which has length dx = 0.01 mi, and a total segment length X equivalent to 
L (3 mi). Then, for the first slice, from Equation 23-14: 
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u 
P(voJ = P(V j > XL) 

O 12.8 0 F(x) = P[v; > .01x-
3
- 1 = P[Vi > .4267] = 0.9999 

F(x) = P[Vj > 0 x 12.8] = P[v; > 0] = 1.0000 
3 

Applying Equation 23-10 and Equation 23-15 then gives the probability of 
passing in the first slice: 

P(v;) = O.5[F(x - dx) + F(x)] 

P(Vi) '" 0.5 [0.99992 + 1.0000] =0 0.99996 

M21 '" 0.99996 x (104/12.8) x (1/14) x 0.01 '" 0.0058 

Repeating this procedure for all slices from 1 to n and summing the results 
yields 

M2i '" meetings of bicycles per minute'" 0.0058 + Mn + ... + M 2n = 1.54 

Repeating the foregoing procedure for the other modes, the following 
meetings per minute are found for each mode: 

• Pedestrians, 0.63; 

• Runners, 0.31; 

• Inline skaters, 0.31; and 

• Child bicyclists, 0.16. 

Total meetings are then determined by u.<;ing Equation 23-16: 

My = (Ml + L,M2i ) 

Total meetings per minute'" [5.36 + 1.54 + 0.63 + 0.31 + 0.31 + 0.16] '" 8.31 

Step 4: Determine the Number of lanes 

From Exhibit 23-14, a 10-ft-wide path has two effective lanes. 

Step 5: Calculate the Probability of Delayed Passing 

From Step 4, it is clear that a path with a width of 10 ft will operate as two 
lanes. Therefore, delayed passings per minute must be calculated separately for 
each of the 25 modal pairs, by using Equation 23-17 and Equation 23-20. For 
instance, considering the probability of a delayed passing of a bicyclist as a result 
of an opposing bicyclist's overtaking a pedestrian gives the following: 

P . = 1-e-p;kj 

I1l 

Pns = 1- exp[-(100/5280) x (1/0.90 (94/12.8))] '" 1- 0.858 '" 0.142 

Pno = 1- exp[-(100/5280) x (1/0.90 (38/3.4))] '" 1- 0.810 =0 0.190 
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Substituting into Equation 23-20 then yields Pds : 

P 
_ PnoPns + Pno (1- Pns )2 

ds -
1- PnoPns (1- Pno )(1- Pns ) 

P = 0.190x 0.142 + 0.190(1-0.142)2 = 0.1698 
ds 1-0.190 x 0.142(1-0.190)(1-0.142) 

Performing the foregoing procedures for each of the 25 modal pairs and 
applying Equation 23-33 gives the total probability of delayed passing: 

PTds =1-TII-Pmds 
m 

PTds = 1 - ( 1 - 0.1698) (1 - P2ds) ., .(1 - Pmds) = 0.8334 

Thus, the probability of delayed passing is 83.34%. 

Step 6: Determine Delayed Passings per Minute 

Equation 23-34 is used to determine the total number of delayed passings per 
minute: 

Delayed passings per minute = AT x PTds x PHF 

Total delayed passings per minute = 0.8334 x 2.42 x 0.90 = 1.82 

The delayed passing factor has a maximum of 3. The total delayed passings 
per minute (1.82) is less than 3. Therefore the delayed passing factor is set to 1.82. 

Step 7: Calculate lOS 

Equation 23-35 is used to determine the bicycle LOS score for the path: 

Bicycle LOS Score = 

5.446 - 0.00809 [8.58 + (10 x 2.42)J - 15.86(1/10) - 0.287(0) - 0.5(1.82) = 2.69 

Because the bicyclist perception index is between 2.5 and 3.0, the facility 
operates at LOS D according to Exhibit 23-5. 

Results 

The results indicate that the path would operate close to its functional 
capacity. A slightly wider path would provide three effective lanes and a better 
LOS. 
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Many ofthese references can 
be found in the Technical 
Reference Library in Volume 4. 
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VOLUME 3 INDEX 

The index to Volume 3 lists the text citations of the terms defined in the 
Glossary (Volume 1, Chapter 9). Volumes I, 2, and 3 are separately indexed. In 
the index listings, the first number in each hyphenated pair of numbers indicates 
the chapter, and the number after the hyphen indicates the page within the 
chapter. 

A 
Access point, 17-9, 17-68 
Accessibility, 16-14, 17-25,21-39,23-21 
Active passings, 23-10, 23-24 
Active traffic management (ATM), 16-27 
All-way sToP-controlled, 16-13, 16-16, 

16-18,16-21,16-26,16-27,17-24,17-26, 
17-28,17-45, 17-55, 17-61, 19-30, 20-1, 
21-1,22-36 

Alternative tool, 17-72, 17-73, 18-82, 
21-1,21-24,21-25,22-54 

Analysis period, 16-1, 16-2, 16-3, 17-1, 
17-2,17-3,18-1,18-2,18-3,19-3,19-4, 
20-3,21-2, 21-5, 22-58, 22-63, 23-6 

Analytical model, 21-4 
Approach delay, 17-80, 18-88 
Approach grade, 18-8, 18-17, 18-76, 19-2 
Area type, 17-16, 17-20,17-70,17-95, 

18-8, 18-24, 18-35, 18-37, 18-75, 18-87, 
22-15,22-24,22-59,22-65 

Arrival rate, 16-3, 17-3, 18-3, 18-40, 
18-46, 18-48, 18-52, 18-79, 18-92,20-6, 
20-7 

Arrival type, 16-26, 16-27, 18-13, 18-75, 
22-15,22-63 

Average grade, 18-17 
Average running speed, 17-13, 17-32, 

17-56, 18-23 
Average h'avel speed, 16-6, 16-41, 17-65, 

17-73 

B 
Back of queue, 17-68, 18-57, 18-82 
Barrier, 16-31, 17-20, 17-50, 17-51, 17-88, 

18-21, 18-42, 18-43, 18-44,23-1 
Barrier pair, 18-42, 18-43, 18-44 
Base conditions, 18-71, 19-45 
Base saturation flow rate, 16-26, 16-27, 

18-8,18-14,18-15,18-35,18-71,18-76, 
22-15, 22-16, 22-24, 22-59, 22-64 

Baseline uniform delay, 18-51, 18-52 
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Bicycle facility, 23-2, 23-5, 23-9, 23-17 
Bicycle lane, 16-13, 16-29, 16-30, 16-32, 

16-33, 16-35, 16-36, 16-38, 16-40, 16-41, 
16-43,16-45,16-46,17-16,17-19,17-36, 
17-50,17-51,17-55,17-56,17-58,17-71, 
17-87, 17-88, 17-90,17-92,18-25, 18-27, 
18-70,18-71, 18-72, 18-73, 18-80, 
18-102,18-103,18-104,20-19,23-1 

Bicycle mode, 17-6, 18-5, 18-28, 18-79 
Bicycle path, 23-1, 23-5, 23-7 
Bicycle speed, 17-56, 23-4, 23-7, 23-8, 

23-22 
Boundary intersection, 16-5, 16-7, 17-1, 

17-4,17-5 
Breakdown, 18-58 
Buffer width, 17-16, 17-20, 17-47, 17-50, 

17-51, 17-71 
Bus lane, 16-28 
Bus shelter, 23-4 
Bus stop, 16-32, 17-22, 17-23, 17-43, 

17-94,17-95,17-96,18-8,18-16,18-37, 
18-76,18-87,22-15 

Bypass lane, 21-2, 21-7, 21-9, 21-10, 
21-13,21-14,21-15,21-18,21-19,21-28, 
21-29,21-30,21-32 

c 
Calibration, 17-9, 17-16, 18-7, 18-24, 

18-106,19-36,21-6,21-7,21-21,21-23, 
21-26,22-17 

Call, 18-20, 18-21, 18-27, 18-89 
Capacity, 16-2, 16-5, 16-7, 17-1, 17-2, 

17-4,18-1,18-2,18-3,19-1,19-2,19-3, 
19-4,20-2,20-3,20-5,21-1,21-4,21-5, 
22-10,22-12,22-13,23-1,23-2,23-5 

Case, 19-6, 19-7, 19-28, 19-41, 19-50, 
Central business district (CBD), 18-24 
Change interval, 18-19, 18-20, 18-39, 

18-40, 18-62, 18-64, 18-96 
Circulating flow, 21-4, 21-5, 21-13, 21-29, 

21-34 
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Circulation area, 16-12, 16-19, 16-20, 
16-33, 16-38, 16-43, 17-46, 18-3, 18-4, 
18-60, 18-63, 18-6S, 18-68, 18-97, 18-98, 
18-99,18-100,18-102,23-20 

Circulatory roadway, 21-6, 21-7, 21-16, 
21-17 

Clearance interval, 17-81, 18-19, 18-20, 
18-21, 18-39, 18-40, 18-62, 18-64, 18-89, 
18-96, 22-lS, 22-31 

Clearance lost time, 18-40, 18-45 
Clearance time, 18-89, 19-32, 19-38 
Cloverleaf interchange, 22-S4 
Collector street, 16-5, 16-6, 16-13, 17-1, 

17-24,17-68,17-84,17-90,17-94 
Common green time, 22-26, 22-27, 22-28, 

22-29, 22-30, 22-33 
Compressed diamond interchange, 22-2 
Computational engine, 17-28, 17-80, 

18-31,lS-S8 
Conflict, 16-33, 16-38, 16-39, 18-4,18-11, 

IS-3S, 19-9, 19-10, 19-11, 19-12, 19-2S, 
20-1,20-4, 20-S, 20-7, 20-8, 20-9, 20-13, 
20-14, 20-lS, 20-18, 20-24, 21-7, 21-19, 
23-19 

Confliding approach, 20-2, 20-4, 20-6, 
20-7, 20-8, 20-9, 20-11, 20-13, 20-15, 
20-26 

Conflicting flow rate, 19-9,19-10,19-11, 
19-12,19-13,19-14,19-16,19-22,19-25, 
19-44, 19-4S, 21-4, 21-5, 21-6, 21-8 

Conflicting movements, lS-S, 18-10, 
19-5,19-9,19-10,19-11,19-12,19-13, 
19-28 

Congestion, 16-2, 16-S, 16-14, 16-27, 17-2, 
17-7, 17-24, 17-26, 18-2, 18-2S, 18-75, 
19-46 

Congestion pricing, 16-27 
Control condition, 22-47 
Control deJay, 16-7, 17-6, 17-9, lS-S, 18-6, 

19-1,19-2,19-5,19-7,20-2,20-3,21-22, 
21-28, 22-11, 22-12 

Conventional diamond interchange, 
22-2,22-36 

Corridor, 21-11 
Crawl speed, 17-40 
Critical headway, 17-22, 19-2, 19-3, 19-6, 

19-7, 19-1S, 19-16, 19-18, 19-31, 19-32, 
19-33,19-34, 19-3S, 19-36, 19-40, 19-42, 
19-44, 19-4S, 19-50, 21-9, 21-23 

Critical phase, lS-41, 18-42,18-43, 18-44, 
18-45, lS-S9 

Critical volume-to-capacity ratio, 16-8, 
18-41 
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Cross flow, 23-2, 23-7, 23-18 
Crossing time, 18-20, 20-18 
Crosswalk occupancy time, 18-67, 18-68, 

18-100 
Cycle, see Cycle failure; Cycle length 
Cycle failure, 17-42, 18-6, 18-14, 18-4S, 

18-55 
Cycle length, 16-30, 17-32, 17-38, 17-61, 

17-77, 17-81, 17-96, 18-6, 18-8,22-15, 
22-28, 22-29, 22-30, 22-34 

Cyclic spillback, 17-31 

D 
Daily service volume, 16-27 
Default value, 16-1,16-25,16-29, 17-1, 

17-8, 17-9, 17-16, 17-27, 17-67, 17-68, 
17-70, 17-72, 17-76, 18-2, 18-7, 18-9, 
18-lS, 18-24, 18-31, 18-36, 18-74, 18-75, 
18-77, IS-78, 18-79, 18-80, 18-81, lS-8S, 
19-38, 19-43, 20-20, 20-22, 21-22, 21-2S, 
22-17,22-37,22-40,22-46,23-18,23-19 

Degree of sahlration, 19-21, 19-28, 21-19 
Degree-of-conflict case, 20-7, 20-8, 20-13, 

20-14, 20-1S 
Delayed passing maneuver, 23-13 
Demand, see Demand flow rate; 

Demand starvation; Demand volume 
Demand flow rate, 17-9, 17-10, 17-34, 

17-36, 17-40, 17-50, 17-57, 17-58, 17-67, 
17-68,17-74,17-93,18-8,18-9,IS-11, 
18-15, lS-25, 18-34, lS-41, 18-42, 18-49, 
18-52, 18-53, 18-S6, 18-57, 18-66, 18-70, 
18-73, lS-74, 18-n 18-88, 18-93, 19-2, 
19-9,19-38,20-3,20-9,20-20,21-12, 
21-18,21-28,21-34,22-22, 22-2S, 22-34 

Demand starvation, 17-6, 18-29, 19-3S, 
20-20, 22-10, 22-14, 22-29, 22-30, 22-31, 
22-32, 22-33, 22-34, 22-60 

Demand volume, 16-2, 16-3, 16-4, 16-7, 
17-2,17-3,17-6,17-30, lS-2, 18-3, lS-5, 
18-11, 19-9, 19-39,20-3,20-9,20-20, 
21-2,21-12,21-22,21-28,21-34,22-lS, 
22-38, 22-56 

Departure headway, 20-2, 20-4, 20-5, 
20-6,20-7,20-9,20-12,20-15,20-16, 
20-17, 20-23, 20-2S, 20-26 

Design hour, 22-46 
Detedionzone, 17-78, 18-18, lS-23, 18-24 
Deterministic model, 21-24, 21-26, 22-55 
D-factor, 16-26, 16-27 

Volume 3/Interrupted Flow 
December 2010 

AR0074620 



{' 
\ 

Diamond interchange, 16-28, 19-42, 22-2, 
22-3, 22-4, 22-7, 22-9, 22-11, 22-13, 
22-29, 22-33, 22-34, 22-36, 22-56, 22-57, 
22-58 

Directional flow rate, 23-10 
Directional split, 23-4, 23-7, 23-24 
Downstream, 16-10, 16-11, 17-5, 17-6, 

18-9, 19-1, 19-41, 20-2, 21-2, 21-5, 22-1, 
22-5, 22-7, 22-9, 

Dual entry, 18-8, 18-21, 18-76 
Duration of congestion, 18-75 
Dwell time, 16-32, 17-16, 17-17, 17-61, 

17-62,17-71,17-95,17-96 

E 
Effective green time, 17-37, 17-41, 17-61, 

17-96, 18-12, 18-39, 18-40, 18-48, 18-55, 
18-72, 18-78, 18-92, 18-93, 18-102, 
22-31, 22-32, 22-34, 22-60, 22-61, 22-66 

Effective red time, 18-48, 18-79 
Effective walk time, 18-62, 18-64, 18-66, 

18-97 
Effective walkway width, 23-3, 23-4 
85th percentile speed, 16-30, 18-25, 

18-26, 18-70, 18-80, 18-97 
Empirical model, 19-1, 22-17, 22-55 
Entrance ramp, 22-56 
Entry flow, 21-4, 21-5, 21-10, 21-13, 

21-14,21-30,21-31,21-35,21-36 
Event, 18-11, 19-34, 19-35, 20-6, 23-4 
Excess wait time, 17-16, 17-17, 17-65, 

17-66,17-70,17-95,17-98 
Exclusive off-street bicycle paths, 23-1 
Exclusive turn lane, 17-4, 17-11, 18-4, 

18-8,18-16, 18-24,18-33 
Exit flow, 17-29, 21-4, 21-10, 21-29 
Exit ramp, 22-3 

F 
Facility, 16-5, 16-6, 16-10, 16-18, 16-21, 

16-23, 16-24, 16-29, 16-35, 16-36, 16-40, 
16-41, 16-45, 23-4, 23-24 

Fixed-object effective width, 17-47, 
17-86,23-3 

Flared approach, 19-3, 19-5,19-41 
Flow rate, 16-2, 16-3, 17-2, 17-3, 18-2, 

18-3, 19-2, 19-9, 19-10, 20-3, 20-5, 21-4, 
21-5,22-9,22-15,22-22,23-16,23-17, 

Flow ratio, 18-9, 18-34, 18-41, 18-42, 
18-43, 18-44, 18-45, 22-36, 22-38, 22-39, 
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22-40, 22-41, 22-42, 22-43, 22-69, 22-70, 
22-71,22-72 

Follow-up headway, 19-3, 19-5, 19-6, 
19-7,19-15,19-16,19-18,19-42,19-45, 
21-5,21-23 

Force-off, 18-21, 18-22 
Four-phase pattern, 20-1, 20-4, 20-5 
Free-flow speed, 16-7, 16-8, 16-10, 16-11, 

16-17,16-18,16-34,16-35,16-39,16-40, 
16-44,16-45,17-6,17-7,17-32,17-33, 
17-34, 17-36, 17-43, 17-74, 17-78, 17-83, 
19-27, 19-28 

Freeway, 16-6, 18-77,21-5,21-25,22-1, 
22-2,22-3,22-5,22-7,22-16,22-38, 
22-43, 22-47, 22-48, 22-49, 22-50, 22-53, 
22-54, 22-56, 22-67 

Full stop, 16-17, 17-40, 17-41, 17-42, 
17-43 

Fully actuated control, 18-17, 18-28, 
18-58, 18-59, 18-86 

G 
Gap, 17-17, 17-22, 17-49, 17-52, 17-87, 

18-8,18-21, 18-30, 18-39, 18-40, 18-76, 
18-92, 19-1, 19-5, 19-6, 19-7, 19-8,19-9, 
19-10,19-12,19-16,19-20,19-21,19-22, 
19-24,19-25,19-31,19-33,19-34,19-35, 
19-37, 19-41, 19-42, 19-46, 19-51, 19-53, 
21-4,21-7,21-24,21-26 

Gap acceptance, 19-1; 19-5, 19-12, 21-26 
Gap out, 18-21, 18-39 
Generalized service volume table, 16-26, 

16-27 
Geometric condition, 16-25, 16-30, 17-71, 

17-72,17-77, 17-78,18-80,19-7,19-30, 
19-36,19-39,20-8,21-21,22-15 

Geometric delay, 17-39 
Green time, 18-38, 18-78, 18-93, 18-102, 

22-15,22-26,22-27,22-28,22-29,22-30, 
22-31, 22-32, 22-33, 22-34, 22-57, 22-60, 
22-61, 22-63, 22-66 

H 
Headway, 17-17,17-22, 17-63,17-64, 

17-66,17-97,18-89,18-105,19-2,19-3, 
19-7,19-15,19-16,19-18,19-31,19-32, 
19-33,19-34,19-35,19-36,19-40,19-44, 
19-45, 19-50, 20-2, 20-4, 20-5, 20-6, 
20-7,20-8,20-11,20-12,20-14,20-15, 
20-16,20-17,20-23,20-25,20-26,21-23, 
22-55 
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Heavy vehicle, 16-31, 17-16, 17-18, 17-58, 
17-71, 17-90, 17-92, 18-8, 18-10, 18-14, 
18-35,18-36,18-76,19-2,19-15,19-16, 
19-38,19-43,20-3,20-5,20-11,20-12, 
20-20,20-22,20-23,21-2,21-6,21-8, 
21-10, 21-12, 21-18, 21-22, 21-23, 21-28, 
21-33,22-15,22-37,22-58,22-63 

Hindrance, 23-8 

I 
Impedance, 19-6, 19-11, 19-13, 19-18, 

19-21, ]9-23, 19-24, 19-45, 19-46, 19-53 
Incident, 16-27 
Incremental delay, 18-46, 18-48, 18-49, 

18-55, 18-56,18-72, 18-82, 18-92 
Influence area, 17-1, 18-1 
Initial queue, 16-2, 16-10, 16-11, 17-2, 

17-13,18-2, 18-8, 18-14,18-22,18-46, 
18-49, 18-51, 18-52, 18-53, 18-54, 18-56, 
18-57, 18-59, 18-72, 18-74, 18-75, 18-87, 
18-93, 22-30, 22-33 

Initial queue delay, 18-46, 18-49, 18-54, 
18-56, 18-72 

Inputs, 17-80, 18-] 7, 18-28, 18-89, 19-18, 
21-24,22-37,22-46,22-47,23-17,23-19 

Interchange ramp terminat 16-16,16-18, 
16-21,17-28, 17-45, 17-55, 22-1, 22-2, 
22-5,22-14,22-15,22-16,22-26,22-32, 
22-46, 22-53, 22-55 

Internallink, 22-10, 22-16, 22-17, 22-29, 
22-30, 22-32, 22-60, 22-65 

Interrupted How, 19-38, 20-20 
Intersection delay, 17-82, 19-48 
Interval, 16-1, 16-2, 16-30, 17-2, 17-3, 

17-38,17-77,17-81,18-2,18-13,18-18, 
18-19,18-20, 18-21, 18-22, 18-39, 18-40, 
18-47, 18-48, 18-51, 18-52, 18-55, 18-62, 
18-64, 18-75, 18-76, 18-80, 18-89, 18-96, 
22-15,22-27,22-28,22-29,22-30,22-31, 
22-32, 22-33, 22-60 

Isolated intersection, 16-6, 17-6, 18-14, 
18-82, 19-1, 20-2 

K 
K-factor, 16-26 

Lane 1, 20-12, 20-13 
Lane 2, 20-12, 20-13 

l 
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Lane distribution, 19-4, 19-10, 19-15, 
22-16,22-55 

Lane group, 16-11, 17-4, 18-4, 18-5, 
22-11,22-12,22-15 

Lane group delay, 18-56 
Lane utilization, 18-8, 18-14, 18-15, 

18-35, 18-38, 18-76, 18-77, 18-87, 21-14, 
21-15,21-22,21-33, 22-t 22-7, 22-9, 
22-10,22-14,22-]6,22-17,22-18,22-19, 
22-20,22-21,22-22,22-24,22-32,22-54, 
22-55, 22-58, 22-59, 22-64, 22-65 

Lane width, 17-19, 18-8, 18-16, 18-27, 
18-35,18-36,18-76,18-80,18-87,21-3, 
22-15,22-24,22-59,22-65 

Level of service (LOS), 16-7,16-8, 16-9, 
17-6,17-7,17-8,18-5,18-6,18-7,19-1, 
19-2,20-1,20-2,21-1,22-11,22-12, 
22-13,23-2,23-3,23-4 

Link, 17-22, 17-45,17-50, 17-51, 17-56, 
17-57, 17-58, 17-66, 17-87, 17-89, 17-92, 
17-94,17-99,22-11,22-26 

Link length, 17-12, 17-19, ]7-33 
Load factor, 16-32, 17-16, 17-18, 17-65, 

] 7-71, 17-95 
Local street, 16-6, 16-13, 17-24 
Loop ramp, 22-4, 22-7 
Lost time, 17-37, 17-74, 18-40, 18-41, 

18-42,18-44,18-45,18-78,22-9,22-14, 
22-26,22-27, 22-28, 22-29, 22-30, 22-31, 
22-32,22-33,22-34,22-58,22-60,22-63, 
22-65, 22-66 

M 
Macroscopic model, 21-26 
Max out, 18-21, 18-39, 18-58 
Maximum green, 18-8, 18-17, 18-18, 

18-19, 18-40, 18-55, 18-58, 18-75, 18-76, 
18-89, 18-90, 18-92, 18-95 

Maximum recall, 18-17, 18-18, 18-20 
Median, 16-36, 16-39, 16-40, 16-41, 16-44, 

16-45,17-9,17-12,17-16,17-19,17-32, 
17-33, 17-68, 17-69, 17-70,17-74, 18-20, 
18-27,19-2,19-3,19-12,19-22,19-25, 
19-31,19-49,19-50 

Meeting, 23-2, 23-4, 23-6, 23-8, 23-9, 
23-12,23-17,23-21,23-22 

Merge, 19-9, 19-10, 22-7 
Microscopic model, 19-41 
Minimum green, 16-30, 17-77, 18-8, 

18-19,18-20,18-23,18-58,18-76,22-15 
Minimum recall, 18-20 
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Minor movement, 19-1, 19-5, 19-9, 19-16, 
19-17, 19-28, 19-30, 19-44,19-45,19-49 

Mobility, 16-6, 16-7, 16-14, 17-6, 17-25, 
23-5,23-1 

Model, 16-10, 17-13, 17-26,17-27,17-32, 
17-38, 17-73, 17-74, 18-22, 18-30, 18-31, 
18-81,18-82,19-1,19-5,19-16,19-28, 
19-36, 19-42, 20-5, 20-6, 20-7, 20-8, 
20-28,21-2,21-4,21-6,21-7,21-16, 
21-17,21-18,21-19,21-21,21-23,21-24, 
21-25,21-26,22-17,22-31,22-55,22-58, 
22-64,23-9,23-15,23-21 

Movement capacity, 16-11, 17-15, 17-30, 
17-36,17-43,17-79, 18-88,19-5,19-18, 
19-19,19-20,19-21,19-22,19-24,19-25, 
19-40,19-45,19-46 

Movement groups, 17-4, 18-4,18-15, 
18-33, 18-34 

Move-up time, 19-27,19-47,20-2,20-15, 
20-26 

Multilane roundabout, 21-6, 21-7, 21-9, 
21-15,21-28 

Multimodal, 16-1, 16-3, 16-4, 16-5, 16-29, 
16-47, 17-3, 17-46, 17-56, 17-100, 
18-106,23-28 

N 
Near-side stop, 17-6l, 17-62, 17-96 
Node, 22-55 

o 
Off-line bus stop, 17-23 
Off-ramp, 22-43 
Offset, 16-30, 17-37,17-77, 17-81, 18-8, 

18-22, 18-78,22-15,22-57,22-63,23-21 
Off-street path, 23-4, 23-5, 23-3, 23-7, 

23-18 
On-ramp, 18-77 
Opposing approach, 18-48, 18-91,20-2, 

20-4,20-7,20-8,20-9,20-12 
Outputs, 17-73, 19-39,20-20,21-22, 

22-46,22-54,23-18,23-19 
Overflow queue, 17-40, 18-48, 18-54, 

18-93 

p 
Partial diamond interchange, 22-4 
Passage time, 16-30, 17-77, 18-8, 18-18, 

18-24,18-30,18-55,18-58,18-76,22-15 
Passenger-car equivalent, 21-17, 21-18 
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Passenger load factor, 17-16, 17-65, 
17-71, 17-95 

Passenger trip length, 17-16,17-17, 
17-65, 17-66, 17-71, 17-97, 17-98 

Pavement condition rating, 17-16, 17-20, 
17-58,17-71, 17-91 

Peak hour factor (PHF), 16-2, 16-3, 16-10, 
16-11,16-26,16-27,17-2,17-3,17-10, 
17-13, 18-3, 18-8, 18-9, 18-10, 18-11, 
18-22,18-23, 18-76, 18-80, 19-2, 19-9, 
20-3,20-9,20-20,20-21,21-2,21-12, 
21-22,21-23,21-28,21-34,22-15,22-58, 
23-4,23-5,23-8,23-10,23-16,23-17, 
23-22, 23-24 

Pedestrian clear interval, 18-19, 18-20, 
18-27, 18-62, 18-66, 18-99 

Pedestrian crosswalk, 17-43, 21-1 
Pedestrian flow rate, 17-16,17-18, 17-47, 

17-48, 17-69, 17-84, 18-8, 18-15, 18-25, 
18-26, 18-69, 18-74, 18-79, 18-96, 18-97, 
19-9, 19-32,21-30,22-15,23-2,23-5, 
23-20, 23-24 

Pedestrian mode, 18-60, 18-79, 19-30, 
21-21 

Pedestrian plaza, 23-6, 23-18, 23-19 
Pedestrian recall, 18-20 
Pedestrian service time, 18-67, 18-99, 

18-100 
Pedestrian space, 16-3, 16-8,16-12,16-19, 

16-20,16-21,16-34, 16-35,16-38, 16-39, 
16-40,16-43,16-44, 16-45, 17-3,17-8, 
17-45, 17-46, 17-47, 17-49, 17-51, 17-54, 
17-85,17-86, 17-89, 17-90, 18-97, 23-2, 
23-5,23-6,23-7,23-23 

Pedestrian start-up time, 19-32, 19-38, 
19-49 

Pedestrian street, 23-2, 23-5, 23-6 
Pedestrian walkway, 23-19, 23-20, 23-23 
Performance measure, 16-3, 16-6, 16-7, 

17-3,17-5,17-6,18-3, 18-5, 18-7, 19-41, 
21-4,22-13,22-33,22-46 

Permitted turn, 18-46 
Phase, 16-30, 17-6, 17-28, 17-37, 17-38, 

17-39,17-77,17-79,17-80,17-81,17-96, 
18-4,18-5,18-7,20-1,20-4,20-5,20-18, 
20-19,22-15,22-26,22-28, 

Phase pair, 18-42 
Phase pattern, 20-4 
Phase recall, 18-8, 18-76, 22-15 
Phase sequence, 17-77, 17-80, 18-8, 18-18, 

18-21, 18-42, 18-43, 18-44, 18-45, 18-58, 
18-75, 18-78, 18-82, 18-87, 18-88, 18-89, 
18-92, 20-18, 22-15 
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Platoon, 16-5, 16-6, 16-19, 16-31, 16-35, 
16-39,16-44,17-4,17-31,17-37,17-38, 
17-46,17-74,17-78,17-79,17-82,17-86, 
18-1, 18-8, 18-11, 18-12, 18-13, 18-48, 
18-67, 18-75, 18-76, 18-86, 19-5,19-17, 
19-18, 19-32,23-3,23-6,23-7 

Platoon ratio, 16-31,17-78,17-79,18-8, 
18-11, 18-12, 18-13, 18-48, 18-75, 18-76, 
18-86 

Potential capacity, 19-5, 19-16, 19-17, 
19-18,19-19,19-45, 19-46 

Precision, 16-25, 17-72, 18-81 
Prepositioning, 18-15, 22-41, 22-70 
Pretimed control, 18-18, 18-28, 18-31, 

18-39, 18-42, 18-43, 18-45, 18-75 
Progression, 16-8, 16-31, 17-7, 17-73, 

17-78,18-5,18-6,18-11,18-12,18-13, 
18-14,18-59,18-76,18-77,18-78,18-82, 
18-92,18-106,21-27 

Protected tum, 22-24, 22-25 

Q 
Quality of service, 16-1,16-3,16-4,16-8, 

16-9,16-14,17-1,17-3,17-7,17-8, 
17-17,17-25,17-51,18-1,18-7,18-29, 
20-3,21-1,23-1,23-5,23-1,23-17 

Queue, see Back of queue; Initial queue; 
Overflow queue; Queue delay; Queue 
jump; Queue length; Queue spillback; 
Queue storage ratio; Residual queue 

Queue delay, 18-54, 19-42 
Queue jump, 17-23 
Queue length, 19-5, 19-7, 19-25, 19-26, 

19-30,19-39,19-40,19-48,19-49,20-17, 
20-26,21-20,21-33,22-28,22-33,22-54, 
22-60, 22-66 

Queue spillback, 16-10, 16-14,17-13, 
17-24,18-22, 18-28, 18-30, 19-38,20-20, 
22-32 

Queue storage ratio, 18-3, 18-57, 18-93, 
22-12, 22-15, 22-33, 22-44, 22-53, 22-54, 
22-57, 22-58, 22-61, 22-62, 22-63, 22-66, 
22-67 

R 
Ramp meter, 21-25, 22-1, 22-53, 22-56 
Ramp roadway, 22-36, 22-40, 22-43 
Rank, 19-7, 19-8, 19-9,19-10,19-11, 

19-12,19-13,19-17,19-18,19-19,19-20, 
19-21,19-22,19-23,19-24,19-28, 19-29, 
19-30, 19-45, 19-46, 19-47, 19-48 
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Receiving lanes, 18-8, 18-17, 18-39, 18-74, 
20-8 

Recreational vehicle, 16-14, 17-24, 18-29 
Red clearance interval, 17-81, 18-19, 

18-20, 18-21, 18-39, 18-40,18-62, 18-64, 
18-89, 18-96 

Reentry delay, 17-16, 17-22, 17-23, 17-60, 
17-62,17-70,17-95,17-96 

Reference phase, 16-30, 17-77, 18-22, 
18-78 

Regression model, 21-4, 21-5, 22-43, 23-9, 
23-17 

Residual queue, 16-2, 16-10, 16-11, 17-2, 
17-13,18-2,18-23,18-49,18-58,18-59, 
18-75,18-93,21-19 

Rest-in-walk mode, 18-20, 18-27, 18-30, 
18-97 

Restrictive median, 16-26, 16-27, 17-9, 
17-12,17-33,17-68 

Right-tum-on-red, 16-31, 17-75, 18-8, 
18-9, 18-25, 18-66, 18-76, 22-15, 22-43 

Ring, 17-80, 18-4, 18-5, 18-21, 18-42, 
18-43, 18-44, 18-45, 18-88 

Roundabout, 16-13, 16-16, 16-18, 16-21, 
16-26,17-16,17-23,17-24, 17-28,17-39, 
17-45,17-55,17-61,17-70,17-75,21-1, 
22-1, 22-5, 22-9, 22-34, 22-35 

Running speed, 16-17, 16-22, 16-23, 
17-13,17-14,17-16,17-22,17-32,17-34, 
17-37,17-51,17-56,17-57,17-58,17-60, 
17-61,17-62,17-63,17-69,17-70,17-73, 
17-85, 17-88, 17-91, 17-92, 17-95,18-23 

Running time, 16-7, 16-11, 16-13, 17-6, 
17-15,17-22,17-32,17-34,17-36,17-38, 
17-42,17-57,17-60,17-62,17-63,17-83, 
17-91,17-95,17-97 

Rural, 18-57, 20-17, 21-21, 22-2 

s 
Saturation flow rate, 16-26, 16-27, 16-31, 

17-41, 17-73, 17-74, 17-78, 17-79,17-81, 
18-8, 18-14, 18-15, 18-35, 18-36, 18-38, 
18-40, 18-42, 18-46,18-47, 18-48, 18-71, 
18-76, 18-81, 18-83, 18-87, 18-88, 18-90, 
18-91, 18-93, 18-102, 19-7, 19-21,19-38, 
21-5,22-15,22-16,22-18,22-24,22-25, 
22-34, 22-37, 22-38, 22-39, 22-53,22-55, 
22-59, 22-64, 22-67, 22-69 

Saturation headway, 18-24, 20-1, 20-2, 
20-3, 20-6, 20-7, 20-8, 20-9, 20-11, 
20-14,20-15,20-23,20-25,22-29,22-30, 
22-33, 22-55 
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Scenario, 16-40, 17-83, 18-59, 19-12, 
19-35,19-49,19-50,19-51,19-52,20-18 

Segment, 16-5,16-6,16-8,17-3,17-4,17-5 
Segment delay, 18-82, 19-41 
Semiactuated control, 18-17,18-75 
Sensitivity analysis, 21-20 
Service measure, 19-31, 19-36,21-1,23-2, 

23-6,23-7 
Service time, 17-23, 17-62, 17-96,18-9, 

18-34, 18-40, 18-67, 18-92, 20-2, 20~6, 
20-7, 20-8, 20-9, 20-12, 20-15, 20-16, 
20-26 

Service volume, 16-26, 16-27, 23-4, 23-19 
see also Generalized service volume 
table 

Shared lane, 16-10, 17-9, 17-11, 17-40, 
17-79,17-83,18-8,18-9,18-12,18-16, 
18-33, 18-34, 18-38, 18-48, 18-51, 18-52, 
18-88, 18-90, 18-91, 18-92, 19-5, 19-20, 
19-21, 19-25,19-27,19-28, 19-29, 19-39, 
22-38 

Shared-lane capacity, 19-19, 19-25, 19-47, 
19-49 

Shoulder, 16-6, 17-16, 17-19, 17-20, 17-50, 
17-51,17-58,17-71, 17-84, 17-87, 17-88, 
17-91,17-92,18-16,18-25,18-27,18-71, 
18-73,18-80,18-103 

Shy distance, 17-47, 17-48, 17-85,23-3, 
23-4 

Side street, 18-13, 18-14 
Sidepath,23-1 
Sidewalk, 16-5,16-8,16-9,16-12,16-14, 

16-19,16-20,16-21,16-29,16-32,16-34, 
16-35, 16-36, 16-39, 16-40, 16-41, 16-44, 
16-45,17-4, 17-7,17-8,17-16,17-20, 
17-21,17-25,17-26,17-44,17-46,17-47, 
17-48, 17-50, 17-51, 17-52, 17-55, 17-84, 
17-85, 17-86,17-88,18-27,18-28,18-29, 
18-30, 18-63, 18-65, 18-66,23-3,23-4, 
23-20 

Single entry, 18-21, 18-76, 21-6 
Single-point urban interchange, 16-28, 

22-1 
Single-stage gap acceptance, 19-12 
Space, see Pedestrian space 
Spacing, 16-7, 16-11, 16-27, 16-35, 16-36, 

17-16,17-20,17-32,17-33,17-34,17-51, 
17-68, 17-69,18-77,22-2,22-9,22-29, 
22-37,23-4, 23-21 

Spatial stop rate, 16-17, 16-18, 17-42, 
17-44,17-76 

Special events, 23-19 
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Speed, see Average running speed; 
Average travel speed; Bicycle speed; 
Crawl speed; 85th percentile speed; 
Free-flow speed; Running speed 

Spillback, 16-10, 17-13, 17-29, 17-31, 
17-32,17-83,18-22,18-30,22-1,22-5, 
22-32, 22-53 

Spillover, 23-5, 23-4, 23-19 
Split, 17-80, 17-81, 18-12, 18-18,.18-20, 

18-21, 18-22, 18-78, 18-88, 18-91,22-3, 
22-4,22-43,23-4,23-9,23-10,23-18, 
23-24 

Stairway, 23-2, 23-4, 23-5, 23-7, 23-21 
Start-up lost time, 17-36, 17-37, 18-7, 

18-40, 18-45, 18-83, 18-89,22-31,22-55, 
22"58, 22-63 

Stochastic model, 21-24, 21-26 
Stop rate, 16-3, 16-17,16-18,17-3,17-14, 

17-28,17-40,17-41,17-43,17-80 
Stop spacing, 17-18 
Stopped delay, 19-27, 19-47 
Storage length, 17-11, 18-17, 18-93,22-60, 

22-65 
Street corner, 18-63, 18-97 
Study period, 16-1, 16-2, 16-3, 17-1, 17-2, 

17-3,18-1,18-2,18-3,18-9,18-25 
Subject approach, 17-56, 18-13, 18-15, 

18-27, 18-34, 18-37, 18-56, 18-73, 18-91, 
19-12,20-1,20-4,20-5,20-7,20-8, 
20-15,20-26,22-17 

Suburban street, 16-1, 17-1 
Sustained spillback, 17-32 
System elements, 18-60, 23-4 

T 
Three-level diamond interchange, 22-4 
Through vehicles, 16-7,16-17,16-29, 

17-6,17-11,17-12,17-14,17-15,17-26, 
17-31, 17-35, 17-39,17-40, 17-42, 17-43, 
17-56,17-82, 17-83, 18-30, 18-90,18-92, 
18-93,18-95,19-1,19-7,19-28,19-29 

Tight urban diamond interchange, 22-2, 
22-36 

Time interval, 16-1, 16-10, 17-2, 17-13, 
18-2, 18-22, 18-47, 19-7 

Tool, 16-10, 17-1, 17-13, 17-32, 17-72, 
17-73, 17-74, 18-1, 18-22,18-81, 18-82, 
18-83,18-84,19-41,19-42,21-20,21-23, 
21-24,21-26,21-27,22-2,22-53,22-55, 
22-56 

Total lost time, 22-60, 22-66 
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Traffic analysis tool, 17-72, 18-81, 21-23, 
22-53 

Traffic condition, 16-1, 16-2, 16-13, 16-25, 
17-1,17-2, 17-24, 17-25, 17-29, 17-71, 
18-1, 18-2, 18-26, 18-28, 18-29, 18-35, 
18-80,19-36,20-1,21-21,22-15,22-24 

Traffic control device, 17-5, 17-32, 17-34, 
17-60,21-2,21-25 

Traffic pressure, 22-24, 22-25, 22-59, 
22-64, 22-65 

Transit frequency, 16-32, 17-16, 17-18, 
17-64,17-70,17-95 

Transit mode, 16-7, 16-9, 16-13, ] 6-30, 
16-36, 16-41, 17-6, 17-8, 17-24 

Transit reliability, 17-17 
Travel mode, 16-1, 16-3, 16-4,16-5, 16-6, 

16-8,16-12,16-14,16-16,16-32,16-37, 
16-42,17-1,17-3,17-8,17-16,17-24, 
17-27,18-1,18-3,18-7,18-24,18-28, 
18-29, 18-31 

Travel speed, see Average travel speed 
Travel time, 16-11, 16-12, 16-13, 16-17, 

16-20,16-22,16-23,17-17,17-39,17-61, 
17-63, 17-64,17-65,17-66,17-74, 17-97, 
17-98, 18-5, 18-78, 18-82, 20-8, 20-16, 
22-2,22-40,22-54,22-69,23-11 

Travel time rate, 17-63, 17-64, 17-65, 
17-66,17-98 

Truck, 16-14, 17-24, 18-29,23-4 
Two-lane highway, 23-1 
Two-phase pattern, 20-4 
Two-stage gap acceptance, 19-5, 19-41, 

19-44 
Two-way left-turn lane, 17-11, 17-19, 

18-17,19-2 
Two-way sTOP-controlled, 16-13, 16-18, 

16-21, 16-26, 17-5, 17-23, 17-24, 17-28, 
17-44,17-55,17-61,17-75,19-1,21-4, 
22-1,22-13,22-56 

u 
Uncontrolled, 16-11,17-5,17-15,17-23, 

17-36, 17-39, 17-40, 17-49, 17-52,17-56, 
17-84, 18-30, 19-1,22-43 

Uniform delay, 18-46, 18-47, 18-51, 
]8-52,18-53, 18-56, 18-82,18-91,18-92, 

18-93 
Unit extension, 18-18 
Uronet demand, 18-49, 18-51, 18-52, 

18-53, 18-54, 18-56 
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Unsignalized intersection, 17-5, 17-40, 
17-44,19-2,19-30,19-41,19-42,21-1, 
21-4,21-7,21-18,22-14,22-36 

Urban street segment, 16-5, 17-1, 17-3, 
17-6 

v 
Validation, 22-73 
Vmiability, 17-39 
Volume-to-capacity (vic) ratio, 19-40, 

20-2, 23-2, 23-7 

w 
Walk interval, 18-19, 18-20, 18-100 
Walkway, 16-12, 16-36, 16-41, 17-16, 

17-20,17-47,17-71,18-25,18-27,18-63, 
18-80,18-97,23-2,23-3,23-4,23-5, 
23-3,23-4,23-6,23-7,23-19,23-20, 
23-23 

Volume 3jInterrupted Flow 
December 2010 

AR0074626 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

Contro l by USGS. NOSINO,t.,A.~nd L", Angeles City and County 

Topog.apny bypholOfjJimmelri c methods from iH!,ial 
phOI0lil.aphslaken 1964. Fieldcheckedl966 
S ~persedu map smveyed 1923--25. revir.ed 1953 

Poll""'nic projectiQII. 10,OOQ.-f()O!fI'id licks based on ClrI, lofn'. 
coord inBtes1stem. ZOI1e 7. 1000-me!e,UniversaI Trans. erse 
MeCllo' Ilrid t ic.s. ro»e II. shown in blue. 1927 HOI'!h 
American Dat um. To plice on Ihe Pfed icted North Ameri' in 
Dat um 1983 move th e prnjection lines 2 metersn<lrtt • • nd 
85melf""",t asshownbydnhedcOI'nerticks 

Red t in! ;nd icat.sare,. in which ""Iy landrm .... build ing . .. e sl\(lwn 

A portion 01 the SO>Ulh half of this map liu within , sub,side nc f a",. 
Vertica l c(mllol ~se<lon lalest.vai~ble8djustm . nt 

T_maybepriya/einholdingswithint:t.eboondaries 
oftheN.tionalorState~tionsshownOl1 thi,map 

rrrMGR' DAII\)''lO!'M/oGI<O'«_m 
DtC< ' ''''TIOH " c.E~;E~ Of 5I<EE1 

STATE OF CALIFORNIA 
DEPARTMENT OF WATER RESOURCES 

CO~TOUR INT[RVAL 20 FEn 
DOTTED LIN ES REPRESENT to-FOOT CONTO URS 
N ~T'ON "'l GEODETIC VE~TICR DATU M OF 1919 

TH' S M~P CO MPU(S WI TH NATION~l /oIAP ACC URACY STANDARDS 

FOR SALE BY U. S. GEOlOGICIIL SURVE¥. DEN VER.COLORAOO 80225, OR RESTON, VIRGINIA 22092 
A FOlDEIi DESCRIBING 10f.'0<;RAffi ,e MAPS AND sn'~Dl~ ,S "'~~ll,Io.elE ON REQU [ST 

RevisiOl1s shQwn ,n pu'ple Jnd ......oolard comp".~ I(om 
.e"~1 pr.ototiraph~ lak~n 1978 ,rod Ollie< JOu,ees Th" 
,nlOfrMtion not field checked . Mlpodited 1981 

PlJrplc\i"ti"dic .. e$eXleMi~noILlfbana'8as 

HOLLYWOOD QUADRANGLE 
CALIFORNIA- l OS ANGELES CO. 

7.5 MINUTE SERIES (TOPOQRAPHIC) 

HeJvydul1 _ _ LiP.ht..Ju",,_ 

Med '" m·duty _.~ ~ Unimpl'J'Jed dirt ,~~~.~ _ _ 

- ) Interstate Route .~. U.S. Rc~te ,-,./ State Roole 

HOLLYWOOD, CALIF. 
341t8---A3-TF-024 ,

PHOTOAIoV'SEO 1981 
DI"~ 23 ' ~ rn S!! - SERIES VR95 

AR0074627 



Upper Los Angeles River Area Watermaster 
City of Los Angeles vs. City of San Fernando, et al. 

Case No. 650079 - County of Los Angeles 

W ATERMASTER SERVICE 

IN THE 

UPPER LOS ANGELES RIVER AREA 

LOS ANGELES COUNTY, CALIFORNIA 

2004-05 WATER YEAR 

OCTOBER 1, 2004 - SEPTEMBER 30, 2005 

N 

~E 
S 

MAY 2006 

AR0074628 



UPPER LOS ANGELES RIVER AREA WATERMASTER 

CITY OF LOS ANGELES VS. CITY OF SAN FERNANDO, ET AL. 
CASE NO. 650079 - COUNTY OF LOS ANGELES 

W ATERMASTER SERVICE 

IN THE 

UPPER LOS ANGELES RIVER AREA 

LOS ANGELES COUNTY 

2004-2005 WATER YEAR 
OCTOBER 1, 2004 - SEPTEMBER 30, 2005 

ULARA WATERMASTER 
Mark Mackowski 

ASSISTANT WATERMASTER 
Patricia Kiechler 

CONSULTANT TO THE WATERMASTER 
Melvin L. Blevins, P .E. 

GROUNDWATER HYDROLOGY/MODELING CONSULTANT 
Hadi J onny, P .E. 

WATERMASTER STAFF 

Andy Agra, P .E. 
Vahe Dabbaghian 
Michael Hedvig 
Billie Washington 

Water Resources Engineer 
Water Resources Engineer 
Management Assistant 
Clerk Typist 

SPECIAL COUNSEL 
Frederic A. Fudacz 

Alfred E. Smith 
of Nos sam an, Guthner, Knox, & Elliott, LLP 

Copies ofthis report may purchased for $40.00 (including shipping). 

P.O. Box 51111, Room 1450 
Los Angeles, CA 90051-0100 

213/367-0921 or 2131367-0896 

MAY 2006 

AR0074629 



AR0074630 



FOREWARD 

I am pleased to submit this annual Watermaster Report for the 2004-2005 Water Year in accordance with 
the provisions of the Final Judgment signed by the Los Angeles Superior Court on January 26, 1979. 

This report describes the water rights in each basin, and indicates the water in storage to the credit of each 
party as of October 1,2005. In addition, this report includes background information on the history of the 
San Fernando Case; information regarding each basin in ULARA with respect to water supply, 
groundwater extractions, groundwater levels, quantities of imported water use, recharge operations, and 
water quality conditions; and other pertinent information occurring during the 2004-05 Water Year. 

Updates on the development of "Significant Events" through April 2006 are discussed in Section 1.5. 
These include chromium and other emerging contaminants in the San Fernando Basin, and the challenges 
and opportunities presented by urban runoff. Weare also happy to announce our new internet web site at 
www.ularawatermaster.com. 

Our most significant long-term challenges continue to be the contamination of groundwater in the San 
Fernando Basin (SFB); and the decline in stored groundwater in the SFB and Verdugo Basins. 

In partnership with the United States Environmental Protection Agency (USEP A) and the Los Angeles 
Regional Water Quality Control Board (RWQCB), the Cities of Los Angeles, Burbank, and Glendale 
continue their efforts to remediate groundwater contaminated with volatile organic compounds (VOCs) and 
hexavalent chromium, and identify the responsible parties. The City of Glendale continues its 
groundbreaking study of ion exchange technology to remove hexavalent chromium from groundwater in 
the SFB, and hopes to install a wellhead treatment system within the next year. 

The Crescenta Valley Water District (CVWD) has taken the lead on a study of the Verdugo Basin that 
includes groundwater modeling and geophysical mapping. This study will give us a better understanding 
of basin geology and hydrology, and will provide guidance to CVWD and the City of Glendale for the 
location of future recharge and extraction facilities. The Watermaster and the Cities of Los Angeles, 
Glendale, and Burbank have begun discussions regarding the cause and effect of a decline in stored 
groundwater and the accumulation ofa large amount of Stored Water Credits in the SFB. I am hopeful that 
this process win lead to improved basin management and long-term sustainability of water resources in the 
SFB. 

To provide groundwater management for the ULARA basins, the Watermaster and Administrative 
Committee met on a quarterly basis during 2004-2005. As provided in Section 5.4 of the ULARA Policies 
and Procedures, the eleventh ULARA Groundwater Pumping and Spreading Plan was completed and filed 
with the Court in July 2005. 

We welcome the new members to the Administrative Committee from the City of San Fernando: Mr. Ron 
Ruiz, Director of Public Works, and Mr. Daniel Wall, City Engineer. We also welcome Mr. Raul Garibay 
for the City of Burbank. 

I thank the Court and the Administrative Committee for their continued confidence and support. I also 
wish to acknowledge and express appreciation to all the parties who have provided infOrmation;; d~ /J 
that were """"tial to the completion of this report. ~_ @~. 

MARK G. MACKOWSKl 
ULARA Watennaster 
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1. INTRODUCTION 

1.1 Background 

The Upper Los Angeles River Area (ULARA) encompasses the entire watershed of the 

Los Angeles River and its tributaries above a point in the river designated as Los 

Angeles County Department of Public Works (LACDPW) Gaging Station F-57C-R, near 

the junction of the Los Angeles River and the Arroyo Seco (Plates 1 and 5). ULARA 

encompasses 328,500 acres, composed of 122,800 acres of valley fill, referred to as the 

groundwater basins, and 205,700 acres of tributary hills and mountains. ULARA is 

bounded on the north and northwest by the Santa Susana Mountains; on the north and 

northeast by the San Gabriel Mountains; on the east by the San Rafael Hills, which 

separate it from the San Gabriel Basin; on the south by the Santa Monica Mountains, 

which separate it from the Los Angeles Coastal Plain; and on the west by the Simi Hills. 

ULARA has four distinct groundwater basins. The water supplies of these basins are 

separate and are replenished by deep percolation from rainfall, surface runoff and from a 

portion of the water that is delivered for use within these basins. The four groundwater 

basins in ULARA are the San Fernando, Sylmar, Verdugo, and Eagle Rock Basins. 

THE SAN FERNANDO BASIN (SFB) , the largest of the four basins, consists of 112,000 

acres and comprises 91.2 percent of the total valley fill. It is bounded on the east and 

northeast by the San Rafael Hills, Verdugo Mountains, and San Gabriel Mountains; on 

the north by the San Gabriel Mountains and the eroded south limb of the Little Tujunga 

Syncline which separates it from the Sylmar Basin; on the northwest and west by the 

Santa Susana Mountains and Simi Hills; and on the south by the Santa Monica 

Mountains. 

THE SYLMAR BASIN, in the northerly part of ULARA, consists of 5,600 acres and 

comprises 4.6 percent of the total valley fill. It is bounded on the north and east by the 

San Gabriel Mountains; on the west by a topographic divide in the valley fill between the 

Mission Hills and the San Gabriel Mountains; on the southwest by the Mission Hills; on 

the east by the bedrock of Saugus Formation along the east bank of the Pacoima Wash; 

and on the south by the eroded south limb of the Little Tujunga Syncline, which 

separates it from the SFB. 

THE VERDUGO BASIN, north and east of the Verdugo Mountains, consists of 4,400 acres 

and comprises 3.6 percent of the total valley fill. It is bounded on the north by the San 
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Gabriel Mountains; on the east by a groundwater divide separating it from the Monk Hill 

Subarea of the Raymond Basin; on the southeast by the San Rafael Hills; and on the 

south and southwest by the Verdugo Mountains. 

THE EAGLE ROCK BASIN, the smallest of the four basins, is in the extreme southeast 

corner of ULARA. It consists of 800 acres and comprises 0.6 percent of the total valley 

fill. 

1.2 History of Adjudication 

The water rights in ULARA were established by the JUDGMENT AFTER TRIAL BY 

COURT in Superior Court Case No. 650079, entitled The City of Los Angeles. a 

Municipal Corporation. Plaintiff. vs. City of San Fernando. et aL. Defendants. signed 

March 14, 1968, by the Honorable Edmund M. Moor, Judge of the Superior Court. 

Numerous pretrial conferences were held subsequent to the filing of the action by the 

City of Los Angeles in 1955 and before the trial commenced on March 1, 1966. 

On March 19, 1958, an Interim Order of Reference was entered by the Court directing 

the State Water Rights Board, now known as the State Water Resources Control Board 

(SWRCB), to study the availability of all public and private records, documents, reports, 

and data relating to a proposed order of reference in the case. The Court subsequently 

entered an "Order of Reference to State Water Rights Board to Investigate and Report 

upon the Physical Facts (Section 2001, Water Code)" on June 11, 1958. 

A final Report of Referee was approved on July 27, 1962 and filed with the Court. The 

Report of Referee made a complete study of the geology, insofar as it affects the 

occurrence and movement of groundwater and the surface and groundwater hydrology 

of the area. In addition, investigations were made of the history of channels of the Los 

Angeles River and its tributaries; the areas, limits, and directions of flow of all 

groundwater within the area; the historic extractions of groundwater in the basin and 

their quality; and all sources of water, whether they be diverted, extracted, imported, etc. 

The Report of Referee served as the principal basis for geological and hydrological facts 

for the original Trial Court Judgment in 1968, the Decision of the Supreme Court in 1975 

(14 Cal 3d 199, 123 Cal Rept 1), and the Trial Court Final Judgment on remand on 

January 26, 1979. 
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The Trial Court issued its opinion on March 15, 1968. The City of Los Angeles filed an 

appeal from the Judgment of the Trial Court with the Court of Appeal, which held a 

hearing on November 9, 1972, and issued its opinion on November 22, 1972. The 

opinion, prepared by Judge Compton and concurred in by Judges Roth and Fleming, 

reversed, with direction, the original judgment handed down by Judge Moor. In essence, 

the City of Los Angeles was given rights to all water in ULARA, including the use of the 

underground basins with some limited entitlements to others. The defendants, however, 

were given the right to capture "return water", which is water purchased from the 

Metropolitan Water District of Southern California (MWD) that percolates into the basin. 

A petition for rehearing was filed on December 7, 1972, but was denied by the Court of 

Appeal. On January 2, 1973, the defendants filed a petition for hearing with the State 

Supreme Court. The Court on March 2, 1973 advised the parties it would hear the case. 

The hearing began on January 14, 1975. 

On May 12, 1975, the California Supreme Court filed its opinion on the 20-year San 

Fernando Valley water litigation. This opinion, which became final on August 1, 1975, 

upheld the Pueblo Water Rights of the City of Los Angeles to all groundwater in the SFB 

derived from precipitation within ULARA. The City of Los Angeles' Pueblo Water Rights 

were not allowed to extend to the groundwaters of the Sylmar and Verdugo Basins. 

However, all surface and groundwater underflows from these basins are a part of the 

Pueblo Waters. 

The City of Los Angeles was also given rights to all SFB groundwater derived from water 

imported by it from outside ULARA and either spread or delivered within the SFB. The 

Cities of Glendale and Burbank were also given rights to all SFB groundwater derived 

from water that each imports from outside ULARA and delivered within ULARA. San 

Fernando was not a member of MWD until the end of 1971, and had never prior thereto 

imported any water from outside ULARA. San Fernando has no return flow rights based 

on a stipulation between Los Angeles and San Fernando in the March 22, 1984 

amendment to the Final Judgment. 

The Supreme Court reversed the principal judgment of the Trial Court and remanded the 

case back to the Superior Court for further proceedings consistent with th~ Supreme 

Court's opinion. On remand the case was assigned to the Honorable Harry L. Hupp, 

Judge of the Superior Court of Los Angeles County. 
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The Final Judgment (Judgment), signed by the Honorable Harry L. Hupp, was entered 

on January 26, 1979. (Copies of the Judgment are available from the ULARA 

Watermaster Office.) The water rights set forth in the Judgment are consistent with the 

opinion of the Supreme Court described above. In addition, the Judgment includes 

provisions and stipulations regarding water rights, the calculation of imported return 

water credit, storage of water, stored water credit, and arrangements for physical 

solution water for certain parties as recommended by the Supreme Court. A separate 

stipulation was filed in Superior Court on January 26, 1979 appointing Melvin L. Blevins 

as Watermaster under the Judgment in this case. On September 1, 2003 Mark G. 

Mackowski was appointed Watermaster by the Superior Court, succeeding Mr. Blevins 

after 24 years of service as Watermaster. 

On August 26, 1983, the Watermaster reported to the Court pursuant to Section 10.2 of 

the Judgment that the Sylmar Basin was in a condition of overdraft. In response to the 

Watermasters letter and a Minute Order of the Court, the Cities of Los Angeles and San 

Fernando responded by letter to the Court, agreeing with the Watermaster's report on 

overdraft. On March 22, 1984, Judge Harry L. Hupp signed a stipulation ordering, 

effective October 1, 1984, that the Cities of Los Angeles and San Fernando would be 

limited in their pumping to bring the total pumping within the safe yield of the basin, 

including any rights exercised by private parties. 

The following table lists the judges who have succeeded Judge Hupp as Judge of 

Record for the San Fernando Judgment. 

TABLE 1-1: JUDGES OF RECORD 

Judge Date Appointed 

Susan Bryant-Deason January 1, 1999 

Ricardo A. Torres January 1, 1993 

Gary Klausner December 9, 1991 

Jerold A. Krieger April 16. 1991 

Sally Disco May 25.1990 

Miriam Vogel January 16, 1990 

Vernon G. Foster April 30, 1985 
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1.3 Extraction Rights 

The extraction rights under the Judgment and Sylmar Basin Stipulation are as follows: 

San Fernando Basin 

Native Water 

Los Angeles has an exclusive right to extract and utilize all the native safe yield 

water that has been determined to be an average of 43,660 acre-feet per year 

(AFIY). This represents Los Angeles' Pueblo Water Right under the Judgment. 

Import Return Water 

Los Angeles, Glendale, and Burbank each have a right to extract the following 

amounts of groundwater from the San Fernando Basin. 

Los Angeles: 20.8 percent of all delivered water, including reclaimed 

water, to valley fill lands of the SFB. 

Burbank: 

Glendale: 

20.0 percent of all delivered water, including reclaimed 

water, to the SFB and its tributary hill and mountain areas. 

20.0 percent of all delivered water, including reclaimed 

water, to the SFB and its tributary hill and mountain areas. 

Physical Solution Water 

Several parties are granted limited entitlement to extract groundwater chargeable 

to the rights of others upon payment of specified charges. Table 1-2 lists the 

parties and their maximum physical solution quantities. 
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TABLE 1-2: PHYSICAL SOLUTION PARTIES 

Chargeable Party Pumping Party Allowable Pumping 

(acre-feet) 

City of Los Angeles City of Glendale 5,500 

City of Burbank 4,200 

Middle Ranch 50 

Hathaway 60 

Van de Kamp1 120 

Toluca Lake 100 

Sportsmen's Lodge 25 

Water Licenses 83 

City of Glendale Forest Lawn 400 

Angelica Healthcare2 75 

City of Burbank Valhalla 300 

Lockheed-Martin 25 

1. Van de Kamp has never pumped its physical solution right. 

2. Angelica Healthcare no longer pumps its physical solution rights. 

Stored Water 

Los Angeles, Glendale, and Burbank each have a right to store groundwater and 

the right to extract equivalent amounts. 

Sylmar Basin 

Native Water 

The March 22, 1984 Stipulation assigned Los Angeles and San Fernando equal 

rights to the safe yield of the Sylmar Basin. On the recommendation of the 

Watermaster, on July 16, 1996, the Administrative Committee approved a 

temporary increase in the safe yield of the basin from 6,210 AFIY to 6,510 AFIY. 

The 10-year period ended on October 1, 2005, triggering a re-evaluation of the 

safe yield. The results of this re-evaluation will be discussed in the 2007 

Watermaster Report; however, for the 2005-06 Water Year, the safe yield will be 

6,510 AF. 

The only potentially active private party with overlying rights within the Sylmar 

Basin is Santiago Estates, a successor to Meurer Engineering, M.H.C. Inc. 
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Santiago Estates' pumping is deducted from the safe yield and the two cities 

divide the remainder. Santiago Estates has not pumped since the 1998-99 Water 

Year. 

Stored Water 

Los Angeles and San Fernando each have a right to store groundwater by in-lieu 

practices and the right to extract equivalent amounts. 

Verdugo Basin 

Native Water 

Glendale and the Crescenta Valley Water District (CVWD) have appropriative 

and prescriptive rights to extract 3,856 and 3,294 AFIY, respectively. 

Stored Water 

There are no storage rights in the Verdugo Basin. 

Eagle Rock Basin 

Native Water 

The Eagle Rock Basin has a small native safe yield. 

Imported Return Water 

Los Angeles delivers imported water to lands overlying the basin, and return flow 

from this delivered water constitutes the majority of the safe yield of the basin. 

Los Angeles has the right to extract or allow to be extracted the safe yield of the 

basin. 

Physical Solution Water 

OS Waters (successor to Sparkletts and Deep Rock) has physical solution rights 

to extract groundwater pursuant to a stipulation with the City of Los Angeles, and 

as provided in Section 9.2.1 of the Judgment. 

Stored Water 

There are no storage rights in the Eagle Rock Basin. 
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1.4 Watermaster Service and Administrative Committee 

In preparing the annual Watermaster Report, the Watermaster collected and reported all 

information affecting and relating to the water supply, water use and disposal, 

groundwater levels, water quality, and ownership and location of new wells within 

ULARA Groundwater pumpers report their extractions monthly to the Watermaster. 

This makes it possible to update the Watermaster Water Production Accounts on a 

monthly basis and determine the allowable pumping for the remainder of the year. 

Section 8.3 of the Judgment established an Administrative Committee for the purpose of 

advising the Watermaster in the administration of his duties. The duly appointed 

members of the Committee, as of May 1, 2006, are: 

BURBANK. CITY OF 

Bill Mace (Vice-President) 

Raul Garibay (Alternate) 

SAN FERNANDO. CITY OF 

Ron Ruiz 

Daniel Wall (Alternate) 

CRESCENTA VALLEY WATER DISTRICT 

Dennis Erdman 

David Gould (Alternate) 

GLENDALE, CITY OF 

Peter Kavounas (President) 

Raja Takidin (Alternate) 

Los ANGELES. CITY OF 

Thomas Erb 

Mario Acevedo (Alternate) 

The Watermaster may convene the Administrative Committee at any time in order to 

seek its advice. Each year the Committee is responsible for reviewing and approving 

with the Watermaster the proposed annual report. The Committee met in October, 

December, February, and April of the 2004-05 Water Year. The Committee approved 

the 2004-05 Watermaster Report on April 26, 2006. 
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1.5 Significant Events through April 2006 

Burbank Operable Unit rBOUl 

The BOU, operated by Burbank under a contract with ECO Resources, Inc., and funded 

by lockheed-Martin, removes volatile organic compounds (VOCs) from elevated nitrate 

groundwater and then blends it with water from MWD for delivery to the City of Burbank. 

The City of Burbank, in cooperation with the USEPA and lockheed-Martin, continued to 

make design and operational changes in an attempt to bring the facility up to the design 

capacity of 9,000 gallons per minute (gpm), or 14,000 acre-feet (AF) annually. During 

the 2004-05 Water Year 6,399 AF of groundwater were treated at the facility. Burbank is 

also reducing the levels of chromium in its groundwater supply by blending with imported 

supplies from MWD before delivery to the City of Burbank. 

Montgomery Watson Harza (MWH) was hired by Burbank to perform a Well Field 

Performance Attainment Study that evaluated the weI! field and appurtenant facilities in 

an effort to bring production up to 9,000 gpm. Recommendations include drilling more 

wells and deflating the well packers in the existing wells. The USEPA is reviewing the 

study. In 2004-05 the USEPA gave conceptual approval for the redesign of screens 

used in the air-phase granular activated carbon (GAC) vessels. 

Glendale Operable Unit rGou) 

The GOU removes VOCs and has the capability of treating up to 5,000 gpm from the 

Glendale North and South OU Well Fields. Treated water is blended with imported 

MWD supplies to reduce nitrate and hexavalent chromium levels. The GOU treated 

7,541 AF during the 2004-05 Water Year. 

The USEPA has accepted Glendale's interim pumping plan in an effort to control 

chromium levels in the blended plant effluent and to accommodate the loss of pumping 

from GN-3 which remains non-operational due to a damaged well screen. A repair 

recommendation is pending. The over-all pumping plan varies from the original Consent 

Decree pumping pattern, and calls for reduced pumping from higher chromium wells and 

increased pumping from wells lower in chromium. 

Glendale, in cooperation with the cities of los Angeles, Burbank, San Fernando, and the 

American Water Works Association Research Foundation (AWWARF) is continuing to 

perform studies for the large-scale removal of chromium from drinking water. McGuire 
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Malcolm Pirnie has identified weak-base anion exchange as a promising chromium 

removal technology. Unit cost of this technology is currently being evaluated, and 

wellhead demonstration-scale testing will be initiated when funding is secured. 

North Hollywood Operable Unit (NHOU) 

lADWP's NHOU, funded in part by a USEPA Consent Decree, is designed to remove 

VOCs at a rate of 2,000 gpm using a system of seven extraction wells and an air

stripping tower. The 15-year Consent Decree expired on December 31, 2004. The 

USEPA has stated that there are sufficient funds to continue operation and maintenance 

of the NHOU into 2008. However, the remedy did not perform as expected, and some 

VOCs have been detected at nearby lADWP well fields. The USEPA, lADWP, and the 

Watermaster are currently evaluating additional treatment and funding alternatives. A 

total of 1,042 AF were treated during the 2004-05 Water Year. 

Pollock Wells Treatment Plant 

lADWP's Pollock Wells Treatment Plant uses three wells and four liquid-phase GAC 

vessels to remove VOCs at a design rate of 3,000 gpm. The primary purpose of the 

facility is to prevent the loss of groundwater through the los Angeles River Narrows due 

to rising groundwater outflow. An evaluation of the Pollock area was performed in 1990 

that showed approximately 2,000 AFIY of excess rising groundwater occurring in the los 

Angeles river Narrows as a result of delivered water, precipitation, and percolation along 

the unlined portion of the river upstream of the Narrows. This is part of los Angeles' 

water right, and it is lost from the SFB in the absence of pumping at the Pollock Wells. 

During Water Year 2004-05 a total of 1,752 AF of groundwater was pumped and treated. 

As a result of excess rising groundwater, the Watermaster debited los Angeles 247.56 

AF (Appendix F). 

Verdugo Park Water Treatment Plant 

The City of Glendale Verdugo Park Water Treatment Plant treats groundwater from the 

Verdugo Basin for turbidity and bacteria, and is operating at 500 gpm instead of the 

expected 700 gpm. Methods to increase the efficiency of the groundwater collection 

system are being investigated. A total of 700 AF were treated in the 2004-05 Water 

Year. 
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Glenwood Nitrate Removal Plant 

CVWD's Glenwood Nitrate Removal Plant treated 782 AF during the 2004-05 Water 

Year. The amount of treated water is more than three times the previous year due to the 

higher water table in the Verdugo Basin, which enabled CVWD to increase its pumping. 

Verdugo Basin Evaluation 

In June 2003 CVWD obtained an AB 303 grant to determine the cause(s) of the decline 

in Verdugo Basin groundwater levels, develop alternatives to reverse the decline, 

enhance conjunctive use of the basin, and reduce CVWD's reliance on imported 

supplies. The Watermaster and the City of Glendale serve on the Technical Advisory 

Committee. A final report was completed in May 2005 that identified several possible 

sites at which storm water recharge can be maximized. In October 2005 CVWD began 

the Verdugo Basin Geophysical Evaluation Project to guide CVWD in the selection of 

sites for future supply wells and recharge facilities. Both studies have been funded with 

AB 303 grants. 

CVWD Over-Pumping in the Verdugo Basin 

During the 2004-05 Water Year CVWD pumped a total of 3,310 AF, which was 16 AF 

(0.5%) above its adjudicated right of 3,294 AFIY. Glendale pumped a total of 2,358 AF, 

which was 61 % of its adjudicated right of 3,856 AFIY. 

In September 2005, prior to the end of the 2004-05 Water Year, CVWD alerted the 

Watermaster that it would exceed its adjudicated right by about 50 AF. The 

Watermaster suggested that CVWD contact Glendale regarding pumping Glendale's 

right, as Glendale had not yet pumped its full adjudicated right in 2004-05. CVWD 

contacted Glendale regarding this issue and Glendale requested that CVWD pay 

Glendale for pumping the unused portion of Glendale's right. No agreement was 

reached. 

The San Femando Judgment (Sections 6.4 and 6.7) enjoins both CVWD and Glendale 

from over-pumping in excess of their adjudicated rights in the Verdugo Basin. The 

Watermaster's Policies and Procedures dated February 1998 (Section 2.3.4) permit 

pumping of any unused portion of the other party's rights, but only with the 

Watermaster's approval. CVWD neither requested, nor received the Watermaster's 

approval prior to the close of the 2004-05 Water Year. 
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Oue to a combination of lack of available supply, and low water levels, Glendale has 

never pumped its full adjudication of 3,856 AFIY. Glendale has expressed its intention 

to increase its production capacity in the Verdugo Basin and anticipates utilizing its full 

adjudicated right in the near future. Although there are no Stored Water Credits in the 

Verdugo Basin, Glendale believes that any over-pumping by CWVO may impair 

Glendale's ability to pump the full quantity of its right in the future. 

On February 21, 2006, after failing to reach agreement with Glendale, CWVO formally 

requested the Watermaster's retroactive approval for its 2004-05 over-pumping. The 

Watermaster has not yet acted on CWVO's request. The Watermaster has requested 

that CWVO and Glendale continue to attempt to reach agreement regarding the over

pumping. 

Glendale and CWVO have initiated discussions with respect to CWVO's 2004-05 over

pumping and any proposed over-pumping in the future. CWVO and Glendale have 

agreed in concept to perform a joint study that will utilize the Verdugo Basin 

Groundwater Model and data obtained from the Verdugo Basin Geophysical Study to 

assist in managing the basin and optimizing pumping strategies for each agency. 

Reclamation Projects in the San Fernando Valley 

LAOWP has plans to connect large recycled water customers over the next three years 

including the Hansen Oam Recreation Area, Valley Generating Station and Angeles 

National Golf Course in the eastern portion of the Valley, and the Sepulveda Basin and 

Pierce College in the southern portion of the Valley. Smaller users in the vicinity of 

these pipelines will also be connected over time with the present goal of fully utilizing the 

10,000 AFIY originally intended for groundwater recharge as part of the East Valley 

Water Recycling Project. 

Hansen Area Water Reclamation Project Phase I consists of approximately one-half mile 

of 30-inch pipeline and a 7-million gallon storage tank. The primary purpose of this 

project is to deliver recycled water to the Valley Generating Station for cooling tower and 

other industrial uses. The project is scheduled to be in service in 2006. 

The Hansen Area Water Reclamation Project Phase II will consist of a booster pumping 

station adjacent to the proposed 7-million gallon recycled water storage tank at the 
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Valley Generating Station, and a pipeline extending to the Hansen Dam Recreation Area 

and other areas. 

The Sepulveda Basin Water Recycling project is designed to provide recycled water for 

irrigation throughout the Sepulveda Basin Recreation Area including Woodley Golf 

Course, lake Balboa Recreation Area, Wildlife Area, Balboa and Encino Golf Courses, 

Balboa Sports Center, and Hjelte Park. The Woodley Park, West Valley Youth Baseball, 

and the proposed Sports Concession will be connected to the South Valley Water 

Recycling Project pipeline scheduled to be in service late 2007 or early 2008. Delivery 

to Woodley Golf Course is scheduled to begin in 2006 as soon as regulatory permitting 

issues are resolved. 

The South Valley Water Reclamation Project includes construction of a 13-mile long 

pipeline from Warner Center to North Hollywood to deliver recycled water to serve 

irrigation and industrial users near the pipeline route including Pierce College, the 

Metropolitan Transportation Authority bus way currently under construction, and various 

park facilities. 

Headworks 

The Headworks Spreading Grounds is the site of multi-objective projects to improve 

water quality and storage, and to provide the community with an opportunity for passive 

recreation. LADWP has completed the preliminary design and is in the process of 

completing the Environmental Impact Report for the Silver lake Reservoir Complex 

Storage Replacement Project in order to comply with the Stage 2 Disinfection By

Products Rule and the long-Term 2 Enhanced Surface Water Treatment Rule. The 

project will remove Silver lake and Ivanhoe Reservoirs from service as potable water 

reservoirs, provide potable water storage in a buried 110 million gallon reservoir located 

at the Headworks Spreading Grounds, and provide for hydropower generation. 

The other Headworks component is the proposed wetlands project that is a joint effort 

between lADWP and the Army Corps of Engineers. A feasibility study for the wetlands 

habitat is currently underway. 

Tujunga Spreading Grounds Task Force 

The Watermaster initiated the Tujunga Spreading Grounds Task Force in May 1998. 

The use of the Tujunga Spreading Grounds has been Significantly reduced in above-
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normal runoff years because of environmental issues associated with methane gas 

migration from the nearby Sheldon-Arleta Landfill. The purpose of the task force is to 

restore the historic recharge capacity; enhance methane gas control and monitoring; and 

improve storm water management. The task force consists of representatives of the Los 

Angeles County Department of Public Works (LACDPW), Los Angeles Bureau of 

Sanitation, LADWP, and the Watermaster Office. During a study in May 2003, a 

consultant analyzed the impact of a controlled release of native water from the Big 

Tujunga Dam to test the gas collection system at the Sheldon-Arleta Landfill. 

Preliminary results suggested that a release of 100 cubic feet per second (cfs) into the 

spreading grounds over a one week period has no negative impact on the methane gas 

movement. Heavy storms in January 2005 confirmed that spreading in excess of 100 

cfs caused methane migration from the landfill. Future planned modifications include 

installing additional methane collection wells. A methane gas collection system has 

been designed and bids accepted for construction. The bids came in much higher than 

estimated and have been rejected. A re-advertisement of the project is pending with a 

new award date anticipated in August 2006. The goal is to restore recharge capacity at 

the Tujunga Spreading Grounds to 250 cfs. 

San Fernando Basin Recharge Task Force 

In 2004 the Watermaster formed the San Fernando Basin Recharge Task Force in an 

effort to increase spreading of native water in the SFB. The Task Force includes 

LADWP, LACDPW, and Watermaster. The goal of the task force is to identify ways to 

capture and infiltrate more rainfall runoff. 

Above-normal rainfall during the 2004-05 Water Year resulted in spreading more than 

74,000 AF of runoff by LACDPW. However, artificial recharge at Hansen Spreading 

Grounds was curtailed in January 2005 when seepage was observed on the face of a 

200'-high cut slope in the adjacent Boulevard Pit, which is owned and operated by 

Vulcan Materials Company as a source of sand and gravel. There was concern that this 

spreading-related seepage could destabilize the slope, so LACDPW confined spreading 

for several months to the basins furthest from Boulevard Pit. The reduced spreading 

resulted in a lost opportunity for LACDPW to conserve additional runoff, which benefits 

the City of Los Angeles under its Pueblo right. 

Over the next several months, Vulcan submitted geotechnical reports to the City of Los 

Angeles Department of Building and Safety (LADBS) related to the stability of the slope 
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in the Boulevard Pit. On February 2, 2006 LADBS issued a letter stating that the slope 

was stable and that no additional work was necessary. During a Task Force meeting on 

March 9, 2006 LACDPW agreed to resume full spreading at Hansen Spreading Grounds 

as runoff becomes available. 

Big Tujunga Dam Seismic Rehabilitation 

The Big Tujunga Dam Retrofit Proposal Planning and Coordination Task Force has been 

meeting for several years to discuss the operation of the dam during seismic retrofit 

construction and after the retrofit completion. The task force includes representatives 

from the Federal Emergency Management Agency (FEMA), United States Forest 

Service (USFS), United States Fish and Wildlife Service (USFWS), California 

Department of Fish and Game, LACDPW, LADWP, and the Watermaster Office. 

The USFS and USFWS are mandated to protect the Santa Ana Sucker (SAS) under the 

Endangered Species Act. They view the dam retrofit as an opportunity to reduce peak 

flows during the winter to prevent damage to the SAS and its habitat, and to provide low 

flows during the dry summer season to prevent the stream bed from drying out and 

adversely impacting the population of SAS. 

The LACDPW is required by law to operate the dam to protect life and property from 

flooding. Furthermore, the LACDPW, LADWP, and Watermaster view the retrofit as an 

opportunity to conserve more native water, which belongs to the City of Los Angeles 

under its Pueblo Right. 

If large controlled releases are not allowed during the winter storm season, the limited 

storage capacity of the reservoir could cause uncontrolled releases over the dam 

spillway, resulting in flood damage to property and SAS habitat along Tujunga Wash. If 

small releases from the dam are required during the dry summer months, this water may 

not reach the spreading grounds where it recharges the SFB. Small releases from the 

dam percolating into the stream channel alluvium will be delayed many years before 

reaching the SFB and becoming available to pump at the production well fields. 

In November 2004 FEMA terminated its OES/FEMA Hazard Mitigation Grant of $5.4 

million for the seismic retrofit project, citing a 10-year period during which the project 

was not constructed and the probability of further delays. Without FEMA funding the 
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project will probably not go forward. LACDPW appealed the FEMA decision with 

supporting letters from the Watermaster and other agencies. 

In April 2005 LACDPW was informed that FEMA had reinstated the grant funding. 

However, in the meantime the project cost had risen to approximately $78 million due to 

increased material costs, high demand for large-scale civil construction contractors, and 

for additional project scope (left abutment stabilization). 

To date, a total of $12 million has been secured, and LACDPW has requested additional 

funding from the California Department of Water Resources and from the City of Los 

Angeles Proposition 0 funds. 

Due to significantly higher construction costs there is some uncertainty whether this 

project will be built unless additional outside funding can be secured. The project is 

tentatively scheduled to begin construction in summer 2006 and would be completed in 

about three years. 

( 

Standard Urban Stormwater Mitigation Plan (SUSMP) 

The RWQCB adopted SUSMP on March 8, 2000. It requires some new developments 

and redevelopments to contain or treat the first %-inch of rainfall runoff from every storm, 

and encourages on-site infiltration. The Watermaster placed a temporary moratorium on 

urban stormwater infiltration in the San Fernando Basin due to concerns over potential 

in;Jpacts on groundwater quality. For the past several years we have been monitoring 

water quality data from several demonstration sites, and have determined that infiltration 

in residential and light commercial areas can be safely accomplished under certain 

conditions. The Watermaster is currently working with the City of Los Angeles' 

Watershed Protection Division to allow infiltration if those criteria are met. 

Sun Valley Watershed Committee 

The Watermaster Office is a stakeholder on the Sun Valley Watershed Committee. The 

objective of the group is to identify alternative ways to solve the local flooding problems 

in the Sun Valley area. These alternatives could replace or augment the traditional 

approach of an improved storm drain system. Some of the alternatives include on-site 

infiltration of storm runoff and the acquisition of gravel pits for conversion into spreading 

basins. The storm runoff contains contaminants that are potentially adverse to water 

quality in the basin. The Watermaster is concerned about potential impacts to 
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groundwater quality as well as conflicts with established water rights, but is working 

closely with the committee to resolve these issues. The Sun Valley Watershed Project 

Environmental Impact Report was approved by the Los Angeles County Board of 

Supervisors on June 29, 2004. An infiltration gallery at Sun Valley Park is currently 

under construction, and additional infiltration demonstration projects are being planned 

or are in the design phase including the stormwater project at the LADWP Valley 

Generating Station. 

Water Augmentation Study (WAS) 

The Los Angeles and San Gabriel Rivers Watershed Council has developed a WAS to 

determine the feasibility of infiltrating urban runoff to reduce local flooding, recharge 

groundwater, and reduce surface water pollution. The Watermaster serves on the 

Technical Advisory Committee and provides guidance with respect to water quality and 

water rights within ULARA. The WAS now has six sites throughout the greater Los 

Angeles area where it infiltrates urban stormwater and monitors the effects on underlying 

groundwater. These demonstration sites have given us a better understanding of the 

effects on groundwater quality, and an increased level of confidence in the use of urban 

runoff to augment recharge of our local aquifers. 

Integrated Resources Plan ORP) 

The IRP is Los Angeles' plan to integrate its wastewater, storm water, potable water, 

and reclaimed water programs for the next 20 years. Phase I, the Integrated Plan for 

Wastewater Program, emphasized community outreach to help direct the program and 

was completed in 2001. The goal of Phase II is to develop and implement the program. 

The IRP uses a broader "watershed" approach to promote more efficient use of all water 

within the City. The Watermaster serves on the Management Advisory Committee and 

guides the process with respect to water rights and water quality within ULARA. The 

draft Environmental Impact Report has been written and distributed for public review. 

The Los Angeles Unified School District IRP has been formed to ensure that new and 

retrofitted schools conform to the overall goals of the City's IRP. 

Los Angeles River Revitalization Master Plan 

In 2002, Councilman Ed Reyes led efforts to establish the Los Angeles City Council Ad 

Hoc Committee on the Los Angeles River to function as a clearinghouse for Los Angeles 
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River projects, to encourage community involvement in Los Angeles River 

improvements, and to help coordinate Los Angeles River-related projects within the City. 

One of the most exciting initiatives started over the last three years by the Ad Hoc River 

Committee is the Los Angeles River Revitalizaiton Master Plan. As a result of the Ad 

Hoc River Committee's efforts, and with funding from the Los Angeles Department of 

Water and Power, the City of Los Angeles' Department of Public Works-Bureau of 

Engineering issued a Request for Proposals in 2005 for the preparation of a 

Revitalization Master Plan which would identify proposals that would make the Los 

Angeles river a "front door" to the City, and support a multitude of civic activities. 

The 18-month Revitalization planning process will look at improvements along the 

project area all aimed towards celebrating neighborhoods, protecting wildlife, promoting 

the health of the river, and leveraging economic development. By the end of the 

planning process, a 20-year blueprint for development and management of the Los 

Angeles River will be developed for implementation by the City of Los Angeles. 

To learn more about this effort and how you can participate please visit 

www.lariverrmp.org. 

Integrated Regional Water Management Plan (lRWMP) 

The County of Los Angeles has been organized into five sub-regions to more efficiently 

and effectively develop proposals to request Proposition 50 funds for the region. The 

sub-regional districts are: North Santa Monica Bay Watersheds; Upper San Gabriel 

River and Rio Hondo River Watersheds; Upper Los Angeles River Watershed; Lower 

San Gabriel and Los Angeles River Watersheds; and South Bay Watersheds. The sub

regions have until January 1, 2007 to develop proposals that are integrated to maximize 

regional benefits, prioritize project approaches, select priority projects, hold public 

hearings, and finalize and adopt the IRWMP for submission to the State. 

Dewaterers 

The groundwater table in parts of the SFB is near the ground surface. Dewatering is 

occasionally required to maintain subsurface structures. If dewatering is needed, the 

dewaterer is required to meter the discharge and enter into an agreement with the 
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affected party for payment for the pumped water. The Watermaster Office currently 

receives reports from several dewaterers in the SFB. 

Water Licenses 

Portions of ULARA located in unincorporated Los Angeles County are without water 

service. Working in cooperation with the County Department of Health Services and 

County Planning, the Watermaster and LADWP have developed a process to identify 

and monitor water usage through a water license agreement. The agreements allow the 

use of groundwater on overlying property until a water service becomes available, 

establish maximum annual groundwater usage, and require the monthly reporting of 

groundwater production to the Watermaster Office and annual payment to the City of 

Los Angeles. 
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1.6 Summary of Water Supply. Operations. and Hydrologic 
Conditions 

Highlights of operations for the 2003-04 and 2004-05 Water Years are summarized in 

Table 1-3. Details of the 2004-05 Water Year operations and hydrologic conditions are 

provided in Section 2. Locations of the groundwater basins, water service areas of the 

parties and individual producers, and other pertinent hydrologic facilities are shown on 

Plates 2 through 8. 

Average Rainfall 

Precipitation on the valley floor area during the 2004-05 Water Year was 42.64 inches, 

259 percent of the calculated 100-year mean (16.48 inches). Precipitation in the 

mountain areas was 47.54 inches, 218 percent of the calculated 100-year mean (21.76 

inches). The weighted average of 45.66 inches is 232 percent of the 100-year mean 

(21.22 inches). 

Spreading Operations 

A total of 74,198 AF of water were spread. This represents a significant increase from 

the average annual spreading of native water for the 1968-2005 period of 26,294 AF. 

Extractions 

Total extractions amounted to 77,995 AF. This is a decrease of 22,761 AF from 

2003-04, and less than the 1968-2005 average of 97,439 AF. Of the total for the 

2004-05 Water Year, 3,352 AF were for non-consumptive use. Appendix A contains a 

summary of groundwater extractions for the 2004-05 Water Year. 

Imports 

Gross imports (including pass-through water) totaled 551,007 AF, a decrease of 52,370 

AF from 2003-04. Net imports used within ULARA amounted to 311,988 AF, a 18,899 

AF decrease from 2003-04. 

Exports 

A total of 284,178 AF were exported from ULARA. Of the 284,178 AF exported, 45,159 

AF were from groundwater extractions, and 239,019 AF were from imported supplies 

(pass-through). 
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Treated Wastewater 

A total of 87,498 AF of wastewater were treated in ULARA. The majority of the treated 

water was discharged to the Los Angeles River, a portion was delivered to the Hyperion 

Treatment Plant, and approximately 6 percent was used as recycled water. 

Recycled Water 

Total recycled water used in ULARA was 5,643 AF, a 1,756 AF decrease from last year. 

The recycled water is used for landscape irrigation, in-plant use, power plant use (Le. 

cooling), and other industrial uses. 

Sewage Export 

Sewage export was estimated at 104,768 AF; this was the amount of untreated sewage 

delivered by pipeline to the Hyperion Treatment Plant. The estimate does not include 

treated wastewater discharged to the Los Angeles River that leaves ULARA as surface 

flow. 

Groundwater Storage 

Groundwater storage in the SFB during 2004-05 increased by 66,476 AF with the total 

cumulative increase in groundwater storage since October 1,1968 of 150,895 AF. The 

2004-05 change in storage increased due primarily to the effect of the near historic high 

rainfall, a significant increase in spread water, and reduced pumping by the City of Los 

Angeles. The calculated change in groundwater storage for the Sylmar, Verdugo, and 

Eagle Rock Basins was +6,694, +9,838, and +189 AF, respectively. 

Wells 

During the 2004-2005 Water Year no new municipal wells were drilled or destroyed. 

Forest Lawn Cemetery destroyed Well No.2 (3947 A) and drilled replacement Well No.8 

(3947M). 
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TABLE 1-3: SUMMARY OF OPERATIONS IN ULARA 

Water Year Water Year 

Item 2003-04 2004-05 

Active Pumpers (parties and non parties) 30 31 

Inactive Pumpers (parties)1 8 7 

Valley Rainfall, in inches 

Valley Floor 9.52 42.64 

Mountain Area 13.04 47.54 

Weighted Average 12.21 45.66 

Spreading Operations, in acre-feet 10,065 74,198 

Extractions, in acre-feet 

Used in ULARA 34,675 32,836 

Exported from ULARA 66,081 45,159 

Total 100,756 77,995 

Gross Imports, in acre-feet 

Los Angeles Aqueduct Water 212,805 335,617 

MWDWater 390,572 215,390 

Total 603,377 551,007 

Exports, in acre-feet 

Los Angeles Aqueduct Water 97,546 168,898 

MWD Water 174,944 70,121 

Groundwater 66,081 45,159 

Total 338,571 284,178 

Net Imports Used in ULARA, in acre-feet 330,887 311,988 

Recycled Water Use, in acre-feet 7,399 5,643 

Total Water Use in ULARA, in acre-feet 2 372,961 350,467 

Treated Wastewater, in acre-feet 3 90,546 87,498 

Sewage Export to Hyperion, in acre-feet 4 103,744 104,768 

1. The seven inactive pumpers are Van de Kamp, Disney, Angelica, Santiago Estates, Greeff, Sears, 
Waste Management. 

2. Extractions used in ULARA plus Net Imports and Recycled Water. 
3. Most treated wastewater flows to LAR, a portion to Hyperion (see T2-7), and for recycled water. 

4. Sewage outflow includes estimates of outflow from each of the four basins, and discharges to 
Hyperion from the Tillman and Los Angeles-Glendale Water Reclamation Plants. 
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1.7 Allowable Pumping for the 2005-06 Water Year 

Table 1-4 shows a summary of extraction rights for the 2005-06 Water Year and stored 

water credit as of October 1, 2005, for the Cities of los Angeles, Burbank, Glendale, 

San Fernando, and the CWVD. The calculation of these values is shown in more detail 

in Section 2. 

TABLE 1-4: ALLOWABLE PUMPING 2005-06 WATER YEAR 
(acre-feet) 

Native 
Safe Yield 

Credit 1 

Import 
Return 

Credit 2 

Stored Water Allowable 

Total Credie Pumping 
Native + Import (as of Oct. 1, 2005) 2005-06 Water Year 

San Fernando Basin 

City of Los Angeles 43,660 43,281 86,941 325,739 412,680 
City of Burbank 4,350 4,350 20,191 24,541 
City of Glendale 5,547 5,547 64,103 69,650 

Total 43,660 53,178 96,838 410,033 506,871 

Sylmar Basin 

City of Los Angeles 3,255 3,255 8,448 11,703 
City of San Fernando 3,255 3,255 339 3,594 

Total 6,510 6,510 8,787 15,297 

Verdugo Basin 

CVWD 3,294 3,294 3,294 
City of Glendale 3,856 3,856 3,856 

Total 7,150 7,150 7,150 

1) Native Safe Yield extraction right per Judgment, page 11. 
2) Import Return extraction right per Judgment, page 17. 
3) There is no Stored Credit assigned in Verdugo Basin. 
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2. WATER SUPPLY, OPERATIONS, AND 

HYDROLOGIC CONDITIONS 

2.1 Precipitation 

2004-2005 Water Year 

Precipitation varies considerably throughout ULARA depending on topography and elevation. 

Mean seasonal precipitation ranges from about 14 inches at the western end of the San 

Fernando Valley to 33 inches in the San Gabriel Mountains. Approximately 80 percent of the 

annual rainfall occurs from December through March. 

In the 2004-05 Water Year the valley floor received 42.64 inches of rain (259 percent of the 

100-year mean), while the mountain area received 47.54 inches (218 percent of the 100-year 

mean). Figure 2.1 shows monthly valley floor and mountain area rainfall in ULARA. The 

weighted average of both valley and mountain areas was 45.66 inches (232 percent of the 100-

year mean). Table 2-1 shows a record of rainfall at the valley and mountain precipitation 

stations, and Plate 5 shows their locations. 

FIGURE 2.1: MONTHLY RAINFAll 
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TABLE 2-1: 2004-2005 PRECIPITATION 
!inchesl 

LACDPW Rain Gage Stations 2004-05 1 OO-Year Mean Percent of 

No. Name Precipitation (1881-1981) 100-Year Mean 

Valley Stations 

13C North Hollywood-Lakeside 51.97 16.63 313% 

1087D Green Verdugo Pumping Plant 45.93 14.98 307% 

465C Sepulveda Dam 38.65 15.30 253% 

218 Woodland Hills 38.71 14.60 265% 

238 Chatsworth Reservoir 30.92 15.19 204% 

25C Northridge-LADWP 34.43 15.16 227% 

251C La Crescenta 53.74 23.31 231% 

2938 Los Angeles Reservoir 42.28 17.32 244% 

Weighted Average1 42.64 16.48 259% 

Mountain Stations 

11 D Upper Franklin Canyon Reservoir 54.11 18.50 292% 

17 Sepulveda Canyon at Mulholland 55.30 16.84 328% 

33A Pacoima Dam 46.90 19.64 239% 

47D Clear Creek - City School 77.80 33.01 236% 

53D Monte Cristo Ranger Station 37.08 29.04 128% 

54C Loomis Ranch-Alder Creek 44.46 18.62 239% 

210C Brand Parks 40.60 19.97 203% 

797 DeSoto Reservoir 31.35 17.52 179% 

1074 Little Gleason 49.84 21.79 229% 

Weighted Average1 47.54 21.76 218% 

Weighted Average 

Valley/Mountain Areas 1 45.66 19.64 232% 

1. Weighted Average calculations performed according to Report of Referee-7/62. Mountain Station Weighted 
Average estimated due to incomplete data. 

2.2 Runoff and Outflow from ULARA 

The watershed of ULARA contains 328,500 acres, of which 205,700 acres are hills and 

mountains. The drainage system is made up of the Los Angeles River and its tributaries. 

Surface and sub-surface flow originates as runoff from the hills and mountains, runoff from the 

impervious areas of the valley, industrial and sanitary waste discharges, domestic irrigation 

runoff, and rising groundwater. 
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A number of stream-gaging stations are maintained throughout ULARA, either by the LACDPW 

or the United States Geological Survey (USGS). The Watermaster has selected six key gaging 

stations which record runoff from the main hydrologic areas in ULARA (Plate 5 shows the 

location of the stations). The six gaging stations are as follows: 

1. Station F-57C-R registers all surface outflow from ULARA. 

2. Station F-252-R registers flow from Verdugo Canyon which includes flows 

from Dunsmore and Pickens Canyons. 

3. Station E-285-R registers flow from the westerly slopes of the Verdugo 

Mountains and some flow from east of Lankershim Boulevard. It also 

records any releases of reclaimed wastewater discharged by the City of 

Burbank. 

4. Station F-300-R registers all flow east of Lankershim Boulevard plus the 

portion of outflow from Hansen Dam which is not spread. These records also 

include flow through the Sepulveda Dam. 

5. Station F-168-R registers all releases from Big Tujunga Dam, which collects 

runoff from the watershed to the northeast. Runoff below this point flows to 

Hansen Dam. 

6. Station F-118B-R registers all releases from Pacoima Dam. Runoff below 

this point flows to the Los Angeles River through lined channels, or can be 

diverted to the Lopez and Pacoima Spreading Grounds. 

Table 2-2 summarizes the 2003-04 and 2004-05 monthly runoff for these stations. The high 

runoff in 2004-05 is related to the historic high rainfall. The mean daily discharge rates for 

these six stations during 2004-05 are summarized in Appendix B. 
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TABLE 2-2: MONTHLY RUNOFF AT SELECTED GAGING STATIONS 
!acre-feetl 

Water 

Station Year OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 

F-57C-R 2004-05 35,240 7,590 52,290 162,600 143,800 49,620 15,550 7,410 8,140 7,410 5,660 5,120 500,430 

L.A. River 2003-04 10,120 9,550 15,450 9,940 33,570 9,180 8,830 7,070 7,650 8,460 8,250 7,790 135,860 

Arroyo Seco 

F-252-R 2004-05 3,650 512 3,400 9,450 10,970 3,700 1,210 836 771 960 827 786 37,072 

Verdugo Wash 2003-04 247 296 750 250 1,840 452 235 137 198 284 314 316 5,319 

E-285-R 2004-05 3,160 917 3,880 7,100 8,270 2,340 1,240 839 1,650 1,320 1,070 1,040 32,826 

Burbank 2003-04 905 509 812 611 2,240 772 628 456 585 488 392 936 9,334 

Stonn Drain 

F-300-R 2004-05 23,430 8,630 40,390 142,600 125,700 41,630 13,250 4,140 6,840 4,420 5,000 5,000 421,030 

LA River 2003-04 5,690 5,380 9,390 9,250 22,900 6,210 4,290 3,770 3,500 3,590 3,500 3,280 80,750 

Tujunga Ave. 

F-168-R 2004-05 1,210 3,420 8,480 46,480 28,170 21,810 7,130 4,160 5,680 2,960 2,230 256 131,986 

Big Tujunga 2003-04 116 3 287 2 429 1,060 177 22 0 9 3 2,115 

Dam 

F-118B-R 2004-05 384 235 5,930 6,500 6,320 1,240 2,180 1,610 1.150 0 25,552 
Pacoima Dam 2003-04 10 603 20 0 451 221 3 0 1.315 

2.3 Components of Surface Flow 

The surface flow of the Los Angeles River at Gaging Station F-57C-R consists of: 

1. Storm flows; 

2. Treated wastewater from the Tillman, Burbank, and Los Angeles-Glendale Water 

Reclamation Plants; 

3. Industrial discharges and domestic irrigation runoff; and, 

4. Rising groundwater. 

In the Report of Referee (Volume II, Appendix 0). procedures were developed for the 

calculation of rising groundwater for the period 1928-1958. Some of the important factors of 

that study are no longer significant - releases of Owens River water, operation of the 

Chatsworth Reservoir, and operation of the Headworks Spreading Grounds. As shown on 

Figure 0-2 of the Report of Referee, excess rising groundwater was considered to have fallen 

to zero by the late 1950s. The January 1993 report by Brown and Caldwell, "Potential 

Infiltration of Chlorides from the Los Angeles River Narrows into the Groundwater Aquifer" 

studied groundwater levels along the course of the Los Angeles River. The Watermaster 

provided the insight and data for this evaluation. As of the end of the drought period in 1977, 

groundwater levels in the Los Angeles River Narrows were very low, with very little potential for 

excess rising groundwater. Heavy runoff occurred during the 1978-83 period, which, combined 

Section 2 - Water Supply, Operations, and 
Hydrologic Conditions 

2-4 May 2006 

AR0074668 



ULARA Watermaster Report 2004-2005 Water Year 

with reduced pumping in the Crystal Springs, Grandview, and Pollock Well Fields, caused large 

recoveries of groundwater levels in the Los Angeles River Narrows. 

An even greater factor affecting hydrologic conditions in the Los Angeles River Narrows has 

been the increasing releases of treated wastewater. Releases from the Los Angeles-Glendale 

Plant began in 1976-77 and from the Tillman Plant in 1985-86. These large year-round 

releases tend to keep the alluvium of the Los Angeles River Narrows saturated, even in dry 

years. Nevertheless, there is some opportunity for continuing percolation in the unlined reach, 

both upstream and downstream of the lined section near the confluence of the Verdugo Wash 

and the Los Angeles River. Water percolating in the unlined reach is believed to circulate 

through shallow zones and re-appears as rising groundwater downstream from Los Feliz 

Boulevard. Also, there is up to 3,000 AF of recharge from delivered water within the Los 

Angeles Narrows-Pollock Well Field area that adds to the rising groundwater conditions. 

Rising groundwater also occurs above the Verdugo Wash Narrows, and in the unlined reach of 

the Los Angeles River upgradient from Gage F-57C-R. During dry periods, conditions in the 

unlined reach are stabilized with regard to percolation and rising water by releases of treated 

water. In above-normal rainfall years, rising groundwater values at Gage F-57C-R are closely 

related to increased rising groundwater leaving the Verdugo Basin past Gage F-252-R (Table 2-

3). In 2004-05 flows of rising water at Gage F-252-R were estimated at 5,198 AF. For 2004-05 

the total riSing groundwater flow at Gage F-57C-R was estimated at 6,309 AF. 

Field inspection during 1998-99 confirmed significant year-round unmetered flows of domestic 

irrigation runoff from residences, golf courses and other sites through the Sycamore Channel 

and several other storm drains north of Gage F-57C-R. 
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TABLE 2-3: ESTIMATED SEPARATION OF SURFACE FLOW 
AT STATIONS F-57C-R & F-252-R 

(acre-feet) 

F-57C-R 

Water Rising Waste Storm Total 

Year Groundwater* Discharge Runoff Outflow 

2004-05 6,309 70,828 423,293 500,430 

2003-04 3,330 90,377 42,153 135,860 

2002-03 3,869 75,159 106,862 185,890 
2001-02 2,126 74,737 43,937 120,800 

2000-01 3,000 91,795 94,065 188,860 

1999-00 1.980 78,009 62,202 142,190 

1998-99 2,000 72,790 39,110 113,900 

1997-98 4,000 97,681 245,079 346,730 

1996-97 3,000 75,827 76,485 155,312 

1995-96 3,841 86,127 61,188 151,156 

1994-95 4,900 66,209 367,458 438,567 

1993-94 2,952 60,594 73,149 136,695 

1992-93 4,900 77,000 478,123 560,023 

1991-92 3.000 120,789 197,040 320,829 

1990-91 3.203 75,647 117,779 196,629 

1989-90 3.000 76,789 55,811 167,639 

1988-89 3,000 80,020 56,535 136,843 

1987-88 3,000 81,920 74,074 156.204 

1986-87 3,000 64.125 19,060 83,295 

1985-86 3,880 48.370 102,840 155,090 

1984-85 3,260 21.600 46,300 71,160 

1983-84 3,000 17.780 49,090 69,870 

1982-83 3,460 17,610 384,620 405,690 

1981-82 1,280 18,180 80,000 99,460 

1980-81 4,710 19,580 51,940 76,230 

1979-80 5,500 16,500 nfa nfa 

1978-79 2,840 16,450 119,810 139,100 

1977-78 1,331 7,449 357,883 366,663 

1976-77 839 7,128 58,046 66,013 

1975-76 261 6,741 32,723 39,725 

1974-75 427 7,318 56,396 64,141 

1973-74 2,694 6,366 79,587 88,878 

1972-73 4,596 8,776 100,587 113,959 

1971-72 

*Includes unaccounted water and the influence of treated waste water. 
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Rising 

Groundwater 

5,198 

2,468 

3,167 
1,819 

1,500 

824 

1,000 

4,000 

3,000 

2,577 

4,809 

1,387 

3,335 

1,412 

1,157 

1,182 

1,995 

3,548 

2,100 

2,470 

2,710 

4,000 

5,330 

3,710 

5,780 

5,150 

2,470 

1,168 

1,683 

2,170 

1,333 

1,772 

1,706 

2,050 

F-252-R 

Storm 

Runoff 

31,874 

2,851 

5,183 

5,721 

6,370 

4,243 

2,534 

12,140 

13,860 

10,946 

28,881 

6,156 

20,185 

13.209 

6.865 

2.938 

4,453 

10,493 

1,690 

6,270 

3,970 

nfa 

21,384 

5,367 

2,917 

7,752 

nfa 

23,571 

2,635 

2,380 

4,255 

5,613 

7,702 

2.513 

2004-2005 Water Year 

Total 

Outflow 

37,072 

5,319 

8,350 

7,540 

7,870 

8,470 

7,250 

16,140 

16,860 

13,523 

33,696 

7,543 

23,520 

14,621 

8,022 

4,120 

6,448 

14,041 

3,790 

8,740 

6,680 

nfa 

26,714 

9,077 

8,697 

12,902 

n/a 

24,739 

4,318 

4,550 

5,588 

7,385 

9,408 

4,563 
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2.4 Groundwater Recharge 

Precipitation has a marked influence on groundwater recharge and, with some delay, 

groundwater storage. Urban development in ULARA has resulted in a significant portion of the 

rainfall being collected and routed into lined channels that discharge into the Los Angeles River. 

To partially offset the increased runoff due to urbanization, Pacoima, Big Tujunga and Hansen 

Dams, originally built for flood control, are utilized to regulate storm flows and allow recapture of 

the flow in downstream spreading basins operated by the LACDPW and the City of Los 

Angeles. 

The LACDPW operates the Branford, Hansen, Lopez, and Pacoima Spreading Grounds. The 

LACDPW, in cooperation with the City of Los Angeles, operates the Tujunga Spreading 

Grounds. The spreading grounds are primarily used for spreading native and imported water. 

Table 2-4 summarizes the spreading operations for the 2004-05 Water Year, Table 2-4A 

summarizes recharge since 1968-69 Water Year, and Plate 8 shows the locations of the 

spreading grounds. 

TABLE 2-4: 2004-2005 SPREADING OPERATIONS IN THE SAN FERNANDO BASIN 

Spreading 

Agency Facility OCT NOV 

LACDPW 

Branford 128 25 

Hansen 2.090 1.240 

Lopez 0 313 

Pacoima 640 15 

Tujunga 542 0 

Total 3,400 1,593 

City of Los Angeles 

Tujunga 0 0 

HeadworKs 0 0 

Total 0 0 

Basin Total 3,400 1,593 
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3,950 14,251 
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243 120 90 61 46 43 14 11 

3,960 5,620 5.570 2,520 11 1.370 1.680 1.060 

36 250 0 206 63 31 0 0 

2,620 5.020 935 1,500 822 788 0 0 

961 3.820 3.720 3,240 4,120 453 0 0 

7,820 14,830 10,315 7,527 5,062 2,685 1,694 1,071 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

7,820 14,830 10,315 7,527 5,062 2,685 1,694 1,071 
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33.301 

940 

17.394 

21.115 

74,198 
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0 
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TABLE 2-4A: ANNUAL SPREADING OPERATIONS IN THE SAN FERNANDO BASIN 
1968-69 through 2004-05 

(acre-feet) 

W~er los Angeles County Department of Public Works (N~ive) 

Year Branford Hansen lopez 

2004{)5 1,448 33,301 940 

2oo3{)4 444 6.424 144 

2oo2{)3 932 9,427 518 

2oo1{)2 460 1,342 0 

2000{)1 562 11,694 172 

1999{)Q 468 7,487 578 

1998-99 547 8,949 536 
1997-98 641 28,129 378 

1996-97 415 9,808 724 

1995-96 345 8,232 363 
1994-95 585 35,137 1,086 

1993-94 462 12,052 182 

1992-93 389 26,186 1,312 

1991-92 653 15,461 1,094 

1990-91 509 11,489 241 

1989-90 327 2,029 90 

1988-89 255 3,844 308 

1987-88 352 17,252 1,037 

1986-87 0 7,311 141 

1985-86 290 18,188 1,735 

1984-85 244 13,274 104 

1983-84 213 10,410 -~ 
1982-83 883 35,192 1,051 

1981-82 345 14,317 243 

1980-81 245 14,470 335 

1979-80 397 31,087 1,097 

1978-79 295 24,697 1,018 

1977-78 2,142 28,123 445 

1976-77 377 2,656 63 

1975-76 470 3,128 562 

1974-75 681 5,423 915 

1973-74 672 6,287 946 
1972-73 1,271 9,272 0 

1971-72 161 1,932 0 

1970-71 507 11,657 727 

1969-70 674 11,927 0 

1968-89 461 32,464 893 

AVG. 544 14,326 540 
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Pacoima Tujunga TOTAL 

17,394 21,115 74,198 

1731 1322 10,065 

3,539 1,914 16,330 

761 101 2,664 

3,826 1,685 17,939 

2,909 2,664 14,106 

696 3,934 14,662 

20,714 11,180 61,042 

5,768 6,406 23,121 

4,532 7,767 21,239 

14,064 18,236 69,108 

3,156 4,129 19,981 

17,001 19,656 64,544 

12,914 9,272 39,394 

3,940 2,487 18,666 

1,708 0 4,154 

1,306 0 5,713 

4,520 0 23,161 

467 0 7,919 

6,704 0 26,917 

3,375 0 16,997 

3,545 0 14,168 

22,972 10,580 70,678 

5,495 0 20,400 

3,169 0 18,219 

15,583 0 48,164 

12,036 0 38,046 

20,472 12,821 64,003 

1,943 0 5,039 

1,308 0 5,468 

2,476 0 9,495 

2,378 0 10,283 

6,343 2,274 19,160 

1,113 0 3,206 

4,049 0 16,940 

1,577 2,380 16,558 

14,262 13,052 61,132 

6,750 4,134 26,294 

2-8 

City of Los Angeles (Imported) 

Headworks Tujunga TOTAL 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 77 77 

0 51 51 

0 0 0 

0 0 0 

0 0 0 

114 0 114 

230 0 230 

52 0 52 

0 0 0 

0 0 0 

0 0 0 

0 33 33 

0 1,433 1,433 

0 5,496 5,496 

0 24,115 24,115 

10 32,237 32,247 

3,853 0 3,853 

4,652 9,020 13,672 
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2004-2005 Water Year 

GRAND Rainfall 

TOTAL Weighted Average 

ValleylMtns. 

74,198 45.66 

10,065 12.21 

16,330 21.22 

2,664 6.64 

17,939 22.29 

14,106 16.77 

14,662 10.83 

61,119 38.51 

23,172 17.65 

21,239 14.48 

69,108 33.08 

19,981 11.86 

64,658 41.26 

39,624 32.39 

18,718 7.69 

4,154 9.55 

5,713 9.72 

23,161 21.36 

7,952 7.70 
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24,253 20.16 
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73,543 33.66 
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14,805 14.20 

22,786 ---
16,488 ---
24,342 ---
10,595 --
24,143 ---
27,579 ---
71,506 --
32,666 
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2.5 Groundwater Extractions 

The original Trial Court adjudication of groundwater rights in ULARA restricted all groundwater 

extractions, effective October 1, 1968. On that date, total extractions in ULARA were restricted 

to approximately 104,040 AFN. This amounted to a reduction of approximately 50,000 AF from 

the previous six-year average. The State Supreme Court's opinion, as implemented on remand 

in the Judgment dated on January 26, 1979, restricts groundwater pumping within each basin, 

and by each party within each 'basin. 

Figure 2.2 illustrates the imported water used in ULARA and annual groundwater extractions, 

beginning with the 1954-55 Water Year. It can be noted that for the 14 years prior to pumping 

restrictions (1954-55 to 1967-68), imports exceeded extractions by 50,000 to 90,000 AFIY, in 

contrast to the past 37 years (1968-69 to 2004-05) where imports have exceeded extractions by 

110,000 to 250,000 AFIY. 

A total of 77,995 AF were pumped from ULARA during the 2004-05 Water Year: 67,865 AF 

from the SFB, 4,253 AF from the Sylmar Basin, 5,669 AF from the Verdugo Basin, and 208 AF 

from the Eagle Rock Basin. The respective extraction rights for the 2004-05 Water Year were 

99,709 AF (Native Safe Yield of 43,660 plus an import return credit of 56,049 AF) for the SFB; 

6,510 AF for the Sylmar Basin; and 7,150 AF for the Verdugo Basin. Appendix A contains a 

su'mmary of groundwater extractions for the 2004-05 Water Year, Plate 8 shows the locations 

of the well fields, and Plate 11 illustrates the pattern of groundwater extractions. 

Of the total amount pumped in the SFB (67,865 AF), 63,275 AF constitutes extractions by 

Parties to the Judgment; 2,352 AF constitutes nonconsumptive use; and 1,238 AF were used 

for physical solutions, groundwater cleanup, testing/well development, and dewatering parties 

(Appendix E). Table 2-5 summarizes 2004-05 private party pumping in the SFB, and Plate 3 

shows the locations of the individual producers. 
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TABLE 2-5: 2004-05 PRIVATE PARTY PUMPING - SAN FERNANDO BASIN 
(acre-feet) 

Nonconsumptive Use or Minimal Consumption Groundwater Dewatering 

CalMat 3,351.41 

(Gravel washing) 

Sears, Roebuck and Company o 
(Air Conditioning; well disconnected 2000) 

Sportsmens' Lodge 

Toluca Lake Property Owners 

Walt Disney Productions 

(3 wells inactive! Not abandoned.) 

0.03 

0.83 

o 

Total 3,352.27 

Groundwater Cleanup 

Boeing Santa Susana Field Lab 7.20 
(Charged to Los Angeles' water rights) 

Raytheon (Hughes) 2.07 
(Charged to Los Angeles' water rights) 

B.F.Goodrich (Menasco/Coltec) 0.43 
(Charged to Los Angeles' water rights) 

Micro Matics USA, Inc. 3.57 
(Charged to Los Angeles' water rights) 

Mobil Oil Corporation 0.58 

(Charged to Los Angeles' water rights) 

3M-Pharmaceutical 61.70 
(Charged to Los Angeles' water rights) 

Tesoro 20.54 
(Charged to Los Angeles' water rights) 

Total 

Total Extractions 

Section 2 - Water Supply. Operations. and 
Hydrologic Conditions 

96.09 

4,590 

Auto Stiegler 6.22 

(Charged to Los Angeles' water rights) 

First Financial Plaza Site 75.09 

(Charged to Los Angeles' water rights) 

Trillium Corporation 26.45 

(Charged to Los Angeles' water rights) 

Metropolitan Transportation Agency 69.23 

(Charged to Los Angeles' water rights) 

Metropolitan Water District (MWD) 193.90 

(Charged to Los Angeles' water rights) 

North East Interceptor Sewer 0.64 
(Charged to Los Angeles' water rights) 

Warner Properties Plaza 6 and 3 31.51 
(Charged to Los Angeles' water rights) 

Total 403.04 

Physical Solution 

Forest Lawn Cemetery Assn. 311.90 
(Charged to Glendale's water rights) 

Hathaway (deMille) 43.46 
(Charged to Los Angeles' water rights) 

Middle Ranch (deMille) 7.56 
(Charged to Los Angeles' water rights) 

Toluca Lake Property Owners 30.00 
(Charged to Los Angeles' water rights) 

Valhalla Memorial Park 295.35 

(Charged to Burbank's water rights) 

Waterworks District No. 21 43.53 
(Charged to Los Angeles' water rights) 

Water Licenses 0.76 
(Charged to Los Angeles' water rights) 

Wildlife Waystation 5.84 

(Charged to Los Angeles' water rights) 

Total 738.40 
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2.6 Imports and Exports of Water 

Residential, commercial, and industrial expansions in ULARA have required the importation of 

additional water supplies to supplement that provided by the groundwater basins. 

The imported supplies to ULARA are from the Los Angeles Aqueducts and the MWD. Los 

Angeles Aqueduct water consists of runoff from the Eastern Sierra Nevada and groundwater 

from Owens Valley. The MWD supplies consist of State Water Project and Colorado River 

Aqueduct waters. 

Exports from ULARA include imported Los Angeles Aqueduct and MWD water (pass-through), 

and groundwater from the SFB. Exports of wastewater are by pipeline to Hyperion Treatment 

Plant. 

Table 2-6 summarizes the imports and exports from ULARA during the 2003-04 and 2004-05 

Water Years, and Figure 2.3 shows the monthly extractions and imports. 

FIGURE 2.3 - TOTAL MONTHLY EXTRACTIONS AND GROSS 
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TABLE 2-6: ULARA WATER IMPORTS AND EXPORTS 
( acre-feet) 

2004-2005 Water Year 

Water Year 

Source and Agency 

Los Angeles Aqueduct 
City of Los Angeles 

MWDWater 
City of Burbank 
Crescenta Valley Water District 
City of Glendale 
City of Los Angeles 1 

La Canada Irrigation District 1 

Gross Imported Water 

Las Virgenes Municipal Water District 1 

City of San Fernando 

MWD Total 

Grand Total 

2003-04 

212,805 

13,751 
3,298 

24,546 
338,529 

1,408 
8,532 

508 

390,572 

603,377 

Exported Water (Pass-Through) 

Los Angeles Aqueduct 
City of Los Angeles 97,546 

MWD Water 
City of Los Angeles 174,944 

Total 272,490 

Net Imported Water 330,887 

1. Deliveries to those portions of these agency service areas that are within ULARA. 
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2004-05 

335,617 

14,415 
1,909 

21,233 
168,687 

1,197 
7,449 

500 

215,390 

551,007 

168,898 

70,121 

239,019 

311,988 
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2.7 Water Recycling 

Water recycling presently provides a source of water for irrigation, industrial, and recreational 

uses. In the future, water recycling may provide water for groundwater recharge. Four 

wastewater reclamation plants are in operation in ULARA. The Las Virgenes Municipal Water 

District operates a water recycling facility outside ULARA but uses part of the treated water in 

ULARA. Table 2-7 summarizes the 2004-05 reclamation plant operations, and Plate 5 shows 

their locations. 

TABLE 2-7: 2004-05 WASTEWATER RECYCLING OPERATIONS 
(acre-feet) 

Recycled Recycled Recycled 
Water Use Water Use Water 

Treated 
(%) Delivered to 

SFB 
Plant/Agency Water 

City of Burbank 8,800 681 1 8% 681 

Los Angeles-Glendale 16,321 2,999 2 18% 

Los Angeles 1,888 19 

Glendale 1,119 939 

Donald C. Tillman 62,377 616 3 1% 0 

The Independent N/R N/R 4 

Order of Foresters 

Las Virgenes MWD 1,347 1,347 

Total 87,498 5,643 2,986 

1. Of the total recycled water (680.85 AF), 80.75 AF was delivered to the Burbank power plant. 600.1 AF was used by 
CalTrans, DeBell Golf Course and other landscape irrigation. 

2. Of the total recycled water (2,999 AF), 1,111 AF was delivered to Glendale for use in Glendale's Power 
Plant and for irrigation water for CalTrans, Forest Lawn and Brand Park; 817 AF was for in plant use; 655 AF 
was delivered to Griffith Park by Los Angeles for irrigation; and 1,233 AF was used by CalTrans, Lake Side, 
Mt. Sinai Memorial Park, Forest Lawn 2, and Universal City MCA for irrigation. 

3. Recycled water was for in plant use and then discharged to the Los Angeles River. 
4. Recycled water is used for irrigation. N/R no response for 2004-05. 
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2.8 Water Level Elevations 

The 2005 contour maps for the Spring (April) and the Fall (September) were produced by using 

the SFB Groundwater Flow Model. The SFB model was initially developed during the Remedial 

Investigation (RI) study of groundwater contamination in the San Fernando Valley. The RI 

study was funded through the EPA's Superfund program. 

The model is comprised of up to four layers in the deepest portion of the eastern SFB, and 

includes 22,016 cells, ranging in size from 1,000 by 1,000 feet to 3,000 by 3,000 feet. The 

model parameters were calibrated by matching the simulated hydraulic-head fluctuations with 

the historical water level fluctuations measured at selected key monitoring wells for a 10-year 

period. The 2005 contours were simulated by incorporating the estimated monthly recharge 

(e.g. spread water, precipitation, etc.) and discharge (groundwater extractions, rising 

groundwater, etc.) values for the 2004-05 Water Year. The model was then run for twelve 

consecutive monthly stress periods beginning October 2004 through September 2005. The 

simulated head values at the end of the April and September 2005 stress periods were then 

plotted by utilizing groundwater contouring software. 

The simulated Spring and Fall 2005 Groundwater Contour Maps are shown as Plates 9 and 10. 

These contours are intended to depict the general trend of groundwater flow for April and 

September 2005. Up-to-date groundwater elevations for specific locations can be obtained by 

contacting the Watermaster's Office at (213) 367-0921. 

Plate 11 exhibits the change in groundwater elevation from the Fall of 2004 to the Fall of 2005. 

The increase in groundwater levels in the north portion of the SFB, specifically near the Hansen 

Spreading Grounds, is attributed to the increased volume of Native Runoff water spread at 

Hansen, 33,301 AF compared to the previous year of 2003-04 when 6,424 AF were spread. 

The groundwater levels in the vicinity of Pacoima Spreading Grounds increased by about 50 

feet from the previous year. The water spread at Pacoima increased by about 15,663 AF 

compared to the 2003-04 Water Year. 

The 30-44 foot recovery in groundwater levels near the Rinaldi-Toluca and North Hollywood 

Well Field areas is primarily attributed to increased recharge in upgradient spreading grounds 

and decreased groundwater extractions. Extractions for these two well fields decreased by 44 

percent from 2003-04 to 2004-05 (40,652 AF to 22,972 AF). The area near the Tujunga Well 

Field shows an increase in groundwater levels, as much as 50 feet, due to an increase in 

recharge in upgradient spreading grounds and specifically at the nearby Tujunga Spreading 

Section 2 - Water Supply, Operations. and 
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Grounds (TSG) where the recharge of TSG increased by about 20,851 AF between 2003-04 

and 2004-05 (264 AF to 21,115 AF) and also due to reduced pumping at the Tujunga Well Field 

by about 1,503 AF from 2003-04 to 2004-05 (17,310 AF to 15,807 AF). The vicinity of the 

Burbank Operable Unit (BOU) shows an increase in groundwater levels of approximately 16 

feet as a result of increased recharge in the basin and reduced pumping at BOU. Extraction 

from this well field decreased by about 34 percent between 2003-04 and 2004-05 (9,660 AF to 

6,398 AF). In general, the SFB shows a rebound in groundwater levels as a result of low 

pumping, high artificial recharge, and high precipitation. 

Figure 2.4 shows historic well hydrographs of wells throughout ULARA and their locations. 

FIGURE 2.4 HYDROGRAPHS AND LOCATIONS OF WELLS THROUGHOUT ULARA 
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TABLE 2-8: CHANGE IN GROUNDWATER STORAGE 
SAN FERNANDO BASIN 

Valley Floor Artificial Change in Cumulative Change 
Water Year Precipitation Recharge Storage in Storage 

(in) (acre-feet) (acre-feet) (acre-feet) 

2004-05 42.64 74,198 66,476 150,895 

2003-04 9.52 10,065 (22,367) 84,419 

2002-03 19.41 16,330 (15,835) 106,786 

2001-02 5.95 2,664 (27,094) 122,621 

2000-01 19.52 17,939 (6,930) 149,715 

1999-00 14.84 14,106 (31,044) 156,645 

1998-99 9.81 14,662 (82,673) 187,689 

1997-98 37.04 61,119 44,113 270,362 

1996-97 15.17 23,172 (35,737) 226,249 

1995-96 12.03 21,239 (49,223) 261,986 

1994-95 33.36 69,108 79,132 311,209 

1993-94 10.19 19,981 (22,238) 232,077 

1992-93 36.62 64,658 106,317 254,315 

1991-92 30.05 39,624 411 147,998 

1990-91 14.38 18,718 (14,122) 147,587 

1989-90 8.20 4,154 (29,941) 161,709 

1988-89 9.12 5,713 (30,550) 191,650 

1987-88 18.62 23,161 (5,000) 222,200 

1986-87 5.99 7,952 (31,940) 227,200 

1985-86 20.27 28,350 (7,980) 259,140 

1984-85 11.00 22,493 (31,690) 267,120 

1983-84 9.97 38,283 (63,180) 298,810 

1982-83 39.64 102,925 121,090 361,990 

1981-82 17.18 24,253 (530) 240,900 

1980-81 11.04 31,891 (32,560) 241,430 

1979-80 30.25 73,543 99,970 273,990 

1978-79 21.76 72,454 78,080 174,020 

1977-78 35.43 85,450 136,150 95,940 

1976-77 14.19 8,197 (50,490) (40,210) 

1975-76 9.90 14,805 (30,090) 10,280 

1974-75 14.74 22,786 (22,580) 40,370 

1973-74 15.75 16,488 (21,820) 62,950 

1972-73 20.65 24,342 17,020 84,770 

1971-72 8.10 10,595 (17,090) 67,750 

1970-71 15.57 24,143 15,340 84,840 

1969-70 10.50 27,579 (9,740) 69,500 

1968-69 29.00 71,506 79,240 79,240 

37 Year Average 18.58 32666 4078 

1 . Accumulation of storage begun as of October 1, 1968. 
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67,865 

89,346 

95,431 

87,992 

86,946 

116,357 

141,757 

94,682 

105,899 

82,862 

58,121 

62,990 

36,419 

76,213 

71,065 

81,466 

127,973 

105,470 

91,632 

86,904 

101,591 

115,611 

68,394 

84,682 

92,791 

58,915 

59,843 

66,314 

125,445 

103,740 

95,830 

88,017 

82,004 

84,140 

79,010 

88,856 

84,186 

87,750 
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2.9 Groundwater Storage 

San Fernando Basin 

The total groundwater storage capacity of the SFB was calculated by the State Water Rights 

Board in the Report of Referee to be approximately 3.2 million AF. 

Each year, the change in storage is evaluated in three ways - between the most recent and the 

previous water year; for the cumulative change since Safe Yield Operation began in 1968; and, 

for the cumulative change since the beginning year of 1928. 

In Fall 1968, following the Trial Court Judgment. Safe Yield Operation was instituted to halt the 

overdraft in groundwater levels that began in 1954 (Plate 13). Methodology established by the 

State Water Rights Board was used to derive a regulatory storage requirement of 360,000 AF 

for the SFB that considered normal wet-dry cycles, operational flexibility, and pumping based on 

the calculated safe yield. The upper boundary of 210,000 AF above the 1954 level was based 

on the need to prevent excess rising groundwater from leaving the basin, and the lower 

boundary of 150,000 AF below the 1954 level provided storage space for wet years. Ideally, 

the basin should be operated between the upper and lower boundaries of the regulatory 

storage range. 

Plate 13 illustrates a 25-year overall decline in storage below the regulatory storage range 

beginning in approximately 1980. The trend becomes clearer when the temporary effects of 

above-normal rainfall years of 1982-83, 1992-93, 1994-95, 1997-98, and 2004-05 are excluded. 

Probable causes of this decline include increased urbanization and runoff leaving the SFB, 

reduced artificial recharge, and pumping in excess of long-term recharge. 

The calculated change in storage in the SFB between 2003-04 and 2004-05 is +66,476 AF 

(Table 2-8). As indicated by the blue line on Plate 13, there has been an increase in storage of 

150,895 AF since 1968, but an overall decline in storage of 504,475 AF since 1928. 

In addition, since Fall 1978 there has been an accumulation of 410,033 AF of Stored Water 

Credits by the Cities of Los Angeles, Glendale, and Burbank through in-lieu activities (leaving 

groundwater in storage rather than pumping it). Stored groundwater can be extracted by the 

parties in excess of annual pumping rights with the approval of the Watermaster. If this 

groundwater had been pumped instead of stored, the cumulative change in storage since 1928 

would be -914,508 AF. As indicated by the red line on Plate 13, the basin would be below the 
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beginning of Safe Yield Operation that began in 1968. Clearly, groundwater recharge in the 

SFB is not keeping pace with pumping rights. 

The Watermaster is required to continue evaluating the change in groundwater storage and the 

safe yield within ULARA, to notify the parties and the Court of significant changes, and to 

consider corrective measures for the future if the imbalance continues. In accordance with his 

duties, the Watermaster has begun discussions with the Cities regarding this imbalance, and 

informed the Court on February 13, 2006 (Appendix G). 

On a positive note, there is more than 500,000 AF of storage space available in the SFB. This 

storage can be used to capture additional native water or imported supplies during wet years. 

Basin storage space is a valuable resource, and the Watermaster Office supports its wise use 

for the benefit of the public. 

Sylmar Basin 

The groundwater storage capacity of the Sylmar Basin is approximately 310,000 AF. The 

estimated change in storage from 2003-04 to 2004-05 is +6,694 AF, and the cumulative change 

in storage from 1968-69 through 2004-05 is +2,895 AF. 

Verdugo Basin 

The groundwater storage capacity of the Verdugo Basin is approximately 160,000 AF. The 

estimated change in storage for 2004-05 compared to 2003-04 is +9,838 AF, and the 

cumulative change in storage from 1968-69 through 2004-05 is -8,551 AF. 

The long-term decline in Verdugo Basin groundwater was partially reversed by the heavy rains 

of 2004-05. It will not be known until next year's calculations how long the increase will last. 

The probable causes of the decline seen in the past years include increased urbanization and 

runoff leaving the basin, and a significant reduction in groundwater recharge from cesspools 

and septic systems following the installation of sewers beginning in the 1980s. An evaluation of 

the basin is currently underway. The study on stormwater storage and conjunctive use was 

completed in May 2005 and the geophysical study is in progress. 

Eagle Rock Basin 

The estimated change in storage from 2003-04 to 2004-05 is +189 AF. 

Section 2 - Water Supply, Operations, and 
Hydrologic Conditions 

2-22 May 2006 

AR0074686 



ULARA Watermaster Report 2004-2005 Water Year 

2.10 Water Supply and Disposal - Basin Summaries 

Tables 2-9A, 2-9B, 2-9C, and 2-9D summarize water supply and disposal in the San Fernando, 

Sylmar, Verdugo, and Eagle Rock basins, respectively. Outflows are based on computations 

made by the State Water Rights Board in the Report of Referee. 

2.11 Extraction Rights and Stored Water Credit - Basin Summaries 

San Fernando Basin 

Tables 2-10A and 2-11A show the calculation of SFB extraction rights for the 2004-05 Water 

Year and Stored Water Credit (as of October 1, 2004) for the Cities of Burbank, Glendale, and 

Los Angeles. All rights are based on the City of Los Angeles vs. City of San Fernando, et aI., 

Judgment, dated January 26, 1979. 

Sylmar Basin 

Tables 2-10B and 2-11 B show the calculation of Sylmar Basin extraction rights for the 2004-05 

Water Year and Stored Water Credit (as of October 1, 2005) for the Cities of Los Angeles and 

San Fernando. All rights are based on the March 22, 1984 stipulation between the City of 

San Fernando and the City of Los Angeles and the action by the Administrative Committee on 

July 16, 1996 to temporarily increase the safe yield from 6,210 AFIY to 6,510 AFIY. The 

temporary increase has expired and is being re-evaluated. 

Verdugo Basin 

Glendale and CVWD have rights to extract 3,856 and 3,294 AFIY respectively. Glendale has 

not pumped its full right since the Judgment was entered. In the past, CVWD has extracted in 

excess of its right with the permission of Glendale and the approval of the Watermaster. During 

the 2004-05 Water Year, CVWD unexpectedly pumped 16 AF above its adjudicated right 

without Glendale's consent or approval by the Watermaster. CVWD, Glendale, and the 

Watermaster are working to resolve the issue. 

Los Angeles has a right to extract its Import Return Flows in the Verdugo Basin, but has never 

exercised its right. 

There are no Stored Water Credits in the Verdugo Basin. 
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Eagle Rock 

Los Angeles has the right to extract, or cause to be extracted, the entire safe yield of the basin 

that consists mostly of return flows of delivered water by Los Angeles. Los Angeles does not 

pump groundwater from the Eagle Rock Basin. OS Waters, as successor to Sparkletts and 

Deep Rock, has a physical solution right to extract groundwater to supply its bottled drinking 

water facility. OS Waters pumped 208 AF in the 2004-05 Water Year. 
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TABLE 2-9A: SUMMARY OF 2004-05 WATER SUPPLY AND DISPOSAL 
SAN FERNANDO BASIN 

!acre-feet} 
City of City of City of City of 

Water Source and Use Burbank Glendale los Angeles San Fernando All Others Total 

Extractions 

Municipal Use 6,399 7,792 49,085 0 63,276 

Basin Account 0 0 0 1 0 
Physical Solution 295 2 312 2 38 94 7 738 

Cleanup/Dewaterers 499 499 

Non-consumptive Use 3,352 3,352 

Total 6,694 8,104 49,622 0 3,446 67,865 

Imports 

LA Aqueduct Water 335,617 335,617 

MWDWater 14,415 21,233 141,572 455 7,449 3 185,123 

MWD Water (LA 17) 23,484 23,484 

Groundwater from 

Sylmar Basin 1,110 2,860 3,970 

Verdugo Basin 700 700 

Total 14,415 21,933 501,783 3,315 7,449 548,894 

Delivered Reclaimed Water 681 939 19 4 0 1,347 3 2,986 

Exports 

LA Aqueduct Water 

out of ULARA 168,898 168,898 

to Verdugo Basin 514 514 

to Sylmar Basin 7,157 7,157 

to Eagle Rock Basin 314 314 

MWDWater 

out ofULARA 70,121 70,121 

to Verdugo Basin 2,916 220 3,136 

to Sylmar Basin 3,067 3,067 

to Eagle Rock Basin 135 135 

Groundwater 41 5 325 5 44,586 44,951 

Total 41 3,240 295,011 0 0 298,292 

Delivered Water 

Hill & Mountain Areas 48,330 48,330 

Total - All Areas 21,749 27,735 256,412 3,315 12,242 321,453 

Water Outflow 

Storm Runoff (Sta. F-57 423,293 423,293 

Subsurface 407 407 

Sewage 2,624 18,031 76,275 2,537 99,467 

Reclaimed Water to 

the LA River 8,119 324 49,313 57,756 

Hyperion 621 6 20,260 6 20,881 

Total 10,743 18,976 145,848 2,537 423,700 601,804 

1. Basin Account water for Burbank. 
2. Includes Valhalla (Burbank) and Forest Lawn (Glendale). 
3. Las Virgenes Municipal Water District. 
4. LA total recycled water is 1,888 AF of 'Nhich 19 AF were delivered to valley fill and 1,869 delivered to hill/mountains. 
5. Glendale OU and Burbank OU treated groundwater discharged to Los Angeles River. 
6. Water discharged from Tillman and LA-Glendale plants. Annual cities' portion from LAG 

water. 
7. Pumping from Hill and Mountain areas tributary to SFB. 
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TABLE 2-9B: SUMMARY OF 2004-05 WATER SUPPLY AND DISPOSAL 
SYLMAR BASIN 

( acre-feet) 

City of City of 

Water Source and Use los Angeles San Fernando All Others Total 

Total Extractions 1,110 3,143 o 1 4,253 

Imports 

LA Aqueduct Water 7,157 7,157 

MWDWater 3,067 45 3,112 

Total 10,225 45 0 10,270 

Exports - Groundwater 

to San Fernando Basin 1,110 2,860 0 3,970 

Total Delivered Water 10,225 328 0 10,553 

Water Outflow 

Storm Runoff 5,000 2 5,000 

Subsurface 560 3 560 

Sewage 830 3 45 875 

Total 6,390 45 0 6,435 

I. Pumping for landscape irrigation by Santiago Estates. The well was capped in 1999. 
2. Surface outflow is not measured. Estimate based on Mr. F. Laverty - SF Exhibits 57 and 64. 
3. Estimated in the Report of Referee. 

TABLE 2-9C: SUMMARY OF 2004-05 WATER SUPPLY AND DISPOSAL 

Crescenta 

Valley Water 

Water Source and Use District 

Total Extractions 3,302 

Imports 
LA Aqueduct Water 
MWDWater 1,909 

Total 1,909 

Exports to San Fernando Basin 0 
Delivered Reclaimed Water 

Total Delivered Water 5,212 

Water Outflow 

Storm Runoff (Sta. F-252) 3 

Subsurface to: 
Monk Hill Basin 
San Fernando Basin 

Sewage 692 

Total 692 

1. Private party extractions. 
2. Estimated. 
3. Includes rising groundwater. 
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(acre-feet) 

La Canada 

City of Irrigation City of Other 

Glendale District Los Angeles 

2,358 9 1 

514 

2,916 1,197 220 

2,916 1,197 734 

700 0 0 

180 

4,754 1,197 734 9 

37,072 

300 

80 

1,321 0 473 

1,321 0 473 37,452 

2-26 

Total 

5,669 

514 

6,242 

6,755 

700 

180 

11,905 

37,072 

300 2 

80 2 

2,486 

39,938 
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TABLE 2-90: SUMMARY OF 2004-05 WATER SUPPLY AND DISPOSAL 
EAGLE ROCK BASIN 

(acre-feet) 

City of 

Water Source and Use Los Angeles DS Waters Total 

Total Extractions 0 208 1 208 

Imports 

LA Aqueduct Water from SFB 314 314 
MWD Water (25+35) from SFB 135 135 
MWD Water (17) 27,115 27,115 
Groundwater from SFB 0 0 

Total 27,564 0 27,564 

Exports 

MWD Water (17) to SFB 23,484 23,484 
Groundwater 0 208 208 

Total 23,484 208 23,692 

Total Delivered Water 4,080 0 4,080 

Water Outflow 

Storm Runoff 

Subsurface 50 2 50 
Sewage 1,940 3 0 1,940 

Total 1,990 0 1,990 

1. DS Waters (formed by the merger of Suntory/Deep Rock Water Co. and McKessonfDanone Water Products) is 
allowed to pump as successor to Deep Rock and Sparidetts, under a stipulated agreement with the City of Los 
Angeles and export equivalent amounts. 

2. Estimated in Supplement No.2 to Report of Referee. 

3. Estimated. 
4. Not quantified. 
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TABLE 2-10A: CALCULATION OF 2005-06 EXTRACTION RIGHTS 
SAN FERNANDO BASIN 

(acre-feet) 

City of City of City of 
Burbank Glendale los Angeles 

Total Delivered Water, 2004-05 21,749 27,735 256,412 

Water Delivered to Hill and 
Mountain Areas, 2004-2005 48,330 

Water Delivered to Valley Fill, 
2004-2005 21,749 27,735 208,082 

Percent Recharge Credit 20.0% 20.0% 20.8% 

Retum Water Extraction Right 4,350 5,547 43,281 

Native Safe Yield Credit 43,660 

Total Extraction Right for the 
2005-2006 Water Year1 4,350 5,547 86,941 

1. Does not include Stored Water Credit and Physical Solution. 

TABLE 2-10B: CALCULATION OF 2005-06 EXTRACTION RIGHTS 
SYLMAR BASIN 

Extraction Right for the 

2005-2006 Water Year 1 

(acre-feet) 

City of City of 
los Angeles San Fernando All Others 

3,255 3,255 

1. Does not include Stored Water Credit. The safe yield of the Sylmar Basin was increased 
to 6,510 AFIYR effective 7116/1996. Effective October 1, 1984 safe yield less 
pumping by Santiago Estates is equally shared by Los Angeles and San Fernando. 

2. Santiago Estates (Home Owners Group) stopped pumping in 1999. 
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TABLE 2-11A: CALCULATION OF STORED WATER CREDIT 
SAN FERNANDO BASIN 

1. Stored Water Credit 
(as of October 1, 2004) 

1a. Credits and debits. 
2. Extraction Right for the 

2004-05 Water Year 

3. 2004-05 Extractions 
Party Extractions 
Physical Solution Extractions 
Clean-up/Dewaterers 

Total 

4. Total 2004-05 Spread Water 

5. Stored Water Credit 2 

(as of October 1, 2005) 

(acre-feet) 

City of 
Burbank 

22,038 

4,847 

6,399 
295 

6,694 

0 

20,191 

City of 
Glendale 

66,201 

6,006 

7,792 
312 

8,104 

0 

64,103 

City of 
los Angeles 

286,846 

(248) 1 

88,856 

49,085 
131 
499 

49,715 

o 

325,739 

1. City of Los Angeles debited for loss of rising water at Pollock. See Appendix H. 
2. Item 5 = 1 +1 a + 2 - 3 + 4. 

TABLE 2-11B: CALCULATION OF STORED WATER CREDIT 
SYLMAR BASIN 

(acre-feet) 

City of City of 
los Angeles San Fernando 

1. Stored Water Credit 
(as of October 1, 2004) 6,303 227 

2. Extraction Right for the 
2004-05 Water Year 1 3,255 3,255 

3. Total 2004-05 Extractions 1,110 3,143 
Santiago Estates2 0.0 0.0 

4. Stored Water Credie 
(as of October 1, 2005) 8,448 339 

1. The safe yield of the Sylmar Basin was increased to 6,510 AFfYR as of 7/16/1996. 

2. Santiago Estates pumping is equally taken from the rights of San Fernando 
and Los Angeles. Santiago Estates capped well in 1999. 

3. Item 4 = 1 + 2 - 3 
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Imported Water 

3. WATER QUALITY, TREATMENT, AND REMEDIAL 

INVESTIGATION ACTIVITIES 

3.1 Water Quality 

1. Los ANGELES AQUEDUCT water is sodium bicarbonate in character and is the 

highest quality water available to UlARA. Its Total Dissolved Solids (TDS) 

concentration averaged about 210 parts per million (ppm) for 30 years before 

1969. The highest on record was 320 ppm on April 1, 1946. TDS 

concentration on May 17, 2005 was 267 ppm. 

2. COLORADO RIVER water is predominantly sodium-calcium sulfate in character, 

changing to sodium sulfate after treatment to reduce total hardness. 

Samples taken at the Burbank turnout between 1941 and 1975 indicated a 

high TDS concentration of 875 ppm in August 1955 and a low of 625 ppm in 

April 1959. The average TDS concentration over the 34-year period was 

approximately 740 ppm. Tests conducted at lake Matthews showed an 

average TDS concentration of 625 ppm for Fiscal Year 2005. 

3. NORTHERN CALIFORNIA water (State Water Project) is sodium bicarbonate

sulfate in character. It generally contains less TDS and is softer than local 

and Colorado River water. Since its arrival in Southern California in April 

1972, the water has had a high TDS concentration of 410 ppm and a low of 

247 ppm. Tests conducted at the Joseph Jensen Filtration Plant showed an 

average TDS concentration of 267 ppm during Fiscal Year 2005. 

4. COLORADO RIVER/NORTHERN CALIFORNIA water were first blended at the 

Weymouth Plant in May 1975. Blending ratios vary, and tests are taken from 

the effluent. Tests conducted at the Weymouth Plant showed an average 

TDS concentration of 467 ppm during Fiscal Year 2005. 

Surface Water 

Surface runoff contains salts dissolved from rocks in the tributary areas and is sodium-calcium, 

sulfate-bicarbonate in character. The most recent tests taken in September 1995 from flows in 

the los Angeles River at the Arroyo Seco showed a TDS concentration of 666 ppm and a total 
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hardness of 270 ppm. These values also reflect the inclusion of rising groundwater in the Los 

Angeles River between Los Feliz Blvd. and Gage F-57C-R. 

Chlorides in Surface Water 

In 1997 the RWQCB Amended Resolution No. 90-04 was rescinded by Resolution No. 97-02 

on chlorides. Water quality objectives for chloride for certain surface waters were revised to 

accommodate fluctuations in chloride concentrations that may be caused by future droughts. 

The Amendment to the Water Quality Control Plan to Incorporate a Policy for Addressing 

Levels of Chloride in Discharges of Wastewaters for ULARA in the Waterbody - Los Angeles 

River - between Sepulveda Flood Control Basin and Figueroa Street (including Burbank 

Western Channel only) currently has a maximum of 190 ppm. Chloride levels are reported in 

Appendix D. 

Nitrogen in Surface Water 

The Regional Board has ordered the cities of Burbank and Los Angeles as part of a TMDL 

program to determine the source of nitrogen in the Los Angeles River either from stormwater or 

rising groundwater entering the river. The Los Angeles City Bureau of Sanitation and the City 

of Burbank have contracted with a consultant to conduct the first phase of the study. 

Groundwater 

Groundwater in ULARA is moderately hard to very hard. The character of groundwater from 

the major water-bearing formations is of two general types, each reflecting the composition of 

the surface runoff in the area. In the western part of ULARA, it is calcium sulfate-bicarbonate in 

character, while in the eastern part, including Sylmar and Verdugo Basins, it is calcium 

bicarbonate in character. 

Groundwater is generally within the recommended limits of the California Title 22 Drinking 

Water Standards, except for: 1) areas of the eastern SFB where high concentrations of 

Trichloroethylene (TCE), Tetrachloroethylene (PCE), Hexavalent Chromium, and nitrates are 

present; 2) areas in the western end of the SFB having excess concentrations of sulfate and 

TDS; and 3) areas within the Verdugo Basin that have high concentrations of nitrate. In each 

area the groundwater delivered is either being treated or blended to meet State Drinking Water 

Standards. 

A history of the TDS content and mineral analyses of imported, surface, and groundwater is 

contained in Appendix D. 
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3.2 Groundwater Quality Management Plan 

During the 2004-05 Water Year, the Interagency Coordinating Committee continued to 

implement the recommendations of the "Groundwater Quality Management Plan - San 

Fernando Valley Basins" issued in July 1983. The objective of this effort is to protect and 

improve the quality of stored water held in UlARA. Special emphasis is placed on monitoring 

and removing the organic contaminants TCE and PCE found in the groundwater. Table 3-1 

summarizes the number of ULARA wells that are contaminated at the indicated levels above 

the Maximum Contaminant level (MCl) of the California Drinking Water Standards of 5 parts 

per billion (ppb) for TCE and 5 ppb for PCE. 

TABLE 3-1: 2004-05 NUMBERS OF WELLS IN THE ULARA WELL FIELDS 

EXCEEDING STATE MCL FOR TCE AND PCE 

Number of Wells 

City of Los Angeles3 Sub- Others3 

Total Number of NH RT P HW E W TJ V AE Total B G C 

Wells in Well Field2 35 15 3 4 7 8 12 5 7 96 16 13 12 

Number of Wells Exceeding Contaminant Level1 

TCE Levels ppb 

5-20 0 5 1 - 0 3 7 0 1 17 0 0 0 

20-100 0 0 0 - 0 0 3 0 4 7 7 3 0 

>100 0 0 0 - 0 0 0 0 2 2 8 4 0 

Total 0 5 1 - 0 3 10 0 7 26 15 7 0 

PCE Levels ppb 

5-20 1 4 1 - 0 2 6 0 5 19 1 3 0 

20-100 0 0 0 - 0 0 0 0 2 2 3 3 0 

>100 0 0 0 - 0 0 0 0 0 0 11 1 0 

Total 1 4 1 - 0 2 6 0 7 21 15 7 0 

Grand 

Total 

137 

17 

17 

14 

48 

23 

8 

12 

43 

1. Wells are categorized based upon maximum TCE and PCE values measured during the 2004-05 Water Year. No 
data was available for some old inactive wells. 

2. Includes active, inactive, and stand-by wells. 

3. Well Fields: NH - North Hollywood 
P Pollock 
HW - Headworks 
E Erwin 
W - Whitnall 
TJ - Tujunga 
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3.3 Underground Tanks, Sumps, and Pipelines 

The City of los Angeles Fire Department (lAFD) continues to implement the State-mandated 

Underground Storage Tank (UST) Program and is actively conducting a program to bring the 

large number of underground tanks in the San Fernando Valley into compliance with current 

law. During the 2004-05 Water Year, a total of 32 sites were remediated under the direction of 

the LAFD. Currently, the Environmental Unit of the lAFD is monitoring the remediation of 74 

sites. 

The main focus of the lAFD UST Program in UlARA has been the monitoring and removal of 

gasoline, diesel, and their related constituents from the soil, to prevent contamination of the 

underlying groundwater. If a site investigation indicates groundwater contamination, the site is 

referred to the RWQCB for further action. Since October 1, 2004, 15 sites have been assigned 

to the Underground Tank Plan Check Unit. 

3.4 Private Sewage Disposal Systems (PSDS) 

In order to eliminate existing commercial and industrial PSDS and their discharges of nitrates to 

the SFB, a sanitary sewer construction program has been in progress for many years. This 

program is continuing to systematically install sanitary sewers in eighteen Groundwater 

Improvement Districts (GIDs) throughout the San Fernando Valley. To date, a total of twelve 

areas have had construction completed, and six areas are in various stages of right-of-way 

acquisition and processing. Plate 7 shows the locations of these six GIDs. 

The sewer construction program ordered by the City Council required project design and 

construction to be funded though Assessment Act provisions. Proposition 218, approved by the 

electorate on November 5, 1996, now requires that a majority of mail-in ballots of property 

owners approve any new or increased assessments, in order to proceed with funding the 

projects through the Assessment Program. The passage of Proposition 218 and continued 

downsizing of the workforce of the City of los Angeles has impeded the sewer construction 

program for the remaining six GIDs. 

Toward the end of the 1998-99 Water Year, inquiries by the Watermaster regarding scheduling 

for the completion of the remaining six GIDs led to the revision and re-estimation of 

construction plans for these improvements. Those projects were reactivated with the intent of 

facilitating the construction through the Assessment Program. The previously completed plans 
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were revised as necessary and a revised construction cost estimate was prepared for each 

project. Those anticipated construction costs and project incidental costs were spread among 

the owners of benefiting property within the individual districts and the owners were notified of 

their proportionate share of the assessable costs for the projects. 

The majority of the responding owners of each of the following five GIDs: GID NO.3 (Raymer 

St. Nr. Fulton Ave.), GID No. 17 (Glenoaks Blvd. Nr. Roxford St.). GID No. 19 (Sherman Way 

Nr. Balboa Blvd.), and GID NO.5 (Chandler Blvd. Nr. Lankershim Blvd.) and GID No. 12 (San 

Fernando Rd. Nr. Brazil St.) voted against construction of the assessment projects. These 

projects are now defunct Assessment Projects. 61 percent of the responding owners serviced 

by GID NO.4 (San Fernando Rd. Nr. Keswick St.) voted in favor of the project. Right-of-way 

acquisition for that project is pending arbitration in court to reduce the aquired right-of-way 

easement. 

Work on the five postponed projects has been deferred because of the fiscal impact to the City 

of Los Angeles for right-of-way acquisition and construction. The City Council will be notified of 

the current impasse regarding these projects. Further work on the projects will be contingent 

upon direction from the City Council and authorization for alternative financing of the projects. 

In order to determine the number of properties not connected to a sewer, the Bureau of 

Sanitation updated the database for water users not being billed for sewer usage. The analysis 

initially revealed that in the San Fernando Basin approximately 5,700 of these properties are 

located within 50 feet of an existing sewer, and 7,700 of these properties are more than 50 feet 

from an existing sewer. The Bureau of Sanitation has prepared a map that covers the 

unsewered properties and municipal water supply wells within ULARA. The map will assist 

Bureau of Sanitation in prioritizing field inspections, beginning with unsewered properties within 

1,000 feet of a production well. 

The Bureau of Sanitation field checked hundreds of addresses in the past year. Most sites 

have been found to be connected to a sewer but are not being billed. Other addresses have two 

water meters - one for irrigation and a second for residential use. Some are on septic tanks in 

areas were there are no sewers. 

City Councilman Alex Padilla, Council District 7, obtained federal funds to subsidize sewer 

installation for lower-income families in the northeast San Fernando Valley. Funding 

applications, which became available in March 2001, are currently being processed only for 
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properties that have an existing available sewer to which connections can be made without 

construction of new public sewers. 

In 2004 a settlement was reached between Santa Monica Baykeeper et al., Plaintiff, and the 

City of Los Angeles Bureau of Sanitation to reduce or eliminate sewage releases to surface 

waters. The settlement will reduce nitrate levels in the SFB only indirectly as a result of the 

effort to reduce sewer overflows through increased sewer inspection, maintenance, cleaning, 

replacement, etc. This Capital Improvement Program is expected to cost approximately $2 

billion over a 1 O-year period. 

The Industrial Waste Management Division (IWMD) of the Bureau of Sanitation continued to 

pursue the enforcement provisions of the PSDS elimination program. 

3.5 Landfills 

The Solid Waste Assessment Test (SWAT) reports for major SWAT Rank 1 to 4 landfills in the 

Los Angeles area have been completed and submitted to the RWQCB for approval. The reports 

reviewed by the RWQCB are listed in Table 3-2. As stipulated by Article 5 of Title 27, a follow

up sampling program under an Evaluation Monitoring Plan was required for some landfills due 

to the presence of VOCs in the underlying groundwater. Further updates to the SWAT would 

be triggered by post closure land use. 

An application to increase the trash height at Bradley West Landfill is pending. The public 

comment period for the draft EIR to increase the landfill by 43 feet vertically will close April 

2006. The date of closure for the landfill is April 2007. 
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TABLE 3-2: LANDFILLS WITH SWAT INVESTIGATIONS 
(reported to Interagency Coordinating Committee) 

SWAT Final Phase II Approved Site Type of 

Name Rank Status Current Owner location Report SWAT SWAT by leak Emission Further 

Completed Submitted Req. RWQCB (1) (2) Monitoring 

Bradley West Open WMDSC Sun Valley, SE of 6/87 11190 4192 G NHA(I/O) 
Sheldon SI. 

Sheldon- Closed City of Los Angeles Sun Valley District near 5/87 5/87 2190 G MSW 4,7 
Arteta Bureau of Sanitation Hollywood & Golden 

StateF~ 
Scholl Canyon Open City of Glendale San Rafael Hills, 1 mile 7/87 4/88 8/90 G NHA(I/O) 3 

West of Rose Bowl 

Scholl Canyon Closed City of Glendale San Rafael Hills, 1 mile 7/87 8/90 12/93 G NHA 5 
West of Rose Bow1 

Bradley East Closed WMDSC SE of Sheldon SI S/87 11/90 4192 G NHA(I/O) 4,8 

Bradley West 3 Open WMDSC Near Canyon Blvd & 7/88 7/89 4/92 G MSW 3,8 
Extension Sheldon St 

Sunshine Cyn. Closed Browning - Ferris SE Santa Susana Mlns 7/88 7/89 4/94 G MSW 
LA City Industries W of Golden State Fwy 

Sunshine Cyn. Open Browning - Ferris SE Santa Susana Mlns 7/88 7/89 4/94 MSW 
LA County Industries W of Golden State Fwy 

Gregg Closed CaIMat Properties Between Pendleton St 7/89 7/89 2/90 G NHA 4 
PiVBentz & Tujunga Ave 

Branford Closed City of Los Angeles Sun Valley District, 7/88 10/90 X 6192 MSW 4,7 
Bureau of Sanilation NW of Tujunga Wash 

Cal Mat {Sun Open CalMat Properties Sun Valley District, 7/88 11/90 6192 N inert site N,7 
Valley #3) NE of Glenoaks Blvd 

Lopez Canyon Closed City of Los Angeles N of Hansen Dam near 6/88 6/88 X 
Bureau of Sanitation Lopez and Kagel Cyn 

Toyon Canyon Closed City of Los Angeles Griffith Pari< S/88 3/89 4/91 NHA(1I0 3 
Bureau of Sanitation MSW) 

Tuxford Pit Closed Aadlin Bros. Sun Valley District, S/88 12190 6/92 MSW 4,8,9 
(LA By-Products Co.) SW of Golden State 

F~ & Tujunaa Ave 
Penrose 2 Closed Los Angeles N of Strathem St, 6/88 7/89 9/89 G NHB(I/O) 4 

(LA By-Products Co.) Tujunga Ave 

Newberry Closed Los Angeles N of Strathem St, 6/88 7/89 9/89 G NHB(I/O) 4 
(LA By-Products Co.) Tujunga Ave 

Hewitt Pit Closed CaIMat Properties North Hollywood District 6/88 7/89 5/91 G NHB(I) N 
Hollywood Fwy, Laurel 

Pendleton SI. 4 Closed City of Los Angeles Sun Valley, Pendelton 7/90 5/91 S/92 N Inert Site 5 
Bureau of Sanitation St & Glenoaks Blvd 

Stough Pari< Open City of Burbank Bel Air Drive & SI88 12188 4/90 G NHA 3 
Cambridge Drive Inert Site 

Strathem Never completed. Strathem SI. & 10 
Application 12188. Tujunga Ave 

1. G - Gas, L - Liquid. MSW - Municipal Solid Waste 

2. NHA - Non-Hazardous but above state drinking water regulatory levels 
NHB - Non-Hazardous but below state drinking water regulatory levels 
I-Inorganic, 0 - Organic; N-No, Y-Yes 

3. Under Tille 27 Corrective Action Program (CAP), after completion of EMP. 

4. Closed landfills with groundwater monitoring required under Title 27. Monitoring results are submitted to the Regional Board periodically. 

5. Subject to SWAT requirements. Further monitoring may be required under Title 27. 

S. All open landfills are required to have groundwater monitoring under TWe 27. Monitoring results are submitted to the Regional Board quarterly or semi-annually. 

7. Semi-annual groundwater monitOring. 

8. Groundwater contamination Evaluation Monitoring Program (EMP) required under TiUe 27. 
9. EPA involved in evaluation. 
10. Under permit as Inert Landfill. 
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3.6 San Fernando Valley Remedial Investigation Activities 

A remedial investigation (RI) of groundwater contamination in the San Fernando Valley was 

initiated in July 1987 by the USEPA to characterize the San Fernando Basin and the Verdugo 

Basin and their contamination with TCE and PCE. The LADWP was selected by the USEPA to 

serve as the lead agency in conducting the RI and entered into a cooperative agreement that 

has provided over $22 million in federal funding to LADWP beginning July 1987. In August 

1987, the LADWP selected James M. Montgomery, Consulting Engineers, Incorporated to 

serve as its consultant to perform various RI tasks. 

The report, "Remedial Investigation of Groundwater Contamination in the San Fernando 

Valley," was completed in December 1992 and is a comprehensive, five-volume report that 

presents the findings and characterizations of the SFB and the Verdugo Basin with regard to 

their geology, hydrogeology, and nature and extent of contamination. The RI report also 

provides a description and the documentation of the SFB Groundwater Flow Model, 

summarizes the RI field investigation activities, and evaluates potential risks to human health 

and the environment. 

The SFB Groundwater Flow Model was developed as a part of the San Fernando Valley 

Remedial Investigation and is a comprehensive, three-dimensional, regional-scale model. A 

three-dimensional mass transport model has also been developed for the SFB. The model has 

been utilized for various groundwater projects to analyze the storage and physical 

characteristics of groundwater in the SFB. 

USEPA's consultant, CH2M HILL, continues to periodically sample the 87 groundwater 

monitoring wells that were installed as part of the RI. CH2M HILL also obtains groundwater 

quality and groundwater elevation data from the municipalities and various agencies and 

facilities in the San Fernando Valley to update the SFB database. CH2M HILL utilizes the data 

to produce contaminant plume maps. 

The Rl Report and semi-annual sampling reports are available for public use at the Superfund 

Primary Information Repositories, which are located in the following libraries: City of Glendale, 

City of Burbank, LADWP, California State University-Northridge, and the University of California 

- Los Angeles. 
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The LADWP also maintains a current SFB database for use with the SFB flow model and 

generation of groundwater contour maps and contaminant plume maps. CH2M HILL forwards 

current groundwater quality data for incorporation into the LADWP database. 

3.7 Water Treatment 

USEPA Operable Units 

The USEPA is proceeding with enforcement actions against Potentially Responsible Parties 

(PRPs) for the North Hollywood, Burbank, and Glendale North and South Operable Units 

(OUs), which are part of the USEPA's overall, long-term groundwater remediation activities in 

the SFB. The OUs are described below. 

1. NORTH HOLL YWOOD OU - The North Hollywood OU (NHOU) construction was 

funded by the USEPA, DHS, and LADWP. The NHOU Operations and 

Maintenance is funded by the USEPA and LADWP. The NHOU removes 

VOCs by air-stripping. In 2004-05, 339 million gallons (1,042 AF) of 

groundwater were treated. This represents 107 AF less than the 2003-04 

Water Year. 

Air discharged to the atmosphere was monitored for VOCs on a quarterly 

basis. All four quarters of VOC monitoring data were in conformance with 

permit requirements of the South Coast Air Quality Management District. 

Production at NHOU continues to be limited due to declining groundwater 

levels in the SFB. Although the 15-year NHOU Consent Decree expired on 

December 31, 2004, the VOC plume has not been fully remediated. In 

addition, a hexavalent chromium groundwater plume has been identified 

nearby, adding to the complexity of the problem. If production capacity of the 

NHOU is increased it might also capture the hexavalent chromium, which the 

NHOU is not designed to remove. The USEPA has begun a Focused 

Feasibility Study to evaluate the NHOU. 

2. BURBANK OU - The Burbank OU, funded by Lockheed-Martin under a USEPA 

Consent Decree and operated by Burbank, uses aeration and liquid-phase 
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GAC to remove VOCs from high nitrate groundwater and then blends it with 

water from the Metropolitan Water District (MWD) for delivery to the City of 

Burbank. 

Burbank assumed operation and maintenance of the BOU in 2001. Since 

that time, the facility has been unable to sustain operation at the designed 

treatment rate of 9,000 gpm. Burbank, Lockheed-Martin, USEPA, and the 

Watermaster Office have been cooperating in an effort to determine the 

cause(s) of the reduced treatment capacity. As a result, several 

modifications were found to be needed to the liquid-phase and vapor-phase 

GAC vessels. The modification of the liquid-phase GAC vessels is complete, 

and the vapor-phase modification is pending. In addition, the study showed 

that additional well capacity may be required to sustain operation at 9,000 

gpm. 

In order to further explore ways to increase production, Burbank selected 

Montgomery Watson Harza to conduct a Well Field Performance Attainment 

Study which is currently being evaluated by the USEPA. Options to increase 

production include deflating well packers from existing wells, drilling 

additional wells, and building a pipeline to blend MWD water with high 

chromium groundwater from the Lake Street wells. 

Burbank is also concerned about hexavalent chromium in water produced at 

the BOU and has been blending with imported water to keep the level of 

hexavalent chromium at, or below, 5 ppb. The BOU was not designed to 

treat chromium. 

A total of 6,398 AF were treated in the 2004-05 Water Year. 

3. GLENDALE NORTH AND SOUTH OUs. Construction of the Glendale North and 

South Operable Units was completed and treated water was ready for 

delivery on September 26, 2000. The system includes four Glendale North 

OU extraction wells with a capacity of 3,300 gpm and four Glendale South 

OU extraction wells with a capacity of 1,700 gpm. The process uses aeration 

and liquid-phase GAC to treat groundwater contaminated with VOCs and 
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then blends it with MWD water at the refurbished Grandview Pump Station. 

A total of 7,541 AF were treated in 2004-05. 

In 2004 the USEPA approved Glendale's temporary pumping plan to 

minimize chromium levels by reducing pumping in wells with elevated levels 

of chromium and increasing the pumping rate from the other wells. 

Other Treatment Facilities 

1. VERDUGO PARK WATER TREATMENT PLANT (VPWTP) - Glendale's VPWTP 

produces about 500 gpm and serves as a chlorination and turbidity treatment 

facility. A total of 700 AF were treated in 2004-05. 

2. GLENWOOD NITRATE WATER TREATMENT PLANT - CVWD's Glenwood Nitrate 

Water Treatment Plant, which uses an ion-exchange process for nitrate 

removal, continued to operate satisfactorily during the 2004-05 Water Year. 

A total of 255 million gallons (782 AF) of water were treated. The 376 

percent increase in the amount of treated water is due to the historic rainfall 

that raised the water table significantly in the Verdugo Basin. In addition, 

nitrate levels in the groundwater have declined during the past several years. 

3. POLLOCK WELLS TREATMENT PLANT (PWTP) - The 3,OOO-gpm PWTP was 

dedicated on March 17, 1999. The treatment plant uses four GAC vessels to 

remove VOCs from Pollock Wells No.4 and NO.6 to operation. The 

operation of these production wells reduces groundwater discharge to the 

Los Angeles River due to excess rising groundwater in the area. The treated 

water is chlorinated before distribution in the water system. A total of 1,752 

AF of groundwater were treated during the year. This is a 54 percent 

increase over the historic low of 2003-04. The 248 AF lost as excess rising 

water has been deducted from Los Angeles' stored credit (Appendix F). 

4. BURBANK GAG TREATMENT PLANT - The City of Burbank GAC system (Lake 

St. wells) was shut down in March 2001 due to the levels of hexavalent 

chromium in the groundwater and remained out of service during the 2004-

05 Water Year. The City of Burbank has a goal of accepting a maximum of 5 

ppb of hexavalent chromium after blending for distribution to its water 

system. If the plant is returned to service, production may be considered as 
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part of the designated average pumping goal of 9,000 gpm for the Burbank 

OU. 

3.8 Groundwater Quality Investigations 

There are several ongoing groundwater quality investigations in the San Fernando Basin. 

Some of the major sites and related activities are summarized below. 

Boeinq/Rocketdvne Santa Susana Field Lab. Simi Hills 

This facility, located in the hills at the western end of the San Fernando Valley, was the site of 

rocket testing until the 1980s. As a result, soil and groundwater became contaminated with 

TCE and perchlorate. Several hundred monitoring wells have been installed and are being 

sampled and tested. Contaminated soil and groundwater are being remediated at selected 

locations. 

CVWO-MTBE Investigation 

In February 2004, methyl-tert-butyI-ether (MTBE) was discovered by CVWD in Well #5 during 

its annual VOC water quality sampling. DHS directed CVWD to continue monitoring Well #5 on 

a quarterly basis. MTBE continued to be detected through 2005. CVWD retained McGuire 

Malcolm Pirnie EnviornmentaI Consultants (McGuire) to perform a "Preliminary Evaluation of 

MTBE Contamination Sources at CVWD Well #5". In addition, the Watermaster requested the 

RWQCB to perform an investigation into potential sources of MTBE. RWQCB met with CVWD 

in 2005, and has begun the investigation. In March 2006 the McGuire report was completed 

and forwarded to RWQCB. The report identified several potential source sites. RWQCB will 

continue the investigation and forward their findings to CVWD and the Watermaster. 

OriLube. 711 W Broadway and 718 W Wilson. Glendale 

DriLube Company, a plating facility located in Glendale, was issued a Cleanup and Abatement 

Order (CAD) by the RWQCB on March 29, 2002. Two additional property owners have been 

identified and will be added to the CAD, which is now being revised. DriLube was named a 

Responsible Party by the USEPA for discharging contaminants to the Glendale South Operable 

Unit from its site. The results of subsurface investigations have detected soil and groundwater 

contaminated with chlorinated solvents, petroleum hydrocarbons, PCBs, and heavy metals 

including chromium. On November 15, 2002 a fire at the DriLube Company totally destroyed 

the Plant 1 facility and records. 
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PRC-DeSoto (formerly Courtaulds Aerospace), 5430 San Fernando Road. Glendale 

The RWQCB issued a CAO to PRC-DeSoto (formerly Courtaulds Aerospace) on August 22, 

2002. This facility has been named a responsible party by USEPA for releasing chlorinated 

organic solvents within the Glendale South Operable Unit. The facility's principal industrial 

activities involve chemical formulation of adhesives and sealants used by the U.S. Department 

of Defense for various aerospace applications. Periodic groundwater monitoring and reporting 

has been conducted at the site since 1994. Trichloroethane (1,1,1-TCA), dichloroethane 

(DCE), TCE, PCE, chromium, hexavalent chromium, and nickel have been found in soil and 

groundwater beneath the site. The third quarter 2005 sampling indicated chromium and 

hexavalent chromium concentrations of 580 ppb and 79.9 ppb, respectively, in groundwater 

beneath the site. Groundwater monitoring will begin in 2006. Three down-gradient wells will be 

added. PRC-DeSoto has submitted a Remedial Action Plan (RAP) for the reduction of 

hexavalent chromium that is under review by the RWQCB. 

Excello Plating. 4057 Goodwin A ve .. Los Angeles 

The RWQCB issued a CAO to Excello Plating on June 20, 2003. The CAO was revised and 

submitted on June 2, 2005 to the property owners. This facility has been named a responsible 

party for releasing volatile organic compounds, chromium, hexavalent chromium, nickel, 

cadmium, zinc and lead. The purpose of this CAO is to ensure that Excello Plating completes 

the on-site and off-site assessment to delineate the lateral and vertical extent of heavy metal 

contaminants (specifically chromium) and, as necessary, undertake remediation of the affected 

soil and groundwater, on-site and off-site. Groundwater samples from the Glendale South 

Operable Unit wells adjacent to the Excello site in 2002 indicated levels of hexavalent chromium 

above 54 ppb. 

On September 23, 2004 the los Angeles City Attorney charged Excello with a violation of the 

federal Clean Water Act for failure to comply in a timely manner with the CAO. This criminal 

citation has corresponding financial penalties including fines of $50,000 per day. The firm 

submitted to the RWQCB a workplan for review in October 2004. Field work began in February 

2005. Three new monitoring wells and 16 borings have been drilled at the site to provide 

additional data. Excello completed a round of groundwater sampling in February 2006. 

Goodrich (formerly Menasco/Coltec Industries, Inc) 100 E. Cedar Ave .. Burbank 

The RWQCB issued a CAO to Coltec Industries, Inc. on July 5, 2002. This facility has been 

named a Responsible Party by the USEPA for discharging contaminants to the Glendale North 
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Operable Unit. The facility's former industrial activities involve machining, manufacturing, metal 

plating and anodizing of parts and equipment used by the U.S. Department of Defense for 

various aerospace applications. TCE, PCE, DCE, 1,1, 1-TCA and hexavalent chromium have 

been detected on this site. The third quarter 2005 sampling indicated maximum hexavalent 

chromium concentrations of 720 ppb in groundwater. Recently constructed offsite groundwater 

monitoring wells are being sampled quarterly. 

ITT/Home Depot. 1200 S. Flower Sf.. Burbank 

Home Depot has completed construction of a store and parking lot on part of the former ITT 

Aerospace Controls site. ITT Aerospace Controls manufactured parts, and conducted metal 

finishing and plating. Groundwater contamination at the site consists of VOCs, petroleum 

hydrocarbons, nickel, and hexavalent chromium. In 2004 Home Depot built a slurry wall under 

the site to prevent lateral migration of contamination. A naturally occurring low-permeability 

zone located 50 feet below the ground surface is expected to prevent vertical migration of the 

contaminants. In preparation for the Remedial Action Plan implementation and in accordance 

with the mitigation measures set forth in the ElR, in late 2003, Home Depot installed four 

groundwater monitoring wells ouside of the planned location of the slurry wall to monitor the 

baseline condition. In February 2006 Home Depot began a testing of a pump and treat system 

for the site with 16 dual-phase extraction wells. ITT, the firm responsible for the contamination 

of the site, has drilled additional off-site multi-level wells and is responsible for cleanup of the 

regional area surrounding and below Home Depot's slurry wall barrier. The Regional Board has 

approved the ITT Work Plan for the construction of additional offsite groundwater monitoring 

wells. 

Brenntag (formerlv Ho/chem) and Paxton Street LLC (formerly Price Pfister) - Pacoima Area 

Groundwater Investigation 

Progress has been made in the Pacoima Area investigation by a coordinated effort between 

Cal-EPA DTSC, the RWQCB, LADWP, and the Watermaster Office. A VOC contaminant 

plume was identified in the Pacoima area near the intersection of the Simi Valley Freeway (118 

Freeway) and San Fernando Road. This site is approximately 2.5 miles upgradient of 

LADWP's Tujunga Well Field, which can supply up to 120 cfs of groundwater. LADWP 

installed two monitoring wells downgradient of the contaminant plume. Under DTSC guidance, 

Brenntag has installed a soil vapor extraction system (SVE). Brenntag installed two new wells 

along Sutter Avenue to the southeast of the site in spring 2003. Brenntag now has 16 

monitoring wells - nine on-site and seven off-site. Since start up in January 2003 through 

Section 3 - Water Quality, Treatment, and Remedial 
Investigation Activities 

3-14 May 2006 

AR0074710 



ULARA Watermaster Report 2004-05 Water Year 

fourth quarter 2005, more than 27,683 Ibs. of VOCs have been removed from the subsurface 

by the SVE. 

The Paxton Street site (formerly Price Pfister), located southeast of Brenntag, has been 

directed to delineate the extent of VOC contamination with on-site and off-site monitoring wells. 

The RWQCB is the lead agency in enforcing cleanup of this site. Soil vapor extraction began in 

September 2002 and air sparging began in June 2003. Both systems were turned off in April 

2004 to prevent damage while buildings were being demolished. The soil excavation from all 

source areas in the northern part of the site (approximately 2/3 of the total 25, acres) has been 

completed. Groundwater monitoring is on-going including replacement of two groundwater 

monitoring wells that will be installed soon. Recent sampling in February 2006 of two 

monitoring wells detected hexavalent chromium concentrations of 109 ppb and 780 ppb. 

A series of community meetings were held in the Pacoima Area in 2004-2005 chaired by Los 

Angeles Councilmember Alex Padilla to address issues regarding the development of the Price 

Pfister site as a Lowe's Home Center. The contamination investigation and cleanup will 

continue during and after the construction development. 

Honevwell (formerly Allied Signal/Bendix) 11600 Sherman Way. North Hollywood 

Honeywell was issued a Clean Up and Abatement Order February 21, 2003 and an amended 

Clean Up and Abatement Order in September 2004. The firm was directed to prepare a 

workplan for additional on-site and off-site subsurface assessment of soil and groundwater. 

Honeywell has also provided previously unreported monitoring data from on-site wells between 

1997 and 2003 that indicate TCE levels of 610 ppb in June 2003. Beginning in February 2005 

four additional off-site wells were drilled. Samples from all existing wells were provided to the 

USEPA in December 2004. MWH, consultant for Honeywell, has completed bench-scale 

testing for treatment of hexavalent chromium and VOCs and is ready to present its findings. 

The RWQCB is reviewing the Waste Discharge Requirements application. 

General Electric (formerly Pacific Airmotive), 2940 North Hollywood Way. Burbank 

RWQCB has identified an apparent continuing source of VOCs at the former site of Pacific 

Airmotive property that is currently owned by General Electric. The soil vapor extraction system 

has been removing PCE vapor from underneath the adjacent property (2960 No. Hollywood 

Way). The cumulative PCE removal since January 2002 is approximately 6,500 gallons. 
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Raytheon (formerly Hughes Missile Systems Company), 8433 Fallbrook Avenue, Canoga Park 

The most prominent contaminant has been 1, 1-DCE with lesser amounts of TCE, PCE, TCA, 

BTEX and 1,1-DCA. TDS is in excess of the Basin Plan objectives, so the treated water may 

not be discharged to the Los Angeles River even though the origin of the high TDS is related to 

the naturally occurring groundwater. As a result of the high TDS, the treatment plant effluent is 

stored in holding tanks, and used for on-site irrigation, 

Due to significant decreases in contaminant concentrations, the RWQCB has approved 

groundwater sampling and analyses on a semiannual basis, The remediation system has 

reduced the extent of the plume by more than 50 percent. A work plan submitted to the 

RWQCB to perform a pilot test for the effectiveness of enhanced in-situ bioremediation (EISB) 

was approved by the RWQCB and initial fieldwork began in September 2003. A work plan for 

fullscale implementation of EISB was approved with associated permitting in September 2005 

and injections in two of the four proposed areas completed in October 2005. The remaining 

two areas will be completed in Spring 2006. Although the property is now owned by other 

entities, Raytheon is the current operator of the soil and groundwater treatment system. 

3M (formerly Riker Lab), 19901 Nordhoff. Northridge 

Contaminants at this site include chloroform, 1,2-DCE, 1,2-DCA, and Freon 11. There has 

been a groundwater treatment system in operation since 1997. There are currently 15 

groundwater extraction wells and two air-stripping towers in series capable of treating 60,000 

gallons per day. Until recently, some of the treated groundwater was used on-site for 

rotoclones (dust collectors), biofilters, and cooling towers, and the balance was discharged to 

the stormdrain under a NPDES permit. In March 2005, 3M and its consultant, Weston 

Solutions, Inc. completed installation of a system to re-use the discharged portion of the 

groundwater for landscape irrigation. All of the treated groundwater is now beneficially used on

site. 

3M has obtained a license from the National Aeronautics and Space Administration for a 

proprietary technology that 3M has used successfully at other sites. Nanometer-size iron 

particles are suspended in an emulsion of vegetable oil which is injected into the contaminated 

groundwater. The iron particles strip the chlorine from the VOC molecules. The remaining 

hydrocarbon is then cometabolized by naturally-occurring bacteria in the soil and groundwater, 

which use the vegetable oil as a food source, 3M is evaluating whether the conditions at the 

Northridge site are compatible with this technology. 
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Micro Matics. 19791 Bahama Sf.. Northridge 

The Micro Matics site is located adjacent to 3M. The soil and groundwater beneath a portion of 

the property are contaminated with PCE and 1,1,1-TCA. The plume has also moved off-site to 

the west beneath a portion of the former 3M property, and also to the south beneath Bahama 

Street. The 3M parcel contaminated by Micro Matics was sold to a developer, Nordhoff 

Industrial, in December 2004. Preparation and submittal of a groundwater remedial action plan 

will follow review of the HRC pilot test data. 

Treatment currently consists of pumping contaminated groundwater and treating it with liquid

phase GAC. A plan has recently been approved by the RWQCB to inject a hydrogen donating 

compound into the aquifer to degrade the VOCs in-situ. The first phase of the HRC™ in-situ 

groundwater remediation pilot test has been implemented and initial results indicate a reduction 

in the perchloroethylene (PCE) concentration. The second phase of the pilot test that includes 

injection of HRC-XTMwas implemented in July 2005. 

Tesoro Petroleum (former Fast Fuel, 11051 Victory Blvd.! N. Hollywood) 

Tesoro Petroleum is the owner of a gasoline station site in North Hollywood. A leaking 

underground tank caused a plume of gasoline hydrocarbons and MTBE that has migrated off

site toward several wells in LADWP's Whitnall Well Field. Tesoro, and its consultants Haley & 

Aldrich and Miller Brooks Environmental, have been performing soil remediation using soil 

vapor extraction. Working with its consultants, LADWP, RWQCB, and the Watermaster, 

Tesoro has implemented a groundwater cleanup plan that features ex-situ bioremediation and 

re-injection of the treated groundwater. Full-scale re-injection began in October 2005. During 

that month, a total of 1,194,735 gallons were treated of which 1,164,050 gallons were re

injected back into the aquifer. In July 2005 the National Ground Water Association (NGWA) 

selected this project for its 2005 NGWA Outstanding Ground Water Project Award. 

Tavlor Yard (Los Angeles River Narrows Area) 

The remediation of the Taylor Yard of the Union Pacific Railroad Company is under the 

jurisdiction of the Cal-EPA DTSC. The Taylor Yard has been divided into two parts - active 

yard and sale parcel. 

The Union Pacific Railroad originally owned this entire large parcel along the Los Angeles River 

Narrows. It has attracted the interest of many stakeholders including the State Parks 

Section 3 - Water Quality. Treatment, and Remedial 
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Department and the California State Coastal Conservancy as a potential site for habitat 

restoration and recreation. There is significant soil and groundwater contamination at the site, 

and potential issues involving water rights. The Watermaster Office is working with the 

stakeholders to resolve these issues. A final feasibility study was issued in June 2002, and is 

available through the Coastal Conservancy. 

The 25-acre active yard is contaminated with VOCs, SVOCs, fuel hydrocarbons, and metals. 

Three soil vapor extraction systems have removed a total of 2,318 pounds of VOCs. There are 

currently 38 groundwater wells in the monitoring program, eight of which are sampled quarterly 

and 21 are sampled semi-annually. Two of the SVE systems have been shut down since June 

2004 to allow for soil-gas sampling in support of the Focused Remedial Investigation. The 

systems will remain shut down pending the outcome of the review of the Interim Remedial 

Measure Closure Report due approximately March 31, 2006. 

Chromium 

In January 2003 the UlARA Watermaster published a report on hexavalent chromium 

contamination in the SFB. The RWQCB published a report of its four-year investigation of 

hexavalent chromium in December 2002. The presence of this contaminant threatens the use 

of SFB groundwater as a reliable source of water for Burbank, Glendale, and los Angeles, and 

jeopardizes the Operable Units constructed with funding from the USEPA to clean up VOCs on 

a regional basis. The Operable Units that treat VOCs in the groundwater were not designed to 

treat chromium. 

Total chromium is comprised of hexavalent chromium and trivalent chromium. Hexavalent 

chromium is a carcinogen when inhaled, but the effects when ingested are a subject of 

continuing debate. Trivalent chromium is a nutrient when ingested in small amounts. 

A National Toxicology Program study is underway to determine a safe federal Maximum 

Contaminant level (MCl) for hexavalent chromium, and should be completed in 2006 or 2007. 

The federal and state drinking water MCls for total chromium are 100 ppb and 50 ppb, 

respectively. There are no separate standards for hexavalent chromium. Until hexavalent 

standards are developed, the total chromium standards will continue to be used. 

At the State level, the Governor approved State Senate Bill 2127 in November 2000. This bill 

requires the DHS to determine the levels of chromium in the drinking water supplied by public 

water systems from the SFB aquifer and, in consultation with OEHHA, to assess the exposures 
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and risks to the public. The report was due January 1, 2002 but has not been published as of 

this writing. 

The Consent Decrees between the USEPA and the responsible parties require that certain 

pumping rates be maintained in the OUs to control vac plume migration and provide 

contaminant removal. As these wells are pumped, the chromium plumes also migrate toward 

the wells, albeit at a slower rate than the VOCs. Hexavalent chromium has now appeared in all 

of the OUs in the SFB. Fortunately, the levels are currently low enough to allow blending with 

imported water to levels that meet all drinking water standards. However, should the levels 

become too high to allow blending to reduce chromium to acceptable level, the operation of the 

OUs would become compromised. 

The RWQCB, with assistance from the USEPA and the cities of Burbank, Glendale, and Los 

Angeles has received temporary staff support to expedite investigation of possible hexavalent 

chromium contaminated sites. The focus is on the several sites identified last year by the 

RWQCB with the highest reported levels of hexavalent chromium and the greatest potential 

impact on the three cities' OUs and well fields. Additional suspect sites were uncovered during 

the investigation and these new sites have been transferred to the jurisdiction of the Cal EPA

Department of Toxic Substance Control. 

A study is underway by McGuire Malcolm Pirnie Environmental Consultants to identify a cost

effective technology to remove chromium to very low levels. The USEPA, American Water 

Works Research Foundation, and the cities of Glendale, Los Angeles, and Burbank are funding 

the project. Weak base anion exchange has been identified as a promising treatment 

technology. When additional funding is secured the City of Glendale intends to install a 

treatment system on at least one of its high-chromium OU wells. 
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PLATE 13 B - ULARA WATERMASTERREPORT 

SAN FERNANDO BASIN 
CUMULATIVE CHANGE IN GROUNDWATER STORAGE 

(acre-feet) 

I 
Change in I Cumulative Chg. Cumulative Chg. Cumulative Chg. Cumulative Chg. 

Fall of Year Storage in Storage (1928) in Storage/l,OOO AF in Storage (1944) in Storage/l ,000 AF 

1928 0 0 0 
1929 -41,510 -41,510 -42 
1930 -15,690 -57,200 -57 
1931 -26,320 -83,520 -84 
1932 67,030 -16,490 -16 
1933 26,640 10,150 10 
1934 -28,560 -18,410 -18 
1935 38,040 19,630 20 
1936 1,000 20,630 21 
1937 30,660 51,290 51 
1938 66,420 117,710 118 
1939 -12,540 105,170 105 
1940 -32,650 72,520 73 
1941 116,850 189,370 189 
1942 -31,230 158,140 158 
1943 31,030 189,170 189 
1944 47,200 236,370 236 0 0 
1945 -74,180 162,190 162 -74,180 -74 
1946 -33,300 128,890 129 -107,480 -107 
1947 -41,200 87,690 88 -148,680 -149 
1948 -52,770 34,920 35 -201,450 -201 
1949 -56,360 -21,440 -21 -257,810 -258 
1950 -43,390 -64,830 -65 -301,200 -301 
1951 -53,290 -118,120 -118 -354,490 -354 
1952 33,720 -84,400 -84 -320,770 -321 
1953 -68,280 -152,680 -153 -389,050 -389 
1954 -56,770 -209,450 -209 -445,820 -446 
1955 -51,370 -260,820 -261 -497,190 -497 
1956 -71,390 -332,210 -332 -568,580 -569 
1957 -6,280 -338,490 -338 -574,860 -575 
1958 -9,160 -347,650 -348 -584,020 -584 
1959 -52,160 -399,810 -400 -636,180 -636 
1960 -53,080 -452,890 -453 -689,260 -689 
1961 -50,770 -503,660 -504 -740,030 -740 
1962 -3,590 -507,250 -507 -743,620 -744 
1963 -40,390 -547,640 -548 -784,010 -784 
1964 -70,220 -617,860 -618 -854,230 -854 
1965 -57,850 -675,710 -676 -912,080 -912 
1966 14,970 -660,740 -661 -897,110 -897 
1967 36,720 -624,020 -624 -860,390 -860 
1968 -31,350 -655,370 -655 -891,740 -892 
1969 79,240 -576,130 -576 -812,500 -813 
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PLATE 13 B - ULARA WATERMASTER REPORT 

SAN FERNANDO BASIN 
CUMULATIVE CHANGE IN GROUNDWATER STORAGE 

(acre-feet) 

I 
Change in 

I 
Cumulative Chg. Cumulative Chg. Cumulative Chg. Cumulative Chg. 

Fall of Year Storage in Storage (1928) in Storage/l,OOO AF in Storage (1944) in Storage/] ,000 AF 

1970 -9,740 -585,870 -586 -822,240 -822 
1971 15,340 -570,530 -571 -806,900 -807 
1972 -17,090 -587,620 -588 -823,990 -824 

1973 17,020 -570,600 -571 -806,970 -807 
1974 -21,820 -592,420 -592 -828,790 -829 
1975 -22,580 -615,000 -615 -851,370 -851 
1976 -30,090 -645,090 -645 -881,460 -881 
1977 -50,490 -695,580 -696 -931,950 -932 
1978 136,150 -559,430 -559 -795,800 -796 
1979 78,080 -481,350 -481 -717,720 -718 
1980 99,970 -381,380 -381 -617,750 -618 
1981 -32,560 -413,940 -414 -650,310 -650 

1982 -530 -414,470 -414 -650,840 -651 

1983 121,090 -293,380 -293 -529,750 -530 

1984 -63,180 -356,560 -357 -592,930 -593 
1985 -31,690 -388,250 -388 -624,620 -625 

1986 -7,980 -396,230 -396 -632,600 -633 

1987 -31,940 -428,170 -428 -664,540 -665 

1988 -5,000 -433,170 -433 -669,540 -670 

1989 -30,550 -463,720 -464 -700,090 -700 

1990 -29,941 -493,661 -494 -730,031 -730 

1991 -14,122 -507,783 -508 -744,153 -744 
1992 411 -507,372 -507 -743,742 -744 

1993 106,317 -401,055 -401 -637,425 -637 
1994 -22,238 -423,293 -423 -659,663 -660 

1995 79,132 -344,161 -344 -580,531 -581 
1996 -49,223 -393,384 -393 -629,754 -630 
1997 -35,737 -429,121 -429 -665,491 -665 
1998 44113 -385,008 -385 -621,378 -621 
1999 -82673 -467,681 -468 -704,051 -704 

2000 -31,044 -498,725 -499 -735,095 -735 
2001 -6,930 -505,655 -506 -742,025 -742 
2002 -27,094 -532,749 -533 -769,119 -769 
2003 -15,835 -548,584 -549 -784,954 -785 

2004 -22,367 -570,951 -571 -807,321 -807 

2005 66,476 -504,475 -504 -740,845 -741 
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3. Area. 01 contamination are basoo on: Iha highest conoeni1ation during 20()4 oampIe ev.,,15 for RI WIlli, samploo 
quar1erty; Iho highest concentration during Iho prevloYs two sample round. (or'8 monlN) for well. sampioo 
....... allr. and, Iha mosl recent tecud available for wells Bamploo more I/1an '8 monltl. prior 10 mosl_ 
"mpleevon!. 

4. Areas outside the colored erea d c:ontanWlation represented on this map may also be contamlrtated. Howe..,gJ, the 
most (OCtt.nt data avdabl& 'tom wells located outside U1e cok>red &faa of contamrnatlon on this ma~ ere- below Ole 
dotoctjon limit of 2 "9fL. 

5 The 10 bl8c:k and white. 
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Notes: 
1. The areas of contamlnaUon shown on this map represent generailled ~imen.lonal approximations based on 
water quality analysl. from RI MonKoring Well., Faollty Wells, and Production Wells where the top .crooned 
InleNal Is within 50 feel of the water table. 

2. Due 10 the possible vertical zonation of contamination, a well within an Identical area of contamination may 
produce water with contamination different than that Indicated on this map. 

l . Arees of contamination are based on: the high"" concentration during 2004 sample events for RI wells sam~ed 
quarterly; the highest concentration durtng the previous two samplo rounds (or 18 months) for wells sampled 
annually; and, the most recant reCO(d available for wells sampled more than 18 months prior to most recent 
sample event. 

4. Areas outside the colored area of contamination represented on this map may also be contaminated. However, the 
most recant data avallabte from wells located outside the colored area of contamlna~on on this map are below the 
Mel of 45 mgIL 

5. The original flgure I. produced In color. SlgnlflcanllnfonmaUon Is lost H copied In black and while. 
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Notes: 
1. The areas of contamination shown on this map represent generalized two-dImensional approximations based on 
water quality analysis from RI Monitoring Wells, FacUity Wells, and Production Wells where the top screened 
interval Is within 50 feet of the water table. 

2. Due to the possible vertical zonation of contamination, a well within an Identical area of contamination may 
produce waler with contamination different than that Indicated on this map. 

3. Data in the GIS database used in drawing the contours include the highest reported concentration of total dissolved 
chromium for RI monitoring wells, facility monitoring wells and LAse monitoring wells : and. the highest concentration 
reported as chromium for LADWP production wells and extraction wells associated with the North Hollywood, Burbank 
and Glendale treatment plants between March 2002 and January 2005. 

4. Areas outside the colored zone ot contamination may also be contaminated. The Indicated colored plume areas are 
based On limited data. The quantity of wells Is limited, and the wells with chromium concentrations below the detection limit 
are not reported. Other data may eKist that were not available at the time of map production that could significantly change 
the shape of the colored plume area. 

5. The original figure Is produced in color. Significant Information is lost If copied In black and white. 
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APPENDIX A 
GROUNDWATER EXTRACTIONS 
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LACD~j Owner I 2004 

Well No. Well No. I Oct. I Nov. I 

A. W. Warner Pro!!erties 

Plaza Six 0.90 1.02 

A. W. Warner Pro(!erties 

Plaza Three 0.75 0.84 

I 
Dec. I 

1.08 

0.87 

2004-2005 Water Year 
(acre-feet) 

Jan. I Feb. I Mar. I Apr. I 
San Fernando Basin 

1.57 1.69 1.97 1.81 

1.30 1.34 1.51 1.39 

Angelica Healthcare Services (abandoned 12197) 

3934A M050A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Auto Stiegler 

--- --- 0.14 0.01 0.00 0.85 0.89 0.36 0.00 

Boeing (Rockwell International No further !!um!!ing until 2(00) 

--- E-I to E-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Boeing Santa I:!usana Field LaboratoQ' 

Delta WS-09A 0.74 0.80 0.36 0.00 0.00 0.26 0.91 

RD-24 0.07 0.02 0.04 0.00 0.00 0.00 0.00 
-- -- -- --- -- -- --

Total: 0.81 0.81 0.41 0.00 0.00 0.26 0.91 

Burbank City of 

3841C 6A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

3882P 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

385lE 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

3851K 13A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

3882T 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

384iG 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -- -- --- -- -- -- --
Total: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Burbank O(!erable Unit 

3871L VO-l 71.54 77.46 68.22 8.81 8.12 11.36 56.93 

386iG VO-2 79.28 113.19 II 1.06 126.85 32.24 50.26 95.06 

3861K VO-3 117.91 93.13 118.56 3722 0.06 22.49 1.38 

3861L VO-4 65.20 106.93 102.77 37.00 31.56 94.25 54.61 

3850X VO-5 78.59 0.12 10.57 0.00 0.00 0.00 119.50 

3850Z VO-6 102.22 0.00 0.00 0.00 0.00 0.00 0.00 

3850AB VO-7 101.64 122.10 120.48 119.33 32.91 130.32 103.II 

3851C VO-8 178.79 163.02 169.05 179.47 19.98 137.76 171.22 
-- -- --- -- -- -- --

Total: 795.17 675.95 700.71 508.68 124.87 446.44 601.81 

CalMat 

4916A 2 28.04 2.31 19.65 24.30 32.07 32.07 19.95 

4916 3 49.70 50.32 41.92 47.20 65.90 65.90 60.64 

4916(x) I 20.64 84.39 83.10 90.20 122.00 122.00 76.80 

Sheldon Pond 134.94 133.98 107.93 105.14 32.12 32.12 158.88 
-- -- --- -- -- -- --

Total: 233.32 271.00 252.60 266.84 252.09 252.09 316.27 

First Financial Plaza Site 

N/A F.F.P.S. 2.83 2.75 3.44 12.59 12.43 14.40 7.71 

2/27/2006 A-I 

2005 

May I Jrule I July I Aug. I Sent. TOTAL 

1.78 1.70 1.56 1.42 1.38 17.88 

1.36 1.13 1.10 1.00 1.04 13.63 

0.00 0.00 0.00 0.00 0.00 0.00 

0.50 0.40 0.43 1.34 1.30 6.22 

0.00 0.00 0.00 0.00 0.00 0.00 

1.02 1.23 0.95 0.80 0.00 7.06 

0.00 0.00 0.00 0.00 0.00 0.13 
-- -- -- -- -- --

1.02 1.23 0.95 0.80 0.00 7.20 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 
-- -- -- -- -- --

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 II4.17 38.46 23.58 16.75 495.40 

0.00 26.56 141.48 144.52 106.08 1.026.58 

0.00 132.76 80.72 0.00 37.95 642.18 

0.00 0.00 0.00 0.18 103.82 596.32 

0.00 0.00 0.00 0.00 16.74 225.52 

0.00 97.97 191.81 128.85 91.72 612.57 

0.00 134.70 123.62 40.93 0.00 1.029.14 

0.00 186.21 193.69 189.74 182.03 1,770.96 
-- -- ~~~~-- -- -~~~~~~~ --

0.00 692.37 769.78 527.80 555.09 6,398.67 

0.00 57.56 0.00 0.04 0.00 215.99 

51.69 7.10 47.78 56.22 33.50 577.87 

121.31 126.74 82.15 123.25 57.41 1,109.99 

162.12 171.37 148.79 152.1 I 108.06 1,447.56 
-- -- -- -- -- --
335.12 362.77 278.72 331.62 198.97 3,351.41 

5.16 4.33 3.29 3.52 2.64 75.09 
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LACD~j Owner I 2004 

WeUNo. Well No. I Oct. I Nov. I 

Forest Lawn Memorial Park 

3947A 2 6.43 2.86 

39478 3 6.37 2.80 

3947C 4 6.03 2.42 

3858K 7 0.00 0.00 

3947M g 0.00 0.00 -- --
Total: 18.83 8.08 

Glendale Ci!y of 

3924N STPT I 9.79 0.00 

3924R STPT2 0.00 0.00 

GVENT GVENT 0.00 0.00 -- --
Total: 9.79 0.00 

Qlendale North/South 

GN-I 95.05 92.36 

GN-2 57.05 53.65 

GN-3 58.09 52.99 

GN-4 238.97 230.35 

GS-I 54.35 55.92 

GS-2 77.38 79.36 

GS-3 45.38 43.33 

GS-4 55.53 53.18 
-- --

Total: 681.80 661.14 

Greeff Fabrics 
q~~-

.. a ___ 

0.00 0.00 

HathaW8l: (successor to deMille} 
--- 1 U5 0.84 

2 1.81 1.70 

3 1.04 0.59 -- --
Total: 4.00 3.13 

Jose Diaz 

-- 0.00 0.00 

Menasco/Coltee Site 

--- 0.00 om 

Metrol!olitan Transl!ortation Authori!:J 

--- 1065 0.00 0.00 

--- 1075 0.00 0.00 

--- 1130 0.23 0.06 

--- 1140 0.00 0.00 

--- 1150 0.00 0.00 

- 1070 2.62 3.36 

--- 1133 0.00 0.00 -- --
Total: 2.85 3.42 

2/27/2006 

I 
Dec. I 

1.52 

1.52 

1.29 

0.00 

0.00 
--

4.33 

0.00 

0.00 

0.00 
--

0.00 

94.87 

59.18 

50.60 

236.78 

57.90 

81.84 

44.66 

55.47 
--

681.30 

0.00 

1.06 

0.90 

0.36 
--

2.32 

0.00 

0.00 

0.00 

0.00 

0.04 

0.00 

0.00 

2.97 

0.00 
--

3.01 

2004-2005 Water Year 
( acre-feet) 

Jan. I Feb. I Mar. I Apr. I 
San Fernando Basin (cont'd) 

1.32 0.79 1.81 5.69 

1.04 1.09 1.89 13.25 

0.91 0.95 1.63 12.06 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 
-- -- -- ----

3.27 2.83 5.33 31.00 

0.00 30.08 5.03 0.15 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 
-- -- -- --

0.00 . 30.08 5.03 0.15 

93.13 84.41 94.46 83.80 

85.98 79.17 95.50 90.53 

9.65 0.00 0.00 0.00 

233.01 143.69 234.23 226.91 

51.23 34.12 54.21 55.43 

74.64 61.93 80,[8 78.14 

46.03 8.83 46.14 45.41 

41.62 62.13 62.03 63.06 
-- -- -- --
635.29 474.28 666.75 643.28 

0.00 0.00 0.00 0.00 

0.93 0.64 0.00 0.00 

1.39 1.34 1.85 3.20 

0.00 0.00 1.24 0.54 
-- -- -- --

2.32 1.98 3.09 3.74 

0.55 0.Q2 0.02 0.02 

0.01 0.01 0.03 0.06 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.26 0.70 0.74 0.60 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

3.54 3.08 3.80 4.99 

0.00 0.00 0.62 0.00 
-- -- -- --

3.80 3.78 5.16 5.59 

A-2 

2005 

May 1 June I July I Aug. I Sent. TOTAL 

0.00 0.00 0.00 0.00 0.00 20.42 

23.81 25.45 29,[5 16.28 27.42 150.Q7 

22.40 24.05 27.80 15.38 26.49 141.41 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 
-- -- -- -- -- ---

46.21 49.50 56.95 31.66 53.91 311.90 

0.00 0.00 41.28 135.83 9.08 231.24 

0.00 0.00 8.62 11.23 0.00 19.85 

0.00 0.00 0.00 0.00 0.00 0.00 
-- -- -- -- •.... -- --

0.00 0.00 49.90 147.06 9.08 251.09 

95.46 91.93 87.33 94.57 91.60 1,098.97 

95.92 87.20 73.30 78.67 64,[6 920.31 

0.00 0.00 0.00 0.00 0.00 171.33 

232.83 224.61 230.45 230.46 221.79 2,684.08 

57.58 54.91 44.74 44.17 37.86 602.42 

78.84 76.76 74.44 71.80 65.65 900.96 

47.91 42.44 33.36 31.46 38.46 473.41 

65.04 67.11 60.39 54.33 50.01 689.90 
--- -- -- -- -- --

673.58 644.96 604.01 605.46 569.53 7,541.38 

0.00 0.00 0.00 0.00 0.00 0.00 

1.65 2.82 2.94 2.24 2.47 16.74 

1.73 2.02 1.76 1.75 2.40 21.85 

0.09 0.00 0.14 0.02 0.85 4.87 
-- -- -- -- ....... - ---

3.47 4.84 4.84 4.01 5.72 43.46 

0.02 0.04 0.Q3 0.Q3 0.03 0.76 

0.04 0.10 0.02 0.07 0.08 0.43 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.52 0.70 0.74 0.82 0.69 6.10 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

4.68 6.82 6.48 8.81 11.30 62.45 

0.06 0.00 0.00 0.00 0.00 0.68 
-- -- -- -- ..... -- ---

5.26 7.52 7.22 9.63 11.99 6923 
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LACD~j Owner I 2004 I 
Well No. Well No. I Oct. I Nov. I Dec. I Jan. 

Metrol!olitan Water District 

Jensen 13.30 13.30 13.90 13.50 

Middle Ranch {Successor to deMille) 

4931 x 3 0.00 0.00 0.00 0.00 

4940-1 4 0.00 0.00 0.00 0.00 

new 5 0.02 0.02 0.01 0.02 

4940-3 6 0.01 0.02 0.01 0.01 

4940-2 7 0.46 0.39 0.21 0.44 

new 8 0.00 0.00 0.00 0.10 

Spring 1&2 0.03 0.03 0.02 0.04 
-- -- -- --

Total 0.52 0.46 0.25 0.61 

Micro Maties 

JEW I 0.26 0.27 0.38 0.15 

JEW 2 0.04 0.06 0.05 0.05 

RMW 10 0.11 0.10 0.08 0.05 
--- -- -- --

Total 0.41 0.43 0.51 0.25 

Mobil Oil Corl!Qration 

--- --- 0.01 0.02 0.02 0.06 

{NElS} Northeast Intercel!tor Sewer City of LA DOS 

--- --- 0.64 

Ranheon {Formerl! Hughes Missile S!stems} 
---- ---- 0.24 0.21 0.15 0.36 

Quarantll # 01~ 
---- ---

Sears Roebuck & Co. (Well disconnected 10/2000) 

3945 3945 0.00 0.00 0.00 0.00 

Sl!Qrtsmen's L2dge 

3785A 1 0.00 0.00 0.00 0.00 

3M-Pharmaceuticals 

--- --- 4.60 5.01 4.06 5.08 

Tesoro Petroleum Corl!Qration 

--- MW-15 1.02 0.92 0.99 2.20 

Toluca Lake Prorulrty Owners Association 

3845F 3845F 2.99 2.38 l.80 0.00 

Trillium Corlloration 

Well #1 --- 2.10 1.49 1.81 1.66 

Well #2 --- 0.29 0.24 0.00 2.90 --- --- --- ---
Total: 2.39 1.73 1.81 4.56 

Valhalla Memorial Park and Mortuaa 

3840K 4 11.85 9.83 4.38 0.00 

Waste Management Disl!Qsal Services of Calif. 

4916D 0.00 0.00 0.00 0.00 

2/27/2006 

2004-2005 Water Year 
(acre-feet) 

I Feb. I Mar. I Apr. I 
San Fernando Basin (cont'd) 

16.50 12.30 17.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.01 0.01 0.03 

0.07 0.07 0.01 

0.08 0.09 0.59 

0.00 0.00 0.00 

0.01 0.01 0.03 
-- -- --

0.17 O.1S 0.66 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 
-- -- --

0.00 0.00 0.00 

0.10 0.15 0.16 

0.37 0.30 0.10 

0.00 0.00 0.00 

0.00 0.00 0.00 

4.88 4.72 5.89 

1.72 2.09 2.12 

0.00 0.00 0.44 

1.30 1.98 1.20 

0.27 0.29 0.00 
--- --- ---

1.57 2.27 1.20 

0.00 0.00 0.00 

0.00 0.00 0.00 

A-3 

2005 

May I 

IS.90 

0.00 

0.00 

0.03 

0.00 

0.53 

0.00 

0.03 
---

0.59 

0.00 

0.00 

0.00 
--

0.00 

0.06 

O.OS 

0.00 

0.00 

0.00 

4.35 

2.96 

3.77 

0.00 

0.00 
---

0.00 

5.98 

0.00 

June I July I Aug. I Sent. TOTAL 

19.80 18.10 19.10 18.20 193.90 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.04 0.05 0.03 0.06 0.33 

0.00 0.99 0.99 0.54 2.72 

0.78 0.02 0.02 0.00 3.61 

0.19 0.14 0.14 0.01 0.58 

0.03 0.03 0.03 0.03 0.32 

-- -- -- -- ---

1.04 1.23 1.21 0.64 7.56 

0.37 0.37 0.31 0.33 2.44 

0.01 0.01 0.00 0.07 0.29 

0.15 0.15 0.13 0.07 0.84 
-- -- -- -- ---

0.53 0.53 0.44 0.47 3.57 

0.00 0.00 0.00 0.00 0.58 

0.64 

0.02 0.01 0.13 0.10 2.07 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.01 0.00 0.00 0.00 0.Q3 

5.72 5.94 5.53 5.92 61.70 

2.26 1.95 1.84 0.47 20.54 

3.01 6.04 4.41 5.99 30.83 

1.77 1.77 1.77 1.77 18.62 

0.96 0.96 0.96 0.96 7.83 
--- --- --- --- ---

2.73 2.73 2.73 2.73 26.45 

54.97 90.06 68.74 49.54 295.35 

0.00 0.00 0.00 0.00 0.00 
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LACD;j Owner I 2004 

Well No. Well No. I Oct. I Nov. I 

Walt Disne): Pictures and Television 

3874E EAST 0.00 0.00 

3874F WEST 0.00 0.00 

3874G NORTH 0.00 0.00 -- --
Total: 0.00 0.00 

Walt Disnel: Riverside Building 

--- --- 0.00 0.00 

Waterworks District No. 21 

--- --- 4.51 2.18 

Wildlife Wal:station 
Rehab Canyon 0.17 0.29 

Foreman Hill Spring 0.00 0.00 
-- --

Total: 0.17 0.29 

Los Angeles ~in: of 
Aeration (A) 

3800E A-I 0.00 0.00 

3810U A-2 0.39 0.00 

3810V A-3 0.39 0.00 

3810W A-4 0.05 0.00 

3820H A-5 0.09 0.00 

38211 A-6 0.00 0.00 

3830P A-7 0.78 0.00 

3831K A-S 0.00 0.00 -- --
A Total: 1.70 0.00 

Erwin (E) 

3831H E-I 0.00 0.00 

38211 E-2A 0.00 0.00 

3831G E-3 0.00 0.00 

3821F E-4 0.00 0.00 

3831F E-5 0.00 0.00 

3821H E-6 181.66 129.36 

3811F E-IO 0.00 4.32 
-- --

E Total: 181.66 133.68 

Headworks (H) Inactive Well Field 

3893Q H-27A 0.00 0.00 

3893R H-28A 0.00 0.00 

3893S H-29A 0.00 0.00 

3893T H-30A 0.00 0.00 
-- --

H Total: 0.00 0.00 

2/27/2006 

I 
Dec. I Jan. 

2004-2005 Water Year 
(acre-feet) 

I Feb. I Mar. I Aur. I 
San Fernando Basin (cont'd) 

(wells inactive! not abandoned) 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 
-- -- -- -- ---

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

4.47 3.58 3.21 4.10 5.10 

0.23 0.61 0.53 0.64 0.59 

0.00 0.00 0.Q3 0.04 0.03 
-- -- -- -- --

0.23 0.61 0.56 0.68 0.62 

0.00 0.00 0.00 0.00 0.00 

8.95 13.66 16.69 7.97 13.52 

7.44 12.24 13.52 8.79 9.62 

0.14 0.00 0.02 4.29 7.67 

0.69 4.02 3.37 2.02 4.50 

5.95 38.45 30.33 13.87 21.51 

4.43 24.06 19.42 10.06 19.77 

0.02 44.15 34.83 15.70 23.94 
-- -- -- -- --

27.62 136.58 118.18 62.70 100.53 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

98.74 176.54 237.49 5.37 0.00 

55.95 101.35 142.58 3.37 0.00 
--- -- -- -- --

154.69 277.89 380.07 8.74 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 
-- -- -- -- --

0.00 0.00 0.00 0.00 0.00 

A-4 

2005 

May I June I July I Aug. I Sent. TOTAL 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 
.. --- -- -- -- -- ---

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

4.20 3.40 2.35 3.63 2.80 43.53 

0.53 0.43 0.39 0.41 0.49 5.31 

0.02 0.02 0.01 0.01 om 0.17 
--- -- -- -- -- ---

0.55 0.45 0.40 0.42 0.50 5.48 

0.00 0.00 0.00 0.00 0.00 0.00 

9.96 11.82 17.17 19.63 20.75 140.51 

7.67 9.14 18.41 20.02 25.99 133.23 

5.44 9.87 12.53 14.28 14.88 69.17 

3.33 4.78 6.06 7.00 8.86 44.72 

12.14 21.26 28.54 32.97 34.41 239.43 

13.68 15.56 29.25 31.63 33.31 201.95 

I3.41 23.8! 32.19 16.28 9.09 213.42 
-- -- -- -- -- --

65.63 96.24 144.15 141.81 147.29 1,042.43 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

259.Q9 124.45 50.53 0.00 0.00 1,263.23 

128.17 76.74 68.53 112.56 169.21 862.78 
-- -- -- -- ...... -- ---
387.26 201.19 119.06 112.56 169.21 2,126.01 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 
-.-- -- -- -- -- --

0.00 0.00 0.00 0.00 0.00 0.00 

AR0074745 



LACO;j Owner I 2004 

Well No. Well No. I Oct. I Nov. I 

North Hollywood (NH) 

3800 NH-2 0.00 0.00 

3780A NH-4 111.23 35.03 

3810S NH-5 0.00 0.00 

3770 NH-7 81.04 25.07 

3810 NH-I1 0.00 0.00 

3810A NH-13 0.00 0.00 

3810B NH-14A 0.00 0.00 

3790B NH-15 0.00 0.00 

38200 NH-16 0.00 0.00 

3820C NH-17 0.00 0.00 

3820B NH-18 0.00 0.00 

38300 NH-19 0.00 0.00 

3830C NH-20 0.00 0.00 

3830B NH-21 0.00 0.00 

3790C NH-22 68.66 0.2! 

37900 NH-23 289.16 90.27 

3800c NH-24 0.00 0.00 

3790F NH-25 0.00 0.00 

3790E NH-26 212.60 20.41 

3820F NH-27 0.00 0.00 

3810K NH-28 0.00 0.00 

3810L NH-29 0.00 0.00 

38000 NH-30 0.00 0.00 

3810T NH-31 0.00 0.00 

3770C NH-32 140.36 42.40 

3780C NH-33 210.26 65.04 

37900 NH-34 417.29 20.89 

3830N NH-35 0.00 0.00 

3790H NH-36 340.73 26.17 

3790J NH-37 0.00 0.00 

3810M NH-38 0.00 0.00 

3810N NH-39 0.00 0.00 

3810P NH-40 0.00 0.00 

3810Q NH-41 0.00 0.00 

3810R NH-42 0.00 0.00 

3790K NH-43A 407.78 20.84 

3790L NH-44 405.[7 21.37 

3790M NH-45 552.25 28.86 
-- --

NHTotal: 3,236.53 396.56 

2/27/2006 

I 
Dec. I Jan. 

0.00 0.00 

0.00 29.36 

0.00 0.00 

0.14 17.22 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.44 0.00 

0.00 0.00 

0.11 0.11 

0.14 0.07 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.02 0.00 

0.00 0.00 

0041 0.00 

0.00 0.00 

0.71 0.00 

0.11 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.55 61.75 

0.00 0.00 

0.00 0.00 
-- --

2.63 108.51 

2004-2005 Water Year 
(acre-feet) 

I Feb. I Mar. I Apr. I 
San Fernando Basin (cont'd) 

0.00 0.00 0.00 

57.30 18.62 0.00 

0.00 0.00 0.00 

32.90 5.79 0.05 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.23 0.02 0.00 

0.16 0.16 0.18 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.21 0.14 0.14 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.09 0.00 

0.18 0.64 0.28 

93.43 0.00 0.00 

0.00 34.53 0.00 

0.00 0.16 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

27.16 34.00 0.00 

0.2[ 30.85 67.13 

0.30 43.1 [ 0.00 
-- -- --

212.08 168.1 [ 67.78 

A-5 

2005 

Mav I June I July I Aug. I Sent. TOTAL 

0.00 0.00 0.00 0.00 0.00 0.00 

122.27 196.19 149.33 159.87 201.12 1,080.32 

0.00 0.00 0.00 0.00 0.00 0.00 

39.55 62.83 42.24 32.67 38.15 377.65 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.57 0.71 0.00 0.30 353.42 424.12 

255.00 329.36 374.33 329.22 356.04 2,024.32 

0.00 0.00 0.00 0.00 0.00 0.00 

0.16 0.14 0.00 150.94 275.21 426.67 

0.11 0.00 0.00 156.61 332.85 723.28 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 109.99 234.34 527.11 

0.00 0.00 0.00 147.59 313.54 736.52 

307.81 427.59 0.00 57.51 0.41 1,233.ot 

0.00 0.00 0.00 0.00 0.00 93.43 

206.89 331.66 262.17 254.55 269.77 1,727.18 

0.00 0.00 0.00 0.00 0.07 0.34 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 

279.87 373.62 77.92 77.02 0.53 1,361.04 

254.91 353.51 173.03 312.40 378.86 [,997.44 

353.95 489.76 239.88 432.55 189.35 2,330.0 [ 
-- -- ----- -- -- --

[,821.09 2,565.37 1,3[8.90 2,221.22 2,943.66 15,062.44 

AR0074746 



LACO~j Owner I 2004 

Well No. Well No. I Oct. I Nov. , 

Pollock (P) 

3959E P-4 1.84 0.00 

3958H P-6 122.34 65.01 

3958] P-7 0.00 0.00 
-- ---

P Total: 124.18 65.01 

Rinaldi-Toluca (RT) 

4909E RT-I 0.2[ 0.00 

4898A RT-2 123.74 0.00 

4898B RT-3 478.24 43.96 

4898C RT-4 410.72 37.92 

48980 RT-5 287.17 26.88 

4898E RT-6 424.24 38.20 

4898F RT-7 291.32 11.23 

4898G RT-8 0.16 0.00 

4898H RT-9 454.84 12.19 

4909G RT-IO 0.46 0.00 

4909K RT-II 0.32 0.00 

4909H RT-12 0.46 0.00 

4909J RT-13 0.28 0.23 

4909L RT-14 0.46 0.00 

4909M RT-15 0.21 0.00 
-- --

RTTotal: 2,472.83 170.61 

Tujunga (T) 

4887C T-\ 377.41 0.00 

48870 T-2 349.08 0.00 

4887E T-3 414.60 0.00 

4887F T-4 392.08 0.00 

4887G T-5 235.63 0.00 

4887H T-6 0.23 0.00 

4887J T-7 0.34 0.00 

4887K T-8 0.67 0.00 

4886B T-9 0.00 0.00 

4886C T-IO 140.43 0.00 

48860 T-I\ 0.69 0.00 

4886E T-12 0.32 0.00 
-- --

T Total: 1,911.48 0.00 

2/27/2006 

I 
Dec. I 

0.00 

38.86 

0.00 
--

38.86 

0.18 

0.00 

0.28 

0.00 

0.30 

!.I 2 

0.02 

0.00 

0.00 

0.00 

0.69 

0.55 

1.19 

0.16 

0.11 
--

4.60 

0.32 

0.00 

0.% 

0.57 

0.64 

0.73 

0.85 

US 

0.00 

2.59 

1.95 

2.25 
--

12.01 

Jan. 

0.00 

147.29 

0.00 
--

147.29 

0.00 

0.00 

94.12 

87.08 

OJO 

0.00 

0.21 

0.00 

0.00 

101.58 

0.00 

0.16 

0.00 

0.00 

0.00 

2004-2005 Water Year 
(acre-feet) 

I Feb. I Mar. I Apr. I 

San Fernando Basin (cont'd) 

0.00 89.53 172.54 

269.33 45.75 0.00 

0.00 0.00 0.00 
-- -- --

269.33 135.28 172.54 

14.67 25.44 0.00 

0.5 [ 0.00 0.00 

245.45 31.70 0.00 

221.92 28.58 0.00 

OJ7 26.86 0.00 

12.53 30.21 0.00 

15.29 6.91 0.00 

21.99 0.55 0.00 

0.62 0.00 0.00 

146.28 0.00 0.00 

0.67 0.00 0.00 

1.58 0.00 0.00 

1.38 0.00 0.00 

0.83 0.00 0.00 

0.46 0.00 0.00 
-- -- -- --
283.45 684.55 150.25 0.00 

88.93 225.85 50.73 0.32 

78.67 202.96 44.95 0.25 

0.69 0.34 0.00 0.00 

85.86 2[7.26 31.50 0.57 

0.80 0.85 24.52 0.64 

0.73 0.73 0.00 0.73 

0.23 0.00 0.00 0.00 

0.46 1.49 0.00 0.57 

0.00 1.19 0.00 0.64 

88.64 232.48 2.82 0.57 

0.69 0.00 0.00 0.00 

0.46 1.26 0.00 0.67 
-- -- -- --

346.16 884.41 [ 54.52 4.96 

A-6 

2005 

May I June I July I Aug. I Sent. TOTAL 

148.76 71.51 0.00 0.00 0.00 484.18 

0.28 191.S0 99.72 246.44 41.44 1,268.26 

0.00 0.00 0.00 0.00 0.00 0.00 
-- -- -- -- -- --

149.04 263.31 99.72 246.44 41.44 1,752.44 

0.71 0.00 0.25 0.53 0.34 42.33 

0.64 0.00 0.60 0.00 1.29 126.78 

0.67 0.00 1.33 0.00 0.30 896.05 

0.78 0.00 1.24 105.56 0.16 893.96 

0.55 0.00 104.45 402.82 136.29 985.99 

182.81 206.54 96.60 374.86 367.15 1,734.26 

0.57 0.00 31S.43 149.29 1.29 794.56 

136.13 152.64 84.[4 370.84 379.57 [,I46.Q2 

1.06 0.00 0.83 410.54 139.S3 1,019.91 

0.96 0.00 0.28 1.70 OJ7 251.63 

0.51 0.00 0.41 0.53 0.30 3.43 

0.69 0.00 0.87 0.62 0.34 5.27 

0.73 0.00 0.21 0.57 0.25 4.84 

0.60 0.00 0.23 0.48 0.32 3.08 

0.48 0.00 0.30 0.00 0.48 2.04 
.. -- --- ... --- -- -- --
327.89 359.18 610.17 1,818.34 1,028.28 7,910.15 

404.43 668.30 606.73 510.17 735.15 3,668.34 

353.72 342.47 0.00 0.23 493.89 1,866.22 

0.53 302.34 662.42 558.01 623.37 2,563.26 

385.70 642.72 583.86 302.30 0.60 2,643.02 

393.39 423.39 0.00 0.30 0.57 1,080.73 

0.51 0.64 0.00 0.37 0.62 5.29 

0.00 0.00 0.00 0.00 0.00 1.42 

0.00 1.06 0.00 0.28 1.03 6.71 

0.00 224.75 607.23 312.37 0.28 1,146.46 

405.26 417.22 0.00 0.32 0.30 1,290.63 

0.00 0.69 0.00 0.30 0.30 4.62 

0.25 247.91 649.20 588.52 39.53 1,530.37 
-- -- -- -- ....... -- --

1,943.79 3,271.49 3,109.44 2,273.17 1,895.64 15,807.07 

AR0074747 



LACD~j Owner I 2004 I 
Well No. Well No. I Oct. I Nov. I Dec. I 

Verdugo (V) 

3863H V-I 0,00 0,00 0.00 

3863P V-2 0,00 0.00 0.00 

3863J V-4 0,00 0.00 0.00 

3863L V-II 186.16 145.32 105.74 

3853G V-13 0,00 0.00 0.00 

3854F V-22 0,00 0.00 0.00 

3844R V-24 273.35 210,06 146.19 
-- -- --

V Total: 459.51 355.38 251.93 

Whitnall(W) 

3820E W-J 0.00 0.00 0.00 

3821B W-2 0.00 0.00 0.00 

3821C W-3 0.00 0,00 0.00 

382lD W-4 0.00 0.83 0.18 

3821E W-5 0.00 0.51 0.14 

38311 W-6A 274.54 196.56 145.41 

3832K W-7 0.00 0.44 0.Q7 

3832L W-8 0.00 0.00 0.00 

3832M W-9 0.00 0,00 0,00 

3842E W-IO 0,00 0.00 0,00 
-- -- --

WTotal: 274.54 198,34 145.80 

Los Angeles, City of 

Total: 8,662.43 1,319.58 638.14 

San Fernando 

Basin Total: 10,456.28 2,984.49 2,320.78 

Los Angeles {;in: of 

Plant Mission 

4840] 5 0,00 0.00 0.00 

4840K 6 0.00 0,00 0.00 

4840S 7 0.00 0.00 0.00 
-- -- --

0.00 0.00 0.00 

Santia20 Estates 

5998 3 0.00 0.00 0.00 

2/27/2006 

2004-2005 Water Year 
(acre-feet) 

Jan. I Feb. I Mar. I Apr. I 
San Fernando Basin (cont'd) 

0.00 0,00 0,00 0.00 

0.00 0.00 0,00 0.00 

0,00 0.00 0.00 0.00 

191.21 270.18 5.62 0.60 

0.00 0.00 0.00 0.00 

0,00 0.00 0.00 0,00 

272.13 388.38 8.91 0,00 
-- -- -- --

463.34 658.56 14.53 0.60 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0,00 0.00 

0.21 0.00 0.32 0.18 

0.16 0.00 0.23 0.14 

259.60 349.59 7.90 0.16 

0.09 0.00 0.16 0.07 

0.00 0,00 0.00 0.00 

0.00 0.00 0.00 0.00 

0,00 0,00 0.00 0.00 
-- -- -- --

260.06 349.59 8.61 0.55 

2,023.28 3,556.77 702.74 346.96 

3,491.16 4,492.14 2,131.97 1,993.99 

Sylmar Basin 

0.00 0.00 0.00 0.00 

0.00 0.00 0,00 0.85 

0.00 0.00 0,00 0.39 
-- -- -- --

0.00 0.00 0.00 1.24 

0,00 0.00 0.00 0,00 

A-7 

2005 

May I 

0,00 

0.00 

0.00 

227.69 

0.00 

0.00 

0,07 
--

227.76 

0.00 

0.00 

0.00 

0.00 

0.00 

384.Q7 

207.67 

0.00 

0.00 

0.00 
-----

591.74 

5,514.20 

6,629.15 

0,00 

124.04 

122.02 
--

246.06 

0.00 

June I July I Aug. I SeDt. TOTAL 

0.00 0,00 0,00 0.00 0.00 

0.00 0.00 0.00 0.00 0,00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 1,132.52 

0.00 0.00 0.00 0.00 0.00 

0,00 0.00 0.00 0.00 0,00 

0.80 75.85 0.30 0.05 1,376.09 
-- -- -- ------ ---

0,80 75.85 0.30 0,05 2,508.61 

0,00 0.00 0.00 0.00 0.00 

0,00 0.00 0,00 0.00 0.00 

0.00 0.00 0.00 0.00 0,00 

0.34 0.55 0.18 0.18 2.97 

0.28 0.44 0.14 0.14 2.18 

151.40 269.38 141.69 114.26 2,294.56 

84.11 144.65 77.64 60.86 575,76 

0,00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0,00 

0,00 0.00 0,00 0.00 0.00 
-- -- ---- -- ---

236.13 415,02 219.65 175.44 2,875.47 

6,993.71 5,892.31 7,033.49 6,401.01 49,084.62 

8,858.54 7,800.45 8,807.10 7,899.14 67,865.19 

0,00 

0.00 0.00 0.00 0.00 0.00 

0.80 53.03 177.60 167.95 524.27 

0.11 70.43 195.70 197.31 585,96 
-- -- -- -- --

0.91 123,46 373.30 365.26 1,110.23 

0,00 0.00 0.00 0.00 0.00 

AR0074748 



LACD:j 
Owner I 2004 

Well No. Well No. I Oct. I Nov. I 

San Fernando Cin: of 

5969D 2A 158.46 5.80 

5959 3 83.49 1.66 

5969 4 14.67 l.01 

5968 7A 51.92 2.43 
-- ---

Total: 308.54 10.90 

Sylmar 

Basin Total: 308.54 10.90 

Crescenta V I!lIel' Counb: Water District 

5058B 1 22.25 23.83 

5036A 2 0.00 0.00 

5058H 5 55.99 56.87 

5058 6 9.43 3.99 

5047B 7 5.78 0.26 

5069J 8 31.82 30.10 

50470 9 17.48 18.86 

5058D 10 9.08 10.14 

505SE II 14.33 15.87 

5058J 12 19.92 19.07 

5069F 14 36.46 35.04 

15 4.18 3.91 
PICKENS 
(CVWO) 3.66 3.51 

-- --
Total: 230.38 221.45 

Knowlton. 

PICKENS 0.69 0.66 

Glendale Cin: of 

3961-3971 GL3-4 58.40 58.81 

3970 GL-6 45.69 46.03 

--- VPCKP 51.76 53.32 

--- MM-I 0.00 0.00 
-- --

Total: 155.85 158.16 

Verdugo 

Basin Total: 386.92 380.27 

2/27/2006 

I 
Dec. I 

7.43 

8.07 

1.97 

4.47 
---

21.94 

21.94 

26.38 

0.00 

60.46 

2.83 

0.00 

31.40 

19.96 

16.25 

16.69 

18.67 

35.20 

3.47 

3.62 
--

234.93 

0.69 

73.79 

46.86 

50.77 

0.00 
--
171.42 

407.04 

2004-2005 Water Year 
(acre-feet) 

Jan. I Feb. I Mar. I Apr. I 

Sylmar Basin (cont'd) 

101.32 76.89 92.31 147.12 

73.83 77.79 78.53 72.72 

18.35 17.52 20.46 19.18 

43.61 43.82 46.46 52.30 
-- --- -- --
237.11 216.Q2 237.76 291.32 

237.11 216.02 237.76 292.56 

Verdugo Basin 

16.64 11.14 23.70 46.20 

0.00 0.00 0.00 0.00 

58.56 32.82 21.86 43.45 

3.79 3.91 2.34 9.35 

2.52 37.71 37.76 13.18 

31.86 29.90 22.59 0.00 

18.23 20.27 27.05 35.91 

7.16 7.99 18.20 39.15 

20.05 7.82 24.78 33.80 

19.56 19.80 18.33 0.00 

35.88 32.50 36.05 41.29 

3.09 3.90 5.80 7.23 

3.72 3.84 5.71 4.98 
-- -- -- --

221.06 211.60 244.17 274.54 

0.69 0.62 0.69 0.66 

74.91 75.20 66.08 73.63 

48.00 48.69 65.35 69.33 

34.55 55.79 60.12 34.86 

0.00 0.00 0.00 0.00 
-- -- -- --

157.46 179.68 191.55 177.82 

379.21 391.90 436.41 453.02 

A-8 

2005 

May I June I July I Aug. I Sept. TOTAL 

166.15 175.25 200.73 200.38 182.59 1,514.43 

82.59 92.65 101.76 90.70 92.70 856.49 

17.86 18.50 23.41 25.44 22.69 201.06 

60.07 59.10 76.76 66.51 63.61 571.06 
-- -- --- -- -- ---

326.67 345.50 402.66 383.Q3 361.59 3,143.04 

572.73 346.41 526.12 756.33 726.85 4,253.27 

42.10 43.98 44.69 45.32 45.30 391.53 

0.00 0.00 0.00 0.00 0.00 0.00 

57.24 52.10 55.64 23.28 42.37 560.64 

5.71 2.79 9.50 9.89 10.57 74.10 

15.28 20.73 18.94 18.63 15.40 186.19 

33.68 33.34 40.11 39.20 38.07 362.Q7 

36.47 35.47 36.11 35.27 34.68 335.76 

55.37 62.94 59.64 65.73 36.53 388.18 

33.35 30.80 30.03 29.19 23.18 279.89 

0.00 0.00 0.29 14.17 20.60 150.41 

41.98 40.70 40.80 39.78 39.25 454.93 

5.40 7.80 7.12 5.90 5.78 63.58 

5.48 5.12 5.19 5.21 4.90 54.94 
-- -- -- -- -- ---

332.06 335.77 348.06 331.57 316.63 3.l02.22 

0.93 0.96 0.93 0.96 0.93 9.41 

106.82 104.53 118.94 124.90 103.49 1,039.50 

74.05 69.69 75.03 29.75 0.00 618.47 

70.61 72.88 76.90 78.08 59.28 698.92 

0.00 0.00 0.00 0.00 0.00 0.00 
-- -- -- -- ---- --

251.48 247.10 270.87 232.73 162.77 2,356.89 

584.47 583.83 619.86 565.26 480.33 5,668.52 

AR0074749 



LACO:j 
Owner I 

Well No. Well No. I 

S!!arkletts 

3987A I 

39878 2 

3987F 3 

3987G 4 

Total: 

Eagle Rock 
Basin Total: 

ULARA Total: 

2/27/2006 

2004 I 
Oct. I Noy. I Dec. I 

0.00 0.00 0.00 

4.30 4.56 4.17 

5.22 4.36 5.87 

7.30 5.40 8.34 
-- -- --

16.82 14.32 18.38 

16.82 14.32 18.38 

Jan. 

0.00 

4.21 

4.39 

7.04 

2004-2005 Water Year 
(acre-feet) 

I Feb. I Mar. I Apr. I 
Eagle Rock Basin 

0.00 0.00 0.00 

5.71 5.17 3.92 

5.02 6.09 4.68 

5.37 8.41 6.76 
-- ""-- -- --

15.64 16.10 19.67 15.36 

15.64 16.10 19.67 15.36 

2005 

MayJ June 1 Juk 1 Aug. 1 SePt. TOTAL 

0.00 0.00 0.00 0.00 0.00 0.00 

2.44 3.30 2.63 5.61 2.07 41l.O9 

5.48 7.14 6.35 5.96 7.97 68.53 

7.74 9.89 8.68 8.50 8.l8 91.61 
-- -- -- -- --""" --

15.66 20.33 17.66 20.07 18.22 208.23 

15.66 20.33 17.66 20.07 18.22 208.23 

11,168.56 3,389.98 2,768.14 4,123.12 5,[ [6.16 2,825.81 2,754.93 7,802.01 9,809.11 8,964.09 10,148.76 9,124.54 77,995.21 

A-9 

AR0074750 
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APPENDIXB 
KEY GAGING STATIONS OF SURFACE RUNOFF 

AR0074752 
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Los Angeles County Dept of Public Works' USDAY V43 OUtput 10/06/2005 

Summary Report 

Site: F57C Los Angeles River Above Arroyo Seco 
USGS #: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

Daily Mean Discharge in Cubic feet/second Water Year Oct 2004 to Sep 2005 J" Day OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP\1' ~ 
-~--------------~~;------;~~;-------~~;-------~;;-------;;;-------;~;-------~~;-------~~~-------~;~-------~;~------;;~;------;~~;-~~ 

2 116 91.8 105 990 224 791 383 105 128 140 91.7 92.0 
3 116 94.6 104 6240 222 1010 359 110 125 147 83.5 aa.8 
4 121 96.5 103 6SS 221 2170 337 lOa 122 136 87.5 90.0 
5 122 102 780 381 214 1070 316 i49 122 12S 86.3 91.4 

6 123 104 146 3S6 231 1030 296 156 119 123 87.5 89.0 
7 133 107 103 3950 169 964 277 104 130 105 87.1 8S.9 
8 123 130 259 4710 164 880 259 109 111 117 S3.6 86.7 
9 124 114 106 17500 143 S15 242 194 124 121 83.4 86.9 

10 117 113 106 16500 144 811 226 107 129 123 81.6 85.6 

11 113 112 103 9560 5780 663 212 102 133 120 82.7 84.3 
12 115 112 106 3700 931 635 198 93.0 131 121 8a.9 78.8 
13 113 110 108 2470 382 633 185 99.9 130 113 93.7 78.0 
14 138 112 105 1570 363 646 173 103 137 106 96.7 79.1 
15 143 112 107 1400 301 639 161 105 137 118 121 79.7 

16 144 112 114 1210 200 639 150 107 209 114 80.9 82.8 
17 1310 114 115 1100 1000 639 140 118 132 115 80.3 80.8 
lS 603 112 111 1110 4360 678 122 106 125 116 SO.9 81.5 
19 2210 120 112 1090 8500 715 124 108 128 122 78.5 82.5 
20 5210 158 l1S 1090 a310 654 117 105 130 118 84.9 200 

21 122 540 127 1040 14700 645 115 105 145 122 91.5 78.5 
22 99.4 101 126 405 7420 2980 116 110 160 123 92.0 74.1 
23 90.5 100 126 451 5490 813 116 115 168 127 96.9 73.3 
24 8S.S 104 129 433 3600 528 126 116 157 132 99.9 74.1 
25 91.1 105 125 381 3000 502 119 128 161 121 102 73.1 

26 2830 96.4 125 396 2430 471 119 117 157 119 103 77.1 
27 2670 219 910 412 2210 441 114 131 141 120 105 76.7 
28 180 138 11000 1070 1570 427 2110 130 135 116 103 78.3 
29 104 103 6080 442 425 117 134 130 113 103 75.0 
30 92.2 103 984 433 420 106 127 129 107 101 80.9 
31 89.3 3620 36B 420 130 102 96.2 

Total 17768.3 3826.5 26365 81969 72511 25017 7842 3735.9 4105 3736 2851. 9 2579.6 
Mean 573 128 850 2644 2590 807 261 121 137 121 92.0 86.0 
Max 5210 540 11000 17500 14700 2980 2110 249 209 147 121 200 
Min 88.8 90.2 102 368 143 420 106 93.0 111 102 78.5 73.1 
Acre-Ft 35240 7590 52290 162600 143800 49620 15550 7410 8140 7410 5660 5120.,/' 

Wtr Year 2005 Total 252307.2 Mean 691 Max 17500 Min 73 .1 Acre-Ft 500400 
Cal Year 2004 Total 98745.2 Mean 270 Max 11000 Min 88.S Acre-Ft 195900 

AR0074754 



Los Angeles County Dept of Public Works USDAY V43 Output 10/06/2005 

Summary Report 

Site: Fl18B Pacoima Creek Flume below Pacoima Dam 
USGS #: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

V..J'/\;/.1 Daily Mean Discharge in CUbic feet/second Water Year Oct 2004 to sep 2005 

~~ Day OCT NOV DEC JAN ~ ~ ~ ~ ~ ~ ~ n~\ 
-------------------------------------------------------- ------------------------------------------------------------------------- --

1 0 0 0 141 76.0 156 80.2 0 165 0 0 0 
2 0 15.1 0 140 94.5 162 0 0 19.3 0 0 0 
3 24.0 0 140 103 131 0 0 0 0 0 0 
4 23.8 0 139 34.8 116 93.3 0 .64 0 0 0 
5 23.6 0 139 0 116 128 0 5.79 3.42 0 0 

6 0 23.5 0 138 0 117 126 216 28.6 2.71 0 0 
7 0 23.4 0 137 74.5 117 46.8 245 33.2 .25 0 0 
8 0 23.2 0 387 112 118 0 0 28.9 0 0 0 
9 0 22.9 0 111 117 0 0 13.9 0 0 0 

10 0 14.1 0 0 109 105 0 0 6.44 0 0 0 

11 0 0 0 36.7 90.0 88.8 0 4·66 0 0 0 
12 0 0 0 0 0 90.1 64.5 0 2.98 214 0 0 
13 0 0 0 0 0 89.9 0 0 1.30 93.8 0 0 
14 0 0 0 0 120 89.9 0 0 161 0 0 0 
15 0 0 0 0 159 87.4 0 0 54.9 0 0 0 

16 0 0 0 0 97.3 86.1 0 0 2.11 0 0 0 
17 0 0 0 0 60.9 86.3 0 263 4.33 0 0 -\ 0 
18 0 0 0 0 0 86.1 0 203 6.70 .84 0 0 
19 1.34 0 0 0 442 85.7 0 0 9.25 0 0 0 
20 0 0 0 0 85.2 0 0 11.9 0 0 0 

21 0 0 0 161 85.5 0 0 14 .5 0 0 0 
22 0 0 0 243 85.8 0 0 17.1 0 0 0 
23 0 0 0 240 85.9 0 0 19.7 0 0 0 
24 0 0 0 236 85.4 0 0 22.6 0 0 0 
25 0 0 0 232 559 84.3 0 0 25.5 0 0 0 

26 0 0 0 129 413 84.5 0 0 28.5 192 0 0 
27 0 0 0 78.3 414 83.9 0 0 31.5 74.3 0 0 
28 0 0 0 77 .5 259 83.5 .02 0 34.5 0 0 0 
29 0 0 9.13 76.8 77 .8 0 0 37.5 0 0 0 
30 0 0 35.4 76.6 135 0 0 19.5 0 0 0 
31 0 73.7 76.3 162 174 0 0 

Total 1.34 193.6 118.23 2987.5 3275.7 3185.3 627.62 1101 811.80 581.32 0 0 
Mean .043 6.45 3.81 99.6 142 103 20.9 35.5 27.1 18.8 0 0 
Max 1.34 24.0 73.7 387 559 162 128 263 165 214 0 0 
Min 0 0 0 0 0 77 .8 0 0 0 0 0 0 .; Acre-Ft 2.7 384 235 5930 6500 6320 1240 2180 1610 1150 0 0 

Wtr Year 2005 Total 12883.41 Mean 35.9 Max 559 Min 0 Acre-Ft 25550 
Cal Year 2004 Total 564.90 Mean 1.54 Max 73.7 Min 0 Acre-Ft 1120 

AR0074755 



Los Angeles County Dept of Public Works USDAY V43 OUtput 10/06/2005 

Summary Report 

Site: F168 Big Tujunga Creek Below Big Tujunga Dam 
USGS #: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

Daily Mean Discharge in Cubic feet/second Water Year Oct 2004 to Sep 2005 

~ ~ ~ ~ ~ ~ ~ ~ .~ ~ ~ ~~#, 
--------------------------------------------------------------------------------------------------------------------------------- -~O~ 

1 .10 35.5 47.5 637 119 566 170 94.4 94.6 40.4 45.6 7. 65\OVt 
2 .10 54.7 47.5 615 113 581 161 102 105 25.9 45.5 7.57 
3 .10 80.3 47.5 538 111 631 149 101 104 25.0 45.9 6.90 
4 .10 84.3 47.5 379 108 621 122 102 104 24.9 46.0 6.63 
5 .09 75.5 48.4 374 105 523 105 103 104 48.9 46.0 6.36 

6 .09 114 48.3 367 104 359 98.6 83.9 103 61. 7 46.0 4.79 
7 .09 112 48.3 366 103 360 153 99.8 102 61. 7 46.0 1.52 
8 .09 108 48.3 1090 98.6 360 142 101 76.6 61. 7 46.1 .94 
9 .09 72.5 48.3 3660 99.3 358 136 110 74.5 61.5 46.4 .88 

10 .10 45.7 48.3 3720 95.3 357 135 118 75.1 61.1 44.1 .88 

11 .11 45.8 48.3 3200 127 363 109 102 75.1 60.8 42.7 .82 
12 .10 45.5 48.3 1230 420 363 109 56.4 75.0 60.4 43.6 .78 
13 .10 45.4 48.3 866 449 360 123 26.4 74.8 60.8 43.6 .79 
14 .10 45.7 48.3 843 276 357 109 25.5 96.9 53.7 43.6 .80 
15 .11 46.2 48.3 814 254 353 115 25.2 94.7 50.7 40.8 .79 

16 .15 46.8 48.3 777 178 348 114 25.4 87.5 50.7 37.8 10.4 
17 .37 46.8 48.3 731 161 343 113 25.3 123 50.7 37.6 25.4 
18 .26 46.8 48.3 408 183 339 113 25.3 121 46.4 37.4 24.5 
19 .88 46.8 48.3 255 545 333 113 25.3 121 44.7 37.4 9.72 
20 103 47.0 48.8 295 781 327 110 40.1 118 44.8 37.5 1.65 

21 166 48.1 49.9 356 2230 320 110 48.5 117 44.8 38.1 1.20 
22 41.3 48.3 49.8 341 1990 314 108 48.9 115 44.8 37.0 1. 00 
23 39.8 48.3 49.7 322 1530 311 109 56.7 114 44.9 36.9 .92 
24 38.1 4B.3 49.B 193 1120 305 109 69.1 112 45.1 33.3 .93 
25 36.5 48.3 49.9 88.1 914 297 106 66.1 110 45.2 26.9 .92 

26 33.2 48.3 49.9 154 760 287 104 69.1 108 45.2 22.4 .89 

27 30.6 48.7 50.8 209 655 266 103 69.1 75.4 45.2 19.4 .91 

28 29.9 47.4 158 199 571 243 103 69.1 60.8 45.3 16.0 .85 

29 29.4 47.5 1420 154 161 126 69.1 60.B 45.4 13 .7 .94 

30 29.1 47.5 888 132 145 117 69.1 60.8 45.4 11.1 .97 

31 28.6 494 123 147 69.1 45.4 B.83 

Total 608.63 1726.0 4273.2 23436.1 14200.2 10998 3594.6 2095.9 2863.6 1493.2 1123.23 129.30 

Mean 19.6 57.5 138 756 507 355 120 67.6 95.5 48.2 36.2 4.31 

Max 166 114 1420 3720 2230 631 170 118 123 61. 7 46.4 25.4 

Min .09 35.5 47.5 88.1 95.3 145 98.6 25.2 60.8 24.9 8.83 .78 
./ 

Acre-Ft 1210 3420 8480 46480 28170 21810 7130 4160 5680 2960 2230 256 

Wtr Year 2005 Total 66541. 96 Mean 182 Max 3720 Min .09 Acre-Ft 132000 

Cal Year 2004 Total 7470.79 Mean 20.4 Max 1420 Min 0 Acre-Ft 14820 

AR0074756 



Los Angeles County Dept of Public Works USDAY V43 Output 10/06/2005 

Summary Report 

Site: F252 Verdugo Wash At Estelle Avenue 
USGS #: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

Daily Mean Discharge in Cubic feet/second Water Year Oct 2004 to Sep 2005 
J,.J ~ 

Day OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEPY {tl\O 
---------------------------------------------------------------------------------------------------------------------------------\6~ 

1 5.42 7.29 11.1 19.9 16.3 46.5 20.1 14.7 11.3 15.6 14.3 15.4 
2 5.42 7.01 10.9 70.0 15.7 43.5 20.1 14 .5 11.4 15.6 14.2 12.1 
3 5.42 7.95 8.11 159 15.3 43.9 20.1 15.2 11.8 15.S 14.3 11. 7 
4 5.42 7.13 7.36 29.4 15.3 345 19.6 15.0 11.4 15.S 14.5 12.3 
5 5.42 7.19 34.S 19.8 15.3 180 18.5 29.3 11.5 15.9 14.0 12.7 

6 5.42 6.98 7.80 16.8 15.3 57.6 17.7 19.7 10.9 16.2 12.8 11.2 
7 5.42 . 6.94 7.19 264 15.3 40.3 17.7 14.5 10.9 16.0 12.5 10.4 
8 5.42 7.44 8.51 648 14.9 34.2 17.7 13.2 11.9 16.1 15.0 11.4 
9 5.42 7 .. 14 7.06 1-350 14.0 31.6 17.7 14.7 12.0 17.3 15.4 12.4 

10 5.42 7.41 6.94 957 13.1 29.8 17.3 13.1 12.0 16.8 14.5 12.9 

11 5.42 7.36 6.74 494 459 28.4 16.5 12.3 12.0 16.4 15.3 13.5 
12 5.42 7.22 6.82 178 254 28.2 16.5 12.3 12.0 16.7 14.0 12.8 
13 5.42 6.78 6.97 87.1 67.1 26.8 16.5 12.3 11.9 16.8 16.3 11.5 
14 5.42 6.60 7.24 49.0 30.5 26.8 16.5 12.8 12.3 16.9 15.1 12.8 
15 5.42 6.62 7.37 41.2 20.4 25.4 16.5 12.8 12.4 16.7 13.7 13.2 

16 5.55 6.38 6.34 36.1 17.3 23.7 15.9 13.1 11.0 16.1 11. 7 12.2 
17 38.6 6.66 6.43 31.7 23.5 22.7 15.3 13.1 12.0 16.0 12.5 13.3 
18 29.5 7.26 6.35 28.4 237 23.1 15.3 13.3 12.2 16.0 12.0 12.5 
19 270 7.29 6.21 27.4 679 24.1 16.1 12.8 12.5 15.9 12.6 13.4 
20 53B 24.3 7.03 24.8 762 23.9 16.5 12.9 12.6 16.1 12.6 36.8 

21 21. 7 18.4 6.79 22.7 1060 22.7 15.5 12.6 13.6 16.5 12.4 15.8 
22 7.58 7.40 7.27 21.7 570 239 15.7 13.1 15.2 15.9 13.0 14.1 

23 7.10 6.85 6.68 21.4 533 265 16.6 12.6 15.2 16.1 12.7 12.7 

24 7.05 7.16 6.47 19.7 256 56.6 17.2 12.0 15.2 16.7 13.0 12.2 

25 6.41 7.12 6.31 17.9 170 34.5 16.0 11.9 16.0 13.8 13.1 12.5 

26 204 7.76 6.55 19.7 116 28.0 15.3 11.3 16.6 13.1 12.8 11.4 

27 504 21.5 48.9 20.6 72.0 25.1 15.3 11.5 15.3 12.8 13.0 10.1 

28 91.6 8.04 B05 30.8 54.4 23.0 118 10.7 15.2 13.1 13.0 10.6 

29 14 .1 6.16 464 25.0 22.6 16.3 11.4 15.2 13.4 12.6 10.6 

30 8.23 8.98 26.5 18.2 21.4 15.4 11.2 15.2 13.7 11.8 11.8 

31 7.33 151 17.2 21.4 11.5 14.0 12.0 

Total 1842.05 258.32 1712.74 4766.5 5531.7 1864.8 609.4 421.4 388.7 483.8 416.7 396.3 

Mean 59.4 8.61 55.2 154 198 60.2 20.3 13.6 13.0 15.6 13.4 13 .2 

Max 538 24.3 805 1350 1060 345. 118 29.3 16.6 17.3 16.3 36.8 

Min 5.42 6.16 6.21 16.8 13.1 21.4 15.3 10.7 10.9 12.B 11. 7 10.1,/' 

Acre-Ft 3650 512 3400 9450 10970 3700 1210 836 771 960 827 786 

Wtr.Year 2005 Total 18692.41 Mean 51.2 Max 1350 Min 5.42 Acre-Ft 37080 

Cal Year 2004 Total 5841. B2 Mean 16.0 Max B05 Min 1.42 Acre-Ft 11590 

AR0074757 



Los Angeles County Dept of Public Works USDAY V43 Output 10/06/2005 

Summary Report 

Site: E285 Burbank-Western Storm Drain 
USGS #: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

Daily Mean Discharge in CUbic feet/second Water Year Oct 2004 to Sep 2005 
. J 

Day OCT NOV DEC JAN FEB MAR APR MAY JON JUL AUG SEP v~ ~(.,; _________________________________________________________________________________________________________________________________ \~1 
1 16.7 12.5 15.7 42.9 38.7 45.5 19.8 12.3 17.9 39.1 23.4 18.5 
2 16.7 12.2 14.5 58.4 32.2 38.3 19.7 12.6 19.2 34.5 17.4 16.6 
3 16.7 12.4 13.7 290 27.4 38.9 19.7 12.9 18.4 34.8 17.4 16.3 
4 17.0 12.3 14.8 99.0 24.3 139 18.6 13.4 19·.1 31.3 16.8 15.7 
5 14.6 12.4 23.9 43.1 23.1 66.4 18.2 26.9 17.8 28.6 13.6 16.4 

6 15.0 13.2 21.0 38.9 22.7 32.7 18.2 13.1 19.8 28.5 16.3 17.6 
7 15.5 13.7 15.1 192 20.2 24.4 17.8 12.6 20.0 29.6 17.6 18.3 
8 15.2 14.8 13.8 262 19.0 20.9 16.8 12.7 20.2 28.5 17.6 18.0 
9 15.1 13.1 13.3 725 IB.2 18.7 16.8 14.1 20.9 28 .. 0 17.7 18.4 

10 15.5 12.9 13.6 467 IB.2 IB.2 16.8 13.0 20.3 29.8 18.0 20.0 

11 15.6 12.4 13.6 204 324 17.1 15.9 13.5 21. 8 29.3 18.0 20.7 
12 15.6 13.1 13.6 157 98.9 16.8 15.4 13.0 24.7 19.6 19.8 18.1 
13 15.6 14.2 13.7 119 41.2 16.8 15.4 11. 9 24.8 17.4 19.3 19.1 
14 16.1 14.B 13.8 91. 9 23.9 16.8 14.4 12.1 32.7 17.3 15.3 18.7 
15 15.6 15.6 13.0 79.8 20.0 15.9 14 .1 11.9 31.8 17.0 17.3 19.4 

16 17.7 10.5 12.3 68.3 19.7 15.4 14 .1 12.4 30.7 lS.3 15.7 21.1 
17 70.S 8.39 11.6 58.8 75.8 15.4 14 .1 12.4 31.4 18 .3 15.5 20.0 
lS 50.9 7.90 11. 7 43.3 566 15.4 14.1 12.4 31.6 16.7 15.8 20.2 
19 254 7.64 11.1 37.0 554 15.4 13.0 11.9 32.6 15.7 16.7 20.5 
20 363 lS.0 11.4 36.4 546 14.5 14.2 13.3 32.8 14 .5 17.3 33.6 

21 22.4 73.6 11.5 34.7 627 14.1 12.B 11.B 35.5 16.2 17.8 15.1 
22 13.6 19.1 11.5 29.2 303 204 13.1 12.3 37.2 16.1 IB.4 14.1 
23 13.0 13.6 12.3 26.2 289 105 12.9 13.B 36.8 16.5 17.7 13.5 
24 13.1 12.9 14.1 25.2 167 65.1 13.2 13.7 33.4 15.5 18.3 14.1 
25 13.1 13.5 14.1 25.2 111 44.0 13.2 13.9 33.4 13.9 16.9 13.0 

26 288 13.8 12.1 25.2 64.5 28.1 12.7 14.0 34.9 15.3 16.1 14.2 

27 166 16.5 82.6 25.2 47.6 25.2 12.8 14.3 33.3 14 .4 16.4 12.9 

28 31.5 16.4 765 89.5 47.0 24.2 183 14.3 32.4 13.8 17.0 13.4 

29 14.6 14 .8 442 84.9 23.1 12.7 15.3 31.3 13.9 17.7 13.2 

30 1~.3 16.0 96.6 54.1 22.1 12.5 15.3 34.6 13.4 IB.4 13.2 

31 13.1 207 44.0 21.2 15.S 18.6 18.2 

Total ;1.594.6 462.23 1954.0 3577.2 4169.6 117S.6 626.0 422.9 831.3 664.4 539.4 523.9 

Mean 51.4 15.4 63.0 115 149 38.0 20.9 13.6 27.7 21.4 17.4 17.5 

Max 363 73.6 765 725 627 204 183 26.9 37.2 39.1 23.4 33.6 

Min 13.0 7.64 11.1 25.2 18.2 14.1 12.5 11.8 17.8 13.4 13.6 12.9 I 
Acre-Ft 3160 917 3880 7100 8270 2340 1240 839 1650 1320 1070 1040 

Wtr Year 2005 Total 16544.13 Mean 45.3 Max 765 Min 7.64 Acre-Ft 32810 

Cal Year 2004 Total 7596.84 Mean 20.B Max 765 Min 1.5B Acre-Ft 15070 

AR0074758 



Los Angeles County Dept of PUblic works USDAY V43 OUtput 10/06/2005 

Summary Report 

Site: F300 LOS Angeles River at Tujunga Avenue 
USGS 1/: 
Beginning Date: 10/01/2004 
Ending Date: 09/30/2005 

Daily Mean Discharge in CUbic feet/second Water Year Oct 2004 to Sep 2005 

. ~J 
~~: _____________ ~~: _______ ~~~ _______ ~~~ _______ ~~ _______ :~~ _______ ~ _______ ~~~ _______ ~: _______ ~~ _______ ~~ _______ ~~~ _______ :~~~~~~\O~ 

1 57.3 82.3 94.0 512 187 665 162 131 64.1 90.9 62.1 83.1~ 
2 55.6 82.1 92.0 758 174 728 151 113 66.8 90.8 61. 7 82.9 
3 56.4 84.6 90.3 5460 164 958 145 102 70.1 90.2 57.9 82.7 
4 56.2 88.2 87.9 620 156 1330 141 92.5 72.9 90.1 85.2 82.5 
5 56.5 92.7 592 497 153 954 136 162 76.4 90.0 86.2 82.7 

6 55.0 88.8 105 529 152 897 133 160 107 89.7 86.8 82.7 
7 57.9 93.2 137 3940 155 810 132 78.8 149 76.5 87.4 82.7 
8 49.6 130 207 3450 152 633 131 67.8 150 71. 7 84.2 82.4 
9 53.9 97.5 85.6 14400 149 562 130 110 146 73.1 86.4 82.6 

10 50.4 98.8 83.6 15800 145 552 128 84.1 142 74.1 86.7 81.9 

11 53.5 94.3 80.7 9060 4840 571 128 55.1 138 75.7 84.9 81. 7 
12 54.9 90.7 82.2 3560 825 568 128 42.8 133 79.3 84.9 81.8 
13 63.4 89.6 87.4 1830 612 568 127 38.4 129 81.1 84.7 81.9 
14 78.0 91.5 73.8 1310 608 568 116 40.1 127 72.4 85.1 81.0 
15 79.0 92.4 80.4 1180 594 568 101 41.9 125 71.2 108 80.4 

16 90.4 34.7 81.5 1020 584 568 101 42.7 174 72.7 82.2 80.6 
17 935 178 78.8 940 1080 568 101 46.5 174 73.8 79.1 79.7 
18 377 308 76.8 722 4130 621 93.7* 48.2 134 66.0 75.0 80.0 
19 1840 305 76.4 576 7300 675 109 48.8 120 60.4 68.9 79.7 
20 2890 402 82.2 548 6860 571 188 48.3 113 60.9 75.6 277 

21 100 520 83.1 519 12300 562 231 47.9 108 60.9 80.2 79.4 
22 95.4 290 80.5 522 7390 2230 209 47.5 107 60.8 79.0 71.3 
23 75.1 172 74.5 531 4840 681 183 47.4 115 60.7 85.0 72.6 
24 76.9 99.7 80.8 528 2700 570 171 47.0 112 62.1 83.5 69.7 
25 82.7 89.9 76.2 492 2430 568 159 47.1 107 62.1 83.8 68.9 

26 2400 85.9 77.1 456 1820 568 145 41.5 104 62.2 81.0 74.5 
27 1530 161 975 417 1680 568 131 43.0 101 62.4 81.6 68.6 
28 187 111 8350 804 1200 541 2340 46.4 98.0 62.2 82.6 60.9 
29 93.8 99.6 4090 457 343 371 50.5 95.0 62.1 83.3 61.6 
30 81.0 97.4 1030 266 234 160 54.2 92.7 62.1 84.0 62.9 
31 78.4 3070 204 187 58.8 62.4 83.1 

Total 11810.3 4350.9 20361.8 71908 63380 20987 6681. 7 2085.3 3451. 0 - 2230.6 2520.1 2520.4 
Mean 381 145 657 2320 2264 677 223 67.3 115 72.0 81.3 84.0 
Max 2890 520 8350 15800 12300 2230 2340 162 174 90.9 108 277 
Min 49.6 34.7 73.8 204 145 187 93.7 38.4 64.1 60.4 57.9 60.9 I Acre-Ft 23430 8630 40390 142600 125700 41630 13250 4140 6840 4420 5000 5000 

Wtr Year 2005 Total 212287.1 Mean 582 Max 15800 Min 34.7 Acre-Ft 421100 
Cal Year 2004 Total 66620.9 Mean 182 Max 8350 Min 32.8 Acre-Ft 132100 
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FLOW INCLUDES: 
- Storm Flow 
- Tillman WRP 
- Industrial Waste 
- Rising Groundwater 

2004-05 Water Year 
ULARA Watermaster 

Report 

II 

FLOW INCLUDES: 
- Storm Flow 
- Reclaimed Water 
- Industrial Waste 
- Rising Groundwater 

Upper Los Angeles River Area: 
Components of Los Angeles River 

LEGEND 

Rain and Runoff Gages 
Runoff Gages 

6. Rain Gages * Water Reclamation Plant 

Groundwater Basins 

~ San Fernando 
Sylmar 
Verdugo 

~ Eagle Rock 

rv Primary Streams 

l········ ..... f Secondary Streams 

rv Los Angeles River 

~ Water Bodies 

Spreading Grounds 

c=:> ULARA Watershed 

rv Freeways 

2~~_iiiiiiiiiiilO~~~~2 Miles 

PLATE 

C.1 
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IUPPER LOS ANGELES RIVER AREA: COMPONENTS OF LOS ANGELES RIVER FLOW 

2004-05 WATER YEAR 
I 

i I 
I I I 

!TOTAL FLOW AT GAGE F-57C-R IF-57C-R: Storm, Reclaimed, Industrial, Rising Groun< 

F300-R: Storm, Tillman, Industrial Waste, and Rising 
: 

Total: "00 41.0 E285-R :Storm, Burbank WRP, Industrial Waste 
I 
I 

F252-R: Storm, Rising Water 

II. RECLAIMED WATER DISCHARGED TO L.A. RIVER IN ULARA 

Tillman: 42145 : Record 

L.A.-Glendale: 11378 :: Record 
i 

Burbank WRP: ,8119 : Record 
: 

I Total: 61642 

n. INDUSTRIAL WATER and STORM FLOWS DISCHARGED TO L.A. RIVER IN ULARA 

ofF300-R 

Industrial Water 322 : From F300-R of flow 

F168 131986 

FU8 25552 : 

Stonn Flows @300 211600 Storm flows less F168 and FI18 

369460 

Between F300-R and E-285 

BurbankOU 41 Burbank ,.... •• Unit 

MTA 69 
"tn~n...;n. 

water 4620 :6.4 cfs assumes 4,620 

Headworks: 0 t:pilot project record 

Western Drain: 2780 ': From E285-R of flow 

Storm Flows ~285 16088 

23598 

E-285 and F57C-R I 

Storm PlnU!~1fll 252 30780 I 

Irrigation and Industrial Flow: 2871 ~Fr~F252-R of flow 

hI",,;! .. ! .. ~ .• Unit 325 

Eagle Rock Blow Off 2000 

Pollock Treatment 200 

,r,,"vnn 1100 from historic flows 

wate! 2145 :3.0 cfs assumes 1,245 from F57C-R of flows 

39421 

Total Part II 432479 : 

IH. RISING WATER IN L.A. RIVER IN ULARA 

Total: 6309 : See Section 2.3 of the Waterrnaster's Report 

FL~u~. A'-',""' I ~ 
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APPENDIXD 
WATER QUALITY DATA 
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REPRESENTATIVE MINERAL ANALYSES OF WATER 

Mineral Constituents in millil!;r iI1lS '" r liler mglI 

Dale Spec. Hardness 
Wen Number or Source Sampled Condo pH Ca Mg Na K CO) HCO) SO, CI NO) F B IDS as CoCO) 

fUllho/c mg/I mgll 

Iml2Qrt~ Wa~r 

Colorado River Water al 

Eagle Rock Reservoir 2005FY 785 8.2 43 20 85 3.8 0 110 164 82 2.4 0.18 0.15 467 190 

LA Aqueduct No I. Influenl 5/17/2005 382 8.2 22.1 4.7 46.3 4.9 0 122 24.4 29.3 ND 0.81 0.81 267 82.8 

LA Aqueduct 

Filtration Plant Influent 1111/2005 345 8.3 25 6.0 35.9 4.1 8.4 121 19.8 19.3 ND 0.65 0.52 215 87.6 

Smte Water Project at 

Joseph Jensen Filtration 2005FY 476 7.9 27 13.5 45 2.8 0 103 53 57 2.7 0.16 0.18 267 123 

Plant (Influent) 

Syrfo1j~!::: Water 

Tillman Rec. Plant 

Discharge to LA River 2005FY - 141 121 0.77 0.84 0.7 539 207 

Los Angeles River 

at Arroyo Seco 9/95 981 8.0 68.1 24.3 96.5 9.75 ND 171 191 lOS 7.4 0.3 0.58 666 270 

LA/Glendaie Rec. Plant 

Discharge to LA River 2005FY 7.2 140 140 1.53 0.3 0.4 626 240 

Onumd:W~[ 

(San Fernando Basin - Western Portion) 

4757C 

(Reseda No.6) 10113/83 944 7.8 115 31 43 2.1 301 200 33 2.6 0.31 0.24 595 416 

(San Fernando Basin - Eastern Portion) 

3S00 

(No. Hollywood No. 33) 5/19/2004 1150 7.8 80.5 27.4 132 3.9 109 320 67.2 3.06 0.45 0.56 729 321 

3851C 

VO-81Burllank No. 10 4/812004 7.5 - ND 286 36.5 32.7 442 314 

GlendaleOU 

GN-I 4/6/2004 977 7.2 120 31 44 5.1 0.33 318 140 58 8.7 0.32 0.16 620 261 

(San Fernando Basin - L.A. Narrows) 

3959E 

(Pollock No.6) 5/19/2004 933 7.2 92 30.4 52.9 2.55 0 262 129 76.8 42.4 0.28 0.24 591 347 

(Sylmar Basin) 

48401 

(Mission No.5) 6/27/2002 627 7.7 79.8 17.3 2S.4 3.69 0 256 60.9 25.5 28.7 0.31 396 287 

5969 

(San Fernando No. 4A) 5/2E/2003 445 7.8 48 9.3 27 4.3 0.72 175 47 13 15.4 0.21 - 280 158 

(Verdugo Basin) 

3971 

(Glorietm No.3) 3/20/2003 1045 6.8 III 36.3 43.8 3.69 - 239 125 79.2 34.7 546 196 

5069F 

(CVWDNo.14) 2005 760 7.1 120 19 33 2.7 NO 200 110 64 47 0.28 ND 510 330 
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APPENDIXE 
DEWATERING AND REMEDIATION PROJECTS 
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DEWATERING PROJECTS 

No. Company Contact Address lD Start Date 

I Danalax Engineering Corp. Krell, Alex 11239 Ventura Blvd. P 

2 Henkin, Doug 8806 Etiwanda Ave. P 

3 Delta Tech. Engineering Abbasi, Z. A. 12800 Ventura Blvd. P 
Helfman, Haloosim & Assoc.: 

4 Commercial Project Varadi, Ivan 5550 Topanga Canyon D Junl9, 1989 
Helfulan,Haloosim & Assoc.: 

5 Enci~~ Spectrum Project Varadi, I van 15503 Ventura Blvd. D Jun 14, 1989 

6 Home Savings of America Eli Silon & Associates 13949 Ventura Blvd. D Jun 14,1989 

7 Warner Center Ent. Complex Tsuchiyama and Kaino 59550wensmouth Ave. D Jun 26,1989 

8 T Violes Construction Company Viole, Tim, Jr. 15840 Ventura Blvd. P 

9 Eccleston, C. W. 22020 Clarendon St. P 

10 Marks, Ronald 5348 Topanga Canyon P 

11 Helfman, Haloosim & Assoc. Varadi, Ivan 21820 Burbank Blvd. P 

12 Park Hill Medical Plaza Anjomshoaa, Mahmoud 7303 Medical Center Dr. D Dec 27, 1989 

13 Danalex Engineering 12050 Ventura Blvd. P 

14 Ellis Plumbing Co. Ellis, Chris 4235 Mary Ellen Ave. P 

15 Tar.lana Office Plaza Varadi Engineering 18701 Burbank Ave. P 

16 Helfman, Haloosim & Associates Varadi, Ivan 5350 White Oak Ave. P 

17 First Financial Plaza Site Slade, Richard 16830 Ventura Blvd. D Oct 9,1987 

18 Trillium Arnold, Daryl 6310 Canoga Ave. D Apr 27, 1988 

19 LAM CO O'Neil, John 21300 Victory Blvd D Apr 27, 1988 

20 La Reina Fashion Plaza Blumenfeld, Dolore:> 14622 Ventura Blvd. D Apr2?,1988 
-----,--- - - -

21 Auto Stiegler Stiegler, John 16721 Ventura Blvd. D Oct31,1987 

22 Sherway Properties Vasquez, Rodney 44 77 Woodman Ave. P 

23 Ellis Plumbing Co. Ellis, Chris 19951 Roscoe Blvd. P 

24 Metropolitan Transportation Authority Laury, Victor Metro Red Line D April I, 1995 

25 Carter, Dennis 4547 Murietta Ave P Jan 16, 1997 

26 MWD Sepulveda Feeder Pipeline Cons David Dean Jensen Plant TD August I, 1998 

27 A H Warner Properties Plaza 3 Bernier, Dave 21650 Oxnard D June 4, 1997 

28 A H Wamer Properties Plaza 6 Bernier, Dave 21 700 Oxnard D June 4, 1997 

29 Brent & Miller Brent, Stanley 4328 Mammoth Ave D January 13, 2000 

30 Northeast Interceptor Sewer Nick Demos Bureau of Engineering TD October 1,2001 

31 MT A Underground Pedestrian Crossin~ Tim Lindholm MTA TD November 1,2001 

Notes: 

1) ID - Refers to the type of project; 

D: Permanent dewatering required. 

P: No dewatering required presently, however there is potential for dewatering in the future. 

TD: Temporary Dewatering 

2) Start Date - Date project was brought to the attention of the ULARA Watermaster. 

PTK: 4/17/03 File: Dewatrern.xls 
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REMEDIATION PROJECTS 

No. Company Contact Address ID Start Date 

1 Mobil Oil Alton Geoscience 16461 Ventura Blvd. R May II, 1989 

2 Thrifty Oil Delta Tech. Eng. 18226 Ventura Bl vd. R Feb 2,1990 

3 Boeing (Rockwell International) Laffiam, S. R. 6633 Canoga Park Ave. R Jun 10, 1990 

4 Lockheed Gene Matsushita N. Hollywood Way R Jan 5, 1989 

5 3M Phannaceutical Bob Paschke 19901 Nordhoff St. R Feb 8, 1989 

6 Philips Components Wade Smith 4561 Colorado St. R Jul 14, 1987 

7 Raytheon (Hughes) Tim Garvey Canoga Park, CA R February 1995 

8 Holchem Cuthbert, Andrew Pacoima, CA R February 1,2000 

9 Micro Malic USA Inc. Reinhard Ruhmke Northridge CA R April,1999 

10 Menasco George Pianlka Burbank, CA R October 31, 2001 

11 Home Depot Karen Arteaga Burbank, CA R March 19,2001 

12 Drilube Artik A vanessians Glendale, CA R March 29, 2002 

13 PRC-Desoto (Courtald) Christer Sorenson Glendale, CA R August 22, 2002 

14 Honeywell (Allied Signal) Benny Dehghi No.Hollywood, CA R February 21, 2003 

15 Excello Plating Glen Harleman Los Angeles, CA R June 20, 2003 

16 Tesoro Peter Stampf No. Hollywood,CA R May 8,2004 

17 ITT Teresa Olmstead Burbank, CA R June 9, 2004 

Notes: 

1) ID - Refers to the type of project; 

R: Ground water remediation site. 

2) Start Date - Date project was brought to the attention of the ULARA Watermaster. 

PTK: 2/1512005 File: CLEAN 
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APPENDIXF 
POLLOCK WELL FIELD REMEDIATION PROJECT 

PRODUCTION 
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UPPER LOS ANGELES RIVER AREA WATERMASTER 

CITY OF LOS ANGELES VS. CITY OF SAN FERNANDO, ET AL 
CASE NO. 650079 - COUNTY OF LOS ANGELES 

OFFICE LOCATION: 
111 North Hope Street, Room 1450 
Los Angeles, CA 90012 
TELEPHONE: (213) 367-0896 
FAX: (213) 367-0939 

January 5, 2006 

Mr. Thomas Erb 
Director of Water Resources 

MARK G. MACKOWSKI- WATERMASTER 

Los Angeles Department of Water and Power 
111 N. Hope Street, Room 1460 
Los Angeles, CA 90012 

Dear Mr. Erb: 

Subject: Pollock Well Field Remediation Project 

MAILING ADDRESS: 
ULARA WATERMASTER 
P.O. Box51111, Room 1450 
Los Angeles, CA 90051-0100 

The Pollock Well Field Remediation Project (Pollock) was constructed primarily to 
reduce or eliminate excess rising groundwater from entering the Los Angeles River, 
leaving the San Fernando Basin (SFB) as surface flow, and wasting to the ocean. This 
groundwater belongs to Los Angeles under its Pueblo and import return water rights. 

The 1994 Project Description and California Environmental Quality Act (CEQA) 
Negative Declaration for Pollock acknowledge the need to eliminate this excess rising 
groundwater. In addition, a letter dated November 8, 1994 from the Los Angeles 
Department of Water and Power (LADWP) to the Los Angeles Regional Water Quality 
Control Board requested a National Pollutant Discharge Elimination System (NPDES) 
permit for Pollock so that this excess rising groundwater can be minimized. According 
to these and other documents, the facility was designed to operate at approximately 
2,300 acre-feet per year (AF/yr.) to preserve Los Angeles' water rights in the SFB. 

Since the 1998-1999 Water Year, annual pumping at Pollock has been as follows: 

Water Year 
1998-1999 
1999-2000 
2000-2001 
2001-2002 
2002·2003 
2003-2004 
2004·2005 

Annual Pumping (AF) 
1,512.98 
1,851.37 
1,255.98 
1,642.55 
1,720.41 
1,137.16 
1,752.44 

LADWP's July 26, 2001 letter to the Watermaster states, ..... LADWP respects the need 
to operate the Pollock Wells for approximately six months per year to achieve a long-
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Mr. Thomas Erb 
Page 2 
January 5, 2006 

term average of 2,400 AF/yr. of groundwater pumping." And, "Year-to-year fluctuations 
in the date of operation commencing for the Pollock Plant do not inhibit LADWP's 
effectiveness in addressing the excess rising groundwater discharges to the 
Los Angeles River so long as the long-term average of 2,400 AF/yr. of Pollock Plant 
operation is satisfied. In satisfying the long-term average of Pollock Plant operation, the 
City of Los Angeles is able to maintain its SFB water right." 

On August 2, 2001, the Watermaster Office sent you a letter reducing the required 
baseline extraction rate to 2,000 AF/yr. in an effort to help Los Angeles preserve its 
water rights. Based on the data in the above table, pumping has never reached 
2,000 AF/yr. for a single year, nor has it achieved 2,400 AF/yr. on a long-term average. 
The long-term average pumping is 1,553 AF/yr . 

. Pumping during the 2004-2005 Water Year again failed to meet the required 
2,000 AF/yr. baseline by 247.56 AF. Therefore, we will be debiting 247.56 AF from 
Los Angeles' pumping credits. This debit is necessary to account for losses of 
groundwater from the SFB and to provide a realistic view of actual water in storage. 

We hope that pumping in the current and future years can be increased to at least 
2,000 AF/yr. to preserve Los Angeles' water rights in the SFB. 

lllMldJ 
Mark G. Mackowski 
ULARA Watermaster 

MGM:bw 
A:\Poliock 2004-05\MGM02 
c: Administrative Committee Members 

Mr. William Mace, City of Burbank 
Mr. Ronald Ruiz, City of San Fernando 
Mr. Dennis Erdman, Crescenta Valley 
Water District 

Mr. Peter Kavounas, City of Glendale 

Watermaster Office 
Mr. Mark G. Mackowski, Watermaster 
Mr. Frederic A: Fudacz, Special Counsel 
Mr. Melvin L. Blevins, Consultant to the Watermaster 
Ms. Patricia T. Kiechler, Assistant Watermaster ./' 

bc: FileNet 
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APPENDIXG 
COURT NOTIFICATION re: DECLINING WATER TABLE 
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UPPER LOS ANGELES RIVER AREA WATERMASTER 

CITY OF LOS ANGELES VS. CITY OF SAN FERNANDO, ET AL 
CASE NO. 650079 - COUNTY OF LOS ANGELES 

OFFICE LOCATION: 
111 North Hope Street, Room 1450 
Los Angeles, CA 90012 
TELEPHONE: (213) 367-0896 
FAX: (213) 367-0939 

February 13, 2006 

MARK G. MACKOWSKI- WATERMASTER 

The Honorable Susan Bryant-Deason 
Judge of the Los Angeles Superior Court 
111 North Hill Street, Department 52 
Los Angeles, CA 90012 

Dear Judge Bryant-Deason: 

Subject: Decline in Storage in the San Fernando Basin 

MAILING ADDRESS: 
ULARA WATERMASTER 
P.O. Box 51111, Room 1450 
Los Angeles, CA 90051-0100 

You may recall from our periodic status conferences that I have been concerned for 
some time over a general decline in stored groundwater in the San Fernando Basin. 
During our last meeting on December 5,2005, I provided you a graph (Plate 99 
enclosed) that illustrates my concern. 

The blue line clearly shows an overall decline in stored groundwater beginning in 
approximately 1983. In addition, the red line illustrates the effect on stored groundwater 
if the Cities of los Angeles, Glendale, and Burbank (Cities) had pumped their full 
adjudicated water rights each year instead of accumulating Stored Water Credits 
beginning in 1968. 

The problem is. therefore, twofold: a decline in actual groundwater stored in the 
San Fernando Basin, and groundwater pumping rights that exceed long-term recharge. 

I met with the Cities on January 19, 2006 to discuss my concerns. There was a general 
consensus on the main issues, although the Cities have requested additional 
information and background. Therefore, the Watermaster Office is coordinating a 
workshop with the Cities to provide technical background on the original calculations of 
Safe Yield, Return Flow Credits, and other relevant data and information. This is an 
important first step in developing a common understanding of the issues. 
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The Honorable Susan Bryant-Deason 
Page 2 
February 13, 2006 

In my opinion, the San Fernando Basin is experiencing a continuing decline in stored 
groundwater and an accumulation of Stored Water Credits that must be addressed. I 
want to assure the Court that the Watermaster Office is working with the Cities to 
develop a plan that returns the San Fernando Basin to long-term sustainability. 

The Watermaster Office will continue to keep the Court informed of our progress toward 
this goal. If you have any q,uestions, please call me at (213) 367-0896. 

ULARA Watermaster 

MGM:bw 
Enclosure 
A:\SFB Decline in Storage\MGM02 
c: Administrative Committee 

Mr. William Mace, City of Burbank 
Mr. Peter Kavounas, City of Glendale 
Mr. Ronald Ruiz, City of San Fernando 
Mr. Dennis Erdman, Crescenta Valley Water District 
Mr. Thomas M. Erb, City of Los Angeles 

Watermaster Staff 
Mr. Frederic A. Fudacz, Special Counsel 
Mr. Melvin L. Blevins, Consultant 
Ms. Patricia T. Kiechler, Assistant Watermaster 

bc: FileNet 
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. .;1.930 '~, 1940 

_. __ B· •... • .•. _D··· .. M ... _ ... ···B·· _ ... 

1950 

Sale Yield Operation 
(-655,370 AF) 

1960 1970 1980 

Fall of Year 

I...:........T~t~1 Stor~~e -Safe Yield Storage: 

San Fernando Basin: 

Regulatlry 
Stlrage 

Requirement 
(360,000 AF) 

1990 2000 

Cumulative Change in Groundwater Total and Safe Yield Storage 

- -i ... - .• ·B·._ 

Stlrage Space 
Avaflable 

(570,951 AF) 

Stlred Waler 
Credit 

Table 1·4 
(375,085 AF) 

2010 

PLATE 

99 

2020 
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APPENDIXH 
WELLS DRILLED OR ABANDONED 
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WELLS DRILLED OR ABANDONED 

2004-05 WATER YEAR 

Forest Lawn 

Forest Lawn, a party to the Judgment, destroyed Well No.2 (3947A) and replaced it with newly 
drilled Well No.8 (3947M). 
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ACTION ITEMS 2005-06 
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ACTION ITEMS 

W A TERMASTER ACTIVITIES FOR 2005-06 WATER YEAR 

• Support the parties in their efforts to deal with increasingly stringent stonnwater 
discharge requirements. 

• Continue to keep the parties informed regarding current and emerging water quality 
issues, such as chromium, perchlorate, l,4-Dioxane, and 1,2,3 TCP. 

• Continue to attend meetings of public interest groups, such as the Los Angeles and San 
Gabriel Rivers Watershed Council, the Sun Valley Watershed Committee, Bureau of 
Sanitation Integrated Resources Plan Committee, the Los Angeles City Ad Hoc 
Committee on the Los Angeles River, and others to support and promote the goals ofthe 
parties and the overall health ofthe basins within ULARA. 

• Continue to attend meetings of technical groups, such as the Association of Groundwater 
Agencies (AGW A), Groundwater Resources Association (GRA), and others to exchange 
ideas and infonnation regarding water quality and basin management. 

• Explore ways to maximize the spreading of native water and increase the infiltration of 
urban runoff in the SFB. 

• Continue to support the ongoing Verdugo Basin Groundwater Evaluation, and 
investigate ways to maximize conjunctive use in the Verdugo Basin. 

• Continue exploring ways to maximize spreading at the Tujunga and Hansen Spreading 
Grounds. 

• Continue to investigate the unauthorized use of groundwater in unincorporated areas of 
ULARA and develop processes to expedite water license agreements and access to well 
drilling permits for property owners. 

• Continue to work with the U.S. Forest Service, U.S. Fish and Wildlife Service, 
LACDPW, and LADWP to support the seismic retrofit of Big Tujunga Dam, with the 
goal of providing maximum water conservation, protection against flood damage, 
preservation of habitat for endangered species, and protection of Los Angeles' Pueblo 
water right. 

• Continue to support the City of Burbank in its effort to purchase imported supplies from 
MWD for spreading and recharging in the SFB. 

• Participate in the IRWMP process to increase the amount of grant support for water 
projects in the Greater Los Angeles Region. 
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WATER EQUIVALENTS 
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Water Equivalents 

Volume 

1 gallon* ............................ = 3.7854 liters (L) 

........................... = 0.003785 cubic meters (m3) 

100 cubic feet (HCF)**** ........ = 748 gallons (gal) 

....... = 2,832 liters (L) 

...... = 6,230.8 pounds of water (lb) 

=231 ** cubic inches (in3) 

= 0.132475 cubic feet (ft3) 

= 2.83317 cubic meters (m3) 

= 3.70386 cubic yards (yd3) 
= 2,826.24 kilograms (kg) 

1 acre-foot (AF)*** ................ = 43,560** cubic feet (ft3) = 1233.5 cubic meters (m3) 
................. = 325,851 gallons (gal) = 1,233,476.3754 liters (L) 
................ = the average amount of water used by two families for one year 

1 cubic foot per 

second(cfs) ............ = 448.83 gallons per minute (gpm) 
............ = 646,317 gallons per day (gal/day) 
............ = 1.98 AF/day 

l,OOO gallons per 

minute(gpm) ........ = 2.23 cubic feet per second (cfs) 
................. = 4.42 AF/day 
................. = 11,613.01 AF/year 

1 million gallons per 
day (mgd) ......... =3.07 AF/day 

....... .. =1,120.14 AF/year 

Concentration 

.............. 1.0 milligrams per liter (mgIL) 

............. .1.0 micrograms per liter (I-lg/L) 

* U.S. gallons 
* * Exact Value 
*** An acre foot covers one acre ofland one foot deep 

**** This is a billing unit ofDWP 

= 0.028317 cubic meters/sec (m3/s) 
= 1.70 cubic meters/min 
= 2446.6 cubic meters/day 

= 0.063 cubic meters/sec (m3/s) 
= 5452.6 cubic meters/day 
= 1.99 million cubic meters/yr 

=3785 cubic meters/day 
=1.38 million cubic meters/yr . 

= 1.0 parts per million (ppm) 

= 1.0 parts per billion (Ppb) 
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APPENDIXK 
LIST OF ABBREVIATIONS 
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AF 
BOU 
BTEX 
CVWD 
Cal-EPA 
DCA 
DCE 
DHS 
DTSC 
DWP 
EPA 
EVWRP 
LAFD 
GAC 
gpm 
LACDPW 
LADWP 
MCl 
mg/l 
MTA 
MWD 
OEHHA 
OU 
PCE 
PHG 
PSDS 
RAW 
RI 
RWQCB 
SFB 
SUSMP 
SWCRB 
SWAT 
TCA 
TCE 
TDS 
ug/l 
ULARA 
UST 
VOC 
VPWTP 
USGS 

list of Abbreviations 

Acre-feet 
Burbank Operable Unit 
Benzene, tolulene,ethylbenzene,and total xylene 
Crescenta Valley Water District 
California Environmental Protection Agency 
Dichloroethane 
Dichloroethylene 
California Department of Health Services 
California Department of Toxic Substances Control 
Department of Water and Power (see also LADWP) 
Environmental Protection Agency (see also USEPA) 
East Valley Water Recycling Project 
los Angeles Fire Department 
Granular Activated Carbon 
Gallons Per Minute 
los Angeles County Department of Public Works 
los Angeles Department of Water and Power 
Maximum Contaminant level 
Milligrams per liter 
Metropolitan Transportation Authority 
Metropolitan Water District 
Office of Environmental Health Hazard Assessment 
Operable Unit 
T etrach loroethyle ne 
Public Health Goal 
Private Sewage Disposal Systems 
Removal Action Workplan 
Remedial Investigation 
Regional Water Quality Control Board 
San Fernando Basin 
Standard Urban Stormwater Mitigation Plan 
State Water Resouces Control Board 
Solid Waste Assessment Test 
1,1, 1- Trichloroethane 
Trichloroethylene 
Total Dissolved Solids 
Micrograms per liter 
Upper los Angeles River Area 
Underground Storage Tank 
Volatile Organic Compound 
Glendale-Verdugo Park Water Treatment Plant 
United States Geological Survey 

AR0074789 



PROPERTY ADDRESSES 

1805 N VINE ST 

1801 N VINE ST 

6309 W YUCCA ST 

6303 W YUCCA ST 

6301 W YUCCA ST 

6307 W YUCCA ST 

6313 W YUCCA ST 

6311 W YUCCA ST 

6305 W YUCCA ST 

6315 W YUCCA ST 

6317 W YUCCA ST 

ZIP CQQES 

90028 

RECENT l~Cn\illY 

Adaptive Reuse Incentive Spec. Plan
Ord 175038 

Hollywood Signage SUD 

CASE NUM!3ERS 

CPC-2007-5866-SN 

CPC-2003-2115-CRA 

CPC-2002-4173-SUD 

CPC-1999-324-ICO 

CPC-1999-2293-ICO 

CPC-1986-835-GPC 

ORD-181340 

ORD-176172 

ORD-173562 

ORD-165659-SA240 

ZA-2947 

ENV-2003-1377-MND 

City of Los Angeles 
Department of City Planning 

PARCEL PROFILE REPORT 
Address/legallnformation 

PIN Number 

Lot/Parcel Area (Calculated) 

Thomas Brothers Grid 

Assessor Parcel No. (APN) 

Tract 

Map Reference 

Block 

Lot 

Arb (Lot Cut Reference) 

Map Sheet 

Jurisdictional Information 

Community Plan Area 

Area Planning Commission 

Neighborhood Council 

Council District 

Census Tract # 

LADBS District Office 

Planning and ZOning Information 

Special Notes 

Zoning 

Zoning Information (ZI) 

General Plan Land Use 

General Plan Footnote(s) 

Hillside Area (Zoning Code) 

Baseline Hillside Ordinance 

Baseline Mansionization Ordinance 

Specific Plan Area 

Special Land Use I Zoning 

Design Review Board 

Historic Preservation Review 

Historic Preservation Overlay Zone 

Other Historic Designations 

Other Historic Survey Information 

Mills Act Contract 

POD - Pedestrian Oriented Districts 

COO - Community Design Overlay 

NSO - Neighborhood Stabilization Overlay 

Streets cape 

Sign District 

150A187 330 

17,723.7 (sq ft) 

PAGE 593 - GRID F4 

5546003016 

TR 26206 

M B 691-91/92 

None 

LT 1 

None 

150A187 

Hollywood 

Central 

Hollywood United 

CD 13 - Mitch O'Farrell 

1902.01 

Los Angeles Metro 

None 

C4-2D-SN 

ZI-1352 Hollywood Redevelopment Project 

ZI-2277 Hollywood Redevelopment Project 

ZI-1812 

ZI-2331 Hollywood (CRA Area) 

ZI-2427 Freeway Adjacent Advisory Notice for Sensitive Uses 

ZI-2436 Preliminary Hollywood Fault Study Area 

ZI-2433 Hollywood Community Plan Injunction 

ZI-2374 LOS ANGELES STATE ENTERPRISE ZONE 

Regional Center Commercial 

Yes 

No 

No 

No 

None 

None 

No 

No 

None 

None 

None 

None 

None 

None 

No 

No 

Hollywood (CRA Area) 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas.laclty.org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplan ni ng .Iacity. org 
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Adaptive Reuse Incentive Area 

CRA - Community Redevelopment Agency 

Central City Parking 

Downtown Parking 

Building Line 

500 Ft School Zone 

500 Ft Park Zone 

Assessor Information 

Assessor Parcel No. (APN) 

APN Area (Co. Public Works)' 

Use Code 

Assessed Land Val. 

Assessed Improvement Val. 

Last Owner Change 

Last Sale Amount 

Tax Rate Area 

Deed Ref No. (City Clerk) 

Building 1 

Year Built 

Building Class 

Number of Units 

Number of Bedrooms 

Number of Bathrooms 

Building Square Footage 

Building 2 

Building 3 

Building 4 

Building 5 

Additional Information 

Airport Hazard 

Coastal Zone 

Farmland 

Very High Fire Hazard Severity Zone 

Fire District No.1 

Flood Zone 

Watercourse 

Hazardous Waste I Border Zone Properties 

Methane Hazard Site 

High Wind Velocity Areas 

Adaptive Reuse Incentive Areas 

Hollywood Redevelopment Project 

No 

No 

None 

No 

No 

5546003016 

0.398 (ac) 

1200 - Store and Office Combination 

$2,052,904 

$4,929,291 

04115105 

$9 

200 

8-331 

2937 

1899166 

1929 

C6B 

o 
o 
o 
35,492.0 (sq ft) 

No data for building 2 

No data for building 3 

No data for building 4 

No data for building 5 

None 

None 

Area Not Mapped 

No 

No 

None 

No 

No 

None 

No 

Special Grading Area (BOE Basic Grid Map A- Yes 
13372) 

Oil Wells 

Seismic Hazards 

Active Fault Near-Source Zone 

Nearest Fault (Distance in km) 

Nearest Fault (Name) 

Region 

Fault Type 

Slip Rate (mm/year) 

Slip Geometry 

Slip Type 

Down Dip Width (km) 

Rupture Top 

None 

0.4399788 

Hollywood Fault 

Transverse Ranges and Los Angeles Basin 

B 

1.00000000 

Left Lateral - Reverse - Oblique 

Poorly Constrained 

14.00000000 

0.00000000 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas.lacity.org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning.lacity.org 
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Rupture Bottom 

Dip Angle (degrees) 

Maximum Magnitude 

Alquist-Priolo Fault Zone 

landslide 

Liquefaction 

Tsunami Inundation Zone 

Economic Development Areas 

Business Improvement District 

Renewal Community 

Revitalization Zone 

State Enterprise Zone 

State Enterprise Zone Adjacency 

Targeted Neighborhood Initiative 

Public Safety 

Police Information 

Bureau 

Division f Station 

Reporting District 

Fire Information 

Division 

Batallion 

District f Fire Station 

Red Flag Restricted Parking 

13.00000000 

70.00000000 

6.40000000 

No 

No 

No 

No 

HOllYWOOD ENTERTAINMENT DISTRICT 

No 

Central City 

lOS ANGELES STATE ENTERPRISE ZONE 

No 

None 

West 

Hollywood 

636 

3 

5 

27 

No 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas. lacily.org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning.lacity.org 
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CASE SUMMARIES 
Note: Information for case summaries is retrieved from the Planning Department's Plan Case Tracking System (PCTS) database. 

Case Number: CPC-2007-5866-SN 

Required Action(s): SN-SIGN DISTRICT 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

HOllYWOOD SIGN SUD AMENDMENT 

CPC-2003-2115-CRA 

CRA-COMMUNITY REDEVELOPMENT AGENCY 

First Amendment to the Hollywood Redevelopment Plan 

CPC-2002-4173-SUD 

SUD-SUPPLEMENTAL USE DISTRICT ("K" DIST., "0" DISTRICT, ETC.) 

Data Not Available 

CPC-1999-324-ICO 

ICO-INTERIM CONTROL ORDINANCE 

CPC-1 999-2293-1 CO 

ICO-INTERIM CONTROL ORDINANCE 

INTERIM CONTROL ORDINANCE. 

CPC-1986-835-GPC 

GPC-GENERAl PLAN/ZONING CONSISTENCY (AB283) 

Project Descriptions(s): PLAN AMENDMENTS AND ZONE CHANGES FOR THE HOllYWOOD COMMUNITY PLAN REVISION/ZONING CONSISTENCY 
PROGRAM 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

ENV-2003-1377-MND 

MND-MITIGATED NEGATIVE DECLARATION 

Approval of a proposed Sign Supplemental Use District pursuant to Section 13.11 of the lAMC for the Hollywood Redevelopment 
Project Area 

DATA NOT AVAILABLE 
ORD-181340 

ORD-176172 

ORD-173562 

ORD-165659-SA240 

ZA-2947 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas.lacity,org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning,lacity.org 
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ZIMAS PUBLIC 

Address: 1805 N VINE 8T 

APN: 5546003016 

PIN #: 150A187 330 
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Block: None 

Lot: LT 1 

Arb: None 
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General Plan: Regional Center Commercial 

City of Los Angeles 
Department of City Planning 
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LEGEND 

GENERALIZED ZONING 
OS,GW 

A,RA 

RE, RS, R1, RU, RZ, RW1 

R2, RD, RMP, RW2, R3, RAS, R4, R5 

CR, C1, C1.5, C2, C4, C5, CW, ADP, LASED, CEC, USC, PVSP 

CM, MR, WC, CCS, UV, UI, UC, M1, M2, LAX, M3, SL 

P, PB 

PF 

HILLSIDE 

GENERAL PLAN LAND USE 

LAND USE 
RESIDENTIAL 

Minimum Residential 

Very Low / Very Low I Residential 

::::::: Very Low II Residential 

Low / Low I Residential 

Low II Residential 

Low Medium / Low Medium I Residential 

Low Medium II Residential 

Medium Residential 

High Medium Residential 

High Density Residential 

III Very High Medium Residential 

COMMERCIAL 

~ Limited Commercial 

~ Limited Commercial- Mixed Medium Residential 

Highway Oriented Commercial 

Highway Oriented and Limited Commercial 

Highway Oriented Commercial- Mixed Medium Residential 

Neighborhood Office Commercial 

Community Commercial 

Community Commercial-Mixed High Residential 

_ Regional Center Commercial 

FRAMEWORK 

COMMERCIAL 

Neighborhood Commercial 

General Commercial 

Community Commercial 

Regional Mixed Commercial 

INDUSTRIAL 

Commercial Manufacturing 

Limited Manufacturing 

Light Manufacturing 

Heavy Manufacturing 

Hybrid Industrial 

PARKING 

Parking Buffer 

PORT OF LOS ANGELES 

General! Bulk Cargo - Non Hazardous (Industrial/Commercial) 

General! Bulk Cargo - Hazard 

Commercial Fishing 

Recreation and Commercial 

Intermodal Container Transfer Facility Site 

LOS ANGELES INTERNATIONAL AIRPORT 

Airport Landside 

Airport Airside 

Airport Northside 

OPEN SPACE I PUBLIC FACILITIES 

Open Space 

Public / Open Space 

Public / Quasi-Public Open Space 

Other Public Open Space 

Public Facilities 

INDUSTRIAL 

Limited Industrial 

Light Industrial 

AR0074795 



CIRCULATION 

STREET 

=~~!.'.ol'., Arterial Mountain Road 

.,.,.,"', .... Collector Scenic Street 

Collector Street 

Collector Street (Hillside) 

--- Collector Street (Modified) 

Collector Street (Proposed) 

Country Road 

Divided Major Highway II 

c;~~;;;;;;;;;.~, Divided Secondary Scenic Highway 

,~" Local Scenic Road 

-- Local Street 

.-' Major Highway (Modified) 

- Major Highway I 

-- Major Highway II 

.-' Major Highway II (Modified) 

FREEWAYS 

= Freeway 

= Interchange 

--- On-Ramp / Off- Ramp 

Railroad 

,~ Scenic Freeway Highway 

MISC.UNES 
Airport Boundary 

Bus Line 

Coastal Zone Boundary 

Coastline Boundary 

~.~.~.,,.~ Collector Scenic Street (Proposed) 

n u eel Commercial Areas 

.. " .. ". Commercial Center 

Community Redevelopment Project Area 

Country Road 

><---*--><---x- D W P Power Li n e s 

Desirable Open Space 

Detached Single Family House 

Endangered Ridgeline 

Equestrian and/or Hiking Trail 

Hiking Trail 

Historical Preservation 

Horsekeeping Area 

Local Street 

~ Major Scenic Highway 

,.,,,,,,,,,l\!f¥..,,," Major Scenic Highway (Modified) 

~ Major Scenic Highway II 

Mountain Collector Street 

Park Road 

Parkway 

IIIC::JII:=: Principal Major Highway 

Private Street 

~j;, .... ,.,,,,,, Scenic Divided Major Highway II 

Scenic Park 

=="", Scenic Parkway 

Secondary Highway 

Secondary Highway (Modified) 

.•. ,","'V",'''~ Secondary Scenic Highway 

Special Collector Street 

_-- Super Major Highway 

._._ .. MSADesirableOpenSpace 

Major Scenic Controls 

Multi-Purpose Trail 

L LJ _,--,' Natural Resource Reserve 

- -- - Park Road 

Park Road (Proposed) 

Quasi-Public 

Rapid Transit Line 

Residential Planned Development 

Scenic Highway (Obsolete) 

Secondary Scenic Controls 

Secondary Scenic Highway (Proposed) 

Site Boundary 

®-- Southern California Edison Power 

Special Study Area 

Specific Plan Area 

•• •• Stagecoach Line 

Wildlife Corridor 

AR0074796 



POINTS OF INTEREST 

[[!]] Alternative Youth Hostel (Proposed) 

Tit Animal Shelter 

~~ Area Library 

r;:;;1 Area library (Proposed) 

f"t Bridge 

1\ Campground 

[AI Campground (Proposed) 

f'ill Cemetery 

HW Church 

i City Hall 

Iiil Community Center 

1111 Community Library 

Horticultural Center 

w 
(!:") Hospital 

EEJ Hospital (Proposed) 

HW House of Worship 

e Important Ecological Area 

~ Important Ecological Area (Proposed) 

[§] Interpretive Center (Proposed) 

fc Junior College 

tf0J MfA / Metrolink Station 

tf0J MTA Station 

~) MTAStop 

MWD MWD Headquarters 

Qit~) Community Library (Proposed Expansion) ~ Maintenance Yard 

~j Community Library (Proposed) 

Xl. Community Park 

Community Park (Proposed Expansion) 

[Xi] Community Park (Proposed) 

~ Community Transit Center 

+ Convalescent Hospital 

I Correctional Facility 

~l Cultural/Historic Site (Proposed) * Cultural/Historical Site 

• Cultural Arts Center 

DMV DMV Office 

DWP DWP 

1,i~; DWP Pumping Station 

C Equestrian Center 

M Fire Department Headquarters 

~ Fire Station 

@ Fire Station (Proposed Expansion) 

~ Fire Station (Proposed) 

8 Fire Supply & Maintenance 

~ Fire Training Site 

..:... Fireboat Station 

+ Health Center / Medical Facility 

...... Helistop 

*' Historic Monument 

• Municipal Office Building 

p Municipal Parking lot 

X Neighborhood Park 

IX) 
\,--.-</ Neighborhood Park (Proposed Expansion) 

W Neighborhood Park (Proposed) 

11. Oil Collection Center ., Parking Enforcement , 
Police Headquarters HQ 

• Police Station 

(il 
\,j Police Station (Proposed Expansion) 

l,J Police Station (Proposed) 

t Police Training site 

PO Post Office 

1 Power Distribution Station 

[!] Power Distribution Station (Proposed) 

~1 Power Receiving Station 

[1lJ Power Receiving Station (Proposed) 

C Private College 

E Private Elementary School 

I~ Private Golf Course 

l] Private Golf Course (Proposed) 

JH Private Junior High School 

PS Private Pre-School 

lr~ Private Recreation & Cultural Facility 

...I:.-
Public Elementary School E 

iT! Public Elementary School (Proposed) 

t Public Golf Course 

[1] Public Golf Course (Proposed) 

II. Public Housing 

(~ Public Housing (Proposed Expansion) 

:iff Public Junior High School 

[Jill Public Junior High School (Proposed) 

MS Public Middle School 

SH Public Senior High School 

[§ill Public Senior High School (Proposed) 

2J Pum ping Station 

~ Pumping Station (Proposed) 

.i;"!'! Refuse Collection Center 

~ Regional Library 

@ Regional Library (Proposed Expansion) 

Iitj] Regional Library (Proposed) 

:f?A Regional Park 

~ Regional Park (Proposed) 

RPD Residential Plan Development 

A. Scenic View Site 

l!l Scenic View Site (Proposed) 

AlfM School District Headquarters 

lEI School Unspecified Loc/Type (Proposed) 

!~I Skill Center 

~ Social Services 

* Special Feature 

Special Recreation (a) 

tF Special School Facility 

lm Special School Facility (Proposed) 

lUI Steam Plant 

{~ Surface Mining 

~, Trail & Assembly Area 

~ Trail & Assembly Area (Proposed) 

UTL Utility Yard 

• Water Tank Reservoir 

:i..; Wildlife Migration Corridor 

fill Historical/Cultural Monument 

""" Horsei<eeping Area 

SH Private Senior High School .,-, Wildlife Preserve Gate 

SF Private Special School 

~ Horsekeeping Area (Proposed) (fl Public Elementary (Proposed Expansion) 

AR0074797 



SCHOOLS/PARKS WITH 500 FT. BUFFER 

~ 
~ ~. 

~ 

~ 
W 
~ 
8] 

0 
~ 

Existing School/Park Site 

Planned School/Park Site 

Inside 500 Ft. Buffer 

Aquatic Facilities 

Beaches 

Charter School 

Child Care Centers 

Elementary School 

Golf Course 

High School 

Historic Sites 

Horticu Iture/Gardens 

Middle School 

OTHER SYMBOLS 

-- Lot Line 

-- Tract Line 

Lot Cut 

Easement 

Zone Boundary 

Building Line 

-- LotSplit 

Community Driveway 

Tract Map 

Parcel Map 

\ LotTies 

- Building Outlines 

lrf] 

0 
[J 
[J 
[ill 
0 
~ 
~ 

0 '/ 

Opportunity School 

Other Facilities 

Park / Recreation Centers 

Parks 

Performing / Visual Arts Centers 

Recreation Centers 

Span School 

Special Education School 

Senior Citizen Centers 

Skate Parks 

Airport Hazard Zone 

Census Tract 

Coastal Zone 

Council District 

LADBS District Office 

Downtown Parking 

D FaultZone 

Fire District No.1 

D Flood Zone 

C Hazardous Waste 

D High Wind Zone 

Hillside Grading 

Historic Preservation Overlay Zone 

Specific Plan Area 

Very High Fire Hazard Severity Zone 

• Oil Wells 

AR0074798 



PROPERTY AODRESSES 

1777 N VINE ST 

ZIP CODES 

90028 

RECE;NTACTIVITY 

Adaptive Reuse Incentive Spec. Plan
Ord 175038 

Hollywood Signage SUD 

CASE NUMBERS 

CPC-2014-669-CPU 

CPC-2007 -5866-SN 

CPC-2005-6082-CPU 

CPC-2003-2115-CRA 

CPC-2002-4173-SUD 

CPC-1999-324-ICO 

CPC-1999-2293-ICO 

CPC-1997-43-CPU 

CPC-1986-835-GPC 

ORD-182960 

ORD-182173-SA4:3 

ORD-181340 

ORD-176172 

ORD-173562 

ORD-165659-SA 180 

ORD-129944 

ENV-2014-670-SE 

ENV-2005-2158-EIR 

ENV-2003-1377-MND 

PKG-2208 

City of Los Angeles 
Department of City Planning 

PARCEL PROFILE REPORT 
Address/Legallnformation 

PIN Number 

l.ot/Parcel Area (Calculated) 

Thomas Brothers Grid 

Assessor Parcel No. (APN) 

Tract 

Map Reference 

Block 

l.ot 

Arb (l.ot Cut Reference) 

Map Sheet 

Jurisdictional Information 

Community Plan Area 

Area Planning Commission 

Neighborhood Council 

Council District 

Census Tract # 

l.ADBS District Office 

Planning and Zoning Information 

Special Notes 

Zoning 

Zoning Information (ZI) 

General Plan Land Use 

General Plan Footnote(s) 

Hillside Area (Zoning Code) 

Baseline Hillside Ordinance 

Baseline Mansionization Ordinance 

Specific Plan Area 

Speciall.and Use I Zoning 

Design Review Board 

Historic Preservation Review 

Historic Preservation Overlay Zone 

Other Historic Designations 

Other Historic Survey Information 

Mills Act Contract 

POD - Pedestrian Oriented Districts 

COO - Community Design Overlay 

NSO - Neighborhood Stabilization Overlay 

Streets cape 

Sign District 

Adaptive Reuse Incentive Area 

150A187 376 

2,725.7 (sq ft) 

PAGE 593 - GRID F4 

5546004027 

HOl.l.YWOOD 

M R 28-59160 

21 

FR 23 

1 

150A187 

Hollywood 

Central 

Hollywood United 

CD 13 - Mitch O'Farrell 

1902.01 

Los Angeles Metro 

None 

C4-2D-SN 

ZI-2277 Hollywood Redevelopment Project 

ZI-1352 Hollywood Redevelopment Project 

ZI-2331 Hollywood (CRA Area) 

ZI-2427 Freeway Adjacent Advisory Notice for Sensitive Uses 

ZI-2433 Hollywood Community Plan Injunction 

ZI-2436 Preliminary Hollywood Fault Study Area 

ZI-2374l.0S ANGEl.ES STATE ENTERPRISE ZONE 

Regional Center Commercial 

Yes 

No 

No 

No 

None 

None 

No 

Yes 

None 

None 

None 

None 

None 

None 

No 

No 

Hollywood (CRA Area) 

Adaptive Reuse Incentive Areas 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas.lacity.org 
(0) _ APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning.lacity.org 
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CRA - Community Redevelopment Agency 

Central City Parking 

Downtown Parking 

Building Line 

500 Ft School Zone 

500 Ft Park Zone 

Assessor Information 

Assessor Parcel No. (APN) 

APN Area (Co. Public Works)' 

Use Code 

Assessed Land Val. 

Assessed Improvement Val. 

Last Owner Change 

Last Sale Amount 

Tax Rate Area 

Deed Ref No. (City Clerk) 

Building 1 

Year Built 

Building Class 

Number of Units 

Number of Bedrooms 

Number of Bathrooms 

Building Square Footage 

Building 2 

Building 3 

Building 4 

Building 5 

Additional Information 

Airport Hazard 

Coastal Zone 

Farmland 

Very High Fire Hazard Severity Zone 

Fire District No.1 

Flood Zone 

Watercourse 

Hazardous Waste 1 Border Zone Properties 

Methane Hazard Site 

High Wind Velocity Areas 

Hollywood Redevelopment Project 

No 

No 

None 

No 

No 

5546004027 

0.365 (ac) 

1700 - Office Building 

$1,967,285 

$4,623,124 

10/01/13 

$12,625,126 

200 

950147 

626597-8 

626597,8 

490902 

354979 

o 
BX 
o 
o 
o 
39,248.0 (sq ft) 

No data for building 2 

No data for building 3 

No data for building 4 

No data for building 5 

None 

None 

Area Not Mapped 

No 

Yes 

None 

No 

No 

None 

No 

Special Grading Area (BOE Basic Grid Map A- Yes 
13372) 

Oil Wells 

Seismic Hazards 

Active Fault Near-Source Zone 

Nearest Fault (Distance in km) 

Nearest Fault (Name) 

Region 

Fault Type 

Slip Rate (mm/year) 

Slip Geometry 

Slip Type 

Down Dip Width (km) 

None 

0.50663856 

Hollywood Fault 

Transverse Ranges and Los Angeles Basin 

B 

1.00000000 

Left Lateral - Reverse - Oblique 

Poorly Constrained 

14.00000000 

This report is subject to the terms and conditions as set forth on the website. For more details. please refer to the terms and conditions at zlmas.lacity.org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning.lacity.org 
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Rupture Top 

Rupture Bottom 

Dip Angle (degrees) 

Maximum Magnitude 

Alquist-Priolo Fault Zone 

Landslide 

Liquefaction 

Tsunami Inundation Zone 

Economic Development Areas 

Business Improvement District 

Renewal Community 

Revitalization Zone 

state Enterprise Zone 

State Enterprise Zone Adjacency 

Targeted Neighborhood Initiative 

Public Safety 

Police Information 

Bureau 

Division / Station 

Reporting District 

Fire Information 

Division 

Batallion 

District I Fire Station 

Red Flag Restricted Parking 

0.00000000 

13.00000000 

70.00000000 

6.40000000 

No 

No 

No 

No 

HOLLYWOOD ENTERTAINMENT DISTRICT 

No 

Central City 

LOS ANGELES STATE ENTERPRISE ZONE 

No 

None 

West 

Hollywood 

636 

3 

5 

27 

No 

This report is subject to the terms and conditions as set forth on the website. For more details, please refer to the terms and conditions at zimas.lacity.org 
(*) - APN Area is provided "as is" from the Los Angeles County's Public Works, Flood Control, Benefit Assessment. 

zimas.lacity.org cityplanning.lacity.org 
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CASE SUMMARIES 

Note: Information for case summaries is retrieved from the Planning Department's Plan Case Tracking System (PCTS) database. 

Case Number: CPC-2014-669-CPU 

Required Action(s): CPU-COMMUNITY PLAN UPDATE 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 

Required Action(s): 

Project Descriptions(s): 

Case Number: 
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THE CHAIR: So, we're going to go 

ahead and get started again. 

Again, this is a City Planning 

Commission meeting. We're preparing to 

hear cases 5 and 6; we're going to hear 

them together. This is VTT-71837-CN-1A 

with the associated environmental, which 

is in council district 13. And the 

expiration date is the 3rd of April. As 

well as -- I'm sorry, I'm reading them 

out of the order -- am I? No, and case 

number 6 -- CPC-2008-3440-ZC-CUB-CU-ZV-

HD, with the associated environmental. 

This same project in council district 13; 

expiration date is the 3rd of April. 

And I will turn to our city 

attorney, who has some clarification 

regarding the item that has been removed 

from our agenda. 

MS. KHORASANEE: Thank you, 

Commissioner Freer. Adrienne Khorasanee, 

city attorney's office, for the record. 

Upon learning of a conflict of 

interest, the city attorney advised that 

the planning commission would be 

Veritext National Deposition & Litigation Services 
866 299-5127 
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disqualified from hearing the entire 

matter, based on government code section 

1090, which prohibits boards from 

considering a contract in which one of 

its members has a financial interest, 

unless an exception applies. 

No exception was applicable. Under 

city law, when a commission is 

disqualified, the matter is referred to 

the board of referred powers, which sits 

as the conflicted board. Upon learning 

this, the developer has decided to 

withdraw the development agreement. 

Given that a development agreement is no 

longer involved, the conflict involving 

the board is removed, and the planning 

commission may consider this matter. 

THE CHAIR: Thank you. So, to 

clarify then, the seventh item that was 

on the agenda has been removed; that was 

the development agreement. 

So, we're going to be moving forward 

with items 5 and 6. I'd like to call 

Luci Ibarra up, of our staff to help. 

And just to let folks know how the 

Veritext National Deposition & Litigation Services 
866 299-5127 
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hearing will run, since we do have a full 

house. We will have comments from the 

staff, who will help us to understand 

from their point of view the project. 

We'll then call for the applicant, who 

will have some time, and we'll talk about 

the time that they'll be allotted to make 

their presentation. 

There are several appellants to this 

case. We're going to give equal time in 

the presentation to the group of 

appellants. I am going to ask, since 

there are different appellants, and we 

want to keep equal time for fairness' 

sake, that you have some conversations 

with yourselves about how you want to 

organize and utilize the time that we're 

going to be allotted to appellants. 

And then we also will have a public 

comment period. So, if, for some reason, 

there are issues that are not raised 

within the context of the appellants or 

the developer -- excuse me, the 

applicant's presentation, there is 

opportunity within the context of public 

Veritext National Deposition & Litigation Services 
866 299-5127 
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comment for those comments to be received 

and noted and understood by us. 

And then we'll turn to our own 

deliberations once we have gone through 

the public comment. 

So I'm hoping that we can run this 

smoothly. This is in Hollywood, but it's 

not the Academy Awards so there's not a 

band to let you know that you're going 

overtime. But we are going to keep very 

judiciously to the time restrictions that 

we apply to public comment. Because we 

have loads of public comment -- about a 

hundred speakers, we're going to allow 

for a minute per speaker. It's a lot. 

And so, I will be very firm. I have been 

dying to be able to use this, but I'm 

hoping honestly that I don't have to. 

But I will cut you off, should I need to. 

So I just want to prepare you that a 

minute goes very, very quickly, so take 

some time to gather your thoughts in 

advance of us calling for public comment. 

So, Luci, please. 

MS. IBARRA: Good morning, 

Veritext National Deposition & Litigation Services 
866 299-5127 
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Commissioner Freer, commissioners. 

Luci Ibarra with the planning 

department in the major projects section. 

I'm here to present to you the Millennium 

Hollywood project. 

As mentioned previously, the case 

numbers associated with this project are 

CPC-2008-3440, with the suffixes for zone 

change, conditional use, variance, and 

the height district change. 

And there's an appeal before you on 

the tract that was approved by the 

advisory agency. Together with this is 

an ENV-2011-675 for the EIR that was 

prepared for the project. 

To familiarize you with the land use 

and zoning designations, the property is 

located in the Hollywood Community Plan. 

It is consisting of two sites flanking 

Vine Street, Yucca Street to the north. 

Hollywood Boulevard is less than 400 feet 

away to the south. And you have Ivar to 

the west and Argyle Avenue to the east. 

The property bound by Ivar, Vine 

Street, and Yucca is characterized as the 

Veritext National Deposition & Litigation Services 
866 299-5127 
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west site, whereas the other is 

characterized in the east site as we move 

forward. 

The land use designation here is 

regional center commercial, which is 

typically designated for areas where we 

feel that they can accommodate a high 

intensity of uses and densities 

consistent with major transit centers. 

So this property is located less than 500 

feet from the Metro station, the 

Hollywood and Vine Metro station. 

The Q associated with this property 

is respective of the Hollywood Community 

Plan update, which permitted residential 

uses with a minimum .5 FAR, for non-

residential uses. And this is to 

encourage the job's housing balance that 

is designated for this designation in the 

Hollywood Community Plan. 

It is located in height district 2, 

which provides no height limit. And the 

D associated with the height district 

allows for four and a half to one FAR, 

and an FAR of six to one with CPC 

Veritext National Deposition & Litigation Services 
866 299-5127 
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approval, which is before you today. 

Part of the project includes 

development regulations and a land-use-

equivalency program. And given the 

market conditions, the planning 

department has been tasked with 

permitting and reviewing projects that 

ask for some flexibility to accommodate 

the market conditions and the still 

fragile development community that is 

grappling with some of the financial 

issues that are beyond our scope. 

With that said, the tract map that 

was approved with this by the advisory 

agency including the following: 41 lots, 

including air space lots; the development 

of 492 residential units; 200 hotel 

rooms; approximately 100,000 square feet 

of new office space, and this is in 

addition to the existing office space 

that's associated with the Capitol 

Records and Gogerty Buildings, which are 

historic buildings that will be 

maintained and preserved as part of this 

development. 

Veritext National Deposition & Litigation Services 
866 299-5127 
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There are 34,000 square feet of 

restaurant use proposed, as well as 

35,000 square feet of fitness and sports 

club use and 15,000 square feet of retail 

use. 

Now, I should note that the fitness 

club and sports use is reflective of the 

zone change that's proposed to you today. 

The reason that we need that zone change 

is to allow the sports club use in 

this -- in this project. Gymnasiums are 

not explicitly allowed in the C4 zone. 

There are other similar uses, such as 

commercial swimming pools, recreational 

buildings, and private and not-for-profit 

clubs that are comparable to sports use, 

but are not expressly allowed in the C4 

zone. This is why the C2 zone change is 

before you. 

The Environmental Impact Report for 

this project -- this is the summary of 

the process for that. It included an NOP 

issued in April -- in April through May 

31st, a public scoping meeting, the 

circulation of the DEIR, and the final, 

Veritext National Deposition & Litigation Services 
866 299-5127 
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which was released in February of this 

year. 

It recognized and acknowledged 

significant and unavoidable impacts 

despite the mitigation that was imposed. 

And here they are listed. It included 

two aspects for aesthetics. It was the 

focal view obstruction of the Capitol 

Records, and that is only at the 

development scenarios, including the 220-

foot height and the 400-foot height. 

As we'll get into the development 

regulations later and we'll go -- we'll 

speak to those more specifically, you'll 

see that we have several scenarios that 

play with the available height limit or 

not -- no height limit in this area. 

so the developer is proposing a set of 

development regulations that show what 

would happen to the building and the 

massing when you play with the height. 

Again, the cumulative visual 

And 

impacts -- this is related to height and 

massing. When you compare this project 

with the other projects related and 

Veritext National Deposition & Litigation Services 
866 299-5127 
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proposed for this area. 

Air quality with respect to 

construction and operational only because 

this property is located just south of 

the U.S. 101 freeway, and air quality in 

this area is already at a -- at an 

challenged local spot. 

The noise -- construction and 

operational, and transportation. So five 

study intersections were identified as 

significantly impacted by this project 

following litigation. And thirteen 

cumulative study intersections and 

sixteen cumulative intersections when you 

look out into the future. 

The requested entitlements before 

you, as I've mentioned, include the zone 

change, the height district change is to 

remove the delimitation which is before 

you, and it's -- it's a request that the 

applicant is making to reach the six-to-

one FAR, which is permitted. The vesting 

conditional use to allow a hotel within 

500 feet. And the conditional uses are 

to include the project because it flanks 

Veritext National Deposition & Litigation Services 
866 299-5127 
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To define it 

as a unified development and allowing 

that floor area to be averaged over 

across both sites, the sale and 

dispensing of a full line of alcoholic 

beverages, and to permit live 

entertainment, which is consistent with 

the character of the community. 

The variances is to permit outdoor 

eating areas above the ground floor and 

to allow less than the required parking 

for the sports club and facility. And 

this is something that is -- that we'll 

speak to later. But it -- it's 

reflective of the permitted exceptions in 

the code for projects that are mixed use 

developments near transit, and before you 

in authority that's allowed in the code. 

And then -- and so the so that's 

the one that reduced onsite parking for 

transportation alternatives. 

one that's before you. 

That's the 

With respect to the vesting and zone 

and height district change, the existing 

zone -- C4-2D-SN would then become 2-TQ-
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The T is the tentative tract 

conditions. These are conditions that 

are reflective of the infrastructure 

associated with the development of the 

site. So those that were required in the 

tract for improvements to sewers, 

streets, and other public works types 

improvements -- those are attached to 

this, to this T. In the even that they 

should never effectuate the tract, we've 

captured those in this entitlement. 

The Q is reflective of the qualified 

conditions, and these are site-specific 

conditions to the project development and 

include some mitigation measures. 

The 2 of the height limit is 

consistent with what is existing, which 

is no height limit. And the D is part of 

the process of removing the four and a 

half to one FAR with your approval, which 

would allow it to go to six to one. 

And the SN is reflective of the 

Hollywood Signage Supplemental Use 

District, which will be maintained and 

will regulate signage on the site. 
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Before you again is the tract 

appeal. Now, the public hearing for both 

the tract and the hearing officer 

satisfactions of the CPC before you was 

held on February 19th. The advisory 

agency issued its approval of the tract 

on February 22nd, which was followed with 

an appeal end date of March 1st -- 4th, 

excuse me. 

There are six appeals filed. And 

the predominance of the issues associated 

were traffic for FAR increase, the 

parking reductions, the views, the 

density, the construction, specifically 

noise and height. 

To go into these issues -- the 

appellant contend that the traffic 

conditions are already detrimental, and 

the project would exacerbate conditions. 

The traffic study identified thirty-nine 

study intersections. The existing levels 

of service are acceptable at a majority 

of the intersections, with one exception 

during the P.M. peak hour. Acceptable 

levels of service per DOT policy are 
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levels A through D, and then one 

levels A through E through F, excuse 

me, are considered unacceptable. 

So with and without the project, 

twenty-four of the thirty-nine 

intersections would continue to operate 

at acceptable levels of service. Fifteen 

would operate at levels of E through F, 

at one or both of the P.M. peak hours. 

Before mitigation, there would be 

significant impacts at thirteen of those 

intersections, and with mitigation, only 

five study intersections would be 

characterized as significant. 

The views -- there was many concerns 

from Hollywood hillside residents with 

respect to the views due to the proposed 

height. And in one reference, they refer 

to the Hollywood Redevelopment Plan. 

In one instance of the Hollywood 

Redevelopment Plan, there is a reference 

to the protection of -- or consideration 

of use to and from the hillside, but that 

is identified only with respect to the 

Franklin Avenue design district, and that 
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is not where this project is located. 

The Hollywood Community Plan also 

identifies views as a potential impact 

with respect to aesthetics, but states 

that it would be considered on a site-

specific basis on an individual project 

discretionary review. 

So for every project that comes 

before you, you can analyze -- or you can 

critique or analyze the views and impacts 

associated with each project on a 

discretionary basis as the cases corne 

before you. 

The EIR identified, as I mentioned, 

two categories where the project would 

impact views. One was with focal-view 

obstruction to the Capitol Records 

Building, again at 220 feet and again at 

400 feet. And the cumulated visual 

impacts with heightened massing together 

with the other projects 

HR. PERLHAN: I'm sorry, Luci, I 

don't mean to interrupt you. Dana 

Perlman. Can you explain what you mean 

by the focal impact at 220 and 440? 
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MS. IBARRA: Okay. So when the 

building -- as the building goes higher, 

and we'll get into this later, the aim is 

to provide a slimmer structure, such that 

the views to the Capitol Records Building 

will be preserved and expanded. As the 

building gets shorter, the massing 

becomes larger, and that impacts those 

focal views to the Capitol Records 

Building from certain vantage points. 

MR. PERLMAN: Does the 220 -- 440 

refer to distance from the location? 

MS. IBARRA: It -- it refers to the 

massing of the building that will 

compromise views to Capitol Records 

Building. 

MR. PERLMAN: Thank you. 

MS. IBARRA: The development 

regulations that are proposed to be 

attached as conditions of approval 

reflect and encourage height so as to 

minimize impacts at a street-level scale 

to the views, and this -- well, we'll go 

into that in more detail later. 

Construction: One of the appellants 
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made the case or tried to make the case 

that noise mitigation in the EIR failed 

to identify them as a sensitive receptor. 

So typically what we do as the lead 

agency, we can identify which uses are 

considered sensitive. And in this case, 

and which has a building -- a commercial 

structure at the corner of Yucca and 

Vine. It's a commercial structure 

located one block south of the 101 

freeway. It's a commercial use in a 

regional center commercial land-use 

designation in a very urban area. And we 

didn't think that they were consistent 

with the character of a sensitive use, 

which we typically reserve for schools 

that address and house under-aged 

children, childcare centers, long-term 

health care facilities, hospices and 

hospitals, and residences. 

For that reason, we didn't identify 

them as a sensitive receptor. However, 

we did modify our mitigation measures to 

include all adjacent uses to receive the 

maximum available mitigation for noise 
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construction related impacts, 

irrespective of their designation as a 

sensitive receptor. 

So they received the maximum 

available mitigation available, although 

the EIR does acknowledge that these are 

significant and unavoidable impacts and 

that even with mitigation, these are just 

unavoidable. 

The other issue that was brought up 

in the appeals and as well as in the 

public hearing, was with respect to the 

FAR. Historically, this property, by 

virtue of being located in the Hollywood 

Redevelopment Plan, can achieve an FAR of 

up to six to one. It's located in 

regional center commercial land-use 

designation, which is explicitly called 

out to receive an FAR incentive under the 

new community plan. But, historically, 

in the old Hollywood Community Plan, it 

was allowed at three to one. But if you 

were located in the Hollywood 

Redevelopment area, you could receive an 

FAR four and a half to one, with an FAR 
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of six to one with CRA approval. 

Now, without the CRA and without the 

Hollywood Redevelopment Plan, this was 

captured in the community plan update, 

which permitted the four and a half to 

one FAR for this land-use designation and 

a six to one with your approval. 

Other issues associated include 

density. Now one of the appeal issues 

was that this project was too dense for 

the site and for the community, but I 

should point out that there's an 

exception in the code that allows any 

uses in the R5 zone that are located in 

the CR, C1 C-1/2, C2, C4, and C5 zone. 

Now the R5 zone allows a density of 

200 square feet per unit. With that, 

based on the size of this property, you 

could achieve a maximum of 972 units on 

this site, based on the zone and the 

exception in the code. 

As proposed and was approved with 

the vesting tract, they're only proposing 

492 units. 

Parking: The code also includes 
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various exceptions for mixed-use projects 

that include office and redevelopment -

for projects located in the redevelopment 

areas in the state enterprise zone, which 

this project does. And for those 

projects located near transit, which this 

satisfies, and it allows a ten percent 

reduction. And, again, for 

transportation alternatives, which we'll 

go into later with the transit-oriented 

measures that are associated with the 

project. 

Again with height, this project 

area, or this project site, I should say 

more specifically, does not have a 

history of a height limit under the 

community plan. In 1980 -- the 1988 

community plan did not identify a height 

limit for this property or this zone, and 

neither does the Hollywood Community Plan 

update. 

At this point, I'd like to pass it 

on to my colleague, Sergio Ibarra, who's 

going to go into the project site and the 

development regulations. 
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MR. IBARRA: Good morning, 

commissioners. I'm Sergio Ibarra with 

the planning department, and I'm going to 

go over the development regulations and 

the land-use equivalency program. But 

I'm going to begin first with greater 

context in regards to the existing site. 

So as you can see, currently the 

site is developed by surface parking 

lots. There's an east site and a west 

site, and the west site has their rental 

car facility onsite. 

On the west site, you have the AMDA 

facility to the north, as well as a 

three-story commercial building that was 

recognized as a historic resource in the 

EIR. On the east site, you have the 

Capitol Records building and the Gogerty 

Building to the northern edge, northwest. 

And the service parking lots flank both 

sides of every block. 

And the site is also within a 

quarter mile of the Hollywood and Vine 

Metro stop. 

So here we have a northern view of 
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the Capitol Records Building and the jazz 

mural that was -- which was recently 

restored. And here you have a view from 

the Capitol Records Building, looking 

south to the Hollywood Playhouse. Here 

you have a view of the Gogerty Building 

on the corner of Yucca and Franklin. 

And this is the west site. A 

surface parking lot with the rental car 

facility, looking towards the Capitol 

Records Building. And the actual project 

looks to preserve this kind of view; 

that's a three-block view of the Capitol 

Records Building. That's one of the 

objections of the development plan. 

And here you have a view of the 

Hollywood Playhouse. And the project 

also has a fifteen-foot setback. That's 

required adjacent to the Hollywood 

Playhouse, so that you can preserve the 

architectural views of this resource. 

And it also has a setback after forty 

feet that is ten feet, so that it's 

compatible with this resource in terms of 

its massing. 
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And here's the rental car facility 

that's on the northern edge of the site, 

right next to the historic three-story 

commercial building. 

And this is the office building that 

AMDA occupies, fronting Vine Street and 

Yucca. 

And here is a view of Yucca Street. 

On the top, you have the east block, and 

that's the Gogerty Building and the 

Capitol Records Building together. And 

then on the west block, you have the 

three-story commercial building and the 

surface parking lot. And AMDA is right 

next to it on the corner. 

This is a western view of what the 

Hollywood skyline would look like with 

the project. The two tall towers would 

be the actual project, and the Capitol 

Records Building is directly adjacent to 

it and the Sunset Vine Tower is on the 

far right. And this is just for greater 

context of what the project is. 

focal point to the community. 

This is a diagram of future 
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And 

it's important to note that we -- the 

commission has approved two previous 

cases where the FAR was increased to six 

to one, and they are within this diagram. 

They're also located on Yucca and 

Hollywood Boulevard. 

Now I'm going to begin the 

development regulations. This is a 

diagram of the different heights that are 

allowed, the maximum height scenarios. 

It's important to note that Band Care 

where the tallest towers can be located, 

up to 585 maximum in terms of feet, and A 

and D can be no taller than 220 feet. 

And only the shaded areas are developable 

areas, and not the area right -- right 

near the Capitol Records Building. 

And this is a table that's within 

development regulations that shows you 

the different ranges of height. It's a 

little complicated, but we can begin with 

the first column at the tower height. 

You have basically four different ranges. 

You can go up to 585 feet or 550 feet, 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074834 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

400 feet, or 200 feet. 

Page 28 

What changes in 

every height scenario is if you reach 585 

feet, you get more open space. And 

that's on the far-right column. You see 

the twelve percent, ten percent, eight 

percent, and five percent. So 585 feet 

gives you 12 percent of open space. 

Another distinction is the maximum 

floor area -- actually the maximum tower 

floor plate in square feet. So the 

taller you have of a tower, the smaller 

the floor plate becomes, creating an 

elegant, tall tower. So what you get 

with height is a slimmer tower and more 

open space, and greater views of the 

Capitol Records Building, which is the 

three focal points that Luci described 

earlier. 

And this is just a site plan of the 

massing in relation to the Capitol 

Records Building. And as you can see, 

you have the 585-foot tower on the left, 

which is of darker shading. And you have 

the 220-foot tower on the far right. And 

you would always have a podium that would 
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So anything 

greater than 150 feet is a tower. And 

also you have a diagram of the open 

spaces. You can see the open spaces 

triangulated to preserve the Capitol 

Records Building views. The three views 

of concern are the view from Hollywood 

and Vine, and from the Hollywood freeway 

east of Argyle and west of Vine. And so 

the development regulations ensure that 

the triangulated area -- it's a forty

degree angle; I'm not sure if you can see 

it, but it's shown there -- will never be 

developed on, and it will be part of the 

open space. 

Another important thing to note is 

that there will always be a passageway on 

both sites that will connect Argyle to 

Vine and Vine to Ivar, and that's 

required as part of the development 

regulations, and I'll go over that in a 

bit. 

So one of the development 

regulations is that you must have a 

minimum separation of eighty feet between 
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And that's just to not have an 

overwhelming mass onsite. Another one is 

to have a minimum 20-foot stepback above 

150 feet, and that's shown -- let's see 

if I can point -- well, the 2 that are 

numbered are 20-foot setbacks and they're 

closest to the Pantages Theater, and 

that's just to create some distance 

between a historic resource. 

And the number three bubble is 

there's a maximum of forty percent of the 

street wall that can actually be tower 

when it's fronting Vine Street. So only 

forty percent of that frontage fronting 

Vine Street can be occupied by a tower. 

And there's a minimum 10-foot 

stepback above 150 feet for both sites, 

and that's just to continue the street 

wall that exists along this district, 

because there was a historic height 

maximum of 150 feet in the past. And so 

that historic structures are no taller 

than 150 feet, and Capitol Records is 

actually 150 feet if you exclude the 

trilan (ph.). 
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And there's a setback from Capitol 

Records to ensure that the tower is not 

directly adjacent to Capitol Records, and 

that's in addition to the triangulated 

open space that's required. 

And this is just an example of what 

the development regulations would 

produce. This is a 585-foot tower. You 

have the eighty feet separating the two 

towers. You have your twelve percent 

open space with the triangular open space 

that preserves the view of Capitol 

Records. You have a maximum floor plate 

of 13,325 square feet, and that maximum 

floor plate can be used for both towers. 

Meaning, that if you create two towers, 

you cannot use more than 13,325 square 

feet. If you use one tower, you use that 

square footage for one tower. And the 

open space has a forty-degree angled line 

that's maintained. 

On this slide is just to show the 

relationship between what the project 

would look like if it was fully 

developed, maximizing the square footage 
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approximately to the Capitol Records 

Building. And as you can see, there's a 

podium within the project that measures 

120 feet. The Knickerbocker Hotel is 130 

feet. Capitol Records is 150 feet. And 

we actually conditioned the project so 

that the podium can be no taller than 120 

feet. They had proposed 150 feet, but we 

felt that 120 feet was more appropriate, 

as in this diagram that was provided to 

us. 

And this is the development 

regulations at the lowest height. At 220 

feet, you can have -- you don't need to 

abide by the 80-foot separation between 

towers. You can have one tower along the 

site. The setbacks are the same, except 

for that standard. And the open space is 

minimized in this height scenario. 

And this is an Axon (ph.) diagram 

showing you what the 220-foot scenario 

would look like. As you can see, you 

have one building at 220 feet. It would 

be broken up by the site plan itself, and 

we also have very stringent design 
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building, and it would read potentially 

as two buildings. 

And it's also important to note that 

on the west site, they would have 2 

towers and they would be required to do 

so at this height scenario of 220 feet. 

And now we're going to go over the 

open space that's required. On the east 

site where Capitol Records is at, you're 

always going to have that triangulated 

open space to preserve views, so they 

cannot build upon that open space that 

you see in the triangle. 

And on the west site, you have a 

fifteen-foot stepback along Vine Street, 

and that's partly to respect the 

neighboring Hollywood Playhouse. And you 

also have a ten-foot setback along Yucca 

Street, and that's to differentiate 

between the historic three -- the three-

story building on Yucca. 

And it is an example of how the open 

space changes when you have greater 
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height. As you can see, it increased. 

And this is an example of a 

publicly-accessible passageway. The 

H's -- where the H's are are the rooftops 

of the towers, and the rest is passageway 

that would extend from Vine Street to 

Argyle and Ivar. And these are required 

in any development scenario, with a 

minimum width of twenty feet. And the 

development regulations allow for 

obstruction, such as open-air cafes, bike 

racks, and other pedestrian amenities. 

And there's also a crosswalk existing 

between the two sites. So the 

passageways further connect both sites 

together, as well as creating a 

pedestrian amenity and potentially 

programming for visitors. And so --

yeah, that's required, and it changes in 

terms of the greater height you have in 

the towers, the more required open-air 

publicly-accessible passageways is 

required, as well. It ranges from twenty 

to fifty percent. So it can also be 

enclosed. 
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So now I'm going to go over the 

land-use equivalency. As Luci described 

earlier, the maximum trips were analyzed, 

and that is when you add the A.M. peak 

hour and the P.M. peak hour trips, you 

have a maximum of 1,498 trips. That's 

574 plus 924. 

And the way the land use equivalency 

program works, is you can exchange land 

uses that are permitted as long as you 

don't exceed the maximum trip count that 

was analyzed in the EIR. And in this 

case, it was 1,498, and that was based on 

the maximum commercial scenario, because 

that generated the most trips. 

Another consideration is that you 

can't exceed a certain degree of land-use 

designation for residential or 

commercial, because the impacts for the 

maximum residential and maximum 

commercial scenario was analyzed in the 

EIR. So that there's a maximum in terms 

of how much commercial or residential 

they can also develop as part of the 

land-use equivalency program. 
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And the way you come up with trips 

is through this conversion factor. So if 

you're doing residential units, you would 

multiple the .685 trips per dwelling unit 

and your other uses, and make sure that 

you don't go over the 1,498 side. At no 

point will you go over the trips that 

were analyzed in the EIR. 

And now I'll bring this back to Luci 

Ibarra to conclude this presentation. 

1'1S. IBARRA: I am Luci Ibarra with 

the planning department. To finalize the 

presentation before you, I am going to 

speak to the bicycle access and parking. 

The project abuts Yucca a portion 

of Yucca that was designated and defined 

as the first bicycle-friendly street. 

It's less than a mile, and it connects 

the Vine Street to as far west as --

where's the red? It's here and it 

just goes past Cherokee and Las Palmas, 

and I think I think it's Highland. 

The bicycle ordinance is included in the 

development regulations, but this case 

was filed prior to the effective date of 
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the bicycle ordinance, but the applicant 

has included those regulations in the 

development regulations. 

With that said, they've also gone on 

to include 200 square feet of bicycle 

repair for long-term parking, and that 

will be included in the development 

regulations, as well. 

So before you, as we were 

recommending, that you recommend and 

certi -- recommend that the city council 

certify the EIR that was prepared for the 

project, along with the related 

environmental findings and the statement 

of envir -- overriding considerations, 

excuse me. Based on the goals that we've 

identified in the Hollywood Community 

Plan, and that is to encourage 

development of underutilized properties 

in Hollywood, with the exception of the 

Capitol Records and Gogerty Building, the 

project is predominantly surface parking 

now. 

The project itself will provide 

1,635 direct jobs in the development that 
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proposes residential units, which 

promotes the jobs-housing balance that's 

identified in the Hollywood Community 

Plan, as well as the regional center 

commercial land-use designation. 

The project is a transit-oriented 

development that locates, again, jobs and 

housing near transit, and it promotes the 

economic investment in the Hollywood 

area. 

Our recommendation to you on the CPC 

case 2008-3440, we recommend that you 

approve the vesting zone change from C4 

to C2, the height district change from 2D 

to remove the delimitation to allow an 

FAR six to one, a vesting conditional use 

to permit a hotel use within 500 feet of 

an R zone, and approve the conditional 

uses allowing the floor area averaging of 

a unified development, the sale and 

dispensing of the full line of alcoholic 

beverages, and to permit live 

entertainment and dancing on the site. 

Along with the variances permitting 

outdoor areas above the ground floor 
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associated with the restaurants, reduce 

parking for the sports club and fitness 

facility, and to allow for reduced shared 

onsite parking with the transportation 

alternatives. 

With respect to the appeal, we 

recommend that you deny the appeals to 

uphold the advisory agency's 

determination that the project is 

consistent with the C2 and C4 zones, the 

Hollywood Community Plan update, and is 

consistent still with the Hollywood 

Redevelopment Plan and the previous 

Hollywood community plan, and it is 

developed under the maximum permitted 

density for the zone and the right 

regional center commercial land use 

designation. 

In conclusion, we recommend approval 

of the project as presented before you, 

along with the regulations and the land-

use equivalency. The project is an 

appropriate infill development of an 

urban center of properties that are 

vastly underused and neglected. It 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074846 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 40 

complements Hollywood, the Walk of Fame, 

and other character of development with 

respect to uses. It's consistent with 

the community plan update. And, again, 

it locates jobs near transit, and it 

locates housing near transit, and it 

promotes landscaping, publicly-accessible 

plazas and walkable development 

consistent with our -- with our planning 

principles. 

And with that, I'll take any 

questions that you may have with respect 

to our presentation. 

THE CHAIR: Commissioners -- this is 

Commissioner Freer -- if there are any 

clarifying questions for Luci, I'm sure 

Luci's going to be available, so we can 

continue to ask questions as we go 

forward. 

Great. Thank you. 

So why don't we turn now to the 

applicant? And we have a number of folks 

who have signed up as speakers relevant 

to the applicant. Alfred Fra-ji? 

MR. FRAIJO: Fraijo. 
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THE CHAIR: Thank you. Gerald 

Neuman, Phil Aarons, and Gary Handel. 

is twenty minutes enough time for you? 

MR. FRAIJO: Yes, we will squeeze 

ourselves into those twenty minutes. 

MR. NEUMAN: We may -- we actually 

may need a few more to go through 

specific community benefits and some 

conditional 

So 

THE CHAIR: We can't hear you. You 

can speak in to the mic, please, and 

announce yourself, please. 

MR. NEUMAN: Jerry Neuman with the 

applicant. We may need additional time 

to go through the specific benefits and 

to address specific appeal points. We 

could either do the latter in rebuttal, 

or we can do it as part of our 

presentation. 

THE CHAIR: Okay. I think I prefer 

that you do it as a part of your 

presentation, so is twenty-five minutes 

enough? 

MR. NEUMAN: Yeah, we can --

THE CHAIR: And we're going to be 
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giving equal time then to the appellants. 

So 

J'vlR . NEUJ'vlAN: Sure. We would expect 

any time that we have is equal. 

THE CHAIR: Okay. So let's go then 

for twenty-five minutes? 

J'vlR . AARONS: Thank you very much. 

Commissioners, my name is Philip 

Aarons. I'm a founding partner of 

J'vlillennium Partners, the developers of 

the J'vlillennium Hollywood project before 

you for consideration. And I want to 

thank you sincerely for the opportunity 

to address you this morning and to answer 

any questions you may have. 

Seven years ago, when J'vlillennium and 

its partner, Argent Ventures, were 

presented with the option to acquire the 

Capitol Records Building and the 4.5 

acres of surface parking lots next to and 

across Vine Street, we saw an opportunity 

to create a development that would both 

preserve and celebrate one of the great 

icons of mid-twentieth century 

architecture and bring needed investment 
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and pedestrian life to one of the world's 

most famous intersections, Hollywood and 

Vine. 

The challenge was how to design a 

transit-oriented development with a major 

focus on preservation, good jobs, 

walkability, and bike friendliness. And 

this became our central concern of the 

team we assembled many of whom you will 

hear from today. 

Working in alignment with the 

principles established by the planning 

commission and the department staff, and 

in dialogue with community stakeholders, 

we worked to formulate a plan and a set 

of entitlements that allowed a market-

responsive mix of uses while protecting 

open-space connections, historic 

structures, views, excellent urban 

design. We think the appropriate balance 

and significant community benefits is 

what you have before you today. 

Millennium Partners has worked for 

nearly twenty-five years building 

successful, architecturally-distinguished 
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developments in urban neighborhoods 

across the country, ranging from Boston 

to San Francisco to the Upper West Side 

of Manhattan to Georgetown and Washington 

itself. 

With each development, we work with 

local government and our neighbors to 

formulate a design and a mix of uses that 

responds to the unique characteristics of 

each city and each site. And in each 

case, we stay with our projects. We stay 

with the projects we start. Millennium 

retains to this day a significant 

financial interest in every urban mixed-

use project we have developed since 1991. 

In becoming part of the Hollywood 

community, we took our time and listened 

to a variety of stakeholders to tell us 

what they felt was important to develop 

on this site. We've had hundreds of 

meetings with community members since 

2006, and over and over we have heard 

certain principles expressed that define 

the way this site should be developed. 

Overlaid with that, were the 
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We importantly, to Do Real Planning. 

learned a lot from the planning 

department, and we want to take the 

opportunity to thank them for their 

leadership in shaping this project on 

essential issues, as to how to combine 

buildings and open space into an urban 

form that makes them part of an 

integrated cityscape. 

We wanted to start with the 

principle of promoting a walkable city. 

Hollywood has a strong pedestrian 

history, and the Walk of Fame continues 

to attract millions of visitors on foot. 

We set about to further that walkability 

by leveraging Hollywood's unique history 

of public courtyards, marrying them with 

the city's desire to establish active 

alleyways, in order to create a series of 

attractive, safe, welcoming public open 

spaces for Hollywood residents and 

workers, which create linkages to other 

destinations in the area, both those that 
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are popular today and that those will be 

in the future. Hopefully, the Little 

Country Church garden, the East Cahuenga 

Alley, and, of course, the future 

Hollywood Central Park. 

We've worked to ensure excellent 

design standards; included as part of the 

requested entitlements for our project 

are design standards and guidelines. 

These guarantee that there will be high 

quality architecture on this project, and 

they will be explained in greater detail. 

They've been explained beautifully by 

Luci and Sergio. They'll be explained by 

our architect. They are critical to our 

thinking. 

We wanted to promote density around 

transit. Millennium Hollywood is located 

less than 500 feet from a Hollywood and 

Vine Red Line station. And at a 

fundamental level, our project is about 

getting people out of their cars and onto 

the Metro, onto their feet, and on their 

bikes. Accommodating growth by placing 

residential units and office space in 
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such close proximity to mass transit, not 

only assures better usage for the mass 

transit, it establishes the clear path 

for transit success across the city, a 

series of investments that Los Angeles 

has made with great enthusiasm and 

something that is to be applauded. 

We made a commitment as well because 

we expect people to use the transit 

that's available to a transportation 

demand management plan that you'll also 

hear more about. 

We are focused on bringing jobs to 

where housing exists. This is a key 

commitment of ours to provide a mix of 

uses of housing with good jobs, hotel, 

sports club, office, neighborhood-serving 

retail, and the continued use, very 

importantly, of Capitol Records Building 

as a music industry center. So that we 

can help improve the job-housing balance 

in the community. And we have signed 

agreements with the building trades union 

and here with members of both unions, who 

are with us today. And in addition, this 
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site represents an opportunity to bring a 

major entertainment or tech company to 

Hollywood, who recognizes what Hollywood 

will in the future mean to tech 

development. 

We are also committed to homes for a 

variety of incomes. We will provide a 

variety of different units of different 

sizes, which means they will be available 

at different price points and appeal to a 

mix of people. In addition, we are 

totally committed to providing affordable 

housing in the community, a long-term 

personal interest of mine, which is why 

we have signed an agreement with LAHD to 

provide a 4.8-million-dollar payment to 

the city's housing department for the 

development of over a hundred new units 

in two projects being built by the 

Hollywood Community Housing Corporation, 

both near transit centers. 

Green buildings -- green buildings 

are not just a trend. It's increasingly 

becoming a way of life that's expected by 

people moving into new neighborhoods. 
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That's why we are committed to building a 

Millennium Hollywood to lead certified 

standards. 

We also have a commitment to 

arresting visual blight. There are no 

signs, no super graphics, no blade walls 

being sought as part of this project. 

And even though, as I'm sure all of you 

know, that's a huge economic detriment to 

the developer, we did not feel that this 

was appropriate for Hollywood, and there 

are plenty of signs there already. 

Open space is a key element of our 

program. There are a number of existing 

pedestrian open spaces in Hollywood that 

we have drawn for on our plans. Perhaps 

the biggest inspiration, and you'll see 

this in the architectural presentation, 

was the historic courtyards at Man's 

Chinese Theatre, Crossroads of the World, 

and the Egyptian Theatre. That's why we 

hired James Corner Fields Operations, the 

landscape architects for the justly 

acclaimed High Line park in New York, to 

be our landscape architects. They are 
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The 

plan that they carne up with, a series of 

thematically linked gardens and open 

spaces that look out and invite the 

community into the Millennium Hollywood 

project, covers nearly one-third of the 

land site that we're building on. And 

these will be a unique set of safe, 

vibrant pedestrian welcoming spaces. 

There's one more guiding principle 

for Millennium Hollywood. It's just as 

fundamental as the ones I've already 

mentioned, if not more so, and that is 

preservation. Millennium Hollywood is 

first and foremost a preservation 

project. And by preservation, I mean the 

preservation of the Capitol Records 

Building, its continued use as a music 

industry building, the protection of the 

historic views of Capitol Records from 

the intersection of Hollywood and Vine 

and from the 101 freeway to the south, 

and the creation and long-term 

preservation of new opportunities to view 

neighboring historic buildings 
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Avalon, as was mentioned earlier, and 

hopefully, at some point, the restored 

gardens at the Little Country Church. 

As Lou Naidorf, the architect of the 

Capitol Records Building, said in a 

recent interview, the Capitol Records 

Building after sixty years deserves 

better than to be surrounded by vacant 

parking lots. And Hollywood deserves a 

strong, significant project at the 

eastern end of the historic portion of 

Hollywood Boulevard. 

It is possible, as we have designed 

it, for elegant urbanism to establish a 

new Hollywood downtown, based on its 

historic downtown, at the intersection of 

Hollywood and Vine. Our Millennium 

Hollywood project takes the beauty, the 

excitement, the glamour of Hollywood of 

the past and creates a specific 

environment for Hollywood in the future. 

It is the perfect and appropriate 

balance between a wide variety of 

competing interests and concerns and 

impacts you will hear. 
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And to describe how we carne to the 

conclusion from an architectural 

perspective, I'd like to introduce our 

architect, Gary Handel. 

MR. HANDEL: Members of the 

commission, my name is Gary Handel, 

founding principal of Handel Architects. 

I'd also like to begin by thanking 

your staff. Their dedication, 

intelligence, and professional during the 

years that we've been working with them 

have been extraordinary, and their 

impassioned advocacy for the public realm 

has made this a better project. 

Sergio and Luci basically went 

through some of the ideas behind the 

design guidelines. But their basic 

purpose is to ensure quality and 

consistency of design through the full 

implementation of the project while 

allowing the developer certain 

flexibility to adapt the project to 

market conditions. 

Next. 

There -- it's broken up into design 
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standards and guidelines, and together 

they encompass several hundred individual 

regulations, restrictions, and 

recommendations, which taken together 

form a comprehensive and binding 

development framework for the site. 

Next. 

Within the twelve chapters of the 

guidelines and standards are a number of 

key objectives. Amongst those are to 

preserve the Capitol Records and Gogerty 

Buildings, and to protect other historic 

resources, to preserve the views of 

Capitol, to create active landscape civic 

clauses, to create new mid-block 

pedestrian connections, to create a 

vibrant urban spaces for residents and 

visitors, to create a true mixed-use 

development which can revitalize this 

area, to eliminate the visual blight of 

surface parking, to establish linkages to 

public transportation routes in the area, 

to establish standards to ensure 

architectural excellence, to provide 

designs that address, respect, and 
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negative environmental impacts, to create 

buildings that emphasize the vertical 

architecture, and to develop a visual 

gateway to Hollywood from the freeway. 

The programmatic richness of this, I 

think, is important to understand. While 

there is certain flexibility in the exact 

composition of the elements on the site, 

the idea is to do a development that 

includes residential, hotel, office 

space, restaurants, and retail, sports 

clubs, structured parking, and publicly-

accessible open spaces. These kind of 

developments are what we know from our 

previous experience, can revitalize the 

urban core of cities. 

Sergio talked about the height 

standards, basically establishing that so 

we'll move -- we'll move through that. 

And then basically within the guidelines 

and standards, are also things that 

basically regulate the street walls that 

shape and inform the pedestrian realm. 
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Next. 

And this chart, I think is -- you 

know, that Sergio also went through, is 

very informative, because it establishes 

the binding regulations between height, 

open space, and lot coverage, which 

really are the key aspects of this for 

you to understand to -- to look at this 

project. 

And then -- next -- you know, these 

together show the various alternatives of 

the 220, the 400, and the 585-foot 

height, with the increasing amounts of 

open space and the move towards lower 

blockier buildings and skinnier elegant 

ones. It's a little bit hard to 

understand this from just looking at 

these acts on a metric, so we created a 

series of pedestrian views from key 

vantage points to illustrate that. 

So this is standing at Hollywood and 

Vine, looking towards the Capitol Records 

project without the project. And then at 

the 220-foot height mark, basically in 

order to fully -- to build out the 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074862 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 56 

project, all of the mass is pushed down 

and occupies substantially most of the 

site, minus what the required open space 

is. By allowing greater height on the 

site, we can move the buildings back from 

Vine Street, and -- and -- go back -- and 

you basically increase the visibility of 

Capitol. And at the tallest heights, we 

can essentially free it up. We put in 

the 400-foot-high scene most of the open 

space in the service of freeing up this 

view. But I think the effects are even 

more significant in the next series of 

views. 

Go forward. 

So here we are, across Argyle 

Street, with our back to the Little 

Country Street (sic) -- Church. 

Go back. 

Looking toward -- looking west 

towards the Capitol Records Building. 

And this is a historic view without the 

project. 

Next. 

You're at the 220-foot mark. Again, 
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the full build-out of that site is 

apparent, and so basically, we have the 

required passage that can connect all of 

the sites, but the views towards Capitol 

are impacted. 

our project. 

On the right, that's not 

That's the Second Street 

Ventures project as designed and 

approved, inputted into -- into the 

rendering. 

Next. 

At 400 feet, we can begin to move 

space off of that that corridor, and 

that moves space into the tower. But 

there's still the requirement at that 

height to build a significant structure 

on Argyle. 

Next. 

And then at the 585-foot mark, most 

of the bulk can be moved into the tower, 

which gives us enormous flexibility in 

shaping the public realm and freeing up 

the views to Capitol Records. 

Next. 

And so with the -- the guidelines 

and standards as a binding foundation and 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074864 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 58 

framework, we created our -- our current 

design proposal. 

Next. 

And it builds on what we just showed 

you in terms of using the podiums and 

scaling them appropriately to match into 

the existing context. We've low --

Go back. 

We've lowered elements that would 

front onto Argyle and the west side of 

Vine Street to match the existing 

context, and higher elements on the east 

side of Vine and on -- and -- and on 

Ivar. 

Next. 

This shows the beginnings of the 

creation of that public space linkage 

through the site. The requirement would 

be all of that frontage would be lined by 

retail to activate that use. 

Next. 

And then we also had the -- the idea 

on a planning basis that those spaces 

could be extended to the vacant parking 

lots to the west, along the Little 
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Country Church, and along Carlos Avenue 

to the new Hollywood Central Park. So 

it's -- it could be part of what we think 

could be a magnificent series of public 

open spaces. 

These open spaces are integral to 

the architecture and design of the 

project, and so the goal is really to 

create a pedestrian-friendly environment 

for the core of Hollywood, to provide 

significant open space both in quantity 

and quality, and to provide, you know, 

new ways to see Capitol Records. 

it's been designed as a series of 

And 

individual spaces that link together. 

Next. 

These spaces are of significant 

size. And so in this diagram, we've 

overlaid known Hollywood iconic spaces 

onto the open space within our plan. So 

working our way from Argyle on the left, 

you can see Grauman's Chinese overlaid 

into into our space, and then fronting 

onto Vine on the left side of the east 

parcel, you can see Grauman's Egyptian 
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And then across Vine 

Street, you can see the overlay of 

Crossroads of the World laid into our 

site, just to give a sense of scale. 

These these spaces will link 

together to create that seamless 

pedestrian network that will take you 

from Argyle to -- from Argyle to Vine to 

Ivar. 

Next. 

And then working our way from east 

to west, you can see the lounge, which is 

seen as a more active social space. 

Next. 

And you can see the views of that -

of that space there, with its fire pit, 

lounge, and juice bar. 

Next. 

Working our way to the west is the 

garden, which is a more contemplative, 

quieter space. 

Next. 

And a view of the -- of the garden. 

And then fronting onto Vine Street, is 

the stage. And you can see how the Jazz 
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Singer mural has been turned into a 

proscenium for performance, stepped 

seating to allow for those performances 

to happen. And Zak Spike's (ph.) 

anchoring the southern end of that plaza. 

Next. 

And a view looking at the stage from 

above. 

Across Vine is the Plaza, which goes 

from the Walk of Fame to a cafe at its 

back, and it has a series of of 

interesting features to it. It'll have a 

cinema projection screen. It'll have 

interactive LED pavings, so that you can 

basically program the Plaza. You can 

play it, like Tom Hanks in Big. You can 

find out if your musical choices are in 

sync with other members of -- of the 

Plaza. You -- this is a -- a view of the 

Plaza looking back towards the cafe, with 

a movie in progress. 

Next. 

And here you would see the Plaza on 

a -- on a typical day. And so the idea 

is that this is a very flexible and 
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And so on some days 

it would be used typically, on some days 

you could bring a number of food trucks 

to the site. Other days it could host a 

farmer's market, and it could also be a 

venue for performances that were more 

appropriate to this than for the stage 

across the street. 

In the -- you know, the architecture 

or the urban design and planning are seen 

as of a piece. And so the idea is really 

to combine for the podium elements the 

vocabulary of typical urban building 

blocks for the podium, and then to 

combine that with the indoor and outdoor 

living ideas that are embodied in the 

case study houses. 

And to move away from a slick 

monolithic tower to a tower that's more 

made up of an aggregation of elements. 

Next. 

And in that, we were inspired by 

this amazingly poetic image of -- of 

Pierre Koenig's case study house 22, with 

its living room seemingly suspended over 
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the city. And we took that --

Next. 

-- as an idea to basically build the 

tower out of these building blocks that 

would have those -- the features of those 

case study houses. Provide a number of 

them 

Next. 

-- aggregate them and combine them 

in different ways 

Next. 

-- in order to create an aggregate 

form which is made up of smaller elements 

combining to make a cohesive whole. 

To introduce elements of layering, 

screening, and texture, in order to 

create a tower that moves away from the 

all-glass building to something that's a 

little bit softer and more -- and more 

permeable. 

Next. 

And to use those tower elements to 

frame the Capitol Records Building, to 

activate the pedestrian passages. So 

basically, here we are looking across 
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Vine towards the Capitol plaza and the 

cafe. 

Next. 

And then in the stage area, looking 

at the Jazz Singer mural proscenium and 

towards the western site. To allow for 

public access to certain components of 

the project. So in this case, the 

observatory lounge, which is on the top 

floor of the hotel building, which will 

be located on the west site, and the view 

by day and by night. 

And then a view looking towards the 

south, showing the framing of Capitol 

Records by the new towers. And a view at 

night, which we think captures the spirit 

and romance -- next -- of what Hollywood 

was, is, and can be. 

Thank you. 

MR. NEUMAN: Ms. Freer, members of 

the commission, my name is Jerry Neuman 

and I am here representing Millennium 

Partners with regard to the item before 

you. 

As Mr. Handel indicated, the 
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Millennium Hollywood project brings 

together a number of incredible elements 

to create an extraordinary project that 

addresses impacts, responds to market 

conditions, provides mitigations that 

account for changing economic and 

development conditions, establishes a 

foundation for economic growth, provides 

exceptional community benefits, and 

solidifies the establishment of what has 

historically been downtown Hollywood as 

the walkable, transit, and bike-friendly 

area it has long aspired to be. 

We've accomplished this through 

many -- through many ways, mostly working 

with your staff and their steadfast 

adherence to your Do Real Planning 

principles and their indelible planning 

leadership. It is in this project, we 

have broken new ground in the creation 

and establishment of the most 

comprehensive design guidelines any 

single project has ever undertaken. 

We've established both a comprehensive 

set of community benefits and a means of 
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providing them that go well beyond any 

previously approved project in the area. 

Finally, we have imagined the needs 

and desires of those looking to Hollywood 

as a place where they could live, work, 

and connect to the rest of the city in a 

true urban fashion, without the need of 

their own cars. 

In short, working with your staff, 

we have delivered on your mandate to 

create infill projects that not only 

respond to today, but actively work to a 

change -- to change and accommodate the 

social attitudes of tomorrow. 

You've already seen a presentation 

of the design guidelines, so I'm going to 

skip a little bit of that part of the 

presentation and want to talk to you 

about our community benefits program. 

Our community benefits program is 

comprehensive and provides extensive 

community benefits throughout -

throughout Hollywood, and especially 

within our area. 

A number of these items may not have 
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direct nexus, and for those items, we 

have now entered into third-party 

agreements which represent our commitment 

towards them. So that while the city may 

feel that they aren't -- there isn't a 

nexus that you can impose upon us, and 

therefore you want to know that we are 

committed to doing them, we have entered 

into the agreements that will be enforced 

by others so that you know that that 

commitment is real. 

For instance, we have entered into a 

project labor agreement, as well as a 

continuing agreement with HERE regarding 

the employment of individuals within the 

hotel that aren't members of the labor 

union. 

In that, we have also included 

substantial local hiring requirements and 

job training programs for local 

residents. These are extensive in their 

nature and provide very specific means by 

which local hiring is done, and can be 

tooled down to trying to target groups 

that are most at need. 
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We have committed to a community 

organizing meeting space. This is a 

commitment that we think is important 

because we want to engage our community 

in a very real way. And we think the 

project as a place for our community 

provides a nexus to doing that. And we 

would ask you that you would condition a 

community space of -- a community meeting 

space --

THE CHAIR: Okay. Mr. Neuman, how 

much more time are you going to request? 

MR. NEUMAN: We have a number of 

community benefits we want to run 

through, and then we have appeals. So I 

don't know how you want me to handle 

this. I can do that; I can do the 

responses. 

THE CHAIR: Yeah, I wanted you to 

handle it within 

MR. NEUMAN: Yeah, I --

THE CHAIR: -- the allotted time. 

So, okay, here's what I'm going to do. 

We'll do thirty --thirty. So --

MR. NEUMAN: I'm going to rush. 
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THE CHAIR: -- that -- exactly. So 

you have five more minutes, and then I 

really will cut you off. 

MR. NEUMAN: Okay. 

THE CHAIR: Thank you. 

MR. NEUMAN: We would ask you to 

condition a community meeting space of 

not less than 1,200 feet within the 

project, subject to our -- pulling of our 

building permits would need to include 

those plans. 

We had offered a circulation shuttle 

that goes on demand to people within the 

hillside to bring them down to our 

parking areas and to provide shuttle 

services throughout Hollywood as a 

private means. And we would -- we 

believe that is an important part of our 

traffic demand management plan, and 

therefore, would ask that you impose it 

as a condition because we think our 

project needs a traffic demand management 

plan that -- that should be conditioned 

to the project. And as such, we are 

offering to spend a maximum of 250,000 
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dollars per year on those shuttle plans. 

We have a bike amenities. We would 

request because we want this to be a 

bike-friendly, and as you saw from the 

staff report, we are on the bike lines. 

We would want the bike amenities for a 

minimum of fifteen years to be included 

in our project conditions that we provide 

kiosks or tenant space for at least 200 

square feet for bike repair services, as 

well as bike parking facilities and bike 

repair pads. 

We think the linkage as to transit 

is very, very important. We would like 

you to require us, and we would accept as 

a condition of approval, because we think 

there's appropriate nexus, that we 

install directional signage showing 

pedestrian routes to all public 

transportation access points within a 

four-block area of the project. 

Also, that we would provide 10,000 

dollars to the Department of 

Transportation for the installation of 

directional signs showing where the DASH 
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is at the nearest points of the project, 

and also an additional 25,000 dollars for 

Metro directional signage for pedestrian 

routes between public transportation, 

access points, and our project. 

We would like parking -- we would 

like to incorporate parking tracking 

services. We think parking in our 

project has been an issue raised by the 

community, and as such, we think it is 

important that we contribute 50,000 

dollars to the Department of 

Transportation Express Park program for a 

new parking meter technology as well as 

vehicular sensors and real-time parking 

information for people within their apps. 

We also believe that the Vine Street 

We Metro connection is very important. 

will engage with urban planning and 

architectural firm -- we would like to 

engage an urban planning and 

architectural firm to provide a study on 

the portal north of Hollywood Boulevard 

as well as at the Vine Street station and 

the viability of that as a means of 
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access to the Metro station. 

We think that that study should be 

done, and we're happy to provide that 

study. And that should also be a subject 

to that study being done would be a 

requirement of our pulling a building 

permit. 

We have suggested Metro passes. We 

shall provide Metro passes for the sale 

of within the project and maintain a 

coordinated place for Metro pass 

purchases. And we will request and have 

availability for our Metro passes for 

employees and occupants and residents of 

the area, and will provide at least one 

hundred Metro passes on an ongoing basis. 

We think that having commuter 

parking is very important. And as such, 

we would -- we think that we would want 

our parking to be utilized by people who 

want to access, and we have plenty of 

public parking which can do that, that 

will access the Park & Ride areas in the 

Metro. So we will provide monthly fees 

not to exceed fifty dollars in the first 
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year, and then increase by three percent 

thereafter for people who wish to provide 

for at least ten spaces for people who 

want to utilize Park & Ride on a monthly 

basis. 

We will provide discounted parking 

of ten percent for people who utilize 

Metro passes. So if you want to park and 

ride, we will offer a ten percent 

discount if you show us your Metro pass. 

As well as within the zip code of our 

around our site, both within the hill 

area as well as directly around the site, 

which we have provided staff with the zip 

codes we would provide ten percent 

discounted parking for residents within 

those areas. 

We think having residents utilize 

our services and utilize our project is 

vital as a member of the community, and 

we think that that is an important nexus 

that we share with the community. 

We have shared vehicular parking. 

We will maintain ten parking spaces for 

non-residential parking -- within the 
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non-residential parking areas for shared 

vehicle services, such as Zipcars. And 

we will have Zipcars provided there and 

as a -- and will provide promotion for 

those Zipcars. We think for our 

residents, where we are trying to have 

people move out of their cars, having a 

shared parking and a shared car 

utilization is vital for reducing traffic 

and other impacts of our project. 

We will look to study -- we've been 

asked by the neighborhood council and we 

think it's an important part of the 

aesthetics and -- and visual area that 

we -- we provide a -- a study of medians 

on Vine. People within the area and how 

our project intersects on Vine. We think 

it's important that that aesthetic be -

be addressed. 

THE CHAIR: Thank you, Mr. Neuman. 

I appreciate that. 

MR. NEUMAN: We'll have more later. 

THE CHAIR: Okay. I'd now like to 

move to the appellants, and their 

representatives. There are six 
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appellants, and I have five speaker cards 

here indicating that they are associated 

with the appellants. And so I'll call 

them. And if there is a sixth that 

should be recognized, please let me know. 

Daniel Wright from the Silverstein 

Law Firm. Annie Geoghan from the Whitley 

Heights, I believe it is? 

George Abrahams, the Argyle Civic 

Association. 

Fran Reichenbach from the Beachwood 

Canyon Neighborhood Association. 

And Sarajane Schwartz from the 

Hollywoodland Homeowners Association. 

So as I mentioned in the 

introduction, we now will have thirty 

minutes total for the appellants. And so 

I am hoping that you will be respectful 

of the fact that there are folks behind 

you. You might want to tap them on the 

shoulder if they are going over, because 

we will stay judicious with the thirty 

minutes. 

So I presume that you all have 

spoken and are able to divide yourselves 
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in a way that everybody is going to think 

is fair. 

So please announce your name for the 

record and begin. The clock is starting 

with thirty minutes. 

Yes? Excuse me? 

UNIDENTIFIED SPEAKER: 

(Indiscernible) . 

THE CHAIR: Yeah, if you can corne up 

and queue, that would probably be 

helpful, or at least sit close to the 

front so that you are able to corne as 

soon as the speaker finishes. 

Yeah. So it's approximately five 

minutes per person, although we didn't 

have a sixth person. Somebody else is 

doing it, so it's probably a little more 

than that. 

Please. 

MR. WRIGHT: Good morning, Madame 

President and commissioners. I'm Daniel 

Wright of the Silverstein Law Firm. We 

represent Mr. and Mrs. Geoghan of Whitley 

Terrace, who are the appellant 

representatives on behalf of the 
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following community organizations listed 

in our appeal letter: Whitley Heights, 

Beachwood Canyon, Hollywood Dell, 

Hollywoodland, Argyle Civic, La Mirada 

Avenue Neighborhood Association. 

I'd like to reserve one minute of 

appellant's time for rebuttal, as we have 

the burden of proof on our appeal on the 

tentative tract map. 

Let the record reflect that I have 

today submitted our further objection 

letter to the project, the development 

agreement, and all associated 

entitlements as proposed to you for the 

related planning entitlements and as 

approved by the advisory agency's 

determination, also under appeal by my 

clients to you. 

First, my clients would object to 

your proceeding to consider the CPC 

entitlements without the development 

agreement. The entire project is based 

upon the development agreement and its 

development regulations and the land-use 

equivalency programs. Being inextricably 
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related, if you approve the entitlements 

today without the development agreement, 

you're approving this project without, 

for instance, any height limit or design. 

Most of the presentation you heard today 

was on the development agreement, and 

yet, you're not considering the 

development agreement. These things 

being inextricably linked, you must 

consider them together. 

And on a related note, I'd like to 

talk about the 1090 problem. My 

understanding of 1090, a government code, 

is that when it disqualifies a member of 

a commission who has a financial interest 

in a project, the disqualification 

applies to the entire project. Mr. 

Roschen, to my knowledge, is not merely a 

party to the development agreement. He 

has his own contract with Millennium, and 

thus, this disqualifying interest applies 

to his participation in all of the 

entitlements. And, therefore, it 

disqualifies this commission. 

ought to be doing is you should 
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terminating this hearing immediately. 

Also, I'd like to raise the issue 

that it was brought to our attention that 

the commission members did not receive 

the exhibits to any of the appeals that 

were filed in your package. And that 

means that you have not had in front of 

you the evidence that supports our 

appeals. We object to that on the 

grounds of due process of law. 

Now to my 

MR. PERLMAN: Excuse me, Mr. Wright. 

This won't count against you, but we do 

have the exhibits, just for the record. 

MR. WRIGHT: You've -- you've --

you've received them today. I hope 

you've had a chance to read them but 

MR. PERLMAN: We - we -- excuse 

me 

MR. WRIGHT: -- I've also like to 

point out that --

MR. PERLMAN: Mr. v\7right, excuse 

sir. We have them. They are in the 

record. So you can proceed on another 

point. 
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Yes, but you did not 

receive them in the mail for your 

consideration. And I'd also like to 

point out --

MR. PERLMAN: We also, sir, did not 

receive your letter in the mail and 

various other documents that are 

submitted at the last minute. So they 

are in the record for 

MR. WRIGHT: Well, I submitted a 

two-page letter in compliance with your 

rules. That's what you received. 

THE CHAIR: Please proceed. 

MR. WRIGHT: I hope that that 

doesn't corne out of my time, Madame 

President. 

Also, I'd like to point out that the 

exhibits attached to the letter filed on 

behalf of the music school was not mailed 

to the members of commission, and since 

we are relying on that letter as well and 

are adopting all of its arguments, again, 

that's a violation of due process. 

Now to the merits. To quote the 

words of former Planning Commission 
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Member Jane Usher in response to a 

previous ill-conceived Hollywood project, 

this is a project where the developer 

comes before the commission asking for 

the sun, the moon, the stars, and there's 

not even a hint or whisper of it being an 

appropriate request. 

In this case, Millennium comes 

before you asking for the sun, the moon, 

the starts, the Milky Way, the universe, 

and apparently dark matter, a mysterious 

component that mayor may not exist in 

our universe. And dark matter is 

precisely a good name for what passes for 

the project description in Millennium's 

EIR. I hope you had a chance to at least 

read that. 

As far as I can tell, the city 

planning director proposes to grant a 

black box design envelope surrounding the 

city's iconic Capitol Records Building. 

It's a project that cannot be seen now 

prior to discretionary decision-making 

and will only be revealed to the public 

after construction begins sometime within 
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the twenty-two-year life of the 

development agreement. So don't hold 

your breath on those jobs. 

What will the project be? Will it 

be 200 hotel rooms or zero rooms? Will 

it be 492 condos? Will it be 492 

apartments? None of those, but maybe 

mostly commercial or not? Will there be 

a health club, of what size, or not? 

Hey, how about a giant observation deck 

on top of the two 585-foot-tall towers 

that has a bar or maybe a restaurant, or 

not? Or maybe the towers will be low 

massive affairs, only 220 feet tall, 

which will be surrounding the Capitol 

Buildings, which itself is only 150 feet 

tall. 

Will the above boxy above-ground 

parking podium be three stories, seven, 

or fifteen? It depends on where you look 

in the documents. There is no defined 

project here, and that is required by 

CEQA. The whole idea of a project 

description is to describe a proposed 

project, identify the anticipated 
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impacts, and impose feasible mitigation 

measures. That is not happening here. 

The project description is amorphous and 

slippery, purposely written to allow 

infinite combinations of these possible 

land uses within a black box design 

envelope granted by the city. And it 

would make every developer in city say, 

hey, I want one of those black box design 

envelopes, too, for twenty-two years. 

So think about the precedent that 

this concept would create for you. Would 

it be, let's Do Real Planning, or would 

it be, let's hand over our land-use 

authority without knowing what the 

project will be? We contend it's the 

second one. 

Because there's no finite project 

description which CEQA mandates and this 

is a fatal flow that cascades all the way 

through the entire EIR, depriving you, as 

a decision-maker, and the public of any 

meaningful ability to assess the impacts 

or identify mitigation measures -- it 

must be denied by you. On this ground 
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alone, it's legally deficient. 

In addition to our own appeal 

documents and exhibits, the comment 

letters, particularly by the music school 

and the condos at the W Hotel, filed by 

their representatives, raise innumerable 

fatal additional defects, all of them 

coming from this fatal project 

description. 

And the city planning department has 

apparently adopted this without any 

critical review. No one from planning 

could stand before you with a straight 

face and tell you that they exercised 

independent judgment in adopting this EIR 

and black box design envelope as the 

city's own work. It's planning 

malfeasance to allow this project to go 

forward or this far in the planning 

process, without requiring a defined 

project. 

Therefore, our client -- my clients 

hereby adopt and endorse all objections 

in evidence submitted into the record 

that demonstrates the EIR is fatally 
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flawed in countless ways. 

Our appeal also pointed out that the 

advisory agency's adopted policy that 

condominiums in congested parking areas 

like Hollywood require 2.5 parking spaces 

per dwelling unit. Attached to our 

comment letter today is a copy of that 

policy, pages, and also the analysis of 

the Hollywood Gower project in a -- in a 

case that we succeeded against the city 

recently. 

In those in that project, the EIR 

was set aside due to flawed parking 

analysis and a denial of a fair hearing. 

In that case, our evidence established 

that the same planner who acted as the 

advisory agency in this case accepted new 

environmental review documents and 

revised findings drafted by the 

developer's consultants without making 

any independent review of the new 

parking. We proved in court he never 

looked at it before the final hearing. 

Those actions were found in our favor by 

the court as a derailment of the CEQA 
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process of the city, and this commission 

and this city council's approvals of the 

deficient EIR were set aside by the 

court. 

The Millennium project's EIR solves 

the advisory agency parking problem by 

making it disappear like that dark matter 

of the universe. The EIR fails to 

identify it as an applicable land-use 

policy. There's no discussion of it, and 

therefore, it -- it essentially 

constitutes an implicit secret relief 

from the advisory policy without 

disclosing it. 

There's also further parking 

reductions from the existing lower code 

required for apartments, and thus, the 

parking analysis for this reason alone is 

fatally flawed. 

When this was pointed out at the 

advisory agency planner, at the hearing, 

he ignored it, and does not discuss it in 

the determination letter before you. 

This is staff misconduct. It violates 

CEQA mandate to disclose the facts in 
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good faith, analyze them, to identify 

impacts, and implement feasible 

mitigation measures. Simply ignoring 

mandatory legal duties is not good faith, 

and on this ground, you should find that 

the EIR is deficient. 

Finally, the entire entitlement 

proposed for Millennium is based upon the 

Hollywood Community Plan adopted last 

year by the city. That plan is 

currently -- has three lawsuits 

challenging it, including one by the 

Silverstein Law Firm, where we just 

exposed a pattern and practice of the 

city attorney's office to purposely 

exclude materials required by law to be 

CEQA -- part of the CEQA administrative 

record. 

After the trial court ordered the 

city attorney to comply with the law, 

suddenly our administrative record had 

50,000 additional pages that had been 

excluded under this policy for years by 

this city. When those cases are heard on 

the Hollywood Community Plan, we expect 
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them to be over -- the Hollywood plan to 

be overturned. And, therefore, you 

should not proceed with consideration of 

such a massive project of this size until 

the Hollywood Community Plan challenges 

are resolved. 

And with that, I reserve one minute 

for rebuttal and step aside for the 

remaining appellants. 

Thank you for your close attention, 

commissioners. 

THE CHAIR: Please introduce 

yourself. 

MR. DE LA CRUZ: Good morning, 

commissioners, or good afternoon. I lost 

track of time. Victor De la Cruz with 

Manatt, Phelps & Phillips. I'm here on 

behalf of AMDA College and Conservatory 

of the Performing Arts. 

I am pleased to be here today to let 

you know that AJ'vlDA' s concerns about the 

project and EIR have been resolved, and 

we have withdrawn our appeal and our 

comments on the Environmental Impact 

Report. We thank Millennium, and we 
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thank the council office, for working 

closely with us to resolve our concerns, 

and look forward to seeing this 

transformative project create a new 

vibrant environment not only for AMDA, 

but for all of Hollywood. 

Thank you very much. 

MS. GEOGHAN: Mr. and Mrs. Jim 

Geoghan on behalf of the aforementioned 

communities, would like to waive our 

time, if possible, to the legal counsel, 

Mr. Wright, for his rebuttal. 

THE CHAIR: The appellants are 

within the time, so there's no waiving. 

It's -- now's your bite at the apple. 

MS. GEOGHAN: Okay. So the -- the 

thing is we have over 1,000 signatures on 

a petition against it. We have three out 

of the four Hollywood neighborhood 

councils have opposed it, and the 

Hillside Federation, which I believe is 

twenty to thirty organizations, have 

opposed it. And we -- I'm very confused 

as to Mr. Aarons constantly saying in 

articles that he wants community input. 
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I think he's gotten enough community 

input. And we would also -- for the 

record, I'd like to say that Mr. Garcetti 

has been contacted, and he has denied 

this project in interviews and at 

debates. One was the night before our 

first hearing here, February 19th. 

that's a problem. 

And 

We are very much against the 

conflict of interest of the person who 

recused himself today of even being the 

architect on this project. And also that 

this is to protect and preserve the area. 

The LA Conservancy has corne out on their 

own website; they're against this. 

Hollywood Heritage is against this. 

is not framing the Capitol Records 

This 

Building. If you stand on one corner, 

maybe you'll be able to see the Capitol 

Records Building. And the welcoming 

thing, Mr. Aarons? Well, first of all, 

Mr. Aarons in an interview said that he 

wants to build bold things that are the 

new Hollywood landmarks. We have a 

landmark, and your buildings will be 
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obstructing it. 

And the welcoming thing for the 

community? Great. Ground level? 

Beautiful. Give us the green, give us 

the bike shop in the building. Give us 

all of that stuff. The jobs? Fantastic. 

I grew up in New York City. I worked in 

three hotels to pay my way through 

school. There were plenty of jobs, and 

none of the buildings were fifty-five 

stories in midtown Manhattan. So where 

does a building have to be fifty-five 

stories and higher to create jobs, to 

create community, to bring people to an 

area? 

area. 

Develop, build, revitalize this 

But, no, we don't want the whole 

skyline reinvigorated, as your website 

says. 

The neighborhood councils that 

opposed this have been beaten up on 

Millennium's website, and we're filing 

reports that they've represented what 

went on at neighborhood council meetings 

many of us were at. They've denied. And 

they the fact that they oppose them, 
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we kind of thought that with all the 

money, they didn't have to go after the 

little community neighborhood councils. 

And that's what I have to say. No 

elimination of the D thing, the heights 

are ridiculous. You know this is insane. 

We know this is insane. The whole city 

knows it's insane, but you're going to 

build it. Wait. 

THE CHAIR: Can you state your name 

one more time for the record, please? 

MS. GEOGHAN: This is Jim Geoghan 

from Whitley Heights. 

THE CHAIR: Thank you. 

MR. ABRAHAMS: George Abrahams, 

Argyle Civic Association. 

What's really flawed with this whole 

project is the planning concept itself. 

Transit-oriented development is a failed 

planning model. The reason that it does 

not work, has not worked, and will never 

work, is because TODs are self-limiting. 

Once traffic congestion becomes 

intolerable, people start leaving the 

area, and new residents simply decide to 
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live elsewhere in less dense areas. 

Thus, the required density to make mass 

transit viable is never achieved. The 

only way to get to the required density 

would be with a Berlin Wall, to keep 

people from escaping like in the Cold 

War. 

The only city which does have what 

amounts to a Berlin Wall and the density, 

is Manhattan, where there is the Hudson 

and the East River. But Los Angeles is 

surrounded by broad expanses of open land 

and that's where the people will go. 

In some cities, TOD advocates, 

having failed to convince people to agree 

with their ideas, have reacted by trying 

to force people to follow them. But even 

these cities, which tried to artificially 

create a Berlin Wall by prohibiting 

construction of single-family homes in 

the suburbs surrounding the central city, 

such as Sydney and Melbourne, Australia, 

had to abandon stringent urban 

containment policies when housing became 

prohibitively expensive and politicians 
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faced a revolt at the polls. 

Sir Peter Hall, in a classic work 

forty years ago, The Containment of Urban 

England, led an evaluation of the effects 

of the British Town and Country Planning 

Act of 1947, between 1966 and '71. The 

principal purpose of the act had been 

urban containment using the land 

rationing strategies of today's smart 

growth, such as urban growth boundaries 

and comprehensive plans that forbade 

development on large swaths of land that 

would otherwise be developable. 

The finding of Hall and his 

colleagues were echoed later by a Labor 

government report in the mid 2000s which 

showed housing affordability had suffered 

under the -- this planning regime. 

England is now embarking on a program to 

liberalize the restrictive land-use 

policies, just as New Zealand did in 

2011. And also in 2011, Florida repealed 

its statewide smart growth mandate and 

closed the administrative bureaucracy 

that had overseen the program. 
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Mass transit is another failed 

component of TODs. According to the U.S. 

Census American community survey, travel 

to work in Los Angeles by mass transit 

takes 1.73 times longer than travel by 

car. Listen to what Wendell Cox, a 

former three-term member of the Los 

Angeles Country Transportation 

Commission, appointed by Mayor Bradley 

has his own planning firm. He's a 

fellow -- a senior fellow of urban 

policy. In this Canadian study, 

Improving the Competitiveness of 

Metropolitan areas, in which he concluded 

that long commute times undermines the 

productivity of Canadian municipalities. 

"There's much concern about the 

competitiveness of the nation's 

metropolitan areas. Particular attention 

has been directed towards the generally 

longer commute times of Canadian workers 

and the diminished competitiveness that 

occurs as a result. While the prospects 

for improving transit commute times are 

discouraging, some current strategies 
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could increase traffic congestion, 

lengthy commute times, and make 

metropolitan areas less competitive. 

Compact cities, also called smart growth 

policies, have been adopted across Canada 

in an effort to reduce automobile use and 

increase urban densities. International 

data indicates that higher densities are 

associated with greater traffic 

congestion, and data from U.S. 

metropolitan areas indicate the commute 

times are longer where employment 

densities are higher. The most recent 

data indicates a strong relationship 

between greater transit use and greater 

traffic congestion. Further, higher 

traffic densities are strongly associated 

with higher levels of air pollution." 

So when you combine a TOD policy 

that can never increase density beyond 

the point where you have traffic 

congestion, with the net effects of 

traffic congestion that makes the city 

less competitive than other cities that 

are not congested, you have the 
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prescription for the only outcome -- a 

failed, unlivable city. 

Can we have -- tell me how much time 

we have left? 

THE CHAIR: An update. You have 

eleven minutes left for this -- you have 

eleven minutes left for the appellants. 

MR. ABRAHAJ'vlS: Okay. I'm going to 

use three more minutes. 

Okay. 

THE CHAIR: There's -- there's three 

others behind you. So --

MR. ABRAHAJV1S: Yeah. Well, I tell 

you what. If they want to corne up, they 

can speak -- yeah, they'll speak, and 

I'll finish up. 

MR. CHAVEZ: Dear commissioners, I 

am Alex Chavez, president of the 

Hollywoodland Homeowners Association. 

Hollywoodland is a community 

located -- is a community located 

directly beneath the Hollywood sign. 

it's comprised of 550 homes and 1,200 

residents. 

We oppose Millennium Hollywood's 
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plan to build two giant skyscrapers in 

our community. 

We're not opposed to development. 

We want to be very clear about that. liJ e 

like community development and the jobs 

it create, and its contribution to our 

local economy. But we are horrified by 

the looming threat of gross 

overdevelopment, which is what Millennium 

Hollywood means to us. 

On its face, the project sounds like 

it might be a good idea. Here's the 

glowing way they describe themselves in 

their literature: "Millennium Hollywood 

will transform a series of surface 

parking lots into transit-oriented 

pedestrian-friendly development. We will 

further the resurgence of Hollywood as a 

place for Angelenos to live, work, dine, 

and play, and for the rest of the world 

to visit." 

That sounds really nice, doesn't it? 

Well, let me explain why for the people 

of Hollywood it's not so nice. 

First of all, two buildings over 
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fifty stories high are an absolute insult 

to our community. Fifty stories? Why 

not seventy-five stories? You know, why 

not a hundred stories? Think of all the 

jobs we could create. 

Here's why two fifty-story buildings 

are grossly inappropriate. The Capitol 

Records Building is thirteen stories. 

The W Hotel is twelve stories. The 

Sunset Vine Tower outstrips the other two 

at twenty stories. But Hillennium 

Hollywood aspires to be two or three 

times higher than any other buildings in 

our community. That is not just a 

(indiscernible) violation for a skyline, 

but it violates us in countless other 

ways, as well. 

We don't have the infrastructure to 

support this colossal constructions. We 

don't have the roads to support all the 

people that would live and work and 

commute to and from these buildings. 

don't have the emergency services that 

would serve them and continue to serve 

the rest of us in an efficiency way. 
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don't have the parking space to 

accommodate the needs of these goliath 

structures. 

We have heard approval from union 

members and the business community voiced 

at previous hearings. I am a union 

member, and I am an entrepreneur who has 

started and operates several business. 

But we cannot give blanket approval to 

these megastructures just because they 

create jobs and business. If a project's 

built at fifteen or twenty stories, as 

might be appropriate, it would still 

create jobs, and it would be great for 

our economy. We don't need two fifty

story buildings to create jobs and 

business, if in the long run, they hurt 

our community. 

As a union member, I would never 

want any other union workers to suffer 

job losses because Millennium Hollywood 

fails to move forward. But why the 

outrageous and oversized plan? Don't 

they have the responsibility to present a 

reasonable alternative for this 
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development? 

All these questions remain 

unanswered. I hope the city planning 

commission will consider all these 

important questions before moving this 

project on to the next phase. 

On behalf of the neighbors of 

Hollywoodland, thank you for listening. 

MR. WILL IAJ'vlS : James Williams. We 

have seven minutes on the clock. 

MR. JOHNSON: Good morning. My name 

is -- good morning, Madame Commissioner, 

commissioners. My name is Greg Johnson. 

I am a representative of the Hollywood 

Dell Civic Association appeal, and I am a 

resident of the Hollywood Dell and a 

member of the Hollywood Dell Civic 

Association. 

The association has more than 1,500 

single-family homes, condominiums, and 

apartments. I'm representing in excess 

of 5,000 residents within 500 feet of the 

project. 

I'm also a commercial real estate 

broker, and believe that Hollywood should 
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be redeveloped reasonably and 

proportionately to the size of existing 

structures, historic buildings, and in 

concert with surrounding residential 

communities. 

The HDCA appeal both jointly and 

individually, the advisory agency's 

determination letter, because we believe 

the advisory agency failed to adequately 

consider the impacts the proposed project 

will have on surrounding commercial and 

residential communities. These impacts 

are based upon the project's proposed 

size, massing, scale, height, land use, 

traffic generation, reduced onsite 

parking allocation, and increased noise, 

light, and air pollution. The project's 

1.1 million square feet is grossly out of 

scale to other Hollywood projects, both 

existing and planned, and larger than all 

but a handful of buildings in Los 

Angeles. 

With 2 towers of approximately 585 

feet in height, the project would contain 

two of the fifteen tallest buildings in 
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The resulting density and 

height of the project would dwarf the 

historic thirteen-story Capitol Records 

Buildings and all other existing 

structures in Hollywood as well as the 

fifty-seven city-approved projects slated 

for Hollywood development, none of which 

exceed thirty stories. 

The fifty-story towers will block 

views to and from Hollywood Hills, 

obscure views of the Hollywood sign, and 

appear from various locations throughout 

the city to be taller than Mount Lee, 

while casting significant shadows across 

hundreds of homes and apartments. 

Increased traffic generated from the 

project will essentially landlock our 

neighborhood during peak A.M. -- P.M. 

travel times, increasing traffic density 

along both Franklin Avenue and Cahuenga 

Boulevard, issues the project's proposed 

traffic mitigation simply ignore, 

which -- and also hitting two of those 

highly impacted intersections. 

Our neighborhood is located less 
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than 500 feet from the project. Noise 

and light generated from the outdoor 

venues proposed for the project will be 

directly transmitted into our yards and 

residences. 

Additional traffic congestion 

generated by the project's proposed 

observation deck, record court and 

performance plaza were not considered in 

the EIR or in calculations for onsite 

parking. 

Further, failure of the project to 

conform to any CEQA guidelines -- to many 

CEQA guidelines, including the provisions 

to provide a stable and accurate project 

description, an identify of a five-mile 

study area for CALTRAN traffic studies, 

an AQMD air quality studies, as well as 

an additional CEQA failure by the city 

and the project's EIR to cumulatively 

consider the impacts the Millennium 

project in relation to the fifty-seven 

current Hollywood developments. 

which have been taken into 

All of 

consideration -- should have been taken 
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into consideration by the advisory agency 

prior to issuing the determination letter 

in favor of the project's vesting, tract 

map, variances, and development. 

In regards to the proposed 

variances, each of the eight variances do 

not meet the threshold for grant var --

to grant variances, specifically under 

the LA city charter and under the LA 

municipality code. A variance cannot be 

granted to give relief from self-imposed 

hardships and cannot be granted unless 

the following is true: 1) the strict 

application of existing law would result 

in practical difficulties or unnecessary 

hardships on the applicant. There are no 

existing laws. Practical difficulties or 

hardships on the applicant -- the 

original three to one FAR on the property 

would allow today a 583,000 square foot 

mixed-use project with similar mix of 

uses to be developed that would 

significantly reduce traffic congestion, 

the size, both scale and height of the 

project. 
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Item number 2, the -- under these 

variances, the special circumstances 

applicable to the property that do not 

apply to other properties in the same 

zone or vicinity. There are no such 

special circumstances. 

Number 3, the variances necessary 

for the applicant to preserve and enjoy 

substantial proper right -- propert -

property rights, which because of the 

special circumstances and difficulties, 

other property owners in the same zone or 

vicinity get to enjoy. There's no such 

property rights in existence. 

4, the granting variance won't be 

material or detrimental to public or 

injurious to other property owners in the 

same zone or vicinity. As detailed 

earlier, granting any or all of the 

variances would be detrimental to the 

other property owners adjacent to the 

project. 

HR. WILLIAHS: Three minutes left. 

HR. JOHNSON: Thank you. 

Prior to the vote -- well, I'll cede 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074913 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 107 

the rest of my time to other speakers. 

THE CHAIR: I encourage you lift up 

new issues should there be some, too. 

MS. SCHWARTZ: My name is Sarajane 

Schwartz. I'm a current board member of 

the Hollywoodland Homeowners Association 

and past president. 

For thirty-five years, I've been a 

resident of Hollywoodland, eagerly 

awaiting the proper development of 

Hollywood, not its public rape. The 

unprecedented scale and mass of this 

project is totally inappropriate and 

outrageous. The almost hundred-year-old, 

already gridlocked streets and limited 

infrastructure cannot support this 

project. 

If you approve this project, you 

will presiding over a wake for Hollywood. 

As resident -- as residents flee an 

overly congested neighborhood, as a 

tourist destination, visitors do not corne 

to Hollywood to see skyscrapers that 

obliterate iconic landmarks. As an 

entertainment capital, as the many 
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entertainment-related events with street 

closures will have to find a new, less 

congested area, and of our residents, who 

no doubt will suffer deaths due to the 

inability of emergency vehicles to reach 

their destinations. Or even worse, the 

inability to evacuate the hills in case 

of a fire. 

I urge you to reject these twin 

tombstones that will bring about the 

death of Hollywood and undoubtedly some 

of its residents. It's too big. 

MR. WILLI~lS: One minute twenty 

seconds. 

MS. SCHWARTZ: Everything else that 

the developers presented is smoke and 

mirrors. 

Thank you. 

MS. REICHENBACH: Geez, I hope I can 

do this. 

Hi. My name is Fran Reichenbach. 

I'm with Beachwood Canyon Neighborhood 

Association. I'm going to be real brief. 

We're not for no development; we're 

for smart development. Development in 
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this area has always been 150 feet or 12 

to 14 stories, to maintain the historic 

scale. Hollywood Boulevard itself has 

continued to honor this historic scale. 

Even the W Hotel maintained the scale. 

To create skyscrapers where -- means that 

preservation of Hollywood doesn't mean 

anything. This -- this project lacks 

specificity as required by CEQA. It 

doesn't address major impacts on traffic 

infrastructure or emergency response 

resources. And the developers and city 

staff say that these impacts are less 

than significant. 

Yet, three out of four neighborhood 

councils reject the project. Many other 

groups join them, including Hancock Park. 

The neighborhoods north of Franklin 

already suffer extreme and extended 

response times. As a matter of fact, the 

fire department will take longer to 

respond to calls in these two towers 

since the traffic is expected, according 

to those -- those documents, is expected 

to be gridlocked after the project is 
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built. 

There's no -- I'm just going to go a 

tiny, tiny bit. 

There's no 

THE CHAIR: I can give you about 

fifteen seconds if you can wrap up, 

please. 

MS. REICHENBACH: Okay. There's 

no -- there's no mitigation in place to 

adjust these impacts. I would caution 

the city attorney to pay attention to the 

things that Silverstein law group put 

before you, at the beginning of this. 

Okay. 

THE CHAIR: Thank you. I appreciate 

them. 

Okay. We now have some comments 

from the mayor and council offices. 

Excuse me? 

A break? Okay. 

Yes, nature calls. We're going to 

take a five-minute break and we will 

return and we'll resume with excuse 

me. I just I want to be clear what 

we're going to be resuming with. 
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comments from the mayor's office and the 

council offices when we return. 

Take a break. 

(Recess) 

THE CHAIR: Okay. We're back on. 

The city planning commission. If I can 

have -- folks, please take a seat and 

calm their voices. 

This is a little awkward. Nature 

did call, and so it was urgent. But what 

we're going to do is hear from the 

mayor's office, the council offices, and 

LAHD. This is the city family. And then 

we're gong to be breaking for lunch. And 

so I apologize for that, but that calls 

as well. You want us to have sustenance 

as we consider this complicated case. 

And I will let folks know that there is a 

farmer's market just outside of city hall 

if you want to take advantage of that 

during the lunchtime. We will take a 

very quick lunch, so that we can corne 

back and hear the remaining of public 

testimony. We have over a hundred 

speakers, and so we're going to be 
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thinking about how to organize our time 

regarding that. 

But for now, we will hear from Brian 

Currey, from the mayor's office, from 

Marcel Porras, from the councilman's 

office, Rushmore Cervantes from LAHD, and 

I believe that's and Councilman 

LaBonge, as well. 

Please begin, Mr. Currey. 

MR. CURREY: Good afternoon. I'm 

Brian Currey. I am counsel to the mayor 

and deputy mayor for economic and 

business policy. I'm pleased to be here 

on behalf of Mayor Villaraigosa in 

support of the project. 

Millennium Hollywood will be a 

transformative, mixed-use, equitable, 

transit-oriented development project that 

will preserve and frame the iconic 

Capitol Records Building. 

The project will transform a series 

of underutilized parcels in Hollywood 

into a new pedestrian and bike-friendly 

meeting place for the community and for 

visitors to our city. 
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The proposal makes a huge step 

forward towards the vibrant, active and 

economically prosperous Hollywood that we 

envision for the future. v'iJe need to 

bring investment and activity back to our 

key urban hubs, places with excellent 

transit options and the potential for 

increased jobs and economic activity. 

I'd like to thank the planning 

department, their staff, and the 

commission for thoughtful consideration 

of the project. It is a very important 

project for the city and for Hollywood in 

terms of its economic impacts on the 

neighborhood and on the city as a whole. 

The project will involve between half a 

billion and a billion dollars of capital 

investment into our city. Some 6,000 

construction jobs under a project labor 

agreement will be part of the project 

with an emphasis on local hiring for 

people in Los Angeles. Hore than 1,000 

permanent jobs will be located at the new 

facility. There will be some 15 million 

dollars in upfront monies for the city 
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and another 5.8 million in annual 

revenues to the City of Los Angeles. 

We need continued renewed investment 

in our communities. This is exactly the 

sort of elegant density along transit 

hubs that forms the framework for our 

vision of a future Los Angeles, that is 

more sustainable, that is less dependent 

upon automobiles, and that remains 

vibrant. 

Thank you very much. 

THE CHAIR: Thank you. 

MR. PORRAS: Good afternoon. Marcel 

Porras, senior planning and economic 

development deputy for Councilmember 

Garcetti. 

Councilmember Garcetti does not 

support the project as is currently 

envisioned, because the proposed height 

is out of scale with the Hollywood 

landscape and does not have 

THE CHAIR: Thank you. I appreciate 

your enthusiasm, but I don't want to set 

a precedent for clapping or booing or any 

of that going forward so that we can stay 
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on point. Thank you, though. 

Please continue. 

MR. PORRAS: -- and does not have a 

broad enough level of support throughout 

the community. The councilmember looks 

forward to working closely with 

Councilmember Tom LaBonge, community 

groups, and residents to assess other 

options at this site in collaboration 

with the developer that would continue 

the progress we have seen in Hollywood in 

recent years. 

Thank you. 

Thank you. 

Madame Chair. 

THE CHAIR: 

I have my card now, 

Thank you so much. 

MR. LABONGE: Good morning. I want 

to thank Councilman Garcetti for all the 

work that he has done in Hollywood. 

I really think that's a very good 

I --

statement that was made, because we work 

together. We work together. There's no 

borders. 

Seven years ago -- Rushmore 

seven years ago I was with Mayor 
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Villaraigosa. We were at the -- walking 

through the construction at the 

observatory. And the mayor went, Tommy, 

highrise all along Wilshire. And I said, 

Mr. Mayor, park mile specific plan, 

meaning there's a balance. And, yes, we 

want development, but there's certain 

zoning that needs to take place. Let's 

have a discussion on the right height. 

I'm a -- I'm a Griffith Park hiker every 

day. And you look at there and it's --

it's taller than what I think it should 

be. What is the right height? That's 

something for the planners, for the 

planning department. Where's Michael 

LoGrande? He's probably on the top of 

this building, seeing if it's the right 

height. 

So I just wanted to say as you 

consider this, I think there's a 

tremendous aspect to the project on the 

ground floor. Jobs are real important. 

But I don't want to see it so tall that 

it affects the psyche of Hollywood, which 

is special. The thirteen-story, very 
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special Capitol Records Building is very 

complementary to the area, but design 

that's appropriate is what I suspect. 

And I want to, in the future, to be able 

to put the arms around both the people on 

that side of the room and the people on 

that side of the room, to build a better 

Hollywood with the blessing of the 

planning commission. 

Thank you very much. 

THE CHAIR: Thank you. Thank you. 

MR. LABONGE: I do not support the 

height. I do support a project, but I do 

not support the height. And that's a 

real big -- the tallest building in 

Hollywood, I want to let you know, is 

you know how many stories? 

THE CHAIR: You're going to tell me. 

MR. LABONGE: Twenty-two stories, 

twenty-two stories. So figure out a 

balance. Twenty-nine, thirty-six, forty-

two, hike. 

THE CHAIR: Thank you. 

Please. 

MR. CERVANTES: Good afternoon, 
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commissioners. Rushmore Cervantes, 

executive officer with the Housing 

Department. 

THE CHAIR: We thought you were the 

mayor. 

HR. CERVANTES: Yes. Well, 

I'm -- I -- I made the unfortunate 

mistake of allowing Councilman LaBonge to 

speak in front of me. I always hate 

following him after he speaks. But 

I'm here just very briefly to the 

commission what the developer has offered 

to the City of Los Angeles relative to 

community benefits. 

They negotiated with the Los Angeles 

Housing Department to provide eight -

approximately 4.8 million dollars that 

would go into the affordable housing 

trust fund for the creation of affordable 

housing for large families at 50 percent 

area median income or below in two 

specific projects within the project 

area. 

And if for whatever reason either 

one of those projects do not become 
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viable, those monies will be retained 

with the affordable housing project --

trust fund, excuse me, and the housing 

department will provide affordable 

housing of a similar AMI in the same 

area. And these projects will not 

require any additional city funds to go 

along with that. So at the very least, 

for the community benefit for the 

affordable housing piece, they're 

providing a substantial amount of money. 

So I just wanted to go on the record to 

let you know what they've offered. 

Thank you. 

THE CHAIR: Thank you very much. 

So with a little bit of awkwardness 

and embarrassment, we are going to break 

for lunch. But I promise you that we 

will have a long involve -- well, I'm not 

going to promise long; you will deliver 

long -- hearing for us. But we will 

consider all of your comments, so again 

there's a farmers market. We're going to 

be taking thirty minutes for lunch, so 

that we will return in thirty minutes 
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from now. 

(Recess) 

THE CHAIR: Okay. So a city 

planning commission meeting, March 28th. 

We've gone back and forth about how to 

organize the public comment period, 

because we have so many public speakers. 

And we appreciate the interest and the 

passion, and we want to hear from as many 

folks as possible and get as much 

testimony as possible. 

And so what we've decided on is that 

we're going to split the time. Forty-

five minutes for those who support; 

forty-five minutes for those who are 

opposed. 

And as opposed to calling the 

speaker cards as folks corne up, if you 

will state your name, so that we know 

that you have in fact submitted a speaker 

card, and we'll have that for the record. 

And we'll be doing it in sequence, 

so I will those who were in support of 

the project first; those who are opposed 

to the project, second. And what I will 
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ask is that you please -- so that we get 

as much information as possible relative 

to your point of view, that you seek new 

points. That we absolutely understand, 

we want to hear that you support a point 

that was already made. But if that is 

the extent of what you have to offer, 

that will allow for us to get as many 

folks within that forty-five minute 

period as possible. And I know that is a 

challenge; there's a great passion on 

both sides of this issue, and we 

understand that and want to validate 

that. But if you have heard your point 

made, it is important for us to know that 

you support that point, to say that, but 

you needn't necessarily reiterate to a 

great extent. What we want is as broad 

amount of information as possible, so the 

newer the point, that is something that 

is elaborated or giving us a different 

perspective, that's going to be valuable 

to us as we go forward. 

So right now, I'd like to call those 

who are in support. What I'd ask you to 
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do, is if you can line up behind the 

podium, please. Yes, this is going to be 

chaotic. I understand. If you see folks 

who you know and trust in the line and 

you want to cede time to them, perhaps, 

that is something that we encourage you 

to do. 

But I also urge you to limit 

yourself. Please be as judicious as 

possible about this. This is going to be 

pure chaos, I can tell. But -- so this 

is folks who are in support of the 

project. 

We're putting forty-five minutes on 

the clock. I urge you to, not 

aggressively but assertively tap one 

another on the shoulder when you're 

moving over a minute, probably, you need 

to do that, so we get as many people as 

possible. 

So please be sure you state your 

name for the record, and being. 

Please. 

MR. BROWN: Good afternoon. My name 

is Piedmont Brown. I'm the president of 
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I'm 

here on behalf of our members to support 

the Millennium Hollywood project. Right 

now we have members on the job in 

Hollywood on Sunset Boulevard building 

the new Emerson College. There's a lot 

of growth today in Hollywood. That's 

because years ago we made the right 

decision to build the Red Line subway. 

Local 433 helped in that project. v\! i th 

the Red Line in place, we could build new 

developments without a terrible impact on 

traffic. Millennium Hollywood is a 

transit-orientated development. The aim 

is to get people out of their cars, to 

get into the city and the urban 

experience. When we built the Red Line, 

people said no one would ride it. They 

said no one in Los Angeles would get on 

it and get on a train. Well, people do 

ride the subways, and they do live in 

high-rise buildings. Millennium 

Hollywood is a smart transit-orientated 

development. It's just what we need, and 
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We 

Thank you. 

MR. SMITH: Good afternoon, council, 

or commissioners. I'm Gilbert Smith and 

I am chair of the Ricardo Montalban 

Foundation, owner and operator of the 

Ricardo Montalban Theatre on Vine Street. 

Anybody know that theater? 

I'm doing my job. Thank you. 

I'm here in support of the 

Millennium project. As part of the 

infrastructure of Hollywood, I have a 

unique perspective. I grew up on 

Homewood Avenue. My grandmother bought 

property on Homewood to bring our family 

to Hollywood. My wife's parents carne to 

Hollywood in the 1920s. I walked the 

streets in the 1950s, when it was a 

burgeoning community corning out of World 

War Two. We had a very dark period, and 

I was asked to corne into the theater 

which was an abandoned, misused facility 

on the part of Hollywood and Vine, the 

entertainment capital of the world. 
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We have a unique opportunity here to 

create a new infrastructure, to service 

the new entertainment streaming and 

entertainment community. People still 

flock here to create entertainment, 

because the talent, the weather, and the 

infrastructure that's already in place. 

And for the most part, over the last 

twenty years, the entertainment community 

had fled from Hollywood and we're now 

bringing it back. 

One of the things that I want to say 

in closing is that I think that it's very 

important for the commission to establish 

with the developer and with the community 

stakeholders and with the community, a 

monthly meeting in the process of 

building this facility and this venue. 

We had that with the W project, because I 

was directly across the street, and we 

went through three and a half years of 

construction. There are many problems 

that are associated with that, with 

(indiscernible) people, organized as to 

how to corne to your venue and -- and 
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egress and ingress and just the monthly 

problems that are called. 

So anyway, thank you very much for 

your time. 

MR. HUNT: Edward Hunt, president of 

Melrose Hill Neighborhood Association. 

We support this project primarily 

because we'd rather see in transit-

oriented developments tall, slender 

towers that permit generous ground floor 

landscape pedestrian areas that are part 

of the view rather than blocking the 

view. And we'd rather not see short, fat 

towers that block the -- blot out the 

view and have only minimum ground floor 

landscape spaces. 

Wood. 

Thank you. 

MR. WOOD: Good afternoon. 

I'm here representing CIM. 

one of the largest landowners and 

Clyde 

We're 

stakeholders in Hollywood. We do support 

the project, and I'm just going to make 

two very brief points. 

The first one is that as landowners, 

developers, and any stakeholders, the 
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most important thing to us is consistency 

and predictability. And we support this 

project because it is consistent with the 

general plan and the community plan. 

There is no height district. The FAR 

increase is at your discretion. And the 

density is below the allowable density. 

The variances and CUPs they're requesting 

are only to allow uses that would provide 

the mix of amenities that you need in 

this kind of project. So people who are 

opposed to this project are not 

necessarily opposed to the project. 

They're opposed to the recent community 

plan that was just implemented. 

The second point is that when we 

invested in Hollywood starting over ten 

years ago, it was with a vision that 

catalytic projects like Hollywood and 

Highland, the W Hotel, the subway, all 

were subsidized by city dollars. With 

the redevelopment agency gone now, all we 

have is private development. And this is 

exactly the kind of project that was 

envisioned when those projects were, 
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because those were catalytic, in order to 

be a catalyst for new private investment. 

So here you go. Here it is, right in 

front of you. And this is what we need, 

because this is what will bring jobs, 

sales taxes, TOT taxes, to the city, and 

we desperately need that. 

Thank you. 

MS. BECKLUND: Hi, my name is Laurie 

Becklund. I'm a Dell resident. I'm 

speaking in support of this project but 

with changes. 

Briefly, I do approve myself of this 

density unless there are other ways of 

doing it. I did not unalterably oppose 

the high rises. 

What I wanted to ask you is just 

five quick point -- recommend you to five 

quick points I think are not being 

addressed here. 

THE CHAIR: This is support? 

MS. BECKLUND: Yes, I am in support 

of this. I'm trying to help make this 

happen. Definitely. 

I think the people from -- I mean, 
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the Dell, but I think people will 

realize -- I was part of the neighborhood 

meetings and we had to vote on what do 

you want. I actually voted for the high 

rise. And I appreciate Millennium as a 

developer. But some of these things will 

not work -- I was just talking to Phil 

Aarons about this -- unless we make sure 

they're addressed. And two of them 

technically are scoping problems. One of 

them is, they did not check the ability 

to divide a community because of lack of 

access here. As you can see, we're 

already divided, unfortunately, in two 

lanes here. Communities are opposing 

this increasingly. There's a reason. 

That needs to be examined. 

Secondly, if you check no air 

traffic. There are helipads. I think 

that should be looked at. That's been a 

problem for years. 

Mainly, I wanted to ask you to use 

your power as visionaries and planners, 

not just as project approvers or even 

local Hollywood approvers. If you can 
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pretend for a second that we're in the 

year 2035, if we leave this -- if we 

leave the traffic issues the way they 

are, even in the best-case scenario, 

there will be no study out of traffic 

anywhere in the hills and there will be 

no access --

THE CHAIR: Ma'am, my impression -

can you stop the clock -- my impression 

is that this is actually probably better 

suited for the opponents relative 

MS. BECKLUND: No. 

THE CHAIR: to what 

MS. BECKLUND: I tried 

THE CHAIR: you're asking for 

changes. 

MS. BECKLUND: -- I tried to do a 

public statement, but he said I -- a 

general statement, but he said I 

couldn't. I -- I'm sorry. I --

THE CHAIR: Okay. So you filled out 

a general statement card? 

MS. BECKLUND: No, I -- I asked a 

question, and apparently that counted. 

But I -- I mean, truly, I can be neutral. 
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I mean, I -- whatever you -- I'll wait. 

You tell me. Just --

THE CHAIR: Finish your comment 

and 

MS. BECKLUND: Okay. 

THE CHAIR: we'll start the clock 

when you're finished. 

MS. BECKLUND: I ask you to be 

visionary about this. You're right 

now, as a community, this whole Hollywood 

thing is -- is permanently having 

gridlock there. I ask you if you have 

the cat park at one end and the redoing 

of Cahuenga Pass to NBC Universal, to 

look at what that is going to look at 

with thousands of sensitive receptors, 

and one of them in this area, as smog 

builds over twenty-two years. 

Please address that interim thing 

for everybody's sake. It's an 

opportunity to make Hollywood amazing and 

also deal with that. 

Secondly, I encourage you to think 

about jobs that may be lost if the 

permeability and the drive-through here 
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is not certain. It's not just hiring 

there. It's people who are unable to get 

to work in other places because it takes 

too long; they can't get there. 

The last thing is, one of the things 

the Hollywood community plan talks about 

is preserving local communities. And I 

just talked to Phil Aarons about this. 

If right now in the community plan, 

somebody had edited they're saying into 

the community plan saying preserve viable 

neighborhoods. Hollywood Dell and some 

of these others -- are they viable? 

not, please tell us now. 

Thank you. 

MR. MILLER: Good afternoon, 

If 

commissioners. I'm Ron Miller, executive 

secretary of the Los Angeles Orange 

County Building and Construction Trades 

Council. We represent 140,000 craftsmen 

and women across fifty-two different 

affiliated local unions and fifteen 

different trades. 

We support the Millennium Hollywood, 

and we urge you to approve today. 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074939 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 133 

Hollywood has a great heritage. And 

thanks to the hard work and residents and 

businesses, there's been a revival in the 

last ten years. Now the Millennium 

project is here to accelerate that 

effort. It's the right project at the 

right time. It's transit-orientated. It 

will encourage use of the subway. 

You know, I have many brothers and 

sisters in New York, Chicago. They walk 

out their door in the morning with their 

tool bags slung over their shoulder, and 

either walk down the street to a job or 

they walk down the street to the subway 

station and get on there and go to work. 

That's what I have envisioned for LA. I 

want my members to be able to sell one of 

their cars and -- and be able to live in 

a community that they work, or be able to 

get on the subway and go to work. 

So I urge you to approve this 

project. 

Thank you. 

MR. HALE: Good afternoon, 

commissioners. My name is Gene Hale. 
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I'm chairman of the Greater Los Angeles 

African-American Chamber of Commerce, 

which represents over 400 African-

American businesses. 

We support this project for two 

reasons: one, with the unsolicited 

support of the developer to create what 

we call commonly known as STEM 

scholarships, that would have an 

immediate impact on the future workforce 

of this -- this region. The second is --

is because of the number of jobs that it 

would create, not only for small 

businesses but for veterans as well. 

So we urge you to support this 

project. 

Thank you. 

MR. HARRIS: Good afternoon. I'm 

Bill Harris. I'm the executive director 

of Hollywood Community Housing 

Corporation. We're a nonprofit developer 

of affordable housing for low-income 

families, people with disabilities, and 

the chronically homeless. 

I've worked with Millennium 
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Hollywood for the past number of years. 

They're supported several of our 

community services, directly. I am very 

excited and about their donation to LAHD 

of 4.8 million dollars, that's over a 

hundred units of affordable housing for 

people desperately in need. 

I fully urge you to support this 

project and approve it. 

HR. RIERSON: Good afternoon. Lee 

Rierson. I'm a resident of Hollywood 

90068 and operated a business employing 

about 200 people in Hollywood 90028. 

I support this project. I think 

Hollywood, having lived there and worked 

there, has a desperate need for 

developments like this. The flat parking 

lots and the decrepit, underutilized 

buildings that sort of dot the horizon 

there, have outlived their uses. And 

this kind of development is what we need 

to encourage as a community. In my 

opinion, and the fact that Hollywood can 

and does attract this kind of 

development, I think is something that we 
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should take advantage of, and the time is 

now, not ten years from now, not when 

everything is, you know, perfectly 

figured out. And I think that you can 

look for an urban environment that has 

dead parking lots and abandoned 

buildings, and you can drive straight 

through that very quickly. I'd rather 

have an urban environment that has public 

transit that's well used, buildings that 

attract class A companies to employ 

people in the community and create jobs. 

And for that reason, I urge you to 

support this project. 

Thank you. 

MR. SMITH: Good afternoon, 

commissioners. My name is Cliff Smith. 

I'm the business manager for Roofers 

Union Local 36, also a board member of 

the South Central Neighborhood Council. 

The Millennium Hollywood project 

will playa vital role in the Los Angeles 

development revival. The project 

construction will create almost 3,000 

much-needed, career-based, construction 
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jobs, which provides stability to every 

community in the city. The completed 

project will create 2,000 additional 

permanent jobs to our residents. 

The Millennium Hollywood will 

generate hundreds of millions of dollars 

to the local economy, and half of it will 

be onsite. And this transit-oriented 

development plan enhances tourism, 

business, jobs, and economic growth in 

Los Angeles. We strongly encourage the 

commission to support this project. 

Thank you for your time. 

MR. MEDINA: My name is Galo Medina. 

I am a property owner on Hollywood 

Boulevard, business owner in Hollywood. 

I am on the board of directors for the 

Hollywood Business Improvement District, 

and I am also born and raised in the 

Hollywood Hills. 

I've seen Hollywood corne and go, and 

I can tell you that there are not many 

companies, investors who are prime to 

give one billion dollars worth of 

development right now. We have a huge 
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opportunity. 

We can stay all day and worry about 

fifty-five floors, twenty floors, fifteen 

floors, green, how much square footage we 

have -- but we do have an opportunity. 

In the city, it's too easy to let these 

things go. We've had months and months 

of election talk of growth and jobs and 

development, and we finally have an 

investor who is ready to do this. 

please keep that in mind. 

Thanks. 

Just 

MR. RADACHY: Hello. My name is Ron 

Radachy. I'm the executive director of 

Oasis of Hollywood, a nonprofit that's 

been operating in Hollywood for the past 

thirty-four years. So I've been in 

Hollywood when it was for better lack 

of a better term, a sewer, and seen it 

corning back to life in the past fifteen 

to twenty years with all the 

redevelopment. 

Our building, which we own, is on 

Ivar. I'm 130 feet from this project. 

think it's terrific. 
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Youth 

are graduating school, can't get jobs for 

all the economic reasons that all have 

already been stated. I think it's a 

double thumbs up. It will also inspire 

other developers to take the old tired 

non-historic buildings, retire them, put 

up new things. It will continue the 

redevelopment that Hollywood and the city 

so desperately needs. 

Thank you. 

MR. WILLIAJV1S: Time is thirty 

minutes. 

MS. TILTON: My name is Terri 

Tilton. I have worked and lived in 

Hollywood for over thirty years. I'm on 

the board of directors for Hollywood PAL, 

and through my career have been very 

involved and on boards of other nonprofit 

organizations. 

This applicant has been a good 

corporate citizen. I wholeheartedly 

support this project for the 

revitalization of our Hollywood is 

essential. I've lived through, just as 
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he said, from the -- the rats and the 

prostitutes to a -- to a place that's 

incredible to live in. Our property 

values have gone up as a result of it, 

and it's become an incredible community. 

His enthusi -- I enthusiastically 

support him. He has been a huge 

supporter of our non-for-profit sector. 

And without people like Phil and 

Millennium, so much of our youth, so many 

of our programs, so much of our non-for

profit, would be unable to survive. 

Please, I endorse this project. 

MR. BILLY: Good afternoon, 

commissioners. My name is Dan Billy. 

I'm here representing Bill Waggoner and 

the 20,000 members of the Operating 

Engineers Local Union Number 12. 

We make up the equipment operators, 

inspectors, and surveyors that work in 

the construction industry. 

We're in support of this project. 

We believe it's well planned. We believe 

it's a complement to the area, and we'd 

like you to move forward on this project. 
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HR. CAMPBELL: Good afternoon, 

commissioners. Hy name is Scott 

Campbell. I'm president of Central 
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Hollywood Neighborhood Council, which is 

just south of this project, starting at 

Hollywood Boulevard. 

At our board meeting on February 

25th of this year, we voted to approve 

this project, support the project at a 

six to one FAR. Height not to exceed 585 

feet, create a subcommittee to include 

myself and other people that I appointed 

to work with the developer to establish 

an agreed-upon public benefits package. 

We have had that meeting, and Jerry 

Neuman has mentioned several of the items 

that we talked about, but there are a few 

more that I want to let you know about. 

One of them a contribution to the 

Walk of Fame. Another is to potentially 

acquire the Little Country Church 

property. Another is to have an 

observation deck and a cafe near the top 

of one or both of the buildings. 
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Contribution to the Hollywood Central 

Park. Contribution to the Franklin Ivar 

park. Contribution to creating a dog 

park. Contribution to the Hollywood Sign 

Trust. Redoing the building, the LAPD 

building at 6501 Fountain, particularly 

the Fountain side exterior. And we're 

hoping to have space for a market in this 

new project. 

Thank you. 

MR. MASON: Good afternoon, 

commissioners. My name is Brandon Mason. 

I'm a resident, small business owner, and 

active community member in CA13, who 

unconditionally supports the Hollywood 

Millennium project. 

While Capitol Records tower has 

forever stood as a beacon to visitors 

arriving in Hollywood from each direction 

to the city, the site has never provided 

them the opportunity to interact with the 

building itself. 

THE CHAIR: Can you speak a little 

closer to the microphone? 

MR. MASON: Yes, I'm sorry. 
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THE CHAIR: I'm having a hard time 

hearing. 

HR. HASON: The structure as an 

ocean is surrounding land around this 

Capitol Records Building, is an ocean of 

surface parking lots offering minimal, if 

any, chance for our visitors to take in 

the sites and enjoy the atmosphere beyond 

the stroll on the Walk of Fame itself. 

The Hillennium Hollywood project will not 

only reverse that, but it will invite 

interaction with the Capitol Records 

tower through the creation of street

level retail stores, dining, plazas, and 

open space for visitors to sit and enjoy 

the urban fabric of Hollywood itself. 

This will result in the creation of 

a more public feel to what up to now has 

been an isolated private site, bringing 

in a new population to energize the area, 

and fostering an active streetscape where 

none has existed in the past. 

Thank you very much. 

HR. CONTRERAS: Good afternoon. Hy 

name is Pablo Contreras. I am working --
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I am at room service at the Hollywood 

Lofts Hotel, and I am working in the 

hotel for twelve years. 

I live in the district as well. 

coworkers and I support the project as 

bringing 1,000 good jobs to the 

My 

community. Better benefits include the 

better living wage and jobs training for 

the hotel workers. 

Thank you. 

MS. TORRES: Good afternoon, 

commissioners. My name's Rachel Torres. 

I'm a research analyst for UNITE HERE 

Local 11. On behalf of the 20,000 

members of UNITE HERE, we wish to express 

my strong support for the Millennium 

Hollywood project. As one of the many 

community benefits this project offers, 

UNITE HERE has entered into an agreement 

to ensure good jobs for hotel workers. 

The Millennium Hollywood project 

continues a strong precedent of 

responsible development in Hollywood, 

beginning with the Hollywood and Highland 

project. This project will receive no 
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city dollars, nor is it on city land, yet 

thousands of good jobs will be produced 

for the construction and permanent 

employees. 

In addition, Millennium Hollywood 

has joined in partnership with the 

Hospitality and Training Academy to 

ensure local residents are recruited and 

trained for high-quality jobs at this 

hotel. The Hospitality Training Academy 

is a non-profit institution, and a true 

labor management partnership that 

provides benefits to both employers and 

the employees of the new hotel. 

The HTA also partners with 

educational institutions and community 

organizations to provide formal training 

to facilitate entry and advancement along 

the extensive career ladders within the 

hospitality and food service industries. 

HTA uniquely offers workers the 

tools to succeed in a vital, high growth 

industry, and provides workplace English, 

skills upgrades, vocational classes, and 

bridge training to move participants into 
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a job and then a career. 

And for that, we wish to express our 

strong support and encourage the planning 

commission to vote in favor of the 

project. 

Thank you. 

HR. FOLB: Hadame President, members 

of the commission, my name is Brad Folb. 

I'm president of Paramount Contractors 

and Developers in Hollywood. We're a 

small family business that's built what 

used to be considered high rises in 

Hollywood starting since the 1950s. 

I -- I wanted to specifically 

address the visual impact of -- of this 

project. From the ground-floor level, 

this is an area that is underutilized, 

and there's very few people visiting. 

The Capitol Records Building is a private 

office building. With this project, 

there's going to be a magnet of activity 

from the boulevard going up. There are 

hundreds more people a day are going to 

be seeing this. Their views may be 

obstructed somewhat, but they are going 
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to be able to see it where they're not 

seeing it and not getting the benefit of 

it now. 

With regard to the height issue, I 

believe some of it is a red herring. The 

-- the architect mentioned that at the 

higher levels of this -- of these towers, 

the maximum floor plate allowed is going 

to be 14,000 square feet. If there's two 

towers, that's 7,000 square feet. As a 

developer, I can tell you that's a very 

skinny tower in terms of the whole visual 

landscape. Whether it is twenty-two 

stories high, as Tom LaBonge, or whether 

it's fifty or a hundred stores, the 

visual impact of that extra area is just 

not going to be that significant relative 

to changing the project and making it 

squatter and lower. 

Thank you very much. 

MR. GUBLER: Good afternoon. I'm 

Leron Gubler, president and CEO of the 

Hollywood Chamber of Commerce. 

I think we've all been to great 

cities around the world and the United 
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States, and in many cases, we visit those 

cities and we ask ourselves, why can't 

Los Angeles be more like this? Why can't 

we have exciting, vibrant urban areas. 

Hollywood is one area of Los Angeles 

which has tremendous potential to create 

an exciting, vibrant urban feel to it. 

And as a result, the Hollywood Chamber of 

Commerce supports this project. We 

believe it moves us forward to attaining 

that goal with developers that have the 

capability and a vision to achieve that, 

to activate the street level, to -- in an 

exciting way, near transit, near freeway 

on and off ramps. If you can't build 

something like this in Hollywood, where 

can you build it? 

Now it seems the major sticking 

point for most people is on the height of 

the project. And while we don't have an 

official position on how high the project 

should be, we appreciate what the 

developers are trying to do. 

They're trying to preserve the past 

but look to the future. 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074955 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 149 

They're saying our best days in 

Hollywood are not behind us -- they're 

ahead of us. And they're trying to 

create a twenty-first century landmark 

that changes the paradigm about how 

people think about Hollywood, how they 

think about urban -- urbanism, which is 

what we have to be promoting here in Los 

Angeles as we go forward. We're going to 

live a livable city and an exciting city 

for the future. 

It's a positive vision for 

Hollywood, and it deserves your support 

and -- and we ask you to do that. 

Thank you. 

MR. AMBROSE: I'm so excited to be 

with you today. My name is David 

Ambrose, and I'm here representing just 

myself. I am a resident of Hollywood and 

every single day, I take this Vine Street 

right up, drive past these empty parking 

lots, and I go to work at an 

entertainment company in Burbank. 

I desperately hope one day to go to 

work in one of these buildings, because 
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that's what this building could do. It 

could pull us back into Los Angeles. I 

truly believe that. That's not an 

official commitment; I'm here as a 

private citizen. 

I will also say I bought my house in 

Hollywood because it had been abandoned 

for a year and a half. I could afford 

it, and I spent the better part of two 

years improving it and fixing it. 

lived in Hollywood for nine years. 

I've 

Hy 

house, I think, now has improved the 

street. I have worked hard on the 

neighborhood council, and every day I 

corne to these different meetings where we 

hear, this project versus that project. 

And what I often here is a debate about 

good versus perfect. I think this 

project is very, very, very good. And 

despite all the objections, which are 

somewhat valid, I think this project 

deserves your support. And as just a 

resident of Hollywood, that moved to 

Hollywood to go to these kind of places, 

I hope you support it. 
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Thank you very much. 

HR. WILLIAJ'vlS: Twenty minutes. 

HR. SHITH: Good afternoon. Hy name 

is Sam Smith. I'm a thirty-year resident 

and business owner in Hollywood. I think 

today is my corning-out day. I have to 

confess to a thirty-year love affair with 

the Capitol Records Building. 

The kind of vision and innovation 

that it's going to take for this to be a 

smart development, I think has been well 

described today. We spent a lot of time 

talking about square footage and FARs and 

intersections and traffic patterns. 

But one thing that we haven't talked 

about is the good fortune of this 

project. And that good fortune lies in 

the people that make up the Hillennium 

Partners. They have corne to this 

community, they have invested themselves 

in it, they are part of the fabric, and 

they care about it. 

I've taken the time to visit some of 

their other projects. They are as good 

as people say they are, and they have 
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stuck with them. And when it comes to 

having a good neighbor in Hollywood, 

that's what I expect, and that's what I 

know I will see from Millennium Partners. 

Please support the project. 

MS. HOSSAIN: Good afternoon, 

commissioners. I'm Tina Hossain here on 

behalf of Los Angeles Area Chamber of 

Commerce, and our 1,600-member 

organizations do strongly support the 

Millennium Hollywood project. 

The Millennium Hollywood project is 

important, not just for Hollywood, but 

for the entire City of Los Angeles. A 

catalytic project like this will boost 

the profile of Hollywood as well as the 

whole city by creating an iconic new 

space. It will create over 7,000 total 

jobs during construction and upon 

completion, with a positive annual 

economic impact of 230 million dollars at 

full development. 

The Millennium Hollywood project 

will recapture the public investment made 

in LA's transit infrastructure, by 
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appropriately locating density in 

immediate proximity to the Red Line, and 

encouraging further transit usage by its 

residents, workers, and visitors. 

This project upholds the vision of 

the Hollywood Community Plan and meets 

the goals for how this historically 

important regional center should grow, by 

directing development away from 

residential neighborhoods and toward 

major streets and mass transit. 

The Los Angeles Area Chamber of 

Commerce strongly supports this project 

as a worthwhile investment in the future 

of our entire city. 

We thank you. 

MR. ALALA: Good afternoon, 

commissioners. My name is Jesse Ayala, 

Allah, and we represent the Sheet Metal 

Workers Local 105 and a member of the Los 

Angeles and Orange County Business 

Construction Trades. 

Before I proceed, let me thank you 

for your (indiscernible) that made 

history -- that made history in the City 
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of Los Angeles, and created jobs we need 

for all the construction workers, and 

created career opportunities for young 

men and women and servicemen and women 

that serve the country. 

(Indiscernible) to Apprentice 

programs that provided careers with good-

paying jobs and benefits. I'm here to 

ask you for your continued support and 

pray that will continue to make history 

and continue to create opportunities for 

young men and women. 

Thank you for support. 

Thank you. 

HR. LEGGIT: Good afternoon. Hy 

name is Hunter Leggit. I'm an architect 

and Green Builder here in Los Angeles. 

am in support of the project. 

I just want to touch on a couple of 

quick points. First off, I'd like to 

I 

commend the architect and developer for a 

beautifully designed project. I think it 

will be a phenomenal be a phenomenal 

piece on the skyline of Hollywood and 

also serve to represent an iconic piece 
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of architecture moving forward to the 

future. 

Second, I want to talk a little bit 

about the height districts. Hollywood 

and Vine has historically been the taller 

of the height districts in Hollywood. 

When the initial buildings on that corner 

and around there, as well as Capitol 

Records were proposed, they were much 

taller than anyone could imagine at the 

time being. 

In moving forward in revitalizing 

Hollywood and increasing density, which 

I'm for, I think this -- this project 

fits appropriately. Finally, with the 

public space and and using Capitol 

Records Building as a centerpiece for the 

project, I know that the -- the 

developer's committed to integrating 

art -- artwork, music, and -- and 

potential technology into a public space. 

I think this is vital for the next future 

of Hollywood, and I think it will be a 

great asset to the -- the cityscape. 

Thank you. 
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MS. LABELLE: Good afternoon. My 

name is Tricia LaBelle. I am a resident 

of Hollywood and a stakeholder of fifteen 

years in the community. 

Not only will I have a view of this 

project from my home, but I will also 

receive the benefits of such a 

development in Hollywood that I truly 

appreciate what the developers have done. 

I visited their locations around this 

country. I've seen how they have 

improved the quality of life in 

communities. There's no doubt between 

the jobs and the aspects that they're 

bringing to the building, will benefit 

Hollywood tremendously. 

Right now from my home I look at 

nothing but short, fat, squatty buildings 

and rooftops to see the highline (sic) of 

downtown. I appreciate and have actually 

designed my backyard to see that skyline, 

and I -- I welcome a project like this, 

in this scale, so that it does protect 

and preserve the Capitol Records 

Building, which I think is very valuable 
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and important to Hollywood. 

These developers not only will just 

be building this building, but they're 

going to improve the surrounding areas by 

curbs and infrastructure that we 

desperately need in Hollywood to improve. 

I see what downtown has done with the 

highrises and the infrastructure of 

downtown, and it's far exceeded 

Hollywood. We've lost the, I think, the 

dynamic of being the entertainment 

capital of the world, and we're quickly 

losing being a global competitor. I 

think this is something that is long 

overdue for Hollywood and necessary for 

our future, especially for generations to 

corne long after any of us will live in 

this world. So I ask you to please 

support this project as it's been 

presented. 

Thank you very much. 

HR. WILLIAMS: Fifteen minutes. 

HR. OLIVEIRA: What's the hurry? 

We're talking about a project for the 

next hundred years, and we got to beat 
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You people 

are listening very well. 

My name is Joe Oliveira. I'm a 

resident, was born and raised in 

Hollywood. Hollywood's dead. It's gone. 

It's over. They don't make movies here. 

They make them in other countries. They 

make cartoons in other countries. Hanna-

Barbera used to be here. It's not here. 

We're trying to get this city to go 

again. 

Highland Avenue in 1964-65 had a 

traffic flow twenty-four hours, 40,000 

cars. Today, 270,000 cars. Hollywood 

was a junk street until Hollywood and 

Highland carne in. It was -- right now 

6,000 parking spaces. I think Jerry 

Aarons (sic) said it all, and that if you 

saw the presentation, it's only going to 

lift the city. If there are problems, 

commissioners, it will be resolved. If 

it isn't, you just fix it. You want tax 

dollars, you want jobs, you want this. 

But you've got these people here that 

don't want anything. 
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Mr. LaBonge comes running in, 

running out. Ha ha ha. Mr. Garcetti, 

when he becomes mayor, he'll change his 

mind, because we need this project to 

make our town go forward. 

Thank you. 

MS. DOLE: Good afternoon. My name 

is Kayla, and I literally live two feet 

away from the actual boulevard and I 

like -- I as well as my friends moved 

from other cities to live in Hollywood 

for the excitement and the attractions 

and to be a part of Hollywood. 

I currently live in a newly 

developed apartment complex, and it's 

beautiful, it's safe, it's gorgeous. 

the second I walk out, there's nothing 

but lingerie shops or smoke shops or 

little, like, souvenir shops, and it's 

But 

disgusting. I pay a lot of money for my 

rent every single month, and then I get 

to live in this place where my 

surrounding areas are not only dangerous, 

because I'm pretty sure we've had about 

three or four shootings within the last 
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six months, but it's dark and it's not 

glamorous as it's supposed to be in 

Hollywood. 

I think that by moving forward with 

a project like this, it will be a new 

landmark within our environment, and it's 

going to change our area and the people 

that are in it. And you won't see as 

many homeless people, you won't be 

hearing about shootings. It's going to 

lighten our area, which it desperately 

needs. 

I pledge my support for this 

project. Thank you. 

J'vls. J'vlCGINLEY: Hello. J'vly name is 

Nicole J'vlcGinley. I'm a resident of 

Hollywood, and I fully support this 

project. 

I currently live on Franklin and 

Argyle, which is only a few blocks from 

Hollywood and Vine, where there are tons 

of shops, restaurants, bars anyone my age 

would want. The only problem is, I can't 

walk there after dark. And -- I'm --

it's just too dark, it's dirty, it's 
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dismal, it's vacant, and it's just awful. 

It's too dangerous. And I know plenty of 

men who will tell you that they won't 

make that walk, either. 

If I walk down for happy hour, I 

can't get a cab horne, because it's -

everyone drives away when I tell them 

it's just a couple of blocks. If I want 

to take the Metro to meet my friends 

downtown for dinner, it's scarier to walk 

to the station than it is to get on the 

Metro, or even to walk around downtown in 

a lot of places. 

This is the perfect project for this 

exact specific area, because it's going 

to bring foot traffic, it's going to 

bring light, it's going to bring 

security, and it's going to bring even 

more places I can walk to so I don't have 

to drive. 

So not only do I support this 

project, but I'm frankly very excited 

about it. 

Thank you. 

MR. HERSH: Hi. My name is Jonathan 
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Hersh. I'm a resident and of 

Hollywood, and I also work in Hollywood. 

I support the Millennium Hollywood 

project, and ask the commission to do the 

same. The Millennium Hollywood will 

bring back a significant presence our 

city lacks. It will also bring a lot of 

foot traffic in the area. I -- I walk to 

Hollywood Boulevard from my apartment a 

lot, and as she was saying, it's -- it's 

not the best place to walk around at 

night or during the day there's not even 

that many attractions. There's a lot of 

tourists and -- and Hollywood tourist 

buses constantly, but it's hard to see 

why they're there, what they're going to 

be looking for, and I think this project 

would bring something exciting to the 

area. 

Thank you. 

MR. WILL IAJ'vlS : 

MR. HOLMES: 

Ten minutes left. 

Hello. My name is 

Russell Holmes, and I've lived in the 

hills of Beachwood Canyon for over 

fifteen years. And I am here to tell you 
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I drive by this -- this area every single 

day going to work, and the traffic is not 

as bad as what you've been hearing. It 

was worse where I lived in Austin, Texas. 

I sometimes hear my neighbors 

complain about the tourists stopping to 

try to take pictures of the Hollywood 

sign. And I try to remind them that 

these tourists bring billions of 

dollars -- tourists and hospitality to 

our city, our local city. And without 

that, our economy would be affected, and 

my real estate property value would be 

affected. 

In the words of Winston Churchill, I 

have to say that's noth -- he says 

there's nothing wrong with change if it's 

in the right direction. And the 

Millennium Hollywood is in the right 

direction. It will increase tourism 

revenues and it will take us up. And 

we've run out of land. We have to go up. 

Up is the future of Los Angeles. 

MS. LEJEUNE: Good afternoon. 

name is Lisa Lejeune, and I work in 
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Hollywood just a couple of blocks away 

from the Millennium Hollywood project. 

I'm here today to support the 

project and ask the commission to do the 

same. 

This project will provide countless 

new jobs, as everyone has already 

mentioned. And it will literally 

generate millions of dollars in local and 

state revenue that we as Los Angeles and 

the State of California need. 

It artfully preserves the historic 

and design significance of the Capitol 

Records Building, which is important. 

And, finally, its presence will make our 

community a safer place. 

Twenty years ago, I lived in the 

Fontenoy Building on Whitley and Yucca. 

And I wish a project like this had come 

in twenty years ago. I might not have 

moved away. 

Okay. Thank you. 

MS. STAKENAS: Good afternoon. 

Thank you, members of the commission, for 

an opportunity to speak. My name is 
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Carol Stakenas. I'm the executive 

director of Los Angeles Contemporary 

Exhibitions, also known as LACE. We are 

the longest running nonprofit 

contemporary art space in Los Angeles, 

and we've been a member of the Hollywood 

community since 1996. 

I'm here today to speak on behalf of 

the board, staff, and artists that we 

work with in support of the Millennium 

Hollywood project. 

Just recently, Hollywood was named 

as one of the top twelve art places in 

the nation. The potential is there, but 

it is held down by the lack of 

opportunity. With the Millennium 

Hollywood project and their stellar 

reputation for valuing and supporting 

exemplary arts, I'm really looking 

forward to seeing what we can do with 

their percent for art commission. And 

we're committed to helping make it happen 

in Hollywood, to really show the vibrancy 

of our art place. 

Millennium Hollywood offers a clear 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074972 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 166 

and, yes, bold plan, but it's committed 

to making Hollywood Hollywood. 

Please support this project. 

Thank you. 

MS. BROWN: Good afternoon. I'm 

Christa Brown. I'm a Hollywood resident, 

and I support the Millennium Hollywood 

project. 

The developers have worked with the 

community for more than six years, and 

created a community benefits package 

which enhances the quality of life for 

all stakeholders. 

The open courtyards at Millennium 

Hollywood will be a lively, enriching 

place, because the developer has taken 

steps to ensure that this space will be 

enlivened on a regular basis with monies 

set aside to pay for the programming of 

arts activities. 

Moreover, those events will be 

community oriented, because they will be 

done in concert with both the Hollywood 

Arts Council and also the Hollywood 

entertainment district. 
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I support the Hollywood Millennium 

project. 

Thank you. 

MR. GROSCH: Good afternoon, 

commissioners. My name is Ryan Grosch. 

I'm a Hollywood resident, and I'm here to 

support the Millennium project. 

Hollywood -- or I mean, Los Angeles 

and the state (ph.) of urban sprawl, has 

continued to grow wide, and that's an 

old, outdated concept, based on auto 

(ph.)-oriented, low-density development. 

I mean, this doesn't need to happen. 

This is a result of poor planning and 

shortsightedness. I mean, if we want to 

reduce traffic, pollution, and smog, we 

really need to reinvest in our existing 

neighborhoods and rebuild these places. 

And Hollywood is the perfect place to do 

that. 

This project would provide residents 

with the sense of place, creating a 

better sense of community in the entire 

area, make it safer for everyone to walk 

around and travel through. And it's 
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going to be a great place to work and 

play, and so I support the project. 

Thank you. 

MR. WILLIAMS: Five minutes. 

MR. JOHNSON: Good afternoon, 

commissioners. My name is Kyle Johnson, 

and I'm a Hollywood resident. 

Today I ask that the commission vote 

in support of this project, because it is 

a catalytic project that continues 

Hollywood's renaissance, provides jobs, 

housing, and quality office space. 

I think the parking provided by 

Millennium is just right. By unbundling 

parking from housing, it allows 

Millennium to target an underserved 

demographic, people without cars. The 

excessive city parking requirements 

create what amounts to parking pollution. 

Too many parking spaces and parking 

levels that exceed project uses. 

Thank you. 

MR. MUNOZ: (In Spanish, wi th English 

translation.) Good afternoon. My name 

is Raul Munoz. I've been a Hollywood 
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resident for the last twenty-five years. 

I'm here in support of the 

Millennium project. In the last eleven 

years, I've had to go out of the city in 

order to work. And I have to spend three 

hours of my own time traveling to and 

from work, and that's time wasted away 

from my family. 

I am in favor, and I really like the 

Millennium project, because that's going 

to help me work closer to horne and allow 

me not to be away from the family and not 

use my transportation. 

Thank you. 

MR. KIRSCH: Good afternoon. David 

Kirsch with the Carpenters/Contractors 

Cooperation Committee. We're the labor 

management organization affiliated with 

the Carpenters Union. I don't want to be 

the last person here, so I'm just going 

to echo all the good things that have 

been said about the project and just 

emphasize the -- the construction jobs. 

A lot of workers are out there, 

unemployed, and these are the types of 
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projects that are going to put people 

back to work. And this is great for 

them, it's great for the community, and I 

urge you to approve this project. 

Thank you. 

JVlR. HERNANDEZ: Good afternoon, 

commissioners. JVly name is Alfredo 

Hernandez. I'm a founding board member 

of the East Hollywood Neighborhood 

Council and a founding board member of 

the Friends of the Hollywood Central 

Park. 

I'm in full favor of the JVlillennium 

project. I believe that this project 

will create a large sum of 

(indiscernible) fees that can -- most of 

them can be used for the creation of the 

Hollywood Central Park. 

Thank you. 

JVlS. SHAHENIAN: Good afternoon, 

commissioners. Nicole Shahenian with the 

Hollywood Chamber of Commerce and also 

proud member of the Friends of the 

Hollywood Central Park. 

I am here to express my support of 
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the Millennium project, and in 

particular, let you know how pleased I am 

with the open space and the commitment to 

community benefits that this project is 

going to produce. 

I also want to second the speaker 

before me, in asking that the Quimby fees 

for this project be designated 

specifically to the Hollywood Central 

Park. 

Thank you. 

THE CHAIR: How much time is left, 

James? We--

MR. WILLIAMS: Three minutes. 

THE CHAIR: There are three minutes. 

Are there any other pro speakers? 

Great. Wow. Thank you. 

Okay. We are now going to very 

quickly, and I -- I failed to mention 

that we did have some general comments 

cards. And so once we finish with the 

forty-five minutes for those who are 

opponents to the project, we will allow a 

couple of minutes for general comments. 

There aren't that many of those cards. 
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So if you will begin to queue 

yourself, we will have the exact same 

amount of time and the exact same rules. 

And I'm hoping that you will be as 

judicious as those who carne before you 

were in policing yourselves relative to 

the time you're taking. 

It is most beneficial to us if we 

have all of the points that are out there 

to be made, are made, and if you are in 

fact echoing somebody's comment that has 

been made previously, if you can do that 

with brevity and move on to things that 

are new. That is what's most beneficial 

to us, so we have a full plate to make 

our decision with. 

(Pause) 

Okay. If our first speaker will 

step to the podium, and please begin. 

Please state your name for the record 

clearly. Thank you. 

HR. GEOGHAN: Hy name is Jim 

Geoghan. I'm traffic and parking chair 

for the Hollywood Hills West Neighborhood 

Council, and resident of Whitley Heights 
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My wife and I 

were secretary of Whitley Heights 

Homeowners Association for six years. 

When my wife and I lived in 

Manhattan, we were three blocks away from 

the BMT, the IND, and the IRT subway, 

which offered us nine subway lines and 

about eleven bus lines. I'm listening to 

the words today -- major traffic center. 

I guess we're talking about the one 

subway line down the street, which ends 

up in North Hollywood. If you live in 

Tarzanva, Van Nuys, Sherman Oaks, 

Burbank, Studio City, Valley Village -- I 

can go on with fourteen other locales 

you're going to have to drive to this 

building. No one's taking the subway to 

the Millennium project. And at five to 

six or seven o'clock, you're going to 

have to drive horne. It's just going to 

be choking traffic. 

I'm not naive. Something's going to 

be built there. I just don't want to see 

something that's more than half the 

height of the Empire State Building. 
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That's all there is to it. 

I appreciate listening to the 

neighborhood councils who have spoken so 

far in favor of -- it will receive their 

donations from Millennium. And also 

the -- the labor union people, the 

landowners and the business owners. 

If -- if Millennium was going to build a 

slaughterhouse, they'd have the same 

thing to say -- jobs and money, jobs and 

money. A slaughterhouse should be fine. 

Let's listen to Torn LaBonge, and 

let's just make a sensible building here 

and make your jobs, but fifty-five 

stories. I've -- I've heard they can go 

even more to seventy or eighty stories 

without -- without the -- the oversight 

of you people. 

Let's not be insane about this. A 

fifty-eight-story building of 580 stories 

(sic) is just ridiculous. 

monstrosity. 

It's a 

For the Millennium group, the 

Millennium partners, then to tell us, 

well, don't worry about it, for where 
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you've lived for twenty-seven years. 

We're going to build this monstrosity and 

put in bicycle lanes and a bicycle repair 

shop. Is there no end to their 

arrogance? I can't believe it. It's 

just the most insane thing I've ever 

heard in this room. 

Thank you. 

THE CHAIR: Can I please request 

that folks not clap or boo or anything 

else, so that we can keep this going as 

rapidly and hear the points, please? 

Thank you. 

HR. REZNIK: Hadame Chair, my name 

is Ben Reznik with Jeffer Hangels Butler 

& Hitchell. I'm here representing the 

Hollywood and Vine Condominium LLC. It's 

the owners and the Hollywood and Vine 

Residences Association, known as the W 

Hotel Residences right at -- a block 

away. 

Hy clients support some development 

on this site. The problem they have with 

what's being proposed is they don't know 

what's proposed. They don't know what it 
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is that you might be approving. 

The difficulty is that you have 

before you a zone change with a requested 

twenty-two life span, which mayor may 

not now exist based on the development 

agreement being pulled out this very 

moment, this very morning. 

But the request is to permit a 

height range from 220 feet to 585 feet. 

It's to include potentially 900 

residential units, or none at all. It 

includes 200 hotel rooms, or none at all. 

It includes 215,000 square feet of 

office, or maybe a lot more if the whole 

project is offices. 

It includes a master conditional use 

permit for alcohol sales, for five 

restaurants, cafes, rooftop, et cetera, 

but without any occupancy numbers or 

locations. I've never seen the city 

approve something like that. 

It mayor may not include a health 

club. And the final EIR specifically 

says that it's the indeterminate nature 

of the project description and states 
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that the applicant does not know what it 

will build. 

So if the applicant does not know 

what it will build, what is it that 

you're being asked to approve today? 

The difficulty is that there's no 

other project in Hollywood, for that 

matter in the city, that's been approved 

with this minimum level of specificity 

without providing for some sort of 

subsequent entitlement review. The way 

this is being presented is, you're going 

to approve this box, and whatever is 

built in the future, no one has a right 

to review or comment or study or analyze. 

And now that the development agreement's 

been withdrawn, which was one of the only 

tools for some limits, what is it that 

you have before you? 

So based on that, our client is in 

opposition. 

Thank you. 

1'1S. POLIFRONIO: Hello. Thank you 

for letting me speak. 1'1y name is Susan 

Polifronio. I'm a thirty-five-year 
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resident and business owner in Hollywood. 

I live in the flats, no view, north of 

Franklin Avenue north of the Hollywood 

Freeway. And I have a business over on 

Franklin and Bronson. 

There are things I really like about 

the project. There are things I don't. 

I'm not even going to speak to any of 

them. 

What I am concerned about is safety 

and traffic movement. And I don't know 

if you're aware of the intersection at 

Argyle and Franklin Avenue? That's where 

you exit on Vine Street -- Vine Street 

exit from the 101 going south. You 

either get on the 101 or you get on 

Franklin. People are corning west on 

Franklin that might want to go to north 

on the 101. There's a U-turn around 

right at Argyle that you have to do to 

that. There is one light that allows the 

Hollywood Dell to exit anywhere at all, 

and that's at Argyle and Franklin. The 

only other possibilities of exiting are 

at Ivar and Franklin, no light, or at 
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Oden and Cahuenga, also no light. 

One of the reasons I'm particularly 

concerned. In 2006, my husband suffered 

with cardiac arrest. He didn't suffer 

with it at horne, thank God, or in the 

ambulance. But he did on the gurney on 

the way into the emergency room. That 

was 2006. If we corne to the present 

time, I don't think he would have made it 

to Kaiser, which is not that far away 

from where we live. So I'm really 

concerned about the ability for emergency 

vehicles to get in, and for the Hollywood 

Dell residents and the other residents 

around there to get out, with fires or 

other emergencies. 

Thank you. 

JVlS. HOLJVlES: JVly name is JVlary Holmes. 

I've been a resident of Hollywood for 

fifty years. JVly business is here. It's 

not true that people that live in the 

area don't want any change. v'iJe 've seen 

Hollywood at its worst. We've seen it 

improve. It's better than it used to be. 

People can argue about what is 
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aesthetically pleasing or not, but I 

asked a lawyer for Sheppard Mullin's, the 

legal definition of aesthetically --

okay, and he said it has to be consistent 

with the area, congruent with what's 

already going on. 

A five-year-old could pick out what 

is incongruent about those towers. The 

idea that you have to build up to be able 

to see something that you can already 

see, is ridiculous. 

I want change. I don't want that. 

Also, people don't know about this. 

I ask people every single day that work 

and live within a block of where these 

are proposed to be built, do you know 

about these towers? And they 

consistently look at me as though I'm 

crazy, because they don't believe that 

anybody would approve anything that tall. 

Your website talks about human 

scale. How that is within human scale, I 

don't know. I want pedestrian open 

places, I want improvement, I want 

investment. 
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The people in this 

line are about ninety percent residents 

of the area. The people in the other 

line were lawyers, paid workers, some 

residents I counted ten. So please 

consider the difference between who's 

invested here and how they're invested. 

Thank you. 

MR. VAN DUSEN: My name is Jim Van 

Dusen. I'm a forty-three resident of 

Hollywood. I'm also on the Hollywood 

United Neighborhood Council Board of 

Directors. 

The Hollywood United Neighborhood 

Council was not opposed to the plan in 

its entirety. Construction and 

development is not necessarily a bad 

thing. We were in -- we did have a 

problem with is that there was no plan to 

sink our teeth into. I won't elaborate. 

The gentleman in front of me, I think, 

did an excellent job of this. But as we 

talked to Millennium probably four, five, 

six times, and they would never tell us 

what they were going to build. So we had 
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a hard time making the recommendation for 

our constituents, which runs through the 

Millennium project. The Millennium 

project's in our neighborhood council. 

So we were never able to -- we still 

cannot tell our constituents what is 

being built. We hear about the tall 

building or buildings, et cetera, so that 

has been our -- our number one problem. 

The other problem is that they're 

telling us about this as being a regional 

center, but it's a regional center 

without regional planning. And the 

planning having to do with traffic and 

all the other buildings corning online 

around it, and the damage it will do to 

the business in Hollywood with increased 

traffic that we're already seeing, 

choking it off, and companies that are 

leaving Hollywood because of this and 

more that will leave. 

And, also, personally, I would just 

add as a -- just you might want to take 

into consideration this is also a zero-

sum game as far as jobs are concerned. 
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Jobs corning to Hollywood will be corning 

to other parts of the city or from your 

neighborhood, so it's good for us in 

Hollywood. I - I certainly would like to 

see that. But it will corne from other 

areas, and as a -- as a person also looks 

for space for companies I work for, their 

people will be moving out of, perhaps, 

downtown, and moving up there. So it's 

again -- it's it's -- is it better for 

LA just per se? I would say not 

necessarily. I think it needs to be 

looked at from a regional standpoint. 

But the bottom -- and we certainly 

were the Hollywood neighborhood 

council was certainly against the six to 

one FAR. We're for 4.5. 'IfiJe could 

approve that. 

But -- but do look at this as an 

overall -- an overall approach, because 

this is going to affect more than just 

the 500 feet around the project. 

is -- this could affect business 

This 

detrimentally in a very big way, unless 

it's managed properly. 
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HS. D'ANTONIO: 
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Thirty-four minutes. 

Hi. I'm Joanne 

D'Antonio. I'm the former safety chair 

of the Hollywoodland Homeowners 

Association. And I'm also a member of 

CERT. This is a emergency response team. 

And at a Hollywood meeting recently, a 

member -- a higher-up person in the fire 

department confessed to us at a -- at a 

meeting that they really are not equipped 

to handle emergency response for the 

Hillennium buildings. 

So I urge you to address the issues 

of safety and infrastructure before 

approving anything. The city has not 

been able they've been actually 

cutting back on fire and police. And to 

make this a safe area, we really have to 

increase the resources and figure out how 

to permanently increase the resources, 

because the buildings won't be going 

anywhere. 

Vine and Ivar are hills, so their 

height -- any height that's built there 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0074991 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 185 

is going to be higher than it would be if 

it were in the flats. So when you look 

at the heights of these towers, please 

take that into consideration. 

I also question why there has to be 

a specific amount of land usage. In 

other words, if you're going to have 

plaza levels, why does that require then 

that they go up into towers? I mean, you 

know, can't -- they can't make a go of it 

any other way? It seems to me that the 

lower part of it makes more sense than 

the tower part. 

Finally, I want to -- two more 

things. One is that most companies that 

I know -- I work in the film business, in 

television and most companies don't 

want to be in this sort of building. 

They want quiet and convenience and they 

don't want to be in a tourist 

destination. So I'm not sure what the 

occupancy is going to be of these 

buildings. 

I am concerned about that the 

parking is not thought out. 
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named Mary Holmes has given a two-page 

report that's in your -- she wasn't able 

to stay, but it's in your records there 

that she's turned in. There's -- I mean, 

ten Park & Rides spaces doesn't sound 

like enough. To use the TOD idea, the 

second -- it takes a second fare to ride 

a bus after the subway. So if you're 

taking the Metro and then you have to 

take the Orange Line, that's two fares. 

So maybe we have to rethink how the 

transfers work in the city, if you want 

people to corne on public transportation. 

Also, for the people who actually 

live in Hollywood, there's no Park & Ride 

right now for people who don't live in 

walking distance of the Metro station. 

And, finally, it's dangerous to ride 

a bike on Vine Street. I've seen people 

nearly hit, and I suggest that the bike 

shop also have a first-aid station. 

Thank you. 

MR. GIRODO: John Girodo 

representing Hollywood Heritage. 

also a Hollywood resident. 
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For three decades, Hollywood 

Heritage has been an advocate of 

preservation and protection of 

Hollywood's historic resources. We 

appreciate some of the mitigation 

measures designed to preserve the 

historic Capitol Records tower and 

Page 187 

Gogerty Building. However, we believe 

that this proposed project would 

substantively alter the context in which 

these buildings gained their 

significance. Portions of the project 

are grossly out of proportion with the 

identified resources, thereby minimizing 

them and irretrievably altering their 

setting. 

The project would cause an adverse 

change in significance to the Hollywood 

Boulevard commercial and entertainment 

district. And that district is 

recognized in the National Register of 

Historic Places, at the national level of 

significance. 

I asked that you review Hollywood 

Heritage's submitted letter. It's very 
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concise and focused and very easy to 

understand, and I think you'll appreciate 

it. 

Thank you. 

MR. MADDREN: Hi. My name is Casey 

Maddren. I was born in Burbank. I've 

lived in LA all my life. I currently 

live on Cahuenga Boulevard, north of the 

freeway. 

Transit-oriented development sounds 

great. We've been trying it in LA for 

years. It isn't working, at least not in 

the Hollywood area. We've seen the W 

Hotel go up, Sunset and Vine, Jefferson 

Hotel all near transit centers in 

Hollywood. And actually, the population 

of Hollywood has decreased significantly 

over the last twenty years, and the 

traffic has gotten much worse over the 

last twenty years. So I'm not seeing 

huge benefits from TOD. 

My main concern is the Cahuenga 

Boulevard, which already is severely 

overburdened. It's already carrying more 

traffic than it should. And in addition 
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to this project, there are several other 

projects in the pipeline, as well as a 

major pro -- Universal is going 

through -- is undertaking a major 

expansion, which the city council's 

already approved, which is also to affect 

the corridor negatively. 

So I believe there are severe 

negative impacts involved with this 

project, and in should not be approved in 

its current form. 

Thank you. 

MR. FINE: Good afternoon, 

commissioners. Adrian Scott Fine with 

the Los Angeles Conservancy. 

To date, the Conservancy has not 

officially opposed this project, as we're 

trying to work with Millennium Partners 

to work through some of our concerns, and 

we do feel like we're making progress. 

However, our concerns are to secure 

precise safeguards for the historic 

resources, regardless of a changing 

market, circumstances, or conditions, 

changing ownership should that happen in 
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the future, or other factors that will 

ultimately determine what is built. 

To that end and that uncertainty, we 

do have a concern about the twenty-two 

year period here, and we'd ask for a 

reduction to that. 

Our primary focus has been on the 

development regulations. I think we've 

resolved several issues along that way, 

and we're making some progress. But 

there are some outstanding items. A 

specific request -- we ask for you all to 

impose on this project as a condition is 

the required thirty-foot setback 

separation between the two-story historic 

Hollywood Playhouse, Avalon, and new 

construction proposed immediately north 

and on the west side of Vine, to ensure 

that there's sufficient breathing room 

for the lower-scale historic resources 

surrounding the project site. 

The development team is aware of 

this request, and has been responsive to 

our concerns and we hope to continue to 

work with them. 
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Thank you. 

J'vls. HEIDEJ'vlAN: Good afternoon. I'm 

Patty Heideman. I'm a resident, property 

owner, taxpayer, registered voter who is 

active who actively votes each time 

around. 

I -- I'm not representing anyone, 

but people like me who live in the 

neighborhood and, again, pay my taxes, 

I -- I want to say the traffic check, the 

safety check, everything that has been 

said. I want to question, however, like 

others, the nature of this project. 

sounds to me as thought the Capitol 

It 

Building is being held hostage. That if 

we want to see the Capitol Building, we 

have to go high. If we don't want to go 

high, then we're going to obscure the 

Capitol Building. 

It sounds to me as though we're 

being held to a Hobson's choice. It 

seems to me there should be another 

choice, another development. And I'm not 

a lawyer, but I was looking at the 

agenda, and I have a question and I don't 
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expect you to answer it. It's just a 

question in my mind, and it may be in 

other people's mind as well. But the 

applicant for item 6 on the agenda of 

which we were talking, is also the 

applicant for item 7. And if item 7 

poses a conflict of interest, how is it 

that item 6 does not? As a lay person, 

I'm sure a lawyer or someone with a 

little bit more savvy in that regard 

might have an answer. But as a lay 

person looking at the agenda, it looks 

little bit odd to me. 

I vehemently oppose this project. 

Thank you. 

MS. DE MONTE: 1i\7ell, some visuals 

you had a lot of visuals today. 

THE CHAIR: You have to speak 

directly into the microphone. 

MS. DE MONTE: I'm sorry. Just to 

you for the information here. 

I am Rosemary De Monte. I am a 

a 

resident of Hollywood off and on for over 

fifty years. I am talking about this 

because the Millennium project is not an 
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island onto itself. It is an 

accumulative problem that we're going to 

have. 

All of these -- these different 

the different things are all in the 

hopper or are going to be -- are approved 

or in the hopper. So that when you're 

talking about this 1,459 cars or 

something -- that's not exactly the 

truth, because right here, where there is 

a Franklin and Argyle failed intersection 

that cannot be mitigated, is where 

everybody is at, that they're building. 

Now that's -- this all -- all of 

these projects represent 6,500 parking 

spaces and we know that is not going to 

be just 6,500 cars corning into the 

neighborhoods. 

least that. 

And it's going to be at 

Now, also, forget the cars. Out of 

sixty-five parking spaces, we also have 

tens of thousands of toilets that will be 

flushing where none have flushed before. 

And it's also with this order that we do 

not have enough of now, into a sewer and 
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water treatment infrastructure that does 

not work now. And you call this 

planning? 

So I would like to say it also that 

the jobs that will be kept -- a lot of 

these people I don't think live in Los 

Angeles, so that those jobs will corne and 

go. And the jobs that are going to be 

left in this tow -- in these towers, are 

going to be jobs that are wonderful. And 

I'm not -- I'm happy to have them. But 

none of those people will ever be able to 

buy any of the condos that are being 

built in this city. 

point. 

So that's another 

Now, also, the towers are going to 

be built over an earthquake fault. And 

if God forbid the worst scenario happens, 

the consequences -- can you live with 

those consequences on your -- you know, 

on with your decision if you do that? 

And then, the neighborhood council 

that is so pro for this, they are over 

here. Put those towers in their 

neighborhood, and let's see if they would 
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(Indiscernible) says they're 

not -- not in my backyard, people at all, 

I'm sure. Just us. Us who have it in 

our backyard are. 

And I really do like a lot of what 

has -- the Millennium wants to bring to 

Hollywood. But I wish, once again, human 

scale, and remember, all of this 

infrastructure that is not prepared for 

all of the these projects, and more that 

will be corning because of the Hollywood 

Community Plan. 

Thank you. 

MS. DODGE: Good afternoon, 

commissioners. I'm Marion Dodge, 

president of the Hillside Federation, 

representing forty homeowners 

associations spanning the Santa Monica 

mountains. 

The federation opposes the 

Millennium Hollywood project as currently 

proposed, because it is out of scale and 

character to the recently approved 

Hollywood Community Plan. It will cause 

an excessive cumulative negative impact 
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on the health, safety, traffic, and 

infrastructure of Hollywood and its 

neighboring hillside communities. 

The federation urges the commission 

to reconsider the cumulative impacts of a 

project of this size in an area that is 

already a choke point. 

We urge the applicant to consider 

alternatives with heights of no more than 

twenty-five stories and an FAR no greater 

than four and a half to one, to 

coordinate with the existing buildings in 

the historic Hollywood area and reduce 

the strain on the neighborhood. 

Thank you. 

MR. KESSLER: Good afternoon. My 

name is Remi Kessler. I'm a resident of 

the Oaks. We are 800 house north of 

Franklin, west of Bronson, and east of 

Western. We already very concerned with 

the access to Hollywood from our 

neighborhood, because Franklin has been 

almost shut down due to the intersection 

of Argyle and Franklin, the access of 

101. From what we saw in the report, 
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that access -- the 101, that 

intersection, cannot be mitigated. That 

means that our neighborhood, we will not 

be able to get in, get out, or having the 

fireman or the police come in our 

neighborhood. 

We'd like to -- we're not opposed to 

the project, but we'd like to have this 

commission look for more solutions for 

the traffic, and to mitigate the traffic 

in our neighborhood. 

I want to add also one thing. 

Promoting mass transit in new 

neighborhood is a really good thing, but 

traffic is essential to the good health 

of Hollywood. 

Thank you. 

HR. ZEIGLER: Good afternoon. Hy 

name is Cyd Zeigler. I am a resident of 

Nichols Canyon. Been there for a few 

years. 

I want to start by thanking you. I 

can't believe that you're all volunteers, 

and that you volunteered for this. 

appreciate that. 

So I 
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I also want to thank the Millennium 

folks. I mean, their projects are 

beautiful, and looking at the 

presentation, I want to live in one of 

those buildings. 

beautiful. 

I think it looks 

I think something Torn LaBonge said 

is actually the most powerful piece here, 

and that is, I want to put my arms around 

both sides and find something that works 

for both sides. And I think the people 

on this side make very valid points. 

Just one thing that I have not heard 

in regards to the height issue, is how 

it's going to affect other residents in 

the city. And, you know, Runyon Canyon 

and Griffith Park and the hiking areas up 

there -- this is one of the treasures of 

the city, being able to get out of the -

the flats and get up to the hills and see 

these vistas. To have these buildings 

that are that that high, I -- I think 

it's going to affect everybody in the 

city. And thousands of people go there 

to get away from the city. And to have 
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these right there, blocking the view of 

downtown and having people in the flats 

blocking the view of the Hollywood sign, 

these are some of the treasures of the 

city. So I hope you consider that and 

find some way to put your arms around 

both sides. 

Thank you. 

MR. WILL IAJ'vlS : Twenty minutes. 

MR. TUCCI: Hello, commissioners. 

Tony Tucci, Hollywood plan community 

stakeholder, CD4 stakeholder. 

And what an oversight -- no height 

limits for the Hollywood Community Plan. 

So I guess we'll be seeing you guys a lot 

in the future. And -- and what a burden 

to -- to pick a box, maybe the lesser of 

two evils. Did you like the the view 

from the skyline, or did you did you 

like the -- the view from the street 

corner? 

What I really want to ask you guys 

to do, is to please support CEQA and 

define the project. You know, experts 

have questions in the EIR, and if you 
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read a -- a Bloomberg article that carne 

out today, somebody from the California 

Department of Transportation had a 

question. 

But all the versions that I've seen, 

they do not mitigate five significant 

impacts. So just keep that in mind, 

respect CEQA, and if you can't mitigate, 

go create. That's my slogan. 

MR. DURKEE: Good afternoon, 

commissioners. My name is Don Durkee. 

I'm with the Hollywood Studio District 

Neighborhood Council. 

And I oppose this issue for many 

reasons. The traffic is the main one. 

And I think you suggested, don't beat the 

same drum. But that is what most of us 

are -- harms most of us. I live fifteen 

blocks, approximately, below the site. 

The traffic is horrible now. It's going 

to be horrible during construction, and 

it's going to be horrible after. 

And I notice many of the people that 

spoke for the project are paid by the 

project. Also, I -- I think that people 
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that work on the project are only going 

to be there during the project. They're 

going to be gone after the project is 

completed. There will be personnel that 

will stay and work -- work there. But 

most of them, the construction workers, 

the electrical workers, they'll be out of 

there. 

And the -- the promise of when he 

carne -- when they carne to our PLUM 

meeting, each time they said, it would be 

bicycle friendly and it would open up, 

attract more bicycle riders to the city. 

Well, I have a bicycle. I live fifteen 

blocks away. Would I go to the gym that 

might not be there, or may be there, or 

to the hotel, which they're not sure if 

it's going to be there? Would I -- would 

I ride to the restaurant, which might be 

there, or might not be there? I hope 

that you'll consider this project and 

oppose it. 

Thank you. 

MS. MULLINS: You're almost 

finished, I think. We're all almost 
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finished. 

It's been a long day. I almost 

forgot my name. I'm Susan Mullins, and 

I'm president of the Upper Nichols Canyon 

Neighborhood Association. I represent 

over 600 residents, 192 kids and still 

counting. And many of our neighbors 

work, go to Hollywood, their children go 

to schools in Hollywood. I myself have 

been a thirty-seven-year resident and 

worked in Hollywood and in the Hollywood 

Hills. 

So we come to this with a lot of 

concern and a sense of interest, even if 

we don't live right around the immediate 

area. 

And I was trying to think about what 

is it about this project, and so many 

people have raised both wonderful reasons 

to have it and wonderful reasons to not 

have it or to control it. And Mr. 

Aarons, who's the co-founder of 

Millennium, who prides itself on having 

these high-rise skyscraper hotels all 

over the country -- he said that this was 
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the right project for Hollywood, because 

it is a city, a fantasy, and spectacle. 

And I kind of bought into that idea 

when I saw it. Like my neighbor said, 

but, gosh, I could live there. 

But yet it's not just a city of 

spectacle and fantasy. It's a real place 

where people live, work, and where the 

quality of life is really critically 

important. And you've heard all of 

those, so I'm not going to reiterate 

them. But what I do what to ask of our 

Millennium partners and of you and of -

and of those of us who oppose it as it's 

conceived, is to really think of this 

differently. 

When we heard -- when Millennium 

carne to us and made a presentation, they 

said it is this or it is a squat building 

with in which we will have very little 

open space. And that just feels like a -

- being put, you know, on a horns of a 

dilemma, where there is nowhere to go. 

And it feels as thought -- and also, 

by the way, when we talked about parking 
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and such, they said, we need to be given 

all the variances we want, or that's it. 

Well, that's, you know, my way or the 

highway. And I would urge some creative 

thinking where we think about how do we 

still have a building that has some 

height, whether it's twenty-two, thirty-

eight stories. But also, instead of 

having to be squat, we really maintain 

that open space that I think is 

attractive to everyone. And that's 

asking Millennium to consider having 

fewer square footage -- fewer square 

feet, I guess the word is -- fewer square 

feet to use in -- in a way of trying to 

find a way to balance the interest of all 

the people in Hollywood. 

So I thank you very much for your 

time. 

MR. MEREDITH: Good afternoon, 

commissioners. My name is Torn Meredith. 

I have lived in Los Angeles for forty

eight years, and for the past twenty-five 

years, I'm a resident of the Hollywood 

Dell, the community that's probably most 
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impacted by the Millennium project. 

I served tirelessly on the Hollywood 

Civic -- Hollywood Dell Civic Association 

board, but I don't stop there. I care 

very deeply about the neighborhoods 

surrounding me and the -- the communities 

where my -- myself as well as my fellow 

stakeholders live, work, and thrive. 

So in addition to my work on the 

Hollywood Dell Civic Association, I serve 

on the boards of both Hollywood Studio 

District Neighborhood and Hollywood 

United Neighborhood Council. 

We work tirelessly as volunteers 

to -- to really improve city government 

responsiveness to local concerns. And 

I'm here to speak as a representative of 

both those neighborhood councils. 

Now I'm going to leave all the 

issues and concerns about the negative 

impact Millennium has on parking and 

safety and traffic and height and all 

that to my colleagues here, as well as 

fellow board members and neighbors and 

friends. 
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I just want to go on record, because 

there has been some reporting to the 

contrary that both Hollywood Studio 

District Neighborhood Council and 

Hollywood United Neighborhood Council 

boards voted non-support of the 

Millennium project as proposed. In fact, 

Hollywood United Neighborhood Council -

the neighborhood council for which the 

project falls within and whose 

residents -- whose 19,000 residents are 

the community most impacted, unanimously 

supported -- voted for non-support. Both 

these organizations have been here today 

with representatives to offer their 

comments and opinions. 

My final thought I wanted to leave 

with the group was I really rebuke the 

uninformed comment from the individual on 

this side of the room, that that side of 

the room is -- not does not want 

anything. Nothing could be further from 

the truth. We're here for development. 

We're here for responsible development. 

I appeal to this commission that you 
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follow the lead of Torn LaBonge and Eric 

Garcetti and think about it responsibly, 

and listen to the community. 

MR. ZIDE: Good afternoon. My name 

is Bill Zide. I'm on the Hollywood 

Studio District Neighborhood Council and 

on the PLUM committee for that 

neighborhood council. 

We had six hours of consideration 

which now seems to pale in comparison to 

what you're going through, but six hours. 

And we gave it careful thought, and we 

considered it, and we chose to vote 

against it. 

We are not anti-development. We're 

pro-development. But we're pro 

intelligent development reasonable, 

considered, responsible to the community. 

Right now, the project as is, is 

luxury apartments, or could be. We don't 

know; they're not as specific as they 

could be. That does not really relate 

Hollywood. It's not really for 

Hollywood. It's not really for 

Hollywood. They feel if they build it 
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then they will corne. 

But what we should be concerned 

about are issues of affordable housing, 

of jobs, and this says that it is for 

jobs. But most of those jobs will 

probably be temporary, non-union, and low 

wage. It's not that they're bad jobs, 

but that's the reality before us. 

And, again, an issue that was stated 

that you do have to consider is, we are 

in a seismic zone. There's not a 

question if there will be an earthquake, 

but simply when. The worst structure you 

can build, according to most people, is a 

tall, thin tower. So take that into 

consideration, not because it's 

architecturally not pleasing. It's not 

maybe world class, but it has to be 

considered in the reality of where we 

live. 

Another issue -- reality. I worked 

for the U.S. Census, as did Torn. Density 

went down -- not up, went down in the 

last ten years. It will go up, but not 

at the rates that seem to be projected. 
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At least that's not how historically it's 

been. Occupancy rates were also down. 

So the reality is these are the facts 

before you. There are numerous 

considerations. It's not that we dislike 

Millennium and what it's trying to do . 

But it needs to be reflective of the 

areas it's corning into, and most of the 

neighborhood councils with the exception 

of one, the one that Laurie is on, voted 

against it. So please take heed of what 

we're telling you today. And if you 

want -- if you think there's no public 

consideration in terms of money, take 

into account this fact: Each parking lot 

that Millennium does not have to build is 

worth according to some people, 

approximately 20- to 32,000 dollars. At 

500 parking spaces, the minimum it's 

going to get away with not building, that 

translates to I think about fifteen 

million dollars. So it's not exactly all 

private money if you give it 

considerations like these. 

So please think ahead and take these 
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difficult job, and hopefully, we're 

corning to the end here. 

Thank you. 
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MS. (NAME INDISCERNIBLE) Good 

afternoon. My name is Nicole 

(indiscernible) . 

THE CHAIR: Could you just speak 

directly into the mic --

UNIDENTIFIED SPEAKER: Okay. 

THE CHAIR: -- as close as you can 

get? 

UNIDENTIFIED SPEAKER: Anyway, I'm a 

resident of the Dell, and I'm also on the 

HUNC board, although I'm just speaking 

for myself. 

I think that -- well, this gets into 

an area that is uncomfortable for me. 

I'm not a financier. I'm not a 

developer. At any rate, I feel that 

potentially there's a much smaller but 

equally beautiful and reasonably 

profitable project somewhere smaller 

in -- inside what is being proposed, 

which I'm not sure exactly, but -- and 
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I'm not trying to be rude about it. 

At any rate, it seems to me from the 

bleachers that no one's really trying to 

get there, and that upsets me. v\7i th all 

due respect, I felt that the staffers 

seemed almost like advocates for this 

project. And I'm not sure how that 

that's proper. 

You know, I don't -- I've been in 

lots of meetings with the representatives 

of the developer. They're very nice. 

don't ask them questions like, how much 

did you pay for this land, and was the 

zone too high to begin with? I don't 

I 

know we got to this place where 

supposedly these options, all of which to 

me are much too large, you know, are 

nothing, and I don't want nothing. So, 

again, I really think there's -- I hope, 

I don't know for sure, I hope there's 

something really positive that could 

corne, but I'm -- you know, I can't get 

into that. It's not my place, but it is 

your place. It's the city's place. You 

know, for a world-class city, then it's 
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not rude to ask questions like that. 

It's not rude to say, what -- what do we 

really want. And then -- and I would 

say, as far as, you know, the commission 

itself, you know these questions of 

conflict of interest are, I think, very 

complicated, and I don't know what I 

think about them. But I -- I really hope 

that you will dig deep and think 

independently what do you think is right, 

and -- and do that. 

Thank you. 

MR. DYER: Hi. My name is Brian 

Dyer. I'm a thirty-three-year resident 

of Hollywood. I want to thank you all 

for not yawning while I talk, since 

you've been sitting for so long. 

My main concerns are, one, is 

safety. I'm the one who handed this out 

to you earlier. The EIR for both this 

project and the Hollywood Community Plan 

stated and used a 2000 in the Hollywood 

Community Plan and a 2002 report. The 

2000 plan was done by Dolan. Dolan was 

subsequently hired by the Metro to do a 
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There he 

determined that that fault line was 

active and Century City and the subway 

station had to be moved. (Indiscernible) 

stood behind that decision. 

The Hollywood Community Plan said, 

when it was reported to them, they said 

that that was inferred by that report. 

Three years after the community plan was 

passed, we had earthquake epicentered in 

Beverly Hills of 3.3. 

That western touchdown of the 

Hollywood faultline, which runs 

underneath Yucca and that is claimed to 

run .5 miles -- .4 miles north in the 

EIR. 

I would just like to present this. 

This has taken off of Professor Dolan's 

field trip that he takes USC students and 

he takes other international students 

around, from around the world, to show 

the Hollywood fault line. This scarp 

goes up between Yucca up to Franklin. 

It's a fast rise. It's where two plates 

were thrust up. That's 246 feet away 
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from the Capitol Records Building. 

We are sitting on an active fault 

line that can trigger the Hollywood 

fault. FEMA -- the worst area that FEMA 

is looking at nationally is Southern 

California for earthquakes. It's not for 

hurricanes. It's not for other things. 

We have the Hollywood Hills just to the 

north of Hollywood. We have four north 

and south corridors -- La Brea, Highland, 

Cahuenga, Vine -- funneling into the 

Caguenga Pass. If anything happens 

south, we're doomed. The California 

Bureau of Land Mines said if we have a 

6.6 or 6.3 earthquake, the Hollywood 

Freeway, just where the cat park wants to 

be built, will collapse and will not be 

useable for three days while they try to 

get people out and try to reopen that 101 

freeway. 

So what are we going to do in case 

of an emergency when we have 

transportation -- as stated before, the 

California Department of Transportation 

has sent you a letter contesting what it 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075021 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 215 

says in the EIR of the -- of the 

Millennium project. 

And the other thing I would like to 

say, nowhere in this is planned for 

Hollywood Boulevard street closures. 

We've had five in the month of March, 

including the Academy Awards marathon. 

We continually have Hollywood Boulevard 

closed to --

MR. WILLIAMS: Two minutes. 

MR. DYER: and what does that do 

for traffic? 

Thank you very much for staying 

awake. 

MS. SILLINS: Good afternoon, 

commissioners, I want to thank you for 

your service. My name is Stacy Sillins, 

and I am vice president of the Nichols 

Canyon Neighborhood Association. 

A lot of my friends had to leave, 

and a lot of people are on spring break 

right now, as you guys know. And a lot 

of people wanted to corne down and talk 

about this. 

The one thing that I -- there's a 
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lot of say, but I'll just keep it short 

so these guys can go. The one thing that 

I find disingenuous about a lot of what's 

happening is that nobody is against 

development. What we really want is 

responsible development. And like my 

friend Susan said is how can we work 

together to find a way to make it so that 

we're all happy. 

I am a New Yorker. I know how to 

live in New York. I've taken the subway 

horne, stopped at the market on my way, 

went horne, where I've gone back out. 

This doesn't really do that. It just 

seems that the density will be really 

bad. 

But we need to find a way to make it 

happen for everybody. 

union. We want jobs. 

My husband's in a 

We need a lot of 

money corning into Hollywood, so that we 

can all stay and be happy. 

But I really do want to give these 

guys time, and thank you. 

MS. WILLIAJV1S: Good afternoon, long-

suffering commissioners. I'm Lou 
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Williams, and I live in the neighborhood 

just above where the Millennium project 

would go in. And I want to say that I, 

too, was very impressed by the pictures. 

It's like the magical city of Oz. I 

could see myself with tinkling glasses on 

that observation deck, looking down on 

tiny little Hollywood. 

And then, all of a sudden, it kind 

of squished down and it leaned ominously 

over the sidewalks. And I woke from my 

dream, and I thought, well, they have to 

do that. If we can't have them high, 

because we need the density, and then I 

thought, oh, no, we don't. I have been 

beguiled by so many density projects in 

the years -- over thirty-two -- that I've 

lived in the area, that I see the whole 

trajectory. 

For instance, allover Hollywood, 

TrizecHahn had to sell Hollywood Highland 

to elM for a 450-million-dollar loss. 

Hollywood Vine has only been able to sell 

29 of its 143 condos after three years. 

I could go on. Hollywood Western, 
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still after ten years, cannot rent the 

commercial space directly over the 

entrance to the -- to the subway. 

We see the pollution. We see the 

impact on our infrastructure. v'iJe see 

people moving out, not moving into 

Hollywood, and we see traffic 

THE CHAIR: Can I suggest that you 

allow the final speaker to have thirty 

seconds and --

HS. WILLIAHS: So, okay. Quickly, 

218 

I'm just saying, you look at all of that, 

and you say, how do we fix this? Why 

don't we build even bigger next time? 

Listen, we're not winning from this, but 

somebody is winning, and that's what I 

wonder why does it keep happening? 

There's got to be a winner somewhere, and 

it's not the community and it is not the 

environment. 

THE CHAIR: Thank you. 

HS. WILLIAHS: Thank you. 

THE CHAIR: The last thirty seconds. 

HR. NELSON: Hi. I'm Jim Nelson. 

I'm an architect and a real estate 
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developer. I'm the president emeritus of 

Laurel Canyon Association. I'm a 

founding member of Bel Air-Beverly Crest 

Neighborhood Council. I'm a thirty-year 

member of the Hillside Federation. I 

spent fifteen years as the treasurer of 

Hollywood Heritage. 

I have worked on the development of 

Hollywood for thirty-three years. 

here to develop Hollywood. 

I carne 

Today is one of the most amazing 

things I have ever seen. It's the 

rebirth of Hollywood. 

you all said --

Everything that 

THE CHAIR: Sir, if you're not on 

the microphone, we can't hear you, and 

I'm going to --

MR. NELSON: -- if we think every 

everything that you all said is true, 

this will create jobs. It will create 

sales tax. It will create parking 

revenue. I know that for a fact. I 

built Universal CityWalk. 

THE CHAIR: Okay. 

MR. NELSON: 600 dollars it's worth 
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for revenue. Take six percent of that in 

the sales tax, the parking tax, all of 

that. 

THE CHAIR: I appreciate the --

time. Unfortunately, I'm going to have -

cut you off --

HR. NELSON: Okay. I'm going to 

take 

THE CHAIR: -- but I do appreciate 

the service. 

HR. NELSON: -- I'm going to beg two 

paragraphs. 

THE CHAIR: I'll give you 

HR. NELSON: However --

THE CHAIR: I'll give you one 

paragraph out of extreme generosity. 

HR. NELSON: -- however -- however, 

this project as currently configured and 

designed, is no CityWalk. 

THE CHAIR: 

to cut you off. 

and effort here. 

HR. NELSON: 

forbidding -

THE CHAIR: 

Sir, I'm going to have 

I appreciate your time 

Bulky -- bulky --

I'd like to call. I'm 
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sorry, sir, thank you. 

HR. NELSON: bulky, forbidding. 

THE CHAIR: And out of fairness, the 

rules have been set. I really do 

appreciate what you have to say, but I'm 

going to have to cut you off. I'm sorry 

to have to do that, out of fairness to 

the entire body. But thank you. 

I mentioned that there was going to 

be folks for general comment -- excuse 

me, I don't appreciate that either. 

Juan Aguilar submitted a card for 

general comment? 

Okay, he's not here. 

So what I'd like to do is go through 

a list of what we have identified 

together. 

Yes, I need to close the public 

hearing and public comment period first. 

And then -- which I've just done -- and 

now I want to go through a list that I've 

been trying to keep a tally, and I 

presume that my fellow commissioners have 

as well. So I'll go through what I have. 

If there are things that I've missed, 
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please alert me. 

I'd like to take a five-minute 

break, and then call staff back up and 

see if we can have you respond to the 

list that we have here, and continue with 

our own deliberations. 

Okay? So this is what -- we're not 

on break yet. It's not on, for some 

reason. Okay. No, we're -- okay? It's 

not on. 

Yeah, it's pushed. 

Okay. I'm sorry. We're not taking 

our break just yet. I want to go through 

the list, and then we'll take our break. 

So that will give staff some chance if 

there's an opportunity for them to 

clarify something in the meantime. 

So, there were several comments 

regarding the lack of specificity in 

defining the project. And I'd like to 

have staff help us to understand their 

position relative to kind of an open

ended possibility relative to what could 

occur on the site. So it could be 

office, it could be so to give some 
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sense of your understanding of defining 

the exact project. 

There were several comments relative 

to height, obviously, and removing the D 

limitation was something I also saw in 

several of the letters. And I want to 

state for the record that we did in fact 

receive a volume of letters from folks, 

and we did have an opportunity to review 

them, so people know that. 

The averaging of the floor area and 

increasing the massing to have some sense 

of understanding of how that is justified 

from staff's point of view. 

The traffic congestion -- there were 

a number of comments relative to traffic 

studies, and also to particular 

intersections. And I know you went over 

some of that, but to clarify now that 

you've heard what the comments are 

relative to traffic congestion. 

Related to that, there were some 

concerns about emergency access, and I 

think that also was a traffic-related 

concern. But where, for example, in the 
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EIR is that dealt with, and if 

inadequately so, for us to have a 

discussion about that. 

There was mention of parking. And I 

think for my own satisfaction, and I 

think for my own satisfaction I'd also 

like to have the shared and reduced 

parking justifications explained a little 

more clearly for us. And particularly as 

it relates to some of the uses there, 

like the fitness club, for example, the 

reduction. And if there are 

opportunities around traffic demand 

management, for parking and for traffic 

congestion, if there are some 

opportunities there. I think we heard 

some from the applicant. I'd like to be 

able to explore those options. 

There were several comments about 

noise and light and outdoor venues, and 

the roof deck, the upper floors, and the 

impact on surrounding communities. 

There were some comments about 

again, this is sort of related to a 

specificity question, but around going 
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forward, if we're going to be approving 

alcohol sales, is there opportunity for 

the community to engage in that at a 

later point. Is that something that 

we're giving a blanket approval to? What 

exactly are we approving relative to 

alcohol? 

There were questions about the 

setback on the Hollywood Playhouse, the 

thirty-foot setback. There were also 

questions about the community plan, and I 

think it would just be helpful for us to 

know where the community plan update 

stands and how your analysis relates or 

doesn't relate to the community plan 

update. 

And there were also questions about 

earthquake safety, and how and where 

that's analyzed in your report. 

And there wasn't a discussion of, 

but something this commission has had 

previous policy-based discussions around, 

is proximity to freeway. And so how 

close they are to the freeway, relative 

to air quality standards and things that 
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we've been concerned about. 

That is the list that I have. Did I 

miss things? 

MR. LESSIN: Commissioner Lessin. 

One of the other things that was 

discussed in the applicant's presentation 

was a series of community benefits. Hard 

for us to keep track, because we were 

going very, very quickly. But which one 

of those can actually be conditioned and 

have a nexus to the project, and which 

one are sort of an outside parties' 

agreement with them? 

THE CHAIR: Okay. 

MR. LESSIN: So if we can hit those, 

I'd appreciate it. 

THE CHAIR: So I think that we --

oh, I'm sorry. Barbara? 

MS. ROMERO: I just 

THE CHAIR: Commissioner Romero. 

MS. ROMERO: Barbara Romero 

speaking. A real -- an understanding on 

what's actually going to be, not only 

what are -- what's going to be mitigated. 

It seems hard to -- there was one 
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appendix that I think lists all the 

transportation infrastructure mitigation. 

And if you guys can articulate that and 

summarize it, I guess, for us. And when 

people talked about the key vantage 

points that were just elaborating on that 

for me, because it looks like the key 

vantage points -- yes, just to describe 

that and how it relates to the viewshed 

and 

THE CHAIR: Okay. 

MS. ROMERO: Thank you. 

MR. PERLMAN: Commissioner Perlman, 

Dana Perlman. That's what you said. 

sounds very (indiscernible) like. 

Just a couple of points. One, in 

your original presentation, you talked 

about floor area averaging between the 

sites. I have a concern about how the 

It 

sites are linked, and perhaps you can 

address that to make sure that if we're 

doing with floor averaging, if one side 

is developed -- another side is sold, how 

we are protected. Those sorts of issues. 

Similarly, with respect to the 
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conditions, and this is both for you and 

for the applicant. That the proposed 

conditions that the applicant 

mentioned -- the community benefit 

conditions, how those are tied to both 

sites, both locations. 

There was a mention by the applicant 

that there would be no super graphics or 

signage, which is very much appreciated. 

But also mention of a very large video 

screen, and I didn't know what 

discussions had been regarding what sort 

of content would be on the screen, in 

addition to the illuminosity -- I think 

it's the right word -- of the screen for 

its impact on the neighborhoods. 

And, finally, one of the speakers 

raised a question regarding water 

treatment and the additional impact on 

the city's existing sewage and water 

treatment facilities, and what these two 

towers might add in that regard. 

Thank you. 

THE CHAIR: And one final -- I think 

I'd like us all to also have some 
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clarification about the length of time 

for the entitlements. There were several 

different time periods that were 

suggested in public comment, and I'd like 

for the public and us to have assurances 

about how long these entitlements run. 

UNIDENTIFIED SPEAKER: The only 

thing left on my list is the Metro passes 

and discount parking. And that's one 

item that was brought up. 

understand. 

I didn't 

THE CHAIR: So some of the traffic 

demand management opportunities that were 

mentioned, I think, by the applicant. 

And I think some of definitely, in 

some of the letters as well that we 

received, and what the opportunities are 

there. And not --

UNIDENTIFIED SPEAKER: And, also, 

there's one concern, you know, if you're 

building such a huge complex. There's 

utilities that needs to be addressed from 

the sea water, electricity, and all that 

thing, you know. Where that thing will 

be incorporated, and how that thing comes 
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into play with it. 

MS. IBARRA: So is your question to 

find additional information about where 

the discussion is with respect to 

utilities and infrastructure? 

UNIDENTIFIED SPEAKER: Yes. 

MS. IBARRA: Okay. 

THE CHAIR: Commissioner Romero? 

MS. ROMERO: And I think for me 

personally, I wanted to just better 

understand the implications in not having 

a development agreement, what things 

we're actually going to get and not get 

now that we won't have a development 

agreement. Just in generally. 

THE CHAIR: So I think one way to 

add some clarity to that, is what are the 

development restrictions and requirements 

that are included with your report that 

had nothing to do with the agreement. 

MS. IBARRA: Okay. 

MS. ROMERO: Thank you. 

THE CHAIR: Does that clarify 

MS. ROMERO: Thank you. 

THE CHAIR: Okay. So I 
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have a very voluminous list, and we're 

not done yet. So we will take a five

minute break, and we will return. 

(Recess) 

THE CHAIR: We're back. 

So, Luci, we gave you a voluminous 

list, but we have the utmost faith in 

your capabilities. So why don't we dive 

in. Where would you like to start? 

1'1S. IBARRA: Let me start by first 

reiterating why the planning department 

recommends that this project be approved. 

The property is located in a very 

urban area. It is zoned for high 

intensity and high density uses, 

consistent with the regional center land 

use designation, with the commercial zone 

and the height district. 

This property has historically had 

no height limit, and with the 

implementation of the CRAYs overview 

through the redevelopment process, has 

allowed historically a four and a half to 

one FAR, and up to a six to one FAR 

through its own process. 
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That was all captured with the 

community plan update. And so with that 

and previous cases that have been 

approved with an FAR of six to one, we're 

recommending approval because it's 

similar in location to transit-oriented 

development and land-use designation in 

its zones. 

Moving forward, there was a question 

with respect to the development 

regulations and the land-use equivalency. 

Those exhibits were attached to both the 

CPC case, the 2008 case with respect to 

the entitlements and the site development 

of the project before you, as well as a 

development agreement that is no longer 

on the table. 

With that said, there's assurances 

provided to you in those development 

regulations as well as the land-use 

equivalency, that have been attached to 

CPC 2008-3440, as Exhibit C and D, I 

believe. 

THE CHAIR: And so those -- that 

which you're speaking of being attached, 
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are 

J'vls. IBARRA: They're exhibits, and 

they're included in the conditions of 

approval that the development be 

developed in substantial conformants with 

those exhibits. 

THE CHAIR: And they go above and 

beyond what are classic design standards 

and 

J'vls. IBARRA: It goes above and 

beyond, and it's actually much more 

restricted than what is allowed based 

strictly on what the zone would permit. 

THE CHAIR: Okay. So we didn't have 

to go anywhere outside of what is before 

us today in order to have those 

assurances. 

J'vls. IBARRA: In order to find those, 

no. They're attached as exhibits to the 

CPC case. 

Additionally, to address the 

ambiguity further, the advisory agency 

approved a tract map, as I mentioned 

before, that addressed the 492 

residential units, the hotel, the 
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restaurant, the retail, and the fitness 

club space, as well as the office space. 

In the event that the applicant 

chooses to modify the project, the 

condition is that the project still needs 

to substantially conform with the 

development regulations and the land-use 

equivalency. Those are conditions of 

that tract approval. In the event that 

they want to change that, they have to 

follow a tract map modification and 

substantiate why it's still in 

conformance with those development 

regulations and the land-use equivalency. 

Anything above and beyond that would 

trigger an additional or a new CEQA 

analysis. 

THE CHAIR: And to your 

understanding, is there any precedent for 

something like this? I think the 

perception on the part of many of the 

public is this is an unprecedented open

ended kind of possibility here about 

could or couldn't get built. 

MS. IBARRA: Right. Well, so the 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075041 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 235 

development regulations give you a set of 

objectives and standards that give you 

assurances as to what the setbacks would 

be, what the height would be, what the 

massing of the structures would be, 

depending on the scenarios and then the 

land uses and the intensity of the land 

uses permitted. 

Now, it's not uncommon for us to 

have presented projects to you where 

we've imagined that it would be 

consistent with the EIR only for the 

project applicant to come back or a new 

owner to come back with a substantially 

smaller project. And that's out of our 

realm. They can do that, and that's 

allowed. 

So it's not so different than what 

we've experienced in the past, where the 

applicant comes back for a different 

project on the same site. 

the 

at 

THE CHAIR: So the EIR captures then 

or analyzes the potential impacts 

MS. IBARRA: Right. 
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THE CHAIR: -- kind of the maximum 

build-out at --

J'vlS. IBARRA: So what you see in the 

development regulations has been analyzed 

in the EIR. And the -- right. 

THE CHAIR: So does everybody have 

Exhibit C so you have an understanding of 

what the development regulations are, 

what's in it? 

if -- then 

scenario. 

It really goes through an 

if this, then that, kind of 

J'vlS. IBARRA: Right. And it's not 

different than when we have other 

projects and we know we're going to get 

built, we say it -- we always say it 

substantially conforms to Exhibit A, 

which usually refers to a site plan. 

Generally, there are issues that 

corne up, so if, you know, a fire hydrant 

that modifies a setback or something to 

that effect, that you plan for and the 

applicant would corne back. And if it 

triggers a plan approval, it triggers a 

plan approval. The triggers track that 

modification map. There's a process for 
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that. 

THE CHAIR: So I think I understand 

that relative to some of the design 

specifics. 

specifics? 

What about some of the use 

JVlS. IBARRA: So the uses are 

dictated by the land-use equivalency that 

just also attached. So in exchange for 

certain uses -- so in the event that they 

want to reduce their residential to 

increase another portion of the uses, 

that is dictated by the calculation 

called out for in the land-use 

equivalency, which limits them to the 

peak hour trips that are highlighted and 

service thresholds for the development. 

THE CHAIR: So the assurance then 

that you're offering or that you're kind 

of arguing in favor of, is that they 

cannot go over particular thresholds that 

have been analyzed, irrespective of what 

combination of uses ends up in the final 

project? 

JVlS. IBARRA: Correct. And if they 

do, they have to come back and analyze 
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it, correct. 

UNIDENTIFIED SPEAKER: Can they go 

to zero? 

MS. IBARRA: Excuse me? 

UNIDENTIFIED SPEAKER: Can they go 

to zero? Have no hotels and do all 

residential? 

MS. IBARRA: Yes, they can, so long 

as they meet -- so long as they satisfy 

the traffic thresholds that are 

identified. Although the general plan 

limits residential uses, so that in order 

to build residential, you have to have at 

a minimum a zero and a half to one FAR of 

non-residential uses. So there has to be 

some 

THE CHAIR: So we're not going to 

get one hundred percent residential in 

any scenario. 

MS. IBARRA: Correct. 

Okay. 

THE CHAIR: Does anybody have any 

other questions relative to that? 

Okay. 

MS. IBARRA: There was a question 
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with respect to the floor area averaging 

and the unified development. So our 

recommendation for you was to approve 

that. And just to reiterate what's 

stated in the code, the code can define a 

project as a unified development under 

Section 1224W(19), because it is a 

combination of functional linkages such 

as pedestrian or vehicular connections. 

It's characterized by common 

architectural and landscape features, 

which constitute distinctive design 

elements of the development, and is 

composed of two or more contiguous 

parcels or lots of record separated only 

by a whole -- by a street or an alley. 

And in this case, the development 

regulations provide you that assurance 

the project will be developed as a 

unified development, that the development 

regulations are tied together for both 

parcels -- the east and west parcels, and 

that the bisection is Vine Street, with 

the plazas linking and providing that 

midblock connection between the two 
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sites. And for that reason, it allows 

for the floor area averaging across the 

two parcels, so long as the project is 

developed as one, and that's where the 

development regulations reinforce that 

aspect. 

THE CHAIR: So can you help me to 

understand that relative to some 

potential sequencing, and the potential 

for kind of alternative owners, 

ownership? What is our certainty 

relative to that unified developed and 

them being tied together? 

MS. IBARRA: So a lot of the 

conditions are contingent on the 

effectuation of other conditions. So, 

for example, the tract map conditions -

any changes to -- say they develop the 

west site, and then they decide that they 

can't develop the east site. The 

conditions associated with the Qs and the 

Ts attached to the parcels are present in 

both. So in the event that a new 

developer comes or should Millennium not 

be able to perform on the second, the Qs 
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and the Ts are still embedded in that 

property for the other site. 

THE CHAIR: Commissioner Perlman, 

did you have a question around that? 

MR. PERLMAN: Yeah, I guess what I 

still don't understand is that while the 

Qs and Ts are embedded, if there's an 

exchange of floor area between the two, 

would it could a new owner on one 

parcel somehow get away from the fact 

that they have traded away some of their 

floor area to the other parcel? 

MS. IBARRA: Well, that rules would 

make it difficult to sell, right? I 

mean, if someone had already used the 

majority of their floor area on one, but 

that's the due diligence that someone 

would have to corne in, in order to 

perform on that parcel. 

MR. PERLMAN: So it does -- it runs 

with the land and so it would restrict 

the subsequent purchaser. 

MS. IBARRA: The Ts and the Qs run 

with the land, correct. 

MR. PERLMAN: Okay. 
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MS. IBARRA: And if they wanted to 

do something entirely different, that's 

what -- that's where the project would 

return to you, and it's possible. 

if I MR. PERLMAN: And, similarly 

could just have one second -- with 

respect to the proposed public benefit 

conditions, could those also run with the 

land so they run with both parcels 

evenly? 

MS. IBARRA: The benefit conditions 

can be the condition at your discretion, 

so that they can be effectuated at the 

issuance of the first building permit 

associated with the project. So it's not 

specific to either one or both parcels. 

It could be the first of any particular 

permit associated with that development. 

MR. PERLMAN: Great. Thank you. 

MS. IBARRA: Urn-hum. 

THE CHAIR: Other questions relative 

to this point? 

Okay? 

MS. IBARRA: Moving on to the 

conditional use permit for the alcohol 
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sales, there is a condition in here that 

speaks to requiring individual vendors 

associated with this development to apply 

for their separate permits, so that they 

can receive site-specific conditions as 

it relates to their use before the zoning 

administrator. 

THE CHAIR: So there is an 

opportunity then for the public to engage 

in a process relative to 

MS. IBARRA: Correct. The plan 

approval process requires a hearing for 

conditional use permits. 

THE CHAIR: So we are in effect 

saying that alcohol can happen, but how 

it happens is going to be subject to 

MS. IBARRA: The plan approval 

process. 

THE CHAIR: Did you have a question, 

Mr. (indiscernible)? 

UNIDENTIFIED SPEAKER: It's fine. 

THE CHAIR: Okay. 

UNIDENTIFIED SPEAKER: Fine. 

THE CHAIR: Thank you. 

MS. IBARRA: As to the length of the 
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entitlements, I know there was some 

confusion as the results of the removal 

of the development agreement. The 

rights -- the time to use the 

entitlements is therefore now limited by 

what was allowed for in the code, and 

that is six years. And it could be 

potentially extended further on the tract 

map, should they start to file their 

final map. And so that would extend 

those -- the rights associated with the 

vesting tract map. 

MS. ROMERO: So you're saying it 

goes from twenty-two years to six years? 

MS. IBARRA: It goes to six years, 

because the intent of the development 

agreement would allow the applicant to 

vest those rights for an additional 

amount of time in exchange for community 

benefits. Now that that is off the 

table, they're just what the code allows, 

and that's to six years. 

THE CHAIR: Commissioner Perlman? 

MR. PERLMAN: I'm sorry. But if 

they were to record a map, I thought I 
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heard you say it, then (indiscernible)? 

HS. IBARRA: Right. If they record 

the final map, that gives them additional 

time. 

HR. PERLHAN: How much? 

HS. IBARRA: They get thirty-six 

months with the tentative, and I think 

they can -- I now that state law can 

sometimes over -- can extend the life of 

the final maps, or in the event that 

there's economic downturn. So I can't 

say what the exact limit is right now, 

but I now that the last one was, I think, 

six years five or six years 

additional. 

six 

HR. PERLHAN: So if you say through 

HS. ROHERO: So potentially twelve? 

HR. PERLHAN: -- it could be twelve? 

HS. ROHERO: Potentially twelve? 

HS. IBARRA: Potentially twelve. 

HR. PERLHAN: Okay, thank you. 

THE CHAIR: And relative to that, 

although I didn't mention it, I did see 

in a number of the letters that we 
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received on the record, there were 

questions about the timing of the tract 

approval and the advisory agency's 

determination preceding our deliberations 

on this, and some questions about whether 

that was the legitimate kind of 

sequencing of the process. Can you just 

speak to that so I understand what the 

objection might have been 

1'1S. IBARRA: Right. 

THE CHAIR: -- and why you did not 

think it was --

1'1S. IBARRA: The advisory agency 

indicated at the hearing on the 19th that 

it moved, or was inclined to approve the 

tract map. And it did, with its decision 

which was rendered at the 22nd. That 

tract was conditioned to include 

provisions that the project be developed 

in substantial conformance with the CPC 

case before you, and it also referenced 

at that time the development agreement. 

We embedded the development regulations 

in the land-use equivalency, because we 

thought that was important to both of 
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In the event one did 

not go through, we would still be able to 

capture it in the other. 

So the tract map did include 

references to the development regulations 

and the land-use equivalency program in 

both CPC cases. 

The advisory agency's findings were 

based on the subdivision map act, which 

typically requires that the advisory 

agency find consistency with the general 

plan and the zone and the land-use 

designation, along with the 

characteristics of the development of the 

project in the surrounding community. 

And it chose to approve it, based on 

those findings. 

THE CHAIR: And so it doesn't -- as 

was implicated, I think, in some of the 

letters, it doesn't presume our decision? 

MS. IBARRA: No, it's subject to 

your approval. 

THE CHAIR: Okay. I thought if I 

could walk away, but I can't. 

Okay. Let's go to the next issue 
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then, yeah. 

J'vls. IBARRA: We've asked that the 

applicant speak more to the technical 

issues with their consultant, the traffic 

consultant. DOT was not able to continue 

to stay here for the remainder of the day 

on this hearing, and so we've asked that 

the traffic consultant corne forward to 

speak to your issues with respect to the 

mitigation measures. And I understand 

that the applicant itself would like to 

add additional measures associated with 

the traffic demand and the traffic 

mobility conditions of the project, to 

beef up that portion. We believe there's 

a nexus for that, and I think they wanted 

to speak to that on the record. And so 

while we're having the traffic consultant 

address the traffic-related issues, maybe 

they can do that simultaneously and 

answer your concerns. 

THE CHAIR: And if we can ask you to 

corne back after they presented that --

J'vls. IBARRA: Of course. 

THE CHAIR: -- to get your sense 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075055 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

about that. 

Page 249 

So if somebody from the 

applicant team can corne up and --

HR. LESSIN: But --

THE CHAIR: speak to -- oh, 

sorry, Commissioner Lessin. 

HR. LESSIN: Commissioner Lessin. 

Luci, one more thing. As we go through 

this with the traffic consultant, things 

that you agree with, that you can part of 

your recommendation. If you can sort of 

keep track of those --

HS. IBARRA: Okay. 

HR. LESSIN: so that we don't 

have to redo this at the end? 

HS. IBARRA: 

HR. LESSIN: 

HR. NEUHAN: 

Okay, sure. 

Okay, thank you. 

Hembers of the 

commission, Jerry Neuman, representing 

Hillennium Partners, here with -- I have 

with me the traffic consultant from Crain 

& Associates, to discuss some of the 

questions that you have raised relative 

to our traffic analysis and how that was 

performed. And I wanted to add some 

light on some of the questions relating 
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to our traffic impacts, as well as 

provide some of the additional TDM 

traffic demand management plans that we 

have requested to be included as part of 

our community benefits. 

First, I'd like to walk you through 

the various studied intersections that 

were included as studied intersections 

within the EIR, and note to you a couple 

of things that I think are important for 

your deliberations. 

In the thirty-seven intersections 

that were studied, ultimately there were 

five that were deemed to be unmitigated 

as -- or have a significant impact prior 

to mitigations of the project. 

THE CHAIR: Yeah, I think we're 

trying to avoid blocking the view of 

folks, so we can see it there. 

MR. NEUMAN: Okay. 

THE CHAIR: That's perfect. Thank 

you. 

MR. NEUMAN: After the project to 

the six-to-one FAR was established and 

mitigations applied, the number of 
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unmitigated intersections went down to 

two intersections. And in fact, we do 

have two intersections -- one at Cahuenga 

and Franklin, and one at Vine and 

Hollywood -- that are continuing to be 

unmitigated, mostly due to the fact that 

they are highly trafficked intersections 

to begin with. 

THE CHAIR: Can you repeat what 

those two were again? 

HR. NEUHAN: Those two were Cahuenga 

and Franklin, and Vine and Hollywood. 

HR. PERLHAN: Excuse me. Can you 

identify what the other three were that 

were removed, and maybe can you explain 

how they were removed with the increased 

(indiscernible)? 

HR. NEUHAN: When mitigations were 

applied? I'll ask the traffic engineer 

to come up and walk you through those 

three intersections and what specific 

mitigations were applied. 

HR. PERLHAN: Okay, thank you. 

HR. NEUHAN: I do think it's 

important to note that as we studied a 
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project of less density of four and a 

half to one FAR, the number of 

unmitigated, significantly impacted 

intersections were three. So from that 

perspective, at our mitigation, we are 

still below the number of impacted 

intersections. 

Now there could be applied 

intersections -- applied mitigations to 

those as well, which we think may bring 

it down to one. So really at the end of 

the day, it was a difference of one 

intersection by virtue of getting the 

additional density around transit, which 

we feel is very important. 

From a traffic demand management 

standpoint 

have those 

oh wait, before -- do we 

that information? The 

three intersections that were mitigated? 

MS. SHEA: For ongoing visual 

conditions? 

MR. NEUMAN: Yeah, your name? 

MS. SHEA: Oh, sorry. My name is 

Helen Shea (ph.). I'm a traffic engineer 

working on this project. The three 
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mitigated intersections for under 

existing conditions is Argyle Avenue and 

the Franklin Avenue at freeway northbound 

on ramp. And the second one is Cahuenga 

Boulevard and the Hollywood Boulevard. 

And then the third mitigated impacts are 

at Vine Street and the Sunset Boulevard. 

THE CHAIR: And so the first one, 

Argyle and Franklin, is the one that was 

mentioned, I think, in public comment 

relative to the freeway on ramp? 

MS. SHEA: I -- yes, we have 

proposed physical improvements at that 

intersection. So it's the northbound and 

two left-turn lane, and the one right

hand lane, and the southbound, one left 

to through, and the one right-turn lane. 

And then we're also going to do some 

signal upgrade. 

Besides that, for overall 

mitigation, we have TDM plan, we have 

Hollywood area alternative mode lane 

transfer funds (ph.), we have signal 

system upgrades to the whole area, which 

is the funding to DOT. Then they go 
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And also we have signals that -- I'm 

sorry, intersections (indiscernible) 

improvements just as I mentioned for that 

intersection. 

THE CHAIR: All right. So just -- I 

mean, for our own edification, this is in 

the kind of analysis that was provided 

for us relative to the EIR and the 

mitigation sections. These are all 

things that are listed for us on the 

mitigations. 

HS. SHEA: It is. 

HR. PERLHAN: If I could -- excuse 

me, Commissioner Perlman. In reviewing 

the mitigation information that was 

provided, it seems to me, and correct me 

if I'm wrong, that one of the mitigations 

is relying upon the new community plan 

which modifies some of the highway 

classes. In other words, expecting 

someone else is going to be widening some 

of the roads. Of the three mitigated 

intersections -- or the mitigations that 
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you did to calculate on those three 

intersections -- Argyle and Franklin, 

Cahuenga and Hollywood, Vine and Sunset. 

Are those all as a result of improvements 

or investments that are being done by the 

applicant, or by someone else? 

JVlS. SHEA: The applicant. 

JVlR. PERLJVlAN: They are. Okay. 

JVlS. SHEA: Yeah. 

JVlR. PERLJVlAN: Thank you. 

JVlR. NEUJVlAN: Again, Chairwoman 

THE CHAIR: You wanted to clarify 

the TDJVl? 

JVlR. NEUJVlAN: -- yeah, well, 

Chairwoman, just again relative to the 

specific question Argyle and Franklin, we 

have provided mitigation measures at that 

specific site intersection, which has 

reduced it below significant level. That 

said, in working with the community and 

having discussions with the community, we 

continue to try to look at that 

intersection to see if we can move it 

beyond the mitigation that we have done, 

and are in discussions with Cal trans on 
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additional improvements that might be 

able to take place there as a community 

gesture more than anything else. And we 

think that there are additional work that 

we can do directly with Caltrans on that, 

so we will continue to work on that. 

And to the extent that you feel that 

it's necessary to have a condition 

requesting us to continue that work, 

happy to have it. Because while we think 

it's not -- we've already mitigated the 

intersection. It's not a direct 

mitigation, but it is an important aspect 

for people within the hills -- that live 

up in the Hills, that they want to know 

the safety of that area. 

MS. ROMERO: Great. And so that 

means it's nexus (ph.), so it can be 

included as a condition? 

MS. KHORASANEE: Adrienne 

Khorasanee, city attorney's office. Yes, 

for any of the additional conditions that 

are about to be discussed, you'll need to 

do the same analysis, does it have a 

nexus. And I'm thinking that as we go 
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through them, and as you start to decide 

which entitlements you want to condition 

and what conditions you want to impose, 

staff can assist with making those nexus 

findings where there are none. 

Obviously, those will be unenforced 

voluntary conditions. 

THE CHAIR: Okay. So we want Luci 

to comment on the ability for us to make 

the findings relative to that nexus, 

particular about working with Cal trans 

and that intersection? 

MR. NEUMAN: Relative to the traffic 

demand management specific items, they 

were included in my initial remarks, all 

of our TDM requests. If you want me to 

go back through those at a slightly 

slower pace, I'm happy to do that. 

THE CHAIR: I think I have a list of 

them. And so maybe if I go through the 

list, and if we have questions about them 

in specific and we might to then put that 

forward to staff relative to again this 

finding a nexus question. The list that 

I generated relative to that was a 
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circulation shuttle? 

HR. NEUHAN: Yes. 

THE CHAIR: So that is shuttling 

between where and where, and the amount? 

HR. NEUHAN: That is an on-demand 

shuttle or on-call shuttle that will be 

available to bring people that will go up 

into the Hills to provide residential 

community -- people within the 

residential community a shuttle service 

to come down to Hollywood Boulevard to 

either enjoy the Hollywood Boulevard 

area, or to go specifically to our 

project. For instance, if they wanted to 

have a monthly pass and park there, we 

would have a shuttle that would bring 

them down to their car so they did not 

have to keep their car up in the Hills. 

So it's an on-demand shuttle, first, 

and then, second, it is a shuttle that 

takes people within the greater Hollywood 

area, basically bounded, as I understand 

it, by Western, La Brea, Santa Honica, 

and Franklin, or the Hills. 

THE CHAIR: And the idea here 
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relative to nexus and findings, I presume 

is that this helps us about this traffic 

issue, as well? 

MR. NEUMAN: Yeah, we believe 

there's a nexus to the -- and I think 

it's important when the applicant says 

that there's a nexus, that helps in your 

findings. We believe there's a nexus, 

because to avoid general congestion in 

the area and to promote the idea of 

better circulation, both for our project 

and the community, this is an important 

element that allows that to happen. 

THE CHAIR: And the figure that I 

heard I thought was 250,000, relative to 

that. Is that something that happens 

annually? How does --

MR. NEUMAN: The 250,000-dollar per 

year operational cap. We believe --

THE CHAIR: Cap. 

MR. NEUMAN: it's the cap. 

THE CHAIR: For the circulation 

shuttle provision, so it's up to that 

amount? 

MR. NEUMAN: Up to 250,000 dollars. 
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It's an up-to amount. We've priced it, 

and we think that's what the general cost 

is to run the shuttle from that area. 

THE CHAIR: There was also some 

discussion of bicycle amenities, 

something this commission has been 

particularly interested in. I know 

there's skepticism about whether bikes 

are really going to take over our 

streets, but I think that we want to 

facilitate that happening, should it. 

can you speak to the bicycle amenities 

plans that you have? 

HR. NEUHAN: We have a number of 

So 

bicycle amenity plans. As you note from 

a nexus standpoint, the staff 

demonstrated the biking area that flows 

through Hollywood and adjacent to our 

project. We want to participate in 

people wanting to have easier living, if 

you will, through biking, both from a 

health standpoint and from the mobility 

standpoint. And from that perspective, 

we are providing bike stations, bike 

areas. We are also providing a minimum 
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of at least a 200-square-foot bicycle 

repair service kiosk that will be 

guaranteed for fifteen years. There will 

be additional space for bike facilities 

in -- in a bike, so that there's pads 

that people can utilize to repair their 

own bikes. And we will have equipment 

for people to utilize or have free access 

to -- to use to repair the bikes 

themselves. We'll have bike facilities 

within -- bike storage facilities within 

the area, bike garage-type elements. 

that is part of our design standards. 

MR. PERLMAN: Oh, can I ask 

THE CHAIR: Mr. Perlman? 

MR. PERLMAN: I'm sorry. 

THE CHAIR: That's okay. 

And 

MR. PERLMAN: We'd also like to see 

a commitment that should there be a local 

vendor providing shared biking like they 

do in some other cities, that you would 

agree to 

MR. NEUMAN: We absolutely agree to 

that. 

MR. PERLMAN: -- set up parking? 
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MR. NEUMAN: It's something we 

promoted in other projects, and we love 

that idea. Much like we like the Zipcar 

which --

MR. PERLMAN: Exactly. 

MR. NEUMAN: -- I think Commissioner 

Freer is going to get to in a minute. 

MR. PERLMAN: Great, thank you. 

THE CHAIR: Okay? I also heard from 

discussion about linkages to the public 

transit that exists currently. 

speak to 

Can you 

MR. NEUMAN: Yeah, there was a 

number of items related to linkages, and 

for the most part, there are a number of 

transit areas that exist from the bus to 

the Metro station. And there are certain 

pedestrian pathways that are currently 

traveled, and we will be creating 

additional pedestrian pathways as you saw 

by the through areas that we've 

guaranteed for the project. 

For that, we have committed to 

install directional pedestrian route 

signs, signage showing pedestrian routes 
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to all public transportation points 

within a four-block radius of the project 

from a walkability standpoint. We will 

additionally provide 10,000 dollars to 

the Department of Transportation for the 

installation of directional signage at 

the DASH access point nearest the 

project, and 25,000 dollars for Metro 

directional signage for pedestrian routes 

between public transportation access 

points and the project. 

THE CHAIR: And so the idea here is 

to provide a little bit more foundation 

for folks to be able to use the public 

transit corning to and from your 

development, but others who are corning in 

the surrounding areas as well. 

MR. NEUMAN: Correct. From within 

our development and from without, we 

think it's important that people 

understand and have access to where 

transportation linkages are. And that as 

part of that, it promotes greater 

mobility from our project as well as 

people to our project. 
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And is that --

when you indicated those two numbers, 

some others you've talked about as caps, 

is that -- that's a flat provision? 

MR. NEUMAN: It's a feat (ph.) for 

the payment of the creation of the 

signage. 

THE CHAIR: Okay. And there was 

something that I didn't quite understand, 

but a parking tracking system -- is that 

like an app? Can you explain what that 

is? 

MR. NEUMAN: There are -- there's a 

number of elements to it. One, it's a 

SO,OOO-dollar contribution for the 

Department of Transportation's Express 

Park program, and that's part of their 

new meter technology. And what that does 

is it provides a central management 

system for real-time guidance to folks to 

Our identify where parking is available. 

parking structure will participate in 

that, and it will also be available for 

other parking within the area. And so 

the idea has always been that you 
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consolidate into a central system all the 

parking within a geographic area, in this 

case Hollywood, and that people as they 

corne into the area can easily identify 

where parking is. You can either do 

it -- a parking availability when you 

leave as part of a computer program, or 

there's an app that's being developed for 

it. 

THE CHAIR: So I had some of it 

right. You also mentioned something 

about the Metro connections and Vine 

Street, but I didn't quite understand 

that. 

MR. NEUMAN: The -- when the Vine 

Metro station along with Hollywood and 

Highland -- so Vine and Hollywood Metro 

station and Hollywood and Highland Metro 

station, were created, there was only one 

portal created for those stations. And 

in our case, the closest one -- almost 

half -- not even a half block away -- is 

the Metro access portal at Hollywood and 

Vine. But it exists at the southeast 

corner of Hollywood and Vine. 
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Metro also created what they call 

knockout panels within their system that 

allows access to other corners. But 

there's been an undefined either cost or 

mechanism by which one can access those 

entry points. What we are proposing is 

that we provide a study which shows how 

much it would cost, and where those 

access points are and how they can best 

be developed to gain additional access 

into the Metro system. 

THE CHAIR: Is that not something 

that Metro would have already studied? 

MR. NEUMAN: One would believe that 

they have. In the event that they don't, 

which we have asked them for, we are 

happy to help with that. 

THE CHAIR: Okay. 

Yes, Commissioner Perlman? 

MR. PERLMAN: Assuming that there is 

a study, or if there isn't and you 

conduct a study, what commitment is the 

developer prepared to make to actually 

construct the portal? 

MR. NEUMAN: Unfortunately, as we 
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understand where the portals are, they 

don't exist on any property that we own, 

so our ability to construct them or even 

to cause the construction of them, is 

very minimal. But our ability to help 

you identify those opportunities for when 

new development happens, is significant. 

So 

MR. PERLMAN: What about 

contributing to the construction? 

MR. NEUMAN: We don't even know 

their defined amount yet. I mean, so if 

there's a question as to that, certainly, 

we can consider it. But at this point, 

we have no idea whether it's a large 

number, small number, and what 

participation we would have to have. And 

given the nexus in terms of it's 

really it's not on our property, that's a 

little bit more difficult for us to 

reach, too. 

MR. PERLMAN: Well, I understand. 

Neither is the DASH area or where you're 

giving 25,000 to Metro for signage at 

Metro, it's a way to facilitate the 
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actual construction of the portal so that 

more people will be able to access the 

Metro system, including, hopefully, 

tenants who might be enjoying your 

property. 

MR. NEUMAN: So if -- let me just 

I'm trying to think this through from 

that standpoint. A part of our issue is, 

one, we would never control the 

construction, so to have a condition on a 

matter that we don't control because 

Metro does, and neither do you control 

that, is all in the -- I'm sorry, it's 

all in the hands 

THE CHAIR: I thought we controlled 

it all. 

MR. NEUMAN: -- with all due 

respect, it is in the hands of another 

agency. I'm not exactly sure where I 

would, one, make that donation, if you 

will, or that contribution. And I'm not 

sure if and when it could be held and 

happen for a period of time, and who 

would utilize it. So what we do control 

is our ability to identify the 
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opportunities and your ability to impose 

that opportunity on people that own the 

property, if they want to do it, or 

request it from Metro. So I'm just 

trying to if we can figure out a 

mechanism to make it work --

MR. PERLMAN: Well, let -- I'd love 

to hear what Luci has to say about this. 

You know, one of the things that we 

struggle with in the city -- we've heard 

a number of people talk about that there 

is not enough access to the Metro system, 

and it's not expanded enough in large 

part because there's insufficient 

resources. So if additional resources 

can be dedicated to that future use, that 

might be something of interest. 

MS. IBARRA: The limitation we have 

with respect to the Metro portal is that 

you have the Hollywood Walk of Fame that 

might be impacted by any construction, 

and you also have private property along 

Hollywood Boulevard -- that section of 

Hollywood Boulevard and that portion of 

Vine Street, where we don't have the 
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property owners' consent or current even 

awareness of that even being an issue. 

And so what you can do as part of the 

condition with respect to this portal, is 

express that this study analyzing any 

mitigation or necessary environmental 

analysis, and that it expands the 

potential cooperation of these property 

owners with respect to maybe 

encroachments or something to that effect 

into their property. 

But that wasn't analyzed in the EIR, 

so it would be difficult at this time to 

kind of require that that be conditioned 

on the project at this point. 

THE CHAIR: So you're concurring 

that the opportunity is limited to a 

study? 

MS. IBARRA: Right. and you can 

expand that study to include additional 

analysis with respect to any impacts with 

respect -- you know, traffic noise, 

construction, relative to the Metro 

portal study. 

MR. PERLMAN: Okay. 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075077 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 271 

THE CHAIR: Okay? 

HR. PERLHAN: All right. Thank you. 

THE CHAIR: Something else that the 

commission in other cases has been 

interested in is the provision of Hetro 

passes. I thought I heard something 

relative to that, as well. Again, this 

is in the direction of trying to get 

folks out of cars and onto transit. 

HR. NEUHAN: Indeed, you did hear 

that. We had committed to provide an 

area for our residents to acquire Hetro 

passes, and that for our tenants and 

their employees, we will purchase at a 

minimum of a hundred Hetro passes we 

will purchase a hundred Hetro passes to 

be provided to our tenants and their 

employees, as well as the residents. 

THE CHAIR: Is that a one-time 

hundred? 

HR. NEUHAN: No, on an ongoing 

basis. It will be a condition that we 

will maintain and want reviewed as an 

annual program for -- we'll go -- we've 

been fifteen years. We would accept it 
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as a fifteen-year condition. 

HS. ROHERO: Can I ask if you can 

specify a commitment for the residents? 

Because you're specifying for your 

employees, but I don't -- is it a 

discounted rate or is it a free pass 

Hetro pass? 

HR. NEUHAN: We're providing a 

hundred free passes. Now --

HS. ROHERO: For employees, or for 

residents and employees? 

HR. NEUHAN: Residents and 

employees. 

HS. ROHERO: Okay, so it's a hundred 

for 

HR. NEUHAN: A hundred free passes. 

If you want to ask us to do it for a 

specific group, we're happy to do that. 

HS. ROHERO: I was just want -- I'm 

trying to get a sense of it was combined 

a hundred for both groups 

HR. NEUHAN: Yeah. 

HS. ROHERO: or if there was a 

separate -- if there was one specific 

number for your employees and one number 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075079 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 273 

for residents, too. Because that's what 

I heard from residents is that in order 

to utilize this, they're going to have to 

drive down to the Hetro. 

HR. NEUHAN: Although we have 

residents. 

THE CHAIR: Yeah, I thought --

that's my supposition --

HR. NEUHAN: They're for our 

residents. 

THE CHAIR: -- was this resident was 

speaking to residents within the 

HS. ROHERO: Within the 

THE CHAIR: There was some other 

things that you were talking about 

relative to 

HS. ROHERO: Neighboring-

THE CHAIR: -- commuters. 

HR. NEUHAN: Those will corne up. 

THE CHAIR: That I think was a 

separate 

HS. ROHERO: -- that's separate. 

HR. NEUHAN: That will corne up in 

the next one. 

THE CHAIR: Yeah, I don't 
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was about -- but 

HS. ROHERO: I think it's a -- I 

mean, I think that alleviates some of the 

traffic congestion. I'm just wondering 

if that's something worth considering. 

HR. NEUHAN: So making those passes 

available to a broader community, is that 

the question? 

HS. ROHERO: Yeah, like, for 

example, when I lived in Toluca Lake, you 

know, part of the homeowners group -- if 

you paid into the fee, then you got 

twelve parking passes for Universal, and 

you only used -- you know, everybody got 

them if you paid part of it. So it was 

an incentive for us to go to Universal, 

because there was a pass, but you had to 

be part of the -- the association. 

don't know if it 

I 

HR. NEUHAN: Well, then let me make 

a -- I'm going to offer a suggestion 

given the next item that I think you're 

going to cover. We have offered ten 

parking spaces for, in effect, a Park & 

Ride at a discounted rate. 
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MS. ROMERO: Okay. 

MR. NEUMAN: Right? 

MS. ROMERO: That might 

MR. NEUMAN: At a ten percent 

discounted rate. We could take ten of 

the hundred and also link that to a free 

Metro pass for people who take advantage 

of that Park & Ride. So that Park & Ride 

not only comes with the -- that parking 

space not only comes with a discounted 

parking space, but it also comes with a 

free Metro pass. So ten of the Metro 

passes get assigned there, and there will 

be ninety others for employees and 

residents of ours. 

MS. ROMERO: And residents of your 

actual --

MR. NEUMAN: Of our actual project. 

Would that --

MS. KHORASANEE: Adrienne 

Khorasanee, city attorney's office. I 

just will (ph.) interrupt to remind you 

that when you're looking at the nexus and 

you're looking how to link these 

conditions to the entitlements 
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MS. ROMERO: Yes. 

MS. KHORASANEE: you need to look 

at the impacts that the development has 

and -- so in this case, you know, tying 

it to a broader community, we're looking 

to mitigate the traffic impacts of 

increased trips because you're got more 

residents, you've got more employees. 

You know, I fear that we might be going a 

bit afield of that, so just --

THE CHAIR: My my kind of own 

opinion about that, and I'm sure there 

are others who have them, is that part of 

where this discussion was initiated was 

in discussion of the unmitigatable 

intersections. 

MS. KHORASANEE: Sure. 

THE CHAIR: And that this is an 

opportunity to potentially get folks onto 

transit, such as those intersections 

would be 

MS. IBARRA: Exactly. 

MS. KHORASANEE: But in light of the 

analysis, the reason they're 

unmitigatable is because of the existence 
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of this development and not people who 

are already there, separate from this 

development. So I'm just tying it back 

to why this development is having the 

impact on the environment, and how to 

mitigate those impacts. 

THE CHAIR: Fellow commissioners? 

MR. PERLMAN: Dana Perlman. I'd 

have to respectfully disagree with the 

city attorney. I do think that it says 

this can help to mitigate the impact on 

the traffic of this project by reducing 

additional vehicular traffic on the 

roads. Whether it's through an offered 

condition of discounted parking for ride 

sharing, or anything of that nature, I 

think it will have a lower impact on the 

overall number of cars, which we're 

looking at the trip count. Which is the 

trip count which adds to existing 

traffic, so if we can 

MS. KHORASANEE: But, again, the 

CEQA is predicated on the impacts on the 

environment by this project. 

MR. PERLMAN: Urn-hum. 
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MS. KHORASANEE: -- it's -- if you 

imagine that you're looking at impacts 

with this project not existing, that's 

not germane. With this project what 

impacts does it have, how to mitigate it. 

MS. ROMERO: So if there's going to 

be a development, there's going to be 

more traffic going in, you know, into the 

Argyle -- you know, to the Franklin -

Argyle northbound 101. So the people who 

live up, who are corning down, are going 

to be impacted, because now you're adding 

more traffic. If you're taking trying 

to encourage taking people off, you know, 

in using the shuttle and encouraging them 

to use the Metro with these -- I just 

don't understand how it doesn't -- it 

impacts their --

THE CHAIR: Commissioner Lessin? 

MR. LESSIN: Yeah, it's just another 

country heard from. I'm much more 

comfortable with the residents, and if 

it's split between residents and 

employees there. They're the ones that 

we really are trying to get onto the 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075085 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 279 

transit. They live, they transit, they 

don't need a car. I think that has a 

bigger impact than any of these other 

things that we're discussing. 

UNIDENTIFIED SPEAKER: And I think 

that's a clear nexus. 

THE CHAIR: I think something else 

that we might want to --

MR. NEUMAN: If can offer a nexus? 

THE CHAIR: Yes, please. 

MS. KHORASANEE: Thank you. 

MR. NEUMAN: Part of the reason 

THE CHAIR: And I want to hear from 

Luci, too. I think you might have 

something to say about this, but -- go 

ahead. 

MR. PERLMAN: She stood up. 

MR. NEUMAN: Part of the reason for 

the discounted rate in parking is because 

we are providing community amenities, and 

so we are bringing people down into our 

project and that is part of our traffic 

analysis of people corning to our project 

to utilize the community amenities. From 

our perspective, if that is part of the 
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impact, also providing them ability to 

then go elsewhere and not promote 

additional impact on the streets, creates 

the nexus for us, and that's why we think 

it's appropriate. 

THE CHAIR: I think I'm convinced by 

that analysis, but 

MS. IBARRA: Right. I think it's a 

policy in general that we're trying to 

incentivize residents to take advantage 

of their proximity to Metro and major 

transit centers. To that end, we've 

conditioned the project so that the 

parking, with respect to residential 

units, be sold and/or leased separately 

from the unit. We can condition this to 

prioritize that these passes be given to 

those residents who choose to forego the 

parking component associated with the 

sale or lease. We believe it's in the 

best interest of the project in 

furthering transit-oriented development 

if we incentivize residents to take 

advantage of this provision as is 

associated with the development. 
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also, this has been vetted by DOT, and 

they're comfortable with this. 

THE CHAIR: Yeah. I think the rub 

is corning when we're talking about two 

different resident populations, and I 

think that everybody here is comfortable 

relative to the residents of the project. 

The rub is corning with residents who are 

not living in the project, but are 

approximate to the development. And I 

think we've of two minds relative to 

that. 

MR. NEUMAN: So we would again 

suggest that ninety -- as I think as Luci 

just described, ninety of the passes be 

reserved for residents who take advantage 

of the disconnected (sic) parking program 

and don't actually acquire parking 

spaces, and ten of them be used for those 

folks who are corning to utilize the 

benefits of their project and then from 

there go to other places. 

MS. ROMERO: And I thought in your 

presentation, or someone's presentation, 

you alluded to zip codes -- some zip 
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codes. 

THE CHAIR: I think the next --

MR. NEUMAN: The next. 

THE CHAIR: -- item, I think, is 

that I had on my list. Did you want to 

continue on this subject, please? 

UNIDENTIFIED SPEAKER: I have a 

question that probably doesn't impact, 

but I'm interested in knowing. The 

passes are they something that the 

resident comes and gets daily? 

MR. NEUMAN: No, it's a monthly 

pass. 

UNIDENTIFIED SPEAKER: They're a 

monthly pass. 

MR. NEUMAN: It's a Metro pass. 

UNIDENTIFIED SPEAKER: So they may 

or may not be using it, but just getting 

a monthly pass. 

MR. NEUMAN: Presumably, if they are 

not -- I think that the linkage that Luci 

described is a great one, because if they 

have chosen not to have a car --

UNIDENTIFIED SPEAKER: right. 

MR. NEUMAN: -- it's a good idea for 
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them to have a Metro pass. 

UNIDENTIFIED SPEAKER: Okay. All 

right. 

THE CHAIR: So I also heard 

something relative to excuse me, 

monthly parking leases? And I think 

that's the item that's related to 

residents who are proximate? Is that 

correct? 

MR. NEUMAN: That's what we 

again, that was the linkage that I just 

made. We agree to have ten 

THE CHAIR: Okay. 

MR. NEUMAN: spaces 

THE CHAIR: Got it. 

MR. NEUMAN: put aside so that 

people that are not within the project or 

are outside the project that want to corne 

to use the project benefits, maintain a 

car on the project and have a lease of 

the space at a ten percent discount, and 

also providing additional incentive for 

that to happen of having that Metro pass 

connected. 

THE CHAIR: Got it. So can you 
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speak then to the one relative to the zip 

codes? 

J'vlR. NEUJ'vlAN: We've offered two 

additional discounted parking ideas, 

where we have prov -- people who corne and 

want to use the J'vletro can corne back with 

a J'vletro pass and have used the public 

parking that is available. We would give 

them a ten percent discount on parking. 

So if you've taken a J'vletro, you corne 

back -- you've parked the car, shopped at 

our place, then taken the J'vletro down to 

Hollywood and Highland and corne back, and 

you can show you have a J'vletro card and 

we'll give you a ten percent discount on 

your parking. That's item number one. 

Item number 2 is local area 

residents who want to take advantage and 

are not participating in those parking 

spaces -- those ten parking spaces, but 

yet want to use the services that we 

provide, whether it be the health club or 

any of the retail facilities, that they 

will also have a ten percent discount if 

they show ID that they live within 
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there were two zip codes, and I'm sorry. 

I'm not remembering them at the moment. 

But I will give those to staff. 

THE CHAIR: Okay. And so the idea 

there relative to this question of nexus 

is 

MR. NEUMAN: That, again, those are 

trying to incentivize people to utilize 

both transit and area and our facilities 

as part of their shopping experience and 

maintaining their residency in Hollywood, 

so that they're not going offsite and 

utilizing the roads. 

THE CHAIR: Got it. Okay. So I 

think that --

UNIDENTIFIED SPEAKER: Is that a 

good thing or a bad thing? 

THE CHAIR: Help me to understand 

your perspective. 

UNIDENTIFIED SPEAKER: Yeah. 

THE CHAIR: Commissioner 

Hovaguimian. 

MR. HOVAGUIMIAN: Is that a good 

thing or a bad thing, because 

MR. NEUMAN: I'm sorry? 
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Is that a good 

thing or it's a bad thing, because we're 

just increasing more traffic to the 

project? You know, by incentivizing 

people to corne in and park there. So 

you're creating more cars to corne in and 

you're creating more traffic. And how 

that will affect those junctions, you 

know, that will -- will be traffic when 

you're incentivizing more people. 

MS. KHORASANEE: Adrienne 

Khorasanee, city attorney's office. 

Maybe if I can articulate the nexus 

differently, that I'm seeing here, is 

that by virtue of the fact that this is 

going to be a shopping destination, it is 

attracting people to the site anyway. 

And, so, offsetting the traffic and 

mitigating the traffic impact, is 

providing those people that are corning, 

because it exists, with a means to use 

Metro and encouraging them to use transit 

at a discounted rate. 

Is that right -- would that be 

jibing with what your purpose is? 
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MR. NEUMAN: That works with a --

THE CHAIR: The idea is if they're 

going somewhere else and they get on 

Metro, they're going to receive a 

discount on their parking at the original 

destination. 

MR. HUVAGUIMIAN: But you're 

increasing the traffic at this location. 

MS. IBARRA: I think the 

assumption --

THE CHAIR: The assumption is 

they're going to be going somewhere else 

in their car. 

MS. IBARRA: -- based on what has 

been said --

THE CHAIR: In a car. 

MS. KHORASANEE: In a car. 

MR. HUVAGUIMIAN: And you're not 

invite -- you know, he can go and park 

somewhere else in Hollywood, and take the 

Metro. Now you're bringing it to your 

property to take the Metro. 

MR. NEUMAN: We are very 

MR. HUVAGUIMIAN: You're increasing 

here. 
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MR. NEUMAN: -- we're proximate to 

the freeways and to a lot of transit 

areas, and because of our proximity to 

the Metro station, I think what you've 

described is the ability for people to 

park and then have direct access, is 

appropriate. So --

MR. HUVAGUIMIAN: It's good for your 

business, but I don't know if it's good 

for the traffic. 

MS. IBARRA: Just to reiterate, I 

have a concern with this one as well. I 

think if they're not using transit, they 

shouldn't take advantage of this discount 

here. The project is in proximity 

enough. I think if you can identify a 

nexus with adjacent apartments that maybe 

don't have parking and they'd like to 

lease one, I think that can be satisfied 

with the Metro commuters and the 

shared -- the monthly parking leases that 

are available to local area residents. 

THE CHAIR: Okay, so that I think in 

your response to that, then I may have 

confused myself about what this was 
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I thought this was 

about people who parked there and used 

transit to go somewhere else, that there 

was -- there were two different ones? 

MS. IBARRA: Right, there's two 

different ones. And so we would recommend 

that you just keep the ones for Metro 

commuters, and that's good. That will 

address concerns about promoting transit 

use and also providing that discount to 

those users that actually use the Metro. 

UNIDENTIFIED SPEAKER: So the second 

one was purely a discount for folks --

MS. IBARRA: It's just a discount 

for people who live in the area and park 

there, and I --I wouldn't 

MR. LESSIN: And that can be their 

own business issue. 

MS. IBARRA: Correct. 

MR. LESSIN: Sorry, Commissioner 

Lessin. 

THE CHAIR: Okay. I think that was 

what I heard from the TDM possibilities 

that were offered. Is there something 

that I missed? 
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MR. NEUMAN: Yeah, there were two 

other ones that I think are important. 

The last one was the zip -- actually, 

just really one, the Zipcar one, where we 

offered to have ten parking spaces within 

the non-residential area reserved for 

Zipcar or something like Zipcar, where it 

would be a temporary utilization of a 

car, and we would make sure that that is 

operational or not and functional with a 

company that will operate it. 

THE CHAIR: Okay. 

MR. NEUMAN: We would also suggest 

in that, that that be subject to an 

annual review, just so that we can 

demonstrate its success. 

MR. PERLMAN: This is Commissioner 

Perlman. I had a note that there was 

something about the study for median on 

Vine Street. 

MR. NEUMAN: Yeah. Whether 

that's -- I didn't go back. When I said 

two and then I only did one, it's because 

as I looked at the median that was really 

an aesthetic issue from our standpoint. 
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The community had requested that the --

we study the idea of a median. I think 

both from aesthetic standpoint and a 

traffic calming standpoint, so we were 

going to offer up that. We think it's 

important that that median be studied. 

Whether we do that as a traffic demand 

management condition or as a sense of 

aesthetic and the connectivity -- you 

know, create a better connectivity or a 

life connectivity, to answer your 

question about unified developments, so 

that as you walk across the street. It's 

irrelevant to us, but it's something that 

we have offered to the community, and 

that they have asked for, and that is the 

study of whether medians would be a good 

idea on Vine Street. 

THE CHAIR: So I think we'd want to 

get Luci to weigh in on whether or not 

this -- the median on Vine, offers TDM 

opportunities, or is it more about 

aesthetics? 

MS. IBARRA: You know, I understand 

that this is something that the community 
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has wanted, but it's not something that 

I'm aware that DOT has vetted. And so I 

can't speak to whether or not it's 

appropriate to condition as it relates to 

this site. 

THE CHAIR: Commissioner Perlman? 

JVlR. PERLJVlAN: Could I make a 

suggestion then that perhaps the 

condition be that the applicant would 

work with LADOT on a study for a median 

and proceed in accordance with LADOT's 

conclusions regarding such median? 

JVls. IBARRA: Right, and so the 

language can be similar to that for the 

JVletro portal, and that it would include 

analysis of any mitigation or 

JVlR. PERLJVlAN: Exactly. 

JVlS. IBARRA: environmental 

impacts associated. Okay. 

THE CHAIR: Okay. 

JVlR. NEUJVlAN: That would conclude the 

As I traffic demand management portion. 

suggest, there are other additional 

community benefits that we were going to 

talk about. And at some point after 
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staff has done going through your issues, 

we'd like to address those. 

THE CHAIR: All right. Thank you. 

Luci, I think we're ready to 

continue going through our list. 

know where we stood with that. 

JVlR. FRAIJO: Good afternoon, 

I don't 

commissioners. JVly name is Alfred Fraijo. 

I'm a land use attorney, Sheppard JVlullin, 

representing the applicant. 

We have a couple of items that you 

raised that we wanted to ask some of our 

CEQA consultants to answer, in 

particular, the shade and shadow issue 

that was raised noise and light issue, 

rather. And so we have someone that can 

speak to that point. 

THE CHAIR: Okay. And I want, 

then -- Luci, you're comfortable with 

corning back to help us to understand what 

their responses are and what our kind of 

obligations are or aren't potentially 

with that? So this is relative to 

obviously, this has something to do with 

height, if it's shade and shadow. But, 
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also, I think you said something about 

relative to noise, is that correct? 

HR. FRAIJO: Yes, that's correct. 

That was the item that was raised and 

it's an area of study in the CEQA 

document, so we wanted to just briefly 

summarize that and address any potential 

questions. 

THE CHAIR: Thank you. 

HR. PARKER: Good afternoon. Hy 

name is Shane Parker. I'm with Parker 

Environmental. 

Just responding on -- first on the 

aesthetics question, there was a question 

about light and glare with regard to 

signage. I believe that was the question 

asked of us. 

The draft EIR has as a performance 

measure part of the project description, 

the design standards that provide very 

specific metrics for foot-candles and 

lumens to be -- to ensure that we don't 

have spillover lighting into the 

community. 

So those metrics are within the 
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design guidelines, the development 

standards, and they can be enforced 

through site plan review and they can 

enforced through the operation life of 

the project. 

With respect to -- to noise, if you 

can just remind me what the specific 

question was on the noise? 

THE CHAIR: I think it was about --

well, there were some in letters relative 

to construction, but there was some 

questions about the observation decks and 

the noise relative to the surrounding 

community from uses that were going to be 

occurring in outdoor spaces. 

MR. PARKER: Right. Again, the 

design standards have mitigation -- well, 

design features to mitigate noise -

plexiglass barriers on -- on podiums, and 

setbacks from podiums. But, in general, 

we assess the noise environment in the 

area to be generally above the standards 

recommended in the general plan, so we 

had excessive ambient noise levels 

already existing within the area. 
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THE CHAIR: And, so, let's translate 

that into a little bit more English. I 

suspect what that means is that the noise 

that is already generated by uses that 

are in the area is at such a level that 

this is not going to --

HR. PARKER: Right. It would not 

it would not exceed -- the project's 

operational noise volumes would not 

exceed the ambient noise levels in the 

area. And to the extent that we 

evaluated the positioning of A-Trak 

equipment, we have performance-based 

measures again to make sure that we can 

measure the noise after the fact to make 

sure that they are clearly not audible at 

offsite uses. And that that, too, 

would go for outdoor -- outdoor event 

areas. 

THE CHAIR: Yeah, my sense from 

hearing from the community and reading in 

their letters, that there was the most 

concern -- there was concern about 

construction noise, but there was also 

concern about the uses that would be 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075103 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 297 

associated with those outdoor 

activities -- that are amenities that are 

going to be provided, I think, by the 

MR. PARKER: Music 

THE CHAIR: music, amplification, 

et cetera. And so, those were analyzed? 

MR. PARKER: They were, and with 

respect to that, we looked at the 

podiums, and we looked at the position of 

the towers. And in a lot of cases, the 

positioning of the towers would provide a 

buffer between the residential uses, 

especially to the north of the project 

site. Because the podiums were on the 

south side, and the towers were oriented 

to the north. 

THE CHAIR: Okay. 

Luci, did you want to speak to that? 

Thank you. 

MS. IBARRA: Luci Ibarra, with the 

planning department. 

Just to remind you that this project 

is located in Hollywood, maybe one 

blocks, two blocks south at most from the 

u.S. 101 freeway. It is in proximity to 
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a lot of live music and entertainment 

venues, so there is a lot of ambient 

noise already within the project area. 

The EIR did analyze this, and 

determined that the significant impacts 

are with respect to construction noise. 

Again, any outdoor -- the outdoor 

restaurants serving alcohol and things of 

that nature would be going through the 

plan approval process. And so additional 

mitigations or conditions can be imposed 

for each individual use as it comes 

before the zoning administrator, as it 

deems appropriate. 

THE CHAIR: And how are noise kind 

of issues relative to these types of 

uses, generally dealt with from at the ZA 

level? 

JVls. IBARRA: At the ZA level, they 

consider security, lighting. They 

consider, you know, the floor plan, the 

location of the bar with respect to the 

patio and the entrances and things of 

that nature. And it's all based on --

they have to provide a floor plan when 
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they submit their application, and it 

gets vetted through the plan approval 

process, which requires a hearing. 

THE CHAIR: And what about uses in 

the plaza? There was something that 

suggested there were going to be 

performances, et cetera, in the plaza. 

MS. IBARRA: Right. So if you 

recall the plaza, between the west and 

the east site, are within the project. 

So they're bordered on both sides by 

physical improvements, either existing or 

proposed. And so those would be -- the 

sound would be for the most part 

maintained within that plaza area. 

THE CHAIR: Are there any questions 

relative to this? 

Can you say a little bit about how 

construction noise is going to be 

mitigated and tempered? 

MS. IBARRA: There are standard 

construction-related and mitigation 

measures that are included in the EIR. 

And these are also ones that are vetted 

by building and safety, and the grading 
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And 

there's a mitigation monitoring plan that 

requires that these mitigation measures 

be implemented, and they're going to be 

regularly monitored by our building and 

safety department as an ongoing basis 

during construction. 

And these are -- the EIR 

acknowledges that there is going to be 

significant potential impacts with 

respect to construction noise as a result 

of this project. It acknowledges that 

irrespective of the amount of mitigation 

that you impose, these impacts are going 

to be present. But the mitigation 

measures that are in there, are the most 

possible, feasible mitigation measures 

that are available to address these kinds 

of impacts. 

But your statement of overriding 

considerations when you certify the -

recommend to certify the EIR, will speak 

to the benefits that outweigh these 

impacts. 

THE CHAIR: Okay. Are there any 
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questions relative to that? 

J'vlS. IBARRA: And while we're on the 

mitigation measures and the impacts to 

services, I just wanted to state that the 

EIR did the EIR when it's circulated 

is sent to all of our agencies -- DWF, 

fire, police, building and safety grading 

and zoning. It's also sent to -- during 

the EIR processes as well, during the 

tract map review process. So we get 

conditions from them in addition to the 

recommended mitigation measures. So 

after implementation of the mitigation 

measures, then with the conditions that 

were imposed in the tracts as well as in 

the Ts that are associated with the CFC 

case, it was determined that there would 

be less than significant impacts with 

respect to schools, libraries, police, 

and fire, wastewater, and, I believe, in 

the water -- water supply. And so those 

were determined to be less than 

significant. 

And I know there was a concern about 

that. But the agencies did review the 
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project based on the scope of the EIR, 

and that's what was determined. 

THE CHAIR: So were there some kind 

of determination, for example, that from 

the fire department, that the additions 

of this was going to make their response 

times kind of impossible? That's that 

something that they would have called out 

at that point? 

1'1S. IBARRA: I can ask my staff if 

there's an actual response, but if it 

was -- it was determined less than 

significant, and it was included in the 

environmental and the fire department 

reviewed that, then that was based on 

their decision or their response to what 

the draft EIR concluded. 

And, in addition, I just want to 

state that their conditions with respect 

to the tract did include those provisions 

that the distance between the public 

right of way and the door in terms of 

access for emergency purposes, those are 

included in the conditions. 

THE CHAIR: Okay. What were the --

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075109 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 303 

we're looking at a --

MR. NEUMAN: This 

THE CHAIR: -- list of the fire 

stations? 

MR. NEUMAN: Jerry Neuman, yeah. 

meant Jerry Neuman, vice president for 

in terms of the fire department's 

analysis, they identified the 

I 

distribution of their fire stations, 

which you're seeing here on the map, and 

is also contained in the environmental 

document. And that distribution shows 

that they have sufficient capacity within 

that area to not diminish their response 

times. And that was --

THE CHAIR: I just wanted to clarify 

that they had in fact reviewed this. 

That was the point at which they would 

have kind of signaled 

MS. IBARRA: Right. 

THE CHAIR: -- some challenge. They 

didn't --

MS. IBARRA: Correct. 

THE CHAIR: -- through the EIR. 

MR. HOVAGUIMIAN: You know, I think 
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this 

THE CHAIR: Commissioner 

Hovaguimian. 

MR. HOVAGUIMIAN: George 

Hovaguimian. I think the response was 

right. The question was the access to 

it, not the availability of the fire 

station, but the access to the project. 

That was the concern. 

THE CHAIR: So relative to traffic 

and some of the other things that we were 

talking about, about the traffic demand 

management then, or addressing that 

nexus, I think? 

MR. HOVAGUIMIAN: Okay. 

THE CHAIR: I mean, I think that's 

the hope that we have here. Not that, 

we're, you know, predetermining what the 

outcome -- we're going to have some 

discussion about all of this. But 

MR. NEUMAN: As I -- as we 

understand their 

THE CHAIR: Jerry. 

MR. NEUMAN: Jerry Neuman, I'm 

sorry. Jerry Neuman. As we understand 
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their analysis, part of the reason why 

the distribution is important because it 

shows multiple access points and multiple 

resources. And then within the 

Environmental Impact Report, it 

identifies specific numbers of trucks and 

resources within each area that in the 

event of an emergency, they have -- they 

can pull from a variety of different 

areas to maintain response time. 

THE CHAIR: Thank you. 

So I'm just checking in to see where 

we are relative to the list. 

J'vlS. IBARRA: If I can just speak to 

the earthquake-related issue? 

THE CHAIR: Please. 

J'vlS. IBARRA: The project was vetted 

by the Department of Building and Safety 

Grading Division. They did require 

additional analysis of the project, and 

the applicant did perform that. The 

building and safety department 

conditioned this grading, I should say --

the building and safety grading division 

of the department conditioned this to 
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require additional boring, because the 

existing car rental business on the 

project site, they couldn't bore on that 

particular parcel, because there was a 

functioning business and they couldn't 

interrupt their services. 

So, building and safety for the 

first part agreed that there was no 

reason for concern. The project itself 

is located outside of the fault study 

zone, but they reserved their full 

approval of the project on that analysis 

because they wanted to wait until the car 

rental services -- there's an Enterprise 

rental service on that property -- to 

just complete the boring, just to be 

comprehensive prior to their building 

permit issuance. 

THE CHAIR: So there's a potential 

that they could be not satisfied by 

what's found through that process? 

1'1S. IBARRA: The way that they 

conditioned it was that it's conditioned 

on these three things, and it's all 

related to boring on that particular 
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parcel. And that's the only thing 

prevents the project from moving forward. 

But that of course would have to go 

building and safety at their 

satisfaction. 

THE CHAIR: Okay. So they have, to 

their satisfaction as a part of our --

MS. IBARRA: It's conditioned in the 

tracts --

THE CHAIR: -- decision. 

MS. IBARRA: -- and it's included in 

the Ts. 

THE CHAIR: Okay. Where do you 

stand with your list, Luci? Mine is a 

jumble. 

MS. IBARRA: My list is like this. 

There's no order to it. 

THE CHAIR: So mine looks like it, 

as well. I know there were some issues 

relative to the thirty-foot setback at 

the Hollywood Playhouse, the freeway 

adjacency, the community space. 

MS. IBARRA: Right. And our Sergio 

Ibarra had additional measures he wanted 

to include in the development regulations 
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to further inform the development of this 

site with respect to the triangulation to 

maintain views of Capitol Records, and 

I'll have him corne up here to speak to 

that. 

THE CHAIR: So this is relative to 

some of the height and view concerns that 

were expressed? 

MR. IBARRA: Sergio Ibarra, planning 

department. So we have four recommended 

changes to the development regulations. 

The first one being that the 

development regulations shall be amended 

to require an observation area or viewing 

deck accessible to the public for all 

buildings that include a hotel component. 

And that would be Section 8.4 of the 

development regulations. 

The second would be that Section 

8.2.2 through 8.2.5 shall be amended to 

reference the correct figures as follows: 

Figures 6.1.2(a)1-2 through 6.1.2(d)-2, 

shall become figures 8.1.1, 8.1.2, 8.1.3, 

and 8.1.4. 

THE CHAIR: Now I know what it 
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sounds like when I call cases, with all 

the letters and numbers. Can we try that 

one more time, and then can you tell me 

what that really is? 

MR. IBARRA: These figures are 

reference to open space diagrams that I 

presented, that show the forty-degree 

angle. And it's just an error that was 

done in development regulations. They 

referenced the wrong tables, and we're 

correcting that error so that the 

development regulations show that they 

have to abide by the forty-degree angle 

that they can't develop on, to preserve 

views. 

And speaking to that Section 8.2 

grade level open space standard, shall 

include the following language: That the 

open space for the project shall be 

developed to figures 8.1.1, 8.1.2, 8.1.3, 

and 8.1.4, whereby open space cannot be 

developed north of the forty-degree 

demarcation line shown in each diagram in 

order to preserve key vantage points of 

Capital Records. 
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So, as of now, these diagrams are in 

the development regulations, but there is 

no written language that says they shall 

develop according to these diagrams. 

we just want to clarify 

So 

THE CHAIR: Okay. So this gives us 

assurance that what we were looking at 

relative to the angles to the Capitol --

MR. IBARRA: Right. 

THE CHAIR: -- Records Building, are 

in fact preserved, and preserved and 

attached to the correct exhibits, as 

MR. IBARRA: Exactly. That's 

exactly right. 

THE CHAIR: Thank you. 

MR. IBARRA: And the final one would 

be that Section 10.4.1 of the development 

regulations shall be amended to read as 

follows: Bicycle parking shall be 

provided per ordinance number 180386, 

which is the recent bicycle ordinance 

that was passed. 

THE CHAIR: Yes. Commissioner 

Perlman? 

MR. PERLMAN: Sergio, I'm not sure 
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Two if this is directed to you or Luci. 

things -- one was I had a question 

before, perhaps you can help address. 

gentleman -- the engineer addressed it 

A 

regarding the restrictions on the sign as 

far as the lighting brightness of it, the 

sign that's in the public space down 

below. But there was no comment on what 

sort of restriction there is as far as 

content, whether it can be advertising 

for anything offsite? 

THE CHAIR: So I think maybe one way 

to deal with this is a broader 

conversation about sign regulations and 

what is or isn't kind of included. 

MR. PERLMAN: I was going to go to 

that for my next one, from the signage 

THE CHAIR: I think this would 

probably be included in that. 

MR. AARONS: Phil Aarons, could I 

maybe address the issue? 

MR. PERLMAN: Sure. 

MR. AARONS: I believe the 

conversation is about one of the public 

areas where we suggested there would be a 
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video screen. The video screen is not 

meant to be a commercial sign. It won't 

be used as a commercial sign in any way. 

It's meant to be part of the future arts 

programming for the public plazas. It 

will be lit and no differently than the 

screen -- for, as you can see, this was 

the occasion for showing the Hollywood 

movie, Chinatown. 

But from our perspective, there will 

be no excessive light, no commercial use, 

and no sound. 

MR. PERLMAN: Okay. 

MR. AARONS: The sound will flow 

completely through Wi-fi and available 

only to people and available only to 

people through their smartphones and 

headsets. It's part of the sort of 

social networking that we're trying to 

bring to this plaza. 

MR. PERLMAN: Great. So you're 

comfortable with the restriction that 

there would be no commercial use for the 

video screen? 

MR. AARONS: I am. 
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UNIDENTIFIED SPEAKER: 

Commissioners, (indiscernible) Grozani, 

(ph.), of (indiscernible). As you know, 

we have a long history of time, place, 

manner restrictions that can be upheld. 

And I think that for us to condition 

content here would be inappropriate. 

But I do want to just turn to staff 

and ensure this is part of the one 

percent art or the arts development? 

HR. AARONS: No, it's simply part of 

the voluntary programming of the public 

open spaces for use for arts programming. 

UNIDENTIFIED SPEAKER: Okay. 

HR. AARONS: But's not a 

requirement. 

UNIDENTIFIED SPEAKER: So it's 

separate from what would go to cultural 

affairs. 

HR. AARONS: Absolutely. 

UNIDENTIFIED SPEAKER: Okay. 

Because cultural affairs will have their 

own 

HR. AARONS: Yes. 

UNIDENTIFIED SPEAKER: 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075120 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 314 

limitations that they'll impose on those 

projects, but here again, time, place, 

manner is appropriate, content would not 

be. I think that, you know, if you're --

MR. PERLMAN: I'm thinking back to 

another project that was recently before 

us, where we were able to put a 

limitation on advertising for any sort of 

offsite usage. 

UNIDENTIFIED SPEAKER: Which project 

was that? 

THE CHAIR: Universal. 

MR. PERLMAN: It's Universal. 

UNIDENTIFIED SPEAKER: Offsite. Was 

there any sign district? 

THE CHAIR: I mean, the thing is, it 

could have been commerc -- I think we 

have to be wary how far down that path we 

go, because it could then be 

Because we don't have a sign 

district here. 

THE CHAIR: -- onsite. 

UNIDENTIFIED SPEAKER: We have a 

different animal here. 

MR. PERLMAN: Okay. Well, then, let 
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me go to the next thing while we're at 

this, although it does appear that in the 

development rights, there is -- there's 

supposed to be a supplemental use 

district? No, this is -- this is subject 

to the Hollywood sign. It's supplemental 

use district. There's a reference in 

here to a high-rise sign twenty-four feet 

from the top of the building? 

HR. AARONS: Yes, those were user-

identification signs, if we were 

fortunate to find a commercial tenant for 

the potential office use, then there 

would be an identification of that use 

for purposes of building identification 

and recognition. 

THE CHAIR: So I think it would be 

helpful, Luci, if you can kind of help us 

relative to how this marches with our 

other policy discussions about signs? 

And particularly, I guess, the sign 

district in Hollywood. 

HS. IBARRA: The project isn't 

asking for any exceptions from the 

Hollywood supplemental signage use 
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So it would be regulated by 

that process. There are limitations that 

have already been vetted before you with 

respect to signage. 

for any exceptions. 

They're not asking 

In the event that 

they do, they would have to corne before 

the commission to kind of substantiate 

those requests, but they haven't been 

included in the EIR because they're -- as 

to know, they're complying with that 

requirement. 

THE CHAIR: And relative to those 

adopted regulations on signs, what are 

the possibilities for this internal plaza 

screen? I understand the intent of the 

developer. We have to think about the 

possibilities. 

HR. AARONS: I would accept a 

restriction, as I said, to the use we've 

identified. It's not a Trojan horse 

screen. It's a screen for the display of 

Chinatown and LA Story, and other movies. 

We're closing our parking lots later this 

month to do a bike-in movie, which we're 

excited about. That's the goal of what 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075123 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 317 

we're trying to do, to build a sense of 

community among the residents and local 

people from Hollywood since it's so close 

to transit. 

So that would be the goal, and if 

there's a restriction imposed, we're 

happy to respect that restriction. 

THE CHAIR: Yeah, I think we're 

being told we can't do a restriction 

HR. AARONS: Okay. 

THE CHAIR: -- so I wanted to get 

you to say it just as many times as 

possible. 

HR. AARONS: Excellent. I guess I 

said it many times, and I'll say it 

again. Thank you. 

HR. IBARRA: Sergio Ibarra of 

planning department. We had one more 

recommendation for changes to the 

development regulations. And currently, 

a viewing podium is required at 550 feet 

or greater, but we feel that there is a 

hotel built, that would be more 

compatible use and it would be compatible 

with the entertainment -- with other 
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hotels in the city that have viewing 

podiums. So we want to change the 

language to that in the event that a 

hotel is built, a viewing deck shall be 

built on it, to satisfy the SSO-foot or 

greater requirement of having the viewing 

podium. 

THE CHAIR: So that's adding to what 

you just presented to us about the 

HR. IBARRA: Previously said. So in 

the place of having a viewing podium at 

550 foot or greater, you can have it in 

the hotel. And you wouldn't build two; 

you would just build one at the hotel. 

THE CHAIR: Still subject to the 

same sort of whatever design requirements 

are 

HR. IBARRA: Exactly. 

THE CHAIR: -- associated. Okay. 

The thirty-foot setback with the 

Hollywood Playhouse, I have left. And I 

think that we do want to make sure that 

we have time to deliberate all of this, 

and particularly, I think there was a lot 

of concerns about traffic volume, height, 
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and we want to be able to talk about all 

those. 

HS. IBARRA: Correct. So my 

understanding is that in the developer's 

ongoing efforts to work with the 

community and adjoining property owners, 

they've been willing to make additional 

concessions to development regulations 

with respect to the Playhouse. And I 

think maybe one other, with respect to 

the two frontages, maybe one side had a 

setback and then the frontage along --

was it Vine? 

And they're going to speak to that, 

and that will also be included in the 

amendments that we're proposing to the 

development regulations. 

HR. FRAIJO: Alfred Fraijo, thank 

you. It really relates to the ongoing 

discussions we've had with Hollywood -

LA Conservancy, rather, on the issues 

related to the cultural resources in 

Hollywood. Adrienne Finehost (ph.) spoke 

before you -- indicated that we've been 

in ongoing discussions about this 
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opportunity to really set a ground floor 

setback from Avalon, which is adjacent to 

the west side, and that southern 

boundary. And so what we're doing is, 

agreeing to that setback, so that it 

conforms with the setback regime that 

really we have in relationship to Capitol 

Records, another cultural resource 

within -- within our project, and 

certainly in relation to the overall 

spatial separation from the podiums. And 

so we're willing to commit that as a 

regulation within the design guidelines 

and standards. 

And what we've done is prepared a 

series of graphics consistent with that 

commitment, that I'd like to submit to 

you, the department and commission, for 

the record. 

THE CHAIR: Thank you. 

Was there anything that we -- yes, 

please, Commissioner Perlman? 

HR. PERLHAN: Yes, sorry. I had a 

question regarding infrastructure impact 

on water treatment. 
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THE CHAIR: She said --

J'vlR . PERLJ'vlAN: Did she? 

J'vlS. IBARRA: Right. 

J'vlR . PERLJ'vlAN: I apologize. 

J'vlS. IBARRA: It's okay. The EIR 

analyze impacts of water, wastewater, 

water treatment, all that, and they 

determined that it was less than 

significant. 

J'vlR. PERLJ'vlAN: Thank you. 

J'vlS. IBARRA: Urn-hum. 

did 

UNIDENTIFIED SPEAKER: Did we talk 

about the shared parking? 

THE CHAIR: No, we didn't. That's 

just what I was going to corne to. 

J'vlS. IBARRA: The shared parking 

THE CHAIR: The shared parking, 

explaining the shared and reduced, you 

know, why and how from 1.5 -- 2.5 to 1.5? 

J'vlS. IBARRA: Right. So the 

residential parking as per policy, and it 

has impacts for city planning commission, 

is for projects that are located near 

transit and that are part of mixed-use 

developments, particularly those that 
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include office, are permitted exceptions 

that are expressly written in the code to 

kind of accommodate locations near 

transit, or that the jobs - housing 

balance is kind of reflective of that. 

So our recommendation is to support 

it based on the numerous exceptions that 

are provided in the code for projects of 

this nature that are mixed use and that 

further encourage the active use of 

transit opportunities in the vicinity. 

THE CHAIR: So the idea being, if I 

can find a parking space easily, what's 

my incentive to get on a train? 

J'vlS. IBARRA: Correct. And the other 

thing, too, is that a lot of the uses 

that are onsite, like the retail, the 

restaurant, the fitness club, there's a 

general acceptable expectation that 

residents who live there are more likely 

to use the fitness club onsite than they 

are to get in their car and travel 

offsite to do so, to do the same thing. 

THE CHAIR: So because there's a 

fitness site underneath me, I'm not going 
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to go to a different gym, I'm going to go 

to that gym. And the assumption is the 

parking that would be associated with a 

gym will be decreased because of that? 

MS. IBARRA: Right. And also the 

demand for certain uses shifts during the 

day. So for example, the fitness club 

use is more likely to be used either 

early in the morning or in the post-work 

hours. So there's no need to park at 

code for the fitness club, when it won't 

be used for a big chunk of the day. And, 

you know, the other uses as well -- the 

restaurant and the retail and things of 

that nature. 

THE CHAIR: How do you respond to 

what I saw in some of the letters about 

folks are going to be corning horne to this 

residence at the same time that folks are 

going to be corning to the gym here? And 

so in fact the parking will be utilized 

at the same time. 

MS. IBARRA: Well, you have 

residents that either or forego parking 

altogether because they live at the site. 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075130 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 324 

Alternatively, you probably have 

residents who live within a six-block 

radius that would use these amenities 

without having to go into their car, just 

because the transit at this juncture is 

just so convenient. 

And so that is our response, and 

frankly, it furthers your practice of 

encouraging the over-parking of projects 

that are located in regional centers that 

are so close and so heavily serviced by 

public transit amenities. 

THE CHAIR: Okay. So reinforcing 

this notion of local surveying 

J'vlS. IBARRA: Correct. 

THE CHAIR: -- uses and proximity. 

Commissioner Romero? 

J'vlS. ROJ'vlERO: I have a question 

regarding people who work on the site. 

Where are they going to be parking? 

J'vlS. IBARRA: So the parking does 

accommodate -- it does reflect all of the 

uses that are on the site. And it's the 

shared parking -- so every use is an 

exclusive use of the parking. All the 
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parking will be shared, based on the 

demand of that particular use. So people 

who work there presumably might have 

taken the train, or people who live 

there. Those exceptions that are 

permitted and are reflected in the code, 

and it's informed by the arrangement. 

MS. ROMERO: So they're going to 

be -- I think I -- is there going to be 

any offsite parking that's going to be 

designated for some of the people that 

work there who 

MS. IBARRA: There's no offsite 

parking proposed. 

MS. ROMERO: So you're just 

counting, making sure -- it will be 

determined -- you're going to be 

determining based on the use of how much 

parking space is needed during the 

mornings, middle of the day, and evening. 

And you think it's going to be covered. 

MS. IBARRA: Well, we won't be 

monitoring that. We won't be going in 

there to say, oh, you didn't -- you 

didn't take the train. 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075132 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 326 

MS. ROMERO: No, but you're going --

the uses are going to dictate. 

MS. IBARRA: Right. 

MS. ROMERO: Yeah. 

MS. IBARRA: Correct. 

THE CHAIR: Are there other 

questions relative to the parking? 

Mr. Neuman? 

MR. NEUMAN: Jerry Neuman. I just 

wanted to add some additional clarity to 

that issue, and the question that you 

asked about the percentage of parking. 

Because it was a question that was 

raised. 

We are parking the project to code 

for the uses, with the exception of the 

health club. 

the 

The reason we are seeking 

UNIDENTIFIED SPEAKER: 

Variance. 

MR. NEUMAN: variance on the 

health club is because city policy, and 

your policy has been to allow a reduction 

in parking for health clubs when they're 

associated with office, because of 
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exactly what was being asked -- that 

people in office are going to maybe go 

use the health club at the same time that 

people and residents are corning horne, and 

it keeps that offset from happening in 

terms of -- in terms of traffic demand. 

Unfortunately, it always talks about 

the policy is directed when the health 

club and the office are located on the 

same site. And currently there's a 

possibility that the health club will be 

located on one side of the street, and 

the office on the other. And if that 

happens, we're seeking that variance. 

But the reality is that there's one set 

of parking space -- you know, we have 

parking on either side, but we analyze 

the parking on the full project. 

Then the question carne up relative 

to the percentage -- the actual number of 

parking spaces we've analyzed on a 

residential basis and whether or not 

we've met the city policy for condo at 

2.5 spaces per unit on a condo basis. 

The city code actually provides for 
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parking -- to be in condos to be at 2.25. 

And then the city has adopted an 

additional policy which adds another 

quarter space. 

What we have done is we've provided 

parking at the code-required parking at 

2.25 for all of the condominiums that 

we're provid in the project. 

What we've done, though, in order to 

address some of the traffic demand 

issues, is we, as you've indicated, 

segregated the parking from the units, so 

that they are acquired separately. And 

in order to accomplish that, in doing the 

count and in the analysis, we analyzed 

1.75 parking per condominium unit as a 

reserve space, and an additional half 

space as a guest space as part of the 

general population, because those are 

ones that could be done separately, that 

can be acquired separately. 

But the total number of spaces that 

are there are the 2.25 per condominium 

unit. The interesting thing is we've 

also analyzed that on a -- as if the 
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project was all condominium, so that if 

we did a mix of apartment and 

condominium, we have in effect 

overanalyzed the parking or oversupplied 

the parking. 

THE CHAIR: Are there other 

questions regarding to parking? 

So I think that exhausts the list, 

yes? So -- I'm sorry. What was that? 

Oh, okay. So I think it's up to us 

now to deliberate and I think that we owe 

it to the public, and I think for our own 

satisfaction to have some discussion 

about the issue that carne up the most, 

which was relevant to the height of the 

project. And staff's perspective on 

that, I think was one about what we were 

allowing to occur as we got thinner and 

taller. 

And so I'd like to hear what 

commissioners have to say about that, I 

think. 

Are there concerns relative to the 

height, I'll rephrase the question? 

MR. PERLMAN: Okay. I'll go first. 
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This is Commissioner Perlman. 

I have to say first of all, I 

greatly appreciated the public, 

especially those who are remaining at 

this late hour. The public's 

participation in this and input and their 

passion for the issues on both sides -

and these are not easy issues, and when 

we look at development and change, it's 

not always easy to accept things that 

look different from how they are now. 

This is a dramatic change to what 

the current situation is. I'm very 

familiar with the area, having lived in 

LA my entire life. 

resonated with me. 

A couple of things 

One was the parking 

lots around there, that are not in good 

shape, the buildings around there that 

are not in good shape. The fact that 

most of the development in Hollywood is 

gone on the western end and not on the 

eastern end, because developers for some 

reason are not investing significantly on 

the eastern end. 

And the difference being having, I 
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think someone said, short, fat towers 

versus tall, slender towers. It seems 

some of the developments in the past few 

years that have taken the approach of 

being shorter have not been as successful 

in many respects. My own personal view 

is because they do not provide vistas 

that are very pleasing to look out over 

rooftops and parking lots or at 

neighboring buildings, as opposed to 

actually having a view of something 

that's attractive. 

I do like the idea that these are as 

slender as they are, the 7,OOO-square

foot plan at the top floors is very 

small. I have to say, the height is 

it's troubling, but I think that's part 

of the future. I think that's where the 

city is going. And while I appreciate 

that some of the residents think that TOD 

is not successful, or has not been 

successful, I think that's what we need 

to do. That's the only way we're going 

to improve traffic and reduce the 

vehicles on our roads. And to put a 
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large development like this right at the 

heart of transit and in the transit hubs 

that we have there, I think is very 

important. 

THE CHAIR: Other commissioners? I 

didn't mean to kind of narrow you to the 

issue of height. If there are other 

things that you want to discuss relative 

to this -- there were concerns about 

density and all the other things that 

we've talked about relative to community 

benefits, as well. 

Commissioner Hovaguimian? 

HR. HOVAGUIHIAN: Yeah, this is 

Commissioner Hovaguimian. I'm going to 

look at it from also from the perspective 

of a developer, also. It's not just the 

community, because community and 

developers, they go hand in hand. And, 

you know, they have both to be 

successful, I know for the project to 

make any sense. 

And, like Commissioner Perlman said, 

if you want to do a project and a project 

of this magnitude and, you know, you want 
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to invest so much money in a 

neighborhood, you need the developer 

development to be successful. And 

probably one way I'm looking at it, and I 

realize that's what they did, the way 

they keep on explaining, their situation 

is to have a project that provides much 

more than what the standard project 

provides. And that is a view. You know, 

when you look at an B sites, the 

entertainment and everything else, 

restaurants and entertainment, in order 

for the hotels and for the restaurant, 

for the condominiums or for the office 

buildings to be successful, they are 

doing something else that it does not 

exist in a neighborhood. That is 

providing a view, like we were 

discussing. Somebody was trying to buy a 

house, and they did not even -- it took 

them like seven days to go through 

escrow. They walked in, they saw it, the 

view, and they said, we're ready to buy 

it. So they put the money in and they 

bought it in seven days. 
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And I do believe that this 

particular developer is trying to put the 

emphasis on the view, and tried to when 

you walk into their condominiums, when 

you walk into their -- you know, office 

buildings, the minute you see that view, 

you are in love with that premises and 

you stay there. 

So I do believe that's what one of 

their major point of their success of 

their project is relying on. I really 

don't see any problem with it. I don't 

really see a big thing in it, especially 

in a neighborhood that needs this 

development so bad. 

There's people that can go on -

that's my view. 

THE CHAIR: Commissioner Lessin? 

HR. LESSIN: Yeah, I want to get 

back out of the weeds here -- just 

another minute, just because I'm not sure 

that I have a good handle on the screen. 

Can we talk about where it is and how 

it's conditioned now? 

HR. AARONS: Yes. Where it is in 
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terms of physical location? 

HR. LESSIN: Yes. 

HR. AARONS: yes. So as you can se 

from the photograph, it's in the plaza 

that will be created by what was just 

described as a new setback from the side 

of the Avalon. And we made that gesture 

to do the -- that was fine back there, 

guys. There -- the idea was that the 

Avalon, the historic Hollywood Playhouse, 

is a historic structure. And the LA 

Conservancy stepped forward and said, we 

really want the building to read as a 

full building to the extent we can. And 

even though we had initially expected to 

build right up against the sides, we 

respected the Avalon. So we took that 

newly created plaza, and we simply put an 

arch-related screen on the non-Avalon 

side of it for use occasionally during 

situations where we might want to show a 

movie. 

HR. LESSIN: Thank you for the 

diagram. That helps --

HR. AARONS: Great. 
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MR. LESSIN: -- a tremendous amount. 

My issue was is it viewable from offsite? 

MR. AARONS: No, it may be modestly 

viewable from the sidewalk as you walk by 

the Avalon, but it won't be visible 

otherwise. It's on the wrong side of the 

down side, and it's not -- it's 

sufficiently in. 

MR. LESSIN: So I guess now to city 

attorney. How do we differentiate from 

what they're offering to a billboard? 

MS. KHORASANEE: Well, again, 

even -- well, I would say this. I 

understand that you're worried about what 

conditions you can place on it? And, 

again I would take it back to time, 

place, manner. We don't have the sign 

situation here that we've had in other 

cases where you've been looking at a sign 

district and that kind of thing. Because 

this is within that other Hollywood sign 

district. 

But here, you don't have to like the 

screen. And if you said no screen, that 

would be certainly part of the 
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conversation. But in terms of the 

content, you're limited. 

HR. AARONS: And that certainly 

this was a gesture meant to activate a 

public open space. If it creates more 

issues than it needs to --

HR . LESSIN: Actually 

HR . AARONS: -- I could take it 

away. 

HR . LESSIN: -- I like the idea. 

HR . AARONS: Okay. 

HR . LESSIN: This is Hollywood. I 

think it's a really good plan. I am 

worried about the potential for what it 

could be. 

HR. LOGRANDE: Hichael LoGrande for 

the record. They would have to corne into 

secure a permit, and if the permit would 

state that it's not a sign, basically it 

would allow for what it is, which is a 

video projection monitor for the purposes 

of showing movies. So if they issue the 

building permit, right now it's a 

prohibited use to have an offsite digital 

sign. So if they carne in for that, and 
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the inspector carne out, it wouldn't allow 

it to become a sign. And if they ended 

up Coca-Cola shows up one day, and it's a 

stagnant Coca-Cola sign, we could send 

enforcement personnel out there to cite 

them, and there's penalties and what have 

you. So there's -- they would not be 

able to obtain even be able to obtain a 

proper permit to do that, so it would be 

an illegal use if they tried to do that, 

which I know their intention is not to do 

that. But there are safeguards in our 

process. 

HR. LESSIN: I understand. Yes, 

because I don't want to recommend that we 

take it away from them, because I think 

it's a good planned thing. It makes 

sense where it is. I just don't want to 

it to be abused. So, thank you. That's 

helpful. 

HR. AARONS: Paper and paint, thank 

you, Hichael. 

THE CHAIR: Commissioner Romero? 

you have comments or not? We're -- I 

think we're wrapping. 
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MS. ROMERO: We're wrapping. 

Did we hit the community space? 

THE CHAIR: Oh, we did not, 

actually. 

That's on my list. 

THE CHAIR: Yes, the community space 

was offered, and we're not clear if there 

is a nexus for that relative to our 

discussions. 

Thank you for that. 

I've got a list. 

MS. IBARRA: With respect to land 

use, it would be difficult for us to 

create a nexus with the community space. 

I understand that it's important to the 

community, but I think that the way that 

it was previously provided for and the 

conditions was to include it as part of 

the hotel development and that it would 

be available to communities wanting to 

use that space. I think they can still 

continue to do that, and they can maybe 

manage that. There's just nothing in our 

Hollywood Community Plan zone that would 

substantiate requiring 1,200 square feet 
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of community space to be rented at a fee 

with a calendar that we can't -- we have 

no mechanism to enforce. 

THE CHAIR: Okay. 

It is what it is. 

THE CHAIR: Commissioner Romero, did 

you want to --

MS. ROMERO: I had a -- the one 

question clarification in terms of the 

transportation infrastructure is what we 

agreed on, that we would have a meeting 

that they would help resolve all the 

outstanding issues in terms of going over 

some of those mitigations? I'm -- I mean 

I'm fading. I'm trying to remember. 

THE CHAIR: I think -- I had a list 

of traffic demand management efforts, one 

of which was to continue to work with 

Caltrans around that particular 

intersection. And we were going to 

encourage those conversations to 

continue. Is that the conversation 

you're speaking of? 

MS. ROMERO: Yeah, and I guess 

that's one -- good. And then the second 
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one, in terms of the MTA portal, what was 

the conclusion on that? Because 

THE CHAIR: That was 

MS. IBARRA: Right. So the traffic 

demand management plan as other transit 

demand management plans that are vetted 

by DOT include a variety of options that 

the applicant can use to kind of 

implement these mitigations so see with 

their traffic impacts. So what happens 

is that they go and they're monitored by 

DOT with respect to how successful those 

mitigations are. And if one or two are 

determined not to be working, there's a 

menu of additional items that they can 

draw from to kind of address those 

concerns. And that's an ongoing 

monitoring program. 

With respect to the transportation 

benefits that you discussed earlier, we 

recommend that you condition those so 

that -- to ensure that they're 

implemented at the very least with the 

initial development of this project. 

That each one of these be conditioned to 
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be provided prior to the issuance of the 

final certificate of occupancy for the 

project as a whole. So does it matter 

what site is developed first? 

And the bicycle amenities plan, that 

the project be conditioned to meet the 

vice coordinates as it is now, with a 

provision of 200 square feet of bicycle 

repair space. And that's to be included 

in the -- prior to the C of 0 for the 

project -- the final C of O. 

And then additional language with 

respect to your Vine Street Metro 

connection, and the other study that you 

proposed for the Vine Street medians. 

For that study to analyze any potential 

environmental impacts. 

MS. ROMERO: So, and I lost the -- I 

don't remember the conversation in terms 

of the MTA portal that we said --

MS. IBARRA: The study would be 

provided prior to the issuance of let 

me see, it's --

MS. ROMERO: My question, why can't 

they provide funding? Don't you guys 
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have a current easement? Isn't there a 

current easement mechanism that 

J'vlS. IBARRA: There are knockout 

panels, but this project and the 

environmental analysis for this project 

did not account for any construction

related impacts to the Walk of Fame, 

construction-related impacts to --

J'vlS. ROJ'vlERO: I'm sorry. We already 

said that, but I didn't catch it. 

J'vlS. IBARRA: No, it's okay. So the 

project before you didn't account for any 

CEQA-related impacts that might be 

associated. So the study that you're 

offering me now as a condition would 

address any potential CEQA-related 

impacts, as seceded with that. 

J'vlS. ROJ'vlERO: Okay. 

THE CHAIR: So I wanted to take my 

bite at the apple, relative to the issues 

that I think were most contentious. And 

I definitely appreciate the input of the 

appellates, and I read all of those 

letters. And attempted, as best I could, 

to incorporate in my questions attention 
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And 

for myself, in weighing how I was feeling 

about it and really throughout the 

process of the conversation here today, 

was most concerned about the issues that 

you lifted up. That is, is this an 

appropriate place for density? Is this 

the appropriate density? And the 

conversation about traffic demand 

management was in that direction for me. 

That's why I wanted to ensure that we 

were pressing around those issues, 

because if we're saying this is about 

putting density next to transit, we have 

to ensure that that transit it going to 

be used, that it's going to be 

accessible, that it's going to be, you 

know, providing what we claim it is. 

Relative to the height, I think that 

I have been convinced and it took 

convincing, relative to what happens as 

you go up in height. That, in fact, the 

things that many community members 

expressed as benefits that they wanted to 

preserve, were actually best preserved by 
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the taller towers. I think I saw 

somebody's language in a letter of the 

two tall chopsticks. So, I'm not eating 

with them, but the two tall chopsticks 

And I also understand the concern 

that the community presented that are we 

being presented with a narrowed set of 

options, and we're being -- you know, 

we're being told that we have to decide 

between these two options. And are there 

options that aren't on the table at all? 

And to me the options that were not on 

the table at all, I'm also convinced, are 

probably not options that are going to 

corne here if we were to say no to this, 

either. 

And that this is the type of 

development that we are pushing forward 

with. I think that Hollywood as a 

regional center is the place where this 

kind of density and development does, in 

fact, belong, and I understand that we 

have to be sensitive to the fact that 

there are existing communities, as we go 

along that path. 
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And I have come to a point where I 

am convinced that that sensitivity has 

been addressed. I think that there is 

still some ways to go, relative to things 

that are not under our purview. I wish 

that there were all sorts of -- is nexii? 

nexuses? Don't tell my students that I 

don't know the plural, but if there are 

multiple places of nexus to be made that 

we can't make, I'm hoping that there are 

other venues where that can be brought to 

the table. And I urge the community to 

keep pressing on that. 

There are certain things that are 

within our kind of purview, and I hope 

that we have pushed as far as we can 

within our purview. I think there's 

further to push, and I encourage that 

pushing to happen, and sites and 

locations, and before bodies that have 

the ability to do it where we don't. 

And so yes, please. I'm not 

going to, so go ahead. Yes -- no. 

Commissioner Perlman? 

MR. PERLMAN: There's one more thing 
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I wanted to say, and that is because some 

of the appellants, both in their written 

submissions and in their oral statements, 

as well as I believe one of the members 

of the public representing -- one of the 

lawyers representing one of the 

communities, brought up that they felt 

that there was so much uncertainty with 

the project and it was such an ill-

defined project. And that we did not 

have sufficient information with which to 

reach a decision. 

And I have to say that in my 

experience, based on the record, I think 

we have more than sufficient information. 

I think the developmental regulation 

guidelines which were appended to the 

staff submission report, were very 

thorough and comprehensive. The traffic 

mitigation efforts and the other 

mitigation points that were in the 

reports were very thorough. So I just 

want to make clear for the record that 

from where I sit on this commission, we 

have had a very adequate, complete record 
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with which to make a decision. 

And, so, I'm prepared to try to corne 

up with a motion. 

THE CHAIR: We're -- the city 

attorney? 

JVlS. KHORASANEE: So, I think James 

or when you make your motion, James needs 

to call each item, because you're going 

to vote separately since you have appeals 

and then you have the entitlement. 

THE CHAIR: liJ e have two votes. The 

first is on item number 5, which is the 

appeal, whether we want to grant or deny 

the appeal. And item number 6 is the 

recommendation relative to the proposed 

project. And to remind folks that there 

are five of us, so this is a bare quorum. 

So we need to consider that as we're 

moving forward. 

JVlR. PERLJVlAN: Commissioner Perlman, 

my motion would that with respect to item 

5 -- and I don't have my agenda to 

specify exactly what that is, but yes, 

item 5, which are the six appeals, 

although I believe one was withdrawn by 
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But the six appeals that 

were submitted in writing, my motion is 

that we deny the appeals. 

THE CHAIR: So that's to support 

staff's recommendation to deny the 

appeals? 

JVlR. PERLJVlAN: That is correct. 

THE CHAIR: Oh, we have some 

clarification? 

JVlS. IBARRA: No, that's -- that's 

fine. I just wanted for the second 

appeal -- I mean, for the second case, 

CPCC-2008-3440, just to reiterate there's 

changes to the development regulations --

THE CHAIR: Yes. 

JVlS. IBARRA: and some 

typographical errors that we're making 

to -- corrections that we're making to 

some of the conditions. So I just want 

to make sure that that goes on the 

record. 

THE CHAIR: Yeah, I think we have a 

whole list of things that we'll want to 

go through. 

There's a motion. 
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MR. LESSIN: Commission Lessin, I'll 

second. 

THE CHAIR: And a second, James, can 

you poll the commission on item 5, 

please? 

MR. WILLIAMS: Certainly. 

Commissioner Perlman? 

MR. PERLMAN: Yes. 

MR. WI L L IAJ'vl S : Co mm iss ion e r L e s sin? 

MR. LESSIN: Yes. 

MR. WILLIAMS: Commissioner 

Hovaguimian? 

MR. HOVAGUIMIAN: Yes. 

MR. WILLIAMS: Commissioner Romero? 

MS. ROMERO: Yes. 

MR. WILLIAMS: Commissioner Freer? 

THE CHAIR: Yes. 

MR. WILLIAMS: Motion carries. 

THE CHAIR: Now moving to item 6? 

MR. LESSIN: I am willing to make an 

attempt with Luci's help on item 6. So 

if we can sort out what is part of 

staff's recommendations of these items, 

so that it's clear? Is that the easiest 

way to do this? 
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THE CHAIR: I actually have what I 

think is a list. Let me give a try, and 

see where we stand. There were several 

items relative to traffic and traffic 

demand management. 

what that list is. 

And I'll go through 

We also had discussions about the 

design regulations --

MS. IBARRA: Urn-hum. 

THE CHAIR: -- and there were 

several technical corrections, as well as 

one that I don't know if it qualifies as 

a technical correction relative to the 

observation 

MS. IBARRA: Observation deck. 

THE CHAIR: desk, so there were 

three -- two that I think were technical 

corrections. That one, and then there 

was one relative to bike parking as well. 

MS. IBARRA: Correct. And then 

also, the applicant provided an exhibit 

with respect to the setbacks to 

accommodate the Playhouse 

THE CHAIR: Yes. 

MS. IBARRA: -- Hollywood Playhouse. 
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-- and we wanted that to 

go into the design guidelines as well. 

J'vls. IBARRA: Right. And the 

applicant submitted a letter dated today, 

asking for typographical corrections to 

the conditions associated with the 

alcohol use permit. 

THE CHAIR: And those were all minor 

technical corrections. 

J'vls. IBARRA: Correct. 

THE CHAIR: They were not 

changing 

J'vls. IBARRA: It doesn't change the 

plan approval process that we're 

requiring for the project. 

THE CHAIR: I just want to make sure 

that was on the record. And so for the 

traffic and traffic demand management 

issues, there was the encouragement that 

we were providing to continue to work 

with Cal trans around the Argyle and 

Franklin intersection, and the freeway on 

ramp intersection, in particular. The 

provision of the shuttle, and the 

frequency and amount that was mentioned. 
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The bike amenities and sharing, and the 

provision of the bike kiosk. 

sure what this is 

MS. IBARRA: Bikes 

repair space. 

I'm not 

bicycle 

THE CHAIR: Bicycle repair, yes. 

The attention to linkages and the 

directional route signs within a four

block radius, the DASH signage linkages , 

and those to the Metro, as well. The 

parking tracking, the Express Park 

program, and the 50,000 dollars that was 

going to be submitted for that. The 

portal study that we that we were going 

to encourage the study. We understood 

the limitations about what we were going 

to be doing with that, but to see what 

the environmental impacts were relative 

to that. 

Is that correct? Is that how to 

best state it? 

MS. IBARRA: Correct. Urn-hum. 

THE CHAIR: To provide for sale the 

Metro passes, and there were we wanted 

to ensure that residents and employees 
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were included in that, that it was in 

fact a fifteen-year program, and that 

there were -- I guess we didn't actually 

resolve this. 

MS. IBARRA: I would just leave it 

as a condition and not include a time 

limit on it. 

THE CHAIR: Okay. I want to make 

sure that it's not a one-time -- as it 

read currently, I think it could be 

interpreted as you buy a hundred passes, 

and you've done what you (ph.) 

MS. IBARRA: Okay, so the language I 

have here is one paragraph, but it speaks 

to two things. One is the provision of 

a machine that would allow for the sale 

of Metro passes to onsite residents, and 

tenants and employees of the project. 

THE CHAIR: Yes. 

MS. IBARRA: Separately, though, 

there's the provision of a hundred Metro 

passes, and we can parcel these out as 

separate conditions. So that one is to 

provide a kiosk onsite, and it will stay 

three. 
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THE CHAIR: Yes. 

MS. IBARRA: And the other one is a 

provision of a hundred Metro passes for 

residents, and with priority given to 

residents that forgo parking at the site. 

MR. LESSIN: Commissioner Lessin. 

So it's a hundred Metro passes per month? 

MS. IBARRA: Per month -- per month? 

Per month. Correct. 

MR. LESSIN: All right. That's what 

I understood. 

THE CHAIR: And, so, are you 

suggesting that we leave that into 

perpetuity? 

And I think that we -- resident --

is that strictly residents, or is that 

residents and employees that would have 

the 

MS. IBARRA: It's stated here as 

residents and tenants of the project. 

THE CHAIR: Okay. And that also 

then includes the incentive for those who 

live in, not to use, right? The ten 

percent discount for using the Metro? 

MS. IBARRA: The parking right 
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spaces? Well, we skipped the parking 

leases for Metro commuters. There's the 

provision of the minimum of ten spaces 

for parking right purposes --

MR. AARONS: Parking right, yes. 

THE CHAIR: Yes. 

MS. IBARRA: -- and then the daily 

discount for Metro commuters, right? 

THE CHAIR: Yes. 

MS. IBARRA: And that's the ten 

percent. And then the shared vehicle 

parking service with --

THE CHAIR: Yes. 

MS. IBARRA: -- a minimum of ten 

parking spaces for that. 

THE CHAIR: right. And then we were 

also were offering encouragement to the 

applicant to work with LADOT around the 

median on Vine. 

MS. IBARRA: You mean the median 

study? 

THE CHAIR: The median study, sorry, 

on Vine. And I think that rounds out the 

list that I have. Is there something 

that we're missing relative to traffic? 
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I didn't check off 

That's part of the 

Okay. 

-- service 

MR. LESSIN: All right. Got it. 

MS. IBARRA: -- that we've just 

discussed. 

THE CHAIR: Okay. The technical 

corrections were to several figures, to 

make sure --

MS. IBARRA: Right. 

THE CHAIR: -- that the forty-degree 

views. 

MS. IBARRA: To make sure that the 

figure illustrations correspond to the 

numbering of the open space requirements 

with respect to that forty-degree 

triangular view. The other one was the 

observation deck. To ensure that the 

observation deck be provided within the 

hotel or elsewhere, so a little more 

flexibility as to where the placement of 

the observation deck goes. 
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THE CHAIR: Okay. So requiring one, 

and then offering 

J'vlS. IBARRA: And then the --

THE CHAIR: -- the specificity about 

where it would be should --

J'vlS. IBARRA: Correct. 

THE CHAIR: -- a hotel corne on 

board. 

J'vlS. IBARRA: Correct. And then the 

setback that was provided. The figure 

changed that was provided by the 

applicant to correspond to the agreement 

that was made with the adjacent and the 

Hollywood Playhouse --

THE CHAIR: Yes. 

J'vlS. IBARRA: -- I think it was? To 

provide a greater site or setback against 

their building, and then against Vine 

Street. 

THE CHAIR: And then, there was some 

discussion about the bike plan? Was that 

already within the -- is that what we 

were talking about? I have bike plan on 

my list, and I don't think it was one 

(ph. ) 
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MS. IBARRA: So, one of the transit 

benefits was to require that the project 

include in the development regulations be 

consistent with the bicycle ordinance. 

THE CHAIR: That's it. 

MS. IBARRA: And then the 200 square 

feet. 

MR. LESSIN: Bike ordinance. 

THE CHAIR: It was the ordinance. 

MR. LESSIN: And -- Commissioner 

Lessin -- the reason we're doing that is 

because this was submitted prior to the 

implementation of that ordinance? 

MS. IBARRA: Yes, it was 

submitted -- it was vesting submitted 

prior to the implementation of the 

ordinance. 

THE CHAIR: I think that this is the 

list. Do you want to continue with your 

motion? 

MR. LESSIN: I will make the motion 

to approve staff go ahead, you have 

something? 

MS. IBARRA: Correct, as well as the 

corrections to the letter that was 

Veritext National Deposition & Litigation Services 
866 299-5127 

AR0075166 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Page 360 

submitted with respect to the conditional 

use permit conditions, as spelling out 

the types of establishments, and then 

just some typographical error to 

correspond to the other conditions in 

that. 

THE CHAIR: 

type of --

Can you clarify what the 

MS. IBARRA: So onsite sales with 

food and service at five restaurants for 

onsite. One cafe on the observation deck 

should it be developed. Onsite sale for 

line of alcoholic beverages in 

conjunction with the nightclub and live 

entertainment, and one retail 

establishment such as a grocery store or 

high-end servicing, like wines. 

THE CHAIR: And, again, those still 

have to corne before this --

MS. IBARRA: They still have to go 

through the plan approval process. And 

then live entertainment, again, with the 

club lounge restaurant. Again, that has 

to go through the plan approval process 

with the ZA. And then the plan -- and 
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then just there's a reference of 

condition numbers 2(a) to 2.1, that 

should really be 1 (a) through 1 (c) . 

And then there's a duplicate 

condition referencing the Star program, 

so the employees that serve alcohol will 

have to go through this training with 

respect to serving and checking IDs and 

things like that. So there was a 

duplicate condition to that effect. 

THE CHAIR: So those were the 

technical changes. 

MS. IBARRA: Those are the 

MR. LESSIN: And those are all 

included in your recommendation? 

MS. IBARRA: Those are included in 

my recommendations, and we gave a copy to 

James for the record. 

MR. LESSIN: Okay. 

MS. KHORASANEE: So, commissioners, 

just to clarify, so I think it's 

important to make it clear. Your motion 

is going to include adoption of staff's 

report and recommendations, including 

certification of the EIR, and then 
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everything else that was just --

HR. LESSIN: That is my motion. 

HS. KHORASANEE: Great. 

HR. LESSIN: this has been a long 

day, so we don't want to screw it up at 

this point. 

Thank you for the help. 

THE CHAIR: So we're looking for a 

second? 

HR. PERLHAN: I would ask first for 

a brief amendment, and then I'd second, 

is possible. 

With respect to the traffic 

mitigation efforts, if I heard correctly, 

it was to work with Cal trans on the 

Argyle and Franklin intersection. Hy 

notes showed that there were two other 

unmitigated intersections, which were 

Cahuenga and Franklin, and Vine and 

Hollywood. And I would like to have the 

applicant continue to work with LADOT to 

exert whatever efforts are possible to 

mitigate the traffic at those 

intersections, as well. 

THE CHAIR: Can we make sure that we 
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have those intersections correct? I have 

different ones. So --

MS. KHORASANEE: There's five. 

There is Hollywood and then --

THE CHAIR: But the two went down. 

MS. KHORASANEE: two unmitigated, 

and then Argyle -- yeah, I think you're 

right. It's Argyle and Franklin, 

Cahuenga and Hollywood, and Vine and 

Sunset. 

MR. PERMAN: Can you confirm that 

those were the two that were not 

mitigated? 

MR. AARONS: Unmitigated were 

Hollywood and Vine, and Cahuenga and 

Franklin. 

MR. PERLMAN: Yes, okay. So, again, 

that they would commit to working with 

LADOT to mitigate those intersections. 

MS. KHORASANEE: Good catch. 

MR. LESSIN: All right. I will 

happily accept that amendment. 

MR. PERLMAN: Right. And I'll 

second the motion. 

MR. NEUMAN: Jerry Neuman. My only 
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request would be to recognize that as 

part of the environmental findings that 

you're adopting, you are also adopting 

overriding considerations relative to 

those. And this would not be to diminish 

that, or you would recognize that you're 

doing that, but at the same time, we'll 

continue to work to try to find ways to 

mitigate. 

HR. LESSIN: That's -- that's the 

motion, yes. 

THE CHAIR: So I think we have a 

motion from Commissioner Lessin. Do we 

have a second? 

HR. PERLHAN: I second it. 

THE CHAIR: We have a second from 

Commissioner Perlman. 

James --

HR. WILLIAHS: Certainly. 

THE CHAIR: would you like to 

poll the commission? 

HR. WILLIAHS: Commissioner 

HR. LESSIN: Yes. 

HR. WILLIAJV1S: Commissioner 

HR. PERLHAN: Yes. 
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MR. WILLIAJV1S: Commissioner 

Hovaguimian? 

MR. HOVAGUIMIAN: Yes. 

MR. WILLIAMS: Commissioner Romero? 

MS. ROMERO: Yes. 

MR. WILLIAMS: Commissioner Freer? 

THE CHAIR: Yes. 

MR. WILLIAJV1S: Motion carries. 

THE CHAIR: Thank you all for your 

time and patience. And I'd like to remind 

folks that this is not the end of the 

road, but rather one step along the way. 

That this will be going to the planning 

and land use management committee of the 

city council, and on to the full city 

council. So there's still opportunity 

17 for input as it goes forward. 

18 Thank you so much for your patience 

19 and input today. 

20 (Whereupon these proceedings were 

21 concluded) 

22 

23 

24 
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